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BBE)lEHHE 

K 4HCIIY B8*HeHWHX H8 npaKTHKe CHTY8~Htf, rAe B03HHK8eT He-

06XOAHMOCTb $H!lbTp8~HH A8HH~X, MO~HO OTHeCTH CfleAY~He! 

A. BpeMeHHOH PRA f(t) /a saAa4ax aHa.n1-1aa CKpbJTbiX nep"!-

OAHH04HOCTeH 8CTpOHOMHH, reo~J.13HKe, reo.norHH J.1 T.A., B 38Aa-

48X ¢aKTOPHOrO 8H8!1J.138, pewaeMbiX C nOMO~b~ HCCfleAOB8HHR cneK­

Tpa MOI!tHOCTH PRA8 J.1 T.A./ npeACT8BnReTCR B BHAe T8KOtf CyMMbl: 

f(t) ~b(t) +n(t), t~t0 , t 1 , ••• , t
0

, /1/ 

- HeCT8~HOH8PHbiYi 8 o6uteM C!ly4ae TpeHA, n(t) - CTQ-

X8CTH4eCKHH CHfH8!1. 

B HacToRmee epeMR o4eHb xopowo paaBHTa TexHHKa BbiAeneHHR 
n(t) AIIR CJlY48R CT8LtHOH8PHOf0 b(t) /lfliiVf n.riaBHO MeHRK>ll.tero­

CR//1,2/, HO 3H84HTe!1bHO X~e Ae!lO 06CTOHT B CIIY48e cymecT­

BeHHO HeCT8LV10H8pHOrO b(t) , oco6eHHO AIIR b(t) nma peao­

H8HCHbiX ¢YHKU,HH. 

6. Peay.nbraTbl Ha6niOAeHHH ~H3HI.IeCKio1.X KPHBbiX f(t) /cneKTpbt, 

Ce'-leH\M~ peaKQHa:1 H T .p,./ $0PMBJ1bHO MOryT f'ibiTb npeP,CTBBJleHbl S 

BHP,e CyMMbt: 

f(t) ~ b(t) + p(t) + n(t), t ~ t0 , ... , t
0

, /2/ 

rp,e b(t) H n(t) - COOTBeTCTBeHHO HH3KQ- H BbiCOKOI.IaCTOTHble 

noMeXH HB6J111)AeHHft, p(t) - HH~OPM8THBHBA KOMnOHeHTa. 3p,eCb 

aap,a1.1a BbiAe.neHHA p(t) H3 f(t) OC.nO)I(HeHa TeM, '-ITO rp8Hl1Qbl 

48CTOTHbiX HHTePB8J10B, HB KOTOPbiX onpep,e.neHbl b( t) , p(t) H 

n(t) , He ~HKCHPOB8Hbl, a AOBOJ1bHO CHJ1PHO p83Mb1Tbl, TBK '-ITO B 

npHHQHne B p(t) MOryT 6b1Tb npeACT3BJ1eHbl /XOTR H C pa3Hb1Mio1 

eecaMH/ ace 4aCTOTbl /HanpHMep, ec.nH p(t) - rayccHaH, TO PRA 

<!lypbe OT. Hero no TBKOH CHCTeMe, KBK, HanpHMep, COS kX, He 

cop,ep)I(HT HH op,Horo Hy.neeoro K03~H~.tHeHra/. Sap,a1.1y p,eKoMno-

3H~HH f(t) MO)I(HQ pewaTb C nOMO~blt) TeXHHKH perpeCCHBHOrO aHa­

J1H3B, OP,HBKO He AJ1R BCeX P,8HHbiX yp,aeTCR ycneWHO CTpOHTb $yHK~ 
LtH~ perpecCHH c npHeM.neMbiM 4HCJ10M napaMerpoa. KpoMe roro, p,.nA 

TeX c.ny'-laea, KOrp,a T8K8A ~YHKLtHA cy~eCTeyeT, 8BTOMBTH38~HR 

o6pa60TKH 60J1bWHX nOTOKOB HH$QPM8QHH p,e.naeT 8KTy8.nbHOH KBK 

paa aap,a1.1y aeroMaTH4eCKoro nocrpoeHHR aroH ~YHKQHH, p,.nR 1.1ero 

Heo6xop,HMO npep,eapHTe.nbHOe nop,aa.neHHe /xoTR 6bl npH6.nHmeHHOe/ 

b(t) H n(t) . 
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f(x) HMeeTCR TaKme MHOro APYrHx 
3BA84, rAe Tpe6yeTCR TO HilH 
HHOe Cri18~HB8HHe A8HH~X H /HJlH/ 
ycTpaHeHHe TpeHA8, npHMeHReMble 
AflR peWeHHR nepe4HCileHH~X 38A84 
onn1M8JlbHble LI,I·14>POBble ¢HilbTpbl 
BHHeposcKoro THna /csepTKI-1, 
p83HOCTH H T.A./ HMeiOT BbiCOKYKl 
3~eKTio1BHOCTb IlHWb B CT81...\Io10Hap­
HbiX HJlH cna6oHeCT81...\HOHapHbiX 
CJ1Y48RX H He rOARTCR AnR Clo1IlbHO-
HeCT81...\Io10H8PHbiX CilY48eB /Ha-

PHc.1. Oc~HnnHPY~~aA 
(flyHKI...\a.iR. 

npHMep, eCilH TpeHA HMeeT peso­
HBHCHy~ CTPYKTypy/, T8K KBK 
BHOCRT CilHWKOM 60J1bWio1e HCKame­
HHR B pe3yJlbT8T $HilbTP81...\Hio1. bo-

nee MOiltHbiM ¢H1IlbTpOM RB.nReTCR 
Ca.iT HeAOnyCTHM~e HCKa*eHI-1R 8 

cnnaHHOBbiH ¢HilbTp, HO H OH BHO­
HH~PM81...\Io10HHY~ KOMnOHeHTy /noA-

pesaHHe sepwHH n1-1Koe, sarnamHBBHHe snaA1o1H H APYrHx lo1HTepecHbiX 
AeTaneH CHJlbHOHeCTa4HOHapHOrO TpeHAa/. 

MeTOA, H3naraeM~M a AaHHOM pa6oTe, 6aaHpyeTcR Ha cneAY~~Hx 
HAeRx: 
1/ BBOARTCR noHRTHR Mepbl OC4H1111R4Ha7J H Mep~ H3MeH4t.1BOCTH At.1C­

KpeTHbiX ¢yHK4HM; 
2/ KoMnOHeHTa b(t) /a aaAa4e /1/ I abiAenAeTcA Ha ocHoae Tpe-

6oeaHHR: nocTpOHTb ¢YHK4H~, noeTopR~~~ rpy6~M KOHTYP 
¢yHK4HH f(t) , HO 6e3 ee OC4H1111R4HM, A11R 4€rO CileAyeT MH­
HHMH3HPOBaTb Mepy OC4H11nR4HM HCKOMOM ¢YHK4HH H OAHOBpeMeH­
HO ee paCCTORHHe OT ¢YHK4HH f(t) ; 

3/ KoMnoHeHTa b(t) /a aaAa4e /2/ I abiAenAeTCR Ha ocHoae Tpe-
6oeaHHR: nocTpOHTb ¢YHK4H~, CHH3y OrHfia~~y~ rpy6b1Jit KOHTyp 
¢yHK4HH f(t), HO MeHRIOUlYIOCR 6onee nnaBHO, 4eM f(t) , AflR 
4ero cneAyeT MHHHMH3HPOBaTb Mepy H3MeH4HBOCTH HCKOMO~ 
¢yHK4HH H OAHOBpeMeHHO ee COOTBeTCTBY~~HM o6pa30M B3BeWeH­
HOe paCCTOAHHe OT <!>yHK~~H f(t) , 
TaKHM o6paa0M, 3TH ¢HnbTp~ HCnonb3YIOT He TOilbKO 4aCTOTHble, 

HO H aMOfiHTYAHble xapaKTepHCTHKH AaHHbiX, 4TO nOBbiWaeT HX 
rHfiKOCTb H yMeHbWaeT BHOCHMble HMH HCKa*eHHR B pe3ynbTaTbl 
$HfibTpa4HH. 

§ 1. MEP~ OCUH~~RUH~ H H3MEH4HBOCTH <I>YHKUH~ 

PacCMOTPHM cHa4ana HenpepbiBHb1171 aHanor 3THX Mep. BHayanbHo­
My BOcnpHRTHY.) 6biCTpOi:1 CMeHbl HanpasneHHR OC4H1111HpyiOlqeJ1 KpHBOJit 
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/pHC. 1/ COOTBeTCTByeT 6~CTPBR CMeHa 3HBKOB H HOpM~ 1-H npoHS­

BOAHOH ~yHK~HH 3ToH KpHsoH. C APYroH cTopoH~, cpaaHwBaR ABa 

y4aCTKa KPHBOH, Ha KOTop~x 1-R npOH3BOAHaR npeTepneeaeT OAw­

HaKoB~e H3MeHeHHR, M~ CKnOHH~ C4HTBTb 6onee 6~CTpO OC~HJlllHPY­

~HM TOT y4BCTOK KpHaoH, KOTOp~H HMeeT MeHbWY~ AflHHy. no3TOMY 

BnOnHe ecTeCTBeHHO B~6paTb B KB4eCTBe Mep~ OCUHflflRUH~ ~YHKUHH 

HB MBilOM HHTepeane {:r., X + 6-:r.) OTHOWeHHe H3MeHeHHR 1-H npOHS­

BOAHOH K AJlHHe ee KPHBO~ Ha 3TOM HHTepaane /pHC. 1/: 

c(x) - -;r--;'(':;':x,_+;::;~x:;;;)c.,-,--r '(x) 
L (f( X +~X) ,f(x)) 

/1.0/ 

YMHO>KHB 4HCilt-tTenb w SHaMeHaTe.nb a C(x) Ha 6-:r. w nepeXOAR K 

npeAeilY npH .6.x .... 0 , nony4HM n!lOTHOCTb 3TOH Mepbl: 

() 
. -( (f'(X+~X) -f'(x))·~X 

ex =limcx)=l!m = 
~z40 ~x..O ~X •L(X ,X+~X) 

=lim r '(x +~)-! '(x). -...,---1_..,-- f" 

~ • ..o ~X L(X,X+~X) 
~X 

y'l+f'(x)2 

1-iHTerpanbHaR Mepa ocuwn.nRuwA ~YHK~HH Ha oTpesKe I x 1' x 2 } 

onpeAenReTCR TaK: 

x2 x2 

p(x 1,x 2) = fc2 (x)dx = f 
X 1 X 1 

PaccMOTpHM csoAcTBa Mep~ /1.3/: 

/1.2/ 

/1.3/ 

a/ Mepa ~ HHBapHaHTHa OTHOCHTeJlbHO npeo6pa3oeaHH~ ~yHKUHH 

f(t) THna 

f(x) ~ f(x + T) + C, 

6/ nycn f(x) = Pn (x), 
/lilA Hero /nonaraR l x1, x 2! 

T - nepHoA; 

T.e. RBJlReTCR nOilHHOMOM CTeneHH n. 

. paBHbiM l-rr ,+rr l I HMeeM 
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CAenaa aaMeHy z = e ix 
YIMeeM 

Y1 npYIHYIMaR 80 BHHM8HHe, 4TO dx=~ 
iz 

1'(-",u·) = Re! f 
I zl =1 

noAbiHTerpa.nbHOe BblpameHJ.II€ HMeeT 2n -1 no.niOCOB: B T04Ke 0 1-1 

B KOPHRX ypaBHeHHR p ~ (z) = + /~y -1. 
!z i I . TorAa, no TeopeMe Kow~t~ 13/, 

/1.4/ 

OrpaHYI4~t~MCR cny4aeM, KorAa ace z 1 G[-rr,+rr]. YeM 6o.nbwe He­
KpaTHbiX KOpHeH ~o-~MeeT MHO)!(eCTBO lz 1 I /T. e. 4eM 6onbwe oct.t~o-~n­
.nHpyeT nOilHHOM Pn/, TeM fiOilbWe 4Il€HOB B CYMM€ B /1.4/ H, 
cneAoBaTenbHO, TeM 6onbwe 3Ha4eHHe I . AHa.norH4HOe paccMoTpe-
H~t~e ¢YHKLV1H f(x) = sin(kx) yCT8H88JlHB8eT Ty >Ke 38BI-1CHMOCTb 
'/lOTk. 

H3 8H8IlH38 3THX CBOV!CTB Cil€AY€T, 4TO BBeAeHH8R TBKHM o6-
P830.M Mepa RBilR€TCR BnOilH€ 8A€KBBTHOJ':t H8WI1M YIHTYYITYIBHbiM npeA­
CT8Bil€HVIAM 06 OC4HililR411RX. AHailOrV14HO BBOAHTCR nOHRT~e Mepbl 
!t13M€H4HBOCTYI ¢yHKLtHYI, KOTOpyiO Mbl onpeA€Il!t1M K8K OTHOWeHHe npl-1-
pa~eHHR ¢yHK4HH K Aili--IHe npHpa~eHHR apryMeHTa: 

d(x) =(f(x+~x) -f(x))/~x. 

nnoTHOCTb 3TOVI MepbJ Mbl nony4HM, nepeXOAR K npeAe!ly npYI 8x-.0: 
d(x) =f'(x). /1.51 

HHTerpanbHY~ Mepy H3M€H4HBOCTH onpeAenHM aHanorH4HO /1.3/: 

•• 
f d(x) 2dx. 

'1 

Cao~cTaa /1.6/: 

/1 .6/ 

a/ HHBapHaHTHOCTb npH npeo6paaoeaHHH f(x)..,. f(x +T) + C, T"" 
nepHoA; 

6/ ecnH f(x) = const, ~ ~ 0 ; AnR f(x) =ax+ b 

4 

T.e. Mepa /1.6/ TO)!(€ BnOilH€ 8A€KBaTH8 HBWHM 
npeACT8Sil€HHRM 06 H3M€H4HBOCTJ.1 ¢YHK~HH. 

2 TJ =a ·const, 
HHTYHTHBHbiM 



§ 2. <POPMYnHPOBKA BAPHAL\HOHHbiX 3AAA4 

HMeR MePbl I 1 . 3/ 1-1 I 1. 6/, Mbl MO>I<eM nocTpm1Tb lr1CKOMble Cl>J.~~IlbT-

pbl KaK peweHio<1fl saplo181..li40HHblX 38A84. nyCTb f(x) - 3KCnep~r~MeH-

T8IlbHO nony'-leHH8R ¢yHK1.1HR Ha OTpe3Ke !x 
1
,X 

2
} , 

A. ¢yHKU.I-110 g(x) - peaynbTaT crna>tn1eaHI-1R f(x) , T .e. 

yCTP8HeH\.1R H3 noc.ne,qHeH BbiCOK048CTOTHbiX OCU,HllJlflll,l-1~, - Mbl no­

I1Y414M K8K peweHir1e cne,qy~eH 38A84H: H8HTH $yHKU,Ir1~, 6Jllo<13KY~ 

K f(x) B CMbiCile J.1HTerpaiJbHOi1 MeTpHKH 14 OAHOBpeMeHHO J.I!MeiO"'YIO 

M\r1H\r1M8IlbHY~ Mepy OCU,HllilRLIHH. 

MaTeMaTH4ecKaR ¢opMYI11r1POBKa aToH aa,qa41r1 rnacJ.~~T: 

'2 gn2 x2 
min I f .....:..:· '--::-dx + A f (g(x) - C(x)) 2 dx l 

xl 1+g'2 xl 
12.01 

np~;~ rpaHH4HbiX ycnos!IIRX 

12.0'1 

1r1 HeKoTopoM sa,qaHHOM A > 0 • 
Opem,qe 4eM nepeXOAHTb K AHCKpeTHOMY aHanory /2.0/, CAenaeM 

OAHO cy~eCTBeHHOe ynpo~eHHe 3TOrO Bblpa~eH~R, H60 H8XO~AeH~e 

M~H~MyMa /2.0/ RBnReTCR Cfi~WKOM C.nOmHO~ Hen~He~HO~ 38A84e~. 

TaK KSK g(l) ecTb peay.nbTaT cr.naWI-iBaHHR f~x) , TO Mbl MO}I(eM 

nOACT8BHTb 8 1-~ 4J1eH B /2.0/ BMeCTO 1 + g" BbiPS}I(eHI-ie 

1 +i'(x) 2 , r,Qe i'(x) - CrJ18)KeHH8R TeM lo1!11o1 HHbiM /npOCTbiM/ 

cnoco6oM f' (x) • 06oaHa4HB 11 (1 + g' (x) 2) =, (x) H paaAeilHB 
'2 

A Ha HOPMHpy!O~cy" Bei1H4HHY <oo (< OO = f <(X) dxl(x 2-x1)), 
X 

Mbl MO}I(eM 38nHC8Tb ,QHCKpeTHbl~ 8H8!10r 3JA84H /2.0/,/2.0'/: HS~­
TH 

npH 

M-1 

mini. l: 't (gt+ 1 - 2gt +g t-1 )
2 

1 ~ 1 

'00 

/2.11 

M-1 

= l: <.I(M-2) 
i= 1 1 

I 

12.1 'I 

MHOWHTe.nb A He eCTb apryMeHT M~HHMH38~HH /KaK B MeTOAe 

cn.naHHoe/, a aaAaeTCR aapaHee. Bb16a-ipaeTCR oH H3 cneAY~~Hx co-
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PHc.2. Pesy.nbTBTbl crna*H-
88HHR: 

- lo<1CXO,QHbla7i PRA; 
- cr.na>KeHHblall 

----- PRA; 

- orH6aK>utaR 
CHH3y. 

o6pa*eHH~: ecnH Ha,Qo ysenH4HTb 
6!lH30CTb crna*eHHO~ ~YHK~~~ gi 
K HCXO,QHO~ f i , c.ne,QyeT yse.nH-
4'-1Tb A ; ec.nl-1 >Ke Ha,Qo yse.ni-14lo1Tb 
rnaAKOCTb peweHHR g 1 , cne,Qyer 
yMeHbWHTb A . 6naro,QapR HOPMH­
pOBKe 4epea E 00 OH cna6o aaaH­
CHT OT aMn.nHTYAbl ~YHKI.I,HH f i , 
H MO>KeT 6b1Tb onpe,Qe.neH c no­
M~bro recTos. PaayMeeTCR, MO*HO 
6paT b A H H3 yC.nOBHR MHHio<1MyMa 
/2.1/ no A, HO TaKa~ Bb16op .nlo<1-
weH KBK1o<1X-.nlo<160 npelo<1My~eCTB ne­
pe,Q TeCTOBbiM cnoco6oM, TaK KaK 
Mlo<1Hio<1MyM /2.1/, KaK npa81o<11lO, He 
coana,QaeT c MHHHMyMOM paccroR­
HHR OT gi ,QO MBTeMaTH4eCKOrO 
O>Kio<1,Q8HHR r i . Plo<1c. 2 ~.nni(ICTpH­
pyeT XO,Q ~YHK~Hio<1 g no ~YHK~Io<1H 
f 8 o6uteM cny11ae. 

6. <l>yHK~~IO b(x).- Crna>KeHHYIO 
orH6a~utY~ f{x) CHH3Y - Mbl nony11aeM KaK peweHHe aa,Qa4~: Ha~TH 
~yHK~Io<1~, 6.nH3Ky~ K f{X) /B 60.nbWe~ creneHH K Ma1lbiM 3H84eHHRM 
f(x) H 8 MeHbWeall - K 6onbWio<1M/ 8 CMbiC.ne HHTerpa!lbHOi1 .MeTpHKH 

lo<1 O,QH08peMeHHO HMe~utYID Mlo1H~Ma1lbHY~ Mepy H3MeH4HBOCTH. 
MareMaTH4ecKaR ~opMy.nHpOaKa 3To171 aaAB41o<1 lo<1MeeT BHA: HaallrH 

J:2 x2 

min{ J b' 2(x)dx+~· f w(x)(b(x) -f(x)) 2 dxl /2.2/ 

np~ rpaH~4HbiX ycnoe~RX b(x 1) =f(x 1) , b(x2) =f(x~.w(x) ~Vr(x}/2. 2 'I 
3,Qecb p. - senH4HHa, aHa.norvt4HaR A a 8b1Pa*eH~-tH /2.0/. 

nepeHopM~poeae ~ ~ aanHcae eecoey10 <I>YHK~~" w(x) e He­
cKonbKO 6o.nee o6uteM BH,Qe, Mbl nony41o<1M ,QHCKpeTHbl~ aHanor /2.2/, 
/2.2'/: Ha~T~ 

/2.3/ 

/2.3'/ 
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M 

w 1 = 1/(a ·If 1 I+ tl·IC 1+1 
-2f 1 +f 1_ 1 I +1) , w00 =(1/ 

1
_:

0 
w 1) /(M-.2), /2. 4/ 

a 1-1 f3 sa,qalOTCfl aapaHee 1-1 nossonRIOT npH nocTpoeHHH secas oT­

,QaeaTb nPeAn04TeHHe 111-160 3H84eHHf!M HCXOAHO~ ~YHK~HH, J1H60 ee 

2-~ npoH3BO,QHOH, 111o160 KOM6HHHPOB8Tb H TO, H ,Qpyroe. Be11H4HH8 

f.l Bbi6Hp8eTCR T04HO T8K )t{e, K8K H A B /2.1/, H ~rpaeT 8Hano­

rH4HyiO pOJlb •. 3aMeTHM, l.ITO CTpm1Tb b no· f 11Y4We, npe,qeap~rtTe.nb­

HO crnaAHB r c noMOIII.biO <PHilbTpa /2. 1 I. 
PHC. 2 1-lJlniOCTP\.IIPYeT XOA b no f B o6tqeM c.ny4ae. 3asepwaR 

3TOT naparpa¢, MQ)t{HO YK838Tb H8 OTJ1H4He ¢HJ1bTpa /2.1/,/2.1'/ 

OT cnnaHHoeoro ¢1411bTpa. B cnnaHHOBOM ¢HJ1bTpe £ (= 1 , ~t~a-aa 

4ero OH BHOCHT 3H84HTeJ1bHO 60J1bWHe HCKameHHR, 4eM ¢HJ1bTp 

/2.1/, B T8KHe ,QeT8J1H CHJ1bHOHeCT8~HOH8pHOrO TpeH,Qa, K8K nHKH, 

sna.QHH~, T04KH neperH6a H T-A· 

§ 3. Bbi4~CJ1~TEJ1bHM OPOUEI\YPA 1\llll <P~Jlb TPA /2. 3/ 

Pa3HOCTHOe ypaeHeH~e 3Hnepa AJ1R peweHHR eapa-tau.a-toHHoYI aaAa-

4" /2.3/,/2.3'/ "MeeT BHA 

/3.0/ 

np" bo=fo, bM=fM; Wl=w;fwOO • I 

~IlR HBX~AeHHR era peWeHHR npHMeHHM MeTOA nporOHKH 41 KBK 

OAHOBpeMeHHO HBH6onee 6~CTp~Y\ H 3KOHOMH4H~H B CM~Cne MBWHHHOH 

naMRTH. npeACTBBHM 

/3. 1/ 

0oACTaBI1RR /3.1/ B /3.0/, nony4HM 

/3.2/ 

CpaBHHBaR /3.2/ c /3.1/, HaHAeM 
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nocneAOBaTenbHO Bb141-1CnReM ace C 1 1-1 hi , i = 1 , .•. , M -1, a aa-
TeM no ~pMyJlaM /3.1/ /AB~t~raRCb B 06paTHOM HanpaeJleHHH/ Bee 
b 1 , i =M-1 ..... 2,1. 

§ 4. Bbi4HCJlHTEJlbHAll nPOljE.QYPA .llllll <I>Hllb TPA 12. 1 I 

Pa3HOCTHoe ypaeHeHwe 3Hnepa AnR peweH~R sapHa~HOHHOH aaAa4H 12. 11,12. 1'1 HMeeT 4-H nOPRAOK: 

- -el+tgi+ 1 -2e1gi' +ei_ 1 g(_: 1 +Agi=Af 1 , i=l .... ,M-1 14.01 

3AeCb 

g~'=gi+l - 2gt+gi-1 

B AaHHOM cny4ae OOCTPO~Tb 6biCTPbl~ H KOMnaKTHbiH MeTOA AJlR pewe­
H.HR aa.!l,a4H HeCKOJlbKO CJlO>KHee, 0603Ha4HM g" fiyKBOi:f Vi H ne­
penwweM /4.0/ a BHAe CHcTeMbl paaHoCTHbiX yp~eHeHHI1 161 : 

ei+1 vi+1 - 2eivi+ei-1vi-1 +Agi=Afi 

npH rpaHH4HbiX yCllOBHRX g 0 =f0 ,gM=fM, V0 =0, VM=0. 
AHanor npHeMa 13.11 AnA CHCTeM~ 14.11 HMeeT BHA 

g ,. =a llg +a 12 v + b 1 
i i+ 1 i 1+ 1 i ' 

v =a21g + a22 v b2 i i i+ 1 i i+ 1 + i 

Ha rpaHH4HbiX ycnoa~t~H /4.1'/ BHAHO, 4TO 

11 12 21 22 1 2 a 0 =0, a 0 =0. a 0 =0, a 0 =0, b 0=f 0 , b 0 =0. 

14. 11 

14.1 'I 

14.2/ 

noACT~BnAR 14.21 B 14.11 lnpH 3Ha4eHHH HHAeKCa i- 1 I, nony-
4HM 
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e i-1 A 2ei -ei-1 a22 )v 
~(- ---a21 ----)g + i-1 i + 

i-1 1 
ei+1 ei+l 

14.31 

- 2 
(,\( i -·i-1 b i-1) 

+ 
e i+ 1 

B eeKTOpHo-MaTpH4HOH 3anHcH /4.3/ HMeeT BHA 

OTKy,qa 

14.41 

CpaaH~BaR 14.41 ~ 14.21, nony4aeM peKyppeHTHMe ~opMynM AnR 
a ki b k 

i ' i 

kj -1 
rAe d A kj 

14.3/: 

8 21_d21 
i - i 

( 

2-a 11 
i-1 

21 -
-<•t-t 8 i-t+l.g;) lei+! 

1 _ a 12 l i-1 

<2•;-•t-t 8 ~.':1)1ei+1, 

k" k HaXOA~M no 14. 51 ace a 1' , b 1 I AB~meH~e 
/4.2/ nocne,qoaaTenbHO onpe,qenRcM gi,vi 
¢1yHKttHR g i 6y,qeT peweHIIIeM, a vi - ero 

enepe,q/, aaTeM no 
/,qBHmeHHe Ha3a,q/. 
2-i:i p83HOCTblO. 
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Ta6nH~a 
CpaBHHTenbHb1e xapaKTepHCTHKH (J)HilbTpoa 

:~ 
~ 1( e Cpe.uee I Cpe,lBJis: .nacoepc• 3B:aqeaae 

eta od•al: IlHJt.Ot:SJI. yuoaeua JI JI xpnepBs ..... YMo••••• AB.lepc. 

0,19 0,2 -{),OOJ 0,58 o,n -{),'18 
0,38 0,4 -{),res o, 'i'l 0,16 -{),JO 

200 0,25 0,2 -{),037 0,82 0,12 -{),71 
0,25 0,2 -{),res 0,65 o,os -{),53 

0,44 0,9 -{),06 0,63 0,23 -{),06 
0,53 l,I -{),08 0,66 0,23 -{),37 

IOOO 0,83 I,2 -{),23 1154 0,90 -{),23 
2,28 3,5 -{),42 2,97 8,54 oo,r2 

0,56 0,8 -{),04 0,52 O,I5 -{),22 
0,67 0,9 -{),04 0,57 o,I4 -{),29 

2000 I,85 3,0 -{),33 2,17 2,72 -O,OI 
5,3I 8,I -0,6I 5,46 28,53 0,29 

0,45 0,9 -0,04 0,32 0,09 -0,22 
o, 75 I,5 -O,D 0,67 O,JO -IJ,27 

3000 2,58 4,I -0,39 2,68 7,43 o,n 
7,88 II,6 -0,74 7,53 65,28 0,34 

IOOOO 0,47 0,8 -0,03 0,56 o,ro -0,33 
0,53 0,8 ·..0,07 0,60 o,II -0,22 
2,83 119 -0,38 2,9I 7,50 -0,26 
8,93 6,2 -0,77 8,45 73,9I ..o,or 

UH4JP~ a KamAo~ KneTKe o6oaHa4a~T cooTaeTCTBY~~He aHa4eHHR. 
KPHTePHR AJ1R ~HJlbTpOB /ceepxy BHH3/: rC~, JlC~, CC~, rA~. Ma­
TeMaTH4eCKHe OmHAaHHfl KamAoro KPHTepHR paBH~ HY11~, a AHCnep­
CHfl- eAHHH4e /a C11y4ae HAeaJlbHOH ~H11bTPB4HH/. 

KpoMe onHCaHHoro rDo6anbHOro ~HilbTpa /2.1/,/2.1'/, MomeT 
HCnOJ1b30BBTbCfl noKaJlbH~H ~HJlbTP aHanorH4HOH CTPYKTyp~, pa6oTa­
!OUl,HH H'a OCHOBe /4.0/ CileAy~HM o6pa30M: noo4ePeAHO COCTaBnReT­
Cfl ypaeHeHHe /4.0/ A."R 5 T04eK: i=i 0 -2, i 0 - 1, 10, i 0+·1, 
io +2 H pewaeTc.FI npH rpaHH4HbiX ycnoB~.FIX g 1+ 2=f 1+ 2 ; g 1_ 2 
pasHa y>Ke HaAAeHHOMy crna>KeHHOMy 3HaLteHI-1JO I Afl.FI .i = 2 , go= r 0 
np~ i = M-2, gt.f' CM...' g 1_2 = HaaitAeHHOMy 3Ha4eH~IO/; TCIK Ha-
XOA~TC.FI gi-l , g i . 3aTeM i CAB~raeTC.FI Ha 3 (2.1) enpaao ~ 
np04eAypa nOBTOp.FieTC.FI, noKa He 6yAYT HCLtepnaHbl see 3HaLteH~R i 
Ka>KAblait paa pewaeTC.FI c~cTeMa 1-13 3 ypaaHeH~A: 
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Pew~Tb c~cTeMy /4.6/ npo~e 8Cero o6pa~eH~eM ee MaTpH~~. ~a 

HBIIIAeHHbiX 3 He~aeecTHbiX g i+l , g i , g 1_ 1 ~cno.nb3YIOTCfi IlHWb 

g 1_ 1, g i . JlOKB!lbHblill ~~JlbTP 3KOHOMHee I-1CnOI1b3yeT OSMRTb 3BM, 

cpaBHHM C rno6SJ1bHbiM no CKOpOCT~, HO HeCKOJlbKO yCTynaeT eMY 

no KB4eCTBy ~HilbTpa~HH. 

§ 5. PE3YflbTAT~ CPABHEH~~ C llPYr~M~ ~~flbTPAM~ 

B Ta6n~~e npoeoA~TCR cpaeHeHvte pa6oTbl ~H.flbTpoe: 

1/ rno6anbHOro /4. 1/,/4. 1'/ /KpaTKO rC~/; 

2/ nOKanbHOrO /4.6/ /KpaTKO flC~/; 
3/ ~~nbTpa cKonbaR~ero cpeAHero /KpaTKO CC~/; 

4/ ~~n•Tpa ceepTK~ c ~YHK~~e~ T~na raycc~aH /rA~/. 

AnR npoeeAeHt-~R TaKoro cpaeHeHt-~R 6b1IU1 nocTpoeHbl cep~l-1 nyac­

coHOBCKt-~X PRAOB C t.13BeCTHbiMYI CTBTYICTH4eCKYIMYI xapBKTepvtCTt-!KBMYI. 

MaKCYIMYMbl B cepHRX COCTSBI1R.flH C00T8eTCTBeHHO 200,1000,2000, 

3000,10000. Bee cep~-11-1 J.1Menvt peaoHaHCHblail TpeHA, HO xapaKTep 

pe30HSHCHbtX mtKOB 6bl.n p83.flH4eH: OCTPble OHKYI C 60.flbWO~ 8Mnm1Ty­

AOH A.flR cepvtH C 6o.nbWOH CTBTHCTJ.1KO!Ii, nonorvte 01-'tKH C He6o.nbwoH 

8MO.fli-1TYA0H A.flR cepHail C Ma.noH CTBTYICTHKOH, T.e. B noc.neAHHX 

TpeHA ~aKTYI4eCKH He 6bl.n CH.flbHOHeCTB~YIOHapHbiM. 6bii1H Bbi4J.1CI1e~bt 

TSK~e XBPBKTepHCT~KI-1: 

a/ CyMMS HOP~Hp088HHbiX Ha AHCOepCH~ KBBAP8T08 OTKilOHeHHR 

3HB4eH~R cr.na~eHHOH cepvtH OT HCTHHHOrO 3HS4eHHR 8 KBmAOH TQ4-

Ke cepvtvt I o6oaHa4eHHe a Ta6nvt~e - x
2 o6~H~/. 

6/ TO ~e, HO 8bi4HC.fleHHOe flHWb 8 T04KSX Cep~~tH, COAepma~HX 

OYIKH TpeHAB /o603HB4eHHe - X 2 8 OYIK080~ 06J18CTH/, 

,lla.nee 8bt4~C.nR.nOCb yKilOHeHvte - p83HOCTb HCXOAHOi1 cepHH H 

crnameHHoH, HOpMHp088HHSR HB cpeAHeKBBAPBTH4HOe OTK.flOHeHHe 

/TeopeTH4eCKH 8 HAea.nbHOM c.ny4ae AO.n~eH nO.nY41-1TbCR 6e.nbtH WYM/, 

H Bb14HCI1R.nHCb xapaKTepHCTYIKH, 003BO.nR~~~e CYA~Tb 0 TOM, Ha­

CKO.nbKO yK.noHeHHe OT.n~4SeTCR. OT 6enoro WyMa. AflR 3TOrO KBmAOe 

yKilOHeHHe paa6~BSJ10Cb Ha 10 Y4BCTKOB, A.nR KBmAOro Bbi4~CnR.nHCb 

cpeAHee, Avtcnepc~R ~ 3Ha4eHHe KPvtTep~R AHAePCoHa /5/ /no cMWcny 
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6.m130K K 8b!60p04HOMy K03¢)¢1-1~1-1eHTY KOppe.nR~HI-1/ 1-1 38TeM Bbi41-1C­
J1RJ11-1Cb cpeAHHe cpeAHHX, AHcnepcHH, A~cnepcHH AHCnepCY1~ Y1 KpY1-
TepHeB AH,QepCOHa AflR HHTepea.noe, 

H,Qea.nbHble 3Ha4eHHR Kam,QoH xapaKTepHCTY1KH - HYilb /,QHcnep­
CHH- eAHHI-1~8/, 4eM 60J1bWe OTJ1H48~TCR xapaKTepl-1CTHKY1 OT Hy.nR, 
TeM xy*e pa6oTaeT $1-1.nbTp. 

Ha OCHOBe Ta6nH~bl MO>KHO C,QeJ18Tb CI1eAYIOU4He BbiBOAbt: 
1, 4>1--illbTPbl rC¢> H JlC<I> o6ecne4HBaiOT .ny4wee Ka4eCTBO $HilbTpa~Y1H 
eo ecex OTHoweH!-iRX. 
2, npl-1 $HilbTpa4HH cepHH CO c.na6oHeCT84HOH8PH~M TpeHAOM rC<I> H 
JlCcJ> XOTR H npeBOCXO,QRT OCT8IlbHble $HJ1bTPbl no K84eCTBY, HO BCe 
>Ke He ,Q810T CT011b 3Ha4HTe11bHbiX npeHMy""eCTB, KaK 8 CJ1y4ae cepH\1 
C CHilbHOHeCTS4HOH8PHbiM TpeH,QOM. 

B TecTOBOM npHMepe o6pa6aTbleancR y4aCTOK pea.nbHoro y -
cneKTpa. 3,QeCb CHa4a.na PRA 6b!Il cr.na)f(eH no rc¢' 3aTeM no pe-
3YilbTaTy CrJlS)f(HBaHHR 6bi11B nocTpOeHa HH3K04BCTOTH8R DrY1681011.\8R, 
.QpyrHMH npHMepaMH 14Cn011b30BaH14R YKS38HHbiX BbiWe <J)Y1IlbTPOB 6biJ1H 
cr.namHeaHHe cneKTpa 1-1 nocTpoeHHe <J>oHa npH pea.nH384HH anropHT­
Ma 6BTOMaTY14eCKOrO noHCKa nY1KOB B y-cneKTpax, 

§ 6. OnHCAHHE nPOrPAMM 

$HnbTP /4. 1/,/4. 1'/ peanHsyeTc~ nporpaMMOH SMOOS. 06pa~e-

CALL SMOOS(SA,M, SB, SO, SD, RR, RMODE). 

3,QeCb SA - MaCCHB ,QilHHOH B M R4eeK, CO,Qep>Ka~HH HCXO,QHbiH PR,Q; 
SB, SC - pa6o4He Macci-1Bbl; 
SO - MaceY~ a, co,Qep)f{atl\HH cr.na)f(eHHbtH PRA I AflHHOH M R4eeK/, 

nepBOHa4aJ1bHO 1.1CnOJ1b3yeTCR KBK pa604Y1H MBCCHB· 
PasMepHOCTb MaccHBOB: SA( 2M) , SB(2M) , SC(2M) SD(2M) • 
RR co,Qep>KHT A /HeHopManHaoaaHHoe/, 
RMODE - yKasaTen• pemHMa $OPMHpoaaHH~ aecoe e 1 a /2.1/: 
RMODE =0 - o6bi"HbiH pemHM /no $QpMynaM a § 2/, · 
RMODE = 1. - e 1 " 1 , 
RMODE = 2. - e; = 1/ (1 + r ~ ) , rAe MaccHB r 1 saAaeTc~ nonbso­
eaTeneM Y1 pacnonaraeTcR a SA ecne,Q aa Y1CXOAHbiM PRAOM /R4eH­
KH M + 1, 2M I. 

$HnbTP /3.0/, a TaKme flOKaflbHbiH $HflbTp /4.6/ peaflHSyeTC~ 
nporpaMMOH SMOSI. 06pa~eHHe: 

CALL SMOSI(SA, M, SB, HA, 08, 09, RR, PR1, F) 
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SA -MaccJ.IIs AJU1HOC1 e M Tt4eeK, COAep)l{a~HC1 lo1CXOAHb1M PstA; SB, HA­
pa6o4~e Macc~Bblo PaaMepHOCTb Macc~eoe -SA(M), SB(M)o HA(M), 
SB nocne pa60Tbl SMOSI COAeP)I{HT crna>~<eHHblii PfiA. 
C8, C9 - K03<!XI>~~~eHTbl a H {3 a Bblpall<eHHH /2 o ~I, 
RR-~ IAnR <!IHnbTpa /300//, ;>. - AnR noKanbHOro <!IHnbTpa /4o6/, 
PRI peaepeHaR A4et":1Ka AflR ne4aTI-1, 
F - peli<HM pa60Tb1 SMOS! : 

F = 0 - pean~ayeTcR noKanbHbiH <!IHnbTp /406/, 
F - 1 - peanHayeTCR <!IHnbTP /3 o 0/ o 

B naKeT BXOAH.T scnoMoraTe.nbHSfl nporpaMMa GRAPD AJ1.FI nocTpoe­
HHR rpa~Kos HCXOAHoro "" cr.nameHHbiX PRAOB. 06pa~eHHe K GRAPD: 

CALL GRAPD(SA, SB, SC, SD, SE, K,M, RL). 

- rpa$HKH noAroTaenHsa~TCR AflR ne4aTH no.nR WHPHHoH 
a 128 CHMeonoe /HanpHMep, Ha AUnY/; 

RL = 1 - rpa¢HKJ.II nOArOTSBJ1HB8~TCR AJ1R ne4STI-1 nOJ1R WHPHHO~ 
s 80 CHMeonos /HanpHMep, npH o6pa~eHJ.III-1 K SMOOS 
~n~ SMOSI 4epea TepMHHan THna INTERCOM I; 

SA,SB,SC - MSCCHBbl, COAep>l<a~He 
KOTOpbiX AOJ1}f(Hbl 6b!Tb 

'K,M- Ha4ano ~ KOHe~ /a MaCCHBe 
rpa¢HKa; 

pR~bl, COBMe~eHHble rpa¢HKH 
nocTpoeHbl; 

I PAAa AnA nocTpOeHHR 

SD,SE - MaCCHBbl, COAep>I<S~He AOnOJ1HHTeJ1bHYID HH$OpMa~HID, KOTO­
paR AOJ1mHa conpOBO>I<ASTb KS)I{AY~ T04KY rpa¢HKa. 

§ 7 o TECTOBbl~ nPMMEP 

B Ka4ecTee TecTa nporpaMM 6biJ10 ocyll.\eCTBneHo cr.na>KJ.~~BaHHe 

<!IHnbTPOM /401/ y4aCTKa peanbHoro y -cneKTpa s(x) An~Hoi< a 
1 QQ KSHSJ10B, B KOTOPbl~ AOnOJ1H\11TeJ1bHO 6biJ1\11 BHeCeHbf Ae¢lOpMa~lo1H 

J..130J1t.1pOBaHHOrO THna, noBbiW8IDutl4e ypoBeHb OC~f.1J1J1R~I4C1 y4SCTKS 
/o6bi4Hbl~ y4aCTOK y -cneKTpa npeAcTae.nReT co6oi:1 cnHwKoM .nerKflliil 
o6beKT AnR <!IHnbTpa /401/ I 0 no peaymTaTy crnali<HBaHHR f(x) 
6b!J18 nocTpOeHa Orlo16S~Il.\SA CHJ.II3y b(~ , KOTOpaR, eCJ1H B3RTb ee 
npoeK~HID Ha HepaeeHcTea 

b(x) -::_ f(x) , 

MO}f(eT paCCMSTPJ.IIBSTbCR KSK $OH, HanpHMep, 8 npo~eAype 8BTOM8TH-
4eCKOrO nOJ.IICKa nJ.~~KOB e y-cneKTpe. CosMell.\eHHble rpa¢j.1Kf.1 scex 
3 ¢1YHK~J.1ti BblASHbl Ha AUnY e Ka4ecTse BbiXOAHOi:1 HH¢opMa~"'H1. 

0603Ha4eHHfl: S - HCXOAHbl\1, f - cr.nameHHbiH PRA, b - or~6atO­
~aR cH~ay. HcxoAH~H PAA pacne4aTaH nepeA rpa¢HKaMH, 3Ha4eHHR 
f H b a KamAOM KaHane ne4aTa~TC.FI cneaa OT rpa¢~KOB~ 
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