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Pa6oTta nocssiLLieHa onucaHuio peanusaumm CUHTe3a NeHus
Ansa pycckoro asblka. NpusoauTtca nHdopmaums o
neB4YECKOM rosioce, nokasaHbl OCHOBHble TeMOpaNnbHbie U
npocogu4yeckmne oCo6eHHOCTU NeBYECKNX FroOJsI0COB.
MNMpuBeaeHa o6Las CTPYKTYpHasA cXxema CUCTEMbI CUHTE3a
neHusi, onucaHbl anropuTMbl U NPUHLMMBLI PaboTbl 6510KOB
CUCTEeMbl, @ UMEHHO, 6J10Ka 06pabOTKN My3blKasibHOW
HOTauum, 65nokKa ¢poHeTUHECKUX Npeobpa3oBaHUi, 610Ka
CUHTe3a pe4eBoM BOJIHbl. OnNnUcaHHbIe anropuTMbl|
A3bIKOHE3aBUCUMbI U MOTYT NPUMEHSATLCA AN CUHTEe3a NeHUus
Ha Apyrux s3blKax.

Abstract

The paper describes the implementation of the singing synthesis software system
for Russian language. The information about singing voice is outlined, and the gen-
eral timbral and prosodic characteristics of singing voices are shown. The paper
presents the achitecture of the singing synthesis system and descibes the algo-
rithms and principles of operation of the system components such as the music
notation processing, speech phonemic processing, and speech wave synthesis
units. The given algorithms are language independent and could be applied for cre-
ating singing synthesis systems for other languages.

BeepeHue

Cuctema cuHTE3a NEHUS MOXET MCMOMb30BaTbCs MpU 0By4eHUV BOKany, ANl AeMOHCTpaLum
NpaBubHOrO UCTOSHEHWS MECHWN U Pa3BUTUSA MY3bIKaNIbHOIO CriyXa. Takon KOMMboTep-
HbI MHCTPYMEHTapuii 6ydeT noneseH KOMMo3uTopam 1 npoprcepam Afis CO3aaHua ae-
MOHCTPaLMOHHbIX BEPCUIA NeceH, [06aBeHNs B YXXe MMetoLLmMecs 3anmncu 63K-sokana u
nonyyeHus Apyrnx acpeKToB. 3Ta cucTeMa MOXET HaTU LLUMPOKOE NPUMEHEHME B Kade-
CTBe CPeACTBa A1 reHepaumm 3acTaBok Ha pagmo, MHTEPaKTUBHOW peKnambl, 3BYKOBbIX
[IOPOXEK K pasnyHbIM BuagoMaTepuanam. 103
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Npes Ll,I/Iq’.)pOBOFO CUHTE3a Ka4eCTBEHHOro NeB4eCcKoro rojioca Havana npuenekartb BHU-

MaHue uccneposatenei ¢ 50-x rofoB NpoLUIoro Beka. MNepsbii CUHTE3MPOBAHHBIN
MeBYECKUN rofioc — CuHTEe3 necHn «Daisy Bell» — 6bin co3gaH ameprkaHCKum
y4éHbIM Makcom MaTbio30M [2], KOTOpbIN paspaboTan TEXHOMOMMI0 CMHTE3a BOKa-
na Ha ocHoBee BOKofepa. [NepBoi NOMHOCTBLI0 aBTOMATUHECKOM KOMMbIOTEPHON CYt-
CTEeMOW, OCYLLeCTBAAIOLLIEN CUHTE3 NeHus, cTana nporpamma VocalWriter oT kom-
naHum KAE Labs [3], BbinywieHHas B 1998 rogy Ans onepaumoHHON CUCTEMbI
MacOS. K HacTosLLeMy MOMEHTY CYLLECTBYIOT KOMMbIOTEPHbIE CUCTEMBI, OCYLLIE-
CTBASIOLLME CMHTE3 MEHUS Ha AMOHCKOM fi3blke: nporpamma Vocaloid komnaHum
Yamaha [4], Ha dpaHLy3CKOM, MOPTYrasnibCKOM, UTaNbSHCKOM A3blKax: nporpaMma
komnaHun Myriad [5], Ha HemeLkoMm a3bike: nporpamma Virsyn Cantor [6] 1 BbiLLe-
HasBaHHas nporpamma komnaHumn Myriad. Kpome Toro, Bce nepe4ncrieHHble npo-
rpaMmbl OCYLLEECTBASIOT CUHTE3 MEHUS HA aHITIUACKOM SA3bIKe.

[ns pycckoro sisblka JO CUX MOP HE CYLLECTBYET MPoecCroHasbHbIX MPOrpaMMHbIX

NpOAYKTOB, OCYLLECTBNAOLLMX CUHTE3 MeHns. Co3haHHble K HAaCTosALLEMY MOMEH-
Ty CUCTEMbI, OfjHA U3 KOTOPbLIX OnucaHa B paboTe [7], UMetoT psf, He[OCTaTKOB, B
4aCTHOCTW, OHW He peanunaytoT 0cobble Npasuna NpeobpasoBaHns «Oyksa-groHe-
Ma» Ha CTbIKax C/l0B, HE UCMOMb3YHOT NPY CUHTE3E PeYeBbIE OTPE3KUN ANUTENBHOC-
TbiO 60Mee 0gHOro anodioHa, a Takxe He paboTatoT C Hanboree pacnpoCcTpaHEH-
HbIMV chopMaTaMu 3anmcu My3blkanbHOW HOTaumW. ST HeJoCTaTKu BIIEKYT CUMb-
HOEe CHUKEHME KavecTBa CMHTE3MPOBAHHOMO NMEBYECKOro rofioca 1 TpebyoT npea-
BapuTENbHbIX NPeobpPa3oBaHMii CyLLECTBYIOLLMX My3blKallbHbIX HOTaLMIA B hopmat
Tekcta n MIDI-cpanna. B pabote onvcaHa cuctema CMHTE3a NeHns A1 PyCCKoro
A3bIKa, NULLEHHAA YKa3aHHbIX HELOCTATKOB M MO3BONAIOLLIAs CUHTE3MPOBATb BbICO-
KOKa4YeCTBEHHbIN NeBYECKUIA ronoc.

1. O6Lwwan uHcpopmaLus o NneB4ECKOM ronoce

Cyu.l,eCTByeT MHOXECTBO CUCTEM KJ'IaCCVI(*)I/IKaLl,VIVI neByeckumx ronocos. OpHM y4quTbliBa-

10T CUITy ros10ca, APYre — HaCKOMBKO MOABUXEH, BUPTYO3EH, OTHETIME rofoc nes-

Ta6bnuya 1 ua. Yae Bcero ncnonb3yeTcs Knaccudmkauus, yunTbiBatoLas amanasoH ronoca
nesua [1]. Moa BokanbHbIM Avana-
30HOM O06bI4HO MOHMMAKOT Habop

Knaccudmkauma neB4eCcKuX rofiocos No AuanasoHy My3blKasibHO MOMe3HbIX 3BYKOB, KO-
Topble OOCTYnHbl nesuy. «[llones-

HassaHnwue rpynnel ronocos YacroTHbi ananasoH, [y HbIMW>» Ha3bIBAOT T€ 3BYKU, KOTO-
pbIM NEBeL, MOXET NpuaaTb He06Xo-

Bac 80-330 ONMYIO ANUTENbHOCTb, CUITY U OKpa-

CKy. Kak nokasaHo B Tabnuue 1, 4a-

Bapuron 110-440 CTOTHbIN AManasoH NeBYECKOro ro-

Terop 130520 noca cocrtaensetr 80-1050 Iy [1],

YTO B VHTEPBaSIbHOM MWCHUCEHUN

KoHTpasnksto 165-700 COCTaBMSAET YEThIPE OKTaBbl. Kax-

OblA NEBYECKUA TONOC 3aHUMaeT

Meuwo-conpato 220-880 [Be 1 6onee OKTaBbl, B TO BPEMs
Conpato 2601050 Kak avanasoH U3MEHEHUS YacToTbl
ocHosHoro ToHa (HOT) npu ycTHOM

104

peyn, Kak npasumo, He NpesbILLaeT
O[HOW OKTaBbl.
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Opyras xapaktepuctuka ronoca — Temobp. MNMoABMXHbLIA TUM PE30HATOPOB rONIOCOBOMO TpakTa
obecneynBaeT BO3MOXHOCTb U3MEHEHNS Tembpa B MPOLECCE MEHUS UMW peyn u, Hapsgy
C U3MEHEHWEM BbICOTbI Y CUSIbI FONI0CA, UCMOMb3YETCH AN BbIPaXEHUS 3MOLMIA NEBLIOM, J1EK-
TOPOM, ApamMaTNYeCKUM aKTEPOM.

[ns Toro 4To6bl CUHTE3MPOBATb MOSIOC C XOPOLUMMM BOKASIbHBIMU JAaHHBIMM, HYXHO BbIAEIUTb OT-
nnynsa NpodeccMoHanbHOro NeHns oT Mbutensckoro. Hambonee 3ameTHoe oTnM4Yne npo-
ABnseTca B 605ee YETKOM BbIAENEHUN NEPBON, BTOPOW U TPETbEN (hOPMaHTbl y npodeccu-
OHanbHbIX NeBLOB. Kpo-
Me TOro, o6y4eHHble NeB-
LUbl CO3[JalT pe30oHaHC
nocne 3000 Iy [8]. OTn
SIBNEHNA NMPOLEMOHCTPU-
poBaHbl Ha puc. 1 Ha npu-
Mepe napTum rofioca 3cT-
papHon necHn «KpacHas
CMOpPOAMHa» [BYX y4e-
HUL, My3blKanbHOW CTy-
LUK, OofHA M3 KOTOPbIX - = E —
MMeeT XOpoLUMe BOKaslb- S —— B

Hble JaHHble W NATUNET- Bpewmst (Mc)

HWIA ONbIT My3bIKaSbHbIX

3aHATUI, ppyras TonbKo

Hayana obyyeHue BOKa-

ny. PucyHok geMoHcTpu-

pyeT, HacKofbKo npo-
deccnoHanbHoe neHue
oborawieHo  [OMOMHU-

TeNbHbIMU 06epTOHaMu

Bbille rpaHuupl B 4 Ky,

B Kakow cTeneHu cop-

MaHTbl MMelT 6onee

YETKYI0 CTPYKTYPY. Bpewms (mc)

YacTtoTa (kL)

Ons MogenupoBaHus nesyec-
Koro rosioca ¢ 60nbLUNM Puc. 1. Cnexmpozpammul ucnonnenus 001020 U Moz0 Jce NeCennozo
YypOBHEM €CTeCTBEeHHOC- ppazmenma onvimmuvim 6oxaiucmom (Ceepxy) u nesyom 6es
TV 3BYy4aHusa cnepyeT oc- nodzomosxu (crusy)

TAHOBUTb BHWMaHWE Ha
npuémax, KoTopble MC-
nonb3ytoTes Npu neHun. OAnH U3 LUMPOKO PacnpoCTPaHEHHbBIX U 4aCcTO UCMONb3yeMbIX BO-
KanbHbIX NPMEMOB KaK B aKafeMU4eCcKow LLKOMe, Tak 1 Npu 3CTPagHOM UCMOTHEHUN — BU-
6paTo. Bubparto — ato nepmogmyeckoe namerHenme HOT B TeyeHne pparmeHTa peyn. Ya-
ctota nameHennss HYOT 06bi4HO 5-8 U, a rnybuHa Moaynsaunm U3MeHsieTcs B npegenax
50-150 LeHTOB (NOA LIEHTOM B My3bIKe NoHMMaeTcs norapudmuyeckas eguHnLa namepe-
HWUS OTHOCMTENIbHOrO M3MEHeHUs1 YacToTbl, MPY 3TOM B OAHOW OKTase copepxutca 1200

LeHTOB. [BE HaCTOTbe; " f2 OTNNYaloTCA Ha 1 LIGHT, eClin UX OTHOLLEHWE f1/f2 paBHO
21/1200).

OnbITHbIE NEBLbI NCNOMHAOT BUOPATO C BONbLLEN YACTOTON M ry6uHo [8]. 13BecTHO, 4TO ncnon-
HUTENM 6apUTOHOM C Hambornee NPUATHLIMK roflocamMun NOAAEPXMBANN BUOPATO B Te4eHUe
80% BpeMeHM NeHus. 105
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Yacrora (Hz)
N
3
L L L L

Ha puc. 2 nokasaHbl
rpadvkn M3MeHeHUst
YOT npu wmcnonHe-
HUM C NMOMOLLbIO BU-
6pato nocnegHero
rnacHoro /o/ B cnoee
«[IOMOM» NeBULbl C

Yacrora (Hz)
nN
a
o

200

U5 2000 250 300 1350 400 450 500 600

- —

[OCTaTO4YHO XOPOLLO
MOCTaBfIeHHbIM O-
NTOCOM  (CBEpXY) M
HayMHaroLlen nesu-
Ubl (cHU3Y). Ha Bepx-
Hem rpacguke YOT
nMeeT 6onee BbIpa-
XEHHble nepuoguye-

Bpewmst (mc)

T ‘gom VoS

200 1250 1300 380" 400 450

A PR e >
T T TS oo

CKMEe W3MEHEeHus, C
Bpewms (mc) 6onbLuer aMnanTy-
0OW 1N YacTOTON.

Puc. 2. I'vaguru sasucumocmerr 40T om spemenu npu ucnornenuu 6ubpamo
OnvIMHLIM BOKAIUCTIOM (C6EPXY) U Neyom be3 no0zomosKku (CHU3Y ) BpemMa neHus uc-

Kpome Bubpato, BO

Nnonb3yTCs Takue
NPUEMbI N3BJEYEHUSA
3BYyKa, Kak rneHne B rpygHoOM perucTpe 1 danbueToM. Kak n3sectHo, B 06paso-
BaHWUW 3BYKa NaBHYIO POSib UrpatoT rnornepeyHble KonebaHns rofiocoBbIX ckna-
0OK. IMEHHO OHM B NOTHOM 06bEME MMEIOT MECTO NpW rpyaHoM permcTpe. dasb-
LeT — 3TO Crnoco6 HopMUPOBaHUSA BbICOKMX 3BYKOB, MPEBbILLIAIOLLMX MO YacToTe
€CTeCTBeHHbIi rpygHon permctp [1]. Mpu danbLeTHOM perncTpe ronocoBble
CKNapKu paccnabnsaoTcs, KONeboTCA NMLLL UX Kpas; rofiocosas LLernb 3akpbiTa
He MOMHOCTLIO, UMEET ANUNCONLHYIO Popmy.

2. Cuctema cuHTe3a neHusa

OfHO U3 rnaBHbIX OTAIMYMIA MEHUST OT YCTHOM peyn 3aksodaeTcst B hopMe ero npep-

CTaBlieHus. Mysbu(aanaﬂ HOTauusa ABHO onpepensdeT npocogmnyeckme Xxapakre-
PUCTUKK 3BYKOB, B OT/INYME OT CUHTE3a pe4n No TeKCTy, Npu KOTOPOM UHTOHA-
LUMIO BbICKa3bliBaHMA HYXXHO onpepnenutb, O 4ero UCnoJsib3yrTCa passindHble
Mogdenn n anropuTmebl.

My3bIKaJ'IbHa‘i| HOTauusa nMeet MHOXECTBO I'Ipe,D,CTaBJ'IeHVIIZ — OT 06bI4HO MCNosib3yeMbIX

HOTHbIX 1 TabynaTypHbIX 3aM1Cen OO TakmMx HeOObIYHbIX HOTAUMN, Kak HEBMbI [9] n
«abc» [10]. OgHako obLLee NpaBuIo — KaXaoMy Crory Uin 3ByKYy COMoCTaBnseTcs
NocrneaoBaTenbHOCTL 3anmncei, KOTopble ONPEeRenstoT BbICOTY TOHA, ANNTENBLHOCTb
n gpyrve napameTpbl 3ByKa [11]. Takoe npefcrasneHve nofaérca Ha BXoh cucte-
Mbl (puc. 3), 3aTeM M3 HErO BbIOENSETCA My3blKasbHas HOTaLMS 1 TEKCT NECHM.

[anee TekCT nocTynaeT Ha BXo4 (POHETUYECKOro npeobpasosaTtens, a HOTHoe npeg-

CTaBJIEHVE MECHU MEPEBOQMTCS B HAOOP LiENeBbIX (Tpebyembix NpU CUHTE3e)
MPOCOANYECKMX MapameTpoB: HacToTbl OCHOBHOro ToHa (F 0) amMnnuTyabl (A),
anutensHocT (T) pns Kaxpow HOThl B My3blKanbHOW HOTaLmK.
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My3bikanbHas
TekcT necHu HOoTaunsa necHu
PoHetuueckne O6paboTka My3blkasbHOil
npeobpas3oBaHus HoTaLMK
Tekcra
AnnodoHHas lMpocoanyeckne napamerpbi:
TpaHcKpunumna Fo, A, T ANA kaxgomn HOTbI
TeKCTa NnecHu *
Mogynb cnHTesa D —
3BYKOBOWI BOMHbI ) Pevesas 6asa

CuHTE3MpOBaHHOE ¢
neHve

Puc. 3. Obwas cxema pabomol cucmemvL Cunme3a nenus

PesynstaTtom 06paboTKu TekCTa POHETUYECKVIM aHANTM3ATOPOM CTAHOBUTCS anfiodhOHHas TPaHCKpu-
LS crnoB necHW. B Mopgyne cuHTe3a curHana Ha OCHOBE MOMy4eHHON TPAHCKPUMLMM U LieNeBbIX
MPOCOANYECKMX NapameTPoB FeHepupyeTCs 3BYKOBOW curHas. Mpu 3ToM Mogyrb UCToNnb3yeT
peyeByto 6a3y faHHbIx (BL), conepxaHne KOTOpOn onpeaenseTcs METOAOM CUHTE3A PeYM.

2.1. O6paboTYMK My3biKasbHOW HOTaLumn

3afaya 06paboTKM My3blkanbHOro NPeAcTaBieHNs NecHN 3akno4yaeTcs B nepesofe U3 dopmara
npeacTaBneHns My3blkanbHON HOTauMK B LiefnieBble 3HaYeHUs MPOCOAMYECKMX NapameTpoB
peun: FO, A, T. CyLLiecTByeT MHOXeCTBO (hopMaToB MpefcTaBneHns My3blKalibHbIX Npou3-Be-
LEHVIN B 3NIEKTPOHHOM BUAe, Hanpumep, Takue Kak gtp [12], MIDI u kar [13], NIFF n SMDL
[14]. OgHako kaxabI U3 HUX paspabaTtbiBancs Afa onpeaenéHHbIX Yy3KuUX Lenen, KpoMme To-
ro, 60MbLUMHCTBO N3 HUX — KOMMepYecKue 3akpbiTble hopmarthbl. [103TOMY B Ka4eCcTBe BHYT-
peHHero dhopmarta 6bin BelibpaH MusicXML [14], KOTOpbIn ABASETCA OTKPbITLIM. 3TOT hopmaT
MOHSATEH 4YENOBEKy, 3HAaKOMOMY C Teopueil My3blku, U pedakTupyeTcs Bpy4Hyro. dopmat
MusicXML 6bIcTpo passuBaeTcd v noanepXmBaeTca 60MbLLUMHCTBOM KOMMEPYECKUX U OT-
KPbITbIX HOTHbIX PEAAKTOPOB.

lNpw BbI4MCTIEHNM LiENEBBLIX NPOCOAMYECKMX NapaMeTpoB Ha OCHOBEe HoTaumn B hopmarte MusicXML
4acToTa OCHOBHOMO TOHA BbIYMCIIAETCA B 3aBUCUMOCTM OT CTYMNEHM HOTbI MO hopmyre:

12
F =f2"\"?, (1)
0 0
roe f; — YacToTa UCXOAHOW CTYNeHW,
n — KONNYECTBO CTYNEHEN OT HOTbl O UCXOQHOW CTyneHu [11].
OnutensHocTb 3By4anns HoTbl T BbluMcnseTcs No dopmyne
T=40rCt, @)

roe r — OTHOcUTeNlbHasa OJIMTENIbHOCTb TeKyLLl,eﬁ HOTbI (I'IOJ'IOBVIHHa‘il, 4yeTBepTHad, BOCbMas 1 T.I'I.);
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npovaseneHuns [14].

2.2. ®oHeTu4eckuii rpeobpasoBartesib

t— DJINTENbHOCTb ‘-IeTBepTHOIZ HOTbl B MUNIJIMCEKYHOAX, onpependaemMas TemMrnom

KoadhpnUMEHT MHTEHCMBHOCTM BbIYUCIIIETCA HA OCHOBE 3HAKOB AMHAMUKM, MPUCYTCT-
BYIOLLMX B HOTHOW 3anucy, Hampumep, TakuMX Kak KpelieHfo, AWMUHYSHAO,
cdhopuaHao, meuo-gopTe, NnaHuceumo v ap. [11].

Ha Bxoa choHeTnYeckoro o6pabdoTymka NoJaéTcs TEKCT, pa3aenéHHbIv Ha cnoru. BHy-
TPpW NpoLieccopa OH NPOXOAWUT TpW 3Tana: paccTaHOBKY yaapeHui, npeobpaso-
BaHue «bykBa-hoHeMa» W npeobpasoBaHue «hoHema-annooH». BbixogHble
[aHHble — NoCnefoBaTeNbHOCTb aniodOHOB, pa3nenéHHas Ha Croru.

.

CnoBa necHu

s N\

PacctaHoBka
yaapeHuin

e —————

CnoBapb yaapeHuii

A

Y

Tekct C

yoapeHusmu
e ™

MpeobpasoBaHune
“Byksa-coHema”

o 7
MocnepoBaTenbHOCTbL
doHeMm

(

{

MpeobpasosaHne
“poHema-annocoH”

TpaHckpmnumsa

{

Puc. 4. Cxema pabomul (honemuueckozo anaiusamopa

poLuero KoOHe4Horo Ka4ecrBea.

4aeTcs OT YCTHOW peyu, CUHTE3 NEeHUst UMeeT MHOrO O6LLEro ¢ CUHTE30M peyn
no TekcTy. [Ins cMHTEe3a peyn No TEKCTY MCNOMb3YIOTCA Takne Noaxoabl, Kak ap-
TUKYNATOPHbBIN, (DOPMAHTHBIN, KOMMUAALMOHHBIA (KOHKaTEeHaTUBHbIN) U KOPMYC-
HbI cnHTE3 [16]. B ka4yecTBe Mogenu Ans cMHTe3a NeBYECKOro ronoca 6bin Bbl-
6paH KOMNUMALMOHHBIA MeTOf M3-3a NPOCTOThbl peanu3aumn 1 [OCTaTo4HO XO-

Ha Bxon Mopynsi cuHTe3a peyeBoro curHana (pvc. 5) noctynaet annodoHHas TpaHc-
KpUNumsi TekcTa 1 Habop LEeneBbIX MPOCOAUYECKMX XapaKTepUCTUK: Fo, A, T
Ons Kaxgoro annodgoHa. Ha nepeom atane 06paboTku NpoucxoauT Bel6op 13
peyeBor B[] Tpebyembix peyeBbIX CErMEHTOB U UX KOHKaTeHaums. MNpu komnu-
NALMOHHOM cUuHTE3e peyn Bl MoXeT copepxaTtb He TONMbKO anfioOoHHbIE, HO U
OMannodoHHbIe (COCTOSLLME M3 NOCNefoBaTENBHOCTM ABYX annooHoB) 1 an-
NOCNOroBble CErMeHTbI, MPUYEM WCMONb30BaHWE 60Nee AJIMHHBIX CErMeHTOB
108 yryyLlaeT Ka4ecTBO CMHTE3MpOBaHHOI peyn. B pa6oTe [16] nokasaHo, 4To ans

Ha nepsom 3tane B mocTynue-
LUEeM Ha BXOf TEKCTe paccTasns-
t0TCS yaapeHust, Ana Yero Ucnosb-
3yeTcs cnosapb ygapeHun. 3a-
TEM pa3MeYeHHbIN TEeKCT npeob-
pasyeTcsi B MOCNefoBaTenbHOCTb
¢hoHeM ¢ ncrnonb3oBaHMEM CTaH-
JapTHbIX NpasBusi npeobpasoBa-
HUs «bykBa-hoHema» [15]. Mpwm
npeo6pasoBaHmn «oHema-an-
NOPoH» reHepupytoTcs, B OTNU-
Yyne OT COOTBETCTBYIOLLErO npe-
06pas3oBaHNsa B CUCTEME CUHTE3a
pe4n No TEKCTY, annodoHbl TOMb-
KO NOfAHOydapHbIX M YacTUYHO
yOapHbIX rNacHbIX.

2.3. Mogynb cuHTesa
pe4yeBoro curHasna

HeCMOTp‘il Ha TO, 4YTO neHne oTnn-
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LOCTMXEHNS HaMbosee BbICOKOro kKayecTBa CUHTE3MPOBAHHON peyn He0OX0AMMO OCYLLECTB-
NATb NOUCK U n3BneveHne u3 B omannodoHOB B COOTBETCTBMM CO CedyLLMM npuopute-
Tom: T, CI', CC, I'C (rge I' 0603Ha4aeT rnacHbii, C — cornacHbin).

Mpy cuHTE3e MeHusi, OJHaKo, MOUCK W U3BNEYEHNe AManniohOHOB NPOMUCXOAAT MO APYrM npasuiam.
He ocywectensetcs nouck B B guannodoHos tuna I'M 1 gnannodgoros tvna CI B cny4ae, ec-
NN cornacHbIN — COHOPHbIN. CBA3aHO 3TO € TEM, YTO B 060MX BapuaHTax CioKHO Onpenesnntb
TOYHYIO rpaHuLly Mexay OByMsi 3ByKaMu. TOYHOE OnpefeneHne rpaHunLibl, 0OHaKO, 04eHb BaXXHO
1 B NepBOM, 1 BO BTOPOM Cry4asx. B nepBoM crnyyae 310 3Ha4MMO NOTOMY, YTO AiBE IMacHbIe npu-
HaZexar K pasHbIM Cfioram 1 UMEKT B 60SbLUMHCTBE Cily4aeB pasHble Lenesble 3Ha4eHns Fo.
Bo BTOPOM Cnyyae onpefeneHne TOHHOW rpaHuLibl HEO6XOAMMO NOTOMY, YTO ANUTENbHOCTb rnac-
HbIX B MPOLIECCE MPOCOANYECKON MOONMMKALMN MEHSIETCS, B TO BPEMS Kak AJIMTENIbHOCTL COHOp-
HbIX COrfacHbIX OCTAETCA HEM3MEHHON. Kak nokasan onbIT pa3paboTku CUCTEMbI CUHTE3A NEHUS,
UCKAXKEHWS, BO3HMKAIOLLME 13-32 HETOYHOrO OMNpeneneHns rpaHnL AByX 3BYKOB, 3aMETHO YXya-
LLAKT KayeCTBO CUHTE3MPOBAHHOMO neHus. Takum obpas3om, 13 pedesor B[ ocyluecTenseTcs
BbI6OP TONLKO creaytoLLmx Tunos cermeHToB: CI (rae C He sBnsetca coHopHbiM), CC u I'C.

LleneBble
3HaYeHus
Fo A T v
NaveHeHmne CuHTe3n-
AnnodoHHas dopmmpoBaHve
g —» npocoamnyeckmx —» poBaHHoe
TPaHcKpunuma peuesoro curHana XapaKkTepuCTuK curHana nexve
CrOB NECHY

Peueas B[]

Puc. 5. Cxemamuuecxoe npeacmawleHue Manﬂﬂ CuHmesa cuzuania

CdpopmurpoBaHHbIN curHan nopaétcs B 6510K akyCTUHECKON 06paboTKM, BbINOSHAIOLLMA MOAUMU-
KaLuno 3HaYEeHUN FD, A, T pe4eBOW BOMHbI B COOTBETCTBMMN C BXOAHBIMU 3HAYEHUSIMU MPO-
COOMYECKMX napameTpoB. [Npy 3TOM MOryT UCMOMb30BATLCSA Pa3fivyHble anaropuTMbl MOOM-
dvkaumm curHana: TD-PSOLA [17], anropuTm niaBHOM CLUMBKK [16], MOAENb «rapMOHUKM
nnoc wym» [18]. B onuckiBaemor cucteme MCNosb3yeTcs anropuTM naaBHOM CLUMBKM, OO-
CTOMHCTBA KOTOPOr0 — AOCTATO4MHO XOpOLUee KayecTBO MOAUMMULIMPOBAHHOrO curHana, a
TaKXe JIMHeNHas BbIYUCIIUTENBHAA CIIOKHOCTb anroputma.

MO,D,I/I(*)I/IKaLMﬂ pe‘-leBOI?I BOJIHbI MPY yBeNTM4eHUN nepmnoga OCHOBHOIO TOHa OCYLLECTBIIAETCA Mo ne-

progam. Pe3ynsTUpyoLWmin CMrHan ofHOro nepyvopa OCHOBHOMO TOHA § (1) BblYMCNSETCS B
COOTBETCTBUM C (HOPMYIION:

§(m) =km)sm)+ (1 -km)s(n+AT), n=(11), 3)
roe §(n) — OTPE3OK MCXOAHOrO CUrHana ANNTENbHOCTbIO B OANH NEPUO OCHOBHOMO TOHA;

— AT — pa3HoCTb Mexay TpebyeMon ANUTEeNIbHOCTLIO Neproda 0CHOBHOrO ToHa T 1 UCXOZHOW
ONUTENbHOCTBIO Nepuofa To JAT=T - TD;
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Puc. 6. Unmiocmpauus nocredosamenviioii 06pabomxu ucxoonozo cuz-
nana s(t) memooom «NAAGHOU CUUBKU> NPU YEEIUUCHUU ONUMEILHOCTIU
nepuoda 0CcHo8H020 MoHA: a) UcxoO0nvLl cuznal s(t); 6) Kycouno-aunet-
nas pynxuus k(t); 6) nepeoe ciazaemoe pesyivmupyouezo CUzHaLa
s(0)*k(); 2) cosunymouii cuzdan s(t+2T); 0) Kycouno-runeinas Qynx-
uust k'(t); e) emopoe ciazaemoe pesyiomupyowezo cuzHald

k') *s(t+2T); ac) pesyrvmupyrousuti cuzna

k(n) — KycouHO-NMHelHas PYHKUUS, KOTOPYIO MOXHO BbIPa3uTb DOPMYIION:

1, n < AT;
. . n—AT _ (4)
k(n) =<1 .= AT AT <n < Ty;
0, n>T,.

Hwxe npuBegéH NpuMep yBENMYEHUS OIUTENbHOCTU OJHOIO U3 NEPUOAOB OCHOBHOMO
TOHa (hoHeMbl /a/. B 3TOM cnyyae AnuTensHOCTb Nepuoaa ysenuymeaetcs ¢ 241

0o 361 oTc4éTos.

|-|pI/1 YMEHbLUEHUN ONNUTEJTIbHOCTU
nepmoga OCHOBHOIo ToHa JIMLLIHWIA
y4acCTOK yaandaeTca N «HakranblBa-
eTCA» Ha ﬂpe,D,LIJeCTBy}OLLLVIIZ y4dac-
TOK MO TOMY Xe npuHuuny, 410 U
npu ysenn4eHnn oinTenbHOCTU.

Anroput™ [aéT BO3MOXHOCTb C
XOPOLUUM Ka4eCTBOM W3MEHATb
ONUTENBHOCTb Neproda OCHOBHO-
ro ToHa Ha 50% OT AnuHbI UCXOM-
Horo nepuopa. Mamexnenne HOT
npu 9TOM HaxoAuTCs B MHTepBa-
ne ot 70% go 200% oT ncxogHom
4acToThbl.

Mi3meHeHne OuMTenbHOCTM B CO-
OTBETCTBMM C LieNIEBbIM 3HAYEHU-
em T npoucxoguT TOMbKO Ha
rnacHbix ¢oHemax. Mpu atom B
rnacHom pybénupyetcs wunu yaa-
nAeTcs Uenoe 4YUcno nepuopoB
OCHOBHOro ToHa. ameHeHune an-
nooHa HaumHaeTcs ¢ ero cepe-
OWHbI, 4YTOObI COXpaHWTb nepe-
XOOHbIE YHaCTKM MeXAy 3ByKamu
KaK MOXHO 6051ee HeM3MeHHbIMMU.

3. Oco6eHHOCTM NPOrpamMMHON peanu3aumum CUCTEMbI

OnucaHHas BbILe cucTema peanv3oBaHa Ha f3blke nporpammupoBaHus C++ € UC-
nonb3oBaHnem UHCTpymenTapua Qt ans cozganus nHtepdeiica. Ansa paboTsl Co
3BYKOM BblbpaHa 6ubnuoteka DirectSound. Mporpamma pa6oTtaet B onepaum-
oHHol cpefne Windows. B kayecTBe BXOOHbIX AaHHbIX nMporpaMma Mcnonb3yeT
dharnbl MusicXML. Pe3dynstaT MOXHO COXpaHWUTb B (hain ¢ paclumpeHmemM wav.

Ha puc. 7 npuBenéH npumep BHeLLHEro Buaa nporpammel. VHgopmauus o croeax nec-

110 HW, UX TPAHCKPUNLMS M OCLMITIOrpaMmMa CUHTE3MPOBAHHOMO 3BYKa 0TOGpaxatoTcs
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Opyr nog OpyroMm Ha pas- 5
los

o "IINE
HbIX IMHEUKAaX. | rowmesicrei [[N 4 3 3 2 s smmd o e (2 |ngy b B2

i _goda_yocal st £ |

I'Iporpamma MOXET YyCTaHaBJn-

BaTbCA B B1Ae pacLluMpeHnsa

N5 pefakTopa My3blkalb-
HbIX HoTauum MuseScore

[19]. B atom cny4yae cuHTe-
3aTop 03BYy4MBAET COCTaB-

NEHHYI0 B pefaKkTope HoT-
HY!O 3armChb.

B cucTeme ucnonbayeTcs peve-

Bas B[] myxckoro rosoca,
copgepxatdaa 3000 peuve-

Bar 1Beat 1000

BbiXx 0Tpe3koB. CpegHee
3HaveHne YOT Bokanmao- Puc. 7. Buewnuil 6ud okna npozpammol CUHMe3a nenus
BaHHbIX 311eMeHToB B[] —

100 ly. Taknm obpasom,

B COOTBETCTBMWU C UCMOMb3YEMbIM anroputMoM mnameHeHns YOT — anroputMom nnaBHOM
CLUMBKM — BbICOKOE Ka4eCTBO CMHTE3MPOBAHHOMO NEHWS MOXET 6bITb MOMY4EHO B Npeaenax
ananasoHa nameHeHus YOT ot 70 go 200 "W, 4TO MOMHOCTLI0 COOTBETCTBYET OOJbLLON OKTa-
Be. ITO 3HAYUT, 4TO AManal3oH Ka4eCTBEHHOIrO CUHTe3a CUCTEMbI MEHbLLE, YeM AuanasoH Jto-
60ro NeB4YECKOro rosioca, Ho AOCTaTo4eH A1 UCMOMHEHUS HAPOLOHbIX, OETCKMX U HEKOTOPbIX
3CTpafgHbIX NECEH.

3akno4yeHue

B pa6oTe onucaHa cuctema cuHTE3a NEHWs 41t PYCCKOro s3blka, peann3oBaHHast Bnepsble. Onu-
CaHHbIE anropuUTMbl A3bIKOHE3ABUCKMbIE M MOTYT MPUMEHSITLCA NS CUHTE3A NEHUs Ha apy-
rUX s3blkax Npy O6GaBNEHNN B cUCTEMY peydeBoi B] cOOTBETCTBYIOLLIErO A3bIKa, MpaBun npe-
ob6pa3oBaHua «6ykBa-hoHeMa» U «(POHEMA-aNNOdOH», a TaKXe CroBaps yaapeHui.

Mcnonb3oBaHne KOMAUAALMOHHOrO MeToda CUHTE3a U anroputma «njaBHOW CLUMBKWU» OS5 MOAW-
dvkaumm HYOT HaknagbiBaeT OrpaHNYeHNs Ha HYaCTOTHbIM Anana3oH CUHTE3UPYEMOWN MECHM.
OTu orpaHnyeHns MoryT 6biTb pacLUMpeHbl MyTEM MOMOMHEHUS Pe4eBol 6a3bl HECKOMbKUMU
3K3emMnnsapamy BOKanM30BaHHbIX annogoHOB ¢ pasnunyHbiMu 3HadeHnammn HYOT nmbo xe umc-
nosib30BaHMEM KOPMYCHOro METOAA CUHTE3A Peyun.
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