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B cratee paccmatpuBaroTcs XaycaopdoBa pasmepHocTh W KonmMoropoBckas
SHTPONHUS MOCIEAOBATEIHLHOCTH JUIUTEIHHOCTEN TOJOCOBBIX CErMEHTOB B peun (V-
putma). Xaycaop@oBbl pasMepHOCTH U KoIMOropoBcKasi SHTPOIHS BEIYUCIISIOTCS
U3 9KCIIEPUMEHTAIILHO OIPEIeTICHHBIX V-PUTMOB 00pa3lioB Kak HOPMAIbHOHN peuw,
TaK ¥ peYd MPH 3aUKaHUU. DTU BBIYUCIICHHUS OKa3aJIUCh BO3MOXXHBIMU OJlarojaps
BBEACHUIO B PACCMOTpEHHE OOOOIICHHOW pa3MepHOocTH PeHbn u 0000IIEeHHOM
sHTponuu Pensu. B craThe mokazano, 4yto V-puT™m peun oOpasyeT (pakTaibHYyIO
CTPYKTYpy, HIpHUYEM COOTBETCTByIoIIass XaycaopdoBa pa3MepHOCTh OoJiblie
TOMOJOTHYECKOH pa3MepHocTH. B cBo0 odepens, (pakranbHas pPa3MEPHOCTh
HOpMaJIbHOU peun 6osble (paKkTanbHON pa3MEPHOCTH YYaCTKOB PEUH, COCTOSIIIIUX
u3 3anuHOK. Kpome Toro, oOHapyxkeHo, uTo KomMoropoBckas >HTpOIHUs puUTMa
HOpMaJbHOW peYM TOJOXKUTEbHA M KOHEYHA, YTO SIBISETCS HEOOXOIUMBIM U
JIOCTAaTOYHBIM ~ YCJIOBUEM  CYIIIECTBOBAHMS JETEPMUHUPOBAHHOTO Xaoca B
cTpykrype putMa. HwkHsia rpanuma KoaMoOropoBCKOW SHTPONUU ISl 3alIMHOK
OTpHULIATENIbHA, YTO TOBOPUT B MOJIB3Y PETYISPHOCTU CTPYKTYPhI 3alIMHOK B PEUH.
Ha mpumepe mnwrec BuBampau u Ilarammam mokazano, uyto Xaycmopdoa
Pa3MEPHOCTU MY3bIKH HUXKE Pa3MEPHOCTH 3alMHOK, YTO MO3BOJSET CPABHUTH
CTPYKTYpYy V-puUTMa My3BIKH CO CTPYKTYPOU pUTMa paHHel (DOHETUKH Y JACTEH.

1. BBEAEHHUE

B mocneanee necstuieTne 3HAYMTENbHOE YMCIO 3a/la4 B HEJIMHEHHON akycTHKe OBLIO
YCHEUIHO PEIICHO METOJAAMH TEOPUHU KpUTHUECKUX sBieHui [1]. JIOBOJBbHO YacTo NMHAMMKA
TaKuX 3a7a4 BOJIM3M KPUTHUECKOW TOUKH OINHCBHIBAETCS CPEICTBAMH TEOPUU TUHAMHYECKOTO
xaoca.

Oxkazanock, YTO 3TOT MOJIXO ABISETCS BeChbMa MPOAYKTUBHBIM NMPU OOBSICHEHUH MHOTHX
3QPEeKTOB MpH ONHCAHUU KPYMHOMACIITAOHOW BPEMEHHOM CTPYKTYphl aKyCTHYECKHX
pedeBbIX cUrHaioB [2, 3]. MoHO MoKa3aTh, HCXOJs U3 UCCIEN0BAaHUS CTPYKTYpbl CUTHaA,
YTO pedb 00J1a/1aeT 1eIbIM Ha0OpOM JUHAMUYECKUX peXUMOB. [lepexo/ U3 0JJHOro pexumMa B
JIpYroil MOKET MPOMCXOANUTH O] BIMSHUEM KaK BHEIIHHUX, TaK U BHYTPEHHUX BO3JEHCTBUI
Ha JUHAMUYECKyI0 cCHCTeMy. B HalleMm cily4ae TakOM CHUCTEMOW SBJISETCS MEXaHU3M

pedeoOpa3oBaHus YEIOBEKA.
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B pabGore ™Mbl oOmUChIBAEM METOJl PETUCTPAMM KPyMHOMACIITAOHOH BpPEMEHHOU
CTPYKTYpbl DPEUYEBOT0 CHUTHaja, Oa3upylOIIMiiCS HAa CETMEHTAllMd PEeYeBOro CHUTHala 110
OPUHLUIY «ECTh TO0JIOC — HeT rosocay. [IpoHymMepoBaHHYIO0 MOCIEA0BATEIbHOCTh
JUIUTEIBHOCTEH CErMEHTOB B PEYH, KOTJa MPOUCXOIAT KOJeOaHUsI FOJOCOBBIX CKIIAJIOK, MbI
Ha3Bamu V-puTtMoM. Ha BpeMeHHOW ocW TakoW pUTM oOpa3zyeT HEKHWH aHaJIOr KaHTOpPOBa
MHokecTBa. [Ipumem uinHy Becero oopasia peuu 3a eAuHuLly. Toraa, Kak MOXHO JIOIYCTUTh
Ha OCHOBE SKCIIEPUMEHTAJBHBIX JAaHHBIX, OOBIYHAS TOIMOJIOTUYECKAas Pa3MEPHOCTb TaKOTO
MHOKECTBa V-CETMEHTOB MMEET pa3MepHOCTh cTporo MeHsmlne 0,7 [6]. Omnako, kak OyaeT
NOKAa3aHO B CTaThe, HW)KHHAE TPAHMUIBI XaycAOp(OBOBBIX pa3MEpHOCTEH V-pUTMOB,
OLCHCHHBIC II0 J3KCHCPHUMCHTAJIbHBIM IIOCJICIOBATCIIbHOCTAM V-cerMeHTOB Ha 06IHHpHOI>'1
(dboHOTEKE CUTHAIIOB, OKazayuch B uHTEepBasie (0,7...0,9).

ManaensOpoT MPEemoKWI  Has3biBaTh  (paKkTajlaMd  MHOXKECTBA, JJII  KOTOPBIX
XaycnopdoBa pazMepHOCTh CTPOro OoJibiie Tonojorudecko [4]. Takum oOpazom, B cTaThe
MOKa3bIBACTCS, UYTO V-PUTM peUH Kak B HOPME, TaK ¥ MPH 3auKaHUH, (PpaKTalieH.

W3mepsinach Takke Oe3MoAenbHbIM  crocodoM  KoamoropoBckass SHTponusi TaKHUX
MHOKecTB. Ha OoCHOBE 3THX BBIUMCICHWI MBI 3aKJIr04acM, 4TO CHCTEMA MOXET HMMCTHh KaK
PEryJIApHBIC, KBASUIICPHUOAUYICCKUC CBOﬁCTBa, XapaKTCpHbIC IJId Y4YaCTKOB pEeun C
HapyLICHHBIM PHUTMOM, TaK W HPPETYJSPHbIE XAaOTHYECKHE CBOWCTBA, XapaKTEpPHBIC UL
HOPMAJIBHOM pe4M. YUYAaCTKU PEYM C HAPYILUEHHBIM PUTMOM MOKHO ITOJIYYUTb, PETUCTPUPYS
peub 3alKaIOLINXCS.

Oxka3asioch, 4TO cucreMa peueoOpa3oBaHHUsI HMEET KPUTHYECKYI0 TOYKY B CIIEHAPUU
nepexoga AWMHAMHKU V-pI/ITMa K XaoCy B 3aBHUCHMMOCTU OT BHCHIHCTO YIHPaABIAIOMICTO
napaMmerpa. B kauecTBe Takoro creHapus, Kak OKa3ajoCh, MOXXHO MPHHSTH CLIEHApUil
Qeifrenbayma mnepexoja K Xaocy B 3aBUCUMOCTH OT YINPABJISIONIET0 IapameTrpa.
Vrpapnsitomuii mapameTp MOXKET HCIOJIb30BaThCsl JII TOTO, YTOOBI TMPUBOAUTH TaKUE

BpPEMEHHBIC XapaKTEPUCTUKH, KaK pe4eBOi V-pHUTM, B 00J1aCTh HOPMAJIBHBIX 3HAYCHUH.

2. CE'MEHTALMA PEHEBOI'O CUT'HAJIA T10 ITPUHLIUITY “VOICE/UNVOICE”

ITponsBoaunachk perucrpanus aKyCTHUECKHX PEUEBBIX CHUTHAJIOB, IOJYyYEHHBIX KakK OT
HOPMaJIbHBIX B pPEYEBOM OTHOLIEHHWU JIMIL, TaKk M OT 3aukaromuxcs. MccnenoBaHus
IPOBOAMJINCH B T€UEHHE JBYX JIeT. Peub peructprupoBanach Kak IpHU YTEHUH CTAaHJAPTHOIO
TekcTa 00beMoM B 120 ¢0roB, Tak M IpU MPOU3HECEHUN CIIOHTAHHON PeYd JUITMTEIbHOCTHIO
0K0JI0 1,5 MMHYT B IpylI€ 3aUKalOIIUXCs, B KOTOPYIO BXOAWIN KaK B3pOCIIbIE MYXYHHbBI U
KEHIIMHBI, Tak WU JeTh oT 4 ner u crapwe (y JAeTell JOUIKOJBHOTO BO3pacTra
pEerucTpupoBaiach  TOJBKO  CIOHTAaHHAas pedb). Yucno  o0paOoTaHHBIX — 3amHCceH,
IIPOM3BOJUMBIX TPWKIBl B TEUEHHUE MECAYHOIO Kypca KOPPEKIMH, B TEUYEHHUE JBYX JIET
coctaBmiio 600 o6pa3oB. Unciao KOHTPOJIBHBIX 3amHcel peueBoro curxaina cocrasuio 100
00pa31oB KaK B3pOCIIOH, TaK U IeTCKOU peur 0e3 sIBHBIX IPU3HAKOB NaTOJIOTHH.

PeueBble curHangbpl BBOOWINCH B KOMIIBIOTEP ¢ yacToToil quckperusanuu 10000 I'n. [Tocne
npeaBapuTeNbHON (GMIBTPALUN ONPEeNsIcs MOPOr CErMEHTAlMU JJIs KaXKJI0T0 OTJAEIbHOTO
CcyObeKTa ¢ IMOMOIIbIO TECTOBOM (hpa3bl. AMIUIMTYIHBII HOpPOr HapacTald MOCTENEHHO ¢
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JIOCTaTOYHO MaJIbIM IIIAarOM 10 T€X TOp, MOKa BIEpPBbIE HE BBIICISUIMCH HIECTh (M TOJIBKO
IeCTh) CErMEHTOB, COJIEPKAINXCS B TECTOBOM (Ppase «mama, nama, rnamay. [[is onpeneneHus
MOMEHTa, KOTJla HAaUWHAETCSl HEe IOJIOCOBOM CErMEHT, HCIOIb30BAJICS MapaMeTp BPEMEHHOIO
pazpemienus, cocrapistommii 40 mcek. [Iponece onpeneneHusi mopora mpeKpamaics, €ciiu
K02 PUIMEHT BapHaIuii JIUTETLHOCTEH CErMEHTOB He npeBbiai 0,5.

3areM 9TO 3HAUYEHHE IIOPOra HCIOJNB30BAIOCH JJIi ABTOMATHMUYECKON CerMeHTaluu
OCHOBHOTO curHana. CpaBHEHHE pPE3yJbTaTOB, MOJYYEHHBIX C MOMOIIbIO aBTOMATHYECKOM
CerMEHTAallud, W Pe3yJbTaTOB KaK pPYYHOH CErMEeHTalluu CUTHajla, TaK WU pe3ysbTaroB,
MMOJTYYCHHBIX IIPH BbLIYUCIICHHWM MWHTOHAIIMOHHOTO KOHTYypa, Adajld YAOBJICTBOPUTCIILHOC
cornacue. Kpome T0oro, KOHTpOJIbHOE MPOCITYLUIMBAaHUE CUTHAJA, NOJYyYEHHOTO0 OOHYJIEHUEM
«HE TOJIOCOBBIX)» CErMEHTOB CUTHAJIA, HE IPUBOAMUIIO K HAPYIIEHUIO pa300PUUBOCTH PEUH.

CpG)IHIOIO AJIUTCIIBHOCTD 9TUX CCIMCHTOB MbI HA3BAJIM MHAUKATOPOM «V/U»-TGMH&, a Ux
nocienoBarenbHOCTh — «V/U»-putMoMm. B cimyuyae Toipko «Voice» CErMEeHTOB 3TH
BCJIMYHHBI HA3bIBAOTCSA COOTBCTCTBCHHO MHAUKATOPOM «V»-TeMIia «V»-pI/ITMOM.

3. ®PAKTAJIbBHO-XAOTHUYECKAA [TPUPOJA PEUYU

3.1. Xaycnop¢oBbl pa3MepHOCTH

PexoHCTpYyKIMS AMHAMHUKH CIIOXKHBIX CHCTEM BO3MOYKHA OE€3MOJIENBHBIM CHOCOOOM ITO
UHPOPMALIMHU, COJepXKalIeics BO BPEMEHHON HKCHEPUMEHTAIBHON MOCIEI0BATEIIHEHOCTH
TOJIBKO ~ OAHOW, HO CYIIECTBEHHOW InepeMeHHo. B  Hamem cioydae  Takou
MOCJIEIOBATEIBHOCTBIO  SIBIAIOTCA  dJeMeHThl  «V/U»-putmMa  wim  «V»-puTMma.
PenopmrpymnmoBbsie  cBoiicTBa ()pakTa’ioB OOECIEYMBAIM PABHONPABHOCTh OSTHX JABYX
npejcTaBieHui purMa [4].

B wactHOCTH, U1 «V»-pHUTMa BO3MOKHO PEKOHCTPYUPOBATh Xayca0p(hOBBl pa3sMEPHOCTH
UCCIIEIyeMOTO MHOXeCTBa. B HENMpephlIBHOM cllydae 3Ta pa3MEpHOCTh COOTBETCTBYET
pa3sMepHOCTH cTpaHHOTro arrpaktopa [5, ctp. 109-110], k koTropomy crsaruBaercs (azoBas
TPACKTOPHS AUMHAMHYECKOM 3a7auH.

Cnenys Ulycrepy [5], mpoBepuMm, sBIsieTCs 1 V-pUTM pedn oOpa3oBaHHEM C JPOOHOM
XaycnopdoBoii pazmepHocThio. s storo comoctaBum V-putmy {T;, T,, ...T,} anamor
KaHTOPOBCKOTO MHOXECTBA EAMHWYHON JIUHBI. [lodMydeHHbIe HaMU JKCIEPHUMEHTAIbHBIC
JTAHHBIE TTO3BOJISIOT MPEATONIOKUTH, YTO TOMOJOTHYECKasT Pa3MEPHOCTh TAKOTO aHAJIOTa Kak
JUISL 3aMKAIOLINXCS, TaK U B ClIydyae HOpMaJIbHON peu, ctporo mensiue 0,7 [6].

B cootBercTBuM C [5], npuBeneM MOITyYEHHOE MHOXKECTBO JUIMHBI L (B MIJIJTUCEKYHJIaX) K
eIMHUYHON JuHEe W OyIeM MpOBEPATh 3TO MHOXKECTBO B KOHTPOJIBHBIX TOUYKax dYepes
WHTEpBaNBI BpeMeHu B 1/L. Pasmenum omHOMepHOE mpocTpaHcTBO Ha stueiiku [=1000/L.
Pa3zmep syeex oOkazaics JAOCTATOYHBIM U1l JOCTOBEPHOTO ompeneieHus: XaycaopdoBoi
pasmepHoctu o anroputMy Grassberga u Procaccia [7].

XaycnopdoBa pasmMepHOCTb (BEpHEE, €€ HI)KHSAS I'paHUIA), BBIYMCICHHAs HaNpsSMYIO 10
TOMY aJrOpUTMYy, KaK OKa3aloCh, BapbUpyeT Ha OTPOMHOM MHOKECTBE CHTHAJIOB Ha
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uarepaie (0,7...0,9). bonpiias cTaTUCTUKA SKCIIEPUMEHTOB CBUIETEIHCTBYET B IOJIB3Y
Ha/Ie)KHOCTHU PE3yJIbTaTOB.
B cootBerctBum ¢ anroputmom Grassberga u Procaccia, nist onpeaenenus xaycaop@oBoid

pasmepHOCTH D HEKOTOPOTO MHOKECTBA, 3aHUMAIOMIEr0 0611acTh ¢ 00beMoM L B D-MepHOM
TIPOCTPAHCTBE, TIOKPOEM 3TO MHOMKECTBO KyOaMu ¢ 06beMoM [” . MUHNMAIbHOE YHCIIO TaKUX
HENyCTBIX KyOOB, MOKPHIBAIONINX MHOXKeCTBO, ecTb M ([)=L"(1/1)". Y3 3T0Or0 BBIpa)eHHs

MOYKHO TIOJTYYHUTh IPUOTMKEHHYIO OLIEHKY D:

In M(0)

D=1 .
0| Tn(1/1) M

Ha npaktuke Oonee ynoOHO [ OIEHKM JTOM Pa3MEPHOCTH  HCIOIb30BaTh

MaTeMaTHYECKyI0 KOHCTPYKLMIO, W3BECTHYIO KaK pasMepHOCTh PeHbH, D, CBA3aHHYIO C

BEPOSITHOCTBIO P, HAXOXKIECHUS KOHTPOJIbHOU TOUKHU B -0 siueiike B CTENEHU f

M)
1 n zp’f 2
D, =lim =2, f=0,1,2,.. @
=0 f—1 In/
IIpu f — 0 MbI umeem u3 hopmysl (2):
MZ(I:)
lim| In ) 1
1-0 3
D= 7 ) MO _ 3)
In/ -0 In/

T. €. pa3MepHocTb Penbn D, coBmagaer ¢ xaycaopgooil pasmepHocteio (1). B cumry
MOHOTOHHOCTH D, Kak QyHKUMH [ pasMEpPHOCTb PeHn ymMeHbIIAeTCs KaK QYHKIHMs CTENEHN
U, I03TOMY, BBIIOJIHSETCA cleaylomee HepaBeHCTBO: D, <D =D . Takum o0pa3om,

HanOobIIas HUKHAA TpaHuia XaycnoppoBoi pasMepHocTH D, mpeacTaBMMa B BUJE

M(1) ,
! .
2 )
D, =lim .
10 lnl

[IprHrMast BO BHUMaHUE, YTO BEPOSTHOCTh HAXOKJICHUs KOHTPOJIIBHOW TOYKH B i-OM sYEHUKE

p, olleHHBaeTcd Kak p, = lim N,/ N, rne N ecTb o0liee 4uciI0 KOHTPOJIBHBIX TOYEK Yepes3
N—>o©

uHTepBaibl 1/L, 1 N, ecTh 4MCIIO TOYEK B i-0H siuelike, hopmyia (4) MOXKET ObITh pacCUUTaHA

N3 SKCICPUMCHTAJIIbHO U3MCPCHHBIX IIHHTCJILHOCTGP'I cermeHToB. Ha IMPAKTHUKCE HaI/I60J'H>I_Hy}O

HWKHIOKO TpaHULly pa3MCpPHOCTH D2 MOKHO BBIYHUCIIUTE KAaK TaHI'CHC YIJla HaKJIOHa

oL 1 M) R
JMHEHHOW pEerpeccuu CIeIyIOUMX TOYEeK lnF ZM ; In(/) |, BBIYMCIEHHBIX TpPHU
i
pa3HbIX /.
0. M. Cknsapos
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Tunuyaeie naUHBI 00pa3loB pedyr L TPEACTaBISAIOT COOOW BETWYMHBI  TMOPSIKA
(150...200)10° MHIITHCEKYH/I, HO MOTYT OBITH U GOIbIIE. B KauecTBe HANMEHBIIEH SUSHKN /o

HOKPBITUSL MBI BBIOpau 10° MUJITUCEKYH/I, BCE TOCIEAYIONNe MOKPHITHS [ OB KpaTHBI

OTOMY l(). BepOHTHOCTHHC OTHOLICHUA NI/N BBIYUCIIAINCh KaK OTHOIICHHUA 4YHCJIa

MWDIACEKYHI V-CErMEHTOB, MMOIMABIIMX B i-YIO SYEWKY, K OOIIEMY YHCIy MHUIHCEKYHIT
JaHHoro obpasma peun. Jlns ompeneneHus (PpakTalbHOW pa3MEPHOCTH Oblla HamucaHa
noanporpamMma (Ha si3bike [lackanp) K mporpaMMe CerMEHTaIllul PedH, Tak 4YTO MPHU KaKIOU
CeTMEHTAIMU CHTHAJIA C IENBIO0 ONPEACTICHUS PUTMa Mbl aBTOMATHYECKH TOJIyYald OICHKY
ero (pakTalbHOU Pa3MEPHOCTH.

Otn xaycaophoBbl Pa3MEPHOCTH JIUIi HOPMAIbHOW PEYd W IS Peud C HapyIICHHBIM

PUTMOM OKa3ajJMCh PaBHBIMM: HOpMaybHbBIM putMm: D,=0,85t0, =0,85+0,1; HapymeHHsbli
putm: D,=0,75t 0, =0,751£0,03. JIpoOHast pa3mMepHOCTb Oouibllle HyJs A HApyIICHHOTO
putma D,=0,75 ecTb N0OKa3aTEIbCTBO €ro (ppaxkTanbHONM HpUpo]bl. MOMKHO MOKa3aTh, YTO

paHHEMY NEepHOJy CTAaHOBJICHUs (POHETHKH y JETel COOTBETCTBYIOT €Ill€ MEHBIINE 3HAUCHHS
dpakTanbHBIX pa3MepHOCTei [8].

XaycnopdoBa pasMepHOCTh Al PUTMa HOPMalbHOM pedyd COOTBETCTBYET XaOTHUECKOM
OpUpoAe pUTMA. DTO COOTBETCTBHE JIOKAa3bIBAETCS OE3MOJAEIbHBIM CIIOCOOOM C MOMOILBIO
sHTponuu Koamoroposa.

Hamu Obima mnpennpuHsATa MONBITKA BBIYMCICHHUS (DpakTaJbHOW pPa3sMEPHOCTH JUIS
V-putMuKH My3bIKH. [ BBIUMCIEHUS OBUIM B3STHI ()parMeHThl U3 Mpou3BeeHN BuBanbau
n koHuepra Ne5 [laranmnu. CerMeHTanus NpOBOAMIIACH C MOMOIIBIO TOW XK€ MPOTrpamMMBbl,
KOTOpasi UCI0JIb30BaNach JUIsl uccienoBanus peud. [lomydeHHble pe3ynbTaTsl peICTaBIeHbI

Ha puc. 1.
0
-0.5 -
1 —
§ A5 e— —e— Paganini
-2 —a=—\/ivaldi
-2.5 —
3 : ‘ : :
0.0 1.0 1.6 2.0
In(i/1,)

Puc. 1. CpaBHeHue ppakTanbHbIX pa3MepHOCTEeH V-pUTMUK My3blku BuBanbau u [laranunm.
HanGonbnias HUXKHAA TpaHULA Pa3MEPHOCTH D, ompenenseTcs Kak TaHTeHC yIrila HaKJIoHa
1

M(l)
TUHEWHOHN perpeccuu cienyromux Touek | P(/) = IHF( > N j;ln(l /1)) |, BEIMMCIEHHBIX
i=l

NPU pa3HbIX /

0. M. Cknsapos
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Kax BuaHO M3 prcyHKa, HAKJIOH JTMHEHHOW perpeccuu, uin (PppakTanipHas pa3MepHOCTh V-

pUTMUKH My3bIkd BuBanbau, paBHa D, = 0.5, 4o 0oJIblIe COOTBETCTBYET V-pUTMHKE PEUU C
YIPOILICHHBIM, (PaKTaTbHBIM PUTMOM, CBOMCTBEHHBIM pEUH 3aukaroummxcs. dpakranbHas
pa3MepHOCTh A7sl pparmenTta u3 Mys3blku [laranunu okasanace eme Menbieit: D, 0.3, 1. e.

V-putMmuka My3blku [laraHuHM OTCTOMT emle Jaibllie OT IPAaHULBI Xaoca, YeM My3bIKa
BuBanbau, 4To COOTBETCTBYET O0Jiee YIPOLIEHHON PUTMUKE TAHHOTO (pparMeHTa.

3.2. Koamoroposckasi 3JHTPONUA WM (B OAHOMEPHOM cJiyuyae) moka3areib JIsimyHoBa
O606umM  moHsATHE UHPOpMauMOHHOM HHTponuu  (dHTpormu  Illennona). Ilo
omnpenenenuto, suTponus lllenHona ectb nH(pOpMAIHsL, KOTOPYIO MBI MOJy4yaeM, y3HaB, YTO

KOHTPOJIbHaA TOYKa X, HAXOAUTCS B KOHKPCTHOM M3 71 ITIOAWHTCPBAJIOB, HA KOTOPBIC p336I/IT

€IMHUYHBINA 0Tpe30K. J1Jist 3Toi nHpOopMaIMK MBI IMEEM CIIEAYIONIYIO (OPMYITY:

Ol 1
1, = —Z:—log2—=log2 n. (5)
i=1 1 n
O06o6muM 5Ty (GopMydy Ha paccMaTpuBaeMblii ciydall pedeBoro «V»-purma. Kak
OKaszajloch, B  cioydae «V»-purmMa 93TO  00OOLIEHME  JIOMYCKaeT  BO3MOXKHOCTb
SKCIIEPUMEHTAJIbHOM OLEHKH HMH()OPMALMOHHONW SHTponuu. PaccMoTpum oTpe3ok puTMa

T=(T,...,T,) (V-aneMeHTbl pUTMa yNOPAIOYEHBI WICHAMH HATypallbHOroO psna). bynem

CJIEIUTh 3a COCTOSIHUEM CHCTEMbI IO Mepe pa3BopauuBaHus putma. llycts Bl . €CTh

COBMECTHAsl BEPOSITHOCTh TOTO, YTO 3JEMEHT puT™Ma 7, (I ONpPEIECHHOCTH, €ro IpaBas
I'PaHMIIA) HAXOIUTCS B siueiike ¢ HOMEPOM i, T, HaXOOUTCA B A4YEHKE C HOMEPOM i, U TaK

nanee.
[To ananoruu ¢ popmyinoii (5), y3HaB, UTO PUTMHUKA CHCTEMbl HAXOJIUTCS B KOHKPETHOM

K K o o
pasbueHuu i,..,I, C sueiikaMu UIMHON [, Mbl, NpPHU YCIOBUU 3HAHHS AalpHOPHBIX

n

BEPOATHOCTEN Pi1 ., IoJTyyaeM HH(POPMAIIHIO:
sy

[ =— P . InP .. (6)

[Io anamormu C OJHOMEPHBIM CIyyaeM, OIpPENeIUM BEIWYMHY HH(DOpMaIuH,

JUCCUIIUPYEMYIO CHUCTEMOW reHepauuu putMma npu n+1-oil urepanun kak [/, —/ .. Torma

K-suTtponuio KonmmoropoBa st pUTMUKHA MOXHO ONPEACIUTh KaK CPEIHIOK BEITUYHUHY
nH(dOpMaIHU, TCHEPUPYEMOM CUCTEMOM 3a OJTHY UTEPaIlUIO:

L1 P |
K=limlim 72,1, 1) = limlime= 3, £, Inf, . ™

ol
n

Jns  ymoOCTBa OIICHWBaHUS SHTPONHHM 1O OKCIEPUMEHTAIBHBIM JTaHHBIM  BBOJIST
0000IICHHYI0 KOHCTPYKIIHIO BHJIA (TaK HAa3bIBAEMYIO SHTpOMHIO0 PeHbM):
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[—0 n—w n

.o (] 1
K, =-lim hm(—j ﬁ In Z Bl'):..,,-n : ()

Herpynno BuzneTs ¢ noMouipo npasuiia Jlonurais, yCcaoBuss HOPMUPOBKH JIsL BEPOSTHOCTEN,

a TaKKe ¢ MOMOUIbI0 (hakTa MOHOTOHHOTO yObIBaHUs SHTponus PeHbu, kak QyHKUUU f, 4TO

CIIPaBEJUIUBBI CIIC/IYIONINE COOTHOLICHHUS:
K=K uK,<K, npu f<f". 9)

Oco0o Belgensiercss K, Kak HIKHAA rpaHuna sHTponuu Koamoroposa, mpuyeMm 3Ta

IpaHMIa 3a4acTyl0 JOCTATOYHO IPOCTAa JUIsl BBIYMCICHUN (BO BCAKOM Cllydae, B clydae
OJIHOMEPHOM PpUTMHUKHU pEYH), TaK Kak JIErKO IPOBEPUTH BBIIOJIHEHUE CIIEAYIOLIErO
paBEHCTBA:

>0 n—>wo p 1" >0 n>wo p

K, =—limlimlln z P =—limlimllnCn(1). (10)
il"“’in

IIpuuem, B kauecTBe KOoppersauoHHOro unterpana C, (/) MOXET CIIy>KUTb B ClIydae peueBOr

PUTMHUKH CJICYIONIAs BEIMUNHA, SBISTIONIASACS 0000IEeHneM ONPEeACIICHUS] KOPPEISIIHOHHOTO
uHTerpasa (N — o0Iee 41cio 31eMEHTOB PUTMUKH) [5]:

N 0 0

Cn(l)=}/1£1(}oﬁi=;j=19(l—|'1‘i( T >|). (11)

Jns mposiCHEHUSI TEePMHUHA «KOPPEJALMOHHBIN» B ONPEACIICHUH KOPPEIAIUOHHOTO
MHTETpaja pacCMOTPUM KOJIeOATENbHYIO CHCTEMY C aTTPAKTOPOM THUIA MPEACTHHOTO IHKIIA
pasmepHocThio 1. Jlrobas mapa TOYeK HAa STOM MPEACTHLHOM IHKIIE, OyIeT, OYEBHIHO,
JEMOHCTPUPOBATh CHIIbHYIO Koppensauuto. C Ipyroil CTOpOHBI, €CIU Iapa TOYEK OTHOCUTCS K
MPOIIECCY C XaOTUYECKOW TUHAMUKOM, TO TOTJa, MO ONPEACIICHUIO, HHTEPBAI MEXKIY dTUMHU
TOYKaMHU JOJDKEH YBEITUYMBATHCSA IKCIIOHEHIIMAIBLHO CO BPEMEHEM M3-3a MOJOKUTEIbHOCTH
nokazarens JlsmyHoBa. EcTecTBeHHO, KOppeslus TaKoW TMaphl TOYEK JODKHA OBITh
3HAYUTEJILHO MEHBIIIE, YEM B CIIy4ae MePUOANIECKOTO ABUKCHUSI.

B stom ciydae otknonenue C, (/) oT Hynsa OyAeT CIyKUThb y’Ke MEPOH BIMAHHA BEKTOPA
(m) _ (n) _
onemenros purmuku T =(7,T,,,...,T,,) Ba ocrameusie Bekropet T, =(T,,T,,,....T,,,)
(i#j), a He OJWHOYHOIO DJJIEMEHTa PHUTMHKHM HAa OCTaJbHBIE DJIEMEHTHI, Kak
IpelyCMaTpUBAIOCh OOBIYHBIM OIPEIEICHUEM.
Tak xak Qusndeckuil cmbicn 0000meHHOr0 KoppemsinuonHoro wuHrerpana C, (/)

JIOITyCTUMO TPAKTOBATh (B COOTBETCTBHU C (POPMYIIOHN IS KOPPEISIIUOHHONW Pa3MEPHOCTH
In[C(D)]

R= lllno{l—l} , TIOJTy9aeMo# 1o aHaJoTuu ¢ GopMyJIoit 7S XaycaopPpoBOi pa3MEPHOCTH)
- n

Kak 0000IIeHe Ha n-MepHblii ciydaii cootHomenus C([)~(/)*, rame R — KoppensiuoHHas
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pa3mMepHOCTh 00acTh (Ha30BOTO MPOCTPAHCTBA COOTBETCTBYIOIIECH PUTMHUKH PEUH, TO €CTh,

kak C, (/) ~(/)"™, To 10y CTHMO ¥ BBIMONHEHHUE CIIETYIONIETO PABEHCTBA:

n+l

C,.(D=C," (). (12)

Hcnonwiys nponorapudmupoBanHoe paBeHCTBO (12), paBenctBo (10) MOkHO mepenucarhb
B CIIETyIOIIIEM BUJIE:

K = —limlimlln C (I)=IlimlimIn ﬂ

2 .
(-0 n—x -0 n—w Cn+1 (l)

(13)

B cmydae peueBoit purmuku Bbipakenue (13) ¢ momompro dopmynsl (11) momyckaer
MIOCTPOCHHE JTOBOJIEHO TIPOCTOTO AJITOPUTMa KOMITBIOTEPHOTO BBIYUCIICHHE HIDKHEH TPaHUIIBI

suTporuu Kommoroposa K, u3 sKcnepuMeHTalbHBIX AaHHbIX. PakTudyeckn gopmymna (13)

coBMecTHO ¢ ¢opmynoit (11) B ciay4ae KOHEYHON SKCIEPUMEHTAIBHOM BBIOOPKHU
npelcTaBisieT co0oil cxkaryio ¢GopMynupoBKy anroputma. Ha puc. 2a u 2b mpuBeaeHbI
TUMIUYHBIE PEe3yJbTaThl HJsl OLIGHKH SHTponuu KomnMoropoBa, moigyuyaemble HaMu st
V-pUTMUKH HOpMaJIbHOU peuu (pHc. 2a) U YYaCTKOB PEUH, COACPIKAIIUX TOJIBKO HAPYIICHUS
TUTABHOCTH, BO3HHUKAIOIIHE B pe3ysbTaTe 3aukanus (puc. 2b).

K, (ln) kenepumerim - Hopma K, (Ln)  Oxcnepumenm - sauxanue
0.8 0,6
0,6 0,4
0.4 02
——/=0,07
0,2 a-1=008 | © .
41009 || o,
0 T T T +l:0,]0 ’
0 5 10 15 20 0,4
n n
a) b)

Puc. 2. Ouenku cHu3zy [yt sHTporinu Koamoroposa ist pa3nuyHeix # ¥ [

W3 pucyHka BuaHO, 4TO 1ipu 7 —> © U [ — 0 suTponus Konmoroposa [uist HOpManbHOM
peuM IOJOKUTEIbHA M KOHEYHAa. JTO COOTBETCTBYET AECTEPMUHUPOBAHHOM XaOTUYHOCTH
PUTMHUKHU IUIAaBHOM peud. [l y4yacTKOB pedM € HapylLIEHHbIM PUTMOM HWXKHSISI TPaHMLA
sHTponuu KosmoropoBa oTpuuaTenbHa, 4TO, B IPHUHLMIE, IOIYCKAE€T HYJEBOE 3HAUEHUE
sHTponuu KoimMoropoBa, a TeM caMmbIM, JOMYCKaeTcsd HalU4ue MEpPUOANYECKUX (opMm
JBIDKEHUST ¢ HyJieBoW MH(popMaioHHoOM sHTporueil. [lockoneky sHTpomnus Kommoroposa
npezcTaBisier co0oil MHpOpMAIHMIO, TeHEPUPYEMYIO0 CUCTEMOW, TO MpPHUBEICHHbIC BBIIIE
paccykIeHus IO3BOJSIOT XapaKTEpPU30BaTh XaoC, KaK COCTOSHHE, B KOTOPOM CHCTEMa
KTEHEPUPYET», WIH «TUCCUITUPYET» HH(POpMAIHIO.
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TakuM o00pazoMm, aHaJIKW3 CTPYKTYpPhl CETMEHTHPOBAHHOW pedyH IOKa3bIBaeT, YTO 3Ta
CTPYKTypa MMEET XaOTUYECKYI0 MPHUPOAY ISl HOPMAJIBbHON peur U KBa3HIIEPUOJIUYECKYIO
(bpakTalbHYIO CTPYKTYpY Ui CIy4asi HAPYLIIEHHOIO PUTMa. DTO 3aK/IIOUEHUE 3aCTaBIIsIET HAC
UCKaTh TAaKyl0 MaTeMaTHYECKYI0 MOJENb Mpoliecca reHepalud pUTMa, KOTopasi, BO-IIEPBbIX,
uMena Obl KaK XaOTHYECKUH, TaK W (PpaKTAIbHBIA KBA3WUIICPUOAMUCCKUN TUHAMUYCCKHUI
PEXKUM.

4. MOJEJIb PEUEBOI'O V-PUTMA

BO-HepBLIX, JJI1 TOTIO, YTOOBI YAOBJICTBOPUTL IICPBOMY YCJIIOBHUIO, BCIIOMHHUM, 4YTO

xaycnopdosa pazmepHocTh ecTb D, = 0,75 mng purma npu 3aukanun 1 D, = 0,85 s putMa

HOpMaJIbHOM peur. Takum o00pa3oM, BBIOJIHIETCS IOBOJILHO XOPOIIEE COTIache HalIux
pe3yJIbTaTOB €  TEOPETUYECKHMMHU  OICHKAMH  XaycAOp(OBBIX  pa3MEepHOCTEH s

joructuyeckoro orodpaxenus y,,, =ry, (1-y,); (v, €[0,1]), HalineHusIx B [6, cTp. 121] ms

30HBl OuM(ypkauumii M U1 30HBI Xaoca COOTBETCTBEHHO. MOXKHO Takke IOKa3aTh, UTO
OTIpeJIeNIEHHbIE 0 TAKMM Pa3MEPHOCTSIM MHJEKChl KPUTHMYHOCTH 3aJauyd COIJIACylOTCs C
noctossHHpIMU Delirenbayma A JOrMCTUYECKOro ypaBHeHUs. Kpome TOro, MMEHHO Takue
001acTH HawIydlled KOppensUM TEOPETUYECKOI0 M HSKCHEPUMEHTAIbHOTO PHUTMa Mbl
HaOrofanu B 30HE Xaoca Uil HOPMAalbHOM peyd, B TO BpeMs Kak MNpoduib Takon
KOppEJSLUH NIPH HAPYILIEHHOM PUTME SIPKO BBIPA)XXKEH BCIUIECKOM B OM(YpKallMOHHON 30HE,

puc. 3).
< 08
s
=)
xR
q:)_ 0.4 | ~
Qo ~
) ~ N
E 0 > r r r
= /\
s
'8' _04 — e —
4
S
-0.8
2 2.5 3 35 4
YnpaBnsilowmi napameTp r

Puc. 3. CpaBHenue npoduieil koappuirenTa Koppensiuy MOAEIN U SKCIIEPUMEHTAIbHBIX
JTAHHBIX Ha MaTepualie TIepBO CHHTArMBbI.

CruomiHast KpuBast — pedeBast (poHaLUs UCTIBITYEeMOro ¢ HopManbHOM peusto (K.JL.);
IMYHKTUpPHAsl KpuBas — pedeBas (POHALUS MCTIBITYEMOTro, cTpagaroero 3ankanuem (B.B.);
TpOifHas BEpTHUKaIbHAs — TPaHUIIA MKy 30HOHM Xaoca (CcrpaBa) v 30HOH OudypKanmit
(creBa)
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AY 7

3AKJ/IIOYEHUE

B paboTte »sKcrepUMEHTANBHO YCTAaHOBIEHO, YTO JJIUTENBHOCTH CETMEHTOB pPeyu
TeHePUPYIOTCA JUISl HOPMAJIbHOM peud B ()pakTaIbHOM UPPETYISIPHOM, Xa0TUYECKOM PEXUME,
a TpU HAPYIIEHUH PUTMa BCIEACTBHUE 3aMKAaHUS — B (PPaKTaTbHOM KBA3HOCIMIIISIIMOHHOM
pexxuMe. DKCIIepUMEHTaIbHOe HCcCleoBaHne (PpaKTaTbHOM pa3sMEPHOCTH MY3BIKH MOKa3ajo,
YTO PUTM MY3BIKH COOTBETCTBYET (hopMaM pHUTMa, XapaKTepHBIM Ui HAa4allbHOTO 3Tara
CTaHOBNIEHUSI (POHETUKU Yy JeTeil. MOXKHO MpPEearnoNoKUTh, YTO MUMEHHO B ATOM KPOKOTCS
MPUYUHBI TOTO, YTO BOCIPUATHE KaK MY3BIKH, TaK U MPUMUTUBHON (DOHETHKHU MJIAJICHILIEB HE
3aBHCHUT OT SI3blKa, HA KOTOPOM TOBOPHUT ciyuiarenb. CTpoeHHEe NPUMUTUBHBIX PUTMOB
MO3BOJIIET BOCIIPUHUMATD 3BYKH JIMILb SMOIIMOHAIBHO, HO HE Ha CeMaHTHYecKoM ypoBHe. 1
TOJILKO  TOrJa, KOIJIa pUTM MpuUOOpeTaeT HpperyyspHble UYepThl, T.€. UEpThl
NETePMUHUPOBAHHOTO  Xa0Cca, BO3MOXKHO CEMAaHTHYECKOE, CHEeHU(PHUECKH SI3IKOBOE
BOCTIPUATHE aKyCTHUECKUX PUTMUYECKHUX MOCIEA0BATEIHHOCTEH.
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