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Abstract: Wavelet-analysis principles with reference to filtration problems of
ecoanalytical data in the information systems of ecological appointment constructed on
chemical-analytical complexes are considered.
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CHUHTE3 KBASUBEMBJIETOB JIJISI UH®OPMAIIMOHHBIX CUCTEM
OBPABOTKH S5KOAHA/IMTHYECKUX JAHHBIX

Aunomauuﬂ: Paccmampueaiomc;z NpUHYyUnsl gelieiem-ananusa npumerumenlbHo K
3a0a4am qbufzbmpauuu OKOAHANUMUYECKUX  OAHHBbIX 8 MHd)OpMdI/;MOHHle cucmemax
IKOJIOCUHECKO20 HA3HAYEHUA, NOCNIPOEHHBIX HA XUMUKO-AHAJIUMUYECKUX KOMNIEKCAX.

Knwueeswvie cnosa: eeﬁeﬂem—aHanw, qu)OpMaI/;MOHHble cucmemsl SKOJ102Uu4ecKozo
HA3HAYEHUA, JKOAHAlumu4d4ecKue oannvie.

Beenenne. OcHOBOIl HMHGOPMAIIMOHHBIX CHCTEM 3KOJIOTMYECKOIO MOHMTOpPHUHIA
SBIISIIOTCSL TIEPBUYHBIE HMCTOYHUKM HWHGOpPMAIMM O COCTOSHHM OKPYXKAIOWIEH Cpeibl.
Ilocnennee necATuneTHe XapakTepU3yeTCs YCTOMUMBOW TEHIEHLIMEH K IIHPOKOMY
pPacupoOCTPaHEHUI0 XUMHUKO-aHAaJUTHUECKUX uHpopMaunmoHHbIX cucreM (XAUC) ¢
YHUBEPCAIBHBIMU  (PU3UKO-XMMHUYECKHMMH aHAJIM3aTOpaMH COCTaBa U CBOWCTB BEILECTBa,
O0COOCHHO aHaJM3aTOpaMU CIEKTPaJIbHOTO TUNAa (XpomartorpadaMu, CIEKTPOMETpaMu
U3IY4YEeHUs, Macc-CIEeKTpoMeTpaMu M Jip.). Ha3BaHHbIE aHamUTHUYECKUE NPUOOPHI HAIUIU
MPUMEHEHHUE JUId pEIICHHs 3a]ad SKOJOIMYECKOW HalpaBJIE€HHOCTH B COCTaBE XHMMMKO-
aHanmutndeckux komruiekcoB (XAK) tuma MHJIAH (P®), Agilent Technologies (USA) u
Perkin Elmer. IlpuGopsl 3TuX ¢(uUpM BHECEHbI B pEECTp TIOCYAAPCTBEHHOW CHCTEMBI
obecrnieuenus eauHcTBa uMepenuit PK NeKZ.02.02.00192-2003. OcHOBHBIM (akTopom,
3aTPyIHSIONIMM HCIOJIb30BaHUE aHaIUTH4YecKuX Mpuodopos (All), sBisieTcss CIoXKHOCTH U
pa3HooOpa3ue aaropuTMOB MEPBUYHOM OOpabOTKM BBIXOJAHBIX curHaioB. K 3amauam
MEepBUYHON  00pabOTKHM  OTHOCATCA:  JIUCKpeTHoe mpexacraBieHue curHaima  All,
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npenBapuTenbHas GuiabTpanus (CriaxuBaHue), oOHapyx eHre HHPOpMaTUBHOTO (MTOJIE3HOTO)
ydacTKa CUTHaJla, KOppeKuus aperida u oleHKa mapaMeTpoB MoJIe3HOro curuana [1].

Kpatno-macmra6uplii anaau3 curtajioB All. VccienoBanusi B 001acTH TEOpHUH
0000IIEHHOTO CMIEKTPAILHOI'O aHAJIM3a MO3BOJIMIM HE TOJIBKO MO-HOBOMY OLICHUTh 3HAYCHHE
KJIACCUYECKOI0 CHEKTpajabHOro aHanuza ypbe v npeaensl ero NpakTHYecKoro NpuMeHeHus,
HO M CO3/aJI METOJIbl U KPUTEPUHU CHHTE3a 0a3MCHBIX CUCTEM HauboJjiee MPUCIOCOOIEHHBIX
JUIsL pelleHHs] KOHKPETHOM mpakThuyeckoil 3amauu. [Ipumepom ToMy sIBIsSieTCS aKTUBHO
pasBuBaromasics ¢ cepeauHel 80-x romoB Teopus BEHBIETOB. bnaromaps mpo3payHOCTH
(UBUYECKON HHTEpIIpETAlliU pe3yIbTaTOB aHall3a, OYEeHb CXOMHOHW C '"4acTOTHBIM'
noaxonoM B Dypwe-aHanuse, BEUBIET TEXHOJOTHS CTaja MOMYJISPHBIM M 3()(HEKTUBHBIM
CPEJICTBOM aHaJM3a HECTAI[MOHAPHBIX CHUTHAJIOB B AKYCTHKE, CEMCMMKE, SKOJOTHUU M JIp.
obmnactsax. BeixonHble curHaibl aHanuTHYeckux npubopoB (AIl) XUMHMKO-aHATUTHYECKUX
koMmIuiekcoB (XAK) skonormueckux HHGOPMALMOHHBIX CHUCTEM B CBA3M C DPA3IUYUEM
($u3nUecKOi CYITHOCTH CaMHMX NMPUOOPOB, a TaKXKe YCIOBUU MPOBEIACHUS aHAJIN3a OTHOCATCS
K HECTallMOHAapHBIM CHTHAJIAM C HCKAKAIOUIMMH COCTABIIIIOIIMMU - IIyMaMH, [TOMEXaMH,
npeiipom u 1.1 [1,2,10,11]

BeliBner TeXHOJOTUM SIBJISIOTCS HOBBIM MHCTPYMEHTOM B 00paOOTKE CHUIHAJIOB U
M300pakeHU IMyTeM WX pasjoXKeHHs [0 aJaNTUBHONH cucTeMe Oa3uCHbIX (YHKUMHA W
MOCJIEYIOET0 aHaIW3a CHEKTPAJIbHBIX KOMIIOHEHTOB C LEJNbIO BBIJIEIEHUS 3HAUYUMOMN
uHpopmanuu Ha poHe momex. Cam TepMUH "BeHBIET" UCIONB30BAJICS paHee B JUTEPAType,
HO CBO€ TeKyllee MOHATHE OH mojyums B ctathe J. Morlet m A. Grossman (1984r.),
MOCBAIIICHHON HCCIIEIOBAaHUSIM CEHCMHUYECKMX CHUTHAJIOB C MOMOINBI0 0a3uca, KOTOPHIA U
Ha3BaJIM BelBiIeToM. DTa paboTa /1aja Hayajlo pa3BUTUIO TEOPUU BEHBJIETOB B MOCIEAYIOIUE
rofbl LENBIM PAIOM aBTOpOB: 3apyoexkHsix S. Mallat, L.K. Meyer, D.J. Lemarie, I.
Daubechies, A. Cohen, R.R. Chui u gp. [3-5,7-8] u poccuiickux aBTopoB [2,9].
MaremaTrnueckast opmanuzanus, nanHas paboramu Mallat 1 Meyer, npuBena K cO3JaHUIO
TEOPETUYECKUX OCHOB BEHBIET-aHANIM3a, HA3BAaHHOI'O MYyJbTHpa3pellaroIliuM (KpaTHO-
MacmTabHbIM) aHam3oM (KMA).

CuHTe3 KBa3HMBeiiB/IeTOB Il cCHCTeM 00pPa0OTKH IKOAHAJIMTHYECKHX JAHHBIX.
CyTh TIPOEKTHPOBaHWS KBa3WUBEMBIETOB €CTh omnpeneneHue koddduimentos h(n) u h(n)

MacIITaOMPYIOMIET0  ypaBHEHUSA. OTH  KOI(PQOUIMEHTHI  MOJHOCTHIO  OMPEIEISIOT
MacHITaOUPYIOUIYI0 ¥ BEUBIETHYIO (YHKIMM U HCIOJB3YIOTCA B KayeCTBE HMITYIbCHBIX
OTKJIMKOB 0aHKOB IHU(POBBIX (PUIBTPOB BeEWBIET-aHANINW3a CUTHAIOB. B oTimume ot
BeiiBiieToB JloOemm kod(huIMeHTsl /(1) KBa3UBEWBIECTOB JIOJDKHBI BBIYUCISITBCS W3
3alaHHOM (MM BBIOPAHHOM M3 HEKOTOPBIX cooOpakeHui) QyHKUMM u(?) — "kanaupara" B
Maciradupytome QyHkiuu. OCHOBHBIMH KPUTEPHSIMH MHpU BbIOOpEe (QYHKUMUN u(Z) MOTYT
ObITh, B NIEPBYIO Ouepeab TpeOoBaHUS «(PUHUTHOCTH» (PYHKIMH, «AHATUTUYHOCTU», B TOM
qucie MHOTOKpaTHas JuddepeHIpyeMocThb, a Takke mojo0ue 3Toil pyHKIMKU OTIeIbHOMY
KOMITOHEHTY CJIO)KHOTO CHTHajla aHaJMTHYecKoro mnpubopa (ammapaTHOM (QYyHKIHH).
ANTOpUTM NPOEKTUPOBAHUS BeNBIeT-0J00HOr0 Oa3zuca (KBa3MBEWBIETa) B TAKOM cilydae
BKJIIOYAET HECKOJIBKO 3TamnoB [2,9-11].

Oman nopmuposanus. B xadectBe u(t) BblOMpaeTcs mnpuOOpHas (yHKUMA
aHAJIUTUYECKOTro NMpuodopa (Win GyHKIUS OTKIINKA):

u(t)= H(=0)/ [ |H()[ ar (1)
[Ipoektupyem cucremy JnuHEHHO-HE3aBUCUMbIX GyHKIuA. g »Toro myrem

CMEIIEHHS U(?) ¢ marom b oOpasyemM MHOKECTBO ()yHKIIMI
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{uk(z):u[f‘a”kj:u(f —bok),kez},

rae z=t/a,b,=b/a; a— cpenHeKBaipaTHdYecKas IIMPUHA WM IIMPUHA HA MOJIOBHHE

BBICOTHI (MONYIIMpUHA) KA. YTOOBI MUHUMHU3UPOBATh OMIKUOKY BBIUUCICHUHN, QYHKIMIO (1)
3aal0T ~20-30 JAUCKPETHBIMM OTCUYETAaMH Ha IIMpUHE 4. BpiOepeM HOpMy clBura
(OTHOCHTENBHEII mar) by Takoi, 4ToOb! HYHKIUN {u " (t)} obpaszoBsIBay 6asuc Pucca [2].
Oman opmozoHanuzayuy. Bocmonb30BaBIINCh MOAUGUIUPOBAHHBIM  METOJ0M
oproroHanu3anuu [ 'pamma-llImunra, npeamoxxkenusiM B [1,2,6], oOpa3dyeM H3 CHUCTEMBI
byHkmuit  {uk(t)} dyHKIMIO @), CcOBUTHM KOTOpOM ¢ maroM by GOPMHUPYIOT
OPTOHOPMHPOBAHHBIN OA3UC ¢, (), U TIYTEM €€ CHKATUS BIBOC — 0asuc ¢, » (21)= (2t —byn).

Onpeodenenue ko3ppuyuenmos macumadbupyiowe2o ypaguenus. JIns BBIYACICHUS h
BOCTIOJIB3YyeMCs POPMYIIONA:

h(n)=(p(t). 0., (1) =2 [ () pl(21 = byn)dt )

Oepanuuenue uucia Kodg@uyuenmos h u ewvivucienue g. BemenctBue TOro, 4ro
GbyHKIUSA u(2) OOBIYHO 3a/7laHa Ha BCEW YHUCIOBOM OCH, HO JOCTAaTOYHO OBICTPO YOBIBaeT,
ModTOMY K03(phUIIMEeHTHI /i Takke OBICTpO yObIBatOT. C yueTOM 3TOTO OOCTOSITENHCTBA JIJIS
MOCTPOEHHsI OJIOKOB (PHIBTPOB C KOHEYHOW MMITYJIBCHON XapaKTEpUCTHKON YHCIO 3TUX
K03()(PUIHMEHTOB MOKHO OrPAaHUYMTH, OTOPOCHB KOO()(HIMEHTHI, HAIPUMED, h(n)<10™ I
|n| Gonpiie HEKoTOpOro N. 3aMeTHM, YTO YUCIO OCTaBIIUXCS KO3()PULIUEHTOB TOHKHO OBITH
yeTHbIM. Koaduumentst g(n) BBI‘II/ICJ'ISIIOTCSI 1o @opMyne:

h(n) <§0( ) (Pln \/_I(D 2t _bon)dt 3)

IIposepka pewenus. TIpon3BOANTCS MOACTAHOBKON B MacIITabHMpyOIIee ypaBHEHUE
OIyYCHHBIX KOd(QduLueHros h, Gpynkunn ¢, (2t)= (2t — byn) ¥ BBIUMCIICHUE OWMOKH 11O

dbopmye:
- 12 - 12
5¢(b0):+[(p—¢2dt} /{Iwzdt} (4)

Cunre3 OHMOPTOrOHAJIBHBLIX KBAa3MBEHBJIETOB HAYMHACTCS C BBHIOOpa WM 3aJaHUS
AQHAJTUTUYIECKOTO BUa QYHKITAMN:

§0(f) = ulr) (5)

b

Z Bm)ult —bym)
(6)
Casurn takux (yHKIMA ¢ marom by o0pa3yroT OHOPTOTOHAJIBHYK) CMELICHHYIO
6asucayto cuctemy (CBC), s BbiOpaHHOro 1mara caBura 3T (QYHKIHH JOJIKHBI
YJIOBJICTBOPSTH MaCLLITa6I/IpYIOH_II/IM YPaBHEHHSM:

Zh \/_ 2 p(2t — byn)
; (7)
Zh (n)W25 (2t —byn)
: (8)
CuHre3s, Takke Kak 1 B OpPTOHOPMHUPOBAHHOM CIIy4ae, COCTOUT U3 HECKOJIbKUX JTAIOB.
Hopmuposka. IlonaraeM, 4To

1)/ [ H ()| d- )

[IpoexTpoBaHKUE TUHEHHO-HE3aBUCUMOM crcTeMbl GyHKIwH. [TyTrem cMmemeHus u(t) ¢
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t—bk
a

maroMm b o0padyeM MHOXECTBO  (YHKIIHIA {uk(t)zu( j=u(f—bok),kez}= rje

r=t/a,b, =b/a; a— cpenHeKBagpaTHYecKas MMPHHA WM INMPUHA HA TOJOBHHE BBICOTHI

(monymmMpuHa) nuka.
Opmoconanuzayus. Viconb3yss MOAM(ULIMPOBAHHYIO MPOLEAYPY OPTOrOHAINU3ALUU

I'pamma-lImuara, npemioxeHHsM B [1], oOpazyeM u3 cucteMbl GyHKIUI {uk (t)} byHKIIN
@(t) ¥ § (1), CABUTH KOTOPBIX ¢ maroM by GOpMHUpPYIOT GHOPTOrOHAIBHBIN (a3uc {(pnbo (0).0,, (t)}
, a TlyTeM CHKaTHsl BIBOE — 6a3nc g, (2¢)= p(2t —byn)} M {,,, (21)= (2 — byn)}.
Onpedenenue koappuyuenmos macumabupyroujezo ypagnenus. Jins BEIMUCIEHHS
BoCIob3yemcs hopmynamu (6)
h(n)= (N2 p(t) (2t - bym))

H0)= (V2 5(0)pler - ,1)

Ozpanuuenue uucia rkodppuyuenmos h, h u eviuucienue g, g . Yucio >THX

K09 (DHUIMEHTOB, TaK XK€ KaK M B OPTOHOPMHPOBAHHOM Cllydae, MOYKHO OIPaHHYHTH,
0TOpOCHB KO3 (PUUMEHTBI, HANPUMED, h(n)<10~* mpu |n| Gonbue HekoToporo N. 3ameTum,

YTO YMCJIO OCTABIIMXCA KOI()MHULIUEHTOB TOKHO OBITH YeTHBIM. KoopPuuuenTsl g(n) z(n)
BBIYHCIISTIOTCS 110 ()OpMYIIaMm:

gln)=(-1)"% (1=n), (10)
gn)=(1)"" h(1-n). (11)
Ilposepxa pewenus. HOI[CTaBI/IM B MacCIITAa0UPYIOIIUE YPABHEHUS:
zh (n)N2 p(2t —byn) (12)
7(0)=> h(n)V2 5 (21— byn)> (13)

TOJIY4CHHBIE KOO((YHUUMEHTBI /1, BBIYUCIUM (QYHKIMIO g(;) z h(n)N2 (2t —b,n) B OHpEEINM

omuoOKy 1o dopmyse (4), KoTopasi XapakTepH3yeT TOYHOCTh BBITIOJHEHUs paBeHCTBa (12) B
3aBUCHMOCTH OT Iara bg. BBIONHSS Mpoleaypy OpTOTOHAIM3AIMH M BBIYHCICHUE A TIpU
Pa3IUYHBIX BEJIHMUMHAX by MOKHO OCTPOUTH QYHKIUIO £(bg) U HAUTH €€ MUHUMYM.
AHaJIOTUYHBIC OIEpaluid HEOOXOIMMO BBIONHUTH JUIS TPOBEPKH COOTBETCTBUS
(GyHkuuM ; Macmradupyromemy ypasHenuto (13). Kak nokasslBaroT pacueTsl, BU (QYHKIUH

&(bg) nns paznuUHBIX QYHKIMNA 1(?) OTIMYAETCs MaJo, MO3TOMY MHTEPBA 3HAYCHUH by, Ipu
koTopbix (yHKIMH {p(f)=u(),(t)} yAOBIETBOPAIOT COOTBETCTBYIOIIMM MACIITAOHPYHOLIUM
YPAaBHEHHAM, OYIeT DPaBHBIM (8<p, <1.4. 1loNydeHHBIC NPHBEJCHHBIM BBINIE CIIOCOOOM
KO GUIMEHTEI h(n), i (n) B g(n),2(n) HTOKHBI YIOBICTBOPSTH 00S3aTENBHEIM COOTHOLICHHUSIM,
HajaraeMelM Ha HUX Teopueilt KMA.

BoiBoabl. IIpu 00paboTke peaslbHBIX CHUTHAJIOB MPUOOPOB, ammapartHas (yHKUIUSA
M3BECTHA, KaK IPAaBWIO, C HEKOTOPhIM HpuOmmKeHneM. B 3Tom cimydae HeoOX0Iumo
anmnpoKCUMUPOBaTh GyHKUMEH H(?) OAMHOYHBINA MUK HAOII0IaEMOr0 CUTHAJA, 3a/1aTh 1ar by
(mar b =bh,a) ¥ BLIYUCIUTE KO3QOHULIHMEHTE! ¥, & 1 g. B mpouecce 0Taaaku IporpaMMHOrO

oOecrieyeHHs Ha TpaJyupOBOYHBIX OOBEKTax, Bapbupys Koddduuuentom £ u marom b
"HacTpauBalT" cucTeMy OOpabOTKH TOJ OCOOCHHOCTH peanbHOro npubopa. B pesymbrare
00pabOTKH SKOAHATUTUYECKUX JAHHBIX MOJABIAETCS LIyM (B HECKOJIBKO pa3) U yIyqIIaroTCs
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OLICHKH 3HAYUMBbIX IIaPpaMCTPOB O6pa6OTKI/I.
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