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Ob61ast xapakKTeprucTuKa padoThI

AxTyanbHOCTh TeMbl. Bo MHOIMX HAIIPABIEHUSIX BBIYUC/IATEILHON MaTeMATUKN aKTyaIbHbI
3aa4n MOUCKa 0a3MCOB, PA3IOKEHNs 110 KOTOPBIM HAWIYYIINM B HEKOTOPOM CMBIC/IE 0Opa3oM
OTIMCBIBAIOT 3JIEMEHTHI TTpocTpaHcTBa. [IIupokoe npuMeHeHne HAILIH BefBIeTHbIE OA3UCHI.

Ob6mmenpunsTeiit 6a3uc Pypbe XOPOIIO BBIJIEISIET YACTOTHI, HO HE JaéT UH(MOPMAINI O Pe3-
KMX U KOPOTKUX BCIJIECKAX M BOODIIE O JIOKAJIbHOM ToBeieHnn (hyHKIimn. zKenarenbHo, 9T00bI
9JIEMEHTBI Oas3rca ObLIN JIydIlle JIOKAJIN30BaHBI IO BpeMeHHU. BeliBjeTHble 0a3MCHI YI0BIETBO-
psoT TakoMy TpeboBaHUIO. JacTo HAKIABIBAIOTCS U JIOTOJHHUTEIbHBIE YCIOBUs, HaIpUMeD,
OPTOTrOHAJILHOCTH Ha3uca, KOMIAKTHOCTh HOCUTEIeH BEHBIETOB U T. .

Teopus BeiiBIeTOB Havasa aKTUBHO pasBuBaThed B 80-90-e rojpl aBajmaroro Beka. K Ha-
CTOSIIIIEMY BPEMEHH OITyOJIMKOBAHO HeCKOJIbKO MOoHOrpadwmii mo reopun Beiisieros (M. Toberu,
M. ®peiizep, K. Yyn). Kiaccukamu reopun Beiisieros sisistorcst V. Meiiep u 1. ToGern.

OHuM 13 CIOCOOOB MMOCTPOCHUS BEHBJIETHBIX 0A3MCOB ABJIACTCI JIUPTUHTOBAS CXeMa, IIPe/I-
noxkennas B. Csenugencom. Jlugmune o3HaUaeT M3MEHEHHE, «IIPHUIIOJIHUMAHNE» HU3KOYACTOT-
HOI COCTABJIAIONIEH, HECYIIIe OCHOBHYIO MH(MOPMAINIO 00 MCXOAHBIX JaHHBIX. Bejmmuanna m3me-
HEHUsI 3aBUCUT OT BEHBJIETHON COCTABJIAMONMEN 1 yrpasisomeil pyHkmun. OTMETUM IIPErMy-
mecTBa JUMTUHTOBOR cXeMbl. BO-TIepBBIX, 3a CYET HAJUUUS YIIPABJSIONEH (DYHKINM MOMKHO
BJIMSITH Ha CBOMCTBA IOy YaeMbIX BeiB/IeTOB. BO-BTOPBIX, B &JITOPUTME, PEAJIM3YIOMEM (D THH-
TOBYIO CXEMY PA3JIOXKeHMs (PYHKIUH 110 BEHBIETHOMY OA3MCY, BCE BHITUCIEHUS IIPOBOISITCS «HA,
MeCTe», B OJIHOM MaccuBe. B-Tperbux, mudTUHIOBasI cxeMa JoIIycKaeT obparenue. [Ipumepom
IpUMeHeHUs JTUMTUHIOBON CXeMbI MOYKET CJIYKUTh IIOCTPOEHUE NHTEPIOISAITMOHHBIX BEB/I€TOB,
BBeJIEHHBIX J[OHOXO.

Jludrunrosas cxema ObLIa MPEIJIOXKEHA TaKKe B CAydae JIUCKPETHBIX MePUOINIECKAX CHT-
HaJIOB! M cTasia OJHUM M3 MHCTPYMEHTOB JTUCKPETHOI'O FapMOHUYECKOI'o aHaJII3a.

JIncKpeTHBIN rapMOHUYECKUN aHaIN3 00g3aH CBOMM CTAHOBJIEHUEM OTKPBITHIO B 1965 roy
6uicTporo npeobpasoBanust Pypee (BIID). K cepenune 1990-x 10/10B ObLIO OCO3HAHO, YTO BbI-
yucaureabHas cxema BII® cBs3ana ¢ mocrpoeHneM B IPOCTPAHCTBE CUTHAJIOB PEKYPPEHTHOM
[TOCJIeI0BATEIBHOCTH OPTONOHAJIBHBIX 0Aa31COB, UMEIOIINX OJI0UHYIO CTPYKTYPY. DTO ITO3BOJINIO,
B 9aCTHOCTH, C(DOPMUPOBATH CHCTEMY BeHBJIETHBIX 0a3ncoB (BeliBier-maker), Ko3hbOUIMEHThI
Pa3I0KeHUt 10 KOTOPBIM OIPEIEIAIOTCS B MIPOIECCe BBITUCAEHUS JUCKPETHOTO IpeobpasoBa-
nusg Oypobe. Pazpaboran Takxke napamerpudeckuii Bapuant BIID.

Bazxknyto po/ib B IMCKPETHOM TapMOHUYECKOM aHaJIN3€e UI'PAIOT JIUCKPETHBIE TTEPUOITIECKIe
criaitabl. CriaifH-uHTEPIOJISINS UCIOIb3YeTC MIPU ONUCAHUN JTU(MTUHTOBON CXEMBI.

OcobeHHOCTD UG TUHIOBON CXEMBI JIJI JIUCKPETHBIX IePUOJINIEeCKAX CHTHAJIOB COCTOUT B
TOM, 9TO BCE BBIYUCJICHUS BEJIyTCsI B YaCTOTHOI 0OJIACTU C MCIIOJIb30BAHUEM JIMCKPETHOTO IIpe-
obpazoanus Oypbe.

BeiiB/rerbl aKTUBHO MCIOJIB3YIOTCA BO MHOTHX O0JIACTSIX BBIYUCIUTEIHHON MaTeMATHKM, B
TOM 4Yucje B 1udpoBoii 00paboTKe CUTHAJIOB.

Kpome paznoxkennii 3;1eMEHTOB TPOCTPAHCTBA 110 H6a3ucaM, B JUCKPETHOM aHAJIN3E U3y Iai0T-
cq pasyoxkenus 1o dppeiimam. Opeiivbr ObLH BBeIeHbI B 1952 rony Haddunom u [Mledbdepom,
OJTHAKO aKTUBHOE pa3BUTHE Teopun (ppeiiMoB Havua I0Ch JIUIIH IT0C/Ie BbIXo1a B 1986 rojy crarbu
HoGemu, I'poccmana n Meitepa. K nactosiiiieMy BpeMeHH Ha 3TY TeMy OIyOJIMKOBAHBI HECKOJIhb-
ko Mmonorpacduit (O. Kpucrencen, /1. Xan u 1. Jlapcon) n o63opubix crareii (I1. Kaszama,
E. Kosaueruu, A. Hebupa).

Kenynes B. A., Hesuwiit A. B. Buopmozonasvhsie 6eti6Aemmpie CTeMmbl, OCHOBAHHbIE HA UHMEPTOAAUUY
duckpemmvimu cnaatinamuy // 2Kypu. Beraumes. mat. u Mmarem. du3z. 2001. T. 41. Ne4. C. 537-548.



Obparumest K ppeiiMaM B KOHEYHOMEPHBIX ITpocTpaHcTBax. KoHedHOMepHBIH dhpeiim — n3-
OBITOYHAA CUCTEMa BEKTOPOB, MOPOXKIAIOIIAA BCE MPOCTPAHCTBO. VIMEHHO CBOWCTBO M30BITOY-
HOCTH TI03BOJISIET BOCCTAHOBUTDH MCXOJHBIN CUTHAJI, €CJIU IPH Tepejade M0 CeTU HEKOTOPbIe U3
KO3(PUITMEHTOB €ro pasjiozKeHus 1o hpeiiMmy ObLIN MOTEePIHbI.

[TousaTre dpeiiva odeHb MIUPOKO — (hpeiiMoM SBJSeTCs J00ast cucTeMa BEKTOPOB, COJIEp-
kammasa 6aszuc. OCHOBHON MHTEpeC NMpeJICTaB/ISIOT (ppeiMbl, OJM3KMEe B HEKOTOPOM CMBICTIE K
oproroHajbHbIM OasucaMm. Takue ¢ppeiiMbl HA3BIBAIOTCs KECTKUMHU. VIMEeHHO KécTKue dppeiiMbl
OKa3bIBaIOTCd Hambosiee YI00HBIMA BO MHOTUX MPUKJIAIHBIX 3a/ladax.

Cpemn kécTkux (peiiMOB BBIJIEIAIOT OT/EIbHBIE KJIACCHI, BaXXKHbIE C TOYKU 3PEHUA ITPU-
JIOZKEHWIT: TapMOHUYECKe 1 00OOIIEHHBIE TapMOHIYecKre (hpeifiMbl, PABHOYTOJIbHBIE YKECTKHE
dpeiimbl, xkécTKme dpeiimbl, 00Ja1a10IIUe TPYIIOBOH cTpyKTypoit. Crocobbl moCTpoeHus u
CBOIMCTBA HEKOTOPBIX M3 9THX KJIACCOB M3ydaroTcs, Hanpumep, B padbore 11. Kazammna u E. Ko-
BAYEBIYZ.

Tak>ke mpejicTaB/IgeT UHTEPEC MOCTPoeHNe (PpeiiMOB ¢ KOHKPETHBIMU CBOMCTBAMU: HAIpPU-
Mep, C 3aJJaHHBIMI HOPMaMH 3JIEMEHTOB M 3a/IaHHOI MaTpuiieil ¢gppeiima.

Baj1a1a BOCCTAHOBJIEHNsT UCXOTHOI'O BEKTOPA 10 ero (hpeiiMoBbIM KoddduiimenTam morpedbo-
BaJla BBEJICHUS TTOHATHUS JBONCTBEHHBIX (PPEMOB, Cpeu KOTOPBIX Ha OCHOBE SKCTPEMAJIBLHOIO
CBOMCTBA BBIJIEIAETC KAHOHUYIECKU TBONCTBEHHBIN dpeiim.

@peitMbl ABJIAIOTCA OJIHUM M3 BaXKHBIX WHCTPYMEHTOB MUMPOBOit 00pabOTKM CUTHAJIOB.

Ilenap paboThI.

1) Jlemaavroe usyuerue sudmunzo6ur npeobpasosanuti QUCKpemmulT nepuoduseckus cuz-
HAA08 € MOYKY 3PEHUSA QUCKPEMHO20 24PMOHUYECKO20 AHANUSA.

2) Buachenue, Kak SAUANOM YNPaBAAOWUE GYHKUUL HAG HOPMUPOSAHUE AUPMUH206bIT
ba3ucos ¢ onpedeseHHBIMU CEOTICTNEAMU.

3) HUccaedosariue KoHEUHOMEPHUT HPETMOE CREUUAALHO20 8UA, 8 KOMOPHIT KaHCOT Cae-
QYW INEMEHM, NONYUAENCA YMHOACEHUEM NPEIBLOYULE20 HA YHUMAPHYIO MATNPULY.

4) Ioayuerue Gucmpuls aN20PUMMOE EUBACTNHVLEL PA3N0AHCEHUL.

Meroauka mcciemgoBaHusi. B jqucceprannoHHOi paboTe UCIOIb30BAINCH METOIBI JIUCKPET-
HOI'O TapMOHHNYECKOI'O aHaJIl3a, BBIUUCJJINTEILHON MaTeMaTHuKU, JIMHENHO a.HI‘e6pI)I.

Haquaﬂ HOBU3Ha. B Auccepranvu IIOJIYy9EHbI CJACAYIOINEe OCHOBHBIE DE3YJ/IbTAaThI.

1) Jlemaavro paspabomara meopus AuGmMuH2086T NPeobpasdosanuli 6 npocmparcmee Ouc-
KPEMMBLL NEPUOOUYECKUT CULHAN08.

2) Usyueno sausnue ynpasisowus Gyrrkuul Ha ceolicmsa audmunzosvx 6azucos. Haii-
der cnocob GuPaANCEHUS BCET INEMEHMOE AUPMUH206020 basuca wepe3 ba3ucHvle PyHk-
YUU NEPBO20 YPOGHS.

3) Uccaedosarv, cucmemvl 6EKMOPOS CREYUAALHOL0 UG, 8 KOMOPVLLT KAHCOT CAOYIOUUT
BEKMOP NONYUAEMNCA YMHONCEHUEM NPEIVOYULE20 HA YHUMAPHYIO Mampuyy. Yemaros-
AeH Kpumepud, K020a Marxai CuCmema ABAAMCA AHcéEcmrum dpetimom. Yraszarn cnocob
npeobpasosaHUs CUCTEMDL CNEYUAALHO20 UL 8 0000WEHHBLT 2apmoruveckutl dpetim.

2 Casazza P. G., Kovacevié¢ J. Uniform tight frames with erasures // Adv. Comput. Math. 2003. V. 18.
No. 2-4. P. 387-430.



4) BulAcHeHb YCA08UA, NPU KOMOPHIT CUCTMEMA BEKMOPOE CNEUUANHOLO UL ABAACM-
CA YUKAUYECKUM PPETMOM. YCMaH06AEHO yukAuvecKoe ceoticmeo dpetima Mepcedec-
Beny 6 n-meprom npocmparncmee.

5) Paspaboman anrzopumm nocmpoenus @petima no 3adannol mampuye dpetima u 3a0am-
HOLM HOPMAM €20 INEMEHNOB.

6) an demanvhoili anaiusd memodos Garmopusayul nosudazHuLr Mampuls.

IIpakTudeckasi meHHOCTh. Pabora HOCHUT TeopeTmdecKuil xapakrep. Pe3ynbraThl amccepra-
MM MOTYT OBITH MCIIOJIb30BaHbI B IIM(MPPOBOiT 06pPabOTKe CUTHAJIOB.

Anpob6ariusi pabotsl. I1o pesyibraraM auccepramyui ObLIN CAEIAHBI JOKJIAIbI Ha CJIELYIOMINX
Hay4HBIX KOH(EPEHIINAX U CeMUHapax:

e MexrynapojHas Hay4dHas KoH(bepeniws «Beiipiersr u npuioxenns» (Cankr-Ilerep-
6ypr, 14-20 utonga 2009 r.);

® CeMUuHap Ka,Cbe,ZLpr BBIYUCIUTEIBHON MaTEMATUKNA MaTEMATUKO-MEXaHUIECKOT'O CbaKyJIb-

tera CIIGIY;

e ceMmuHAp KadeJapbl UCC/IEIOBAHUS Olepaluii MaTeMaTUKO-MeXaHNIeCKoro (haky/ibTera

CIIor'y;

® CeMHuHap II0 JUCKPETHOMY I'apMOHUYCECKOMY aHaJIM3y U I'eOMETPUICCKOMY MOIE/INPOBa-

o (DHA & CAGD).

ITy6aukamuu. Ilo Teme auccepranuu omy6IMKOBaHO NTh pabor [1-5|, nepednciieHHbIX B KOH-
e apropedepara. Crarobu [1,2| ony6JMKOBaHBI B U3QHUAX, BXOJAANX B repedenb BAK.

Pa6orsr [1,3-5] mammcansr B coaBroperse. B crarne [1] B. H. ManozémoBy npunajexur
aHaJIN3 CJaydasi OPTOTOHAJIBHOCTH JIMPTUHTOBBIX Oa3MCOB HEKOTOPOro ypoBHdA. Kpome Toro,
B. H. Ma10o3éMOB OpeaaoKuI HEKOTOPbIE MIEHM OTHOCHUTEILHO CBOMCTB JUQPTHUHIOBBLIX 0as3m-
coB. Peanmusarus ujieil npunaie;kut auccepranty. B crarbe (3| B. H. ManozémoBy nipunaiie-
JKUT OMUCAHNE MHOXKeCTBa yrpasigomnx dyuknnii, A. B. [leBHbIil BHEC HEKOTOPBIE TTPEIOKE-
HUSI OTHOCUTEILHO CBOMCTB 0a3mCOB JIM(PTUHTOBBIX pa3jioxkeHuil. leraabHas peannsaius ujeit
ocyiecTBieHa auccepranToM. B crarbe [4] B. H. Maio3éMoB npejioKus yrporieHue jgoKa-
3aTeIbCTB. JluccepTanTy MpUHAIEKUT BBIBOJL PEKYPPEHTHOTO COOTHOIIEHUS JIJId YHUTAPHOIM
MaTPHIIbI U BBIYUC/IEHKE CIIeKTPa 9Toit Marputipl. B pabdore [5] B. H. Maio3éMoBy npuHajiesKuT
o01as MocTaHOBKa 3aJIa9/ M ONMMUCAHUE MATPUIILI BPAIEHUI B aJrOpUTMe TTOCTpoeHud dpeiima
¢ 3aJIlaHHOI MaTpuIeil ppeiima u 3aJaHHBIMI HOpMaMi BeKTOpoB. OOOCHOBAHMSA OCYIIECTBJIEHbI
JIICCEPTAHTOM.

CrpykTypa m 06beM paboTbl. /luccepranys cOCTOUT U3 BBEIEHUs, 2 TJiaB, pa3OUTHIX HA
16 maparpacdoB, criucka JUTEPATYPHI U OJHOTO IpuioKenus. O0béM quccepramuu — 133 cTpa-
uutibl. CIMCOK JInTepaTyphbl HACUUTHIBAaEeT H1 HauMeHoBaHue. B quccepramnum nMeercs 8 pucyH-
KOB.

OcHoBHBIE 0003HAUEHUS

Cy — HIpOCTPAHCTBO CUTHAJIOB (KOMILIEKCHOZHAYHBIX N-TIEPHOINIECKUX (DYHKIIUHA TIeI0UnC-
JIEHHOTO aprymenTa, r = x(j), j € Z);

wy = exp(2mi/N) — kopenb crernean N U3 €JUHUIBL;

5



Fn — muckpernoe npeobpasoanne Pypobe (JITID) nmopsiska N, cOnocTaBisioniee CUTHALY X
curnasn X = Fy(z) ¢ orcuéramu

F ]\—[1 — obpatnoe JII1®, neficrBytomiee o dpopmyiie

N—-1
. 1 ; .
x(ﬂ):NE X(hywy, JEL
—

I, — equHuYHag MaTPUIA TOPAIKA M.

Conep:xanne paboThbI

Bo BBesienun jgan KpaTkuit nCTOpudecKuii 0030p u chopMyJIMPOBAHBI OCHOBHBIE PE3Y/ILTATHI
JUCCePTaluN.

HepBaﬂ IJlaBa IIOCBAIIIEHA BeliBjIeTaM B JUCKPETHOM I'apMOHMWYECKOM aHaJIn3e.

B §1 comep:karcs BcriomoraTebHbIE CBEJIEHNsT 00 NHTEPIOIANINN TUCKPETHBIME [T€PUOTITIe-
CKUMU CILIaitHaMu. PacMaTpuBaloTcs JIBa YACTHBIX CJIydas: KOTJa IPeICKa3bIBAIOTCA HEUETHDBIE
OTCYETHI CUTHAJIA C ITOMOIIBIO MHTEPIOJSIINI 110 Y€THBIM, ¥ Hao00poT. Bo BTopoMm ciyvae nc-
OJIb3YETCH CIJIAMH CO CBUTOM apryMeHTa Ha €JIUHUILY.

B §2 BBoguTCs iudTUHrOBOE ITpeobpaszoBaHue CUTHAJA B ClieKTpaabHOi dopme. Ilycrs m,
r — HaTypaJbHble uncia. [lycts curaas z npunajiexut npocrpanctBy Cy npu N = 2m. Umes
B BUJLy JIaJIbHEliIIee pa3BUTHE COOBITHM, BBEIEM 0003HATEHUS

NOZN, lem, €y) = <.

JInprunrosoe nmpeobpaszoBaHre CUTHAJIA Z OCYIIECTB/ISETCs B TPU dTalla.
I (Split). Pacruenum curHas ey Ha JIBa CUTHAJIA

al)=eo(2), di(l)=eo(20+1), 1€0:N, —1.

O6o3HaunM El = le (61), D1 = le (d1> _
I1 ( Predict). Borauciamm npub/vkéHnbie 3Hadenust dq(l) ¢ TOMOIIBIO JTUCKPETHOIO MIEPUO/IH-
YeCKOro CILTaitHa S TopsijiKa T, ONPEessieMOr0 HHTEPIOJISIIIHOHHBIMU YCJIOBUSIMU

S(21) =€ (1), le0: N, — 1
[Monoxum og(l) = S(20+1),1 € 0: Ny — 1. Paznocrs
di(l) =dy(1) — oo(l), 1€0:N;—1,
BOODOIIEe rOBOpsi, MaJia. [Ijisi criekTpa 3Toit pa3HOCTH CIIpaBeInBa (popMyJIa
Di(k) = Dy(k) — & Ui(k) Ey(K),  ke€0:N;—1.

6



31ech
7k 7k

Ul(k):(coswk) (Smﬁk) ke0:Ny— 1.
(cos%) —l—(sm%)

IT (Lifting). O6uoBum curnan ej. s 9T0r0 BBEJEM CUTHAJ €1, CIEKTDp KoToporo F; =
Fn, (e1) onpenennm Tak:

Ei(k) = Ey(k) + Bi(k) ¥ Di(k),  ke€0:N, —1. (1)

Baecw [B1(k) — npousBosibHbI Ny-Tieproandeckuii curuas (yupasisioniast (byHKIMA), YIOBIe-
TBOPAIOIINNA YCIIOBUIO

Bi(k + Ni) = —pi(k), keO:N -1
fcno, uro npasas dactb (1) sBisiercss Ni-TIEPUOANIECKIM CUTHATIOM.
[Mapa (E), D)) HasbiBaeTcs AUGMUH206bM NPEOOPASOCANHUEM CULHAAG 2 6 CNEKMPAALHOT

gopme. Crexrp E7 cojepKuT oCHOBHYIO nHMOpManumio o ciekrpe Fg = Fy,(€g) curnana z, a
criekTp D — zeranu.

B §3 BBOauTCS MHOrOypOoBHEBOE JIM(PTHUHIOBOE IIpeobpasoBaHue CUrHaja. byaeMm cauTarh,
gro N = 2%, O6ozuauum N, = N/2¥ v =0,1,...,s. D10 0603HAUEHNE COTTIACOBAHO ¢ 0003HA~
genussmu No, Np, BBeA€HHBIME BhIlte. OTMeTnM Takxke, 9ro Ny = 1.

Panee 6b110 onmcano yimdruaroBoe npeobpasosanue Fg — (Ey, D1). 910 npeobpazoBanue
MOYKHO TTPOJIOJIZKATD:

El - (E27D2>7 E2 - (E37D3>7 ey Esfl - (E57D5>'
Ykaxkem coorBercTBytomue gpopmysbl. [lonoxxum mpu k€ 0: N, — 1

(COS Nﬂil)% (sm Nﬂil)%

(cos 575)™ + (sin57)™

Go(k) =wk (1=U,(K), h,(k)=1+8,(k)1—U,(K)).
Baech G, (k) — npoussosbaast N,_j-niepuojuyeckasi GyHKIUS, YIOBIETBOPAIONIAs YCIOBHIO

Bu(k+ N,) = —0,(k), keO:N,—1.

Uy(k) =

B § 3 mokasbiBaercs ciemytornee yrep:kaenne: npu k € 0 : N, — 1 cnpasedauswv, pasercmea

B, (k) = L [ho(k) Byr (k) + hy(k + N,) E,_i (k + N,)),
5 0.(k) E <k>+gy<k+N)Ey_1(k:+Ny)]'

D,,(k:) =
HaGop cuekrpos (Es, Dg, Ds_1, ..., D1) Ha3bIBAETCS NOAHbIM AUPGMUHL08bIM NPEOOPAZ06a-
nuem curnaia z. Ormerum, uro Ey u Dy — 910 9ncia.
[To mosroMy smudpruaroBoMmy 1peodbpaszosanuio (Es, Dg, D1, ..., Dp) JIerko BOCCTAaHOBUTH

CIIEKTD Eo NCXOJHOI'O CUrHaJla z. ,HJIH 9TOI'0 BBG,ILéM JABa BCIIOMOTI'aTeJIbHBIX CHUI'HaJla

ho(k) =1+ Uy k), gu(k) = wy;, (1= B, (k) hu(k)), k€0:N,q—1.

Nmeem

Eufl(k) = hu(k) ( ) g,,(/f) D,,(k),
E,_1(k+ N,) = hy(k+ N,) E, (k) + g,(k + N,) D, (k),
keO:N,—1, v=s,s—1,...,1.



[Ipu v = 1 nonyunm Ey = Fy(2).

DopwmyJta obparieHud Jjist JIUMTUHTOBOTO TTpeobpa30BaHus TPUBOIUT K JIU(DTUHTOBOMY Pa3-
JIOZKEHWIO CUTHAJIA TI0 BEHBJIETHOMY Da3ucy. 9ToMy BOIpoCy HocBAIIEH § 4. Breém obo3HavueHms

Hy - h1h2 T hV7 GV - h1h2 c 'hy—l 9v,
:f]:fl(Hv)a ¢V:f]:fl(Gv)

IMPEJJIOXKEHUWE 4.2. [lyemv N =2° ut € 1:s. Jlaa aobozo cuenana z € Cy cnpased-
AUBO PABNOHCEHUE

Ni—1 t N,—1
25) =Y elk) oG —2%) + > > du(k) (i —2°k), jEZ, (2)
k=0 v=1 k=0

2de e, = Fy(Ey), dy = Fy(Dy).

@opmyita (2) Ha3BIBAETCA AUPMUH208DM PA3A0NHCEHUEM CUTHATIA 2.
IIpu xaxxkmoMm t € 1 : s cucreMa CUTHAJIOB

Ni—1.

{{@t(j—Qk o {v(G —2"k) kNigl, VZl,...,t}

asjigerca 6asucom B Cy.
[Ipu t = s dopmyna (2) HA3BIBACTCH NOAHBIM AUGMUN206bIM Pa3A0NHCEHUEM curHATA 2. [Tep-
Basl CyMMa B [IPABOM YaCTH TAKOTO PA3JIOZKEHMsI BEIPOZKIAETCS JI0 01HOTO cytaraeMoro eg(0)os (7).

IMPEAJIO2KEHWUE 4.3. Hmeem mecmo mootcdecmeo ps(j) = 1.

Ha ocnoBanum npejioxkennii 4.2 n 4.3 3akja049aeM, 9TO MOJTHOE JTU(MTUHTOBOE PA3JIOKEHHE
curnasna z € Cy umeer Buj

s Ny—1

0+ > > d(k)eu(j—2k), jEL (3)

v=1 k=0

Curnaner ¢, = F ](,I(H ), ¥ € 1 : s, BeleCTBEHHBI U YETHBI, OCKOJIBKY BEIeCTBEHHBIMU 1
YETHBIMU ABJISIOTCA X JUCKpeTHBIe TpeobpasoBanns Oypwe H,. Pazbepémcs ¢ curnasom v, =
f](,l(G,,), 3aBUCAIIIM OT yrpasJsiomnieit N,_i-nepuojandeckoit pyuknun [3,. [loka garo na 3,
HAaJIO?KEHO OJTHO YCJIOBHE

Bu(k+ N,) = —03,(k), keO:N,;—1. (4)

INMPEOJIOXKEHMUE 4.4. Jlonycmum, wmo wapsdy ¢ (4) gynrkyus B, obaadaem caedyrouumu

ce0UCMBAMU:
B, sewecmeenna u YEMHa,
1

Toeda cdsurnymuiti cuenan x,(j) = 1, (j + A,), ede A, = 2"~ bydem sewecmeennvim u wém-
nowm. IIpu amom



INMPEOJIOXKEHMUE 4.5. Ecau ucxodnwd cuenan z(j) — eeuwecmeenmill U 6binosHeHvl YCao-
sus npedrosicerus 4.4, mo ece KoapPuyuenmos NoAH020 AuPmunz06020 passodcenu (3) ee-
WeCTNBEHHDL.

B §5 u § 6 BBojInTCH [ABOMICTBEHHOE JTU(PTUHTOBOE ITPEOOPA30BAHNE U COOTBETCTBYIOIIEE JTBOT-
CTBEHHOE JIUPTUHTOBOE PA3JIoyKeHe CUrHaja. B 1BoiicTBeHHOM JTUPTUHIOBOM IIPeodpa30BaHNN
UCIIOJIB3YETCH CILIANH-UHTEPIIOJIAIUS 110 HEUETHBIM OTCUETAM.

B § 7 ycranapiuBaeTcst OGMOPTOTOHAJIBHOCTE 0A3UCOB MPAMOIO U JABONCTBEHHOTO JIN(TUHIO-
BbIX PAa3JIOZKCHUN.

[Taparpad 8 MOCBAIIEH OMUCAHUIO MHOXKECTBA, yIpaB/ISOmMuX (GbyHKImi 1, ..., [, yI0BjIe-
TBOPAIONIMX yCJI0BUsM Tipe iozkernst 4.4. HamomuuMm, 4To ocHOBHBIM HiepuoioM (3, (k) aBisgercs
muozKkecTBO 0 : N,_1 — 1.

Oynximn 5 u B,_1 onpenensorcs onposHauHo: J5(0) = 3, B5(1) = —3;
% npu k = 0,
Bs-1(k) = —% npu k = 2,

0 npu k=1, 3.

Ormernm, uro (s 1(2k) = Bs(k) npu k = 0 : 1. [TorpeGyem, arobbl u B 00IIEM Cilydae mpu

v=58—2,5—3,...,1 BbIIOJHIIOCH COOTHOIIIEHNE
B, (2k) = By (k), keO:N,—1 (5)
Takum 06pazoM, HAC UHTEPECYIOT YIIpaBJsdionue MGyHKIUn 1, . . ., Fs, KOTOPbIe HAPSIy C YCI0-

BUSIMU TIPeJIIOKeHUs 4.4 yIOBJIETBOPSIOT €Il U YCIOBHIO ().

Bosbmém dyuknuio 5, (k) npu v € 1 : s — 2. Eé 3HaueHnst Ha Y6THBIX MHJEKCAX OIpejIesie-
ubl opmysioit (5). B §8 mokaseiBaercs, 9To J0cTATOYHO 3a1aTh 3HauUeHus [3,(2k + 1) TosbKO
npu k € 0 : Nyyo — 1, Torma dyukius (3, (k) Gyaer onpejeneHa Ha BCeX HEUETHBIX WHIEKCAX
OCHOBHOTO TIEPHO/IA.

[Tocsie Toro kak nocrpoena yukiwys G1(k), k € 0: N — 1, ocrajibHbie yrpas/istorime hyHK-
wn O2(k), . .., Bs(k) BoccTaHABIMBAIOTCS € TIOMOIIBIO MPOIE/YPBI TPOpeKuBaHus (H), KOTOPYIO
yI00HO TIepenncaTb B BUIE

Bui1(k) = 6,(2k), keO:N,—1 (6)
IMPEOJIOXKEHMUE 8.1. Pasmeprocms mnoocecmea dyrkyud 31 pasna N/4 — 1.

OrmernMm, uTo DYHKIMA () U3 TpeIozKeHns 8.1 MOJTHOCTBIO OPEJIE/ISIIOTCS CBOUME 3HAE-
Husivu Y = O1(k) npu k € 1 : Ny — 1. Jlnga wuniocrpanuu npuseiém Bu, 31(k) Ha OCHOBHOM
rtepuojie ipu N = 16:

Bl - (%7 Y1, Y2, Ys, 07 —Ys3, —Y2, —Y1, _%7 —Y1, Y2, —Ys, 07 Ys, Y2, yl)

B kauecrse 3, (k) npemnaraiorcsa byHKIMN

% nmpu k€0: Ny, —1uk €3N,y +1: N —1,
By(k) =<0 upuk=N, 1 nuk=3N,, (7)

—% npu k € Nyy1 +1:3N,1 — 1

B,(k) = LU, k), B,(k)=U,(k)/Q+Uk), ke0:N, ,—1.



Onn 0671a/1210T BCeMU CBOHCTBaMU, OTMeYeHHbIMEU B IiyHKTe 8.1, BKIouas (5). Ha pucynkax 1,
2, 3 uzobpazkennbl Gynkuuu (k) ykazannoro suga npu r = 2 u N = 32.

I ]
o LI

Puc. 1. 'padux byuxmmn 5 (k) suna (7)

IR ]
o ST

Puc. 2. I'paduk dyukmun G (k) = %Ul(/f)

I ]
o I

Puc. 3. T'padux dyuxuun 3y (k) = Uy (k) /(1 + UE(k))

B §9 usyuatorca cBoiicTBa 6a3ucHbIX GYHKIMN JUGTUHIOBBIX pasioxkennii. [Iycrs N-mre-

. 1
puo/mueckas byukims (i (k) BemniecTBenHa, 4éTHa, B Hy/Je PaBHA ; U CJBUI' apryMeHTa Ha
N, unmb MeHsieT ee 3HAaK Ha IMPOTUBOIOJIOXKHBIH. [[ycTh ocrabHble yrpapisioniie (pyHKIANR
Ba(k), ..., Bs(k) crposites ¢ momornbio popexkuBanus 1o npasuiy (6). [Tpu srux mpemnosoxke-

HUAX UCCIIEyeM HEKOTOPbIe CBOiCTBa 6a3MCHBIX (DYHKIMI BeiiBeTHOrO pasyioxenus (2).

INPEOJIOZKEHWE 9.2. [Ipu ecex v € 1: s — 1 cnpasedausv, mootcdecmea

()= o 2Well), jei: ®)
bon() =3 o — 2 (D), jeZ. ©)

=

o

CJIEACTBUE. 3adanue p1, 11 onpedeasem @, , 1, daa ecex yposnet v.

PekyppenTHbie cooTHOIEHNsI, aHagorudabie (8), (9), uMeroT MecTo u it 6A3MCHBIX CHIHA-
JIOB JIBOMCTBEHHBIX JIN(DTUHIOBBIX PA3JIOKEHUI.

[pemosiozknumM, 4To ynpassiomas Gynknus 3, yaosiersopser yeiosuto (4) u 3,(0) = &

5
Torma cripaBeI/IMBbBI CJIEIYIOIINE YTBEPXK ICHUS.
IMPEOJIOZKEHWUWE 9.5. IIpu ecex j € 0: N —1

Vs(j) = —ps—1(j) + 5 -

IIPEJJIO2KEHWE 9.6. IIpu scex v € 1: s sepHo pasercmeo

2

—1

eu(j) =2".

<.
Il
<)
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INPEOJIOZKEHWE 9.7. Ilpu v € 1: s sepru, pasencmea

N/2-1 N/2—1
> w(29) =27 > e(2q+1)=2""
q=0 q=0
Ecan ke curnajiet (s, . . ., 3 HOJIydaioTCsa U3 (31 ¢ MOMOIIBIO IIPOPEXKUBAHNA, TO CIIPABEIIN-

BBI CJIE/IYIONIE paBEeHCTBaA: TIpu Bcex V € 1 : s

N/2-1 N/2—1
> (29)=0, ) w(2q+1)=0.
q=0 q=0

Bropas raBa muccepraliun mocBsiliieHa KOHETHOMEPHBIM (bpeiiMaM.

B § 10 npuBoasTCs SKBUBaAJIEHTHBIE OIIpeesieHnst (ppeiiMoB u xkécTtkux dpeitmor. Haumém ¢
0011Iero omnpee/ieHuss KOHeIHOMEPHBIX (PPeiiMOoB.
Henyaesvie sexmopvl ©g, 01, . .., om—1 u3 C" npu m = n obpasyrom @petim, eciu ux sureti-
nas obonrouxa cosnadaem ¢ C",
m—1\ __ n
£({<Pk}k:o) =C"

ObozHaunM yepes @ MATPHUILY CO CTOJOIAMUI g, P1, - -+, Om1-

IMPEOJIOXKEHUE 10.1. Cucmema {px}}", asasemea @petimom 6 C* moeda u moavko
mozda, xoeda spmumosa mampuua S = P D" nososcumenvro onpedesena.

Matpuity S HaswIBAIOT Mampuuet dpetima.

HamomuauMm omnpeiesienne xKéctkoro dpeiima.
HKéemwum Ppetimom 6 C" nasveaemesn nabop Henysesvr 6exkmopos {po, ©1, .., Om-11,
maxot, wmo npu nexomopom A > 0 (kKoncmanma @peiima) coomsememsyowas Mampuya

Ppetima umeem 6ud
S=AI,. (10)

[IpuBeéM JiBa SKBUBAJEHTHBIX OIIPeeIeHus KECTKOro dpeiima.

MPEOJIOXKEHUE 10.3. Cucmema {@p}7= asasemca sicécmmum @petimom 6 C ¢ xon-
cmarmot A > 0 mozda u moavko moeda, xoeda w060t sexmop x € C" donyckaem npedcmas-
AEHUE

3

0

IMPEAJIOXKEHUE 10.4. Cucmema {op )7~ asasemesa sicécmmum @petimom 6 C ¢ xon-
cmarmot A > 0 moada u moavko mozda, k0204 6EPHO COOMHOUWEHUE

B
Il

3

‘(x,gok>‘2:A||x||2 VaxeCn
0

i

Koncranra dpeitma A He0OX0IMMO paBHA TAKOW BeJIUYNHE:

A=1) el
0

3

i

CymecTByeT eIié ogHO SKBUBAJECHTHOE OIpee/IeHIe XKECTKOro dpeiima.

11



INMPEAJIOXKEHMUE 10.5. Cucmema nenyasesor eexmopos {po, ©1, ..., @m-1+ u3 C" npu
m = n obpasyem orcécmrutl dpetim moada u moavko moezda, Ko20a

S (o] (Z ||sok||2)

k,j=0

B R? xécTkuit dppeitm 06pa3yioT euHIYHbIE BEKTOPHI

=) B (Gg) B0

i= (L) w2

(BepXHUI MHJIEKC YKa3bIBAET Ha Pa3MEPHOCTh BEKTOPA). DTOT KECTKUil (peiiMm HazbIBaeTCst
ppetimom Mepcedec-Bery, (M. pucyHOK 4).

bt b3

Puc. 4. ®peiim Mepcenec-Benr B mpocrpancrse R?

HaJIOTUYIHBIE (Dpeitmbl ObLIM TTOcTpoeHb! B R™ pm smroboMm n > €BHBII MBEJIEM
A 0 R™ 0 2(A.B. 11 I it

cooTBeTCTBYIOMME (hopMyJibl. 3adpuKcupyeM HEKOTopoe n > 2. ,HonyCTHM, 9TO KECTKUHN hpeiim

{b”_l}’L1 B R"! yxe mocrpoen. ®peiim {07 ;Lill OIpEIENIAeTC KOHCTPYKTUBHO. [Tostoxkmm

bgH =(0,...,0,1)"

yn2—1 pyn—1
by = mo : jel:n.

n

ITPEIJIOZKEHWUWE 10.7. Cucmema sexmopos {b;‘ "fl obpazyem orcécmruti dpetim 6 R™ ¢
Koncmarmot A =1+ %

B §11 onpenensarorcs o600IIEHHBIE rapMOHITYecKHe (peiiMbl. BBosITCsSI cClICTEMBI BEKTOPOB
CHEeNUaJbHOTO BUJA, TJle KaXKAbI CJAEIYIONINA BEKTOD IIOJIydYaeTCsd YMHOXKEHUEM IIPEbIIYINETO
Ha YHUTAPHYIO MATPUILYy. YKa3bIBAIOTCS YCJIOBUS, TPU BBINOJHEHUA KOTOPBIX TaKasg CHCTEMa
MOKeT OBITH IIpeoOpa3oBaHa B 0OOOMIEHHBIN rapMOHUYIECKHI dpeiim.

[lyctb m > n > 1. Bo3bMéM KOMILIEKCHOE YHCIO ¢, |¢| = 1, m 0b0o3HauMM duepe3
C1,Co, ..., Cp TIOTIAPHO Pa3JINIHBbIe KOPHU M- cTelleHn n3 ¢. Bo3bMEM TakxKe N KOMILIEKCHBIX
qucen by, by, ..., by, 10 MOMIYJIIO paBHBIX eJuHUIE. BeKTOpHI

wk(j)_lbjcj7 jel:in, kel:m-—1,

00pasyIoT 0606wEHHbIT 2apmonuveckuts dpetim. B gactHOCTH, 10 (]) = ﬁ bj, j € 1:n. dcno,
910 ||¢k]] = 1 npu Beex k € 0:m — 1.

INMPEOJIOXKEHMUE 11.1. O606wénnviti 2apmonuseckut dpetim {tbo, V1, ..., Ym_1} Acasem-

ca oicéemrum petimom ¢ Konemanmot A =

12



[IycTb mo-ipexkuemy m > n > 1. BozbMmém yauTapuyio marpuity U mnopsijaka n, e IMHAIHbIA
BeKTOP o € C" 1 OCTPOMM TI0CJIE/I0BATE/IbHOCTD €IMHUIHBIX BEKTOPOB

or =Upp_1, k=1,...,m—1.

O6o3naunm Y = {pg, ©1, .., Om-_1}-
BamnmieM crieKTpaabHOe Pas/ioKeHne YHUTapHOH MaTpuisl U:

U = PAP*,

rie P — marpwuiia, cTojomaMu KOTOPO SIBISIIOTCS OPTOHOPMHUPOBaHHBIE COOCTBEHHBIE BEKTO-
DB P1, P2, - - -, Py MaTpuiel U, u A — nmaronanbaas marpuna, A = diag(Ai, Ae, ..., \,), ¢ ana-
POHAJIBHBIMU 3JIEMEHTAMHU, 10 MOIY/I0 paBHbIME eauauIie. CucreMy BEKTOPOB

wkzp*(pk, kEO:m—l, (11)

obozHaunM depes V.
TEOPEMA 11.1. Ecau @ — orcéemuudi ¢ppetim, mo W — 0600w,Ennviil 2apMOHUNECKUT (hpetim.

YesoBue xkéctkocTu dpeiiva @ B Teopeme 11.1 MOKHO 3aMEHUTH YCIOBUSIME Ha YHUTAPHYTO
MaTpuily U u Ha4aJIbHBIN BEKTOP (.

TEOPEMA 11.2. Cucmema sexkmopos ¥ euda (11) sasasemcs 0600wWEHHbIM 2aPMOHUYECKUM
Ppetimom moada u moavko moezda, Ko2da

(o) cobcmsenmnvie wucaa A, Ag, ..., N\, mampuuyv, U cymsb nonapro pasiudnve KopHu
m-1i cmenenu u3 nekomopozo wucaa ¢ € C, |c| =1;

(8) ‘<<)007pj>| = ﬁ npu ecex j € 1 :n.

B §12 ycranaBiuBaercss KpuTepuil, KOrjaa CHCTeMa BEKTOPOB CIENHUAJBLHOTO BUIa 00pas3y-
er xkeéctkuit dpeiim. [lycrs U — yHuTapHas maTpuiia mopgaka n ¢ COOCTBEHHBIMUA YUCIAMU
Al, ...y Ay, TIO MOJIYJIIO PABHBIMU €JIMHUIE, U COOTBETCTBYIOIIUMUI OPTOHOPMUPOBAHHBIMU COO-
CTBEHHBIMU BEKTODAMU P1, ..., Pn. BO3BMEM eIUHUYHBIN BeKTOp ¢y € C" m mocrpoum mnpu
m = n CUCTeMY BEKTOPOB

{@07 U9007 U29007 BRI Um_1¢0}~ (12)

Korga cucrema (12) 6ymer xécrkum dpeiimom?

TEOPEMA 12.1. Jlas mozo wmobv, cucmema (12) 6vina orcéemrum dpetimom, 1eobrodumo
U docmamouro, 4Ymobvl BHINOAHAAUCYH 08A 1YCAOBUSA:

(@) cobecmeenmnvie wucaa Ay, . . ., Ay mampuyst U cymov nonapio pasiusnvie KOPHU Cmenex
m ua nexkomopozo wucaa ¢ € C, |c| = 1;

(8) ‘<<)007pj>| = ﬁ npu ecex j € 1 :n.

Tenepb 3a/1auMcsT BOIIPOCOM, KOTJla cucTeMa BeKTOpoB Buja (12) obpasyer dpeiim.

TEOPEMA 12.2. Jlaa mozo wmobv cucmema (12) 6wna ¢petimom 6 C", neobxodumo u
docmamouro, 4mobv, GHINOAHANUCH 0BG YCAOBUSA:

(@) cobemsenmnvie wucaa Ay, ..., A, mampuyo, U nonapro pasauwmoe;
(8) ‘<¢oapj>| #0 npu ecer j € 1:n.
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Ormernm, aro yenoBus (a) u (5) Teopemsl 12.2 He 3aBuCAT OT M.

B § 13 ykasbiBaercsi, KOT/ia CUCTEMAa CIIEIUATLHOTO BUIA SABJISETCS MUKJIMIeCKUM (hpeiiMom.
Hopmuposannbiit skéctkuit dbpeiim {©g, @1, - . ., @m_1} B C" 1pu m > n HA30BEM YUKAUYECKUM
¢ korcmanmot ¢ € C, |c| = 1, ec/iu BBIIOJIHAETCST COOTHOIIEHHE

<on+17§05+1> - <¢k7¢s>7 k78 €0:m— ]-7 (13)

e ¥m = CP0-

TEOPEMA 13.1. /las mozo wmobv, cucmema 6ekmopos { g, 1, - - -, pm—1} ud C" npum = n
ovina yurauveckum ¢ xowemawmot ¢ € C, |c| = 1, nopmuposarmvim scécmrum @petimonm,
HEOOXOOUMO U AOCMAMOYH0, 4Mobb, Hawaacy yrumaphas mampuya U nopadka n, maxas,
Ymo

o = Urpg, kel:m-—1,
NPUUEM BCE COOCTNBEHHDIE YUCAL N1, . . ., Ay Mampuyv, U cymsb nonapro pasiurvmnvie KopHu cme-
NeHU M U3 ¢, a4 COOMBEMCMBYUUE OPMOHOPMUPOSAHHVIE COOCTNBEHHBLE BEKMOPYL D1, . . ., Pp
YA0BAEMBOPAIOM, YCAOBUIO
_ 1 : )
|<9007pj>‘—%, jel:n. (14)

OxkaszbiBaercst, uTo (dpeitm Mepcenec-BeHIl B n-MepHOM IIPOCTPAHCTBE TaKKe MOYKHO IIPE/I-
CTaBUTh KakK XKECTKUil dpeiiMm crenuajbHOro Buga. B §14 ycranHaBamBaeTcsl IIPOCTOE PEKYp-
PEHTHOE COOTHOIIEHUE sl COOTBETCTBYIOIIEH YHUTAPHON MaTPHIIBI, KOTOPOE, B YACTHOCTH,
IIO3BOJIAET BBIUUCIUTE CIEKTDP 9TOH MaTPHIILL.

Bseném kBajipaTayo marpuity U, mopsgaka n ¢ IMOMOIIbIO PEKYPPEHTHOI'O COOTHOIIEHUS

U = [-1];
_ _ _ 2__ —
e wTs, pupty, YR B
Uk— B2_1 1 ’ k_2a )y 1,

0o, ..., 0, T, —%
re uf‘l — j-#t cronben marpunpl U,_1. Kak n panee, depes {b;‘ ;Lill oboznagaem dpeitm Mep-
cenec—benir B mpocrpancree R™.
TEOPEMA 14.1. Cnpasedausnvi dpopmyavi

Un by =07, jel:n U, by =07 (15)

VMmeHHO 9TO MMeeTCs B BUJLY IO IUKJIMIECKIM cBoiicTBOM (bpeitma Mepcenec—bemir.
Broisicuum cBoitcrBa marpunibt U, ipu n > 2.

TEOPEMA 14.2. Mampuua U, — opmozonasvhas. Eé cobcmeennvimu vucramu A6AA10MCA
1 2 n
Wit 1s Wnt1s -+ Wt

[Taparpad 15 mocBsImén anaJm3y CIeIyIONeil 3ajaun: KaK CBA3aHbI COOCTBEHHBIE YUC/IA
MaTpuIlbl (bpeiiMa m HOPMBI ero 3jeMeHToB? OmuchbiBaeTcs aJI'OPUTM IHOCTpoeHus dpeiima ¢
3aJIaHHOI MaTpuIeil ppeiiMa u 3a/[aHHBIMIA HOPMaMU 3JIEMEHTOB.

Pacemorpum dpeitm B mpocTpancree C" n KaHOHUYECKM JBoMicTBeHHbIN (bpeitm. C npons-
BOJIbHBIM JIBOMCTBEHHBIM (bpeiiMoM {1y, ..., Y, } CcBszKeM BeMUnHY

P=> Il
j=1

B §16 mokazana ciemyroras
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TEOPEMA 16.1. Kanonuueckuti dsoticmeennviti hpetim AcAsemCAs eOUHCMEEHHbIM 0601~
CMBEHHBIM PPETUMOM, HA KOMOPOM esuvuna P docmuzaem naumenvue2o 3HAUEHUA.

B muccepranmonnoit pabore nMeeTcs MPUJIOXKeHNe, IMOCBIIEHHOe PaKTOPU3aIINK HoIudas-
vbix MaTpuil. [lommdasnass maTpuiia conocrapiasgeTcs mape MmoJnHoMoB JIopana, KOTopbie cOOT-
BETCTBYIOT (DUIBTPAM HUKHUX U BEPXHUX YACTOT. BBICTPBIH ajropuTM BEHBIETHOTO Pa3/IoyKe-
HUs ToJiydaercd npu dpakropusanuu nosmdasnoit marpurbl. B. Ceenyenc u U. Jlobemu mpesi-
JIOXKMJIA MeTOJT (haKTOPU3aIni, OCHOBAHHBIN Ha ajropurMme EBkiuga s moaumHOMOB JlopaHa.
Jlenenue ¢ ocraTKOM MOJIMHOMOB JIopaHa HeeIMHCTBEHHO. DTO MO3BOJISET MOIYIaTh PA3IUIHbIE
BapUaHThI (paKTOPU3AINN HOJIU(A3HON MATPHUIILI 1 BLIOMPATH CPpean HIUX HauboJiee IpoCTOoil Ba-
puaHT. B mpuiioykeHnn POBOIUTCS JAeTaIbHBIN aHAJM3 METOA0B (DaKTOPU3AIIH TOTH(MA3HBIX
MaTpuil. B KavgecTBe 0/IHOTO U3 NIPUMEPOB PACCMATPUBAELTCA (DAKTOPUBAINSA TTOJIMMAZHON MaT-
PHIIBI, COOTBETCTBYIOMIEH ape Gpuabrpos (9-7).
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