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PASPABOTKA MATEMATHYECKON MOJEJHN MY3BIKAJBHBIX
CUI'HAJIOB

Ilpusedenvr mamemamuueckue mooenu a8MOMAMUYEcKou UOeHMUupuKa-
YuU MY3bIKAILHLIX NPOU3BEOCHUll U NPeoOPa308aHul 0IHOBOU 38YKOGOU UH-
dopmayuu 6 06vEKMHO-OPUESHMUPOBAHHDBLU (hopmam.

Haeseoeno mamemamuuni mooeni asmomamuyroi ioenmugixayii my3uy-
HUX MBOpI6 [ NnepemeopeHHss X6Ulb0osoi 38YK060I iHgopmayii 6 00'cKkmHo-
opieHmosaHuti popmam.

The mathematical models of automatic identification of musical works and
convert wave-sound information to object-oriented format.

IIpoGJiema u ee CBSI3b ¢ HAYYHBIMHU M NPAKTUYECKUMH 3a1a4amu. [le-
pPEXOJ] OT aHAJIOTOBOTO CUTHANA K IMU(PPOBON TEXHOJOTHUHU TpHeMa, 00pabOTKu
U nepenayu MHGOPMALMK MO3BOJISET MOBBICUTh MOMEXO03AIIMILEHHOCTh U TEM
caMbIM TOYHOCTh U JJOCTOBEPHOCTh MH(popManuu. B Hacrosiee Bpems uudpo-
Bas TEXHOJIOTUSI MPUMEHSETCS BO BCEX OTPACIAX JAEATEIbHOCTU YEJIOBEKA OT
UCCJIeIOBaHUs KOCMHYECKOTO MPOCTPAHCTBA 0 MEIULUHBI U CEJIbCKOTO XO-
3siictBa. [lpu 3TOM 0co0oe BHHMMaHHE YACNISIETCS METOJaM CIEKTPaIbHOTO
aHayM3a U GUIbTPALUU CUTHAJIOB, YTO SIBJISIETCS KJIFOYEBBIM MOMEHTOM B IIPO-
(dbeccuoHaIbHOM MOJATOTOBKE CHEIUAIMCTOB B 001acTh WH(GOPMAIIMOHHOM TeX-
HOJIOTHUHU.

[IpumeHenue xe UUPPOBON TEXHOJOTUU B OOJACTH MY3bIKH MOBBIIIAET
npolecc HACHTU(PUKAIMKA MY3bIKaJIbHBIX CHUTHAJIOB W TOBBIIIAET TOYHOCTH
otobpaxenusi. Kpome Toro, npeodpaszoBaHue BOJIHOBOU 3BYKOBOM MH(pOpMa-
MU B OOBEKTHO-OPUEHTUPOBAHHBIA (pOpMAT aeT BO3MOXKHOCTh PECTaBPUPO-
BaTh MOBPEXK/ICHHBIC, ICHHbIE MY3bIKAJIbHbBIC MPOU3BEICHN.

AHaau3 nyoaukanuii. B HacTosiiiee BpeMs UMeeTcs 10CTaTOYHO MHOTO
nyOnuKanuu mo npodiemMe npeoOpa3oBaHUK BOJTHOBOW 3BYKOBOU MH(MOpMAIIIH
B 00bEKTHO-OpPUEHTHUPOBAHHbBIN (hopmar.

Opmnako, 3Ti paboThl HECYT MPUKIIATHON XapaKTep U OTCYTCTBYET HHDOP-
Malusl 0 MaTEMaTUUYECKUX METOJ0B MOJEIMPOBAHUS MY3bIKaJIbHBIX CUTHAJIOB —
3BYKOBOW €JMHUIIBI.

MatemaTu4yeckue MOJAEIN CUTHAJIOB TIO3BOJISIOT, abCTparupysicek oT husu-
YEeCKOI MPUPOJIbl, CYAUTh O CBOMCTBaX CUTHAJIOB U 3aMEHATH (PU3NYECKOE MO-
JeIUPOBAHUE MPOIECCOB MAaTEMAaTHUECKHIM.
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IlocranoBka 3agaum. llenbro naHHON PabOTHI SABISETCS CTPYKTYPHBIM
aHaJIU3 U MAaTEeMaTUYECKOE OMHMCAHUE BJIEMEHTAPHOI'O COOBITHS B TEOPUU MY-
3BIKAIBHBIX CUTHAJIOB — 3BYKOBOM €MHUIIBI, TAKMX KaK OMpeaesieHHe (HOPMBI
3BYKOBOT'O CUTHAJIa, BXOJIHBIX IMAPaMETPOB U BIUSIOMINX (PaKTOPOB

N3noxenne matepuaa u pe3yiabTartbl. MUHUMaIHHBIM 3BYyKOBBIM 00B-
€KTOM JIF0OOT0 MY3BIKAJIBHOTO MPOU3BEJACHUS SIBIACTCS HOmMA, KOTOpas Mpea-
CTaBJISICTCSI CIIOKHBIM KOJIeOATEIBLHBIM MPOIIECCOM U OMUCHIBACTCS C TIOMOIIIBIO
ADSR-monenu. J1nst 3TOro HEOOXOIUMO OMNPEACIIUTh U ONMUCAaTh MaTeMaTHde-
CKYyI0 MOJIEJTb 3BYKOBOM BOJTHBI B pamkax ADSR-moaxoza.

OCHOBHOE MPEUMYIIECTBO JAHHOW MOJCIHM B TOM, YTO OHA MaTeMaTHye-
CKU HE CTIOKHAS U TMOAXOIUT JJIsl OMUCaHUs OOJIBITMHCTBA 3BYKOB. OTHAKO TSI
MOJIHOTHI €€ IMapaMeTpPOB, a TAKXKE IS TMOBBIIIECHUS JOCTOBEPHOCTU HYKHO
MMETh €IIe OJUH MEPUOJ] — Nepuoo yoepicanus, KOTOPbIA Obl OMUCHIBA 3aKOH
COXpaHEHUSI MaKCUMaJIbHOTO YPOBHSI aMIUIUTY/IbI 3BYKa.

[TonyueHHy0 MOJI€NIb 3BYKOBBIX KosieOanuii mMmenyem kak AHDSR (At-
tack-Hold-Decay-Sustain-Release) u ocranoBumcs Ha Heill Ooyiee JCTabHO

(puc. 1).

>
<

1 2 3 4 ” 5
Puc. 1. AHDSR-@yuxyusa: 1 — amaxa, 2 — yoepoacanue, 3 — cnao, 4 — 3adepoic-
Ka, 5 — 3amyxaHnue

[TycTh OTAEIBHO-B3sTas My3bIKAIbHASI HOTA UMEET CIICTYIONIHIA BU (pHC. 2):

Ui (t) =u(t,, At, At,, Aty Aty , At ag, T, Aty {fidicam {@idicm o @i dicim: 1)

X(t), @, a4, 8r, 94 (1), 9n (1), 94 (1), 95 (1), 9, (1))
raet—Bpems (1>0);
t, — Bpems Havana 3Bydanus (t, >0);

<
|‘

At — IPOIOJDKUTENBHOCTD 3By4aHHs (nepuon 3aaepxkn) (At > 0);
At, — oTHOCcHUTeNbHBIN epuon ataku (At, >0);

At — OTHOCHTENBHBIN niepuo yaepxkanus (At, >0);
Aty — otHOcHTeNnbHBIN epuon criana (Aty >0);

At, — oTHOCHTENBHBIN Tiepuo 3aTyxanus (At, >0 );
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Alogm

A

Puc. 2 — Cmpyxmypa 36yxosoii eounuywl. 1 — amaxa, 2 — yoepocanue, 3 —
cnao, 4 — 3aoepoicka, 5 — 3amyxanue

rJie 8y — TPOMKOCTh Iepuoa 3aaepxku (ag > 0);

fo — Ton (fo > 0);

Atax — KoddduimenT, onpenensommii MaKCHMaJIbHOE 3HAYEHHE MPO-
JTOJDKUTENFHOCTH 3By4aHus (meproa 3afaepkkn) (At =0):

ecin At <At , T0 At u At, He MeHsIOTCH,

e At > Al TO Al = At , @ Al = AL + At — At

fi i1 — OTHOCHTEIBHBIC YACTOTHI JONOIHUTENBHBIX TapMOHHK (fi > 0);
ifi=l,m
{ai}i_1 m — momm mononuutensubix rapmonnk (0 < @, <1);
{®:}i-1m — da3e1 koneOanmii JOMOTHUTETBHBIX TAPMOHUK;

X(t) — remOpanbHast pyHKIHSA:

m
X(t) =sin(2afot +gp) + Y & sin(2fy fit + ;) =

i=1
) , 2
sin(27ft) + > _aysin(2zf, fit + )
i=1
rae ¢y — ¢daza KonebaHuit 0CHOBHOM rapMoHUKH (@y =0);
M — KOJIMYECTBO JAOMOJHUTEIBHBIX TapMOHUK (M > 0);
ap — kodhdurent rpomkoctu yaepxkanus (0 < a, <1);
ag — koaddurment rpomroctu crnaga (0 <ay <1);
ar — ko3 Punment rpomrocTr 3atyxanus (0 <a, <1);

[TapameTpsr a,, aq, @9 ¥ @, BBIOMPAIOTCS TaK, YTOOBI BBIMOJHSIIOCH HEpa-
BEHCTBO:
a, <ay <ag<a, (3)
ga(t) — yHKIIKS aTaku OT BpeMeHHU t;
Oh(t) — byHKIMS yaep)KaHUS OT BpeMEHH {;
94(t) — dyHKUMs cnama oT BpemMeHH t;
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0s(t) — byHKIHS 3aepKKH OT BpeMeHH {;
0r(t) — byHKIMS 3aTyxXaHuUs OT BpeMeHH L.
Jlyis ynio0CTBa U MOJTHOTHI CUCTEMBI, BBEAEM €I1le HECKOJIBKO MapaMeTpoB
(4) - (12):
Aty = At, + Aty + Aty + At 4)

rae At, — koahunmenT, onpeaesronrii MoMeHTanbHyto (At = 0) mpomomku-

TEIBHOCTh KOJiebaTeapHOro mporecca yactoroi B 1 'l 1 ”HTEHCUBHOCTHIO B 1
nb;

max (1 + ah )aO (5)
adec - (1+ ad )aO (6)
m|n (1 a )aO (7)
to=t + AL, 20 (®)
0

At
td = tH + (Ata + Ath (amax - adec ))f_ (9)

0

Ato

ts = tH + (Ata + Ath (amax - adec) + Atd (adec a0 )) (10)

0

At
t, =t +At+(At, + Aty (B — 8gec) + Aty (Agee — aO))f—O, At <At
i )
tp =1, + Aty + (Ata +At, (amax - adec) +Aty (adec —dy ))f_O’ AL> Aty

tk’ = tH +At+ (Ata + Ath (amax o adec) + Atd (adec aO) + amlnAt ) f (12)
0
Vcxonst w3 BhIMICICPEYUCICHHBIX (OPMYJI, BBIYUCINM 3HAYCHHS peaib-
HBIX BPEMEHHBIX TIEPHOJIOB 3ByKOBOM BOIHKI (13) — (18):

At,s, =t -1, (13)
Alyack =th — 1, (14)
Atholg =1y — 1y (15)
Atdeca\y =t -1y (16)
Algystain =t — T (17)
Alpglease =t — 1y (18)
[Tpu 5TOM, TOJKHBI BRIIOIHATHCS caeayromiue ycnosus (19) — (21):
t, <t, <ty <t, <t, <t, (29)
At,g, = At (20)
amax S Bgec < dg < @pmin (21)

U3 dpopmyi (1) — (21) nonyuaem ypaBaenue (22) 3ByKOBOM €IMHUIIBI:
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0, telt,,t
max ga(t_t) X(t_t) te[t th

)
)
(Bgec + (Amax — Agec) On (L —t)) - x(t—t,) tefty,ty)
)
)

u; (t) = u(t) _) (22)

(8 +(8gec —~0) g (t—tg)) X(t-t,)  teltyt
(B + (B0~ 8min) G5 (L= 1)) X(t=1,)  tett
L amin - Or (t—1,) - X(t—t,) telt,.t,)
VYpaBueHue (22) SIBIACTCS UOeaibHblM CIyY4aeM C TOYKH 3PEHHS MPAKTH-

YECKOr0 MOJCIIMPOBAHMS, TaK KaK OHO HE COJEPKUT HUKAKUX OTKJIOHEHUH H
urymoB. [loatomy, cnemyer mo0aBUTH IIyMOBYIO cocTaBisitomnyto 77(t) , koro-

past OyIeT MCKa)KaTh MCXOIHYIO 3BYKOBYIO BOJHY Ha (aJIUTHBHAS CXEMa) WIIH
B (MyJIbTHILTUKATUBHAs cxeMa) K pas:
n; (t) = n(t) + kn(t) , B ciryuae anauTHBHOTO CIIOKEHMS,

n; (t) =n(t) -kzn(t) , B cmyyae MyIbTHIDIMKATUBHOTO YMHOXKEHUS;
Oyukiusa 77(t) Bo3Bpaimaer ciydailiHble 3HadeHUs B auamnaszone (-1, 1),

BJIMSHHE KOTOPBIX HAa CHUCTeMy JIMOO yBenuuuBaercs (eciu |k| >1), nubo
yMEHbIAeTCs (eciu |k| <1):

n(t) = (D™ Rnd(t) (23)
Bmecrte ¢ atuM, cieayeT Takke A00aBUTh 6HEUIHION IIIyMOBYIO KOMIIO-
HeHTy £(1), KoTopasi, aHaTUTHYECKH, OyAeT OMUChIBaThCs Takxke Kak u 7(t) ,

HO MPHUMEHSATHCS OyJeT KO BCEMY 3BYKOBOMY cHrHainy (OKaKeT BJMSHHE Ha
bopMy Bcex 3BYKOBBIX €IMHHII, KOTOPbIC yYaCTBYIOT B KOJICOATEIHHOM IPO-
ecce).

CremoBareNibHO, MY3bIKAJIbHOE MPOMU3BEACHUE TpejcTaBiser coboit U-
MHOKeCTBO (24) — MHOXeCTBO 3BYKOBBIX eaunull Ui(t) (1=1,2,...,m):

U= {Ui (t)}izl,m , (24)

rJe M — KOJMYECTBO HOT B MY3bIKAJIbHOM MPOU3BEICHHH.
Ecnu (24) pactiucars 601ee ogpoOHO, TO MOITYyYUM:

= {ui®}, Zu(t)+e Z(ui<t)+kn(t))+pe(t), (25)

=1

r7ie P — YPOBEHb BHEIIHETO ITyMa.

Takum oGpaszom, popmyrna (22) 3amaeT ypaBHEHHE 3BYKOBOHM €IMHUIIBI,
ucxonas u3 AHDSR-monenu, yuuThiBas €€ rapMOHWYECKHE, AMIUIUTYIHBIC,
BpEMEHHbIC M (DYHKIIMOHAIbHBIE XapaKTEepUCTUKU. [loaTOMy, OyaeT moJie3HO
BBIICTUTE OonoaHumenvHole mooeiu (noomooenu) 3ByKOBOM €IUHMIIBI, KOTO-
pble Oy1yT CIOCOOHBI IOKA3aTh €€ JTOKAJIIbHO U3 Pa3HbIX CTOPOH.
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VYuuThiBass KaTeropuum XapakTEPUCTUK 3BYKOBOW BOJIHBI, BBIIECIUM Clie-
JYIOIINE TTOAMOIEIH:

1. rapmonuueckas (TeMOpaibHasi);

2. aMIUTMTYAHO-BpEMEHHas;

3. (yHKIMOHATLHAS;

4. 1mymoBasl.

BoIBOABI

1. BpuTO BBEACHO MOHATHE PJIEMEHTAPHBIX 3BYKOBBIX €AMHUI], HA KOTOPBIX
MIOCTPOEHA ujesl MpeoOpa3zoBaHUs BOJTHOBOUM 3BYKOBOM MH(POpPMAIIMKU B OOBEKT-
HO-OPUEHTHPOBAHHBIN (opMar.

2. PaccMOTpeHBl mapaMmeTphl, OMpeneNsioNnue W BIUSomMe Ha (opMmy
3BYKOBBIX KOJI€OAHUI BHYTPHU 3ByKOBOM €JIMHUIIbI, & TAKKE BHITIOJIHEHA OIICHKA
1 JJ0Ka3aHa UX NPaKTHYEeCKasi 3HAYMMOCTb.

3. KomrutekcHBIN 3BYKOBOW CHTHANI TPEACTABISACTCS aJIATHBHBIM HAJIO-
KEHUEM aMIUIUTYJHO-BPEMEHHBIX (OpM, MOATOMY 3ajada aBTOMATHYECKOTO
pacrno3HaBaHus 3BYKOBBIX OOBEKTOB CUIILHO YCIOXKHSETCS C YBEIMUYCHUEM KO-
JINYECTBA YACTOTHBIX COCTABIISOLIUX.
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