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B nocnepnue rofsl HOBbIE BAfIbI CUTHAJIOB HAaXO-
IAT Bce OOJblliee NIPUMEHEHNE B PAa3iIMyYHBIX OOja-
CTSAX HayKW U TexHUuKH [1]. [1ns ux aHanusa Hapsigy
TPaJULMOHHBIM TIpeoOpa3oBaHneM Pypbe neneco-
00pa3HO NMPUMEHEHNE HOBBIX MATEMATHYECKHX Me-
TOJIOB, OCHOBaHHbIX Ha BeHBiET-NpeoOpa30OBaHul,
Teopun aToMapHbIX GyHKIui (AP), npeobpa3oBa-
Huu Burnepa [2-5]. C gpyroit cTopoHbl, ipreM 1 00-
paboTKa peanbHbIX CUTHAJIOB BCETJ1a COIIPOBOXK/AET-
csl BIUsIHMEM MoMeX. BHemnrHne noMexu yaiie Bcero
MPEACTABISIIOT COOOM CIY4YallHyIO HOCIEOBaTENb-
HOCTb WMIIYJIbCOB CO CIy4YalHBIMHU IMapaMeTpaMu,
MIpUYEM OHH HE SIBIISIIOTCS TayCCOBBIMU. [ Takux
IIOMEX pa3HOMacIITaOHble KOMIIOHEHTHI B pa3ioxke-
HUY SIBIISIOTCS CKOPPEIUPOBAHHBIMU, YTO IPUBOJUT
K Hea(p(pEeKTUBHOCTH JIMHENHBIX METO[OB aHAIM3A.
ITIpuMeHeHUEe HEMMHENHBIX TPEOOPA30BAHUANA MOXKET
o6ecrneynTh MOBBIIIEHNE KauyeCTBEHHBIX MOKa3aTe-
Jei Ipyu HeNMHeHoN punbTpanun nomex. [loaTomy
aKTyaJbHBIM SIBIISIETCS PACCMOTPEHUE Tieaecoo0pas-
HOCTHU IIpUMEHEeHus npeoOpa3oBanust You-Bunbsmca
I aHalu3a CUTHAJIOB, a TaKXe €ro CpaBHEHHUE C
npeoOpa3oBaHnEM Buraepa, TpaguIMOHHBIM OKOH-
HbIM npeo6pa3osanueM Pypoe (OI1P) u AD.

OCHOBHBIE CBOVICTBA
IMPEOBPA3OBAHUS YOU-BUJIBSIMCA

IIpeo6pazoBanue Yon—Bumnbsamca [6, 7] curHana
f(t) umeeT BUN
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I7le 3Be37J04Ka 0003HavYaeT oNeparyo KOMIIEKCHO-
ro comnpstkeHus, 0 > 0 — MacmTaOHbIN KO3 unm-
eHT. [Ipnu 0 - o npeoGpa3oBanue Yowm—-Bunbsamca
nepexouT B mpeoOpa3oBanue Buruepa [6, 7]. K oc-
HOBHBIM CBOWICTBaM INpeoOpa3oBanus [6] Yon—Bu-
JbSMca CIIEAyeT OTHECTH: BEIIECTBEHHOCTD (DYHKIINN
cnexkTpanbHOl moTHOCTH (PCIT) Py (T, W), cuMm-
METPHIO apTYMEHTOB T 1 (U, KOHIIEHTPaLUIO 3HEPTUN
CHTHaJIa B OKPECTHOCTH TOYKH (fy, W) C MPOTSIKEH-
HOCTbIO, PABHOM YaCTOTHOH M BPEMEHHON INPOTS-
>KEHHOCTH CcaMOro curHana, nocrosHctso PCII
Py f(T, W) npu capure no ¢ase curnana f(¢f) Ha Beu-
ynny @, cMemienue Py, (T, W) IO ocu BpeMeHu pu
CBUre IO BpEeMeHU curHana f(t) Ha t,, CMeEllecHUE
Powf(T, W) Mo ocu 4acTOT HPH CBUre MO YacTOTe

f(oo) Ha ). MacmraOupoBaHue MO BPEMEHU apry-
MEeHTa curHana f(t) Ha a IpUBOTUT K MaclITaGHUpoOBa-
Huto aprymeHToB OCII Py f(T, W) Ha a u 1/a. Mac-
mrabupoBanue 1o yacrore aprymenta ©CII curnana

f (W) Ha 3 IPUBOIUT K MacIITaGUPOBAHUIO apTyMEH-
ToB ®CII Py f(T, ) Ha 1/B u B, oOpaieHue o Bpe-
MEHH, KOMIUIEKCHOE COTPSKEHUE, COXpaHEHUE IHEp-
TUH, HAIMYMEe MaprUHANbHBIX pachpefeeHuil 1 uH-
TepepEeHIMOHHOT O YWIEHA

I[f1,fa] = Pewl 1, fal +Pewl fo,fal.

CrnenyeT 3aMeTHTb, 4TO (PYHKUHUIO Py f(T, W) B OT-
JUYHE OT CHEKTPOrpaMMBbl U CK3MIIOTPaMMBI MOXKHO
Ha3bIBaTh (PYHKIMENH CHEKTPaIbHOW IUIOTHOCTH
YCJIOBHO, MIOCKOJIBKY OHA HE 00JIajlaeT CBOMCTBOM IIO-
JIOXXUTENBHOCTU U, CJIEOBATENbHO, HE MOXET $IB-
JSATbCS COBMECTHOH YacCTOTHO-BPEMEHHOW IJIOTHO-
CTBIO curHaia [6]. ITpakTnyeckoe 3HaYeHNE MPUMEHE-
HUsl npeoOpa3oBanusi Yon—Bunbsmca npu aHanmse
CHTHAJIOB 3aKJIOYaeTcs B cilefyrolieM. Bo-nepBbIx,
[aeT BO3MOXKHOCTD MTOJIYYHTh OOJiee MOTHYI0 HH(pOP-
MalliI0 O CHTHAle, YeM IPH HUCIOJIb30BAaHUM APYTUX
CPEeJCTB, HaIpUMEp, CIEKTPOrPaMM; BO-BTOPBIX, IT03-
BOJISIET IPOBOIATH aHAJIN3 YaCTOTHO-BPEMEHHOTO CO-
fep>XaHUsl OTAEIBHBIX OCOOEHHOCTEH CHUTHala; B-
TPETHUX, IPOBECTH aHaIN3 cooTBeTCTBYromENR PCII
CUTHAJA.
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NCCIEJOBAHUE CUTHAJIOB HA OCHOBE
ATOMAPHBIX ®YHKINN

Brruncnenne aHaNWTHYECKHMX BBIPAKEHHUN MJIS
®CII npeobpazoBanusi Yon—Bunbsamca Pqy f(T, W)
OKa3bIBAETCS CIOXHBIM, a MOTOMY MOJYYUTH YAO-
BIIETBOPUTEJBHBIN PE3yJbTaT BO3MOXKHO TOJBKO B
npocreimux cnyyasx. Ha npakTuke OCHOBHBIM CIIO-
coboM mpoBefeHus npeodpazopanus Youn—Bunbsim-
ca SIBJISIFOTCSI YMCJICHHBIE PacueThbl C MOMOIIBIO CH-
cteM KoMmbloTepHoit MaTeMaTuku (CKM). Hamu nc-
nons3oBancs naker TimeFreq Toolbox gt CKM
MATLAB 7.X [8]. B kauecTBe aHATA3UPYEMBbIX CHUT-
HaJloB ObL11 BbIOpaHbl AP 1 OKHA, IOCTPOEHHBIE HA UX
OCHOBe [2, 3]. A®D cBolicCTBEeHHA XOPOIIas JIOKATU3aUs
KaK B YaCTOTHOM, TaK ¥ BO BpeMeHHOH oOnactsx. [Ipe-
oOpazoBanue Yom-BunesimMca oOsafgaeT XOpOIIMMU
4acTOTHO-BPEMEHHBIMU cBoiicTBamu. IlpeacrasuseT
UHTEPEC MPOCIIEANTD, HACKOJIBKO aeKBATHO JaHHOE
npeoOpa3oBaHue OTpaskaeT JOKalIbHble OCOOEHHO-
ctu A®. [Ipumepsl pesynsratoB AP npuBeeHbl Ha
puc. 1, 2. ®CII npeobpazoBanust Hou—Bunbsimca ma-
TepuHCKON AP up(x) (THIMYHOrO BUACOCUTHANA)
UMeeT XapaKTePHbIH BUJ C “IPOBAJIOM”’ MOCEPENHE.
C yMeHbIIIeHuEM O OH CTAHOBHUTCS MEHEE BhIPaKEeH-
HbIM. Ha cnekTporpamme takoro “mposaia’ HeT.
Y okna KpaBuenko—PBauesa [2, 3] w,(x) = up(x) +
+ 0.01up"(x) xapakTepHBIN “MpoBai’” 3aMETEeH TOIb-
ko B PCII npeobpazoBanusi Burnepa Pyf(T, w)
(uTpuxamMu 0603HaUYEHBI MPOU3BOAHbIE). 15 up'(x)
(mopenvHoro CIIII-curnana) ma ®CII npeoGpaszo-
BaHns Yon—Bunbsmca ( puc. 2) XOpoIIo BUAHBI iBa
TaKMX K€ XapaKTepHBIX, KaK U A7 (pyHKIUHA up'(x),
JOKAJIN30BaHHHBIX 00pa30BaHus, BXOJSIIUX B CO-
cTaB 6oliee CIOXHOW CTPYKTYphl. [IBa MakcuMmyma,
pacnooXKeHHbIE MEXAY HUMH, HOCIAT MHTEp(dEpeH-
LMOHHBII XapakTep. Eme 6onee CIoXHY CTPYKTY-
py umeer PCII npeoGpaszosanuss You—Bunbsmca
nig up''(x). Takske GBI MpOaHaMU3NPOBaH U PAA PY-
rux A®D: fup,(x), fup,(x), h3(x), hy(x), =,(x) 1 =5(x).

OBCYXIEHUE PE3YJIBTATOB

ITpeob6pazoBanne You—Bunnsimca obnamaet psi-
TOM JOCTOMHCTB. K HIM OTHOCATCS XOpOoIIIee 4acToT-
HO-BpPEMEHHOE pa3pellieHne, THBApUAHTHOCTb OTHO-
CUTEJILHO CMIBUTOB MO (pa3e, 4acTOoTe W BPEMEHH, a
TakKe HaJIN4YAe MapTUHANBHBIX pachpeleeHI.
Kpome Toro, 6ynyun KBaipaTHYHBIM MO UCCIEAye-
MOMY CHTHally, TaHHOE NpeoOpa3oBaHUE SIBISETCS
OIHMM W13 BO3MOXKHBIX METOIOB HEJIMHEHHON 0o0pa-
6oTku curHanos. [locnennee a¢pdexTuBHO, HANPH-
Mep, IPU HATMYNY TOMEX C HEHOPMAJIbHBIM 3aKOHOM
pacnpenenenus. Hanmmane mapameTrpa O, TO3BOJISIO-
IEr0 YyNpaBIsITh YPOBHEM WHTEP(EPEHINOHHBIX
YJIEHOB, MO3BOJISIET B U3BECTHON Mepe YCTpPaHUTh
mpo6iieMy BO3HUKHOBEHHSI WHTEP(EPEHINH MEXKTY
CHTHAJIaMM, a TaKXe CHTHAJIOM U TOMEeXOH, Xapak-
TepHylo Ayl npeoOpa3oBaHusi Burnepa [5]. Hepo-
cTaTku npeobpaszoBanus Hon—BunbsiMca 3akmroya-
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Puc. 1. Ananus ¢pyakuun up(f). 3pech u Ha puc. 2: @ — CHT-
Han; 6 — OCII npeo6pazoBanust Buraepa; ®CII npeos-
pazoBanust Yon—Buibsimca: 6 — 0 = 1000, 2 — 0 = 10, 0 —
0 =0.01; e — cnekTporpamma ®Pypne.
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Puc. 2. Aranus pyHkuun up'(?).

I0TCS B CIIOXKHOCTH uHTerpania (1). DTo menaer ero
MPaKTUIECKN 6ECHOJIe3HBIM ISl aHAINTUIECKAX pac-
YETOB, a TaK3Ke B TOM, UTO IIPU CHIDKEHUN YPOBHS MH-
Tep(EePEeHIIMOHHBIX YJIEHOB (YMEHBIIEHUU O) OTHO-
BPEMEHHO TIOfIaBIISIIOTCS U JIOKAJbHbIE OCOOEHHOCTH
HCCIIEyeMOr0 CUTHAJA, YTO YXY/IIaeT YaCTOTHO-Bpe-
MeHHOe paspelieHue. [ToaTomy 1enecooOpa3Ho cOB-
MEeCTHOE UCIIOJIb30BaHre peoOpa3oBannii Buraepa n
You-Bunbsimca.

IIpencraBnsier MHTEpeC CpPaBHUTb BO3MOXKHOCTH
npeobpasoBanusi Houn-Bunbsimca ¢ OIIP, a Takxke
ciektporpammoit OIIP. OIID sBnsieTcs NUHEHHBIM
npeoOpa3zoBaHUEM CUTHANa, HO B OTVIMYUE OT Mpeodpa-
3oBanns Youn-Bunbsmca He oOnajlaeT MHBApUAHTHO-
CTBIO OTHOCHTEILHO CABUTOB TIO (pase, 4acTOTe U Bpe-
MeHU. K TOMy K€ 4acCTOTHO-BPEMEHHOE pa3pellIcHUuE
OIl® onpepensercs XapakKTepUCTUKAMU CIEKTPaJlb-
HOT'O OKHA U OKa3bIBaeTCs XyXke, YeM y peoOpa3oBa-
Hust You-Bunbsmca. IlmaToi 3a nocienHee sSIBISICTCS
Hamnune uHTepgepenmym B PCIT mpeobGpasoBaHus
Yon-Bunbsimca. Cnektporpamma OIld, kak u mpeob-
pazoBanne Yon-BunbsiMmca, 061ajjaeT ”HBapUaHTHO-
CTBIO OTHOCHTEJBHO CBUIOB MO (pa3e, yacToTe u
BpPEMEHM, HO B OTJIMYME OT MOCIAETHErO HE MMEEeT
MapruHadbHbIX pacIpefeseHuil 1 00JagaeT Xy UM
YaCTOTHO-BPEMEHHBIM pa3pelieHneM. BaxkHo, 4To
CIEKTPOrpamMma He MOXKET ObITh NOJy4YeHa U3 Ipe-
o6pazoBanus Yon—BunbsiMmca npefeabHbIM Iepexo-
nom ipu 0 — 0. Tem He menee, ecnmu @ — 0, ®CII
npeobpaszoBanus Houn—BunbsaMmca no ceoemy BHEI-
HEMY BUAY OpUOIUKAETCS K CIEKTPOrpaMMe.

Takum o6pa3oMm, MpU COBMECTHOM HCIIOIb30Ba-
HUU 1npeoOpasoBaHuili Burhepa, crnexTporpaMmbl
OIl® u mpeobpazoBanus Youm—BumbsMca mepsoe
MOKET MO3BOJIUTH JOCTATOYHO TOYHO OIpPENENHUTh
YaCTOTHO-BPEMEHHYIO JIOKATU3AIUI0 UCCIEeyeMOro
CUTHAJa, BTOPOE OTCEITh JIOXKHBIE “CUrHAJbI”, BO3-
HUKaromme n3-3a narepdepennnu B @ CI1 npeobpa-
30BaHMs Burnepa, a Tpethe HaOMOAATH NPOLECC MTO-
maBJeHus THTep(QEepeHINU B IUHAMUKE, a TaKkKe OT-
[EeNUTh NHTEP(EPEHIINOHHBIE YWIEHBI OT JTIOKAJIBHBIX
0COOEHHOCTEN CUTHaja, KOTOPhIE B CIEKTPOrpaMMe
MOTYT OBITh IOTEPSTHBI 3-3a €€ HEIOCTATOYHOTO Ya-
CTOTHO-BPEMEHHOTO pa3peuienus. [IpeobpazoBanue
You-Bunbsmca, o6mnajjaroiiee XOpOIInM 4acTOTHO-
BPEMEHHBIM pa3pelleHneM, NEPCIeKTUBHO INpuMe-
HSTH JJIST aHaJdnW3a HOBBIX KJIACCOB CHUTHANOB [2, 3],
ocHOBaHHbIX Ha A®, okHax KpaBueHko—PBauena,
R-dyakumsx, BefiBIeTax, Tak KaK TaKue CATHAIIBI 5IB-
JIAFOTCA XOPOIIO JOKATN30BAaHHBIMI BO BPEMEHHOMN
obnacTu.

PesynbpTaThl paboThl YaCTUYHO OBLIN AOJIOXKEHBI
Ha The Third International Conference “Ultrawideband
and Ultrashort Impulse Signals”. 18-22 September,
2006. Sevastopol. Ukraine [9].
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