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[Toyemy cumrTaercs, 4To CeKTp oTpe3ka GyHkimu SiN(2x f t) comepkut nHOE, HO HE rap-
MOHHKY ¢ 4acToToil f ? B cTarbe BBOAUTCS B pacCCMOTPEHUE HOBasi KAUYeCTBEHHAs] XapaKTepH-
CTHKa KOPOTKHUX TPOIIECCOB - CIEKTP, COCTOSIIMA U3 KOHEYHOTO ONTHUMAIbHOrO Habopa He
00513aTEIbHO OPTOTOHAJIBHBIX TAPMOHUYECKUX COCTABIISIONINX. OMUCHIBAIOTCS CBOWCTBA CIIEK-
Tpa. CaenaHsl BBIBOJBI O BO3MOKHOCTH Pa30KEHHUSI KOPOTKUX JUCKPETHBIX U HEMPEPBIBHBIX
IIPOLIECCOB B KOHEYHbIE rapMoHuYeckue psaabl. [IpemyiararoTcss cnocoObl onpeaeneHnsi HOBOro
cnektpa. U3naratorcss metoasl 3¢(GHEeKTUBHON anmpoOKCUMAaIllMd KOPOTKUX MPOIECCOB, UCTIONb-
3yeMbl€ [IPU pacuyeTe HOBOTO CHEKTpa.

B nHacrosmiee BpeMs ciocoObl ONpeesieHus CIIEKTpa MPOLECCOB M OT/IEIbHBIX CUTHAJIOB OCHOBAHBI Ha HC-
MOJIb30BAHUHU UX PA3TI0KEHUH B PSIIbI WK TIPEICTaBICHUN HHTerpaiaMu Dypre ¢ IpUMEeHEeHneM 0a3uCHBIX Op-
TOTOHANBHBIX QyHKIMNA. OJTHAKO 3TH CIIOCOOBI BMECTE ¢ MX MOAU(DUKAIUIMH HE Beeraa 3(pPpeKTHBHBI TPU aHa-
JN3€ KOPOMKUX CUSHAN08 (UMEIOIINX KOHEYHYIO JUIUTENbHOCTE), B TOM uucie (pparMeHToB mpoieccos. [ mas-
HBIM SIBJIIETCS TO, UTO B HUX UCKYCCMBEHHO HABA3bIEAEMCS NOBEOEHUe CULHANA HA KOHYAX U 6He unmepeana (B
TOM YHCIIEe Pa3pbIBbI IEPBOTO POJAa CUTHAJIA M €r0 MPOU3BOJHOMN), YTO OTPHUIATEIFHO CKa3bIBAETCS HA MOKa3a-
TEJNSAX, XapaKTepPU3YIOMIUX KoJieOaTelbHbIe CBOWCTBA CHTHala. PaccMOTpuM (parMeHT peanu3alu CTaluo-
HapHOTO HEIMPEpPBIBHOTO Mpollecca. PaccuntaemM ero CHexkTp, UCIOIb3ysl MHTErpaibHOE npeodpasoBaHue Dy-
pre. B Takom criekTpe He 0TOOpaXkaroTcsk KOPPEISIIMOHHBIE CBOMCTBA MPOIIecca, YTO HE MO3BOJISET UCTIOIB30-
BaTh €ro, HAIIPUMEP, JUIS SKCTPAMOJISAINH. AHATOTMYHOE UMEET MECTO U Ui JUCKPETHHIX (0 BPEMEHH) Ipo-
neccoB. Jlanee, criekTpsl Ha OCHOBE pazioxkeHuit dypbe 001a/1at0T 3HAYUTENBHOU M30BITOYHOCTHIO (IO KOJIH-
4YecTBY TapMOHHK). B pe3ynbrare nmeem: TpaAUIIMOHHBIA CHEKTP KOPOTKOTO aHAJIOrOBOTO MpoIecca, COCTOs-
IIETO U3 HECKOJIBKUX TAPMOHMK, HE SBJISAETCS JIMHEWUYATBIM, YTO HE COOTBETCTBYET peajabHOCTU. 100 capmoHu-
Kol B JAHHOU CTaThe MOHUMACTCA 1:00as CUHYCOUOANbHAS COCMABIAIWAs TIPOLIecca.

[TosToMy, B HacToAIIee BpEMs aKTyaIbHO JJIsl IPAaKTUYECKUX MPUIOKEHUH IPUMEHEHnEe HHOTo, Ooee d¢-
(dbexkTuBHOTO criocoba onucaHusi KojaeOaTeNbHBIX CBOWCTB IMpoLIecca 8HYmMpu 8pemeHHo2o unmepsana. C 3Toi
LIEJIbIO BBEAEM B PACCMOTPEHUE HOBbIU MUN CHEKMpa U NPEOS0NCUM AN20PUMMbL €20 paciemd.

[TocTaBuM U penIuM CIeayIIYI0 ONTUMH3AUOHHYIO 3a1auy. Onpedenums MUHUMATbHOE KOnuuecmeo K
2apPMOHUK He 003ameNibHO OPMO2OHANbHBIX, 8 CYMMe 00pa3yrowux (¢ 3a0aHHOU MOYHOCMbIO) 6HYMPU 8DEMEH-
nozo unmepsana [0,T] kopomkuii npoyecc — ouckpemmuutii no spemenu - X[N|, uiu nenpepoisnwiii - X(t), a max-
JHce paccuumams 3Ha4eHusl

Ao,(Al,Bl,(Dl),...,(AK,BK,(DK) (1)
napamempos dmux 2apMOoHUK — 4acmomul U amnaumyovl. 30eco Ag - nocmosannas cocmaénsiowas. Ilpu smom
noseoenue CyMMbl 6He UHMEPBANA HUYEM He O0NHCHO Oblmb 02PAHUYEHO.

Haiinennsiii B pesynprare pemienus Habop (1) Oyaem cuMTaTh UCKOMBIM CHEKTpoM. B oTnudme or crek-
TPOB Ha OCHOBE pa3iokeHuil Dypbe HA30BEM €T0 ecmecm8eHHbIM 2apMOHU4eckum cnekmpom (E-cnexmpom)
KOpOmKo20 npoyecca. B TOJNpHBIX KOOpAMHATAX apaMeTpaMH CIIeKTpa OyayT {wk, R, @k} . OTMEUeHHBIE BBIIIIE
HEJIOCTaTKU (SIBJIAIOIIKEcs cBoiicTBamu criekTpa Dypbe) U paa APYTUX Y HOBOTO CHEKTPa OTCYTCTBYIOT.

W3noxenHas ¢popMynupoBKa 3a1a4yMl SBISETCS C OJHOM CTOPOHBI 3ajadel ompexaeneHus E-cnekrtpa, a ¢
Ipyro# — 3ajaveil anmpoKCUMallud KOPOTKOTO Mpoliecca GpyHKunen

K
y(t) = Ag+ D (Acoswy t+ By sinmy t). 2
k=1
JlanHast cTaThsl MOCBSILEHA pa3pabOTKe U UCCIIETOBAaHUIO METOJOB pelleHHs obenx 3anad. PaccmaTpuBaeMblie
nporeccsl — aeiicTBuTensHble GyHKIMH. [Ipeqnaraemas 31ech MeTOIMKa MOXKET OBITH MPUMEHEHA HE3aBUCHMO
OT TOTO, SIBJSIETCSl JIU UCCJIEAYEMBIN MPOIleCC MO CBOEH MpUpOJEe CYMMOW KOJIEOaHUN WM HET. AHaIU3Upye-
MBI TTPOLIECC MOXKET SIBIATHCS MOJIE3HBIM CUTHAJIOM 0€3, TN00 ¢ HaJI0)KEHHOMH MOMEXOH.
B kauecTBe oIMOKYN anmpOKCUMAIMN BO3bMEM BBIPAKEHUS
T N-1
S? = 2 [Ix) - yl2et, $2=1% (il - yinl)?, 3
T 0 N o

cClIn paCCManHBaeMLIﬁ Impouecc HerCpHBHHﬁ u ,Z[I/ICerTHHﬁ COOTBCTCTBCHHO, I'IC
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K
y[n] = Ag+ Y. (AgcosonT/N + BysinonT/N). 4)
k=1
3neck Y[N]=y(nAt); At=T/N; N- grciao oTcueToB mporecca.

AMIUTUTYIBI ¥ 9aCTOTHI CIIEKTPa Oy/IeM OTpeeiiTh MUHUMHU3alUel OMMOKN S Kak 1eJIeBOM (yHKITUH, 110
napametrpam (1). Peaynbrar pemienus Oyner pa3audHbIM B 3aBUCUMOCTH OT KojindecTBa K UCTIONB3yeMbIX rap-
MoHHK. [To3TOMY 33/1aUa OKHA PEMIAThCS ¢ YIETOM BBITTOJIHEHUS TOTIOJTHUTEILHOTO YCIIOBHS, CBS3BIBAOIIIE-
ro nmapametp K ¢ BenmuunHo# nomyctumoit omubku S B omHOM citydae 9T0 gocTmxkenne MmuHumyma K mpu 3a-
TaHHOU WJIM HYJeBOU ommbke S B npyrom - moctmkenne MUHUMYMa ommOku mpu 3ananHoM K. ['maBHBIM m0-
KazareneMm siBisgercs BeanunHa K mpu ¢ukcupoBanHbsix N 1 S Uem ommbka MeHble, TeM OJMXKe paccuuTaH-
HBII CIIEKTP K PECAIBHOMY.

Jlanee BBOISTCS B pacCCMOTPEHHE HEKOTOPBIE HOBBIE TMOHSATHUS U ONPEAeNICHUs Jis MPOLIECCOB U M UX CIIEK-
TpoB. [Ipennaraercss oOImMIT METO/I pacueTa CIIEKTPOB, a TAKIKE CMAMUCMUYecKull napaiiesibHulil, aHaiumude-
CKULL NAPALIEeNbHbIL U CMAMUCTUYEeCKUll Nociedosamenbhbiil. JIatoTcs XapaKTEPUCTHKHU MPETOKEHHBIX METO-
JIOB aIMPOKCUMAIINH U pacyeTa CIIeKTPOB.

1. OcHOBHBIE ONpe/ieIeHHUsI.

YacruuHblii ecrecTBeHHbIH cniekTp (UE-cnekTp) - nabop napamempos (1) munumanvnozo xoauuecmea
Ks (wru 60 émopom crnyuae 3aoannozo K,) cunycoudanbHvix KOMNOHeHm, CyMMAa KOMOPLIX ANNPOKCUMUPYEm HA
unmepsane [0,T] nenpepwvisnoiit npoyecc X(t) uru ouckpemuwiii X[N] ¢ owubkoil, ne npesviuaroweii 3a0anHo20
3Hauenus S (U1 ¢ MUHUMATbHO B03MOICHOU OWUOKOU 80 8MOPOM CayYade).

IHoanblii ecrectBenHblil cnekTp (IIE-cnekTp) - Habop napamempos (1) cymmvl cunycoudanvbHulx KOM-
nonenm, annpoxkcumupyiouwetl na unmepsane [0,T] nenpepwienviii npoyecc X(t) wiu ouckpemuwiti X[N), 20e ko-
nuvecmeo komnouwenm Ko onpedensiemcss kak MUHUMANLHO 803MOXMCHOE, NPU KOMOPOM PABHA HYIIO OWUOKA
annpoxkcumayuu S. I1E-cnexmp modcem He Oblmb eOUHCMBEHHBIM.

B o0oux ompeaeneHusix mpeanoiiaraercs, yTo MapaMeTpbl pa3IUYHbIX TAPMOHHK alpPHOPHO HE CBA3aHBI
JPYT ¢ IPYTOM 3aBUCUMOCTBI0. TpeOoBaHUE B3aMMHON OPTOTOHAIBHOCTH Ha TAPMOHUKH TaKXKe HE HAJIaraeTcs.
O4eBHIHO, YTO CIEKTPBI, PACCUUTAHHBIE COTJIACHO JaHHBIM OMpEeNelIeHUsIM, OyAyT TUCKPETHBIMU (JIMHEiua-
TBIMH) TI0 YaCTOTE U, 32 UCKIIFOUEHUEM OCOOBIX CIIyYaeB, ¢ KOHEUHBIM YHCIIOM CIIEKTPANBbHBIX JIMHUH. Paau co-
KpalleHus KOpoTKui mpouecc Ha untepsaine [0,T] 3a UCKIIOUEHHEM OTOBOPEHHBIX CllydyaeB OyJeM MMEHOBATh
“mporieccoM” WU “CUTHAJIOM .

HeobOxonuMo oTMmeTuTs, 4TO HE Beerna TpeOyercs omnpeaensits [IE-cekTp — MOaHBIA ¥ TOYHBIA CIIEKTP
nporecca. Hanmpumep, korga aHaqu3UpPyeTcss CMECh COCPEIOTOUEHHOTO M0 CHEKTPY CHTHAJIA U aJAMUTHBHOTO
IIyMa, IO0CTaTOYHO OMPEEIUTh TOJIBKO CIIEKTP CUTHaja. M HampOoTUB, €ClId CUTHAJI IIUPOKOMOJIOCHBIHN ¢ Ha-
JIO’KEHHON Y3KOIIOJIOCHOM ITOMEXOMW, TO I BBIYUTAHMS IIOCIEIHEH CIIENYyEeT ONPENEIUTh €€ CHeKTp. B aTtux
CIIy4asiX JOCTATOYHO OMPEENATh 3HAYUMbIe TApMOHHKH TIpoIiecca, To ecTh ero UE-cnekTp.

Janee TepMuUHOM “‘CHeKTp”, €clii HE OTrOBOpeHO HHoe, Oyner obo3Hauarbes E-, [NE- wnu YE-cnektp.
OyHKIMH (KOPOTKHE MPOIIECCHI) B 3aBUCUMOCTH OT THIA U CTPYKTYPHI, @ TAKXKe pe3yIbTaTOB pacuera ux Crek-
TPOB MOTYT OBITH CJIEIYIOLIHE.

I'apmonusupyemasi pynkmusi (I'-pyHknusi); ee moocno mouno npedcmasums koneunoti cymmou Ko
2apmonux 8 guoe (2) unu (4) u ona umeem INE-cnexmp. OTpe30K JTHOO0TO TUCKPETHOTO MPOIlecca U HEKOTOPHIX
HENpPEepBIBHBIX ecTh [ -hyHKIHS.

Onno3nayno rapmonusupyemasi pyuxuus (OI-pynkuus),; ee npeocmasnenue 6 sude (2) unu (4) eoun-
CcmeeHHoe U OHA umeem 00OHo3HauHbvlll [IE-cnekmp.

YcanoBuo rapmonusupyemast pynkuus (YI-pyukuus), smo ooun uz éapuanmos neoonosnaynou I -
@yHKYUU, BLIOPAHHBLIL C YHEMOM 6bINOJHEHUs ONpedeNeHHbIX YC08Ul; OHa umeem ycaoeHbvli [IE-cnekmp.

Yacruuno rapmonunzupyemasi pyuknusa (UI-pyukums), ee npu 3adannom K moodcHo npedocmasums
CYMMOU 2apMOHUK, 1ub ¢ omuokou SE0O; ona umeem YE-cnekmp.

Ky, Ka - KOTH4ecTBO TapMOHHK - HCKOMOE U allpuopHO mpecrapisioniee Gynkiuto; K, Ko - MuaMMaIh-
HOE YHCIIO YaCTOT CIeKTpa (PYHKIMH MIPH 3aTaHHOH U HYJIEBOH ommoke S

Jlia BpIOOpa €IMHCTBEHHOTO M3 MHOXecTBa yciaoBHbIX IIE-criekTpoB HE0OX0IMMO CBSA3BIBATH €r0 IMapa-
MeTpbl (QYHKIIMOHAIBHBIMU 3aBUCUMOCTSAMH HJIM JIOTHYECKUMH YCIOBHSIMH, KOTOpPbIE MOJUIEkKAT y4eTy B Ipo-
1ecce onpezeneHus crnekrpa. Hampumep, MOXKHO 3a7aTh 3HaYEHHUS] HEKOTOPBIX M3 K, 4acTOT Kak MCXOJHBIE
JJaHHbIE, WX NOTPe0O0BaTh Y3KOMOJIOCHOCTh MX PACHpPEIeNCHHUsI Ha OCH 4acTOT, WM 3a/1aTh (PUKCUPOBAHHYIO



MI0JIOCY JTOIYCTUMBIX 4acTOT. BO3MOXXHO TpeOoBaHNE PAaBHOMEPHOCTH pacIipeiesIeHUs] YacTOT BO BCEM JMarma-
30He. B mociemHem cirydae cliefyeT BMECTe ¢ pacCTOSHUEM S MUHUMH3UPOBATh BBIPAKCHUE
Ky
C-S?+of +(mN/T - oy )+ 3 (0 - 1), (5)
k=2
B UTOre 100MBasch HyneBoro S M3pectHsiM BapranToM Takoro ciydas npu K,=[N/2] u ok - ok.1=2n/T ssiser-
Csl CIIEKTp, GOPMUPYEMBIN Ha OCHOBE TUCKpeTHOTOo mpeobdpasoBanust Oypre ([AIID). 3neck u nanee [.] — nemnas
9acTh 4yrcia. MOXKHO TakKe MCKAaTh TAPMOHUKH C aMIUIUTYJaMHU, HE TPEBBIMIAIOIINMHU 33JJaHHOTO 3HAYCHUSI.
Wnm MOXHO MCTIONTE30BATh BHIPAKCHHE

K
C.52+ A% 13 (AB+BD) . (©)
Kvkz
Crnenyet oxxuaaTh, 4To Torjaa Oynet HaiijeH yciaoBHbIN [IE-ciekTp ¢ MUHUMaIbHBIMU B CPEIHEM 3HAUEHUSIMU
aMIUTUTYZ TapMOHUK. J[71st moucka omnpeeneHHoro koaudectBa K TOIBKO 3HAYMMBIX 4aCTOT MOXHO MMHHUMHU-
3UpOBATH BBIPAKECHUE

c.s24_t_ KEVRE (7)
KV_K k=K +1

3neck R} - aMmmTyasl mocnenHux (o semmuune) K,-K rapmonuk. B 3TOM ciTydae CHeKTp JOMKEH BBIYHC-

JATbCS UTEPALUOHHBIM crIocoO0M. [ MpaBUIbHOM CXOAMMOCTH CIENyeT B KaXJOM IMKJIE YHOPSI0YMBaTh
aMIUIUTY/IbI 110 yOBIBaHMUIO.

Heo6x0auMo0 OTMETUTH, YTO BO BCEX PACCMOTPEHHBIX CIIydyasX 3HaYMMbIE CIIEKTPAJIbHBIE COCTABISAIOIINE
npoliecca Majao U3MEHAT CBOE MOJI0XKEHNE HAa YACTOTHON OCH OTHOCUTENIBHO UCTHHHOTO. OHAKO, IIPU HaJlOkKe-
HHUH JIOCTaTOYHO CHUJIbHBIX OIpaHMUYEHHMH Ha MapaMeTphl CIEKTpa HyJIeBOe 3HaUYCHHE S MOXKET BOBCE HE JIOCTH-
ratbest. Toraa npouecc oKaxeTcs He TapMOHU3UPYEMBIM U MOXKHO OyJIeT paccUuTaTh ToJIbKO ero YE-cnektp.

2. CaoiicTBa npoueccos, onpeae/siiole cOCTaB U CTPYKTYpY cnekTpoB. OtmeTum, uto nipu 3K, +1,
npubnmkaromemes K N, mposBIiIsSOTCs 0COOEHHOCTH, KaK B CIIEKTPe JUCKPETHOIO Mpoliecca, Tak U MpH ero oI-
peaeneHun. JTo cBA3aHo ¢ TeM, uTo npu 3K,+1=N 4ucio Heu3BECTHHIX MAPAMETPOB CIIEKTPA COBIAAAET C KO-
JMYECTBOM OTCUeTOB mpouecca. Kpome toro, npu n3meHennu N Ha 3 ckaukooOpa3HO U3MEHSIOTCS XapaKTepH-
CTUKHM TIpoliecca u ero criektpa. [lostomy nist kaxaon Tpoiiku u3 3HaueHuil N BBeieM B paCCMOTPEHHE YCIIOB-
Hoe konuuectBO K(N)=[(N+2)/3] rapMOHHK, KOTOpPbIE MOXHO CUUTATh COJACPIKAIIUMUCS B TUCKPETHOM IIPO-
niecce. [Ipumep: as tpoiiku 19, 20 u 21 umeem K(N)=7.

ITo pesynpTaTam IpOBEACHHBIX UCCIEIOBAHUM HEKOTOPBIX MPOLECCOB U pacyeTa UX CHEKTPOB yCTaHOBIIE-
HO CIEAyIoIIee.

YrBep:kaenue 1. Jliobou ouckpemuwiil npoyecc X[N|, 3adannoiii na unmepsane [0,T], mooxcno mouno npeo-
cmasumos cymmou (4) uz nocmosnnozo uieHa u Komeunozo uucia Ko eapmonuueckux cocmasnsrowux. Ipu
amom eenuuuna Ko siensemest munumanvnoti uz éosmoxicuvix u ne npesviuaem suavenus K(N). Ko onpedensem-
¢l 0151 mpex 8apuarHmos ciedyiouum oopazom:

1) eciu N kpammno 3, mo Kog<N/3=K(N);

2) eciu N+1 kpamno 3, mo Ko<(N+1)/3=K(N); (8)

3) ecnu N+2 kpamno 3, mo Ko<(N+2)/3=K(N).
Ilepuoouueckue xomnonenmol 6 (4) 6 oowem ciyuae ne 6yoym 63aumMHoO opmozoHaivhvimu. Habop ux napa-
mempos (1), 20e K=K, 6ydem IIE-cnekmpom, mo ecmb NOJIHbIM 2apMOHU4eCKUM cnekmpom npoyecca X[N].
Cam npoyecc 6yoem I'-ghynxyueti, mo ecmov capmMoHU3Upyemotl QyHkyue.

DT0 yTBEpKJIEHUE CIPaBEUTMBO JUISI JIFOOBIX TUCKPETHBIX JIETEPMHHUPOBAHHBIX (YHKIIMH W peann3auit
CIIy4aiHBIX MPOIIECCOB, B TOM YHCJIE I OTCYETOB IITyMa M €ro aITATUBHON CMECH C JIFOOBIMU CHTHAJIAMH.

YrBep:kaenue 2. /11060t 2nadkuil (Uumerowuti 02paHu4eHHyIo U Henpepuléryio npouzsoonyio) npoyecc X(t)
na koneunom unmepeane [0,T] moowcno npeocmasums cymmoti (2), 20e K=Ko. Ecau X(t) ne codeporcum 2apmo-
HUK ¢ yacmomamu Oonbuumu Omax (6 mepmunax oannot cmamou), mo Ko<K(N), 20e uucno omcuemos ouc-
kpemuzoeannozo no epemenu npoyecca N=[[Tonax/]]. 30ecw [[@]] - Haumenvuee yenoe, npesvraiowee a. To-
20a o smux K u N mooicno max eviopams napamempuvi capmouux, umo oOyoem umems Mecmo moyHoe paseH-
cmeo X(t) ¢ (2) 6 mouxax ty=NTIN u ¢ munumanvnoil noepewHocmoio mexcoy Humu. Ilepuoouueckue Komno-
Henmul, exoosauue 6 cymmy (2), ne obszamenvho 6yoym e3aumno opmozonanvrvimu Ha [0,T]. Habop napamem-



pos cymmul, 6yoem sasnamuvca [IE-cnekmpom, mo ecmo HOIHbIM 2APMOHUYECKUM CHEKMPOM 21A0K020 npoyecca
X(t). Cam npoyecc 6yoem I -¢hynxyueil.

Eciu gacTota ®max ¥ KOJIM4ecTBO rapMoHUK Ko HEU3BECTHBI, TO 3aBUCSIIUI OT HUX uHTepBai T/N auckpe-
TU3allMA MOKHO B3SITh PaBHBIM MOJOBHHE MUHHMAIILHOTO PACCTOSHUS MEXAY COCEAHUMH HYISIMH MPOU3BOJI-
HOHU mporuecca. B 3ToMm cimydyae Mexay COCeIHHMMH OTCUeTaMH He OyAeT Touek mepernda (M3MEHEHUs 3Haka
KPUBH3HBI).

3ameuanue. Ecnu niponiecc X(t) He sBisercs rnaakoi Gynkiuei BuyTpu [0,T], ToO 4acToTa ®Omax HE OyIeT
koHeuHo#. Torma uckomerit [TE-criektp Oymer cocTosTh 3 6eckoHeuyHOTo Habopa rapmoHuKk. OH Bceraa OyaeT
JMHENYaThIii, OIHAKO MEHEE IUIOTHBIM, YeM IOCTPOCHHBIN IyTEM pa3iloKEHHUs Ipoliecca B OECKOHEUHBIH psij
Oypse. [Ipu 3amaHny yKciaa UCKOMBIX TapMOHHMK K, KOHEUHBIM 3HA4€HHEM, MOKHO moctpouth YE-cmekTp
nporiecca ¢ HeKoTopoi ommbkoi S s ee ymensienus K, cienyer yBennyutb. Ecim ciekTp pacCUMTHIBATH
10 AMCKPETU30BAHHOMY MPOIIECCY, TO COTIACHO YTBEPXKIEHUIO 1, KOIMYECTBO TapMOHUK B CIIEKTpe OyaeT or-
pannueHo: K, <K(N).

Jlanee, eciu HE OrOBOPEHO MHOE, OYIyT paccMaTpUBATHCS MPOIECCHI, Al KOTOPBIX BBIMOIHSIIOTCS yCIIO-
Bus (8). M3 0600m11eHms yTBepKaAeHUH 1 U 2 BBITEKAET claeaytouiee.

CaencrBue 1. [lockonvky nobas ouckpemuas uiu 21a0kas YHKyus moxcem Ovlms annpoKCUMuposana
cymmott, cocmosiyen uz koncmanmol u Ko<K(N) cunycouod, mo saxcno credyiowee. Ilocpedocmeom ocpanuuen-
HO20 YUCIa 2APMOHUYECKUX COCMABTIIIOWUX MOINCHO 80Chpoussecmu (cghopmuposams) ompe3ok 106020 ouc-
KpemHo20 uiu 2naoko2o npoyecca. M eco cnexmpom 6yoem nabop (1), coe K=Kqo. bonee moeo, enaoxuii npo-
yecc, Kaxk u nociedogamenvHocms e2o omcuemos na unmepsane [0,T] npu coomeemcmsyiowem svibope N u K
(coenacuo (8)) 6yoym umemv 0OUHAKOBYIO ANNPOKCUMUPYIOWYIO DyHKYUIO (4) u, credosamenvHo, co8nadaio-
wue ouckpemusle (munenuamole) cnekmpul (1). Annpoxcumayus u 6ocnpouszsedenue ¢ nomowvto (2) 6yoym
MOYHBIMU 8 8bIOPAHHBIE OUCKPEMbl BPEMEHU U C MUHUMATLHOIMU OUUOKAMU MENHCOY HUMU.

Hcnonb3oBanue yrBepxaeHuid 1 1 2 MO3BOJIAET YMEHBIINUThH YUCIIO OTHICKUBAEMBIX YaCTOT MPOIlecca ¢ MU-
HUMaJIbHO Bo3MoxHOTO [N/2], kak npu pacyere 1D, no Ko, kotopoe He 6ombie K(N), consmeprmoro ¢ N/3.

YrBep:kaenue 3. MunumanvHoe KOauuecmeo 2apMOoHUK, KOmopoe 8 CymMme ¢ HOCMOSHHOU COCMABIAIouel
Ay mouno npedcmasinsiem Ouckpemuulil npoyecc, seisowuiics heoonosnaunou I-gpynxyuetr, pasno K(N). IIpu
9mom npoyecc O6yoem umemsv HAuMeHee NIOMHbIL HeoOHO3HayHbvlll [IE-cnekmp. Omo nossonsiem 3adasamo
PAasIUYHble 8APUAHMBL 3ANOTHEHUS. POPMUPYEMO20 NPOYECCa MUHUMANbHBIM KOIUYECMBOM 3A8UCUMbBIX 2apMO-
HUK, Hanpumep, 0Jis1 NPeOHAMEPEHHO20 CO30AHUS HEONPEeOeIeHHOCMU NpU NOCedyIoueM analuze npoyecca.

Yr1Bepxnenue 4. Makcumanorhoe KOIULECmMsao 2apMoHUK, KOMopoe emecnme ¢ NOCMOAHHOU cocmaegnsioujel
Ao moarcem codepaicamob duckpemuwiili npoyecc, ocmasasicoe O -¢pynxyueti, pasno Ko=K(N). Eciu nocmosnnas
omcymemeyem u N kpamno 3, mo Ko=K(N). B smux cnyuasx npoyecc, komopulil Ha308eMm CMAHOAPMHBIM,
umeem Haubonee niomHult 00Ho3Haunbll IIE-cnekmp. /lannoe ymeepoicoeHue nozeonsem onpeoeisimos npeoei
3anonnHeHus opmupyemo2o npoyecca He3a8UCUMbIMU U HOIMOMY PA3TUUUMBIMU 2APMOHUKAMU.

CaencrBue 2. Jlioboii npoyecc, pasznazaemviii 6 (2) umu (4), kpome cmaumoapmmuoco, cmanwem YI-
Gyukyueit, mo ecmv 6yoem umems ycnosuvii IIE-cnexkmp, ecau evinonnumces yenosue K=K(N). Boree moeo,
ecnu npoyecc npu Hekomopom ducie 2apmonux K, ne eapmonusupyemvlii, mo npu e2o ygeaiudeHuu cmamem
2apMoHU3UpyemMbiM. Imo cliedyem u3z mozo, ymo yseaudenue yucieHnocmu naoopa (1) npusooum x nogulue-
HUI0 MOYHOCMU ANNPOKCUMAYUU.

CaencrBue 3. [lonueapmonuueckue npoyeccvl ¢ KOIULECME8OM 2aPMOHUK, VKA3AHHBIM 8 YIEepHCOeHUU 3,
peanuzayuu Cay4aiuno20 HOPMAIbHO20 HEKOPPENUPOBAHHO20 npoyecca (Wyma), a maxdice ux adOumueHsvle cme-
cu ¢ aodvimu cueHaramu He agraiomea Ol-pynxkyusmu nu npu xaxkux coomuowenusx K u N. Ho coznacho
cnedcmeuto 2 onu mozym cmams VI -gpynkyuamu. B uacmuocmu dobasnenue samemnozo wyma k Ol -ghynkyuu
npespawaem ee uau 8 YI - unu, npu manom K, ¢ 4I'-¢hynkyuro.

W3noxenHoe Boime wumroctpupyercss npumepom st N kpataoro 3. Ilycte aBa curHama X[n] u Xp[Nn]
umerot TTE-ciektpsr (1) ¢ Gompimum koamuectBoM rapmonuk Ki,Ko<K(N)=N/3, cpeau KOTOpBIX HET OOIIMX.
Torna ux agautuBHas cMech X3[N] Oyaer coctosaTh u3 Ki+Ky>N/3 rapmonuk. OnHako oHa Oynetr umers [1E-
crektp, it kotoporo Ke<N/3. B wactHocTH, ecin Xp[N] ecTh peanusaius ciaydaiinoro mryma, To Ko=K3z=N/3.
[Tosromy mutst n3bexxanust norepb nHpopmanuu o [1E-criekTpe mone3Horo curHaia He ciieayeTr (popMUpOBaTh
€ro M3 rapMOHHUK B KoyndecTBe, Oobimem N/3.

CoiictBo 1. B obwem cayuae konuuecmeo eapmonux Ky, cihpopmuposasuiux ucciedyemsiii npoyecc, mo-
Jrcem OvbiMb OONLUWUM, HO OCPAHUYEHHBIM (DObUeM NPedellbHO20 3HaveHus u3 (8)), HeoeparnuueHHbIM becKo-
HEeYHbIM CYEMHbIM Ul OeCKOHEeUHbIM Hecuemuwvim (Konmumnyym). He cmomps na smo npoyecc, aensasace I-
@yHukyueti, 6yoem umemsv HeoOHO3Hauuwll IIE-cnekmp ¢ cywecmeeHHO MeHbUUM KOIUYeCTN8OM 2apMOHUK



Ko<<Ka 4 npu cobrooenuu 0onoisHumenbHo 3a0aHHbIX YCA08ULL OH OyO0em umems eOUHCMEEHHbIU YCI08HbIUL
IIE-cnexmp.

[TpudeM, TpaaUIIMOHHBIE CIIEKTPHI MPOIIECCOB, CHOPMUPOBAHHBIX YKA3aHHBIMH TPEMs CITIOCOOAMH, pacCuu-
TaHHBIE 110 KOHEUHOMY pany (AI1D), 6eckoneunomy psay u uHterpainy Oypbe COOTBETCTBEHHO, SBISIOTCS YC-
noBHbIMU [1E-criekTpamu 3THX IIPOLIECCOB.

Ha puc.1 B cucteme koopauHar: uncio orc4etoB N, KOTUYECTBO OTHICKMBaeMbIX rapMOHUK K, moka3aHbl
obnactu pacueta (1o pe3yiabraTaM ammpokcumanuu) ogao3HadHbiX [1E-, yenoBabix T1E- u UE-cniekTpoB nuc-
KPETHOTO TIpoliecca Mpu pa3audHbIXx cooTHomeHus X Ky n K. B obmactu 1 (Hax kpuBbsIMK) 110001 HaOOD

Ky
18 L L Puc. 1. 3aBuUCUMOCTb KOJIMYECTBA [APMOHUK
16 L 4 x);xﬁ npolecca oT ero anurenbHoctu. ObnacTu pacuera
14 L 1 = {00/( [E-cnektpoB: 1,2 — 00nacTu HEOQHO3HAUHOCTH; 3
12 [ ;xfrd(x 2 f’)O( — obmacte examucteenHoctH mpu K,=Kj,; HeomHo-
10 PO(PO( sHauHocTH Tipu K, =K, n eqmHcTBeHHOCTH Ana YE-
8 crektpa mpu K,<Ky; 4 - KOJU4ecTBO TapMOHHK B
6 k crnekrpe HTID; 5 - npepesbHble 3HAYEHUA 1L KO-
4 F > nuuecTBa rapMoHuk Kq B IIE-cnektpe.
2 f | 3
0

0 3 6 9 12 15 18 21 24 27 30 33 N

TrapMOHMK MPUrOJIE€H JUIsl TOYHOM, HO HEOJHO3HAYHOW allpoKCUMaluu mpouecca. B obnactu 2 (Mexay Kpu-
BBIMH) TOJIBKO OMpE/eIeHHbIE HaOOphl 00ECIeUnBalOT MPABMWIbHYIO anmnpokcuMauio. B obnactu 3 (moa kpu-
BBIMH) BO3MOXKHBI Pa3IMYHbIE BAPUAHTHI, B TOM YHCIIE ¢ TIPUOIMKEHHON anmpokcumanueid. Eciu npornecce ak-
BUBAJIEHTEH 1Iymy, To BMecTo Ky 6epercs K(N).

B Ttabnuie 1 B kauecTBe mpuMepa oTOOpakeHbl BCE BAPUAHTHI pacueTa CIEeKTpa Mpolecca JIUTEIbHOCThIO
N=13,14,15. O6mactu pacuera TpexX THIOB criekTpa ob6o3HaueHsl kak O, Y u U coorBeTcTBeHHO. [Ipriem, mpo-
IIECC M €T0 CIEKTP PACCMOTPEHBI pa3AeibHO KaK UMEIOINe, TaK U He MMEIOIIUE MTOCTOSTHHYIO COCTABIISIONIYIO
Ao.

3akitoyast, MOXKHO OTMETHTb, YTO BCE IUCKPETHBIE MPOIIECCH Pa3AesIOTCS Ha JIBa THIIA.

1) OI'-dpyukium, kK HUM oTHOCsATCs npeactaBumMbie B Buae (4), rae K<K(N) mpu N kpatHom 3 1 oTCyTCTBUH
nocTosiHHO# coctapistomei, win rae K<K(N)-1. B atux

Tabnuua 1
s LYY VIV VIVIV[VV[VIVI[VI]Y Cy4asix YUCJIO MapaMeTpPOB CIEKTPa HE MPEBBIIIAET YUCIA
0|V Yy OTCUETOB IpolIiecca.
1]y VIV[VI[V][]Y
5Ty v v volvalvalyal Tq 2) VI'-byHKIMH, K HAM OTHOCSTCS OCTaBIIHECS W3
Yy Y|O[O Y| Y|U[4]|]|U npeacraBuMeix B Bujae (4), rme K=K(N). B atom cnyuae
0|V v]o]o|u FRE
iy v oo g TR YHUCJIO MMapaMEeTPOB CHEKTpPa IMPEBBIIIAET YHUCIO OTCYETOB
0|V v o|ou EE npoiiecca Ha MUHUMaJIbHO BO3MOXKHYIO BEJIMUUHY, TO €CTh
2 é z g 8 ?{ d q ;{I ;{I cormacHo (8) Ha 1, 2 wiu 3. [IpuMepaMu SBJISIOTCS CyMMa
BRI TR rapMOHUK B KojmuecTBe He MeHbiiem, yem K(N), BeiOopka
L O e S S O e S O S e e B e HOPMaJIbHOTO CIIy4allHOTO TMpoIlecca WM €ro CyYMMBI C
K, [0 [1]0 1[0t [o[1]o]1 DVIHMH CHIHATAML
Ky| 1 2 3 4 5 6 | [5n pyr '

3. O0mmii MeToa onmpeaeeHUs CeKTpPa. YTBEpKIeHHUS | U 2 U UX CJIEACTBUS MO3BOJAIOT YTOUHUTH U
JETATM3UPOBATh TIOCTAHOBKY 3a7a4d, c(hOPMYITHMPOBAHHYIO B HaYalle CTAThH, [0 allIPOKCHUMAIIUN aHATTU3UpYye-
MOT'0 INCKPETHOIO Mpoliecca U OMPEICIICHUIO €ro CrieKTpa. Bo3MOXXHBI IBa BapUaHTa alrOPUTMA pacyuera.

1) Pacuer YE- u onno3naunoro I1E-criektpa. B 3TOM ciydae cOOTHOIIEHHE YKCIa UCKOMBIX FapMOHHUK U
JUTHHBI cCUrHaa 10JKHO ObITh K <K(N).

2) Pacuet HeogHo3HayHOTO U ycioBHOro [1E-ciekTpoB. 31ech COOTHOIIEHUE YUCIa UCKOMBIX TAPMOHUK U
mmael curaana Ky=K(N).

UToOBI TOUHEE ONpEeesATh, KAKOTO THUIIA CIIEKTP MOXET OBITh MOY4YeH 1Jisi KOHKpeTHoro coueTanus N, Ky,
Ka, OBLIIM TIPOBEIEHBI €r0 PacYeThl JJIS MOJIMTaPMOHUYECKUX CUTHAJIOB M peau3aliii HOpMaJIbHOTO CIy4aiHO-
ro npoiiecca. AHaJIM3 pe3yJIbTaTOB MOKa3al CIeayoIIee.

Onuo3Haunbiii [IE-ciekTp mony4duTcCs, €Cciid BBIMIOJIHSAIOTCA ONpPEACICHHbIE YCIOBUsS. B KOMIakTHOH U
TOYHOU (POpME UX MOMKHO 3aMUCATh JOTUYECKUM COOTHOIIIEHUEM



{ (Kv=K(N)-DA{ (K\=Ka) A[(A0a=0) v (Aoa0)A (Ao #0) IV (Ky=Kat 1) A(Ao=0) A[ (Aoa#0) } }=1.
Ycnosubiii [TE-ciekTp MOKeT OBITh MOJIyU€H, €CITU BBITOIHSIETCS YCIOBUE
{(Ki=K(N)-DA{ (K\2Kat DA[(A0a=0) V[ (Aoa0)A((Kv2 Kat2) v (K=Kt 1)A
(AN VIK(N)=K ) V(XN =E[N)AL (KK (N)+D)v (K=K (N))A(Ao#0)] =1
Jn1g mpotiecca MOXeET OBbITh MOTy4eH ToJbko YE-crekTp, eciiv BBIMOIHSIETCS YCIOBUE
{ (Ki=K(N)DA[(Ki=K)A[(Ao=0)v(K\+1<=Ka) A (Ap#0) v
ONI=E[NDAL(KV=K(N)-1)V(K=K(N))A(Ao=0)]} =1.
Kpome toro, eciiu N kparuo 3 u [(K\=K(N))A(Aw=0)]=1, To MOXHO paccuuTarh oaHO3HauHBIN [IE-criekTp
npoiiecca, kak craaaaptaoro, eciu [(Ka=K,)A(Aoa=0)]=1, u yciaoBusIii [TE-crieKTp, €CIM HCTHHHO BBIPAKCHHE
(Ka=K\)A(Aoa=1)v(K>K,).
Bammce (X[N]=E[N]) o3Hauaer, uTo X[N] sABIAETCA peanM3alMell AUCKPETHOrO HOPMAIBHOIO CIIy4allHOIO IMpo-
niecca. Eciu K, HensBectHo, To ciieayet ucnonb3oBath K(N). IIpu HensBecTHO#M Aga CIIEAYET JOMYCTHTH CYIIle-
CTBOBAaHHE 3TOM IOCTOSHHON COCTABJISAIOLIECH.

B cooTBeTcTBUM C 3THUMH YCIOBUSIMU BO3MOXHBI mpu npoyedypsvl paciema cnekmpa B 3aBUCUMOCTU OT
KOMOWHAIIUM THUIIA MIPOIlecca U BapUaHTa aJirOPUTMA.

1) Bapuant 1 anroputma ais mporecca tumna 1. 8) Kq=K,. B atom ciydyae OymeT paccunTaH OQHO3HAYHBIN
IME-cnektp. b) Ka<K,. MoxHO mony4nuTh WM HEOAHO3HA4YHbIH Wi ycnoBHbI [1E-crektp. €) Ka>K,. Moxer
ObITh paccunTad YE-ciekTp, MOCKOIBKY OH OMpeAeNsieTcs o pe3yabTaTaM HETOUHOM anmpoKCUMAIUH.

2) BapuanTt 2 anroputma s nporecca tuna 1 u 2. Ilpu Ko<K, MOXHO MOTyYdTh WIIM HEOJHO3HAYHBIN
uin ycnoBHbIN [1E-criekTp, Tak Kak 3/1eCh YUCI0 UCKOMBIX ITapaMETPOB CIEKTPa MPEBHIIIACT YUCIO UCXOIHBIX
JTAaHHBIX.

3) Bapuant 1 anroputma s nipouecca tuna 2. [pu Ka>K, annpokcumarus Oyaet ocyiiecTBiieHa HETOY-
HO, modToMy nonyuutcst YE-cnektp. [Ipu K=K, u oTcyTcTBUM B mpoliecce MOCTOSIHHONW COCTaBIISIOMIEH MOTy-
yuTCs 0JIHO3HauYHbIN [1E-criekTp.

Cnocob6 pacuema IIE-cnekmpa mipoliecca MOXeT UMETh JIBE MOTUDUKAIIHH.

1) KonnuectBo rapmonuk K,, comepkaniuxces B mpolecce, U3BECTHO WM 3anaetcs. Eciu npouecc umeet
Tun 1, To AoMKHA Ucnosib3oBaThes mpouenypa 1 asa Ky=K,. Eciu npouiecc tTuna 2, To — nporeaypa 2.

2) KonuvecTBO rapMOHHK HEM3BECTHO. B aTOM ciydae cinenyet 3amath HadanbHoe K=K(N) u ucmoman3o-
BaTh npoueaypy 2. Ecnu nonyuntcs HeogqHo3HauHbIi [IE-cniekTp, Hajjo ymMmeHbIINTh K, Ha €IMHUILY U BOCIIOJIb-
3oBaThCes nponenypoit 1. Ecim 3neck [IE-cniektp He OyaeT HalifieH, TO UM JOJDKEH CTaTh MPEAbIIYIINN Pe3yIib-
tat. Tako# nporecc OyaeT uMeTh Tum 2. B mpoTUBHOM ciiydae HaJlo ONsATh YMEHBIIUTE K, U CHOBA paccuuTaTh
cnekTp no npouenype 1. U tak nanee, no nonyuenus [1E-cnextpa ¢ MunumanbsHo Bo3mMoxHbIM K,. Toraa npo-
necc Oyzner umetrs Tun 1. Ha mociennem stame BO3MOXKHO MOJyY€HUE KaK OJIHO3HAYHOTO, TaK U YCIOBHOTO
ITE-cnektpa.

Cnocob pacuema YE-cnexkmpa npoyecca. 3aechk Ky npeanonaraercst Takum, uto Kz>K,. B atom ciyuae 3a-
naetcst TpedyeMoe KOJMYECTBO CIEKTPAIbHBIX COCTABIAIOMUX K, WK TomycTiMas omuoKa S anmnpoKkcuManuu
U UCNOJb3yeTCs pacueTHas npouenypa | nmm 3.

OCHOBO# PacCMOTPEHHBIX AITOPUTMOB BBIYMCIICHUS CIIEKTPOB SBISETCS MUHUMU3ALUS IIETIEBON (YHKITUU
Swu3 (3) mo mapamerpawm (1) npu 3aganHom K. [l aToro cocrabisercs u peraetcs cucrema 3K+1 THHEHHBIX 1
HEJIMHEWHBIX (TPAHCIICHICHTHBIX OTHOCUTEILHO YaCTOT) YPABHCHHIA

oS _0: oS _0: oS _0: S _0. ©)
d4, 04, B, om,
rae k=1,2,...,K. TTockonbKy crcTeMa HEJIMHEHHAss ¥ MOKET He OBITh HEOOXOIMMOIO COOTBETCTBHS Mexay K,
Ko, Ky, Kau N, TO ipu perieHnu He BCEr/ia MOJIyYUTCsl €IMHCTBEHHBIN CIEKTpP - Habop mapameTpoB (1) unu He
OyZeT JOCTUTHYTO HYJIEBOE 3HaU€HUE OMIMOKN S AHAJIUTHYECKOE pElIeHre TOTy4YeHHOW CUCTEMBbl BBUIY Ma-
TEMATHYECKHUX CIIOKHOCTEH B HACTOSIIEE BpeMs 3aTpyaHUTENbHO. OTHAKO, OHO BO3MOYKHO YHCJIICHHBIMU HTE-
panroHHbIMU MeToiaMu. OJIMH U3 HUX MPEAIaraeTcs CIeayOIIni.

4. CraTucTHYeCKMid MapaJuleJibHBIH METO/ pacuyera crnekTpa. s 3alaHHOr0 KOJUYeCTBa CIEKTPaJib-
HbIX 4acToT K = K, BbIOMpaeTcs UCX0/Has TOUKa — UX HayallbHbIE 3HAUEeHUS {W}. 3aTeM, MocIie PelIeHus Cuc-
TEMBI JIMTHEHHBIX YpaBHEHUH, COCTABIIEHHON U3 MEPBBIX Tpex rpymi (9) otHocutensHo Ag, Ag, By,..., Ak,Bk, pac-
CUMTBHIBAETCS BeTMYMHA omMOKN S Jlanee ¢ 1enpio onpeaeneHus: HalpaBiIeHuss U3MEHEHHUs YacToT, MPU KOTO-



POM MPOUCXOTUT YMEHBIIIEHNE OIMMOKH, BEIOUPAIOTCS HECKOJIBKO TOUYEK B OKPECTHOCTH MCXOJHOM M ISl KaX-
JIOM U3 HUX paccuuThiBaeTcs S Touka, B KOTOpOW OHa MUHMMalbHa, 0003HAYaeTCsl Kak HoBas ucxojnHas. [Ipo-
I[ECC MOBTOPSETCS 70 JOCTIKEHUS JIOKabHOro MuHNMYMa S [locieqaue 3Ha4eHHs] 9acTOT U UM COOTBETCT-
BYyIOIIME MapaMmeTpsl cuutatorcs E-crniektpom mporecca. [Ipu npubnmkennn Habopa 4acToT K ONTUMAaIbHOMY
pa3Mep OKPECTHOCTHU CIle[yeT YMEHbIaTh. MI3MeHss MonoKeHne HavyadbHON TOYKH, TOCTUTAEM TJI00ATIBHOTO
MuHUMyMa S Ecnu BBIOOp HCXOHOM M MPOMEKYTOYHBIX TOUYEK OCYIIECTBIATH CAy4ailHIM 00pa3oMm, TO pelie-
HUE 337a4u OyeT ocHOBaHO Ha Metoze Monre-Kapio.

JlaHHBIM METOJIOM OBUIM pacCUMTaHbl CHEKTPHI PA3IMYHBIX CUTHANOB. Hike MpUBEACHBI Pe3yabTaThl 1O
TPEM U3 HUX.

Ilpumep 1. PaccunThIBaIUChH CIIEKTPHI MSATH CUTHANIOB, cocTosmX 3 Ky=2 cuHycou, peanusanuii nome-
XU B BHJIE CIy4aillHOTO HOPMAJBHOTO Mpollecca U U3 UX aJJIUTUBHOU cMmecH. [lapaMeTpsl CHHYCOU: OTHOCH-
tenbHbIe yacToThl P=®T/(2nN) pasubl 0.1895 u 0.3157; ammmutynst 50 u 100 cooTBeTCTBEHHO; (ha3bl B peaiu-
3alMsIX cilydaiiHble, paBHOMEpHO pacrpeaeneHHbie B [0,21]. Uncno oTcueToB B Kaxaoil peanusarnuu N=14.
KonndecTBo OTHICKMBAEMBIX TAPMOHHK CTEKTpa B3siTo MakcuManbHbIM K,=5. [Tockombky Ka<K, m N<3K,+1,
TO MPHU HATUYMU IIyMa KakJas peaju3allvs CUTHaja sBisgeTcs HeolHo3HayHo [-¢yHkimei. [ns Hee MoxeT
OBITH pacCYMTaH TOJILKO HeoJHO3HauHbIN [IE-criekTp, TO ecTh OJMH U3 MHOXKECTBAa BO3MOXKHBIX, YTO U OBLIO
caenaHo. [lonmydyeHHble BapHaHTHI CIEKTpa CIydyalHbI, OCKOJIBbKY PacUeThl ONpeAesINCh 3aJaHUeM Hadajlb-
HBIX YaCTOT U UX KOPPEKIMEeH C UCIOJIb30BAaHUEM JIaTYMKA CIIy4allHBIX unces. PacueTsl ciekTpa cMecu mpoBO-
much s Tpex 3Hadenuit CKO myma 6=2.5; 5; 10. Becero 6su10 06padorano 500 gacToT, mpuHAAIEKAIIUX
100 peanm3arusam curayioB: 1o 20 s KakI0To U3 5S-TH TUTIOB curHana. CpeaHekBaapaTuyHas omudka S ar-
IPOKCHMAIIMH CyMMOi (2) 3aaBanack He Gomee 10, Pe3yasrarTsl peacTaBiensl Ha puc. 2, 3 i 4 B BUIe KpH-
BBIX, KaXJas U3 KOTOPBIX SIBISETCS IJIOTHOCTBIO paclpeeNieHUs] BEPOITHOCTEH OTHOCUTEIBHBIX YacTOT rap-
MOHUK curHana B quana3one [0,0.5]. 3HaueHus Kax10# mioTHocTH F(P) BBIYHCIICHBI ITyTEM B3STHS
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Puc.2. PacupeneneHue BEpOATHOCTEN YacTOT
CIEKTpa CUrHA/IA MPU OTCYTCTBUM LIyMa.

MPOU3BOHOM OT JUCKPETHOM QYHKIIUU pacIpeiesieHus], TOCTPOCHHOMU 1o BeiOopke u3 100 3HaueHuit 4acTorT, u
IPEJICTaBJICHbI B JECITUYHOM JorapudmuieckoM Macmrade. Ecnu 3Ti uncna yMHOXUTH Ha 20, TO MOXYYUM
3HaueHus B Jenuoenax. Kpuble nmokaseiBatoT pacnpeneneHue yactor B [IE-cnekTpe myma, curiana 6e3 u ¢
HAJIOKEHHBIM IIyMoM. M3 puc. 4 BUIHO, YTO UMEETCS BO3MOXKHOCTb OOHApYKEHUS, pa3IUUCHUs U OImpezene-
HUS MIApaMETPOB 2-X CHHYCOMJ, HECMOTPS Ha MaJylO JUIUTENbHOCTh CUTHajda (14 oTc4eToB) M Hanuuue Iyma
(c 0 o 10). IIpu oTcyTCTBUM 1IyMa BO3MOYKHO pa3IN4eHHUE FApMOHHK C YaCTOTaMHM, pa3InyarolMMuUCs 10 Jac-
TOTE€ MHOTO MEHbIIIE, ueM Ha 1/14 - npeaensHOro paspenieHus mno cnekrpy dypee.

N3noxenHpIit cnocod mpocT, HO JIJIst OOIIMX ClIydaeB TpynoeMoK. OIHAKO perieHrue MOXKET ObITh MoJTyue-
HO U Ooisiee 23G(HEKTUBHBIMU CIIOCOOAMU. DTO aHAIUMUYECKUL NAPANLENbHbIU U CIAMUCIMUYECKUL NOC1e008d-
mebHbllL Menmoobl OTIPENETICHHS CIIEKTpa, IPU HEKOTOPhIX cooTHomeHus X Ky, Ky n N. Onu paccmarpuBaroTcst
BI.7 1 n.8.
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5. OramunTenbHble CcBOWcTBa cneKkTpoB. ComnocraBieHue oxHo3zHayHoro IIE-cmekTtpa auckpeTHOro
npolecca ¢ TPagUuLMOHHBIM, MojdydaeMbIM Ha ocHoBe JII®D, mokaseiBaer cienyromiee. B mepBom ciydae
CIIEKTp MEHee IUIOTHBIH, MOCKOJIbKY MpPEJCTaBIACTCS TapMOHHKaMH ¢ MakcuManbHbiM unciioMm [(N-1)/3],
MEHBIIIMM, YeM BO BTOpoM, Bcerna paBHbM [(N-1)/2] (6e3 yuera cummerpuyHbix). TO e€cTh, UMEET MECTO
0oJbIIas H30BITOYHOCTD criekTpa Ha ocHoBe J{IID mo koamyecTBY 4acToT, Kak Hanbosee MHPOPMATUBHBIX Ma-
pameTpoB. Kiaccuueckuil cnekTp riajkoro Ipoiecca emie 0ojee M30bITOUEH, YeM IUCKpeTHOro. JleWcTBu-
TEJNbHO, B 3TOM CJIy4ae ero CIeKTPOM SBJsieTcs In00 OecCKOHEUHbII Habop 4acToT U KO3((UIIMEHTOB pa3iioxKe-
HUS Tiporiecca B psin Dypwe, 1100 3TO HenpephiBHbIE (YHKIIMM KOCHHYC M CHHYC Tpeo0pa3oBaHUs MPH Mpe.-
CTaBJICHUU Ipoliecca nHTerpanoM dypee.

Hanee, onno3Haunblil [IE-cieKTp U CIEKTPBI, OCTPOSHHBIE HA OCHOBE JIF000T0 pasnoxkeHus Oypre, HECyT
B cebe MpUHIMIIKAIBHO pa3Hoe (hu3HUecKoe MpeacTaBieHne 00 uccieqyeMoM mpoiecce. Bo BTopom cirydae
OHM HE CTOJIBKO XapaKTEpU3YyIOT OTPE30K MPOIlecca, CKOIbKO JOJIKHBI ONPEAEIATh YaCTOTHYIO XapaKTepUCTH-
Ky YCTpOICTBa, IpeHA3HAYEHHOTO AJIsl IpueMa U 00paboTKH OECKOHEUHOTO Mpoliecca arnepruoIuYecKoro Win
nepuoanueckoro. OgHosHaunblil [1E-criekTp peanbHO OTpa)kaeT CHEKTpalbHYIO CTPYKTYpPY Ipoliecca Ha WH-
tepBaie [0,T] u ToabKoO ero.

B HekoTOpBIX cilydasx IpU MCIOJIB30BAaHUM TPAAMIIMOHHBIX CIOCOOOB pacuera CIeKTpa, OJU3KOro K pe-
aIbHOMY, IPUMEHSIIOTCSI OKOHHBIE (BbIIEstoNMe) GyHKIUU. Ha HUX MHOXUTCS aHATU3UPYEMBbI CUTHAI JUIS
€r0 CTIIXUBAHMUS WJIHM TOJTYYEHHBIH CHEKTp Ui €ro KOPPeKTHPOBKH. [IpudeM, mist 3¢(EeKTUBHOTO pelIeHHS
KaXJ0W 3a/1a4 TpeOyeTcss KOHCTPYUpOBaHHE CBOEH omTuManbHOM ¢GyHkiuu. HampoTus, B MeTonax pacueTa
[1E- u YE-cnekTpoB npUMeHeHUEe OKOH He TpeOyeTcsl, TaK KaK YaCTOThl FTApMOHUK ONPEAEIAI0TCA TOUHO, KaK
CHEKTpaJIbHbIE JINHUH.

Ecnu B uccnegyeMom koneOaTebHOM IPOLIECCE OTCYTCTBYET LIYMOBas COCTaBJISIONIAs (TOYHEE OH €CTh
OrI'-¢pynkuus), To ucnonb3zoBanue [IE-cnexkTpa mo3BossieT ompenensars (pa3peniarb) FrapMOHUKH, pa3inyaro-
IIMECs 10 YacTOTe Ha JII00YI0 MpeebHO MAJIyI0 BETHYMHY, B TOM YHCIIE 3HAYUTEIBHO MEHbIIyo, yem 1/T -
JUCKPETHI CETKH 4acToT psaoB Pypee. To ke uMeeT MeCTO U I TUCKPETU30BAHHOTO HETIPEPBIBHOTO MPOILIEC-
ca. Pasymeercs, npu HaJl0)KeHUH IIyMa IPOMCXOJUT COOTBETCTBYIONIEE YXYALLICHUE Pa3pEICHHUS.

Jlanee, OTHOCUTENBHO SKCTPAIOJISIMU KOPOTKUX MPOIIECCOB, OCHOBAaHHOM Ha anmpOKCHUMAaluu Mpejjarae-
MBIM METOJIOM, MOKHO OTMETHUTH cieayromee. OHa BO3MOXKHA JJIsl CTAlIMOHAPHOTO Mpoliecca C MPUMEHEHUEM
anmpoKCUMUpyroIied Gpyakmuu (2), ecau HalijeH eqnHcTBeHHBIA [1E-ciekTp. YcnoBHas (orpaHndeHHas) SKCT-
panosisius BO3MOXHa, €ClIM HaiieH equHcTBeHHbIN [IE-criekTp ¢ ucnonb3oBanueM, Hanpumep (5) - (7), To
ecthb ycioBHBIN [TE-criekTp. OHa Takke BO3MOXkHA, korjaa HaijaeH UE-cniekTp ¢ ucnosp3oBanueM Tex xe (5) -
(7), ecnu B HETO BOLUIM BCE 3HAUMMBbIE FTAPMOHUKHU. Ecu ke pas3nokuTh KOPOTKUH MpOLECC B Psl WIK IPeN-
CTaBUTbH €ro UHTEerpasioM Pypbe, TO €ro NPOTHO3UPOBAHKUE MTYTEM IKCTPANOJIALNH MOJYYEHHON allpOKCUMU-
pytomieil pyHKIuu 6eccMbICieHHO. JlelCTBUTENBHO, SKCTPANIOIMPOBAHHAs KPUBAs IO ONpeAeTeHuI0 OyneT B
MEPBOM cllyyae BCerJa MEepHOAMYEcKOil, a BO BTOpOM amepuoaudeckoi (HyneBoi BHe [0,T]) He3aBUCHMO OT
IIPUPOJBI U CBOWCTB UCXOAHOTO MpOoILECCa.

6. O metone Ilponn. Hanbonee 6au3KuUM K IPEIOKEHHOMY B JaHHOM CTaTbeé METOAY B IIJIaHE MOCTaB-
JICHHOM 3a71a4M SABJISETCA MOAUGUIIMPOBAHHBIN METO/I HAMMEHBIINX KBaaApaToB [Iponu [1]. OH Takkxe mMo3BOJIS-
€T OIpeNeNATh JIMHEHYAThIi CIEKTp KOPOTKHUX IpoueccoB. OJHAKO OH HE pacCMOTPEH NMPUMEHUTENBHO K OT-
pe3KaM HeTpephIBHBIX MPOLECCOB M 00JIACTh €ro MCI0JIb30BaHMs CYILIECTBEHHO orpaHndeHa. HekoTopslie orpa-
HUYEHHUS CIIEeNYIOIINE.

1) Uto6s! pe3ynbraTsl 10 MeToAy IIpoHM MOTyYUINCh NPaBHIIBHBIMU, UCCIIEyEMbIH TUCKPETHBIN Ipolece
JIOJKEH OBbITh aJIeKBaTeH MOJENH (allpOKCUMUPYIOLIEH (QYHKIMN), KOTOpas MPUHATA CTPOTO MOJIUTapMOHHYE-
ckoil. IToaTOMy mepesn pacueToMm crekTpa U3 Imporecca J0JKHBI ObITh HCKIIOYEHBI BCE TPEHJIbl, B YaCTHOCTH,
J€TEPMUHUPOBAHHBIE COCTABJIAIOIINE, B TOM YHCJIE IOCTOSIHHAS.



2) Ecnn uccnenyemsrii mporecce npu 3aganHoM K, He ecth ['-QyHKIHNsA, TO Cpen OTHICKUBAEMBbIX PELICHUN
XapaKTEPUCTHUECKOTO MOJIMHOMA, aHAIOTUYHOTO (12), MOTyT OBITH KOMIUIEKCHBIC 4yKclia. B Takom ciydae w3
nporiecca He OyAyT BBIIETICHBI BCE HCKOMBIE IEHCTBUTEIBHBIE TAPMOHUKH, COCTABIISIONINE YaCTHYHBIN CIIEKTP.

3) He moxer ObITh paccUWTaH MONHBINA CHeKTp mpouecca, eciu umeeT Mecto N=3K,-1 nmn N=3K,-2 npu
YCIIOBHH, YTO KOJMYECTBO MCKOMBIX TAPMOHHUK COBIAJIAET C alIPUOPHO CyliecTByromuM, To ecth Ky=Kj. Ilpu-
9eM, 3TO HE 3aBUCHUT OT TOTO, MIPUCYTCTBYET B MPOIIECCE MOCTOSHHAS COCTABIISIONIAs WM HET. DTO IpeJeNb-
HBIN CITydai, KOTJ]a YMCII0O UCKOMBIX ITapaMeTPOB MPEBBINIAET YHCIO UCXOIHBIX TAHHBIX HA MHHUMAIIbHYIO Be-
arnuuHy. CyliecTBOBaHUE TaKUX MPOLIECCOB cienyeT u3 yrBepxkaeHus 1. Henp3st qake paccuuTarh CrieKTp Mo-
JUTapMOHUYECKOTO MPOIlecca ¢ MOCTOSTHHON cocTaBistomieit mpu N=3K,+1.

4) He mMoxeT OBITh pacCUMTaH YaCTHUYHBIN criekTp mporiecca, ecim K,<K, mpu ycmosun 3K, 3Ko<N. To
€CTb, KOTJIa MPOIECC allPUOPHO CONEPKUT FApMOHMK OOJIBIIE, YeM TOJUICKHT onpeaeneHuto. Hampumep, 31o
HEOOXO0IMMO JIJIsl BBIJICIICHHS 3HAYMMBIX TAPMOHUK U3 3aIIyMJICHHOTO TpoIiecca.

Crnenyer OTMETHTH, YTO JMHEHUYATHIA CIEKTP MpOLEcca, pacCUUThIBaeMbIil o Metony [IpoHwu, sensemcs
yacmuvim cayuaem IE-cnekmpa. IT0 TOT BapuaHT ogHo3Ha4HOTO IIE-CcriekTpa, Korjia mporecc AUCKPETHBIH,
apUOPHO FapMOHU3UPYEMBIH, 6e3 mocTossHHOM cocTtaBistomieil u g koroporo 3K,<N, K,=K,. bonee toro,
METO]I PeIIeHHs TaKOW 3aJa4yd, OCHOBAHHBIN Ha JIMHEHHOM IpEJCKa3aHUM, B HACTOSIIEEe BPeMs M3BECTEH [2,
11.20.6-6]. OH uCIoIb30BaH HIKE B KAU€CTBE BCIIOMOTATEIILHOTO.

7. AHaIMTHYeCKUI NapaJieJIbHbII MeTO/] ONpefe/eHUsl CNeKTpa. DTUM CIOCOOOM MOTYT OBIThH OIpe-
nenensl [TE-criekTpbl mpomeccos, siBistomuxcs -, OI'- u YI'-dyHkuusamu, mo ecms arodvimu, kpome YI -
@yuKkyul, A KOTOPBIX MCKOMBIM CHEKTp Npu 3agaHHOM K, TOJDKEH IMONYyYUThCS HEMOJHBIM, TO ecTb YE-
CIIEKTPOM.

Belie 0TMEU€HO, YTO COTIIACHO YTBEPKJIEHUIO 2, HEMPEPHIBHBIN MPOLECC MOXKET OBITH TOUHO MPECTABIICH
CyMMO¥i (2), a IpH YCIIOBHHM TIIaJIKOCTH MOJHOCTBIO OIpeieIseTcs MocueqoBaTeNbHOCThIO (4). CrenoBarenbHoO,
3a/a4a no onpenenenuto I1E-cnexkTpa HempepbIBHOTO MpoLiecca CBOJANUTCS K ONPEEIIEHUIO CIIEKTPa COOTBETCT-
BYIOIIIEH IocieoBaTebHOCTH. [loaTOMY nanee MeToa u3naraeTcsi IPUMEHUTENBHO K TUCKPETHBIM ITPOLIECCaM.
OneHuBaTh TOYHOCTH CIIEKTpa OyAeM BETUUMHON (3) OTKIOHEHUS allpOKCUMUPYIOUIEH MOCIeI0BaTENbHOCTH
(4) ot 3amaHHOrO Npouecca. bynyr paccMoTpeHbl UeThIpe BapHaHTa.

[Ipexxne paccMOTpUM IPOCTYIO 33/ady, KOI/Ia aHaJIM3UPYEMBIH IMPOLECcC MpeanoiaraeTcs Coaep KaliuM
TOJILKO TApMOHHYECKHE COCTaBJIstronne, yuciio KoTopbix Ko<[N/3]. Tornma ams onpeneneHus mapaMeTpoB CIieK-
tpa (1), rne Ao=0, cieayeT HEMOCPEICTBEHHO BOCIHOJIb30BAThCS METOJOM JIMHEHHOIro NIpeicKa3aHMs, 3aJ1aB
Kv2Ka. Ecnmu Ky HEM3BeCTHO, TO pacdyeTbl MOXKHO HauMHaTh ¢ Majblx K,. IIpu oTcyTcTBUUM pemieHus cienyer
yBeIMUUTh K, 1 MOBTOPUTH pacueThl. B paccMaTpuBaemMoM ciiydae noiayuutcs eauHcTBeHHbI [1E-criektp mpo-
necca.

PaccmoTpuM BapuaHT 1, KOrja mporecc COCTOUT U3 CyMMBI MOCTOSHHONH Ag U TapMOHHUYECKUX COCTaB-
JSIOUINX; YUCIIO KOTOpbIX Takoe, 4To 3Ka< N. K nanHOMy ciydaro OTHOCATCS TNPOLECCHI, JUISl KOTOPBIX
Ka<K(N)-1. [Ins HUX MOKET OBbITh pacCUMTaH eIMHCTBEHHBIH oHo3Ha4HbIH [IE-cniekTp. Croia oTHOCSTCS Tak-
e mporecchl, 1 Kotopselx N kpatHo 3 u 3K,= N. B apyrux cimydasx Bo Bcex BapuaHTax 1-3 OymyT moiry-
4yaThCsl HeoAHO3HauHble [IE-criekTpsl.

Urak, B 1-M BapuaHTe A5l pacuera CIeKTpa MOXKHO IPUMEHUTh UTEPAI[MOHHBIN CIIOCO0 Oompe/eNeHus He-
U3BECTHOTO napaMerpa. B nanHoMm ciydae 310 Ag. B kauecTBe BCIOMOIaTeiabHOTO MCIONb3YEM YHOMSHYTHIN
METO/1 IMHEWHOT O NpeAcKkazanus. [Ipouenypa pemenus cienyromas.

1) 3agaeTcst 4nciio OTHICKUBaEMBbIX TapMOHUK K=K, 1 HagaibHOE 3HaueHue Ay.

2) Io umeromummMmest otcueTam X[N| HAXOSATCS MOTMHOMHUAIBHBIE KO3(DOUIMEHTHI Oy ,...,0k. I 3TOTO pe-
H1aeTcs CrelnuanbHas CUCTEMA JIMHEHHBIX YpaBHEHUI

oeldoy =0; k=1,...,K, rme (20)
NZ2K K-1
e= 2 £f; €= X (Xjpkat Xok+i-k-1 — 2A0)0k ~(Xi+i-1 — Ap)aik - (12)
1 k=0

3neck 0= -1. DTO 3KBUBANEHTHO ompeaeneHnto MuHuMyMa € 1o {ok}. Ecimu N xparao 3 u N=3K (3To0 mpe-

nenbHblid Bapuant 1 mis Ko u3 (8)), To {0k} HaxomsTcs mpoine — B pe3yibTare perieHus cucrembl {€ =0},
i=1,....K.



3) Omnpenenstorcss 4aCTOThl My,...,0K CHEKTpa KaK KOPHU TPUTOHOMETPHUUECKOIO YpaBHEHHUS (XapaKTepu-
CTHYECKOT0 MOJIMHOMA)

CosSK wAt-03 CoS(K-1) wAL-... -0k-1COSmAL-0.50=0. (12)

4) PaccuuThIBaOTCS aMIUIUTYABI 4acToT Ag,B;,...,Ax,Bk myTem coBmecTHOTrO pemienust 2-i u 3-i rpyIi Jin-
HeWHbIX ypaBHeHUH u3 (9). Onpenensercs mo (3) u OleHUBACTCS OTKIOHEHHE S

5) Ilyrem nenenamnpaBiieHHOTo Tiepedopa 3HaYeHH Ag U TOBTOPEHHUS IIaroB 2-5 HIETCS MUHUMAabHAS
(umyneBas) ommOKa S KOTOpasi BCerja M0/ KHa JOCTUTaThes. ITo OyAeT pelleHre NepBoro HeMMHEHHOro ypas-
HeHus u3 (9) oTHOCUTENBHO Ayp.

B wurore 3nauenus (1), HaiiieHHBIC B MOCJICAHEM MUKJIE, OyayT sABIAThCS nmapamerpamu [I1E-criektpa. Hc-
cieayeMblit poriece X[N] MoxkeT uMeTh KomndecTBO Ky rapMOHHMK MeHbliee, ueM 3aganHoe K,. OgHako cBO-
CTBa METO/Ia JIMHEWHOTO MpeACcKa3aHus TaKOBBI, UTO B Pe3yJbTaTe MPOBEICHUS PacueToB IMOYTH Bceraa OyaeT
HaiieHo ero aktuueckoe 3HaueHne K;<Ko. Ho 4T00BI n30exkaTh Takoil CUTYyalluu, MOKHO HAUWHATH PaCUeThI
¢ masioro Ky ¥ mpu oTCyTCTBUHU PELIEHUS IOCTENIEHHO YBEINYUBATh €T0.

Cormacuo caeactsuto 2 nporecc npu N kpataoMm 3 1 3K,=N ectp YT'-bynknus. [Tloaromy ecnu HadaapHOE
3HaueHue Ag 3a1aTh UHBIM, OyneT noayueH apyroi I1E-cnextp. s nomyueHus eAMHCTBEHHOIO CIEKTpa He-
00x01MM 000CHOBaHHBIN BBIOOP Ag Cpel BO3MOKHBIX.

ITycte Teneps N+1 kpatHO 3 1 N=3K4-1 (3T0 BapuanT 2). B aTOM ciyuae 3agaroTcs HadaJbHBIC 3HAYCHUS
Ao 1 yacToThl ® oaHou u3 K rapmonuk (mar 1). lanee Bmecto (10) cocraBnsiercss u pemaetcs ans K=K, cuc-
TeMa JJUHEHHBIX ypaBHEHUH (11ar 2)
cosK @At — 0y cos(K —1) @At —...— ok _1CoswAt — 0.50 =0;
de/doy =0; k=1,..,K-L1
[Tocne noxcraHOBKY HalAeHHBIX {0k} B (12) onmpenenstoTcs 4acTOThl {0}, B UACIE KOTOPBIX OYAET U mpe/Ba-
putenbHO 3aganHas @ (mar 3). [Tyrem nepebopa Ao M1 ® ¥ MOBTOPEHUS IMIAroB 2-4 UIeTcs HyJIeBOE 3HAaYCHUE
S Dto0 OyneT pemeHne CuCTeMbl 2-X HETMHEHHBIX YpaBHEHUH
dS/0Ag =0; 9S/dw=0 (14
OTHOCHTENBHO Ag 1 ® . Jlanee Haxomsrcs amrutuTyabl Beex K gactot { Ay, By} . TTo 3aBepienuu onpeaeneHHO-
r'0 KOJINYECTBA IIUKIJIOB Oy/ET MOJTY4YeH CHeKTp nporecca. OnMucaHHbId alrOPUTM €CTh COBMECTHOE peIleHue 2-
i u 3-i (U3 yeTwIpex) rpynn ypaBHeHu# u3 (9), ypasuenuii (13), K-1 ypaBaenuii (12) u ypaBHenwii (14) oTHO-
cutenbHo 4K+1 memsBectHbix Ag,Bi,...,Ax,Bk, 04 ,...,0k, ®1,...,0k-1, Ao, ® COOTBETCTBEHHO. W3 yKazaHHBIX
yYpaBHEHUI HENMHEWHBIE TOJIBKO JBa (14).
[TosrydeHHBI CHOEKTP, COOTBETCTBYIOUINI HadaJabHBIM 3HAUEHUAM Ag U ®, OyAeT OJHUM U3 MHOXKECTBA
[NE-cniexTpoB. 1y nmonydeHusl eAMHCTBEHHOTO CIIEKTpa HEOOXOIUMO MPHU pacueTe S CBI3bIBATh ATH MapaMerT-
PBI COOTBETCTBYIOIIMMHE JIOTUIECKUMHU HITH ()YHKITNOHATHLHBIMU YCIOBHUSIMH.

(13)

B tperbem, nocnennem Bapuante (N+2 kpatao 3 u N=3K,-2) HayanpHbIe 3HaYECHUS 3aJaI0TCS s 3-X ma-
pameTpoB: Ag, W1, ®2. Bmecto (13) coctaBnstercs u pemaercs aist K= K, cuctema ypaBHeHUi

{cosKUajAt — 0y cos(K —D)®;At —...— o _1 CoswjAt —0.50 = 0;
de/doy =0; k=1,...K-2, j=12.

Jlanee ompenensitoTcsi YacTOThl {0} NyTeM peuieHus ypaBHeHHud (12) um ux ammiuutyas! (war 4). Bapsupys
TpeMs yKa3aHHBIMHU ITapaMeTpaMH, OLIeHHBas S U JOOMBAsICh €ro HYJEBOTO 3HAUEHHsI, 10JIy4aeM UTOTOBBIE Ia-
pametpsl I1E-cniexktpa (mar 5). To ecTh, B JaHHOM BapuaHTE PEIIAETCS Ta K€ CUCTEMA, YTO U B MPEIbIAYILEM,
HO ¢ 100aBJI€HHEM BMECTO OJIHOTO — JABYX JIMHEHHBIX YpaBHEHUH OTHOCUTEIBHO KO3(puumeHToB {0k}. B uro-
re CHCTEMa HMEET TPU HEIMHEHHBIX ypaBHEHHs: 95/d4, =0; dS/dw, =0, dS/dw, =0.

Kak u Bo BTOpoM BapuaHTe il TOJTYyYEHUsI €IMHCTBEHHOTO CIEKTPa U3 MHOXKECTBA BO3MOXKHBIX HEO0XO0-
IMMO IIPU pacueTax CBA3bIBAaTh napamMeTpbl Ag, M1, Wo COOTBETCTBYIOUIMMU ycI0BUsAMH, Hanpumep (5) - (7).

Ecmm B ABYX IMOCJIICAHUX BAapHUAHTAX OMNPECACIUTH KOJIMYCCTBO Ka TapMOHHUK CIICKTpa HEC MPCACTABIIACTCA
BO3MOXHBIM, TO CJICAYECT HAYMHATHL PACUCTLI C MAJIOT0 KV " YBCIMYHUBATH €0 J0 MOJYYCHHA IMMPAaBUJIIBHBIX PC-
3ynbTaToB. Cienyer 3aMeTHTh, YTO B PACCMOTPEHHBIX PAaCUETHBIX alrOpUTMax onpeaeneHue K, He sBisercs
CJIO’KHOM MPOOJIEMOH, KaK 3TO MOXKET MOKa3aThes. /i yTOUHEeHUs ero 3HaueHUs TPEOYIOTCS JTUIIb MOBTOPHbIE
BBIUUCIICHHS.
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Takum 00pa3oMm, NpeAIOKEHHBIM METOJ, OCHOBAaHHbBIN Ha YTBEPXKJIEHUAX | M 2, MO3BOJISAET 3HAYUTEIBHO
YMCHBIIUTh YUCIO HEIMHEHHBIX ypaBHeHHH B cucteMme (9), momiexameil pemenuto. A umenHo - ¢ N/3,
(N+1)/3 u (N+2)/3 o 1-ro, 2-x u 3-x mpu N, N+ 1 1 N+2 kpaTHBIX 3 COOTBETCTBEHHO. M1 4TO BaXKHO, 3TO YHCIIO
OCTaeTcs MOCTOSHHBIM [UIst toboro konmdectBa N oTcueToB mporecca X[ N).

N3noxeHHbIil MeTO HE MOXKET OBITh UCTIOJIB30BaH npu onpeaenennn YE-cnekrpa. To ects, korja mojie-
&KaT OMpEeAETICHUIO TOJIBKO OCHOBHBIE TAPMOHHMKH MPOLIECCa, €CIM B HEM MPUCYTCTBYIOT U MHBIE COCTABIISIO-
mue, Harpumep, nmymonsle. Ho mpubnmkeHne kK TakoMy CHEKTPY MOXKET ObITh HaiiIeHO. JTO OyAyT 3HauUMMbIe
rapMoHuku ycinoBHoro I1E-cnekTpa, mpu pacdyere KOTOporo JaHHbBIM MeTo oM MuHUMH3HpyeTcs (7). [Tpu aTom
cooTHowmeHue BenuuuH N 1 K, JODKHO COOTBETCTBOBAaTh OJHOMY M3 Tpex BapuaHToB. Huke mpesaraercs
oonee addexTuBHBIN MeToa pacdeTa YUE-cniekTpa.

8. Crarucruyeckuii mocjie0BaTeJIbHBIH MeTO/ ONpeaeeHus cnekTpa. liMeem BBUY, 4TO COTJIACHO
CBOMCTBAaM CIIEKTpa, YHCIO UCKOMBIX rapMOHUK curHana orpanndeHo K,<N/3. Eciou K,=N/3, To mns perenus
3a7a4M  MOYKHO HCHOJIb30BaTh aHaiumuyeckui napaiieavusviii aneopumm pacuera IIE-cmektpa. Ecnum
Ky<Ka<N/3, To - cmamucmuueckuti napannenvruiii onsi YE-cnekmpa. OHako BTOpOH METO ITPpU O0JIbIIoM K
OKa3bIBaeTcs TpyAaoeMkuM. Kpome Toro, 3a 3a1aHHOE BpeMsl MPU HEIOCTATOYHOM BBIYMCIUTEILHON MOIIHOCTH
BMECTO II00AJIbHOTO MOKET OBITH MOJIYUEHO JIOKadbHOe pemieHue. Mcnomp3ys cBoiicTBa AUCKPETHOTO CUTHAja
MO>KHO TIOCTPOUTEL Oosiee bvicmpuiti aneopumm pacuema ITE- u YE-cnexmpa. Tlpeanaraercs mporecc BbIYUC-
JIEHUH, OCHOBAHHBIN Ha MOCJIEI0BATEIbHOM YTOYHEHUHU YaCTOT OTAEJbHBIX TPYIIIT FAPMOHHUK.

[MpeamnonoxuM, 4T0 U3BecTHBI Bce K OTHOCHTENBHBIX 4YacTOT {Px} TrapMoHMK curHama X[N]. 3mech Pk
=axT/(2nN) onpenenensl B uatepaie [0,0.5]. Yopsimounm ux 1o Bo3pacTaHuio 3HaueHud. OHU pacronoxkar-
Csl TUIOTHBIMU CEKTOpaMH. BHYTpH KaXkJI0ro ceKTopa pacCTOSTHUE MEXIY COCETHUMH 4acTOTaMH OyAeT He 0o-
nee 1/N. Torma, paccTossHUE MEXIy coceHUME cekTopamu OyaeT He meHee 1/N. O6o3naunm uepes K¢ Makcu-
MaJbHOE KOJIMYECTBO YAaCTOT B IUIOTHBIX cekTopax. bynem cuutats K¢ pasmepom cexmopa. MoxHO yTBep-
XKIaTh, YTO UMEET MECTO CIEAYIOIIEE BIOJHE OYEBUIHOE CBOMCTBO.

CsoiicTBo 2. [Ipoyecc u pesynomam onpeoenenusi yacmom { P} cuenara X[N| enympu niomnozo cekmopa
CYUWeCmBeHHbIM 00PA30M 3A8UCUN OM UX COBMECMHO20 PACNpeOeleHUs, HO OMHOCUMENbHO MANl0 Om pacnpe-
Oe/leHUs 4acmom 8 OCMANbHbIX CeKMOPax.

[Ipennaraercs cieqyromuii anropuT™M, OCHOBaHHBIN Ha MCIIOJIb30BAaHUM CBOMCTBA.

1. Cuntast U3BECTHBIMU pa3Mep ceKkTopa K: M KOIWYEeCTBO MCKOMBIX rapMOHUK K, 3ajaeM B MHTepBaje
[0,0.5] HayanbHBIC 3HAYCHUS {Px} UX YACTOT. YMOPSAJOYUM HMX IO BO3PACTaHHIO. PacCUMTHIBAEM aMILIMTYIbI
{ABx} criekTpa METOIOM HAMMEHBIINX KBAJIPATOB C UCIIOJIb30BAHUEM PACCTOSHHS S MEKIAY CHTHAJIOM H CYM-
Mo rapmMoHHK B Buje (3). [lanee BeruMTacM U3 CHTHAJA HAWJICHHBIC TapMOHUKH. [lorydaemM OCTaTOYHBIN CHT-
Hai. PaccuntaHHoe paccTosiHME MEXAY CHUTHAJIIOM M TapMOHUKaMHU MPUMEM B Kaue€CTBE HAYalIbHOU OIIMOKHU
anmnpoKCUMaIUU Sy, DTO OyAeT cpellHee KBaJpaTUYHOE 3HaYeHHE OCTATOYHOI'O CUTHANA.

2. JloGaBnsieM (BO3BpamiaeM) B OCTATOYHBIN curHan rpynmy u3 K ygaqeHHBIX TapMOHHUK C HOMEpaMu
Li+1,...,i-1+Kc, tae i=1 mas mepBoii rpymmsl. OnpeaenseM OMMOKY anmpoKCUMAIMKA S I TAKOTO CIIydast.

3. Omnpenensem (yrounsieM) mapaMmeTpsl K rapMOHUK TEKyIIeH rpymmsl. [[1s 3Toro MeToaoM urepanui u
CITy4aiiHOTO MOKMCKa MUHUMH3HpYEM S 10 4yactotaMm {Px} u amrumatyaam {Ay,By} rapMoHUK rpymmbl, BCSIKHiA
pa3 cpaBHUBAs PE3YNbTAT C BEIMYMHON Sy 3HAUEHUS 4acTOT IpYTruX Ipynn He u3MeHsieM. [locne atoro ompe-
nenseM (yTOYHSIEM) aMIUIUTYAbl TApMOHUK BHOBb C(OOPMUPOBAHHBIX M OCTANBHBIX. BbhlunTaeM Bce TapMOHUKHU
U3 CUTHAJIA, TO €CTh, IIOJy4aeM HOBBIH OCTATOUHBIN curHal. [lepecunThiBacM pacCTOSIHHE Sy, KOTOPOE JTOJDKHO
MOJYYUTHCS MEHBIIUM MPEKHEr0. YTOPSIA0YMBAEM YACTOTHI BCEX TAPMOHHUK 110 BO3PACTAHUIO.

4. [ToGaBnsiem (BO3BpallaeM) B OCTaTOYHBIM CUTHAN JIPYTyl0 TPYNIy FTapMOHUK W3 YAAJEHHBIX: YTOUHEH-
HbIC TAPMOHHKH C HOMepaMmH i,i+1,...,i1-1+K. amst cneayroero i. PaccunthiBaeM S YTo4HsIEM MapaMeTphl.

5. TlocnenoBarelibHO yBEIMYMBAs | Ha eAMHUILY, ToBTopsiem 3tanbl 3 u 4 K-K¢ pa3. [Ipoiias Bech 9acToT-
HBII TUana3oH, BO3BpaIlaeMcs K ero Hayaly — K IEpBOM TpyIIe rapMOHUK.

6. MHOTOKpaTHO MOBTOPSIEM JTAIIbI C 2-T0 1O S5-I, T0OUBasCh a0COIOTHOTO MUHUMYMa Sy,

B pesynbrare ommrcaHHOW Mpoueayphl OyaeT MmojydyeHa anmpoKCUMalus CUrHaia rapMoHukamu. Ilocnen-
HUH HalaeHHbii Habop {Pk}, { AwBk} Oymet sBusatecs I1E- win YE-cnekTpom curnana. [Ipu mpaBHIBHOM BBI-
6ope K n K¢ mpouecc 3¢pdpexruBen u 10cTaToyHO OBICTPO CXOAUTCSA K €IUHCTBEHHOMY pemieHuro. [Ipu 3tom
JOCTUTHYTOE 3HaU€HUE Sy MojJydyaercs riodanbHbBIM. MeToa obecriedrBaeT MOBTOPSIEMOCTh PE3yIbTaToOB MPHU
BBIOOpE IPYTUX HAYAIbHBIX 3HAUCHHI 9acTOT {[Py} .
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Ecnu paccrosiHue Mexay coceTHHMMHU yacTotamu curaana 6ombiie, ueM 1/N, To umeem K¢ =1. Torma pac-
YeT CIEKTpa YNPOLIAEeTCs 3a cuem UCKII0UeHUs NapaiielbHo2o nepebopa 3HaueHuit yactor. Meroxa Oyzer 3a-
KJTFOYAThCSl B MUHIMHU3ALKUU OMIMOKA S MOCIe0BaTeIbHO M0 3HAUCHUSAM Kax 101 u3 K 4gacTtoT. DTO CBOWCTBO
UMeeT noje3Hoe npuMeHenue. [lpu popmupoBaHuM curHaia, HanpuMmep i epeady Mo KaHaly CBS3U, MOXK-
HO 3aIIOJIHATH €r0 FApMOHUKAMHU ¢ OTHOCHTEIBHBIMHU YaCTOTAMH, PACCTOSHUS MEXAY KoTopbiMu Ooubiie 1/N. B
9TOM clly4yae MpH aHaJIM3€ MPUHATOrO CUTHAa 4acTOThl U UX MapaMeTpsl OyAyT ompeseneHsl Hauboliee mpo-
CTBIM U OBICTPBIM CIIOCOOOM.

Ecnn K 3agare 0osbIIMM yHMclia TApMOHUK, IPUCYTCTBYIOIIMX B CUTHANE, TO aIrOPUTMOM OYAYT BblEje-
HBI JIONOJHUTENBHBIE, HO C MAJBIMH aMIUIATYJaMH, KOTOPBIMH MOKHO MTPEeHEOpeYb.

Ecnn 3nauenune K¢ npu mpaBuwibHOM K BbIOpaTh MEHBIIMM, 4eM TpedyeTcs, TO MpOoIecc ONpeaeiaeHus
CTeKTpa OyJeT MEeIJICHHO WJIM COBCEM HE CXOJHUTHCS K III00aTbHOMY PEIICHHUI0, TO €CTh OKaXeTcs: He d(dek-
TUBHBIM. JTO CBSI3aHO C TE€M, YTO MOJIEXAT onpeAeneHHI0 K¢ 4acToT B MJIOTHBIX CEKTOPAX, COCTOSALIMX W3
00JIBIIEr0 KOJIMYECTBAa TAPMOHMK. B Ipyrux cekropax rapMOHHUKH OyJyT ONpEIEIeHbI IPABUIBHO.

Hccnenyemslii curHan Moxet ObITh TakuM, 4To K=K. B 3TOM npenensHOM ciydae MpuIeTcs MCIOJb30-
BaTb CMAMUCMUYECKUli NapailebHblil Memoo.

Bosznukaet Bomnpoc. Kakum nomxken 0bITh pazMep cekropa Ke, eciii OH He 3ajlaH U €ro Hellb3s 000CHOBATb,
aHAIM3HPYS anpHOpHYIO MH(popManumio o curnane X[N]? 3neck cieayer HadaTh ¢ MUHUMabHOTO K. Jlanee He-
00X0AMMO BBINOJIHUTH U3JI0KEHHBIN BbILIE Mpolecc pacyera. [Ipu 3ToM OyaeT onpeneneH CeKkTp ¢ OMUOKOM
Sn Ecim oHa Benmuka, TO HEOOXOIMMO TIOCIIEJOBATENBHO YBENUUNBaTh K¢ M TIOBTOPSTH pacyeThl 10 AOCTHKE-
HU 3aaHHOM omMOKku. Ecim TpeGyeTcst toctuub ee abCOM0THOrO MUHUMYMa, TO IpU yBenudeHuu K. cremqyer
00MBaThCS MOBTOPSEMOCTH PE3Yy/IbTATOB B MOCIEN0BaTENbHBIX IIUKIaX. Eciu K BbIOpaHO HE MEHBUIMM YKCIIa
TapMOHUK, IPUCYTCTBYIOLIMX B CUTHAJIE, TO B UTOT'€ Sy IOJIKHO PAaBHATHCS HYJIIO.

Ecnau curHan uckaXeH aJuTUBHOM IIYMOBOM COCTAaBISIOIIEH, TO IIPU pacyeTe MPOU30MIET BBIICICHUE
JIOTIOJTHUTEIBHBIX TAPMOHUK, PACIpeieieHHBIX 110 CEKTOpaM. DTO NMPUBEAET K YBEJINYECHUIO YHCIa U pa3Mepa
cekTopoB. OIHAKO 10 ONPEIETIEHHOIO YPOBHS IIyMa CIEKTP CUTHalIa MOXHO MOydnuTh 0e3 nsmenenus K. Ec-
M TpedyeTcs ONpeAeNuTb M CIEKTpaJIbHbIE COCTABIAIOIIME J00aBIEHHON MMOMEXH, TO MPU pacueTe CledayeT
yBeMuuTh K¢. YBEIUUeHNE pacCTOSHUS MEX/1y 4YaCTOTAMU BHYTPH CEKTOPOB MO3BOJISIET JOIYCTUTh O0JIEE BbI-
COKMH ypOBEHb IIyMa.

PaccMoTpuM B KauecTBe aHAJIM3MPYEMOr0 CUTHala KOHEUYHYIO BBIOOPKY Ipoliecca, OJU3KOro K HopMalib-
HOMy. B o0miem ciydae takoil curaain Moxet ObITh npejactaBieH cymmon u3 K<K(N) rapmonuk. OHE MOTyT
NPUHAAIEKATh OAHOM MM HECKOJIBKUM IIOTHBIM cekTopaM. [lockonbky Henb3s anpuopHo onpenenuts K u K,
to npuxourcs npeanonoxkuth K =K,=K(N), uro Hanbosee BeposiTHO. B 3ToM citydae Mcmonb30BaHuE Mpe-
JIOXKEHHOTO CIamucmu4ecko2o nociedosamenbio2o Metoaa ais onpenenenus [1E-cnekrpa He nenecoo6pasHo.
AHaJOrMYHbIE PACCYXAECHMS NMPUMEHUMBI K OTPE3Ky JH000N (YHKIUU, 110 CBOEH NMPHUPOJAE HE SBISIOLICICS
cymmoii rapmonuK. [Ipumepamu siBisiroTest tg X, arcsin X, sin X/, In X, exp X u apyrue cnenuaibHbie QYHKINH.
JUIs 1oJIydeHHsl UX CIEKTPOB CIEAYET UCHONb308AMb CIMAMUCIMUYECKUL UTU AHATUMUYECKULl napaiiebHble
METO/BbI.

[TpennokeHHBIM CTaTUCTUYECKUM IOCIIEI0BATENbHBIM METO/I0M OBIIM PacCUHUTaHbl CIEKTPHI HEKOTOPBIX
cUrHaJIOB. Pe3ynbraTsl MOATBEPANIH €ro 3PPeKTUBHOCTh. Hike mpuBeAeHbl HEKOTOPbIE U3 HUX.

IIpumep 2. B kadecTBe aHAIM3MPYEMOro cHrHaia Xi[N] B3sta mocienoBateabHOCTh U3 N =30 oTcueroB

CYMMBI aJIUTHUBHOIO IIYMa C UCXOAHBIM CUTHAIOM X[n],

Tabmuua 2 COCTOSALINM U3 7 TApMOHUK C TapameTrpamu u3 Tabm.2. B ka-

Hacrora Py avnautyna  dasa YeCcTBE IIyMa B3AT OTPE30K HOPMAJIBHOTO Ipollecca ¢ mapa-
8. 0621 1?8 8 1 metrpamu a=0; ¢ =1. Ha puc.5 uzobpaxen Xx,[n]. PaccrosHus
0.1472 120 0.4 MEX]Iy 4aCTOTAMH CHTHAla TaKUe, YTO UMEIOTCS 5 TUIOTHBIX
01623 130 0.8 CEKTOpPOB. Bo BTOpoM MMEIOTCSI 3 9acTOTHI, B OCTAJIBHBIX IO
0.1764 140 1.2 onHou. Ha puc.6 oToOpa’keHbl JUHUU CHEKTpa HCXOIHBIX
0.3544 150 16 rapMOHHMK M CIIEKTPa, PACCYMTAHHOTO IO CHTHAIy Xi[n],
0.4265 160 2.0 npemtoxkeHHsM MeToioM st K=7 u K¢ =3. Yertbipe nuHUU
0.4976 170 24 CIIEKTPa MCXOJHOTO M 3aIIyMJIEHHOTO CHUTHAJIOB BH3YalbHO
copriani. [Ipu OosbiieM ypoBHE IIyMa pe3ylbTaThl MOTYIH-

JIUCb MCHEC YIOBJICTBOPHUTCIILHLIC.
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Puc.5. Curnan X[n]. Puc.6. Conexrpsl curnana x;|#j,
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Ilpumep 3. B KauecTBe COCTaBJISIIOIIMX MCXOJHOTO CHUTHANA X,[n] (pHc.7) B3SATHI TADMOHUKHU C TEMH K€
napameTpamu, KpoMme 3 u 4 9actoT, KoTopbie 6osee pasusarcs: 0.2123 u 0.2874. B aToM criekTpe 7 CEKTOPOB I10
OJTHOW YacTOTe, TMOCKOJBKY PAaCCTOSHUS Mexay dactoramu Oombine 1/30. To ects pasmep cektopa K=1.
CrpykTypa curHana mnpoiue, 4eM B puMepe 1. YpoBeHb HaJIOKEHHOTO IIyMa, U300pakeHHOro Ha pHc.8, 3Ha-
yurensHbIil: 8=0; ¢ =100. Ha puc.9 u3oOpaxeHn cymmapHbiii curHan Xo[N]. Ha puc.10 oToOpakeHbl JTHHUU
CIEKTpa IIyMa, HICXOJIHBIX TAPMOHMK U CIEKTpa CYMMapHOTO CUTHANA, PACCUNTAHHOT'O /IS TEX )K€ MapaMeTpOB
K=7; K¢ =3. CnexTp 1myma pacCuuThIBaJICS aHAIUTUYECKUM MapauienbHbIM MeTooM utst K=10. IIpu menpmmx
YPOBHSIX IlIyMa CHEKTP CUTHaJIA MOJXY4UJIICS €lle TOUHee.
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Puc.9. Cursantuym x;[n]. Puc.10. CnekTpsl IIyMa, CHTHANa

X,[n], curranatmym x,[n].

Hpe,[[J'IO)KeHHBIe B CTAaTh€ HOBBIE CITOCOOBI alIIpoOKCUMalii, HOBBIC CIICKTPLI IIPOLHCCCOB U METOAbI UX PacC-
4cTa MOryT OBITH HCIIOJIB30BaHLI BO MHOTHX IMMPUITOKCHUAX IMPU aHAJIMU3€ U CHMHTC3C CUIHAJIOB W ITPOLCCCOB
pa3INYHOIr0 Ha3HAYCHUA.

HpI/IMCHCHI/IC MOJIHBIX U YaCTUYHBIX €CTCCTBCHHBIX CIICKTPOB KOPOTKHUX HPOUCCCOB HOJIKHO OBITH HE Me-
HCC ITOJIC3HBIM, YCM CIICKTPOB Ha OCHOBC paSJ'IO)KeHI/Iﬁ CDypbe.
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