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@r q6'b~Ait,J:IeHH'bI'H HHCTHTYT RAepHbIX HCCne,uOB8.HHH Ilyõna, 1986. 

" 

E8HHaR paÓOTa rrpe~CTaBnHeT COÓOll paCrrpOCTpaHeHlle ~ell 11 MeTo~a/II 
na C.J.IY'!a.M rrOMeXOYCTOM'tll1BOrO CrJIaJR'HBaHllJI. 

HTaK, rryCTb ~CRpeTHile 1!l1CJIOBlle ~aHHlle f(t), t=t , ... ,t rrpe~CTa-
O m 

B11MhI B Bl1,Il;e: 
f(t)=b(t)+n(t) 

r,n;e b(t) - rrOJIe3HaJI ROMIlOHeHTa (mrwopMaLUiOHHaJI), a n(t) - óeCrrOJIe3HaJI, 

RDTOPaJI MOReT HMeTb He TO~RO c~afiHoe, HO H ~eTepMHHHpOBaHHOe rrp011C­

xozneaae , Tpeoyercn rro f (t) nocrpoarr, ,WlcKpeTHYID epyHKIUllO g (t) , KOTo­

paa óHJIa 'ÓH KaR MOJKHO rJIa,IUtoft o~eHRofi QJyHKlJ;lUI: b (t). IIOCROJI1>Icy rrpsnrro­
.1IararoTCJI CROJID yronao CllJIDHhIe 1!aCTOTHHe nepexparua Me:iUIY cI1YHKI.l;l:UIMlI 

b (t) li a (t), arrnapar mmeilHHX OrrTHMaJIDHliX 'tlaCTOTHHX q;HJlliTpOB OI<a3hI-' 

BaSTCJI H8rrpillv18HltIil;1blM.TaK 1\8 HejKeJIaT8JI1>HO llCITOJ1D30Bam'18 rrapaasrpaxecxax 
~llJlDTpOB. B paÓOTe /1/ liCKO~llifi q;HJlliTp CTpOl1JICH CJIe~~f oópa30M: 

I) BBO~JIOCb rrOHJITH8 Mepli Oc~n; 

2) onemca g (t) I'ICKa.naCb I'I3 YCJIOBlií1 O~HOBpeMeHIIOH MHHl1Ml13éllVill ae 

MepH OCWU'"~:ti: 11 paCCTO.flliIDI ~O f (t) B RBa,n:paTll'tlHoJt MeTprme. 

B HaCTORmell paÓOTe IIpe~araeTCH HeKOTOpOe OÓOGmelille MephI OC~I~H­

~M, a RBa,n:paTWIlfYlO M8TpnIcy npeztnaraercx 3aMeffilTb ua pOÓaCTHYlO 2. 
Ilo.nyqemIlili HerraparvleTpWIecKHfi :;k:WThTP OKa3bU3aeTCH ar.mJlliTY~Ho-'tlaCTOTHliM, 

rroMexoycTOH11HBHM 11 ne rropT.F!lURM cymecTBeHHO BhICOKO'tlaCTOTHlie KOMrrOHeH­

Til ~YHI~ b(t) . 

§ I. BilÓOp MepH oc~n 

)LJm ry8Ta He TOJlDKO 'tlaCTOTHHX CBOítCTB <!JyHl<UHl1, HO H aMIIJll1TY~HHX, 

B pacore li B aaxecrse MepH oCI.U1JI.rJ..HLUill r1'YHKIU.fH f (x) ouna npeztnozeaa 

ue rrpOCTO BemllI11Ha, rrpOnOpIJ.HOHaJ1I,HarI HOpM8 2-ti npoasaonnoã s'rOM eJ!ymt­

rum: , HO BHpaJK8IDI8 

I>
f" (x)

U(x)--_~ (L I)
jJf (a , b) = St 2 (x ) dxFf ~'(x) 

a. 

3.n:eCb B3HaM8Ha'r8JIe CTOHT ,Il)1rIqJepeHI.UIa.JI .n;yrn @JH~. 

BHpaJK8H118 (I. I) .norrycxaer cJIe.IJY1OOtHe 060ÓLQ8HI1JI: 

I) ~ ROMllJI8RCH03HalllioH <lJyH~l1 

g 
~f(a,b)= J f"(X)f":(X) dx (1.2) 

o- 1+f' (x)f' (x) 

fJtn.t:7. .,.;... ~. VHtTlrry'i' iII 

rJa'~~}i,í~:t ":"'_:,1 :':':-'! ilK~1\' 

6~1~JI;"~d I :' ~A 
......-- ---I~__­



rne f':< 11 f":< - g;yHIUJ;llli, KorvrnJIeKCHo-COnpH.lKeHHHe l~ f' 11: f" 

2) npOll3BOJIbHYID CTeneHb 3HaMeHaTe~ 

~ 
f" (x)	 S 2

fAf(x)==	 " 2 j;' , tJf(a,b)== jl. (x)dx. (1.3)
 
~ (1+f ' (x ) / O-


PaCCMOTpliM cosozynaoczi, rapMOH1fl1eCRIDC 'ÍlYHKIUlli texp (- ikX)}, h==o,,,.,oo 

li orrpe.n;eJn1M C nOMOmbIO E1.3) me HHTerpaJIbHhle MepH OCl.(HJI.JI.RWIH na yqacT­

Ke [O, z rrJ: 
2Jr 

J k4 21r.k 4 4-213 
/J -ik (0,21') == --2B dx= 2 J3 "'ck,	 (r. 4)

) e x (1+k ) (1+k ) 
o 

'1'. e. Mepa OC:uI1JI.lliru,l1Íl caaaomzx rapMOIm-qecRIDC W,yHKI.UIM exp (- ikx) npH 

13 ::: I pacrer nponoprraonansno KBa.n;paTY -qaCTOTH k • 81'0T 3aROH MO}KHO 

MeH.lITb, 11:CnOJTh3YH B xaxecrae MepH OC~M sapaseaae (1.3) C J3 , 
2)3/2

OTJllItIHHM OT e.n;HHlliJ;H. B -qaCTHOCTH, KpHBH3Ha f"/(1+f· .l1BJIHeTCH 

~HeMHoM WYHKl.(Hefi rapMOHH"1:eCKott -qaCTOTH. 

PaCCMOTpHM, .n;anee, ceMeMcTBo WYHKqHll, 3aBHC~ OT napaMeTpOB 

cJIe~~ oópa30M: 

x-P
f (x, A, P , W) =Am (----w-) • 

Cnna OTHOCRTCR, aanpaeep, (}YHKIJ;llH 8RcnOHeH:uI1aJIbHOrO TIDla. ,1J,Jm HWC HH­

rerpansaaa Mepa OCI.l;li.~H:H oy.n;eT pasna 

A2 1,2
 

w4 mx x 213-2

A (1.5) 

rv 213-4. 
(1+ lL

2 
m , 2 ) 13 W 

w2 x 

OTCIO.n;a BH.IJ;HO,· -qTO npa 13::: I, Mepa OCl.U1JIJI.m.J;Hll: g)yHKIU1H f (x ) HHBapHaHT­

na OTHOCHTeJThHO "BHCOTH" qlHrypl:l, rpa4;JHK KOTOpOll: H30ÓpaiKaeTCR W,yH~eH 

f (x), a IIpH 13 ::: 2 - OTHOCHTOJIbHO ee "lillipllHhI". 

KOHI~peTHHÍt BhI60p saaxeaaa 13 npa ororasasaaaa .n;amrnx, MO.n;e.T.tDIO xo­
TOpHX CJIYJKaT qJHlil'ITHHe <lJyHro.um, ua xoropae HaJIO.lKeHH oCIUW.JmPYIOIItHe rap­

M01il'I"1:eCKHe myMH, onpe.n;eJIReTCR aHanH30M Ha OCHOBe (1.4), (1.5) -qaCTOT­

Horo COCTaBa nOJIe3HOM H rnyMOBofi KOMITOHeHTU 8TOR Mo.n;e~. Ka-qeCTBeHHHe 

COOóp~eHHR npH 3TOM Óy.n;yT CJIe.n;y~1: ec~ cn~ -qaCTOTHI:lX XapaKT8­

pzcrax y nOJIe3HOH KOMIlOHeHTh1 H myMa cymecTBeHHO pa3.JllilIHI:l, J3 MOJKHO 

cpars nOMelffillIe, aaaso ÓOJIee rro,n;x:o~ OKéUKYTCR ÓOJIbl.lIlfe 13 • 

§ 2. TIocT'poeIDIe dJWThTpa 

liCKOMhIn ~WThTp .n;JIR crJIaJI003a.H.Rff qJyHKIJ;IDl f (t) na OTpe3Ke (t~,t2.) 

rrpe.n;CTaBJIReT COÓOH CJIe.n;y~ 3a.n;a-qy MKHKMH3ar~: nOCTpOHTb no .n;aHHott (.1 

qJyH1<IU'lli f (t) WHKI.I,illO 9 (t) , MMeIDIIijTKl MHIDIMaJThHHe Mepy OC~ H 

2 

paCCTORHHe no f (t) • MaTeMaTHtIecror 8TO BHr.7Ifl.n;HT Ta.K: RallTH M1IIDIMYM 

npa 3a,IJ;aHHOM À:> O " 

S 
t 2
 

g" (t) 2 (2.1)
 

-/:.1 (1+g' (t)2)J3 + lf(g(t) ,f(t) ,t1 ,t2)
 

npn rpaHHtIHI:lX YCJIOBIDIX 

9 (t =f (t ) , 9 (t =f (t , g" (t =0, g" (t =0 . (2.2)1) 1 2) 2) 1) 2) 

MeTpHKa J MO.lKeT Oh1Tb npOli3BOJIbHOfi, B -qaCTHOCTH, ItBa,n;paTHtIeCKofi. 

O,IOiaKO ÓOJIbrrrnH HHTepec npe.n;CTaBJImOT p06aCTHI:le MeTpllKH. 

PaCCMOTpliM npezne scero ~cKpeTHhti1 aRaJIOr aanaxa. MTaK, .n;JIR .n;HCI~-

peTHOM WHro:um f (k) ,k=1 , ••• ,m MhI .n;OJDKHH BHOpaTb )J;liCKpeTHHe aRaJIo­

rH I-H H 2-tt npOH3BO.n;Hofi. Bonpoc o 2-fi npOH3BO.n;HOH pellIaeTCR npOCTO: 

BMeCTO Hee oepeM 2-10 pa3HocTb. CJIoJKHee Bl:lr~T BHOOp .n;HCKpeTHoro 

ananora I-H npOH3BO.n;HOll:. MtI HMeeM TaKHe armpoxcaaanaa I-fi nponaaonnoü: 

f' (i)"",f(i)-f(i-1)	 (2.3) 

f' (i)'--' f(i+1)-f(i)	 (2.4) 

f' (i)'-'" f(i+1)-f(i-1»/2.	 (2.5) 

TIOCKOJThRY (2.5) eCTb cpe.n;Hee (2.3) H (2.4), li TeM CaMI:lM 60JIee crJIam8­

HO, -qeM OHH, (2.3) H (2.4) OOJIbllIe no.n;xo.n;HT .n;JIR TaKHX yqacTKoB .n;aHHHX, 

KaR aepuraas rrHKOB, a (2.5) - MJl ÓOJIee Hl13RIDC no a'\1IIJlliTy.n;e, HO OCl.U1JIJIH­

PYIOIIU1X .n;aHHhIX. 

naJIee, 6h1JI0 rrpoli3Be.n;eHo CJIe~~ee yrrpomeHHe 3q.n;a-qH (2.I). BBe.n;eHo 

rr'OHH'I'He anpaopaoã CrJIaiKeHHO~ o~eHIDl: 9 (i).Ee MOltllO CTpOHTl), Hanpoep, 
u o 

TaK : eCJIH rponxa -qllCeJI f(i-1) ,f(i) ,f(i+1) pa3HRTCR MeiK,IJY cocoã B 

npeneaax 6(i)', TO 9 (i) paBHO ax cpe.n;HeMY (r .e, M.H.K.-OIJ;eHKe), aaa­
o 

-qe, 9 (i) paBHa liX Me.n;HaRe (T.e •. poÓaCTHoH OIJ;eHRe). C nOMO~IO arrpHOp­
o 

HO~ OIJ;eHI~ 9o(i)OI:lJIa ynpOmeHa 3arrMCb Mepl:l oc~M, a B Ka-qeCTBe 

pooacTHoH MeTpHKl1 B (2.1) Ól:lJIa HCnOJIb30BaRa B3BellIeHHaH KBa,n;paTHtIeCKaH. 

OROWIaTeJ1l>RO .n;HcKpeTHHll aRMOr (2.1), (2.2) BhIrJIH.D;eJI TaK: Ha}tTH MHIDI­

~ 

m-1 11'\L. 9" (i) 2' 
+ .i\RLW(i) (g(i)-f(i)')2 (2.6)
 

i= 2 ( 1+g I (i) 2) B i=1
 o 
npH rpaR~HUX YCJIOBHRX 

g(1)=f(1), g(m)=f(m), g"(1)=O, g"(m)=O. (2.7) 

Beca CJIe.n;yromnrvr oOpa30M:-. CT:i~Cl I, ec~ Igo(i)-f(i)l~c(f(i) 

1	 (2.8)
\ go(i) -f (i li' HHa-qe 

3 



n-~ 

~'aKTOp R BBe,I(eH ,IVlH HOpi..rnpOBKI1. OH paseu L (1 +g' (i ) 2) B/ t w. 
. i=2 o i=1 l' 

Be.ill!1J:HHh! () ( i) Bh.rqUCJIJI.JJJiCb I{aK KOpHU KBa,IWaTHHe 11:3 f ( i) , T. e. 

nporpareaa ROBÚS opaearapoaaaa na craazaaanae )];aRHhIX nyacconoacxoro TH­

na,Ho,paSYMe8TCn,CaM M8TO,I( H8 SaBl1CRT 0'1' B~óopa norpeillHoCTeR ~8HHHX. 

.r3eJIWIHHa ). C1J:~1TaeTCH aanaaaoã. OHa peryJll'IpyeT crenens croraaaea­
HIDl H onpe,I(eJI5I..eTCH c nOMO!IU>IO TeCTOB. EJIarO,I(apH BOSMOiKHOCTM C,I(eJIaTl> Me­

py OC~MJI~M HHBapuaHTHofi OTHOCHTeJIbHO paSJll~HHX rrpeoópasoBffintid ,I(aH­

axx H aopanpoaxe 'l.18pes R /.i\ MOJJiliO B1lÓpaTb TaK, 'lTOÓI:l OHO rO.n;MJIOCb 

,I(Jffi 01J:eHb õom.moro xpyra ,I(aHHI:lX. 

KB8,IJ;paTWIeCKan MeTp}!Ka c BeCaMM (2.8) ÓJIl1SI{a no CBORCTB8lvf K MeTpH­

Ke Xl>IDdepa /2/ U OdJIa,n;aeT CXOAHHMH pOÓaCTHIDAI1: CBoHcTBa~. 

§ 3. Bh!tIHCJll'ITeJIbHM cxeMa 

YpaBHeHHe ,I(JIJI nélXOili,Il;eHIUI MHIDiMYMa (2.6) rrpa orpaameamzx (2.7) 

liMeeT B1UJ,: 

e (i+1 ) g" (i+1 ) -2e (i) g" (i) +e (i-1 ;g" (i -1) +)W (i) g (i) =);W(i) f (i), (3. I) 

rne e(i)=1/(1+g~(i)2)13 , ~=;VR" 

CpaBHllBM (3.1) C COOTBeTCTBYIDmMM ypaBHeIm8M B p~60Te /1/, MH na­
.IU1M, 1J:TO OHO OTJIHlIaeTC' TOJIbIW MHOJKeCTBOM W(i) npa ). • OTCIQIJ;a JIerKO 

nepenHCaTb ~OPM,YJIH MS l/ TalUlM OÓpaSOM. ~ KO~~eHTOB MaTpH1IHOM 

nporoaxa 

Pi=Ai Pi+1+Bi (3.2) 

rne Pi ecrs neKTOp (g (i) ,g" (i» , A i - M8TpIDJ;a paaaepon 2 X 2, B i ­

BeKTop.paSMepor~2, IDãeeM 

a~1=d~1, a~2=d~2, a~1= d~1, a~2=d~2, a11=a~2=a~1=a~2=o 
1 1 1 1 1 1 1 1 111 

b~ =d~1b~ 1-d~2(ÀW(i)f(i)-e(i-1)b~1)/e(i+1) , b 1 = f (3.3)
1 1 1- 1 1- 1 o 

b 2 = d ~ 1b ~ 1-d ~ 2 ().W( i) f (i) - e ('i -1 ) b ~ 1) / e ( i + 1 ) , b ~ = O
1 k.1 1- 1 1- I 

rne di] ôJIeMeHThl MaTplID;hl, OÓpaTHOM K 

2 - 11 1 - 12)a i- 1 a i- 1
 

( -(e(i-1)a~11+)W(i»/e(i+1) (2e(i)-e(i-1)a~21)/e. 1

1- 1- 1+ 

CHalIaJIa BU1IHC~TCH npOrOHOlIfrne KO~eHTI:l no (3.3), saTeM no (3.~) 

nOJlYlIaeTCJI .perneIille (g (i) , g" (i) ) 

§ 4. ]OKaJIbHHH·poóacTHHH llRRbTP 

JIokaJIbHHH /ÍlI1:JIbTp OIII1:CaHHOro rana rrponte acaro crpoaroa no peKYI>cBB­

Hofi cxeMe ~JIR 5 TOtIeK. CHCTeMa ypaBHeHKtt)];JIR onpe,I(8JIeHHH g(i+1) ,g(i), 

g(i-1) npH HffiUeHHoM g(i-2) H g(i+2)=f(i+2) lIMeeT BH,D;: 

} 

(4e (i+1 ) +e (i) +).W(i+1 ) ) g (i+1)-2fe(i+1 ) +e (i) ) g (i) +e (i) g.( i-1) =).w (i+1 ) f (i+1 ) + 

+2e(i+1)f(i+2) j 

-2(e(i)+e(i+1»g(i+l)+Zig(i)-2(e(i)+e(i-1)g(i-1)=ÃW(i)f(i)-e(i+1)f(i+2)­

-e(i-1)g(i-2)j 

e (i) g (i+1 ) -2 (e (i) +e (i-1) g (i) + (e (i) +4e (i-1 ) +31w (i-1 »)g(i-1 ) =Àw(i-1 ) f (i-1 ) + 

+2e(i-1)g(i-2), r,I(e ~=(e(i+1)+4e(i)+e(i-1)+Ã) 

~a CHCTeMa npome BCerO pemaerca OÓpameHU8M MaTprrIJ;bl 3-1'0 nopamca, 
3aTeM i C,I(BHraeTCJI aa I (ecna TOJ1l>KO g ( i -1) ,I(OÓa.B.lli3:eTCH K peuemno) , 
na 2 (eCJIH .n;06aB.JIffeTCH g (i-l) JiI g (i», na 3 (eCJll'I ,n;OÓa.BJImOTCH sce rpa 

tI 

,J! 

tIMCJIa) • 

§ 5. (j)HJI])TPaI.IWI ÓOJIbIIIHX MaCCHBOB lraRIlliX 

TaK KaK OITHCaHHHH ~Tp Tpe6yeT B OÓmeM cJIy1Iae 8 MaCCHBOB ,I(JIH 

xpaHeHIDI HCXO,IJJIHX ,I(aHHHX, Be.Jll:IlmH e (i) li npOrOHO'tlHHX namurx, KaJ!í,IUiI1: 

paSMepOM In lfli{CeJI, TO npa 60JIbIIIHX In BOSH1lK8IOT CJillllIKOM ÓOJIblIllle rpeoo­
BaHIDI K 06'beMY rrawrrH 313M. 

Ue~ec006paSHO pasÓHTb TaKHe ,I(aHHHe na MaJIH8 rpynnR rr oópadaThlBaTb 

Ka.lK,Ily1O rpynrry OT,IJ;eJThHO. KaK nOK8SaJIl'I TeCTOBbIe rrCIIHTaHIDI, npa ::iTOM rca­
"qeCTBO /ÍlHJIbTpronm IIpH ll»mCHpOBffimOM fi MOJKeT YXY,I(lllliTbCH Jll'IIlll> aa C'tleT 

HapyIIleHIDI M8CIDTa6Hofi (l:IJIH urn:pmmoí1:) HHBapUaRTHOCTH cPHJIbTpa. Do zaoe­
zaaae SToro peKoMeH.ItYeTC.ff BlltrnCJUlTb .tP.81<TOP R ,I(JIJI sccx zramrsx II craa­
JlmBaTb ,I(a.HHHe c TaKliiM 06JItIiIM ~ scex rpynn R. 

§ 6. MHoroMemme o606meHM 

~~Tp M~eT 6I:lTb oó06~eH Ha MHOrOMepIllill CJ~aM c~e~IDmRM oópa­

SOM: ECIDI f <k ) , k - BeKTOp lUmeKCOB paSMepHOCTH n ,H go (kJ - arrpn­
opaaa onemea crJl8lKe:HHI:lX .n;aRHHX, TO Mepa OCIUi.JI.JIm..Uffi W'HRImH n apry­

MeHTOB B 06JIaCTR A CTpOHTC.ff TaK 

fk2k(k~ + (k ) ... +fk k (k ) f k
2 

k 
2 

~ (A) =L 1 
f [H~A'(1+fk 

.:11 

3.n;ecl> k i - i 

MeTplma B 

(6.1)1 2 2. n n 
(X)2+f ' k (x)2+ ... +fk (x)2)J3 

2 n
 

-aR: KOM1IOHeHTa BeKTopa k ".
 

(2.6) OCTaeTCH HeHsM8HHOM, Jmillb apryneur i saMeIDI8TCJI 

na MHOrOMepmdí ]C. 

MHoroMepRRfi ~~Tp Tpe6yeT O'tleHb Óo~rnyro BcnOMoraTe~HYID naMHTD 

JI)J.íI XpaHeHIDI npOMeJBYTOtIHHX pesyJIbTaTOB. I{OMIIpOMHCCHHMH BapHaRTaW óy­

JJYT c~e.IiYIDIlUle: 

I) cr~8JKKBaHHe c rrOMOlItbIO <lJWThTpa (2.6) no KaJii,II;OH KOOp,I(1lHaTe O,I(Ho­

MepHI:lX ce"qeJIH:A: ~JHKIUfiI f (Ie) nocnsnoaarezsao llJll'I no KaROM,Y-JmÓO ztpyr'o­
MY SaK0HY; 

2 ) nspexon K JIOKaJIl)HH:M' q>HJThTPaM. 

I1p1ffie.n:eM npHMep ~OKaJIbHOrO <pWIbTP9 ,IJ.JIR: ,I(UCKpeTHoM W'HKIJ;ID1 ,IU3yx 
8p~~eHToB f(i,j). 

4 . 5 
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L § TeCTlmOBaIrne aJIrOpRTMaMepa oc~tt B ~YMepHOM c~ae BHr~T TaK: 

fi f (A) = L (f ': ~ (i, j ) -r: ~ (i, j ) ) 1 ( (1+f I. (i, j ) 2+f ~ (i, j ) 2) B 11 ITocKOJIbEY npeHMYmecTBa OTIRCaHHOrO WRJIbTpa rrepe,IJ; OÓH'tlHHMH 'tIaCTOT­
i,j €A 11 JJ 10 JO : ,~ HHMlI Ó.blJIR noxaaaaa ente B paoore /1/, n;8JIbIO TeCTOB ÓHJIO CJIe.nY1Cm~ee: 

npa HaJrn'tlllli arrpnopaoâ onenxa f O (i, j) CrJIaJKeHHo:lit cIJyHRU;IDI. IIpHBe,IJ;eM 

rrpHMep peKYPCHBHOrO 5-TO'tle'tlHOrO JIOKaJInHOrO ~HJIDTpa. IIycTb BH'tl11CJIeH, 

KaK 11 B O,IJ;HOMepHOM CJIy'tla~rJIoÓaJIbHHll WaKTOp R ~ Bcefi.cIJyHKI.J;HH 

f (i, j). TIepBblH mar - rro.rryqeIrne craaaeaaax rpaIDítIHHX TIpR i=1 :vI j=1 

3Ha'tle~ JIM60 RS TeOpeTR'tleCKHX coo6paJKeHRtt, JIMÓO c nOMOmbID O,IJ;HOMepHblX 

rJIOÓa.JI1lHblX ~HJThTpOB (2.6), (2.7). 3aTeM no BWIRCJIeHHHM 9 (i-,1 , j) R 

g(i,j-1) H f(i+1,j) 11 f(i,j+1) BHtIRCJIR:eTC.fI CrJIaJKeHHOe SHa'tleIm8 

g(i,j)TIO ~OPMYJIe: 

aW(i, j ) f (i, j ) +g (i -1 , j ) +g (i, j -1 ) +f (i, j +1 ) +f, (1+1 , j ) g(i,j)= 
4+aW(i,j) 

r,IJ;e À(1+(9~(i+j,j)-9~(i-1,j))2/4+(90(i,j+1)-90(i,j-1))214 
2R 

. . f r , ecza Igo(i,j)-f(i,j)1 <... õ(Lj)
W(l,J)= 1 

,- -,-( .,- '. -..07)-_-=f""-("-'-'·C'7')-1 l'IHa'tIe.go 1,J 1,J 

13 xasecrae go (i, j) MOJKHO õparr., narrpaaep I Me,IJ;HaHY RS 'tfiIceJI 9 (i-1 , j) , 

9 (i , j -1), f ( i , j) I f (~ , j +1.) , f ( i+1 , j) HJlli rrpRÓJIIDKeHHYID Me,IJ;HaHY, 

Orrp8,IJ;8JIH8MYID,IJ;~ 'tlHC8JI TaK:a i,i=1, ... ,n 
n 

Mia.} = (La.-maxta.~ - mintaJ)/(n-2)
1 i=1 1 i 1 

§ 7. OITMCaHlle TIQorpawAbl 

OÓpam8m18 K rrporpaMMe IDJeeT BR,IJ;: 

CALL ROBUS(SA,M,SB,SD,RR,RMODE,BET,UR) , r,IJ;e: 

SA(2M) -'MaCCRB RCXO,IJ;HblX ,IJ;3HHHX ,IJ;XHHO~ M 'tlRceJI; 
SB (2M) - paõoxaã MaCCHB; 

SD(4M) - pa~O'tlRn MaCCHB, rrOCJIe WHJIbTpan;KR SD CO,IJ;e~T peSYJIb­
) TaT craazaaanaa M 'tlRCeJI ;

RR - A 

(O - CTpORTC.fI arrpROpHaH ~HKI.J;H.fI go(t) TaK: CHa'tlana ÓepeT-

C.fI CKOJIbS.fImaR Me~aHa, saTei OHa CrJIamnBaeTC.fI C no­

RMODE 
MOmPID ~RJIbTpa 4-n pasHocTR 4/: 
go (t) = (12 (g (t+1 ) +g (t-1 ) -3 (g (t+2) +g (t-2) ) +17g (t) ) 135 

3aTeM no go(t) CTpORTC.fI Mepa OCI.J;HJIJIffUHn R ,IJ;anee 

wnJIbTp paÓOTaeT no onncaHHOn B paÓOT8 cxeMe. 

I - B Ka'tleCTBe peSYJIbTaTa BH,IJ;aeTC.fI go(t) 

2 - ~ rroCTpOeHRH M8pH oCUR~URn 6epeTC.fI Sa,IJ;aHHaR B 

BET = B 
MaCCRBe SD WHKI.J;H.fI 9 ( t) . 

UR c (B <l>oPMYJIe 2.8) 
6 

~J 
1) rroKasaTb na ,IJ;áHHhtX rryaccoaoacxoro rnna, conepxamnx "B.blÓpOCH", 

paõcry WHJThTpa; , 

2) rrpoBepRTb HeKOTOp.ble CTaTRCTM'tleCKMe xapaKTepRCTRKM .naRHOrO 

clJRJIbTpa.)
•

~ PesYJIbTaTH TecTRpoBaHHH rrpRBe,IJ;eHbl B TaÓ~e 

Paocry rrporpaMMbI HJIJIIOCTpJl[PyeT ~HCYHOK.~ . 

I
:1
>, 

RpeCTHKaMH 0603HaqeHH HCXO~HHe ~aHHHe, HenpepHBHo« JIHHR8H - ~rJI~8H­

HHe. BH~HO, qTO ~HXbTp He pearHpyeT Ha rpy6He BH6poCH, nOQTH He 

HcnpaB~fleT nHKH H B OCHOBHOM cr~~HBaeT nnaBHH~ yqacToK ~aHHHX. 

Ta6~Hua 

B Ta6~Hue npHBe~eHH CHaQ~a ~H ~aHHHX 6e3 BH6poCOB, a 3aTeM 

~~fl Tex Me ~aHHHX c BH6pocaMH:
 

! C1,C2,C3 - cpe~HHe 3HaQeHHH Ha Tpex noc~e~OBaTe~bHHX yqacTKax
 
I 

MO~~H ~HCKpeTHoro npeo6pa30BaHHH ~YPbe;
 

SM - Be~HqHHa, xapaKTepH3~aH r~~KOCTb ~aHHblx - cpe~flfl KPH­

BH3Ha; 
I DE - cpe~eKB~paT~Hoe OTK~OHeHHe OT HCXO~HblX ~aHHblX; 

ll~ VAN - HOpMHpOBaHHoe cpe~eKB~paTHQHOe OTK~OHeHHe OT ~HHHH, fl~flID­

t 
~eRCH MaTeMaTHQeCKHM O~H~aHHeM ~aHHblX; 

VAUN ~ HeHOpMHpOBaHHOe TaKOe ~e OTK~OHeHHe;

\1 c - cpe~ee 3HaQeHHe HOpMHpOBaHHOrO OTK~OHeHHfl OT HCTHHHOR ~HHHH. 

7 



3TH BeHHqKHN npHBe~eHN ~ffH HCXO~HHX ~aHHHX, ~H OT~HHbTPOB8HHHX C 
nOMOlI\blO rpliffbTpa ROBUS Ii ¢HJlbTpa 4 paSHOCTH (JIORS.1I&HO-perpeccldoHHoro). 

SM DE VAN VAUN C 

IiCX. .77 .16 .07 72 0 II.4 5954 .27 
ROBUS .SO .16 .04 0 1382 5.6 4138 .30 
4 paSH. .S3 .I4 .02 . SI I672 4.9 2596 .34 

c	 SM DE VAN VAUN C1 	 c2 c 3 

IiCX. .54 .22 •24 4S77 0 601.7 124~4 4.67 
ROBUS .79 . I6 .05 0 II7847 5.8 4623 .2 
4 pasH ••69 .22 .OS 16 37672 295.0 6II75 4.74 

KO;,lMeHTapIDi K Ta6Ju.ma 

BH~HO, qTO BN6poCN CHHbHO CM9lI\Il~T cneKTp ~Pbe B CTOPOK,Y Bepx­
HHX qaCTOT: OT (.77, .16, .7) K (.54, .22, .24), Hapyma~ peSKO rH~­

KOCTb, T.e. cpe~H~1O KPIiBKSHY: OT 72 K 4677, pesKo YBeHWQHBanT cpe~Ke 
~HcnepCHIO Ii OTKJlOHeHKe. 

3noKasoB B.B. \ PIO-86-764 

ROBUS - nporpaNMa ADS po~acTHOro crnazHBaHHR 

~CKpeTBHX A~ c TpeHAaMH peSOHaHCHOrO THD& 


ODHcaH crnazHB~ 4mJJ::bTP cnnaAHoBoro 'l'HDa. cOxPaHll:lllllUd DB­

KH H HeqyacTBHTenbHNA K OTAenbHWM BHOpOC8M. ana AHCKpeTHoA 
4JyH~HH g(k) ee .crna:a:euHbIA BapHaHT s(k) MOlKHO HdTH KaK p-.eHHe 
S8,Aa'IH: MHHHMHSHpOBaTb 
m-l . 2 

.. 

1: 	 81 S"(I) + >..p (s(i).g(i). i - l •••• tm• -1-·8 

rAe 81 - Nepa o~ c)yHJCqHH g(k) • 81 - I' (1 + g' (1) 2) II 
S" • g , . - BTOpU H nepaaR paSHOCTH 41YlflCQ,HA 8· H· g • P - polSac..... 
HaR NeTpHKa. 

Pa~oTa BHDOHHeHa B ~a~OpaTOpHH B~cnHTenbHoA TexHHKH H 
aBTONaTHSaQHH OHBH. 

Coo6meDe ~eBHoro B1IC'l'RtYT& lrAepRIIlX HCCJJe,IlOIWlJIi• .Ib'fiHa 1986 

ITPIi 3TOM ROBUS 06eCneQHBaeT OnTKMllnbH~ rJla~KOCTb: MeHbme e~H­
HHUN B cpe~eM, coxpaHHeT cneKTp ~Pbe nOqTH HeqYBCTBHTeJlbHNM K Bu6­

pocaM K 06eCneQliBaeT M1iHHMllJIbHOe HOpMlipOBaHHoe OTKHOHeHHe. MeHbmaH 

cpe~HHH ~KcnepCKH Y ipHHbTpa 4-~ pIlSHOCTK 06~HCHHeTCH TeM, qTO ROBUS 

COXpaHHeT nOQTK HeKSNeHHNMIi nKKH. r~e ~KcnepCHH MaRCHMllnbHa. Ho saTO 

ROBUS crHSXHBaeT nHaBH~ qaCTb ~aHHYK SHaQKTeRbHO Hyqme, qeM !PIiJlbTP 

4-~ paSHOCTIi. PeSYJlbTaTN cpaBHeHIiH C ~rliMH ¢HJlbTpaMH: ~Pbe. qaCTOT­ UepeaoA O.C.BHHorpaAoBoA 
HNM Ii 2-A npOH3BO~HOA He npHBe~eHN, TaR KaK xapaKTepHCTHKIi 3TKX ¢HHbT­
pOB HaMHOrO x~e, QeM xapaKTepHCTKKK ¢HJlbTpa 4-A paSHOCTH. 
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Zlokazov V.B. PIo-86-764 
ROBUS - A Program for Robust Smoothing 
of Discrete Data Containing Resonance-Like Trends 

A smoothing filter of the spline type is described. which 
saves peaks and is not sensitive to the single outliers. s(k) -
a smoothed match to a discrete function g(k) is searched for 
as a solution of the problem: 

m-·l -
minimize 1: 8I S"(i)2+ >"p(S(i).g(l». i ... l ••••• m. 

1-2 

where 81 is an oscillation measure of the function g(k) • 81­
- I' (I + g' (i) 2). s" , g' are the second and the first diffe­
rences of functions ~ and g. and p is a robust metrics. 

The investigation has been performed at the Laboratory of 
Computing Techniques and Automation, JINR. 
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