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Kazanckuit rocy1apCcTBEeHHBI YHUBEPCUTET

BBenenue. B mocnenHee Bpems Bce Ooliee MHUPOKOE MPAMEHEHHE HAXOIAT METOIBI CIIEKTPAIBHOTO aHAIIN3A,
OCHOBAHHBIE Ha WCIONB30BAaHUM BCIUIECK-TIpeoOpa3oBanus. OmHAKO, pa3pemaronas CIOCOOHOCTh BCIUIECK-
mpeoOpa3oBaHus, Tak ke Kak M npeoOpa3oanus Dypre, 3aBUCUT OT JJIMHBI aHAIU3UPYEMOTo psaa maHHbIX. OHa
orpanmueHa BenuuuHoH I/T (T- aymvHa psaa) ¥ HEJOCTATOYHA TSI KOPOTKUX psAnoB. du3mdeckas Mpupoia CUTHAIOB
U OCOOCHHOCTH TIPOBEICHHS WCCIICAOBAHHN YacTO HE IMO3BOJISIOT IONYYUTH CEPUU ITAHHBIX JTOCTATOYHOM JTHHBL
[IpuMeHeHME MapaMETPUIECKUX METOIOB MOMKET CYIIECTBCHHO YBEIHUYHUTH Pa3pelIaroIIyId CHOCOOHOCTh. B 3ToM
paboTe MBI AenaeM MOMBITKY OOBCIUHHUTH JOCTOMHCTBA BCIUICCK- NMPEOOPA30BAHUN W MApaMETPHUUCCKUX METOJIOB
BBICOKOTO pa3pelieHusI.

Hcnosb3yemas Monmesb. i1 MOCTPOCHUS MTapaMEeTPHICCKONH MOJENN MPUHUMACTCS TPEATOJIOKEHHUE, UTO
HCCICAyeMblii  CHI'Hal  YJOBJIETBOPSET  HEKOTOPOMY  MOIXOSIIEMY  JHHEHHOMY  OOBIKHOBEHHOMY
muddepeHInaIbHOMY YPaBHEHHUIO C TIOCTOSTHHBIME KO3 prmmeHTamu:

YWaary o Hay =) (1)

Ecmm 3ammcate BXonfmipe CIOAa NPOW3BOAHBIE B PAa3HOCTHOW (opme, B 3aBHCHMOCTH OT IIPHUHUMAEMBIX
OPEIONIOKEHUH 0 CBOMCTBaX mpouecca §(X) Moiy4uM MOJENH, UCIIOIb3yeMbIe B IPYTUX MapaMeTPHUECKUX METO/IAx.
B npenmonoxennn, 4to §(x) — Oelblid UIyM, MOJIYYUM MOJEIb aBTOPErPECCHOHHOTO METO/IA, MPEIIOI0KUB, YTO ITO
HAMITYJIEC, TIOJyYUM TOJIMOKCIIOHCHIIMAIBHYIO MOJENb, HCIONb3yeMyto B merone Ilponu [1]. B ganno#t pabote
paccMmarpuBaeTcs BTOpod ciy4ail. VMcnosib3oBaHME KOHTMHYaJIbHOM MOJENH Ipoliecca MO3BOJISIET aHAIM3UPOBATH
PAIBI C HEOKBHIAMCTAHTHBIMU OTCYETAMH, YTO BAKHO IS IIHPOKOTO Kpyra reopu3MUecKuX MPUMEHEHHH, a TaK ke
mpu 00pabOTKE CHTHAJIOB B CHCTEMax HM3MEPEHHs IapaMeTpoB penakcanuu U auddy3ud MeTomoM sSaepHOTro
MarHUTHOTO PE30HAaHCa.

Hus  ompenencHus KoO3(Q(GUIMEHTOB MOAETBHOTO Iu(QEepeHINAIFHOIO YpaBHEHHS MBI IpeiaracM
HCTONB30BaTh  BCIUICCK-NIPEOOpa30BaHUE, OCHOBAHHOEC HAa CEPHHM HEMPEPHIBHBIX  BCIUICCKOB. [IpuMeHeHUe
HETPEPBIBHOTO TPEOOPA30BAHUS TaKKe OOYCIOBICHO HEOOXOIMMOCTHIO MPUMCHEHUS K HEIKBUIUCTAHTHBIM PsIaM
TaHHBIX. BIOepeM cucteMy BCIIECKOB I, 00IaJaroNIyIo CIEAYIOIMINM CBOHCTBOM:

(ka,)’f,}\. =2 Ck,m'(Wmf)’C,A,

T.€., 00pa3 NMpOu3BOJHON (PYHKIMH JOJDKEH JIMHEIHO BBIpAKaeThCsl yepe3 oOpasbl caMoil (yHKIMH ( 371ech U HUKE
MIPUHATH 0003HAYCHUS VW, U M-0T0 BCIUiecKa cepuu u (W,f); ; IUII COOTBETCTBYIOMIEro eMy oopasa GyHKIuH f Ipu
cmure T u macmrabe A ). B aTom ciydae 3amaua omnpeneneHus Ko3(GQUIIMEHTOB MOIEIBHOTO YPABHEHHS CBOIUTCS K
JMHeHHON perpeccu. Ilpocrelimmii crioco0d MOCTpOEHUST TaKOW CHUCTEMbI BCIUIECKOB COCTOMT B BHIOOpE HEKOTOPOM
6a30Boi (HYHKIMH, OBICTPO YOBIBAOIIEH X—>too, U OTIPEACTICHUIO

J o x) )

a xm

H3BecTHa XOpOMIO M3YYEHHAsl IOCIEIOBATCIBHOCTh BCIUICCKOB, MONYYArOMIAsCs MPU BBIOOPE B KadyeCTBE
0a30BOIl (DYHKIIMH TayCCOUIBI exp{—xZ/Z}. BTopoii Bcrieck mocienoBaTebHOCTH M3BECTEH Kak mexihat—Bcruieck.
Hcnonp30BaHue rayCCOUABI TACT OYCHb XOPOIIYI0 MPOCTPAHCTBCHHYIO U MACIITAOHYIO JIOKAJTU3AIMIO, YTO B HAIIIEM
ClIydae MO3BOJISCT U30CKATh MOSBICHUS BO3MOXKHBIX KPaeBBIX 3()()EeKTOB, TOATOMY OCTAHOBHUMCS Ha TAKOM BEIOOpE.
Cuwnrast, uro QyHKIMS 3aaHa HA MHTEpBaJe X€[A,B], HHTErpUpOBaHUEM IO YaCTSAM YCTaHABIMBAEM JJISI BCIUIECK-
00pa3oB cepun Buza (2) COOTHOLICHHUE:

1 1 B-1 A-1
’ —
(an )T,x__X(Wan)T,}\,-’_\/X f(B)Wn A _f(A)\Vn A

Buamu or rpanun obmactu ( B-x, x-A << A ) BTOpoe ciaraemMoe B (hOpMyJIE CTPEMHUTCS K HYJIIO, 4TO

3HAYUTENBHO YIIPOIIaeT BEIBOA. Bo3bMeM npeobpazoBaHme mo 6a3ucy Y, oT o0enx JacTer ypaBHeHus (1), r-KpaTHBIM
IIPUMEHEHNEM COOTHOUIeHuUs (3) NOIy4uM

1 r 1 r—1
Y ) ra( L) Wit 0= 072
T, A
3anuchiBas 3TO COOTHOLICHWE [Jisi pa3jiMYHbIX T,A,n, W BBIOpaB MOIeib mpolecca &, Mmoiydaem
TepeonpeIeNICHHYI0 CUCTEMY JIMHEWHBIX YPABHEHHUM IS OLICHKH ¢;. JIJI1 MOJMAKCIIOHEHIIMAIBFHOM MO OTCIO/IA TI0
KPUTEPHIO HAMMEHBIINX KBAJPATOB crenyeT A; ja;=b;,
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HoﬂyquHaﬂ TaKUM O6p2130M MOJECJIIb MOXET OBITh MCITOJIb30BaHA JUIST OLI€HKHN CHeKTpaHLHOﬁ IUIOTHOCTH
MONIHOCTH, AJId alTlPpOKCUMAIINU OKCIICPUMCHTAJIbHBIX 33BHCHMOCTeﬁ, B 3a1a4€ IPpOTrHO3UPOBaAHUS.

Boioop paGoueii o0macTu. 3HaueHHsS T, A MOTYT BBIOMpPAThCS B OOJNACTH JOCTOBEPHOCTH psiaa.
Haumenpimii Macitad, KOTOpPBI MOXET OBITh HCHOJB30BaH IS ONPEICICHHUS MOJICIBHBIX KOA((HUIMECHTOB,
OMPENENSCTCS TOTPEIHOCTHIO, BO3HHUKAIOMICH NPH BBIYMCICHUU HEMPEPHIBHOTO BCIUICCK- MPEOOpPA3OBAHUS 10
JIICKPETHOMY PsIly OTCYeTOB. Ecnu (pyHKIMsS OrpaHMYEeHAa BMECTE CO CBOMMHM IEPBOH M BTOPOIl NMPOW3BOJHBIMU,

k
npuueM M (jf‘)zmax ( )(x)), UMEEM CJEIYIOLIYI0 OLIEHKY JUISi MOTPEIIHOCTH IIPU HCIIOJIB30BaHUU (hOpMyIIbI

Tpareuuun:

h? 2 1
5(an)a,x=£-ﬁ~ M(fz)'“nJ’x'M(fl)'HnH*F'M(fO"MM ,

oo
ve W, = [|,,(x)|dx
Takum 00pa3oMm, TOIydaeTcs: TPEYroiabHast 00JacTh Ha MIOCKOCTH (T,A).

Bausinue agauTHBHOrO 1myma. IIpeamonouM, 9to CHrHaia z = y + § COCTOHMT U3 IIOJE3HOTO CHIHAJA,
onpesenseMoro Mozensio (1), ¥ aJIUTHBHOrO Geloro myma ¢ Jaucrepcueil 6°. IIpuCyTCTBHE aUINTHBHOTO MIymMa
MIPUBOJMT, TaK K€ KaK M U JIPYTHX JIMHEHHBIX MapaMEeTPUYECKUX METOMOB, K IOSBICHUIO CPETHEr0 CMEIIEHHS
K03()(pUIMEHTOB ypaBHEHMH, M, CIIEIOBATEIbHO, K HAIMYUIO PEryIspHOM omuOku. B mpuHsTOM npndimkxeHun
HETPYIHO TOACYMTATh CMEIICHHE MAaTeMaTHYeCKOro OXXHMIOaHUs Kod((UIMEHTOB ONpenessonell CHUCTEeMbI
ypaBHEHHUIL:

. +oo
5<Ai,j>= %(_}\,)’+J_2r~pt,k- | Wn+r_i(x)~\|1n+r_j(x)dx, 1<i,j<r-1
T, —oo

8(bi)=—8(4i)
Jlnist BEIOpaHHOM CHCTEMBI TIOCIEAHEe BEIPAKEHNE IPHHAMAET BUJ
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JUISL CiTydast 9eTHbIX i+j, 1 0 st HeueTHbIX. ECii M3BECTEH ypOBEHB IIyMa G, HECIIOXKHO BHECTH COOTBETCTBYIOIIHE
NONpaBKkU K Kod(p¢uuuentaMm ¢Gopmya (4), ¥ NONYyYUTh HECMEIICHHYIO OIIEHKY CHEKTPAJIbHBIX I1apaMeTpOB.
AHAaJOTMYHO HaXOMATCs TONPABKH JUIs HEOEIIOTo LIyMa C N3BECTHON KOPPEISIIMOHHON (DYHKIMEH.

OnpeneneHue aMIUIUTYA CHEKTPAJBHBIX COCTaBJAAOIIUX. PaccMorpum cootHomenus mexnay (W,f) B
npejenax yriia BiVSHAS HAa9aJbHOUW TOukd psina A. Mcnons3ys (3) U crpynmupoBaB cliaraeMble IpH fk)(A ), TIOTTyYUM
BEIpaKEHHUE

LE Hz_k(—x)"”w : 'f(k’(A)=i(—x)"‘(W ),
VA 0| mo el A m=0 e d S o

Ecimm a; YXKC OIPCACIICHBI, TO fk)(A) HaXoauTcCsa U3 3TOH CHUCTEMbI, IOCJIC YCTO OIPCACIUTDL aMIUIUTYAbl HE
npeacTaBJiACT Tpyada. ,Z[OCTOI/IHCTBOM JaHHOT'O crocoba OIpEACICHUA aMIUIUTYJ (HO CpaBHCHUIO C TEM, KaK 3TO
JCIacTCa B MCTOJC HpOHI/I) SABJSICTCA TO, YTO HPU 3TOM HCIIOJB3YCTCsA I/IH(l)OpMaIII/IH 0 CTPYKTyp€ Moje/u, T.C., O
IIOBCACHUN aHHpOKCHMpreMOﬁ (byHKIII/II/I Ha BCEM HHTCpPBAJIC. DT0 YMEHbLIIACT BCPOATHOCTH IMOABJICHUA JIOKHBIX
MAaKCHUMYMOB B OLICHKC CHCKTpaHLHOfI IJIOTHOCTHU MOIIHOCTH.
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IIpumep npumeHenmsi. Ha puc.l. npencrasien cnektp curaana SIMP, usmepennsrii merogom CCHU ¢
HCIIONIb30BaHUEM CIleKTpoMeTpa BbIcokoro paspemenuss TESLA-BS587A [2]. B kadectBe TecToBOro o0Opasma
HCTIOB30BaICA OyTaHOJ, UMEIONIINHA 4 CHeKTpabHBIe TUHUU. [IJI1 cpaBHEHUS MPEICTaBICHBI PE3yJIbTaThl 00padOTKU
JIAHHBIM TTapaMETPUISCKUM METOJIOM IO 56 MepBhIM TOUKaM | KiaccudeckuM Dypbe-aHanu3om ¢ okHoM Kaiizepa 1o
4096 toukam. CokpallleHHE IJIMHBI HCXOIHOTO psga HEOOXOAMMOTO IJIs TOMYYEHHs MPUEMIIEMOTO pPa3perieHIs
MTO3BOJISIET HCCIENOBAaTh 00pas3Ibl ¢ MadbIMH BpEMEHAMH peNlakCallid W COKpamaTh BpeMs 3aTpadynBacMoe Ha
npoBeaeHue nudy3noHHBIX U3MepeHuil. Panee 1y pemeHus MOA00HBIX 3a/1a4 HAMH MPUMCHSUTHCH MeTo 6! [IpoHn
u Kymmkosa [3]. Tlo cpaBHEHWIO ¢ HMMHU NpPHUMEHCHHE pa3pabOTaHHOTO METoJa MPHUBOAUT K TOIYYCHHIO Ooliee
Ka4eCTBEHHBIX U IOCTOBEPHBIX PE3YNIHTATOB.
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Puc.1. Cnexrp SIMP Oyranona.
(1- omeHka, MOy4eHHAsT ¢ TTIOMOIIBIO TUCKPETHOTO TTpeoOpazoBanus Pyphbe;
2. mapaMeTpuieckas OleHKa)
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USAGE OF CONTINUOUS WAVELET - TRANSFORMATION FOR PARAMETRIC SPECTRAL
PROCESSING OF NON-STEADY SIGNALS
Bochkarev V.V.,Katsevman M.M., Petrova L.R., Teplov V.Yu.

Kazan State University

The methods of spectral analysis, founded on usage of wavelet - transformation are widely applied recently.
However, the resolving power of wavelet - transformation, as well as Fourier transforms, depends on length of data
series. It is limited to value 1/T (T- length of a series) and is poor for short series. The physical nature of signals and
the features of researches often do not allow to receive series of the data of sufficient length. The application of
parametric methods can essentially increase resolving power. In this paper we attempt to aggregate advantages
wavelet - transformations and parametric methods of high-res.

For construction of a parametric model we receive the supposition, that the studied signal contents to some
linear ordinary differential equation with constant factors:

YWrary U +tay =E(x)

If to record entering here derivative in the finite-differential form, depending on the received suppositions
about properties of process E(x), we receive models used in other parametric methods. If to suspect, that E(x) - white
noise, we shall receive model auto regression method. Having suspected, that it is impulse, we shall receive
polyexponential model used in a Prony method. In this paper we consider the second case. Usage of continuum model
of process allows to analyse series with not equidistant readouts, that is important for a wide areas of geophysical
applications, and as at a signal processing in systems of measurement of parameters of a relaxation and diffusion by a
method of nuclear magnetic resonance. For definition of coefficient of a model differential equation we offer to use
wavelet - transformation, founded on a series of continuous wavelets. The application of continuous transformation
also is conditioned by necessity of application to non-equidistant series of data. Let's select a system of wavelets v,
having following property:

(ka,)’f,}\. =2 Ck,m'(Wmf)’C,k

The image of a derivative of function should linearly be connected to images of the function. In this case
problem of definition of factors of a model equation is reduced to linear regression. The elementary way of
construction of such system of wavelets consists in selection of some base function fast decreasing x[1[1[], and
definition

(%)~ 2 x)
ox

The well studied series of wavelets receiving by selection as a base function gaussoid exp{-x*/2} is known.
The second splash of series is known as mexihat-wavelet. Usage of gaussoid gives very good time and scale
localization, that in our case allows to avoid appearance of possible edge effects, therefore we shall stay on such
selection.

Considering, that the function presets on an interval xe[A,B], by an integration by parts we set for wavelet -
images of a series of a kind (2) a ratio:

, 1 1 B-1 A-1
w, )1,7\':_X(Wn+1f)1,}\’+W{f(3)wn(7)_f(’4)q1n( n )}

Far from edges of area (B-x, x-A < < 1) the addend in the formula aims at zero point, that considerably
simplifies a conclusion. Let's take transformation on basis y, from both parts of an equation (1), by r-multiple
application of a ratio (3) we shall receive

- 1 r—1
(_%) ‘(Wn+i’f)ﬁc }\.+al.(_x) .(Wn-l—r—lf)‘c,}\.+"'+ar.(W"f)’C,7\.: (an)'f,k

Recording this ratio for different 7,A,n, and having selected model of process &, we receive the reassigned system of
simple equations for an estimation ai. For polyexponential model from here on a least squares criterion follows
A;ja;=b;,

>

Ai,j = z (_7" )i+j—2r “Pran (‘Vn+r—if)‘c,7» ’ (W"""_jf)‘t,k ’

TAn
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The obtained thus model can be utilised for an estimation of a spectral concentration of power, for
approximation of experimental relations, in a problem of prediction.
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Let's suspect, that the signal z = y + Z_: consists of a desired signal instituted by model (1), and additive

white noise with a dispersion O . The presence of an additive noise results in appearance of mean displacement of
coefficients of equations, and, therefore, to availability of a regular error. In an adopted approaching it is uneasy to
calculate displacement of average of distribution of coefficients of a determining equations set:

L +oo
8<Ai,j> = z;:( A )l+]_2r'Pr,7x' .[ Wn+r—i(x)'\|ln+r—j(x)dx’ I<i,jsr-1
T, —oo
8(bs) =~8(As0)

For a selected system last expression becomes

2n+2r—i—j—1 o
(- 1)2 \/_ [I’l-l— r l+] ] Zklﬂ_zr'Pm

_HJ
2n+r 5 TA

For a case even i+j, and O for odd. If the noise level ¢ is known, it is possible to introduce the conforming
corrections to cjefficients of the formulas (4), and to receive a unbiassed estimator of spectral parameters. Similarly
we calculate the corrections for a non-white noise with a known correlation function.

Let's consider ratio between (W, f) within the limits of a angle of influencing of an first point of a series A.

Using (3) and having grouped together addends at f( k) (A), we shall receive expression

1 r=1|r-1-k . A—1 (k) _ -
\/X kzo{mzjo( 7") ( 2 Jarlk} f (A)= 2_40( -A) ( n+rf)rk Qr-m

If aj are already determined, that f( k) (A) is defined from this system then to define amplitudes presents no difficulty.

Usage of the information about structure of model, i.e., about behavior of an approximable function on all interval
reduces probability of appearance of false maxima in an estimation of a power spectral density.




