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Pedepar: PaccMOTpeHBI alrOpUTMBI BHIUMCICHHS CIIEKTPA, CHEKTPaIbHON MI0THOCTH MomtHocTH (CIIM) 1 KOoppeinsuuoHHON GyHKINU
(K®) curnanos B MouduiuposanHoM nipoctparcTe Cobonesa W', Jloka3aHa MIEHTHIHOCTS TOHATHIA criektpa 1 CIIM cHrHaios B
npocrpancTteax W' u L . [Toka3aHo, 4TO IpH 4aCTOTE TUCKPETH3AIMH HIDKE 4aCTOThI KOTenbHIKOBA TOUHOCTh BhIuncaeHus crektpa, CIIM u Kd
CHTHaJI0B B IpocTpancTBe Wo' OKa3bIBACTCA BBIIIE, YeM B MPOCTPaHCTBE L.

1.BBeaenue

B pasnuuHbIX pPagMOTEXHMYECKHMX CHCTEMax ULIMPOKOE IPHUMEHEHHE HaXOIAT alrOpUTMbl IH(POBOI
CIIEKTpaJIbHOI 00paboTky curnainos [1] B mpocTpancTBe Ly, Tie BBINMOMHSAETCS YCIOBHE OPAaHUYEHHOCTH UX YHEPTHH,
a CIIEKTp CUTHaja HaXOJUTCS C IIOMOIIBIO AUCKpeTHOTO npeodpazoBanus Pypre (JAI1D). ITpu o6paboTke cimydaitHbIX
MIPOLIECCOB PACCMATPUBAIOT HE CHEKTp CHIHala, a €ro CHeKTpajbHas IioTHocTe MomHoctu (CIIM), kotopas
HaXOJUTCSI KaK KBaJpaT MOIYJIS CIIEKTpa peau3alliy, Wi, 4YT0 HAeHTH4HO, Kak JI1d ot xoppensunoHHo# QyHKIMN
(reopema Bunepa-XwuHumna). [IpyrMM TpUMEHEHHMEM CIEKTpajJbHOW 00pabOTKM  SBJISETCS  HAXOXICHHUE
ABTOKOPPEISAIIMOHHON (QYHKINH 10 KBaIpaTy MOIYJISI CIIEKTpa.

JII® obmagaeT CBORCTBOM MEPHOAMIHOCTH, B CBSI3H C YEM BCTAET BOMPOC O MPABUIHBHOM BHIOOPE YaCTOTHI
TUCKPETH3AINN, MUHIMYM KOTOpOH omnpeaenseTcs Teopemoit Korenpaukoa [2]. [Ipu BeIOOpE 9acTOTHI
IUCKpeTn3anuy MeHbIne yacToTel Korensaukosa (F,<F) mpomcxonurt HamoxeHns CeKkTpos, a mpu F>F,
YBEIMUNBAIOTCS BEIYMUCIUTENBHBIC 3aTpaThl Ha HaxoxaeHne CIIM. OgHako, Ha IpakTHKE B OONBITMHCTBE caydaeB Fy
HEHM3BECTHA U NPUXOANUTCS BHIOUpPATh F, NCX0/s U3 MaKCHMMallbHO BOZMOYKHOT'O 3HaYeHHUs 4acToThl KoTeapHUKOBA.

[IpexncraBnser uaTEpEC pa3paboTKa alropuT™Ma Oosee yCTOHYMBOro, o cpaBHeHHIO ¢ anroputMom JI1d, x
HETOYHOMY 33JJaHUIO YaCTOTHI JUCKpeTH3anuy. TakuMu CBOMCTBaMH, Kak OyJIeT IIOKa3aHo HIDKE, 00JalatoT
ITOPUTMBI IIU(PPOBOI 00PaOOTKM CHTHAIIOB B MOAN(DHUIIMPOBaHHOM IpocTpancTBe Cobosesa.

2.CBoiicTBa npocTpancTea W21
[Ipeanaraercs 0OpaOOTKY JAWUCKPETHBIX CHUTHAJIOB IIPOBOJUTH B MOAU(DHUIUPOBAHHOM MPOCTPAHCTBE
Co6oneBa W21 [3], koTopoe 3a1aeTcst CKaJIPHBIM TPON3BEICHIEM
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rme O- BecoBoii koddduuuent, usmensioumiics B npenenax 0SO<1. Tlepsoe crnaraemoe, Kak M B
npoctpaHcTBe L2, orpaHMYMBaeT SHEPrUI0O CHUTHANIA, a2 BTOPOE OTPaHMYMBACT JHEPTHIO €ro NPOW3BOAHONW. Takum
obpa3om, mpocTpaHcTBO W21 sBIIsSeTCS MOMMPOCTPAHCTBOM TpocTpancTtBa L2. OmHako, peaidbHbIE CHUTHAJBI
YZIOBIETBOPSIIOT YCIOBHUIO OTPAaHUIEHHOCTH SHEPTUH PON3BOJHOM, T.€. MpUHAIIEkaT npocTpancTBy Coboesa.

3.AIropuTM CIeKTPaIbHO 00paloTKH CUTHAJIOB
BcnenctBue m3MeHEHHs ONpPENETICHHUS TNPOM3BEACHUS IBYX (yHKIMH, M3MEHSIETCS W BBIPAXKEHHE IS

OIpCACIICHUA CIICKTPa CUT'HAJIOB. MoskHO IMOKa3aThb, YTO B IPOCTPAHCTBC W21 ono MMPUHUMACT BUA:
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npeodpazoBarus Pypwe [4], JIeTKo J0Ka3aTh WACHTUIHOCTD IMOJYYSHHBIX CIIEKTPOB B TpocTpaHcTBax W21 u L2 mpu
Fr>Fx. Omgnako, nmpu FIA<FK ToyHOCTH BBIUMCIIEHHs CHEKTpa B mpocTpaHcTBe W21 OKa3pIBaeTCs BBINIE, YEM B
npoctpancTse L2.

[Monmy4yeno ypaBHeHHe A omnpeaeicHus kol uimeHTa 0opt, KOTOpoe 00eCrneunBacT MUHHUMYM OIIHOKH
HaxOXICHUs CIIEKTpa 10 KpUTephio cpemHekBaaparudeckoro otkimonenns (CKO). WccrnenoBanus IaHHOTO
anroputMa ObuTH mpoBeAeHbl npu Fa<Fx m O=0opt ais ABYX CilydacB: MPHpAINCHHE CUTHAJIA ONMPEICNISUIOCh KaK
mepBasi pPa3HOCTh OTCYETOB CHTHAJA M KaK OTCUETH IMPOM3BOAHON curHama. B 00omx cirydasx MOKa3aHO MOBBIIICHHE
TOYHOCTH BBIYHCIICHHUS CIIEKTPa, YTO ITO3BOJSET CHU3UTh MHHHMAIBHO-HEOOXOIUMYIO HYacTOTY AWCKPETH3AIlNH
CHUTrHasa.

4. Anroputmbl onenkun CIIM

MOo>XHO MOKa3aTh, YTO BBIpAXKEHHUE JUI BhIUMCIEHUS nepBUYHON oueHku CIIM curHajiaoB B mpocTpaHCTBE
W21 umeer BUI
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IIpeobpasys (3) momyuum ananor Teopemsl Buaepa-XuH4araa B MoaudunrpoBanHoM npoctpancTBe Cobosea:
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rae E(n)-peanmaum CTallMOHAPHOTO CITy4aHOTO Tpolecca, B(n) - ouenka K® mannoro mpouecca. [Tomydeno

YpaBHEHUE Ui OmpeleneHus Ogy Mo kpurepuro mMunuMyma CKO. Jlnsg wmccnenoaHus CBOMCTB anropurma (4)
HCIONB30BaNach TOYHas oneHka K@, mo3roMy criiakvBaHHE HE MPOBOAMIOCH. ['padMK 3aBUCHMOCTH OUIMOKHU IO

kputeputo CKO € ot umcna orcuero K@ Ha MHTepBane aHanM3a IIPUBEACH HA PHCYHKe. M3 aHammM3a pHCYHKa
CIIEZyeT, YTO MPEAIOKCHHBIA aNTopruT™M 00pabOTKK CHTHAaja MO3BOJSIET CHU3UTh YacTOTY IHCKpeTH3anuu B 1.8 pasa
mipu ormmbke ornienku CIIM He 6onee 1%.

5.AropuTM OLIEHKH KOPPEJIAIHOHHOH (QyHKIIUMN

OmHMM W3 TIMPOKO PACIPOCTPAHEHHBIX METOMOB OIeHKH K® sBiseTcs KOCBEHHBIH MeTon [S], KOTOPBIH
3aKIIIOYAeTCsl B BBIYMCICHUHM TIPH TOMOImM ObIcTporo mpeobpasoBanus @ypre omenkn CIIM u moctpoeHmm ee
obpatHOorO TMpeobdpazoBanus Dypre. [Ipumenenne anroputma (3) MO3BOJSIET TOBBICUTh TOYHOCTH BBIYHCIIEHUH KD
BCIEACTBHE cia0oi wyBCTBHTENBHOCTH OIeHKH CIIM K HempaBWIBHOMY BBIOOPY YaCTOTHI TUCKPETH3AIUU TPH
HEKOTOPOM YBEIMYCHUH O0beMa BhIYHCICHUH. OIHAKO, TMPEATIOKECHHBIH alTOPUTM IOMYyCKaeT pachapaieMBaHNe
rporiecca BBIYMCICHHUN, 9TO MO3BOJIsIeT rmosrydath orieHkun CIIM B mpocTpaHCcTBax W, i L, 3a oxHO 1 ToXE BpeMmsi
BBIYHMCIICHUM.
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Abstract. The algorithms of spectrum’s calculation , spectral density of capacity (SDC) and correlation function (CF) of signalsin the
modified Sobolev space W." are considered. The identity of concepts of a spectrum and SDC of signals in spaces W," and L, is proved. The
possibility of decrease of discretion’s frequency below than Kotelnikov ‘s one without increase of a mistake of calculation is shown.

L.Introduction

The algorithms of digital spectral signal processing [1] in space L,, where the condition of their energy’s
limitation is satisfied, are found a wide application in different radioengineering systems. The spectrum of a signal
discover by discrete Fourier transform (DFT). During the processing occasional processes consider not a spectrum of
a signal but its spectral density of a capacity (SDC), which is found as quadrate of the module of redlization's
spectrum, or, that is identical, as DFT from correlation function (Wiener-Hinchin theorem). Other application of
spectral processing is finding of an autocorrelation function on quadrate of the module of a spectrum.

DFT has periodicity’s property, in this connection a question of a right choice of discretion’s frequency,
which minimum is determinated by Kotelnikov theorem [2], arises

The purpose of work is development of an steadier algorithm, by comparison with the algorithm of DFT to
the incorrect setting of. discretion’s frequency.

2. Properties of space W'

It is proposed to carry out processing of discrete signals in the modified Sobolev space W,' [3], where
additional restrictions on the energy of signal’s derivation are imposed. However, the actual signals satisfy the
condition of limitation of derivation’s energy, it means they belong to Sobolev space .

3.The Algorithm of spectral signal processing

The expression for the definition of signal spectrum in Sobolev space was discovered. Using properties of
Fourier transform [4], it is easy to prove identity of spectrain spaces W," and L.

Researches of given algorithm of spectrum’s determination were carried out for two cases: signal increment
was defined as the first residual of signal references and as references of signal derivation. In both casesthe raising of
exactitude of spectrum’s evaluation of ais shown, that allows to lower a minimum - necessary frequency of signal’s
discretion.

4. Algorithms of an evaluation SDC

Following the expression for evaluation of signal spectrum, the analog of Wiener - Hinchin theorem in space
W, was discovered. The increase of exactitude of evaluation of estimation of SDC of a signal was shown at
discretion’s frequency below than Kotelnikov’'s one, that gives an opportunaty to decrease the frequency of signal
discretion.

5. Algorithm of evaluation of correlation function

One of the wide - spread methods of CF evaluation is an indirect method [5]. It consists of evaluation by fast
Fourier transform of SDC estimation and of construction of its Fourier reconversion. The application of signal
processing in Sobolev space allows to increase exactitude of CF evaluations at the expense of nonsensitivity of SDC
estimation to an incorrect choice of discretion’s frequency.




