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B crtatbe npuBeneHbl pe3ynstaTbl UCCneoBaHNn MOOYNSALMOHHBIX CBOWCTB
peyeBbIx curHanos. C nomoLubio nporpammel Matlab npoBegeHo mogenvpo-
BaHve MNMOMEXOYCTOMHYMBOCTU MOAYSISALMOHHbBIX NapamMeTpoB TECTOBbIX peye-
nogo6HbIX CUrHanoB NPW BO3OEVCTBMM Ha HWUX afOuTUBHBLIX MOSOCOBbIX
LwymMoB. BbinonHeHo conocTasneHve MosnyyYeHHbIX pe3ynsTatoB C AaHHbIMU
NCcUXoPn3nonorn4ecknx NccrefoBaHnii MexaHmama CryxoBoro BOCMpUSTUS.

® Pa360OPHUBOCTb PEHM ® PEHEBOV CUrHAsT ® KOSGODULIMEHT MOZYIaUNN

In the article there are the results of investigations of modular properties for
speech signals. Through the program Matlab it is made the modeling of noise
immunity modular parameters text speech-like signals through the influence
on them the addictive band noise. It is made the correlation of results with
psycho and physiological data for study acoustic impression mechanism.

e speech intelligibility e speech signal e modulation coefficient

BBepgeHue

CoBpeMeHHyt0 Mofiens peyeBoro curHana (PC) MOXHO NpeacTaBUTh Kak KOMMO3ULIMIO BOKa-
NM30BaHHbIX U HEBOKANM30BaHHbIX (LUYMOBbLIX) COCTaBNSAOLLMX (CErMeHToB). MNpn 3TOM
uHcpopmatmeHaa 4acte PC chopmumpyeTca nyTéM MOOYNSALUMU €ro BOKaIM30BaHHbLIX U
HEBOKANM30BaHHbIX CErMEHTOB. YMeHbLUEHWE ry6uHbl Moaynauum (KoaddumumeHTa
amMnnMTYOHOW MOJYNAUMM — m) CUrHana MpyMBOOMT K CHUKEHWUIO BEPOATHOCTM npa-
BWIIbHOMO BOCMPUSATUS 1 MOHUXEHUIO ero pasdop4umsocTtu [1].

Ha ocHoBaHuu 3Toro addpekTa 6binn paspaboTaHbl COOTBETCTBYIOLLME MOQYMSALMOHHbIE
meTonbl (STI, RASTI, STITEL n STIPA) oueHkn kadectBa PC [2], C MOMOLLbI0 KOTOPbIX
onpenensieTca ero yCTOM4NBOCTb K BO3OEWCTBUIO aAAUTUBHBIX MACKUPYIOLLMX LLIYMOB.
MNpuHATO cunTaTb, YTO OCHOBHOE WMHAYOPMAaTMBHOE COAEpXaHue HecyT B cebe HEeBO-
Kann3oBaHHble (LLymonofo6Hbie) cermeHTbl PC. B COOTBETCTBUM C 3TUM MONOXEHWEM
uccnegyemble LLYMOBbIE CUTHASTbI PAa36MBAIOTCS HA OKTaBHbIE MOMOChI, KOTOPbIE 3aTEM
MOAYNMPYIOTCA HU3KOYACTOTHBLIMU (CUNabUHECKMU) TOHAMMU.
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B HacTosLLeM vccrnefoBaHnn onpedensscs Xxapakrep 3aBUCUMOCTU KO3(hMULIMEHTOB (ry-
6VHbI) MOZYNAUMK (M) MOOYNMPOBAHHbLIX BOKANM30BaHHLIX W HEBOKANM30BaHHbIX
cermeHToB PC npwv BO3OEVCTBMM Ha HEro afanTUBHOMO 6emoro Lyma. A Takxe rpa-
HVLbI MPUMEHVMOCTY MOBYMALIMOHHBIX METOAOB A/ OLIEHKM 3awmiéHHocTm PC.

OnucaHue JKCnepumeHTa

B KayecTBe OLIEHOYHOrO MHCTPYMEHTa 6bin BbibpaH meton RASTI, 0CO6EHHOCTb KOTO-
poro 3aks4aeTcs B ONpefesieHnn 3HadeHnin m,, nony4aemoro ffis cooTBeT-
CTBYIOLLMX 3HAYEHUI 4acTOT Modynaumu (F) nuwb ans ABYX OKTaBHbIX MOSIOC
CO cpefHereomeTpuyeckumu Yactotamu 500 'y n 2000 'y (i — HOMep onbITa,
COOTBETCTBYIOLLIEM 4acTOTbl MOAYNALMK, K — HOMEp OKTaBHOW MOSoChkl HacToT).
Takoi BbIGOP OKTaBHLIX MONOC O6YCIIOBIEH TeM, YTO OKTaBHas rnonoca 500 Iy
COOTBETCTBYET 3HEPreTMHecKoMy MakCMMyMy YCPeaHEHHOro CrnekTpa peyu, a B
nonoce 2000 My copepXuTca MakCMMarnbHOe OTHOCUTENbHOE KOMMYECTBO (A0
30%) copmaHT (T.e. nHdopmaumm PC).

MogenupoBaHve B nporpamme Matlab BbINOSHANOCH B COOTBETCTBUWU C METOAUKOW,
N3NOXeHHOW B paboTe yKpauHCKMX Y4éHbIX [3]. B KayecTBe TECTOBbIX MCMOSbL30-
BanMCb CUrHasbl: Buaa 6enbiii WyM (MOAENMpoBaHNe COrMnacHbIX HEBOKANIN30BaH-
Hbix cermeHToB PC), a Takxe BOKanM30BaHHbIA peyvenodobHbii curHan (BPIMC
— MOJENMPOBaHNe BOKaNM30BaHHbIX cermeHToB PC, cm. puc. 1), rpadmyeckas
coHorpamma ofiHoro u3 Takux BPIC npefcrasneHa Ha puc. 3 [4].

3pech, Ha puc. 1, n ganee, Ha ApYrux pUCyHKax CrekTporpamm, no ocu aéeumce
OT/IOXEHO Bpems, M0 OCM OpAMHAT — YacToTa. B ypoBHaX ceporo useTa ykasa-
Ha MoLyHocThb PC Ha JaHHOW YacToTe B AaHHbIi MOMEHT BpeMeHu. HanbonbLuve
3Ha4eHns nokasaHbl YEPHbIM LIBETOM, HaUMeHbLUe — GenbiM.

Puc. 1. I'paguueckas conozpamma 38YKo8 <a», <0», <Y», <€», <u».
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3HaueHus yacToT mogynsaumm BPTIC anst COOTBETCTBYHOLLIMX OKTaBHbIX MOJSIOC NPUBEQEHDI
B Tabsmye 1.
Tabnmya 1

3HavyeHusa YacToT mogynsuum (F) B OKTaBHbIX nonocax

CpepHereomeTpuyeckas 4acTo-

N 500 2000
Ta OKTaBHOW nonockl, My

YacToTbl Mogynsumu, 'y 1;2;4;8 1,4;2,8;5,6; 11,2
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Bpewmsi, B Te4eHMe KOTOPOro npoBOAMIOCH
ycpegHeHue pes3ynbTaToB, COCTaBUIIO
okorno 30 — 60 cek.

Puc. 2. Ipaguueckas conozpamma 001020 u3
MeCMOBLIX BOKAIUIOBAHHBIX PEUENOO0OHbLY
cuenanos (BPIIC)

Puc. 3. 3asucumocmv
K03 puuuenma
Mmodyasuuu (my) cuznaia
euda benvlil wym 6
0KMABHOLL NOI0CE CO
cpedne-zeomempuueckoll
uacmomoti 500 'y (Fs,)
om SNR:

1 — sepxusis epanuya
3nauenui
K0appuruenma
MOOYasuuU my,

2 — ycpeonénnvie
3Hauenus

K03 puuuenma
MOOYASUUU My,

3 — HUdMCHSISL Zpanuya
3Hauenuu

K03 puuuenma
MOOYAAUUU My

Puc. 4. 3asucumocmo
KoapPuruenma modyasuuu
(my) cuznana euda benviii
wym 8 OKMasHou Noioce co
cpednezeoMempuueckoll
yacmomoti 2000 Ty (Fypy)
om SNR:

1 — eepxnss epanuya
3Hauenuil Koappuuuenma
MOOYasUUU My,

2 — ycpeonénnvie
3Hauenus Koapuuuenma
MOOYASUUY My,

3 — HUNCHSS 2panuya
3Hauenuil Koappuuuenma
MOOYAsAUUU My
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P63y.l'leaTbI JKCnepumeHTa

MonyyeHHble 3aBMCYMOCTY KO3hdMLIMEHTA MOZYMALMM (M — L1 CUrHASIOB BUZa Genblii
wym 1 my — ana BPTC) ot cootHowweHns curdan-LuyM (SNR) nprBefeHbl Ha prcyHKax

3—6.

Puc. 5. 3asucumocmo
Koappuyuenma modyasvuu (my)
BPIIC 6 okmasnoti noxoce co
cpednezeomempuueckoil
uacmomoti 500 'y (Fs,y) om
SNR:

1 — sepxnas epanuya snauenui
K03 puyuenma moOyAsyuU M.
2 — ycpednénnvie snavenust

K03 Ppuyuenma moOyAsyuU M.
3 — HUdICHSS 2panuya 3Havenul
K0a(pPuuenma mooyasuuu my

Puc. 6. 3asucumocmv
Koappuruenma modyasvyuu (my)
BPIIC 6 oxmasnoii nonoce co
cpednezeoMempuueckoll Yacmomoi
2000 I'y, (Fyp99) om SNR:

1 — sepxuss epanuya 3navenui
K0 Puyuenma Mooy isuuU M.
2 — ycpednénnvie snavenust

K0 Puyuernma moOyAAUUU M.
3 — HUINCHAS 2paHUYA SHAYEeHUTL
K03 Puruerma mooyasyuu my
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[anee ons Kaxporo nony4eHHOro 3HaveHus m, onpegenanucb 3HaveHns SNR ¢
JOMYyCTUMOW MOrPELUHOCTLI0, OTPaXEHHON B BUAE AOBEPUTENBHOrO MHTEPBana.
B o6Liem cnyyae 3ajada HaxoXaeHUs B AaHHbIX o6nactsax 3HadeHuit SNR  u
m, C 3aaHHbIMWN NOrPELLUHOCTAMM ABNSAETCA MaTEMATUYECKM HEKOPPEKTHOW [5].
O6nacTb, B KOTOPOW C 3afaHHOM NOrPELUHOCTLI0 MOXHO ONpeaennTb m, 1 CooT-
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BETCTBYlOUEE eMy |, o SNR) 3 9 Gevsi
3HavyeHue SNR uc. /. oasucumocnv m( ) IS CUZHALA 8UO0A Oelbli Wym 6

(NMHeitHas  yacTb oxmami;)u nosoce co cpedﬁegzea(gvzempuuelcqxou YACMomoul 5001 I(; 114; (Fs00):
rpacuka puc. 7), mouxa A, — nozpeunocmn s mouka A — nozpewnocmn .

CBepxy W CHusy
orpaHumyeHa o6bna-
CTAMU, B KOTOPbIX
onpenennTb 9TU
napameTpbl HeBO3-
MOXHO.

Ons oueHkn 3alnLLén-
HOCTU HEeobXxoanmo
onpegenuts SNR,
COOTBETCTBYIOLLEE
U3MEPEHHOMY m,.
MorpelwHocTb onpe-
[NeneHns OTHOLLEHNS
«CUTHaN — LWym»
(Ogxe) MPU M3BECT-
HOMW NOrpeLHoCcTun
OLEHKU KoahpumLm-
eHTa mMoaynsummn O,
MOXeT ObITb onpe-
JleneHa Kak:

6??1.

(4" 4snr) (1)

[ns TOoro 4to6bl HAWTU NPOM3BOLOHYI0 OT OYHKUMKU (CM. pKUC.8), MOCTPOEHHOM MO TOYKaM, Tpe-
byeTcsa eé annpokcumaums. B kavecTBe annpokcumupyioLlen B nporpamme Matlab Basita
layccoBckas chyHKUmMa BMaa:

65 NE T

£ = exp(-C) - ayrexp(-C2) ks exp(-C )

¢ &3 7

@)

Ot yHKUMM GepéTtca npo-
u3BogHas, u onpe-
JensieTcs 3HayeHue
andpepeHumana B
KaXOoW ToYKe OYHK-
umun. MNony4eHHble 3Ha-
YEHMS1 COOTBETCTBYIOT
npupaLwLleHunto 3Tou
yHKkumn. OTMETUM,
yto npu SNR<A1
MOrpeLUHOCTb OLEH-
ku SNR cTaHoBuUTCH
HeponyctTuMo 601b-
LION, TaK Kak Mpoms-
BOJHAs 3aBWCUMOCTU
m(SNR) B aTnx cny4a-
X CTPEMUTCH K HYMIO,

W, cornacHo gopmy-

ne (1), MOrpeLLHOCTS Puc. 8. I'pagpux npoussoonoi om ¢ynxuuu m(SNR)
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oueHkn SNR 6yneT CTpeMUTLCA K 6ECKOHEHYHOCTU. [onycTumMble npeferbl OLEHKN
3HadyeHus SNR 1o 3HadveHno m 6ygyT HaxoguTbes B ob6nactn SNR>A. Takum obpa-
30M MOXHO OMNpefenuTb rpaHnLy npumeHnmocTy Metopa RASTI B obnacTu oTpuyua-
TenbHbIX 3Ha4eHun SNR. MNpu 3aganHon norpewwHocty SNR B 1 gb, cootBetcTBy-
foLLei METPOSIOrM4eckMM TpeboBaHWUsAM, Nony4nM 3HadeHne A= — 2,079 agb. lMpu
3apaHHow norpeluHocT SNR B 30b nonyunm 3HadeHue npepena Al = — 4,534 gb.

Pesynbratel onpegenexHus rpaHvubl npuMeHnMoctn metopa RASTI (3HaveHus SNR)

[NS1 COOTBETCTBYHOLLMX BUOOB TECTOBOrO CMrHana npuBeaeHbl B Tabsmie 2.

Tabnnya 2

FpaHuyHble 3Ha4eHus (SNR) npumeHumocTu metona RASTI

BHaYeHNs1 TOYKM rpaHuyHbIX 3HadeHnin SNR (oB) Ans TecToBbIX CUrHanoB CoO

BenmuunHa cpefHereoMeTpUHeCKol YacToTol OKTaBHoOW nomnocs! ()
RONYCTUMOW | fng recToBOrO CUrHANA BUAA — Gemblii [ns TECTOBOrO CUrHana
MorpeLIHocTH, LyMm Buga — BPMC

nb

500 Ny 2000 'y 500 Iy 2000 Iy,
1106 -2.079 ob —2.656 ob -5.262 nb -5.634 ob
31b -4.534 pb -5.131 gpb -8.065 nb -8.432 pb

Ananus 3aBucumocTen m(SNR), npuBeaEHHbIX Ha pyc. 3 — 6, nokasar, 4To B obna-

ctm SNR<-15 gb pasbpoc 3Ha4eHWin m, ONpepenseTcs XapakTepucTUkamu
Mackepa, a UMEHHO ero nuk-hakTopoM (Pg), KOTOPbIA, B CBOKO o4epedb, 3aBu-
CUT OT LUMPUHBI Nonockl Mackepa. Mpy 3TOM C YyMEHbLUEHWEM MONOChI LUYM MO
CBOUM XapakTepucTvkam NpuonuxaeTcs K CBOWCTBAM rapMOHUYECKOrO CUrHa-
na, XaoTM4eckv MOAyNUPOBAHHOMO (N0 aMnAMTYAE) HU3KOYaCTOTHLIM Herapmo-
HMYecKnM KonebaHueM, BCNEeACTBUE Yero yBenmymBaeTcs ero Pr.

BbILIJeI'IpI/IBeﬂéHHbIe CbaKTbI MOJNTHOCTBLIO COrnacyrTca C pe3ynbrataMmu NCUxXoakyCctu-

YeCKMX uccnefoBaHuii [1], B KOTOPLIX YCTAHOBMEHO, YTO YMEHbLUEHWE MOSOChI
4acToT LUyMa, MOAYNMPOBAHHOrO HU3KOYACTOTHLIM Kone6aHnem, NpUBOAUT K
YCUIIEHMIO OLLIYLLIEHUI «LLIepOXOBaTOCTU» 3BYKa, OOYCIOBIIEHHbIX COOCTBEHHbI-
MW HEOOQHOPOOHOCTAMU LiyMa. [1pu BbICOKOM (hOHE COBCTBEHHbIX HEOQHOPOI-
HOCTel LuymMa CryXxoBOMY annapary TpyAHee BblAeUTb HU3KO4aCTOTHYIO Moay-
NAUMIO Manoro ypoBHs. 10 3TON NpUYMHE NPU COKPALLEHUN LLUMPUHBLI NOSOChHI
Lyma KosMULMEHT MUHUMANLHO OLLYLLIAeMON Ha CyX MoAynsummn (noporo-
Bble 3Ha4YeHWs m,) Bo3pacTaer.

Kpome 3TOro, Ha OCHOBaHMK NMOJTy4eHHbIX AaHHbIX MOXHO cAenaTtb BblBOL, YTO TECTO-

Bble CUrHanbl Buga 6enbii Wy, no AMHaMUYeckKUM XapaktepucTmkam, Ha 4 — 6
ob ycrynatot BPIC. 310 Takxe cornacyeTcs ¢ pesynbrataMu ncmxoakyctmye-
CKMX nccnepgosaHuii [1], B TOM, 4TO MOAYNALMA TOHANbHbIX (BOKANM30BaHHbIX)
CUrHasnoB BOCMPUHMMAETCA Ny4Lle, YeM LLYMOMNOQO06HbIX (HEBOKANN30BaHHbIX).

PEYEBBIE TEXHONOTUM / SPEECH TECHNOLOGY 3-4/2013




Ko3nauxoe C.b., bonu-bpyesuu A.M., /leopanxun C.B.
WccnenoBaHue CBOACTB MOAYNALMOHHBIX NapaMeTPoB peyeBbiX CUrHANoB

B obnactn SNR>5 nb MakcumarbHble 3HA4YEHWS M, ONPefeNTCA XapaKTepUCTUKaMm TECTOBOIO
curHana (Pg), KOTOPbIA 3aBUCUT OT LUMPUHBI MOSIOCHI U CTEMEHN CTaUMOHAPHOCTU 3TOrO CUr-
Hana. Micnonb3yembin BPINC mMoxeT 6biTh NpegctaBneH HabopoM rapMOHUYECKUX COCTaB-
NSAOLWMX, MOAYNMPOBAHHbIA CYMMOW rapMOHMYECKUX CUrHANOB, U ABNSETCA KBasucTaumo-
HapHbIM. [Mpy yMeHbLUEHUM MOMOCHI TAKOMO CUrHana OH TpaHcopMUpyeTCs B aMnanTygHO-
MOLYNMPOBaHHbIN TOHanNbHbIA, ¢ P-=0. COOTBETCTBEHHO, YMEHbLLUEHUE Nnonockl Takmx BPIC
CHWXaeT BenunyuHy ero Pe. [MonyyeHHble 3HaYeHust Pr OAns TeCTOBbIX CUrHanoB Buaa 6enbii
wym n BPTC npuBepeHsl B TabmLe 3.

Tabnuya 3
3Ha4yeHus PF ang TeCToBbiX CUrHaNnoB
3Hauenus Pr (ob) B nonocax cpunsrpaumm curHana ()
Xapakrep CurHan suga 6enbin Lym CwvrHan suga BPINC

MOZYNALMKM curHana
0...4000 'y ({1400...2800 Ny {355...710 'y 0...4000 'y |1400...2800 Ny [355...710 'y,

HemopynupoBaHHbIi 6.5 nb 11.6 nb 12.31 pb 10.77 pb 10.6 ob 7 nb

MopynnpoBaHHbIi

wacToTom 4 'y 8.2 nb 12 pb 14.22 pb 12.3 nb 12 pb 9.4 nb

3aknioyeHue

CpaBHeHWe pe3ynbTaTtoB, MOMYHYEHHbIX C UCMONb30BaHWEM TecToBbix BPIC 1 wymonono6Hbix
curHasnos, NO3BONWMO caenatb crnegyroLlne BbiBOAbI.

Mcnonb3oBaHne MOAyNALMOHHBIX METOA0B ANS OLEHKM 3alumwéHHocTn PC orpaHnyeHo 3HadqeHu-
amm SNR> — 5 — —8 gb B COOTBETCTBYIOLLMX OKTaBHbIX nonocax. Mpu atom BPTIC nmetot
SIBHOE MPEBOCXOACTBO Mepef TECTOBbIMM LLYMOMOAOOHBIMU CUTHANamm.

MHoroToHasbHble BUAbI MOAYNALMM TECTOBbIX CUTHAMOB YCTYNAOT OfHOTOHASBHBLIM Kak Mo napa-
METPY MOMEXOYCTOMYMBOCTM, TaK W MO BOCMPUSTUIO B OTCYTCTBME afAUTUBHOTO MacKUpyto-
Lero wyma.

BokanusoBaHHble cermeHTbl PC MMeloT 60nee BbICOKY MOMEXOYCTOMYMBOCTL MO CPaBHEHMIO
C ero HeBOKasfM30BaHHbIMW CErMEeHTaMu, YTO O6YCMOBMEHO PasfivMyHbIMU MOOYNALUMOHHbI-
MU CBOWCTBaMW 3TUX CUrHamoB, T.e. UX (hM3NYECKOW Npupopon. ATOT dhakT cornacyercs ¢
pesynsTataMmu ncuxou3nonorM4eckux UccnefoBaHuii CnyxoBoro BocnpusTus: anddepen-
uManbHble NOPorM MoAyNALUMOHHBIX XapakTepUCTUK TOHamNbHbIX (BOKaNM30BaHHbIX) CUrHANOB
B HECKOJMbKO pa3 HuXe, Yem Ans LWyMonodobHbIX (HeBoKannaosaHHbIX) [1]. [o cux nop 6bii0
MPUHATO CYMTATb, YTO MOMEXOYCTOMYMBOCTb BOKANM30BaHHbIX cermeHToB PC o6ecnevnBa-
€TCs TONbKO 3a CYET UX 6onee BbICOKOrO 3HEPreTUHECKOro YPOBHS NO CPaBHEHUIO C HEBO-
Kanu3oBaHHbIMW CerMeHTamu.

B oTcyTCTBME aAnMTUBHOIO MAacKUpYHOLLIEro LyMa [J1s OLEHKU kadectBa PC 1 napameTpoB ero mMofy-
NAUMM peLuaroLLiee 3HaYeHe MEET ero NuK-hakTop (Pr). MNpu 3TOM B YCNOBUSX aHanM3a B y3KuxX
nonocax, Yto 60nee xapakTepHo AN HU3KOYACTOTHOrO AuanasoHa (Foe LuMpuHa KpUTUHECKMX
nonoc cnyxa He npesbiaeT 100 y), NPeMmyLLIeCTBO Ha CTOPOHE BOKaNM30BaHHLIX CErMEHTOB
PC. B o6nactu Yactot cBbie 2000 Iy (roe LwupmnHa KPUTUHECKMX MOSIOC Clyxa COCTaBNseT
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300 — 700 y) MOAyNAUMOHHbIE CBOMCTBA BOKAIU30BAHHbLIX W HEBOKANM30BaH-
HbIX CErMEHTOB NPYMeEPHO paeHbl. B obnactu yacTot cabile 4000 Iy (foe wupmHa
nonockl aHanusa coctaenset 1000 — 3500 M) nperMyLLEeCTBO HA CTOPOHE HEBO-
KanusoBaHHbIx cermeHToB PC. CneflyeT OTMETUTb, YTO MMEHHO B COOTBETCTBUM C
3TOV 3aKOHOMEPHOCTbIO, 0BYCIOBIEHHON (OU3NHECKMM Oyanu3mMOM CUrHaroB, pac-
npefeneHbl 3HepPrum pearnbHbIX (He TecToBbix) PC.
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aHanuTUYecKne cUCTeMbl, 6€30NacHOCTb OOBEKTOB TYPUHOYCTPUM.

PEYEBBIE TEXHONOTUM / SPEECH TECHNOLOGY 3-4/2013






