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OUJIBTPALINA N3BMEPUTEJBHBIX CUT'HAJIOB
O®OPMUPOBAHUEM YACTHBIX CYMM
PAAOB ®YPBE

B pa0oTe paccmaTpuBaeTcsi cCieKTpaJjbHblii MeTOod (PUIALTPALUU U3MEPH-
TeJbHBIX CUTHAJIOB, OCHOBAHHBbIII HAa BO3MOYKHOCTH COKpallleHUs1 o0bemMa mnpe-
oO0pa3zoBaHMii HaJl CHTHAJIOM MyTeM mnepexoaa oT 0a3Wca rapMoHHM4YecKHX ¢yH-
Kuuid Kk 0asucy B Buae siapa Jdupmuxie.

IMony4yeHbl cOOTHOLIEHUSsI, 00ecneYnBaKOLIMe peaJu3auui0 PUIbTPYyHOLIEro
CBOIiCTBa OPTOHOPMHPOBAHHOI0 0a3uca MyTeM BOCNpoU3BeaAeHUA siapa Aupux-
Jie B BUAe AaMIUINTYAHO-MOAY/JIHPOBaHHOro KosjebaHus. [lokazaHa BO3MOKHOCTB
npakTUYecKoil peajn3anuu (PpUIBTPYIOILEro ycTpolicTBa M JaHa OLEHKA ee

MOTPEeIHOCTH.

TMockonbKy GUIBTpalys ©BMEpHUTETHBIX CUTHAJIOB
3aKJIFOYaeTCsl B Lie/ieHarpaBlieHHOM W3MEHEHHH COOT-
HOLLIEHUS MKy pa3TMYHbIMKA KOMITOHEHTaMH CTIeKTpa
curHana [1], To, ¢ y4eToM JIerko ocyulecTBIIsIEMOil B
M3MEPUTEITbHOM TEXHUKE MePUOIN3aLIMN OTHOKPATHBIX
peanuzaLmii CUrHasia, peCTaBIsieT 3HAUUTENTbHbIA UH-
Tepec MOMCK HOBBIX BO3MOYKHOCTEH, 3aKJTFOUEHHBIX B Op-
TOHOPMHPOBAHHOCTH 0a3Kica rapMOHUUECKUX (PyHKLMI
NpU Tepexosie K MPEeACTaBICHUIO YCEUEHHBIX PSIOB
®Oypbe B BUJIE ONpPeeIeHHbIX HHTErpasioB.

Jns mepuoandeckoro curnana e(t) cuura-
€M M3BECTHOH cymMMmy psaa Dypbe

CO
2

W MOCTaBUM mepes coOoi 3anauy HalTH BhIpa-
JKEHHE CYMMBbl YCEUEHHOro psaa

.,
C; +;[ak cos( 2mhtt) +b, sin(2mkfi)] (2)

ot) = +i[ak cos( 2nkft ) + b, sin( 2mkft) | (1)
k=1

S.(0) =

B KOTOpOM K03 duuuentel a, u b, onpenens-
orcsa Gopmynamu

)
a == Je(t) cos(2nkf )t (3)

27 .
bo=r oje(z) sin( 2kt ) dt (4)
i

re I = 7 - - TIepHOJ MOBTOpeHUA CUrHAMA e(t).

Tak kak uaTerpansl (3) u (4) aBAAIOTCS OM-
peneneHHbIMH, TO CUMBOJI MepeMeHHON Mo 3Ha-
KOM HHTerpaja MOXKeT OBITh BBIOpaH MPOU3BOJIb-
HO, a TIOTOMY, TMOJCTaBUB 3HaYeHUS KOADPuim-
€HTOB a, M b, B BBIPAOKEHHE TMOJMHOMA, MOIYYHM:

N 27
Su(t) = % + cos( 27ikft) é |e(z) cos kzaz +
k=1 0

&)

N 2z
+ sin( 27ft) 1 [e(2) sinkzdz
k=1 T,

cos( 2mkft) W sin( 2mkft ) MOKHO BHECTH I10J1 3HAKU
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HUHTETPAJIOB KaK MOCTOSIHHBIE MHOYKUTEIIH U TTePETTH-
caTb BblpakeHue (5) B BUJE:

v [ n
Sy(t) = % +1 J.e( z) coskz-cos@mkft)dz+ Ja/ z) sinkz- sin(21kft) dz} =
Tk=1] o 0
,%Jrii ][.e(z) cosk(z—2nft)dz (6)

W= g

Bripaxkenuto (6) MOXXHO mpuaaTh Clieqyo-
LU BUI:

Sy(1) =£ je(z)BJr > cosk(z —2nﬁ)}dz %

CymMa, crtosiias B KBaJpaTHBIX CKOOKax,
MOXKET OBITh IpeACTaB/ieHa B 3aMKHYTOM Buze [2]:

P sin(N +;)a
—+ Z cos ko = ————,

8
2 2 sm[(;j ( )

BBonas (8) B BblpaxkeHue S,(¢) moliyaem:

1 n sin[(N +T§Xz—2nft)]
SV n '[e(z) 2sinl§(z—2nﬁ)] “ 9

0

Jns ynoGcerBa BhIUMCIIEHUH 1LenecooOpas-
HO BBECTH HOBYIO MEPEMEHHYIO:

z=2nft =u;
z=u+2nft,
dz = du;
TOra OKOHYATEJbHO MOJYYUM:
177 sin(N +4)u
SN(t)z—'[e(u+27tft)—.“‘du (10)
T 2 sin’

Bripaxenue (10), Ha3pIBaeMoe MHTErpajioM
Jupuxne, npeacrapisieT OCHOBY IS peanusa-
uMu QUIBTPYIOLIEro CBOWCTBA OPTOHOPMUPO-
BaHHOTO Oaszuca. [leiicTBUTENBHO, pe3yNbTaT HHTET-
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d)uﬂbmpauuu umepumebHblx cuzHaunoes

pupoBanus (10) naeT GhyHKIIMIO, 3aBUCAILIYIO OT t Kak
aprymenta u N Kak napaMmerpa, a motomy dopma
Sy(t) ompenenseTcsl MOJIOCON YacToT, TpeOyeMoin
TSl BOCTIDOM3BE/ICHUS B peajlbHOM MaciiTabe Bpe-
MeHU t Af = Nf , 10O KOJIMYECTBOM rapMOHHUK N,
YKJIaABIBAIOLIUXCA B BBIAEJIEHHOM JI1 BOCTIPOU3BE-

A

nenus GyHkuuu S, (1) monoce yactor N = IR

Bocnpouseenenue gyHkimm S,,(¢) MOXKeT ObITh
obecrneyeHo YCTpOMCTBOM, CTPYKTypHas cxeMa Ko-
TOpOTO NMpHUBe/ieHa Ha puc. 1.

e(t) 1 3

puc.l

31aech:
1- mepeMHOXKHUTENb;
2- ¢opmMupoBaTesib NEPUOANUECKH MMOBTOPSIEMO-
ro aapa upuxie;
3- uHTerparop.

U3 cpasuenus (5) u (10) cneagyet, yto co-
KpallleHWe KojJudecTBa mpoueayp (BbIYHCIHU-
TeJBHBIX WJIM anmnapaTypHBIX) AJs ompeneie-
HUS Sy(t) BO3MOXKHO MyTeM mepexojia oT Oa-
3Uca rapMOHMYECKUX (YHKIMN K Oa3ucy B BHIE
saapa dupuxie

sin(N +,)U
2sin(y) - (D

(dhopMupoBaHHe KOTOPOTO M3MeHeHHeM N B IIU-
poKuMX mpenenax obecreuuBaeT QUIbTPALHUIO
curnana e(t).

HeiictBuTenbHO, hopmupoBanue Sy, (1)
BbIOOpOM N =N, = o0ecre4yuBaeT MoJiyueHUe
e, (t)=Sy (1) ¢ OrpaHUYEHHBIM KOJUYECTBOM
4JICHOB PaBHOAMIUIMTYAHOTO TOJIMHOMA, 00pa-
3ytowtero sapo Jupuxie, u BbI3bIBaeT oOpaiie-
HUE B HOJIb WICHOB OeckoHe4yHOro psaa dypee
(1) ¢ Homepamu k, mpeBblmaromumu N =N,
T.e. TMOJABJICHHE BBICOKOYACTOTHOM YacTH CIeK-
Tpa e(t) WM ero HU3KOYacTOTHYIO (pUIIbTpaLuIoO.

CylecTBEHHO MPH 3TOM, YTO B MOJIOCE TPO-
MyCcKaHus Takoro (uAbTpa HHU3KUX YacTOT
(®HY) cooTHOlIEeHHEe MeXAY COOTBETCTBYIO-
UIMMU YacCTOTHBIMHU KOMIOHeHTamMu e(t) u

Ny COXPAHSIETCS C TOM CTEMEHBIO TOYHOCTH,
¢ Kako# ynaetcs opmupoBarh aapo Jupuxine
U UHTETPUPOBATH PE3yJIbTAT €ro NMePeMHOKCHHS
¢ ¢GunbpTpyeMbiM curHaiom e(t).

®opmuposanue Sy, . mpu N =N, obecre-
uMBaeT noyydenue e (t)=e?) =Sy, (1) ¢ nonas-
JICHHOW HW3KOYacTOTHOM 4acThlo criekTpa e(t).

s oGecnieuenust addekra MoIoCcoBOM PUITBT-

pauuu HEOO0X0IUMO MOJIYUYUTh

Dy(U) =

e o(D=e,, ()~ le(t) Sy (U |, Te. cpopMHpOBaThH
0a3ucHyI0 PyHKIIHIO

sin(N,  +)U —sin(N, +)U

Dy, ,(U) =D, (U)=D,,(u) = (s * ) , Now * DY _

" 2sin(Y)

Sl-n(Nmux ~Nuw)U

N N nu
: 2 % cos{ Nnae ¥ N + DU
sin( ) 2
(12)

KOTOpasi B paccMaTpUBaeMOM cilyyae Hajess-
eT e, (t) cBoficTBaMu ocuuIMpyrome QpyHk-
UU.

U3 (12) cnenyeT, B 4aCTHOCTU, UTO MHpU

N, =N

max min

+1.

sin ,
D, (U) = =cos(N

min T ]) =cos ‘/Vmux U= COSAN'”WX (Z - ZTCﬁ),

a NnoToMy

2n
Sy (V) =% fe(z)cOSN (2= 2mft) = =
0
2n

=cos2nN . ft -1 .[e(z) cosN

0

zdz +sin2nN ,,, fi x

max
2n
/ .
XL Ie( z) sinN

0

zdz =a,, -cos2nN,, fi+b, -sin2uN . fi.

max max

13)

U3 (13) cinenyetr, uTo B MpeaeibHOM Cly-
Yae MoJ0COBOHM (UIbTPALMU BBIXOJAHON CHUTHAJ
npenacTaBasier co0oii rapMoHMYeckoe KoJieba-
HHE dYacToTrel f,,=N,,.f C aMIUNIUTyJdOH

2 2 v v
ANnmx—1/ame+bNm U HavajpHOU (azoii

max

by
PN e = arctg ———
Nmax
Peanuzanus ¢unaeTpyroniero cBoiictea op-
TOHOPMHUPOBAHHOI0 0a3zuca omnpenenseTcs BO3-
MOXKHOCTSIMU cUHTe3a aapa Hupuxie (11) unm
BO3MOXHOCTSIMH CHHTE€3a PaBHOAMILJIUTYIHOTO
MoJIMHOMa Ha OocHOBaHWH (8):

N sin(N +%)o |
Z cos ko =————— (14)
— 2sin% 2

Peanuzanusa nesoit ywactu (14) cesizaHa c
HEOOXOJAUMOCTBIO CHUHXPOHU3AaIMu padbotsl “N”
reHepaTopoOB rapMOHUYECKUX KojebaHui kpart-
HBIX YacTOT B Mpoliecce CyYMMHPOBAHHUS dTUX
Kone0aHWil ¢ paBHBIMU aMIUTUTYJIaMHU U CTPO-
rumMu (a30BBIMH COOTHOINEHUSMU, a ClieOoBa-
TeJIbHO M C HeOOXOJAMMOCTBIO CTAOUIU3ALMU
aMIUTMTYT U Qa3 CyMMHUPYEMBIX KosieOaHWH, 4To
SBJISETCS CIIOKHOW TEeXHWYECKOH MpoOIeMoi.

[Touck paspenieHusi MPOTUBOPEYU TIPUBO-
JIIUT K HEOOXOAMMOCTH aHaKW3a BO3MOXKHOCTEH,
cofepkaluxcs B BbipakeHuu (14).

B ciiydae cuHTe3a paBHOAMILTUTYIHOTO TIOJTH-
HoMma (14) umeem:
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HaMpsIKeHUI0  MaclTabHOro  yCHJIMTeNs

N I% R,
U,..(1) :AmZCOS(kW[t-i-(p(}) = v =7 p_, rae rae R -conporuBiieHne, BKIIO-

k=1
A N N
—m Z g/ fwit+eo) +Z e Ikwit+en)
2 iz k=1
. Nwt
Sin SN+ N+
4, J ; w+0p) + —J( ; wi+g)
= e e =
2 . wit
Sin—-—
. Nw,t
sin (15)
=4 —cos(ﬂwt+ )—
““tm w 2 1 (P() -
sin——

=K(1)-A, cos(N” wit+¢, )

2

OTKYyZa CJIeAyeT BO3MOXKHOCTbh BOCIIPOM3BEJIE-
HUS PAaBHOAMIUIMAYTHOTO MOJIMHOMA aMIUIATYA-
HO-MOJYJIUPOBAHHBIM KOJIEOaHHEM, 3aKOH H3Me-
HeHUs orudaroleit KOToporo

[ Nw

sin|
A(t) =4 2 )
=T (16)

Sin——

rae A_ - amniuutyna kosjeGaHui Hecylied yac-
N +1

Ii

OnHoBpeMeHHO B BhIpaxkeHuu (15) conep-
KUTCS UHPOpPMaALUs O HEoOOXOJUMOCTH pealu-
3alMM MapaMeTpUUYecKoro npeobpazoBarens c
cucteMHbIM omepatopom K(t). [Ipu cunHTese
yCTpOWCcTBa 1JIs BOCIPOMU3BEACHUS aMIIUTY.-
HO-MOJyJIMPOBaHHOr0 KoJieOauus (15) riaBHbIM
TpeGoBaHHEM SABISIETCS MOANEpKAHUE KECTKOU
CBSI3M MEXy NapaMeTpaMH Hecyllero kojieba-
HUA M MOJYJMPYIOLIEro npouecca, YTO MOXKET
ObITh OOecreYeHo PE3UCTUBHON mapameTpuyec-
KOH Lenblo, Mepuoanieckoe u3mMeHenue ko3ddu-
nuenTta nepenaun K(t) kotopoit BHyTpH MHTEp-

in
pana (=21, =—
w,

TOTBHI

OCYHICCTBJIACTCA MEPEKITOYC-

HHUEM PE3UCTOPOB B MOMEHTBHI MPOXOXKAECHUS
HYJIEBBIX MTHOBEHHBIX 3HAYEHUH KOJIeOaHUIMHU
Hecyllled 4acTOThI.

dopManbHYI0O OCHOBY IJIsl pealiu3aluuu
(yHKLHMOHANIBHOTO MpeoOpa3oBaHuUs

. Nw,t
Sin
K(t)=—2
Cw,t
Sin——
2

COCTaBJISIET U3BECTHOE IOJIOKEHHE TEOpUU oIe-
PaLIMOHHBIX YCUJIUTENIed, OXBaueHHbIX mapaj-
JenbHOW OTpHUATENIbHONW 00paTHOW CBA3BIO,
COrjacHoO KOTOpoMy Ko3(QHLMEeHT mepeaayu Mo
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2
YEeHHOE MEXAY BBIXOJAHBIM 3a)KUMOM U CYMMHU-
pyIOLIEH TOUKOM, a R, - compoTHBIEHHE, BKIIIO-
YEHHOE MEXJY BXOJHBIMHU 3aXKUMaMU U CyMMHU-
pyromeu Touko#t [3].

I[J'[H YCTAHOBJICHHUA 3aKOHa HW3MCHCHUA

R% , =@(1) , TpeGyemoro s peanusauun K(t)

OyleM HMCXOIUTh U3 TEXHUYECKON BO3MOMXHOC-
TH CKa4ykooOpaszHoro usmeHenus R /R, B MomeH-
Thl BpEMEHH, KOrja MOoABOJAMMOE KO BXOAY Mac-
WTabHOro yCUJIMTENs rapMOHHYEecKOoe Hamps-

N +1
w
2

JKEHHC HeCYU.[efI YaCTOTBI Wy =

N +1
Ay(t) =4, COS( W/""@()] MPOXOJMT Yepes
HyJIeBble 3HauYeHHUs, YTO obecneunBaeT HEU3-
MeHHocTh KU BHYTpHM Kaxxgoro nonaymnepuona
UH(t).

Ry(1)
K(t) =K, (t) =-—2~ :
Torma us K(7) u(t) R(1) CIIEZIYET:
sianlz
2 _ Ry
Cwil o R,(1) (7)

OTKyJa OYEBHMJHO, YTO JJs BBINOJHEHHs Tpebo-
BaHMS K(t)|l:0 =N(-1)""" nocrarouno npu t=0
Ry(0) _
R,(0)

BEPTHPOBAHHE BBIXOJHOIO0 CHTHaja Macurad-
HBIM YCHUJIMTEJEeM ¢ MoiayjeMm KosdduiueHrTa

00ecreuynuTh U MOBTOPEHHE WJIU UH-

nepefaum 1o Hanpsskennio K, |=1.

27,

1
=, HUMCCeM:

t =
[Ipu 5

R,(t) sinNZ
- () =—2= =sinN % (18)

R,(t) sin’
OTKYyJla CJEAYET, UYTO COOTHOLIEHUE MEXKAY 4a-

o o w
CTOTOM HECYUIMX KoJieOaHMM (N+l)71 M yac-
TOTOM MOBTOPEHUsT MOIYJIMPYIOLIEro TIpolecca

w
TJII,OH)KHO BbIOMpaTh MCXOJ U3 JKeJlaHus oOec-

.
XMMLQ R{JJ

neanb‘ w
Sin 2

npu N-HE4YeTHOM
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Nw t r
siniv;’ Rz(;] "
W . w,t B T, N npu N - YETHOM. A|K(t)|: AR, AR, _ AR, +AR_7 20)
s | Ril K(1)|  R(0) R(0) R,(0) NR,

YeBHIHO, 4YTO Ha ocHoBe (15) MOXHO pea-
JU30BaTh MEPUOJANYECKOE BOCIPOU3BEICHUE
aMIUIUTYJHO-MOJYJIMPOBAHHOTO CHUTHAalla My-
TeM KOMMYTAallil CETKH PEe3UCTOPOB R, +R,
CHa4ana B mpsAMoM Hampasjenuu (ot 0 go T /2),
a 3arem B obpatHom (ot T /2 no T)).

Tak kak yclnoBusl MepuoIU3alMKU BOCTIPOU3-
BeJeHUS aMIUTUTYIHO-MOAYJHPOBAHHBIX KOJe-
OaHuii M3 KoneOaHUN Hecyllel 4acTOThl OMpe-
JleJIEHbI, TO LIeJIeCO00pa3HO OmpeAeuTh arra-
paTypHYIO MOTrPEIIHOCTh 3afaHus Kod(duireH-
Ta mepenayd MacumtTabHOTo mpeoOpazoBaTeis.

R,(0)
Tak kak npu t=0 |K(t)|:—R 0) =
1

Tomy usmeHenus R (0) u R (0) Benencteue Bo3-

JNeWCTBUS NecTadUITU3UPYIOMUX (HAKTOPOB BbI-
3BIBAIOT M3MEHEHUs KoddduireHTa nepeaauu

AIK(t)|:8|K(t)|AR +qK(t)|AR _ AR, | R(0)AR
oR,

] ok, TR Rgoy 19

, a To-

Cnucok MCno/ib30BAHHOI JIHTEPaTypPhI

OTtcrona cienyer, 4TO TOYHOCTb 3aJaHUA
ko3¢ duimeHTa nepegayu MacmTabHOTO TIPeod-
pa3oBarelis onpenensercs cTabUIbHOCTBIO pe-
3UCTOPHOTO ACIHUTENS, T.e. JOCTHKUMBIM TeX-
HOJIOTHYECKUM YPOBHEM JIOJTOBPEMEHHOH cTa-
OWJIBHOCTH PE3MCTOPOB, YTO MO3BOJIIET Ha MO-
PAIOK MOBBICUTH TOYHOCTH BOCHPOU3BEACHHUS
pPaBHOAMIUTUTYIHBIX MOJWHOMOB, a ClieJ0Ba-
TEJIBLHO W MpoueaAypbl GUIbTpALMK U3MEPUTEIb-
HBIX CUTHAJIOB.

[IpoBeneHHoe ucciegoBaHHE MO3BOJAET
ceslaTh BBIBOJ O MPUHUMUIHAIBHON BO3MOXKHO-
CTH (QUIBTPAUMU W3MEPUTETLHBIX CUTHAJIOB Te-
pexonoMm k Oasucy B Buae sapa upuxie, pea-
JM3alMs KOTOPOTO BOCMPOU3BEJACHUEM B BUE
aMIUTUTY ITHO-MOJYJUPOBAHHOTO KoJieOaHuUs
Mo3BOJIAeT 00ECHeYUTh BBHICOKYIO TOYHOCTD
dbunpTpau pu MajoM o0bEMe 000pYyIOBaHUS.
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