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BBEJIEHHE

OnHoii W3 ecTecTBeHHBIX (opm B3auMOJIEICTBHA JUTA HeoBeKa
gpnsercs  pews.  [onocoBoit untepdeiic  MoxeT  yIyHUWUThH
cyliecTBYOLIHI nonb3oBaTebCkHil MHTepdeiic - oH obecneuuBaeT
Gonee ymoOHBIH W MEHEE OrpaHMHeHHbIl  crocob  B3aUMOIEHCTBHA
yenoBeka C KOMIMbIOTEPOM. KauecTBeHHbIil ronocoBoit nHTepdeiic
uamenset crnocod, a cienoBaresibHO U 3¢ eKTHBHOCTH B3aUMO/ICHCTBHS
nonb3oBaTens ¢ cucTemoi. PacrosHaBaHWe peud HrpaeT KJTIOYEBY O
poNk B OpraHW3alluu ynoGuoro  uHTepdeiica npH B3aMMOEHCTBHH
YeJioBeKa " KOMITBIOTEPHOTO 000opyOBaHHS. B TaKux
KOMIIBIOTEPH3HPOBAHHBIX ~ CHCTEMaX,  KdK peyeBoe  yMpaslIcHUE
arperaraMi, WIEHTHQWKaUWA JHIHOCTH, [P-renedonust, BOEHHBIE
KOM@H/Ibl YIpaBjieHus BOOPYXEHHEM, NpHEM 3aBOK B CIIPaBOYHBIX
cinyx6ax, ~ aBTOMaTW3WpOBaHHaA crenorpadus,  pacrioHaBaHne
OTHeNbHBIX CNMOB M ()pa3 urpaer OCHOBHYyIO poib B MOBbILIEHHH
3 eKTHBHOCTH TEXHHUECKHUX CHCTEM.

Co3laHHble K HACTOALIEMY BPEMEHH KOMMBIOTEPHBIE TOTOCOBRIC
CHCTEMB! AHATH3A W CHHTE3a Pedd He/oBeKka SBIAIOTCS ITOMY APKHMH
npUMepaMK, MoJATBEPXKAal0UIUMHA HeoOXOMMOCTb BHEAPEHHA PeUEBbIX
TeXHONOruil, B 4aCTHOCTH TONOCOBBIX HHTEpdEicoB.

FonocoBoii  muTepdeiic sBasercs HeobXoAuMOoii KOMITOHEHTOIA,
KOrj1a pedb MAET O CO3JaHuU KOM(OPTHBIX yCIOBUI KHU3HK JU1A NHO/EH C
HapylIeHHAMH 3PEHHS WIH OTNOPHO-ABHraTEILHOIO anmapara, a TaxKe
CreMATACTaM YTPATHBIIHM BO3MOXHOCTB HCMIONB30BATH ECTECTBEHHMIC
cpencTsa OOUleHUs B pesysbTare npoeccHoHansHoro 3aboseBaHus,
TpaBMbl HIH  yBedbs. Takue CHCTEMBI CO BpEMEHEM BOWIYT B
[TOBCEIHEBHbIf OBIT B TPOLECCE Ppeamu3alnd  KOHUENUHH  TaK
Ha3bIBAEMBIX «YMHBIX JIOMOBY.

HanGonee mnepcriekTHBHON 0671acThbio TPUMEHEHHA  PEYCBLIX
TEeXHONOrUil ABAAETCA B HACTOsLlEE BpeMs TeleKoMMYHHWKaLHA.
HekoTopbie M3 3THX TEXHONOrMii ChIFPalOT OrpoMHYyI0 poJik B ATOM
KOMMYHWKALUHOHHON PEBONIOUMHM, HO OJIHHM H3 KIIOHEBBIX MOMEHTOB
CcTaweT pasBATHe pedH. biarolaps WMCIONB30BAHHIO CHHTE3A PEHH H
TEXHOIOTHU pac renedOHHbIE CTAHLMKA HCHIONB3YIOTCS Kak
WHIHBHYyalbHbI MU RAZIYNOMRS? YOSHKENT OMTBIOTEPHBIMH
cucteMamu. Oxgis 0T SEBNOLOCRVXRRBMVERRIE K| pacrio3HaBania
roopsitero  Gyger wupokSAMARGANBFIRpETECA  KaK JETOL TIPOBEPKH
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WIEHTHYHOCTH B OaHkoBCKOM aene, cdepax obcmyxkupanus, ciyxbax
uHpopMauuu.

He Bce 3anaum pa3paboTKM CMCTEMBl pacno3HaBaHMs pevn B
HACTOsLLEe BPEMS MOXHO cuuTaTh pelienHbiMy. I[Ipobnema paspaborku
TAKMX CHCTEM SBJAETCS JOCTATOMHO CJIOXHOHW M KOMILUIEKCHOH, YTO
rpebyer oT pa3paboTyMKa 3HAHU B Pa3NMYHBIX NPEJMETHBIX 00/acTAX,
TAKMX KAaK KOMIBIOTEPHbIE HayKH, YHCJEHHblE METOAbl, MEeTO/bl
undposoit  06pabOTKM  CHrHANOB, JMHIBMCTHKA M NCHXOJOrHsA
nosejeHus 4esjoBeka. Jlaxke npM HaTMYMM COBEPLIEHHbIX CPEJCTB
NPOEKTUPOBAHUA, paspaboTka 3¢ deKTHBHOrO roJi0CoBOr0
nosiL30Bares/ibckoro nHTepdeiica Tpebyer oT ero cosaareseil AeTalbHOIO
NOHMMAaHHs KaK 3aja4, BbINOJIHAEMBIX CHCTEMOM, TaK W IICHUXOJIOTHH
nons3opareiei cucrembl. Takum ob6pazom, 3ajJaya pacrno3HaBaHHA pevH
OYEHb C0XKHA M PeLUeHa NHLIbL OTYACTH, 3a/a4a CHHTE3a peyd HaAMHOro
npoute (XOTA K TaM ecTh HeMaslo NpoGeM, *KIAYNUX CBOEro pelleHus).
Vike ceiuac Bnajenslibl MOOWIbLHBIX TenedoHoB MoryT obuiarscs ¢
aBTOMATHYECKO# cepBUCHOH cnyx0Oo# a1 ompeaeneHHs ocTarka
CPeACTB Ha CYeTy, TMepeKioueHHs TapH(HbIX MJIAHOB, MOAKIIOYEHHA
M orkmoueHus ycayr. CepsucHas cayxba obmaercs ronocom ¢
NpUMEHEHHEM TEeXHONOTHii cuHTe3a peud. BhinylieHo Hemano NeTcKux
MrpyLIeK, «rOBOPSALUMX» YeJOBe4eCKMM rojocoM. B oTuX urpyuikax
TAKKE NMPUMEHAIOTCS MPOCTEHIHe CHHTE3aTOPhl Peyd MM LH(POBbIE
MarHuTo(OHB.lL.

CuHTE3aTopbl pe4d MPUMEHAIOTCA B Pa3/IM4HbIX TOJOCOBBIX
cMCTeMax npeavnpexaeHusi, YCTaHAaBIMBAEMblX B aBTOMOOMIAX M
camonerax. Takue CHCTEMbl NO3BOJISIIOT NPUBAEYL BHHMAHHE 4Ye€jlOBeKa
K BO3HMKHOBEHHIO TOW W/IM MHON KPUTHHYECKOH CHUTyaLMH, HE OTBIIEKas
ero OT Npouecca ynpaBjieHHs aBTOMOOM/IEM, CaMONETOM MM APYIHM
aHaJOrMYHbIM CPECTBOM.

Jlannoe yuyeGHoe nocofue HAnNpaBIEHO HA W3Y4YEHHE COAEPKAHHA
npenaMeTa, MoMOXeT BOHTH B Kpyr npobieM pacno3HaBaHWA peuH,
YSICHUTb, KAKYIO POJIb OHA UTPAET B JKU3HH COBPEMEHHOTO “e/l0BeKa.

JlucuMnaMHa OCHOBBIBAeTCS Ha 3HAHMAX, [MOJIyYEHHbIX [pH
W3y4YeHHM: BBICIIEH MareMaTHKH, A3blka nporpammupoBanns C++,
undopMaTHKK. 3HAHMA W HABBIKH, NOJYYEHHbIE B MpoLecce H3y4eHHs
ANTOPUTMOB PACHO3HABAHMSA PeYH, MOTYT HCMONL30BATLCA B JIPYrHX
AMCUMIUIMHAX, e HeoOXONMMO pelleHHe 3aaaq MAeHTHpUKAUMH M
pacno3HaBaHMs.

|

B pesyabrare 00yuyeHMA 1O  JUCUMIIHHE  «AJITOPUTMEI
pPAacrio3HABAHHS PEYH» CTYAEHTBl JOKHBI AOCTHTHYTH CJIEAYIOUINX
ypoBHe#i MOArOTOBIEHHOCTH:

1. UMeThb npecTaBlieHHe:

- 0 HaNpaB/IeHUAX Pa3BUTHS PEYEBbIX TEXHOIOTHI;

- 06 OCHOBHBIX anropHTMax 06paboTKu peyu;

- 0 CHCTEMAX pacro3HaBaHUs PE4H.

2. 3HaTh:

- MpOrpaMMHOE M anmaparHoe obecreyeHHe peueBbIX CHCTEM;

- HHCTpYMEHTaJIbHbIe CPeICTBA pa3paboTKH MporpaMm;

- OCHOBHBbIE 3Tallbl CO3aHUS U OpPraHH3alHK PEYEBbIX CHCTEM:

- MporpaMMHblE pealH3aUuMH  CYLIECTBYIOLIWX  alropuTMOB
pacro3HaBaHUs pPeyn.

3. YMers:

- HCIIOJIb30BaTh KOMITBIOTEPHBIE TEXHOJIOTHH A pacllo3HaBaHHA H
CHHTE3d peyH;

- MCTONB30BaTh BBIYMCIMTENBHBIE METOAbI I8 00paboTkH
peyeBLIX CUTHAJIOB;

- MCMOJIb30BaTh AHAJOTOBbIe WHTepdeHChl M WHCTPYMEHTaJlbHEIE
CpeacTBa;

- WCIONB30BaTh CETEBbIe TEXHOJIOTHH I CUCTEM paclio3HaBaHusA
peuH.




IVIABA 1. PEYb H ®OHETUYECKHE ITPOLECCHI
1.1. PeyeBoii TpaKT 4e/l0BEeKA

PeueBble OpraHbl 4eioBeKa OTIMYAIOTCA COBEPLUCHCTBOM, C MX
NOMOLLBIO HEJOBEK MOXKET HE TOJbKO rOBOPUTh M I1€Th, HO U NOJAPaKaTh
3BYKaM, 13/1aBaeMbIM Pa3TUHHbIMH KUBOTHBIMH.

B 3ToM pasjesne Mbl pacCMOTPHM poJib B (JOPMHPOBAHHH 3BYKOB
OT/IE/IbHbIX PEYeBbIX OPraHoOB Yel0BEKa, TAKMX KaK roJIOCOBbIE CBA3KH,
ropTaHb, A3blK.

Cxema peuweBoro tpakrta. Ha puc. 1.1 nokasana ynpolleHHas
cXeMa peveBOro Tpakta uenoBeka. «J/lpurartenem» 3TOH CHCTEMBI,
HEOOXOZMMBIM 118 ee (YHKUMOHUpOBaHusA, sBasiorcs nerkue. [Ipu
BBIAOXE BO3AYX H3 JIEMKMX [IOCTYNaeT 4epe3 Tpaxelo B ropraHb, a 3aTeM
B POTOBYIO M HOCOBYIO M10JIOCTh.

lonocosuie
CBAIKM

Tpaxen

Nersue

Puc. 1.1. PeyeBoii TpakT 4enoBeka.

CxemaTHyecky [BWXXEHME BO3AyXa nokasano ua puc. 1.2, Ha
BbLIXOJIE M3 TOPTaHW MOTOK BO3JlyXa MOXET pa3aBauBaTbCi, MOCTyIas
0IHOBPEMEHHO B HOCOBYIO H POTOBYIO 110J1I0CTb.

Oprapbl, pacnosioKeHHble B POTOBOH NOJNOCTH, Hapsaay C
FO/IOCOBLIMI CBA3KAMM, MIPAIOT peLiaiollylo poib B (GopmHpoBaHHH
3ByKOB. Y70 Ke Kacaercs HOCOBOH TOJIOCTH, TO OHA CIYXHUT
pe30HATOPOM, YCHuBas Konedanus onpeieieHHbIX 4acToT.

I'osnocoBbie CBH3IKH. Konebanus I'010COBbIX CBA30K,
PACIONOKEHHBIX HA BXOAE B rOpTaHb, HANOJIHAET pevb “el0BeKa
rOA0COM, N03BONSET W3JaBaTh 3BYK. ['0Jl0cOBbIe CBA3KH He paboTaioT,
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korjaa 4enosek rosoput wenotoM. IIpu MNOBPEXKACHHH rONOCOBLIX
CBA30K B pe3yjbTaTe GOJNE3HH WIIH TPaBMbl YelOBEK criocoben TONMBKO
IernTaTh.

—

HocC

s o Wi

\Adg
e

B (opTaHb ~ .
Ny
K_ PoT

Puc. 1.2. Cxema NpoXoXKIeHHs BO3jlyXa npd 00pasoBanuy rejoca.

B 3aBHCHMOCTH OT TOrO, KaKkue 3BYKH M Kak MpOU3HOCHT UEJIOBEK,
moker paborath 1160 ojiHa W3 nonocTei, anbo obe nonoctu. Hocosble
3BYKH MPOH3HOCATCS MPH 3aKPbITOM pTE. Yro ke KacaeTcs OCTalbHbIX
3BYKOB, TO B MX (POPMHPOBAHHH MPHHUMAIOT yHaCTHE Kak HOCOBad, TaK
W poTOBas MOJIOCTb. Pa3Mepsl, 3MACTHYHOCT FOOCOBBIX CBA3OK H cuia
BBIXOJIALLENO M3 JIETKMX BO3JyXa OTpeAeNstoT JIMMHOCTh FOBOPALLETO —
MY’KUMHA, )KEHIIHHA, peOeHOK.

AKTHBHBIE W TNAcCHBHBLIE Opradbl peun. Bce oprahbl,
yuacTBylomue B (QOPMHPOBAHWM  peqd,  MOKHO  pasaeinTh
Ha aKTHBHBIE ¥ nMaccHBHble. Tlpu 3TOM B Tpouecce pedn aKTHBHBIC
OpraHsl COBEpUIAIOT pa3THYHbBIE JBHKEHUS, dopmipys 38ykH. B cocTas
AKTHBHBIX OpraHOB pEYH BXOJSAT: TONOCOBLIE CBA3KH, A3bIK, ry6ol,
MATKoe HebOo, A3BI90K, 3a/IHAS CTIHHKA 3€Ba, HHKHASL HETHOCTD.

[TaccHBHbIE OpPraHbl pevd WrpatoT JHLIb BCIIOMOraTejibHyio polb.
OHH, B YACTHOCTH, OTpe/ensioT Gpopmy nojocrefi, oT KOTOPOH, B CBOIO
ouepe/b, 3aBUCAT PE30HAHCHBIE CBOMCTBA ITHX nonocreii. Cnenyiouine
OpraHbl peyH ABIAIOTCH MACCHBHBIMK: 3yObI. abBEONBI, TBEPIOL nebo,
BEPXHSAS YENOCTh.

HecMoTps Ha TO, 4TO TIACCHBHBIM OpraHam pe4n OTBCACHI
BerioMoraTeNbHas — pofib, WX  3HAYeHWe  Heb3d  npeyMmeHbilaTh
(HarpuMep, OTCYTCTBHE HECKOIbKAX 3y00B  MOKET [PUBECTH K
3aMeTHBIM JeeKTaM peuH.

Pafora peueBOro TpaxkTa.

[MocTynas W3 JETKHX W TIPOXOAs Yepe3 ropTatb, BO3AYX MPOXOAWT
MHUMO ronocoBbix cBf3ok. KoneDanua 3TUX CBA30K H CO3Jal0T 3BYK,
KOTOpbI Mbl  CIIBIINM, KOTJA HeJlOBEK TOBOPUT  MiH  MOET.




MHoOro4ycieHHble pe30HaTopbl, (GOpPMY KOTOPHIX HeNOBEK MOXKET
W3IMEHATh TNpU I[IOMOUIM AKTHBHBIX OpPraHoB peud, (opmMHpyIOT
3BYKOBYIO OKpacky rojoca.

PaccMOTpHUM BECh 9TOT fipouecc noapobHee, 0OCTAHOBUB BHHUMaHUe
HAa HEKOTOGPbIX JAeTamsiX, CYLIeCTBEHHbIX /Ui CHCTeM CHHTe3a H
pacno3HaBaHus peyi.

Aprukyasuus. JIBuXeHHs, BBLITNOJIHAEMbIE OpraHamMu pe4yd B
npoiuecce  NpOM3HECEHHs  3BYKOB,  Ha3blBAIOTCH apTHKYJIALMEH.
ApPTHKYNAINSA SBIACTCS CJIOXKHBIM NPOLECCOM, ONMCaHHe KOTOPOH
OXBAaTLIBAET MHOrO pasznudHbIX ¢akropos. Ilpouecc apTuKyIsLHHU
COCTOMT M3 Tpex ¢a3:

— MPHUCTYN (3KCKYpCHs),
— BbIAEPXKKa,
— OTCTYI (peKypceus).

Bo BpeMsa mnpucTyna apTUKYISUMM OpraHbl peyd MEepexoifaT u3
CMOKOHHOI0 COCTOAHMA B N0JI0KeHHe, He0OX0AMMOE /1 POH3HECEHHA
JJaHHOTO 3BYyKa.

Bo Bpemsi ¢a3bl BbLIEPXKKH OpraHbl peYn COXpaHAOT CBOE
nonoxeHue, HeoOX0AMMOE /18 NPOU3HECEHHUS TEKYILEero 3ByKa.

Ha d¢ase orcryna opradbl pedd NepeBOJATCs B CIOKOHHOE
COCTOAHME. .

Iosocosuie H mymoBble 3BykH. KosebGanus CBA30K NpuaaloT
rofocy  3By4anme. B 3TOM  3ByqaHMHM  BbIAENAETCH  TaK
Ha3blBAeMblii OCHOBHON TOH, WJIM YacTOTa OCHOBHOrO TOHA. 3HayeHue
4acTOTbl OCHOBHOI'O TOHA 3aBHCHT OT Pa3MepOB W CTENEHH HATAKEHHS
rOJA0COBBIX CBA3OK.

V pasuplX n0aeil MoryT ObiTh pa3sHble pasMepbl CBA30K, MO3TOMY
TOHAJISHOCTS [0JI0Ca pa3HbIX Mojedl 00bI4HO pasnuyaercs. Perynupys
HaTAXKEHHE CBA30K B NPOLECCEe ApPTHKYJIALMH, YeNOBEK MOXKET MEHATb
4acTOTY OCHOBHOI'O TOHA.

[ToMHMO ro/I0COBbIX, H4eJI0BEK MOXKET H3/1aBaTh U LyMOBbIE 3BYKH.

Bce  wymoBble  3BYKM  MOXHO  pas3jenuTb  Ha  JBa
THNa: TypOyJeHTHbIE U HMIYNbCHBIE.

TypbyneHTHble 3BYKH 00pa3yloTCs NpH MPOX0XKIACHHH 3BYKa Hepes
cyxeHus peuesoro Tpakta. Hanpumep, cornacusie ¢, g, X, u, 4, i,
NPOM3HOCATCS 0€3 MCNOJIb30BAHMSA r0JI0Ca, C MCMOJIb30BAHHEM TOJIBKO
rypOyneHTHbIX L1yMOBBIX 3BYKOB.

MMMy nbCHbIE LYMOBbIE 3BYKH 00pa3yloTCs NpH Pe3KOM H3IMEHEHHH
/aBJEHHA TIPH TpPepbIBAHHH CTPYH BO3AyXa. DTO MPOMCXOAMT, KOrAa
NMPOM3HOCHTCA TAKHE COTNIACHbIe, KaK A, K, m, 0.

I'apMouHKH. 3BYyK HMAEalbHO YHCTOrO TOHA COAEPHKHT Konebanus
TOABKO OHO#H wacToThl. ['paduk H3MEHEHHA AaMIUIUTYbl 3ByKOBOI'O
CHrHAla YMCTOrO TOHA MOXKET ObiTh MpPEACTaBIeH B BHAE HACAILHOH
cuHycoubl. Ha rpakTuke, 0AHAKO, 3ByKH C HAEAIbHO YHCTHIM TOHOM
pcTpeualotcs  peaxo. Ecnu, Hanpumep, CKpunat, NHAHMCT H Nesel
BO3bMYT HOTY «Isi», TO OT/IM4MA B 3By4aHuH OyIeT 3aMeTHO Ha ciyX,
XOTsl TOH 3BYKa BO BCEX Tpex ciay4asx 6yaeT ouHaKOBbIH.

[ToMMMO TOHA OCHOBHOM 4HacTOTbl, B rojioce BCeraa npucyTCTBYIOT
TaK Ha3blBaeMble FApMOHMKY. [apMOHHKH MPECTaBAIOT CODOH 3BYKH
JIPYrMX 4acToT, OTIMYHBIX OT OCHOBHOH 4acTOThI. B ofwem cnyuae
mo6oii 3ByK MOXHO MpEACTABHTb B BHJIE HEKOTOPOro GECKOHeYHOro
Habopa abCOMOTHO YHCTBIX 3BYKOB pas/iMuHbiX 4actoT. COBOKYMHOCTH
4acTOT TAKHX YUCTHIX 3BYKOB Ha3bIBA€TCs CIIEKTPOM 3BYKa.

Takum 06pa3oM, NPaKTUYECKH B MOOOM 3ByKe IOMHMO OCHOBHOM
4acTOThl MPUCYTCTBYIOT M JIDyTH€ 4YacCTOThI CIIEKTpa, Ha3blBaeMbIe
rapMOHHYECKHMH COCTABJIAIOLUIMMH, HJIH [POCTO rapMOHHKAMH. Onnu
oforamaioT 3By4YaHHE TIPOM3HOCHMMOH peyvH. OT NpONEHTHOro
COOTHOLLEHHS FrApPMOHHYECKHX COCTaBJIAIOLIMX 3aBUCHT OKPACKa 3ByKa.

®opmaHTHbIE 4acTOThI. ['0I0COBBIE OpPraHbl 4e/0Beka 100aBasoT
K OCHOBHOMY TOHY, (OpPMHPYEMOMY [IOJIOCOBBIMH  CBS3KaMH,
JIOMNOJIHMUTEILHBIE FAPMOHHYECKHE COCTABIAIOILKE. DTH COCTABIAOLIHE
MpUAAIOT OKpacKy rojoca, IO KOTOpOH CMOXeTe Yy3HaBaTb pe4b
3HAKOMbIX JIIOAEH.

B pesynbraTe HccnenoBaHHH ObUIO  YCTAHOBJIEHO, HTO B
oOpa3oBaHMM  pe4yd  AaKTHBHO  Y4YacTBYIOT  4YeTblpe  4acCTOTbl,
obpasylolecs B PE3OHAHCHBIX MOJOCTAX pEe4YeBOro TpakTa. ITH
4acTOThl HasbiBaloTCs (QopmanTaMu. B mpouecce  apTHKYJIALMH
MPOMCXOIUT NOCTOSHHOE H3MEHEHHE aMIIMTY/Ibl (POPMAHTHBIX HacTOT,
KOTOPOE MOKHO OOHApY)XHTb MPH MOMOLUM NPOrpamMM CHEKTPanbHOro
aHaiu3a. Takue mporpamMmel N03BOJIAIOT Pa3BepHYTh CIIEKTP CHIHa/lIa BO
BpeMeHH, 0ToOpakas ero B TPEXMEPHOM BHJIE.

Ha puc.1.3 yetko BujieH JOpMaHTHBIH COCTAB IJIACHBIX # W Y TIpH
POM3HECEHUM MNOCNeA0BATEILHOCTH JTHX 3BYKOB. [Ipu mepexoxe ot
raacHoM # MPOMCXOAMT cMelueHne yactothl opmantel F2 ¢ 2400 I'u
na 784 'y, a Takke oaHOBpeMeHHOe ocnabnenue Gopmant-F3 u F4.
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Puc. 1.3. ®opMaHTHBI cOCTaB IIacHBIX 4 W Y.

Kak BuauM, B rpouecce apTHKYJISALUHH MOXKET H3MEHATHCH Kak
aMIUIMTyJla, TaKk W 4Yactora (OpMAaTHBIX COCTaBAsAIOWMX 3ByKa. [lpu
3TOM, OJHAKO, KOJIMYECTBO CaMHWX (OpPMaHT B TONOCOBBIX 3BYyKax
ocTaercs MOCTOSHHBIM W BCErja paBHO 4.

Yro ke KacaeTcsi WIYMOBBIX 3BYKOB, TO B HHX 3aTpyIHHUTENBHO
BLIJENUTh (DOPMAHTHBIE cOCTaBasioOmME. DTO BWAHO Ha puc.d, rae
TNpUBEJEH CMEeKTP 3BYKa, MpejcTaBngouero coboit TypOyneHTHbIH myM.

Puc. 1.4, CnexTp 3ByKa X

CoBpeMeHHBIE ~ CHCTEMBI  pacro3HaBaHUS  PEYM  BBITIOJIHAIOT
CHEKTpalibHbIi aHaJIN3, KOTOPbIH TMO3BOJIAET BBIIEIHUTh W3 3BYKOBbLIX
curuajoB peuu Haubosiee HWH(POPMATHBHBIE CcoOCTaBigoOmMe. ITO
dopMaHTHbIE 4acTOThI, a Takxke wyM. [ToMuMo criekTpanbHoro ananusa
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JCNONB3YIOTCH M Oonee coBeplueHHbIE METO/bl, Takue, Hanpumep, Kak
seiiBJieT-npeobpazoBatms.

1.2. Mepapxusi IHHIBHCTHYECKHX yPOBHEH

Bce JMHIBHCTMYECKME [OHATHs, PACCMOTPEHHBIE jaznee B 3TOH
riase, creuManucTel B 00acTH A3bIKO3HAHUSA OTHOCAT K HECKOJIbKHM
ypoBHsMm. Mepapxuueckas CTpPYKTypa 3THX YPOBHeH mnokasana
Ha puc.1.5.

POHETIH BCKWA
YPOBEHb

@OHON O MHECKMA
YPOBEH

Mopd anormec kui
YPOBEHE

Tlexevd eckuin
YPOBEHE

CHHTAKCHH BCKAA
YPOBEHE

CemaHTIHEC KA
YPOB EHb

Puc.1.5. Mepapxusi JIMHIBUCTUHECKUX YPOBHEH

DoHeTHYECKHII YPOBEHb.

Ha ¢osHeTHyeckoM ypoOBHE ONpeaessloTCs Takue MOHATHA, Kak
(oHeMbl U annodoubl. DTO KHPNUHMKH, H3 KOTOPBIX CTPOATCA BCE
JIMHIBUCTHYECKHE 3/1eMeHThbl 60Jiee BbICOKOrO YPOBHS.

DoHeMbl - MUHUMAABHAA CMbICAOPAZAUMUMENBHAR COUHUKA
peuu. C TOYKH 3peHHs 4esioBeKa, HauMeHblluel CMbICIOBOH elHHULER
aBnsercs cnoBo. CloOBO AeNUTCs HA C/OrM, CJIOCH COCTOSAT M3
COCTAB/AIOIIMX  €JMHUL 3BYKOBOro crposi — povem. Ounu  He
OTOXAECTBIAIOTCH HANPAMYIO CO CIMOBAMM MJIM CJIOraMH, OHH HIpatoT
pOJib HEAENMMbIX YACTHLl, ATOMOB #3blka M MpPEeACTaB/AOT COOOi




nocnesoBaTeNLHOCTH 3BYKOB. M3 QoHeM cocraBnsioTcs Bce Apyrue
KOHCTPYKIIMH #3bIKa, TaKHe KaK CJIOTH ¥ CIOBa.

®oueMbl 0051a1al0T MHOTOYHCIIEHHBIMH TPH3HAKaMH, KOTOpbIE
MOXHO MCIONB30BaTh IS MX KilaccHpHKalWKH W pacrnoszHaBaHus. B
KayecTBe MpUMepa MOKHO NIPUBECTH CJIEYIOIINE NPU3HAKH:

— 3BOHKOCTb U ITyXOCTh;

— TBEpPAOCTb U MATKOCTD;

- B3PBIBHOCTh H PPHKATHBHOCTD;

— OTCYTCTBHE MJTH MPUCYTCTBHE HA3a/IbLHOCTH;
-~ TIepeaHes3bIMHOCTD U 3a[HeA3bIMHOCTH.

Takoil npu3HaK, Kak 3BOHKOCTh, MPOSBISETCA B 3Byke 0, KOTJa OH
BXOJMT B COCTaB CJioBa A0M. B TmpoTHBOBEC 3TOMY, 3BYK Mm B
C/IOBE TOM TPOSBJISET TIyX0CTh. AHATOTHYHO, HabnrogaeTcs TBEpAOCTh
3Byka O B CJIOBE JOMA H MSATKOCTb TOrO JK€ CaMoro 3Byka o B
crnose JIéma. TTpu3Hak B3pHIBHOCTH HWMeEET 3BYK @ B CIOBE [ak, a
npu3Hak (pPHKATHBHOCTH — 3BYK 3 B cloBe 3ad. B crnose aam
Habmomaercs OTCYTCTBHE Ha3aJbHOCTH 0, HO B
CJIOBE HAM TIPHCYTCTBYET Ha3aJIbHOCTh 3ByKa H. B
CJIOBE AAM 3BYK O ABJISETCS NepeHes3bIYHbIM, a B CJIOBE FaM 3BYK 2 —
3a]JHEA3bIYHBIM.

Te mnpuU3HaKH, W3MEHEHWE KOTOPBIX NPUBOIMT K W3MEHEHHIO
thoHeMBI, Ha3bIBalOTCA HOHOTOTHUECKH CylIeCTBEHHBIMU
npu3HakaMu GoHeM.

Annogonwr. Cutyauns ¢ MuoroobpasueM npusHakoB GoHeM
YCIIOKHAETCS €lle OJHUM OOCTOATENLCTBOM — OJHHU U Te ke (oHeMBI
MOTYT H3MEHAThHCA.

Hanpumep, rnacHas OykBa © TMpPOM3HOCHTCS TM0-pasHOMY B
CNOBax BOJA W BOASIHO#. Bmecte c TeMm, 3TH TJIaCHbIE ABIAIOTCA
NpeACTaBUTENAMH OAHON U TOH ke (POHEMBI 0, TAK KaK OHH 3aHMMAIOT
OAHO M TO e T[IOJIOKEHHEe B 3BYKOBOH CTPYKTYpe KOpHEBOMH
MopheMbl BOA U YepeayioTest ApYr ¢ APYroM B Cuily AeHCTBYHOLIMX B
COBPEMEHHOM PYCCKOM A3bIKE (POHETHHECKHX 3aKOHOMEPHOCTEH.

Takue paziuyHble peanu3auud GOHEM Ha3bIBAKOTCS ALIOMHOHAMU.
[pu sTomM oamH #3 anno(oHOB, B KOTOPOM CBOWcTBa (oHEMBI
NposABASIOTCH B Hanbonblueil cTeneny, UrpaeT poskb rIaBHOro BapHaHTa
donembl. Beero B pycckoM s3eike HacuHThiBaetcs 43 douemsr (37
cornacHmX W 6 rmacHeix). B anrnumiickoM s3eike 43 ¢ouemsr - 20
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rnacHbIX M 24 cornacHbix. B y36exckom ssbike 28 douem - 6 rnacHbix
(a, 0, H, Y, 3,¥.) u 22 cornacubix (6, B, T, 4, 3, i, K, 1, M, H, 1, p, C, T, B, X,
1, 4, U, K, F, X.). K aToMy 106aB1s10TCA MHOIOYHC/IEHHbIE annogoHsl.

@oHOJIOTHYeCKHIl ypOBEeHb.

Ha ¢oHOIOrH4ecKoM ypOBHE Onpe/e/AloTCA komOuHauuu GoHeM H
am10(OHOB, pealibHO BCTPEUAIOIIMXCS B HENOBE4ECKOH peHy. [Tpu 3TOM
yYHTBIBAETCA, YTO pas/nuHbie KOMOMHAUMY POHEM H a10()oHOB MOTYT
BCTPEYATHCA B PEHH C Pa3in4HOA BEPOATHOCTLIO.

Mopdgosorniecknii yposeHb.

Ha mopdo/oruyeckoM ypoBHE HAK/IaAbIBAIOTCA OrpaHuveHHs Ha
CTPYKTYPY TaKMX JHHIBUCTHYECKHX 3JIEMEHTOB, Kak CJIOrH H Mopdembl.
DneMeHThl COCTOAT 3 (hoHeM u annopoHos. [Hpu popMUpOBaHUH peiH
n06aBsI0TCs pazindnble (poHeTHYeCKHe NPOLECChI.

Onnako camu 1o cebe (OHEMbl HE HECYT HMKAKOH CMbICIOBOH
HArpy3kd. JTO MPOCTO OTAE/bHbIE 3BYKH petuH, U HHYEro 6onbuue.
[103TOMy €cjli CHCTeMa pacro3HaBaHHA BbIJENHIA H3 peYH OTAC/bHbIC
doHeMbl, OHa [O/UKHA e€le CyMeThb COCTaBUTb W3 Hee C/ioBa H
NpeanoXenus. A 3TO HENpocTo, 0COGEHHO B Ciy4ae CIMTHOH peu,
naubonee ynoOHOH Ana YyenoBeKa.

Crozu. Cnor - 370 MUHMMaIbHaA OHETHYECKAs €AHHULA PEYeBOro
[0TOKA, BKJIIOYAKOLas B CBOM COCTAB, KakK MpaBuJI0, OAMH rIaCHbIH 3BYK
C NPUMBIKAIOUMMH K HEMy COrnacHbiMu 3Bykamu. Croru GbiBaioT
OTKPBITHIMH, 3aKpPBITBIMH, YC/IOBHO 3aKpbIThIMH, IPHKPBITBIMH H
HENPUKPLITHIMY.

OTKpBITBIE CNOMM 3aKAHYMBAIOTCA HAa [JlaCHBIA 3BYK, @
3aKpbIThle Ha cornacHbiii. IIpy 5TOM 3aKkpbiThle CJIOIM HEJb3d
OTKpbITh, HAanlpuMep, pydJb, Mopc. Y CI0BHO-3aKPBIThIE CI0IH MOXHO
OTKpPbITb, M3MEHSS CJIOBO, HaNpUMEp, KOT-KOThbI, KJI0N-KJIONbI.
[IpHKpBITbIE CIOTH HAYHHAIOTCA C COIJIACHOro 3BYKa, Hanpumep, A0-
mMa, MO-10-KO. HenpukpbiThbie CJOrH Ha4YMHAKTCA C I[IacHOIro
3ByKa: 0-J10-BO, a-pe-Ha.

Camu no cebe cJI0ru MOTryT HECTH, @ MOT'YT U HE HECTH CMBICIIOBYO
narpysky. Hanpumep, Takoii 3akpbiThlii OB Kak py0iib, HeceT BnoJjiHe
OnpeJeneHHyl0 CMBICIOBYIO Harpy3ky. Yto ke KacaeTcs NpHUKpPbITBIX
C/IOFOB MO, JI0 M KO, TO caM¥ 1o cebe OHM HHKAKOH CMBICIIOBOMH
Harpy3ku He HecyT. M3 aToro cnejayer, YTo CHCTeMe pacio3HaBaHHA
HEIOCTATOYHO BbIAECIIHTL U3 Pe4H OTAe/IbHbIE CJIOrH.




Mopgpemsr. OnpenenenHuio  MopheMbl y4uiId elle B LIKOTeE.
CornacHo  IWKOJBLHOMY  OfpefeNeHnto, Mopdemoil  Ha3biBaeTCs
HauMeHbLIast 3HAYUMas 4acThb coBa. Hanpumep, B
CNIOBE KYCOYHBIIl MOXHO BHIJIETUTE MOpdeMy Kycou.

B pycckoM s3sike MOpheMbl MOIYT COBMAZaTh CO CIIOraMH, a MOXeT
ObITh W Tak, 4TO MopdeMa COCTOMT M3 HECKOJBKHX CIIOTOB (Kak,
Hanpumep, B Mopdeme Ky-cod, cocrosuieii u3 aAByx cnoros). Ouanako
€CTh A3bIKH, B KOTOPBIX CJIOTH BCETAa COBMAAAOT ¢ MophemaMu.

Cawmu no cebe MmopdeMsl He MOryT 06pa3oBbIBaTh MPELUTOKEHUS, HO
¢ WX TOMOUIBIO co3garoTcs Oonee KpynHEIE JIMHIMBHCTHYECKHE
€IMHULIbl — JIEKCEMBI.

Jlexcnuecknii ypoBens.

Jlekcemoii Ha3eIBaeTCs  MHOXeECTBO  croBodopM ¢ obummM
nekcHyeckuM 3HaueHueM. Jlekcema cnocoOHa BBICTYNAaTh 4YJIEHOM
npeanoxenus ¥ obpa3osbiBath npeanokenns. Oua Moxker ObITh
MpOCTOH ¥ CocTaBHOl. B nepBoM ciiyyae JiekceMa COCTOMT W3 OJIHOTO
ClloBa, a BO BTOPOM — W3 HECKOJNBKHX, HanpuMep, Kele3Has
Jopora, IoM OT/JbIXa.

Ha JleKCHYecKOM YpOBHE OMpeAeNsioTes cloBa W CI0BOHOPMEI,
KOTOpBIe BO3MOXHBI s AaHHOro s3bika. KombGuuupys mexay coboit
MopdeMbl M CIOTH, MOXKHO obOpa3zoBaTh OecKOHEYHOE KOJMYECTBO
CNOBONMOAOOHBIX KOHCTPYKLHi, HO B KaXIOM KOHKDETHOM sA3bIKE
naneko He Bce oHM OyAyT HanonHeHsl kakuM 1160 3navennem. Crosa
MOryT MIpaTth poiib JIEKCeM, HO HE BCE CIIOBA ABJAIOTCHA JIEKCEMaMH.
Cnyxebuble cnoBa, TakWe, HanmpuMep, Kak mu3 W Obl He ABIAIOTCH
JIeKCeMaMHu.

CHcTeMBl pacrio3HaBaHHs pedd MOTYT TMOJIb30BATECA CIIOBapAMH
nekceM. C TIOMOLILIO 3THX CIOBaped MOXHO CHenarb [polecc
pacro3HaBaHHA JIeKCEM HaJekKHee, MWCKIoHas 3aBeJIoOMO JIOKHBIE
KOMOMHALMM, He HeCyllMe CMBICIIOBOW HAarpy3kd M MOsABHBLIWECH B
pesynbTare olMOKH MEXaHU3Ma pacro3HaBaHHA.

CemauTHYecKHii ypOBeHb.

BhiCIIHM YpPOBHEM s3bIKa ABIAETCA ceManmuka. IMEHHO Ha 3TOM
ypOBHE 4eJloBeYeCKkHii MO3r orTobpaxaerT peveBbie KOHCTPYKUHH Ha
MOHATHS U 06pasbl, ycTaHABIMBas OTHOWIEHHA Mexay oObekTamMu |
obosnayalomuMu  ux cioBamu. Hamuuume cTpoHHONW  cHCTEeMBI
ceMaHTHYECKHX CBA3el HeoOX0 MO st co3/laHus cHcTeM
pacno3HaBaHus peyd. TONBKO € €€ MOMOUILIO MOXKHO MONY4HTh Ha
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BLIXOZE ATOH CHCTEMbl He MNpOCTOH HAbOp CIIOB, H3BNEYEHHBIX H3
[OTOKA peu, a OCMBICICHHbIH Ha0Op MOHATHH H OTHOLUEHHH Mexay
HHMH, BCTPEHAIOLWMXCA B PeaIbHOM JKH3HH.

Ipeonovcenun. Ha ceMaHTHHECKOM yPOBHE ONpPEAENACTCA TAKOE
NIOHATHE, KaK «[pesIOKEHHEeN. CornacHo ornpeaeeHHIo,
[pe//IoKEHHE - TO FPaMMATH4eCKH 0QOpMIIEHHAs N0 3aKOHAM J1aHHOro
93bIKa 1e/0CTHAA eAMHHLA pevn, ABIAIOLIAACA TJIaBHBIM CpPEACTBOM
(OpMUPOBAHUS, BHIPAKEHHSA H COOOLICHNA MBICITH.

Ho mnpeanoxeHue - 570 He NMPOCTO OCMbICICHHBbIH Habop cioB M
nekceM. IlpemnokeHHe MOXeT MepejaBaTh OTHOLIEHHE TOBOPALLCIo
yenoseka K 03By4nBaeMoit Mpiciu. [Ipeanoxenne MOXKET HMETD ocobyto
MHTOHALMIO, 4 TaKKe 3aKmouyaTh B cebe NpeAHKaTHBHOCTb, TO €CTh
OTHOLLEHHE COODLIEeHHs K AeiCTBMTE/NbHOCTH, HE3aBUCHMO OT TOro,
MMeeTCsi B 9TOM COOOLIEHHH riaron uin Het. TOoNbKO TakHe CHCTEMBI
pacro3HaBaHusi, KOTOpble CrOCOOHEI BBIAGNATh W3 PEUH TNPEATOKECHHA,
MOYHO CHMTATh AOCTATOMHO coBeplieHHbIMH. 60 riasubiM o6pasoM,
MMEHHO B BUJIE NPEAIOKEHU yenoBek GopMynpyeT CBOH MBIC/IH.

Imoyuu. K ceMaHTHYECKOMY YPOBHIO MOXXHO OTHECTH HE TOJIBKO
C/OBECHOE MpeACTaBJeHHe Ppeyd, HO MW OMOLMH, BbipaXKaeMble
4eJOBEKOM BO BpeMs ee NPOH3HECEeHHs NPH MOMOLIH pasjiH4HBIX 3BYKOB
H JKECTOB.

XecTsl, CONMPOBOKAAIOLIME Pe4b, MOTYT JIONOMHATL W MEHATh
CMEBIC/I MPOM3HECEHHBIX CJIOB, @ TaKXe MpHAaBaTe MM COBEPLICHHO
apyroii cmeicn. [lostomy aaxe ecnu xomnbioTep Oyner naeanbHO
pacro3HaBaTh CJI0BAa H COCTaBAATh M3 HUX MPEAIOKEHHA, B HEKOTOPBIX
Clyqasx 3TOr0 OKAkKeTCs HeJ0CTATOMHO JUIS MOJIHOIO MOHUMAHHs
CKa3aHHOro.

1.3. ®oHeTHYECKHE NPOLECCHI

Koraa 4esnosek roBOpUT, TO MPOKW3HOCHMbIE CJIOBA COCTAB/IAETCA U3
douwem u annodonos. Opxmako He Bce Tak mpocto. B mpouecce
00pa3oBaHus peuu MPOMUCXOAAT pasznuuHbie QOHETHHECKHE IMPOLECCH,
YCIOXKHAOLME 00111YI0 KApTHHY .

Bbl/ienesbl HECKOBKO TaAKUX MPOLIECCOB:

aKKoMoaalus;
— ACCUMMJIALIUA;




— JIMCCHMMITALINSA;

— 3IEHTEe3bl;

—~ TMpOTE3bI,

— auepesbl;

— (hoHeTHHECKHE YepeNOBaHUA;
— TpagMUHOHHBIE YEPEJOBAHHA.

VyeT 3THX TMpPOLECCOB HEOOXOAWM Ui KauyeCTBEHHOro CHHTe3a
peud. B mpoTMBHOM cCiy4ae Mbl MONY4HM «MAalWHHBIAY roJjoc,
HaroMMHAIOWMH ronmoc poboros w3 crapeix dumbmos. A
KAueCcTBEHHOTrO KOMIBIOTEPHOTO CHHTE3a pevd HeoOXOIHMO yUHTHIBATh
W JIpyrHe TNpOoUecchl, HaMpUMep, W3MEHEHWe TOHA peYH, BBIAC/ICHHE
CIIOB 11ay3aMH U JpyrHe MpoLecchl.

ArxKoMoaauus.

Axkomooayua (npucnocobnenne) BO3HHKAET MEXIYy COracHbIMH
M TNacHBIMH 3BYKaMH, CTOSIIMMH PAAOM. AKKOMOZAUHA MOXET
NPHBOAMTG K  MOSBJEHHMIO  JIONIONHMTENBHBIX  3BYKOB (Tak
HazbIBAEMBIX 27aiidoe). Hampumep, B MPOUHOIICHHH ClIOBa BOJIs,
MOJKHO Pacc/ibILUATh O4eHb KOPOTKH 3BYK ) MEXAY 3ByKaMH 6 1 0.

ACCHMRJISNHASA.
B npouecce accumMunnyuu MpOMCXOIUT apTUKYAIMOHHOE W
aKyCTHYECKOe cOmKeHHe 3BYKOB — COTJIaCHBIX € COTJIaCHBIMH,

[NACHBIX C riacHbIMH. Hampumep, ClOBO OTAATH MPOW3HOCHTCA Kak
[apmaTe], B pe3ynbTaTe uero nocneaylowyii 3Byk 0 ynopobnser
npeLecTBYOLIMIA 3BYK m, CO3/1aBas aCCHMHIIALHIO.

JiHccHMuIA IS,

Juccumunayus npeacTaBiser coboii  mpouecc,  obpaTHBIH
accumunsuud. TTpu B3aMMONIEHCTBHH COTTIACHBIX 3BYKOB C COTJIACHEIMH,
a TakKe TNACHBIX C TJACHBIMH OTH 3BYKH MOTYT PacnofobnsThes.
Hanpumep, B pa3roBOpHOH peuH CJOBO TpamBaif MPOH3HOCHTCA Kak
[rpamBaii]. 31ech MPOUCXOANT AWCCHMWIALMA — JBa rybHO-ryOHBIX
3Byka M M @ pacriofobnsiorcs, 06pasys nepeaHes3bIYHbIH  3BYK H H
ry6Ho-ryOHO# 3BYK 8.

SneHTe3bl.
[Tporeccsr c Ha3BaHHEM IneHme3bl (BCTABKH) UMEIOT

JHCCHMMJISTHBHYIO OCHOBY. B pesyibrate oTOro npouecca npoHCXOAHT
BCTaBKa 3BYKOB 8 WITH il MEXIY TJIaCHBIMH, Hanpuwmep,
CNIOBO PaAHO MPOU3HOCHTCA KaK [paamBo], cnOBO CKOPHHOH — Kak
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[ckopnmén], a cnoBO Kakao — Kak [kakaBo]. MHoraa mpoucxoaut
BCTAaBKA OYEHb KOPOTKOTO 3ByKa MeXJy ABYMA COTJIACHBIMH, HallpuMep,
CJI0BO HPAB MOKET IMPOH3HOCHTCA Kak [Hapas].

[TpoTe3nl.

Ipome3st (HaaCTaBKK) — 3TO Pa3sHOBHAHOCTHL I3MEHTE3, HO OHH
MPHCTABIAIOTCA CMEpeiy K Havaiy clioBa. Hanpumep, B OXXHOPYCCKHX
aualektax  CJIOBO muia npousHocuTcs  kak  [wmural.  3xeck

MPUCTABIIAEMBIH  3BYK ¥ MO3BOJISET Pa3rpy3uTh TpPYNIy HavalbHbIX
cornacHbIx. Jlpyroif npuMep — MpOU3HECEHHE CJI0Ba ITO Kak [ero].

Jnepessl.

Juepesvt (BHIKMAKH)  MOTYT  HMMETh  ACCHMMIIATHBHYIO — HIIK
IMCCHMHMISATHBHYIO OCHOBY. B mnepBom cilydae YCTpaHANOTCS 3BYKH
MEXIy TJAcHBIMH, @ BO BTOPOM — BbIKH/IBIBAETCS OJAMH W3 JBYX
0/IMHAKOBBIX UK noao6HbIX CIIOrOB. Hanpumep,
CIIOBO YecTHBII NMPON3HOCHTCA Kak [49ecHblii], a MHHepaloloras —
Kak [MHHepaJorus].

doneTHYECKHE YePeI0OBAHHA.

doHeTHYECKMMH YepeIOBaHHAMH Ha3bIBAlOTCA H3MEHEHHS 3BYKOB B
MOTOKE pevH, BhI3BaHHbIE (OHETHUYECKUMH IpOLEccaMi COBPEMEHHOTO
s3bika.  Hanpumep, B clloBax BOJAbI-BOJA-BOJ0BO3 (YHUTAETCA Kak
[BRoabI-Baa-BaaBO3]) HepeayloTCs yaapHble W OelynapHble rilaceble,
o0pa3ys  pa3nuuHble BapHaHThl  ¢oHembl 0. B cnosax apyr-
APYra MpoUCXOAUT YepeloBaHHE 3BOHKUX H TITYXUX COTJIACHBIX 3BYKOB.
DTH cll0Ba YHTAKOTCH Kak [Apyk-apyral, npu 3ToM hoHema Kk sBisercs
BapHaHTOM (hOHEMBI T.

TpaanunoHHbIe Yepe oBaHUS.

TpagunuoHHbie YepenoBaHus He oOycnoBiaeHbl dOHETHHECKOM
nosuuued, a CKIambBalOTCA HcTOopudeckd. OHM He HMET HH
CMBICIIOBOM, HH (OHETHHECKOWH NMPUYMHBI MOSBIEHHS, @ COXPAHAIOTCS
oMUk B cuiy Tpaawuuu. Hanpumep, dYepenoBaHHs COH-CHA, NeHb-
MHS, NpocToli-ynpomenne, 6po3ra-6pio3xaTs, 3an031aTb-N03Ke.

1.4. UnTonanns, yiapasie c0rd, AN(GOHHAS MOAENb H 9aCTCTHBIH
AHANA30H 3BYKOBLIX Ko1ebannii

Hurtonanua. Yenosek MOXET MEHATH BBICOTY OCHOBHOIO TOHA

rosoca, pactaruBy MURMIMAD ALXORABHPRIOMDAS YOS HRERTD: B WHPOKHX
AXBOROT TEXNOLOGIYALAR! UNIVERSITETI
SAMARQAND FILIALI

AXBOROT-RESURS MARKAZ|
177%

Ne

/6%




npeaenax MOKET W3MEHATLCA FPOMKOCTE pedH M €€ TeMIl. HaGop aTuXx
XapaKTePHCTHK Ha3biBAETCA HHTOHALMEH peUH.

V3MeHeHHe NHTOHALMHM MCMOJIb3yeTCA Ui BbIACNEHUA OTAC/IbHBIX
C/I0B B NPEIOKEHUH, 1715l CO3/1aHHs BONPOCHTENLHbIX npeanoxkenuil. B
32BUCHMOCTH OT TOrO, KAKUM MMEHHO 00pa3oM MeHAeTCA WHTOHALuA,
CMEICA  OQHOMO M TOrO K€ MpeANoXKEeHHSs MOXKeT TMOJHOCTLIO
M3IMEHHTBCA.

BernoMunTe 3a7auky M3 AETCKOro MyJabTQuibma, rie y4eHHKy
npeJaranoch NpaBWAbHO [OCTABUTL  3AMATYIO B npenoKeHUH
«Ka3sHuThb Helb3s, NOMHI0BATEY. 3/1€Ch BO3MOXKHbI 1Ba MCKIIOHAIOLIMX
Apyr apyra sapuanta: «KasHWTb, Henb3s IOMHNOBATL) H «Ka3HuThb
HeJL3s, MOMHUI0BATHY.

[iporoBapuBas 5TO MpejJoXKeHHe, mnaysy B TOM MmecTe, rae
HAXOANTCA 3anaTas. B nepsBoM BapHaHTe MpH NOMOLIH HHTOHALMH
Gy/JeT BbIAEJNEHO C/NOBO KA3HUTH, @ BO BTOPOM - NOMH.IOBATE, 41O M
npuaaeT npeiioKeHHIo [IPOTHBOMNOOKHbIH CMBIC].

MHOrHEe KOMNbIOTEPHbIE CUCTEMbI CHHTE3d PEUH, npeobpa3syiouue
TekcToBbie (aiinbi B pedb, He B COCTOSHHH KOPPEKTHO H3MEHATDH
WHTOHALMIO peun (MPOCTO MOTOMY, YTO OHM HE MOHHMAIOT CMbICAA
NPOH3HOCHMOTO). ITO MOKET NPUBECTH K TOMY, HTO CHHTE3UpPOBAHHAA
peur Oyjer 3By4aTb MOHOTOHHO, @  CMbICH IIPOU3HOCHMBIX
MPENIOIKEHHI OKAKETCH HCKAKEH.

[lpoGnema npaBUIbHON PAacCTAHOBKH HHTOHALHOHHBIX yaapeHui
He TAaK fpocTa, Kak MOXET MoKasaTbCA Ha nepsbiit B3raaa. s
BblAENIEHNA HYKHBIX CJIOB  KOMIbIOTEpHas MfporpamMa JA0JDKHA
[IOHMMATh CMbIC/1 TEKCTd, TAK KaK AaXe 3HAKOB NpernuHaHHA MOXKEI
OKA3aThCs  HEJOCTATOYHO, YTOObI ~ M3MEHATH  MHTOHALMIO  CIOB
Haanekalwum 0opa3om.

Yaapubie CJ10rH.

Chosecnoe yoaperue — 3TO Bbljle/IeHHE OIHOr0 Wi AByX CJIOros B
COCTABE MHOFOCIOKHOTO C0BA C MOMOLLBIO HHTOHAUMHU. T1py ynapenun
MEHSETCA CH/A, BICOTA M JUIMTENBLHOCTb 3BYKOB. YapeHUe CBA3bIBACT
3ByuaHue CI0Ba B €AMHOE Lesoe, OTAenss NpH 3TOM OHO CNOBO OT
apyroro. [Ipn 3TOM B pasiu4aloT AWHAMHYECKOE, My3blKaJIbHOE H
KOJIMYECTBEHHOE ylapeHue.

B pesyibTare AMHAMHYECKOrO YAApeHUs POMCXOAHT yCHICHHE
spyuanus. MysbikajibHoe yAapeHue CBA3aHO  C©  H3IMEHEHHUEM TOHa,
a KOIMYECTBEHHOE — C M3MEHEHHEM NPOAOJIKHTENbHOCTH 3BY HaHHA.
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JluHAMHUYECKOe YJapeHHe MOXET MPHBECTH K PeAYKUMH, T.e. K
ocabIeHNIo W H3MEHEHHIO 3ByHaHHs De3yapHbIX CIIOTOB.

KonuuecTBeHHAas PeAyKUHs MPHBOAUT K MOTEpe JOJATOTHI W CHIIbI
3ByqaHHsl, a KaueCTBEHHaA PeAyKUHA MPHBOART JIOTICJTHUTENIBHO K
HaMeHeHHIo TeMOpa rosioca (T.e. 3ByKOBO/ OKpack rosoca).

Judonnas MOAETD. OpHa u3 npobnem, ¢ KOTOpoil CTaIKWBatOTCH
pa3pabOTUHKH CHCTEM® Ppacro3HaBanHs peyn, —  BbILETIEHHE U3
CIMTHOTO TIOTOKA 2JIEMEHTAPHBIX JIHHIBUCTHYECKUX EAWHUL, TakhX Kak
donembl ¥ @LTODOHBL. McenenoBatesld  TBITAIOTCS  WCNONTB30BATh
pazjiHuHbIe MOJIETH, C TTOMOUIBIO KOTOPBIX MOKHO Ob110 OBI BBITIOJIIEHTH
Takoe BblJeIeHHE.

doneMHas Mojelb — TONbKO oOfaHa M3 HuX. [lpyras mozenb
HaapiBaeTcs AnGoHHON Mozenslo. B pamkax sToi MonesM BBOAUTCSR
MOHATHE seMeHTapHON peueBoil EAMHHU LB — AndoHa
Jlndonom HaspiBaeTCs 3BYKOBas €AMHMILA, NPOTAKEHHAS OT CEPeAUHbI
0/IHOTO 3BYKa 710 Cepe/IMHbI 0CIeAyIouero.

Jlndonnas MOJENb MPEANoNnaraeT, 4To U3 peyd MOXKHO BLIACTHTDH
HeKHe CTAlMOHApHBbIE YYacTKH, HA 3By4aHHE KOTOPbIX HE BIHANOT
coceaHne 3BYKM. B cepeauHe 3THX CTAllMOHApHBIX  Y7aCTKOR
MpOBOAMTCA rpaHuua Mexay aAuponamu. Tlpn atom, oanako, oduce
KOJIMYECTBO AW(OHOB B TOM WM WHOM f3bike OyJeT He MeHbIle, HeM
obiee Konu4YecTBO aniooHOB B 3TO ke A3bike. CpaBHeHHE HPOHHON
Moziend pedd ¢ (OHEMHOH MoOJeNbio [onyvaercs He B T0/s3Y
audonnoii Mogenu. B nudonHOl MOze/n oTMe aeTes psid HeA0CTaTKOB

OJMH W3 3THX HEJOCTATKOB CBA3aH ¢ co3janueM Jndonuoi Gasbi

JaHHbIX. B mpouecce ee HanosHeHWs AWKTOP JOMMEH MOHCTOHHO
HAYUTHLIBATL peYeBOH MaTepual, HAMepeHHO pacTATHBas crosa. JTO
Aenaertcs Ul obsieryeHns Moucka rpaHuil AHpoHOB.
; TpyAHOCTH BO3HMKAIOT W MPH MOMBITKAX WCMONB30BATh AMGORHYIO
Oa3y JaHHbIX 405 cHHTE3a peun. Eciiu pedt GOpMHpYeTCs MOCpeIcTBOM
CoenHeHus ANdOoHOB, TO B MECTAaX coeliHeHnii obpasytoTcs 3amMeTHeIe
nepenaiabl  QopmanTHeix uactoT. OOpasyroumecs B pesyibrare
CHEeKTpaNbHble pa3pbiBbl 3aMETHbI Ha CIYyX — pe4b, «CKICEHHAR» W3
OTHENBLHBIX IH()OHOB, 3BYYHT HEECTECTBEHHO.

[Ipy  nonbitke wW30aBUTLCS OT 3TOr0  HeAOCTaTKa 3a  cuer
yBenn4yeHus pasmepoB AudoHHON Oa3bl JAaHHBEIX W yyera KOHTEKCTa
pacnonoxeHus  AUGOHOB  TIPOMCXOAMT  YCIOKHEHHWE  ajlropiTMOB
._VG.UK:_JCE_::: peYEeBOro curyana.




doneMHas Moaenb He obnazaer 3TUM HexocTaTkoM. [NpaBHAbHBIH
BbIGOP an10()OHOB MO3BOAAET CHHTE3NPOBATH petib 6e3 3aMeTHBIX Ha
cyx paspblBoB. A a8 cosfaHus 0asbl JaHHBIX ¢donem u annooHoB
JMKTOP JOJDKEH YMTaTh TEKCT €CTECTBEHHAIM I0JI0COM.

YacTorTHblii AHANA30H 3BYKOBLIX Kosebaunii. Yenoseyeckoe yxo
BOCIIPMHHMAET 3BYKOBbI€ BOJIHBI JUIHHOH MPHUMEPHO OT 1,6 cMm g0 20 m,
YTO COOTBETCTBYET YaCTOTHOMY Auanasody 16 - 20 000 I'u. KuBOoTHBIE
MOFYT ChblllaTh 3BykKM Gonee Hu3koH wim Gonee BLICOKOH 4acTOThl.
lak, Hanpumep, AeibdHHAM H JIETYYHM MbllIaM AOCTYMHO obenune
[Py NOMOIM YNbTpa3Byka, a KHTaM — undpaspyka. [loaTomy uesioBeK
le CALILMT BeCh 4acTOTHBIH [Mana3oH 3BYKOB, W3/1aBa€MbIX STHMH H
HEKOTOPbIMH APYTHMMH )KUBOTHBIMH.

Yro ke Kacaerci uenOBeYecKOW peud, TO €e 4HacTOTHBIN
nuanaszon 300-4000 . Hazo 3ameTuTh, 4TO pa3bOpuMBOCTL pevn
OCTAKeTCHA ENOJHE YAOBNETBOPUTEIbHOH MNpH OrpaHHYeHHH O3TOro
nuanazosa g0 300-2400 I'u. YacToTHBIH ManasoH 0OBIYHBIX
TeneOHHBIX KaHAIOB TOXE He CIHLIKOM IIMPOKUH, OJHAKO 3TO HE
cKka3plBaeTcs 3aMeTHbIM 006pa3oM Ha pa3bop4HUBOCTh PeUH.

Cka3aHHoe  O3HAyaeT, MTO  JJs8  YJyHlIeHHs  Ka4iecTBa
pacio3HARaHUA PEYH KOMIBIOTEPHbIE CHCTEMbI MOTYT HCKIIOHHTE u3
anaM3a YacToThl, Aexaue BHe auanasona 300-4000 I'u nan naxe BHe

nuanasona 300-2400 I'u.
Koutpoasubie BONPOChH

1. KakoBbl cXeMbi pe4eBoro Tpaxra?

2. KaK M /118 H4ero UCronb3yloTcs GOpMaHTHbIE HacTOThI?
3. Yr1o 03Haual0T GOPMAHTHbIE HACTOThI?

4. O6bsacHUTE HepapXHU JTMHIBUCTHYECKHX yPOBHEIi.

5. Yro takoe ponema?

6. KaxoBsl 0c06eHHOCTH (OHETHHECKHX NMPOLIECCOB?

7. O6bsicHUTE CYyTh AH(POHHONH MOJEIIH.

8. KakxoBsl ocobernoct oxemHol moaenu?

9. KakoBbl oT14ms AnOHHO# Moaenu 0T poHeMHO#?
10. KaxoB 4acTOTHbIH AMANa3soH 3BY KOBbIX konebaHui?

[JIABA 2. IU®POBAS OBPABOTKA PEYEBBIX CUI'HAJIOB
2.1. Beegenne B undposyr o6paboTKy CHrHAIOR

[{npposas obpaboTka CHIHANIOB (HOC wim DSP — digital signal
processing) ABIAETCA ONHOW M3 HOBEHIIUX M CaMbiX MOUIHBIX
TexHOJIOrWii, KOTOpas aKTHBHO BHEIPHIIACh B IHPOKWi Kpyr obGnacteit
HaykW W TEXHMKH: KOMMYHHKalMM, METEOPOJIOTHS, paaHonokauus M
FHAPOJIOKALIHSA, MEIHIHHCKAs BH3YaIH3aUms n3obpaxenuii, undposoe
ay[no- W TEJCBU3HOHHOE BELIaHHE, pasBejka HeTAHBIX H Ta30BbIX
MecTopoXkaeHHi, W MHOTHX apyrux. Llugposas obpaboTka CHIHAJIOB —
370 HHQOPMATHKA PealbHOr0 BPEMEHH. Ceronus texnomnorus [[OC
oTHOCHTCA K uucay 0a30BbIX 3HaHHI, KOTOpble HEOOXOAUMBI yYEHBIM H
uHXKeHepaM Bcex oTpacieii 6e3 HCKITIoHeHHS.

dusMyeckne nepeMeHHble MPUPOAbl, KaK OCHOBHOro o0ObeKTa
HAIHX W3MEPEHHI W MCTOYHWKA HWH(OPMALUMOHHBIX CHIHAIOB, Kak
NpaBM0, MMEIOT  HEMpepbiBHYIO  npupoay W ortobpaxatorcs
HenpepbIBHBIMK  (aHanoroBbiMH) curHanamu. Iludposas obpaborka
CUFHAJIOB ONEPUpPYeT C JWCKPETHbIMH BEJIHYHUHAMH, [pHYeM ¢
KBAHTOBaHHEM Kak MO KOOpPAMHATAM JAWHAMHUKH CBOMX M3MeHEHHH (BO
BpEMEHH, B [POCTPAHCTBE, M MO JOOLIM JPYrUM H3MEHAEMbIM
aprymMeHTam), Tak M Mo 3Ha4eHHsM ¢u3nyeckux BeanuuH. Marematnka
JMCKpeTHBIX NpeoOpa3oBaHWii 3apoJwiack B HeApax aHaloroBoi
MaTeMaTHK# eile B 18 Beke B paMKax TEOPHH PANOB H MX NpHMSHEHHA
JUTS UHTEPTOJISUHH W anmpoKCUMauru (QyHKUMH, OJIHAKO YCKOpEHHOE
pasBuTHe oHa mnogyywia B 20 Beke T1oci€ TMOABICHHUS MEPBBIX
BLIYMCITUTENBHBIX ~ MawKH. B CBOMX  OCHOBHBIX  II0JIOXKEHHAX
MareMaTHYecKuil anmapaT AMCKPETHBIX npeobpasosanuii nogoben
peobpazoBaHHsAM AHAIOTOBBIX CHIHAJIOB M CHCTEM.

CTUMyNOM pa3BUTHA OUCKPETHOH MaTeMaTHKH ABNAETCA K TO, HTO
CTOMMOCTh UH(pOBOIl +00pabOTKH JaHHBLIX MEHbIIE AHAJOTOBOH M
NMPOJO/KAET CHUXKATHLCH, @ [MPOU3BOAUTENBHOCTH BBIYUCIHTEIbHBIX
onepauuii HenpepsiBHO Bo3pactaeT. Kpome Ttoro, cucremsl LIOC
OTIIHYAOTC BLICOKON TMOKOCTBIO. MX MOXHO [JONONMHATL HOBBIMH
MporpaMMamMH M MeperporpaMMHpoBaTh Ha BBINOJHEHHE pPa3THYHBIX
onepainuii 6e3 uamenenus oGopyaosanus. B nocneanne roaet LOC
OKa3biBaeT BO3pacTalollee BIMAHWE Ha BCE OTPAacIH COBPEMEHHOMN
IPOMBILIEHHOCTH:  TeJIEKOMMYHHMKaLlMK, cpeacTBa  MHpopmaui,
udporoe Tenesumenue. MHTepec K HayuHBIM W K TDUKIAIHBLIM
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ponpocaM uM@poBoii  06paboTKM CHrHANOB BO3pacTaeT BO  BCEX
OTpacisy. HayKH U TEXHUKH.

Liugpossie cuznanvi GOPMUPYIOTCA M3 AHAIOTOBBIX onepauue
JAMCKPETH32LMH — MOC/AeA0BaTe/bHbIM KBAHTOBAHHEM (U3MepeHHeM)
AMIUIMTY/IHBIX 3HAYeHHil CHrHana 4epe3 OnpejeieHHbie HHTEpBalbl
ppemenu At uan noGoil Apyroi He3aBUCHMOlI nepemenHoit AX. B
pe3y/IkTaTe PABHOMEPHON AMCKPETH3alUUH HENpepbIBHbIH M0 apryMeHTy
CHIrHA/ NEpPesOAUTCA B YIOPIAAOYEHHYIO N0 HE3aBHCHMOMH nepeMeHHoM
nocnesosaTenbHocTh unced. B npunuune paspaGotansi Metoas LLOC
JUIA HEPaBHOMEPHOH /MCKPETH3aUMH JaHHBIX, OAHAKO obnactH HX
TPUMEHCHHA [0CTATOYHO CreUn(UYHBI ¥ OTpaHNYeHbI. Ycnosus, npu
KOTOPBIX BO3MOXKHO M0/IHOE BOCCTAHOB/IGHHE AHANOroBOro CHrHaja rno
ero uMPpPOBOMY IKBUBAIEHTY C COXpaHEHHEM BCeH MCXOAHO
cojepxasiueiics B curHane HHQOpMALMM, BbIPAKAIOTCA TEOPEMaMHU
HaiixkBucta, KortenbHukosa, llleHHOHa,  CYLWHOCTh  KOTOPBIX
npakTU4ecKH oAMHakoBa. [Uis AMCKpETH3aUMKy aHajloroBoro CHrhana c
NOMHBIM COXpaHeHHeM uH(OpMauun B ero UMPPOBOM IKBUBAIEHTE
MAKCUMAIbHbIE HACTOTHI B AHAJIOFOBOM CHrHAne JODKHbI ObiTh He
MeHee YeM BIBOE MEHbLIe, 4YeM 4acToTa JUCKpeTH3aluH, TO ecThb
frowS (1/2)f;, — HA OJIHOM nepHOAe MaKCHMAalIbHOW 4acTOThbl A0JIKHO OBbITh
MUHUMYM 4Ba oTcyera. Ecnm 370 ycnosue Hapyluaercs, B udpoBom
cursane Bo3Hukaer 5QdekT MackupoBaHus (noaMeHbl) AeHCTBH-
TeNbHBIX YacToT Gonee HM3KMMM uacToTaMmu. Ilpu 3ToM B LUnppPOBOM
cHruane BmMecto (aKTMHeCcKoil perHcTpHpyeTcs "Kakyulasca' 4acToTa,
a. CJlelOBaTeNbHO, BOCCTAHOBNeHHe  (haKTH4eCKOHW 4acToThl B
AHANOrOBOM CHrHANE CTAHOBUTCS HEBO3MOXKHbIM. BoccraHoBNeHHbIH
curuan OyaeT BbIrNAAeTh TAK, KaK ecnu Obl HaCTOTHI, /IeXKALIME BbILUe
[ONOBMHbI HACTOThl AMCKpETH3alMM, OTPa3sHINCh OT HacTOThl (1/2)fy B
HWKHIOK 4acThb CHEKTpa M HAJIOKWINCL HA  4acTOThl,  y¥KeE
IPUCYTCTBYIOIME B 3TOM HacTH CHEKTpa. Ortor 3¢ ekt HazbiBaeTCH
HanoXeHueMm cnekTpos uaM anuacuirom (aliasing). Harnsansim
NPUMEPOM ANMACHHIA MOXKET CIY)KHTh HIUTIO3HSA, A0BOJABLHO HacTas B
KHHO — Kosieco aBTOMOOMNS HayMHaeT BpallaTbCs TMPOTHB  €ro
NABWKEHMS, ecn¥ MexIy rocie]oBaTe/bHbIMA  Kaapamu (ananor
4acTOTHI AMCKPETH3aLMH) KoNleco coepluaet Goiee Hem non-obopora.

Ipeobpazosanue CUZHANG 8 KUPPOBYIO (Popmy BINOIHACTCA
aHanoro-unpoBeIMKH npeodpasoBaTensiMu (ALIIT). Kak npaBuiio, OHM
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:nzomv‘wv\a% JABOWYHYIO CUCTEMY CYHUCJICHHUA C O:UG\DGLCI:?;_ HYUCIIOM
pa3pslloB B paBHOMEpHOH Exm.,_(m. VBennyeHue YHcia paspanos
qOBBIIAET TOYHOCTh H3MEPeHWH W - paclmpser JIMHAMHYECKH it
anana3oH HM3MepseMbIX CHIHAIOB. [MorepsiHHas wW3-3a HelOCTATKA
pa3pAai0B ALIIT uHbOpMALUMA HEBOCCTAHOBHMA, W CYUIECTBYIOT JiMilbL
OLIEHKM  BO3HWKaolledl  MOTPeIHOCTH  «OKPYTJICHHA»  OTCHETOR,
HanpuMep, Uepe3 MOUHOCTb  LIyMa, nopoxaaemoro ouubkoii B
nocnensem paspsge AL Jlns  3Toro  MCMonk3yeTca  MOHATHE
OTHOIIGHNS (CHTHAN/WYM» = OTHOIMIEHWE MOIIHOCTH CHTHala K
vomHocTH myma (B aenubenax). Hawu6onee wacto npuMensiores 8-. 10,
12-. 16-, 20- u 24-x paspsjHbie AUIT. Kaxablit AONOJHUTEIbHbLIHA
paspsia yily4luiaeT OTHOLIEHWE curnan/wyM Ha 6 peunben. OnHako
yBeJIMUeHHe KOIMYECTBA PaspAIoB CHHKAET CKOPOCTh JINCKPETH3aUNH
yBeIHYMBAET CTOMMOCTp anmapartypbl. Ba)kHbIM acCreKkToOM #ABISEICH
rakke AMHAMMYECKMIt JHana3oH, omnpeaensieMblii MakCUMalbHbIM M
MHUHUMaNbHBIM 3HAYEHHEM CHIHana.

Obpabomka  WUPPoOELIX  CUZHANO08  BHITIONHACTCH moo
creuHanbHbIMK MpolLieccopami, MO0 Ha yHHBEpCaNbHbIX KOMIbIOTEpAX
no crieuranbHbIM Tporpammam. Haubonee mpocThl s pacCMOTPEHHA
nHelinble cueTeMbl. JIMHEHHBIMU HA3bIBAIOTCA CHCTEMBI, 118 KOTOPBIX
HMeeT MECTo cyneprnosuuus (OTKIWK Ha CyMMY BXOAHBIX CHTHAIOB
paBeH CyMMe OTKJIMKOB Ha KaKAbIH CHrHan B OTACILHOCTH) M
OTHOPOZHOCTL WIJIH TOMOTEHHOCTb (M3MEHEHWE aMITINTYAbl BXOAHOTO
CUrHala BbI3biBaeT TPOMOPLUHOHAIBHOE H3MEHEHWEe  BBIXOJIHOTO
curuana). Jns peansHbIX OOBEKTOB CBOWCTBA JWHEHHOCTH MOTY1T
BLITOJHATLCH TPUOIHIKEHHO M B OTNpee/ieHHOM MHTEpBaJie BXOAHBIX
CHTHAIIOB.

Ecnu  BXOJAHOH CHIHal x(t-ty) nopoxXxnaer O AHO3HAYHBIH
BBIXOHOIM curnan y(t-ty) npw 1ro00M CABHTE o, TO CHCTEMY HA3bIBAIOT
HHBApHAHTHON BO BpeMeHH. Ee cBOHCTBA MOXKHO HCCIIEN0BATE B mobble
NPON3BOIbHBIE MOMEHTHI BpeMeHH. [l onncaHns THHeHHOH CHCTEMB!
BROJMTCS ClelMalbHbIii BXOAHOM CHIHAN - EAMHHYHBIA HMIYIbC
(nMnynscHas  ¢yHnkuus). B cuny cBoficTBa  Cyneproshiun M
OJIHOPOAHOCTH NHOO0N BXOJHONM CHTHAN MOXHO TMPEACTaBUTHL B BHAC
CYMMBI TAKHX MMIYJIbCOB, MOJABAEMbIX B pasHble MOMEHTbI BPEMEHHW H
YMHOKEHHBIX Ha cooTBeTcTBylouMe Kodhduunentel. Brixoano#
CHUIHAN CHCTEMBI B 2TOM cllyuae npeacraenser coboi cyMMmy OTKIHKOB
HA 9TM WUMITYabebl. OTKAWK Ha EIAMHWYHBI UMITYJIbC (MMIYNBC C
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eMHHYHONH aMIINTY/0) Ha3bIBAIOT MUMIYJIbCHOH XapakTepHUCTHKOH
cuctemsl h(n). CoOTBETCTBEHHO, OTKIWK CHCTEMbl Ha MPOM3BOJIbHbIA
BX0EGH curuan s(k) MOXKHO Bhlpa3uTb CBEPTKOH

g(k) = h(n) ® s(k-n).

Ecin h(n)=0 npu n<0, TO cucTemy . Ha3bLIBAIOT Kay3albHOM
(npuuuHHOi). B Takoif cucTemMe peakuus Ha BXOJHOH CHMrHan
MosAB/AEICH TONbKO TMOC/IE MOCTYyIUIEHHs CHrHala Ha €€ BXOA.
Hekay3anbuble cucTeMbl (PM3MYECKM HEBO3MOXHO peann3oBaTbh B
peansHom maciutabe Bpemenu. Ecim TpeGyercs peannsoBaTh CBEPTKY
CHUTHAJIOB C ABYCTOPOHHHMH onepatopamu (npu AngdepeHunpoBaHiu),
TO 3TO BSBIIOJHAETCSs C 3aJepKKOoH (CABHIoM) BXOMHOrO CHrHana
MHHHMYM Ha AJIMHY 1€BOCTOPOHHEH YacTH ONepaTopa CBepTKH.

IMpupoda cuenanos. Tlo cBoel npupoae CHrHalbl MOryT ObITh
Cly4aiHbIMM WK J€TEPMHUHHPOBAHHbBIMHY.

K aerepMHHHpPOBAHHBIM OTHOCAT CHIHaJIbi, 3HAYEHHSA KOTOPLIX B
71060/ MOMEHT BpEMEHHM MWJIM B MPOH3BOJILHON TOYKE MPOCTPAHCTBA
ABJAIOTCA ANpPUOPHO M3BECTHLIMM MM MOryT ObIThb OMpeieneHbl
(BBIMMC/IEHBI) N0 H3BECTHON WM npeanosaraeMoi GyHKUNH, Jaxe ecau
Ml E€ 3HaEM ee SBHOIo BH/A.

CuyyaiiHble CUrHajibl HenpeJcKadyemsl [0 CBOMM 3HAY€HUAM BO
BpeMeHH WM B npocTtpaHcTse. s Kaxa0ro KOHKPETHOro orcuera
C/ly4aiiHOro CHrHana MOXKHO 3HaTh TOJIbKO BEPOATHOCThL TOrO, 4TO OH
npuMeT Kakoe-1u00 3HaueHWe B Onpene/NeHHOH 00/1acTH BO3MOXHBIX
3HauyeHuil. 3aKkoH pacrpeneneHus ciy4HaHHbIX 3HA4YEHHWH [aneko He
Bcerja H3pecTeH. OOHMM M3 caMblX pacnpoCTpaHeHHbIX ABJACTCA
HOpMa/IbHOE  pacrpejesieHMe, IUIOTHOCTh KOTOpPOro HMMEET BHA
CUMMETPHYHOro Koiokosna. Jlns ero OnucAHua AOCTaTO4HO [ABYX
NepBbiX MOMEHTCB pacrpejie/iecHus Clly4aiHbIX BeIHYHH.

HauGonee npocTble XapakTEPUCTHKH 3aKOHOB pacnpeaesieHus —
cpe/Hee 3HaueHue cIy4aiiHbiX BeHYMH (MaTeMaTHYeckoe 0XKHIaHHe) H
aucrepcus (MaTemMaTH4ecKoe OKWAaHue KBajpara OTKJIOHEHHHA OT
cpe/lHero), xapakrepusyowas pa3bpoc 3Ha4€eHMi ClyqalHbIX BETH4HH
OTHOCHMTEJIbHO CPE/Hero 3Ha4yeHus. IlapaMeTpbl AHHAMHUKH CIIy4aiHBIX
CHTHAJIOB BO BPEMEHM XapaKTepu3yloTcs (yHKUMAMH aBTOKOppEsALHH
(KOJIMYECTBEHHAA OLIEHKA B3aWMOCBA3M 3HAYEHHIl Clly4aiHOro CHrHana
Ha pamIMYHEIX WHTEpBAaJNax) WM ABTOKOBapuauuu (TO K€, NpH
(EHTPHPOBaHHM  Cly4alHbIX  CHIHANOB). AHaJOrM4HOH  mepoi
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B3AUMOCBSI3H JBYX Cly4aiHbIX MPOLECCOB H CTENEHM MX CXOACTBA IO
JMHAMUKE Pa3BUTHA ABJIACTCS KPOCCKOPPE/ALMA MM KPOCCKOBapHaLMA
(B3aMMHas KOppe/suus WK KoBapuauus). MakcumanbHOe 3HA4YeHHe
§3aUMHOM KOPpE/ALMH [OCTHIaeTCs NpH COBMNAJCHWH ABYX CHIHAJIOB.
[lpd 3ajepXKKe OJHOrO W3 CHIHANOB MO OTHOWEHWIO K Apyromy
NON0KEHHE MAKCHMYyMa KOPPeIaLMOHHOH (GyHKUHHU JaeT BO3MOXHOCTh
OLIEHHTh BEJTHYHUHY 3TOH 33/IEP)KKH.

Dyuxyuonansusie npeobpazosanun  cuznanos. OnHuM - U3
OCHOBHBIX METOJIOB HacTOTHOro aHaiauza M 00paboTKH CHrHAJIOB
SIBJIAETCA npeobpa3osanue Dypebe. Paznuyaior NOHATHS
“npeobpazosanne Pypre” u “paa Dypee”. [Npeo6pasosanne Pypbe
MpeanosiaraeT HENpepbiBHOE pacnpelesieHHe HacToT, psiA Oypbe
3ajaeTcs Ha AMCKpeTHOM HabGope wactor. CHrHANBI Taloke MOryT ObITh
3ajaHbl B HAGOPE BpEMEHHbIX OTCHETOB WJIH KaK HenpepbiBHas pyHKUHA
spemenn. Haubonee npakTHuHa ¢ TOYKM 3peHHs LH(POBOH obpaboTku
CHIHAJIOB UCKPETH3ALMA ¥ BO BPEMEHHOI, H B HaCTOTHOH 06/1aCTH, HO
He creayeT 3abbiBaTh, 4YTO OHa ABAAETCA  ANNpPOKCHMAaLMEH
HenpepbiBHOro mnpeo6pasosanus. HenpepsiBHoe —mnpeobpasosanue
dypbe N03BONAET TOYHO NpeAcTapasATh Mobbie sBiaeHus. Curxan,
npejacTasneHHbii pagom @Dypbe, MoxeT ObITh TOJNBKO NEPHOAHYEH.
Curnansl npou3BoJibHON (opMbl MOryT OBITH NpPEACTABNCHBI PAAOM
@dypbe TONLKO TNPHONMKEHHO, T.K. T1pH 3TOM [peanoJiaraercs
NepuoaHYECKOe MOBTOPEHHE pacCMaTpHUBAEMOr0 MHTEpBaa CUrHana 3a
npejesamu ero 3ajaHds. Ha cTbikax [€pHOJOB IpPH 3TOM MOryT
BO3HMKATH pa3pblBel M M310Mbl CHIHANA, M BO3HMKATh OLIHOKK
006paboTky, Be3BaHHbIe ABleHHeM ['n60ca, A/ MUHMMH3ALWH KOTOPBIX
MPUMEHSIOT ONpedelieHHbie MEeTOJbl (BEeCOBble OKHA, MNpPOMIEHHE
MHTEPBAJIOB 3a/laHHs CUTHAJIOB).

Ilpu AMCKpeTH3allMM W BO BPEMEHHOM, M B 4acTOTHOH obnacT,
00bI4HO rOBOPSAT O AMCKPETHOM npeobpazosannu Pypbe (AID):

S(n) = X, s(k) exp(-j2m kn/N),

rae s(k) — oTcueTsl BXOJJHOTO CHIHANA,

N- KoM4eCTBO OTCHETOB CHIHANA,

exp(-j2n kn/N) - 310 cucrema (Matpuiua) 6asucHeix GyHKuHMil B BHAE
CHUHYCOB M KOCHHYCOB.




JIN® npumensieTcs ANs BbIYMCICHHA CNEKTPOB MOLIHOCTH,
OLEHWBAHUA TepellaTOYHBIX (YHKUWH W HMITYJILCHBIX OTKIHKOB,
BHLICTPOr0  BLIYMCIEHMS  CBEPTOK MpH  QUIBTpAuWM, pacuere
Koppessun, pacyere rpeobpazoBanmii Isbepra. Pacuer JITID mo
npusegeHHoil  Qopmyne TpeGyeT BbIMUCIEHHS N K03 PHLMEHTOB,
KaXIblil W3 KOTOPBIX 3aBUCHT OT K 3JIEMEHTOB HCXOIHOrO OTpE3Ka, TaK
yro wucno omepauuii He Moxker ObiTh menbie nk. CyulecTByioT
anropuT™bl 6ercTporo mpeobpazosanns dypee - BITd, cokpauaromiee
quCNo orepauuii Ans BeMUCTEHHS KOdDHUUHEHTOB 10 nlog(k). Ilpu
TouHOW apuMeTHke pesynbTathl pacdetos [P u mo amropuTMam
BI1d cosnaznator.

HaxoasT mpHMeHeHMe M Jpyrue BapHaHTbl npeoOpasoBaHus
dypbe, B KOTOPHIX HIes YMHOXKEHWs BEKTOpa OTCHETOB CHIHala Ha
Matpuily GasucHbIX (yHKUMIT COXpaHAETCA, OIHAKO CaMM GasncHble
GYHKUMHA WMEIOT WITH TepekioYaTeNbHblil HiH JTHUHENHO-CTyeHYaThIH
xapaktep. B mocnensee Bpems B 3ajayax CNeKTpajibHO-BPEMEHHHOrO
aHaTH3a HEeCTALMOHAPHBIX CHIHAJIOB, H3yUYeHWH HEecTalHOHapHOCTEH 1
NOKalbHBIX OCOOEHHOCTEH CHTHAJOB LIHPOKO MPUMEHAIOTCA Tak
HasbiBaeMble "KOpPOTKHE BONHEI" (BEHBNETHI), JOKANH30BAHHbIE KaK BO
BPEMEHHOIA, Tak ¥ B 4aCTOTHO# obnacTy.

TpaaMuMOHHbBIE METOJbI AHANIW3A JAHHBIX MPENHA3HAUCHDI, KaK
MpaBuio, IS JMHEHHBIX M CTAMOHAPHBIX CHCHAIOB H CHCTEM, H
TONBKO B TIOCTEQHME JECATHUNeTHs Hadald aKTHBHO Ppa3BUBATHCA
METO1bI aHasu3a HEJIMHEHHBIX, HO CTaUMOHAPHBIX "
JeTepPMHHUPOBAHHBIX CHCTEM, W JIMHEHHBIX, HO HECTAlHOHAPHBIX
naHHbIX. Mexay Tem, GONBUIMHCTBO €CTECTBEHHBIX MaTepHajbHbLIX
TIPOLECCOB, PeabHBIX (PU3HYECKHX CHCTEM H COOTBETCTBYIOUIUX ITHM
mpolleccam W CHCTeMaM JaHHBIX B TOH WM HHOH Mepe ABIAKOTCA
HeNWHelHBIMH W HecTallMoOHapHbIMM, W TIpH aHainu3e MAaHHbIX
HCTIONB3YIOTCS ONpejeNieHHble YNPOUIEHHs, OCODEHHO B OTHOUICHHH
anpuoOpHO ycTaHaBInBaeMoro 6asuca pasnokeHns JaHHBIX.

Knoueesie onepaunu nupposoii 06paboTKH CHIHAIOB.

Anroputmer LIOC peannsyiorcs Kak B KlnaccH4ecKOH BpeMeHHOH
obnacTi (TeNEeKOMMYHHWKALUWHW, CBsA3b, TEIEBHICHMUE, panHoJIOKaLns),
TAaK U B CMIEKTPAIbHOI 06/1aCTH B CaMbIX PasIH4HbLIX OTPACAX HAYKH H
TexHUKH (reowH(pOpMATHKe, TEOJOrWM M reopusnke, MEAMLMHE,
6UOJIOrHH. BOEHHOM Jene). Bce 3TH anropuT™bl, Kak TMpaBHjIo —
GIOYHOrO THWMa, TMNOCTPOEHHBIE HA CKOJIb  YFOAHO  CIOXKHBIX
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xoMOMHAIIMAX [0CTATOYHO HEGONBLIOro nabopa THNOBBIX UH(POBBIX
onepalii, K OCHOBHbIM M3 KOTOPBIX OTHOCATCA cBepTKa (KOHBONIOUMA),
koppensilud, QUIbTPaUuA, MOAYIALMA, cneKkTpaibHblii aHanu3. [lanee
[PUBOJATCA TOJBKO KIIOHEBbIE MO3HIHH 110 ITHM onepaumsMm.

Jluneiinaa céepmia — OCHOBHAs Onepaius 110C, ocobexno B
pekMMe PeabHOro BPEMEHH. Jlna 1aBYX KOHEYHBIX NPHYHHHBIX
nocaenosarensrocteit h(n) u y(k) AnMHOH COOTBETCTBEHHO N u K
CBEpTKA ONPE/CIAETCS BbIPAKEHHEM:

s(k) = h(n) ® y(k) = h(n) « y(k) = 5 h(n) y(k-n), )

w0

rae: ® WM » - CHMBOJIbHBIE 0003Ha4eHUs OnepaLni CBEPTKH.

Kak npaBwio, B  cucremMax  oOpaboTku  oiHa M3
nocnenopatensaocteit  y(k) npeactasaser coboi  obpabareiBaeMbie
namHble (cMrHan Ha BXoje cucTeMbl), Bropas h(n) — onepatop
(MMIy/IbCHBIA OTKAMK) cucTeMbl, a dynxuus s(k) — BBIXOJIHOH CHIHAaJI
CHCTeMbl. B KOMIBIOTEPHBIX CHCTEMax C MaMATbiO Ui BXOAHBIX
nansbX onepatop h(n) moxer ObITh ABYCTOPOHHHM OT —N; g0 +Na,
HanmpuMep — CHMMeTpHuHbIM h(-n) = h(n), ¢ COOTBETCTBYIOLIHM
H3MEHEHHEM TPeeNoB CyMMHPOBaHHA B (2.1), 4TO MO3BOJISET NOJIyHaTh
BLIXO/HbIE JaHHble 6e3 ciBUra OTHOCUTEIbHO BXOAHbIX.

r 5
k=0 K sx=02exp -0017 (k- Ac....g caCorsan N =20 nw=0 N xp=exp(-02n) <=3aroresxa swvparopa
Kayzaxe wazh eneparp (o xnocTopo o) 1 Cromme parood onepaTep (XEYCTeperoodt)
Xn n Xn

N
hipwe—  <=H orKa Th2 = xp+ 2 X h2p = — <= Hoj oaKA
" ent cﬂhﬂﬂﬂdn- ‘ 0 ._M‘J L "= th2 o-—ﬂﬂ%ﬂﬂ.-

ca n &€ N

M f(k =n< 0,80, 8k-n) <= Cooprxa=> y2k = h2p mx‘Mrui_;.?:hc.¢c.mx:.o._._.x.:vr._,.....arte

ne=\

02

hg+2 §' h2p=1
Rurd D) M

Puc. 2.1. [IpuMepbl IUCKPETHON CBEPTKH

S y2k= 2719
ot
K

Ilpu cTporo KOppexkTHOil cBepTke ¢ 00paboTkoii BCeX OTCHETOB
BXO/HbIX JAHHbIX, pa3Mep BbIXOJHOro maccuBa paBeH K+N;+N,-1,
NOMKHBI  3a[aBATBCS HauanbHble ycnoBua no orcueram y(k) ans
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3HayeHui y(0-n) 1o n=N,, u koHeunsie ;uis y(K+n) no n=N,. [Tpumep
(Mathcad) BeimonHeHns CBEPTKH NpHBEAEH HA puc. 2.1.

[MpeobGpa3oBaHue CBEPTKH OJHO3ZHAYHO OMpeAeNseT BbIXOAHOMN
CMTHAJ JNA YCTAHOBJIECHHBIX 3HAYEHWIt BXOAHOrO CHrHana MpH
M3BECTHOM HMITYJIbCHOM OTKIMKe cucreMbl. OOpartHas 3ajgaua
JIEKOHBONIOLMH - onpeneneHue GpyHkunn y(k) mo ¢pynkuusm s(k) u h(n),
MMeeT pelleH’e TONMbKO TMpH ONpelelieHHbIX YCIOBHAX. 3T0
oOBACHACTCS TEM, 4YTO CBEpPTKA MOXET CYyLIECTBEHHO W3MEHHTh
qacToTHbIM cnexktp curHana s(k) w BoccraHoBnenue ¢GyHkunn y(k)
CTaHOBHTCA HEBO3MOXXHBIM, €CITH OTNpe/e/ieHHbIe YacTOThI ee CIIeKTpa B
curnane s(k) moJHOCTBIO yTpayeHHbl.

Koppenayua cyuwecTtByer B ABYX (OpMax: aBTOKOppENSUHH H
B3aUMHOH KOppensuy.

BaaumHo-koppensiuuonnas  gynkuus (BK®, cross-correlation
function - CCF), 1 ee wacTHbIH ciTy4ait Ui UEHTPHPOBAHHBIX CHIHAJIOB
¢yHkuns B3auMHOl koBapuauuu (®BK) — 310 nokasarens creneHu
cxoactea (opMel W cBOWcTB aByX curHamoB. Jus  AByxX
nocnenosatensHocteit x(k) u y(k) anmuuoit K ¢ HyneBbIMU CpeHHUMH
3HAYEHWAMM OlIEHKA B3aMMHOH KOBapHaUWM  BBITIONHAETCA 10
thopmynam:

Kyy(n) = A_\:A-:ivvw“,. x(k) y(k+n), n=0,1, 2, ...

Kyy(n) = (1/(K-n+1)) ¥x(k-n) y(k), n=0,-1,-2, ... (2.2)
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Puc. 2.2. ®yHKuus B3aMMHON KOBapHaLHH JIBYX
JleTEPMUHHPOBAHHBIX CHIHAJIOB.

[1pumep onpe/esieHus caBUra MEWKIY JIByMS
feTepMHHUPOBAHHBIMH CHUIHAJIaMH, :vmboamm:wxzr_z:
pasHOMMILYIbCAMH, MO MaKCHMyMY ®BK npusesen Ha puc. 2.2. Ilo
vakcumymy @BK MoxeT OnmpeaenaThCi W CABAL MEHCLY CUIrHaJlaMH,
OCTATOYHO PA3/M4HBIMH 110 popme. )

Ha puc. 2.3 mnpuBeaeH apanoruynbii npumep ®BK  aByx
OHHAKOBBIX 1O (OpME CHrHAJIOB, Ha OJMH H3 KOTOPBIX HaJ10KeH
{1yMOBOH CHrHan. MOUIHOCT luyMa MpeBbILIAeT MOLHOCTE CHrHAJA.
Buiuncnenne ®BK Ha pucyHKe BbINOIHEHO B BYX BapHaHTaXx. Bapuant
| monHocTbio cooTBeTcTBYyeT (opmyne (2.2). Ho B ycClnoBusX
[IPHCYTCTBUA B CHIHANAX AOCTAaTOMHO MOLIHBIX LIYMOB BbIYHUCIICHHE
®BK 06blYHO BHIMONHAETCH MO BapHaHTy 2 — C MOCTOAHHBIM
HOPMHPOBOYHBIM MHOXHTENEM. ITO OMNpPeeseTcs TEM, 4TO MO Mepe
yBeJHYEHNS CABMra M M YMEHBIIEHWS KOJH4eCTBa CYMMHMpPYEMbIX
wienos B (opmyne (2.2) 3a cyeT LWIYMOBBIX CHIHAIOB CYUIECTEEHHO
napactaer ownbka ouenxs ®BK, koTopas Kk TOMY XK€ yBEHYHBAETCA 32
cueT  HeNMHEHHOro  yBeNMYeHWs  3HA4eHHs  HOPMHPOBOYHOIO
MHOYMUTENA, OCOOEHHO NPH MaJOM KOJH4YeCTBE OTCHETOB. CoxpaHeHue
MHOIKHTENS MOCTOAHHBIM B KAKOH-TO ME€pe KOMMNEHCHPYET 3TOT 3¢ dexT.
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Puc. 2.3. ®BK ABYX CHrHAIOB, OIMH H3 KOTOPbIX CHJIbHO 3aLIyMIICH.
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Ha puc. 2.4 npuBesieH npuMep BbIMHUCIEHHA (yHKUHMH B3aMMHOH KO-
BApHalMK JIByX OJAMHAKOBBIX CHIHAJIOB, CKpBITHIX B LIyMaXx. O®BK rno-
3BOJISET He TOJILKO OMpE/IE/HTh BEJIMHMHY CABHIa MEX/y CHrHalaMH, HO H
YBEPEHHO OLIEHHTh NepHo/ KoneOaHuii B HCClielyeMbIX PATHQUMITYJIbCAX.
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OTHOCHTENBHBIN KONMMYECTBEHHbIH MoKa3aTelib CTENEeHH CXOACTBA
asyx curnanoB xX(k) v y(k) - ¢yHkuus B3aMMHBIX KOPPETALUHOHHBIX
K03 OULHEHTOB pPyy(n). OHa BbIMMCIAETCS Yepe3 LEHTPHPOBAHHBIE
3HAYEHWs CUTHAMOB (IS  BBIYHCIIEHMS  B3aUMHON  KOBapHallMu
HELEHTPHPOBAHHEIX CHIHAJIOB IOCTATOYHO LIEHTPUPOBATH OJHH W3 HUX),
M HOPMHpYeTcs Ha [pOW3BEIEHHE 3HAYEHWH CTaHAapTOB (CpeaHHX
KBajipaTH4yeckuXx Bapuaunii) pynkumit x(k) n y(k):

Pxy(n) = Kyy(n)/(ox Gy). (2.3)
0.’ = Kil0) = (1/(K+1)) $ (x(K))’,

K=y

) . ; (2.4)
oy = Kyl0) = (1/(K+1)) 3 (y(k))".
_\_I._,Gﬁmmb H3MEHCHHUA 3HaAYeHWH KOPpENAIIHOHHBIX
XOQGG_\_::QI._.Ow Mpud CcABHrax n MOXKET HU3MEHATLCA OT —~1 (nonuas

obpaTHas Koppensuus) ao +1 (nogHoe CXOACTBO MM CTOMPOLEHTHAs
koppensums). [lpu caBHrax n, Ha KOTOpHIX HabMOAAIOTCA HyJeBble
3HAYEHUS TIy(n), CHTHANBl  HekoppemupoBaHHel.  Koadduument
B3aMMHOM  KOppensuuW  MO3BOJISET  yCTaHaBJIIMBaTh  HalW4due
ONpedeNieHHON CBA3W MEXJy CHIHajaMH BHE 3aBHCHMOCTH OT
(u3nYecknX CBOWCTB CHIHAJIOB U HX BETMYHHBL.
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Puc. 2.4. ®BK aByx 3auryMiaeHHbIX PaIHOUMITYJIBCOB.

B TexHuueckoil JMTepaType B TepMHHax "koppensuusa' u
"xopapuaius' B  HACTOslIEe BPeMA  CYLIECTBYIOT  HAKJIAAKH.
KoppensitMoHHbIMH ~ QYHKUHAMH  Ha3blBAlOT  Kak  (yHKUMM 110
HELIEHTPUPOBAHHBIM, TAK H MO LEHTPHPOBAHHBIM CHIHAJIAM, & TAKXKe M
hYHKUHMIO B3aHMHBIX KOPPETALHOHHBIX KOO (GHIIHEHTOB.
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ABTOKOppE/ALHOHHAA (yHKIMA (AK®, correlation function, CF)
qBAAETCA KOJINYECTBEHHOM WHTErpanbHON XapaKTepUCTHKOM thopmbl
curHana, 1aet puHpOpMaUHIO O CTPYKTYpe CHrHana u ero JAMHAMHKE BO
ppemenn. OHa, No CyLIECTBY, xE:_Som yacTHbIM ciaydaem BK® nns
OIHOr0 CHrHana ¥ MpeacTaBiseT co0oii CKanApHOE MPOHM3BEACHHE
CHrHAJA M €ro KONUH B (yHKUMOHANBHOH 3aBUCHMOCTH OT nepeMeHHo

BeMUYMHbBI 3HAYEHHS CABHUTA!
Kon

B.(n) = (1/(K-nt+1)) rM x(k) x(k+n), n=0, 1,2, ... (2.5)

AK®D uMeeT MakcuManbHoe 3Hauenue npu n=0 (yMHOKeHHE
curuana Ha camoro ceds), aBnseTcs yeTHoi (hyHKLHEH By (-n)=Byy(n), 1
spauenns AK® ans  oTpuUATeNbHbIX  KOOpPAHHAT 00BIMHO  HE
spryncastorcs. AK® 1eHTpHpOBaHHOro curuaia K,(n) npeacrapiseT
coboil (yHKUMIO aBTOKOBapHALMH (®PAK). PAK, HopMHpoBaHHas Ha
CBOE 3HA4YeHHe _ALOTS~ B n=0:

pu(n) = K, (n)/K(0) (2.6)

paspiBaeTcs GyHKUHEH aBTOKOPPEsLHOHHbIX K03 HHLHEHTOB.
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Puc. 2.5. >mqozovvm=m::o:=va (yHKUHH.

B kauecTBe mpumepa Ha puc. 2.5 NpHBEJEHbI JBAa CHrHana —
NPAMOYIObHbBIH UMIYAbC U PAAHONMITYJIBC O/IMHAKOBOM UIMTEIBHOCTH
T. M COOTBETCTBYIOUME JaHHbIM CHrHanam (OpMbl HX AKD.
AMnauTyaa kosneGaHuii pagHOMMIY/bCa YCTaHOBIICHA paBHOl 1
AMILTHTY/IbI IPAMOYTOJILHOTO MMIY/bCa, NPH 3TOM SHEPru¥ CHrHajloB
GyAyT OJMHAKOBBLIMH, 4YTO TOATBEPKAAETCA PaBHLIMH 3HAYCHAAMH
makcumymoB AK®. [lp KOHEYHOH [UIMTEJLHOCTH HMIY/ILCOB
mnTtensHocT AK® Takke KOHeuHbl, 1 paBHbl y/JBOEHHbIM 3HAYCHHUAM
JUIMTENLHOCTH MMITYJIbCOB (MPH CABMIe KOMHH KOHEYHOro MMnylbca Ha
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WHTepBall €ro JUTMTENIbHOCTH Kak BJEBO, TaK W BIpaBo, MpOW3BEACHHE
UMITyJlhca CcO cBOelH KorHel CTaHOBHTCA pPaBHBIM Hymo). Yacrora
konebanuit AK® paamoummyisca paBHa dactote  KoseOaHui
3aMOTHEHAS pagHouMITyibca (6OKOBBIE MUHUMYMBI H MAKCHMYMBI AK®D
BOZHMKAIOT KaXblil pa3 Npu MocneloBaTelbHbIX CABUrax KONMHH
paIMOMMITYThCa Ha TIOJIOBHHY MepHoza Kosiebauuii ero 3aMONIHEHNA ).
Jluneinana yudposan puibmpayus ssnseTcs OAHON U3 Onepali
LIOC, uMeroimmx rnepBocTernenHoe 3Ha4eHne, H onpeensercs Kak
s(k) =3 h(n) y(k-n), (2.7)

rae: h(n), n=0, 1, 2, ... , N — koapduuuentsl punsrpa, y(k) u s(k)
— BXOX W BBIXOJA (HIBTpa. DTO MO CYTH CBEpTKa CHrHan€a C
WMITYJILCHOM XapakTepUCTHKOH QUIIbTpA.

y(k) y(k-1) y(k-2) y(k-3) y(k-N)

,h(0) h(1) h(2) h(3) h(N)

Z

N
L s = 2 h(n) y(k-n),

Puc.2.6. TpanceepcanbHelii unbposoii GuisTp.

y

Ha puc. 2.6 mokasana Gnok-cxema (uibTpa, KOTOPhIA B TakoM
BHJIE IIMPOKO M3BECTEH, KaK TPaHCBepcalbHbIN (Z — 3a/lepkKa Ha OIHH
MHTEPBAN AMCKPETH3ALIUN).

K OCHOBHBIM omepauusM (UILTpaMH HHGOPMALMH OTHOCAT
onepauui  CrIaXHBaHHs, TNPOTHO3MPOBaHMA, AU(QEpeHUpOBaAHNS,
WHTErPHPOBAHHUSl W pasfiefleHHs CHTHAIOB, a TaKke BbileNeHHe
WHPOPMAUMOHHBIX  (TTOVIE3HBIX) CHTHAJIOB M NOJABJIEHHE  LIYMOB
(momex). OCHOBHBIMM MeToZaMu UM(PPOBOH (UIbTPALHH JAHHBIX
SBJAIOTCS YACTOTHAS CENEKIMS CHTHANOB M ONTHMAalIbHAs (afanTHBHAs)
(GunbTpanms.

Jluckpemuvie npeobpazoeanun NO3BONSIOT ONHCHIBATH CHIHATBI €
JMCKPETHBIM BPEMEHEM B YaCTOTHBIX KOOPAWHATAX MIIH TEPEXOAHTE OT
ONMCaHUs BO BpeMeHHOi 06aacTH k onucanuio B YacToTHOW. [lepexon
OT BpeMEeHHbIX (MPOCTPAHCTBEHHBIX) KOOPAMHAT K  HaCTOTHBIM
HeoOXOIHM BO MHOTHX NMpHIOKeHHsX 00paboTkun JaHHBIX.
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CambIM pacnpoCTpaHEHHbIM ABNAETCA JIMCKPETHOZ
npeobpazoBanue @ypbe, OMMCaHHOE paHee. Kak oTmevanoch paxee
npsmoe TpeobpasoBanie PaBHOLEHHO obpaTHOMy, 3TO YCICBHA
PHGOPMALIMOHHON paBHOUICHHOCTH JHHAMHYECKOW M YacTOTHOH (opm
fpeACTABICHHA HMCKPETHBIX CHMIHAMOB. Jlpyrumu  cloBamMM U1
rnpeobpasoBanuii 6e3 norepsb WHGDOPMALIHK YHCITO OTCHETOB QYHKIMH W
ee creKTpa JA0KHEI 6bITh OANHAKOBBIMH.

B npuHumne, cornacHo obinei Teopun MHGOPMAIHK, nocieaHee
saKTIOueHHe AEHCTBUTENBLHO W I8 JTOOBIX APYrHX BUAOB JHHEHHBIX
JMCKPETHBIX Tpeobpa3oBaHHii.

Mooyaayun cuznanog. CUCTeMbl pPErHCTPALNH, 0bpaboTku,
WHTEPNPETALMH, XPaHEHUs M HCMONb30BAHWA UHGOPMALMORHBIX
JaHHBIX CTAaHOBATCS Bce Oosnee pacnpelieneHHbIMH, 4TO Tpebyer
KOMMYHHKAUMH JaHHBIX MO BbICOKOYACTOTHBIM KaHajlaM CBA3M. Kak
npaeuno, HHHOPMAIMOHHBIE CHTHANBI ABJIAIOTCA HAIKOYACTOTHRIMU 1
OrpaHHYEHHbIMH MO WHPHHE CNEKTPa, B OTIHYHE OT WHPOKOMONOCHBIX
BBICOKOYACTOTHBIX KaHAJOB CBS3H, pAcCUHTAHHBIX Ha mepeaadvy
CUTHANIOB OT MHOXECTBA MCTOYHMKOB OIHOBPEMEHHO C 4acTOTHAHIM
paszieneneM KananoB. [TepeHoc criekTpa CHITHANOB H3 HH3KO4aCTOTHOT
06n1acTH B BBHIIENEHHYIO AN MX Tepexayn o0nacTb BLICOKHX HacToT
BBITIONHAETCH  onepauneii Moxynasuuu. [lpy MOXYINUMH  3HAYCHAA
uH(HOPMALMOHHOTO  (MOAYNMPYIOIIEro) CHrHajla MEepeHOCATCs  Ha
oTnpeneneHHbIH :mnng.ﬁ BBICOKOYACTOTHOTO (HECYILEro) CHrHarna.

Camble pacnpoOCTpaHeHHbIE CXeMbl MOJIYJIALUMH JUISA  Tepefadu
undpposoft  MHGOPMALMH O UIMPOKOMOJIOCHBIM ~ KaHamam — 3T
ammumaTyaHas (amplitude shift keying — ASK), dasosas (phase shift keying
— PSK) u yacrotHas (frequensy shift keying — FSK) Manumynsums. Mpu
NMepeaaye JaHHBIX MO UH(POBBIM CETAM HCTIONL3YETCH TAKKE HMITYIBCHO-
kozoBas moaynaums (pulsecodemodulation — PCM).

O6aacTn npaMeHenus unadposoii 06paborkn.

Liupposas o0OpaboTka CHTHANOB TNpUMeHAeTCs B CaMbiX
pa3IUYHbIX 061aCTAX HAYKH M TeXHHKH. [103TOMY KOCHEMCS TONBKO TeX
o6nacreii, rae mpumenenne L{OC pa3ssuBaercs Haubonee OGBICTPEIMH
TeMIaMH.

Ipoyeccopvr LJOC. OBpaboTka AaHHBEIX B peajbHOM BPEMEHH
0GBIYHO BBINOJHAETCS HA CrenManbHbiX npoueccopax (uunax) HOC
OHwu, Kak [MpaBuiIo, UMEIOT CIeyIolIie CPeICTBa.
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* BeTpoeHHble  YMHOXKHMTENH — WIH  YMHOXKHTE/IH-HAKOMHTEIH,
paboTaloiine napauienbHo.

« OT/1e/bHbIe LHHbL M 06J1aCTH NaMATH V1A NPOrpaMM U JaHHBIX.

» Koman/ibl OpraHnn3aiuy HKJIOB.

= Bonbiuue ckopocTd 00paboTKH JaHHBIX U TAKTOBbIE HAaCTOTHI.

» MWcnonb3opaHne KOHBEHEPHBIX METO10B 00pabOTKH IaHHbIX.

» [IpuMeHeHHe napajulebHbiX METON0B 06paboTKy.

Zanuces, eocnpouséedenue, UCNONb306AHUE 36YKa. Llu¢gposoe
MHMK\LIMPOBAHWE — DPEry/MpOBaHHEe W CMElIMBAHHE MHOrOKaHAJBHBIX
ayAMOCMTHA0B OT PA3MYHBLIX HMCTOYHMKOB. TO  BBIIOJIHAETCA
ayanosksanaiisepamn (Habopamu UMQPOBBIX MONOCOBbIX ¢GunsTPOB €
pery/npyeMbIMH XapakTepPUCTHKaMH), CMECHTENAMH H yCTPOHCTBaAMH
co3nanms  cneunanbhbix 2 ¢ekToB (pesepOepains, JAMHAMHYECKOE
BblpaBHUBAHUE M M1P. ).

CHHTE3aTOpPbl Pe4H - MPeACTaBAAIOT OO0 JOCTATOUHO COKHbIE
yCTpOIHCTBa reHepalit roJlocoBbIX 3ByKOB. MHKpOCXeMbl CHHTE3aTOPOB
Bmecte ¢ npoueccopami obbiuHo coaepxar B I13Y ciosapu ciosB
dpaz B ¢opme kaapoB (25 MC pedn) C BHELWHHM YMpPaBICHHEM
MHTOHALMEe!, AKLUEHTOM M [HaNeKToM, YTO MO03BOJAET Ha BbICOKOM
yPOBHE MMHTHPOBATH Y€JI0BEYECKY 10 PeUb.

Pacrnio3HaBanue peau — 3Ta 00/sacTh aAKTHBHO H3y4aeTcs H
pasuBaeTcs, OCOOEHHO A/A UeNeH peveBoro BBOJA uHdopmauun B
koMnpioTepbl. Kak npaBuno, B pexuMme 00y4eHHs BbINONHACTCA HX
HacTpoiika uHa pedb MOJAb30BaTeld, B NpoOuLEcce KOTOPOH cucTeMa
ouMpUBLIBAET M CO34AET B NaMATH 3TANOHbl CIOB. B pexume
pacnos3HaBaHus peub Takke OLUM(POBLIBAETCA M CpaBHUBaeTCA C
yTanoHaMn B namaTtd. CUCTEMbI pacrno3HaBaHUs pevd BHEIPAIOTCA H B
ToBapbl  ObLITOBOrO HazHauenns (HaGop TeneOHHbIX HOMEpOB,
BKIOYEHHE/BhIKJIIOYEHE TENEBU30pa), B YNPaBIeHHE NIPOMBILIIEHHBIM
0GopysoBaHHEM, B POOOTOTEXHHKY.

AyaHOCHCTEMbl  BOCINPOM3BEJeHMA  KOMMAKT-AHCKOB. [Tpu
nnotHocTd 3ammcu Beiwe 10° GuT Ha MM’ 0BecneduBaOT O4eHb
BBICOKYIO IUVIOTHOCTh XpaHeHHs WHGOpMaUHH. AHANOrOBbIH 3BYKOBOH
CHrHan B CTEpeoKaHanax AHCKPeTH3MpYeTCs . HacTOTO#H 44,1 kl'y, m
ouudpossiBaetcs 16-GuTHBIM KOAOM. [IpH 3anucu Ha AMCK CHIHAIbI
moayaupyiores (EFM — npeobpasosanue 8-MH paspsAHOro koaa B 14-
[M  paspsAHbIAi N4 HAAEKHOCTH), NPH CHHTHIBAHWH  CHIHAJIDI
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AEMOLYIHPYIOTCA, ucnpasisiotes  ownbkH (Mo BO3MOJKHOCTH)
apImoNHAeTCs Undpo-aHaIoroBoe npeobpasoBaHue.

ITpumenenue L[OC 6 meneKOMMYHUKAYUAX. :zeccmc\x corosas
tenedoHHas ceTb — JBY cropoHHss TenedorHas cnerema ¢ _,:.c:w_r_:.__,._,:
tenedonamu  HEpe3 paauoKaHalbl M CBA3bIO  tepes Gasopuie
pasMoCTaHIiH. MupOBEIM CTaHIApTOM LH(POBOH MOOHILHOH CBA3H
anserca cucrema GSM. YacToTHbiil auanason ceszu 890-960 MI'u,
yacTOTHBIH  MHTEpBaJl  KaHala 200 ['u, CcKopocTh TiepeAayu
uHdopMaliH 270 k6ut/c. B moOunsHoit ceasu LIOC ucnonb3yercs ans
KOAMPOBAHUS PEuM, BBIPABHUBAHHA CHTHANIOB rocje MHOToJIy4eBOro
pacrnpocTpaHeH#s, — H3MEPeHHA CHNBI M  Ka4yecTBa  CHIHAJIOB,
KOAMPOBaHHs C HCNPaBICHHEM owKHOOK, MOAYISLUAH K JIEMOAY IS LIHH.

Lindposoe TeleBHICHHE AaCT roTpebuTeNsIM UHTEPAKTHBHOCTE,
Gonplloil BeIOOP, Jydllee KauecTBO W300paXKeHWs W 3Byka, ROCTYI B
Wureprer. LIOC B undpoBOM TeEBHACHHH HIPACT KITIOYEBYHO poJib B
06paboTke CHrHANOB, KOAHPOBaHUH, MOJLY JIALMH/AEMOAYJIALHH BHAEO-
W ayJMOCHIHAJIOB OT TOYKH 3aXBaTa JI0 MOMEHTA MOABICHUA HA HKpaHs
[IOC neXMT B OCHOBE AITOPHTMOB KOAWPOBaHHA MPEG, koTopble
MCMOMB3YIOTCS IS CKATHS CHTHANOB Mepel WX nepeaavei u Tpu
JICKOAMPOBaHWH B MPHEMHUKaX.

[IOC B Ouomeawuune. OcHOBHOe HasHaueHwWe — YCHJIEHHE
CHIHANOB, KOTOpblE H3MepsIoT napamerpbl Tend 4ejlopeka W HE
OT/IMYAIOTCH XOPOWMM  Ka4yecTBOM, W/WIH HM3BIEHeHHEe U3 HHUX
wadopMalii, NpeAcTaBisiomeif onpeJeneHH bl WHTEpee, Ha pone
CYUIECTBEHHOr0 YPOBHA WIYMOB M MHOTOYUCICHHBIX apredakToB
(noXHbIX M300pakeHHH Kak OT BHEUIHMX, TdK W OT BHYTPEHHHX
McTouHuKOB). Tak, HampuMmep, TPH CHATHH DIEKTPOKapAHOTpaMMBbI
MJI0Ja perucTpUpyeTes DJIEKTPUYEcKas aKTHBHOCTL CepAlad peCeHka Ha
NOBEPXHOCTH Tela MaTepd, TAe Takxke CYUIECTBYeT OlpelC/icHHas
ekTpuyeckas akTuBHocTh. [Ipumenenue [JOC Bo MHOIHX obmacTsx
MEAULMHL]  [103BONSET  MEPexojuTh OT  HMCTO  Ka4eCTBEHHLIX
nokasareneii K OOBEKTHBHBIM KOJMYECTBEHHbBIM OLEHKaM, Kak
HarnpuMep, B aHECTE3UH K OLIEHKE rTyOHHBI aHECTETHUECKOTO COCTOAHM
MaluenTa Ipu oTiepalimy Mo AEKTPUIECKOH aKTHBHOCTH MO3Ta.

2.2. IlapameTpsl pedeBoro CHrHaa
[Tpouecc ouudpoBkM  Xapakrepusyercs  ABYMsI  RDKHBLIMH
flapaMeTpamu, OINpeJeNsoUMMI  KaYecTBO TMONYHEHHOTO CHIHAJA




[lepBblii napameTp Has3blBaeTCs 4acTOTOH JAMCKpPETH3alUMH, HIH
4acTOTOH camMmaupoBaHus (samplerate), u omnpeaenser, ¢ Kakoi
4acToToi OyaeT NpOMCXOAMTh MFHOBEHHAs PErMCTpallHs aHajioroBoro
Hanpsxenus. K npumepy, eciu 4acToTa AMCKpeTH3auuMu paBHa 44,1
ki1, TO 3TO O2Ha4aeT, 4TO AHAJOrOBbIH CHUrHA/l PETUCTPUPYETCH
(n3mepsetca) 44 100 pa3 B ceKyHay.

[To wu3BecTHbIM TeopemaMm KoTtenbHukoBa, Uil  TOYHOrO
BOCCTAHOBJEHMs CHIHAJIA MO0 €ro OTCYETaM 4acToTa AMUCKPEeTH3alluH
A0/kHA GbiTh KAK MUHMMYM B [1Ba pa3a Bbllle MaKCUMaJlbHOH 3BYKOBOH
4acToThl. Tak Kak MakCHMalbHas 4acToTa 3BYKOBOrO CHrHauna,
paziuvyaemas 4enoBeveckum yxowm, cocrasnser 20 xI'n, To wacrora
auckpetnsauun 44,1 kIl MONHOCTBIO COOTBETCTBYET TpeOOBaHMAM
npeobpaszoBanrs. Tem He MeHee, TNPOM3BOAUTENNW KOHBEPTEPOB B
[ocC/e/IHee BpeMs HEYMOJMMO TMOBBLIAKT 4acTOTy [AMCKPETH3aLuM,
CYMTas, YTO 3TO OKa3bIBAeT BIAMAHHE HaA obluee Ka4yecTBO 3BYYaHUS.
Hanpumep, HoBbiii popmar DVD npeaycmarpuBaeT 3anuch 3BYKOBOM
nHdopMmanuy ¢ 4acToToil Auckperuszauuu 96 xI'u, HO ¥ 3TO HE mpene.
CyuecTByioT ycTpoiicTsa, paboratoiue Ha 192 xI' ¥ naxe Bbilue.

Bropoii  BaHbIii napameTp, XapakTepH3YIOUMH  mpouecc
oud(pOBKH, - 3TO Pa3psAHOCTh, H3Mepsemas B 6Gurax. OHa cBsi3aHa C
TOUHOCTBIO H3MEPEeHUA MTHOBEHHbIX aMIUIMTY/l CHTHaua.

[pejacraBienne peyerbiX cHruanos B nudposoi popme.

B ocHoBe aHanoro-uu¢poBoro npeobOpa3soBaHus PpeqHd JIEKMT
MOJIy4eHWEe MIHOBEHHbIX 3HAYEHHH aMMIWTY[bl PEYeBOro CurHana
yepes omnpejelieHHble  BpPeMEeHHble HMHTepBaibl. JTa  Onepauus
1a3b1BAETCA [(MCKPETH3aLMel CHrHala 1 NoKa3aHa Ha pHCyHKe 2.7,

M3secTHO, 4TO J1000H CHUrHal MOXXHO OXapakTepu3oBaTh €ro
CIIEKTPOM HJIH 3aHMMaeMOH nosiocoi 4acTor. Kak roBopuiochk Bbllle,
4acTOTa JMCKPETH3auUnH (B3ATHS OTCYETOB) LO/DKHA ObITh paBHA WM
PEBOCXOANTL YABOEHHOE 3HAYEHHE [10JI0Chl, KOTOPYI 3aHMMaeT
cdruan. Yenoseweckoe yxo MOXET yJIaB/IMBaTh CHI'HAJbi C YacCTOTaMH
no 20 kru. BbICOKOMACTOTHBIE COCTABIAIOLIME MPHIAAIOT 3BYKOBOMY
CHIHAy HHMBHIYalbHOCTb W BbIPA3UTEJIbHOCTh M BAXKHbI, HANIpUMep,
npu nepejade My3bikajibHbIX KOMNO3MUMH. Tak B undposoii 3anucy Ha
KOMITaKT-AMCKAX HCMONb3yeTca YacToTa Auckperusauun 44,1 k',

B ananorosoii Tene)oHHM 3HAYMMOI /IS nepesiavy peyH siBIAETCA
nonoca 0,3-3.4 xI"u., obecneunpaioillas Tak HasbiBaemoe Tene(oHHOE
xa4ecTso. [Ipu 3TOM gocTaTouHa yactToTa AMckperusauuu 8 kI'u. Takas
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Ai3Kas 4acTOTa JAHCKPETH3AIMH MOXKET CIyXKHTb NPHUHHON HCKaKEHH
npH BOCCTAHOBJIEHHH olH(pPOBAHHOTO  E€CTECTBEHHOIO peyeBoro
cHrHana, TolaToMy TMnepea ananoro-unpossiM npeobpazoBaHueM OH
OrpaHMuMBAETCA 110 TONOCe € MOMOUIBIO (uabTpa HU3KUX HaACTO
(®HY). [Tpouecc TOMYHEHUS AHCKPETHBIX 3Ha4YeHuit HazsIzaeTes
mz:u:ﬁ«.u:c-::_J_.?n:om moaynsauueit (AUM).

A A

_________________.

Sl

ST

At =125 mkC
Puc.2.7. JIuckpernsauus curuana
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Jlns nepeaauu no uM(PPOBBIM KaHaTaM 3HAYEHHH aMIUIUTY/ibI
KQXK0r0 OTCHETA PEYEBOro CHrHala MPOM3BOAMTCSA WX KBAHTOBAHME 110
ypoBHIO. B 3aBucuMocTH OT TpeboBaHHii K KauecTBY BOCCTAHOBICHHOTO
AHANOTOBAID CUrHAJA, JUisl NPEeACTABIEHNA ero B UM(POBOM BUAE MOTYT
MCTIONL30BATSCA  KOAOBblE  M0OCIEJ0BaTe/bHOCTH € pasjM4HOH
naspaaHCCThiO. JI1A 3anMCH Ha KOMIMAKT-AWCKaX HCNONb3YeTCH 16
paspsa0B, HTO COOTBETCTBYET 65536 waramM KkBaHTOBaHus. B
TeNeKoMMY HHKalMaX UCIOJB3YIOTCA TOJILKO 8 paspsaioB,
obecneunparoiux 256 waros kpaHntoBanua. Onepauns KBaHTOBaHHA 1O
ypOBHIO W30OpaXKeHa Ha pucyHke 2.8.

KonoBas mnocie0BaTelbHOCTb A0J/DKHA MO3BOJATL ONMCHIBATDL
Bech BO3MOKHbII 1MANa30H aMIJINTY/ PEe4€BOro CUrHana, T.H. JdHaMu-
YeckMit nMana3od. JIMHeiiHoe KBaHTOBaHWe, KOrja iuar KBaHTOBaHHA
MUMEeT JIMHEHHYI0 3aBMCUMOCTL OT BXOAHOrO CHMrHaia, manoad-
(eKTUBHO, TAK KaK BEPOATHOCTb MOABJIEHHS OTCHETOB C 6016110
AMILTUTY/I0H J0CTATOMHO Mana W KO0BOE NPOCTPAHCTBO HCIOIb3YETCA
neaddextusHo. Baobasok npu jnHEHOH 3aBUCHMOCTH COOTHOLICHHE
cUrHan/iiyM ans orcyeToB ¢ Gonbluoi aMIUIMTYNOH BbillIe, 4YeM [Uid
OTCYETOB C MAJbIMK amnautyaamu. Jlnsg ycrpaseHus 3TOro sBJICHHA H
fonee TOMHOrO KOJAMPOBAHHS MaNbIX 3HAYEHHA NPUMEHACTCS onepauus
KOMNAIKMpOBaHMA, KOIJA liar KBAaHTOBAHUA MMEET pasHoe 3HAYCHHE,
yBe/IHYMBAOLIHECH C POCTOM aMIUINTY 1bl OTCHETOB.

__ Iy

A1 = 125 mxl

N

-1

1011011 0101 v1D prot1oon LA PEUSER BRI

A= 125 meC

Pyc.2.8. Onepauus KBAHTOBAHUA 110 YPOBHIO
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Ycnonb3yroTca aBe XapakTepUCTHKH KOMMNaJupOBak:is,
ono6pennbie ITU-T (pexomennauus G.711). B CIIA, Kanage, Snonun
4 HEKOTOPBIX  JpYrMX — CTpaHaX — Hauuio  pacrpoCTpaHeHue
koMMaJnpoBaHHe 10 3aKOHY "u", B EBpome mnpumensercs
KOMIAAHpPOBAHHE M0 3aKOHY «AY.

OBa 3THX 3aKOHA MOCTPOEHBl HA OJMHAKOBBIX NMpHHUMITAA. Beek
JMHAMHYECKHI AHANa3oH pasaenieTcs Ha 16 cermenTtoB, 8 ans
nonokHTENBHON W 8 N oTpHUATENbHOH nonapHocTei  BXOAHOTO
CHT} _ Kaxkablii CErMeHT B CBOIO O4epe/b pasjiesieH Ha 16 waros
«paHToBaHus. TakuMm 0Opa3oM, KOAOBas MOC/EN0BATENLHOCTE COCTCHT
W3 OQHOTO pa3psija NMOJSPHOCTH, TPEX Pa3pANOB C HOMEPOM CerMeHTa U
yeThlpeX Pa3paZioB C HOMEPOM llara KBaHTOBAHHMA. Xapakrepuctuxa
KOMMaAnpoBaHHs Mo 3akoHy "u" obecrieuwBaer Ny4wyto Tnepeiad)
cnabbiX CHMIH&JIOB, HO YCTymaer 3akoHy A [0 JHHaMHYECKOMY
nuanazony. Tlpu MCIONB30BAaHWK 3aKOHA A pealbHO TojyqaeTcs 13
CEerMEHTOB, YEeThipe CErMEHTa MaiblX aMrInTyJ anfpoKCHMHPOBaHLI B
oauH cermenT. Ha pucynke 2.9 nokasaHa KpHBas KOMTaJHpOBaHUA Ti0
3aKOHY A.

5 YpoBHU KBAHTOBAHUA
ManaioM yposHew
A yp! A

KBAHTOBAHHAA NO CUIMEHTaM 128 YpOoBHW KBAHTOBEAWS

113...128 ————— g
97-112 " Pa3ibiii War kaaHTo3aHUs
81...96 I

65 .80

49 .64
33 .48 [BOVHOW War KBAHTOBAHUR
K

1..32

—

[ 1

T T

j/4 18 1/4 1
Amnnutyaa

1/64 1/32 1/16 Aucaper




Ha mpueMHO# cTOpoHe 1/ BOCCTAHOBJIEHMS MCXOQHOIO CHrHana
40 ungpo-aHanoroporo npeobpazoBaHHs TpPHMEHSETCA Onepauus
aKCcrnadaupoBanus. B HacTosalee Bpems ornepauuv KOMNaaupoBaHUA M
SKCNAHAYPORAHMA — peaiM3yloTcs ¢ nomouwbio Tabaun B TI3Y
KOMIIbiOTEpa.

YacToTHblii Auana3oH 3Byka Haxouutcs B npeaenax 70-7000 I'u.
[lpu oucHKe ypoBHS I'POMKOCTH 3ByKa B KauecTBe 3TalloHa 3BYKOBOIO
AaBnenuns £y BblOMpaeTcs ero MHHMMajdbHOE 3HAYeHHe Ha 4acTtorte |
k['ll, MpH KOTOPOM 3BYK CTAHOBHTCH YX€ C/bIMMbIM, T.e. Pg=2x10
"H/M®. YpoBeHb 3ByKOBOIO JaB/eHUs ONpeaeseTcs COOTHOLEHHEM

hnmo_mW (46)
5

rpe P - 3HayeHue  3BYKOBOro naeienus. [log  auHaMMYecKuM
AMANa30HOM  [OHMMAKT  Pa3sHOCTb  MEXJy MaKCHMalbHBIM M
MHHHMAaNbHbIM YPOBHAMM CHrHanoB. JIMHAMH4eCKHil nuana3soH pe4yu
cocrtasnser 35-45 J16.

LludppoBas cucrema 3Byko3amucu TpedyeT mNpeacCTaBIEHUA
aHaloroBOro peuveBoro curiasa B uudppoBoM Buae. B pesynbrare
asanoro-uMgposoro  upeobpasoBaHus HEeNpephIBHbLIA  CHrHaj
fenesoanTCcss B pAJl AMCKPETHBIX OTCHYETOB, KaKAblii H3 KOTOPBIX
npeacTasndger CoOOH LENoe HMCIo, XapakTepu3ylollee AaHaloroBbiH
CHrHAJl B OTOH TOYKE C ONpedeleHHOH TO4YHOCTHIO. TOYHOCTB
NPEeACTaBICHHUs 3aBHCHT OT LUMPHUHBI JMANa3oHa MoJiy4daeMblX 4Hceln, a
cliesoBaTenkHo oT paspaaHocti AL

[lponecc u3mepenus curhana ¢ okpyrnesuem a0 paspsaga AlITl
HOCHT HalBaHWe KBAHTOBaHMs. 3anaBasach TpeOyeMbIM JAMHAMMYECKHM
Manas’oHoM UM(pOBOH CHCTEMbl 3BYKO3anmuCH, HeOOXOJHMOE YHUCIO
pa3ps;10B KBAHTOBAHHMS MOXXHO ONpeAenuTh U3 BbipaeHus D=6n+1.8 ,
roe L) - puHamuyeckui aumanason (B JI6), m- 4MCIO  JABOMYHBIX
paspanos. Or1ciona noaywaem, 4TO A4 3anucH pedyd HeoOXoaAHMMO
OTBOJMTb HE MEeHee BOCbMHU OMT Ha Kax/blil oTCHer.

[lpuBeneM HEKOTOpbIE U3 MCMOMb3YEMBIX HACTOT JMCKpETH3alHH
3ByKa:

— 8000 'y — Tenedon, AOCTATOYHO A1 PeyH;
- 11025 I'n;

- 16 000 I'u:

- 22 050 'y, — paauo;
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32000 I'u;
44 100 'y — ucnons3yercs B Audio CD;
48 000 'y — DVD, DAT;
96 000 I'y — DVD-Audio (MLP 5.1);
~ 192 000 'y — DVD-Audio (MLP 2.0);

Uem BbIILE 4AaCTOTA JUCKpETH3aLuH, TeM Oonee WHPOKHH CNEKTP
curHana Moxker ObIThb NpeACTaBNeH B JHCKPETHOM CHIHale. Kaxk
cneayer u3 Teopembl KoTenbHMKOBA, Ans TOro, yToObl OJHO3HAYHO
BOCCTAHOBUTb MCXO/HBIH CHrHaJ, 4acTOTa JAMCKpPETH3aUMH AOJDKHA B
/1Ba pa3a NpeBbllaTh HAanGONbLIYIO YAaCTOTY B CMIEKTPE CHrHANA.

[lapameTpsbl pe4eBOro CHrHAJIA.

[Ipy  pacno3HaBaHMM  peYEBLIX CHIHAJIOB, Kak INpasuio,
ONepUPYIOT He C UCXOHLIM PEYEBBIM CHTHANIOM, a C ero napameTpamu,
BLIYMCJIEHHBIMM Ha Kazape. JlnuHa Kaapa 06b1yHO BhIOMpaeTcs TakKoH,
4TOOBI ANHTENBHOCTD Kazpa no Bpemenn T=N/v (cex.) coctasiasna 10-20
mc. Ilycte Ha TeKyLEM Kazape qnuHbl N HabnofaeTcs
[10C/€40BATENIbHOCTD OTCHETOB S1,eevsSkyernsSN -

PaccMOTpUM  OCHOBHbIE  MapaMeTpbl ~ pe4yeBoro  CHrhana,
HCMOJb3yEMbIE HHIKE.
I. KparkoBpeMeHHas 3Heprus pe4eBoro CurHana

E= : wz s?
i |[ k
kem|
2. Yncno Hynei HHTEHCMBHOCTH Z

1.8, i
Zm MM_m_ms?;s sign (s, )|
k=2 0

1, s520;
-1, s5<0. )

sigals)~= ﬁ

3. Koadpuuuentsl pasnoxenus B pajg Pypee.
Kanp onpenenser nepuoauyeckyo GyHKUMIO ¢ nepuoaom 1,
3a/laHHYI0 Ha CeTKe M3 Tovek Buaa x;=I/N:
f=Ax)=sk- . ecnua [=Nt+k, rne 0<k<N-1, t - uenoe.

Takywo dhyHKIHIO MOKHO pa3noxuTh B paa @ypse, T.e.
[Ipe/ICTaBUTh B BUJIE




BO3/lelicTBHE Ha Ka4ecTBO paboThl CHCTEM pacro3HaBaHUs peyw,
103TOMY C HHM NpuxoauTces 6opoThes. [ CHHXEHUS YPOBHA IIyMa B
nojcHcTeMe MPUMEHSIOTCA JIBa THNa UKHdpoBoro puasTpa:

= MpOMyCKaKOIIHi MonocoBoit GuisTp;

= npeABapWTeNbHbIR GUIBLTP.

[Mponyckaroumii MonocoBo# GUILTP MOXHO TIpeacTaBUTh cebe B
BHjle KOMOGHHALMKM GUIBTPA HIKHUX M BEPXHHX 4acToT. Takoii duabTp
3a/lep)KUBaeT BCE HACTOTHI, HHXKE TaK Ha3bIBaeMOH HHXHell 4YacToThl
MPOMYCKaHKs, a TAKXXE BhIIIE BEPXHEH YaCTOThI MPOIYCKaHHA.

IlpenBapuTensHas (GUIALTPAUMA TPEACTABNAETCA IS CHUKEHHS
BITUSTHUA JIOKAIBbHBIX HCKaXEHUH Ha XapaKTepHble MPU3HAKH, KOTOPLIE B
nanbHeidweM 6yayT MCMONB30BaTbCs U pacro3HaBaHus. Jlns
CMEKTPAIbHOr0 BBIPABHWBAHHA pPEYEBOr0 CHIHaJa €ro  clieayer
MPOMYCTHTH Yepe3 B3BElHBAIOUIMH HU3KOYACTOTHBIH GUILTP.

CerMenTanUsi  peYeBOro CHrHAJA  NepPeKpbIBAIONIHMHCH
kaapamu. s Toro 4To6bl MONY4YHUTH BEKTOPbI MPH3HAKOB OAMHAKOBOMH
JUTHHBI, HY)KHO pa3fenTh pedeBOif CHIHal Ha paBHBIE YacCTH, a 3aTeM
BBINMOJHATL NpeoOpa3zoBaHns BHYTPH Kaxaoro kaapa. [lepekpeiTie
HCTIONB3YETCs NS MpeIOTBpAIeHUs NoTepH WHOPMALHH 0 CHTHaNEe Ha
rpaHuiie.

UeM MeHbIIE MepeKphITHE, TEM MEHBIIEH pa3MEPHOCTHIO B UTOTE
Oynet o6naaaTh BeKTOP CBOHCTB, XapakTepHbIH 1/ paccMaTpHBaeMOro
y4acTka. [lepekpbITHe WHOTJa NPOITYCKAaeTCs MO MPHYMHE IKOHOMHH
BLIYHCIUTENBHBIX PECYpCcOB, MOCKOJBLKY OH CYUIECTBEHHO 3aMeiser
ckopocTh 06paboTkn AanHbIX. OOBIMHO BBIOMpaETCs AMHA CErMEHTOB,
COOTBETCTBYIOLIANA BpeMeHHOMY HHTepBaty B 20-30Mmc.

O6paborka curnana B okme. OG6paboTka curHana B OKHE
NMpeACTABIAETCA JUIS CHWKEHHS TPaHWYHBIX 3QeKTOB, BOZHHKAIOWIUX B
pesyibtate  cermeHTapuu. Jlnid  ToJaBiieHWs  HeXenaTelbHBIX
rpaHu4HbIX 2(Q(PEKTOB TNPUHATO YMHOXKATh CHIFHAI Ha OKOHHYIO
ynkumio. CyuecTByer 4 THIIA OKOHHBIX QyHKUHH:

= NpAMOYTOJIbHOE OKHO;
- OKHO XaHHa;
~ OKHO XeMMHHTa;

okHO biakmana.

Yamie Bcero B KauecTBe (pyHKLMH UCTIONB3YETCS OKHO XOMMHHTA.

Cnextpansroe npeodpazopanue. MHdopmaunn o6 amnantye u
dopme orubaroieil peueBoro CHrHajla HeIOCTaTOYHO IS BblJeNeHNs U3

4

peuy  JIEKCHYECKHX /IEMEHTOB. B 3aBUCHMOCTH OT pas/M4HbIX
obeToaTebCTB (popMa orubaloweli pe4eBoro CHrHana MOXeT MEHATHCS
g wMpokux mnpenenax. Jlns pelleHWs 3ajauM  pacno3HaBaHHA
HeoBXOANMO BBLAENHTh NEpPBHYHbIE MPH3HAKH PEYH, KOTOpbIe OynyT
MCrONIb30BaHbl HA MOCJEAYIOUMX 3Tanax Impoluecca pacrno3HaBaHMs.
[MepBuuHble  MPU3HAKM  BBIAENAIOTCA  MOCPEACTBOM  aHanu3a
CrIeKTPAIbHBIX XapaKTEPHCTHK pedeBoro curvana. Jlns nonyveHus
4ACTOTHOTrO CMEKTPa PpeveBOro CHrHana HMcronb3yercs ObicTpoe
npeobpaszoBanue Dypbe (BIID). bI1® npeacraBnsercsa ANA NojayueHus
AMIUIMTY/IHOTO CrieKTpa W uHpopMaluu o dase curiana (B peanbHbIX H
MHUMBIX  KOd(duumentax). HMudopmaums o ¢ase  curmana
oTGpachiBaeTC W BBHIYHC/IAIOTCA AMIUIHTYAHble cnekTphl. [Ipu aTom
yallle UCIoJIL3yeTcs Jorapu(pm 3Toro 3Ha4eHus.
s, = JReC, * ReC, + ImC, ~ ImC,
L, = 20Log, S, i=1 NS,
Ns=2
~

rze Si—aMIUTMTY/IHbIH CeKTp i-0i 4acToThl, ReCi—peanbHblii
ko3¢ duLMeHT,
ImC,—MHuMBbI# k03O Guunent, N — pasmep BI1d, NS— pasmep

uH(popMaTHBHOH HaCTH CIIEKTpA. :

Tak kak 3BYKOBBIE [JaHHble HE COJEpXaT MHHMOH 4acTH, TO No
cBoficty BITd pe3synsTar Mo/y4yaeTcs CHMMETPH4HbIM, T.e. Takum
o6pasom, pasmep nHpopmaTuBHoil yactu cnextpa NS paeen N/2.

HopmupoBanne uacToTHOro cmnexkrtpa. Bce BbruucieHus B
HElPOHHBIX CETAX MPOM3BOAATCA HOPMHpOBAHHE HaJ 4YHCIaMH C
nnasaiomeii Toukoi. [loaTomy 3HayeHHs mnapamMeTpoB OOBEKTOB,
KJIacCH(UIMPYEMBIX C TOMOLLBIO HEHPOHHBIX CeTel, OrpaHHYCHbI
nuanazonom [0.0, 1.0]. [lns BemonHenus o6paboTku cmekTpa
HelipoHHOI ceThio nosy4eHHbld cnekTp Hopmupyerces Ha 1.0, [1ns sToro
KaXKIbli KOMMOHEHT BEKTOpa MAENMTCA Ha €ero MaKCHMallbHbIH
KOMIOHEHT.

OGpaGorka cmekTpa pedeBoro cHreajga. B cucremax
00paboTku aWanoroBpii pe4yeBON CUrHA1 MOCTyNMaeT Ha BXOA
MHKpodoHa, ¢ BbIXOJA KOTOPOr0 CHHMAeTCs 3JeKTPUHECKHH CHrHal.
Jlanee curnan noaBepraeTcs AMCKpeTH3alMHM N0 BPEMEHH M
KBaHTOBaHM10 o amruiutyae (puc.2.10).
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Puc. 2.11. IpeasaputenbHas odpaboTka pe4eBoro curiana

BiBellMBaHME CUrHANA BECOBOH (yHKUMEH OKHA X3MMHHra (puc.
2.12) yMeHbIIAeT CNeKTpalbHble HCKAXKEHHUA CHrHala n3-3a rpaHUYHBIX
yCIOBHIA, T.€. BO3HUKHOBEHHMA NP CErMEHTaLHH CHUrHajla pa3pblBOB Ha
rpaHMle CErMeHTOB (Ha MAaTeMaTH4eCKOM A3bIKE 9TO Ha3bIBaeTCs
pa3pbiBOM (PYHKUMH [EPBOTO poaa). [IpumMeHeHHe BPEMEHHOrO OKHa
(ommbku enecoobpa3Ho IS MHTEPBAJIOB, MPEBbILLIAILIAX 15 Mc wau
BK/TIOYAIOIMX HECKOJBKO [EepHOJ0B OCHOBHOrO TOHA. 3naueHune
p3BelumBaoLeil GpyHkiuy 3anaercs Gopmyioi:

?.ﬁdﬂ (n-DT mI  (m+DT (m+2)T

Puc. 2.10. KanToBaHue curHana

B mnpouecce KBaHTOBaHHS BO3HHKAIOT HCKaXEHHA
KBAHTOBaHMS ), KOTOPbIE, B CYUIHOCTH, 03HA4aI0T MOTEPHO uHpopmaumu.
Ucxomnas uH(opMauus MpeAcTaBleHa B BHAE 3aBHCHMOCTH
AMIUTTY bl OT BpeMeHH (0OBIMHO 3TO .Wav (aiinsl). oualo.g.nomﬁww 0<n<N
[TonyueHHas 1Mocae0BaTEILHOCTD 1M (ppPOBHIX JaHHBIX B HaTbHEH- W, = N-1/
urem moziBepraetcs obpaboTke, ¢ UeNbIO ONpeaeNeHns YacTOTHOro Ana- O, unase
MazoHa W JPYTMX XapakTepUCTHK CHrHaNa, Ha OCHOBE KOTOPBIX €ro
MOXHO Bocnpou3sBecTH. [TockolbKy CHTHAN 0OBIYHO 3alyMIIEH, [MPOC-
TelIMM crincoBoM yaaneHns 1IyMa ABIseTcs obHyneHne Tex 3HaYeHH
CHIHANA, KOTOpBIe MEHbIIE HEKOTOPOTO MOPOrOBOTO 3HAUECHHUA. & Analysis - Untitled £2.1)
Bpemennas dopMa npeicTaBieHus CHWrHana, T. €. W3MEHEHHUs
CHTHANTA B 3aBHCHMMOCTH OT BPEMEHH, [03BOJIAET ONpEACTHTh
AMIUTATYJLY, HEPTHIO, MOLHOCTE H JUTHTEIBHOCTE.
Kpome BpEMEHHBIX XapakTEpUCTHK CHIHana BaXHbl M €ro
yacToTHBIE cBOMCTBA. [lns MX HCCIEN0BaHUA MCMONL3YIOTCA YaCTOTHBIC
npeactasienns — QyHKUMM B BUJE  CTIEKTPpa. CriekTpalibHOE
npejcTaBieHHe CHrHala — PpasfoXeHWe ero Ha KOHEHHYIo WiIH
DecKOHEYHYI0 CYMMY TIapMOHHYECKHX CHTHAJIOB. 3HaHWe 4acTOTHBIX
CBOJMCTB CHIHaNa MO3BOJIAET peliaTh 3ajauyd MAeHTH(HKaUWH CHrHana

(2.13)

MudopMaTHBHOCTb Pa3IMYHBIX HacTel CHeKTpa HeOAMHAKoBa: B
HU3KOYACTOTHOW o6nacTu cosepxkurcs Gonblue MHOpMaLMH, “eM B
BBHICOKOYACTOTHOM.

= . aMETDOB); R B o A
(onpenenenne ero  Hauboriee UH(POPMATHBHBIX  MAapaMeTpo ) Cursor [ TETTHE 66 118 [ Linem View
dunbTpaunu (BICIEHHE MONE3HONO CHrHANA Ha done nomex), BeibOpa Proqioncy. (SR TS L Bonge [10~ &

4acTOThl JMWCKPETH3ALUHH HEMpephIBHOrO CHTHaja, TaK Kak 3TOT | EFT Sieec[T020 =] [Hamming =] Refeence [T dFS e |
napameTp ABJISETCA ONPENE/AIOWNM JULS allnapaTypel o06paboTkH.
OIMH W3 BapUaHTOB TpeABAPUTENLHOM obpaboTkH peueBoro

CHrHasa npuBeeH Ha puc. 2.11.

Puc. 2.12. ®dypsbe — npeobpazoBaHne peteBoro curuasia ¢
ucnosnb3osanueM okna Xammuura (Hamming)
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9T0 0OBACHAETCA TEM, YTO CaM pe4YeBOW CHIHal ABNAETCH 3000 T T _ T T T T T T T
HH3KOYACTOTHBIM, TO3TOMY CXHMAIOT BBICOKOYACTOTHYIO 00671acTh
cnekTpa B mpocTpaHcTBe uactor. Hawbosee pacnpocrpaHeHHbBIM 2500 ._
metojioM (Gnaromaps ero  OTHOCHTENBHOH  MpOCTOTE) 3TO -
norapudmMuyeckoe cxkaTue, Wi mel-cxarue: s |
A
m=1125-10g(0.0016f +1) 2.14) | B f
A_ 1000} 1
rae f —dacroTta B criekTpe, I'; m - 4acToTa B HOBOM CKaTOM HacTOTHOM
POCTPAHCTBE. saar _ L_
OGpasibl CErMEHTOB peyeBbIX CHIHANOB MPUBEIEHBI Ha pUC. 2.13. oho / r/\/{/?
Ha puc. 2.14 nokasaH pe3y/ibTaT YacTOTHOro aHanu3a 16-0uTHOro \
peueBoro cHrHasia ¢ 4actoroi auckpernsauuu 11025 ', BhINONHEHHBIH —saa} % .
B OKHe arann3a Analyze — Frequency Analysis cTanaapTHOTO 3ByKOBOTO ﬁ
penaktopa Cool Edit. TlogoGHeii crnekTp konebGanuii BO3ayXa -1000f .
¢opMHpyeTcs rONOCOBLIMM CBA3KAMH W MCTOYHHKOM 3Byka B POTOBO#H
MOJOCTH TMyTeM H30MpaTeNbHOro pe3oHaHca, BO3HHKAKOIIEro TMpH - | )
mepenaye 3Byka MO pedyeBOMy Tpakty. PedeBoit TpakT 0Opasyiot _2000 , . : . " : 3 i T q
ropraeb, poTOBas MoJOCTh, A3bIK, HOCOBAA MOJOCTh. 0 50 100 180 200 250 300 3 400 480 500
PeslakTop 1M03BONSIET 3aNHCHIBATE H IIPOUTPBIBATE (aiiiibl B pasHbIX a)
ayauo-gopmarax, pelakTHpOBaTh, KOHBEPTHpOBaTH M CMELINBATh E i . i . : i
3BYKOBBIe (aiiyibl, FEHEPUPOBATH LUYM W Pa3jIMYHbIE TOHA, BBINOJHATH
YaCTOTHBIH aHaIH3.
‘ 1000 .

PeueBoit curnan uMeer psj ocobeHHocTel, KoTopbie HE06X0NMMO

YYHUTBIBATH: : |
- CBOMCTBA CHTHAjJa HE NOCTOSHHBI HAa BBIOpaHHOM JUIf aHailu3a
OTpesKe JUTHHOM B CJIOBO, 3TO HECTALMOHAPHBIH CiTy4aifHbIHi mpouecc;

A
\
- cnoxHOCTh GOpMBI CHrHazNa (peyb HAMOMHWHAET CKOpee WIyM, YeM ‘ \
peryJispHbIH CHTHAI). | . i .
JIng npeofoNieHUs 3THX TPYAHOCTEH, KaK YKasblBalOCh BhbILIE, T~ |
JIMCKpeTHBIH ciyualfHblil pouecc ouM(pPOBAHHOTO PeYeBOro CHrHala
CYMTAeTCs CTAUMOHAPHBIM Ha MHTeppane mopsaaka 10 me. Cuuraercs, 500 - 4
YTO MapamMeTpsl IOJIOCOBOTO TPaKTa Ha 3TOM WHTEpBaJle 3HA4YMTEbHO HE _

u3MeHsIoTCS. 10 06OCHOBaHHBIA AKCMEPUMEHTABHO BpeMeHHOM

WHTEpBaJl, KOTOPBIH WCTIONB3YeTCA MPH CerMEHTallu W mocneayromed ~109% ) 20 2a %0 = 00
o6paboTke TeKymmX (pparMeHTOB BXOJHOTO CHTHANTA. | . 6)
Puc. 2.13. CermMeHTBI pe4eBbIX CUIHAJIOB: a) CETMEHT BbIJIENIEH C
! Hcnosb3oBaHHeM okHa Hamming, 6) cerMeHT riacHoi

48 49
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Puc. 2.14. OKHO CneKTpalibHOIO aHanu3a:
Flu — yacroTa wyma, Fo —4acTtota OCHOBHOIO TOHA,
2F0-5F0 — o6eptonsi, 3F0,F1-F3 — popmanTHbie 4aCTOTHI

OcHoBHas 3aja4ya 06paboTku cHrHana COCTOHT B BbIMMCICHHH IO
BXOJHOMY CHI'HAly COBOKYMHOCTH NapameTpoB (IPH3HAKOB), KOTOpbIE
coziepKaT HH(OPMALMIO O CHUrHAle, HCNOJb3YEMYIO NpH CHHTE3E H
pacrno3nasaiuu (puc.2.15).

OO6bLIYHO ONpPEAAIOT Cle/ly0LIHe NapaMeTpbl CHrHaa;

- 4acTOTY OCHOBHOrO TOHA /1 (POPMHUPOBAHHA TPACKTOPHH
1epHo/1a OCHOBHOIO TOHA;
- KpaTKOBPEMEHHYIO SHEPrui0 /Ul CHHTE3a TPaeKTOPHH

KPaTKOBPEMEHHOH 3Heprun;

- K02((HUHEHTbI JMHEHHOrO Npe/ICKa3aHns (KJII1) ans nocTpoeHus

TPaeKTOpHK NepeaaToyHoH GyHKIH peveobpasylollero TpakTa;

50

& hopMaHTHbIE 4aCTOTEI A BOCTPOM3BEAEHUS

TpaekTopHui GOPMAHTHBIX 4acToT.

Usmepesme| 120V

™ smeprim
Bexrop
) P HIIJIEHH E obpaz X
_— KOHEYHBIX I () *him) -
TOYEK =
Tim) 2() T3M)
& 0pMAHT HbIH
BIT® 7| aHami3
Puc. 2.15. Bnok 06paboTky ciruana
dopMaHThl — MAaKCHMYyMBbl pacripeleneHus SHepruu 3BYKOBOIO

CHTHANa B KOOpAMHATAX aMIUIHTY/Ja, 9acToTa, Bpems. JIns nonyyeHus
XOpollero kayecTBa CHFHaja JOCTaTouHO  3a/aTh napameTphbl
HeCKOJIBKUX CTapuIuX (opMaHT OcHOBHOTO ToHa. Koraa HykKHO 10CTHHb
BLICOKOTO Ka4yecTBa, TPUMEHSIOTCH HEKOTOpbie W3 MepeHHC/ICHHBIX
NapaMeTpoB WK WX KOMOMHALMH. [Tpobnema OTAENEHHA peyn OT lyma
OBOJILHO C0XHA, T.K. TIPH MPON3HECEHHH HEKOTOPBIX COrJIACHBIX ("".
"m', "r") 3Hepruf PeHeBOro CHrHaja MPAKTHYECKHW paBHA SHEPrHH
mymMa.

O W3 aIrOpPUTMOB BbiZeNeHNs (pasbi OCHOBAH Ha H3IMEPEHHH
JBYX TIPOCTHIX XapaKTEPUCTHK — SHEPrHH W 4YHCia MEpeXOa0B Hepes
Hynb. ITpu NoJCUETE CpeHero 3Ha4eHns SHEPriH UCIONL3YETCs OKHO B
10 mMc (npumepHo 110 oTCYETOB), B KOTOPOM CYMMHpPYIOTCA KBaApaThl
otcuétos (puc. 2.16).

B npenenax BHIOPAHHOTO BPEMEHHOrO CErMEHTa, BBIMHCIACTCH
cpeanee 3Hadenue sHeprun wyma Ey,, u nopor P, koTopblii Hepercs
paBHBIM yABOeHHOI sHepruu wyma. [lpu nansHeiwei o6paboTke. eciiu
Cpe/iHee 3HauYeHHe IHEPIHH IPEBBICHIIO TOPOT, TO (PUKCHPYETCS MOMEHT
3aMUCH pedyeBOro CHrHana (Hadasno ¢passl), KOTOPBIH 3aTIOMWHAETCH.
Ecnu cpeaHee 3JHAYEHHUe DHHEepruum ¢ raHeT MEeHbLIE T1opora, ro
3AITOMUHAETCHA KOHEIL -T—J»_u_,_.

n
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Puc. 2.16. Beinenenue ¢pasbl

Ha puc. 2.17-2.20 npuseaenbl rpaduku H3MEHEHUs IHEPruM
curHana ans c¢ouem "P", "JI' B 3aBUCMMOCTH OT TIJIacHOro 3BYKa,
cneaylowero 3a HuMH. [lpeanonaraercs, 4to nepsbie S0 MC cUrHan He
coaep)KaTt peyeBoro CHMruania.
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Puc. 2.17. Makcumymbl 3Hepruu B cnektpe ¢ponems! "P" B cnoe
«POK»
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Puc. 2.18. MakcuMyMbl 3Hepriu B cnektpe donems! "JI" B ciose

Meaning of a maamum

Meaning of a maximum

«JIOK»

Maxima of energy
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Length of a signal in Ihe miliseconds 1%

Puc. 2.19. MakcumyMmel 3Hepruu B criektpe donemsi "P" B ciose «PEB»
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Puc. 2.20. Makcumymsl 3Hepruu B cnektpe ponemsl "JI" B ciore
«JIEB»
OGpasibl CHrHANOB H HX CIIEKTPOrpaMM NpHBeAeHb! Ha puc. 2.21.
YacTtoTa ‘OCHOBHOrO  TOHa,  3HEpPrus JUTUTENbHOCTH

obecnevyuBalOT %OU?—S?O&NZ:@ MPOCOAHYECKHX XapaKTEPHCTHK PeHH.
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Puc. 2.21. Curnanbl 1 MX CNIEKTPOIPAMMBI
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Busyanu3auus napaMeTpoB cCHrHaina B KOOpIAWHaTax amruiuTyna,

oH: 2
4acTOTa, BpeMs TpHBEIEHA HA PHC. 2.22,

Ammnuryana, Ab
1
w

20 40 20 160 320 640 1280 2560 Yactora [u

Puc. 2.22. Curaajl B KOOp/InHaTax 4acTora-aMnianTy1a-spems

W3Mepenne YacTOTH OCHOBHOI0 ToHa. YacToTa OCHOBHOTO TOHA
gBISeTCS OJHON W3 BaKHEHWIIMX XapaKTePHUCTHK peyeBOro CHrHana.
CyliecTBylOT pasiiiuHble CrMocoObl OLEHKH 93TOro napaMerpa, B
YACTHOCTH, MOXKHO BOCMONB30BATHLCA CIEKTpanbHbIM aHanusoM. Eciu
neno JIIT®, To MOXKHO BOCCTAHOBUTH uexoaHblit curnan (obparHoe
npeobpazosanne @Dypbe) M0 AMCKPETHBIM 3HAYCHHAM  CHIHAJA.
CTpyKTypa CHCTEMBbI BLIYHCIIEHHS HACTOTbl OCHOBHOrO TOHA NPUBEAEHA
Ha puc. 2.23.

Mockoneky obparHoe [II® nuHeiiHo, cHrHan B TOYKE D
(Ha3bIBaeMBblif «KENCTPOM» CHIHANa B TOYKe A) paBeH CyMME KencTpoB
GyHKkuMH BO3OYNKIEHHUS M HMILYJIbCHON XapakTepUCTHKH rojl0COBOro
TpakTa. MOXHO MOKa3aTh, YTO KeNcTp B Touke D 1mo3ponser pasaeinTs
ekt  Bo3OykAEHHS W  XapaKTEPHCTHKM TOJIOCOBOTO  TPakTa.
JleiicTBHTENLHO, CUTHAN BO30YXKIEHHS MOXHO paccMaTpuWBaTh Kak
KBa3UNEPUOJHYECKY IO MUMNYILCHYIO rnociie0BaTeNbHOCTh c
peobpazosanviem @ypbe, OIM3KUM K JIHHeHHaTOMY, MpHYEM
r:r._/..JJ.L.:T_‘_T_n JIMHUHW COOTBETCTBYIOT _,SEZCI:_,.DZ 4acToTbl OCHOBHOTIO
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ToHa. Beiuucnenue norapudma MoAyns HE MEHsAeT JIHHeH4aToro
xapakTtepa crnekrpa (yHkuun Bo3Oyxaeuus. ObpatHoe [IIID naer
HOBYK) KBa3MIEpPHOLAHHYECKYIO MOC/IeA0BATEILHOCTL HMMIYJILCOB €
MHTEpBAJlaMH  MEXIYy MMIYyJIbCaMHK, PaBHbIMH I€PHOJY OCHOBHOM
yacToThl. Takum oOpa3om, KencTp CurHana BO30yKIEHHA J0JKEH
COCTOATH M3 UMINYJIbCOB, pacnoioxkeHHbiX BOnu3zu n = 0, 7, 2T,..., tae T
— MepHOJ OCHOBHOrO TOHA. MMnysibcHas XapakTepuCTHKa roJloCoBOro
TpakTa 00bIYMHO npeacTaBasieT cob0i nocneaoBaTesbHOCTb, OTAHYHYIO
or Hyns Ha uHrepsane 20-30 mc. [locne Bbuucnenus norapudma
moayns u oOpathoro J(I1® mnonydaercs nocneaoBaTeNbHOCTh M3
HebO0JIbIIOro 4Yuc/ia HeHyJIeBbIX OTCHETOB, KOTOpPOE OObIYHO MeHbLIE,
YeM YMCI0 OTCHETOB Ha NEPHO/Ie OCHOBHOIO TOHA.

Pewenoit A B Cc D E
cHrHan Bymucnenne 06
—(3— ane norapudsm N bvm“an ), ans —
sopyna [AIe

Becosax dyroapts Becosax dymapx

Kencrpa

Puc. 2.23. BbiuuclieHHe 4acTOThl OCHOBHOI'O TOHA

Pe3ynbraT BbIYMCNEHMS KENCTpPa BOKAIM30BAHHOTO CHrHana
nokasaH Ha puc. 2.24.

™ v ™ T T T

0o 002 003 0.04 005 0.08

op=

Puc. 2.24. KencTp BOKaIM30BaHHOI0 CHrHazna
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WccneaoBaHus Iokasajid, 4TO [Jis BOKaJIM30BAHHOI'O CErMeHTa

pedM B KEINCTPE BOSHUKACT MHUK, COOTBETCTBY IOLLMIA NepHOAY OCHOBHOIO
roHa. Jl1s HEBOKANIM30BAHHOrO CErMEHTa TAaKWe MUKW B KEercTpe He
BOIHMKAIOT. JTO CBOHCTBO KencTpa MOXeT ObITh HCMONb30BAHO A
knaccuMKALMK 3BYKOB HA BOKAITH30BaHHBbIH, HEBOKAIW3OBAHHBIA U IS
BbIYKC/ICHHA MEPHO0/]a OCHOBHOIO TOHA BOKAIIM30BAaHHOH peYH.

KerncTp, no/iy4eHHblii ONUCAHHBIM BblllIE CNOCOOOM, Hccneayercs
C eI OTHICKAHHA NHKa B 06/1aCTH BO3MOXKHBIX 3HA4€HUH OCHOBHOrO
tona (4—40 mc).

EcnM MakCHMMyM KercTpa He [peBblllaeT [opora, TO CEerMeHT
k1accuUUMPYETCss Kak HeBOKanu3oBaHHbli. Ecnum nuk B kencrTpe
[peBbIIIAET YCTAHOBICHHBIH MOPOr, TO CErMEHT KIACCH(PHUHMPYETCH KaK
BOKAIM30BaHHbI, a KOOPAMHATA MHKA JaeT OLEHKY Nepuo/y OCHOBHOIO
rOHA, ¥ COOTBETCTBEHHO BBIYMC/IAETCH HACTOTa OCHOBHOrO ToHa. Takum
o6pa3oM MOXHO nNOCTPOUTbL A(PPEeKTUBHBIA AITOPHTM BbIIEICHHA
YACTOTHI OCHOBHOIr'O TOHA. JIMCTHHI OJIHOrO M3 BapHaHTOB aNropuTMa
NpUBEEH HHXKE.

JIMCTHHT NPOrpaMMbl BHIMHC/IEHHS KENCTPa H onpeae/leHns
4AaCTOTHI OCHOBHOrO TOHA pe4eBOro curuana B cpene Matlab
[x.fs]=wavread('c:\MATLAB6pS\work\wav\a.wav');
% OrTkpsiBaeM wav-gaiin,
coaeprKallMii pe4eBoil CurLan
% X - OTCYETbI pe4eBOro CUruana
% fs - yacroTa AMCKpETH3ALMH

nfft=2048; % konuuecTBo Touek JI[1D
window="hamming'; % Bua okHa criaaxusanus JII1O
nlap=0.75; % KOJNM4eCTBO TOYEK NePEeKPhITHA
75%)
nlap = round(nlap*nfft);
nx=length(x);
nwin=nfft;
w=feval(window,nwin,'periodic');
X=xX()
window = window(:);

% PacueT pa3mepoB BbIXOJHOH
MaTpulibl



ncol = fix((nx-nlap)/(nwin-nlap)); % ncol - konUYecTBO He0OX0AUMBbIX
JMd

colindex = 1 + (0:(ncol-1))*(nwin-nlap);

rowindex = (1:nwin)';

% MopMHupoBaHHE BBIXOIHOM
MaTpHULbI
y = zeros(nwin,ncol);
y(:)=x( rowindex(:,ones(1,ncol)) + colindex(ones(nwin,1),:) -1);
y = w(:,ones(1,ncol)).*y;

y = fft(y,nfft):

2=Yy;

% JIITd BXOQHOro pe4eBoro CUruana

et

% YOrpaeM MHUMYHO 4acThb CMEKTpa
select = [1:nfft/2+1];
y = y(select,:);

[1IL1])=size(y2);
l1I=round(11/2)

% Pasmepst maTpuust MO

%sm=ll;

% Beluncnsemkencrp
r= ifft ( log(abs(y2)) ); %
O6paruoe/llTPornorapudmalll1D
r=r(:,11); % BrigensiemM Kencrp Ha oTpeske
cUrHana
rl=r; % CoxpaHsieM OTCHETHI KencTpa LI
NMoCTpoeHHs rpaduka
rl(1)=0;
r1(2)=0;

r(1:0.002*fs)=0;
HH(pOpPMALKK O PeYeBOM TPAKTE

% YcTpaHeHHe U3 Kencrpa

l1=size(r);
IlI=round(11(1)/2);
ss=1[1:11];
r=r(ss,:); % YbupaeM MHUMYIO YacTh KercTpa
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r1=r1(ss,:);

[fOm, TO]=max(r);
KOOp/AMHATY MHKa Kencrpa
f0=1/(TO/fs)

rona B ['epuax

% OnpeaessieM BpeMEHHY 0

% 3HayeHue 4acToTbl OCHOBHOI'O

if fom<0.05 % ecid aMIUTMTY/1a [TMKa Kencrpa
<0.05, peueBoi

CUrHAJl - He BOKaJIM30BaH
f0='cerMeHT HEeBOKaJIH30BaH',

end

% ['paduueckoe oTobpaxeHue
KencTpa curiana
time=[1:length(r1)]'/fs;
plot(time,abs(rl));
xlabel('Time');

% OTc4eTbl BpEMEHH

2.4. @uabTPaNHs 3BYKOBOIO CHIHA/IA

BMmecTe C MOJE3HBIM CUrHaloM B MMKpO(oH OOBIMHO MOnajzawoT
pa3jM4HbIE [IYMbl- LIYM C YJIHLbBL, UYyM BETpa, MNOCTOPOHHHME
pa3roopbi. LLlyM oka3biBaeT OTpHLATENLHOE BO3/ICHCTBHE HA KaHeCTBO
paboThl CHCTEM pAClO3HABAHMS pe4H, MOITOMY C HHM NPHXOAHTCH
Gopotbea. Oaun U3 cnocoGoB Mbl yxke YyNOMHHAIIM - CEroJHALIHUMH
CHCTEMAMHM pacno3HaBaHMA pevu Jyulue BCEro noJsb3oBaTbCi B TUXOH
KOMHATe, 0CTaBasCh C KOMMNBLIOTEPOM OJIHH HA OJIMH.

OaHaKo MaeanbHble YCIOBHS yJaeTcs CO34aTh AAJCKO HE BCEra,
l03TOMY  MPHXOQHMTCA  HMCHONBL30BaTh  CHEUHAlbHbIE  METO/BI,
nosponsolue u3baBuThes OT nomex. Jlas CHMIKEHHS YPOBHA LiyMa
NPUMEHAIOTCS CreuHanbHble YXHIIPEHUs [pH  KOHCTPYHWPOBaHHH
MUKPO(OHOB M CrelHanbHble QUILTPBI, YAANdlOUKHE M3 CHEKTpa
AHANIOrOBOr0 CHIHANA YacTOThl, HE HECyLMe MoJie3Hylo MH(popMmaluio.
Kpome Toro, ucnosb3yercs Tako# MpUeM, Kak CKaTHe IMHAMHYECKOro
AnanasoHa ypoBHe# BXOJHOI0 CUrHana.

Pacckaxem 0060 BceM 3TOM 110 MOPAAKY.

Ipumenenne 4ACTOTHBIX ¢puaAbTPOB. HacToTHLIM
¢unbTpoM HazpiBaeTca  ycTpoiicTBO, npeoGpasyiowiee . 4aCTOTHbIH
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CMEeKTp aHanoroBoro curxana. [Ipu aTom B mpouecce npeobpazoBaHus Takum oOpa3oMm, s CHCTEMbl pacno3HaBaHusi peud yaobew
MPOMCXOANT BbiAeNeHHE (MM moryouienne) Konedanuil Tex WM WHBIX [IPOMYyCKAIOLUIMHA 110710COBOH  PUALTP, KOTOpbIH 3alepXUBAET BCE
4acTor. 4acTOThl, KpoMe 4acToT auanasona 300-4000 I'u.

MoxHo mnpeacTaBuTh cebe 3TO yCTPOHCTBO B BHJAE HEKOEro Yro e KacaeTcs 3arpaxialouMx nonocoBbiX ¢unstpos (band-
YEepHOTO AIIMKA C OZHHM BXOJAOM W OIHUM BbIXOAOM. [IpuMEHHTENBHO K stopfilter), TO OHHM MO3BOJIAIOT BbIPE3aTh M3 CNEKTPA BXOJHOIO CHrHana
Halleil CUTyalldH, K BXOAY YacTOTHOro ¢uiibTpa OyHeT MOAKIIOHEeH . BCe YACTOTHI, JIeXKALME B 3aJaHHOM auanasoHe. Takoii dunbtp ynobex,
MHKPO(]OH, a K BBIX0/ly — aHajnoro-un¢posoit npeobpasopaTessb. | HanpuMmep, JUIA  TNOJaBIEHUs MOMeX, 3aHUMalOLKX HEKOTOpYIo

YacrorHele GUIBTPLI OBIBAIOT pasHble: CIUIOLIHYIO YacTh CIIEKTpa CUI'HaA.

— (GUIBTPBI HHKHUX YacTOT; Ha puc.2.25 1noka3aHo  NOAKIIOYEHHE  MPOMNYCKAKLIEro

[10JI0COBOIO (pUNbTpA.

|

(GHIBTPBI BEPXHUX HACTOT;

MPOITyCKatoLIKe MON0COBbIe QUITLTPHI;
— 3arpaxaaruiue nojocoBsie GPUILTPLI.

®duneTpel HIKHUX 4acToT (low-passfilter) ynansior u3 crekTpa D\..t”

BXOJHOTO CHMIHajia BCE MACTOThI, 3HAYEHUSA KOTOPBIX HAXOAATCHA HUXKe >C
HEKOTOPOH MOPOTOBO# YacTOTHI, 3aBHCALIEH OT HACTPOHKH PHUITBTPA. %
Tak kak 3BYKOBBbI€ CHTHaJIBI JiexkaT B Ananasone 16-20 000 I'u, To .
) 7 MikpodoH .

Bce 4acToThl MeHble 16 I'l MOXHO oTpe3aTh 6e3 yXyALIeHHs KayecTBa | | T— p——,

3Byka. Jlis pacrio3HaBaHMs peyd BakeH 4YacToTHbIH ananazon 300-
4000 'u, no3ToMy MOXHO Bblpe3aTh 4acToThl Huxke 300 T'u. ITpu sToM
U3 BXOJHOTO CUrHasia OyayT BeIpe3aHbl Bce MOMEXH, YACTOTHBIH CIIEKTP AU

koTopblX nexuT Hmwke 300 I'u, 1 oHu He OyIyT MewaTb Mpoueccy Puc. 2.25. ®uabsTpauus 38yKOBOIro CMriana nepes oundposkoi

pacrio3HaBaHHUs PeyH.
AHAaNOTrHYHO, GunbLTPLI BEPXHHX gactot (high-passfilter) , Hano ckasarb, 4To 00bI4HbIE 3BYKOBBIE a/1alTEPhl, YCTAHOB/IEHHBIE
BLIPE3aloT U3 CTEeKTPa BXOJAHOr0 CUIHANA BCE YAaCTOTHI BhILE HEKOTOPOH B KOMIIbIOTEPE, UMEIOT B CBOEM COCTaBe M0JOCOBOH (HIBTP, uyepe3
MOpPOroBOii 4acTOTHI. KOTOPBIA MPOXOAMT aHANOroBblii curHan nepesn ouudposkoii. [lonoca
Yenosek He CHBIMUMT 3BykH ¢ wactotoil 20 000 'y u Belue, NporycKkaHus Takoro ¢uibTpa OObIMHO COOTBETCTBYET [HAnasoHy
MO3TOMY WX MOXHO BbIpe3aTh W3 crekTpa 0e3 3aMeTHOro yXyAIleHHs 3BYKOBbIX CHMrHajoB, a uMeHHO 16-20000T'u (B pa3HbIX 3BYKOBbIX
kauecTBa 3Byka. YTo ke KacaeTcs pacro3HaBaHWs peyH, TO 371ech ajanTepax 3HauyeHHs BepXHeH W HHXKHEH 4acTOThl MOTYT HU3MEHSATLCHA B
MOXHO Bbipe3aTh Bce wactoThl Bbitme 4000 T'u, 4ro npuBexer k HeDonblIMX npeaenax).
CYUIECTBEHHOMY CHH)KEHHIO YPOBHS BBICOKOYACTOTHBIX MTOMEX. A xak nobutscs 6onee y3koii nonocel nponyckanus 300-4000 I'u,
Mponyckaowmii  nonocosoit  ¢unetp (band-passfilter) moxHO cootsercTByloweil  HaubGonee uH(OpMATMBHON  YacTH  cheKTpa
npeacTaBute cebe B BUIE KOMOMHAUMH QUIBTPA HWKHUX W BEPXHHX HesoBeyeckoil peun?
yactor. Takoii QuUIBTP 3aJepKWUBAaeT BCE YACTOTHI, HWUXKe TaK MoxHo caenatb CBOH (QHILTP M3 MHKPOCXEMbI ONEPALMOHHOIO
Ha3bIBAEMOM HMIKHEH 4YacTOTHI NMPOIMYCKaHWsA, a TakXKe Bbille BepXHeH YCHIIHTENs, Pe3UCTOPOB U KOHAeHcaTopoB. [IpMMepHO Tak M nocTynanu

TEpPBbIe CO3/1aTE/IM CUCTEM PAClO3HABAHHUS PEYH.
On1Hako npoMmbllIEHHbIE CHCTEMb] PAClO3HABAHHMS PEeYH AOJDKHbI
ObITS paboTocnocobHbl Ha CTaHJapTHOM KOMIbIOTEPHOM

HaCcTOThI MPONyCKaHUA.
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ob6opyiOBaHMH,  MOATOMY  NyThb  M3rOTOBJGHWS  CHELHANBLHOrO
0JI0COBOT0O QUABTPA TYT HE MOJIXOMMT.

BMecTo 3TOr0 B COBpPeMEHHBbIX cHcTemMax oOpaboTku peun
HCTIONMB3YIOTCA TaK HasbiBaeMble UHQPPOBbIE HACTOTHBIE (DHILTPEI,
peanu30BaHHbIe MPOrpaMMHO. DTO CTAJI0 BO3MOXKHBIM, NOC/IE TOIO Kak
LIeHTpAIbHBIN MPOIECCOP KOMITBIOTEPA CTANl J0CTATOYHO MOLIHEBIM.

[{uppoBoil 4acTOTHBIN GUIBTP, pearu30BaHHBIH NPOrpaMMHO,
npeobpasyer BXoaHO# undposoit curhan B BBIXOIHOM M poBOit
curdan. B npouecce npeoGpasosanus nporpamma obpabareiBaet
crieuHanbHbIM - 00pa3oM TIOTOK YHCIOBBIX 3HAYEHHH  aMIUTATY bl
cHrHanma, TMOCTYNalliui 0T aHantoro-uudposoro npeodpasoparens.
PesynsTatom npeobpa3oBanus NpH 3TOM Takke OyleT MOTOK Hucel,
OHAKO 3TOT MOTOK OyJIeT COOTBETCTBOBATH YK€ OT(HHILTPOBaAHHOMY
CUrHamy.

CkaTHe [AMHAMHUYECKOr0 /[AHana3oHa 3BYKOBOro CHIHAaJA.
Paccka3biBas 06 aHanoroBo-uuppoBoM npeobpa3zosaresie, Mbl OTMETHIH
TAKYI0 €ro BaKHYIO XapakTEpPHCTHKY, KaK KOIHYECTBO YpOBHEH
kpaHToBaHus. EcIu B 3BYyKOBOM ajanTepe ycraHosieH |6-pa3psnnblii
ananoro-undposoii npeobpazosarenb, TO TocAe OUMPPOBKH yPOBHH
3ByKOBOTO CHTHana MoryT ObITb NpeACTaBIE€HLI B BHIE 216=65536
pazNMYHBIX 3HAYEHHH.

Ecnu ypoBHeif KBaHTOBaHUA MaJlo, TO BO3HHKACT TaK Ha3bIBaeMBbIi AMVIUTY 13 BXOAHOMO CUrHana
E%Z KBAHTOBAHHUA. r:.O@T_ V\ZRITE:._.T 3TOT Evf(_, B Puc. 2.26. HenuueiiHoe %0::0::0 nepen OES%@OWKO—.\_
BLICOKOKA4YeCTBEHHBIX CHCTEMAX OUM(POBKH 3BYKa ClIeyeT MPUMEHATH
ananoro-ungpossie npeobpazoBared ¢ MaKCHMaJbHO JAOCTYMHBIM
KOJIMYECTBOM YPOBHEH KBAHTOBAHHA.

OJHaKO ecTh elle OJWH MPHeM, MO3BOJIAIOWNIT CHU3HTL BIHAHHE
mymMa KBaHTOBaHWS Ha KayecTBO 3BYKOBOTO CHIHala, KOTOPbIH
ucrionbayercs B UMQPPOBBIX  CHCTEMaX  3allMCH  3ByKa. [Tpu
HCTIONB30BAHMK  JTOTO  MpHema nepell  ouuppoBkoil  curHan
MpOIycKaeTcs 4epe3 HeIMHeHHbIH  YCHIIUTEND, MoA4epKUBatOLLHH
CUrHANbl ¢ Majoit amnautynoi curnana. Takoe yCTpOHCTBO yCHIINBAET
cnalble CUTHANBI CHIIbHEE, YEM CHJTbHBIE.

10 WUTIOCTPUPYETCs TpaguKOM  3aBHCHMOCTH  aMIUINTy/Aa
BBLIXOJHOrO CHTHAIA OT aMIUIATY/1bl BXOJHOIO CUTHaa, MoKa3aHHbIM Ha
puc. 2.26.

Ha osrane obpartHoro rpeobpa3oBanus ouu(ppoBaHHOro 3Byka B
AHANOTOBbI Mepell BBIBOJOM HAa 3BYKOBBIC KOJOHKH aHaJIOrOBbIH

CUrHaJ CHOBA TNPOMNYyCKAeTCs 4epes genuHeiiHelil ycunutens. Ha stot
pa3 MCMoib3yerca APYTrofl yCHINTENb, KOTOPbIA NOA4YEPKHBACT CHIHAbI
¢ GoablIOil AMIUIMTYJ0H W HMEET MNepeaaTrovHylo XapaKTepUCTUKY
(3aBMCHMOCTb AMIUIMTY/1a BEIXOAHOIO CHrHana ot aMIUIMTY/1bl BXOJAHOTO
curuana), obpaTHy1o TOH, YTO NPUMEHAIACE NP ouupoBKe.

\\\\\\l
il |

AMNNUTYAS BbIXOAHOID CUrHaNa

UeM BCe 3TO MOKET MOMOYb CO3JaTelsM CHCTEM pacrno3HaBaHHs
peuun?

YenoBeK, KaK HM3BECTHO, [A0CTAaTOYHO XOPOLIO pacno3HaerT petb,
NPOM3HECEHHYIO THXHM ILENOTOM WJIA J0CTaTO4HO MPOMKHM rOJIOCOM.
MoxHO  cKa3aTh, 4YTO  JAMHAMHYECKMH~ [Mana’oH  ypoBHei
rPOMKOCTH YCMEIHO pacro3HaBaeMoi pevn A 4YeI0BeKa A0CTaTOHO
LM POK.

CeroaHslIHNE KOMIbIOTEPHbIE CHCTEMbl PACIiO3HABAHMA PEUM, K
COKAJIeHMIO, T0KAa He MOryT noxsactaTbes 3TUM. OJHAKo ¢ LEbio
HEKOTOPOro pacliMpeHus YKa3aHHOro AMHAMHYECKOro auanasoHa nepea
oUMDPOBKOH MOXKHO TNpPOMYCTHTH CHTHAN OT MHKpodoHa uepe3
HeNMHEeH bl  ycuinTeNb, NepejaTovyHas XapaKTepuCTHKa KOTOpOro
nokaszaHa Ha puc. 2.26. DTO MO3BOJMT CHH3UTE YPOBEHb HIyMma
KBAaHTOBaHMsA NpH ouudposke c1abbiX CHrHANOB.
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PaspaboTynku cHCTeM pacrmo3HaBaHMs —peud, OMATh  Ke,
BBIHYX/ICHbI OPHEHTHPOBATBCA B TNEPBYIO oOdepeldb Ha CepHiiHO
BbITyCKaeMble 3BYKOBble anantepel. B HuUX He mnpeaycmorpeno
OTHCaHHbBIE BhIIIE HETHHENHHOe npeobpa3oBanne curuana.

Tem w©e MeHee, MOXHO CO34aTh NPOrPAMMHBIN IKBHBAICHT
HelWHeHHOro ycuiuTens, npeobpasyromero oundpoBaHHBI CHIHAN
nepej nepegayvei €ro MOAYJNIO pacro3HaBaHus pevyd. M XoTs Takoii
MPOrpaMMHBIH YCHITMTEIb HE CMOXKET CHHU3HTH IIYM KBAHTOBAHHS, C €ro
MOMOIIBIO MOKHO MOAYEPKHYTh T€ YPOBHH CHTHA/A, KOTOPHIE HECYT B
cebe Haubonbwrylo peueyio wundopmaumio. Hanpumep, MoxHO
YMEHBIIHTh aMIUIHTYAy crnabblX CHrHAlOB, W30aBHB TaKUM COCOBOM
CUTHAJI OT LYMOB.

@uabTpauus BepxXHHX dacToT uudposoro curmama. s
CrIIKWBAHHA UMITYJILCOB, MOMYYAIOIMXCS nocae LH(PO-aHATOroBOro
npeobpasoBanus, Ha MuaTtax 3BYKOBBIX  aNanTepPOB  HMEKOTCH
creuuanbHble QUILTPBI BEPXHHX 4acToT (puc. 2.27). Dt GuLTpsI
OTpEe3al0T BCE YaCTOTHI, HAXOAAIIMECH BBILIE AWANa30Ha 3BYKOBBIX
yacTor, T.e. Boie 20 000 .

bnarogaps WHEPUHOHHOCTH H3NYHAlOMWMX CHCTEM, TONOBHBIE
TeneOHbl M 3BYKOBbIE KONOHKH TOXe JAeHCTBYIOT Kak (HILTPBI
BEPXHHX 4acToT. Ec/M 3ByKOBas KOJIOHKA AKTHBHAS W CONEPXKHT BHYTPH
ceba yCHIMTENb, TO 9STOT YCHIWTENb MOXKET TaKKe CHabKaTbes
(GUIBTPOM BEpXHHX HACTOT.

H#/0N
— X _)_L \/\
lbe u, »f\.\ ﬁ\
*s DUIET P BEEXHI MBCTOT )
Xn = Jmywonm
KO roHIKE

uan
Puc. 2.27. INTonkmouenue GuibTpa BoICOKMX 4acTOT

Ha puc.2.28 nokasan pesynbtar paGoTsl puibTpa BEpXHHX YACTOT.
lenepb MpsAMOYrosibHbie UMITYJILChl NPEBPATHIMCE B KPHBYIO JTHHHIO,
(opma xoTopoit npuOIM3NTENBEHO cOOTBETCTBYET (OpPME HCXOAHOTO
CUrHasa 10 ouu(poOBKH.
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Puc.2.28. CrnaxeHHbIH CHTHAIL.

[Tpu HeoGXOAUMOCTH B MPOTpaMMe CHHTE3a pedl MOKHO CO3/aTh
MpOrpaMMHBIH (UITBTP BEpXHHX HacToT. OHAKO Ha MPaKTHKE B 3TOM
HeT HeoOXOMMMOCTH, TaK KaK 115 paboThl BIIONIHE JOCTATOYHO (UITBTPA,
npejyCMOTPEHHOr0 B CTaHapTHOM 3BYKOBOM ajantepe.

2.5. O6pabGoTka pevyeBbIX CHIHAJIOB

OCHOBHBIM TOAXOAOM K Tnpobneme pacrio3HaBaHWs pedd B
HACTOsIIEe BpeMs SBJISeTCS Wepapxuyeckuii noaxon. Ou Gasupyercs Ha
WepapxuueckoM npuHuune obpaborkn  WHpopMauHu W Ha
WCTIONB30BAHWH MHOMO3HAYHBIX pelleHuit Ra BCeX YPOBHAX 3TOH
o6paboTku. OnBIT WCcneNoBaHWH TMOKAa3BIBAET, UTO JUIA JOCTHXCHUS
npueMiaeMod JUTS  TPAaKTHKH  HAJEXHOCTH PAcro3HaBaHWA  PedH
TpebyeTcs peinerue MpobIeMHBIX 3a7ad Ha BCEX YPOBHAX. A 3TO
Tpebyer Gonbmx 3aTpar W BpeMeHH. [lo3ToMy BBIIBUTAaeTCs PAn
[MPOMEXYTOHYHBIX, HO BAXHBIX JUJIA NMPAKTHKH 3a/1a4.

|. Pacno3naBsaHue OTACIBHO NMPONU3HOCHMBIX CJIOB.

2. BoigesieHye KIIOYeBbIX CJIOB B MIOTOKE Peyn.

3. Pacno3HaBaHKe CIAMTHON pedy, COCTaBIEHHOR U3 CJIOB 3aJaHHOTO
croBaps.
Oxkasanoch, 4YTO M pelICHWE [epeyuc/IeHHbIX 3ajaq s

MPON3BOJIBLHOTO JMKTOPa WJM HEOrpaHWYeHHOro ciosaps Tpebyer
CephesHbiX YcHaMM W ocraercs eule Ueiibli psid MPHHUKNHATBHRIX
BONpocoB. Tpebywowmx riaybokoii npopaboTku.
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B nansoM pasaene craButcs aApyras 3anada. OTinuuTenbHOH
0coBEHHOCTHIO ITOI 3a7aun ABJISETCA TO, YTO 3apaHee N3BECTHO, KAKY10
dpasy mommken npoussecTd yenosek. TpeGyercs pacnosHaTe JMilb TO,
47O ON ee HeHCTBMTENbHO NpaBuibHO npousHec (MaeHTHdukauus). To
€cTh 3aJaya COCTOMT B CpPaBHEHMHM MOCTYNAKWIEro  HOBOro
npousHecenus (pasbl € ITAJIOHHBIM NPOH3HECEHWEM [UIS TPOBEPKHU
TOro, 4ro 9T0 MPOM3HECEHHs OAHOW M TOH ke dpa3bl. KauecTBo
pacro3HaBaHUid MOXHO OLUEHMTh MO KOHTPOJIBHBIM [POH3HECEHHAM
dpas, 11po KOTOpbIE yxke ACHO, NPAaBUJIbHbIE JIM OHH HIIH OlIHBO4HbIE.

IapameTpuyeckoe npejcTapienne peueBoro CHrHaIA.

PaccMOTpHM OCHOBHLIE napamerTpbl pedeBoro curxana. [lpu
pPACNO3HABAKMHA PEYEBbIX CHIHAJIOB, KaK NpPaBHIJIO, ONMEpUpylOT HE C
MCXOIHBLIM PEYEBbIM CHIHANIOM, a C €ro napameTpaMu, BbIYNCICHHBIMU
Ha Kaape (06 ITOM yxKe YNOMUHANOCH):

- KpaTKOBPEMEHHOH YHEPIrueii,

- YUCJIOM HyJIefl HHTEHCUBHOCTH;

- K03 puLMeHTaMK paznokeHns B paa Oypbe;

HenocpencTsennoe ocyiuecTBieHre rnpeoGpasoBatus Dypee
rpedyer N° apudmeTnyeckux onepauuii. [1ns cokpalueHns 3TOro Yucia

nprMEHSISTCS WIropuT™ GbicTporo npeobpasosanus Dypbe. ANropHT™
OCHOBaH Ha ToM, uTo npu N=2" B cnaraemblXx npaBoil 4acTH paxee
npuBeIeHHbIX BbipaxeHnil npeobpazosanus Pypbe (pasaen 2.2) MOXKHO
BBICAUTS  [PYNMbl,  BXOASLME B BBIPAKEHHS  PassINuHBIX
k03 PuLHEHTOB A, Bbiuucass Kaxaylo rpyniy TONbKO OAHH pa3
MOJKHO COKpaTHTh z:C_c onepaunit a0 NxlogyN. Ecnin N#2", 10 B
HAUIEM Cllydae MOXHO A0DaBUTh Hy/eBble OTCHeThbl. PasnoxeHne B piai
dypbe AdeT MpPEeACTABJEHME pPEvYeBOro CHrHaza B BHAE CYMMbI
rapMOHHYecKux konedaumii ¢ uacToTamu v(g). 3anHiueM COOTHOLIEHHE
Mesi1y 4acTOTON V(g) M MH/IEKCOM §:

v(q) = qvp/N = 2"qvp npu ¢=0,1,...,N/2.

31ech V) - 4acTOTa AMCKPETH3ALIMA.

3nayenns cnektpa org=MN/2 + 1 joN-1He coaepxar HOBOH
uHOpMALIUH, T.K. 3HAUCHHS fj ACHCTBUTEIIbHBL. Bosnee To4HO

A = 4w+ npu g=0,1,...,N/2.

Y ABOEHHOE 3Ha4eHHe A, - 7TO KOMIUIEKCHAA aMIlINTYAa
BelliecTReHHbIE AMIUINTYIbl NOJYHaI0TCA U3 HUX 10 (JopMynam:

co=Ao, ¢;=2|4,| npu g=1,...,N/2.
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|. Pacnipeiesiene IHEPrHH CHIHANA 10 HACTOTHBIM FPYLIIAM Di.....220

OpauuM 13 BaXKHENUINX CBOMCTB CllyXa SRBRJIAETCA pa3fiefieHne
criekTpa 3ByKa Ha HaCTOTHBIE rpynmbl. Ciyx moxer o0pa3oBbiBaTh
yaCTOTHBIE TPYINIBl Ha noboM ywacTke wikanel wactor. B obracty
qactor Hike 500 [l WHPHHA HACTOTHLIX rPYNN MOYTH HE 3aBICHT OT
cpeaHeif 4acToThl rpymi cocrasnser npumepHo 106 Tu. B obnacry
peie 500 ' oHa yBEJIWYHBAETCH MPOTNOPUKOHANIBHO CDEHEH 1acToTe.
Ecii 4acTOTHBIE TPYTITTbl COBMECTHTE B OJIHH PAll, TO B AHAMA30HE OT 7G
[u o 7 k' pasmectarcs 20 YacTOTHBIX Ty,

Jacripesesiene HEPrHd MO HaCTOTHBIM TPYNMaM MOXHO HaHTH
60 HENOCPEACTBEHHO C [MOMOIUBIO TPeOEHKH COOTBETCTBYIOLIMX
¢uabTpoB, NHO0 € MOMOLIBIO KOO QHUUMEHTOB pas3noXeHus B psaj
dypbe. 3HadeHue p, I8 YACTOTHOH Tpynmbl OT HacTOTHI Vi A0V, C
WwHpHHOI H=V-v,. onpejensercd no gopmyne:

Hrr \
b= lM)s& s,w_ AN_ﬁv
N0 /

AJITOPATM pa3jieJieHnsl peadu3anun Gppasbl Ha pesib W Nay3bl.

DTanoHHas peanusauns (pa3sbl HE COAEPXKHUT KaNpOB C nayzamu
nojeneHa Ha cjosa. [loaroMy ajiropuT™M NpUMEHSETCS TOJBKO K
noctynaioueii  wosoil  peamusaunu  dpaszst X, X XY, rne L -
ATMHA HOBOI peanu3zaunu  ¢pasel. Tpebyercs OTAENHTbH Kafpbl,
cojaepikaulie pedb, OT KaJApPOB, COACPKALIMX May3y. 3BOHKHE 2ZBYKH
peun, 0coOeHHO TIacHble, HMEIOT BBICOKHI YPOBEHb KPATKOBPEMEHHOH
sreprun. 1o aTOMy napameTpy OHM JIerko OTAenstoTes oT nays. Iiyxue
3BYKH MMEIOT HM3KMil ypoBeHb KpaTKoBpeMeHHO# snepran. OgHako
Gosbliasi 4acTh WX 3HEPrUU JIEKUT B 00OMaCTH BBLICOKHX HacToT, 4TO
MPUBOAMT K OONBLIOMY YHCIY MEepexo]0B MHTEHCHBHOCTH CHMrHaia
yepes Hyllb., JTO WCTOJIb3YeTCs i OTHENEHUS OT rmay3 rilyXux 3BYKOB
peur. Takum o6pa3om, COBMECTHOE HCIMOAb30BaHHE KOHTYPOB
KpaTKOBpeMeHHOM sHepruu E, u yucena HYy e WHTEHCHMBHOC-
W Z, 1O3BONISET TOYHEE OTAENWTb pedb OT nay3s. [lox koHTypoM
[lapaMeTpa [MOHWMAETCS T[OC/IEe0BAaTENLHOCTh 3HAYEHHH TapameTpa,
BBIYHCIIEHHBIX Ha Kaxa0M Kaape X",

[Mpennonaraercs, yto nepsbie 10 KaapoB He copepkaT peyeBoro
curnana. ITo 3ToMy y4acTKy BBIMMCIAIOTCA CpelHee 3HayeHwe o
AKCTIepCHs Kax10u n3 BeJlIHYUMH £, Z, 114 OrpenesieHus
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CTaTUCTUYECKMX XapakTepWCTHK Lliyma. 3areM ¢ Y4YeTOM OSTHX
XapaK1epACTMK M MaKCMMalbHbIX  Ha  peanusauud  (dpasbi
IHaueHuil £, Z, BbIYHCIAIOTCA noporu 1 Ans KpaTKOBpPEMEHHOM
sneprun  curdana (P) u Tzana yucna  Hysieid  MHTEHCHBHOCTH.
DKCIEPUMEHTaILHO OblIM BbiGpaHbl cneayoime Gopmysi:

¥ 1 : T

T, = M(£)0)+3,/D(E]0) + m&ﬂw E mmluﬁm.../ E, (2.16)
Sialf ey oo ol

T, = M(Z10)+3./D{Z]10)+ o Ex 2, < smax 3 (2.17)

rac
M(pn)=13E  Dpm)=—-3(5-M(An)f
nad n-1wm

Kaknomy kaapy X Mbl 10/KHBI TOCTaBUTH B COOTBETCTBHE
ABOMYHBIH mpH3Hak b, paBHbli 1, ecin kaap conepxkut peds, 1 0 - B
npoTsHOM - ciy4ae. CHawana OTMEYal0T eQMHHMLAMH Kajpbl, Ha
KOTOPHIX KpaTKOBpeMmehHas dHeprust E2Ty, 1 HyNaMu - OCTallbHbIE
Kkaapsl. [loNy4eHHbIE OTMETKH CrIaKHBAIOT MeManHOH (unbTpauuei ¢
OKHOM LuMpHHO# B 2A+] kagpos. (Hanpumep, h=3.) [Ipu3naku b, MoryT
npMHUMaTL Bcero JBa 3uadvenus. [losTomy QuabTpauns CBOAMTCA K
TOMY, YTO MOCNENOBATENbHO Ans =h+1,...,L-h 3nauenue b, 3aMeHseTCA

1ok
Ha e€AuHHuLY, €CIH M.LL@.VE.

3aMeHAeTCA HA HOJb.

B pe3yibTaTe BHIAENSAIOTCS HENpepbIBHbIE Y4aCTKH, COAEpKallHe
peub. Jlanee KaxAblil TakOH Y4YacTOK MbITAOTCA PACHIHPHTS. [IycTs,
HanpuMmep, YYacTOK HauyMHaeTcs ¢ Kaapa XMy 3akanuusaercs Ha
xazpe X' ? [lepemewaiotcss  BI€BO  OT X" (snpaBo ot X"h &
CPAaBHMBAIOT 4MCNO Hynell HHTEHCHBHOCTH Z, ¢ mnoporom Tz 310
nepemeleHKe He J0/KHO npesbimiath 20 kaapoB cieBa OT XM (cnpasa
ot XM, Ecnu Z, npepsicunio nopor B Tpn u Gonee pa3s, TO Hauao
PeyeBOro y4YacTka TNEpPEHOCMTCA TyAa, [rAe Z, BNEpBee MpeBblllaeT
mopor. B nOpOTMBHOM  Ciayyae  HAYaJOM  ydacTKa  CHHTaeTCH
Kaap XM ApanoruyHo nocTynaiot M c X* Ecnu nBa yuactka
NepeKpLIBAIOTCA. TO MX 0ObenunsaloT B oauH. Takum oGpasoMm,
OKOHYATEbHO BBIALNSIOTCA HENPEphIBHbIC YYACTKH, COJIEpXKalHe peUb.
Takue yuacTku Oy/neM Ha3pIBaThb peaiu3alusMi ClOB. [IpuBeeHHbIH

B npoTMBHOM Ccly4ae 3HauyeHHe b,
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arOPUTM [O3BOJACT nepeliTH OT CpaBHEHWA peaiTuzanuil ¢pas «
a:

cp

aBHEHHIO peanu3aliii CloB.

Henuneiinbiil MeTOX BPEMEHHOH HOPMATH3AUHHA.

Peann3auMsi CIOBa, B OTIHYME OT peasn3auud  (passl, He
cOAEPKHUT Ka/IpOB C May3aMH. ITycTh JaHBl IBE peanu3aluyi crioBa:
X0 X0 xmgy® WP

as Cﬁm::wm—h:n CJIOBAa CUMTAETCS 3TaNOHHOM, x_uxI:ZOﬂ E MaMATH,

[TepB
pTOpas - BXOJAHOM.

[Mpexae 4eM CPaBHHBATE HX MEXY coboit HeoBX0AMMO TIPOBECTH
RpEMEHHYI0 HOPMalH3aluio, T.e. TMPHBECTH peawsaluu CjoB K
onnnakoBoil Jjumpe. JIuHelHOe cXkaTWe WIM PpacTsXeHWe OJTHOM
peanu3allii ClIOBA JI0 BENHUHHbI JpYTOii He peLaeT BONpOC BCIIEACTRIE
OJIHOTO BXKHOTO CBOMCTBA PEYEBOr0 CHIrHala - HEPABHOMEPHOCTH €10
[ipoTeKaHHA BO BPEMEHH. ITO CBOIHCTBO PEUM BbIPAXKAETCA B TPYIAHO
KOHTPOIUPYEMOIl 3aBHCHMOCTH BpeMeHH o0pasoBaHus W 3BY4aHWs ee
5TEMEHTOB OT KOHTEKCTa, TEMIa, AWAJNIEKTHBIX W WHINBAIYaATbHEIX
ocobennocteit aukropa. ITo3TOMY CpaBHEHHE JIOJDKHO OMUpaThCd fa
HeNMHeHHYIO BpEMEHHYI0 HOPMalH3alHio.

Jlns atoro HaxoauTcs AedopMupyrowias QyHKUHSA, TPUMEHEHUE
KOTOPON MWHHMH3MPYET PacXoXIeHHe MexAy STANOHHOH W HOBOW
peanu3aunsamMu cnos. TouHee HAXOAATCA ABE QYHKIHU:

Wy {1,...,[} = {1,...m}
oy: {1,...0} — {1,..,n}
( max{m,n}<I/<m+n)
TAKHE, 4TO
o =1, oy1)=1, oxl)y=m, oll)=n,
(it )=o) nmuo i)+l Vi=l,... m-1
y(j+1)=ox)) nmoyi)+1 Yj=1...n-1

JIL
Y, KpOMe Toro, Zoret Paytrar®) MHEMATBHA.

3nech Pguaz:-,n.é_:m, rne  SWi), Syj) - 3HaveHus
cermexTupytouieit GyHKUHHA H3 COOTBETCTBYHOLUMX KOHTYPOB.

CermenTupyrowas byHKLUMS JI0JDKHE XapaKTepH30BaTh
CYMMapHOe H3MEHEHHE HCIMOJIb3YEMBIX €K IapaMeTpoB PeuHeBOro
CHTHaNa M 3aBUCHT OT JBYX KaJpOB: TeKyluero W npeasiayiiero. B
KayecTBe napamMeTpoB pe4YeBOro CHrHasa bl OyleM HCTONb30BaTh
paciipenesieHHe 3HepruyM CUrHaa 1o 4acToTHbLIM rpynnamM




OpulieM nNpouesypy HaxOoKIAeHUs KOHTYpa CErMEHTHPYIOLIeH
dyHkurn Sy(1),....,Sd7),....5dm) ans 3TanoOHHON peanu3aluu C/ioBa.
I. Ha xaxznom kaape X' Haxoaures pacnpese/ieHue SJHepruu
CHUrHana no wacToTHeM rpynnam: p,",...px s i = 0,1,...,m;
2. BBIMHC/AIOTCS MOYJ/IH KOHEYHbIX PA3HOCTCH:
A= plpt | i=),..m; k=1,...,20;
3. BpIuKCISOTCA CPEAHHME PA3HOCTH:

(1)

== i-l
Sl )
4. BplaucimsoTes CpeHEB3BEUICHHBIE PA3HOCTH!

A 13 (1)
A, =—204,
mid 1 =1,...,m; k=1,...,20;
5. Koutyp cermenThpytoueid pyHkuun Sy :
(1)
s = B
L N X
v i =1,...,m.
AHANIOrH4YHO HAXOJIUTCS KOHTYP CerMeHTUpYoLEH

dyukupn Sy(1),....8¢)),....Sy(n) Ana HOBOI peasiM3aliuy Cl0Ba.

[lpoueaypa HaxoxaeHus AedopMmupylomMXx OGyHKUMHA Oy,
@y PAnn3yeTcs METOAOM JAMHAMHYECKOro MpPOrpaMMHUPOBAHMA H NAET
BO3MOKHOCTE TMPOMU3BECTH BHYTpEHHEE HeJMHeHHOe BbipaBHMBaHHE
peanu3alikii C/I0B MO BPEMEHH.

CHauana CTPOMTCH maTtpuua pacctosHui R = {
p.; } pazmepa (mxn).Ilo Heil 3arem BbuMCHsieTcs MaTpuuaD =
{ d,, } Takoro xe pazmepa (m*n):

_ . n.\z..: = ﬁ:r:“

2. din=pintduip,i=m-l,.,l;

3. Q‘E; = Pmy +: N.\:C‘_ s \ = M-1400015

4. d;;=py;+min{ diy 1 iy, digr ¥, i=m-1,..15 j=n-1,.... 1.

Matpuuia D8 CBOIWO Ouepedb HCIOJB3YETCA /IS HaXOXIEHHsA
byHKkuuii @y, oy CHawana npucsansaoT: o(1)=1, wy(1)=1. lanee
Ha k-om ware HaxoasT wy(k+1) u oykt1). Bo3aMoxHEl YeTbipe cilyyas:

1. Ecnn o(k)=m n o{(k)=n, To nepopmupyioniue GpyHKIUHH
HaH/IeHbl;
Ecnu wy(k)=m, a ®{k)<n, To npucBauBaoT: ®yk+1)=m,
okt )=ok)+1;
3. Ecnu oy(k)<m, Ho wy(k)=n, TO npucsauBaioT: x(k+1)=wk)+1,
oy(k+1)=n;

0o
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HaxX0XAeHUH cpeau

::/.z:::z::r:oﬂo:nocqmﬁ,n;vx:::f.:.s..\.e.__.
necwi=i=0 k) 1,i=oxk)) = =0 k)+] Ja=wy(K).
JareM MPHCBaNBAlOT! O k+1)=imins OY(k+1) min- .

3uas aedopmupytommue GyHKUHH @y, Oy MbI MOKEM IS JIHODOTO

yuacTKa JTaJOHHOW peanusanuy Ciosa HaliTH COOTBETCTBYHOUWIHHA emy
ygacTOK HOBOW peanu3aumu. [TpuMeHUM 3TO AN pasfciesus HOBOH
.__;..::: JallMM CNOBA Ha 3BYKOBBIE Anajlbl. 3ByKOBas xnaja - nepexoHbli
npouecc OT (OHEMBI K doueme, orTobpaxarowMit TEpeCTPOHKY
ApTHKYTALUHOHHOrO anmnapara. B omimune oT peanusaunii GoHemsl,
peanu3aumu 3BYKOBOM JAWajlbl 3HAYMTENLHO MEHbUIE TMMOABEPKEHbI
RIMSHUIO KOHTEKCTAa W OTPaXarT B3aMMOCBA3b COCCAHMX thoHem
peyeBoro 1oTOoKa. ["pasuiaMu auan ABJIAIOTCA LEHTPBI
KBA3MCTALMOHAPHBIX yyacTkoB (oHeM. Taknm obpa3om, 1uana cocTouT
u3 BTOpOil MONOBWHBI MepBoi (OHEMBI H nepBoif MOJIOBHHE! BTOPOH

4. Ecnu wdk)<mw wy(k)<n, TO cpaBHMBAIOTCA d,) )| vdp.p,da, 3 Ang

thoHEMBL.

DTanoHHAs peanu3auus CloBa JeNUTCA Ha 3BYKOBbIE AHANLI
BPYSHYIO: OTMEHAIOTCS HOMEPA dg,...,d7. KAIPOB, ABIAIOWMXCA HEHTpaMH
KBA3NCTALIAOHAPHEIX YYacTKOB doneM. 3aTeM BBIOHPAIOTCH TOUKH
n,l= 0,...,L Takue, 4yTo Wx(N))=ay. Tenepb C MOMOUIBIO
DYHKIHU Oy MOKHO ONpeeNnTs HoMepa by,...,by Kalpos. SBASIOMLYCA
LEHTPaMH KBa3WCTALMOHAPHBIX Y4aCTKOB (OHEM B HOBOW peasiM3aliui
cnoBa: b=wy(m), = 0,..L. [IpiBeeHHbI anropT™M M03BOJSIET
nepeiiTH OT CpaBHEHWS pealn3alui C/lOB K CPABHEHWIO peanu3anii
3BYKOBBIX nuai.

CpasHenne ABYX peajiH3auHii cJ10B.

[lycTh 3ajaHa STaJOHHAs peaiu3auus Ciosa: X0 X0 . .xX™u
[10JlydeHa Hekas HOBas peajin3alus cloBa: YO . * Tpebyerca
CPaBHHTEL HX W OINPENeNuTh, ABJAIOTCA JIH CHU peanv3aldsiMu 0AHO0ro H
TOro e cloBa. BylieM cuuTaTh, YTO Mbl y’Ke TPOBENH BPEMEHHYO
HOpMaNM3alMIo W HawaH aedopmupyiommre QyHKUAH Gy, Oy. [TycTs
raK)Ke U3BECTHbI FPAHMLIbI 3BYKOBBIX AHAI 120,/15...,11.. CpasHeHue HOBOM
peanu3alumM CjIOBa € STAJIOHOM 3aKIIOYaeTcs B CPABHEHWH 3BYKOBBIX
AHaZ u3 HOBOINl peanu3alMW C COOTBETCTBYIOIUHMHM JAHAZAMH  H3
ITANOHHON peanusaumn. TIpy CpaBHEHHH COOTBETCTBYIOWIHX JHal ¢
::ic_f;_ | BIYUCISETCS ?mhn._.Ov:_IG >~\ MEXJ1y HUMHK H ijmzzmmc;—.nn C
noporom 7. 3nech ¢ - KOA THNA 3BYKOBBIX AWA], W3BECTHhIM 3apaHEe.




Ecin R<T,, TO CUMT4€TCH 4YTO, Auaja HOMep [ B HOBOIl peaiH3alHuKl
NpoU3HeceHa npapuibHO. Eciiv Bce Anaabi NpaBU/IbHO NIPOH3HECEHbI, TO
HORAs peajiu3allus CJIOBA CYMTACTCS MPaBHIIbHOI.

Pacctosnue K; Bbl4UCaseTCs, HANpUMeEp, Tak:
n,

..
m_n N; PwXxunwran

Uw=Tly

A\ s

TFAC P, Ob1110 OonpesZiesieH0 B ONHCAaHMH  AJITOPHTMa

HOpMaJM3alyu.

BPEMEHHOH

2.6. Anroput™m 06paboTKH 3ByKOBBIX CHI'HAJIOB HA OCHOBE
crnekTpasibubIX GyHKnHi

B cospeMeHHbIX cpencTsax oO0padOTKH aynuo M pevyeBbiX
CHI'HAJIOB IUMPOKO NPUMEHSIOTCA ClelHaJd3HpoBaHHble alifrOPUTMBI
06paboTKH, TaKHe KAk aHalW3 M CHHTe3 3ByKa, C)KaTHe W KOMIIpeccus
3BYKOBBIX CUTHANOB.

PazHooOpa3ue annaparypbl KOAMPOBaHNA, XPAHEHHUS, 0OpaboTKU U
BOCIPOU3BE/ICHHA ayanouHdopmalMu YCIOKHSET npouecc
cornacoBarus (opmaros npuema/nepenayd. OcoGeHHO OCTPO CTOUT
npofreMa  M3MEHEHWS 4acTOTbi JIMCKPETHU3AlLMKM [PH  HHTEerpauuu
cpeacrs ayauno odpaborkn. OnHum 13 cnocoboB coriacoBaHus 4acToT
JUCKPETH3alldi  ABASETCA  NPUMEHEHWE  YMCJIEHHBIX  METOJOB,
oSecrnieyusaroliux OplcTpoe MW, N0 BO3MOXHOCTH, [POM3BOJBLHOE
u3MEHEHHNe YacTOThl AUCKpeTH3auun obpabaTbiBaemMoro curyana.

C Toukd 3peHus Teopun UM(poBoit 0O6paboTKM CUrHANIOB
HaudoJiee NpaBUILHO Pa3NoXUTb cHrHan B psa @ypbe no KOJIHYECTBY
MMEIOLIMXCS OTCYETOB, [OC/E Yero peanu3oBaTh alnroputM o6paTHOro
npeofpazoBaHus ¢ NOMOUBIO YHKUMH SIN(X)/X ¢ HYXHOH 4acTOTOM.
Opnrako rakoit noaxon tpebyer GoNbLUMX BbIMUCIMTE/IBHBIX PECYPCOB,
O4YeHb TIpOMO3JOK M TPYAHO peanu3yercs B pPEKHME peasnbHOro
spemenn. bonee nenecoofpasHo npumenenne el HoH, KBapaTHYHOM
MM KyOMYecKoi annpoKCHMauuu 2-ro u 3-ro nopsaxa [Uis rnojyyeHus
HEJOCTAOWNX MM  (HOPMHPOBAHMA [AONONHUTE/NbHBIX 3HAYCHMH
CHrHana.

Bpems o6paboTku ogHOi nopuuu wHGOpMaAUUN KW BA3yanu3aliH
PE3YNbTATOB MOWKHO ObiTh COM3MEPUMO C HTEHHEM Cleayloule
nopuMy B peanbHoM maciutabe BpeMeHM, T.€. MOKAa OAHA NOPUHA

~i
o

cqHTHIBAETCA, ApYyras o/mkHa ObiThb rotToBa A oToOpakeHusi, TOrjaa
npouecc 06paboTKH HAET B pealbHOM maciutabe BpeMEeHH.

BecChb
3BYKOBbIE CHIHallbl HMECIOT @O:rEv\a JJMTENbHOCTE W  HX

oGpaboTKa (CKaTHE, H3MCHEHHE YACTOTI JIUCKpPeTH3aLHH, e::ﬂvm::_nv
rpeGyeT CKOPOCTHBIX AITOPHTMOB KaK MpH YTCHHH ¢ HaKonuTene, TaKk
y npd paboTe € BXOAHBIMH KaHAJaMH. 3BykoBble KapThl Ha Oase
cHrHANBHBIX MpOlieccOpoB paboTaloT, KAk MpaBWiIo, INpH HacTore
auckpernzauun 48 kI'n, mosTomy undopmalus ¢ Hakonurened M
apyrue AayJMOTNOTOKH JOJDKHbI ObiTh MpHBEAEHbI K O3TOH 4acToTe
(HanpuMep, AMCKOBbIE HAKOMMTE/IM MMEIOT YacTOTy 3anucH 3Byka B 44
k['1).

Jlnis o6paboTkd C Uelbi0 M3MEHEHHS 4YaCTOThl JAMCKPETH3ALHH
MOJKHO MCIONB30BaTh AHAIMTUHECKUE BBIPAKEHHS, CBA3BIBAIOILIHEC
kod(puunenTsl anrebpanqeckux MOJIMHOMOB Ay co crnexkTpalbHbIMH
koohdueHTaMy BXOHOrO CHIrHana.

Jlnst pelueHns Takoif 3ajiaun BbIGpaHbl TPH PACCMOTPEHHbIX paHee
GasucHble CHCTeMbl: BeliBreT-QyHKuMM V, CHCTeMa MNHI000pasHbIX
dyuxuuit (P-6a3uc) u 6asuc Anamapa W. D1u’ cucTteMbl 06/1aJal0T KaK
noxkanbHbivi (V, W), TaK 1 HHTErpaJbHbIMU CBOHCTBAMH (P).

O6imit anroput™ 06paboTKM CHrHANA COAEPKUT CICAYIOUHE
[MpoLeaypbI:

- criekTpanbHoe npeobpazoBaHus B 6asucax V,, P, unu W,

- oJlyyeHue 3HaYeHUH NpOMeKy TOUHbIX NEPEMEHHBIX,

- BbIUMCIEHUE 3HAYEHU]] aNNPOKCUMHUPYIOILMX NOTHHOMOB Ak
- BOCIIPOM3BEIeHHE CIIIaXEeHHBIX 3HaueHuil f11).

Jlns ynpouleHUs BBLIYHCIHTENLHOTO anropuTMa IpesaraeTcs
METO/, OCHOBAHHBIH HA MEPEMHOXEHHH CIIEKTPOB BXOJHOTrO CHrHajla u
K1ACCHYECKOro NONMHOMA B IBOMYHO-OPTOrOHaIbHbIX Hasucax.

JIns  mpeacTaBleHMs  CMIHANOB  HAHM  HX ¢parMeHTOB B
NOJMHOMKANBHOH  (opme  AOCTATOMHO  BbIOpaTh k=1,2,3. Dro
CyllecTBeHHO ynpowaer o06paGoTKy H He HapyllaeT TPaAWlIMOHHBIX
MO/JX0/I0B K peleHuIo nogo0HbIX 3a1a4.

06034auuM  CNeKTpaibHbie KOIQGUUHUEHTb BbHIOPaHHBIX 1A
peanusaunn GasucHbix cuctem: P-6asuc - b, npeobpazoeanne Anamapa-
[Ionu - a,, seitBneT-QyHKUHH - v,.

ANNPOKCHMHPYIOIIHE CTPYKTYphl B Oasuce W u P. VickoMmblii
KI4CCHYECKHH MHOrO4JIEH MOXHO IPEACTABUTL B BUJE:
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f(u) = ¢, T (u)+ e T () + ... + ¢, T, () (2.18)
u= \_.. X = _u N

(i=0, 1, 2,...,N-1)

h=x =X waton,

rne 7,(x) - mHorouneHbl YeOrbilleBa A1 paBHOCTOALUMX 3HAYCHHH
mﬁ_lv.gmzam“
Cy - _AOJ%%S::G:%E. MHOIro4JjieHa, KOTOpbI€ BBIYHCJIAKOTCA 110
hopmynam:

0= %M.):Lﬂ, () (k=012,..nn<N) (2.19)

Muorounensl YebuiieBa BeiOpansl B CBA3H TEM, YTO OHW MMEIOT
BUJl CTEMEHHOr0 MOJIMHOMA.

ObecrnieunBas CBOWCTBA OPTOrOHAIBHOCTH MOXHO BBIYMCIHUTH
kosdpuunenTs MuorouneHa YeGwiera c;. OOBIMHO B JHTEpaType
CBOWCTBO OPTOroHanbHOCTH obecrmeuynBaercs B wHTepBane xe[-11].
Peluenue npukiaanbix 3a1a4y oOpaboTKH CHIHAIOB Ha TAKOM WHTepBaje
YCIOKHSET MpodieMy, nodToMy yaoOHee HCMONb30BaTh WHTEPBA
x €[0,1]. Dra npobrema pelaeTcs TPAAULHOHHBIM CITOCOGOM.

PaccMOTpUM caM  METOJl MOJy4YeHHs anmpoKCHMHPYIOLIEro
BbIpaxkeHns 1 GasucHoi cuctemsl W. PaBeHcTBO (2.19) onpenenser
B3aHMHYI0 MOUIHOCTH BXOAHOro curHaja flu;) ¥ COOTBETCTBYIOLIEro
muorounena Yebwiiuena Ti(u;). Ecnu k (2.19) npumenuTs obmmii cinyyai
paseHcTBa [lapceBasis M NPUPABHATL K HUM MOLIHOCTH HX CMEKTPOB, TO
MOXHO TIONYYUTh:

LS fw)h )= 1 Yar!

= ()T, (u, )=~ ar

H, M ot H &'
rme : — chmekTpaibHble KO3(UUHEHTH MHorowieHsl Yebwiiea B
BeiOpanHoM Gasnce W, a, — cmekTpanbHble KO3hHUMEHTE BXOIHOTO

curHana toxe B 6azuce W. C yuetom (2.19) nomydaercs opmyna s
BHIYHCIICHHA [1apaMETPOB ¢; 4epe3 TPOW3BEJEHHE CleKTpalibHbIX
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KO ..L‘:,v:E:a_:.Om CUrHAaja U KJIACCHYECKOIr'o NoJIMHOMA CHrHalla B bazuce

138

/; ,/_ .
2, = — AT, (2.20
; :.M_.: ey (440}

B otux QopMynax BenuumHbl Hj BBIMMCASIOTCA MO  CEAYIOLUHM
BbIP@KEHUAM!

H, =3 T W), J =123, (2.21)

H/TH

H, = Ew.?‘w;zxwu;..sn B, ko123 (2.22)

4 [(2k =1 (2K +1)

Hanpumep,

a2 _ §2i 12 >..4IO.O

H,=N, H, = Al :. H, = NV 1NN .:, H. ut%? )9
_ 12 180 140

[IpuMepbl MHOrOUNEHOB Yebbiuesa 7, (u) A k<3 npuBe/eHbI B!

= 1 vail
T.(w)=1, T,(u) =u, N.._::n:h|mw, T,(u)=u |©M:
xX—-X X, + X, |
rge u=—-—, x=- , h=x,, —x,,x=[0, 1] ¢ marom ——.
- X b=y -5 %[0, 1] =
[lpu k=2 u N=8 noxcrasjisis Mnojay4eHHbIE 4JICHBI B dopmyny (2.18)

MOYXHO MOJYYHTD:

; 21 5
.\A:VnmclM.q“+h._:+m.u:. ANUH:
21 54
Beoaum cleayoume 0603HaueHus; A4, =c,, 4 =¢, 4 =c,- ‘.ﬂ._., (2.24)

[pu k=3 u N=8 noacrasiss nonyuenHsie unexs: B ¢opmyay (2.18)
MOXHO INNOJIYYHTb:

J .» . .
.\.?vu T 1 MH_Q“ u + hq_ \ %n_ uz .wn.._:.,+n..=, Au.wmv
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Jlns yrnipolieH|s BBOAUM 0003HAUEHHS:

4 p ..G— 4 u_,_ "
s A, =C,y A=c,——A, A=, -— A4, )26
A 3 C ﬂ L - All'v

A =¢
C ucnons3zosanneM (2.32) seipaxkenue (2.31) HanuiieM B cleayloueM
BHE:

,\A:vu A, + Au + Au® + A’ 2.27)

bm:nm MOXHO Znﬁmﬂ:.: K TpeiacTaBJIECHHIO CHrHalIOB B BHE
anmpoOKCHMHUPYIOIIHX MOJIMHOMOB HCIMOJIb3yA pPasjioKEHHE T.(u) B

Gazuce W.
Wcxoanas Marpuua 3iadeHnii MHOTO4JIEHOB B MHTEpBane xe[0,1]

UMEET BHA:

Po(@)) 1 1 1 1 1 1 1 1
p)| |-72 -5 -32 -2 12 32 52 12
pw)| | 7 ] -3 -5 -5 -3 [ 7

() -21/2 15/2 2172 9/2 -9/2 -21/2 -15/2 21/2

TMocne pasnojkeHHe MHOTO4IEHOB 7,(x) No 6asucy W onpenenstores
crexTpanbHbie KO3GGHLUMEHTE! 7| | B pe3y/ibTaTe NOJTyHaeTcs MaTpHua:

(¢!Y (1. o o 0o 0 00 0
_ﬁ_ 0 -2 -1 0 -1Y2 00 L
_m o 0 0o 4 0 21 0|
f; 0 3 -92 0 -3 00 -.L

YTo6bl BEIYUCIHTE C; B BhIpakeHHHd (2.19) HYKHO OompeaenuTh H;
¢ wucnonbioBanueMm ¢opmynsl (2.20). Tlpu N=8: H =8, H =42,
H.=168 , H, =5%.

[ocTaBus HalineHHble 3Hauenua 7 W H, B ¢opmyny (2.19)

MOMXKHO TTOJIYYHUTh CIIEAYHOUIHE 3aBHCHUMOCTH!
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c,=—/(a,-=a,—a,-2a,)
99 2

-
J

Mocrasue c, B. opmyny (2.22) u (2.23) ¥ MOXHO TOJyHHUTb
IMTHYECKHE BblpaXKeHHUs, cpaspiBaone ' koapduuuentsl Ay €0
crexTpalibHbIMA K03 (HUHEHTAMH @, BXOAHOrO CHIHANA:

[Tpu k=2:

4 : (4a, +2a,+ag), A= 2 (-2a, —a, - ~: )y A =a “u_,é Awwcv
ST T R S Talieh g e ; 4 -
[lpu k=3
0 1
A, =—(2a,-3a, —2a, -4a,), A, =—I(4a, +2a, +a,)
=39 A A ) T o
) 5 5] (2.30)
A =——(4a, ¢N:.+m.;|wﬁm: A, =a,—-—4,
21 : 4 4

ATNNpOKCUMUPYIOILKHE CTPYKTYpbl BHAA (2.29) u (2.30) pawor
HEMOCPEACTBEHHY IO CBA3b k03 PULHEHTOB [OJMHOMA co
CreKkTpaibHbIME KO3(dHUMeHTaMH Pa3IoKeHUS CHIHAIA B 6asuce W.

AHAJOrHYHBIM CHOCOGOM MOXHO MOJY4HTb annmpoKCHMHPYIOLIHE
CTPYKTYpPbl B BUZE NOTMHOMOB /151 6a3UCHOH CHCTEMBI P.

Boipaxenue (2.19) umeer BUA:

c=iShet, 2.31)

rle b, - CreKTpaibHble KO3()(HUHEHTH! Pa3JIOKEHNA curuana f(t) B
Dazuce P,
Onpenenenue Ko3puUUMEHTOB pasOKEHUA r,(x) mo Gasucy P,

BBITNOJIHACTCS B BUOE:

17




0
-293/128

[Tocne npeobpa3zoBaHuii  NOAYHAlOTCA  aAMPOKCHMUPYIOLUINHE
CTPYKTYpBI:
Jna cnyuas k=2, N=8:

| 9 37 21

;.lia.sv,;llxy?.mn}.\A... NJN
2 u__..m.. { 84 ,. : i A b v

Jlns cnyuas k=3, N=8:

Takum ob6pasom, B o0OeHX WHTerpajibHbLIX Oa3sUCHBIX CHCTEMax
BeTMYMHbl A; Ans Tekymmx N 3HayeHuit curHana f(z) nonaydaiorcs B
BHJIe anrebpautieckoil MojeN, rae 3HaueHus A; BBIYHCIAIOTCA B BUJAE
CYMMBbI MpOM3BEACHHH (CBEPTKH) CHEKTPaNbHbIX KOIPPUUNEHTOB
pa3fioKeHHs CHIHana M KJIACCHYECKHX MOJMHOMOB B BbIOpaHHOI
Da3ucHOM cucTeMe. .

ANNPOKCHMHAPYIOIHE CTPYKTYphI B BeiiBiaer-6azuce. Meron
nepexosa OT  CIeKTpa CHIHana K €ro  MoJdHOMHalIbHOM
annpoKCUMuUpytoLleil CTPYKTYpe aHanornyeH npeibiayLemMy MeToay.

Beipaxenue (2.19) umeer Bua:

LA (2.34)

rae o - crekTpaidbHble kodhdUUHeHTH pa3nokeHus curuana f(1) B
Gazuce V.

Jlanee Beinosinsiercs pasznoxenne 7,(x) B 6asuce V.

Ucxoanas matpuia 3HavyeHwit MHorodneHoB 7,(x) B wHTepBase
xe[0,1] 1 N=8 nana B npeAblAyLLIEM pa3ziene.
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B pesy/ibTare pa3ioiKeHus MHOIO4ICHOB I,(x) no oasucy V,

nonyvaeTcs Habop KO (PHLIMEHTOB Pa3/IOKEHH:

-1
-4
-9/2

[lojcTaBuB HailjeHHble 3Hauenue FHy u « B Qopmyay (2.34)
[ONYHAIOTCS 3HAYEHHS Cg, €/, €2 M €3 KAK (yHKUMH OT [POU3BEICHHH o
u . Ilpon3Bens MOACTAHOBKY BMECTO Cg ko3 punnenTos A; u
YIIPOCTHB BBIPAKEHHA MOXKHO MOJY4UTh anredpavyecKyl0 Mozenb
annpoKCMMHPYIOLLEH CTPYKTY pbi:

IIns cayvas k=2, N=8:

A, = m_‘«—_: v, +8(v, =) +3(v, — v, ._
A =~ .w_., ?,w + Dy + U, + Uy + 44U, +U, +U, __ Aww.ﬁv

+4u, = 3(Vy + L, + U, + Uy ._

v, +8(L, v, )+ v, \:L_

_ ” (2.36)
A =—- H: + U, + U, + U, +4(4V, + U, +0y)|- — A,
42" . 4

JlaHHbI# MeTOA /AaerT BO3MOXKHOCTh C [OMOLUBIO NPOrpaMM
CHTHANLHBIX MPOLECCOPOB OJHOBPEMEHHO pellaTh HECKO/BKO 3ajat
obpaboTku:

- M3MEHATh B IIMPOKMX Ipejenax 4acToTy AWCKpeTH3alHH (npu
OTCuYeTax Ha ()parMeHT, KpaTHbIX CTENEHH 2);
= OCYLECTBJIATH CrIaXHBAHKUE NYNbCallHK B ay AMOCHTIHAJIAX,




- obecrneunBaTh C)KAaTHE 3@ CHET XPAHEHUS BMECTO TEKYIHX OTCUETORB
CHTHana 3Ha4YeHHs KOIPDWIIMEHTOB TONMHOMA A4; Ha ydacTkax
o6paboTku.

Ha puc.2.29 npeacrasnena ungpoBas 3aruch 3ByKOBOTO CHTHAla
B oObeme 256 orcuertoB. [[NMTENBHOCTH 3BYHaHHS JAHHOTO OTpe3Ka
3BYKOBOI'O CHI'Hasa cocraBiseT (mpu ydactote auckpetusaunn 48 kl'i)
5,1 Mc.

e e S S S

Puc.2.29. ®dparMeHT 3BYKOBOIO CHTHAJA, JUIHTENBHOCTLIO 5,1 Mc.

B npouecce wuccnepoBannit O6butM  pazpaboTaHel NPHKIAAHBIE
POrpaMMbl JUIS CXKATHA, U CrIIaXWBAHHUS ayJAMOCHTHAJIOB, Pe3yJIbTAaThl
KOTOPBIX MpeacTaBiens Ha puc.2.30.

Ha naHHOM oTpe3ke 3BydaHWsi Ul pealM3allMM MpejiaraeMoro
meTofa BeiOpaH (parMeHT (BbIJEJIEH TYHKTHPHBIMH JIHHMSMH),
COCTOAIIMNA M3 TPEX Yy4YacTKOB Mo 8 OTCYETOB CHUTHANA B KaxkaoM. s
KaXJ0ro U3 y4acTKOB IPHMEHEH npeaiaraemelii aaroputm ob6paboTkHy.
B rtabmuue 2.1 mpuBeseHsl  BBIYHCIEHHbIE KO3 (DUILHEHTHI
annpoKCUMHUPYIOIHX NMOJIMHOMOB Ha KaXJOM W3 Y4YacTKOB, HCNOJNb3ys
METO/I CBEpPTKH CIEKTPOB Ha OCHOBE BhipaxeHuil (2.33), a Takxe
COOTBETCTBYIOUIHE T[OrPELIHOCTH 3aMEHBI 3BYKOBOIO CHIHajia ero
anrebpanueckoif MoJenblo. ANMPOKCHMHPYIOWME CTPYKTYphl BH/A
(2.33) nO3BONSIOT HM3MEHATH YHCIO OTCYETOB  BOCCTAHOBJIEHUSA
ayJHOCHTHala HEe3aBHCHMO OT YacTOThl AUCKPETH3alWH Ha BXOJE
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npoueccopa  06paboTku, nNpH  ITOM  apryMeHTy  npHaarTcs
[IpOU3BOJIbHBIE TIpUpalLeHus B npeaenax [0,1].

Puc.2.30. PesynbTaTel 06paboTKi BBIACIEHHOTO (hpparMeHTa 3ByKOBOTO
CUrHasna.

Tabnuua 2.1. KoadhuuuenTs! annpokCHMHPYIOUHX TTOJHHOMOB

Aoz P

KoadpuumeHTs * ‘ _.: ! | .J... N- |

| y4acToK | y4acTOK | y4acTOK |

A il Ezwfé‘o& _0.0000 |

| 4 | -0.0044 | -0.0049 | 0.0109 |
[ A, | 0.0389 | -0.0291 | -0.0062
I 4 | 0.1053 | 0.0703 | -0.1972 |
| oms (%) 055 | 029 | 096

CurHanpHbIe TIPOIIECCOPLI COBPEMEHHBIX 3BYKOBBIX KapT 110 CBOMM
BO3MOXHOCTAM (JIMHA CJI0BA, TAKTOBafA 4actora, 00BEeM BCTPOEHHOI
naMaTH) npubiaukaroTcs K mapaMerpy aBTOHOMHBIX CHTHANbHBIX
MPOUECCOPOB AN CKOPOCTHBIX mnpuioxkeHuil. W T1e wu  apyrue
obecreunBalOT  BBICOKOKAYECTBEHHOE BOCIPOW3BEAEHHE 3BYKOBBIX
T0B OT pasiuyHbiX HcTouHukoB: CD u DVD-npourpsisareneii,
MY3bIKaJbHBIX UEHTPOB, KOMITBIOTEPOB. MHOTHE ceTeBbIe KapThl HMEIOT
BO3MOXHOCTL HHTEPMOJMAUMK CUCHANOB, HO BOMPOC MPOU3BONLHOIO
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M3MEHEHHMs HacTOThI [MCKpPEeTH3alUMW B CTOPOHY YBE/IHHYEHHMA WM
yMEHb(IEHHs 0CTaeTcs TPy AHO#H npobiemMoi.

Anroputm  00paGOTKM  MMeeT  CriaxkuBaioulde  CBOHCTBA.
Mcnone3ys 3TH CBOMCTBA MOXHO CraXHBaTh ayAMO CHIHAlbl OT
donoseix nomex. [las npumepa Gepem (parMeHT 3BYKOBOrO CHrHaia,
anTenbHocThio 5,1 Mc (puc.2.29). Ha puc.2.30 npuBeaeHbl pe3y/ibTaThl
CriaakKMBaHus BblJeNeHHOro pparMeHTa 3BYKOBOI0 CHrHana.

DKCnepuMeHThl 10Ka3ajin, 4To paspaboTaHHble aaropuTMbl AalOT
3(deKTHBHbIE PE3YNbTAaThl NPH HM3MEHEHHH 4acTOThl AHCKPETH3ALMH
ay/IHOCHTHAJIOB,  MCIOJHEHHBIX HA  HECKOJbKMX  MY3bIKAJbHbIX
uHcTpyMenTax. OueHb Xopolue pesynbTaThi nokasana obpaborka
ayJMOCHTHANIOB, MCMOMHEHHbIX  HAUHOHAIRHBIMKH  MY3blKalbHBIMH
MHCTPYMEHTAMHU, HAMIPUMEP, MHAOKAK, TaHOYp, Haii.

Ha puc.2.31 nokasaHa uugposas 3anuch 3ByKOB, NOJYHEHHbIX OT
O/IHOTO MY3bIKAJILHOrO HHCTPYMeHTa (Ha MpMMepe nuaHuHo) B oObeme
128 oTcyeros, Ha puc.2.32 mpejcTaBNeHbl pe3y/ibTaThl 00paboTku npu
k=3 ?ng:mzmgvmq:;mnxom OTKNOHEeHHe cocTaBuio ot 8,5*10° 1o
1,7%107).

1L boun ansonm s savmanoro comama LR DU S B L sl
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Puc.2.31. Lludposas 3anuce 3ByKOBOro CMrsania

B jaHHOM NpUMEpe IIPUMEHEHHE anfmpoKCHMHPYIOLIEH CTPYKTYPhl
[0y4eHHON C NOMOLUBIO MeTOAa CBEpTKH cnekTpoB ((opmyia (2.33))
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> (EKTHBHO  pellaetT . 3aaady «nepeINCKpeTH3aluu» € LeIbio
vIydiIeHnst KayecTBa ayAWOoCHMrHana. Ucnons3oBaHue NpeaiaraeMoro
ANrOpHTMA Ja€T BO3MOXKHOCTH Mepexoia MExy CTaHIAPTHBLIMU
qactotamu 22 k', 44.1 kT'u, 48 kl'u, 96 k1, 128 k"1, mpuMeHseMbIMH
B YCTPONHCTBAX XPaHEHHA W BOCTIPOH3BEICHHA 3BYKA.

POOCEIN ey bEN e

A S

Puc.2.32. Peaynsrathl 06paboTku npu k=3

PaccMOTPHM  BO3MOXHOCTE NPUMEHEHHA annpoKCHMUPYHOLUHX
CTPYKTYp AJS pelleHus 3a1a4i KOMIMAaKTHOTO npejcTaBNeHne (cxkaTue)
AV IMOCHIHAJIOB 3a CHeT XpaHeHHs K03 PUIHEHTOB MOIHHOMA.

) Jlns npumepa BbiGpaH 3BYKOBOW (wav) ¢aitn ¢ obieii
juHTenbHocTbio 10 cek. Pe3ynbTaThl MPUMEHEHWs MeTOna CBEPTKH

% 5 . s 9
CrexTpoB, ocHoBaHHBIH W-6a3uca MpUBEICHO B rabauue 2.2.

Ta6nuua 2.2. Pe3yabTaTl KOMIPECCHH ayAHO cHrHaja
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8 sepcuu Constant Bitrate. Mcxoaubiii daiin npeacrasies B popmare
wav. 3atem OH nepeBeleH U4 CPAaBHHUTE/NbHOrO aHalM3a B Apyrue
yka3zaHHble ¢opmarsl.

CpaBHMTeNbHbI  aHanu3  ucnojib3dyemblx  gopmatos  H
NpeanaraeMoro anropUTMa npH OJMHAKOBOM pa3Mepe HCXOAHOro
daiina nokasan, 4To npeanaraeMbiii anroputm obecneunpaer Gounee
BLICOKHH KO3 DHUUMEHT KOMIIpeccHH, 4YEeM HCIOoJib3yeMble B
peajibHOM anmaparype MeTo/1bl CXKATHA.

Kou IPOJIbHBIE BONIPOCHI

1. Kak ¢opmupytotcs undpossle peueBbie CUrHabl?
2. Kakosa paspsasocts AL B peyeBom npeanpoueccope?
3. OObsCHUTE OCHOBHYIO CyTh TeopeMbl KoTenbHHKoBa.
4. Kak npouncxoauts npeobpasosanue curnana B unposyio popmy?
5. INepeuuncnuTe Kio4eBbie onepauuu LudposBoit 0dpaboTku
curHanos?
6. Kakosa pons npoueccopa LJOC?
7. IlpuBeauTe NpUMEpPLl HCIOJb3YEeMbIX 4aCTOT AUCKPETH3ALHH
3ByKa.
8. I'lepeuncnure OCHOBHbIE NTApAMETPbl PEYEBOro CUrHanNa.
9. Kak BblMMCISETCH KPATKOBPEMEHHAs SHEepPrus peueBoro curuana’?
10. Kak onpezengercs Huc/0 Hyled HHTEHCHBHOCTH?
11. Kak onpegensercs koaHiHenTs pasnoxkenus B pajg Oypoe?
12. 15t yero ucnonb3yercs pacipejeneHue 3Heprud CUriasa rno
4acTOTHBIM rpyniam?
13. OObscHMTE OCHOBHbIE ATarbl NpeABapUTeNbHOH 06paboTku
peueBbIX CHIHANOB.
14, Kak 11poMcx0anTh cermMeHTalus peueBblX CUrHAN0B?
15. O6bsicinte @ypbe — npeodpazoBaHHE PEYEBOro CHrHasna ¢
MCTOJIb30BAHMEM OKHA XIMMHHTa.
16. Yo naer cnekTpalibHblii aHalu3 pe4eBoro curuana’
17. HazoBuTe 11€CTh CNEKTPA/bHbIX TapaMeTPOB, KOTOpbie
OLIEHMBAIOTCA Ha Tale aHaJu3a pedeBoro coobieHus.
I 8. Kak n3amepsercs 4acToTa OCHOBHOI'O TOHA?
19. O6BbACHUTE OCHOBHbIE BO3MOKHOCTH YaCTOTHBLIX (DHJILTPOB.
20. KakoBs! nipeuMyLiecTea anroputma o6paboTky 3BYKOBBIX
CUIHAIOB HA OCHOBE CHeKTpaibHbIX yHKUMIT?
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[JIABA 3. METO/Ibl H AJITOPUTMBbI PACTIO3HABAHHSA
, PEUM
3.1. OcHOBHBIE ITANbl PACMTO3HABARHANA PEUH

ApXHUTEKTYPY CHCTEMBI pacriosHaBaHusi pe4u mra:ww_ﬁ‘ :nwo@
13 caMO# CJIOKHOCTH pemaemoii 3aia4un. YMpOCTHTH w?r.z._u m!.wow“
CTPYKTYpbl CHCTEME No3BOJIAET €ee :sgmmn:aour\:mm x:mn.r_.;%:...%“_ ;
) .sP.Q npu3HakoB, HabopaM KOTOPBIX MOryT OBITh TOCTABIE

COOTBETCTBUE CTAHIAPTHBIC perieHus. .
B <auecTBe PU3HAKOB UCTOJIL3YIOTCS ! THT vr_:,_._.
c.,..;.:o.:_mmmnzr_m CHCTEMOM; .Ew:n:zcnq,r n:n_nww_m,_o:o.m.
pacrio3HaBaeMbIX ronocos JIUKTOPOB; CTerneHb uQmEGmE_:, J L
KOJMUECTBO pacro3HaBaeMbIX CIIOB. B nekoTopeiX paforax mw,:b_,:n
[lOHATHE TIOJNIHOTHl CNOBaps, 2 3ajlayn  rnoucka E:c,._nxrw./‘ So_m
WHTEpNpETHpYIOTCS, Kak pacrio3HaBaHHe C HETOIHBIM ,C_o?_c_nz,..x:
NpyruX  MpeanararoTcs HHbIE zumnnfv:zm:mc::zr _Hn_::, :
_‘.,:.w:m;mz_._a CHCTeMBI, €€ MoTpeOWTelbCkne CBOHCTBA 0 MeXaHH3MBbl
JHK OBaHuA.
,”,v__rwmwuhmgzz BapHaHT knaccHhuKaum <so£,.mzx n:S.az. r.caoo_.,_m
MOryT HaiiTH MpHMEHEeHHe B :oung:aw:o: bmﬁm:v:onu: ;oaomwmﬂ
BapuaHTbl CHCTEM YHYHTBHIBAKOT notpebuTeTbCKIE KavyecTea, O
cioBaps, THIT peyi OCHOBHbIE cepbl HazHAYEHUS (puc.3.1). ,
Peuepoif cwWrHam — 3TO MOJEIb CIIOKHOTO JIMHAMHYECKOTO
rnpouecca, Mpu ero aHaru3e HeoOXOAUMO OMNEpUpOBaTH .:an,xo:rrsﬂ,_,:
nokazaTensMu (nmapaMeTpamu), XapakTepu3youmMn 2::9._ .S,: ero
¢parment. TakiMH OCHOBHBIMH XapakTepucTHKaMu ca;.nmz./,m_: zm.,;ow
gpstoTcA:  (OpPMAHTHbIE — HacTOTHI, yacToTa On:cm:o_cv ﬁuzﬂ.
CTieKTpaNbHbIA COCTAB. B KOHKpeTHOH 00nacTu MpHMEHEHUA w x.m,_anjw.r
yTanoHa Uis TPaBHIBHOTO Pacro3HaBaHus nenecoobpazHo roSmwm_% b
c/IoBapb OCHOBHBIX CITOB, 06beM KOTOpPOro MOXKET COCTaBIATH 1 u
foiee. )
Onnoit w3 ¢GopMm peyu, Hanbonee IIMPOKO TNPHMEHACMOH H
OTHOCHTENILHO MPOCTOM AN aHanu3a, ABJIAIOTCA M30JIMPOBaHHBIE CNIOBA.
Yacto HCrnonp3yloTes AOMyCTHMBIC mocnenoBaTe/IbHOCTH nuwm co
CTPOrMMH OrpaHHYEHHAMH Ha CJOBAph. B HacToOsllEe Bpems Jaxe B
Haubonee CHOKHBIX CHCTeMax aHajinsd CIUTHOW peyH 2JIEMEHTOM
oGpaboTky ABISETCH BblAENEHNE KIIOYEBbIX cnoB B 0011€M MOTOKE




R I —] 4

Tw&owo JABHGDBR ~

JHKTOPO-HEMBHODIER

) CioBapa _ 4

ho..n.._z:ﬁmwu h.":.. TBUIOTO pariepa |
— Tun peun
| 1

MET R
hommposase -
gl w,,wueﬁ CaurHaz pen ;

Hamayeaie

Kostanmsse [ | Tuxtogons Pacnosmasamse
CHCTeMH peus-TeicT peun

Puc.3.1. Knaccudukauus cucrem o6paborku peun

B cucremax aBTOMAaTHHeCKOro pacro3HaBaHMS pedM Kak NpaBuIO
BBIICJIAIOTCA TPH OCHOBHbIX 3Tana: BblAENEHHE NPU3HAKOB, 00yueHHe U
pacnosHaBanue. Ha nepsoM sTanme M3 MCXOAHOrO CHIHana NOJYYAIOT
BEKTOP MPH3HAKOB — CXXaTOE€ [pe/ICTaBJIeHHE pevyeBOro Curuaia, B
KOTOPOM MNPUCYTCTBYIOT TOJIBKO HEOOXOAWMBIE IS Pacno3HaBAHHA
napameTpsl. OnbIT N0Ka3bIBACT, 4TO OCHOBHBIMH TANAMHM AHANH3A Pe4H
U BbI/ICJIEHUS TIPU3HAKOB MOTYT ObITh:

- aKYCTHYECKHMI;

- hoHeTnyeckmuii;

- JIEKCHYECKHIA,

- CHHTaKCH4eCKHii;
- CEMaHTHYECKHIA.

[lepsriii, nanGonee npocToii ypoBeHs 006paGoTkH peueBbIX
CUrHanoB (aKyCcTH4YeCKMii M  (OHETHYECKHMil aHaiM3) [OCBSLUEH
Pacrno3HaBaHUIO OTAE/IbHbIX C/OB, H30JUPOBAHHBIX HIIH BHYTPH (pa3bl.
Bropoii, Gonee Beicokuii ypoBeHb 06paGoTku  (nekcHueckwii,
CHHTAKCHYECKHI H CEMAHTMYECKMI aHaiu3) NOCBALEH MNOHUMAHHUIO
CIIMTHOHM peyu B BUAE NPensIOKeHHH,
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THOOTETHYMECKHE CI0B]

a

Coemaacnue C108

PoxeTHHECKAT

# CerMeHTauna

ITaroH

i KaaccrduKaund

,_. Xapax TepHCTHEH, HECVIINE
HRbopuaLIIO

BriaenexHne
poreTHYLcEEX
XapPaKTePHCTHN

ﬁ AKVCTHHECKHE napaMeTpel

AkveTHYe cKHit
agaTHs

Puc.3.2. OcHoBHBIE 3Tarbl 00paboTKH H30THPOBAHHBIX CJIOB

Ha puc.3.2. npeacraBlieHbl 1Ba sTana 06paboTKH HU30JMPOBAHHBIX
cnoB. OcHOBHOM 3ajayeil AaHHOro srana ABIAETCH aozﬁ_:wmzi
W30JIMPOBAHHOTO C/IOBA, BBHIJENCHUE €ro JOKATBHBIX mzv\S‘.::ooz,_;
napameTpoB, WHQOPMATHBHBIX  MPH3HAKOB W JIMHTBHCTHHECKH
COMOCTABMMBIX HJIEMEHTOB, CErMEHTAUHWs Ha 3JEMCHTBI — eozmzzu
cnorn. [To pesynbTataM MOJYYEHHBIX BPEMEHHBIX W CHEKTPAILHBIX
rMapaMeTpoB peanu3yIoTCs alrOPUTMbI CPABHEHHA € ITATOHOM. °F

C TOYKM 3peHHs Hay4yHbIX pa3paboTOK W OKCNEPUMEHTAILHBIX
MccnenoBaHMil, cpead  METOAOB M AIrOPUTMOB  aHam3a K
pPAcMO3HABAHMIO PEYM MOXKHO BBIACIWTH CHEAYIOMAE TNPOLEaYpbl
06paboTkH N30 IMPOBAHHBIX CIIOB (puc.3.3). )

Boiie GbUTO MOKa3aHo, ¥TO Ha NepBbIX ABYX dTanax obpaborku
peyeBbIX CHIHANOB PHMEHSIOTCA TPAAHLHOHKEIE METOBI H alrOpUTMbI
uvdpoBoit 06paboOTKH CHTHAJIOB.

3amauu 1udpoBoil 0O0pabOTKH CUrHANOB, B TOM 4HC/E PEHEBBIX
CHPHANIOB, TPAJMLMOHHO MENATCA Ha JBe KaTeropuu mMo XapakTepam
YHCIEHHBLIX  MeToaoB, crocofaM  MpeACTaBieHWs  CHTHAlIOR  H
anropuTMam o0paboTKH.



ARKYCTHUSCKHMIT
1 (hOoHeTHUSCKHIT
aHATI3

CpaBHeHHe ¢O
3BVKOBBIMH
MOIJLTAMA

BblIeTeHHe 30H MOTHAHMA (TTayvi) HefipoHHEBI® ceTH

BBIUHCIeHHE HY TSl HHTeHCHBHOCTH MapKOBCKHE MOJe1H

OnpedereHe J1IOKAIBHBIN |uu?n1:'~/:n£nurzr.,m.¢

IHEPTIEeTHYMEeCKHN [MapaMeTpoE ﬂ_aom PasMMHPOBaHHe
nrﬂr.fﬂu,_r_,uTv*vh__ aHa1H3

7Q_u_um TAUHOHHBIN aHa T2

_K3ncrpaibpHele KO3QPHIUIHSHTE]

HacToTa OCHOBHOTO TOHA

* JHHERHOe mpelcra3aHile

Puc.3.3. Metoabl u anroputmsl 06paboTk1 H30IMPOBAHHBIX CJIOB

[TepBasi kareropus — 5TO MeTOAbI M AIrOPHTMbI 06PAGOTKH
CHIHaJIOB BO BpeMEHHOH 00nacTu, KOraa caM CHrHan npeacTaBlseTcs
1N0C;1e10BaTENIbHOCTLIO HU(POBLIX OTCHETOB HA OCH BPEMEHH.

Bropasa «kareropus — 5to0 MeToabl O6paboTKM CHrHaNOB B
YaCTOTHOHM (crnekTpasbHOH) 06nacTH, KOrja CHrHaj MEpeBOJHTCA B
dopmy koapduuHeHTOB P08 Dypbe UnH BeliBieT - aHAMH3A,

HUucriennble anroput™mbl B 00EMX KaTeropusx pasiuuHbl (XOTA
MHOIHE [1apamMeTpbl CHIHAJIOB MOXHO BBIMMC/IATL KAk TeM, Tak M
ApYrum cnocoGom), HO B LEJOM OHM JIONONHAIOT APYr jpyra B
Npouecce aHanusa 1 pacrno3HaBaHHs peyeBbiX CHIHAJIOB.

Ha otane akycrnueckeii mu  ¢onernyeckoii obpadorkn
NPUMEHAIOTCA  KaK  CTAHJapTHbIE [pOUEAYpbl  [peaBapUTe/bHO
(uabTpauMn u noaaBneHus wWymoB (He nokasadbl Ha puc.3.3), Tak M
alrOpuTMbl  M3BJICHEHMS IN0J€3HON ans JalbHeiuiero npUMeHeHHs
uHgopmauun. ANroput™Mbl  (JOHETHYECKOro  aHaiu3a  TECHO
MEpenyieTaoTCs ¢ anropuTMaMmu akycTtuveckoi oOpaboTku, nostomy
MHOrHMe MoKasaTeau (OHeTHYECKOro aHaau3a MOryT ObITh OnpejeneHsbl
Ha sTanax o6paboTkh BO BpeMeHHOH M yacToTHOI o6nacTax. B cBs3m
C 3THM B OOLUEH TEXHOJOrHM pacrno3HaBaHUA Pe4YM aKyCTHYECKMIT M
(oHeTHHeCcKMil aHanM3 PAclOIOKEHbI HA OJHOM 7Tane. DTOT 3Tan —
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[pOLECC ONUCAHHMA CHTHAIOB € MOCIEAYIOUM npeobpasoBaHueM B
rpebyemyto dopMy Ans BO3MOXKHOCTH BbIAC/ICHHA nHGOPMATHBHBIX

:U:\w:m_r.Cm. ~

[Tpoueaypsl akycTH4eCKOH 06paboTKy:

- perucTpaius;

- uabTpaLMA U N10aBNEHHE LIYyMa;
- CerMeHTalllsa «CHrHan/naysa»;

- cerMeHTauus Ha QpeiiMbl;

- CerMEeHTalus «TOH/HE TOHY.

PermcTpaums npeicrasnser coboit  ayaumosaxsar  peyeBOi
KOMaHAbl B PEXMME peanbHOro BpeMeHH M mnpeobpasoBanue ee B
upOBOH BUA C MCMONIB3OBAHHEM CTAaH/APTHBIX CPEJICTB: _m:zvo%o:.
peJBapHTEbHbIH M OCHOBHOM YCHIMTENb, aHAJOrOBbIA dunbTp
HH3KOH 4acTOThI, aHanoro-uudposoi npeobpazosarelb.

@uabTpanns — 310 1an 06paboTkH peyeBbIX KOMAaH, KOTOpbI
[M03BOJIAET MOBLICHTH Pa30Op4YUBOCTb, YMEHBLIMTL [0JII0 1IYMOB,
BbI3BAHHbIX KaK aKyCTHYECKHMH, TaK U TEXHOJIOrM4EeCKUMH NPUYHHAMH.
lllyM NpUMEHHMTENbLHO K pEeYeBbIM CHIHAllaM — 3TO COBOKYMHOCTb
anepuoJM4YecKuX 3BYKOB pa3/IM4HO MHTEHCHBHOCTH M 4acToThl,
KOTOpbIe H3MEHAIOT HH(POPMATHBHBIE NAPAMETPbI CHTHANA.

CermMenTauHs «curmaja/maysa» npeacrasnser coboit 3apavy
onpe/e/leHUs MOMEHTOB Hayana W okoHuauus ¢passl. [Ipn Hanu4uu
lyMa JaHHas 3ajaya ABNSETCS OJHOM M3 BaXKHbIX B obnacTi 06paboTku
peyeBbiX KOMaHa. B 4acTHOCTH, MPH roJOCOBOM yNpPaBICHHH BAKHO
TOYHO ONpPEeAeMTh MOMEHTbI Hayana 1 OKOHYaHMs CJ10Ba (KOMaH/bl).

CermenTanus Ha QpeiimMbl — TMHEHHOE JeEHHe PeYeBOro noToka
Ha COCTABNAIOLIME OTPE3KH, Ha3biBaeMble peiiMamu. Peuesble CUrHasibl
ABIAIOTCA HECTALMOHAPHBIMM CHTHANAMH CJI0%HOH HOpMBI, napaMeTphbl
W XapaKTepUCTHKH KOTOPbIX, KaK MpPaBHJIO; MEHAIOTCA B Te4eHHE
BPEMEHH. 10 MpeanooxeHHe NPUBO/UT K mMeToaaM
KPATKOBPEMEHHOI'O aHa/In3a, B KOTOPbIX CErMEHTbI PEYeBOro CHrHana
BLIAGAAIOTCH M 00pabaThiBAlOTCA TaK, Kak ecid Obl OHM ObLIH
KOPOTKMMM  y4acTKaMM OT/JEJNbHbIX 3BYKOB C OT/IMYAIOLIUMHCA
ceoiicteamu. Jlna Toro utobbl MoayuuTh Habopbl MHPOPMATHBHBIX
NPU3HAKOB OJMHAKOBOH [UIMHBI, HYXHO CErMEHTHpOBaTh pe4eBOH
CMI'H&Jl Ha paBHbl€ OTPE3KH, Ha3blBaeMble GpPenmamu, cuuTas, HTO
CUrHan Ha T4KOM OTpe3Ke MPUMEpPHO craunoHapeH. [lepekpbiTHe
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(pefiMOB HCMONb3yeTcs* s NpeAoTBpallleHHs noTepu WHGOPMaLHKH o
CUTHAJIe Ha rpaHHLe.

nﬂﬂvnm-m.-.“-:-—n «TOHAJNBLHBIX/HETOHAJILHBIX» YHacTKOB B
peueBbIX CHrHalax sBISeTCS OOHON U3 BaXKHBIX 3aa4 B obpaboTke. ITox
TOHAJILHBIMH y4acTKaMH TMOHHUMAIOT MHTEpBalibl BPEMEHH, B TEYeHHe
KOTOPBIX TeHepalus 3BYKOB PeYH MPOUCXOINT C YHACTHEM T'OJIOCOBOTO
ucToyHuka. K HETOHANBHBIM y4YacTKaM OTHOCSATCS MHTEPBAlbl BPEMEHH,
Ha KOTOpeIX 0Opa3oBaHWe 3BYKOB pevM TMPOMCXOAWT 0e3 yuacTus
roNo0coBOro HeTouHnka. Hanbonbinyro LeHHOCTh 1pH aHanu3e peveBbixX
KOMaH/l WrpaloT TOHAIBHBIE YYacTKH. AHAIM3UPYSs HX, MOXKHO
MONyYHUTh  AOCTATOYHYIO  HMH(OPMATHBHYIO  KapTHHY Kak 06
aKyCTHHeCKHX XapaKTepUCTHKaX, Tak W O CMbBICIOBOM 3HAuYeHWH
peveBhIX CHIHAJIOB.

HavanbubiMH mpoueaypamMu ¢oHeTHueckoit oOpaboTku sBisercs
CTMeKTpalIbHBIl W KOppensHOHHBIH ananus  Onpenenenue
MH(OPMATHBHEIX MapaMeTpoB — 3ajaya BbIABIEHHS WHPOPMATHBHBLIX
MPA3HAKOB M XapaKTEpPUCTHK pedeBbIX cHTHanoB. OCHOBHBIE MOHATHSA,
XapakTepusylouine HHPOPMATHBHBIE [apaMeTphl peuyd uenoBeka,
cBA3aHbl C (opMoii, pazMepamMH, AWHAMHUKOW W3MEHEHHS pPEYeBOTO
annapara. BeijesieHHe TOHaJIBHBLIX YYaCTKOB B HEKOTOPLIX Clyyasx
MOXET SBJIATBCA TJIaBHOW 1enbio B 00paboTke peueBbx komana. K
TAKHM Clly4asiM OTHOCAT OMNpeZeNieHHe BaXKHOTO Iapamerpa peudn —
YacTOTHI OCHOBHOTO TOHA rOBOPSINEro B 3ajadye paclo3HaBaHWA W
:bm:.ﬁ:nv:—am::: AUKTOpAa. ITo pesyJibTaTaM CHEKTPaJibHOI0O aHaju3a
cocraBisieTcs  o0OoOuIeHHas  CrMeKTporpaMma,  XapakTepusyiouias
W3MEHeHHe TeKYIIMX CIEKTpPalbHbIX XapakTePHCTUK OTHAEeIbHBX
(peiiMOB Ha BceM MPOTAKEHNH BBIJETIEHHOrO CIIOBA.

Hcnons3oBanue  Metona  JIMHEWHOro  mpejcKa3aHus B
doHeTHYECKOM  aHalh3e  MMO3BONAET  OTAETUTH  TEpPHOJHYECKHE
COCTaBNAIOUIME OT CJIOXKHBIX 3aBHCHMOCTEH B pevH, ONpelelnuThb
MECTOITOJNIOKEHHE NHKOB (JOPMAHTHBIX YacTOT. DTOT napaMeTp B CBOKO
ouepedb HCITOJIB3YETCH B JansHedmmux allropyurTMax pacriosHaBaHus.

Ha ocHOBaHMM aHaIW3a NOCTHXKEHWH B o00sacTH BblAENEHHSA
WHGOPMATHBHBIX TIPU3HAKOB MapaMeTpbl PEYEBBIX CHIHATOB MOXKHO
pa3sfieIiThL Ha TP IPYNIkl, MO3BOMAIOIINE Pa3iM4aTh peyeBbie 0Opasiibl.

AMINIHTYAHO-9ACTOTHbIC NPA3HAKH:

- KOJIMYECTBO MAKCHMYMOB @MIUIMTY/l U HYJell HHTEHCHBHOCTH;
— JIOKAJIbHBIE SHEPIreTHYECKHE NMapaMeTphbI;
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— 4acTOTa OCHOBHOI'O TOHA;
— (hOpMaHTHBIE HACTOTHI.

Peuesoi CHI'HAaJ aKyCTHHECKH npeacTaBaseT coboi
pacnpocTpaHseMble B BO3JYLIHOM Cpe/ie COXKHbIE N0 CBOeil CTPyKType
;ByKOBbIe KoNneGaHus, KOTOpbie XapakTepu3yloTCs B OTHOLICHMH HX
_E.ﬁc?_ (uncna konebaHud B CEKyHAy), HHTEHCHBHOCTH (amMImIuTy bl
xoneGaHuit) ¥ UTMTENLHOCTH. AMIUIMTY IHO-4aCTOTHbBIE MPU3HAKH HECYT
1eoBXOAMMYIO M A0CTaTO4HYI0 HH(OpMauMio A1 HeloBeka 1o
pe4eBoMy CHrHa1y NpH MHHHMAIBHOM BPEMEHH BOCIIPHATHA.

CnekTpajibHO-BpPeMEeHHbIe NPH3HAKH!

— JUINTENbHOCTb CEerMEHTa MHHMMAJIbHOH CTPYKTYPHOH €1HHHMILbI
peud ((poHEeMbI, BOKIM30BAHHOrO U HEBOKAIM30BaHHOIO Y4acTKOB);

— OTHOCHTEJIbHOE BpeMs npebblBaHMs CHrHala B [100Cax CneKTpa,

— OTHOCHTEJIbHAA MOLUHOCTB CIIEKTpa peyH B 110J0CaX;

— NepHOAMYECKUX (TOHANBHBIX) YHACTKOB 3BYKOBOH BOJIHbIL,

—  HelepHOAMHECKMX YHYacTKOB 3BYKOBOH BONHbI (LIyMOBbIX,
B3PbIBHBIX);

— Bapuauus orndaiouleil crnekrpa pe4u.

CnexTpaibHO-BpEMEHHbIE  NPU3HAKM  MO3BOJAIOT  OTpaXathb
cpoeobpasue (OpMBI BPEMEHHOr0 psaa M CHEKTpa ro/oCOBbLIX
UMIlY/IbCOB Y pa3sHbIX /ML, XapaKTepusyloT OCOOEHHOCTH peueBoro
NOTOKA, CBSi3aHHble C JMHAMHKOH MNEpPecTPOHKH ApPTHKYIALMOHHBIX
OpraHoB  pe4yd  rOBOPAINEro W SBASIOTCA  MHTErpajbHbIMH
XapaKTepUCTHKAMM PeYeBoro rnoToka.

Kencrpanbubie NPH3HAKH!

— MeJ-4acTOTHbIe KO PHLHEHTbI;

— KencrpajibHble K03QQHLHUEHTE MOLHOCTH]

— K03()(hULHMEHTh! CNIEKTPa JIMHEHHOT0 NpecKa3aHus;

BO/bIIMHCTBO COBPEMEHHBIX CHCTEM TI0JIOCOBOrO YINpaBJIeHHA
COCPEJIOTAYMBAIOT YCH/IHA HA M3BJIEYEHMH 4aCTOTHOH XapakTepuCTHKH
peyeBoro Tpakta uenoBeka, orOpachiBas MpPH 3TOM XapaKTEPHCTHKH
cHrHana Bo3OyxkieHHs. IT0 OOBACHEHO TeM, 4TO KOd(PuuHEeHTSI
nepeoii Momenu obecneuMBalOT Jydllee pasjeneHue 3BYKoB. [las
OTAeNneHus CcurLana BO30YKIAeHHs OT CHILHana pevyeBoro TpakTa
npuberaloT K KencTpalbHOMY aHANH3Y.

Jdns  peanuzauMu  BCceX  BbIILENEPEYMCICHHBIX  [poLeayp
BbluUCsienus  MHOPMATMBHBIX  NPH3HAKOB  pPeYeBbIX  CHrHAOB
HeOOXOAMMBI YMCNEeHHBIE METOABI M COOTBETCTBYIOLIHE AJIrOPHTMbI
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oOpaboTkH: cnekTpalbHbIH aHanu3 B pa3nuyHbix Oasucax Dypee,
BeliBner-npeobpazosanne, KUX-¢punprpauns, ceprka, xencrpaibHbIii
aHamms.

B  pesynerate pgaHHOoro 3Ttana  ob6paboTKH  TosBIsAETCS
HH(OpMaLHOHHAA cpejia AN 00Hapy)KeHWs U pacrno3HaBaHWA CIOBA KaK
yacTH (BpeMEHHOro Kajapa) pedeBoro curnana (puc.3.4). Dtu
(oHeTHYECKHE NeMEHThI (METKH) MO3BOJISIOT paccMaTpHBaTh CJIOBO B
BHJIC COYETaHHs MapaMeTpHUecKUX TPH3HAKOB MPH JeTalbHOM aHanu3e
€r0 COCTaBNIAIOLINX.

BriGop BpeMEeHHOr o Kaapa
PeUueBOro CHrHA1a

e =o' = ==

BOKaTH30BAHKbBIC HepoKaTHIOBaHHEI®
2
CerieHTH Mayasl IBVKN IBYKH
PoHeMa
Caor
—¥" Ciomo

Puc.3.4. CamocrosTencHble €IMHUIBLI daHalu3a pevyeBoro
CHTHaja

[Tpouieaypsl BTOpOro THMNa, TMpeACTaBIEHHbIE Ha pHc.3 TIpH
CPaBHEHHH CO 3BYKOBBIMH  MOJICNIAMH, Ppeanu3yrT [poilecchl
YCTaHOBJIEHUA WIEHTHYHOCTH HEH3BECTHOI0 BXOJAHOTO CHI'HANIA OJJHOMY
M3 3JIEMEHTOB 3apaHee 3aluCaHHOro B MaMATH cloBaps (3tanoxa). [1pu
5TOM HCMONB3YIOTCA Mpoleaypsl 00yueHns U pacrno3HaBaHus.

[IpuMeHeHHe METONOB CTAaTHUCTHYECKOW TEOPHH pacro3HaBaHUs
obpa3oB crano BaXHBIM 3TalNoM B pPa3sBHTHH aBTOMATHYECKOrO
pacrno3HaBaHUs pevd. DTO MO3BOJIHIO HCCE0BATENAM HCMOBL30BaTh
MOLIHBIH  anmapat  MaTeMaTH4ecKo CTATUCTHKH M TEOpPHH
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RepOATHOCTEH, 4TO, B CBOK 04€peAb, MNPHBEIO K CYLLECTBEHHOMY
::_E‘_EE::O kauecTBa pacnosHaBaHus. B HacToswee  BpemA
[paKTH4ECKH BCE M3BECTHbIE CHCTEMBI pacrio3HaBaHMs peid OCHOBaHbI
{ia CTAaTHCTHHECKHX MEeToAax.

B pamkax Takoro noaxozaa pe4eBOil CMrHal NpeACTaB/IAETCA Kak
cnyuaitibiil obpas, KOTOpbIHA HE0OXO0AMMO pacno3HaTh U npeoOpa3oBaTh
B HEKOTOPYIO 10C/€A0BaTEIbHOCTh CIIOB. Torna 3aagaqa pacrno3HaBaHusd
pe4eBoro CUrHaza MOXeT ObITh CHOpMYIMpOBaHA KaK KJIacCHUeCKas
sanaya  kiaccudukaund  oOpa3oB MO KPUTEPUIO  MAaKCHMyMa
arocTepHOpHOH BEPOATHOCTH.

3.2. Ipumenenne HeiipOHHBIX ceTell I PACNO3HABAHNA petH

MMmes 3HaueHus CYLIECTBEHHBIX MMapaMeTpoB PEeveBOro CHriana,
Mbl  MOXEM MPHCTYNUTb K  pacro3HaBaHHiO  3BYKOB. [Ton
CYUIeCTBEHHBIMM  NapaMeTpamu  34eCh  MpeAnojaraloTcs  Takne
XapaKTEePUCTHKH 3BYKa, KOTOpble 00pa3syloT MHOXECTBO, M0 KOTOPOMY
MOJKHO C BBICOKOHl BEPOATHOCTBIO OT/IHYMTB OIMH BHJ (KJ1acc) 3ByKa OT
ApYroro WAM MNPUHTH K 3aKIOMEHHI0 O TOM, YTO /[Ba 3Byka
[IpUHAIIEKAT OJHOMY BHJLY (Knaccy).

UenoBeyecknil CAyXOBOH anmapar npd pacrno3HaBaHUH 3ByKa
OPMEHTHPYETCH HAa 4YaCTOTHBIH [OMEH 3BYKOHOIO CHMrHasa, Ipu 3TOM,
KaK yie YINOMHHAlIOCh paHee, Ul HEro MpaKkTHYECKH HE HMeeT
3Havenuns (paza curnana. CyuUIeCTBEHHBIM ABAAECTCA JTHLUIb abcontoTHble
3HAYEHMS AMIUIMTY/l YacTOT CHIHaNO0B, TOYHEe HeKHe COOTHOLUEHHA H
coyeTaHus abGCOMIOTHBIX 3HAyeHuil uactor. [lna nporpamMHoi
peanusanuu BeibepeM paHee yNOMHUHABLIMHACA pacnpe/ie/ieHHe SHepruH
CHTHAJIOB N0 FPyMNMaM CMEXHBLIX 4acTOT (CyMMapHas SHeprus CMruana B
IMANA30HE YaCTOT BbIYMC/IAEM KaK CyMMY KBaJpaTOB aMILIMTYA 4acToT,
BXOAALUMX B AHANa3oH).

Jlns Toro, 4To6Bl pacno3HaTh 3BYK, HEOOX0AMMO UMETh 00pasiibl
3HAYeHMH BCEX CYLIECTBEHHbIX NapaMeTpOB KaXJ0ro M3 3BYKOB pE4H H
OLIEHUTb, OTHOCHTCA JIM K KAKOMY-HHOY b M3 HMX Hall 3ByK, CPaBHHBas
3HAYEHMA ero NapamMeTpPOB CO 3HAYCHHAMH NapamMeTpoB 0OpasLoB.

Hau6onee yacTo ynorTpeGisioTcs ABa NOAX0/A K KAacCH(pUKALIHK
H pacno3HaBaHMIO.

B nepeom Hekas QyHKUMS CIYXHT Mepoil OIIM30CTH NapaMeTpos.
lakas dyHnkuus Ha3bIBACTCA METPHUKOM.
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BTopoii moaxon He MCMoib3yeT BCMOMOTaTeNbHbIX (YHKUHi, HO
MOZETMPYeT TMpolecc pacrno3HaBaHns B OHOJIOrHYECKHX CcHCTEMax.
Tako#f mMoaxon MCMONB3yeT TEXHOJIOIHHM TaK Ha3bIBAEMBIX HEHPOHHBIX
cereil. Jlna nporpaMMHON peanusaunu Mbl BeIGEPEM HMEHHO 5TOT,
npeicTaBisiouniics Gosiee NepcneKTHBHBIM B HACTOSIUEE BpEMS,
MOJIXON.

HMtak, nposenem kpaTkuii 3KCKYpC B MpeaMeT KOMIBHOTEPHBIX
HeHpoHHBIX ceTeil. HelponHble ceTm — 3To anmapartHble WIIH
nporpaMMHbIe CPeICTBa, MoJenupylomune paboTy YenoBeyeckoro
mo3ra. Kak u Bcakas MOjelb, OHH ABJSIOTCA MpuOIMkenneM. Ho naske
HECMOTpS Ha TO, YTO B TMOAOOHBIX CPEACTBAX MMHTHUPYIOTCS JIMIIL
OTAENbHBIE CTOPOHBI OHONOrHYECKOro NPOTOTHNA, OHM yke ceifyac
MO3BONAIOT NOOHUTBCS ONpe/ieNeHHBIX YCIeX0B BO MHOTMX 001acTsX, B
YacTHOCTH CBA3aHHBIX C KjaccHUKalHell 1 pacrno3sHaBaHueM 06pa3os.

Kak n3BecTHO, HepBHasA CHCTEMa YellOBEKA COCTOHT W3 OrPOMHOTO
YKCia 3NEMEHTOB, Ha3blBaeMbIX HEWPOHAMM, COCAMHSEMBIMH MEXIy
coboif HuTEOOpa3HBIMM OTPOCTKaMH-AeHAPHTaMH. Bo3byxaenue wiu
TOpMOXeHHe (Bo30yxkaeHHe co 3HAKOM MHHYC) MepefaeTcs OT HelipoHa
K HEHpOHY 10 ACHAPHMTaM, TAe Te MNPHHUMAIOT CHIHAJBl B TOYKAaX
COE/IMHEHHUs, Ha3hIBaeMbIX cUHancamu. [IpuHATbIE CHHAIICOM BXOJHBIE
CHrHallbl nepelaloTcs K Teny HelipoHa, riae cyMMupylotes. Ecim
YPOBEeHb BO30YXKAEHHS MPEBBIIAET HEKOTOPYHO MOPOrOBYI BEJIHYHHY,
BO3Oy/ieHue nepeflaeTcs W3 Teia HelipoHa B BBIXOAHYK TOUKY,
Ha3bIBAEMYH) aKCOHOM, OTKyJa MO JAEHAPHTaM MOCTYMaeT B JApyrue
HEHPOHBI.

MMenHO  yka3zaHHbBle  Bbillle  XapaKTEPUCTUKM M CTalM
CYIIECTBEHHBIMH MPH CO3JaHHH HCKYCCTBEHHBIX HEIPOHHBIX ceTel.

OcHoOBY HeHpPOHHOM CEeTH COCTABJIAIOT, KAaK MPAaBUIIO, OJAHOTHITHbIE
SNIEMEHTBI, HMHTHpylomKe paboTy Owuonoruyeckoro Heipona, u
Ha3biBaeMble 00bIMHO Tak *e. Kaxablii N3 HelipOHOB B KaXIblif MOMEHT
BpPEMEHH HaXOoAWTCA, kak ¥ Ouosoruyeckuii HelpoH, B HEKOTOPOM
TeKyuiem cocTosHUU. OH MMEET rpynmny OJHOHANPABIEHHbIX BXOAHBIX
CBSI3€#-CHHANCOB, HAYLUIHX OT BXOAA B CETh WIIH OT APYrMX HEHPOHOB.
Kpome Toro, on uMeeT OIHY OIHOHAINMpPABIEHHYIO BBIXOIAHYIO CBA3b-
AKCOH.

CxemaTHHYECKH HEHPOH MOXKHO MPEJACTaBHTh TakK, KaK MoKa3aHo Ha
puc.3.5.
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Puc.3.5. Cxemarvyeckuil HEHpoH

CHHANTHYECKHE CBA3M XapakTepusyloTcs BecaMu Ww;. Tekyluee
COCTOsIHHE S HeHpOHA PaBHO mamrEm::o: CyMMe BXO/10B:

Mx:. (3.1)

B BexkTOopHOM BHIE ug MOXHO 3anucath kak S=XW, To ecTb
BEKTOp S ecTh Npou3BeJeHWe BeKTOpa BXOAHBIX 3HaueHud X Ha
marpuily BecoB W, rie CTPOKM COOTBETCTBYIOT Cl0sAM, a cTonbusl —

HelfpoHaM BHYTPH Ka)/10To CJIOS.
®ynkuus S panee npeobpasyercs akTHBauHOHHOM ¢dynkuneii F
M AaeT BbIXOJHOMH curHan Y HelipoHa.
Y=F(S) (3.2)
AxtuBauuonHas ¢yHKuUMA AoskHa obJaaarh CBOHCTBOM pe3KO
BO3pacTaTh Ha KOPOTKOM MHTEepBalieé aprymMeHTa B OKpPECTHOCTAX
NoporoBoro 3xadeHus T, npuHUMATh NPUONUIUTENBHO OIHO 3HAYEHHE
[0 3TOro HHTepBaja W npubGnu3uTeNbHO 0/iHO (BoJsbilee) 3HaYeHHe —
nocne 3Toro MHTeppana. DTuM TpebOBaHMAM COOTBETCTBYET, Hanpumep
(yskuua Y, pagras 1 npu S>T, n 0 npn S<T.

Puc.3.6. 'paduk dyHKUMHM €IHHHYHOTO CKA4YKa
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Jra GyHKUMS HA3BIBACTCA TaKke yHKIHENH eAHHAYHOr0 CKavKa
(pnc.3.6).

Ho. K COXaleHWIo, OMBIT TMOKasal, YTO MHOTHE alrOpHTMEI
HelpoHHBIX ceTeli nuioxo paboTaioT WM He paboTaroT ¢ JIMHEHHBIMHU
dynkuusamu. K Tomy xe 31a pyHKIHS COAEPKUT paspeiB B TOHKE i 9

Camoif pacrpoCTpaHeHHOH B HEHPOHHBIX CETAX aKTHBALMOHHON
dyHKUMell ABNAETCA CUTMOMI WK JIOTHCTUYECKAA dyukuns (puc.3.7),
BBIYHCIIAEMAs KaK

F(S)=1/(1+e*) (3.3)

L =

ol e L,. il
/|
_,

Puc.3.7. IpadmK CUrMOHL WK IOrHCTHYECKOH byHKUAH

Ha camom mene, B obuiem Buae ¢opmyna JOTHCTHYECKOM

(YHKUWH BBITJISAUT TaK:

F(S)=1/(1+e™) (3.4)

[Ip¥ YMEHBIIEHHH JOrMCTHYEeCKas
y

dyHkuum craHoBuTCA Gosee mMOJOroH, TMpH 0=0 npuHUMas BHJ

ropusoHTansHoi  nuHuM - Y=0.5. [pu  yBENWYEHHH  CHIMOMA

:U:@::vxmm._,nn Mo BHELIHEMY BHAY K %%Iz::: €JUHUYHOro CKavka.
Ewe oJaHUM BecCbMa NoJIe3HBIM CBOWCTBOM .:C_,:C%:Lan_ncm

dyHkuuu sBasercs ee AMpdepeHUnpyeMOCTh TpH moObIX S ¥ npocToTa
BBIYUCIIEHHS €€ MPOU3BOIHOI:

rpe o -—Hekoropas KOHCTaHTa.

F'(S)= aF(S)(1-F(S)) (3.5)

[Mpocreftuieid MOACIBIO HepOHHOM CeTH ABIACTCA OJIHOCTIONHBIA
nepcenTpoH. OAHOCIOHHOCTE O3HAYACT, HTO BXOJHOW CHUTHAaJ BXOJ0B
(X{,X2,...Xp) MOJAETCH HA OAHY rpyniry HEHpOHOB, UMEHYEMbIX CJI0EM
HeWpOHHOIl CeTH, a BBLIXOJHBIC CHTHAIBI STHX HEeHpPOHOB MMOCTYMNAKT
cpa3y Ha BBIXOA CETH. JIns /ABYCIIOHHOM CETH BBIXOAHbIE CHIHAJBI
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nonapamich OBl HE HA BBIXOL CETH, a Ha BTOPYIO Tpymmy-cnofi
HelipoHOB, @ OTTyaa Ha BXO. [TouaTHO, YTO TpeXCIOHHBIH Helipon
umeeT yKe TPH TpYNTibl-CIOs, N-cnoifHerii — N rpynmn-cnoes w T.1.
(cm.pic.3.8).

MOKHO CYWTATh, YTO HA BXOJ MEPBOIr0 CNOS TOAAKOTCH CHTHAJEI
co BCEX BXOJIOB CETH, MPOCTO Beca HEKOTOPBIX CHHATICOB PaBHBI HYITO.
AHaJIOTHYHO MOXHO CHHTaTh, YTO Ha BXO/BI BCEX CTOEB KPOME NEPBOro
MOMAIOTCS CHTHAITBI C BBIXOIOB BCeX HElipOHOB MPEABLIAYILETO CIIOA.

Ho BepHEMCA K OMHOCIOHHOMY NMepcenTpoHy. Ou obHapyHJ psn
ONOKHTENBHBIX CBOWCTB, KOTOpPbie W 3aCTaBHJIM MHOTHX YHCHBIX
oBpaTHTh CBOM B30p HA MCCNEN0BaHHE HelipoHHBIX ceTel. [TaBHpIMH M3
oBHapyKeHHBbIX CBOHCTB MepPCenTpoHa Obina crnocoGHOCTh K 00yUCHUIO

1 pPacro3HaBaHMUIO.

Oka3ajoch BO3MOXHBIM B psfie cily4yaeB YCTAHOBHTb TO, Kak
MOKHO HACTPOHTH BECA CHHAINCOB MEPCENnTPoHa, YTOOb! NPU pasiuUHbIX
KOMOUHAIMAX 3HAYEHHUI BXONOB TIOJyYaThb 3apaHee YCTAHOBIICHHBIC,
“npaBuiibHBIE” 3HAYEHHS BLIXOIOB. To ecTh, OJJHOCNOIHBIN MEPCEnTPOH
okasancs CIOCOOHBIM BOCTPOM3BOAWTL HEKOTOPbIE MaTEMaTHYECKHE

byHKUHH.

Bxox Cnodt 1 Cnoit 2 Cok 3 Cnoit M Bamxox

! N

O

S

————

{

, o el b
@ O

NOiHas HEHPOHHAs CeThb

-

N

Puc.3.8. Muoro

o

OnHaKo pajocThb 10 MOBOAY 3THX OTKPLITHA OKasanackh HEeJlOJITOM:
Obln  oOHapy)KeHbl CYLIECTBEHHbIC OrpaHH4YeHHs B cnocoOHOCTAX
OZIHOCJIONHOrO MepcenTpoHa K 00y4eHHIO W pacno3HaBaHHIO.
Bo-nepBhixX, 6bI0 J0Ka3aHa ero HeCroCOOHOCTE BOCTIPOH3BOZHTS
HekoTopsie npocthie hyHikunn, Hanpumep, HCKIIOYAIOIIEE UITN.
Ecim T, - noporosoe 3nayeHue ]-ro BbIXona, TO OJIHOCTOIHBIH
lepecenTpoH onuceiBaeTCs ypaBHEHUAMHM:




T;=) x;wy;
g N A (3.6)

[AC N — YMCIO HEeHpOoHOB B choe. B n-mMepHOM MNpOCTPAHCTBE 3TH
(GYHKLMH OKa3blBAIOTCA NpsAMbIMK. TOHYKH N-MEPHOro npOCTPaHCTBA
BXOJI0B ANA 3HAYEeHUH naowmx pasksie 31avenns (0 wau 1) Beixoaa (To
ectb F>Tj unu F<=T]) nomkubl n€xars 0O pa3Hble CTOPOHBI OT TAKMX
npambix. Ho ana MHorux dyHkumi (Hanpumep UCKJIIOYAIOLIEE
MJIN) 3TO HEBBINOJIHUMO.

JTa 3anaya pelaeTcs ¢ NOMOLUBLIO MHOTOCAOHHBIX HeHPOHHbLIX
cereif. Yke MpH KOJMYECTBE CNOEB PaBHOM JBYM CeTb OIHCHIBAETCH
yPaBHEHHEM:

n n
Ty = M Mp.:...._.;.. Wo
{=1\i=1 3.7

Tenepb BKJIIOYas NOCTATOYHOE YMC/IO HEHPOHOB BO BXO/JHOH CJIOH
MOXKHO MOMYYHTh BBINYKAbIE MHOroyrosbHuk moGoii  dopmel.
Tpexcioiinas e ceTh ecTh emle Gonee obwwmii ciyuaii. B Helt
OrpaHM4eHusi Ha BBIMYKJIOCTh OTCYTCTBYIOT: HEHPOH TpPETHEro Cjod
NPHHHMAeT Ha BXOA BHINYKJbIE MHOrOYrOJbHUKH, KOMOWHAUMA
KOTOPbIX MOXET ObIThb YKe HEBLIMYKIIOH.

Takum  ofpazom,  crnocoGHOCTH K pacno3HapaHMIO Y
MHOFOC/ONHBIX CeTell 3HAYUTENBHO NPEBOCXOIAT TE Ke CIIOCOOHOCTH Y
OIHOCNONHOrO MepPCenTpoHa. 3aTO HECKOJILKO YCJOKHAETCH MNpoLece
obyuennsn 3710it cern. [loa obyyennem cevH Mbl NOHMMAEM TMpoOLECe
HACTPOHKHU BECOB CHHAICOB, TaK YTOObI BBIXOA CETH ObUI 0KHIAEMBIM.

Ecin B ceTd TONBKO OJIMH CIOii, npouecc ee o0y4YeHUs 10BOJIBLHO

oyeBuaeH. PaccMoTpuM, Hanpumep, anroputm KoxoseHna.

|. Becosbie koddduuuentsl W, ompenensiomue i-H BXOA j-ro

HeilpoHa, YCTaHABAMBAKOTCH B HEKOTOpbIE Maible 3HA4CHHH.

Yeranasnusalorcs BXoabl X1 .

2. BLIMCASIOTCA 3HAYEHMs BCIOMOrarenbHOro Bektopa Rj ans

KaX10r0 BXOZA 1o hopmyie:
n

>.~ = MQAN l..p.w.\._Vu Aw mv

rae n — 4ucio :mmﬁCIOm B CETH.

3. OnpenensieTcs m, TaKoe 4TO
h.: min

IR, (3.9)
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4. TlepecynTaThb BCE wij 1Jtst Helfpoxa ¢ HoMepoM m 1o hopmyIie
Wim= Wim T M(Xj-wj;), rae 0.5<=M<=1.
5. Ecnu pewenne He ObiI0 JIOCTHTHYTO, NEPEXOKM K wary 2.
CyluecTBYIOT U IpYTHe airopuT™el A OJHOCIIOITHOM CETH.

AJIFOPHTMBI 0OPATHOTO PaCpOCTPAHEHHS.

CrioxHee 0OCTOMT AENO € MHOTOCTOWHBIMH CeTAMM, TaK Kak
[3HAYATBHO HEH3BECTHBI JKeNlaeMbie BHIXOABI CJIOeB ceTH (32
HCKJIOUEHHEM  TIOCHEHero) W WX  HEBO3MOXHO  OOy4HTh,
pYKOBOJICTBYSICh TOJIBKO BEJIMUHHON OIIMOOK Ha BBIXOJE CETH, KakK 3TO
GBIIO C OJIHOCIOWHON CETBIO.

Hanbonee MpHEM/EMbIM BapHaHTOM pelleHus npobiaems! crana
iies pacTpoCTPaHEHHs CHIHajla OwHOKH OT BBIXOJA CEeTH K ee BXOaY,
crioii 2a croeM. AJIFOPHTMBL, peanusytoune obydyeHue ceTH Mo 3ToH
cxeme, 10JTyUHIIH Ha3BaHKe alropuTMOB 0OpaTHOro PacnpoCTpaHeHH.

Anroput™ Tpebyer anddepeHUMpyeMoCcTH aKTHBAMOHHOH (MK
Kak ee Mo-ApYroMy HasbIBalOT, CXUMatoleil) GyHKUMKM Ha Bcei OCH
abeunce. [To aroit npuuuHe, QyHKUMUS EAUHHYHOrO CKa4yka HE MOXET
HCTIONB30BATHCA M B KadecTse CkumMaiouledf ¢QyHkuuu 0OBIYHO
NPUMEHSAIOT YITOMSIHYTBIH BBILIE CHIMONA (IOMHCTHYECKYIO (YHKUHIO),
XOTS CYIIECTBYIOT U JIpYTHe BapHaHThl.

PaccmaTpuBaeM “‘kiacCH4ecknil BapHaHT’ MHOrOCHONHON ceTH,
rie  CHHanTUYeckWe CBS3W  MOTYT  OMNpeleisTbcs  NoObIMH
NeiicTBUTENLHBIMU YHMCJIaMH, @ BbIXOJ HelpoHa — AeHCTBUTEIbHBIMH
yrcnaMu U3 ueTeprana or 0 g0 1. B kauecTBe akTHBAUMOHHON QYHKUHH
HCTOJIL3YEM CUTMOMA. YHCTO cloeB NPOU3BOJIbHOE.

Onucanune anropurma,
|. OnpenenseMm M wmartpuu BecoBbix Kod(pduunentoB W pasmepom
NxN, rae M — uucno cnoes, N — yncio HeiipoHos B oaHom cnoe. Wi, j,
k Oymer o6ossauath Bec j-ro BXxoga K-ro HefipoHa B i-M clloe.
UHnunanuanpyem martpuibl HEKOTOPBIMH MallbiIMH Cly4aiHbIMH (He
OJIHHAKOBLIMM ) 3HAYEHUSMH.

2. TlojaeM Ha BXOABI CETH onpejelieHHble 3HaueHus X, 1S KOTOPbIX
M3BECTHBI MPAaBHIIbHBIC 3HAYEHUSA BBIXOJI0B CETH D s

3. BbluMcnseM 3HAYEHMs BBIXOAOB CETH JANA TEKYIIEro COCTOSHHS
Matpuil W. To ecTsh ans BXOAHOro Bektopa X BbIYMCIAETCS BBIXOIHO
BekTop Y. J{ns 2TOro Heo6XoaAMMO MoCe0BaTeNbHO BLIYHCIIUTEL BbIXOA




A KaXAOro CJAOS CeTH ¢ NepBoro no nocieauuil. [lus i-ro cnos 8
BEKTOPHOM BH/E 3TO MOXKHO 3alMCaTh TaK:

O=F(XW,), ecnu i — He nepBblii CA0M.

O=F(0;.;W,), ecai i — He nepBklil CIOM.
rae O; — BeKTOp BbIXOAA i-ro ciod, F — akTHBauMonHAas (yHKUMA, X —-
sekTop Bxoaos, O,,— BexTOp Bbix0oaa (i-1)-ro cnos, W; — marpuua
BecoBbIX K03 PULMEHTOB i-I0 C/Oos.
4. Boiuucisem sektop AY=Y-Y*
5. Ecin AY MeHbliie 3a1aHHOM NOrpelHOCTH, NEPeXoauM K wary 9.
6. Ins cnos ¢ HomepoM M (T.e. B mocieiHeM cClioe) MPOH3BOAUM
CleayloLiue onepauuu: ;
6.1. Jina Bcex HeiipoHoB B cnoe ¢ Homepa | mo N npou3Boaum
C/le/1y tolUMe ONEePaLHH:
6.1.1. Jlna Bcex Becos Hefipona ¢ Homepa | mo N mnpou3BoauM
chellyoLMe onepauuu:
6.1.1.1. PaccuutsiBaem sekTop SM=X(1-X)AY
6.1.1.2. PaccuuThiBaeM BEIHYUHY ><<7:.rn:mz.r0_._._.
rae 1 — koadduunent ckopoct odyuenns (ot 0.01 go 1.0)
6.1.1.3. KoppekTupyem Benu4nHy BecoBoro kospduumuenta, 400apias K
Wi, i k BenunHy AWk
7. Jlns cnoes ¢ HoMepom M-l no nepBelii  nocneaoBaTesibHO
[POM3BOJNM Clle/lyIOLLHME ONEPALIMM:
7.1. Jlns Bcex HeiipoHoB B cioe ¢ Homepa | no N mpon3Boaum
cnejylolme onepaumu:
7.1.1. Jlna Bcex BecoB HeiipoHa ¢ nomepa | no N npon3BoaAMM
CleAyIOLLHE OnepalKtu:

7.1.1.1. PaccumTbiBaeM BEKTOP
N

6;=0441(1- 044y Sis1Wisrk
. LM__\_\ (3.10)

7.1.1.2. PaccuutsiBaeM Beanunny AW, = 19ix0i.1
rae 1 - koadduunent ckopoct odyuenns (o1 0.01 no 1.0)
7.1.1.3. KoppekTrpyem BelHuKHHY BecoBoro kodpduuunenta, n06asiss
K Wi, j, x Besnunny AWy i
8. [Nepexon x wary 3.
9. Konew (00yyeHue OKOH4EHO).
OnucaHHblii AJrOPUTM [PUMEHSETCS J0CTATOMHOE KOJINYeCTBO
pa3, ytoObl BCE BAPHAHTHI BBIXOAHBIX 3HAYECHHH MOI/IM NpaBH/IBHO
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BLIXOAMTH MPH 3aIaHUK TPOH3BOJILHBIX 3HAYEHUIl BXOJA C 3a/laHHOI
pepOATHOCTBIO OUTHOKH.

Yro anropuT™M MoxeTr ObiTh ycoBepueHcTBoBaH. Hanpumep,
BBISCHIIOCH, YTO OOBIYHBIA AHANA30H JUTS BXOAOB H BEIX0/10B 0T 0 10 |
we gsnsercs  onTUManbHbiM. H3-3a  Toro, uro AWy mnpamo
MpOTOPLUHOHANIEH BBIXOAHOMY YPOBHIO HelpoHa, HYJIEeBOW BBIXOJIHOI
ypoBeHb MPHBOAHT K HYJEBOMY 3HAYeHHIO AWk TO €CTb BelIHYHHA
peca He M3MeHseTcs W ofyderwe He NMPOMUCXOAWT. BBIXOJA COCTOHT B
npuBeJeHHH BXOIOB K 3HAYEHWAM OT -0.5 no 0.5. AxkTHBauMoOHHAas
dyHKUHSA TOIKHA TPHOOPECTH BUA:

F(S) = (-0.5)+1/(1+e) (3.11)

[Tocne Toro, kak ceth Oyjer Haanexawmum obpazom obyuyeHa, oHa
MokeT OBITh MCMONB30BAaHA JUIS pacro3HaBaHWA, B TOM YHCIe, IS
pacno3HaBaHus 3ByKoB. [lojlaeM Ha BXOJ CeTH napaMeTpbl 3ByKOBOTO
CHIHaJIa ¥ NoJIyYyaeM Ha BbIXOJIE MOC/e10BaTeNbHOCTb 3Ha4eHu ot -0.5
no 0.5 (unu — nocne obpaTHOW koppekTHpoBkH — ot 0 no 1), mo
KOTOPBIM M OfpeaenseM 3BYK ( KaxkIOMy 3BYKY COMOCTaBIseTCs
yHUKallbHas KOMOMHALMS BBIXOZOB 10 Hayana npouecca oby4yeHus, W,
coOCTBEHHO 1Mo Hel MbI*Ha JTane oOy4eHHs W onpeaenseM, NpaBHILHO
JH ONpeeNieH 3BYK).

3.3. Burunciaenne ko3pPpHIHEHATOB THHEHHOIO NPeJICKA3aHNA

Jluneiinoe  npenckazanue  (anrn.  linear  prediction) —
BLIYHCIIMTEIbHAA [POLEAypa, TMO3BOJAIOWIAS 10 HekoTopoMmy Habopy
MPeAUIecTBYIOMIMX  OTCYETOB  UM(POBOTO CHrHama Mpejackasarth
TEKYLIWH OTCYET.

CyTb IMHEHHOro NpejicKa3aHus B HaXoxAeHHH K03 PHIMeHTOB ay
(k=1..p) nns popmynsr:

P
X[n]= Y (a x[n-k]) (3.12)
k=1

p STTORS - e o 38 i
\: YIHMH clloBaMH, CT POHTCH JIMHEWHBIN MHOTO4JIEH, NMO3BOJIAIOIUNK C
./:UCFEGI TOYHOCTBK BLIYHCIIATHL 3HaYeHUe Moboro orcyera B cUrkane
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10 3HAYEHMSM NpeabIAylUMX p OTCHETOB. Koadduunentsl ayg
HA3BIBAIOTCA KOAPHIHEHTAME JTHHEHHOTO0 NPeACKA3AHN.

dakTHYeCKH, MMes  HEKOTOpblii  CHrHanx,  MOXHO  MMETh
CTAaTHCTHYECKYI0 BbIGOPKY, KOTOPYKO MOXKHO MpeACTaBUTEL B BUJIe
Tabauubl:

x[n-p] [x[n-p+1]{x[n-p+2]}. .. x[n-1] [x[n]
x[0] x[1] x[2] e x[p-1] _X[p]
x[1] X([2] x(3] o x(p] x[p*1]
x[2] x[3] x[4] L. x[p+1] [x[p+2]
x[N-p-1] [x[N-p] wmdw x[N-2] [x[N-1]

To ecth HaxoxAeHHe KOIDPULHMEHTOB JMHEHHOro npejcKalaHus
CBONMTCA K BBIMMCAEHHIO KOID(PHUHEHTOB AWHEHHONH perpeccuu s
JAHHOMN CTATHCTMYECKON BbIOOPKH W MOXKHO M0Jb30BaTHCAH METOAAMH
MaTeMaTH4YeCKOH CTaTHCTHKH.

MuUHUMH3UPYEM CYMMY KBaapaToB owmboK ANA  KaKAoro M3
BbIYHMC/IAEMbIX OTCHYETOB.

Ownbka ang orcyera x[n| paBxa:

P
3[n] = x[n] - ¥ (ax x[n-k]) (3.13)
k=1
Munyumusupyemas GpyHKLUHsS paBHA
N-1 N-1 p N-1 N-1 p
E=Y &M =Y xInl-Y (ax[nk))'=X X[n]-2Y x[n]Y (axx[n-kD)*
n=0 n=0 k=1 n=0 n=0 k=1
N-1 p N-1 p N-1
+Y (X(ax[n-KDY =Zx’[n) - 2% (aX(x[n] x[n-k]D)+
n=0 k= n=0 k=1 n=0
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PP N-1
Py Yay a X(x[n-k]x[n-j]))
i-1k=1 n=0

[MpoanddepeHiupyem E no agu TNpHpaBHAEM  HacTHbIC
[IPOM3BO/IHBIE HYIIO UIA HaXO0XKIEHHs IKCTPEMYMa:

N-1 p N-1
dE/da, = Y(x[n] x[n-k]) + ¥ a X (x[n-k]x[n-j1)=0
n=0 =1

JameHnB A1 YI06CTBa BOCIPHATHS j Ha i, @ K Ha j MOTy4uM CHCTEMY P
TMHEHHBIX YPaBHEHHH ¢ p HEH3BECTHBIMM!
P
M.PC:HO:. Au _?v
i=1

N-1
ci=¢i=Y  X[n-i]x[n-j]) 3.17)

n=0

Jra cHcTeMa HasbiBaetcs cucTeMoit ypasHenmit HOna-Yoxepa.
[TorpemnocTs HaliAeHHBIX KOO HIIMEHTOB OLEHHBACTCA KaK:

EcTh 1Ba OCHOBHBIX MOAX0/A A/ PEIIeHNs CHCTEMbl ypaBHEHNH
K Jna-Yokepa.

Pemsenue cucrembl ypasaennii FOna-Yokepa.
[Toaxoxa 1. KopapuaunoxHbiii MeTOA.
MbI  pasjieTiM BbIp@XEHHUE JUIA  Cy na N, TO MOJIYHUM
B3aWMHOIA KOppeEJIsAllHH Mex 1y ABYyMA CEl MEHTaMH curHala:
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N-1
RGj)=ci/N=1NYE (x[n-i]x[n-]]) (3.19)
n=0

B mMaTrpu4HOM BH/e cucTema ypaBHeHuii }0ia-Yokepa npuMeT BUA:
AP=C (3.20)

rae A — Bextop ko3dduuunentos a, P — maccus 3Hauenuii R(i,)) , C -
sektop 3Hauvenuii R(0,1), i=1..p, j=1..p

Jlanee cucTema pellaeTcs TPAJAHLHOHHBIMH METOJaMH PEIleHHs
CHCTeM JIMHelHbIX YpaBHeHHii, koTopbie B oOuleM BHAe TpebyroT
nopsaaKa p- onepawuii.

[Toaxoa 2. ABTOKOpeIs HOHHbIH MeTO/.
Vi3sMeHHM npezelibl CyMMHPOBaHHUSA B HCXO/IHOM BbIPAXEHHUH /LIS

Ci=Cii= 2 (x[n]x[n+]i-j[]) (3.21)

Ecan nanee Mbl pa3ae/ium BelpakeHne 408 ¢ Ha N, TO nojay4um
QyHKUHIO aBTOKOppensiuny R(T), BBIMNCACHHYIO 1A =|i-j|

N-1
R(li-j)=cij/N=I/NY (x[n]x[nt]i-j]]) (
n=0

o
S}
o
-

1

aR(i-j)=R(). (3.23)
i=1

roe j=1..p.
B mMaTpH4HOM BHJe cucTeMa ypapHenuii KOna-Yokepa npuMeT BUA:
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AR=B (3.24)

rne A — BeKTOp KOI(p(PHLHUEHTOB a;, C - BexTop 3Havenuit R(i), i=1..p, a
R(O) R(1) R(p-1
R R(1) RO . Rpp-2
Rp-1) Rp-9 . RO

Matpuua R CHMMETpHYHA OTHOCHTEIBHO rJIaBHON JauaroHaiy Hu
apnsercs maTpuueii Temsuia, TO eCTh Kax/aas CTPOKa MOJy4aeTcsa u3
fpe/biAyliero CABHIa BIPAaBO Ha OJHY MO3ULHIO. JIns nonobHsIX
MaTpHIL CUCTEMA JMHEHHBIX ypaBHeHUH MOXeT ObiTh pelena no Gonee
NpocTOMY MO CPABHEHMIO C KIACCHYECKHMH METOLOM JleBHHCOHA-
Jlap6uHa, anropuT™M KOTOpOro Tpebyer nopsjaka p2 onepauuii (TO eCTh
3HA4YHUTE/BHO ObicTpee KJ1IACCHYECKHX, NpPUMEHAEMBIX npH
KOBapHALLHOHHOM METO/E).
Asnroputm Jlesuncona-/lapbuna cieayoumui.

1. Hayanbuble yCnoBHA:
I=0, E=R[0], a[i]=0 ana i=1..p
. dns 1=1 no p uuka I-1
1L K[1] = (a[i]R[I-1]-R[I])/E i=1

a[l] = -k[l]
3. Jlns j=1 no 1-1 unkn

1. aj]=afj}+k[1]afl-j]
4. E=E(1-k[1]2)

[ S S I SO B 5O I SO B oS

Ha Bbixoze anropurma nosjy4aem OLEHKY omnbkun E W BekTop
k03¢ huunenTOB AHHeltHOro npeackasanus ali].

[pHBOAMM peajM3auuio aarOPUTMA BbIYHCIEHHA JIMHEHAHBIX
K03 QULUHEHTOB aBTOKOPpPENALMOHHBIM METOAOM C TNpHMEHEHHEM
anroputma JleBuncona-/lap6una Ha a3sike C.
//Dynkuus BplyMcaseT Ko3(HUUHEHThI THHEHHOr0 NpeAcKasaHus 1A
CHI'Hana X AnuHo#l /N, BosspaulaeT oueHky ownbku. [Tapamerp p
JaaeT YUCII0 OTCHETOB, Ha OCHOBAHUM //KOTOPBIX JI€/1aeTCA




npeackazaHue, B mapameTpe a BO3BpALLIAETCs CCbliIka Ha
MaccHB //mofyueHHbIX K02 GHUIIHEHTOB
double LineFactors(double* x, int N, int p, double* a)
{

double E;

double* R=(double*)malloc(sizeof(double)*p);
double* k=(double*)malloc(sizeof(double)*p);
int i,j,l,n;
a=(double*)malloc(sizeof(double)*p):
for(i=0;i¢p;i++)

{

a[i]=0;

R[i]=0;

for(n=0;n(N;j++)

{

R[n]+=x[n]*x[n+i];

}

R[n]}/=N;

}

E=R[0];

1=0;

for(I=1;:l¢=p;1++)

{

k[1]=0;

for(i=1;ick;i++)

{

k[1]+=a[i]*R[I-1];

H

k[1J=(k[1]-R[1])/E;

a[l]=-k[1};

for(j=1;j<l;j++)

{
aljJ+=k[l]*a[i-j];

}
E=E*(1-k[1]*k[1]);
J

return E;

}
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3.4. [Ippmenenne CKPbITHIX MAPKOBCKHX Moje/ el IS
PACNO3HABAHHSA pevH

CkpbiTas MapkoBckas Mozeb (CMM) - cToXacTHYeCKHH METO/, B
KOTOPOM HEKOTOpas BpEMEHHas undopmaLus MoxkeT ObiTb 00bEAHHEHA.
B 5TOM pasjene JaHbl OCHOBHbIE  IPHHUMIIbI aNropuTMOB
pacro3HaBaHus peH, KOTOpbIE HCMOIb3YIOT CMM. Pucynok 3.9
HoKa3biBaeT GJI0K-CXeMy TUIHYHOH CHCTEMbl PacrO3HABAHMA PetM. Hns
yayasia, BEKTOPbI CBOHCTB H3BJEKAOTCH U3 pe4eBOoi 3By KOBOH BOJIHBI.

Jarem, Haubosiee BEpOATHAA MNOCIEAOBATE/NLHOCTH CJIOBA MUl
aHHBIX PEYEBBIX XapaKTEPHCTHHECKHX BEKTOPOB HAXOJAT, UCIIONB3Y
Ba BMAa MCTOYHHKOB 3HaHHil, T.e., aKyCTHYECKHE H JIMHTBHCTHYECKHE
ananus. CMM  mcnonbsyercs, 4ToObl 3aXBaTMTh  aKyCTHHECKHE
0COBGEHHOCTH Pa3rOBOPHOTO 3BYKa, 8 MOJe/ib CTOXACTHYECKOro A3blka
HCI0/b3YeTcs, YTOObI MPEACTABUTh JIMHIBUCTHYECKHE 3HAHHE.

AxycTauecuue

moaenm

ﬁ

Nasnevyexuwe | , ¢ i
alﬁ meObmn\ml PesynbraTb!

napameTpos

!

Aavikosbie
Mmoaenu

Puc.3.9. Cucrema paccrno3HOBaHHsA peiH

BoijeleHne NMpH3HAKOB. Tak Kak BO3yX BBIXOJAHMT M3 JICTKHX,
HaNpsKeHHe roJ0COBbIX CBA30K 3acTapnseT BUOpHpOBATH BO3/1Y LLUHbIH
NOTOK. DTH KBa3MIEPUOAHHECKME HMITY/IbChl 3aTEM dunpTpyroTcs,
NpoXojs 4epe3 TroOJOCOBOM TPaKT M HOCOBOH TpaKTar, cCO3AaBas
03By4YEHHble 3ByKH. Pa3inuHble NO3HUMH ApPTHKY/ALHOHHBIX OpraHoB,
KaK HanpuMep 4eMOCTb, A3blK, ryObl, M MArkoe He6o, MpoU3BOAAT
painnumbte 3BykH. Korna ronocosbie CBA3KH pacciabneHbl, BO3/1Yy LIHbIH
NOTOK IPOXOAMT Y€pPe3 COKPAleHHE B FOJI0OCOBOM TpPakTe, WM CO3aacT
JlaBjieHMe c3aaM  NyHKTa NpeKpalleHus M AaBJieHHe  BHE3ANHO
ocnaGesaer, nopoxaas riyxue 3Bykd. [lo3uumi COKpalleHUs HIH
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NpeKpalleHHs CO3AAlOT  pasnnyHele  38yku. Pedyb 93TO  mpocTo
MoC/ieI0BaTeNLHOCTh O3BYHYEHHBIX W HE 03BYHEHHBIX 3BYKOB, KOTOpbIe
H3MeHsIoT MemteHHo (5..100 ms) nockonbKy KOH(Hrypauus OpraHos
apTHKYIALUAM  W3MeHseTcs MewtenHo. Pucynok 3.10,a nokaseisaer
npumep 3BYKoBOH (OpMBI BOJHBI MpenoxkeHus, “Y Hee ecTh Bauw
TeMHBIH KoCTIOM”, KOTOpPBIH TNpPOM3HOCHT MyXuuHa auktop. [lns
aBTOMAaTHYECKOI0 pacro3HaBaHHs peuu KOMIMbIOTEPAMH,
XapaKTepHCTHYECKHE BEKTOPbI HM3BJIEKAIOTCH W3  3BYKOBOH (hopMeI
BONHBI. XapakTepHCTHHeCKHit BeKTOp OOBIYHO CYWTaeTCAs OT OKHa
pasroBopHbiX curHanos (20..30 ms) B KakI0M KOpPOTKOM HHTEpBanie
Bpemenn (okomo 10 ms). [lponsHeceHne mnpeACTaBIeHO  Kak
nocrienoBaTeIbHOCTh ITHX XapaKTepHCTHYECKNX BEKTOPOB
ocobennocTeii. Cepstrum - IIHPOKO HCITONIb3yeMas 0COOEHHOCTb BEKTOP
ans  pacrno3HaBauus peud. Cepstrum onpejeneH, Kak obpaTtHoe
npeo6paszoBaHie NOrapu(MHIECKOro CrEKTPa KOPOTKOTO BPEMCHH.
Huswwme  nopaakoBbie  cepstral-kodapduuUHEHTbl  MPEACTABIAIOT
roJIOCOBOM OTBET MMITYJIbCA TPAKTA.

C uenpl0 B3SThb CIYXOBble XapaKTEPUCTHKH BO BHHUMAaHHE,
B3BELIEHHBIE CPEJHWE BEJIWYHHBI CMEKTPAIbHBIX 3HaYeHWH Ha
norapudMHYECKOM HACTOTHOM ~MacuiTabe MCMOJB3YIOTCA  BMECTO
CreKTpa BEJTHYWHBI, MPOW3BOASA mel-qacToTHbIE cepstral-
k03 PHLHEHTEI (MFCC). [Tpou3sBoaHbIE MFCC 00bIYHO
NPUCOEAMHEHBI 118 3aXBaThIBAaHHA JWHAMHKH PEYH. Pucynok 3.10 (b) u
(c) - cmektporpamma ® MFCC, w3BneueHHbiii oT npuMepa
MPON3HECEHNS, PACCMOTPEHHOTO BBITIIE.

Texnuka a1s YCTOHYMBOrO pacno3HaBaHWA pe4H, KoTOpasd
npuMensetcs k cepstral-koadpuinentam - 3T0 HOpMATH3ALUHA cepstral
cpemanbl (CMN). C Tex mop, Kak MCKaXeHHA Takue, Kak HampHMEp
OTpakeHWe W pasidHble MHKPO(OHEI CTAHOBATCA ALIUTHBHBIMH
OTBETBJICHUSMH TOclie jorapuMupoBaHMs, BBIYHTAHHWE LIYMOBOIO
KOMIOHEHTAa W3 MCKakeHHOW peun Oyzer obecrneunBarTh HHCTBIA
peueBoii komnoHeHT. OjHako, OLEHWBas WYM MCKAXXEeHHOW pe4yu 3TO
nenerkas 3anaua. CMN npubnuskaer 1yMOBOH# KOMITOHEHT CO CpEHHM
cepstra, Mpearionaras, 4To Cpe/IHAs BeJIMYHHA JIMHEHHOH pevu CriexTpd
paBeH 1, KOTOpBbIH OYCBHIHO HE BEpeH. CpenHuii BEKTOp Kaka0ro
MPOM3HECEHUs BBIMHCIIACTCA W BBIYMTACTCA OT PEHEBBIX BEKTOPOB.
OnsiT nokazan, yto CMN npeacraBnger yCTOHYHBbIE XapaKTepHCTHKH
JUIA IyMa.
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(a) Wavefortu
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(b) Specrogram
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(c) Feature vectors (cepstra)
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Pucynok 3.10. [Tpumep 3BykoBO# GOpMbI BOJIHBI, CIIEKTPOrpaMMBbl, H
XapaKTepUuCTHYECKHUX BEKTOPOB.

Hecmotps Ha To, uto CMN npocT u 6bicTp, ero 3¢dexkTHBHOCTD
OrpaHHYeHa [UyMOM, MOTOMY W4TO 3TC MNEpPEMEeLlaeT CrEKTpalbHOe
HaKJIOHHOE [OJIOKEeHHe, BbI3BaHHOE IIyMOM. Takxke, OLCHHBAHHE
Cpe/lHero BeKTOpa He HAJeKHO, KOrja MpOM3HECEHHE CJHLIKOM
KOPOTKO.

CxpoiTeie MapkoBekne Moaenn.

PacriosnaBanue pedu MOXET paccMaTpHBaThCsl, Kak mnpobiema
pacnosyasaius obpasoB. Ecnu pacnpezeneHne pa3roBOPHbIX A3HHBIX
H3BecTHO, Baiiecosckuit kiaccugukarop,

U = argmax P(U|X) (3.25)

Uelr
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HAXOAUT camoe BeposTHOe BbickaszpiBaHWe U (nmocriefoBaTeNbHOCTH
crnoBa), /i TIPEJOCTABJIIEHHBIX XapaKTEPUCTHYECKHX BEKTOPOB X
(nocnenoBarensHocTh  Habmonenus).  Knaccudukatopsl  balteca
ONTHMAaJIbHBI B CMBIC/IE, YTO BEPOSTHOCTL OIMOKkH MuHuMaibHa, CMM
MOXET paccMmaTpuBaThCs, Kkak ocoOwiii  ciywalh  baiecosckoro
knaccudukatopa. B a3tom paspene  obcyxaaercs, Kak  pedn
npeacrasnsercs CMM.

AxycTHueckoe mogeaupoBande. OgHa H3  OTIWYHTENBHBIX
XapakTepUCTHK peyH sBiseTcs ee JWHaMW4HOCTh. Jlake B mpenenax
MaJIeHbKOTO0 CerMeHTa, Kak Hanpumep ¢oneMa, 3BYKH H3MEHSIOTCS
nocrenenno. Hauano dQoHembl 3aBUCHT OT npeablaymnx (QoHeM,
Cpe/Hss YacTh (OHEMBI B 0611eM cTabuibHa, M Ha KOHEll BO3/eHCTBYIOT
cnenyronye poHeMsl. BpeMeHHas HHGOpPMAIIHA O XapaKTepUCTHYECKHX
BEXTOpAX WrpaeT BaKHYIO pojib B mpollecce pacrnoszHasanus. [lns Toro,
yrobbl 3aXBaTHTh JWHAMHMYHBIE XapaKTEPUCTHKH peyd B pamkax
knaccudukatopa balieca, HY’KHO HAJIOXKHKTL ONpe/e/ieHHbIe BpeMEeHHBIE
orpanuyeHus. OGBIYHO HCTONBL3YETCH OPMEHTHPOBAHHAS ClieBa HAMPaBO
CMM, cocTosiuas M3 3 cOCTOSHWI, 4TOOBl TpencraBuTh (GoHEMY.
PucyHok 3.11 nokassiBaer npumep takoii CMM, rae A; npeacrasnser
BEPOATHOCTH W3MEHEHHs COCTOSHMM OT COCTOSHHMS | K COCTOSHHIO j,
bi(x) - BeposTHOCTL HabmoOleHMs XapakTepucTHueckoro sekropa X,
nojtydenHoro B cocrosuun i. Kakaoe cocrosnue 8 CMM moaenupyer
pacrnpezeneHue 3Byka B poHeMe.

®owema B CMM Ha pucyske 3.11 cocrour u3 3
nocneaoBaTebHbIX pacnpeaeneHHi.

Euntry Exit
b (x) b (x) b ix)

Puc.3.11. Tpexcrynensaras CkpbiTasi MApKOBCKast MoJieNb
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Cnoso B CMM Mmoxet ObITh CKOHCTPYHPOBaHO, KaK KOHKaTeHaLUs
doneM CMM. TIlpeanoxenne CMM moxer ObiTh CKOHCTPYHPOBAHO
coepunerneMm  cnos  CMM. BeposTHOCTH — XapaKTepHCTHHECKHX
geKTOPOB, MpOH3BOANMBIX CMM, CYHMTaeTCs HMCHOJ/b3Ys BEPOSATHOCTH
[epexOl0B  ME@XAY COCTOSHHSMH M  BEPOATHOCTH HaOnioxeHHi
xapaKTepUCTHYECKHX BEKTOPOB B [aHHbIX cocTosiHusX. Hampumep,
pacCMOTPHM IOC/IE0BATE/ILHOCTD HAOMOACHHA, COCTOALLYIO M3 CeMH

:cr?:.::w”

X =Wz where ¢

10 03HAYAET XApAKTePUCTHYeCKMiH Bexrop BO BpemMa T B
[10c/1e10BaTeIbHOCTH.

[Ipeanonaraercs, YTO NepBbIE [BAa BEKTOpa NPUHAIJIEKAT K NEPBOMY
COCTOSIHMIO, ClEAYIOUIMe TpPH BEKTOpa NPHHAAJIEXKAT KO BTOPOMY
COCTOSIHHMIO, M OCTajlbHbIE NPHUHALIEKAT K I0CJAEJHEMY COCTOSHHMIO.
BeposaTHOCTh nocsiegoBaTenbHOCTH HabmoneHus X U 3TO COCTOSAHHIO
ces3biBaeTcs ¢ S, nonyyenHoe npousHecenneM CMM U, moxet ObITh
BLIMHC/IEHO, KaK YKa3aHO HHXKeE:

P(X.SIU) = apsbi(#")agabi (22 ay 2bg(2'? )an aba (21 )ay 2bs(2')

(3.26)

5 g gl (') ag aba(s' " Yasa

riae Ajj - BEpOATHOCTh M3MEHEHUs cocTosnHui, H B,(X(1)) - BepOATHOCTH
HaOMIONeHNA XapakTepUCTHYeCKOro Bektopa X(t), UOJYyYEHHOro B
COCTOSAHMM 1. YTOObI BBIMMCINTE BEPOATHOCTH MOCI/IE0BATENLHOCTA
Habmonenust X nonydennoe CMM U, Bce ycnoBHbIE BEPOATHOCTH X M
S npejgoctaBieHHble U NpPUXOOUTCS CYMMHPOBaThCsi 10 BCEM
BO3MOJKHbIM COCTOSHMAM/BEKTOPHBIMH Ha3HA4Y€HHAM (Taxxke
Ha3bIBAETCs COCTOSHME/paMKa BbIPABHHBAHMSA ):

P(X|) = ¥ P(X.S|U7) (3.27)
S¢S
rae S* 570 Bce BO3MOXKHBIE COCTOSHHUSA IOC/IEA0OBATE/BHOCTH. ITO
CyMMHUpoBanue 3anuMaeT |S*||X| Bpemenu, rae [S*| - yMcI0 COCTOAHMH
B CMM u [X| - 4ucno xapakTepucTHyeckux Bektopos. CyllecTByeT
bonee shexTHBHBINH arOpUTM.
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MopgeanpoBanue nojA-cJIOBA. B Oonbiom clioBape
pacro3HaBanus (LVCSR) peun, TpyaHO HAaJEKHO OLEHHTH MapaMeTphl
Bcex cnos CMM B crioBape, 1OTOMY 4YTO OOJBIIWHCTBO M3 CJIOB He
OblaM IpopaboTanbl JOCTATOMHO HacTo B yueOHbIX naHubix. K ToMy xe,
HEKOTOpbIE U3 CJIOB ciioBapeill MOTYT GbITH COBCEM HE PACCMOTPEHE! B
y4yeGHBIX JaHHBIX, KOTOpbIE YXYIIIAOT TOYHOCTH pacno3HaBaHus. C
ApYro# CTOPOHBI, YHCIO EIWHWIl MOA-C/OB, KaK HamnpuMep (oHeMsr
0BBIYHO HAMHOTO MEHbILE, YeM HYHCJIO CJIOB. BOJNBIIWHCTBO S3LIKOB
umMeror okono 50 donem. Ecte Gonbuie JaHHbIX Ha Monelb (hOHEMEI,
YeM Ha MOJIENb CJI0Ba, W BCe (hOHEMBI MPOUCXOAAT CIIPaBeUTHBO YacTo B
pasyMHOM pa3mepe B Yy4eOHBIX HaHHbIeX. MoHodoremurie CMM
MozieTTpYeT Oy (oHeMy. DTO — KOHTEKCTHO-He3aBHCHMas €IHHHLIA B
CMBICIIE, YTO H3TO HE OTJIHYaeT ero OT coceiHero (OHETHHECKOro
KOHTeKcTa. B crnokoifHO npou3HeceHHOW peud, oaHako, Ha (oHemy
CHIIbHO  BO3JIEHCTBYIOT ero rpaHuWvauipe (oHeMsl, MpoH3BOAA
pasHYHBIe 3BYKH B 3aBUCHMOCTM OT (DOHETHHYECKOrO KOHTEKCTa. 3TO
Ha3BaHO KOAPTHKYJIAUHOHHBIM 3bdexkTtom. On ecth Gnaronaps dakry,
YTO APTHUKYJSALUMOHHBIE OPraHbl HE MOTYT IBHraTbCsi MIHOBEHHO OT
ogHoW mo3dmmMH Kk gpyroit. Jlns  Toro, urtoOel  YNpaBaATh
KOApTHKYJISAUHOHHBIM ~ 3ddektom  Gonee  addexTuBHo,  MOryT
MCIOJIb30BATECS KOHTEKCTHO-3aBHCHUMblE EIMHMLbI, KaK HarnpuMmep
oudons unu tpudonsl. buponemnas CMM moaenupyer GoHeMy co
CBOWM JleBbIM WIM npaBeiM KoHTekcTOM. Tpudonemuas CMM
npeacrasasier (OHEMY CO CBOMM JIEBBIM M TpPaBbIM KOHTEKCTOM.
Hanpumep, npeanoxenne “VY Hee ecTh Ball TEMHBIH KOCTIOM” MOXeET
ObITH NIPEJICTABIEHO, KaK

fihedjurdarksut
ucnonb3oBaHne MoHohoHeM. Takoe ke MpeaokeHHe MOXKET ObITh
npeAcTaB/ieHo, Kak

el [ wedree raed ek w1 U 1T etk R 8K 1K S S UHk

ncnonbloBanne TpHdoHeMHBIX Moaeneli. HenpephiBHO B pasroBopHO#
peyH, IIPON3HOILEHWH TEKYIEro CJI0Ba CBA3aHO C COCEIHHMH CIIOBaMH.
Tpudonemuas CMM c nepecekaionMMHUCS CJOBAMH YIIPABISET 3THM
KOAPTHKYIAUMOHHBIM 2 dekrom Mexay cinoBamu. Korja kpoccBopa
TpUOHOB HUCNONB3YeTCs, MPUMEp NMPEeIOKEHHE NPEACTaBIeHO, KaK

wef- (4 He hved @dy dju ey iend Ada dear a1 K s EHeE
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Bonee netanbHbie KOHTEKCTHO-3aBHCHMBIE CAMHMLBI
peronb3yloTes, Oonbllee HHMCNO  emXMHHI  yBenwuwBaeTcs. Ywmcno
rprOHOB, BO3MOXHO, CTAHOBUTCS GONBLINM, YEM YHCIIO CIOB CIIOBapS.
Jro gaer Havalo npobiemb! crmocobHOCTH K OOYYEHHIO CHOBA: T.e.,
Mano JaHHbie Ha Mofenb. OTta npobiemMa pemwaetcs CIUSHHEM
noaofHBIX Mozenieli KOHTeKCToB BMecTe. CiHSHHE MOXET OBITh
cenaHo Ha (POHEMHOM YpOBHE WM Ha YPOBHE COCTOAHMEN, Tak WM
urade, CMM TpebyeT Gonbworo konuyecTBa AaHHBIX A8 OOy4eHHS,
yToOBI  HaJEXKHO OUCHWTH napaMeTpbl. XOTd Npoueaypa OLEHKH
apaMeTpa BeIYHCITHTENbHO s dekTusia, chop naHHBIX st 06yueHus -
oyeHb Joporast 3ajava. [Ins HOBOH WM HeW3BECTHON okpyskaromiedt
cpedbl, NEPEeTPEHHPOBKA HIIM MHOrOCTHNLHOE 0fyuyeHHe aoporo B
repMHHaxX cbopa aaHHBIX. B OTHX chy4asx, TNPUMEHSIOTCS Takue
MOJAX0AbI, KaK ajanTauus napaMmeTpa.

Peanuzauus CMM na koMneloTepe.

[TpueeneM mpuMep peanu3auuy pelueHHs OCHOBHBIX 3ajay JUls
CKpBITBIX MapkoBckux Mozenei Ha s3nike C.
#include "stdio.h"
#include "stdlib.h"
/CTpyKTypa, ONHCBIBAIOIAA CKPBITYIO MapKoBCkyIo Mojienb
typedef struct{
int N; //Uncno cocrosnuii
int M; //Yucno BapuanTos HabmoneHuit
double**A; //Marpiua seposTHOCTell nepexoaos MEXIY COCTOSHHAMH
double**B; /Marpuua BeposTHOCTelH Kaka0ro HabmoNeH!s B KaxXXJIoM
COCTOSIHHH
double*pi; /Bexktop BeposTHOCTelN HaYaIbHBIX COCTOSHH I
tHMM;
/Dy HKIMS HHULRATH3AUNK CKPBITOI Mapkosckoii mogenn w3 N
cocrosHuii ¥ M BapranToB HabmoaeHui
_»_ZZ* InitHMM(int N, int M)

HMM?* ret=(HMM*)malloc(sizeof(HMM));
ret->pi=(double*)malloc(N*sizeof(double)):
ret->A=(double**)malloc(N*sizeof(double*)):
ret->B=(double**)malloc(N*sizeof(double*));
tor(int i=0;i

J
{
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ret->A[i]=(double* )malloc(N*sizeof(double));
ret->B[i]=(double*)malloc(M*sizeof(double));

}

return ret;

}

//@yHnKius, Bo3Bpallaioilas 1/ ykasaHHod mojenn Lambda
//BepOATHOCTH MOSABNEHMs 3a1aHHOI NOCAe10BaTENbHOCTH Seq NMHHO#H
tau,

/lconepkalueil Homepa BapMaHTOB HAOMOAEHNH, METOOM NPAMOro
Xoza

double Seq_Probability Forward(HMM?* Lambda, int* Seq, int tau)
{

1

double ret=0;

double *alpha=(double*)malloc((l.ambda->N )*sizeof(double));
double *alpha next=(double*)malloc((Lambda->N)*sizeof(double));
for(int i=0;i<(Lambda->N);i++)
alpha[i]=Lambda->pi[i]*Lambda->B[i][0];

for(int t=0;t

{
1

for(int j=0;jN:j++)

{

alpha_next[j]=0;

for(i=0;iN;i++)

alpha_next[j]+=alpha[i]*Lambda->A[i][j];
alpha_next[j]*=Lambda->B[j][Seq[t]];

H

free(alpha);

alpha=alpha_next;
alpha_next=(double*)malloc((Lambda->N)*sizeof(double));

!
J

return(ret);

!
s

//@yHkums, BO3Bpall@oulas 15 ykasatHoi moaenu Lambda
//BEpPOSATHOCTD MOABJEHHMA 33/JaHHOMA N0Ce10BaTE/IbHOCTH Seq anuuoi
tau,

//copepxkaleit Homepa BapuanToB HabnoneHui, MeToa0M 06paTHOro
Xoja

double Seq_Probability Backward(HMM* Lambda, int* Seq, int tau)

114

i
double ret=0; .
double *heta=(double*)malloc((Lambda->N)*sizeof(double));

double *beta prev=(double*)malloc((Lambda->N)*sizeof(double));
0:i<(l.ambda->N):i++)

for(int i
beta[i]=1:
for(int t=tau-1;t>0;t--)

0:iN:1-++)

beta prev|i]=0:
for(int j=0;iN;i++)
beta prev[i]+=Lambda->A[i][j]*Lambda->B[j][t]*beta[i];

free(beta);
beta=beta_prev;
beta prev=(double*)malloc((Lambda->N)*sizeof(double));

1
f

return(ret);

1
|

dDyHKUHISA, BO3BpaLUaroiIas 1 ykasanHoii mogenu Lambda nan6onee
// BEPOATHYIO LIeTTOYKY HOMEPOB COOBITHIH
/110 3a1aHHOIT NocnenoBaTelbHOCTH Seq ANUHO tau,
/lcopepxauieit HoMepa BapuaHTOB HabMoaeH i, Mo anropuT™My
Burteptu
int* Viterbil(HMM?* Lambda, int* Seq, int tau)
!
int *ret=(int*)malloc(tau*sizeof(int));
double **gamma=(double**)malloc(tau*sizeof(double*));
int **fi=(int**)malloc(tau*sizeof(int*));
for(int t=0;t

f
t

m::::p_ t]=(double*)malloc((Lambda->N)*sizeof(double));
fift]=(int*)malloc((Lambda->N)*sizeof(int));

!
f

for(int i=0:i<(Lambda->N);i++)

nmal0][i]=(Lambda->pi[i])*(Lambda->B[i][0]);
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fi[0][i]=0;

1

!

for(t=1:t

{

for(int j=0:j<(Lambda->N);
f

1

double Max=gammal[t-1][0]*(Lambda->A[0][j]);
int Max_ind=0;

for(i=0;i<(Lambda->N);i++)

)

L
if(gammal(t-1][ij*(Lambda->A[i][j])>Max)
]

!

Max=gamma([t-1|[i]*(Lambda->A[i][j]);

Max_ind=i;

“

1

f

gamma(t][j]=Max;
fi[t][j]=Max_ind;

}

}

double P=gamma(tau][0];
int P_arg=0;
for(i=0;i<(Lambda->N);i++)

{

if(gamma(tau-1][i]>P)

=gamma(tau-1][i];
arg=i;

—— Y

ret[tau-1]=P arg;
for(t=t-2;t>=0;t--)

|
ret[t]=fi[t+]1][ret[t+1]];
\

)

return(ret);

1

]

//@yHsK1ua, HacTpauBarollas 3a1aHHyo Moaens Lambda
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aHHOIi MOC/IE0BATENLHOCTH Seq ANuHOif tau,
J/no 3a/1aHHO
//co;
Vanua

void Baum_Welsh(HMM* Lambda, int* Seq, int tau)

{

// Viuunaan3aius BCroMoraTebHbiX MepeMeHHbIX

doubie ** *ksi=(double***)mailoc((Lambda->N)*sizeof(double**));

double **alpha=(double**)malloc(tau*sizeof(double*));
double **beta=(double**)malloc(tau*sizeof(double*));

double **psi=(double**)malloc((Lambda->N)*sizeof(double*));

r(int 1=0;t

ksi[t]=(double**)malloc((Lambda->N)*sizeof(double*));
t]=(double*)malloc((Lambda->N)*sizeof(double));
for(int i=0:1<(Lambda->N):i++)

ksi[t][i]=(double*)malloc((Lambda->N)*sizeof(double));

for(t=0:t

J
1

alpha[t]=(double*)malloc((Lambda->N)*sizeof(double));
beta[t]=(double*)malloc((Lambda->N)*sizeof(double));
|

Paccuntriaem BernoMorarenbHble KO GUIHeHTs Anbha
for(int i=0;i<(Lambda->N);i++)
alpha[0][i]=Lambda->pi[i]*Lambda->B[i][0]:
for(t=0:t

_.:_.:_:T:U.WZ +)
alpha|[t+1
for(i=0:iN;i++)

alpha[t+1][j]+=alpha[t](i]* Lambda->A[i][j];
alpha[t+1][j]*=Lambda->B[j][Seq[t]];

Paccunreiaem seriomorarenshbie kodhpunmnentsl bera
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jep/Kauled HoMepa BapuaHTOB Habmonewwii, no anropurmy Hayma-
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=0:i<(Lambda->N);i++)

beta[tau-1][i]=1;

for(t=tau-1:1>0:1--)

J

L

for(i=0;iN;i++)

i

betaft-1][i]=0;

or(int j=0;iN;i++)
beta[t-1][i]+=Lambda->A[i|[j]*Lambda->B[j][t]*beta[t][i];

1
)

//PaccunTbiBAEM BCIIOMOraTenbHble nepemenHsie Kcu
for(t=0:t
{

for(i=0;i<(Lambda->N);i++)

f
1

for(int j=0;j<(Lambda->N);j++)

s
1

double Sum=0;
for(int i2=0;i2<(Lambda->N);i2++)

]
L

for(int j2=0;j2<(Lambda->N);j2++)

]

1

Sum-+=alpha[t][i2]*

LLambda- >A[i2][j2]*Lambda->B[j2][t+1]*
beta[t+1][j2]:

“‘

ksi[t][i][j]=alpha[t][i]* Lambda->A[i][j]*Lambda-
>B[j][t+1]*beta[t+]1][j]/Sum;

1
)

//PaccunThiBa€M BCMIOMOraTelbHble nepemertbie [leu
for(t=0;t

"

for(i=0;i<(Lambda->N):i++)

)

1
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=();

double Sum o
i<(Lambda->N).j++)

for(int =
{ ,
Sum+=Ks!

J

vy__; |=Sum;

!

J

1

J

//BI jeM YTOYHEHHBIE NapaMeTpbl MapkoBCKOH MOJie/H
for(i=0:i<(Lambda->N);i++)

i=0:i<(Lambda->N);i++)
i<(Lambda->N);j++)

int

J
\

double Sum1=0;
double Sum2=0;
tor(t=0:t

+=ksi[t][i][j];
Sum2-+=psi[t][i];

i
f

Lambda->A[i][j]=Sum1/Sum2;

int j=0;j<(Lambda->N);j++)
for(int k=0;k<(Lambda->M);k++)

double Sum1=0;
double Sum2=0:
for(t=0:1
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Lambda->B[i][j]=Sum1/Sum2;

!
|
|
f

3.5. AIropuTm BbIYHC/IEHHSA KCNCTPAALHBIX KO3(P(PHUHEHTOB

3agaya pacno3HaBauusi OTAeAbHBLIX CJ0B peun. lLludposas
cuctema 06paloTKH 3BYKOBOIO CHIHAjla mpeanojaraeT npejctaBlieHue
aHaNoOroBOro pevyeBoro curxasa B uugposom Buae. B pedynbrate
ananoro-uxpposoro npeotpazopauus (ALIl) HenpepbiBHbIT CHUrHan
NEpPEeBOJUTCA B PAA JAMCKPETHbIX BPEMEHHBIX OTCHETOB, KaX/bli M3
KOTOPbIX MpeacTaBaseT cob0i 4ucno. DTO HHCIO XPAKTEPU3YeT CHrHA
B TOYKE C ONpeAe/leHHOH TOYHOCTbIO. TO4YHOCTL NpeacTaB/IeHUs
JABHCUT OT IUMPHUHbI IHANA30HA NOJyYyaeMbIX YHCel, a, CNe10BaTelbHO,
ot paspaadoctn ALIT. Tlpouecc u3pneveHus M3 CHMrHana YMCICHHbIX
3Ha4YeHuil HasbiBaeTcs kBaHTOBaHueM. Ilpouecc pa3buenus curtana Ha
OTCYeThl — JAMCKpeTH3auueid. Yucno OoTcHeTOB B CEKYH/Y Ha3blBaercs
4acTOTOM AMCKpeTH3auuu. . [lpouecc 00paboTku 3BYKOBOH BO/IHBI
CXEMaTUYEeCKH nokasad Ha puc.3.12.

AHANoroBblil aKyCTHHECKMI CHIHAI, NOCTYNaOWMi ¢ MUKpodoHa,
noasepraercs ¢ nomolubky ALl auckpeTH3auuMu M KBAaHTOBAHUIO.
[TpovicxoauT Tak Ha3blBaeMas peajiH3aliusi cjaoBa, 1. e. uudposas
3anuch TNPOM3HECEHUs ClIOBA (3BykKa) B BM/E [OCAENOBATENbHOCTH
OTCYETOB 3BYKOBOro curHana {s;}. Peanmsaums croBa (3Byka) B
npouecce undpopoii obpaborTku paszduBaeTcsi Ha Noc/iea0BaTE/IbLHOCTh
kaapos {X;}. Kaapom X (jauHbl N) HazoBeM [0C/ieJ0BATE/IbHOCTb
OTCYETOB 3BYKOBOIO CHUrHana s, sy, ..., Sy. Jnuva kagpa ¢ukcupopana
BO Bpemeny. Hanpumep, npuN=1700 n vyactote auckpetusauuun 8000 I'y
OHa COOGTBETCTBYET JUIMTeNnbHOCTH B [2.5 mc. Kaapel 4acTto cmeujaror
APYTI OTHOCHTENLHO Apyra ANs TOro, 4To0bl HE MPOMCXOAMIIO MOTEPH
uHpopmauun Ha rpannue kajapos. Illar cmemenus xaapa -
KOJIMYECTRO 3BYKOBBIX OTCHETOB MEKAY HauaNamH CIeAylolmMX Apyr 3a
apyrom kaapos. lllar cmewenus menbilumii, yem N (anvHa kajapa)
03HAYaET, YTO KAAPbl HAYT «BHAXIECTY.

Jlanee B LeJIOM psjie 3a4a4, TAKUX KAK pacno3HaBaHue CJIOB pevH
AN MAEHTMPUKALMH JIHMYHOCTH, KaXKAOMY KaJpy COINOCTaBAAIOTCA
HEKOTOPbIE JlaHHbIE, XAPaKTEPHU3YIOLHE 3BYK HauJlyqluum oOpasoM.

120

Taxye AaHHbIC (GOpPMUPYIOT BEKTOP CBOMCTB (1714 BEKTOP IPU3HAKOB).
mz at 2 = ~ ” ” - -
C mareMaTH4ECKOH TOHKH 3peHHs 3TO MOXeT ObiTh Kak BEKTOp M3

[pOCTPAHCTBA R¥ rak ¥ Habop dyHKuUMit K 0AHA yHKLHA.
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Puc.3.12. Dranbl 06paGoTKH 3BY KOBOH BOJIHBbIL.

3anaveil CUCTEMbl SBJSETCS OTOXK/ECTBJIEHHE KaXKAoro CcJloea,
MOCTYMAaWEero Ha BXOJA, C 3apaHee OIpeAe/CHHBIM KJiaCCOM. K
COKANCHNIO, CYLUECTBYET LEN0e MHOXKECTBO pasfiMuHblX (HaKTOpOB
PACIIOIHABAHUS OT/JE/bHBIX CJAOB pe4H, KOTOpblE MOryT OKa3biBaTh
\TUBHOE BJIMSHME HAa TOYHOCTh PACNO3HAIOUWIEH CHCTEMbl —
HACTPOEHHME M COCTOSIHME TOBOPAILEro, LWyM OKpYykKatolleld cpeabl,
CKOPOCTh NpoM3HECEeHUs fpas.

PacnosHaioas cucrema siB/iseTcs He3aBUCHMOM OT JIMKTOpa, eCilu
OHa PACro3HaeT CJOBO HE3ABMCHMO OT TOrO, KTO ero npousHocut. Ha
IIPAKTUKE Pealn30BaTh TAKYI0 CHCTEMY C/0KHO [0 TOH NpUYMHE, YTO
IBYKOBbIE CHMIHaNbl CHJILHO 3aBHCAT OT FPOMKOCTH, TeMbpa rosoca,
COCTOSHMS W HACTpOeHMA AuKTOpa. J{ns M3BiedeHus uHpOpmauun u3
TAKMX CHIHA/NOB HEPE/IKO HCTONb3YI0T (PUIBTPbI TOHOBBIX HacToT (MeJl-
CKCHA GuibTphl), KOTOpbIE YCPEAHAIOT CHIEKTPaIbHbIE COCTAB/IAIOILME B
OlpeaeneHHbIX JiMana3oHax 4acToT, TEM CaMbiM Aejas CHIHall MOHEE
JABMCHMbIM - oT  gukTopa. Takue (QuALTPLI  ABAAIOTCH OCHOLOH
Texnonorun MFCC (Mel-Frequency Cepstral Coefficients), koTopas
ACNonb3yeTcs B pacnosHalolledl cucTeMe, paccMaTpuBaeMoil B 3TOM
NeKumy,

H

Bonpocei npejABapuTeNbHONH (PUIBTPALMK, CErMEHTalMK Curiaia
Ha OTpe3ku paBHoOl JUIMHBI (OKHA nneobpazoBaHus), obpaborkit cUrHana
B OkHe OBl paHee paccMOTpeHbl B TIPEAbIAYLIHX pasaenax.



PaccMOTPUM alNrOPUTM W3BIICHEHHS BEKTOPOB CBOICTB (M BEKTOpa .5 x
P ¢, = (log S(k)e™,

PW3HAKOB), OMpeesieHHbiM 00pa3oM XapakTepH3yIOUIEro CHIHAIL. B et

paccMaTpHBaeMoli Jlaliee MOZENM HCHIOb3YETCA KIACCHICCKH NOAXOR . o/k) - yepeaHeHHblil CMIEKTP CHrHana yCUJICHHOH HHTEHCHBHOCTH,

i o KGSpALEHRTOS. szz repHblii A48 k—-Oro 4acTOTHOro untepsana (Genna) B men-ckein
CymecTByeT JIB€ OCHOBHBIX TEXHOJIOTHH U3BJIEUEHHUS U3 CUTHalIA N crpe: K - oflee KOJIM4ecTBO HHTEpBAOB, Ha KOTOphi€ pasOuBacTC

BEKTOpa CBOWCTB, COCTOSLIErO M3 KEINCTPATbHBIX ko3 hHIMEHTOB: Ha ._:_._, w

OCHOBE KencTpanbHbiX KO3(p(QHIHEHTOB TOHANLHON 4aCTOTHI (MFCC) u priekT]

HA OCHOBE KEMCTPaibHbIX KoedPUUHEHTOB JTHHEHHOTo MpeickasaHns 3.6. AFOPHTM AHHAMHYECKOH TpaHCHOPMALKH
(LPCC). MFCC sBnsetca Hauboliee paciipoCTpaHCHHLIM crocobom

: a i dacce - > B0 " o s
%OﬁZSUme::n BEKTOpA CBOUCTB. f acCMOTPUM OCHOBHBIC €ro sransbl. AJIFOPHTM MHAMHYECKOMH A_._uu:n%cﬁ_(_m;:: EUGZ_G:IC: IKaJIbl

1. BxonHoii curHan pa30uBaercss Ha CErMEHThbI, K KOTOPBIM (DTW-airoput™, OT &HIIL dynamic time warping) — airOpPHTM,
puMeHseTcs GyHKUHs okHa XeMMHHra i GpasoBOro BhIACNCHHUA. 03BOAIOLMA HANTH ONTHMAILHOE COOTBETCTBHE MEXKIY BPEMEHHLIMH

2. Pre-emphasis - npeaBapuTenbHOe BbileneHie (pasel (M H0C/IeA0BaTENbHOCTSMH. BriepBbie NPUMEHEH B pacno3HaBaHii petu,
AKLEHTHPOBaHUE) 3a cyeT (uIbTpauryu 3ByKOBOrO CUrHANA. JroT war ‘e MCTOMB3OBAH U ONpeeNeHHs TOro, Kak [Ba peueBblX curuasia
BbI3B2H HEOOXOAMMOCTBIO CMEKTPaNbHOrO CrAKHBAHWA  CHTHANE, [PECTABAIOT OAHY M Ty XK€ HCXOHYIO npousHecéuHylo Qpasy.
KOTOpBIH CTAHOBUTCS MeHee BOCTIDHMMHUMBBIM K PasjIHHbIM ITyMaM, BriocaeACTBHH ObUIH HAMJCHbI TPUMEHEHUA U B APYTHX o0bnacTix.
BO3HUKAIOWAM B nipoliecce 06paboTKH. BpemeHHble psjibl — LIMPOKO pacrnpoCTPaHeHHbIH TUIl AaHHBIX,

3. Jlanee W3y4alOT CMEKTPOrpaMMy CHIHaa. Bce MHOXeECTBO peTpevatoliuics, (akTuuecKH, B A0boi  HayyHoOW obOnactd, H

MPUCYTCTBYIOWMX B CMEKTpOrpaMme  HacTot pasjejigercs  Ha cpaBHeHue JBYX [0C/1e0BATEILHOCTE ABAETCA CTaHAAPTHOM 3ajaveil.
MPOHYMEpOBAHHbIE HHTEPBAJbl, KaXAOMY H3 KOTOPHIX OnpeesiAeTCH Jlisi  BbIUMCIEHMS  OTKIOHeHMs ObiBaeT  /10CTATO4HO POCTOro
cBoli amanazoH. JUIA KaKAOro TaKoro HHTepBana MOACHHTHIBAETCH HIMEPEHHSs paccTOsHUSA MEX /1y KOMMOHEHTaMH ABYX
cpejHee 3Ha4Y€HUC WHTEHCUBHOCTH CUTHAJIA B BBIIACJICHHOM JauariazoHe nocnenosaresibHocTed (€BKJIWAOBO ﬁmnn._dm::mv. OpaHako 4acTo aBe
CTPOMTCS JAMarpaMma, rae oOCb aOCUHMCC COCTOMT M3 HOMEpOoB 0CNEe0BATEIbHOCTH HMMET npHOAN3UTEIbHO OAHHAKOBBIC obune

MHTEPBANOB, 4 OpJAWHAT H3 "yeuneHHbIX"  aMIuMTys  (3Ha4eHus dopmbl, HO 5TH GOpMBI HE BbIPOBHEHBL MO OCH X. UroObl onpeneinThb
aMIUTHTYJl BO3BOJAATCA B KBaaApart, ytobel He ObUIO OTPHLATENIBHLIX nosgobue Mexay TaKUMH NoCJAeN0BATEABHOCTAMH, Mbl  JIOJAKHBI
BEJIHYUH NpPH nanepHeiwell onepaunM bo—‘m_‘u:%Z:UCmmI:xv. oror :Lr.;:._;_:?Cmm._.rvv ocCh BPEMEHH 0/IHOM (unu obenx)

NOC/e10BaTeILHOCTH, YTO6BI JOCTHIHYTh Jy4LIEro BbipasHHBAHHA.

AJropuT™M  JMHAMHYecKON  TpaHCOpMAUHMH. HU3zmepenue
PACCTOSHMA MeKIy ABYMsS BPEMEHHBIMH pslaMu HYXHO JUIA TOrO,
yrobbl  onpesenutTh MX nopobue M knaccuuxaunio.  Takum
ek THBHBIM M3MEPEHHEM SBIAETCS eBKIMA0BA METPHKA. Jns aByXx
BPeMEHHbIX [10C/e10BaTE/BHOCTER 3TO IPOCTO CyMMa KBaapatos
pacCTOsHMI OT KaXKaoH Nn-0if TOYKM OAHOH nocnea0BaTelbHOCTH A0 N-
Oil Touykn apyroii. OAHAKO WCNONb30BAHWE EBKIMAOBA paccTosHUA
MMeeT CyljecTBEHHbIH HEJOCTATOK: €C/H JBa BPEMCHHBIX psaa
: )Bbl, HO OJMH M3 HMX HE3HAYHTEJIbHO CMelUeH BO BPEMEHH
(BZ0OAL OcM BpeMeHH), TO €BKJIM0BA METPHKA MOXKET NocCYMUTaTh, 4TO

NpoLecc Ha3biBAETCA MEN-CKeiin ¢dunpTpanmrei.

4. Jlanee aMIIUTYbI CUTHAJA CKUMAIOTCS € TIOMOLIBIO NpUMeHEHUA
norapudma, MOCKONLKY YelO0BEHECKOE YXO BOCMPHHUMACT rPOMKOCTB
CHIHANOB no norapu@MUyeckoit wKane, a BekTopa CBOICTB nonyyJaroT
HA OCHOBE YeJIOBEYECKOr0 BOCTIPHATHS 3BYKa.

5. 3aKIOUMTENLHLIM LIATOM SBJASAETCS [MpPHMEHEHWEe K CHEeKTPY
o6patHoro npeobpazosanus dypbe. Pe3yibTaTOM 3TOrO 1ara siBjseTcs
BbIJCNEHHE KEMCTPalbHbIX KO(GGOHIHEHTOB, KOTOpBIE (hopmupyroT
BEKTOP CBOWMCTB IaHHOIO CEIrMEHTa.

Kencrpanshble K0QGUUMEHTBI  MaTeMaTHHEeCKH  MOTYyT OBITH
OMUCAHBI CTelyIouIHM 00pa3oM:

122



psasl oTiMuatoTes Apyr ot apyra. DTW-amroput™ Obut BBeNEH mig HenpepbiBHOCTL (yCTOBUE HA JLIMHY uiara): nobbie  1Ba

TOTO, 94TOOGBI MPEOAOIIETh 3TOT HEAOCTATOK H TPE/IOCTaBATE HATIAHOE cMeKHBIX 7EMEHTA myTH W, (wiiwy) o weer = (Wi, w0,
:uz\aua::a paccTOSHUSA MEXAy psaamMu, He oOpatwuas mw:_Zm::n KaK Ha CIOBICTBOPAIOT  CACAYIOLMM  HEpABEHCTBAM: wiy 20,
rnobanbHBIE, TAK K HA JIOKAJbHBIE CABUTH Ha BPEMEHHOIT [IKae, W, w, 170 D10  OrpaHMMeNMe rapaHTMpyeT, 4TO  hyTh
Kaacenueckuii arropury. rpaHC)OPMALLMK TIEPE/BUraeTCs Ha OAMH war 3a oauH pas. To
) PaccmoTtpum aBa BpemeHHBIX psaa — & gaunel n v C 1nHHB m ccrh 002 MHAEKCA i M j MOTYT YBENHUMTHCA TONBKO Ha | Ha
[57: - R S (3.28) aXK/I0M LLare nyTH. ‘ -
C= 5% , ; s MoHOTOHHOCTB: Jt0Oble JBa CMEXHbIX 3JieMEHTa TYTH :
ClyCoyeessCysessyCon (3.29) wp = (wowy) o wea = (Wi wjia), YAOBNETBOPAIOT  CJIE/1YIOLMM
[epBeiii 3Tan anroput™a coctout B cieayiomem. Crpoutes HepapeHCTBAM: ' Wil S 1w, -wpa 20 1o orpanMueHne
Martpuua ¢ nopsaka n « m (MaTpHIly pacCTOSHHI), B KOTOPOH 3NEMEHT IapaHTUPYET, YTO NyTh TpaHcdopmauuu He GyAeT BO3BPAIIATHCA
n < m ecTh paccrosuue 44-¢) Mexay aByms Toukamn ¢ u <. OGsYHO naszaz K npoineHnoii Touke. To ecth 06a uHaekca i W j im0
WCroNb3yeTcss  eBKJIMIOBO  paccrosgume:  Honc) = (@ - ) | um OCTAIOTCs HEeM3MeHHbIMH, NGO yBennunBaroTCA (HO HHKOrja He
d(aie)) =la e Kaxawiii snement (4J) MaTpuusl coorsercTBYyer yMEHBILIAIOTCSA ).
BBIPABHUBAHHIO MEXY TOYKaMH b 1 . .x:; cyuiecTByeT GOJbLIOE KOJMYECTBO MyTei Tpanchopmaumru,
Ha BropoM 3tane crpourcs Mmarpuua  TpaHchopmauui yI0OBJETBOPSICIUMX BCEM BbllIEYKa3aHHBIM YCJIOBUAM, OJHAKO Hac
(nedopmauwmit) D, kaxablif 3JIEMEHT KOTOPOI BBIUHCISETCS HCXOAS W3 .::qmvon‘,\aa TOJILKO TOT IyTb, KOTOpPbiH MHHHMH3HDPYET DTW
CTeIYIOIIET0 COOTHOLIEHHSI: paccTOsIHUE.
Dij=dij+min(Di 1y Diy jyayPipa) (3.30) DTW  paccrosiHne Mexay [AByMs  IOC/EJOBaTENbHOCTAMH
[Tocne 3anonnenus Matpuubl Tpanchopmammu, nepexoanuTes K PACCUMTLIBACTCS HA OCHOBE ONTHMAJIBHOrO MyTH TpaHcopmauuu ¢
3aKITIOYHTENBHOMY  3Tamny, KOTOPBIM 3akiIo4aeTrcs B TOM, HTOOBI MoMOLUIbLIO (hOPMYTbI:
MOCTPOUTH ~ HEKOTOPBI  ONTHMANLHBI  NMyTh  TpanchopmamHu ,v.... d(wy)
(nedopmauun) u DTW paccrosuue (cmoumocme nymu). DTW(Q.C) = min = . (.31)
[Tyts Tpanchopmaunu W -— 370 HabOp CMEKHBIX 7JIEMEHTOB K .
MaTpHIIbl, KOTOPBIH ycTaHaBiuBaeT cooTBercTBie Mexay @ u €. On
npeacrasisier coboif MyTh, KOTOPLIH MUHUMH3KPYeT o0illee paccTOSHUE A B 3namenarene ucnonb3yercs Juis y4€ra TOro, HYTO MyTH
mexay € u C. b -piii snemeHt nytw W onpejenseTcss Kak TpaHchopmanuy MOryT ObiTh PA3TMHHON AJIMHBL.
wp = (6,70, dlug) = d(gi.e) = (¢ — ;) [IpocTpancTBerHas U BpeMeHHas CJI0KHOCTb alropuT™Ma —
Takum obpaszom: KBaapatuuHas, K, Tak kak DTW anropuTM JODKEH H3Yy4HMTh KAXK/YIO
W o wy, um, R V77 SN 113 o mar(imn) < K < m 4 n, KNeTKy MaTpHIbl .JUNIO%OGZNE::.
rae K — JUIHHA NYTH. HenocraTkn anropurma.

XOTs aAropuT™M ycnewHo UCNoAb3yeTcs BO MHOMMX 00/acTsX, OH
MOXET BbI1aBaTh HENpPaBUIIbHbIE pe3yJIbTaTbl. AJITOPUTM  MOXET
lOnbITaTbCst  OOBACHHTL HENOCTOAHCTBO OCH Y € MOMOUIBIO
TPAHCHopMaLMK OCcH X, DTO MOXKET NPUBECTH K BbIPABHUBAHUIO, 11PH
KOTOpom opnmolt TOYKe mnepBoil MOCNENOBATENbHOCTH CTABHTCH B
CO0TBeTCTBHE GoNbLUAsA NOArPYIINa TOUEK BTOPOH Noc/ie0BaTeIbHOCTH.

ITyts Tpancdhopmauuu JT0/MKEH YHOBNETBOPATH ClIEAYIOLIUM
OrpaHH4YHBAIOLLHUM YCIIOBUSM:
. TCpannunste ycnosus: Hawano nytw *» — (1.1 ero koneu —
wa =(mom) 10  orpaHMuyeHue  rapaHTHpyeT, uTO  MYTh
TpaHcopMalHK COJEPKUT BCE TOHKH 000HX BPEMEHHBIX PSIOE.
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Hpyras npobneMa 3akimOuaeTcsi B TOM, YTO aliTOPUTM MOXET He
HaliTH OYEeBHIHOE BBIDABHHWBAHWE JIBYX PSAOB BCIEICTBHE TOTO, YTQ
ocobas Towka (NMHMK, BNAJWHA, NMIaTo, TOYKAa repernba) OAHOrO psja
pacrioyio)keHa HEMHOTO BhIlIE WM HIXKE COOTBETCTBYIOLIEH eif ocofolf
TOYKH JIPYroro psua.

Paznouanoctu DTW anroputma.

Paznuunblie nopabotku DTW anroputMma mnpenHa3HadeHbl ang
YCKOPEHHS €ro BBIYHCJCHWI, a Takke JUls TOoro, 4ToOBI Jy4ime
KOHTPOIHPOBATh BO3MOXHbBIE MapLIPyThl MyTeil TpanchopMaiy.

Ob6mmue (rnobanbubIe) OrpaHHYEHH A,

Onun W3 pacnpocTpaHeHHbX BapuantoB DTW anroputrma —
Hajlo)keHWe oOmmx (riobanbHbIX) OrpaHUYMBAIOIINX YCIOBHI Ha
nonyctuMeie  nytd  gedopmaumu. Ilyers  RC [Lin]x[lim]
MOJAMHOXECTBO, 3ajatoliee obnacts rinodaneHoro orpanudenns. Teneps
nyTéM TpaHchopMauun SBASETCS TMYyTh, KOTOPBIH COMAEPKHUTCH B
obmacty R, OnTuManbHelii  myTh  TpanchOpMalWH —  MYTh,
npuHajIexanii R, 1 MUHUMH3UPYIOUIKA CTOMMOCTE NMYTH CPeId BCEX
myTeit Tpanchopmauuu u3 R.

Boictpoiii DTW-anroputm. DToT anroput™M obnagaeT JuHEHHON
MPOCTPAHCTBEHHOW W BPEMEHHON CloXHOCTBIO. bBeicTpeiii DTW
ajTOPUTM HCIIOIB3YET MHOTOYPOBHEBBIH MOAX0/ € TPeMS KITIOYEBbIMH
onepaunsIMu:

. YMenbuienne aetaiu3aluy — yMeHbUIaeM pasMep BpeMEeHHOro
pslia ¢ MOMOILBIO YCPeIHEHNS CMEXHBIX nap Tovek. ITonyueHHBIH
BPEMEHHOMN Pl — 3TO psJ, UMEIOUIHii B JIBa pa3a MeHbIIIE TOYEK,
YeM HCXOAHBIH. MBI MPOBOAWM 3TY ONEpAaLMI0 HECKOJIBKO pas,
4TOOBl MONYYHUTh MHOTO Pa3HYHBIX pa3pemeHHi BpeMEeHHOTO
pana.

. [InaanpoBanue — OepeM nyTh TpaHchopManuwu npu HH3KOH
JeTalu3aluM M OrpejAeNseM uepe3 Kakve KIeTKH Oyjer
NPOXOAUTE MyTh TpaHchOpMauun NpH creayrouiei neranu3auus
(Ha nopsaok BellIe npeabiaywein). Tak kak pazpelueHHe
yBEJIHUYMBAETCA B JBa pa3a, ONHON TOYKe, MpHHamLiexaleid nyTH
TpaHchopMauMH B HU3KOM paspelleHnd, OyayT COOTBETCTBOBATH,
no kpaitHeil Mepe, yeTblpe TOUkH B OOJiblIeM pa3pelieHuu. 3aTeM
3TOT  MJIAHUpYeMbIif  MyTb  HCIONb3yeTcs B KayecTBE

N

JAMH . @
gapHblX IS ABYX  BPEMEHHBIX IOCJEA0BATENbHOCTEH. JlanHbli

,ppHCTHYECKOrO Mpasuia B mpouecce 06paboTku, 4TOOBI HAHTH

[1yTh B BLICOKOM pa3spelieHHuy.

C.E:ar:.xmul MOMCK ONTHMAJIbHOro mnytH Aedopmauuu B

OKPECTHOCTH CIUIAHHPOBAHHOTO MYyTH.

PaipekeHHblH DTW-anropatm.

OcHOBHAS Wjaes NaHHOro MeToja COCTOMT B TOM, HTOObI
aMHUECKH HCIIOJIb30BaTh HAJH4YHe NOJOOHA M/MAM CONOCTaBJICHMS

-

ANrOpUTM HMEET TPH 0COOBIX MpenMyIllecTsa:

|. Marpuua  TpaHchopmauuu  NpEACTaBIseTcs € NOMOUIBIO
Pa3pPEKEHHBIX MATPHL, YTO MNPUBOJAMT K YMEHBLICHHIO CPEIHEH
MPOCTPAHCTBEHHOH CIOXHOCTM M0 CPaBHEHUIO C JAPYrMMH
MeTOAaMH.
Paspexentblit DTW anroput™ Beerja BeIAaeT ONTHMAbHbIA NyTh
TpaHchopMal UK.
Tak kak aNropuTM BbIJAET ONTHUMAaJbHOE BbipaBHUBAHHE, TO OH
MOkeT ObiThb JIEPKO HCIOJb30BaAH B COYETAHMH C JApPYIHMMH
MeTO/1aMH.
O6GnacTv NpUMeHeHHs: paclo3HaBaHHE PevM, HHTEJIEKTYalbHbIH
aHanu3 JaHHBIX, PAcIO3HABaHHE KECTOB, poOOTOTEXHMKA, MEJHLUHA,
Onoundopmarnka, BepuduKalus NOANKHCH.

o

'

3.8. ilnnaMu1uecKoe NpOrpaMMHPOBAHKE B AJITOPHTMAX
PACHO3IHABAHMS pe4H

B cuctemax pacnosHaBanMs  peuyd, CoJAepKalMxX - ClOBA,
pacnozsasanue TpebyeT CpaBHEHHS MeXJy BXOAHbIM CJIOBOM H
PasiM4HBIMM cloBaMu B ciosape. D¢ dekTHBHOe peuieHue npodnembi
IEAUT B JAMHAMMYECKHMX aNropuTMax CpaBHEHHS, LEJIbI0 KOTOpPOro
ABNACTCS BBEJEHHE BPeMEHHBIX MaciITaboB JBYX CJIOB B ONTHMA/bHOE
COOTBETCTBHE., ANTOPMTMBI TAKOrO THMA ABJAKOTCA AMHAMHYECKHMH
airoputMamu  TpancopMaumu BpeMeHHOH wkanel. B paHHOH
laparpadge npeacraBneHo jBa BapMaHTa peaju3allud anropuTMa
PeAHa3HaverHble A/ paclO3HaBaHHs OTAEbHBIX CJIOB.

Mcenenosanns B o6nactu pacro3HaBaHHs peuM, T4K K€ KaK W B
Apyrux obnacrax, crenyor no JABYM HanpasJ/IeHUAM:
PYHNamenTanbhple  MCCNENOBAHMA, LEABIO  KOTOPbIX  ABJIAETCHA
Pa3paboTka u TecTHpOBaHUE HOBBIX METOIOB, ATOPUTMOB H KOHIETILH
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CyulectTByer TpH ycioBHs, HanaraemblX Ha DTW anroput™ ais
obecrneyenus ObLICTPOH KOHBEPreHLHK:

1. MOHOTOHHOCTb — NyTb HHUKOrAA HE BO3BPALIAETCA, TO €CcTh: 06a
MHJIEKCA, | M |, KOTOPbIE HCIIONb3YKOTCS B [0CJEJ0BaTeIbHOCTH,
HMKOI/1a HE YMEHBILAKTCS.

2. HenpepbiBHOCTH — NoCne0BaTebHOCTD NpPOABUIAETCH
MOCTENEHHO: 3a OJMH lUar MHAEKCHl, 1 M j, YBEJIHYHBAIOTCS HE
fonee yem na I.

3. llpepenbHOCTs — TNOCELOBATE]BHOCTh HA4HHAETCA B JIEBOM
HIJKHEM YTy W 3aKal4HBAEeTCA B [IPABOM BEPXHEM.

[Mpumep pedopManuu MOCIEJOBATENBHOCTH C HMCMOJIb30BAHHEM

A3blKa NporpaMMHpOBRaHuns Java NpUBEACH HHXE!

public static void dtw(double a[].double b[],double dw([](],
Stack<Double> w){
// a,b - the sequences, dw - the minimal distances matrix
//'w - the warping path
int n=a.length,m=b.length;
double d[][]=new double[n}[m]; / the euclidian distances matrix
for(int i=0;i<n;i++)
for(int j=0;j<m;j++)d[i][j]=Math.abs(a[i]-b[j]);
// determinate of minimal distance
dw[0][0]=d[0][0];
for(int i=1;i<n;i++)dw[i][0]=d[i][0]+dw[i-1][0];
for(int j=1,j<m;j++)dw[0][j]=d[0][j]+dw[O][j-1];
for(int i=1;i<n;
for(int j=1;j<m:j++)
if(dw[i-1][j-1]<=dwl[i-1][j])
if(dw[i-1][j-1]<=dw[i][j-
I Ddwli](i]=d[i]Gi+dw(i-1][-1];
else dw(i][jl=d[i}[j]+dw[i}[i-1];

else
if(dwl[i-1][j]<=dwl[i][j-
IDdw[ilf1=d[i1[]+dw[i-1][j]:
else dw(i][j]=d[il[j]+dwl[i][j-1];
int i=n-1,j=m-1;
double element=dw/[i][j]:
/! determinate of warping path
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w.push(new Double(dw[il[i]);
do{
if(i>0&&j>0)
if(dwl[i-1][-1]<=dw[i-11[])
if(dw(i-1][j-1]<=dw[i](j-1]){i--:j--;} else j--

else
if(dw(i-1][j}<=dw[i][j-1]Di--; else j--
else if(i==0)j--; else i--;
w.push(new Double(dw[i][j]));

while(i!=0[[j!=0);

Tak kak JUIs OMpEeAeseHNs OCHOBBI [OCIEeI0BaTEILHOCTH B
JIUHAMHYECKOM NporpaMMHPOBaHNH ONMTHMaTLHBIM aBageTCA
HCNOJIb30BAHHE METOI O0GpaTHOro MpoOrpaMMMpOBaHHs, HEOOXOAWMO
HCTIONB30BATH ONpeleNeHHbIH AHHAMAYECKHil THIT CTPYKTYpPEI, KOTOPhIH
HasbiBaeTcs «cTexk». IlogobHo modoMy AWHAMHYECKOMY aJlrOpUTMY
nporpammuposanng, DWT wumeeT MNONMHHOMUHANBHYIO CHOXKHOCTE.
Korga Mbl uMeeM Jieno ¢ OOfbIIMMH  [OCNENOBATENLHOCTAMM,
BO3HWKAIOT JIBa HeynoOCTRa:

3anoMUHaHne DONbLUINX YACITIOBBIX MaTPHLL

BBIITOJIHEHHE GOMBLIONO KOJIMYECTBA pacieToB OTKIOHEHHH.

CymecTtByer ynyuueHHas gepcus anroput™a, FastDWT, koTopas
peliaeT ABe BbilleykazaHHble npobnemsl. Peullenne 3aknrovaercs B
pa3buenud MaTpHilbl cocTosiHuii Ha 2, 4, 8, 16 U T.A. MEHbIIHX MO
pasMepy MaTpHll, OCPENCTBOM MOBTOPSIOUIErocs npouecca pasduenns
MoC/enoBaTeIbHOCTH BBOAA Ha jgBe vacTi. TakuMm 0Opa3oM, pacuerbl
OTKJIOHEHUs TPOW3BOAATCA TOJIBKO Ha 3THX HeOONBUIMX MaTpuuax, H
nyTax jedopmauuu, paccuutaHHelX uis  HeGombmmx matpuu. C
ANrOPUTMUHYECKON TOUKH 3peHus, MpeniaraeMoe pelueHue 0CHOBaHoO Ha
metone “Divide et Impera” (npum. mnep. ot nar. «Pasgensii u
BJIABCTBY i ).

Ucnonszosanue DWT anropurma B pacno3HaBaHUH pedn.
AHaJIH3 I'0JIOCOBOT0 CATHAIA. 3BYK TPOXOIMT 4Yepes cpeiy, KakK

MPOAOJIbHAS BOJIHA CO CKOPOCTbIO, 3aBHCALUEH OT IIOTHOCTH Cpelbi.
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Camblii npocTo#t cnocod qpejacTaBieHHs 3BYKOB — CHHYCOW/HBI
rpadik, rpajuveckoe npeacrasiende BuOpaumii BO3ayxa 1nop
JIaBJICHMEM Ha NPOTSHKEHHU HEKOTOPOIro BPEMEHH.

dopma 3ByKOBOH BOJIHbI 3aBUCHT OT TpeX (AKTOpPOB: AIIMTY /bl
4yacToThl ¥ ¢azbl. HanoMHUM UX OCHOBHBIE CBOHCTBA.

AMIUIMTYJa — MepeMelleHne CHHYCOMAAIbHBIX rpados Bbille H
HWKe BpemeHHOH ocu (y = 0), 4TO COOTBETCTBYET 3SHEPrUM
3arpy’KeHHO# 3BYKOBO# BOJHbL. M3mepenue amniauryabl Moxer OblTh
npou3BeAeHO B eauMHMuUax Jasnenus (aeuumbenax DB), kotopsie
H3MEPAIOT aMIUIMTY Y 00bI4HOIO 3ByKa npH TOMOLUM
norapumuyecknx ¢yunkuuil. M3MmepeHue aMIUIMTYAbl HMCIOJb3YS
JeuuOenbl O4YEHb BAXKHO HA MPaKTHKE, TaK Kak »3TO Mnpsamoe
peACTaB/IEHUEe O TOM, KAK IPOMKOCTh 3ByKa BOCIPHHUMAETCH THOAbMH.

YacToTa — HMCJIO UMKIOB CHHYCOWAbl 3a oAHy cekynay. Llukn
Kosiebakuii HauyuHaeTcs €O cpeaHed JIMHMEH, [0TOM JAOCTHraer
MaKCMMyMa ¥ MUHUMYMa, a 0c/ie BO3BPALLAETCS K CpeiHeR IHHHUH.

[Mocneguuit  ¢daktop — ¢asza. Ona wu3MepseT MOJ0KEHUE
OTHOCHTEJILHO Hauajia CHHYCOWIaibHOl KpuBoil. @a3a He MOXKET ObITh
yClbliIAHA 4eJI0BEKOM, OJIHAKO €€ MOXHO OMpe/e/NuTh OTHOCHTE/ILHO
MONIOXKEHUsT MEXAYy ABYyMs curuanamu. Tem He MeHee, CIyXOBOH
annapar BOCIPHHIMAET MOJNOKEeHHe 3ByKa HA pasHbIX (asax.

Jluist Toro uto6bl pa3o0paTh 3ByKOBbIE BOJHbI HA CHHYCOMIAbHOM
KpMBO# NoNb3yloTcs paznoxenueMm @Mypbe, ero pesysbTaToM sBIsETCS
Habopom amnauTyn, ¢as ¥ HacToT ANA KaXKAOro CHHYCOMOAJIbHOIo
KoMnoHeHTa BonHbl. CKIa/AbIBas TH CHHYCOMa/IbHbIE KPHBbIE BMECTE,
M0Jy4YaeM OPUTHHAIBLHYIO 3BYKOBYO BoHY. Touka yactorsl unu ¢assl,
B3ATas BMECTE C AaMIUIMTY/J0#, HaspiBaeTca cnekTpoM. CnekTp
MOKa3blBaeT YacTOTy KOPOTKOH NOCJ/EZ0BAaTeNbHOCTH 3BYKOB, H €CIIH
Mbl XOTHM T[POAHAJM3MPOBATL €€ pa3sBUTHE B TEYEHHE BPEMEHH,
HEeoOX0oAMMO HAHTH crnocol, No3BOASOWMHA MPOAEMOHCTPHPOBATL 3TO.

ITO0 MOXHO NoOKa3aTh Ha cnekrporpamme. Cnekrporpamma — 23TO
Jdarpamma B JBYX H3MEpPEHHAX: YacToTa H Bpems, — B KOTOpPO# LIBET
TOuYKM (TeMHBIH — CHJIbHbIH, CBeTJbi# — cnabblid) onpeaenser

aMnauTyay HHTCHCHBHOCTH.

BhifiB/ieHHEe CJIOB. QOEJA.ZG::Z@ METO/bl BBIABJIEHHS MOryT
rOYHO ONpeAe/IMTE Ha4yallbHYKO H KOHEYHYIO TO4YKY IPOU3HECEHHOI'O
c/lloBaA B 3BYKOBOM [0OTOKe, Ha OCHOBE Cp\u_un_@O.:Ax CHIrHanoB,
MEHAKOWMUXCS B TEUYCHUE BPEMEHH. bm::v.m METO/Ib! OLEHHBAKOT

HHEprHiO H CPEIHION0 BETHHHHY B KOPOTKOM OTpe3ke BPEMEHM, a Takxke
ALIMACASIOT CPEHUI YPOBEHb MEPECEHEHHUS HYIA.

Co3janne HauaTbHOW W KOHEYHOH TOYKM — MpOCTas 3a1ay, eciu
ayaMo3aMich ClejiaHa B WICATBHBIX yCTOBHAX. B stoM cnywae
oTHOLIEHHE CHTHANI-LIYM BENWK, TAK KaK ONpeiennTh JneficTBUTENbHbIH
cHTHAN B MOTOKE MMyTEM aHain3a obpazos He mpeacrasnser Tpyna. B
peanbHbIX YCTIOBUAX BCE HE Tak MpocTo: GOHOBBI  WIYM HMeeT
OFpOMHYI0 MHTEHCHBHOCTh H MOXET HApyWIMTE Tpouecc OTJIENIEHNN

CJIOB B 1OTOKE peYH.

[TpocTeiinit amropuT™ OTAENCHUSA CNOB — AITOPHTM PaGunepa-
Jlamens. Ecan paccMarpuBath CTOO-MMITYTbCOB {5, 852, ..., Sn \, rae n —
qicno 0Opa3oB CTPOO-UMIYIBCOB, @ Si, i=1, N — YUCIEHHOE BbIPAXKCHHE

:Q—Jma:cw. obuas SHEPrus n%ﬁO@-:Z:%:TGOE BBIMHUC/IAECTCH!

(3.35)

CpenHuit ypoBeHb nepeceyeHns HyJICBOro ypoBHs:

n-|
ZCR(n) = v sign(s, ) sign(s, ).
f=]
rue:
s, >0
0 if s,<0

MeToj HCIoAb3yeT TPU YMCJIOBLIX YPOBHA: NBa A SHEPryM
(BepxHMil, HMXHHI) M OIWH [N CPeAHEro mnepeceqyenus HyIeBoro
yposHs. Touyka, Ha4YuHas C KOTOPOil 3HEprus MepeKpbIEacT BEPXHWH
YPOBEHb W YPOBEHBb MOJOXKHTEILHBIX H OTPHLUATEIEHBIX 3HaYEeHHUH, He
OTMEHSeT YCTAHOBJIEHHBI YpPOBEHb, KOTOPbIH CUWTAETCA OTTpaBHOI
TOYKOM rosocoBoro 3Bydanus (He THMHBI). [ToWck nepeoit Takow
TOYKH MPOM3BOJNTCSA MyTEM CKPELIMBAHWA UMITYJECOB OT Havata M 110
KOHLA, H 3TO OINpeAeTHT nepByio 061acTb ¢ peybio. O6parHblit nepexon,
H3 KOHUA B Haualo, TMO3BOJIAET ONpeJeNnTh KOHEYHYI TOYKY
nocneaHeit obnactu ¢ peubto. OnpejeneHue BHYTPH obnactu MOXer
ObITh cIeNaHo MyTeM CKpELUMBAHHMS MMITY/ILCOB MEXIY ABYMA STHMH
roykaMmu. Havano rioyxoi# obnacth HasMHacTcs B TOYKE, B KOTOPO#H
JHEPIUS CTAHOBUTCS MEHbLLLUE 3HAaYeHNUA HHXKHEro ypOBHS.

sign(s,)=-+
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D10 MOXHO paccMOTpeTh Ha puc.3.13, Ha KOTOpPOM MOKa3aHa
3alMcCh 3BYKOBOI'C CUIrHana 0 4 nocjie yAaajneHus _‘:v\xcm obaacrh.

v

Puc.3.13. 3BykoBOi#i curHan cjioBa «HOBa»

Onpenenenne caos ¢ ucnoab3osanuem aaropurma DWT,
Ornpenenenue cnoBa MOXeT OCYLIECTBIATLCA MYTEM CPaBHEHMS
YHCTIOBBIX (OPM CMrHANOB MIM MyTE€M CPaBHEHMS CHEKTPOrPaMMbi
curhanos. [lpounece cpaBHenus B 00OMX  ciayuasXx  A0JKeH
KOMIEHCHPOBATb  pas3iMyHble  [UIMHblL  [10CJ€JOBATEIbLHOCTH M
HenuueliHbli Xapaktep 3syka. DWT anroputmy ynaercs pazobpats 3TH
npobnemsl nyTemM HaxoxAeHus AedopMmauMH, COOTBETCTBYIOLUEH
ONTHMAallbHOMY PAaCCTOSIHHIO MEXK/Y ABYMA pAAaMH Pa3IMHHOM UTHHBIL.

CyuwectByor 2 0c06€HHOCTH NPUMEHEHHS ATOPHTMA:

1. [lpsmoe cpaBHeHue uncioBbiX Gopm curHanos. B stom ciyuae,
AN KaXKA0M YMCI0BOM nOCNeA0BaTeIbHOCTH CO3/1aeTcsd HOBas
nocnea0BaTe/bHOCTh, pa3smMepbl KOTOPOH 3HAYHMTENbHO MEHbLLUE.
AJIFOPDUTM  HMMEeT JIeJl0 C 3THMH [OCJeN0BaTENbHOCTAMH.
Yucnosas nocneaoBaTeibHOCTh MOMKET MMETh HECKOJbKO ThICAY
YHC/IOBBIX 3HA4YE€HHH, B TO BpeMs Kak TIOANOC/e10BaTeIbHOCTb
MOXET HMEeTb HECKONIbKO COTeH 3HayeHui. VYMeHblIeHHe
KOJIMYECTBA YMCJIOBbIX 3HAYE€HHH MOXeT ObIThb BbLINOJIHEHO MYTEM
HX YHAJNeHHs MekKAYy YIMOBBIMM TOYKaMH. ITOT npouecce
COKDSIEHHs AJIMHBl 4MCI0BOH M0C/IEA0BATENbHOCTH HE [JO/KEH
H3MeHATL cBOero npeacrasnenus. Hecomuenno, npouecc
NPHBOJHT K YMEHBLIUEHHIO TOYHOCTH pacrio3HaBanus. OnHako,
NpHHAMAas BO BHHUMAHWE YBEJIIHYEHNE CKOPOCTH, TOYHOCTh, M0
CYTH, IOBBILIAETCA 34 CHET YBEIMUYEHHS CIOB B ClIOBape.

5. [IpeCTABIEHHE  CHTHANOB  CMIEKTPOTPAMM M NpPUMEHEHHS
anroputMa DTW anst cpaBHeHMs JABYX CIEKTPOTpPaMM. Meton
JakmiodaeTcss B pasfleleHuH UM@poBOro curHana Ha HeKoTopoe
KOTMUECTBO MHTEpBAIOB, KoTopble OyayT nepekpbiBatbes. [lins
KaXkIOr0  WMMMYJbca, WHTEpBalbl  JAEHCTBUTEJIbHBLIX  HHCen
(3BYKOBBIX 4acToT), Oyner pacCHMTHIBATh mzng!z(_
npeobpazoBanue Dypbe, 1 OyzeT XpaHUTbCA B MaTpHile 3BYKOBOH
cnektporpamMmel. [TapameTpel GyayT OIWHAKOBBIMM JUIS  BCEX
BLIYMCITUTENBHBIX  ONepauuii:  JUIMH  UMIy’dbca,  JUTHHB!
npeobpasosanus  Dypbe, JIMHBI NEPEKPBITHA  JUTA  JBYX
nocneaoBaTelbHbIX MIYabcoB. [Tpeobpaszosanne Mypbe sBIAETCA
CHMMETPHYHO CBA3aHHBIM C LIEHTPOM, @ KOMMIJICKCHbIE HHCIO C
OJIHO¥ CTOPOHBI CBA3aHbI C YHCIAMH C APYToif CTOPOHBL. B cBA3H ¢
9THM, TOJNILKO 3HAa4YeHWsi M3 MepBOi 4YacTH CHMMETPHH MOXKHO
COXPAaHHUTB, TakMM oOpa3zoM, criekTporpamMma Oyaet MpeACTABNATH
MaTpHLy KOMIUIEKCHBIX YHMCEN, KOIMYECTBO JIMHWA B Takoh
MaTpHile SBIAETCS PABHOW MMOJNOBHHE JUTHHBI npeobpa3oBaHus
dypbe, a KOIH4YeCTBO CTONOUOB OyaerT oOnNpeaensThes B
2aBUCMMOCTH OT JUTMHBI 3Byka. DTW Oyner npAMeHATBCS Ha
MaTpulle BELUECTBEHHBIX 4WCEeN B pesyibrare CONPAKCHUS
CreKTpOrpaMMBl 3Ha4eHWH, Takas MaTpHLa Ha3bIBAaeTCA MarpuueH
IHEPrHH.

DTW  ajropuTMBl  SBIAKOTCA  O4YeHb  MOJIE3HBIMA  ANA
pacrno3HaBaHus OTHENbHBIX CJOB B OTpPaHHHEHHOM CJlOBape. s
pacrno3nasaHusi Oersioli  peud MCMONB3yKOTCA  CKPBITBIE  MOACIH
Mapkosa. Hcnonb3osanue — AMHAMHYECKOro  MporpamMMupoBaHHsA
obecrieurBaeT MOJIMMHHAIBHYIO CIOXHOCTh &IMOPHTMA: N°v, Tae n -
JUIMHA [OCNEeN0BaTebHOCTH, a V KOJUYECTBO CJIOB B CIIOBape.

)

DWT umeloT HeckoNbko caabbiX cTopoH. Bo-nepBbiX, NV CI0XKHOCTL
He yHoBIeTBOpAeT OONBIIWM  CJIOBApAM, KOTOpBIE YBEIHYHBAIOT
YCMEWHOCTL Mpolecca pacro3HaBaHus. Bo-BTOPLIX, TPYAHO BbIMHCIHTE
J1BA HNieMeHTa B JIBYX Pa3HbIX MOCIEA0BATENBHOCTAX, €C/IH NPHHATL BO
BHUMaHWe, YTO CYLIeCTBYET MHOMKECTBO KaHaloB C Ppa3iiyHbIMA
Xapakrepuctukamu. Tem He wmeHee, DTW ocraeTcs 1poCTbIM B
peanu3alumuu aaropuTMOM, OTKPBITHIM JUIS YNYHIIEHHH W MOAXOAALLNM
JUISL TIPUITOKEHU I, KOTOpBIM TpebyeTcs MpocToe pacrno3HaBaHWEe CIIOB:
~C..r;_:::u_, aBTOMOOH/IbHBIE KOMITLIOTEPHI, CHUCTEMBEI 0e30MnacHoCcTH H
T.I.

135




[exHMYECKas Peanu3auus. B ITOM Cly4ae petb MOKET ObITh, KaK
[OHTAHHOH, TaK H COOTBETCTBYIOLLEH Onpeae/€HHbIM :cmE:_mzh
[pon3HeceHHas petb He NOJHOCTBIO Npeobpa3yercs B TEKCT - B :mm
ABTOMATHYECKH HAXOJATCA JIMIIL Te y4acTKH, KOTOpbIE COAepxKaT
\anaHHble C0BA WK CIOBOCOYETAHHA.

[IpuMeHeHHe. AaHHas  TeXHOJNOTMs  pacno3HaBaHHMs
pUMEHAETCH B MOHCKOBBIX CHCTEMAX, B CHCTEMAX MOHHMTOPHHI nmcsl.

PacnosHaBaHue cANTHOH peun na Goasmom caosape (LVCSR

3.9. KayecTBO pacno3HaBaHHs H GHHTE3a peqyH

c
B mHactosmee Bpems 0OWECTBO BKIAAblBAET TMIaHTCKOE
KOJIMUMECTBO AeHer B pa3BuTHe know-how M Hay4HO-HCCIENOBATEILCKHE
pa3paboTku wis pewenns npobaemM aBTOMATH4ECKOro Pacrno3HaBaHUA U
MOHMMaHHUA peyu. DTO CTUMYIUPYETCH NPAKTHYECKUMU TpeGOBaHUAMHY,
CBA3aHHLIMM C CO3JaHMEM CHCTEMbl BOEHHOIO H KOMMEPYecKoro
HazHauenusi. [lpu 3Tom cneayetr oGpaTHTh BHMMaHHE Ha TO, 4TO B )
PAKTHYECKOM HCHO/b30BAHHH OTCYTCTBYIOT CHCTEMBI, CHHTAIOLIHECH __ large vocabulary continuous speech recognition). CyTb
N0  HENOHATHBIM  MPHYMHAM  BEPIUHHONW  pPa3sBHUTHA  CHCTEM [exHOJIOTMM; 3Ta TeXHoMorus HanbGonee Gnu3ka K MeuTe 4enoBeka O
ABTOMATHYECKOTO Pacro3HaBaHMUA Pevd. ITO CHCTEMbI, KOTOPbIE MOXKHO B3aHMO/CHCTBHHM YeNOBEKA U MAlMHbI — BCE, YTO CKA3aHO, A0CN0BHO
Ha3BaTh [€MOHCTPALUMOHHBIMH M KOTOpbie S50 neT Hasaj Ha3blBANTHChH npeofpasyercs B TekcT. [loaToMy MHOrZa dTa TEXHONOTHA TaK H

«(hpOHETHYECKMMH MNeYaTAOLMMH MAlUMHKaMu». WX uenbio ABnsercs naspiaetca STT — speech-to-text.

NepeBoJ1 peyn B COOTBETCTBY 0L MUCEMEHHBIH TEKCT. TexHUYecKas peanu3alus. 3a1a4a MOoJHOUEHHOrO pacno3HaBaHUs
Bb1A€/IsI0T HECKOILKO OCHOBHBIX CIIOCOBOB pacro3HaBaHHs peyi: CAMTHOM peuM He pelleHa HHUIJe B MHpe, OAHAKO, J0CTOBEPHOCTH
Pacno3uasanue OTAENbHBIX KOMAaH/1. CyTb pacnosHasanus yKe JOCTATOMHO BBICOKA /UIA  MCMOJNB30BAHMA

TEXHOJIOIHK, pasaenbHoe NPOH3HECEHHE H nocinezypoLiee TEXHOJIOTHH Ha npakTuke (puc.3.14). .

pacrno3HaBaHHe CJIOBA WJIM CIOBOCOYETaHMs M3 HeGOoNbOro 3apaHee Tax kak nociegHuii MeTon Haubonee CIOXKHBIH, TO PacCMOTPUM

3a/1aHHOTr O cJ1oBaps. ero :O:Obbomznm.
Ssamoran
Moaem

4acTo

TexHuuyeckas peaju3alus. TOYHOCTb PAcrO3HaBaHUA OrpaHH4YeHa
o6beMoM 3a1aHHOoro cnosaps. [lpu coGnoneHu 3Toro ycnoBus JaHHas
TEXHONOrUs MO3BONAET JAOCTHYb CaMON BbICOKOM JOCTOBEPHOCTH

Tenmanmyeche

pacno3HaBaHMA.

:UIZOIQZSm,m HacTosLlee BpeMs Haubonee APKHM TIpHMEpOM

MCINOJIb30BaHNUA

KOMMEPUYECKHX TMPH/I0XKEHHAX HABJIAETCA roJ10CoBas

TEXHOJIOTMYU. pacrno3HaBaHue ¢pa3, COOTBETCTBYIOLIHUX ONpeAe/eHHbIM
3a/IaHHbIM NpaBuiiaM (rpaMMaruke).
TexHunueckas

TEXHOJIOTHH

pacno3sHaBaHus OTAECJIbHbBIX KOMaHj B
HaBurauusa 1no

3aJaHun rpaMmMaTHK

Jevxoroft cirman

Ouerna

Kavecsa

curyana
P T

Momym
AKVCTINeCKOft
ananrau

N —

Y

Jurexrop
pews navia

Axyermmece

MO,

ae

v

—

e e

Mo

|

canTam. Ouerxa - ﬁ Onpenexerse
PacnosnaBanue no rpaMMaTHkKe. Cyts e T2 | sewparasops

Pesymstan

pacrosHasaKis

peannsauma’ ana

ucnons3yores  crangaaptHble XML-s3bikn  (VoiceXML), obmen
JAHHBIMH MeX1y CHCTEMOH pacrno3HaBaHHs W TNPUIOXKEHHeM, Kak
paBuNo, ocylecTraseTcs no nporokony MRCP.

[IpumeHeHue: TEXHOJIOIMA  pacrno3HaBaHUS [0  rpaMMaTHKe
LIMPOKO NPUMEHAETCS B CHCTEMaX roJiocOBOro camoobcyKuBaHHUA.

[Movck KJII04€BbIX CJIOB B NOTOKe CcauTHOI peun. CyTh
TEXHOJIOIHH. PACMO3HABAHUE OT/E/IbHbIX YYaCTKOB PeyH.

Puc. 3.14. [Ipouecc pacno3HaBaHus CAMTHOH pedH Ha 60bIIOM
cnosape

ITansl pacno3HABAHHA.
. ObpabGorka pe4n Ha4yMHAETCA C OLUEHKH KayecTsa pe4eBoro
curuana. Ha aTom stane onpeaenseTcs ypoBeHb MOMeX U HCKAKEeHHH.
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2. PesynbTar OUEHKH TOCTYN@eT B MOIYJIb aKyCTHHYECKOH CcAMIIKOM ~MHOTO  HY)KHO  JaHHBIX, yTOOBl JIOCTOBEPHO OLEHHTH
ajanTandy, KOTOPBI yppaBlifeT MOAYJIEM pactiera MapaMeTpoB peym, CTATHCTHHECKHE CBA3M MEXIY CIIOBAMM. 3agaua OCNOXHAETCA TEM, HTO
HEOOXOANMBIX [IA pacro3HaBaHus. g pyCCKOM A3bIKe AOMyCTHM NpOM3BOJIbHBIH TNOPAAOK CNOB («Mama

3. B cursajie BBIIENAIOTCS YYAacTKH, colep)xalue pevb, u Mbplla pamy» - «pamy MbuIa mama»). Iloaromy B LlenTpe peueBbIX
MPOHCXOAUT OLUEHKA NapamMeTpoB peyH. [exHOJIOrHil  HCMONB3YIOTCS rubpuaHbie  A3BIKOBbIE  MOJENIH,
4. Jlanee mapamMeTphbl peds MOCTYNAIOT B OCHOBHOMW BI0K CHCTEMBI HCII0/b3YOIHE TPaBUIA PYCCKOro A3blKa, MHGOPMALHIO O 4acTH peyH
pacno3HaBaHWs — JeKolep. DTO KOMIOHEHT, KOTOPbIi COMOCTaBiIAET 4 (hopMe CJI0BA H KJIACCHYECKYIO CTATHCTHHECKYIO MOJeb.
BXO/IHO# pedeBoii MoTok ¢ nHpopmauue, XpaHsaieHcs B aKyCTHYECKHX g) [Ilpu pacrosHaBaHu Ha OOJbLIOM  CclOBape  TAKKE

JICI01B3YETCA MOy Ib ONpE/eIeHns TeMbl pasroBopa. 10 No3BONACT B
JABHCMMOCTH OT TEMATHKH pe4d ABTOMATHUYECKH MEHSATH C/10BAph H
93bIKOBBIE MOJETH. Mozy/b Onpe/eseHus TeMbl pa3rosopa paspaboran

M S3BIKOBBIX MOJeNsX, W onpenenser Hauboliee BEPOATHYIO
OCTEOBATENBHOCTE  CJIOB,  KOTOpas M SBIAETCH KOHE'THBIM
pe3yJIbTATOM PACHO3HABAHHS.

a) Akycruueckne Mojenn. [Ipn  cpaBHHTENBEHO  HEDOMNBLIOM ¢ ucnonb3oBaHueM Teopuu data mining. [To CyTH 3TOT KOMIMOHEHT —
vmmo;nz crnoBape BBICOKOH JOCTOBEPHOCTH pacrno3HaBaHWf MOXKHO 3a4aTKM CHCTEMbl MCKYCCTBEHHOIO HMHTEJUICKTA, KoTOopas B mwhwEmz
JOCTHIHYTh, JHIlbL COTOCTAB/IAS BXOJAHOW MOTOK peun ¢ wabioHaMu gce  vame OyAeT  MCHONB30BaThCS  COBMECTHO C  MOAyJeM
OTHENBHEIX 3BYKOB — aKycTHueckumu Mozensmu. CospemeHHas pacrio3HaBaHMs, Aenas npouecc npeobpasoBaHMs peuH B TEKCT Gonee

TeHJeHUWs TEXHONOTMM ONMUCcaHus 3BYKOBbIX 006pa3oB nojpazymeBaeT OCMBICJICHHBIM.

kOMOGWHHpOBaHWE pasiu4HBIX moaxoaoB. Tak, B LlenTpe peueBbIX Ipuunubl CHHJKEHHS Ka4ecTBa ABTOMATHYECKOr0
texHonornii  (Poccus) NS ONMMCAHWA — aKyCTHYECKMX — Mojernei pacnosuaBaHus pewn. B HacTosllee BpeMA aKTHBHO BEAYyTCH
HCTIONB3YIOT KOMOHHALMIO KiaccH4eckoii Teopun undposoil 06paboTkH paspaGoTkn B obnactu pacno3Hasanus peun. CHCTEMbl A NPOrpaMMbl
CHrHaIOB W TEXHOJOTMM MCKYCCTBEHHbIX HeifpoHHbiX cerelf. Takue paboTalOT Ha BBICOKOM, KayeCTBEHHOM YPOBHE, HO JOCTHIHYTBIE

pe3y/ibTaThl He TMO3BOJAIOT TFOBOPHTE O TOM, HYTO MallHHA MOXET
pacro3HaBaTh pedb TaK ke, kak uenosek. CyluecTByeT psj MpHYHH,
CHIKAIOIMX Ka4ecTBO pacrno3HaBaHus. B naHHOH HCCIIE0BATENBCKOM
paboTe paccMOTpeHbl Takue MpHYMHBI, Kak (usMueckue (HepeyeBble)
NnoMexH, peuesbie COOM W aKLEHTHas peyb (peyeBbie nomexu). OnHOMH H3
ueseii CoBpeMeHHbIX pa3pabOTYMKOB CHCTEM pacrno3HaBaHHA petu
SBIAETCA CO3JaHMe MNporpamMsl, KoTopas Obl /JaBana BbICOKME
nokasarenn B ycaoBusX (M3MYECKHX [OMeX, a Takke [IpH
Pacro3sHaBaHMM AaKLEHTHOM pedYH H CIIOHTAHHOH pe4yu C pEeHEBbIMH
cbosmu.

B npouecce mnpoBeeHHs HCCleNOBaHHA ObLIO  BBIABHHYTO
Clenyiouee MpeanosiokKeHne: €cjid COBpeMeHHbIe TEeXHOJIOrHH HE
MMEIOT TPYAHOCTEN C pacrno3HaBaHHEM OT/AENBbHbIX KOMaHJ W HaXe
CIIMTHBIX 3apaHee NOAroTOBIEHHBIX TEKCTOB, a QU3HYECKHE NOMEXH MpH
3TOM  yCTPAHSIOTCS C TMOMOLUBIO TEXHOJIOTHH LWYMOOYHMCTKH, TO

moaeii Haubosiee YCTONYHBEI K MEXIMKTOPCKOW BapnaTHBHOCTH, a
TaKKe K roMexaM M HCKaKEeHHAM, BHOCHMBIM OKpYKEHHEM WIIH
KaHaJIOM TiepeayqH.

6) SI3pikoBbie Mogean. C  pocTOM  ClOBaps  yBEIHYHBACTCHA
KOJTHYECTBO CJIOB, CXOKHX WIM Jiake OAWHAKOBBIX MO 3Bydanuio. TIpu
CTMTHOM  TIDOM3HECEHWM  AKyCTHYeckas  CXOXKECTb  OTACIbHBIX
(parMeHTOB pedH MPOABIAETCS HACTONLKO, HTO 4acTo M d9eloBeK,
MpOCTyIIABas 3aMyuch BHE KOHTEKCTA, HE MOXET B TOYHOCTH pacrio3HaTh
10, 4Yto ObUIO mnpousHeceHo. [loaToMy 3Ha4MTENbHYIO pojib B
pacro3HaBaHHK PEYH MIPAIOT Tak Ha3bIBACMbIE A3BIKOBBIE MOJIC/H. Oun
MO3BOJAIOT OnpeAenuTh Hanbonee BEPOATHBIE CJIOBHBIE
nocnenosateibHOCTH. CJI0KHOCTH TOCTPOEHHs A3BIKOBOH MoJean BO
MHOTrOM 3aBHCHT OT KOHKPETHOro f3bika. Tak, AJf aHrJIHiCcKOro A3bIKa
JIOCTATOMHO WCTONB30BaTh CTATHCTHYECKWE MOJeNH (Tak Ha3blBaEMBIC

N-rpammbi). {15 BBICOKODIEKTHBHBIX #3bIKOB (A3bIKOB, B KOTOPbIX
cyurecTByeT MHOTO (JOPM OJHOTO M TOr0 e CiloBa), K KOTOPHIM NPHCYTCTBME B 3anmMCH  peveBbX cOOeB (OroBOpOK, —XesuTauuii,
OTHOCHTCS M DYCCKHil, S3bIKOBBIC MOMIENH, MOCTPOGHHBIE TONBKO € CaMokoppekiuii), CBOWCTBEHHbLIX CMOHTAHHOH pevH, HJIH aKIIeHTHOH
HCMIONML3OBAHMEM CTATHCTHKH, Yke He JaloT Takoro s(dexra — PEYH, MOXKET ABJATHCH NPHYHHOMN 6ONBLIOro KojuyecTBa cO0eB. AHan3
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TEOPETUYECKOr0  MarepHana B COYETAHMH  C coOCTBEHHBIMK
HABIIOAEHUAMHA MO3BOMIUIH chopMyTHPOBATh 3aauM MPAKTHYECKOro
ucenenoBanus B ganuoil pabore. Jlns BelpaboTKM pekOMeHZauni mo
COBEPIIEHCTROBAHWIO MPOrpamMM pacno3HaBaHUA pevH OBl NpoBeAEH
ananu3 paboTel punoxenuit S Voice oT koMnaHuu Samsung u Dragon
Dictation ot kommauuu Nuance. HoBM3Ha HCCIIEZIOBaHHA COCTOMT B
MCMONB30BAHHM AaKUEHTHOH (He 3TaloHHOW) pedH /s TeCTHPOBaHHA
yKa3aHHBIX PeYeBBIX CHCTEM, MpH TOM HEKOTOpPBIC 3alMCH COAepkaT
TaKkKe NMPU3HaKu peueBbiX c6oes U GU3HIECKHE TOMEXH.

WcToyHHKOM  Marepuaiia AJIs  NpPOBENeHHs  3KCNEepHMEeHTa
nocnyxun uHTepHerT-apxuB The Speech Accent Archive, B KOTOpPOM

npeacTaBneHbl  00pa3subl  AKUGHTHON  aHTIMACKOH  peuu. Boina
npou3sBeeHa BriGopka 06pa3oB YTEHHA TEKCTa Ha aHTIIMHCKOM A3bIke
HOCHTENSMM  KMTalickoro s3elka, B rpynne  HWHGOPMaHTOB

MPUCYTCTBYIOT TMPEICTABHTENH KEHCKOrO M MYXCKOTO TOJI0B, pasHBIX
BO3DACTHBIX Kateropuit. [lna nposeeHHs JaHHOrO HCCIIEA0BAHHA Oblm
oTobpans 06pasusl peun 8-mu npeacrasutenedi Kuras oboux MonoB U
pasHbIX BO3PACTHBIX KATEropHii: 2 I€BYLIKH W 2 napreif B Bo3pacTe 22-
25 nmer; 2 KEHIIMHBI ¥ 2 MyX4uH B Bospacte 42-49. MndopMmanTsl
noao6paHbl ¢ YYETOM JAHANEKTHOH BapHATHBHOCTH B KHTAlCKOM s3bIKE:
| rpyrna (Monoable HHHOPMAHTBI) — HOCHTEIH KAHTOHCKOTO JHANCKTa,
2 rpynna (B3pocible MH(OPMaHTB) — HOCHTEIH MaHIapHHCKOrO
auanekta, O6a NpUIOKeHHs MO Pacrno3HaBAHWIO PevH TECTHPOBAJIHCH C
HCTONB30BaHWEM 00pa3loB peyd Kaxaoro uHdopmanta no 3 pasa.
MarepHaioM JUIS 03BYYHBAHHS WH(POPMAHTAMU TOCITYKUIT CTIEUHATEHO
cocTaBlIeHHbIH pa3paboTyMKaMH HHTEPHET-apXHBa «The Speech Accent
Archive» TekcT, B KOTOPOM Y4TeHbl 3BYKOKOMIUIEKCHI COBPEMEHHOIO
AaHTIMICKOrO M3bIKa, CIOXHBIE JUIS TPOW3HECEHHSs HOCHTEJIAMH
a3MaTCKHX A3BIKOB.

B xome wucciejoBaHus ObUIO BbIABIEHO, 4YTO W3 204 cboes.
ponyuleHHbIX npunoxenneM S Voice, 12 Obuid BbI3BaHbI peteBbIMH
c6osmu, 154 — NpUCYTCTBUEM aKUEHTHOH peYH, YTO COCTaBIACT 6% w
75,5 % COOTBETCTBEHHO OT O00LIEro KONH4eCTBa. [pn Kaxa0M
npocnymmMBaHMM o6pasia 3By4Haulero TEKCTa B peanu3aluy OAHOro H
TOrO e MHPOPMaHTA pe3ybTaThbl TECTHPOBAHUA CHCTEMbI Pa3IHYHbL. B
cydae ecii cHcTeMa He ycnesaer obpabareiBath moly4aembli cHrHadl,
sToT BHA cOos oOTpaxaercs B KaTeropud «Jlpyrue TpHUMHBID.
VeTaHOBJIEHO, YTO CHCTeMa He Crhpasjisercs ¢ aKyCTHYeCKHMH
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oco0eHHOCTAMH AHIJIMICKON peyHd B peajn3alHu E_zqoncm-x.:qwm:am.
Ocobyio TPYAHOCTD TpH pacno3HaBaHuM MpPEACTaBIACT OTCYTCTBHE B
afickOM aHIJIHACKOM Mex3yOHBIX 3BYKOB, 3aMeHa IyXHX 3BYKOB
JBOHKMMH  H nao6opor, AoGaBieHHE JMEHTETHHECKOro r/1aCHOr0,
pe Ly Kuus KOHCOHAHTHBIX ~OKOHYaHMH M . ONYLIEHHE KOHEYHOH
r,.w__.‘,.Ec:i.r Jlerkas Xe3uTalus He BIMsAET Ha KauecTBO pacno3HaBaHus,
{O Xe3UTauus B COBOKYIHOCTH € CaMOKOppeKilHeii BbI3bIBAET CEPLE3HBIC
apo6ieMbl. B xoxe uccaeaoBaHus 6s110 _.wv_mm..:nzo. yto u3 213 cboes,
HONyLIEHHBIX NPHI0KEHHEM Dragon Dictation, 47 md:: BBI3BaHbI
peueBbIMH cGosmu, 115 — NPUCYTCTBHEM AaKLUEHTHOH peHH, HTO
coctapnsier 22% H 54% COOTBETCTBEHHO OT 00111ero KOIu4ecTBa. 3

B ciyuae ec/id CHCTeMa He ycneBaeT obpabaTpiBaTh 101y4aeMbIH
cUrHAj, 3TOT BMJ cOOsi OTpaXkaeTcs B KaTeropuH «JIpyrue npH4HHBD).
OnpeseneHo TaKxke, YTO CHCTeMa HE cnpaBnseTcs ¢ OCOOCHHOCTAMH
KHTAMCKOr0 AKLEeHTa BaHIJIMHCKOH  petH. Ocobyro  TPYAHOCTb
npejacTaBiser OTCYTCTBHE B KUTAHCKOM aHFJIHMHCKOM _snxsv&:v_m
1BYKOB, PEyKLHMsS KOHCOHAHTHBIX OKOHYAHMI M OMyLIEHHE KOHEYHOH
cornacHoil, TpyAHOCTh TIPOH3HECEHH nocieA0BaTebHOCTH COrIacHbIX
3ByKOB  (KOHCOH@HTHBIX  KJACTEPOB). BbiBOABl  OTHOCHTEJIBHO
pacno3HaBaHWs  PasAHYHBIX  BH/OB Xe3MTaluuM  COBmajalT ¢
onucanHbiMM i cucteMbl SVoice. CneayeT OTMETHTE, HTO paziH4us
MeKy pe3ysibTaTaMH pacno3HaBaHuA 06pa30oB pe4H paszHbIX AHKTOPOB
He3HayuTebHbl. IIpH 3TOM, B OTACIbHbIX CIy4asX cucTeMa MOXKET
NEMOHCTPHPOBATh KapAMHANBHO OT/IHYHbIE Pe3y/IbTaThl pacno3HaBaHUA
ofpa3ua 3Byvaulero TEKCTA B pealu3allid  OAHOrO u TOro Ke
uHdopMaHTa: OT TNOJHOrO Ppacno3’HasaHui, A0 pacno3HaBaHus ¢
GonbLIKMM KOH4ecTBOM cOoeB. BhifBIeHbI e/IMHHYHBIE BAPHAHTI 100%
pacriosHapaHusi 0OpaslOB  AKUEHTHOH  pevu. Ilpu o>TOM NpH
reCTMPOBAHHH CHCTEMbl OTAEIbHBIMH obpa3uamu pedn (HKCUpYeETCH
OCTOSHHBIE COOH CHCTEMbl: MOXHO NPEANOJOKHTh, 4YTO CHCTEMA HE
ycnesaetr obpabGateiBaTh NOCTYNAIOLMH CHrHaL JlanHoe HabiOAEHKE
03BONSET BHIABHHYTh NpeAnonoxenue (KOTOpoe MOXKET UMETL
3Ha1UMOCTh LISt JanbHenuiero ycceaoBaHus [pPOLECCOB
pacnosnapaHMs pevd) O TOM, 4TO KaieCTBO aBTOMaTH4ECKOro
PACNIO3HABAHMA HECTAGHIBHO, H ITO MOXET MMeTh CBOMM CIEACTBHEM
nojyyenue JuWb CHOPAAMYECKH YCIHEUHbIX Ppe3yJbTaTos. ITpn
CYMMHMpPOBAHHM KOJMYECTBEHHbIX A@HHBIX, TMOJYHEHHBIX B Xoje
NpOBe/leHHs1 MPaKTUYECKOro TECTHPOBAHHA padoTh NpUI0KEHHH
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SVoice u DragonDictation, ObUTH MOJIYYEHBI CIEAYIOIIHE PE3YIIbTATEI;
U3 obmero xkonudectsa cOOEB, NOMYIICHHBIX O0OUMH TIPUIOKEHUSMH
(417 (204+4213)), npHyMHOW HEKAYECTBEHHOr0  pacrio3HaBaHUs
ABnsroTCS peyeBbie coou 59 (12+47), npuyeM akuleHTHas pedb ABIsSETCs
npuanHoit 269 (154+115) cboes.

Takum o6pa3oM, B pe3ynbTaTe MNPOBEJEHHS TPAKTHYECKOrQ
WccnefoBaHMs kavectBa paborel mpunoxkenuii SVoice u Dragon
Dictation, Hate peAnoNoKeHHe 0 TOM, YTO pedeBbie COOH W aKUEeHTHas
pedb MpeAcTaBisioT GOMBIIYIO CIOKHOCTD JUIS COBPEMEHHBLIX CHCTEM W
nporpamMm aBTOMAaTHYECKOro pacro3HaBaHHs peuu, ObLn0
MOATBEPKIEHO,  JIOKA3aTe/ILCTBOM  YEMY  CIyXar  [ojly4eHHBIe
IMITMUPHYECKHE TaHHbIE U UX KOMMYECTBEHHBIH aHam3. MoxHO caenarh
BBIBOJL, UTO B HACTOSLIEE BPEMs HE CYIIECTBYET CHCTEeMBbI, 3P PEeKTHBHO
cripaBjisiolleiica ¢ pacrno3HaBaHHEM AaKLUEHTHOW pe4yu MM pedd ¢
MPUCYTCTBYIOWMUMH B Hel peyeBbIMH cOosMu. OQHUM U3 HanpaBleHui,
riae MoJy4eHHBIE pe3yjbTaThl MOTYT OBITE TIONE3HLIMH, SBISETCH
cO3/laHW€ BCTPAHBAEMOro MOAYNSA N0 WAEHTHHKAUMH aKUEHTa B
CHCTEMbI vmc:c;:mwm__:m. peun, a Takke paspaboTka Ha 6aze nogobHOroO
MOJIYJIsi @aBTOMATH3HPOBAHHBIX TPEHAXEPOB MO YCTPAHEHHIO AKIIEHTA B
peyYu Ha HEPOJHOM SA3BIKE.

ObGecneyenne BLICOKOro KaudecTsa pacno3naBanusi. KauyecTBo
pacro3HaBaHus 3aBUCHT OT JBYX (GakTOpoB — CTPYKTYpbl Kapkaca
cHCTeMbl pacrno3HaBaHusi peun (Habopa nporpaMMHBIX MoOAyJed M
aNrOpUTMOB, MCMONB3YKOUIMXCA MPH pacno3HaBaHHKH) W Ka4yecTsa
Mojeleii — akyCTHYECKHX, A3BIKOBBIX, TEMATUYECKHX.

Bce mozenu ofyuaiorcs ¢ Hcrmonb3oBaHueM OGonbuioro obbeMa
Mmatepuana. Tak, JI8 aKyCTHYECKHX Monelsiell HCMOb3ylTCs COTHH
4acoB 3amuceif peuu Thicsd JAUKTOPOR. J1Jis MOBLIIEHUS YCTORYHUBOCTH
pacrno3HaBaHus K [OMEXaM MW  MCKaXeHHAM, Mpd  oOy4yeHHH
MCMOJBL3YIOTCA 3aNUCH B Pa3slIMYHBIX KAHANaX W passIn4HbIX YCIOBHAX.
Jlnst o6yveHus s3bIKOBBIX Mozeselt U Mojieieil TeMaTHK HCMOJb3yIoTCA
TEKCTOBble KopItyca 00BeMOM OT COTeH MHJUTHOHOB clloBO(pOpM 10
HECKOJIbKUX MujuiMapzoB. [loaroroka takoro obhema obyuaroumero
mMatepuana — 3TO CNOXHas W KpornoTinusas pabora. LleHTp peueBbIX
TexHonmorui [39] B TeyeHHe HECKOJbKMX MAeCATHIETHIl Hakanausall
obyuaroimuii Matepuai U Ha JaHHbIi MOMEHT obnafaeT yHHKaIbHbBIM 10
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ITABA 4. TEXHOJIOTHH AHAJIM3A U CHHTE3A PEYHA , B 60-x rogax B SnoHuu OBUIO NMOCTPOEHO HECKOJBKO MALIHWH,
4.1. McTophs cHCTeM aHAIH3A pedu «oTOpblE PACTO3HABANM TJAacHBIE 3BYKH, MCTIONB3YsS CrEUHATbHBIH
cniekTpanbHbifl  aHanuzatop. Takke ObIIO  CO31aHO ycTpoiicTBo,
Tlpn MccenoBaHUAX B 061acTH pedeBbIX TEXHONOrHH HeoOXoAMo pacrio3Hatolnee Qonemsl.
TOHAMATh, YTO €CTh 3aJlaya aHa/Jnu3a pevyH W ecTh 3aJla4a CUHTe3a peyH, B 70-x rogax B obnmacTH pacrozHaBaHUs peud ObIIO COBEPILEHO
AHanu3 pedu MpeanojiaraeT Co3/laHue KOMITBIOTEpPHBIX TMPOrpaMM 1Ba 3HAYUTENBHBIX OTKPBITHA: HCTIOIb30BAHHE METO/A IHHAMHYECKOro
fMepeBoia PEYEBOTO CHTHajla B TapaMeTpHyecKoe TNpeICTaBlCHHE W nporpammuposarus DTW, ocHOBaHHOE Ha BPEMEHHOM BRIpABHHBAHWH
pacro3HaBaHWE  3BYKOB, CJOFOB, CJIOB W MpelokeHui ¢ peueBbX JWANIEKTOB, H METOX KOAMPOBAHHA JIMHEHHOTO Mpe/CKa3ans
HCIONIBL30BAHHEM aArOpHTMOB WCKYCCTBEHHOTO MHTeJIeKTa LPC, KOTOpBIl YCTEIIHO HCMOJIb30BAJICS B PAacIiO3HABAHWH CHTHAJIOB C
(criexTpaNbHBIH aHasms, (hopMHpOBaHHE KercTpoB, Men- niakuM GuTpeiiToM (konnyecTBo GUTOB HHpOpMALUH, TTEpelaBacMbIX B
npeoGpazoBaHue, HelpOHHBIE CeTH, CKphIThie uend Mapkosa, cexynay). B komnanusx AT&T u Bell Laboratories 611 mocTpoens!
aNrOPUTMbl  AMHAMHYECKOTO  NPOrpaMMHpOBAaHWS W JIHHEHHOrO pacro3HalolHe CcHcTeMbl, 0OpaboTka aKyCTHHECKOrO CHrHana B
npenckasaHns). [Ipp 3TOM OCHOBHBIM TEXHOJIOTHYECKHM TMPHEMOM koTopbix Obuta ocHoBana Ha LPC anamise, a mpolecc pacno3HaBaH#s
pacro3HaBaHWs ABJAETCS CO3JaHWE ITAJIOHHBLIX CAWHHWLL 3alMCH pedn na DTW.
WK ee (parMeHTOB W TMOCJEeNylollee pacrno3HaBaHHe COOTBETCTBHS B 80-x romax OT MOAXOLOB, OCHOBAHHBLIX HA TMPUMEHEHUM
BXOJIHOMW 3armMCH CHIrHAJIa OAHOMY W3 3TanoHOB. Takne CHCTEMBI HacTo abIOHOB, WCCIEAOBaHUsA B 00ACTH pacro3HaBaHHA pevM Mepeuutd K
Ha3bIBaloTCs « CHCTEMBI PeYb-TEKCTY, TAK KakK pe3y/nbTar pacno3HaBaHWs MeTOlaM CTaTHCTHYECKOro MoaenupoBaHus. Mcnob30Banuch CKpbIThbIE
orobpaxaercs B TEKCTOBOM BapHaHTe. sonenu Mapkosa (Hidden Markov Models - HMM). B konue 80-x
B 3apmavax cHHTe3a peud (CHCTEMAa «TEKCT-pedb») anropHTMbI rozioB k mpobieMe pacrio3naBaHus Gbll NPHMEHEH METOJl, OCHOBaHHBIH
WHTENEKTYaJbHOTO aHanu3a CHyXar Ui pacrio3HaBaHUs TEKCTOBBIX Ha MCKycCTBEHHBIX Helponbix cersx (Artificial Neural Network -
cooBuIeHNMit U MOMCKY UX COOTBETCTBHS XPaHUMBIM B NamaTH obpasuam ANN). B .namm auu 6BonswuecTBo ASR  cucreM B mpouecce
peueBbiX (DparMEHTOB B BHJE 3BYKOB, CIIOTOB WIH cJioB. B pesynerare pacrnosHasaHus ucronssyror HMM.
06paBoTki (POPMHPYIOTCS peyeBbIX COOOIIEHHA B BHIE eCTeCTBEeHHOH G 90-x ro0B pacro3HaBaHHe pedu HECKOJIBKO
PEUN C HEKOTOPhIM MCKYCCTBEHHBIM 3By 1aHHEM. yCOBEpUIEHCTBOBANOCh. CNoBaph pacro3HaBaemMbiX CJIOB BbIpOC A0
BOJILIIMHCTBO CHCTEM pacno3HaBaHus peud (Automatic Speech HECKONBKHX AecATKoB Thicsd. Mcnombizosanue OBICTPLIX aNrOpHTMOB
Recognition - ASR) cocrouT H3 npouecca aHanusa W 006paboTKH 1EKOINPOBAHMUA MO3BONHIIO MPOM3BOAUTL PACNO3HABaHWE B PeabHOM
aHAJIOrOBOrO CHrHaNa W rpoilecca pacno3HaBaHns B undposoil popme. BPEMEHH. B COBPEMEHHBIX  JAWKTOPO3aBUCHMBIX  CHCTEMaX,
lMpu aHanM3e aHAJIOrOBOrO CHrHala W3 peYH BBIIENSIOTCS CBOWCTBA, PACTIOZHAIOMIMX OTJAENbHbIE CJIOBA, KOJHYECTBO KOTOPBIX A0CTHraeTr
KOTOpBIE MCONb3YIOTCS Aajiee B Mpouecce pacrio3HaBaHus ANs TOrO, JIBAALATH ThICAY COB, omuOKkH cocTasiasior Menee 1%. U okono 5%
4T00bI OMpEAENUTh, 4TO ObINO CKa3aHo. PACCMOTPHM KpaTKylo HCTOPHIO ook B HE3aBUCHMMBIX OT JAHKTOpa CHCTEMax, KOTOpbie paclo3HalT
pa3BuTHs cucTeM ASR B KOHTEKCTE 3THX JIBYX MPOLECCOB. CIIUTHYIO pedb W3 ThICSYH CJIOB.
CaMmble nepsele NMONBITKA co3fanus ASR cucreM ocylilecTBIsIHCE Pacrio3HaBaHue peyd B peajbHOM BPEMEHM C  MOMOLIBIO
B 1950-x romax. Belna mocTpoeHa 3aBHCHMMas OT JUKTOpa CHCTEMA, COBpPeMEHHBIX MeTo0B TpebyeT GONBIINX BBIYUCAUTENbHEIX PECYpPCOB,
pacnosHaBasiwas uHppsl. B kauecTBe CBONHCTB CHIHaNA UCTIONL30BAJTHCE 00beM KoTOpbIX YacTo ObIBaeT orpaHuuyeH. HeBOo3MOXHOCTE WHPOKOTO
CreKTpaibHble Pe30HaHCh! racHbiX B cnoBax. B 1959 roay 6ein co3naH NPUMEHEHHs MHOTHX AJIFOPHTMOB CEroflHs, Hanpumep, B MOOWIIBHBIX
MOJAYJb, CNOCOOHBIH pacro3HaBaTh ACCATb IMACHLIX BHE 3aBUCHUMOCTH veTpoiicTBax, 3acTaBiisgeT ucclienonarelieil ckKaTh oonee a2 pekTUBHBIE
OT AUKTOpA. H :::_z:::ﬁC_wm::ZO METO/AbI.
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OcHOBHBIE NOAXO0AbI K PEIIEHHI0 33aa4H AHAIM3A peyn,
[lepBEIi MOAX0M, KOTOPBLIH MCNOAL3YETCA IS Y/y4ileHUs OoKasaTenen
aHajin3a pedn, OCHOBHIBACTCS HA BbLACJEHWH BEKTOPOB CBOWCTB M3
CHrHaza ¢ y4eToM OocoOeHHOCTeH BOCHPUATHA 3BYKAZ YeJOBEYECKHM
yxoM. OH BKIO4aeT B cebs aHasin? HECyLMX 4acTOT W BbipaBHUBaHHE
CurLana 1o POMKOCTH. HaubGonee pacnpocTpaHEHHbIMH
TEXHONOTUSAMM, HCIOAb3YIOUMMH TAKOH MOJXO/A, SABJSIOTCA METOA
kencTpaibHblX ko3dduunenrtos ToHoBoii vactrorel MFCC u meron
k03 puineHToB  NMHeliHoro  npejackasaHus.  OJHOBpeMEHHOE WM
onepexkaiollee  comnoctaBieHde ¢ walnoHom  (MacKupoBanue),
XapaKTepHoe Ul  YeNOBEYECKOro  BOCIPHUATHA, MOXeT ObITh
CMOJE/NMPOBAHO M  MCIOJNbL30BAHO NS BbIJICNEHHS  CBOMCTB,
obecneuuBarouinx 60sblIYIO YCTOWUYNMBOCTE OT 1yMoB. C 3TOH LeNbiO
Gl cO3naH METOJ BapbUpOBaHUs pasmepHocreil xaapos (Variable
Frame Rate analysis, VFR). YuuteiBas cneumduky paborbl HEpBHbIX
K/JIETOK, OTBEYAIOLIMX 32 CIYXOBbIE PEUENnTOPbl, ObLI MPEAJIOKEH METOA
auanasoHHoil asTokoppe/siunn (Subband-Autocorrelation, SBCOR).

Jlpyro#i mnonaxoa OCHOBaH Ha aHajlM3e 3BYKOBBIX CHUTHAJIOB.
Paznuuue nNOCTYyNalOlMX B CHCTEMY S3alUyM/EHHBIX CHCHAJIOB OT
1waba0HOB, MONYYEeHHBIX B XO01€ OOYYEHHs «HHCTBIMH» CHrHAJIAMH,
SB/IAETC OCHOBHOH TNPHYMHON HEeyCTOHYMBOCTH paboThl CHCTEM
pacriosHaBanus. Llenbio - noaxona sBASETCS  YMEHBLIEHHE 3TOro
pasnuyus. [lpeamnonaraercs, 4TO 1WIyM B 3BYKOBBIX CHrHanax
aUIMTHBHBIA ¥ crauuoHapielif. OneHku cpenHero  3Ha4deHHs
YCPEAHEHHOr0 liyMa BBLIYMTAIOTCA M3  KENCTpa MM CHEKTPa,
BBIYUCIEHHOTO NO 3alUyMJIEHHBIM AaHHbIM. HekoTopble MoaudHKaLMK
TAKKY METOAOB BKIHO4aloT B cebs HenuHeiiHoe CcheKkTpajibHOoe
BBIYMTAHHE, KOTOPHIE MCIOJIB3YIOT CreKTpanbHbie orubawowmue. Takue
TEXHUKH TpeOyloT XopolieH OLEHKH luyma, KOTOPYK Ha NpPaKTHKe
ObIBAET CAOXKHO MONYYHMTh, OCOOEHHO B Clly4ae HeCTauMOHapHOro
(hoHOBOTO 1IyMa.

Eute ogaum cniocobom 60oprObl ¢ pazHHLENR MEXKAY MOTYUYEHHBIMH
cBoicTBAMM M3 3ALUYMJICHHBLIX M YMCTBIX CHIHAJOB  SBISETCA
UCNOJb30BAHKE BbICOKOYAcTOTHOro ¢unsrpa. [lpeanonaraercs, HTO
IUyM B CHTHAJe He CTALHOHAPHBIA, a MEAJIEHHO M3MeHsIolmiics BO
ppemesn.  Merox  RASTA  (Relative  Spectral  Analysis,
Hermansky&Morgan, 1994) npeacrasied Takum oOpasom, HTO
OTHOCHTENbHbIE CHEKTpanbHble H3MeHeHus ukcupytores. W 1€
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, HaMeHCHHS, KOTOpbIE ObUTH BbI3BAHBI WIYMOM, YAANSIOTCS.
!nk:n:.ﬂ._,p.z.ﬁ:o._.:ahum._ HEeoOX0AMMOCTh B SBHOM OLIEHUBAHHHU LIYMa.
Wwao,ﬂvrc_._ﬂ.:m_ MOAXOJ OCHOBaH Ha WCTIONB30BAHHH MHOTOMEPHBIX
pOCTPAHCTB. OcHoBHON Haeel 3TOro MoAX0Aa SBAAETCS HAXOKACHHE
EHeliHOTO oToGpaxeHus, KOTOpOe  MHHMUMHU3MpPYeT %M:x:_:o
croumocti. Hacto B KauecTBe Takoro orobpaxenus Oepercs
yMHOKEHHE BeKkTOpa CBOHCTB Ha Marpuity mpeobpa3oBaHus.

ﬂn:zn_az: JIAHHOT'O noaxona MOTYT CITYKHTh 6CRORAON
aoz::_:,.:i_:n anamms  (Principal Component Analysis, PCA) u

HesapHCHMBIl  KOMITOHEHTHBIA  aHamu3 (Independent Component
Analysis, [CA), a TaKke TpPOEKTHPOBAaHHE Ha MHOTOMEPHBIE
—._DL:_..Cr,ﬁUmInﬁmm‘

CoBpeMeRHbIE CHCTEMBI PACTIO3HABAHHS PeEvK. B wuacrosiee
BpeMs pedeBO¢ PAcno3HaBaHWe HAXOAMT BCE HOBBIE H HOBBIC OONACTH
npuMeHeHns,  HauMHas  OT MPHJIOKEHUH,  OCYLIECTBIAIOILNX
npeobpasoBaHue peueBoii WHpOpPMAUMM B TCKCT W 3aKAHYMBAS
GopTOBLIMM  YCTpPOHCTBAMH  YNPaBJIEHHSA aBTOMOOMIIEM. Bcee
MHOrooGpasie CyLIeCTBYIOUWIMX CHCTEM paclo3HaBaHHA peYd MOXHO
YCJIOBHO pa3AeluTh Ha Clieayiouue rpynmnbl.

1. ITporpaMMmHbIe s1pa /i anmapaTHeIX peain3alnii cuereM
pacrio3HaBaHus peyH.

2. Ha6opsl 6u6an0TeK, YTHIWMT JUIS pa3paboTKu MpHIOKEHHH,
HCTTOIB3YIOLHX PpeUeBOe pacno3HaBaHue.

3. He3zaBucHMbIE MOJIb30BATENBCKHE MPHIIOKEHUA,
OCYIECTBIAIOIINE pevyeBoe yrpasiieHue n/unn npeodpa3opanue peyuu B
TCKCT.

4. Crieanu3upoBaHHbIe NPUIIOKEHHS, HCMONb3YIOLInE
pacno3HasaHue peHH.

5. YcTpoiicTsa, BLITOMHAKOILKAE pACTIO3HABAHNE HA annapaTHOM
YpOBHE,

6. Teopernueckue uccie0Bauus U pa3paboTKy.

PaccMoTpuM kakaylo U3 3THX rpynn noapobHee.

Texuoorun s annapaTabix peanusanuii. B ocHose n06oii
PEYEBOll TEXHOMOTHH NEXHT Tak Ha3bIBaeMblii «engine» HIH SIpo
Nporpammbl — HAOOP JaHHBIX W MpPaBH, MO KOTOPbIM OCYILECTBIAETCS
o0paboTka pauubix. B 3aBUCHMOCTH OT Ha3HA4eMHs 3TOro sapa
pasmuuaior TTS (Text-to-Speech) w  ASR. TTS npenocrasiser




BO3MOXHOCTh CHHTE3a peud no tekcry, a ASRengine — ais aHanuza
peyn.

CyiecTByer HECKOJIbKO KPYIHbIX NpOU3BOAUTENEH
3aHkMaloiuMxcs cozgannem ASR sgep. Cpeam HHUX TakMe KOMIAHHM
kak SPIRIT, Advanced Recognition Technologies, IBM.

Kopnopauus IBM yxe 6Gonee 30 ner 3aHumaeTcs BOmpocamu
aBTOMATH4Y€CKOro pacro3HaBaHUA peyd W JOCTUI/IAa B 3TOH obnactu
Oonbunx ycnexos. Tak komnanus ProVoxTechnologies Ha ochose
nporpammuoro sapa ViaVoice® or IBM co3gana cucremy VoxReports
MU JMKTOBKM  OT4eTOB  Bpauei-pajuonoros. Ilo pesynbratam
TECTUPOBAHHMII JaHHAs CcHCTeMa C TOYHOCTBIO 95-98% pacnosnaer
CANTHYKO pevb HopmaiapHOre temna (o 180 cnoB B MHHYTY) B
HE3aBHCUMOCTH OT AMKTOpa. OaHAKO CIOBApb CHCTEMBI OrpaHUYeH
Habopom crnennduueckux MeJHLUHHCKHX TEPMHUHOB.

Habopel Gubimnorex anas  paspaborkm npuioxkenmii. C
Pa3sBHTHEM peYeBbIX TEXHOJAOrMH M Bce OONbIWIMM BHEJPEHHEM
MOOM/BHBIX —YCTPOHCTB, BO3HHKJIA HJes UPHUMEHEHUS pEYEBOro
yNpaeleHns [Py MOCTPOSHUH CETEBbIX npuioxkeuuil. dnsa aroro 6siio
deobxoaumo  paspabotath  yHUQUUUPOBAHHLIA  CTaWgapT  Aas
HHTErpaLMHy pe4eBbIX TEXHOJIOTHIA.

OauH M3 OTKPBITBIX CTaHAapTOB Ha ocHoBe XML-s3bika — Voice
XML (Voicee Xtensible Markup Language), nepsas Bepcus
onybnukosana B mae 2000 r. mexayHapontbim koncopuunymom World
Wide Web (W3 Consortium) — npeasassaved ans pa3paGoTKH
HHTEPAKTUBHBIX roJ0coBLIX npunoxenuii (Interactive Voice Response,
IVR) ans ynpaBnenus meaua pecypcamu. Llens cozaanus cranpapra -
NMPUBHECEHHE  BCEX  MpPEMMYIUECTB  web-nporpamMmupoBanus B
paspabotky IVR-npunoxenuii.

OnaHako MHTEpeC K  MHOTO  MOJAJIBHBIM  MPUIIOKEHHAM,
COYETAIOLNM pacno3HaBaHue pevyu ¢ JApyrumu  ¢opMamMu BBOAA
nHdopmanuu (Mpy NOMOLLY KIaBHATYpbl, nepa uiau HaGopa LUM(ppPOBBIX
KHOITOK) moOyaun psja xkoMnauuit, B ToM 4uciie Microsoft, noguepxath
npoekt SALT Forum (Speech Application Language Tags - Teru sizbika
peyeBblx mnpunoxenunit). M Teneps Bokpyr SALT u VoiceXML
koHcopuuyma W3C dopmupytotcs apa pasHeix nareps. o cux mop
KOMIIAHUY HE MOrYT NMPUHTU K €AMHOMY MHEHHIO O BbIOOpe riIaBHOrO
cTanjapra, u ceiiuac ob6a HanpaBieHHA Pa3BUBAIOTCS B PABHOH CTENEHH.

’
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HexoTopble KOMIaHHH 3aHHMAIOTCH paspaborxoii NAKETOB LIS
eueBbIX TNPHIOXKEHWH, Tak HaseiBaemeix  Software
nOuhm_:,:”E:_m Kit (SDK), moiiepKHBaloUMX TOT WK WHON cTannapt.
WMMQ r%;:,_m::n Philips cosmana  maket SpeechSDK,  koTopsriii
moIepKHBAET cneunduxaunio VoiceXML W BHITNONHEH NS CBA3N C
C/C++ APL

HezaBHCHMBIE T10/1b30BATEIBCKHE NPHIOKEHAS. B Hactosulee
ppems PBIHOK MPOTPaMMHBIX pacros3HaBaTelieif pedyd MpeACTaBIeH
MHOKECTBOM  TTPHIOKEHHH. Heobxoanmo OTMETHTh  MakeT Dragon
Naturally Speaking Preferred  dupmer Dragon Systems — 3T0
eAMHCTBEHHAs NPOTPaMMa, NpHONM3MBIIAACA K - TOMY, 410Nk
cOOTBETCTBOBATh 3asBICHHBIM XapakTepucTHkaM. B uenoM oHa o4eHs
GiM3KO TTOAXOANT K JAOCTIOKEHHIO 3asBIeHHON GescwmbouHOCTH
pacrno3HaBaHus - 95%. Xots naketr Dragon ¥ ycTynaetT HEKOTOPbIM U3
KOHKYPEHTOB B TOM, YTO Kacaercs NepeMelleHus o SkpaHy, mcmwx: :
(hopMaTHpOBaHMs, OH NPEBOCXOIHT BCEX B IVIABHOM - CMOCOOHOCTH C
fepBOro pasa paBHibHO Pacrno3HaBaTh NPOU3HECEHHBIE CIIOBA.

Cueudau3HpOBAHHbIE TNpWIOKeHus. Pacrno3HaBaHWe peyn
MOKET MPUMEHSTHECH He TOJBKO AJIS BBOJA TeKCTa WK NOAa4yH KOMaHI,
o W Ui Gomee creunduyHsx uenei. Tak poccuiickas KOMNaHUs
«llentp Peuesbix Texwonorwit» paspabarbiBaeT M MPOU3BOAHT
MporpaMMHBIE TPOAYKTHI, TEXHONOTHH W 0oOpasubl TEXHWKH IS
noapasaenesnit MBI, ®CB, MUC, cayx6 3kcTpeHHCH MOMOLUM,
eHTpoB 006paGOTKH BBIZOBOB W JUIS ApYTHX Ilofb3oBatenci, B
NeSATENLHOCTH KOTOPhIX 0cofoe 3Ha4eHHe TPHIAETCs perucTpauuyd w
obpaboTke peveBoit HHGoOpMalIHK.

Komnanueil co3nansl cneayiomue npunoxenus: «MKAP Jlaby» —
MHCTPYMEHTANBHBIH KOMIJIEKC KPUMHHAJIMCTHYECKOrO HCCIEN0BAHKA
dbororpamm  peun, «Tpam» — aBTOMATH3UPOBAHHbIH  KOMMOJIEKC
pacrosnaBaHus AMKTOpoB B (POHOrpamMmax TeleqOHHbIX MeperoBopos,
«Tepputopus» — aBTOMaTH3HPOBAHHAA CUCTEMA IMArHOCTHKH AHATIEKTOB
H aKIIEHTOB PyCCKOi YCTHOM peu.

YerpoiiceTsa, BLINOJHAIONINE PACNO3ZHABAHHE HA aNNAPATHOM
yYpoesne. Jlns ucronb3osaHus (yHKUMHA ped4eBOro paciiosHaBaHWS B
pasnnumeix  yerpolicteax, poborax, Wrpymkax, paspabarbiBatoTes

apatible MeToibl. Tak amepukaHckas kommanus Sensorylnc.
spaGotana  uurerpambHyro  cxemy  Voice  Direct™ 364,
OCYUIECTRIMOIIVIO AUKTOPO3aBHCHMOE paciio3HasaHue HeOOJIbIIoro

149




4HCaa xomana (okono 60) nocne ripeasapuTensHoro o0yyenus. [lepeg
HAa4asloM 3KCIIyaTalu MOAYy/b HeoOX0AUMO 00yuHTh BCEM KOMaHaam,
HCrio/b3yeMbiM B pabore. KoMan/ bl COXPaHSIOTCS BO BHELUHIOW NMAMSATh
B BHae oOpasoB pasvepom 128 Gaiit. Bo Bpems paGotsi, ofpas
OYEpeAHOH KOMdH/bl CPABHUBAETCSH C 2TAJIOHHBIMM M2 TAMATH B
HEHpPOCETEBOM MO/1yJie H PUHUMAETCS pellieHHe O COBNaAeHHH

Teopernyeckue mnccnenosanus m paspaborku. PaspaGorkoii
TeopeTH4eckoii 6a3bl B 0o6nacTh peueBbIX TEXHONOTHH 3aHMMAaeTcs
MHOXECTBO HCC/IE/IOBATE/ILCKUX [PYNI N0 BcemMy Mupy. B nepsyio
ouepe/b 3TO TaKWe KpymnHble Kopnopauumu xak IBM, Intel, Microsoft,
AT&T. 3TH KOMNaHUM 3aHUMAIOTCH TEOPHEil PacIO3HABAHMA YK He
O/IMH JIECATOK JIeT H ABJIAIOTCS 3aKOHOJATE/IAMM B 3TOH 061acTH.

B VibekucTane Takke BeayTcs HCCIeN0BAHMSA B 061aCTH pe4eBoro
pacnosHaBanusi. Hanpumep, B nabopaTopuu peueBble TeXHOIOTHH
TYUT szanumatotca sroii npobiaemoil yxe Gonee S5 ner. I'apHbiM
Hay4HbIM M NPaKTH4YECKAM HanpamsieHWeM JesTelbHOCTH abopaTopHu
B HACTOsllES BpPEMA ABNSKETCS YyiyullEHMe KadyecTBa paclo3HaBaHUA
PeYeBbLIX CUTHANOB, pa3paboTKa HOBbIX I(PPEeKTHBHBIX aIrOPUTMOB H HX
annaparHas peanu3auus ¢ BO3MOXHOCTHIO UCMONb30BAKMA y36ekckoro
A3bIKA.

4.2. MeToas! H NpOrpaMMbl CHHTE3a peyn

B TOo Bpems Kkak 3ajlaua pacro3HaBaHWS PeuM OYEHb CIOXKHA M
PeLUeHa JMLIbL OTHACTH, 3a/]a4a CHHTE3a Peun HaMHOro fpouie (XoTs u
ram ecTb Hemaso npobsieM, KAyUKHX CBOEro peleHus).

Texnonoruu cunTe3a peyn NPHMEHSIOTCS B METPO NIPH OGBABICHUHN
OCTaHOBOK. Burazenbubl MOOHABHBIX TenepoHOB MOryT o6wWATHCH C
aBTOMATHYECKOH CepBUCHOH cnyx6oli A8 onpeneneHus ocTaTka
CPEeACTB Ha CHETy, [EepeKiOYeHuss TapH(PHbIX [JIAHOB, NOAKIIOYEHHUS
HIIM OTKMO4eHus yenyr u np. CepucHas ciaysx6a obiaerca ronocoM ¢
NMPUMEHEHHEM TEXHOJNOIMH CHMHTE3a peyH. BeinyuieHo HeMano AeTCKUX
HIPYLIEK, «TrOBOPALLIMX)» YE/OBE4YECKMM rojsocoM. B 3Tux urpymukax
TAKKE MPHMEHAIOTCA NMPOCTEHILNE CHHTE3aTOPbl pedd MK uu(pOBbIE
MardHuTo(OHbI.

CHHTEe32TOpBl peuM MNPHMCHSIOTCH B  PasNuHbIX rOJOCOBBIX
Cucremax rpenynpexiaeHusl, yCTaHas/IMBaeMbIX B aBTOMOOMISAX M
camolietaXx. Takue cMCTEMbI MO3BOMAIOT NPHBIEYL BHUMAHUE YesioBEKa
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ReHHIO TOM MW HHOM KPHTHUYECKOW CHTYyalHH, HE OTBJICKas
OBC

(H -
B wof:;n,:ann; yTIpaBlieHHs aBTOMOGHIIEM, CaMONICTOM WK APYrHM
e a

nﬂo ﬁ“— *1¢
10T HUHBIM CPEACTBOM. 4 T}
4 pa3paboTaHO  HEMANO  KOMMBIOTEPHBIX  MPOTpaMM,
quTaTh FOJOCOM COJAEPKMMOE TEKCTOBBIX (BailiioB WK
B OKHaX MPHIOKEHUH. DTH CUCTEMBI MOTYT

TeEM, Y KOI'o ocnabneHo WKW TMOJIHOCTbIO

TakxKe
enocoOHBIX .
TeKcT, pacrionoKeHHblil
oxa3aThCA MOME3HBIMH
oTCYTCTBYET 3peH¥e.

foneH CHHETE3a Peym.

W_r.“,:»M,_.“_:Mngv_:,:__u:n B HACTOSIIEE BPEMS METOIbl CHHTE3:

qesoBeUECKOll pedd OCHOBAHBI Ha MCMONb30BAHHH JBYyX zﬁm:nm-
\oJ1e/IH KOMITHJIATHBHOIO CHHTE3a H eoszﬁ_azo-ﬂcumocmc: MOJIENH.
PaccMOTPHUM BKpaTLe 0COGEHHOCTH 3THX MOZETICH.
Moxeab KOMIWISTHBHOTO cHHTe3a. Mojeib KOMMHIATHBHOTO
npeanonaraeT  CHHTE3  pPeYH  MyTeM  KOHKaTeHaUWH
JanucaHHblX  00pa3uoB  OTJAENbHBIX  2BYKOB,

CHHTE3a
(cocTaBleHHs)
NMpPOU3HECEHHBIX JUKTOPOM. : o = &

[Tpu KMCNONB30BAHHKH 3TOH MOJENH cocTaBligeTcs 0aza 1 3

JBYKOBBIX  (DparMeHToB, W3 KOTOPBIX B  JanbHeHuweM  OyIeT
CHHTE3UpOBAThLCS peyb. s
Ha neppelif B3risA 3TOT NOAXOJ He JOIAKEH BbI3bIBATH OCOOBIX
3aTpy/IHeHHH. .
JleficTBUTENbHO,  NOJB3YACh  MHKpOpOHOM  H 3BYKOBbIM
aKT ‘av nath Hadbo
pelakTopoM, Hanpumep, penaktopom GoldWave, MOXHO €031 :m
dalioB paznMuHBIX 3BYKOBBIX (parMeHTOB, & 3aTeM COXPAHUTH W
cojiepikumoe B 6asze NaHHbIX.

Cosnaeasi 3BykoBbie WAV-¢aiinbl ¢ TEKCTOBBIMH r.c,oaﬁmf.:z_.r
MOXKHO  03By4MTh ONepaudoHHylo  cuctemy Microsoft Windows #
MHOTHE ee TNpWIOXKEeHHs, TaKMe Kak MOUTOBhIE [POrpamMMsl,
HHCTPYMEHTAJILHEIE CPEICTBA pa3paboTKH 1 Np. -

Mojens KOMMWISTHBHOIO CHHTE32 MOAXOAWT, riaBHbiM ODPasoM,
T0Abko B npocrefluMX —cAydasx, KOrAa@ CHHTS3aTop  A0MDKEH
NPOU3HOCHTbL OTHOCHTEBHO HeGONBLIION M 3apanee H3BECTHBIH HaboOp
dbpas. TIpu stom obecreunBaeTcs A0BOJLHO BBICOKOE KaYeCTBO PEqH.
Bripoyem, 31oT hakT He CAMLIKOM YAWBHTENEH, CCNTH BCTIOMHMTE, HTO
TSl CHHTE3a UCTOJIb3YeTCs eCTeCTBEHHAS yenoBeyeckas peyb.

TeM He MeHee, HA CTBIKE COCTAB/ISEMBIX 3BYKOBBIX ()parMeHTOB
BO3MOJMHBI MHTOHALMOHHBIE HCKAXKEHNs U Pa3pbiBbl, 3aMETHBIC HA CIIyX.
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Kpome 1oro, cosnanne kpynuoii 6a3bl gaHHbIX 3BYKOBBIX tparmeHTOoB,
YHHTBIBAIOLLEH BCe OCOGEHHOCTH NpOM3HOLIEHUsA GOHEM i ATO(OHOB ¢
PasHbIMH  HHTOHAUMAMH, npeacTaBnser co0Oil  CHOKHYIO M
KPOMNOTIHBYO paboTy.

PopMAHTHO-T0/10COBA MoOaeb. DopmManTHO-r0N0COBag
MOJ€/ib OCHOBaHA HAa MOJE/IMPOBAHNH PEHEBOTO TPAKTa YeNOBeKa.

Ta Mozenb MOKET ObiTh peanu3oBaka ¢ IPUMEHCHHEM HEHPOHHBIX
ceTeii u nonyckaer camooGyuenme. K coxanenuio, BBUAY CIOKHOCTH
TOYHOro MOZAenupoBaHUs OCOBEHHOCTEH pe4eBOro TpakTa, a TaKkKe
ydeta HMHTCHaUMOHHOH Moayasuuu peun  ¢opmaHTHO-ronocosas
MOZAe/b 00)1aaeT OTHOCHTENBHO HM3KOH TOMHOCTBIO CHHTE3HpPYEMBIX
3ByKOB peud. Tem He menee, coBpeMenHbie POrpaMMbl CHHTE3a ped,
OCTPOCHHBIE C MCMOJIL30BAHHEM 3TOH MO/E/IH, CHHTE3HPYIOT BIOJHE
PasboOpUMBYIO Pe4b M MOIYT NPHMEHATLCS B PAJIE CIIyyaes.

3ameruM, MTO  CHCTEMB! rONOCOBOTO  MNpPeAyNpPeKAeHHs O
BO3HHKHOBEHHH  4BADMIHBIX  CHTyaumii  ny4iue  CTPOMTH €
HCIIO/IL30BAHUEM  MOIEM  KOMIMJIATHBHOIO CHHTE3a, TaK Kak
pa3bopuMBOCT: PeUH B TAKHX CHCTEMAX BBIXOAMT Ha MePeAHHUil NiaH.
470 e KacaeTca «OBITOBBIX) CHHTE3aTOPOB PeyH, TO B HUX MOXKHO

C yCNexom MpuMeHsTh 1 GOPMaHTO-roI0COBYI0 MOAenb. CXxemaTHyeckn
3Ta MOJeNb nokasaxa Ha puc.4.1.

anooos o norounue

E:::: ol . Ca /zu - “ =
— e At

Puc.4.1. ®opmanTHO-ron0CcOBas MOAENb CHHTE3A peuH

[Ipu  nocTpoenun Mojend  Mcnonb3OBANMCH  JAalHble 00
APTHKYJIALUMOHHOM annapare 4eji0BeKa, a Takke NaHHble POHETHKH M
JMHrBHCTHKH. Kak BuauTe, B Ka4yecTBe MCXOZHOrO CHrHANA
[PUMEHAETCA KOMOHHAUMS FOJOCOBOr0 HCTOYHUKA M FEHEPATOpa LIyMa.
[IpepniBaTens v pe3oHaHCHOE  yCTPOHCTBO MOJENMpYeT paboty
peyesoro Tpakia. B pesynbtatre storo MoaenupoBanus obpasyercs
H3Jly4aeMblii 3ByK peuH.

AN AOCTHXKEHHS KOMIPOMHCCA MEXAy KaiecTBOM
4 u ee CIOKHOCTBIO ObLIM BbIOpaHb CleaylOlLue OCHOBHbIE
zA:..._.c:_“,__._:q_ pcclelyeMoi CHCTEMBL:
e . yacTOTa OCHOBHOIO TOHA;
- 4acToTa lyma;
. konu4ecTBO POPMAHT;
LleHTpaJIbHAs YacTOTa KaK/IoH ¢opmaHTEI;
- BKJAJ KaX10H POPMAHTHI. .
_‘_:n.ﬂwa_mp:nzcm:oWo TOHa onpejenser BbICOTY 2502&4%”,_”
napameTp He JOJKEH BbI3bIBATL Y Bac HuKakux mo:nomwnm.
kacaeTcs 4acTOThl LIyMa, TO 34eCk HYXHO cAaenaTh :ono:oczzo .G_ov_ﬂ:v_m
OfpasosaHue lIyMa NpeiCTaBlIieT coboit pocTaro ;
>C, 3¢ i ¢ (hakTOpPOB, TAKMX KaK /aBJICHHE
npolecc, 3aBUCALLHEA OT MHOTHX ¢ e
CKOpOCTb BO3JYLUHOH CTPyH, reOMETPHHECKOH Lv iyl
rpaKTa, aKycCTHYECKHX CBOHCTB MaTepuana W nop. Yr i
CMOZENUPOBATH LIYM Ppevd Ha (QU3U4ECKOM YPOBHE, ooxomme
co3gaTh TOYHYIO MOJeNb pE4eBOro anpapara HenoBeka,
npencrasnseT coboi o4eHb CIOXKHYIO 3a/1a4y. et Dot}
B kauyecTBe albTEPHATHBbl MOXKHO HCMO/B30BaTh OElb . :m
CNEeKTp KOTOPOro pacmpejiefieH no HeKOTOpoMy mmzo:« A.:m:ﬂa”_; w.qoz
[‘aycey) OTHOCHTENBHO HEKOTOPOH HEHTPaJbHOH 4acTOThI. n.qoqom
JaKOH pacnpejeneHusi MoAGHpaeTCs IKCNEPUMEHTANBHO, 2 ;mw.:v:mm
wymMa B JTOM cjydae SBJISETCA YNOMSAHYTas Bbille LEHTP
4acTOTa.
:SWN:_;oSmo axTuBHBIX (OPMAHT, yHacCTBYIOLIHX B omvuuomm:“_m
peun, BpIOMpaeTCs  IKCIEPUMEHTANbHO, MpU4YeM B KavecT
OPHEHTHPOBOYHOI0 3HAYEHHS UCIIOJIB3YyeTCH w . L
Tak kak (opMaHTa MPEACTaBAsET COOOH pe3OHAHC B MEEmm
TpakTe, y Heé ecTh 4ACTOTA pe3OHaHCa M OrudaoIas. ws.h oﬂ.s w:: i
Takoke OfpeaeNaeTcs 3KCnepHMeHTalbHO, B IEPBOM npubaKeH
aycco CnpesieieHue.
& rmwwmucmrh%m.hom dopmanThl OnpejenseT, HACKOJIbKO CHJIBHO
dpopmarTa Bo3aelicTByeT Ha OCHOBHOH CHUIHAIL P
Bce nipuBeneHHbIe BblllE MapaMeTpPbl, KPOME zo::;mnqaw. n;:v:m
H3MEHSIOTCA B npolecce 06pa3oBaHus peyH A NoyyHeHus cpw:.: .o
IBYKOB. XoTrs ans Oojee KauyecTBEHHOro CHHTE3a peHu :aoorop:,z
CTpouth Gonee jeTanbHyl MOAENb, TNPHBEACHHLIC napameTpbl

I :g: 3TOM




NOCTaTOYHBI Ui  TOro, 4TOObI CHHTE3WpPOBAHHBIE 3BYKH ObUIN

pa3bopUHBHL. T\\uf \\)//\ Bobixoapoil cHrHan
CunTe3s peyn ¢ MoOMOLIbLIO HeHPOHHOMH ceTH. [ WccnenoBaHug NTOL

(hopMaHTHO-rONOCOBOH  MOJeNH  CHHTe3a peddn  Owil - co3jan \ﬁl ﬁ

MHCTPYMEHT «Mojienb  cHHTE3a», B KOTOPOM pPYYHBIM 3alaHHEM O6paTHan Mapauerphieckii

napameTpoB MOXHO CHHTE3UPOBAThL MPaKTHYECKH 000 rnacHbIit uin c8Alb chuTes (cnexp)

WHISILHIA 3BYK. Takxke NpUBOAATCH yxe roToBble 00pasibl HEKOTOPBIX . _

3BYKOB (B (hopMe rmapaMeTpoB MOJIeNTH).

AJITOPHTM CHHTE3a PeYH. Kapra apdpextopon
[Tponecc cuHTE3a pedn BBIMISINT CIEAYIOINM 06pa3oM.
YPOBHH BBIXOJIOB HEHPOHOB 3 dekTopHOro cios HelpoceTH npu

nomow kaprel 3¢dektopoB (puc.4.2) npeobpasyloTcs B 3HAYEHHS I pexTope:

BEIOpAaHHBIX nNapaMeTpoB MojenM cuHTesa. Kapra sddekropos

onpeieNifeT COOTBETCTBHE MEXAY Kax/IbiM HelipoHom sddexropHoro

ClI0s M KOHKPETHbIM [lapaMeTpoM MOJeNId CHHTe3a, a TakKe Hl @

npefeibHble 3HAYeHHs Kaxjaoro mnapamerpa. Yucno addextopos u

YMC/IO MApaMeTpoB MOJENH MOXeT He coBnanath. Ecnu mapamerpy He _

COOTBETCTBYET HH OJMH O(PEKTOp, MCMONL3YeTCS HEKOTOpPOe _mrash_ i

(ukcHpoBaHHOE 3HAUCHHE (3HAYEHHE 110 YMOIYAHHUIO). | Helipomsian ces mwwwwmﬂ.nou.ﬂ.:
Hanee no Tekyuemy COCTOSHWIO MOJENH CHHTE3HPYETCS CHIHal B . ypoBHe

MpOCTpaHCTBE 4acToT: reHepHpyeTcs nuHelka 4acTor, Bxoa

MPEJACTAaBIAOMMUX TON0COBON HMcTOouHWK. Ha aTy nuHelky wacror

HakjanelBaeTcs (opMaHTHas CTpykTypa (pe3oHawncei). Jlns cuHTe3a .— _

IIyMa HCTIOJIb3YETCsl NEHEPaTOp CIy4aiHoil aMIIuTy Ibl U (assl. \/.\ B0 ol cHrHan
Ha nocnensem stanme BeimonHsietcs ofpartHoe mnpeofipazobanue

Dypbe Wi MOay4eHHs 3BYKOB PEyH. Pric. 4.2. biiok-cxeMa ypoBHs BBO/BbIBO/A

[Tpn oGyuennn cucreMsl GopMUpoBaIMCh HelpoHHbIE aHcamOiu
JUIS KaxIoro 3Byka u3 ofyuaroweil nocienoBaTenbHOCTH a, 0, B, T, .
3areM rpoBoJHOCk 00yyeHHe cuHTe3y. B pesynbrate B addekTopHOM
C/10€ YCTAHOBHIIUCH MPABHITbHbBIE CBA3H C CHMBOJILHLIM CIIOEM.

Cucrema ycnemno o6yunnachk CHHTe3y — CHHTE3HpYeMble 3BYKH B
TOYHOCTH COOTBETCTBYIOT TOHAM M3 oOyuwatoilleil Beidopku. Ha puc. 4.3
nokasana o0yuvaromas BelOOpKa, a Ha puc. 4.4 — pesynbTaT CHHTE3a.

Ha puc. 4.5 nokazan pesynerar o0y4eHHs CHHTe3y 3BYKOB a,U,0,Y.
CnekrporpaMMbl CHHTE3UPOBAHHbIX 3BYKOB O6nu3ku K
CNIEKTPOrpaMMaM OpUTrHHABHBIX 3BYKOB, XOTS BHJIHLI U OTJIIHYHS.

Puc. 4.3. O6yuaiowas BbibOpka
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Puc. 4.4. Pe3yneTat cHHTE3a

Orpanu4enns HCMOJIL30BAHHOIO aJiropuTMa. B 3T0M anroputve
Y3KHM MECTOM SBIISETCH pa3Mep OKHA JHCKPeTHOro npeobpa3oBaHus
Oypee JIITD. B nanHo#i Moaenn CHHTE3HPYIOTCS CTATHYHBIE 3BYKH, NTPH
5TOM HE MPOUCXOAMUT U3MEHEHHE MTapaMeTPOB B IPOLECCE CHHTE3A.

B peanbHOi#i e peun napaMeTpsl 3Byka MEHAIOTCS MPH Nepexoje ot
OJIHOIO 3BYKa K JPYroMy, MpHYEM MEHSIOTCS HenpepriBHO. OueBHIHO,
npu  ucrnonb3oBaHuM okoH JITID Takoit pesynbrar MOMYYHTH
HEBO3MOXHO B Nnpejeax OKHA napaMeTphbl 3ByKa MEHAThCS He OyayT.
Teopernyeckn Onarogaps nonHoi  oOpaTUMOCTH  JAMCKPETHOrO
npeobpa3oBanns @ypbe BO3IMOXKHO [MMONYYHUTh CHEKTP s Ji06oro
CHrHana, B TOM YHC/Ie H ¢ JHHAMUYECKH MEHSIOLIMMHCS NapaMeTpamMHu.

[TosToMy 18 reHepaudK 3Byka C W3MEHSIOLMMHCH NapaMeTpaMu
HYX)HO cokpawarts pa3Mmep okHa [JII® wumu Opate He Bech
CreHepupoBaHHbIi Kaap, a TOALKO €ro 4acTh (He 3a0biBas MpU 3TOM
CUHXpOHU3WpoBaTh a3y curxana). B uneane pasmep kaapa MOXKHO
CBECTH K OJHOMY OTCYeTy AMCKPeTH3alMH M0 BpeMeHH. DTOT crnocobd
reHepalii peuun JaeT Jiyyluue pe3ynsTaTsl No cpasHenuio ¢ JAI1M, Ho
paGoraer ropasno memnenvee JTID. B cucreme SAS moxHo BhIGpaTh
HCMONb3yeMbIi crocob reHepaumi.

IMporpaMMHubie peaNH3alii CHHTEIATOPOB Pevn.

BonbwMHCTBO ~ TakMX ~ CHHTe3aTOpoB  paspaboraHo  And
nnardopmel Microsoft Windows i nons3yercs peueBbiM MporpaMMHbLIM
unTepdeiicom Speech API, pazpaGorannsiM komnanueii Microsoft.

B kommiekre ¢ onepanuoHHoi cucremol Microsoft Windows He
NMOCTABIAKOTCH CpelCcTBa pacro3HaBaEusas WM CHHTE3a peyd. Ob:mxo
pa3pabOTYHKH MOTYT CO3/1aBaTh TAKHE CPEJICTBA, MCMOJb3YsA NpPH 3TOM
yNOMSIHYTBI BeILIEe nporpaMMHbIl uHTepdeiic Speech API.
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cuRTER opursHan

Puc. 4.5. Peaynstar 00y4eHHs CHHTE3Y

Yro ke KacaeTcs nosis3oparenei, TO a1 Toro 4roObl cHaOAMTE
KOMIBIOTEP peueBbiM MHTEpdEHCOM, :oomxobxzo wnqm:owxq_w .wmawaﬂw
peueBble NPOrpaMMHbIE MOAYJH (speech engine). Kak Bel M:%an,r_x
cocTase nakeTa
nporpamm Microsoft Office XP nocTaBAsIOTCS Takue MOAYyJH, HO HE
151 PyCCKOI'O A3bIKa.

Cuuresatop peun Govorilka. B 3asi
peueBbiX MOJYJIEH, nporpaMma Govorilka (puc.4.6
PasHbIMH [OJIOCAMM H HA Pa3sHbIX A3bIKax, B TOM quc
A3bIKE. .

Jw_nzouzzn TeKCT /1S YTEHHs MOXKeET ObiTh 3arpykKeH u3 TeKCTOBOIO
(aiina, daiina RTF u yHusepcanbHbId Gydep oOmena onepallHOHHOM
cuctembl Clipboard. [las 3arpy3Ku TEKCTa MOKHO TaKKe NepeTaLMTh
3HaYOK TeKCTOBOro (haiiia Ha 3Ha40K NpOrpaMmMmsl Govorilka 4 B OKHO
3TOA NpOrpamMMbl.

Ilporpamma cnocoGHa uuTaTh (ainbl ¢ CHME
KOAMPOBKE ONepalMOHHOH CHCTEMbI Microsoft Wind

Pasmep uuTaeMOro TEKCTa MpPaKTHHECKH
3arpykeHHbI ONHAK/AbI TEKCT, @ TAKXKe TEeKyllas no3uLMs 1

ACMMOCTH OT YCTAHOBJIEHHBIX
) MOXKET YHTATh TEKCT
jle 1 Ha pPyCCKOM

MBOJIAMH KHPHILIHLbI B
ows 7/8/10.

He  OrpaHH4eH.
pH YTEHHH
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3arnoMHUHaeTcs nporpaMMoi. Takum oOpa3oM, eciii TekeT 6oibiioit, Ber
MOXeTe ClyliaTh €ro M0 YacTAM, JaXe BBIKIIOYas Ha BpeMs
KOMMBIOTEP.

NPEAYNPELARHUA, YCTAHABNMBACMLIX B 2BTOMOOKNRK 1 CamoneTax Takue CHETEMD!
NO3BONAMT NPUBNENE BMUMANUE SENOBEKS K BOSHUKHOBENMK TOM UK MMM KRUTHYLC KO
CHTYALUN, He OTBNEKSA 810 OT NPULSCCA YNPAENeHNA a8TOMOGUNEM, CAMUNETOM KN
LADYTHA! 2HANOTUHBIM CPEACTROM

Take paipaboTano HEMaND KONNBIOTEPHLI NDOMPAMM, CNOCOOHbIX YHTATS FONOCOM
COAEPXUMOE TEKTTOBHX (AINOB MUNK TEKCT, PACNONDNKEHHBIA B OKHAX NPUNCKEHAR. 3TH
ICHCTEME! MOTYT GK333THCA NONEIHOIAN TEM, Y KOFO 0CNAHNBHO UK NANHOCTLH
TCYTCTBYRT 3pRKMe

Cxpons. 0 Cronbm: 6. Croceid Carmon0.

Puc. 4.6. Cunresarop peun Govorilka

Hns  3anmycka TekcTa, 3arpy’k€HHOrO B OKHO [pOrpamMMbl,
AOCTAaTOYHO WENKHYTh KHOMKY «UnTarh Tekem (¢ u3obpaxeHueM
TPEYrojibHUKa 3eJIEHOro 1BeTa) WM HakaTh KnaBuiy F5. npountanublii
TEKCT BBIACISAETCH CHHUM LIBETOM.

C MOMOIIBIO kHonok «Crom» (knasuiia F6) %}
«Iaysa/llpogonkute» (knaBuma F8) MOXHO OCTaHOBHTB, BPEMEHHO
MIPHOCTAHOBUTE MITH NPOIOJDKUT YTEHHE TEKCTa.

MOXHO 4HTaTh Kak Bech 3arpyxeHHbIH TEKCT, Tak W mob6oil ero
¢parment. Jlna urenus ¢parmeHrta TekcTa 3TOT (parMEeHT HYNKHO
BLIAC/THTH MBILIBIO MM TIPH IMOMOIIM KAaRMATYPBl, 4 3aTeM IUEIKHYTh
KHOMKY YHTaTh TEKCT.

[TporpaMma no3BonsieT COXpPaHWTH pe3yNbTaThl CHHTE3a pedH,
3aIucaB CHHTE3UpOBaHHYIO pedb B (aiin dopmara WAV unu MP3.
3aMeTHM, HTO 3almuch pedyd B aiinl MPOUCXOAUT He B peanbHOM
BPEMEHH, a4 YCKOPeHHO. B camoM gese, A/is BBIMOJHEHHS OINepalyH
3andcH peud B (Qailn He TpebyeTcs TpPOroBapuBaTh TEKCT, HTO
Heo6X0AMMO AeaTh CO CKOPOCTHIO, MPUBLIYHOIMN J1JIs YeioBeKa.

JIns KOppeKUHH NPOU3HOIIEHHWS OTAENBHBIX CIOB B TNpOrpaMme
Govorilka npeaycMOTpeH JIETKO MONOJHAEMBbIH cloBapb
TTPON3HOLLIEHHH,
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[Iporpamma Better dmu: 3.2:&. [Iporpamma Better ﬁmx.ﬁ to MP3,

- .nypas komnauuedi United Research (www.research-lab.com)

P " T MOXET aBTOMaTH4eckH npeobpa3oBbiBaTh
yHTEpECHa TEM, “TO OHa 1ecK »
S KC 1e daitnbl B 3BYKOBbIE (aitnbl . IOy IAPHbI
qr‘ruz_a,.“,_*wm WAV u MP3. Brnocneactsuu — Takue daiinbl  MOXKHO
._“_%._.m.q_,.(. [iMBaTh MNpH  [IOMOILH :.5@03 NpoMrpbiBaTess 3BYKOBBIX
(hailoB, TAKOrO, HANPHMEP, KaK Winamp. | ; m

CnejyeT 3aMeTHTh, 4TO MNporpamma wa:mﬂ Text to MP3 u cam
MOKET CAYKNTH NPOUrphIBaTE/ieM 3ByKOBbIX (haitJioB.
| aGoTa MpOrpaMMbl OCHOBAHA HA HCNOJB30BAHHH vw;omc_,.o
uurepdeiica Microsoft SAPI 4.0,  npu 3TOM nporpamMma  MOXET
rOBOPHTD (& TOUHEE FOBOPS, 3aMUCHIBATE B chaiin TexcT, NPOU3HECEHHBIH
CHHTE3UPOBAHHBIM rojocom) Ha 11 s3bikax. [IpeaycMOTpeHa TaKXe
peryJiMpoBKa TeMIa peyH. . 1

Fciu Ha KOMIbIOTEpPE YCTAHOBJEH MPOrpaMMHbIH  KOMIOHEHT
npeobpa3oBaHMs ~ Tekcta B pedb A1 pycckoro  si3blKa,
nporpamma Better Text to MP3 cMoxeT 4uTaTh U Enozxm amxo?_..

Tak Kak nporpamma crnocotsa npeobpasoBbiBaTh (haiinbl TEKCTOBBIX
JIOKYyMEHTOB B 3ByKoBble (aiinel, ¢ €€ TNOMOLUBIO Bbl  MoOXeTe
npeobpazosarh 6GINOTEKY TEKCTOBLIX AOKYMEHTOB B Habop 3BYKOBBIX
daiinos ana npocaywusanus. OTH (aiabl MOXKHO MPOC/yluatk He
TOMBKO HA KOMIIbIOTEpPE, HO U Ha 0ObIYHOM NOPTATUBHOM ILIEEPE MP3-
baitnor (Hanpumep, 1o gopore Ha paboty). .

[Iporpamma Better Text to MP3 MOXET TaKxKe nepeciath
(haitn MP3, noiyyeHHpli B pe3yJsbTaTe - npeobpa3osaiua, 1O
)IEKTPOHHON 1oYTe. )

[Iporpamma cHabeHna KJ1aBHATY PHbIM uHTepdeiicom,
npeAHa3sHA4YeHHbIM Ui JloJeid ¢ OrpaHu4eHHbIMH mouzowx:cgmz:.
Takoli untepdeiic gocTyneH B 3aperHCTPUPOBAHHOM  BEPCHH
NporpaMMai 1o JONONHUTENBHOMY 3anpocy.

4.3. l'osocosoii nuTepdeiic B TEXHOJIONHH PACNO3IHABAHHA PEiH

Co3nanne uuTepdeiicos, MOANEPKHBAIOLIMX U NpelIaraiounx
Gojlee HproHOMMUYHBIE M €CTECTBEHHbIE (OpMBI JHANOra  MENAY
N0/1b30BATENAMN M KOMIbIOTEPHOM TEXHHMKOM, JBHXKETCA H YCKOPACTCH
BHENpeHHeM WH(DOPMALHOHHBIX TEXHOJOrMH B CleA  PacTyllHM
NoTpeGHOCTAM npodeccHoHaNbHOM M MOBCEAHEBHOH EATEIBHOCTH
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gyenoBeka. B o6nactu WHGOPMALMOHHBIX TEXHONOTHH CpPEACTBa
B3aMMOJIEHCTBHS MONB30BATENIs C TEXHWYECKOH cHucTeMOW TIPHHATQ
HaseiBaTh MHTepdeiicoM. UuTepdelichl GLIBatOT pa3Hbie W peann3yloTes
pa3HBIMH cpeacTBamMi W Mertoaamu. OpHoH W3 BaxkHeHIINX 3amay
pa3pabGOTKH COBPEMEHHBIX TEXHHYECKHX CHCTEM sBIsieTcs obecreveHne
HanGonee WHTYMTHBHOTO W  eCTeCTBeHHoro  wWHTepdeiica ¢
MONb30BATENEM, TO €CTh COBPEMEHHBIE KOMIMBIOTEPHBIE TPHIIOKEHHS
OpPHEHTHPOBAHHBI Ha MOJb30BaTEl.

OnHOIl M3 ecTecTBEHHLIX (hOpM B3aHMOAEHCTBUS IS HelloBEKa
apaseTcs  peys. lonmocoBoi  mHTepeHc  MOXET  YNyHIIUTH
cymecTByrolmii mosns3oBarensckuii MHTepdeiic - o obecrieunBaer
Gonee ynobGHbI W MeHee OrpaHHueHHbii crnocob B3auMolelcTBHA
yenoBeka ¢ KoMmmeloTepom. KauectBenuslii romocosoii uHTepdeiic
MOMOraeT MpeoosieBaTh HENPUATHE TEXHOJIOIMHH MMONb30BATENIMH, Tak
KaK JUIS ero MCroJib30BaHMs HE HYHHO OBIIA/IeBaTh HOBBIMH HaBbIKAMM.
TonocoBoii unTepdeiic kadecTBeHHBIM 06pa3soM H3MeHseT criocob, a
cnegoBatenbHo MW 3G (GEKTHBHOCTb B3aHMOACHCTBHA MOJb30BaTeNls C
cucremoii. TomocoBoif mouck ot koMmnauuum Google W ronocosoi
accHcTeHT Siri oT komMnaHmu Apple sBasOTCS  3TOMY  SPKHMH
npuMepaMu, TOATBEpXK/as HACYUIHYXO HeoOXoauMOCTh BHEIPEHHS
peyeBbIX TEXHONOTHH, B YACTHOCTH PACMO3HABAHHSA PEYd M rOJOCOBBIX
nHTepdeticos.

Baxkublii ¥ NMpakTHYeCKMil acmeKT NaHHbIX MpobieM CBA3aHbl C
TeM, YTO ronoconoil nHTepdeiic sBaseTcs HeoOX0AUMOI KOMMOHEHTOIH,
KOTJ1a peyhb WAET O CO3AaHUH KOM(BOPTHBIX YCIOBHH XH3HK 15 miozel ¢
HapyLIEHHSMM  ONOPHO-JBMraTelLHOro  anmapara, a  TaKke
CrelHalncTaM yTPaTHBLINM BO3MOXHOCTL MCIO/b30BaTh CTaHAAPTHBIE
Cpe/IcTBa B pe3ynbrare npodeccHoHanibHOro 3ab0neBaHHs, TPaBMbl HITH
yBeubsi. Takue CHCTEMBI CO BPEMEHEM BOIAYT B MOBCEAHEBHEIH ObIT B
npolecce peaan3allii KOHUENIMK TaK Ha3biBAEMbIX «YMHBIX 1OMOBY.

B cBs3K C BbIIIECKA3aHHBIM CTAHOBHTCA aKTyallbHo# npobrema
BO3MOXHOCTH CO3JaHHsl FONIOCOBLIX WHTEP(EHCOB A CNeuuanicToB U
CHCTEM NMpPEeAOCTABNSIOLIMX TAKHE CPEICTBA, YYHThIBAasS HEBO3MOXKHOCTD
MIHOBEHHOTO repexoaa W HeoOXOAMMOCTh aJanTaudH K HOBLIM
WHCTPYMEHTaM M CPEACTBAM, O4EBHIHON cTaHOBUTCA noTpebHOCTH B
WHTErpalMH C YXe CyLIecTBYIOWMUMH cuctemamu. Ha mnpakTHKE
pelreHne Mogo6HOMN 3a1aun M co3aanre HeobXoauMoii HHTErpupyeMon
CHCTEMb! OKa3biBAETCH HETPUBHAIILHBIM.
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Jlaieko He BCE 3ajayM pa3paboTKH TroNOCOBOrO uHTepdeiica B
qacToALIEe BPEMA MOXHO CHHTaTh pemennsiMi. [Tpobnema paspaborkm
0JI0COBOTO untepdeifca  sABNAETCA  JIOCTATOWHO  CNOXHOH W
KOMITJIEKCHOM, HTO tpebyer or paspadoTyuka 3HaHUI B pa3jIMYHBIX
peAMETHBIX obnacTax, TakuX Kak KOMIIbIOTEpHbIE HAYKH, JIMHTBUCTHKA
i TICHXOJIOTHSA TIOBEJEHUS HYEI0BEKa. Jlaxke npy HATHYHU MPOABHHYTHIX
cpeiCcTB MPOEKTHPOBAHHSA, pa3paboTka pHeKTHBHOIO TOI0COBOTO
10/Ib30BATENTBCKOTO HHTepdeiica TpeGyeT oT ero cosaaTeneii 1eTajbHOTrOo
{OHWMAHHA KaK 3ajia4, BBIMOJHAEMBIX CHCTEMOH, Tak W MCHXONOrHH
rrosib3oBarernet CHCTEMBI.

[TposeaeHHblit Gubmuorpaduyecknii MOUCK H aHAIU3 wHpopman4m
5 Internet MOATBEPAM] AKTYyanbHOCTb AaHHOW TEMbl TEM, HTO B
HacTofllee BPeMs MHOTME BeJyIUHEe KOMIMAHWM YCHIIWBAIOT pabory B
HANPABJIEHHH PA3BUTHA [0JOCOBBIX untepdeiicos U TEXHOIOrWH
pacro3HaBaHus pedu.

Pacrio3HaBanMe Pevd - TEXHOIOTHs, MO3BOJSIOULAS HCTTOTB30BATh
ecTecTBEHHbIH /114 YenoBeka peveBoii naTepdelic Ans B3aMMOLeiiCTBIA
¢ snekTpoHHOW TexHHKOH. CIOKHOCTL pacio3HaBaHWE peyn COCTOUT B
TOM, YTO COBOKYMHOCTH TAakMX XapaKTepHCTHK Tonoca W peqd Kak
TeMBp, FPOMKOCTb, BBICOTA, TEMI, HHTOHALMA, KaYECTBO AWKLMN Je1a-
10T peyb KaXJIoro 4ejoBeKa Mo-CBOEMY HEMOBTOPUMOH M YHUKAIbHOI
KaKk OTIEYATKH TaJIbLEB. 3ajavyell KOMMbIOTEPHOH TEXHUKA U 1porpaM-
MHOrO ofecreyeHdsi B COCTOHT B TOM, 4TOObI pacnosHarb CKaszaHHbIE
YeNOBEKOM ClOBa B MOGLIX, He Gepsi dKcTpeMasibHbie, ycnoBusx Oe3
kakoif-nuGo npeaBapuTeNbHON aaanTauny MoJ KOHKpeTHLIH rojoc.

UnTtepdeiickt - OCHOBA peajM3au#M B3AHMOJACHCTBHA BCEX
coBpemenHblX nudopMauMoHHbIX  cncTeM. [lonbiTky  HAY4UTH
KOMIEBIOTEpbl  OOWIAThCS € JIFOABMHM  NpY  MOMOLIKX  €CTECTBEHROIO
ronocoBoro MHrepdeiica NpeAnpHHUMANINCE € MEPBBIX JET HCTOPHH
KOMMBIOTEPHOMN TEXHUKH.

Uutepdeiic — crnocod B3auMoneHcTBus KOMMBIOTEPHON CHITEMBI
(MporpamMMmsel) ¢ MONB30BATENSIMH U YCTPOICTBAMMU.

Ha ocHoBe wuHTepdeiica peannsyercs B3aUMOUCHCTBHE BCEX
COBpeMeHHbIX  WHpOpMAUHOHHBIX cucteM. [lom  wnTepdeiicom
MoHuMaercs Habop cpeacTB, NpaBWI W METONOB, 34 CHET KOTOPIX
OCyllecTBASETCS KOMMYHMKAUUs  MEXKIY INEeMEHTAMH  CHCTEMBI,
PA3NHYHLIME TIporpaMmaMu u ycTpoidictBamu. Tloa COBOKYMHOCTBIO
CpeacTs, METOAOR W NpaBul T0pa3syMeBalOT: CpeACcTBa BbIBOAA
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uHpopManuu M3 YCTpPOMCTBa (CHCTEMbl) I10/Ib30BaTe/Il0 — BECh
JOCTYMHBI CNEXTp BO3ACHCTBUN HAa OPraHu3M 4enoBeka (3pUTENBHBIX,
CNYXOBBIX, TAKTHIIbHBIX, OOOHATENbLHBIX M APYIrHX.), CPeACTBA BBOAA
uH(popmaLMi/KoMaH] N0Jib30BaTeieM peaiu3yloTcs ceiiyac
MHOXECTBOM BCEBO3MOXKHBIX YCTpoiicTs. MeToabl kax HaGop npasui,
3a70KEHHBIX  pa3padOTYUKOM  YCTPOMCTBA, COMIACHO  KOTOPhIM
COBOKYMHOCTb  AeHCTBMH  nofb3oBaress  JA0/UKHA  MPHUBECTH K
HeoOXOAMMO} peaklUnH yCTPOiiCTBa H BbINONHEHKIO TpeDyeMoil 3a1a4u,
M npaBuia ITH JOKHBI ObITh AOCTATOMHO SCHBI U1 MOHUMAHHA M
JIerKy 115 3al1OMHHaH U,

[lo HaJIMYMIO TeX HMAM MHBIX CpeAcTB BBONa, HHTEpheHCh
pas3nensioTcs Ha TUIIbL.

— TOJOCOBOM,

— KECTOBbIH,

—~ BO3MOXHBI CMELIAHHbIE BAPHAHTHI.

[lonb3oBatensckuii  uutepdeiic (aurmi. user interface,) -
pasHOBMAHOCTL  HMHTepdeicos B3aMMOJIEHCTBUA  YNPAaBISEMBIX
YyeqoBEKOM CHCTeM. TepMHH TNpHMEHSeTCs 10 OTHOWEHHI0 K
KOMIMBLIOTEPHBLIM TPOrpaMMaM (IPHJIOKESHHAM ).

Kak mobGas cucremMa OOIIEHUS C YCTPOIHCTBAMM, KOTOpbIE
cnocoOHBl K MHTEPAKTUBHOMY B3aMMOJEHCTBHMIO C MOJIb30BATE/IEM,
CylIeCTBYIOT: rpaduueckuii untepdeiic nonsiosarens (nMporpaMMHbIE
GyHKUMH ~ peanu3yloTcs  rpaguueckMMM  2IEMEHTaMH 3KpaHa),
JHAJIOrOBblil nurepdeiic (nouckosast CTPOKa), uHrepdeic
NPOrpaMMUpOBaHUS NPUIOKEHUH, cerTepoil uHTEpdeiic, uHTEppenc
onepauuorHoii cucrembl (OC).

OpHMM M3 CaMblX BKHbIX [OKasarenel, XapaKTepu3yHOLIHX
untepdeiic nonb3osarens, sasasercs usability — JIOrH4HOCTE M NPOCTOTA
9/IEMEHTOB yMpaBleHusi, yi00CTBO MpOrpaMMbl HJIH CHCTEMBI B
NONb30BAHUM ¢ LeJblo ObiTh HEOOXOAMMBIMH M JOCTATOYHBLIMM,
ynOOHBIMM M TPAKTHUHBIMHK, PACNONOKEHHbIMH M CKOMMOHOBAHHLIMH
pasyMHO ¥ MOHATHO, U COOTBETCTBOBATH CHXO(DH3HOIOrHH HENOBEKA.

VaenuueHue B YycTpoiicTBe (npH paBHOM GyHKIMOHATEHOCTH)
CPeACTB BBOAA-BBIBOJA JIa€T  yNpOILUEHHE TMOCTPOEHHS METOAOB
yrpaBjieHus M yNpoLUEHHe NPaBHJ M0/b30BaHHs, HO 3aTO NPHBOAMT K
CNOMHOCTH BOCHPHATUA MH(DOpPMaLMH NO/B30BaTE]EM — uHTepdeic
CTaHOBHMTCSH Neperpyx eHHbIM.
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Ui naoGopoT — yMeHbILEHHE cpeacTB OTOGpaXKeHHs W KOHTpOIIA
APBOINT K yCIHIOKHEHHIO .:sm::: w:vww:n:_c;, TaK Kak KaXJbl¥
SEMenT HeceT Ha cebe CITHIIIKOM MHOTO (QyHKIIHHA.

B cBsizn C yBEIHMHCHHEM uHTEeHCHBHOCTH 0OMeHa WHpopmalmeii B
SHeTeMe  «HesioBeK-MaLIHHAY ocoboe 3HaueHHe WMeeT CHHKEHHE
Harpyskn Ha ﬁ:ﬁ:L.:.:o-un_:mu\i.r_n xm&m:v. yenoseka. Hanpumep, B
cucTemax yrpasieHisd BocTpeCOBaHHON ABNSETCS Haed \_,cacgwoa
KOHTpOJIS 1 YpaBneHis COCTOAHHEM CHCTEMBI (peueBoe obmenue Js
KOHTpONA COCTOSHUA PabOTH! camonera, Gec KHOMO4HBIH TenedoH,
peueBoe ynpasJieHue MPOH3BOACTBEHHBIMK MPOLECCAMH).

BueapeHHe TroI0COBOro untepdeiica ocTaBUT rNaza M pyKH
oneparopa (nuaorTa, BOANTENA, paGoyero 3a CTAaHKOM) CBOOOIHBIMH OT
feperpy3KH, 9TO MOBBICHT HAIEXHOCTD H KaUECTBO yTpaBiieHAs.
Mcnonp3oBaHHe — pevyeBoro  Auajgora B CHCTEMaXx — MaccoBoro
obcnyKHBaHUs HaceeHns TaKxKe aKTYanbHO. ITomumo
HCKITIOYNTENBHOTO  yl00CTBA NS HACENEHWS, TakKWe CHCTEMBI
[OBBLIIAIOT KOMMEPYECKYIO BLITOAY KaK 3a CYeT TpHBIEYEHHS
NOMONHHTENLHON  KJIMEHTYpbl, TaKk H MyTeM 3aMeHbl 4ejOBeKa-
oreparopa KOMIBIOTEPHBIMH CHCTEMAMH € TOJI0COBLIM uHrepdercoM.

losocoBule HHTepdeiichl, KOMMOHEHTHI, BHALI H 3aJa4H
cHCTeMbI PACTIO3HABAHHS PeYH.

[TpenmytecTBa rofocoBoro HHTepdeica:

- OMepaTUBHOCTHL U ECTECTBEHHOCTD;

MHHUMYM CreluanbHOR NOAroTOBKK MOJb30BaTes;

BO3MOKHOCThL YIIPaBIeHHsl OOBEKTOM B TEMHOTE, 3a TpejelaM#

ero BU3yaJlbHOW BHAMMOCTH (B HACTHOCTH, C MCIOJIB30BAHUEM

cyuiectsytouieli TeneOHHON CETH);

BO3MOXHOCTh ~ MCMONb30BaHHS  OJHOBPEMEHHO pyd4Horo (¢

MOMOLUBIO KJIaBHATYpPhl) H FOJI0COBOr0 BBOJA HHpOPMALIUHK;

- obecneyernre MOOMJIBHOCTH OMEpaTopa NpU YrpaBleHHH.
K ocHoBHBIM Kaccam 3ajau ronocosoro wurepdeiica ciaeayer OTHECTH:

— CHHTe3 peyu — 3Ta 3aj1a4ya BKJIOYaeT B cebs KOMIIIEKC rmojasajiay

W 3aKitoyaercs B oOecrnedyeHHH BO3MOXKHOCTH TNMPOHU3HECEHHE
peun KOMITLIOTEPOM Ha OCHOBE IPOU3BOJILHOTO
opdorpaduueckoro TekcTa;
M pacrno3HaBaHMe peyu — KOMIUIeKC — 3ajad,
BKIIIOMAKOUIUX  3aMMch, OUMG(POBKY W aHanu3 pevd And




pacno3Habas 10J1Y4EeHHOT0 pe4eBoro coobLienus
KOMTIbKOTECPHOH CACTEMOI;

— noHumaHue (MHTeprnperauus) pedyd — 3TO KOMIUIEKC 3ajay,
CBA3aHHBIX C AHAJW30M CMbICIA pe4eBblX COOOILEHMIT M
dopmupoBatuem peakiuun (OTBETa) KOMIBIOTEPHOH CHCTEMBI;

— pacrno3HaBaHMe 1070ca — KOMIUIEKC 3a/a4, BKIIOYAKOMHX
aHanu3 ocobeHHOCTEH rosoca roBOPSILEro € 1eblO BbIABICHUS
Kakux-nubo ero MH/IMBUAYabHbIX (MMYHOCTHBIX)
0COOEHHOCTEN M Ka4eCTB,

— KOMIBIOTEPHOE KIOHHPOBAHME r0Jloca W AMKUHH — 3710
co3aaHue ONM3KOH KomuM, HO He OHOJOrMYeckol, a
KOMNbLIOTEPHOH, M HE BCEro CymlecTsa B 1eJOM (B /JaHHOM
cllyyae 4elioBeKa), @ TOJIbKO OAHON M3 ero MHTEJIeKTYallbHBIX
by HKLMIA: YTEHHE TIPOU3BOIILHOIO Oporpadu4eckoro TeKcra.

O6was CcTpyKTypa rojocoBoro uHrepdeiica BkIlo4aer 18a OCHOBHBIX
KOMIIOHEHTA:

— CHHTE3 peuu;

— pacno3HaBaHHe pevM.

FKaxknas W3 3ana4 ronocoBoro wuurepdedica spisgercs QOCTATOMHO
CJI0KHOM, TO B COOTBETCTBHE yKa3aHHBIM KOMIIOHEHTaM CTaBATCs /Ba
OT/IeJIbHBIX K/1acca CUCTEM:

— CHCTEMbl CHHTE3a PeyH,

— CHCTeMbl pacno3HaBaHus peyu.

Peasim3aumMs  pedeBOoro javajiora [POMCXOAMT  NOCPEACTBOM
Auanora, Opv KOTOPOM 3arnpoc M OTBET CO CTOPOHBI MOJb30BaTENS
BejeTcs Ha A3blke, 6IM3KOM K ecTecTBeHHOMY. [loab3osarens cBOGOAHO
dopmynrpyer 3azady, HO ¢ HabOpOM YCTaHOBJICHHBIX [pOrpaMMHOM
cpenoit  ciaoB, ¢paz M CHHTaKcuca  s3blka  PasHOBMAHOCTBIO
MHTEPAaXTUBHOIC CCTECTBEHHOIO AHAJIONA ABASETCA peyeBoe obiueHue €
KOMIOBIOTEPHOM CHCTEMOIl. B 3TOM cilyuae yejioBeuecKuii ronoc MOXeT
npeo6pa3oBbIBaTLCS, HANPHUMEpP, B TEKCT, WM HCMONb30BaThCA AIA
WHTEPAKTMBHOTO YNpABNEHWs CHCTEMOM, WM /1A MAEHTH(DHKALHH
AMYHOCTH. B OCHOBE JAHHBIX MPOLECCOB JIKHT TEXHOJIOTHS H PELieHUE
3a/a4M pacrno3taBanus peyu.

Peub B (QHM3NYECKOM CMbIC/E - 5TO aKyCTHHECKui cHrHal,
reHepupyeMmblii APTUKYISLMOHHBIMH opraHami yenoBeKa,
neperalolldica yepe3 (Gu3MuecKyio Cpeay, BOCTIPHHHMAEMBblH yXOM
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wenoseka. [1pH ecTeCTBEHHON WIIH MCKYCCTBEHHOH reHepaunu peiu B
aKyCTH1ECKOM curHane WM3MeHAIOTCH (u3nveckue mapamMeTpsl. tH
ysMeHEHNA Bo3eficTBYIOT Ha MeMOpaHy yxa, CO31ai0T TpaeKTOpHH
3BYKOBBIX 06pa30B, MOHMMAEMBIX HEJIOBEKOM Kak COOTBETCTRYIOLIHE
3ByKH AaHHOTO g3blKa, MMM MHa4ye roBops, MPH MPOH3HECCHUH CJIOB
Senopek reHepHpYeT 3BYKH (doHemel), KOTOpBIE HecyT nHopMaUHUto 0
rex cHMBOJIAX, ¢ MOMOLILIO KOTOPBIX 3TH CNIOBA MOryT ObITh 3aMKcaHbl B

BHJIE TEKCTA.

MareMaTH4eCKy0 MOJIe/Tb TeHepPaliny 3ByKa MOXKHO TPE/ICTABUTE B
pye BO30YXKIAlOWMX eHepaTopoB TOHOBOTO H 6enoro myma, rpynme!
pe30HaTOpOB, MOIYJIATOPOB H Kmoueli  (poT, HOC, f3bIK, TYOBI),
oBecreunBaomux GopMHpOBaHHE OLLYLICHHA ONPE/CNEHHOrO 3ByKa.

CucTeMBl PaciiO3HABAHUA PEYH - 3TO CHCTEMBI, aHAIH3HPYIOLWHE
aKyCTHYECKHiT CHTHAN anropuTMamMu, OCHOBaHHBIMK Ha pazHoobpa3HbIX
?.m;:;x. MpeanoNaralunx, Kakue XapakTepucTHKH peteBoTo CHIHama
CO37AI0T OlLYLIEHUs 3BYKOB JaHHOrO A3bika, W MareMaTHHYeCKuX
MeTomax. C TOW MM HWHOW TOYHOCTHIO BBIICTAIOIMX 3HAYALIHE
napamMeTpbl aKyCTHYECKOro Curhana o npeobpasytowpe €ero B
paznuHOl MOMTHOTE B HEoOX0TuMY10 (opMmy.

3abnaroBpeMenHo Gopmupyercs 6asza poHeM A3bika, CoAeprKallas
mabnonsl 6a3oBoro Habopa CJIOB TIPH «yCPEAHEHHOW» pedH, TO €CThb
HezaBucAlleil oT AnkTopa. Peus nepeBoauTCA B GoHEMHOE OnHCcaHHe
noctynaet B ¢aiin onucanus GoHeM, 0TKy/a ITO ONTMCAHHE TIOCTYNAET B
610K pacno3HaBaHus, NPOBOASIINK  CpaBHEHHE MOCTYNUBLIEH
undopMaumm ¢ Toi, KoTopas XpauuTca B Oasze. DopmupyioTcs
pacrnosHaHHble ClOBa, KOTOpble npeobpa3syroTcsi B TEKCTOBLIE NAaHHbLIC
WITH KOMaHy.

CHcTeMBl pacro3HaBaHWs peYd COCTOAT W3 JIByX uacTed -
aKycTH4eckoW M JIMHTBHCTHYECKOW. B obimem ciiydae MOTyT BKIIIOHAT B
cebs (honeTHYeCKY10, thoHOIIOrHYECKY10, MOpONOTHYECKYHO,
JIEKCHYECKYI0, CHHTAKCHYECKYH0 U CEMAaHTHYECKYHO MOJICITH A3bIKa.

AKycTHuecKas - 0TBeYaeT 3a NpejcTaB/ieHHe peueBoro CHruana, 3a
ero npeobGpazoBaHne B HekoTopyl (opMy, B KoTOpoii B Goliee sSBHOM
BUJIE NIPHCYTCTBYET HH(OPMALIMA B CONEPKAHUY PEYEBOTO COOOIIECHHA.

JlunrBucTHYeckas - HHTEpNpETHPYET HH(OPMALKIO, MoTy4aeMyto
OT aKycTHyeckoif MojeNH, W OTBeYaeT 3a TpelcTaBiieHHe pe3ylibTrara
pacrozHaBaHus rnoTpeduTenio.

3anaun pacro3HaBaHWs peud - aBTOMaTHYECKOE BOCCTAHOBIEHHE
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TEKCTa NMPOU3HOCHMBIX 4eNOBeKOM CloB, ()pa3 MIM MNpPeiIoKeHUH Ha
eCTeCTBEHHOM S3blke W T1pobsieMbl MAEHTH(HKALMH, LIYMOOYHUCTKH,
pacrno3HaBaHMA  A3bIKOB, OLEHKH TNCHXO(H3HYECKOr0  COCTOSHHS
yenoseka. [1py pelieHuu 3a1a4i pacrno3HaBaHUs CIUTHOH pevu HelloBek
NPUMEHAET CBOM 3HAHMA O ECTeCTBEHHOM A3blKE, a TaKXKe CMbICH
[POH3HOCHMOTO ans yCTpaHeHus HEOJHO3HAYHOCTH npu
BOCCTAHOBJIEHHH TEKCTA NpeanoKeHns.

[TosToMy 3aja4y pacrno3HaBaHUs peqn AONOJIHUTENBHO Pa3fiensior
Ha /IBE He3aBUCHMbIE 3aauM:

— 3aja4yy J0KaJlbHOI0 pacro3HaBaHUs peuM;

— 3aJa4y BOCCTAHOBJIEHHA TEKCTa CIMTHOH peyH Mo MHOXKECTBY

BO3MOXHBIX FHIIOTE3 PACiO3HABAHUA.

PaccmoTpum  paspaboTaHHbie CHMCTEMbl paciio3HaBaHUA pPeyu M
roJI0COBbIX HHTEpdeHcoB.

[Tporpamma obecnevenue Dragon Dictate — nepBas kKoMmepueckas
nporpamma A1as o0bI4HbIX nosnb3osarenei (1990 roa).

VAL(voice-activated link) or BellSouth — mnepBriii ronocopoii
noprasi, cucrema ¢ uenbid 00paboTKM CHpaBOYHBIX W MMOMCKOBBIX
3arnpocoB /18 NOKynareseil B KpynHbIX TOProBeiX LUEHTpax v abOHEHTOB
TenedOHBIX KOMNAHMH NO 3aJaHHbIM 3anpocam, YClayram, TOProBbIM
mapkam (1996 ron).

VnyHdiueHHas BepcHs nporpammbl oT komnaHuu Dragon Systems.
Dragon Naturally Speaking Gbi1a cioco6Ha pacno3HaBarh HOPMaJibHYHO
peub, okono 100 cnor B MuuyTy (1997 ron).

Microsoft BbilycKaeT CBOIO CHCTEMY pacrno3HaBaHUs peyd -
Windows Speesh Recognition. [lpy MHOTHMX HeJoCTaTKax [JaHHas
nporpamma crana maccosoi (2001 ron).

Google 3anyckaer, B TecTtoBoM pexume, Voice Search - cepsuc
roJI0COBOro NOMCKA B CETH MHTEPHET, HO U3-3a HE0OXOAMMOCTH 3BOHUTh
Ha cneuMajabHbli HOMep AaHHas pa3paboTka Obuia cpasy csepuyta. Ho
komnanua Google nponormkuna pazpaborku B 3Tom Hanpagnenun (2002
roa).

[lepBas onepauuMoHHas cuctema ¢ (yHKIMeH pacrno3HaHus pe4d
Mac OS X Tiger, Ho 3T0 Obii He MONHOLEHHbIH MPOAYKT, a TECTOBas
Bepcus. Voice Over Obi1a ciocoGHa He TONBKO Ha pacrno3HaHue peyuu, HO
M sBAANach e€ CHHTe3aTOpOM, NpPOrpamMma MOIa YHTaTh TEKCTOBBIE
NOKYMEHTbl, MO4YTOBble W  Be0-CTpaHMilbl, SHBIACH NpPH  ITOM
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h:zacco_éumm:o:ZEH " Jaxe obcnyxuBana HECKONbKHX
:o:_...womm.ﬁﬁ_mz OJIHOBPEMEHHO (2005 ron). _ , )
Microsoft BbITyckaeT ONepauHoHHyo cHeTeMy ¢ :Jo.::c_,i::c:
noa1epKKOH (hyHKIHH Aﬁmn:,o.w:m::n nam: Windows .<_m8 ﬁromo _%:w.
[punokenue Voice Search ot Google ans iPhone (2009 ron).
PaGora AaHHOTO MPHIOXKEHUA omHpaeTcs Ha obna4Hsie mr.ﬁ.aanm_;‘.
1103B0/IHBILIHE MPOBECTH KpynHOMacLUTabHbIH aHanu3 JaHHbIX :o:mzu
eoBnancHUil  MEXIY OrPOMHEIM  HWCIOM roJI0COBBIX \.E:vocsw
nonp3oBareieil W WX CIOBaMH, Takas mMpoueaypa criocobcTBOBANA
BLICTPOMY POCTY M COBEPLUIEHCTBOBAHWIO CHCTEMbI. [To3aHee mosiBUIIACH
BepcHs TS onepauMorHoii cucreMbl Android. )
Google BHeapeHa (yHKUMS pacno3HaBanus ronmoca B Opaysep
Chrome. B 6a3zax Ha cepBepax KOMIMaHWH HACHHTHIBAETCA OKOIO 230
MHJUTHAP/OB CJIOB Ha MHOTHX A3bIKaX MHUpa. )
Kownew 2011 rox wadano npoaax Apple iPhone 4S ¢ nporpammoi
Siri, koTopas He MPOCTO PAacro3HaeT peub,a BBICTYMAET B Ka4ecTse
MepCOHAIILHOTO BUPTYallbHOTO aCCHCTEHTA, crniocobroro obpabareiBaTh
eCTECTBEHHYIO pedb, OTBEYaTh Ha 3a/laHHbie BONPOCH W NMPEAOCTABIATE
PEKOMEHIAUMH, C  MOJJIEPXKKOH anrnuiickoro, ¢paHiy3ckoro H
HEMEILKOTO A3bIKOB. v i
Ford of FEurope wu xomnanus Nuance Communications,
npencrasasior SYNC (2012 roa), kotopas Ha Ha4albHOM 3Tane Oyner
nojulepkuBaTh GPUTAHCKHI BAPHAHT aHTTIHHCKOrO A3bIKa, (paHILy3CKHid,
WCTTAaHCKHH, TIOPTYraabCKHH, HEMELKHH, HTaIbLIHCKHH, TYpeuKHii,
roffanackuii U pycckmii a3eiku. [Tob30BaTesi CHCTEMBI CMOTYT A2BaTh
rakue MHCTpykumu kak  «[To3BoHnTb  (MMSA KOHTAaKTa)» WJIH
«TTpourpeiBaTh ~ MCMONHWTENS  (MMS  WCTONHWTENS)».  S3biKoBbIE
BO3MOKHOCTH CHCTEMBbI obecneunsaioT paboTy (yHKUMM MOMOLIK B
IKCTpenHbIX cutyanusx (Emergency Assistance), 3aBOEBAaBLIECH NTPEMUIO
«Global Mobile Award 2012». ®yHKUMA MOMOraetT HaXoAfUIUMCS B
aBToMoGuIIe NI0/IAM B Cllyuae aBapuM OMOBECTHThL ONEpaTopoB MECTHBIX
JKCTPEHHBIX ClykO Ha COOTBETCTBYIOLleM s3bike. Cucrema SYNC
yCTaHOBJIeHa yke Ha Gosee yeM 4 MUIITHOHAX aBToMObuIIei B CILA.
Hcnonb3yemble B pacno3HABAHHH  PeYH  METOABI  H
Kiaaccnpukanus cucreMm pacnosHaBanus pedn. [Ipakrhyeckn Bee
H3BECTHBIC METO/IbI pacrio3HaBaHHs peud obnajaroT pajoM OCHOBHBIX
ODUIUX CBOWCTB:




— NS pacno3HaBaHWd  HMCMONb3YeTCs MeTOJ CpaBHEHMs ¢
3TANOHAMMU;

— CcHMrHan Moxer ObIThb npejacTaBieH nMb0 B BUAE HenpepbiBHOH
¢yHKUMH BpeMeny, TM60 B BH/IE C/I0BA B HEKOTOPOM KOHEYHOM

andasure,
— An8 cokpauleHus 00beMa BbIYMCIEHMH HCIOJb3YIOTCA METOAbI
JIMHAMHYECKOro MpOrpaMMHPOBAHHS. JluHamuueckoe

nporpammuposanue (/II1) - meroa peilueHus 3aaaq MOyTem
COCTABJIEHMSI  MOC/EJ0BaTe/NbHOCTH M3 MoA3aaad  TaKuM
obpazom, 4TO:
— nepBblil 3MEMEHT [0CIe10BaTENbHOCTH (BO3MOXHO HECKOJILKO
3/1eMEHTOB) HMEET TPHBUANbLHOE peleHHE
— nocneaHuil  3NeMeHT ATOH Noc/ea0BaTe/lbHOCTH -  3TO
MCXO/1HAs 3ana4a
— Kaxaas 3ajada 9Toll  M0C/Ne0BaTelbHOCTH MOXeT ObiTh
pelueHa ¢ MCNob30BaHMEM pelueHus 11oa3aaay ¢ MeHbLIHMH
HOMEpPaMH.

MeTozibl PAcNO3HABaHMs Pedd MOXKHO pa3ieuTh Ha ABe Gosblune
rpyMibi: HENAapaMEeTPHYECKHE — C MCIO/b30BaHHEM HENapamMeTpHHECKHX
mep G1M30CTH K JTanoHaMm (K HUM MOXHO OTHECTH METOIbl Ha OCHOBE
opManbHbIX rpaMMAaTHK ¥ METOAbl Ha OCHOBE METPUK HA MHOXECTBE
peyYeBbIX CUIHAIOB) — M MapamMeTpu4ecKHe (BepOATHOCTHbIE — Ha OCHOBE
MeTo/la CKpbIThIX MOZe/eli MapkoBa, HelipoceTeBbie).

HenapameTpuueckue MEeTO/bl, OCHOBaHbI Ha mepax G1HM30CTH HA
MHOXECTBE pe4eBbiX curxanoB. Meron BuHUIOKA, OCHOBaHHBIH Ha
METOAE AMHAMHMHYECKOro mnporpamMmuposanus (Bennman), pa3ssHTBIH
Wrakypoii ¥ JpyruMH, M[O3BOJIMII COKPaTHTh BpEeMs BbIMHC/ICHHA
3HaueHuit  ¢QyHkumn  OaM30CTM K ITAIOHHBIM  CHrHanam €
IKCHIOHEHIManbHoro (OT JIMHBI CHrHANa) 0 Kpajaparuydoro. B cuiy
[Or0, 4TO OCHOBHOH cneuuUKoii MeToaa. ABIANOCH HEIHHEHHOEe
MCKaXKeHHEe BPEMEHHOH OCH OAHONM M3 CPaBHHBAEMbIX (yHkuMA, METOA
MONY4YW] Ha3BaHWe «AMHAMMYECKOH aedopMmaluu  BPEMEHH). K
JOCTOMHCTBAM OTHOCATCA NMPOCTOTA ero peanusaunu H oOyueHus. K
HEJOCTATKAM MOXKHO OTHECTH CIOKHOCTb BbIMMCIICHMS Mepbl O1H30CTH,
KOTOpas MNpPONOpUMOHANbHA KBaapaTy [UIMHBI CHrHana, H GobIoH
o6beM namsTH, HEeOOXOAMMbIH Uil XpaHeHWs OHTaJOHOB KOMaHd =
NPONOPLHOHANbHBI UTHHE CHIHANA U KOJIMYECTBY KOMaH/l B CJIOBAPE.
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JyeckMe -  METOAbl, MpHUMEHAEMbIE K 3aja4e
\ B HacTosillee BpeMs, OblIH BIEPBbIE MPELIOKEHD!
pAIOM aMepHKaHCKHX uccaenosarenei (beikep H JIKennHeK) B _o.\o-w
rolbl MPOLLIOTO BeKa. B HMX NPUMEHSETCA TEOPHA CKPbITBIX z_oh.c:ms
MapkoBa - AB&XAbI CTOXACTHYECKHEe NpouLecchl H :n::. Mapxkosa no
nepexofaM  MEXIy COCTOSHMAMM M  MHOXECTBA CTaLMOHApPHBIX
[pOLIECCOB B KAX/10M COCTOSHMH LenA. .

[TocTOMHCTBAMH METOAA CKpBITBIX Mozieneit MapkoBa ABJAIOTCH:

[lapaMeTp
?F.::,Esmu::m petk

GbICTPbIi CNOCOD BbIMUCICHHA 3Ha4yennii QyHKIMH PacCTOAHHA

Ean:mq:cna:vw

— CyLIECTBEHHO MeHbIIHH o6beM namaTH, MO CPaBHEHHIO C
METO10M «AMHAMUYECKOH nedopMalru BpPEMEHM,
1e06XOAMMBIil /1A XpaHEHHA STaJOHOB KOMAaH/.

OcHOBHBIMH HEJOCTATKAMH!

~ Gosbluas CI0KHOCTb er0 peanu3aunt,

. HeOGXOAMMOCTH  HMCMONb30BaHuA  QonblumMx (oHeTH4eCKH
c6anaHCHPOBAHHBIX  PEYeBbIX  KOpAycos  JUIA obOyueHHs
napameTpoB.

OCHOBHbIE XApAKTEPUCTHKM M MPH3HAKH, MO KOTOPLIM MOKHO

kiaccuuUUpOBaTh COBPEMEHHbIE CHCTEMDbI pacrno3HaBaHus peyu.

— CNIOBApH Pa3MepoM B IECATKH W COTHH ThICA CIIOB,

— pacno3HaBaHHe pa3/le/bHOH i1 CIIMTHOM peyH;

paboTa B peaJibHOM BPEMEHH;
AMKTOPO3aBUCHMOCTb HIH AHKTOPOHE3aBUCHMOCTD CHUCTEMBbI;
HanexkHocTh paboTel 95-98% s rpaMMaTH4ECKH npaBHAbHBIX
TEKCTOB,

— Ha3zHa4eHHe.

Knaccudukalys CUCTEM PACMO3HABAHHA PEYH N0 CIOKHOCTH:

— cHCTeMBl ABTOMATHYECKOTO PAclo3HaBaHWA H30JHPOBAHHBIX
COB IS PACMO3HABAHMA MMPOMIHOCHMBIX HE/NOBEKOM KOMaH/
no cloBam;

CHCTEMB! ABTOMATHYECKOTO PACMO3HABAHMA CIHTHOH peyn — ¢
BO3MOXHOCTBIO BBIAEJATh CJOBA B ECTECTBEHHOM HaCTHYHO
CTUTHOM MOTOKE 4eJI0BeYeCKOH peyH;

CHCTEMBI MOHHMAHHS PeuM - C JNEMEHTAMM WHTENIeKTa, 410
MO3BONSIET, BO-NIEPBBIX, HA OCHOBE CMBIC/IOBOIO aHATH3A Gonee
NpPaBUIBHO BBIAENATH C/OBa B MNOTOKE pewH, 4, BO-BTOPbIX,
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faxe AJ8 XOpoulo OpraHM30BaHHbLIX CIMMOHTAHHO

COXpaHATh WH(opMmauWi B Hekoil 0Oa3e 3HaHHWH, OTKyHa OHa o/IHOH TPETH
MOXeT OBITh JIerko H3Ble4YeHa IS PEUIeHHS OlNpeleleHHbIX NpOM3HECEHHBIX TEKCTOB.

HHTEJIJIEKTYaJIbHBIX 3a1a4.
PacnoaHaea HHe

OcHOBHBIE KOMITOHEHTHI CUCTEM Paclo3HaBaHUA PEYH: g
- rpaduueckas cpena A pa3pabOTKM, KOMIWISAUMA M i [nwropo-aaancimse | | Amaopo-nesssucimsie
ONTHMH3aUWH TpaMMaTHYeCKHX W  JleKcHueckux OIno .
' 1 P . KOB Mo norpeBuTensCKitM 4
pacro3HaBaHHs, TPOBEPKH M PeAaKTHPOBAHHS JIEKCHKOHOB; s
— CHCTeMa s NpOTOKONMPOBaHWA AuanoroB W3 paboratouwero Orpak ek bl 1abop Crosapk Bonewsre
MPUIOKEHH C Uellbi0 OLEHKH Ka4yecTBa pacrno3HaBaHUs M cnoe peIviers
MOACTPOIKH CHCTEMBI; Mo pasMepy CoEapA —v
— MHCTPYMEHT OUeHKH KkayecTBa paboTbl cHCTeMbl ([pOBepka Wsomupomanssie Cremisn
. y
COOTBETCTBHS CJIOBa, CKa3aHHOro abOHEHTOM, HCIOJIb3yeMOoi croee sl
rpaMMaTtHke); Mo THNY pe i
— cHCTeMa IS CO3/laHHs «TPEHUPYEMbIX» A3BIKOBLIX Mojeneii, " . Cucrews gcroern | |Cucreus pacncswaesnis
MOBBIIAIOWWX TTPOU3BOAUTENBLHOCTL H YCKOPSAIOIIUX Tpolece OMBHAHLE CHCTEMH {Peve-TerCT (Peus-Peys)
pacro3HaBaHus; Mo HaIHa4eHmio ). 4 P, 4 s 4
— cHCTeMa AN pacrpeiesieHds MHOXKeCTBa napaiieslbHbIX
3arpocoB  Pa3WYHBIX THIOB W MPO3payHOil WMHTErpauHn : Annogo ®oHema || Andon. Tpucpon || Cnoso. (pada
Pa3IMYHBIX PEeYEBBIX MOAYJIEH B CETH. Mo Tany cTpyKTypHON
EANHN
[Tpuenem Gonee monuyl (ueM Ha puc.3.1) kraccHpUKaLHIO Ale - ,
2 aB¢ Y 4.7 Cnerrpanchait aranis KeaggiumenTal Kencrpankkulil Beilanet
CHUCTEM pacrno3HaBaHus peuu (puc. 4.7). MogoBpazomanne Syoee || nimednoro npeacrasanin | anamis aHanis
YenoBus BO3HUKHOBEHUA MPoOIeM CHCTEM pacro3HaBaHHS Peyu: Mo suifenenito | ————gr—— - - 4
— TMPOMU3BOJILHbIA, HAWBHBIH MOJIL30BATENb; fmaanon
— CIOHTaHHag peyb, Npocr eiiwn e AeT&rropsl | |IKCNEPTHBIR CHCTE MBI
— HalM4yue aKyCTMYECKMX MOMeX M MCKaKeHWH, B TOM 4HCIE Mo MexakHany —y—
MEHAFOIMUXCA: BYHKYNOHHPOBBHUA P /”

006paTHan 1323411 HAXOMAGH IR
BPTHKYNAZHX RAPAMETPOE

~ HaJM4He PeyeBbIX MoMex;

— HeJOCTaTOYHAs KanuTanbHas 6a3a, He Aalollas BO3MOKHOCTh
MHTEHCHBHO MPOBOAMUTH MCCIIEAOBAHHS M pa3pabaThiBaTh HOBBIE
MHHOBAIIMOHHBIE AJITOPUTMBI B PEYEBbIX TEXHOJIOTHAX. [ 1

VenoBHA, HA OCHOBE KOTOPBIX  BBIABISIOTCS  ClleJyIONINe CrooiTbie Mapkeacne Autamiueckee Heipocer eeoil veToa

npoLeccsl NPOrPAMMUPOR Bhue
TpeGOBaHUSA ¥ OrpaHUYEHUA:

— Tpebyerca nmpeabapuTeNbHAs HACTPOIKa CHCTEMBI Ha rooc OT
HECKONIbKMX  JIECATKOB MHMHYT JI0 HECKOJIbKHX  4acoB
MpeBapHTEILHOTO HArOBapHBaHHS TEKCTOB;

— HEKOTOpbIE MPOBEPKH HE AAIOT PEe3y/bTAaTOB Ny4lIuX, dem 5%
OLIHO0K;

~ BEPOATHOCTH MPaBHJILHOIO PACNO3HABAHWA CJIOB HE MpeBbILLAeT

BepOATHOCTHE-CETEBDIE

Puc.4.7. Knaccudukauus CHCTEM Pacno3HaBaHUsA pevH

Jlanee paccMOTpUM COBpeMEHHbIE OTEHECTBEHHbIE M 3apyOekHbie
MPOAYKTBI C MCIOJIb30BAHHE TEXHOJIOIHH Pacno3HaBaAHUA PeUH.

O630p npoaykToB HCNOABL3YIOIIHX TEXHOJOTHH pPacno3HABAHHA
Peun 1 rosocoBoro uuTepdeiica, norpebuTeIeH H NEPCHCKTHREL.
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SR Engine (pa3paboTka KOMNaHHH «CakpaMeHT») -

ggkrament A
sl [pH CO3/1aHHUH CPEICTB

lopeieiy [TPO® 3.0 — nmnepsas pycckoA3biYHas CHCTeMa onoruA PACTIO3HABAHNA PEHK HCIONb3YeT
I Q. s - -
ABTOMATWYECKOTO pacro3HaBaHWs pevW IS JUKTOBKH M TOJOCOBOrQ TeX? yripaBieHis — MPOTPaMM, yNpasisiolMx AeHCTBHAMH
yrpaB/ieHHs KOMITBIOTEPOM C MTOJUIEPIKKOH pyCCKOro A3bika. P AbioTEpA WA APYTOTO 5NEKTPOHHOTO YCTPOHCTBA € NOMOLLLIO
~ . L : - > ¢
s P e [ON0COBbIX ~ KOMaHH, 2 TaKKe NpH OpraHu3aluu tenedoHHbIX
— JMKTOPO3aBUCHMOCT; ; OHHBIX CI1YX0.
~ .papotibIX B HHpOpMAaLH ,
—  43BIKO3aBHCUMOCTD (PYCCKHH A3BIK U aHTJTHHCKHH A3BIK); _ X apaKTepHCTHKH:
— TOYHOCTh PACMO3HABAHWA  3aBHCHT OT AApa  CHCTEMBI _ IMKTOPOHE3aBHCHMOCT;
amepukaHckoii mporpamMmel "Dragon Dictate"; 43LIKOHE3ABUCHMOCTD;
~ MpeIoCTaBNseT CPEICTBA rOJ0COBOTO YIPaBIeH!A OTACIbHBIMH  0MHOCTE PACTIO3HABAHUSA AOCTHTAET 95-98%:
(byHKUMAMH OMEPALMONHON CHCTEMEI, TEKCTOBLIX PEBKTOPORIE pacro3HaBaHHe pedn B BU/IC BBIP@XEHHH U HEOONBLINX
NPUKJIATHBIX TPOTPaMM; .
P m<nWo By M:MU ‘ npeanioXKeHuH;
— Tpe YYEHUS. e
SO . HeT BOAMMKHOCTH 00yUeHHS.
¥ - ~ it N = ~ > v
VoiceNavigator (komnanus «LIeHTp peveBLIX TEXHONOMH») — BRICO= Google Voice Search (xommnanus «Google»). Panee DOMCK

GunbHbIX ycTpoiicTBax. C HEAABHErO

KOTEXHONOrMYHOE pellieHHe IS KOHTAKT-LEHTPOB, NpeHa3HaYeHHOoe s
poen B Gpaysep Google

; : [PMMEHANCA HCKIIIOUHTEIIBHO B MO
noctpoerns Cucrem TomocoBoro CamooGemyxusanus. VoiceNavigator

ronocosoit nouck or Google BCT

BpEMEHH
MO3BONIAET aBToMarudecki oOpabaTeiBaTh BLI3OBBI € MOMOMIBIO Chrome. 4TO NO3BONSET HCMIONB3OBATH JTOT CEPBHC Ha pasM4HbIX
TeXHONOrWi CWHTe3a W pacro3naBaHus peun. VoiceNavigator Web - i %cvz.,?
njia X.
HABUTALNMA TI0 BeG-pecypeam MpH noMomm ronoca. Paspaborka nossosser ; "
: pecyps P ; P XapakTePUCTHKH:

NpaBiaATL HABUralueii caiita NPy MOMOILN pevyeBbIX KOMaHA. .
ynp - u p p A — MO/iepXKKa PYCCKOTO A3bIKa;
apaKTepHUCTHKH: >6-
P l — BOIMOXXHOCTbH BCTPaMBaTh paclo3HaBaH1e petn Ha Beh
— JIMKTOPOHE3aBMCHMOCTB;
YCTOWYWBOCTH K  OKpYXarouH Ma pecypeel;
- YHBOC KpyXal M IIyMaM U TfoMexam B .
/ d py - y : FOJI0COBbIE KOM@H/1bl, C/IOBOCOYETAHUA,
Tene)OHHOM KaHale; ~ :
3 1151 paboThl HEOOXOAUMO NOCTOAHHOE [IOAKIIOYEHUE K CeTH
~ pacro3HaBaHMe pycckoil pedr paboraer ¢ HagexHocThio 97% o tanront
. internet.
cJI0Baphb CITOB). . . ance i
S (c mm _oﬂ _No ) tion (P . S Dragon NaturallySpeaking (xomnasus «Nuance») - MHPOBOA
eereo Speech Recognition (Poccuiickas kommaHus «Speereo \ AR KO
Softw UGV n n_. ANMMHBIH m_._ e ot P nmm nuzep B NPOrpaMMHOM obecneyeHuH o pacrno3HaBaHMIO 4EIOBEHECKON
/arey). [1porpam 0 a3paboTk HIIOXKEHH ’ :
anNCTona %m:wv:rx - Mmhwm _w :m_unomm.: 5 Moz o peud. BO3MOXKHOCTb CO3/laBaTb HOBBIC JOKyMEHTBI, OTNpaBIATH
HITY M 1 c BHBIX KOMIBIOTEPOB. G
vmh_v_o me HHUE pe4yHd 1T ow xn UT Heroc nnqwmzzo a i w_w a )ICKTPOHHYIO  NOYTY, YNpaBiATh nonyJspHbIMH Opay3epaMi H
CTMO3HaBa e 1CXO0 e Ha YCTpOWCTBE, = i
P p A o yetp Pa3HoOGPa3HBIMH MPHIOKEHHAMH MOCPEICTBOM rOJI0COBBIX KOMaH/.
HEe Ha cepBepe, YTO ABJIAETCH KIOYEBBIM NMPEHUMYILECTBOM, M0 MHEHHIO . )
Pa3paGOTUHKOB XapakTepuCTHKH:
. ~ OTCYTCTBYET NOJICPIKKA PyCCKOro fi3blKa,
XapakTepHCTHKH: 7 : g
acro3HaBaHHe PyCcKoi peur paboTaer ¢ HaleHOCTHIO - TOWHOCTS pacnosiasanis 1o 99%.
-— [ - o 4 [ o ) . > i1
ch:o 95%: PY PF ity ViaVoice (komnanus «IBM») npeactaBiset coboii nporpaMMHbIH
0, 5 , Tec
NPoAYyKT /A annaparHbiX peaau3allni. Komnauus ProVox Technologies
— JIUK HMOCTB; : e ayeii-
AUKTOPOHE3aBHCHMOC r Ha OCHOBE 3TOrO S/pa CO3AaNa CHCTEMY /A AUKTOBKH OTHETOB spavei
— CJIOB¢ i 3anac okosio 150 ThIC. : AT
CJIOBApHBbIii 3amac oKoll ThIC. CJIOB pazmonoros VoxReports.

— ONHOBpeMeHHas rnoaaeprka HECKOJIbLKHUX A3BbIKOB]
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XapakTepHCTHKH:
— TOYHOCTB pacrio3HaBaHus aocTuraet 95-98%;
— JIMKTOPOHE3aBHCHMOCTh;
~ cNnoBapb CHCTeMBl orpanuder HabopoM cneudduuecknx
TEPMUHOB,

Sphinx — camsbiif u3BecTHoe W Hanbonee paGorocnocobHoe u3
OTKPBITHIX MPOTPAMMHBIX TPOAYKTOB JUIS pPacrio3HaBaHWs peYd Ha
cerofHAIHUN JeHb. Pa3zpabortka Benercs B yHuBepcutere Kapuern-
MennoHa, pacnpocTpansercs Ha ycioBusx nuuensun Berkley Software
Distribution (BSD) u mocTyneH Kak i KOMMEpPYECKOro, Tak H s
HEKOMMEpPYECKOrO HCIOTB30BaHNS.

XapaKkTepHuCTHKH:
JINKTOPOHE3aBHCHMOCTb;
pacno3HaBaHUE CIIMTHON peyn;
oby1aemMoCTh;

— HaJW4YMe BEPCHH JUIA BCTpauBaeMeiX cucteM — Pocket Sphinx.

Hau6onee 3HauMTeNbHBIE TOTPEOHUTENH TONOCOBEIX TEXHONOTHH -
3NEKTPOHHAS KOMMEpUHS, TPOU3BOAMTENH BCEBO3IMOKHEIX YCTPOHCTR
JIOMANIHEro TPUMEHEHHS, TAKHX KaK TEIeBH30pPbl, BUACOMArHUTO(OHBI,
MHKPOBOJTHOBBIE TMEYH, CTHpaJibHble MAIIWHBI W T.JI. PHIHOK ronocoBo
Hasuraumu B Web caiitax, OCYLECTBAMIOUIUX 3MEKTPOHHYIO TOProBIIIO
yCIyraMH 1o MpoJiaxe aBua- M XKeIe3HOJA0POKHBIX OHIETOB, IPOAYKTOB,
JAPYTHMH yCITyraMH W CepBHCaMHM, Kak mo TenedoHy, Tak W Yepes
MHTEPHET.

PeueBple TEXHOIIOTHH, MMO3BONSIOUIME PAcCMO3HABATL KOMaH/bl B
YCNIOBHSIX LIYMOB, ITO3BOJSIOT JOMONHUTE YIpPaBeHHE B aBTOMOOHIAX
TakuM QYHKUHAMM Kak yrMpaBleHHE CBETOM, paauo, 3aMKaMH.
TonocoBoe ympapieHWe (YHKUMAMH  aBTOMOOMIBHBIX — ayauo H
HABHTALMOHHBIX CHCTEM Y)K€ peajlM30BaHO B HEKOTOPBIX MOJENsNX
BMW, Mercedes-Benz, Ford, Toyota. Takue cucremel nomoraroT
BOAMTENIO HE OTBJIEKATHCA OT JOPOrH, OJAHAKO JUIA TOro, 4robbl MX
3pEeKTUBHO WCTONB30BaTh, BOAUTENbL JOIDKEH 3HATh CrelHalbHbIe
rOJI0COBBIE KOMaHJBI, KOTOpBIX, K npumepy, B cucreMe Ford SYNC
okoJio aecath Thicsy. Cucrema SYNC ycraHoBiieHa yixke Ha Gonee ueM 4
misunonax astomobuneit B CIIA. Jlo konna 2012 roma cucteMa
nosieutcs B EBpone Ha aBromo6uisx Focus, C-MAX, Transit i Fiesta.

Taloke cywecTByeT notrpefHOCTE B PEYEBBIX TEXHONOrMAX B

|
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DOMBILLIEHHOM KOMILIEKCE: TPEeHaXephl-UMUTATOPbI 6oero#t
- _.% _.Ea::mm TeXHHKa, CHCTEMBl OMOBelleHHs (rolocoBOro
qnz::.,_“_r.,::x onepaTtopa 0 HEMCNPABHOCTAX HJIH MOBPEX/CHHAX CHCTEM,
M_“M_ﬂr.\zo o BBITOJHEHHBIX Onepauusx/anaqax), o—uoawz..v_ 6e30macHoOCTH
(HanpHuMep, BO3MOKHOCTb OCTAHOBKM 0O0eBOH TEXHHKH Jv: ee
noBpeKIeHHH b0 paHeHWM oOnepaTtopa npH NOMOIM rosioca),
KOMTJIEKCDI [1BO, paauoOKaLHOHHbIE CTAHLIHK H AP.

B o6pa3sopareJibHOH cepe BocTpeOOBaHbl, B HACTHOCTH, CHCTEMDI
oGyueHHs A3bIKAM TEXHOJIOTHs BbIACNEHUA H u3mepeHns (GoHEM peuH
OTKpbIBAeT HOBbIE BOIMOXHOCTH JUIA cmw;czc:m s3pikaM. Ona BBOAMT B
npouecc 0Oy4eHHs A3BIKY, KpoMe 3ByKOBOM, BH3ya/bHYIO OOpaTHYiO
CBA3b, NO3BONSET YBHIETb CBOIO M STaJOHHYIO peHb, CpaBHHMTb HX
Bu3yanbHO, YBHIAETh OWMOKM TMPOM3HOWIECHHA M MOXy4HTR OLIEHKY
npousHecerus (OHEMBI, CnoBa M dpasel. Busyasusauus mnpouecca
POM3HOLLIEHHA C  BbIAE/ICHHEM doHeM M MOKA30M [O/OKEHHSA
apTUKY/ISLMOHHBIX OPraHoB IO aHAJHU3Y NPOM3HOILEHHUA, TO3BOJACT
co3IaTh YHHKANbHbE CHCTEMbI /A O0Oy4eHHs NPOM3HOLIEHNIO LA
mojeil ¢ orpaHHHEHHBIMU BO3MOKHOCTAMH.

Poccuiickuii «LleHTp pedeBbiX TEXHOJIOrHH) SBJAETCS BEAY UM
pa3paboTYUKOM HHHOBALMOHHbLIX CHCTEM B cepe BbICOKOKAYECTBEHHOM
sankcn, o6paboTkM M aHaiaM3a ayauo-BUACO unopmaim, cruTesa U
pacrioznasauns pedu. CosnasaeMmbie B «llenTpe pevyeBbIX TEXHOJOrHH»
fuomeTpuueckde pelieHHs —00ecnedMBaOT - BBICOKYIO TOYHOCTh
pacro3HaBaHus JTMYHOCTH M0 rojocCy H M300paKEeHHUIO JIMLA B peasibHOM
BpeMeHn. DT pelUeHWs HAXOAAT YCHeWwHoe MpPUMEHCHHE B
[OCYJAPCTBEHHOM W  KOMMEpHeCKOM  CEKTope, OT HeOONbIIHX
IKCNepTHbIX NiabopaTopuil 0  CJIOKHBIX ~ CHCTEM 0e30MnacHOCTH
HaLMOHAIBHOTO MacwTaba.

IMorpeGuTensckoe mnporpaMmHoe obecrneyeHHe pacno3HaBsaHuA
peun Bee JKe B OCHOBHOM CBOEH Macce CKOHUEHTPHPOBAHO HA UKTOBKE,
NO3BONIAA MeyaTaTh AOKYMEHTbI, 3JEKTPOHHbIE MHMCbMA, MOMOras
CneuMasbLHOCTAM, re pabora cBA3aHHA ¢ JUIMTENbHBIMH TCPHOAAMH
[eyaTd, C NOBBILEHHLIM PHMCKOM IMOJYYeHWs 3a00sieBaHds M TPasM
OMOpPHO-ABUraTeNbHON M HEpBHOM cucTeMsbl. Pin npodeccuii TaKuX KakK
Y PHAJIMCThI, MPOrPaMMHCTBI, THCATENH H Y4EeHbIE, B yCIOBHAX CKATBIX
CpPokoB mpojosbkalor  paboTy HECMOTps HAa  pekOMEHAauMH M
OCTAHAB/MBAIOTCS TOJBKO KOTJA yTOMJIEHbI M B 0cOGeHHoCcTH npu 6o
HIM nuckoMdopre.




Y10 B MOCHEACTBHH MPOABISETCS B TEHAWHHUTE, CHITbHBIX [ICHHBIX
W CHWHHBIX OOMSX W TMPHBOAAT K MOTEpPe CaMOOLEHKH, CHHXEHWIO
KauecTBa OKW3HW, YXYIAIIEHWIO CEMEHHBIX  OTHOLUEHWH, TakWe
OCIIOKHEHHU S 3/10POBbA, BBI3bIBAEMbIE npodeccHoHanbHBIMK
3a60/IeBaHUAM, MOXKHO ObLITIO OBl CHW3UTHL MPH BO3MOXHOCTH 3aMEHBI
JUTMTENBHBIX TEPHOAOB IleYaTH, Ha aibTepHATHBHBLIN criocob BBOAA,
HANpUMep C MOMOIIIBIO CPEJICTB roN0COBOTo HHTEpdeiica.

CrieunaJn3npoBaHHbIe roJ10coBbie HETEPdeiich, roJ0coBoii
unTepdeiic B pazpaborke nporpaMmMuoro obecrnedeHus.

UcnonszoBanue OOBIYHBIX MPOrpaMM pacrno3HaBaHHA pedd JUIs
pazpaGoTKH MporpaMMHOro obecreveHuns 3aTpy/IHEHO TEM, HTO XOTS H
KJTIOUEeBbIE CIOBA MOTYT ObIThH pacrno3HaHbl, HO 0OJbIIAS YACTh KOAOBBIX
TEKCTOB COCTOMT M3 MMEH NepeMeHHBIX, Ha3BaHWH Mpoleayp, KoTopsie
npeacTaBieHsl cloBocoveTaHHAMM W/unu abGpesuary pamu. Takke B
S3bIKaX MPOrPAMMHMPOBAHUA  HMCIONBL3OBAHME  ClIELHAILHLIX/TEXHH=

HECKHUX CHMBOJ/IOB (OTHOILLIEHU S, CpaBHEHHWA, :%Izﬁ%mﬂ::v
CUHTAKCHYECKH OTIIHYAETCs OT €ECTECTBEHHBIX HA3bIKOB.
OcHOBHBIE 3aTpyAHEeHUs MpH UCIOJIL30BAHUH He

CITeliHANTU3NPOBAHHBIX  CPEJACTB  rolocoBore  WHTepdeiica s
pa3paboTki MPOrpaMMHOTO obecreyeHns:

— ompejeNeHHe UMEH TepeMEHHbIX, KIAaccoB U QyHKLHIA;

— HanucaHWe KOHCTPYKIIMM,

— HanHCaHWE KOHCTPYKLIMIA;

— HaBUTaLHus;

— WCIOJTb30BAHHE MEHIO.

OnpejielleHie UMEH MEPEMEHHbIX, KIacCoB W GyHKUHHA - eciu Obl
BCE MMEHa MEPEeMEHHBIX M KJIACCOBR ObIIM OJIMHOYHBIM AHTITHACKHM
CJIOBOM, TOTZA 3TO He Obi10 Obl npobremaTHyHbIM. B peankHOCTH 3TO
KpaiiHe pelKo, WMeHa AOJDKHBI OTPaxaTh/OnuchiBaTh (YHKUHIO WIH
conepxumoe nepemenHoil. Komnunaropel Tpebyror uToOLl HMEHA
nepeMeHHbIX He cojepkann npobenos, Tak HTO MPOrpaMMHCTAM
MPUXOMTCA HAXOAWTh PA3NHYHBIE METO/bl KOHLUEHTPALMH/CONpsXeHHs
CIIOB, COXpaHss MPOCTOTY 4TeHms. Camas TpUBHATbHas w3 mpobieM
3aKJHOY2ETCA B TOM, 4TO CYUIECTBYHOLIee NMporpaMmMHoe obecrieyenHe
pacro3HaBaHus pedH COPOEKTHPOBAHO JUIA 3a1a4¥ JAMKTOBKH TEKCTOB H
apToMarHyecku gobamnser mnpoben Mekay chnosamu. Hampumep,
npomkToBate «CamelCase» uiw «under_score», HCNONb3Ys Dragon
Naturally Speaking noTpefyeTcs MpOH3HECTH:
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«came, no space, capitalise next, case» WM «under, ne space,
underscore, no space, scorey.

Mmena MepeMeHHBIX OOBIMHO ATMHHee, 4eM JBa CIIoBa, W 4eM
cunnee WM, TeM Gonee 3HAYHTENBHO 3aMeiAeTCH pabouuit mpouecc,
,w,; cyeT yBETHYEHHS BPEMEHH TUKTOBKH.

HanucaHne KOHCTPYKUHI - BCE KOHCTPYKIHM UWKIOB W «ify
yrRepAACHHE OOLIYHO OMpENENSIOTCA HaTHIHEM JIOTHYECKOTO yCIOBHS
& ckoOKax, PN KOTOPOM CEeKLMWA KOJAa UCTIOHACTCS. MmenHO ckobkamn
nsercd JIMKTOBKA M MCMONB30BaHWe 3THX  KOHCTPYKiHH

3aTp -
cTaHOBHTCH HEYA0OHBIM.

[Tpumep Koaa:

for(counter=0;counter<10;counter-++)

{

printf(counter);

|}

[Torpe6yer npomsnectu: «For, no space, open brackets counter
equals—sign zero. semi—colon. counter less—than ten semi—colon.
counter plus—sign plus—sign .close brackets. new line. open braces.
print. no space. open brackets counter. close brackets. semi—colon. new
line. cose braces».

Hasurauus - mnpobleMa pacrnpocTpaHsiolleecs Ha BCE, HTO
CBA3aHO C HCIONBL30BAHUEM CPEICTB rosiocoBbix nHTepdeiicos. OObYHO
«MBIlLILY TO3BOJISET TepeMelaTh Kypcop, «IpOKpYHHBaTh» JAOKYMEHT
BBEpPX M BHU3 B MOMCKAX HeOOXOAMMON CeKIMH, OCYLIeCTBIAS OBICTPYIO
HaBMrauMioo.  THNOBBIMH  pelIeHWsMH  1pobremMbl  HaBUTAUWH
nporpaMMHoro obecrievyeHus pacro3HaBaHus peuy ABISIOTCA NEPEXONb!
B HauaJo MK KOHEL MpeaoxKeHs, vin ab3ala, Hian no HoMepy CTPOKH,
WK Ha OmpeleieHHOE KOMTMYECTBO CTPOK, HO B YCIOBHSX pa3paboTKH
nporpaMMHoro obecrnedeHns HeobxoanMel Honee cneunann3upoBasHble
peleHus, TaKKe ATO HEHOCTYNMHO TeM KTO HEe MOMXET NOJb30BaThes
CBOWMH PYKaMH HJIW OrpaHHUuCH YCJIOBHSAMH OKPYXEHHA.

Ucnons3oBanue  MeHIO -  MHoxecTBO  3amad  Tpelyer
HCTIONB30BaHUS Pa3NMYHBIX MEHIO (OTKPBITHE, 3aKPLITHE, COXPaHEHUE
daiinos), yto nerko peanusyeTcs «MbIIILKOY, HO TPYAHO NPH NMOMOLIU
rojibko rostoca. CyllecTBYeT TpaAWMUMOHHAs peann3alius HHAWKALWMH
CBOMX HamepeHuii BOCIONBL30BaTLCA OMUWAMH MEHI0 [ipH NOMOLIH
FOJ0COBOM KOMAaH/Ibl, Ha 4YTO B OTBET :U»:.UEZK:GG obecrniederue
MEPEXONHT B PEKUM «ynpasieHus». 3anaya pa3paboTky MporpaMMHOro
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obecnevenus mnotpebyer peanu3oBaTbh JOINOJIHHUTENbHBIC PEXHUMBI,
JUKTYEMbIE M3 ee M[oTpedHocTeii, HO OCHOBHbIM OrpaHH4€HHEM
ABJAETCS TO, 4TO 00bIMHO MHTep(eHchl rpaduiecky OpUEHTHPOBAHBI U
HCMONB3YIOT (har 3ieMeHTbl, CIUCKHY H IPYTHE AHAIOTOBbIE 3JICMEHTSI -
34TPYAHEHHOE HMCMONb30BAHME CIIMCKOB M MA/IOrOBbIX DIIEMEHTOB
BO3MOXHO, HO MCMOQJb30BaHUE (aar 3JIEMEHTOB Ha MepBblil B3rIsj
KAKETCS HEBO3MOMHEIM.

B pesyibrate Tpebyercs Kak MHHHMYM a[alTHPOBaHHas MM
CHelMaNH3UpoBaHHAA, 4 MOXET M B LEJOM HHas MO THIY CHCTEMA
npefocTaBieHus CpeACTB roJI0COBOTO uHrepdeiica B
IIPOrpaMMHpPOBaHNH.

CucreMa npeoCTaBlIEHHs CpPeACTB rojiocoBoro HHTepdekca
MO3BOJIUT JIOAAM C OrPaHMYEHHbIMH BO3MOMKHOCTSMH OTKpBITh cebe
JABEpH B OIPOMHYIO MHJYCTPMIO, B NPOTUBHOM Cliy“ae HEeJOCTYIHYIO
JUTS HMX, a TakKe NpOrpaMMMCTaM, KOTOPbI€ B CBA3M C TPAaBMaMH HIIH
5a007€BaHNAMH  OTpaHHMYe€HHbl B  MCNO/B30BAHMH  CTAHJAAPTHIX
unTepdeiicor, 4ToObl MPOAOIKATL CBOKO paboTy.

B mMupe Takoke BeayTcs paspaboTKn NpOrpaMMHOro obecneyeHns 1
MHCTPYMEHTOB NPEJOCTABNEHUs CPEACTB rolocoBoro uxrepdeiica ans
paspaGoTku nporpaMMHoro obecnedyeHus ¢ PpaszInyHON CTENEHbIO
ycnexa. [IpuBesem Hanbonee 3aMEeTHbIE U3 HUX.

VoiceCode —  mporpammHoe  obecneyeHue  HMHHLUHMATHBA
HMHucruTyTa HUudopmanuoHHoO Texnonoruu HauuonanpHOro
Uccneposarensckoro  KoucynsctBa  Kanaabl. 3anavei  AsjseTcs
pazpaberka MHCTPYMEHTapHs COBMECTHMBIX KOMITOHEHTOR
NOJIEPKMBAIOLIETO  TeKylUMe  Ny4qluMe  [PaKTHKH  TONOCOBBLIX
unTepdeiicos ans pazpaboTky NporpaMMHOro obecrneveHus.

ShortTalk and EmacsListen — pa3paboTka cnennann3npoBaHHOro
pa3roBOPHOIO A3bIKa 15 YeJ0BEKA-KOMIBIOTEPHOTO B3aHMOACHCTBHA.

Voice Grip — nononHuTensHbiii Makpoc ans peaakropa Emacs
CO3aHHBIl € UeNbK YNPOIUEHWS HCNONb30BAHHA KOMMEPYECKOro
nporpaMMHoro ofecrneveHus paclo3HaBaHWs peqn NporpaMMHMCTaMH
[IPOrpaMMHUCTaM.

Java by voice — cepus MakpocoB ans pesaktopa Emacs
CNPOEKTUPOBaHHbIE JUIA YNPOLIEHHOTO BBO/IA KOJIa Ha fi3bIke Java.

Cache Pad — makpcc ana peaakropa Emacs st K3luMpoBaHHs
HEJ1aBHO IPOJAMKTOBAHHBIX HMEH (YHKUMH W [epeMeHHbIX nepe
MCII0Ib30BAHMSL.
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. (poc Ans peaakropa Emacs nobGaesstoniuii
Emacs VR Mode MaKpoC IS PelaKTopa

eﬁ.x::::mu

m?w:r._:%. . .
la OCHOBAHWM o6G3opa TpeaMETHOH obnacti, HaubonsuUIAE

pe3ybTaThl JNOCTUTHYTEI B cmn:o?mmmf:_ oﬁqm.:.r.:v_x umv\xww..e_:m .:
¢dpa3, a TAKXKe B CO3MaHHN MPOrPAMMHOTO obecneseHns 114 :,._cnwm.:s
ynpasieHNsA onepauHoOHHBIMHA CHCTEMaMH, MYJIBTHMEAHHHBIM
rﬁc.ﬁ;:z:rz oOecriedeHHEM M TeKCTOBBIMH pelakTOpaMi.

BuiSBNEHO, YTO B HacTosulee BpeMs Mano WHCTPYMEHTOB
fpeA0CTaBISHOUHX crieluanu3upoBaHHbIe \numun.qwm roJIOCOBOTO
unrepdeiica, B  HACTHOCTH Ansg  pas3padboOTKH :vo.ﬁwxz:oﬂo
obecrieyeHisi, MM 9TO MPOAYKTHl TEKYIMX HCCACNOBAHHH, a HE
[HOTHOLEHHOS/KOMMEPHIECKOE NMPOrpaMMHOE 0DECTIEHEHHE.

Jlannas paboTa CTaBUT Mepel coboii aBe uenu:

- nepsas, pa3paboTka MOAYNLHO MHTErpupyeMoil CHCTEMbI

npejoCTaBleHHs  CPENCTB  roJ0COBOro uHTepheiica  ans
pa3paloTKK MPOrpaMMHOro ofecriedeHns W ec MpOrpaMMHON
peaiu3alMM, € COBMECTHMOCTBIO ¢ noObIM - TTAaKETOM
nporpaMmMHOro obecrnieyerus —pacrio3HaBaHus  peu, AT
OCHOBHbBIX U MOOHILHBIX TIATHOPM;
BTOPOIi LIeJTbIO SABIISETCS yayqileHHne 3a1a4 K
NpOrpaMMHUpOBaHKs, a Takke (YHKIHOHaNa MPOrpaMMHOTO
ofecrieyenus, ¥ paspaboTka CpeiCTB CliEUHaTH3HPOBaHHOTO
rojiocoBoro uHTepdeiica.

«Select and Say» B pemaktop W3 Dragon Naturally

4.4. UucTpyMenTapuit 1as pa3padorkn cHCTeM pacro3HaBadns
peuH

[lporpaMmipoBaHue Kak 3ajady MOKHO pas0MTh Ha HeThipe
acTH:

~ HanycaHue,
— OTnajka,
KOM UL,
— HCMOJIHEHHE,
[TporpamMmuct 06bI4HO MULIIET HEOObILYIO CEKUNIO JUIA DEIICHHA
KOHKpeTHON npobnemsl. 3areM 3Ta 4acTh KOAA KOMMWIMPYETCH, €CJH
KOMITMJISTIHS yCrelina, 3anyckaercs M TeCTUpYeTcs ¢ npHMeHeHWeM
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MHCTPYMEHTOB oTaAanxu. Korna xoa HMCHOJHASTCS MPaBHIbHO, TO Kop
paciuMpsercs Aas BeinonHenus Gonpluei 3aaaqn. [lpouecc nosTopsercs
/10 TOr0 MOMEHTA KOIJIa KOJl peilaeT BCIO OCTaBIeHHYIO 3aaa4y. Takum
00pa3oM 3a HamucaHueM CleayeT Mcnpap/ieHue owHOOK TecTHpOBaHHe
¥ otnaaka. [lporpammuct o6piuHO paboraer B Ccpeie, KOTOpas
NpPeJOCTaBASET MHCTPYMEHTbl JUIS  BBINOJHEHHS BCEX 4eThlpex
by HKLHA.

Hanucauue koga B CBOWO ouepedb OOBIMHO NENHUTCA HA Clieaylolue
3a7a4i (3aBHCHUT OT S3bIKA NPOIPaAMMHUPOBAHHA):

— OnpenesicHHe MMEHH Kjlacca,

- ompejeneHue UCNOAb3yeMbiX GyHKUMHA;

~ ofpeJelieHHe NepPeMeHHbIX HCMOIb3YEMbIX B (yHKLHAX]

— MaHUMyJ/siiMa TEepeMEeHHbIMH C HCIOJb30BaHWEM  Bbi30Ba
apyrux OyHKuMii WiM coelM(pUUecKMX KOHCTPYKLHH for u
while nuknos, if u switch KOHCTpyKLMIA.

Eci oAHO M TOXE 3ajaHMe JaTb rpynne IporpaMMHCTOB
pesynsTar GyAeT pasHbli MOTOMY, YTO y NPOrPAMMHCTOB €CTh JHYHbILH
CTHJIb. ,

Heckosnbko Bellei onpeiensoumx CTH/b NporpaMMHCTa:

— cnocof 3anuMcM M MMEHOBAaHMSA TIEPEMEHHbIX, KJ1accoB H

(hyHKUHH;

— CTPYKTypa H rpynnupoBaHue KOJa,

— nonoxeHue ckobok;

— OTCTYIbl B KOAE,

~ MCIIONb30BAHME KOMMEHTAPHEB.

Jlanee npousBeaeM HMEpApXHHMECKWH aHalM3 1oKa3biBaloLMi
paiNMuHble IIArW, KOTOPBIC [0Jb30BaTe/lb BBINOJHAET HA Kak/OH
CT4AMM HanKWCaHHUA KO/AA.

OCHOBHBIE CTA/\MK HANMKHCAHUA Koja:

— OTKpbITbIE haii;

— peaakTupoBaHue (aina;

— coxpaHeuue (aiina;

— KoMmnuImpoBaHue daiina;

— BBIXOJ,.

Kaxnas cragms 3agayd  Oyaer packpeita nanee.  AHanu3
MPOBOANTCA /U1 OOBEKTHO-OPHEHTUPOBAHHBIX A3BIKOB, TAKMX KaK Java
unn C++, HO OCHOBHbIE 3a4a4d ¥ MX cyG3anaun Oy1yT OJMHAKOBBI AJIA
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MoBOr0 COBPEMEHHOTO 3bIKA :nwﬁvmzz_ﬁcwm::n. Bce 3amauyn Hixe
gTOpOTO YPOBHS coxepxar Bce cebe mpouecc nevyaTv WIH JUKTOBKH B
pesiakTope, @ 1A 3a/1a4aX HHXKE YPOBHEM PEeAAKTOPbI MPEAOCTaRISIOT
cOOTBETCTBYIOLIHE HHCTPYMEHTHI. . )

Jajiau¥ BbIIIE BTOPOTO YPOBHS 00001IEHHO HoMbile MPEACTABITIOT

coboii MBICTUTENTLHBIH TIPOLIECC, YEM peaibHO UCIIOIHAEMBIC JneicTrUs,

BO3MOKHO, 3aJay¥ HHUKE HETBEPTOro YpPOBHS HEOOX0oIuMo

e
ABTOMATHU3UPOBATh.
OTtkpbiTHE (aitna:
sb16op OTKPBITH (haiii onuni;
_ BBOJ WMEHH OTKpbiBaeMoro daiijbl HIIH WeI40K KypcopoM Mo
umenu ¢aiina B oTo6pakaeMoM CIHCKE.
PenakTupoBanue Qaina:
YpoBeHs 1:
noakmoYeHHe HeoOxoaumMblx GubnroTek,
onpejiejicHHe HOBOTO Kiacca;
— ompezelieHne HOBOH QyHKUHK/MeTONA.
YpoBseHb 2:
- sBop ‘#include’;
BBOJL UMEHH MCIOJBE3yeMoit OubnroTexu,
BBOJ1 KJIIOUEBOTO ciloBa ‘class’:
BBOJI HUMEHU KJl1acca;
onpezneneHue obnacTu kiacca,
oTipeJiesieHHe KJIAaCCOBBIX NMEPEMEHHBIX;]
onpejesieHne KOHCTPYKTOpa Kiacca,
onpezenenue obnactu GPyHKUNH;
onpeiefieHue THMA pe3ynbTata QyHKUHH,
onpejieieHne BXOAHBIX MapaMeTpoB (yHKIHH,
onpejenenue Tena GyHKLUHH,
onpeesneHe HoBO nepeMeHHOM
MNPUCBOCHUEC 3HAICHHUC __G_un,ﬁw:_,_cﬁ_.
— HCNOJb30BaHHe GYHKUHH.
YpoBeHs 3:
— Oonpejelenie HacleayeMoro/paciiMpsaeMoro kacca;
BBOJl IHPEKTHBbI HACNIEIOBAHUA/PACILNPEHU S,
BBOJ HMCHI POJIHTENIBCKOrO/Cyrep Kiacca,
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— BBOA f1ap (Tun/knacc, Mmsi) NapaMmeTpos;
— onpeje/eHue 0b1acTu NepeMeHHOiH;
— omnpeje/ieHne THna nepeMeHHo;
— onpeaejeHne UMEHH epPEeMEHHOM;
— Olipee/eHUe NapaMeTpoB KOHCTPYKTOPa;
— OnpefeneHue Tena KOHCTPYKTOopa;
- QIpe/ieieHHe Henonb3yeMoid QyHKIHNW/METOAR;
— Onpeas/eHHe NapaMeTpOB HCMOMNb3yeMoii GyHKUHH/METONA;
- onpejeleHne HCob3yeMblX (py HKUKMEH MepeMeHHBIX;
— Ollpe/ieNIeHue repeMEHHON /171 IPUCBOCHHS,
— MPUCBOEHHE 3HaYeHHH MCII0JIb3YEMBIM dyHkumei
fepeMEHHBIM;
— MNDHUCBOEHHE 3HAYEHM,
— ucnonb3osanue ‘if © oneparopa;
- Mcrnonb3cBakue ‘else’ oneparopa;
— ucnosbs3oBanue ‘for’ oneparopa;
— wucnonsroBanue ‘while' oneparopa;
- ucnonp3zosanue ‘do.. while’ oneparopa.
Ypogens 4:
— BBOA KMo4eBbIX caoB ‘if ¢, ‘else’, ‘for’, ‘while’, ‘do.. while’;
— HHHLHaNH3aLMA HayasbHbIX 3Ha4CHUH
NePESMERHBIX/HTEPATOPOB,
~ 3alaHME YCIIOBMA CPaBHEHHs C NMEPEMEHHON/KOHCTAHTOH HIH
O0CTAHOBKHU LHKA,
~ NGCTAHOBKA OTKPBIBAIOIIMX/3aKPhIBAIOLIAX CKOOOK;
— [1CCTAHOBKA CHMBOJIbHBIX ONEPATOPOB SA3bIKA;
~ MOCTAHOBKA TOYKHM C 3aNATOM.
Coxpanenue daiina:
— BBHIGOP COXpAHUTE (haiin ONUKH;
— BBOJ MMCHM, C KOTOPbIM COXpaHseTcs (aii niu,
~ BbiGop Coxpauuth onuuu (ecnu aiin Obin npeaBapUTENbHO
COXpaHer).
3axpeiTHE daiina:
— 8bI00p 3akphiTh (pain onuuu;
ecIM  3amlpolUeHO COXpPaHeHHe H3MEHEHHiH BbIOOp MEKAY
onuusamu Jla unu Het.

ITHE —:J:.:S“._,.P.I:n”

3aKkpb .
pEIGOP BBIITH U3 MPHIOKEHHS OTIUWH,

coxpanenne Gainos;
_ oaTBEpXKAEHWE BBIXOAA.
Huke TpeTbero YpOBHA neficTBHA CHHTAKCHYECKH OpHEHTHPOBAHbI
(3aBUCAT OT #A3bIKA MporpaMMHpPOBaHKs) Ha 3TOM YpPOBHE JHKTOBKA
cunTakcuca Hambosee  3aTpyAHEHa, a TpH TeYaTH TIPOUCXOAMT
nanbosplee KOMUYECTBO OMNEYaToK. Eciu OBl CHHTAKCHC SA3BIKOB
copepkan Obl MeHbIIE TEXhHYECKAX W BCIIOMOTAaTETbHBIX nz_,_wo:cm\:
03BONAIMCH OBl TIpoGenbl Tocie CHMBOOB MyHKTYalWH, TOraa Obl
qazaua TIPEAOCTABIEHUS CPEICTB TONOCOBOTO mHTeppeiica Guina Ow!

pouie.
B Vesnous  pa3paboTkm  cHcTeMBl  H €€ nporpaMmMuon
peanu3anun. Pasputne BBIYHCIIUTENEHON TEXHUKH COTIPOBOXK/ACTCH
co3laHHeM HOBBIX W COBEPUICHCTBOBAHHWEM CYINECTBYIOUIMX AIBIKOB
nporpaMMHUpOBaHHA. Moseasmorcs Hosbie Tperasl B WT: obrawisre
BEIYUCIIEHNS, MOOWIIBHBIE  TEXHOJIOIHH, MYJIBTHTIpGLIECCOpHAs
pa3paboTKa.

B  HacTofllee BpeMs CYUIECTBYeT JIOCTATO4HO Gonzioe
KOTMYECTBO A3LIKOB mporpammmposanus. [lanee B tabmue 4.1
npejcTasiensl Hanbonee BocTpeGoBatHbie A3BIKH (TPOrPaAMMHPOBAHHS
qa mocnenHue 5, 15, n 25 ner no AaHHLIM HHAEKCA TIOBEA.

Tabn.4.1. HanGonee BocTpebOBaHHbIE A3bIKH MPOrPAMMHPOBAHHR
) " Ma#h | Mait | Mail
| 2008 | 2000

Y aee |
SA3bIk nipor-
pPaMMHpPOBAHUS

_ !.ll.?i\.i#»
c L
Java

T“A 4 Al
Objective-C

——d

(53

}
PHP
(Visual)Basic

Python




W 1POrpaMMHOro obecrneyeHus, a TaKkKe psA ApyTHX
CpencCTB. JlaHHb1e IPOAYKT NO3BOJSET
yeHue, a Takke Beb-caiThl, BeO-

Hupeke TI A . . g .pell) a3paboTK
. gl MHICKC, OLCHHUBANOLIHK NOMYIAPHOCTH A3bIKOB r_.r~.§m55w:v:r§

HHCTP) .
TpiBaTH NporpammHoe obecne

nporp ome
h rPaMMHPOBAHMA, HA OCHOBE [MOJCYETA PE3y/LTAaTOB [IOHCKOBBIX \6a
ANPOCOR, COJAEPHKAILMX HA3BE IBIKE pasp:
MeTOXE S :nc:nM : z_“””:_:n a3bika. J{1s GOpMHpOBaHHS HHAEKCA M: anoKerns, BeO-ciyKObl Ans BCeX HOANEPKHBACMBIX  TUIATGOPM
Google, Blogge:, Wikipedia @vz:q« Fzm:@c..ﬂ_nr. ROCCINacMBIX HOPTASE. Microsoft Windows, Windows Mobile, Microsoft Silverrlight u ap.

’ i ., YouTube, Baidu, Yahoo!, Bing, Amazon, visual Studio nossosnser co3jaBaTb M MOAKIIOHATH CTOpPOHHHE

(mnarMepl) A8 paciuMpeHus  (QYHKUMOHANBHOCTH

HAa KakIOM YPOBHe, BKIiouas ao0aBneHHe MOAAEPKKH
p, Subversion u

Pact HIIEKC ;
IET MHAEKCA IPOUCXOAMT €XKEMECAYHO M OH MOXeT ObITh Mose3ex ronOJHEHHS
[IPH TIPUHATHH CTPATETHYECKUX PELLEHMH. AOTO
B Hactosiee Bpe . fpaKTHYECKH
€Ms, CyluecTBye “nen pa ' ‘
NPOrPAMMHOTO cmmnzw_.m::x JHIAcTRyET MHORECTRO. CPER paspaboTku ciicTeM KOHTPO/IS BEPCHA HCXOAHOTO KoAa (Kak Hanpume
Qt Creator - sznm_SmwMManc%:z Haubosiee BocTpeGoBaHHble. Visual Source Safe ), nobasieHue HOBbIX HAGOPOB HHCTPYMEHTOB.
cpena paspaGoTku _:.@mwmﬁ d Wzn:_“r:_ CBOOOAHAS MHTErPHPOBAHHAS Xcode — nporpamma s pa3paboTKH npunoxenuit noa OS X u
- € v 1 2 P ~
paspaboTKH NporpaMMHoro obe ~o elopment Enviroment (IDE) - ans i0S, paspaboTaHHas KOMIaHHeH Apple u pacnpocTpatsercs Gecnnario
; cneyeHusa Ha sa3wikax C, C++ u QML
PazpaGorannas T . e - 5, = . yepes Apple App Store.
rolltech Ao . > I .
AOTOpAS SBISETCA ;mcr;_oﬁmhmmmﬁvu_mt_w paboTbl ¢ ¢peiimopkom Qt, OCHOBHBIM MPHJIOXKEHHEM TaKeTa ABIAETCA BCTPOSHHAA cpena
uHTepdeiic ornagumka, ¢ BO3 S N cebs rpaduyeckuii pa3palOTKH, KOTOpas Ha3blBaeTCA Xcode. ITomumo 310ro, naker Xcode
QML u o.qcmcm.\xo::m‘ ;m::v””_o%:oiv6<cdzﬁx: NPHIIOKEHUH Ha prouaer B cebs 6OMbILYIO 4acTh NOKYMEHTAlUHH paspaboT4Hka OT
cpeacTBa pa3paboTky e X W3 KOHTefiHepoB Qt, M Bu3yallbHbie Apple u Interface Builder — npuioXeHue, HCHONB3YIOLIECCH Ans
witse  OME, :o,pb_na,mhm“._nm Kak ¢ ucrnonb3oBanuem QtWidgets cosnanus rpaduuecKkux HHTEPEHCOB.
. erT - . . . =
MinGW,MSVC, Linux _Om_, GCCE wﬁmxiﬁ_fonz. Gee,  Clang, [laker Xcode nmoajaepxusaeT A3bIKKH IPOrpaMMHPOBAHAA C, C+,
Eclipse — nmcmsE&.m _,..o... » WINSCW. Objective-C, Objective-C++, Java, AppleScript, Python u Ruby c
SDelIA pASBABUEKE X 00‘4::3 P rm::maeovzﬁ_:um HHTErpUpoOBaHHas PA3HYHBIMA  MONENSMH NPOrpaMMMpOBaHHs,  BKIIOHAA (Ho He
S SR mnmvmmr _.,oc_“ﬂwm.zﬁ:_zx npunoxenui. PassuBaerca u orpannumsasice) Cocoa, Carbon u Java, H BjoyaeTr B cebs
: : ‘oundation. ~
Eclipse ciyxuT B nepsyio " ) HeoGXOMMMbIE [ 3TOr0 WHCTPYMEHTBLA TaKKe HCMOJb3yeT GNU
paciiMpeHmit YeM OH U wmm:“, ouepeab naarGopmoii s paspaboTky Debugger (GDB) B kauyecTBe back-end’a nis cBOEro oTiaagqyMKa.
MOXET vmn:_h_ns? Eclipse mwwm: oMy 1APHOCT, 000K paspaboTHKK NetBeans — cBoOogHasi MHTErpMpoBaHHas Cpeia pa3paboTku
Development Tools COn_.. - n,:z_: MOAYJIAMH. <x.8 cyulecTyioT Java HpunoKeHuil HA A3bIKAX NPOrpaMMUpoBaHus Java, JavaFX, Python,
cpeacTea H._._m biKon >Va ! mwwwgm_o?sﬁ: Tools (CDT),a rakxe PHP, JavaScript, C, C++, Ana 1 psaa Apyrux.
J a, < N |
L, FORTRAN, PHP u np. or NetBeans nojaep:KuBaerT IJardHbl, MO3BOJIAMA pa3paboT4HKam

pasIMHHbIX pa3zpaboTHHKO K 7

o z_o___ugw,.cvmz: b”.xZ:o.}.on;o pacLuMpexitii AOTONHSAET CPeAy hacIIMpATh BO3MOXKHOCTH cpenbl. NetBeans ZocTynHa B BHIE rOTOBBIX

e e paGoThi ¢ Ga3aMM JAHHBIX, CepBepaMH nucTpubyTHBOB Ans naatGopm Microsoft Windows, Linux, FreeBSD,
Mac OS X, OpenSolaris u Solaris, A1 BceX OCTaNbHBIX naargopu

Eclipse paspa6or: as
’ 3paboTana Ha 512 TOMY ,
:mumm:csmv;ﬂu :nm0b<§cz uWw bike Java, NOTOMY SBIAETCH MIaTHOPMO- JI0CTYNHA BO3MOXHOCTH ckoMnuaupoBath NetBeans caMOCTOATENLHO.
) , MCKJTIOX : : . <
Widget Toolkit (SWT). ot 1eHHEM 6ubnuorexu Standard Takoe passooOpasde  s3bIKOB  [POrpaMMHpOBaHMA, cpes
pacnpocTpaHeHHbIX _:::.em " _I_ommm paspaOarbiBaeTCs A/  BCEX pa3spaboTKH, TEXHONOrHH PAaCMO3HABAHHA PEYM, HX LEJCBbIX nuargopM
! $ . bubnmore I'T Mc eTeC > u o
p orexa SWT ucnosb3yercs BMECTO i GypHoe pasBUTHE OTPACIH - TOBOPAT O HEOOXOTMMOCTH YXKe Ha JTalle

craHaapTHou ans Java, 6ubnuorexn Swi
’ . SW Yy H ¢ > T aznabor
e Tl e i ing. OHa MOJIHOCTHIO ONUPACTCs pa3paGoTKM  CHCTEMBbI  NpPEAOCTABIEHMA ~ CPeACTB  r0JOCOBOTO
HYKenexKallyo naarhopmy. HHTEepdei
HTepdelica, y4uTHIBATH OrPAHMHYEHMA, BO3MOXKHOCTb MPHMEHEHMA M

Microsoft Visual Studi
. udio — BKJIIOYE ; 2y . Apatien
lioyaeT B cebs MHTErpHpOBAHHYIO paspaGoTku ma pasnuumsix nnaropmax (kpocennaropMEHHOCTE) M
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3aKJ1ablBaTh BO3MOXKHOCTH K MOAM(HUKAUWH, PacCIUMPEHHI0 N
ajantauMd, JUIA  [OJJEpXKaHWsl  CBoeil  BOCTpeOOBaHHOCTH g
KOHKYPEHTOCTOCOOHOCTH.

Jns  peuwreHuMs  3ajgad  MPOTPaMMHPOBAHHSA € YHETOM
BBIIIEOTTMCAHHBIX  TEHAEHUMH W YCJIOBHI  pasBUTHS  OTpaciu
HHGOPMALKOHHBIX TEXHOJIOrHUH, BBITEKAIOIIMX M3 HWX OrpaHUYeHHi
pa3paboTana creayrouias KOHIENTyalbHAas apXHTEKTypa zobv:av:on.
UHTETPUPYEMOH  CHCTEMBI  MpEAOCTaBJIEHHUS ncnnn‘aw E:Onowc_.m
uHTepdelica.

Onwucanue cXemsl ITpeacTaBineHHol Ha puc. 4.8:

UEHTPAIBHAR CACTEMA

— MEHEIDKEP KOHOUTYPALIWA _ _

—‘ MEHELKEP PECYPCOB \_

— AVCNETHEP NCMCAHEHFRA U CVHXPOFMSALIYA _

— MEHENKEP FONOCOROIND MHTEPSEUCA _

I

MEFEQWER NTATAHOB W PACLLMPEHAR

_

MOAYNL WHTET PALIMA "o
) ) AYNL CPERCTE Moayn
o . ( b VHTENP,
rlﬂdm.s»t..vrﬂ.ﬂ“mw_ﬂmmpxs: FEYM rOJ0CCBON 0 NHTEPOENCA CC CPEACTBAMM ‘.\.waw?.s
JANS 23608 TPOrPAMMIPOR AHVA MPOr PAMMNOID _.in.« NESEVAR
(MAATWHOR) (NAArAME)

Lo} [oolea—mafon " Hosioties]
e 8 4l S St I © S

Puc. 4.8. KoHuenTtyansHas cxeMa apXHTeKTYpPbl CHCTEMBI

En:qvngmm cucTeMa -—  yMpaBiseT  MOAYIsIMH M HX
B3aUMOJIeliCTBHEM, IPENOCTaBIseT MONb30BaTeNbekuil uHTepdelic, a
TaKKe CpeJCTBa YIpaBlieHus U KOHUrypaunu Moaynei;
~ MOIYJIH MIarHHOB/pacIiMpeHuit:
— MOZYJIH MHTErpaluuu C CHCTEMAMI Pacrno3HaBaHUs peyH,
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_ nnaruHbl/pacumpenus  obecrneuuBalolne ynpasJieHHe,
KoH(Ury paLuio;

MOAY/M  TOMIEPXKKH — r0JIOCOBOr0 untepdeiica A3BIKOB
nporpaMMHpOBaHHU;

_ piarMHbl/pacluMpeHus MpesoCcTaBAIOUIME npeoGpa3zoBanue
pesy/bTaToB pacro3HaBaHHA pedn B COOTBETCTBYIOLIME
KOMaH/1bl, AHPEKTHBBI, KOHCTPY KIMH A3bIKA,

— MOAY/NH MHTErpaluH  Cped pa3paGoTK¥ NpOrpaMMHOro
obecne4yeHus :
naardHbl/pacuiupedus  TPaHC/ALMN, npeobpa3zoBaHus,
WCHONHEHMS  KOMAHJ  CHCTeMbl  CPeACTBaMH cpeabl
pa3paboTKA.

PaccMOTpHM Jallee 3ajnady paspaboTku M BbBIOOpA n1atGopMbl
HArHHOB, C LEJNbI0 ONpeie/eHHs BO3MOMKHbIX YCJIOBHH KPHTEpHEB H
orpaHH4eHMit.

HucTpyMenThl pa3paboTKH. M3 jocTynHbIX Ha PpbIHKC H B
oTpacii MHCTPYMEHTOB pa3paboTKu MPOrpaMMHOTO obecneyeHus, 1o
KpUTEPUSM JIOCTYNHOCTH, HalM4us M NOJHOTHl  AOKYMEHTALMH,
yYC/IOBUSM JIMLIEH3HPOBAHUA U CTOMMOCTH, HbuM BeIOpaHbl CleayoLme
HHCTPYMEHTBI M MPHUBEJCHBI HX OMUCAHUE H OCHOBHbIE OCODEHHOCTH.

Simplified Wrapper and Interface Generator (SWIG) —
cROOOAHBIH HHCTPYMEHT [Ii CBA3bIBAHHA (amr) nporpamMMm H
5uGIHoTeK HanncaHHbIX HA C/C++ CO CKPHNTOBBIMH A3bIKAMH, TaKHMH
kak Tcl, Perl, Python, Ruby, PHP uiu npyramu sapikamu (Java, C#,
Scheme unu OcamlP). SWIG MOXHO MCNOJB30BATh, mozauduuupoBaTh
il PACTIPOCTPAHSATH IpaKTH4eCKH Oe3 orpaHuyeHui, A1 KOMMEpPHECKHX
i Hekommepueckux ueneil. OCHOBHas Ue€Ib — JNOCTHTHYTh CBSI3H C
MHHUMANbHLIMH  ycnanamu. B daiinsl  3aronoBKa  NpOrpamMbl
noBasnseTcs HeboblIOe KOMMYECTBO yKasaHHH, Mo KOTOPhIM SWIG
reHepupyeT NCXO/HBIA KOA ANA CBA3BIBAHUA C/C++ 1 HY)KHOTO f3bIKA.

B 3aBUCMMOCTH OT s3blKa, pe3y/bTaT CBA3bIBAHMA MOXKET ObITh
npeacrasiien B Tpex popmax:

— ucnonHseMbiii (ailn MCXOAHOH NporpamMmal €O BCTPOESHHBIM

WHTEPIPETATOPOM CKPHNTOBOTO A3bIKA,

~ paspensiemass  OuOnmoreka, K KOTOPOH
HHTEPIPeTaTOp MOXET NOAKIIOYATECS B BHAC paclHPEHHS;

— pasaensemas OubGnuoreka, KOTOpas MOXET MOAKNIOUATLCH K

Cyl1ecTBY FOILM#H
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ApYTHM [porpaMMaM, HalMCAaHHBIM HAa HYXKHOM  S3bike
(HammpuMep, ¢ nomomsio JNT s Java).

Qt Software Development Kit (SDK) sBkmouaer B cebs
MHCTPYMEHTBI, HeoOXoauMble 1asi cOOpPKH JecKTomna, BCTPOEHHBIX H
MOOHIIBLHBIX TTpHIIOKEHHH ¢ QL.

MoxHno BeIGpaTh A8 YCTAHOBKM  CHEAVIONIHE UEAH |
WHCTPYMEHTHI:

— cpeacTBa pa3paborku:

— HHCTPYMEHT Uenu JUis pa3paboTKH TIPHIIOKEHHH IS
pabouero crona (noctynuHo Ha Windows, Linux u Mac OS):

— Symbian WHCTpYMEHT uenu Ans paspaboTku NpuIOKeHHH
Ans Symbian yctpoiicTs (Tonsko s Windows);

— Qt Creator uaTerpuposaHnoii cpeasl paspatorku (IDE);

- Qt Simulator ang TectupoBarus MOGHIBHBIX pyHKUMIT API;

— Qt Assistant;

— Qt Designer;

— Qt JIuHTBUCT.

~ JOKyMEHTalHs,;

— cnyxba ynaneHHOro KOMMHIALUWH, KoTopas obecrneunBaer
NpOCTOM,  CTAHAAPTH3MPOBAHHOM  cpely Ui CO3naHUA
npuioxeHud Ha Qt U co3MaHNs HHCTA/UISLHOHHEIX TIAKETOB IS
Symbian, Maemo, MeeGo Harmattan u ycTpoiicTs.

[ToanepskuBaeMble miIatoOpMsi:

— pabouwnii cron;

— Qt Simulator;

- Maemo §;

— MeeGo Harmattan;

- Symbian.

Kommunarop GCC. GNU Compiler Collection (GCC, panee GNU
Compiler C Collection) - 310 cBO60IHO AOCTYNHBIA M3 caMmbiX
pacrpoCTpaHEHHbIX KOMMHAATOPOB Ha MHOrux  Unix-nogobHbix
cucreMmax, rakux kak GNU/Linux, uneHsl ceMeiictBa cuctem BSD, Mac
OS X w aAp, ¥ nNO3BONSIOT TEHEPUPOBaTH KOA M8 MHOXKECTBa
npoueccopor. GCC KOMIMHIMPYET KOA MPOrpaMM B 0OBLEKTHLIE MOJYIH
iU KOMIIOHOBKM MOJYYEHHBIX MOAYyNeid B EIMHYIO HCMOJHAEMYIO
nporpammy. [Topaepxusalorcs cieyrowse s3biki IPOrpaMMHpPOBaHHS:

- C++
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— Objective-C,
Objective-C++,
- Fortran,
Java,
- Ada.
CMake — 23T0 kpoccrnnarGopMeHHas CHCTEMA aBTOMATH3aluu

cGOpKH MPOrPaMMHOIO obecreyeHHs M3 :nxObz.o_,o zon” h:ﬂ\_m”cnm
ocyiuecTaser cOOpKy INpoOeKra, OH JIMLIb reHepupye s
(CMakeLists.txt  aiinos Makefile ans xo:x.ﬁmiom <MM___.& fma._o.
yanpHMep MOXeT ObiTh CreHepupoBaH MpPOEKT Z_F.:.g s <,,\~:no=w
NMake makefile, npoext xnmaﬂbmw_ J_nmnOm. Unix makefile,

-file, npoexTt Eclipse uan CodeBl0CKS.
e Mm”,m,_%: :cgnq%m:mmq co00if HHCTPYMEHT A :ovﬁﬂoumzsm_hw
UNIX B Windows, Bkao4aeT B ce0si MHCTPYMEHTHI vmuﬁuowam: s
(15 BLINOJHEHHS OCHOBHBIX 3a/1a4 nporpaMMHpoBanus, a szo?_z_
.:_r.xc«..onzn NpUK/aaHble  [POrpamMbl, ustmmznzqzr_wo imwwaotm
nporpammam UNIX, ofecneyuBaeT TECHYIO ::am%m%:bm::zz: s
NpUNOKEHHH, JaHHBIX W PECypcoB € :v::o%a::»z_ﬁ, e
pecypcamMu UNIX-nopo6roii  cpeapl. M3 cpenbl .v\m o s
janyckats  oOblupple  Windows  NpHIOKEHH, TaKKe
Herob30BaTh HHCTpYMeHThI Cygwin u3 Windows. yu-

Cygwin COCTOMT M3 JByX dacTei: JMHAMMHECKH WIH mﬂ:: !
noaKkMoyaeMas OuBnHOTeKa, KoTopas obecneuuBaeT COBMECTHMOCTD
peanu3yeT 3HAYMTENbHYIO HacTb cranpapra POSIX # o%ﬂz_”“n
KOJLIEKLIMS MPHIOKEHUH, KoTopble oGecneqnBaoT :v:wz.:QEO n. v\_
UNIX. sxmouas Unix shell, n pacnpoctpansercs rnoa GNU Genera
Jublic License v2. ;
~:U__r>~:a8& Native Development  Kit (NDK) 5310 Habop
HHCTPYMEHTOB, KOTOPBIA M0O3BO/AET BCTPAUBATE zoz:owo:.qz, _Wo“mw“m
MCMOMAL3YIOT MAlUMHHbIA KOA B >:a,.8.a :n::cz.,o:..ﬂ:. s
PUIOKeH!s, 3anyLUeHHbIe B BAPTYaIbHON MAIIMHBI Dalvik, no3s is
peanu3oparh  YacTH  Balero  [PHIIOKEHHA, UCIOJb3YS g
NporpaMmMHpoBaHus C/C++. D10 MOKET omzmoza;:? :vmxzv\aE o
ANS  OnpefeNeHHbIX KIAcCOB MPHJIOKEHHH, B BHIC :o?ov:.
MCNONb30BAHMA CYLIECTBYIOLIEro koia, a B HEKOTOPBIX ciy4asx
YBEJIHYEHHE CKOPOCTH.
Android NDK obecneuuBaert:
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Habop MHCTPYMEHTOB M cO3iaBaTh (hailnbl, HCMONE3yeMbIE s
co3nanus cobcTBeHHBIX Onbimorek koga C u C++ HCTOYHWKOB;

— crnoco® BHeApeHHs COOTBETCTBYHIUHX poAHOW Oubimoreku B
(haitn npuinokeHUs naketa, KOTOpble MOryT OBITE pa3BepHYTHI
Ha yctpoiicteax Android;

— Habop COOCTBEHHBIX 3aroJIOBKOB CHCTEMB! W OHOIHOTEKH,
KOTOpble OyayT TMOMAepXKHBAThCS BO Bce OyuyliHe BepcHH
nnarpopmel Android;

— JOKyMEHTaLHsl, MPUMEepbl H YYeOHUKH.

[Mocneanuit  Beimyck NDK  nomaepxusaer 3tH Habopsl
WHCTPYKUMIf  MuKpompoueccopoB apxurektypsl Advanced RISC
(Restricted (reduced instruction set computer) Machine (ARM):
ARMVSTE (Bkmouas Thumb-1 uHCTpyKUHIO);

ARMvV7(8 ToM uncie Thumb-2 u VFPv3-D16 uncTpykumu, ¢
JononHuTensHoit  mommepxkoit ana NEON/VFPv3-D32
MHCTPYKLHH);

— ARMVSTE mammuHBIH koj Oyaer paborath nHa Bcex ARM-

ycrpoiicts Ha Gase Android;

-~ NDK o6ecneunBaet crabunsHble 3aronoBku Libe (6ubnmorekn
C), B libm’ax (maremarnyeckas OubGnuoreka), OpenGL (3D
rpadpuueckass Oubrmoreka), wuHtepdeiic JNI, u apyrue
6ubmorexn.

Apache Another Neat Tool(Ant) — nnatdopmonesaBucuMas yTHIINTA
JUTS aBTOMaTH3alUMU Tmpoiecca cOOpPKH MpOrpaMMHOrO TMpoAyKTa, B
oTmHuKe oT apyroro cbopmmnka npoektoB Apache Maven, oGecneunsaer
MMITEPaTHBHYIO, a He JIeKIapaTUBHYIO cO0pKY MpoekTa.

VT1unmura Ant MOMHOCTEIO HE3aBUCHMA OT Tuiargopmel, Tpebyercs
JHIOB HaNW4he yCTaHOBIeHHOH pabodeil cpensi Java — Java Runtime
Enviroment (JRE). OTka3z OT MCNoJjib30BAHUSA KOMaH]l OnepainMoHHOMR
cucteMel #W npuMeHenne Extensive Markup Language (XML)
oGecrevuBaloT MepeHOCUMOCTD CLIEeHAPHEB.

Takxke Iis OCYIWIECTBICHNs paclo3HaBaHus pedd  Oyner
OCYIIeCTBIIEHa WHTErpauus ¢ CUCTeMOM pacro3HaBanus pedu Sphinx, B
yacTHOCTH ¢ ee obneryenHoil Bepcueit PocketSphinx.

IMpuknaguas nporpaMma pacno3saBanusi peun SpeechPearl.

Speech Pearl - 310 wuHTerpuposanHas cpeja pa3pabOTKH
TeneOHHBIX TIPWIOKEHUH ¢ pacrio3HaBanueMm peud. B cocraB »ToH

|

|

190

BXOAMT HaGOp MHCTPYMEHTCB, ONTUMH3MPOBaHHBIX AJIA
TECTHPOBAHUS M HACTPOHKH NpUIOKEHHH pacno3HaBaHHA

r‘ﬁ(.L,T_
co3aaHHuA,

ﬁc_:_. . . . g . .
BeTpoeHHBlH  rpapuueckuid  MH repeiic  npesocTaBis

‘%.,.,.\zac.;m::!m uHTepdenc A1sa Co31aHnA, HACTPOMKM M TECTHPOBAHMS
rpAMMATHK H A3bIKOBBIX PECYPCOB. .

[lociie TOro, KaK pa3paboTHHK MPHIOKEHHA CO3JAN NHANOTH H
onpeieun  3ana4yd  pacrno3HaBaHus, SpeechPearl npeaocTaBiser
cOOTBETCTBYIOLIMI MHCTPYMEHT JUIA  CO3/aHHA M ONTAMH3ALKUH
rpaMMAaTHK H A3bIKOBBIX PECYPCOB.

Pa3paboTka KpYIHbBIX MHOIOpeX)HMHBIX CHCTEM c
pacno3HaBaHWeM pedH TpebyeT HMHTEJIEKTYalbHOro yMNpaBieHHs
pacrnpejeneHHOH ApXMTEKTYPOH peyeBbIX CEpBEpPOB. 310 :momxonx,z_o
ans HaJEHKHOCTH, maciuTabupyeMoCTH H 3¢ PeKTHEHOCTH
MCTIOJIb30BAHUS PECYPCOB. )

SpeechPath - 3T0 KOHTpONIEp PecypcoB. D10 NporpamMHbIH
MOy b, BBITIOJIHEHHbIH B KIHEHT-CEpBEPHOM TCP/IP apxHTEKType.
?_cm.,_:v MOJKET pacrpeeNsTh MHOXECTBO napaje/bHbIX 3anpocoB
pPa3NMUHbIX THNOB, YTO MO3BOJAET OCYLIECTBIATE npo3pavyHyo
HHTErpalMIo pasiuyHbIX peyeBbiX monyneii B cerd. banaHCHpOBKa
HArPY3KH ONTMMM3MPYET HCrOJb30BAHHE BCEX HMEIOLHMXCA B CETH
pecypcoB pacnoshaBaHua peud. MHTE/IEKTyalbHbIC MEXaHH3MbI
BOCCTAHOBIEHHA JAIOT BO3MOXHOCTH CTPOHTh OTKa30yCTOH'HBLIE
KOH(UTypaLuy.

Pacnosnasanue peun. SpeechKit JavaScript APl npeaocTasisiet
JOCTYNn K TEXHOJOrHH pacno3HaBaHusi Ppetu. C nomowpblo 3TOH
[eXHONOI'MM MOXKHO PEANTH30BaTh 3aNoNHeHHe GOPM roJocoM, AUKTOBKY
[UCeM WM, HalpHMEP, FOJI0COBOH MOHCK.

HcTounnkom ayamoaHubIx B JavaScript API aBnsercs z*_xvo@o:.
Jli1si pacno3HaBaHUs Peyu M3 ApYroro HCTO4YHMKA (Hanpumep, U3 (aiina)
MoxkHo BocnonbiosaThes SpeechKit Cloud APL

Jlns 3anycka mpoluecca pacnosHabanus APl npenocTasiser TpH
WHCTPYMEeHTA. B 3aBMCHMMOCTH OT C/IOXKHOCTH 33/a4u MOXHO BbIOpaTh
IOT MW HHON MHCTPYMEHT:

Huctpymenrt kaace Textline. N

JloGapaseT Ha CTPAHMIYY SNMEMEHT YNPAaBAEHHUA, COCTOAIMH M3
[EKCTOBOro nons W 3Hauka Muxkpodona. Ilpu HaKaTHH MBILbIO Ha
3Ha4OK MHKpodoHa 3amyckaeTcs NpoLecc pacno3HaBaHHA.
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Knacc Textline He mpemoctaBnser BoamoxHOCTS 3aIyCKaTh WIW
OCTaHaBIIMBATE NPOUECC pacro3HaBaHWs 4epe3 KIMEeHTCkwit kox. Jlng
ITOr0 NpeiHa3HaAYeHbl 1BA APYTHX HHCTPYMEHTA:

I. Cratnueckas dyHkuus recognize()

[pouecc pacriosnasanns 3anyckaercs Cpasy Tocyie BbI30Ba 3Toi
dysxunn. C noMouisio recognize() pacnosHaBanue MOKHO HayaTh B
mMoBOH MOMEHT, HanmpuMep, cpasy mocJie 3arpy3Ku CTPaHHIIBL.

2. Knacc SpeechRecognition

Knacc SpeechRecognition mossonser YNPaBIATL  NMpOlEccoM
PAcTio3HAaBaHUA Ha HU3KOM ypoBHe. C ero nomMouso MoKHO He TONbKO
Ha4aTh pacrio3HaBaHHe B H000H MOMEHT, HO TaKXke M OCTAHOBHTEH €ro.
Kpome Toro, knacc SpeechRecognition npenocrasnser JETANLHYIO
WHOOPMAIIHIO 0 XOJ€e pacro3HaBaHKs.

Knace Textline.

Knace Textline npennasnaven ans Pacro3HaBaHUs KOPOTKHX
TFOJIOCOBBIX 3anpocoB. OH H06aB/AeT HA CTPaHHLY SeMEeHT yIpaeneHus
«TTone ans ronocosoro BRoAay. JlaHHsblii 3eMeHT YNpaBiIeHHUsS COCTOUT
W3 TEKCTOBOrO MOJIs M MPHBA3AHHOIO K HEMY 3Ha4Yka MUKPOQOHa.

Ilpu nakaTHu Ha 3Hayok MHKpPO(OHa 3amyckaeTcs mnpouece
pacnosnaBaHus — Opay3ep 3afpailMBaeT y [oJb3oBaTeNs JAOCTYM K
MHKPO(OHY, H KaK TOJbKO MONb30BATEN b AACT paspeuieHne, HaYuHACTCH
3allHCh  3ByKa W €ro OTnpaBka Ha cepsBep. Pacro3sHaHHBII TekeT
oTobpaxkaeTcs B noje BBOAA B pexuMe peanbHoro Bpemenu. Ilpu
HACTYMICHUH THIIHHB JUIHTEILHOCTBIO B HECKONLKO CEKYHJ 3aruch
3ByKa MpeKpallaeTcs W pacno3HaBaHHe 3aBepliaercs.

Jns nobasnenus snemenra YNpPaBNEHUS HA CTPaHULY HEOBXO0IHMO
co3MaTh Sk3eMmrusp knacca Textline. Koucrpyktopy moryr 6bith
Nepeanbl CleayIolHe napameTpsi:

- WIEHTH(UKATOp KOHTeHHepa, B KOTOPOM Oyaer pasmeiuen

JIEMEHT yripaB/ienus (06s3aTenb Bl napamerp);

- 00bexkT, conepxkaiguii nactpolixu API.

Hwke npusesen mnpumep «koma, noGaBAsiomIero sieMeHT
YiIpaBieHNs Ha CTPaHULY:

Hwke npusenen npumep «koma, aoGaeasmomero snemeHT
YNpaBAeHHs Ha CTPAHULLY:

<script type="text/javascript">

window.onload = function () {

cM. Inobanbhble HACTPOHKH

// 3anaem APIl-kntou (noapobHee

1), , o0 o obonialimnd s
a— ,ssaoé.v,u.mcmmc:r:.mn:_:mv..%_rrv; _Mr_o:n T -
6 & NeMeHTa yTrpaBieH!
/| NobasneHwne 3/1eN
a’ . 1 D . 1 ) . \
i var textline = new ya.speechkit. Fextline('my _id', {

onlnputFinished: function(text) {
/| duHANBHBIA TEKCT.
alert(text);

}
s
}

</script>

mcoaxv
<div id="my__
</body>

id" style="width: 200px"></div>

cus recognize ‘ _ .
MJ;:,_” wiacc Textline (cM. goie), (YHKUWA recog
ak ¥ J ?

ﬂu ﬁ 4 —O.:OPCWV_\ ww_:gcr‘:m.
.—P——Cw—.—mmamw::n KOPOTKHX X :
‘ 1 B TOM,
£ x~—:,— 3AKIHO 1a€7C
_ROCW:_NQAV __c‘.wwcx:.—ﬂ_ uﬁ_—v\ﬂ TUTH ::Cf—@(ﬂ ﬂvwr:ow:mmm—*:n v: 3
0 KoOJa MHbm 3arycka H0C aTO4YHO BbI3BATH g2 A
KOT Hd. raTo4 3 reco Nze C

zdahxuuzmzmxm JUIA o

D _.r _vn v m. - ’ : >
H KHBIMH napaMeT —Sf— h::PCX \_.HOﬁ‘_ NHBIX na L(_r_:omw KOTOpLIE
4SP I mvf b :(Cm aHbl h«—II»-: &u HKUHH CM B (::NTOF—I:_AP
v\J Y1 L # % . CM ]
Hu J A b Al
_ — W HACT n ICHUH _:E::V— ::_P:—v_—oax:v_c B :Wr_.ﬂ:._:.v—fo ceKyH
3ATTUCh 3B *Am.% :UNX?NEDW—OS " —Umwr_—ow:wmm_x_:@ “.DWn\«::m.m TCHA.
a vs

HH: HaJIbHB! —u\_ ac O3HaHt bIH TEKCT :OC? aeTcHa B Om_:.wr rl v<:x:=‘c.
d (

3a/[aHHYIO B [1apaMeTpe doneCallback.

A i G acno3HaBaHis
u,h:nnn*w_dcc::m:o: ___ o710 0aszoBblii knmacc Aans pachc
SpeechRecog >

« €Yu. H 03BOJIA I %: aBJIATH :ﬂ.h:.—»lfo Z ﬁ\_:vw—.—mwb: n:m:: W—AOS
O 1 nae —u 3] O UW : 5
o . o ~ . f o ~
y @ AKXKE —_—v (8] TaBlsAeT poJsiee L “u 0 evIXE: Inf_r—_cf:,u

| cA C LHUPOKYE
'_VC—::\ 1 TAKX J

ctli ~ognize().
Mo cpaBHEHUIO C Textline u recognize(

K > TOJIbK 3anyCcTUTL npouecc .
iy 12 R Th WJIW 3aBEpPLIHTDH ero. T,U»)z_n TOTO,

C noMoulbd 3TOTO KJjlacca
_.Vmc_‘:‘_a:m:w.n:_:x B HYXHbIH

MOMEHT, HO TaKXE :ﬁ:CC.:_:Cm:
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knacc SpeechRecognition NpeoCTaBiseT aeTalibHy
X0J€ npouecca pacrno3HaBaHus,

Knacc SpeechRecognition PEKOMEHAYETCA MCNONb30BaTh g
NOTOKA  aynHOJaHHBIX, HanpuMmep, ans

pacnosHasanus Gonbuioro
AHUKTOBKH  IIHCEM MAM  3amuceii.
HCNONB30BATLCA IS peanu3auuu ro
FO10COBOrO ynpassienus BeG-npuiokenuem.

[lepe
JK3emnusp knacca SpeechRecognition. K
He Tpebyer nukakux napameTpos.

var streamer = new v&.mvomn:r:.mnmmn:w@nom:m:ozcu

Cnucok poctynueix HacTpoex npuBeaen B cnpasoynuke.lTocie
CO3/1aHus obbekra SpeechRecognition Heobxoaumo
3anporpaMMUpoBaTh, B Kakoli MOMeHT Oyser npouseesen 3aIycK
tipouecca pacnosHaBanus. Takum MOMeHTOM MOXeT ObITh OKkOHuYaHMe
3arpy3kH CTpaHHUbLI MM, HallpuMep, HakaTHe KakoH-HuGyab KHOMKM,
Hns 3anycka npouecca pacrno3HaBaHus npeaHazHavyeHa byHkums start().
B kauectse ee flapaMeTpoB riepealoTcs HacTpoiiku pacno3HaBaHus.

Taxke astor Knace

streamer.start( {

// Bbi3bIBaeTcs noce YCMEeHOH HHUUMAN3ALMH CeCCHH.
initCallback: function 01

console.log("Hauanace 3anucs 3ByKa.");
1 i
// Nannas gyuxums Buisbisaercs MHOIOKPaTHO.
/! Ei nepejaworcs
pacno3saBaHus.
// Tlocne ocTanoBku pacnosHasaHus 3T0H hyHKUUM
// 6y aet nepenau (HHANbHbIH pesynbTar.
dataCallback: function (text, done, merge, time) {
console.log("Pacnosuanusiii texer: " + text);
console.log("Ssasercs nu pesynbTar Gpunansusiv:" + done);
console.log("Yucno obpaboTanHbix 3anpocoB, M0 KOTOPLIM
BbIZAH OTBET OT cepsepa: " + merge);
console.log("Bpems
parmenta peun: " + time):
\

)

IPOMEXYTOYHBIE pPe3yabTars!

Hayana H KOHLa PacCrno3HaHHOI o
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10 uH(popManMo o

MOXKeT
/I0COBOrO 3anosnHeHus Gopm wam

/1 3anyCKOM npouecca pacro3HaBaHus Iccmkobzgo co3aarTh
O:O.ﬂ_d\z,ncv AaHHOro KJjacca

p, eciu

d U «v M
biB 1eTCA npu BO w—————A__OWN::: O_‘_.:—C—A: AI@.: MMe
\\ WT 3

i ) 2
{ HeBEPHBIH API-kir04)

i i err) {
Callback: function ( - “
mno”:mo_c log("Bo3nukia ommnbka: err)
cC .

nepeaat

1
\‘\,homnvx:: cBE/IeHHS 0 XO i
infoCallback: function (sent_by
i

Jle Tpouecca paciio3HaBaHna. ;
es. sent packages, processed,

ﬂ X Ha —_ v_.. " + sent Uv\—.n\' v“
J f cepBEP. S
it B __ O_m _Omﬁ_.o :mW.:ﬂIO hm:::u_ i 4
033,, . -

C :wo_O. MUA ﬂv ﬂu J] (8] K a Fnu—:wﬂ_'
0 _O~ TTIpas. 1€H nmaKeToB H o .

. [aKkeroB, KOTOpbLIE obpaboTan

5 ackages): ‘
e console.log("Konu4ecTBO

| ~ o > . i1 ~ - HE Yz o
. | | _’ — mw: Y ¢ 1 [IOHHKE ¢ oTa
console. 0 MH zﬂz:.z I.wn-:v_r a ACT
Al A;
..:_CT.TF _—*wﬁ::: .wmwv\xm O—:_e:v;
_“ .:.:O.«:NWD_:_”‘

BBLI3BaHa 1ocye OCTAHOBKH P

gl k: function () {
allback: func i
mﬁo%onzwo_o._omﬁ._wm::nw 3ByKa MNpeKkpauieHa )

}s
// Bo3Bpalua

icialResults: true, F -
s CTh TIPOMEXYTKA THLIWHBI (B CAaHTHCEKY
/| AnuTensHO ! 3

A " - m
i eoOpa3oBaHH
// ipy HACTYTUIEHHH KOTOPOH APl HayHET ____M:z_ qw_aq.
/ wozﬁx%_.of._r_x pe3ynLTaToB B hUHAITL
: ’
utteranceSilence: 60

$)s

Thbl.
Th JIH :—uOva_Az:ﬁO:IEO Um‘wv\:r.ﬂmﬂr

JHABAHHA. .
OcTanoBKa npouecca 1un=ow_,=..w_w._.:o R ——
iz = > ~e
. o Ay aHuu Kknacca
B oTauyue OT rec o ok
G npu 4 .

o 'OMaTHYECKH, e senill
3aBeplIaeTcs aBTo g
an;amw_:ﬂmnom::‘_o: pd3paboTunKy :mcmxon:ﬂoﬂo ot

m.n BUTL TIpollecC pacro3HaBaHud. Jina 3 i,
e t [Mocne ee BbI30Ba 3aMHcCh 3BY
hyHKuMa  stop(). : ol o
mwmu::m::a C cepBepOM 3aKpOeTCA U CECCHA 3aBep
// OcTanoBKa fpotecca Umn:ou:mwm_:i.w
/| ®yuKkIKUs BbI3bIBaeTCA O3 apryMeHTOB.
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streamer.stop();
llpumevanue. Mocne

BbI30Ba (yHKkumn stop() Bce HacTpoikm,
KOTOpble Obiiv  3ananp NpH  3anycke npouecca pacno3Hapanmus,
cOpacbiBatoTcs,
Ipuoc

TAHOBKA nponecca pacnosuaBanmus.

[ :u: __OOQZO‘;:ZOC%: npouecc pacriozHaBauus MOJXHO

NpHOCTaHOBHTL. IS  sTOrO llpeatasnavena  dyukiug pause(). B
PE3ynbTaTe ee BbI30Ba 3anuck 3BYKa NpeKpaTHTCA, HO coenMHenue ¢
CCPBEPOM He 3aBeplumnTCs.
/! Tlpnocranoska lipouecca pacnosy
// Dynkumus Bbi3bisaeTcs Ge-
streamer.pause();
llpumevanue. Tocne BbI30Ba (yHKUMK pause() Bce HacTpoiikm,

KOTOpbie Opinyu 3a/1aHbl npu 3anycke npouecca pacriosHaBaHus,
COXpaHsaTca,

aBaHus.
3 APrYMEHTOB.

s Bo3o6HoBeHNs
MTOBTOPHO BbI3BATH
CHOBA HavyHeT 3a

fipouecca pacnosxHasanusg
dyHkuuio start(). B pesynsrare e
MUChIBATL 3BYK M OTOpaBAsTH
HMETb B Buay, uyro NpH  noBTOpHOM
napamerpax ¢pyHkumm start() MoxHO ne
ynxunu (kpome initCallback). Bce
thopmar 3BYKa, SA3BIKOBY1O
Pacrno3HaBaHus U3MeHHTD He

Heobxoaumo
€ BbI30Ba AP]
€ro Ha cepeep. Cneayer
3anmycke pacnosHaBaHus p
peonpenenuts Tonbko callback-
OCTalibHble HacTpoiiku (APIl-kmion,

MOaene M ap.) npu BO306HOBAEHHY
Jb34.
// Tlpuoctanoska npouecca
0e3 aprymenros.

streamer.pause()

pacnosHaBauus. eYIz::m BbI3blBaeTcs

/! IIns Bo306GHOBeHUS pouecca pacnosuapanus Heobxoaumo
// NOBTOPHO BbI3BATE hyHkumio start().
streamer.start( {
// Tlepeonpenensem dataCallback.
dataCallback: function (text)
Ipumevanue [Ipy  Bo306HOBNEHUH npouecca
Opaysep He 6yzger MOBTOPHO 3anpauinsars AOCTYN K MUKpOdony,
Iipouecc pacnosHaBaung g JavaScript API.
lpouecc pacnosuapanns g JavaScript API coctour H3 cneayroummx
3Taros:;

1.

1)
L

pacno3HaBanus

3anpoc gocryna MHKpo(oHy.
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< e ¢ .~@O Ka 4]
w «—(\H:::o_ozg C S:_AUCQHOZhr ero C@Un I
2 Jaxsar < L

ca Ha cepBep. .
uBRa B2 253 ¢ 3ynbTarta.
oTTI| : O6paboTka GuHATLHOTO pe ,M L
o Y Jpo6GHO ONMCaHBI KAXKIbIHA W3 TPeX 3T A
Huxe 110
. nocTyna K MUKpooHy el
Tgli i oy ﬂn k mukpodony B APl ucrnonesyercs
I B di : VHKUMSA Bbi3bIBACTCH
Jin ,_\.ﬂ_UmSn&kaZ?QZaEﬁv. Jra ¢y . b
i N a3y Tocjie 3afmycka rpoilecca pacro3HaBa
HfEGEn ORY “TH CTPaHHLIbI TTOABUTCS
e Ba B Opay3epe B BepXHei vac ;
roysTere S 3anpocoM AocTtyrna k Mukpodony. Jlo Tex n _uﬁ_v
. b C 3¢ 3 .
S T paspeleHue, ciefyloume aedcTeus B A
roka 1noJib30BaTrellb HE AacT pasp
e il ero obpaboTka U OTIpaBKa
T 3axBaT ayJaMonoToka ¢ MHKpodoHa,
2. 3a 3 )
o ; ¢ mukpodony, Al
= aK TOJIb30BaTENb A4aCT JOCTYN K MHKPOQ®
iy e TABUT HACTPOHKM pacro3HaBaHWA M
> — BbIC .
aNM3UPYET CECCHIO i , bSockets, Tl
o o cHHE C cepBepoM 1o TexHonornu We k :
. oo T ] TAPaBNAETCA CELWanbHbli 3anpoc,
VCTAHOBKHM COEAHHEHHS Ha cepBep OTIp B TS A
5 T ~ ” v :
W Hac W pacrio3HaBaH . R
. XKalluili HacTpoOHK . 3 saholpmnsis
conep Jn:né cepsep BepHer UUID ceccun, B :nci_mtm >1_“_§5£
CJ,\:R w:n mm omwnbke (Hanpumep, eclii yKa3aH HeBepHbIH ot
3 : Ha 3
nooocm_o?_n ycneurHoi uHMUManu3auun ceccun APl Hauw s
L i ay : npe
JIMOTIOTOKA ¢ MUKpo(oHa. 3aXBaYeHHBIH ayAHONOTOK TP o i
4 : > CTAMH.
.ml HYKHBIIT dopMar U OTNpaBIAETCA HA CepBep 4acTs Pt o
Kax10e cooblenne cepeep BO3BpallaeTr :E:.:ZQSCcﬂ:: \%.._,cr_:r_a
] / n.
pacro3HaHHbiif  (parMeHT  ayJAMornoToKa. _“cnom ev.v\:x::*o
e 2 ‘allback- ' :
pesynsratel APl 3anuceiBaer B 6ydep w nepenaer B ca eyt
] Ilpumevanue. JIns ~ 3axBata  ayauornoToka ¢ 1
ucrione3yercs Web Audio API.
3. O6paboTrka puHanBHOTO pe3yibTaTa e g S
Kak Tonbko B MOMEHT 3anucH 3ByKa HacTy e
' / (paiiae
IMTENBHOCTBYO B Heckonbko cekyHia, APl npekpa Toﬁ;.mz:r.m
ayIMOIOTOKAa W 3aBepliaeT COeJHHEHHE C omvmmncnwnq e
:._:,_,,.cx,.ﬁo::zn pe3yjibTaThl CKAEWBAKOTCA B OAWH T napn._:mzn_cecm
‘ 4 - a3oBaHHe — P&
are JIHAETCA cneunansbHoe npeodp g
3aTeM BBIMOJIHACT D e
3HAKW TpernuHanus, aaTel npeobpa3zy . il i
npeobpa3zoBaHHbIii  TEKCT  ABISAETCH ¢unanvrneim  pesy:
pPAacnosHasanus.
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KoHTpo/ibHBIE BONPOCHI

|. Yrto Takoe nporpammHoe obecneyeHe CHCTEM pacno3HaBaHUs
peun?

2. Y70 Takoe CHCTEMbI reHepauHy pevu?

3. Kak BbIrAANT cXema peyeBoro B3auMOoAeiHCTBUs YeloBeKa H
KomnbloTepa?

4. Ilonymaiite, Kak MOTYT BbIIVIAZIET OCHOBHbBIE HANPaBJICHUA
MCII0J1b30BaHUA IOJI0COBLIX HHTEP(eHCcoR,

5. Kakue clio)KHOCTH BO3HHKAIOT B NMPOLECCe aBTOMATHYECKOI0O
pacno3HaBaHus peuu?

6. 1o kakMM NpU3HaKaMm, XapakTepHU3yIOILHM OCHOBHbIE
BO3MOKHOCTH, MOXHO KJIaCCH(PULIMPOBATH CHCTEMbI
aBTOMAaTH4eCKOro pacrno3HaBaHHA pequ?

7. KakoBbl OCHOBHbIE KOMIOHEHTHI 11000 CUCTEMBI
AaBTOMATH4ECKOro pacrno3HaBaHus peyn?

8. Yro neobxoauMoO UMeThL B BUy pa3paboTuHKy HCIHONB3YIOLEMY
MOZY/b pacrno3HaBaHus pe4qn?

9. KakoBbl 0CODEHHOCTH NPOrpaMMHPOBAHMA 3a/1a4 Pacrio3HaBaHUA
peun?

10. KakoBbl 0cOOEHHOCTH NPOrpaMMHpPOBAaHKs 3aa4 roJ0COBOroO
ynpasyieHus?

11. KakoBbl 0cOOEHHOCTH NPOrpaMMHPOBAHMsA 3aa4 CUHHTE3a pedn?

12. B uem 3axkn104al0TCs OCHOBHBIE TPYAHOCTH NPH BBOJE peYeBbIX
coobuenuit?

13. Ha3oBuTe €uMHMIbI pe4H NPH paCnO3HABAHUH pPeveBbIX
CoO0LIEeHHMIA.

14. B uem 3akiioyaeTcs HaCTpOHKa aHaln3aTopa peyu Ha rojaoc

oneparopa?

15. OnuunTe OCHOBHbLIE BO3MOXKHOCTH nporpaMmbl Sphinx?
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3AKJIIOYEHHUE

porpaMMHbIX :?.xc‘_,._c_w, _#.m::iwv‘_o:,:.”w@:.q._“ww_”._hm
. YHTENIEKTYallbHbIE aNrOpHTMbI pacr
wesienibie MCTOM . i neHb SBIAKOTCS BECbMa aKTYalbHbIM W
. "° Q..Z::.,v_,—._____‘_ﬂ_u:::ﬂv rocylapcTBEHHOH cTpaterdy B obnacTh
e m””_.:o::r_z reXHOJIOTHiA.
e ::%w? : o aHaJAW3y M CHHTe3y pedH Hauaiuch B CEepeluHE
Snnunu,:.:.,.::H;:mx.o 8(_:.__0@ rH (opMaJbHOrO ONUCAHKA no:omr_w
:vw:._...doﬂo _“Wn_mm,wﬂ, ._.:_:cc; He TONBKO aKyCTHYECKOH, HO :nxr.:znnxw:
M_xn_,“,.”__mw_.innzom »cmnumoax: CTABMJIH CIIOXKHbBIE 3a/1a49H NMepel Mww__,._ﬂw“w
XapakTepHBIE ocobOeHHOCTH  peuu  AldA _Sxﬁo_ﬂ_co__w:mn,u..:_“L
3aBHCHMOCTh Ka4yeccTBa pacrio3HaBaHus OT Q.A.wnog,: ,m x,.wr_xom ’
ciop u obbema cioBapd, BoJiblLOE xo::._nfwc mmxv._mﬁnm;r:zz
papeunit W cefivac cepbe3HO 3aTPYAHSAIOT Q:E.::.w v,“ _”wxo.:m: Am
METOJI0B pacrio3HaBaHud petu C NOMOLUBIO zoz:r:w_auo ‘ ,Sf_:oo.?
2aBHCMMOCTH  OT  3aja4u  MEHACTCA momzrd_zms . g
pacno3HaBaHus — TpH creHorpaupoBaHun TPeOyeTCsH pacro3Has g
BecexX 3Ha4MMBIX CJIOB, @ B JIHaJOroBBIX cucTeMax b:,m A%:nzﬁ.ﬁmwwuzo
zanpoca K  MHOOPMAUHOHHBIM pecypcam ‘:_:.:ﬁm.ipcm oo
pacro3HaTh HeCKOIbKO KTIOUeBBIX CJI0B BO (pase. 3anaqa oOpe .
peud B ee MOJHOM CMbICie elue naneko He pelleHa, HecMoTpa Hé

e , { C ax
VCHIAS MHOTOYMCIIEHHBIX TPy HcciepoBaTenc BO MHOTHX CTpaH

Co3aHne

- Ha coBpeMeHHOM 3Tarne pa3sBUTHA nH(popMaTH3aAUNH S\vm:r_ B
CBSI3U ¢ OTCYTCTBMEM TEOPETHYECKHX OCHOB Pacro3HaBaHui mezcxo;:
peun ¢ ydeToM ocobeHHOCTEH CTPOCHUA H BOCTIPHATHA vo,ﬁmo_w
curnana BO3HMKAeT CIOXKHAA HaydHas npobnema pa3paboTKH H
obocHoBaHus  0GOOIIEHHOTO  ONHMCAHHA  METOAOB " z@.ﬂgw_._
pacrno3HaBanus  y3bekckoii  peuu. TakuM wcvmaoz. 3ajava
PAclo3HOBAHWS M CHHTE3a peyH 0CTaeTcs akTyalbHOH.
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CIIMCOK COKPALIEHUM (GLOSSARIY)

ANN - Artificial Neural Network.

ASR - Automatic Speech Recognition.

Cepstral ko3ppuunents! - ronocosoii otser HUMIyIbCa TPaKTa.
Cepstrum - o6paTHoe npeoGpa3zosanue norapu)MHYECKOro crnekTpa.
CF - correlation function.

DSP — digital signal processing.

DTW - dynamic time warping.

FIR - finite impulse response.

HMM - Hidden Markov Models.

ICA - Independent Component Analysis.

IVR - Interactive Voice Response.

LPC - Linear Predictive Coding.

LVCSR — large vocabulary continuous speech recognition.
MFCC - mel-uactothsie cepstral koodduumenTsi.

MPEG — Moving Picture Experts Group.

PCA - Principal Component Analysis.

SALT - Speech Application Language Tags.

SDK - Software Development Kit.

Speech Pearl - unterpuposaunas cpena pa3paboTku TeneoHHbIX
TIPUIIOKEHHH C pacno3HaBaHHEM peyu.

Sphinx — camblii u3BecTHBI H Haubonee paboTocnocobuelii u3
OTKPBITBLX NPOrPaMMHBIX MPOAYKTOB PACIIO3HABAHUSA PeuH.

STT — Speech-to-Text.

SWIG - Simplified Wrapper and Interface Generator.

TTS - Text-to-Speech.

VFR - Variable Frame Rate analysis.

VoiceXML - Voicee Xtensible Markup Language.

Xcode - nporpamma s pazpaborku npunoxkenuii noa OS X u iOS.
paspabotannas komnanueii Apple.

AAT - anropntm aMnamMuyeckoil TpancdopmaL.
AHM - aMnAuTy JHO-UMNY JILCHOI MOIYJISLHE.
AK® - apToKOppessuMoHHas GyHKuu.

>—:,-=hwc==.—== = JIBUXKEHHA, BbIIOJIHSIEMbIE OpraHamMH pe4yu B rnpouecce

NIPOM3HECEHHs 3BYKOB.
AUII - ananoro-undposoii npeobpasosarens.
BII® — Guictpoe npeoGpasosanue Dypoe.
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yyecKoe NporpaMMHpPOBAHHE.
eTHOe npeobpazoBaHue dypee.
inear pre
kazanne (auru. lin : ”
jo11as 110 HeKOTOpoMy Habopy nmpeatlec TBY1OLLL
CUrHA/A NPEeACKa3aTh TEKYUIMH OTCHET. 8
e1cTBA, MOJEUpYoLLHE paboTy

A - JluHam
M:—e - JIUCKP!
JInneiinoe npeac
npoueaypa. :ﬁoamobm
Sy ::UCEO_.O
C_h._r_cmz :
He#ipOHHbIE ceTH — [IpOrpaMMHbIC cp
>yeCKOro Mo3ra.
yenoBe4yecKor |
CI'C - cuctemMax ronocoBoro camo06ci1y)KHBaHUA
CMM - cxkpbiTas MapKoBcKas MOAEIIb.

@uabTPbl BEPXHHX HACTOT (high-passfi
KTpa BXOJHOIO CHrHala BCE

diction) - BeIYMCIHTE/IbHAA

Iter) — npouecc, KOTOpbIH

4acToThl BbILIE HEKOTOpPOH
aeT -re
E._Un.\wsmﬂ H3 C

[10pOTOBOH 4acTOThI.
@OuabTPhl HIXKHHX Hac
y7la/IieT U3 CMeKTpa BXOHOro
w:._.ovr_x HAXOAATCA HUXKE HEKOTO
OT HACTPOHKH PUiILTPa.
M®onema - MHHUMA/IbHas CMBICIOPA3/IHYHUT
®opMaHTHBIE YACTOTBI — HacTOTHL
Opa30BaHUM pPeyH.
ﬁ_“,,\m,_»\_wotmw__“evw.m:m:o_.o_u_m npeo6Gpa3soBare’ib.
11OC - undposas o6paboTka CHrHAIOB.

> i
tot (low-passfilter) — npouecc, KOTOpbI
CHrHaNa Bce YacTOThl, 3HAUCHHA A
po# [I0POroBOM 4acToThbl, 3aBUCALLEH

e/lbHAas eArMHHLA PEeiH.
AKTHBHO V\LDO._.WVJ.OEEN B
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