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§1 

B TIP';lllbiilYIIlHX pa6oTax11-4/ 6bmH paccMoTpeHbi MynbTHnneKC:::Hbie. cuc

TeMbi pei"HCTpaUHH 'iaCTHU, 0CHOBHOe Ha3Ha'ieHHe 9THX CHCTeM CBOilHTCS! K T~ 

MY, 'iT06bJ: a) ocna6HTb aq,cpeKT myMoa C'leT'l.HKa/1 I, 6) yMeHblliHTb paaHoMep-. 

HbiH cpoH B aane/2/ 1 H8KOHeU1 a) HOI"8CHTb BKnall MHOI"O'l8CTH'IfHbiX KaHanOB 

npH Ha6niOileHHH 6uHapHbiX peaKUHH C TIOMOIIlbiO TeneCKona H3 llBYX MYnbTH:

nneKCHbiX CUHHTHnnHUHOHHbiX cqeT'iHKoa
1 41 , B STHX pa6oTax liJna pe'ib o paa-. 

nH'iHbiX CTOpOHHHX B03MYIIl9HHSIX, KOTOpbie B031l9HCTBYIOT Ha CHCT9MY pei"HCT;

paUHH 'i8CTIIU1 38TPYilHSIS! npOB91l9HHe llOCTOBepHbiX H3MepeHHii, 3TH B03Myllle

HHS! HOCHT xapaKTep HenpellCKaayeMoii cny'laiiaoii noMexu. 

BnHHHHe noMeXH n Ha HCKOMYIO cpyHKUHIO I , onucbiBaromyro uccne-

llY9Mbiii. npouecc, B 06IIleM BHil9 MO}KHO Bbip83HTb onepaTOpOM y ; TaK 'iTO 

cpyHKUHS! s 1 HenocpellCTBeHHO H3MepS!eMaS! 9KCnepHM9HTSTOpOM1 paBHa 

s = V(l,n). {1) 

Ecnu y SIBnHeTCS! onepaTOpOM CyMMHpOB8HHS!1 TO 

(2) 

H noMeXa n a H83biB89TCS! annHTHBHOH, MynbTHnneKCHbie CHCT9Mbl pei"HCTpa-. 

UHH . 'i8CTHU1 npellCTaaneHHbie B pa6oTax
11

•
2
,4/; ocna6nHIOT 81lllHTHBHYIO noMeXy • . 

Ecnu }1{9 · onepaTop · Y HMeeT BHil 

(8) . 
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IlpH'leM n m BCIOllY HeOTpHUaTenbHO, TO IIOMeXa n m Ha3biBaeTCSI MYnbTIInHKa

THBHOH, Eonee OOIIIHM cny'!aeM SIBnHeTCSI OllHOBpeMeHHOe B03.QeHCTBHe anllHTHB

HOH n: MYnbTn:nnnKaTHBHOH noMex. Torna 

s f·nm+n
0 (4) 

llpn:pona MynbTHIInHKaTHBHOH IIOMeXH nm COCTOHT B TOM, 'ITO napaMeTpbi 

KaHana pern:cTpaun:n: 'laCTHU nonsep:lKeHbi cny'laHHbiM H3MeHeHHSIM, Hanpn:Mep, 

K084l¢HUHeHT ycn:neHHSI KaHana He eCTb IIOCTOSIHHOe 'lHCno, HnH B KaHane HMe

IOTCSI Henn:HeiiHbie HCKa:lKeHHSI cny'laHHOH I1pHp0llbi1 Bbi3BSHHbie H3MeHeHHeM 

aarpy30K. Hu:lKe oynyT paCCMOTpeHbi MYnbTHIInHKBTHBHbie IIOMexn:, KOTOpbie 

HOCSIT 'IHCTO cny'laiiHbiil, Herrpe.QCKaayeMbiH XapaKTep. 

B TeXHHKe CBSI3H/B/ cymeCTByiOT pa3nH'lHbie MeTOllbl OOpbObl C IIOMeXa

MH. 0THOIIIeHue CHrHana K IIIyMy yny'liiiaeTCSI C IIOMOIIIbiO MeTOlla HaKOnneHHSI 

CUrHana, C IIOMOIIIbiO OIITHManbHOrO !f>HnbTpa H HeKOTOpbiX npyrHX IlpHeMOB. 

B S~AepHoii ¢H3HKe 6om ycneiiiHo npHMeHeH MeTon peaoHaHcHoro HaKonneHHSI 

curHa,noa
1ti,7 I. I1MeiOTCSI MeTOllbi, aHanorH'!Hbie MeTony HaKonnenug cnrHanoa, 

KOTOpbie II03BOnSIIOT ocnaoHTb MYnbTHIInHKaTHBHYIO IIOMeXy • CymHOCTb STHX 

MeTOllOB COCTOHT B TOM, 'lTOOhl BeCTU HaoniO.QeHHSI OllHOBpeMeHHO no HeCKOnb

KHM KaHanaM, .MYnbTUIInHKBTHBHbie IIOMeXH B KOTOpbiX He CBSI3aHbl B3aUMHO, 

Curaanbi HeCKOnbKH.x KaHanoa n:cnonbayroTCSI no-:paaHoMy. Mo:lKHO n:x 

IlpOCTO CnO:lKHTb, 3TO, SKBUBaneHTHO Me.TOlly HaKonneHHSI B ero KnaCCH'leCKOH 

!flopMe, ,B peanbH!'>IX ycnOBHSIX lfJH~H~:-SKCIIepuMeHTaTOp I1pOH3BOllHT IIOBTOpUbie 

H3MepeHHSI1 ycpe.QHSISI, pe3ynbTaTbi UeCKOnbKHX OIIbiTOB H OTopaCbiBaSI peann:aa..;. 

UHH C CHnbHbiMH BbiOpOCSMH, Ilocne.QHSISI OIIepaUHSI eCTb He 'ITO HH~e, KBK 

. ni:mnn:coiBaHHe paann:'lHbiM peanHaauli's!M BeCOBbiX Koa¢¢nuHeHTos. 3necb He o6-

xonn:TCSI Oe3 HHTyHUHH SKCIIepHMeHTaTOpa, H, KBK npaBHno, IIOllOOIIbie IlpHeMbl 

UeB03MO:lKHO Bbipa3HTb B BH.Qe YHHBepCanbHbiX anropHTMOB. 

Cpenn: aBToMaTH'leCKHX MeTonos ycTpaHeHng MYnbTHrrnnKaTHBHO:ii noMeXH 

Halioonee pacnpocTpaueH MeTon aBTOMaTH'leCKoii perynnpOBKH ycn:neHHSI, Cn:

CTeMa aBTOMaTH'leCKoii perynn:posKn ycn:neHHSI smnSieTCSI KoppeKTOpoM MYnbTH-/ 

nnn:KaTHBHOii noMeKH. I1neanbHag CHCTeMa APY, neiicTBHe KOTopoii onnCbiBae~ 

CSI MHO:lKUTeneM 

K (5) 
nm 

4 .. 

l 

I. 
I 

rne. n m - MYnbTHrriln:KaTHBHa5I noMexa, i:msaonsieT' nonuoc' 

OT MYflbTHnnuKaTUBHOH IIOMeXU, Me:lKllY TeM, KpOMe· MynbTHrrm; 

XH 1 HMeeTCH 8llllHTHBH8SI IIOMeXa ( CM, ( 4)), B STOM cny'lae , H1 

rHan Ha BbiXO.Qe 

·z s·k _s_= 
n m 

n a. 

f+--(nm 
n 

m 

J) 

conep:lKHT ¢aKTH'leCKH npe:lKHIOIO a.Q.QHTHBHyro noMexy. · T aKHM O' 

'!He OT MeTO.QOB HaKonneHHSI CHrUana HflH HaoniO.QeHHSI OllHOBp 
' . . ' . ~ - ~ 

KOnbKHM KaHanaM CHCTeMa 8BTOMaTH'leCKOH perynHpOBKH yCHl 

COOTHOIIIeHHSI Me:lK.QY curHanoM H IIIYMOM: Mo:lKHO noKa3aTb 1 'IT< ' ; ,·, ' 

HbiM MeTOllOM ocnaoneHHSI niOObiX BHllOB noMeX, K8K a.Q.QHTHBHbD 

nnn:KaTHBHbiX,. HBnHeTCH MeTO.Q MynbTnnneKCHOH perHCTpaUHH 

caeTCH a.Q.QHTHBHOH noMeXR; ·,TO B03MO:lKHOCTb ee ocnaoneHHSI. 1 

IIO UaoniO.QeHHIO pe.QKHX pacna.QOB 

pa6o~ax11-41 • B ~aHHoii paooTe 

6oma nponeMoHCTpnpoaam 

IIOK83bJBaeTCSI1 'ITO Mynbt 

TOll perHCTpaUHH 'laCTHU ocnaongeT O.QHOBpeMeHHO J\")rnbTHnnHK 

§2 
''.,-

llycTb f - JICKOMaSI !flyHKUHH, IIO.Qne:lKaiUaSI H3MepeHHI01 

nnnKaTHBHaSI noMexa (3). B TpannunoHHb~X,aKc:;nepnMeHTax ,' 

COCTaBnSieT 1-10%, II OCHOBHOH IIOrpeiiiHOCTb_IO ;; H3MepeHHSI SIB1 

BHn0 1 CT8THCTU'leCKaSI TO'lHOCTb OUeHKH IIOTOKS 'l8CTHU1 IIOl 

TeKTOp, 0.QH8KO B HeKOTOpb!X OnbiTaX npHXO.QHTCSI H3MepSITb 

!flyHKUHH f , COCTaBnSIIOIUHe io-3-1Q-7 OT cpenHero a¢lfle 

nono:lKeHne o6paTHoe. OnpenenSIIOIUaSI OIIIIiOKa aKcnepnMeUT< 

npyryiO npnpony, HanpnMep sanaeTcg MynbTn~nuKaTnBHoil no~ 

Blle KOTOpOH Ha 8KCnepUM9HTanbHyiO ycTaHOBKy·COCTOHT B TO~ 

HOCTb nsMepeHnii HeKOHTponupyeMo MeHSieTCSI B npenenax, n 

'lHHbi 5nnsKnx K ncKoMOMY a¢¢eKTY (lo-3-1o-7), 

Hn:lKe 6ynyT paccMoTpeHbi nsa MeTona ocna6neHHSI MY 

noMexn·c ncnonbsoaauneM MynhTnnneKcHoro MeTana pernc 

HanoMHiiM, 'ITO cymHoCTb MynbTrrneKcHoro MeTona · perncTp, 

KniO'!aeTCSI B cnenyiOIUeM, 3KcnepnMeHTaTop perncTpupyeT H 
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m Ha3bJBaeTCSI MY1IbTnnuKa-

19HHOe noaneficTnne annHTHB-

(4) 

~TOHT B TOM, 'ITO napaMeTpbJ 

biM H3MeHeHHSIM, HanpuMep, 

~ "'Hcno, · nnn _B KaHane HMe

bi0 Bbi3BaHHble H3M9H9HH9M 

•aTHBHbl9 ll0M9XH0 KOTOpbJ9 

:Tap, 

MeTonbi 6opb6bi c noMexa

OMOlllbJO MeTona HaKonneHHSI 

~KOTOpb!X npyl"'HX npHeMOB, 

l pe30HaHCHOI'O HaKonneHHSI 

~Tony HaKonneHHSI CHI'Hanon, 

ro noMexy. CymHoCTb STHX 

OnHOBp9M9HHO no HeCKOnb

Dpb!X He CBSI3aHbl B3aHMHO, 

~SI no:-:paaHoMy, Mo>~mo HX 

nneHHSI B el"'O KnaCCH"'9CKOfi 

lTOp npOH3BOnHT ilOBTOpHbie 

ron H oT6paCbiBaSI peanuaa..:. 

IISI eCTb He 'ITO HHOe, K8K 

)aljlljlnuHeHTOB, 3necb He o6-

npannno, nono6Hbie · npHI3Mbi 

OpHTMOB, 

MYnbTHnnHK8THBHOft . noMeXH 

>erynupoBKH ycuneHHSI, CH

reTCSI KoppeKTopoM MYllbTH

ficTBHe KOTOpOil: OnHCb!BaeT-

(5) 

I. 
l"'ne, n m - Mynb~HnnHKaTHBH8Sr noMeXa, n03BOnSieT nonHOCTbJO H36aBHT,bCSI 

oT MynbTnnnnKaTHBHoii 'noMexn. Me)Kny TaM, KPOMe · MynbTnnnnKaTHBHOii noMe':"' 

xu, HMeeTcSI annnTHBHaSI noMexa ( CM, ( 4)). B aToM cny"'ae ncnpanneHHbifi en-

rHan Ha Bbixone 

z s. k _s_= 
n m 

n a. 

f + -- (n n m 
m 

J) (6) 

conep)KHT ljlaKTH"'eCKH npe)KHJOIO annHTHBHYIO TIOMeXy,. TaKHM o6pa30M1 B OTnH

"'He OT MeTOJlOB HaKOTineHHSI C!IT'Hana nnn Ha6nro)leHHSI OJlHOBpeMeHHO no HeC

KOlrbKHM KaHanaM CHCT~Ma aBTOMEtTH"'eCKOll perynHpOBKH ycnneHHSI. He M9HSI9T 
.. • . ; 

COOTHOIIIeHHSl Me)KJlY CHI'HanOM H IIIYMOM: MO)KHO TIOKa3aTb 1 'ITO Han6onee MOIII

Hb!M MeTOJlOM ocna5neHHSl nJ05biX BHJlOB TIOMeX1 KaK aJlJlHTHBHbiX·, TB.K H MJ'nb~l!~ 
. : '~ ;,. . 

TinHKaTHBHbiX1 SIBnSieTCSI MeTOJl MynbTHTineKCHOll pei'UCTpaUHH "'aCTHUo 'LJTO Ka""'. 

caeTcsr aJlnHTHBHoii noMexn; ·To noaMO)KHOCTb ee ocna5neHnR B aKcnepnMeHTax 

no ua6nroJleHHIO peJlKHX pacnaJlOB 6bma npoJleMOHCTpnpoBaHa. B n!JenbiAYIIlHX 

pa6o;ax11 - 41 • B .liaHHOii pa6oTe noKa3biBaeTcSI, 'ITO MynbTnnneKCHb;tl_ M~
TOJl pe!'HCTpaUHH "'aCTHU ocna6nSieT OJlHOBpeMeHHO MynbTHTinnKaTHBHYIO noMexy, 

§2 

DycTb f - HCKOMaSI ljlyHKUHH0 nonne)KalllaSI H3MepeHHI0 1 a n - MyllbTII':"'., 

nnnKaTHBHaSI noMexa (3). B TpaJlHUHOHHb!X aK~nepnMeHTax KopHJlOP OIIIH60K. 

COCTaBnSieT 1-10%, H OCHOBHOll TIOI'p9IIIHOCTf;>_IOiH3MepeHIIS! SIBnSieTCS!1 KaK .npa-. 

BHno, CTaT!ICTH"'eCKaSI TO"'HOCTb OU91IKH nOTOKa. "'aCTHU0 nonaaaiOIUIIX B ne

T9KTOp, 0nHaKO B HeKOTOpb!X OnbiTaX np!IXOJlllTCS! !l3MepSITb Manb!e BapnaUHII 

ljlyuKuHn f , cocTaBnSiromne to-3-to-7 ~T cpenuero aljl¢eKTa/B,7/, 3necb 

nono)KeHne o6paTuoe. OnpeaenSiromaSI omH6Ka aKcnepnMeHTa !IMeeT conceM 

npyryro npnpony, uanpnMep aa)laeTcSI MynbTilnnnKaTnBHOii noMexoii, noaneiicT

BHe KOTopoii ua aKcnepnMeHTanbuyro ycTaHOBKy cocTonT B TOM, 'ITO aljlcpeKTIIB

uocTb naMepeunii HeKOHTponnpyeMo MeHSieTCSI B npenenax, no nopsrnKy nenn:

"'HHbi 6n!l3KHX K !ICKOMOMY aljlljleKTY (lQ-3-to-7 )·, 

Hn)Ke 6yJlyT paccMoTpeHbi nna MeToJla ocna6neanSI MYllbT!lnnnKaTn~uoii· 

noMeXH'C ncnonb30BaHHeM MynbTHnneKCHOI'O MeTana pel"'HCTpaUnll "laCT!IU, 

HanoMHIIM, 'ITO cymHoCTb MynbTnneKCHOI'O MeTana perncTpaunn "'aCTHU 3a

KniO"'aeTCSI B cnenyromeM, 3KcnepnMeHTaTop perncTpnpyeT ue caMy !ICKOMYIO 
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I 

cWHKUHIO f (x) , rile x - TeKymHA napaMeTp, aanpHMep yron BbJneTa <iacTH-

Ubi, ·a ee KOllOBQ-HHTerpallfiHbiH o6pas 

Al-l 

r(x) = f(x)@ g(x) = ~ f(k) g(x- k) 
lc=O 

(7) 

paBHbiH llHCKpeTHOH CBepTKe HCKOMOH 4JyHKUHH f (x) C cWHKUHeH-SUlpOM g (x) 1 

rne M - CTeiiea& Myn&THnneKcHocTH. 0 Bbt6ope no)lxon.suuero aaat~eHHB M 

CMJ3f. 

TiepBbii!: H3 paCCMaTpHBaeMbiX H.II)K9 M";TOllOB COCTOHT B TOM1 'ITO H3Me

peHHSI BellyT TaK, 'ITO IIO OllHOMY H TOMY )1(9 KaHany pei'HCTpaUHH 'laCTHU, 

nH6o no llBYM Hll9HTH'IHbiM KaHallaM, llH6o, HaKOHeU, no llSYM 0'19Hb 6nH3KHM 

IIO napaMeTpaM KaHanaM, IIOIIepeMeHHO CTOXaCTH'IeCKH nepeKIIIO'IaeMbiM llllSI 

npHeMa CHI'HallOS1 - npOH3SOllSIT JlSa He3aBHCHMbiX H3MepeHHSio TipellM9TOM Ha-

6lli0Jl9HH.Sl nepBOI'O H3MepeHHSI SIBllSleTCSI HCKOM8Sl cWHKUHSI f (x) 1 KOTOpag CKa

HHpyeTCSI TpallHilHOHHhlM ll9T9KTOpOMo 34J4JeKTHSHOCTb perHCTpaUHH sceft CHCTe-

Mbi pasHa n 1 H Ha6ll10Jl89MOH sellH'IHHOH SIBllSI9TCSI . m 

s (x) = I (x) • n (x) 
l m 

(8) 

BTopoe~.BsMepeHHe ToA *e li>YHKUHH 1 (x) seJlyT c IIOMOinbiO MYllbTH-

Illl9KCHOI'O ll9T9KTOpa, KOTOpbdi: .saxsaTbiSaeT S9Cb HCClleJlyeMbiH HHTepsan CBo-

60llHOI'O IIapaMeTpa X 1 HaiipHMep. yron SbJneTa 'laCTHUbi1 H o6llalla9T TeM 

)1(9 paspeweHHeM /1 X , 'ITO H TpallHUHOHHbiii JleTeKTOp. TipellM9TOM H3MepeHHSI 

BTOpOI'O OIIbiTa SIBllS19TCSI 4JyHKUHSI 

s 2 (x) = [ f(x)@ g(x)] • nm(x) • (9) 

06a H3MepeHHSI BellYT OllHOBpeMeHHO. TipennonaraeTCSI1 '11'0 noMeXa S HHX BB-
i 

IIS19TCSI •. OllHOA H TOA )1(9. KaK 6yneT BHllHO H3 ll8llbHeiiwero, STH SKCnep.BMeH-

Tbl SIBIISIIOTCSI IIHH9HHO H938SHCHMbiMH1 'ITO II03SOIIS19T IIO llSYM H3MepeHHblM 

cWHKUHSIM1 s 
1
(x) H s 2(x), HaATH KaK HCKOMfiO 4JyHKilHIO l(x} 1 TaK H MyJlb

TBnnHKaTHSHyiO noMexy n.,(x} 

.f'aCCMOTpHM Cny'laA, KOI'll8 HM910T M9CTO M8llbl9 OTKllOH9HHSlo Torna HC

KOMfiO CWHKIIHIO MO)KHO 38IIHC8Tb S BHll9 

· f(x) = J(x} + 6. l(x} , (10) 

6 

./ 
\ ~ 

.I 

. I 
i 

rna· 

AaanorH'IHO 

I'll9 

- 0 [ 6. f(x) l cpellH:-

n (x) 
m 

. - 0 
[ 6. n (x) ] cpellH. 

I /1 l(x) I m.ax « l 

l(x) + 6. n (x) , 
m 

I 6. n (x) I « 
max 

Torlla (8) H (9) MO)KHO sanHcaTb s BHlle 

s 
l 

( J + /l.n )( l + M) = l + 6. f + .6. n + 6. f. 6. n , 

.. 
s =(l+hn)[(l+hf)®g} 

2 
(l +hn)[J-+ !l.fG 

TiocKOllbKY /1 I H 6. n - Mallbie senH'IHHbi, TO HX npoHSBell 

MO)KHO IIOllHOCTbiO IIpeHe6pe'lb 1 H TOI'll8 CHCTeMa ypasHeHHH (1 

SHll 

s l l+.hn+hf 

s J + /l.n + 6. I® g 
2 

PasaocTb s 2 - s l onpell9llS19TCSI TOnbKO HCKOMhlM a4J~KTOM 

ao: 

s - s = 6. I® g_ 6. I . 
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npHMep yron BbJneTa tiacTH-

lc) ' (7) 

C iflyHKUHeli-MpOM g (x) 1 

nollXOilSIUlero aHa'l:eHHSI M 

COCTOHT B TOM, 'l:TO H3Me

lHany perHCTpaUHH 'l:8CTHU1 

!U, no llBYM O'l:eHb 611H3KHM 

i9CKH nepeKIIIO'l:89MbiM JliiSI 

H3MepeHHSI. OpeJlMeToM Ha

IKUHSI f (x) 1 KOTOpaSI CKa

rb perHCTpaUHH BCelt CHCTe

'CSI 

(8) 

B91lYT C fiOMOIUbiO MyllbTH

!CCI!ellyeMb!lt HHTepaan CBo

i "i8CTHUb11 H o6na}laeT TeM 

'Top. OpeJlMeToM H3MepeHHSI 

(9) 

. .l 

i 

1 

I 

rile 

[ ~ f(x)] = 0 , 
. cpeJlH, 

I ~ f(x) I max« 

AHanorH"iHO 

n (x) l (x) + ~ n (x) 
m m 

rile 

[ ~ n (x)] = 0 , 
. cpeJlH. 

I ~ n (x) I « l • 
max 

Torlla (8) H (9) MOlKHO aanHcaTb B BHile 

s =(l+~n)(l+M) 
l .. 

l + ~ f + -~ n + ~ f • ~ n , 

s = (l + ~n)[(l +~f)® 9] = (l + ~n)[J-1 ~f®9] 
2 

, (11) 

. (12) 

, (14) 

00CKOIIbKY ~ f H ~ n - M811ble B911H"iHHbi1 TO HX npOH3Be}leHHeM B (14) 

MOlKHO nonHOCTbiO npeHe6pe'lb 1 H T0r'Jl8 CHCTeMa ypaaHeHHit (14) npHHHMaeT 

BHil 

I l J+.~n+~f 

(15) 

I J + ~ n + ~ f® 9 
!TCSI1 '11'0 noMeXa B HHX SIB- 2 

.aeltwero, STH · SKcnepHMeH

ISieT no llBYM H3MepeHHbiM 

'HKUHIO l(x) . 1 TBK H Myllb-

lble OTKIIOHeHHSI. Tor}la HC-

(10) 

PaaHOCTb 1 2 - 1
7 

onpeJlenseTCSI TOIIbKO HCKOMbiM sciJ<!JeKTOM ~I , a HMeH-

ao: 

I - I = ~I® 9 ~I. (16) 
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Ecnu nanee nepBoe ypaBHeHHe B (15) nonBeprHyTb onepauun: CBepTKH c ¢yHK- , 

UHeii-.IUlpOM g (x} H Bbi'l9CTb H3 Hero BTOpoe ypaBH9HHe (15), TO nony'IHM: 

s 1 ® g -: s2 = Lln®g- Lln. (17) 

BnnHo, 'ITO ypaBHeHHSI (16) H (17) HMeiOT enHHyiO cTpyKTYPY· 3anumeM n:x B 

o6meM BHne TaK: 

y (x) @ g (x) 
I 

y (x) = h (x) (; = J, 2) , (18) 

rne lr1= s2- 5 1 h 2 d: s 1@.9- s 2 - aanaHH~Ie cpyHKUHH, y; = /lf H y
2

= /ln-

HCKOMbie ¢YHKUHH, a g (x) - H3BeCTHOe gnpo. YpaBHeHHe (18) - aTo ypaBHe

HHe B J:lHCKpeTHbiX .CBepTK8Xo nnSI Toro, 'IT06bi ero pelliHTb 1 nonBeprHeM neByiO 

H npaByiO tiaCTH ypaBHeHHSI (18) nncKpeTHoMy npeo6pa3~BaHHIO ~ypbe/31. T;r

na nony'IHM: 

Y 1 (w)·G(w)- Y
1 

(w) = H
1

(w) (19) 

.. 
rne, HanpuMep, nucKpeTHbiii cpypbe-o6paa cpyHKUHH h 

1 
(x) paBeH, no onpenene

, HHI01 

:·! ' . 2 1T 
M-1 -.1--wx. 

H,. (w) = l: h (x) e M ( i 
I I . ' 1,2) • 

x=o 

TiepeMeHHhre x n: w npo6eraiOT uenoqn:cneHHbie 3HatieHHSI 

X 0,1, •.. , M - 1; (U = 0,1, ••. , M - 1 

. YpaBHeHn:e (19) paspemHMO OTHOCHTenbHO 

y (w) 
H

1 
(w) 

G (w) -1 

Y (cu):. 
I . 

(; = 1,2) 

(20) 

(21) 

Bonpoc o cymecTBOBaHHH pemeHHSI ypaBHeHHSI (19) ceonHTCSI K aaann:sy Hy

neii SHaMeHaTenSI Bbipa:lKeHHSI (21). KaK noKasaHo e 131 , ¢ypbe-o6pas gnpa 

g(x) HMeeT BHJ:l 

G(w) = l(w) + i/m G(w) J (w} + i yM[ g(w) - B(w) ] 
. (22) 

8 

., 

j 
.. ·, 

'I 

·i 

! 

l 
I 

I 
··.j 

Tio9TOMY 
2 

I G (w) - lC4JJ I M [ l(w) - 8 (w) ] , 

2 I G(w)l = (M + 1)- M· B(w) 

G + G* = 2. 

(a) 

(b) 

(c) 

1 TiocnenHHe COOTHOlli9HHSI (23) noSBOnSIIOT cnenyiOlliHM o6pa30~ 

ypaBHeHHe ( 21): 

Y (~} = H1 (w) =H. (w} G*(w)- 1 H1 (w) .• [ 
1 

1 G(w}-1 ' IG(w) -71 2 M[l(w)- B(w}] 
( 

TiocKonbKy, no ycnoBHIO sanaqn: (eM. (11), ( 13)), 

H (0) = M [ Ll h ] · = 0 
1 1 cpena. 

(; = J, 

H nOCKOnbKY pemeaue ypaBH9HHSI (19) HrneTCSI C TO'IHOCTbiO 

cnaraeMoro, To ypaBHeHHe (24) MO:lKHO sanHcaTb:B BHne 

Y
1 

(w} = 
H 1 (w) 

M 

.. 
[ G*(w} ...., J( wJl .. (; 

CoeeprnaSI o6paTHoe npeo6pasoBaHHe ~ypbe, Haxon~M OK 

I 
yl (x} = -[h (x) * g(x)- h (x)] (i M I I . 

rne cn:MBon * o6oaHatiaeT onepauHIO Koppennuuu 

M-1 

h
1 

(x) * g (x} = l: h1 (~) g ( x + f) 
~=o 

. ( ; 1,2 J 

Paann:<iHe. Me:lKJ:ly onepauneii cBepTKH ( 7) H onepauH'eii Koppe 

HMeeT "cymecTBeHHOe sHatiean:e. Ba:lKHO nontiepKHYTb, 'ITO pen 

npoCTO~.BHA TOnbKO 6naronapSI OC06hlM CBO~CTBBM cpyHKD 

KoTopaSI onHCbiBaeT nHcKpeTHYIO ncennocnyqaiiHyiO nocnenoJ 

6bmo oTMetieHo · B /S/, ~an6onee cymecTBeHHoii xapaKTep 

g (x} SIBnneTCH ee mHpoKononocHaH tiaCTOTHaSI npnpona, 6nE 

<flopM8UHOHHbl9 CBOiiCTB8 ljlyHKUHH g (x) npaKTH'!eCKH 9KBHBa; 

nenbTa-¢yHKUHH B(x) 

9 



YTb onepaunn caepTKH c ~YHK

! ypaanenne ( 15), TO nony'InM: 

(17) 

Hyro CTPYKTYPY• 3annweM nx B· 

~ ( x) 
I 

(1=1,2), ( 18) 

~ ~YHKUHH, r, = 11{ n Yz= 11n

'paanenne (18) - sTo ypaane

ii"O peWJiTb, nonaeprneM neayio 

)eo5paa~aannro <l>ypbe/3/. T~·r-

(ru) , (19) 
.. 
1 h 

1 
(x) paaen, no onpenene-

77 
- (j)X 

I · ( i 1, 2) • 
(20) 

Ie 3H8'IEHIHSI 

•• , .· M 

y (ru): .. ·· 
I 

= 1,2) (21) 

19) CBOJlHTCSI K 8H8JlH3y ny-
.· /3/ ' ' 

ano B , ~ypbe-o5paa sr~pa 

-[g(ru)- o(ru)] • 
' (22) 

.. j 

I 
~I 

I 
l 
I 
I 

. noaTOMY 

2 
I G ( (j)) - 1( 4)) I M [ l ( (j)) - 0 ( (j)) ] , (a) 

2 ! G(ruJI = (M + 1)- M· o(ru) (b) ( 23) 

G + G* = 2. (c) 

nocnennne cooTnowennsr ( 23) noaaonSiroT cnenyroumM o5paaoM npeo5paaoBaTb 

ypaBHeHHe ( 21) : 

y
1 

(ru) = H, (ru) = H (ru) G*(ru)- 1 

G(ru)-1 
1 

IG(ru) -11 2 
H, (ru) .•[G*(ru)-l(ru))(24) 

M[l(ru)-O(ru)] 
(i = 1,2) 

nocKOJlbKy1 no ycnOBHIO 38)l8'IH ( CM, ( 11) 1 ( 13)) 1 

H (0) = M [ 11 h ] · = 0 
1 1 cpenn. 

(; = 1,2) ' ( 25) 

H nOCKOJlbKY pewenHe ypaBHeHHSI (19) HweTCSI C TO'IHOCTbiO AD noCTOSIHHOI"O 

cnaraeMoro, To ypaanenne (24) Momno aanncaTb.B anne 

Y
1 

(ru) = 
H 1 (ru) 

M 
[ G*(ru) ~ 1( ru)] (; = l,2) ( 26) 

CoaepmaSI o6paTHoe npeo6paaoaaHHe <l>yphe, HaXoA~M OKOH'IaTenbHO: 

I . 
y

1 
(x) =- [h (x) * g(x) - h (x)] 

M I I 

rne CHMBon * o5oanaqaeT onepaunro KoppenSIUHH 

M- J 

h1 (x) * g (x) = ~. h1 (g) g (x + f) 
g=o 

(; = 1,2) ( 27) 

( I 1,2) ( 28) 

Paanntine Memny onepaune:il: cBepTKH ( 7) H onepaunefi KoppenSIUHH ( 28) anecb 

HMeeT ·cymecTBennoe 3Ha'Ienne,. Bamno nonqepKHyTb, 'ITO pewenne ( 27) HMeeT 

npOCTOti BHll TOJlhKO OJlai'OrtllpSI . OCOOblM CBO:il:CTB8M __ ~yHKUHH SI.!lpa g ( x) 1 

KoTopaH orrHCbiBaeT nncKpeTHyro nceonocnyqa:il:nyro nocnenoBaTeJibHOCTb, KaK 

6bmo oTMe'leHo · B /3/, ~an6onee cymecTsennoft xapaKTepncTHKo:il: cPYHKU~H 
g (x) SIBJISieTCSI ee WHpOKOnOJIOCH8SI 'I8CTOTH8SI rrpHpO,!l8 1 6naronapSI 'JeMy HH

ciJopM8UHOHHbie CBOHCTB8 ljlyHKUHH g (x) npaKTH'IeCKH SKBHBaneHTHbl CBOiiCTB8M 

)leJlbTa-¢yHKUHH o(x) 

9 
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.<. .. 
TaK, H8llpiiMep, COOTliOUieHIIe (23c) B IICXOJ:UIOM KOOpll.Hli8TliOM npo-· 

cTpaacTBe aaniiCbiBaeTC5I B Bnae 

f(x)@ g(x) + f(x) * g(x) 2 f ( x) (29) 

rae f (x) - nponaBonblla5I tPYHKUH5I. PemeHM5I ypaBHeHnii ( 16) ·M ( 17) aann-

UieM B 5IBHOM Bnae: 

td 7 
-[(s -s )*g- (s -s )] 
M 2 I 2 I 

( 30) 

dn ..1:...[( s.@~- s )* g- (s @g- s )]=s -l-'M. · (Sl). 
M I 2 I 2 I 

Ha puc. 1 npnBeneu rpa!jlnK cny"'Iaiiao~ MynhTnnnuKaTHBHoii noMexu d n •. Ha 

puc. 2 npnBeaeHbi: tPYHKUU5I S I ( x) 1 HenocpeJlCTBeHHO M3Mep5IeMasr TpaJlMUH

··oaHoii CHCTeMOH Ha6moJleHUSI 0 U I'patlJMK MCKOMOH tPYHKUUM d f(x) • Ha pMCo 3 

·aaa rpa!jlnK tPYHKUMM s /x) - l = df® g + dn , naMepsreMoii MynbTMrrneKcaoii 

. CUCTeMOH Ha6moaeHM5I 1 Ha puc. 4 - rpa!jJMK !jlyHKUHM S 2 - S I = hI = d f@g..,. d t 

. HoaBeprHyB !jlyHKunro h 1o6pa6oTKe cornacao a~ropuT~y ( 30), a_a~oan~1 ucKo:-

Myro !jlyHKUUIO d t · .. Airanorii"'!Ho, 6epsr naMepeHHbre JlaHHbre B Bn:ae ¢yHKun:u 

h 
2 

(xJ 
,, i "',, 

aaxoasrT noMexy d n ( 17), ( 31). 

§3 

~· 

IT_peanonomeaue 0 TOM, 'ITO MynbTirnnHK8TMBH8SI llOMexa n (x) SIBnsreTCSI 
. . . . . m 

OJlHOH II TOil: me B JlBYX Ir3MepeHII5IX, ( 8) II ( 9) ·,He Bceraa BblllOnHSieTC5I lla 

npaKTUKe. llnsr_ Toro, "'IT06hr aail:Tn: onTHManhay_ro noruKy aa6nroaeausr B ycno.:.._ 

. ·_., 

BU5IX1 KOI'Jl8 noMexu nm (x) B OllbiTaX (8) U (9) ae._paBHbl JlPYI' Jlpyry, pac";"_ .· .. :: 

cMoTpu'M cHa"'!ana npeaenbHhiil: cny"'Iaii, peanuayeMbrii B · ycnoBU5IX, Koraa· ·no

Mexn B OllbiTaX (8) H (9) nonH.OCTbiO aeaaBIICHMbl 'apyr OT apyra~.H01 KaK ·•· 

B cTauuoaapaoM cny"'!aiiHOM npouecce, o6naaaroT paBHhiMU ancnepCH5IMH. B : 

aTHX ycnoBH5IX ypaBHe~H5I (15) npHliHMa~T Bllll. 

\ 

~

f 
' • ~ 
'~ 
·J 
~ 
~ 

1 
'I 

{

t 
·\ : . ' 

.. · ~ . 

.· ( r· 
'~
f 

~f 
~ 

,II 
Ill 

f 
/ 

' ~ 
q, 

.. 1 

{. 
.i' 

,I, 

II 

~ . I. 
~ } 
. 'I 
' .ill 

·,t 

f 
·S 

~ ~ .. .. ~·~ 

\' 

.. 
i 
t 
f, 

.·1. 

' .. ' ~ 

.. 

f'\ <,_-· ,: ~~ ~; 

s; = l + dn' +' /H 

s = l .+.lin"+ df®g 2 ... 

3aecb d n' u d n" -aBe paanU"'IHhre peannaauuu noMe: 

K ypaBHeliH5IM (32) npHMeHI!Tb anropUTM peureHII5I (32i, TO n 

l [ ( , s') * g -(s"- s')] 
l 2 2 

df+-[dn*g-dr 
M 

- s -
M 2 I . 2 1 

rae 
2 

. d n dn"-dn' • 

BHll.HO, 'ITO HCKOMYIO . tPYHKUHIO d f TO"'IHO BOCCT8HOBHTb H 

3TOI'O lJ.8HH~re OllbiT8 .. yCT8H8BnUB8IOT TOnbKO KOpHJlOp OIIIH6~K 1 

· ro · iremriT !jlyHKUH5I d f · • OnpeaennM mupuay aToro Kopn:aopa, 
. 2 . . 

nepcn:ro tPYHKuuu d' n · aanumeM B BUlle 

2 2 . 2 
a2=a +a -2( ·• 

6.. 6.' d" d'd" 

3aeci:, a~, II ad, - JlUCnepCHH tPYHKUHH d n' II 
A , 
u n , KOTOp 

paBHbl Me)!{Jly co6oil: (ad'= ad") t a· (d'd~,-BenU"'IUH8 1 ~MeiOIIII 

·,_ KpeCTHOii _JlHCnepCllll. tPYHKUUH /'in' U dn" unu KpOCC-KOppensrn 

neHHasr HeJlU8I'OHanbllbiMU aneMeHTaMU MaTpMUbl OIIIU6oK.-

Ecnn: MynbTHnnuKaTHBHbre. noMeXH B onbrTax (8) H (E 
2 

apyry n· dn'= /'in",.To CA'A~'=a ·a , a ·a 
Ll Ll d , d ~, . 2 . ·. ·. ·.. . d 

. oniu6oK · paBHa aynio • 

0. • 
1
liTJ 

·-
Ecnu 'me noM.exn tin,. u /'in" ~peacTaBnsrroT co6oii aeaaB 

38UU_U ~ny~a~H~;~ npouecca lin __ t TO (d '6,, ~· 0 ' 2 -
_H ad"=y~ 

. ; ;- ·-~~ 

Heu, B of>ureM. · cny"'!ae .. COOTHOIIIeHHe ( S5) MOmHO 38llUC8Tb · B E 
'P

0 
' ... ~ 0 

• 

2 2 2 

dd2 =c; ~,~.f. ad,- 2ad,. ci~,:(i~a) 

,Koa¢4JnuHeHT: a xapaKTepnayeT cTeneHb aeaaBHCHMOCTH Me:lKJl 

dn' H dn" 3HaqeHHe a =0 COOTBeCTByeT-To~eCTBeHH 



xoaHOM KOOpaHH8THOM npo~ 

y 

r x) ' 
{ 29) ' 

J8BH6HHll {16) H {17) 38llH-

{30) 

- s )]=s- J...:.M, 
' 2 . 7 

{31) 

mKaTHBHoli noMexn (), n •. Ha 

rBeHHO H3MepsreMasr TpaaHUll

tPYll.KUH~ l:l. f(x) •. Ha pnc. 3 

H3MepsreMOll MynbTHnneKCHOll 

!KUIIH s:z- s 7 =h 7 =i:l.®g-,.l:l.t 

OpHTMY { 30) 1 H8XOaHM HCKO-
,• ., ,, \ ' ' 

Hble aaHHbie B BIIae tPYHKUIIH 

BHasr noMexa ;, ( x) sransreTcsr 
·m 

, ae .aceraa BbrnonnsreTcst aa .. . . '':, 

.nor:nKy . aa6moaeamr. B ycno.:... 

ae ,paBHbi apyr apyry1 pac-, 

Mbi!i·.B ycnoBIIsrx, Koraa' .'no

Mbr · apyr oT apyra 1 ~o 1 _KaK 

r· paBHbiMH ancnepcnsrMH, B 

.. ,, 

'• ' .~ . 

., . 

.. • ': 

• .. 
. . 

s; = J + l:l.n' + l:l.f, 

s +i:l.n"+M@g {32) 
2 

3aecb l:l. n' II l:l. n" - aae paanH'IHbre peaniiaauiiH noMexn l:l. n • E cnn 

K ypaBH6HHSIM {32) npHMeHIITb anropHTM pemeHIISI {32) 1 TO nony'IIIM: 

-1-[(s"- s') * g -(s" 
M 2 1 ·. · 2 

rae 

s' ) ] 
7 

2 
(), n 

J 2 
l:l.f+-[l:l. n*g 

M 

l:l.n"-l:l.n'. 

2 
(), n ] ' {33) 

{34) 

BHaHo 1 'ITO HCKOMYIO tPYHKUHIO (), f TO'IHO BOCCT81IOBHTb nenb3SI, BMeCTO 

aTOI'O aaHHbie OilbiT8 yCT8H8BnHB810T TOnbKO KOpHaop OlliH6~K 1 BHyTpH KOTOpO-:

. ro · ne:>KHT !fJyaKUHSI 11 f · • OnpeaenHM mHpHHY aT oro Kopnaopa, ansr '!ero anc-
2 ,, .. · 

nepCHIO tPYHKUHH (), n 'aannmeM B BHae 

2 2 2 
aA2=aA,+a 2C '-' '-' (),"- l:l.'l:l.". ·{35) 

3aecb a/)., H a(),, - aHcnepCIIH tPYHKUIIll f:l. n' II f:l. n" 1 KOTOpbie no ycnOBHIO 

paBHbi Me :>Kay co6oli (a l:l., = a l:l.,) 1 a· C l:l. 'l:l. ,-aenii'IIIaa, ~Me10masr CMhrcn nepe

, KpeCTHOll )lHCilepCHH tPYHKUHll f:l.n' H (), n" HnH KpOCC-KOppenSIUIIH H o6yCf\OB

neHU8SI. aeanaroaanbHb!MH aneMeaTaMH MaTpHUb! omn6oK; 

Ecmr MynhTnnniiKaTHBHbre noMexn a onhrTax (8) n (8) paaabi apyr 
2 

apyry II. l:l.n' = l:l.n" 1 ·To C (), 'Ll"= al:l. ~a(), ,• a al:l. 
2 

omn6oK paaila aynio • 

0 • 'UTnpnaa Kopnaopa 

EcnH ':>Ke noMexn ~n ,. H /;,n" npeacTaBnsrJOT co6oli aeaaaHCI!Mbre pe~nn-
. ,. . . 2 -. . 

38UH.H cny~a~HOI'O np~uecca Anc' I To' cl:l.'l:l."='O . H al:l. .=v2·al:l., HaKo-

aeu, a o6meM··cny'!ae . cooTaomeane {35) Mo:>Kao aanncaTb a anae 
._~ ...... ' : : ,' . · .. "! . : . . . . - ' 

2 2 2 
d (), 2 =a(),,' + a(),, - 2 a(),,. a(),,( J ~a] { 36) 

. Koa!fJ!fJnuiieaT. a xapaKTepiiayeT cTeneab aeaaaiiCIIMOCTH Me :>Kay peannaaunsrMH 

l:l.n' H l:l.n" 3uaqeane a =0 COOTB9CTByeT.TO:>Kll9CTB9HHOMY paB9HCTBY 
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i! 
II 
i! 
" ·I 

il ,, 
" 1(. < 

)1 .' 
i! 
li 
il 
·I 
;I 
:; 
it 
i) 
li 
:t 
,I 

!1' 
!; 

i' 't 
,[ 
I;' 
i' 11 !: 
i ~ 
d 
il 
I'. 
!i 
li' 
![ 

:1 
i! 
:'·I :I --1 
'i· I 
'I I 

:1 

noM ex 11 n' H 11 n" • KorAa a = l , TO noMeXH · 11 n ~ 11:. 11 n " noriHOCTblO 

geaaBHCHMbi, CooTHOWeHHe ( 36) B cny'lae paBeHCTBa AHcnepcni!:. aannmeTcsr 

B BHA9 

2 
u ·/),.2 

HnH OKOH'IaTenbHO: 

u l, (k) 

2 

2a • u /::in 

2a 2 
Mul::in 

PaccMoTpHM H3MepeHHsr, KoTopbre npoHaBeJl~Hbi 'IHCTO 

CHCT9M0Ho flpeJlM9TOM Ha6nl0Jl9HHSI HBnsreTCSI ~yHKUHH 

s 
2 

= l + /::in + /),. f® g ~ ~-

.. (37) 

(38) 

MynbTHnneKCHOH 

(39) 

EcnH K ~yHKUHH s 
2 

npHMeHHTb o6hi'IHbii!: anropHTM o6pa6oTKH 1 KoTopoi!: noJl

BepraiDTCH IlpOMeiKyTO'IHble Jl~HHbie, H3MepSieMble MynbTHnneKCHOil: CHCTeMOH/3/ ' . 
TO nony'IHM 

OTKyJla 

!!if 

(s - l) * g 
2 

(M + l)l::if+ l::in* g 

_J_ [( s - l) * g - /::in * g] • · 
M + l .2 

(40) 

(41) 

KopHJlOP OWHOOK
1 

B KOTOpOM neiKHT ~yHKUIISI /!i f 1 B 3TOM cny'lae onpeJlenSI-

eTCSI JlHCnepcHei!: 

2 

u 2 (M) = u /!in 

l::il (M +J) 

' 
(42) 

BHJlHO, 'ITO KopHAOpbi omH6oK o6bi'IHoro MynbTHnneKcHoro · MeToAa ( 42), H 

KOMOIJ:HHpOB8HHOrO MeTOJl8 (38) C HCilOnb30B8HHeM K8K Tpa)lHUHOHHOi!: CHCTe

Mbl ga6niDJleHHSI, TaK H MynbTHnneKcnoi!: cncTeMbi 1 cymecmeHHO oTnH'IalO_TCH 

Apyr OT Jlpyra, 0THOW9HH.e AHcnepCHH 3THX JlBYX 

2 
U /!ifKOMO, 

K 

u i 
1 

MYnbT, 
2a~ 

M 

12 

MeTOJlOB paBHO 

(43) 

'···. 
,· 

·' 

,, . M:·; 
Ecnu -.-·-··-.·-·<a< 

2( M + l) 
cHcTeMa, Ecnu IKe 

1 TO npeHMymecTBO HMeeT 'IHC TO l 

M 
O<a<2(M+l) 1 TO npe)lllO'ITeHHe 

.KoM6HHnpoBaHHoMy MeToJly~ HanoMHnM; 'ITo qeM MeHbme a 

KOppenSIUHH Me)I{Ay llOMeXaMH /!in' H /::in" , 

Cnyqafi a = l 6bm npoMo)lennpoBaH. Ha puc, 5 npHBeJ 

Hhiil: pesynbTaT nsMepeHnil: "iHCTo MynhTHnneKcHofi cncTe~wfi. J 

a ( M)=8~9.10-3, -Ha pn~. '6 JlBH pesynhTaT n~Mepennfi Ko~6m 
3 ' 

TeMofi, LlHcnepcnsr a(k) = 12.2.10- • BnJlHO, 'iTO wnpnna Kop 

"i~CTO MynhTH~neKCliOH CHCTeMe B 1,3·8 pasa MeHbWe1 qet B} 

cncTeMe, l1s (43) cneJlyeT, 'iTo OIKH)laeMoe OTHomenne nmpnn· 
Teop, 

OOK paBliO K = 1.45, 

Ha pnc, 7 noKasan a~~eKT ocna6neHHSI MynhTHnneKcnofi 

. 1 - HCXOJlHaSI n_oMexa /::in {x) • KpnBasr 2 - ocna6nenHaSI noME 

.Urrcnepcnsr, orrpe.ciensriDmasr mrrpHHy KopnJlopa 

13,4, tQ-3 JlO 3,10-3, T,e, B 4,48 pa3a, «PyHKUHSI /),. f 

OllliiOOK~ 

Ha 9TO 

HSITa paBnofi nyn10, Ha pnc. 8 noKasaH npnMep ocna6nemm m 

I!MelOmei!: )leTepMHHllCTCKHH xapaKTep, KOr)la a~~eKTHBHOCTh p 

·He fino cna)laeT Bo BpeMeHn. KpnBasr 1 - ncxoJlHasr noMexa n (l 

·- ocna6neHHaSI noMexa, KopllJlOP OlllHOOK yMeHhlllHncsr B 4,43 

'lai!:Horo npouecca OIKn.ciaeMhii!: Koa~~nuneHT yMeHbmeHHSI 

4,47 = ..;20". 
flpHBe)leHHble MO)lenrrpylOlllHe p8C"ieTbl HarnHJlHO )le~OHC 

UHanbHble B03MOIKHOCTH MeTOJlOB ocna6neHHSI MynhTHllliHKaT 

· HCllOnh30B8HHeM MynhTHnne.KCHblX CHCTeM perHCTpaUHH "iaCTHU 

. MeTp1 KOTOpblH ll03BonsreT cnenaTb BblOOp OllTHManhHOrO MeTo, 

B aaKniD"ienne aBTop BbipaiKaeT 6naroJlapHoCTh T.A. CT 

B' pa6oTe, 

13 



eXH fl.n ~ H. fl.n, nonHOCTblO 

eHcTBa .r:tncrrepcnit sarrnllieTcH 

. (37) 

(38) 

en~Hhl ~HCTO MynbTHrrneKCHO~ 

~yHKUHSI 

(39) 

pHT~ o6pa60TKH 0 KOTOpO~ llOll

MYilbTHlli19KCHO~ CHCTeMo~l~/ 

~ /l.n * g (40) 

g] .. (41) 

.f _B ·aToM cny~ae onpe.r:tenH-

(42) 

IbTHrrneKcHoro MeTo.r:ta (42) n 

Hl!eM KaK Tpa.r:tHUHOHHO~ Cl!CTe-

9Mbi, cymeC'IB9HHO OTilH~alOTCSI 

lBYX MeTonoB paBHO 

(43) 

... 

, ·' Ec'nii _._;M_:_: -<a< 
2( M + l) M 

t TO rrpen:MymecTBO l!MeeT ~HC TO MYilbTHll119KCHaSI 

CHcTeMa. Ecnn: me 0 < a < ----
2(M + l) 

, To rrpenrro~Tenn:e cnenyeT oTnaTb 

.KOM6HHHpOB8HHOMy MeTony. HarroMHHM; 'ITO 'ISM M9Hblli9 a , 'TeM Clill:bHee 

Koppemrun:H Memny rroMexaMn: /l.n' n: /l.n" • 

Cny~aii a = 1 6bm rrpoMonenHpoBan. Ha puc, 5 npnBeneH OKOH"laTenb-

Hhiil: pesynbTaT II3MepeHHH "'HCTO MyllbTHll119KCHOH CHCTeMOH, JlHcrrepCHH paB!Ia 

a ( M)=8~9.10-3. Ha pn~. 's naH pesynbTaT n:sMepenn~ Ko~6nH~poBaJIHoii cnc-
- 3 -· 

TeMoil:. nncrrepcnSI a(k) = 12.2.10- • BnnHo, 'ITO lliHpHHa Kopnnopa OIIIH60K B 

"'IICTO MYilbTHlli19KCHOH CHCTeMe B 1,38 pa3a M9Hblli9 0 "!9\ B KOM5HHHp0~8JIHO~ 

CHCTeMe, J13 ( 43) cne):lyeT, 'ITO Q)!(l!Jl89M09 OTHOlli9Hl!e llil!pl!H" KOpHJlOpqB Ollill-
Teop, 

60K paBJIO K = 1.45, 

Ha puc, 7 noKasaH a<!><!>eKT ocna6neHnH MynbTHrrneKcHoil: noMexu, KpnBaH · 

1 - ucxoAHaH noMexa /l.n (x) • KpHBaH 2 - ocna6neHHaH noMexa. 

llucrrepCHH, orrpenenSIIOI1!8H llillpHHy Kopnnopa Ollil!60K, YM9Hbllia9TCSI C 

13,4,10-3 llO 3.10-3, T,e, B 4,48 pasa, c!>yJIKUl!H fl. f Ha aTOM pHCyHKe rrpn- · 

HHTa paBHoii nynro. Ha pnc, 8 rroKasaH rrpnMep ocna6neHnH noMexn n(x) 

IIM910l1I9H ):l9T9pMIIHIICTCKl!H xapaKTep, KOr):la a<!><!>eKTJIBHOCTb perncTpaUI!H Ill!-

HeiiHo cnanaeT Bo BpeMeHn. KpnBaH 1 - ncxoAHaH noMexa n(x) • KpnBaH 2-

- ocna6neHHaSI noMexa. KopnAOP Ollil!60K yMeHbllillllCH B 4,43 pasa. nmr cny

qaiiHoro rrpouecca omnriaeMbiil Koa<!>¢nunenT yMeHbllieHHH OlliH6oK paBeH 

4,47 = v2ii"~ 

ITpiiBeAeHHbie. MoAemrpyromne pac~eTbi narnanHo AeMoHcTpnpyroT rroTeH

unanbHbie B03MO)!(HOCTH M9TO):lOB ocna6neHHH MYilbTllllllHKaTHBHbiX ITOMeX C 

HCITOilb30B8HHeM MynbTI!lli19KCHbiX CHCTeM perHCTpaUHH ~aCTHU, YK838H napa

, MeTp, KOTOpb!H ll03BOI1H9T C):l911aTb, Bb!60p OllTHMallbHOrO M9TOJl8 perncTpaUHH, 

B saKnro"leHne aBTop BbipamaeT 6naroAapnocTb T .A. CTpnm sa rroMomb 

B. pa6oTe, 

13 
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8 !J. n x 10 3 

4 

O~d \ 1\ I -\ _._j 

-4 

1 3 5 7 9 ff U ~ V W X 
Puc, 1. fpalj>ux ·cnyqali:Holl: MynbTHnnHXaTHBHoll: noMeXH Lln (x} 

B03llell:cTsyeT Ha H3MepHTenbHyro annapaTypy, 

4 

o I J: "\ J· ~ I '4 ~ I 

·-4 

-8 

1 3 5 7 9 ff ~ ~ V W X 

Pac. 2 •. fpat\lHKH senH'IHHbl s 
1 

(x} 1 H3MepHMolt oobi'IHOit cacTeMI 
HHH1 H HCICOMOit ljlyHKUHH ill (x} • 
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·nne omm, P13-5699, 
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'·• 1965. 

t966); ~ 268 ( 1966); 
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1971 roAa• 

.- .. --

8 

1 3 5 7 11 13 15 17 19 X 
Pnc. 1. rpa$HK 'cny'IaAHoll: MynbTHfinHKaTHBHOA fiOM9XH £\n (x) 0 KOTOpaH 

soaAell:cTsyeT Ha H3MepnTen&Hyro annapaTypy. ·--,, 

1 3 5 7 9 11 13 15 17 19 X 

Pnc. 2 •. rpalj!HKH BenH'IHHbl s r (xJ • H3Mep!IMOA OObi'IHOA CHCTeMoA naon!OAe
HHH, H HCKOMOA tPYHKilHH £\, (x} • 
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10 

Ol 

-10 

Pnc. 3. fpatjlHKII Benii';!IIHhl s (x) , 1!3MepSieMOli MynhTIIUneKCHOli CIICTeMOli · 

aa6nroAeHIISI, n ncKoMoli tjlyaKftnn A f (x) 

~ 

Llf®£> +Lin =S2 -1 
X 103 

I/ \ I , -..._ _...Q... . I l K¥ 

~jx10: 

1 3 5 7 9 11 13 15 17 19 X 

Aj@~-A.f 
X 103 

10 

0 ~ ..... // ~ \J --\---1 ...... 
'·'~ 

-10 

1. •· 3 5 7 9 11 13 15 17 19 X 

....... 
Pnc. 4. fpatjJHK $yHKUIIH h 

1 
(x) ,;, s 

2 
(x) - s 

1 
(x), nonyqeaaoli coBMecTHhiMH. 

II3MepeHIISIMII KOMnneKCHOll · CIICTeMOli 1 KOTOp8SI COCTOIIT 1!3 06bi'IHOll CIICTeMbl 

Ha6nroAeHHli ( s , (x)) II .MynhTIIUneKCHOli CIICTeMbl Ha6nroueHIIli ( s (x)) • 
I . .l, 2 

nyHKTllpOM UOK838H8 liCKOM8li .,yHKUIISI /':,. f (x) 

16 

Sr "' 
3 I 

f1./x10 -1 

' . ~ • I I I ' Ota.. 1 ' 

~ 
IJ../+ LlVm 

X10 3 

-5 ~ -3 
o,n=B.9 ·10 

1 3 5 7 9 ff ~ ~ V ~ X 

Pnc. 5. 0KoH'IaTenhHhili peaynhTaT naMepeHnlt, /':,. f + /':,. 11 , nony'l' 

UOMOWbiO 'IIICTO MynbTHnneKCHOli CHCTeMblo nyHKTHp. -HCKO~f8SI tjlyHKI 

LlncnepcnSI paaaa u( M) = 8,9.10-3. 
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3 5 7 9 ff ~ ~ V W X 

~J, nony'leaaoll coilMeCTHbiMii 

I, COCTOIIT_ 113 06bi'IHOll CIICTeMbl 

Mbl. aa6moneHIIll ( s 
2 

( x)) 

~ 
11:/ + LlVm 

X103 

-5 
,-J -3 
o,n=8,9 ·10 

1 3 5 7 9 ff ~ ~ V W X 

P11c. 5. OKoH'IaTenbHblll peaynbTaT llaMepeHIIll, fl 1 + !l v , nony'leHHbill c 

llOMOIUbiO 'IIICTO MynbTI!nneKCHOll CIICTeMbi. nyaKTIIp' -IICK0~8ll ljly.IIKUIISI !ll(x) 
.llllcnepcnll paB.IIa a(M) = 8,9.10-3. . 

17 



,, 

·!! ,, 

I 

5 

3 
fl/X~10 

~, 
I 

o I I \ f); '" A. • __:.._..t 

-5 

1 3 

11/ + .1 v/( 
x.1o' 

- -3 
f:)K=12,2 ·10 

5 7 9. 11 13 15 17 19 X 

Puc. 6. OKoH'IaTenbHbifi peaynbTaT uaMepeHufi , Ill + ll v k , nony'leHHbifi c 
fiOMOmbiO KOM6UHUpOB8HH~il CUCTeMbl Ha6mo)leHUSio n~HKTHp - UCKOMaSI 4JyHK-
UUSI lll(x) • .[lucnepcuH pasaa u·(k) = 12,2.10-. 06e peanuaauHH Mynb-

TunnuKaTUBHOfi noMeXH SIBnSIIOTCSI B3SUMHO ReKoppenHpOBSHHblMU (a = J ). 
qUCTO MynbTHfinHK8TUBH8SI CUCTeMa H~niO)leHUSI o6na)laeT npeuMymecTBOM H8Jl 

KoM6uHuposaaaofi cucTeMofi, ecnu l( M+ l) <a< l • B npoTHBROM cny'lae, 

ecnu 0 <a < ' M . 
1 

KOM6UHUpOB8HH8SI CUCTeMa Ha6nJOJleHUSI )laeT 6onee 
. 2(M+l) 

y3KUfi KOpUJlOP OWU60Ko 

18 

-3 -3 
10 ,-1=134·10 

Of I -3 
,..., =03·10 
02 I 

6,j62=4,48 

2 
____-(]) 

Ol ,. V ~~_. f' ¥_, I~~~..., . I 

-2 

1. 3 15 17 19 X 

'-< ,. 
Puc. 7. 84J4JeKT ocna6neHHSI cnyqafiaon MynbTHnnHKaTHBHofi noMexu· 
ro cny'laSI lll(x) = 0 • KpHBaSI 1 - HCXOJlHaSI noMexa lln (x) • } 
2 _ ocna6neHHaH noMexa. 0THomeHHe u I u = 4,48 BMecTo ·,1 21 

ucx. ocna6. 



17 19 X 

I +' L\ v k , nony'leHHbiit c 
llyHKTHp - HCKOM8H ljlyHK

Q-3, Ooe peannaaunu Mynb
mupoBaHHbiMH (a = J J, 
5nanaeT npeHMymecTBoM nan 
•. B npoTHBHOM cnyqae, 

1aonroneamt naeT ooiiee 

. i 
1fi r---'--------:-----------, 

,.-1 = 1 34 ·10-3 ~ /L' o, , o 11 o 2=4,48 
,-J =03 ·10-3 
02 I 

-2 

1 3 5 7 9 11 13 15 .17 19 X 

Puc. 7. 31jlljleKT ocna6neann cny'laitaon MYllbTHnnHKaTHBHoit noMexu·nnH 'laCTHo-
ro cnyqan L\f(xJ = 0 • KpHBaH 1 - ucxonHaH noMexa L\n (xJ '.· KpHBaH 
2 - ocna6neaaaH noMexa, 0Taoweaue a I a = 4,48 BMeCTo \j 20 = 4,4 7; 

ncx. ocnao, 
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' •. 1 

i 
;i 

10'"
3 
~----

2 

ol ......... ~~ ': """' ... ~.- J" . I 

,.-' -3 o 1 = 1,06_ ·10 
~ -3 o 2 =0,24·10· 

-2 ~ 6/ b2 =4,36 

1 3 5 7 9 11 13 15 17 19 .X 

Pnc. 8. 31jlljleKT ocna6neHHH MynbTnnnnKaTnBHOll: noMexn neTepMnnncTcKoro 
xapaKTepa. KpnaaH 1 - ncxonHaH noMexa ~n(x) • Kpnaasr 2 -.ocna6neHHaH 
noMexa. 0Tnowenne a I a = 4,36, BMecTo v M = v 20 = 4,4 7. 

ncx. ocna6, 
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Y CJIOBHll 06MeHa 

OpenpnHTbr n coo5ureansr OH.HH paccbma!OTCH 5ecnnaTHo 
HMHOrO 05MeHa,yHHBepCHTeTaM 0 HHCTHTyTaM, na6opaTOpHHI 
HaytiHhiM rpynnaM n oTnenhHhiM ytieHbiM 6onee 50 CTpaH, 
. noirytiaTenHM H3]:laHHH OH.HH npe.QOCTaBnHeTCH B03MO>KHl 
HBHTb HHHUHaTHBy B 6ecnnaTHOH ITOCbinKe ny5nnKaUHH B ll~ 
05MeHa. ITPHHHMaiOTCH Hay'IHbie KHHrn, )!{YPHBIIbi, nperrpHHT 
ny5nnKaunn no TeMaTnKe 011.Hl1, 

. EanHcTBeHHbrll: BH.Q ny6nnKau"nH:, KoTopbrll: HaM npncbrna 
3TO penpHHTbl ( OTTHCKH CTaTeil: , y>Ke ony5nHKOBaHHbiX .B Hay 

. e PH.Qe cnyqaeB Mbl CaMH o6pamaeMCH K Hay'IHbiM y'lpE 
6onee KpyiTHbiM nony'laTenHM HaiUII.{C H3.Q8HHH -. C npOCb60H 
c.traTb HaM KaKne-nn6o KHnrn irnn BhrnncaTb ansr aarueH: 6n61 
·>Kypnanhr, II3.Qa!OIIIIIecsr B nx cTpanax, 

OT,neJibHhle 3anpochl 

HaaaTenbCKIIH oTaen e>Keroano BbrnonRHeT oKono 3000 o· 
coB Ha BhiChrnKy H3.l:I';!Hnll: OH.HH. B TaKnx aanpocax cneny 
yKa3brBaTb nnneKc aanparunsaeMoro na.Q~HHH. 

A.npeca 

nnchMa no sc.eM sonpocaM o5Mena ny6nnKaurisrMn, a Ta 
OT.QenhHbre naaaansr cnenyeT aanpaBnHTb· no aapecy: 

MocKBa,~ 

TnaBHbiii IID'lTaMT, II/s 79. 
HaaaTenbCKHii oTaen 

06heaunennoro HHCTHTyTa 
· saepHbiX uccneaoBaHHii. 

Anpec ansr nocbrnKn ·acex ny5nnKaunll: B nopH.QKe o5Mell 
6ecnnaTHOH ITO.QITIICKll Ha HaytiHbie ')KypRanbi: 

MocKBa, 

TnaBHbiii IID'lTBMT, II/H 79. 
Hay'lHo..:.TexHH'lecKaH 6u6nuo;.eKa 

06heaHHeHHOro HHCTHTyTa 
saepHbiX HccneaoBaHHii, 


