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Paccmompena npodnema nocmpoenus Y3K0n0J10CHO20 PedAHCeKmopHO20 PUibmpd, 0CHOBAHHO2O HA
npaMoM U 0OpamnomM OUCKpemHom npeobpazosanuu Dypwve. [ano meopemuueckoe obocHosanue yco-
6ePULEHCNBOBAHUTI MEeMOOd 3a CYem UCNONIb306AHUSL OONOJIHUMENbHOU NOUCKOBOI NPOYedypul, obecneyu-
sarouyeli ymenvulerue sghpexma pacmexanus cnexmpa. Ilpusedensi pe3yismanmsl mecmupoeanus paspa-
6OMAHHO20 AN2OPUMMA HA PEANIbHBIX U MOOETbHBIX NPUMEDAX.

The problem of construction of narrow-band rejection filter, based on direct and inverse discrete
Fourier transformation is considered. The theoretical ground of improvements of method is given due to
the use of additional search procedure, providing reduction of spectrum leakage effect. The results of
testing of the developed algorithm on real and modeling examples are given

BBenenne. [Ipu pemieHUN NPHUKIANHBIX 3a7ad YacTO MPUXOJUTCS BBIIENATH TOJE3HBIH
curHai Ha (OHEe aZITATHBHONW TapMOHMYecKoi omexu [1, 2]. B Tex cimywasix, Korma Harpy»XeH-
HBbI€ YacTOTHI MOJIE3HOTO CUTHANA U MOMEXH CYIIECTBEHHO pa3jM4HBI, pellieHue 3TOH 3ajaud
CBOJIUTCS K MPUMEHEHHIO W3BECTHBIX YAaCTOTHO-W30HMpaTebHBIX (GuisTpoB [3, 4], momoca 3a-
rpaX/ieHNs KOTOPHIX HACTPOEHA Ha M0JIaBJICHHE rapMOHUYECKMX [TOMEX.

3anavya GUIBTPAIUN CYIIECTBEHHO YCIOXKHSETCS, €CITH TTOMeXa coCpeIoToYeHa B 001acTH
MOJIE3HBIX YACcTOT CHTHAJA. B 3TOM ciy4yae mpUMEHEHHWE M3BECTHBIX PEXEKTOPHBIX (PHIBTPOB
MPUBOJIUT K UCKAKEHUSIM TIOJIE3HOTO CUTHAJA, YTO HEJOMYyCTUMO TIPH PEleHUH psiia MpaKkThye-
CKHWX 3a/1a4, B YACTHOCTH, MTPH 00paboTKe (PU3HOIOTHIECKUX CUTHAJIOB, HAIPAMED, AIEKTPOKAP-
JIUOTPaMM, peorpamMM, MarHUTOKapIHOrpaMM H T.II.

XapaktepHass 0COOCHHOCTh TaKWX CHUTHAJIOB COCTOWT B TOM, YTO IIEHHass WHQOpMAIHUS O
COCTOSTHUU 00BEKTa cocpe/IoTOUeHA Ha HeOOMBIMUX (hparMeHTax o01acTH OompeiesieHHs CUTHaIa
[5]. TToaTOMy ecnm B pe3ynbTare (pUIBTPAIIHA MPOUCXOASIT JaKe HE3HAUNTEIHHBIE MCKAXKEHUS
(bopMbI HTHPOPMATUBHBIX (PPAarMEHTOB, TO TAKHE UCKAKEHUS MOTYT MIPUBECTH K OMHUOOYHOM J1-
arHoctuke [6, 7].

B crathe pazBuBaeTcs MeTo] GUIBTPAIIUN CTAIMOHAPHBIX TAPMOHUYECKUX MOMEX Ha OC-
HOBE JINCKPETHOTO TpeoOpazoBanns Pypre U MareMaTHYeCKH 0OOCHOBBIBAIOTCSI YCOBEPIIEHCT-
BOBaHUS METOJIa, MOBBIIIAIONTHE eT0 () (PEKTUBHOCTD.

ITocranoBka 3agaun. Ilycts HaOmomaemMblii CUTHAN 3aJ1aH MOCJIE/I0OBATEILHOCTHIO JIMC-
KPETHBIX 3HaueHU# )y[k]=y(f,) B PABHOOTCTOAIIMNE MOMEHTHI BpeMeHH [, = kA,
k=0,1,..,K—1, e A — mar KBaHTOBaHUS 1O BpeMeHHU. [Ipennonaraercs, 4ro HaOIOJaEMBbIi
curHan ylk|= y,[k]+ hlk] npencrapnsier coO0i afIUTHBHYIO CMECH [IOJIE3HOTO CUTHAlIaA ), [k]
U TIOMeXHu /[ k] B BUJIe CyMMBI CTAallHOHAPHBIX TAPMOHUYECKIX KOJIeOaHui



h[k]=i a,cosr f,kA+4,), (1)

g=I

rae d,, f,, ¢, — COOTBETCTBEHHO aMILTATYJIA, YACTOTA U HaYalbHas (aza g -i rapMOHHKH.
Jloryckaercs, 4To BEIMUHMHBI d, , (), 3apaHee HEM3BECTHBI, 4 YaCTOTH f, TapMOHHK —

M3BECTHBI JIUIITL ¢ TOYHOCTBIO JI0 OrpaHudenuit f,"", f,'" CBEpXy M CHHU3Y, T.€.

fgnin ng ngmax, (2)

mprueM quanazosl A, = f™ — £™" MOryT coBmagaTh ¢ 06IACTIME HATPYKEHHBIX JACTOT IIO-
g 4 g

JIE3HOTO CUTHazia ), |[-].

[Ipu Takux ampHOPHBIX CBEIEHHUSX CTaBUTCS 3ajada MOCTPOUTH PEXEKTOPHBIA (DUIBTD,
oOecreunBaromuii d(P(PEeKTUBHOE TT0/IaBIICHAE TapMOHWYECKOH moMexu (1) mpu MUHUMAITBHBIX

UCKa)XXEHUSX (DOPMBI TOJIE3HOTO CUTHANA YV, [].

IIpobsema 6J10uHON (PUABTPANMH TApMOHMYECKHX MOMeX. PaccMOTpUM OJIUH W3 HU3-
BECTHBIX MOJIXOJIOB K TOIABJICHUIO COCPEOTOUYCHHBIX TAPMOHUYECKUX TTOMEX [3], OCHOBaHHBIIA

Ha IIpsAMOM

K-1

Y, =Y ylkle ™% 3)
k=0
1 oOpaTHOM
1 &y mnkik
y[k]=EzYne e 4)
n=0

JTMCKpeTHOM Tpeodpazorannu Oypowe (11D).

Kak Bugno u3 (3), npsmoe 11D no3BosnsieT pa3iaoxkuTh (IeKOMIIO3UpOBaTh) CUrHal ylk],
3a)UKCHPOBAHHBIN C TIaroM KBAaHTOBaHWS A B K TOYKaxX OTPaHWYCHHOTO BPEMEHHOTO WHTEP-
Baa KA (B cekyHAax), Ha K TapMOHUYECKHX KOMIIOHEHT C 4acTOTaMU (B replax):

n
f=—\ n=-K/2,.,0,..K/2. (5)
" KA
HpI/I OTOM BBIIIOJIHACTCSA YCJ'[OBI/IG CI/IMMeTpI/II/I KOMIIJIICKCHBIX aMHJH/ITYI[ FapMOHI/ILICCKI/IX

KOMMOHeHT, T.e. ¥ =Y, =~ ,Vn=1,.,K/2.
Y,
TpabHBIX KOMIIOHEHT 00pabaThiBaéMOro CUTHANIA, TO Ha OCHOBE Tiporietyp (3) u (4) MOXHO TI0-

CTPOUTH AITOPUTM OJIOYHOH (UIBTPAIlK CUTHAJA, CYyTh KOTOPOTO COCTOUT B CIENYIOIIEM.
B cuny nuueliHoctn mpeoOpazoBanust Dypbe id  QAIUTUBHON MOMEXHM CHEKTP

S{y} =S{y,}+ S{h} nabmomaemoro curnaia y[-|, mocTpoeHHBI! Ha ocHOBaHUH npsimoro 1D,

ITockosibKy MOIYIH ,n=-K/2,.,0,.,K/2 JII® onpeneistoT amMIIATyAbl CIEK-

paBeH cymMme crieKTpoB S{y,}, S{h} monesHoro curnana y,[-] u momexu A[-]. Kpome toro, us-

BecTHO [8], uTo mponenyps! mpsmoro u oopatHoro JIII® B3auMHO 0OpaTUMEL.

Otcrona, Ka3anoch OBI, CIENyeT, YTO ISl 3arpakJIeHHWs] CTAllMOHAPHON TapMOHWUYECKON
nomexH (1), TocTaTOuHO BBIMOJHUTH MOCIEA0BATENHHOCT BCETO JIUIME TPEX OMepalinii:

— moctpouts crektp S{y}=S{y,}+S{h} HaOarOmAaEMOro curHaja Ha OCHOBE MPSIMOIO
Al®;

— TIOJIaBUTh COCTABJISIFOIINE CTIEKTpa S{y}, COOTBETCTBYIOIIME YACTOTAM TOMEXHU A(-) ;

— BOCCTAHOBMTH IOJIC3HBIH CUTHANA ),[-] BO BpeMEeHHON 00JacTé Ha OCHOBE OOPAaTHOrO

JI® (puc. 1).



O6pabGaTsiBaeMbl i IMMone3un i "apMoHUMUeckas
CUTHaI cCurHarmn momMexa
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Bxonunoi ::> BroixoaHoi :> DO unbTpOBAHHB U
CHEKTD CIEKTD CUTHal

Puc. 1. Upesn pexektopHoro dounbtpa, NOCTPOEHHOro Ha ocHoBe AP

Onnako Takoil MpHBIIEKATENBHBIA TpreM He Bcerna 3(dexturen. Jleno B Tom, 4to B 00-
[IeM cllydae CIEeKTp OJUHOYHOTO TapMOHHUYECKOTO KoJeOaHUs, MOCTPOCHHBIM HAa OCHOBaHUHU
npsimoro JII1®, Oynet «pactpenesiTbes» Ha MEIbIH Psii CMEXKHBIX JacToT. Takoit agdexT B Ha-
YUHOU JUTEepaType MPUHATO HA3BIBATh pacmekanuem cuektpa (spectrum leakage) nucKpeTHOTO
rapMormUeckoro curaana [8, c. 270]. ITostomy, eciu B o0Iiem cirydae Juist QriIbTpanuy moMeXu
noJaBIATh Bee cocranssitonue J[IID, Ha KoTophie B pe3ysibTaTe pacTeKaHUsl CIIEKTpa pacrpesie-
TUIach HArpy3ka MOMeXH, TO TMPHUJIETCS 3aTPOHYTh MHOTO COCTAaBISIONINX, Hecyle nH(popma-
[IUIO O MOJIE3HOM CUTHAJIE, U B pe3yJsibTare rnocie o0parHoro npeodpazopanus Dypbe 1mose3HbIi
curHan OyJeT CyIecTBEHHO UCKaKEH.

[Tockonbky () (eKT pacTekaHus CIieKTpa BBITeKaeT U3 camoit mpupo sl JI1D, octanoBUM-
csl Ha HeM Oonee moApoOHO. J[JIs 3TOT0 pacCMOTPUM JAUCKPETHBIM TapMOHIUYECKH CUTHAI

hlk]l=acos(wkA+¢), k=0,.,K-1, (6)

rac a — aMIJIinTyla, A— mmar KBaHTOBaHHS 1O BPEMCHH, @ — KPYyroBasd 4aCcToTa, ¢ — Ha4dallb-

Has ¢asa.
Ucnonwzys npouenypy (3) npssmoro 1@, npencrtaBum curnan 4k | B Buae

K-l ‘ K-l ‘
Y, =Y Hkle?™' " =3 a-cos(wkA + @) -e K
k=0

k=0

1/ . B
C y4eToM TOTo, 4TO COSX = E(e’x +e "‘) AMeeM

K-1 K-1

— o a AP B o
Yn — Cl'COS((()kA+¢)'€ 2rwink /K =Z—'(ekal+¢l 2mink ! K +e WkAi-@i 2mnk/K):
k=0 =0 2
-1
a i (o A PP
_ __(e¢z L phi@A2zn/K) | i ki(-wA 27[1/1/[()).
im0 2
CreoBarenpHO
a - K ki / a o K ki /
Y, 4 o 'Ze iloA=2zn/K) @ | =40 'Ze i(oa-2mn/K) %)
2 k=0 2 k=0

K-1
ITOCKOJBKY BETMYHHA Ze"’(i“‘z””/ X) npencrasnser coGoit cyMmmy K IEHOB reOMeTpH-
k=0

i(toA-27n/K)

YyecKou IIpOrpeCCrur CO 3HaMCHATCIIEM e' , TO



KZ:4 ki(foA-27n/K) _ 1- ei(iKa)A—Z/m) (8)
€ - l_ei(ia}A—Zﬂn/K) :
k=0
CrenoBaTenbHO
a ) 1 _ ei(KwA—2;z'n) a ) 1 _ ei(—KwA—2;z'n)
— pi ~pi
=—-. . ) + — . (9)

n 2 l_ei(wA—27m/K 2 e 1— ei(—wA—Z;m/K) '

N3 Beipaxenus (9) BuaHO, uto Y, = 0 B TOM U TOJIEKO B TOM Clly4ae, KOTJia BBIIOJIHIETCS

yCIOBHUE
1— ei(iKa)A727zn)

=0, (10).

1— ei(ia)A—Zﬁn/K)
[Tockonbky
pl(tKoA-2mn) cos(+ KoA —27n)+ isin(+ KoA - 27n),
TO 4YHCIUTENb BBIpaKeHHs B HeBoil dyactu (10) obpamaeTcs B HyJb B TOM cIydae, Ko-

rj:[a(i KoA - 27m): 27 M , wnn, uto TO *Ke camoe, Ko A/2x =M , tae M - nenoe 4nucio. I1o

i(i(uA—Z;zn/ K)

Biaeder ¥, =0 mis Tex 3HAYEHWH 7, IS KOTOPBIX € #1, T.e. 3HAMEHATEIb BBIPAXKE-

i(i(uA—len/K)

Hus B jJeBoit yactu (10) He oOparraercst B HyJb. B Tom e ciyuae, Korja e =1, Ha

OCHOBaHUH paBeHCTBA (8) JeTKO MOXKeT ObITh pacKphITa HeollpeaeneHHocTs Buaa 0/0:

i(tKoA-27n) K-1
l-e _ Zeki(ia)A—Zﬁn/K) -K
1 i(*wA-2zn/K) ~ -
—e k=0

n

akK
Takmm obpazom, ecmtn Ko A/ 27 SBISIeTCS ETbIM YUCIOM, TO Y, = Tei”/’ I TeX 3Ha-

i(toA-27n/K)

YeHU n, 1 KOTOPBIX BBIIIOJIHCHO YCIIOBHEC e' = 1, u Yn =0 JJId OCTAJIBHBIX 3HaA4dC-

HU{ 77, U151 KOTOPBIX HE BBIMOMHSETCS yeosue e’ CA27/K) =1

OueBuHO, YTO YCIOBHE e'(#0227/K) _ | ppimonHseTcs TOrIa M TOIbKO TOLA, KOI/a Be-
nuunHa * @A —27n/ K KpaTHa udcny 27 . YCIOBHE «BeNHMUYWHA wA —27n/K KpaTHa 4uc-

Iy 27T » SKBUBAJIEHTHO YCIIOBHUIO

a yCJIOBHE «BEJIMUMHA — @A —277n/ K KpaTHa 4uCily 277 » SKBUBAJIEHTHO YCJIOBHIO

Ao
n=K\m-——|,
2
rae m - Iejaoe YUCo.

C yuetoM odeBHHOTO orpaHuueHuss 0 <n < K BeIuynHa m MOKET MPUHUMATH JIUIIb
JIBa 3HAYEHUsI, a UMEHHO 7= () B IEPBOM cliyyae U m = 1 BO BTOpOM ciiy4yae. MHbMu ciioBamu,
eciu oTHomeHne Ko A/27 SBISIETCS HEIbIM YHCIIOM, TO HEHYJIEBBIE aMILUINTYAbl Y B BbIpa-

n

. w-A
#eHUH (9) UMEIOT MeCTO TOJIBKO JUIsl 3HaUeHud n = K

5 (B aTOM ciTydae TepBoe cliaraeMoe
T

- A
BBIpakeHus (9) He paBHO HYMO) U i n =K (1 —2—j (B 9TOM ciIydae BTOpPOE CllaraéMoe BbI-
T
paxxeHus (9) He paBHO HYJIIO).
B pesynbrare n3 ¢popmyisl (9) OKOHYATETHHO MOJIyYaeM, YTO B TOM CIIydae, KOrja OTHO-
meHue Ko A/2x sBAsieTcss 1eiablM 4uciaoM, BeauciaeHHoe JIID conepxuT Bcero Juib JiBa
CHEKTPAJIbHBIX OTCUETA OTIIMYHBIX OT HYJIS:



ﬁe"p, npu n:w—AK,
2 27
¥ =1%o mpn n=-22k, (11)
2 27
0, B OCTAJIBHBIX CITy4dasix.

Ecimu xe otHomenne Kw A/2zm He sBISeTCs LeiabIM duciom, To Y, #0 s moboro

3HAYEHUS 7, B UeM U COCTOHUT 3(PPEKT pacTeKaHUs CIIEKTPa OJMHOYHOTO TApMOHHYECKOTO KOJIe-
6anus (6), MpeaCTaBICHHOTO KOHEYHBIM YHACIIOM JIMCKPETHBIX 3HAUCHHH.

[TousTHO, 9TO T TOCTpOeHUsT (PPEKTUBHON MPOIEAYPHI TTOAABICHHS COCPEIOTOUCHHBIX
rapMoHHYecKkuX momeXx (1) Tpebyercs KaKUM-TO 0Opa3oM YCTPaHHTh MM XOTS OBI OCIAaOWUTh
3¢ deKT pacTeKaHUs CIEKTpa TUCKPETHOTO TApMOHHUYECKOTO CHTHasa. VI3BeCTHBIM ITPHEMOM OC-
nabsenus >¢dexTa pacTeKaHus CIeKTpa SIBIIETCS YMHOKEHHE CHTHAJIa Ha BECOBYIO (DYHKIIHIO
W (k) [9], nMeroryo MaKCUMyM B IIEHTPAIbHOM Touke curHaia (nmpu k = K /2) v njaaBHO cra-

narornyto K kpasim (pu k =0 u k= K —1). B atom cnyuae ¢popmyna JITID npurnmaet Buj

27k

y bbby

Y,00) = Wkhikle

k=0

Cuntaercs, 4To MpH yIa4HOM BBIOOpe W (k) MOXKHO HECKOJNBKO 0cnabuTh 3P PeKThI, CBS-

3aHHBIE C BOSHUKHOBEHHEM CKAuyKOB CHUTHAJIA IIPHU NMEPHOJNYECKOM IIPOJODKEHHH aHAIU3UpYe-
MO¥ KOHEYHOH MOCIIE0BATEIFHOCTH, U TEM CaAMbIM YMEHBIMUTEL dPPEKT pacTeKaHUs CIEKTpa.
Onnako HEM30EKHOHU TJIATOM 3a NCTIOB30BaHNE BecoBOM (GpyHKIHM W (k) SBISIETCS] NCKaXXEHUE

CIIEKTpa M0JIE3HOT0 CUTHAJIA.

B cBs3u ¢ 3TUM BO3HUKAET €CTECTBEHHOE XKeJlaHWe HAWTH crocod GOphOBI ¢ caMyM sIBIie-
HUEM, TTOPOIMBINUM 3(PPEKT pacTekaHus CIIeKTpa, a He C €ro CIEACTBHEM. J[pyruMu ClIoBaMH,
MOTIBITAEMCSI TIONYUUTh «aJIeKBAaTHBINY» CIEKTpP IUCKPETHOTO TAPMOHUYECKOTO KOJIeOaHHs Ha Oc-
HOBe TpaaunimonHoro anroputMa J[I1® 6e3 ucnonszoBanus BecoBot GpyHkiuu W (k).

dopmajibHbIe NMPEANOCHIIKH MpeAIaraeMoro ajropurma. Bocrnonb3yemcsi BEIpaKeHH-
eM (9) u TIpeIcTaBUM aMILTUTYIBI CIIEKTPAITBHOMN TUIOTHOCTH KaK (DYHKITHIO JICHCTBUTEIILHOM Tie-

peMeHHOH £ :
a 1— ei(k(uA—Zﬂn) a _, 1— ei(—/((uA—Zﬂn)
Y, (k) = Py ¢ | — gil@A=27n/k) +E e | gl oA 2enlk)"

[Tpeanonoxum, uto K-(w A/27x)= R, tHne R He ABIsSeTCs LeNbIM YhcioM. B sTom ciy-

yae, Kak ObIIO TMTOKa3aHo paHee, HeMpeMeHHo HaOmonaetcs 3pdexr pacrekanns crnekrpa. OxHa-
KO OYEeBHJHO, YTO TIpu R >1 cylllecTByeT Takoe 3HaueHue k < K (He o0si3aTeNbHO 11e0e), YT
k-(oA/2r)= \_RJ, rae |_77J 3/IeCh | Jlajiee 0003HaYaeT MEeTYI0 YacTh Yucia 7] .

Torpa, ecnu onpenenuts yncio K, Takoe, 4ro
K, =suplk: k<K, k-(wA/27) - nenoe}=|R |- 27/ wA, (12)
TO B CHJIy HENpepbsIBHOCTH QyHKIMHK Y, (k) HaA MHTEepBaie [K 0, K ] AMeeM
lim ¥, (k)= ¥, (K,).

Tockomeky K, - (wA/27)=|R]| — nenoe uncrno, To npu k = K, cobmomaercst paree mo-
Jy4eHHOEe yciioBHue oTcyTcTBUs 3 dekra pactekanus crnektpa. CienoparensHo, eciu K, — 1ie-

JIOC YHUCJIO, TO IMPKU YMCHBIICHUU JJJIMHBI HHTEPBAJIa H&6J’[IOI[€HHI>1 ot K 5o KO TPOUCXOJUT I10-
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CTETICHHOE YMeHbITIeHue Y (eKTa pacTeKaHus CIIEKTpa U €To MOJTHOE HCUS3HOBEHUEM TIPH 3Ha-
YeHUH JJIUHBI MaccuBa K, T.e.

K, .
il e, upnm nzw—AKO,
2 2z
. 3 _Jak, _,, B oA
klinKlo Y (b)=Y,(K,)= Te , mpu n=(1 E)KO .
0, B OCTaJIbHBIX CIIy4asX.

Opnnako cnydaif, korga uucio K, , yIOBIETBOpstoliee ycloBHuiO (12), okaxkeTcs mempM
YHUCIIOM SIBIIIETCSI CKOpee PellIKUM UCKIIOYeHHEeM M3 MpaBuia, ueM npaBuiioM. [loHsTHO, uTO ec-
mu K, He SBISIETCS NEJBIM, TO MOJHOCTBIO YCTPAHUTh Y (EKT pacTeKaHus CIIEKTpa HE yAaeTCs.
B T0 e Bpems mpu JUTMHE MaccuBa, paBHO Ommxkaiimemy k K, nienomy umciy, 3¢ ¢dexT pacre-

KaHMs crieKTpa Oy/ieT MEeHbIIe, YeM IpH epBoHavaIbHOU JuinHe K .
3ameTuM, 9TO c(HOPMYITHUPOBAHHOE BHIIIE YCIOBHE OTCYTCTBUS A (heKTa pacTeKaHUs CIeK-
Tpa KBUBAJIEHTHO TOMY, uTo wA/27x = M /K , tne M — nienoe uncno. Takum oOpa3zoM, MOKHO

c(hopMyIHUpOBaTh CIEAYIOIIee YTBEPIKICHHE.

Yr1Bep:xaenune 1. Ecin Hen3BecTHAs KpyroBasg 4aCToTa @ JUCKPETHOT'O rapMOHHUYCCKOI'O

CHUTHaJa U IIar KBAaHTOBAHUS 110 BpeMEHU A TakoBBI, UTO @ A/27x = p/q,Toe p/q- HEKOTOpoe

paroHaIbHOe YHUCIo, TO Uit AMUHBI K 00pabaTbiBaeMOro cCHUrHaia, KpaTHOW 3HaAMEHaTelto
ATOTO YHWCJIA, CIEKTpabHOE pasyiokeHue curHaiga Ha ocHoBe J[I[ID Oyner mmersr Bcero nBe
CIIEKTpPATIbHBIE TUIOTHOCTH, OTJIMYHBIE OT HYJIS.

JewicteurensHo, eciim w A/27x = p/gq, T0O npu K KpatHoM ¢, T.e. K=m-q, Aameem

KoA/27x=m- p — nienoe 4ucio u, Kak OBUTO TIOKa3aHO BEIE, Y3PQPEKT pacTeKaHWs CIEKTpa
OTCYTCTBYET.

CaencrBue. Eciu Heuw3BecTHas Kpyropasi 4acToTa @ JHUCKPETHOTO TapMOHUYECKOTO
CHTHANA U IIIar KBaHTOBAHMSA IO BPEMEHH A TaKOBBIL, 4To0 wA/27m = p/q, A€ p/q — HEKOTO-
poe palMoHaIbHOE YKCIIO, 3HAMEHATeNIb KOTOPOro ¢ MeHbIIe JUIMHBI 00pabaThiBa€MOro CHrHa-
da K, TO IpU yMEHBIIEHUH 4uciia 00padaThIBaeMbIX TOYEK IMPOUCXOAUT HEPUOJHUECKOE C TIe-
puojoM g ocnabienue 3¢ (eKxTa pacTeKaHHs CIEKTPa BIUIOTH JI0 €r0 MOJHOTO YCTPAHEHHUSI.

B camom nene, eciiu K =ng +m (m < q), TO JUIst 3HaueHust K, = K —m =nq Oyner BbI-
HOJNHEHO ycnoBue: K,wA/2xr =ng-p/q=np — INeI0Oe H, CIe0BAaTENbHO, IS TaKOW JUTHHEI
MaccuBa 3((GEKT pacTeKaHHUs CIIEKTpa OyJeT OTCyTCTBOBaTh. lIpw manpHelIIeM yMEHBINICHUH
JUIMHBI CUTHAJA 171 3Hauenuit K, =K -m—gq,..., K, =K -m - (i - l)q = (n +1- i)q OyzeT BbI-
nonHeno yeiorne K,wA/27 =(n+1-i)-q-p/q=(n+1-i)p — uenoe, u, cie0BaTEIHHO, Tie-
PHOJMYECKH € IEPUOJIOM ¢ OyJeT NPOUCXOINUTh yCTpaHeHHe d(PPeKTa pacTeKaHHs CIIEKTPA.

Hpuwmep 1. [Iyctb o A/27=1/7, K =1000. B aTom city4dae ycioBue YTBepxkaeHus | He
BhInosiHeHo. Oxnako npu K, =994, K, =987, K, =980,..., K, =1001—7i nniuHa naTepBana
HaOMIOZICHNUH CTAaHOBUTCSI KPaTHOM 7, T.e. 3HAMEHATeNo 4ncia @ A/2x, U 3HAYUT A TaKUX
3HaueHUH JUIMH WHTEPBAIOB HAOIOIEHUN MPOUCXOJUT TOJTHOE ycTpaHeHHe 3(deKrTa pacTeka-
HUS CIIEKTpA.

CoBepITlieHHO OYEBHUIHO, YTO ClIy4ai, Koraa @ A/27 SBISETCS pallMOHATHLHBIM UYHCIIOM,
TaKXKe MPeCTaBIseT co00i pekoe UCKITIoUeHHe: B 00IeM ciydae 4yhcio o = w A/27x ckopee
Bcero OyJieT upparruoHaTbHEIM. B 3TOM ciTydae BO3HHKaeT ecTeCTBEHHOE JKelaHHue MonpodoBaTh
OPUOIU3UTE BEIMUMHY @ A /27 HEKOTOPHIM pallMOHATBEHBIM YHCIIOM.
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B Teopum umcen cymecTByeT »3p(EKTHBHBIN anmapar MpUOIHKEeHUs TeHCTBUTEIEHBIX YH-
cell parMoHATBHBIMU JpOOSIMHU, B YACTHOCTH, LIEMTHBIMH JIPOOSMHU M MOIAXOMSIIAMHU APOOSIMH.
CornacHo Teopeme [upuxie [10] qis mo60ro IeHCTBUTENHHOTO YHMCIa ¢ U MPOU3BOJIBHOTO

. a
7 >1 MOXHO HAalTH paIMOHATHHYIO IPOOH 3 TaKylo, 4To

a—ﬁ <L, b<rt.
b

T

B kauecTtBe n1poOu, yJIOBIETBOPSIONMIEH YCIOBHIO TeopeMbl J(upuxiie, NPpUHSATO HUCIONb30-

n

BaTh TaK HA3BIBAEMYIO 7 -10 TIOJXOISITYIO POOH pa3noXKeHus & B LEMHYIO ApoOb, e 1 —

n

HanOONBIINI HOMED Takol, uto O, <7 .
Hanomuuwm, uTo 1enHas 1po0b [ao,al,a2 yeeer @, ,] npeAcTaBiIsieT cO00H «MHOTOCTyIEHYa-
TYIO0» KOHEUHYIO UM OECKOHEUHYIO Jpo0b BHA:

[ao,al,az,...,an,...] =a, +

a, +
a, +..+
a

1
a, + ...

+

n-1
VYceuenne 1enHoit apodu [ao,al,aQ,...,an,...] 710 k <n KOMIIOHEHT MpPEJCTaBIseT cOOOH
k -10 moaxondutyto 1pods [ a,;a,,..,a, |.
IIpumep 2. TpeOyercs npubIN3UTh UPpPALMOHAIEHOE YUCIIO J5 paIMoOHaNIBHON JIPOOBIO

% C TOUHOCTEIO JIO . Jlist aToro \/g pasnmaraeTcs B IEITHYIO Ipo0h \/g = [2,4,4,4,4,4...] Hu

1000 5
HAXOJIATCS IMMOIXO IS APOOH I 3TOTO Pa3I0KeHUs (CM TabIIHITy).

Ta6nuua. Moaxogsuwmne gpodu pasnoxeHus

a 4 4 4 4
P 38 161 682 .
0, 17 72 305 1292

HaubonbmM 3HaMeHareneM JIpoOu, KOTopbld ocTaercs MeHbine uucia 1000, sBusercs
682| 1

V5 -2 < :
305/ 1000305

TakuMm 006pazoM, cornacHo Teopeme Jlupuxire, BEIMINHY @ = @ - A/ (27r) MOHO TIPUOJIN-

0, = 305. Torna uckomast 1podb paBHa % , Ipr4eM

1
3UTh HEKOTOPHIM parfHOHATBHBIM YHCIIOM v TaK, 4TO | — Pl It mroboro 7> 1.
q q| 47
Torna, ecnu B3a16 K = M - g, 106 M << 7, TO
1 M
K-a—M-p|:‘M-q-a—M-q-ﬁ‘:M-q-0{—£<M-q-—=—,rz[eM<<z'.
q q q-7 T

CraenmoBarenbHO, eci @ - A/ (27[) = \/g , To 11 uHTepBaia amuHoi K =1000 u 3amaHHOM
TouHOCcTH nopsiaka 1/1000 ¢ yMmeHbIIIeHHEM JUIMHBI MACCUBA MIPH 3HAYECHUSX AMUHbL K, = 915,
K, =610, K, =305 BenuunHa K, -@-A/ (27:) OyZIeT MpaKTUYecKU IIeTbIM YHCIOM C TOYHO-
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cteio 0.0014, (i=1,2,3), ciencTBuem yero OyJieT 3HAUUTETbHOE YMeHbIIeHne 3 dekTa pacte-
KaHMs CIIEKTpa.

DKCIepUMEHTHI TTOKA3BIBAET, YTO MIPH YMEHbBINIEHUHU JJIUHBI MaccuBa ycTpaHeHue 3¢ dexra
pacTekaHusi CEKTpa MPOUCXOIUT C TOPA3JI0 MEHBITUM TIepro oM. J[eo B TOM, 4TO Tak Ha3bl-
BaeMasi MoJIXOISIast poOb — HE €IMHCTBEHHAS] BO3MOYXHOCTh MPUOJIMIKEHUSI JIEHCTBUTEIIHLHOTO
Yympcla pamoHanbHbIME Apobsmu. CormacHo TeopeMe ['ypeunia [11], ans qro6oro aelicTBUTENb-

., a
HOTO yHuCJIa & CYIECTBYET OECKOHEUYHOE MHOXKECTBO panruoHaJIbHBIX z[po6e1/1 Z TaKHux, 4ToO

a
o ——

- 1
bl 557
Bonee Toro, cornmacao Mapkony [10], 3a uckiroueHrem psijia Unces Ompe e ICHHOTO BH 1A

OIICHKA MOXKET OBIThH YIIyUIlIeHA:
a 1

oa4——|<—
bl 8-b>

Takum 00pazoM Bcerjja MOXKHO € JOCTATOYHOM CTETIEHBIO TOYHOCTH MPHOIHA3UTH B 00-

IIEM CIIy9ae MPparoHAIbHOE YUCI0 o = @ - A/ (27r) HEKOTOPHIM PaliMOHAEHBIM YHCIIOM M TEM
CaMbIM YMEHBIMUTH P (DHEKT pacTeKaHHsl CIEKTpA.

[Tpy W3BECTHBIX @ W A B HEKOTOPHIX CIIydasiX MOXXHO aHAIMTHYECKH OMPEJCITUTH ONTH-

MaJlbHOE 3HaueHue K, IpH KOTOPOM pacTeKaHHe CHeKTpa Oy1eT OTCYyTCTBOBATh.

opt >

Yr1Bep:xaenune 2. Ecim KpyroBsasa 4aCToTa @ FapMOHquCKOﬁ IIOMEXH M Iar KBaHTOBa-

HUS 110 BPEMEHU A H3BECTHBI, IPUYEM YHUCIO & = a)-A/(275) ABJIAECTCS PALMOHAIBHBIM, T.C€.

a=plq ,tae g < K, To onTAMaTbHOE 3HaYeHne K, , TIPH KOTOPOM pacTeKaHHe CIieKTpa Oy-

opt >

JACT OTCYTCTBOBATL, ONPEACTIACTCA COOTHOIMCHUCM !
K()pt = I_K/qu *

JeiictButensHo, nycte K =aq+b, tae b<q. Torma K, , = \_K / qJ~ q =aq, 1 4UCIO

opt
K, oA /2r=K,, -p/q=aq-p/q=ap - uenoe, T.c. NIpu JUIMHE HAOIIOAAEMOTr0 CHTHAJA

opt
K, cornacHo yTBepxkaeHHO | 3¢ ekt pacTekaHus crekTpa OyAeT OTCYTCTBOBATh.

opt
Ecmu ke mipy M3BECTHBIX @ W A 4HCIO & =@ - A/ (27r) HE SBJIETCS PAllMOHAILHBIM, TO

JUTsl omipeAeneHuss K = clelyeT MPOBECTH TPOIERypy pa3ioXkeHHs B IEeNHyK IpoOb uducia

opt
a=w-A/ (27r) ¥ HalTH ONTHMAIBHOTO PAIlHOHATBHOTO NpHOIMKeHne «,, = p,, /q,, “acna

, 13 COOTHOIIEHUS

Kopt = LK/qut J 9 op: -

[Tockonmbky Tpolleypa pa3iioKeHHs B IEMHYIO JApoOb JOCTaTOYHO TPOMO3TKA, TO B

a , TIOCJIEC Y€TO ONPCACTINTh 3HAUYCHHUEC K op

OOJBIIMHCTBE ClIydacB AOCTATOYHO HalTH CY6OHTI/IM3,.TIBHOC 3HaueHne K opt > IIpx KOTOpPpOM pac-

TEKaHWe CTeKTpa OyJIEeT eCiiv U He MAHUMAIBHBIM, TO J0CTATOYHO MalbiM. Takoe wncno K,

MOYKHO HAHWTH U3 COOTHOIIEHUS
I?Op, =||Ka|/a]+1, rne a = oA/ (27).

HOHHTHO, 4To IIpH HEHU3BECTHOM YacTOT€ @ HEBO3MOXKHO aHATUTHUECKH OIIPEACIIUTD

Kopt AR08 K()pt , HC TOBOPA YK€ O I'POMO3JAKOCTH aJITOpUTMa BBIYUCIICHUA HAWMIIYUIICTO IIPpH-

ONMKeHUsT panuoHATBHBIMU TpoOsimu. [loaTomy mpuBeneHue ¢opMaibHble COOOpPKEHUS CITy-
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XKaT JIUIIH TEOPETUUECKUM O0OOCHOBAHWEM TpPUHIHMIA PAOOTHI TOMCKOBOW TPOIETYpPHI, O KOTO-
pOH peub NOMJET HUKE.

IIpennaraemslii aaropuTm nojaB/IeHUus rapMoHnYeckoii momexu. [Tockosbky B 0011eM
citydyae TpeJoaraeTes, Yto momexa /,[-] cocpefoToueHa Ha HEKOTOPOH (PUKCHPOBaHHON Yac-

min max
tote f, €[f,",f, ], HO B pe3ynbTare pacTeKaHHs CIEKTPa €€ MOIIHOCTb PACIpesielieHa Ha
B PSIT CMEXHBIX YacTOT, TO TpHU ociadieHuu d¢¢eKTa pacTekaHus HEeM30EKHO JIOJKHO
MPOUCXOJNTh YBEJIIMUEHUE aMILTATY/Abl CreKTpanbHON KomroueHThl J[IID, wactora kotopoii
Omuskak f, .

Otcroma cnemyeT, UYTO €cld TIOCTPOUTH CEMEHCTBO CHEKTPAIbHBIX TILIOTHOCTEH
St Sk}, Sgot),...Ipu mocTeneHHo ymMeHblnaromieics ymmae K o6padaTeiBaeMoro maccu-
Ba, TOo cpeant Si{}, Sy {},Sx_,{},...HaliAeTCst Takasi CleKTpalbHasl UIOTHOCTh, MPHA KOTOPOH
CIEKTpallbHasl COCTaBIISIONIAs, COOTBETCTBYIONIAs YacToTe f, MOMEXH, OyIeT UMeTh HauOOIb-
mee 3HaueHue. Haiinennas takum oOpa3oM crieKTpasibHas MJIOTHOCTh M ONPEAETUT ONTUMAab-
HO€ 3HauyeHue K

Ha puc. 2 nokazanbl mpuMephl CIIeKTpaIbHBIX IJIOTHOCTEH, MTOCTpOeHHBIX Ha ocHOBe J[I1D
JUIs TApMOHMYECKOT0 Konebanust Alk]=cos(27 f, kA), k=0,...,K —1 cuacroroit f, =20,127
I'm (A=0,001c) mpu pa3nUUHBIX 3HauUeHUsX JUIMHBI K oOpadaTkiBaeMoro maccuBa. Jlerko Bu-

JIeTh, YTO TPHU TIOCTEIIEHHOM YMEHBINEHUWU uuciaa o0pabaThIBaEMBIX TOYEK OT 3HAYECHMUS
K =3000 no K =2970 s>¢ddext pacTekanusi ciekTpa BHauasie ocrabeBaeT, a TOTOM CHOBA yCH-
muBaeTcs. [Ipu aToM Hanbonblliee 3HAUCHNE aMILTUTYa CIEKTPATbHOM MIIOTHOCTH MproOpeTaeT
IpA ONTUMANBHOM 3HaYeHnn K, =2981.

‘‘‘‘‘ .mummll”‘ .‘......‘.‘.‘.‘..||||‘ ‘|\|||.....‘.‘.‘...... ............|||\I||‘ ‘||qu..‘.‘.‘.‘.‘.‘.‘
15 20 25 15 20 5 20 25

K =3000 K =2990 K =2981 K =2970

Puc. 2. CnekTpanbHble NNOTHOCTH curHana h[n]=cos 2z f, kA), f, =20,127Tu,
A =0,001c npu pasnnMyHbIX 3HA4YEHUAX ANUHbI K obpabaTbiBaeMoro maccusa.

HOCKOHBKy Ha IMpaKTUKE KpyroBasa 4aCToTa @ , KakK IIpaBHJIO, HCU3BCCTHA, TO AJIA AOCTHU-
JKEHHUS TTOCTaBJICHHOM IeNTH npeanaracTCda HCIOJIb30BaTh IIOMCKOBYIO IMPOLIEAYPY aBTOMATH4C-

ckoro noxbopa onrumanbHoro uncina K, < K. Jlus yckopenust noucka K, CleiyeT y4ecth

opt — t

orpaHudenus f, ", f, HWHTepBala YacToT, Ha KOTOPOM MPENONIOKHUTENBHO COCPENOTOUeHa

rapMOHHYECKasi ToMexa, a TaKkKe 33/1aTh HEKOTOPOoe JOMYCTHMOE YMEHBIICHHE YHCNIA TOUYEK O
B oOpabaTrbiBaeMOM MaccuBe. B pe3ynbpTaTe MPUXOAUM K CIEAYIOMEMY alTOPUTMY .

Iar 1. TlocnenoBarenbHO COKpaIlaeM JUIMHY MaccHBa, yMeHbInas yucio K, obpabarsl-

BAEMBIX TOUEK OT HayaJIbHOTO 3HadYeHus K 10 K —o .

Hlar 2. Vcnone3ys nponenypy (3) npsmoro JII®, ctpoum ceMeHCcTBO CEKTpoB Sy {} ,

Skalys Skat), ... IS PasIMUHBIX 3HAYEHHH K, T.€. BBIYUCIISEM CTIEKTPATBHBIE KOMIIOHEH-

™ C,(K,), n=-K,/2,..0,.,K,/2 st xaxnoro K, €[K - ,K].
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Ilar 3. [To cemeiicTBY MOCTPOEHHBIX CINEKTPAIBHBIX MJIOTHOCTEH OIpejesisieM ONTHMalb-
HOE 3Ha4YeHHEe K, , yAOBJICTBOPSIOLIEE YCIOBHIO

max C, (K)
o K, e[K=6, K Z C,(K,)

nef),

2

rae Qh — MHOXCECTBO HOMECPOB CICKTPAJTIbHBIX KOMIIOHCHT C HaCTOTAMH, NpUHAAJIC)KAIIUMU WH-
min max
Tepsany [f,", /" 1.

Ilar 4. B xavyecTBe OLEHKH YACTOTHI f, TAPMOHHYECKON MOMEXH MPUHUMACM 3HAICHHC

MaKCUMaTbHOM CTEKTPaNTbHONH KOMIIOHEHTBI Ha WHTepBate [f,"", f," |, BBIYHCICHHYIO MpH
K

opt *
Ilar 5. MoauduiupyeM crekTp, oOHYIsIsl KOMIIOHEHTHI, COOTBETCTBYIOIIME HailIeHHOM
HaCcTOTC f q U «OTpHUOATCIIBHOMU» YaCTOTE — f P

Illar 6. Ucnons3ys mpouenypy (4) odbparnoro JI1®, mo MogudUIIHPOBAHHOMY CIIEKTPY
BOCCTaHABIIMBAEM TOJIE3HBIN CUTHAJT BO BPEMEHHOW 00J1acTH.

3aMeTHM, 4TO PacCCMOTPEHHBIN aJITOPUTM TIOJABIIEHUS COCPETOTOUEHHONW TapMOHUYECKOM
MOMEXH MOXKET OBITh peaTu30BaH HECKOJIHKO WHBIM ITyTEM, KOTJa MPOW3BOIUTCS JIOOTpEIee-
HUE HYJISIMH HUCXOAHOTO K -TOUYEYHOTO MaccuBa JaHHBIX JO HEKOTOPOro OOJNBIIEro uucia

K+0, U COOTBETCTBYIOIIMHM  aHaJIM3  CEMENCTBA  CIEKTPAIBHBIX  IIOTHOCTEH

SK{}a SK+1{}a SK+2{}:-“5 SK+§,<{} .

[TponemoncTprupyem 3((HEeKTHBHOCTH MPEIIONKEHHOTO alTOpATMa Ha TpuMepe QuibTpa-
UM peasibHOM 2nekTpokapauorpamMmel (OKI).

N3BectHO, uTo 00padoTka DKI (puc. 3, a), ocHOBaHa Ha aHaIM3e POPMBI HHPOPMATHBHBIX
(bparMeHTOB, OTpPAXAIOIINX CTaJAUA BO3OYXKICHHS OTIENBHBIX YUYACTKOB CEpACUHON MBIIIIIHI
[12]. Omnako B pe3ynbTaTe HAIOKEHUS TAPMOHUYECKOW MOMEXH ¢ "actoToi 16,68 1'm, amru-
Tyna koTopo# coctannsiia 50 % nuanazona umenenust JKI', Habmonaemsrii curaan (puc. 3, 6)
CYIIIECTBEHHO MCKaXXEH W TPOBECTH JETAIBHBIN aHaN3 (OPMBI €ro ()parMeHTOB HEBO3MOXKHO.
Tem He MeHee, TpeIOKEHHBIA anTOpPUTM (PIIIBTpAUK TTO3BOIII 3(PPEKTUBHO TOJIABUTEH Yac-
TOTHYIO TTIOMEXY, TTOJIHOCTBIO COXPAaHUB (hOpMY TOJIe3HOTO curHaNA (puc. 3, B).

[ -
e

CEEEE

Puc. 3. YacTtoTHasa ¢omnbTpauma JKI
none3HbIA cUrHan (a), 3awymMreHHbIn curHan (6), pesynetaT ounbTpauum (B)
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[TosicauM etite pa3 JeTalii MPeaNoKeHHOTO alTOPUTMa, UCTIONB3Ysl pe3yIbTaThl IpHUBeIeH-
HOTO AKCIIEPUMEHTA.

OKT' mpencraBisier coO0oi TUNHYHBIA MpUMEp CUTHANA CIOXHOU (opMBbI. XapakTepHast
OCOOEHHOCTh TaKOTO CHUTHaja COCTOWT B TOM, YTO €r0 JHEPTUs pachpejesieHa Ha TENbIA Psij
TapMOHHYECKUX KOMIOHEHT (puc. 4, a). JIpyruMu clioBaMH, rapMOHUYECKOe Pa3JIokKeHHe TO-
JIE3HOTO CUTHAJIA MIPEACTABISIET CO00M CymMMy OOJNBINOrO Ymciia TapMOHUK. B nmanHOM ciydae
HarpykeHHbIe yacToThl DKI' 3aHMMaOT pakTHYecKu BCio 001acTh yacToT oT 0 o 85 I'm.

B oto0ii ke obiacTu pacrosio’)keHa M rapMoHudeckas rnomexa ¢ vactotod 16,68 1.
BenenctBue pactexaHus crieKTpa OCHOBHAs MOIITHOCTh MOMEXH paclpejieieHa Ha HHTepBae
12-23 T'u (puc. 4, ), mpuYeM aMIITUTY1a TAPMOHUYECKON TTOMEXHU CYITIECTBEHHO BBIIIIE aMTLIH-
Tyl TApPMOHUYECKUX KOMIIOHEHT MOJE3HOTO CUTHAJA B Trana3zone 12-23 ['m.

Ucxonnas qmmaa oOpadbarsiBaeMoro MaccuBa coctaBmsiia K =30 Twic. Todek. CoriacHo

BBIPKECHUIO (5) yMEHBINEHHEe JUTHHBI 0OpadaThiBaeMoro MaccuBa oT K 10 K — O, Touek mpu-
BOJIUT K M3MEHEHHIO mara A . 06a30BBIX YacTOT f, CHEKTPaIbHBIX KOMIOHEHT JIII®, koTopbie

anmpOKCUMHUPYIOT 00pabaThIBAEMBIii CUTHAI.

T - = v o
10 =20 30 =0 S0 [=]=] =] a0 T o

Puc. 4. CnekTpbl none3Horo curHana (a) u rapMmoHuyeckon nomexm 16.48 'y (6)

[Tockonbky rapMoHHYecKas IoMexa ajINTUBHA, a npeoOpasoBanue Dypbe — nMUHEHHO,
MO’KHO OTJENIFHO PAacCMaTpHUBaTh CIEKTPHI MOJIE3HOTO CUTHaNa M noMexu. [Ipu mocreneHHOM
YMEHBINEHUHN JITNHBI 00pabaThIBAEMOro MaccuBa MPOUCXOIUT Iepepacipe/iesieHne HarpyXeH-
HBIX YacTOT Kak MIOMEXH, TaK U IMOJIE3HOT0 CUrHaja (puc. 5).

=i

ExhE

i '
| |
115,015,577 16,0 16,5 77170 7115 Tu

Puc. 5. CemencrBa CnexkTpoB NONE3HOro curHana (cneea) M agaAuTUBHOMN MNOMeXun
(cnpaBa) npu pa3nuMyHOM uucne K Touyek obpabaTbiBaemMoro curHana
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Ilepepacnpenenenre Harpy>KeHHBIX YacTOT CIIEKTpa IOJIE3HOTO CUTHaja (puc. 5, jemas
YacTh) HE MMPUBOJAUT K KaKUM JTHOO HEMPHUSTHBIM TOCIEICTBUSAM, TIOCKOIBKY B CHITy 00OpaTUMO-
ctu JIII® Bceria MOKHO TOYHO BOCCTAHOBHUTH IMOJIE3HBIM CUTHAJ MO COKPAIIEHHOMY MAaCCHBY.
['maBHBIA xe 3QpeKT mpeTOKEHHOTO alrOpUTMa CBOJIUTCS K YMEHbIIIEHUIO () (deKTa pacTeka-
HUS CTIEKTpa TapMOHMYECKON momexu. Kak ToinpKko JjIMHA MacCUBa YMEHBINUJIACH 10 3HAYCHUS

K, =29976 Touek, 3¢ (deKT pacTekaHUsI OKazaicsi MUHUMAIBHBIM (pHUC. 5, MpaBasi 4acTh). ITO

JTae€T BO3MOXHOCTH CYITIECTBEHHO COKPATUTH TPEOYEMYIO TTOJI0CY PEXEKITHH (BIUIOTH JI0 TTOIaB-
JIEHUS BCETO JIUIb OJTHON CIeKTpaabHON KommoHeHTHI JII1®, coBmanaromied ¢ yacToToi mome-
XW) ¥ TEM CaMbIM YMEHBINMUThH YHCIIO TIOIABIISIEMBIX KOMIIOHEHT TI0JIE3HOTO CUTHANA, a 3HAYUT H
€ro UCKaKeHHu4.

HanmomuawMm, 9T0 JIJIS UCTIOJIE30BAHUS MTPEIOKEHHOTO QUIBTPA JOCTATOYHO YKA3aTh JIUIIh
HHTepBal (2) MOMCKAa TAPMOHUYECKOM MOMEXH, a 4acToTa MOMEXH OIpe/IeIeTCs aBToMaTHIe-
CKH.

Yucnaennsie ykcnepuMeHThl. YncneHHas onieHKa 3(()eKTUBHOCTH MPEATI0KEHHOTO aro-
puT™Ma (QWIHTPAIUN TTPOBOIMIACH HAa MOJIENBHBIX CHTHAJIAX PAa3IUYHOW CTaHIAPTHOH (OPMBI.
[Ipu peanuzanum GUIBTpa UCIOIB30BaHA Ipolexypa OsicTporo nmpeodpazopanus Oypre (BIID)
M. ®puro u C. J[xoncona [13], koTopast B HacTosiiee BpeMst TpU3HaHa OJTHON U3 TyUIIHX.

JIist viUTIOCTpaIuy puBeJieM pe3yibTar (UIBTPAIlid MeaH/pa, KOTOPHI reHepupoBaics
B 30 ThIc. ToUek IpH HactoTe puckpernsammu [, =1000 I'm n OBUT MCKaXKEH rapMOHUYECKON

nomexoii ¢ wactoroit 18,1 I'm pazmuunbix ypoae# — 20 %, 50 % u 100 % ot muama3ona uzme-
HEHMS TOJIE3HOr0 curHaia (puc.6).

Puc. 6. PeaynbTaThl hunbTpauum meaHgpa
cneBa — go hunbTpauum, cnpaea — nocne punbTpaunum

DKcIepUMEHTHI TIOKa3aly, YTO JaXke MPH CYIIECTBEHHOM YpOBHE NOMEXH YIaloch Mpak-
THYECKH 0e3 UCKaXXEHUI BOCCTAHOBUTH (POPMY CTOJH CIONKHOTO CHTHANA. TakK, B 4aCTHOCTH, TIO-
cie ¢unpTpanuu nomexu 100 % ypoBHS pacxokieHHe QIIBTPOBAHHOTO CHUTHAJA MO OTHOIIE-
HUIO K 3TaIoHy He npesbiiaio 0,22 % Ha Bcell 001acTH onpe/IeIeHus.

D¢ (deKTUBHOCTH MPEIOKEHHOTO alrOpUTMa SKCIEPUMEHTATBHO MOJTBEPXkKJIEHA U IPH
(GWIBTpauy APYTUX CUTHAIOB [14], B 9aCTHOCTH, TIPH pa3/elIiCHUH JIBYX OJIM3KHUX TT0 YacTOTE
rapMOHUYECKUX KOJeOaHUH.

JIist uiTIocTpanuy Ha puc. 7 TPECTaBIIEH Pe3yJIbTaT OJTHOTO M3 TAKUX MOJIEIBHBIX dKCIIe-
puMeHTOB. MoJienbHbIN curaan renepupoBaics B 30 Thic. Touek ¢ yacToi auckperuzamnuu 1000
I'n wu mpencrasisin coboit cymmy JBYX rapMOHWYecKHX KosiebaHuii ¢ yactotamu 16,0123 I'n
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(mone3nslii curnan) u 16,5123 I'n (momexa). Obe rapMOHUKN MUMENU eIMHUYHbIE aMIITUTY/IbI U
HyJIeBble HaualbHbIe (pa3bl. 3aMeTHM, UTO B JAHHOM cydae pa3jiMyie YacTOT MOJIEe3HOrO CHTHa-
na 1 nomexu He nipesbimiaet 0,1% vactorer HaitkBucTa.

3AWYMNEHHEIM CUIHEN

306 307 308 308 3O 31 EFEEEEEEE TEE
DUNLTHOEAHHLIA CHIHAN
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'
'
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'
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30.6 307 30.8 304 3.0 A 3.2 3.3 3.4 35
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306 307 308 3049 Kl A 3.2 3 34 A

Puc.7. Pe3yanaT pasaeneHusa oByX rapMOHUYeCKUX CUTHaJoB C ONU3KMMM YacToTaMm

CpaBHeHHre (QIIHTPOBAHHOTO ¥ IMOJIE3HOTO (ITAJIOHHOTO) CHTHAJIA TIOKA3aJI0, 4TO MPAKTH-
YeCKH Ha Bcell 00JIacTh ompejielieHus pa3uyus UX 3HAYeHUi He TpeBbInanu 2 % auamna3zoHa
W3MEHEHUsI CUTHAJIOB.

[IpakTidecku Takoii ke pe3ylnbTaT MOMy4YeH U MpH pa3/ie]IeHMH TapMOHUYECKHX Koleba-
HUN ¢ OJIM3KUMH BBICOKUMHE dacTtoTamu 250,123456789 I'm u 251,123456789 1't, mpubnmxkaro-
muMHucs K yactote HaiikBucra [14].

Pa3paboTaHHbIi BRMUCIUTEBHBIA MOJYJh Y3KOMOJIOCHOTO PEXEKTOPHOTO (PHIIbTpa WC-
MOJIBE30BaH MPH pean3aluy psijaa IPUKIAIHBIX CUCTEM, B YaCTHOCTH, CUCTEMBI ®A3ATPAD
JUTSI OTICPATUBHOW OIIEHKH (DYHKITMOHAILHOTO COCTOSHUS CePIACUHO-COCYTUCTON CHCTEMBI YelIo-
Beka 1o ¢azoBomy noptpety IKI [15].

3akmoueHue.

[TpoBeeHHBIN B CTaThe TEOPETHUECKWI aHAN3 MOKA3bIBaeT, YTO APPEKTHBHOCTH OJI0Y-
HOW (UIBTpAIUU COCPEIOTOUEHHBIX TAPMOHUYECKHUX MOMEX Ha OCHOBE MPSIMOTO M 0OpaTHOTO
JII®D mosxeT ObITH CYIIECTBEHHO MOBBIIIEHA 32 CUET UCIIOJIH30BAHUSI JOTIOJIHUTEIHHON MOUCKO-
BOI mpolielyphl, MO3BOJISIIONIEH 0cTaduTh 3 ekt pacTtekanus crekTpa (spectrum leakage) rap-
MOHHMYECKOW OMeXH. Pe3ybTaThl SKCIIEPUMEHTOB TIOJATBEPAMIIN, YTO TaKasi MPOIeaypa mO3BO-
nsieT 3Q¢GEeKTUBHO MOMABIATh COCPENOTOUECHHBIE YACTOTHRIE TToMeXH 0e3 CYIeCTBeHHBIX HMCKa-
KEeHUH MHPOPMATUBHBIX (pparMeHTOB MOJE3HOTO CHTHAJIA JaXe B TE€X CIydasX, KOTJa 4acToTa
MIOMEXH COCpeIoTOUeHa B MHTEepBaJe Harpy KeHHBIX YacTOT MOJIE3HOTO CUTHAIA.
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