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rcTnTyTa su:xepHbiX nccnenoaa
KaunSIMU, 0Hn nanaroTCSI B co

npnHTOB oT coo6meanfi aaKn~
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nKaunn Ol1Hl1 nMeiOT 
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aepxHeM yrny Ha 
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ra HAepHbiX MCCJieAOBaHHit 

ICTnTyTa HJlepHhiX nccneJloBa
KaunHMn. Oan lf3JlaiOTCH B co
npnHTDB D! coo6weanfi 3aKnro
>cneJlCTBnn Bocnpon3seaea B 
=KOM c6opHllK9, 

~ny6nnKaunn OHHH. nMeiOT 
mJ:ocTaBnHIOUIYIO nocne.nane 

-~:;, 
j~:,f, 6hiTh npeJlcTaBneH B 3 Ba-

~f, 
~.,. ~~ 

~nlffiCKOM l13blK8X, 
5I TDnhKO B CTpaHw-yqacT-

M, onpeJlengeT TeMaTnqe
TnqecKnx KaTeropnfi ll3Jla
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HHH Mbl 
ameaaoe 

p 13 - 5722 

J1 .M. C opOKO 

llCEB,ll,OWYMOBHE, 
llOCJIE,ll,OBATEJibHOCTH 

H llPHMEHEHHE HX 
,ll,Jifl MYJibTHllJIEKCHHX CHCTEM 

PErHCTPAUHH qACTHU 



" 

'I 
I 

§ 1 

11 2/ 
B rrpeJibiJIYIUHX pa6oTax ' nanomeHbi rrpHHUIIIIbi pa6oTbi MY.IlhTIIII.I'IeKc-

Horo CU!iHTH.II.IIHUHOHHOrO C'leT'IHKa H My.llbTIIII.I'IeKCHOil: MHllietm, B OCHOBe pa

OOThl My.llbTHII.IleKCHOrO C'leT'IIIKa/1/ .119>Kl!T M9TOJI HHTerpa.llbHO-KO)lOBOro 

npeo6paaoBaHHH yr:noBoro pacrrpeaeneHHH qacTHU. PeanHaaung aToro MeToaa 

JIOCTl!raeTCH IIyTeM rrepeXO)la OT roMoreHHOrO CUHHTH.II.IIHTOpa K CUHHTII.II.IIH-

TOpy
1 

co6paHHOMY H3 HeCKO.I'IbKHX 9.1IeMeHTapHb!X CUHHTH.II.IIHTOpOB, CBeTOBb!9 

BCIIbllliKII H3 K8)K)lOrO 9.119MeHT8pHOrO CUHHTH.II.IIHTOpa IIOII8Jl8IDT TO.I'IbKO B OJIIIH 

H3 JIBYX CBeTOBOJIOB 1 KOTOpb!e IIpHMb!K8IDT CBOHMH paOO'IllMH TOpUaMH C JlBYX 

CTOpOH K CUHHTH.II.IIHTOpy, 3aKOH qepeJIOB8HHH Bb!XOJI8 CBeTa !i3 aneMeHTapHbiX 

CUHjiTH.II.IIHTOpOB OIIHCb!BaeTCH HeKOTOpOil: lPYHKUHeil: KOJIHpOB8HHH g (j ) 1 KOTO-

" pag rrpHHHMaeT TO.I'IbKO aBa aHa'leHHH: + 1 H -1• CymecTByJOT onpeaeneHHbie 

3Ha'leHHH 'IHC9.1I aneMeHTapHb!X CUIIHTH.11.1IHTOpOB 1 a C HHMH H TO'IeK H86.1IIDJieHHH1 

Jl.IIH KOTOpb!X MO>KHO IIOCTpOilTb tPYHKUilll g ( i ) 1 00.118Jl810IUH9 CBOiiCTBOM 

UHK.1IIl'I9CKOH TpaHCOpTOrOH8.1IbHOCTll, DocneaHee Bb!pamaeTCH COOTHOlli9Hli9M 

M . 

g(i)*g(i) = k g(k)g(i+k)=(M+l)B(k)-1, 
1=1 

(I) 

rae M- qHcno To'leK na6nroaeHHH. 3To cooTiwrneHHe HBnHeTcH neo6xoJIHMbiM 

H JIOCT8TO'IHb!M ycnOBH9M TOre, 'IT06bi KOJIHpOB8Hl!e 1 OCyllieCTB.IIH9M09 lPYHK

uneil: g ( i ) , 6bmo oopaTHMbiM. 11uaqe roBopH, nnTerpanbHO-KDJIOBoe npeoo

paaoaanHe C HJlpOM g_{i) JIOIIYCK89T OJIH03H8'1H09 BOCCT8HOB.I19HII9 HCXOJIHOil: 

HHlPOpM8UHllo 

TeopnH orrTHManbHbiX KOJIOB yTBep)KJlaeT, 'ITO nan6onee npocTaH cxeMa 

KOJIHpoBaHnst nonyqaeTcst Toraa, Koraa stapoM, nnn KOJIOMt npeoopaaoaannn . 
SIB.IIHIOTC£1 TaK H83biB89Mb!9 IIC9B)lOlllyMOBbi9 tPYli!{Ullll1 li.I'IIl IIC9B)lOlllyMOBbi9 

3 



ITOCi!8)lOB8T8i!LHOCTH, no CBOHM CBOfiCTB8M OHM oqeHb 6nM3KH K OpTOrOH8i!bHhlM 

cncTeMaM, 

Mo*HO aoKasaTb, qTo ecnn saaaHa HeKoTopaH rrocneaonaTenbHOCTb g(i), 

T8K8H 1 qTo g E ( + 1 ', -1) , TO ee M8TpMUa KDppenHUHH 

M 

=-I-~ g(i)g(i+j), 
M I =1 . PI! ( 2) 

rne M - ami!Ia tmcneaonaTenhHDCTU, rronHOCTbiO orrpeaenHeT nHQ:lopMaunoH

Hhte CBOHCTBa rrocneaonaTenbi!OCTH g ( i ) . Ecnu p11 = 8 I! 
1 

rae 8 I! - CUM

BOn KpoUeKepa, TO rrocnellOB8TenbHOCTll g(i) ll g (i + j) HBmiiOTCH B38HM¥0 

opToroHanbllhtMn. 

n p u Me P .• CBoilcTnoM opTorouanbHOCTH o6na11aeT rrocneaoBaTenhHOCTb 

qncen 

+ I , + I, + I , -I , M = 4 

ilnH uee 

PII 

I M 2 
..!!. __ ~ [g(i)] =I 

M 1=1 

Pl,t+1= !- (-1,+1+1-I)= 0, 

l 
f 
) 

( 3) 

(4) 

Hau6onee nsBeCTHbtMH u xopowo nccneaoBaHHbtMn nceBnowyMOBbtMn 

rrocnenoBaTenbi!OCTHMH SIBi!SIIOTCH TaK H83b!B8eMbte m -rrocne!(OB8Tenbl!OCTH1 

nnn rrocneaoBaTef!bl!DCTH MaKcnManbHofi nnHifbt perncTpa cnBnra. nocneaHnfi 

TepMHH rrponcxoauT oT aneKTpoHHofi nornqecKoii cxeMbt 1 ncrronbsyeMofi pnH 

ITDCTpOeHIIH Ua6opa UHQJp CO CBOHCTB8MH 8THX ITOCi!8LlOB8T8i!bi!OCTefi, finn-

118 iii - rrocneaoBaTenr:.nocTn paBHa M = 2 n -1 , rne n - nponsBonbHOe 

uenoe qncno. Ee MaTpnua KoppenHunn nMeeT BUll 

4 

p(J)=8(j) 
I 

rae j - war cannra Me*!ly. , 

o6naaaiO~lHe TaKoil MaTpnueil, 

Ecnn M » 1, TO p(j) ""8 ( i ). , 

HOCTH OHM B8LlYT ce6H,K8K OJ 

Hs-sa 6narorrpnHTHbiX l 

TaKnx rrocnenonaTenbHOCTeil 

KO!l,llpOB811HSI, 

Ha pnc, 1 rroKasaH rrpl 

!(i!Sl M = 19. ct>yHKUHSI g(i ) 

6y~T KDliCTpyKUHSI Myi!bTHITi!E 

<jlnrypaunH aneMeHTOB Mynb' 

M8Tpllll8 KOppei!HUHH p ( j ) , 

B BH!(e KOppei!SIUHH 
M 

g ( i) * g (i- 8) "' ! g (i ) g 
I =1 

Pnc,3 nnniOcTpnpyeT rrorneaon 

KO!lOBoro o6pasa ncKoMoro 

MDWb!O CDCT8BHOrO CUHHTMi!m 

qnKa. HuaeKc i yKa3biBaeT 

yrnoBoe pacrrpeaeneHne f(i) I 

~t) 
M=f9 

+1 

Otfl ' I~~ 711111 
-1 

Puc. I • npnMep rrceanc 



qeJib 5nii3KII K opTOI'OH8llbHhlM 

JaH nocnenoBaTenbHOCTb g(i), 

nHUIIII 

( 2) 

ro onpenenneT IIH~opMauiioH

p11 = 0 II 1 rae 0 II - CIIM

II g (j +j) HBllHIDTCSI B38UMHO 
I 

>5nanaeT nocnenoBaTenhHOCTb 

0, 

l 
l 
J 

( 3) 

(4) 

lOB8HHb!MU nceBJlOlllyMOBbiMU 

.!hie m -nocneJlOBaTenbHOCTII, 

pei'IICTpa CJlBUI'B. nocneJlHIIfi 

Jfi cxeMbi 1 IIcnonbayeMofi p.nSI 

~ nocnenoBaTellbHOCTefi. nnii

~~ 1 I'Jle n - npOU3BOllbHOe 

BIIJl 

p ( .i ) = 0 ( .i ) - _l_ • (l ::: .i 'S. M ) I 

M 
( 5) 

I'Jle j - lll8I' caBIII'8 MeJKJlY g( i) II g(i+j ) ·<jJyHKUIISIMII. nocnenoBaTellbHOCTII 1 

o5nanaro'Jl1Ie TBKOfi M8TpiiUefi KOppenHUIIII 1 H83b!B8IDTCSI Tp8HCOpTOI'OH8llbHhiMII. 

Ecnu M » l , TO p ( i ) ""o ( i ) , TaK 'ITO npu 6onhlllofi JlliiiHe m -nocnenoBaTenb

HOCTU OHII BeayT ce5SI,K8K opTOI'OH8llbHb!e <jJyHKUIIII. 

l13-38 5naronpiiHTHbiX KOppenHUIIOHHh!X CBOfiCTB II llpOCTOThl nonyqeJIIISI 

TaKux nocneJlOBaTenbHOCTefi oau HalllnU lllUpoKoe npuMeneaue B ciicTeMax 

KOJlUpOB8HUSI. 

Ha puc. 1 noKaaaH npiiMep nceBJlolllyMoBofi nocneJloBaTenbHOCTug(i) 

Jll!SI M = 19. IPyHKUIISI g(i) npeAcTaBneaa B (2M-l) TO'!Kax, KaK aTo Tpe-

6yeT KOHCTpyKUHH MynbTlllll!eKCHOI'O CUIIIITIIllllSIUHOHIIOI'O C'!AT'IUKa/1/ II KOH

<jJIIrypaUUSI aneMeHTOB MynbTIInneKcHofi MIIllleHu/2/. Ha. puc. 2 npnBe)leHa 

MaTpiiua KoppenHUIIII p ( i ) , npeJlcTaBneHHBH 5ea HOpMnpyromero MHOJKHTenSI 

B BII)le KOppenHUIIU 

M 

g ( i) * g (i- 8) _ !. g (i ) g ( i-8) = (M + l ) o ( i -8 ) -1 ' ( 6) 
I =I 

P1Ic.3 nnnrocTpnpyeT nocneJlOBaTenbHhie onepaUIIII Bbipa5aTbiBBHIIH HHTerpanbHo

KOJlOBoro o5paaa ncKoMoro yrnoBoro pacnpeJleneHUSI qacTUU f(i) c no

MOIUbiD COCTBBHOI'O CUIIHTIInllHTOpa MynbTIInneKCHOI'O CUIIHTIIllllHUIIOHHOI'O C'IAT

'IIIK8. l1HJleKc yKa3hJBaeT yrnoBofi IIHTepBan aa5nroJleHIIH B cnyqae, KOI'Jla 

yrnOBOe pacnpeJleneHIIe f( i) pei'UCTpupyeTCH TpaaHUIIOHHbiM CUIIHTIIllllHUIIOHHh!M 

~L) 
M=f9 2M-f•37 

P11c. 1. npHMep nceBnowyMoBoil nocnenoaaTenhnocTH nm1 M = 19. 
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Pnc, 2, noncaeane caoficTaa TpaacopToroaanhHOCTH rrceanowyMoaofi rrocne
noaaTenhHOCTn, rrpnaeneaaofi aa pnc, I, 

.. 
I ~aN 1•1[-1[-t J.t 1•1[•1[•11-t 1+1 l-t[•1[-1 [-1 [-t H l•t [•t I-t I 

!:ft!OII 
Jw ' 
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t z .3 II 5 6 7 8 9 10 11 12 fJ til 15 16 17 18 19 
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5 IS -fStJ IJ -d 15 I. -r.s -o J3 I 0 f5 -1. tJ _, f5 -15 -15 -c 
6 12 -12 ·12 12 12 -1 12 I _, -12 _r< f2 I 12-12 , -12 f2 -12-12 
7 tO ·10 •II -tG I 10-10 10 10 -10 -tO 10 10 10 10 -10 10 -10 10 -10 
8 7 -1 -1 -1 -1 7 1 -7 1 7 -1 -1 7 7 1 1 -1 1 -7 7 
9 5 .,.., -5 -5 -5 5 -5 5 5- - 5 5 5 5 -5 5 -.5 
10 3 -J J -J -J -.3 -J J .3 -J J J -J -J ,J 1.3 J J -J J 
11 2 z -z z -z -z -2 -2 2 " -2 2 2 -2 -2 2 2 2 2 -2 
12 I 

_, 
1 -1 , _, -1 _, -I I I •I 1 1 _, _, 

I 1 f f 
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Pnc, 3, Ta6nnua, rroncamowan rrocnenoaaTenhHOCTb pa6oTbi MynhTnrrneKcHoro 
C'!tlT'IHK8 C rronBHlKHbiM CUllHTHnnHTOpOM ( CM, T€KCT ) , 

6 

I 

C'Ii!!T'IHKOM C yrnOBb!M pa3p 

aneMeHTY, llony'IeHHbie pe3j' 

pMCo 3 BO BTOpOM CTon6ue, ; 

eTCH "saMOpO)KeHHOfi" 1 IIpOE 

C'IEiT'IHKa C COCTaBHb!M IIOilBI 

IIOnO)KeHHSI aneMeHTapHbiX cu: 

MaH peannsaunH f ( i ) 6y11e 

rrepell 'IHCnaMH B Tp9TbeM C~ 

C'IEiT'IHKOB IIOwen HMIIynhC C 

HH)KHHfi CBeTOBOil 1 a 3HaK (

BOilo Ctii!!T'IHK HH)!(Hero !f>oTt 
' 

a C'Ii!!T'IHK BepxHero - 93, I 

IIOnO)KeHHH COCTaBHOI'O CUHHn 

+ 126 n -78, lloKaaaTenb 6nrr 

IIOnHpHblfi C'IEiT'IHK 11aeT 3Ha'l 

f ( i ) * I 

KOTOpb!e IIpHBelleHbl Ha pHC, 

llnH TOI'O 'IT06b! rronyqJ 

C IIOMOllibiD COCT8BHOI'O CUM 

OIIepaUH.II CBOilHTCH K KOppe 

CymecTByeT HecKonbKO 

llOBaTenbHOCTefi, .0JlHH H3 HH: 

CllBHra, pa6oTaiOwero UHKnH'I 

anropHTM8 CBOilHTCH K HaXO~ 

cTerreHH n B rrone llBOH'!HbiX 

syroT B KatieCTBe peKyppeHTH 

BTopofi crroco5 rrocTpoe 

BaH Ha CBOfiCTBaX MaTpMUbl J. 

CTpoeHHH, 

KaK nsBecTHo, MaTpm 

aneMeHTaMH KOTOpOfi HBnHIDTC 

AllaMapa COCTOHT B TOM, 'ITO 
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:Tb pa60Thl MynbTHITneKCHOI'O 

!KCT ) • 

1 

1-

cq~T"'HKOM c yrnoBbiM paspewenneM n waroM, paBlibiMII onlioMy yrnoBoMy 

aneMeliTY. ITony"'elilibie pesynbTaTbi TpannunonHoro C"'~Ta rrpencTaanelibi Ha 

pnc. 3 BO BTopoM cTon6ue. ITpenrronaraSI, 'ITO nanHaSI peannsaunSI £( i ) ocTa

eTc.II 11 saMOpO>K9liliOH 11
, llpOBDJliiM HSMepeHIISI C IIOMOIUblO MynbTIIIIneKCliDI'O 

C"'~T'IIIKa C COCTaBHbiM IIDJlBH>KHbiM CUIIHTHnnSITOpOM. B SaBHCIIMOCTII OT pac

nono>KeHHSI aneMeHTapHbiX CUHHTHnn.IITOpOB B COCTaBJIOM CUHHTIInnSITOpe IICKO

MaSI peannsaunSI £ ( i) 6yneT KonnpoaaTbCSI Ka>KilbiH pas rro-pasHoMy. 3aaKn 

rrepen 'IHCnaMII B Tp9TbeM CTon6ue Ha pHCo 3 IIOKa3b!BaJOT, B KaKIIe II3 llBYX 

C'leT'IIIKOB II OWen HMIIynbC CBeTa. 3liaK ( +) OSHaqaeT, 'ITO CB9T BXDJliiT B 

HH>KHIIH CB9TOBOJl, a 3HaK ( -) IIOK83biBaeT, 'ITO CB9T nneT B BepXHIIH CB9TO

BOJl. C'tJ~T"'IIK liH>KHero ¢oToyMHO>KHTenSI saperncTpnpyeT 110 nMrrynbcoB, 

a C"'~T"'HK BepXH9I'O - 93. Enrron.IIpHblll OTC'l~T COCTaBIIT +17. flpn BTOpOM 

rrono>KeHIIII COCTaBHOI'O CU!iHTHnn.IITOpa 'l!iCna liMIIynbCOB COOTB9TCTB9HHO paBHbi: 

+125 n -78. floKasaTenb 6nrronSipHoro C'l~T'IHKa paBeH +47. Ka>KJlbi.ii pas 6n

rronSipHhlH C'l8T'IHK naeT 3HatieHHSI CB9~TKII 

M 

( 7) 

KOTDpbl9 llpliB9Jl9Hbl Ha pnc. 3 B HII>KHeH CTpOKe •. , 

lln.II TOI'D 'IT06b! rrony'IHTb HCXOilHbl9 naHHbie, pesynbTaTbi, IIDnytielilibl9 

C IIOMOIIIblO COCTaBliDI'D CUIIHTHnn.IITOpa, IIOJlBepraJOT Jl9KDJlllpOBaliH!Oo 8Ta 

orrepaUII.II CBOJliiTC.II K KOppenSIUIIII rrony'leHliblX naHlibiX C ¢yHKUIIefi I!; ( i) • 

CyruecTByeT aecKonbKD MeTonoB rrocTpoeHnSI rrceBnowyMOBbiX m -rrocne

noBaTenbHDCTeii •• 0JlliH liS HIIX COCTOHT B llCIIOnb30B8HHII 6nHapHOI'O perHCTpa 

cnanra, pa6oTaJOwero unKnntiecKn no orrpeneneHHoMy anropnTMy. ITocTpoeJ-me 

anropiiTMa CBOJliiTCSI K HaXO>KJl9HIIJO Hepasno>KIIMOI'O llpiiMIITllBHOI'O IIDnllHOM8 

cTerreHn n B none llBOH'IHbiX qncen ( + 1, -1 ) • 3aTeM 9TOT rronnHoM ncrronb

syroT B KatieCTBe peKyppeHTHOH ¢opMynhio 

BTopofi CIIOC06 IIOCTpoeHHSI IIC9BilOlllYMOBblX nocneJlOBaTenbHOCTeH OCHO

B8H Ha CBOHCTBaX MaTpHUbl AllaMapa II KpoHeKepoBCKOI'D anropHTMa ero riO-

CTpoeHIISI. 

KaK nsBecTHo, MaTpnueii AnaMapa HaSbiBaeTc.II KBanpaTHaSI MaTpnua, 

aneMeHTaMH KOTDpDH .IIBnSIJOTCSI 'IIICna + 1 H -1. 0CHDBH!;>9 CBOHCTBO MaTpl!Ubl 

AnaMapa COCTDIIT B TOM, 'ITO ee CTpOKII H CTOn6Ubi BSaiiMHO DpTOI'OHanbHbl 
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COOTBBTCTBBHHOo 8TO CBOfiCTBO 38llHCbiB8BTCH B MaTpHqHofi ¢opMe TaK: 

H H = N I, ( 8) 

rne H - MaTpnua AnaMapa 1 paRr KoTopofi paBeH N 1 a I - enHHHqHan MaT

pHua. 

npocTefimefi MaTpnuefi AnaMapal HnH reHOM ceMefiCTBa MaTpiiU AnaMa

pa, nnnneTcn MaTpnua BToporo paHra 

"~=[1 1] 
1 - 1 

AnropHTM nocTpo~HHn MaTpHUbi Ana Mapa nnn N = 2 n, rne n - uenoe 

qncno 1 cnonnTcn K cnenyromeMy. Ecnn H - MaTpnua AnaMapa 1 To MaTpnua 

G l : -:] ( 10) 

TaloKe·HnnneTCH MaTpnueil AnaMapa, 

Bonee o6mnfi MeTon nocTpoeHnn M8T9IIU AnaMapa Bbipa:»weTcn cne-
'• AY!OIUBil TBOpBMOll 0 KpOHBKBpOBCKOM IlpOH3BBABHIII!, ECJIII 31l118Hbl ABB KBilA-

paTHbiX MaTpiiUbi A II B 1 cooTBBTCTBenno panroB N II l\1 1 TO KpoHeKe-

poBCKHM nponsBBilBHIIBM MaTpnu A II B H83hlBBBTCH MaTpHU8 

A x B = [ a 
11 

B ] . ( 11) 

EcnH A 11 B - Mll'TpHUbl AAaMapa, TO ll KpOHBKBpOBCKaH MaTpHUa 

Ax B I 111 T8K)I{B nnnHeTcn MaTpnueil: AllaMapa, 

PRAhl (II CTon6Ub!) M8TpHUbl AAaMapa HABHTHqlHUHpy!OT ITO qncny ll3-

MBHBHHft 3H8KOB CpBAII 8JIBMBHTOB B AllHHOM pHJlB, 8TO qi{CJIO H83hlB810T 

C e K Be H T 0 fi. 

nnn npocTefimeil: MaTpi!Ubl AAaMapa c N = 2 llMBBM 

MaTpnua CeKBBHTa pn11a 

(: _:] 0 ( 12) _________ _. 
1 

8 

:-.: 

J 

l ~: ; 

MaTpnua AnaMapa H 3 

Ubi AnaMapa c' N = 2 II N 

MaTpnua AnaMapa rrpenbiAYIUe1 

Hnn MaTpliUhl AnaMapa rrocne 

3hlB8BT 3HaqeHliH CBKBBHThl 

B CTpOK8Xo 

j = 0 '7 

I+ + 
·+ 
-------· 
++ 

HJ= 17-------
+ + 
+ 
+ + 
+ 

Puc, 4, MaTpHua AnaMapa 

MaTpHuy AAaMapa Mon 

!jlynKuJJnM Yonwa 1 JJ B TaKoM 

Yonwa. MaTpiiUbi Yonma OTJ 

MaTpiiUbi Yonma pacnoJIO)KB.fi 

CTpoKn n cTon6Ubi Ma 

nepecTaHoBKaM 1 noKa He nm 



B MaTpnquoA ¢opMe TaK: 

( 8) 

1 ceMeficTBa MaTpnu AnaMa-

ITS! N = 2 n, rne n - uenoe 

Tpnua AnaMapa, TO MaTpnua 

( 10) 

Ana Mapa Bb!p8)!{80TCSI cne-

mn. Ecnn sanauhl nse Knan-

1uron N H M , TO KpoueKe-

l3biBaeTcSI MaTpnua 

( 11) 

:1 KpOHOKOpOBCKBSI MaTpHUB 

;~apa. 

euTnr!munpyroT rro qncny ns

pSine. 3To qncno uasbiBaiOT 

I =2 HMOOM 

'eKBOHTH pS!)lB 

0 

1 

( 12) 

I '• 

\1 

MaTpnua AnaMapa H 3 c N = 8 = 2 3 rrpnseneua ua pnc. 4. MaTpn-

Uhi AnaMapa c' N = 2 n N = 4 o6seneHbi rryHKTHpHbiMH nnHHSIMH. Ka*naSI 

MllTpnua AnaMapa rrpellbillYIUefi cTerreun ( n -1) SIBnSieTcSI reHoM nnSI nocTpoe

HHSI MaTpHUhi AnaMapa rrocnenyromefi cTerreun n • Ha puc_. 4 nuneKc i yKa-

3hlBaeT 3HaqeHHSI COKBOHThl B CTon6uax, a HH)lOKC k - 3HaqeHHO COKBOHThl 

B CTpOKBX, 

j: 0 7 3 4 1 6 2 5 K= 

+ 
I +•+ I + + + + + 0 
I 

+ -l+ + + 7 
I ________ J 

+ + + + 3 

HJ= + + + 4 
------------+ + + -~+ , 
+ + + + 6 

•• 
+ + + + 2 

+ + + + s 

Pnc. 4. MaTpnua AnaMapa Ha n nocnenosaTenhHwe MaTpllUbi-i:'eHbl, 

MaTpnuy AnaMapa MO}I<HO rrpeo6pasosaTb K suny, KOTOpb!tl nsoMop<jleH 

ljlyHKUHSIM Yonrna, H B THKOM rrpeo6pa30BHHHOM BH)lO ee HH3b!BB!OT MBTpHUOfi 

Yonrna. MaTpHUhi Yomua oTnnqaJOTCSI, oT MaTpnu AnaMapa TeM 1 qTo cTpoKn 

MaTpHUhi Yonrna pacrrono*eHbi B rropSillKD sospacTaHHSI ceKBOHThi (pnc. 5). 

CTpoKn II cTon6ubi MaTpHUhi Ana Mapa (puc. 4) • MO)!{HO noasepruyTb 

rrepeCTBHOBKBM
0 

IIOKB HO IIOS!BliTCSI IIOilMBTj)HU8 G , CTpOKH KOTOpOfi o6JJa-

9 



+ + + + + + ++I 0 

+ + + + - - f 

+ + - - - - + + 2 
Wa e,(l<,j)• I 

+ + - - + + - - 3 

+ - - + + - - + ~ 

+ - - + - + + - 6 

+ - + - - + - + 6 

+ - + - + - + - ., 

Puc, 5, MaTpnua AnaMapa co cTpoKaMn n cTon6uaMn, pacrrono)l{eHHI>IMH a rro
P!!nKe B03p8CT8HHH CeKBeHTb!, TaKaH MaTpnua H30MOp<jJaa COBOKYIIHOCTH H3 

N -tPYHKuni!: Yonwa, 

... 

JllliOT csoficTBOM unKmi"IecKofi opToroaanbaocTn. MaTpnua G nonyqaeTcSI 

na npeo6pasosaaao:H: MaTpRUbi AnaMapa H 
0 

nyTeM BbP:IepKnsaanSI sneMeH

ToB, KOTOpbi9 CTOSIT B nepBOll CTpOKe H nepBOM CTOn6ue. Ha pnc, 6 no

KasaHbi MaTpnua H 0 n MaTpnua G . MaTpnua G nonaocTbro saJlaeTcSI 

cBoefi nepsofi cTpoKofi. OcTanbHhle nonyqaroTcSI unKnnqecKofi nepecTaHoBKofi. 

BMecTo caofiCTBa opToroaanbHOCTn CTpoKa MaTpHUbr G npno6peTaeT caoficT-
•· BO Tp8HCOpTOr'OH8nbHOCTH 

g(i)* g(i + k) = (M+1 )B(k)-1. ( 13) 

TaKnM o6pasoM, !j)yHKUHSI g ( i ) , onncbrBaromaSI nceBJloiiiyMoByro nocneJloBa

TenbHOCTb CHMBOnOB + 11 -1 1 H30Mop!j}Ha CTpOKe yce'leHHOfi M8TpliUbi AJlaMapa 

C nepeCT8Bn9liHbiMII CTon6U8MH li CTpOK8Mli JlnH JlOCTli~9HRSI URKnli'l9CKIIX 

OBOfiCTB, 

10 

·I 
-~ 
i 

~-

I + ..... 
+ --~ 
+ rr-

b 

+ ~ -i 

Ha" + ~ ~ 
ll 

+ ~ -1 
11 
II +II_ .. II 
II 
H + u-
II 

Puc. 6, MaTpnua AnaMapa 
CBOi!:CTB8MH UHKIIH'leCKOfi rre 
acero (N-1) aneMeHTaMn • 

ToT !j)aKT, 'ITO aecb MaccnB 

JlliTCSI K M8CCHBy li3 ( N -1) I 

3biB89T H8 T0 1 'ITO MaTpHU8 

)lae T ns6biTO'lHOCTbro. BbiJlE 

cny~RT OCHOBOfi JlnSI COKpa 

yMHo~eann MaTpnu c noMo 

B saKnroqeane paccMo~ 

nceB)lOIIIYMOBOe KOJlHPOB8HHe 

perncTpaunn qacTnu, c TO'll 

JlliCKpeTHOr'O npeo6p830B8HII 



6 1 /(~ 

+ + 0 

f 

+ + 2 

3 

+ ' + 6 

+ 6 

+ ., 

>uaMn, pacnonoJKeHHbiMH B no-
30Mop~Ha COBOKyflHOCTH H3 

TH. MaTpHua G nonyqaeTCH 

·yTeM Bb!'l9pKIIB8liiiSI aneMeli-

30M cion6ue. Ha pile, 6 no

p11ua G nonaocTbiD aaaaeTCH 

UIIKnli'I9CKOi!: nepeCT8liOBKOi!:, 

~Ubi. G npno6peTaeT CBoi!:cT~ 

( 13) 

H nceBAOUIYMOBYID nocneAOB8~ 

· yceqEiaaoi!: MaTp~Uhi AaaMapa 

nH AOCTII~9liiiSI UHKnll'I9CKIIX 

G 
+ + + + + + + + 

.............. ~===-::.""&.-:.:"~-
+ ~-/+/ //+/-/-
+ ~ -f/~/-/-r /-/-// 
+ ' -r - ;f - - -, ;f 

HG:= +~_// _/ _/ //.v -~ 

+ ij/_/_////-
_/_/////+ + 

+ _/ _/// / _/ /-

Pnc. 6, MaTpnua AaaMapa H 0 c noaMaTpnuel! B • nocneamlll o5naaaeT 
CBOllCTB8MII UHKnll'l9CKOll 119p9CT8HOBKH CTpOK II nonHOCTbiO Ollp91l9nSieTCH 

Bcero (N-1) aneMeHTaMn. 

., 

CBO-ToT <PaKT, 'ITO Becb MaccHB 113 N 
2 

aneMeaToB MaTpHUhi AaaMapa H 

AIITCSI K M8CCIIBY 113 ( N -1 ) li638BHCIIMbiX CHMBOnOB B M8TpllU9 G , yKa-

3biB86T 118 TO, 'ITO M8TpllU8 AnaMapa, K8K II MHOrHe ApyrHe M8Tp!illb1 1 o6na

A89 T H36hiTO'IHOCTbiD, BhiAeneHH9 TOnbKO OAHIIX H938BIICIIMbiX aneM9H'l'OB 

cny~HT OCHOBOi!: AnSI C0Kp8lli6HIIH 'IHCna Bhl'IHCnHTenbBhlX onepaUHi!: npll 

yMBO~eBHII MaTpllU C ITOMOlliblO aneKTpOBBO-Bbl'IIICnllT9nbBOi!: M8UIIIHI>I~ 

§3 

B aaKniD'IeHHe paccMoTpHM cBoi!:cTBa <lJynKUHH g ( i ) , ocymecTBnHIDUlei!: 

nceBIJOlliyMOB09 KOilllpOB8Hil6 IICXOAliblX ll8HlibiX B MynhTHnneKCHblX CHCT6M8X 

perHcTpauHH qacTHU, c TO'IKII ape&HH o6o6messoro nHaei!:soro <iJHnhTpa 11 

AIICKp9THOrO npeo6p830B8HIISI ~ypbe, 
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l13BOCTH01 'ITO HHB8pH8HTHbiH BO BpeMeHH nHHOHHbiH <jJHnhTp MO)!{HO non

liOCThiO oxapaKTepnsoaaTh OJlHOu <jlyaKuneu g ( i) • ITpn aToM cnraan Ha BbiXOJle 

TaKoro <jlnnhTpa paaen caepTKe cnrnana na axoae f(t) c <PynKuneu g(t) 

r(t) =f(t) *g(t) =I f(r) g(t-r)dr. ( 14) 

Ecnn coaepiiiHTh npeo5pasoaanue ct>yphe Hall o5enMH qacT51MH paBeHCTBa ( 14) 1 

TO nonyqnM 

R(ru)= F(ru).G(ru), 

r11e R(ru) 1 F(cu) n G (ru)- <jlyphe-o5pa3bi <jlyHKUnfi 'r ( t) 1 f ( t ) 

COOTB9TCTBOHHO, 

HanpnMep, 

-!CUt 
G(ru)= I g(t)e dt. 

( 15) 

H g(t), 

( 16) 

Ecnn <jlyHKunn f ( t) , g ( t ) u r ( t ) sa)laHbi a JlHCKpeTnoll: nocne)loBa

" T9.ribHOCTH TO'IOK i 1 r)le l ::: i ::: M , TO BMOCTO 05bi'IHOrO npeo5pa30B8Hll51 

ct>yphe BBOJl51T J.lHCKpeTnoe npeo5pasoaanne ¢yphe, 

HanpnMep, Jln51 <jlyHKUHH g(i) JlHCKpeTHoe npeo5pasoaanne ct>yphe nMeeT 

BIJJl 

M 

G(ru)= k 
k=l 

e 

27T 
-1--(L) k 

M g ( k ) (l~ru~M). ( 17) 

Ha puc. 7 npnaeJleHa nceBJlOIIIyMoBa51 nocneJloBaTenhHOCTh g ( i ) JlnH cnyqag 

M = 19 n a5conroTHoe sHa'IeHne JlHCKpeTHoro <jlyphe-o5pasa 

. 2 2 
I G ( cu ) I = V I Re G ( cu ) I + I Im G ( cu ) I ( 18) 

r11e 

M 2rr 
Re G ( w ) = }; cos -- w k • g ( k ) 

k=t M 
(l::; w::; M ), ( 19) 

Im G ( cu) = i sin 2 77
- cu k • g ( k ) 

k=t M 
(l < cu < M). ( 20) 

12 

+1 

0 

. -1 

5 

w 

3 

1 

~(l 

I&C' 

0 
01 

Pnc. 7, llncKpeTHbili ljlypbe
n a6comoTHbie aaa'leHnSI tPYJ 
CTiiK8 o6naoaeT CBOliCTB8ME 
ayneaoli qacTOTbi w = 1 . 

Ha pnc. 8 Jl8Hbl JlHCKpeTHbH 

BIIJlliO, 'ITO a<jl<jleKTIJBHbiH m!He 

C llOMOUlhiO llC9BJlOIIIYMOBOfi I 

BaMn HJleanhHoro nnHeliHoro q 

KOH. neilCTBHTenhHO (eM. pnc 

BO BCeM Jl!J8ll830H9 '18CTOT C 

"ayneB8H '18CTOT8" 1 COOTBSTC 

g ( i ) nepe11aeT 5ea ncKa)!{e 

Boil qaCTOTbi. A na pnc. 8 Bl 



( 16) 

ihl B ancKpeTHoR nocneaona

:To o5bl'IHOI'O npeo5pa30B8HHSI 

be. 

rrpeo5pa3oBaHne ¢ypbe nMeeT 

(I ~ w :S M ) • ( 17) 

aTenbHOCTb ~ ( i ) anSI cny'iaSI 

<jlypbe-o5pa3a 

--.-2-
[w)l ; (18) 

( 19) 

(I< w < M). ( 20) 

1 ~ 

Pile. 7. llllcKpeTHblll ljlypbe-o6pa3 ljlyHKUIIll g (I). npuBeAeHbl ljlyHKUIIll g( I) 
n a6comoTHhie aHa"!eHHll ljlyphe-o6paaa G (<U).BnAHO, "'TO qaCTOTHBll xopaKTepn

CTHKa o6naA8eT CBOllCTB8Mll HAeanhHOI'O nHHeli:Horo ljlnnhTpa 38 llCKniD"!eHHeM 

ayneaoli: qacTOThi <U = I. 

Ha pne. 8 naHhi ancKpeTHbie <jlyHKUHH Rc G (cu) n Im G ( cu ) • l13 pnc. 7 

BHDHO, 'iTO s<jl<jleKTllBHblll nnHelil!blil <j!HnbTp, BbinOnHSIIO!Ullll <jlyHKUIIIO KODIIpOB8HIISI 

c rroMOIUbiO ncenaornyMonoii rrocneaonaTenbHOCTH ~ (I) , o5nanaeT, cnolicT

BaMH naeanbHOI'O nnaeliHOI'O !jlnnbTP8 C paBHOMepHOll 'i8CTOTHOII xapaKTepHCTII

KOll, nenCTBI!TenbHO (eM. pnc. 7). l G ( (J)) l He 38BIIC11T OT 'i8CTOTbl (J) 

BO BeeM anana30He 'i8CTOT OT W = 2 DO W = 19. YfcKnJO'ieH119 COCTaBnSieT 

"ayneBaSI qacToTa", eooTBeTcTBYJOIUBH 3HaqeHHIO w= I . Yfaaqe ronopH, <jlnnbTp 

~ ( j ) nepeaaeT 5e3 llCKa)KeHHSI Bee 'i8CTOTbl 38 UCKniO'IeHReM TOnbKO Hyne

BOH qaCTOTblo A ll3 pne, 8 B11DH0 0 'iTO 8TO nponeXODIIT BeneDCTBI!e TOI'Oo 'ITO 
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·, 

ReG (CAJ} 

1~----------------~ 

0 , 3 ~ ~ 

-1 

ImG(w) 

5 - - r--- -

0 
19 w 

- -
-5 

"' 
Pnc, 8, lleiiCTBllTGnbH8ll II MHI!Mall 'IBCTII IUICKpeTHO!"O <flypbe- o6pa3a ¢YHKUI!ll 

g (I). 

llpii HyneBOlJ: 'IBCTOTe TepSieTCSI liH$DpM8UIISI 0 MHIIMOii 'IBCTII lliiCKpeTHOrO 

!flypbe-o6pasa Im G (w ) • 3ToT .ne$eKT nnnell:noro $HnbTpa g ( i ) nerKo ycTpa

HIIM, llelJ:CTBIITenbii0 1 HyneBaSI '18CTOT8 OTBeqaeT IIH<pOpM8UIIII 0 Cpe.nHeM 

3HaqeiiiUI IICXOllHOii $yliKUIIII f( i ) 1 KOTOpyiD MO)KHO l!all:TII cne.nyiDUliiM o6pa-

30M: ~OCT81'0'1HO BOCllOnb30B8TbCSI COOTHOllieHIIeM 

I f( i ) * g( i) * g ( i ) = ( M + 1 ) I f ( i ) = ( M + I ) F (I ) • 
I 

14 

( 21) 

f 

I - I 

A nocKonhKY ecer~a 

I·G 0 > I 

TO 

I R (1 ) I = I F (1 ) I 

f1oaTOMy OKOH'IaTenbHbiii pe: 

BII~ 

.. f BOCCT, (I)= -
1
-·· [ (I 

M + 1 

B saKniD'IeHne aBTop Bb 

e pa6oTe, 
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BaHIISI A~aMapa, Coo6me 

2. n.M. CopoKo. MynbTIInne 

lly6aa, 1971, 

3, Un$poBbie MeTOllbi B KOCMJ 

MocKBa, 1969, 

4, · Y, I1nTepcoa. Kollbi1 ncn 

5, J,A,Decker, Jr. Experin 

in 1970 Proc,Symp. a1 

Functions. Ed, C.A. 

6, L,R. Welch, Walsh Fun 

p.p. 163-165. 

PyKOni!• 



l 
f9 {J) 

)eTHDI'O tjlypbe• o6pa3a tjlyHKUllll 

I MHHMOll "'8CTH ,[lHCKpeTHOI'O 

o ¢HnhTpa g(i) nerKo ycTpa

·"!aeT un<jlopMauuu o cpeaneM 
' 

)JKHO naiiTH cneayiDIIlHM o6pa-

IeHHeM 

l ) F (l ) . ( 21) 

A nocKonhKY BcerAa 

( 22) 

TO 

I R (l ) I = I F (l ) I· I G (l ) I = I F (l ) I = F (l ) • ( 23) 

DosTOMy OKOH"'aTenhHblfi pe3ynbTaT nocne CT8,[1HH BOCCTaHOBneHHSJ HM9C~T 

BH.ll 

( 24) 

B 3aKnJO"'9HHe aBTop Bbtpa)l{aeT 6naroaapHoCTb T .A. CTpH)I{ 38 noMoiUb 

B pa6oTe. 
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