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Oni..QAH XAP AKTEPHCTIIKA P AliOTbl 

AKTyanbHOCTb npo6neMbi 

Teop1Ill rrp1I6nmKeHHH liBJilleTCll KpaeyronbHbiM KaMHeM B JaJJ.a'lax aHaniiJa 3MIIII-

pH'leCKIIX JJ.aHHblX. KaK caMoCTol!TenbHall BeTBb MaTeMaTIIKII oHa BeJJ.eT Ha'lano c pa-

6oT TI.fl. tJe6bliiieBa*, XOTll OT,IleJibHbie BOIIpOCbl 0 np1I6JimKeHIIII <lJYHKUIIll paCCMaT­

pHBaJJIICb paHee 3ll.nepOM, flarrnaCOM, <l>ypbe, fayCCOM, fle)!(aH,IlpOM II JJ.pyrHMII MaTe­

MaTIIKaMII 18 II 19 seKOB. B cepeAIIHe rrliTIIJJ.eCliTbiX roaos 20-ro seKa IIIHpoKoe pac­

rrpocTPaHeHHe B Bbl'l!ICJIHTeJibHOll npaKTHl<e IIOJIY'JHJIII pa3JIII'lHbie "HeKJiaCCII'leCKIIe" 

MeTOJ!.bi rrp1I6JIH)!(eHIIll, HarrpHMep, crna)!(IIBaHIIe crrnall.HaMII, Kyco'lH.o-noniiHOMIIanb­

HbiMH <PYHKUIIliMII H T.n. B 3TOM HarrpasneHHII cneaycr OTMeTIITb TPYJJ.bi cneJJ.YJOIUIIX 

asTopos: )],)!(. An6epra (J.H. Ahlberg), K.B.P. JJ.e Eoopa (C.W.R. de Boor), IO.C. 3a­

BbliJIOBa, H.H. KanHTKHHa, B. KneHIIIOY (W. Clenshow), H.TI. KopHeH'lYKa, E.A. Tio­

rrosa, C.E. CTe'lKIIHa, IO.H. Cy(i6oTIIHa, II. llleH6epra (1. Schoenberg), C. YoMa (S. 

Wold) II apyr1Ix. 

B rrocne,llHIIe aecliTIIJieTHll cranH 6ypHo pa3BIIBaTbCll Teopml H MeTOJJ.bi HerrapaMeT­

pii'IeCKoro CfJia)!(IIBaHIIll, XOTll HenapaMeTpH'IeCKIIll IIOJ).XOJ!. IICIIOJib30BaJJCll B Ka'IeCT­

Be OCHOBHOfO MeTOJ).a aHaJIII3a J~,aHHbiX eme B cpeJJ.IIHe 19-ro BeKa. TaKOe pa3BIITIIe 

o6yCJIOBJieHO B OCHOBHOM J!.ByMll IIpH'IIIHaMII: OTCYTCTBIIeM He06XOJ!.IIMOll rii6KOCTH 

KnaccH'leCKHX rrapaMeTpH'IeCKIIX MeTOJ!.OB crna)!(IIBaHHll II CTPeMIITeJibHbiM pa3BIITIIeM 

Bbl'IIICJIHTeJibHOll TeXHHKH. B HaCTOliiUee BpeMll HerrapaMeTpii'IeCKIIe MeTOJ!.bi IIIIIpOKO ... 
IICIIOJib3YJOTCll B MaTeMaTHKe, TeXHIIKe, 3KOHOMIIKe, 61IOJIOfiiii II BO MHOfiiX JJ.pyriiX 

o6naCTliX IICCJieJ).OBaHIIll. • 

B rrapaMeTpii'IeCKIIX MeTOJJ.aX rrocryniipycrcx amu{IITII'lecKM CTPYKTYPa CBH31I, 3aBII­

CliJUall OT rrapaMeTpOB, a B HerrapaMeTpii'IeCKIIX MeTOJJ.a~ ~aKas CTPYKTYPa 3apaHee He 

c\JHKCIIpycrcll II rroJJ.6Hpacrcll B npouecce perneHIIll rrocraruieHHOH 3aJ).a'In. OcHOBHbiMII 

rrpeiiMYJUeCTBaMII HerrapaMeTpii'leCKIIX MeTOJ!.OB liBJiliiOTCll IIX rn6KOCTb IIpii IICCJieJ).O­

BaHIIII COOTHOIIIeHIIll Me)!(J!.y J!.ByMll rrepeMeHHbiMII II B03M0)!(H0CTb rrpeJJ.CKa3aHIIll Ha-

6JIIOJ).eHIIll (rrporH03) 6e3 Up1IBli3KH K <lJIIKCIIpOBaHHOll !IIapaMeTpii'leCKOll MOJ).eJIII. 

• qe5wwea n.n. BonpOCbl 0 HaHMeHbWHX BeJIHqHHax, CBJI3aHHble c npn6nnJKeHHbiM npeJICTaBneHHeM 

if>YHKUHii, Co6p. coq. M.-n., 1947, T.l'5f.· Lf~3'J· ... r, .•. ........ ·y I tiLL.ili....,.i" W:v..,.U N..J••tA-:} 
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KpoMe Toro, 3TH MeTO.llhi TI03BOIDIIOT BhUIBIDITh noJKHhie na6niO,nennH ( «nnoxne TO'I­

KII>>) nyreM li3)"'eHHH BJIHHHHHII30lli1pOBaHHbiX TO'IeK. 

CymeCTBeHHhill BKna,n B pa3pa6oncy MeTo,nos HerrapaMerpnqecKoro crna"lKIIBaHnH 

sHecnii M.A. H6parnMOB, E.A.Ha.napaH (Nadaraya E.A.), A.C. HeMnposcKnil:, E. Tiap3eH 

(E. Pmen), E.T. TionHK, M. Po3en6narr (M. Rosenblatt), ,li,JK. Tb!OKII (J.W. Tukey), ,li,JK. 

<l>pimMaH (J.H. Friedman), B. Xap.nne (W. Hardie), A.E. Uhl6aKoB II,npyrne. 

Kpyr 3a,naq, paccMaTPIIBaeMhiX B ,lliiCCepTaUIIII, CBH3aH C pa3p~60TKOH HOBOro IIO,ll­

XO,lla K npo6neMaM KYCO'IHO-llOlliiHOMIIallhHOll anrrpOKCHMaUUII (BKn!O'IaH cnyqail: 

.paBHOOTCTOHIUIIX TO'IeK) n crnaJKIIBaHIIH tPYHKUIIH Ha OTPe3Ke KOHe'IHOH ,nniiHhL Pac­

. CMOTPeHbl BOIIpOChl C03,llaHHH II pa3pa60TKII 3tPtPeKTIIBHhiX MeTO,llOB II anrOpHTMOB 

npii6nnJKeHIIH n crnaJKIIBaHIIH nosepxnoCTeil: n KpiiBhiX B peJKIIMe a.narrTaUIIII. Tipe.n­

noJKeHHhie B ,llliCCepTaUIIII MeTO,llhl MO"lKHO OTHeCTII K 2Jl06__aJlbHblAt Henapwuempu'le· 

CKW'It MemoiJaM c ROKWlbHblM napaMempu'leCKWit c2Jla:J/Cu6aHueAt. 3ToT rro.nxo.n ,naeT 

B03MO"lKHOCTh C03,llaBaTh anropHTMhl o6pa60TKII, OpiieHTHpOBaHHhle Ha CIICTeMbl pe­

anhHOrO BpeMeHU, B TOM 'IIICJie B pe"lKIIMaX IIHtPOpMaUIIOHHOll IIpOXO,llKII (data 

mining). 

llenhJO ,lliiCCePTaUIIOHHOll pa60Thl HBJIHeTCH: 

• AHanii3 rrpenMymeCTB II ne.nocTaTKOB II3BecTHhiX MeTo.nos crnaJKnBaHIIH (rrapa­

MeTpii'IeCKIIX II HenapaMeTpii'IeCKIIX) C TO'IKH 3peHIIH liX 3tPtPeKTIIBHOCTII B paM­

KaX TPe6osmiiiH: cospeMeHHoil: Bhi'IIICJIIITenbHoil: rrpaKTIIKII. 

• TioiiCK nosoro MaTeMaTII'IecKoro arrrrapaTa .lliDI 3tlJ<lJeKTIIBHoro perneHIIH Ja,naq arr­

npoKCIIMaUIIII II crnaJKUBaHIIH KpHBhiX II IIOBepXHOCTeil:, OpHeHTHpOBaHHhiX Ha o6-

pa60TKY "CToxacTII'IeCKnx" .naHHhiX (3a,naqii pacrroJHaBaHIIH KOHTypos, TPeKOBhie 

Ja,na'III, umpposa» o6pa6oTKa ciirnanos n T.n.). 

• 

• 
• 

Pa3pa6oTKa 'IIIcneHHhiX MeTo,nos arrrrpoKcm.iauiiii, crnaJKIIBaHIIH II <PnnhTPaUIIII, 

OCHOBaHHhiX Ha 4-TO'Ie'IHhiX npeo6pa30BaHIIHX II OpiieHTIIpOBaHHhiX Hll pa6oTy B 

peJKIIMe a.narrTaUIIII. 

CoJ,naHIIe anropiiTMOB Ha ocHoBe rronyqeHHhiX MeTo,nos IIHX Ilccne.nosaHne. 

COJ,naHne rrporpaMMHhiX naKeTOB, peanH3YJOIUIIX pa3pa6oTaHHhie anropnTMhi .nnH 

HX npaKTU'IecKoro npuMeneHIIH. 
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Hay•maH HOBU3Ha II npaKTU'IeCKaH UeiiiiOCTb 

B .niiccepTaumr rrpe,nnoJKeH HOBhiil: no.nxo.n K perneHniO Ja,naq anrrpoKCIIMauun n 

crna"lKIIBaHIIH KpUBhiX II IIOBepXHOCTeH. Cyrh 3TOro llO,llXO,lla COCTOIIT B IICIIOJih~ 

30BaHUU n,neU ll3BeCTHOrO B npoeKTUBHOll reOMeTpllll aHrapMOHU'IeCKOrO (,nBOllHOrO, 

CJIO"lKHOrO) OTHOIIIeHUH CHCTeMbl 'leThipex .KOlllliiHeapHbiX TO'IeK ,llJIH nocrpoeHUH IIpH­

MhiX II o6paTHhiX 4-TO'Ie'IHhiX rrpeo6pa30BaHUll Ha,n TO'IKaMII KpliBOll. flpe,nnoJKeH 

CITeUIIallhHhlll anropiiTM Bhi'IIICJieHUH tPYflKUIIll CJIO"lKHOrO OTHOIIIeHIIH II IICCne,noBaHhl 

UX CBOllCTBa. Ha OCHOBe 3TOrO anropiiTMa BIIepBble BBe,nena OIIepaUIIH TIIIIa CBepTKII 

Ha,ll TO'IKaMU KpiiBOH, 3a,llaHHOll tiJopMynoil: UJIII Ta6JIIIUeil:, II UCCne,noBaHbl ee CBOll-
• 

CTBa. Cpe,nn HUX nan6onee Ba"lKHhiMU HBJIHIOTCH: IIOHUJKeHIIe Ha ,llBa CTeiTeHU IIOJIUHO­

Ma, arrrrpOKCIIMIIpYJOIUero KpliBYJO, II KBa,npaTU'IHOe IIO,llaBneHne a.n.llUTIIBHOll OIIIU6-

KU. flpnMeHeHUe 4-TO'Ie'IHOro npeo6pa30BaHUH K CTeiTeHHhiM tPYHKUUHM II03BOJIUJIO 

IIOJI)"'liTh peKyppeHTHYJO tlJopMyny ,llllH IIOCTPOeHUH HOBOrO 6a3UCa B BU,lle MOHO­

CIIJiallHOB CTeiieHU n , B KOTOpOM KOOp,llUHaTbl ,nsyx TO'IeK II3 'leTBepKH UCIIOJih3Y­

IOTCH B Ka'leCTBe HerrpepbiBHhiX-TiapaMeTpOB. Ha OCHOBe 3TOro 6a3UCa pa3pa6oTaHbl 

npOCTbie B Bhi'IIICJieHIIII MeTO,llhl II anropHTMhl crnaJKIIBaHiiH C 3tlJ<lJeKTUBHhiM IIO,llaB­

JieHIIeM ornii6oK II so3MO"lKHOCThiO a.nariTaumx K noKanhnhiM IIJMeHeHnHM tiJopMhi R:pu­

soil: IIJIU IIOBepXHOCTU. 

Cyrh 4-ToqeqHoro rro.nxo.na K crnaJKnBaHHIO cocTOHT U3 TPeX ocnosnhlX. 3Tarros. 

TiepBhill 3Tarr CBH3aH c pacqneHeHneM o6meil: rionnHOMIIanhHOll Mo,nenii na CYMMY 

,nsyx COCTaBllHIOIUUX - tPHKCIIpOBaHHYJO U CB060,llHYJO; B KOTOpOll 'IIICllO rrapaMeTpOB 

MeHhiiie, 'leM B IICXO,llHOll Mo,nenn. _Ha BTOpOM 3Tarre tPOPMYlli!PYeTCH KpiiTepnil: Bhi60-

pa yJJIOB tPHKCUpOBaHHOll COCTaBJIHIOIUell, HCXO,nH Il3 yCJIOBUll yCTOll'IHBOCTII MeTO,na 

K ornn6KaM. Ha TPeTheM 3Tarre no Bhi6paHHhiM yJmiM CTPOHTCH seca .lliDI tPHKCIIposaH:. 

Roil: coc:TasnHIOIUeil:II 6aJnCHhie tPYHKUHII .lliDI cso6o.niioil: cocmBIDIIOIUeil: Mo.nenn. Tio 

cpaBHeHIIIO c TPa.nnunoHHhiMH KJiaccnqecKnMII MeTo.naMII,:;3TOT no.nxo.n TI03BOIDieT 

C03,llaBaTh 3tlJ<lJeKTIIBHhie anropiiTMhi aHanH3a H o6pa60TKH 3aiiiyMneHHhiX ,naHHhiX, 

opneHTnposaHHhie Ha pa6oT.y B pe"lKHMe nocrynneHnH ,naHHhiX B peanbHOM speMenn • 

,lJ,nH JIOKallhHOll rrapaMeTpH3aUHII KpiiBOll Hllll IIOBepXHOCTH npe,nnaraeTCH HCIIOllh-

30BaTh orpaHII'IeHHhlll Ha6op tlJnKcnposaHHhiX (penep 9\) n cso6o,nnhiX ( 0) napa­

MeTpOB. Tipn 3TOM OUeHKII CB060,llHhiX rrapaMeTpOB orrpe,neJUIIOTCH C IICIIOJih30BaHHeM 

penepHhiX TO'IeK nyreM 3tlJ<lJeKTHBHoro rro.nasneHnH ornn6oK. ,lJ,IDI 3Toro npe,nnmKeH 
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eneUHaJlbHblH arrropHTM nocrpoeHHH BeeOBbiX cpYJIKUHH, Ha oeHOBe KOTOporo BBe.[\eHa 

HOBaH onepaUHH Ha.[\ TO'lKaMJI KpliBOH - onepaUHH 4-TO'le'lHbiX, Ullli .[\HeKpeTHblX npo­

eKTJIBHblX npeo6pa30BaHJIH (DPT). 

TipiiMenenJie DPT K nexo.nHbiM (3arnyMJieHHbiM) .nanHbiM II JIX esoiiCTBO no.nasnHTb 

OIIIJI6KH, no3BOllJill0 3aMeTHO ynpoCTHTb Bbl'lHellJITenbHble npoue.nypbl HaXOJK.[\eHHH 

oueHOK eBo60.[\HblX napaMeTpOB, e noene.[\)'IOIUHM HenOllb30BaHHeM 3THX OUeHOK L\llH 

KOppeKUHH "penepHblX napaMeTpOB". .; 

4-TO'le'lHbie npeo6pa30BaHHH OKa3aJIHeb 3cpcpeKTHBHblM MaTeMaTH'leeKHM HHeTpy­

·MeHTOM .nnH pernenJIH 3a.naq npn6nn)KeHHH H erna)KJIBaHHH KpHBbiX II nosepxuocreii. 

HoBbie 6a3HCHbie cpYJIKUHH, nonyqeHHbie c nx noMOIUbiO, JIMeiOT CTJlYKTYPY Mono­

ennaiiuos n-ii cTeneHJI Sn(x;A,L) II MOryT JICnonb30BaTb uenpepbiBHbie napaMeTpbi B 

Ka'leCTBe rpaHH'lHbiX To'leK OTpe3Ka, a pa3nO)Keune !JlYHKUHH f(x)E C[a,b] no 

Sn (x;A, L) .[\aCT paBHOMepnoe paenpe.neneHJie HeBH3KH no BCeMy npoMe)K)'TK)', nOBbl-

rnaeT yeTOH'lHBOeTb BbJqJieneHJIH npH X~ 0 II Ka'leeTBeHHO OTllH'laeTeH OT TeiinopOB­

eKOfO pa3llO)KeHHH cpYJIKUHH B OKpeeTHOCTH TO'IKH x0 • 

flpe.nno)KeHHbie B .[\HeCepTaUHH MCTO.[\bl annpOKCJIMaUHH II erna)KHBaHHH KpHBbiX II 

noBepXHOCTeH n03BOnHIOT e03.[\aBaTb npOCTbie B Bbl'lHClleHHHX H yeTOH'lHBbie K BXO.[\­

HbiM OIIIH6KaM arrrOpHTMbl o6pa60TKH .[\nH perneHJIH npaKTH'leeKHX 3a.[\a'l B pa3llH'l­

HbiX o6nacTHX nayqHbiX IIeene.nosannii II TexuonornqecKnx pa3pa6oToK. Bse.neune 

ynpaBnHIOIUJIX napaMeTpOB B 6a3HeHbie cpYJIKUHH paernnpHCT rpaHHUbl npHMeHeHHSI 

KnaeenqeeKHX MCTO.[\OB II n03BOllHCT pernaTb MHOrHe 3a.[\a'IH B pe)KJIMe pearrbHOro 

BpeMeHJI. 3TH Ka'leCTBa BeebMa aKT)'aJibHbl KaK .ztnH arrropHTMOB 6bieTpOfO npe.nsapH­

TellbHOfO aHaJIH3a B eHCTeMaX o6pa60TKH 6onbiiiHX nOTOKOB 3KCnepnMeHTaJlbHbiX 

.[\aHHbiX, TaK II B eJICTeMaX H.[\eHTHcpHKaUHH CTaTH'leeKHX XapaKTepHCTJIK TeXHOllOfH-

- 'leCKHX 06'beKTOB HllH npoueeCOB, cpYJIKUHOHHp)'IOIUHX B pa3llH'lHbiX pe)KJIMaX (3a.naqa 

Kyeo'IHOH annpOKeHMaUHH enO)KHbiX 3aBHCHMOCTeii*). 

Oco6YIO aKT)'aJibHOCTb npe.nno)KeHHbie MeTOL\bi MOf)'T naiiTH B 3a.naqax ynpasne­

HHH LlliHaMn'leeKJIMJI o6'beKTaMn··. KaK npaBJino, H~Hbiii 3aKoH ynpasnennH L\IIHa­

MH'leeKJIM o6'beKTOM OTbiC~JIBaeTeH a.nanTJIBHbiM perynHTOpOM B npoueeee ero pa6o-

• A.A. }:{opo4JeiOK, A.f. ,IJ,M111peea. MeTOJlhl KYCO'!Hoii annpoKCIIMal.lllll MHOroMepHbiX KpiiBbiX. ABTO­
MaTIIKa II TeneMeXaHIIKa, 12, 1984 r. 
"B.H. <l>OMIIH 11 Jlp. AJlanTIIBHOe ynpaaneHIIe JliiHaMII'IeCKIIMII o6beKTaMu, M., HayKa, 1981 r. 
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Tbl no peaKUHHM 06beKTa Ha no.naHHble ynpaBnHIOIUHe B03.[\eHCTBHH, T.e. eneTeMa 

a.nanTHpyeTeH B yenOBHHX, KOf.[\a pHL\ eymeCTBeHHbiX napaMeTpOB H cpaKTOpOB, onpe­

.nenHIOIUIIX ee nose.neHIIe, Heii3BeCTHbl. flpHMeP.eHHe epe.nCTB Bbl'lHenHTenbHOH TeX­

HHKH e03.[\aeT 6onbiiiHe B03MO)KH0eTII .[\llH peaJIH3aUllll pa3llll'lHbiX arrropHTMOB a.nan­

TaW!ll, oeuosaHHbie ua MeTo.nax annpoKen~t~aunu II erna)KnBaHIIH. TaKoro po.na 3a.naqn 

B03HliKaiOT np11 perneHIIH pH.na npo6neM aBHaUliOHHOH H KOeMH'leCKOH TeXHIIKII, B 3a­

.[\a'laX ynpasnennH Texuonorn'leeKnMJI npoueeeaMn, B asToMaTn3nposaHHbiX eucre­

Max ynpaBneHHH B pa3llll'lHbiX OTpaenHX. 06bi'IHO 3Ha'leHHH eymeCTBeHHbiX napaMeT­

poB Heli3BeeTHhl ll B JaKone ynpasneHIIH 06!-eKTOM BMeCTO TO'lllb!X 3Ha'leHliH eymeCT­

BeHHblX napaMeTpOB HellOllb3)'10TeH HX "npn6nn)KeHHbie" 3Ha'leHIIH, nonyqaeMble TeM 

nnn HHhiM enoco6oM. Tipn TaKOM no.nxo.ne K Ja.na'laM a.nanTauuu sonpoe o nonyqeunu 

"npn6nn)KeHHbiX" 3Ha'leHliH HeliJBeeTHbiX napaMeTpOB eTaHOBHTCH UeHTpaJlbHbiM. 

MeTOL\bl n anropnTMhi, nonyqeuubie B .nnccepTaunn, Moryr 6biTh npnMeHeHbl npu 

enHTe3e a.nanTHBHbiX CHCTeM, HanpnMep, B peKyppeHTHbiX npoue.nypax llOKaJlbHOfO 

a.nanTIIBHoro nporu03a unn .nnH onpe.neneniiH MHHnMyMa cpYJIKUHH no ee JHa'leHnHM, 

Ha6niO.[\aeMbiM B yenOBHHX enyqaHHb!X llOM~X. 

B npiiKna.nHhiX 3a.naqax cpYJIKUIIH qacTo 3a.naiOTeH ue cpopMynoii, a e noMOIUbiO Ka­

Koro-nn6o Bhi'liieniiTenhHoro npoueeea. Hanpi1~ep7 cpYJIKUIIII Mor)'T HBnHTbeH pe3ynb­

TaTOM 'lncneuuoro nuTerpuposaHIIH .nucpcpepenuiianhnoro ypasuennH na 3a.nanHOM 

0Tpe3Ke llllll )Ke }~bl'liiellHTbeH no enO)KHOH HTepaUIIOHHOH exeMe II T.n. 3na'leHltH Ta­

KIIX cpYJIKUIIH I13BeCTHbl C 3a.[\aHHOH TO'lHOeThiO, 0.[\HaKO IIX HBHbiH BHL\ 3apaHee He H3-

BeCTeH, TaK )Ke, KaK H IIX o6mne eBOHCTBa. Bee onepaUIIH II~.[\ TaKIIMH cpYJIKUHHMH 

MOryT BbmonnHTbeH ionbKO nocpe.neTBOM Bbi'liiC~eHIIH 3Ha~~uuii e~Moii «PYHKUHH. 

Eonee cnO)KHhie enTyaunu B03HnKaiOT npn o6pa6oTKe 3MnnpnqecKnx .nanHhiX, nony- · .. \. 

'laeMb!X B H3MepeHHHX npn HaJIH'lHH llOCTOpOHHHX III)'MOB, HanpnMep, B enCTeMaX 

aBTOMaTII'leCKOH o6pa60TKH KOHTyPHhiX H306pa)KeHIIH, B CH~TeMaX a.nanTHBHOfO yn­

pasneHHH .[\HHaMH'leCKHMH 06beKTaMH, npn UHcppOBOH o6pa6oTKe CllfH<lliOB ll T.n. 

AHaJIH3 .[\aHHb!X B TaKHX CHeTeMaX B OCHOBHOM BhlllOniiHeTeH B pe)KHMe peanbHOfO 

BpeMeHH, npn KOTOpOM eymeCTB)'IOT )KeCTKHe orpaHH'leHHH ll npOTHBOpe'IHBh!e Tpe-

6oBaHHH K anropnTMaM o6pa6oTKH. TaKm! anropnTMhi .non)KHbi o6ecne'lnBaTb 3a.nau­

H)'IO TO'lHOCTb H Bb!COK)'IO eKOpOCTb Bbl'lHeneHHH napaMeTpOB npn orpaHH'leHllb!X pe­

eypeaX naMHTH H 6b!Tb )'CTOH'll!Bb!MH K cpony H OIIIH6KaM. 3TH Tpe6oBaHHH cymeCT­

BeHHO orpaHH'lHBaiOT llpHMeHeHne Knaeeii'leCKHX MeTO.[\OB a.nimTHBHOH cpHllbTpaUHH, 
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HaiipHMep peKypCHBHOro anropHTMa HaHMCHhlllHX KBa.npaTOB · (PHK) BhiCOKOrO IIO­

p}!.[{Ka llnH OIITHMaJihHOfO KaJIMaHOBCKOfO OUCHHBaHH}! H3-3a HX Bhi'IHCJIHTCJihHOH 

CJIOJKHOCTH H HCYCTOH'IHBOCTH. MeTO.[{hi, OCHOBaHHhiC Ha 4-TO'IC'IHhiX rrpeo6pa30Ba­

Hlf}!X, IIOBhilllaiOT 3lf>lf>eKTHBHOCTh CfJiaJKHBaiOIUHX aJirOpHTMOB IIO TaKHM rrapaMeT­

paM, KaK 6bl'lUCJIUmeJlbHWl CJIO:>ICHOCmb, mO'lHOCmb, ycmOU'lUBOCmb K oum6Ka.M U 

aiJanmUBHOCmb. 3TH Ka'ICCTBCHHhiC xapaKTepHCTHKH o6ecrre'IHBaiOTC}! 3a C'leT nOHU­

:>!CeHUR cmeneHU nOllUHO.MOB, pa6HOMepH020'pacnpeiJeJleHUR 0Ul!I60K annpOKCW.taijUU, 

penepHoii npuemKu K Kpueoii, napaJitempu3aijuu 6a3UCHblX pyHKl/UU, 3pr/JeKmueHozo 

nooaBJleHUR 6XOOHblX otuu6oK ll 6blCOKOU CKOpocmu CXOOW.tocmu npoijecca doanma­

ijUU, KOTOpa}! COCTaBAAeT O(n-3
). lhBeCTHO, 'ITO TeOpeTH'IeCKa}! CKOpOCTh CXO.[{HMOC­

TH B MeTO.[{aX CTOXaCTH'ICCKOH arrrrpOKCHMaUHH He rrpeBbilllaeT O(n-1} *. 

Pa6oTocrroco6HOCTh MeTo.nos n anropnTMOB, rrpe.nnoJKeHHhiX B .nnccepTaunn, 6hma 

rrposepena rrpn o6pa6oTKe peanbHhiX .naHHhiX co crreKTPOMeTpa Epsilon (JIH<l>, 011-

.5111}, a TaKJKe IIOKa3aHa Ha Bbi60pKaX ,[{aHHhiX, MaKCHMaJlhHO MO.[{eJIHpYJOIUHX peaJib­

Hhie. Bh!'IHCJIHTCJihHhie 3KcrrepnMeHThi Ha pa3JIH'IHhiX Mo.neJihHhiX rrpnMepax n rrpn 

o6pa60TKe peanbHhiX ,[{aHHhiX IIOKa3aJIH BhiCOKYJO 3clJclJeKTHBHOCTh B IIJiaHe KOHKy­

peHTHOCIIO.C06HOCTH H3BeCTHhiM HerrapaMeTpH'IeCKHM CrJiaJKHBaiOIUHM anropHTMaM. 

3TO IIO.[{TBeplK.[{eHO rrporpaMMHO rryreM cpaBHeHH}! pe3yJihTaTOB o6pa60TKH O.[{HHX H 

Tex JKe Hhi6opoK ,naHHhiX pa3JIH'IHhiMH rrpo11e.nypaMn crnaJKnBaHH}!, TaKHMH, KaK Su­

persmomher, Kernel, Loess, Spline H3 cTarnCTn'lecKoro rraKeTa S-PLUS n rrpoue­

.nypaMn neiisJieTHoro aHannJa (WP A) H3 rraKeTa Matlab. 

Ha 3aiiiHTY Bbi!lBHraroTcH CJie!lyromue pe3yJJbTaTbi: 

1. llpe.[{JIOJKeH HOBhiH 4-TO'Ie'IHhiH IIO,llXO.[{ K pellleHHIO 3a,naq arrrrpOKCHMaUHH II 

Cl'JiaJKIIBaHlf}! KpHBhiX If IIOBepXHOCTeH, B paMKaX KOTOporo BIIepBhie: 

• Bse.neHa orrepalllf}! 4-TO'Ie'IHoro rrpeo6pa3oBaHH}!. 

• IJonyqeHa peKyppeHTH3}! clJopMyJia .[{Jl}! IIOCTpOeHHH IIOJIHHOMOB paBHO­

MepHOro IIpii6JIHJKeHIIH, 3aBHCHIIIlfX OT HeiipepbiBHhiX rrapaMeTpOB. 

• COJ.naH HOBhiH KJiacc a.narrTIIBHhiX rrpoeKTHBHhiX lf>IIJihTpOB .llAA o6napYJKe­

HHH ll paCII03HaBaHH}! TpeKOBhiX CerMeHTOB. 

• _M.T. Ba:J<m. CToxaCTWieCKaJI annpoKCHMaUHJI, M., MHp,l972. 
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" Pa1pa6omn MeTO.ll HerrpepbiBHoii rrapaMeTpH3aiiiiii lf>YHKUHfi KoopmmaTaMH 

onopHbiX TO'IeK. Ha OCHOBe 3TOfO MeTO,[{a: 

• IJocTpOena rrapaMeTpH'ICCK3}! MO.[{':!Jlh JIOKaJlhHOro TpeXTO'Ie'IHOro Ky6n­

qecKOro crrnafina c O.[{HHM cso6o.[{HhiM rrapaMeTpOM. 

• IJpoBe,n:eHO cpaBHeHHe TO'IHOCTH II~m6JIHJKeHJIH OCHOBHhiX 3JieMCHTapHbiX 

H TpnroHOMeTpH'IeCKHX lf>YHKIIHH B 6a3IICe Sn(x;A.,L) c ,n:po6nommeiiHhi­

MH IIpH6JIHJKeHH}!Mlf IJa,ne ll MHOro'IJieHaMH lJ:e6biiiieBa. 

• IJOCTpOeHa mipaMeTpH'IeCK3}! 6nKy6n'leCK3}! MO,!l;eJib JIOKaJlhHOro 11pH6JIH­

JKeHH}! H CrJiaJKUBaHlf}! IIOBepXHOCTeH C perrepHOH IIpHB}!3KOH. 

3. C IlOMOIUhiO 4-TO'Ie'IHhiX rrpeo6pa30Ba!IHH C03,!1;aHbi 3clJclJeKTHBHhiC anropHTMhl 

:toKaJihHhiX Ky6nqecKHX crnaJKHBaTenefi LOCUS H LOCUS-P c peKyppeHTHhiM 

Bbl'lliCJieHHeM rrapaMeTpa ll 3clJclJeKTHBHhiM IIO,!J;aBJieHIIeM OIIIH60K, B KOTOpbiX: 

• IJpe,llJIOJKeH peKyppeHTHhiH MeTO,!l; Bhi'IHCJieHHH IlO rrapaMerpaM OlleHKll 

CB060,n:Horo K03clJclJliUHeHTa Ky6ifqecKOH MO,!l;eJIU. 

• IJonyqeH K03clJcPHIIHeHT ycuneHlf}!, 3aBlfC}!IIIlfH OT napaMeTpOB ll o6ecrre'IH­

BaiOIUlfH CKOpOCTb CXO,!l;lfMOCTH He XYJKe O(n-3
). 

4. npose,n:eHO cpaBHeHne pe3yJihTaTOB :::maJKHBaHll}! LOCUS'oM u, cospeMeii­

Hb!Mll MeTO.D:aMII nerrapaMeTpnqecKoro cmaJKHBaHnH (Supersmoother. Kernel. 

Loess, Spline), BKJIIO'I3}! MeTO.llhi seiiBJieTHoro anann1a. 

5. COJ,n:aH naKeT npnKJia,nHhiX nporpaMM .llAA arrnpoKCHMaiiHH n cmaJKHBaHHH 

nosepxHocTeii (cpe,n:a Maple) II Mo,nyJih .llAA cm~nsaHHH JKcnepnMen-
, . 

TaJibHhiX ,n:aHHhiX (cpe.na Delphi) B rrporpaMMHOM KOMIIJieKceno onmMaJihHOii 

HacrpoiiKe ,neTeKTopos (cneKipoMeTp Epsilon). 

Peam11aunH pelyJJbTaTOB pa6oTbl 

Pa6ora BbiiiOJIHeHa B COOTBeTCTBlflf C IIJiaHOM HayqHhiX,pa6oT 06be.[{liHCHHOfO HH­

CTHTYTa H.llCpHbiX HCCJie,llOBaHHH ll Jla6opaTOpHH nnclJopMaiiHOHHbiX TCXHOJIOfHH. 

TeopeTH'IecKne n npaKTn'lecKue pe3yJihTaThi pa6oThi nonyqunn Hayqnoe npn1naHue­

Ha HHX HMCIOTCH CChiJIKU B OTe'leCTBeHHhiX If 3apy6eJKHhiX pa6oTax, IlOCBHIUCHHbiX 

,llaHHOH TeMaTUKe. Pa60Tbl aBTOpaCTHMYJIHpOBaJlll HOBbie HCCJie,!l;OBaHHH llpyntx yqe-

• 
llblX, IlOCBHIUeHHble UCIIOJib30BaHHIO rrpe,llJIOJKeHHhiX MeTO,llOB • 

• Cs. Torok. 4-Point transfonns and approximation, Comput. Phys. Commun. 125 (2000). 154-166. 
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Ha OCHOBe npeMOJKeHHbiX B .D;HCCepTaiJHH MeTO.D;OB ·u 3JirOpHTMOB C03,D;aH npo­

rpaMMHbiH naKeT B cpe.n;e Maple 6 .lUUI 6m<y6uqecKoii annpoKCHMaiJHH u crnaJKHBaHH.H 

nosepX:HoCTeii (UBC library Windows). Co3.n;aH u sse.n;en B 3KcnnyaTaiJHIO npor­

paMMHbiii 6JIOK CrJiaJKHBaHHH (Delphi 5) MH nporpaMMHOro KOMnJieKCa OnTHM3JibHOH 

HaCTpoiiR:u ,n;eTeKTopos cneKTPOMCTpa Epsilon (JIHCI>, 0115111). 

AnpooagnH paooTbl 
..; 

MaTepu31Ihi .n;IIccepTaiJIIII .n;oKJia.n;biB3JIIICb na IIIKone !lJI13uqecKoro !lJaKynhTeTa 

MrY (KpacHOBII.n;oso, I989), Ha MeJK.n;ynapo.n;HoM cosemaHuu no nporpaMMIIposa-

HIIIO II MaTeMaTIIqeCKIIM MeTO,D;aM peiiieHIIH lPH3HqecKIIX 3a,n;aq (r . .IJ:y6Ha, I993), Ha 

I7-ii MeJK.n;ynapo.n;Hoii KoH!lJepeHIJHII no .H,n;epHbiM TPeKaM B TBep.n;biX Tenax (r . .IJ:y6Ha, 

I994), Ha MeJK.n;ynapO.D;HOH KOH!lJepeHIJHH no MaTeMaTWieCKOMY MO,D;eJIHpOBaHHIO II 

KOMnbiOTepHbiM MeTO,D;aM B lPI13IIKe (r . .IJ:y6na, I996), Ha KOH!lJepeHIJHH "l.JucneHHbie 

MeTO.D;bl II BbJqiiCJIIITeJibHa.H MeXaHHKa B HaYKe II HHJKeHepHII" (r. MIIIIIKOJibiJ, I996, 

BeHrpii.H), Ha I-ii II 2-ii MeJK.n;ynapo.n;HhiX KoH!lJepeHIJII.HX no aKTY3JihHhiM npo6neMaM 

BbJqiiCJIIITeJibHOH lPI13HKII (r . .IJ:y6Ha, I998, 2000), Ha CeMHHape OT,D;ena MeTO.D;OB He­

JIIIHeHHOrO aH3JIII3a BbJqiicnuTeJibHoro U:enTPa P AH (2000), B 11HCTIITYTe MaTeMaTII­

qecKoro Mo.n;eniiposaHII.H P AH (2000), na Ka!lJe.n;pe MaTeMaTIIKII CTPOIITeJihnoro !lJa­

KYJibTeTa TexHIIqecKoro YnusepciiTeTa B r. KoiiiiiiJe (CnosaKII.H, 200I), a TaKJKe na 

p.H.n;e ceMIIHapos II pa6oqiix cosemaniiii !lJI13IIqecKux rpynn B na6opaTopu.Hx 0115111 

(JIB3, JICI>l.J, JIHCI>, JUIII, JIBTA-JIHT). Pa6oTbi no MeTo.n;aM aH3JIII3a II o6pa6oTKII 

TPeKosoii IIH!lJopMaiJIIII .n;oKJia.D;biB3JIHCh na Xlll IIIKone no aBTOMaTu3aiJIIII nayqnhiX 
. ' 

Ilccne.n;osaniiii AH CCCP (r. Kpacno.HpcK, I980), na I-ii Bcecoi03Hoii Kon!lJepeHIJHH 

no aBTOMaTIIqecKIIM CIICTeMaM o6pa6oTKII Il3o6paJKeHIIH (r. 3seniiropo.n;, I983), na 

22-ii 11 23-ii MeJK.n;ynapo.n;HhiX Kon!lJepeHIJII.HX no lPI13IIKe BhiCOKHX 3Heprnii (Poqe­

CTepCKIIe KOH!lJepeHIJIIH) (JieiiniJIIr, I984 II EepKJIII, I986). 

IlporpaMMHhiii naKeT .lUUI cmaJKIIBaHII.H nosepxnoCTeii 6IIKy6uqecKoii Mo.n;enhiO c 

IICnOJih30BaHHeM penepHbiX ToqeK .D;OCTyneH nOJib30BaTeJIHM Ha ftp cepsepe ftp.tuke.sk 

Il3 .n;npeKTopiiii /pub/doc/maple/ubc (TexHIIqecKIIii yHIIBepCHTeT, KoiiiiiiJe, Cnosa­

KII.H). Ilo.n;po6noe OniiCaHHe nporpaMMhl MOIKHO HaHTII Ha caiiTe JIJIT, 0lUJ11-

http://cv. Hnr.ru/-tsap/Koi/jinrlib/X w009.htm . 
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lly6miKagnn. OcHOBHoii MaTepn31I .n;uccepTaiJIIH ony6nnKoBaH B I5 pa6oTax. Il.HTh 

Il3 HHX HallHCaHbl C COaBTOpaMH. JluqlJbiH BKJia.n; aBTOpa B 3THX pa6oTax CJie.D;YJOIIJHH:' 

[6), [9)- pa3pa6oTKa MeTO.D;HKH II C03,D;aHHe 3JirOpHTMa; 

[7] - MeTo.n;uKa npnMeHeHnH Allct> n ux peanuJaiJn.H; 

[ 11] - pa3pa6oTKa 6nKy6uqecKoii Mo.n;emr u yqacTne B nporpaMMHoii pe31In3aiJnn; · 

[15]- cm.n;aHne 3JiropHTMa crnaJKnsaHIIH II ero nporpaMMHaH peanu3aiJII.H. 

CTpyKTypa II OObel\1 pa60Thl. .lJ:uccepTaiJIIll COCTOIIT Il3 BBe.n;eHIIll, n.HTII rJiaB II .D;Byx 

npHJIOJKeHIIH. 06IIJHH 06beM pa60Tbl COCTaBJilleT 2II CTpaHIIIJ, Il3 HHX I85 CTPaHIIIJ 

OCHOBHOrO TeKCTa, BKJIJOqaH 65 pHCyHKOB .U 6 Ta6JIIIIJ. CniiCOK Jll!TepaTypbi BKJIJOqaeT 

109 HaiiMeHOBaHHH. 

CO.IJ:EPJKAHI1E PAiiOThl 

Bo Bne.aemm .n;aeTCH o6ocnosaHue aKTy3JihHOCTH TeMhi u c!lJopMynuposaHbi oc­

HOBHbie IJeJIII .n;uccepTaiJHOHHoii pa6oTbi . .IJ:ano KpaTKoe co.n;epJKaHne .n;uccepTaiJUH· c 

OllHCaHIIeM ee OCHOBHbiX pe3yJihTaTOB. 

B nepnou rnane .n;nccepTaiJnii .n;aeTc.H KpaTKuii o63op ocHOBHbiX npo6neM, CBH3aH­

HhiX c npiiMenenneM KnaccnqecKHX MeTo.n;os n no.n;xo.n;os K annpoKcuMaiJIIII n crna­

JKIIBaHIIIO !lJynKIJnii (KpiiBbiX). OTMeqaJOTCll IIIHpoKo H3BeCTHbie npo6neMbi TeopiiH II 

npaKTIIKH npiiMeHeHHH MeTO.D;OB llOJIIIHOMllaJibHOll annpOKCHMaiJIIll lPYJIKUHH, _ cpe.n;II 

KOTOpblX Haii6onee qaCTO ynOMIIHaiOTC.H: HeyCTOHqHBOCTh onepaUHH IIHTepnOJIHUIIH, 

npOI13BO,D;HOH II pa3HOCTHbiX CXeM K cnyqaHHbiM Olliii6KaM; HepaBHOMepHOe npH6JIH­

JKeHHe na oTpe3Ke (pa3JIOJKenne ilo Teiinopy); nnoxne annpoKcnMaunonnhie KaqecTsa 

nonunoMos; cneunanhHhiii BbJ6op YJJIOBbiX ToqeK (MHoroqnenbi l.Je6biiiiesa); TPY.D:O­

eMKOCTh BbJqncnennii Ko34J4Jnune~TOB pasnoMepnoro npn6nuJKeHnH; HaKonnenne 

oum6oK u npo6neMbi nnoxoii o6ycnosnennocTn MalJlHU nopMaJibHbiX .ypasnenuii B 

MeTo.n;e nanMeHhiiinx KBa.n;paToB (MHK); paBHOOTCTOHIIJne ToqKu npu nonunoMH3Jih­

noii UHTepnonHunu (npnMep Pynre); cnyqaiinoe pacnpe.ne?Jenue ToqeK na OTPeJKe 

(noTep.H OT,D;eJibHbiX TOqeK); llaJIUque lPOHOBbiX ToqeK U npo6neMa yCToifqnBOCTU Me­

TO.D;OB CrJiaJKIIBaHIIH K "nnOXHM" TOqKaM (po6aCTHOCTh); Hey,n;aqHbiH Bbi60p 6a3UCHbiX 

lPYJIKUIIH U YJJIOB; CJIOIKHOCTb ynpaBJieHHll BbJqHCJIHTeJihHbiM npoueCCOM; H3MepH­

TeJibHhle OIIIH6KU; HaKonnenne OIIIH60K U orpannqem~OCTh pa3p.H,nHOll CeTKH 3BM. C 

yqeTOM 3THX npo6neM, 3a,D;aqa llOHCKa HOBbiX llO.D;XO.D;OB, npOCTblX H ycToiiqHBbiX B 

BbJqllcJieHHliX MeTO,D;OB H 3JirOpHTMOB crJiaJKHBaHH.H, OpUeHTHpOBaHHbiX, npeJK.n;e BCe­

ro na pernenne Ja.n;aq cnCTeM peanbnoro speMenn, secbMa aKTY3Jihi-ta. 06 3TOM TaKJKe 
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CBH,lleTeJibCTBYCT HHTCHCHBHbie HCCJIC,llOBaHJiji no npo6JieMaM annpOKCHMaiiHH H 

crnaJKHBaHHH !flJHKIIHH, npOBO,llHMbie B TelJCHHe nocJie,llHHX .llCCjiTJiJICTHH. KJiaCCH"'e­

CKJie MeTO,llbi CrJiaJKHBaHJiji, TaKUe KaK, MCTO,ll CnJiaHHOB, peKypCHBHhiH MCTO,ll HaU­

MCHblliUX KBa,llpaTOB (PHK) BbiCOKOro TIOpji,llKa, KaJIMaHOBCKaH !fluJibTpaiiHH II .npyrue 

o6na.naiOT 60JiblliOH BbilJHCJIHTeJibHOH CJIOJKHOCTbiO H HeycTOH"'HBOCTbiO, oco6eHHO 

npn crmtJKUBaHun .naHHbiX, ucKaJKeHHbiX OIII~6KaMn. OpueHTaiiHj{ MeTO.llOB crnaJKu-

~"' BaHHH ,ll."UI pa60Tbi B peJKHMe peaJibHOro BpeMeHU npe,ll'hHBJIHeT HOBbie, lJaCTO npo-

THBOpe"'HBbie TpefiOBaHHH H OrpaHHlJCHHH. 3TH MeTO,llbi ,llOJIJKHbi o6ecnelJHBaTb yc­

TOHlJHBOCTb K C!IYlJaHHbiM OIIIHfiKaM, a,llaTITHpyeMOCTb K BXO/{HOH HH!flOpMaiiHH H Bhi­

COKyiD C!WpOCTb o6pa60TKH OrpOMHbiX nOTOKOB ,llaHHbiX npH orpaHHlJeHHbiX pecypcax 

naMHTJI. 3a)lalJH C TaKHMH TpefiOBaHJijiMJi B03HHKaiOT nOBCeMeCTHO, HanpHMep, B 3KC­

nepHMCHTaJibHOH H,llepHOH !flH3UKe, B CHCTeMaX pacn03HaBaHHH H !flHJibTpaiiHH, B 3a­

,llalJaX yrrpaBJICHUH TeXHOJIOrH"'eCKUMH npOIIeCCaMH, npH IIH!flpoBOH o6pa60TKe CHrHa­

JIOB, B npH6JIHJKeHHbiX BbllJHCJieHHHX H T.n. 

B KalJeCTBe npHMepa TaKux Ja.naq yrroMUHaiOTCH TpeKOBbie Ja.naqu B 3KcnepuMeHTax 

no uccne.noBaHnro B3aHMo.neiicTBHii 3JieMeHTapHbiX lJaCTHII (n. 1.2.1). HapH/lY c .npy­

ruMu pa60TaMH B 3TOH 06JiaCTU yrrOMHHaiOTCH pafiOTbl, BbiTIOJIHCHHbie~aBTOpOM B 

npOIICCCf' pa3pafiOTKU · H C03,llaHUH CUCTeMhi MaTeMaTHlJeCKOro o6ecnelJCHJiji ,llJIH Mac­

COBbiX llC:MepeHUH CHUMKOB C yCTaHOBKH 5-MeTpOBOro MarHHTHOrO HCKpOBOrO cneK­

TpOMe'T{m OIUUI (MHC-5). 3m CHCTeMa o6ecnequna pacnoJHaBaHHe n o6pa6oTKY 

TpeKOBbiX H306paJKeHHH B aBTOMaTUlJeCKOM peJKHMe B TipOIICCCe nOTOlJHbiX U3Mepe­

HJIH CHHMKOB Ha CKannpyromeM aBTOMaTe HPD (OKOJIO 5xl05 CHUMKOB). Ha OCHOBe 

nocne.nyiomeii o6pa6oTKH pe3yJibTaToB 3TUX U3Mepennii !flu3nKaMu 6bm o6HapYJKeH 

HOBbiH Pf'30HaHc- B036YJK)leHHOe COCTOHHHe TIHOHa*, nonyqeHbl HOBbie ,llaHHbie B o6-

JiaCTU $H3UKH 3JieMeHTapHbiX "'aCTJIII••. 

. B II. 1.3 ,llaeTCH KpaTKUH o63op OCHOBHbiX MeTO,llOB crnaJKJIBaHHH B o6naCTH npn­

KJla,llHOH HenapaMeTplllJCCKOH perpeCCUH - 6ypHO pa3BHBaromerOCH HanpaBJICHHH B 

o6naCTu •::TaTHCTUKH. K HenapaMeTpHlJCCKJIM MeTO,llaM OTHOCHTCH Jl,llepHOe crnaJKU­

BaHue, OI(eHKH k -6JIHJKaHIIIUX COCel{CH, OIIeHKH OpTOrOHaJibHhiX pa3JIOJKeHUH, crna­

JKUBaHue cnnaiinaMn n .up. B pa3,lle.JJe 1.4 JI3JIOJKeHbl ocHOBHM n.nej{ n MeTO.llbi Beiia-

• lluci.Ma a DT<l>, T. 34 {9), 1981, c. 511. 
•• Europhysics Letters, 4 {9), 1987, p. 978. 
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nerHoro aHannJa, o6na.naromne ycroii"'HBOCTbiO u BbiCOKHMH TO"'HOCTHbiMH xapaKTe­

pncTHKaMn. 0.nHaKO 3TH MeTO,llbi He OnTHMU3HpOBaHbi no CKOpOCTJI BbilJUCJieHUH ll 

06'beMy UCnOJib3yeMbiX pecypCOB. flpHMepbi pe3yJibTaTOB CrnaJKUBaHUji ,llaHHbiX C no­

MOIIIbiO BCHBJICTOB II cpaBHCHUe HX C pe3yJibTaTal\m 4-TO"'elJHOrO CrJiaJKJIBaHUH npu- · 

BOMTCji B lJeTBepTOH rnaae (n. 4.3). 

BTopaH rnana .nnccepTaiiHH nocBHIIIeHa H3JIOJKeHmo HOBoro no.nxo.na K pa3pa6oTKe 

MeTO,llOB annpOKCHMaiiUU H CrJiaJKUBaHHH !flJHKIIHH f(x) E C[a,b] C l!CnOJib30BaHJICM 

!flnKcnpoBaHHbiX TO"'eK Kpnaoii (penepnoii npnBH3Ku). TaKoii no.nxo.n noJBOJIHeT uc­

noJib3oBaTb penepHbie TOlJKU KpUBOH B KalJeCTBe napaMeTpOB annpOKCUMaHTbl, "'TO 

,llaeT HOBbie B03MOJKHOCTU ,llJIH peaJIU3aiiHU peJKUMa a.nanTaiiUU B anropHTMaX npu6-

JIUJKeHHH II crnaJKUBaHUH !flJHKIIUH, OC06eHHO npu HaJIU"'HU TIOCTOpOHHUX IIIJMOB. 

J{JIH 3TOrO BBO,llUTCji HOBOe npeo6pa30BaHUe TO"'eK KpHBOH, OCHOBaHHOe Ha U,llee U3-

BCCTHOrD B . npoeKTHBHOH reOMeTpliii ~(,>HHOro OTHOIIIeHUH "'eThlpex TOlJeK; HaJbl­

aaeMbiX .nanee 4-TO"'elJHhi~U, UJIH. ,llllCKp~biMU npoeKTUBHbiMU npeo6pa30BalfUH_MJI 

(DPT- Discrete Projective TranSform{ltions). . 

Ocnonnu l!enb BBe.nenmr i.ucnx npeo6pa:JoaaHuii. nepaona"'aJiblto . 3ai<J:rroqanai:i. s 
• ' • ' • ••• • • ~ • • ··, • • •• , ' < ' ' ... : 

nOCTpOeHUU MaTeMaTHlJeCKOrO annapaTa ,llJIH yrrpomeHUH reOMeTpU"'CCKOH !flopMhl 

Kpuaoii. O.nHaKo ucnorrb30aanue · penepHoii npnBH3KH K KpUBoii n anrapMoHn"'ecKux 

OTHOIIICHUH "'eTbipex TOlJeK ("'eTBepTOH BbiCTyrraer TeKYIIIM TO"'I\a) n03BOJIHJIO norry­

lJHTb npOCTOH anropUTM BbllJUCJICHUH BeCOBbiX !flJHKIIHH, napaMeTpH30BaHHbi.X a6c­

IIHCCaMU 3TOH lJeTBepKH, H TIOCTpOUTb MO,llCJib, B KOTOpOH II Op,llllHaTbl onopHbiX TO"'CK 

BXO,llHT napaMeTpaMU. TaKM KOHC1J>JKIIHH 06Jia,llaeT 60JibllldH rH6KOCThiO npu o6pa-

60TKe 3MnHpH"'eCKHX ,llaHHhiX, TaK ~aK HalJaJibHbie. 3HalJeHUH napaMeTpOB MOJKHO Bbl-

6upaTb U3 CaMUX ,llaHHbiX, "'TO ofiecne"'l!BaeT 6biCTp)'l9 npHBH3KY MO,lleJIU K Ha6JIIO,lle­

HHHM. KpoMe Toro, ucnorrb3oaanne onopnbiX TO"'eK noBbiiiiaer yCToH"'HBOCTb Bbi"'HC­

rreHuii K CJiyqaHHbiM OIIIHfiKaM. 

<I>YHKIIHH .naoiinoro (cnoJKnoro, anrapMOHUlJecKoro) OTHOIIIeHUH urru CR-IflYHKIIHH 

(OT cross-ratio) "'eTbipex TOlJeK npHMOH (BeCOBbie !flJHKIIUU npeo6pa30BaHHH) Haxo­

MTCH no crre.nyromeMy anropuTMy: 

[13] [23] 
(
241

: (1
4
), r)le [a,B ]=xp -X a, X a"' Xp. (1) 

3TOT anropUTM OTJIUlJaeTCH OT KJiaCCUlJCCKOrO Bhi60pOM TIOpH,llKa TO"'CK. flpu !fluK­

CHpOBaHHU nepBOH TOlJKH B KJiaCCUlJeCKOM CJiyqae TIOJiyqaeM IIIeCTb pa3!1HlJHbiX !flJHK­

ll 



UIIH,llBOiiHoro OTHOIIIeHWI, npii'IeM IIX npoiiJBe,lleHIIe pasiio 1. B anropiiTMe (1) nmm­

JUIIOTCH nonapHo cosna.uarom:IIe IPYHKUIIII, II B peJynhTaTe Mhi nonyqaeM TOJihKO TPII 

paJJIII'IHble CR-IflYHKUHH P;.i = 1,2,3, npii'leM OHII IIMeiOT eCTecTBeHHYJO HopMIIpos­

KY· TllK KaK nx CYMMa pasHa 1. KaK IIJBeCTHO, cno:amoe OTHoiiieHIIe 'leThipex To'leK 

HBJUieTCH npoeKTIIBHhiM HHBapiiaHTOM •. K. llhay.uT HaJhiBan ifJYHKUIIII .usoiiHoro OT­

HOIIIeHIIH eypr/Jw.tu (oT wurf - 6pocoK, HeAt.). <l>eniiKC KneiiH OTMe'lan lflYH.ua-

-"' MeHTaJlhHYJO pOJih ,llBOHHOrO OTHOIIIeHIIH. CIICTeMbl TO'leK OH OTHOCIIJI KO BTOpOMy 

npHHQIIny B reoMerpii'IeCKIIX IICCJie,llOBaHIIHX II Onpe,lleJIHJI IIX KaK " ... CUCmeMy aHa­

"1UfflU'IeCKUX 6eJIU'IUH, o6pa306GHHblX U3 KOOpOUHam HeCKOJlbKUX fflO'IeK. 0Ha onpe,lle­

JllleT H06blii zeoAtemputtecKuii, m.e. He 3aeuCRUJUii om cucmeAtbl KoopouHam o6pm, ec­

RU npu 6Cex npeo6pa306GHURX KOOpOUHam OHa onpeOeJleHHblllt o6pG30Jit npeo6pa3yem-

en e ce6n"**. Ha pnc.1 npaBUJIO (1) CJIOJKHOro OTHOIIIeHUH 'leTbipex TO'leK 

npe,llCTaBJieHO CXeMaTH'leCKU, r,lle Bhl,lleJieHhl anre6pan'leCKHe paCCTOHHllH MeJK,lly 

TO'IKaMU,UCnOJihJyeMhiMU B (1), COOTBeTCTBeHHO ,llJIH 'IHCJIHTeJieH U 3HaMeHaTeJieH. 

Pnc. 1. 

KaK OTMe'lanoch Bhiiiie, .llJIH lflnKcnpoBaHHOH 1-ii TO'IKH 

( x0 ) MOJKHO nonyqnTh IIIeCTh (3 !) paJJIH'IHhiX sapnauToB 

pacnOJIOJKeHIIH OCTaJlhHhiX rpex TO'leK, ,llJIS! KOTOphiX C 

nOMOW:hiO npaBHJia (I) Bhi'IIICJJS!IOTCH IIIeCTh 3Ha'leHHH. C 

yqeroM cosna.uarom:nx nap Mhi nonyqnM TOJihKO rpn pa3-

JIH'IHhie 'ifJ}'HKUHH ,llBOHHOro OTHOlleHUH. ,lVIH UX 0603Ha'leHUS! HCnOJih3YeTCS! CJie­

.llYJOW:aH Jannch: 

p 1 = {1234} = {1243}, p 2 = {1324} = {1342} n p 3 = {1423} = {1432}. 

06oJHa'lnM: (12) = A = x1 - x0 , [13) = L = x2 - x0 , [14) = T = X
3 

- X
0

• 

Tor.ua [24]=[14]-[12]=r-A. n (23]=[13]-[12]=L-A.. HcnOJihJYSI (1) n pnc.l, uaii.ueM, 

uanpnMep, ifJYHKUHJO p 3 = { 1423} = {OrAL}: 

= OrAL =J!~]: [23] = A. . A.-r = _ A.L . 
PJ { } [24] [14] L-r· L (T-A)(r-L) 

Ilpn nepeCTaHOBKe TO'leK x0 H x nnn 0 H r anropnTM (1) .uacr uaM HOBYJO rpoiiKy 

BecOBhiX ifJYHKUHii d;(r;A.,L), ncnoJihJyeMyro B onepaunn o6paTHoro npeo6paJoBa-

:.Kneii~ <1>. BLIClllaJI reoMerpHll.- JI., fOHTM, 1939. 
Knc:uu <1>. 3neMeHTapuaH MaTeMamKa c TO'IK» 3peHHJI BLICllleii, T.2, feoMerpHll, M., HayKa, 1987. 
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HilS!. KpoMe csoiiCTBa uopMIIpOBKII CR-ifJYJIKUIIn (1) o6na.uaroT .upyrnMn noneJHhiMII 

csoiiCTBaMH. HanpnMep, cym:ecTBYeT "opTorouanhuan" CBHJh lflYHKUnii p,, i = 1,2,3 c 

COOTBeTCTBYJOW:IIMII 'leTBepKaMJI Op,lliiHaT TO'leK, paCllOJIOJKeHHhJMII Ha npHMhiX JIII­

HHS!X II KBa,llpaTH'IHhiX napa6onax eBKJI.H,llOBOH nJIOCKOCTH, T.e. ,llJIH BeKTOpOB 

pT =(p1(A),p2(A),p3(.1.)] H ~yr =[~Y.<·~YL.~Yrl cnpaBe,llJIHBa lflopMyJia 

(P.~Y)=O, (2) 

r.ue CHMBOJIOM A o6oJuaqeu ua6op {r;A,L), a AY BeKTop "npnpam:eunii" cooT-

BeTCTBYJOW:IIX Op,llHHaT TO'leK, JieJKaW:HX Ha •llpHMOH JIHHIIH HJIH KBa,llpaTII'IHOH napa-

6oJie OTHOCHTeJibHO 6aJIICHOH TO'IKH (x0 ,y
0

). 

TaK KaK B cnyqae npoiiJBOJihHOH Kpnsoii f(x)E C[a,b) onepaUIIH (AY,P) .uacr 'IIIC­

JIO, OTJIH'IHOe OT HYJIS!, TO Ha ee OCHOBe 6bJJIH nocrpoeHhl 4-TO'le'IHhie, HJIII DPT-npe­

o6paJOBaHIIH (npHMoe n o6panwe oTo6paJKeHnn). Ocnosnan II,lleH DPT II nx reo­

Merpn'IeCKIIH CMhiCJI npnse.ueHhi B n. 2.1.3. 3Ta onepau11n BhinOJIHHeTCSI no cne.uyro-

m:eii CXeMe: Ha KpHBOH f(x) npOHJBOJihHO ifJHKCHpYJOTCS! TPH HeCOBna,llaJOW:IIe TO'l­

KH (penep 9t ). Tor.ua TeKym:aSI ('IeTBepTaSI) TO'IKa P1 Ha KpHBOH f C llOMOW:hJO (2) 

TpanclflopM11pyercSI B TO'IKY Pr .llpyroii KpiiBOH r (o6pa3 f), U uao6opoT: 

91 
P1 Pr. 

B auannTn'lecKoii lflopMe 3TH npeo6paJosannn npnHHMaJOT sn.u: 

D(f;9t]=(P,F) n D-1[[";9\]=(D,H)., (3) 

r.ue FT = [fA,JL,frl, ur =[/;.,JL,JT.l .a Dr= [d,,dz.d3] - BeCOBOH BeKTop o6paT­

uoro npeo6paJosannn. CnMBOJIOM <1 o6o3Ha'lena onepaunH npnMoro npeo6paJo­

BaHnH f" = D[f;9\]. 3Ta onepaunH .nonnJKaer cTeneHh nonnnoMana .usa, npn'IeM .llJIH 
• ! 

x0 =0 n A-t: L 'i: r nonyqnM [x 2 ;9\]" = [x;9\]" = 0, a [C;9\]" ~~C. 
HcnonhJYH nnneHHOCTh DPT no OTHOIIIennJO K KOHCTPYKUHH aj

1
(x)+ {Jf

1
(x), 

_ MOJKHO rpaHclflopMHpOBaTh TO'IKU Ha KpUBOH f = j + e , UCKaJKeHHhie a.ll,llUTHBHO 

OIIIU6KaMU e- N(0,CT2
) B BH,lle 

(P.~F) =(P.~F+ ~E)= (P,AF)+ (P,AE), (4) 
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r.ne L\ET =[de,t.deL,de,] - BeKTOp CJI}"'3HHhJX IIOrpeiUHOCTeH. J13BeCTHO, 'ITO OITe­

paUml 'IHCJieHHOro ,nmplflepeHUHpOB3HHH H p33HOCTHhle CXeMhl B 3TOM cnyqae KpaiiHe 

HeyCToH'IlfBhi. l13 (2) cne.nyeT ycToii'IHBOCTh DPT K JIHHeiiHO-KBa.npaTH'IHoii cHCTeMa­

THKe OIIJH60K, T3K K3K MH 'leTBepKli eA.,eL,e0 ,e., JieJKaiUeii H3 ITpliMOH llliHHJf JfJIH 

KBa.npaTJf'IHoii ITapa6one, (P,L\E) = 0. TaKJfM o6p33oM, "Mepa JawyMneHHJI" MOlKCT 

6hiTh BhipalKeHa ypaBHeHHeM OIUH6KH de: = jP,L\E), Jf3 KOTOporo BH,nHo, 'ITO L\E ITpe­

o6p33yeTCJI KBa,npaTJf'IHO qepe3 3HaMeHaTenH CR-¢YHKUHii. 3¢¢eKTHBHOCTh ITo,naa­

neHJfH OIUJi60K 33BHCHT OT Bhi60pa peiTepHhiX TO'IeK 9\ (IT3p3MeTpOB ITpeo6p330B3-

HHH). 3To CBOHCTBO ITpeo6p330B3HHH ITO OTHOIUeHHIO K CJI}"'3HHhiM OIUlf6K3M HrpaeT 

B3lKHYIQ pOJih ITpH o6pa60TKe 3KCITepHMeHT3JihHhiX ,naHHhiX. 

B paMKax ITpnMeHeHJfJI 4-TO'Ie'!Horo ITo.nxo.na K ITpo6neMe crnalKHB3HlfH paccMOT­

peHa 3KTYaJihHM MH lfJH3JiKH 3JieMeHT3pHhiX '13CTHU 33,n3'13 o6HapYJKeHHJI If paCIT03-

H3B3HlfH TpeKOB (pa3~eJJ 2.2). 06HapYJKeHJfe If paciT03H3B3Hlfe KpHBhiX H3 lfloHe IllY­

MOB If IIOTepH lfH!fJOpM3UJilf HBJIJICTCH Kn3CCJi'leCKOH Ja,naqeji B 06JI3CTJf p3CIT03-

H3B3HlfH o6p330B If KOMIThiOTepHOH o6pa60TKH Jf306palKeHHH. B o6naCTH lfJHJHim Bhi­

COKHX 3HCprHH If H,nepHOH lflH3HKJf o6meii HBJIJICTCH ITpo6neMa H3XOJK,neHHH cne,nOB 

(TpeKOB) MHOflfX THITOB 33pHlKeHHhiX '13CTJfU B p33JIH'IHhiX YCT3HOBK3X, pa60T3IOIUHX 

H3 ll}"'K3X YCKOpHTeneii. 

,[(ruJ o6HapYJKeHlfH If pacnoJHaBaHHJI TpeKOB Ha ocHoBe DPT 6hrn p33pa6oTaH HO­

Bhlii THII 3.li;3IITHBHhiX ITpoeKTHBHhiX lfJHJihTpOB (AIJ<l>) (n. 2.2.3). IlOCTpOeH anropllTI·.i 

,nnH 3BTOM3TH'IeCKOfO o6HapYJKeHHJI TpeKOBhiX cerMeHTOB (TS). IJporpaMMHO lfCCJie­

,nOB3Hhl pa60'Ilfe xapaKTepHCTHKlf anropliTMa Ha Mo.nenHx ~moroTpeKOBhiX cueH. Ilo­

K333Hhi OCHOBHhie ITpeHMYJUeCTB3 npe,nnoJKeHHOfO no.n;xo.n;a ITO cpaBHeHJfiO C Tp3.li;H­

UHOHHhiMlf MCTO.li;3MJi paCII03H3B3HJfJI TpeKOB (n. 2.2.4). 

· TpeTLH rnana ,nHccepTaUHlf nocBJJIUeHa ITPHMeHeHHIO 4-To'le'IHhiX npeo6pa-

30B3Hlfii MH p33pa60TKlf npoCThiX, yCTOH'IliBhiX B Bhi'IJfCJieHJfJIX MCTO.li;OB If anropllT­

MOB aniTpOKCJiMaUlfli If CfJIIDKlfB3HJfJI lflYHKUlfH. B n. 3.1 paCCMOTpeH CITOC06 HeiTpe­

phiBHOH II3p3MCTplf33UlfH MOHOMOB { x" } n = 3,4, ... H3 OCHOBe onepauHH (3) If rrpHBO­

.li;IITCH Bhrao.n ¢opMynhr 4-TO'Ie'IHoro npeo6paJOBaHlfH MJI { x" }: 

f n.m }o -4~ A,i-ln~l n-i-k-ILk-1] = LX ,.;1lnJ - LJ LJX , n 3,4, ... , 
i=l k=l 
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r.ne 9\n: ((A,A");(L,Ln);(O,O)}. 0TCIO.ll;3 Blf,li;HO, 'ITO DPT-o6p33hl MOHOMOB { x"}, 

11 = 3,4,... HBJIJIIOTCH 3fle.JiteHmapHblMU cUMMempu'leCKW.tu pyHKlfUR.MU, T.e. oiJHopoiJ­

HbWU lflYHKUHJIMH OTHOCHTeJihHO A, L If X CTeneHH 11 • C nOMOJUhiO BhipalKeHHH ,nnH 

[xn ;9\. f ITOJI}"'eHa peKyppeHTHM lfJO,PMYJI3 nOCTpOeHlfH nOJIHHOMHaJihHOfO 6aJHCa 

{ Gn(x;A.,L)} B BH.n;e: 

G.= (x+A.)G •. 1 -A.xG •. 2 + L"-3
, G0 = G1 = G2 = 0; n ;:>: 3. 

Ha OCHOBe G. CTpOHTCJI .npyroii 633HC { s.(x;A,L)}, n = 3,4, ... B Blf.n;e 3-TO'Ie'IHhiX 

-"33HYJIJIIOIUHX" MOHOCIIJI3HHOB n -ii CTeiTeHJf, 33BHCHIUlfX OT .n;ayx HeiTpephiBHhiX napa-

MeTpOB. 3TH 6aJHChl K3'1eCTBeHHO OTJIH'I310TCH OT 633HC3 { xn }. <l>YHKUHlf S.(x;A,L) 

BKn10'1310T .n;eMnlfJHpYIQIUlle .n;o6aBKH, 33 C'ICT KOTOpblX npH X~ 0, B 33BHClfMOCTJf OT 

'ICTHOCTH 11 , OHH HMeiOT nepBhiH HJIH BTOpoii IIOpH,li;OK y6hiB3HHH. 3:ro n03BOAACT IIO­

BhiCHTh YCTOH'IHBOCTh Bhi'IHCJieHHH ,nnH nOJIJfHOMHaJihHhiX 1\IO,ll;eJieH nplf MaJihiX 3H3-

qeHHJIX X. HanpiiMep, noJIIIHOMJfaJihHM MO,ll;eJih MH f(x)E c<•>ra,b] c ncnOJih30-

B3HJfeM G.(x;A.,L) If Sn(x;A.,L) npHHHMaeT BH.n;: 

f(x: 9l) = ll(x;9l) + Q(x;A., L) 'i>P/x;A., L) = ll(x;9l) + fa1S1(x;A.,L) , 
j=J }=3 

r.n;e m =M-2 - 'IIICJIO HeiiJBeCTHhiX K03!fllfJHUHeHTOB, M - CTeneHh IIOJIHHOMa, 

Il(x;9l)- napa6ona, npoxo.n;JJIUM qepe3 penepHhre TO'IKH, a Q = x(x-A.)(x- L) • 

TaM JKe noKaJaHo, 'ITO npe.n;cTaBneHHe rna.n;Koii ¢YHKUlfH qepe3 6aJHC { s. } nony­

'laeT HOBoe Ka'leCTBO no cpaBHeHlf_IO c ee p33noJKeHHeM .no 6aJHcy { x" }, o6ecne­

'IHBaeT paaHoMepHoe pacnpe.neneHne oum6oK no aceMy npoMelKYTKY If npH.n;aeT yc­

TOH'IHBOCTh Bhl'llfCJieHHii npH x ~ 0 . 

Ilo KOHCTpYKUHH 6aJHCHhie lflYHKUHlf { Sk (x;A,L) } HMeiOT cTpYKTYPY MOHOCnJiaHHOB 
• ! 

k -H CTerreHH H B H3BeCTHOM CMhiCJie Hrp3IOT B TeOpHH annpOKCHM3UIIII TY JKe pOJih, 

'ITO H MHOfO'IJieHhl qe6hiiiieBa B Kn3CCH'IeCKOH TeOpHH rrpH6JillJKeHlfH lfJYHKUIIH. IlpH­

Be.n;eHhl npHMephl npH6JIHlKeHHH ¢YHKUHH c HCIIOJih30B3HHeM sl (x; -A.,A.). Ko3¢¢lf­

uHeHThl a1 ,k = 1,2, ... B T3KOM p33JIOlKeHHH j(x) Orrpe,neAAIOTCH lf3 YCJIOBHH: 

dk f(x) l=±-t 
dxk 

d
1
g(x;9\) 1. k = 1,2, ... ,n • 

lr-=±A' dxk . 
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r.ne g(x;9\) = ll(x;9\)+ l:,a,S1(x;-A,A). YcrroBJUI (5) II03BOJijiiOT naiini K03cpcpHUHCHTbl 

ak rryreM perneHHjl CHCTCMhi arrre6paHqecKHX ypaaneHHH. B o6meM crryqae rrpoHJ­

ao,nHhie f(k)(-) MO)KHO BhJqHCJij~Th H BO BHyrpCHHHX TOql<aX xp ,,u = 1,2 OTpC3Ka 

[-A,A]. IlpnMenenne TaKOH cxeMhi npu x0 = 0 rroJBOIDieT naHTH ak, JaBHCj!IUIIe oT 

t<k>(xp), dik>(xp),i = 1,2,3 II s~:icxp), r.ne ... xP E [-.-1,.-1], ,u = 1,2; k = 1,2, ... ,n/2, 

j = 1.2 •... ,n . Ilorryqeno Bhipa)Keime MarpHqHhiX 3JieMeHTOB s~:1 (x P) qepe3 un.neKChi 

(j+2) II k -e rrpOH3BO,nHhie t<k>(x). Crre,nyeT OTMeTIITh, qTo Bhi6op 3HaqenHH xP no3~ 

BOIDICT ynpaBJij!Th ToqnoCThiO arrnpoKCHMaUHH. PaccMorpen rrpiiMep rrpH6JIH)KCHHji 

cilnyca na. [-Jr,Jr] c ornii6Koii rroqTn na .nsa rropjl,nKa MeHhrne ornu6KII pa3JIO)KCHH» 

cunyca no cpopMyrre Teiirropa .nJiji n =9 u npiiae.neHhi rpacpui<u H3MeHeHnji ornH6Kn a 

3aBUCUMOCTU OT Bhifiopa X P • 

B n. 3.2.1 crponTCjl Mo.nerrh rroKaJihHoro rpexToqeqnoro crrrraiina (TPS) c o.nnnM 

cao6o,nHhiM napaMerpoM. Ilpuae.nen npnMep rrpHMeHeHHjl TPS .nJiji npH6JIH)KCHIIH 

cpynKunu na orpe3Ke. Ilorryqennoe pernenue coarra.naeT c pernenHeM, KOTopoe ,naeT 

KJiaccnqecKnii Ky6uqecKIIH cnrraiin. 

B n. 3.2.3 paccMorpena Ja,naqa cpe.nneKaa.npamqnoro KyfiuqecKoro npH6JIII)KCHHH 

f(x)E ~[A,L] na ocnoae TPS-Mo.nerru. 

B n. 3.2.5 TpeTheii rrraBhi paccMorpena cran.napTna» Ja,naqa crrra)KUBann» ToqeK, 

paccej!HHhiX a6JIH3H Ky6uqecKOH KpHBOH c rrpiiMeneniieM TPS-Mo.nerrii. ArrropnTM 

crrra)Kuaanujl Ky6nqecKoii I<piiBOH na ocnoae TPS ucrrorrh3YeT ouenKH op.nunaT pe­

nepnhiX ToqeK B KaqeCTBe cpnKciipoaanHhiX rrapaMerpoa, a ouenKa cao6o.nnoro rrapa­

Merpa naxo,nHTCji MeTO,nOM HaUMCHhlliiiX KBa,npaTOB no CXCMC rrpOCTOH JIIIHCHHOH 

perpeccHn. · Cpaaneniie peJyrrhTaTOB crrra)KIIBaHIIjl CTan.napTnoii rrpoue.nypoii MHK 

noKaJarro, qro rrpu ucrrorrhJOBaHIIII TPS-Mo.nerrii rpe6yeTc» B 3 - 4 pa3a MCHhrne 

apiicpMeTIIqecKHX orrepauiiH IIO cpaBHCHIIIO C KJiaCCIIqecKOH Ky6HqecKOH MO,nCJihiO. 

Cpaanenue 4~Toqeqnoro npii6JIII)KCHUji .neiiCTBIITCJihHhiX ¢>YHKUIIH c rrpii6JIII)KCHHH­

MH, OCHOBaHHhiMII Ha pa3JIQ)KCHIIHX IJa,ne, a TaK)KC C npu6JIII)KCHUHMII no MHOroqrre­

HaM Il.JI. l.Je6hirueaa paccMaTpnBaeTcji a n. 3.3. Ha KOHKpeTHhiX rrpiiMepax, nyreM 

qucrreHHhiX pacqeToB c ucrrorrhJOBaHIIeM rraKeTa Maple rroKaJano, qTo ToqnoCTh DPT­

anrrpoi<CIIMaHT 6orree BhiCOKaH Ha rpaHIIUax !IpOMC)KyrKa H HOCIIT paBHOMCpHhiH Xa­

pai<Tep Ha BCCM IIHTepaarre IIO cpaBHCHHIO C IJa,ne-annpOKCIIM3HT3MII. IloKa3aHO, qTo 
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DPT-rrpii6JIJi)KCHIIH rro cpaaneHIIIO c Ila.ne .naiOT MCHhlliYIO MaKcHMaJihHYIO ornii6Ky 

Ha BCCM npOMC)KyrKe H JIIIllih HCMHOfO ycTynaiOT TOqHQCTII KJiaccuqeCKOrO qefihilliCB­

CKOfO npH6JIU)KCHIIH. 

B <JeTBepToii nmse ,nHccepTaUIIII np.e,nrro)KeH rrpoCToii nTepaUHOHHhiH MeTo.n .nrr» 
JIOKaJihHOfO npU6JIU)KCHHH H CrJia)KUBaHHH KpHBhiX C HCIIOJih30BaHUCM 3-Toqeqnoro 

Ky6HqecKoro crrrraiina. MeTo.n ocnoaan na 4-ToqeqnhiX rrpeo6paJoBaHHHX II na peKyp­

CHBHOM MeTO,ne HaHMCHhlliHX KBa,npaTOB nepBOro IlOpH,nKa. IJorryqeH peKyppeHTHhiH 

arrropnTM UHcppoaoro crrra)KUBaiOIUero rPJ!!IhTpa TpeThero rrop».nKa, B KOTopoM ouenKa 

cao6o.nnoro napaMeTpa TPS-Mo.nerrii orrpe.nerrHeTCH rro Tnriy H3Becrnoii B Teopnii cTo­

xacTHqeci<oii arrrrpoKcnMaUHH rrpoue.nyphi Po66unca-Monpo. CTenenh no.naarreHHH 

OlliHfiOK H CKOpOCTh a,narrTaUIIH K JIOKaJihHOH cpopMe KpHBOH (K03cpcp1IUHCHT YCHJICHHH 

Y) ,nOCTHraiOT IIOpH,nKa BhllliC TpeTbero ll Moryr KOHTpO!IHpOBaThCH napaMerpaMH Be­

COBh!X ll 6aJHCHhiX rPYHKUHH. AJiropHTM ycToifqna K crryqaHHhiM a.n,niiTHBHhiM OlliH6-

I<aM, npoCT B pearrnJauuu, HCIIOJihJyeT lie6orrhrnne pecypchi naMHTH n MO)KeT pa6oTaTh 

B pe)KHMC IIOCTynJICHHH ,naHHhiX;•qTO aKryaJihHO ,nJIH TaKHX Ja,naq, KaK o6nap~enue H 

paCII03HaBaHHe TpCKOB, UHcppoBaH ofipafiOTKa CHrHaJIOB, CrJia)KHBaHne KOHTypOB U T.II. 

MeTo,n MO)KeT fihiTh HCIIOJih30BaH TaK)KC ,nJij~ BOCCTaHOBJICHHH CJIO)KHhiX 3aBUCHMO­

CTCH, nOHCKa KOpHeH <I>YHKUHH ll 3KCTpCMYMOB. IlpHBe,neHhl pafioqne xapai<TepUCTHKH 

arrropHTMa. 

B pa3~eJJe 4.1 o6c~aeTCH ·aorrpoc Bhi6opa Mo.nerru rroKarrhnoii Ky6nqecKoii arr­

rrpoi<CUMaHThi - rpexToqeqnoro I<y6uqecKoro crrrraiina (TPS-Mo.nerrh) c o.nnnM cao-

6o,nHhlM napaMCTpOM (} : . 
S(r;9t,O) = (R 0 ,D) + O~?(r;A.,L). (6) 

Tpn napaMerpa B 3TOH Mo.nerrn coarra.naiOT c op.nnnaTaMH perrepHhiX ToqeK 
. • I 

R~ = [R..~,RuR0 ], B o6meM crryqae Ja,nannhiMn c neKOTophiMn ornn6I<aMn, a nx a6c-

uncchi A n L »BJIHIOTC» rrapaMerpaMn aecoahiX n 6aJncnhiX cpynKunii. Oco6ennoCTh 

Mo.nerrn (6) COCTOIIT B TOM, qTo ee DPT-o6pa3 ecrb rrpHMaH, T.e.: 

S"'(z-;9t,O) = ll"(z-;9t) + l~t'(z-;.A,L) = S0 + OALz-. 

B n. 4.2.1 o6c~aeTc» ycToifqHBOCTh 3TOH rpanc<PopMaunn K a.n.nHTHBHhiM ornn6-

KaM. TaKa» KOHCTpYKUH» Kpnaoii o6mi.uaeT rn6KOCThiO rrpH pernenHn 3a,naq crrra)Kn-
. . 

BaHIIH B YCJIOBIIHX UOMCX II 1Ip1I o6pa60TKC 3KC!IepUMCHTaJihHh!X ,naHHhiX B pe)KHMC 

pearrhnoro apeMenn. Mo.nerrh oi<aJarrach TaK)Ke ·aecbMa y.no6noii M» pa6oThi c ah!qnc-
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JJHMbiMH cp}'HKUH.l!MH li C cp}'HKUH.l!MH, 3a,llaBaeMblMH cpOpMynaMH, HanpHMep, npu Ha­

XO:lK,lleHIUI YJ1lOB rrro6anbnoro Ky6wiecKoro cnnafina. 

B pa3.lleJie 4.2 pacc~m-rpen noKanhHo-onTHManbHhiH MeTO.ll cmalKuBaHH.ll. MeTO.ll 

pa6oTaeT B nsa 3Tana. Ha nepsoM 3Tane BhiiJHCJJ.l!IOTC.ll ouenKa e, IJHcno TOIJeK 11
0 

u 

rpaHHUhi npoMeiKYTKa [xb,x,] npH cpHKCHposannofi rpy6ofi ouenKe R
0

. Tioc-rpoena 

HTepaunonna.ll npouenypa .llll.ll BhiiJucnenH.ll e ; K03cpcpHUHeHT yc»neHH.ll Kompofi Ja-
_.1 

BHCHT oT napaMe-rpoB A H L, 'ITO no3B01l.lleT ynpasn.l!Tb cKopocTbiO cxon»MOCTH B 

npenenax 0(11-
3

) H Bhiiiie (pHc.2). TipH 3TOM -rpe6yeTc.ll B nsa pa3a MeHbiiie onepauufi 

no cpasneHHIO c anropHTMOM PHK 3-ro nop.si.llKa. Ha BTopoM 3Tane 3HaiJeHH.ll e H 11
0 

HCn01lb3YJOTC.ll .llll.ll KOppeKUHH cpHKCHpOBaHHbiX napaMe-rpOB no CTaH,llapTHOH npoue­

.llypeMHK. 

. BontOIKHOCTH MeTona noKaJaHbi na npHMepe C03.llaHH.ll anropHTMa .llll.ll Kycoqno­

Ky6uqecKoro npn6miiKeHH.ll (crrraiKHBaHH.ll) KpHBOH f(x) c C, xE [a,b], Janannofi 

.. . N 
nocn,e~oBaTeJJbHOCThiO N .llHCKpCTHbiX TOIJeK {x4,fl }4=

1
, (N >> 4) B sune CYMMbi 

' :, '~ ' 

M , ( A1 .;::: 1 ) JIOKanbHhiX Ky6liiJecKHX cnnafinos S 
1 
(x; 8) : 

f(x) = LJ1(x)S/x ;0), 1/x) = 1 A ~ A {1, XE A. 

J=l 0, xe AJ 
(7) 

max lf-SJI < T1 ,j=1,2, ... ,M. 
xefxb ,x, 11 

(8) 

. rne T1 - JanannhiH nopor, 8 - ouenKH napaMe-rpos .llll.ll SJ, BKJIIOIJa.si rpaHHUhi oT­

pe3Ka,a (AJI7=1 -na6opo-rpe3KOB [xb,x,],. ~[a,b],npHIJeM u: A =[a,b]. 
' j-l J 

DbiCTIJOe H Ha,lleiKHOe peiiieHHe 3a,llaiJH (7) - (8) aKTYanbHO B CHCTe~IaX o6pa60TKH 

JJ.aHHhiX, nanpHMep, B Janaqax no pacnoJHaBaHHIO TpeKOB B 3KcnepHMeHTax no cpH3H­

Ke Bb!COKHX 3Hepmfi, )J.ll.ll CrJJaiKHBaHH.ll KOHTYPOB TpeKOB a -IJaCTHU B .llll3lleKTpHKaX 

UpH HanHIJHH HOMeX, OIIIHfiOK OUHcppOBKH H T.n. 

KaK fi3.BeCTno, onTHManbHhiH Bhi6op YJllOB npn npenCTasnennn f(x) HHTepnOJI.li­

UHOHHhiM cnnafinoM .l!BMCTC.ll secLMa TPY.llHOH Ja,llaqefi. B cnyqae npnMeHeHH.ll MHK 

Bb16op nO,llXO)l..liJUero Hafiopa TOIJeK pa36HeHH.ll .llll.ll OUeHKH annpOKCHMHPYJOIUero 

CUJJafina 'IaCTO MOIKHO onpe.lleJJ.l!Th TOllbKO MCTO,llOM npo6 H OIIIHfiOK. KpoMe TOro, llO­

Kan~HOe GrJiaiKHBaHHe npH HanHIJHH cnyqaHHbiX OIIIHfiOK CYJUeCTBeHHO ycnOIKH.lleTC.ll 
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npu ysenHIJeHHH ux n»cnepcHH a;. Pa3nOIKenne (7)- (8) cp}'HKUHH f(x), Janannoii 

ananHTH'IeCKH (cpopMynoii), MOIKCT npe,llCTaBJI.l!Th HHTepec TaKIKe C Bhl'IHCJIHTeJibHOH 

TOIJKH 3penu.si, nanpHMep, B Janaqax noncKa JIOKanbnoro 3KCTIJeMYMa nnn naiJanhnoro 

npH6nniKeHH.ll Kopneii <i>YHKUHH. Ta6nu:noe Jananue <i>YHKUHH {ft} xapaKTepno )J.ll.ll 

CHCTeM o6pa60TKH 3KCnepHMeHTanbHbiX ,llaHHbiX, B KOTOpbiX 3a,llaqa (7) - (8) HCn01lb-

3YeTC.ll KaK 6biCTpa.si npouenypa BhiiJucnenu.si no H3Mepenn.l!M napaMe-rpos unu npu-

3HaKOB, a TaKIKe KaK UHCTIJYMeHT .llll.ll CIKaTU.ll ,llaHHbiX. 

"Hape3Ka" f(x) B BH,lle KyfiHIJeCKHX snnafiHOB ,llaeT B03MOIKHOCTh nonyqaTh HH­

cpopMaUHIO 0 JlOKanbHbiX OC06eHHOCT.l!X KpHBOH II TeM CaMbiM COKpaiUaTh 06beM Bhi­

'IHCJJeHHH. HanpnMep, B Janaqax pacnoJnasann.si KOHTYPOB nnH -rpeKOB xapaKTepH­

CTHKH 06beKTa (.llllHHa KpHBOH, nnOIUa,llh H T.n.) MOIKHO Onpe,lleJJ.l!Th 6e3 TpefiOBaHH.ll 

c-rporoii rrranKoCTu Kp»soii H ee nponJBOJJ.HbiX B TOIJKax conp.siiKenn.si cnnaiinoB. Me­

TO.ll n03BOJI.lleT KOppeKTHpOBaTh rrra,llKOCTh COnp.!!IKeHH.ll S j nYTeM non6opa napaMCT­

pOB BeCOBbiX cp}'HKUHH, IIIara KB~HTOBaHU.ll H nopora TO'IHOCTU. TaKOH MeTO,ll HaxOIK­

,lleHH.ll OUeHOK MOIKCT fihiTh HCnOJJh3<;JBaH ,llll.ll pa3pa60TKU npOCThiX B BbiiJUCJJeHH.l!X H 

3KOHOMHIJHhiX ananmBHhiX crrraiKnsaiomux anropnTMoB (cpnnL-rpoB}, opHenmposan­

HhiX Ha o6pa60TKY ,llaHHhiX B peiKUMe HX nOCTYflneHH.ll. 3-fo ,llaeT npeUMYJUeCTBO no 

cpaBHeHHIO C Tpa,llHUHOHHhiMH nO)J.XO,llaMH, HCn01lb3YJOIUHMH 3apanee H3BeCTHhie Bbi-

60pKU ,llaHHhiX. 

Tionpo6no nTepauuonna.si npouenypa BhiiJHcnenu.si {j paccMa-rpusaeTc.si a n. 4.2.2. 

TipH H3BeCTHOM qucne TOIJeK n ouenKa e naxonnTC.ll c noMOIUhiO KpnTepu.si MHK )J.ll.ll 

OTKJionenuii e; =[]4 -Sk(A.,L;e )]"·. BhliJUCM.ll e cnaqana no n -I, a JaTeM no n 

TOIJKaM, nonyqaeM cpopMYJIY )J.ll.ll e. B BU,lle: . 
A A - 3 A "\ e. =8._1 +r.r~J>:h- -e._1J.Ulln], · · 

r. = 61 f.im(n + 1)(211 + 1)' eo =0, 11 = 1,2, ... ' (9) 

rJJ.e 11 = r. I h , f.1 = Alh, m = Ll h, a h- mar peiiieTKU. 

<I>opMyna (9) npenCTaB~.llcr xopomo H3BeCTHYJO B MeTone CToxaCTuiJecKoii annpoK­

cnMaunn npouenypy Po66unca-Monpo, cmi3aHHYJO c o6mnM KJiaccoM peKypCHBHhiX 

anropnTMOB, ncnonLJyeMhiX )J.ll.ll pemenH.si ypasnenuii anna 

g(.Q) = E{G(y,.Q)} = 0, 
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r.ue G - H3BeCTHa» 4>YHKQH» sxo.uHoro ciirHa.rra y , .Q- seKTop Heii3BeCTHbiX napa­

MeTpOB, a E{·} - cnMBon MaTeMaTwtecKoro OJfm.uanii». TaKIIe a.rrropiiTMbi npiiMe­

HHIOTC», HanpiiMep, .llll» perneHIIH 3a)laq OTbJCKaHIIH KOpHeii II 3KCTpeM)'MOB 4JynKI.\Hll 

perpeccnii. B npoQe.uype Po66unca-MoHpo .un» KOppeKTnpoBKII .Q na ocnose nocne­

.uosaTenbHOCTH Ha6niO)leHJill Yk HCnOITb3)'eTCH COOTHOII1eHHe 

Qk == Qk-1 + ykG[yk ,Qk-t]. k = 1,2, ... , (10) 

r.ue yk - cneQIIa.JibHbiM o6pa30M no.uo6paHHa» nocne.uosaTenbHOCTb, KoTopa» )lOmKHa 

·y.uosneTBOp»Th cne)l)'IOIQIIM ycnosmiM: 

limyk =0, LYk ==II LY; <=. 
k->~ k=l k=l 

( 11) 

BTopoe 113 3TIIX ycnosnii rapaHTIIPYeT JlOCTaToqnoe qiicno rnaros KoppeKTIIpoBKII, qTo 

ll03BOITHeT 6ITI13KO nO)lOHTII K IICKOMOM)' perneHHIO, TOr)la KaK TPeTbe )'CITOBIIe 

rapaHTIIPYeT KOHeqHOCTb JliiCnepciin naKonnennoro rnyMa. <l>ynKUH» G orpannqena 

n »Bn»eTCH necMemennoii oQeHKOii G: E{G} = G, T. e. G- 3TO 4>YHKUH» perpeccnii 

.un» cnyqaiinoro npoQecca G. Tipii BbmonneHIIII ycnosiiii (11) npoueJlypa (10) cxo­

JliiTC» KaK B cpe.uneKBa)lpaTIIqHOM CMbiCITe, TaK II no sepOHTHOCTII. 

MeTOJlhi cTOxacTIIqecKoii annpoKCIIMaQIIII (MCA) npiiMeH»IOTC» .un» perneHII» 

npiiKna.UHhiX 3a)laq B o6naCTn TeXHIIKII, 6IIonomii, Teopiiii ynpasneHII», o6yqenii» II 

T.n. XoT» cxo.uiiMOCTh MCA JlOKa3ana CTPoro MaTeMaTIIqecKn, ero npaKTIIqecKoe . 
npiiMeneniie ne scer)la y.uosneTBop»eT perneHIIIO npiiKna.UHbiX 3a)laq , TaK KaK 3Ta 

cxO.UIIMOCTh npo»Bn»eTC» npii k ~ = . B npaKTII"iecKIIX pacqeTax neo6xo)liiMO IICcne­

.uosaTh neKoTopyro oKpeCTHOCTh 3KCTPeMyMa 3a ne6onbrnoe qiicno rnaros. Tio3TOMY 

sonpoc Bbi6opa Ko3$$IIQIIeHTa yciinenii» yk , onpe.uen»romero cKopocTb a)lanTaQIIII II 

CXO)lilMOCTb npOQe)lypbi (10), HBnHeTCH BeCbMa BmKHbiM. KaK II3BeCTHO, Ha npaKTHKe 

qame scero Ilcnonh3)'eTCH rapMonnqecKa» nocne)loBaTenhHOCTh {yk = 11 kq}, 

1 I 2 < q :::; 1, k = 1,2, ..• , y.uosneTsop»roma» ycnOBII»M ( 11 ). B 4JopMyne (9) Bbipa)Ke-

- 3 ~ . ~ 
Hlle ¢;h- -8._1pmn cooTBeTCTB)'eT G[yk,.Qk_1]. 3HaMenaTenh nocne)loBaTenhHOCTII 

{Yn} II3MeHHeTCH KBa)lpaTllqHO no n II 3aBIICIIT OT napaMeTpOB f1 II m . 3TO n03BO-

/o A.A. KpacoscKHii (peJI.). Cnpaso'IHHK no TeopHH asTOMBTH'!ecKoro ynpasneHIUI, M., HayKa, 1987. 
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n»eT 6onee qeM Ha .UBa nop».UKa )'BeniiqlJTb CKOpOCTb y6hiBaHIIJl K03$$HQIIeHTa Yn no 

cpasnennro c 1 I 11 • ).Vi» npouecca (9) Bbmonn»IOTC» TOITbKO nepsoe II TPeThe ycnosu» 

II3 (11). BTopoe )'CITOBUe Il3 (11) He BblllOITHSJeTCH, TaK KaK COOTBeTCTB)'IOIQIIll p».U 

cxo.unTc». 0)lnaKo CyMMa 3Toro p».ua .uoCTnraeT csoero npe)lena, Haqiina» c n "" 10', 
0 ~ ) 

qTO BnOnHe )lOCTaTOqHo .llll» npaKTIIqecKOfO npnMeHeHUH MeTO)la. 3aBIICIIMOCTb Yn OT 

napaMeTpOB f1 n m )laeT .uononnnTenbH)'IO B03MO)KHOCTb BITIISJTh na no)laBnenne 

cnyqaiiHbiX noMeX. HO)lXO)lSJIQllM BbJ60pOM 3TIIX napaMeTpOB MO)KHO .U06UTbCH CKO­

pOCTII CXO)liiMOCTU UTepaQHH, 3HaqnTeiTbHO npeBbiii1aiOIQeii 11-J , qTo II nO)lTBep)K)la-
• 

eTCSJ rpa$nKaMn na puc. 2 (no o6enM oc»M ncnonh3)'eTC» norapi1$MIIqecKHii Mac-

rnm6). B n. 4.2.3 CTPOIITC» a.rrropnTM noKa.rrbnoro Ky6nqecKoro crna)KUBaTen» (LO­

CUS) II ero CTP)'KTypa, a B n. 4.2.4 paccMOTPeHbi npnMepbi, na KOTOpbiX 

)leMOHCTPHP)'IOTCH B03MO)Kli0CTil 3T0f0 a.rrropHTMa Dpii crna)KUBaHUU .UOCTaToqno 

CITO)KHbiX KpHBbiX. flpnBe)leHbl rpa$HKU )lHHaMIIKII npouecca Cfna)KHBaHHSJ II a)lanTa­

UIIII noKa.rrbHOii MO)lenn K BXO.UHbiM )laHHbiM. Ocnosna» TPYJlHOCTh B npoueJlype LO­

CUS CB»3ana co crna)KHBanneM naqa.rrhnoro cerMenTa Kpnsoii. KaK )')Ke OTMeqa.rroch, 

.llllSI 3$$eKTHBHOfO DO)laBneHIIH OII1U60K nOITIOCHbie TOqKII )lOIT)KHbi pacnonaraThCH 

KaK MO)KHO )la.Jlbllie cnesa OT 6a3UCHOH TOqKn. B 3TOM cnyqae qaCTb TOqeK Me)K)ly no­

ITIOCaMH II 6a3ncoM ne o6pa6aTbiBaeTcSJ. ).Vi» ycTPanenn» 3Toii npo6neMbi pa3pa6oTa­

na npoue.uypa nepexo)la K Bbiqiicnenn»M no napaMeTPaM. 

01~--:_ ________ __ :~~~~ 

::t,.......,.,~,..-_,·2~'-~.,.,-c-~-,'~~--~·-_-~-c''"::"·;_~~-·:-~-:-'o:"-··· 
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01 "'"~~~:::;::::~----- ... ____ ---. 
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Pnc.2. fpa$nKn K03$$nunenToB no)lasnennSJ ornn6oK .unSJ pa3niiqnhiX p II m . 
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B paJ.nene 4.3 .nacrc» no.npo6Hoe H3Jlo:lKeHHe anropHTMa LOCUS-P, Hcnonh3Y­

romero nepexo.n oT Bbi'IHCneHHH no r K Bbi'IHcneHn»M no napaMcrpaM A u L. TaKoli 

nepexo.n B03MO:lKeH B CHllY HenpepblBHOH napaMeTPH3aUHH BeCOBbiX $)'HKUllH 

Q(r;A.,L) H d;(T;A,L),i = 1,2,3. CyTh 3TOH npoue.nypbl COCTOHT B cne.nyroiUeM: B cnny 

HenpepbiBHoli napaMeTPHJaunH secOBbiX <PYHKUHli napaMeTPhi A H L MO:lKHO c.nenaTb 

nepeMeHHbiMH BeJlH'IHHaMH, a He3aBHCHMyiO JJepeMeHHyiO r 3acpHKCHpOBaTb ( T = h ). 

TaKoii nepexo.n paBHOCHJleH nepeMemeHHro Hyn» CHCTeMbi Koop.nHHaT, B KOTopoii on­

pe.nenemi HCCJleJ).yeMaH KpHBaH, B,!{OJlb OCH T 6e3 nepeMeiUeHH» CaMOll KpHBOll. B pe-

3YllbTaTe BeCOBbie $)'HKUHH H3MeH»IOTC» H npHo6peTaiOT HOBbie CBOHCTBa. ):{nH nepe­

xo~a K o6pa6oTKe Hosoii TO'IKll Ha KpHBoii .nocTaTO'IHO BblllOJlHHTb npocToli napan­

nenbHbill C,!{BHr CHCTeMhl KOOp,!{HHaT Ha 3a,!{aHHblH mar_ II ( T = T + /z ), Bbi6paTb Ha 

KpHBOH ,TO'IKy, COOTBeTCTByiOIUyro wary h , H Bbl'IHCJlHTb HOBbie 3Ha'leHHH BeCOBbiX 

<PYHKUHii B TO'IKe c Koop.nHHaTaMH (h,X,L ), r.ne i =A -II, L = L-11. llpH $HKCHpo­

BaHHOM 3Ha'leHHH h MOJ).eJlb (6) npHHHMaeT CJle,!{yrolUHH Bit,!{: 

Sh (A,L;R0r,O) = (R0r,Dh (A, L)) + OQh (A, L) +e,, 

r.ne nepeMeHHa» r $HKCHpycrc», A H L cTaHOB»TC» He3aBHCHMbiMH nepeMeHHbiMH, a 

R~r = [R~ ,R~ ,Ror), T.e. Hynesa», HJlH 6aJHCH<UI TO'IKa B 'leTBepKe ,CTaHOBHTCH no.n­

Bll:lKHOll TO'IKOll. llpu 3TOM Beca d;h (A, L), i = 1,2,3 nepeXO.l{»T B .npo6HO-J1HHellHbie 

$)'HKUHH OT A H L, a Qh(A,L) npHHHMaeT BH,!{ KBa.npaTH'IHOll $)'HKUHH OT A, L. 

OueHKa e onpe.nen»eTCH MHK - peKypcueli B BH,!{e 

{J" = {Jn-1 + Yn [y n -fin - {J"_1Qn], r. = Q. I 2::=1 Q; ; eo = 0, n = 1,2,3, ... , 

r.ne fi.(R0r) - "penepHa» napa6ona". 

~"::::::-----1['! , ol"'=-
~. '" ',',<-=17;.i-

-4 
.u=-2;m =-1 

-5~~~~--~~~~--~ 
0 0.2 0,4 0,6 0,8 1 1.2 14 1,6 

Ba:lKHO OTMeTHTb, 'ITO crna:lKHBaHue B 3TOii npo­

ue.nype MO:lKHO Ha'IHHaTb C nepBblX TO'IeK Bbi6op­

KH, a oueHKa napaMeTPa 0 onpe.nen»CTCH npn rpy-

6biX oueHKax .npyrnx napaMeTPOB MO.nenu. Ha 

pnc.3 nOKaJaHbl rpacpnKH K03cpcpnuneHTOB nO,!{aB­

JlellliH OIIIH6oK ,!{J1H TeKYIUeii ( Yn ) n penepHbiX TO-

Puc. 3. 
'leK ( w;.Yn) npH CTapTe c nepsoii 'leTBepKH. Bn.nHo, 

, 'ITO yme Ha CTapTOBOll cpa3e ,!{JlH nepBblX nHTll TO'IeK BCe OIIIH6KH no.naBJlHIOTC» llyqiiie 
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n-
3

, a JaTeM nose.neHne rpacpnKOB npaKTH'IeCKH o.nnnaKoso H oHn pacnonararoTC» 

6nn:lKe K n-3 
• 

B JaKJIIO'IHTCJILHOl\1 pa3.nene 'ICTBepToii maBbi npHse.neHbi pe3ynbTaTbi cpasne­

HH» anropHTMa LOCUS no TO'IHOCTn BOCCTanosneHnH KpHBbiX no BXO.l{HbiM .naHHbiM c 

.npyrHMH ll3BeCTHbiMH nenapaMeTPll'iecKUMH crna:lKHBaTeJlHMH, TaKnMH,, KaK Su­

persmoother, Kernel, Loess, Spline, BKJliO'IeHHbiMH B CTaTHCTn'lecKHii naKeT S-PLUS. 

KpoMe Toro, TeCTOBbie .naHHbie 6bmll o6pa6oTaHbi TaK:lKe naKCTOM BeiiBneTHoro aHa­

J1H3a (Wavelet Packet Analysis) H3 naKCTa Matlab. B Ka'leCTBe TeCTOBbiX .naHHbiX B3H­

Tbi Bbi6opKn TO'IeK pacce»HHbiX, Ha .nyrax Ky6u'lecKoii KpnBoii, :mnnnca, rayccono~ 

.no6Horo curHana H .npyrHx npu pa311H'IHbiX 3Ha'leHHHX .nHcnepcnn IIIY!\fa, creHepnpo­

BaHHoro C nOMOIUbiO npoue,!{ypbl nceB,!{OCJlyqaiiHblX 'IHCeJI. 

Pe3yllhTaThi cpasneHHii no.nTBep.nnnn BbiCoKHe xapaKTepncTHKn anropnTMa LOCUS 

H LOCUS-P B TO'IHOCTH soccTaHOBneHnH KpHBbiX no cpaBHeHHIO c .npyrnMn crna:lKH­

BaTeJIHMH Ha TeCTOBblX ,!{aHHhiX, MaKCHMaJibHO npn6nmKeHHbiX K peaJibHblM. 

B DHToii rnase .nHccepTaUHH npe,!{Jlo:lKeH HOBbill no.nxo.n K Ja.naqe nonnHoMHaJibHO­

ro crna:lKHBaHnH nosepxHoCTeii 6n~y6H'IeCKoii Mo.nenbro c ncnonb30BaHneM penepHbiX 

TO'IeK noBepXHOCTll. PaccMaTPHBaeTCH MO,!{eJib ,!{11» perpeCCHOHHOll 3a,!{a'lll Bhl'lliCJie­

HliH B 3a,!{aHHOll TO'IKe (x., y.) OUeHKll fr. HeKOTOpOii $)'HKUllll F(x, y) no ee li3Me-' 

peHHbiM 3Ha'leHHHM { Fk } . 
KaK H3BeCTHO, cma:lKnBaHne $)'HKUnii .nByx n 6onee nepeMeHHbiX xapaKTepn3yCTc» 

nOBbiiiieHHoii TPY.noeMKOCTbiO n cno:lKHOCTbiO, B TOM 'IH!?ne H3-3a ysennqenH» pa3-

MepHOCTH MaTPHUbl CHCTeMbl HOpMrutbHblX ypaBHeHllll. 

llpn ncnOJib30BaHHll nOJIHHOMllaJibHOll MO,!{eJIH 'lliCJIO K03cpcpnuneHTOB, no,!{Jle)J(a­

IUHX onpe.neneHnro, 3aMCTHO paCTCT c ysenn'leHn;M nopMKa npn6nn:lKeHn». lhBeCT-
~1" • ' 

Hbi TaK:lKe TPYJJ.HOCTH, CBH3aimhle c nnoxoii o6ycnoBneHHoCTbro nonnHoMHaJibHbiX 

Mo.neneii perpeccnn ,!{J1H nonnHOMOB CTenemt IIIeCTb n Bhiiiie. 'B cnyqae paBHOMepHo­

ro 3a,!{aHnH Y3JIOB, perpeccnoHHa» MaTPnua TaKoii Mo.nenn CTaHoBnTc» nnoxo o6y­

cnoBneHHoii. ):{nH JIOKaJibHOrO CfJla:lKHBaHHH noBepXHOCTll 3,!{eCb npe,!{JlaraeTCH liC­

nOJib30BaTb Ky6nqecKyro no Ka)J(.l{oii nepeMeHHoii Mo.nenb, B KOTopoii o.nHa 'laCTb na­

paMeTPOB (6HKBa.l{paTH<Ui) Bbi6npaeTCH Ha noBepXHOCTH, B Bll,!{e penepHhiX TO'IeK, a 

.npyra» 'laCTb (6ney6nqecKa») BKJIIO'IaeT cBo6o.nHbie napaMeTPhl. TaKM,KOHCTPYKUHH 
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UOJBOIDieT 6onee 1.JeM B ,l(Ba pa3a llOHll3llTh pa3MepHOCTb MaTPHUbl CUCTeMhl HOp­

MaJihHblX ypaBHeHHH. 

EaJHCHbie li>YHKIIHH npe.nnarael\IOH 6nKy6uqecKoii Mo.nenu JaBHCliT oT Koop.nunaT 

yJJIOB 9-TO'-Je'-IHOH npliMOyrOJibHOH penepHOH CeTKll ll Bb!pa)!(aiOTCll qepe3 O.l(HOMep­

Hble BeCOBble li>YHKllllll 3-TO'-Je'-IHOfO Ky6uqeCKOfO CUJiaHHa, npe,nJIO)!(eHHOfO B 1.JeT­

BePTOH rnase ,nuccepTauuu. B 3TOM cnyqae Mh~ nonyqaeM nenonHyiO 6uKy6uqecKyiO 

nonHHOMJiaJibllyiO MO.l(eJih (HEM), B KOTOpoii.J K03tlJ!l>nuneHT npu x 3 
/ paBeH nyn10. 

Penepnall npuBli3Ka HEM K noBepxnocni noJBOJilleT ocna6nTh Bhi'IHCJIHTenhHbie 

'TPY.l(HOCTll, CBl!3aHHble C llJIOXOH o6ycJIOBJieHHOCTbiO CIICTeMbl HOpMaJibHbiX ypaBHe-

Hllll npu ysenuqenuu nopll,nKa annpoKCHMHpyiOIIIero nonunoMa, u no'ITH B TPH pa3a 

llOBb!CllTb CKOpOCTb Bbi1.JllCJieHUH. 3TH Ka1.JeCTBeHHbie xapaKTepHCTllKll BeCbMa aKry­

aJibHbl npu ucnonhJOBanuu Mo,nenu .nJill pernennll npaKTHIJeCKHX Ja,naq, oco6enno B 

CllCTeMaX peaJihHOfO BpeMeHH. 

Heo6xo,nuMOCTh B anropnTMax anllpOKCHMauuu u crna)!(uBaHnll nosepxnocTeii B03-

HHKaeT B pll,ne nayqHhlX ll npHKJia,l(HbiX Ja,naq npu 3aMeHe CJIO)!(HOH li>YHKllllOHaJibHOH 

JaBUCllMOCTll 6onee npOCTOH (nOJillHOMllaJihHOH) ,nJill CrJia)!(UBaHUll 3KCllepuMeH­

TaJibHbiX ,naHHhiX, B qacTHOCTH npu o6pa6oTKe ll3o6pa)!(eHuii, uccne.nosanuu nosepx­

nocTeii OTKJIHKa,. ananuJe JasucuMocTeii MarHHTHhiX CTPYKTYP u .np. 

·· B paJ,neJJe 5.1 paccMaTPHBaeTCll KOHCTPYKIIHll nenonnoii 6uKy6uqecKoii Mo,nenu 

(HEM) llOBepXHOCTll C ,neBliTbiO penepHbiMll T01.JKaMU, a B n. 5.2.1 paCCMOTPeHa llOJI­

Hall 6uKy6uqecKall Mo,nenh (EM) c rnecTna.nuaTbiO onopHbiMII TO'IKaMu . .[{eBl!Th onop­

HhiX TO'IeK HEM Bhr6upaiOTCll B yJJiax 11pl!Moyronhnoii ceTKII. 3naqennll 11pu6nu­

)!(aeMoii IIJill CrJia)!(IIBaeMOH llOBepXHOCTII B 3TIIX T01.JKaX 6epYTCll B Ka'leCTBe ee !l>nK­

CIIpOBaHHbiX napaM~OB. 0CTaJihHhie rneCTh llapaMeTpOB OCTaiOTCll CB06o,nHhiMII ll 

llo,nne)!(aT o11pe.nenenu10. 0KOH1.JaTenhno HEM 11punuMaeT su.n: 

3 6 

C(u, v)= L~ijwij(u, v;A.v) + :LtV»m(u, v;A.J =Sq(u, v;9\)+Sc(u, v;A.v), (12) 
i.j=l m=l 

r.ne Bm- 11piiBe,nennLie cso6o,nnhre Km¢!l>nuueHThl. Cl>)'HKIIIIII S /u. v; 9\) u 

Sc(u, v;A.v) 11pe,nCTaBJiliiO!, cOOTBeTCTBeHHO, 6uKBa,npaTHyiO u 6uKy6uqecKyiO co­

CTaBIDIIOIIIIIe allnpoKCHMaHThi C(u, v;9\). TiosepxnocTh (12) 11pe,nCTaBnlleT noKanh­

HhiH 6uKy6uqecKuii c11naiiH, TaK KaK B yJnax ceTKH u li>YHKIIIIll C(u, v;9\), u ee 11pou1-

BO.l(Hble OCTaiOTCll Hellpepb!BHbiMll. 

24 

' 

EaliiCHbie li>YHKUIIII mm (u, v; A.,.) Ollpe,neJil!IOTCll qepe3 11pOll3Be.neniill O,nHOMep­

HbiX 6a3IICHhiX ¢YHKIIIIH, IICIIOJihJyeMbiX B Mo,nenu HEM: d; (u; A. )Q(v;A,.), 

dj(v;A,.)Q(u;A.), (i,j = 1,2), Q(u;A.) II Q(v;A.). 3Tu ¢YHKIIHII o6pamaiOTCll B 

nynh B y1nax Bhi6panHoii ceTKu, T.e. m,. (u;, v j) = 0, ( m = 1,2, ... ,6; i, j = 1,2,3 ). 

Ecnu 3Ha1.JeHIIll o11opnhiX Koop.nunaT Ja,nanhi 6e3 ornu6oK, TO qucno neuJBeCTHhiX 

llapaMeTpOB B MO.l(eJIII (12) 6y,neT 110'-ITII B .l(Ba C IIOJIOBIIHOH pa3a MeHbllie, 'I eM B KJiaC­

CII1.JeCKOH MO,nenu 6nKy6u1.JeCKOro IIHTepiiOJilllliiOHHOfO CIIJiaiina (KEM) IIJill 11pOCTOfO 

.nsa)!(,l(bl Ky6uqecKoro c11naiiHa s(x, y),. 

HcnoJiblOBaHue Mo,nenn (12) Mll noKanhnoro 11pn6nn)!(eHHll li>YHKIIHH F(x, y) 

IIMeeT llpeHMYIIIeCTBO 11epe.n KnaccnqecKoii Mo,nenhiO s(x, y) Tor.na, Kor.na 3Ha1.JeHHll 

¢YHKUHII B OIIOpHbiX T01.JKaX Ja,naHhl C IIOBblllieHHOH TO'IHOCTbiO, a CaMH OIIOpHbie 

TO'IKII pac11onaraiOTCll B yJrrax 11pliMoyrorrbHoii CeTKII. Ha 11paKTnKe 3TH orpannqennl! 

ne cnurnKoM )!(eCTKue. Onu CBO,nliTCll K Bbi6opy yJJIOB pe11ep11oro 11pliMoyrorrhHIIKa u 

6orree TIIIaTeJibHO.My II3MepeHIIIO OIIOpHbiX T01.JeK 110 CpaBHeHIIIO C OCTaJibHbiMII, qero 

MO)!(HO .no6nThCll, HallpiiMep, IIOBT~pHbiMII IIJMepeHIIliMH. 3Tu TPe6osannll liBJiliiOTCll 

ocnoBHhiMII orpanu'lennliMII 11pu pa6oTe c ·HEM. Cne,nyeT OTMeTIITh, 'ITO 6naro.napll 

3TIIM OrpaHH1.JeHIIliM CYllleCTBeHHO B03pacTaeT 3¢¢eKTHBHOCTb 11poue,nypbl CfJia)!(UBa­

Hllll, TaK KaK pa3MepHOCTb MaTPIIllbl CIICTeMbl HOpMaJibHbiX ypaBHeHIIH COKpaiiiaeTCll 

6onee 1.JeM B .ns~ pa3a. 3To ynyqrnaeT o6ycnosne~nocTL cncTeMhi, IIOBhilliaeT yCToii­

'IHBOCTh II yseJIII'IHBaeT CKOpOCTh Bhi1.JIICJieHIIH. llpii perneHIIII Ja,naqu IIOJIIIHOMHaJib­

HOH anllpOKCHMauuu F(x, y). 3a,l(aHHOH aHaJIHTII1.JeCKII. B. npliMOyronbHIIKe, MO,nenb 

C(u, v;9\) MO)!(eT CJI~IITh y,no6HOH 6nKy6u1.JeCKOH allnpOKCIIMaHTOH, B KOTOpOH 6o­

rree llOJIOBIIHbl K03¢¢IIIIHeHTOB (penepHbie TO'IKII) MOfYT 6b!Th Bbl1.JIICJieHbl 3apaHee C 

0'-JeHb xoporneii TO'IHOCThiO no 3Ha1.JeHIIliM F(x, y) B yJJiax ceTKII • . . 
B paJ,neJJe 5.2 (n. 5.2.1) na ocnose HEM paccMaTPIIBa;e-rcll MHK 11poue.nypa Mll 

noKanhnoro crrra)!(IIBaHIIll (annpoKCHMauuu) nosepxnocTeii 6uKy6nqecKIIMII nommo­

MaMII B iipliMOyrOJihHOH o6naCTII. Ha OCHOBe 1.JHCJieHHbiX paC1.JeTOB c,nerraHbl cpaBHe­

Hllll peJyJILTaTOB o6pa60TKll O,l(HIIX II TeX )!(e Bbi60pOK C HCIIOJih30BaHIIeM MO,neneii 

C(u,v;9\) II s(x,y),Kor.naa33 =0. 

B JaKJJto'leunu DHTOii rJJaBLJ npuse,neHbi npuMepbi pac1.JeTOB, BhmonHeHHbiX na 

TeCTOBbiX ,naHHbiX C IICllOJiblOBaHJieM pa3JIII1.JHb!X MO,neneii (n. 5.2.2). 
/\ 
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PeJyJihTaThi crna:l!mBaHHjl, llOJI)"'eHHhie )lJUI HEM, cpaBHHBaJIHCh c peJyJihTaTaMH 

o6pa60TKH O)lHHX H TeX IKe BbJ60pOK Ha OCHOBe KJiaccnqeCKOH perpeCCHOHHOH MO)le­

JIH (KEM) C 15 napaMeTpaMH. ,[(JIH KaiK)lOH MO)leJIH BhJqHCJIHJIHCh: 

a) MaKCIIMaJihHOe OTKJioueune rma, = max IF-F I; 
r.yER;,.1. 

6) 3HaqeHHe onpe)leJIHTeJIH MaTPHllhl HOpMaJihHhiX ypaBHeHHH det = det(QTQ); 

B) rno6aJihHaH OTHOCHTeJihHaH oum6Ka ~;_ = ,/t, (F,- f:, )2 
/ ~t. fr, 2 

; 

r) speMH tR (c), JaTPaqeunoe na BhJqncnenne 0 n { ~ }; 

7 

Jl) pacnpe)lenenne OCTaTKOB r, = fr,- (Sqk + s,,)' r)le S,, = L emwm (x,' y,). 
m=l 

PeJyJihTaThi pacqeToB noKaJaJIH, qTo npeMOIKeHHhiH UC,JJlXOJl K nocTpoenmo 6nKy-

6nqecKoii MO)leJIH )lJIH CrJiaiKHBaHHH llOBepXHOCTH C npHBH3KOH K ee OllOpHh!M TOqKaM 

ll03BOAACT cymeCTBeHHO llOBhiCHTh CKOpOCTh H ycToifqHBOCTh BhJqHCJieHHH H 6onee 

qeM B )lBa pa3a COKpaTHTh pa3MepHOCTh MaTPHllhl CHCTeMbl HOpMaJihHhiX ypaBHeHHH. 

3TH KaqecTBeHHhJe xapaKTepHCTHKU j~BJIHJOTCH aKTYaJihHhiMH )lJIH pa3pa60TKU aJiro­

pHTMOB rJI06aJibHOH annpOKCUMal.IHH H CrJia/KHBaHHH llOBepXHOCTeH. 

B IlmmoJKemm I npnBe)leno onncanne nporpaMMnoro naKeTa JlJIH BhJqncnennH 

Ol.leHOK napaMeTPOB llOBepXHOCTeH 6nKy6nqecKOH MO)leJihJO C UCIIOJih30BaHneM pe­

nepHhiX ToqeK. flpHBO)lUTCH nporpaMMa (Maple), !}JopMaThl BXO)lHhiX )laHHhiX U npu­

Mepbl BhiJ.laqn pe3yJihTaTOB. l.JeThipe !}Jaiina UBC7.m, UBC7_Use.mws, Data DP.txt n 

DataPP9.txt JlOCTYUHbl )lJIH llOJih30BaTeneii ua ftp cepsepe ftp.tuke.sk m JlHpeKToprm 

/pub/doc/maple/ubc. Cl>aiin UBC_Use.mws B cpe)le Maple 6 (Windows) )leMOHCTPH­

pyeT licnonh3osanne UBC.m 6n6nnoTeKn Maple npoueJlyp, BhmOJIHliiOJ.UHX npoueJly­

PY crnaiKHBaHHH )lJIH MO)lenn (12). 

B IlpnnoJKennu II npnBe)leno onucanne nporpaMMnoro KOMnneKca )lJIH naCTPOH­

KH )leTeKTopos M!}JpaKTOMeTpa Epsilon (Delphi 5) n npnMep Bbl)laqn peJyJihTaTOB o6-

pa6oTKH pa6oqnx H3Mepeunii c )leTeKTopos cneKTPOMeTpa. 

B JaKJIJOqenne c!}JopMyJiupoBaUhl OCIIOBHhJe pe3yJihTaThl U Bh!BO)lhl, llOJI)"'eUUhJe B 

Jlll ccepTaunn. 
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