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Bo3MoxHoCTE IPEMeHeHHS HelPepPbLIBHOrO BelBAeT-npeobpazoBanns
A8 aHAJIW3A MOJEJBHLIX NYAbLCOBLIX CHTHAJIOB

Toxazasl BOIMOWHOCTH TIPHMEHEHHA HETIPEPBIBHOIG BeliBAeT-npeofpasobanns ANA aHARM3A MONENEREIX
MYABCOBEIX CHIHAMOB. Y CTaHOBAEHO, YTO BEHANET-aHANN3 CNOCoBeH BBISBAATE JOKATBHEIE 0COOEHHOCTH CHIHA-
Jla, He OTpaxalnecs Ha Pyphe-CHeKTpax, @ TAKKE UCC/ICA0BATE HIMEHEHHE CNEKTPATLHOTG COCTaka MyNbeo-

BOTO CHFHATI.

© V.V. Boronoev, LV, Lebedintseva

Application possibilities of the continues wavelet-transform
for the analysis of model pulse signals

The paper shows the possibility of continuous wavelet transform (CWT) application for the analysis of pulse
model signals. It has been found that wavelet analysis is capable of defining Jocal characteristics of a signal that
are not revealed on the Fourier-specirals, besides it is capable of investigating any changes in the spectral dis-

tribution of a puise signal.

Beenenne

(OCHOBHBIM MaTeMaTHIECKMM HWHCTPYMEH-
ToM 00pabOTKM W H3YYEHHS CTIeKTPAIEHOH
{4acTOTHOH) CTPYKTYDPBI ITyJIbCOBEIX CHIHANOB
apsetcs npeobpazoBaHue Qyphe, KOTOpoe
TIPEANOIAraeT CTALMOHAPHOCT HCCICAYEMOTO
curHana. [lynscoBad soaHa sBnserca Kpasu-
NEPUORHYECKHUM TIPONECCOM, YACTOTHRIH CO-
€Tag ¥ OCHOBHBIE MOKA3ATENH KOTOPOH 3aBu-
CAT OT BPEMEHU Y MOTYT M3MEHATLCH B Npee-
nax BpeMeHHOTQ HHTepBaia Habmoaenus. [To-
3TOMY A OfpeReAcHUs HEKOTOpLIX AMAarHo-
CTHYECKUX TapamerpoB MYJbCOBOH BOJHEI
nomumo OOuiell cOeKTpasibHON MOUIHOCTH
CHIHana TpeOyIOTcA 3HAHUA O NOKANbHOM Mo-
BEACHHK MYABCOBOFO CHIHANA, €ro Xapakrep-
HBIX TOYKAX W W3MEHEHUH CIIEKTPaJIbHOFO CO-
CTaBa B PA3fiNYHBIC TPOMENKYTKH BPEMEHH.
lpeoBpazosanue DPyppe AaCT WMHTEIPANBHYIO
(0611yr0) OLEHKY HAaCTOTHOIO COCTaBA CHIHA-
13, €r0 HEJOCTATOK 3aKMIOMAeTca B TOM, 4TO
YaCTOTHBIE KOMIOHEHTHl HE MOryT OHITH J10-
Kaiu30BaHbl BO BpeMeHH. 1A nanbonee noa-
HOTO HCCHEAOBAHUS CIEKTPAABHBIX XapakTe-
PHCTUK NYALCOBBIX BOnH Tpebyercs NpUMeHe-
HUE APYTHX METO/OB.

Beipnet-npeofpasopanne — HOBBIA METOx
undposoit obpaboTku cHrHanos, MO3BONAIO-
WM OMYYHTL 3aBUCHMOCTE AMIUIMTYAR OT
YACTOTH U BPEMEHH, NpUMEHAETCS AJTA Hcclie-

JOBaHHA HECTAUMOHAPHHIX CUTHANOB pa3nud-
noii mpuponaer. ITlyrem npeacTaBneHMs Jio-
KafAbHEIX CBOWHCTE CHIHaAlIa B 4YacTOTHO-
BPEMEHHOH CTPYKTYpe BeitBneT-aHanu3 ABns-
€TCH MEPCNEKTHBHLIM H MHGOPMALMORHO DO-
NOMHAKLUUM METOAOM 00pabloTKH CUrHANOB,

BeiipeT-npeobpaszosanns
BeiineT-npeobpazosatine  OAHOMEPHOrO
CHTHAJA COCTOMT B pasNoxeHHK No Oasucy,

CKOHCTPYHPOBAHHOMY n3 oBnagamomei
OMpefleNeHHbMH  CBOMCTBAMH  PYHKUMH
(eiiBneTa) AOCPEACTBOM MaciTaOHBIX
u3MeHeHU W nepeHocor.  Kawaas w3

bynxuuit sToro OasMca XapaKTCpH3YET Kak
ONpPeRENCHHYIO NPOCTPAHCTBEHHYIO
{BpeMeHHYIO) HacTOTY, TaK X €€ JIOKATH3ALHIO
B (PU3HYECKOM NPOCTPAHCTBE (BPEMEHH).

Takum o0pasom, peliBneT-npeobpazopaHne
obecrnieuusaeT ABYMEPHYIO Pa3BEpTKY Hec!e-
AYeMOTO CHIHAMA, [ipd 3TOM 4acTOTa ¥ Koop-
JA¥HATA PACCMATPHBAIOTCA KaK HE3aBHCHMBIE
nepemeHHsie. B pe3ynbTate, Kak OTMEYEHO
BbLIE, TIOABAAECTCS BO3IMOKHOCTE AHATHIHPO-
BaTh CBOHCTBA CHIHaNA OAHOBPEMCHHO B (u-
3uyeckoM (BpemMdA, KOOpAHHATA) H B 4acTOT-
HOM TIPOCTPAHCTBAX.

Creayer noAyYepKHyTh, YTO HECMOTPA Ha
3HAUUTENbHbIE BO3MOKHOCTH OSTOIO METOMa
e BEHBJET-aHANM3A AOBOABHO CKPOMHBIE.
On noMoraer pacno3HaTh M ONHCATL HEKOTO-
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82 PHIC JOTONE CKPBITHIC XaPaKTePHCTHKH CUTHA-

na, B YaCTHOCTU €ro CUMMETPUH, HO He fipe-
TEHAYeT Ha OOBACHEHHE NekKallieil B MX OCHO-
BEe AMHAMHKHU H (PU3HuecKol MPUPORsl, XOTA H
MOXET BaTh HEKOTOpHIE YKA3aHUsi B 3TOM Ha-
npasnexuy {1].

Henpepoiatoe  BeiiBaer-npeobpazoranue
NPOU3BOAUTCA NYTeM CBEPTKH aHAAM3HpYye-
Mo dyHiumu f{f) ¢ OByXnapaMeTpHuecKoit
BeliBneT-QyHKUHEH /4, BBIYMCIAEMOR NO
dopmyne (1) [2-4]:

W(aby={fy,,)=

= Ia a" (r—b)) fae,

(qepta cBepxy ofo3HauaeT KOMMJIEKCHOE CO-
npsuxenue), roe  f(t) eLz(R), napamMeTp a —
MacwrabHei MHOMXKMTENL M b — napamerp
casura,

[lpu aToM QyHKUMA ¥ ROMKHA YAOBAe-
TBOPSTE YCIOBHIO (ycnoamo AOMYCTHMOCTH):

M

rae y{w) —¢ypbc-06pa3 GyHKUHH ().
PesynbratoM eciiBner-peobpasopaHus of-
HOMEPHOTO CHIHana ABJAETCA JBYMEPHBIit
MaccHB aMILTUTYH BeiiBaeT-npeobpazopanng —
3HaueHuii koddduunentor Wiab). Koadpu-
HUeHTHl BeiipneT-nipecbpazoBanus coaepxkar
KoMOuHUpoBaHHYI0 uHpopMauHio o6 aHanu-
3UPYIOWEM BEHBAETE H AHATH3IUPYEMOM CHr-
Hane. Pacripegenexue 3TUX 3HadeHuWit B npo-
cTpaHcTee (a,b)=(epemennoti macumab, ape-
MeHHas nokanuzayud) faet uHbopMaumo 06
3BOMOLUMA OTHOCWTENILHOTO BKJaaa KOMMO-
HEHTOR Pa3HOTO MaciTaba BO BpeMeHH,
Pe3yNbTaThl  HENpepLIBHOrG  BeHBAET-
aHafy3a UenecoobpasHo MPeACTABUTL B BHIE
KapTitupt pefipnaer-ko3(pduiueHros Wia, b) (8
HEKOTOpOH auTepaType, Hanpumep B [5], ee
HA3bLIBAIOT BEHBJICT-CNEKTPOM WIK TONOrpa-
buueckoii kapToit [6]). Belipner-cnextp npea-

craBiaeT  cobolf  3HaveHna  eeiiBner-
KOXpOUIHMEHTOB B JUIOCKOCTH  Maciutab-
BpeMA, 3HAUCHHA KOTOPHIX ONPEJACNAIOT UBET
COOTBETCTBYHOLUEH obnacTn BeHBACT-
KapTUHbI.

B tex cayyasx, koraa HeoOXoAUMO MoKa-
3aTh O4EMp LIMPOKHHM AMana30oH MaclTabos,
BU3YANH3aUUA Pe3YAbTATOB B sorapH(pmuye-
CKHX KoopauHarax, Hanpumep, (log ab)
TIPEANOYTHTENLHEE, YEM B JIMHEHHBIX.

Hpumepe: eetianem-o0pasyiougux Qyrryi

+  CymecTRyeT MHOTO pa3/IMYHLIX BHAOB
BEHBASTOB, BHIOOP KOTOPBIX 32BHCHT OT LEAH
pewaemoil 3agadn. Kaxaslh peiBaer wmeer
XapakTepHbie 0COOEHHOCTH BO BPEMEHHOM U B
YACTOTHOM NPOCTPAHCTBAX, MOITOMY MHOTAA C
HOMOUWIBIO pa3HbIX BeHBNETOB MOMHO TOHES
BBIZBUTb W TMOAUEPKHYTb TE€ MAW WHBIE CBOM-
CTBA AHANU3UPYEMOTrO CHTHANa M MOBLICHTH
TOYHOCTE BelYHCHeHMil. Haubonee yacro wHe-
NOJib3yeMble BEHBAETHI TPHHATO NeNUTh Ha:

*  “rpyGeie” - BeilBNeTH rayccopa Tuna,
Mopine 1 “MekcHKaHcko# WAns’;

¢ 0ECKOHEYHD perynapHbeC - BEHBIETHI
Mefiepa v nuckpetusiii BerpneT Mefiepa.

. OPTOrOHAJBHEIE € KOMOAKTHBLIM HOCU-
TeneM - seiipaersl Jobeiu, Cumnera U kokid-
NETaMH

*  OHOPTOTrOHAJLHBIE IIAPHEIE € KOM-

DAKTHBIM __ HOCHTEZeM —  OTHOCST  B-
CrinaliHOBble  DHOPTOTOHAJILHEIE  BEUBJICTHI
Iileubepra

. KOMIUIEKCHEIE - KOMIJIEKCHBIC BeiB-
nersl Iaycca, Moprie, LeHHOHa 1 yacToTHBIE
B-crinaitHoBble BERBNETE].

[Ipumernenue  nenpepuignozo  getigrem-
AHATUIT K MOOETBNBIM NYIbCOBBIM CUZHANAM

OcHOBHEIE OCOGEHHOCTH HCTMONL3YEMOTO
METOAZ NPOLEMOHCTPUPYEM Ha MOACIHHBIX
NYJLCOBBIX CHTHANAX.
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AHARUIA MOOETBHDIX b COBBLY CHSHANOE

CceK W CKayKoM B Touxe =8 c¢ (puc.la), u
BeHBlieT-cieKTp ¢ koddduuneHToB, mpea-
cTaBneHHsIH Ha puc 16. HapymeHusM raanko-
CTH QYHKUMH H IKCTPEMYMAM COOTBETCTBYIOT
Sosbluke 3HaYCHHA BeligneT-Ko3pPULMEHTOB:
Ans seriBnera ["aycca 8 nopsaxa (gaus8) - atro
CTyHIeHHE CBETNEIX oOnacteil Ha BeHBNeT-
CTIeKTpE, a Mepexosam CHrHala 4epe3 HONL —
manele 3HayeHus BeliBner-koaddunmeHTOR
{crymedne TeMHbIX obnacted). Touxam pas-
PLIBOB W CKAUKAM, HPAKTAUSCKY HE BUAHMBIM
Ha caMOoM rpadMKe CHrHaja, COOTBETCTBYIOT
BEPTHKaNbHEIE NHHHH, BLIXOLILME H3 COOT-
BETCTBYIONIEH TOukY. Uem pezue Bhipaxena
0cOBEHHOCTB, TEM CHIIBHES OHa BHIOEIAETCH |
TEM BERILLE 3HAYEHNUS BeiiBneT-
ko uipicnTos. Hpkas uyepHo-Oenasa ropu-
30HTajbHas T0A0Ca Ha BelBjieT-ClieKTpe co-
OTBETCTBYET YaCTOTe pPacCMaTpHUBAEMON CHHY-
cougnl. HekoTopoe 4eTko BUMAMMOE YCIOXKHE-
HUe BelB/ieT-CIEKTpa N0 KpasM — KpaeBhlt
PaspbIBE! — TPAKTYIOTCA KaK BbI3BAHHBIE Orpa-
HHYeHHOUl BO BpeMeHH O0NacThio CYLIECTBO-
BaHHA CUlHAMA.

Beiisner-npeobpazoBanye crocobHO BbiAB-
ASTH MU3MEHEHUs CMEeKTPalNbHOro COCTABA CHUr-
Hana. JlaHHoe cBOHCTBO NpOAEMOHCTPHPYEM
Ha JBYX MOJENLHBIX CUTHANAX, COCTOAILMX U3
Tpex rapMoHuk ¢ uyactotamu 1, 2, 13 [u, B
NEPBOM H3 KOTOPBIX {puC.2a) IBE rapMOHHKH
NPUCYTCTBYIOT HA MPOTHIKEHHH BCErO BPEME-
HH CYLIECTBOBAHMS CHrHANR, 2 TPEThA ¢ Manoif
AMIVIITYROH MCUE3aeT B MOMEHT BPEMEHH /=3
CeK, 8 BO BTOPOM (pPHC. 3a) Bee TPU MAPMOHKMKH
MEHSIIOT CBOH mepuos.
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Puc. 2. BeliBaeT-CnekTp NEPBOTO
MOJEALHROr0 CHrHana

Ha se#iBner-criekTpe NEpBOTO MOACHBLHOTO

currana (puc. 26), selBner-kor(ppuumeHTH
KOTOPBIX aHANH3UPYIOTCS NOKAILHO No abco-
MIOTHEIM 3HAYEHWAM, KPOME JABYX TODH3CH-
TAlBHBLIX N0J10C, COOTBETCTBYIOLIMX YACTOTAM,
CYHIECTBYIOLINX HA BCEM WHTEPBANE, B TOUKE
[=3 cex MCHE3AET TPETHA FOPH3OHTANBHAS fO-
noca, COOTBETCTBYIOILAR WCYE3HyBLUEH rap-
monnke. s gandoro curnana dypese cnextp
cofiepas 6b1 TPU rapMOHMKY, HE JaBas HAKA-
Kol HHbOpMaLnK 06 UX M3MEHEHUAX (IBOTIO-
uni). Ha peligner-cnextpe BTOPOre MOALHb-
HOTrO curhana (puc. 30), ananus pefisner-
KO3(PUUHETOR KOTOPLIX HAET [OKAIBHO MO
abCOMOTHBIM  3HAYEHUAM, TOPUIOHTANbHbIE
HOJIOCH, COOTBETCTBYIOILHE YAaCTOTaM TapMo-
HHK CHTHANa, MEHIIOT CBOEC MOJOKEHHUE B 3a-
BHCHMOCTH OT HIMEHEHHUA NEPHOIA.
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Puc. 3. Belpner-cnextp
BTODOrO MOAENEHORO CHrHANA

3axmouenne.

TakuM o6pa3oM, BeHBJIET-aHANN3 OTKPEI-
BAeT HOBBIE BO3MOXHOCTH B JETalbHOM aHa-
U3¢ HECTALMOHAPHLIX CHUTHANIOB, K KOTOPHIM
npuMeHenne Pypee npeobpazosania Hesd-
PpexTnrro. OHO NO3BOJSAET:

— BLIABATL JOKaNbHBIE OCODEHHOCTH, KO-
Topele He oTpaskalorcs Ha Pypbe-cnekrTpax.
Bonbiye suavenus BeliBner-ko3dbulneHTOB
XapaKkTepHel AJA TeX BeHBAETOB, KOTOPHIC
pacnoynaralorcs BOMH3M NOKaNbHBIX 0coBeH-
HOCTEH CHFHana, a Majble — TeM BeHBRETaM,
rae QyHKUMS ROKaAbHO Tnaaxad. Yem pesue
BEIPAKEHA OCOOEHHOCTHL CHIHAAZ, TEM CHIb-
HEeE OH4 BBIAENAETCH Ha BeHBICT-CIIEKTpe U
TEM BBHILIC YPOBHU BEHBIET-KOIPOHUHEHTOB.
CapMOHRYECKMM CHPHARAM  COOTBETCTBYET
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APKHE YePHO-OENbIE FOPHIOHTANbHLIC NIONOCHL,
TAe 3HauYeHMA BeiBNeT-KO3PPHLUHEHTOR BEAU-
KH;

- MCCNEAOBATh W3MEHEHHE CTIEKTPanbHOro
COCTaBa MCCACAYEMOro CHrHala U ero Xapax-
TEPUCTUK.
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