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PaccmarpuBaeTcst BapHallHOHHAsA TOCTAHOBKA 3a4adl (HILTPALMH IOCIENOBATENLHOCTEH 3MONPUYECKHX
JaHHBIX, KAK TOMCKA BBIMMCIMTEIBLHON NpOUEyphl pasfefieHus WX Ha COCTAaB/AIOINNE, KOTOpble B CMBICHES
M30PaHHOTO KPUTEPHA HAMAYYIINM 06pa3oM yAOBISTBOPAIOT T€M HWIH HHBIM alPHOPHBIM TpeGOBaHMAM.

PazpaboTannl MaTeMaTHIECKHe OCHOBbI BHIMUCIICHH aJJUTHBHEIX COCTARISIOMUX, TpaHCHopManTel Pypse
KOTOpPBIX B 335aHHOM 4YacTOTHOM WHTEPBAC B CPEAHEKBAJPATHYECKOM CMpicne Haubonee Omuskd X
TpaHCOpPMaHTaM HCXOIHBIX NOC/EAOBATENLHOCTEN 1 MMEIOT B HEM OOJIBLIYIO YEM TOC/IEAHHE JOJII0 eBKINAOBOH
HOPMBbI (KOHUEHTpaLHIo Hepriun). [Tpu 3ToM camu TpaHchopmanTbl Pypbe HE BBIYHUCIAIOTCA.

1. BBEAEHHE

OMIUPHYECKUMH [JAHHBIMH IIPHHATO HAasblBaTh pe3YIbTAaThl PETMCTPAlAW 3HAYCHHI
HEKOTOPOH XapaKTEPHCTHKA U3y4aeMoro o0bekTa. B pamkax qannoid pabOTHI NperIoNaracTes,
YTO PErHCTpPAIlMs OCYIIECTBISETCS B AMCKPETHOM OKBHIMCTAaHTHOM Habope TOYEK obnacTu
3Ha4YeHUH apryMmenTa

t,=k*A k=1 ,N<oo |, (1)

MpHYEM IS NPOCTOTHI  f, O3HauaeT f(f,), TO €CTh 3aperMCTPHUPOBAHHOE 3HATCHHE

XapaKTEPUCTHKH, a ApTyMEHT HMEHYETCs BpEMEHEM.

"ITH JaHHBIE CIIy)KaT OCHOBOM /ISl yCTAHOBJEHHUS CBOMCTB F€HEPHUPYIOWIMX MX OOBEKTOB ¢
HCIIONB30BAHAEM ANEKBATHBIX HPHEMOB aHanu3a. JOCTATOYHO YacTO M3 MCXOJHBIX 3HAYCHHH
BBIIEISMIOTCH  COCTABJSIONIME,  YAOBJETBOPAIOLIME TeM  MIH  MHBEIM  TPeOOBaHHAM
(ocymiecTBisieTcst GUIBTPALNL).

Omuu w3 Haubonee H3BECTHBIX IIOAXOJOB K PAa3lE/ICHHIO NaHHBIX Ha KOMIIOHCHTBI
OCHOBBIBAETCS HA AIPHOPHOM 3aJaHHH OJHOH M3 HHX B BHJE HEKOTOPOH H3BECTHOH C
TOYHOCTHIO JI0 apameTpoB (yHKIIMOHAIBHOW 3aBUCUMOCTH OT BPEMEHH [1]. Ansa BBRMHUCICHUS
IapamMeTpPoB Yalle BCEro HCIONB3YeTCs NPUHIMII HAaUMEHBIIMX KBAJIPaTOB. Dra peaym3anus
BapMAllAOHHOTO HOJXONA MMECT JABHIOIO HCTOPHIO H o0namaer HECOMHEHHBIMH
JOCTOMHCTBAMH, B HHCJTE KOTODHIX COBINaJCHHE HEOOXOMMMBIX M JOCTATOYHBIX YCIIOBUH
CYILIECTBOBAHHMS IMOOATLHOIO MHHEMYMA KBAJIPATHIHOTO (QYHKIIHOHAA.

BMmecTe ¢ TeM HeOGXOAMMOCTh aNpHOpHOro 3ajaHus (OopMBl  (QYHKIMOHATBHOH
3aBHCHMOCTY He rapaHTHpyeT amekBarHOCTH. IlosToMy paspaboTaHsl ¥ HOCTATOYHO LIMPOKO
MCIIONB3YIOTCS MOIXOABI K Pa3[eIeHHMIO OMIMPUYECKAX JaHHBIX, OCHOBAHHBIC HA HHBIX
BapHalHOHHBIX npHHIMNax. Cpean HUX, NPEXJIe BCETo, OTMETHM JAuHeHHYI0 QMIBTPALMIO C
HCIIONB30BaHUEM CBEPTKH

X, = Y hf k=m+L, ,N-m, )
i=—m
riae h, -apaMeTphl Tak HaspBaeMmoi [2] KoneuHOH uMITyIbcHOM xapaktepuctukn (KNX)

¢uabTpa B JaHHOM ciy4ae ( U1 yAo6eTBa) ¢ HEYETHRIM C KOJIHYICCTBOM 3HayeHuit (aneprypoi)
2m+1;x, -BEAEIEMas KOMIOHEHTA (BBIXOIHBIC SHAYCHHA ).



WmMnynbcHas — xapakTepucTHka —(HMIBTpa  ONpeAeNisercsi Ha OCHOBE  ampHOPH
copmyMpoBanHbIX TpeGoBanuii. ITo- BUAMMOMY, OXMH M3 IEPBBIX OJXOAOB K PEMICHHIO 3TOR
3aa4¥ OCHOBBIBAETCS HA MCTIOJIE30BAHUMU NPEACTaBIIEHHS

Ji =%, +u k=1.,N, 3)

B IIpABO# YaCTH KOTOPOro nepBoe ciaraemoe ( TPeHI) MOANEKNUT BLIACICHHIO H3 CMECH CO
Cly4a#HBIM LIyMOoM ( BTopoe crnaraemoe). Ecmm ¢ yuétom (3) mpu ocymecTBIeHHH omeparuu
(2) norpe6oBaTe OTCYTCTBHS MCKaXEHHH B TPEHIE IIONMHOMMAILHOTO BHAA ( 6€3 onmpeneneHus
ero Ko3(p(HIMEHTOB), TO MApaMeTPH HMIIYJIBCHON XapaxTEPUCTHKH OYIyT ONpeAeiIsThCS
popmynamu  Criencepa [3] ( B 3aBHCHMOCTH OT anpuOpHO BHIOPAHHBIX CTENEHM HOJNMHOMA H
aneprypsl).

OrmeTuM, YTO H B [NaHHOM ClIydae HET TapaHTHH aJeKBAaTHOCTH HCXOMHBIX
TnpeanonoxeHuid. OYeBHAHO, YTO BHIXOAHBIC 3HAUEHUS (GHIBTpauud BUAa (2) onpenessorcs
TOJIBKO YacCThIO HCXOJHBIX AaHHBIX (JIOKAIGHOCTH), IIPHYEM YBEITHUYCHUE allepTyphl IPUBOIUT K
YMEHBIUCHHIO OTCYETOB B BbIAENAEMOH KOMIIOHEHTE. OTO OJHH H3 (YHIaMEHTaNBHBIX
HEOCTaTKOB QUIBLTPOB ¢ KOHEYHOH HMITY ICHOM XapakTepucTukoi (KMX-¢uisTpos).

Bmecte ¢ Tem KUX-buIbTpe HONYyYWIM HOCTATOYHO MIMPOKOE PACIPOCTPAHEHHE IIPH
undpoBoit 0o0paGoTke curHanoB [2]. B ocHOBE BHIYMCHEHMI MapaMeTPOB HMIYILCHOM
XapakTepUCTHKH TPU 3TOM HCHONB3YIOTCS TpeOoBaHue, YTOOBI YacTOTHAS XapaKTepUCTHKa
bunsrpa

2m+1

H)= Y h,_,. exp(jvi) (4)

1=1
BOCIIPOH3BOJIMIA HAWITYYIIHM B HEKOTOPOM CMBICIIE 00Pa30M JaCTOTHYIO XapaKTepHUCTUKY
3amaHHOro BUAa R(v), MOAyNs KOTOPO#, KaK MpaBuio, BhOMpaeTcsa npsamoyroiasHbM. Ha atoit

OCHOBE C HCIIONb30BaHHEM pa3IMYHBIX Mep Oau30cTH  pa3paboTaHbl KOHKPETHBIEC allfOPUTMBI
pacyéToOB HMITYJIbCHBIX XapaKTepHCTHK [2].

OcTaBnss B CTOPOHE IPOONEMY CIIOKHOCTH BBIMHCIHTEIbHBIX IPOLEAYP, BCE K€ OTMETHM,
YTO JKENaeMOH TOYHOCTH BOCIPOM3BEICHHS 3aJaHHOM 4YacTOTHOH XapaKTEPUCTHKH YAAETCS
IOCTHYb TOJIKO TIPH JOCTATOUYHO OONbINON aneprype, NpU4Y€M 3apaHee HEM3BECTHO KAKOM.
SIcHO, 4TO 3TO CHYXHT mpenarcTBHeM g ucnonb3oBanuss KHX-¢unetpoB mpu obpabotke
IMIMPHYECKUX JTAHHBIX HEOOJIbIIOro 00BEMa.

BMmecTe ¢ TeM aHaIM3 HCXOMHBIX MOCIENOBATEIHHOCTEH IMIUPHYECKHX JAHHBIX C TOUKU
3peHHsT PACcIpele/iCHUs WX SHEpruif B pa3lH4YHBEIX HacTOTHBIX AHanaszoHax (0asuc Pypbe)
SBJISETCA aIEeKBAaTHBIM JJII MHOTHX 3amad ¢u3uku ¥ TexHukH [2]. OTMETHM OJHAKO, 4TO
HEIIOCPEACTBEHHOE HUCIIONB30Banue Tpanc(hopMaHT Dyphe sABNAETCS HEXENATEIbHBIM, TaK KaK
UX IIpA 3TOM HeoOXOOMMO BBIYUCHATH, XOTS Ha caMOM JI€Jie COCTaBIAlolMe Tpebyercs
BBIJENATHL B 00JaCTH OpPUTMHATIOB.

Lienpto maHHOM paboThl siBaseTcs pa3pabOTKa MAaTeMaTHYECKHX OCHOB BBIYHMCIECHHS B
00acTH OPHTHHAIOB aJAUTHBHBIX COCTaBIAIOIIMX, TpaHCGopMaHTEl Dypbe KOTOPBIX B
3aJaHHOM YaCTOTHOM MHTEpBale B CpeNHEKBAaIpAaTHYECKOM CMBbICie Haubonee Ommsku K
TpaHchOpPMAHTaM HCXOAHBIX [OCAEJOBATENbHOCTEH U HMEIOT B HEM OOJNBINYIO YeM IOCHEIHUE
JI0JTFO eBKJIMAOBON HOPMEI (KOHIIEHTPALUIO SHEPTUN).

2. OCHOBHBIE COOTHOINEHHUA

B nanpHedmeM mnd HEKOTOPOTO BEKTOpa X =(X,..,X,)', TZe IITPHX O3HAYaeT

TpaHCTIOHUPOBAHHE, COOTBETCTBYFOLIEH Gobmol OykBoi 0603Ha4aeTcs TpaHcpopmanTa Dyphe
(ciextp)

N
X(v) =Y x,exp(jvk) , (5)
k=1

TaK 4ToO uMeeT MecTo [2]
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X, = ]X (v)exp(—jvi)dv/2r . (6)

Ilycte  panee V ={[-V,~V,]JU(¥,,V,] o3Hauaer obbeauHeHme COOTBETCTBYIOIIUX

MHTEPBAJIOB B O0NACTH OIpeNENeHHs CIeKTpa (4acTOTHOH 00NacTH), NpUUEM MMeeT
Mecro0 <V, <V, <r.

YacTs HOpMBI (3HEPTHH) PAacCMATPUBAEMOIO BEKTOpA, MONANAIOMIEH B 3Ty YaCTOTHYIO
061acTh B COOTBETCTBUH ¢ popmyioit ITapcesans [2] pasHa

X, = [l X0 dvi2n 7

vel

Hoacrasnss ciona onpenenenne (5), HETPYAHO NOJYYHTH KBaAPATAIHYIO GOpMy

X, =x"4x , ®)
e 4= {a,k };
a, = jexp( Jv(k=i)dv/2m — jexp( Jv(k—i)dv/2r, C))
HIIH z h
a, = (sin(V, (k - i)) —sin(V, (k - i)))/ n(k - i). (10)
Iycts
W, (x,N)=X, /|| x|’ , (11)

I'’I€ B 3BHAMCHATCJIC CTOUT KBa,IIpaT CBKHHILOBOﬁ HOPMBI BeKTopa
N 3
Ix)?=>x2 = j| X) Pdvi2r. (12)
k=1 _,,

WupmMu  croBamm, mnpaBas uacte (11) onpenmenser KOHIIEHTpAlMIO €BKJIHMOBOH
HOPMBI(3HEPIUY) BEKTOPa B 3aJaHHOM 4aCTOTHOM HHTEpBAJIE.

OueBumno, uro wMarpuna B (8), sABIeTcH HEOTPHIIATEIPHO ONpPENEeNEHHON U
cummerpuuHo#. IToatomy [4] oHa obnanaer monHBEIM HaGOpoM COOCTBEHHBIX BEKTOPOB ( HMEET
IPOCTYIO CTPYKTYPY), YAOBIETBOPSIOIIHX PAaBECHCTBAM

zq, =4q,,i=1.,N, (13)
g, lI=1, (14)
(q,,qk) = 5.1: ’ (15)

a coOCTBeHHBIE 4YHCIa HEOTPHIATENBHBI, NpPUYEM B JanbHeHIIeM Ipeanoaracrcs
MOHOTOHHAst HX YHOPAI04YE€HHOCTH 110 YOBIBaHUIO
zy22z,2.22z,>0 . (16)
Cumeout B mpaBoit 9actu (15) sensercsa cumBosioM Kponexepa[4]. 3aMeTnM, 4TO COIJIaCHO
(9) (wma (10)) coOGcTBeHHBIe 3HaueHHS (YUCTAa U BEKTOPH]) OyMyT 3aBUCETh OT BBIOPAHHOIO
YaCTOTHOTO JMana3oHa V' U pasMepHOCTH N .
Torma mnst (11) HeTpyAHO MONYYHTH CIEAYIOIIEE NPEACTaBIeHHE

N N
W,(x,Ny=Y zb}/> b}, (17)
1=1 =1
rae
N
b, =(qux)=zqk1xk' (18)
k=1
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Orcrona ¢ yuérom (16) U COXpaHEHHS EBKIMIOBOM HOPMBI TPH OPTOHOPMATBHBIX

npeoOpa3oBaHKsAX JIETKO NOJIYYHTh HEPABEHCTBO
zy SW,(x,N)<z, (19)

KOTOpoe s JioG0ro BEKTOpPa M3BECTHOM Pa3MEPHOCTH YKA3bIBAET BEPXHIOK H HHMKHIOK
TpaHHUB! KOHICHTPAHd HOPMBI B 3a43HHOM 4Y4CTOTHOM /JuarasoHe. [Ipy 3TOM HUKHAS H
BEPXHsAA TPaHMIB! (DABEHCTBAa KOHUEHTPAIMH HAVMCHBIIEMY MIH HauGONbIeMy COOCTBEHHBIM
YKCJIaM) JOCTUTAIOTCA TOJIBKO TOT/IA, KOTla COOTBETCTBEHHO CIIPaBEAIMBEI IPEICTABIICHUS

x=aq,, (20
x = bgq,. 21)

KoshduuueHTs! MpOHOpIHOHAIBHOCTH 34€Ch — IIPOU3BOJIBHLIE BEIECTBEHHBIE YHCIIA.

Ouesunno, uro HepaBeHCcTBO (19) (BMecte ¢ (20) H (21)) MOXKET CIOYy)HUTh OCHOBOM NS
BEIOOpa pasMEPHOCTH BEKTOPA, HCXOS H3 XKEJIaeéMOTO YPOBHS KOHUEHTPAIHH €ro eBKIHI0BOM
HOPMBI B 33 JaHHOM 9aCTOTHOM MHTEpBaJe.

CoOcTBEeHHBIC 3HAYEHHs MaTpulel B TNpaBoil wacTe (8) oOmajgaioT psuoM CBOKMCTB,
KOTOpBIE TONE3HBl Ui pelieHus 3ajadd ¢uiubrpanud. B camMoM pene, moicTaBnss B
onpenenenre (13) npeactapnenue (9), A HEKOTOPOIl aphl COGCTBEHHEIX 3HAYEHHH HETPYAHO
HOJIYYHTh COOTHOLUCHHE

20, = [Q.0)exp(—jvh)dvi 2z, (22)
vel

rae  (v)- CHeKTp COOTBETCTBYIOIIETO COOCTBEHHOTO BEKTOPA, ONpEeNseMblii COrIacHoO

(5),a g, - onHa U3 €0 KOMIIOHEHT.
Otcroza ¢ yuétom (14) u (15) HeTpyAHO NOTYIUTH paBEHCTBA

z,= [lQOI dv/2x, 23)

vel

IQ, (VO (W)dv/2r =0,i = k. 24)

vel

3nech ¥ B JalbHEHIEM 3BE30YKOM OTMEUAIOTCS KOMIIIEKCHO CONpPSDKEHHBIE BENHYHHBI
H QyHKIOHY.

Takum oOpasoM, 3HaHHe COOCTBEHHBIX YHCEN PAaBHOCIIBHO 3HAHMIO KOHICHTpAIHMii
HOPM COOCTBEHHBIX BEKTOPOB B BBHIODaHHOM 4YacTOTHOM JManasoHe. B Buay Toro, 4ro
tpancpopMmantel Dyphe  BEKTOPOB KOHEYHOH  pa3sMEPHOCTH, OYEBHIHO, SBISIOTCA
aHATHTHYECKUMHA (QYHKUMAMH 4acTOThl, HHTErpal B mpaBoil yactu (23) He MoxeT OBITH paBeH
HyTO TOYHO. VIHRIMH CIOBaMM Marpuua ¢ 31cMeHTaMH BHAA (9) sABiseTcs IOJOXHTENbHO
onpeneIEHHOM.

Bmecte ¢ Tem u3 (23) ¢ yuétoM (14) HeTpyAHO NOTYYUTH COOTHOLIEHNUE

1-z,= [|QO) dv/27 , (25)
vel
OTKYZAa CIEYIOT HEPaBEHCTBA
z, <Li=1.,N . (26)
Kpome Ttoro, Ha ocHoBe (9) M mu3BecTHBIX [4] cBaAsed crnea MaTpUubl ¢ CYMMOH €&
cOoOCTBEHHEIX YHCEJI JIETKO YCTAHOBUTH COOTHOLICHHE VIS UX CPEAHEro 3HAYeHUS

N
Z=Yz/N=(V,-V)Ix. @7
1=1

[IpuMeyaTenbHO, YTO CpeJHee 3HadeHHEe COOCTBEHHBIX YHCE]l MaTPHIbl ¢ INEMEHTaAMH
suma (10) mpu moGoil eé pasMepHOCTH ONpENENseTcs TONLKO pasMepamu BHIOpaHHOTO
4aCcTOTHOTO MHTepBaja. MMes B BuIy HepaseHCTBO (26) n ompenencHue (10) , JI€rko MOHATS,
4TO 4acThb COOCTBEHHBIX YHCENl MATPHULBI C TAKUMHM 3JIEMEHTAMH MOXHO CJ€JaTh CKONb YTOXHO
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OmuskuMu K Hymo. B sToM ciryuae npencrasnenye (20) npu 6JIM3KOM K €IHHHIE MAKCHMAJILHOM
COOCTBEHHOM 4HCJNE ONpEZeNsAeT BEKTOP, OHEPrHs KOTOPOIO IIPAKTHYECKH IIONHOCTHIO
COCPENI0TOYEHA B BLIOPAHHOM YaCTOTHOM HHTEPBAJIE.

Jlerko momats, yro u3 ycmosus (15) cormacHo dopmyne Ilapcepans [5] crmemyer
PaBEHCTBO

]'Q, MO, M 2x =0,i=k , (28)

vV=—r
Jto BMecTe ¢ (24) osHauaeT , uro TpaHchopMaHTH Dypbe COOCTBEHHBIX BEKTOPOB
MaTpuubl Buga (9) obnajgaroT CcBOMCTBOM ABOMHOM opToroHansHocTd. M3ssectno [6], uro
JBOMHAsA OpPTOrOHANLHOCTE OTHOCHTCA K YHCIY BaXHBIX KayecTB alllPOKCHMHPYIOMMX
byHKUHH.

3. ONTUMAJIBHOE YACTOTHOE PA3JEJEHUE NOCHEAOBATEJILHOCTER
IMIIMPUYECKMX JAHHBIX HA AJJUTUBHBIE COCTABJSIIOLINE

VtounnM QopMynupoBky 3anmauym. [Ipexne Bcero OTMETHM, YTO B KaueCTBE OCHOBBI
HCIIONB3yeTCA NpeJcTaBieHne suja (3), o0a ciaraeMpiX B IIpaBod 9acTH KOTOPOI'O MOTI'YT UMETh
PaBHONPAaBHOE IPHKJIAAHOE 3HAYCHHE, HO sl ONPEeNeIEHHOCTH TEPMUH «OITHUMANBHEIN» HUXKE
OTHOCHUTCS K BEIMMCIIEHHIO HEPBOro M3 HUX. B kadecTBe KpHTEpHUs IIPENCTABIAETCS YMECTHBIM
UCIIONB30BaTh EBKJIMJOBY Mepy Onu3ocTH TpaHchopMmanThl Pypbe IOIYy4aeMOro BeKTOpa
x =(X,...,xy) k TpanchopmanTe Bextopa f =(f|,..,fy) B HEKOTOPOM 3apaHee BHIOpaHHOM
YacTOTHOM HHTepBasie. [Ipu aToM €CTECTBEHHO BBIUUCIATH TaKue COCTaBIAIONINE,
KOHIEHTpAaMHd OHEPrUd KOTOPbIX B 3TOM HMHTEpBAJIEC BBIE YeM y HCXOJHOH
IIOCTIEOBATENHHOCTH.

Taxum 06pa3oM, MOXHO cHOPMYIHPOBATE U PEIIUTH CICAYIOMYIO BApHAIIMOHHYIO 3a]a4y.
Haiitu BexTop x =(X,,..,Xy ), YIOBIECTBOPSIOIMHA YCIOBHAM

D= [|X(w)-F() av/2z = min , (29)
veV
W,(x,N)=w,, 30)
rae FW) o3Havaer  TpaHchopManTy  Dypee  BekTOpa  IMIIMPUYECKHX
NaHHbIX [ = (f},.., fy) » KOTOpPHIf MOXHO pa3JI0OXUTh IO COOCTBEHHBIM BEKTOPaM MATPHIEI C
anemenTamu (10)

K
f=>caq;
1=

¢, =(f.q,)i=1..K.
31€ech YYTEHO, YTO, HAUYMHAsg ¢ HEKOTOPOro HauboJbIIEro 3HAUEHHs WHIEKCA, CKaJIApHbIE
NpOM3BENEHUS, ONPEaEIseMble BTOPbIM B3 cooTHOIueHu# (31), MoryT 6bITh BeE paBHBI Hymo. B
COOTBETCTBMH C 9THM nipaBas 4acThb B (30), oueBHIHO, JOIKHA YAOBIETBOPATH HEPABEHCTBY
W,(f,N)<w, <z, (32)
rJi€ JieBas rpaduiia MoXeT OBITh BEIYHCIIEHA HA OCHOBE onpeacnenus (11).
OuesuzHO, YT0 KOI(P(QHUIMEHTH! pa3ioXKeHHUs B NIEPBOM M3 NpeicTaBieHud (31) MoxHO
BBIYUCANTE. TOTZA, MCIONb3YS PE3YJbTAThl PESIbIAYINEro pasaena NaHHOH paGoThl, HETPYAHO
nokasarhb, 4To pelenyeM 3axauy (28), (30) Oyner Bekrop

K
x=3 b, (33)
1=1

K03 UIHEHTE pa3loXeHHss KOTOPOTro HaXOAATCsA ¢ TIOMOIIBIO COOTHOLICHUH (BTOpOE 13
HUX CJIY)XHT JUIs ONpeiesieHus MHoxuTenst Jlarpanxa d )
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b =zc /[z, +d(z, —w,)], 34

K K
Yozie iz, +d(z, ~w) =w, > 22 N[z, +d(z, —w,)]. (35)
1=1 1=1

Taxum o6pasom, noydens! GopmyIIBl, ONpeAenIOne ONTHMATEHOE B CMBICIE LeIeBOi
¢yuxuuu (29) BBINENEHHE H3 MCXOQHOIO HaGopa OSMIMPHYECKHX MAHHBIX aIMTHBHOM
COCTaBIIAIOIICH, MMEIOLIEH 3ananHyo u3 JomycTuMsix ( yciosue (30) u HepaseHcTBO (32))
KOHUCHTPALMIO SHEPrHU B BHIODAaHHOM YacTOTHOM HMHTepBaie. JIerKo mokasath, 4TO BHIGOPY
NOCNENHEH, MCXOS M3 PaBEHCTBA B NpaBod uacTH (32) (MakCHMANBHO BO3MOXHOM), 6yneT
COOTBETCTBOBATh CIAMHCTBCHHOE claraeMoe ¢ HambojsmuM HHAEKCOM B (33) (pemenue
ypaBHeHus (35)d = —).

OrMeruM Takke, 4TO €CIM B IEpBOM M3 mpencrasineHudt (31) 6ymeT Tomsko OXHO
HEHYJICBOE CllaraeMoe, TO E€IMHCTBEHHBIM pemicHueM 3anaud (29), (30) Gyzer cama mcxonHas
IOCIIEIOBATENBHOCTD.

Ilpencrasnenue and MUHUMAIBHOM BENWYMHBI KBAApaTa OTHOCHTEILHON NOTPEITHOCTH
BOCIIPOU3BEACHHS CTIEKTPa HCXOJHBIX JaHHBIX B BBIODaHHOM YaCTOTHOM HHTEpBAJe HMEET BH]

K
P W) = Dy (W) F, = d2zclzzl(zl —Wo)2 [z, +d(z, "Wo)]2 I F,, (36)

=1

TZLe napameTp Jlarpanka TakKe 3aBHCHT B COOTBETCTBHH C (35) OT BeTHUMHEI W, ;

N
F,=) zcl. (37)
1=1

3aMeTHM, YTO IpaBas 4acTb 3AeCh IOJNyYeHa Ha OcHOBe onpexaenenus (7) u CBOHCTBa
JBOMHOH opTOroHassHOCTH TpaHchopMaHT Dyphe cOOCTBEHHEIX BEKTOPOB.

Hcnone3ya (25), HETpyaHO Takxke MOJNYYUTh BBHIPAKEHUE IUIS OTHOLICHHS SHEPIHid
mojyyaeMOH KOMIIOHEHTHlI B BhIOpAaHHOM [uara3oHe YacToT M «IpocaduBaHus» [2] 3a ero
npeaesbl

N N
gwy) =D bz, 1Y b (1-2,), (38)
1=] 1=l

Ky/la CIeQyeT TIOACTaBUTh IIPEACTaBICHUS BUA (34).

Bapuanuonssrii npusnui (29), (30) ynobeH TeM, YTO MO3BOJISET B JOMYCKAEMBIX
HEPaBEeHCTBOM (32) npeaenax ympaBiATh KOHIEHTpAlMed OHEPrHH  BBIYHUCIIAEMOMH
HOCIIEIOBATENFHOCTH. DTO ABJISETCS OJHUM H3 €r0 OCHOBHEIX JOCTOHHCTB.

BMmecre ¢ Tem ans peammzanmu BeramciieHud cornmacHo (34) u (35) HeoOxomumo
ompenensaTh COOCTBEHHBIC 3HAueHHs Marpuna c anemeHTamm Buzaa (10), 4T0 nocTatodHO
TpyRo€MKO M TpeOyeT yCTOMYHBBIX HpoLexyp, oco0eHHO Ipu OGonpmux pasMepHocTax. [Ipu
5TOM pasjioxKeHue Mo coOCTBeHHBIM BekTopaM coracHo (31) m pemenise ypasHeHus (35)
HEeOOXOMMMO OCYLIECTBIATh AJIS KaKHOH NOCHENOBATEABHOCTH MCXOJHBIX JaHHBIX. [loaTomy
1eecoo0pa3Ho pacCMOTPETh M HHBIC BAPHAHTH] BAPHAI[HOHHBIX YCIIOBHH (KpUTEPHEB).

HetpyaHo nOHATH, YTO COAEPXKATENBHON IIOCTAHOBKE 3amadd (UIBTPALHM OTBEYAET
BOCIIPOM3BeAEHHE TPAHC(POPMAHTHI HCXOJHOH NMOCIENOBATEIFHOCTH TOJIbKO B MHTEPECYIOIEM
YaCTOTHOM MHTEPBaJle, TOTAA KAk BHE €ro B HACAJBHOM Cilydae TpaHC(OPMAHTa HCKOMOIO
BEKTOpa JIOJDKHA OBITH paBHa HYJIIO.

B cooTBeTCTBHH ¢ 3TUM BBeIEM (GYHKI[HOHAI

P(x,p)=(1~-p) j] XW-FW P dvi2rn+ B j] X av/2r,0< B <1, (39)
vel vel
KOTOPBIM, OYEBHJHO, MOXET CIYXHTh MEpPOH OTKIOHEHHS OT HyJId pasHOCTH
TpaHC(I)OpMaHT (I)ypbe HCXOJHOI'0 N BBIYHCIIAECMOI'0 BCKTOpa B 3aJaHHOM HHTEPBAJIE 4aCTOT H
TpaHC(I)OpMaHTBI HCKOMOIQ0 BEKTOpa BHE 3TOr¢ 4aCTOTHOr'O HHTCpPBANa. HpIrI 3TOM 3HAYCHHC
napaMeTpa b CIIYyXHUT B KadeCTBE BCCA, ONpeaeLriuero BaXHOCTh COOTBETCTBYIOIIIUX
KOMITOHEHT OTKJIOHEHHH OT HYJIA.
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Taxum 06pasom, 3a1aue GUIBTPaMK OTBEYAET TAKKE BAPHAIMOHHEIN IPHHITAIT
P(x,) = min,Vx € R", (40)

KOTOpHﬁ €CTCCTBCHHO JOIIOJIHUTH Tpe60BaHI/IeM paB€HCTBA HOPMEI BBIYHCIIEMOI0

BEKTOpA 10J1€ SHEPIUH HCXOMHOH MOC/IeA0BATENFHOCTH, TONaJatoIIeH B BEIOPaHHbIN YaCTOTHBIN
HHTEPBA

2
[x}"=F,. (41)
SlcHo, 4yro pemeHue BapHanuMoHHOM 3amaud Bupa (40), (41) 6ymer 3aBHceTh OT
napaMerpa i , 3Ha4EHHE KOTOPOro THOO MOXeT OBITh 3aJjaHO M3 aPHOPHBIX COOOPAXKEHHI,

b0 MOXeT OBITh JOONPENENEHO HA OCHOBE IPUHOMIA IIOBTOPHOM MHHUMMU3AIAH
¢ynxunonana (39) nociue pewenus 3agauu (40), (41).

Hcnone3ys mpemplmymiue pes3yibTaThl, HpeAcTaBleHHo (39) HEeTpyaHO NMpHAaTh HHOM
BH]

N N
Px,/)=(1-p)D (c,~b)’z + D b (1~2) .

70 ¢ yu€roM (37) Mo3BOASET JIETKO NONYYUTH PABEHCTBA
b, =szc (p+(1-28)z),i=1.,N, (42)
OIIpeIeIIOIINE pelIeHre 3a1a4u (40), (41).

3necs, cornacHo ycnosHio (41)

sP=F,/|x|* . (43)

Wmes B Bugy npencraenenus (8), (31) u (33), na ocHoBe (42) u (43) nonyuaem Goinee
IPOCTHIE s BEIMUCACHHA HCKOMOM cocTaBstioneit hopmyJibt

x(B)=s(Bl+ (-2 )" 4f (44)

sSYB) = AN BL+A-28 D" AF |2, (45)

rae | — eqMHUYHAA MaTpHLla COOTBETCTBYIOMICH pa3MEPHOCTH.
MunumanbHoe 3HaueHue (39) , oueBUIHO, paBHO

P(B), = {A=P)y cl(s™ =2, (B+1-2B)z)) 2, + B ! (1~ 2)z} (B +(L ~2f)z,)* }(46)

npu4éM 3/1eCh IepBasi ¥ BTOPas CyMMBI ONPEAEHAIOT COOTBETCTBEHHO BEJIMYMHEI IIEPBOTO
U BTOPOTO ClIaraeMbix B IpaBoit yacTu omnpenenenud (39). IMeHHO MHHUMM3AIUA 110 TapaMeTpy
[ TpaBoit 4acTH TOr0 COOTHOIIEHHUsS C YYETOM OTpaHHYEHHS B onpeleneHuH (39) nosposer
BEIOpATh €ro ONTUMAaNHHOE 3HAYCHHUE.
3amerum ganee, uto npu Beioope [ = 0.5 c yu€rom ompeneiicHus (9) MOKOMIIOHEHTHOM
3anucyu npeacrasieHus (44) HeTpyAHO IPUAATh BUX

X, =S5 IF (Wyexp(—jvi)dv/2x . 47)
vel

TakuM o00pasoM, TpH TAKOM 3HAYECHAM [IapaMeTpa BBIYMCIEHUA coInacHo (44)
SKBUBAJICHTHEI ITOJYIEHHIO CHavyalla TpanchopManTsl Pypbe HCXOAHOH IIOCIEAOBATEIBHOCTH B
3aJaHHOM HHTEPBAJE YacTOT, a 3aTeM BEIYMCIIEHHs HAa 3TOM MHTepBajie MHTerpana suza (47).
BaxHo, YTO HpH 3TOM pe3yNbTaThi BRYHMCICHUH ONTHMAIBHBI B CMBICIIE MUHHMU3AIMH
kputepus (39). SICHO Takxke, YTO HCHOIb30BAHUE IS BEIYHCICHH] NpeAcTaBiIeH s (44) ropasio
ynobHee yeM npencraBiaeHus (47).

B pesynbrare MOACTaHOBKM npexcrapneHus (47) B onpenenenue (5) MOCHE HEKOTOPHIX
npeofpa3oBaHuii HETPYAHO IOJNYYUTH COOTHOLIGHHE MeEXAy TpaHchopmantamu Q@ypse
HCXOAHOM ¥ BBIMMCIIEHHOHN IIOCNEN0BaTENILHOCTER

X(v)=s J‘F(v) exp(j(N +1)(v, = v)/2)sin(N (v, =v)/2)/sin((v, =v)/2)dv/2x .  (48)

vel
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BaxHbiM, OCOGEHHO /I KOPOTKHX IOCIEIOBATENBHOCTEH 3MIHPHYECKUX JAaHHBIX,
SBJISCTCS TO, YTO KaXJas M3 KOMIIOHEHT BBIYHCISCMBIX BEKTOPOB ONpenensercs BCEMH
OTCYETAMH MCXOJHBIX NaHHEIX. DTO, COINIaCHO OOLIEMY «IPHHUMIY HEONpeAeaEHHOCTU»[6] B
CIEKTPAJIbHOM  aHaiu3e, 103BoysieT chopMmMupoBats Haubonee OnuM3KHEe K  3aJaHHBIM
TpaHchopMaHTh! Dyphe.

OTtMmeTuM TakXke, YTO B BHAY MCXOAHOrO mnpenmoiioxenus (16) m cpoiictea (23)
npeacrasiense (33), B KOTOPOM BEIIONHAIOTCS paBeHcTBA (42), OnpenesseT cOCTABISIOMYIO C
Oonblied 9eM y MCXOJHOH IOCIEeNOBATENbHOCTH KOHUEHTpAaUHedl 3HEprHd B BHIGPAHHOM
9aCTOTHOM HHTEpBAJIE.

B obmem cnydae mpoHM3BONBEHOrO 3HAa4YeHHs mapamerpa [ cBoilictsBa TpaHcopMaHThi
dypre HCKOMOro BEKTOpa HETPY/IHO YCTaHOBUTH, OCHOBBIBASACH Ha IpeicTaBicHusX (44), (45) u
YCTaHOBJIEHHEIX BO BTOPOM pasjienie paboThl CBOMCTBAaX COOCTBEHHBIX 3HAYSHHI MaTPHIBI A.

MonoxuMm y = (y,,..,Vy) , IpAYEM

y=Af . (49)
Torma B cootBercTBUU C onpexneneHueM (9) 31eMEHTOB MAaTpPUIBl HETPYIHO HOIYYHTH
MNPEACTABJICHUC I KOMIIOHCHT 3TOTI'0 BEKTOpa

ve = [F)exp(-jvk)av/ 27,k =1,.,N (50)

velV

Takum 00Opa3oM, KOMIIOHEHTHI BEKTODPA, OIPEAETIEMOro TIPaBOi 4acTBHIO COOTHOIIEHHS
(49), a, cnenoBaTenbHO, M BEKTOpa, OHpENENseMoro InpeiacraBicHueM (44), OyOyT 3aBHUCETH
TOJIBKO OT TOH yacTu cnexkrpa Dypre HCXOMHOH NMOCIENOBATENBHOCTH, KOTOpas NONaLacT B
BBIOpaHHBIN YaCTOTHBIM UHTEPBAIL.

WBpIMH clioBaMd B OT/JMYHE OT BBIXOAHBIX HocinexosatenbHocted KWUX- ¢unpTpoB Ha
TI0JIy4aeMbIE PAacCMAaTPUBAEMBIM CIIOCOOOM HOCIENOBATENBRHOCTH OOKOBBIE IO OTHOLIEHHIO K
BHIOPAHHOMY HHTEPBAJy YaCTOTHEHIC IIOJIOCH BIMSHHUS HE OKA3BIBAIOT. ODTO ABIAETCH BaXKHBIM
CBOMCTBOM, HampuMep, B Clydae pasJeieHHs CHIHaoB, (QOPMHPYEMBIX IIPH YaCTOTHOM
YIUIOTHEHUX KaHAJIOB Iepefad.

Jlpyroit mpuMep CBsi3aH € TaKk  Ha3biBAEMBIM  INIPOPEXUBAHMEM  BBIXOIHBIX
[OCNIeNOBaTeILHOCTE B cooTBercTBHM ¢ Teopemod Korenpuukosa- IllennoHa, xorza
OCTaBJISETCSI TOJIBKO KX H0e

K=V, ~V,) 1)

UX 3HadeHue. 31ech UMEETCs B BUAY, UTO JieBas 4acTh paBHA OnmkaimmeMy M3 LENbIX
uhcen, MeHbInMX mnpaBodi vactu. Ilpm 3ToM crnektp Dyppe INpPOPeXKEHHOH BEIXOLHOM
IIOCNIEAOBATENIEHOCTH

X'(v) =) x, exp(jvi) (52)
ompenenseTcs yepes CIeKTp HelpopexeHHo# cornacHo ¢opmyie Haliksucra
K-1
X' W= Y X((v+2mm)/K)-r<v<rm. (53)
m=-K+l

Hcnonesys npeacraBiIeHus

A=07Q"
(BI+(1-28)4)" = QHQ';
0 =(q,9x); 54

Z =diag(z,,...,z,)

H =diag(f +(1~2B)z,,.. f+(1-2B)zy),
HETPY/IHO MONYYUTH BhIpaxKeHHe s TpaHchopmanTel Pypbe BekTopa (44)
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X, ) =s(B) QP +A-28)z,) [FO)Q,(v))dv, 1 2m,-m<v<r. (55)
k=1 " vel

Ilpu conocrasnennn (53) u (55) HETPYAHO MOHSATH, YTO B JAHHOM CJIydae CTENEHb
HCKaOXEHMH U3-332 HANOXKEHHS TNPH HNPOPEKUBAHUM  OIpeneseTcs HQJIOXKECHUSIMY B
Tpascdopmantax Pypbe COOCTBEHHBIX BEKTOPOB MATPULIBL A.

CornacHo pesynpTaTaM BTOPOTO paszesia AaHHOH paGOTHI CTeNeHb HANOXKEHHS YacToT B
COOCTBEHHBIX BEKTOPAX TEM BBIlIIE YeM MEHbIUE COOTBETCTBYIOMHME HM COOCTBEHHBIE YHCIIA.
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ABOUT A VARIATIONAL APPROACH TO DATA SEQUENCE FILTERING.
E.G.Ziliakov, 1.I.Chizov

The article deals with variational target setting in empirical data sequence filtering as
calculation procedure of their division into segments which by a certain criterion in the best way
meet these or those a priori demands.

Mathematical grounds have been worked out for calculation of additive components,
whose Fourier transforms in the given frequency burst from the root-mean-square view point are
very close to initial sequence transforms and have large part of Euclidian standard (energy
concentration). At the same time Fourier transforms are not calculated.

VK 621.396.2.

YMEHBIIEHUE HUK®AKTOPA OFDM CUT'HAJA METOJOM AJAIITUBHOI'O
YHPABJEHHUA YACTBIO HOJHECYHIUX

1
Bonukos B.I1.
1 - MocxoBckHif TEXHUYECKUH YHUBEPCUTET CBA3H H MHPOPMATHKH

[Ipo6rema muxdakropa B cucteMe OFDM BO3HMKAET M3-3a MOYTH KOTEPEHTHOIOC CHOKECHHS HEKOTODBIX
rapmonuk OFDM curnana. B nanHOH cTaThe NpejaraeTcsa MeTOH YMEHBIUEHRA NMHMKQAKTOPA, OCHOBAHHBIM Ha
onTHMansHOM ajantustoM ynpaeiennu PAPR (Peak-to-Average Ratio) OFDM curnana. CyTe ero B ToM, YTO B
kaxapii OFDM CUMBOJ Ha MECTO HEUCTIONB3YeMBIX MOJHECYIHX 3aMEIIUBAIOTCA CNCUMANbHbIE YNPABIAOWINE
CHMBOJIBI, KOTOpblE MHHAMH3MDYIOT JWHAMMYecKuH auanmasoH texymedt peanmsaumn OFDM curnana mo
060061eHHOMY CpeIHeKBapaTUIeckoMy kputepuro. [lokasaHo, 4TO CHHTE3UPOBAHHBIA HA OCHOBE JIAHHOTO METOAA
anropuT™ nossossier yMenpuuts PAPR Ha 2,9-3,2 1b. Tlpu 3TOM sHepreTuyeckye MOTEpU N0 XapakTepucTHKaM
BER ne npessimator 0,2-0,3 1b.

1. OIUCAHME ITPOBJIEMbI

W3BecTHO, YTO CHCTEMBI CBS3M C OPTOTOHANBHO-YaCTOTHBIM MYJIbLTHUIUIEKCHPOBAHHEM
(OFDM) 061a1at0T X0opole#l moMexoyCTOHYMBOCTEIO B YCIIOBUSX, KOTAA pPafinoOKaHall sBIAETCS
MHOTOJIYYEBBIM M TOABEPXKEH IMyOOKHM peleeBckuM 3amupanuam [1]. Ommako npu
IIPaKTAYECKON pean3alii TaKOd CHCTEMBI IPUXOAMTCS pemarh pAl cenuduIecKux npobiuem,
OJIHOM M3 KOTOPHIX sABjseTCsA npobieMa nukdaxropa. OHa BOSHMKAET H3-3a KOTEPEHTHOIO (MK
IOYTH KOTEPEHTHOTO) CIOXEeHHus HeKoTopblx rapMoHuk OFDM curxama. Ilpu Gonsuiom
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