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BBF\ll.FHHE 
B OCHOB6 ~6HCTBRR BC6X ~pOBHX aHaAHSaTOPOB cnexTpa A6XHT 

pa3AOE6HH6 HCCAe~eMoro CHrHaAa B rapMOH~eCRHH PJ¥ H' 6ase 6HCTPHX 
MrOPHTMOB ~cKpeTHoro npeo6paso:BaHHJi <i?ypDe OUI~) 1- 4 • .!1M ~Hax 
MrOpHTMOB xapaKT6pHH CAe~e H6~0CTaTRH: SHa~T6ALHH6 OWH6KH OK
pyrAeHRII, B03ImKaJJIIIH6 H3-3a one~A H~ KOMIIJJ.6KCHiiMl!: 'UICAaMHi He-
06XO~OCTL XpaH6HRil HAl! reHepHpOBaHHH 6aSOBHX SHa~eHH' SKCnOH6H
Ul!aALHHX ~~; Bee e~e 3Ha'UIT6ALHHH o6~eM YMHO~eHHA 4- 6/. 

B UH~POBOI 06pa60TK6 BXO~e ~e MOryT 6HTL npe~CTaBA6HH C 
H6KOTOpol KOH6~01 TO~OCTLD H nOSTOMY 6ea noTepH 06mHOCTH liX MOXHO 
paCCMaTpHBaTL KaK U6AH6 'UICAa C BUOAH6 onpe~eAeHHOI BepXHel rpaHH
nel. llpH TaKOI HHTepnpeTSUHH noAe KOMilJJ.6KCHHX 'UIC6A, HenpepHBH06 no 
CBOel npHpO~e, MOZ6T 6HTL 3aM6H6HO H6KOTOpHM KOH6~ llOAeM. B STOM 
KOH6~0M nOAe npeo6paSOBaHIII.II, aHaAq~e ~. )'vfOryT 6HTL BHITOAH6HH 
ad.QieKTHBHO H 663 OWH60K OKPvrAeHJJ.Ji?' S • TaKHe npeo6paSOBBHIII.II 6HA:H 

npeAno&eHH B 1970-1971 ro~ li ITOAY'U!AH HaSBaHHe TeopeTHXO-~HCAOBHX 
npeo6pasoBaHHI ( 'fllli) • IloKasaHo, ~To 'fllli B Mre6pe KOHe~ax nOAeA 
~6aALHO fiO~O~T ~ cneKTpaALHHX HSMepeHHA, TaK KaK KBaHTOBaHH6 
no aMnAHTY~6 H ~CKp6TH3auRR no Bp6M6HH Henocpe~CTB6HHO BXO~T B liX 

onpe~eAeHHe, a ~KTHBHOCTL H TO~OCTL cymeCTBeHHO BHW~~~~eM; aHa
AO~ pesyALTaToB, no~eHHHX c noMo~LD MrOPHTMOB JUNr 1•6• I. 
TaK,HanpiiiMep, BWIOAH6HH6 ~pOBOH CB6pTRH C npiD116H6HH6M Tlffi Ha 313M 
rm 370/155 ,u.aeT BHHrPHW no BP6M6HH BH'DIC.IJ6iHA B 3-5 pas no cpaBHe
mm C BH'IJ!CA6HHJIMI! Ha 6ase MrOpHTMOB .JUW 5 • KpoMe TOro, BH6paB 
onpe~eASHHHM o6paSOM napaMeTpH KOHe~oro fiOAR,MOXHO ITOAY'UITL 'fllli, 
aHaAO~Oe ~. B KOTOpOM BHITOAHRDTCR TOALKO onepanHH CAO~HIII.II H 
c~a H OTCYTCTBYDT onepan:HH yMHO~HHR. 3To cymecTBeHHO ynpo~aeT 
annapaTypHYJl P6a.nlJ3~ MrOpHTMOB ~, a SKOHOMH'I6CRHI ~KT MO~T 
6HTL 3HQ'UIT6ALHHMf5- • 

TaKHM o6pasoM, npiiiMeHeHHe T1ffi B aAre6pe KOHe~ noAel npH BH
'IHCASHHH ~~6CKHX cneKTpaALHHX xapaKT6pHCTHK fiOSBOAHT nOBHCHTL 
6HCTp0~61CTBH6 CHCT6MH 06pa60TKH, HS6e~TL OWH60K OKpyrASHIII.II B KQ-

lnillii1~~iii.itl r.'iilffrryt 
U-e!'BWX IU •• :;~·:.ttO.B!llll I 

&ltEiJU.Ju ;·EHA -



Heqaux pesy~LTaTax BH~C~BHHl, COKpaTRTL 06~eM annapaTypHUX KnR 
nporpaMMHux saTpaT. 

I1PEOEPA30BAHHE \IIYPbE HA.U KOf!Et!IiHM Il()JIDvl 

IlycTL no~e r~a GP(pt1-) cocTOHT zs pn. MeMeHToB, r~e p -
npocToe, a 11- -no~ODTe~Hoe ne~oe ~cJio. IIycTL N .IUlJIJleTc.ll ~e-n . 
~TBABM f - .{ (BOBMOJBHO /'J::: p"--1), a d.. -nepB006paswl.t S~BMBHT CTe-

DBHH N B no~e GF(p"-) • Tor.M 'flill, aHMOI'H'Dioe W, MOJIHO onpe~e
~Tb c~e~ o6paso~9l: 

,'/-, £ J 
A · = ~ a~· r/... ' (I) 

l J= 0 (} 

a o6paTHoe Tlffi, nosBo.1ll'DOiqee onpe~e~Tl> ai 'lepes A i ,HMeeT ~ 

t£" -ii 
a j == - Ill ko A i ,;... , <2> 

, 'A/ n I r~e II -ne~oe tm:c~o. y~OMBTBOPJID!tee yc~oB:mo ,A/ ·tv:::: P - · 
Ilo~p:rtoM nomsaao, 'ITO .naHBOe 'fllli o6Jla,ltaeT CTPYKTypol z cBOicTBBMH 

W B TOM c~e, ec~ B no~e GF(p"-}cYJ11.eaTJqeT wmepcmdl: 8JleM8HT /J•, 
a oL .llM.IlBTC.Il KOpHeM AI CTeneHH HB B.lOrDnmH' TaKOA' 'ITO Jfcr. Hr
MBHbmero neJloro no~oDTBJlbHoro oL cD.PSBe.Jt,llHBO rJ-~ = I ID • I2 • 
OTH YCJlOBHR: BlmOJlHHW' BCD .u;mma DOCJlB~OBaTBJ}l>HOCTH AI H MO,lly~ 
ff He HMBilT 06utHX OOMHOlmTeJlel, a d.. BH6zpaeTC.Il TBJQD( 06pa301(, 

'IT06H OH HMe~ no~oK N H 6HA BSaHMHo npocTHM c H I 1 • lG • l;$/. 
XoT.Il Ha nepBHft B3r~ ~OC B03MOKHHX Tqrr KaleTO.Il O'IBHb 60~mHM, 
O.JtHillSO, C~TBJlbHO MMO Tlffi ~OMBTBOpgeT BHDI8npHB8~8HBHM YCJlQ

lllUJ)('B,I~IB • TaK,Hanpgep, B KoJlbne IteJIUX tm:CeJl He CyuiBCTByeT 

DepB006pasm KOPBHb N OTf¥,!6~ H3 e~, TO lla OaMOB OTHOCHTC.Il 

B K DOJll) PBitJI~~¥M? tm:ce.n' 5,8/ • 
B pa6oTax' 

5 
• 8-ID nomsaao, 'ITO 60JU.uumcTBo cBOAcTB 'fllli B a.n

re6pe KOHB'IHHX DOJlel.t aHMorzqao CBOIOTBaM ~. 

CBOICTBO ODIIIeTf?HH • EcB CHrHM .llM.IlBTC.Il CHMMBTplt'IHHM, T • e. 

a(n) == a(-n) = a ( #'- rz.), 
TO npeo6pa30BaHHa.ll DOO~B~OBaTB~HOCTb TaKEe OHMMaTpzqaa, T.e. 

• A{/() = A(-K) = A (N- K}. 
Eoa CHrHM .I{M.I{BTO.Il aHTHOHMM9Tplri'IHHM, T.e. Q{/1.}:-a(-+r.) =- Q(A/-~~r.), 
TO npeo6pa30BaHHa.ll DOO~B~OBaTBJlbHOOTb TQRlle aHTHCHMMeTpH'IHa, T.e. 

A(t<} =- A(-t<.) =-A (N- K). 

2 

CBO!cTBO nepH08JqHOCTH. A(K) MOZBT 6HTL nepuo~qecKH npo~onxeHa 
TO'IHO TaR JltB, l<al< H ()..(k.}: 

a ( n ... !tl} == a'""'' 
A (1<-+ N} ::: A (I<}. 

Teop8118 cnwa. Ec~ TLfn{a!~}.::: A(K), TO 

Tl.fn [ a{~tt +mJ} = A (I<}- rL- m1<. 

CBO!CTBO cBepTKH. Ilpeo6pasoBSHue UH~'lecKoH CBepTKH ~yx noc~e~oBa

Te~HOcTel.t paBHO npousBe~eHmo ux npeo6pasoBaHHit, T. e. ec~ ':J-=- x., fi , 
To T'fn {J~J::: T'tn{~}. Ttt!7{h3. 
Teopeya IlapC8B8JIJl. IlyCTb X (I< J = Tlf n {X (nJj • Tor~a 

IV· I 2. ~- ( 
tV £_ X (n} = ;£. X (I<} • X(- K) 

n~o l<=o / 
,V-f /V-f 2 

N '?-- X{n.)· X{-hj :::: L X {K) 
n=o K~o 

CBOACTBO paoT~HH.Il. CBOAOTBO paCTEKSHKR C~BCTBYBT, eo~ B STOM 

K~Lne c~eoTBYBT npeo6pasoBaHHe 6~ee ~oA noc~e~oBaTe~bHOCTH. 

TaKHM o6pasoM, TeopeTHKo-'IHc~oBHe npeo6pasoBaHR.Il B anre6pe Ko

Ha'IHUX no~el.t o6~aDT oTpyKTypoA H cBoAcTBaMH AIT~. 

CKO~ CIIEKTP.A.lib!lli~ AHA.Iill3 B A.JII'EEPE KOHE!llii:1X IIO.IIErl 

PeK,YppeHTHHB MBTO~ H3MepeHH.Il ~HaMH'IBOKHX cneKTp~bHHX xapaK

TBpHOTHK B CK~b3Rm6M peJ!tHMe Ha6~~8HH.Il ~pOBHX CHrH~OB npeBOCXQ

~T no ~eKTHBHOCTH Bee H3BeCTHHe anropRn~ EII~19 • 201. KpoMe Toro, 

OHH 06AaAaDT HaHMBHbWHMH 'laCTOTHHMH HCKaXSHHRMH R TI03BOARDT ~OBo

~Tb CTIBKTp~We HSMepeHH.Il ~ 6~CTpOHBMBHRDmHXCR npoueocoEf~/. 
B aToA CB.IlSH BliBe~eM peK,YppeHTHHe BHpallteHH.Il Ha 6ase Tlffi ~ .ltHHaMH
'IaoKoro oneKTP~Horo ~sa, KOTop~e, B OTJUitrne oT aH~orH'IHux, sHa

~Te~Ho ~BKTHBHBS C Bli~O~Te~LHOH TO'IKR 3peHlriR H He HMBDT OWH60K 

OKpyr~eHH.Il. 

HsBecTHH~~ BH.M peKyppeHTHHX EHpaJJteHHf! ~ ADW. IlepBoe H3 

HHX HMSBT BM' J.S . [ 
F: (K} =e.xp(-iCAJ) P,.,(K.}+ t1f] 

m41 

r~e t.f:: f(,V}- f(o), /(tv) -BHOBb OqlopMHpOBaHHOe ~CKpSTHOe 3Ha'IBHH8 

cHrH~; f(o) -sHa'leHHe CHrH~a, BHXO.n;ffil1ero H3 Ha6JUO,uaeMoti BH6opKH 

UpH ~ODO~BHID! ee BH8'1BHHBM f(tv) ; tt/ -pa3Mep OKHa EH6opKH Ha6JUO

,UeHH.Il; K , n7 -COOTBSTCTBeHHO U,UeHTH¢RKaTOp~ HOMapa KO~RUHBHT8 

\llypbe H HOMepa ~CKpeTHOrO 3Ha'leHH.Il CHrH~ B o6pa6aT~BaeMOA BH60p-

3 



xe· w = 2:i"l<·!n K = { o -t 2 ~ -1 
' HsBecTHa ~as ~PMYAa pe~;p;e~~~:ro ~201: 

Pm·H (1<} = F'm (K} + AJ e.l<p ( -i w.,) I 

r.u;e {,/) 1 = /!~ K (r;., ... I) • .ll.Jlsl: .naHHWt BlipallteHBA tmCJlO KOMIIJleKCHWC 

YMHOlleHHA np:s: BHtmcJleHHH xoacW>mtHeHTOB \PypLe He npeBiilllaeT 2 N H N 
COOTBeTCTBeHHO. 

BHBe.u;eM aHaJlOr:HqHoe Ttiii ~ ,D;HHaMHqecxoro CKOJID~ero cneKTpaJlD

Horo aHaJlH3a B aJlre6pe KOHe~liX IIOJlel. IlyCTD IIOJle GF(p .. ) nmreHo 

nepBOo6pa3HHM KOpHeM d- , T.e.{GFfp")}:=~.(cL,d.~ ... ,c:L"'-:IJ I. 
Tor,D;a ~ JJD6oro !UiWPOBOro CHI'HaJla :{(rn) , o6AaCTD BHaqeHd KOTOporo 

onpe.u;eJleHa Ha Ha6ope aJleMeHTOB IIOJLil [ o, , ~ . .. . , plt-i J , B Tex lle 

CaM!iX 8JleMeHT8X, CIIpaBe,Il;JlHBO Ttiii BH,D;a 
[7 /V-f Ktn 
r (K) -:: z: f(m) · <L 

(3) 
"'"' 0 

~ Bcex 1<, m:{o, .,, .. , p'!.t}, a F(KJE G-F,pj. Ilp:s: opraosar.um CKOJlD-

samero CIIeKTPBJlbHOro H3MepeHHa He06XO,Il;KMO B COOTBeTCTBHH C Blipalle

HHeM (3) ~CARTD CIIeKTpaJIDHHe xapaxTepHCTHKH Ha ~OM Te~eM 
SHaqeHHH ,Il;HCKpeTHoro CHrHaJla f{~, T.e. BlitmCJlliTD IIOCJ18,D;OBaTeJID

HOCTD Po(l(), f 1 (KJ, f"l!(t::}H T • .u;/ I. C yqeTOM cxasaHHoro o6o6meHHHI 

CII8KTP CHI'HaJla f(m) Ha €-1 BH60pKe B Toqxe d.... MOllHO onpe,D;eJlHTD 

KaK fl (d.) ::: j(£) ... f{t-")J..+ j(f-l.jJ..Z,._ ... + f(t-,vjti.V-~ 

J."iJ."' /r' - 'UlUJiv v·l·u 'itn:u.H HptiMtlHHOl'O oKRa, no KOTOPHM HaXO,Il;HTCJI OQeHKa 

ciieKTpa. CJle~ee T9KYDiee CIIeKTpaJIDHOe HSMepeHHe o6eciietm:aaeTC~ sa 

oqeT OMel!leHHJI BpeMeHHOro OKHa Ha O,D;HH OTQqeT H IIOBTOpeHHJI HSMepeHHJI, 

T.e. .v 
1 F'1 .... dtA.J =- f{e+l}+ f(e}tL+ ... + f(t-lv' .... l)rl- -. 

IlpOaHaJlHSHpOBaB Blipall9HHJI ,D;JlJl ,D;Byx IIOC.D.8,D;OBaT8JlDHWt CIIeKTpaJIDHWt 

HSMepeJtd Fl! (tl..} H Ff!-t.( (d..} 1 MOllHO IIOJlyqHTD CJle.u;yD!Iyll pexyppeHTHYJl 

cpopuy.uy: 

f'e+-1 (J..) = Ft 6J-) +{ f(t+-t}- f(lH-M] d..-1.. (4) 

JW1 npoHSBOJIDHOI TO~ 1< c G F (p "') pexyppeHTHoe BHpalleoe ( 4) np:s:

BHMaeT OJle.u;ymntl BH,D;: 

[ 1 - 1'.( L +-t) Ff.1 {K) := Ff (~) -to J (l-+1)- f ( f-+ 1-~J] r/.. 
1 

-IC{l-+") 
r,u;e « - C,D;BHr BpeMeHHOrO OKRa ~ IIOOJle,D;OBaTe.D.DHOOTH ~~)B 
Haq&JlO OTcqeTa. 0603Haq:HB paSHOCTD SHaqeHHI ,D;HOKpeTHOrO CHrHa.D.a Ha 

rpaHHQB.X BpeMeHHoro OKHa KaK .1 f , IIOJJY'IfleM <PopuyJJy peicyppeHTHOrO 

TeopeT:HKo-q:s:c.noBoro npeo6pasoBaHJlll (PHil) ~ cKOJlDBamero oneKTpaJID-

4 

Horo aH&JlHsa B aJtre6pe xoHe~ IIOJlel 

f - K{ (! ... -1} 
F't+-t (,:.) = r:; ("-) -+ 4 J._ 

0TpJU.t8,TeJlDHul 3HaK B IIOKa3aTeJle CT8II9!m ~ 03HaqaeT, qTO qJteHH 

II8pHO,D;Hq8CKOI CTeiieHHOI IIOCJ19,D;OBaT9JlDHOCTH HMeDT o6paTHH8 HM tmCJla. 

IloCKOJlDKY BlitmCJ19HJlll B PTiffi BHIIOJlHJWl'CJI B MO,D;yJlllpHOI apH!fu9TH

Ke, OJle.u;oBaTeJIDHO, ,D;aHHoe npeo6pasoB&HBe He HMeeT olllH6ox oxpyrJleHKil, 

a 9,D;HHCTB8HHHM HCTO~HKOM IIOrpemHOCTeA 6y.u;eT IIpeo6pa30BaHHe "aHaJlor

umPpa". Kpoue Toro, ap~eTJ4q9CKHe onepar.um B aJtre6pe KOHe~ noJlel 

MOryT 6HTD BHIIOJ1H8HH SHatmT9JlDHO acW>eKTHBHee,qey aHaJlOr~He OIIepa

UHH B IIOJle KOMIIJleKOHWt tmceJl. Bee BTO II03BOJllleT YTBePE,D;aTD, qTo op
raHHB&UKR H8M8p8!ml ,li;KH8MJ4qeCKHX CII8KTp&JlDH!iX xapaxTepHCTHK Ha 6ase 

PTtill HaH60Jlee I!pZBJ18KaTeJil>Ha 0 BlitmCJlHTeJIDHOI TO~ speHHll, a ,D;OCTH

raeMHI IIPH STOM BHKrpHm B O~eMe annapaTypH!iX SaTpaT H 6HcTpo.u;ei

CTBHH M0Jt8T 6HTD CYDieCTBeHHHM, IIO CpaBHeHml C aHaJlO~ pe3yJIDT8-

TaMH :s:suepeHHI Ha 6ase peKY.PpeHTHHX aJtrOPHTMOB ~~. 

OcHOBHHM He.u;ooTaTKOM Ttiii HBMeTcH saBHCHMOCTb uell.u;y ~ol 

IIOOJle,D;OB8.T8JlDHOOTH /II' H Tpe6yeuoA ~OA KO,D;OBOrO CJlOBa 8 • 3TO 

MOlleT IIPHB8CTH K TOyY, qTo ~ 60JlDWHX. N' ,Il;JlHHa KO,D;OBOro CJlO~ Mo

lleT 6HTD 6oJIDme, qey STO BOSMOllHO HJ1H IIpaKTHqecKH peaJIH3yeuof
5•8/. 

B sTol CBJIBK Pel.u;epoM 6HJlo npe,D;JlOlleHO oTo6pa&aTD ~ o.u;HouepHYD 

IIOCJl:,D;OBaT8JlDHOCTD B MHOr~~~ MaOCHB H Blitm~ARTD MHOrOMepHOe Ttiii 
u·l· CIJ!U.PMHpoBaHHoro_ MaCCHB!l' • • 'tHCJlo Bbl'iHCJltJHHI4 uplll aToM yBeJllll'iHBI:l

eToH, HO Tpe6yeyag MHH8. KO,D;OBOrO CJlOBa CYDieCTBeHHO yY9HDmaeTCJI. 

TaK, 118IIPHMep, ,D;JlJl .u;ByuepHoro Ttiii paSPJI,D;HOCTD Ko.u;oBOro CJlOBa yueHD

maeTCJI IIPOIIOprntOH&JlDHO f7 • 3TOT M9TO,D; MOlleT OKaSaTDOJI oqeHD a4r 
tPeKTHBHHM, IIOOKOJlDKY ~ BlitmCJ19HHJI MHOrouepHOrO Ttiii Tpe6yeTCJI TQJID,.. 

KO MHOrOKpaTHO IIPOHSB8CTH BlitmCJ18!m9 O,D;HOMepH!iX HIT OT 60Jlee KOpOT

KHX IIOCJ18,D;OBaT9JIDHOCTel. 

~'eu pexyppeHTHOe HIT ~ MHorouepHoro uu~poBOro CHrHaJla. 

B pa6oTe 
8 

noxasaHo, qTo ecJlH ,Il;JlHHa noc.ne.u;oBaTeJIDHOCTH /II pas6:s:

BaeTCJI Ha IIpOK3Be,D;e!me f" BSaHMHO IIpOCTiiX MHOllHTeJlel, T.e. 
/'# 

II=- 0 n,: (n,· tt ·) = 1 tt{ll.l t. =~- i 
t2/ I I 'J ' . 0 I 

TO O,D;aOM9pHaR IIOCJle,D;OBaTeJlbHOCTD MOlleT 6HTD npeo6paSOBaHa B r -Mep

HHI uaoCHB {rrr~ •... , ~,..) Ha 6ase KHTaAcKol TeopeMH o6 ocTaTxax. 3ToT 

aJirOpHTM OCHOBaH Ha MO,D;yJlJlpHOM npe,D;CTaBJleHHH BXO,D;HOrO HH,D;eKca f<n , 

r.u;e ~ i-H umPPa cBHBaHa c npe.u;cTaBMeMHM q:s:cJloM qepes BH-

qeT no NO,D;yJlll n; , T.e. 

{ rn) :: [ < m)n
4 

, < m>n
2

, ... , <rn >n,...,} ;:{ rn .. , .. , mi-t}. 

5 



06paTH!ilt nepeXO,JJ; OT f' -MepHO~ fiOCJl6,JJ;OBaT9JlLHOCTH K O.JJ;HOM9pH01t ,nJlR: 

EHXO,JJ;HOrO HH,JJ;9KCa 3anHCHBa6TCH B BH,JJ;e 

rn = <_ £ m.- ~: 11/)/" . - R L=-1 /-7 

r.ne /"( - n-< , a< Mt· t11.:). . = I. n.. 
HanpHMep, npH HCfiOJlL30BaHHH npHB6,JJ;9HHOrO aJtrOpHTMa OT06paz6HH6 .JJ;By-
MepHoro ~ 3anHCHBa6TCH B BH,JJ;9 

fl•-' n2 -o~ m1 I<~ m 2 K 2 
F'(1<1,K2) = L 2:. f(tn.,, m 2) ~ ~ , 

fn,: 0 ln.z=O 

r.ne w., := rz.-;:p (-i 2'1i/n._,) lri w.2 == e.xp {-i2n/lt.J. 
AByMepHoe npeo6pasoBaKHe peaJlHsyeTcH KaK nocJle.JJ;o:saTeJlLHoe ~cJleHHe 

n t JUI~ ,ll;JlHHii n 2 
~1 l'n 

!f(m.,,K2} = .;;=o f(m.,, m2) W 3 K:z. 

H n .z .um ,lJ,.I1lJHli n. f _, n.,- m.,K., 
p (K .,, K..!) = ~ 

0 
!f {'Jn.,,Kz} W · 

ITOCKOJlLKY OCHOBHaH R,JJ;9R TaKOrO npeo6pa30BaHHR 3aKJlD~9TCR B 
npe.JJ;cTaMeHHH BXo.JJ;Horo HH.JJ;eKca m B KJlacce BHtteToB no MO.JJ;yJIJl n. · , 
CJl9,JJ;OBaT9JlLHO, 3TOT anropHTM MOX9T 6HTL npKMeHHM H ,nJlR: Ttiii B KOHett
HOM IIOJle. ITyCTb d1 , dz., o o o, o(M ,JJ;6MT p"'-1 , r.JJ;e p -npOCT09 , a 

n. - ueJloe noJlOJIG!TeJlLHoe "lilCJIO. Tor.JJ;a KJlaCCbl ,Bbi"'STOB no MO.JJ;yJIJl HeKo
roooro npocroro 'UiCJla q= pll .. i o6oasmT noJle faJJ..va G-F(p ... }, cocTo.muee 
H3 p"" 3Jl9M9HTOJI':!, ll/ o- EcJlH LtH!flpo:saR nOCJl9,JJ;OBaT9JlLHOCTL .f{mjonpe.JJ;e
Jl9Ha aa aa6ope 3JleMeHTOB noM GF(p,.._) , B Tex xe caMHX aJleMeHTax, To 
3TY IIOCJl9,JJ;OBaT9JlbHOCTL MOXHO npeo6pa30BaTL B ~ -MepHHI MaCCHB Ha 
6a3e KJriTaiCKOrO COOTB9TCTBHR, a Ttiii OT 3TOrO MaCCHBa 6y.JJ;9T JriM9TL BR,JJ; 

P cl•-1 d,tf- .( 
{1<4,Kz ... K.u)=L: ~ f!yn m)fflf'Kof~ ... -+fffJ'fKM 

I J r• - · .L- '' 1J ··J M ~ • 
mi = o ""l'f = o 

~aHHoe Bblp~eHHe cnpaBe.JJ;JlHBO H .JJ;M f1 -MepHoro ~poBoro cHrHa
Jla f(~ 4 1 .. 1 

~"~1'41, 3a.JJ;aHHoro Ha Ha6ope aJleMeHTOB nOJIJt G F (p") , nocKOJlL

Ky Bcer.rr.a MOXHO nocTpOHTL pacnmpeHHoe noJle GF (p"}JY , KOTopoe I I 
H30MOWJHO noJOO GF(p"'), TaROS' 'iTO d f ' d,a ' •••• oll'f .JJ;9MT{P"f!. i 2! 
TaKMM o6pa30M, ,~ -MepHae 'Pill cBO.JJ;HTCR K # -o.JJ;HoMepHliM Ttiii no KaX-

.UOMY L -MY H31.tepellliKJ, 
ITo aHaJlorm! c o.D:HoMepHbiM npeo6pa3oBaHHeM BbiBO~ P9KYPP9HTHoe 

T\iiT ,nJlR: j-{ -Me pH oro LUI¢poBoro Clrii'HaJla : 

p"~ ~ -1, e~ +A, f • ,( K 1, .. '~'-14) =: p f l e {K.,' 
/"' .f' z., .. . ,.., 

. , K.l¥} + 

6 

I 

' J 

+ [ fft
1
+1)- :/(f., +-t-otd](l{. -~.,a., +.fJ + 

-t- L T (~ t4 +-( J -

- ffe# +-t-oi.M)]· tL -~,..,re,...,+_,J 

== F;.( t e (k ", .. , ~<~'~) + 
' 2, .. ' .,., 

l'f """" [ fl.f _.} i1 - K,(t,· .. .~,J -t;-_, (Z ,· +y- f{ ~. • + -/- a:)jtJ. ~ 

TaKHM o6paaoM, nyTeM BH6opa .nocTaTO"'HO 60JlLmoro ttHCJla B3aJriMHO 

npOCTHX MHOXlriT9Jl91 MOXHO ~CJ!RTL PfqiT Ha KaROl yrO.JJ;HO ~e Bb160p
Klrl ~ • KpOM9 TOro, M9TO,JJ; ~CJ19HHR Pfqll,Ha MHOrOMepHOM IIp9~CTaB
Jl9HHH 60Jle9 ~9KTHB9H no CpaBH9HHD C npRMHM M9TO,JJ;OM, T.K. 'iECJlO 
YMHO&eHJriA npH aToM aaa"!HTeJlLHO YM9HLmaeTcR. 

AIIIIAPATYPHAH PEAJJH3AI.1WI APH~METWIECKHX OIIEP~ .ll..JIH UH~POBOrO 
CIIEKTPAJThHOfO A.HAJIH3A C HCITO.IIb30.BAH1ill~ AJII'EEPd KOHElllidX ITOIDI 

B CBRSlrl C T9M, 'iTO ~eKTlriBHOCTL CKOJlL3Rm9rO cneKTpaJlLHOrO H3-
M9p9HHR 3aBHCHT OT KOHKP9THOI annapaTypHOI p9aJlH3auHlrl BH6paHHOrO 
aJtrOplriTMa npeo6pa30BaHJriR, paCCMOTpHM,KaK BHIIOJlHHDTCH apH¢M9TRtt9CKH9 
onepamm B KOH9"'HOM noJle (;.F (p"-j. Ilpe.JJ;cTaBHM 3Jl9M9HTbl noM noJllriHo
MaMH /'1.- 1 CTeneHH C KO~JriLtH9HTaMH H3 noM G-F(p). HanpHMep, 9Jl9-
M9HTH nOM G-F(2")o6pasymT MHOX9CTBO { 0,1,2. lC,>c-+1, K+2,2X,2)(+ ~2H2}_, 
r.ne X - HenpHBO~ n?JllriHOM, nopollt,JJ;aDillriA .JJ;aHHoe noJle. ITycTL noJlH
HOM HM99T BH.JJ; x 2 +1 19 • Hal.n;eM cyw.ry H npoH3Be~eHJrie ,nJJ.R: aJleMeH-

TOB nOJIJt G F (23) • EcJtH Cl + 6 1< , e+ d x eo GF(2') , To 

{a. +B~)+f c+d 4 == (a+c} +{8 ~d/ x j (a +B x}·(l' +dx/ =(txc + Bd) .. (ad ... Be) X . 
3TH lfJOpMyJlbl COOTB9TCTByDT npaBRJlBM yMH0&9HHR H CJlOXeHHR B aJtre6pe 
KOMIIJl9KCHHX "'HC9Jl, HO He y.JJ;OBJl9TBOpRDT YCJlOBHD 3aMKHYTOCTH ,nJlR: nOJ!R 
f8J1Ya ~F(p"J o ITo3TOMY onepaLtHJri CJlOXeHHR H yMHOlK9HWI B noJle (;.F(p ... j 
KOppeKTHpYJJT no MO~JlD .JJ;aHHOro nOJ!R. llAa CJ10lK9HWI KOppeKTHPOBKa 3a
KJIJl~9TCR B npJriB9.JJ;9HHH ~oro KO~RUH9HTa K MHOJK9CTBY 3Ha'i9HHH 

[ 0, -1, .... , P"- t} • CJle~o:saTeJlLHO, ,nJJ.R: Toro '!T061:i cJlO:niTb .UBa aJle
MeHTa nOM b-F(p"), H906XO.IUIMO CJlOXHTb 3J16M9HTbl noM KaK nOJllriHOMbl 
H 3aM9HHTL ~ KO::$IJHIUieHT B nOJllriHOM-CYMM6 ero Bbl'i9TOM no MO~JlD 
noM G- F (P "") • .ll.JIR: yMHoxeHHR KoppeKTHpOBKa 6oJlee cJloXHa, T .Ko Heo6-
xo~o KoppeKTHpOBaTb He TOJlLKO 3Ha'i9HHR KO::$IJHI.tH9HTOB, HO H nOKa3a
T6Jllrl CT9ll9H9~. ITpH annapaTypHOH peaJlH3auHH onepai.tHH JMHOlK9HHR 3Jl9-
M9HTbl noJ!R y.no6aee npe.n;cTaBMTL B BH.D:e cTeneHeH nopo~ero MHoro-
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'Lil.8Ha. HanpHMep, ,I{JIJI nOJJJi r;.r(.z 3) , nopOli,IteHHoro nOJJJtHoMoM x 3 -+)(+4, 

cnpa:se,lVlHBO : 

cTeneHHoe MHOrO'Lil.8HH08 ,ILBOJ'I'IH08 

I I OOI 

oL cL oro 
d2. of2 roo 
c£3 ,£ + ~ on 
d.v d.l+~ IIO 
tf-5" ,(..z+d.+.-f III 
.~..~ ot2+~ 

IOI 
~1 1 OOI 

B c~e cTen~HHoro npe~cTaBAeHHR npoHsBe~eHHe ,I{JIJI ~ ~HX 
aJieMeHTOB nOJJJi "- ' , d./ onpe~eMeTca cJie.IJYD!lHM o6pasou: 

,;(./.o{_c/ = d. i+j, eJl :J'M(t'-<,iJ, 

r~e .f',.., (t'+,/) - OCTBTOR OT ~9Jl8HJ'IJ! i +J Ha 1'1 • TaRJ'IM' o6paSOM, 

onepauaa YMHOXBHRR CBO~Tca K onepauHH CJlOXSHRR noKasaTeJiel cTene

Hel C nocJle~el ROppeRTHpOBKOI no MO~Jlm nOM. TaKaa npo~e~ 
JlSrRO MOEeT 6HTL BHn0JlH9Ha M9TO~OM nOHCKa no T86JIHUe SHa~eHJ'II, SanH

CaHHOA B 9Jl8M8HTax naMKTH. Ana 60J1LWJ'IHCTBa.npaK~8CKHX npl'IJlOSSBJ'IA 

ap~eT~ecKJlle onepauKH JlerRo BHnO~ca, ecJll'l MO~JleM nOM aBM
eTca ~CJlO 2 JliJlJll RpaTHoe CTeneHH 2. Tor~ CJlOX~HHe 9Jl8MeHTOB B no

Jle GF(c2"lcBO~Tca K oneparum cyw.mpoBSHRR no mod/!.., T.e. P8BHOCHJ1L

HO .ILBOH'IHOMy CJlOXSHJ'ID 6ea nepeHOCOB B CT8pwH8 pas~. Ha pl'lc. I 

Q 6 [::J npe~CTaBA8Ha (ily'HKqHOHaJlLHM 

Co d. o cxew TaKoro CyYMSTopa B 
nOJ1e (TF {&! .._, • 

a, ~L---------(4-----~U d( 

a,. f;l 
c~ l_j~------ d. .. 

PBc.I. CyJ.fuaTop B nOJ1e GF('J..._}. 
a4,et., .... , B,._,, 8..._ -Ko~
eHTH CYMMJ'IPY9MHX UOJll'IHOMOB. 

PaCCMOTPHM annapaTYP

HYJl peaJll'l~ onepauHH 

YMJiOXSHRR B noJle fJ F(2 ,.,/ • 
Ilycn BeJIJli'DtHa ;V = 2n.- I 

He CJJ.BJIIKOM :seJll'IKa. Tor~ 
YMJiO&eHHe MOSHO BaMSHHTL 

one~el CJlOS6HHa cTeneHel 

&JleMeHTOB nOJIR c nocJle~ 

mel KOppeKTJ'IpoBKOI. oTOT 

npzeu xopomo zs:secTeH H pe

aJll'ISOBaH B BIAHCJll'IT8JlLHHX 

MaWJ'IHSX, paqg'l'§IJIIHX B KJlaC-: 

cax EH~eToEf •
8'. Ha PJ'IC.2 

npe~cTaBAeHa qlyHiaui:OHaJILHaa cxeMa TaKoro ywouTeM • .llaJuD,rll no~o~ 
noSBOJlHST U~STL EHCOKOe 6HCTpo~eftCTBHe, HO Tpe6yeT ,I{JIJI peaJll'IS~ 

8 

6HCTpO~eftCTBymmHX MHKPOCX9M fiaMHTH Ha IL BXO~OB, q'l'O orpa~BaeT 

paB~OCTL nepeMHOSS9MHX ~C8Jl. 

a' 

a' 

PJ!c .2. YMHOJttKTeJli:o B nOJ1e G F (2. ... ) • 

)l.pyroA cnoco6 peaJll'ISauHJ'I onepauHH YMHOJKeHHR B nOJle GF(P'Jnos-
BOJI.HeT H368SSTL npHMeHeHHR MHKpOCXeM n8MSITH H8 tz. BXO,IJ;OB, HO HMe-

eT 6oJlee HJ'ISKOe 6HcTpo,neAcTBHe. IlycTL R~(X}-KOJli:o~o noJlHHOMOB oT ne

peMeHHoA X H~ noJleM GF(P) H nycTI:o ~(XJE' RI"'{'~-HenpHBO,IJ;HMHA noJlH

HOM cTeneHJll n • BJleMeHTH noM GF{p ... } MoryT 6HTI:o npe,ncTaBJlew Mac

caMH EH~eToB no rnod 9~ ROJIL~a R,-(i<J. IlycTI:o B perHcTpe c,IJ;BHra, cocTo

.fi!IISro HS t'l ~89K llawiTH, SQIIHCaHO rt- 8J19M8HTOB noM, KOTOPli9 

MOSKO paccMaTpHBaTI:o KaR RO~KUH9HTH MHOrO'Lil.eHa 

"l (X) = (h.-of X H-.f+ "'ln.-2.X n-:z.+ ... -t- '4, 

cTeneHH ll- 1 JliJlJll MeHI:omelt. IlpH cnHre perHcTpa Ha e.nmmrzy BIIpaBO 

8TOT MHOrO'Lil.SH nepeXO,IJ;HT B MHOrO'Lil.9H Z ~~ =- Z{X) ·X- 'Z Jt _ f 9 _:; fxJ. , 
IIocJle,IJ;Hee cJtaraeMoe noaBMeTca Hs-sa o6paTHoA cBHsH. B pa6oTax/II,2I/ 

noKasaHo. qTO MHoro-q,neHH 2:. '(X/ H Zfxj ·X JJeJKaT B ol!HoM w 'I'OM lirA l(n~"
ce ~8TOB no mod ~{X) , a llOCKOJli:oKY CT9ll9H:b MHOrO'Lil.eHa Z ~) M8HI:ome 

~eM l'l. , TO MHOrO'Lil9H 2'{Xj ,IJ;O.U9H COBna,nan C 9,IJ;HHCTB9HHHM 

MHOr0~8HOM B KJlaCC8 EH'l9TOB <._ Z(XJ· X) • 3TO yTBepJK,IJ;eHHe MOSKO c¢op

MY.11.KPOBaTL cJle,nyDIIHM o6pasoM: ecJlH qepes S o6osHa~TI:o KJtacc Bli~eTOB, 
co,nepsam~t~A )( , TO.( 'l{X/ ·X)=Sil{S/H <_ 'l(XJ) = 'l.(S}. IloaTOMY C,IJ;BHr 

perHCTpa BnpaBO Ha e~ COOTB9TCTBY8T YMH0~9HH~ Ha S • PaccUOT-

pl'IM 8TO Ha npHMepe. IlyCTI:o fj{JC) ::: X If-+ X + ( , a o(.'- npHMHTHBHHI 8~e-
M8HT noM Q. F (.2 "} • Coo TBeTCTBYJliiHtl YMHOJKHTeJli:o noKasaH Ha pHc. 3. 

C{}l{HH}J 
PBc.3. YMHODT9J1I:o B UOJle t;.F(2"J. ® -cyYMaTop nomod2... 

T - Tp~t~rrep. 

EcJlH B ~eAKy MJ18,Itlllero paspa.na noMecTHTI> e,IJ;WU!IC", TO nocJte.noBaTeJli:o-

we C~ ~ BC8 CT9ll8HJ'I 8J19M8HTa d.. , T. e. BC9 8J19M8HTH no-
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JlJl G F (.2 "}. 3aMeTHM, 'ITO e,lll!HHIJ;e, c.mmraeMol RS CTapmero pasPJl,lUl, co
OTBeTCTByeT a~eMeHT ~~ , a H~lJRe o6paTHOI CBRSX SSMeHHeT ero Ha 

J.. -#' -f • C,nBXr perRCTpa MeBO COOTB6TCTBY6T .ItBAeHIDO Ha d.. • 

~HHI CIIOC06 IIOSBOJ!JleT SHalJRTe~bHO ynpOCTXTb annapaTypHYD pea
~3auHD onepauJtH YMHO~eHHH, HO ycTynaeT npe~eMY cnoco6y B 6HcTpo
.nelcTBRX. B c~ o6paTHMOCTR onepam~l B no~e l;F(p .. }, Ha cxeMax 
YMHO~eHHR R C~O~eHHH MOEHO BHIIOXHHTb onep~ ~QX8HHR R B~TaHHR, 
Ana STOro Heo6XO,nxMO O,lll!H H3 a~eMeHTOB B onep~ 3aMeHHTb ero XH
BepcHHM ~ o6paTHHM s~eMaHTOM COOTB6TCTB6HHof 2I/. 

BonpOCH T6XHH'l6CKOI pe~3auRH peayppeHTHHX a~OpRTMOB rqrr IIpH
BO,nRT K He06XO,nHMOCTR nORCKa OnTHMSAbHHX napaMaTpOB ,naHHHX npeo6pa-
30BaHJtl, KOTOpHe nosBOnRDT pe~30BaTb ~eKTHBHHe BHlJRC~Te~bHHe 
CTPYKTypH. C STOI TO'lKH speHHR C~e~eT paCCMOTpeTb TPH O~?BHHX Tpe-
60BBHHR, npe~BnReMHe K rqn npR annapaTypHol pe~s~ 5 • 
Bo-nepBHX , ;V ,nomo 6HTb CYl!l6CTBeHHO COCTaBHHM, lJT06H MOEHO 6WlO 

opraHRSOBaTb 6HcTpHe ~opHTMH THna Ell~. 

Bo-BTOQHX, TaK KaK YMHO~eHHe KOMII~eKCHHX lJRCe~ npx BHlJRc~emm Em> 
Tpe6yeT 60~bmHX 3aTpaT BpeMeHH, BaEHO, lJT06H YMHO~eHRe Ha CTaiieHb ~ 
6WlO 6H .ItOCTaTOlJHO llpOCTOI onep~el, 3TO YOSMOEHO, ec~ oL SaHXMaeT 
M~O .nBORlJHHX pasp&.nOB R Ma!eT 6HTb npe,ncTaMeHO CTeiieHbD lJRC~ 2, 
B 3TOM c~ae YMHOXeHHe CBO,lll!TCH K onepSUHH C,nBHra KO,noBOro C~OBa. 
B-TpeTbHX , ~ o6~er'leHHH BHTIO~aHHR ap~eTR'leCKKX onepaqRI IIO Mo-
.ny,nKJ M /'1 .no~o HMe Tb ,nBOHlJHoe npe,ncTaMeime. 

TaK KaK annapaTypHaa pea~s~ rqn Tpe6yeT onepaqRa c.no~eHHH H 
YMHOXeHHH 'lHCe~ no Mo.ny~ M , TO BH6op M B BX,ne 2 8

, 2'- I 
H~ 2. B + .f CYl!l6CTBeHHO ynpoutaeT nMo~eHHe. BH6op 1'4:: 2.8 He llpXBO,lll!T 
K no~esHOMY npeo6pasoBaHRD ( A/ paBHHeTcH e,lll!HHIJ;e / 51. BH6op /"f =- /!8-1 
np:r.IBO.n;HT K lJHC~OBOMY npeo6pasoBaHRD MepceHa, r.ne S- npocToe lJRc~o. 
KopeHI> J.I3 e.n;HHHI.IH d..== -2 mocl M HMeeT nopa,noa 2 8 • Tor~ ~Ha npe
o6pasoBaHHR He npe.ncTaBJ!JleTcR B BX.ne npoHsBe,neHHR 6o~bmoro 'IRC~a 
MHOX:r.ITe~el H, c~e,nOBaTe~bHO, He CYl!leCTByeT ~OpHTMa THna EJlll. EH6op 

M"' .!! I + 1 llpH 8 ~ 2 t npRBO,lll!T K rqn no MO.Izy~ F'-t (r,ne f't -
I, 

osHaqaeT lJRC~o ~epMa Ft = 2 2 + 1 ) • B aToM c~ae Mo~eT 6HTb onpe.ne~e-
Ho npeo6pasoBB.ID!e ~HH tV:- 2 t + 1 c J.. = 2 tnod ft , KOTopoe Ma!el ~Tb 
pas~oxeHo Ha npo:;rsBe.IteHJ.Ie BSB.HMHo npocTHX MHODTe.nea. B pa6oTe 8 

t 

noKa3aHO, 'ITO ,Il,Jllma Upeo6pa30BBHHR MO~eT 6HTb yBe~'leHa .ItO #:: 2 z + 2. 

sa cqeT BH6opa d. == .J2. • 3TOT c~aR npe.ncTaBnReT onpe.ne~eHHHR XH
Tepec,, Ho BH6op "'- = f2 Tpe6yeT ,nByxpaspmoro .ItBOJ.I'lHoro npe.ncTaMeHHH 

d...' B KO~b~e reJIHX lJHCeJl no mod Ft: • 
ApHWMeTH'IeC KJ.Ie onep~ no fTIDd ft- MOryT BHTIO~TCR /3 -paSpa.nHHMH 

.ItBOR'lHHMH lJHC~&!K, K co~eHHD He CYl!leCTByeT peryMpaoro acW>eKT:e:BHoro 
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"!' 

r 
1 

MeTo~ .Mil BH6opa OliTJiiMalll>Horo Ha6opa naPSMeTpOB M , fl/ H oL • 
Ha npaKTXRe npx6eraDT K aMDHpxqecaoMY no.n6opy naPSMeTpoB. CHa~ 
BH6Hp86TCSI MO~~b IIOJ!Jl H3 YC~O~ ~,.,a,~ ';:_ , saTeM HCC~e~TCSI 
B03MomtHe SHalJe~ ,4/ H d.. 5/ • 

3A.K.liKJT.iliD 

~OPHTMii 06pa60T.KH B KOHe'!JHHX MaTeMaTH'l:eCKRX CTPYKTypax, aHa
.UOI'H'l:HHe ETI~. upe.ncTaMHDT XHTepecayD o6.nacn Hcc~e.noBaHHA. Taa RaK 
B ycTpoiCTBax, HCII~SyDIIHX ~OpHTMH .JJ.m>, Ha onep~ YMHa!aHHR 
npHXO,lll!TCSI SHalJHTanbHaH .IJ;OJ!Jl SaTpaT, TO BOSM~OCTb y.nemeMaHHR H 
yBe.nxqeHHR 6HCTpo,neACTBHR TaKHX CHCTaM OTKpHBa6TCSI B npKMeaemm 
&nrOPBTMOB TeopeTXKo-'!HC~OBHX npeo6pasoBaHHA. 

B ~oA pa6oTe npe~o~eH H Hcc.ne.noBaH anropRTM peayppeHTHoro 
TeopeTXRQ-'lHC~OBOrO npeo6paSOBaHXSI, HCIIO~SOBBHHe KOTOpOrO B CHOTa
Max IU!lllpOBOI o6pa60TKH II03BOJIHT 3HalJRTe~HO IIOBHCHTb 6H.CTpo,neiCTBXe 
H TO'lHOCTb BH'lHC.neHBI H CHHSXT o6~eM annapaTypHHX ~ nporpaMMHHx 
SaTpaT. 

lloC~KY ~~ ~OPXTM He HMeeT OWJ.I60K OKpyr.neHHR,ero Qe~e
C006paauo XCUO~BOB8TL B TaKHX 06.naCTSIX, KaK ~ecKHA CII6KT~L
HHA ~s, pac~eT x pe~s~ IU!lllPOBHX ~.nDTPOB, BH'!Hc.neBHe aoppe
~OBBHX ~ H Kpocc-cneKTPOB H T,,n. 
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KanHHHHKOB B.A. 
~HHaM~eCKHH cneKTpaJibHhlH aHanH3 B anre6pe 
KoHeqHhJX noneH 

P11-88-320 

OnHChlBaeTCH HOBhlH MeTOA peKyppeHTHoro BhlqHcneHHH AHHa
MHqecKHX cneKTpaJibHb~ XapaKTepHCTHK Ha 6a3e TeopeTHKO-qH
CnOBbiX npeo6pa3oBaHHH B anre6pe KOHeqHb~ noneH. ~aeTcH 
o~eHKa ero 6biCTPOAeHCTBHH H ToqHoCTH. PaccMaTpHBaJOTCH Bo
npocbi BblllOnHeHHH apH$MeT~eCKHX onepa~HH H~ 3neMeHTaMH 
nonH ranya H HX annapaTypHaH peanH3a~HH. 

Pa6oTa BhlnonHeHa B 06~eHHCTHTYTCKOM HayqHo-MeTOAHqec
KOM OTAene OIDHf. 

OpenpiDIT 06J.8AHHeHHOro IUIC111TyTa .RAepHWX accneJJ;oB8HIIil. ,lly6aa 1988 

llepeBOA A.B.~HTpeHKo 

Kalinnikov V.A. 
Dynamic spectral analysis in Finite Field 
Algebras 

p 11-88-320 

A new method of requrent calculation dynamic spectral 
characteristics on the base of Fast Number-Theoretic 
Transforms over a Finite Fields is discribed. The estima
te of its speed and accuracy is given. The question of 
execution of arithmetic operations on the Galois Field 
elements and th~ir hardware implementation are considered 

The investigation has been performed at the Scientifi
cal-Methodical Division, JINR. 
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