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TIPE[IICJIOBUE

[Tepen paspaGotumkavy nHQpOBON anmapaTyps nepesausl M o6paGOTKH CHFs
HaloB HEH3O0eXHO BO3KHKAIOT 3dJayH, AIs pElleHHsi KOTOPHX NpPHXOAHTCH obpas
MaTbC K MHOTOYHCICHHBIM MOHOTPa(uaM, XYPHANBLHEIM CTaThaM, TPyAaM pase
JINYHBIX KOH(epewumii m 1. A. TpyAHOCTH pelleMMsi MHOTHX K3 STHX 3anad 06y«
CIOBIEHB H T€M, 4TO ONyOJHKOBaHHbIe pabOTH HANHCAHE Ha pasHOM YpOBHE, €
BPYBICUCHHEM PasiHy#oro poja IONYINEEMI ¥, YTO OCOGEHHO CYINECTBEHHO, B psi
Je ciydaep He MOBEJEHH 10 HanIfAIHBIX u BMeCTE € TeM CTPOIMX NpOUeAyP H
TIpOrpaMM.

B macrosiue#f Kumre cielaEa NONEITKA WSNOXKHTh ¢ EJHHEIX nosuuwil HaunGoses
BaXHBle 32KOHYEHHEIE PE3yJabTaThl B OGJACTH aHaJHM3a H CHHTE3a UM(POBHX (QHIBT-
PoE u psza ycTpoficts iHdpopoi o6paboTky curHaOB. [Ipy 3TOM aBTODH OTpaHHIH«
BAIOTCsl TPAKTOBKOH ¥ METOMKOM HCIIONB3OBAHHS STMX PESyJbTATOBH, KaK PaBHJO,
HEe NPMBOAAT HX JOKA3aTENLCTB; NPUBOJMMEE CCHJIKH H2 JIHTEPATYpy NOMOTYT
UHTaTeNIM NpY XKEJNaHHM BOCHOJHWTL 3TOT hpobes. Meromml pacyera WJIIIOCTPHPY=
IoTcA NOAPOOHHIME mpuvepaM#, NPUBEAEHH NPOTPAMME peli€HHs OCHOBHHIX 327a%
CHHTE3a HUGPOBHX (QHIBTPOB.

Heofxopumo orMeTnt, uTO undpoBas 06paloTKa CHTHAJNOB Kak OGAacTb Haye
KA BecbMa Jafieka OT 32BEpUICHus, TO3TOMY He BCe CHTyauuu ¥ NpoGJiemwl, mpefms
CT2BJISICIKE TEOPETHYECKHil ¥ HPaKTWYeCKHH HHTEpeC, HALLIM NOCTATOYHOE OTPas
JKeHHe B EpeajaraeMoit xumre. [Ipm ot6ope H cHcTeMaTu3alum MaTtepuaja MpeRs
CTaBAANOCh HEOOXOMMEIM: BO-NEDBHIX, PaAcCMOTpeTh airoputMH uudpoBoit 06pas
6oTRM cCuTHANOB, BO-BTOPHX, MaTh 32KOHUGHHYI0 MeTOAMKY pacieta IuQpOBHX
O$HIBTPOB H, B-TPETBHX, H3JIOXKMTb DL OCHOBHEHIX 3afay o6paboTKH CHTHEAJOB B
TEXHHKE CB3Y.

B pasa. 1 m 2 KHArM JaEB! OCHOBHBIE ONpPEAENCEHS ¥ NOHSTHS, OTHOCSIIMECS
K JUCKPeTHHIM CHTHaJ1aM H JMCKDETHEIM CHCTEMaM, & B DAa3f. 3 pacCMAaTpUBAICTe
csl 3(peKTE KBAHTOB2HMS B Nu(POBHIX GuUNBTPaX H METONH UX y4eTa NPH CHHTes
3¢ LHQPOBEIX cucTeM OOpalOoTKH CETHajloB. MeTomWka CHMHTE3a HEDEKYPCUBHHX H
PEKYPCHBHEIX UHQPOBHX (uJIbTPOB ¥ COOTBETCTBYIOINWE NpPUMEPH H AJTODHTMH
NpHBeJGHH B pasn. 4 m 5. MeTozm pacyera HEKOTODHX THIOB aN2GTUBHHIX (DHJIbe
TPOB TIpuBEACEH B pasf.©. B pasa. 7—9 Haiomenel uHpOBLIE METOAH PEUICHHS 3as
ZAa4 nepeHoca CNEKTPOB CHATHAJOB, (OPMHPOBaHusI CHTHAJNOB € OfHON GOKOBOH KROJIO=
COHl, yBeNHUEHWS! W YVEHBILCHAS YaCTCTH [AUCKPETH3AUHH CHTHAJIOB, CIEKTPAJbHOe
TO 2araiy3a, CONPsXKEHHs CHCTEM CBf3W C PasJWYHEBIMHM DpHANYAAMY KaHAJ006pas
30BaHHs. B NpPWIOKEHHsX TNPEBENEHH NDOrPaMMBI pacyera LHPPOBHX (GUIBTPOB,

K coxaznenmo, o6tev KHHIH Fe TMO3BOJHA aBTOpaM JeETaNbHO PacCMOTDETh PAR
JApYr®I aJrOpuTMOB M IpHMeHexwll nuppoBofl 06paGOTKH CHrHAJOB, &8 TaKXKe BO«
TPOCHl peaN32uMH COOTBETCTBYIOINHX YCTPOHCTE Ha COBPEMEHHOR 3/1eMeHTHOH 6a«
3e. B csasuw ¢ stmv xotedocs Ol 00parTuTh BHEMarxe uyMtaTenefl ma nybamxanud
nocaelEnx Jer [1.3, 1.16, 2.2, 2.11].

Aptoph mpuseartemerE A. T. Bafixopo#f, vuacTBopaBluell B Hanucasmu pasi. 1,
xaug. TexH. nayk B. B, IlovpaueBy, cocTaBuBlIeMy MaINHHHEIE IIPOTPAMMEl pacyes
T2 QUILTPOB, 2 TakKike CBOAM KoaderaM Ha xadeipe VBT JISUC, mpusuvanriuM
vuactre B 0OfcyxieHux pyKOmHCH. ABTOpH 6.1arojapst penensentos B. A. Kana-
GeroBa ¥ A. M. Tpaxrvaua 3a IeHHLiE 3aMeEYaHHs.

OT3HBEl O KHHre NIpOCUM HaNpaBJIsiTh B H3JaTeNbCTBO «Pajnuo H cBA3bL» IO af=
pecy: 101000, Mockea, IouramT, a/s 693.



1. TBOHCTBA M IIPEOFPAZOBAHUA JICKPETHEIX CHTI'HAJIOB

—n

1.1. TUIIBI CHTHAJIOB. CBA3bh MEMY CUTHAJIAMU
PA3JIMYHBIX THIIOB

1.1.1. KnaccupEKanus CHrHAJOB

AHa20208bi5 CUZHOA ONHCHB2ETCS HENPEpHBHOH (MM KYCGUHO-HEenpepHBHOH)
dynrunelt xa(f), npuueM M aprymeHt, ¥ cama QyHKUus MOTyYT TpPHHHMATh JiO-
OHe SHaueHusl ¥s HEKOTOPHIX HHTEPBAJIOB: f'<CECH, Xa CXa <X nr

Ha puc. 1.1, usofpaxen rpaduk anaqoroporo curtiana xa(f} ==Usn sinof;
w=2nf; Un=1 B; f=1/(2n) Iu.

X auaJOroBHIM CHrHajiaM OTHOCATCS, HaNpUMep, pedeBhHie CHTEZAN B «0bLri-
“gofi» TefeOMHMH H pAJMOBEIAHHM M ¢OOCBMHEIE® TENIeBU3HOHHHE CHIHAJIEL

JluckpeTsoifi cuzHoa ONUCHBAETCS PpelieTyaToll Qyuruuefi (NOCIEAOBATENLHO<
cTbio, BpeMeHHBIM psinoM) x(nT), KOTOpasi MOXeT OPHHHMATh JoGHe 3HANEHAS] B
HEKOTOpOM HHTEpBase X'<X<x”, B TO BpeMs Kak
He3aBHCHMasi TEpEeMEHHAsi N NPHHHMaeT JHWb Juc-
gt T KpeTHHE sHadeumsi, npuyem n=0, 1, ..; T — unTep-

. pan puckpertHsaumy; fp=1/T —uacToTa AHCKpeTH3a-
J/ t yuu Ha puc. 1.1,6 msobpaxen rpadux AHCKpETHOro
) _ -+ curdana x(nT)=UmsinnoT; o=27nf, Um=) B;
X(nT) N A ey f=1/(@2n) Ty T=nf4 c.

-k ‘ ¥ I/ICHOJIM)"IOTCS[ ¥ vune crnocobn 0603HAYEHHA
peuterdaTol GyMKUMH: X (1), Xn, KOTHA HHTEPBAT KH-
T 2737 47 77 ¢  CKDETHSAUMH TeM WJM HMEIM CHOCOGOM HOpMHAPOBaH
' 4 octaeTcss nocroseEmyM, wm {x(nT)), xorma ueob-
Kyln7) | 9 XOZHMO NORYEpKHYTB, 4TO pedb HAET O pelueTdaroit
U GbyHKUMY B uesnoM, a we o6 OTAGJBHOM 3HAUEHHM
(oTcuere) sTofi $yukuup opu f=nT. B JlasbviefLes,
7T 2rsTer Y K2k NPABKJO, OTAENABHHY OTCUET peineryatol ¢yHK-
- P wie nopu ¢=nT u perteryatas Gyuknus B uesom 6y-
ayT obosmayatbesi opuHakopo — x(nT). Koneusan
Puc. 1.1. NOCAeAOBATeNbHOCT, T. €. AMCKpeTHH CHrHan, y
KOTOpOrO YHCJO OTCYETOB KOHEYHO, NpencTaBiaseT
oGOl BeKTOp W 4acTo oGo3Hauaercs depes X. HampHMep, xoueiHas HOCHenOBaTelb-
HOCTh X, cocTosmias H3 Tpex orcueros x(0)=1, x(T)=—2, x(2T) =5, moxer OHTb
sajiana B caenyomes ¢opme: x=[1, —2, 5]%, roe T— cUMBOI TpaHCIOHHPOBAHUN
BeKTOpa. . S
Huckpernmfi cHryan MOXeT OHTb BEMIECTREVHHM HJIH KOMIVIEKCHBIM. B nep-
BOM CJyude OTCYETH NPUHMMAIOT JHIIb BEIIECTBEHHHE 3HAUEHHS, BO BTOPOM — KOM-




nnexkcHple. K HACKpeTHEIM MEXBAHTOBAaMHHM @O AMIMTYAE CHATHAAaM OTHOCSTCA
CUI'HAJIBI, HCNONB3YEMHE B CHCTEMaX CBS3HM C aMNJHTYIHO-MMIYJBCHOR MOJAYJISUHER.

Lugpasoil cuznan OMHCHIBAETCST KBAHTOBAHHON peweTyatoli (ynkuueli (xpaH-
TOB2HHON MOCAEROBATeNbHOCTBIO, KBAHTOBaMHHM BPeMEHHEIM psnoMm) xg(nT), 1. e.
pewmeruatoli ¢ynKuned, npuuAMalollel JHIIE PAfK AHCKPETHHX 3HaueHHA — ypopHeR
kpauToBauus hy, hs, .., hr, B TO BpEMS KaK HE3aBHCHMAs NEPEMEHHAs N NPYVHHMA-
er suayenus 0, 1,.. Ha puc. 1.1,6 usobpaxen rpaduk uudpoporo curnama

xg (nT) == OK (UmsinnwT); ] s
w=2xnf, Up=1B;
f=1/2n) Ty T=m/4c;
hr=—140950. 1},

=1, 2, .., K; K=9 .H HesmueRnas Gyuxkums Or(p) onpepensercs creayioumM oG-
pasom:

hy mpr p << (ha+ hy)/2;
OK(P)-': hi mpu (hl+hl—l)/2<l’<(h¢+1+hl)/23
he upu (hp+he_1)/2<p,
=2, 3,..., K—1.

Kaxpuii us ypoBuel KBaHTOBaHUS KORMPYETCHi KOZOM, COCTOSIIMM H3 ABOHY-
HEIX 1udp, TaK uTo nepejaya max obpaboTka oTcueTa uHGPOBOrO KOAHPOBARHOrO
CHTHAJA CBORHTCA K ONepauHsM Haj Oe3pasMepMHM ABOMYHEM kopoM. Yucao K
YpOBHeli KBAWTOBAHHS H HHCAO S PAaspsifOB COOTBETCTBYICIUMX KOJOB CBA32HH 3a-
BuceMOcThio * s>=int(log=K). 3Hawenuss uu¢poBOro curHaja MOryr OHTb SafaHH
tabauuei. B T1aba 1.1 mpHBeneHH 3HaueHusi PaccMOTPeHHOro BHile UHbpPOBOro
curtana Xy (nT) =O0g(Un sin noT), npudeM OTCUETH OPEACTABJEHH [ECATHIHEIMA
YRCAAMH HAM NATHPaspsASHEIMU LBOMYMBIMA KOZAMM S==5, B KOTOpHX Nepefi cre-
Ba paspsif, — 3HAKOBHIH.

K mudpoBHM CHrHANAM OTHOCATCH CHFEAJH, RCHOJA3YEMHWE B CHCTEMAX CBSZH
C HMIyJIbCHO-KOAOBOH MORYyJsAuHeH.

JHCKpeTHHE CHTHAJH, TaK K€ KaK Y AHANOroBhie, o6pasyioT JHHeHHOE HpOCT-

- parereo {1.1]. MostoMy MaTtemartmueckuil anma-
paT TEODHH AMCKDETHHIX .CHTHAJOB H JHHEAHEIX Tagarua 1.1
EHCKDETHHIX CHCTEM Pa3BHT TaK e XOpOLIO, KaK

H MaTeMaTH4ecKu#i ammapaT TEOpPHM aHaJOrOBHYX n g (nT)
CHrHAJIOB H JUAEAHBIX auaJjoroemx cucteM. Llud- {,‘S,%ﬁf;‘; ngsm:(‘&
POBHE CHTHaJiH IpH OTPaHUYEHHOM UYHCJE Pasps- =
HOB, MNCHOJMBE3YEMHX JIJsl NPEACTABJACHHS OTCYe- 0 0,000 | 00000
TOE, He 00pasyoT JHHERHOro OPOCTPAHCTBa OT- |8 0,750 | 00110
HOCHTEJIbHO OGHNHHX ONEpaiHii CJIOKeHHS H yM- g (‘) «f}gg g:)(l)(l)g
Hoxenus. [lostoMy npH pewreuuy 3ajad obpa- 1 0°000 | 00000
GOTKY UHUPPOBHIX CHUrHAJIOB HCNOJbL3YIOTCS JHHEH- 5 —0,750 | 10110
HHle JHCKpeTHHe MOAEJH, NOSBOJSIONIHe IpHME- 6 —1,000 | 11000
HATb METOIH TEODHH AMCKPeTHHX CHIRaJIOB H JIH- 7 —0,750 | 10110
HeHHHX JMCKPeTHHIX CHCTEM (CM. pasi. 2). 8 0,000 | 00000
* 3pavenue QyHrmuu int(B) — HauMeubilee ueJOe YMCJIO, HE MEHblIee YAC-

1a B..



1.1.2. Cpasp MekAy aHAJOrOBEIMH H JHCKDETHHIMH CHIHAJIAMYA

Onepayus Ouckperusayuu [1.2, 1.4] cocrour B ToMm, uTo mno 3aJlaHHOMY &Ha-
JIOrOBOMy curHany Xa(f) cTpoutca puckpeTHmft curuan x(nT), npmuem x(nT)=
=xq (nT).

Onepayus eoccranoeseus COCTOHT B TOM, UTO 1O 3AKAHHOMY IHCKPETHOMY
curiany x(nl) cTPOHTCS amanoropwifi CHrHaa xa(f), x(nT)—>xa(t) [1.4].

Onepauuy AACKpeTHSAIMM H BOCCTAHOBJEHHR B3aHMHO OOPATHH B TOM cayuge,
KOF[i2 JIMCKPETHSHPYEMEIH aHAJNOrOBH CHIMAN YHOBAETBOPAET YCHOBHAM TEODPEMH
Kortenbuukosa [1.5]: ecnu amanoroBufi cursan xa(f) uMeeT OrpaHmmeHHLl (du-
HATHHEF) CIEKTpP, NPUHUMAIOWMA OTAMYHHE OT HYJsl SHAYEHHS JHMIb IPH @s min<
KOa<Oamax (THe ©a=27nf, — KPyropasi 9acToTa AHAAOTOBOrO CHrHANA), H JH-
CKpeTH3AIHsi 9TOr0 CUruaza BHNOJHSAETCS € YACTOTOR fx Takol , uTo

203 mex/q < 27 [y < 2 0a minfig—1),

*
rre g=1,2,..., En[ V8 max ] .
©ga max~Wa min

16 5707 oumamoromwmdl curHan MOXeT OWTB TOYHO BOCCTAHOBJEH IO OTCYETAM COOT<
BETCTBYIOLIEr0 BHMCKPETHOTO CHTHAJA.

Cessb wmexnay cnextpoM Xa(io) aHalloroBoro curHana xa(t) u CTIEKTPOM
X(eloT) (cm. 1.24) nuckpernoro curmana x(nT)= =x3(nT) onpenensercs opwmy-
Joit {1.6].

| 25

x(e"”T)=T b Xa.(i(w—[--T— m)) (1.1)
mM==—x

OTO BHpaXeHHe OMMCHBACT TaK HA3HBAEMOE <Pa3MHOXEHHME» CHEKTpa AHAJOrOEOTO

CHTHaJA TpU AUCKPETH3AIHH.

Cornacuo TeopeMe KoTeNPHHKOBA aMAJOTOBHIM CHIHAl ¢ OTPARHMUEHHEIM CTIEKT-
poM MoxeT OHTb TOYHO (6e3 mOTepH HHGoOpManMM) NpeoGpasoBaH B AHCKpETHH
CHTHAJI M 3aTeM TOYHO BOCCTAHOBJEH NO OTCYETAM STOr0 AMCKPETHOrO CHTHAJA.
IlpakTuyeckn soGofi AHANOrOBHA CHTHAN HMeeT OTPAHMYEHHHI CHEXTDP H NOSTOMY
MOXKeT ObThb 3aMEeHeH NpH IPABMJBHO BHIOPAHHON GACTOTE AMCKPETH3AUMH COOTBET=
CTBYIOIHM AMCKPETHHM CHTHAJIOM.

 1.1.3. CBaA3Ss MeXAYy MAUCEPETHHIME H NU(POBHIME CUCHAJAMHE

Onepayus xeanrosatus W KopupopaHusi (aHajoro-wubpoBoro mpeo6pasoBanus)
COCTOMT B TOM, 4TO NO 33afAHHOMY AHCKpeTHOMY curuany x(nT) crpourcsi nugppo-
BOR kopupoBamHEt curdHan xq(nT), x(nT)—xy(nT) Tak, wro xn(nT) = x(nT),

=0, 1,..

Onepayus yupo-0Ha102068020 npeo6pa30eanus COCTONT B TOM, YTO N0 3aAAH-
‘HOMY Hu(pPOBOMY KORMPOBaHHOMY cHrHany xg(nT) CTPOAT AIMCKDETHHE CHIHa®
x(nT), xq(nT)—>x(nT) T2k, at0 x(nT)=xg(nT). .

-- Onepauus KBaHTOB2HHMSI H KONMPDOBAHHMSI M IH(PO-aHAJOTOBOrO npeobpasoBa<
HUSI He SBJAIOTCS TOYHO B32uMHO OOpATHBIMH, TOCKONBKY KBAHTORAHHE B ofmieM
<¢Jllysae BHOOJHsAETCs ¢ HeycrpauuMofi norpewHoctsio. Kak npasuio, cumranrt, yro

* 3anucy En[A] osnauaer «uenas wacte umcna As (Hanpumep, Ex[8, 6]=
=8).

n



auajoro-uudpoesie mnpeobpazoBatenu (ALI[T) BHIONHAIOT omepauuu AUCKPRTH3A-
fiMY, KBaHTOBANHS H KORMPOBaHHS, a uHu(po-aHANOroBHe npeoGpasoBaTens
(IIAIT) — onepanun mudpo-ananoroporo npeofpasoBanud u BoccTaHopjeHus [1.7].

Ilepexos OT puCKpeTHOro curHana K uubpoOBOMY, T. €. Omepauysi KBaHTOBaHHS,
ocymecTBAseTcs B ofumem chayiae HerouHo, Ecam pasi npepcTaBieHHA KAaKIOTO OT-
cyeTa HCHOMb3Yercsi ROCTATOYHO COJIBUIOE YHCJO ABOMYHHIX PaspAfOB, TO NOTpe-
HOCTb KBAUTOBAHMUSI OKA3HBAETCsi MAaJiofl M HUCKpeTHHH curHan (H, CJENOBATENLHO,
COOTBETCTBYIOIMA AHAJOTOBHI CHTHAaJ) MoXeT GHTh 3aMeHeH olpenesedHHM unAd-
poBEM curHasioM. IIpakTHyecKd HHCAO pASPSLOB, KOTOPOE MOTYT OGECNENHTH CO-
spemenHHe ALl npu HeoOXopuMOfl YACTOTe MHCKPETH32uMH, AOCTATOYMHO HJA HO<
ayuyenusi uuGpPOBHX TENEBH3NOHHEIX CHTHAJOB, IM(POBHX PEYEBHIX CUTHAJNIOB B TEs
JepOHHY H PARMOBELIAHHU.

1.1.4. Tuckpernas mejasra-pyHEOMA

JuckpeTHas pelbTa-QyHKIHS 5((n—m)T) npepensiercsi CNERYIOMAM 06GpazoM
{puc. 1.2, m=3):
1 npr n=m;
0 npu nstm.

Vicnonbsysi QIUCKPETHYIO AeJbTa-QYHKUHIO, JIOOYI0 NOCJAEHOBATENbHOCTD (peme'ma-
Tyi0 ¢yuxumio) {x(nT)} MOXHO IPEACTABUTL KaK

§((n—m)T)= {

{x (@D} =) x(mT)§((n—m) T). (1.2) 5‘?‘””
m=0
Itpumep 1.1. Tlyete x(0)=1, x(T)=—2, x(2T)=25, - .
x(nT)=0 nmpu n=3. Torma us (1.2) T2T3r 4T 2
{x (nT)} =& (nT)—26 (n—1) T 42,58 ((n—2) T). Puc. 1.2

1.2. ZTIPEOBPASOBAHIE U NPEOBPA30OBAHUVE ®VPLE
1.2.1. IIpamoe Z-npeoGpa3oBaHHE

Ipsanoe Z-npeobpasopanue X (2) mocnenopatenbHocTH x(nT) onpepeasiercsi ¢op-
MyJIoH

(-]

X@=Z{x(nTh = x(nT)z" (1.3)

n=0
Dynxwmio X(2) uaswsawT Z-o6pasom nocnepopateabHocty x (nT).

IlpeoGpasopanue (1.3) HMeeT CMHICA s TeX SHAYeHHH XKOMIJIEKCHOH NepeMeH-
Holt 2, npH KoTopuix psiA (1.3) cxomurcs.

Tpunep 1.2. TNycte x(0)=2, x(T)=—1, x(2T)=3, x(3T)=15, x(nT) =0 mpxr
n>4. Toraa m3 (1.3)

X(@=2—e 14372 41,5275
B Tab6a. 1.2 npuBepeHH psii NOCJAEHOBATENBHOCTEH U COOTBETCTBYIOHMIHE HM
Z-o6pasm {1.8].
C nomompbio Z-npeoGpasoBaHHsi BecbMa yROGHO SamMMCHEBATh pasjudpue (op-
MH BHpaXXeHHH AN NepefaTOUHHX (QYHKHMA H TeM CaMHM NOJYyYaTh pAas3jIAIALIe



Taénuuma 1.2

x(nT, Z{x(nT)}
11—z
A(=1* (1+2-%)
N n z-1f(1—2—1)2
n2 (z-1+2-7)[(1—21)?
a 1
' 1—az-t
na"—t - z-t[(1—az—1)2
an sinnt Gtk
1—2a2—! cos T-+a%e—?
a™ cos 1t {—az—tcost

1_92az-1 cos T+ n27—2

tdopme peanusawuu wudposuix ¢uasTpos (cm. 2.2). Kpome Toro Z-npeofpasopa-
HUE SBJASIETCSI OCHOBHEIM cHnoco6oM pacdeTa BBIXOJHBIX CHTHAJIOB AHCKDETHHX B
11(POBLIX (UIBTPOB LPH CJAOXKHBLIX BXOAHEIX BO3HEHCTBHAX.

1,2.2. OcroBHEIe cBOficTBA MPAMOro Z-mpeo0pasoBaHusA

MNycts x4(nT), x2(nT), xs(nT) — nocnenosatenvHoctd; Xi1(2), Xa2(2), Xs(z) —
Z-06pasu 3THX NOCAEIOBATENLHOCTEH; €1, C2 — KOHMCTaMTHL.

Ecru x3(nT)=c;%5(nT)+cx(nT), 10 X3(&)=01 X1 (2)F X202
) { ruraBiuneTs ) ( 1.4)

WINATARUL IS, .
Ecmt x3(nT)=x((n—m)T), 70
Xs@=xn(—n)+un(—m+HDNz"'+ -+
Fx (—T) 2zt L 277X, (2). 1.5)
Mpu %, ( -mT) =% ((—m+1D)T)=... =x (—T)=0
I X; (@) =2z ™X,;(2) (reopema anﬂr_a‘)
Ecmu %3 (nT) =x, (nT) x5 (nT),” TO

A
Xo @)= 5 7 $X: () Xi(2/0) v do, (1.6)



rie C—3aMRHYTHI KOMTYD B KOMIJIEKCHON U-IUIOCKOCTH, OXBATHEBAaiomefl BCE 0CO-
Genuoctu dynkumm Xi1(v)X2(2/t)v—!, mexamme B OKDYKHOCTH C WEHTPOM B TOMKE
0 u c panrycoM, paBHEM |z| (TeopeMa O KOMIJIEKCHOH CBEDTKe).

1.2,3. O6paTHOe Z-mpeoGpa3oBanHe

O6parnoe Z-npeobpasoBauue onpenensiercs opMynof
x(aT) =Z7 (X ()} = —— —14 .
* (nT) {X( 2ni§iX(z)z" z, (17)

rae C—3aMKMyTHA KOHTYp B 2-INIOCKOCTH, OXBATHEBAIOme# Bee 0cOGEHHOCTH GyHK-
umy X (2)zn—1. :

OfparHoe z-npeofpasoBaHHe MOXKET OhiTh ONPENENEHO NyTeM BEMHCJEHHN MH-
Terpana (1.7), ecom mocHepHHAi He SBJNSETCH PACXOASMIMMCS 19, 1.10]:

P 1 o d* T (o)W P )]

x(nT)= ——— hm 1'8
(nT) ;l (Ie— 1)1 sl g ' (1.8)
£

tae F(z)=X(2)z"—1, 21, 2@, .., zph — Bce He papHHE APYT HPYTY MOMIOCH
dymxnun F(2); ln — KpaTHOCTE mojioca zxUp), upuuem Ot=1 B d°@(2)/d2"=g(2).
- Cymecteyer BTOpOfi cnioco6 BHumcaenus (1.7) [1.9]:

1 n —1) " 1.9

san=—— [ XD 19
nl dz" 2=0

Qopmyna (1.8) nosBoisieT NONYYHTb AMANHTHYECKYO saBucHmMocTs x(nT) o

n u paccuurate x(al) nas moGoro sHavenus n; Qopmyna (1.9) moseonser paccun-
Tath x(nT), He BEUHCISS NOMOCOB GYHRuMU X(2)zn—1,

Mpumep 1.3. Tlyers X (2) =23 ((1—0,52~1) (1—0,252-?)). Hcmomvays (1.8) =
yunThiBasi, 4o npH n=0 nomocw F(2) umeloT suauenns 2;=0, 2,=05, 23=0,25,
a opu nz=1 — 2,=0,5, 2,=0,25, nonyuaem
0 npu n=0;
4-0,25"1 21 —1) npu n>1.

Ilpunep 14. Tlyere X(2) =1/(1-40,32-1'—0,22-240,1z-3—0,12~%). Hcnoaesys
. (1.9), nonyuaem: x(0)=1; x(T)=—0,3; x(2T)=—0,11.

x(nT)=

1.2.4. IIpeoGpazosauune Pypse

Cnextpom mocaeposaTenbHocT X(nT) uasHBaioT KOMIIeKcHyo dynkmmo X (elo?):

oo
XN =3 x(r7)enoT; l
=
N T (L.10)
xrT)=—— § x('°N)eroTq,.
LIt —xT

Popmyss  (1.10) mpencrapasmioT cofoif mapy mnpeobGpasosammfi  ®ypee. Hs
cpaprenus (1.3) u (1.10) BuAMO, 4TO CHEXTp MOXKeT GHTH MOAYuEH NyTeM MOACTA<
HOBKH 2=e%07 p Z.00pas mnocnexopatessHoctd. IlostoMy B3 (1.4) u (1.5) nps-

]



MO CJHACAYIOT COOTBETCTBYIOLHE CBOMHCTBa CHEKTPOB  [OCJeNOBATRILHOCTERH. l'[p);
xs(nT) =x4(nT) x2(nT) uz (1.6) crepyeT coOTHOWIEHH®

T T
X @9 =—— [ X (@97) X, (¢ @0 g (1.11)
—3/T

INycts y(nT) =x(nT)eo:T, Torna us (1.10)

Y('OT) =X (e 07T, (112)
T. €. YMHOXeHue mociaesopatensHocTH X(nT) Ha DOCACNOBATENLHOCTE e"en? CoOTBET-
CTByeT CIBUTY CHeKTpa HOCAefoBaTenbHoctd x(nT) BUPABO [O OCH 4aCTOT.
Hs (1.10) caenyer coorsowenune

X(eiﬁ)T)=x(el {o-4-m 25/T) T)' (1.13)
T, €. CIEKTp UOCJIQH.O’BaTeJ[bHOCTH NepHOAHYEH NO HaACTOTE C nepaopoM
On=2xn/T. (1.14)

Ilns pelliecTReHHWX nocaenoBatesbuocted k3 (1.10)
IX @' N =1X N
srg[X (¢! D] = —arg[X (=10 T), (1.15)

T. €. MONyJb CIEKTPAa BEIECTBEHHOH IOCHeNOBATENLHOCTH ABJIAETCSI YETHOH, a apry-
MEHT — HeueTHOH ¢yHkuued 9actote. Ha pHe. 1.3 nokasaHo ycaosHoe uzofpaxeHue
MOZYNsi CMEKTPA BeIeCTBEHHOH NoCiefoBaTenbHOCTH. CrekTp Y(e'o?) HasHBaoT ul-
BePCHHIM TIO OTHOWIEHHIO K <HekTpy X (elo¥) B TOM cayuae, ecnu

Yl OT)=X (el 0—*og/ATy  p— 41, 43, 45,... (116)

Hpunep 1.5. Nycrs y(nT) =e—tamx(nT) = (—1)7x(nT}, w1=n/T, Torpa u3 (1.12)
Y ( el N=x (el (0—=/T)T),

T. € YMHOXeHHe orcyeroB curHana x(nl) Ha (—1)™ HO3pOAsIET OOAYYHMTH CHrHAJ%
y(nT), cnekTp KOTOPOro WHBEPCEH HO OTHOWIEHHIO K COEKTPY curada x(nT).

Ixen]

[x= (e""’)l Ix*eten] [x/e ] |xfe ]

N AN AN A =

7T 27/r @ -
Puc. 1.3

OcHoenbin npsmois cnextpos (npsivoll yacTejo cnekTpa) X+(efoT) nasmsaioT
gactb cnektpa X (eioT) curuana x(nT), nodyueHHOro B HTOTe AMCKPETH3AllHR aHa-
JIOTOBOrO cUrHajla Xa(f), pacnojoxeuHyic B obnacTd HixHuX gactoT oT 0 po
Ox/2=n/T (cm. puc. 1.3).

OcHoenbin uneepcubim cnexrposm (uHpepcHOH uacTeio cnektpa) X—(eloT) Has
suBaoT uacts cunektpa X (e'®T) curHana x(nT), mosyueHHOro B HTOT€ JHCKDETH<
Sallul aHaJIOroBOro curHana xa(f) ¥ pacnonoxeusyio B obnacTH wyacror ot 0 AG

—tgf2=-—3/T (cM. puc. L.3).

10



« Clsunytoim npameim cnektposm (WIM TPOCTO NPAMHM COEKTPOM) X7y (eloT)
HA3HBAIOT YacTh crekTpa X (e'®7); ynoBAETBOPSIONIYIO YCJAOBHIO

Xt ©Ty=x7 (el (otkoy)T), (1.17)
O<o<iyT; k— penoe uncno.

COBUHYTOLM UHBEPCHbIM CNEKTPOM (MM MPOCTO MHBEPCHHM CHEKTPOM) X% (eloT)

HasHBAalOT 4acTb cnekTpa X (e'©7), ynoBJeTBOPSIOULYIO YCJAOBHIO
X~ (e'©7) = X2 ( el (oFRopT), (1.18)
O0<o<nT; k— penoe yncio.

Pucynok 1.3 mamoctpupyer (1.17) u (1.18). Ha sTOM pHCyHKe NMOKa3aHBl MO-
LYJH OCHOBHHX NPSIMOrO H HHBEPCHOrO CHEKTPOB, a TaKXKe MOAYJNH HEKOTOPHIX
CABHHYTHX NPAMBIX H HHBEPCHHX CIEKTPOB.

Coornomennst (1.10) — (1.18) wurparoT BecbMa BaXHYIO POJb, HOCKOJBKY OCs
HOBOH pelleHHs1 MOYTH BCeX 3anau UuPpPoBofi 0GpaGOTKH sBASIETCS CIEKTPaJibHas
veopus. Tak, ¢opmysa (1.]12) coorBercTByer ajropHTMy cABHra (nepeHoca) CHEK-
Tpa AuCKperHoro curHaza x(nT) u3 opHofi 06JacTH YacTOT B APYrylo, KOTOpHE ;
CBOJHTCA K YMHOXeHHI0 oTcyeToB x(nT) Ha oTcuerw e!"@T (o, — yacToTa, Ha KO-
TOpy!o casHraercs cmektp). Ha dopmya (1.13) — (1.15) crenyer, uTO H3MeHeHHe
CIEKTPa CHTHANA NPH M= BO3MOXKHO JHIUb B TOM CIyuae, eClH Mo<Ox/2.

®opmyna (1.16) ompenesmer NOHATHe «HHBEPCHHII CHEKTp», a B npumepe 1.5

_patcMOTpeH aNrOPHTM NOJyueHHS MHBEPCHOTO CNeKTpa Hoc/efoBaTeMsHOCTH X (nT).

1.3. TUCKPETHOE TIPEOFPABOBAHHUE <®YPEE. AJITOPUTMEI
BBICTPOI'O IIPEOBPABOBAHUSA ®VPBE

1.3.1. O6mue ceepenus

ITapa B3aHMHO-ORHOSHAYHHIX nMpeo6pa3oBaHui:

Nem!
X®=> x(r Wy, k=0,..., N—; (119}
n=0 ‘5
1 N—1 5
x(nT)=—3 X®Wz*, n=o0,..., N—1, (1.20)
' N Z‘:o N &

S

rae x(nT), (n=0,.., N—1) — nocienoBatesbHOCTs K3 N BpEeMEHHEIX OTCUETOB C
aepuonoM T; X(k) (k=O0, .., N—1) —nocaepoBarenbHocTh H3 N YAaCTOTHHIX OTCHE-

70B; Wy=ei2/N j="]/ —1, HasHBaercs AHCKPETHHM HpeofpasopasneM @ypbe
(AM®). :
INpeoGpazosanne (1.19) HashBaerca OpsMEM, a mpeoGpasosanme (1.20) — oG-
patiey OII® (OOII®).
( B matpuuHolt ¢opme JUITP mMeer Bun
X=Wyx, (1.21)
rre X H x— N-Mepuue Bextopr: X=[X(0), X(1),.., X(N—1)]T; x=[x(0),
*(T), ..., x((N—1)T)]T; Wy —Matpuna pasmepa NXN c¢ saementamn d(n, k)=
=Wynht=Wynk(mod N} pn p—0,..., N—leGpa'rHoe JIII® 3anmucHBaeTcs B BHAE
—w—!
x=Wy'X,
ll - -.j



rie Wiy — Martpuua, o6patHas K Matpuue Wpy. OneMeHTH W-!y paBHu

d-1(n, k)= 1 Wy—nk= .LWN—(nh(mod Ny,
N
Iuckpernoe npeoGpazoBakHe Pypbe BBOAHTCH NS TpPEACTABJAECHHS KaK NepH-

ONHYECKHX IOC/ENOBATENbHOCTeR ¢ NMeprofloM N OTCUeTOB, TaK H IOCJENOBATE/b-
HocTelt KoHeyHofi anmuuel N. Kosdduuuentn III®P KoHeynofi mnocjieR0OBaTe/bHOCTH
PaBHH 3HayeHHsIM ee Z-mpeoGpasoBaHust B N TOYKaX, paBHOMEPHO pachmpefiefieBHHX

10 elHHHYHON OKpYMHOCTH, T. e. X(k) =X(z)|z=e¢%vﬂ—k , k=0,.., N—1.

ConocraBass Pypbe-npeoGpasoBanne H IIIP, MOXHO OTMeTuTh Cieaylwoimee.
OQypbe-npeo6pa3oBaHHe H MOHATHE <CHEKTP» OTHOCATCA K GECKOHeYHOH moC/Ieno-
parenbHocTH x(nT) B uenom [em. (1.10)]. B Tex cayuasx, koraa peus HAET O mpe-
00pa3oBaHHAX CHEKTPa GECKOHEYHOR HOCJIeNOBATEJNBHOCTH B LEJIOM [CM., HampHmMep,
(1.11), (1.12)], OM® npuMeHsieTCs OTHOCHTENBHO penko. Tak, cABHr crekTpa
[eM. (1.12)] u HuBepcusi cnekTpa (cM. mpHMep 1.5) BHIONHSIOTCA YMHOXEHHEM OT-
cuetoB x(nT) Ha MHOMHMTeNH, 3aBHcsmue oT n. llndposas ?pu.mﬂ'pauﬂﬁ (cm.
pasg. 2), peanmusyiomasi H3MEHEHHe CHEKTpa BXOJAHOrO CHFHAJa MO 3aJaHHOMY 3a-
KOHY, TaKXe BHNOJHsieTCss, Kak mnpasuso, Ges npumenenuss ITI®. Hckaouennem,
HO BecbMa BaXHHIM siBAsiercsl npuMenenkne JII1® aas BHYHCJAEHHS JHHEAHOR CBEpT-
Ki (cM. 1.4.3), uTO B COYETAHHH C METO/laMH CEKIHOHUPOBaHHs cBepTKH (cM. 1.4.4)
nospossieT 9¢QeKTHBHO peasin30BaThb HEPeKyPCHBHYIO LHGPOBY©O ¢uibTpanuioo Gec-
KOHEYHOR IOCJeA0BaTeNbHOCTH (CM. pasa. 2).

Iuckpetnoe npeoGpazopanne @ypbe [cm. (1.19) u (1.20)] Bumosnsercs Hap
KOHEYHOH IOC/eflOBAaTeNbHOCTEIO N OTCUETOB HJM Haj NepHOAHYECKOl NOC/ea0Ba-
TeJbHOCTDIO, Y KOTOpOfi mepuop coctouT M3 N oTcueroB. TIOCKONBKY XapaKTepHCTH-
KH CHeKTpa MNOC/Ae/0BATeNbHOCTH, TaKHe KaK CheKTpajibHasi NJAOTHOCTh MOIMHOCTH,
aMIVIHTYAH H (a3H OTAENbHHX yacToT (cM. pasi. 8), onpemensioTcss Beeraa € uc-
NOJL30BAHHEM KOHEYHOIO YHCJIA OFCYETOB STOR mochenosatenbHoctH, ITI seasercs

Loimm H3 BaXHeHUIHX CPe/CTB HX Olpe/eNeHHs.

1.3.2. CeoiicTBa pECEpeTHOro npeobpazosanna Pypse

Jinsefmocts. Ecnm X(R) u Y(k) ects JI® mnocreposareasuoctefi x(nT) n
y(nT) coorBercTBerno, To III® nocaeposarenvioctu ax{nT)--by(nT), rne a n
b — npou3BoJbHEE KOHCTAHTH, paBHO aX (k)4-bY (k).

Cnsyr, ycrs X(k) — AII® mnocnenoBateashoctd x(nT), a nocienoBaTels-
HocTe y(nT) noayyaeTcs u3 mocienoBatenbHOCTH x(nT) nyreM cupura (B cilydae
KOHEYHOH INOCJIel0BAaTeNLHOCTH — KPYTOBOIO CABHra) Ha fp otcueToB (puCc. 1.4).
Torpa II® mnocaenosareashoctn y(nl) pasmo Y(k)=X(k) W,’(,"k.

AuasorHuHHI pe3yJbTAT CHNpPaBeJMB AJist cABHra Kosduumenros III®. Ecan
X(k) u Y(k) ecrs HII® nocaeposatenvHocteit x(nT) u y(nT) COOTBETCTBEHHO H
Y (k) =X (k—ko), 10 y(nT)=x(nT) W5,

" Ha puc. 1.4 npuHATH caeAyomue oGO3HAYeHHS: xn(nT) — MepHORHMYECKAs mO-
c/Ieq10BaTeNbHOCTD, NpHYeM Xy (nT) =x(nT) npu n=0, 1,.., N—1; xz((n—no)T) —
NepHOAHYECKas MOCAEAOBATENbHOCT, CABHHYTAs] OTHOCHTENBHO Xn(nl) Ha np, oTCue-
70B; X((n—no)T) — KOHeuHasi HOCJENOBATEJHHOCTb, NMOJNYYEHHAS] KPYTOBHM CABHIOM
x(nT) wua ny orcueroB; x((n—no)T)=xa((n—no)T) npr n=0, 1,.., N—1.

CeofictBa cuMmerpud. Ecan mocienosatenbrocTh X{(nl) siBiisiercst AeficTBUTENb-
Hoii, 70 ee JII® ynoBaerBOpsieT CACAYIOMHM YCJAOBHAM CHMMETDHH:



i Re (X (k) ==Re (X (N—k)); Im(X (k)= —Im (X (N—k));
' X (k)| = | X (N—E)|; arg X (k)= —arg X (N—F).

Huckpersoe  npeoGpasoBamne (Dypbe  CHMMETPHYHOR NOCJENOBATENLHOCTR
x(nT)=x((N—n)T) sBaserca nefiCTBHTENbLHEM.

?

T T g
iniiﬂaomi[OTTT]"[OI’TTI
[Tt h}i;r
My

Puc. 14

CpoficTBa CHMMeTpPHH IO3BOJISIOT ¢ NoMompio "oaHoro JIII®P npeoGpasoBHBaTH
OJIHOBPEMEHHO J[iBe JleHCTBHTENbHHE II0CJAEN0BATENbHOCTH. IlycTh AeACTBHTENbHHS
nocaenosarensHoctd x(nT) u y(nT) umeior JII® X(k) u Y(k) coorsercTBeHHO, 3
nocienopatensiocts  u(nl) =x(nT)4iy(nT) umeer IO U(k)=X(k)4iY (k).
‘Torna:

d Re (X (k) =[Re (U (k)) 4 Re (U (N—£))1/2;

Im (Y (k) = [Re (U (N—k))—Re (U (R))1/2;
Re (Y (k)) = [Im (U (k)) + Im (U (N—k)))/2;
Im (X (&)) = [Im (U (k))—Im (U (N—E))}/2.

Kpyroeasi ceeptka (cM. 14.1). Ilycts x(nT) u y(nT) umeior OII® X (k) =
Y(k) coorserctBensio. Ecim mocaenosatenpHocth #(nl) paBHa Kpyrosofi CBEpTRe
_mocnenoparenbroctedt x (nl) B y(nT):

N-—-1
4@ =3 (1) (=D T),

n=0,..., N—1,
10 ee JIII® pasuo U(k) =X (k)Y (k).

Ecnu x(nT) u y(nT) umeror NII® X(k) u Y(k) coorperctsenno, 10 HAIIP
nocaenosatensiocty #(nT) =x(nT)y(nT) paBHO (c TOYHOCTRIO RO MNOCTOHHHOrG
MHOXHTeJs1) KpyroBofi cBepTke X (k) u Y(k):

1 N—1
Uk)=— Xy ®—1), k=0,..., N—1.
k)= Zzo AY Ek—1)



Conpsixkenras ¢opmyna oGpamerus. O6patioe JII® (1.20) MoxHO BH?‘H -
JIATD C NMOMOLBI0 GOPMYJH AJds npsiMoro JITIQP

N—1
x(nT)=P(nT), rie P(nT)—_——IN—(E X(k)W”Nk), n=0,..., N—1
=0

i
{

(uepra cBepxy o3HayaerT KOMILIEKCHOE COMpSIKEHHE).

1.3.8. MuoromepHOe AucKperHoe mpeobpaszosarne Pypne

MuoromepnuM  (I-MeprrM) JIII® [-MepHHX mOCJAefOBaTeNbHOCTE! Ha3HBaeTCs
fapa ejenylomHx Npeo6pa3oBaHH:
Nyl Np—d Mt kyon kyn
X(kry koo By= 30 D) oo D) x(maT, 1 T,.eo, mT)WN, .. Wy l (3
| ni;=0 n;=0 ny=0
ky=0,..., Ny—1,..., k=0,..., Ni—1; (1.22)

Ny—1 N,—1 Np—1

— Y X (R, kgyeey EDX
T B S

—k, n —Ra 1 —kyn
XWNll xWNza zWNll 1’

k(ny T, noT,..., ;;T)=

ny=0,..., Ny—1,..., nj=0,..., Nj—1. (1.23)

Ipeo6pasosanne (1.22) wasHBaercs npsiMeM, a npeoGpasosamme (1.23) — o6pat-
HHIM MHOroMepuuM JIIQ.

1.3.4. Aaropurmst BII® ¢ oceoBanmeM 2

Buuucaenne JII® HenocpencTBeHHO 10 ¢opmyne (1.19) 1pebyer BecbMa GOJb-
LOro yHcsa orepanufi: upuMepHo N2 onepaunii yMBOXeHHs H N2 omepanuil caoxe-
HH§l KOMIUIEKCHHIX uHcesJ. DBricTprM npeoGpasosanuem Oyppe (BII®) Hasumsaior
HaGop anrOPHTMOB, MOSBOJISIOIIHX PE3KO yMEHBIIHTh UHCJIO ONEpamnui, HeoGXOAHMOe
aas peuncaerus IO,

AJropuTMH ¢ OCHOBaHHeM 2 mcmosbayiotcsi npu N=2v, v>>0, v — nesioe. OcHOB-
Hasg HJes, JeXallas B HX OCHOBE, 3aK/IOUaeTCs B CBEJICHHH BHUHCIEHHS HCXORHO-
ro N-touveugoro JII® &k BHuHCHeHHIO HecKoNbKuX Niy-roveynmx 1P, mpruem
Ni=2vi 1 Ny<N. AJrOpuTMH, [PH PeajNH3aLKH KOTOPHX TpeGyercss mepecTaHOBKa
orcyetoB X(nT) Bxomuofi mociepoBaTeNbHOCTH (cM. npumep 1.6), HasumBarorcs aa-
EOpUTMAMU € NpOpeXcusanuem no epemens. AJTOPHTMEI, NpPH PeaNH3alMH KOTOPHX
rpebyercsi mepecTaHOBKa otcueToB X (k) BEIXOAHOR nOCAeROBAaTEJBHOCTH( CM. NpH-
Mep 1.7), HASHIBAWOTCH QA0pUTMGMU ¢ npopexcusanuem no wacrore. Ilo sdderTus-
HOCTH STH JiB€ PasHOBHJHOCTH aJrOPHTMOB SKBHBAJIEHTHH H NO3BOJSIOT YMEHBLIHTD
qHCHO TpefyeMBIX apH(MeTHUECKHX ONeparui TpHMepHO B N/v pas no cpapHenHIO
C IpsiMEIM MeTonoM BHuHCNeHHs JTIIO,

Adaroputv c npopexusaHuem no BpemenH. Eciam nocienoBatenboctr x(nT)
aaupHOl N=2V pasfeants Ha ABe N/2-TOYeyHHE IOCHEIOBATENLHOCTH, COCTOSIIHE
u3 X(nT) c YeTHHIMH H HEYeTHHMH HOMEPaMH COOTBETCTBEHHO, TO BHIPAXKeHHE JJifi
JI1® (1.19) MoxHO 3ammcaTh B BHAE

N/j2—1 , M=
X()= D] x@D) Wi+ Wh ¥ x(@n+1)T)Wiy, k=0,..., N—I.
n=_ n=0 .

(1.24)
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Kajknas us cymm B (1.24) smasercs N/2-Toueynniv JIII®, KoTOpOe aHAJNOrHYAHM
06pRsoM MOXHO MpeACTaBHTh 4epes N/4-Toueuntle, a N/4-Toueunnie uepes N/8-
TOYGUHHE H T. N, IOKA HE OCTAaHYTCH TOMGKO 2-TOyeuHwie. Takux crynenefl mpe-
oGpasosanus Bcero v=log:N. Ha m-ctynemu (m=0,..., v—1) npoussomurcs mpes
o6pasopanue MHOMecTBa N KOMIIEKCHHIX uHCeN Xm(n) B MHOXecTBO N KOMmNekcs
HBIX YHCEN Xmt1(1) B COOTBETCTBHH ¢ 6a3oBoft onepaunen «6260yKa», ONHCHBAE= - ;
_MOft BHpaXeHHAMH: - ;
R
Xm+1'(p) = Xm (P)+ W;v )fm {9 -"a\ (1.25)
 Xmir @=Xn ()W} Xn(a), ’

The p, q W I 3aBHCST OT HOMepa CTYNEHH /M M MOTYT OHITh ONpeReJeHH HS BHpa»
KeHHf, aHaJornyunx (1.24).

BxonHas nocsenosaTe/IbHOCTE HyJNeBOH cTymeHH Xo(r) moayuaercs NepecTas
HOBKOH MOC/IefoBaTeNbHOCTH X(nT) B COOTBETCTBHH C [BOHYHON HHBEpCHER HOMes
poB, T. e. gncao x(nT) c soMmepom (7 ., No) B NBOHYHOM IPEACTABJEHHH 3a-
noMuHaeTcst Ha Mecte Xo(fo, v, M1, y).

Hanpapnennuit rpag, peann3ylomnfx «Gadoqu» H3o6paxeH Ha pHc. 1.5. 3aeck
CHTHANIH BeTBef, BXOAAIIHX B y3€J, CyMMHPYIOTCH; CHTHAJ BETBH yMHOXKaeTcsi HA

Xri(P) °—">< Xorrar ()
X5~ o X, 9]
W, -7

v—~1"

'

‘ Puc. 1.5

K03()(pUIKEHT, 3aNuCaHHHE pPAROM c BeTBblo. Ecan KoapQHUHEHT He yKasaH, TO
OH NOJIaTaeTcsi PaBHHM 1.
Ilpumep 1.6. PaccmorpuM cayyafi N==8=23, Tak kak v=3, 10 m=0, 1, 2. lna

NoJiyueHHs BXOXHOro MaccuBa Xo(r) npoHsBeseM nnommo HHBEPCHYI0 NEePecTaHOBKY
3JIEMEHTOB TOCAenoBaTeNbHOCTH X(nl)=x(n), n=0, .

Xo (0) = X, (000) = x (000) =x (0); X, (4)= Xo (100) =x (001)=x (1);

Xo (1) =X, (001) = x (100) = x (4); X, (5) = X, (101) = x (101) = x (5);

Xo(2) = X, (010) =x (010) =x (2); X, (6) = X (110) = x (011) = x (3);

Xo(B) =X (011)=x (110)=x (6); Xo (7) = Xo (111)=x (111) =x (7).
Hanpaenenmuifi rpag c ucnonb3osanmeM <«6aGouku» u BHpamenus (1.24) m3obpa-
¥eH Ha puc. 1.6.

AnropuTM ¢ mpopexHBannem no uactore. lcxoamas nociaeposartesbrOCTh X (nT)

pasbuBaercsi Ha fBe nopnoctenoBaresbHOCTH Xi(nT)=x(nT) u x2(nT)=x((n4
+N/2)T), rpe n=0,..., Nf2—1, 1 OTAEAbHO BHMUMCJISIOTCH YETHHE ¥ HeyeTHHE OT=

| CUeTH Jrid: 4
N/2—1
X@)= 3 (x1(nT)+x, (nT)) Wity
n=0
Nj2—1 !(1.26)
X@k+41)= 2 (x4 (nT) — x4 (nT)) W" WN/2
n=0
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Tlonyyennne N/2-toueunme JII® aHanoruaHnM 06pPasoM MOXKHO NpeNCTABHTE |ue-
pes N/4-toueunnie H T. 5, NOKA He OCTAHYTCA TOJBKO JIBYXTOUEUHHE (Btero
v=log;N crynenefi npeoGpasosanus). Ha m-f crynemu (m=0,..., v—1) npous-
BoauTCA TpeoGpasopanhe MHOMXKecTBa N KOMIUIEKCHHIX uHces X, (n) B MHOMECTBO

m=2 L
X(0) =X, X(0)
X} =Xyl oX (1)
X(2T)=Ky(2)e oX(2}

X(37) =Xg@lo)
XETI=Xy0)
XET)=Xyf8)s
X(6T)=Xgf6)0
X(TT1=Xy(Tho

KOMIUIEKCHHIX 4YHCeNl Xmi1(n) B COOTBeTCTBHH ¢ G6a3oBoii omepanuell «GaGouka»,
OIHCHBaeMOR BHIPaKEHHAMH:

X1 (P) = X (P) + Xm (9); }

Xyt (@)= Xm (P)— Xm (9) Wy, (1.27)

Hoy(D) X, o (P) TRe p, ¢ ¥ r s Ka}x,uc:ﬁ CTYNEHH OIl-

. wo peleNsioTCst H3 BHpaxKeHHR, aHAJNOTHYHHX

Xm(q):X—_—::. = ¥ >0X,,.,(g) (126). Hanpaprenuwfi rpad onepausu
: . «6a6ouKa» H3o0paxeH Ha pHc. 1.7.

Pue. 1.7 B paccMaTpHBaeMOM aJITOpPHTME, B

OTJIMYHE OT AJIrOPHTMA C NPOPEKHBAHHEM

IO BpeMeHH, B ABOHYHO-HHBEPCHOHHOM NOPS/IKE PacnoJaraercsi He BXOAHAs, 2 BH-
XopHasi nocJjeaosatenpHoctb X (k).




© ®a MHOXHTEMH nosopora_W!y. las storo B (1.19) Heo6xomumo crenats ciefyio-
A pp——
{1YI0 TOACTAaHOBKY:

Ilpumep 1.7. Paccmotpum caydsafi N=8, v=3. Hanpasnenuuit rpad 8-Toueuno-
v JII® ¢ HcnonbsoBankeM omepallMH «GaGoukas» M BHpamenHs (1.26) usoGpaxen

#Ha,puc. 1.8,

" AJTOPHTMH € TMpPOpeXXHBAHHEM IO BPeMEHH H NO 9acTOTE SBJSIOTCH JyaJbHBEIMH:
KamAui M3 HHX MOXeT GHTb NMOAYYEH M3 [PYroro NMyTeM B3aHMHOR 3aMeHH BXOAA
U BHXOMa M OCpallleHHs HampaBJeHHS BCEX CTPEJOK B HANpaBiieHHOM rpade (cm.

puc. 1.6 u 1.8).

®OPTPAH — nporpamma, peanusyiomas ajaroputd BII® ¢ ocmoBammem 2 TIpH
NpOpeXMBAHHH NO BpeMeHH, mprsefiena B [1.6]. B pakeTe npuKAafHHX mporpamm
EC ®BM wumeercs mommporpamma FFTCO, KoTopas TaKxe peanmsyer aNrOpUTM

BIIO.

1.3.5. Anroprivet BII® ans opoMaBOJIBHOrO cocTasHOro N

Aaroputm ¢ mmoXuTensiMu nosopota, ITycrb N=N;N3, rne Ny u Nz moGre
TIOJIOXKHATENBHEE Lesbie. B 3ToM ciyyae BhuucieHe N-ToyeuyHoro JIII® moxHO

CBeCTH K ompefiesieHuio Ny Ny-toueuntx u Ny Ny-toueunsix JTI® u N ymHoxenusm

k=ky+ kN2, n=n+n; N,
e ny, Rg=0,..., Ny—1, ny, ky=0,..., No—1.
Torna (1.19) mpeoGpasyercs K BHAY
. Ny—1 Ny—1
X (bt haNg)= 3 [( D x((m+na Ny T>Wf¢,"2)W§v'"1 Wi
n,=0 n,=0

(1.28)

(1.29)

Hpumep 1.8. Mycte N=6; Ny=3; N.=2. Cornacro (1.28) nonoxum k=Fk{+
+ks-2; n=ny+n3-3; m, k=0, 1, 2; ns, ky=0, 1. Torna

2 1 ,
X (k1+k2-2) = ZD [(2 ox ((n1+ 3”2) T) ng ﬂz) W’é, n,J W:l;2 ny

CooTseTcTByIONE HanpapJeHHk rpad H3oGpaxen Ha pHC. 1.9.

(01 =X(0) o—J7= mveEd-

XG7) =X(T) o—>

X027 =X(2T o—s]

X5T) =X(3No—s)

X&T) =§(4ﬂH 7~ TI09€64-

X(T) =X{5770—

kz-” n,=”
Hi k2=1 =0
fre 2 4
2~ rmovey-
Hoe
47
k=0 ;=2
Hoe
A7

Puc. 1.9

ko=l =2 _, l ;7;;0

/(2'0

= IT104E4
7 HOE

41P

o X (0)=X (0}

o X (2)=X )
K1=2 0 R )= X(2)

ka=1
—n2=0
\“’lJ—mﬂt/z«j

1l X=X
A=l X B)=XU)

K2 o X (5)=X(5)

W

Aaroputvbi BII® ¢ npouspoabmbiM ochoBamueM. Mcnoab3ys ajroput™M € MHO-
JKUTENSIMH TOBOPOTA, MOKHO HOJy4HTb airoputMul BII® ¢ OCHOBaHHSIMH, OTAHYHH-
mH or 2. Ha npaktuke HanGosbillee MPHMeHeHHe HAULAH AJIPOPHTME! € OCHOBAHHSIMH
4, 8 n 16, nospossIOImM¥Me SHAYHTENBHO COKPATHTb YHCAO TpeGyeMHX Onepanuii no
CPaBHEHHIO C aJFOPHTMaMH ¢ OCHOBaHMeM 2. B T1a6i. 1.3 npHBejeHH BHpPaKeHHR 15
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TaGauuga |

Yucao pelicTBHTEND-

Yucao pefierBuTeNb-

Anroput™ Beficreve HBIX YMHOXeRHH HEIX CJOXeHRH
C ocyoBanueM 2 BHuHCAEHHE (N/2)¥10 2Nv
2-toueynnx JIT1d
N=2v IosopoT (2v—4)N+4 (v—2)N+2
v>1, pejoe IMonmoe npeoGpasoBa-|(2v—4)N+4 (Bv—2)N+2
HHE
C ocHoBanuem 4 BruHcaeHHe (N/4)vl2|0 2Nwv
4-toveynnix OIIP
N=(22)v/2 IToBopoT (3v/2—4)N4-4 (3v/4—2)N +2
v/2>1, penoe INoanoe npeoGpazopa-|(3v/2—4)N +4 (27T5v—2) N 4-2

HHE

C ocHoBanHeM 8

N=(28)v/3
v/3>1, nenoe

Bruncnenne  (N/8)v/3
8-Toueynnx AIIQ
TloBopot

ITonsoe mnpeoGpasosa-
HHE

Nv[6

(7v/6—4)N +4
(v/3—4)N +4

C ocnopanueMm 16

N= (25)v/a

. v/4>1, penoe

Buiuncaenue (N/16)v/4
16-Toueunsix AIID

INosopoTt

Tlomnoe mnpeoGpazosa-

5Nv/8

(25v/16—4)N +4

13Nv/6

(Tv/12—2) N +2
(275v—2)N+2 .

37Nv/16

(15v/16—4)N+4

(15v/32—2) N 42
(89v/32—2) N +2

HHE .

pacyeta uHcaa tpefyeMbX apHpMeTHUECKHX ONEPALMi OJsi AJFOPHTMOB C OCHOBa-
HusMH 2, 4, 8 B 16. Tlpeanonaraetcs, yTO A4 BHIOJEEHHs 6a3oBofi onepauuu (2,
4, 8 wan 16-toveynoro JITI®) Hcmosesyercst anroput™, TpeGyolmfi MHHHMAJBLHOrO
YHCIA YMHOXEHHH H CJIOMEHHH.

Hpumep 1.9. Tloctpouts anropur™ 16-Toweunoro III® ¢ ocHopanmeM 4. [oe
JoxuM N=16=NiN2, rne Ni=4; N:=4. Cornacio (1.28) u (1.29) k=Fki+k;-4;

n=m-+n-4, m, ng, ki, k2=0, vany 3,
3 3
X (by+ kg t) =Y [(z % ((ny 4 g4 T) W2 ) Wi "*] Wi, (1.30)
ny== ng=0 -
IlocTpoHM anropHT™M BHUHCAEHHst 6a3oBoro 4-toueunoro JITIP -
3
X)) =2x@T)Wi, k=o,..., 3. (1.31)
n=0
TMonoxum
k=k1+k2'2; n= n1+flﬁ'2; k19 k21 ny, fl2=0,l~ (1.32)
Tloncrasass (1.32) B (1.31), noayzaem
1 1
X (ky+ka-2) = 3 [(Z x((r1+na-2) 7) W§*"=) wh "=] Wh:m (1.33)
N ny=0 ne=0 4

Hanpassenuni rpad, cootsercrsyiommii (1.33), msobpaxen Ha puc. 1.10. Hanpas
JenHuf rpad 16-royeynoro [I1® usoGpamen Ha puc. 1.11
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\_A.nropnm B3aHMHO-DpocTHIX Aeautenedl. [Tycte N==N;N,, tne Ny u N, — B3aum-
Ho-nipocthle, T. e. (NiNz)*=1, a o/HO3HauHOe oToGpaxeHHe MeXAY WHCAAMH n=
=0,...,N—1; k=0,...,N—1 u napamu (m, ng), (ki, kg); m, By=0,...,N,=1,
ng, ky=0,..., Ng—1 onpenensier¢si COOTHOIEHHAMH:

n—-‘:ﬂlNg—l—ﬂz; k=k1N2+k2- (1.34)

L5
A7 ITIED=<

lPuc. 110

Iycrs mocaenosatemsuoctb X(nT) noayyaercs H3 nocienopareibHocTH x(nT) mepe
CTaHOBKORA™*

%((ny N3+ 1) T) = x((na Ny + 11 N3) (mod N) T), (1.35)
a mocienoBarenbHOCTh X (B) nosyuaercs u3 mnocienoBatespHoctd JII® X(k) ne-
_PeCTaHOBKOM

X (ky Ny ko) = X ((s1 k2 Ny 52 k1 N5) (mod N)). (1.36)
Yucaa s; H Sy ONPefedisIOTCH COMMIACHO KHTafiCKofi TeopeMe 06 oOcTatKax 12] wu3
Iypannenm"i:

siNy: 1(modNy), s; <Ny (1.37)
SNyt 1(modNy), s3<Ny. (1.38)
xo e &0 ’/Z:” X0
X(T Q o a2 !
X271 q Rmokix? A)(Q_)
X@T) q S X G
2 Ko g
X6 - S T
X7 q / 6 o — P %)
XBT) o X TN K2 x«n
X371 o ‘“ o 4 %X(9)
R AVANSS AVANS '.-Y.A X (10}
AP TN N AT
O b (3 oX (/2
X{1371 o o 7 3
XTI 0 oz Nox(ih)
X(15T) o . o o 2= o X5

Puc. 1.11

* 3anuck (Ny, Nz) OsHauaeT ewaufornmufi  OGIME  fenHTesNb uHCeN N
H Nz».
*¥ 3andce n(mod m) o3HavaeT «OCTaTOK OT JAEJEHHS YHCAA N Ha YHCIO M»,
"ganpuMmep 21 (mod 5)=1.
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Torna cnpaBefiiBO BHpaXeHHe

_ Ni—1 /No—1_
X (ki Ny k)= ( 3 % ((nNe+ng) T) vazg"z) Wik, (1.39)

n,=0 ny,=0
AJTOpHTM B3aHMHO NpOCTHIX JeAHTeNell NO3BOJSET H3BABHTHLCS OT MHOMKHIEAEH [O-
BOpOTa H CBeCTH Bpluncaenre N=NiNp-toueunoro JII® k smuHcaennio Ni- u Np-To-
yeunbx JIII® H sBAs€TCS IO CYIIECTBY METOAOM otobpaxenust oxHoMepHoro III®
Ha MHoroMepHoe (cM. 1.3.3).

Hpunep 1.10. PaccMotpry ciysafi N=6. Ilycte N;=3; Ny=2. Cernaeno (1.34)
TOJIOKUM:

n=ny-2-Fny; k=ky-2-}ky;
k17 ﬂ1:0,1,2; kg,rn2=0,l.

Hs s1-3=1(mod 2); <2; s3-2=1(mod 3); s;,<3 Hafimem: s;=1; $3=2. Tony-
YnM aneMeHTH BeKTopa ¥(nT) m3 x(nT) nepecranoskofi (1.35)

X X(7 X(@7) X@37) x(47) X(5TF

|
¥ _ ' .
Xw) xm X@r)  X@3T xun K67

H 3JeMEHTH BHXOZHOrO BekTopa X (k) us X (k) nepecranoskoii (1.36)

$10) ?(/)>')g<5?(i) %)
X0 Xa) X(2) XG) X4 X(5)

Coraacuo (1.39)

2 /1
X2 tr) =3 [ ) Flag2-p g Whens | wm ko,
=0 \ fz=0 /

Cootsercrylomuit HanpapJeHHEH rpad H30Gpamen Ha puc. 1.12.

=0 k=0 W¢ k=l 4op

X(0) o—s] 2~ movee] 3- ko= X}
- - r\ﬁ mﬂl/e‘/—b—___%
X@T) G [0 kT W woe kel y i)

=1 k=0 W§

X(T) o—sf 2<rmicwes-
{4

Hoe r1,=1 Ky=I W, =
X1 ane o J/:’mzfmfﬂox (ry
X(2T)o—sT 7= rmozes ”’fz k=2 Wy Hoe ﬂ»oX(Sl
X (5T roe - =7 k=T W 40P [k=Z_y s

Puc. 1.12
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Brunciente [-meproro JII® (cm. 1.3.3) conutes K BouHCaeHmo Ni, N, ..
os oy Ni-TOueunnx OII®, mna peanusaluuy KOTOPHX MOTYT OBITh HCHOJBL30BAHE AAN0+

putmel BITO®.

1.4. IVCKPETHASI CBEPTKA M EE BBIUUCJIEHUE
1.4.1. Kpyrosas CBepTEa

Iycte x(nT) u h(nT) — EBe nepuOIMYECKHE NOCJIENOBATEJLHOCTH C NEpPHOJAMH

no N 0oTcueToB.
Kpyeosoii (neprnopygecKoll WiH IMKAMYECKOH) C8epTKOL TaKHX NOCJIEAOBATEJBHO-

cTell Ha3HIBaeTcsl HOCHAel0BaTeNbHOCTh Y (nT), onpeleaseMas COOTHOLLIEHHEM
N—1
y(nT) =D, (T x((n—1)T). (1.40)
i=o
3amuch (1.40) skBuBaJeHTHA 3amKCH

N—1
Y (nT)= Y, x (IT) E((n— 1 T)- (1.41)
=0
INocaenoBaTensHocTs y(nT) TakKe ABJseTCs nepuojHdecKofl ¢ mepHojoM B N otcye-
TOB, IO3TOMY [M0CTATOYHO BHIYHCJATE €€ Ha OJTHOM IIePHOJE, Hanpumep HOpH n=

=0,...,N—1.
Coornomenusi (1.40) m (1.41) cropaBenyiuBH ¥ JJIi KOHEYHBIX IIOCJIEJOBATEJb-~
nocredt x(nT), h(nT) (n=0,....,N—1), ecin paccmMaTpuBaTb HX KaK OJMH IEpPHOL

COOTBETCTBYIOIIHX HM NEPHOIMYECKUX HOCIefoBaTejpHOocTell. Kpyrosas ceeprka KO-
HEYHBIX NOCJe/0BaTeNbHOCTEll OyZieT Takie KOHEYHOM.
B maTtpnunOfl popMe KpyroBasi CBEPTKa HMEET BHJ

y=Hx mm y=Xh, (1.42).
rze y, h, Xx — N-MepHble BEKTODH; .
y=10©), ¥(Deee, y((N—DDIT h=[r(0), LH—1T),..., LD
x=[x(0), x(N—1) T),..., x(DI%
a H u X — nurauyeckue MaTpHUH pasmepa NXN:
TR Q) A (T)...h(N—1)T)

-} R(TYR(2T)...h(0)
H=1} h(€T)h (8T)...h(T) H (1.43%
_h.((I-V.—.l).T).....k.((.N'—-2)T) N
Cx (0 x(T)..x (N—1)T) "\
x(T)x(2T)...x (0)

X=] x(2T) x (8T)...x(T) . (1.44)

............

| x(N—DT)...x((N—2) T)_]
Ilpumep 1.11. BHUHCIWTL KDYrOBYH CBEPTKYy NociaenosaTenshoctelt x(nl) IJMHER

N u h(nT)=8((n—no)T), no>0.
Ipenctasum A(nT) B BUAE MOCIEOBATENBHOCTY JMHH N:
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0 opr 0Sn<<nyg;
h(nT)={1 npu n=nrng;
0 mpu ny<nsKN—I.

Ha puc. 1.13 mpusesena rpaduveckas WIJIOCTPALMs BHUYHCJEHMS KPYrOBOR CBEpT-
Ky no dopmyne (1.40) ans N=4 u no=1. 3jech ucXofHHe KOHEYHHE IOC/eJ0Ba-
TeJIbHOCTH NEPHOAHUECKY NMpPOJOJIKEHb C mepuofoM N 0TcueTOB (NMYHKTHPOM), ITOGH
IOKa3aTh, KaK HNOJyJaeTcsi KPYroBofl CABHI. 3Be3foukaMu 0GO3HAYEHH BLIGOPKH,
cocraBiisomue y(nT). Pesyavtupyiomas mocienoBaTeiibHocTe y(nT) mnpeacrtaeiaser
<co6oit nocjepoBatensuocty X(nl), CABHHYTYIO Ha rg OTCYETOB BIPAEO.

LX([T}
9 Q ® ¢
I?T T 1ef iqT l?‘I?
el Tleddretiletils
R(LT) 4
1% ? ? Q
] i i
i i I i
x(@-4)T) L
9 9 9 9
I }’9 *T f } Tol To
o TS et Trerinetd
x((i—l)f) 2
9 Q
Lt e
protlfgftteltteottis
x((2-1)7) Z
7 ? ? bt
NAnRBRENT
ll!l ljix;ll“xl“
x(3-01) z
21y 9 ? 7 g
??5'°T Per Tol Tl
prrry IREERRRERERE
ynt A
P
il
73
Puc. 1.18

JvickpeTHasi cBepTKa siBJIsieTCS OJHMM K3 CIOCOGOB BEIYMCJEGHHS BEIXOJHOTO CHF-
#ana UKbpPoBOro GWIbTpa IO 3aJaHHOMY BXOJHOMY CHTHAJY H MSBECTHON MMITYJbC-
#0ff XapakTepHCTHKe (uabTpa (cm. 2.3.3).

1.4.2, Hicnons3osanwe JIIID g BEIUMCICHHES KPYroBoi CBEPTEH

Kpyropas cBepTKa AByx nocnenoBatensHocTedt x (nT) u A(nT) MoxkeT GHTL BH-
AUCJICHA B Pe3yJIbTaTe BLINOJHEHWS CJAeAYIOMMX AeAcTBui:
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1. Buumcsienuss JI1® nocnenosatenproctd x(nl):

N—-1
X@W= xTWy, k=0,..., N—I. (1.45)
n=0
2. Brunciernus JI1® nocienosatenstocts A(nT):
N—1
HE = h(n) Wi, &=0,..., N—LI. (1.46)
n=0
3. INepemHoxenus KoapdunnenToB nosydeHHex JI1P:
YR =X(kYH (), k=0,..., N—1. (1.47)
4, Buuncaenus OJII1® nocnepoBatensuocTH Y (k):
1 N1
y Ty = Z‘ YR Wi, n=0,..., N—1. (1.48)

TocaenosatenuocTs ¥ (nT) ecTh HCKOMasl CBEPTKa.

ITpumep 1.12. Pemntb npuMep 1.11 ¢ ncnosssosannem I
Iycts JII® nocnepoBatensuocts x(nT) pasHo X(R). I/Is (1.19) OI1® mno-

cnefosatensHocty h{nl) paBHo H(k)=W)f ok | p=0, .., N—I. Ilepemuoxum X (k)
v H(k): Y(k)=X(k) W""k, k=0, .., N—l. Cor:lacno CBOCTBY CABHra (CM.
1.3.2) OHII® nocnenosatenbhoct® Y (k) paBHO x((n—no)T). (CpaBmute c pesyib-
TaToM npumepa 1.11.)

1.4.3. JIuneitnaa cBepTKa

Jluneilnoi (aneproanyeckoll) cB8epTKOf ABYX KOHEUHHIX HOCJeIOBaTeNbHOCTeR
x(nT) u h(nT) mo N; u N, OTCYUETOB COOTBETCTBEHHO Ha3LIBAETCS HOC/EAOBAaTE/b-
HocTh Yy (nT), ompeleisieMast COOTHOIIEHHEM

y(rT)= D h(T)x(r—DT), n=0,..., Ni--Ny—2, (1.49%
1=0 *

HJH

y(rT) =D 2(TVh((n—NT), n=0,..., Ny} N,—2.
=0

IMocnenosatenshocTs y(nT) siBAseTcs Takike KOHeuHOH H uMmeeT jumHy Ni+Ny—1 or-

CHeTOB.
Ccopmyipyem nociegoBatenbHoctH x(rT) u hi(nT) anuuo#t mo Ny+Ny—1 or-

CYeTOB:
x(nT) mpp n=0,..., Ny—1;
(nf) op ! (1.50)
onpu n=DNy,..., Ny-+No—2;
h(nT =0,..., Ng—1;
hy (nT) = (nTy opuy n==0,..., Ny
0 opy n=Ng,..., Ny-}N;—2.
Torna svnefinas ceepTka nocaenosatensuoctell x(nT) w h(nT) Gynmet pasna (N+
=+ Nz;—1)-Toueunoli Kpyroso#l csepTKe mocienosatenbpocteil xy(nl) u hi(nT):

2 (nT)= {

(1.51)p

Nyt N;—2
y(rT)= D % (T k(n—N)T), n=0,..., Ni-|Ny;—2, (1.52)
I=0
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# MoXeT OHTb BEMHCNeHa C Hermosb3oBauueM (N;+Ng—1)-Touesnoro OATIID (cm.
1.4.2).

-

Ilpumep 1.13. BHuuciuTbL JHHefinyl0 CBEPTKY RBYX KOHEUHHX [OC/ICAOBATE/Ib-
#HocTei: x=[2, —2, 1]7; h=[1, 2]7. 3pecv N,=3, N;=2 H, caegoBatenvho, N,+
-+Nz—1=4. Copmupyem 0OCIe[OBATENbHOCTH AJHMHOR B HETHPe OTCYeTa corJac-
80 (1.50) m (1.51):

Ta=[2, —271, 0% h=[1, 2, 0, 0T

BruycaMM KDYTOBYIO CBEPTKY NocjefioBateapHocTel X; ¥ h; ¢ moMommio aniro-
puTMa 4-Toveysoro BII® (cm. mpumep 19}

1) OO x; pasro X,=[1,1+2i, 51—2i]7%;

2) II1® h, paseo H,=[3,1—2i, —L1+2{]T;

8) AI® y pasro Y=X;-HT,=3,5, —5,5]7;

4) ON® Y seasercs: HCKOMOT CBepTKofi B paBHO y="2,2—3,2]7.

1.4.4. CexudoHEpOBARNBIC CBEPTEU

B ToM cayuae, korja ofma u3 LOCHAeNOBaTENbHOCTE TOPasfo AJMHEEE APYrof
{Ni>>N; mmu Nz>>N,), HCHOMB3YOT UPOLEAYPH, OCHOBAHHHE HA pPa3CGHENMH [JIHH-
HOH NOCNE0BATEBHOCTY Ha KOPOTKHE CEKIMH M BHUNCJCHMH YaCTHYHHX CBEDPTOK, H3
KoTOphIX QOpMupyeTcst HCKOMasi JiuHefisasi cBepTKa. CyumiecTBYIOT ABa METOAA C CeK-

ih(nT)

o A7l N #NyZ n

{x(eT7
Lo te oeltere 0T o lonl
T T] 9 LD W S
xk(nﬂ 1 _ -
1R
! n
N
Ll
' e
);‘(nT} ) 1/
]T]L 3l
¢ L ) Yqacrmox nepex- n
”‘ ﬂ(,,r/ — Ob/TIR

h el ¢

-3 5=

FiPTI
!

);‘(n'ﬂﬂ;ﬁ, (n7]

X 3T °n

Puc. 1.14
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LIHOHHPOBaHHeM CBepTKH '[1.6]: MeTOZ NepeKpHTHS C CYyMMHDOBAHHEM H METOM me-
PEKpPHITHSI € HaKOIVIEHHEM.

Meron nepexphitss ¢ cymmupoBansem. I'Daduueckas HIMIOCTPaiusi METONA TpPH-
Bejesa Ha puc. 1.14.

ITycte Gosee AnmHHOM, a B OCIEM CJyyae HEOTPAHMYCHHOH SIBJSETCS NOCHEHO-
BaTenpsocTs x(nT), a h(nT) comepxur N, orcuetos. Ilocnenosateasrocts x(nT) me-
JIHTCA Ha cMexHHe ceKuyu Xx(nT) no N, oTcueros, Tak uTo

x(nT)= Y x (n7T),
F=o
xn(nT) x(nT) opu EN;<n<(k+1)Ni—1;
rae x(nT)= {0 IpH APYTHX 3HAUEHHSX M.

BruHcnsem k-0 wacTuuHylo JsmHefinylo ceepTky yx(nT) mnochesoBaresbHOCTER
xr(nT) u h(nT). Kaxnass wacTHynas cBepTKa umeer ymuy Nj+Ng—1 H mepekph-
Baercst ¢ (k--1)-uacTHusoit cBepTKON Ha yuacTke JJHHOH B Ng—1 oTcueros. IToaro-
My E& YHUSCTEC DeDeKphiTHsi HX OTCUETH HYKHO CJIOXKHTh. IIpofienunasi ykasaHHHE
zefierpr nfe oI B noxyuses EHCXOMYIO CBEPTKY:

y(aT)= ;}oyu(nT)-

Meron nepexphitis ¢ nakomienneM. ['padHueckasi HIMIOCTPAIMS METOfA HpHBE-
Zesa ga puc. 1.15. B nassOM ciyyae MepeKPHBAIOTCS HE BHIXOAHHE, a4 BXOAHHE CEK-
nuh. Ilyers h(nT) comepxur Np oTcueros. Jlamunas nocienosatedshocts x(nT) me-
Jmtes Ha cekuuu Xp(nT) mo N=N;+Ng—1 oTcueToB, TaK 4TO KaxkJHe JIBe COCEl-
HYE TNePeKpHBalOTCs Ha yyacTKe jumBof B Np—1 orcuetoB. IlocienoBaTesbHOCTh
h(nT) nononuseTcst HYJSIMH 1O NOJYYEHHS IJIMHH B N OTCHeTOB:

hl (nT)={ h(nT) npH n=20,.., Ng—l;

0 nppy n=N,,.. ,N—I.

Haxomym k-10 4acTHunylo Kpyroeyio cBepTkY yx(nT) mnocnenosatenbmoctedr hy (nT)
# xx(nT). Tlocrensue (HeBepHble H3-32 LHKJIHYECKOrO XapakTepa KPYroBOit CBEpT-
kB) Ny—1 orcueToB Kaxjofl M3 mochefioBatessuocTell Yy (nT) 0TOpacHBaIOTCS, a
OCTaJibHble NPHCOSNMHSIOTCS K BepHEmM orcueraMm (k—1)- cekumu. Ilpopenmsas
OMHCAEHYIO NMpOuEAypPy MJis BCeX K, MOJy4aeM VICKOMYIO CBEPTKY.

1.4.5. MeToas: GHICTPOro BLIMHCICHHA KPYrOBOH CBEPTKH

CynlecTByIOT Tpu OCHOBHBIX MeTOAa OBICTPOTO BLIYMC/ICHHS KPYTOBOH CBEPTKH.
Metonr pasnmuaioTcss TpeGyeMBIM OGBEMOM BHUHCIHTENbHHX ONepanuft H MaMsATH,
a TaKKe CTENeHbI) TOYHOCTH, CBASAHHON C OWMOKAMH OKPYIJICHHS.

Ilepsnifi MeTOZ, OCHOBaBHEIA Ha WCnoNMb30BaHBHE BIT® H MOJYYHBIUEE Haspa-
HHE MeTo0a GbicTPOli C6epTKL, MPHBOAMT K CYIIECTBEHHOMY COKPAIIEHHIO TpeGyeMoro
KO/u4ecTBa apHQMeTHUeCKHX onepanufl st nocaefoBaTeqbHOCTel, J/IMHA KOTOPHX
Gonmnwe 32. HepocTaTKH MeTONla — 3HAUHTEJbHHE OWMOKH OKPYIJIEHMS, GOJbIUoMH
o6beM namsTy, TpeCyeMWH AJst XpaHEHHS] KOMIUIEKCHHX SKCHOHEHUHAJBHHX KO3(-
(HIHERTOB, B BCE €lle 3HAYHTeNbHBIA 00beM BHUMC/EHHIL

Bropoft MeToji, HCMOJL3YIONUIHI TeOPeTUKO-4UCAOBbIE nPeobpas0eanys (TUIl), se-
JIfAeTCsl TOYHBIM, TaK KaK CAYXKHT J1Js peoCpasoBaHKs HOC]IEAOBATENALHOCTER B KOJb-
ue nerux uHces. CymlecTBeHHHIH HENOCTATOK, OTPaHWIMBAIONIHA €r0 NPUMEHEHHE B
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peallbHBIX cucTeMax, — SaBHCHMOCTb MEXAy ILJIPIHOﬁ 1I0C/IeA0BATEJIBHOCTH N wu Tpe-~
6yeMoif AJIHHOH KOXOBOTO CJIOBA, ¥TO NPMBOAMT K MJIMHHBIM KOJOBBEIM CJIOBaM Jisi
Gosbmux N. B

Tpetuft MeTOZ — MeTOL MOOYALHOL apupmeTuxl 8 Koavle NOAUHOMOS, obecue-
YHBAIOHWE BEICOKHE 3((}eKTHBHOCTD H TOYHOCTL BhUMCJenuH. HemocTaTok aToro me-
TOAA 3aKJIOYaeTcss B CJOKHOCTH NMPOrPaMMHDOBAaHMS BHIYMCJEHMEH, KOTOpasi 3aBHCHT
©OT BJHHL 06pabaThiBaeMOH NOCJEXOBATEILHOCTH. R

{eem
%f 7
Lx(nT) 7 . &
‘ T,? e fiTe1s VT.T Q:T?"TT '
T 5 I3 W S
X, (1T) f
P1Te g
. él Syacmon nepex- i
X (1T — I
¢ L[T
i (1 T7 Al > g
Y1077 o v
TTT? ]
Jk(nT/ M
SilF
i 77
Sy CTIG (T)
]y oul

g 9
L] n
Puc. 1.15

1.4.6. Hcmoxs3oBanne TEOPETHKO-YHCIOBRIX mpeoGpazosaEmit

Tak KaK 1OCTeTOBaTEJBHOCTH B IH(MPOBHX CHCTEMAX ONPEAENSIOTCH ¢ KOHEUHOR
TOYHOCTLIO, TO OHHM MOryT OHITb IIPEJCTaBJIeHHl B BHJE HOCJAELOBATEJBLHOCTEH NEJNEHIX
gHCeJl, OTPAHHYCHHHX CBEPXY HEKOTODLIM YHCJOM.

Teoperuxo-ulca060e npeobpasoeantie ONPellensieTCss AJS  TOCAEIO0BaTeNLHOCTeR
uenerx uncen x(nT), n=0,...,N—1 u X(k), #=0,...,N—I, xak napa npeobpa-
$0BaHHM:

N—I
X (k) = (Z x(nT) oc"k) (mod M) ; (1.53)
n=<0 .
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N—1

x(nT) = (N—I ,;Z X (%) oc’—”") (mod M), (1.54)
—0

VMEIOIIHX CTPYKTypy, HOXOXKyio Ha cTpyKrypy HII®. 3meck M —nuenoe nosoxu-
TeJbHOEe YHCJIO0; N — pjejioe NOJIOXKHTEJbHOe YMCJO, B3aHMHO-npocToe ¢ M ® Taxoe,
YTO Ha Hero Aejwtcs uucio P—I1, rne P — moGofi H3 MpOCTHX COMHOXuTeded M;
0 — 9HCJO TaKoe, YTo N siBjisieTcss HAHMEHBIIHM MOJOKHTEJbHEIM IEJAHM YHCIOM, IS
KoToporo cnpaselinBo a¥ =1 (mod M).

Tlpeo6paszopanue (1.53) nasmBaercs mpamuM, a (1.54) —o6patueim TUII
(OTUIT). Ilpu eoiurcaenns OTUII BeTpewarwTcs ONEPALHH CPABHEHHS, BHIIOJHSEMEHIE
HajJ OTpHIATEJBHHIMH CTENEHAMH Iesoro uymcia. ITo ompepernenmio [1.12]

r{%==ra (mod M),
riae ry, rs, $—IeJable gucaa; s>0 B TOM ¥ TONLKO B TOM CJydae, ecau l=
=ryry® (mod M).

Henonvzosarue TUII s BHUHCHEHMs KPYTOBOH CBEPTKH HBYX MOCJIEZOBaTeNb-
soctell mennix uucent x(nT) u h(nT)=0,...,N—1 anagoruano OII® (cm. 1.42) ur
3aKJI0Y4€TCs] B BHIIOJHEHHH CJERYIOIMIHX AeHCTBHIH:

1) peuncaenwu TUIT nocnenoeatesnsHocTu x(nT):

N—1 \
X (k) = (2 x(nT) a”k) (mod M), k=0, .., , N—1; (1.55)
_ \n=0
2) puumcnenwy TUIT nocnenosatemnoctr A(nT):
N—1
H (k) = (2, h(nT)a™ | (mod M), k=0, ..., N—1; (1.56)
n=0
3) nepemHoXxeHun noJdyuennnlx TUII:
Y (k) = (X (k) H (k) (mod M), k=0, .., N—1; (1.57y
4) pouycsenns OTUIT mocnexoBatensHocTy Y (R):

N—1
y(nT) = (N—l Z Y (k) oc—"k)(mod M), n=0,.., N—1. (1.58)
£=o

ITocnenopatearnocts y(nT) siBasiercss HcKoMofl cBepTKoH. Tak Kak B KOJBIE IIETBIX
guces no mod M yucia MOTYT ObITH NpeICTaBJieHH OJXHO3HAYHO, €CHH HX aGCOMOTHOE
3HaveHwe He mpesocxoiuT M/2, To x(nT) m h(nT) momxusl GunTh npomacmuTaGupo-
BaHE TaKuM obpazom, arobn |y(nT) | << M/2.

C Toukm 3peHus 3¢QexTUBHOCTH Bbhruncaenndt K TUII npegbsisiasoTest CIeAyONEe
TpeSoBanus: )

yncio N fomxHO OBITH NpeICTaBHMO B BHAE NPOM3BeIerHs GOJBIIOrO YHCIA
COMHOXKHTENeH, yTOOH cyllecTeoBas 3(QeXTHBHHE ajroputm THna BIId;

VMHOXXEHHe Ha CTENEHH O JOJXHO OniTh NPOCTCH onepaliHell; Tak, €CjiH (. paBHC
HEKOTOpOH CTeleHH YHCJa 2, TO YMHOXKEHHe CBOJHTCS K CHBHIaM;

gpea0 M ZOMXHO HMEThb JBOMYHOE NPE/ACTaBJeHEE C MaJbiM KOJHMYeCTBOM pas-
psanos ans obierdennsi onepanku no mod M u GHTb MOCTATOYHO GOJbIIMM, YTOOL:
HCKJIIOYHTb NEepenoJiHeHe.

HanGonbmee pacnpocTpaHeHHe Ha NPaKTHKE NMOJYYHJH TEOPETHKO-YHCJIOBHE Npe-
ofpasopanus ¢ uncnavu ®epma (TUIID) m Mepcenna (THUIIM).
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TeopeTuxo-uuci080e npeobpasoéanle Pepma [1.6, 1.12] smasercs nanGonee
NepCreKTHBEHM, TaK KaK MO3BOJIAET HCMONb30BaTh I(¢eKTHBHHE aJTOPHTMH THIA
PIId. B kauecTse MoAynss M BHOHpaeTcst ofHO K3 uHcesn depma:

M=Fy==20 4 1=2041, p=2"
Bneck Fy BaspiBaercs {-M uvcyiom depma. Ilepsbie ceMb uyces paBHBL

Fy=3

Fy;=5

Fg=17 — NpOCTHE 4YHCJa.
Fg==257

F 4= 65537

Fy = 6416700417
Fg =274 177%X67 280 421 310 721.
B 1261 1.4 OpHBEJeHH NapaMeTpPH NECKOJBKMX BO3MOXKHBIX peajiusanui TUIld.

!Taﬁnnua 14

t b F, N pna a=2 [N Aaa 6= Ve Nopax G 1R Noppge
T2 | 4 241 s 1 16 16 %)
3| 8 984 1 6 | 32 |. 2% 3
| ey ~ 7 k

4| 16 2164 | 32 64 . 65536 e I

.61 3 2321 64 . 128 128 E74)

Ipunep 1.14. C nomompbio TUII® BHUBCANTL CBEPTKY ROCJIEAOBATEJILHOCTCH:
x=12, —2, 1, 0]-T; h=[l, 2, 0, 0]T {1.12]. B Kawecrse MOAyJst BHIGEpEM YHCIO
‘M=F,=17. [lpn N=4 a=+4. Marpuua TUII® (1.53) npuusmaer BHX

1 l1 121 it 1 1 1 1 14 1 1
U RO R 1 4—1-—4 J_J1 4 16 13
To= |1 £ 2468 Pl1—1 1 [F]1 16 118 (mod 17).
1 43 45 &9 141 4 1 13 16 4
“Tak kaxk 4~'=—4(mod 17), 70 maTpuna OTUIID
: 1 1 1 1 1 1 1 ‘11 : 1':13 lé ‘11
e I 4-14-2 4-3 1 —4 —1
Tle=4"" 1  4-2 4-1 46 =—4l, 43 {14 =311 16 1 16
1 438 4-¢4-° I 41 —4 1 4 16 13
(mod 17).
Cornacro (1.55)—(1.58) BuumcIszEM:
]) THII® socienoBaTenbHOCTH X:
N E B A
0 _l1 4 16 13 _ _
!jX__Td,x(mod 17?_ 1 16 1 16 XU T HE 2435 5 {mod 17).
1 13 16 4 0 213 9
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2) TUIT® nocnegoBaTensrocty h:

11 1 1 ! 3 3
H=Teh(mod17)= { 2 16 18 || 2 |=] 0= ol (mod17),
1 13 16 4 0 27| |1p

3) Y=X-HT=[3, 90, 80, 90]T*=3, 5, 12, 5]7(mod 17).
4) OTHYII® or Y maer HcKoMyio cBepTKy: y=T-'¢Y=[2, 2, 14, 2]T (mod 17).
Tak kak pesysbTaTH [OJDKHBE JeXaTb B JAuanasoHe [—8, 8], TOo oxkoMuaTesbHO y=
=12, 2, —8, 2]7. (CpaBnure ¢ npumepom 1.13).

Teoperuxo-uucaosein npeobpasosansem Mepcenna [1.12] BasmBaetcs mapa cie-
AY0IMX TpeoGpa3oBaHHi:

—1
Xk = (,,Z x (nT)- 2"k) (mod ), k=0, ..., p—1; (1.59)

n=0
p—1
x(nT)= (p—l 3 X(k)2_”k) (mod g), n=0, ..., p—1, (160)
k=0 .

THe P — IPOCTOE MNOJIOKHTENBHOE YHCJ0; ¢==2P—1 —mpocToe 9HCsIO (umeno Mep-
CEHHa).

B kauectBe p moryt OmTbh BHGpambl umeaa 2, 3, 5, 7, 13, 17, 19, 31, 61. C
TOYKH 3peHHs O0eCHeyMBaEMOTO JHHAMHUCCKOTO JHANa3OHa HaHGOJee MHPOKO HCIOJb-
3ywoTcs yHciia 31 m 61. IlpeoGpasosanne Mepcenna ne oGnaznaer ctpyktypoit BIId
¥ Aas cBoefi peaymsaumy Tpebyer (p—I1)2 onmepauufi capsra u p(p—1) — caoxenus.

ITpunmep 1.15. C nomoumpio TUIIM maiifeM CBEpPTKY HOCJIEAOBATENILHOCTER: X=
=[2, —2, 1, 0, 0]JT; h=[1, 2, 0, 0, 0]T. BriGepeMm p=>5, Torga ¢=25—1=31. Martpu-
ua TUITM umeer BEz,

11 1 1 1 1 1 1 1 1
1 2 22 23 24 1 2 4 8 16
Ty = 1 22 2¢ 26 28 =}1 4 16 2 8 (mod 31)-
! 1 23 26 29 212 1 8 2 16 4
1 24 28 212 216 | 1 16 8 4 2
Tax xak 5~ 1=25(mod 31), To Matpuna OTUIIM ML
11 1 17 1 7 1 1 1 1 1
1 21 2—2 9—8 924 1 16 8 4 2
T, Vgl 22 24 2-6 9-8 J=925)1 8 2 16 4 (mod 31)-
' 1 273 2—¢ 2—9% 212 ' 4 16 2 8
1 2—4 2-8 212 9-16 | 1 2 4 8 16

Teneps BhunCHsEM: eI

1) TYIIM nocnenoBatesbHocTy X: X=Tux=[l, 2, 10, 19, 9]T (mod 31); -

2) THIIM nocnepoBatemshocts h: H=Tuh=[3, 5, 9, 17, 2] (mod 31);

3) npoussenenne KOI(PHUMEHTOB nosydenwslx TUIIM: Y=HXT=|3, 10, 28,
13, 18]T (mod 31);

4) OTYIIM nocnenosatenshocth Y: y=T-!yY=[2, 2, 28, 2, 0]T (mod 31).

Tak xak pesyipTar [oMKeH JieXXaTb B pAuamasone [—15, 15],” 70 uckomas
cBeprka Oyzner paBHa y=[2, 2, —3, 2, 0]T. (CpasHute c¢ mpumepom 1.14.)

1.4.7. Henomneosanue MOAYABHOK APEPMETHEH B KOJIbNEe NOJAMHOMOB

Tocnenosatessrocts y(nT), papHas KPyroBofi CBEPTRe LOC/eOBATe/bHOCTeH
x(nT) m h(nT), n=0,...,N—1, sBNseTcs NOCJENOBATENLHOCTHIO KO3(h(hHIHEHTOB
, IOAMHOMA
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Y (2) = X (2) H (2) (mod (2N —1)), (1.61)

rae
N—1 N—1 N—-1
X@= > x(TZ; HE@=D HiNz; Y@)=73 y(IT.
=0 =0 =0

Jns seuucaenus (1.61) Bocnoanayemcsi Kutafickoll Teopemoli 06 ocratkax. Ecaum
npeAcTaEHTb moamHOM z¥-—1 B BHJe IpoOH3BeHeHHs: k£ B3aHMHO-HPOCTHIX IIOJHHOMOB
¢ kosdohuiHeHTaMH H3 NOJs DPaNXOHAJBHEIX 4YHCesl (HCIOJb3OBaHEE IPYIHX TmoJef
pacemoTpero B [1.12])

, k
1= P @, (P @, o o) =1, (162)
10
: \
Y (2 = (2 Yi@Q @ S (z)}-(mod @ -1y, (1.63}
=1
rze
Y1 (2) = X (2) H (2) (mod Py (2)) 5 (1.64)y
S1 (=" —1)/Py (2), (165)
nojunoMbl (Qp(2) AOIKHE YAOBJIETBOPATH COOTHOILEHHSM
Q@) S1 (=1 (mod Py (2)), I=1, ... , k. (1.66}

IIpumep 1.16. BriBecTy ajrOpHTM BHIUHCJIEHHSI KPYTOBOJ CBEPTKH IOCIENOBATEN:-
uocrteit x(nT) wu h(nT) nnunoit N=2.

Corsacuo (1.61):

X@=xO)+xT) 2, H@=h0)+hr(T)z;

Y@=y ©O)+y(T)z = (x (0)+x(T) 2) (h (0) + & (T) 2) (mod (22—1))-

IlpencraBuM z2—1=P;(2) P;(2), rae Pi(z)=2z—1; Py(z)=2+1. Torna
Yi@=m=xO)+x (M) RO +hr(T); Y (@)=mp=(x(0)—
—x (7)) (h (O)—h (T)).
Corpacno  (1.65) Si(2) = z+1; Sz==2—1. Cornacso (1.66) Qi(2)(z+1)=
=1(mod(z—1)); Q2(2) (¢—1)=1(mod(z+1)). Orcrona Q:(2)=1/2; Q:(2g)=—1/2.
Iloacrasnas noayuennsle suavenysi B (1.63), nomyzaem
m

YO="3 e+D— G == "1 (T — 0

HIH
— 1 0.
y (0) = (my+my)i2;
¥ (T) = (my—m5)/2.
B TOoM cayuae, KOrZa HeoGXOAHMO TMOBTOPHTL BHUFCJEHHE IJs DasfiuuEHX IIO-
ciaejoBatenpHocTelt x(nT) npu ojmoli M TO#i Ke mocsierosatenbrocil A(nT), nerde-
€o0o0pa3Ho BCe BHIUHCIEHHS, CBS3auHbE TOAbKO ¢ A(nT}, BHIUOJHSATL 3apazee ¥ AJas

JaJbHEHIer0 HCHOAb30BAAKSA XPAEMTh B siuefiKax meMsTH. TakKas NpelBap#TeqbHAs
00paboTKa JaHHEIX CYIIECTBEHHO NOBHILIAET ((hEKTHBHOCTb BHYACICHHI.
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