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BBEJAEHUE

Pazsutne wrHpOopManmmonHO-KOMMYHUKAaHOHHBIX TexHonoruit (MKT)
ABJIACTCS] OJTHAM M3 OCHOBHBIX (haKTOPOB OJAroCOCTOSHUAS M HKOHOMHYECKOTO
pocta ctpanbl. Ceromusa UKT cTtaHOBUTCS OMHUM W3 OCHOBHBIX MPHOPHUTETOB
rOCYyAApCTBEHHON MOJIUTUKE Y30€KHCTaHA.

B nocranosnenun npesunaeHta PecnyOnuku Y30ekucTtaHa «o Mepax Mo
JTAbHEUITIEMY BHEIPEHHUS W PA3BUTHIO HH(POPMAITMOHHO - KOMMYHHUKAITHOHHBIX
TexHojorum» ( cobpaHue 3akoHOAaTeNbcTBA Pecnybnukm Y3bekucrana, 2012
r., Ne 13, cr. 139) omHo#t W3 OCHOBHBIX 3a/ad MAJBHEHIIETO BHEAPCHUS H
pa3BuTHE WH()OPMAITMOHHO — KOMMYHHUKAIIMOHHBIX TEXHOJIOTHI, B YaCTHOCTH,
ABIIACTCS TIPOrpaMMa TMporpaMMa Mep 10 KOPEHHOMY W Kaue€CTBECHHOMY
yIYUIICHHIO  (PYHKIIMOHMPOBAHWE  HAIMOHAJIBHOW  WHOOPMAIMOHHOMN-
MOMCKOBOM CUCTEMBI, YBEJIMUEHHIO KOJIMUECTBO €€ MOJ30BATENEN.

Anroputmbl 1iM(ppoBOI 00pabOTKH CHUTHAJIOB, COCTAaBJISAIONIMNE OCHOBY
NPUKIQAHBIX ~ TPOTPAaMM  CHUTHAIBHBIX  TMPOIECCOPOB,  MOBCEMECTHO
MPUMEHSIOTCAS B KOMITBIOTEPHBIX CETAX W TEICKOMMYHUKAITMOHHBIX CHCTEMAX,
UCIIOJIB3YIOTCS B MYJBTUMEIUHUHBIX TEXHOJOTHAX, NH(PPOBOH ammaparype
aymo M BUIAC000PaOOTKH, MPUMEHSIOTCS B MEIWIIMHE, B TEXHOJOTHUYCCKUX
poLeccax, B CUCTEMAaX KOHTPOJIA U YIPABJICHUS OOBEKTAMH WM IPOLIECCAMH.

Pactymas notpeGHOCTh B COBPEMEHHBIX MU(POBHIX CUCTEMaX 00pabOTKH
JAHHBIX C 00Jiee YeM OJHOM YaCTOTOW AMCKPETH3AIMU MPHUBESA K PA3BUTHUIO
HOBOM To100/1acTH poBOH 00pabOTKM CUTHAJIOB, U3BECTHOM Kak 00paboTka
JAHHBIX TPW HECKOJIbKMX CKopocTax (multirate processing). [lpm Takoit
00pabOTKe MAHHBIX MCHOJB3YIOTCS JABE OCHOBHBIC OMNEPALMM. JCUMMAIUS U
UHTEPIOJIANA, MO3BOMAONE YD(PEKTHBHO HepeoBaTh CKOPOCTH TEpenadn
MaHHBIX. JlemMManws yMEHBIIACT YaCTOTy AUCKpeTH3anuu, 3P EKTHBHO
CXKWMasi JlaHHBIE MW  OCTaBJIAS TOJBKO HEOOXOMMMYyI0  HWH(POPMAIHIO.

HNuTepnonsaims, Ha000pPOT, YBETUUUBAET YaCTOTY AUCKpeTH3anmu [13].



[Iponenypa npeoOpa3zoBaHWs YacCTOTHl JUCKPETHU3AMUHM TIPEICTABIIACT
co00li M3MEHEHHE YaCTOTHl JUCKPETH3AIMKA CHUTHAJIA TOCJE TOTO, KaK CHTHAJ
Ob1 omudposaH. Takoe mpeoOpazoBaHWE YACTOTH AUCKPECTH3AHUH HAXOUT
MHOXECTBO TPUMEHEHWH, OHO WCIOIB3YETCA IS MWHAMH3AIMH o0bema
BHIUHMCIICHANW TYTEM YMEHBIICHHS TOTOKA JAaHHBIX, KOTJa I0J0ca YacToT,
3aHWMaeMasi ~ CHUTHAJIOM, YMEHBINIACTCS  BCJICICTBHC  HWU3KOYACTOTHOM
¢upTpanmm. [lpu o6paboTke MEAWITMHCKAX W CITYTHUKOBBIX H300paKCHHIMA
npeoOpa3oBaHue YaCTOTHl JACKPETH3AIMHM HEOOXOMWMO JUIS  YIIYUIICHUS
MU300pAXKEHUH, W3MCHEHUS Maciirada, BpAILICHUA M300pAKEHUM.
[IpeoOpa3zoBanre dYacTOTHI AUCKPETH3AIMHM  HCIOJB3YeTCS  TaKkKe A
YMEHBITICHUS CIIOKHOCTH HEKOTOPBIX Y3KOIMOJIOCHBIX ITU(POBBIX PHIBETPOB[9].

AKTyaJbHOCTL  JaHHOW  padotbl.  [IpeoOpa3zoBaHue  4acTOTHI
JUCKPETU3allMA HEU30€KHO NpU 00pabOTKE CUTHAJIOB B peajlbHOM MaciiTade
BpPEMEHH, KOT/Ia JiBa TpoIeccopa, padoTaroime Ha Pa3HBbIX YacTOTaX, JAOKHBI
oOMeHMBATHCS TTU(POBHIMEA CHTHAJIAMU. 3MEHEHHS 4acTOTHI JUCKPETH3AIHNH
HeoOXoauMo W mpHu 00padorke mupPOBOH ayaWo CHTrHaNa, KOrja Hajo
COTJIacOBaTh 4acTOTy Auckperm3anmu co cranmapra Audio CD 44,1 kI'm Ha
cranaapt DVD 44,0 kI,

O0bekT 1 npeaMet uccaeaoBanusi. OOBEKTOM MCCIICT0OBAHUS ABIISIIOTCS
HOCUTENIM 3BYKOBOW WH(OpPMAIAKA, KOMIBIOTEPEI CpeacTBa 00pabOTKH.
[IpeameToM wWCcaeAOBaHUS  SBSIOTCS  QYJHOCHTHAIBI  MYJIBTUMEIUHHBIX
CUCTEM.

eanb 1 3a7aun uccaea0BaHUSA

I{enbto paboThl  sBAsiETCS pa3padOTKa aJIrOpUTMOB W MPOrpamm
W3MECHEHHUS YaCTOThI JUCKPETH3AIMHA ayJAWMOCHTHAJIOB, C WCIOJb30BAHHEM
anreOpanuecKX MOICIICH almpPOKCHMAIINH.

JInsg moCTHOXKEHWS TIOCTABJICHHOM 1€MW B JWCCEPTAllMOHHOM padote
pEeHIATCs CISAYIONINE 3a1aUH;

— WCCIICIOBAHUE CYIICCTBYIOMMX METOA0B IM(dpoBoit  0O6paboTKh

CHTHAJIOB M CITOCOOOB M3MEHEHHUS YaCTOThI JUCKPCTHU3AIHUM,
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— paspaboTka aJITOPUTMOB BBIUHCIICHUSA ko3 dunmeHTOB
anreOpandecKnX TOJWHOMOB C TEPEBOJAOM IM(PPOBOTO CHWTHAjIA B
CIIEKTP.

— pa3paboTka  aNropuTMa W3MEHCHHWA  YacCTOTHl  JUCKPETHU3AINH
ayJTMOCUTHAJIOB C HCITIOJTb30BAaHUEM MOJIAHOMHUATFHOTO
MIPEICTABIICHNA.

— CO3/IaHME MPUKIIAIHBIX MPOTPAMM H3MEHEHUS YaCTOTHl TUCKPETH3AINHT
ayTMOCUTHAJIOB JUTS MPUMEHECHHS B CHTHAJIBHBIX TIPOIECCOPOB.

Metoasl mccienoBaHusi. TEOPEeTHUECKYI0O OCHOBY MPOBEACHHBIX
UCCIICIOBAHUM COCTABJISAIOT METOJbl JIMHEHHOW aireOpbhl CHEKTPAIbHOTO
ananmza B Oypre-6a3ncax, YACACHHBIC METO/IBI AMMPOKCAMAIIHH.

Hayunasi HOBH3HA TIPOBEJCHHBIX WCCICTOBAHWHN 3aKITIOUACTCA B TOM,
YTO;

— B pe3yJIbTaTe MCCASAOBAHMS pa3paboTaH ajJrOpPUTM TEPEBOJIa CUTHAIA

B 007acTh TOJMHOMHAJIGHOTO TPEACTABJCHUS W  HAXOXICHUS
koddpunreHToB monmHOMa B 6a3UCHOM crcTeMe Anmamapa;

— pa3paboTaHbl CKOPOCTHBIC AJITOPUTMBI W TPHUKIIAJHBIE MPOTPAMMHBIC
CpeICTBa JJI1 U3MCHCHHS YaCTOThl JUCKPETU3AINK ayAHOCHTHAIOB, B
peaabHOM MaciiTade BpEeMEHHU.

IIpakTnueckass meHHOCTH. Pa3paboTaHHBIC MPHUKIAAHBIC TTPOTPAMMBI
W3MEHEHHUS YaCTOThI JACKPETHU3AIMH MOTYT OBITh IIMPOKO HCIOJIb30BAHBI B
COBPEMEHHOW  pajuoanmapaTtype, 3BYKOBBIX CHCTEMaX  KOMIBIOTEPOB,
TEICKOMMYHUKAIIMOHHBIX CHCTEMAX.

CTpyKkTypa U 00bEM MarucTepCKoOM AMCCEPTALMOHHONI PadoTHI

Marucrepckass AWCCEpTaAIlds COCTOMT W3 BBEACHUS, TPEX TJIaB W
3aKJTIOUCHUS, U3JI0KEHA HA _ CTPaHUIAX MAIMIAHOMHUCHOTO TEKCTA, COMCPKHUT

Ta0aULbl U PHUCYHKOB.



Inasa I. ©3YUEHUE COBPEMEHHBIX METO/OB LIU®POBOI1
OBPABOTKU CUT'HAJIOB

1. MeTOI[LI H3MCHCHHUSA YAaCTOThI JTUCKPECTHU3 AL

HpOCTOﬁ, HO CJIMIIKOM HAWBHBIN nmoaxoa K H3MCHCHHUIO YAaCTOThI
JUCKPCTU3AlNH I_II/I(I)pOBOFO CHUT'HAJId — 3TO BCPHYTL €Iro K dHAJIOTOBOMY BHUAY,

a 3aTeM OBTOPHO OIU(PpoBaTh €ro ¢ MHOM YacToToM[13].

o AUD | ool L o UAM L

f(t) fs, fs, f(t)

Puc. 1.1. IIpoiiecc n3aMeHEHNA YaCTOThl AUCKPETU3AMU KIIACCUUECKON

MCTOOOM.

B sTOoM MeTOme MUCKPETHBIM CHTHAI ¢ YaCcTOTOM AHMCKpeTusarmei fs,
nepenaérest B 6mok [IAIl (mmdpo-ananorossiii mpeoOpa3oBaTeib), © B STOM
ONTOKe AUCKPETHBIA CHUTHAN TepeBOAWTCS B aHanoroyro dopmy f(t). Ilocme
sToro aHajoroBeiii curHan f(t) mepemaerca B Omox AIIIl m Tam curHan
JTMCKPETU3UPYETCS C HYKHOM 4aCTOTON TUCKpeTH3aIuei fs;.

[Ipu TakoM MOAXOAE€ W3MEHEHUA YaCTOThl AMCKPETU3AIMHU, TEPACTCS
MHOTO BPEMEHH 3a CUeT TOro 4To curHaj mepenaercs ¢ 0mokoB LIAIT u ALIIL
[Tponeccy nmpeobpazoBanmst 1UPOBOI-aHATIOTOBEIA-TTU(POBOM MPUCYIITN TAKUE
OIMOKK, KAaK OIIMOKA KBAHTOBAHUS M HAJIOXKEHUSA, KOTOPBIE 3HAUMUTEIIBHO
HMCKaxkaroT curHan|13].

CyuiecTByeT U JApyrue METOAbl M3MEHEHUA 4YacTOThl JAUCKPETHU3ALUU,
KOTOPBIC TIO3BOJIAIOT 0OpadaThiBaTh CUTHAJ B TU(PPOBOM BHJIE.

[Ipn nmepemuckpeTr3aluu OTCYETHI CUTHANIA, COOTBETCTBYIOIIWE OJHOU
YACTOTE JUCKPETU3ALMK, BBIUUCIAIOTCA MO MUMEKOIMIMMCA OTCUETaM 3TOTO XKe
CHUTHAJIa, COOTBETCTBYIOIIUM JPYrodl YacTOTe JUCKPETH3aMH (MPH HTOM

npcanojaracrcsia, 4ro 00€e YacTOTHI JUCKPCTHU3allil COOTBCTCTBYIOT YCJIOBHAM
6



teopembl KortenbHukoBa). MpeanmpbHas mnepeamckpeTH3ais SKBHUBAJICHTHA
BOCCTAaHOBJICHUIO HEMPEPHIBHOI'O CHUTHAJIA MO €ro OTCYETaM ¢ MOCIEAYIOMIEH
JWCKpEeTH3aliuet ero Ha HoBoM vactote[9, 13,17, ].

TouHOE BBIYMCICHHE 3HAUCHHS HCXOAHOT'O HEMPEPHIBHOI'O CHTHaNA B

ONpeeIEHHON TOUKE MPOU3BOAUTCS CIEAYIOIIUM 00pa3oMm:

sin 24(t — t;)

o(t) = 3ot gy

1

rae 1:(1‘.1-) — I-i OTCYET CHUrHaja, ti — MOMeHT BPEMEHU,
COOTBETCTBYIOIIUH 3TOMY OTCUéry, “d — 2rfds — uuknuueckas wactota
JUCKPETU3ALINY, I“) — HHTEPHOJUPOBAHHOE 3HAYEHUE CUTHAJIA B MOMEHT
BpeMEHU t.

sin %2 (t — 1;)
A1)

OyHKIHSa HE ABIAETCS (DUHWATHOM, TIOITOMY IS
BBIYHCIICHUS 3HAUCHHS CUTHAJIA B OTIPEICTIEHHBI MOMEHT BPEMEHH C TIOMOTIBIO
BBIIIEMTPUBEAEHHOTO BHIPAKEHUSI HEOOX0AUMO 00paboTaTh OECKOHEYHOE YUCIIO
€ro OTCcuéToB (KaK B MPOILIOM, TaK W B OyAyIIeM), 9TO HEpPeaJu3yeMoO Ha
npakTuke. B peanpHON XKU3HM WHTEPHOJANMS OCYIIECTBIACTCS C TOMOIIBIO

OpyTuX (GUIBTPOB, MPH ATOM BBHIPAXKEHHUE T HEE MPUHUMAET CJICIYIOITHI BU/T;

o(t) = Y w(t)h(t - t,).

1

rae  h(t) —  UMIOyIbCHas  XapaKTEPUCTHKA  COOTBETCTBYIOIIETO
BOCCTaHaBNuBaromero ¢unptpa. Bua »storo ¢unbtpa BbIOMpaeTcs B
3aBUCHMOCTH OT 3aAauu|7].

[IpsiMoe BBIUMCIIEHHE HOBBIX OTCUETOB CHUTHAJIA MO BBIIIETPUBEAEHHBIM
dopmynam  TpeOyeT  3HAYMTENbHBIX  BBIUACIUTENBHBIX  PECYpPCOB |
HEXXENATeNIbHO IJIA TPUIOKEHUH peaibHOTO BpeMeHH. CyIeCTBYIOT Ba)KHBIE
YaCTHbIE CIIy4aW TEePEaUCKPETH3AlMH, AJIi KOTOPHIX BBIYMCIEHHE HOBBIX

OTCUETOB MIPOU3BOAUTCS MTPOILIE:



— gemmMMan®s ¢ TenbiM  Kod(duimeHToM  (YMEHBIIICHHE YaCTOTHI
JMCKPETU3AIIAN B IIEIIOE YHCIIO Pa3);
— HMHTEPIOJIAINSA C TeNBIM Kod(hpunreHToM (yBETHUEHUE YaCTOTHI
JMCKPETU3AIIAN B IIEIIOE YHCIIO Pa3);
— W3MEHEHWE YaCTOTHI AWCKpeTH3aIuy B parmoHaibaoe (M/N) ancro pas
(3TOT Cciydaii MOXKHO paccMaTpwBaTh Kak KOMOWHAITUIO JIBYX
npeapaynux)[7, 16].
Jemmmanus ¢ nejbiM K03 puumeHToM.
Ha puc. 1.2. npeacraBneHa Onok-cxema mporecca AeIMMallid CUTHajiIa
X(n) ¢ neasiM mrarom M. Ha Hel m3o0paxkensl 1iud)poBoi (GUIBTP 3alIUTHI OT
HAJIOKEHUsA CHEKTPOB /A(k) W cxema cCxKathga (KOMIPECCOpP) YaCTOTHI
JACKpPETH3alluk, OO0O03HAUYeHHAs  CTPENIKOW, HampaBlICHHOHW  BHHU3, H©
koddummentom aerumaruu M.  Kommpeccop dYacToThl  IUCKpETH3AIMHN
CHIDKAeT 4YacTOTy AMCKpeTu3anmuu ¢ [s go Fs/M. Jlnma mpemoTBpaiieHus
HaJIOKEeHUsA Tpu OO0Jiee HU3KOW YacTOTE BBHIOOPKH HWCIONB3YeTCs NHU(PPOBOi
(UIBTP, MPEIBAPUTENHHO OTPAHUYMBAIONINAN TOJIOCY BXOJHOTO CHUTHANA J0
FS/2M. Takum oOpa3oM, CHUTHAl X(#) BHauvaje OTPAHMUYMBAETCSA MO TMOJIOCE.
CHIXEHWE YaCcTOTHl TUCKPETH3AIUN TOCTUTACTCS 32 CUET TOTO, UYTO U3 KaXKIBIX
M BBI6OpOK (pMIBTPYEMOTO CHUTHANIA w(n) otOpacsiBaeTcs M-1 Beibopka. Bxon
¥ BBIXOJ TIPOTIECCa ACTUMAITAH CBA3AHBI CICAYIOMNAM COOTHOIICHUEM
=
y(m)=wimM) =Y h(k)x(mM ~ k),
fimoo
r7ae
5
w(n)= > h(k)x(n—k).
fr—

Ha puc. 1.3 onucanHsiil mpoiece WUTIOCTPUPYETCS IS MPOCTOTO CITydast

M=3, rae 3 KaXmpIX TpexX BBIOOPOK X(1) oTOpackiBaroTca aBe. OTMETHM, UTO,

MO CYTH, ACHUMALIASI — 3TO ONepanus cxaTus JaHHbIx[9,12]



___________________________________________________________

Ludposoii punbtp Kommpeccop

i 3AIMHTHI OT YaCTOTHI i
: HAJIOXKCHUA CIICKTPOB JUCKPETU3ALUN i
x(n) w(n) |
N hk) Moy M L
N | yim)
Fs Fs F
M
Puc. 1.2. biok cxema germmanuu ¢ mnrarom M
- T, o~
T 17
I 1
)
x(n) \\J ™ T T 'i'_ ’ -
0 2 4 N 8 10 12 "
. - __J R4
~ " -~ -

Sl TN ,
o [T 1) 1

| \‘lx-l‘/[_____L_L’J/" . "

y(n) [- \.\ p ,"l
£ _
0 i 4

Puc. 1.3. UnmoocTpaiiua neuuManuu ¢ marom M=3 Bo BpeMEHHON 00JIacTH.

CnekTpanpHOE NpPEACTaBICHUE Mpoliecca ASUMMAIMU TPUBEICHO HA PHUC.
1.4. rne npeanonaraeTcs, 4To Ha BXO/ MOAAETCS IITUPOKOIIOIOCHBIA CUTHAM X(N).
Ha puc. 1.4. 6 nyHkTHpoM H300pa)Xx€Hbl 3€pPKAJIbHbIC KOMIIOHEHThI CUTHANA,
KOTOpPbIEC MPUBEIN Obl K HAJIOKECHHUIO, €C/d Obl BXOJHOW CHUTHANl Xx(n) HE ObLI
OTpaHUYEH 10 ToJI0ce nepen aerumarmei|9, 12, 13].

NuaTepnonsinus ¢ ueabiM K03GpuuueHToM

[To MHOTMM TIyHKTaM WHTEPIOIAIUS — 3TO TU(GPOBOH 3KBUBAICHT
mporecca 1rudppoaHaIoroporo npeodpa3oBaHus, KOraa u3 u(poBIX BEIOOPOK,

MOMAHHBIX  Ha  IU(POAHAJIOTOBEIH  mpeobpazoBareiab, C€  MOMOIIBIO
9



WHTEPIOJSIIAA  BOCCTAHABIMBACTCSA aHAIOTOBBIM cHurHain. Ilpm nwmdpoBoi

WHTEPIOJIAIAN, BIIPOUYEM, TIPOIIECC MOPOXKAAET crienubpuieckue 3nauenusi|[ 13].

n n
a) m h(k) i) > 43
y(m)
6 xkly, 6kry 2Ky
— 3epKanbHbie U306paXKeHUR
: I"'--/...- -
7 - -
IX(f) /
6) 1 i 1 1 >
0 l 2 3 4 5 JxIu)
'-
[
[
IHE)| /
B] 1 1 1 ' >
0 l 2 3 4 5
F/2M
- -
/
I
w(s)| !
r) 1 1 1
0 1 2 3 5
F:/2M
2N ,_.‘---—’0-\\ '—____.-4‘5‘\ 'l
“ " ‘\ A, 3epKanbHble ,’
1Y) () v/ usobpaxeHus \\ ]
) \.’ 1 " 1 'Q’ >
A 0 I 2 3 4 5

Puc. 1.4. CnekrpanbHas HHTEpPOPETALMS ASIMMAIIMK CUTHAJIA C YacTOThI 6

J10 yacToThl 2 Kl 11

JIns nmaHHOTO CHTHANIA X(1) € 9acTOTOW JUCKpPETH3alud 7§ Tporiecc
WHTEPIOJAIANA YBEIUUMBACT YACTOTy AWCKpPETH3anuu B [ pas3, T.e. a0 LI
Cxema uHTepnonsTopa npuseiaeHa Ha puc. 1.5. OH coCTOMT M3 3KCHaHAEpa

YACTOThl JAUCKPETHU3ALUKU, 0003HAYEHHOTO CTPEJIKOM, HAMpaBJICHHOW BBEPX, U
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koddpunreHToM HHTEPNONANHMKA [, KOTOPHIM TOKA3bIBAET, BO CKOJIBKO pa3

YBEJIMYMBACTCS YacTOTa AUCKpeTru3anuu[9, 12].

E DKcnaHAep YactoTbl (UIBTP 3AIUTHI i

E AUCKpeTU3aL UK HAJIOKCHUS i

x(n) i w(m) ®UIBTP HIKHHX i
— T L > 9acToT !

Fs LF LF,
Puc. 1.5. bnok cxema UHTEPHONALMHA C arom =3
'-ﬁ- -“.- " 'ﬂ \\
- . \
x(n) N
M ° .
0 i AN 2 n
\ L----
\sﬁ_‘p'
—----------- -\
\
w(n) \\

° ® o v ->——

0 ! 2 3 4 . 5 6 7 m

M L -
- -"' -

Puc. 1.6. Mnmoctpaiius HHTEPHOISAINM ¢ I1aroMm L=3 BO BpeMEHHOMH

o0nacTu.

Jna xaxaod BBIOOPKHM CHUTHAllA X(71) SKCMAHAEpP BBOAMT (L—1) HyneByrO

BEIOOPKY, B pe3yibTaTe 4ero (popMupyeTcst HOBBIM CHTHAI W(M) ¢ 9acTOTOM

11



muckperusanuu LI Jlamee 3TOT CUTHAMT MPOMYCKaeTCs yepe3 (PHIbTP HUKHUX
4acTOT Uil YHAICHUA 3€PKAIBHBIX YacTOT, BBEICHHBIX IIPU YBEIWMYCHUU

YaCTOTHI, ¥ MOTYYAeTCs] CUTHAI Y(11).

A Y
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"'-.-—‘-. ’—__.f-'\

[}
6) W) | vy \
H v/ \
1 1 \I 1 \
0 1 2 3 4 5 6 7 kIt
LF/2
B |H(S) R
[
!
1 1 1 2 1 1 -
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Puc. 1.7. CnexkrpanbHas UHTEPIPETALMSA UHTEPIOJIALMU CUTHAja ¢ 2 10 6

K[t

Beenenue (1.-1) Hynel mpuBOAWT K PacpOCTPAHCHUIO YHEPTUN KaXAOH
BHIOODKM CHUTHajda 1O [ BBIXOJHBIM BBIOOpPKaM, T.€. Kaxaas BbIOOpKa
ocrmabmsgercs B L pa3. Jima xommeHcaruu 31oro 3¢g@exra MOKHO, HaIpHMED,
YMHOXKHTh ~ KaXaAyl0 BBIOOpDKY y(n) wHa L. Ilpomecc wWHTEPHOMSITUN

XapaKTEPHU3YyEeTCs CIIENYIOMIEH CBA3BIO BXOAA U BBIX0JA
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Y(m) = ih(/«)w(m—m,
rac

x(m/L), m=0xL12L,. ...
0

w(m) =

[Ipomiecc WMHTEPMOIAIIMKA BO BPEMEHHOW O0OJACTH WILTIOCTPUPYETCS Ha
puc.1.6. g npoctoro cnyyasa L = 3. OOpaTuTe BHUMAHWE HA TO, UYTO KaxKaas
BHIOOPKA X(1) TIOPOXKIAAET TPW BBIXOJHBIE BHIOOPKW (ABE HYJIEBBIE BBHIOOPKH
BBOJUT dKcmanep)[9, 13].

WuTtepnperanus 7aHHOTO TPOIECCa B YaCTOTHOW 00JIaCTH MPUBEICHA HA
puc.1.7. Oyaxmum X(f), W(f) u Y(f)) npencraBiasior coOoil UYACTOTHHIC
XapaKTEPUCTUKN CHUTHAJIOB X(71), w(m) W y(m) COOTBETCTBEHHO. H(f) — 3TO
aMIUTUTYJHAsl XapaKTepUCTUKAa (PUiIbTpa TOMABICHUA 3E€PKABHBIX YacCTOT.
Janaeii  GuabTp HEOOXOAMM JUIS  YOAJICHUS 3€PKaJbHBIX KOMITOHEHTOB,
o0o3HaueHHbIX B W(f) mynktupoMm. Ha maHHOM »3Tame CTOUT OTMETHTH, UTO
MPOIIECCHl ASIUMAIlMd W HWHTEPIIONIAINNN TyajbHbI, T.€. B3aWUMHO OOpATHHI.
JlaHHOE CBOWCTBO MyaJIbHOCTH O3HAYAET, YTO HWHTEPTOJATOP MOXHO JIETKO
MOJIYYHUTh W3 SKBUBAJICHTHOTO JIEITUMATOpa HA000POT.

IIpeoGpa3zoBaHie YaCTOTHI JUCKPETH3AIHN € HEHEJIBIM AT OM

B HEKOTOpPBIX CcHTyalusx dacTo OBIBACT HYXXHO HM3MCHHTH YacCTOTY
JUCKPETU3alAN B Hetleoe unciio pas. [Ipumep — mudpoBoe ayamo, rae MOXET
TpeboBaThCs Tepenada AAHHBIX C OJHOTO 3aMOMWHAIONIETO YCTPOWCTBA Ha
JpyToe, MPUUYEM CHUCTEMBI TMOAACPKABAIOT Pa3HbIE YaCTOTHI AUCKpeTH3auu. B
YaCTHOCTH, STO Tepeaadya JaHHBIX C CHCTEMBl BOCIPOM3BEICHUS KOMITAKT-
muckoB (44,1 x[') na mudposyro ayamormnenky (digital audio tape — DAT) (48
k['r). /I BeimosiHeHUs TpeOyeMoro mpeoOpa3oBaHUs YaCTOTY TUCKPETH3AINH
KOMITAKT-TUCKa cieayeT yBennuuth B 48/44,1 paza[13].

Ha mpaktuke momo0HBIE HEIENbIe MHOXKHATEIN  TPEACTABIISIOTCS

PAlMOHAIBHBIM YMCJIOM, T.€. OTHOIICHHUEM ABYX IEJBIX YHCEN, CKaxXeM [ U M,

13



TakKux uTo [/M MakcuMalIbHO OJIM3KO K KeJaeMoMy MHOXUTET0. Heobxoammoe
e TpeoO0pa3oBaHUE YaCTOTHI JUCKPETHU3AIMHN MPOW3BOAWATCS B JBa dTama:; 1)
WHTEPIOJIAINAA TaHHBIX C maroM /. u 2) aemumarus ¢ marom M (puc. 1.8, a).
HeoOxonumo, 4ToOBI MOpolieCC HMHTEPNOJALIMU MPEANIECTBOBAT JCHMUMAIINH,
MOCKOJBKY B TPOTHBHOM Cjydae MpHU JACHUMALMA HCUE3HYT HEKOTOPHIC
HEOOXOAMMBbIE YaCTOTHBIE KOMIOHEHTH. B mpuBeIeHHOM BBIIIE TpUMEpPE “‘C
KOMIIAKT-IMCKa Ha TH(POBYIO aymaHOIJICHKY TIpeoOpa3oBaHUs YacTOTH B
48/44,1 paza MOXXHO JOCTHYBL CIICAYIOITAM 00pa30M: HHTEPHOJHPOBATH C
marom . — 160, a 3arem npoBecTn aenumanmio ¢ marom M — 147, Te.

BHAUaJIe CKOPOCTh JAHHBIX KOMIIAKT-AUCKA yBenauuuBaeTca B L = 160 pa3 no

7056 xI'1, a 3arem ymenbinaerca B M = 147 pa3 go 48 kI 1.

HHrepnonsarop Jeuumartop
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\\s e
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\..-————-—'-.-—
—-_.'h
¢ --.’..-—--."‘ \\ .
m) v(i) \ /’
\ ’
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\l..- l-—-_L-', !
| TR L —-\\\ /
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0 1 2 3,

Puc. 1.8. Unmoctpatius MHTEPHONSIUEN C palMOHAIbHBIM arom (L =3, M = 2)
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[lockonmpky aBa ¢unbTpa HHKHMX YacToT Ha puc. 1.8, a hl(k) u h2(k)
COCJAMHEHbl KACKAJHO M HMMEIOT OOIIMYI0 YacTOTy AUCKPETH3ALMH, UX MOKHO
00bCIUHUTh, W TOrJA MOJYYUTCA OJUH OOOOICHHBIH KOHBEPTEP YaCTOTHI
JTWMCKpEeTH3aluK, u3o0pakeHHbii Ha puc. 1.8, 6. Ecam M > L, onepanus,
MPOU3BOIMMAs KOHBEPTEPOM, HA3bIBACTCS NCLUMUMAIMEN C HELEIbIM IIaroM, a
ecnu M < [ — untepnonsnueit. Ecniu M — [, neiictBue 000011eHHONH CHCTEMBI
CBOJUTCSA K MPOCTOM MHTEPNOJIALIMU C LIEJIBIM IIaroM, OMMCAHHOW paHee, a npu
L. = [ 0oHO CBOAMTCS K ACLMMAIIMH ¢ 11eJibiM marom[9, 13].

Ha puc. 1.8, B mmmoctpupyeTcs mHTEpnojsanus ¢ marom 3/2. Yacrora
JUCKPETU3alliM BHAYajie YBENMYMBAETCA B 3 pasa (K Kaxaol BhIOOpKe Xx(71)
n00aBIIAIOTCS JIBE HYJICBBIC BBHIOOPKH), a 3aTEM CHTHAJ MPOMYCKAETCSA dYepes

(bMIBTP HMKHUX YaCTOT, PE3YbTaT — V(i).
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Puc. 1.9. CnekrpanbHas HHTEPIPETALNS YBEIUUEHUSA YACTOThI

TUCKpeTH3anuu curaana ¢ 2 k' B 3/2 pas
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Jlanee ¢pubTpOBaHHBIE TaHHBIE COKPAILAIOTCA B [1BA Pa3a, T.€. U3 KAKABIX
IBYX BBIOOpPOK V(i) ocTtaetcs onaHa. MnmrocTpanued maHHOro mpornecca B
4acTOTHOW obOmactu ciayxuT puc. 1.9. Bxoano#t curHanm x(n) ¢ dacroroi
muckperm3anun 2 k[ 11 BHadane yckopseTcs B 3 pasa mo 6 kl 1, ¢puiabTpyeres ¢
LENbI0 YCTPAHEHMWS 3€PKAJIbHBIX YAaCTOT, KOTOpPblE WHA4Y€ BBI3BAIM OBl
HAJIOXKCHUE, a 3aTeM 3aMeUIsieTcst B 2 pa3a 10 yactoThl 3 k[ '1[16].

Henmocratkom maHHOTO MeTOAa SBIAETCA HEOOXOAUMOCTH (DHUIIBTPAIAH
CUTHAJIa Ha MOBBILIEHHOM B M pa3 yacToTe IMCKpeTH3aluH, 4TO Tpedyer
3HQUMUTENIbHBIX BBIYMCIUTEIbHBIX pecypcoB. llpu 3TOM COOTBETCTBYHOLIAA
4acTOTa MOXET BO MHOIO pa3 MPEeBOCXOAWTh KaK HMCXOAHYIO, TaK U
OKOHYATEIBHYIO YacTOTy NEPEeAMCKpeTH3aunu, 0co0eHHO ecnu M m N —
Onmu3kue Oonpiive yncia. Tak, HanpuMep, MPU NEePeIuCKPETU3ALNN 3BYKOBOTO
curHana ¢ 44100 I'm go 48000 I'y >TUM METOAOM HEOOXOAUMO YBEIWYHUTH
yacToTy nauckperusaiuu B 160 pa3 qo 7056000 ' v 3aTeM yMeHbIIUTh €€ B 147
paz o 48000 TI'n. Takum oOpa3oM, B JAaHHOM NPUMEPE BBIUUCICHUS

MPUXOAUTCA MPOU3BOAUTH HA YaCTOTE AUCKpeTH3anuu dojiee 7 MI'm[17].

2. AHaJM3 KJIacCH4YeCKHX METOA0B 00pad0oTKHU CUTHAJIOB BO BPEMEHHOI

odoJacTu

Meroap  nmgpoBo 00pabOTKM CHUTHAJOB B  HACTOAIIEE BpEeMs
WHTCHCHBHO PAa3BUBAIOTCA. DTO TIPEXKJIE BCEro OOYCIOBICHO MPOrPECCOM B
obnacTh 1M(POBON MHUKPOCXEMOTEXHMKA, Onarogaps KOTOPOMY TOSBHIIOCH
peagbHas BO3MOXXHOCTh HM3TOTOBIICHHS CIIOKHON mu(poBOH ammapaTyphl.
ITepBrle 00pa3ilhl TAaKUX YCTPOMCTB, YK€ OCBOCHBI MPOMBIIIICHHOCTHIO,
BBI3BAJIM  TOBBIIICHHBIN ~ MHTEpPEC Pa3padOTUMKOB K  OTKPHIBAIOIIUMCS
BO3MOXKHOCTSIM U TIPHUBJICKIIM HOBBIM TIPHBEPIKCHIIEB ASTOT0 HAIpPaBJICHUA
HCCIICIOBAHUM K M3YUCHHIO COBPEMEHHBIX METOJOB M aJTOPHUTMOB ITH(PPOBOM

00pabOTKHA CUTHAJIOB. JTO 3ajJlaua, OJAHAKO, 0Ka3ajl0Ch JOBOJIBHO TPYAHOM, Tak
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KaK 3a MOCJIeIHEE AeCATUIIETHE pa3paboTaHo OOJBIIOE KOJIMYECTBO AITOPUTMOB
pa3Ho#t 3(HEKTUBHOCTH U pa3HOTO Ha3HaueHMsI[4, 6].

PaznuuaroT crneayroliyge MeToAabl 00padOTKM CHTHAJOB. 00paboTka
CHUTHAJIOB BO BPEMEHHOW oOmactu (muHaMmuueckas GopMma TpeacTaBiIeHUAS
CHUTHAJIOB) W CHEKTPaJbHBIC MeTOAbl 1m(poBoi 00pabOTKH CHUTHAJIOB
(CTIEKTpaJTbHOE TIPEICTABIICHHE CUTHAIOB, Dyphe aHAN?).

B oroit rnaBe mpuBeneH aHanmm3 METONOB IMdpoBOi  00paboTKM
CHUTHAJIOB, KaK BO BPEMEHHOM, TaK M MPEACTABIICHAS] CUTHAJIOB B CIICKTPAITbHOM
obnactu. K KJIacCCMUECKUM YUCACHHBIM METOJaM 00pabOTKHU U anmpOKCUMAaIlUH
CHUTHAJIOB BO BPEMEHHOW O0OJIACTH MOYKHO OTHECTH TOJMHOMHUAIBHBIC METOIBI
MIPEICTABIICHAS CUTHAJIOB W (DYHKITHI: MHTEPIIONAIMOHHbBIE TTOMTMHOM HbroTOHA,
WHTEPIOIAIIMOHHBIC O TMHOM Jlarpanka, KOTOPBIE PaCCUMTaHbI 1JIS 00pabOoTKH
riankux Gyskmuii. J{is 06paboTKu CUTHAIOB € TITYMOM, HAWJTYUIITUM PEIICHAEM
ABJIACTCS] METO]T HAUMEHBITTUX KBAJPATOB

[pudmxenne GpyHKIUIT HHTEPHOJSIINOHHBIMH MOJTHHOMAMU

WuTtepnonsanmsi, AHTEPTIOJTUPOBAHAE — B BBHIYMCIATEIRHON MAaTEMAaTHKE
Croco0 HAXOXACHWUS TPOMEKYTOUHBIX 3HAUCHHWHA BEIIMUWUHBI MO WMEIOIIEMYCS
JUCKPETHOMY HA0OpPY U3BECTHBIX 3HAUCHUH[S, 7].

MHOTMM ®3 TEX, KTO CTaJKUBACTCS C HAYYHBIMH W HWHXCHEPHBIMHU
pacuéraMu 4acTo TPUXOAUTCS ONMEPUPOBATh HAOOPAMK 3HAUCHWMN, TIOTYUCHHBIX
AKCTICPUMEHTAITBHBIM MTyTEM I METOJIOM CITydaiHo# BeIOopku. Kak mpaswmiio,
Ha OCHOBAHWH 3TUX HAOOPOB TpeOyeTcs MOCTPOUTH (DYHKIHIO, HA KOTOPYIO
MOTJIA OBl C BBICOKOH TOYHOCTHIO TIOMAAATh APYTHE MONYYaeMbIC 3HAUCHHS.
Takas 3a1aua Ha3pIBaeTCS anmpokcuManuei. IHTepronsmueit Ha3pIBalOT TaKyIO
PA3HOBUIHOCTH AMMPOKCUMAITHH, TIPA KOTOPOW KPWUBAs MOCTPOCHHOW (DYHKITMH
MPOXOJIAT TOYHO YePE3 UMEIOIINECST TOUKH JTaHHBIX.

CymiectByer Taroke Onu3Kkas K WMHTEPIONANWM 33/1ada, KoTopas
3aKJTIOYACTCS B aNMPOKCUMAITNU KaKOH-T00 CokHO#N QyHKIMM Apyroi, 6omee
npocroit ¢ynkiued. Ecau HexoTtopas GyHKIWA CHAWIIKOM CJIOXKHA  JUIA

IMPOU3BOAUTCIIBHBIX BBIHHCHGHHfI, MOJKHO IONBITATHCA BBIYUCIIATH €€ 3HAUCHUE
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B HECKOJIBKMX TOYKAX, a M0 HUM TOCTPOUTH, TO €CTh MHTEPIOIUPOBATh, Oojee
npoctyio (yHkmuio. Pazymeercs, WCMoONb30BaHUE YMPOMICHHONW (DYHKIMH HE
MO3BOJISIET TOJYYWTh TaKWE >KE€ TOYHBIE PE3YyJIbTaThl, KakWe jaBana Obl
nepBoHauajgbHas (pyHkmmsa. Ho B HEKOTOpPHIX KiaccaX 3adad JOCTHUTHYTHIH
BHIUTPHIIII B TIPOCTOTE W CKOPOCTH BBIUYMCICHWUN MOXKET TEPEBECHTH
MOJIY4aEMYIO MOTPEITHOCTD B pe3yJibTarax|[6, §].

B BeuMcauTeNbHONW ~ MaTeMaTWKE  CYIIECTBEHHYIO  POJb  WIPACT
WHTEPIOIATNAA (PYHKIMH, T.€. MOCTPOSHUE TI0 3aJaHHON (PYHKITMH APYTroH (Kak
npaBwio, 0o0Jjiee TMPOCTOM), 3HAUECHWA KOTOPOW COBMAMAIOT CO 3HAYCHUAMH
3a1aHHON (DYHKIIMH B HEKOTOPOM dYucie Touek. [[puaemM WHTEpPHoaAs uMeeT
KaK TPaKTHYECKOE, TaK M TEOPETHUECKoe 3HaueHWe. Ha mpakTuke bacTto
BO3HHKAET 3a7ada O BOCCTAHOBJICHWH HEMPEPHIBHON (QYHKIIMKA TI0 €¢
TaONMMUYHBIM ~ 3HAUCHUSM, HANPUMEpP TOJMYYCHHBIM B XOAE€ HEKOTOPOTO
sKcriepuMenTa. J[1s BeIuucieHnss MHOTHX (DYHKIMIA, OKa3biBaeTcs, Y3(hHEKTUBHO
OpUOU3ATh WX TOJIMHOMAaMH WM JPOOHO-PAIMOHATBHBIMEA  (DYHKITHSMH.
Teopuss UHTEPNIONMMPOBAHUA WCTOIB3YETCA TPHU TMOCTPOCHUH W HWCCIICTOBAHUH
KBQIPATypHBIX (OPMYJT JjIi YHUCIICHHOTO WHTETPHPOBAHUA, JUIS TIOMyUCHUS
METOIO0B pemeHus aAuddepeHITuaNbHBIX U HHTETPANTBHBIX YPaBHCHM[4 ].

3apaua naTepnoasuyn GyHKINN, HHTEPIOJISIITHOHHbIE TTOJITHHOMBI.

[Tycts Ha otpeske [a,b] 3amana ¢yHkua f(x). 3agada MHTEPIONATHHN (
WM UHTEPTIOJIUPOBAHMS ) COCTOUT B MMOCTPOSHUU (DYHKITUHU Z(X), COBMAIAIONICH
C 3aJ]aHHOM f(X) B HEKOTOPOM HAbOpEe TOUEK {Xy,X},...,X,} U3 OTpe3kKa [a,b] (3Th
TOYKH HA3BIBAIOTCA Y3JIAMH WHTEPTOJISANNANA), T.€. JOJDKHBI BBITIOJHATHCS
YCIIOBUS:

g(xi)=vi, k=0,1,...,n,
IJIC Vx - W3BECTHBIC 3HAuCeHWA (yHKImMH f(x) B TOukax X, DyHKus g(x)
HA3bIBACTCA MHTEPIIONAHTOM (PyHKIMH f(X).

[Tpumep WHTEPIONSIIIUKN ¢ YETHIPEMSI Y3JIaMH TPUBEIECH Ha CIICIYIOIEM

1.1.pucynke, U3 KOTOPOTO BHIHO, YTO Y3JIbl WHTEPIONAIUN HE 00S3aTEIHHO

JIOJKHBI PacrojiaraThCsi PABHOMEPHO Ha oTpeske [a,b/[6, 19].
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Ecmm f(x) tabmuunas QyHKIMA, CKaXKeM TOJIYUCHHAS W3 SKCIICPUMEHTA,
T.€. W3BECTHBI TOJIPKO €€ 3HAYEHWA ) B TOUKAX X;, TO, BOOOIE TOBOPSA, O
KaueCTBE TOJYICHHOTO IPUOMKEHUS CYyIUTh TpyaHO. OMHAKO, €CITH 3HAUCHUS
f(x) MoTyT OBITH BHIYMCIICHBI B JIIO00W TOUke OTpe3ka [a,b/, TO B 3TOM ciydae
MOXHO HWCCIICIOBATh KA4Y€CTBO TOJYYAIOIIETOCA NPUOIVKCHUS, HalpPUMED
Hals1 MakCcUMabHOE YKIIOHeHne GpyHKImu g(x) ot pynkuu f(x). Ha xauecTBo
MPUOTMKEHUST CHJIBHOE BJIMSHUE OKA3bIBAET KOJHMYECTBO M PACTIOIOKCHHE

y3JI0B, a TAKX€E TIAAKOCTh (PYHKITUH f(X).

Puc.1.10. MnmocTpaliys MHTEPIOIALUNA C YETHIPbMA Y3JIaMHU.

MBI paccMOTPUM TOJBKO JIMHCHHYIO HMHTEPIIOAINIO, T.€. TaKylo, IPH
KoTOpo# (yHKIHMSA g(x) pa3bICKMBAeTCs B BHAC JIMHCHHOW KOMOWHAIAH

HEKOTOPBIX (PYHKITHH

n

g(x) = Z Py ().
k=0
rne ana k=0,1,...n: @ix) - 3amaHHbie (YHKIOHHA, d @) - HWCKOMBIE
kodhpummentsi[4, 19].
SIcHO, YTO W3 TOCTAaHOBKM 3aJa4Wl WHTEPIOJANNUA (T.€. M3 COBIAJICHUS
3HAUCHWW WHTEPTOJIAHTA g(X) U WHTEPNOIupyeMoi hyHKIHUH f(X) B TOUKaAX Xj)
cienyeT, 4to KOA(DPUITUEHTH @) ONPEACNSIOTCS W3 PEIICHHS CIEAYIONMEeH

CHCTEMBI JIMHEHHBIX aJIreOpandeCKuX YpaBHEHHM:
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n

Z ak@k(xj) =y,j=01,..,n

k=0
WJIH B Pa3BEPHYTOM opMme
oo (o) + a;1; (%) + .+ @, 0,(x5) = ¥y
Ao (1) + ay 0, (x) + .+ a,@,(x;) =y
ag@o (X)) + a; @ () + ot aye,(x,) = W,

CoBepmieHHO SICHO, TOYEMY YHCIO KOY(PPHUIIUEHTOB @) TOJIKHO
COBIAAATh C YHWCIIOM Y3JIOB MHTEPMOJIAIMM X;. OTO HYXKHO IJISI TOTO, YTOOBI
MaTpuIla CUCTEMBI ObIJTa KBAIPATHOM (T.€. YHCIIO HEU3BECTHBIX COBIAAAJIO OBI C
YUCJIOM YCJIOBH, W3 KOTOPBIX HAXOMATCA STH Hem3BecTHHIC). Kpome Toro, mis
OJTHO3HAYHOW Pa3pemMMOCTH JAHHOW CHUCTEMBI (TMPWU TMPOW3BOJBHOW TPaBOM

YacTH) HEOOXOAMMO M JOCTATOYHO, UYTOOBI €€ OMPEACITUTENb ObT OTIUYCH OT

HyJIA, T.€.
@o(x5) @1(x) - @n(xo)
‘Pui_xl) '?91{_1’1} (Pﬂ{.:xlj = 0
qji_'ll {:xn) qpl {Exn] e (pﬂ {:x']‘l]

OdeHb 9aCTO B KAYECTBE CUCTEMBI (DYHKITUH (¢(X) BEIOUPAIOT MTOJTMHOMBI,

HaNpHUMEP CTETEHU X, HUMEHHO:

Po I:x} = 1; @1(_1’) = X, @, I:x) = x? ) e qpn{:x) = x"

Tor/:[a COOTBGTCTBYIOH_[I/Iﬁ HHTCPIIOJIAHT HA3BIBAIOT HHTCPIIOJIALNOHHBIM
IMOJIMHOMOM. CYH_IGCTBOBaHI/Ie u CAUHCTBCHHOCTD HHTCPIIOJIAIUMOHHOIO

IMOJIMHOMA IrapaHTUPYCTCA, CCJIN BCC Y3J1bl HHTCPIIOJALMHA X PA3JIMYHBIL.

n

| | (x; — %)
j=0

=]
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JIeHCTBUTENBHO, OMPEACIUTENh CUCTEMbl JIMHEHHBIX ajreOpandyecKkux
yYPaBHEHUH /I HAXOXICHUA KOIPPHUIMECHTOB « SBISETCA OMPEACITUTEIEM
Bangepmonaa, KOTOpbIM, Kak W3BECTHO, paBeH Bbhipaxkenutro 1.8 1w,
CJIE0OBATENIbHO, OTJIMYEH OT HYJA B Ciydae, KOTJla BCE Y3Jbl X; Pa3JIUYHBbI.
[TockosibKy MaTpulia CHUCTEMbl HEBBIPOXKJCHA, TO PEIICHUE CHUCTEMBI
CYILIECTBYET U €MHCTBEHHO. MTak, MHTEPNOJALMOHHBIA MOJITUHOM CYIIECTBYET
U €IMHCTBEHHBIN[3, 4, 19].

MoxHo paccyxaate W mno-apyromy. llpeamonokum, 4TO €CTh JBa
WHTEPIOISAIMOHHBIX TIOJJMHOMA g, W A CTENMEeHM N TakWe, 4YTO JUIA
MPOU3BOJIBHOTO HA0Opa 3HAUCHUH BBHIMOJIHAIOTCSA paBeHCTBA g(Xxy) = A(xy) = Vi
it BcexX k=0,1,...,n, T.€. ;u1st n-oi Touku. Toraa ux pasHOCTH Ay - &) ABIACTCA
MOJIMHOMOM CTEMEHW HE BbIIIE N, HO o0pamiaerca B HOIb B n-od Touke. [lo
W3BECTHOHN Teopeme anreOphbl y MOJMHOMA CTEIEHH N HE MOXKET OBITh OOJIbIIIe
yeM N KOpPHEH, cliemoBaTellbHO, /A - g = 0 m h; = g, EXMHCTBEHHOCTH
YCTAHOBJIEHA. A TaK KakK TMOJMHOM E€IWHCTBEHHBIH, TO y COOTBETCTBYIOINICH
CUCTEMbI JTMHEHHBIX AIréOpandyecKnX YPaBHEHHUU €CTh TOJIbKO OJHO PEIICHUE
(nms TPOM3BOJIBHOW TIpaBo#l dWacth). M3 pe3ynbTaToB JMHEWHOW anreOphi
U3BECTHO, YTO Y CUCTEMbI MOXKET ObITh JTM00 OECKOHEUHOE UUCIIO PEUICHUN NpH
HEKOTOPBIX MPABBIX YACTAX, JUOO €IMHCTBEHHOE, ISl MPOU3BOJLHON MPABOM
yactu. [Tocneanee kak pa3 u BeinonHseTcs[4, 6].

Hrak, ynucio y3710B UHTEPNOJALUOHHOTO MOJIMHOMA BCErAA JOJIKHO OBITh
Ha €IMHUILY OOJIBIIE €r0 CTENEHU. DTO MOHATHO TAKXKE U3 CJICAYIOIINX MPOCThIX
COOOpaXEHUI: Uepe3 ABE TOUKU MPOXOJUT CAMHCTBEHHAs NpsMas, uyepe3 TPH -
€IMHCTBCHHAass mnapabojia u T.4. [loaMHOM MOXKET MOJYUYUThCA W CTENEHH
MEHBIIICH, YeEM , HATPUMEP, €CJIM TPU TOUYKH JIXKAT HA OJTHON MPSMOH, TO uepes
HUX MPOXOJIUT €AVUHCTBEHHBIA MOJMHOM TMEPBOM CTEMEHHU, OJHAKO 3TO HE
HapyIIaeT HAIMX pacCykaeHui (mpocTo Kod((PHUIMEHT MpH CTapInel CTCTICHH
paBeH HyJ0). OgHAKO, CYIIECTBYET OECKOHEUHO MHOTO 1MapadoJl, TPOXOIAIINAX

yepes ase Touku|19].
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Kazajmoch Obl, Tipu TPaKTAYECKOW peau3alii WHTEPIOJAIMOHHOTO
mporecca Kod(QPUITMEHTH WHTEPIOANMOHHOTO TOJMHOMA ) MOXKHO HAWTH,
HETMOCPEJCTBEHHO Pelliasi CUCTEMY JIMHEHHBIX aireOpanyeckux ypaBHeHuil 1.9
KaKAUM-HUOYJb UYMCJICHHBIM MeTojioM. OAHAKo, Yy TakOro mOAXOJAa €CTh
CYILIECTBEHHbBIA HEAOCTATOK. YKCIIO 00YyCIOBICHHOCTH MATPHIIbl 3TOH CUCTEMBbI
OBICTPO PACTET C POCTOM UHKCJIA Y3JIOB MHTEPHOJISIIMU, YTO MOXKET MPUBECTH K
OOJIBIIUM OIIMOKAM MPU PELICHUHA CUCTEMBI C HEH.

agxg+ axg+ . +a,xi =y,
apxd + a;xi + . +ax} =y
apx)+ a;xi+ .. +a,x= 1y,

Baxkno, uto kakme OBl MOAXOABI JUIS TOCTPOSHHUS HWHTEPIOIAIIMOHHOTO
MOJIMHOMA HE TMPHUMEHSUTMCHh, OHW BCET/A JOJDKHBI MPUBECTH K OJAMHAKOBOMY
pe3ynbTaty (€CiaM BCE BBIUMCIICHUS MPOBOISATCS TOYHO, a HE HAa KOMITBIOTEPE),
MOCKOJIBKY ~ WHTEPIOJSAIMOHHBIA ~ TMOJWHOM  CTENIEHHW  CYMIECTBYET W
SAVMHCTBECHHBIM TPU PA3TMUHBIX -OM Y3JIaX WHTEPIOJSIUHU. J[pyroe meno, 4To
pa3Hble CMOCOObI MOCTPOCHUS UHTEPIONAIUOHHOTIO MOJIMHOMA MOTYT 00JIaaTh
Pa3HBIMH  BBIYUCIIUTEIIEHBIMUA CBOMCTBaMH. PaccmoTtpum CHavasia
WHTEPIOIAIMOHHBIN  TouHOM B ¢hopme Jlarpamxa. Jlamee wmbl  Oyaem
UCIOIb30BaTh  OOO3HAUCHWE 11  UHTEPHOJISIIMOHHOTO  MOJIMHOMAa B
3aBUCUMOCTH OT CIOC00a ero nocTpoeHus[6].

NuaTepnonasiunoHHbI momHOM Jlarpanska

Wrak, MBI UIlIeM TTOJIMHOM [.,(X) CTETICHH HE BBIIIE N, 3HAUCHUS KOTOPOTO
COBMAQMAOT CO 3HAYCHUSAMH V) 3amaHHoOd (yHKIuW f(x) B y3Jmax Xx;, TAC
k=0,1,...,n ¥ BCE y3/IbI PA3JIMUHEI.

OnHuM U3 crnocoOOB 3aMUCH MHTEPIOJISIIIUOHHOTO MOJMHOMA ABJISIETCS
dbopma Jlarpanxa. Ilpeanonoxkmm, uto mia k=0,1,...n ¢Jyaxkmmm D,(x)

ABJIAOTCA MOJJHUHOMAMH CTCIICHH /1, KOTOPBIC O6J'IaI[aIOT CIACAYIOIMIMM CBOMCTBOM

1, k=]
() = {0, ki{f
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L) = ) @i
k=0

Torna monuunom 1.11 Oynmer kak pa3 TeMm, KOTOPbIH HaM W HYKEH,
MOCKOJIBKY 3TO TIOJIMHOM CTETICHH HE BBITIE 1 U L,(X)) = Vi st Beex k=0, 1,...,n.

Oyuxmn - @,(x) crposrcs nerko. [ledicteurensro, ¢yakmus 1.12
ABJISIETCS MMOJMHOMOM CTENEHU 71, KOTOPBI 00palaeTcs B HOJIb AJIS BCEX X; HE

PaBHBIX Xj. B Ttouke X OHA IPUHKUMACT 3HAYCHHUC

(x — JCU)'(I— xlj' e (x = xn—lj' (x — xn)
(g — xg) - (o — 1) o - Qo — 2x21) - (3 — %)
Torna
_ (x — xu)' (x — xl) (x — xﬂ—l)' (x — xn)
P = ) G — ) o (i — ) - G — %)

WU, 9TO TO KE CaMO€:

n

X — X;
Py (x) = H_;

jEk

Wrak, nHTEpNONANMOHHbIH TOJTUHOM B (hopme Jlarpanka UMeeT BT

n n

X— X;

I

L=y | [=—F
k=0 Jj=0
jEk

WJIH B pa3BepHYTOU (hopMme:

n

L, (x)= Z}Tk Ex(«"{'— xp) (x— %) e (x— 2 y) (x— x,)

e %) (e — x) s (3 — 2 4) - (2 — )

k=0
B kadecTBe mpmMepa pacCMOTPUM W3BECTHHI CIICAYIONIHE 3HAYCHUE

3a1aHHBIA (PYHKIIHH '

n |0 1 2 3

x |0 0,25 0,5 0,75

y 10,82 10,6801 0,6262 0,6817
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HeoOxoaumo HaWTH WHTEPNONANMOHHBIN  MOJMHOM 10 (opmyJie
Jlarpanxa.

B pesynabrare mMpUBEACHHBIX BHIIIE MAaTEeMAaTHUUECKUX MPeoOpa3oBaHUit
MOJYYHM BBIPAKEHUE U1 MoJIMHOMa Jlarpanxka:

L, (x) =0,2496x° + 0,4968x> — 0,6996x + 0,82

0.85

4 WCHOOHLIE TOYKK
HaR4EHHEIA NONWHOM

] R T T BTl EERR -

0751 -------

e e e e e e

- | A
] - SN, VRS SRS NS S SO S
1 RS RN SR U S O o S
i i i i i i i
0 01 n.2 0.3 04 0.5 0.6 0.7 0.8

X

Puc. 1.11. I'padmik HaliieHHOTO TIOJIMHOMA

OO0pazoBaHne WHTEPHOIAUMOHHBIX MHOrouYjeHOB Jlarpanixa CBA3aHO C
OOJIBIION BBIYMCIUTENbHON paboTol. Takike BeNMKa BHIUMCIWTENbHAS padoTa
NIPY TOJIYYSHUN 3HAUEHUSA L,(X) Ui KaKOTO-TO (PMKCHPOBAHHOTO 3HAUEHUSA X.
Ecnm  pmaxxe MBI MMeeM  HMHTEPNOISALMOHHBIA ~ MHOrowieH Jlarpanika,
ITOCTPOCHHBIA IO 3HAYEHHUEM Xy, X;, ... , X, , TO OTO MaJO IOMOTAeT HAM IPH
ITOCTPOCHUN HHTEPHOJALMOHHOIO MHOrowieHa Jlarpawyka B ApPYrux TOYKax
W3MEpeHUA 3adaHHON PyHKIIH[7].

NuaTepnonsiunonHblii moinHom Herotona

®opma Jlarpanka 3anMCH UHTEPIOISIMUOHHOIO MOJIMHOMA, HE ABJIAETCA

€IUHCTBCHHO BO3MOXKHOM. KpOMe 9TOro, OHa HMCCT ONpCACIICHHBIC
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HeynoOcTBa. Tak mpeanoiokum, 3a1ad Hadbopa Touek (X, Vi) k = 0,1, ..., n u 1o
HEMY ITOCTPOCH MHTEPIOJIAIMOHHBIN ojmHOM B hopme Jlarparmka 1.17

Torma odeBmmHO, 4TO TPH J00ABICHUM HOBOM TOUKH K HCXOJHOMY
HAa0Opy TOYCK MPHACTCS 3aHOBO KOHCTPYHPOBATh HMHTEPIOJISAIIMOHHBIH
ITOJIMHOM. JTOTO HEJIOCTATKA JIMIIICH HHTSPIOJIAIIMOHHBIN ojmHOM HbioTOHA.

Baxxno moHMMAarh, Yro KakuM OBl  CIIOCOOOM HE  CTPOMIICS
WHTEPIOJLSIITUOHHBIN TTOJIMHOM TI0 33aJJaHHOMY Ha0Opy TOYEK, PE3yJbTaT BCETaa
MOJIY9aeTCs] OJWH W TOT € (C TOYHOCTBHIO JO OMHOOK, BO3HHUKAIOIMNAX TPH
OKPYTJICHHHM BEIIECTBEHHBIX YHCEN), TOCKOIBKY 4Yepe3 3aJaHHbIe  TOUYKH
MPOXOJUT POBHO OJIMH MOJIUHOM A -0M cteneHu[7, 19].

Jtst  BBIBOJIA MHTEPHOJANHMOHHOrO mojauHomMa B ¢opme HpioroHa
MOHATOOMTCS TIOHATHE O Pa3/ICACHHBIX Pa3HOCTX.

[IycTs HaM 3amaHbl pa3IMYHBIE TOYKH X, X; ... , X, U QYHKIUSA f(x).
[lepBoit pazmeneHHONM Pa3HOCTHIO QYHKIWH f(X) B TOUKAX X; X;+; HA3bIBACTCSH

BCJIMYHWHA

fxie1) — F(x)

Xiv1 — X

[x:, %11 f =

Paznenennpie pasHocTH 0Oojiee  BBICOKMX TOPSAKOB  OMPEACISIOTCS
pekyppenTHo. Hanmpumep pasmeneHHas pa3HOCTh BTOPOIO MOPSIAKA B TOUKAX X,
X;, X, OTPENEAETCS depe3 JBE Pa3/eJICHHBIC Pa3HOCTH TIEPBOTO TOPAAKA [X,
x;lf u [x;, x;]f cnemyrorum oOpa3om:

[x1, x,1f

[xu; X1:X2 ]f = X, —

[0, x11f

Xp

Paznenennas pa3HOCTh BTOPOro TMOpsiAka B TOYKAX Xy, X7, X2

OIIPCACTIACTCA TAK:

[le xg]_f_ [xll xz]f

Xz — Xy

[x4, %5, %31f =

B of0mem cnydae paszzaeneHHas Pa3HOCTh S-TO MOPSAKA ONMPEACTASTCS

yepe3 ABE Pa3ACIICHHBIE PA3HOCTH ($-/)-T'0 TIOPSIKOB
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[is15%i00s o Kol — [XpXigqs o Kigoqlf
Tits — %

[x; %51, e Xygglf =

Paznenennbie pa3HocTH yAOOHO NPEACTABUTh B BHUAE TPEYroJIbHOM

TaOIULBI
fxg)
[ g2, ]f
f[«"ﬁ] [ xurxlrxz]f
[ xy.%,]f
f(x) i [ %4, %0:%3]f
: : : [ Xg: Xqsomr Xp—q]f
[ %0, %1, s X, 1
: : : [ 2,55, wax,]f
f(xn—lj [xn—"’ n 1’ ]f
[ xn—l’xn]f
flx,)
Paznenennbie pasHOCTH 001a0aI0T PSIAOM BaKHBIX CBOMCTB. OJIHO M3 HUX
— CHUMMETpHS, T.€. pa3fielieHHas Pa3HOCThb [Xy, X;, ... , X,,] HE MEHIET CBOEro
3HAYEHUS MPH JIIOOON MEPECTaHOBKE Xy, X;, ... ,X, . OTO CBOMCTBO CIEIYET,

HaMpuMep, U3 NPEACTABICHUA Pa3ACICHHOW pa3HOCTH B BU/IE.
()
o — X)

#]

(Ko s, oes ol = Z
11

[TonyunM BBIpa)KCHHE IS WHTEPHOJLIITHOHHOTO TonmHOMa HproTtoHa s
uHTepnOAMA  pyHkmuu  f(x) 1o Habopy TOYEK Xy, X;, .., Xy
BOCITOJIB30BaBIIUCH (hopMmoii Jlarparxka.

WuTtepnonauuonubiii moauHoM L, (X) 1 Habopa TOYeK Xy, X;, ..., X, MOXET
ObITh 3anucad B Buae Ln(x) = Lo(x) + (Li(x) - Lo(x)) + ..+ Lyi(x) - Lu(x))

(OYEBHIHO, UYTO B TIPABOW YACTH BCE cllaraeMbie, Kpome [,(X) COKpaImarTcs).

3nece  — L,(X) WHTEPNOJAIMOHHBIN TMMOJIWHOM, TOCTPOSHHBIM I f(x) MO
Habopy TOYeK Xy, X;, ..., X; . OH 3ammchBaeTca B popme Jlarpanxka ciaeayrommm
00pazoMm:

26



Ly () = if‘:xﬂ ﬁi_——x;

Jj=0 4
J#i

ScHo Takxe, uTo Lo(x) = f(X;) T.K. ”HTEPIOJIALMOHHBIN MMOJMHOM HYJIEBOM
CTEIICHU, MOCTPOCHHBINA MO OJIHOM TOUKE, €CTh KOHCTAHTA, 3HAYECHUE KOTOPOU
pasHo f(x)[6.8].

Hama nens — YCTAHOBHUTL CICAYIONIHUC PABCHCTBA.

Lyys () — Ly (0) = [0, Xq, e, Xpep 1 I - Wiy (1)

['ne Wk+1(x) = l_[i::u(x — X;)
T.e., HAOO A0KA3aTh, YTO
Li(x)— Lo(x) = [x0,%,1f -wy (X), wy =x— X,

Ly(x)— Ly(x) = [xg, %5, %] f - wy (x), wy = (x— xp) - (x — x;)

L,(x)— L (x)=[xq,%q,.., X1f -w, (x), w,

== x) (x—xq) o - (x— x4)
Tornga WHTEPNOMANMOHHBIN MOJIUHOM [,(X) TPHOOPETAET CIICIYIOIIYIO
opmy

L.(xX)=flxg)+tqg.mlf -(x—x)+[g.x.a]f -(x—xmXx—x)+...
o e gl - ix—n) fxx)

KOTOpas HasbiBaeTcs (hopmoit HpioToOHa MHTEPHONSIMOHHOTO MOJMHOMA WITH
WHTEPNOJIALMOHHBIM TOJTUHOMOM HbIOTOHA ¢ pa3aeieHHBIMHA PA3HOCTAMH.

[IpeuMymiecTBa  3amuCH  HMHTEPHOIALMOHHOTO  moauHoMa  HproToHa
oueBUAHBI. Ecnm B TOUKe X BBIYMCIICHO 3HAYEHHE WHTEPIOJSIMOHHOTO
nosmHOMa [,(X), IOCTPOCHHOTO TIO0 HAbOpy Todek “1:*2:---:%n+l a3 3aTeM K
3TOMYy HaOopy Jm00aBmiIach €Iie OAHA TOYKA X, TO JJIA MOJY4YEHUS 3HAUCHUS
HOBOT'O MHTEPMOIAMOHHOTO MOTMHOMA L, ;(X) (CTETIEHh KOTOPOTO HA €AUHUILY

BBIIIIC) B TOUKE JOCTATOYHO JOOABUTH K 3HAUEHUIO [,(X) cliaraeMoe

[N dassau g Beald 42— NE— 1) 02},
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NuTepnonsinnoHHbIe (POPMYJIbI AJIS PABHOOTCTOSALINX Y3J10B

Ecnmu  y31bl MHTEpNOJSIUMA  OTCTOAT JOPYr OT JApyra Ha OJAHAKOBOE
PacCTOSIHHE, T.€. X; —X; = X3-X2=.. =X,4;-X,=h TO Il WHTECPIOJAIMOHHBIX
nosimHOMOB B ¢hopme Jlarpamxka m HpioTOHA MOXKHO TONYYUTH CHEIUAATBHBIC
(hopMyIBI, yIIPOTIAFOIITE BRIYACICHUS

PaccmoTrpum, HanpuMep WHTEPTOIAMOHHBIN o TuHOM B (hopme Jlarpamka

n+l
Ly (x) =2 yeDr(x).

k=1
rac

(x—)-Ge—xp)- oo (=X ) -~ Xy ) - (e —Xp) - (X 01}

Pe()- (x —x1) (% — 22)- oo (X = X1 )- (X — Xk 41)- oo (3 — X)) - (% —Xna1)

x—x

Beenem 0003HaueHUE

L.

Torna Berpaxenne 1 Pr(x(@npurumaer sug

th(th—h) -...-(th— (k—2Dh)- (th—Kh)-...- th—(n—1Dh) - (th—nh)

D () =
(x(0) (k—Dh-(k—2Dh-...-(Dh-(—Lh-...-(An—kHh-(A{n—k+ 1)k

[IpoBoas cokpalieHuss B YMCIAWTENE M 3HAMEHATENle W MpeAroJaras, uTo
t#=k(eeant=Kk 10 cooTBeTCTByIOmHMii X(t) SABIAETCA OJHHM U3 Y37IOB

HHTCPIOJIANKWH U 3HAYCHHUC HHTCPIIOJIAIMOHHOTO HO) MMOJYYHM, 4YTO

PPN | B ot W o) PPN Y oy ) BT ol PR P SN U
Pran) = (t—k) (k—l)!(r—k+1)!_( D 7l G5y

Torma
+1
gty T, k-1 ~d-1 1
i ), B P
il : t-—k
k=1
B MOJTYYCHHON 3aMucH WHTEPTIOIAIIMOHHOTO MOJIMHOM A
tt=1)-...-(r—n)
kodpurment ! HE 3aBUCUT HH OT MHTEPIONUPYEMOU (DYHKITUH, HU

ot Habopa y3noB. Takue kOIDPUITHEHTH MOXKHO BBIYHMCINATH OJWH Pa3 MEpea

BBIYHUCJICHUCM HMHTCPIIOIALMOHHOIO ITOJMHOMA M 3dlIMCATh B MACCHUB, TAK IKC

k-1

KaK v 3Hauenus ' [4,7]
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B kauectBe mpumMepa pacCMOTPUM M3BECTHBI CJCAYIONIME 3HAUCHUE

3aTaHHbIN (HYHKIINHA

n]0 |1 2 3
x|0 |025 [05 |0,75
1 10,82 [0,6801|0,6262 | 0,6817

Heo0xonumo HalTH MHTEPNONAIMOHHBIN TojinHOM HbroTOHA.
B pe3ynbTaTe NpUBEICHHBIX BbIlIE MATEMATUUECKUX TPEOOPa30BaAHUMA
MOJIYYHUM BBIpXKEHUE 1A nojinHoMa HeroToHa:

L,(x)=0,2496x* + 0,5008x* — 0,7004x+ 0,82

0.85 T T T T
: ! ! : 4 MCHOOHBLIE TOYKN
Hag eHHBIA NORNWHOM
08 : : : :
0.75
=
07
0.65

Puc. 1.12. I'paduk naiinenno# ¢yaknum monmaoM HeroToHA

3amaua  WHTEPNOJSIIIMN  WMEET CIWHCTBEHHOE PEIICHHE, MO3TOMY
dhopmynel Jlarpanka u HeroToHa AJ19 TaHHBIX 3HAYSHUH X; U V; TOXKIACCTBECHHBI H
OTJUYAIOTCS JIUIITH TIO TPYNIUPOBKO# wienoB. Ha npaktuke dopmyna HetoTona
0osnee ynooHa. OcoOEHHOCTh €€ 3aKJIF0YAK0TCS B TOM, UTO B Ciydae A0OaBJICHUSA

HOBBIX Y3JIOB HWHTepmnojsiiuu B ¢opmyne Jlarpamxka HAmO MEPECUNUTHIBATH
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3aHOBO Bce k03¢ dumueHTHl, a B hopmyne HeroToHa 106aBIsIeTCS TOJIBKO HOBBIC
cllaraemble, a CTapble OCTAIOTCA 0€3 N3MEHEHUS.
MeToa HAaMMEHbIINX KBAAPATOB

Meton nammensbiux kBagparoB (MHK) — oamn u3 6a30BbIX MeTOIOB
PETPECCHOHHOTO  aHalW3a  JUIsl  OICHKH  HEW3BECTHBIX  IMAapaMeTPOB
PETPECCHOHHBIX MOJCNICH 1O BBHIOOPOYHBIM JaHHBIM. MeToa OCHOBaH Ha
MWHAMHA3AIIN CYMMBI KBaJAPAaTOB OCTATKOB PETPECCHH.

HeobOxomuMO OTMETHTBH, UYTO COOCTBEHHO METOJOM HAMMEHBIINX
KBQIPaTOB MOKHO Ha3BaTh METOJ PEIICHHS 3aJaud B JFO00W 00JacTH, €Ciu
pPEIICHUE  3aKII0YAeTCs WA YIOBJICTBOPAET HEKOTOPOMY  KPHUTEPHIO
MWHAMH3AIAA  CyMMBI  KBajgpaToB HEKOTOPHIX (DYHKIMA OT HCKOMBIX
nepeMeHHbIX. [[oaTOMy METOM HaMMEHBITMX KBAJAPATOB MOXKET MPUMEHATHCA
TaKKe A TPHOTMKEHHOTO TPEACTABICHUSA (aNMpPOKCUMAIMK) 3aJaHHOMN
dbyaknumn  apyrumu  (6onee TPOCTHIMK)  (PYHKIMAMHU, TIPU  HAXOXKICHHUH
COBOKYITHOCTH BEJIMYHH, YIOBJICTBOPSIONINX YPABHCHHUAM WJIA OTPAHUYCHUSM,
KOJIMYECTBO  KOTOPBIX TPEBBHIMAET KOJWYECTBO OTHUX BEIWYMH. OTH
YTBEPKICHUA CHOPABSAJIMBHI W JJIS CHUTHAJIOB, O0OpabaThiBaeMbBIX HaA
OTPaHUYCHHOM WHTEPBAJC

Ecnm mabop »SKCIepUMEHTA bHBIX JAaHHBIX TOJNYYCH CO 3HAYMTEIIBHOU
MOTPENTHOCTHIO, TO HE UMEET CMBICIIa UCTIOJIb30BaTh HATEPIONSIHIO Jlarpamka
MOJIMHOMAMH M CIUlaiHaMu Ui oOpaOoOTKM pe3ynbTatoB. B »3ToMm ciyuae
HEOOXOIMMO TPOBECTH ANMMPOKCUMHUPYIONIYI0 KPHUBYIO, KOTOpas HE MPOXOAUT
yepe3 HKCIICPUMEHTAIbHBIC TOYKHA, HO B TO K€ BPEMS OTPaKAET UCCICTYEMYIO
3aBUCHMOCTh W CIJIQXWBAET 'BHIOPOCHI", BO3MOXHBIE 32 CYET MOTrPEIIHOCTH
3KcnepuMeHTal6, 8].

O003HauMM Y3716l UCXOAHOM TAOMUIBI JAHHBIX Yepes3 X;, Tae <= i<=n -
HOMEp y3ia. CunTaeM W3BECTHBIMHM 3HAUCHHUS IKCIIEPUMEHTAIBHBIX JTAHHBIX B
y3JI0BBIX TOYKax f{x;) = f. BBemem HeNnpepoiBHYI0 (PYHKIHIO @(X) IS
anMpPOKCUMAIIMHN AUCKPETHOH 3aBUCUMOCTH f(X;). B y3nax dbynkuum ¢(x) u f(x)

OyAyT OTAMYaThCs HA BEIWYUHY e; = @(x;)-f(x;). OTKIOHEHHS ei MOTyT
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MIPHHUAMATH TIOJIOKUTEIBHBIC U OTPHIATSIbHBIC 3HAYCHHS. UTOOB HE YUHUTHIBATH
3HAKH, BO3BEJAEM KaXKJI0C OTKIOHCHHE B KBaJpaT M MPOCYMMHPYEM KBaJpaThI
OTKJIOHCHHM O BCEM Yy3JIaM.
Q= ZiLosl = Zisple(xd) - F(xD]?
Mertoa moOCTpOCHHS aNmpPOKCUMUPYIONIEH (yHKIUHA ¢(X) U3 yCIIOBHA
MHUHAMYMa BeTUIHHBI () Ha3bIBACTCS METOIOM HauMeHbIx kBaaparos (MHK).
Hawmbomee pacmpoctpanen cmoco® BbiOOpa (YHKIIMH ¢(X) B BHIC
JMHEHMHON KOMOWHAIINH:
P(X) = copo(x) + c1Qi(X) + .. FCm Po(X)
Po(x), @i(x),.., Qum(x) - OasucHble (PyHKIMU, M <= N, Cy, Cj,....C, -
KO3(pHUIHECHTHI, OIpPEACIAEMbIE TIPH MUHHUMH3AINH BETHIUHBI ().
MaremMaTH4YeCKH YCIOBHSI MHHHMYMa CyMMBI KBQJpaTOB OTKIIOHEHHH ()
3amuIeM, IPUPABHHUBAS HYJIIO YaCTHRIC MPOU3BOAHBIE 0T () 1o KodduimeHTam

Cr, 0<=k<=n:

E_Q = EE?:[:.[ C[:.‘P[:.[xfj + C19 [x:]+ + cmgjm[xi] _fz] @ [x:'] =0,

fey
% =220l coop(x) + @ (x) + -+ e, (x) — fi]l @4 (x) =0,
:ﬂi = 22?:&[ Co®n (xi-:] + oo (x)+ -+ cn@n(x) —f] e, (x;)=0.

N3 cuctembl JTMHEWHBIX alreOpanvecknX ypaBHEHHU# (3) ompenensroTcs
Bce Kodpdummentol c¢;. Cuctema (3) Ha3piBaeTCA CUCTEMOW HOPMATbHBIX

ypaBHEeHUN. Marpuiia 3Toil CHCTEMBI UMEET CIICAYIOIINN BU/I;

(@0 @) (@o,®) - (@0 Pm)
(00,0:) (@0,01) - (01,0m)
{:';pﬂr.qpm ] {:';pﬂr.qpm ] (@m!@m ]

W HasbiBaeTcs Mmatpuied ['pama. DneMeHThl MaTpuilel ['pama ABIAIOTCSA

CKaJIIPHBIMH MTPOW3BEICHUAMH 0a3UCHBIX (DyHKIHH[S,8]
(ij;fP;.: ) = 2o @; (x:), @r (X))
PacmimpenHass MaTtpuila CUCTEMbl YPaBHEHHUI MOJYYUTCS A0OABJICHUEM

cripaBa kK matpuiie I'pama cTonbiia cBOOOHBIX YWICHOB
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Pa .f
@1, .f
P |
rIc  CKaJiipHbIC TIPOW3BEACHWS, SABIIAIONIMECS OSJIEMEHTAMH  CTONOIA,
OTIPEACTIAIOTCSA AHATIOTHYHO
I:(PF.:; f) = ?:0 P Exajr.fa)

OTMeTHM OCHOBHBIC CBOWCTBA MaTpuilbl [ paMa, TOJE3HBIE TIPH
MPOrpaMMHON peanu3sanuu anroputmos MHK:

1) marpuna cuMmeTpuuHa, T.€. 4;; = d;; 4YTO MO3BOJAET COKPATHTb
00BEM BBIYHMCIICHUAN TIPH 3aTTOJTHCHAHM MATPHIIHI;

2) Marpuia ABIAETCS MOJOKUTEIBHO OMPENEICHHOMN, CleA0BaTENbHO,
MIPYU PEIICHANA CUCTEMBI HOPMAJIBHBIX YPAaBHEHUH METOJOM HCKITIOUCHUS
["aycca MOXHO OTKa3aThCs OT MPOLEAYPHI BEIOOPA TTIABHOTO 3JIEMEHTA,

3) ompenenuTeh MATPHIIBI OYJET OTAUYCH OT HYJIA, €CJIH B KaUeCTBE
6a3uca BHIOpAHBI JIMHEHHO HE3aBUCHUMBbIE (DYHKITUH @i(X), TIPH STOM
CHCTEMA UMEET €AMHCTBEHHOE PEITICHUE.

I[Ipu 00paboTke HKCHEPUMEHTAJIbHBIX JAHHBIX, OMPEICICHHBIX C
MOTPEIIHOCTBIO € B KaKIOM y3/70BOM TOuke, OOBIUHO HAYMHAKOT C
anmpokcuMaru GyHKIUEH @(Xx), TPeacTaBUMON OMHON-IBYMsI Oa3MCHBIMH
dbyaknuamu. [ocme onpenenennst koddduiuenTor ck BHUUCISAIOT Benmmunuay ()
no dopmyne (1). Ecnmm momyumres, uro kopeHb((J) > e , TO HEOOXOIUMO
pacmmpuTh 0a3uc go0aBiieHWEM HOBBIX (ByHKIHMH @ (x). Pacmmpenune Gasmca
HEOOXOMMO OCYIIECTBIIATh JO TEX TOp, TMOKA HE BBITIOJHUTCA YCIOBHE
kopeHn(Q)~=e [5, 8].

Boibop koHKpeTHBIX 0a3uCHBIX (YHKIWNA 3aBHCHT OT CBOMCTB
anmpokcuMupyemModt  dyHkmmm  f{x), TakMmx, KaKk  TMEPUOIAYHOCTD,
AKCTIOHEHITHATBHBIA WK Jorapu(MUICCKAN XapaKTep, CBOWCTBA CHMMETPHH,
HaJIMYAe aCHMIITOTUKH | T.J1. Ha mpakTuke daie Bcero UCTob3yeTcs PenicHue,

IMOKAa3aHHOC AaJICC.
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Bribepem 0azucHbie (YHKITUH @i(X) B BHIAE TOCICIOBATEIIHHOCTH

CTENEHEN apryMeHTa X, KOTOPbIE JIMHEWHO HE3ABUCUMBI,
Po(x) = x? =1, ¢ (x) = xt=x, ..., P (x) = x™

B stom ciyuae Mbl OyaeM annmpoOKCUMHPOBATH SKCIEPUMEHTAJIbHYIO
3aBUCUMOCTHh MONMHOMOM. CTeNeHb MOJIWHOMA M BEIOMpaeM m<<n (TIpH
JIATPAHKEBON MHTEPIIONSIMN m=h). Anmpokcumupyromas kpusas 8 MHK ne
MPOXOJNAT Yepe3 3HAYCHUS HMCXOMAHOW (PYHKIIMH B y3/aX, HO TMPOBEACHA W3
YCIIOBAS ~ HAWMEHBINIETO  CyMMapHOTO  KBaJPpaTHYHOTO  OTKJIOHCHHS.
OKCNEpUMEHTATbHBIE JTaHHBIE ''CTIIAKHUBAIOTCA'" € TIOMOIIBI0 (DYHKIHHA ((X).
Ecrm ke  BeiOpaTh m=n, TO HAa  OCHOBAHWH  E€IUHCTBEHHOCTH
WHTEPIOISAIMOHHOTO TOJMHOMA TOIYYUM (PYHKIHIO ¢(X), COBMAIAIONIYIO C
KaHOHUYECCKUAM WHTEPTIOJIAITTHOHHBIM MOJIAHOMOM CTETICHU n,
anmMpPOKCUMUPYIOIAs KpUBask MPOUIET Yepe3 BCE IKCIEPUMEHTATBHBIE TOUKH H
BenmuurHa () OyaeT paBHa HyJ10. [locnenHee 00CTOATENHCTBO UCIIOIB3YETCA AT
OTJIAJIKK ¥ TECTUPOBAHUA Mporpamm, peanusyroiux aaroputmbl MHK [6, 7] .

3anuiiemM paclIupEeHHYIO MAaTPUILy CUCTEMbl HOPMAJIbHBIX YPAaBHEHUN 11

6azuca (8):

n n 2 n m n
n+1 i=0Xi =0 A i=0%; i=o [
n n 2 n 3 n me+1 n
i=0 i i=0 i i=0 X i=0 X DizoXifi
n m n m+1 n m+2 n Zm n m
=0 =0 =0 =0 =0 X, [

Herpynao Bumerh, uto s (OPMUPOBAHHUSA PACITUPECHHOM MAaTPUIIHI
JIOCTaTOYHO BBIYUCIUTH TOJBKO 3JIEMEHTHI MEPBOM CTPOKK W ABYX MOCIEAHUX
CTOJIOLIOB, OCTQJIbHBIE SJIEMEHTHl HE ABJISIFOTCS "OPUTHMHAIBHBIMU' W
3aMOJHAIOTCA C TOMOIIBIO HUKINYECKOTO MPUCBANBAHUS.

J17is1 pellieHus CucTeM ypaBHEeHMM ¢ maTpuliei [ pama paspadoTaHsbi
METO/bl CHHTYJISIPHOTO pazioxkeHus. Ecnu ske m <= 4..5, TO TaKhe CUCTEMBI

MOJKHO pCHIaTh U oonee MMPOCTBIM MCTOAOM HCKIIHOUCHHA Faycca.

B kauecTBe mpuMepa pacCMOTPUM CIISAYIONINE 3HAUCHHUE 3aJaHHBINA (PYHKITHH:
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nlo |1 2 3 4 5 6 7
x|0 ]0,125 [025 |0375 |05 |0625 |0.75 |0875
1 10,82 0,7408 | 0,6801 | 0,6410 | 0,6262 | 0,6388 | 0,6817 | 0,7578

TpeOyercs HAlTH aNMPOKCUMUPYIOILYIO CTPYKTYPbl KyOHUECKOTO

IMOJIMHOMA IO MCTOAY HAMMCHBIIKWX KBAaJAPATOB.

3anuiiemM CUCTeMbl YPAaBHEHUM J11 KyOMUECKON anmpOKCUMAIIH;

-

n
Ag(n+1) +A; ) x; +4; ) x7 +4; ) x} = Z ¥;
. =0 =0 =0 i=0
A, Z x; +A; ) xF HA ) xP 44y ) xf = Z X, V;
4 1'?=10 1'?10 i;ﬂ 1'?10 1'?10 (1‘5)
A, Z xZ 44, ) xF +A, ) xP 44 ) xP = Z X2y,
1'?10 1'?10 iiﬂ 1=ﬂﬂ 1';0
ADfo —Hfllz X} —hﬂlEfo +H132xf =fo Vi
N i=0 i=0 i=0 i=0 i=0
CocTaBUM BCIOMOTATEILHYIO TaOIHITY
Tabnuya 1.1

n X y x2 x3 x4 x5 x6
0 0,0000 | 0,8200 | 0,0000 | 00000 | 0,0000 | 0,0000 | 0,0000
1 0,1250 | 0,7408 0,0156 | 0,0020 | 0,0002 | 00000 | 0,0000
2 02500 | 0,6802 | 0,0625 0,0156 | 0,0039 | 0,0010 | 0,0002
3 03750 | 06410 | 0,1406 | 00527 | 00198 | 0,0074 | 0,0028
4 0,5000 | 0,6263 02500 | 0,1250 | 0,0625 0,0313 0,0156
5 0,6250 | 0,6388 03906 | 02441 0,1526 | 0,0954 | 0,0596
6 0,7500 | 06817 | 0,5625 04219 | 03164 | 0,2373 0,1780
7 08750 | 0,7578 0,7656 | 06699 | 0,5862 | 05129 | 0,4488
D 3,5000 | 55866 | 2,1875 1,5313 1,1416 | 0,8853 0,7050

[ToncraBum nanHbie U3 Tadauibl 1.1 B cuctemy 1.5, v moaydum cuctemy

ypaBHeHuit 1.6, pemuB cucTeMy ypaBHEHME 1.6, MOAy4YMM BBIPAKEHHUE C
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MTOMOIIBI0 KOTOPOTO MOXKHO HaWTH KOA3((PHUITMEHTH anmpOKCHUMHAPYIOIIYIO

CTPYKTYPBHI.

A8+ A35+A4,21875+ A 15313 =y, + v+, + V3 + Yy + Vs + Vs + s
1
A&$5+z4218751+/%15313+J%11416==§(}ﬁ+2y2+3y3+4y4+5y5+6y6+7yﬂ

A,2.1875+ 415313 + 4,1.1416 + 4,0.8853 = é(y1 +4y, +9y, +16y, +25y, +36y, +49y.) (1.6)

1
4153134 A L1416+ 4,0 8853 + 4070050 = —— (3 +8, + 2735 + 36, +125y5 + 216, +343y,)

108383 4 578031 | 144499 ) 867029

- ya4+ yl- ye- y
2384356 2384356 2384356 7153068
6394387 144499 650263 144499

+ yO + yS + yo - y7,
7153068 2384356 7153068 2384356

1192528 24637762 19207040 13511234
= 4+ 1+ 2+ 3

T12517869° ' 12517869 0 4172623 0 4172623 °
4106352 10861794 10994336 3973810

- y0 - yS - yo + y7,
596089 4172623 4172623 1788267

(1.7)
39882704 101441728 54333584 87569824
= y4 = yl - y2 - y3 +
12517869 12517869 4172623 12517869
26010800 44796160 110979152 16473376
+ yO + yS + yo - y7,
1788267 4172623 12517869 1788267
3853440 5394816 5394816 2312064
3= yl- yO + y2 + y3 -
596089 596089 596089 596089
2312064 5394816 3853440 5394816
- v4 - yS - yo + y7.
596089 596089 596089 596089
Boraucnum k03¢ UIreHTH anmpoKCUMHUPYIOMIETO MOJTNHOMA 110
BeIpaxkeHuto (1.7)
Ay=0.8211;
A;=-0.7204;
A; =0.5604;
A;=10.2048.
Y =A0+Ax+ A, x> + Ax° (1.8)
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[TocTaBuB HaiineHHbIE KOX(DPHUIMEHTH AMMPOKCUMHUPYIOMIETO TOJWHOMA B
dbopmyny (1.8) monyumm ypaBHEeHHWE KyOWMYECKOW 3aBUCHMOCTH JaHHOM
dhyHKINN:

Y =0,8211—0,7204x + 0,5604x% + 0,2048x>

0.85

+  MCXOOHBIE TOMKW
HaRA EHHBIA NONWHOM

0.8

0.75

0.7

0.65

Puc. 1.13. I'padmk HaliAEHHOTO MTOTMHOMA

Takum 00pa3oM, M3 KIACCMYECKHX METOJOB aNMPOKCHMALMK Haubosee
OMM3KUM W IPUMEHUMBIM B TIPaKTHKE MU(PPOBOH 00pabOTKE CUTHAIOB SBJISETCS
METOJi HAaUMEHBIIUX KBaAparoB. OH MUHUMHU3UPYET CPECAHEKBAAPATHUHYIO
OIIMOKY anmpOKCUMAIIMHU, YTO BEChbMa yAOOHO it 0OpabOTKHA CUTHAJIOB TMPH

HaJIMYKWH IITYMOB.

3. UccaenoBaHue ceKkTpajibHbIX METOA0B (P PoBoOii 00padoTKN

CHI'HAJI10B

Hapsany npencraBieHMEM CHUTHAJIOB BO BPEMEHHON 00JIaCTH IIMPOKO
MPUMEHSIETCS MPEJCTABIICHUE CUTHAJIOB B CIIEKTPAJIbHON 00JIaCTH.
CrekTpanbHblil aHaAJIW3 3aKJIIOYAeTCsl B PA3jOKEHWM CHUTHAlIa HAa €ro

YaCTOTHBIC WJIH CIICKTPAJIbHBIC COCTAB/IAKOMNC M OLHCHKC HWJIHM HU3MCPCHHHU HX
36



CHIEKTPATHHBIX XapPAKTEPUCTHK — aMIUTATYIBI, (ha3bl, MOIIHOCTH, CIIEKTPATHHOM
MJIOTHOCTH MOIIHOCTH.

K 3amauam, peniaeMbiM METOJAMH CHEKTPAJLHOIO aHAIN3a, OTHOCATCH,
OOHApy>XEHWE, PA3PEIICHUE U OICHWBAHUE MAPaAMETPOB CHUTHAJIOB, CXKATHE
JAHHBIX, BhIJCIICHHEe WH(GOPMATUBHBIX MPU3HAKOB, MACHTH(HUKANHSI 0OBEKTOB
(oTIpeAieNicHHe  YaCTOTHBIX, HMMITYJBCHBIX W  JPYTUX  XaPaKTEPUCTHK),
pacno3HaBaHre 00pazoB (peum, M300pakeHwmid). [ CliydaiiHBIX CUTHAJIOB C
MOMOINIBIO CHEKTPAJIbHOTO aHaju3a pemaeTca olmas 3ajada  BbISIBICHUA
CKPBITBIX TIEPHOTUIHOCTCH M CTATUCTHUYECKUAX (KOPPEIAIMOHHBIX) CBS3EH.
CriekTpanbHbBIN aHAJU3 JACTCPMUHUPOBAHHBIX TIEPHOANUCCKUX (PETYISPHBIX)
CUTHAJIOB U CUTHQJIOB KOHEYHOM JJIUTEIBHOCTH HA3bIBAIOT  TAKXKE
rapMOHHYECKUM aHanmu3om [9, 11].

OaHUM U3 OCHOBHBIX QJITOPUTMOB SIBJIIETCS TUCKPETHOE MPEOoOpa30OBaHKE
Oypre ([AI1D). JII1D — onna u3 aByX Hanbosee pacmpOCTPAHEHHBIX W MOIITHBIX
npouenyp 1udposoit 006padoTku curHamos (Jlpyras mpomenypa — nmdposas
duapTpanms).  JII® mo3Bomser  aHaaM3MpoBaTh, MPEOOPA3OBBHIBATH |
CUHTE3UPOBATh CHUTHAJ TAKUMHU CHOCO0AMH, KOTOPbIE HEBO3MOXHBI TpH
HEempepbIBHOW  (aHamoroBoi) oOpabotke. Ceromua JII[I® wucnombsyercs
MPAKTHYECKU BO BCEX 00IACTAX MHKEHEPHON NEATCIIBHOCTH.

JAII® — 510 Maremarwyeckas NpoueAypa, HCHOJb3yeMas i
OMPENC/ICHUs] TapMOHUYECKOTO, WM YaCTOTHOrO, COCTaBa JAMCKPETHOIO
curHana. Ha Beixome anroputma /[II1® oOpasyerca HAOOp CHEKTPabHBIX
(BecoBbIx) KO3 ¢unmeHToB  F(k), rie k- HoOoMep kodhdunmenTa,
COOTBETCTBYIOIIMU MTOPAAKOBON YaCTOTE TAPMOHUKHM.

IIpsamoe nipeoOpazoBanue 11D ocyiecTiaseTcs HaJl KOHEUHBIM YHCIIOM
oTcueToB (2 1 ) BXOAHOTO CHUTHAJIA, YTO TMO3BOJISET MPEeoOpa3oBaTh CUTHA U3

BPEMEHHOTO TIPECTAaBICHUS B ciekTpanibHoe [13, 14].

Fk) = %Z x(m)(cos(2mk / N)— jsin(2ik | N)
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Ooparnoe JII1® npeobGpazoBaHue MO3BOISIET HAOOOPOT MEPEBECTH CUTHA
U3 TPEJCTABJCHUSA B CHEKTPaIbHOW OOJaCTH B €ro TPEACTABIICHHE BO

BpeMeHHOﬁ O6J’IaCTI/I B TOM K€ KOJIMUCCTBC TOUCK.
1 .
x(n) = WZF(k)(cos(Zﬂnk/N) + jsin(2mk / N))

Crexrpanbubie kKodhdumumerTs! (k) monydaroTcs B pe3ysibTaTe CBEPTKH
(MOTIapHOTO TEPEMHOXKEHUSI) BXOAHBIX OTCUETOB CHTHajla C Oa3UCHBIMH
dbyaknuamu Oypbe — CHHyCaMu M KOCUHYCaMH.

Tak kak 6azucHbie ¢pyHkmu Sin 1 Cos paBHBI HYJIO COOTBETCTBCHHO B
toukax 0 m 90 rpamycoB (}a3oBOM IUIOCKOCTH, MO3TOMY B Pa3JIOKSHHH
MPUCYTCTBYIOT Kak BemecTBeHHast (Cos) Tak 1 MHUMAsA (Sin) COCTaBIIAIOIIHE.

basuc Apamapa. Pa3jnoxeHue curHajga B CIEKTP pean3yeTrcs
aHayiornaHo Oaszucy dyphbe, T.€. MOMapHBIM MEPEMHOXKEHHEM OTCUETOB CUTHAJIA
u OasucHbIX (yHKIMA. DopMyasl TpsiMOTO W 00paTHOTO MpeoOpa3OBaHUMA

HMCIKOT BU.
a, = X X (1) (1.9)

I'ne, ay- Cnexrpanbabie kodddunmentsl 6a3zuca Amamapa, N —
KOJIMYECTBO OTCUETOB, W(n) - wmatpuia 6asmca Anamapa, Xx(7) — TUCKPETHBIC
OTCUETHI CUTHAJIA.

dopmyna 00paTHOTO MpeoOpa3OBaHMS:
x(m)= a,W, (1.10)

KonuuecTBo crnekTpanbHBIX KOY(PPHUITMEHTOB MEHBINE YHCIA OTCUETOB
curHajia m3-3a 3(¢¢eKkra CXOAUMOCTH, MHOTHE KOIPQPUIIUEHTH pPaBHBI WIIH
Onmu3kn K Hymo. B ornuume ot Oasuca Dypbe 37€Ch HET YMHOXKEHUA Ha
srHauennd Sin wim Cos, Tak kak 0asucHbie GyHKIMH UMeroT Bua +1 wm -1, T.€.
OTCUETHl CHTHAJIa YMHOXAIOTCS Ha eAuHWIY, (HAKTHUECKH BHITIOIHACTCS

onepaius mpucBoeHus 3Haka.[14, 15]
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B kauectBe mnpumepa paccMOTPUM M3BECTHBI CJICAYIOIINE 3HAYCHUE

3a1aHHBIA (PYHKIIHH '

nlo |1 2 3 4 5 6 7
x|0 [0125 (025 |0375 |05 |0625 075 |0875
1 10,82 0,7408 ] 0,6801 | 0,6410 | 0,6262 | 0,6388 | 0,6817 | 0,7578

TpebyeTcs HaliTH CIIEKTp CMTHAIA HA OCHOBE Oasnca pyHkimm Amamapa.

UroObl HAWTH CHEKTpPabHBIC KOIPQPHUIIMEHTH CHUTHAJIA BOCIIOIB3YEMCS

dhopmyITOi:

1/8 %

0,82
0,7408
0,6801
0,641

0,6262
0,6388
0,6817
0,7578

1 1
I -1
1 1
I -1
1 1
I -1
1 1
I -1

11
1 -1
1 -
11
11
1 -1
1 -
11

[TocTpoum crieKTporpaMMy UCXOAHOTO CUTHAJA!

1,975
0,0104
0,023
0,0366
0,06272
0,07318
0,14644
-0,0083

2,5 +

1,5 +

0,5 +

-0,5 -
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Cnenaem oOpatHoe mpeoOpa3oBaHWe W HaWAEM HMCXOMHBIM CHTHAI TI0

dbopmyite:
1 1 1 1 1 1 1 1 1,975 0,82
1 -1 1 -1 1 -1 1 -1 0,0104 0,7408
1 1 -1 -1 1 1 -1 -1 0,023 0,6801
1 -1 -1 1 1 -1 -1 L[|, | 00366 | 0641
1 1 1 1 -1 -1 -1 -1 0,06272 0,6262
1 -1 1 -1 -1 1 -1 1 0,07318 0,6388
1 1 -1 -1 -1 -1 1 1 0,14644 0,6817
1 -1 -1 1 -1 1 1 -1 -0,086 0,7578

BeiBoabl mo I'1aBe 1

B »s10#i rnaBe ObLIO M3YUEHBI COBPEMEHHBIE M KJIACCHUYECKUE METOJbI
dpoBoii 00padoTku curHaop. [IpoaHanM3WPOBaHBI KIIACCHUCCKHUE METO/IBI
mudpoBoii 00paboTKM (YHKIIMH W CHTHAJIOB, TaKHE KakK, HWHTCPIIOJISIUS
nonuHoMamu Jlarpawka W HpOTOHAa W METOJ HAMMEHBIIUX KBaApPaTOB,
MPUBEACHBI KOHTPOJIbHBIE MMPUMEPHI T KaXKa0ro MeToAa. KpoMe 3Toro B riase
MIPUBCJICH aHAJIU3 CICKTPAJIBHBIX METOJ0B MH(GPOBOH 00pabOTKH CHTHAJIOB,
ocHoBbl Dyphe ananmsa, Oa3uc (QyHkuii Anmamapa, B KauecTBe NpHMeEpa
MOKA3aHO TMEPEX0]i CUTHAJIa OT BPEMEHHOTO MPEACTABICHUS K CIEKTPaJbHOMY
MIPEACTaBICHUIO HA OCHOBE Oasuca pyHKIuu Amamapa.

ITocTanoBKa 3aaa4n.

IIpuMeHeHHE KIACCHUUECKUX MHTEPHONIAIMOHHBIX MOJWMHOMOB B 3ajadax
mdpoBoli 00pabOTKM CHUTHAJIOB OTIPAHWUYMBACTCS HCIOJIB30BAHHEM METOAA
HaMMEHBIIINX KBAJPaTOB, TaK KaK OH 00€CIEUNBAET JiBa KIIOUEBBIX TPEOOBAHUS:
CIUIQKUBAHUE 3AITYMJIEHHBIX CHUTHAJIOB W BO3MOXHOCTh WX TPEACTABJICHUS B
BHAEC anreOpanmdeckux MOJuHOMOB. (O0a STHX KadyecTBa HEOOXOAUMBI TMPH
peanu3aiuu ITPoIeaypPhl COTJIaCOBAaHUE YaCTOThI TUCKPETH3AIUH.

OnHako, METOJ HAMMEHBIIIUX KBaApaTOoB o00JaJaeT CYIIECTBEHHBIMHU
HenocTaTkaMu. Bo-mepBbix, mpu mOepexoie K MOoJuHOMaM 0oyie€ BBICOKOM

CTCTICHH HEOOXOIUMO MEPECUNTHIBaTh BCeX K03 ummeHToB. Bo-BTOPHIX, N3-3a
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OTCYTCTBHE CXOJMMOCTH B ANMPOKCUMHUPYIOIIUX BBIPAKECHUAX YYACTBYIOT BCE
OTCYETHI BXOAHOTO CUTHAJIA YBEIIMUHUBAsA CJI0KHOCTh BBIYUCIICHUMN.

B nanHo#l paboTe cTaBUTCS 3ajaya OT BPEMEHHOTO MPEACTaBICHUS
CUTHAJIA K CIICKTPAJIbHOMY, a 3aT€M K MOJUHOMUAIIBHOMY . [Ipn 3TOM OCHOBHasA
3aJa4a — TMOJYYUTh AHAJIUTUYECKOE TIPEACTABICHUE CHUTHAJIA WM €ro
¢parmedTa B BHIE anreOpanuecKoro MOJIMHOMA YTOOBI MMETh BO3MOYKHOCTH
MPOU3BOJIBHO HW3MEHATH KOJMYECTBO OTCUETOB CHUTHAJIA KAaK B CTOPOHY
YBEIIMUYECHUA, TAK U CTOPOHY YMEHbIIEHHUS. |10 CpaBHEHUIO C CYIIECTBYIOIINM
CcrocoOOM HM3MEHEHHSI 4aCTOThl JUCKPETU3ALMK, KOrJAa HEOOXOAUMO CraIuTh
CUTHAJT W TOBTOPUTH MPOUEAYPY MIUCKPETH3ALMM, NOPEIIaraéMbld TMOAXO0.

OTJIMYAETCS MPOCTOTON U OBICTPOJACHCTBUEM.
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I'nasa II. Pa3pa0oTka crieKTpaJbHbIX METO/I0B COIJIACOBAHUE

4acCTOThI JUCKPCTU3AUN

1 IlocTpoeHue aaropuT™Ma MOJMHOMHAJIBHOIO NPEACTABJIEHUE

CHI'HAJI10B

Jlist Toro 4roObl MU3MEHHUTHh YACTOTY JAMCKPETH3allMM CHUTHAJa, cHadajia
HaJI0 TOCTPOUTh MAaTEMATUUYECKYIO MOJENb CUTHANIA U3 oTcueToB. Haxoxaenue
MaTeMaTHYE€CKOr0 MOJIEAs BCEr0 CHUTHAja, MPOLECC OUYEHb TPYAOEMKUA H
Tsokensid.  [lo sToit mpuwumHe curHanm pa3OuBaeTcs Ha (ParMEHTH C
¢mkcupoBanHO# MMHONW. MareMaTndecKyro MoAeNb (hparMEeHT CUTHAJIA MOXKHO
NPEACTAaBUTh B BUJAE aJIreOpandyeckoro mojivHOMa. Takoil moaxoa Obul
MPEJCTABJCH B MEPBOM IJVIaBE€ HA MPUMEPE METOJA HAMMEHBIIWX KBAJApPATOB,

OJIOK-CXeMa 3TOro Ipoliecca npeacTaBieHa Ha puc. 2.1

—> f(t) ,ZAxn—>

n

Puc. 2.1. brnok-cxema mepeBojia CHTHAJIA B MIOJIHHOMHUAIBHYIO (hOpPMY ¢

IMOMOIIBIO MCTOAa HAMMCHBIIINX KBAAPAaTOB

Kak Obuto TmoOKazaHo B MEpPBOM TJilaBe TIPH TIEPEBOJIC CUTHAIA B
MOJIMHOMHAIBHYIO (OPMY € TOMOINBIO METOJa HAMMCHBIIUX KBaApPaTOB,
BBIUMCJICHUE TIOJIMHOMHAIBHBIX KO3((HIIUEHTOB CTAHOBHTCS OUCHB TIKEIOM
MPOLETYPOH.

B npenmaraeMoMm anroputMe M3MEHEHHMS YacTOThl JIMCKPETH3ALUHA
curHaya, Oepércs 2" OTCUETOB HMCXOAHOrO JMCKPETHOTO CHUTHAA, Jaliee
HaXOJHUTCS MaTreMaTH4ecKas MOJCIbh CHUTHAja JUIl ATOro (parMeHTa B BHJC

IMOJIMHOMHAJIBHOI'O BBIPAKCHHUA O6H.I€FO BU:
< k
AGEDIH (2.1)
k=0
rac, m- CTCIICHb IIOJIMHOMA
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C momoIIpl0 TMONMYYEHHOTO BbIpakeHHe (2.1) MOXXHO BOCCTAHOBHTH
CUTHAJ C HY)KHBIM KOJIMYECTBOM OTCUETOB B COOTBETCTBYIOLIEM (hparMeHTe
CUTHaJa.

B kadecTBe OCHOBBI /i TEpPeBOJA CHUTHAJIAa M3 €ro OOBIYHOTO
NPEJICTABJICHNA B BHJIE TIOCIEAOBATEIBHOCTH OTCUYETOB f(f) B CIEKTp CHrHaja
Oepétcs onHa U3 6a3ucHbIX GyHKIMN npeodpazoBanus Oypoe. [Ipu 3TOM OI0K-
cXeMa TMepeBojia CUTHAJIA B MOJIMHOMHUANIbHYIO (hopMy OYAUT UMETh CTPYKTYPY

MoKa3aHHOM Ha puc. 2.2.

— f(t)

ch > ZAxn

n >

\ 4

Puc. 2.2. binok-cxema mepeBojia CHTHAJIA B MIOJIHHOMHUAIBHYIO (hOpPMY ¢

MMOMOIIBIO CIICKTPAJIBHOI'O IIOAX0A4.

Jlns mpencraBneHus (parMEHTOB 3BYKOBBIX CHTHAJIOB (TIpH KYCOYHO-
MOJIMAHOMHUAJILHOW ~ anmpOKCHUMAIliK) Ha TPAKTHKE JOCTATOYHO BHIOPATH
m=1,2,3, 4TO NPeICTaBIACT BHIXOHBIC CUTHAJIBI TTIOJTMHOMAMH HE BBIIIIE TPEThEH

CTCIICHMU.

2 Boi0op 0a3ucHoii cucteMbl (PDYHKIIUU JAJIS ANINIPOKCUMUPYHOIIIEro

moJiIMHOMA

CeromHsi CHEKTPAJIbHBIM aHAJIN3 IMAPOKO HWCIOIB3YETCA B Pa3HBIX
00J1acTAX, TAKUX KaK Pajivo U TeJEBellaHne, MOOUJIbHBIN CBSA3U, MpU 00pabOTKe
1 nepeaaun MudPOBEIX CUTHAJIOB, H300paKCHUH, a TaK)Ke BUIACO N300paKSHHM.
Pazpabotanbi, MHOTHE Oa3ucHOM cucTteMbl Dyphe MpeoOpa3oBaHK, TAKUX Kak
JTMCKPETHOE Oypre npeoOpa3oBaHue, JTMCKPETHOE KOCHHYCHOE
npeoOpaszoBanue, Beiiner nmpeobpazoBanue, mpeodpa3opanue Yolna-Anamapa,
npeoOpazoBanue Xaapa, g KakJI0ro mpeodpa3zoBaHue pa3paboTaHbl OBICTPHIE
aNTOPUTMBI TIpsiMOTo mpeoOpazoBanue. OT MOCTABICHHOW 3a7aud BhIOEpaeTCA
Ta WM wWHag cuctema Oasuca. CymmecTByeT MHOMXKECTBO  JIPYTHX

npeoOpazoBanuii. [IpeoOpazosanrie BuHorpaaa dOypbe ©  aNTOPUTM
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MEPBOHAYAIILHOTO MHOKHUTENA MPEACTABIAIOT COOOW OpPUTHMHAJIBHBIC, HO
CIMIIKOM CJIO)KHBIE METOJBl TMOBBIIEHHUS CKOPOCTH BbluuciacHUs bIID.
JINCKpETHOE KOCHHYC npeoOpa3oBaHUE UCIONB3YIOTCS Il YCKOPEHHS
BBIUMCJICHUA KOPPEJALMA M CBEPTKH, a TAKXKE B CHEKTPAJIbHOM aHAJIMU3E, STH
METOJbl OCOOECHHO MOAXOAUT MPUMEHAIOTCS €€ W AJA CXKaThud JaHHBIX TpH,
HafpuMep, TMepeaye peud WM BUJICOCUTHAJIOB, a Takxke Ui 3alucHu
MEIHUIIMHCKAX CUTHAJIOB, Takux Kak curHansl OKI' mymm O0I. A Takke, oHH
UCIOIb3YIOTCS MPU pacno3HaBaHuu 1madjaoHoB. [Ipu npeobOpazoBanuu Youina
CUTHAJI PACKJIaIbIBACTCS HA MPAMOYTOJIbHbIE UMIYJIbChI, @ HE HA CUHYCOU/IbI, U
oHO BbIUMcHseTrcs ObicTpee, uem BII®. IIpeoOpazosanune Anamapa,
MOCTPOCHHOE C TMOMOIIbI0 MNEPECTAHOBKM TMOCIEA0OBATEIBHOCTH Y OJIIIIA,
BBIUMCIISIETCA €lile ObicTpee. XOTA A1 HEKOTOPhIX Iesiell mpeoOpa3oBaHud
VYounia 1 Anamapa Mmo3BOJISIFOT MOJIYYUTh ONPEICICHHbBIE MPEUMYIIECTBA, OHU
UMEIOT PAJl HEJOCTAaTKOB, KOTOPbIE OTPAHMUMBAIOT O0JIACTh WX MPUMEHEHUS,
npeoOpa3oBanue Xaapa OCOOCHHO TMOJIE3HO JJiA OMNPEICIACHUS KpaeB TMpH
00paboTKe U300pakeHU U B MOAOOHBIX NpuioxkeHusx [13].

Cuctema ®ypbe XOpomio MOAXOAUT I 00pabOTKH TapMOHHUYECKHX
CUTHAJIOB K0JIeOaTeIbHOTO XapakTepa. [IJisi CUTHAJIOB C APYTMMU CBOHCTBAMU —
HETaPMOHUYECKHUX, TMOJIOTUX, UMEIOIINX XapakKTep TPEHIOB, ¢ HAPYIICHUSAMH
CTAIlMOHAPHOCTH, a Takxke rpaduueckux uzo0Opakennii (rpaduku, ¢HoTo)
MPUMEHSIOTCA JUCKPETHBIC MPEeOoOpa3oBaHUsA ¢ JAPYTHMH THNAMU W (OpMaMH
O6asucHbix ¢yHkmin. K Takomy Tumy oTHocsATcs Oasuckl Amamapa, Xaapa,
BEUBJIET - (DYHKITUH U MHOTHE JIPYTHE aHAIOTHYHbBIE OA3UCHBIC CUCTEMBI. [14]

[Tpu BBIOOpPE TOM WM MHOW OA3UCHOM CUCTEMBbI YUUTHIBACTCS CXOACTBO
napaMeTpoB 0asnuca W MCXOAHOTO curHaia. PasnuuaroT 0a3uchl ¢ JIOKAJTbHBIMH
cBoiicTBamu (BeliBreT-QyHkmu W Xaapa) ¢ 0a3uChl C HWHTETPATbHBIMH
croiicTBamu (Anmamapa u ®ypee). Eme omanM kputepueM BhIOOpa Oa3HUCHOM
CUCTEMBbI SBJISIETCA BBIUMCIIMTENIbHAS CJIOKHOCThH aJropuTMa MpeoOpa3oBaHuUs,

BJIMAOIIASA HA CKOPOCTh 00Pa0OTKM U HEOOXOUMBIE AlMapPaTHBIE PECYPCHI.
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B kauectBe 0a3ucHOW cucTemMbl BhiOepeM cuctemy (GyHKIWN Yosima-
Anamapa. IlIpeoOGpazoBanue Amamapa He TpeOyeT OONBIINX BHIUUCIUTEILHBIX
pecypcoB. B ocHOBe nexuT noHsAaTHe MaTpullsl Anamapa.[15]

B otnuune ot 6a3nca ®ypwe 31eCh HET YMHOKEHUS HA 3HAUCHUSA S1n WK
Cos, Tak kak 6a3ucHpIe QYHKIIMA UMCIOT BT +1 wim -1, T.e. OTCUSTHI CHrHAJIA
YMHOKAIOTCSI Ha €AUHUITY, (PaKTHUECKH BBHITIONHACTCA OTEpaIds MPUCBOCHUS
3HAKA.

Marpumia siapa 3Toro mpeoOpa3OBaHWE COACPKHUT  ICIIOUYMCIICHHBIE
ko3¢ umenTsl 3 MHOXkecTBa {-1; +1}. OueBMAHO, YTO TPHU BHIMIOJHEHUHU
MOI00HBIX TTPpeoOpa3oBaHMil CYIIECTBEHHO COKpaIaeTcss 00beM BHIUMCIICHUM 3a
CUYET MCKIIFOUCHUS YMHOXKEHHS B Kaxk10i 0a3oBoil omepauuu. Marpuua sapa
npeobpasoBanus Yomma - Amamapa s N =2" moxer ObITh OnmMcaHa Kak
pEe3yNbTaT  KPOHEKEPOBCKOTO  TPOW3BEACHUA MM MATPUIl  JTACKPETHBIX

sKCTIOHEHTHANBHBIX (yHKIWmiA ([I1O®D) E; pazmepa 2x2 :

J_ J_ i

Ay=A4,=E,®F,®E,®.QF, =|E,|" = o

r7€ CHUMBOJI @ - OMEpalus KPOHEKEPOBCKOTO YMHOKEHHUS BEKTOPOB, B

pe3yabpTaTe 4Yero MNOpoKIaeTcs MaTpuiia OIOYHOM CTpPYKTypbl. Onepanus
KPOHEKEPOBCKOI'O0 YMHOXKEHUS JIBYX MATPHUIl U COCTOUT B MOJYYEHUU OJIOUHOM
MaTpUlibl, OJIOKAMKU KOTOPOH ABJSETCA YMHOMKEHHAs HAa COOTBETCTBYIOLIMMA

3JIEMEHT MPaBON MATPHIIbI JIEBAs MATPHUIIA, T.€.:

AHAJIOTHYHO MOZKHO IIOJIYYUTDL U JJIA N =8:
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1 1,1 1)1 1!1 1
| | |
1 -1!'1 -1'1 -1!1 -1
______ e e
1 1!-1 -1'1 1!-1 -1
| | |
1 —-1/1-1 111 —-11-1 1
A, =E,®FE,®E,=4,QFE, ="~~~ I [ FTTTT
s T -11i11i—1—1i—1—1
1 —-1;1 —-1;-1 1 ;-1 1
—————— A-——————t-———————F—————
1 1!/-1 —-1}-1 -1/ 1 1
| | |
1 -1'-1 11!-1 111 -1

Marpuna sapa Agamapa o0jiagaeT CISAYIOIUMH CBOMCTBAMMU:

1) OMKNAYHOCTBIO Ay-k = Ay, ANk = Ao

2) MYJIbTHIUTMKATABHOCTHIO dyi) = d * a

3) cHMMETPUIHOCTHIO Ay = A4 N

PaznoxkeHue curHana B CIECKTP peaiu3yeTcs aHaJIorudHo 0azucy Dypbe,
T.€. TIOTIAPHBIM TIEPEMHOKEHAEM OTCUYETOB CHTHAJIa W Oa3WCHBIX (yHKITHH.[106]
®opMyJibl OPSIMOTO U 0OPATHOTO MPEOOPA30BAHUN UMEIOT BU;

1
¢ = ﬁz J(mH (n) 2.2)

f(n):ZCka

rie ¢y~  CheKTpaiibHbie Ko3(hULMEHTHI, f(11)- oTcueThl curHana, H(n)
MaTpulia 0a3UCHON CUCTEMBI. .

KonnuectBo cnekTpanpHbIX KO3((UIIMEHTOB MEHbBIIE YHCJIa OTCUETOB
curHajia m3-3a 3(¢¢eKkra CXOAUMOCTH, MHOTHE KOIPQPUIIUEHTH pPaBHBI WIIH
OJM3KHU K HYJIIO.

AnroputM mpAMOro mpeoOpa3oBaHUs M MEPEBOJA CHUTHAja OT

MMOCJICAOBATCI/IBHBIX OTCUCTOB B CIICKTP UMCCT BU

Ho,o Ho,l e HO,N—I fo Co
Hl,o Hl,l Hl,N—l .fl _ ¢ (2 3)
HN—I,O HN—I,I o HN—I,N—I fN—l Cna

rae, N — umcno orcueroB curHama (N =2", n=123,..),
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H - 3JIEMEHTBI MaTPHIIbl 0a3UCHON CUCTEMBI Aamapa;

Ji=71 (1) - orcueTs BxoaHoro currana (j=0,1,2,..., N-1);

¢; - ciekTpanbubie kKo3ddunments (=0, 1, 2,..., N-1).

1

0 co
1

0 cl
-1

1

0 c2
-1

1

0 c3
-1

1

0 c4
-1

1

0 c5
-1

1

0 c6
-1

1

0 c/
-1

Puc. 2.3. bazucueie ¢pynkmn Agamapa gt N = 8

3. Pa3zpaGoTka o011ero aJaropurmMa nepeBoja CurHaJia B

MOJMHOMHAJILHYIO (popmy

Cdopmupyem paBeHCTBO, B KOTOPOM TIPeoOpa30BaHNE MAaCCHBA OTCUETOB
curHaia f{t) B cmekTtp mo 0Oasucy H TPUPABHUBACTCA  PABJIOKCHHUIO
anreOpandyecKoro MojuHoMa Ay Mo ToMy ke 0a3ucy:

Ai( > Aklijij :]\i:lf(lj)Hij (24)

J=1

rae i=0, 1, 2,...,N-1; r€[0.1].

AnreOpandeckuii MOJIMHOM BTOPOUM CTEMEHU UMEET CACTYIOIIUN BU;
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2
Y At =A,+ A+ Ayp’ (2.5)
k=0

AnreOpanuecKuil MOJUHOM TPEThEH CTENEHU UMEET CIICAYIOIIMMA BU/L;
: 2.6
Y At = Ay + A+ A7 + AP (2.6)
k=0
[IpaBas wacte paBeHcTBa (2.6) TPHUPABHACTCS  CICKTPATHHBIM

kodpdunmenram  Oaszuca Apmamapa. Beipaxkenme (2.6) MOXHO Hammcarhb

CICAYIOIIHUM BUAC!

N-1/ m
Z(ZAklijij =< (2.7)
7=1 \ k=0

[Tonmyuennoe BeipakeHre (2.9) MOXKHO TPEACTABUTH B BHIE CHCTEMBI
ypaBHEHHH, CBA3BIBAIOIIEH CTIEKTPATbHBIE KOA((PUITMEHTH BXOHOTO CHUTHAJIA C
koddpunmenTaMmu anre6pandecKoro MoJTMHOMA!

Jlns BTOPO# cTenEeHn

4 84, +3.54, +2.15754, =,

—0.54,+0.43754, = ¢,
~1.254, +0.8754, =c,

< 0.1254, =c, (2.8)
—24, +1.754, =c,
0.254, =c,
0.54, =c;
.

Jlns TpeTher cTEeneHn

(" 84, +3.54+2.15754, +1.5314, =,

—0.54, +0.4375A4, +0.40634, =,

~1.254, +0.8754, +0.78914 =c,
< 0.1254, +0.16144, =c, (2.9)

—2A4,+1.754, +1.3914, =c,

0.254, +0.32814, =c,

0.54, +0.65634, =c,

\_ ~0.093754, =c,
Pemast cucreMy ypaBHEHHMM MOKHO TIOJYYWTh  AHAJIHTHYECKUE

BBIPAKCHUA, I'1C Ak BBIYHCIACTCA KAK (I)YHKI_[I/IH OT CIICKTPA BXOJHOI'O CHUT'HAJIA,
npun 5TOM IIOJIMHOMHAJIBLHBIC  AlIlIPOKCHUMHPYIOINHUEC  CTPYKTYPBI  HMCHOT

CJIC AYIOIIUU BUJ.
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Jln BTOPO# CTENCHMU:

7 1
A, 25(06 +C4)+§Co

4 1 2.10
Al :_506_504 ( ) )
A, =2c¢,
JIns TpeThel CTENEHU:
——ﬂc +l(c +c )+lc
7 17467 320 ¢ YV g?
g3 4 1
o1t o7 2
(2.11)
——131330 90
2 938 7 6
32
A3:?C7

[Tomyumnmucs AOCTAaTOYHO TPOCTHIC AHAMTHYCCKHE CBSZH  MEKTY
CIEKTPAJIbHBIMHU koxdpunmenTamu Ci u koxhpunmenTamMu
anmpoOKCUMHUpPYIOIEro mojuHoMa A, OTMeTHM, 4YTO W3 8 BO3MOXKHBIX
CHeKTpaTbHBIX KOd(pduimenTos ¢; (N=0+7) B anmpoKCUMHPYIOMIEH CTPYKType
MPUCYTCTBYIOT TOJIBKO YETHIPE: Cy, C4, Co, C7.

[Tockonpky s HaxoxaeHHE KOIP(PUITMSHTOB aNMPOKCHMHUPYIOMETO
MOJIMHOMA JTOCTAaTOYHO BCET0 YETHIPEX CHEKTPATBHBIX KOX(DPHUIMEHTOB, HET
HEOOXOIUMOCTH BBIUUCIIATH OCTATBHBIX CIEKTPATBHBIX KOYPPUIIUEHTOB (C1, Cy,
Cs, Cs).

[TpoBepuM pa3pabOTaHHbBIN aJITOPUTM

Bossmem 8 orcuetos dynkiuu y=In(x+1) B uarepsaie [0; 7/8],

HcxomaHbIé oTCUEeTHI:

N1 2 3 4 5 6 7 8

y | 0]0.1177830 | 0.2231435 | 0.3184537 | 0.4054651 | 0.4855078 | 0.5596158 | 0.6286086

C momompio pa3pabOTaHHOTO aIrOpUTMa HaWAEM KOA(hPHUITHEHTHI

AMMPOKCUMHUPYIOIIETO MOJMHOMA JIJIsI BTOPOU CTEEHH.
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al = 0.004052

al =0.931393
a2 =-0.253125
3HAQUUT  ANMPOKCUMUPYIOIINI

IIOJIMHOM BTOpOﬁ CTCIICHU HMCCT

CJICAYIOIIUU BUL;

v (x)= 0.004052 +0.931393 *x-0.253125%"

0.7 - T T T T
MCXOOHLIA CUMHAN ! ! ! !
HaNOEHHBIA CUrHan
0.6 @ WCXOOHBIA OTCHETHl CUMHANA |--i--- - =i ---i- =m---ia -
U_E ________ Lo-oooonoo Lo-oooonoo Lo-oooonoo Lo-oooonoo Looooooo Lot Looooooo J:. ______ —
I e Rt R EEEEEEET EEEEES Rt St Sl —
- |
U_3 """"" r=====-=-= r=====-=-= r==->"--- r=====-=-= 'i' """" T====°=°== T====°=°== T===°==-" 1
. .y -
. A SR APPSR PN SO SO -
e | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9
X

puc.2.4. UnmocTpaiiysa anmpoKCUMUPYIONTMNA MOJIMHOM BTOPOM CTENEHHU

g pyHkun y=In(x+1)

Bossmem 8 orcuetos dynkiuu y=In(x+1) B uarepsaie [0; 7/8],

HcxomaHbIé oTCUEeTHI:

2

3

4

5

6

7

8

0.1177830

0.2231435

0.3184537

0.4054651

0.4855078

0.5596158

0.6286086
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C mnomormpio  pa3pabOTaHHOTO aNTOpuTMa HalaéMm  KodhPuIMeHTH
aNmMPOKCUMHPYIOIIETO TMOJTMHOMA JIJIS TPEThEH CTETICHH.

al = 0.000320

al =0.986533

a2 = -0.413048

a3 =0.121716

3HAQUUT  ANMPOKCUMUPYIOIIUN  TMOJMHOM  TPEThEH CTENEHU HUMEET

CJICAYIOIIUU BUL;

' (x)= 0.000320 +0.986533%x¢--0.413048 *x*+0.121716%¢

0.7 - T T | T

MCXOAHEIA CUMrHan | | ; :

HaldeHHEIA CUrHAN
0.6 ' MCXOAHBIA OTCYeTHl CHrHana [f~-i~ """ yTTTT v rEashi 7
T N S ot FO S—
T R B e e e

- N G D
et St LA e S e
S Can S S SRS N R .
R S S S .

0 i | | | i | | |
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

Puc.2.5. UnmocTpanua annpOKCUMHUPYIOIIUA MOJUHOM BTOPOM CTETIEHU

g pyHkun y=In(x+1)

B tabmunax 2.1 u 2.2.mpuBeAcHbl CPEIHEKBAAPATUYECKUE OIIUOKHU
anmpokcuMaru  (PyHKIIMOHATBHBIX 3aBUCUMOCTEH W AKCIICPUMEHTAIBHBIX

JAHHBIX
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Tabnuya 2.1

OYHKIHMOHAJIBHBIC CpenHekBaapaTUUECKHUE OIMMOKH

3aBHCUMOCTH (CTETICHb

nommona k=2) MHK (%) [Ton. Mer. (%)
In(x+1) 0,005795 0,006231
e 0,012459 0,013411
sin(x*m) 0,056695 0,061
cos(x*r) 0,2134 0,2302

Tabnuya 2.2

OYHKIHMOHAJIBHBIC CpenHekBaapaTUUECKHUE OIMMOKH

3aBHCUMOCTH (CTETICHb

nommona k=3) MHK (%) [Ton. Mer. (%)
In(x+1) 0,0006738 0,000728
e 0,0006778 0,00084
sin(x*m) 0,0376258 0,040295
cos(x*r) 0,008853 0,013237

BeiBoabl o I'1ase 11

[lo pe3ynpTaram WCCIEIOBAaHWI BO BTOPOM TIJIaBE MOXKHO CHACIATh

CJIEAYIOIIHE BBIBOIBI:

1. Pa3paboran anropuT™ BBIUMCICHHUS KO3(P(UIIMEHTOB anmpOKCHMHPYIOITHX
nonuHoMoB. Ilpennaraembii moaxoa 0a3WpyrOTCsS HAa MPEJACTABICHUU
BXOJHOTO CHUTHAajla HE B BHJIC TOCJICIOBATEIBHOCTH OTCUYETOB, a B BUJE
CIIEKTPOB B 0A3UCHOM cucTeMe Anamapa.

2. Pa3paboTaHHbIH QJIrOPUTM COCTOUT B PEIICHUHM CHUCTEMbl alreOpanyecKux
ypaBHEHHH, Ha ero 0a3e TMPEUIOKECHBl CTPYKTYPhl  BBIUMCIICHUS

K03 (PUIMEHTOB MOTMHOMOB.
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3. [lonmyueHsl OIEHKA TOYHOCTH BHITIOJTHCHUAA — aNMPOKCUMHUPYIOIIAX
BBIPKECHUH, KOTOPHIE TIOKA3hIBAIOT
4. Jlns pa3pabOTaHHOTO aJFOPUTMA PEATM30BAHBI KOHTPOJIBHBIE MPUMEPHI

(9KCTIEpUMEHTATbHBIC (DYHKITAW) T OIICHKH BO3HUKAIOMINX TIPH 00paboTKe

MOTPELIHOCTEN.
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I'nasa II1. Pa3zpaboTka nporpaMMHBIX CPeICTB COTJIACOBAHUE YaCTOThI

AUCKPETU3AIUHN

1. XapakTepucTHK COBPEMEHHBIX CPEACTB 3aMMUCH U XPAHEHUS

3BYKOBOIl HH(pOpMauH

Ha ocHoBa 3anuicu XpaHeHHe W BOCIIPOU3BEICHHE IM(POBOTO CHTHAJIA HA
KOMIIBIOTEPE JICKUAT 3BYKOBAs KapTa.

3BykoBasi kaprta (3ByKoBas Iiara, ayauokaprta, anria. sound card) —
JOTIOJTHUTEIBHOE 000pPYIOBAHHUE TEPCOHAIBHOTO KOMITHIOTEPA, TO3BOJISIONIEE
0oOpabaTeiBaTh 3BYK (BBIBOJUTH Ha aKyCTHUSCKHAE CHCTEMbI H/HJIH 3aITHCHIBATH).
Ha MoMEHT TmosIBJICHHS 3BYKOBBIC IUTATHl TMPEACTABILIN COOOW OTHEIbHBIC
KapThl PaCIIAPCHHS, YCTAHABIMBAaCMbIE B COOTBETCTBYIOIIMN cjoT. B
COBPEMEHHBIX MATCPUHCKHX IUIATaX MPEICTABJICHBI B BHJE WHTCTPHPOBAHHOTO
B MaTCPUHCKYIO IUIATy anmapaTHOro Kojeka (corjiacHo crermdukamyn Intel
AC’97 wmm Intel HD Audio).

Jliist Toro 4yToObl MOHATH MPUHIMM PadOThl 3BYKOBOM KapThl PAaCCMOTPUM

CIICAYIOILYIO CXEMY.

Fazrem onA e
NOKMIOYEHKA ‘M'd' BHOA Sbhina
MDLyctpoere [ ] == § o enwmmarop —uan— L
(CMHTEZATOM : | il —|:[ THHENHEIA BRIXOL,
; '
B Rl e e _| Beion Ha
et S o el : SEVEORLIE KOMOHEW
[
EHOAE] | I
MuEpopoH ] |— I I
TNUHERHEIR BXO 0 BHOBHOR
D_ OANOH L1 aun - npouec- |— uan
J MHAEWwep cop
I WumHa PCI |

Fazrem METEF]HHEHDI:‘I MNaTel KOMMEBOTERS

Puc. 3.1. YopoieHHas cxema yCTpOWCTBa 3BYKOBOH KapThl
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3BYKOBO#M CHTHAJ ¢ MUKpO(OHA WK TUIeepa MoAaeTCs Ha OJMH W3 BXOJI0B
3BYKOBOM KapThl. ITO aHAJIOTOBbIN curHai. OH MOCTYyNaeT Ha BXOJHOW MHUKIIIED,
KOTOPBIA CIIYXKHUT JUIsi CMEIIMBAHUS CUTHAJIOB, €CJIM WX MOCTYMAEeT Ha BXOJ
HECKOJIBKO. 3aT€éM CHUTHaJ ¢ BXOJHOIO MHUKIIEpPAa MNOCTYHAeT Ha aHaJIoro-
udposoit npeodpazosarens (ALL), C TTOMOTITHIO KOTOPOTO
IIPOMCXOIUT OIM(PPOBKA aHAJIOTOBOIO CHTHAja, T.€. IpeoOpa3oBaHHWE €ro B
JUCKPETHBIM ABOWUHBIN curHaia. [lotom mmdpoBbie MaHHBIE TMOCTYMAIOT B
cepaie 3BykoBou tiatel - mporeccop (DSP - Digital Signal Processor). Otot
MpOoIEeCCOp yIpaBiseT 0OMEHOM JaHHBIMHU ¢ KOMIIbioTepoM uepe3 mmHy PCI
MaTepuHCKOM mathl. Koraa neHTpaabHbiii IpoLeccop KOMIbIOTEPA BHIMOTHACT
MPOrpaMMy 3alucH 3Byka, TO IM(POBBIC  JTaHHBIE TMOCTYMAlOT  4Yepe3
muHy PCI mubo npsiMo Ha KECTKHH JHUCK, JIMOO B ONEPATUBHYIO MNaMATh
KOMITbIOTepa. [[pUCBOMB ATUM JaHHBIM MMSI, MBI TTOJIY9HM 3BYKOBO# (haiii.

[Tpu BOCTIpOM3BEACHUM 3TOTO 3BYKOBOTO (haiijla JaHHBIE C >KECTKOTO
nucka yepes mnHy PCI mocTynaroT B CUTHAJIBHBIA NPOLIECCOP 3BYKOBOM ILJIATHI,
KOTOpHIH HampaBJiieT WX Ha Iudpo-aHamoToBe  npeodpazoBarens (LAIT).
[{ndpo-anamoroseiii  mpeoOpazoBaTeb MpeodpasyeT ABOWYHBIM CHTHAlT B
AHAJIOTOBBIN. DJIEKTPUUECKUM CUTHAJL, MOJTYYMBLIHANCSA B pe3yibTare
npeoOpa3oBaHu, MOCTYMAECT HA BHIXOJAHOW MUKILEP. DTOT MUKIIECP WICHTUUYCH
BXOJHOMY W YIPaBJIsAETCS MPU MOMOIIM TOW k€ caMoi mporpammbl. CurHan c
BBIXOJIHOTO MMKIIEpPA TMOCTYNAeT Ha JIMHEWHBIA BBIXOJ 3BYKOBOM KapThl U
BBIXO/1 Ha 3BYKOBBIC€ KOJIOHKH, TOJK/IFOUMB K KOTOPOMY KOJIOHKH WJIM HAYIIHUKH
MbI cibiimaM 3BYK[17, 18].

NuterpupoBanHas ayauonoacucrema AC’97

AC’97 (cokpamenno ot auri. audio codec '97) — »TO cTaHmapT A
ayIHOKOJICKOB, pa3paboraHHbli moapazaeiacHueM Intel Architecture Labs
kommanun Intel B 1997 r. Dtor crammapt WCHob3yeTcss B OCHOBHOM B
CUCTEMHBIX IJIaTax, MOJEMAX, 3BYKOBBIX KapTaX U KOPIycax ¢ ayJUOpPEIICHUEM
nepeaned nanenu. AC’97 noanepKuBaeT 4yacToTy auckpetusaiuu 96 kl'i npu

ucnonb3oBaHuu  20-pa3psaHoro  crepeo-pazpemenus w48 kI npu
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HCMOJIb30BaHuK  20-pa3psAaHOro CcTepeo s MHOTOKaHAJIbHOM 3amucu |
BOCIIPOU3BECHUS.

AC’97 cocTOMT u3 BCTPOCHHOTO B IOXKHBIH MOCT YHUIICETa XOCT-
KOHTPOJUIEPA U PACIONIOKEHHOTO Ha TIAaTe ayAMOKoIeka. XOCT-KOHTpOsuiep (OH
xe nudposoit koutpomiep, DC’97; anrn. digit controller) oTBeuaeT 3a oOMeH
MUPOBBIMA  JAHHBIMH MEXAY CHCTEMHOW IMMHOW W QHAJOTOBBIM KOJCKOM.
AHajoroBeiii Kogek — 310 HeOonbmon uun (4x4 mwm, xoprmyc TSOP, 48
BBIBOJIOB), KOTOPBIM OCYIIECTBIISICT aHAJOTOIM(dPOoBOe W MH(PPOAHATOTOBOE
npeoOpa3oBaHus B peKUME nporpaMmHuoi nepeaaun wim mo DMA. Coctout u3
y37a, HENOCPEICTBEHHO BBIMOJHAIONMEr0 mpeodpazoBanms — ALTI/IIAII
(aramoroBoIimppoBoit mpeodpazoBaTens / U(ppoaHATOTOBBINH MPEOOPa30BATEND,
anry. analog digital converter / digital analog converter, cokp. ADC/DAC). Ot
kauecTsa npumensiemoro AIIII/T]AIT Bo MHOTOM 3aBHCHT KaueCTBO OIU(MPOBKH
1 JEKOIUPOBAHUS MU(POBOTO 3BYKA.

HD Audio

HD Audio (ot aara. high definition audio — 3ByKk BBICOKOW YETKOCTH)
ABIIACTCS  OSBOJIONMOHHBIM  TMpoAobkeHWeM  cuemudukammmu  AC 97,
npeuiokeHHpIM — kommanuedt  Intel B 2004  rTomy, oOecmeunmBarOImmuM
BOCIIPOU3BECHUE OOJTBINEr0 KOJIMYECTBA KaHAIOB ¢ 00JIee BEHICOKUM KAa4eCTBOM
3ByKa, 4e€M IMPU MCHOJIb30BAHUU HMHTETPUPOBAHHBIX ayauokojaekoB AC’97.
Arnmapartsaele cpeactBa, ocHoBaHHble Ha HD Audio, momnepxkusaror 24-
paspsgHoe kadecTBo 3Byuanws (mo 192 kI B crepeopexume, mo 96 k[ B
MHOTOKAHAJTbHOM PEXUMaX — JI0 8 KaHAJIOB).

®dopmpakTop KOACKOB U Tiepenadn HHGOPMAITUH MEXIY UX SJIeMEHTAMHU
OCTaJICSA TPEKHUM. V3MEHMIIOCH TOJIBKO KAue€CTBO MHKPOCXEM W TOAXOA K
00paboTKe 3ByKa.

SRC

[IpeobpazoBarenu wuactotel cemmumpoBanus (SRC, Sample Rate
Convertors) 3aaelCTBYIOTCA B TEX Cjydasx, KOTJa 4YacToTa CEMIUIa HE

COBIIAJAET C OMOPHOM YACTOTOM TEKYIIEro pekuma (MHaue CEeMIUT MPOUTpaeTcs
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C HENpaBWIBHOW CKOPOCTBIO W W3MEHUT ToH). WMcmome3yercs 256
WHTEPIOIATOPOB, ¢ KAUECTBOM BBINIE, YeM y TUnuuHOoro moymdgasznoro KNX-
¢umsTpa 100-ro mopsanka (FIR, finite impulse response = KUX, koneunas

UMITYJIbCHAS XapakTepucTuka). /lnanazon casura ToHa ot 0 g0 8.

44 . TkHz

2* (48 / 44.1)
Puc.3.2. Cxema padoter SRC X-Fi

Kaptunka nmmroctpupyet padory SRC X-Fi mo xonsepranum 44.1 x['11 B
48 xl'm. CmepBa otcuersl curHana yaawBatorcs a0 88.2 kl'm. Ilomudazubrii
KUX ¢unptp xouBepTupyer curHan mao 192 k[ ¢ xkoadduimeHToM, paBHBIM
yaBOCHHOMY OTHoIeHUIO 48/44.1. B ¢mHambHOM CTaauM 4acTOTa yMEHBIIACTCS
1o 48 k['i. Takas cxema Gosee 3hdeKTHBHA ¢ TOUKH 3PCHHS BHIYUCIUTEIIBHBIX
3aTpar u JaéT 00Jiee KAUeCTBEHHbBIN PE3yJIbTAT, TAK KaK HA MOCIEIHEM HTAre HE
o0pa3yeTcs aJIna3uHT U3-32 HEKPATHBIX YacTOT.

IIpu xonBepramuu ctanaaptHoro ToHa 997 I'm u3 44.1 xI'u B 48 kIl
CTAHJIAPTHBIA TAPAMETP, OTBEUAKOIAN 32 MOIIMHOCTh IIYMOB W HMCKAXKECHUU,
THD+N pasen -136 ab, npoxkanue yactoThl B nojoce npomyckanus =0.00025
nb. Ilposepsats 5T mapamerpsl Creative pPEeKOMEHIYET KaK MHUHHMYM C
MOMOIIEIO0 W3MepHuTeNnbHON cTan AudioPrecision.

VYuuteiBas 3anac no neperpyske (headroom) B 6 n1b u 32 craguum nukia
oopadotku, THD+N mMoxet yxyamutbes 10 —124 nb, a HepaBHoMepHOCTs AUX
Bo3pactét no +0,01 nb. Ho mapameTpsl naxke caMmbIX JIyYIIUX Ha CETOJHS

I{AIToB mo mymMam ¥ UCKaKEHUSAM YCTYNAKOT TAKUM MOKA3aTEIISIM.
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CrnenyeT nuillb y4ecTh, YTO MapaMeTpbl KauecTBa B YACTOTHOW 00JacTH
HE TOKa3bIBAIOT PaboTy (MIBTPOB BO BpeMeHH oM jaomeHe. Ho, yumTthiBas
MO3UITMOHUPOBAHNE KapT B TEPBYIO OUYepeab HA WIPhl W (DHIBMBI, TaKYIO
TOYHOCTh MPEOOPA30BAHUSI MOXKHO CUMTATh BEIUKOJENHOW. B mponuibix
W3ACTUAX HHTEPMOAYJISIIUOHHBIE HcKaxeHus oT SRC moxomwnmm g0 0,1% B
BBICOKOUYACTOTHOM 00JacTH, MPHU 3TOM HA MAJACHUE KAYECTBA KAJOBAIUCH JIMIIIb
€IMHUYHBIE TIOJIb30BATEJIH.

HNmeercs oueHb Ba)KHBIH MOMEHT, KOTOPBIH HE CHWJIBHO aduimmpyercs
MPOU3BOJIUTENIEM — B OTJIMYME OT 3BYKOBBIX MPOLECCOPOB MPEIbIAYIIETO
MOKOJACHUS, B X-F1 MOXHO OTKIIIOUMTH TEPEAUCKPETH3AMMIO BMECTE C
octamsHBIMU dhdextamu DSP! [Ipu 3TOM, KOHEUHO, TEpsAETCS YHUKaJbHAS
BO3MOKHOCTh OJIHOBPEMEHHOTO MPOCTYIIUBAHUA HECKOJIBKIUX CUTHAJIOB PA3HbIX
YaCTOT JUCKPETU3AIMH, C TTOCICIYIONTNM HAJIOKEHUEM BCAUECKUX d(DPeKToB 1
yiyumaizepoB. OQHAKO MOKJIOHHUKAM MAaKCHUMaJIbHO KAau€CTBEHHOTO CayHIa
MoA00OHOE HYKHO MEHBIIIE BCETO.

IIpeoOpazosarenn SRC pabotaioT Takke B pexume DMA, mo3Bomiss
MPOU3BOUTh NpeoOpazoBanua npsamo B O3Y komneroTepa 6e3 yuactus LITY.
Jns  uckmoueHWs KouiM3uid  npu  3arpykeHHoi mmHe PCI  umeercs

HACTPAUBAECMBbIN KAIII.

2. PazpaboTka MeTo1a U3MEHEHHSI YACTOTHI JUCKPETH3ALUMN Ay THO

CHI'HAJI10B

Ha ceroansmiHuii A€Hb MIMPOKO UCTIONB3YIOTCS ABE CIOCOOBI M3MEHEHUSA
YaCcTOThl JACKPETU3ALMK, KOTOPbIC NPHUBEACHBI B TEpBOH riaBe. llepBbiid
Croco0 M3MEHEHH YacTOThl JUCKPETU3AIMH OCHOBBIBAECTCSA HA TPeOOpa30OBaHNN
JUCKPETHOT'O CHTHAJIa B aHAJOTOBYIO (DOPMY, 3aT€M 3aHOBO JUCKPETH3HPOBATH
AQHAJIOTOBBIN CUTHAJI C HY>KHOM 4aCcTOTOW AUCKpeTu3anui. [lpu Takod moaxone,
PACXOABIBACTCA MHOTO BPEMEHH 32 CUET 3TOr0 TAKOW MOAXOJ] HE YAOBJIETBOPSAET
TpeOOBaHUEM CHUCTEM PEaIbHOr0 BpeMeH!. BTopoi moaxoa u3MEHEHHUS YaCTOTHI

JUCKPCTHU3AalIUMK Ha LCJI0C YHUCIIO0 pas. Henocrarkom gaHHOro MeToaa SBJISICTCS
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HEOOXOMMMOCTh (PUIIBTPAlIMA CHWTHAjJa HaA TOBHIICHHOW B M pa3 bacToTte
JMCKPETHU3AIINM, YTO TPEOYET 3HAUMTEIIbHBIX BBIUYUCIUTENIBHBIX pecypcoB. [Ipu
3TOM COOTBETCTBYIOIIAS YACTOTAa MOXET BO MHOTO Pa3 MPEBOCXOJUTh KakK
UCXOJIHYI0, TaK M OKOHYATEJIbHYID 4YacTOTy MNEPEAUCKPETU3AIMU, OCOOCHHO
ectu M u N — Onuskue Oonbiiume uucna. Tak, Hampumep, 0OpH
nepearckpernsanun 3BykoBoro curHaja ¢ 44100 IT'm mo 48000 I'm »tum
METOJIOM HEOOXOJAMMO YBEIMYMTh YacTOTy AMCKpeTu3amuu B 160 pa3 1o
7056000 I'ty m 3aTem ymeHbIuTh €€ B 147 pa3 go 48000 I'n. Takum oOpa3zom, B
JAHHOM TPUMEPE BBHIUHUCICHUA TMPUXOJUTCSA IPOM3BOAMTL HA 4YacTOTE
nuckperuzanuu oonee 7 MI .

B ornuume OT TpaaMIIMOHHBIX METOJOB pa3padaTbiBa€Mbli METO.
W3MEHEHHS YacTOThl JUCKPETHU3ALMHM, HE TpeOyeT OONBIINX BBIUMCIUTEIbLHBIX
PECYPCOB, 3aJ€pkKa CHUTHajla 4yTh OOJbIIE OAHOM CEKYyHABI, METOJ JIETKO

peanu3yeTcs Ha annapaTHoM YpPOBHE.

BbibopKa cnekTpasbHbIX

A 4

N-1
Z;(ZAktijlj e,

k=0

-~

v

BbiBOg, CNEKTPasIbHbIX
KoadpduumeHTOB

Puc. 3.3. Aaroput™ BBIYUCICHUS CIEKTPATBHBIX KOA(DDUITHECHTOB

BXOAHOI'O ayJnuO CHMIHAJIa.

Bo Btopoii rnaBe Oun pa3paboTaH  aJITOPUTM  BBIUMCICHHS

KO3(p(UIIHMEHTOB aNmpPOKCHUMHPYIOMMX IMOIHHOMOB. Ilpemmaraemeiii moaxon
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0a3upyroTCa  HAa  NOPEACTaBJISHHH  BXOJHOTO CHTHaja HE B BHJC
MOCJICA0OBATCIIBHOCTH OTCUETOB, a B BHJEC CIICKTPOB B Oa3WCHOW CHCTEME
Anmamapa. Moayas BeUHCICHHE KOA(P(HUIMEHTOB  ammpOKCUMHUPYIOMIETO
MOJIMHOMA MoKa3aHo Ha Puc. 3.3

PazpaboTaHHbIi aNropuT™M COCTOMT B PEIICHUH CHCTEMBI aIreOpanuecKux
ypaBHCHHH, Ha ero 0a3e MPEeI0KEeH CTPYKTYPHI BBIUUCICHUS KOA(DPHUITHCHTOB
monuHOMOB. KoagdumuenTs anreOpandeckoro MNOJWHOMA BBIYHCISAETCS TI0

dbopmyire 2.11. AAropuT™M BBEIYHCIICHUS alreOpandecKoro MoJMHOMAa ITOKa3aHO

HAYAJIO

A

Ha pucyHke 3.4.

BbibopKa cnekTpasbHbIX
KoadpduumeHTOB

v

BbluncneHue KoaddpuumeHTOB
anrebpamnyeckoro noaMHoma

v

BoiBoa, KO3 dULMeEHTOB
nosMHOMa

Puc. 3.4. Anroputm BeruuciaeHus Ko3hGUIHEHTOB anreOpandecKkoro

IIOJIMHOMA.

Cnenyromumii  BONpoc, KOTOPOro HAAO0 PEMIUTh, 3aKIOYaeTrca B
CIICMYIOIIEM: pa3/ieJieHue ayAuo CcWrHajga Ha ¢ukcupoBaHHBIC (parMeHTH. B
KOKI0M (parMeHTe OJDKHO OBITh MO 8 OTCUETOB, TaK Kak pa3paboTaHHBIH
QITOPUTM, TIEPEBOJIa CHUTHAJA B TMOJMHOMHAIBHYIO (OpPMY, HMEET TaKoe
orpannueHue. [losTomy B HUKIE OepyTCs KaKIblii 8 OTCUETOB, BBIUUCIAKOTCA
CHEKTPATbHBIC KOYPPUIUEHTH TIO STHM OTCYETAM M 3aT€M, BBIUHUCIISIOTCA

MOJIMHOMHUATBHBIE KOY(P(PUITMEHTH anpPOKCUMHUPYIOMIETO MOJIUHOMA JIJIS ATOTO
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¢dbparmenTa. Bece 3T0 MOBTOPHUTHCS I CISAYIONINX BOCBMH TOYEK oTcuera. U
3TO mporecce OyAeT MPOJOIKAThCA MOKAa HE BBIYHCIATHCS MOJIHMHOMHAJIHHBIC
KO3(pUIIHEHTHI  aNIpPOKCUMHPYIOIMIETO IOJMHOMA, /Ui BceX (PparMeHTOB,
YUCJIO  TIOBTOPEHWUH  PaBHO  KOJUYECMBO OMCYemos 8 cuchane/8.  3ITo
mporeaypa HeoOX0AMMO JJIS TOTO YTOOBI Pa3Ie/IuTh BEC CHTHAJ HAa ()parMEHTHI.
B xaxxmom dparmenTe OyayT ydacTBOBAaTh BOCEMb OTCUCTOB BXOJHOTO CHTHAJIA.

AJNTOpUTM pealih3aliiy 3TOH mpodJieMbl MpeicTaBiicHa Ha Prc.3.6.

I'Ionyqume OTCHETOB CUTHANa,
Onpe,u,eneHme KO/IM4eCTBO OTCYETOB;

v
Unkn j=1 po
KOJIMUECTBO_OTCUYETOB

A

—»( Lykn iil no8 )—

dparmeHT [i] = curnan [j*8+i]

v

Moaynb BbluUCIEHNE
CneKTpanbHbIX KO3dpOULMEHTOB

Moaynb BbluUCIEHNE
KoadpduumeHTOB
anrebpanyeckoro NoJMHoOmMa

Puc. 3.5. Anroputm ¢parmMeHTanuy ayanocurHaia s popMmyaupoBaHus

anMmpPOKCUMHUPYIOIIETO MOJIMHOMA
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Ecnmu mpomomKATENTbHOCTh ayJIu0 CHTHAja MEHbBINE OJHOW CEKYHIBI
CUMTHIBACTCA OTCUETHl AYJUOCHWTHAJ, W 3alUCBIBAIOTCA B TaAMATH JUIA
najgpHeume o0pabOTKH, €CIM MPOAOIKUTEIBHOCTh ayAHMOCHUTHaAja OOJIbIIle
OTHOW CEKyHHbI, B TaMsTh 3aMUCBIBACTCA OTCUETHI TEKYIEH CEKYHIbBI, H
00paboTKa MPOUCXOAUTHh C OTCUETAMH OJHOW CEKYHABI, TOcjie 00padOTKH
TEKY4eTO CEKYHIbl ayJAMOCHTHaa, Pe3yJbTaThl 00pa0OTKH 3amUCHIBAIOTCA HA
BBIXOHOM (haii. Takoi moaxoa HeoOXOauM IpH padoTe CHCTEMaX PeallbHOTO
BpeMmeHHu. llocne 3ammcu pe3ynbTaToB 00pabOTKH, BHIOMPAIOTCSA CIIEAYIOIINE
OTCUETHI B CEKyHAE. OTOT TIPOIECC MPOAOHKACTCS 0 OKOHYAHHE
aymuocurHajia. KonwdecTBO TOUEK B OJHOKAHAJIBHOM  ay/IAOCHTHAJIC
BBIUHCIIAETCA CIIEAYIOIIEeM o0pase:

KOJIMYECTBO OTCUETOB =  TPOJMOJDKUTEIBHOCTh ayauocWrHaiga ¥
YacToTa JWCKPETU3AINHA_ayaHOCUTHAIIA

Ternepp, MOCMOTPUM, 4TO MBI UMEEM. Y HAC €CTh AJITOPUTM, KOTOPBIA
JENATh ay[u0 CWUTHAT Ha (parMeHTsl TO 8 OTCUETOB KaXKIOTO, a TaKXKe
AITOPUTM  HAXOXKACHUS KOA(D(UIMESHTOB aNMPOKCHMHUPYIOMIETO TMOJIMHOMA
TPETHETO CTEMEHW Ui ATHUX (PParMeHTOB. ODTO O3HAYAET, YTO MBI TEMEPh
CMOJKEM 3aHATHCA M3MEHEHUE YaCTOTH TUCKPETHU3AMH Ay THOCUTHAJIA.

VYBenuueHWe YacTOTHl JWCKPETH3AIlMM HA3€BACTCA WHTEPHOJIAIUCH,
YMEHBITICHUE YaCTOTHl JUCKPETH3aAIllMu Ha3eBaeTca jaerumaruedd. UtoOwr
W3MEHUTh  YacTOTy  JUCKPETH3allMA  ayJu0 CHTHAJ]a MBI  HaXOJIUM
MaTeMaTHIecKyl0 MoJenb curHama. C TMOMOIIBI0O MaTEMaTHYeCKOH MOICIH
CHUTHAJIa MOYXHO BBIYHMCITATH 3HAUCHUE CUTHAJIA B JIIOOOM TOUKE.

Ha puc. 3.6 npuBeaéH anropuTM M3MEHEHHS YaCTOTHl JAUCKPETH3AIAH
aynvMcuUTHAIa. ANTOPUTM W3MEHEHHWS 4YacTOTHl JUCKpeTH3aluu paboraet
cenyronmM  o0pasoM: IS Havajia MOIYJb (pparMeHTaru ayaroCHUTHAlIa
paszenseT ayAnoCUTHAI C MPOAOKATEILHOCTRIO HE 00JIe OMHON CEKyH/Ibl Ha
(¢parMeHTOB M3 8§ OTCYETOB, 3aTEM 3TO MPOIEAYPa BBIUHUCIACT CHEKTPATHHBIN
K03(pUIHEHTOB 3TOr0 (pparMeHTa, MOCae ATOr0 BEIUUCIIIOTCA KO3 (HUIHMEHTHI

anmMpPOKCHUMUPYIOIIETO MOJIMHOMA JIJISt ATOTO (pparMeHTa.

62



Ha crmemyrommem mare BRIYUCIAIOTCS KOJTMYECTBO (PparMeHTOB, a TakKe, Iara
muckpern3anun. OHU BEIYUCIIAIOTCS 110 (hOpMYJIe:

KOJTMYECTBO (DparMEeHTOB = JUIMHA ayJHO CUTHaia/§;

mara quckperusanun = (kojaudectBo (pparmentos -0.125) /

HOBAs_4acCTOTa JWCKPETH3ALNY,

Monaynb dhparMeHTaHH

ay/IMOCUTHaja

y

Brrauncienne KouuecTBo
(dbparmMeHTOB

Brruncnenue mara TMCKpeTH3anuu

A
Hukaj=1 o ’7
HOBasg 4acToTa JAUCKPETH3AIN

y

Brrancnenne BpeMeHu 1151 KaXa0TO
OTCYETA,
Brruncnenne 3HaueHuA YpOBHSA
ayAMOCUTHAJIA

A 4

Puc. 3.6. Anroputm ¢parmMmeHTanuy ayaAnocurHaia s popMyaupoBaHus

anMmpPOKCUMHUPYIOIIETO MOJIMHOMA

N Ttax TCIICPh BBIYHUCJICHBI BCC HYJKHBIC IIAPAMCTPBI 1A HM3MCHCHHA

HaCTOThI JUCKPCTHU3AlINH. OTKpBIBaeM IMHUKJI 1O HOBOI'O 4aCTOThI JUCKPCTHU3alluH
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371€Ch, CTOMT OJHA TpoOsiema, pa3padOoTaHHBIA HAM aJTOPUTM PACcCUMTaH Ha
BBIUMCJICHUA YPOBHS curHajga B uHTepBasie or 0 mo 1, mo sTtomy mnpwm

BBIUMCIICHUY 11ara 0epeTcs ApoOHas 4acTh.

3. Pa3paGoTka nporpaMMbl COTJIACOBAHHMS YACTOTHI AMCKPETH3ALMHU

JJIsl CUTHAJIBHBIX MPOLIECCOPOB.

Ha ocHoBe pazpabGoTaHHOro ajroputMa OWIIO pa3pabOTaHO MOJCIbHBIC
MIPOTPaMMBI JIJIsI TIEPCOHAITBHBIX KOMMBIOTEPOB Ha Tuiatdopme Matlab u Gbuto
MPOBEPEHO CEPHsl HKCIICPUMEHTOB, a Takke ObUTa HAMMCAaHO TpPOTpaMMa Ha
A3BIKE C++ KOTOpPasi, peau3yeT alfOPUTM U3MEHEHHS YaCTOTHI Ay IHOUTHAJIOB.

B Hacrosimee Bpems HaOIIOAEeTCS HEMPEPBIBHBIA POCT HMHTEpEca
CIEIUANTMCTOB-PA3pa00TYNKOB K HWCIOJIb30BAHUIO B PA3JIMUHBIX YCTPOMCTBAX
00paboTKK CUTHAJIOB ITU(POBBIX CUTHATBHBIX TPOIECCOPOB. ITO 00YCIOBICHO
KaK yJA00CTBaMW NMPUMEHEHHSI, JOCTYMHOCTHIO W IMHAPOKAMH BO3MOXXHOCTSAMH
OTJIAJIOYHBIX UHCTPYMEHTOB caMuX mnpoueccopoB. Cpena pa3paboTKu MPOEKTOB
Visual DSP++ no3Bonser paspaboTunkam pa3padaThiBaTh W BHIIOTHATH OTIAIKY
MPWIOKEHUH. OTa cpena BKIIOYAST JETKAHW B HWCIOJNB30BAHUM accemouep,
kommsitop  C/C++ wu  Oumbnmoreky wucnomHsembx  ¢Gynkmmin  C/CH++,
BKIIFOUaromyto martemarnueckue (yHkimmm um ¢yHknmm [11OC. Kmouepoi
OCOOEHHOCTBIO CPEACTB Pa3pabOTKH MPOTrPaMMHOTO OOECIEUCHUA SABIAETCS
3 pexTHBHOCTH KOAa, HanmMcaHHOTO Ha si3bikax C/C++

[Tpoananu3upoBaH K1acc MporeccopoB muppoBoii 00pabOTKH CUTHAIOB H
JUISL  peaiu3aliiil  M3MEHEHWS YacTOTHl  JMCKPETH3AIlMH  ayJHOCHTHAJIOB
mponeccopbl ¢upmbl  Analog Devices — ADSP Blackfin, ormmuaronmuecs
Pa3BUTHIMH  CPEIACTBAMH SMYJISAIMH W yA0OCTBOM OTJAIKH KOMIUICKCA.
lapBapiackas apxuWTekTypa W HaJW4yWe amnmapaTHO — PeaJu30BaHHBIX
CIEIUANBHBIX ~ KOMaHJ yMHOXXEHWA, TMapaUIeIbHOTO  YMHOXEHUA ¢
HAKOIJICHUEM JAFOT BO3MOXXHOCTH MIAPOKOTO TPUMEHEHHS.

Cucremnnie TpeboBanus nmporpammel Analog Devices:
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e Onepanmonnas cucrema - Windows 2000® SP4, Windows XP®
SP2 or greater, Windows Vista™ Business edition, Windows
Vista™ Enterprise edition or Windows Vista™ Ultimate edition,
Windows Seven™ Business edition, Windows Seven ™ Enterprise
edition or Windows Seven ™ Ultimate edition.

e [leHnTpansHbIii poreccop - Intel Pentium® 32-bit, 1 GHz

e OnepatuBHas namsaTs - 512 MB RAM

e (CB00OJHOE MPOCTPAHCTBO HA JKECTKOM Aucke - 2 GB

IIporpamma  VisualDSP++ wumeer ouenr ymoOHBIM  umHTEpdeiic

pazpabotku. Ha pucynke 3.3.1. moka3zaHo OCHOBHOM BHJI MPOTPaMMBbI.

O Analog Devices VisualDSP++ - [Target: (Not C: d)] - [Project: bI2] - [bI2 ] =N =)
f7 File Edit Session View Project Register Memory Debug Settings Tools Window Help _|&]x
» DEHIS %Y |[tad v AFCHE S| 4 BN
A X |5 B B | © S [ = [Detug o | B &G - !
\ ECmadgE )
) ™ — ‘*
- 0 - — - 2
@_ _F‘:qc:tszp piiect) 4 #include <stdioc.h> \
H €3 Source Fles #include <math.h>
5] bi2epp . 1% N . 3
@ Fles double y loc[512], y_loc2([512], x_loc[512], y out[2048], x out[2048], x_in[512]:
2 Header Fi
= = double y in[512] = ._} 3
{-0.000640869140625000,-0.000854492187500000,-0.000976562500000000,-0.00149536132812500,-0)
0.00592041015625000,0.00320434570312500,0.00375366210937500,0.00149536132812500,0.00314331p

»-0.0145874023437500,-0.0288696289062500,-0.0224914550781250,-0.0115661621093750,0.0077514F
void ma:rltrl
i
int i, 3:
double yy_out[2048]1={0};
int vector_leng = 512;
int h;

h = double (vector_ leng)/double (8);

double cO[64],c4[64],c6[64],c7(64],a0(64],a1[64]),a2([64],a3(64];

for (j= 0; 3< h: j++)
{

W - Frr (i=fs de8. 4140 J

x \ -
—>

= > | s

a » |\ Console { Buld L« S

Ready Mot connected Line12, Col12 VBScript NUM

Puc.3.7. Untepdetic mporpammsr VisualDSP++.
3nech 1- maHeab MHCTPYMEHTOB M CTPOKA MEHIO, 2 - OKHO YIpPaBJICHUS
MpoeKTaMu;, 3 — OKHO JJid HalHucaHWe KoJa MporpamMmbl, 4 - OKHO

KOHCOJIM, B KOTOPOM 0T06pa>1<a10Tc>1 PE3YIbTAThI.

65



B pazpaboTaHHbIM aJropuT™Me, H3MEHEHHE 4YaCTOThl JUCKPETU3ALMHU
BBITIOJIHAETCS HA MPOU3BOJIBHOM YHUCJIE TOUYEK, TO €CTh MOKHO U3MEHSAT YaCTOTY
JUCKPETH3AlMA ay/IMOCUTHAJIa B ApoOHOE uuciao pa3. Hampumep, U3MEHUTH
4acTOTy AUCKpeTu3anum ayauocuriana ctangapra CD 44,1k’ va DVD 48,0
k', YToObl JOCTHUb TAKOTO PE3yJbTara, OWIO PEIIEHO BBIYUCIATH HOBBIC
OTCUCTHl CHUTHAJIa B WHTEPBAJ€ OJHON CeKyHAbl. TakoW NOAXOA BIMOJHE
onpasaan cedsl, pe3yabTaThl U3MEHEHUH YaCTOThl JUCKPETU3ALMK MMOKA3aHbl HA
CICAYIOIMX  PHUCYHKax. YUTOObl MNOCMOTPETh MW3MEHEHUsS CHUTHaJa HaM
HEOOXOMMO TOCTPOUTH TpaduKk aynawo CUTHANA, UIS STOTO HAAO CHACNaTh
CIEAYIOIINE JEHCTBUSA, MOCJIEC KOMMOWISIMA NPOrpaMMbl 3aXOJUM B MEHIO
View—> Debug Windows >Plot->New stu

Ha pucynke 3.10 moka3zaHO W3MEHEHHWS YaCTOThl AUCKPETH3AIMM CUTHANIa
c 48000 I'm ma 44100 I'm. [lns mpoctoTel B rpaduke moKa3aHO TepBbie 16
OTCUETOB MCXOJIHOIO CHTHAJIa U 15 OTCUETOB HOBOTO CHUTHAJA ¢ W3MEHCHHOM
YACTOTOH JUCKpETH3aluen. [Ipu 3ToM B CHrHaj€ ¢ 4acTOTOM JHCKPETH3ALMUNA
48000 T'm oTcueThl cWrHaja U3MeEpsIOTCA Ha Kaxkaod 20,8 MKC, a B CHUTHaje
yactoToil auckperusanuii 44100 I'u curHana u3MepsArOTCs Ha Kaxaon 22,675
Mkc. Ha pucynke 3.11 nokazaHo U3MEHEHUS YacTOThl JUCKPETU3ALIUKA CUTHAJIA C
48000 I'm ma 44100 I'm. Jlma mpoctoTel B Tpaduke IMOKa3aHO IepBhie 64
OTCUETOB MCXOJIHOIO CHTHajla U 36 OTCUETOB HOBOTO CHUTHAJA ¢ W3MEHCHHOM

YUCTOTOW JIUCKPETU3ALUEH.

0,0

0,001 ——rS=

0,002 ol s 2 S

34

-0,003

0,0 208 415 62 4 832 104 1243 145
MEC

i

Puc. 3.10. MI3MeHeHUA 4acTOThl TUCKPETU3ALMK CUTHAJIA ¢ YACTOTOM

nuckpetuzanueit 48000 'y na 44100 ' B 16 oTcuerax.
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Puc. 3.11. MI3MeHeHUsA 4acTOThl IUCKPETU3ALMK CUTHAJIA C YACTOTOM

nuckpetuzanuent 44100 'y na 2480011 B 64 oTcuerax.

Pa3zpaGoTaHHbIii aNrOpuTM M3MEHEHHS 4YaCTOThl JAUCKPETHU3AIMU HE
TpeOyeT OOJBIINX BBIUUCIUTEIBHBIX OIEpaliMi, B OTJIWYHM OT METoAa

HU3MCHCHHS YadCTOThI AUCKPCTU3AIMH C LCIJIBIM ITaroMm.

BriBoanl o I'i1ase 111

B »sr1o#i rmaBe ObuI0 paccMoTpeHa pa3padoTka MPOrpaMMHBIX CPEACTB
COTJIaCOBAHMS YACTOTHl JUCKPETH3ANHMH, B TOM UHCIE M PacCMOTPEHBI
CJICTYFOITITHE MOMEHTHI

— XapakTepUCTHUKHA COBPEMCHHBIX CPEJICTB 3alMCH W XPAHEHUS 3BYKOBOW
uHdopmaImy;

— Pazpabotan MeTox M3MEHEHHS YaCTOTHI JUCKPETU3AIMA Ay U0 CUTHAJIOB,
KOTOpHIH paboTaeT ¢ puKCHpOBAaHHBIMY (hparMEHTAMH CHTHAJIA.

— Ha ocHOBe paspaboTaHHOTO  ajArOpUTMa, W3MEHEHHWS  YaCTOTHI
JVMCKPETH3allUM ayJau0 CHUTHaJoOB, Oujia paspadoTaHa mporpamma it
CUTHAJIBHBIX TporeccopoB kommanuu Analog Device, Ha miatdopme
VisualDSP++ ;

— IlpoananusmpoBano >(PEKTHBHOCTH pa3pabOTaHHUX aJITOPUTMOB |

MPOTPaMM.
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3akjaroyeHue

OCHOBHbIE PE3YJbTAThl PAOOTHI 3AKIFOUYAKOTCSA B CJICIYIOLIEM

1. HccnemoBaHbl CYIIECTBYIONIHE METOMAB IU(POBOH  00paboTKH
CUTHAJIOB BO BPEMEHHOM 00JIaCTH M B CIEKTPAJIbHONW 00JACTH, TAKKE BHISBJICHBI
HEJIOCTATKH KJIACCUYECKUX METOJOB aNMpPOKCUMAIIMN CUTHAJIOB.

2. CopmynupoBaH u 000CHOBAH METO/ MIEPEBOAA CUTHAJA U3 BpPEMEHHOM
(opMBI B CIIEKTPAJBHYIO, a 3aTéM B TMOJMHOMHAIBHYIO Ha OCHOBE Dyphe-
0a3uCOoB.

3. Jlna BbIOpaHHBIX OA3UCHBIX CHUCTEM TMOCTABJIICHBI M  PEIICHBI
TEOPETUUYECKUE BOTMPOCH TOWCKAa KOA(D(PHITMEHTOB MOTMHOMOB, 00JIaMaONIAX
CBOMCTBAMU MaTEMaTUYECKON KOPPEKTHOCTH, aJIrOPUTMUYECKOU
3 (PEKTUBHOCTH ¥ MPOCTOTOH PEATM3yEeMOCTH Ha CUTHATBHBIX MPOTIECCOPaXx.

4. Jlna peanuzanuM pa3padaTbiBa€MbIX METOJOB M aJITOPUTMOB
obpaboTkm BbIOpaHbl Tporieccopbl cemeiictBa Blackfin  ADSP BF 525
kommannu Analog Devices, oTiHuaromuyecs: pa3BUTHIMU CPEICTBAMH AMYJIAIAN
1 y100CTBOM OTJIAJIKH KOMILJIEKCA.

5. [Momyuenst oreHkH 3 HEKTUBHOCTH pa3pabOTaHHBIX MOJTMHOMHAIBHBIX
anmpOKCUMUPYIOIINX  CTPYKTYp, TMPOBEACH aHAJIu3 WX KAYECTBEHHBIX
XapaKTEPUCTHUK MPU 00pabOTKE CUTHAJIOB C IIIyMaMH, BBISIBJICHBl KX OCHOBHbBIC

MNpCUMYyIICCTBA OTHOCUTCIIbHO CYIICCTBYIOIMMHU MCTOAAMM.
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JIMCTHHT KO/a TPOrpaMMBbl H3MEHEHHSI YaCTOTHI TUCKPETH3AIMH Ha SI3BIKE
nporpammupoBadue C++ Ha miatdopme VisualDSP++
diskretlash.cpp
// diskretlash.cpp : Defines the entry point for the console application.
#include <iostream.h>
#include <stdio.h>
#include <math.h>
void main()
{
ntti, J;
double yy out[512]={0};
int vector leng = 15;
int hh;
hh = int(double(vector leng)/double(8));
double c0[16],c4[16],c6[16],c7[16],a0[16],al[16],a2[16],a3[16];
for j=0; j<hh+1; j++)
{
for (1=0; 1<8; 1++)
{
y_loc[i] =y _i[(j*8+1)];
j
// BBIYMCIICHHUE CTIEKTPAJIbHBIX KOAY(PPHUITHEHTOB
cOfj] =
y_loc[0]+y loc[1]+y loc[2]+y _loc[3]+y loc[4]+y _loc[5]+y loc[6]+y loc[7];
cd[j] =y _loc[0]+y loc[1]+y loc[2]+y loc[3]-y_loc[4]-y_loc[5]-
y_loc[6]-y _loc[7];
c6[j] =y _loc[0]+y loc[1]-y _loc[2]-y loc[3]-y loc[4]-
y_loc[5]+y_loc[6]+y loc[7];
c7[j] =y_loc[0]-y_loc[1]-y_loc[2]+y_loc[3]-
y_loc[4]+y loc[5]+y loc[6]-y loc[7];
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endl;

cout << c0[j] <<'\n' << c4[j] <<'\n' << c6[j] <<\n' << c7[j] <<\n'<<

// Berarciieare K03 HUIMEHTOB KyOMIeCKOTO TTOJIMHOMA
a3[j] = -c7[3]/0.09385;
a2[j] = 2*((coD+e7[]1*7);
al[j] =-0.5*(c4[j]+3.5*c6[j]+ 9.6542*c7[j]);
al0[j] = 0.125*(cO[]+1.75*(c4[j]+c6[3])+2.6135*c7[1]);

cout << "a0= "<< a0[j] <<"\n' << "al="<< al[j] <<\n' << "a2="<<

a2[j] <<\n'<<"a3=" << a3[j] <<\n' <<endl;

b

for (i= 0; 1 < ((hh+1)*8); i++)

{

b

x_in[i] = double(i)/double(8);

mtd n=14;
double h = 0;

int oraliq_soni = int((vector leng+1)/8);

double gadam = (oraliq_soni-0.125)/d_n;

it nn = 0;

double xlok=0.0;

1=0;

itk =0;

for (1=0;1<d_n+1;1++)

{

x_out[i] =h;

j= int(h);

xlok = h-j;

yy_out[1] = a0[j]+al [j]*xlok+a2[j]*pow(xlok, 2)+
a3[j]*pow(xlok, 3);

73



h =h + qadam;

j
for (j=0j<h;j++)
{
1n1=0;
for (nn=0; nn <d n; nn++)
{
x_loc[nn] =11;
y_loc2[nn] = a0[j]+al[j]*x_loc[nn]+
a2[j]*pow(x_loc[nn], 2)+a3[j]*pow(x _loc[nn], 3);
cout <<x loc[nn] <<"t'<<y loc2[nn] <<endl;
if (j==0)
{
x_out[nn] =x_loc[nn];
yy_out[nn] =y loc2[nn];
j
else
{
x_out[(jJ*d_n+nn)] = x_loc[nn]+j;
yy_out[(j*d_n+nn)] =y loc2[nn];
j
11 = 11 + double(1)/double(d_n);
j
cout <<endl;
j
for (1=0; 1<d_n+1; 1++)
{
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y_out[i] =yy_ out[i];
cout << i+1 <<" "<<y out[i] << " \t"<<y in[i]<<" \t"<<

fabs(y_in[i] - y_out[1]) << endlI,

JIMCTHHT K0J1a MOJCIBLHON IPOrpaMMBbl I3MEHEHHS YaCTOTHI JUCKPETH3AIMHA Ha
miargopme MatlLab
wave.m
clc
clear

% cuuThiBaHKE ayano (paitna ¢ pacimmpeHneM * . wave
[y, fs, nbits, opts] = wavread('salom.wav'); d_old = fs
n = size(y,1);
% omnpeneneHne IMTELHOCTH (aiiia
duraction = n/d_old
format short;
yy =y(lmn, 1);
% BocIpousBeacHUE ayauo ¢aiiia
wavplay(yy, 48000)
for j = 1:fix(n/8)-1

for i=1:8

y_loc(i) = yy(((G)*8&+1));

end

y loc;

c0Q) =
y_loc(0+1)+y loc(1+1)+y loc(2+1)+y loc(3+1)+y loc(4+1)+y loc(5+1)+y loc
(6+1)+y loc(7+1);

c4(j) =y loc(0+1)+y loc(1+1)+y loc(2+1)+y loc(3+1)-y loc(4+1)-

y_loc(5+1)-y loc(6+1)-y loc(7+1);

75



c6()) =y loc(0+1)+y loc(1+1)-y loc(2+1)-y loc(3+1)-y loc(4+1)-
y_loc(5+1)+y loc(6+1)+y loc(7+1);

c7() =y loc(0+1)-y loc(1+1)-y loc(2+1)+y loc(3+1)-
y_loc(4+1)+y loc(5+1)+y loc(6+1)-y loc(7+1);

%BBICHCIICHUS KOY(P(PUTIIEHTOB KyOHYECKOTO TTOJIMAHOMA
a3(j) = -c7(3)/0.09385;
a2(j) = 2*((c6())+c7()*7);
al(j) =-0.5%(c4(G)+3.5*c6()+ 9.6542*c7(j));
a0(j) = 0.125*(c0(3)+1.75*(c4()+c6(j))+2.6135*c7(j));
end
d n=44100
oraliq_soni = fix(n/8)-1;
qadam = (oraliq_soni-0.125)/(d_n*duraction);
h=0;
if duraction > 1
for t =1:fix(duraction)
for 1=1:d n*duraction
xout(1) = h;
j = fix(h);
xlok = h-j;
yy_out(t+i1) = a0(+1)+al(G+1).*xlok+a2(j+1).*xlok.”2 + a3(j+1)*xlok."3;
h = h+ gqadam;
end
end
ennd = 1+t;
else
for 1=1:d_n*duraction
xout(1) = h;
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j = fix(h);
xlok = h-j;
yy_out(i) = a0(j+1)+al(j+1).*xlok+a2(j+1).*xlok."2 + a3(j+1)*xlok."3;
h = h+ gqadam;
end
end
figure
plot(yy)
figure
plot(yy_out)
wavplay(yy _out, d n)
JIMCTHHT K0J1a MOJCIBLHON IPOrpaMMBbl I3MEHEHHS YaCTOTHI JUCKPETH3AIMHA Ha
miardopme Microsoft Visual Studio 2010 na s361ke iporpamupoBanne C#
Forml.cs
using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.]1O;
using System.Linq;
using System.Text;
using System. Windows.Forms;

using Alvas.Audio;

namespace AudioResampling

{

public partial class Form1 : Form

{
public Form1()
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InitializeComponent();

j
private void buttonl Click(object sender, EventArgs ¢)

{
if (openFileDialog].ShowDialog() == DialogResult.OK)

{
textBox1.Text = openFileDialogl .FileName;

if (File Exists(textBox1.Text))

{
richTextBox1.Text = GetFileInfo(textBox1.Text);
}
else
{
richTextBox1.Text = "daiin ne Haiigen !";
}
}
}

private void button2 Click(object sender, EventArgs ¢)

{
if (saveFileDialogl.ShowDialog() == DialogResult. OK)

{

txtOutput. Text = saveFileDialogl .FileName;

b

private string GetFileInfo(string fileName)

{
var sb = new StringBuilder();
WaveReader wr = new WaveReader(File.OpenRead(fileName));
IntPtr format = wr. ReadFormat();
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byte[] data = wr.ReadData();

wr.Close();

var fd = AudioCompressionManager.GetFormatDetails(format, true);
WaveFormat wf =

AudioCompressionManager.GetWaveFormat(fd. FormatHandle);

sb.AppendFormat("Format: [{0}], \nFormatTag: {1}, \nChannels: {2},
\nSamplesPerSec: {3}, \nBitsPerSample: {4}, \nBlockAlign: {5},
\nAvgBytesPerSec: {6}\n\n",

fd,
wf.wFormatTag,
wf.nChannels,
wf.nSamplesPerSec,
wif.wBitsPerSample,
wif.nBlockAlign,
wi.nAvgBytesPerSec);
return sb.ToString();

b

private void ConvertWav()
{
var fileName = textBox1.Text;
IntPtr formatNew = AudioCompressionManager.GetPcmFormat(2, 16,
Convert.Tolnt32(txtSamples. Text));
string fileNameNew = txtOutput. Text;
WaveReader wr = new WaveReader(File.OpenRead(fileName));
IntPtr format = wr. ReadFormat();
byte[] data = wr.ReadData();
wr.Close();
byte[] dataNew = AudioCompressionManager.Convert(format,

formatNew, data, false);
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WaveWriter ww = new WaveWriter(File.Create(fileNameNew),
AudioCompressionManager. FormatBytes(formatNew));

ww. WriteData(dataNew);

ww.Close();

j
private void button3_Click(object sender, EventArgs ¢)

{
if (string. IsNullOrWhiteSpace(txtOutput. Text))

{

MessageBox. Show("Iloxanyticta, BeiOeprTe BEIXOaHOU (haitm !");

b

else

{
ConvertWav();

Form1.Designer.cs
namespace AudioResampling

{

partial class Forml
{
private System.ComponentModel. IContainer components = null;
disposed; otherwise, false.</param>
protected override void Dispose(bool disposing)
{
if (disposing && (components != null))
{

components.Dispose();
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b
base.Dispose(disposing);

b

#region Windows Form Designer generated code

private void InitializeComponent()

{
this.buttonl = new System.Windows.Forms.Button();
this.textBox1 = new System. Windows.Forms. TextBox();
this.labell = new System.Windows.Forms.Label();
this.richTextBox1 = new System. Windows.Forms.RichTextBox();
this.groupBox1 = new System.Windows.Forms.GroupBox();
this.label2 = new System.Windows.Forms.Label();
this.txtOutput = new System. Windows.Forms. TextBox();
this.button2 = new System.Windows.Forms.Button();
this.groupBox2 = new System.Windows.Forms.GroupBox();
this.txtSamples = new System. Windows.Forms. TextBox();
this.label3 = new System.Windows.Forms.Label();
this.button3 = new System.Windows.Forms.Button();
this.openFileDialogl = new System.Windows.Forms.OpenFileDialog();
this.saveFileDialogl = new System. Windows.Forms.SaveFileDialog();
this.groupBox1.SuspendLayout();
this.groupBox2.SuspendLayout();
this.SuspendLayout();
// buttonl
this.buttonl.Location = new System.Drawing.Point(376, 12);
this.buttonl.Margin = new System. Windows.Forms.Padding(2);
this.buttonl . Name = "buttonl";
this.button1.Size = new System.Drawing.Size(26, 19);
this.buttonl.Tablndex = 0;
this.buttonl. Text="...";
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this.buttonl.UseVisualStyleBackColor = true;
this.button1.Click += new System.EventHandler(this.buttonl Click);
// textBox1
this.textBox1.Location = new System.Drawing.Point(208, 12);
this.textBox1.Margin = new System.Windows.Forms.Padding(2);
this.textBox1.Name = "textBox1";
this.textBox1.Size = new System.Drawing.Size(164, 20);
this.textBox1.Tablndex = 1;
// labell
this.labell.AutoSize = true;
this.labell.Location = new System.Drawing.Point(12, 15);
this.labell .Name = "labell";
this.labell.Size = new System.Drawing.Size(191, 13);
this.labell. TabIndex = 2;
this.labell . Text = "Bribepure daiin ¢ pacmmpenuem wav';
// richTextBox1
this.richTextBox1.Anchor =
((System. Windows.Forms. AnchorStyles)((((System. Windows.Forms. AnchorSty
les.Top | System. Windows.Forms. AnchorStyles. Bottom)
| System. Windows.Forms. AnchorStyles.Left)
| System.Windows.Forms.AnchorStyles.Right)));
this.richTextBox1.Location = new System.Drawing.Point(6, 19);
this.richTextBox1.Name = "richTextBox1";
this.richTextBox1.Size = new System.Drawing.Size(374, 160);
this.richTextBox1.Tablndex = 3;
this.richTextBox1.Text ="";
// groupBox1
this.groupBox1.Controls. Add(this.richTextBox1);
this.groupBox1.Location = new System.Drawing.Point(15, 37);
this.groupBox1.Name = "groupBox1";
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this.groupBox1.Size = new System.Drawing.Size(386, 185);
this.groupBox1.Tablndex = 4;

this.groupBox1.TabStop = false;

this.groupBox1.Text = "Undopmarus o Berbpantom atine ",

// label2

this.label2. AutoSize = true;

this.label2.Location = new System.Drawing.Point(6, 47);
this.label2.Name = "label2";

this.label2.S1ze = new System.Drawing.Size(149, 13);
this.label2. TabIndex = 7;

this.label2. Text = "Ha3zpanue BeixoaHOTO hatina';

// txtOutput

this.txtOutput. Location = new System.Drawing.Point(193, 43);
this.txtOutput. Margin = new System. Windows.Forms.Padding(2);
this.txtOutput. Name = "txtOutput";

this.txtOutput.Size = new System.Drawing.Size(158, 20);
this.txtOutput. TabIndex = 6;

// button2

this.button2.Location = new System.Drawing.Point(354, 43);
this.button2.Margin = new System. Windows.Forms.Padding(2);
this.button2.Name = "button2";

this.button2.Size = new System.Drawing.Size(26, 19);
this.button2. Tablndex = 5;

this.button2. Text ="...";

this.button2.UseVisualStyleBackColor = true;
this.button2.Click += new System.EventHandler(this.button2 Click);
// groupBox2

this.groupBox2.Controls. Add(this.txtSamples);
this.groupBox2.Controls. Add(this.label2);
this.groupBox2.Controls. Add(this.label3);
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this.groupBox2.Controls. Add(this.txtOutput);
this.groupBox2.Controls. Add(this.button2);
this.groupBox2.Location = new System.Drawing.Point(15, 228);
this.groupBox2.Name = "groupBox2";

this.groupBox2.Size = new System.Drawing.S1ze(386, 78);
this.groupBox2.TabIndex = 8§;

this.groupBox2.TabStop = false;

this.groupBox2.Text = "Uudopmamus o BerxogHoM daiine";

// txtSamples

this.txtSamples.Location = new System.Drawing.Point(193, 16);
this.txtSamples.Margin = new System. Windows.Forms.Padding(2);
this.txtSamples.Name = "txtSamples";

this.txtSamples.Size = new System.Drawing.Size(187, 20);
this.txtSamples. TabIndex = 9;

// 1abel3

this.label3. AutoSize = true;

this.label3.Location = new System.Drawing.Point(6, 19);
this.label3.Name = "label3";

this.label3.S1ze = new System.Drawing.Size(154, 13);
this.label3. TabIndex = 0;

this.label3.Text = "UacroTa nuckperuzanuun (Hz)";

// button3

this.button3.Location = new System.Drawing.Point(15, 311);
this.button3.Margin = new System. Windows.Forms.Padding(2);
this.button3.Name = "button3";

this.button3.Size = new System.Drawing.Size(385, 28);
this.button3.Tablndex = 10;

this.button3.Text = "M3MeHUTH 4aCTOTY TUCKPETH3AIIAH ",
this.button3.UseVisualStyleBackColor = true;

this.button3.Click += new System.EventHandler(this.button3 Click);
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// openFileDialogl

this.openFileDialogl .FileName = "openFileDialogl";

// Form1

this. AutoScaleDimensions = new System.Drawing.SizeF(6F, 13F);
this. AutoScaleMode = System. Windows.Forms. AutoScaleMode.Font;
this.ClientSize = new System.Drawing.Size(411, 351);
this.Controls. Add(this.button3);

this.Controls. Add(this.groupBox2);

this.Controls. Add(this.groupBox1);

this.Controls. Add(this.label1);

this.Controls. Add(this.textBox1);

this.Controls. Add(this.buttonl);

this.Margin = new System. Windows.Forms.Padding(2);

this.Name = "Form1";

this. Text = "Resampling wav file";
this.groupBox1.ResumeLayout(false);
this.groupBox2.ResumeLayout(false);
this.groupBox2.PerformLayout();

this. ResumelLayout(false);

this. PerformLayout();

#endregion

private System. Windows.Forms.Button buttonl;

private System. Windows.Forms.TextBox textBox1;

private System. Windows.Forms.Label labell;

private System. Windows.Forms.RichTextBox richTextBox1;

private System. Windows.Forms.GroupBox groupBox1;

private System. Windows.Forms.Label label2;

private System. Windows.Forms. TextBox txtOutput;

private System. Windows.Forms.Button button2;
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private System. Windows.Forms.GroupBox groupBox2;

private System. Windows.Forms.TextBox txtSamples;

private System. Windows.Forms.Label label3;

private System. Windows.Forms.Button button3;

private System. Windows.Forms.OpenFileDialog openFileDialogl;

private System. Windows.Forms.SaveFileDialog saveFileDialogl ;

Program.cs
using System;
using System.Collections.Generic;
using System.Linq;

using System. Windows.Forms;

namespace AudioResampling

{

static class Program

{

//l <summary>

/// The main entry point for the application.

/// </[summary>

[STAThread]

static void Main()

{
Application. EnableVisualStyles();
Application. SetCompatibleTextRenderingDefault(false);,
Application. Run(new Form1());
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