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2 MogentoBaHHS FapMOHIYHOr0 BOKoZepa

1. MeTa poboTun

Ofep>XaHHA 3HaHb Ta BMiHb B Tajly3i CTUCHEHHS MOBHUX CUTHaniB, a TaKoX
MOZe/I0BaHHA rapMOHIYHOMo BokKogepa Ha EOM, Ta ouiHKa AKOCTI oAepXXaHuX nicns
MOZE/IF0BaHHA Pe3y/bTaTiB.

2. Kno4yoBi NOM0OXKEeHHS

B TenepiLwHiin Yac, KoNM po3BUTOK IHPOPMALiINHMX TEXHOSONIA HabyB LuaneHnX
TemniB, a pe3y/bTaTu HaYKOBOT AiSNIbHOCTI B Chepi 3B’A3Ky HabyBalTb LUMPOKOTO
MPaKTUYHOTO 3HAYEHHS | 3aCTOCYBAHHA, LOCNIIKEHHSA B rasly3i CTUCHEHHS MOBHUX
CUrHaNiB | Tenep 3aiUWAOTbCA akTya/ibHUMWU. CTUCHEHHA MOBHUX CUTHasiB
[03BONSE MIABULLATL e(eKTUBHICTb BUKOPUCTAHHA KaHa/ly 3B’SA3KY 1 MOX/MBe
3aBAAKM OUCKPETHOCTI CNYXY JIIOAUHN.

B cuctemax 3B’A3KYy BUKOPWUCTOBYHOTb BOKOLEPW, fKi [L03BO/MSAKOTL 3HAYHO
3MEHLUWUTM HagMIpHICTb curHany. Bokogepun BpaxoBytoTb NPUPOLY MOBOYTBOPEHHS.
Tak, HanpuKnag B pociiicbKi MOBI yCbOro 42 oHemn. ®OHEMMN Lie HaMEeHLUI 3BYKOBI
OAMHMUI MoBW. BOHM 6yBatOTb FOMOCHI Ta MPUrOMIOCHI. IHKOAN (hoHemn | BYKBM
cniBnagaroTb, a iHoAi BiAPi3HAOTLCA. Lie ACKpaBo BUAHO Y aHIMTiCLKI MOBI. JlloanHa
BUMOBNAE B cekyHAy 10 — 15 hoHem. ToOTO Bif LIEHTPa/IbHOT HEPBOBOT CUCTEMU [0
MOBHOIO anapaTy CUrHasv KepyBaHHS MnepefaroTbCa 3i LWBMAKICTIO

(10-15)[log, 42] = (60-90) 6iT/C.

B Toi Xe yac B UMpoBiii TenedoHiT BUKOPUCTOBYETLCA LUBUAKICTL 64 KOIT/C.
NiHilHa Mofenb MOBOYTBOPEHHS  YAB/AE MOBY SIK CUCTEMY, ik CKIALaeTbCs 3
reHepaTopa curHany 36ympKeHHs Ta NiHINHOT CUCTEMI 3 3MIHHUMIK NapaMeTpamu, ska
HUMK 30YMKYETbCA. B Ui Mofeni He BPaxoBYETbCA B3aEMHWIA BM/IMB T0OM0COBOIT
LLISIMHM Ta FO/10COBOr0 TPAKTY.

Bokogepn po3pi3HAOTb Ha napaMeTpuyHi i MOBOeNeMeHTHi. Pobota
napameTpUYHNUX BOKOAEPIB OCHOBaHa Ha BWAINEHHI MmapameTpiB npu nepepadi, AKi
BM3Ha4aloTb 3PO3YMINiCTb MOBW | yni3HaBaHHS ronocy aboHeHTa, a Ha npuiomi
CUHTE3YHOTb MOBHI CUIHa/IM, BUKOPUCTOBYKOUM BUAIMEHI MapameTpu curHany. B
MOBOE/IEMEHTHUX BOKOAepax npwv repefadi posri3HatoTb OKPeMi eeMeHT MOBM, a
npy MNPUAOMI CUHTE3YHOTb Lji €efeMeHTM MOBM 3a MEBHUMMW MpaBuiamuM abo
BUOUPAIOTH iX 3 Nam’ATi MPUAOMHOIO NPUCTPOLO.

OcHoBHa 33a4a aHani3aTopa napameTpMYHOro BOKOZepa Mondrae B BUAIIEHHI
napameTpiB, AKi XapakTepu3yoTb CrMeKTpasibHO-4acoBY 00BIAHY MOBHOIO CUTHay i
napameTpiB A>Kepen MOBHUX KO/MBaHb, AKi 06YMOB/IOKOTL YaCTOTY OCHOBHOIO TOHY
I 3MIHY 1T 3 yacoMm. TaKoX BM3HA4alOTb MOMEHT MOSBM Ta 3aKiHYEHHS OCHOBHOIO
TOHY, LLYMOBOIO CUTHasy | OAMHOKOIO iMMy/bCy.

CuHTe3aTop BOKOAepa MICTUTb FeHepaTtopy OCHOBHOMO TOHY i LWYyMY, SKAMU
KepytoTb BUAINEHT NpKU nepefadi napameTpu. CUrHa/IM UMX reHepaTopiB NofarTheA
Ha CUCTeMy, WO IMITYe pPO6G0OTY MOBHOIO TPakTy Mpu BMMOBI 3BYKiB. CUrHa/u

BugasHnumii ueHTp OHA3 im. O.C. Nonosa



MogentoBaHHS FapMOHIYHOr0 BOKoZepa 3

reHepaTopa OCHOBHOIO TOHY 3aCTOCOBYHTLCA MPU CUHTE3l A3BIHKMX 3BYKIB MOBW.
[Mpw CMHTESI TNyXMX 3BYKIB MOBM BUKOPUCTOBYHOTb FEHepaTop Lymy.

Mo Tuny BMKOPMUCTOBYEMMX MapamMeTpiB PO3PI3HIOOTb CMYroBi, FapMOHIYHI,
(bopMaHTHI Ta (OHEMHI BOKofepn. B cMyroBux BOKogepax npu nepepadi
BM3HAYal0Tb CK/afoBi B BY3bKMX CMyrax 4acToOT, B FapMOHIYHUX — KOemilieHTU
dyp’e npu 3006paKeHi CUrHany Yy BUrASAI CYMW TapMOHIK, B (POPMaHTHUX —
amnaiTyau i YactoTn POPMAHT, B (DOHEMHWNX — BUMOBJIEHI 3BYKMU.

Bokofepy [03BONAOTH 3MEHLUATM  LUBUAKICTb LMQPOBOro MnOTOKY BIj
64000 6it/c pgo 1200 6it/c. BuUKOPUCTOBYKOTLCA BOHW 3apa3 [Ans  KOAYyBaHHS
TeNe)OHHNX CUrHasIB B BINCbKOBMX Ta KOMEPLINHMX LUGPOBUX cUCTEMAX 3B’A3KY.
dopmaHTHI Ta CMYroBi BOKOAEPW HAXOAATb CBOE 3aCTOCYBAHHA TaKOX Mpw
LUNPPOBOMY 3B’A3KY TeNe()OHHUX CUrHaNiB MO KOPOTKOXBW/ILOBMM KaHaiam
panioss’asky. MNpy UbOMY AKICTb CUHTETUYHOI TeneoHii 3HaYyHO BWLLE HAKOCTI
3BMYaliHOr0 OZHOMNO/IOCHOI0 KOPOTKOXBU/IbOBOI0 pasioTeNeOHHOIo KaHay, Tak K
BUKOPUCTAHHA BOKOAEPIB MPaKTUYHO BUKIHOYAE BCi CMNOTBOPEHHS TeNeOHHUX
CUrHanis, BNacTMBOMY pafioTesieDOHHOMY KaHasy.

BukopurcTaHHs BOKOAEPIB Ha NiHIAX TeNeOHHOMo 38°A3KY A03BO/IAE NiABULLATY
MPOMYCKHY CMPOMOXHICTb Ta 3aBafoCTiKICTb TeNneOHHUX NiHIA, a TaKoX
3abe3neyye Hepo3ro/ioLeHHICTL MeperosopiB. Lii nepeBary BM3HA4YalOTb TaKOX
BiAMOBIAHY EKOHOMIYHY e()eKTUBHICTb.

MigBULWEHHS  MPOMYCKHOI  CMIPOMOXHOCTI  TeNe()OHHUX  NiHIA  3B’A3KY €
3BMYaHUM HacCNigKOM 3MEHLLUEHHS CMyrn 4YacToT. CyuyacHi MeToau KOMMpeCii
[03BONAKOTL MIABALLMTIA NPOMYCKHY CMPOMOXHICTb B 15 — 50 pasis. Mpasga, npu
BE/IMKNX 3HAYEHHSAX KOeqiuieHTy KOMMpecil BTPayaeTbCA MPUPOAHICTb 3BYYaHHS
MOBM.

Mepwi BOKoAepw OGynM 3anpomnoOHOBaHI Lie Ha Mo4yaTKy MWHYMNOro CTOMITTH i
oyoysannca Ak aHanorosi npuctpol. B 1936 poui Aagni (Dudley) po3pobus
MNPUCTPIN, SKWIA MNepeTBOPIOBAaB MOBY B aHa/lOrOBWMA CUrHa/ 3i CMYrok 4acToT
wunpuHoto 300 Iy. Ller npucTpini BiH Ha3BaB BOKoAepom (voice - ronoc, coder -
KOAIBHUK), KW flaBaB CUHTe30BaHYy MOBY HU3bKOT AKOCTI.

AK nofanblinii PO3BUTOK BOKOAEPHOI TenetoHii nicns cCMyroBux BOKOZEPiB
3’IBUNNCA OPTOrOHanbHi (AMB. Man.l), B OCHOBI SIKUX € pO3KnafaHHA CnekTpy B
OPTOrOHa/IbHWIA PAL CMEKTPasbHOI 06BIAHOT CUrHaNy Ta nepefadvi B KaHan 3B S3KY
KOeMiLIEHTIB pO3KfafaHHA. B aHanisaTtopi MUTTEBOTO CMEKTPY BU3HAYAKOTLCA
Koe(iLjieHT a (t) po3knagaHHA O0O6BIAHOT MWUTTEBONO CnekTpa B  3adaHui

OPTOroHa/IbHWA psig
S() =Y a 04 (@), )

ne & (w) — CUCTEMA BUKOPWUCTOBYEMMX OPTOFOHaIbHMX (DYHKLiA. CurHanu a, (t)

MofarTbCA Ha NPUCTPIN 06’eAHaHHA. OAHOYaCHO Ha MPUCTPIA 06’eAHaHHS iayTb i
CUIHa/IM OCHOBHOIO TOHY Ta TOH/LWYM. Ha NpUiAOMHIlA CTOPOHI Nicns AeKoayBaHHS i
PO3’€4HaHHA TPYMNOBOro CUrHasly BOHM MOCTYMalTb Ha CMHTe3aTop ge curHanm OT
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Ta T/LL KepytoTb napaMeTpamm 30yIpKEHHS, a KOe(ilieHTH a (t) — (hopMOto 06BIAHOT
CMNeKTpy.

Mosa > KaHan
> o | ; a
AHaI3 a 3B’SA3KY 1; . Moga
A >
T | MO am| =
» T/LL > NP O
oT = 4
» BOT 5
ot 306yHUK
AHanizartop CuHTe3artop

Man.1l. CTpyKTypHa CXema OpTOroHas/IbHOro Bokogepa: T/LU — BuaintoBay curHany
ToH/Wwym; BOT — BMAintoBay curHany OCHOBHOrO TOHY; MO — nNpucTpiii 06’e¢AHaHHS;
P — npucTpili po3’eAHaHHA

CyuacHi BOKOAepu po3pobnatoTbCsa AK  UMgpoBI npunaauM, OCHOBaHI Ha
(hopMaibHUX MaTeMaTUYHUX MEPETBOPEHHSAX, HanpuKIaL fK PO3KnafaHHA y pajg
Pyp’e, AKe 34iINCHIOE CNeKTPasIbHWUIA aHani3 Ta CUHTe3 MOBHOIO CUTHasy.

3aBAAKM MaTeMaTUYyHOMY anapaTty Jilerko MojentoBatu Bokodepn Ha EOM.
ICHYtOTb 6araTo pi3HMX aNrOpUTMIB CTUCHEHHS MOBM, ane B [aHiii nabopaTopHiii
PO6OTI BUKOPUCTOBYETLCA 18 YH4O0BUX Liifieid OfMH, 3BUYaAHO AasieKo He KpaLyuia,
aflanTUBHWUIA anropnT™M 06po6KK cUrHaniB, po3pobseHMId B Hawwi akagemii. Lie gacTb
MOX/IMBICTb Kpalle 3po3yMiTW yCi 0CO6MMBOCTI MOAENHOBAHHA CUCTEM CTUCHEHHS
mMoBM. B Mofeni BOoKogepa CTUCHEHHS BUKOHYETbCA 3@ [LOMOMOIOH AWCKPETHOrO
KOCUHYCHOro nepeTBopeHHs dyp’e. bnok Bignikis X, B 4acoBiii 06/acTi

MepeTBOPIOETLCS B 610K Y, B YaCTOTHIA 06/1acTi

N-1
Yk — Xn Cosw’ (2)
n=0 2N
1 & (2n+ 1k
X =—>»Y, cos—————
"N kz(; “ 2N (3)

Ae (n,k)=012,...,N-1. N —yncno Bignikis curHany B ogHomMy 610Li.

FAKLLO BpaxyBaTW KopensauiriHi 3B’A3K1M MK Bignikamy npu nepegadi Bigikis
CUrHaNiB B YaCOBI 06/1aCTi TO MOXHA 3MEHLLMTY LUBMAKICTb LUPPOBOro NOTOKY no
KaHany 3B’A3KYy. AJle Be/iMuMHA CTUCHEHHS B UUX cucTemax mana. lMpu nepepadi
BiANIKIB CUrHaly B 4acCTOTHIA 06/1acTi MOXHa BpaxyBaTW [AMCKPETHICTb Cyxy Ta
MaCKyBaHHSA CUrHasiB i 4OCATTI BiNbLLIOr0 CTUCHEHHSA CUTHaNIB.
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B yuy60BOMY anropuTMi BUKOPUCTOBYETLCA Malike MUTTEBE KOMMagyBaHHS
CUrHaniB B YacTOTHIA 06nacTi. 3BYKOBMIA CUrHan nepefaeTbcsd 6G10YHO, Ae B
KOXXHOMY 6n1oui N 3HaxoadTb HalbiNbLWMIA YaCTOTHWUIA BifNiK Ta HOPMYHOTb BCI iHLUI
BiA/TIKN, SIKi 3BMYaHO MEHLLII 3a HaibiNbLINIA, BIAHOCHO HaNbINbLLUOTO.

[leTanbHO aniropuT™ MariXke MATTEBOrO KOMMaHAyBaHHS onucaHuii B poboTi [1].

[na nepefadi KoeilieHTy MacluTaby KBaHTYyBaHHS BUKOPUCTOBYETLCA M OIT.

m=log,(a-b), )

Ae a — yncno 6iT, Wo BUAINAETLCA AN nepefadi HarbiNbLworo Bif/liKy B HacoBil
o6nacTi, b — uncno 6iT, AKe BUAINAETLCS ANS HANGINbLLIOro YaCTOTHOIO BiAJTiKy.
KoediyieHT cTUCHEHHA G MOXKHA HalTK AK

o

N Ok

aN
G=——"
m+DbN ()

3. Knw4osi 3annTaHHSA

[n5 4oro NoTpi6HO CTUCKATK MOBY?

AKnUM NpunaLom CTUCKAKTb MOBY IIOANHY, | 3aBAAKN YOMY MOXHA CTUCKATK
MOBY?

LLlo Take hoHema?

AKi 0CO6/IMBOCTI NapamMeTPUYHMX BOKOLEPIB, a AIKI MOBOE/IEMEHTHUX?

Ha siki Tunu po3pi3HAITL NapameTpUyHi BOKOAepn?

3aBAAKN YOMY MOXX/IMBE MOJEN0BaHHSA BOKOAepiB Ha EOM?

Ha CKiflbkM Cy4acHi BOKOAEpU MOXYTb 3MEHLUUTU LUBUAKICTb LM(POBOro
NoTOKY?

CkaxiTb, fika Ha Baluy gymKy, MoXe 6yTu JOCArHYTa MiHIMa/IbHa LWBUAKICTb
LM(POBOro NOTOKY MNPV BUKOPUCTaHHI HaiJ0CKOHaNILLOro Bokoaepa?
MOACHITL NPUHLMN AIT OPTOrOHaIbHUX BOKOAEPIB.

4. [lomallHe 3aBAaHHS

4.1. Tigrotysartu BigMnoBi4i Ha KNHOYOBI 3annTaHHS.
4.2. Migrotysatv Tabnuuo AN AOCNIIKEHHS MOBMW.

B

5. Onuc nabopaTopHOro MakeTa

AKOCTI  nabopaTtopHOro Makety BuKopucTtoByeTbca EOM.  3aBasaku

yHiBepcaJ'IbHOCTi Cy4YaCHUX NepCcoHa/IbHNUX KOMI'I’}OTepiB € MOX/IMBICTb MOZJENNOBATU
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Pi3HI Mpunagn NporpamMmHMM LUISXOM, a He MaKeTyBaHHAM. B aaHiini nabopaTopHii
po6OTi BUKOPUCTOBYETLCA MOAENb FAPMOHIYHONO BOKOAEPY OCHOBaHa Ha Maike
MUTTEBOMY KOMMaAyBaHHI CMrHaniB B 4aCTOTHI o6nacTi. PeanizoBaHa mMogenb y
BUINSA1 KOHCO/IbHOT Nporpamu, HanmcaHoi Ha MOBI BUCOKOIO piBHA C++.

MOBHWIA CUrHaN, BUKOPWUCTOBYEMWIA B [aHil  Po6OTI ANnd  AOCHIIKEHHS
MaKCVMa/IbHOr0 CTUCHEHHS, MpPXU AKOMY He TMOMITHI CMOTBOPEHHA Ha ChyX,
3anucaHuii y ¢opmati wav. 3anuc npoBoAMBCA 3 BUKOPUCTaHHSAM 3BYKOBOI MiaTut
Creative Audigy u4epe3 nporpamy “Microsoft® 3Byko3anucb” 3 4acTOTOH
anckpetunsayii 8,000 kIu. Ha oauH BIg/IiK curHany BUAINAETLCA 8 OiT.

6. JlabopaTopHe 3aBAaHHS

3anycTiTe nporpamy G_VOCODER uepes lMyck, Morpammvbl, Sudent, ®Y. Mpu
uboMy Bu nobaumte KOHCO/MbHE BIKHO, B AKOMY HeO06XifHO BBecTM Ha3By Baluoi
rpynu. Tum camum B nanui Student Ha aucky D 3’9BMTbCA Manka 3 BBEAEHOHD
Ha3BOH0, B AKY BYAYyTb 3anncyBaTmcs oparMeHTX MOBU Micns 06p0o6KM B MOAENI.

[ani Bam HeobXxifHO 6yae npu pi3Hii KinbKocTi Bignikie B 6noui N, Ta pisHOMY
ymcny B6iT Ana HaibiNbLLIOro YacTOTHOrO BiA/liKy b 3HainTV KoedilieHT KBaHTYBaHHS
Macwtaby m no dqopmyni (4), ge a — unicno 6IT, WO BMAINAETLCA ANS nepefadi
HanGiNbLLOro BiAiKy B YacoBiil 06nacTi (B3aTK piBHOMY 8). Koe®ilieHT CTUCHEHHS
G obuncnoeTbes no hopmyni (5).

YUncno 6iT, BUKOPUCTOBYEMUX ANA Mepefadi HainbinbLLIOro YacTOTHOIO Bianiky b,
HeoOXiAHO 3MeHLUYyBaTU [0 MOSBM MOMITHUX Ha ClyX CMOTBOPEHb B (hparMeHTax
MOBM, LLIO NPOMALLINN Yepe3 Moaenb. Tak K 3anuc gparmeHTy 6yB 3pobneHunin 3 8 6IT
Ha BIAJ1iK, TO NPV MakCUMa/ilbHOMY 3Ha4YeHHi b = 8 CTUCHeHHS He Bye NPOBOAUTUCS.

Pe3ynbTaT NpoBeAeHnX pobiT He0bXiAHO 3aHeCTn y Tabnuuto 1.

Tabnuus 1 — JocnigpKeHHst CTUCHEHHS CUTHasiB MOBY
N 32 64 128 256 512 1024

b
m
G

7. 3MICT npoToKoNy

7.1. Tabnnug 3 pesynbTaTammn LOCNIIKEHb Ta 06UNC/IEHD.
7.2. BUCHOBKM MO pesynbTatam LOC/IAKEHb.
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8. Jlitepartypa

8.1. OcHoBHa

1. Pyauii €. M. CTUCHEHHS 3BYKOBMX CurHaniB: HaeyanbHuin noci6. — Opeca,
YAA3, 1996. - 79 c.

8.2.[logaTtkoBa

2. Cuctema aneKkTpocBsisn. Tom BTOpPOW. CUCTEMbI paamo-, TeNeBU3NOHHOIO
BELL@HMS N OKYMEHTa/IbHOM anekTpocssisun. Mog pea. H. B. 3axapueHko. — K.:
TexHika. — 1998. — 239 c.

BugasHnumii ueHTp OHA3 im. O.C. Nonosa



MogentoBaHHS FapMOHIYHOr0 BOKoZepa

ABTOp 0. M. Psabyxa
PefakTop €. M. Pyanin
Komn’toTepHe

MaKeTyBaHHS €. C. KopHiiuyk

BugasHnumii ueHTp OHA3 im. O.C. Nonosa



