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Jlexmmst Ne 4. T'omomopdHas o6padotka peun (2 waca) C.U.Kupxopos

Jleknus Ne 4. 'omomopdHuasi 00padoTka peun (2 1aca).

4.1 CrpykrypHble cXeMbl roMoMopdHoii 00padOTKM W aHaJIU3a
peYeBbIX CUTHAJIOB

OnHO U3 OCHOBHBIX MPEANOI0KEHUNH COCTOUT B TOM, YTO PEUE€BOM CUTHAI
TPAaKTyeTCsl KaK CHUTHAJI Ha BbBIXOJE JIMHEMHOM CHCTEMBI C MEIJICHHO
U3MEHSIONUMUCS TTapaMeTpaMu. DTO MPEANOJI0KEHNE MO3BOJISET CUMTATh, YTO Ha
KOPOTKHUX CETMEHTaX peueBOW CHTHAJI MOXKHO pacCMaTpuBaTh KaK CUTHAJI HA BBI-
X0Ji¢ JUHEWHOW CHUCTEMBI C IOCTOSHHBIMH IapaMmeTpamu, Bo30yxaaeMou Ju0o
MOCJICIOBATEIbHOCTRIO MMITYJIBCOB, JIMOO cly4allHbIM IIymMoM.. [lockonbky
CUTHAJ BO30YXKJICHHS U UMITYJIbCHASI XapaKTePUCTHUKA (PUIbTpa B3aUMOJICHCTBYIOT
yepe3 Omepalui CBEpPTKH, 3ajladya aHajin3a pPeyd MOXKET PacCMaTpUBATHCSA Kak
3a7a4a pa3/ieJICHUsT KOMIIOHEHT, YYacTBYIOIIMX B OIEpallMud CBEPTKU. Takas
3a/lauya MHOT/a Ha3bIBAETCs 3a/1aueii 0OpaTHOM CBEPTKH.

I'omoMop(HbIE OTHOCUTEILHO CBEPTKHM CHCTeMbl. ['omomopdHbIE
OTHOCUTEJIBHO CBEPTKH CHCTEMBI YJOBJIETBOPSIOT OOOOIIEHHOMY MPHUHIIMITY
cynepno3uuuu. [IpuHIUN Cyneprno3uiuu Jyisi JUHEHHBIX CHUCTEM MOXKHO
MPEACTAaBUTH B BUJIE CIETYIOIUX COOTHOIICHUM

L[x(M]=L[x(n) +x, ()] =L[x ]+ L[x,(0)]=y,(n) +y,(n) = y(n) (4.1)

L[ax(n)]=aL[x(n)]=ay(n) (4.2)

rae L — nunelinblii oneparop. [IpuHIMN Ccyneprno3uiuu yCTaHABIUBAET,
YTO €CJIM CUTHaJ Ha BXOJC SBISACTCS JUHEWHOW KOMOHWHAIIMEH 3JIEMEHTapHBIX
CUTHAJOB, TO W CHUTHaJI Ha BBIXOAC OyIeT NpeACTaBieH B BHJC JUHEHHOU
KOMOMHAIIMM COOTBETCTBYIOIIMX CHUTHAJIOB. I[IpsSIMBIM CIEACTBHEM MpPHUHIUIIA
CYTEPIIO3UIINH SBJISETCS TOT (paKT, YTO CHTHAJ HA BBIXOJE JIMHEHHOW CHCTEMBI
MOYKET OBITh MPEACTABIICH B BUJE JUCKPETHOU CBEPTKHU:

y(n) = i h(n—k)(x(k)) = h(n)x(n) (4.3)

k=—o0
raeh(n) — UMITYJIbCHBIM OTKJIMK JIMHEMHOW CUCTEMBI.
DTOT NPUHLIMI WUTKOCTPUPYETCS Ha puc. 4.1, rie cuMBOI « + » Ha BXOJE U
BBIXOJIE€ O3HAYAET, YTO aJJIUTUBHAS KOMOMHAIIMS CUTHAJIOB Ha BXOJE MPUBOAUT K
aIATUBHON KOMOMHALINHU BBIXOJIHBIX CUTHAJIOB.

+ + ) )
Ll —_— - l:-l'[ !
- ————
®xin] winl= L [xin) | :.:[n' 'r'I:I"I]:H[Kin'Il
my (A (m) L[2'I1':ﬂ'||+|-[*_;!1"'” LR 1 T '
ax {n] aL{=in)] ! . H[:H (n}] "H []-‘1 in] ]
a) 0)

Puc. 4.1. IlpeacraBieHue JMHEWHON CUCTEMBI, 1711 KOTOPOW BBITIOJIHACTCS
OPUHIMI CyNeprno3uluu (a)u roMoMop(hHON OTHOCUTENBHO CBEPTKH (0)
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CumMBOJ « * » 0O3HAYaeT CBEPTKY B AUCKPETHOM BpeMeHH. [lo aHanorum c
OPUHIMIIOM CYNEPHO3UUUU ISl OOBIYHBIX JIMHEMHBIX CHUCTEM OMNPEIEIUM KIAcc
CUCTEM, YJIOBJIETBOPSAIOIINUX 0000IIEHHOMY MPUHLHUITY CYNEPHO3ULIUU, B KOTOPOM
CJIOKEHHME 3aMEHSAETCs CBEPTKOM (JIETKO MOKa3aTh, YTO CBEPTKAa 00JaaeT TaKUMHU
XKe alredpanuyecKUMu CBOMCTBAMU, KaK U CIIOKEHHE:

H [x(n)]=H [% (N, (m)] = H [x, (M]H [x, ()] =y, ("), (n) = y(n) (4.4)

Cuctembl, obOnanaromiue cBocTBOM (4.4), Ha3BaHbl TOMOMOP(HBIMU
OTHOCUTEJILHO CBEPTKH CHCTEMaMH. DTa TEPMHUHOJIOTHUS OOBSCHACTCS TEM, YTO
JaHHbIE TIpeoOpa3oBaHUs OKAa3bIBAIOTCS TOMOMOP(HBIMU MpeoOpa3oBaHUSIMHU
JMHEHHOr0 BEKTOPHOTro mpocTpaHcTBa. [Ipu m300pakeHun Takux cucteMm (puc.
4.1, ©6) omepanuiO CBEpTKH MPEJCTABISIOT B SBHOM BHJI€ HA BXOJ€ M BBIXOJE
cuctrembl. ['omomopdHBIE  QuiabTp  sBASETCI TOMOMOPGHONH  CHCTEMOM,
o0Jyiajaromieil TeM CBOMCTBOM, YTO OJHA KOMIIOHEHTa (BbLAENsiEMas) MPOXOJUT
yepe3 ATy CUCTeMy 0e3 M3MEHEHUWH, a Japyras — ycTpassercs. B cooTHomeHun
(4.4), nmanpumep, eciu X (n) — HEXKeJaTelbHas KOMIIOHEHTa, TO HEO0OXOIUMO

noTpedoBaTh, YTOOBI BBIXOJ, COOTBETCTBYIOIIMM X (N), TPEACTABISLT COOOMU
CIMHUYHBIA OTCYET, B TO BpeMs KaK BBIXOJ, COOTBETCTBYIOIIHUU X,(n), OJIU3KO
coBmaaai Ow1 ¢ X,(n).

BaxxHbIM acmekToM Teopur TOMOMOP(HBIX CHCTEM SBISETCA TO, UTO
at00asi U3 HUX MOXKET OBITh MPEJCTaBICHA B BUJE KACKAIHOTO COCAMHEHHS TPeX
roMoMOpdHBIX cucteMm (4.2) s ciaydas CUCTeM, TOMOMOP(MHBIX OTHOCUTEIHHO
cBepTku. [lepBoiii 010K mpeoOpa3yeT KOMIIOHEHTHI Ha BXOJIE, MPEJCTaBICHHBIE B
BUJIE CBEPTKU, B AJJUTUBHYI0 CyMMy Ha BbIXOoJe. BTopoil Omok — oOblyHas
JUHEWHAsT  CHCTEMa, YJOBIETBOpAIOUIAS  MPUHLUIAM  CYNEPIO3UIUUA B
cooTBeTcTBHH C (4.1).

*® + + # L] -
— D[] f—— Ll ] - (ol Y e
% (n) - ®(n] ¥in ¥ i}
1y In) w g (0 E,I {r) + &y (n} ¥y (nd + 5, 0n) ¥y nd e ygind

Puc. 4.2. Kanonuueckast popma cucrempl, TOMOMOP(HON OTHOCUTEITHLHO
CBEPTKHU

Tperunii 6510k siBHIsieTCs OOpaTHBIM MEPBOMY, T. €. MPE0Opa3yeT CUTHAIIBI,
NPE/CTABJICHHBIC B BUJIE CYMMBI, B CUTHAJbI, IPEICTABICHHBIC B BUJC CBEPTKH.
BaXHOCTh JAaHHOTO KAHOHHYECKOTO NPEICTABICHHS 3aKIIOYaeTCs B TOM, YTO
pa3paboTka TOMOMOP(HHOM CUCTEMbI CBOJIUTCS K Pa3padOTKe JIMHEHHONH CHCTEMBI.
biok, o6o3Hadaemblii [ | © Ha3piBaeMblil XapaKTEPUCTHYECKUM OJIOKOM

roMOMOP(HON OTHOCUTETFHO CBEPTKH CUCTEMBI, (DUKCUPOBAH TTPU KAHOHUYECKOM
npeacraBiaeHun (puc. 4.2). OueBUIHO, YTO OOpaTHOE MIpeoOpa3OBaHUE TaKKe
dbukcupoBaHo. XapakTepucTuueckas cucrema i roMmoMopdHoN oOpaTHOM
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CBEPTKA MOTUUHSETCS OOOOIIEHHOMY MPUHUUITY CYNEpPIO3ULHH, B KOTOPOM
orepaisi Ha BXOJ€ — CBEpTKa, a Ha BBIXOJE — OObIUHOE ciokeHue. CBoOHCTBa
XapaKTEPUCTUUECKOU CUCTEMBI ONPEEIISIIOTCS BEIPAKEHUEM
D. [x(n)] = D. [% ()X, (n)] = D. [x,(n)] + D. [%, ()] = % (n) + X,(n) = (n) ~ (4.5)
AHanorndyHo oOpaTHas XapakTepUCTHYecKash CHUCTeMa YJIOBJIETBOPSET
COOTHOIICHUIO

D, [yl (n)] =D.™ [Y1 (n) + yz (n)] =D.™ [yl (n)]DD*_l [yz (n)] =Y (n)Dyz (n) = y(n) (46)
MareMaTHuecKoe ONHUCAHHUE XapaKTepHCTH‘{eCKOﬁ CHUCTCMbBI OIIPCACIACTCA

Tpe6OBaHH$IMI/I K BBIXOJHOMY CHUTHAILY. Ecau Ha BX0AC UMCCTCA CUI'HAJl CBCPTKHU,
TO

x(n) =%, ()X, (n) (4.7)
U Z-ipeoOpa3oBaHUE BXOJIHOTO CUTHAJIAa UMEET BU/T
X(2) = X,(2)X,(2). (4.8)

N3 (4.5) oueBuaHO, 4TO Z-peoOpa3oBaHUE CUTHAJA HA BBIXOJE CHUCTEMBI
JOJDKHO TPEACTaBIATh COOOM CyMMy Z-mpeoOpa3oBaHUil KOMIIOHEHT. Takum
o0pa3oM, B 4YacCTOTHOM OOJAcCTH XapaKTepUCTUYECKas CHCTEMA [JIsl CBEPTKHU
J0JKHA 00J1aaTh CJIETYyIOUMM CBOMCTBOM: €CJIM Ha BXOJI€ UMEETCS MPOU3BEICHUE
KOMITOHEHT, TO Ha BBIXOJIE JOJKHA BO3HUKHYTh X cymma. OAUH U3 MOAXOAO0B K
CUHTE3y TaKOM CUCTEMBI TPEJCTABJIEH HA puc. 4.3.

. + + + + .
—] kgl ] ] L[ ] —-A—a-l T R [ —
Hilzlhe | 1zl Y izl o Y (2}
My lah + X502 R, (2)+X, (2 B RS AN

Puc. 4.3. TlpencraBieHne CUCTEMbI, TOMOMOP(MHON OTHOCHUTEIIBHO CBEPTKH
B 4aCTOTHOM 00JIaCTH

DTOT MOAXO0/ OCHOBAH Ha TOM, YTO JOorapu(mM Mpou3BEACHHS PaBEH CyMME
jorapuMOB COMHOKHUTETIEH, T. €.

X (z) =log[ X (2)] =log[ X, (2) X, (2)] =log[ X, (z)] + log[ X, (z)] (4.9

Ecin HEoOXOAMMO NpPEACTaBIATh CUTHAJIBI BO BpPEMEHHOH, a HE B

YaCTOTHOM  OO0JacTH, TO XapaKTePUCTHUYECKas CUCTEMa TPUMET  BHJ,
NpeACTaBICHHbBIN Ha puc. 4.4.

L S
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L e
Puc. 4.4. TlpencraBieHue XapakKTEPUCTUUECKOU CHUCTEMbI, TOMOMOP()HOM
OTHOCHUTEIIFHO CBEPTKHU
AHasiorugyHoe oOpaTHoe peoOpa3oBaHue MOKa3aHo Ha puc. 4.5 .
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Puc. 4.5. IlpencraBieHne XapaKTEpPUCTUYECKOW CHCTEMbI, OOpaTHOMU
roMoMop(HOIi cucteme

[IpencraBnenne mpsMON ¥ OOpaTHOM XapaKTEPUCTUUYECKUX CHCTEM
3aBUCUT OT CIHPaBeIIUBOCTH cooTHomieHus: (4.9). Takum oGpazom, jorapudm
JOJKEH OBITh OTpeJeleH TaK, 4TOObI JorapudM MPOU3BEIICHUS PABHSJICS CyMMe
gorapu@MoOB  COMHOXHUTENEH. DTO  TPUBHAIBHO i1 JEHCTBUTEIBHBIX
MOJIOKUTENbHBIX BeauyuH. OgHaKo B 00IIeM ciiyyae Z-mpeoOpa3oBaHUE HUMEET
KOMITJIEKCHBI XapakTep W BOMPOC CIWHCTBEHHOCTH JIoTapudMa KOMIUICKCHON
CIIy4YallHOW BEJIMYMHBI YpPE3BbIUANHO BakeH. C TOYKHU 3pEHUS BBIYUCIECHUN
nenaecooOpa3Ho paccMOTpeTh ciydail, korna (4.9) crpaBenyiuBO Ha €IWHUYHOU
OKPYKHOCTH, T. €. s z =e!,

Jns  pemaembix 3amgad  uu@poBod  00paOOTKM  BIIOJIHE  TMOJIXOIUT
omnpejeneHue Jorapudma B BUAC

X (e") = log| X ()| +iarg[X (¢*)] (4.10)

B »ToM cooTHomeHuun HCﬁCTBHTeHBHaﬂ qacth log|X e HC BbI3bIBACT
9

TpynHocteil. [IpoGiemMa eTMHCTBEHHOCTH BO3HHUKAET MPH OMNPEACIICHUH MHHUMOU
gactu (T.e. arg[X(e“)]), KoTopas ImpeicTaBisseT coboii (a3oBbIL yroa z-
npeoOpa3oBaHus, BBIUMCIACHHOTO HA €IWHUYHON OKpYXHOCTH. OIHUM W3
MIOJIXOJIOB K PEIICHUIO MPOOJIEMbI € TMHCTBEHHOCTH SIBIISICTCS TIPEIITOIOKEHUE, UTO
($a30BBIN yToJ MpeAcTaBiseT coO0N HEMPEPhIBHYIO HEUETHYIO (yHKIHI0. B 31X
yCoBUsX ypaBHeHue (4.9) cripaBensivBo.

C ydyeToM BO3MOXXHOCTHM BBIYUCJICHUS KOMIUIEKCHOTO Jiorapudma,
yaoBnetTBopsitomero (4.9), ooparHoe nmpeodpa3zoBaHre KOMIIEKCHOTO Jiorapugma
npeobpazoBanus ~ Dypbe  BXOJHOTO  CHUTHAja,  SBISIONIEECS  BBIXOJIOM
XapaKTePUCTHUCCKON CUCTEMBI ISl CBEPTKH, UMEET BH/I

%(n) = i j X ()" d o (4.12)

Bbixoa xapakTepucTHUeCKON CHUCTEMbI Ha3BaH «KOMIUIEKCHBIM KEIICTPOM»
(TEpMHH ~ «KETICTp» SIBISIETCA B HACTOAIIEe BpEeMs OOMICTIPUHATHIM IS
0003HaueHus odopaTtHOro npeodpazoBanuss Pypbe gorapupma CreKTpa MOIIHOCTH
CHUTHaja; TEPMHH «KOMIUIEKCHBIH KENCTp» O3HAa4yaeT, YTO IPUMEHSETCS
KOMIUIEKCHBIN Jjorapudm).

TepMuH «KemcTpy UCHOIB3YETCS IS BEIUYUHBI

c(n) =%_T Iog|X (e“")|e‘“’“da) (4.12)

[TocnenoBaTenbHOCTh  C(n) TPEIACTABISIET COOOW  YETHYIO  4acTh
KOMIUIEKCHOIO KercTpa X(n): c(n) = x(n) + x(-n).
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Takum oOpa3oMm, omnpeaeneHa XapakTepUCTHYECKas CUCTeMa s
roMOMOp(hHON CBEPTKH W KaHOHHYECKas (opmMa BceX TOMOMOP(HBIX CHCTEM
OTHOCUTEJIBHO CBEPTKH. Bce cucreMsl 3TOro Kiacca OTIMYAKOTCS TOJIBKO
JUHENHOW dYacTbio. BpIOOp JMHEHHON CHCTEMBI OIpeAeNseTcss CBOMCTBaMU
BXOZHOro curHana. CienoBaTenbHO, M IPABWIBHOIO IIOCTPOCHUS JIMHEHHOMN
CUCTEMbl HEOOXOAMMO MPEXKJIE BCEro ONPEAEIUTh BUJ M CTPYKTYpY CHTHajia Ha
BBIXOJIE  XAapaKTEPUCTUYECKOM  CUCTEMBI, T.€.  PAaCCMOTPETb  CBOMCTBA
KOMIUIEKCHOI'O KEICTpa ISl TAIIUYHBIX BXOJHBIX CUTHAJIOB.

4.2. KoMIUIeKCHBIH KENCcTp pevu

Mogenu CUrHajioB, ¢ OJTHOM CTOPOHBI, U METOJbI aHAJIN3a BO BPEMEHHOU
00JacTu — ¢ APyro, MOKHO OOBEAUHUTH U 3(PPEKTUBHO UCIOJIL30BATh B TEOPUHU
romomopdHO# duiIbTpanmuu peur. BcmoMHHUM, 4YTO MOAEHL pedcoOpa3oBaHUS
00513aT€JIbHO COCTOUT M3 JIMHEHMHON CHUCTEMBI C MEIJIEHHO WU3MEHSIOIIMMHUCS BO
BPEMEHM MapaMeTpaMH W CHUTHAJIa BO30YXIEHUS B BHUJE MOCIEAOBATEILHOCTHU
UMITYJIbCOB UM Oenoro mryma. [1o3ToMy KOpPOTKHMH CErMEHT BOKaJIM30BaHHOTO
pPEUYEBOTr0 CHUTHANIA II€JIECOO00pPa3HO pacCMaTpUBaTh Kak pe3yJibTaT BO3JICUCTBUS
CUTHaja BO30YXJEHUS B BHUJIE MMOCIEAOBATEILHOCTH HMITYJbCOB Ha JIMHEHHYIO
CUCTEMY C TMOCTOSSHHBIMH TapaMeTpaMH. AHAJIOTMYHO KOPOTKUWA CErMEHT
HEBOKAJIM30BAHHOTO CUTHAJIa MOXHO TPEJICTABUTh KaK Pe3yJIbTaT BO30Y>KICHUS
JIMHEWHOW CUCTEMBI C MIOCTOSHHBIMY MapaMeTPaMu CIIyYailHbIM IIIyMOM.

KopoTkuii cermeHT BOKAJIIM30BaHHOW PEYX MOKHO MPEACTABUTDH B BUJIE

s(n) = p(n)g (Miv(n)cr(n) = p(n)th, (n) = Zw: h,(n—rN;) (4.13)

—
rae p(n) — nIepuoaArYECKast UMITYJIbCHAs MOCIE€A0BATEILHOCTE C IEPUOIOM
N, orcueroB; h (n) — HMIyJIbCHas XapaKTePUCTUKA JIMHEHHON CHUCTEMBI,
orpaxkaromas 3PPexT (HOopMbI UCTOYHHMKA BO30YkIeHHsT Q(N), HMITYJIbCHYIO
XapaKTEpUCTUKY PEUEBOro TpakTa v(n) U UMITYJIbCHYIO XapaKTE€PUCTUKY v(N)
KOopoTkuii cerMeHT HEBOKaIIM30BAaHHOM pEeYU MOKHO IIPEICTABUTH B BUJE

s(n) = u(n)iv(n)r(n) = u(n)ch, (n) (4.14)

rae u(n)— curHain BO30YXAEHUS B BUIE ciaydaiHoro mryma; h,(n) —
UMITYJIbCHAsI PEaKIUsl CUCTEMbI, OObEAMHSIONIAS BO3ICHCTBUE PEUEBOr0 TPaKTa U
W3JIyUYCHUS.

Jlnst cnydas BOKalNM30BAaHHOW peud TepenaTodHass (DyHKIUS JMHEWHON
CUCTEMBI UMEET BUJ|

H,(2) =G(z)V (2)R(2) (4.15)
JJ11 HEBOKAJIM30BAHHOW PEYH TI0JTyYaeM
H,(2) =V (2)R(2) (4.16)

KoMmmnekcHblil  Kenctp ObICTpO 3aTyxaer ¢ pocroM n. Kpome Toro,
OTMETUM, YTO BKJIAJ B KOMIUIEKCHBIA KEIMCTP OT MEPUOAMYECKOTO BO30OYKICHUS
NOPOSIBUTCS B HAJMYUU HMITYJIbCOB B TOYKAaX, KPaTHBIX MEPUOAY BO30YXKICHUS.
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[Ipumep anmammza  (puc.4.6) WUIIOCTPUPYET  OCHOBHBIE  OCOOCHHOCTH
BOKAJIN30BaHHOI'O PEYEBOI0 CUTHAJIA.
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Puc. 4.6. 'omopdHBbIil aHATU3 BOKATU30BaHHBIN peyun:
a) B3BEILICHHBIN PeueBOW cUrHai; 0) JorapuM MOy KpAaTKOBPEMEHHOTO

®dypre; B) 3HaueHue (aszbl; I') «pa3BepHyTas» (asza; 1) KOMIUIEKCHBIA KEICTP; €)
KEIcTp

Ha puc. 4.6,a noka3zaH cerMEHT BOKAIM30BaHHOI'O CUTHaJa, B3BEUICHHBIN C
okHoM XemmuHra. Ha puc.4.6,6 npezacraBieH jorapupm MOIyJsl JUCKPETHOTO
npeoOpazoBanus Oypobe. B 3T0i1 PyHKIIMN MMeeTcs: meprogudyeckas KOMIIOHEHTA,
00yCJIOBIIEHHAs MEPUOAMYECKUM XapakTepoM BXoaHoro curHana. Ha puc.4.6,B
IPE/ICTaBIIEH Pa3pbIBHOM XapakTep riIaBHOTO 3HaueHus (aspl, a Ha puc. 4.6,r —
¢da3zoBas KpuBas, JUIIEHHas pa3peiBoB. Pe3ynbrar mnpeoOpazoBanus dypbe B
KOMIIJIEKCHBIN KETICTP KPUBBIX Ha puc.4.6,0 u 4.6,r npeacTasieH Ha puc.4.6,1.

OTMeTUM Hajau4Me MUKOB B MOJIOKUTEIBHOM U OTPULIATEIbBHOM BPEMEHH U
OBICTPOE 3aTyXaHWE KOMIIOHEHT B OOJACTH MajblX BPEMEH, YTO OOYCIIOBJIEHO
COBMECTHBIM BO3JCHCTBUEM pEUYEBOIO TPAKTa, MCTOYHUKA BO30YXIECHHUS U
uznydyenueMm. Kenctp, sBusowmuiics o00paTHbIM npeoOpaszoBaHueM @Dypbe
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Jorapudma aMITUTy 6l MOZYJISl CIEKTpa, MOKa3aH Ha puc.4.6,e. B nannom ciydae
COXPAaHEHbI BCE OCHOBHBIE OCOOCHHOCTH KOMILJIEKCHOTO KEICTpa, MOCKOJIbKY OH
SBJIIETCSI YETHOM Y4aCThI0 KOMIUIEKCHOTO KEICTpa.

[TocnenoBaTenbHOCTh TpadukoB Ha puc.4.6 MOKa3bIBAET, KaK MOXKHO
UCIOJIb30BaTh TOMOMOP(HYIO (GUIBTPALMIO AJI1 aHalu3a pPEYeBOro CHUTHAJIA.
[Ipe’xxne Bcero OTMETHM, 4YTO HMIIYJIBC B  KEINCTpe, OOYCIOBICHHBIN
KBA3UIIEPUOANYECKUM BO30YKIECHUEM, OKa3bIBAECTCS OTIEIEHHBIM OT OCTAJIbHBIX
KOMIIOHEHT. OTO TMpPHUBOJUT K COOTBETCTBYIOIIEH CHCTEME TOMOMOpP(HON
(uIbTpay peueBoro CUrHaa, npeacTaBIeHHON Ha puc. 4.7.

D1 1 Bitl ]

X
5 {m} ®in} W

wn) [in)

Puc. 4.7. Peanuzanus cucrembl roMoMoppHO# GUIBTpAlIUKA peUn

CerMeHT pedeBOro CHUTHAJIa B3BEIIMBACTCA C HEKOTOPHIM OKHOM U
TpeOyeMble KOMIIOHCHTBI KEIICTpa BBIJACISAIOTCS C HCIIOJIb30BaHUEM «OKHA TIO
kerictpy» I(n). Ecimu Be1Opath 1(n) B COOTBETCTBHM CCOTHOILICHHEM

L |n|<n,
|(n):{0, A (4.17)

r7e n, BBIOpaHO MEHBUIUM, YEM MEPHUO]] OCHOBHOI'O TOHA N, , TO BBIXOJIHON

CUTHAJ allpOKCUMHPYET UMIYJIbCHYIO peakinio, onpeaensemyto (4.13). 3ToT Bun
bunabTpalMK  MHOTJA  HA3bIBAIOT  «YAaCTOTHO-UHBAPUAHTHOW  JIMHEHHOM
bunpTpanuen».

Ecau BwIOpaTh /{n) Takum o0pa3oMm, 4TOOBl BOCCTAHOBUTH KOMITOHECHTHI
BO30YXKIeHUs, T. €.

|(n)={0’ Il <1y (4.18).

L |n[=n,

TO BBIXOJHOW CUTHAJI allllPOKCUMHUPYET UMITYJIbCHYIO ITOCIEA0BATEILHOCTh
BO30Y>KJICHUSI, aMIUTUTYJIbI KOTOPOW 3aTyXalOT B COOTBETCTBUM C BECaMU OKHA
XeMMHHTa, TPUMEHEHHOTO MPU B3BEUIMBAHUU BXOJAHOT'O CUTHAJA.

B pesynbTate B3BEIICHHBIH KOMIUIEKCHBIM  KEINCTp IOJBEpraercs
oOpaTHOMY MTPeoOpPa30BAHUIO IS TTOTYYEHUS TPEOYEMbIX KOMITOHEHT.

Takum o6pa3oM, C TIOMOIIGI0 TOMOMOP(HON (GUIBTPAIIUH MOXKHO
BBIICNIUTh DSl BaXKHBIX KOMIIOHEHT PEYEeBOro CHUrHaia. Yarie craakuBaroTCs C
HEOOXOJMMOCTHIO OIICHKM TaKHWX IapaMeTpOB, KaK IEpPUOJ OCHOBHOTO TOHA U
gacToThl popmant. st 3TUX 1enel KencTpanbHbIi aHaINU3 BechbMa (P (EKTHUBEH.
JIJisi BOKaIM30BaHHOTO CETMEHTa PeUd MUK B KETNICTPE BO3HHUKAET IMPHU 3aJCPKKE,
COOTBETCTBYIOIIEH MEPHOAY OCHOBHOTO TOHA. {711 HEBOKAIM30BAHHOTO CETMEHTA
TaKWe IMHUKUA B KEMCTPE HE BO3HUKAIOT. DTO CBOHCTBO KEICTpPa MOXKET OBITh
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UCTIOJB30BAaHO 7Sl KJIACCH(PHUKAIMU BOKATM30BAHHBIN/HEBOKATM30BAHHBIA U IS
IIeproJia OCHOBHOI'O TOHA Ha BOKAJIM30BAHHOM peuu.

YacTtoTel (OpMAaHT Takke MOXHO ONPEISIUTh C HCIOJIb30BAHHEM
jgorapuma MOAyJIS TepeaaToyHod (YHKIMHM PEueBOTO TpaKTa, KOTopas
BBIYMCIIIETCA 110 KEICTPY C MOMOIIBIO KENCTpabHOro OKHa (4.17).

4.3. OueHuBaHKEe OCHOBHOI'O0 TOHA HA OCHOBE KelcTpa

Meroq OLieHMBaHMS OCHOBHOTO TOHA Ha OCHOBE KEICTPAJIBHOIO aHAJIM3a
JOCTATOYHO MPOCT. BBIUMCIEHHBIN KENICTP UCCIEAYETCS € UEIbI0 OTBICKAaHUS THKa
B 00JIaCTH BO3MOXHBIX 3HAYEHUH OCHOBHOTO TOHAa. Eciaum muk B Kemcrpe
IpPEBBIIIAET TOPOT, TO CErMEHT KiIaccU(PUUIUpYeTCs Kak BOKAJIM30BaHHBIM, a
KOOpJIMHATa NHUKAa JAaeT XOPOILIYK OLIEHKY IepuoAy OCHOBHOro ToHa. Ecmu
MaKCHMyM KeTCcTPa HE MPEBBIIIAET -MOpora, TO CerMEeHT Kiaccu(uuupyercs Kak
HEBOKAJIM30BaHHbIA. V3MeHeHHWe BO BpeMEHHM TUNa BO30YXIECHHS M NEpHoaa
OCHOBHOT'O TOHa MOKHO OLIEHUTHb C HMCIOJIb30BAaHUEM 3aBHCSIIETO OT BPEMEHU
KENCcTpa, 4YTO JOCTUIaeTcs Ha OCHOBE BBIYMCICHHUS 3aBUCALIETO OT BPEMEHU
npeobpazoBanus Oypre. OOBIUHO KeTCTp Bhluucsiercs 1 pa3 dyepes3 kaxasie 10 —
20 Mc, TOCKOJIbKY B HOPMAJIbHOM peud rmapaMeTpbl BO3OYXKACHUS HE H3MEHSIIOTCS
osIcTpEe.

['oMoMopdHBIN aHaIM3 MO3BOJSET TOCTPOUTH OYEHb MPOCTON W
3¢ (HEKTUBHBIN aITOPUTM BBIJICIICHUSI OCHOBHOTO TOHA W KJIacCH(UKAIIMU PEeUr Ha
BOKaJIM30BaHHYI0/HEBOKaAIN30BaHHY10. K coxkaneHuto, UMeeTcs psiji MpakTUYeCKUX
BOIIPOCOB M TPYAHOCTEW, KOTOpPbIE BO3HHUKAIOT MPHU MOCTPOCHUM KEICTPAIbHBIX
aHAJIN3aTOPOB OCHOBHOT'O TOHA.

Bo-nepBeix, Hanuuue BbIOpoca B KemncTtpe B auamnazoHe 3—20 Mc OYeHb
TOYHO YKa3bIBa€T Ha TO, YTO JAHHBI CErMEHT SBJISAETCS BOKAJIU30BAHHBIM.
OpHako OTCYTCTBHE MHKA WIM HAJIMYME CIA00r0 MUKa HE O3HAYAET, YTO JTAHHBII
CEeIrMEHT ABJISIETCS HEBOKAIM30BaHHBIM. AMIUIUTYAa WIM JaXe MpPOCTO
CYILIECTBOBAHHME IMHKa B KEICTPE 3aBUCHUT OT LEJIOro psaa (pakTopoB, BKIOYAs
JUIMHY OKHA, MCHOJb3YyE€MOIro Ui B3BELIMBAHMUS BXOJHOIO CHUTHajia, U
(bOpMaHTHON CTPYKTYpPBI CAMOTO CUTHANA. 3aMETUM,, YTO HAHOOIbIIAs aMIUTUTY /1A
NMKa B KEICTPE paBHA €AUHUIIE. DTO JTOCTUTACTCS TOJBKO B Ciydae abCOIIOTHOTO
COBIIAJICHHUS MEPUOJOB OCHOBHOTO TOHA. OJTO, KOHEYHO, COBEPUIEHHO HE
JOCTH)KMMO B pEalbHOM Cllydae, HaXe €CJIM HCIOIb30BaTh MPSAMOYTOJIBHOE
BPEMEHHOE OKHO, BKJIIOUAMOIIEE LEN0e YHCIO0 MepuoaoB. IIpsmoyrosbHbie
BPEMEHHBIE OKHA IPUMEHSIOTCS BECbMA PEAKO BCIEACTBUE XYALIUX PE3YJIbTATOB,
JABa€MbIX UMM IIpU OLICHMBAHUM CHEKTpa. B ciydae, Hampumep, okHa XEeMMHHIa
OYEBHMJIHO, YTO KAaK TMPOTSHKEHHOCTh OKHA, TaK W €ro OTHOCHUTEIIbHOE
paclojio)KEHUE 110 OTHOLIEHUIO K pEYEeBOMY CHUrHaldy OyayT OKa3bIBaTh
3HAYUTEIBHOE BIMSHUE HA BEJIMYMHY HAMOOJBIIETO MMKA B KETICTPE.

Kak kpailHuid ciiy4all NMpENOJIOKHUM, YTO OKHO HMMEET IMPOTAKEHHOCTH
MEHEee JIByX I€pUOJOB OCHOBHOro TOHAa. OYEBUAHO, YTO MPU 3TOM TPYAHO
0KHJIaTh TOYHOT'O OLEHUBAHUS IEPUOJUYHOCTH IO CHEKTPY WIIM KEICTPY CUTHAJIA.
Takum o0Opa3oM, MPOTSHKEHHOCTh OKHA MOMKET OKa3aThCsl TAKOW, YTO C y4ETOM
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YMEHBUIEHUS! aMIUIUTYAbl JaHHBIX K I'pPaHULIaM BBIOOPKH, MO KpailHeil Mepe, JBa
NEpHOJa OCHOBHOI'O TOHA MPOIMAIyT BO B3BEIIEHHBIX JaHHBIX. JlJI1 My>KCKOW peun
C HU3KOM 4acTOTOM OCHOBHOIO TOHa TpeOyeTcst okHO nopsanaka 40 mc. Jlig ronocos
c Oonee BBICOKOM YAaCTOTOM OCHOBHOTO TOHa TpeOyIOTCS MPONOPLUOHAIBHO
MeHblIMe OkHa. JKenmaTenbHO, KOHEYHO, BBIOMpPATh OKHO HACTOJBKO MaJlbIM,
HACKOJIBKO 3TO BO3MOXHO, 4YTOOBl U30€XaTh 3HAUUTEIbHBIX W3MEHEHUH
[IapaMeTPOB CUTHAJIA Ha NPOTSDKEHMM HCIIOJB3yeMOro cerMeHTra. Uem mHHEe
OKHO, TEM 3HAUYMUTEIbHEE U3MEHEHUS I1apaMeTPOB B MPE/esiax OKHA U TeM Oouiblie
OTKJIOHEHHE OT MPUHATON Mojenu aHanu3a. OMH U3 cnoco0oB BbIOOpa OKHa, pU
KOTOPOM OHO OBbUIO M HE CIIMIIKOM JUIMHHBIM M HE CJIIMIIKOM KOPOTKHUM, COCTOUT B
ajanTalyuy JUIMHBI OKHA C YYETOM IPEAMIECTBYIOIINX (MM BO3MOXKHO CPEIHETO
3HAYEHHUs) OLIEHOK IIEPHOJOB OCHOBHOI'O TOHA.

Jpyras npuurHa, MO KOTOPOM CHUTHajl MOXKET CHJIBHO OTJIMYAThCS OT
OMMCBHIBAEMOT0 MOJENbI0, 3aKII0YAETCd B YPE3MEPHOM OIPAHUYEHUHU IIOJIOCHI.
SpkuM npuMepoM NOI00HOIN HEealeKBATHOCTH MOXET CIYKUTh CUHYCOUAAIbHBIN
curtail. B norapugme criekTpa Takoi cUrHai 1acT TOJIbKO OAuH NUK. [TockonbKy B
CHEKTpEe HEeT MEePUOJUYECKUX KoJieOaHUM, B KerncTpe He OyneT nukoB. B peueBom
CUTHAJIe€ BOKAJU30BAHHBIE CETMEHTHI OOBIYHO OYEHBb Y3KOMOJOCHBI C IJIOXO BbIpa-
KEHHOM rapMOHHUYECKOM CTPYKTYpOM Ha 4acTOTAax BBILIE HECKOJBKUX COTEH Iepll.
B sToMm ciyuae nuku B kenctpe oTcyTcTBYIOT. K c4yacTbio, uist M0OBIX 3HAYEHUH
NEpHUO/A, 32 UCKIIOYEHHEM CaMbIX KOPOTKHX, 00JaCTh, B KOTOPOH BO3HHMKAIOT
IIUKH B KETICTPE, HE COJEPIKUT APYTUX KOMIIOHEHT, KPOME OCHOBHOI'O TOHA. Takum
o0pa3zoM, g ONpenesieHUs IIOJOKEHUS HMITyJbCa OCHOBHOI'O TOHA MOYKHO
MCII0JIb30BaTh JOCTATOYHO HU3KUM ropor (nopsiaka 0,1).

[Tpu npaBUIBLHO MOAOOPAHHON NPOTSHKEHHOCTH OKHA Ha BXOJIE MOJIOKEHHE
U aMIUIMTyJla HMITyJbca KelcTpa oOecrneunBaroT B OOJBIIMHCTBE CIIy4aeB
XOpOIIYI0 OIIEHKY TepruoJa OCHOBHOTO TOHA M KiacCH(HUKanuu TOH/myM. B Tex
CIIy4asix, KOrJia KEICTPaJbHbIN aHAIN3 HE MO3BOJISIET TOYHO OTBETUTH Ha BOIIPOC O
HAJIMYUKA HMITYJIbCOB OCHOBHOTO TOHAa W 3HAYE€HUU NEPHUOJA, NI BBIHECEHUS
OKOHYATEJIbHOTO PEUICHUS] MOXHO IPHUBJIEYb JOMOJHUTEIbHYI0 MHPOPMALMIO O
BUJI€ QYHKLIHUH CPEAHET0 YKCiia EPEXOJOB Uepe3 HYJIb, SHEPTUH CUTHAJA.

4.4. 'omomopHbIii BOKOIEP

['omomopdHasi o00paboTka peueBOro CUTHaJla NPUBOAUT K BecbMa
yI00OHOMY OIMCAaHUIO, T/I€ OCHOBHBIE MapamMeTpbl CHUTHAlA OTIEJCHBI JAPYT OT
apyra, T. €. WHpOpManus O CHTHaje BO30YXXIEHHUs pPacloJOKeHa B 00yiacTu
OonbIIMX BpEeMEH, a uHMOpPMAIUs O pPEYeBOM TpakTe W (QopMe uMITyIbCca
BO30Y)XJIEHUSI — B 0O0JIaCTM MaJIbIX BPEMEH KeIcTpa. 3aBUCSIIMN OT BpEMEHU
KOMITJIEKCHBIH CIEKTp (AaKTHUECKH COACPXKHUT Ty Ke HH(DOpPMAIUIO, YTO |
TEeKYIIUH CIEKTpP CHTHajJa, KOTOPBIM, B CBOI OYepeNb, SBISCTCS TOYHBIM
OMHCaHWEM peueBOoro curHana. KencTpaiapbHOe MpencTaBiIeHHE, OJHAKO, HE
ucrnonab3yer uHdopmanuu o ¢asze curHaiga, CoAepKaileics B mpeoOpa3oBaHUU
®dypre, W MOITOMY KPATKOBPEMEHHBIM KEICTP HE TO3BOJSICT €AMHCTBEHHBIM
o0Opa3om omucath peueBoe koneOanue. TeM He MeHee Ha OCHOBE KEICTpa MOXKHO
OLICHUTHh (DOPMAHTHBIE-YACTOTHI, MEPUOJI OCHOBHOTO TOHA MU KJIACCU(UIIUPOBATH
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CHTHAJI KaK BOKAaJM30BaHHBIM WM HEBOKAIM30BaHHbIM. KencTp wucnomp3yercs
TAaKXK€ JUIsl HETMOCPEACTBEHHOTO OIKMCAHHMS pPEYd B CHUCTEMaX, HAa3bIBAEMBIX
TOMOMOP(HBIMH BOKOICPAMHU.

B romomopdHoM Bokosiepe kenctp Beiuucisiercs 1 pa3 yepes kaxapie 10 —
20 mc. Ileprnon 0CHOBHOTO TOHA U MPU3HAK TOH/IIIYM OIIEHUBAIOTCS IO KEICTPY, a
KOMITOHEHTHI KETCTpa B 001aCTH MajbIX BpeMeH (IpumMepHo nepsbie 30 0TCUeToB)
KBaHTYIOTCSI U KOJUPYIOTCS I Nepefaud Wik xpaHeHus. [lo KBaHTOBaHHBIM
OoTcueTaM KercTpa B 00JIACTH MalIbIX BPEMEH B CHHTE3aTOpE BOCCTaHABIMBAETCS
umnyiascHas peaknus hy(n) wam hy(n) u BeluMcHsgeTcs cBepTka ¢ (QyHKIHEH
BO30Y>KJICHHSI, BOCCTAHOBIIEHHON B CHHTE3aTOpe Mo MH(popmaimu 00 OCHOBHOM
TOHE, MPU3HAKE TOH/IIYM M COOTBETCTBYIOIIMX aMIUIMTYJaX. JTOT aJITOPUTM
npenacraBiieH Ha puc. 4.8.
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Puc. 4.8. CtpykrypHas cxema romoMop¢hHOTro BOKOAEpA: @) aHAIU3aTop; 0)
CHUHTE3aTOp

Ha puc.4.8,a nokazan ananuzatop. CHauana BEIYUCISIETCS KEMCTpP, a 3aTeEM
C MOMOIUIBIO KETICTPAJILHOTO OKHA BBIAEIAETCS 00J1aCTh MalbIX BpeMeH. [list aToro
UCIIOJIb3yeTCcsl OOBIYHO TMepBble 26 orcyeToB Kemnctpa. IlonHbld  kencTp
UCIIOJIB30BAJICSI TaKKe I BbIACICHHS WH(pOpManuu U 00 OCHOBHOM TOHE W
npu3Hake ToH/myM. WMHpopmamus o curHane BO30YKIEHUS COBMECTHO C
KBAaHTOBAaHHBIMM  3HAUEHHUSIMHU KEICTpa HCIOJIb30Bajdach s LU(PPOBOTO
MPEJCTABICHUS CUTHANIA U niepeaaBaiack no kanany 50 — 100 pa3z B cexynny. s
CHMHTE3a BXOJHOTO CHIHaja MO0 KENCTPAJIbHOMY OIHMCAHUIO BBIYHUCISIACH
uMItysbcHas peakius. [[ocKoabKy KerncTp — 3To 4YeTHas (PyHKUUS BpPEMEHH, TO
JUISl TIOCTPOEHUSI KEICTpa JOCTATOYHO 3HATH JIMILb €r0 YaCTh, JIOKAIM30BAHHYIO B
00J1aCTH MOJIO)KUTEIILHOT'O BPEMEHHU.

[IpeoOpazoBanue @Dypbe YacTu Kercrpa B OOJACTH MalbIX BpEMEH
OPUBOJUT K Jiorapumy nepeaaroyHor (PyHKUIMH, OMHCHIBAIOLIEH COBMECTHOE
BJIMSIHHE PEYEBOrO TpakTa, (POpMbI UMITYJIbCa BO30YKACHUS U n3nydeHus. O1HaKko
¢daza B JaHHOM ciiyyae paBHa Hyi0. B cxeme Ha puc. 4.8,0 mpeoOpazoBaHue
®ypbpe U3MEHsETCs IS MOJYyYEHUs ACHCTBUTEIBHOIO YETHOTO MpeoOpa3oBaHus,
oOpaTHOoe TmpeoOpa3oBaH KOTOPOrO MPEACTABISIET COOOM  «UMITYJIBCHYIO
XapaKTEPUCTUKY». ABJIAIOLYIOCS YETHON (GyHKUIHEH. NmnynecHyro
XapaKTEPUCTHUKY, MOTYYEHHYIO TaKUM 00pa3oM MO KENCTPy, MOKHO CBEPHYTbH C
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IIOCJICIOBATEIIBHOCTBI0 UMIIYJIbCOB, OTCTOSAILMX Jpyr OT JApyra Ha IEpUO]
OCHOBHOI'O TOHAa JJIi BOKaJM30BaHHOM pe€4Yd, U C PABHOOTCTOSAIIEH
[I0CJIENOBATEIBHOCTBIO HMITYJIbCOB Clly4anHoOu IIOJIAPHOCTH IS
HEBOKAJIN30BAHHBIX CETMEHTOB.

[Io norapupmuueckoMy CHEKTPY MOXKHO TMOJYYUTb U MHUHUMAIBHO-
(a3oByI0 HMIIYJIbCHYIO XapaKTEpUCTUKY, JUId YEro CJEAyeT HCIOIb30BaTh
KEIICTPAJIBHOE OKHO BUJA

1, n=0
I(n) =12, —-n,<n<0 (4.19}

0 6 mnpomusnom cnyuae

Tectsl Ha ciIyXoBO€ BOCHPUATHE MOKA3ad, YTO MHUHUMAaIbHO-(a3oBoe
ONMCAaHUE SBIACTCA Haubolee MPEANOUYTUTENBHBIM. JTO BIIOJIHE €CTECTBEHHO
BCJIEZICTBUE TOrO, YTO MUHUMAaIbHO (Da30BBIM CUTHAJI HamOoJiee COOTBETCTBYET
pPEYEBOMY CUTHAIY.

['oMoMopdHBINA BOKOJEP, KaK U JIFOObIE BOKOJAEPHBIE CUCTEMBI, B KOTOPBIX
OBITAIOTCSA Pa3/eIUTh NapaMeTpbl pedd Ha CUTHaJl BO30YXKAECHHS M NapaMmeTpsl
pedYeBOro TpakTa, II03BOJISAET JOCTHUTHYTh MAaJOd CKOpPOCTH Ilepefjaud H
JIOTIOJIHUTEbHON TMOKOCTH MpU 00pabOTKe peun LIEHOHN yCIIO)KHEHUS B OIIMCAHUU
U MoTepb B KadecTBe. JlaHHas cucreMa oO0NagaeT TEM MPEUMYIECTBOM, 4YTO
KETICTp, TPeOYIOLUI JUId. CBOEr0 BBIYMCIICHUS HaWOOJBIIMX 3aTpaT, MO3BOJISET
OLICHUTh KakK IapaMeTpbl PEUueBOr0 TPaKTa, TaK M IMapaMeTpbl BO30YKIEHUS.
Januplii Meron HauOoyiee NPUBJIEKATEIEH, €CIU HMEETCS BO3MOXXHOCTH
ncnons3oBanus bUC s Beruucienus 11D,
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