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NPEJAHUCIIOBHE

CoBpemenHblil HayYHO-TEeXHHYECKHIl NIPOTpece B 06/1aCTH H3V-
YeHusl CTPOeHUs 3eMHOH KOpbl MarHHTOTEYPHYECKHMH MeTO/a-
MH B 3HAYHTENbHOH CTENEHH onpefensercss VPOBHEM aBTOMATH3a-
LHH 1IPOLLECCOB perucTpauHuH 1 aHajaH3a eCTeCTBEHHbLIX 3JeKTPO-
MarHuTHeix  noJeil. Hecmorps Ha wnmeloumnecs  ycnexnm B
aBTOMATH3AINI MATHHTOTENYPHYECKOTO 3IKCNEepHMEHTa, OTCyT-
CTBHE PasBHTOH aBTOMATH3HPOBAHHON CHCTEMLI AaHajaH3a 3ape-
rUCTPHPOBAHHLIX peanH3alnil  3JEKTPOMATHHTHOrO TOJAsS 3eMJH
pe3sko cuuXkaer IGpeKTHBHOCTD MATHHTOTEJYPHYECKHX HCCael0-
BaHHii. 9TO NPHUBOANT, BO-NIEPBLIX, K HENOJHON 3arpyske IKcrnepH-
MEHTaJbHBIX YCTAHOBOK, a BO-BTOPbLIX, K OFpaHHYEHHSAM B [OCTa-
HOBKEC 1 CBOCBPEMEHHOH KOpPpEeKIHH 3IKCIepHMEeHTOB MpH H3yue-
HHII CTPOeHHA TyOHHHBIX Heap 3eman. OTciofa TakiKe BbITEKaer
3ajlepKKa BO BPeMeHH MOJVUYeHHsl KOHEYHLIX Pe3yabTaToB 3Kcle-
pHMeHTa, CHIMCHHE TOYHOCTH 00paboTKH 1 B LEJOM 3aMene-
HIe TeMIOB (PH3HYECKHX HCCACL0BaHHMH.

B nocaenniie roabl MoJyueHbl ONpejefieHHble pe3yabTaThl B
apTOMAaTH3alHN 1poleccoB 00pabOTKH MAarHHTOTEIYPHYECKOH
nndbopmanun (M. H. Bepaunuescknit, M. A. Bespyk, B. H. Kaiou-
knH, A. B. Koxmaucknit, A. B. Kyaukos, B. b. Oszepos, A. A.
Kostyn, I'. H. Txauer, O. M. Uunapesa u ap.). Ilpnyem B pas-
BHTHI METOJOB aHaJjin3a Hapfly ¢ yBeJHYEeHHEM pOJIH aBTOMATH-
3auiil OTMEUAaeTCs TEHACHIIMA CO3MLaHus aJropHTMoB ¢ GoJee
COBEePIUEHHOH JOrHKOH, MO3BOJSIONIHX H3BJAEKATH 3HAYHTEJNbHO
Gogbllee KOJHYECTBO HH(BOPMAILHH H3 3KCHEPHMEHTANbHBIX TaH-
HBIX It TeM caMbiM GoJiee HALeKHO ONpeleNTh reoaJeKTpHuecKne
napaMeTphl pa3pe3oB 3¢MHOH KOpPBI.

®u3nueckoil npeAnochbliKoil NpHMEeHeHHss MarHHTOTe/Iyplye-
CKHX METONOB sl H3yueHNs rayboKHX TOPH3OHTOB 3eMJu siBJs-
eTcsl CyIIecTBOBaHIle JIHHEHHDIX COOTHOINEHHH MeXKAY KOMILJIeKc-
HBIMH  BEKTOPaAMH  €CTEeCTBEHHOTrO 3JEKTPOMATHHTHOTO — TNOJs
3eman. Tak, B MeToAe MAarHuTOTEJIYPHUYECKOrO 30HIHPOBAHMNS
(MT3) paccmaTpuBaoTest JHHEHHbIE COOTHOWIEHHS MEKIAy KOM-
IVIEKCHBIMH BEKTOpaMmu 3jaektpomaruutHoro noast E(wm) w mar-
uutnoro H(w) B mmpoxkom auanaszone yacToT, a COOTBETCTBYIO-
miast Mo/eslb UMeeT BHJ

E (0) = Z (v) H(w).



Ceenenust o crpoenuu rayGoKiX FOPH3OHTOB 3eMHOH KOpBI B
NpuUHIANE TOJYYaloTCss M3  aHa/JIM3a 3aBHCHMOCTH  KOMIIOHEHT
TEH30PHOTO HMIlefaHca (JHHelHOro omeparopa) OT 4acTOThl .
Omnpenenenne CTPYKTypul omepatopa JuHelHoro npeoGpasoBa-
HHS SABJASIETCS OCHOBHOM 3ajadefl 00palOTKH JaHHBIX MAarHuTO-
TeJLIyPHYECKOro IKCrnepuMeHTa.

Bo3MOxKHO cO3/laHHe CYIIEeCTBEHHO pas/JHyHbLIX CcHCTeM aHa-
Jin3a IKcrnepHMeHTaabHOH HH(MOpMalHH B 3aBHCHMOCTH OT aJjro-
PHTMOB, NOJOMKEHHBIX B HX ocHOBY. IIpu 3ToM pasanuHble cucre-
Mbl MOTYT O0ccreuHBaTh HEOAHHAKOBYIO YCTOHUHBOCTL OnpeneJe-
HUST Pe3yJbTaTHBHBLIX  XapaxtepucTHk. Ilockonbky BeKTOpbI
€CTeCTBEHHOI0 3JeKTPOMArHHTHOrO MOJs  PerHcTpHPYIOTCs  Ha
thoHe onpese/ieHHBIX MIYMOB, TO He Bce NpeoOpa3oBaHus, BXOJSA-
mue B cueremy obpaboTkn n o obecneuuBalllie onpeiescHHe
MarHuTOTeNyPHIECKHX MapamMeTpoB, MOTYT YCMEMHO IPOTHBO-
CTOATb BPEAHOMY pacKauMBaHHIO JaHHBIX sKcrnepumenra. [Tosro-
My OZHOMH 13 OCHOBHBLIX NpoGJeM aBTOMATH3ALNI aHaau3a sKcie-
pUMeHTaJbHOH HH(OpMaluH, perucTpHpyeMoil Ha (oHe HeycTpa-
HUMBIX TIOMeX, $BJfeTCA  CO3/laHHe  CHCTEM AaJrOpHTMOB,
MHHHMH3HPYIOIIHX HEYCTOHUYHBOCTb ONPEAENeHHs pPe3yabTaTHB-
HbIX mapamerpoB. HeoGxoanmoceTh CoO3ZaHHst  VCTOHUNBLIX K
noMexaMm ajropurMon o00padOTKI JaHHBIX BLI3bIBAETCS TaKiKe
TEM, UTO CYHIECTBYET OMPEJC/ACHHBI Mpefes TOYHOCTH PerncTp-
pyiomieil annapaTyphl, a TAKKe TeM, 4YTO B IKCHEPHMEHTAJabHbIe
JaHHBIE B CTAAHN MOATOTOBKH HX K CTATHCTHYECKOi nepepaboTke
BHOCATCS AONOJHHTEAbHbIE MOTPELIHOCTH, CBSA3aHHbIE ¢ KBaHTO-
BaHHeM, KOHEUHOCTBIO HCCJAEAYEMbIX peaJdu3aluil, orpaHnueH-
HOCTBIO paspemiaonieil cnocoGHOCTHI MaTeMaTHYeCKHX (PHIABTPOB
u 1. A. Taknm oGpa3om, aBTOMATH3HPOBAHHAS cHCTeMa 00padoT-
KII 3KCHepHUMeHTaAbHOI nudopmanny 006s3aTeIbHO A0JIMHKHA CO-
IepKaTh JOTHYeCKylo cxeMy, OO0ecrneuynBaollyio MaKcHMaJablo
yCcToliunBOE onpeederie HHPOpMaTHBHLIX Napamerpos. Kpowme
TOrO, 3Ta CHCTeMa JloJ1:KHA 06eCcneylTb MPAKTHUECKYI0 CHHXPOH-
HOCTb NPON3BOJICTBEHHOrO 3KCIEpPHMEHTa n MaccoBoit obpaborku
MOJIyYeHHBIX JIaHHBLIX € 11eJbl0 OllepaTHBHON KOppeKiuH MpoBeje-
HHS MarHHTOTEYPHUCCKHX HCCJIeAOBAHHIA MPH H3YYeHHH CTpoe-
HIST 3eMHOIT Kopbl. Bonpocwl, cBizanHbie ¢ 310l 3agaveil, cocTas-
JISIOT TJIABHOE COdEpzKatne KHHTH,

ABtopn GaarofapHel JOKTOpYy TexHmuecknx Hayk IT. M. Ye-
TOJMNHY 34 LEHHbLIC 3aMeyaHus, cAeJaHHBle 1M B PYKOMNICH, a
TaKXKe KauaugaraMm ¢usnko-mMatemartuuecknx nayk A. A. Koetyn
u B. H. Tlojige 3a naoporsopHoe o6cy:KlAeHle psija mpHHIHNH-
ATLHBIX BOMPOCOB.
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METO1bl OUEHKH CNEKTPAJIbLHOTO COCTABA
MATHHTOTEJNJIYPUYECKHUX NMOJIEH

1.1. NpuHUMNLI OUEHKH CNEKTPAJbHOIO COCTABA
2JIEeKTPOMATHHTHBIX NoJeil
B MATHUTOTEJJNYPHUECKHX MeTO1ax

MarnnroTtesaaypiueckine METOAbl NO3BOJAIOT  MOJy4YaTb  HH-
(hopmainiio o crpoeniil rayboKNX CJ0eB 3eMHOI KOPLI i1 MaHTHIL
XapaKkTeplucTHKI CPe/bl  ONPeiAesioTes 13 COOTHOLIEeHIH, cBs-
3LIBAIOUNX JN00 KOMILIEKCHbIe aMIINTVAbLl Baphamiii ropHsoH-
TaJbHbIX COCTABJASIONIIX €CTECTBEHHLIX MEePeMEHHBLIX 3JeKTpo-
MarnuTHLIX nodgeil [6, 18, 62], in6o uX cnexkTpadLHble IOTHOCTH
[4, 9, 29], koTopbie B o6meM cayyae He MOIYT OBITh IOJYYeHL!
nyTeM BH3yaabHbeix HaOmogennii. Ha npaxrtixke oGbiuHo orpatil-
41IBAIOTCHA KBA3NCHHYCOHAANbHBIMII NPHOINKEHNAMI, T. €. Onpe-
JLESI0T «KaKyulnecs» aMIINTyAb n (paspl HMIOY/IbCOB KBasICll-
iivcontaabhoil gopyer (pne. 1.1). Tlo cyuectBy B 3TOM caydae
BLIIOJIHAIETCS B ONpPEACIeHHOM CMbic/e onepauus (HabTpalu.
OaHako KBAa3HCHHYCOHJaJbHble KoJe0aHHA pelKko y/aercs Npo-
CACANTb 1O BeeMy HeoOXoAMMOMY AuanasoHy uactor. Ecan na
JIOKAJIbHOM Y4acTKe OCLINIJIOrpaMMbl  HMEIOTCSl  KBA3HCHHYCOII-
jajbHble KoaeGaHis, TO OHH 00BIYHO OCJ0KHEHb KoJaebaHuAMH
HeperyaspHoro xapakrepa. B cBsi3u ¢ 3TuM BO3HHKaeT 3ajauva
BbI/IE/ICHHA CKPBLITLIX TMEePHOAHYECKHX COCTABJSIOUINX HA OrpaHi-
YenHbIX HHTEPBaJax perucTpauin B NPEANOJOKeHIH, uYTo JJs
3THX yYACTKOB XapakKTepHa OTHOCHTEJNbHAS BLIZIEPKAHHOCTh
ciieckTpa. Pasymeercs, 3/lech pedb HIAET HE O TOYHOM BbIAeJ€HHN
epioANYeckoro cluriana, a Jumb 06 ero oneske. OTveTHMm, 4TO
OoJsiee obmiasi 3ajava — OLEHKa CHEeKTPadbHOTO cocTaBa — MO-
T TAKKe TPAKTOBAThCA KakK 3ajaya BbLIAEJCHHS CKPLITHIX
nepuoanunocreii [46].

[TpoGaema BbiaeadeHHst CKPBITHIX MEPHOAHYHOCTEH MOXKeT
ObiTh pelleHa MHOrHMH cnocobamu. Bogblioe KoJnuecTBo MeTo-
J0B OCHOBAHO HA PA3JHYHOTO BHAA NpeofpasoBaHuAX HCXOAHOTO
mpouecca x(1), TNO3BOJAOMHX YCHANTB B npeoOpa3oBaHHOM
rnpotiecce X' (f) ponab onmpeaeneHHOll  MePHOAHUECKON KOMIOHEeH-
Thl. CyllecTBYIOT [IBa THNAa COOTBETCTBYIOULHX npeoGpa3oBaHuii:
HesHHelHble, KOTOpble HCHOJbL3YIOT —CTATHCTHYECKHE CBOMCTBA
cHruafja, 1 JiHefiHble, KOTOpble 3TH CBOHCTBA He HCNOJb3YIOT.
Hanpagaenne, ocuioBaitoe na npuMeHeHnn He HHeHbIX KOppess-
HHOHHBIX npeoOpa3osannii, paasuBaercs A, M. AnekceeBbiM,



M. A. DBespykom, M. H. Bepanuesckum, B. H. Kaoukuubim,
A. B. Kyaukosoeim [1, 2,7, 8]. B ocHoBe HX METOIHKH JeXKHT
npejacTaBaeHile 0 MarHUTOTEIYPHYECKOM Npolecce Kak o npo-
necce, obaanaiouleM CBOHCTBOM 3ProAMYHOCTH 1 CTALHOHAPHO-
ctu. B peaysnbrate pacuera aBTO- i B3aHMHOKOPPENSILHOHHBIX
(DVHKIHH, a TakkKe COOTBeTCTBYIOU[HX CHNEKTPajdbHbIX [JIOTHO-
crefi sHeprun (cM. pasgen 2.1) mnpeacraBasieTcsi BO3MOXKHLIM
onpeaeHTh KOMIOHeHThl TeH30pHOro uMmnenaHca. [Ipaktnueckie
pe3yabTaThl NPHMEHEHHsT SHEePreTHYeCKHX CHEKTPOB AJs BhIUMC-
JIeHUS HMMeJaHCOB TPHBOAATCS, B
yacTHOCTH, B pabGorte Dboctika u
Cmuta [9]. Hammn wucnoassyiores
npeo0pas3oBaHus JHHEHHOro THIA,
0/HO3HAYHO  TpalchOpMHPYIOLIHE
HCXOJIHY1I0 GYHKUHIO B HOBYIO (hVHK-
uuo. OHH  3anHCBLIBAIOTCA B BHIE

CBEPTKH
% (@) = k() » %)

HJTH
¥ = | h@x(t—7dn (L)

—o0

Puc. 1.1. «Kamyunecs» aMmantyast n ¢a-
36l HMOYJBCOB KBAa3HCHHYCOHIAAbHOM (hop-
| /1; Mbl:
< .
l T—nepnoa xkoaeGauuil; A—BIHANMLIE AMOAHTYILL
.Aw otHocHTenbHLIl cABHT ¢a3; f—YCaoBHR
T MoMent Hynenolt daan

IMpeoGpasosanne (1.l) MOKHO TpakTOBaTh Kak [eHCTBHE
HEKOTOPOTO HHTErPaJbHOTO ONEpaTopa Ha HCXOAHYIO (YHKUHIO
x%(t)

Jlas npakTiHyecKHx ueseil npeo0pasoBanie, ocyllecTBiasemMoe
B GECKOHEUHBIX NpejAenax, npeiacraBiaser Maablii nirepec. Kpowme
TOTO, HCXOAHBIC AaHHBle OOLIUHO BHIPAXKAalOTCs B AHCKPETHOH
popme. ITH 06CTOATENLCTBA NPHBOAAT K TOMY, UTO NPHXOXNTCH
OnepHpoBaTh CBOMCTBAMH KOHEUHLIX AMCKPETHBIX JIIHEHHBIX ore-
PaTopoB, COAEPHKAULNX KOHEYHOE YHCJ0 ONepaTopHLIX KOs(dn-

ILMEeHTOB.

JlnHeiiHblil AHCKPeTHBIl OnepaTop, KOTopuili Moxer ObiTb
0XapakTepH3aoBal [0CJAeA0BATEJIbHOCTbIO UNCJAOBLIX KO3(pHILH-
CHTOB (@—n, @—ntls -y A1, ...), TpaHcopMupyeT BXOL X(¢) B Bbi-

xon x'(f) mocpeacTBOM CKOJAb3SIIEro CYMMHPOBAHHS HJIH JHC-
KpeTHOH CBepPTKH:
()= -y . X T8 (1.2)



HHTEpecHO 3aMeTHTh, 4TO €CAH  11PaByl 4actb ypaBHeHls
(1.2) npeacTasiTb B BHAE CYMMBbl ABYX UJEHOB CJACAYIOWIHM 00-

pasom: ;

n
X(t)= Y ax_,+ Yax_, (1.3)

s=—n s=0

To 00a ujeHa BMeCTe pellaloT 3ajauy CriaaKnBaHus, a OTAe]bHO
BTOPOIl WIEH MOMKET OBITb HCHNOJb30OBAH AJS IKCTPANONSIHOHHBIX
nenaei [63].

XOpoiio 13BecTHO, UTO Ji0dasi JiHelHas KOMOUHAIus HCXO0/L-
HBIX JAHHBLIX MEHsieT CIeKTPaJbHbil cocTaB npeoGpasyeMoro
npouecca [57]. CreposatenbHo, HOAXOAAIINM BLIGOpOM  KO3(-
¢uUHEHTOB @y MOKHO PeryJaupoBaTh CHEKTPaJbHLIl €OCTaB
X (f).

Hpyrum cnocofom BblleqeHHs NEPHOJHYECKOro cHrHata sB-
asietcsi crnoco®, ocHoBaHHBIE Ha npeoGpasosBannn  Pypbe. [pu-
MeHeHHe TapMOHIYEeCKOro aHaJnsa Vs OUCHKI  CIeKTPaabHOro
COCTaBA MarHiTOTENIYyPHYECKIX IPOLLECCOB pasBHBAETCA PALOM
nceaenopareneil. I'. H. TkaueB Aast BeiJejeHus NepBblX rapmo-
HIIK NPeAJoKILT MalllHHbIH BapHaHT pasaoxKenus B pajg Pypbe.
A. A. KoBTyH 1751 OLICHKH CIEKTPAJbHOTO COCTaBa peanan3oBana
nuTerpaabioe npeodpasosanne ®ypbe [28, 29]. A. B. Koxmanu-
cknit 1 B. JI. Ozepos [31] ncrnosb3oBaji HHTerpaJbHOe npeos-
pazosaHiie Pypbe KaK OCHOBHOI 3JeMEHT OILEHKII CleKTPaJbHOTrO
€OCTABA MarHuTOTE/YPHYECKOro mpolecca B ARTOMATH3HPOBAH-
HOlT cuereme 00padOTKH MarHHTOTENYPHUYECKHX 30HAHPOBAHMIL,
nnu4eM [MONCK V4YaCTKOB, MOMJEKAUNX rapMOHHUCCKOMY aHaJl-
3y, OCYILECTBJSICH 110 cXeMe

Fit)— ; [f (:t—-g)k;-f(té —721)]

rae T — npoOublii nepuod. B KOHeUHOM HTOre MOMKHO CYHTATh,
YTO FapMOHIIKIL, ompeje/seMple npeoGpasosaniieMm Pypbe, mnoay-
yalTes B pesvabTaTe JanHefinoro npeoGpasosanns, Huxe Oyaer
NOKa3aHO, YTO B 3TV TPYNNy npeoOpa3oBaHHil MOMKHO BKJIIOYHTh
Kak pasjozeHue B psia ®yppe, Tak n 6oaee oburyio Momxnpuka-
1110, NIPeyCMaTPHBAIOLLYI0 TOHCK JpoOHBIX rapyvonuk [21, 23]

Otmetum, 4To npobaema BblJlesIeHHsT FapMOHIMECKNX COCTAB-
JIAIOIHX 13 peannsalii 3J1eKTPOMarHHTHOTO Npoiecca sBASETCS
npobaemoii pasaeaenns curnana n wyma. Ilpu stom ecaun ocy-
LWIECTBAACTCA OlCHKA ONPEAe]CHHOr0 NEepHOJAHYECKOro CHrHaga,
Apyrue rapMOHNYECKIle COCTaB/SIOUINe A0JIKHB OLIThL OTHECEHL
K mymy. Tax Kak paspewianomas crnocoOHOCTb JHHENHBIX (HIAbT-
POB orpaHnyeHa, pasjie/ieHiie COCEAHNX YACTOT MOMKET ObIThb Bbl-
TIOJIHEHO ¢ OrpaHHYCHHON TOYHOCTBIO. 3anaua eute Gogee yea0k-




Hsercd, ecan CHOeKTp myMa COAepKUT B cebe 4acTOTLl HCKOMOI
rapMOHHKIL B stom caydae BbIACJCHHE TEPHOAHYCCKIX COCTAB-
JAIHX B HHCTOM BIAE MOIKET BOOﬁLU.C NNOTEPATL CMDBICJI.

1.2. Uudposas Guasrpauus

PaceMoTpuy ot 13 Haudogee ONTHMAJIbHBIX (DHALTPOB C
BecoBolt GyHkiLei, nMeouiei Bug

g R LS 58 on
h(T):lTQe 2 (T)COS ; T (1.4)

UacroTHad XapaxTeplcTiKa 3TOil BeCOBOR (QYHKUUH HMEeT BHJ

R (w) = exp [ 2.11( U;: — 1)2] -+ exp [~ Q:rc( (;: - 1)2].
(1.9)

Becosasi q)_\']l}(IL[lﬁ sl BBIAGMCHIST MHHMOH UAaCTH npoiecca

3 2n . 20T
noaydaercs 13 (1.4) sameHoi COSFT Ha smF t. B dopmynax

(1.4)u (1.5) T — BoiaeasieMblil NPOOHBIL IEPHOL.

Paccmarpusaemasi nepenaroynast QyHKILHS XapaKTepH3yercst
ONTHMAJbHOCTHIO B TOM CMBIC/E, YTO [PH OTHOCHTEJNBHO BbICOKOIL
paspelnatouieli  crocoOHOCTH OHa 3aTyXaeT Ha CpPaBHHTCJLHO
KOPOTKOM BpeMeHHOM nHtepBane [—T, T] (puc. 1.2).

OTMeTHM, UYTO YaCTOTHAS XapaKTepPHCTHKA H BecoBas (pyHKIIHS
OLHOTO W TOTO Ke MAaTeMaTHueCKOro (P UJAbTpPa COCTABJAAKT Mapy
npeodpasosaniuit Pypoe, T. €.

v(@) = | h@e “dr,
.- _
o J o(@)e ™" do, (1.6)

hz) =

o0

rae v () — 4acTOTHAasi XapaxkTepuCTHKa BecOBOH (GyHKmun f(t),
copeprKanlas Kak peaJbHYI0, TaK W MHHMYIO COCTaBJHIOLIHE.
BaxueiMu xapakrepucTukaMu fi(t) n v(w) SABASIOTCS BPEMs 34-
TyXanua u noaoca nponyckanus. CymiecTByer TecHass B3aHMO-
CBSI3b MEMKIY IINPHHON MOJOCH MPONYCKAHUA 1aCTOTHOH Xapak-
TEPHCTHKH 1 BpeMeHeM 3atyxanus BecoBoil ¢yukuiin. Tounoe
COOTHOLIEHHE ME@MKIY HUME 3aBHCHT OT YACTHLIX ocoGeHHOCTell
CTPYKRTYpLl puasrpa [34, 56]. Bo Bcsikom cayuac MOMKHO yT-
BEPHKAATE, YTO UeM Y¥Ke IHTEpPBaJ, Ha KOTOpPOM fi(t) orJnyaeTcs
OT HYJS, TEM IiHpe mogoca nponyckanusa ¢(w). HMuaeannHomy

8



(UABTPY, NPONYCKAIOWEMY eANHCTBEHHYIO OlpeAesIeHHYI0 4acTo-
Ty, COOTBeTCTBYeT /i(t), 3agannasd Ha OCCKOHCYHOM HHTepBaJe.
B stom npegeabHom cayyae onepanus (puabLTpalii paBHO3HAU-
na npeodpasopanino Pypee Ha 3T0i yacTore,

ITpn BoiaesaeHn NEPHOANYECKOrO CHTHAJA KeJaTeabHO, 4To-
Obl CHPHAJI ONPEACJCHHOTO NepHoga He HncKaxajics, a (yHKiis
h(t) BO BpemenHofl obaactn Oblla MaKCHMaJbHO JOKaJI30BaHa,
K coxanenmio, st apa ycaosust HecoBMectumbl, Jlas nonbiure-
HHA  CeNEKTHBHOCTI npeobpa3oBaHnsg HeOOXOMHMO  YBeJIIYHTE

Rl
1o g #

e s

27 47 B | 0 T z

Puc. 1.2. YacroTuas (a) n pemennas (6) XapakTepucTuki undpoBoro puastpa

obaacTtb 3aganins fi(t). Ho npn Goabwmoit nporaxeHHocTu (1),
T. e. npu T>> 7T, CUEKTPaJbHBIA COCTaB HCCJAEAYEeMOro mnpolecca
MOMKET 3HAYHTEJbHO HW3MEHHTbCH, B CBS3H C 4YeM MPOHCXOLHT
vepedHeHHe No aMILIHTY/le U (ase, T. e. BooOlle TepAeTcs CMBICI
duabrpannn. B ¢uabrpe, ncnoabsyiomemM B KayecTBe BeCOBOM
@yukuuio (1.4), A(r) npaxTHyeckn 3atyxaer npu t==7. Pasy-
MEeTCsl, 3TO CBA3aHO ¢ ONpeAeeHHbIM YMeHbIIeHHeM paspellaio-
meil cnocoGHocTH  ¢GuabTpa. Ecam 3a  wmnpuny nponyckanus
NPHHATB NoJocy 2Aw, JeKanlylo B nHrepsase [wy* Aw], na rpa-
HHAX KOTOPOH aMIVIMTYAa OTQHAbTPOBAHHBIX TAPMOHHK yMeHb-
maercs Ha 50%, To mpu TakoMm onpeseseHun (pHUALTP NponycKaer
uacToTel, Ha =309, oTaMualoUIMecs OT YACTOTLl g, HA KOTOPYIO
oH nHacrpoed. Kpome Toro, ormerum, yro Aas ¢gpuabtpa (1.4) ua-
croTsl, orauvaioutnecsi Ha 109%, npakTuueckn npoxoasar 6e3 Hs3-
menenus. [Tonoca nponyckanus (GpuabTpa Ha NpakTHKe HEPELKO
OKa3biBaeTcsl HEOCTATOYHO Y3KOil, mo3toMy B pa3paboTaHHoil
HaMH KOMIIJIEKCHOH cHCTeMe aBToMaTHueckol ofpabBoTki marum-
TOTEJIYPHUECKIX JaHHBIX NPELyCMOTpeHa NOBTOPHAs (uabTpa-
LIS peannsanuit sjaekTpoMardutHoro nodsi. lanbueiiiee 10Bbi-
leHue paspeuraionieii  cnoco6HocTH  UHGPOBOH  puaAbTpalLHil
NpeaCcTaB/IfeTcs HeleaecoobpasHbiM, NOCKOAbKY Y4acTOThl Bapla-
IHA pa3anyHLIX KOMIIOHEHT MOJst B OAHH N TOT XKe MOMEHT Bpe-
MEeH}l MOryT Bapbnposath B npeaeanax 5—I10% n3-sa uactuuHOl

9



floAAPH3ALLII STEKTPOMATHHTHOTO noJsi. dpPeKTHBHOCTL ihpo-
Bofl  uAbTPALHK HAMIOCTPHDYeTCs pHe. 1.3, riae  mnpuHBeieHLt
pe3yabTaThl BBULEJSHHS KOPOTKOMEPHOAHLIX M JUIHHHOMEPHOL-
HBIX KoseGaHmil.

Jlnneitnast guabrpauns obaamaer TOil 0COGEHHOCTBIO, HTO
(uabTpyeMble 4acTOTLI HCKAMKAOTCH  HCOMNHAKOBLIM ofpasom.
Uem 00JbllIe YaCTOTBI OTJAHYAIOTCSA OT (g, TEM CllJIbHEE HCKarXKalo-
miee jeficrsiie ¢uabrpa. MekaxeHnns npiuMepHoO ONIHAKOBBL 1S
BCeX KOMIOHEHT MarHHTOTeNIYPHYECKOro MoJsf, ec/il NepHojbl

00

i \/ 7 0 150 200 250

20+ Ty=25

Puc, 1.3. TMpumep uudpoBoit GpHABTPANHA KOPOTKONEPHOAHKIX (6) H AJHIHOME-
PHOLHBIX (8) KOMMOHEHT, @ — HCXOJHAfA peajHsallHsi mpollecca

kosebanuil He oyeHb OTaAHYaloTcs Apyr ot Apyra. Ecam ke Ba-
pHamun  KOMIOHEHT eCTECTBEHHOro 3JeKTPOMATHITHOTO 110
OULYTHMO Pa3/JHYAITCH MO HACTOTE N OCJAOKHEHBI NoMexaMi, To
GUAbTPALNA  MOMKET CYLeCTBEHHO  HCKa3NTh  COOTHOIIEHIe
MEeMKIY HHMIL

Eetb eme oaHo 06CTOATEALCTBO, KOTOPOEe HEOOXOANMO YuH-
TBIBATb NPH BLINOJHEHHH JHHEHHBIX npeobpaszopannit. Kamxaoe
npeoGpasoBaniie HCXOAHOTO npolecca ykopaullBaeT ero Ha HH-
Tepsan [—a, a], B KotopoM A(t) oTanyHa OT Hyas. To HaK.a-
IbIBaeT cle/lylollee OrpaHHYeHHe: ecall  HHTepBasa 3alaHus 1He-
XOHOTO mpoilecca nmeer AJauHYy 2L, To aaa  obaacTti  3amaHud
X(1) NONKHO BBITOJHATHCHA YCJIOBHE

2(L —a) > 2T max,
rae Tmax — HAnGOAbIIAN 13 BO3MOMKHLIX NMEPHOLNYECKIX COCTaB-
ASIOULHX, BXOAsunX B x(f). B nporuBHoM cayuae B npeodpaso-

BAHHOM Mpolecce He yaaeTcsl BLIACJANTb HH3KOUACTOTHLIC TdpMO-
HHKIH.

10



1.3. YcroituuBocts uupoBoii puALTPaALHH

Jlast npakTHUYeCcKHX Ilesell onpejel]eHHbIH HHTepec NpejcTas-
JseT Bonpoc o6  ycTOHUYHBOCTH (GHJABTPA MO OTHOUICHHIO K pas-
JHYHOTO poia nomexaMm (atmocdepHble paspsijibl, HHAyCTpHA/b-
Hbie ITIOMEXH, TOMEXH pernoHa/JibHOro xapaxkrtepa u T. ,T_l.).

Ha puc. [.4 npuBefeHul pe3yabTaTsl GuabTpalui CHHYCOMH-
Ibl, OCJIOKHEHHOI cnyuaﬁnmm ﬂH.ﬂOOﬁpaiiHbIM BO3MYLICHHEM.
HE‘CMOTPH HA OTHOCHTEJLHO BbICOKHI VYPOBECHb NOMeX, CHHYyCcOHAA

Puc. 1.4, Peayabratel (uALTPAUHH CHHYCOH/LL, OCJOMKHEHHOI Caydaiibiy BO3-
mymentem ¢ amnantyroit 40% (a) u 80% (6) or aMnANTYIBI CHHYCOMIB:
I—ocaomHeHHLIT cHr:an; 2—nbiaeaeHHasd CHHYCOW1a

BLIAEANIACh NMpaKkTHueckn 6e3 nckameHu. llupposoit duabtTp
NpoaBafeT  VIAOBJAETBOPHTEJNBHYIO VCTOHYNBOCTD TaKKe K He
OuYeHb HHTEHCHBHBIM TNOMexaM HecTallnoHapHoro xapaxtepa. Ha
pruc. 1.5 noxkasaHa cHHyCOHAA, OCJOMKHEHHasi pPerioHaJjbHbIM ¢o-
HOM JHHelHOro ¥ napabojuyeckoro THNoB. B npuBeIeHHBIX Cay-
yagx HcKaKeHnns, 0O0ycJOBJICHHBIe (QHAbTpaleil, MpaKTiluecK
OTCYTCTBYIOT.

Kax Obl10 oTMeueHo Bbllle, HA NpakTHke nnpposas uibrpa-
sl OcyllecTBAAeTcs B KOHEUHBIX mpepesaX, 4TO IIPHBOAHT K
CMeleHNI0 Pe3yabTaToB HHTerpaJjbHoro npeotpasoBannsa. Urtobmu
OueHNTb 3 et yceueHns, HeoOOXOLHMO BBECTI NOHNATIE BPEeMeH-
HOoro okHa s(t), pasHoro eaunnue B uHreppane [—T, T], B Ko-
TCpoM ocyluecTsasieTcs UH(posas GUALTPALHS, U HYII0 BHE 3TO-
TO puTepBaaa.

il



Ecnn x(f) siBasgercss CHTHAJOM, 3alaHHLIM B lIHTEepBaJe
—oo<C{=Io00, TO CHFHAJ, ACHCTBHTEJNLHO MOABEpPraemMuiii (GpHALT-
panmu, Ha KOHEUHOM HHTepBaJe Ha caMOM Jle/le BhipaKaeTess Kak

Xp () = x () s(0).

CileoBaTeIbHO, ONepalisl B3SITHS KOHEYHOro yuyacTKa 3amucil

pPaBHOCHAbLHA YMHOMKEHHIO HCTHHHOTO cHrHaJga X({) Ha BpemeH-

HOoe OKHO §(f). B wacrotHoil oGsactii  3TO Mpol3BeieHile TpaHe-

(opmupyerca B cBepTKy npeodpasoBanuil ®ypwve ot x(t) u s(t):
X, () = X (0) * S (0),

rjie CHeRTpadbHoe OKHO
S(w) asasiercs apeodpaszo-
Batuem Pypbe oT BpeMet-
Horo okHa § (7).

Bpemennoe oxuno s(f)
He 00534aTeabHO  JIOTKHO
HMeTh OPAMOYTOABHYIO
(opmy, oanako npH Ja0doi
(hopMe BBIOHPAEMOTO OKHA
cnekrpanbHoe OKHO S(w),
KpOMe MdKCHMyMa Ha Hy-
J€BOI1 4acToTe, XapaKkTepH-
3yeTcsi DOKCBBIMH JIETIecT-
KaMH, KOTOphle 3aTyxalor
npH YJaJeHHH ® OT Hy.nd.
Jdas ueboasninx T npeot-
pasosanne Xr(w) Momer
JaTh O4elb HCKAKEHHYIO
oueHsy X(w), Tax Kak
S(w) Oyaer Meiento yooi-
Bawouleil QyvHKIHel, U 1no-

Puc. 1.5. Peayabratnl guabtpaitun

CHHYCOHbI, OCJI0MKHEHNOH perHo-

HagablbIM  (hoHOM anHeiinoro (a)

H napaGoanueckoro THIIOB (B, 8):

I—ocaomnennsiii  cHriaa; 2—anjae-
JAeHdad CHHYCOHAa

TOMY GOKOBBIE 4aCTOTBI CMEKTPaaBHOrO OKHA OYAVT VHaCTBOBATh B
dopmuposannn Xr(w) Hapaay co 3naveninem S(w) Ha HYJeBOI
yactote. DPPext yceueHss CTaHOBITCH 0COOEHHO 3HAUHTEILHBIM,
€CJAN B HCCJAEAYeMOM Npolecce MPHCYTCTBYIOT MOMIHBIe HH3KOua-
CTOTHBIE COCTAB/SIONLIE CHTHAJMA, BKJAIOUYAS perioHaibHbiil (ou
12



myaesoil yactotel. [lostomy mas  yBeanueHns 3(p(eKTHBHOCTH
LHPPOBOI (IILTPALLIH HMEET CMbICA HCKAIOUHTH HH3KOYaCTOT-
Hblit (POH, BANAHHE KOTOPOro BO3pacTaeT ¢ yBeJHYEHHEM YacTOTb
BoilesiieMblX rapMonuk. Jlas annpoxcnMaumi i nocaeayiouero
HCKJIIOUEHHs HI3KOYaCcTOTHOTO pernoHaabHOro (ona 1enecood-
pasHo 1CNO0Jb30BAaTh CHCTEMY OPTOrOHaJAbHBIX (YHKILHI, 13 Ko-
TopbiX Hanbosee yA0OHOH ABJAAETCH CHCTEMa TPHTOHOMETpHYE-
CKHX ToanHOMOB. Mcnoab3oBaHne TPHTOHOMETPHYECKHX MOJHHO-
MOB B KauecTBe  aNNpOKCHMHPVIOHIHNX  (VHKIHI ~ BMeCTo
0OBLIKHOBEHHbLIX CTENeHHBIX TOJHNHOMOB 00VCI0BICHO TEM, YTO,
BO-TI€PBLIX, ANNPOKCIMAIHA CHCTEMOI OPTOroHadbHbLIX (YHKILHI
METOJOM HalMEHBbINNX KBajApaTtoB siBasercs Hanbonee ycrofiuu-
BOH 11, BO-BTOPLIX, NMPH 3TOM OKa3bIBAETCH BO3MOMKHLIM KOHTPO-
JUPOBATL CIEKTPAJbHBII COCTAB HCKJAIOYAEMOro pPerHoHajJbHOro
doua [58]. Meroauka npubamxenns (yHKuuii 10ApoGHO OmMH-
caHa jaJxee B raase 11

[Ipn npudJiKeHun HHTErpaJbHOr0 Oneparopa AHCKPEeTHBIM
BO3MOZKHBI OMINOKI, CBS3aHHBIE ¢ BeJHYHHON Ilara KBaHTOBAHHS
At. TlorpemHocTn uUAbTPAILHH CHHYCOHAAJABHOIO ClirHA4Ja, CBS-
3aHHBIE C KOHEUHBIMH pasMepaMi liara KBaHToBaHusi, npu Af,
pasom 1/36 T, cocraasior 2%, nmpu 1/18 T -3, 1/12 T — 5,
1/9T7T—7,1/8T—8,1/6T—7,1/5T—8,1/6T—17,1/5T—
8, 1/4 T— 13Y. CaenoBatenbHo, NpH Nepexole K AHCKPETHOMY
npeobpasoBaHMIO LIAT KBAHTOBAHUSA KeJaTebHo BuIOHpaTh He §o-
jee 1/12 peanunnel BuieseMoro nepuoaa 7.

HeoOX0iuM0 OTMETHTb, YTO HpPEABAPNTEbHAS CEJEKILIS KO-
JeGannil B onpejleJieHHOM HHTEpBaJe 4acToT SABJACTCH [EPBbIM
H 00A3aTeqbHbIM 3TanoM 00paGoTKI MAarHUTOTENTYPHUYECKIX
aanuulX. ITpn stom undposas QuabrTpanns, onicanHas B pasfe-
ae 1.3, B orauune oT MeTOLNKII BHI3YaabHOTO BhifedeHHs kojeba-
Huil nospoJsier o0padaTbiBaTh NPAaKTHYECKII BCe OUN(POBaHHLIE
VUACTKH peasin3alliiil 3JeKTPOMAarHHTHOTO NOJS, 4TO 3HAUHTEb-
HO yBeanunBaer oGbeM mnogaesHoil  nHgopmauni.  ITockoabky
(QuabTpalls NO3BOJAAET NOJYYaTh peadbHBIe 1T MHHMBIE YaCTH
Kam10il KOMIIOHEHTL 3JCKTPOMATHHTHOTO TMOJSA, NPEeACTaBafeTCs
HOTIYCTHMBIM NIPHMEHSATL A8 06paldoTku JHHEeliHble  COOTHOLLe-
Huf, NpnBefenHbie B raase 11,

1.4. TapMOHHYECKHH AHAJH3 eCTeCTBeHHbIX
3JeKTPOMATHHTHBIX NPOLIECCOB

KoaebaHis eCTeCTBCHHOTO 3JEKTPOMArHiTHOro 1noJs B ouem
caydae He MOHOXPOMATIHUYHLL 1 NOAAPH30BaHBI He crporo. ITosto-
MY TPaBOMECPHO CHUHTATL, YTO HX KOMINIEKCHBIC —aMIIHTYbI
ABJSIIOTCS, BooOuLe rosopst, (Qyukuueir speMeni. Tem He meHee,
KaK 3TO NOJATBEpIKAAETCH IKCMEPHUMEHTAJabHO, Aad OTAeThHBIX
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HHTEPBAJOB BPEMEHH CHEKTPAJbHbIl COCTAB I0Js MOMKET OcTa-
BaTbCA MOCTATOYHO CTAOWIBHBIM, T. €. B HeM COXpaHfIOTCA Npe-
obJajalolue nepHoanYeckie KoMnonents [6, 14, 15, 21].

B npukaaiHoil mMateMaTHKe rapMOHUYeCKHH aHaau3 crnodb-
3yercsi JAJISI PelleHnst caMblX pasHooGpasHbix 3ajay. B uacrtho-
CTH, OH MOKeT OLITb HCHOJB30BaH JJsi OLEHKH CHEeKTPaJbHOro
cocTaBa HCCJAEAyeMOoro mpoiecca. 3jech pedb ijer HMeliHo 06
OLleHKE, a He O CTPOrOM oOnpejeJeHHil CHeKTpaJbHOro cocTasa.
3ajpaua 3Ta AOCTATOYHO CJOXKHA, N AJA [POLECCOB, KaKIIMil fB-
JF10TCA  KoJeGaHis eCTECTBEHHOTO 3JEKTPOMArHHTHOrO MoJf, B
HacTOAIECe BPeMsi aJleKBATHOro pelieHns He cymecrsyer. Oxna-
KO TpH aHa/jH3e CTPYKTYPHl €CTEeCTBEHHOrO JIeKTPOMArHHTHOTO
oqisi mpuMeHeHHe npeobpazoBanuil Pypbe HEPEAKO OKa3LIBAETCH
Gonee nenecoo6pasnbiM, yeM nudpoBas GurbTpaLus.

[ToHnmMaHne CYmHOCTH FapMOHHYECKOr0 AHAAN3d I, B HaCTHO-
cTH, Npo6JaeMbl OLEHKH CIEKTPAJbHOTO COCTABa  HCCJASAVeMOro
npouecca MoxeT ObITb PACCMOTPEHO MPH NOMOLLI TeoMeTpHye-
CKOIl uHTepnperaunun storo meroga. [as storo BBelem INOHsITIE
JMHEHHOro QyHKUHOHAJBHOTO POCTPAHCTBA, 31€MeHTaMH KOTOpO-
ro cay:Kar HenpepbiBHble GyHKUMM ¢ (1), onpenenennble Ha 0TPeE3-
ke a<<t<<b [36]. IlpocrpancrBo 3THX GyHKUHII GecKOHEeUHOMEp-
HO, H B HEM MOXHO HAHTH CKOJIb YTOAHC G0JibIIOE YHCIO JHICHHO
HEe3aBHCHMBLIX BEKTOpOB. Basnca B ToM cMEIC/ae, KaK 3T0  Onpe-
neasieTcsl AJ5 KOHCUHOMCPHBIX JINHEHHBIX TPOCTPaHCTB, B IpO-
cTpaHcTBe pyHkiuil ¢(f) He cylulecTByer.

OrmeTHM, 4TO MOHATHE (GYHKUHH ecTb 00600leHHe NOHATHA
BEKTOPA B N-MEPHOM INPOCTPAHCTBE, T. €. (PYHKIHSA Ha OTpeske
[a, b] B GeckoHewyHOMEPHOM NPOCTPAHCTBE MOXKeT ObITh 11300pa-
JKeHa TOYKOH HJH BEKTOPOM, & OCHOBHBIE Onepalliil KOHeuyHoMep-
HOTO NpocTpaHCcTBa Oe3 H3MeHeHHIT nepeHocsTes B (hYHKUIOHAb-
Hoe npoctpaHctBo. ITockonbKy HecneayeMble npolecchl Ha 0Tpes-
Ke [a, b] wmoxno n3006pas3uth BeKTOpaMil, TO TOCJELHHE,
OYEeBHJIHO, MOKHO PAa3JOKHTb TO COOTBETCTBYIOUIHM Ga3HCHBIM
BekTopaM. EctectBenno, uto u GasucHble BeKTOpn OyAyT npen-
cTaBaaTh coboil cemeiicTBO onpefedeHHbX (QyHKuunil. B cssazn c
ITHM BO3HHKAIOT BOTpockl: 1) Kakue (PyHKIIHI MOTYT BHINOJHATH
poJsib GasncHBIX, 2) HACKOJLKO TOYHO HEe0OXOAHMO annpoKCcHMi-
poBaTh HCXOAHYIO (YHKILHIO, 4TOOB MOMKHO ObIIO C AOCTATOYHOM
TOYHOCTLIO OLEHHTL ee CNeKTpaJbHbll cocraB. [Ipexne Beero
GasucHble BEKTOPLI AOJAMKHLI OBITh JIHHEHHO HE3aBHCHMBIMI. 3a-
TeM cuctema GasHCHBIX BEKTOPOB {¢n} AOMMKHA OBITH NOJHOM.

Onpenennm noanory cuereMsl {@n} Kak BO3MOMKHOCTL pas-
JIOKEHNsl PYHKLHN B PAL 1o 0a3HCHBIM BEKTOPaM:

f (x) = lim ic'fwi, (1.7)

. i=l

rje 3HaK = O3HauvaeT CXOAHMMOCTb B CPEJHEM.
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CylecTByeT Ka1acc OPTOHOPMHPOBAlBIX CHCTEM (YHKLHI
{gn}. xoTOpuie npeactaBisiior coGoli CHCTEMY HEHYJAEBBIX (DyHK-
wuit B npoctpancTBe R Ha nHTepBate [a, b], n ecan

b
(Pmr Pn) = S PPndx = 0 npu m==n, (1.8)

TO roBopsT, uto {¢,} ABIfeTcs oproroHaidbHoii B R. Ecan Takxke
fER n
b

L (F, 9n)
Cu.*-— f(P dxz—n, n'-_:ol ]}2""’ (1'9)
Ialtd " (@as Pn)

TO ¢, HasbiBaetcs Kosduumentamun Pypoe dynkuun [ no cucreme
{9}, a pan Ze, g, —ee pagom Dypse.

[coMeTprueckin MOXKHO paccMaTpHBATh (n KakK TOYKY HJAH
Kak BekTop B npocrpaderse R. Ecau cucrema {gn} oproronajb-
Ha, TO 3TH BEKTOPbl OPTOTOHAJbHbI; ecaH {@n} HOPMHPOBaHA, TO
Ol eIHHHUHBI. Cn, OPeJesaenibie cooTthomwenneM (1.9), MoxkHo
paccMaTpHBaTh KaK «KOOPAMHATEI» (YHKIHI [ OTHOCHTEJIbHO
<oprorotanbieix oceit» {qn} [10, 30, 59].

Pasyveercsi, pyHKIHIO [ MOXKHO Pas/OkKITb HE TOMbKO IO
cicreMe OpTOroHanbHbIX (yHKOuiA. [loaunomom 1o cuereme
{¢n} ABARETCA AHNeHas KOMOHHALHA

P(§) = Ao+ @y %1+« « + 8Py, (1.10)

C NOCTOAHHLIMII KO(D(UIHEHTAMH, NPHYEM ¢n L0JKHBL  OblTh
He3asicHMbIME. JIub B 3TOM cayuae oun oOpasyior 6asuc aas

KOOpPJIHATHOI cueteMbl. DTo onpejeleHle He CBA3aHO ¢ OPTO-

roHaJbHOCTBIO, T, €. pasaoxeHue (1.10) MoxKHO paccMaTpHBAaTb
1{(211{ pasjoieHHe BeKTOpa B ¥OCOYFOJbHOH CHCTEMEe KOOpAMHAT
30, 55].

1.5. AHAJIM3 CKPBITOMH NMEePHOAHYHOCTH
HHTerpajbhbiM npeodpasoBannem Pypne

Pasnoxennem B pag Pypbe MOXKHO [M0JAb30BAThCSl JIHIIbL B
TeX c/Jayuasax, Korja B pericTpHpyeMOM npolecce HMeTCs 0-
CTATOUHO OTUETIHBO BblpdxeHHble KogeOaHHs, a HHTepBaJj pas-
JIOZKeHIs paBeH BHANMOMY 1epuojdy Kogebauuii. B cayuae He-
co00/ieHHst 3THX YCJAOBHIT napaMeTpbl BbIAECASeMBIX TapMOHHK
MOTVT CVIIECTBEHHO OTJIHYATLCS OT HCTHHHBIX.

ITpusenem npumep nepHoANYEcKON (YHKILHN, COCTABJEHHOI
H3 JIBYX rapMOHHK:

f(x) =cosx+cos) 2 x.
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Yacrorsl 1 1 J2 asasiores nHecousMepuMbiMi, PasjoxeHie 370l
dyHkunn B pag Gypbe ¢ 1eablo H3ydeHHs CNeKTPaJbHOro cocTa-
Ba BPS/A JI JAacT YAOBJACTBOPHTeJAbHLIH pesyabrat. Moxkuo no-
MBITATHCS PA3JOKHUTL 3Ty (YHKIINO 10  KOCOYTOJIbHOIT cicreme
KOOpPAHHAT ¢ TeM, 4TOObl VCTAHOBHTb, ¢ KaKHM BECOM BXOISAT
rapMOHHKH, cocTaBasiolue npouecc. OAHAKO, 10-BIAHMOMY,
3TOTO HeJb3sl VCTAHOBHTh npeobpasoBanuem, mnoaobubim (1.9).
MoHO 1L OnpeleniTb, Ha Kakile 4acTOThl NPHXOAATCH  IH-
KOBble 3Hauenus ap u by. ns 310ro npeanogoxuM, uro Ha HeKo-
TopoM uHtepBane [—L, L] nccaenyemas ¢yukuus pasaaraercs
Ha TEpPHOANYECKHE COCTABJSIIOULNE I YTO ITH COCTABJAIOULIE He
HaXOAATCS B rapMOHHYECKOM OTHOWeHHn Apyr K apyry. Hudop-
maunst 06 stoit (pyHkunn sagana B 2N4-1 Ttoukax. Ilosenenie
¢yHKINN BHe nHTepBana [—L, L] nac He uutepecyer, i Mbl MO-
JKeM NpuHATh ee pasHoil Hyaw. [laa nccnenrosanns taxoil (GpyHK-
IHHI TPHMEHIIMO HHTerpaJbHoe npeodpasopatiie Mypbe:

L
Fr(0) = Tl, j f (%) e dy, (1.11)
=l
F, (0) = U (0) — iV (o), (1.12)
L
U(w) = %— [ (x) cos wx dx
‘: : (1.13)
V (w) =—i j [ (%) sinwx dx
~L

npuueM Aas Kam1oil KOHKpCTllOl"I 4acToTLl MOXKEM YCTaHOBHTb
caeylouiie npudanKeHHble OLeHKI:

a;(w) = U(w;), b;(w)=V(n)

Cuaenyer omnaath, UTO NpH VBeIHYEHIH NHTEpBaJa ycpejaHe-
Hua [—L, L] TOMHOCTbL BBIAENSEMBIX FAPMOHHK VBEJIHUHTCS H3-
3a TOro, YTO PEe30HUPYIOIIHE YACTOTHl AAAyT MIKOBLIE 3HAUEHHS.

Daxrnyeckn Noj0OHLIM Ke OCpPe[HEeHHeM MOJAVYAITCs KO-
sppnuuenter paga Pypbe, n  Gopmyas (1.13) npeacrasasior
coGoii o6o6wenne crnocoda pacuera Kosgppuunentos Pypbe aa%
6osiee mupokoro kKaacca ¢yukuni Ecan nHtepBas pasiokenns
3allaH B KOHEUHBIX npefenax, To nurerpag ®ypbe npeobpasyer
CANHIYHYIO CHHYCOHAY B HENPEPBIBHLIH CHEKTP, T. €, yceueHHe
KoneGannii Bo BpeMeHHON 06JacTH  TPHBOLHT K PACHJIBLIBAHIHIO
JIHHEHHOrO cnektpa B yactoTHoii obaacriu. Ha pue. 1.6 nokasan
3(pdext ycedeHus CuHycOHAB €AHHNYHON aMIIHTYAbl. PlCyHOK
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sanMcTBoBan 13 padorn [64]. ITo ocu abeltiice OTIOMKEHO OTHO-
HeHme JAMHHD HHTEPBaJga Pas3jozKeHus K nepuoay  Kogaebauii.
CuJiominas KpiBasi — 3T0 4acTOTHOE MNOJOKEeHNe THKa  CIEeKT-
paJbHOrO pacrpeaesienis, a WTPHUXOBAA — CINEKTPabHas IJ0T-
nocts nuka [Fp(w)® B ominune ot (1.13) 3aech nepen unrerpa-
JIAMH CTOHT MHOMKHTe.1b 1/2L, nostoMmy paccunTanHas CHEKT-
pajbHas IJOTHOCTL ACHMOTOTHYECKH BBIXOANT Ha BeJaHYUHY
0,25, a ne va 1. Kaxk BuaHo u3 pucyHka, sddexr veeueHus, Ko-
TOPBIH BLIPAKACTCH Bapuailieil CeKTpanbHOIl MJIOTHOCTH IHKA

2
ey A1
10— 7'(79"’"—/»0
0,'5' ;’\ Pa‘f
Puc. 1.6, dpdexr yceuenun nnrepnana " \
DPa3noMKenus JUIS CHHYCOHABL €AHITHYION ol S
N ™ e e
AMIIHTY BL: L i}l R
. I
v—4acToTa, !'k'UTHOl‘IITe-']bIIEIH CHEKTpadbias )
AJIOTHOCTh 4 _—
/ 7 7 3 /)

/638

H ero 4aCToTHOTO CABHra, BeAHK Jaumb npu 1/T<1l. VYike aaa
T/T> 1.5 ncKazeHuss 4aCTOTHOrO I0JIOKEHHsI MIIKa 11 ero CHekT-
paabHoii naotHocTn cocrasasiior Menee 10%. Ecan yuecTb, wuro
a5 MAarHuTOTEMYPHYECKHX METOMOB  HCKAXKCHIA He HrpaiorT
CYLLECTBEHHOI pPOJH, KOTa OHIl BblpameHbl OLIHAKOBHIM obpa-
30M HA BCEX KOMIIOHEHTAX 3JE€KTPOMArHHTHOTO 110, TO CJAELYeT
NPH3HATh NPABOMEPHOCTb IPHMEHEHIIS HTerpaJbHOro npeo6-
pasoBanus @ypbe Aad BbIAEJCHHA TEPHOIHYECKOr0 CHTHAJa 1o
YCeUEHHBIM peasnsalisiM MarHiTOTeNdYPHIeCKOro 10.1s.

CeJIeKTHBHOCTb PasJ/ioMeHsi 3aBUCHT KaK OT JJIHHBL HHTEp-
Baja, Tak 1l OT cTemeHn Anddepennnaiiin  Bcex TapMOHHK [0
yacrore. OUEHKA CEJeKTHBHOCTH METOLa MOKeT OLITh OCYIecTB-
Jdena caedyiomnm odpazom [46]. IMpeanoaoxny, uro npeobpa-
30BaHIIO 110JIBEPraeTcs [OJHTapMOHIYECKNl [pollecc Ha HeKo-
TOpoM HHTepBate [—L, {,]:

[() =Y Ajcos 0 + B;sinox. (1.14)
=1
Toraa ) :
[ 8i —w,) L  sin(o- ;)L -
by A.lsm(m ;) j ]_ —

J.’;I % = w;) L (0 -+w)L i > f'i:'i.:-"":*\\

= EA‘,-{R [(l0—) L] Rl(v o)l] i \ :
=

2. 3ak. 545



rae P
RM =22 4 =(@—w)L.

I'padux ¢yuxunn R(L) npusopurtes Ha puc. 1.7, a.

Ecann (wj41 — ;) L>8, To Bennunua R(A) He npesbinaer
0,09, T. ¢. BJAHAHIIE COCEAHIX TAPMOHIK He npeBbiliaer 9%. 1o
il onpeaenser 3QpQeKTHBHOCTL BBIACACHHS IEPHOJHYECKHX COC-
TABJSAIOLLIX ¢ nToMOILbio npeodpasosanns (1.13).

R(4] g L7 ,
10
10
Vi N — gl _
AIN_SZr Jr —ar y P % 4

Puc. 1.7. ®yuxwia R(A) (a) u R(A) (6)

Ormerim, uto  s¢dexTiBHOCTL npeobpasoBanus  (1.13) B
MArHHTOTEAVPINECKHX  MEeTOAaX MOMKeT ObITh B 3HAUNTENbHOI
CTeNeHH CHIKeHa BJANSHIEM KpaesbX >ddekros. ITo BansHie
yMeHblIaeTcs BBeleHneM o-Muomutesaeii Jlanuowa [42]:

sin

1Tr

L

a =

B pesyabrate 3HadeHlus OUEHOK aMIVIHTYJ ONpeleasioTcs Mo
dopmynam

| L. sin 7

U(w) = T §—~2—"—cos wx[(x) dx,
*r T_

(1.16)

. X
£, B

V(o) — T , /i wxf(x) dx,
-} T
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v

[Moacranoska B gopmyas (1.16) noanrapyoniyeckoro npo-
necca (1.14) naer

{
U (0) :EAJ{E[(w—mj)L]—; Rl(® | ) L]},
j=l1

: (1.17)
V() = ¥ A {Rl(0— o) L] — R[(0 + o) LI},

j=1

e R(A) — %—[Si(n —=A) +Si(m - 1)), Si— unrerpanbublii  Ccu-

uyc (puc. 1.7, 6).

OtiMerum, uto o-MHoxKNTean Jlanuoura HeCKOAbKO YXyALIAIOT
cejqexkTHBHOCTL npeoBpaszosannii (1.16), oJdHaKo cyleCTBEHHO
CHIDKAIOT BANAHHE KPaeBhlX 3(p(EKTOB, KOTOPLIC MOTYT CHJIBHO
HCKA3NTh CHEKTPAaAbHYIO XapaKTepHCTHKY HCCAEAYeMOro mnpouec-
ca u oOycnoBHTb B Hell mnpounsBoabHbie muki. [lpumeHeHne
npeoGpa3oBaius ¢ HCHOJb30BaHuUeM o-MHOXKHTe el JlaHnoma
yMEHbIIAET BeJHYHNHY 3THX NHKOB W1 BooOLle HCKJIOUAeT HX H3
cnekTpagabHoil Xapaktepuctuki. s npnmepa na puc. 1.8 npu-
BOMSITCSL pe3y/ibTaThl NpeoBpas3oBaHns HCKYCCTBEHHOTO Tpolecca
Ha uHTepBage [—2n, 2m]. Ilpomecc dABasiercss cymMMoil  ABYX
¢yurunii. Oana GyHKUNA MpeacTaBieHa MpoOCToil  CHHYCOHAOI

1

€AMHUYHON AMIIMTY/IB, a Apyras—@yHKunel tuiaa fe 7 cosai

C npejesaMy H3MeHeHHH —2n<Ti<<—um, n<<{i<<2m. B unrepna-

Jde [—m, n] 3navenne (QYHKIUHH NOPHHMMAA0Ch DABHBIM HYJIO.
1

B stoit mogenn ryuxkuun tuna Be =Tcosal urpaor podab Kpae-
Lbix  3¢dexTos, npuueMm BuIOpaHO BAa BaApHAHTA KpPaeBOro
sthdekra: oaHH  HHU3KouacTOTEBI ¢ uactoroit 0,5 (puc. 1.8, 8)
M J1Bd BBICOKOYACTOTHBIX ¢ wactotoil 2,0 (puc. 1.8, a, 6), no ¢
pasHbIMH amiviuTyfaMu kpaesoro sgoexta. M3 plcyHkoB BHA-
HO, YTO BLICOKOYACTOTHBLIT KpaeBoil 3(p(eKT BbI3bIBACT AOMNOJHI-
TeJBHBIIl NMHK B BHICOKOYACTOTHOH uwactn cnektpa. Beanunna
3TOr0 MHKA 3aBHCHT OT AMILIHTYAbI HAJ0MKEHHOro Kosehanns.
o-Muoxurean JlaHuoma 3aMeTHO YMEHbLIAT AMIVIHTYAY 3THX
nukoB. HuskouactoTHble KpaeBble KoJgeDaHlisl He BbI3biBalOT J10-
HOJHUTEJbHBIX MHKOB, HO B aMIUINTYAHOI XapaKTepHCTHKe OHH
peanbHble IIHKH CMELIAOT B CTOPOHY OoJee AJHHHBIX 1epHOIO0B.
B stom cayuae o-MHOXKHTEJNHN yCHEIIHO NPOTHBOAEHCTBYIOT MO-
A0OHOMY CABHTY.

PesyabTatel  conoctaB/aeHHs TapMOHHYECKOTO aHanamsa H
HHppoBoll ¢uabTpauun B aAnanasone nepuopos 70-—150 cex
npusenensl B Tada. 1.1. AMoaunryasl B tadanie HOPMHPOBAHbI
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oTHOCHTeqbHO Kanana H,. W3 Tadauus BHAHO, 4TO pasanuus B
BEJAMUHHAX aMILTHTVA, HOJYUYEHHBIX FapMOHNUYECKHM aHaal30M |
ungposoit ¢puavrpaineit, we npespimaior 10—11%.

Crenaem elie 0AHO 3aMeuatile OTHOCHTEJAbHO HCIOb30BaHNSA
npeobpasosanitn Pypbe 115 OUEHKH CIEKTPaJbHOr0O cocraBa 3a-
PerHcTPHPOBAHHLIX IKCHEPIMeHTANbHBIX peanusaini. Jlas uic-

A
!
10 a F
d f /_,' 2 t
il
| |
| a
Ly }
I
a5t | \ 2
1
\
\\ \
\ N -
N . | \"’-‘——-===.
a5 1 a5 1 w
A =
0 I 4
I
i
oy
1)
L
R
a5 ! ‘;‘3 Pie. 1.8, Tlpumenenne o-miomKutener
\ AR HCKJIOU A Kpaenoro a(derra:
“ I PeIyiaLTaT HHTerpaJibHore npencl[)a:‘lﬂsﬂ'
1 HItA 1751 TPOLeccs,  OCHCARHEHHOr0 KPaeBLiM
x \ idJE'Jt‘KTﬂR[: 2—c HCMTONB30BOITHEM G-MHOHH-
‘ Ten2ft; a—P=1, o=2: 6—P=2, o=2; &—
\. =1, a=05

a5 /4 w

JIEHHOTO aHaJi3a HernpepbiBHbIe CHIHAAL  AOJMKHL  OLH(POBLI-
BaTbCA Yepe3 HeKOTOPLIT (PHKCHpoOBAHHBIN uMuTepras Af, u noay-
yeHHble TakuM o0pas3oM JHCKPeTH30BaHHble CHIHAJLI JIOJKHBI
3aTeM HCNOJb30BATHCA A COOTBETCTBYIOWHX BohlulcaeHui. O-
HAKO IIar ANCKPEeTH3allii He MOKeT ObiTh BhIGpaH GoJblle HeKo-
TOPOTO 3Ha4eHlsl, KOTOpoe onpejensiercss MakcHMaJjbHOR uyacTo-
10il, mpoxoasiuleil 4Yepes H3MepHTeabHblit Kamad. 3 Teopemmr
B. A. KoteabHikoBa cJeldyeT, 4To ecjaH (YHKIHS He COLEPHKHT
YacToT Bbillie w/27, TO MOJHOCTLIO ONpejeasieTcs CBOHMH 3Hade-
HHAMH B MOMEHTBI, OTCTOSILLIE APYT OT Apyra Ha Al=xa/w. Buibop

< E



TaGauna 1.1

PesyabTarsl CONOCTABIEHHA UHAPOBOH (UILTPAUMK M rapMOHHYECKOro aHaansa

Homep MT3 | E () E.(r)i & | E () Ey(r)f & | H o (d) H ()| 6
Ne 8, 0,17 | 0,25 (—0,08/ 0,43 | 0,55 (—0,12| 0,49 | 0,51 |—0,02
cks. P-1 0,16 | 0,17 |—0,01| 0,40 | 0,50 (—0,10/ 0,51 | 0,51 | O

0,17 | 0,27 |—0,10{ 0,35 | 0,50 (—0,15| 0,63 | 0,69 |—0,06
0,36 | 0,41 |—0,05/ 0,64 | 0,69 |—0,05/ 0,42 | 0,36 | 0,06
0,18 (0,17 0,01f 0,36 | 0,35 | 0,01 0,50 | 0,71 |—0,21
0,27 | 0,34 \—0,07| 0,30 | 0,28 | 0,02 0,92 | 0,62 | 0,10
0,60 | 0,74 |—0,14/ 0,32 [ 0,30 ( 0,02| 1,30 [ 1,13 | 0,17
0,21 | 0,28 |—0,07 0,83 | 0,51 (0,18 0,71 | 0,71 | ©
0,15 0,I5| 0 0,32 { 0,39 |—0,07 0,73 | 0,70 | 0,03
Ne 2, 3,07 | 4,12 (0,15 2,13 | 2,21 (—0,09| 2,01 | 1,80 | 0,21
ckB. P-2 2,64 | 3,01 |—0,37| 1,56 | 1,57 |—o0,01| 1,75 | 1,81 |—0,06
2,97 | 2,48 | 0,49, 1,29 | 1,34 |—0,05| 1,66 | 1,71 |—0,05
5,24 | 6,33 |—1,09| 3,00 | 3,51 |—0,51| 2,05 | 2,41 (—0,36
3,00 (2,02 0,98 1,60 | 1,08 | 0,42 1,86 | 1,41 | 0,45
2,42 | 3,12 |—0,70/ 1,20 | 1,70 (—0,50 1,72 | 1,70 | 0,02
0,83 | 0,86 |—0,03| 0,45 | 0,49 |—0,04| 1,20 | 1,02 | 0,18
0,50 | 0,57 (—0,07| 0,28 | 0,24 | 0,04 1,20 | 1,08 | 0,12
0,68 | 0,82 |—0,14/ 0,41 | 0,45 |—0,04| 1,11 | 1,03 | 0,08
0,58 | 0,67 |—0,09| 0,35 | 0,33 | 0,02 1,09 | 1,08 | 0,0l

60JIbIICTO ara JANCKPeTH3allil HCKaKaeT PesyJbTaThl npeodpa-
goBanna @ypbe H3-3a TAK HA3LIBAEMOTO HAJOMKEHHS YacToT
[567]. CaenoBateabho, mpi  ANCKPETH3AILNII HENPEPBIBHLIX Bpe-
MEHHBIX PSIZLOB HEOOXOANMO MPeLyCMaTpHUBaTh AOCTATOYHO BLICO-
KyI0 4acToTy OTcHeToB, uTo0Ll H30eKaTh IICKAKAIOUICro BJSHIIS
raaoxenus yacror na U(w) u V(o).

1.6. AnHanu3 KayecTsBa YACTOTHON CeJeKUHH
MATHUTOTENJIYPHUECKUX TPOLEecCcon

B npuusitoii Metomnke aHaali3a MAarHHTOTEJNJYPHUYECKHX HaH-
HBIX /51 Kaaoro npoOuoro nephofa I' nmpeaycMaTpiiBaercs B
pesyabrate 4acTOTHON CEJNEKIHI [ePeBO UeTBIPEX KOMIIEKCHDIX
KOMIOHEHT 3JeKTpoMaruutHoro noas E, E, H., H,, 3aperucr-
PHPOBAaHHLIX B aHajorosoil ¢opme, B 8 HHPPOBLIX MaccHBOB
ReE,, ImE,, ReE,, ImE,, ReH. ImH, ReH, ImH, Ilo-
CKOJIbKY peaJn3aiiin 3/1eKTPOMAarHUTHOrO 10Js MOryT GbiThb OC-
JOKHEHLl IOMeXaMil, a TakkKe BO3MOXKHBIM OTCYTCTBHEM Ha
JIOKaJIbHBIX y4acTKax KoaeGaHnil, COOTBETCTBYIOULHX NPOGHOMY
nepioay, B paspaboTaHHOIl KOMIIEKCHOI nporpamme o6paboTKil
Aannbix MT3 npenycmoTpeHa pefakiisi 3HaYeHH 3J€KTpoMar-
HHTHOTO TOJISL I KAK/I0r0 MOMEHTA KBaHTOBaHNns [24].
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MssecTHO, 4TO BEKTOPbI 3JIEKTPHUYECCKOTO I0JA E u maruntho-
ro noas H naxoasarcsa B JHHEHHOM COOTHOILNEHHH

E — ZH, (1.18)

1jae 4 ATEHEOPUbIE‘:l HMIIedaHC, B HOpMax 3TO ypaBHeHHe me-
pPeXoANT B HEPABEHCTBO ‘
|IENl << [1Z|| ||H]|. (1.19)

MssectHo Takke [54], urto ||Z[]* ecTh MakcumaabHoe coOCT-
reHHoe 3HaueHne wmatpuusl H*H, xotopoe o6o3nauum uepes
7max (¥ — CHMBOJI, O3HauaWIUI 3PMHTOBY CONPSIKEHHOCTH).
CrnenoBaTenbHO,

B oy, (1.20)
) Hj|
C npyroft cTopoHtbl,
H=ZE. (1.21)
CiiefioBaTesbHO, B 3TOM Cayuae
IH}| < IZ[ I (1.22)
MaxcnmanbHoe cobeTBeHHoe sHadekne (Z7')*Z-! pasno——-
A min
YunrsiBas 0o6a orpaHHyeHus, 1oJaydaem
Bl -y, (1.23)

min ”HH == max’

DTH HEPaBEHCTBA MOTYT CJAYMKHTL KpPHUTEPHEeM I OTOPAKOBKH
TeX y4acTKOB 3aperucTpHpPOBAHHLIX [10J€fl, KOTOpble 10 HOpMam
BLIXOAAT 3a IpeAe/bl, OrPAHHYEHHBIE Amm U Amax, 1 COOTBETCT-
BEHHO CJYKNTb MepOil, OIEeHIBalONell cTelnenb YCTOHYNBOCTH
pesyabratoB (uabrpanun. Ha puc. 1.9 npusegena Koppeasnnon:
nast 3agucumocts Mexay ||E|| n |[H||. OTHomenns stux Hopm naw
TAHTEHCHI YIJIOB 3aKJIIOUEHbl MEXKAy HOpMaMi mpsiMoil 1 oGpart-
HOB MaTpHILl Z (Amin H Amax COOTBeTCTBeHHO). Kak BumHo 13
pHCYHKA, BCEC 3HAYCHHS MPAKTHYECKIT He BHIXOAAT 32 HHTCPBAJ
[Amin, Amax], T. €. HCKaxKaloulee pefictsie QuUIbTPAa B LEJOM He
sIB/AsIeTCsT upe3MepHbiM. B nporpamse mpeaycMoTpeHa oTépakos-
ka Tex E u H, koropbie He yI0B/1eTBOPSIOT HEPABEHCTBY
A —h
K (1.24)
rae o(k) — CTAaHZAPTHOe OTKJOHEHHe, 1 — cpeiHeapupMeTHye-
CKoe 3HaueHne, K — NocTosHHAA.
MoOXKHO 1HaYe OLEHHTb YyCTOHYHBOCTb Pe3yJbTaToB (BHAbTpPa-
uun. ITo Bceit Buaumoctn, otuomwenns HopM ||E|| u ||H|| noamunu
MEHSITBCSl  HEeCYLIeCTBEHHO NPH  MOBTOPHBIX  (DUALTPAILHAX.
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B npoTHBHOM cJydae TpeaBaputeabHas GuabTpauus notepser
ppakTiuecknii cvpica. B tadu. 1.2 npuBefens pesyabraTul €Ta-
rueriueckoit o6paGorkn  ornomennit ||E||/|H|| nocne neproit n
BTOPOIl (UAbTPALHl AJs PasJH4YHBIX MEPHOLOB. Hasi pacueros
BLIOpAHbl Pe3y/IbTaThl PErHCTPALUN 3/1eKTPOMATHUTHOTO MOJS Ha
Typosckoit mmomaan Ipunsrtekoit Bnagnase  (MT3  cks. P-8).
B Tabanme 7 03Havyaer KOJANMYECTBO HW3MEPCHHH, A; H Ay ecThb
cpeanne suavenns ||E[|/|[H]| nocae nepsoii u Bropoit ¢puabrparmun
COOTBETCTBEHHO, Al — OTHOCHTEJIbHbLIE  CMELICHHUST A; U Aa,

lE]|
2
7
Il
Puc. 1.9. Koppeasunonuas sapucumocts [|[E[| u [|H|| ana nepuno-

na T=30 cex:

1—h =077, 2—ky=1,57

o(AL) — cpenHekBafpatnyeckoe paccesHiie AM, Gors — OTHOCIH-
TeJbHOE cpelHeKBazpaTiyeckoe paccesinie Ah.

PesyabTaThl pacyeToB NMOKAa3BIBAIOT, YTO MOBTOpHAsS (BIALTPaA-
L5l TPAKTHYECK!! HE BHI3BIBAET KAKOTO-1100 3aMETHOTO CHCTEe-
MAaTHYECKOTO CMEICHIA BEMHUIHBI OTHOLICHIST HOPM 3JCKTpHUE-
CKOro noas K maruntuomy. Mlekamenns A HOCAT HeperyJsipHbLil
Xapakrtep, U 1IX BealdiHa TPAKTHYECKI JIeXKIT B Ipejfeaax Io-
TpemHocTeH, BOZHIKAIOLLIX TP HCMOJAb30BaHI MardHuToOTeNay-
PHYECKIX METOIO0B.
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Ta6auwna 1.2

Peayabtatsl CONOCTABJAECHHS NEpBoit M BTOPoH (uabTpaunn

T n i % Ah g (AR) Oaspe %
35 50 | 1,042 | 1,048 0,006 0,0422 4,0
50 30 | 1,386 | 1,397 0,011 0,1358 9.8
75 16 1,28 1,32 0,040 0,181 13,9
90 28 I‘ 1,432 1,436 0,004 0,186 13,0

B ofmem cayuae ¢uabrpaing csszana ¢ Hens30emHbIM  0c-
aabaennem puabTpyembix nogefi. ITostomy HekoTopbie yuacTki
peanusaunit nocie guabtpannn 6yAyT XapakTepu3oBaThes cia-
00t NHTEHCHBHOCTbIO Han  Maaeimp  Hopmawmu, Ilocaenviouine
onepaiii ¢ MaJOHHTEHCHBHBIMI TOJAMII BeAyT K HeyCTOHUNBbIM
pesyabTaTtam, Il NOITOMY OHH JOJKHE ObiTh oTOpakoBatbl. OT-
OpakoBKa MOKeT ObiTb OCYILECTBJAEHA MO MHHHMAJbHO AONYCTH-
MBbIM HOpPMaM, BEeJIMUHHA KOTOPBIX COIOCTABHMA C HHTCHCHE-
HoCThbIO noMex. B npeanokeHHON HaMi  aBTOMATH3HPOBaHHOM
cicreme 06paboTKI AaHHBLIX nocae 1HGPOBOH (GUABTPALI TIpe-
IycMOTpeHa OTOpPAaKOBKA MaJOHHTEHCHBHLIX YYacCTKOB peajn3a-
1A 3JEKTPOMATHHTHOTO noJst coraacHo HepabeHcTBy ||H| =Ko,
rie K;— KoHcTaHTa, BeHYHHA KOTOPOIl comoctaBHMa ¢ (JOHOM
HOMex.

Hanoxennas MeTofnKa OTOPAKOBKH SIBJASETCS JIOCTATOUHO
3((PEKTHBHBIM  CPEACTBOM HCKIIOUCHIST HEPeryJsipHeX —HOMex
pa3aNuHON NMPHPOALI 1 BLIEJCHIS HA OCHIJIIOrpaMMax yuact-
KOB ¢ BapHallsSMH, YacTOTLl KOTOPLIX HAXOAATCH B [0J0CE
MPONycKanns MateMaTHyeckoro (puabTpa.



IF'masa Il

JIUHEWHBIE MOJEJIH ObPABOTKH LH®POBOM
MATHHUTOTEJJIYPHYECKOH HH®OPMALLHH

2.1. OnpeneneHre MATHHTOTENJIYPHUECKHX NApPamMeipos
pelieHHeM JHHEHHBIX CHCTEM

B MarHuTOTE/NIYPHYECKIIX METOJAaX CYILeCTBEHHBIM SIBJSETCH
HaAnuHe JHHEHHLIX COOTHOLICHI MKy BEKTOPAaMH €CTeCTBEH-
HBIX 3JeKTpoMarHnTHoix nogeii, Tak, wanpumep, B merone MT3
MeAY KOMILICKCHBLIM BEKTOPOM saektpuueckoro noas E n xowm-
NACKCHLIM BEKTOPOM MaruntHoro nodst H nocryinpyercs auueit-
mast cBs3b BHaa [6, 9, 17—19, 44]

E — ZH, @.1)

rae Z — HeusBecTHHI JIIHEHHLIT onepaTop, onpeaensiounii xa-
pakTep npeobpasoBaHis.

[Tockoabky mo exnnnunomy nsmepennio E u H HeBo3MoKHO
YCTAHOBHTbL CTPYKTYpPY onepartopa npeoGpasoBaHiis, HeoOXOAIMO
aonosHuTh (2.1) eue oAHHM He3aBHCHMBLIM H3MmepeHuem. [lepe-
MHIIeM TOJHYIO CHCTEMY B KOOPANHATHOL (hopme:

Ey=Z Hy+Z H, E,—Z,H.+Z,H,
(2.2)
Et = Z.\'.\'H; s Z.wH.u' E; = Z!’.’.’\!H: i ZunyJ'

B cucreme (2.2) Bepxuie HHACKCH 03HAYAIOT, YTO 3HAYEHNS
noJieil NOJYYCHL B Pa3Hbie MOMEHTBI BpemeHH. YmobHo o6benn-
HOTL JIBE HE3aBIUCHMBIC CHCTCMBI JHHEHHLIX YPABHEHHI B OLHO-
MaTpHYHOe VpaBHeHHe:

ELE W27
sl B Sls (2.3)-
E.E,| |H.H,])| Z.,2Z

xy™ny -
B oneparopnoit (opme 310 ypaBHeHnue OyAeT HMeTb Biij
E = HZ. (2.4)

Ecan onepatop H uesbipoxaenusiii, To Z (opmaabHo onpe-
AeasieTcs Kak

Z=HE (2.5)

T. e. MaTpiua Z noayvyaercs yMHOMCHHEM 00paTHOH MaTpHLbI
H-' na matpuny E.



Vpasuenne (2.3) cnpaBeajiso i A4s  NepeolpeaeIeHHbIX
cuctem. Jasi 3toro cayuasi oHo ofobuiaercss caeayiomus  o6-
pasom:

BLY. | B a8
2 (2 (2 (2)
E:{.) b?y> . H) H, lzn Zn J (2.6)
: : : . Zw ny
Eiﬂ) E;}n ) H i.fl ) H_,S." )

Pemrenne (2.6), BooGute roBopsi, MO#eT ObITb MOAVYEHO H3
saTpuuroro cootnomenuns [20]

Z=HE, (2.7

rae H+ apaserca ncespooGpatnoii matpuueii H. Kpome toro,
(2.6) moxKer ObITh PelIeHO ¢ MOMOIBIO Pa3JNUHLIX MOLU(pHKA-
ILHA MeTOJa HalMeHbIINX KBaJpaToB

Z — (H*H) ' H*E, (2.8)

rie H* — spmuTtoBoconpsi:KenHass MaTpHlla 110 OTHOLIEHHIO K
matpuie H.

Coornouennsi, nogoduvie (2.2), coxpaHsiloTcsd, ecai K peaJi-
3anHuagM MarHUTOTEIYPHUYECKOTO HOJAA TOAOHTH Kak K cayyaii-
HBIM CTAIlHOHAPHEIM npoieccaM. MoxKHO 110K43aTb, YTO HMEIOT
MECTO cJeyiollHe cooTHowenns [5, 7]:

Sf:xnx = Z-T-\‘SHxHx i nysuuu_\.-
S‘E:tHy - z.\'.\'SHxHy I Z.\'.U'SHUHy’
(2.9)
S = Z xS %8
v YO H M, WOH,H,
S =Z,5 + ZyyS
B H, VxOH H, VWOH H,?
rae S S S Sy oy 8 S S S =5
e gy HeH? SHHY CHAD SEGHL SEHY SRy SEUH,

CNEKTPAIbHbIE INIOTHOCTH MOIIHOCTH KOMIIOHEHT MarHHTOTeL1VpHYe-
CKoro npoilecca. [lpaBoMEpPHOCTb TaKOrO MOAXOAA 3aBHCHT OT 000-
CHOBAHHOCTH TIPHUMEHEHHsl anmnaparta, pasBHTOro Ji1f CJAYUaHHBIX CTa-
LIHOHAPHBIX  NpoleccoB, 06]1aaloMAX 3ProAHYeCKUMH  CBOHCTBaMH,
H OT BO3MOXKHOCTH TNMOJYYEHHS YCTOHUMBBIX HECMEIIEHHBIX TapaMeT-
POB IpH MOMOLIM CHEKTPaIbHBIX TJIOTHOCTEH, PAaCCYMTAHHBIX Ha yce-
YEHHbIX Pea/H3alliAX MarHHTOTe/TYPHUECKHX npoleccoB. MeTojuka
pacueToB JOCTATOUHO MOAPOOHO HaNOKeHa B paborax [2, b, 7]. Ha-
MH 3TOT MOJAXOJ He paccMaTpHBAeTCH.

Has pewenns cuerem (2.3), (2.6) meaecoo0pasHo Henoab3o-
BaTb 9BM B cBfi3u ¢ TeM, 4TO BCe KOMIOHEHTLI B 3THX ypaBHe-
HHAX SBASIOTCS KOMILVIEKCHBIMII BeJHYHHAMIL a 3T0 (haKTHYeCK!
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9KBHBAJECHTHO ONEPIPOBAHIIO C MATpHILAMI YABOEHHON pa3mep-
Hoctil B AeficrButeabnoit obaacri. Ilosromy npn  BHeLpeHi
MarHiuTOTE/IYPHYECKHX METOJ0B B MPOM3BOACTBO, B YaCTHOCTH
MT3, Obiall peKOMEHI0BaHBl  cnocoObl 06paboTKn AaHHLIX, A5
KOTOPBIX «XapaKTepeH YNPOLICHHLIH TOAXOA K aHaansy Habaio-
JeHIH, OCHOBAHHLI Ha BH3YaJbHOM BbIZLEJCHHH CHHYCONAAJbHbBIX
KoseOaunii» [6].

Onuum n3  nepeoix Metonos ob6padoTkin jJaHHbx MT3 u
MTIT Gl MeTox KamylHuxes umienancos |3, 6], kotopuiir ocno-
BaH Ha BO3MOMKHOCTH IpeHeOperKeHlss BTOPLIMII CaAaraeMuiMil B
VpaBHeHHsX

E, H,
HU - z-"!’-’ = Z-\'-\' H!I d
(2.10)
_E_"r__ =Z. 7 _.h'L
H“ e vy Hx

B E. E
Il HA 3aMeHe Zy,~—%, Z!,xz—Hi.I'locxoany OTHOUIEHHS aM-

v %

MJAHTY L Ls H 2y CIIBHO 3dBICAT OT 0COOCHHOCTEHl CTpPOeHHA
x

reo/I0TIYeCKOro paspesa il MOJApH3aIHi MarHHTOTe Ty PHYecKo-
ro 1oJisi, TO Ha NPABOMEPHOCTL NPIHMEHEHIsl MeTola BO MHOIIX
cayyasix HaKJaJAblBAaIOTCS BecbMa CIiIbHble OrpaHiyeHus. 3to
OPHBOANT K CYIIECTBEHHOMY yMeHbleHHio of0beMa HCXOAHOI
HHPOPMALHH, YAOBJIETBOPSIOWEH HeOOXOANMBIM  YCJAOBHAM, KO-
TOpLIE ONpeAeasioTess TpeGyeMoil TOYHOCTBIO 3HAYEHHH TIaBHBLIX
uMneancos. [as onpenenenns Zy, u Zyy ¢ ToutiocTso 10 109, no
Moy u 6° mo apryMeHTy (mpH OTCYTCTBHH IOMEX B HCXOAHBIX
NaHHLIX) HeodXoauMo cobaioaath caeayiouiie yeaosust [6]:

Z.‘r!f I H#_
Z_lrx I H.\'

| o= <0.1.

xy Y

Z.\' X ‘HC\I

Bosee mnoapoGuoe nayueHue yCTOHYHBOCTH — ONpeReeH s
TJIaBHBIX nMmneaancos suinodanina B. B. Toayéxos [13]. On mo-
CTPOIT 2 HOMOTPAMMbI, KOTOPbie B 3aBHCHMOCTI OT NOJAPH3AIHY
MO 1 COOTHOUICHIH MEXKAY JAOMOJNHHTEJLHBIMI 1 FJAaBHLIMII
HMIeJlaHcaMll NO3BOJAIOT YCTAHOBHTh HeOOXOZHMBble  YCJIOBHSA
Aasi obecrieueHnss Tpedyemoil  TOYHOCTI OLUCHKH HMIELAHCOB
ny I Zyx.

Yro6bl pacuinputb BO3MOKHOCTH METOAA KaMKyLIHXCs HMIe-
Aancos, I'. A. Uepuasckuil npeaaoxu rpadnyeckyio Moanguka-
LU0, CyThb KOTOPOI 3aKJ/JAI0YACTCS B HCHNOJbL30BAHHN  JIHHCHHOI
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saBucumocTH |Zy,| w [H/H | B onpeseneniion nitepsase sHaycHus
H./H, [60].

C 1eablo NOBLILEHIA HALCKHOCTI  ONpeAeaeHis 3HauCH
nmnexancos  T. H. 3apaackas  npeanominia  MeTog  OHEHKII
CPEIHEero Kaxyulerocs nmnenanca [26]:

K

=V Lol
Zwr

.-
Tcoperuueckas TouHOoCTh metodaa npn —+=<0,1,-%% <<0.1 coc-
xy yx
tasaser 13% no moxyaio n 8° no aprymenty, TouHocTs MeToAa
MOKeT ObITh YBeJqHUeHa NpH CTaTHCTHYECKOM nofixoje. B ciyyae

z—":"—'\<0, I,Z”"

Xl Y=<
61,1{1‘1, yMEHgLUCHEI 10 2%, a ¢passl — 1o 1°

Ewe pa3 orMeTHM, 4TO pacCMOTPCHIE YCTOHUIBOCTH Olpeje-
JeHHs KOMIOHCHT TCH30PHOTO HMMEAaHca B II€PEYNCJAEHHBIX pa-
60Tax HOCHT HENOJHbBI XapakTep, Tak Kax HpelnogaraerTcs, uto
HCXOJHbIE JIaHHbIe 3a/lal0Test aBCONIOTHO TOYHO.

[Inpoxko npumensierca npu  00paGoTKe MarHuTOTENIVDIYE-
CKHX JAaHHBIX METOJ. BEKTOPOB MNOJSpH3AlMi, [PeLJoKeHHbIH
M. H. Bepanuenckum [6]. DT0 OANH H3 MEPBLIX METOLOB Onpe-
JeJICHISl BCeX KOMIIOHEHT TCH30PHOTO HMIefaaHca rpadiucckig
pelueHueM JuHeliHOA cncteMbl (2.2). MawnuHwil  Bapuaut Me-
tona, paspaGoraunsiit I'. H. Txauesnim, cnocoOcrsoBan macco-
LOMY ero BHeapenuio. MeTo BEKTOPOB NGIAPH3AUMH TPEILABIAACT
cepbestible TpeGoBalma K MCXOAHOMY MaTephaay, ocobeillo B ero
PYUYHON MOJAH(HKALHK, ITH OTPAHHUYCHHS HECKOJALKO CHHZAKAIOTCS
B MamuuHod Moandmkauuk, Tak kak IBM cnocobua odecnieuntsh
MAaCCOBBIH pacyeT CHCTeM JTHHEHHBIX YpaBHEHMIT.

B nacrosuieit pabore mnpeanaraetca o0000UICHIIE CHCTEMD
ypasHenuii (2.2) B oxHo martpudnoe ypasHenue (2.3). Pewenue
3TOro ypaBHeHust OoJiee BLITOJHO, UeMm pelucHile cucreMpr (2.2),
TaK Kak AJf ONpefe/ieist BeeX KOMIOHEHT TEeH30PHOIro nmiteaH-
ca tpebyeres aumb ojiHo odpauntenne marpnunt H., Hdas peannsa-
nuu pewlenusa ypaBHenus (2.3) Hcnmoab3yercsi CAEAVIOHIHIT ajaro-
putm. Ilepenuiem ero, npeapapuTenbHO BLIAEJANB B HEM peadb-
HbIE I MHHMBbIE YaCTIL

< 0,1 norpelwHOCTL ONpeIeseHis MOAVJIS — MOKeT

ReE + ilmE = (ReH - iImH)(ReZ - iIm Z).

CreoBaTeNbHO,
ReE —ReHReZ —ImHImZ,
(2.11)
IME —ReHImZ - ImHReZ,



ReE | [ReH —ImH]|[ ReZ
[ImEJ—[ImH ReHJ lmZ}

JTH
- ReE;ReE, ReH ReH,~ImH.~ImH, || ReZ, . ReZ,,
Re E;Re E, Re H;Re H,—~ImH;—ImH, |{ ReZ,, ReZ,,
| ImE,ImE, | A Im H,Re H.Re H, ImZ, ImZ,,
1‘ ImE; ImE, | L Imh’;ImH; ReH ReH, || Im Lo T
(2.12)

Taknum 00pa3oM, pacuiHpeHHeM HCXOMHLIX MaTpull Mbl Hepeln
H3 JBYMEPHOrO KOMIJIEKCHOTO NPOCTPAHCTBA B UeThipeXMepHoe
JIeHCTBUTE/IBHOE NPOCTPAHCTBO, 1, CJAEL0BATENbHO, ypaBHeHle
(2.12) siasierca ananoroMm ypasHeHus (2.3) B JefcTBHTENLHOM
npoctpatcrse.  Pacwupenne 115 nepeonpeieeHHbIX  CHCTEM
aHaJIorIYHO.

Jas pemenns auHefiHbX cuctem (2.12) cvilecTByer 10BOJb-
Ho Goublioe uucao cnocobos. Oauako cpean obuiproro nHadopa
AJTOPUTMOB peLICHHA HE CYLIeCTBYET LIl BO BCAKOM cJayuac He
JI0OKa3aHO CVIIeCTBOBaHUE aJrOplTMOB, KOTOpble 0Oojee TOYHLI
nan Gosee IKOHOMHBI, YeM MeTOJ MOC/Ael0BATebHOTO HCKJIoYe-
Hua laycca. B manphefimem meron I'ayeca Gyper HCOONL30BaH
NpH ONpeAEeaCHNN KOMIOHEHT TEH30PHOTO HMIle/laHca MeTOLOM
MOCAEeN0BATEILHOIO  perpeccHoHHoro  anaausa. Cyuecrsyer
Tak Hasbiaemasi LU-teopema [b4], wotopas yTBepmaaer, uto
ecan nana xsajapatHas marpuua H nopaaxka n n H, o3uauaer
TJAaBHLI MIIHOp MaTpHIlbl, COCTABJEHHLIT 13 MCPBLIX R CTPOK 11
cton6uoe., H ecan det Hp=%=0 nana k=1, 2, .., n—1, 1o cyuiecrsy-
10T eNHCTBCHHAA HIKHAA Tpeyroabuas matpuna L= (mj;), rae
My =Mgy=..=Mnpp=1, H eIUHCTBEHHAN BEPXHAT TPEVIOJIbHAS
marpnua U raxupe, uto LU=H.

Pasaomenne marpuunt H Ha aBe TpeyrosbHbie MaTpiilbl  $B-
JFeTCs OCHOBHOH MI€eH TayCCOBCKHX cXeM HcekJiouenus. B 3Toii
HOBOI1 3aniicy cncremMa ypasHeHni OyaeT nMeTh B

LUZ=FE

H CBOANTCA K JIBYM CHCTEMAaM € TPEYTOJbHLIMI MaTPILAMII
LY —E; UZ-—Y.

ATH CHCTEMBI JIETKO pellaloTes, TaK Kak B ICPBO  clcTeMe
NepBoe ypaBHEHUE COLEPIKHT TOJbKO Iy, BTOpOe — Yy, Yz,
TPeThe — Yy, Ys, Y3 U T. 1. KOMNOHEHTHI BHIUHCASIOTCH ana orHyio,
HO B oOpatHoMm nopsaake. [logpoGuocTi BbiuNCAEHNT METOAOM
Faycca 3gech He NPHBOASTCS, TAK KaK OOLICH3BECTHLI N 113J0MKe-
HBl BO MHOTHX PYKOBOACTBax, Hamnpumep B [52, 54]. Ormerum
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TAKMKe, UTO 3TOT METO[ JaeT BO3MOMKHOCTH TOJbKO OANH pa3s
ob6pamath MaTpuiy AJf JeBbIX dacTed, T. €. cpasy pemartb
cucremy (2.12).

CnelyeT MOMHITD, 4To GOJbIIOE pasaHule B CyMMax KBajapa-
TOB 3JEMEHTOB MATPIIB MO CTPOKAM HJIH cTO0LAaM XapakTepi-
ayer ee maoxyio obycaosiaeHHocTh [25, 54]. TMosromy 1enecoot-
pasHo mepeil pelieHieM cHCTeMbl  YMEeHbIIMTb  YKasaHHOE
pasandne nyreMm eansooGpasHoro  Mmacwrabuposanus. Tak,
maciiTabipoBaHiie CTPOK MaTPHIL 10 HOPMAM A0 EAHHHILBI MpH-
BOJUT K TOMY, 4TO B pe3vibTaTe 3TOH omepalun Bec Kamaoro
VpaBHEH IS, BXOAALETO B CHICTEMY, OKa3biBaeTcs OAHHAKOBLIM.

Henocratkom metona I'aycca siBasieTcst TO, 4TO €CJH HCKOTO-
pble AnaroHaJjbHble 3JeMeHThl  MaTpuubl A;=0 naxe npu
det H5=0, on MOMKeT 0Ka3aThCsl HECOCTOATEJbHBIM. Bosee Ttoro,
Iaxe ecJil 3HayeHle /i;; OUeHb MaJo, aJropHTM MOXKET 0Ka3aThb-
Csi HEYCTOHYMBBIM. 3ITC 3aTpyAHeHHe JieTko OOXOLMTCH, ec/H
KaxAblil pa3 fi;; BuiGUpaTh MaKCHMAJbHLIM 110 €TOJAOIY  HJAH 10
Beeit matpmie. Ecan rnaBubiil anement h;; BoiOupaercd makcn-
MaJbHBIM B CTOJ0LE, TO 3TOT METOJ Ha3blBAeTCs CTpaTeruei ya-
crnynoro ynopagouenns k. Yuaknucona [54]. Ecan xe mne-
M0Jb30BATh BBIOOP MAKCHMAJBHOTO 3JeMeHTa 1o abcoJIoTHOI
BeJHYHHE JJs1 Beefl MaTpHilbl OCTABIIMXCH  ypaBHEHHi, TO 3TOT
METOJ Ha3biBaeTcst cTpaTerueil nmoJqHoro yhnopsiioueHus, miin Me-
TOZOM T/IaBHBIX 3JeMeHTOB.

3amernnm, uto Meroa laveca, H3J0XKeHHLIH Bbille, SBJAAETCS
YACTHBIM C€Jy4aeM MeTolda TJaBHBIX 3JeMeHTOB. MeTox raaBHBIX
37AEMEHTOB I10C]e  [epeHyMepaltn HeHN3BeCTHLIX 1 yPaBHEHH
conntest Kk mMeroay [ayeca. Xora meton Iaveca B n3aaraemoit
MOAH(UKAIHE TapanTHPYyeT MAKCHMAJIbHYIO YCTOHUYHBOCTh peie-
HIlIl OTHOCHTEJLHO OWINOOK OKPYIJIEHHIl, OCHOBHAsI NMpHYNHA He-
VCTOHUIBOCTI 3dKJII0MAeTCA B TOM, 4TO HCXOAHLIC AaHHBIE 3aja-
I0TCS ¢ onpeesaeHnoil norpemHoctbio. [Tockoabky Merton Iaycca
BecbMa UyBCTBHTE/]EH K MOTPELIHOCTAM HCXOAHLIX JaHHBIX, €ro
HEOOXOANMO KOMILJICKCHIPOBATE €O CTATHCTHYECKIMII HpHEMaMil
CIeHKH 3HA4YHMBIX KOMMOHEHT TECH30pHOro uMmnejpanca. pyrumu,
Oonee PeKTIBHLIMII CPEACTBAMHE  PEHIeHHsT JHHEHHBIX CHCTEM,
KOT/Zla NCXOAHBbIe JaHHble 3ajatorcest ¢ norpemHoctbio 5—10%,
ABJAAIOTCA HEKOTOpble MOANGUKAIHII METOAa HAaHUMEHbIINX KBaj-
paros [6, 20, 61], oaHa N3 KOTOPLIX H3JATAETCSA HIIXKE.

2.2, TocaenoBaTe bHBI PerpecCHOHHBIN AHAIU3
MArduTOTeNNYPHYECKHX Toaei

MCTOD. HaiMeHbLIHX KBaJApaToOB SABJASIETCA CTATHCTHYECKHM

CPEICTBOM OHEHKH JIHHIIN Perpeccuy NpH MOMOLLH JHHEHHOl Mo-
Jles1 OTHOCHTENBHO 3aianubIX Qynkuuit [33, 45, 58]:
Y (%) =Bofo (¥) + Bafy () + ... -+ Bufr (). (2.13)
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3aech fo(x), [1(x), ..., fa(x) — 3anaunbiec QyHkuni. IATHMH
GYHKILHAME MOTYT ObITh pas3iyHbie  TOJAHHOMBI, TPHIOHOMETpPH-
yeckue (YHKILNH, TepeMeHHbie pa3Hoii npupoiel B nepsoit n 60-
Jiee BBLICOKHX cTemeHsix u T. X. B marnntorennypnyeckux 30HanH-
poBaHHAX POJb (pyl—muunﬁ fan(X) BBINOJHAWT KOMIOHEHTH Mar-
HHTHOTO T0JIsT, @ JIeBOH 4acTil COOTBETCTBYIOT KOMILIEKCHbLIE
KOMIIOHEHTHI 3JeKTpHueckoro nodasi, HMckomble napamerpol fo,
Bi, .., Pn — KOMIIOHEHTHI TEH30PA WMIIEJAHCOB HIH  3JIEMEHTHI
MaTpuubl Z B ypaBHenuu (2.6). )

B MeTo/ie TEANYPHYECKHX TOKOB (PVHEIHH [, (X) npeacTaBasioT
o060 KOMIOHEHTBl 3JEeKTPHUECKOTO 1o, 3 HHTeploAsiHOHHbIX
3zajauax, TakKnx, Kak npubJikeHne reo(pnalnyeckix KapT, pob
fn(X) MOryT BbLIIOJHATH JIMHEHHO He3aBHCHMbIE QyHKUIH Onpe-
JleJIeHHOTO KJacea. " _

[MepeoGosnaunm aas  yaobersa Gyuxmnn  fo(x), [i(x), ...,

fa(X) uepe3 Xo, Xy, ..., Xxn. B 37OM cayuae y(x) cranoBuress am-
HeflHoil KoMGuHalnel He3aBHCHMBIX lepeMeHHbIX x;. YUToOul mo-
JYYHTb OUEHKY y(X) 1 TeM caMbiM oueHkn Bo, Bi, ..., fn, HCHOJDL-

gyercsi BHIGOPKAa OMHOMEpHOI cayuvafiHoit BeanuuHbl yi(x) 1
MaTpHila He3aBHCHMbIX MepeMeHHLIX X;;. HMuZexkc [ oTHocuTes K
HOMEpY ypaBHeHHsi, a HHiekc j o603HayaeT HOMEpP He3aBHCHMOI
nepeMeHHoli, npuyeMm i MeHsercs or | gom, aj—or 1 xon,
m>n. Ilockonbky xij 1 yi — pe3yJjbTaTbl H3MEPeHHH 1 TeM ca-
MBIM 3aJlaHbl ¢ ONpeje/NeHHOR NOrpenHocTbo, T0 0ObBIYHO TOJY-
YyeHHas TakuM o0Gpa3oM mepeonpefeeHHas cHCTeMa  ABJACTCS

HECOBMECTHOI1, T. . HeJlb3fl HAHTH Takue uncaa Bo, Bi, .., Pn, 4TO-
Obl IPH MOJACTAHOBKE HX BMeCTO HeusBecTHLX flo, Pi. ..., fn VAOB-
JIeTBOPH.IHCH Obl BCe YypaBHenns cucreMmel. Ecam noacrasnte
Kaxue-nyéy‘gb yncsaa f; BMeCTo HeusBeCTHoIX By, B2, ..., fin, TO 1O-

AYYHM Y1, Y2, -y Yn, OTAHUHBIE OT Y1, Yo, ..., Yn. IT0O3TOMY TPEOY-
eresi onpefenuTb KoadduuHeHTsl B; Tak, utodbl Kamioe vpaBHe-
HHE IepeonpefeJeHHOR CHCTeMbl V/OBJETBOPAJOCh XOTs Obl
npubausnuTebHo, HO ¢ 00miell HanMeHbIUeH norpewsocTbio. das
3TOr0 HeoOXO0HMO MHHHMH31IPOBATDL (PYHKIIHOHA

R= ¥ (1;— )" (2.14)

j;:]

Ecan Bextop-cToniGuel Matpuub X;; 0603HAYNTb ucpes X, Xg, ...
Xn W €CJIH CYMTATH, YTO OHH oOnpeiensior 6asuc B N-MEpPHOM
NOANpOCTpaHcTBe L, TO HallMEHbLUEE PACCTOAHMC IO BEKTOpa y
COBMasacT ¢ llpOCKIUieI"{”BEKTOPa y Ha noanpocrpancTBo L. Cae-
AdoBare/ibHo, Yncaa By, Py, ..., Pn AOJKHB ObITL TOAOOpaHLI  Ta-
KM oGpasom, utobul auHeliHass KOMGIHALS BEKTOPOB X, Xo, ...,
Xn NpHBeJA K [POEKIHH BEeKTOpPY ¥y Ha noanpoctpaHctso L.
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