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METO[ BbIAEJNIEHUA U3JTOMOB ®YHKLUUU C MOMOLLBbKO UHTEMPAJIbHOIO BCIMJIECKOBOIO
NMPEOBPA30OBAHUA
IaBpumok A.JI., Manbues A.I1.
VYpanbsckuii ['ocynapcrBennsiii Texundeckuilt YHusepcurer - YIIU, paguorexunyeckuii MHCTUTYT - PTO

PaccmatpuBaercst cnenyromas 3anada: Ha uHTtepsaie [0,T]cR 3amana wenpepbiHas ¢ynxuus S(1) wus

npoctpancTBa Ly(R), umeromas Ha [0,T] koHeuHoe 4MCI0 Touek paspbiBa nepoii mpoussonuoit S’ (1) (Touxu

uznoma S(1)). Tlpeanomaraercs, uro mrym HaGMIONEHHS QJUIMTHBEH M SBIAETCS CTALMOHAPHBIM CIIyYaiHbIM

. L2 y y
IPOLECCOM C HM3BECTHOM aucmepcueil O, HyJeBbIM MaTr. OXHIAHHEM M aBTOKOPPEILMOHHOH (yHKimeil
R, (t,,t,) =R, (t, —t,). Ussectno pasOuenne unrepsana [0,T] nHa orpesku Buma [t ,t,.,], xammeii u3

KOTODBIX COJIEPHUT He Gosiee onnoii Touku paspeiBa S’ (). Tpebyercs ompenenuts MonokeHHe STHX TOUEK H

OIICHUTD MOTPENIHOCTH METOA.
JomnomauTtenpHas nHbopManus 00 OTpe3kax, Ha KOTOPHIX JOKAIH30BaHBl TOYKU Pa3phbiBa, C OJHOW CTOPOHBI
BBITEKAET U3 BO3MOXKHOTO IMPHKIIAJHOTO 3HAUCHHS 3aJa4d (OIPEICICHHE OCHOBHOTO TOHA KOJICOAHWI B PEUCBBIX

CHTHaNax), ¢ JPYroil CTOpOHbI, W3-3a 3Toro ke 06 ucxonnom curnate S() Gonee Hukakoii ampuopHoii

uHpopmanuK He npearnoaraeTcs. Pa3yMHBIM KaXeTCsi HCKaTh PElICHHE C MOMOIIBI0 MaTeMaTHYECKOTro armapara,
HanOonee ymoOHOTO MAJs aHaNM3a HECTAIlMOHAPHBIX CHUTHAJIOB — BCIDIECKOBOTO mpeoOpas3oBaHus (BeiiBieT-
npeoOpa3oBaHus).

B paGote paccmoTpeH ciyuaid, korna mym Habmonenus N(1) spisercs paBHOMEpHO pacrpeieNeHHBIM,
|n(t)| < &, ¥ HECKOPPEIUPOBAHHBIM. B BO3MOXKHBIX MPUIOKCHHAX 3a0a4d K TAKOMY THUILy [IyMa MOXKET OBITh

OTHECEH IIIYM KBaHTOBaHUS aHAJIOTOBOTO curHaina [3].
OCHOBHO pe3ysibTaT paboThl GOPMYITUPYET CICAYIONIAs

Teopema. Ilycts dynkmus S(t) € LZ(R) UMEET CIUHCTBEHHBIH 1-CKauoK (W3JI0M) BEJIWYHHBI
A'(s)=s"(t)

N > 2, obnagarommii KOMIAKTHEIM HOCHTEIEM TW. Ecmn pyHxmums S(t) HAOIIOMaeTCsI B COBOKYITHOCTH CO

b0 — S(l)(t)| b_o B Touke D n3 nurepsana [O;T], a uepes (1) obosHauen Bemieck mopska

CTallMOHAPHBIM HEKOPPEIMPOBaHHBIM ciydaiineiM mporeccom  N(t), uMeomuM orpaHMveHHyI0 IIOTHOCTBH

BEPOSATHOCTH, |n(t)| < &, TO CyHIECTBYET METO/I, HO3BOJLSIFOIINIA 110 HAGIIOJEHHAM (yHKIIUH

1 t, -t ~
Wg(a,t):—js(tl)q// L ldt,, e S(t) = s(t) + n(t),
a a
OTPE/ICIHTE TIONOKEHHE TOUKH H3TIOMa C BEPOSTHOCTHIO OLIMGKH, He npesbimaiomeit Bemmumibr 3+ 107 mpu
T,
1 g
simonenun nepasencrsa C, > o, A, rie C, = A (S)E jsgn(t)-t . l//(t)dt , 0, =0, T”l//”2 I/I
3
-T,

1/ -1

2 1\V2 -
A=6- J*(Zaiw} .[zaéwj [Ya - Samyar [ zav ] | e -
i m j j i j

COBOKYIHOCTb 3HA9€HUI MAaCIITa00B, HA KOTOPBIX BEMUCIAINCE Wy (a i ,t).

Jloka3aTenbCTBO TEOPEMBI U OIMCAHHE METO/Ia ONMPACTCS HA aHAIM3 ACUMIITOTHKU KO3((UIIMEHTOB BCILIECK-
npeoOpa3oBaHus IPU CTPEMIICHUH MACIITaOUPYIOIIETo apamMeTpa (@) K HyiIo. I3BecTHBI clieqyIolye pe3yibTaThl:

Teopema 3.15 u3 [1]. Hycrs dynxuus S(t) € LZ(R) umeer r-ckagok A’ (S)Z s (t)| ba0 — s® (t)| bo
r<N, s touke b. Ecnu semmeck w(t) mopsaxa N o6namaeT koMmakTHBIM HOCHTENEM, TO CHpaBeITHBa
CleIyrolasi ACHMIITOTUYECKAsl OleHKa KO3 (DHUITMEHTOB BCIUIECK-TIPE0OPa30BaHUs:

W, (a,b) —a"™. (C A (S) + 0(1)), e koHctanta C He 3aBucut ot dpynkuuu S(1).

Teopema 3.13 u3 [1]. Iycrs dynxuus S(t) € Lz(R) npunamiexut kiacey C' (knace dyHKkumit ¢

HETpPepHIBHBIMK TIPOM3BOAHEIMK 0 mopsmka N BxmountensHo) B okpectHoctn U Touxm D . Ecim Bemmeck
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l//(t) nopsaka N 06nazlaeT KOMITAKTHBIM HOCHUTCJIEM, TO CIIpaBCJIMBa CJICAYIOINass aCUMIITOTUYECKAasA OLCHKa

N+L1 1
K03 puLMeHTOB Bemueck-npeodpasosanus: W, (a,b) =a °*- W st (b) + 0(1)
B pabote [2] naHa oLeHKa BKIAja IIyMa B Kod((UIUEHTH! BCILIECK-PeodpazoBanus. [Ioka3aHo, 4TO eciu
IIyM He KOPPEIUPOBaH, TO HA MACIITA6AX @, yJAOBIETBOPSIOUIIX HEPABEHCTBY
-2

a>3- jl// *(kt)dt - I|l//(kt)|dt , WIyM B K03 duuuentax Beruieck-npeodpasosanns W (a,b) MOKHO
CUMTATh HOPMATBHO PACTIPeIeIeHHBIM C HyIeBbIM MaTeMaTnaeckuM oxkupanueM 1 CKO, paBHbIM:

&
O, =0," ﬁ

Takum 06pa3om, 3a1ady BHIIEICHHS U3IOMa B CHTHAJIE Ha (DOHE ITyMa MOKHO CBECTH K KJIACCHUECKOM 3a/ade
pa3ﬂI/l‘ieHI/lﬂ ABYX THUIIOTE3. I[J'ISI KaxXa0ro y3na CCTKHU, Ha KOTOpOﬁ B34ATBI OTCUYCTBbI CHI'HaJIa, Mbl BBIYHUCJIICM
K03((HUIHUEHTBI BCIJIECKOBOTO Mpeo0pa3oBaHust (3aMeHssl COOTBETCTBYIONIME HMHTErPAibl HHTErPaIbHBIMH
CyMMaMH) U (OpMHUPYEM [BE THUIOTE3bI, COOTBETCTBYIOIIHME IOBEACHUIO BCIUICCKOBBIX KO3()(HUIMEHTOB MpH
a—0.

Wrak, 3apuKCHpyeM HEKOTOPYIO TOUKy b u copmyaupyem 3agady B Oosiee obiieM Buie. Ham HeoOX0oaumo
Ppas3peiuTh JABe TUIOTE3bI (anee mojaraem r=1):

H,: w(a)=a""-(C, +o(l))+v(a)=a"" -C, +Vv(a)

(€, +o(1))+v(@ ~a""-C, +v(a)
1
rae V(@) - urym HabmosieHus, Co =C-A (5), C1 = m (N)(b) - HEU3BECTHBIE NTAPAMETPBI THITOTES.

[ockonbky mym V(@) HOpMabHO pacrpeieNie, TO B MPENON0KEHHH ClIab0il KOPPEIMPOBAHHOCTH BETMUUH

[y (odt =0, -%IIWIIZ-

o=
0=

N+1

S

H,:w(a)=a

A

v(ai) W3 METO/1a MAKCUMAJIbHOTO mpaBaomnoaoous ([3]) mist BeTMYHHbBI C1 cJeyeT Takas OlleHKa:
-1

2 N+l
C1 = ng (a i )aj S Z a;\“’z ,roe a j - 3HadeHus MacmTaboB, Ha KOTOPHIX BBIYHCIIAIOCH BCIUIECK-
] ]

npeoOpa3oBaHUe.
OTa orieHKa OyaeT HECMELCHHOW IPH NIPABUIILHOM OIPEACICHUH THIIOTE3bl, B IPOTHBHOM CIIy4dae:

M o=, Tal Ta
i i

Onpez{enHM JAUCIICPCUIO OLICHKHU JJId 00euX ruroTes:

-2 2 5

2
A 2 N+2 o N+2 2N+ o, N-+2 aN+l | Oy
D{C1|H0}_C0 Zai ai Zaj + q2N+ - Cozai /Zaj - a2N+
i j 2.3 m j 2.3
i i
-2 2

A 2 2N+l 5 2N+ 22N+l 2N+ 2 o
D{C1|H1}: Y clal™ai™ +> ola; > a; -Cl =t
i k m Zam
m

I/ITaK, JUIA 00eux rurnores JUCTIEPCUA OIIPEACIACTCA TOJIBKO IIYMOM, OAMHAKOBA U paBHA:

DIC,|H, |=D{,|H, {=D.

A N+1
— 2
Hanee, chopMupyeM BCIIOMOTATEIbHYIO BETUUAHY |:1 = Z (W§ (a i )— C1 -a; )
j
CyMMa B 3TOM BBEIPQKCHUH BKIIIOYACT B Ce0s HOPMAIBHO PACIpE/CIICHHBIC BEIHYUHBI, IO3TOMY B IIEPBOM
NpUOIKEHNH MOXKHO CYHTATh F1 HOpMaJIbHO pACIpENEICHHON cllydyailHOM BenuuuHoM. Haiinem eé

XapaKTEPUCTHKH B 3aBUCUMOCTH OT PA3JIMYHBIX THIIOTES.
MaremaTnueckoe OKuIaHHE:
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MIE M S )€ v <o) -0 Bl -TapeTal R,
] ] ] ]

J

M{F [H, =M Z(aj”*% .C, +v(a)-C, ~aj”*%) =0.
i
W nucnepcus:

DIF Hof=3] 07 +D| Y}
i

2

2 2

D{F|H,}=M Z(aj”*%-CﬁV(a)—él-a,-N%) —|-o2+D| Ta
i

i
3aM€TI/IM, 4YTO AUCIICPCU Fl HC 3aBUCHUT OT BLI6paHHOI>'I TUNOTE3bI U ONPEACIACTCA TOJIBKO YPOBHEM IIyMa
Ha6J'IIOZ[CHI/I$L Onpe,uem/IM TCHCPb BBCACHHYKO HAMHU BCIIOMOIaTCJIbHYHO BCJIUYUHY KakK (byHKHI/IIO BPEMCHHBIX

orcueros: F, = F,(t) = Z(w§ (a,,t)-C,®-a)"
j

Ecmu b e [O;T] - HCKOMasi TOYKa M3JI0Ma, TO cuuTaeM D € [O;T] - npubmmwxenne k Touke D, ecim D

BBIOpaHa Tak, 4TO

F (51 = sup {“:1 (t]} OG03Ha4YNM BEPOATHOCTb OWMOKH € = P{H # b}. D10 BBIPAKEHHE
te[0:T]

SKBHBAICHTHO: © = PﬂFI(E] >R ()= P{F. (0) Ho| < |Fy (0] H4 |} = P{F. @) Ho| - |F @) H, | < o},

HpOBeI[}I COOTBETCTBYIOIIHNE BBIKIIAAKH, ITOJTYYUM KOHEYHOEC BBIPAXKCHUE TSI BEPOATHOCTH OIIIHOKU:

e=TP0<¢>-®P%}ﬁ=2I(m ot} et S ) o2 }ﬂf~

2 .[ \\/27ZD0 exp{f 521\32 } \/2;D0 exp{f §+M })cp{—%}jf

3necs D; =D{F1|Hi},Mi =M{F1|Hi}.

Brruucnenne 3HadeHHs IMOCICIHETO BBIpAXCHUA Tpe6yeT JA0CTAaTOYHO OOJIBIIIOTO KOJIMUECTBA AIPUOPHBIX
3HAaHUHN O CUrHalji€, KpoM€ TOro, 4YTo HC BBIYHCIIACTCA aHAJTIUTUYCCKH. H03TOMy OrpaHUYMUMCs 1O0CTATOYHO pr6OI>'I

OIIEHKOH crnexmyromero Buaa. Kak Obulo CKa3aHO, BETUYHUHBI {Fl (t)H tefo:;1]  PacmpesiesieHl MpUOIMKEHHO

HOpMaJIbHO, UMCHOT JUCIICPCUN U MATCMATUYCCKUC OKUJAaHUA, COOTBETCTBYIOLIUEC I'MIIOTE3aM, CIIPABCAJIUBBIM JUJIA

BbIOpaHHBIX TOuek [ € [O;T]. Hcxonst W3 M3BECTHBIX 3HAYEHWH HOPMAJIBHOTO PACIpEAEieHHs W IOCIEIHETO

-3
BBIP@KEHHS, CKAYKEM, UTO BEPOATHOCTH OMIMOKK He npeBbimaet Benuunnbl 3107 1pu BeImoHenuy HepaBeHCTBa:

M{Fl‘Ho}Z3(\/D{F1‘H1}+\/D{F1‘Ho})'

[oxcTaBuB mMONMy4eHHBIE paHEe BBIPAKEHUS UIS (PUTYPHPYIOIIUX B 3TOM HEPABEHCTBE BEIMYHH, MOIYIHM
yTBepkaeHUE TeopeMbl.

MeTton mpoBepeH Ha MOIENBHBIX CHUTHAJIAX (CBEPTKAa IBYX MPSIMOYTOJNBHBIX HUMITYJIECOB M OIJHOCTOPOHHEH
IKCMOHEHIMAIBHON (DYHKIMU — COJCPIKUT TPU U3JIOMa) ¢ Uctoib3oBaHueM Beruiecka MHAT (Bropast mpou3BoaHas
rayccoBoil kpuBoii). Hmke mpruBoanTcs Tabiauma pe3ynbTaTOB YHCICHHBIX SKCIIEPUMEHTOB (3aBHCHMOCTH OIIHOKH
BBIJICJICHUS] M3JI0MA OT YPOBHS IIyMa).

OTHOU.[CHI/IC CUTHAJI-1IYM, Yucno OIIJI/I6OK B OIPEACICHNU TOYECK JIOKAJIU3AllUuU U3JIOMOB MakcumanbHas

b bi dynkuuu s(t) omuobKa

100 0 0 oTcueToB

800 0 0 oTcueToB

60 1 1 orcuer

40 1 1 orcuer

20 2 5 oTcueToB
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Puc. 1. Curnai ¢ mrymom (oTHOuUIeHHe curHan/urym 20
1b), rpaduK BCrioMOraTesibHOM BEINYNHbBI ||:1 (t)| (BepxHHMIT) U UCXOJTHOTO HE3alIyMJICHHOTO CUTHANA (HHXHUH).
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ABOUT ALLOCATION BREAKS OF FUNCTION WITH USE CONTINUAL WAVELET
TRANSFORMATIONS
Gavriliouk A., Maltsev A.

The Ural State Technical University — USTU, Radio Engineering Institute — RTF.

There is a following problem: at the interval [0,T]cR is set continuous function S(t) from space L(R) witch
have at [0,T] final number sharps of the first derivative S’ (t). It is supposed, that noise of supervision is additive

and is stationary casual process with a zero mean and autocorrelation function R, (t,,t,)=R (t, —t,),

2

o, = R(O) . We know splitting an interval [0,T] at pieces of a kind is known [tk N ], each of which contains no

more than one sharp S (1). It is required to determine location of these points and to estimate an error of a method.

The additional information on pieces on which are located sharps, follows from possible applied value of a
problem — definition the basic tone of fluctuations in speech signals. We suggest to search for the decision with the
mathematical device, which is the most convenient for the analysis of non-stationary signals — wavelet
transformations.

In this paper is considered the case, when noise of supervision is in regular intervals distributed, |n(t)| <g,
and non-correlated. Such the noise can be interpreted, as a noise of quantization at the analog signal.
The basic result of work consists in the following estimation: showed the opportunity of definition of break

point position with probability of a mistake, not exceeding 3 - 107, if performance of an inequality
T
1 ¢ g
1
Cy,20,A, where Cj =A (S)E Isgn(t)-t-w(t)dt , 0, =0, ﬁ”t//”2 n
-T,
N

e (e g (- ) )
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{a. }‘ jeg — set of values of scales on which wavelet-transformation Wg(aj’t)z j ?(u)-l-y/(u_tjdu:

J \/g a

§(t) = S(t)+ n(t) was calculated. Used wavelet l/l(t) have a compact support |_— Tw ,TWJ and possesses property:

T, T,

[y (t)dt = ft-y/(t)dt == Tft”‘l w(t)t=0.

-T, _
The proof of an estimation and the description of a method of definition of break points position based on the
analysis of asymptotics wavelet-coefficients with the scaling parameter (@), which aspires to zero: @ —> 0 .

Efficiency of this method is confirmed with numerical experiments at the modelling signals (convolution of
rectangular pulses and unilateral exponential functions) with use of wavelet MHAT (the second derivative Gaussian
function).

The further plans of authors are improvement of the received estimations and realization of possible applied
application of results.

L 4
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