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OCOBEHHOCTHU ®OHETUYECKOM UAEHTU®UKAIIMA INIACHBIX 3BYKOB
CEPOI'O 1 BOJIHUCTOI'O INIOIIYTAEB *

Crnoco6HOCTh HEKOTOPBIX BUIOB NTUI] UMUTHPOBATh YEIIOBEYECKYIO pedb MPEACTABIAET 0COOBIH HHTEPEC U, B YACTHOC-
TH, TIOTOMY, YTO CTPOEHHE UX 3BYKOTEHEPHPYIOIIETO amiapara CyIeCTBEHHO OTINYAETCS OT YETOBEIECKOr0. ITO MPUBOTHUT
K TOMY, 4TO P€30HAHCHbIE XapaKTEPUCTUKH TOJIOCOBOTO aNapara ITHI He MOTYT ObITh TAKUMH K€, KaK y TOPTaHH YeIIOBEKa.
B pesynsTare B 007bIIMHCTBE CTydaeB 3HAYEHHUS (JOPMAHT ITTACHBIX 3BYKOB TOBOPAIINX MITHI] HE COOTBETCTBYIOT YEJIOBEUEC-
KHM, TEM HE MEHee, ITTaCHbIe HACHTU(MHIUPYIOTCS C BBICOKOH BEepOSTHOCTHIO. C LENbIO BBIIBICHUS aKyCTUIECKHUX MPU3Ha-
KOB, O3BOJISOIIHUX PA3IN4aTh UMUTALMOHHBIE 3BYKH, ObLIa MPOBEICHA MOIU(UKALUS CEPUH IIIacHBIX. MoanduKarms mpo-
BOJIMJIACh IyTEM IMOAABICHUS AMILUIUTY/ABI CIIEKTPATbHBIX KOMIOHEHTOB, MM TPAHCIIOHHPOBAHUEM BCEX YAaCTOT CIIEKTPA.

Kniouesvle crnosa: TOBOpAIINE NTUIBI, HASHTHDHUKAIMA MOAU(UINPOBAHHBIX TIIACHBIX.

HecMotps Ha qyinTeibHOE HCCICIOBAHKE, 10
CUX TIOP MHOTI'M€ aCIICKTBI BOCIIPUATHA U pac-
IMO3HaBaHUA PEYM OCTAKOTCS HEBBIAICHCHHBLIMU,
HalpuMeEp, KaKne€ aKyCTUYCCKUEC XapaKTCpUCTH-
KM 3BYKOB SBJIAIOTCSA IEPLCIITUBHO-3HAYNMbBIMU
JUTST UAeHTUGUKAIUA GOHETHUSCKUX KaTeropuid
rnacHbIX. COMIaCHO KITACCHYECKUM IPEICTaBIIe-
ausM [Onanaran, 1968; @ant, 1970] kirrodeBIMA
IMpU3HaKaMH I'TTaCHBIX (i)OHeM SIBJIIAIOTCA 4aCTOTHI
TIEPBOM, BTOPOH U MHOTA TPEThel (hopMaHT, OT-
pakaroInX Pe30HAHCHBIE YAaCTOTHI TOIOCOBOTO
TpakTa yejoBeka. J[Jia KaXkJ10i Kareropuu riac-
HOTO 3HA4YEHUS 9acTOT | 1 2-i popMaHT SBIIAIOTCS
CTaOUIIBHBIMY, U VX 3HAYCHUSI HE TTePECEKAIOTCS
€O 3HaueHUSAMH (HOPMaAHT 3BYKOB JIPYTOH KaTero-
pun [Peterson, Barney, 1952]. Onnako, Harpumep,
(hopMaHTHI 3BYKOB C BBICOKOH 9aCTOTOM OCHOBHO-
ro ToHa (BoItre 300 ['17), MpUCyTCTBYIONTNX B IIac-
HOTIOJTOOHBIX BOKAIN3AIUAX MIIaICHIIEB U 3ByKax
BOKAJIHOW PEYH, HE TIOTIAAaf0T B TPAHUIIBI, OTIpe-
JIEJIEHHBIE IS 3ByKOB PEYr B3POCIIOTO AUKTOPA.
Tem HE MeHEe, TONOOHBIE TITACHBIE UACHTH(DHITH-
PYIOTCS ayIUTOPaMH C BBEICOKOH BEPOSTHOCTHIO
[KymukoB u 1p., 1999; Aunpeesa, Kymmkos, 2003].
B cBs131 ¢ 3TUM TIpeACTaBIsIET 0COOBIA HHTEPEC
CIOCOOHOCTH HEKOTOPBIX BHIOB IITHIl HMHTHPO-
BaTh YEJIOBEYECKYIO pedb. Beap A aToro mru-
11e He0OXOMMO, HECMOTPS Ha MHANBUyaIbHBIE
pa3IMYus TOJI0OCOB OKPYKAIOIINX €€ JoNeH 1 Xa-
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PAKTEPUCTHUKH CBOEH CITyXOBOW CUCTEMBI, HACTPO-
SHHOW Ha 0COOEHHOCTH BHOCHEIU(PUIECKAX CUT-
HaJIOB, BBIACINUTD TC aKYCTUYCCKUC ITPU3HAKHA, Ha
OCHOBaHHHU KOTOPBIX OHA CO3/1aCT KOIHUIO 3BYKa,
cnoBa Wik (pasel. CTpoeHHEe 3ByKOTCHEPUPYIO-
IIEeTOo arapara MrnTHUl] TakKXKe CYnCCTBEHHO OTJIN-
gaeTcs oT genmoBeueckoro [Goller, Larsen, 2002;
Gaban-Lima, Hofling, 2006], u, ciemoBaTenbHO,
€T0 Pe30HAHCHbIE XapaKTEPUCTUKN HE MOTYT OBITh
TaKMMH )K€ KaK y 4eloBeka. boiee Toro, HEeKoTo-
pBI€ BUABI MITHI] UCTIONB3YIOT MPH 3ByKOTE€HEpa-
IIUH 1B UICTOYHHKA 3BYKOBBIX Koslebanuii. OmHako
3BYKH peUH, IMHTHPYEMbIE ITHIIAMH, aIEKBATHO
PacToO3HAI0TCS YETOBEKOM, TOITOMY €CTECTBEH-
HO TIPENIIONIOKUTH, YTO B HUX UMEIOTCS aKyCTH-
YecKue MPU3HAKH, TO3BOJISIONINE OTHECTH 3BYK
K TOW WM MHOM Kareropuu. B panee mpoBejieH-
HOI1 pabote [ Yumcosa, 2004, 2006] 6su1H o1Ipe-
JIeJIEHbI 0COOEHHOCTH CIEKTPA IIACHBIX 3BYKOB,
cTaOnIIbHBIE IS KATETOPHH TIIACHBIX 3BYKOB «a»,
«O», «Ky» M «I», IMUTHPYEMBIX pPa3HBIMHU IITHIIA-
MU, @ IMEHHO: TIPUCYTCTBHE SHEPTETHIECKH BBI-
PaKEHHBIX CTIEKTPAJIbHBIX KOMIIOHEHTOB y 3BYKOB
Kareropuu «o» B nuamnaszone 630—1260 I'm, «a» —
1260-1990 I'1, «y» — mIke 630 I'11, «i» — BBIIIE
1990 I'm. OgHAako 11T IPOBEPKHU IIPEATIOTIOKE-
HUS O TOM, 9TO MAKCUMYMBI, HAXOSAIINECS UMEH-
HO Ha 3TUX YaCTOTaX, ABJSIOTCS KPUTUIECKUMHU
U1 uaeHTAGUKAIN (POHETHICCKOW KaTeTOpHUH
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OBLIO HEOOXOMMO MOJIBEPTHY T 3BYKH MOAU(DU-
Kalliu ¥ BBIIBUTH U3MCHCHUA UX I/IJICHTI/I(i)I/IKa]_[I/II/I.
TakuMm oOpa3oM, aHHas paboTa MOCBSIIEeHA HC-
CJICIOBAHUIO BIIUAHNA USMCHCHUS aKyCTUUCCKUX
XapaKTECPUCTHUK CIICKTPaJIbHbIX MaKCUMYMOB Ha
(hoHETHYECKYIO WACHTU(PHUKAIINIO TTIACHBIX 3BY-
KOB, UMUTHPYCMBIX IITULIAMH.

JIJIH MOIII/I(bI/IKaLH/II/I CIICKTPAJIbHBIX KOMIIO-
HEHTOB OBUTA OTOOpAHBI TJIACHBIC 3BYKH CEPOTO
1 BOJIHUCTOTIO IToIyracs, € BBICOKOM BEPOATHOC-
THIO HJICHTU(DUIIUPOBABIIUECS KAK «a» U «0» B
NpeIBAPUTEIILHOM aynuTopckoM ananuse. C mo-
Motbio GunbTpa npeodpazoBanus Pypre (FFT
¢wieTp, nporpamma Cool Edit Pro) npoussonu-
JIMCb UBMCHCHU S aMIIJIUTY/Ibl CIEKTPaJIbHBIX CO-
cTaBIsAOIUX. ECM B crieKTpe 3ByKa NpUCYTCTBO-
BaJIM BBIPAXKCHHBIC CIICKTPaJIbHbIC MaKCUMYMBI,
KOTOPBIC MOXXHO ObLIIO XapaKTepu3oBaTb €ANHC-
TBECHHBIM 3HAQYCHUEM 4aCTOThI U aMIIJIMTYAbI, TO
IMPOBOANJIOCH ITIOHMXKCHUC UX aMINIMTYAbl TAKUM
00pa3om, 9TOOBI ITOT MAKCHMYM HE MOT OBl OBITh
BeIZeNeH (1-51 cepust Momudukanmii). B ciaydae
€CJIM CTIEKTp 3BYKa XapaKTepHU30BAaJICsI BBIPaKEH-
HOM NOJI0COM CIIEKTPaIbHbIX KOMIIOHEHTOB, ITPO-
BOAWJIOCH UBMEHCHHE €T'0 IMPUHBI IIYTEM ITOAaB-
JICHUS aMIITATYbI CIICKTPAJIBHBIX COCTaBJIAIOIINX
B €r0 omnpezeneHHoN yacTu (2-s cepust Mmonudu-
Kanwmii). [{s TpancniorrpoBaHus yactot (3-51 ce-
pust) ucronb3oBanack GyHkiwsa Constant Stretch
nporpamMmbl Cool Edit Pro. TpancronupoBanue B
CTOPOHY TOHM)KEHHUS YaCTOTHI OCYIIECTBISIOCH
maramu ¢ oTHoteHueM 0,79 Bcex 9acTOT IPeIbI-
JIYIIETO 3ByKa 110 OTHOIICHHUIO K YaCTOTaM IOCIIe-
JIYIOIIIETO, T. €. €CJIM Y UICXOTHOTO 3ByKa 3HAYCHHUS
gacToT ¢opMaHT coctamsua 600 I'm, 1270 I,
2150 I'm, To B pe3ynbTare IepBOTo Iara TpaHc-
MTOHUPOBAHMS B CTOPOHY TMOHMXEHHS YaCTOTEHI,
qacToThl hopMaHT coctaBmiu 474 I'm, 1003 I'm,
1698 I', B pesynbrare BTOoporo mara — 374 I,
792 I'mu 1341 ' u 1. 1. IloBBITIEHNE YaCTOT OCY-
LIECTBIISUIOCH C COONIOAEHNEM OTHOIIEHHs 1,33.
B »TOM citydae gacToThl OpPMaHT B pe3yibrare
TIEPBOTO IIara B CTOPOHY TOBBIIIICHUS YaCTOTHI
cocraBuian 798 I', 1689 ', 2859 I'. st kax-
JIOTO 3ByKa OBLIO MIPOBEACHO HECKOJIBKO ITaroB
TPAHCTIOHUPOBAHUS YaCTOTHI B CTOPOHY €€ T10-
HWKCHHSI W TOBBIIeHNA. MonndunnpoBaHHbIE
3BYKH MPOCITYIINBAIICH TPYIIIION M3 CEMU ay/In-
TOPOB, TIOCTOSTHHO YYAaCTBYIOIINX B MTOTOOHBIX
akcriepuMenTax. llepen HIMu cTaBmIach 3ama-
ga 0003HAYUTh H3MEHEHUE KaTerOpHH MOIU(H-

LIMPOBAHHOI'O 3ByKa 10 CPABHEHHUIO C KaTeropH-
el HeMOTM(UIIMPOBAHHOTO 3BYKA.

B Hauase y BceX 3BYKOB ObLIO MPOHM3BEACHO
MOJIaBJICHUE aMIUTUTY/IbI CIICKTPAIbHBIX KOMIIO-
"enToB Hrke 750 I'm u Bermre 1700 I'n. B sTom
cltydae JUIsl BCeX 3ByKOB KaTeTOPHI «a» 1 «0» U3~
MEHEHUE HACHTU(PUKAINN OBLTO 3a(DUKCHPOBAHO
He Oosee ueM y 3-X u3 7 ayIuTOpoB. DTO MO3BO-
JIUJIO MTPEJIIOJI0KHTh, YTO KPUTHUYECKUE IIPU3HA-
KM KaTeTOPHH «a» U «0» HAaXOAATCS B IUAra3o-
e 750-1700 I'm.

B 1-it cepun mopudukanuiit 66110 Monupu-
LMUPOBAaHO 4 3ByKa BOJHHUCTOIO IMOIyraiunka
(3 «a» m 1 «o») u 3 3ByKa ceporo momyras (2 «a»
u 1 «o»). B Tpex nByx(hopMaHTHBIX 3ByKax BOJTHHUC-
Toro momyraianka («o» —950, 2280 I'r; «a» — 1460,
2580 I'm; «a» — 1290, 2580 I'mm) — smuMuHATIS
MIEPBOr0 MAKCHMYMa, a B OJJTHOM TPeX(OPMaHTHOM
(600, 1335, 2150 I'm) — >nuMHUHAIAS TIEPBOTO U
BTOPOr0 MAaKCUMyMa ITPHUBEJIa K CYIIIECTBEHHOMY
MOHIKCHHUIO UACHTH()HUKAIIMYA UCXOIHBIX 3BYKOB
«a» 1 «o». MonundunupoBaHHble TByX(OpPMaHT-
HBIC 3BYKH «a» U «0» CTaJIi UACHTU(UIIUPOBATh-
Csl KaK «M» BCEMH ayJMTOPaMH, OIICHKA KaTero-
puK MOIU(DUITUPOBAHHOTO TPEX(HOPMAHTHOTO «ax
TaK)Ke M3MEHUIIACH Y 6 ayJIUTOPOB, HO MCHEE €M~
HOOOpa3Ho. OgHAKO TIPU COXPAHEHHH TTEPBBIX
2-X MAaKCHUMYMOB y TPeX()OPMAHTHOTO «ay CYIIeC-
TBEHHOTO N3MEHEHUS HACHTU(UKAINT KaTeTOPHN
BBISIBIICHO He Ob110. He moBnmsiyio Ha O1IeHKY Ka-
TETOPUH «a» U ToAaBJIeHue 1-if popmMaHTHI, B TO
BpeMs KaK IMOJaBJICHNE 2- IPUBETIO K U3MEHe-
HUIO OLIEHKN KaTerOpHUHY MPAaKTUIECKH BCEMH ay-
mutopamu. [lonasienne 2 u 3-if popMaHTHI H3Me-
HWJIO OIIEHKY KaTeTOPHH «a» Ha KaTErOPUI0 «0»
OOJBITMHCTBOM ayAUTOPOB. Y IBYX MOTUDHUIIN-
POBaHHBIX Tpex()OPMAHTHBIX «a» CEPOro TOIY-
ras («a» — 900, 1460, 2540 I'm; «a» — 860, 1550,
2840 I'm) smumvurHAMS 2-i popMaHTHI BEI3BaIa
MACHTH(UKALINIO 3BYKa KaK «0» HE MEHEe, 4eM TIsi-
TBIO ayTUTOpPaMU. DIUMHUHAITS | -1 HE TOBIHsIIA
Ha HIeHTU(UKAIIIIO 3BYKa Kak «a». Takum oopa-
30M, JTS 3BYKOB KaT€TOPHH «a» TIO/IaBICHNE aMII-
mutynbsl opmanThl B 06mactr 900—1700 I’y mpu-
BOJIUT K N3MEHEHHIO UICHTH(UKAIINHA KaTETOPUHT
MCXOTHOTO 3ByKa. B 3TOM ciydae garie BCcero 3ByK
HauMHAeT UACHTU(UITUPOBATHCS KaK «O».

Bo 2-ii cepum 06110 MOIHDHUIIIPOBAHO 4 3ByKa
«ay» ceporo moryTas. Y 3ByKa «a» ¢ JHepTreTHIec-
KU BBIpaskeHHOU mostocoit 700—1600 ' momasie-
HUE aMIUTATY/ABI CIIEKTPATFHBIX KOMITOHEHTOB B
gactotHOM nuarazone 1300-2000 ' He BpI3BaIO
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u3MeHeHus uaeHTudukanuu kareropuu. [lomas-
JICHHUC aMIUIMTYbI CIICKTPAJIbHBIX KOMIIOHCHTOB
B nuamnaszone 1000-2000 I'r mpuBeno K UACHTH-
(1)I/IKa]_II/II/I 3BYKa KaK «0» BCEMHU ayIUuTOpaMu, I10-
JaBieHne aMIuuTyab! B tuanazone 800—-2000 I'
BBI3BAJIO MOSIBIICHUE OIICHOK 3BYKa KaK «y» 4Yac-
ThIO ayAuTOpoB. CXOHAs KapTHHA HAOIII0IAIach
1 1J1s1 OCTAJIBHBIX 3BYKOB. 9TO ITO3BOJIAIIO HpHﬁ-
TU K BBIBOAY O TOM, YTO IPHU HAJIMYUU SHEPIe-
TUYCCKHU BBIPAKCHHBIX KOMIIOHCHTOB HE BBIIIC
1000—-1100 I'1 3ByK OyzeT naeHTHPHUITIPOBATHCS
Kak «o», He BeIme 600—800 [ — kak «y».

B 3-ii cepun y 1BYX «a» BOTHUCTOTO TIOITyTa-
YHKa M OJTHOTO «a» Ceporo Nomnyrast ObIIH TpaHC-
ITOHUPOBAHbI 4acTOThI. I[Ipu TpaHCIIOHUPOBAaHNUHU
4acTOT JIByX 3BYKOB «a» BOJIHUCTOTO TOITyTaii-
YUKa 3HAYEHUs 9acTOT (POPMAHT UCXOJHBIX 3BY-
koB coctamitu 600, 1270, 2150 'y (Tpexdop-
MaHTHBIA) 11 1380, 2600 I'11 (1ByX(OpMaHTHBIH).
B pesysnbrare nepBoro mara TpaHCIOHUPOBAHUS
B CTOPOHY MOHMXCHUSA 4aCTOTHBI (I)OpMaHT CO-
craBuin 450, 990, 1636 u 1033, 1980 I'y u aTOT
3BYK CTaJ WICHTU(DHUIIMPOBATHCS KaK «0» Hac-
ThIO ayJIUTOPOB. TOJNBKO K YETBEPTOMY IIAry JUIsl
TpexdopmMaHTHOTO 3ByKa (4acToTh! (hopmanT 193,
409, 689 I'm) Bce aymuTOpHI 3a(PUKCUPOBATTH U3-
MEHEHHE KaTETOPHH «a» Ha «0» UITH «y». Y JIByX-
(hOpMaHTHOTO «a» ¢ TPETHETO mara (4acToThI hop-
ManT 580, 1119 I'm) maeHTH(UKAINSI OCTaBalach
HEM3MEHHOM: 3 ayIuTopa OMPEIeNININ 3ByK KaK
«O» M «y», 2 — KaK «a» u «3». lloBbIienne vac-
TOT OBIJIO OCYIIECTRIICHO B 6 MaroB s Tpexdop-
MaHTHOTO 3BYKa M 5 T1aroB /I IBYX(OpMaHTHO-
ro 3ByKa. [Ipn Mmogudukanun TpexpopMaHTHOTO
«@» y)Ke B pe3ynbTare MepBoro I1ara Ba ayIuropa
AICHTHQUITMPOBAIN 3BYK KaK «I» (4aCTOTHI (hop-
ManT 750, 1636, 2700 I'r). Bce aymutopsr onpe-
JIEJTVITA KaTETOPHIO «I» TIpH 4-M mmare (IacToThI
dbopmant 1530, 3337, 5770 I'n). JIByxdopmant-
HBIN «@» OBUT MICHTUDHUITIPOBAH KaK M) BCEMHU
ayIUTOpaMH ITpH 3-M II1are TPAaHCTIOHUPOBAHHUS B
CTOPOHY TTOBBIIICHHS YaCTOTHI.

3BYK «a» Ceporo MoIyras ¢ SHePTeTUYECKH
BEIp@XCHHBIMH TToJTocamMu yactoT 750—1800 ' u
2200-2800 'y mpu TepBOM IIare TpaHCIOHUPOBA-
HUW 9aCTOT B CTOPOHY OHMKEHHS TPEMS ayAUTO-
pamu cTall HAeHTH(UIIPOBATHCS Kak «oy. K 4-y
Iary Tpoe ayIuTOpOB HICHTHU(PHUIIMPOBAIH 3BYK
KaK «y», OJJH — KaK «0» U JUIsl OTHOTO ayInTOpa
OIIEHKA KaTeTOPHH MCXOIHOTO 3ByKa HE M3MEHHU-
nack. [Ipy TpaHCTIOHUPOBAHUN YACTOT B CTOPOHY
TIOBBITIICHNS TOJBKO K IIECTOMY IIIary JIBOE ay/In-

TOPOB HJICHTH(OUITUPOBAIIN 3BYK KaK «¥», JIJIS OC-
TaJIbHBIX OLICHKA KATEIOPUH «a» HE U3MCHUIIACH.
Takum 00pa3oM, TPAaHCIIOHUPOBAHUE YACTOT 3BY-
KOB B 3HAYMTEIPHOM KOJIMUECTBE CIIy4acs MPUBO-
JIUT K U3MECHEHUIO OIICHKH KaTeTOPHUHU «a» Ha «0»
U «y» TP MOHMKESHUH YaCTOThI M HA KATETOPHIO
«W» TIPH TIOBBIIICHUH YaCTOTHI.

IIpoBenennas pabora MO3BOJIMIIA TIPUUTH K
CJICAYIOIIMM BBIBOJIAM: €CJIM B CIIEKTPE 3ByKa
[IPUCYTCTBYIOT BBIPAXKEHHbBIE CIIEKTPAIbHBIC KOM-
nmoHeHTHI B auama3one 1300—1700 I'm, aToT 3ByK
Oy/IeT C BBICOKO# BEPOSTHOCTBIO HACHTU(PHIIUPO-
BaH KaK «a», HE3aBUCUMO OT TOT'0, IPUCYTCTBY-
FOT JTH BBIP@XKEHHBIC CIICKTPAIbHBIC KOMIIOHEHTHI
Ha HU3KUX M BBICOKHUX YacTOTax; €CJIU 4acTOThI
OCHOBHBIX YHEPIeTUYCCKH BBIPAYKCHHBIX KOM-
noHeHToB HaxomsaTcs Huxke 1000 I'm, To 3ByK Oy-
JIET UACHTU(DHUIIMPOBAH KaK «0», HE3aBUCHUMO OT
MPUCYTCTBHSI BRIPAYKCHHBIX CHEKTPAIbHBIX KOM-
norenTos Boime 1700 ', HO He B ciTy4ae ux Ha-
mraus B nuanazone 1300—1700 I'm. [Ipu mamm-
YUH CIIEKTPaIbHBIX KOMIIOHEHTOB B JIMAIIa30HE
1100-1300 I'1 3ByK MOJKET HACHTHDHUITIPOBATHCS
U KaK «a», U KaKk «o». B ciyuae Hanmugust sHepre-
THYECKHU BBIPAKCHHBIX CIICKTPATbHBIX KOMIOHECH-
TOB ¢ yactoToil Hike 500 I’ 1 mpu oTcyTeTBUN
BBIPAKCHHBIX CIIEKTPAJIbHBIX KOMIIOHCHTOB Ha
0oJiee BBICOKHMX YacCTOTaX 3BYK OymeT MICHTH-
¢ummpoBarbcs Kak «y». B ciayuae onHoBpemMen-
HOTO TIPUCYTCTBUS BBIPAXKEHHBIX CIIEKTPAITBEHBIX
KOMITOHEHTOB ¢ "acToToi Hivke 500 ' u BbIme
1700 I'm, 3ByK OymeT MACHTH(DHUITMPOBATHCS KaK
«W», TAKXKE OH OyIeT HACHTH(DHUIINPOBATHCS, €CITH
BBIPa)KEHHBIE CIIEKTPAITLHBIE KOMIIOHEHTHI OyIyT
MIPUCYTCTBOBATH TONbKO HaunHas ¢ 1700 I'mr. On-
HAKO Ha MJIEHTH(HUKAINIO 3ByKOB MOTYT OKa3blI-
BaTh BIMSAHHUE W WHWMBHIyaJIbHBIE 0COOCHHOC-
TH ayauTopa.
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K. O. Uplisova

THE FEATURES OF BUDGERIGAR AND GRAY PARROT
VOWELS PHONETIC IDENTIFICATION

The ability of some species of birds to imitate human speech represents particular interest because of the structure of their
vocal apparatus essentially differs from human’s one. It leads to that resonant characteristics of a syrinx of birds cannot be
same as at a larynx of the human. As a result in most cases values of formants of vowel sounds of talking birds differ from
human vowel. Nevertheless, vowels are identified with high probability. With the purpose of revealing of the acoustic keys,
allowing to distinguish imitating sounds, modification of a series of vowels has been lead. The modification was spent by
suppression of amplitude of spectral components, or shift of all frequencies of a spectrum.

Keywords: talking birds, identification of modified vowels.

Despite of the long time research, many aspects
of perception and recognition of speech remain
obscure till now, for example, what acoustic
characteristics of sounds are perceptual significant
for identification of phonetic categories of vowels.
According to classical view [Flanagan, 1968; Fant,
1970] the key attributes of vowels are frequencies of
the first, the second and, sometimes, third formants
which reflecting resonant frequencies of a vocal
tract of the human. For each category of vowels
the frequencies of the first and second formants
are stable, and their values are not crossed with
values of formants of sounds of other category
[Peterson, Barney, 1952]. However, formants of
sounds with high fundamental frequency (above
300 Hz), for example present at babies vowel-
like vocalizations and sounds of song speech, do
not get in the borders of the adult speaker speech
sounds. Nevertheless, these vowels are identified
by auditors with high probability [Kulikov et al.,
1999; Andreeva, Kulikov, 2004].

In this connection, the special interest is
the ability of some species of birds to imitate

human speech. For this purpose it is necessary
for a bird, despite of individual distinctions
of voices of humans and characteristics of the
acoustical system which has been adjusted on
feature of species-specific signals, to allocate
those acoustic keys on the basis of which it
will create a copy of a sound, words or phrases.
The anatomy of a vocal apparatus of birds also
essentially differs from human [Goller, Larsen,
2002; Gaban-Lima, Hofling, 2006] and, hence,
its resonant characteristics cannot be same as
at the human. Moreover, some species of birds
use two sources of sound vibration at a sound
production. Because the sounds of speech imitated
by birds, are adequately recognized by the human,
it is natural to assume, that there are the general
acoustic features, allowing to carry a sound to
the phonetic category [Patterson, Pepperberg,
1994]. In the previous work [Uplisova, 2004;
2006] the features of a spectrum of vowels, stable
for categories “a”, “o0”, “u” , imitated
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a”, “o”, “u” and
by different birds have been specify. There are:
the presence of energetically expressed spectral
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components at sounds of a category “0” in a range
of 630—1260 Hz, “a” — 1260-1990 Hz, “u” —
below 630 Hz, “i” — above 1990 Hz. However
for check of the assumption that the maxima
which are being on these frequencies, are critical
for identification of phonetic category it was
necessary to modify sounds and to reveal the
change of they identification. Thus the given work
is devoted to research of influence of change of
acoustic characteristics of spectral maxima on
phonetic identification of vowel sounds.

Vowel sounds of grey parrot and budgerigar
which were identified as “a” and “o0” by auditors
in the past have been selected for modification
of spectral components. The filter of fast Fourier
transform (FFT-filter, Cool Edit Pro) was used
for to perform changes of amplitude of spectral
components. The sounds which have a spectrum
with sharp spectral maxima (which could be
characterized by unique value of frequency and
amplitude) were modified by reduction of the
amplitude of these maxima until they could not
be allocated (the first series of modifications).
If the spectrum of a sound had the expressed
strip of spectral components, the change of its
width by suppression of amplitude of spectral
components in its certain part (the second series of
modifications) was spent. For shifting frequencies
(the third series) of vowels the function “Constant
Stretch” of program Cool Edit Pro was used. The
shift aside lowering of frequency was carried
out by steps with the relation 0,79 of all
frequencies of the previous sound in relation
to frequencies of the subsequent. For example
if the frequencies of initial sound formants are
600 Hz, 1270 Hz, 2150 Hz as a result of a first step
of shift aside lowering, frequencies of formants
became 474 Hz, 1003 Hz, 1698 Hz, as a result of
the second step — 374 Hz, 792 Hz and 1341 Hz, etc.
Increase of frequencies was carried out with the
relation 1.33. In this case frequencies of formants
as aresult of a first step are 798 Hz, 1689 Hz, and
2859 Hz. For each sound some steps of shifting
of frequency aside its lowering and increase have
been spent. The modified sounds were listened by
group of the seven auditors constantly participating
in similar experiments. They had to note whether
the phonetic category of the modified sound in
comparison with a category of initial sound has
changed and how.

In the first time the amplitude of spectral
components below 750 Hz and above 1700 Hz

was suppressed for all sounds. In this case no more
than three auditors heard change of a category for
all sounds. It has allowed to assume, that critical
features of categories “a” and “o0” are in a range
of 750-1700 Hz.

In the first series it has been modified four
sounds of the budgerigar (three “a” and one “0”)
and three sounds of a grey parrot (two “a” and
one “0”). In three two formants sounds of the
budgerigar (0” — 950, 2280 Hz; “a” — 1460,
2580 Hz; “a” — 1290, 2580 Hz) suppression of
the first maximum, and in one three formants
sound (600, 1335, 2150 Hz), suppression of the
first and second maximum, has led to essential
lowering of identification the initial sounds as
“a” and “0”. The modified sounds “a” and “0”
with two formants began to be identified as “i”
by all auditors. The identification of a three
formants “a” also was changed at six auditors,
but is less uniform. In the case of preservation
the first two maxima at three formants “a” the
change of identification of a category it has not
been revealed. Suppression of the first formant
(470-860 Hz) has not affected an estimation
of a category while suppression of the second
(1000-1700 Hz) has led to change of an estimation
ofacategory practically atall auditors. Suppression
of the second and third formant has changed
an estimation of a category “a” to a category
“0” at the majority of auditors. More than five
auditors identified two modified three formants
“a” by grey parrot as “o” if the second formant
(1000-1700 Hz) was suppressed. Suppression
of the first (400-900 Hz) has not affected
identification of a sound as “a”. Thus for the
“a” sounds suppression of amplitude of a formant
in the range of 900—1700 Hz leads to change the
category identification. In this case more often
the sound starts to be identified as “0”

In the second series four sounds “a” by grey
parrot has been modified. At a sound “a” with
energetically expressed band of 700-1600 Hz
suppression of amplitude of spectral components in
a frequency range of 1300-2000 Hz has not caused
changes identification of a category. All auditors
identified the sound as “o0” if the suppression
of amplitude of spectral components in a range of
1000-2000 Hz was led; suppression of amplitude in
arange of 800-2000 Hz has caused occurrence of
estimations of a sound as ““u” at a part of auditors.
The similar picture was observed for other sounds.
It has allowed to conclude that the presence of
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energetically expressed components not above
1000-1100 Hz lead to identify the sound as “0”
not above 600-800 Hz — as “u”

In the third series the frequen01es of two
of budgerigar and one grey parrot’s “a” have been
shifted. The formant frequencies of two initial
sounds “a” of budgerigar were: 600, 1270, 2150 Hz
(three formant sound) and 1380, 2600 Hz (two
formant sound). As a result of the first step of
shifting aside lowering the frequency of formants
were 450, 990, 1636 and 1033, 1980 Hz and they
were identified as “0” by a part of auditors. To the
fourth step for three formant sound (frequency of
formants 193, 409, 689 Hz) all auditors have fixed
change of a category “a” on “0” or “u”. For the
two formant “a” from the thlrd step (frequency of
formants 580, 1119 Hz) the identification remained
constant: three auditors have determined a sound
as “0” and “u”, two as and «e». Increase
of frequencies has been carried out in six steps
for three formant sound and five steps for two
formant sound. Already as a result of a first step of
modification the three formant “a” was identified as
“1” (frequencies of formants 750, 1636, 2700 Hz)
by two auditors. All auditors have determined
a category “i” at the fourth step (frequencies of
formants 1530, 3337, 5770 Hz). Two formant “a”
has been identified as “i” all auditors at the third
step of transposing aside increases of frequency.

The sound “a” by grey parrot with energetically
expressed strips of frequencies of 750—-1800 Hz
and 2200-2800 Hz was identified as sound “0” by
three auditors as a result of a first step of shifting
frequencies aside lowering. To the second step two
auditors identified a sound as “u”. To the fourth
step of shifting three auditors identified a sound as
“u”, one as “0”. For one auditor the estimation of
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a category of an initial sound has not changed. As
aresult of transposing frequencies aside increases
only to the sixth step two auditors identified
a sound as “i”, for the others the estimation of a
category “a” has not changed. Thus, the transposing
of frequencies of sounds in most cases leads to
change of an estimation of a category “a” on “0”
and “u” at lowering frequency, and on a category
“1” at increase of frequency.

The conclusion of this work are: if in a spectrum
of a sound the expressed spectral components
at a range of 1300—-1700 Hz are present, this
sound with high probability will be identified as
“a”, whether irrespective of there are expressed
spectral components on low and high frequencies.
If frequencies of the basic energetically expressed
components are below 1000 Hz the sound will be
identified as “0”, irrespective of presence of the
expressed spectral components above 1700 Hz,
but not in case of their presence in a range of
1300-1700 Hz. At presence of spectral components
in a range of 1100-1300 Hz, a sound it can be
identified both as “a” and as “0”. In case of presence
of energetically expressed spectral components
with frequency below 500 Hz and at absence
of the expressed spectral components on higher
frequencies the sound will be identified as “u”
In case of simultaneous presence of the expressed
spectral components with frequency below
500 Hz and above 1700 Hz, a sound it will be
identified as “i”, also it will be identified, if the
expressed spectral components will be present
only since 1700 Hz. The individual peculiarities
of auditors have an influence on phonetic
identification of vowels.
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