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Kak xopormio n3BecTHo, MHOTTE 3BYKH PEYH de-
JIOBEKA SABJISIOTCS [TOYTH [IEPUOINIECKUMU (DY HKITH-
MU BPEMEHH, TO €CTh IIPEJCTABJIAIOT COOO CyM-
MY MO/l C PA3/IMYHBIMH IIapaMETPaMU — 4YacTOTa-
MU, aMIUIATYJaMu, ¢ga3aMu. Tak Kak apaMerphbl
PEaNdbHHT 3BYKOB IIOBEPKEHBI HEKOTOPBIM JIPOKa-
HuAM (BO3MYILIEHUSIM), TO JJId aJeKBATHOIO MaTe-
MaTHU4YEeCKOI'0 OIIMCAHUsA 3BYKOBBIX KPUBBIX CJIe/IyeT
HCIIOJIb30BATh BbIPAXKEHUE
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rae y; — o pPOBAHHBIE 3HAYCHUS KPUBOH 3BYKO-
BOT'O JIABJIEHUSI, [IOJIy9€HHbIE Y€Pe3 PABHDIE ITPOMe-
JKYTKHI BPEMEHH, C; — JApeiidyrormue (MeIIeHHO Me-
HSAIOIIUECs] ) aMILTATY/IBL, ©f; — apefidyromue dbasbr,
wo — BesimunHa 6A30BOM YaCTOTHI CHUTHAJA, |1 — KO-
JIMYECTBO MOJI, N — KOJINYECTBO OIU(DPOBAHHBIX TO-
9eK 3ByKOBO# kpuBoit. IHekc ¢ Hymepyer mocieno-
BaTEJbHOCTH MOMEHTOB BpeMeHu. Jlist BIraucienust
npefidyomux mapaMerpos B |1, 2| npeioKeHbL Me-
TO/BI annpokcuManuu. 1IpocToit MeTo/| anmpoKcu-
MAaIH IIPE/III0JIATAeT COCTABICHNE HEBI3KH, DABHON
cymMMe (IO BCEM TOYKaM) KBaJPATOB OTKJIOHECHHI
ANMIPOKCUMUPYEMO# (DYHKIIAUA OT CYyMMBI HECKOJIb-
KUX TapMOHUYECKUX (DYHKIUI C. pa3IMIHbIMHU, HO
[MOCTOSHHBIME 110 H3y9YaeMOMY OTPE3Ky <acTOTa-
MU U aMIUTHTYAaMi. JacTOTHI HPeIIoIaraoTcs 13-
BECTHBIMH, & aMIUIUTYIbL - HeT. Kak oObraHO 110-
CTYHAIOT B METOJ/Ie HAMMEHBITUX KBaJIPATOB, YACT-
Hble IIPOM3BOJIHBIE HEBA3KU 110 aMILIATYIAM IIPH-
PABHHUBAIOTCS HYJIO U B PE3Y/ILTATE [TOJIYIACTCS CU-
creMa JIMHEHHBIX aareOpanvdecKux ypaBHEHUH OTHO-
CUTEJIbHO HEM3BECTHBIX aMILInTy. Perenue man-
HOI CHCTEMBI IIO3BOJIACT HAWTH 3TH aMILIUTYJBI,
9TO B UTOTE U JIAET PeEIlleHre 3a/a9l aIllllPOKCAMa-
rmuu (Ipu M3BECTHBIX YacToTax). Ecam ke 1gacro-
THI HEU3BECTHBI, TO MOYKHO ITOCTYIIUTD CJIE Ly IOIINM
obpazom. Beibepem Hekoropble uncia (Hayra, Ju-
60 MCXO/s W3 KaKUX-THO0 COOODaKeHWil) B Kade-
CTBE IIPEJII0IaraeMoro Hadopa YacToT, MIPOBEEM
MIPOIEAYPY AIIIPOKCUMAIINUA U, B KOHIIE, IOJCYU-
TaeM OCTATOYHYIO HEBHA3KY. 3aTeM BBIOEpeM JIpy-
roit Habop Ynces B KadecTBe BO3MOYKHBIX 3HAYCHUN
9acTOT, BHOBb IIPOBEJIEM IIPOIEAYPY AIMPOKCAMA-
WU U y2Ke JIJIsT HOBOrO HAOOPaA YACTOT HOICIUTAEM
ocTaTo4yHyIo HeBsA3KY. [locie 3TOr0 /1BE HIOJIy UeHHbIE
HEBSI3KM CPABHUM, U B KadecTBe H0Jiee MpaBUIHLHOTO
HabOpa YaCTOT IPUMEM TOT, KOTOPBIil 00eCIIeTHBAET

MEHBIIYI0 OCTATOYHYIO HEBs3KY. Ilepebop BapmaH-
TOB HAOOPOB YACTOT MOXKHO ITPOBOJMTH HE HAYTAI,
a, HaAIPUMEp, METOJIOM CKODPEWHIero ciycka. B pe-
3yJibTaTe 1epebopPoB BapUAHTOB MOXKHO HAWTH TOT
HabOp YACTOT, KOTOPBIA JAeT OCTATOYHYIO HEBsI3-
Ky MEHBIIIYIO, 9YeM JII000! Apyroit Habop YacToT, u
9TOT HADOp TACTOT OyIeT yKe UCTHUHHBIM. JacTo-
TBI 9TOTO HAbOpa MOXKHO Ha3BaTh HecymmmMu. IIpo-
CTOI METOJ, AIIIPOKCUMAIINH XOPOIIO 3aPEKOMEH 10~
BaJl cebsl Ha MpUMepe MY3BIKAJBHBIX 3BYKOB, OJIHA~
KO OH OKAa3aJICd HEJIOCTATOYHO TOYEH IIPU AHAJIU3E
3BYKOB 4ejioBedeckoil peun. OiHa 13 NpUIuH 3TOro
- mpobJieMbI BBIOOPA TJINTETHHOCTH OTPE3Ka 3BYKO-
BOil KpUBOH. DTOT OTPE3OK HE MOXKET OBITh CJIUIII-
KOM KOPOTKHM, TaK KaK WTOIOBasi TOYHOCTH BBI-
qucieHnit Oy1eT HeJIOCTATOYHO BBICOKOM, a C JIpy-
rO#l CTOPOHBI, HE MOYKET OBITh CJUIIKOM JIJTHHHBIM,
TaK Kak IapaMeTphbl PeajibHbIX PEUYEBBIX CUTHAJIOB
T0/IBEPKEHBI JIPOXKAHUSIM U JIpeiidy, U 3a T b-
HOE BpEeMsl TPEeTEPIEBAI0T 3HAUYUTE/IbHbIE U3MEHE-
Husi. [LlosTOMY mpOCTOil METO/T ANIIPOKCUMAITAN OBLIT
YCOBEPIIEHCTBOBAH. YCOBEPIIEHCTBOBAHHBIN METOT
AIIITPOKCUMAIIH OTJIMIAETCSI OT IIPOCTOrO TEM, UTO
B HEBSI3KY JIO0ABJISIIOTCS TPYIIIBI CIATAEMBIX, OTBET-
CTBEHHBIX 32 BEJIMYUHBI IIPHIXKKOB 3HAYEHUN Iapa-
METPOB aIIPOKCUMUPYIOMUX (PYHKIUN IPU TOCTIe-
JIOBATEJILHOM MEPEX0jie OT TOYKU K TOYKE Ha 3BY-
KOBOW KpuBOil. B pesyiprare anmpoKCHMAanum Io-
JIydaeTcsl pellleHne, JIOIyCKAlolee M3MeHEeHNe I1a-
pPaMeTpOB AIPOKCUMUPYIONNX (PyHKIUH Ipu Ie-
pexojie OT TOYKHU K TOYKEe, 9TO, COOCTBEHHO U HMe-
eT MeCTO Jyisi PeaslbHOrO ToJioca dejoBeka. B [3]
9TOT METOJI, IPUMEHEH K U3YUIeHHIO oBeeHus (a3
PA3JIMYIHBIX MOJT IVIACHBIX 3BYKOB. OKa3ajioch, 4TO
XOTsI caMu a3bl MOJI SIBJISIOTCS PABHOMEPHO Pac-
[IpeJIeJIEHHBIMU HA WHTEPBaJe CIyJailHbIMU BeJIH-
YUHAMU, CYIIECTBYIOT TAKWe MX KOMOWHAINH, KOTO-
pble SIBJISIOTCS KOMIAKTHBIMU Ha JuarpaMmmve «Oa-
30Bast 9acTOTa — (PA30Bast KOMOMHAIIAST», ITO MOXKET
OBITH MCITOJIH30BAHO JJIsT UIEHTU(MUKAIINN I€JI0BEKA
10 €ro roJiocy W Jjisi pacrosnaBanust peun. Cpen
CIIEIUAJINCTOB, 3aHUMAIOIINXCSI IPOOJIEMOiT aBTOMa~
THUYECKOTO PACIIO3HABAHUS PEUU, PACIPOCTPAHEHO
MHEHHE O TOM, UTO CJyXOBOI armapar JejoBeKka He
BocprHUMAET a3y 3BYKOBOI'O CHUTHAJA. DTO, Pa-
3yMeeTcsl, He O3HAYAET, YTO B MPOU3HOCHUMBIX 3BY-
KaX HET HUKAKUX 3aKOHOMEPHOCTEl, CBSI3aHHBIX C
dazamu. B cBsa3u ¢ 91uM B [3] BBABUHYTO Opeano-
JIO’KEHUE, 9TO TAKUEe 3AKOHOMEPHOCTH MOTYT CYIIe-
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CTBOBATb, U HPEJIOKEHbI KOMOMHAINY (KPUTEPHHN)
Z = ngi—Zwk, npu yeaosun y i =y k. (2)
i k

31ech i u k — HOMepa MoJ1 3ByKOBOIO curHasia. B (2)
MIPOU3BEJICHO YCPEIHEHUE TI0 BCEM TOYKAM M30paH-
HOTO OTpe3Ka 3BYyKOBOI Kpuoii. [Ipumepamu Kpu-
TepueB Z ABJSIOTCH KPUTEPUH Z = 2¢01 — Yo, 4 =
0120243, Z = patp3—p5, L = p1—P2—P3+P4
u japyrue. Paszbl, COCTABJISIONE KPUTEPUU, MOTYT
BXO/IUTH B HUX HEOIHOKPATHO. BBIOOp KpuTepues B
Buje (2) 060OCHOBAH TeM, 4TO OHU OOJIAJAIOT JBY-
Ms BHJIAMU yCTOHYIUBOCTH. BO-1IepBBIX, 9T KpuTe-
pUM He 3aBUCAT OT BBIOOpA Hadaja OTCYeTa BpeMe-
HU, U, BO-BTOPBIX, OHU HE 3aBHUCIT OT HEOOJIBIINX
morpentHocTeil BeIoopa 6a30BOi 4aCTOTHI JIOBSIIIEH
cetu. V3yuyenne oOpasmoB IVIACHBIX 3BYKOB, ITOJIY-
YeHHBIX OT 11 pecroHIeHTOB MOKa3a/10, 9T0 B OO
IIIUHCTBE CJIy4aeB HaOJIO/IaeMble 3HAUEHUS KPUTe-
pues (2) yoxkaTcs Ha nuarpaMMme «6a30BBIi IEPUOLT
— 3HAYEHUE KPUTEPHUs» «KYUIHO», 9aCTO UX CPEeIHE-
KBaJIpaTUIeCKOe OTKJIOHEeHHe olryckaeTcs ke 0.3,
a unorga pocruraer 0.15 (Jns cpaBHenus — ciy-
JaiiHas BeJIMYNHA, PABHOMEDPHO PACIIPE/IEIEHHA Ha
unTepsase [0, 2] uMeeT cpeTHEKBaIPATHIECKOE OT-
kJjIoHeHue *21.81). [Ipudem rpynnupoBKI TOUEK, CO-
OTBETCTBYIOIIUX OJHOMY W TOMY K€ 3BYKY, HO IIO-
JIYIE€HHBIX OT Pa3JIMIHBIX PECIOH/IEHTOB, HAXOIAT-
csg Ha auarpaMmMe <«0Da30BBII HEPHOJ — 3HAYEHUe
KPUTEPHUs» B PA3HBIX MecTax. Takum obpa3om, OT-
KPBbIBaeTCs IEPCIEKTUBA pa3pabOTKA KOMIIBLIOTEp-
HOM IIPOTrPaMMBI, TIO3BOJISIOIIEH TPOU3BOIUTD UIEH=
TUDUKAAIO 9eJI0BEKA 110 roJiocy. Kpome Toro, kpu-
repuu (2) Ui Pa3AUNHBLT 36YK0G, HO IOy I€HHBIX
OT 00H020 U MO20 MHCE YEAOBEKG TAKIKE BaHIMAIOT
Ha 9TOil JmarpaMmMe pas3Hble Mecra. 10 eCcTb MOXK-
HO TaKKe HaJIesIThCS U Ha, pa3pabOTKy IIPOrpaMMbI
pacIO3HABAHUS PEYU HA OCHOBE (DA30BBIX KPUTEPH-
€eB.

Jlpoxkanne mapamMeTpOB MOJ[ 3BYKOBBIX KpH-
BBIX — 9TO Hen3DeXKHOe SBJIEHUE, BHI3BAHHOE HECO-
BEPIIEHCTBOM PEYeBOro allllapaTa YejloBeKa, 1 IIPo-
rpaMMbl PACIIO3HABAHUS PEYU U UJIEHTUDUKAIIIT
9eJI0BEKa, JIOJIZKHBI 9TO yIUThiBaTh. CaMo MOHsSITHE
Iepuoja B 3TOM Cjydae yKe He dBJIdeTcs CTPOTo
ompenesenubiM. [loaToMy citefyeT OBITH TOTOBBIM
K TOMY, YTO pe4eBO# CUI'HAJI IIPUIETCA aHAJIU3UPO-
BaTh HA OCHOBE CHUCTeMBI HeCYIIUX JaCTOT, U3BECT-
HBIX ¢ HEKOTOPOU MOrpentHocThio. K KakuM moce/-
CTBUSIM 3TO MOXKeT npuBectu’! PaccMoTpuMm nieasib-
HBI TAaDMOHUYECKUN CUTHAJI, COCTOAINUI U3 €/I1H-
CTBEHHOII HeECyIlell 49acTOThl w, UMCIOMUNA aMILJIN-
Tyny A, da3y ¢ U mycTh OH aHAJIU3UPYETCS METO-
JIOM alllIPOKCUMAIINA Ha OCHOBE YaCTOTHI, NMEIOIIei
3HaveHne wi 7% w. I[IposeseM oueBmiHbBIE Ipeobpa-
30BaHUA

Asin(wt + ¢) = Asin(wit + ¢ + Awt) =
= Acos(Awt) sin(w1t + @)+
+ Asin(Awt) cos(wit + @),

3)

rie Aw = w—w;. Kak sugso u3 (3), MeTon annpok-
CUMAaIH JIOJKEH JaTh Jisd Jpeiidyonmx aMILI-
TyJ, TepuoguIecKue (PyHKIUU C 9aCTOTaMU, PaB-
HBIMH TIOI'PENTHOCTU MCTUHHOI YacToThl. TecToBbIE
TpuMepHl TOATBEPKIAIOT ITO IIPE/IIOIOKEHNE.
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