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COB Ha 3ace,naH1III IlIIccepTaIIIIOHHoro coneTa 11 047.01.04 rrpII Jia6opaTopHII 

BhlqIICJIIITeJibHOH TeXHIIKII II aBT0MaTII3aUIIII no a.npecy: r.Ily6Ha, MocKoncKoil 

o6nacTII, 0115111 JIBT A. 

C ,UIICcepTaUIIen M0)KH0 03HaK0MHTbCX D 6n6mmTeKe 0115111. 

YqeH1,1i'1 ceKpeTap1, IlIIccepTaunoHHoro coneTa 

KaH,UH,UaT q>H3HK0-MaTeMaTnqecKHX HayK 3.M.I1BaH'IeHKO 

IlnccepTauux II0CBXIUeHa KaK pa3pa6oTKe MeTo,noB II a.nropHTM0B pememrn 

.nocTaToqso IIOJIHOH C0B0KYIIH0CTII TIIII0BhlX 3a,naq, B03HIIKaIOIUHX B npoue.ny

pax aHaJIII3a annapaTypHhlX 0,UH0MepHhlX H MHoroMepHhlX cneKTp0B x.nepHhlX H 

M0JieKyn 1IpHhlX H3JiyqeHHH, H rrporpaMMHOH peaJIH3aIIIIII 3TIIX MeT0,U0B H a.nro

PIITM0B B aBT0MaTuqecK0M II HHTepaKTHBH0M pe2KIIMax,TaK Il MaTeMaTH'leCK0-

MY OCMhlCJieHHIO 3THX 3a,naq, HX CIICTeMaTH3aIIHH H Il3JI0)KeHilIO a,neKBaTHhlM 

q>opMaJibHhlM .1[3hlK0M, MaTeMaTrrqecK0MY o6ocHOBaHHIO MeT0,U0B HX pemeHHx 

H o6o6meHHIO Ha cnyqan pacnpe.neneHHH, qiopMaJibHO 3KBilBa.JieHTHhlX qJII3Il

qecKilM crreKTpaM; a,nanTaIIHII C03.UaHHhlX nporpaMMHhlX K0MIIJieKC0B K pea.n1,

HhlM q>II3IlqecKIIM 3KCIIepIIMeHTaM, HerrpephlBH0MY pa3BIITilIO 3TilX K0MilJieKcoB, 

TeopeT11qecK0MY II rrpaKTIIqecKoMy H3yqeHHIO BorrpocoB TeCTilp0BaHil.H anro

PIITM0B aHaml3a ,naHHhlX, B0IIpocaM ToqH0CTil Il Ha,Ue)KH0CTil TaKoro aHaJI113a • 

AKTYa.Jil>HOCTb rrpo6neMhl. 

BypHhlii: rrporpecc TeXHIIKH aBToMaTnqecKoii: perrrcTpaurrrr HHq:>opMauIIH ,nan 

B03M02KH0CTb 0,UH0BpeMeHH0 rrpo.neM0HCTpIIpoBaTb KaK 6on1,rnyro M0IUb CJI0-

)KIIBIIlerocx MaTaMaTrrqecKoro annapaTa aHa.JIH3a ,naHHhlX, TaK rr ero ynpo

meHH0C'J'b, He,nocTaToqHQCTb Il Hea.ueKBaTH0CTI, K0JI0ccaJibH0MY pa3H006pa3tIIO 

perrrcTpnpyeMbIX ,naHHhlX rr 3a,naq HX aHaJIH3a. 

I13MepeHIIe .uaeT HaM q:>yHKIIIlIO j ( X). Ecnrr aHaJIIl3 TaKilX q:>yHKIIIlll ocym;e

CTBJI.HeTCX B 3a,uaqax, ceMaHTtiqecKII ,no K0HIIa He II0HHMaeMhlX HayKo:ii, TO 

cpa3y )Ke Bhl.HCHXeTCX BC.I[ CJI0)KH0CTI, II He0,UH03HaqHoCTI, TaKilX IIOHXTIIH KaK 

HHq>OpMaTHBHOCTI, q>yHKIIHII, ee BHyTpeHHXX CTPYKTypa II T.,n. 

Pa3yMeeTcx, orp0MHhle o6'eMhl ,naHHhlX, npe,nCTaBJI.HeMhlX q:>YHKIIIIXMII f(x) Il 
TO o6CTO.HTeJibCTBo, 'ITO f ( x) M0)KeT 0llIIChlBaTI,C.I[ orpoMHhlM K0JIIlqecTB0M qrr

cen, JIHIIlI, ycyry6JIXIOT yrroMXHYTYIO CJI0)KH0CTb. 

B rpa.nrrurroHHblX no.nxo.uax aHa.JIH3a .UaHHhlX, cTporo roBopx, He 6hlno rrpo6ne

Mhl orrpe.neneHil.H II0HXTil.H IlHq>opMaIIHOHHOH CTpyKTYPhl q:>YHKIIIlil IIJilI pacnpe

.ueneHHX. O6hlqHo cqIITanoc1,, 'ITO ecJIH HeKoTopax q:>yHKn;rrx f(x) 3a.UaHa, To 

TeM caMhlM 3a.UaHa H 0C03HaHa ee BHyTpeHHXX CTPYKTypa. 

MaTeMaTrrq~CKaJI cTaTHCTIIKa T0)Ke II0HHMaeT q:>yHKD;IIIO pacnpe.ueneHHX KaK 

neJI0CTH0CTb, 3a,UaHHYIO C T0qH0CTbIO .no HeK0T0phlX IIpI13HaK0B, 0IIIIChlBaeMI,lX 

rrapaMeTpaMH, - f(x,p), H CB0IO 3a,uaqy Bil,UlIT B TOM, qT06hl 0IITHMa.JibHI,lM B 

.TOM HJIII IlH0M CMhlCJie cnoco6oM oneHHTb HeII3BeCTHhle p HJIH, ecJIIl p 3a,UaHhl, 

npoBepHTI, rHII0Te3y 06 a,neKBaTH0CTil f(x,p) ,naHHhlM. BorrpOChl "KaK CTpo

IlTI, M0,UeJib f(x,p), qTo napaMeTpil3IIpoBaTb II KaK napaMeTpil31IpOBaTb?" KaK 

npaBHJI0 He 06cy2K,naIOTCX. 

Ho Il H0Bhle pa3,UeJihl MaTeMaTHKil, TaKrre KaK aBT0MaTIIqecKaJI KJiaCCHq>HKa

IIIIX IlJllI aBT0MaT11qecKoe paCII03HaBaHIIe o6pa3oB, q:iopMynrrpyIOT CB0H 3a,uaqII 
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KaK 3a,n;aq1I IlOCTpoeHII.lI OTo6pa)KeHIIH KJiaCCOB 3a,n;aHHhlX ( a TeM caMhlM n .l!BHO 

orrncaHHhlx) o6'eKTOB KrraccaM .lIBHhlX )Ke ,n;ecKpnrrTopoB. 

O,n;HaKO B COBpeMeHHOH rrpaKTIIKe aHamI3a, ,n;aHHhlX 3a,n;aqa qacTO CTaBIITC.lI C 

MaKCIIMam,HOH c"rerreHI,10 Heorrpe,n;erreHHOCTII II HeKoppeKTHOCTII: 

Ja,n;aHa f ( x); Tpe6yeTC.lI Bhl.lIBIITh ee IImpopMannoHHYI<> cTpyKTYPY II rroMoqi, 

TeM CaMhlM 3KCIIepIIMeHTaTopy He rrpocTO rrorryqnTh OTBeT Ha IIHTepecyromne 

ero B0IIpOChl, HO II IIOCTaBIITI, 3TII BOIIpOChl. 

TIImJqHnJM II Ba:llrneii:mIIM rrpnMepoM TaKOH CIITyaIIIIII .lIBJI.lleTC.lI 6e3ycJIOBHO 

crreKTpOMeTpIIH, llJIII, roBOp.lI 6orree o6me, MeTO.llIIKII II3Mepemrn BhlXO.llOB rrpo

.llYKTOB qJIIJIIqecKIIX peaKIIIIH. Mx MO)KHO OIIIICaTb crre,n;yIOIJllIM o6pa30M. 

51,n;epHhle peaKIIIIII B rrpIIHIIIIIIe He MoryT Ha6rrro,n;aTbC.lI Im3yaJibHO. IIocTyrraIOT 

TaK. IlyqoK 'laCTIIII IICTO'IHIIKa ( 3ap.lI)KeHHhlX 'laCTIIII, HeHTpOHOB, qJOTOHOB II 

T.,n;.) rrorra,n;aeT Ha MIImeHh, BcTyrraeT c ee BemecTBOM B o6meM crry1:Jae B MHO

roKaHaJihHOe II KaCKa,n;Hoe B3aIIMO,D;eHCTBIIe, rropo)K,n;aromee MHO)KeCTBO BTOpII'I

HhlX, TpeTnqHhlX II T.,ll;. 'laCTIIII ( OCKOJIKOB .ll,n;ep, 3ap.lI)KeHHhlX 'laCTIIII, He:IITpo

HOB, raMMa-KBaHTOB, rrpo,n;yKTOB aTOMHhlX II3Jiy'leHIIH II T.,n;.). PerIICTpIIpyro

IJllIH ,n;eTeKTOp rrpe,n;cTaBJI.lleT co6oii: JIOBYIDKY ,ll;JI.ll 3TIIX 'laCTIIII II crroco6eH IIpII 

,n;ocTaTO'IHOM ycJIO)KHeHIIII CBoero ycTpOHCTBa ocymecTBJI.lITI, orpaHII'leHHYIO 

cerreKIIIIIO 3TIIX 'laCTIIII no TIIIIaM. "IIoii:MaHHhle" 'l,aCTIIIIhl BCTyrraIOT OII.l!Tb

TaKII B MH0roKaHaJibHOe II KaCKa,ll;HOe B3aIIMO,D;eHCTBIIe C BemecTBOM ,n;eTeKTO

pa II BMeCTe c rropO)K,ll;eHHhlMII IIMII 'laCTIIIIaMII-rrpo,n;yKTaMII MoryT coo6mIITI, 

,n;eTeKTopy HeKOTOphle CBOII COBMeCTHhle ( T .e., B o6meM crry'lae IICKa)KeHHhle) 

xapaKTepIICTIIKII: 3Hepruro (rroJIHYIO IIJIII KaKyIO-TO 'laCTI,) lIJIII ,ll;OJIIO yMeHhme

HII.lI 3Toii: 3HeprnII, yrorr IIJIII BpeM.lI rrpIIrreTa II 6orree IIJIII MeHee ( 'lame MeHee) 

TO'IHO II3MepeHHYIO ,ll;JIIIHY IIYTII rrpo6era B BemecTBe ,n;eTeKTOpa. 

8TII xapaKTepIICTIIKII ( o6o3Ha'IIIM IIX BeKTOpOM X) .lIBJI.lIIOTC.lI apryMeHTOM II3-

MepeHII.lI. qIICJIO 3aperIICTpIIpOBaHHhlX 'laCTIIII N, OTHeceHHOe K orrpe,n;erreHHO

MY 3Ha'leHIIIO X, o6pa3yeT arrrrapaTypHoe crreKTparri,noe pacrrpe,n;erreHIIe N(X). 
licTIIHHoe TeopeTII'lecKoe pacrrpe,n;errenue rrpo,n;yKTOB II3y'laeMoro KaHarra peaK

IIIIII rry'!Ka II MIImeHII (Ha3oBeM era K(X) ) CB.lI3aHo c N(X) 01:JeHh ,n;rrIIHHoii: 

II 3arryTaHHOH nerrO'IKOH He Bcer,n;a .lICHbIX KaqecTBeHHO II II3BeCTHhlX KOJIII'le

CTBeHHO TpancqiopMaIIIIH. Ho 3a,n;a1:Ja anamIJa N(X) cocTOIIT B TOM, 1:JT061,1, 

OTTaJIKIIBa.l!Ch OT N(X), rrorry'IIITh KaK MO)KHO rry'lmee rrpII6JIII)KeHIIe K K(X), 
II6o umpopMaUIIIO .urrH <pII3IIKa co,n;ep)KIIT TOJihKO K(X). 

TaKOBhl 3a.[(a'III aHaJIII3a O,ll;HO- II MHoroMepHhlX crreKTpOB rrepBII'IHOro IIJIII 

BT0pif'lHOro raMMa-II3Jiy'leHII.lI, OIITII'leCKIIX crreKTpOB II crreKTpOB peHTreHOB

CKoro II3iiy'leHII.lI, Ce'leHIIII Heii:TpOHHhlX B3aIIMO,n;eii:CTBIIH II 0.[(HO- II MHoroMep

HhlX .D:II<ppaKTorpaMM, 0,[(HO- II MHOroMepHhlX crreKTpOB pacrra,n;a II qiparMeH-
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TaIIIIII H,n;ep II MHOrIIX ,n;pyrIIx. TexHII'leCKIIH rrporpecc B o6rraCTII annapaTy

phl 3KCnepIIMeHTOB C03,n;aeT HOBhle, YHIIKaJibHhle B03MO)KHOCTII .llJI.lI qJII3IIqecKoii: 

HayKII. HanpIIMep, IlO.lIBJieHIIe Heii:TpOHHOII .lllI<ppaKTOMeTpIIII B peaJibHOM Bpe

MeHII Il03BOJI.lleT perncTpIIpOBaTI, BpeMeHHYIO 3aBIICIIMOCTI, N(X, t), K~Topoe 

'Iepe3 neni, CJIO)l(HI,JX 3aBIIClIMOCTeii: CB.lI3aHo C .lUIHaMIIKOH l((X, t) IICTIIHHO

ro npouecca. EcTeCTBeHHo, 3a,n;a'!a aHaJIII3a N(X, t) IIMeeT 6orrhmII:rr nopH,n;oK 

CJIO)KHOCTII II HeTpIIBHaJibHOCTII, 'leM o6blqHo. IlpIIMeHeHIIe MeTo,n;orrornu .lI.llep

HbIX II3MepeHHH B CMe)KHbIX C qJII3IIKOII HayKax, a TO II B y.uan:eHHhlX OT Hee, 'la

CTO 03HaqaeT eme 6orri,mee ycrro)KHemre Ja,n;a'III aHamna cneKTpoB. HanpuMep, 

B nocrre,n:Hee BpeMH pacnpocTpaHeHa TO'IKa 3pemrn, 'ITO II3MeHeHII.lI KOHIIeH

Tpauv.:n llO'IBeHHoro pa.uoHa CB.lI3aHbl C KOJie6aHH.lIMII Hallp.lI)KeHH0CTH 3eMHOII 

IWpbr, a TeM CaMbIM C 3eMJieTp.l!CeHirnMII. Ho pa3o6paTbC.lI B 3aperncTpupoBaH

HOM pacnpe,n;erremm 3MaHaIIIIH pa,n;oHa N(t) rrpu rroKa eme He,n;ocTaTO'IHo Bhl

coKoM ypoBHe 3HaHIIH o MexaHII3Me 3eMJieTpHceHI1H, a TeM 6orree JBH3aTb N(t) 
C 3eMJieTp.l!CeHH.lIMII XOT.ll 6bl CB.ll3I,IO IWppeJI.lIIIIIOHHoro TIIITa - DeCbMa Herrpo

CTa.ll 3a,n;aqa. Bo Bcex TaKIIX 3a,D;a'lax .lIBCTBeHHO omymaeTC.lI He,n;ocTaTO'IHOCTI, 

Tpa.llIIIIIIOHHoro MaTaMaTnqecKoro arrrrapaTa .llJI.lI II3BJie'leHirn IIH<popMauuu In 

HeTpa,D;IIUIIOHHbIX ,n;aHHbIX. 

CrrenmpII'IeCKIIH xapaKTep MaTeMaTII'lecKoro aHamna crreKTpoB ,n;orrroe Bpe

M.ll He OC03Hanarrc.ll Il JIIITepaType. IIpeo6rra,n;aJIII 'IaCTHhle, 3MIIIIpII'IeCKIIe rro,n;

XO.llhl, B KOTOphlx 3a,D;a'IH aHamna crreKTpOB TpaKTonamICI, KaK 3a,n:a'lu CTaTu

CTHqecKOH oneHKH rrapaMeTpOB Hayra,n; rro,n;o6paHHbIX, 6orree IIJIII MCHee y.ua'IHO. 

<pyHKUHH perpecCIIII. O.uHaKo pe3KHH pocT o6'eMoD IIOJIJ'IaeMbIX cueKTparri,

HbIX ,llaHHbIX II pa3HOo6pa3H.lI IIX BII,llOB (IIO.lIBJieHIIe MHoroMepHbIX .uaHHhIX, 

peHTreHo- II HeHTpoHorpaMM IIOJIIIKpIICTaJIJIOB, ,llaHHbIX KOCMII'leCKOII II a3pocpo

Toc'eMKII B nmppaKpacHoM .unarra3oHe II T.,n;.), a TaK)K0 nrnpmwe pacrrpocTpa

HeHIIe MeTo,n;orrornII crrer(Tpouo,n;o6Hhlx (nKJIIO'laromux crreKTphl KaK •racTHhIII 

crry'laii:) II3MepeHIIH (rrpnMeHemre H,n;epHhIX ,n;eTeKTopon B reorrornu, 6norrornn, 

II noo6me Il JII060H o6rracTu, r,n;e II3Mepemre IIpOil3BO.llIIT .llclHHhle, KOTOpble HC'

o6xo,n;nMo aHaJIII31IpOBaTI, C IICJII,IO pa3JIII'leHirn B HIIX DHYTPC'HHC'II CTJ>YKT)'pbr 

- lIHcpopMaTIIBHbIX 'lclCTei'1 IIJIII KOMIIOHCHT) c,n;erramr 0'IC'HI, aKTyaJibHbil\UI ("Jl('

,n;yromne 3a,n;aqu: 

1. <popMaJIII3auirn IIOH.l!TIIH CTpyKTJpbI <pyHI,IIHII II KOMII0H(:'HT 3TOII cpym,urm 

II co3,n;aHue MeTo,n;oB ee arrropnTMn•recKoro pacrro3Hanamrn, pacrro3Hanamrn 

CIICUIIqJII'IecKIIX o6pa30B. - o6pa30D <pyHKUHIIj 

2. C03,ll;aHne ymrnepcaJibHhIX, IIPCIIII3II0HHhIX II Il TO )Ii:(' DJ>C'M.ll .ll0CTaT0'IHO 

6bICTpbIX, MaKCIIMaJibHO HC3aBIICIIMbIX OT YCJIODIIII IIOJIJ'IC'HII.ll L(aHHbIX MC

TO,llOD pemeHII.lI 3aL(a'l Bhl.lIDJICHirn DHJTpCHHei'r CTpyKTyphl Ha6mo,n;aC'lllbIX 
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q>y&KIIIIHj 

3. "IIHTeJIJieKTJaJIII3aumi:" MeTO)lIIK aHaJIII3a cneKTpono.uo6HhIX .uaHHhIX KaK 

C IIOMOIII,bIO pa3BIITmI IIHTepaKTIIBHhIX B03MO.lKHOCTe:ii nporpaMM, peaJIII-

3JIOIIUIX MeTO.Uhl :noro aHaJIII3a, TaK II ( qTo oco6eHHO aKTJaJihHo) c noMo

lII,bIO IIIIIp0Koro BHe.upeHmI aJiropIITMOB B yrrpaBJieHIIe MeTO,llIIKaMII aHaJIII-

3a - o6rraCTh, HaIIMeHee rro.u.uaroruyroc.lI qiopMaJIII3aUIIII: aBTOMaTIIqecKoe 

qiopMIIpOBaHIIe rIIIIOTe3 II IIpIIH.lITIIe peIIIeHIIH, yrrpaBJieHIIe HemrneHHhIMII 

nporreccaMII, perneHIIe 3a)laq paCII03HaBaHII.lI II KJiaCCIIq>IIKaUIIIIj 

4. nporpaMMHa.lI peaJIII3aUII.lI npIIMeH.!IeMhIX IIO,llXO)lOB B BII,lle naKeTOB npo

rpaMM, MaKCIIMaJibHO He3aBIICIIMhIX OT KOMIIbIOTepoB II KOMIIbIOTepHhIX 

CIICTeM, Ha KOTOphIX OHII IICIIOJib3JIOTC.lI II paccqIITaHHhIX Ha CaMhIH IIIII

poKIIH KJiacc pernaeMhIX 3a)laq II aHaJIII3IIpyeMbIX )laHHhIXj 

5. IIJyqeHIIe Bcex acneKTOB npIIMeHeHII.lI TaKIIX naKeTOB II B nepByro oqepe.Uh 

BOff'.>0COB TOqHOCTII II Ha,lle.lKHOCTII aHaJIII3a. 

MeTO,llhl .lI.UepHOH cneKTpOMeTpIIII II aHarrorIIqHbie IIM IIO,llXO)lhl npo.uoJI.lKaIOT B 

HapacTaIOIIUIX MaCIIITa6ax OXBaTbIBaTb BCe 6oJihIIIIIe o6rracTII HayqHoH II npII

KJia)lHOH .ue.lITeJibHOCTII :ii: :no .uerraeT nepeqIIcJieHHhle 3a.uaqII Bee 6orree aK

TJaJihHhIMII. PerneHIIe 3TIIX 3a)laq IIOTpe6oBaJIO rny6oKoro np0HIIKHOBeHII.lI 

B MaTeMaTIIqecKyro CJTh nepeqIIcrreHHhIX npo6JieM. BorncHIIJIOCh, qTo Ja.ua

qII CIIeKTpOMeTpIIII IIMeIOT MH0.lKeCTBO oco6eHHOCTeH, He YKJia)lbIBaIOIIUIXC.lI B 

paMKII KJiaccIIqecKoro MaTeMaTIIqecKoro aHaJIII3a II cTaTIICTIIKII. COJ.UaHIIe 

a.ueKBaTHoro MaTeMaTIIqecKoro qiopMaJIII3Ma, pacrnIIpeHIIe o6rracTII npIIMeHe~ 

HII.lI co3,llaBaeMhIX B ero paMKax MeTo.uoB, co3.UaHIIe MaTeMaTIIqecKoro annapaTa 

"IIHTerrrreKTyaJIII3an;IIII" nporreccOB perneHII.lI Ja.uaq aHaJIII3a cTpJKTYP q>yHK

UIIH 03HaqaJIII B03HIIKHOBeHIIe B COBpeMeHHOH OTpaCJIII HayKII - aHaJIII3e .uaHHhIX 

- HOBOH, caMOCTO.lITeJihHOII II o6IIIIIpHOH o6JiaCTII MaTeMaTIIqecKOH CIIeKTpOMe

TpIIII, K0TOpa.!I no HaChIIUeHHOCTII MaTeMaTIIKOH - OT BhlqIICJieHII.lI IIHTerpaJIOB 

.uo KJiacrep-aHaJIII3a, OT perneHII.lI .UIIq>q>epeHuIIaJibHhIX ypaBHeHIIH .uo MeTO)lOB 
) 

TOIIOJIOrlIII - O'I'HOCIITC.lI K JIII,llIIpyromIIM o6JiaCT.lIM npIIKJia)lHOH MaTeMaTIIKII. 

CoBpeMeHHa.lI nporpaMMa o6pa60TKII cneKTp0B TaK .lKe OTJIIIqaeTC.lI OT nepBO

HaqaJII,HhIX nporpaMM )lJI.lI 3TIIX .lKe uerre:ii, KaK COBpeMeHHhIH ycKOpIITeJib OT 

ycKOpIITeJI.lI 40-x ro.uoB. CoJ.uaBaeMhle no.uqac B ycrroBII.lIX .lKeCTKOH KOHKypeH

UIIII, 3TII nporpaMMhl, ,llJI.lI Toro, qTo6bl OTCTO.lITb CBOe npaBO Ha .lKII3Hb,a TeM 

6orree norryqIITb IIIIIpOK0e IIpII3HaHIIe, )lOJI.lKHhl He TOJibKO )lOKa3aTb CBOIO 3q>

qieKTIIBHOCTb B o6pa60TKe )laHHhIX peaJibHhIX 3KCIIepIIMeHTOB, HO II npo.ueMOH

CTpIIpOBaTb BhICOKIIH ypoBeHb II MOIII,b Ha aHaJIII3e Me.lK,llyHapo,llHhIX TeCTOBhIX 
\ 

MaTepIIaJI0B. 
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UenII II 3a.uaqII IIccrre.uoBaHII.lI. . 

<l>opMaJIII3aUII.lI Ja.uaqII aBTOMaTIIqecKoro pacno3HaBaHII.lI CTPJKTYPhl npoII3-

BOJihHOH q>JHKIIIIII ( IIJIII pacnpe.uerreHII.lI) B npocTe:iimeM IIO)lXO)le M0.lKeT 6h!Tb 

ocymecTBJieHa crre.uyroIIUIM o6pa30M. 

IIycTb J(, i = 1, 2, ... , k - KJiacchl qiyHKUIIH, CB.lI3aHHhIX c BhIXO.UaMII Ha6JIIO.uae

Moro npouecca s(x) B3aIIMHO-He3aBIICIIMhIMII IIPMqlIHHbIMM cB.lI3.lIMIIj nycTb 

.uarree E - KJiacc q>yHKUIIH II0MeXII II3MepeHII.lI, B03MymaIOIIUIX s(x); Tor.ua Q -
onepaTop II3MepeHII.lI - eCTb OT06pa.lKeHII~ IIp.lIMOrO IIpOII3Be,lleHII.lI K; II E Ha s 
- KJiacc Ha6rrro.uaeMhIX q>YHKIIIIH: 

QK1 * K2 * ... * Kk * E-+ S (0.1) 

II s(x) = Qg(x) * e(x), r.ue g(x) E K1 * K2 * ... * Kk, a e(x) EE. 
p erneHIIe 3a.uaqII aHaJIII3a q>yHKIIIIII s ( X) eCTb B o6meM crryqae He CT0JibKO 

Haxo.lK)leHIIe onepaTopa, o6paTHoro K Q, CKOJihKO perneHIIe Ja.uaqn Bhl.lIBJie

HII.lI CTPYKTYPhl s(x), T.e., nycTb M;, i = 1,2, ... ,n - Knacchl q>JHKIIIIH, 

MOrYIIUIX 6h!Th CB.lI3aHHhIMII c BhIXO.UaMII s(x) CB.lI3.lIMII KOPPEJI5IUMOH

HOrO xapaKTepa; cne.uyeT onpe.ueJIIITh 3TII KJiacchl II HaHTII 3JieMeHT m : 

m E M1 * M2 * ... *Mn, 6JIII3KIIH K 3JieMeHTY g(x) B CMhICJie KaKoro-JIII6o q>yHK

UIIOHarra (KpIITepn.!I 6JIII30CTII) C. 
Onpe.ueneHIIe q>JHKIIIIOHaJia C .lIBJI.!IeTc.lI qacThIO II Ba.lKHhIM acneKTOM IICXO.UHOH 

3a.uaqII. llpyrag ee qaCTh - 3To rrocTyJIIIpoBaHIIe orrpe.uerreHIIH q>YH.UaMeHTaJih

HhIX IIHlpopMaUIIOHHOeMKIIX C co.uep.lKaTeJihHOH TOqKII 3peHII.lI KOMII0HeHT, II3 

K0TOpbIX CKJia,llbIBaeTC.lI CTPYKTypa q>JHKUIIII IIJIII pacnpe.ueneHII.lI s ( X). 
3TII orrpe.ueJieHII.lI MoryT 6h!Tb C)leJiaHhl TOJibKO Ha OCH0Be o6o6meHII.lI 60Jib

rnoro OIIhITa co.uep.lKaTeJihHOro aHaJIII3a )laHHhIX B KOHKpeTHhIX q>II3IIqecKIIX 

3KCIIepIIMeHTax II C yqeTOM OCH0BHhIX II,lleH II KOHUeIIUIIH aHaJIIITIIqecKOH Ma

TeMaTIIKII. II, HaKOHeU, caMyro o6rnrrpHyro qacTb 3a)laqII C0CTaBJI.lIIOT MeT0)lhl, 

arrroprrTMhl II rrporpaMMhl ee perneHII.lI II aHaJIII3 KaqecTBa pe3JJibTaToB IIX pa-

6oThl. 

CKa3aHHoe onpe.uen.1IeT rrenII, CTO.lIBIIIIIe rrepe.u .UaHHOH pa6oTo:ii: 

1. TeopeTIIqecKoe IIccne.uoBaHIIe KOMIIJieKca Ja.uaq aHaJirr3a crreKTpoB II crreK

Tpouo.uo6HhIX pacrrpe.ueneHIIH, co3)laHIIe a.ueKBaTHoro MaTeMaTIIqecKoro 

qiopMaJIII3Ma .UJI.lI IIX orrrrcaHII.!Ij 

2. pa3pa60TKa II MaTeMaTrrqecKoe o6ocHOBaHIIe yHIIBepcaJibHhIX MeT0)lOB II 

anroprrTMOB .UJI.lI perneHII.lI 3TIIX Ja.uaq II "IIHTeJIJieKTyaJIII3an;II.lI" 3TIIX Me

TO.UOB II arrropIITM0Bj 
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3. C03.[(aJUie Ha6opa nporpaMMHhlX YHHBepcaJU,HhlX KOMnJieKCOB, peaJIH3YIO

mnx 3TH MeTO.[(hl II aJiropHTMhl .[(JI.II pemeHII.!I ca.Moro mIIpoKoro KJiacca 

3a.[(aq aHaJIH3a cneKTpono.no6HhlX pacnJ?e.n;eJieHHH H MaKCIIMaJibHO He3aBII-

CHMhlX OT irn.na .[(ruIHhlX II IIcnoJI1,3yeMhlX 3BM; -

4. HenpephlBHOe no.n.nep)KaHIIe II pa3BIITIIe 3THX KOMnJieKCOB, TeopeTIIqecKoe . 

II npaKTIIqecKoe n3yqeHIIe BonpocoB TOqHOCTII II Ha,[(e)KHOCTII pe3yJioTaTOB 

IIX Pc!:60Thl. 

IlJI.11 .nocTII)KeHII.!I 3TIIX ueJieii Heo6xo.[(IIMO 6hlJIO pemIITb crre.nyIOmne KOHKpeT

Hhle 3a.naqII: 

• IICCJie,[(OBaHIIe npo6JieMhl ,[(eKOMn03IIUHII <PYHKUIIH II rIICTOrpaMM - OCHOB

HOH onepanIIII no onpe.[(eJieHIIIO IIX IIHqJOPMaIIHOHHOH CTpyKTyp1,1 - II co-

3,[(aHHe JHHBepcaJibHbIX II npaKTHqecKH peaJIII3yeMhlX MeTO.[(OB pemeHII.!I 

3Toii npo6JieMhl; 

• CIICTeMaTII3aUII.!I, n3yqeHIIe oco6eHHOCTeH II onTHMII3aUII.!I qiopMaJIII3Ma 

onepauIIii C .[(IICKpeTHhlMH <PYHKUII.!IMII - rncTorpaMMaMII, OCHOBHOH qiop

MOH ,[(aHHhlX B cneKTpoMeTpnII; 

• pa3pa60TKa KOHUenuIIii IIHqJOpMaUIIII B cneKTpOMeTpIIII H IICCJie.[(OBaHHe 

MaTeMaTIIqecKIIX BonpocoB, CB.!I3aHHhlX C oco6eHHOCT.!IMH 3THX KOHuenuII:il:; 

'--
• C03,[(aHIIe JHIIBepcaJibHhlX II npaKTIIqecKII peaJin3yeMhlX MeTO.[(OB HeJIIIHeiI-

HOH napaMeTpII3aUIIII II HeJinHe:il:HoiI annpoKcHMaUIIII qiyHKUIIiI; 

8 C03.[(aHIIe YHIIBepcaJibHhlX II npaKTIIqecKII peann3yeMhlX MeTO.[(OB HeJIIIHeiI

HOH qJIIJlbTpauIIII {nIIKO- II nepIIO,[(OcoxpaH.!IIOmeiI) .[(aHHhlX C pe30HaHCHhl

MII TpeH.[(aMII; 

• C03.[(aHIIe MeTO.[(OB o6o6meHHOH HeJIIIHeHHOH no.nroHKII qiyHKUIIH, B qacT

HOCTII, C nOMOinI,IO <pIIJibTpyIOmeiI II/IIJIII po6acTHOH MIIHIIMII3aIIIIII HeJIII

HeHHhlX cpyHKUIIOHaJIOB; 

• pa3pa6oTKa mIIpoKoro Ha6opa anropIITMOB II npneMoB .[(JI.II "IIHTeJIJieKTya

JIII3aUIIII" HaII6orree HeqiopMaJibHhlX 3TaIIOB aHaJIII3a .[(aHHhlX: nocTpOeHII.!I 

rIIIlOTe3, npIIH.!ITII.!I pemeHIIH II ynpaBJieHII.!I anropIITMaMII. 

HayqHa.11 HOBII3Ha II 3HaqIIMOCTI, pa60Thl. 

XoTK npoCThle MeTO.[(hl aHaJIII3a cneKTpOB IICnOJib30BaJIIICb .[(aBHO, no Kpa:il:

He:il: Mept.:, C MOMeHTa 3apo)K.[(eHII.!I CIIeKTpOMeTpIIII, TOqHhlH aHaJIII3 C npIIMeHe

HIIeM CJIO)KHhlX MaTeMaTIIqecKIIX MeTO.[(OB OKa3aJIC.!I B03MO)KHhlM TOJibKO JIHillb 
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nocJie IIO.!IBJieHH.!I II mIIpOKOro pacnpocTpaHeHII.!I 3BM II cpe.[(CTB IIHTepaKTHB

Horo B3aHMO.[(e:il:cTBII.!I C HHMII, II noHa.nofomc.11 .[(OCTaToqHhlH onhlT KOMnbIO

TepHoro aHaJIII3a cneKTpOB, 'IT06hl nepeiITII, He Tep.11.11 B Ka'!eCTBe, K IIOJIHOMY 

aBTOMaTH'leCKOMY II "IIHTeJIJieKTyaJIH3IIpOBaHHOMy" 3TanaM. MaTeMaTU'leCKa.!I 

cneKTpoMeTpII.!I, B03HHKilla.!I KaK pe3yJI1,TaT aBTOMaTII3aUIUI II KOMnbIOTepU3a

UHII .!I.[(epHO-qJH3H'leCKIIX 3KCnepHMeHTOB, • .[(OJiroe BpeM.!I 6hlJia II B 3Ha'IHTeJII,HOII 

Mepe OCTaeTC.!I II HhlHe BHe noJI.!I 3peHII.!I aKa.[(eMIPieCKOII MaTeMaTIIKH. 

B ncTopIIII HayKH qacTo cneUIIqJII'!ecKIIII xapaKTep 3a.naq cnoco6cTBOBaJI 3apo

)K.[(eHIIIO HOBhlX :r.mTeMaTH'leCKIIX no.[(XO.[(OB II HOBoro qiopMaJIII3Ma. 3To B noJI

HOII Mepe OTHOCIITC.!I II K cneKTpOMeTpIIII. OcHOBHa.!I 3a,[(a'la cneKTpOMeTpHu, 

KOTopyIO Ha caMhlll o6mII:il: B3rJI.!I.[( MO)KHO onpe.neJIIITb KaK 3a.[(aqy Ka'!eCTBeH

Horo II K0m1qecTBeHHoro onpe.neJieHH.!I cTpyKTYPhl qiyHKUIIII, HMeeT l\1H02KecTBO 

oco6eHHOCTeiI, He paccMaTpIIDaBmIIXC.!I B KJiaCCH'leCKOII MaTeMaTIIKe. 

C03.naHne a,[(eKDaTHoro cpopMaJIII3Ma noTpe6oBaJIO CTporofI II KoppeKTHOH no

CTaHOBKII 3a,[(a'l, mnpoKoro OCMbICJIIIBaHII.!I II nepeocMhlCJIIIBaHH.!I cymecTBJIO

lnIIX MeTO.[(OB IIX pemeHII.!I II C03,[(aHII.!I cymecTBeHHO HOBhlX MeTO.[(OB. 

3a.naqa aHaJIH3a cneKTpono.no6HhlX pacnpe.neJieHIIH 6hlJia cqiopMyrrupoBaHa ( no

DII.[(IIMOMY, nnepBhle B MaTeMaTII'leCKOII JIIITepaType) KaK 3a,[(aqa ,[(eKoMn03II

UIIII CJIO)KHhlX cpyHKUHH Ha qiopMaJibHO He.noonpe.neJieHHhle KOMnOHeHThl. 

EhlJIII pa3pa6oTaHhl cpopMaJIII3M n ymrnepcam,Hhle MeTo.[(hl pememrn Ja.naq .ne

KoMn03IIUIIII, .[(aIOmIIe npIIHUIInIIaJibHhle D03M02KHOCTII pemaTI, Bee II3DeCTHhle 

aBTopy 3a.[(a'III aHaJI113a cneKTpono.no6HhlX pacnpe.neJieHIIfI. 

HoBhlMH .!IBIIJIHCb MeTO.[(hl, IIMeIOmIIe o6meMaTeMaTIP!eCKOe 3Ha~1eH11e: 

MeTO.[(hl HeJIHHeHHOH napaMeTpII3aUIIII <PYHKUIIII, MeTO.[(hl Hemrne11Hof1 annpoK

CIIMaUIIII qJJHKUIIH Ha OCHOBe o6o6meHII.!I noH.!ITII.!I annpoKCIIMaHTa, MeTO.[(hl 

o6o6meHHOH, B TOM qIIcJie po6aCTHOH, IIO.[(rOHKII qiym,unf1, MeTO.[(hl qJIIJibTpa

UIIII Hec-:-:anIIoHapHhlX p.!I.[(OB C pe30HaHCHhlMII TpeH,[(aMII, MeTO.[(hl pacII03HaBa

HII.!I II KJiacTepII3aIIIIII o6pa30B <PYHKUIIH II MH02KeCTD. 

3Ha'!IIMOCTb pa6oT orrpe.neJI.11eTc.11 npe2K.[(e ncero poJibIO II MacmTa6a:r.m npnMe

HeHII.!I MeTO.[(OJIOrIIII crreKTpono.no6HhlX II3MepeHIIH. C03,[(aHHhle aBTOpOM MaTe

MaTII'leCKIIH qiopMaJIII3M II annapaT npe.ncTaBJI.!IeT co6of1 ymrnepcaJibHoe cpc.n

CTDO KOppeKTHoro pemeHII.!I Ca.Moro mnpoKoro KJiacca 3a,[(a'l, CD.!I3aHHhlX C 3TOII 

MeTO.[(OJIOrIICH. 

06meMaTeMaT1I'lecrrn.11 qacTb .nnccepTaUHII MO)KeT 6hlTI, c ycnexoM IIJHIMCHCHa 

II .[(JI.II pemeHII.!I IIHbIX MaTeMaTH~IeCKIIX 3a.[(a'l, TaKHX, IWTOphle IICIIOJib3YIOT 

.[(JI.II cnoero pemeHII.!I npoue.nyphl HeJIIIHCHHOH MHHIIMII3aUIIII, qJUJibTpauun II 

KJiacTep1naunII. 

Co3.[(aHHOC nporpaMMHOe o6ecne'leHHe, a.narrTnpoBaHHOe K peaJibHhlM 3KCIICp11-

MeHTaM ll HenpephlBHO pa3BIIBaeMoe, .!IBJI.!IeTC.!I nporpaMMHhlM cpe.ncTDOM O'ICHI, 
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mIIpoKoro npaKTIIqecKoro Ha3Haqemrn. 

. 
IIpaKTIIqecKaJI IIOJie3HOCTb pa60Thl . 

CneKTpoMeTpIIqecKaJI II 3KBIIBaJieHTHhle eii MeTOJlOJIOrIIII HMeIOT KaK Hayq

Hoe, TaK H IIpHKJia]lHoe,B TOM qucrre H HapOJlHOX03.SIIICTBeHHOe 3Haqemre ( aKTH

BaD;HOHHhlH H 3JieMeHTHhlH aHaJIH3, HeiiTpOHorpaq:i1iqecKHe MeTOJlhl IICCJie]lOBa

HH.SI TBepnoro Terra, MeTOJlhl MK-cneKTpoMeTpIIH II T .Jl.). 

IlporpaMMHOe o6ecneqeHIIe, B KOTOpOM 6bIJIII peaJIH30BaHhl C03]laHHhle aBTOpOM 

MaTeMaTnqecKIIe MeTOJlhl, BXO]lIIT B CTaHnapTHhle 6n6JIIIOTeKH nporpaMM Bcex 

ocHoBHhlX 8BM O_M5IM, HCIIOJih30Barrocb n ncIIOJih3yeTc.SI B oqeHh 6orrhmoM qn

crre HayqHhlX u HayqHo-IIpHKJia]lHhlX pa6oT, IIpOBOJlIIMhlX B paMKax TeMIIJiaHa 

OM5IM. 

OcHOBHhle nporpaMMHbie KOMIIJieKCbI BXOJl.SIT B Me)KJlyHapOJlHYIO 6II6JIHOTeKy 

q:>IIJIIqecKHX nporpaMM npn )KypHarre Computer Physics Communications, a 

TaK)Ke B 6II6JIIIOTeKy nporpaMM o6pa60TKH KpHCTaJIJIOrpaq:iuqecKHX ]laHHhlX H 

B pecnyfiJIHKaHCKIIH q_)OHJl arrropIITMOB. OHII IICIIOJib3YIOTC.SI B 60JibillOM qncrre 

HayqHhlX ueHTpoB KaK CCCP, TaK n cTpaH-yqacTHIIU OM5IM. 

CrrenyroIUIIe OCHOBHhle pe3yJibTaThl JllICCepTaUHII BhlHOC.SITC.SI Ha 3aru;IITy. 

1. ll3JIO)KeHHe aneKBaTHhlM MaTeMaTnqeCKHM .SI3hlKOM 3a]laq aHaJIH3a mnpo

Koro KJiacca ]laHHhlX - OJlHOMepHbIX H MHOrOMepHhlX 3KCnepnMeHTaJibHhlX 

cneKTpOBj 3a]laqa aHaJIII3a TaKIIX pacnpenerreHIIH 6bIJia Cq_)OPMYJIIIpOBaHa 

KaK 3a]laqa neKOMII03IIUIIII CJIO)KHbIX q:>yHKUIIH Ha B o6rueM crryqae q:iop

MaJibHO HenoonpenerreHHhle KOMilOHeHThlj ]leKOMII03IIUII.SI .SIBJI.SieTc.SI BeCbMa 

yHIIBepcarrbHOH onepan;IIeii pemeHII.SI mIIpoKoro KJiacca Janaq, B TOM qII

crre II MHOrIIX o6rueMaTeMaTIIqecKIIX. Co3,n:aHIIe CIIeKTpoopIIeHTIIpOBaHHO

ro MaTeMaTIIqecKoro q_)OpMaJIII3Ma - annapaTa ]leKOMII03IIUIIII q:>yHKUIIH II 

rHCTOrpaMM II IIJyqeHIIe ero pa3JIIIqHbIX acneKTOB. 

2. MaTeMaTIIqecKoe o6ocHOBaHIIe IICIIOJib3YeMOH B cneKTpOMeTpIIII ITOMIIMO 

CTaTIICTIIqecKOH ]leTepMIIHIICTCKOH IIHTepnpeTaUIIII ]laHHhlX II MeTOJlOB IIX 

aHa.JIII3a, a TaK)Ke o60CHOBaHIIe xapaKTepHhlX JlJI.SI CIIeKTpOIIOJl06HbIX pac

npenerreHIIH TpaKTOBKII IIOH.SITIIH IIHq_)OpMaUIIII. 

3. Co3]laHIIe YHIIBepcaJibHhlX MeTOJlOB JlJI.SI pemeHII.SI 3anaq aHaJIII3a CIIeKTpo

IIO]l06HbIX pacnpenerreHIIH. 8TII MeTOJlhl, TaM rne B03MO)KHO, 6bIJIII 0606-

rueHhl JlO ypoBH.SI o6rueMaTeMaTIIqecKIIX, II03TOMY caMOCTO.SITeJibHhlMII pe-

3YJibTaTaMII, BhlHOCIIMhlMII Ha 3aIUIITY, .SIBJI.SIIOTC.SI -
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• MeTOJlhl MaJIOIIapaMeTpIIqecKoii HeJIIIHeiiHOH aIIIIpOKCIIMauIIII q:>yHK

UIIHj 

• MeTOJlhl YHIIBepcaJihHoii HeJIIIHeiiHoii napaMeTpII3aUIIII q:>yHKUIIH II rII-

CTorpaMM 

• MeTOJlhl o6o6rueHHOH IlO]lroHKII q:>yHKUIIHj 

• MeTOJlhl po6aCTHOH MIIHIIMII3au:xrn HeJIIIHeHHhlX q:>yHKUIIOHaJIOBj 

• MeTOJlhl q_)IIJibTpauIIH HeCTaUIIOHapHhlX ]laHHbIX C pe30HaHCHhlMII 

TpeH]laMIIj 

• MeTOJlhl KJiacTepII3aUIIII MHO)KeCTB II MHO)KeCTB q:>yHKUIIH, OCHOBaHHOH 

Ha IIpeo6pa3oBaHII.SIX nepeMeHHbIXj 

• MeTOJlhl paCII03HaBaaHII.SI cneumtmqecKIIX o6pa30B - o6pa30B q:>yHKUIIH. 

• MeTOJlhl ]leKOMII03IIUHII JlIICKpeTHhlX q:>yHKUIIH II rIICTOrpaMM Ha JIOKa

JIII30BaHHhle II nepIIOJlIIqecKIIe KOMIIOHeHThlj MeTOJlhl Bhl.SIBJieHII.SI CKphl

ThlX aHrapMOHIIqecKHX IIepIIO]lIIqHOCTeii. 

4. Co3naHIIe nporpaMMHhIX KOMIIJieKcoB UPEAK, DOMUS, ACTIV, DE

CAN+HTIME, SPEVA, ERTQU, FIMDA, MRIA, AUTOX II IIX MOJlII<pII

Kaun:ii JlJI.SI aHaJIII3a CIIeKTpOB II CIIeKTpOIIOJl06HhlX pacnpenerreHIIH KaK B 

IIHTepaKTIIBHOM, TaK II B IIOJIHOCTbIO aBTOMaTIIqecKOM pe)KIIMax, ananTa

nmr IIX K peaJibHhlM q_)II3IIqecKIIM 3KCnepIIMeHTaM, HeIIpepbIBHOe pa3BIITIIe 

3TIIX KOMIIJieKCOB. 

5. TeopeTIIqecKoe II npaKTIIqecKoe IIJyqeHIIe BOIIpOCOB TeCTIIpOBaHII.SI arrro

pIITMOB aHaJIII3a CIIeKTpOIIO]l06HbIX pacnpenerreHIIH, BOIIpOCOB Ha]le)KHOCTII 

II TOqHOCTII TaKoro aHaJIII3a. 

Annpo6aUII.SI pa6oThl. 

MaTepIIarrhl, BOmenmIIe B JlIICcepTan;IIIO, JlOKJia]lbIBaJIIICb Ha HayqHhlX ce

MIIHapax B JIBTA, JIH<I>, JI5IP OM5IM, M5I<I> MrY, MIIM AH CCCP, UM

MPH (Jieiinn;IIr,rlIP), HMI (BepJIIIH, <I>Pr), Ha 3acenaHII.SIX pa6oqeii rpyIIIIhl 

no cneKTpoMeTpIIII IIpII CAHM AH CCCP, Ha Me)KJlyHapoJlHhlX II BcecoI03HhlX 

KOHq:>epeHUII.SIX (TamKeHT 1974, KIIeB 1976, Ily6Ha 1977, Ily6Ha 1978, Am.m

aTa 1978, KpaKOB 1978, Ily6Ha 1980, Ily6Ha 1982, Ily6Ha 1984, XapbKOB 1985, 
TamKeHT 1987, Jieiinn;IIr 1988, MroHxeH 1990, BeprrIIH 1990, JieiiIIUIIr 1992, 
BeHa 1993, ATJiaHTa(CIDA) 1994, Ilpe3]leH 1994, qecTep(AHrJIII.SI) 1995, IIap

Ma(llTaJIII.SI) 1997, BynanemT 1998. 

Ily6rrIIKaUIIII. 
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MaTepIIaJihl ,n;IIccepTan;IIII orry6JIIIKOBaHhl B 54 rreqaTHhlX pa6oTax. 

KpaTKoe co.nep.lKaHIIe .ii:IIccepTa:ci:IIII. 

Bo BBe,n;emm ,n;aHa o6ma.H xapaKTepIICTIIKa rrpo6JieMaTIIKII pa60Thl II KpaTKO 
rrepeqIIcJieHhl OCHOBHhle pe3JJII,TaThl. 
BTopoii: pa3,n;eJI rrocBfilll;eH orrIIcaHIIIO qrnJIIqecKoro co.nep.lKamrn Ja,n;aq aHamna 
crreKTporro.no6HhlX pacrrpe,n;eJieHIIH. IIepeqIIcJieHhl OCHOBHhle qepThl II oco6eH
HOCTII TaKIIX 3a,n;aq,rrpIIMemreMhle MeTO.D:hl II aJiropIITMI,I IIX perneHII1l, yKa3aHI,I 
.D:OCTOIIH~TBa II He.nocTaTKII TaKIIX MeTO.D:OB II HaMeqeHhl neJIII II IIJTII KaK IIO
CTpOeHII1l a.neKBaTHOro 3a,n;aqaM cpopMaJIII3Ma, TaK II YHIIBepcaJII,HOH MeTO.D:IIKII 
IIX perneHII.lI. 
B TpeTneM pa3,n;eJie "AJire6pa crreKTpaJinHhlX rIIcTorpaMM" cIIcTeMaTII3IIpo
BaH, pacrnIIpeH II o6o6meH cpopMaml3M .D:IICKpeTHhlX cpyHKil;IIH: O.D:HO- II MHO
roMepHhlX rIICTOrpaMM, B cpopMe KOTOphlX aHaJIII3IIpJIOTC1l crreKTporro.no6Hhle 
pacrrpe,n;eJieHII1l. Ba.lKHettrnIIe Ja,n;aqII, BO3HIIKa10mIIe 3,n;ec1,, cJie.ny10mne: 

1. BJIII.lIHIIe .D:IICKpeTII3annn Ha TOqHOCTI, rrpe,n;cTaBJieHII.lI cpyHKIJ;IIII rIICTO
rpaMMaMII ( 3a,n;aqII 6IIHHIIHra) j 

2. rrpnMeHeHIIe .n;IIcKpeTHoro rrpeo6pa3oBaHII1l <l>yp1,e(1III<I>) K crreKTporpaM
MaMj 

3 .. OIITIIMII3aIJ;II1l ,ll;IICKpeTII3aIJ;IIIIj 

4. IIJyqeHne CBOHCTB pa3JIIIqHhlX CTaTIICTIIK OT CIIeKTporpaMM, rro,n;qIIHeH-
HhlY rryaccoHorro.no6HhlM pacrrpe,n;eJieHII.lIM. 

ll3MepeHne ocymecTBJI1CeT rIIcTorpaMMIIpoBaHIIe - oTo6pa.lKeHire TeopeTIIqe
CKOH HerrpephlBHo:ii cpyHKIJ;IIII s(x) Ha rrapy MHO.lKeCTB [Xk,xk], k = 1,2, ... ,n, 
r.ne n qncJio.11qeeK rIICTOpaMMhl ( xk ), a ( Xk ) - J3Jlhl 3TIIX 11qeeK. 
IloKa3aHo, qTo OIITIIMaJII,HOe rIICTorpaMMIIpOBaHIIe 6y,n;eT ,n;aBaTI,C1[ 11qeii:KaMII 
paBHOro Beca (MIIHIIMYM rrorpeIIIHOCTII 1-ro po.na), a B KaqecTBe J3JIOB CJie,n;yeT 
6paTI, TOqKII, B KOTOpnIX cpyHKil;II1l s(x) paBHa CBOeMy IIHTerpaJinHOMY (MeTpII
Ka L2) IIJIII aMIIJIIITJ,D;HoMy ( MeTpnKa C) cpe,n;HeMy ( MIIHIIMYM rrorpernHocTII 
2-ro po.na). 
PaccMOTpeHhl BOIIpOChl O rrorpeIIIHOCTH 6IIHHHHra B p11.ne Ba.lKHeHIIIIIX cJiyqaeB 
KOHKpeTHhlX cpyHKil;IIH s(x): 3KCIIOHeHThl, rayccIIaHa, JiopeHnIIaHa. 1IJI11 aH
rapMOHIIqecKIIX rrepno,n;IIqecKnx rncTorpaMM g(i), i = 0, 1, ... , m, ,n;oKa3aHa 
Ba2KHa.H TeopeMa: ecJIII T - rrepIIo,n; II m + 1 = TL, TO lIII<I> OT g(i) 6y,n;eT 
rrepno,n;IIqecKoii: aHrapMOHIIqecKott rIIcTorpaMMOH c rrepIIo,n;oM L. 3Ta TeopeMa 
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MO.lKeT 6h!TI, IICIIOJib3OBaHa rrpn IIOIICKe CKphlThlX aHrapMOHIIqecKIIX nepno,n;nq
HOCTei'r. 

Ba.lKHeHIIIJIO pOJII, B OIIIICaHIIII cneKTporpaMM IIrpaIOT rryaccOHOIIO,D;06Hhle pac
npe,n;eJieHirn: pacrrpe,n;eJieHII.lI HeoTpnnaTeJII,HI,IX CJMM He3aBIICIIMhlX C06hlTIIII, 
Kor .na cpe.n;HIIe 3TIIX pacnpe.neJieHHII paBHnI ( ToqHo IIJIII rrpII6m1.lKeHHO) n"x .n;IIc
rrepcn11M (HanpIIMep, 6IIHOMIIaJII,HOe, rryaccoHOBCKOe II T.,n;.). <l>yH,n;aMeHTaJII,
HJIO poJin rrpII aHaJIII3e crreKTporpaMM, no.n;qIIHeHHhlx TaKIIM pacrrpe.n;eJieHII.lIM, 
IIrpaeT CJie,n;y10maH CTaTIICTIIKa 

S1 - S2 
r- ----

- s1 + s2), 

orrpe,neJieHHa.H .n;JI11 .nnyx rrpoII3BOJinHnIX rryaccoHorro.no6HhlX cJiyqai'rnhlx nemr
qnH s1 II s2. 1IoKa3aHa cJie,ny10ma.H TeopeMa, .na10ma.H BO3MO.lKHOCTn 06ocHo
na1rno IrCIIOJib3OBaTI, 3TY CTaTIICTIIKy B rrpone.nypax CTaTIICTIIqecKOII rrpoBep
KII nmore3: ecmI s1 II s2 CJTI, CJMMhl n C06hlTHII, rro,nq1rneHHnle OL(HOMY II 
ToMy )Ke rryaccoHorro.no6HoMy pacrrpe.neJieHnIO, To rrpe,neJinHhlM pacrrpe.neJiemr
eM CTaTIICTIIKII r rrpII n-+ oo 6y.neT HOpMaJII,HOe pacrrpe,neJieHne N(O, 1). 3Ta 
CTaTIICTIIKa IIrpaeT·6oJII,IIIJIO pOJII, B pa3JIIIqHhlX rrpone.nypax n.neHTIIqJIIKanun 
1rncpopManIIoHH1,1x qacTeH rrpoII3BOJinHoro pacrrpe.neJieHirn. 

PaccMoTpeH TaK2Ke p11.n .npyrIIx acrreKTOB orrepanIIir c n1cTorpaMMaMn. 
qeTBepThlll pa3,neJI rrocBfilll;eH cpopMaJIII3aIJ;IIII II aHamny onepannn .neKoMIIO3II
nIIII - OCHOBHOH orrepanIIII IIpII II3yqemm 3KCrrepnMeHTaJibHhlX pacrrpe.neJieHIIII 
a,n.n;IITIIDHOH CTpyKTyphl. 

3a,naqII .n;eKOMIIO3IIIJ;IIII cpyHKUIIH MoryT 6h!TI, CIICTeMaTII3IIpOBaHhl B paMKax 
cJie,n;y10mero cpopMamnMa. IIycTn 

k 

f(x) = L h(x) + e(x), 
i=l 

(0.2) 

r.ne /; II e - cpyHKil;IIII, B'.iaIIMHO JIIIHeHHO-He3aBIICIIMhle. <l>yHKUII.lI e Dhl.D;eJI11eTC1l 
oco6o II Ha3hlBaeTC1l rrorpeIIIHOCTI,IO cpyHKil;IIII f. 0 e rrpe.nrroJiaraeTC.lI II3DeCT
HOll TOJinKo b( x) - nepxH1111 rpaHn 3Haqemrii: ee Mo,nyJI11 n Ka:lK.D;OII TO'IKe .r (.naJier 
Ha3h!BaeMa.H_ H<>pMoii: e(x) B Ka.lK,noir ToqKe x). 
IIycTn p(fi, h) - MeTpIIKa Ha A- rrpoCTpaHCTBe paccMaTp1rnaeM1,1x cpym~nm1: -
II pacCMOTpIIM HeOTpIInaTeJinHhlll BhlIIJKJihlH cpyHKUIIOHaJI C 

C = c(p(fi,gj)) (0.3) 

r.ne /; E A, 9i E A, i,j = 1, 2, ... , max(k, n), 06pama10mmk11 n MIIHIIMYM 
TOJinKO rrpn k = n, p(fi,gi) = 0. 

Bhlpa.lKeHiie c ecTn KpIITepmr rpyrrrronoii: 6mnocTII Ha6opon 3JieMeHTon f; u 9i· 
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OIIPEllEilEHHE 1. KaqecTBeHHhIM nanoM .n:eKoMIT03IIUIIII Ha3bIBaeTCH 

OT06pa)KeHIIe 

f-+ (n, [M;]), i = J., 2, ... , n 

r.n:e M; E A - HenepeceKaIOIIlIIeCH KJiaccbl cpyHKUIIOHaJibHhlX ::meMeHTOB, TaKue, 

'ITO /; E M; .n;JIH HeKoTopbIX IIH.n;eKCOB i. 
OIIPEllEllEHHE 2. KoJIII'IeCTBeHHhlM nanoM .n:eKoMIT03IIUIIII Ha3bIBaeTCH 

oTo6pa)KeHue 

J-+ (n,[g;(x)]), i = 1,2, ... ,n, 

r.n:e g; EM;. 
OIIPEllEllEHHE 3. OnTIIMaJibHOii .n:eKOMII03IIUIIeii ::meMeHTa f Ha KOMIIO-

HeHThl Ha3bIBaeTCH HaXO)K.D:eHIIe Ha6opa (gj) TaKoro, 'ITO 

(g;) = ARG MIN c(p(f;,gi)) 

Mo)KHO yKa3aTb CJie.n;yIOIIlIIe MO.D:II!pIIKaUIIII, IIC'lepnbIBaIOIIlIIe IIOHHTIIe .n:eKOM

II03IIUIIII: .n:eKOMII03lIUIIH B coqeTaHIIII C rIIcTorpaMMIIpOBaHIIeM, cpaKTOpHM .n:e

KOMII03IIUIIH, KJiaCCII!pIIKaUIIOHHM (.n:IICKpIIMIIHaHTHM II KJiacTepII3aUIIOHHM), 

co CBK3HMII II B MYJibTIIKpIITepIIaJibHOH cpopMyJIIIpOBKe. 

HaII60Jiee Ba)KHM II HeTpIIBIIaJibHM o6JiaCTb .n:e1ICTBIIH npoue.n:yphl .n:eKOMII0-

3IIUIIII: 

paCII03HaBaHIIe a.n:.n:IITIIBHOH CTPYKTYPhl cpyHKUIIH, Bbl.D:eJieHIIe B HUX KOMIIO-

HeHT, Ba)KHbIX .D:JIH Hae B IIH!pOpMaUIIOHHOM IIJIII KJiaCCII!pIIKaUIIOHHOM CMbICJie. 

EcJIII 06061IlIITb IIOHHTIIe cpyHKUlIOHaJibHOH KOMIIOHeHThl, Bbl.D:eJIHeMoii npII BII-

3yaJibHOM aHaml3e rpacpIIKOB cpyHKUIIH, TO MO)KHO cpopMaJIII30BaTb CJie.n;y101IlIIe 

TIIIlbl a.n:.n:IITIIBHbIX KOMIIOHeHT: 

1. uoqTII-cocpe.n:oToqeHHble, T.e. cpyHKUIIlI, lIHTerpIIpyeMble B 3a.n;aHHOH cTe

neHII Ha BCeii npHMOH, T.e. TaKIIe, qTO .D:JIH JII06oro E II 3a.n;aHHoro IlOJIO

)KIITeJibHOro n CYilleCTByeT KoHeqHM o6JiacTh A, A E R, TaKM, qTo 

I JA I f(x) In dx- I JR I f(x) In dx I< Ej 

2. uoqT11 nep110.n;IIqecK11e cpyHKUIIII, T.e., TaKIIe,'ITO .D:JIH JII06oro E >> 
0cyruecTByeT IIOJIO)KIITeJibHOe 'IIICJIO L TaKoe, qTo B JII060M IIHTepBaJie 

.D:JIIIHbl L Haii.n:eTCH XOTH 6hl o.n:Ho T TaKoe, 'ITO npII JII060M X IIMeeT MeCTO 

I f(x + T) - f(x) I< Ej 

3. pacnpe.n:eJieHHble KOMIIOHeHThl, T.e. He IIHTerpIIpyeMble Ha BCeii OCII cpyHK

UIIII. 
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B npoII3BOJibHoii cpyHKUIIII MoryT npIIcyTCTBOBaTb JII06ble KoM6IIHaUIIII KOMno

HeHT nepeqIICJieHHOro TIIIla. 3TII cpyH.n;aMeHTaJibHble KOMIIOHeHTbl npe.n:cTaBJIH

IOT co6oii Ha1160Jiee YHIIBepCaJibHYIO TIIIlll3auIIIO 3JieMeHTOB cpyHKUIIii a.n:.n:11TIIB

HOH CTpyKTYPhl, KOTOpbIMII o6blqHo OIIIICbIBaTCH pacnpe.n:eJieHIIH, IIH!pOpMaUII

OHHble C TOqKu 3peHIIH 3KCI1ep11MeHTaJibHblX HayK, B qacTHOCTII, cneKTpono.n:06-

Hble pacnpe.n:eJieHIIH. 

<l>yHKUII!"I MYlibTIIIlJIIIKaTIIBHOH CTPYKTYPhl npIIBO.D:HTCH K a.n:.n:IITIIBHbIM C IIO

MOI.UblO JiorapucpMII'IecKoro npeo6pa3oBaHIIH. 

Ilpoue.n:ypa perneHIIH 3a.n;aq11 pacrnIIcppoBKII BHyTpeHHeii cTpyKTYPhl npo113-

BOJihHOii cpyHKUIIII CBO.D:IITCH K .n:eKOMII03IIUIIII 3TOH cpyHKUIIII Ha cpyH.n;aMeHTaJib

Hble KOMIIOHeHTbl. Ilp11 3TOM ecTeCTBeHHbIM o6pa30M Bbl.n;eJIHIOTCH CJie.n:y101IlIIe 

3Tallbl. 

1. AHaJIII3 Mo.n:yrrH npeo6pa3oBaHIIH <l>yphe pacnpe.n:erreHIIH, Haxo)K.n:eHIIe ne

pIIO.D:II'IHOCTeii rapMOHIIqecKIIX IIJIII aHrapMOHIIqecKIIX. 

2. IloIICK II o6Hapy)KeHIIe IIO'ITII-cocpe.n:oToqeHHhlX KOMIIOHeHTj Ilpll 3TOM 6y

.n:yT pa3JIII'IaTbCH crryqaII, KOr.n:a HOCIITeJIII 3TIIX KOMIIOHeHT 6y.n;yT co.n:ep

)KaTb HenepeKpbIBaIOIIlIIeCH qacTII ( Hanp11Mep, aHaJIII3 IIIIKOB), II CJIY'IaII, 

Kor.n:a TaKIIX qacTeii He 6y.n;eT (Hanp11Mep, aHaml3 3KcnoHeHT); 

3TH orrepaUIIII MoryT 6b1Tb npo.n:eJiaHbl II Ha.n: npoII3BO.D:HhlMII pacnpe.n:eJieHIIii 

( eCJIII llh!pOpMaUIIH 3aKJIIOqeHa B .D:IIHaMIIKe II3MeHeHIIH IIX cpyHKUIIii) IIJIII Ha.n: 

.n:pyrHMII IIX TpaHC!pOpMauIIHMII, yc11JIIIBa10m11MII oco6eHHOCTlI lIH!pOpMaUIIOH

HOH cTpyKTYPhl pacnpe.n:eJieHmr. 

B pa6oTe paccMoTpeHbl BCeB03MO)KHble TeopeT11qecKIIe BOilpOChl II acneKThl 

3TOH npoue.n:yphl II OIIIICaHhl arrropIITMhl ee peaJIII3aUIIII . 

B pll:_60Te no.n:po6HO u3yqeHhl IICIIOJib3YeMble MeTO.D:hl perneHIIH 3a.n;aq .n:eKOMII0-

3IIUIIII cpyHKUIIH - annpoKCIIMaUIIOHHhlH II !pIIJibTpaUIIOHHbIH MeTO.D:hl, IIX o6e 

pa3HOBlI.D:HOCTII - napaMeTpII'IeCKM II HenepaMeTplI'IeCKM. 

YcTaHOBJieH pH.n: TeopeM (TeopeMhl 1 - 8 ), BhlHCHHIOllllIX, KaKM napaMeTpH-

3aUIIH II KaKOe rIIcTorpaMMllpOBaHIIe HBJIHIOTCH .n:ocTaToqHI,IM ycrroBIIeM Toro, 

'ITO napaMeTpIIqecKM annpOKCHMaUIIH B KBa.n;paTII'IHOH MeTpIIKe .n;acT MlIHII

MaJibHYIO norpeIIIHOCTb .n:eKOMII03lIUIIII. 

IlHThlH pa3,nerr nocBHmeH MeTo.n;aM HeJIIIHeHHOH cerreKTHBHOH annpoKCIIMaUIIII 

II napaMeTp113aUIIII cpyHKUIIH II r11cTorpaMM. Ba)KHOCTb 3TIIX BOIIpOCOB 011pe

.n:e~rneTCH crre.n:yIOIIlIIMlI coo6pa)KeHIIHMlI: 

1. 11apaMeTpII'IeCKM cerreKTlIBHM annpOKCIIMaUHH - CaMhlH ecTeCTBeHHhlH lI 

HaII6orree .D:OCTYIIHhlH .D:JIH peaJIH3auIIII annapaT perneHIIH 3a.n;aq .n:eKOMII0-

3lIUIIII II, B qacTHOCTII, .n:eKOMII03lIUIIOHHOH !plIJibTpauuu; 
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2. ,llJUI Toro, '!Tofo,1 annpoKCIIMaHT He TOJlbKO npII6JIII.lKaJI q>yHKilIIIO KaK ne

rroe, HO II o6ecne'IIIBaJI a,lleKBaTHOCTb CTJ>YKTYP, CBOeii: II npII6JIII.lKaeMoro 

o6'eKTa, Ha,llo, '!Tofo,1 qacTII annpoKCHMIIpy10mero Bhlpa.lKeHmI - cy6an

npoKCHMaHThl - o6Jia,llaJIH Ba.lKHhlM CBOIICTBOM ceJieKTHBHOII annpOKCHMa

IllIH - cnoco6HOCTbIO annpoKCHMHpOBaTb TOJibKO "CBOH" '!aCTII npII6Jin.lKa

eMOH. q>yHKUIIII H npII '.JTOM He annpOKCIIMHpOBaTb (.llIICKpIIMIIHHpOBaTb) 

,llpyrIIe qaCTII q>YHKUHHj '.JTO ,llIIKTyeT He06XO,llHMOCTb HOBhlX IIO,llXO,llOB, He 

paccMaTpIIBaeMhlX KJiaCCII'leCKOH TeopIIeii annpOKCHMaUIIHj 

3. npo6JieMa o6meii: napaMeTpII3aUIIII q>YHKUHH HBmieTCH O,llHOH II3 Ba.lKHeII

mnx, (xoTH, noxo.lKe, caMhlX Heo6cy.lK.llaeMhlX B JIHTepaType npo6rreM npII

KJia,llHOH MaTeMaTHKH) BBII.llY orpOMHOH porrII napaMeTpII'IeCKIIX MeTO,llOB 

B pemeHHII MHO.lKeCTBa 3a,lla'I He TOJII,KO ,lleKOMII03HllHH q>yHKUIIH, HO II 113 

,llpyrnx o6rracTeii. 

AKcnoMaTII'leCKII C03,llaHHhllI MeTO,ll ceJieKTIIBHOH annpOKCIIMaUIIH II napaMe

TpII3aUIIII MO.lKHO II3JlO.lKIITb CJie,llyIOIIllIM o6pa30M. BBO,llIITCH IIOHHTIIe 0606-

meHHOrD anrrpOKCHMaHTa: '.JTO Tpoii:Ka q>yHKUIIH Qk(x), m(x), Pn(x), 06pa3y

IOIIllIX Bhlpa.lKeHne 
Qk(x) · m(Pn(x)) (0.4) 

r,lle Qk II Pn KJiaCCH'IeCKIIe arrrrpoKCIIMaHThl (rroJIHHOMbl arrre6paII'leCKIIe, 

,llpo6Ho-pannoHaJII>Hhle, TpIIrOHOMeTpnqecKIIe, crrrraHHhl II T.,ll.), 3aBHCHIIllle OT 

COOTBeTCTBeHHO kn nrrapaMeTpOB, m(x) - q>yHKTOp cerreKTHBHOH arrrrpOKCH

MaUIIH. Ilpn m(x) = x II Qk(x) = 1 Mhl rrorry'!aeM, KaK '!aCTHhlH crry<Jaii:, 

Krraccn'!ecKIIH arrrrpoKCIIMaHT Pn(x). B1,1pa.lKeHIIe (0.4) ecTeCTBeHHhlM o6pa3oM 

o6o6maeTcH Ha crry<Jaii: MHOroMepHoro apryMeHTa x; rrpII noM rro,ll Pn(x) 6y

,lleT IIOHHMaTbCH MHoroMepHhlH BeKTOp, !',Ile Ka.lK,llaJI KOMIIOHeHTa rrpe,llcTaBJIHeT 

co6oii: IlOJIIIHOMHaJibHOe (HaIIpHMep) rrpeo6pa3oBaHIIe rrpocTpaHCTBa 3Ha'leHIIH 

apryMeHTa x; n- CTelleHb - TO.lKe 6y,lleT BeJIH'IHHOH BeKTOpHOH. 

<PyHKTOp ni(x) (IIHa'Ie, rpy6rui: MO,lleJII>) ,llJIH npH6JIH.lKaeMOH rrpoII3BOJlbHOH 

HerrpephlBHOH ( B o6meM crry'!ae MHOroMepHOH) q>YHKUHH f ( x) BBO,llHTCH TaK. 

IlycTI> 3a,llaHa HenpepI>IBHM qiyHKilHH f(x), x E X, H nycTI> Pn(x) II Qk(x) 
HBJIHIOTCH q>yHKilHHMII, crroco6HhlMH arrrrpoKCHMHpOBaTb IIpH n, k -+ (X) npOH3-

BOJlbHYIO HerrpephlBHYIO q>yHKUIIIO. 
OIIPE.UEJIEHHE. HerrpephlBHYIO, oTmI'IHYIO OT KOHCTaHThl q>YHKUIIIO 

m(x) Mhl Ha30BeM rpy6oii: MO,lleJibIO q>yHKUHH f(x), ecmI cymecTBYIOT 2 Ta

KIIe HerrpephlBHI>Ie q>YHKUHH r(x) H h(x) (Ha6ophl [r(x), h(x)] B MHoroMepHOM 

crry'!ae), 'ITO crrpaBe,llJIHBO npe,llcTaBJieHIIe 

f(x) = r(x) · m(h(x)) (0.5) 
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MMeH rpy6y10 Monerr1, m(x) Ha ocmme (0.5) n Ha6op anrrpoKCIIMaHTOB Qk(x) II 

Pn ( x), Mhl MO.lKeM II CK a Tb IIpH6JIII.lKeHne ,llJIH q>YHKUIIII f ( x) c IIOMOIIlbIO ( 0 .4): 

f(x) ~ Qk(x) · m(Pn(x)) 

O6ocHoBaHHeM TaKoro rronxona crry.lKaT .UBe crre.uy10mne TeopeMhl. 

TEOPEMA 1. JI106aH, He paBHaH TO.lK,lleCTBeHHo KOHCTaHTe, aHaJIIITII'lecKrui: 

q>yHKUIIH m(x), x EX, HBJIHeTcH rpy6011 MoneJII>IO rr106011 HenpepI>IBHOII q>yHK

IlIIII, onpenerreHHoii Ha X. 
TEOPEMA 2. Ecrru m(x) - rpy6aH Monerr1, HenpephlBHofr q>yHKUIIII f(x), TO 

Bhlpa2Icenne Q k ( X) . m ( p n ( X))' r ne Q k ( X) II p n ( X) - nOJIIIHOMhl CTeneHei°I h'. II n 
co CB060)lHhlMII KO'.lqJq>IIUIIeHTa:11,rn, 6y.ueT npn k -+ (X) II n -+ (X) annpoKCIIMH

ponaTb f(x) n MeTpmrnx C, L1 n L2, 
TeopeMa 2 ecTecTBeHHI,IM o6pa30M pacrrpocTpanHeTcH na cnyqai:1 npon3norr1,

n1,1x anrrpoKCIIMaHTOD ( nOMIIMO nomrnoMOB) Q k II Pn. 
OnncanHhlH qiopMamnM naeT crre.uy101Illie npeIIMymecTna no cpanneHnIO c 

KJiaCCII'leCKIIM no)lXO)lOM: 

1. rrerKOCTb nocTpoemrn annpOKCHMaHTa (0.5) no cpanHeHIIIO c 3Mnnpn'Ie

CKHM rron6opoM npH6rrn.lKa10mnx qiyHKilIIH npomBoJII>Horo KJiacca; 

2. He6orr1,moe 'IIICJio napaMeTpoB (npII npanurrI>HOM Bhl6ope Monerru m(x)) n 

B TO .lKe BpeMH BblCOKaJI TO'IHOCTb annpoKCIIManmr; 

3. II36IIpaTeJibHOCTb arrnpoKCIIMaUIIII npII )leKoMn03HlllIII q>YHKUIIII, T.e. cno

co6HOCTb no6HTbCH Toro, 'ITO rrpn rrpn6JIII.lKeHHll cyMMhl KOMIIOHeHT q>yHK

IlllII cyMMOH cy6anrrpoKcIIMaHTOD Ka.lK)lhlH cy6arrnpOKCIIMaHT npn6rrn.lKaeT 

Jlllillb CBOIO KOMIIOHeHTY II )lIICKpUMIIHIIpyeT OCTaJII>Hhle KOMIIOHeHThl. 

B1,1pa.lKenne (0.4) BMecTe c TeM 3anaeT yHIIBepcaJII>HhlH crroco6 ncmrne:11nof1 rra

paMeTp1naUIIII npOII3BOJII>HhlX qiynKnnii: m(x), 3a)laHHhlX npoII3DOJII>HhlM o6pa-

30M, B T•)M 'IIICJie II Ta6JIII'IHhlM, II rpaq>II'IeCKIIM. 

IlpII '.JTOM BBO)lIIMhle rrapaMeTphl IIOMIIMO ynoMHHYThlX arrnpOKCIIMIIpy10mnx 

CDOHCTB, MoryT TaK.lKe 6hlTb o6'eKTaMu aHaJIIITII'IeCKIIX orrepannf1: UIIHIIMII3a

UHII, .unqiqiepenunpoBaHHH, IIHTerpnpoBamrn II T.)l. 

B mecToM pa3.uerre orrnca:Hhl nerrapaMeTpnqecKIIe MeTO.llhl Hemrncnnm1: qinn1,

TpanIIII naHHhlX c Tpen,llaMn pe3KO-HecTanIIoHapHoro Tima (nanpm.1cp, pe3o

nancHoro ). <PIIJibTphl, KOTOphle CTpOHTCH Ha OCHOBe '.JTIIX MC'TO)lOD, MoryT KpaT

KO 6hlTb oxapaKTepH30DaHhl KaK nHKO- II rrepnonocoxpaHHIOIIllIC. 

3a.ua'III, Ha KOTOphle opneHTIIponaHbI 3TH MeTO)lhl, MoryT 6hlTb TIIIIII3IlpOBaHhl 

crre.uy10mnM o6pa30M. 
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1. OcHOBHaJI Jaii;aqa - Jaii;aqa IIIIK0- II 11epnoii:ocoxpamuoruero crrra:anrnamrn 

(KBaii;paTII'IHOro HJlII po6aCTHOro) perpeccnn, qiyHKUIUI MaTeMaTII'leCKO

ro 0)KIIiJ;aHil.lI KOTOpo:i'i 110 CB0eMy 'laCT0TH0MY C0CTaBy CJllllliK0M CIIJlhH0 

11epeKpbIBaeTC.lI C IIOMexo:i'i. 

2. 3aii;aqa ii;eKOMIIOJIIUIIOHHOH qJIIJlhTpaunn, 'laCT0 B0JHIIKaIOIUaJI B 11poueii:y

pax 0II0JHaBaHII.lI o6pa30B 4JYHKUIIH, - 3aii;aqa BhiiJ;eJleHII.lI B cyMMe He0TpII

u;aTeJlhHhIX K0MII0HeHT OiJ;HOH HJ 3TUX K0MII0HeHT, HallpIIMep, pac11peii:e

J1eHHOH 110 Bce:i'i 06J1aCTII 011peii:erreHU.lI, IIJlII Jaii;aqa II0CTpoeHII.lI qiyHKUUU, 

orn6aIOrue:i'i perpeccnIO CHIIJY. 

KrraccuqecKni'i a1111apaT qinrrhTpaunn, Ha11puMep, rruHeHHhle 011TnMaJ1hHhle 

qJIIJlhTphI, JiJ;eCh He3qiqieKTIIBeH. I'opa3iJ;O 6orree M0IUHhIMU 0KaJhIBaIOTC.lI HeJlU

HeHHhle qJIIJlhTphI Bapuan;II0HH0ro THlla, K0T0phle CTp0.lITC.lI crreii;yIOIUUM o6pa-

30M. 

IlrrK 11pouJBOJ1hHoi'i qiyHKUIIH l(x) BB0AIITC.l! 110H.lITIIe ee Mephl ocuurrrrKun:i'i. 

IloTO'!e'!Hoi'i (B T0'!Ke x) : 

f"(x) 
µ(f,x) =JI+ l'(x)2 ' 

n IIHTerparrhHOH ( Ha oTpeJKe [a, b] ): 

{b 2 
µ(f,a,b) = la I µ(f,x) dx 

3TH Mephl OCIJ;UJlJl.lIUIIH MoryT 6hITh o6o6rueHhI Ha crryqa:i'i K0MIIJleKCH0'

JHa'!HhIX qiyHKUUH. KpoMe Toro B JHaMeHaTerre IIOTO'le'IHOH Mephl M0)KH0 BMe

cTo K0pH.lI KBaii;paTH0ro IICII0JlhJ0BaTh II ii:pyrne CTelleHII {3. 
IlrrK 11ocTpoeHII.lI oru6aIOrue:i'i CHIIJY BMecTo Mephl ocu;11J1J1.l!UIIH BB0AIITC.l! 110HK

Tne Mephl UJMeH'IIIB0CTU qiyHKUIIII ( T0)Ke IIOTO'le'IHOH II IIHTerpallhHOH): 

µ(f,x) = l'(x), µ(f,a,b) = l µ(f,x)2dx 

B MH0roMepH0M crryqae II0T0'le'!Hhle BapIIaHThI 3TUX Mep CTp0.lITC.lI KaK: 

l. 0TH0llieHue KBaii;paTa cyMMhI 2-x 11p0H3B0iJ;HhIX K 3JleMeHTY II0BepXH0CTU, 

Jaii;aBaeMoi'i qiyHKUIIei'i I ( x) ( AJl.lI 1-Ii Jaii;aqn); 

2. cyMMa KBaii;paT0B 1-x 11p0II3B0iJ;HhIX (All.l! 2-:i'i Jaii;aqu). 

Ilpu pa3JlII'IHhIX /3 Mepa OCIJ;UJlJl.lIIJ;IIH l(x) 6yii;eT 11pu6J11I)KeHHO-UHBap11aHTHa 

OTH0CIITeJlhH0 aMIIJlIITYAhI I ( x) ( /3 = 1) IIJlll ee lliIIpIIHhI ( /3 = 2). 

Ilarree BhI6upaeTC.lI MeTpIIKa, B KOTopo:i'i 6yii;eT ou;eHIIBaThC.lI 6J11IJOCTh OTqJIIJlh

TpOBaHHOH K0MII0HeHThI g K IICX0iJ;HhIM ii;aHHhIM I; o60JHa'IIIM ee p(/,g). 
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IlrrK perneHII.lI 11epBoi'i Jaii;aqn, T.e. 11ocTpoeHII.lI crJla)KHBaIOIUero 11nKocoxpaH.lI

IOIUero qJHJlhTpa, 3T0 6yii;eT o6hI'!HaJI KBaii;paTU'IHaJI IIJlII po6aCTHaJI MeTpIIKa. 

IlrrK perneHII.lI BTopo:i'i Jaii;aqn, T.e. 11ocTpoeHII.lI oru6aIOrue:i'i qiyHKUIIII cHnJy, 

3T0 6yii;eT BJBemeHHaJI KBaii;paTII'IHaJI MeTpnKa, rii:e Beca o6paTHO 11po11opu110-

HaJ1hHhI aMIIJlIITYAe 4JYHKUIIII ( IIJlH JllIHeHHhIM KOM6IIHau;II.lIM aMIIJlUTYAhI n 2-Ii 
11pOII3BOiJ;HOH II T.ii;.) 

IlucJle 3Toro IICK0M0e pernemre Jaii;aqu - OTqJIIJlhTpOBaTh UJ ii;aHHhIX l(x) K0M

II0HeHTY g(x) - 6yii;eT pemeHneM crreii;yIOruei'i Bapnan;IIOHHOH Jaii;aqn: HaHTU 

MINµ(f,a,b) + >. · p(f,g) 

11p11 rpaHII'IHhIX ycrr0BII.lIX 

l(a) = g(a) l(b) = g(b) J"(a) = 0 J"(b) = 0 

IIJlII 

l(a) = g(a) l(b) = g(b) l'(a) = 0 J'(b) = 0 

IIepnoii:ocoxpaH.lIIOIUUH qJIIJlhTp CTp0UTC.lI T0'IH0 TaK )Ke, T0JlhK0 BMeCT0 I ( X) 
6epeTC.lI ee 11peo6paJOBaH1Ie <l>yphe, a Mepa µ 6epeTC.lI K0MIIJleKCH0JHa'!HaJI. 

K peJyJlhTaTy KOMIIJleKCHOH qJIIJlhTpau;un llpIIMeH.l!eTC.lI o6paTHOe 11peo6paJOBa

HIIe <l>yphe, ii;aIOruee crrra)KeHHYIO l(x), y KOTopo:i'i 6yii;yT coxpaHeHhI 11epnoii;hl. 

qncrreHHoe perneHue 3TUX Jaii;aq ocyruecTBJ1.l!eTc.lI crreii;yIOIUUM o6paJoM. 

1-aJI 11ponJB0AHaJI f' B JHaMeHaTerre Mephl ocn;IIJ1J1.l!Uni'i JaMeHKeTC.lI Ha lo', rii:e 

lo' - aII~mopHa.lI ou;eHKa crJ1a)KeHHoi'i- 1-:i'i 11pouJBoii;Hoi'i, B Ka'leCTBe KoTopo:i'i 

M0)KH0 BJ.l!Th, HaIIpIIMep, 1-IO 11p0II3B0AHYIO OT g, crJla)KeHHYIO c II0M0IUhlO He

K0T0poro 11pocToro qJIIJlhTpa. IIocrre 3Toro o6e Jaii;aqu CTaH0B.lITC.lI JlHHeHHhIMU 

n MoryT 6hITh pemeHhI C 110- M0IUhlO MeToii;a 11por0HKH. 

Ko3qiqiuu;neHT ,\ .lIBJ1.l!eTc.lI Jaii;aHHhIM. OH peryrrnpyeT cTe11eHh crrra)KIIBaHII.lI 

II 011peii;eJ1.l!eTC.lI C II0M0IUhlO TeCT0B. 

O11ncaHHhIH rrro6aJlhHhIH qJIIJlhTp M0)KeT 6hITh y11porueH; B qacTH0CTH, Ha 0CH0-

Be ero nii:e:i'i M0)KH0 II0CTp0IITh Jl0KaJlhHhle (All.l! 5 IIJlII 7 TO'leK) qJIIJlhTphI, K0-

T0phle u;eHOH HeKOTOpo:i'i II0Tepn B Ka'!eCTBe qJIIJlhTpaunu pa60TaIOT 6hICTpee. 

Ha MHOro~epHhIH crryqa:i'i ii;aHHhle qJIIJlhTphI MoryT 6hITh pac11pocTpaHeHhI 

crreii;yIO- IUUM o6paJoM: 

1. crJla)KIIBaHIIe 110 Ka)KiJ;OH Koopii;nHaTe 0iJ;H0MepHhIX ce'!eHIIH Ka)KAOH 4JYHK

UIIII; 

2. II0CTpoeHne Jl0KaJlhHhIX MH0roMepHhIX qJIIJlhTpOB. 

<l>yHii;aMeHTaJlhHhIM 11peuMyruecTB0M 0IIHCaHHhIX qJIIJlhTpOB 11epeii: o6hI'!HhIMII 

qJIIJlhTpaMn .lIBJl.l!eTC.lI TO, 'ITO 0HII, 3qiqieKTIIBHO II0iJ;aBJl.lI.lI myM0BYIO K0MII0HeH

TY ii;aHHhIX, B MaKCIIMaJlhHOH CTelleHII coxpaH.lIIOT IIIIKOo6pa3Hhle K0MII0HeHThI 
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( no aMIIJIHTY.Zle HJIH mnpnHe). 

B ce,ZlbMOM pa3,ZleJie paccMOTpeHbI MeTO,Zlhl o6o6meHHOH annpoKCIIMaUIIII q:>yHK

UHII, a TaK)Ke po6aCTHOH IIO,ZlrDHKH, HBJIHiomeiicH 'IaCTHbIM CJiy'IaeM o6o6meH

HOH. 

MeTo.u o6o6meHHOH no.uroHKII Han6oJiee ueJiecoo6pa3Ho npnMeHHTh JJ:JIH peme

HIIH Janaq neKOMII03IIUIIII HJIII neKOMII03HllJIOHHOH qmJibTpaunn pacnpeneJieHHll. 

IlycTb pemaeTCH Janaqa napaMeTpH'IeCKOII annpOKCHMaunn co CBH3HMII: HaIITII 

m 

MIN L w(xj)(y(xj) - f(xj, P))2 (0.6) 
j=l 

npn CB!I3HX 

r(f(x, P)) 2 0 (0.7) 

3TH CBH3II onpeneJIHIOT annnTIIBHyIO KOMIIOHeIITY q:>yHKUIIII y( X)' nonJie.1Kamy10 

BhlJ:(eJieHIIIO II MoryT JanaBaThCH BCChMa HCTO'IHhlM, Ka'IeCTBeHHhlM o6pa30M: 

HanpuMep, nycTh U3BecTHa anpnopHaH oueHKa pemeHUH f(x, Po) II npennoJiara

eTcH, 'ITO r B (0.7) eCTh onepaTop JIII6o MaJibIX B MeTpII'ICCKOM CMbICJie neq:iop

Maunii f ( x, Po), mr6o npOCThlX, JierKo OilIICbIBaeMbIX CUHTaKCII'IeCKII, TpaHC

q:iopMauuii f(x, P0 ) ( cnBnroB, ymnpeHnii n T.n.) 

Mhl Mo2KeM JanncaTh TaKoe npe.ucTaBJieHne 

f(x,P) = fi(x,P) + h(x,P), 

rne cpyHKUIIH fi(x,P) ynoBJieTBOpHeT CBH3HM (0.7), a h(x,P) ecTb pa3HOCTh 

cpyHKUIIH f II Ji. 
Ilpn TaKOM nonxone IICXOJ:(HaH Janaqa OKa3bIBaeTCH Janaqeii neKOMII03IIUHOHHOH 

cpIIJibTpaunn: BhlJ:(CJIIITh 3cpcpeKTIIBHhIM cnoco6oM II3 y(x) KOMIIOHCHTY fi. 
HTaK, p,1,ccMaTpnBaeTcH Janaqa: naHa 

y(x) = fi(x) + h(x) + e(x), 

y(x) E K1, fi(x) E K2, e(x) - norpemHOCTh, K1, K2 - KJiacchl cpyHKUnii; Tpe6y

eTCH: IIOCTpOIITh no y(x) Ha KJiacce cpyHKUIIH /(3 g(x) - OUCHKY cpyHKUUII fi(x) 

- TaK, 'IT06hl 

g(x) = ARG MIN llg(x) - fi(x)II (0.8) 

3anaqa nonycKaeT 3cpcpeKTHBHOe pememrn, B qaCTHOCTII, npn BhlIIOJIHCHIIH cJie

ny10runx ycJioBnii: 

1. cymecTByeT napaMeTpnqecKoe ceMeHCTBO K3 = [g(x, P), P E Rn], P -
napaMeTp, TaKoe, 'ITO 1(2 npnHanJie2KIIT /(3, HO y He npnHanJie2KIIT 1(3; 

2. M02KHO IIOCTpOIITb MCTpIIKY p Ha /(3 u 1(1 TaK, 'ITO IIMeeT MCCTO 

MIN p(y,g) - MIN ll!i - gll. 
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PaccMoTpIIM Janaqy: JJ:JIH nncKpeTii:oro MHo2KeCTBa X HaiiTn 

w 
MIN I:, (x)[y(x) - f(x)]2 (0.9) 

xEX 

npn CBH3H 

g(f(x)) = 0. (0.10) 

3necb w' y' f' g - cpyHKUHH II3 HeKOTOpbIX KJiaCCOB. IlycTh J.; 1 - KJiacc cpyHKUHII 

[Ji], JJ:JIH KOTOphlx nMeeT MecTo (0.10), II nycTh K2 - KJiacc cpyHKUIIII [h] TaKnx, 

'ITO y = fi + /2. 
Onpe.uemrM cKam1pHoe npoHJBe.ueHne q:iyHKUIIH u n g : 

g 

(g, u) = I:, (x)u(x). 
xEX 

HMeeT MecTo cJieny10maH 

TEOPEMA 3. Ecm1 w(x) TaKoBa, qTo 

l. w opToroHaJibHa JII06011 /2 E K2; 

2. 113 ( w, Ji - f) = 0 npn JII06mr Ji E K 1 cJienyeT / = Ji , TO r Jio6am,HhlII 

MHHHMYM (0.9) no f E (K1 u K2) 6yneT naBaTh 3JICMCHT f = Ji. 
EcJIH y(x) JanaHa C HCKOTOpoii norpemHOCThIO e(x), TO JierKo BIIJ:(CTh, 'ITO 

TeopeMa pacnpocTpaHHeTcH Ha 3TOT cJiyqa11 co cJieny10me11 oroBopKoII: n10-

6aJihHhlii MIIHHMYM (0.9) 6yneT nocniraTbCH Ha 3JieMCHTe t(:r), KOTOpbIH 6yneT 

MHK-OUeHKOH fi. 

Y CJIOBUH TeopeMhl 6y.uyT BhlIIOJIHHThCH .[(JIH TaKHX Ba)KHhlX CJIJ'IaeB qJHJibTpa

UUil: 

1. pacnpeneJieHHOH KOMIIOHeHThl II3 ee cyMMhl C JIOKaJIII30BaHHhlMhl, ecm1 

o6'e,ZlHHCHHe IIHTerpaJibHhlX: HOCIITCJieii IIOCJICJ:(HIIX He IIOKphlnaeT BrIO 

o6JiaCTh onpe.ueJieHHH nepBoii; 

2. JIOKaJIII30BaHHOH II3 ee cyMMhl C npyrnMII JIOKamnoBaHHbIMII, ecmr 

o6'enimeHne IIHTerpaJibHhlX HOCIITeJieII IIOCJICJJ:HIIX He IIOKpbIIlrH'T H0CII

TCJih nepBoii. 

HTaK, 6yneM C'IIITaTh, 'ITO HHTerpaJibHhlM HOCIITCJieM K0MII0HC'HThI /1(i:) n 

(0.8) HBJIHCTCH MH02KeCTBo A, x E A, a KoMnoHeHThl /2(;1:) - MHo;,i~errno B, 
x EB, npnqeM A conep2KHT B, a A - B = 0. 
IlapaMeTpII'IeCKOe CCMCIICTBO K1 - CCMCIICTBO 0UCH0K KOMII0HeHThl fi - Mhl M0-

)KCM II0CTpOHTh Ha 0CH0Be MCTona annpOKCHMauuu, 113JI02KCHH0M IlhlliIC: 

K1 = [Qk(x)m(Pn(x))], 
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r.n;e m - rpy6aJI Mo.n;eJib qiyHKD;IIII /i, a Qk II Pn - II0JIIIH0Mhl cTeneHeH k II n. 
8Ty M0.D;eJib II CTeIIeHII IIOJIIIH0MOB Mhl MO)KeM BbI6paTb TaK, qTo6bl l(1 co.n;ep

)KaJIO Ji, Ho He co.n;ep2KaJIO y(x). 
O6o3HaqIIM npoIIJBOJibHhlH 3JieMeHT m K 1 KaK f(x, P), r.n;e P- BeKTOp napaMe

TpoB pa3MepHOCTII k+n. llcKOMaJI MeTpIIKa CTpOIITCH TaK: nycTb 3a.n;aH BeKTOp 

Po - Bernop arrpIIopHbIX 0JJ;eHOK rrapaMeTpOB p II .IUICKpeTHOe MH02KeCTBO X, 
XE A. IIocTpOIIM KBa.n;paTIIqHoe Bhlpa2KeH11e 

L w(x, Po)[y(x) - f(x, P)]2 (0.11) 
xEX 

r.n;e 

_ _ { 1/lle(x)IJ2 ecJIII I h(x) I< c; 
w(x, Po)= (l + f3)/(lle(x)ll2((h(x)/c)2 + /3)) 1rnaqe; 

(0.12) 

h(x) = y(x) - f(x,Po), C II f3 - 3a.D;aHHble KOHCTaHThl. MIIHIIMII3aJJ;IIH (0.11) 
.n;aeT f(x,P*) - oJJ;eHKY /i(x). 

EcJIII qJIIJibTpyeMaJI KOMilOHeHTa .D;OJl)KHa y.n;oBJieTBOp.s!Tb CBH3II 

z(/1) = 0 

npIIqeM Ha A - B CBH3b IIMeeT MecTO, To ycJIOBIIe I h(x) I< c n (0.12) npu 

qiopMIIpOBaHIIII necon w(x, Po) 3aMeH.sreTc.sr Ha TaKIIe YCJIOBII.sr: 

I h(x) I< c 

z(f(x,P)) = 0 

IIocTpOeHIIe po6aCTHoro pemeHII.sI 3a,n;aqII rro,n;rOHKII .n;aHHbIX HBJI.sieTc.sr qacT~ 

HbIM CJiyqaeM OilIICaHHOro qiopMaJIII3Ma, TaK KaK IIOJIHYIO norpeIIIHOCTb M02KHO 

3aITIICaTb KaK CYMMY h(x) + e(x), r.n;e no.n;· e IlOHIIMaeTCH HOpMaJibHaJI norpem

HOCTb, a no.n; h - "nhl6poc". Tor.n;a nocTpoem1e po6acTHoro pemeHII.sr cno.n;IITCH 

K IIOCTpoeHIIIO OJJ;eHKII KOMIIOHeHThl Ii C IIOMOIIlblO BhlIIIeOIIIICaHHbIX MeTO.D;OB. 

EcJIII "BbI6pocbI" IIMeIOT MeCTO JIIIIIIb n OT.D;eJibHhlX rpynnax ToqeK, TO ycJIO

BIIH BbIIIIerrp1rne.n;eHHOH TeopeMbl BbIIIOJIHeHbl II MIIHIIMYM (0.11) .n;eHCTBIITeJibHO 

.n;acT po6aCTHYIO OJJ;eHKY KOMIIOHeHThl fi . 
IlycTb M - MaTpuJJ;a rpaMMa, cooTBeTcTnyIOIJJ;aJI IICTIIHHhlM necaM, a D - Ma

TpIIJJ;a .n;o6anoK 3a cqeT nepecqeTa necon .n;o MaTpIID:hl rpaMMa Ja,n;aqII (0.11) II 

nycTb Po - BeKTOp anpIIopHbIX OJJ;eHOK napaMeTpOB p II BbIIIOJIHHIOTCH ycJIOBII.sI: 

1. anpIIopHaJI OJJ;eHKa Po II KOHCTaHTa c Bbr6paHbl HaCTOJibKO xopomo, qTO 

,, BbI6pocbI" II HOpMaJibHble .n;aHHble II,n;eHTIIqJIIJJ;IIpOBaHhl rrpaBIIJibHO; 

2. MaTpIIJJ;a M .n;ocTaToqHo xopomo o6ycJionJieHa, HOpMa MaTpIIJJ;hl rronpanoK 

K BeCaM (0.12) .D;OCTaToqHo MaJia II KOHCTaHTa f3 BbI6paHa y.n;oBJieTnopu

TeJibHO, TaK qTo MIIHIIMaJibHOe co6CTBeHHOe 3HaqeHIIe MaTpIIJJ;hl _M 60Jib

me MaKCIIMaJibHOro co6CTBeHHOro 3HaqeHIIH MaTpIIJJ;hl .n;o6anoK. 
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Tor.n;a OTBeT Ha nonpoc o npeuMymecTnax po6acTHOH MHK-OJJ;eHKII nepe.n; He

po6acTHOH .n;aeT HII2KecJie.n;yIOmaJI 

TEOPEMA. IlpII BhlIIOJIHeHIIII ycJioBIIH 1,2 HopMa norpernHOCTII po6acTHoH 

MHK-OJJ;eHKII CTporo MeHbIIIe HOpMbI norpeIIIHOCTII Hepo6aCTHOH MHK-OJJ;eHKII. 

B o6meM cJiyqae KaqecTno KaK po6acTHOH, TaK II o6o6meHHOH no,n;roHKII M02KHO 

npoaHaJIII3IIponaTI, C IIOMOIIlbIO TeCTOB. 

TeCThl IIOKa3bIBaIOT' qTo npII BbIIIOJIHeHIIII p.sr.n;a ycJIOBIIH, npoJJ;e.n;ypa 6y.n;eT 

.n;anan .. Tpe6yeMoe pemeHIIe c npIIeMJieMOH ToqHOCTbIO. 8TII ycJIOBIIH TaKIIe: 

1. .D;OCTaToqHo BbICOKoe KaqecTBO anpuopHoro pemeHIIH; B qacTHOCTII, OHO 

caMO .D;OJI)KHO y.n;onJieTBOpHTb CB.sJ:311 (0.10) ; 

2 . .D;OCTaToqHaJI Ha.n;e2KHOCTIIb II.D;eHTIIqJIIKaJJ;IIII ToqeK x, r.n;e BeCOBaJI 4JYHK

JJ;IIH .D;OJI2KHa nepecqIIThlBaTbC.sr; 3TO 3aBIICIIT OT npaBIIJibHOCTII Bbl6opa 

KOHCTaHThl c; 

3. npaBIIJibHbIH Bbl6op KOHCTaHThl (3; y2Ke npII /3 = l(c = 1) peIIIeHIIe M0-

2KeT He y.n;oBJieTBOp.s!Tb CBH3II (0.10), HO f3 = 0 M02KeT .yBeCTII IITepaD;IIOH

HbIH rrpoJJ;ecc K JIO)KHbIM perneHIIHM, MOrymIIM IIOHBIITbCH KaK nofioqHoe 

CJie.D;CTBIIe nepecqeTa BeCOBOH qiyHKJJ;IIII Ha CJIIIIIIKOM 60JibIIIOM MHO)KeCTBe 

ToqeK x; 

4. npaBIIJibHOCTb 3a.n;aHIIH necOBOH qiyHKJJ;IIII w(x); B qacTHOCTII, npaBIIJibHbIH 

MacmTa6 npe.n;cTaBJieHIIH .n;aHHbIX II corJiaCOBaHHOCTb w(x) c .n;aHHbIMII. 

Y CTaR0BJieH p.sr.n; TeopeM II paCCM0TpeHhl pa3JIIIqHbJe BbJqIICJIIITeJibHble acneK

Thl npah:TIIqecrroro npIIMeHeHIIH MeT0.D;IIKII o6o6meHHOH no,n;roHKII - .n;eMIIqJII

poBaHIIH MaTpIIJJ;hl IITepaJJ;IIOHH0ro npoJJ;ecca II II0CTpoeHIIH HeKOT0pbIX Teope

TIIqecKIIX npoeKTopon npII pemeHIIII 3a,n;aqII MIIHIIMII3aJJ;IIII C orpaHIIqeHIIHMII, 

Kor.n;a He M02KeT 6bITb npIIMeHeH o6o6meHHhlH no.n;xo.n;. 

8-H pa3,n;eJI nocn.srmeH II3yqeHIIIO MeT0.D;0B napaMeTpIIqecKOH .n;eK0MII03IIJJ;IIII -

Ba2KHeHIIIIIX npu npaKTIIqecK0M aHaJIII3e 3KCIIepIIMeHTaJibHbIX pacnpe,n;eJieHIIH 

a.n;.n;IITIIBHo:ii: cTpJKTYPhl-

PaccMoTpeH nonpoc o cIIcTeMax_ qe6blmena .D;JIH qiyHKJJ;IIH, HeJIIIHe:ii:Ho JaBIIc.sr

mnx OT napaMeTpoB, II IIJyqeHbl ycJIOBIIH, IIpII KOT0pbIX CIICTeMbl qJJHKD;IIH IIJIII 

rIICTorpaMM, HenpepbIBH0 3aBIICHIJJ;IIX OT napaMeTp0B, HBJIHIOTCH JIII6o CIICTe

MaMII qe6hlIIIeBa B HenpepbIBHOH o6JiaCTII, JIII6o JIIIHeHHO-He3aBIICIIMbIMII Ha 

.D;IICKpeTHbIX MH02KeCTBax. 

Ilo.n;po6Ho npoaHaJIII3IIponaii: Ba2KHhlH npaKTIIqecKIIH, npocTo peaJIII3yeMhlH, 

npIIeM IICCJie,n;oBaHIIH .n;eK0Mil03IIJJ;IIOHHbIX CBOHCTB IICilOJib3yeMOH napaMeTpII3a

JJ;IIH - C II0MOIIlbIO Me2KrrapaMeTp11qecKoro K034JqJIIJJ;IIeHTa KoppeJI.sIJJ;IIII I( (Pi, Pi). 
OH orrpt,ueJI.sreTc.sr cJie,n;yIOIJJ;IIM o6pa3oM: nycTb .n;aHa qiyHKJJ;II.sr, 3aBIICHIJJ;aJI oT 
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ITapaMeTpoB, f(x,p;), X E X, II ITYCTb 9i(x,p;) - qaCTHru! ITp0II3B0.Il:Hru! OT 

f(x,p;) ITO ITapaMeTpy Pi ; TOr,n:a 

K(p;,Pi) = fxg;(x,p;)!Ji(X,Pi)/(G1G2)dx, 

r.n:e G; = llg;(x,P)II-
EcJrn X - ;n;IICKpeTHoe MH02KecTBo, TO IIHTerparr B I( 3aMemi:eTc.sr cyMMOll. qeM 

6JIII2Ke Km= max I K(p;,pj) I K HYJIIO, TeM rryqrne ITapaMeTpII3au:1rn. 

C ITOMO!UbIO K03q:Jq:JIIU:IIeHTa K fo.rJIII ITpoaHaJIII3IIpoBaHhl Han6orree IIIIIp0K0YIT0-

Tpe6rr.sreMhle ITapaMeTpII3aU:IIII ,n:JIH 0ITIICamrn pa3JIIIqHhlX K0MIT0HeHT B CITeKTp0-

ITO,n:06HhlX pacITpe,n:eJieHIIHX II ,n:JI.H Ba2KHellIIIIIX Il3 HIIX ( rayccOBOll, rropeHU:eBOll II 

3KCITOHeHu:IIaJibHOll) Hall,n:eHbl 0ITTHMaJibHhle ITapaMeTpIIqecKIIe q:iopMyJihl, ITpII 

K0T0phlX Km= 0. 

PacCMO'IpeHo BJIIIHHIIe Ha KaqecTB0 ,n:eK0MIT03IIU:Illl TaKIIX q:JaKTOpOB KaK: 

e II3MeHeHIIe ITapaMeTpII3aU:IIIIj 

• HaJI02KeHne CBH3e:ii Ha ITapaMeTphlj 

e 0ITTIIMII3au:n.sr IICIT0Jib30Bamrn ITp0cTpaHCTBa He3aBHCilMhlX ITepeMeHHhlXj 

• ITepexo.n: K .n:pyrIIM MeTpHKaM ITpH aITITp0KCIIMaU:HII. 

PaccMOTpeH p.sr.n: IT0,n:xo,n:oB JIHHellHOll ,n:eK0MIT03IIU:IIII n, B qacTH0CTII, IT0Ka3aHa 

IIHTepITpeTau:n.sr K0MIT0HeHT pacITpe,n:eJieHIIll B TepMIIHax K0MIT0HeHTHoro II q:iaK

T0pHoro aaaJIII3a. 

B 9-M pa3,n:erre paCCM0TpeHhl MeT0.Il:hl KaqecTBeHHOll ,n:eK0MIT03IIU:Illl CITeKTp0-

ITO,n:06HbIX pacITpe.n:erreHIIll, T.e., q:iopMaJibHhle MeT0.Il:hl IT0CTp0eHII.H q:iyHKU:II0-

HaJibHhlX KJiaCC0B (M;) .Il:Jl.H 0ITHCaHIIH K0MIT0HeHT II 0ITpe,n:eJieHH.H IIX qucrra n : 

1. CIIHTaKcIIqecKHe, c IT0M0IUbIO q:iopMaJibHhlX rpaMMaTIIK, 0ITilChlBaIOIUHX 

cyMMbl ITIIKoo6pa3HhlX q:iyHKU:Hllj 

2. CTaTIICTJiqecKIIej 

3. KJiaCTepII3aU:H0HHhle. 

.Ilrr.sr o,n:Horo Ba2KH0ro qacTH0r0" crryqruc ,n:oKa3aHa TeopeMa, IT03B0JIHIOIUru! ITpo

CThlM arrropHTM0M ITocTpoHTb ToqHoe perneHHe 3a,n:aqII KrracTep-aHaJIH3a. 

B 10-M pa3,n:erre paccM0TpeH ,n:oITOJIHHTeJibHhlll K cTaTIICTuqeCK0MY ,n:eTepMH

HHCTCKIIll IT0,n:xo.n: K IT0H.HTHIO ITorpeIIIH0CTII ,n:aHHhlX. 8TOT IT0,n:xo.n: Ba2KeH .n:rr.sr 

CITeKTpoMeTpIIH, IT0CK0JibKY He0ITpe,n:eJieHH0CTb B CITeKTporpaMMax oqeHb qacT0 

He ncqepIThlBaeTc.sr crryqa:iiHo:ii ITorpeIIIH0CTbIO n, 6orree Toro, 3Ta HeoITpe.n:erreH

H0CTb 0CTaJiaCb 6hl, ,n:aMe ecJIII ,n:eTeKT0p ,n:aBaJI 6bI a6COJIIOTHO TQqHhle .n:aHHhle. 

22 

MeTo.n: HaIIMeHbIIIIIX KBa,n:paTOB",n:e'i'epMIIHIICTCKII lIHTepITpeTnpyeTC.H crre.n:yIO

IUIIM 06J:a3oM: ITorpeIIIH0CTb e(xj) Ha6JIIO,n:aeMOll KpIIBOll y(xj) Mhl M02KeM cqII

TaTb HeII3BeCTHOII .Il:IICKpeTHOII q:iyHKU:IIeii C II3BeCTHOII HOpMOll B Ka)K.Il:0M Xj, 
paBHOII MaKCIIMaJibH0 Ha6JIIO,n:aeMOMy ITO M0.Il:YJIIO 3HaqeHIIIO' II Bee pac<;y2K,n:e

HII.H BecTn He B TepMIIHax q:iyHKU:IIII pacITpe.n:erremn1:, KoBapnau:11:ii n .n:ucrrepcuii, 

a B TepMIIHax q:iyHKU:IlOHaJibHhlX ITp0CTpaHCTB II 0ITpe.n:erreHHhlX B HIIX H0pM. 

B pa6oTe 6hlJIO IT0Ka3aHo, qTo cymecTByeT BHyTpeHHee emIHCTB0 Me2K.n:y CTaTII

CTIIqecrmM II ,n:eTepMIIHUCTCKIIM MHK, 'ITO Ba2KHe11:rnue TeopeMhl cTaTIICTIIKU: 

06 o6paTHOII MHK-MaTpnu:e KaK MaTpnu:e OIIIII60K ou:eH0K, raycca-MapKOBa,H 

.n:pyrIIe, KaK B JIIIHeIIHOM, TaK II n HemrneIIHOM BapnaHTax, MoryT 6hlTb ITepeHe

ceHbI Ha crryqa:ii .n:eTepMIIHIICTCKHX ITOrpeIIIHOCTeii II TaKIIM o6pa30M pe3yJibTa

Thl MHK-aaamna He 3aBIIC.HT 0 xapaKTepa IICITOJib3JeMOII B HeM TepMIIH0Jiormr. 

Ilpu 3T0M .n:eTepMHHHCTCKII~ MHK qacT0 IICII0Jib3yeT 6orree a.n:eKBaTHhlII rrpaK

TIIKe .H3hlK II 3aKJIIOqaeT B ce6e MeHbIIIe cy6'eKTIIBil3Ma, IT0CK0JibKY IIHq:JOpMa~ 

U:IIIO o HopMax rrorpeIIIHOCTe11: rrorryquTb 3Haq11TeJibH0 rrerqe n rrpome, qeM o 

ITOJIHOII q:iyHKU:IIII IIX pacITpe,n:eJieHII.H. 

Ho pa3y:.1:eeTc.sr, qacTb ITpou:e.n:yp aaamna cITeKTpon IICIT0Jib3JeT II H3hlK cTaTn

cTIIKII. 

.IlorrorrmITeJibHOll u:eJibIO pa6oThl 6omo nccrre.n:onaHue pa3JIIIqHhlX cIToco60B n 

q:iopM HaK0IIJieHII.H ,n:aHHhlMII IIHq:iopMaU:IIII. B qacTH0CTII, 6hlJI pacctmTpeH B0-

ITp0c 0 C0CT0.HTeJibH0CTII .n:eTepMIIHIICTCKHX MHK-0U:eH0K, ecmr no.n: IIHq:JOpMau:u

OHHOII eMK0CTbIO .Il:aHHbIX IT0HIIMaTb 0TH0IIIeHHe H0pMhl y(:z:) K H0pMe e(x). 

B 11-pa3,n:erre rrepeqm::rreHhl 6a3HCHhle rrporpaMMhl: GFIT, SMOOS, ROBUS, 

FILTBK, DSPLIN, SFFT, rre2Kamne B ocHoBe ncex K0HKpeTHhlX nporpaMMHhlX 

npo6rreMHo-opHeHTIIponaHHhlX naIWT0B. 

B 12-pa3,n:erre nepe•rncrreHhl 3TII rraKeThl: 

1. IIporpaMMHhlll K0MnrreKc yHunepcaJibH0ro Ha3Ha•reHu.sr UPEAK .n:rr.sr pa3-

rro2KeHHH 0.Il:H0MCpHhlX rrp0H3B0JibHhlX pacrrpe.n:erreHIIII a,n:,n:IITIIBHOII CTpyK

TYPhl Ha K0MII0HeHThlj 

2. rrporpaMMHhlll K0MIIJieKc yHIIBepcaJibHoro Ha3Haqemrn DO MUS mm pa:mo-

2KehHH .n:nyMepHhlX pacnpe.n:erreHIIll a,n:,n:IITIIBHOII CTpyKTyphl Ha .Il:Il.\'1IC'J)HhH' 

K0MII0HeHThlj 

3. crreu:uamnnponaHHhlll rrporpaMMHhlll K0MIIJieKc ACTIV .n:mr aHamna o.n:Ho

MepHhlX raMMa- II peHTreH0BCKIIX CIICKTp0B B IIIUp0K0M .n:nana30He pe2KII

M0B, DKJIIOqruc II IT0JIH0CThIO aBToMaTIIqecKIIfr; ACTIV co.n:ep2KIIT anrrapaT, 

II03BOJIHIOIUIIll IICII0Jib30DaTh ero II rrpn o6pa60TKe Cilt'KTpon B 3a.Il:cl'IaX aK

TIIBaU:II0HH0ro aHamna; 
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4. erreunan:n3npoBaHHhIH rrporpaMMHhIH KOMIIJieKe DECAN .n:mr aHamna o.n:

HoMepHhIX paerrpe,n:eJieHHH Ha KOMIIOHeHThl 3KeIIOHeHUIIaJibHOro TIIrra; . 
5. erreunan:n3IIpOBaHHhIH rrporpaMMHhIH KoMrrJieKe SPEVA .n:mr aHaJin3a Bpe

MeHHo:ii rroene.n:oBaTeJibHOeTH HeIITpOHorpaMM, eHHMaeMhIX B .n:mppaKlllI

OHHhlX lI3MepeHmrx; 

6. erreunan:II3npOBaHHhIH rrporpaMMHhIH KOMIIJieKe ERTQU .n:mr aHan:U3a o.n:

HoMepHhIX paerrpe,n:eJieHHH pa,n:OHHhIX lI3JiyqeHHH lI qiopMaJibHO IIM 3KBlI

BaJieHTHhIX paerrpe,n:eJieHn:ii B 3a,n:aqax ee:iieMnqeeKoro aHaJIH3a; 

7. erreunaJin3npoBaHHhIH rrporpaMMHhIH KoMrrJieKe MRIA .n:mr aHan:n3a MHOro

erreKTpOBhIX MHoroqia3HhIX BpeM.smpoJieTHhIX He:iiTpOHHO-,n:nqipaKUIIOHHhIX 

paerrpe,n:eJieHHH IIOJIHKpneTaJIJIOB . 

IIepeqneJieHhl rraKeThl, rro.n:.n:ep.lKlIBaeMhle aBTopoM JinqHo. KpoMe Toro Ha nx 

6a3e eo3,n:aHhl 6onee J3KO erreunaJIH3IIpoBaHHhle rraKeThl, rro.n:.n:ep:arnHIIeM KoTo

phlx 3aHIIMaIOTeH eaMH IIOJib30BaTeJIH. 

B rrpoueeee pa3BHTIIH .n:aHHbIX KOMIIJieKeOB OT paHHIIX Bepen:ii K 6onee II03,ll;HlIM 

OKOHqaTeJibHO eJIO)KlIJiaeb lIX eJie,n:yroma.sr eTpJKTypa II opramnauIIH. Ka2K,n:hIH 

rraKeT rrpe.n:eTaBJIHeT eo6o:ii 061,e.n:nHeHIIe rrporpaMMHhIX Mo,n:yne:ii, rro B03M02K

HOeTn TIIIIII3HpOBaHHhIX, opneHTlipOBaH Ha OBepJieHHhIH erroco6 3arpy3KII B rra

MHTb,lI HaeTpanBaeTCH Ha pa3MepbI rraMHTlI, OTBO,ll;IIMOH rro.n: .n:aHHhle. 

Bee rrporpaMMhl HarrneaHhl Ha <l>opTpaHe-90 e IIeIIOJib30BaHIIeM TOJibKO CTaH

.n:apTHhIX epe.n:eTB H3h1Ka. 

Bee 3TO o6eerreqrrBaeT oqeHb 6oJibIIIJIO nopTa6eJibHOeTb nepeqIIeJieHHhIX naKe

TOB lI .n:aeT B03M02KHOCTb IIenOJib30BaTb IIX Ha 8BM CaMhIX pa3HhIX KJiaeeoB 

( OT eynepKOMnbIOTepoB .n:o nepeoHaJibHhIX 8BM e eoxpaHeHIIeM Bcex anroplIT

MliqecKlIX B03M02KHOCTeH 3TIIX naKeTOB. 

KpaTKOe onIIeaHrre an:roplITMOB naKeTa II IIHeTpJKllIIH oqiopMJieHhl B cneuIIaJib

HhIH Mo.n:yn1, HELP, BXO.ll:HllllIH B naKeT B KaqecTBe eoeTaBHOH qaeTII. 

IIaKeThl qiyHKllIIOHHpyroT ene,n:yIOillIIM o6pa3oM. 

Bxo,n:HOH noTOK npe,n:eTaBJIHeT co6o:ii noeJie,n:oBaTeJibHOeTb KOMaH,n:, eonpoB0-

2K,n:aeMh1X qrreJIOBOH IIJIII/u TeKCTOBOH IIHqJOpMauIIe:ii. Ka2K,n:aH KOMaH,n:a eeTb 

yKa3aHrre eynepmnopy naKeTa coBepIIIHTb KaKoe-JIII6o 3JieMeHTapHoe ,n:e:iieTBHe, 

Ha KOTOphle pa361IT Beeb eyMMapHhlll anroplITM naKeTa. IIoeJie,n:oBaTeJibHOeTb 

KOMaH,n: se qJUKenpoBaHa II onpe,n:eJIHeTeH JIIIIIIb JIOrIIKOH peIIIeHIIH oeHOBHOH 3a

,n:aqrr. AnnapaT KoMaH,n: KaK npaBHJIO pa3BHT rr B TaKOM KOMIIJieKee KaK ACTIV 

.n:oeTrrraeT HeeKOJibKlIX .n:eeHTKOB, qTo no3BOJIHeT noJib30BaTeJIIO oqeHb IIIlipO

KO BMeIIIHBaTbeH B ynpaBJieHne aJiropIITMOM. O,n:HOBpeMeHHO oqeHb noeJie,n:o

BaTeJibHO rrpeTBopeHa KOHlleIIUIIH YMOJiqaHJrn, B eIIrry qero Bee ynpaBJIHIOillIIe 
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,n:aHHhle HMeIOT HaqaJII,Hble 3HaqeHHH, orrpe,n:eJIHIOillIIe HeKOTOpbIH THnOBOH xa

paKTep pa60Thl anropIITMa B aBTOMaTIIqeeKOM pe2KHMe. Ilo3TOMY 061,eM BXO,n:

Horo IIOTOKa M02KeT BapbIIpOBaTbeH B oqeHb rrrnpoKHX rrpe,n:eJiax: OT MlIHlIMaJib

HOro .n:o oqeHb 6oJII.IIIoro . 

BhIXO,ll;HOH nOTOK rrpe,n:eTaBJIHeT eo6oft noeJie,n:oBaTeJibHOeTb npoMe2KyToqHhJX 

lIJIII OKOHqaTeJibHhIX pe3JJibTaTOB pa6o_Thl anropnTMa. O61,eM ero T02Ke pery

JIHpyeTeH noJib30BaTerreM. 

Ka2K,ll;hlll naKeT opIIeHTlipOBaH Ha peIIIeHne eOOTBeTeTBJIOillIIX 3a,n:aq B MaKeH

MaJibHO mIIpOKOM ,ll;IIana3oire yeJIOBIIH II ueneft, eBH3aHHhIMlI e 3TIIMII 3a,n:aqaMlI. 

IIporpaMMHhIH naKeT UPEAK. Onneaane Kpyra 3a,n:aq, peIIIaeMhIX 3THM KOM

nJieKeoM, M02KeT 6b1Tb noeTpoeHO ene,n:yIOillIIM o6pa30M.IIpoII3BOJibHOe O,ll;HO

MepHoe erreKTpono,n:o6Hoe paenpe,n:eJieHIIe s ( x) MO.lI<:eT 6h1Tb rrpe.n:eTaBJieHo ene
.ll:YIOillIIM o6pa3oM: 

n 
s(x) = L /;(x) + b(x) + e(x) 

·i=l 

r.n:e f;-. noJie3Hhle KOMnOHeHThl, b(x) - qJOHOBaH KOMnOHeHTa, e(x) - noMexa. 

Iln.si: Ka2K,ll;Oro TIIna KOMnOHeHT f; eTpOHTeH eBOH MO,n:eJib m;(x). TaK2Ke CBOH 

MO,n:eJib eTpOIITeH II ,ll;JIH qJOHOBOH KOMnOHeHThl mb ( X). 
Mo,n:eJIII napaMeTplI3JIOTeH eJie,n:yIOillIIM o6pa30M: 

/;(x,A,P, W,C) =A· m;((x - P)/(C · x + W)) 

b(x,A,P, W,C) = A •_mb((x - P)/(C · x + W)) 

PeIIIeHHP, 3a,n:aqII ,n:eKOMn03IIlllilI s(x) Ha KOMnOHeHThl eoeTOlIT B onpe,n:eJieHUII 

oueHoK napaMeTpoB A, P, W, C ,n:JI.sr Ka2K.n:oft KOMnoHeHThl rr ToqHoeTn 3TIIX oue

HOK. 

8TH 3a,n:aqn MoryT 6b1Tb pa36IIThl Ha 3 rpynnhl no KpIITepnro xapaKTepIIeTlIKlI, 

paeeMaTpIIBaeMOH KaK ,ll;IICKplIMHHaTop OT,n:eJibHOH KOMnOHeHThl: 

1. .n:rreKplIMIIHaTop - noJI02KeHIIe p (HanpIIMep, pa3JI02KeH1Ie cneKTpOB Ha nII

KII - aJibqJa-eneKTphl, raMMa-eneKTphl, eneKTphl KOHBepelIOHHhIX 31IeKTpo

HOB, HeHTpOHHhIX pe30HaHeOB lI T . .n:.); 

2 . .n:neKpHMHHaTop- IIIIIpIIHa W (nnn KOM6rrHaun.sr C-x+ W) (HarrpIIMep, aHa

JIH3 erreKTpOB pa.n:noaKTlIBHOro paena.n:a HeeKOJibKlIX lieToqHHKOB, 63Ta

eneKTpOB II T.,n:.); 

3 . .n:neKpIIMIIHaTop - lI noJI02KeHHe, lI IIIIIplIHa (HanpnMep, HeHTpOHHO

.n:nqipaKUHOHHhle eneKTphl, r.n:e IlIIK ynpyroro paeeeHHIIH en,n:HT Ha nnKe 

Heynpyroro, a o6a Ha qJOHOBOH IlO,ll;JI02KKe). 

Bo3M02KHhl II .n:arrbHCHIIIIIe pa36HCHIIH 3a,n:aq Ha rro.n:rpyrrnhl no -
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-

1. 'IIICJIY TiapaMeTpoB ,nmi: OTIIIcaHIIH TIOJie3HOU KOMTIOHeHThl: A, P, W, C; IIJIII 

A, P, W; IIJIII A, W; 

2. 3HaKJ aMTIJIIITJ,D;hl ( + ,D;JIH CTieKTpOB H3JIJ'IeHIIH IIJIII pacceHHIIH, - Li:JIH CTieK-

TpOB TiornomeHIIH). 

CTieKTp MO)KeT 6hlTb pa36IIT Ha yqacTKII II aHaJIII3IIpOBaTbCH TIO yqacTKaM. 

Ha O,D;HOM yqacTKe ,D;OTIJCKaeTCH IICTIOJib30BaHIIe He 6onee 4 Mo.neneu TIOJie3HhlX 

KOMTIOHeHT II O,D;HOU MO,D;eJIII ( HeTIOJIIIHOMIIaJibHOU) qioHa. 

Bo3M02KHO HaJI02KeH1Ie JIIIHeHHhlX CBH3eH (2KeCTKIIX II MHrKIIX) Ha TiapaMeTphl. 

IIIIIpOKO IICTIOJib3JIOTCH OTIIICaHHhle TaM )Ke anropIITMhl TIIIKOCOXpaHHIOmeu 

qJIIJibTpan;IIII. IIporpaMMa MO)KeT IICTIOJib30BaTb MeTo.n perynHpII3aI(IIII TIIXO

HOBa TipII TIOCTpoeHIIII on;eHOK TiapaMeTpOB B TeX CJIJ'IaHX, KOr,z:i:a MHK-MaTpIIn;a 

OKa3hlBaeTCH TIJIOXO o6ycJIOBJieHHOH. 

IlporpaMMHhlll TiaKeT Li:JIH aBTOMaTII'IeCKoro aHaJIII3a Li:By- II TpeXMepHhlX aM

TIJIIITJ,D;HhlX pacTipe,z:i:eneHIIU DOMUS . .IfoyMepHhlll cTieKTp s(x) qiopMaJibHo 

3aTIIIChlBaeTCH cne,z:i:yIOmIIM o6pa30M: 

n 
s(x,y) = L, J;(x,y) + b(x,y) + e(x,y) 

i=I 

r.z:i:e f; - i-aH TIOJie3HaH KOMTIOHeHTa, b - ,z:i:ByMepHhlll qJOH, e - ,z:i:ByMepHaH rrorpern

HOCTb. 

Ka2K,z:i:OMY ,z:i:ByMepHOMY TIIIKY j;COITOCTaBJIHeTCH ,nByMepHaH MO,D;eJib m(x,y), II 
rrapaMeTp1I3aIJ;IIH ocymecTBJIHeTCH cne,z:i:yromIIM o6pa3oM: 

r.z:i:e 

f;(x,y, A;, Px;, Py;, Wx, Wy, SI, S2, Cx, Cy)= A;m(Z; + SI V;, S2Z; + V;), 

x -Pxi 
Z; = Cxz,+ Wx' 

y-Py; 
V; = Cyv+ Wy' 

2x - XI - X2 
z= 

v= 

X2 - XI 

2y- YI - Y2 

Y2 - YI 
XI, YI II X2, Y2 - JieBhle II TipaBhle rpaHIII(hl aHaJIII31IpyeMoro y11acTKa CTieKTpa. 

<l>oH OIIIIChlBaeTCH ,z:i:ByMepHhlM TIOJIIIHOMOM 2-ii CTeTieHII. 

<l>II31I'leCKIIH CMhlCJI rrapaMeTpOB cne,z:i:yromIIii: 

A- aMTIJIIITy,z:i:a TIIIKa, Px II Py - x- II y-Koop,z:i:1IHaThl TIOJI02KeHIIH, Wx II Wx -
x- II y-KoMTIOHeHThl TIOJIJIIIIIPIIHhl, SI II S 2 - K03<p<pnIIIIeHThI, xapaKTep1I3J-

101n;ue rroBopoT rruKa B IIJIOCKOCTII (X, Y), Cx II Cy - K03<p<pIIIIIIeHThl JIIIHeUHOH 
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3aBIICIIMOCTII IIOJIJIIIIIpIIHhl OT X II Y, C0OTBeTCTBeHHO. 

K TiaKeTy DOMUS OTHOCIITCH TaK2Ke Ha6op rrporpaMM .D;JIH o6pa6oTKII .D;By

MepHhlX crreKTpoB, rrpe,z:i:cTaBJieHHbIX He aMIIJIIITJ,D;HhlMII pacrrpe,z:i:eJieHIIHMII, a 

Ha6opoM 3aperucTpupoBaHHhlX co6hlTIIH. 

IIporpaMMHhllI rraKeT Li:JIH o6pa6oTKII raMtrn- n peHTreHOBCKIIX crreKTpOB B IIIII

poKOM ,nuarra3oHe pe2KnMoB u ycnoBnii ACTIV. Ilo cpaBHeHIIIO c ,npyruMu rro

.no6HhlMII rrporpaMMaMII ACTIV IIMeeT 'cne,z:i:yromue OTJIII'lIITeJibHhle 11epThl: 

• 6on1,11Ioe pa3Hoo6pa3ue pe2KIIMOB pa6oThl, rrpocTnparomeecH OT rronHo

cr1, 10 aBTOMaTII'lecKoro (c MIIHIIMYMOM BXO,D;HhlX .naHHhlX) .no rronypy11Horo 

(.nnH oco6o HeCTaH,napTHhlX .naHHhlx); rraKeT MO)KeT B3alIMO,z:i:eJICTBOBaTb C 

rrporpaMMaMH, pa6oTaIOmIIMH B IIHTepaKTIIBHOM pe,KIIMe; 

• aBTOMaTII'!eCKIIH IIOIIC~ IIIIKOB lI MHK-IIO,D;rOHKa lICIIOJib3JIOT peaJibH.}'10 

qiopMy IIIIKOB, 'ITO IIOBhlIIIaeT .Ha,z:i:e)KHOCTb II Ka11ecTBO ,neKOMII03HIIIIII IT 

IIOHII)KaeT CIICTeMaTII'IeCKYIO OIIIII6Ky orrepan;IIu; anropIITMhl Bcex CTaLi:IIII 

aHaJIII3a IICIIOJib3JIOT 60JibIIIOe MHO)KeCTBO rrpneMOB II MeTOLi:OB, orrncaH

HhlX paHee, KOTOphle 3Ha'llITeJibHO YJIY'IlllaIOT Ka'!eCTBO pa60Thl rrporpaM

Mhl; 

• B crreKTpe MoryT o6pa6aThlBaTbCH TOJibKO Te qacTII, KOTOphle co,nep2KaT 

IIHqiopMaI(IIIO, rrpe,ncTaBJIHIOUJyIO IIHTepec II orrpe,z:i:eJIHeMyro CIIIICKOM 3Hep

rH:ii JIIIHIIH lIJIII CIIIICKOM II30TOIIOB; 

• 6JIOK TIO,z:i:TiporpaMM ,D;JIH aKTIIBaI(IIOHHoro aHamI3a HBmieTCH ~rncTbIO rraKe

Ta ACTIV n II03BOJIHeT ocymecTBIITb IIOJIHhlI:l IIIIKJI crreKTpaJibHoro aHa

JIII3.1, BKJIIO'laH orrpe,neJieHne Ka'leCTBeHHOH II KOJIII'leCTBeHHOII CTPYKTyp1,1 

o6nyqeHHOro o6pa3I(a TIO MeTo.ny 3TaJIOHOB IIJIII Ha OCHOBe qiopMyJI aKTII

Ban;m:1; 

• K cTpJKType n qiyHKIIHH rraKeTa ACTIV OTHOCIITCH Bee To, 11To 61,1no cKa-

3aHo no rroBo,ny rraKeTa UPEAK: Mo,nyn1,HocT1,, rropTa6eJibHocTb, KoMaH.n

HhlH H3hlK B3aIIMO,D;eHCTBllH II T.,z:i:. 

IIporpaMMHhlH rraKeT .D;JIH aHaJIII3a KpIIBhlX 3KcrroHeHIIIIaJibHoro TIIrra. IlaKeT 

BKJIIOqaeT B ce6H ,z:i:Ba rrporpaMMHhlx KOMIIJieKca DECAN n HTIME. AHa

JIII3npyeMhle ,D;aHHhle MoryT 6hlTb rrpe,z:i:cTaBJieHhl JIII6o D DII,z:i:e pacrrpe,z:i:eJIC'HIIlI, 

OIIIIChlDaeMhlX cyMMaMII qiyHKIIIIH BII,z:i:a 

IIJIII 

y(t) =A· exp(-t/T) 

y(t) = j R(x - t) · exp(-x/T)dx 
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B npocTeiimeM cny'lae, IIJIII qiymmmIMII BII.lla 

AT2 
T
~(exp(-t/Ti),- exp(-t/T2 )) 
1 - .L2 

ITPII II3y'leHIIII, HaITpIIMep, CJI0.lKHbIX pacITa,ll0B. 
O6CTO.S:TeJl!,CTBaMII, CIIJlbH0 0CJI0.lKH.S:IOIUlIMII aHaJIII3 TaKIIX pacITpe,lleJleHIIH, 
/ .S:BJI.S:IOTC.S:: 

• MaJla.s: CTaTIICTIIKa II3MepeHII.s:; 

• OTCYTCTBIIe ,llaHHbIX Ha HaII60J1ee IIH4"10pMaUIIOHHhIX y'laCTKax IIHTepBaJla 
II3MepeHII.S:, HaITpIIMep, B Ha'JaJle; 

• 60Jlhilla.K II HepaBH0MepHa.s: IDIIpIIHa .S:'leHKII rIIcTorpaMMbl, II p.s:,ll .llpyrIIx. 
II porpaMMHbIH K0MITJleKc HTIME IIMeeT ,lleJlo c aHaJI0rII'IHbIMII 3a,lla'la
MII, HO ,llaHHble ITpe,llcTaBJI.S:IOTC.S: B BII,lle OT,lleJlhHbIX co6bITIIH - CJly'laHHbIX 
BeJIII'IIIH, IT0,ll'IIIHeHHbIX 4"1YHKUII.S:M pacITpe,lleJleHII.S: BblilleITepe'IIICJleHH0ro 
TIIITa. 

IIporpaMMHbIH ITaKeT ,llJI.S: aHaJIII3a BpeMeHHOH IT0CJle,ll0BaTeJlbH0CTII Hei'ITpo
H0rpaMM, CHIIMaeMbIX B 3KCITepIIMeHTax ITO II3y'leHIIIO KIIHeTIIKII reTeporeH
HbIX peaKUIIH MeTo,llaMII HeHTpOHHOH .llIIqipaKUIIII, SPEVA. Ka.lK,lloe II3Mepe
HIIe ITpe,llCTaBJI.S:eT co6oii IT0CJle,lloBaTeJlbH0CTh II3 16 HeHTpOHHO,llII4"1paKUIIOH
HbIX CITeKTp0B, xapaKTepII3YIOIIlYIO BpeMeHHYIO 3B0JIIOUIIIO II3y'laeMOH KpIICTaJI
JIII'leCKOH CTPYKTYPhl, II 3a,lla'la cocT0IIT B II3BJle'leHIIII IIHqiopMallIIII KaK 06 
0T,lleJlhHbIX CITeKTpax, TaK II 06 IIX 3B0JIIOUIIII. B 0TJIII'IIIe OT CTaH,llapTHbIX 
3a,lla'l ,lleK0MIT03lIUIIII pacITpe,lleJleHIIH 3,lleCh Tpe6yeTC.S: He T0JlhKO Bbl,lleJleHIIe 
K0MIT0HeHT II3 O'leHh 60JlbIDOro IIX MH0.lKeCTBa ( BCe II3MepeHIIe IIMeeT o6'beM 
512 K6aiiT),Ho eme II aBT0MaTII'leCK0e 0IT03HaBaHIIe IIX BpeMeHHOH 3B0JIIOilIIII. 
IIporpaMMHbIH ITaKeT ,llJI.S: aHaJIII3a ,llaHHbIX pa,ll0H0BbIX II3MepeHIIH B re0JI0rII'le
CKIIX II ceiicMorpaqiII'leCKIIX 3a,lla'lax ERTQU. lb II3MepeHII.s: (II/IIJIII HeKoTo
pbIX ero ITpeo6pa3oBaHIIH) II3BJleKaIOTC.S: KaK ITepII0,llII'leCKIIe, TaK II IIIIK006pa3-
Hble K0MIT0HeHTbl, K0T0pble ,llaJlee C00TH0C.S:TC.S: C ,llaHHbIMII, ITpe,llCTaBJI.S:IOIUlIMII 
IIHTepec. 
IIporpaMMHbIH KOMITrreKc FIMDA. Jfo.s: aHaJIII3a ,llaHHbIX B IICCJle,lloBaHII.S:X 
TBep,lloro TeJla C IICIT0Jlh30BaHIIeM aT0MH0ro 30H,lla ITPII II0HH0-IT0JleB0M MIIKpo
CK0ITe (Atomic Probe Field Ion Microscope). 
IIporpaMMHbIH K0MITJleKc MRIA ,llJI.S: aHaJIII3a MHorocITeKTpoBbIX MHoroqia3-
HbIX BpeM.S:ITpoJleTHbIX HeHTpOHHO-,llII4"1paKIUIOHHbIX pacITpe,lleJ1eHIIH IT0JIIIKpII
CTaJIJI0B, perIICTpIIpyeMbIX Ha <l>yphe-,llII4"1paKTOMeTpe. 
IIporpaMMHbIH K0MITJleKc AUTOX ,llJI.S: pemeHII.S: Ja,lla'III aBT0IIH,lleKcailIIII MHo
roqia3HbIX ,llII qipaKUIIOHHbIX CITeKTp0B OT ITOJIIIKpIICTaJIJI0B. 
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