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Tipe!IJIO)KeHbl 6h1cTpbie H ::icpcpeKTHBHbIC anropHTMbl !IJI.ll onpe):leJieHH.ll napaMeT
poB CHIBaJIOB rayccOBOH cpopMbl no pe3yJibTaTaM HX H3MepeHHH ):IHCKpeTHbIMH 
):leTeKTOpaMH c pa3JIH'IHOH CTeneHbIO rpaHyJI.HUHH. B ornnqne OT npe!lbl!IYll(HX pa6oT 
B 3THX anropHTMax cymecrneHHblM o6pa30M HCTTOJib3YJOTC.ll BettBJieTbl 6onee Bbl
COKHX nop»!IKOB, qTO n03BOJIHJIO C03):laTb 6bICTpbie np»Mble MeTO!lbl onpe):leJieHH.ll 
He TOJibKO napaMeTpOB noJIO)KeHirn H aMnJIHTY!lbl cnmana, HO H ero nonyumpHHbl. 

YcTaHOBJieHO HOBOe CBOHCTBO BettBJieTOB - nOCTO.l!HCTBO HX OTHOCHTeJibHOH 
nnmua.un, qTo n03BOJI.lleT BbI6paTb onTHMaJibllbIH Macuna6Hb!H K03cpcpnuneHT, 
o6mnfi ):IJI.ll HeCKOJibKHX BettBJieT-npeo6pa30BaHHH. 

BbJqncneHH.ll Ha MO):leJibllbIX ):laHHbIX noKa3hIBaIOT, qTo npe!IJlaraeMbie an
ropHTMbl o6ecneqnBaIOT ToquoCTH, He ycTyna10mne 6onee TPY!IOeMKHM MeTO!laM 
TTO):lfOHKH rayccnaHOB K ):laHHbIM !IHCKpeTHbIX H3MepeHHH. 

Pa60Ta BbinOJIHeHa B Jia6opaTOpHH BbJqHCJIHTeJibHOH TeXHHKH n aBTOMaTH3aUHH 
0115111. 
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Fast and effective algorithms are proposed for evaluation of signals measured 
by discrete detectors with various degrees of granulations. Unlike previous works 
wavelets of higher order are used extensively in these algorithms. That allows 
to develop fast and direct methods for evaluation of signal parameters not only 
of position and amplitude, but also of its half-width. 

A new wavelet feature is observed: the permanence of their relative square. 
It makes possible to choose an optimal scale coefficient that is common for several 
wavelet-transforms. 

Numerical simulations show the high accuracy of proposed algorithms 
comparable with the more laborious methods of a gaussian fitting to discrete 
measurements. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 
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1. Bne,n;eHHe 

Ilpo6JieMa uan6oJiee Toquoro onpe,n:eJieHHR noJiomeunR H aMnJIH

Ty.zxr;r ua6JII<l,n:aeMoro c~ruaJia no .n:aHHJ.IM, HCKameHHLIM KaK HaJiwmeM 

IIIYMOB, TaK H BJIHJIHHeM .caMoro . .n:eTeKTHpyromero ycTpoficTBa, JIB

JIJI~C~ o,n:Hofi H3 • ~CHOBHMX B aKcrrepHMeHTaJihHOfi clrn3rrn~: B arotl: 

CTaTbe ,n:aHHaJI rrpo6JieMa paccMaTpHBaeTCJI rrpHMemITeJibHO K TaKHM 

COBpeMeHHLIM .n:eTeKTopaM q>H3HKH BhlCOKHX 3Hepru:a, HaH,HarrpHMep, 

RICH (Ring Imagii:ig CHerenkov ), CHJIHKOHOBblii .n:peiicpoBblii .n:eTeH

TOp (SiDC) IIJIH BpeM11rrpoem:urnam.re 1rnMepI>1 (TPC) [I, 2, :J], Ko

TOpI.re HMeIOT .n:ucKpeTHYIO, 11qeHcTy10 cTpyKTYPY· Ilpn 3TOM npoJie

TaIOIUM aJieMeHTapHM qacTuua B036ym.n:aeT B .n:eTe1nope 9JieKTpoH

ayro JiaBHHY, 3ap11.n: KOTOpotl: pacrrpe.n:eJIJieTCJI no HeCKOJibKHM 6JIH3KHM 

.n:pyr K .n:pyry Rqeth<aM CTPYKTYPhI .n:eTeKTopa. TaKHM o6pa3oM, tfa

CTHIJ:a, IIpOXOM . IIJIOCKOCTh .n:eTeKTopa, pemcTpupyeTCII He B O.D:HOlt 

TOqKe, a cpa3y rpynnott 3THX npHJieraIOIUHX II'IeeK, rrpn<IeM B HcliK,/lOll 

H3 HHX .n:eTeKTHpyerCR 3ap11.n:, BeJiuquua KOToporo nponopUH0Hcl.JihHa 

qncJiy aJieKTpOHOB, co6paHHLIX .n:aHHOtt Jl'Iet!Kott. B 3aBHCHMOCTH OT 

THIIa .n:eTeKTopa aTo pa36Heune Ha 11qefimr MomeT 6IiITb peamfaoiiauo 

o.n:HaaI<oBo no 06e1rn Koop.n:nuaTaM, KaK B .n:eTeFnope TIIIIa RICH, rinn 

nyTeM c6opa aJie1npouoB ua oT,n:eJihHiirx auo.n:ax no o.n:uon HJ 1wop.an

uaT C pa36HeHHeM ,n:peficpyIOIUero 3apn.aa' Fia ytJaCTKH IIO BpeMeHH 

.n:pettcpa (time bin) no .n:pyrott Koop.n:HHaTe, I<aK B SiDC umr TPC. 

Pacnpe.n:eJiemre 3apJI.n:a aneKTpoHHoro o6naKa JiaBHHbl no II'IeiI

KaM HMeeT KOJIOKOJIOo6paaHyIO cpopMy, TaI< 'ITO nOJIOH<eHIIe JI'IetlKH 

C MaKCHMaJibHOtl aMITJIHTy.n;otl (BeJIIf'llIHOfi rrpmnemuero Ha Hee 3a

p11.n:a) onpe.n:eJIJieT ueuTp JiaBHHhI, T.e. JIOKam13yeT noJiomemre 'la

CTHUhI B .n:eTeI<TOpe C TO'IHOCThIO, COOTBeTCTBYIOIUett pa3Mepy ntrett1rn. 

O.n:uaK<~, 6Jiaro.n:ap11 BhICOKofi rpaHyJIJIUHH Tamrx .n:eTeKTopoB, 9TY TO'l-
' HOCTh MO}KHO cymecTBeHHO nOBbICHTh, Bhl'IHCJIJIJI, Harrpn111ep, ueHTp 

TH.iKeCTH KJiaCTepa HtieeK, COOTBeTCTBYIOIUHX O.D:H0H tzacnme C BeCaMH 

rrporropunoHaJihHiiIMH aMnmny.n:aM JitzeeK. AmopnTM ueHTpa rnme

CTH (AUT) y.n:o6ea cBoetl He3aBHCHMOCThIO OT cpopMhI JI'IeeK, .n:ef.i:

cTByeT IIpH JII06on pa3MepH0CTH, lI II03TOMY Han6oJiee H3BecTeH H 

o6merrpHHJIT. . . 

K COffiaJieHHIO, rro,n:o6HI,Ie aJiropHTMhI JIOKamrnaUHH t:IaCTIHI, OCHO· 

BaHHiiie Ha BiiI'IHCJieHHH ueHTpa TR}I{eCTH KJiaCTepoB, rrepecTaIOT pa-



60TaTb B ycJIOBIIRX COBpeMeHHhlX 3l{CIIepnMeHTOB ii:: TRH<en:m,m: uo-
' ' 

HaMn, r.n:e rrpnxo,n:IITCR perncTpnpoBaTb .n:o 1,5 ThlC. BTopnqm,rx qa-

CTIIU B o,n:HoM co6hlTIIII. "4pe3Bhlqa:l:tiro Bbrco1me 3arpy:3Rn .ziei'e.KTopoB 

IIpIIBO,n:RT I{ TOMY, "<ITO JiaBIIHI,l OT 6JIH3KO u.ziy:ri.uix tiacrifo·'Ha"lJ:IIHaIOT 

nepeKphlBaTI,CR, a 3apR,n:hl B Rqe:l:tI<aX'B 'o6JiaCTH IIepeKphlTHJI CRJia,n:hl

BaIOTCR, qTO Be,n:eT K cmrnmno KJiaCTepoB n/nnn;nornomeHriIO'."'MaJihlX 

IIO aMIIJIIITy,n:e CHrHaJIOB 60JiblllIIMII; B 3TO:l:t CBJI~II 6hliUI pai3pa60TaHhl 

MeTo.zihl .n:JIR oneHKII napaMeTpoB 3JieKTpOHHoro · oqnaRa~ · ocHoBaHRhle 
, ' ':•' 

Ha annpOKCIIMaUIUI ero pacnpe,n:eJieHIIR no noiJepXHOCTII ,lJ,eTeKTOpa 

~O.ZJ:XO,n:RID:efi ROJIOROJI006pa3HOH q>JHKD;IIefi C: IIOCJie,n:ymmeii' ~e 'II Ok 

fOHKOit R II3MepeHHhlM aMIIJIHTy.n:aM oqepe.n:Hor~ KJiaciepa '(nr., Ha

rrpnMep; [4, 5]). Hau6onee qacTo B RaqecTBe arrrrpoRCHMaropa uc

IIOJib3yeTCR .zi:syMepHbIH rayccHaH 

' ' ( ( )2 . · X-Xo 
N(x,y,A,xo,Yo) = A exp , ·20-; 

2) : ' (y - Yo) >.:; ( 1) 
•),,-2 ' 

\' C < • 
-v y ' 

r.n:e xo, y0 - Roop.n:1rnaThl ueHTpa o6naKa, A - 11rnRcH11raJibHa.JI aM

nmny.n:a, a nonyrnupnHhl rayccnaHa no OCRM.O"x, O"y ctnITaIOTCR H3Be

CTHhlMH .ZJ:JIR pacc11raTp1rnaeMofi o6JiaCTH .n:eTeKTopa_HJIH .ZWR .n:peucpo

BhlX .n:eTeKTOpOB II MoryT 611Tb BhlqHcJieHI,I rrpn II3BeCTHOii IIOCTOffHHOii 

CKOpOCTII .n:pettcpa 3apR.n:a. 

II pH 3TOM, ITOJib3YRCb cpaRTopu3yeMoCTbIO BhlpaH<emrn ( 1), 3a,n:aqy 

IIO O,ll,HOit H3 rrepeMeHHhlX MOffiHO CBCCTH K rronroHKe HCCROJihRllX onHo
MepHbIX rayccnaHOB 

g(x; A,xo) = A exp (-(x - xo)2). 
' ? 2 -0" 

(2) 

C TeM, qTo6hl IIOTOM, KaI{ B [5], K nonrreHHOMY Ha6opy H3 HeCKOJih

KHX ( xo, A); rrpm,reHHTh AUT ,ll,Jlff orrpe.n:eneHIIR ueHrpa u a11rnnnTyn1r 

Bcero .n:ByMepHoro rayccuaHa. 

B O,ll,HOMepHOM rrpe.n:cTaBJiemnr (2) rrepeRphlB3!0ll(IIern CUfHaJihl 

arrnpoKCIIMHpyIOTCR cyrreprr03IIUHeil: .ZJ:BYX BhipaffieHIIH; 

( 
(x-x1)

2
) ( (r-a:?)

2
)·· G(x;A,x 1;B,x2 ) =Aexp - · +Bexp - ·. 

2
- . 

: 2o-2 · 2u 
(3) 
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\i 
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B COOTBeTCTBHII c BhlllleCRa.3aHHhlM, ,Il;aJiee B HaCTOJimeil: pa6oTe 

paccMaTprrBaeTCR 3a,n:aqa aHaJIII3a O,ll,HOMepHoro cii:rHaJia rayccoBott 

cpopMhl (2) B cny-qae CIIrHaJia OT O,ll,HOtt tJaCTIIIJJ,I u BII,n:a (3) B cny-qae 

.ll.BYX nepeKpbIBaIOID:HXCR CHrHaJIOB. 

B nponecce perncTpanHII TaKoil: cnrHaJI .n:ncKpeTH3JeTCR B BH.n:e 

fIICTOrpaMMhl {hk}, 3aKJIIO"C[eHHOil: B HHTepBaJie (xbeg, Xend), 

1 
Xk • 

hk = ; j G(x; A, x1; B, x2) dx, (4) 
Xk-1 

r.ne Xk = Xbeg + kT, T - IIHipHHa O,ll;Horo 6Irna rncTorpaMMI,I. 

KpoMe IIOJie3HOro CHrHaJia, B KaJR.IJ:hlfi 6nH rHCTOrpaMl\Ihl .n:aeT 

BKJia,n: KOppenHpOBaHhlH . rnyM co cpe.n:HeKBa.zrpaTHqHI,IM 3HaqeHHeM 

.n:o 10% or BeJIHtUIHhl cpe.zwen aMIIJIHTY.ZJ:hl cnmana[5]. Cna6hle CH

rHaJihl OTCeKaIOTCJI Ha ypoBHe, 3aBHCRID:eM OT MaRCHMaJibHOfO 3Ha'-Ie

HIIJI rnyMa. 

KaK IIORa3aHO B [5], no.n:roHKa tieThlpexnapaMeTpH'-IeCROtt cpyH

Kll;IIH (3) R MHomeCTBY H3Mepemlil:, npe,n:cTaBJieHHhlX rncTorpaMMOH 

( 4)' no3BOJIReT Ha peaJII,HhlX .n;aHHI,IX .n:o6HTbCR pa3perneHHR 6ml3KIIX 

cnrHaJioB Ha ypoBHe o-. TeM He MeHee BpeMeHHhle 3aTpaThl Ha rrpone

.n:yphl MHororrapaMeTpnqecKOH no.n:roHKH CTHMymrpyroT IIOHCKH aJII,

TepaaTHBHhlX MeTO,ll,OB onpe.n:eneHIIR nayaMeTpOB CHrHanoB IIO .n:aH~ 

HhlM H3MepeHnfi .n:eTeKTOpa:t11H C JiqeHCTOfi CTpJKTypofi. O.zrnnM H3 

cpaBHHTeJibHO HOBhlX, HO o6emaromnx MeTO,ll,OB RBJIReTCR Bei1BneT

aHaJIII3 [6]. B (7] OIIHCaHa IIOIIhlTKa ero np1-1MeHeHIIR )IJIJI pa3pe

rneHIIR 6JIH3KIIX CHfHaJIOB BH.n:a (3), O,ll,HaKo pe3yJihTaTOB, cpaBHHMbIX 

c (5], TaM y.n:anoch .n:o6IITbCR TOJibKO nyTeM BBe,ll,eHHR cymecTBeHHhlX 

orpaHH"C[eHHfi Ha rrapaMeTphl cpyHKUlUI (3): IIOTpe6oBaJIOCh 3acp1rncu

poBaTb B II3BeCTHhlX 3Haqemrnx nonomeHne O.ZJ:HOfO H3 COCTaBJIR!OlllHX 

cnrHaJIOB II OTHOlllCHIIe llX aMIIJIIITy.n:. 

B .n:aaaott pa6oTe, npo.n:omKaromett TeMaTIIKY rrp1n1eHeHHR BeiiBJieT

aHaJIII3a K o6pa6oTKe CHrHaJIOB rayccoBOil: cpopMhl, IIOJiytieHhI HOBhie, 

6onee y.n:o6ahle anropIITMhl onpe.n:enemrn rrapaMeTpoB OJJ:HHotrnoro CH

raana II 3aa-qHTen1ao ocna6neHhl orpaHHqeHHR B 3anatJe c LJ:BYMJI rre

peKpbIBaromm,mcR cHrHanaMn. 

3 



2. Be:tinJieT..;rrpeo6paaonaHHe 

IIpm.me Betl:Bner-npeo6pa3oBaHHe• cnrnana f(x) HMeeT cnenyFO
Il(Htt Blf,U: 

1 00 . ·• ' 

W;(a,b)f = fa;_£ vk'" C: tr(x) dx (5) 

IIono6ao rrpeo6pa3oBamrFO <Dyphe, o6parHoe B~fiBneT-rrpeo6pa30Bam1e 

3aIIHCbIBaeTCII B BHI{e 

f(x) = _l f f-1 (x-b)'"' · · · jc; . va1P ~a- [W,t,(a;b)f],~la:b: 
• .:'• 1 ~; tf:._ri ~ 

: ( 6) 

TTp11H11n1t1 B [6J noprn1p0Botmb1tl: KmHpcpimnenT ·,~~BeH 
' ,·, ,: 

f
•X) 1J·(w)l 2 

C-=?~ ~~~ < ~ 
VJ - lwl . ' ' •,r·.•,. ·;. (-1) •. ,.,. <, • 

. -oo . 

rne r/J(w)-;- cpyphe-o6pa3 BefiBJieTa t/;(x). 
. i:r:,; 

3. rayccOBhl BeMBJieTnI 

I,fa ceMettcTBa rayccoBhIX BettBneToB 

( ) - (· )n+l dn -.r2/2 0 g,. x - -1 -
1
-e . n > 

C ;i;n 
(8) 

Hau6onee H3BecTHhl nepBhie nsa 

.r2 .r2 

g1(x) = -xe-T n g2(x) = (1 - .1:2)e-T. 

O.n;HaRO B03MOHiHOCTII Betl:BneT-aHann3a cTaHyT 3Ha<nne,1bHO urnpe 

rrpn HCIIOnI,30BaHirn rayccoBbIX BeitBJieTOB 60,1ee BhlCO!iOfO rropn;ma, 

a HMeHHO: 
.,,2 

93(x) = (3x - x3)e-T, 

g4(x) = (6x2 
- x4 - 3)e-":. 

4 

ii 
b 
ll 
'1 

'j: 
(. 

HopMHpyroru:ne Ro3cpcpmi:neHThl C9n 3THX cpyHHuntt paBHhl 2~( n -1 )! 
[6]. 

TToBe,n:eHHe nepBhlX qeThlpex BettBJieToB· OTpa}I{eHO Ha pnc. 1 - 4. 
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3.L CaoHCTBa rayccoBiiIX aeHB~eToB 

3.1.1. 06un1e cnottcTna 

• l-IeTHOCTh KaHinoro rayccoBoro. BeltsneTa cosrranaeT c treTHO-

CTbfO ero HO)Iepa. .,. 

• JI106oi1 rayccoB BefiB,1eT 9n(x) IIMeeT J)0BHO n. HY.'Ieli II cTpe

MIITCR I,'. HYJIIO rrpn B03pacraroll.(e'.\I a6cO,llOTHO;\I 3Halfemrn ap-

ry:-.1eHTa 

9n(x) .r~"v 0. 

• Iifa orrpeneiremrn ceMeikrna rayccoBbIX BeiiBneTOB ( 8) BHIJ:HO, 

tJTO IIpOil3BOIJ:HaJI OT BeHBneTa COBIIal{aeT C TOtIHOCTblO ,llO 3HaHa 

.5 



C BeitBJieTOM Ha O)]JIH 6oJiee BLICORoro rrop11.n;Ra: 

dgn(x) = -gn+t(x). 
dx 

(9) 

• CooTHOIIIeHIIe (9) II03BOJIReT 3aKJIIO~UITb, qTo 3KCTpeMyl\ILI rayc

COBoro BefiBJieTa 9n ( x) COBIIa.n;aIOT c HYJIRMH tj)yHKD;HH 9n+t ( ;1:). 

• Y~rnTbIBaJI COOTHOIIIemre (9), MO}RHO IIOJiyqIITb o6mee Bbipa}Ke

HHe .n;JIR 3Hat1emrn HHTerpaJia OT rayccoBa BeiiBJieTa ua Jiro6oM 

HHTepBaJie: 

x2 

j gn(x) = gn-1(x1) - gn_i(x2). (10) 
x1 

Heo6xo.n;Hl\IO OTMeTHTb, qTO 3TO COOTHOIIIemre BepHO II rrpn 

n = I, rrpn~reM tj)yHKUHJI g0 ( x) = -e-~·
2 

/
2 tj_)opMaJibHO orrpe

.n;eJIReTcJI BLipamemreM (8), o.n;uaKo He y.n;oBJieTBopJieT TI;e6oBa

HHJIM, rrpe.n;'bJIBJIJieMLIM K BefiBJieTaM. 

3.1.2. OTHOCJ1TeJibHaR TIJI0[Qa.l{b 

. Orrncami:oe· B 3TOM pa3.l(eJie CBOHCTBO, i:rpncymee rayccoBmI BeHBJie

TaM, IIMeeT 6onoIIIoe rrpaKnrqecKoe 3Haqeune, a IIMeHHo: rrpn Bortrn

cneunu BefiBneT-rrpeo6pa3oBaHnii: no ,n:aHHLIM .c>KcrrepnMeHTa oKa3bI

BaeTcJI B03MOlRHLIM 'HCIIOJlb30BaTb 0.l(l!H H Toi me K03q>q>IIUHeHT pac

TJilReHirn .l(JIJI BCex BefiBJieTOB. 

B KaqecTBe rrapaMeTpa, omrc1rnaromero Brrna.n: pa3nu~mux rra

CTKOB :sefiBJieTa, y.n:o6uo BBecTir OTHOCHTenoHYIO rr:iromano Bei1BJieTa, 

orrpe.n:emrn 3TY tj)yHKIIHIO KaK OTHOIIIeHIIe 

·X 

f Jgn(:1:)J dx 
w(x) = -=-~-· -· -

J l9n(x)I dx 
0 

(11) 

Ilo Rpail:Hefi Mepe rrepB1re qeTorpe rayccoBLIX. Bef.iBJieTa m\IeIOT rrpn-

6JIH3HTeJioHO 0.l(UHaKOBJIO OTHOCIITeJibHYIO IIJIOIUa.l(b Ha JII060M HHTep

BaJie. Ha pnc. 5 rrpnBe.n;eHLI rpatj)HKH 3aBHCIIMOCTH OTHOCIITeJibHOJI 

6 

l 
j 

~ 

l 
i:, 

JI 1 

1 

I 
11 

i, 
I 

1: 

1 
~ 

! 
~ 
f' 

,,! 

IIJIOll.(a.n;H OT .ll;JIHHLI lIHTepBaJia. IlpH IIOCTpOeHHH KpIIBbIX HHTerpan 

B 3HaMeHaTeJie OTHOIIIeHHJI ( 11) 6LIJI BI,IqHcJieH B rrpe.n;eJiax OT O .n;o 

10. 9To orrpa:s.n;aHo TeM, qTo yme OKOJIO TOql{If X = 5 U3l\IeHeHIIe 

OTHOCHTeJibHOit IIJIOll.(a.l{H CTaHOBHTCJI MaJILIM . 

1 
0.8 
0.6 
0.4 
0.2 

3 4 5 

Pnc. 5. Omuocume:;tbua.i n.wUJ,aab zaycco6btX ee-tie.,1emo0 

B6nII3H HYJIJI OTHocnTeJioHaJI rmomano qeTHUX' IiefiB,JieToB 92 n 9,. 

B03pacTaeT mrneil:Ho, a ueqeTH.hlX Beil:BJieTOB 91 H ,93 -; KBa.upaTWIHO. 

CBoficTBo rayccoBLIX BefiBJieToB coxpaHJITh OTHOCHTen1HyIO nno
ma.n:1, rrpn rrepexo.n:e K q>JHKUHJIM6onee B1rc0Koro rropJillKa He 3aBIICHT 

HH OT CMemeirnJI BeHBJieTOB ( q-ro BIIOJIHe otreBHllHO), HH OT HX pacTJI

lReHHJI. 

3.2. Beih1JI~T-ripe'oopa~0Ba~,M~ 0,l(MHOqHoro 
rayccHaHa 

· B OTJIHque, OT ( 6], r.rie: .l(JIJI rionyqeHHJI :SeiiBJieT-rrpeo6pa~OBaHilH 1 

ClirHaJia, iareromero q>OpMy' raycc.iraiia (2), rrpm.IeHJieTCJI l\IeT~lI IIpO

H3BO.l(JI1IIHX cpyHHUHii,' B ~aHHOfi pa6;Te rr'penmi~aeTCJI_ 6onee rrpoCTdH 

crroco6,. HCIIOJI:I,3y'10rilnii' ~OT 3aMe%T~JII,~I,IfI. tj)aH;, ti Tei, BeilBJieT~o6pa3 

rayccuaua iuieer ¢opiry COOTBeT~~B,YIO:iuero BefiBJieTa: _B.wro.n:a pH 

noMy o6uree B1rpa}KeHHe K03tj_)tj_)uuueHTOB BefrBJieT-npeo6pa3oaamrn 

rayccnaHa nMeeT cne.n:yromHil: B1rn: 

Acran+I/2 

vV9n(a, b)g = j(n,- l)! (a2+ cr2)(n+l)/2 ( 

,To - b ) 
9n Ja2 + r72 · 

(12) 

1 ,ll;aJiee ac10,ny lfCIIOJib3YIOTCH T~JibKO rayccom,r aeifaJieTI,L 
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TaKHM o6pa30M, Bee BI,IIlleynoMHHYTLie CBOil:CTBa BefiBJieTOB OCTa

lOTCH cnpaBe.n:mrnLIMH u ,n:JIH BeitBJieT-06pa3a rayccuaHa. 

B qacTHOCTH, B ueHTpaJII>HOit TOqKe X = Xo R03<pqmuueHThl 

w91 ( a, xo)g II Wg3 ( a, xo)g 06pam:a10TCH B HYJib, a .K03<p<pHUHeHThl 

pa3JIOffieHHH no CUMMeTpIFIHI>IM BeitBJieTaM W92 (a,x0 )g H H1
94 (a,xo)g 

1lOCTHralOT B 3TOi1 Toqae MaRClU.I~JibHOro ( no a6cOJIIOTHOit BeJIII'IllHe) 

3HaqeHHH: 

3.3. 

Ao-as12 
Wg2(a,xo)g = ( 2 · 2)3/2' 

a + lT -

. /3 Ao-a9/2 
lVg4(a,xo)g = -v2 (a2 +o-2)5/2" 

Bei:inJieT-rrpeo6pa3onaHHe -cJio.mHoro 
cHrHaJia 

( 1:3) 

(14) 

~ • l' 

BettBJieT-06pa3 curna,1a (3), cocTOSim:ero H3 llBYX oT.n:em,HhIX rayc

cHaHoB, HBJIHeTCR cyMMOtt COOTBeTCTBJ!Olll:HX B_eitBJieT-o6pa30B ,CHrHa~ 

JIOB BH,n:a (2). 
floc1<0Jlbl{Y K03qJ<puuneHTEJ pa3,'IOiKeHHSI OlUIHO'IHO[O rayccuaHa 

IIO He'IeTHhl.M BellBJieTa.M 91 II 93 B TO'IKe, COBIIalla!<HUett C ueHTpOM 

CHrHaJia, paBHhl nymo, BeliBJI~T-o6p:a3bl wg: ( a. b )G u' H1~i ( a. h )G, 
BhlqJicJieHHhle B TO'IKe b = .r1, co.n:epmaT _BK,'Iall TO,'IbKO OT BTOpoii 

COCTaBJIHIOm:ett, H Hao6opoT' _Bhl'UICJIIIB 3TH BeilBJieT-rrpeo6pa30BaHUH 

B TQqKe, COO;BeTCTBJIOmett .II~JIO}l{~HHIO BTOporo 06Jiairn, MOl~HO IIC

I<JiiotiHTI, BJIHHHHe :HOit 'IaC~H CIII'Ha.JI~,Ha BettB,1eT-06pa3 ~y~rnapHoro 

CHrHaJia (3). Hnffie ·;TO ~oo6paH\eHHe llCIIOJib3YefCR npu H3BeC~H~M 
> ' • ' • ' • 

IIOJIO}I{eHHII o.n:Hoit II3 COCTaBJIHIOlll:HX CIIrHaJia 1lJIJI onpe.n:e,1emrn IIO-

JIO}I{eHHH .n:pyrott. 

4. Bocc-raHoBJieHIIe rrapaMeTpoB cIIrHaJia 

B HaIIIHX npe.n:noJioffieHHHx-.n:aHHLie, rroJiy,rne~me B xo.n:e cim3rrqe

CI<HX 3I<CIIepnMeHTOB, npe.n:craBJIHIOT co6ott Ha6op 01lHOMepHblX rn

CTorpaMM ( 4). B 3TOM paa.n:eJie onncaHhl MeT01lhl BOCC'l'aHOBJiemrn 
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napaMeTpoB ( noJioffieHHH x 0 , aMIIJIHTY1lhl A n noJiyUinpHHhl o-) en· 
rHaJia, npe.n:cTaBJIJ110m:eroco6ott m160 o.n:nHotJHhli1 rayccnan (2),.m160 

cyMMY (3) ,n:Byx TaI<nx mrnoB. Crroco6hl orrpen:eJiemrn ncKOMI>IX. rra

paMeTpoB IIOJiytieHhl H3 COOTHOIIIeHnii BeilBJieT-I<O:Hp<pHUI!eHTOB nn:e

aJibHOro cnrHaJia, He no.n:BeprHyToro HH .ZJ:HCI<peTH3aUllll, HI[ BJiilHHIIIO 

UiyirnB.' TeM He MeHee, RaI< CJie.n:yeT H3 np1rne.n:eHHblX HHiKe pe3y;JI>Ta

TOB, 3TH MeT01lhl rrpm,IeHIIMbl II I{ pea:ibHhllll .n:aHHbnl 6,1aro.n:ap1I yCTotl:

'IHBOCTH BeHBJieT-rrpeo6pa30Bam1i1 IIO OTHOUieHI!IO I{ HCHaH{eHIIHM Cl-1-

rHaJia. 

4.1. BJIHJIHHe myMon Ha nei:inJieT-o6pa3 

Ecm1 ypoBeHb IIIyMa OTHOCIITeJibHO .MaJI; TO B03Hl-!HaeT ecTeCTBCH

Hbitl: BOIIpoc: MO)l{HO JIH 1m rrpeHe6pe'Ib, HaCH0,1I,IiO no 6y11er 3rtHOHHO 

HJIII me HaJIH'!lle IIIyMa B fllCTOrpa11n.re C,1e.n:ye·r J,aK-TO _v•IIIThlB<ITb°! 

B o6m:eM cnyqae peaJibHY!O rncTorpa11n.ry ~ro;1rno 11pe.ana RHTh R 

BH,n:e 

hk=hk+tk, k=l,N. ( 1-5) 

r.n:e hk - rrrcTorpa~rna cnrnaJia, rroCTpoennan coniacno (-1 ), 
€k - IIIYMOBM .n:06aB1,a .. TTonoMy Betl:BneT-K03<lH!rnuneHThI 11,1R cn

ruana c lliyMaMn rar,me pacrra.n:yTcJI Ha .n:Be '!acn1: 

, e ~ T+~ .. (n,b)h. = W9 Ja,b)h +. W9 ,.(cd>)c. · ( 16) 

TTepBoe c,1arae11rne B ( 16) COOTBeTCTByeT II0,1e3HO~IY CHfHa,1y' BTO-
' . -

poe W9" ( a, b)€-,- B:,ll.BJieT-1wacpcjrnuneHT, Bwmcnemlblit cornacno q 2) 

TO,'IbI<O no llIY~IO~b!~f. .n:o6aBHaM B rHCTorpa~my. 

.l{JIH Toro, ''1To6r,1 BbIHCHIITb, nprr HaI<Ol\I ypoBHC IIIY~IOB B HCXO~ 

1lHOM _ClffHaJie 3Ta llIYMOBaH .n:o6aBHa H BetiBJieT~K03~!HpHUHeHTY Olm-, 

iKeTCH npeHe6peffiHMO .MaJioil:, _6hlJI npoBe.n:eH 'UlCJieHHb!H 3K~rrepn

Me_HT • .llM Hl\Hgaurrn IIIY~OBOit .n:o6aBRII B HaiHJ{h!l16nH rncrorpaMMbl, 

co.n:epmam:efi 20, nq~eH Ha HHTep~aJI~ ( --5, .j), IIOMem:aJIOCb rny,rau
noe. 'IHCJIO, •' pacrrpe.n:eJieHHOe no, HOp?,IaJibHOllIY 3_aIWHY C IIOJIYIIIHpII

HOtt 0-noise• TTo IIOCTpOeHHOtt TaKHlll o6pa30M flICTOrpa11me Bhl'IHCJIH-. 

Jll!Cb Beil:BJieT-K03Cp<pll~HeHThl Wg~ ( a, 0)c \H w~2 ( a, 0)c. 131,rn,o npoBe

.n:eHO no 1000 HCIII,ITaHIIll IIpII IISITH pa3JIH'IHblX 3HatieHIIJIX ypOBHJI 
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111yMa O"noisc- Ha pHc. 6 IIOKa3aHo cpe,nHeKBa,npanrqHoe OTKJIOHemre 

BefiB1IeT-K03cpcpm:i;HeHTOB B 3aBHCHMOCTil OT ypoBHJI 111yMa. 

3aTeM no cpopMyne ( 4) 61>111 nporncTOrpaM11rnpoBaH He3a111yMneH

H1>1fi CHrHan rayccoBo:11 cpopMl>I c aMIIJIHTy,nott A = I, nony11Iup1rnott 

o- = 1; 25 n c ueHTpOM B Hyne. Ha pnc. 7 npnBe,nem,1 rpacpHKH 

aaBHCHMOCTeil: rrepB1>1X .nByx Beil:BneT-K03cpcpnnneHTOB TV91 (a, b)h n 

W92 (a, b)h rronrreHHott rHcTorpaMMhl OT cMeIUeHIIJI b BefiBneTa. 

0,16 ~---------------, 

0,12 

"0.08 

0,04 

0,02 Q04 (l06 0,08 

Pnc. 6. 3aeuCU.M.OCmb 

0ei1,0.,iem-1w::,<.fi<.fJU'l(ue11,mo0 

om ypoeua wy.Ata 

0,1 

----------~ ."\, / 
-4 \. -2 

I 
I 

Wo:h 

\_ l / • 

·•r "'·L 
·' \ 

-l f Wg,h 

Puc. 7: Befle.t1.em-06pa.Jbt 

oamwv.uozo zayccuaua 6e3 
wy.11toa 

CpaBmrna.11 Bemr,mm,r Beii:BJieT-R03cpclmrureHTOB Ha pnc. 6, 7. HeTpy

,nHo 3aMeTHTb, 'ITO ,nallie ,nJIJI 10% ypoBHJI llIYMOB 3Ha<remrn l,j/91 ( a, 0)€ 
H vV92 ( a, O)c Ha ,n:Ba nopa,n:Ka MeHbIIIe 3Haqemrii: BefiBJieT-06pa30B ne-

3a.IIIyMneHnoro cHrnana rrotJTII ,n:1IJ1 Bcex '3Haqennu cMeIUeHirn b. Tom Ko 

B CJIY'laJIX, Kor,na He'leTHhlfi Beii:BJieT 91 CMeIUeH OT ueiiipa :ro CIIrHaJia 

Ha paccTOJIHHe, He601Ib11IOe OTHOCHTeJibHO rronymnpIIHhI cnrua;ra O"' 

3Ha'!eHne Bei1BneT-R03cpcpnuneHTa '!HCToro cnrnaJia 11rollieT 01,a3aTbCJI 

cpaB.HIIMhlM C ypoBHeM BeHBJieT-K03<p<pHI(HeHTa IllJl\Ia. l..JeTHI,lll n:,e 

BeHBJieT g2, Harrponrn, .n:aeT HaHJirnuee C00TH0llleHIIe CHfHa,1/rny.M' 

rrpH Bem1q1rne c111ememm b, He rrpeBOCXO,l{JIJUeH IIHipHHhl ClirHa.ira. 

IlpoBe,neHHoe uccJie,noBaHHe no3BOJIJieT ccpopMym1poBaT1, rrpocToe 

rrpaBHJIO ,l{JIJI BI,I6opa CMen.ieHH.II Befl:BJieTOB npH o6pa6orne 3allI,Y:\IJieH

HhIX CIIrHaJIOB. 

• IlpH HCII0Jih30BaHirn He,reTHhIX BeilBJieTOB g1 ll g3 HX Heo6xo-
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,IlHMO Bhl'llICJIJITh B TO'!KaX co CMeIUemreM b, paBHhll\l 2-3 nony

IIIHp1rna111 CHrHaJia O"sig, OT JI'lefiKH C MaKCHMaJII,Hhil\I 3apJI.D:0l\l, 

KoTopaa o6hl'IHO coorneTCTByeT ueHTPY c1rrHana. Heo6xo.m111rn 

,on.reTHTb, 'ITO OIITHMaJib~Oe CMeIUeHire 3aBUCIIT TamRe II OT MaC

llITa6a a Beii:BJI~Ta. 

• qeTHhie BefiBJieThl 92 H g4 CJie,nyeT pa3111ernaTb TaK, 'lTO0I,I neHTp 

i:i~ii:BJieToB, TO eCTb Bemrqmia c111eIUeHHJI b, KaK MOIBHO TO'lHee 
' . 

COBna,naJia C l\IaKCllMYM0l\l IIOJie3HOro ClffHa1Ia. 

4.2. O.n;IIHoqHbIH · rayccIIaH 

,ll)rn curna.n:a, npe,ncTaBJIJI~IUero co6oit o,n:1rno<rn1,ril: rayccuaH ( 2), 
Heo6xo,nu1110 orrpe.n:eJIHTb TpH rrapal\leTpa - rronomemre uenTpa :ro, a.M

mrnTy.n:y mrna A 11 nonymnpnHy a. Her{OTOp11e II3 orrucaHHhIX HmRe 

crroco6oB rro3BOJIRIOT B0CCTaHOBIITh Bee Tpn rrapa~reTpa. on:Ha1.o eCJrn 

BeJIIl'lIIHa_ O" H3BeCTHa, MOlliHO lICIIOJib30BaTb 60,1ee 6oICTphle '.l!eT0,D:hI, 

BoccTaHaBJIHBaroruue JIIIIUb ,n:Ba nan6onee Bamm,rx rrapaMeTpa - xo 

II A. Ilpn'IeM B OTJIII'Il!e OT crroco6oB, OCHOB3HH1IX Ha MllHl!Mll:JaUirn 

pa~HOCTH Melli,ny nICTorpaMMOit n HeROTOport Hp,rnofi ( rn .. narrp., [-5]) 
. no 06om,I-'.3THM napaMeTpaM, np1IMeHemre BeitBJieToB .n:aeT TO npeu-

. MyIUeCTBO, 'ITO II03B01IJ1e1. orrpe.n:emITb IlOJIO}I{eHIIe curHaJia 6e3 3Ha-

HHJI aMIIJIHTJ.IlhI A. 8TOT rrapaMeTp MOHrno BOCCTaHOBIITn TI0CJie Toro, 

KaK 6y,n:eT Hail:.n:en uenTp. Ilo3TOMY rrpe,ncTaBJIJieTcJI ueJiecoo6pa3m111 

OT,UeJibH0 pacCMOTpeTb cnoco6bl BOCCTaH0B,1eHII.II IIOJI0IBeHIIJI, a:1mmr

TY.D:hl u rronymnpHHhl. 

4.2.1. Ilo_H.:CK ueHTpa cvtrHaJia 

lfa o6mero BbipallieHll.lI ,D:JJ.II BefiBJieT-npeo6pa30Bamrn ( 12) BII,D:HO, 

'ITO BeitBJieT-o6pa3nI omrno'-rnoro rayccnaaa co.n:ep}HaT Bee Tpu rrapa

MeTpa rnrnana. CucTeMy ypaBHeauit .n:;rn irx orrpe.n:eJieHHJI :1romno 

C0CTaBHTo; BbI'iHCJIJIJI 3TH o6pa3hI B HeCHOJibHHX TO'rnax. Onna1,o Ta

KM CHCTeMa ORa3hlBae1:c.11 cyIUeCTBeHHO HemrneHHOII, l[TO BeCb'.lrn :3a

TPY.D:HJieT ee pe11Ien~1e., Te111 He MeHee HeTpy,n:Ho 3aMeTHTb, '!To Bo 

Bee 6e3. HCKJIIO'IeHH.II Berl.BJieT-o6pa3bI rayccnana BX0.n:IIT ':)KCilOHeHTa 

C O,UIIHaRQBI,IM IIOI{a3aTeJieM: 
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( 
(b - x5) ) 

exp - ( 2 2) .. 2 a + u 

cho 03HaqaeT, 'ITO OTHOilieHIIe .lIBYX pa3HhlX Bei1BJieT-o6pa30B, Bhl

qJicJieHHI,IX B O.lIHOfi ToqHe, He 6y.neT co.n:ep)f{aTb 3KCIIOHeHUHaJibHOfO 

MHOHrnTeJIJI. B 3aBJ1CHMOCTH OT HOMfornaum1 Bel1BJieT-npeo6pa30BaHHH 

nonr1eHHoe ypaBHemre 6y,n:eT He BI,IUie <reTBepToro rropR.nKa, I{poMe 

Toro, ypaBHemre He co.nep»rnT TamKe n a11mnuTy.n1,1 c1rrHaJia. l1o-

3TOMY npoue.nypa BoccTaHOBJiemrn rrapaMeTpoB cnrHana pacrra.na

eTCR Ha .l{Be 06oco6,1eHHI,1e 'IaCTII - cnepBa onpe.nemnoT rro,10,r,emre 

ueHTpa, a 3aTeM a111nJIHTY.LIY. K co}l{a.rremuo, no)lo6H1,1e up11111,1e i1e

TOJlhl He II03BOJIJIIOT onpe.nemITb II0JIJilIHpIIHY cnrHaJia H Tpe6y10T ee 

B HaqecTBe H3BecrHoro rrapaMeTpa. 

MeTO.ll WT3/WTI (wavelet transforms 3 and I). 

ITpaB1rna noMexoycTol1,mBocru, np1rne)lemn1e B 1-ouue npemi1-

nymero pa3,n:ena. He Il03R0,1f!IOT HOM61rnnpoBaTh BeHB,leThl pa3HOii 

qeTHOCT1t. TaHolt 1<0M61rnaune!1 MHH11111an1,1Iolt c:1omHocT11, no:rno,1mo

mett H36emaTh B03HHHHOBemur ypaBHeHIItt l!eTReproro IIOJ)H;lHa. 6y;1eT 

0TH0IIIeHI1e K03cpqmuneHTOB BefiBJieT-npe66pa:10BaH11fi w;J ( fl. b )g H 

Wg, ( a, b )g. Ono co.nepHrnT T0JihKo 1rna.npaT paJH0CTU ( b - .r0) · 

_H,_~3_(n_._b)_g = __ a2 
__ [_(b_·-_.i_:o_)2 

_ 
3
] 

W91 (a, b)g J2 (a2 + ,,-2) a2 + u2 · 
(17) 

3T0 Il03B0JIJieT nerno Bhlpa3I!Tb HCK0~!Oe ITOJI0}l{eH11e ue,npa ('IlfHa,ia 

Xo = b± [ 

0( '). ') 
(a2 + u2) 3 + V.:, a-,+ u-) wgJ(a, b)g] 

a 2 IV91 (a.b)!J · 
(18) 

YpaBHem1e ( 17) rrpuBomrT R .llBy:.r B03Moam1,1.M pernemrn:-1. Bb16op 

o,n:Horo H3 HHX MO>RHO ocymecTBHTh onmrn ll3 Tpex cnoco6os. 

• Bepmr:M KopHeM ypaBHeHHJl (17) c.rre.nyeT C'IHT.aTh TY Toqfiy. B 
KoTopofi BefiBJieT-npeo6pa3oBaHire c BeitBJieTami !/2 11,111 g➔ 11Ia1,

CHMaJihHO ( no a6COJIIOTHOlt BeJilI'IHHe). I1 pH 3TO!II HeO0XO.lIHMO 

IIpOBeCTH Bhl'IIICJieHIIe .LIBYX .L{OIIOJIHIITeJII,Hh!X Beil:B,leT-o6pa30B, 
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O.lIIIH H3 K0T0J)hlX 3aBe.l{0M0. lI3JIIIIIIeH. O.nHaI{O Hafi.neHHOe 3Ha

qeHHe K03cpcprm:HeHTa T,,Vg2 ( a, x 0 )g HJIH lVg4 ( a, xo)g Mom110 11c

nom,30BaTh rrpH BOCCTaH0BJieHIIH allIIIJIIITY.lihl 06Jia1<a ( npoue

.nypa ormcaHa HHme). 

• EcmI pa3HOCTb Memny Halt.neHHhlMH KOpHJli\III .il0CTaTO'!Ha Be

mrna, cne.nyeT OT6pocIITb TOT H3 HUX, ,lIJl./I HOToporo yp0BE'Hb 

cn:rHaJia B T0<rHe K0J)HJl llfeHbIIIe. 

• Ecmr BefiBJieT-Ho,cpcpHUHeHThl Wg, (a, b)g 11.111 11'~3 (a. b)9 BM

qncJIHTh B T0'IKe, 3Ha'IUTeJihH0 OTCT0111Ueii OT IICTHHHoro 110-

JIOH<eHHR CHrHaJia, TO 3apanee H3BeCTH0, J,clH0!1 :!Hali c1e.i1yeT 

BbI6paTb B Bbipamemm (18) . 

Ilocne.nm1lt Bapnanr nan6onee npueMJieM ne TOJihHO 113-3a caoen 

npocTOThl, HO H no TOH npnq1rne, '!TO npeo6pa3oBanne, Bhl'IllC JI('HH0e 

B.nann OT uearpa cnnra,1a, co1Iep,K11T 6oJibIIIHl1 B1,,1a~1 or ua1160J1ee 

3apJI)f{eHHLIX yqacnms 06.1aHa, 'Iel\1 npeo6pa3osam1e. awmc1emwe 

0HOJI0 ueHTpa. 

4.2.2. Onpe)leJieHwe aMnJIWTY.llhI w nonyrnwpWHhJ cwrHana 

B [6] npnse.neno onncamre nTeparlHOfmoro a,1ropnn1a 11011ci.:a aM

IIJIHTY.llhI cnrHaJia. 3.l(eCb .naH IlJ)JIMOtt l\teTO.lI B0CCTaHORJieHirn a~mm1-

TY.irhr u nonyrnnp11111,1 omrno,moro rayccnana. 8ToT cnoco6 no:rnon11eT 

HafiTH yKa3aHHbie napaMeTpbI no O.l{H0MY umr .lIBYM BefiB,1eT-o6pa3aM, 

BbI'IIICJieHHbIM B TO'IHe Il0JIOiHeHJrn ueHTpa cnnrana .ro, 

BhTCTpoe soccTaH0B,1e1me rrapaMeTpoB A H a or<a3a.1oc& B0JMOrK

HI,Il\I 6.1aro.napn TICIJ0,1b30BaHmo Befl:B,leTOB 6onee BLICO!tl!X II0f)fl.lJ;IWB. 

B TO<rKe x = x 0 r<o,cpcpHUIIeHThr sei-l:aneT-npeo6pa:1oaa11m1 IV11 ( a. :r0 )g 
II iVg3 ( a, Xo)g o6pamaIOTCR B H,YJib, a Ho,cpcpHUHeHThl H'92 ( a, :ro)g II 

Wg4 (a, xo)g rrpIIHHMaIOT Bil.lI ( 13) II (14)' coorneicrneHHO. Ornorne-

HIIe ~ 92 ~a,xo~g II0JB0JIReT Bblpa311Tb IIOJIYIIIHpHHY ClirHaJicl 
94 a,xo 9 . 

2 2 ( '23 Wg2 ( a, xo)g) a = -a l + 
9 1 

. . 
· -H 94 (a,xo)g 

( 19) 

C yqeToM Hafi.neHuoro 3Ha•1emrn u aMIIJIIITY.lIY MOHiHO Bbrpa3IIT.h 113 (13) 
llJIH (14). 
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4.3. GocTaBHOH cHrHaJI 

B 3TOM pa3,lleJie rrpe,llCTaBJieHI,1 crroco6bI BOCCTaHOBJieHIIJI IIOJIO}Ke

HHR n aMIIJIHTJllbI COCTaBJIRIOIUHX curnana, rrpe,llCTaiiJIRIOIUero co6ofi 

CJMMY (3) .l{BJX rayccnanoB C OllHHaROBOit (u II3BeCTHotl:) IlOJIJIIIHpH

HOfi a-. KaR u paHee, onIIcamre pa3.l{eJieHo Ha .llBe qacTn - onpe.l{eJie-

HHe IIOJIO}KeHHR H a}.fIIJIHTY.llhl. 

Onpe.n:eneH111e nonomeH111.11 c111rHaJioa. MeTo.n: WT3/WTI 

B cJiyqae, eCJIH IIOJIOffiem1e O,llHoro H3 o6JiaRO~ Il3BeCTIIO, II031I

nmo BTOpOrO CIIrHaJia MOlRH0,6oICTpO orrpe,lleJIIITb, BOCIIOJib30BaBIIIHCb 

J}I{e OIIHCi:lHHbIM crroco6oM llJIR OJJ.HHOtIHOfO rayccnaHa. IlpenrroJIO

)f{IIM, JJ.JIJI orrpe.n;eJieHHOCTlI, qTo II3BeCTHO IIOJIO}KeHIIe x1: Tor.n;a, B 

, CHJIY aHTIICIIMMeTpIIqnocTii, neqeTHhie BefiBJieT-R03cpcjmnneHTbI. 

vV91 ( a, xi)G n H1
93 ( a, .-r1)G co,llepffiaT BRJiall TOJihRO OT o6naRa c neH

TpoM B Totrne x2 • HcHo:rv10e rronomem1e neHTpa MOlKHO Borpa3HTh aHa

nornqHo (18): 

.. X2 = X1 ± .,I ( a2 + 172) [3 + ./2 ( a2/.172) Hj3 ( a, xi)G] 
a H (a x· )G' · 91 l } T 

(20) 

B1,r6op OllHOro II3 ll~YX ~opH~tt\_ cnyqae cocTaBH.~ro cnrna.na oco-

6eHH(? rrpocT llJIR Han6oJiee B~pORTHoro rnycraJI, ROIA<;l a~~IIJIHTYJJ.hI 

COCTaB.JIRIOIUHX pa3JIHtim,I H CJ11MapHhlii: CHrHaJI 06Jia,llaeT RBHO ,!3bI

pameHHOfi aCIIMMeTpnetl:. 8TO II03BOJIReT rrpH H3BeCTHOM IIOJIO}ReHmI . .· ,· . 

O,llHOro 06,'laRa JierRo BbI6paTb 3HaR JJ.JIR X2 B Bbipamemm (20). ; . 
' . ' / '• ' ,.· ·, 

BoccTaHOBJiem1e IT03HUHH c IIOMOIUhIO HetreTHhIX Befrn,'leTOB Tei1 

Toqnee, treM ,llaJihIIIe OT nenTpa o6JiaRa BhltJHCJieH BefiBJieT-Ro3cpclmnIIeHT. 

MeTo.l{ BITOJIHe pa6oTOcrroco6eH II rrpn paccTORHHRX Memny cocraBJIR

IOIIIHMII J\leHee HX IIOJIYIIIIIpIIHbT ~. 

Onpe.n:eneH111e aMnJIMTY.ll:hI c111rHaJI0B 

A}.:IIIJIIITJ.lla rayccnaHOB, Bxo;vrmnx B cyMMY (3), 1romer 6hITh orrpe

,llenena ITO lI3BeCTHOMY IIOJIO)l{eHHIO o6enx COCTaBJIRIOIUHX OllHHM H3 

,cne,nyromnx crroco6oB. 

AMIIJIHTY.llhI A II B B03MOffiHO Bbipa3HTh trepe3 Ro3cpcpunneHTor 
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pasJIO}I{eHHR cnrnana rro BettBJieTy g1 

A= c1vV91 (a,x2)G, B = -c1vV91 (a,a:1)G,· 

r.l{e 

(a2 + 172)3/2 ((x2 - :z:1)2) 
c1 = exp . 

17a3l2( X2 - X1,) 2( a2 + 172) 

AnanorHqno MO.lRRO rrocTyrrnTL, rrpnMeHRR BefiBJieT-06pa31,r rpeThero 

nopR,nRa: 

A= c3l1V93 (a,x2)G, B = -c3W93 (a.:ri)G, 

./2_(a2 + 172)5/2 ((x2 - x1)2) 

c3 = 17a7/2(x2 - xi) [(:~::1/ - 3] exp 2(a2 + 172) . 

4.4. MeTO.[( WTS (Wavelet Transforn1 System) 

YcTOii:tIHBOCTb BefiBJieT-o6pa30B R BJIHRHHIO IIIyMa II .l{11Cnpenr3a

D;IIH rrpIIBeJio R u,nee C03,llaHirn HOBOfO 3cpcpeI{THBHOfO II po6aCTHOro 

anropIITMa, ncrron1,3y10mero llJIR onpe,llenemrn rrapaMeTpos cocTa

Bnoro CIIrHaJia He OllHH-,llBa, a OJJ.HOBpeMeHHO HeCROJibJiO BelIBJieT-l{0-

3(p(pIID;HeHTOB, Bhl"<IUCJieHHbIX no H3Mepeuuott fHCTOrpaMMe. 

CornacHo (12) Beil:BJieT-I{03cpcpmrne·rn llJIJI cy~imr (:3) curnaJioB 

MO.lIUIO 3amrcaTb B BH,lle 

W9n(a, b)G '= Aw9n9n(:i\) + Bw9.,gn(i.2), 

r,l{e HCIIOJib30BaHI,I CJie,llyIOIIIHe HOpMIIpOBaHHbie o603Ha<remrn: 

17an+I/2 X. - b 
---;:===:--- ·.-' 2_J2 2 Wgn - ✓ . , X 1 - ---, S - a + 17. 

(n - l)!sn+l s 
(21) 

,l(anee llJIR ynpom~~Irn 3amrcu u yCI{opemrn swmcnernn1 ~ru 6y.n.e11 

nopirnpoBaTI, He TOJibl{O :r1 H a:2, HO II BeHBJieT-IW3CpcpunneHThl 

1 V ( b) G W9 n (a, b) G 4 ( • ) B (. . ) 
I n a, T = , . = , 9n ,Ll + 9n ;l'.2 • (22) 

Wgn 

1.5 



qTo6IJ onpe.zremITh qeThlpe napa.MeTpa A,B,x1,x2 cy11n.rapHoro 

crrrHaJia (3), rrcrroJih_3yeM Bblpamemrn .lIJIII qenrpex BeitBJieT-Im::icp

cprrurreHTOB II COCTaBIIM ClICTeMy ypaBHeHIJH BU,na 

Fn = 0, n = 1,4, (23) 

r.zre Fn = Wn(a, b)h - Agn(:r.i) - Bgn(x2), a H'n(a. b)h - HOpimpo

BaHHhlit cornaCHo (21,22) BeitBJieT-K03cpcpuurreHT r:1~~rnrpam1u 

f,j/ (a b)h sn+l N jxk (h- :i·) 
Wn(a, b)h = 9

" ' = ~ L h1.: 9n -- d:r. 
W!Jn 271" O"an+I l.:=1 a 

.rk-1 

(2-l) 
fioJiy<reHHa11 cncTe.Ma ypasneimtt cuJihHO Hemrnerrna rro HCKO

Mh!M rrapaMeTpaM, rronouy .zr,1R ee pememrn rrpm1eHeH .npHfi,111a,eH

HI,1l1 MeTo.n: l-IblOTOIIa ( B OJUIO~!ep11OM CJiy<Iae OIi 11a:J1,I FlaeTCH MeTO,lIO~I 

KaCaTeJibHhIX ). Ha,11maR C HE'liOTOporo Hcl.'lclilbllOro rJ[)HOnll,JieHHH 
-.(0) -(0) 1(0) B(0) , .• , .• . \ -. ·.\ ._ \ \ \B 
X1 , X2 , n , . Bbl IHCJIHIOTC/1 rrorrpaBIHI I, 11<'~1.~ -.i.1 I• -.i.! '2· _i,•. -.i 

rryTeM pememrn c.1e11y1O11iel1 cncTe~1r.1 mmel1Hux ypasHem,n: 

r.ne 

X(O) = 
( 

·.(O) ) .r I 
-(0) 
.r2 
A(O) 

B(0) 

D-( 

D!::.X = F, 

.6X = 
( 

~-!" I ) ( f\ ) 
!::..i:2 . F = . F2 
!::.A · FJ 
~B F, 

IB. IB. IB. 
ffi ) i:1i·1 i:"1£2 8.-\ ::,B 

ffi ffi ££. ffi ·•• . 
8i1 .9£2 8.-\ 88 · 

CJie.zryIOUUIM rrpu6mn«em1e~1 6y.zryT BeJIWIUHhl X(l) = x 10 l + ~x. 
Ifrepan;HOHHbiti npouecc rrpo.rioJIIBaIOT .no .lIOCTHifWHHJI :'iua HHOii TOll

HOCTH. 

choT MeTo.n oqeHh 'IYBCTBHTe,1eH Ii Bhl6opy Ha'lcl,1hHl,IX rrpn6;m

lReHHH. B CJI_rrae,- Kor.zra rncTorpaMMa, OIIIICh!BaIOlllaR COC-TaRHOi1 CH

rHaJI, RBJIReTCR 6rnco.zram,Hoti, B Ka•recTBe Hatia,lhHbIX rrpn6mr;liemri1 
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.x~0), x~O) MO>KHO Bhl6paTb cepe.zrHHJ,I 6HHOB rucTorpaMMhl, B KOTOphlX 

OHa ,noCTHraeT JIORaJII,HhIX MaKCIII\IYMOB, a IIX aMIIJIIITY.D:hl rrpnHJITh 3a 

A <0>, B<0>. B cnyqae 6JIH3RIIX, CHJibHO rrepeKphrnaroruuxcn cocTaBJIII-

10ruux, Kor.na rHCTorpal\11\Ia CTaHOBllTCR ymmo.zraJihHOIT, !\[hi BOCJl0Jlb-

3OBaJIIICh cnoco6oM, orrncaHHhll\l B [5]: . ueHTp 6mra nrcTorpa~mr,r c 

!vlaKCllMaJibHOtl: aMIIJIIITy.nott rrp1rn1iMaIOT 3a IIOJIO)f{eHIIe O,lIHOro 113 CH

rHaJIOB, a Bh!COTY noro 6Irna - ~a aMIIJIIITY.lIY mmynbca. fio ·:nHM 

.naHHhIM COCTaBJIJIIOT BCIIOI\IOraTeJihHYIO runorpai,my H Bhl'IHTalOT ee 

H3 HCXO.lIHOtl:. 3aTeM ITO OCTaTl{Y rncTorpa.M~lbl TeM H,e crroco6oM onpe

.zreJIJIIOT Ha<raJihHOe rrpn6mrffiemre a ~mmITy.m,1 11 rro,1O,1;e11ne 1nopor6 

llMIIYJihca. 
BIJqrrcnemrn MaTpIIUbI 1racTHhlX rrpoHJRO.D:HhIX D rrpn H3He<"T110~1 

Ha<raJibHOM npn6mrmemur 3Ha1IJITeJibHO/ynpomaeTCR, 6JiafO;lrtpH BbI

llleOTMe'!eHHOI\IY ciioficrsy (9) rayccos1,1x sefitt,leTOH, cor:1arno liOTO

poMy Mhl JIOJiy<IaeM 

fJFn ' - .· . fJFn B . 
oi{~.Agn+1.(xi), ox

2 
= . 9n+J(.r2 ). 

·8F ·. · •. 8F . . -·a; = -:gn(xi), f-);. =. -gn(.i:2)-

C~e~yeT onreTHTh, <[T~'no frcxo.riiI'on rHCTOl'pal\rne 'leTE>IJ)f.~ F1diHJ!eT

K03cpcpHmreHTa T+"n ( a, b) h. n = 1. 2, 3, 4 Heo6xomnro swmcmnh ro:11,1w 
o.n~rn pa:1. fip11 noM .!lJIIT Br.16opa · rrapa111eTpoH a 1; h nomrno peHo

MeH.zrauufi, .zraHHhlX B pa:rne,1e ''B,1nn1me rnyM~~ Ha. ser1B,leT-~6pa3", 

BeCbMa IIOJie3HO y<reCTh CBOllCTBO rayccOBbIX RellBJieTOB: COXpaH/ITb 

OTHOCIITeJihHYIO rr,1oma.zrb (11 ). 

4.5. Bo16'op MacnITa6a BeHBJieToB 

fipH Bhlqn:cJieHHH Bel1BJieT-K03cpcpHm1eHTOB B .·60.1h11inHcTBe c11y

<raeB MacnITa6Hpy10mnl1 K03cpcpnuueHT ~wmeT 61,ITh s1,16pan rrpon3-

BOJ1hHO. 0.nHaKO .UJIR rronrremrn Harr6cbee TO'IHh!X pe3:)'J1hTclTOB h'.0-

::icpqrnuueHT paCTJIH,eHJI/I CJie.nyeT Bhl6npaTh B COOTBeTCTBHU c !{OH

KpeTHhIMH .zraHHhlMH. 
fipu BhlqJICJiemm BetiBJieT-o6pa30B 'ux MOihHO paCT1IH}'l:h TaKUi\f 

o6pa30M, qT06hI Ha lfHTepBaJI riICT()rpaMllIIIpOBaHIIR (;?;min. ;l: 11w,r) IIpH-
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XOJ{IIJiaCb BIIOJIHe orrpeneJieHiraJI OTHOCHTeJibHaJI IIJIOIUa,m, BefiBJieTa 
w: 

xjmazl (x;;' - ;i;) I d ·;oo I (x;;' - X) I 
9n a x = w 9n . a d;r., 

Xmin -oo 

0 < w < 1, . 

m Xmax + Xmin 
Xo = 

2 
.D:JIJI rayccoBoro Be:ti:BJieTa 91 :no ycJioBne npnBonnT K c.rreny10rue1uy 

aHa<1emuo MacnITa6npy10mero Koacpcpmi:neHTa: 

Xmax - Xmin ✓ ,:, 1 --
a= .. 2 . -ln(l~w)'. (25) 

HenocpencrneHHOe B:Wrnc1iem1e Ho::icpcpuu;neHra pacrnmemrn tte.ti

BJieToB 92, 93 II 94 IIpOH3Becrn: 3Ha'1JITeJibHO CJIOH,tt.ee. · 0.z:maHO, Y,£Iffbl

BM CBOHCTBO rayccoBiiIX BeHBJieTOB, coxpaHJITh OTH~CIITeJIIiHYIO f!J10-

IIJaJ{h HeaaBHCIIMO OT IIOprrnKa ca11rnro BeiiBJieTa. ( CM. pnc. ,5) H OT 

BeJIIPIIIHhl 1wacj)cj)mi:neHTa pacTJimemiJI,, ·rrpn BoFUICJiemur sel1JrneT

o6paaoB MO}RHO IICIIOJib30BaTb OJ{HH II TOT me Jl[clCllITa6npv1oumti ,rHO-
}Rl!TeJib '(2'.5)'_ , ,, .. ·.: . . . . , '. , . • - , . 

IlpaKTIIqecKH 6onee y.zi:o6Ho HCIIOJih30RaTI, erne O.lUIH !(OITO.JIHifTeJib-

HbIH rrapallieTp - nmrny v HeKoToporo rmrepBa,1a, ncKJIIo'IHB _Ha BbI

pamemrn (25} rpa
1

~n:ri:1,1 orpeaKa ( Xmin, x~~x): 

✓ 1 a= ~. -ln(l - w). 

5. Pe3yJinTaThl . 

IlpennomeHHbre Bbillie MeTOJ1bl orrpe.n:enemrn rrapal\rerpoB curHa

JIOB rayccoBOI1 cpopMbI 6wrn orrpo6oBaHbI Ha .n:aHHbIX, l\fO.D:emrpyEOIUHX 

.ilHCKpenrnoBaHHhie 0.ll:lIHOllHbie II COCTaBHhle CiffH3JI1I. 

,l(JIJI O):U1HOt.JHoro rayccMaHa cpaBHIIBaJIHCb IITepar.uIOHHble Me

TO.llhl, OCHOBaHHhie Ha IIOHCKe MfIHill\1)':lia II MaKcu11ry:-.rn BeHB,1eT-rrpeo-

6paaoBaHirn, a TaKme rrpJIMhie MeTO.ilhl WT2/\VTL WT:3/WTl H 
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WT4/WT2. HanJiyqIIIlfM no ToqHocrn H no cKopocrn Bhl'-IHCJie'iiHtt 

oKa3aJICH MeTo.n: WT3/WT1, ,n:JIH KoToporo Ha Bhr6opRe c6 100% acp

cj)eKTHBHocThIO pacqeTOB OIIIII6Ka B onpe.n:eneHIIII IIOJIOJRemrn CiffHaJia 

oRaaanach B,n:Boe MeHhIIIe, qeM ,n:JIH vVT2/WT1, II Ha 20 % JI)'TJIIIe. ,reM 

,n:JIH MeTo.n:a MHHn11rnaau;1rn BefiBJieT-rrpeo6paaoBaHHJI, rpe6ymmero 

7-10 nTepan:n:fi. IToaToMy mime rrpHBO.D:JITCJI 6onee ,n:eTaJII,Hbie peaynh

TaTI.I TOJihKO .UJIH MeTo.n:a WT3 /WTl. 
,l(JIJI COCTaBHbIX c~rHaJIOB, o6pa3JIOIUHXCR HaJIOlReHHel\1 .UBYX 

rayccnaHOB C H3BeCTHOi1 IIOJiyurnpIIHO:fi 6hlJI rrpoTecTI1poBaH MeTO.U 

WTS ,n:JIH ,Tpex paam,rx ypoBneil rpaHyJIJIIJ;HJ:I ,n:eTeKTopa (~mcna 6n
HOB, Ha KOTOphre .n:ucRpen13yercJI cnrHaJI), pa3HbIX COOTHOIUeHHll a:-.r

IIJIIITy.n: II pacCT01IHIIH: Mem.n:y COCTaBJIJIIOIUIIMII. PeayJihTaTI.I aaBHCH

MOCTII ToqHoCTH ou;eHOR rrapaMeTpOB OT ypoBH11 IIIyMa H OT rpaHyJIJI

n:nn CBe,n:eHhl B Ta6mIIJ:hl 2 II 3. · · 

5.1. MeTO,LJ; WT3 /WTl ,LJ;JIJI O,LJ;HHOG:Horo 

rayccHaHa 

3.n:ec1, rrpe.n:cTaBJiem,r peaym,TaTbl o6pa6onrn TJH~JieHnoro :iKcrre

pu111eHTa,. B KOTOp011I .n:aHHI,Ie 1110.n:emrpoBann·ch RaK OJIHHO'IHhie ra

ycdiaHhl t rronyuri1p1rnofi (7 = 1.25, aaH~CHJl[I,le B rHCTorp
0

~;...n.1y 'na 

10 6nHoB Ha 'irnTepBaJie ( _:_5, 5). IToJiomemre cim-l'ana 3a.n:aBa,iioc1, 

OROJIO 'iiyJIJI ~nyqaJ1HLIM o6pa30M B npe.n:enax ±1/2 llIHj)IIml 6{rna. 

AMnJIIITy.n:a cIIrHana 6blna pacrrpe.n:eneHa rro 3h'CIIoHeHitIIaJihHoi~S· 3a

KOHY B rrpe.n:enax OT 100 .n:o 1000. K rrocTpoeHHOll nrcrorparn1e 

.n:o6aBJIHJICR paBHOMepHLIH: IIJIII HOpMaJII,HbIH: IIIJ:'.I. 'A~rITJIHTy.n:a pa

BHOMepHoro Ill.)'Ma II <7n HOpMaJII,HOro .,IIIyllia 1rn6upam~[Cb I{aK :3% OT 

cpe,n:Hero. 3apa.n:a. C;ra6bre cI-r_rHamr 0TceKaJinc1, ,Ha ypoBHe :317,,. lifa 

Tpex crr~co6oB
0 
BOCCTaHOBJieHIIJI ITO.ITOHieH.lIII - BhllJHCJiem1e BefiB,1eT

R03cj)cj)uu;ueHTOB CJieBa H ,cnpaBa OT.UeHTpa i~. a TaI,me cpe.zrnee :lTUX 

.UBYX rronrr~HHI,I:X:3Ha~1em1tt" ( Xoi~) '·. 61,rn Bn161>a I{ IIOCJieJIH HH • .ua IO Ill m1 

HaHMeHI,UIIIe paa6poc u crvieruerrne oueH:KlI IlOJIOibeHIIJI curnam1. B Ta-

6mru;e 1 np1rne.n:eHbI peayJibTaTI,i 11 oCH()BHhle rrapaMeTpbI o6pa6onm 

(.n:aHHI.Ie no aMnmiTy.n:e. ,n:aHhl .B; a6coJilOTHI,JX 3Ha~xemrnx). 
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Ta6mrn:a 1 

Pe3y,t'b':n.amu 06pa6om1.u oauuo•t1l020 C1l2~(l.,l(L no ,,1temoiJy rvrsJrvr1 
IIIYM 'IIICJIO · rrapaMeTp cpe.n:Hee :. (T 

.- •··. OII1ITOB 

.HOpMa,'IbHbltl: 1010 . Cm1d 
• 0 0.0006!) 0:0427 

A,, -11.27., 1L57 
paBIIOMep,rntl: 1111 XlnJCI 

0 - 0.00208 0.027, 
A - 8.414 6.4!)0 

5.2. MeTo,n: WTS ,n:JIJI cocTaBHoro · c1uHaJia 

lf JIC,1081\/1 :.ro.n:e,1h COCT1\BHOfO CiffH1\J11\ CTpo11;1ach aHaJ10fll'IHO TOMY. 

HaH no .n:e,1anoc& JJ.JIR ommo'IHoro rayccIIaHa. Ue1np BTOporo cu

rnana pacr10Jiara,1rn cny,ra/111&1:.1 o6pa:.ioM Ha pacCTOHH1111 OT 2 ..'lo 2.-3 
o6urell nonyu111p11111,1 c1trna,1a (j OT no:1or1w111111 11epBoro c11rir;i;1,1 . . \)1-

nmITy.n:a wroporo c11r11a:1a llM611pa;1ac1, n .ll<>,111x or curr1.11n_,·;u,1 rwp

Boro cnr~1a,1a (61;1,111 npoc•111T.a1IU
0
Bap11a1ni,1 l:l. 1:2 II 1:10). r, OIIHil:.I 

nocTpoe111101l rucTorpa:.rn1,1 .n:06<1a,111,1cn p<1BHi:rn'ep1Ihlh my~,<: arn1:m-· 

Tynoii B nponeuTax .oT cpem1ero :iapnna. Kpo~rr roro • .1,)11 11po11epr.11 

:.iaB11cm10crn 011111601i napa:.1eTpoa _OT ypoF11111 q>any:1111111p ;i:-rt;i;r11pa 

'IHC,1C!. _6JIHOB fUCTOrpa:.rn1,1 Tc\liH,e Bhl6tq>a/!HCl, ·. pa:im1 '.Ill hDI : __ I 0 ... 20 
II 30: __ Ka,Kl{aR To•ma B _Ta6mrue Bhl'IHC,1H,laCI\ !,ah cp~..'lll<'<: no I 1100 
HCIIb!Tami'tt, 'fl!C,10 HTepauntt _Bc1on.y orpa 1111 •11111<1;1on l_(i'. xo rn II cpe-
.UH~M OHO i1e rrpeBhIIUairo 2-:3. . . 

. • • - 'i' 

Ta6nirua 2 
3rrnucu.11ocrnb owu6ox nnpa.,,rmpf!rJ '?Ill_ wy.11,1 

paBH.IIIYM B %,oT' . 1% ·:)% ·lOo/cr 
Max a!l!IIJ1. 

',()"XI 0.011, o.os1 ·0.10.1 
O-x2 0.026, 0.1.5:1 0.2:)(i 

~· . , 

0-,t' 0.21-5 :o.:J0, o. ➔ so 
' _, aa 0.280 0.:32S' 0.-to:l 

B Ta6mrue 2 ITOHa3aHa 3aBnc1imiCTb OIUUOOh napaMf:'T[>OH OT pa

BHOMepHoro mpra co 3Ha<remrn~m B '1 %, -5% 1! 10% o~ Bhrcon.i 61rna 
C l\'1aRCHMaJII,HI,JllJ 3apR.n:o~r. Bhr•mc~emrn IIf)QBf:'llf:'HU .J,1H ypoRHH 

rpaHyJIRUHII .n:eTeliTOpa, COOTBeTCTByromero paa6neHIIIO fllCTOrp,nnrhl 
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Ha 10 6nHoB, KaK Han6onee 6JIH3Horo K pean1H1,rn H3MepeHHH Ha cnmt

ROHOBIJX .n:peficpoB11x HaMepax. 3HatJemrn orun6oR nonomemrn cnrna

"JIOB nam,1 B emrnnuax nmprrnu 61rna rncTorpil!IDrhr, 01111161i11 a~rrr:m

TY.U OTHeceHbI K MaKCHMam,Hoii a:1.rnnnTylle. He6onbwoe yxynmeuue 

TOtJHOCTII .UJIR BToporo CiffHaJia ITO cpaBHeHI!IO C nepBhTM, HMelOlllllM 

60JibIIIYIO aMIIJIHTY.UY, BbI3BaHO HecmrMeTpneu: B o6pa6oTHe CHrIJa:roB. 

Pe3JJibTaTbI nccne.n:osamrn 3aRHCIUIOCTII om1160K napa:.teTj)OR O]!HOro 

H3 cnrHaJioB OT ypoBHR rpauynmurn nam,r a Ta6mmi> 3. YpoHem, 

myMa BbI6paH B 5% _OT 1111\KCHMaJihHOfi ,a11mm1Tym,1. 

:ra6mn~a 3. 
3arrncu.uocm·b ow.u6ox napa.1.1.emporJ om 2pauy.1.q,/(ll1t (•wc.,w 6111wa) 

npu wy.ue 5% om .Max:cu.,1rn.ibuo11 a.1w .. mmyd1,1 · 

•rirc.irn ·6rrnoa 10 20 :30 
O-x1 0.08·1 0.06,5 0.10,5 
a.-1 0.3TO 0.2-56 ,0.22:3 

6. 3aRJIIOT..IeHMe 

ITposeneHHhie nccnenoaamrn no rrpm1eue111110 Hf'ilR,1er~n1wo6i)a-

3osam1tt n,1H o6pa6ornn cnrnanoa rayccoflofi cpopm,1 no:rno:111,1n Hai1n1 

6hlcTphle, II 3cpcpeHTJfBIIhle a,1ropHTMhl lWH 01If)<'..1f',1f:'Hllfl ncipa W'T()OR 

ncxo.n:m,,x c1rrHa'.10B no pe3ym,TaTa111 nx n:nrepP111Jii ,q:11ci;peT111,D111 .ae

TeHropa~m c paa,1wmott cTerreHblO rpaHymuum. 

B ornl!'rne OT rrpen11nymnx pa6or B 3THX a,1rop11ni<1x cymecrneH

HhIM o6pa30l\I IICII0,1h:JJIOTCR BefiBJieTbI 60,1ee BhICOliHX IIO])HJ(liOll. Ha 

3TOtl OCHOBe rrpe.1,1omellh1 6h!CT])hle Il])JDlhlf:' ~IeTOllLI orrpe.n:e;1e111111 He 

TOJibHO rrapaMeTpOB IIOJIOineHirn II aMrr;mTym,, ClffHana, HO H ero no

,1ynmprrm,r. 

CosMeCTHoe ncrrOJib30Bamre nepBhIX tJeThrpex sefiR11eT-npeo6pa-

3oiJam1tt II03BOJIJIJIO cymecTBeHHO IlOBhlCUTh TO'IHOCTh rrpemrnmem,oro 

MeTo.n:a \VTS. 8m crano BOJMOiiiHhllli 6naro.n:apH· ycTaHOBJieHillO uo

soro CBOfiCTBa - ITOCTOIIHCTBa OTHOCHTeJibHOII II.JIOU(al{II BeHBJieTOB; '!TO 

II C03.l(aJIO B03.MOH<HOCTb .l(JIR OIITHl\IaJII,HOfO Bbr6opa Macir.ITa6Horo K0-

3<p<pHUHeHTa, o6mero .l(JIH HeCHOJihKHX BefiBneT-rrpeo6pa30BaHHii. 

Bhlqucnemrn: Ha MO.UeJ1hH1IX .n:arrm.rx rroKa31,1saroT, l!TO rrp~.1J1arae-
, • < ,, ' ' ' • 

Mble anropnnrn, ocHOBaH1111e Ha rrpm,IeFf~HHH aefia.rreT- rrpeo6pa:maa-
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HHil:, 06ecneq1rnaroT ToquocTH, He ycTynarom:He 601ree Tpy.n:oeinmz..ure~ 
T0,n:aM no.n:roHRH rayccnaH0B R .n:amII,IM ,n:HCRpeTHI,IX H3Mepem-Itl: [4, .5]. 

ABTophl BhlpamaroT 6JiaronapuocTb M.B.AJITail:cRoMy aa cnmy
JIHpyrom:He .llHCRYCCHII H o6cym,n:eHHe pe3JJibTaT0B. 

Pa6oTa BI>III0JIHeHa npn no.n:.n:epmRe P<I><I>H, rpaHT 97-01-01027. 
·-• .. , 
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