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AnaHoTausa

TIpemmoxkensbl mapaMeTpsl U CIOCOOBI UX OTIEHKH [/ OTTUCAHNS YIACTKOB 3BYKOBOTO (paiiia,
COOTBETCTBYIOIIUX OTJeJbHBIM cjoraM. s cj0ros, HAUMHAIONIUXCA CO B3PBIBHOM COIJIACHO1M,
YKa3aH METO[ OJHO3HAYHON JIOKAJIM3AITNN <BCIBIMIKNA». 715 OMMCAHWsS y9acTKa OTJIaCOBKU
MIPEe/IJIOKEH CrIocob OIEHKN MTHOBEHHOH YacTOTHI, He TpeOyIOmuil IpUMeHeHns Ipeobpa3oBa-
uns 'miabbepra. [lokazamno, 9To pacupeseseHne MIHOBEHHBIX YacTOT B petueBoM (aiire MoXKeT
CITy’KUTH OHAM W3 TIAPAMETPOB Mg WAeHTU(MHUKAINA TUKTOPA.

KnroueBble cJjioBa: B3DPBIBHBIE COTJIACHBIE, JIOKAJIM3AIIAS BCIBIIIKH, ATMTPOKCAMAITHS
MTHOBEHHOHN 9aCTOTHI, PACIpeIeIeHe MTHOBEHHBIX 9aCTOT, UACHTU(MUKAIN TUKTOPA.

BBenenue

B macrosiiee BpemMst B CBI3M € MOABIEHNEM B CBOOOIHOM JOCTYITE€ OOJIBIITOTO KOJIH-
YecTBa peveBhIX (DaiIOB BOZHUKJIA 3a/1a9a aBTOMATHYECKOTO ONPEeJEeIeHNs SI3bIKa, UC-
MOJIb30BAHHOTO TIPY CO3/IaHIN KOHKpeTHOTO daitna. [Ipeanonaraercs, aro daiin 3a1an B
OJHOM M3 CTAaHJIAPTHBHIX MHMPOBLIX (hopmaTos. Tpebyercs onpenenuTh a3bIK U3 3a,TaH-
HOTO CITUCKA, UCTIOJB30BAHHBIN 71 3amucu pedu. Perenue 1o0cTuraercs myreM Bbioopa
mapaMeTpoB, M3MepsAeMbIX MO JaHHoOMY daitay, u cmocoba mx orneHkn. B mocmeanee
BpeMsi OBLT MPEIJIOXKEH Psifl MOIXOIOB /sl PelleHns yKa3aHHO# 3amaan. Cambril mpo-
CTO¥ METO/T MTPEJITIOIATAET TOJICIET OTALTBHBIX CTATHCTHK TI0 OTPE3KaM pedeBoro (daiiia
dukcuposannoil qauHbl. CTaHIApTHAST TPOIEIYPA HA OCHOBE METOA TJIABHBIX KOMIIO-
HEHTOB IIPUMEHETCs /I ONMCAHK yKa3aHHbIX 0Tpe3kos [1]. B [2] piuga uaentuduxarmun
SI3BIKA UCTIOIB30BAH TOT YK€ TIOAX0, HO HA TOCTIEIHEM TIare KIaccuUKAIns OCYIeCTB-
JISITIACH C TIOMOIIBI0 METOJa OMOPHBIX BEKTOPOB. Y Ka3aHHBIN TTOIX0/ TO3BOJISIET TTPOBE-
CTH KJACCUDUKAINIO 33 JaHHOTO YHCJIA 3BYKOBBIX (hailyioB, HO He 00bICHSAET TMPUPOIY
0COOEHHOCTEH TOTO WJIN HHOTO sI3bIKa. Bosiee mepcrneKTUBHBIME TTPEJICTABIISIIOTCS TT0/IXO-
JIbI, KOTJA aHAJTU3UPYIOTCS 0COOeHHOCTH (POHEM, MPHUCYTCTBYIOMUX B 3BYKOBOM (haiiie
[3], ucnosb3yloTCH ClEKTPAJIbHBIE CBOMCTB CUIHAJA U [IPOBOAUTCH AaJjibHeInas Kiac-
cudukanua ¢ nomompsio GMM (Gaussian Mixture Model) [4]. Otaensro cTout MeToT
uaeHTH(OUKAIINN S3bIKa HA OCHOBE BU3YaJIbHOI HH(MOPMAINN — AHAIN3a IBUKEHUST TY0
roeopsiiero [5]. B vacrosimeit paGoTe MpUHSAT MOIX0, COTTIACHO KOTOPOMY HCCJIEIYIOTCST
doHEMBI CIENUaIBLHOTO BUIA — CJIOTH, HAUHHAIOIINECS ¢ TUIYXUX B3PBIBHBIX COTJIACHBIX
(1, K, T), 32 KOTOPBIMHE CJIE/yeT rjacHad. PaccMorpum tunudnyio orudpoBky dbparmes-
Ta 3ByKOBOTO (paitna, oTHocameroca K ¢gomeme ‘ka’. @parMeHT mpeacTaBiaeH Ha puc. 1.
OH cOCTOUT U3 CAEAYIOMNUX TPEX JacTeil.

1. YuacToK, BO3HUKINUI B pe3yabrare OBICTPOTO PAaCKPBITUS CBS30K, KOTODBIH
MPU MPOCIYIIUBAHUY BOCITPUHUMAETCST KAK PE3KOe W3MEHEHNEe HHTEHCUBHOCTH CUTHAJIA.
DTOT y4aCTOK NPUHATO HA3BIBATH BCIBIMIKONW. Ha puc. 1 OH BbIIeNeH cTpeIKaMu.

2. IITym, KOTOPBIH PACIONOKEH MEYK/TY BCIBIIIKON W HAYATIOM OTJIACOBKH.

3. OrnacoBKa HOCIELYOMIEH TJIaCcHOM.
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Puc. 1. ITonoxkenne «Bcmbimeks» B ¢poreme ‘ka’

B [6] mokazaHo, Kak MOXKHO OTHCATH GOPMY CHTHAJIA, OTBEYAIOIIETO BCIbIIKe. Tam
K€ YCTAHOBJIEHO, 4TO (pOPMA BCIBIIMIKYM MOXKET CJIYKUTh MPU3HAKOM, C TOMOIIBI KO-
TOPOTO OCYIIECTBJISIETCS UICHTU(MUKAINS TUKTOPA W3 HEDOJIBINOTO CIMCKA, 3aJaHHOTO
3apanee. I13ecTHO [7], 94TO Mt TIODKCKUX #A3BIKOB XaPAKTEPHO YKOPOUYEHHOE PACCTOs-
HUE MEKJy BCIIBIIIKONH, OTBEYAIOMIE CONIACHON, U HAYAJIOM MOCJICAYIONIe OrJIaCOBKH,
MO3TOMY W3MEpEeHUe TAHHOTO TApAMETPA SIBJISIETCS BAYKHBIM MIATOM HA MyTH OMpeese-
HUsI SI3BIKA.

Onpenenenne Hadala OrJIACOBKH 0KA3a70Ch HEMPOCTOi 3amadeii. OOBIUHO 9TO Jesa-
eTcsd OnepaTopoM IyTeM [pPOCJyIIuBaHug coorBercrByomero dparmenra. B [8] npes-
JIOXKEH aJIPOPUTM 15 OIpede/eHns Hadajia OrJIaCOBKHM, OCHOBAHHBIA Ha KJIACTEPU3ALIUU
koddpurnmenton Pyprne.

1. Jlokanm3anmus BCHOBIIITKI

[Ipu nmpakTUIeCKUX U3MEDPEHUSIX HYKHO UMETh OObeKTUBHBINA CIOCO0 JTOKATA3AIIH
BCIIBIIIKH, HE 3aBUCSIIUI OT omeparopa. 3a1a49a YCJI0KHSIETCs TeM, YTO OOBITHO CUTHAJ
uMeeT CI0XKHYI0 dopmy. Hacro i 3TOH men TPeIaraeTcs MUCIOJIb30BATH MTOJI0Ke-
nue Makcumyma. Kak ciemyer u3 puc. 1, 9TUX MOJIOXKEHWH MOXKET ObITh HECKOJBKO.
B craTthe npennaraercs MeTon /I OMHO3HAYHOTO OMPE/IEICHUS MMO3UTIHI BCIIBITITKY, HE
3aBucAHit 0T GOPMBI CUTHAJIA. B OCHOBE NpeiaraeMoro moaIxoaa JIEXKUAT CJIe Ty FOInast
pocTas

Teopema 1. Ilyems danww, dee neompuyamesvhve wemuvie dynkyuu f1(z),
[=b,b] u fo(x), © € [—a,a]l, a < b, fo oepanuuena, f1 deasicdv. nenpepuieHo
dugdepenyupyema u swnykaa, mo ecmov fi'(x) < 0. Toeda Pynryus

F(p) = / f(@ + p) fo(e) da (1)

uMeem A0KaALHbLT marcumym npu p = 0.

JokazaTeabcTBo. B cuny dwernoctm ¢yHKIMM fi HWMEET MECTO PaBEHCTBO
fi(=z) = —f{(z). B oxpecrnocrun p = 0 momydaem

filz +p) = fi(x) + pfi(z) +p* £ (x)/2+ p°O(1),
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IO3TOMY

a

Fo) = (@) + @ e + L pw)ar o). @

—a

B cuny cuenanubix npeanosoxkenuii byHkiys f{ fo ABJIIETCS HEYETHOMH, HOITOMY BTO-
poe caaraemoe B (2) nox 3HakoM uHTerpasa obpamaercd B 0, TpeTbe ciaraemoe Ipu
p # 0 Oymer OTpULATETHHBIM. O

Teopema 1 mpuMeHSIETCsT JIJIsT JIOKAJIW3AIUHU BCIBIIKU B 3BYKOBOM (haiiyie CIeIyro-
M 0OPa30M.

1. Boigensierca unarepsan [—b, b], BHyTpU KOTOPOrO HAXOAUTCS BCIIBIIIKA, ¥ CUTHAJ
BHYTPH MHTEPBAJIA CAUTACTCH 3aIAHHBIM C TIOMOIIBI0 QPyHKINN fo.

2. Bce orpuriaresibabie 3HaUEHUS (DYHKITMT 3AMEHAIOTCS HYJISIMHU.

3. Buibupaercs dyuKus fi; ¥ HAXOAATCS MOJOXKEHUS JIOKAJIBHBIX MaKCHUMYMOB
dbyukuuu (1).

Haiinennabie mooKeHnS MAKCUMYMOB OYIyT OTHUMU W TEeMHU YK€ I J000i hyHK-
unu f1, yaoBaeTBOpsAOmeH yeaosuam Teopembl 1. [Ipocreiimieit n3 Hux aBasgeTcs QpyHK-
nus, onpejeneHHas paseHcTBoM fi(z) = —a? + b? Ha unTepBate [—a,a] W papHas
HYJII0 BHE 9TOT0 WHTepBasa. IMeHHO ¢ 310l (DyHKIMeH TpOn3BOIATCS TATbHENUINEe BhbI-
qncaenus. C Apyroit cTopoHsl, GyHKIUN fo HA MPAKTUKE JIWIIb TPUOIUKEHHO MOTYT
CYNTATHCH YeTHBIMU. B 3TO CBsA3u BO3HUKAET BOMPOC, KAKKUM 00PA30M OTCYTCTBHE CAM-
MeTpUM BJIHSET HA MOJOXKeHue Makcumyma. lIpercrasum QyHKIUIO fo B BHUIE CyMMBI
CHUMMETPUYHON M KOCOCUMMETPUIHON (DYyHKIIMI

fa(@) = (fa(@) + fo(=2))/2+ (fa(x) = fa(=2))/2 = s(x) + c(x).

PasencrBo (2) ¢ y4yeroM CUMMETPUYHOCTH HMHTEPBAJIA WHTEIDUPOBAHUS HPUHUMAET
dbopmy

F(p) = /(—(a: +p) 2 + b0 fo(z)de = — /((a:2 + p? +0?)s(z) + 2pxc(x)) d.

—a —a

Yenosue F'(p) = 0 IPUBOIUT K COOTHOIIEHHIO

a

p= —/xc(:c) d:c//as(a:) dx. (3)

Pasenctso (3) ykasblBaer, Ha CKOJIBKO OYIET CMEIIEHO OTHOCUTEIHHO HyJisl TOJIOKEHIE
MaKCHMYMa, IPY HAJUIUH KOCOCHMMETPUYIECKON cocTaBidomeil B GyHKIuu fo.

Jokazannas teopema 1 yKas3blBaeT, KAKUM O0OPA30M MOYKHO JIOKAJIM3OBATH II0JIO-
JKEeHWe BCIBIIMIKA B 3BYKOBOM paiiie, KOrmga UMeoT Aea0 ¢ hyHKmue#, 3aaanHoi 11
JMUCKPETHBIX 3HauYeHuil aprymenta. CHada a 3aMeHUM BCe 3HAUeHUst B (paiiyie, HE Tpe-
BBINIAIONIME HEKOTOPBIA NOPOr (YPOBEHDb NIyMa), HYJIsAMHU 1 O003HAUUM IOy YUBIIYIOCST
dyukuumio yepes fo. 3amenum uaTerpan B (1) cymmoil, B pe3ysibrare BHIYUCIEHUE CBO-
nurcs K npumenennto FIR-dunbTpa ¢ koadduimenramu, onpeneleHHbIMA 3HAYEHUSIMA
fi(x) = —2? + b? BEyTpE mHTEpBANA |[—a,al, K 3HadeHnaAM byHKImE fo. [lapamerp
a TOAOUpAeTCss TAKUM 00pa3oM, YTOOBI IpeanoaraeMas JJINHA WHTEPBAJIA BCIBIIIKA
Obuta MenbIlie 2a. Pesynabrar mpumenenust GUIbTPA K UCCIEAYEMOMY YUACTKY TIPEJ-
CTaBJIEH HA PUC. 2. 3/1€Ch Y€TKO BBIIEIEHBI MOJIOKEHUST JIOKATBHBIX MAKCUMYMOB, KOTO-
pbie 1 OObABIAIOTCH TO3UIUAME BCIIBIIIEK.
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Puc. 2. Pesynprar dunprparun yaactka daitma ¢ gpouemoir ‘ka’

2. AHHpOKCI/IMaHI/IS[ MIHOBEHHOI 4acTOThl CATHAJIa

Eme 6omee Tpymamo#t 3amatueit siBageTCd ONMHCAHWE ydacTKa aiina, OTHOCAIIETOCS
K ornacoBke. Kak mpaBmiio, st 3TOH IeJIM IPUMEHSIOT KPATKOBPEMEHHOE TPeobpaso-
Baune Pypre [4, 8]. OJHAKO MPHU ONMUCAHWH TIEPEXOJHOTO MEPHUOA € MOMOIIHI0 HTOTO
npeobpa3oBaHus BOSHUKAIOT OYEBUIHAS TPYAHOCTH — CUTHAJ He OYIeT CTAlHOHAPHBIM,
PE3YIbTAT 3ABUCUT OT JJIUHDI OKHA, IO3TOMY HAMIEHHbIE YACTOTHI U UX MATHUTYIbI HO-
CAT yCPETHEHHBIH Xapakrep. B 9Toil cBA3M NpeacTaBaseT MHTEPEC TMOICIET MIHOBEHHBIX
YaCTOT B HEKOTOPBIX TOYKAX CHIHAJA, OTBEYAIOIINX OTJIACOBKE. HallOMHMM OCHOBHBIE
olpejieieHus, CBA3aHHbIE C OHATHEM MIHOBeHHOI YacTtorsl [9]. Ilycrs umeercs curnad
u(t). CTpouTCst KOMIJIEKCHBIH curHAM Z(t) Takoii, 9TO €ro CeKTp CONEPKUT TOJTBKO MO~
JoxuTesbHble 3HadeHnst, 1 u(t) = Rez(t). Curnan z(t) Ha3BIBAETCS AHATMTHIECKUM.
Hag wero cymecryer npencrasienue z(t) = r(t) exp(if(t)), rue r(t) — moaynb z(t),
a npoussoanas 0'(t) HazbiBaeTCs MTHOBEHHON 4acTOTON CUrHAJIA B MOMEHT BpeMeHu t.
MrHoBeHHAA 9ACTOTA SBIAETCSA BAYKHON XapaKTEPUCTHKON CUTHANA, OJHAKO BBIYHCIIE-
Hue z(t) mpejmosaraer IpHMeHeHHe peobpasopanus [ miapbepra K NCXOIHOMY CHUTHAIY
u(t). dro mpeoGpasopanme onpeensercs hopMyIoi

w) =+ [ (@

a z(t) = u(t) + iw(t). B cayyae dbynxuum, 3a1aHHO0R [Jis JUCKPETHBIX 3HAYEHUIT apry-
MEHTa, 3TO MPeodPa30BaHNe PEATN30BAHO B BUAE (PUIbTPA CHEInAILHOrO Buaa. OPuibTp
He SBNsieTCsT (DU3UIECKU DEATM3yeMbIM, MOCKONBKY OTpeJie/leHre 3HAUeHNs CUTHAIA B
MOMEHT BDEMEHM f, KaK W B cjydae (4), IpeanoaaraeT 3HaHue UCXOJHOTO CUTHAJA B
MOMEHTHI BPEMEHU, KaK MPEIeCTBYIONIHe MOMEHTY ¢, TaK W TOCTe 3TOrO MOMEHTA.
Ha npakTuke npu BBIYMCIEHAAX WUCIONB3YIOT JIANIb 3HAYEHUST CUTHAJA HA HEKOTOPOM
WHTEpBAaJEe, HO MPU 3TOM MPEINONIATAETCS CTAIIMOHAPHOCTH CUTHAJA HA 3TOM WHTEPBa-
me. K coxanmennto, BpeMsi OTJIACOBKH He YAOBIETBOPSIET 3TOMY OTPAHUIEHUIO, TIOITOMY
HOJIyYeHHbIE CTAHIAPTHBIM 0Opa30M 3HAYEHUs TPYIHO UHTEPIPETHPOBATh. B HaCTOS-
meil paboTe oTMedeHHAas TPODIeMa TPeOI0TeBAETCS MyTEM ATTTPOKCHMATIAN WCXOTHOTO
CHUTHAJA JAPYTHAM, A7 KOTOPOTO M3BECTEH ABHBIN B mpeobpasoanusa I manbepra.

[Ipeo6pasosanue ['uibbepra or curnana u(t) = cos(wt) ectsb sin(wt), a npeobpaszo-
Bamune o1 u(t) = sin(wt) pasno — cos(wt) [9]. MruoBenHas 4acrora CHIHAIA

x(t) = Acos(wt) + B sin(wt) (5)
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B s11000i1 TOUYKe paBHsieTCss w W He 3aBucur oT Koddpdurmentor A, B. Ilycrs mana
JIUCKPETHAS BEPCHs U[n] HENpPepbIBHOIO UCCIIeLyeMoro curnaia u(t), nojydeHHas co-
raacuo dopmyne u[n] = w(nT), rme T — wexkoropsiil uarepsasn spemenu, [ = 1/T.
TTpeAnosoKuM, 9To CUIHAJI u[n] WMeeT TOJOKUTETBHBINH JOKAJIBHBIA MAKCUMyM TPH
n = ng. be3 orpanuvenus OOMIHOCTH MOXKEM Mpeanoiarars, ato ng = 0. [lpubauzum
B OKPECTHOCTH 9TO# TouKH curuan u(t) curmasoMm suzaa (5). Mmeem

A =ul0], Acos(w/f)+ Bsin(w/f) =u[l], Acos(w/f)— Bsin(w/f) = u[—1].

Orcroma cieayer, 910
ull] + u[—1]
2u[0] ©)

W3 caenaHHBIX OPENOTIOKEHUH O CYIIECTBOBAHUE JIOKAILHOIO MAKCHMYMA BBITEKACT,
4TO mpasast 9acTh B (6) MeHbIIe 1, U OImpeeIeHne IacTOTH CTAHOBUTCS KOPPEKTHBIM.

Cormacuo (6) oleHKa MIHOBEHHOH 9aCcTOTHI B TOUKE JIOKAIBHOTO MakcuMmyma u[0]
3aBHCUT OT TPeX MOCIIEI0BATENbHBIX OTCYETOB (DYHKINH, HO CAMH 9TU 3HAYECHUS 3aBH-
caT oT Havasa orcuera. [Tokazkem, 4To B caydae, Korga dyrkmus u(t) nmeer su (5),
pe3y/nbTaT, MOACUUTAHHEIH 0 (opmyre (6), OT Hawama OTCUeTa He 3aBUCHT. [leficTBu-
TEIBLHO, MyCTh

cos(w/f) =

ul0] = A cos(wn/ f) + By sin(wn/ f),
u[l] = Ay cos(w(n +1)/f) + By sin(w(n + 1)/ f),
u[—1] = Ay cos(w(n — 1)/ f) + By sin(w(n — 1)/ f).

HenocpeacTBeHHBIMU BBIYUCICHUMU JIETKO YOEIUTHCS, 9TO B 9TOM cirydae hopmyna (6)
NIPEBPAIIAECTCA B TOXKIECTBO.

B 3710it cBA3M MHTEpPECHO MOCMOTPETH, KaKWe 3HAYEHUS MOJTYyYaIOTCd B Pe3yabTaTe
[IPEIJIOKEHHON BBIYUCIUTEIBHOU ONPOUEeAypPhl JIJid CUTHAJA C U3BECTHOU MIHOBEHHOI
gactoroil. IIpeamonokum, 970 UCXOMHBIN CUTHAJ UMEET BHU/I

u(t) = Z(Ak cos(wyt) + By sin(wyt)). (7)
k
ITpeobpazosanue ['unbbepra o 370l HYHKIMH paBHO
u(t) = Z(Ak sin(wgt) — By, cos(wgt)).
k

"3 onpeaeseHnd aHaJIUTHYICCKOro CUuruaJja CjaejayeT, 9To

Haiimem MTHOBEHHYIO 9acTOTY CHTHAJA

(1+1tg*(0()0'(t) =
IIpu t = 0 MraOBeHHAasd YaCTOTA €CTh

(St () + (Zmn) (L 50)
(S + () |

0/ (0) =
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Tabdn. 1

CpaBHeHUE TOYHBIX 3HAYEHUI MIHOBEHHON YaCTOTBI C OIEHKOMN

Dopmyaa (8) | 3729 | 3517 | 3788 | 36261 | 3418 | 3510 | 3152 | 3784 | 3879 | 3546

Dopmyana (9) | 3835 | 3572 | 3800 | 3676 | 3438 | 3552 | 3016 | 4047 | 3454 | 3680

C upyroit cropoubl, npuMenus K curnasy u(t) dopmyay (6), nomyanm

Z Ay, cos(wy/ f)
cos(w/f) = = , (9)

DA
k

TO €CTh MPH TIOJIOKUTETBHBIX Koadbdunnenrax Ay 3Hauenue cos(w/f) ecTh BBITyKIIAs
KOMOWHAIMS KOCHHYCOB UCXOIHOTO curHasia. JIist cpaBHeHUs 3HAYEHNW MITHOBEHHBIX Y-
CTOT, IIOJIyY€HHBIX COrIacHo (8) u BbluncieHHbIX 110 dhopmysie (9), ciayyaiinbiv o6pazom
BOCEMb Pa3 MOPOXKIANNCH KO3 duuernTsl Ay, By, a 4aCTOTBI W) TaKKe BHIOUPAIUCH
caydaiiHbIM 00pa30oM, HO TOJIBKO ouH pas. Caydaiiubiii BBIOOD KO3hutmenTo Ay, By
PABHOCHJIEH OIIEHKE MTHOBEHHOM 9aCTOTHI B PA3HBIX TOYKaX. Huxke mpuBemIeHbl pe3yib-
TAThl IKCIEPUMEHTOB, KOIJA YUCIO caaraeMbix B (7) paBHAIOCH 5, a B (9) MOJI0KEHO
f =16000.

Kak cmemyer u3 tabm. 1, obe CTPpOKU COAEPIKAT THCTIA OJHOTO MOPSIIKA.

3. MHNaeutudukaruda TuUKTOpa
C IOMOIIBIO paclpene/ieHns MIHOBEHHBIX YacTOT

B macrosiee BpeMs canTaeTcst pernenHoil 3a1a9a uaeHTu(OUKAINN JUKTOPA IO Pede-
BOMY CHTHAJTY, €CJTU TTPOIOJIKUTEILHOCTE 3TOr0 CUTHAJIA TPEBhINaeT MUHyTy. B OcHOBE
POy PhI JIEXKUT JIOCTATOYHO CJIOKHAs TeXHUKA, npeioxkennad B [10]. C Tex nop mo-
ABUJIOCH OOJIBITIOE KOJUIECTBO PAOOT, B KOTOPBHIX AJTOPUTM MOINMHUIINPOBAJICS, HO BCE
3T paboThl nenoab3osaan GMM B KagecTBe OCHOBBI. Y TBEPKIACTCS, 9TO ¢ TTOMOIIHIO
5TOr0 MeTONA JWKTOP UACHTU(UIMpYyeTca mpasuiabHo B 95% caydaer, ompako cama
nporenypa uaeHTudGuKanmm Tpedyer 3HAUYNTEIbHBIX PecypcoB. B HacTosImeil pabore He
peragach 3a1a9a nAeHTHGUKAINH JUKTOPA, HO OBITIO O0OHAPYKEHO, ITO pacIpeaeaeHne
MTHOBEHHBIX 9aCTOTHI, MOJYYEHHBIX C MOMOIIBIO OMUCAHHON BBIIIE MPOIELYPbI, TO3BO-
JseT uAeHTHGUINPOBATH TUKTOPA JOCTATOIHO TOUHO. OIeHKaM JTOCTOBEPHOCTH METO/IA
OymeT MOCBSIIEHA CJIEAYIONAas PadoTa, a MOKA OTPAHUYUMCS JIUITh OJHUM TTPUMEDPOM.

[Iporeaypa cpaBHeHUs NBYX pedeBbIX (ailjioB MPOBOAWIACEH CJEIYIONIUM 0OPa30M.

1. Onpenensisica ypoBeHb IIyMa, W BCE CUTHAJIBI HUKE BHIOPAHHOTO YPOBHS TOJIATA-
snuch paBHbIM HYI0. [Ipu Bbrvucaerusx nopor mosarasics pasabiM 0.3 OT CcTaHAAPTHOTO
OTKJIOHEHUS.

2. B ipeobpazopanroM haiijie BeIIENSINCH TOUYKH JIOKATBHOTO MAKCUMYMA U B KayK-
JIOil U3 ITUX TOYEK BBIUUC/ISIACH MTHOBEHHAs YacTOTa cOriacHo (6).

3. Crpomnace THCTOrpaMMa PACHPEIe/IEHNsT JacTOT, TTOPOXKIAKIIAS BhIOOPOUHYIO
PYHKITHUIO PACTIPEeIeTeHNA.

4. Paccrosmume MeK Iy ABYMs BEIOOPOYHBIMA pacupenaeaeHusaMu dy, ds OTPeaeisioch
cormacio dopmyse dist = max(|dl — d2|) (pacnpenenenne Konmoroposa— CyupHoBa).

Ha puc. 3 npercrasnen npuMep TunudHoil ructorpammbl. Tabs. 2, 3, comeprkariue
pPe3yabTAThI U3MEPEHUsT PACCTOSTHAN MEXKIY pedueBbiMu daiiiamu, chOPMUDPOBAHBI CJie-
ayommM o6pazom. BaaTel nsa pedesbix daitia oobemoM mo 107 oTCYeTOB KasKIblii,
IpUHAIIEKAMNX AByM gukTopaMm. Paitnel 3amucansl ¢ gactoroit 44100 I'n B cTyamm.
Daiin pazdbuBasicsa Ha H Yacreil, n KaxKaasd 9acTb 00padaThiBAIaCh He3aBuCUMO. B Tad. 2
MIPUBE/IEHBI PACCTOSTHUST MEYKIY YACTAMU, TPUHAIIEKAIUMA OJHOMY TUKTOPY. depe3
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Puc. 3. Ilpumep rucTorpaMMbl pacIpe/IeieHns MTHOBEHHBIN 9aCcTOT

Tabm. 2
CpaBHeHne paccTosHU MexkK/1y 4YacTsMu pedeBoro daiina,
MIPUHA/IEXKAITAX OTHOMY AUKTOPY

0 | 0.0315 | 0.0242 | 0.0206 | 0.0203
0.0224 0 | 0.0234 | 0.0175 | 0.0173
S(z,y)= 0.0807 | 0.0788 0 | 0.0130 | 0.0119
0.0187 | 0.0177 | 0.0646 0 | 0.0069
0.0248 | 0.0244 | 0.0811 | 0.0205 0
Tabmn. 3

CpapHeHre pacCTOSTHUI MeXIy YacTsIMHU PedeBoro gaiiia,
NPUHAJIEXKAIINIX IBYM Pa3HBIM JUKTOPaM

0.1065 | 0.1217 | 0.1146 | 0.1073 | 0.1128
0.1186 | 0.1319 | 0.1266 | 0.1177 | 0.1238
T(x,y)= 0.0943 | 0.0652 | 0.0844 | 0.0755 | 0.0817
0.1061 | 0.1195 | 0.1142 | 0.1054 | 0.1113
0.1060 | 0.1214 | 0.1151 | 0.1066 | 0.1121

S(z,y), © < y obo3HaYaeTCd PACCTOAHME MEXKJY YaCTAMU C HOMEDAMU T U Y s
HepBOro AUKTOpa, a S(x,y), & > Yy aHaAJOrWYHbIE 3HAYEHUS JJisd BTOPOrO JUKTOPA.

B tabn. 3 yepes T'(x,y) 0603HAYEHO PACCTOSHUE MEXKIY ABYMs YACTSIMU DEUEBBIX
daiinos, NpUHALIEKAIIUX PA3HLIM IUKTOpaM. AHaJIN3 IPUBEIEHHLIX B Ta0. 2, 3 JaH-
HBIX ITIOKa3bIBaeT, YTO PaCCTOAHUA Me)K,Hy JacCTAMU, IPpUHAIJIEZKAIIITMA O,Z[HOMy JUKTO-
Py CYIIECTBEHHO MEHBIIE PACCTOSHUN MEXKIY JacTIMA PeUeBbIX (PailioB, mpHUHAIIEKA-
UM Pa3HbIM AUKTOpaM. JlanHoe 06CTOITEeNbCTBO MO3BOIAET HANEATHC, ITO MPE/ITara-
eMasl MPOoIeIypa MOXKET OBITH MCIOIb30BAHA I WACHTH(DUKAIINN IUKTOPA, TTOCKOTIBKY
06'beM Tpe6yeMbIX BBIYUCJICHUN OKa3bIBACTCA MUHUMAJILHBIM.

Pa6ora Boinoanena npu dunancosoii nogaepkke PODU (upoext Nt 12-01-97002-p-
HOBOJIKbE-2).

Summary
R.R. Nigmatullin, E.L. Stolov. Parameters Describing Local Properties of Speech Records.

We suggest some new parameters for the description of short fragments of speech signals
as well as methods for their estimation. We develop a technique for the exact localization
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of “explosion” in syllables beginning with stop consonants. A method for the evaluation of
instantaneous frequency in the sound part of the syllable is presented. The method does not
suppose the implementation of the Hilbert transform. It is shown that the distribution of
instantaneous frequencies in a speech signal can be used for speaker identification.

Keywords: stop consonants, explosion localization, approximation of instantaneous
frequency, distribution of instantaneous frequencies, speaker identification.
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