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BHYTPEHHMMM M BHELIHUMHU Bo3MylleHusiMu. [IprBemeHbl IMpHMephl MpaKTUde-
CKOTO NPUMEHEHMS STUX PE3YJILTATOB IIPU CHUHTE3€ MPUKIATHBIX MH(GOPMALIMOH-
HBIX TEXHOJIOTUIA OLIEHKM COCTOSIHUSI TEXHUYECKUX M OMOJOTMYECKUX OOBEKTOB
[0 CUTHAJIaM C JIOKAJIbHO COCPEIOTOYEHHBIMU IMArHOCTUYECKUMHM MIPU3HAKAMU.
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(opMalMOHHBIX TEXHOJIOTUI 00PabOTKU CUTHAJIOB.
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BBELEHME

ITpodeccronanbHass AesITEIBHOCTh W YacTHas
JKU3Hb YeJIOBeKa MOCTOSIHHO CBSI3aHbI C HEOOXO-
JUMOCTBIO TIPUHSATHUSI T€X WIM WHBIX PEIICHUIA.
[ToHsITHO, YTO pelIeHUs MOTYT ObITh 3P dek-
TUBHBIMU JIMIIIbL B TOM CJIy4ae, KOrma OHU OIH-
paloTcd Ha JOCTOBEPHYIO M CBOEBPEMEHHYIO MH-
opmanmto. HemanoBaxHa takxke (popma mnpen-
cTaBjlieHUs] MH(MOpPMalLWKU, TOCKOJbKY 4YesaoBe-
YeCKMIA MO3Tr He CITOCOOEH aJeKBAaTHO OLIEHU-
BaThb OOJbLIME OOBEMBI IMYCTb Jaxke ITOCTOBEp-
HOI, HO HE CTPYKTYpUPOBAHHOW MHGMOPMALIUU.

Wudopmanus Hapsgay ¢ MaTepueil U sHep-
TUeil sSIBIsIeTCSl TIEPBUYHBIM TIOHSITUEM HAaIlIETO
MHUpa U TIOSTOMY B CTPOIOM CMBICIE HE MOXKET
OBbITH omnpeAeneHa. MOXHO JIUILb MEPEeYUCIUTD
€€ OCHOBHbIE CBOMCTBA:

e yHpopMalLMs JAaeT HoGble CBEACHUS 00
00beKTaxX, SIBJICHUSIX U TIpolieccax, KOTOpble He
ObUIM M3BECTHBI 0 €€ MOJy4eHUsI, UHBIMU CJIO-
BaMM, MH(OPMALIUSI CHUXKAET HEOoMpeAeeHHOCTD
HAIIeTo TIPeICTaBIeHUsI 00 OKpYKaIOIEe cpee;

e uHGoOpMaLUSI MPENOJHOCUTCS B (opme
MamepuanbHbuix HOCUTENIel COOOIeHU, KOTO-
pble JOJDKHBI ObITh MOHSITHBI KOHEYHOMY T0JIb-
30BaTelio.

e uHoOpMaLMI MOXET OBITb 006eKmom
oIepalyii BOCHPUSITUSI, HAKOIIJICHUSI, TIpeodpa-
30BaHUSI, UCIIOJB30BAHUS U TepeIaun.

XOTsl caM TepMUH UHGpopmayus CylLIeCTBYeT
JOCTATOYHO AO0JITO U MHTYUTUBHO MOHSITEH JIIO-
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OOMy 4YeJIoBeKY, TOJIbKO B MepBoil mojioBrMHE XX B. MOSIBUWIMChH Hayy-
Hble JUCLUIUIMHBI, MU3yYalollle CTPYKTYpYy M 3aKOHOMEPHOCTHU IIpO-
TeKaHus1 UHGOPMALIMOHHBIX MpolieccoB. Bo Bropoii monoBuHe XX B.
CTPEMUTEILHO Pa3BUJIKUCh CPENCTBA BBIYMCIUTEIbHON TEXHUKU U
9JIEKTPOHUKH, TIOSIBWJINCH OPUTMHAJIBHBIE METONIBI YMCIEHHON 0bOpa-
OOTKM NAaHHBIX, MPOU3OIITIA DBOJIOIMS S3bIKOB MPOrpaMMUPOBAHUS
BbICOKOTO YpoBHsl. CdopMHpoBaIoCch HOBOE HayyHOE HampasJe-
HUe — uHpoOpMaThKa, KOTopas MpPUMEHSIETCsS BO BCeX OOJACTIX ye-
JIOBEUECKOM NESITeIbHOCTH.

CoObIBaloTCA MpeackazaHus akaaemuka B.M. T'nyiikoBa u apyrux
yuyeHbIx 0 ToM, 4YTo B XXI B. B TEXHUUYECKM Pa3BUTBHIX CTpaHax MMUpa
OCHOBHasl Macca MHdopMaluu OyIeT XpaHUTLCSI U 00pabaTHIBaTHCS C
MOMOIIBIO 3JEKTPOHHBIX BBIYMCIUTEIBHBIX MAIlIMH.

CoBpemeHHble uH(MopMalnoHHble TexHonoruu (MUT) [71] ciyxar
WH(OPMALMOHHON MOIAEPKKON MpY MPUHITUM PELIEHUN U yIpaB-
JICHUU B HayKe, 9KOHOMUKE, MPOMBILIJICHHOCTH, MEAULIMHE U JAPYTUX
obnactax. ITpoagykrom UT gBnsieTcs uH@opmalius, MOATOTOBJIEHHAs
B COOTBETCTBUHU C MOTPEOHOCTSIMM KOHKPETHBIX I0JIb30BaTesIeil B TOM
VI WHOM TIpeIMETHOM O0JIacTH.

OnHO M3 MEepCreKTUBHBIX HampaBJIeHUM MCIOJIb30BaAHUSI COBpE-
MeHHbIX UT — auarHocTuka COCTOSIHUSI TEXHUYECKUX U OMOJIOTH-
YyecKUX 00beKTOB. OOBIYHO TaKW€ TEXHOJOTMM OCHOBAaHBI Ha KOM-
MbIOTEpHON 00paboTKe AOCTYMHBIX CHUTHAJIOB, KOTOpbIE TMOPOXIaeT
00BeKT B Tpoliecce cBoero (yHkIMoHupoBaHus. IIpenmonaraercs,
YTO TaKOi CHUTHaJ HeceT MH(OPMALMI0 O KOJUUYECTBEHHBIX WIM Ka-
YeCTBEHHBIX TOKa3aTessIX TEKYILEero COCTOSIHUSI O0beKkTa, a 3amada
WH(GOPMALIMOHHOW TEeXHOJOTMM — W3BJeYb 3Ty MHOOpMalMIO U3
CUrHasa.

OO01IMM 3aKOHOMEPHOCTSIM M3BJIeUeHUs] WH(popMalMu 13 HaOJI1o-
NIeHUI MOCBSILEHb (yHIaMeHTalbHble HayuyHble Tpyabl P.JI. Xapriu,
K. IIennona, H. Bunepa, A.H. KoamoropoBa, B.A. KortenbHuKOBa,
A4. XununHa, A.A. XapkeBuuya U APYTrux OCHOBOIIOJOXHUKOB TE€O-
puM MHbOpMalMy. 3HAYUTENbHBIA BKJIAA B pa3BUTHE TEOpUU Lu-
poBoil 00paboTku curHajsoB BHecau T.K. Bunupok, A.I1. Iparan,
B.K. 3agupaka, FO.I1. Kynuenko, B.A. OMenb4eHKO U MHOTHE ApY-
M€ YKPaWuHCKUE yYEHBIE.

B Tex cinyuasx, korga uHGbOpMalLKsl O COCTOSSHUM OOBEKTa paB-
HOMEPHO «pachpeneieHa» Ha MHTepBaje HaOMIONeHUM, IS ee W3-
BJICYEHMST MOTYT OBbITh MPUBJICUEHBI KJIACCUYECKUE METOAbl 00padoT-
KA CHTHAJIOB, B YaCTHOCTU OPTOTOHAJbHBIE PA3TIOXEHUS CIy4aliHBIX
CUTHAJIOB MO cucTteMe OaszucHbIX (pyHKuuit. Torma Ko3(@ULMEHThI
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(YHKIIMOHAJIBHOTO psiia MOTYT MCMOJb30BaThCsl B KaYeCTBE OUArHO-
CTMYECKHUX MPU3HAKOB, XapaKTePU3YIOLIMX COCTOSIHUE OOBEKTA.

3agaya CylLIECTBEHHO YCJIOXHSETCH, €CJM WH(OpMaLMI0 O CO-
CTOSIHUM OObEeKTa HeCyT AMarHOoCTUYEeCKHWe TPU3HAKM, COCPEIOTO-
YeHHbIe Ha HeOOoJbIIMX (hparMeHTax MHTepBaja HAOMIONEHUSI CHUTHa-
Jla, a caM CHUTHaJl UMEET JOCTATOYHO <«CJIOXHYI0» (hOpMY, KOTOPYIO
HEBO3MOXHO OMNHUCATh MOMAEJIbIO C HEOOJIBIIMM KOJMYECTBOM Mapa-
MeTpoB. KilaccuueckMMM TpUMepaMu TaKUX CUTHAJOB SIBJISIIOTCS
aniekTpokapauorpaMmmbl (DKT'), marnutokapauorpammbl (MKT), peo-
rpaMMbl U Apyrue OMOJIOTMYECKUE CUTHAJIbI, JOKaJIbHbIE (PparMeHThbI
KOTOPBIX HECYT LIEHHYI0 MH(OPMALUIO O COCTOSIHUM CEPAEYHO-COCY-
JIMCTOM CUCTEMBI XXMBOTO OpraHMU3Ma.

CurHaiabl CIOXHONH (OpMBI € JIOKAJIBHO COCPEIOTOYSHHBIMU
MIPU3HAKAMU BCTPEYAlOTCd U B IPYIMX NpuwioxeHusax. Hampumep, B
METaJUTypruM, MWHEpPAJOruu, meTporpadud U XWMHUM ILIMPOKO MWC-
MOJI3YIOT TaK Ha3blBa€MbIii METOJ TEpPMUYECKOro aHanuza. B coot-
BETCTBUM C 3TUM METOAOM (DU3MKO-XMMUYECKUE CBOICTBA MHOIO-
KOMITOHEHTHOTO MaTepuasia ONpeaesioT MO0 XapaKTepHbIM (hparMeH-
TaM CMTHaJla, Hecyllero nHdopmMaiumoo o0 U3MEHEHUU TeMIlepaTyphbl
obpasua B mpoiecce ero Kpucramuimdauuu. CnucoK MOA0OHBIX MpU-
MEPOB MOXHO ObUIO ObI MPOAOJKHUTD.

Knaccuueckue meTonbl Majlo MPUIOAHBI Mpu 0OpabOTKe CUTHA-
JIOB CJIOKHOI (DOPMBI, MOCKOJBKY KO3(POUIIMEHTH (QYHKIMOHATb-
HOTO psiia, MOCTPOEHHOTO Ha BCE 00JIaCTU OMpenesieHus, TIOYTHU HE
YyBCTBUTEJIbHBI K BapualvsIM aMIUTUTYIHO-BPEMEHHBIX TPU3HAKOB,
COCPEIOTOYEHHBIX Ha JIOKAJIbHBIX (PparMeHTax HaOJI0AaeMOro CHUr-
Haja. B To Xe BpeMs MMEHHO M3MEHEHUE TaKuX IMPU3HAKOB HECET
COOTBETCTBYIOLIYIO AUArHOCTUYECKYIO MHMOpPMALIMIO O TEKYILIEM CO-
CTOSIHUM OOBEKTA.

B nmocnenmHue rombl pa3BMBAIOTCS aJbTEPHATUBHBIE MOAXOABI K
aHaIM3y JIOKAIM3UPOBAHHBIX CBOWCTB CUTHAJIOB, B YACTHOCTU METO[I
BEIBIIET-IPeoOpa3oBaHU, OPUEHTUPOBAHHBINA Ha OLIEHKY JIOKAIN30-
BaHHbIX BO BPEMEHM YAaCTOTHBIX KOMITIOHEHT curHaia. I[lonyuyunu
U3BECTHOCTb TaKXe METOAbl OOHApYyKeHUS pas3jiafiku CTaTUCTUYECKUX
CBOUICTB CJIy4yaHBIX IMOCJIEIOBATEIbHOCTEM, JUHIBUCTUYECKUN IO~
XOJl K aHaJIU3y CTPYKTYpPbl CUTHAJIOB CJIOXHOU (POpMBI U psI APYTUX
HOBBIX HayYHBIX HaIlpaBJICHUH.

OaHako, 10 OlIEHKEe CHELUATMCTOB, CYILIECTBYIOIINWE NPUKIIaIHbIE
HT o0paboTKu CUTHAJIOB CIOXHOK (DOpMBI BCe €lle He obecrnevyuBa-
0T TpeOyeMyl0 JTOCTOBEPHOCTh Pe3yJbTaTOB NMAarHOCTUKU. B 3Haum-
TEJIbHOW MEpe 3TO O0YCJOBJIEHO HECOBEPIIECHCTBOM MaTEMaTUYECKHUX
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MOJIEJIEN, OMUCHIBAIOIIUX MEXAHU3M MOPOXIECHUS TaKUX CUTHAJIOB B
YCJIOBUSIX BO3MYIIEHUIA, KOTOPbIE B PEAbHBIX CUTyalMsIX HE MOTYT
OBbITb CBEIEHBI JUIIb K aAIUTUBHOMY IIyMy. TpeOyloT majbHeuIero
pa3BUTUS TakXe HaydyHO OOOCHOBAHHBIE TOJAXOAbI K ITOCTPOEHUIO
MaTeMaTUYECKMUX METOIOB U KOMIBIOTEPHBIX AJITOPUTMOB BBIAECICHUS
MOJIE3HOT0 CHUTHAJIa CJIOXHOW (hOPMBbI MO MCKaX€HHBIM peaiu3aiu-
aM. HeobOxoaumo ycoBeplleHCTBOBaTb (POpMajibHbIE KPUTEPUU, TO-
3BOJISIOIIME MO BKCIMEPUMEHTAIbHBIM JAHHBIM OlLIEHWBATh IMArHO-
CTUYECKYI0 3(D(HEKTUBHOCTD JTOKAIbHO COCPEIOTOUEHHBIX MPU3HAKOB.

ITpakTryecKu OTCYTCTBYIOT MOHOTrpaduu MeTOHOJIOTMUECKOro ria-
Ha, B KOTOPbIX Obl OXBATHIBAJICS BEChb KOMILUIEKC HAy4YHbIX U MpU-
KJIaJHBIX BOIMPOCOB, BO3HUKAIOIIMX Mepes KOHCTpykKTopoM HoBoii UT
aHaaM3a U MHTEPHpEeTalMy CUTHAJIOB C JIOKAJbHO COCPENOTOYEHHBI-
MU TIpU3HAKaAMHU.

Hacrosiiiass moHorpadusi mpecieayeT 1iejib BOCIOIHUTb 3TOT
npoben. B Heil npenacraBieHa nHGopMalus 06 OpUTMHAIbHBIX MaTe-
MAaTUYECKUX MOJEJSX, METONAX, BBIMMCIUTEIbHBIX AJITOPUTMAX U TIPO-
rpPaMMHBIX KOMITOHEHTaX, OPUEHTUPOBAHHBIX Ha OOpPabOTKY CHUTHa-
JIOB CJI0XXHO# (opMbl. TeM caMbIM CTPOMTCSI CBOCOOPA3HbBIM «MOCT»
MEXAy Teopuell M MpakTUKOM MmocTpoeHus: IporpeccuBHbix UT us-
BJICUCHUS] TUATHOCTUYECKON MH(OPMALIMM U3 TaKMX CUTHAJIOB.

KHura coctout u3 1iecTu rjiaB, KOTOPbIE XeaaTeJbHO YUTATh T0-
CJIEIOBATEJIBHO.

B nepBoii riaBe (opmynupyeTcss oO1as npobdieMa MOCTPOEHUS
WUT ning oLieHKU COCTOSIHUSI OOBEKTOB IO HAOJIOJaeMbIM CHUTHAJaM,
KOTOpbIE TTOPOXIAET UCCIEAYEMbIi OOBEKT B MPOLIECCE CBOETO (hyHK-
LIMOHMpOBaHUS. PaccMoTpeHa pabouasi TUIoTe3a, MO3BOJIsIIONIAs 000-
CHOBaTh MPUHUMITMAIBLHYIO BO3MOXHOCTb IOCTPOEHUSI TaKUX TEXHO-
soruit. I[TpoBemeHa cpaBHUTEIbHASl OLIEHKA M3BECTHBIX MOAXOAOB K
aHaM3y CBOWMCTB CUTHAJIOB, KOTOPbIE MOTYT OBITh HCITOJIb30BaHbI B
KayecTBe NOTEHUUAJIbHO TIOJE3HbIX JIUATHOCTUYECKMX IPU3HAKOB
IS OLIEHKM COCTOSIHUSI OOBEKTOB PA3IMUHON (Pr3UUECKOU NPUPOILI.

Bo BTOpO#i r1aBe paccMaTpuBalOTCS METOAOJOTMYECKME OCHOBBI
noctpoeHusi UT, opueHTUPOBAHHBIX Ha U3BJIEYEHUE AMArHOCTUYE-
CKOii MHGpOpPMallMM M3 MCKaXEHHBIX CUTHAJIOB CJIOXHON (hOpMBI.
Pa3zBuBaercs croxactuueckass Mojesib MOPOXIEHUS TAKUX CUTHAJIOB B
YCJIOBUSIX BHYTPEHHUX W BHELIHWX BO3MYILEHUM, KOTOPbIE MPUBOIST
K HEpaBHOMEPHbIM M3MEHEHUSM OOJACTU ONpPEAC]CHUS] TOJE3HOIO
curHana. Ilpennaraercsa 00o0OIleHHAs] cXeMa W3BJIEUYEHUS JIOKaInU30-
BaHHOW IMArHOCTUYECKOU HMHGOpPMallUM M3 UCKaXEHHBIX peajiu3a-
L1 CUTHAJIOB CJI0XHON (hOPMHEI.
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B TpeTtnbeii rmaBe paccMaTpuUBaETCs OPUTMHAIBHBIA METON BOCCTa-
HOBJIEHUSI TI0JIE3HOTO CUTHaja CJIO0XHOU (hOpMBI MO TOCAeA0BaTEb-
HOCTM MCKaXXCHHBIX peanu3aluii. MeToa OCHOBaH Ha Iepexome OT
JNUCKPETHOM TOCAEA0BATEIbHOCTU CKaJSIPHBIX 3HAYEHMU CUTHajda K
MOCJeA0BATEIbHOCTY BEKTOPOB B HOPMUPOBAaHHOM (ha30BOM MpoO-
CTPAHCTBE, YCPEIHEHWE KOTOPBIX C MCMOJIb30BaHUEM XaycaopdoBoi
METPUKHU TIO3BOJISIET OLIEHUTh 3TAJIOH TMOJIE3HOTO CUTHaja B (pa3oBOM
MPOCTPAHCTBE M BO BpeMeHHOU obOiactu. ITpuBoagTCA pe3yabTaThl
TEOPETUUYECKUX U 3KCIMEPUMEHTAJIbHBIX MCCIEIOBAaHUIA 3TOro MeToaa
Ha OCHOBE TIPEVIOKEHHON CTOXaCTUYECKOW MOJENU TTOPOXICHUS
curHana. HarmsgmHo wiuiocTpupyeTcs peuMMyIleCTBO MEeToAa Mepen
TPaAULIMOHHBIM TOJIXOJ0M, OCHOBAaHHBIM Ha YCPEIHEHWM MCKAXEH-
HBIX peaJiu3alluii BO BDEMEHHOW 00JIacTH.

B uerBepToii riaBe (popMYyJUPYIOTCSI OCHOBHBIE TIPUHIIWMBI T1O-
cTpoeHust MHcTpyMeHTanbHOI cucteMbl CHUIMIPA®, mpegHasHa-
YEHHOM IS MHTEPaKTUBHOIro cUHTe3a mpukiaaaHbix MT obpaboTku
CHUTHAQJIOB CJIOXHON (popMbl. Snpo cuCTEMBI MTOCTPOCHO Ha ABYX 00b-
€KTHO-OpPUEHTUPOBAHHBIX KJjlaccax, MPEICTaBISIOIINX co0oil 0600-
ILIEHHYI0O MOJIeJIb HOCUTENSI JaHHBIX U OOOOIIEHHYIO MOJEIb BUPTY-
albHOM 00paboTKM JaHHBIX. Ha 0ase HaclieTHMKOB 3TUX KJIACCOB
peaqu30BaH LIMPOKUI HAOOP BBIYUCIUTEIbHBIX KOMIIOHEHT, UCIOJIb-
3YIOIIMX TPAAWIIMOHHBIE W OPUTMHAIbHBIC TMPOLEAYPhl TpeaBapu-
TeJIbHOW O00pabOTKM M aHaluW3a CUTHAJOB CJIOXXHOU (opmbl. Ha mpu-
MEpe pEILICHUSI 3aJa4yu IOAABJIECHUS AaIJUTUBHBIX BHEIIHUX TMOMEX
pPa3IMYHOTO TUIA AEMOHCTpUpYyeTcs 3D (HEKTUBHOCTE OPUTHHATbHBIX
BBIUMCJIUTEIbHBIX TTPOLIEIYD.

Ilaras rmaBa TOCBsIlIEHAa aKTyaJbHOW 3aaaye, ¢ KOTOPOW HEu3-
OeXHO CTaJIKMBaeTCs KOHCTpYKTOop mnpukiagHoii MT Ha 3Tane uH-
TepIpeTallMi CUTHAJIOB CJIOXHOU (OpMbl: HccaeayloTcs (GopMalib-
HbI€ YCJIOBUSI TIOJE3HOCTU MMArHOCTUYECKMX MPU3HAKOB W METOJbI
WHTerpaliMy YacTHBIX PelLleHUU TpyInbl He3aBUCUMBIX TECTOB B YC-
JIOBUSIX TPOTUBOPEUYMIA; MOKa3bIBAETCS CYIIECTBOBAHUE T'PAHUYHBIX
3HAUYEHUIN BEPOSITHOCTE! OIIMOOK TMPOITyCKa LeJU U JOXHOW TPeBOTU
MpU pELICHUM 3alady JTUAarHOCTUKU B CTAaTUCTUYECKOW TOCTAHOBKE;
OIMMCHIBAETCS YCOBEPIIEHCTBOBAHHBINA METON OLIEHKU 3((EKTUBHO-
CTU JWArHOCTUYECKMX TECTOB, OCHOBAaHHBIM Ha aHAJIU3€ IKCIIEPU-
MeHTabHOI ROC-KpuBOit; hopMylupyeTcsl obliiee yciaoBue Oecro-
JIE3HOCTHU PEJIEBaHTHBIX MTPU3HAKOB U JIOKA3bIBAETCS PsIll TEOPEM, OIl-
pEIESIoOINX TOCTaTOYHbIE YCJIOBUS TOJIE3HOCTU AMATHOCTUYECKUX
MPU3HAKOB.
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B mecToii riaBe paccMOTpeHBI IIPUMEPHI IPAKTUUYECKOTO MC-
MOJIb30BaHUS TMOJYYEHHBIX TEOPETUYECKUX PE3yJIbTaTOB MPU CUHTE-
3¢ UT oLeHKM COCTOSTHUSI TEXHUYECKUX M OMOJOTMYECKHX OOBEK-
TOB TI0 CUTHAJaM CJOXHOU ¢opMbl. OTIMCAaHBI IPUHLIUIILI TTOCTPOE-
HUSI CO3IaHHBIX TOJ PYKOBOICTBOM aBTOpa JaHHOW MoHorpaduu
MPUKIAgHBIX KOMIbIOTepHBIX crucTeM «[EPMOIPA®», «UYT'YH>»,
«FAZAWIN», «OA3ATPAD», <UKAP» 1 «MAGWIN». Ilpusene-
HbI pe3yJbTaTbl UCIBITAHUNA W UCIIOJb30BAaHUS 3TUX CUCTEM B YK-
paune, Poccum, Benrpuum u I'epmanuu. HamedeHBI mepCIIEKTUBBI
pa3BUTHUST UH(POPMALIMOHHBIX TEXHOJIOTUII 0OPAOOTKM CUTHANIOB CIIOXK-
HO¥ (DOPMBI IUIST pellieHUs aKTyaTbHBIX MMPUKIATHBIX 3a1a4.

ABTOp CUMTAeT CBOMM IIPUSITHBIM JOJITOM BBIPA3UTh MPU3HATE/Ib-
HocTh akageMuky B.M. Ckypuxuny u mpodeccopy B.U. I'puiieHko
3a TIOJJIEPKKY M B3aMMOIIOHMMAaHUE, a TakXKe pelieH3eHTaM MOHO-
rpa¢uy JOKTOPY TEXHMWYECKUX Hayk, Inpodeccopy A.A. TyHuKy u
nokropy TexHuuyeckux Hayk I'.C. Tecinepy 3a LieHHBIE 3aMeyaHUsI.
ABTOp 0;1aroJapeH CBOMM MOJIOJAbIM KOJUIEraM, KOTOpbIE MPUHUMAIIN
ydyacTue B pa3paboTKe TPUKIAIHBIX CUCTEM OOpabOTKM CUTHAIOB
CJIOXKHOM (DOPMBEI.
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Jlunus JcusHu He MoAbKO MEos,

Bcex npedvidywux meoux nokonenuil,

Tor — Kax umoe s3mux uyOHbIX 6emeaeHUll,
B dannbiii momenm 3acayxcun bvimus.

C mupom mob6or oHu 2oeopsam,

Tot — cnabviii waunc @ smom ceéeme oCmMamocs,
byob dice eymannbim, cymeil nocmapamocs,

He obpuisati Ha cebe smom pso.

Tamosana I[lomanosa

[TPOBJIEMA OLEHKM
COCTOARNS OBBEKTOB

B YCIOBMAX

HEMOHOM MHOOPMALIM

1.1. O6was dpopmynuposka npobnembi

B 3amauax yrpaBieHUsI COCTOSIHUE OOBEKTA TIPH-
HITO XapaKTepu30BaTb COBOKYITHOCTHIO 3Haye-
HUI HEKOTOPBIX BEJIMYUH, OMpPENESIOUIMX €ro
noBeaenue [119, c. 26]. B 3amauyax TexHuue-
CKOI M MEIUIIMHCKOW NMAarHOCTUKM 4Yalle Bce-
TO M3ydJaeTcs KauyeCTBEHHAs XapaKTeprUCTHUKa CO-
CTOSTHUSI OOBEKTa ITyTeM OTHECEHUSI €ro TeKy-
1LIET0 COCTOSTHUST K OMHOMY M3 BO3MOXHBIX KJjlac-
coB (nnarHosos) [28].

HMcrnonb3yst TOHSTHE IHKadbl HM3MEpeHUs
[198], BBemem 0OOOILLEHHBIN MOKa3aTellb CO-
crossHUs oO0bekTa [207], moa KOTOpPhIM B Tiep-
BOM cJiyyae OyaeM TIIOHMMAaThb BEKTOp S =
=($,...,Sy) C YUCIOBBIMA KOMITOHEHTaMU
S{, ---s Sy, @ BO BTODOM — 3HauyeHWE WHIWKa-
TOpHOI TepeMeHHON s =1, ..., M, xapakTtepu-
3ylollleil MPUHAUIEXXHOCTh TEKYLIEro COCTOSI-
HUSI TEXHUYECKOTO WJIU OUOJOTUYECKOTO O0B-
eKTa K OZHOMYy U3 M KiIaccoB 3amaHHOTO
mHoxecTtBa V ={V,, ..., V},}.

JI0BOJTLHO YacToO Ha TPAKTHUKE HEITOCPEICT-
BEHHOE OIpeieieHre § HEBO3MOXHO M3-3a OT-
CYTCTBUSI COOTBETCTBYIOIIUX TATYMKOB U MHIU-

KaTtopoB. Hampumep, arpecCMBHOCTh M BBICO-
Kast TeMIlepaTypa cpeinl MPEMSTCTBYIOT CO3/1a-
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TemnoBoe mose
KpHCTaJTU3Y IOIIEToCsl
pacruiaBa

9HeKTpOMaFHI/ITHOC ToJie
Cepa 4YCIOBCKa

————

\\\ ! //,/
-~ d \

—— e

Puc. 1.1. TTpumepsl 110J1€l, HECYILIMX MH(POPMALIMIO O COCTOSIHUM OOBEKTA

HUIO JATYMKOB IJIST HETIOCPEACTBEHHOTO OIMpeaeaeHUS XUMUIECKOTO
cocTaBa M APYTUX MapaMeTpoB COCTOSIHUMS pacIllaBJIeHHOro MeTajia,
YTO MEIIAET MOCTPOCHUIO 3(PDEKTUBHBIX CUCTEM YIMpPaBICHUS METal-
JlypruyeckuMu mporeccamu [192]. HeBo3MOXHO TakXke IPU Macco-
BbIX MTPOGUIAKTUYECKUX OOCIEA0BAHUSIX OIPENesITh COCTOSIHUE BHYT-
PEHHUX OpPraHOB YeJOBEKa Ha OCHOBE MPSIMbIX (MHBAa3UBHBIX) METO-
OB TMAarHOCTUKM, HAIlpUMep MeToaa KopoHaporpaduu ISl TUarHo-
CTUKM 3a00JIeBaHMI CEepAeYHO-COCYAMCTON CUCTEMBbI YesloBeKa. DTOT
MeTOH JOCTaTOYHO IOPOTOM M, camoe TJIaBHOE, HeOGe30MacCHBIN ISt
obcnenyeMoro mamueHTa. CIMcoK MOMOOHBIX TTPUMEPOB MOXKHO OBbI-
JIO OBl TPOJOJIKUTb.

B »mmx curyammsx He ocTaeTcss HUYEero WHOTO, KaK KOCBEHHO
OLICHMBATh §, UCIOJb3YSl TOCTYIHYI0 MHbopMaluio. PerieHue Takoit
3alaud SIBJISIETCS IJIaBHOM 1EAbl0 WH(MOPMALIMOHHBIX TEXHOJOTUIA
(1T), paccmaTtpuBaeMbix B MoHorpaduu. Kakas ke padbouasi runore-
32 MOXET OBbITh MOJIOXKEHA B OCHOBY CHHTE3a TaKUX TeXHOJIOTUi?

[IpenronoxmM, 4TO HEKOTOPHIN TEXHWYECKUN WM OMOJIOTHYE-
CKUI OOBEKT Mpu (UKCHPOBAHHOM COCTOSIHUU S € .S IIOpPOXAaeT
¢usnueckoe nosne (puc. 1.1), koropoe moxm HEHCTBUEM IIPOLIECCOB,
MPOUCXOISIINX BHYTpU 00beKTa, U3MEHsIeTcs BO BpeMeHu. [Ipencra-
BUM 3TO IOJIE B BUAEC

Yo = W (u,1), (1.1)

rae t— BpeMmsl; ¥ — TOuka MpocTpaHcTBa; ¥, — Hekoropas QyHK-
LU,
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Ecmu 3adumkcupoBaTh TOUKY TPOCTPAHCTBA U = U, W M3MEPUTDH
BeJIMUMHY MOJISl B 3TOi Touke, To dyHKums W, (u,1) BoIpoxmaeTcs [65]
B CKaJIIPHYIO (YHKIIMIO BpEMEHM

Yo =¥, (1, ) = 9 (1), (1.2)

a npu uamepeHuu 1noust (1.1) B HECKOAbKMUX (DPUKCUPOBAHHBIX TOUKaX
Uy, Uy, ..., Up TIPOCTPAHCTBA — B BEKTOPHYIO DYyHKUMIO Yo (f) = (¥,(), ...
ey V(D).

ITockoneky curHan (1.2) 3aBUCUT OT S, TO, C (DOPMAIBHONM TOUYKU
3penust, UT goirkHa oGecrieumBaTth pellieHHe oOpatHoil 3amauu [207]:
TpeOyeTCsl OLIEHUTh HEM3BECTHOE 3HAUCHUE § MO pe3yjibTaTaM HU3MeEpe-
HUS cUTHaNa y,(f) Ha oTpe3ke HaOmoaeHus f, <t <t, (puc. 1.2).

[Ipunumaer OObeKT HCCiIeA0BaHUS [lopoxnaer

HudopmanmonHas
TEXHOIOTHUSI

OueHuBaer Hsmepser

Puc. 1.2. AberpakTHas moaenb UT o6paboTku curHazia

OnHako Ha mpakTuke (GyHKUMS W,(-) 4alle BCEro He WM3BECTHA.

OO0byHO KOHCTpYKTOpY IpukiagHoi MT mpuxomutcs cTaJKkuBaThCS
C IOCTaTOYHO CJOXHBIMU OOBEKTAMU M IIpolieccaMM, a 3HAHUSI B
paccMaTpuBaeMoil MpeaMEeTHOM 00JacTy c€i1abo CTPYKTYpUPOBAHbI U
dopManM3aluu TOAAAIOTCS JMIlb OTAEAbHbIE (ParMeHThl OOIIEN
noctaHoBku [23]. st ynpolleHuss U3ydeHUus pu3nuecKux 3aKOHO-
MEPHOCTEM 4acTo paccMaTpPUBAIOT «MAeAJIM3UPOBAHHBIE» YCIOBUS, B
pe3yJbTaTe 4ero IMOJydeHHbIE TAKUM CIOCOOOM MOMAEIU IPUBOAAT K
3HAUUTEIbHBIM TIOTPEIIHOCTSIM, KOTOPbIE HE MOTYT OBITb MCIIOJIb30-
BaHbl Ha mpaktuke [105, c. 5]. Y xoTs1 ecTb Bce OCHOBaHMS TOja-
ratb, 4To Moneab (1.1) cylliecTByeT, MOJYUYUTh €€ TOJBKO Ha OCHOBE
¢Gu3nIecKrX MmpeacTaBieHuil clioxkHo [95, c¢. 7], a ©HOTAA U MPOCTO
HEBO3MOXHO.

Tak, yXe JaBHO M3BECTHO, YTO 2JIEKTPOMArHUTHOE TOJie cepila,
3aperMCTPUPOBAHHOE B TEUEHNE CepACUHbIX LIMKJIOB, HECET BAXKHYIO UH-
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dopMaLMI0 O COCTOSIHUM CEPAEYHO-COCYIUCTOM CHUCTEMbI >XUBOTO
opranusma. OnHaKO A0 CEro BpeMEHM He MOJIyueHbl «(hU3UYeCKre»
MOJIEJIM, aJeKBAaTHO OIMCBIBAIOILKME MPOLIECC MOPOXKISHUS TaKUX I10-
Jeil mpy pUKCUPOBaHHBIX MaTojiorusax cepaua [137, c. 25].

Ecth Bce ocHOBaHHUS TMoJjlaraTh, YTO TeMIeEpaTypHOE IMOJie, Peru-
CTpUpYEMOEe BOKPYI KpHCTaJUIM3YylolIerocss obpasia, COACPKUT LIeH-
HYI0 MHQPOpMALIMIO O CBOWMCTBAxX, CTPYKTYpe U XMMUUYECKOM COCTaBe
oOpasna [25, 150]. B To Xe BpeMs Ipoliecc KpUCTAIIA3alny Mpe-
cTaBisieT cobOoil TecHeillliee TeperuieTeHue QOU3NKO-XUMUUECKUX,
TUAPOAMHAMUYECKUX U TEIUIOBBIX SIBICHMU. CIOXHOCTb 3TUX MpO-
LIECCOB TMPEMSTCTBYeT MOCTpoeHulo Mmoneiau Buaa (1.1), amexBaTHO
OIMUCHIBAIOLIIEN TeMIlepaTypHOe ITojie, TMopoxkaaeMoe Mpu (GUKCUPO-
BaHHOM XMMHWYECKOM cocTaBe Metauia [93].

ITockonbKy MOmOOHBIE MPUMEPHI TOBOJIBLHO YaCcTO BCTPEYAIOTCS B
TeXHUKE, MEIUIIMHE U OPYrux o0JacTsX MPUJIOXEHUs, OymeM pac-
cMmaTpuBaTh Mojeab (1.1) auilb Kak pabouyio TMIIOTE3y, MO3BOJSIO-
11y10 000CHOBaTh MPUHLMMNNAJIBHYIO BO3MOXHOCTb TMocTtpoeHuss UT
IIJIS1 KOCBEHHOM OLIEHKM COCTOSIHMSI 00bEKTa MO HaOJII0JaeMOMY CHUT-
Hany. IIpu 3TOM cienyeTr MOHMMAaTh, YTO B YCJIOBUSX OrpaHUYEHHOM
anpuopHoil MHMOpMalMu KOHCTpyKTopy npukiagHoir UT He ocra-
€TCSd HUYETO MHOTO, KakK:

e BBOAUTbL W MPOBEPSITh HAa MMEIOLIMXCS SKCIEePUMEHTATbHbBIX
JMAHHBIX TUIOTE3bl, OMUPAsCh Ha OrpaHWYEHHbBIC, a MOPOH U MPOTU-
BOpPEUMBBIE 3HAHUS BKCMEPTOB MpeAMETHOI 00J1acTu;

e METOIOM MpOO M OLIMOOK MCKATh MOAXOASIIYI0O TEXHOJIOrMYe-
CKYI0 IETIOYKY BBIYMCIUTEIBHBIX IPOLEAYp, OOECIIEUMBAIOIIYIO OIl-
TUMaJIbHBIA B HEKOTOPOM CMBICJE TEPEXOM OT WMCXOJHOIO «ChIPbs»
(HabmomaemMoro curHajiza) K MH(QOPMallMOHHOMY MPOAYKTY (KOJuuye-
CTBEHHBIM U Kau€CTBEHHBIM OLIEHKAM COCTOSIHUSI OObEKTa).

[ToHATHO, YTO B YCJIOBUSIX HEITOJHON arpyvopHON MH(OpMaLUK O
GU3NYECKHX 3aKOHOMEPHOCTSIX ITIpoliecca MOPOXKICHUST CUTHaIA Y,(7)
npobjema noctpoeHuss U'T He MoxeT ObITh CBeJeHAa JIMIIb K MaTema-
TUYECKOM 3amaue, aomnyckatoiieil dopmanbHoe peuieHue. [loaTomy
Oymem Jajee paccMaTpUBaTh 3Ty MpodJieMy B 0oJjiee IMPOKOM CMBbIC-
JIe KaK METOIOJIOTUIO pellleHUsT MPaKTUUECKUX 3a7ady Ha OCHOBE ¢hop-
MAAbHbIX U HehopMaabHbiX TIPUEMOB BbIOOpa M HACTpolKu 3dhdhek-
TUBHBIX BBIYMCIUTENbHBIX MPOLEAyp 00paboTKu curHajioB [214]. Tem
0ojilee YTO caM TEPMUH <«TEXHOJOTHSI» TMPOUCXOOUT OT TPEedecKOro
cjioBa «téchné» (MCKyCcCTBO, MAacTepCTBO, YMEHME), a 3ajaya TeXHO-
JIOTUM KaK HAyKW COCTOUT B BBHISIBIEHWU 3aKOHOMEPHOCTEH C IIEIbIO
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oIpeiesieHUsT U MCMOJb30BaHMSI Ha IpakTuKe Haubojee 3¢hdeKTuB-
HBIX ¥ 3KOHOMHBIX ITPOM3BOACTBEHHBIX ITporeccoB [188].

Pazymeetcs, paspelleHre chopMyIMpoBaHHON MPoOAEMbl JOIK-
HO ONMpaThCsd Ha MMEIOLIMICS K HACTOSIIEeMY BPEMEHM OIPOMHBII
HayyHbIi TOTeHUMan B 00sacTM LU@POBOii 0OpabOTKM CUTHAJIOB,
METOIOB pacro3HaBaHUSI 00Pa30B U MOJCIMPOBAHMS CIIOXHBIX CHUC-
TeM TI0 BKCHEPUMMEHTAJIbHbIM AaHHbIM. OmHAaKO aHajJiu3 JOCTYMHOM
HayYHO-TEXHUYECKO MHGpOpMaLMK TOKa3blBae€T, YTO 3TOT IOTEH-
LIMaJT YacTO HEJOMCIIOIb3YEeTCSl B CYIIECTBYIOIIMX MPUKIAIHBIX CUC-
TeMax.

M 310 He cayuvaiiHo. Bo-mnepBbix, npukiagHass UT MoxeT ObITh
IMOCTPOEHA JIUIIIhL Ha OCHOBE KOHCTPYKTUBHBIX BBIYMCIMTEIBHBIX Me-
TOA0B, 3(PPEKTUBHOCTb KOTOPHIX OOOCHOBaHA HE TOJbKO TEOpeTHYec-
KUMU TIPEANOChUIKAMM M OTPAaHMYECHUSIMU, KOTOPbIE MOPO CIOXKHO
MPOBEPUTH MO MMEIOIIMMCST JaHHBIM, HO W MPAKTUKON HUX MCIOIb30-
BaHUS Ha pealbHbIX curHajgax. OgHaKO 4acToO MPUHSTbIE OrpaHUYe-
HHUS MOTYT HE COOTBETCTBOBATh MPaKTUYECKOM 3amaye.

Bo-BTOphIX, ToaaBisiolniee OONbIIMHCTBO BbIYUCIUTENbHBIX aj-
TOPUTMOB, OIKMCHIBAEMbIX B HayYHBIX MyOJUKALUSAX, 1aXe €CJIM OHU
MOATBEPXKIAEHBI MMPUMEPAMU MCITOJIb30BaHUSI Ha MOJEIbHbBIX U peaslb-
HBIX TAaHHBIX, COAEPXKUT CKPBITbIE OT YMTATENSl «HOY-Xay», U3BECTHbBIC
TOJBKO HMX pas3paboTuukaMm. He sBisgeTcs UCKIIOYEHHEM M3 3TOTO
npaBWia U psia Tpoleayp o0pabOTKM CUTHAJIOB, peau30BaHHBIX B
M3BECTHBIX CHUCTEMax KOMIIbIOTEpPHO MaTeMaTUKu, 0030p KOTOPbIX
JaH B OOLIMPHBIX MOHOrpadusx [63, 82, 174] u Apyrux aHAJIOTUYHBIX
U3AAHUSIX.

IIpakTnyeck HeT MoOHOTrpaduii METOIOJOTrMYECKOro ILIaHa, B
KOTOpPBIX Obl OXBATHIBAJICS BECh KOMILIEKC BOMPOCOB pa3pabOTKU Me-
TOIOB, BBIYMCIUTENBHBIX aJITOPUTMOB U TIPOTPaMMHOT0O 00ecTieueHNsI
IUJISI OLIEHKW COCTOSIHMSI CJIOKHBIX CHUCTEM IO HaOJIlomaeMbIM CUTHA-
nam. IloaToMy HeoOXOAMMO YCTAaHOBUTH OOLIME 3aKOHOMEPHOCTHU
dopmupoBaHusl MHGOPMALIMOHHOTO MPOAYKTa B TAKUX TEXHOJOTMSIX,
Mo KpaiHeit Mepe, Uil HEKOTOPOTro Kjlacca TeXHUYECKUX U OMOJIOoru-
YeCKHUX OOBEKTOB, peajin3oBaTh 0a30Bblli HAOOp MHCTPYMEHTAIbHBIX
cpeacTB, obecreunBalOIUX 3(PPEeKTUBHYIO 00pabOTKY pealbHbIX
CUTHAJIOB, U TEM CaMbIM MOCTPOUTb MOCT MEXAYy TeOpeTUYEeCKUMU
MOJIOKEHUSIMU U TIPUKJIaAHBIMM MeToaaMu moctpoeHuss UT. BaxHo
MPOBECTH CHUCTEMATU3AlIMI0O U CPABHUTEIbHYIO OLIEHKY HauboJjee u3-
BECTHBIX METOAOB M BBbIYMCIUTEIbHBIX aITOPUTMOB B paccMaTpuBae-
Moii obysactu 3HaHuii. [Ipexme yeM mepeiTh K pelleHUIo 3TO 3ada-
Yy MPUBEIEM OOHY LIUTATy U3 MOHorpaduu [23].
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«B coBpemeHHOII Hayke BechbMa pacIpOCTpaHEHa Takas CHUTya-
uus, Korna Hekuii Mccnenosarenb Oepercst 3a TpyaHyto [Ipobiaemy u
pelIaeT ee WIM II0Ka3bIBaeT, YTO OHA HE MOXKET OBITh pellneHa. [leii-
CTBUSI €TO B TAaHHOM CJIy4ae BBICOKO OIIEHUBAIOTCS OKPYXAMOIIMMU 1
BBIIJISIIST Ype3BbIUAHO TpUBIIeKaTeIbHO. OMHAKO MpaKTUKa TpeoyeT
U Ipyrux uccienoBaHuii. He MeHee BaXKHBIM M HY>XHBIM OKa3blBaeT-
Csl TIpPOBOAWTHL CPaBHUTENBHBIN aHAIN3 JaBHO M3BECTHBIX OOBEKTOB:
3a/a4, MoJeeil, MeTOIOB, CXeM M T. Il. — C TeM, YTOOBI CTPYIIIHPO-
BaTh WX, HAMETUTh MYTH K YIIOPSJAOYCHHOMY, OOOCHOBAaHHOMY MC-
CJIeMOBAaHUIO W MCTIONIb30BaHUIO. [10100HBIE METOAOIOTUIECKHE TTPO-
0JleMbl HAMHOTO MEHee IIPUTSIaTe/IbHbl M IouYMTaeMbl. boiee Toro,
HEPENKO COOTBETCTBYIOIIME MCCIEIOBAaHMS OIICHWBAIOTCS 1O HAOWB-
1IEMY OCKOMUHY CTEPCOTUILY: HMUYErO SKCTPAOPAMHAPHOIO, OOBEKThHI
JIABHO M3BECTHBI, IIPOCTO IepecTaBleHbl MO-HOBOMY! Bce Xe Takue
HCCIeMOBaHMS HYKHO ITPOBOINTE, MO0 3TO HE UYTO MHOE, KaK ITOITBIT-
KA CUCTEMHOTO aHaJIM3a COOTBETCTBYIOIIETO HAyYHO-TIPAKTUIECKOTO
HampapieHus.. UMeHHO B pesyibraTe IOIOOHONM MHBEHTApU3allMU U
MOTYT OOHApYKUBAThCS «Oelble TIATHA», HepellleHHbIC 3a1aun W Jaxke
HOBBIE HaIlpaBJICHUS MCCIICIOBAHUIN».

[IpuBeneHHBIE COOOPakeHUSI B IOJHOM Mepe COOTBETCTBYIOT IIPEI-
CTaBJICHUSM aBTOpa M TTOCIYXWJIM XOPOIIUM CTUMYJIOM B TIPOBEIe-
HUU UCCJICIOBaHUM, Pe3y/IbTaThl KOTOPHIX OIKMCHIBAIOTCS Aajiee.

1.2, MeToabl NOCTPOEHMS Mopenel CNOXHbIX CHCTEM
No 3KCNEPUMEHTANbHBIM JUHHBIM

ITycTh TpebyeTcsl KocéeHHO OLEHUTh YUCIEHHOE 3HAYECHUE CKAISIPHOW
BEJIMYUHBI § TI0 PEe3yJbTaTaM HPAMbIX U3MEPEHUI APYTUX BEJIUYUH
X|s ..., Xy B TIPEANOJOXEHUU, YTO OOBEKTUBHO CYIIECTBYET 3aBUCH-
MOCTb

s=5(xX)=5(x], ..., Xy), xelkX. (1.3)

ITpu usBectHol (pyHKIMK s (-) 3agaya TpMBUalbHA. B Tex ke ciy-

yasgx, Korma 3Ta (YHKIMS He M3BECTHA, BO3HUKaeT MpodjeMa ee
BOCCTAHOBJICHUSI 110 BBIOOPKE 3KCIIEPMMEHTAJIbHBIX OAHHBIX, WJIH,
KakK IIPUHSTO TOBOPUTH, IpobiaeMa naeHTudukaumu [73, 173].

CTporo roBopsi, €cii MHOXECTBO X ©OECKOHEUHO, TO nodmeep-
dumbp TIPaBOMEPHOCTh TUMOTE3bl (1.3) MOXHO, JIUIIIL TIPOBEPUB Oec-
KOHEYHOE YMCJIO YTBEPXKIECHUI

V) pelX, v=s(p),
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roe (u,v)— mapa 3HaAYeHUiA MEPEeMEHHBIX X U § COOTBETCTBEHHO,

YTO HEBO3MOXHO 0€3 TPUBJICUYCHUS OJonoaHuUmMeavHou WHGOpMaIuN
MOMUMO TOH, KOTopas coaepxXuTcsi B BbIOOpke [95, c. 51]. Ewe
CJIOXKHEE O0OCHOBATh YTBEPXKICHUE

s=s5s(x)+§ xelX, (1.4)

rac é — CJ'Iy‘-IafIHaH BCJIMYMHA, ITYCTb JaXX€ C HYJICBbIM MATEMATHNYC-

CKAM OXHWIaHWEeM W KOHewHOoI mucmepcueir. CIIOXHOCTb 3[eCh CO-
CTOUT B TOM, UTO, Jaxe UTOOBI onposepenyms rurnoresy (1.4), TpeOy-
eTCsl TIpUBJICUCHME alliapaTa CTaTUCTUYCCKON IPOBEPKU TUIIOTE3, U,
IO CYIIECTBY, €€ HEJIb3d OTBEPrHYTb OKOHYATEIBHO, a JIUIIL Ha He-
KOTOPOM YPOBHE 3HAYMMOCTHU HCIIOJIb3yEMOI'0 CTATHUCTUYECKOIO KPH-
Tepus [95, c. 52].

TeM He MeHee MOJTOOHBIMU «pabOYNMU» TUITOTE3AMU TTPUXOTUTCS
IOJIb30BaThCsl MPU PEIICHWM IPUKIamHBIX 3amady. Hampumep, mnpu
WCTIOJIb30BAHNN OMHOTO M3 KJIACCHYECKMX METOIOB — PErpecCHoH-
Horo aHaymm3a [2, 11, 32, 56, 73, 76, 80, 121, 162, 173], npamo win
KOCBEHHO TIOCTYJIUPYETCsI, YTO B3aUMOCBSI3b S C BEKTOPOM X =

= (X}, ..., Xy ) MOXHO OMMUCaTh (PYHKIMOHAIBHON 3aBUCUMOCTBIO
s =mn(x,¢8), (1.5)
Ime ¢ — BEKTOp TapaMeTpoB MYHKIMHK m, a & — BEKTOp clydaii-

HbIX (PaKTOpPOB (MTOMeX, BO3MYILIEHUI U T. 11.).

IIpu Takux DOMyLIEHUSX MISHTUMUKALUSI MOJEIU CBOIUTCS K
MOCTPOEHUIO YPAaBHEHUS perpeccuu § = f{x), CBS3bIBAIOILIETO CPEeaIHUE
3HAUEHMSI BEJIMUMHBI § CO 3HAUYEHUSIMU BeKTopa Xx. [l aToro uc-
MOJIL3YIOT Pe3yJbTaThl aKTUBHOTO WJIM MACCUBHOIO 3KCIEpUMEHTa
(BbIOOPKY W > N HabOnwofeHMit), KOTOpPble MOXHO TMpEeICTaBUTh B
BHUJIE MaTpULbl 3HAYEHWI BXOIHBIX MEPEMEHHBIX X, ..., Xy W BEKTO-

pa 3HauYeHUI BBIXOAHOM mepeMeHHOol s [55]:

Xw1 o Xww Sy
IMpunHATO paccMaTpuBaTh 3agadyy UACHTUGUKALNU B «IIAPOKOM»

CMBICJIE, KOT/Ia HeOOXOMMMO HaWTU BUI (CTPYKTYpY) dyHKUMU f() U

OLIEHUTDL BEKTOP MapaMeTpoB ¢ [76, 272], 1 B Oosee y3KOM CMBICIIE —
KakK 3ajady napaMmMeTpuueckoil maeHTtuduxkauuu [2, 32, 332], xorma
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CTPYKTypa 3aBUCUMOCTH CUYMTAETCS M3BECTHON W HEOOXOIMMO JIUIIb
OLIEHUTH €€ MapaMeTpHI.

OGBIYHO MCKOMYIO (DYHKLMIO TPEACTABISIOT B3BEIIEHHON CyM-
moii [11]:

§=clo(x) = €0, (X) + ...+ cxog (%), (1.6)

rae T — 3HaK TPaHCHOHUPOBAHUA; O(X) = (¢,(X), ...,px (X)) — Bek-
TOp 0a3uCHbIX GYHKUUA @,(X), ...,0x(X), KOTOpPbIE CUMTAIOTCS 3apa-
Hee M3BECTHBIMU, a ¢ = (¢}, ...,Cx) — BEKTOP HEU3BECTHBIX MMapaMeT-
pOB, MomjexXallluxX OMNpenesieH!Io Mo BbIOOpke. Yaille Bcero onTu-
MaJbHO€ 3HAYEHUE C,, BEKTOpPA MApaMeTpoB Ci, ..., Cx, OOECHeYn-
Balolllee MUHMMYM KBaIpaTUYHON (DYHKIIMU MOTEPh

/4 K
R, = E(Sf —ZIC,-(pj(X))Z, (1.7)

HaxoAsIT, WCHOJIb3ysl M3BECTHBIH METON HAaWMMEHBIIUX KBaIpaToB
(MHK) [2, 76, 120], B COOTBETCTBUU C KOTOPHIM

copt = (FVICFW)AFI}/-Swﬁ
rae

P (X5 s Xi6) @ (Xyps s Xig)
F, =

Q1 (X5 s Xng) 0 @ (Xpyps oees Xng)

— MaTpula 3HauyeHUil 0a3ucHBIX QyHKIMIA Moaean (1.6), BRIYMCIEH-
HBIX B TOYKaX 3KCMEPUMEHTa (3IeMEeHTaxX MaTpuiel X, ).

Psan TeopeTMueckux TMpearooXEeHU pPerpecCUOHHOIO aHalu3a
MOXET paccMaTpuBaThCsl JIMIIb KaK CpeAcTBa 0ojiee WIM MeHee
YIQYHOTO MPUOJIMXKEHUST pealbHOM CUTyaluu, HampuMep Mpearoso-
KEHUE O TOM, YTO OLIMOKM 3KCHEpuUMeHTa &, ...,E, aNIUTUBHBI U
TIPENCTABISIOT COOOM TMOCAEA0BATENbHOCTh HE3ABUCUMBIX OJMHAKOBO
pacrnpeneeHHbIX CIy4yalHbIX BEJIWYMH C HYJIEBBIM MaTeMaTU4YeCKUM
OXHWJAHWEM W OTPAHWYEHHOU TUCIIEPCUENA:

. 2 2. . .

M{éi}zoa M{&i}zc [} M{é/é/}zo VIi_],
rie M{} — 3HaK MaTeMaTHM4YecKOro OXUAAHMS, o> < o — AUCIEep-
cus. XOTS TOJbKO IIPpHU TaKUX NPEAITOJIOXKCHUAX IMOJYUECHHBIC OLICHKN
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HecMellleHHble U 3(PdeKTUBHBIE [76], B SBHOM BHIE 3TU IIPEAIIOJIO-
JKEHUSI TOYTH HUKOTJA He MOTYT OBITh MPOBEpPEHBI Ha TMPAKTUKE —
MOXHO JIMIIIb OOHAPYXUTb UX HapyllleHue, OLICHUB ocTaTku D, = s, —

—CoTpl(p(x,»)’ KOTOpHIE TOJDKHBI MMETh HOpPMaJbHOE WM ONM3KOoe K

HeMy pacnpeneieHue [31].

OauH U3 croco0OB YJIyUllleHUSI OLIEHKU MapaMeTpoB — MpOBeJe-
HUE aKTMBHOIO 3KCIIEpMMEHTa MO OITUMaJbHOMY IulaHy [5, 34].
OpHako Ha TpakTuKe KOHCTpykTop MT yacTto nuineH Takoir BO3-
MOXXHOCTU M JOJDKEH TOBOJBLCTBOBATHCS JIMIIL MUMEIOIIUMUCS HaH-
HBIMU MACCUBHBIX HAOIOACHUIA.

B Takux cuTyanusx KjlacCUYECKMI perpecCMOHHBIA aHalu3, OcC-
HOBaHHBI HA MUHMMU3ALMU KBaapaTUYHON yHKuUMU notepb (1.7),
MOXET JaBaTh HEYCTOMUMBBIE pellieHUs] MPU TUIOX0K 00YCIOBJIEHHOCTHU
Matpuubl F, ¥ Pe3KOo BBIACISIOIIMMCS HaOIIONEHUSIM (BBIOpOCaM),

KOTOpblE BEAYT K HECUMMETPUYHOCTU pacHpenejeHus] OCTaTKOB
D =5, - COTPI(P (x;), a 3HaYUT, K HAPYLUIEHUIO YCJIOBUI HE3aBUCUMO-

CTU IMCHEpPCUM U MaTeMaTudeckoro oxupaHus. MHorma oGpaboTka
Takux JaHHBIX Ha ocHoBe MHK mpuBoanT K ommOKaM HaCTOJBKO
OOJIBIIMM, YTO TIOJIyYeHHAsl MOJAENIb HE MMEET MPaKTUIeCKOro CMBIC-
na [309, 357]. Jnst pa3pelueHusl 3TOH TMpoOJeMbl TIPUMEHSIIOT pa3-
JIMYHBIE MpueMbl peryiaspudauuu [191], anroputMbl pobGacTHOTO
oueHuBaHus [152, 230] u apyrue MeTOAbl, OCHOBaHHblE HA MUHUMM-
3aluu (pyHKLUUN MoTepb, oTaudatowmmxes ot (1.7) [107, 332].

Mbl KOCHYJIUCH JIMIIb HECKOJbKMX HauboJjiee BaXKHbIX IMpoOseM,
BO3HMKAIOIIMX TIpYU PEIICHUU 3afaul Aapamempu4eckoi UAeHTUdU-
KallMd B TIPEOITOJOXEHUM, YTO CTPYKTypa MOIEIM 3afaHa B BUIC
(1.6) u u3BecTHBI GasucHble GYHKIUU @,(X), ..., ¢, (x). Topasno 60-

JIee cepbe3HbIe MPOOIIEMBbI BO3HUKAIOT TIPH PEIICHUH 3aadll CMpPYK-
mypHOU NIEHTU(DUKAIIN.

ITockonbKy B 00IIEl MOCTAaHOBKE (MPW OTCYTCTBHHM allpUOPHOI
nHbOpMaM 00 WCTUHHOU CTPYKTYPE MOAENTUA S = S (X, ..., Xy))
pa3pelnTh 3Ty NpodJeMy HEBO3MOXHO, KOHCTPYKTOPY MHPUKJIAAHON
WT npuxomutcs BEIOMpaTh OAWH M3 IBYX BapHAHTOB:

e OTKAa3aThCs OT PelleHUs 3amad, M KOTOPBIX MCTUHHAS CTPYK-
Typa B3aUMOCBSI3U § U X|,...,X, HE M3BECTHA M HE MOXET OBITh MO-

JlydyeHa Ha OCHOBE (PU3MYECKUX TMpeACTaBICHUN WM pe3yJbTaToOB
WMUTALIMOHHOTO MOJEJIMPOBAHUS;

e MOINBITATbCS PEIIWTh 3aJa4y, CBels OOlyl MpobdyiemMy WIAECHTU-
dukauum HeusBecTHOU wmoneau (1.4) K ynpolleHHOU MOCTaHOBKE,
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npeanojaramplleil nepedop pasIuvHbIX CTPYKTYp-TIpeTeHIeHTOB f € F
HEKOTOPOro MHOXeCTBa F ¥ OIIEHKY KadyecTBa MOJYYCHHOTO pelle-
HUS TI0 UMEIOIIUMCST 9KCIIEPUMEHTAIbHBIM JaHHBIM C TOYKM 3PEHUS
HEKOTOporo kputepust R(f).

PaccMoTpuM KpaTKo M3BECTHBIE K HACTOSIILIEMY BPEMEHU IOAXO-
bl K peaau3aldd TaKoW YIpPOIUEHHOW MOCTAHOBKM 33aJauyu CTPYK-
TypHO-TIapaMeTPUIECKON MIeHTU(PUKALINN.

IMpuknagHoOil perpecCMOHHBIA aHaau3, OCTaBJsAs 3a MpeneJaMmu
paccMOTpeHMsT TIpoOJIeMy TIOCTPOCHUS CaMoOTOo WMCXOTHOTO Habopa
0a3ucHbIX QYHKIUN @,(X), ..., 0 (X), TIpemIaraeT MeToasl GopMupo-

BaHUSI MHOXeCTBa F Ha OCHOBE I'eHEpaTOpPOB MOJHOIO WIM HaIpaB-
JIEHHOro Iiepebopa Mojeieil pa3nmuHoi cioxHoct [172]. Tlog
CJIOXHOCTbIO TIOHMMaeTcsi 4ucio K, < K HEeHyJeBbIX KOMIIOHEHT

JIMHEWHBIX Mozeneit (1.6), MOCTpOSHHBIX Ha OCHOBE 3aJaHHOTO Ha-
6opa pyHKIUI @,(X), ..., P (X).

st cpaBHeHUsI Mojellei-IIpeTeHAEHTOB, TeHEepUPYEMbIX B IPO-
mecce Iepedbopa, MCIONB3YIOT pa3iMuHble KPUTEpUHU, B YACTHOCTHU
kputepun @uinepa [172] 1 Mamnoy3a [322], ocHOBaHHBIE Ha aHAJIM-
3¢ BEJIMUMHBI

o*(K,) = i 15~ e 0, (OF

1
W -K,i i
Hpe,Z[CTaBJIﬂIOH_[eﬁ coboit OCTAaTOYHYIO JUCIEPCUIO OLUCHKMH § ITO MO-
JCJIN  CJIOXKHOCTH KO C ONTUMAJbHBIMMN 3HAYCHUAMU IIapaMETPOB

Cop (), MHOOPMALIMOHHBIA KpUTepuidi AKauke [245], kputepuii ¢u-

HaJIbHOM OIIMOKM MporHo3a [246] u psm npyrux Kputepues [185].

ITockonbky mipu OoJbLIMX 3HayeHUssXx K TIOJHBIA mepebdop
2% —1 Mopeneii-npeTeHAEHTOB, pealn3yeMblil TaK Ha3bIBAEMBIM Me-
TOIOM BCEX PErpeccuii, CBSI3aH C BBIYUCIUTEIBLHBIMU IMPOOIEMaMU,
YaCcTO Ha IPAKTUKE MCIOJIb3YIOT YIIPOIIECHHBIE BapMaHThI mepedopa
[172], B TOM 4HMClIE METOIBI:

o graoueHus (100aBJIEHNE PETPECCOPOB MO OJHOMY, MAaKCHUMAallb-
HO YMEHbBIIAKIIEMY KPUTEPUii);

o uckaroyenus (Ipolenypa HauMHAETCsI C TIOJHOM MOIEenu, a 3a-
TeM 4YHCJIO PErpeccopoB YMEHBIIAIOT IO OJHOMY, MOKa KpPUTEPHUii
yOBIBaeT);

e waeoeoll peepeccuu (KOMOMHALIMSI ABYX MPEIbIAYLLINX);

e gemeell U 2paHul.
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T Ms

m m m m
Z XX, +222cykx,.xjk+m,
e

i=1 k=1
JIOCTUTAETCSI MOCJIENOBATEIbHBIM HCIIOJIB30BAHUEM 4YaCTHBIX 3aBUCU-
MocTel

= u(X,X,); Uy = u(Xp,X3); 05 U =u(x, ,X,)

m-19
mexay M = C’ mapamu BXOIHBIX JaHHbIX. B KauectBe dyHkumm u(-)
OOBIYHO MCHOJIb3YIOTCSI POCTENIIINE COOTHOIIEHUS, HAIpUMED
U(X;,X;) = ay + aX; + 4;X; + a;X,X
WIN
U(X;, X)) = dy + QX; + QX + A X,X; + AsX] + dgX;,

KO3(ULIMEHTH KOTOPBIX OIpPeAesoTcs Mo odyvarolleil BHIOOpKe.

OpUTUHAJIBHBIM METOAOM CTPYKTYPHO-IapaMeTpUUeCKOl WIeH-
TUdUKAUKU Mofelieil (B yKa3aHHOU BHILIE YIPOILIEHHON MOCTAaHOBKE)
SIBJISIETCSl MeToJ, TpynroBoro ydyera aprymeHToB (MI'YA), OCHOBHBIE
MIPUHIMITEL KoToporo cdopmymmpoBanr A.I. UBaxaenko B 1968 T.
[97]. AnropuTMBl camoopraHu3aluu Moaenaeir Ha ocHoBe MI'YA noc-
TaTOYHO ITOAPOOHO OIMcaHbl B MoHorpadusx [95, 96, 98—100] u B
MHOTOYHMCJIEHHBIX HaydHbIX ctaTthsax [301, 330, 360, 362, 378].

I'maBHoe oTnmmume MI'YA 0T KJIaCCMYECKMX METOIOB MPUKIIAI-
HOTO pErpecCMOHHOTO aHajiu3a — 3TO pasje/ieHre MMEIOIIMXCS Ha-
OyitofeHuid Ha IBe BbIOOPKM: 00y4Yalolllylo, MO0 KOTOPOU MPOU3BOAMUT-
Ccd OlleHKa ITapaMeTpoOB MOJAENICH-TIPETCHACHTOB, 1 IIPOBEPOYHYIO,
00eCcrneuYnBaloOlyI0 CeIeKIUI0 3TUX MOJeNieil MO BHEUIHEMY KpUTeE-
puto. Tem camMbIM MOpu celeKLIMU MOAeNeil MpuBIeKaeTcsl JOIOTHU-
TelbHast MHMOpMaLKs (He y4acTBYIOLIAsI B OLIEHKE MapaMeTpOB MO-
Jefiei-mpeTeHAEHTOB), YTO O0EeCIeUYrMBaeT HYXXKHbIM KOMITIPOMUCC Me-
KAy CJIOXHOCTBIO MOAEIU U €€ TOUHOCThIO [935].

B kauectBe 00001IEHHOI CTPYKTYPhI, allPOKCUMUPYIOLIEH (PyHK-
uuto (1.4), anroputmbl MI'YA yale Bcero paccMaTpuBarOT KOHEU-
HBIN anreOpandecKuil WM TPUTOHOMETPUISCKIU MHOTOYJICH, Ha OC-
HOBE KOTOPOTO TEHEPUPYIOTCS YacCTHBIE MOIETU-TIPETCHICHTHI pa3-
JIMYHOM CTEMEHU CJIIOKHOCTU. BbIOOp Hamsydiledl (C TOYKW 3peHUs
BHEIITHETO KPUTEPUSI) CTPYKTYPhI peain3yeTcsl ¢ MOMOIIbI0 KOMOMHA-
TOPHBIX aIrOopruTMOB [184], ocyllecTBASIONIMX MOJHBIK TIepedop, UiIn
UTepauroHHBIX Tpouenyp [241]. IMonyyunu pa3BUTUE TaKKe MHOTO-
ypoBHeBbIe aaroputMbl MI'VA, B KOTOpPBIX MOCTPOEHMUE CIOXHOI arl-
MpoKcUMUpyIolieil GyHKLIuU, Hanmpumep nonauHoMa Konamoropopa—
T'abopa [289]:

m

§=¢Cy+ . CxX

i=1
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Cpenu BceX YaCTHBIX Mojfeneil BeiOmpaercss M™ < M Mopeneit, Ko-
TOpbI€ C TOYKM 3PEHHUSI BHELIHETO KPUTEpHUs IMOKa3aIu HaWIydllue

pe3y/IbTaThl Ha MPOBEPOYHOI BBIOOPKE. 3HAYCHUS Uy, -+, U, ., TOJY-

YeHHBbIE Ha oOyuarolieil BHIOOPKE, MCITONBb3YIOTCS B KauyecTBe apry-
MEHTOB YaCTHBIX MOJEJIeil BTOPOTO YPOBHSI

vy =u (i) vy =u(u,us); . v =u (U, ,u),

ceJIeKIIMSI KOTOPbIX MPOU3BOAUTCS aHAJOTMYHO, U T. 1., TIOKa He Oy-
JIeT TOCTUTHYT KOMIIPOMUCC MEXIY CIOXHOCTbIO M TOYHOCTBIO CHH-
Te3upyeMoit monenu [42].

T'unote3a 0 BEpOSITHOCTHOM IIPUPOMAE OLIMOOK 3KCIEpUMEHTa, Ha
KOTOpPOW OCHOBaH armnapaT MNPUKJIAAHOTO PErPECCHMOHHOTO aHaau3a,
Kak, BrapoyeM, U aaroput™Mbl MI'YA, He Bcerma COOTBETCTBYET Acii-
CTBUTEJIbHOCTH. DTHUM OOBICHSIETCS MOBBIIIEHHBIM MHTEPEC K METO-
JlaM UACHTU(UKALIMY, KOTOPble CBOOOIHBI OT 3TOI0 MPEATONOXKEHMS
U paccMaTpUBalOT HEOMPENEIEHHOCTh BEJIMYMH C MO3ULIMIA armapa-
TOB MHTEPBAJIbHO-MHOXECTBEHHOTO aHAIN3a M HEUETKOM JIOTHKM [16,
77, 88, 114, 127, 128, 146, 159—161, 237].

Jaxe najaeko HEMOJIHbIA 0030p CYILIEeCTBYIOIIUX MOAXOA0B MOKa-
3bIBaeT, YTO COBpEMEHHAasl HayKa pacriojlaraeT AOCTaTOUYHO LIUPOKUM
HabopoM METOJOB, KOTOPbI€ MOATBEPAUIN CBOIO 3(P(MEKTUBHOCTb MPU
pellleHUM TPUKIAAHbIX 3alay, CBA3aHHBIX CO CTPYKTYpPHO-IapaMeT-
pudeckoil MAaeHTU(UKaLKWed B YCIOBUSX allpUOPHON HEONpenesieH-
HOCTHU. be3ycl10BHO, 3TM METOJIbI MOTYT M IOJKHBI pacCMaTpUBAThCS
KaK BaXHble KOMNOHEHThI cuHTe3a T 06paboTKu CUTHAJIOB.

1.3. MeToAbl NOCTPOEHMS AUATHOCTUYECKMX NPABUA

JAMarHoCTUKY COCTOSIHUSI TE€XHMYECKMX M OMOJIOTUYECKMX OOBEKTOB
JIIOBOJIBHO YacTO paccMaTpUBAIOT C MO3WIIMM TEOPUM paclio3HaBaHUS
ob6paszoB [28, 105, 164], mpenmonarast CyIIeCTBOBaHWE HEKOTOPOIL

COBOKYITHOCTM XapaKTepUCTUK (cBoicTB, mpusHakoB) x™) = (x,, ...,
Xy ), U3MEPEHHE KOTOPBIX MO3BOJISET OTJIMYAThH OIHO COCTOSTHHME O0b-
€KTa OT Apyroro. B 3Tom ciy4ae TpeOyeTcs NMOCTPOWUTHL pELIAKOLIee
npasuio s = D (xM)), xoropoe orobpaxkaer mHoxectBo XV Bo3-
MOXHBIX 3HAYEHUii TIPU3HAKOB X, ...,X, Ha MHOXecTBO {l,..., M}
HOMEPOB BO3MOXHBIX COCTOSHWI (amarHo3os) Vi, ...,V,,. WHbMEK

cJioBaMU, Tpe6yeTC${ IOCTPOUTL AJTOPUTM OIIPCACICHUA 3HAYCHUI
WHIWKATOPHOM MEPEMEHHOM S B BUIE
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I, ecm xV e,
5= 4o (1.8)
M, ecmu xV e Q,,,

rne Q,,m=1,.., M — Henepecekaroluecs: 006JacTi MPOCTPAHCTBA
X, B KOTOpBIX MPMHUMAIOTCSI PEIIEHNS B MOJIb3Yy Kiacca V.

MateMaTnyecKrue METOAbI PAcIO3HABaHUSI MOXKHO pPa3lIeivuTh Ha
IIBa Kjacca: JeTepMMHUPOBAHHbIE, KOTOphIe B SIBHOM BUIE HE HUC-
TTOJTBE3YIOT CTATHCTUYECKNE CBOMCTBA HAOMIOJAaeMBIX 00pa3oB, M CTa-
TUCTUUYECKNE, OCHOBAHHbIE HAa METOJAX TCOPMU BEPOSITHOCTEH U Ma-
TemaTuueckoil ctatuctuku [194, c. 31]. CratucTuyeckasi MocTaHOBKA
3aga4d pacno3HaBaHus [57, 227] BO3HUKAET B Te€X IPAKTUUYECKU BaXK-
HBIX CJlydasiX, KOTAa TIPM PasjiMYHbIX COCTOSHUsX oObekTa V, =V

MOTYT COBMAAAaThb 3HAYCHUS KaXIOro M3 MUMEIOLIUXCA TPU3HAKOB X,

(1<n< N), UHBIMU CIIOBaMH, IOITYCKAeTCsI, YTO MHOXECTBA 3HaYe-
HUN KaXIOTO W3 TMPU3HAKOB, COOTBETCTBYIOIIME Pa3UIHBIM Kiac-
caM, ITepeceKaoTcs.

[lpu cratuctuyeckoil MocTaHOBKe 3amadyu coctosiHus Vi, ..., V),

00BeKTa paccMaTpMBAIOTCS KaK CIydaliHbIe COOBITUSI C allpUOPHBIMU

M
sepositHocTaimu P(V,), > P(V,) =1, mpusHaKu — Kak ciydaiiHble

m=1
BEJMYMHBI, ISl KOTOPBIX OOBEKTHBHO CYILECTBYIOT YCJIOBHBIE pac-
npenenenus p(xM) /V, ), a MHOXecTBa

X =™ px™ /vy £ 0) XV UL oXY = XY

WMEHYIOTCSI COOCTBEHHBIMHU OOJIaCTSIMM KJIaCCOB B IPOCTPAHCTBE
npusHakoB [196, c. 31]. Unrterpuposanne p(x*’ /V,) mo mHoxect-
BaM BO3MOXHBIX 3HAUEHUI BCEX MPU3HAKOB X, ...,Xy, KPOME MpPU-
3Haka X, (1< n < N ), TO3BOJNSAET MOJMYYUTh MPENCTABICHUE OO Of-
HOMEpPHBIX (MapruHajbHbIX) pacHpenejeHMsIX 3TOro IpU3HaKa
px,/ V), ..., p(x,/V,), IpudeM B paccMaTpUBaEMOI MOCTaHOBKE
3alayy IoIycKaercs, yto i Bcex n=1,...,N HOCUTENIU Mapru-

HAJIBHBIX PaCIPEACICHUA Pa3JIMUYHBIX KJIACCOB 3aBEAOMO IepeceKa-
I0TCA.

Yacto B 3amavyax IMAarHOCTUKU pacCMaTpuBarOTCA TOJIBKO JBa
BO3MOXHBIX OHUATrHO3a — <«HUCIIpaBEH—HEUCIIPpABEH», <<3I[OpOB—60-
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JeH» [28, 40, 105, 164]. [TosToMy I YIIPOIICHNUS JATbHEHUIIIETO M3-
JIOXXEHUS OTpaHUYMMCS ClyyaeM IMXOTOMUM, Koraa M =2, teM 60-

Jiee YyTO K AUXOTOMMU MOXHO CBECTM M OOLIMiA ciyyait M > 2, mo-

CJIeIOBaTeIbHO pelllasl 3amavdy paclio3HaBaHMWS OJHOTO Kjlacca M BCEX
ocTalbHBIX [233, c. 94].
Ecnu notepeit L(i,j), i,j=1,2, oleHUBaTb AUArHO3 B MOJb3Y

i-TO KJacca, B TO BPeMsI KaK OOBEKT HAXOMUTCS B j-M COCTOSIHUU, TO
IpU U3BECTHOM oOTHolleHuM mnpasponogodus A(x™) = p(x™ /
V,)/ p(x™ /V,)ontumanbHble pelIeHMs, OOECIeYnBAIOLINE MUHMU-
MyM CpeIHMX MOTepb (pPUCKa)

RI.fiMLﬁH%mum/nwwm

y (V) j=1
JIOJIKHBI IPUHUMATBCS B COOTBETCTBUU ¢ OaliecOBBIM IpaBuiioM [70]:

1, ecm M(x™) > 0,,,

5= D(x™) =
2,ecmm Mx™) < 0,,,

(1.9)

rae
Py~ L)
PV)(L, - Lyy)
H3BectHo Takxke [106], yTO B 4aCTHOM cilydyae, KOLAa IOTEPU OT

MPaBWIbHBIX PELIEHUI PaBHBI HYJIO, a OT OLUMOOYHBIX — €AMHULE,
T.e. L,,=L,=0mu L,=0L, =1, To ontumasibHoe mpaswio (1.9)

SKBUBAJIEHTHO TIPABIIy MAKCUMyMa allOCTEPHOPHBIX BEPOSTHOCTEI
1, eciu P(V, / x™) > P(V, / x™),
2,ectu PV, /x™) < P(V, / xV),

s = D(xM) = (1.10)

rae

P(Vm /x(N)) — MP(Vm)p(xm /Vm) , m = 1’ 2,
> P(V,)p(x, /V,y)

MpUYEM 3TO IPABUJIO TapaHTUPYeT MUHUMYM CpEIHEil BEpPOSATHOCTU

OLIMOGOYHBIX peleHuit Ha MHoxecTBe X V).
K coxajeHu1o, B GOJIBLIMHCTBE MPAKTUYECKUX CIIy4aeB BEpOSIT-
HOCTHBIE XapaKTepPUCTHKU, (DUTYyPUPYIOLLE B ONTUMAIbHBIX PELLIaio-
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mwux npaswiax (1.9), (1.10), 3apaHee He M3BECTHbl. MakCHMMyM, Ha
YTO MOXHO PaCCUYMTHIBAThH MPH PEIIeHUM TPUKIIATHBIX 3amad, — T10-

JlyJyeHUEe OLEHOK alpUOPHBIX BeposTHocTeil P(V,), Hampumep 3Ha-

HUSI paclpocTpaHeHHOCTU (MpeBajieHca) UCCIeayeMOoro 3a00JeBaHMs
[53], omHOMEpHBIX BMMOMPUYECKUX pachpeneeHuit (TMCTorpamm)

p(x,/Vy), p(x,/V,), TOCTPOSHHBIX U OTAEIbHBIX IPU3HAKOB

[52], u B ay4ymeM ciiyuae — KOI((MULUEHTOB KOPPEISILUA MeXIy
OTAENbHBIMU TIPU3HAKAMMU.
OpHako B 00IIeM ciydyae TakKve OrpaHMYeHHBIE 3HAHUS HedoCTa-

TOYHBI [UIS1 BOCCTAHOBJIEHUS! MHOTOMEpPHBIX pacrpeneneHuit p(x) /
V). CiemnoBaTenbHO, HEM3BECTHA W ONTHMAJbHAA pasiesionias
(nuckpuMUHAHTHAS) (PYHKUMS

SN = POV = PO V), (L)

3HAK KOTOPOM II03BOJISIET PACIO3HABATH KIACChl C MUHUMAIbHOM
CpelHe BepOSITHOCThIO OIIMOOYHBIX PEIICHUIA.

Bce pasHooOpasve HaydHBIX HamlpaBJICHHWII B COBPEMEHHON Teo-
pUHM pacro3HaBaHUsI 00pa30B 3aKII0YAETCsl B (hopMaau3aliid METOIOB

noctpoeHus peiuapouiero npasuwia s = D(x")) mo BeiGopke HabIO-

aernit xM, x{M, x{M),... ¢ u3BeCTHOIi (0OyYeHME) MM HEM3BECTHOI

(camoo0y4YeHNe) TPUHAIIEKHOCTBIO K Kiaccam V,, ..., V,, [239].
PaccMoTpuM KpaTKo 3THM HampaBJIeHHS, OCTaHABIWBAsICh JIWIIIH
Ha JIeTaJisIX, KOTOPbIe HAaM MOHAI00SITCS B JaJIbHEMIIEM.

[IpyHIMIIMATBHO CYIIECTBYIOT IBa MYTH IOCTPOCHUS pa3ieIsiio-

el (pyHKIIMM Ha OCHOBE JIMIIb TOM MH(pOpPMaLUU, KOTOpasi comep-
xurtcst B obyuaromieit Boidopke x\V, xi", x{M)| ... ¢ usBecTHOl TpM-
HaJUIeXKHOCTBIO K kinaccam V, u V,. IlepBslil (mpssMoii) myTb — BocC-

CTaHOBJIEHME MHOrOMepHbIX pacnpeneienuit p(x™") /V ) no umero-
ieiicst Bbioopke. OaHako 3(pdeKTUBHBIE METOIbI pellieHUs] 3TOK 3a-
Jauy pa3paboTaHbl JMLIb IS cayyast, korna ¢ynkuun p(x™ / V)

3alaHbl ¢ TOYHOCTBIO 0 HEOOJBIIOrO YMCIa HEW3BECTHBIX MapaMeT-
poB [78, 227]. Kak oTtmeuaercss B [39, c. 49], peanbHble ycIlexu Ha
3TOM TIYTU BO3MOXHBI JIMIIB UISI BBIPOKAEHHBIX CIy4yaeB, IPEAIo-

naras, HanpuMep, uyto pacnpeneneHue p(x™), o), 3aBucsiIee OT Bek-
TOpa o HEU3BECTHBLIX MAPAMETPOB, YIOBJIETBOPSET YCIOBUIO
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(N)

p(-x sa):p(xlsal)x"'xp(stU‘N),

1, KPOME TOTO, KaXIblii MPU3HAK X, MOXET MPUHUMATh JUIIb (PUK-

CHUPOBAHHOE YMCJIO 3HAYCHU, JIM0O IJIOTHOCTH pacnpeacjiacHusd BE-
POSITHOCTEM U1 KaXIOTo KJlacca 3aJaHa HOPMaJbHbIM 3aKOHOM

1 1
Wexp[— 5 (=AY - u)}, (1.12)

px™ p,A) =
KOTHa JOCTAaTOYHO IT0 BHIOOpPKE HAONIONEHWI OIIEHUTH JINIIh BEKTOP
CPeMHUX | ¥ KOBapMALIMOHHYIO MaTpUIly A IS KaXKIOTO Kilacca.

Bropoii, Oojiee TpakTUYHBIA MNYTh pELIEHUSI 3TOW 3agayu, He
TPEOYIOLIMIT BOCCTAHOBJICHMST YIIOMSIHYTBIX MHOTOMEPHBIX paclipeie-
JIeHu#, ocHoBaH Ha anmnpokcumanuu (1.11) apyroit dbyHkiumei, 3a-
JIaHHOHM ¢ TOYHOCTHIO J0 mapaMeTpoB [233, 234, 340, 341]. Tem Go-
Jiee, YTO €CJIM YK OrPaHUYMTBCS CIAy4aeM HOPMaIbHBIX pacmpenese-
Huii (1.12), To, Kak u3BectHO [129, 141], npu NPOU3BOJBLHBIX, HO
OIMHAKOBBIX B O0OMX KjlaccaXx KOBapMALIMOHHBIX MATpuLax A, = A,

ONTUMaJIbHAsl AUCKPUMUHAHTHAsA (YHKIIMS JUHEWHas, a mpu A, #
# A, — KBaIpaTHUYHasl.

Eciu ke rurore3a 0 HOPMaJIbHOCTH paclipefesieHUu HeIpaBo-
ME€pHa, TO MOCTPOEHME pasmeisoleld (GyHKIIMKU CBOAUTCS K pelle-
HUIO 3aJa4d, aHAJOTUYHOM TOM, KOTOpasl paccMaTpuBaiach B T1apa-
rpacde 1.2. MHBIMU clIOBaMM, MPUXOAUTCS anmnpokcumuponath (1.11)
B3BELIEHHON CYMMOI M3BECTHBIX (DYHKIIUIA

SNy =a’o(x™) = 00, (™) + .+ a0 (xV)  (1.13)

U OLIEHUBATh MApaMeTPhl q,...,0 OTOTO PA3JIOXKEHUS IO UMEIOIIeii-

ca obyuaroweil Boidopke Habmomenuit x ™, x| x{M) | [340].

OcHoBHas uaesi MeToI0B OOyUYeHUsI, MpeaoXeHHbIX B [3, 4], oc-
HOBaHa Ha MOCTPOEHUU B KaXJIOU i-i Touke oOyvarouleil mociaeaona-

tenbHocTH x\") moreHumanbhbix Gynkumit U(x™,x™M) | sanannbix
(N)

Ha BCEM ITPOCTPAHCTBE X ¥ 3aBUCSIIUX OT X; ~, KakK OT IapaMeTpa.

Ecau co6ersennbie obmactu kimaccos XY u XY B mpocrpancr-
Be X YIOBJETBOPAIOT TaK HA3bIBAEMBIM YCJIOBMSAM KOMMAKTHOCTH
[3], To cymmupoBanue Gynkumit U(x™,x")) ortnensHo mis Habro-
JIEHUIA TIEPBOTO ¥ BTOPOTO KJIACCOB MO3BOJISET MOCTPOUTD ABE (DYHK-
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JA870%¢
UMy = YUY M) M) = T UGN, M)

x}N) el X}N) eV,
W UCIIOJIB30BaTh MX B pellaolleM MpaBuiie BUIa
() (V)
I,ecmm U, (x'"") > U,(x'"),

s=D(x™M) =
) 2, ecin U, (x™) < U,(x"M).

Pa3HOBMIHOCTH aJITOPUTMOB, PEATU3YIOLIMX METOM MOTEHIMAIb-
HbIX (YHKIUA, OTIMYAIOTCS CMOCOOOM BbIOOpa TMapaMeTpoB g;,1

0a30BOIl peKypPPEHTHOU IIPOLEAYPhI
[ia ™) = g M)+ rU ™, xM)

obecreynBaronieil MOCAeA0BaTeIbHOE MPUOJMXKEHUE HEW3BECTHOM
paznensionieit GyHkunu f(-) .

B pa6ore [233, c. 331] mokazaHo, YTO psiA aJITOPUTMOB MeETOAA
MMOTEHIIMATBHBIX (YHKIWI SKBUBAJICHTHBI IIPOIEAYypE CTOXAaCTHYe-
ckoil ammpoxkcumauuu Pob60uHca-MoHpo [354], KOTOpyHd MOXKHO
HEMOCPEICTBEHHO MCIOJb30BaTh IS MPUOIMKEHUST ONTUMAabHOMN
pasnensronieit pynkumu (1.11). Kak cnenyer u3 [234, c. 90], ycioBue
MUHMMYMa KBaapaTUYHOIO (hyHKIMOHAIA

J@) = [IfG™M) = fF™,a)Pax™,

xW

XapaKTepHU3YIOIIEro crerneHb ykioHeHus ¢yHkuuin (1.11) u (1.13),
MOXHO CBECTU K YCJIOBUIO

M{5 - a” p(x)p(xM} =0, (1.14)
rme M — 3HaKk MaTeMaTMYEeCKOTo OXWAAaHWs, a & — ciaydailHas
byHKUMS (YKazaHUS y4uTelst) BUaa '

+1,ecmm xM) eV,

5= (1.15)
—l,ecu x™V) e V.

[TockonpKy B 0OLIEM cilydae AOIYCKAaeTCsl, YTO COOCTBEHHBIE OOJACTU
KJIACCOB IEPECEKAIOTCS, T. €. x(™ A XM 4 g, TO PU OOHOM U TOM K€ 3HAYCHUU

xM e X ~ X GyHKIMS O MOXET MPUHMMATL PAasMYHbIE 3HAYEHUS B COOT-
BerctBUM ¢ (1.15).
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ComnacHo [235] onTmMaiibHOE 3HAYEHHWE BeKTopa IlapaMeTpOB

o obecreynBapIero MUHUMYM @QyHKIMoHanta (1.14), MoxeT

opt »
OBITh MOJYYECHO C IIOMOIIBIO UTEPATUBHOM IPOLICAYPHI

o = oy + LIS, — a0 )o(x")], (1.16)

rone [; — JauaroHajJibHag MaTpulla, 3JIEMEHTBI KOTOpOI71 YOOBJIETBO-

]
PSIIOT U3BECTHBIM yCIoBUSIM JIBopelikoro [274].
BnonHe TOHATHO, YTO MpU pELIEeHUM IPAKTUYECKUX 3amad Jjist

MNOCTPOCHUA PCUIAOLICTIO IMpaBUia MOXKET OBITh MCIIOJb30BaHA JIUIIb

KOHe4Has oOydaromas Beibopka x\ ), ..., xi) ¢ ykasaHusaMu yuurens

8, ..., Oy . IlocKONBKY mpolenypa CTOXaCTUYECKON anmpoKCUMalUun

ACUMIITOTUYECKU ONTUMAJIbHA, T. €. MO3BOJSET HAWTU ONTUMAJIbHOE
3HAYCHHUEC ., JHWIIb IIpU I — o0, COBEPIUEHHO OYEBUIHO, YTO 3HA-

YCHUC O = oy, HaiiieHHoe Ha W-M Il1are ¢ IIOMOILBIO IIpoUCaYypPbI

(1.16), BooOGIIIE TOBOPSI, MOXKET OTIMYATLCS OT ONTUMAIBHOTO 3HAYE-
HUA o, (W), Ipr KOTOPOM OLICHKA

Ha W) = %%l& oM (1.17)
i=1

¢yukimonana (1.14) mo xKoHeuHomy uuciay W HabOmogeHuit OyneT
MUHUMaIbHOM [122].

s paspenieHust 3TOi MpoOJIeMbl CYIIECTBYeT HECKOJbKO BO3-
MoxHocTeil. OmHa U3 HUX COCTOUT B LIMKJIMYECKOM MOBTOPEHUM MMEIO-
LIMXCS B pacropskeHUU AaHHbIX [123], yTOo TpebyeT 3amoOMUHAHMS
cpa3y BCEW UMEIOIIEHCS MOCIEeI0BATEIBbHOCTU U, KAK CIPAaBEIJIMBO
3aMeueHo B [39, c. 85], cpa3dy ke JUIlAeT UTEPATUBHYIO IPOLIEIYpPY
(1.16) ee 0CHOBHOTO CMBICIA.

Bropast Bo3MoxXHOCTE — mpuMeHeHUe BMecTo (1.16) Tak HasbI-
BA€MbIX JIOKAJIbHO-ONTUMAJIbHBIX MPOLIEAYP CTOXacTUYECKON ar-
MMPOKCUMAIINH, KOTOPBIE, OMHAKO, TPEOYIOT 3HAYNTEIHHBIX BBIUMCIIC-
HUIi, CBSI3aHHBIX C OOpallleHMeM Ha KaXAOM i-M 1lIare uTepauuu
matpulbl Kanmana [234, c. 40]:

) -1
I = R etgM)e" (M) | (1.18)
=l

ITosTomy Gosiee MPAaKTUYHBIM METOMOM OMpPEaeIeHUS ONTUMAIbHOTO
3HaYCHUsS o, (W), mocrapnsiomero MuHUMYM GyHKIMoHany (1.17),
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SBJISIETCS TIOAXOM, PAacCMOTPEHHBIM HamMM B pabote [220], KOTOpHIi
HETIOCPEJCTBEHHO OITMpPAeTCs Ha METOA HaMMEHBIIMX KBaApaTOB U
TMO3BOJIAET TOJYYUTh BBIPAKEHME JUIA OmpeneneHus o, (W) B sB-

HOM BUJIE:

w w
Lo () = [Z 0, )" (" 2 8,006, ™). (1.19)

3amernm, uTo pasgessiomas dyukumst o), o(x™)), mocrpoeHHast
u3 yciosusi MuHumyMa (1.17), He Bcerna Mo3BOJISIET Pa3ieUTh MHO-
xectBa X, X{¥), nmaxe ecnM MX MOXHO IOJHOCTBIO pPas3lelMTh

dynkumeit Buga o’ o(x)) [227, 233]. B cBa3M ¢ 3TUM, HECMOTpPS Ha

ya00CTBO KBaapatuyHoro ¢yHkimoHana (1.17) Kkak yHUBepCcaJlbHOIO
CpeACTBa pelIeHMST ONTUMM3ALIMOHHON 3agauu MpUOIMKeHUsT QYHK-
LM, Ha TpakKTUKE YacTO NPUXOAUTCS MCIIOJIb30BaTh aJITOPUTMbI
00y4eHUsI, B OCHOBY KOTOPBIX ITOJIOXKEHBI MHbBIE KPUTEPHUH.

B nocneaHee BpeMsl Takke IOIMYJISPHbI METOMIbI PACIO3HABAHUS
Ha OCHOBe O0y4yaeMbIX HEWpOHHBbIX ceTeil [351], HeuyeTKUX MpaBUII
[175, 258, 288] u paxke Tak Ha3bIBaeéMble TEHETUYECKUE AaITOPUT-
MHI [253].

Pazymeercs, a(ppeKTUBHOCTD IIOCTPOEHUSI JUArHOCTUYECKOIO Ipa-
BWJIA CYIIECTBEHHbIM OOpa3oM 3aBUCUT OT oObema W obyuvalolieit
BeIOOpKHU. IIpy 3TOM OO CHUX IIOp HE CYIUECTBYeT METOIOB, ITI03BO-
JISIIOIMX B YCJOBUSIX OTpaHUYEHHON anpuOpHOil MHMopMaluu 0o0oc-

HOBaTh BBHIOOp 0a3MCHBIX (DYHKLIMIA (pl(x(N )), s @ K(x(N )), urypu-

pytlomux B (1.13), u, Kkak cropaBeaiuBo oTMeueHo B [3, c. 57], Ha
MPaKTUKE 4YaIlle BCEro IPUXOIUTCS OCYILIECTBISTh TaKOH BBIOOD,
ONMPASICh JUIIb HA UHTYULHMIO, OMBIT U HEKOTOpbIE HedopMalibHbIe
COO0OpaXkKeHUsI.

M3BecTHO Takke, UTO paclIMpeHre Kiacca 0a3ucHbIX (DYHKLMI
Hen30exXHO TpeOyeT CYIIEeCTBEHHOro yBelnuyeHusi oobema W 0O0y-
yatoleit Bbioopku [39, c. 95]. [ToaTtomy Tnpu MaioM oObeMe TaHHBIX
YacTo HE OCTaeTCs HWYETO WHOTO, KaK OTPAaHWYMUTBCS KIIACCOM JIH-

HeiHbiX GyHkmmin  f(x™N) = oy xy +, ..., + oy X, +a, [83, 170, 228,
342], eci, KOHEUHO, HET BECKMX OCHOBaHUiI1 IJig1 BLIOOpa OoJjee
«CJIOXHBIX» TUCKPUMWHAHTHBIX (PYHKIUI [26].

B mocnenHee BpeMs BHUMaHHWE CIELMAIMCTOB TPUBJIEKAIOT TaK
Ha3bIBaeMble KOJIJIEKTHBHbIE (KOMOWMHUPOBAaHHBIE) KIIACCH(UKATOPHI
[18, 165, 335], cyThb KOTOPBIX COCTOUT B MHTETPAIINH YACTHBIX pellle-
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HUIA, TPUHUMAEMbIX OTAEJbHBIMU Kiaccubukaropamu. [Ipuobdpenu
W3BECTHOCTh Pa3IMUHBIC TTOAXOABI K MHTETPAIlUM YACTHBIX PEIIeHMUIA.

B omHux ciydasx mpeiaraeTcsl MCIOJb30BaTh METON T0JIOCOBa-
Hust (majority vote method) [313, 350] wiu panxupoBanus (label ran-
king method) (251, 302], B npyrux — cxeMbl, OCHOBaHHbIE Ha YCpem-
HEHUM WIM JIMHEHHON KOMOMHALIMM alloCTEPUOPHBIX BEPOSITHOCTEN,
KOTOpBbIE OIIEHMBAIOTCS OTACIBHBIMM KilaccudukaTopammu [299, 385],
6O arOpUTMbI HeueTKUX mpaBui (fuzzy rules) [265]. Ilpemnaraercs
Takke MPOBOIUTh HE3aBUCUMOE O0yYeHHEe KOMOMHUPOBAHHOIO KJac-
cudurkaTopa Ha HEMPOHHBIX CETIX, paccMaTpHBas YacTHBIC PEIICHUS
KakK KoMIUIeKCcHbIe Tipu3Haku [315, 383]. Pa3BuBaloTcst Takke MOAXO-
IIbl, OCHOBaHHbIE Ha BBIAEJICHUM B MPOCTPAHCTBE HAOMIOACHUIA JIO-
KaJbHBIX 00JIacTei, B KaXIO M3 KOTOPHIX TOJBKO OIWH M3 YaCTHBIX
K1accu(UKATOPOB «KOMIIETEHTeH» NMPUHUMATh pelneHue [165, 384].

Bce atu paboThl MpencTaBisSIIOT HECOMHEHHBIN TeopeTUYeCKUit
WHTEpeC U TMO3BOJISIIOT 000CHOBATH BBIOOP TOM MJIM MHOM CXEMBbI MH-
Terpaiuu, Koraa u3BecTHb (hopMaibHbIe aIrOPUTMBI, MTOJOXEHHBIE B
OCHOBY YaCTHBIX KJIACCH(PUKATOPOB.

Opnako mnpu nocrpoeHuu MT olieHKU COCTOSIHUSI OOBEKTOB Yac-
TO TpebyeTcss chopMUPOBATh KOJJICKTMBHOE pelleHUE, OCHOBAHHOE
Ha MHTETpPAlMM YaCTHBIX PEIIeHUN OTAETBbHBIX 3BPUCTHUYECKUX aJIro-
puTtMOB. PasymeeTcs, M B 3TUX MPAKTUYECKU BaxKHBIX CIydasx TpeOy-
eTcss 000CHOBaHHBIN IMOAXOJ K MHTErpalydM 4YacTHbIX pelneHuil. Ha-
IpuMep, Kakoe OKOHYATeIbHOE pEeIIeHUEe ITOKHO OBITh TMPHHSTO,
eC/IM B pe3yJibTaTe He3aBUCUMOIo 0OCIeAOBaHUS OHA YacThb CIielua-
JIUCTOB (9KCIEPTOB) NpHU3HAda MalMeHTa 300POBbIM, a JApyras —
OOJBHBIM?

OpurMHaJIbHBIE PE3yJIbTaThl MCCIEA0BAHUS 3TUX BOIPOCOB OYmyT
MpeIcTaBleHbl B IJIaBe S.

1.4. AHanH3 CBOWCTB CUTHONOB KOK METOR
¢$OpMMPOBAHMA AUATHOCTUYECKMX NPU3HAKOB

Br1Oop amekBaTHOrO MHOXKECTBA JUATHOCTUYECKMX ITPM3HAKOB IIPE.-
CTaBJISIET CO0OM OOHY U3 Haubosiee TPYAHBIX MPobJIeM, C KOTOPOM Mpu-
XOJOUTCS CTaJKMBaThCcs KOHCTpyKTopy MT mpu penieHuun 3agay Meau-
LIMHCKOM M TeXHUYeCcKoil nuarHoctuku [28, 52, 105]. YHuBepcaaibHbIX
METOAOB pa3pelleHusi 3TOM MNpoOJeMbl HE CYIIECTBYET, ITOCKOJbKY
KaX/blii 00bEKT, @ 3HAUUT, U MOPOXKIAEMbII UM CUTHAJ YHUKAJbHBbI.

B ycnoBusix orpaHM4YeHHOW anpuOpHOU MHGbOpMaLMKU, KOraa 3a-
paHee He M3BECTCH HAOOp TaK Ha3bIBaeMBIX (DM3MUYECKMX IPU3HAKOB
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[194, c. 263], obmiast mpobiaemMa (GOpMUPOBAHUST MIPOCTPAHCTBA TIPU-
3HAKOB pa3pelllacTcsd B OBa dTarma. Ha TepBoM 3Tame B MCXOZHOE
MMPOCTPAHCTBO TIPM3HAKOB BKIIIOYAaeTCs JI0OOe CBOWCTBO CHTHAIA,
KOTOpOE TIPEATIOIOKUTEIHFHO HeceT MH(POPMAIIHIO O COCTOSTHIN 00b-
ekta. M ToapKo Ha BTOPOM 3Tare pellaeTcs 3agada MIUHUMU3AIAN
(celeKIMM) TIPU3HAKOB C MCIOJNB30BAHUEM TeX WJIN WHBIX (hOpMaib-
HBIX TIPHEMOB.

B Teopum mmdpoBoit 00pabOTKM CUTHAJIOB pa3pabOTaHO OTPOM-
HO€ KOJIMYECTBO YHUBEPCAJIBHBIX METOIOB aHaj3a CBOMCTB CUTHA-
JoB [63, 87, 115, 144, 145, 154, 174]. Ilpu orpaHUYEeHHOI ampuop-
HOI MH(pOPMALIMU 3TU METOAbl MOTYT OBITh PACCMOTPEHBI KaK MHCT-
PYMeHT (GOPMUPOBAHUS MCXOTHOTO TPOCTPAHCTBA TaK Ha3BIBAEMBIX
MaTeMaTHUJeCKHX MpU3HaKoB [194, c. 263].

ITockonbKY B paMKax OrpaHUWYEHHOTO 0030pa HEBO3MOXHO Tepe-
YUCIIATh W3BECTHBIC TTOAXOIBI K aHAJIWU3y CBONCTB CUTHAJIOB pa3Ind-
HOW (U3NIecKoi MPUPOIEI, JaIUM JIMIIb KPAaTKYI0 XapaKTepUCTUKY
HEKOTOPBIM M3 HHUX, OCTAHOBWBINKCH Ha JIETAlSAX, KOTOPEIE HAM ITO-
HamoOsITCS B JATbHEWINNX MCCIeTOBAHUSX.

1.4.1. AHOnM3 rOPMOHHYECKUX KOMMOHEHT CUHANA

JIoBOJTLHO YacToO IIeHHas WH(pOpMaLus, KOTOPYIO CIOXHO TOJNYYUTh
MY aMIUTUTYTHO-BpEMEHHOM TIpeICTaBICHUN CHTHAJIa, MOXET OBITh
MoJjiyueHa NpU €ro MpeacTaBIeHUMM B 4YacCTOTHOM oOsactu [21, 28,
103, 144, 260]. Jag Takoro mepexoma MCHOJb3YIOTCSI METOAbI CIIEK-
TPaJTLHOTO aHaJIM3a, MO3BOJISIONINE OLEHUTh YaCTOTHI, aMIUIUTYIBI U
HavaJibHBIe (pa3bl TApMOHMYECKUX COCTABIISIOIINX CUTHAJIA.

B ocHOBe TpagWIIMOHHOTO CHEKTPATHLHOTO aHAIN3a JIEXKHUT TCOPHS
npeobpasoBanusg Dypbe, NCTOPUS KOTOpOI Havamach eme B 1822 1.,
korma ¢pannyscknit MatemaTnk Kan batmct XKosed DPypre 3ame-
THJI, 4TO TIPAKTUIECKU JII0bas Tepruoandeckas pyHKOus y(f) MOXeT
OBITH pasoXeHa B TPUTOHOMETpUYecKuid psg [167]:

y(t) = a, + . (a, cos %n + b, sin %n),

n=1

2n 1
me T == ? — nepuoa (yHKUUU; @ — Kpyromasl yacrora; [ —
(O]

yacroTa I'm. Ha ocHOBaHMM M3BeCTHOM (hopMyisl Diinepa psax Dypoe
MOXeT OBITh IIPEICTaBIeH B KOMIUIEKCHOM dopme [116]:
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y(t) _ z Ynei(2rrnf)t ,

n=—0

MpyuYeM KOMIUIEKCHbIe ynciaa Y, (KOMIUIEKCHbIE aMILTUTYABI TapMo-
HUYECKMX COCTABJISIONINX) BBIUMCIISIIOTCS 110 (popMyIie
T

1t -iQunf)
Y, = T jT y(t)e “dr .

2

TakuM 00pa3oM, YacCTOTHBIM CIEKTp TMEePUOAMYECKOro CHUTHajia
cocTouT u3 vactoT f, =nf, n=0,1,2,..., KpaTHbIX €r0 OCHOBHOM

(6a3oBoii) yactore [, MpUYEM, €CIU KOMIUIEKCHYIO aMruuTyay Y,

. C, .
MPENCTAaBUTh B SKCIIOHEHUMATbHOU Gopme Y, = 2” e, TO BeJIWYn-

Ha C, mpencrapisieT coOOW aMIUIUTYQy FAPMOHUYECKOW COCTaBJIsIIO-
wen ¢ yacroron f, = nf, a ¢, — HadaJdbHyO a3y 3TOH rapMOHM-
KU, umemollei dopmy kocunycounsl C, cos2nn ft+¢,).

MHoro et ciyctsi chopmynupoBaHHoe XK. Dypbe CBOMCTBO me-
puoauuecKux (yHKLUK ObLI0 OO0OOILIEHO Ha Herepuoauvyeckue
¢yukuuu. UMeHHO 3TO 0000I1IeHe M MPUHSITO Ha3biBaTh IIpeodpa-

3oBanneM @Dypbe [167], KoTopoe TpaKTyeTcsl KaK B3aWMMHO OIHO-
3HAUHbIA TIepexoJ OT HEKOTOpou (pyHKuUMM y(f) IAEUCTBUTEIHHOIO

apryMeHTa ¢ (He oOsI3aTeJbHO BpeMeHH) K Apyroi pyHkuuu Y (f),
apryMeHT Kotopoit f =1/t. B 4acTHOM ciyyae, Korma ¢ — Bpems,

npeobpaszoBane Dypbe maeT YacTOTHOE TMpeACTaBIeHWE CHUTHaIa
y(t). ®opManbHO TaKoe MpeoOpa3oBaHUE OIPEAEISIETCSI COOTHOLIE-

HUAMU
Y() = 0yl = [y0e ™, y0) = 0 V(DI = [Y(N)edr,

KOTOpPBIC CIIPaBEeIUIMBLI, eclu QYHKIUA y(f) orpaHMYeHa, KyCOUHO-
HenpepbIBHA U MMEET KOHEUHOE YHCIIO 3KCTpeMyMoB (ycioBus Jlu-
puxie) [352]. DT COOTHOILLIEHUS MPUHATO HA3bIBATh COOTBETCTBEHHO
MIPSIMBIM 1 00OpaTHBIM TIpeoOpazoBanussMu Dypee [116].

HanbHeitiee pa3sBUTHE TeOpUU TipeodpasoBaHmit Dypbe 3aKITIO-
JyaeTcsl B ero 00OOIIEHNM Ha BaXXKHBIM B IMPAKTUYECKOM TUIaHE CIIydail
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nuckpetHoi GyHKuuu [87] y(f) — y(f,), TPENCTaBIEHHON KOHeY-
HOI MOCJeN0BaTebHOCThIO 3HAUeHU Yy, = y(f,) B PaBHOOTCTOSIILIVE
MOMEHTHI BpeMeHu ¢, = kA, k=0, 1, ..., K-1, tne A — mar KBaH-

ToBaHMsI Mo BpemeHU. IIpssMoe 1 oOpaTHOE NMCKPETHOE Ipeodpa3o-
Banue @ypoe (AIIP) peanmsyercss Ha OCHOBE COOTHOIIEHMI [283]:

K-1

Y, = ye Ik, (1.20)
k=0
1< p2ink/ K

bez . (1.21)

Kak Bumao m3 (1.20), mpsmoe JATIP 1103BONSICT pa3ioXUTh (Ie-
KOMITO3UPOBaTh) CUTHAN };, 3aMKCHPOBAHHBIM C IIaroM KBaHTO-

BaHUS A B K TOYKax OrpaHMYEHHOTO BPEMEHHOro MHTepBaja KA
(B cexyHmax), Ha K TapMOHMYECKMX KOMIOHeHT [116] ¢ yacToTamu
(B repuax):

n
- W= _K/2,..,0,..K/2. 1.22
anA n / / (1.22)

ITpu 5TOM BBIMOJHSIETCSI YCIOBUE CUMMETPUM KOMILIEKCHBIX aMILIUTY]I
rapMOHUYECKUX KOMIIOHEHT, T. €. ¥ , =Y, , vn=1, .., K /2.

IlepeToMHBIM 3TAroM B pa3BUTHUM TpeobpaszoBannii Dypbe cTaia
pabota [269], B KOTOpO# BIIEPBBIE OBLI TPEMIOKEH OBICTPBIA aJIro-
put™ BerauciieHus JAIIP, BmociencTBUM Ha3BaHHBIA aJlTOPUTMOM
BII® — orictporo mpeobpaszoBanus Dypwe (FFT — Fast Fourier
Transformation).

I'naBHast mpes BII® ocHoBaHa Ha TIPUMEHEHUU PEKYPCUBHOM
MpOLeAYpPHl BBIUKMCIEHUS IHCKPETHOro TipeobpaszoBanHust Dypobe
K-toueynoro curHanma cymMmoii nByx JAII®, BEIYMCICHHBIX OTIEITBHO
JUTST YeTHBIX ¥ HEYETHBIX TOoUYeK. Takas Ipolieaypa MO3BOJIIeT YMEHb-

LIMTh YUCJIO BBIYMCIUTEIBHBIX omnepatvii ¢ 2K* 1o 2K log, K, eciu

K — unenas crenenn 2. Ilockonbky mpolieaypa mnpeoGpa3oBaHUs
®Dypbe JUHEHHA, JIETKO IMOKa3aTh, 4To anroputM BII® moxHO wMc-
[10J1b30BaTh IPU JIIOOOM YHKCJIE TOYEK, MOOMIPEACIUB HYISIMHU HEIOC-
TaloLIMe WieHbl BPEMEHHOTO psima 10 Omkaiiirero K, KpaTHOTO JIBYM.

B Hacrosiiiee BpeMsl U3BECTHO MHOXKECTBO MOIUMDHUKALIMI ajro-
putmoB BII® [262, 263], KoTopble MPUMEHSIOT 11T 0OpabOTKM CHUT-
HAJIOB Pa3IUYHOrO (PU3MUYECKOTO MPOUCXOXKIACHHMS.
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CrenyeT, OOHAKO, 3aMETUTh, YTO IPAKTUYECKOE WCITOJIb30BaHUE
anroput™MoB BII® cBsizaHO ¢ psSIOM M3BECTHBIX orpaHndeHuii. Kak
OymeT Ioka3zaHO B miaBe 4, Ipu 0oOpabOTKe 3JIeMEHTAapHOIO rapMoO-
HUYECKOTO curHana y, = Asin2nf. k, k=1, 2,..., K, 3agaHHOro

KOHEUHBIM 4uciIoM K JUCKPETHBIX 3H3.‘~ICHMﬁ, AJITOPUTM ITO3BOJIACT
ONnpeacjinTb aMIUITUTYydy An qacToTy fc JIMIIb B TOM CJIy4yac, Koria

/. B TOYHOCTH COBIIafiaeT C OMHOI U3 YyacToT (1.22).

ITockoabKy Ha MpaKTUKE TaKOW CiIydail SIBJSIETCS CKOpee PeaKuM
HUCKJIIOYEHUEM, YeM TpaBUJIOM, YKa3aHHasi OCOOEHHOCTb aJlTOPUTMOB
BII®, BoOOIIIE TOBOpsI, OTpaHUYMBACT OOJACTh WX HETIOCPEICTBEH-
HOTro TpUMEHEHMSI IJIsi 3aJay BBISIBICHUSI FAPMOHUYECKUX KOMIIO-
HEHT B 00pabaThIBaEMOM CHUTHAJIE, B YACTHOCTH TapPMOHUYECKUX TTOMEX.

MmMeHHO mosToMy B psile paboT AJis 3aJa4 TapMOHUUYECKOTO aHa-
JIu3a TpeajaraeTcsl UCMoib30BaTh UHbIE MOAXOAbI, HAIIPUMEP TapMo-
Hudeckuii aroput™ MIYA [62, 240]. OgHako 3TU aJTOPUTMBI 00-
JIaJalT CYIIECTBEHHO MEHBIIUM OBICTPOAEHCTBMEM IO CPABHEHMIO C
anroputMamu BII®. K Tomy 3Xe, Kak TMOKa3alM MCCISIOBaHUS, TIPO-
BelleHHBIE B pabote [363], rapmonndeckuii amroputM MI'YA 1mo3Bo-
JISIET IOCTaTOYHO TOYHO OLIEHUTh YAaCTOTHBIE KOMITIOHEHThI AUCKPET-
Horo curHana yk, k=1, ..., K 1uilib py BecbMa MaJibIX 3HAUYCHMUSIX
K 1 HEeBBICOKOM YPOBHE ITOMeEX.

Bropoe u3BecTHoe orpaHMYeHME, BBITEKalolllee M3 caMOll CyTu
npeobpaszoBaHus Pypbe, 3aKIOYAETCI B TOM, 4YTO (DYHKIIUS, TIOJY-
YyeHHasl B pe3yabTaTe 3TOT0 MpeoOpa3oBaHUsS, 3aBUCUT OT YaCTOTHI,
HO He 3aBHCHUT OT BpeMeHM. OTCioma ciemyer, YTO IOCTPOCHHBIE Ha
ocHoBaHnM BII® crnekTphl CTAllMOHAPHOTO IOJUTapMOHIYECKOTO

M
curHanma y,(f) = > A cos (2nfit + ¢;) B BUme CyMMbI M pa3IMUHBIX
i=1
rapMOHUK, MPUCYTCTBYIOIIMX Ha BCEM WHTEpBaJe HaOIIONCHUS
0 <7 < t;, 1 HECTALIMOHAPHOTO TaPMOHUYECKOTO CUTHAsIA

A, cos 2nfit + ¢,), te[0,4],

yy(t) = {42608 Gt ), 1 el (1.23)

Ay cos Qufyt+oy), te(ty iyl

KOTOPHIN TMPEACTaBIsIeT COOOI IOCIeNOBATEbHOE «IIEPEeKITIOUECHIE
BJIEMEHTApHBIX TAPMOHMUYECKMX KOJeOaHMI, OKaXyTcsl MPaKTUYECKU
Hepa3IuYMMBbl.



1.4. AHATIM3 CBOVICTB CUTHAJIOB KAK METOL ®OPMMPOBAHMS OIMATHOCTUYECKMX MPMU3HAKOB

35

0.6
0.4
0.2

1,0
0.5

-0,5
-1.0

0,5
0.4
0,3
0,2
0,1

Puc.

CrauvoHapHbli

------------ R M R —
......
Ll ]H“ [
0 50 00 150 200 It
Hecraunonaphsiii
R Y A O W [ | e 1 e
0.05 0.1 0.15 0.2 0.25 0.3 0.35
Criextp
----- H
Lol | A R A
0 50 100 150 200 Tt
6

1.3. CnekTpbl cTalMOHApHOTO (g) W HECTAaMOHApHOTO (6) CUTHAJIOB C

OAWHAKOBbBIMU YaCTOTaMU U aMIUIMTyadaMU

Hdns wumoctpauuu 3Toro addexra Ha puc. 1.3 IpencTaBieHBI

CMEKTPhbl CTALIMOHAPHOI'O APMOHUYECKOTO CUTHAJA, COCTOSIIIEro U3
CyMMBI OByx rapmMoHuK ¢ yacroramu 20 u 40 I'y (@) u HectaunoHap-
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HOro CHrHajaa, B KOTOPOM BHayaje IMPUCYTCTBOBAJa TOJbKO IapMoO-
Huka ¢ yactoroit 20 I'u, a 3ateM — 40 I'u (6). BunHo, yTo paznuuus
CMEKTPOB 3TUX CUTHAJOB HE3HAYMTEIbHBI.

IMockonpky mpeobpazoBaHue Pypbe HE MO3BOJISIET JIOKATM30BaTh
BO BPEMEHM YacCTOTHbIE€ KOMIIOHEHTbI, TO 3TO HaKJaAblBaeT U3BECT-
HOe orpaHMYeHMe Ha 00JacTh €ro MPakTUYECKOro MPUMEHEHUS TOJIb-
KO JJI aHaju3a CTallMOHApHBIX CUTHaloB. B To ke BpeMsi MHOTuUE
peaJibHblE CUTHAJIBl UMEIOT CJIOKHBIE YACTOTHO-BPEMEHHbIE XapakTe-
PUCTUKM M, KaK MPaBUJIO, COCTOSIT U3 KOPOTKOXMUBYILIMX BbICOKOYAC-
TOTHBIX U JIOJTOBPEMEHHbBIX HU3KOYACTOTHBIX KOMITOHEHT.

[nsa aHany3a TaKMX CUTHAJIOB HEOOXOAMMO OOECIIEYUTb XOpollee
paspellieHue M Mo 4YacToTe, W mo BpeMeHu. [lepBoe Tpebyercs mist
JIOKJIM3alluM HU3KOYACTOTHBIX COCTABJSIOLIMX, BTOpOe — JJIs1 pa3-
pelIeHusT KOMIIOHEHT BBICOKOI 4acTOTHI.

OnuH 13 U3BECTHBIX MOAXOA0B K aHAIM3y rapMOHMYECKUX KOMIIO-
HEHT HECTAllMOHAPHBIX CUTHAJIOB, KOTOPbIN ObLT TpeaioxeH B 1948 r.
Jenucom I'abapom, IOIy4Yns Ha3BaHME <«JIOKaJbHOE MpeoOpa3oBaHUE
®ypre» (STFT — Short-Time Fourier Transformation) (248, 249, 271].
B cooTBeTCTBMM C 3TUM MOAXOIOM HECTALMOHAPHBIA CUTHAM y (f) Tpel-
roJjlaraeTcsl CTallMOHAPHBIM 11 HEKOTOPBIX JIOKAJIbHbBIX 00JIacTeil Bpe-
MeHM ((DpeiiMOB), B KaXKI0OM M3 KOTOPBIX BBIYMCIISIETCS] ITpeoOpa3oBaHue
®ypbe 0OBIYHBIM cTTOCOO0M. PesymbraToM mpeoOpa3oBaHUs SIBIISICTCS
dyukiusa D, (f, f), 3aBucsAIIasg KaK OT YAaCTOTHI, TaK M OT BPEMEHM:

D,(f,1)= I[y Ow(t —v)e ™™/ dr, (1.24)

rae w () — Tak HaspiBaeMasl GyHKLHMs OKHA. Yalle BCero B KauecTBe
w () mUcmoyb3yeTcs rayccoBa GyHKIUS w (f) = e 2 , B KOTOpOI Ta-
paMeTp a OoIpeAessieT LUPUHY OKHa.

Ha nepBblii B3MJIsII MOXKET MOKa3aTbCsl, YTO HA OCHOBE Mpeodpa-
30BaHuS (1.24) MOXHO TMOJyYUTb TMPEACTAaBICHUE O TOM, KaKue
MMEHHO FrapMOHMYECKHME KOMIIOHEHTHI MPUCYTCTBYIOT B cCUTHaJIE Y (f)
B KaXIBIi MOMEHT BpeMeHH. OJHAKO B COOTBETCTBUU C PACIIMpPEH-
HBIM TOJIKOBaHMEM (PYHIAMEHTAJbHOIO MPHUHIIMIIA HEOIpeaeJIeHHO-
ctu T'eiizeHOepra [112] Takoe 3akitouyeHue HeBepHO. OTHOCUTEILHO
paccMaTpuBaeMoil MpoOJeMbl M3 3TOr0 MPUHIIMIIA CIAEAYyeT, YTO He-
BO3MOXHO OIIPEIEIUTh TOYHOE 3HAYeHWE YACTOTHBIX KOMITOHEHT
CUTHaJIa B (PMKCUPOBAHHBI MOMEHT BPEMEHM, a MOXHO JIMILb MOJY-
YUTH TIpENICTaBIeHNE 00 OMpeAeeHHOM AMara3oHe YacTOTH f Ha He-
KOTOPOM MHTEpBajie BPEMEHHU .
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OTMedeHHbI (akT MpsMo cieayeT 13 rpouenypsl (1.24) nas Bbl-
YUCJICHUSI JIOKAJIBHOro IipeobpasoBaHuss Dypbe: INMpU YBEIUYSCHUM
LLIMPUHBI OKHA YJy4yllaeTcsl paspellaroiiasi CocCOOHOCTh MO YacToTe
f, HO TepsieTcsl paspellieHUe 1O BpeMeHM f, a MpPU YMEHbIICHUU
napaMeTpa a TMPOUCXOAUT OOpaTHBIN 3(GHEKT.

DTOT (pakT HAIJSAIHO WILTIOCTpUPYET puc. 1.4, HA KOTOPOM TIpen-
CTaBJIeHbl pe3yJbTaThl 0OPAaOOTKM OIHOTO M TOIO XK€ CUTHaja ¢ pas-
JIMYHOM 1MpPUHON (yHKIMM OokHa [348]. B kauyecTBe MOIEIbHOIO
HCIIOJIB30BAJICA HECTAIlMOHAPHBIN rapMoHndeckuit curHai (1.23) mpu
M =4 (f,=75Tu, f,=50Tu, f, =30 Tu, f, =20 I'n).

BunHo, uyto mpu mmpokoit dyHkuun okHa (a =0,00001) pesysb-
TaT 00pabOTKU MMEET BBICOKOE pa3pellieHUe IO 4YacToTe, HO HU3KOe
no BpemeHu (puc. 1.4, a), a ipu y3koit ¢pyHkuum okHa (a =0,001) —
BBICOKOE pa3pellieHue 1Mo BpeMeHU, HO HU3Koe Mo vactote (puc. 1.4, 6).

Takum oOpasoMm, npu ucnoib3oBaHun STFT KoHCTpyKTOp mpu-
KJIamHON MHMOOPMAIIMOHHON TEXHOJOTUM HEM30eXKHO CTAaJTKUBAETCS C
Mpo0sieMoil BbIOOpa ONTUMAIBLHOTO 3HAYEHMS IIUPUHBI OKHA, KOTO-
pas He MOXeT OBITh pa3pelneHa (GopMaTbHBIMI METOIAMU.

J1s1 TIpeomosyieHusT 3TOro0 HemoCTaTka B TOCICAHME TOIbI UCIOIB3YeT-
Cs1 HOBBIM TMOAXOM K aHaIM3y CUTHAJIOB, Ha3BaHHBIN BeiBIeT-Mpeodpa-
3oBanvieM (WT — Wavelet Transformation) [305, 321, 361, 375, 377].

DTOT MOAXOJ TNpeaycMaTpuBaeT passiokKeHUE HECTAMOHAPHOIO
BO BpeMEHM curHaia ) (f) mo 6a3uCHBbIM (PYHKUMSM, TOIYYEHHBIM

CXXaTUSIMU, PACTSDKEHUSIMM U CABUTAaMU HEKOTOPOTrO MPOTOTUMA (Tak
Ha3bIBaeMOro MaTepuHCKoro BeliBiera). CoriacHo [377] ageKBaTHBIN
pelilaeMoii  3ajavye BLIOOp MATEpUHCKOTO BeliBieTa AaeT Xopollee
paspelieHre U 1Mo BpeMeHU, U 10 4acToTe.

B omymmume ot mokanmbHOTO MpeodpaszoBaHust Pypre, WT 1mo3BoIIsA-
€T TPOBOIUTH aHAJIM3 CUTHAJlA CO MHOTMIMHU YPOBHSIMM pa3pelleHUs
(multiresolution analysis), ipydeM TpyU OOJNBIINX 3HAYEHMSIX [ METO.
o0ecreurBaeT BBICOKYIO pa3pelliarollylo CIOCOOHOCTh MO BpEeMEHU f,

HO HU3KYIO IO YacToTe jf, a Mpu MajblX 3HaUYeHUsIX f — BBICOKYIO

pa3peliayio ClIOCOOHOCTh IO YacTOTe, HO HU3KYIO TI0 BPEMEHH.
®opMajIbHO BeBJIET-IPpeoOpa3oBaHKe MPEACTABISIET CO00 (PYyHK-
LIMIO IBYX NEPEMEHHBIX

| r—1
@, (x,w) = —— [ WPy, (1.25)
1/|W| t w
roe W(-) — MaTepUMHCKUI BEWBIET, T — CIOBUT IO BPEMEHU; W —

MacuTab rmpeodpa3oBaHMUSI.
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K HacrosiilieMy BpeMeHU W3BECTHBI Pa3jIUYHbIE TUIbI MaTEpUH-
ckux BelBieToB W(-)[344], oqHaKo Ha MpakKTUKE HaWOOJbIIYIO TO-
MYJASIPHOCTH TIOJYYUIIU BeliBaeT-comopepo (Mexican hat) B Bune neii-
CTBUTEJbHON (PYHKUMU

2
_t 2
520t
e2w (72 _
w

1

A 2mw?

NpeAcTaBisiolieil codboii BTOpylo NMpou3BoAHYI0 ¢byHKIMM [aycca, u
BeliBiier Mopiie (Morlet wavelef) B Bujie KOMITJIEKCHON (PYHKUIMWU
tZ

P, (f) = ee 27,

(1) = 1),

i€ o — Kpyrosad 4yacTtora, w — I1apaMeETp maciuTaoa.

HapaMeTp W HMMEET TaKOM K€ CMBICJI, KaK BeJIMYMHA MaciuTada
reorpa(bnquKoﬁ KapThI: OoJbllIMe 3HAUCHUSI W JalOT TJ00albHOE
npeacTaBJI€HUEC O HMU3KOYACTOTHLIX KOMIIOHCHTax Yy (l ) , a4 MaJlbIC

3HAYCHUA OCTATN3UPYIOT BBICOKOYACTOTHBIC KOMIIOHCHTBI Y (l )

[ AUCKPETHOTO CUTHajla ), MPEeACTaBJICHHOI0 KOHEUYHOMH Io-
CJIeIOBATEbHOCThIO 3HAYEHUIA B PABHOOTCTOSIILIME MOMEHTBHI Bpeme-
HU ¢, = kA, k=0,1,..., K -1, pe3yabTaT OLEHKUA HEMNPEPLIBHOIO
BeliBner-npeodpasoBanHusi (CWT — Continuous Wavelet Transform)
MIPEACTaBISET CO00¥ MaTpUIy KO3(pPHUIIMEHTOB ||‘ij||, BBIYMCIICHHBIX

IUIST pa3IMdYHBIX MOMEHTOB BPEMEHU [, TIPU Da3HBIX 3HAYEHUSIX
macirada w;, j =1, .., W, rie W — 4uCiIo ypOBHEN [N€TaTU3alNH.

Ha puc. 1.5 mokazaHsl ABa crnoco0a BH3yaau3ally Pe3YyIbTaToB
BbhlunciaeHus1 koadhuurentoB CWT w1 HecTallMOHAPHOTO TapMOHU-
yeckoro curHana tuna (1.23) nmpu f, = 30T, f, =20, f; =10T,

fi=5Tm.
[MpakTuueckoe MpUMEHEHME BeiBIET-MPeoOpa3oBaHMs OTpaHU-
YEHO TEM, YTO MpM OONbIINX 3HAaYeHUsIX K M W BBIYMCIEHUE MaT-

PpHULIbI H‘{’,{/H 3aHUMAaCT 3HAYUTCIbHOC BPEMA JaX€ Ha COBPEMCHHBIX

KomIbloTepax. CyllecTBEHHOE YCKOpPEeHME MpoLeayphl 00pabOTKM
JIaeT TIpeJTOKEeHHBIM B padore [321] anropuT™M, BIOCHCICTBUM Ha-
3BaHHBIN «IUCKpeTHOe BeiiBneT-nipeoopazoBanue» (DWT — Discrete
Wavelet Transform).

I'nmaBHast ugess DWT — nekommo3suiusi o0padbaTbiBaeMOro CUrHa-
Ja y (f) Ha IBE COCTaBJISIOLIME:
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Puc. 1.5. T'padpnueckoe npeAcTaBIeHUE BEHBIET-IIPe0Opa3OBAHUS:
a — JIByMEPHOE IIPEICTaBIeHNE; 6 — TPEXMEPHOE IPEACTABICHIE



1.4. AHATIM3 CBOVICTB CUTHAJIOB KAK METOL ®OPMMPOBAHMS OIMATHOCTUYECKMX MPMU3HAKOB |4'|

roe a, — TNpUONKEHWE CUTHaIa (approximations); d, — neTanu
(details). T1pu 5TOM cuMTaeTCs, YTO @, XapaKTepU3YeT MPOTSIKEHHBIE

y('):al +d1:

BO BPEMCHMN HUHU3KOYACTOTHBLIC KOMIIOHCHTHI, a dl — KPaTKOBPECMCH-

HbI€ BBICOKOYACTOTHBIE KOMITOHEHTHI.

s DeKOMITO3UILINKM TIPUMEHSIIOTCS TIPOLEIypPhl TTPOPEXKUBAHMS
JMaHHBIX C Mocheayloleid GuibTpaureil HUXKHUX U BEPXHUX YacCTOT.
Mx MHOrokpatHoe MpoaoKeHMEe K HalAeHHOMY MPUOJMKEHUIO MO-
3BOJISIET TIOJIYUUTh pa3IMUHbIe YPOBHU JAeTaau3aluu y () B BHUIE TaK
HasbiBaemoro aepesa WT.

CrenyeT, oJHAKO, 3aMETUTb, YTO MPU MCMOJb30BAHUN BEBJET-
npeobpa3zoBaHus KOHCTpYKTOop npukianHoid MT crankupaeTcs ¢ He-
MPOCTHIMU MPOOJEMaMU, TJIABHBIMU 13 KOTOPBIX SIBJISIIOTCS:

a) BbIOOp BuAa PYyHKUMM ¥ : XOTS YMCJIO CTAaHIAPTHBIX BeilBET-
MMPOTOTUIIOB OCTUTAET YK€ HECKOJbKHX JIECITKOB, B psjie CIydaeB
NPUXOIUTCSI CO3AaBaTh CBOW COOCTBEHHBIM BEWBJIET, KOTOPHIN obec-
neuus Obl ero ageKkBaTHOCTb 0OpabaThiBaeMOMYy curHaiy [142];

0) ceneklus ONTMMaJIbHOU COBOKYMHOCTHM KO3(h(GULINEHTOB
BEUBIET-MPeoOdpa3oBaHusi, KOTOPbIE MOTYT ObITh HWCIOJb30BaHbI B
KauyecTBe JMarHOCTUYECKUX TPU3HAKOB: MCXOMHOE 4YHUCI0 Ko3(phu-
IIMEHTOB HETPEPHIBHOTO BEWBIIET-TIpeoOpa3oBaHMUsl paBHO 4uciay K
MUCKPETHBIX 3HAYEHUI CUTHaIA, YTO MCKIIOYAeT BO3MOXKHOCTb IMOJ-
Horo repebopa Mpu OOJbIIKNX 3HAYEHUSIX K

B) oIpejaesieHue ONTUMAaIbHOW KOH(UIypalMu IepeBa ACKOMIIO-
3UILMHA JUCKPETHOIO BEMBIIET-IIpeoOpa3oBaHus [266].

ITockomnbky paspellieHue 3TUX MpodjeM He MOXET ObITh obecre-
yeHOo (opMalbHBIMKA METOIAMHU, Ha MpakThke KoHcTpykrtop MT uva-
1€ BCETOo IToJjlaraeTcs Ha MHTyMuMIo [257] m MeTogoM mpod M OIM-
0OK MILET MpUEMJIEMOe pellieHue
3a[a4i, KOTOPOE HE BCETHA IOC-  Number of references
THXHUMO. 120

Bo3MoOXHO, MO3TOMYy TOCHE 100k
OypHOro «BCIUIECKa» TpaKTHUye-
CKUI HMHTepec ucciemoBareieil K 80
BEUBJET-MPeoOpPa30BaHUIO MOCTe-
MEHHO yracaeT, O 4YeM CBUICTEJb-
CTBYIOT HaHHble Oubarorpadpuue- 4oL
CKUX uccieaopanuii (puc.1.6).

T
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1.4.2. CrpykTypHbIt QHONM3 CUTHONOB
CIOXHOM DOPMbl

OlmeHKa COCTOSTHUS MHOTUX TEXHWYECKUX M OMOJIOTMYECKMX OOBEK-
TOB MOXeT OBITb OCHOBAaHAa Ha aHaIM3¢ MPH3HAKOB, KOTOPBIE COCpe-
JIOTOYEHbl Ha MajbIX ydyacTkax (pparMeHTax) o0JacTy ompenesieHUst
HaOmogaeMoro curHaia [33, c. 327]. Ilpu 3ToM phopMa Takux CUTHa-
JIOB JOCTaTOYHO CJIOXKHA B TOM CMBICJIE€, YTO HEBO3MOXKHO aJeKBaTHO
OIucaTh TaKOW CUTHAJI aHAIUTUYECKOUN (byHKLIMEH, 3adaHHON C TOY-
HOCTBIO IO HeOONBIIOTO Yucia mapamMeTpoB. Bymem B mambpHenImem
Ha3blBaTh TaKW€ CUTHAJIbl CUTHAJaMM C JIOKAJIbHO COCPEIOTOYECHHDI-
MU MPU3HAKaAMU.

I[IpumepoM curHaja ¢ JOKAJIbHO COCPENOTOYEHHBIMM TpU3HAKA-
MU SBJISIETCS TepMorpamMma KpucTrauiMzaluu Metawia. Ha Heii B pe-
3yJabTaTe TepMuiecknx 3¢ ¢ekToB (Pa30BBIX NpeBpalllecHWI obpasla
HaOJII0MaI0TCsl XapaKTepHbIe (PparMeHThl, aMILIUTYIHO-BpEMEHHbBIE T1a-
paMeTpbl KOTOPBIX HECYT MHGMOPMALMIO O XMMUYECKOM COCTaBe U IO-
3BOJISTIOT IPOTHO3MPOBATh MeXaHYecKre cBoiicTBa Metamia [306, 307].

ApyruM xapakTepHbIM MPUMEPOM SIBJISIETCSI SJIEKTPOKApAUOTrpaM-
ma (OKI) — KpuBasi uBMEHeHUsI BO BPEMEHU CYMMAapHOIO 3JEKTpU-
YeCKOro IMOTeHIMaja, BO3HUKAIOIIETO B CEPAECYHON MBIIIIIE 332 CUET
IBIDKCHMSI MOHOB 4Yepe3 MEBIIeYHyl0o MeMmOpaHy [137]. AMIumTymHO-
BpEMEHHbIE ITapaMeTphl XapakTepHbIX (parmMeHTOB DKI HecyT LieH-
HyI0 MH(MOpPMAaLUIO O COCTOSIHUM cepaua [79, 231].

K anamm3y 3HaueHWiT JIOKAJIBHO COCPEAOTOYCHHBIX ITPU3HAKOB
CBOIATCS 3aJauyl KOMIIbIOTEPHOI 00pabOTKM MHOIMX APYrux (pu3mno-
JIOTUYECKMX CUTHAJIOB, B YacTHOCTH, peorpamm [113, 189], churmo-
rpamm [45], Ganucrokapauorpamm [13], celficmokapauorpamm [14],
mynbcorpamMm [124], marautokapauorpamm [158, 366], a1meKTpo3H-
nedamorpamMm [171] 1 1. 1.

Knaccuueckne metonbl uudpoBoit 06pabOTKU CUTHAJIOB, B 4acT-
HOCTH, pa3JIoXeHHUsI T0 OpPTOrOHaJIbHBIM Oaszucam [145], koTopbie
JIAlOT «AHTETpabHOE» TIPEACTABIIEHNE O KOMITOHEHTaX CHUTHajla Ha
Bcell obactu omnpenesieHUus1, HeaOEKTUBHBI WIS aHaIM3a MOJ0OHbBIX
CHUTHAQJIOB, MOCKOJbKY JIOKJIbHbIE BapuallMy MPU3HAKOB Ha OrpaHu-
YeHHBIX ()parMeHTaX MaJl0 CKa3bIBAIOTCSI Ha KO3 (PUIMeHTaxX pas3io-
xeHus. OgHako, Kak OyAeT IoKazaHo jajee, Jaxke He3HAYUTelbHbIe
U3MEeHEHMsT (OPMBbI JIOKaJbHBIX (DparMEHTOB TaKUX CUTHAJIOB 00Ja-
JAI0T TMAaTHOCTUYECKOM IIEHHOCTHIO.

s aHanau3a CUTHAJIOB C JIOKAJIBHO COCPEIOTOYEHHBIMU MpU3HAa-
KaMu, KOTOpbIe UMEIOT CJIOXHYIO CTPYKTYypy [133], mpuMeHsieTcsa u3-
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BECTHBI MOAXOMA, WCIOJB3YIOIIMNA MOHITUS (DOPMABbHBIX SI3bIKOB
[244]. B pa3nuyHbIXx MyOJMKALMSIX TaKOW MOAXOJ Ha3bIBAIOT JIMH-
reucTrueckuM [85, 134, 138, 343], ctpykrypHbiM [33, 155, 226, 298]
WIU CUHTaKCcUYecKuM [292].

I[TpuMeHUTENILHO K aHAIMU3y BPEMEHHBIX CUTHAJIOB CTPYKTYPHBIN
MOJXOM TpeanojaraeT cerMeHTalumIo (pacujeHeHue) CUrHajaa Ha Io-
CJIEIOBATEIFHOCTh OTIETBHBIX (DPAarMEHTOB, OTpaXKalolINX YepeaoBa-
HHUE 2JIEMEHTAapHBIX COOBITUII B XOIE Pa3BUTUSI MCCIIEIyeMOro (pusm-

yeckoro Tporiecca [136]. Tem camMbIM OCYIIECTBISIETCS TIEpeXOHd OT
-l peayM3allMy Y; CUTHaja, HaOJOJAaeMOro Ha OrpaHUYEHHOM Bpe-
MeHHOM wuHTepBaje ¢ e[0,7T], K TnpemioxeHuto (ciaoBy), S, =

1

= bb, - by , TIPEICTABISIONUIEMY CO0OW KOHEYHYIO LIETIOYKY CHMBO-
JIoB b, € B, j=1,.., Kg u3 ancdasuta B «Ha3BaHWi1» (HparMeHTOB.

MHoxecTBO {S;} BCEBO3MOXHbBIX MPENTOXEHUI (HE 0053aTENbHO KO-

HeYyHoe) ob0pa3yeT (QOPMaJbHBIA S3BIK, JUIT KOTOPOTO CTPOUTCS
rpaMMaruKa B BHUe 4eTBepKu [292]:

G =(Qy,Q, P, S,),
rae Q, — MHOXECTBO HETEPMWHAJIBHBIX CUMBOJIOB (IT€PEMEHHBIX);
Q; — MHOXECTBO TEPMUHAJIbHBIX CUMBOJIOB (KOHCTaHT), Q; UQ, =
=B,Q, nQy =0; P, — MHOXECTBO TpaMMaTUYECKUX IPaBUII
(TIpaBUJI TIONCTAHOBKM); S, € Q) — HavyaJbHBI (KOPHEBOI) HETep-
MUWHAaJIbHBI CUMBOI.

CylllecTBYIOT pa3jWyHble TUIIBI rpaMmaTuk (06o6ueHHas, HC-
rpaMMaTrka, KOHTEKCTHO-CBOOOIHAsI, aBTOMAaTHas1), KOTOPbIE pas3iu-
YaloTcsl crnocodoM (popMUpOBaHUSI MHOXECTBA P, MpaBWI MOMYCTH-
MBIX MOACTaHOBOK [226]. B cBolo ouepenb, s13bIK L (G), mopoxnae-
MbIi rpamMMaTukoir G, TIpeAcTaBisieT CO00i MHOXECTBO LIeMoueK
{S;}, kaxmasg M3 KOTOPBIX COCTaBlI€HAa TOJbKO M3 TEPMUHATbHBIX
CHMBOJIOB U MOXET ObITb BbIBeJeHa U3 S, COOTBETCTBYIOLUUM IpU-
MEHEHUEM TIPAaBWJI MTOICTAHOBKU U3 MHOXecTBa P, [194, c. 339].

Torga, ecnu ajisi Kaxaoro coctosiHust oonrexkra V, ..., V,, ynaercs
MOCTPOUTH TpaMMatuky G,, (m =1, ..., M), KoTopasi TOPOXAAET SI3bIK
L (G,) onucaHug CHUTHAJIOB, CBOWCTBEHHBIX 3TOMY COCTOSIHUIO, TO

DI KOCBEHHON OIIEHKM TEKYLIEro COCTOSIHMSI OObeKTa JOCTaTOYHO
MPOBECTU TPaMMAaTUYECKUN pa3dop UEModykh QparmMeHToB S, =
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= bb, - by , COOTBETCTBYIOLICH HalOMOAaEMOMY CUTHATY J;(), T.e.

TIPUHATH pEelIeHUe B MOJIb3y coctossHus V,,, ecnm S, € L(G,).

HanpHeiiyM 0000IIeHHEM JTUMHTBUCTUYECKOTO MOAX0Aa SIBJsIeT-
cs BBEJEHMUE MPEICTABICHUN O CTOXaCTMUYECKMX rpammaTukax [287],
KOTOpbIE, B OTJIMYME OT IEeTEPMUHUPOBAHHBIX, UCIOJB3YIOT Claydaii-
Hble TIpaBuJja MOJCTAHOBOK B COOTBETCTBMU C MHOXECTBOM BEPOSIT-
HOCTHBIX Mep (J;, 3aJaHHBIX HA MHOXECTBEe MpaBuia F :

G =(Qy, Q. Py Oy, Sy).

B OonblinHCTBE padOT, TMOCBSIIEHHBIX CTPYKTYPHOMY aHaJIU3Y
CHUTHAJIOB, TIpeaIiojaraeTcs, 9ro ajadaBuT B 3TalOHHBIX (pparMeHTOB
3apaHee u3BecTeH [33, c. 329], a KoHCcTpyupoBaHue rpammaTtuk G,,,

aZeKBaTHBIX MHOXECTBY HaOMI0JAeMBIX CUTHAJIOB, OCYIIECTBIISIETCS
YeJJOBEKOM Ha OCHOBE HedOpMajbHbIX 3HAHUI BKCMepTa B MPEAMeET-
Holt obiactu [40, c. 160].

HecmoTtpst Ha TO, uTO B psae pabor, Hanpumep B [259, 295], na-
Hbl OCHOBHBIE TEOPETUUYECKUE TTOJIOXKEHUST 00IIel TOCTAaHOBKU MPO0-
JIeMbl BOCCTAHOBJICHMSI TpaMMaTHK I10 OOydJalouieli BEIOOpKEe HaOJII0-
NeHu#, Kak otMeuaercd B [194, c. 371], 1o cux He CyLIECTBYET YHU-
BEepCAJIbHBIX MPUEMOB, KOTOPbIE MOXHO OBbILIO Obl CUMTATh NpUEMJIe-
MBIMHM JUISI pa3pelieHus] 3TOM JOCTAaTOYHO CEPhe3HON TPOOIEMEI.
MOXXHO TPUBECTH JIMIIL OTACJbHBIC yIauHble TPUMEpPbl TPUMEHEHMUS
CTPYKTYPHOTIO aHaau3a Juisl 00pabOTKM KOHKPETHBIX CUTHAIOB.

Tak, B pabotax [33, 133, 134, 138] npenjioxkeHbl METOIBI aBTOMa-
THYECKOTO TOCTPOCHMS ONMMCAHMS CTPYKTYPHBIX CUTHAJIOB, OCHOBAH-
Hble Ha BbIIEJEHUM (PArMEHTOB «IIPOCTOrO» U «CJIOXKHOTO TIOBEIE-
Hust». ['paHuLbl (DparMEHTOB OMPENESIOTCS MO JOKaJbHBIM 9KCTpe-
MyMaM TaK Has3biBaeMoil (GyHKuuM cioxHoctd @ (y (1), ®;), KOTO-

past TIOCJIeHOBATEIbHO BBIYMCISETCS Ha 3JIeMEHTapHBIX YydacTKax
o, = (t;, t; ;) obmacTu omnpeeneHnss o6pabarbiBaeMoro y (1).

B xavectBe (YHKIMIA CIOXHOCTH TIpEIJIaraeTcsl WCITOIb30BaTh
CKaJIIpHOE TpOM3BeleHUe BeKTopa g; = (V, .-, ¥;;, ) HOPMHUPOBaH-

HBIX JIMCKPETHBIX 3HAYECHWI CUTHAJIA HA YYaCTKE ®; M CPEIHEro Me-
XIy COCEHUMU BEKTOPAMU &, | U &, "

qD((,O/) = (gja 055 (gj—l + gj+1)),

JIM00 HOPMY OCTaTOYHOI HEBSI3KM
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L, K
‘D((Dj) = Z(yjs - zcji(Pix)z s
s=1 i=1

XapaKTEePU3YIOILIYI0 KayeCTBO JIOKAJIBHOW AaIpoKCHUMAallMM CUTHaja
Ha y4acTKe ; TI0 CHCTEME OPTOHOPMMPOBAHHBIX BEKTOPOB ¢ =

= (@115 s (Ple) s g = (Qgpy oons (PKL(D) , U PsAf Ipyrux (QyHKUHMA,

KOTOpbIE MOTYT MCITOJIb30BaThCsl KaK HE3aBUCUMMO, TaK U B KaueCTBE
0000111eHHOW (DYHKIIMU CJIIOKHOCTH, MOCTPOCHHOM Ha MX OCHOBE [33,
c. 347].

Ilocne cerMeHTauuu y (f) Ha psd YEPEOYIOLIUMXCS TMPOCTHIX U
CJIOXKHBIX (PparMEeHTOB TPOBOAMTCS MX KJIACTepU3aLMs U TIPUITHCHI-
BaHUE ONMHAKOBBLIX MMEH (bparMeHTaM, UMEIoIMM OJMU3KYI0 (hopmy.
Tem cambiM (opmupyercs andaBuT B CUMBOJIOB (HaMMEHOBAHUIA
¢dparMeHTOB), LETIOYKH KOTOPBIX WCITONB3YIOTCS UISI CTPYKTYPHOTO
MpeACTaBICHUS] CUTHAJA.

Kaxk ormeuaroT aBTOphl MeToda [33, c. 358], miaToii 3a MPOCTOTY
CITy’KUT BeChbMa BBICOKHWI YPOBEHb TPeOYEeMBIX allpUOPHBIX CBEICHUIA
0 Mozenu obOpabaTbiBaeMoro curHajga. I[lostomy 3TM MeTOABl Majio
npurofHbl aas1 oopadotku DKI u npyrux (usznonsornyeckux curHa-
JIOB, a TIOMBITKA MX MCIOJIB30BaHUS Ha TMPaKTUKE TPUBOIUT K OOHA-
PYXEHUIO0 MHOXECTBA JOXHBIX (pparMeHTOB [242].

CTpyKTypHBI aHaJIN3 CHUTHAJIOB pacCMaTpHUBAIOT TaKXKe C MO3HU-
LM OOHapyXEeHWSI MOMEHTOB M3MEHEHUs (pas3iaiku) BepOSTHOCT-
HBbIX CBOWCTB HabJI0JaeMOro croxacTuueckoro Tripoiecca [22, 30,
135, 238, 254, 318, 333, 345]. O0mast mocTaHOBKA TaKOW 3aJa4yu Tpe-
OyeT NMpOBEPKM CTATUCTMYECKON Trurorte3bl H, O MOCTOAHCTBE YyC-

JIOBHOTO pacHpeacjicHud A BCEX TOYEK CUTHala
Py /yias¥)=hF, 0<k<K-1,

MPOTUB TUIIOTe3bl H, O CYIIECTBOBAHWM ONHOTO WJIM HECKOJIBKUX
MOMEHTOB BpeMeHHM !, (TOuYeK pa3iajku), MPU KOTOPBIX MPOUCXOISAT
M3MEHEHUS YCIIOBHOTO pacIpeieieHus, T. €.

Py / Yiis s o) =P, 0<k<r,
P/ Vs Vo) =P, r<k<K-1, P #P.

OpgHako MPaKTUYECKOE MCIIOJIB30BAHUE 3TOTO MOAXO0Ja TpedyeT
OoJbIIOro 00beMa AaHHBIX. ISl ympolleHus 3aJayyd 4acTo IMpearno-
JIaraeTcsl, 4TO MOJENb CIy4ailHOTrO Mpoliecca M3BECTHA C TOYHOCTBHIO
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JI0 KOHEUHOro yucja mapametrpoB [22]. B atoM ciayuyae mnst odHapy-
KEHUST {, JIOCTATOYHO MPOBEPUTH TUTIOTE3y 00 M3MEHEHUU TapaMeT-

POB PACHPEACICHUIN 10 U MOCJIE MOMEHTA ¢ e

Eciu momycTuth, 4TO B TOYKe f, IIPOMCXOOUT M3MEHEHHE MaTe-
maruyeckoro oxunanus M [y(f,)], To mpu HOPMalTbHOM pacrpere-

JEHUU )Y, 0JId PELIEHUd 3aJayd MOXHO BOCIIOJIb30BaTbCs M3BECT-

HbIM KputeprueM CtriomeHTa [28, c. 107]. Korma ke mpenmnonoxeHue
O HOPMAJbHOCTM HE BBHITIOJHSICTCS, TIpenjaraeTcs MCIIOJIb30BaTh
Ipyrue KpUTepyuM WIK pa3inuHble 3BPUCTUYECKUE AITOPUTMBI [22].

IMomyunny TakKe M3BECTHOCTH METOABI CTPYKTYPHOTO aHajIm3a,
OCHOBaHHBIE Ha MOJEIM MeXaHM3Ma 4depeloBaHUS (PparMEeHTOB CHT-
Hasa. Yanie Bcero Takasi Mofesb 3amaeTcs B Buae Lenu MapkoBa c
MaTpuIleil YCJIOBHBIX BepOSTHOCTeM mepexomoB [37, 58—61, 134].
OnHako Ha MPakTUKE OLICHUTh TaKWM€ BEPOSITHOCTU MO MMEIOLIUMCS
SKCTIEPUMEHTAJIBHBIM JAHHBIM CJIOXKHO.

B pa6orax T.K. Bunirtoka [46—49] npemioxeHbl OpUTHMHAIBHBIE
MEeTOABI TIO3JIEMEHTHOTO ((DOHEMHOTO) pacO3HABAHUST PEUEBBIX CHT-
HaJIOB HAa OCHOBE MPOLEIYp AMHAMUYECKOTO IPOTpaMMMPOBAHUS, B
KOTOpBIX Ha 3Tane o0y4YeHUs, MPOBOAMMOIO JIsi KOHKPETHOTO IWK-
TOpa, MCITOJIL3YIOTCS aJTOPUTMBI BOCCTAHOBJICHUSI CTPYKTYPHI pede-
BOTO CUT'Haja B BUJAE KyCOUHO-TIOCTOSIHHOW MOIEIU (3TaJOHHO I0-
cienoBarebHOCTA). ONHAKO 3TOT YOAYHBI OMBIT HE MOXET ObITh
HUCToNb30BaH Npu obpabotke DKI' u apyrux pusmosoruuecKkux Cur-
HaJIOB XOTs ObI TOTOMY, YTO HEBO3MOXKHO MPOBOAUTL 3TAIl 00y4YeHUs
IJIS KaXKIIOro TMaluMeHTa.

Kpome Toro, xak crmpaBemivBo oTMedaeTcsl B padore [37], mpu-
MEHEHMIO MEeTOMa 3TaJOHHBIX MOCIeI0BaTeIbHOCTEN MpU 0OpadboTKe
peanbHBIX DKI TIpemsITCTBYIOT BBIYMCIUTEIbHBIE TPYTHOCTH, CBSI-
3aHHbIE C OOJBIIMM pa3zHooOpa3ueM (hOpMbl KaxKaoro u3 ee UH¢op-
MaTuBHBIX (parmeHTOB. Iloatomy onucanue DKI moTtpeboBano Obl
WCTIOJIB30BaHUS OOJIBIIIOTO KOJMYECTBA 3JIEMEHTApPHBIX 3TaJIOHOB, K
TOMY € 3aBUCSIIUX OT JABYX MapaMeTpoOB — MPOAOIKUTEIbHOCTU U
aMIUIMTYIbl, KOTOPBIMHU MPUIILTIOCH ObI BApbUPOBATH MPU MOCTPOCHUM
STAJIOHHON MOCIIeA0BATEIEHOCTH.

CrenyeT Takxke ydyecTb, UTO Ha peaibHbIX DKI' M Apyrux curHa-
JIax C JIOKJIbHO COCPEIOTOYEHHBIMU MPU3HAKaMU, KaK MPaBUIO, HET
YeTKUX I'paHUI MexXay MH(GOpMaTUBHBIMU (parMeHTaMu. [laxe Ta-
Kasl Ha MepBbIi B3MISA MpOCTas 3amadya, Kak aBTOMaTUYeCKOE BbIe-
neHue QRS KOMILIEKCOB, TpeOYEeT MPUBICUEHUSI JOCTATOUHO CJIOX-



1.4. AHATIM3 CBOVICTB CUTHAJIOB KAK METOL ®OPMMPOBAHMS OIMATHOCTUYECKMX MPMU3HAKOB |47

HBIX BBIYMCIUTENBHBIX mpouenyp [140, 252, 316, 320, 338, 347, 374,
386]. Ho, TeM He MeHee, CYLIECTBYIOIIME KOMITBIOTEPHBIE aITOPUTMbI
BCE XK€ He YIOBJIETBOPSIIOT TpeOOBAHMSIM KapIMOJIOTUYECKON Ipak-
tiku [320, 368].

IToMuMO «BHYTpEHHUX» BO3MYILUEHUI, MCKaxKamlux (GopMy MH-
¢opMaTUBHBIX (PPArMEHTOB, B peajbHbIX CHUTyalusix oOpadaThiBac-
MBIl CUTHaJ MOABEPXEH BIUSIHUIO DPA3JIMUHBIX <«BHEIIHUX» BO3MY-
IIEeHWI B BUAEC TAPMOHMYECKMX, CIAYIANHBIX U UMITYJIBCHBIX TTIOMEX, a
TakKe IPYTUX BO3MYILIEHHWIA, He Toamalimxcsa KoHTposo [151, 308,
327, 381].

BooGuie roBopsi, BOCCTAaHOBJIEHME TOJIE3HOrO CHUTHaja Ha (oHe
TIOMeX SIBIIAETCS KJIACCMYECKON M MHOTOKPATHO WMCCJIEIOBAaHHOM 3a-
nmaveit udpoBoit 06paboTkM JaHHBIX [9, 50, 66, 131, 193, 296, 336].
OpHaKo MCHOJb30BaHUE M3BECTHBIX AJITOPUTMOB YaCcTOTHO-U30Upa-
TenpHOUN punbTparnuu [50, 66, 132] U craaXuBaHUS COYJIaifHBIX IITy-
MOB [346, 379] yacTO MPUBOAUT K HEAOIMYCTUMBIM UCKAXEHUAM (DOp-
MBI MH(OpMaTUBHBIX (pparMeHTOB [151].

MMeHHO M03TOMY B KOMITBIOTEPHBIX MPOrpaMmax aHajiu3a U WH-
tepnpeTaunu DKI' yacTo pekomeHmyeTcsl BOOOIE OTKa3aTbCsl OT UC-
MONB30BaHUS TPAAUIIMOHHBIX alTOpUTMOB (prutbTpauuu [327], a o
MOBBIILIEHNUS COOTHOIIEHMSI CUTHAJI—IIYM HCITOJIb30BaTh TaK HAa3bI-
BaeMblil MeTOJ HAKOIUIEHUSI, OCHOBAHHBI Ha YyCpeOHEHUU HEKOTO-
poil MOCeNOBaTEeIbHOCTY TUNMYHBIX 1LMKiIoB ODKI [151, 243,
327, 381].

I'maBHOI MpeanochUIKOW TaKOro MoAxoja SIBISIETCS MpeacTaBiie-
HUe HabIomaeMoro curHaiaa y(f,) B BUIE alAUTUBHON cMecu

() = yo(t,) + &) (1.26)

MOJIE3HOTO CUTHala Y,(f,) W ciydailHoi momexu &(f,). Torma, ecnu
JOMYCTUTb, 4TO &(f,) — IIOCIEeNOBATEIbHOCTh HE3aBUCUMBIX HOP-
MaJbHO PacCIpene/IeHHBIX BeJIMYMH C HYJIEBBIM MaTeMaTHUECKUM OXKH-

manveM M, =0 u nucriepcueit G}, TO TMOCINe yepenHeHus M, LUK-

JIOB TACTIEPCUS OTKJIOHEHUH Y(f,) — ¥,(?,) yMEHBLUAETCH IO BEJINYU-
Hel o; / M, [151].

OpnHako Tpu oOpabOTKe pealbHbIX CUTHAJIOB TaKOH MpHBIeKa-
TeJTBLHBIA TIpUeM He Bcerma a¢¢ekTuBeH. Jlero B TOM, 4TO, COIIACHO
COBPEMEHHbBIM TIpeACTaBleHUSIM (u3nonoros [291], HeperyasspHOCTb
U HeMmpeackasyeMOCTh 4acTOThl cepaeuyHbix cokpaiueHuii (HCC) saB-
JISTIOTCS] BaXXHBIMM  XapaKTEPUCTUKAMHM 3I0POBOTO OpTraHM3Ma M OT-
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paXamwT CIOCOOHOCTh €T0 PETYISITOPHBIX CHCTEM aaeKBaTHO pearu-
poBaTh Ha M3MEHEHUs OKpYyXarolieil cpenbl. UpeamepHoe CHIKECHUE
U3MEHYMBOCTH CEPACYHOrO0 PUTMA (PUTMIHOCTH CEPACYHOTO PHUTMA)
Kak pa3 SIBJISIETCS TPEIBECTHMKOM MHOTIMX OITAaCHBIX 3a00JIeBaHUIA.
Habmonenust Takke nokaseiBaioT [64], uto npu usmeHennu YCC Ha
OKI' u apyrux (U3MOJOrMYECKMX CUTHajgaX IPOMCXOASIT HEepaBHO-
MepHBIE N3MEHEHMS MIPOAOIKMUTEIBHOCTE! OMHOTUITHEBIX (PparMeHTOB
Pa3IMYHBIX [TUKIIOB.

Bce 310 MpUBOAMT K TOMY, UTO IIPU MCITOJB30BAaHUM TTPUMUTHUB-
HBIX aJITOPUTMOB YCPEOHEHUs ITMKJIIOB BO BPEMEHHOM 00JIACTH IIPO-
HWCXOAUT «pa3MbIBaHUE» MHMOpMaTUBHBIX (pparmeHTOB [151] M, Kak
CJIeNICTBUE, BOZHMKHOBEHHE OINMMOOK B M3MEPEHWM 3HAUYCHUI muar-
HOCTUYECKMX IIPM3HAKOB, COCPEIOTOYCHHBIX Ha 3TUX (pparMeHTax,
YTO B KOHEYHOM WTOTE CHIDKAET TOCTOBEPHOCTh PE3yJIbTaTOB JHAar-
HOCTUKMU.

HMmeHHO mosToMy B . 3 OymeT MCCIeNOBaH ajlbTepHATUBHBII
MMOIXON K YCPEOHEHMIO WMCKaXEHHBIX pealn3alliii CUTHAJIOB C JIO-
KaJbHO COCPEeIOTOYEHHBIMU TTPU3HAKAMMU.

1.4.3. AHann3 CBOWCTB CHHONOB
B8 hO30BOM NPOCTPAHCTBE

H3zyueHue moBeAeHUS] AMHAMUYECKOM CUCTEMBI, OMMCHIBAEMON KO-
HEYHBIM HAa0OpOM TapaMeTpPOB COCTOSIHUS X, ..., Xy, YAOOHO Tpo-

BOJUTh B HEKOTOPOM aOCTPAaKTHOM MPOCTPAHCTBE, KOOpAMHATAMM
KOTOPOTO SIBJISIIOTCSI OTH TapaMeTphl. Takoe N-MepHOe MpOCTPaHCT-
BO Ha3bIBaeTCS (ha308biM NPOCMPAHCIMEOM, €TO KOOPAUHATHI — (hazo-
8bIMU KOOpOUHAmMAamu, a CEMEMCTBO (ha30oBbIX TPACKTOpUH, M300pa-
KAIOIINX U3MEHEHUSI COCTOSIHUSI CUCTEMBbI, — ¢ha306bim nopmpemom
[119, c. 61].

B oOmem cimydae da3oBble TpaeKTOPUM C TEUCHHEM BpEMEHU
CTATHUBAIOTCA K HEKOTOpOI 00ylacTh (pa30BOTO MPOCTPAHCTBA, ITOIAB
B KOTOPYIO OCTalOTCSl TaM HaBcerna. Takasi 00JacTb Ha3bIBaeTCsl ami-
mpaxkmop. ATTpakTOpbl ObIBalOT cTaTUueckue ((pUMKCUpOBaHHAsI TOY-
Ka), nepuonuyeckue (MpelaesbHbIN [IUKI) U XaOTU4YeCKue (CTpaHHBIN
arrpakrop) [68] (puc.1.7).

JeTepMUHMpPOBAHHBIE CUCTEMbI, UMEIOIIIME CTPAHHBII aTTPaKTOD,
JNIEMOHCTPUPYIOT MOBEACHNE, KOTOPOe BHEIIHE HANOMUHAET ClIydyaii-
HBII TIPOIIECC: CIUIOIIHOM CHEKTP MOIIHOCTH, 3SKCIIOHEHIIMAIBHO
CITafaloIIyI0 aBTOKOPPEIIIIMOHHYI0 (PYHKINIO 1 T. . ONHAKO MX JU-
HaMUKa JAeTepMUHMPOBaHA U BOCIIPOM3BOAMMA MPU YCIAOBUM TOUHO-
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Puc. 1.7. Tunel aTTpakTOpOB:

a — CTaTUYECKUU; 6 — TIpeleNbHBIN LUK, 6 — CTPaHHBIM aTTPaKTOp; ¢ — CTPaHHBINA ar-
TpakTop cucteMbl JlopeHIia

ro IOBTOPEHMS HavalbHbIX yciaoBuii. B 1963 r. Dasapn JlopeHi
onyonukoBai cratbio [319], B koTopoii ObLIO TMOKa3aHO, uTO (ha3o-
BBIIA TIOPTPET ACTEPMUHUPOBAHHON CHUCTEMBI, KOTOpasl OIMCHIBAETCS
TpeMs auddepeHINaATbHBIMUA YPaBHEHUSAMU

dx,

—L = —6x, + 0x,,

dt

dx, X\ X5 + 1%, — X
T M 1~ M2
dt ’
dx

=3 = x,x, - bx;,

dt

MpU OmnpeleeHHBIX 3HAUeHUSIX TTapaMeTpoB o, ¥, b UMeeT BUJ CTpaH-
HOTO aTTpakTopa B MPOCTPAHCTBE (PA30BBIX KOOPAUHAT X, X,, X,
(cM. puc. 1.7, o).

AttpakTop JlopeHlla — TepBbIi KJIAaCCUUYECKUIA TIpUMEpP AEeTep-
MUWHUPOBAHHOM CUCTEMBI, JIEMOHCTPUPYIOIIENH XaOTUYECKOE MOBEIE-

Hue. Brociencrsun N3Y4YCHUEM MOTOOHBIX IIpoHecCcCOB 3aHNUMAJINCh
MHOTUE HucciaenoBaTenan. I1osBUINCh, MHOTOUUCICHHEIE Hay4YHbIC IIy-
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OJIMKALIMK, TIOCBSIILIEHHbIE HOBOMY HAayYHOMY HampaBJeHUIO — He-
JIMHeHON auHamuke [8, 275, 285, 311, 358, 365] u TecHO CBsI3aH-
HOU ¢ Helt Teopum (ppakrtanos [371].

CornacHo ompeneneHuto benya MannmensOpora, dpakTajioM Ha-
3bIBaeTCSl HEpETyJisipHasl CTPYKTypa, COCTOSILASl U3 4YacTeil, KOTOphbIe
B KaKOM-TO CMEICJIC TIOMOOHBI IIEJIOMY.

BaxHoe MecTo B HEJIMHEWHOW IMHAMUKE OTBOAUTCS aHaU3y
OudypKaii — MOMEHTaM Tepexoaa CUCTEMbl C OJHOTO aTTpakTopa
Ha IpYroi, MpHW KOTOPBIX ITPOMCXOAWT CYIIECTBEHHAS IEpPECTpOiiKa
JTUHAMUKHA CUCTEMbI M JaXKe BO3HMKAET CTpaHHbINM aTTpakTop [275, 285].
s OUEHKM CTEeNeHM XAaOTUYHOCTU 4Yalle BCEro BBIYMCISIIOT pas-
MEpPHOCTh aTTPaKTOpa, MCIOJb3YsI pa3IMYHbIe YMCICHHBIE METOIbI, B
YAaCTHOCTHA AQJITOPUTM BBIYMCIIEHUS KOPPEISIIMOHHON pa3MepHOCTH
[293]. MHTEpecHO, YTO CHUCTEMBI, JEMOHCTPUPYIOIIHNE IePUOINYE-
CKYI0 IMHAMMKY, UMEIOT 1IEJIOUMCICHHYIO Pa3MEepHOCTh aTTpaKkTopa,
B TO BpeMsl KaK pa3MepHOCTb CTPAHHOTO aTTpakTopa — ApoOHasl.

®a30BEIT OPTPET M3YyIaeMO CHCTEMBI MOXHO CTPOWTH Ha OC-
HOBAaHUM SKCIIEPUMEHTAJIbHBIX JAaHHBIX. TpaguIMOHHO IS 3TOrO
HCTIONIB3YeTCs TaK Ha3bIBaeMBIil MeTO 3amepxkeK [68, 225, 353], cyTh
KOTOPOTO COCTOUT B Tepexofie OT mocienoBaTenbHocTu y [1], v [2],

v [3], ... AUCKpeTHbIX 3HaYeHUii cUrHaia y(f) K Iocjiea0oBaTeIbHO-
¢t D-MepHBIX BEKTOPOB:

e = Wi Vicos Vicae s 0 V(1)) »

rae t — BeJWYMHA 3aJepXKU (JIar mpeodpa3oBaHus).
TeopeTrueckoil OCHOBOI TaKOro MeToia SIBJISIIOTCS TEOpEMbl, 10-
KazaHHble B pabortax [359, 370]. Ilpu 3TOM cuuTaercsi, 4TO AJIMHA

BPEMEHHOTIO psfia JOJDKHA ObITh mopsazka 10%* | rme R,— ouenka

pPa3MEpPHOCTU aTTPAaKTOpa, a ONTUMAabHAsl BEJIUMYMHA 3aIEPXKKU T
oIpeaesiIeTcs 10 TOUKe MEPBOro IMnepeceyeHus] aBTOKOPPETSILIMOHHOMN
(GYHKIMU C HYJIEM.

WccnenoBanust (pu3MOJIOroB IIOKa3ajayd, YTO MHOTHE CUTHAJIbI, I10-
poxIaeMble XMBBIM OPraHU3MOM, ITEMOHCTPUPYIOT XaOTUUYECKOE TO-
BeleHME U MMEIOT (PpakTaibHy0 CTpyKTypy [68, 291, 310]. ITosToMy
OOJIBIIMHCTBO MPUKIAAHBIX PabOT, B KOTOPBIX MCCIEAYIOTCS METOMBI
aHaiM3a (pU3MOJOTUYECKUX CUTHAJIOB B (Pa3oBbIX KOOpAMHATaX, IO-
CBAIIEHBI M3YUYECHUIO CTETICHW XAOTMYHOCTM TaKWX CHTHAJIOB Ha OC-
HOBE OLIEHKM Pa3MEepPHOCTH aTTPaKTOPOB.

AHanmu3 (U3UOJOTUYECKUX CUTHAJIOB B (Da30BOM MPOCTPAHCTBE
KOOPIMHAT MOXET OBITh MOJIE3¢H HE TOJIBKO C TOYKHU 3PECHUS OLCHKHU
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ero xaotnuyHocTtu. Eme B 1972 r. H.A. AmocoB u ero kosuieru [10]
TOBOPHMJIM O BO3MOXHOCTH WCCIIEAOBAHMS COKPATUTEIBHON (hYHKIIUM
MUoKapaa B (pa30BOM MPOCTPAHCTBE, KOOPAWHATAMU KOTOPOTO SIBJISI-
eTcsl aMIuIuTyaa y (f) ¥ pou3BOaHAsI 10 BpeMeHUu dy/df Habmropae-

MOTO TIpoliecca.

JAnarHocTruecKasl IIEHHOCTh TaKMX WCCIIeIOBAHWIT OOYCIOBIIeHA
TeM, YTO MpPHW Pa3JIMYHBIX ITOPAXEHUSIX MHUOKapaa WM3MEHSIeTCd He
TOJILKO HATIpaBJieHWe, HO M CKOPOCTh paclpOCTpaHEHUs] BOJHEI JIe-
MoJSIpyU3alluy U pernojspu3auuu 1o Muokapay [54, 104, 229]. Ha
COBPEMEHHOM 3Talle Pa3BUTUSI KOMIBLIOTEPHOM TEXHUKU 3TU TUIOIO-
TBOpPHbBIE WIEH MOTYT OBITh pealu30BaHbl B MEAULIMHCKNX WH(pOpMa-
LIMOHHBIX TEXHOJOTUSAX. Pe3yabTaThl MPaKTUYECKOTO IPUMEHEHMS
TaKUX TEXHOJOTUI OYAyT pacCMOTPEHHI B III. 6.

1.5. 3apava oueHku a¢ppeKTHBHOCTH
AMATHOCTMYECKMX NPU3HAKOB

I'maBHast wLeab ceaeKUUM MPU3HAKOB COCTOUT B MEPEXOJE OT UCXOM-
HOTO MHOXECTBAa MNPHU3HAKOB X ={X;,...,Xy } K TOIMHOXECTBY

X, € X mn3 N, npusHakoB (N, < N ) 0e3 yMEHBIUEHUS IOCTOBEP-

HOCTM ITWATHOCTMKW. B oTinMumMe oT 3amaym KOHCTPYWPOBAHUS WC-
XOIHOTO MHOXecTBa X Takasl LieJIb MOXET ObITh JOCTUTHYTA IpPH MC-
MOJIb30BaHUM (OPMATBHBIX METOAOB, MCCIEAOBAHUIO KOTOPBIX I10-
CBSILIEHBI MHOTOYMCJIEHHbIE HayYHbIE TTyOIUKAIIVIN.

BonbIIMHCTBO  ITOCTYIMHBIX — IMyOJIWKALMi, HampuMmep paboTHI
[41, 43, 67, 139, 195, 314, 331, 364, 369, 373], MOCBSIIEHBI UCCIENO0-
BaHUIO MPOLIEAYP CEJICKIMU MPU3HAKOB Ha 3Tarne oOydyeHms. Tak, B
paGore [67, c. 62] paccMOTpeH METOA CeJeKLUU MPU3HAKOB, OCHO-
BaHHBI Ha aHanu3e KOdDOUINUEHTOB q.,...,0, YPABHEHUS JIMHEM-

HOM JUCKPUMMWHAHTHOM (QyHKIIUU
N
D() = Z o,X, + 0,
n=1

MOCTPOCHHON 1O UMelolleicsd oOyyvarolleid BbIOOpKE HaOIIOAEeHUIA.
becnone3HbIMU cUMTAIOTCS MPU3HAKK, KOTOPHIM COOTBETCTBYIOT Ma-

Jble 3HAYCHUSI |aL,|.
CreyeT OTMETUTD, YTO TIPU HEOTPAHMYEHHON BBIGOPKE N00aBIIE-

HHME NpHU3HaAKa, OaxXe€ HE HECYLICIo HMKAKOM HH(bOpMaL[HH, HE MO-
XKCET YXyJUINTb Ka4€CTBO O6y‘I€HI/IH. OaHako IIpru MajioM o0beMe BbI-
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i Puc. 1.8. OnmHomepHast W IByMepHast
PArS) g pewatore dyHkuun D(-)
Il.o .
~| 7" L
{ / OOpPKM BKJIIOYEHME B OIMCAHUE

I‘ =
/ N /’ 0eCIOJIC3HBIX IPU3HAKOB MOXET

| HaHECTHU BpEa. JId NIUTIOCTPpAaLN
toae / | S Dixpxy) pen. J1 pan

lols CKa3aHHOTO PACCMOTPUM HATJISI-
z \:-,’ HblA TipuMep (puc. 1.8), mpuBe-
D(x))] JIEHHBIN B pabote [86, c. 68].

E2 BunHo, 4TO MCIOJB30BaHNUE B
JIMHEHHON pelnatolieit QyHKIUU
D () TONBKO OmHOrO TNpHU3HaAKa
X, TOpa3mo Jydlle, YeM COBOKYMHOCTH X = (X,,X,), KOTOpas pasfe-
JISIeT BEIOOPKY, HO HE pasmefisieT TeHepaIbHyI0 COBOKYITHOCTh OOBEK-
TOB JIMHEWHO pa3feNuMbIX KjaccoB V) u V,.

IMockoabky KoHCTpyKTOp TNpukiagHeix MT moBojibHO yacTo pac-
MoJiaraet JiMilb MajJoil oby4arollieil BHIOOPKOU, BaXKHO UMEThb CPEICT-
Ba, IO3BOJISIIOLINE OOOCHOBAHHO IOAXOAUTH K BBIOOPY IPU3HAKOB
elle 10 3Tara o0y4yeHus.

K coxanenuro, nuirbs HeMHOTrWe myoaukanuu [19, 20, 27, 69, 75,
84, 222, 317] mocBsillieHbl UCCIECIOBAHUIO CBOMCTB, BIMUSIOIIMX Ha
JMMArHOCTUYECKYIO LIEHHOCTb MPU3HAKOB.

B pa6ore [317] IMAarHOCTUYECKYXO LEHHOCTb IPU3HAKA X,

1 <n< N, BXomslero B coBokymHocts xV) = (x5 ..., Xy), CBSI3BI-
BalOT ¢ KosmmvectBoM uHbopmammu [(V,X,), comepxarieiics BO
MHoxecTBe X, = {x,} BO3MOXHBIX 3HAUEHUI1 3TOrO MPU3HAKA OTHO-
cAtenbHO MHoXxectBa V ={V,...,V,} pacro3HaBaeMbIX KJIacCOB.
WHbIMK clioBaMU, TIPU3HAK CUMTAETCS] LIEHHBIM, €CIIU

IV,X,)=HWV)-HV /X,) >0, (1.27)

rne HV) wn H(V /X,) — COOTBETCTBEHHO HayaJlbHas W CPEIHSS

ycaoBHas1 3HTponuu 1o Illennony.
Jlerko mokaszaTh, 4TO €CJM MPU3HAK X, ONUHAKOBO pacrpenesieH

B KJIaccax, T. €.
p(x, /) = p(x, /1), (1.28)

To ycinoBue (1.27) He BbinmosHsgeTcs. 1o onpenenenuo ben-baccara
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A . 1 A
IV,X)>log (1+1,)-—2—logh, —2min ,—2 1 (1.29
( n) g ( 0) 152y g Ao {1+k0 1+7L0} ( )
rne A, = P(V,)/ P(V,) — COOTHOILEHUS aAlPUOPHBIX BEPOATHOCTEN

KJIaCCOB.

Me:xny tem u3BecTHO [106], 4TO cpemHsIsT BEPOSTHOCTh OIIMO0Y-
HBIX pelleHUId SBJSETCS JUIb YACTHBIM CIy4aeM CpeaHero pucka u
HE YUYMTBHIBA€T COOTHOLIEHHWSI MOTEPh OT OLIMOOK pa3jIMYHOro poja.
IMockoabky Afs 3agay MEAWLIMHCKOW M TEXHUYECKOW OMarHOCTUKU
MoTepy OT OLIMOOK MPOMyCKa LW U JIOKHOM TPEBOI'M Yallle BCEro
HEepaBHO3HAYHbI, aKTyaJIbHbIM SIBJISIETCSI TOJyY€HUE YCJIOBUIA, rapaH-
TUPYIOLIMX IOJE3HOCTh NMAarHOCTMYECKMX TECTOB U OTAEIbHBIX IpHU-
3HAKOB C TOYKHU 3pEHUS] YMEHBILIEHUST CPEIHEr0 pUCKa.

HoBble pesynbraThl TakKuxX HUCCAENOBaHWM OyIyT MpeacTaBIeHbI
B 1. 5.

1.6. CoBpemeHHble NOAXOAbI K NPOrPAMMHOM
peanusaumn MHPOPMALIMOHHBIX TEXHONOTHIA

AHamm3 mpobiieMbl TOCTPOeHUST 3G (MEKTUBHBIX MH(MOPMAIIMOHHBIX
TEXHOJIOTMI O0OpabOTKM CHTHAJOB OymeT HEIOJHBIM, €CIM He pac-
CMOTPETh COBPEMEHHbIE TEHACHLUMM K MOCTPOSCHUIO MPOrPaMMHbIX
cucteM. I1oCKOJNBKY 3TO HampapieHHUE IPEACTABISCT COOOM OTIEIb-
HYI0O M JOCTATOYHO OOIIMPHYIO 00JIACTb 3HAHWIA, KOTOpas MoApOOHO
OTpaXkeHa B MHOTOYMCIIEHHBIX MOHOTpadusax [12, 24, 29, 36, 44, 101
U Ip.], AaOUM JIMIIb KPaTKYI0 XapaKTepUCTUKY CYIIECTBYIOIIUM MOMI-
X0IaM, OCTAaHOBMBIINCH Ha OTAEIBLHBIX BOIIPOCAX, KOTOPHEIE HAC OyayT

[256], Takoii MpU3HAK HA3BIBAETCSI HEPEIIEBAHTHBIM, IOCKOJBKY IIpU
BointoHeHun ycnosus (1.28) PV, /x,) = P(V,), k=1, 2.

Kputepuii paznuuusi ycioBHBIX pacnpeneneHuit p (x,/V)) #
# p(x,/V,) 10 cuX MOp aKTUBHO MPUMEHSIOT B 3aJavyax MeIWLIH-

CKOM IWATHOCTUKM IS OLEHKN 3((GEKTUBHOCTH OTAETBHBIX IIPHU-
3HaKoB (TecToB) Ha ocHoBe ROC-aHanu3za (receiver operating charac-
teristic curve) [294, 326, 328, 339].

B 10 ke Bpems euie B pabotax [84, 277] ObLIO MOKa3aHO, 4TO
pa3nImurie yCJIOBHBIX pacIipele/ieHrii Tpu3HaKa B KjlaccaX HemocTa-
TOYHO IS TOrO, YTOOBI rapaHTUPOBATh YMEHBIIEHUE BEPOSITHOCTU
OIIMOOYHBIX peleHuit. TaM ke TpeutoxeH NHGOPMAIIMOHHBIN KpH-
TepUii, TApaHTUPYIOIINIA TOJIE3HOCTh TPU3HAKA C 3TOH TOYKU 3pe-
HUSI, KOTOPBIA, B oTiname oT (1.27), cCBOAUTCS K IIPOBEPKE YCIOBUS
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WHTEpecoBaTh B JajbHEHIleM IpU MOCTPOCHUU WMHCTPYMEHTAIbHOM
CHCTeMBI IS WHTEPAKTMBHOTO CHHTe3a WH(MOPMAIIMOHHBIX TEXHO-
JIOTUiA 00pabOTKM CUTHAJIOB.

besycnoBHo, kaxnas koHkpeTHas MT mmeer cBou 0COOEHHOCTH,
CBSI3aHHbBIE C XapaKTepOM JaHHBIX U METOAAaMM UX 00PabOTKM, KOTO-
pble IUKTYIOT CBOIO JIOTUKY e€e MporpamMMHoi peainusdauuu. Ho ecnu
clIe0BaTh TOJBKO 3TOM JIOTMKE, TO OMbIT, HAKOILJIEHHbIM B XO[€& CO3-
IaHWs ONHOM CHUCTEMBI, €IBa JIM YOACTCS WCIIOJIb30BaTh TPU TI0-
CTPOEHUHM JIPyTroil. DTO IPUBEIET K TOMY, YTO pa3paboTKa KaxKIou
HoBoW npukiaagHoii T OyneT HAUMHATBCS TTPAKTUYECKU «C HYJIS».

TpaguioHHBIE METOALI MPOLEAYPHOrO MPOTrpaMMHUPOBAHUST HE
CMOCOOHBI CIIPABUTBLCS C PACTYILIEH CIOXHOCTBIO MPOrpaMM, HEOOXO-
JIUMOCTBIO MX TOCTOSSTHHOW MOJEPHM3ALMU U TTOBBIIICHUS HAAEXKHO-
ctu paboThl. [1loaTOMYy BO3HUMKIIA HOBasi METOAOJOTUSI, IOJIY4YMBIIAS
Ha3zBaHME «O0BEKTHO-OPUEHTUPOBAaHHOe MporpammupoBaHue» (OOII)
[12]. dynpamenTambHbIM noHATHEM OOII gBisleTcs] MOHATHE TPO-
rpaMMHOTIO KJlacca, B KOTOPOM MHKAIICYJIUPYIOTCSl JaHHbIe, CBOMCTBA
U MeToiabl uX obpabotku. IIpm 3TOM KilacCc paccMaTpuBaeTcsl Kak
abcTpaKkTHasl COBOKYIMHOCTh OOBEKTOB (3K3eMILISIPOB KJjlacca), KOTO-
pble IMEIOT Habop OOIIMX CBOMCTB M OMWHAKOBHI IO TTOBEICHMIO.

BaxxHasi 0cOOEHHOCTb KJIaCCOB — 3TO BO3MOXHOCTb WX OpPraHu-
3allMM B BUIE HEKOTOPOU MepapXMUeCKON CTPYKTYPHI 32 CUET MeXa-
HU3Ma HacJeIOBaHUsI, IIpUUYeM OOBEKTHI MPOU3BOAHBIX KJIACCOB (Ha-
CJIEAHUKOB) MOTYT MOAU(UILIMPOBATH CBOE BHEIIHEE IOBEICHUE II0
OTHOIIEHUIO K OJHOMMEHHBLIM METOJaM POAMTEILCKOIO KJlacca, MUC-
MOJIb3YSl CIeUUaNbHbII MEXaHU3M MoJUMOopduU3Ma.

Metononoruss OOIl mopmep:kuBaeTCsl COBPEMEHHBIMU SI3bIKAMU
MporpamMMrpoBaHusl Beicokoro ypoBHs (C++, Java, Object Pascal u
Ip.) [24]. 3amMeTHO ee OrpoMHOE BJMSIHME Ha MpOLECC pa3padoTKu
MporpaMmM, CTPYKTypa KOTOPbIX OCHOBBIBAE€TCSI HA OOBEKTHO-OPUEH-
tupoBaHHO# nexkommosuumu [101]. IIpnm 3TOM B3ammomeiicTBUE OT-
JIeJTbHBIX KOMITOHEHT MPOTpaMMBI IPYT C JIPYroM M BHELIHUM MHPOM
(TroyTb30BaTeNIeM) OCYIIECTBIISIETCST C MCIOJb30BAHMEM MeXaHM3Ma TIie-
penayu cooOlIeHU (YIPaBIISIIOIIUX COOBITH).

Orcoga cieAyeT, 4ro TjaBHAs mOpoOjieMa, BO3HUKAIOWIAS IIpU
MporpaMMHOUN peanusdauuu npukiaaHoii MT Ha ocHOBE METOMOJO-
run OOII, — KOHCTpyMpOBaHWE MPOTPAMMHBIX KJIACCOB, IOCTAaTOY-
HBIX IJIsI JOCTMXKEHMSI MOCTaBJASHHOM Lieu, B TOM 4YHUCJIe oIpeaese-
HUE CBOMCTB M METOIOB, HEOOXOOUMBIX IS IpUOAHUS KjIaccaM Tpe-
OyeMoro noBeJeHUs] 1 BO3MOXKHOCTU UX B3aUMOACHCTBUSI.

K coxamenuio, 3Ta mpobyseMa He MOXET OBITh paspelieHa (op-
MaJIbHbIMU METOJAMHU, a 3HAYUT, yCIeX «ONTUMAaTbHOIN» JEKOMIIO3U-
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LMK LEJIUMKOM 3aBMCUT OT OINbITa CUCTEMHOTO aHAJIUTUKA — apXu-
TEKTOpa MPOEKTUPYEMOI CUCTEMBI.

Bce BospacTaroiasi CI0KHOCTh TPOTPAaMMHBIX CHUCTEM IIpHBeJia K
CO3MAaHNI0 METOMOJIOTUN OOBEKTHO-OPMEHTUPOBAHHOTO aHajam3a |
MPOEKTUPOBaHM [36], a TaKKe MHKEHEPHBIX CPEACTB pa3paboTKU IIpo-
rpaMMHOro obtecriedeHusi, Tak HasbiBaeMbIXx CASE-texHonoruit (Com-
puter Aided Software Engineering) [44].

B 1997 r. xoHcopumymoM OMG (Object Management Group)
MPUHSTA CTaHAAPTHAs HOTAIMs BU3YAJIbHOTO MOIEIMPOBAHUS IIPO-
TPaMMHBIX CHCTeM, Ha OCHOBE KOTOPOI co3maH YHU(PUIIMPOBAHHBIN
sa3bIK MogenupoBaHusi UML (Unified Modeling Language) [29], xoTo-
pbIii B HacTosllllee BpeMsl MOJAEPXKUMBAECTCSI MHOTMMHM OOBEKTHO-
opueHTHpoBaHHbIMU CASE-TexHos0rMssMu, B 4acTHOCTU Rational
Rose, Model Maker u np. Hakoneu, doupma Rational Software Corp.
pa3paboTana METOJA0JIOTUIO pa3paboTKu mporpamMmHbiXx cucteM RUP
(Rational Unified Process).

CrnenmyeT, omHaKo, MPU3HATh, YTO MEPEYMCIIEHHbIE CPEICTBA IJIaB-
HBIM 00pa30M OPMEHTUMPOBAHbI Ha IMOCTpOeHME opraHu3alMoHHbIX WUT,
B KOTOPBIX OCHOBHBIMM 3a7ayaMU SIBJISIIOTCS] IPOEKTUPOBAHUE CJOXKHBIX
0a3 JaHHBIX, OpraHM3alus crelrpUIeCKNX 3arpocoB, ITOATOTOBKA OT-
yeroB U T. 1. [147]. OcHoBHEIE ke Tpoobnembl mmoctpoeHust UT obpa-
OOTKHU CUTHAJIOB JIeXXaT B «aJrOpUTMHUECKOit» mtockoctu. Heobxomrmo
BBIOpaTh U HACTPOUTH ONTUMAILHYIO B HEKOTOPOM CMBICJIE TEXHOJIOIU-
YECKYI0 LIETTOYKY BBIYMCIUTEIbHBIX MPOLEayp, obecreunBaommx op-
MMpOBaHME MH(MOPMALIMOHHOIO TMPOAYKTa Ha OCHOBE OOPaOOTKHU CHUT-
HaJjla, UICKaXXEHHOTO BHYTPEHHUMM Y BHEIITHUMU BO3MYILICHUSIMU.

M3 mpoBeneHHOTO BHINIE aHalW3a CICAYEeT, YTO pPa3pellInTh BTy
Mpo0GJIeMy TONBKO (POPMATBHBIMU METOJAMM HEBO3MOXHO: HEO0XO-
IMMa MHTEerpalusl omnbiTa U 3HaHU KoHcTpykTopa MT M skcnepra
npeaMeTHoi obsactu. IloaToMy mwis pa3pabOTKM MaTeMaTU4eCKOro u
MPOrpaMMHOI0 00ecredyeHUs] COBPEMEHHbBIX KOMITbIOTEPHBIX CHCTEM
MpeUIaraloTcsl HOBBIE TIOAXOMbI, B YACTHOCTH MOJIEIU OIMCAHUS
JAHHBIX MHOTOYPOBHEBBIMHU aJITOPUTMUUECCKUMU CTPYKTypaMy (KBaH-
TaMHW 3HaHMIT), KOTOPBIE TOIMYCKAIOT ajreOpandecKue W JIOTMIeCKHe
npeobpa3oBaHNsd Ha OCHOBE BEKTOPHO-MATPUYHBIX OIlepaTopoB [176].

IMpu moctpoennn npukinamHeix MT B ycmoBHSIX HEOOCTATOIHOM
anpuvopHOl MHGpOPMALIMM YacTo TpedyeTcsl IPOBOIUTH ITOTIOJHU-
TeJbHbIE SKCMEPUMEHTAbHbIE MCCIECIOBAHUSI MO M3YYEHMUIO CHUTHA-
JIOB, IOPOXAAEMBIX O0OBEKTOM MCCJIeHOBaHUI. TpaguiiMOHHON MHCT-
PYMEHTUILHON TONIECPXKKONM TAaKUX MCCIENOBAHUN CIIyXaT COBpe-
MEHHBIE CpeICTBa KOMIIbIOTEpHOII MaremaTtuku [63, 82, 174, 312,
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324 u gap.], B pa3pabOTKe KOTOPBIX CHELMATU3UPYIOTCS KpPYITHbIE
dupmbl MathWork Inc., MathSoft Inc., Wolfram Research Inc., Math
Ware Inc., StatSoft Inc., Management Intelligenter Technologien GmbH,
Hewlett- Packard Laboratories 1 mHorue apyrue. Ha pbeiHKe ecTh or-
POMHOE KOJIMYECTBO IIPOrpPaMMHBIX TIpOAYKTOB (cuctembl Matlab,
Derive, MuPad, Mathcad, Mathematica, Data Engine, Statistica,
Khoros, DesignLab v np.), B KOTOpble BKJIIOUEHBI CPEACTBa aHalu3a
CUTHAJIOB — (UIbTpalMu, anlpoKCUMalMM, NTpeodpa3oBaHus U T. II.
besycnoBHo, npu pa3paboTKe MPOTOTUIIA MPOEKTUPYEMOH IpU-
kinamHoit MUT mcnonb3oBaHMe TaKMX CUCTEM ITO3BOJISIET CYIIECTBEHHO
MOBBICUTh KAYECTBO M COKPATUThb CPOKM MCCIEIOBAHUIA, HApaBeH-
HBIX Ha MOMCK MOAXOSIIMX aIrOPUTMOB 00pabOTKM curHaia. B 1o xe
BpEMS 3TU CUCTEMbl HE MOIYT ObITh B ITOJHON Mepe OTHECEHbI K MH-
CTPYMEHTAJIbHBIM CUCTEMaM pa3paboTku npukiagHbix UT, peanusa-
LIS KOTOPBIX TpeOyeT WMCIOJb30BAHUS SI3BIKOB MPOrpaMMUPOBAHUS
BbIcokoro ypoBHs (C++, Delphi u ap.). [leqo B ToM, 4TO M3BECTHBIE
cCUCTeMbl KOMIblOTepHOU MaTeMatuku (Hampumep, MATLAB [81]),
SIBJISISICh OTKPBITBIMU 110 pacIIMPEeHUI0 UX (DYHKIIWM, OCTAaOTCSI 3a-
KPBITBIMU JIJIS1 TI0JI30BATE/sl B TOM CMBICJIE, YTO OH, MO CYIIECTBY,
JIVIIIEH BO3MOXKHOCTU <«M3BJIEUEHUST» U3 CUCTEMbBI OTHEIHHOM BBIYKC-
JINTEIbHOM MpOLEAYphl M1 €€ UCIO0JIb30BaHWSI B COOCTBEHHOM IpO-
rpaMMHOM IpoayKTe. OIBIT MOKa3bIBaeT, YTO Iaxe €CNIM Ha 3Tare
9KCIIepUMEHTaNbHbIX uccieqoBaHuii B cpene MATLAB ynaercs BbI-
OpaTh MOIXOMSIIYIO IIETTOYKY BBHIYMCIMTEIBHBIX TPOLEAYpP, TO Ha KO-
HEYHOM 3Tamfe MnocTtpoeHus: npukaagHoit MU T Bce paBHO MPUXOAUTCS
ImcaTh COOCTBEHHBIE TTPOTPaMMBI ISl PeaiM3alliid BHIYMCIMTEbHBIX
MpoLEeaYp Ha SI3bIKE MPOrpaMMUPOBAHMST BHICOKOTO YPOBHSI.

Ho npu HammcaHuM CcOOCTBEHHOII MporpaMMbl Ha $SI3bIKE€ IIPO-
rpaMMupoBaHusi koHcTpyktopa WMT yacto moacTteperaroT AOIMOTHU-
TeJbHBIE MPOOJEMBI, CBI3aHHBIE ¢ HEIOCTATOUHBIM ITOHMMAaHUEM TOH-
KOCTEe TOrO WM MHOTO BBIYUCIUTEIBHOTO aJITOPUTMA, KOTOPbIA OH C
yCIiexoM MpuMeHsT B ctanmaptHoM mnakete Ta MATLAB. K Tomy e,
KakK yXe oTMeqasloch, 3¢ deKTuBHasE 00paboTKa CUTHAJIOB C JIOKAIbHO
COCPEIOTOUYEHHBIMU TIPU3HAKAMU HE MOXET OBITh obecriedeHa IpuMe-
HEHUEM TOJIbKO TPAAULIMOHHBIX (CTAHAAPTHBIX) aITOPUTMOB.

CkazaHHOE BBIIIE TOATBEPKAAeT aKTyaJIbHOCTh pa3pabOTKU CIIe-
LIMATU3UPOBAHHON WHCTPYMEHTAJIbHOM CHCTEMbl, KOTOpasl coaepKa-
Jla Obl TOTOBBI K TMPAKTUUYECKOMY HMCHOJIb30BAaHUI0O HAOOp 0a30BbIX
BBIYMCIUTEIbHBIX MPOLIEAYP, HEOOXOAUMBIX MPU IOCTPOCHUU TMpU-
knaaHbix U'T 06paboTKM CUTHAJIOB C JIOKAJbHO COCPEAOTOUYEHHBIMU
npusHakamu. [lpenjgaraemblif HaMM MOAXON K TOCTPOEHUIO TaKoOM
CHCTEeMBI OyIeT omucaH B I 4.



[TABA 2

METOLONOMMHECKME OCHOBbI
[MOCTPOEHNA MHOOPMALMOHHbIX
TEXHONOMM OBPABOTKM
CUTHANOB CNOXHOM ®OPMbI

2.1, OcobeHHOCTM KOMMNbIOTEPHOI 06PABOTKM
BPEMEHHBIX CUTHANOB

¢ NPU3HAKAMH, COCPEAOTOYEHHBIMM

HA NOKANbHBIX GparmeHTax

BepHeMmcs k abctpaktHoii mopenu MT (cwm.
puc. 1.2), npeamnoarasi, 4To CUrHan y (f) HeceT
WHMOPMALIMIO O COCTOSIHUM § O0BEKTa, OJHAKO
«(usznyeckasi» Moaeab B BuAe (YHKUHUOHAIb-
HOM 3aBUCHUMOCTU § = S [y(f)] He uU3BecTHa.

HaubGonee ecTtecTBeHHOE MpeacTaBIeHUE
CKaJIsspHOro curHazna y (f), ¢ KOTOPbIM HMeeT
JIeJ10 CIeUUaIUCT MPU BU3yaJbHOM aHaau3e, —
npeacrasieHue y (f) Ha OTpe3Ke HaOJIIOACHUS
t e[t,,t,] B BUne rpaduka pynkuuu. Kommnbio-

TEPHBbIN e aHaJIU3 CUTHaja Mpeanojaraet Auc-
KpeTHY10 ¢opMy mpeAcTaBieHus y(f) B BUIE BeK-
topa y& = (y[l],...,y|K]), KOMIOHEHTAMU KO-

TOPOTO CIIyKaT OPIMHATHI, B3AThIE B TOYKAX OT-
cyeTa C HEKOTOPBIM IIaroM A BIOJNb OCH [,
qalre Bcero paBHOMepHBIM. IToCKOIBKY peaib-
Hble CUTHAJbl MMEIOT OrpaHWYEHHBIA CIEKTP,
TO, B COOTBeTCTBMM ¢ Teopemoii B.A. Korenb-
HUKOBa, BCerga MOXKET OBITh BBIOpaH TaKou
LIar KBaHTOBAHUS A, TPU KOTOPOM HETIPEPhIB-
HBI CUTHAI y (f) TIOJTHOCTBIO ONpenesisieTcs M-
CKpeTHOI1 rocienosatensHocThio ¥ [91, ¢. 51].

B sTOM ciydae MaccuB 3KCIEPUMEHTAJb-
HBIX JAHHBIX, TMEIOILIMXCS B PACITOPSTKEHNM KOH-
ctpykropa YT, MOXXHO TIpeicTaBUTh B BUAC Ma-
TPULIBI, CTPOKHM KOTOPOM COOTBETCTBYIOT Ha-
OJIIomaeMbIM pealM3alusM, a CTOJOIBI — WX
opauHaTaM. Ecnmu mpm 3TOM TSt KaXKIOM CTpO-
KJ TaKOM TaOJMIILI M3BECTHO COCTOSTHUE S O0B-
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TAB/MLA 2.1
Tunotetnyeckas BbIGOpKa HabRoAeHUI
Ne Perpeccopsl (apryMeHTbl MOJIENN) OTKJIMK (BBIXO)
1 Ty Ty T; T G,
2 T, Ty T Ty G,
/4 Tiw Ty Ty Tw Cw

eKTa, TO, Kazajoch Obl, obiass nmpobsema cuHteda UT MoxeT ObITh
CBe/leHa K BOCCTAaHOBJICHUIO HEM3BECTHOW 3aBUCUMOCTMU 1O TaOyulie
AKCMEePUMEHTAIbHBIX JAHHBIX (Ta0. 2.1) ¢ UCMOAb30BAaHUEM KJIACCU-
YEeCKHUX METOJOB, O KOTOpPBIX Ija peuyb B IM. 1. OgHako mpu odpa-
0OTKE CHUTHAJIOB C JIOKAJIBHO COCPEIOTOYCHHBIMU IIPU3HAKAMU MC-
MOJIb30BaHMST 3TUX METOIOB HE JOCTATOYHO IS pa3pellieHus oOlieit
npoonemsr [207].

g Toro 4toObl yOEAUTHCS B 3TOM, PACCMOTPUM KOHKPETHBIN
MpUMep — 3amayy KOCBEHHOW OLIEHKM XMMMYECKOIO COCTaBa XeJie-
30YIJIEPOAMCTBIX PACIJlaBOB Mo curHaany y = T (f), HecylieMmy HWH-
dopmalnio o TeMmIlepaType paciuiaBa B MpOIIECCe €ro KpUCTaIh3a-
uuu. BHavane mpeneabHO YNpOCTMM 3ajaayy, IpearoJarasi, 4ro Ko-
HEYHOro TOoJib30BaTelisl (MeTajulypra) MHTEPeCyeT BCEro JMIIb OIWH
TEXHOJIOTUYECKUIA TapaMeTp — MpOLIeHTHOe coaepxxanue yriaepoaa C.

PaccmoTtpum puc. 2.1, B JeBOi 4acTU KOTOPOTO B KOOpAMHATax
T (temnepatypa) — C (comepxkaHue yrjiepoga) MokKa3aH (pparMeHT
M3BECTHOI auarpamMmbl coctosiHusl Fe-C crutasa [74]. Ha muarpamme
MoKa3aHbl JBE JUHUU — JMKBUIYCAa U coaumyca. Beliie JMHUM JUK-
BUAyCa METaJlJl HAaXOAUTCI B XXMIKOM COCTOSIHUU (00sacTh L), HUXe
JIMHUM COJIMAYyca — B TBEPAOM COCTOSHUM (00gacTh ), a Mexmy
HUMH — B IIEPEXOTHOM cocTosTHUU (o0yacth L + ).

Kak BUgHO M3 pucyHKa, JUHMS JUKBUIyca He TapajiebHa OCU
TeMIreparyp, a 3HauuT, MPU U3MEHEHUU CcomepXKaHUs yriaepoia W3-
MEHSIeTCSl TeMIiepaTypa Hauajla KpUCTaIM3aluu MeTajia (TeMrepa-
Typa JukBuayca 7;): 4yeMm Bbllle coAepKaHuUe yriepoaa, TeM Mpu 0o-
Jlee HU3KOW TeMmeparype HauMHAeTcsl MpolecC KpUCTALIU3aLuU
pacruiaBa. IlosTomy Hem3sBecTHoe comepkaHue yriepoma C MOXHO
OIpeeUTh MO TeMIiepatype JukBuayca 7.

OmHako cTajnb SBISETCS CIOXHBIM I10 XMMHUUYECKOMY COCTaBY
CIUIaBOM M, IMOMMMO YIJepoja, B HEl eCThb ellle U Apyrue NmpuMecHu
(MapraHeu, kpeMHuUi, docdop, cepa u Ap.), KOTOpble TaK ke, Kak
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YIJIEPON, BIUSIOT HAa TEMIIEpATypy JMKBHUAYCAa, XOTS W B MEHbBIIEH
creneHu. IlostoMmy 3aBucumocth Mexay C u T, omiMyaeTcs OT 3a-
BUCUMOCTHU, BbITEKawllelh u3 auarpaMmbl coctosiHust Fe-C cruiasa.

B TO Xe Bpems, eciau BOCHOJIb30BaTbCS MPOCTEMIle MOAEIbIO B
BUJIE JIMHEWHOTO YPaBHEHUS PETPECCUN

A

C=oy+o047}, 2.1

U OMNpeleNuTh NapaMeTpbl o,,0,; AJIs1 YCJIOBUI KOHKPETHOTO Tpe-

MpUSATHSI, TO, KakK ITOKa3blBaeT MpaKTHUKa, COIAepXKaHWEe yriepoaa
MOXHO OLIEHMBATh IO TeMmepaType 7, ¢ JOCTaTOYHO BBICOKOW TOY-
HocThio (nopsinka 0,02 aée. % C).

PazymeeTcst, Takasg CpaBHUTEJIbHO BBICOKAS TOYHOCTb MOXET
OBITh JOCTUTHYTA JUIIb B TOM Cllyyae, Koraa OyaeT mpaBUIbHO OIpe-
neneHa temnepatypa 7;. OgHaKo BO3HMKAET BOMPOC: KAKUM 00pa3zom
OIpeACIUTh TEMIIEPATypy JUKBUIYCA.

ITpupona nonuia HaBCTpeuy B pa3pelleHur 3Toi mpobiiemsl. Jle-
JIO B TOM, YTO B MOMEHT #; Hayaja KpUCTALIM3ALMKU TTPOUCXOAUT IK-
30TepMHMYECKasl peakidsl — BBIACICHUE CKPBITOM TEIUIOTHI KPHUCTaI-
gu3anuu. IToaToMy, eciyd 3aperucTpupoBaTh MPOLECC OXJIAKIACHUS
pacmiaBa (cM. mpaByto yacTb puc. 2.1), To Ha rpacduke curHana 7 (1)
MPU JOCTUXKEHUM TEMIMEPaTyphbl JUKBUAYCA MOSIBJISIETCS XapaKTepPHbBI
¢dparMeHT B BUIE TeMIIepaTypHOU OCTaHOBKM (Tuioiaaku). OOHapy-
KUB Takoil (parMeHT (BU3yalbHO WJIM Ha OCHOBE KOMIIbIOTEPHOM
00paboTKM CUrHajla), MOXHO OMNpeneauTh Temrieparypy 71;, a 3aTeM u
MPOLIEHTHOE CoAepxKaHue yriaeponaa mo moaeau (2.1).

ITpeanonoxuM Ternepb, YTO HaM M3BECTHA JIMIIbL HEKOTOpas
YacThb OMMCAHHBIX BbIllIE 3aKOHOMEPHOCTEH, T. €. TOJIbKO TMIIOTe3a O
TOM, 4TO Habmawomaemblii curHan y = T (f) HeceT uHPOpMaLUIO 00
HHTepecylolleM Hac nmapamerpe C, HO HE U3BECTHO, KaKUM 00pa3oM.

MoOXHO JIM B 3TUX YCJIOBUSIX BOC-
MOJIb30BAaThCS AJTOPUTMOM CaAMO-
opranm3aunmm MI'YA mns Boc- r.ec
CTaHOBJIEHUS 3aBUCUMOCTH (2.1) I \ T,
Mo TabJauIle SKCIEePUMEHTABHBIX
TAaHHBIX?

IlycTts B HallleM pacIopsKe- L+S
HUU eCTh KOHEYHasl BEIOOpKa Tep-
MOTpaMM, 3aperucTpUpOBaHHBIX ]
st Wnpob Meramia, u i kax- G % 1, L
ol MpOOBI M3 PE3YJIbTATOB XM- Puc. 2.1. Unmoctpauyst umed Koc-
MHUYECKOTO aHalIn3a W3BECTHBI  pennoii ouenku C no curnany 7(7)
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3HaYeHus1 copepxxanust yriepoma C,, ..., C,, . B stom ciydae muc-
KpeTHbIe 3HaueHus Temreparypbl 7, ...,7y MOXHO CUUTATh MOTEH-

LIMATBHBIMU perpeccopamu, Uil KOTOPbIX M3BECTHBI TOYHBIE 3HAye-
Hug otkiuka C (tabua. 2.1).

Kazanoch Obl, MMesl Takylo BbIOOPKY, MOXKHO JIETKO BOCCTaHO-
BUTb 3aBUCUMOCTb (2.1), 3amaB kiacc 0a3MCHBIX (PYHKUMN B BUIE
BCEBO3MOXXHBIX JJUHEHHBIX CTPYKTYD

8y =0T +o,, i=1.,K,
8o = o, T; +0LjTj +oy, Lj=1.., K;j#]j, (2.2)

8y = Ty +a, Ty + .o+ o Ty + .

Ha camom xe gene 310 He Tak! HGHO B TOM, YTO MOMEHT f; Ha-

yajla KpUCTaJUIM3aluu OMpenessieTcss MHOXECTBOM ClIydalHbIX (ak-
TOpPOB (HayaJbHOM TeMIlepaTypoil paciliaBa, YCIOBUSIMM TeIJI00OMe-
Ha 4 T. 1m.). [loaToMy Ha pa3HbIX peaU3alUsIX UHPOPMATUBHBII
¢dparMeHT (TJI0olIaAKa JUMKBUAYca) OymeT MOSBISTHLCS B CiydyailHbie
MOMEHTBI BPpEMEHM, a 3HAYUT, ISl pa3HbIX CTpoK Tabi. 2.1 Temrepa-
Type aukBuayca T; (ICTUHHOMY apryMeHTy MCKOMOW Moneau) OymayT
COOTBETCTBOBAaTh Pa3Hble HOMepa TUCKPETHBIX 3HaueHuit 7, ..., Ty .

Nnapivun CJIOBaAaMM, HECMOTpPA Ha B3aNMMOCBA3b Cnu TL, MOXET OT-

CyTCTBOBaTh Koppeistuust Mexay C M OTOeIbHBIMU 3HAYEHUSIMU
curHana 7;,i=1,..., K, ¥ npu CKOJIb YTOAHO OOJbLIOM OOBeME W

BBIOOPKM HEBO3MOXXHO BOCCTAHOBUTb UCTUHHYIO 3aBUCUMOCTD (2.1) B
KJjacce CTpyKTyp (2.2) 6e3 mpuBjedeHUsl IOMOJHUTEbHONW WHGpOP-
Manuu. K ToMy xe npu Ooibliux 3HayeHUsIXx K BO3HUKAIOT M3BECT-
HBbI€ CJIOXHOCTM B BBIYMCICHUM TIPU UCIIOJb30BAaHUHU aJTOPUTMOB
CaMOOpraHu3allu, HO 3TO yXXe ApYyrue mpooieMbl.

TakuMm 00pa3oM, TOTMBITKA TPAKTOBAaTh OTHEIBbHBIC IMCKPETHBIC
3HayeHus1 curHana y[1], ..., y[ K| Kak MOTeHIIMaIbHO MOJie3HbIE TIPU-

3HAaKM B OOILEM CJIydyae He IpaBOMEpHa, ITOCKOJIBKY OHA UTHOPUPYET
IIBE CYIIECTBEHHBIE OCOOCHHOCTH JAHHBIX — WX JUHENHYIO YITOPSIIO-
YEeHHOCTh 10 OCH apryMeHTa M MHOroo0pasue BO3MOXHOCTEN Tpen-
CTaBJIeHUST MHOOPMAIINH, COAEePKAIIEHCsT B HUX.

Crnenys [33, c. 328], MOXHO CcUMTaTh, YTO BBIOOp TE€X WM WHBIX
METOJIOB 00pabOTKM CUTHAJIa, MPEeXIe BCEro, CBSI3aH C COAEpKATeb-
HOI THUTIOTE30if O TOM, KaK pacnpedesena AWATHOCTUYECKHW IIEHHAasI
nHpopMaLMsI Ha 00/1acTy oIpenesieHusT HabomaeMoro curaia. B Tex
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cllyyasix, Koraa uH@opMalus pasHomepro pacnpedeseHa Ha BCEM WH-
TepBasie HaOmogaeHus [0, 7] curHazna, ero MnpaBOMEPHO XapaKTepu-

3YIOT MHTErpajbHbIMM XapaKTepUCTUKaMU, BBIYMCICHHBIMM Ha Bceil
obnactu omnpeneneHus. IlpumepaMu TakKux XapaKTepUCTUK CIIyXKaT
MeTOIBl TTOIyYeHHUsI 0000IIeHHBIX Ko3hduiimeHToB Dypre Mpu pas-
JIOXEHUM curHaja y (f) 1Mo pa3lIuyHbIM CHUCTeMaM Oa3UCHBIX (DyHK-
uuii [145].

CoBepllleHHO MHbIE METONbl M3BJIEYEHMST MH(pOpPMALMM HEeo0X0-
IUMbl B TOM CJlyyae, KOrJa OHa COCPeJOTOYeHa Ha OIpeAesIeHHbIX
OTHOCHUTEJIbHO HEOONbIINX (hparMeHTax CUTrHaja, Kak 3TO ObLIO MO-
Ka3aHO B PACCMOTPEHHOM BbIlIe TpuMmepe. Takue CHUTHaabl Mbl U
OyaeM paccMaTpuBaTh B JaJibHElIleM, Ha3blBasg UX CUTHAJaMU C JIO-
KaJbHO COCPEIOTOYEHHBIMU TTPU3HAKAMMU.

IIpexne yeM KOHKPETU3UPOBATh OOIIYI0 cxeMy (OpMUpPOBaHUS
nHpopMauroHHoro mnpoaykta B U'T o6pabOTKM CUTHAIOB C JIOKaJb-
HO COCPEIOTOUYECHHBIMU IIpU3HAKaMU, PaCCMOTPUM HEKOTOpPBIE Xa-
pakTepHble MPUMEPHl TAKUX CUTHAJIOB, KOTOPbIE MOPOXKIAIOT OObEK-
Thl Pa3IMYHON (PUBUYECKOI TTPUPOIBI.

2.2, Mpumepbl CUTHANOB € NOKANBLHO
COCPEeAOTO4EHHBIMM NPU3HAKAMM

2.2.1. 2neKTPOKOPAMOTPAMMA, HECYLLs HHGOPMALMIO
0 COCTOSIHUM CEPREYHO-COCYANCTON CHCTEMBI
XMBOTO OPrHM3MO

Merton anekTpokapavorpaduu Mo COpaBeaJMBOCTH OTHOCSIT K OIHO-
My U3 Haubojiee pachpOCTPaHEHHBIX MHCTPYMEHTAJbHBIX METOIOB
MPAaKTUYECKON MEAULUHBI. DTO OOBSICHSAETCS HE TOJBKO TEeM, UTO
3a00J1eBaHUsI CepACYHO-COCYAUCTON CUCTEMBbI JUAUPYIOT CPEau Mpo-
YUX, B TOM YUC]IE B YKpauHe, HO U T€M, YTO 3TOT METOM JOCTaTOYHO
JIOJITO U XOPOILIO ceOsl MPOSIBUJI MPU IUAarHOCTUKE PA3IMYHbIX MaTO-
JIOTUA.

HanuMm KpaTKylo XapakTepucTuKy aTtomy metomy [137, 231], oc-
TaHaBJIUBASCh JIUIIIL Ha TeX AETalsiXx, KOTOpble HAc OyIyT MHTepeco-
BaTh B HAJIbHEHIINX UCCIECIOBAHMIX.

Cepaue obyagaet psaoM (pyHKUMN, ONpenesioliXx 0COOEHHOCTH
ero pa6otel. K HUM oTHOCSATCS (DYHKIIMU:

e gemomamuzma — CIIOCOOHOCTH CEpJLAa CAMOCTOSITEIBHO BBHIPa-
0aThIBaTh JIEKTPUUYECKUE UMIYIbChI (MPU OTCYTCTBUM BHEIIHUX pa3-
IpaxuTenei);
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e g030youmocmu — CIIOCOOHOCTb Cepalla BO30YXIATbCs IIOMI
BJIUSHUEM 3JIEKTPUYECKUX UMITYJIbLCOB;
e npogodumocmu — CIOCOOHOCTh K TIPOBEACHUIO BO30YXKICHUS,

BO3HUKIIIETO B KAKOM-JIMOO y4acTKe cepilia, K IPYyTMM OTIEJaM CEp-
JIEYHOI MBILILBI (MUOKap/a);

e CcoOKpamumocmuy — CIIOCOOHOCTb MUOKapAa COKpallaTbCs B OT-
BET Ha BO30YXXIEHUE.

MMeHHO B pe3ysibTaTe MOC/EN0BATEbHOTO COKPAIEHUS pa3ivuy-
HBIX OTAEJIOB CEpAla OCYILIECTBIISIETCS €T0 OCHOBHAasg HaCOCHas
GyHKIMS.

B ocHOBe BO3HWMKHOBEHUS 3JIEKTPUYECKUX SIBICHUN B Cepale
JIEXUAT MEXaHW3M IIPOHWUKHOBEHWSI MOHOB YEPE3 MBIIICYHYIO MEM-
OpaHy, B ocHOBHOM MOHOB Kaiusg K* u Hatpus Na'. Ilpu sToM B
o0beMe ceplilia OJHOBPEMEHHO (DYHKIMOHUPYET OOJIbIIOE KOJIUYECT-
Ba 3JIEMEHTAPHBIX MCTOYHWKOB TOKA — CEPACYHBIX TUTIOJNEHU, KaX-
IIBIA M3 KOTOPBIX OOYCJIOBJIEH BO30YXXACHUEM OTIAEIbHBIX MbILLIEYHBIX
BOJIOKOH W OTJIMYAETCA OT APYTMX TAKUX K€ AUIMOJEN KakK IO BelU-
YyHe, TaK W MO HaIlpaBJIEHMIO.

Bo30OyxxaeHue MbIIIILI cepalia pasaeseTcss Ha aBe daszbl — de-
noasapuszauuro, T. €. YMEHBILICHUE PA3HOCTA TOTEHUUAIOB, CYLIECT-
BYIOLLIEWl MeXIy BHYTPEHHEU M HapyXHOW CTOpPOHOK MeMOpaH Kie-
TOK CEpAlA, U Penoasapu3ayuio, T. €. BOCCTAHOBJICHUE 3TONW Pa3HOCTU
noteHuuanoB. briaromapss MexaHU3MY 3JIEKTPOMEXaHUYECKOIro CO-
MPSKEHUS TTPOLIECC JIEKTPUUECKOTO BO30YXIEHUSI MMOKapaa BbI3bl-
BAa€T €r0 MEXAaHUYECKOE COKPAIIIEHUE — CUCTOJY CEPILIA.

CrenyeT OTMETUTb, YTO IPOLIECCHI IEMONSIpU3aLIMU U PEIOJISpU-
3alUM OTIMYAIOTCS OpYyr OT npyra. Jlemossipuszauuysi NPEnCTaBISIET
Cc000i1 aBTOBOJIHOBO# MpollecC, MPpU KOTOPOM KaXKIbIii BO30YXACH-
HBIM y4acTOK MHOKapAa Kak Obl «IOMXKHUTaeT» IIOCIIEeNyIolIuii yda-
CTOK M B KaXIblii MOMEHT BPEMEHU MOXHO YCTaHOBUTb, TI€ Haxo-
JUTCS BOJIHA BO30yXaeHUsI. CKOPOCTh paclpoOCTPAHEHUSI BOJHBI BO3-
Oy>XX/IeHMsI BbIllle B Havaje Nenoysipu3alii U HUXe B KOHIIE.

B otyivuue ot menossipusalivv, penojsipusalusi — mpoiecc aud-
¢y3HBIA, T. €. cpa3y OOJblIMEe 30Hbl MMOKapjaa OXBaThIBAIOTCS 3TUM
npoueccoM. CuuTaeTcsi, UTO y 340POBOIO YeJoBeKa CKOPOCTh PEIo-
JIIpU3allMi HUXE B Hayajle mpolecca M BbILIE B KOHIIE.

BecbMma C/IOXHO MOJYYUTh TOYHOE MAaTEMATUUYECKOE OMUCaHue
PEAIBbHBIX NEKTPOJUHAMUYECKUX 3aKOHOMEPHOCTEH, TTPOMCXOASIIINX
B obbeMe cepaua. OaHAKO COMIACHO AMIOJbHON KOHLEIMLUU, MpU-
HSITOM B COBPEMEHHON 3JieKTpokKapauorpaduu, Mpu ONpeaeJeHHbIX
JOMYLLUEHUAX CEPALIE MOXHO YCIOBHO paccMaTpuBaTh KakK OAVH TO-
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Puc. 2.2. JlokanbHbie pparmeHTsl DKI' 3mopoBoro uenoBeka

YeYHbIA MCTOYHMK TOKa (CEpAEYHBIA OWIMOJb), CO3MAIOIIMIA B OKpPY-
KalolleM ero o0ObeMHOM IPOBOAHUKE (Teje) BJIeKTpUYecKoe IIoJe,
KOTOpOE€ MOXET OBITh 3aperMCTPUPOBAHO C TIOMOIIBIO 3JIEKTPOIOB,
pAacMoIoXKEeHHBIX B OMpeleIeHHBIX TOUKaX IMTOBEPXHOCTU TeJa.

Bnexrpokapauorpamma (DKI') mpeacrasiaseT coboil 3amuch CUT-
Hana F (f), Hecywero uHGpoOpMalui 00 M3MEHEHWM BO BPEMEHU
CYMMAapHOI'O 3JIEKTPUYECKOro MOTeHIIMalIa, BOZHUKAIOILIETO B cepaey-
HO¥ MBIIIIIE 3a CUET IBVKCHUS MOHOB Yepe3 MBIIICUYHYI0 MeMOpaHy.

Kak u3BecTHO, cepalle aHaTOMMYECKM COCTOMT M3 IBYX Ipeacep-
Iuii (MpaBOro M JIEBOTO) U ABYX XKEJIyJOYKOB (IpaBOro U JIEBOTO).
CooTBeTCTBeHHO Ha curHaje E (f) HabaogaloTcsl XxapakTepHble (par-
MEHTBI, KOTOPbIE OTOOPAKalOT CTaAWM BO30YXKACHUS OTHEIbHBIX ydya-
CTKOB ceprua (puc. 2.2).

3ybenr P obOpasyeTcsl BcaeacTBue Bo30yxxaeHUsl npeacepauii. Cer-
MeHT P — Q OOBIYHO pacroJjiaraercsl Ha HyJeBOW JUHUU (M30JUHWHN)
W COOTBETCTBYET BpEMEHU IMPOXOXKICHUS BO30YXKICHUS 1O TaK Ha3bI-
BaeMOMY aTPMOBEHTPUKYJISIPHOMY (ITPEICepIHO-KETyI0YKOBOMY) COE-
nuHeHuto. Komrmiekc QRS oTpaxkaeT CIOXHBIN Mpolecc BO30yxXIe-
HUS (Oenossipyu3alivu) KeayaoukoB. HavanbHblil 3y0en, (0 perucTpu-
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pyeTcsl BO BpeMsl BO30YXACHMS JIEBOM YacTH MEXCKETylI0YKOBOM Te-
pPETOpOIKH.

3ybenr R (uaiie Bcero HauboJsiee BeIpaxkeHHbIN 3yber; DKI) o0y-
CIIOBJIEH BO30YXIEHMEM OCHOBHOI Macchl MMOKapja JIEBOI'O U Ipa-
BOTO KEJIYIOUYKOB. 3yOel] S B OCHOBHOM OOYCJIOBJIEH BO30YXKICHUEM
OCHOBaHUs JieBoro kenaynouka. MHTepBan S—7T Ha3bIBaeTCsl KOHEY-
HOW 4acThIO XKeJIyIOYKOBOTO KOMITIIEKCA W OTpaXkaeT PeroIsipru3aliuio
xKenynoukoB. OH paspensieTcsl Ha cerMeHT S—7, oTpaxkawluil me-
pUOJ yracaHusi BO30YXXKICHUS XEIyooukKoB, 1 3yoew 7, ¢popma KOTO-
pOro OTpakaeT MPOLECC OLICTPOIl PETIONISIPU3ALINU KTy IOUKOB.

H3spenka 3a 3youom T cienyeT HeOosblIoi 3yden U, Mpoucxoxk-
JIeHWe KOTOPOro 10 CUX TOop He ycTtaHosjeHo [137].

WntepBan T—P ot okoHuaHus 3youa 7 u no Havajga 3yoma P
caeayroniero nukiaa OKI cooTBeTcTByeT auacrtosie (pacciabiaeHUIO)
cepaua.

TpaguLIMOHHBIMU AWarHocTuyeckumu npusHakamu DKI sBis-
I0TCSI aMIUIMTYJHO-BpPEMEHHbIC IapaMeTpbl, COCPEAOTOYEHHBIE Ha
yKa3aHHBIX (parMeHTax. Hampumep, OCHOBHBIE 3JIEKTpPOKapIHOTpa-
¢uueckre NMpu3HaKM uinmeMudeckoit 6onesnu cepaua (MBC) cocpe-
nmoroueHsl HAa S— T mHTepBane u 3youe 7 [79, 381, 389].

B xapauonoruyeckoit npaktuke DKI yamie Bcero mamepsieTcs B
HeckoJbKUX oTBeneHusix [137]. Kaxmoe Takoe OTBedeHUE HECeT WH-
dopMalio 0 Pa3HOCTU MOTEHIMAIOB MEXAY ABYMSI OMpeaesIeHHbIMU
TOYKaMM DJIEKTPUYECKOTO TIOJS CEPAlld, B KOTOPBIX YCTaHOBJIEHBI
asiekTpoabl. OObIYHO ucnosb3yloT 12 orBemeHuit DKI: Tpu craH-
JIapTHHIE OTBEAECHMSI, KOTOPhIE MIPUHITO 0003HAYATh PUMCKUMM LIU(-
pamu 1, II, III, Tpu ycunenHsix otBeaeHust aVR, aVL, aVF wu mectb

TPYIHBIX OTBEACHMI V|, ..., V.

VYcraHoBIEHO, YTO KaXmoe M3 OTBEASHUI IIPEMMYIIECTBEHHO OT-
paXkaeT COCTOSTHME YYaCTKOB CEPJSYHON MBEIIIIEI OIPEaeICHHOM JIO-
Kaymz3anuu. Ilosromy mo m3meHeHusiM DKI' B TeX MM MHBIX OTBeE-
IEHUSX MOXHO CYIWTh O JIOKAJIM3AlIMM ITaTOJIOTMYECKMX M3MEHEHUIt
B MHOKapnae. AHaimM3 AuarHocTudeckmx InpusHakoB DKI' 1mosBossieT
BBISIBUTh T€ WJIM WHBIE INATOJOTMYECKWE M3MEHEHHUS B COCTOSHUU
Mmuokapaa (MHGpapKT, UileMus, TUIepTpodus, TUIIOKCUSI, MUOKap-
IMOAUCTpO(dUsI, KapAMOCKIEPO3 U Ip.).

IToHsiTHO, 4TO pe3yabTaThl BU3yaJbHOW oleHKM DKI' cyiect-
BEHHO 3aBHUCAT OT ONbITAa U KBaJM(MUKAIMM Bpaya, OCYILIECTBJISIO-
mero «pacunppoBky» DKI'. T1lpu 3ToM He Bcerga omgHa u Ta xe DKI
OJHO3HAYHO MHTEPIIPETUPYETCS PA3HBIMU CIIELMATUCTAMU, TTOCKOIb-
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Ky, YUUThIBasi (popMajibHble KPUTEPUU, KaxKAblil M3 Bpayeil B 0OJIb-
IIMHCTBE CJIydaeB OeHCTByeT HehOpMaIbHO, OIMMpasCh Ha CBOM
MPEILIeCTBYIOIIUA OMBIT U UHTYULIUIO.

MmMeHHO mosToMy Bce OoJiblliee BHHMaHUE CIELUMATUMCTOB MPU-
BJIEKAIOT KOMIIbIOTEpPHBIE cHcTeMbl 00padotku DKI'. OmHako cyiie-
CTBYIOIIIME€ KOMIBbIOTEPHBIC CUCTEMBI €llie HE B MOJHOW Mepe yIoBJe-
TBOPSIIOT TpeOOBaHUSIM Bpaueii-Kapauoaoron. JJ0BOJbHO 4acTO Takue
CUCTEMbl JOMYCKAIOT OIIMOKM €lle Ha CTaguu MOPEPOJOrnYecKoro
aHaym3a nHPopMaTuBHLIX (pparMeHToB DKI' 11 M3MepeHus 3HaYeHMIA
MPU3HAKOB, COCPEAOTOUCHHBIX HA 3TUX (hparMeHTax.

Cornacno [37, 109], maxe mpu OJHOBpPEMEHHOI 00pabOTKe Tpex
CUHXPOHHO 3aluCaHHBIX OTBEACHMI COBMAIACHUE PE3YJbTAaTOB KOM-
MBIOTEPHOTO U BU3YaJbHOIO COCOOOB M3MepeHUll ¢ TpedyemMoii Tou-
HOCTBIO TOJTy4eHO TONBKO B 90 % cirydaeB i TIPONOKUTETEHOCTH
nHTepBaia P—R u xomimiekca QRS n B 80 % ciydaeB miisd pomo-
KUTENbHOCTH 3yOLia P u untepBana Q—7.

Takue mpoOaeMbl OOBSICHSIIOTCS TeM, YTO Ha IMpaKTUKE BCTpeya-
erca He MeHee 10 pas3nuuHbBIX TUIOB 3yOlia P, 13 TUMOB cermMeHTa
S—T, 12 tunos 3youa 7 u 55 tunoB Komiuiekca QRS, KOTOphle MO-
TYT CYLIECTBEHHO pasauuarbces mo ¢opme [137, c. 58] (puc. 2.3).

JononHuTeNbHbIE TIPOOJEMbl KOMITbIOTEpHON 00paboTtku BKI
CO3/1aI0T BHYTPEHHME M BHEILIHWE BO3MYILIEHUSI, KOTOPbIE MCKaXaloT
¢dopmy ee nHGOpMaTUBHBIX parMeHTOB. [ToaTOMY TIpU pelleHun na-
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Puc. 2.3. Hexotopbie TunuuHbie Hopmbl Komruiekca QRS
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v, Puc. 2.4. DKI' B TpymHBIX OTBEACHUSIX
MpY OCTPOM MEJIKOOYaroBoM MHdapkre:

Vy ~a — no undapkra; 6 — B l-it neHb uH-
dapkra

VT T

’_’“/\/\ —"‘Al/\ K€ TaKOM Ha TePBbIil B3IJISI IIPO-
_\A/\ M CTOM 3adayd, KakK aBTOMaruye-
Y4 cxoe pasmenenue sarmicu DKI Ha
_’L’/\ OTAe/NbHbIE HUKIBI (R—R-uHTEp-
_,\A_/\ ¥,  BaJbl), 10 CHX IOP BO3HMKAIOT M3~

BecTHBIE TTpobeMbl [320, 368].
v“h_/\ _A_L,\ v, Ellie ciioxHee npoBOwTh KoM-
MMBIOTEPHBI  aHAN3  aAMIUTUTYI-
HO-BpEMEHHBIX TapaMeTPOB WH-
TepBaia S—7 u 3youa 7, KOTOphIe, KaK yXe OTMEUajoCh, SIBJSIIOTCSI

OCHOBHBIMHU 3JIeKTpoKapauorpaduueckumu npusHakamu MBC. [laxe
HE3HAUMUTEJbHbIE M3MEHEHUSI 3TUX MapaMeTpOB MOTYT CBUACTEJIbCT-
BOBaThb O cepbe3HOM 3aboneBaHuu [137, c. 235] (puc.2.4).

BMmecTe ¢ TeM m3-3a BHYTPEHHUX M BHEIITHMX BO3MYIIEHMI yKa3aH-
Hble TIPU3HAKW BapbUpPYIOT OT LIMKJIA K LUKIY. B cyliecTByrommx KoM-
MMBIOTEPHBIX 3JIEKTpOKapAarorpadax peaqn30BaHbl aJITOPUTMBI, KOTOPEIE
MpenycMaTpyBalOT HAKOIUIEHMSI M YCPEIHEHMsT BO BPEMEHHOMR 0O0JIacTH
MOC/IeIOBATEIbHOCTU CEPACYHBIX LMKJIOB C MOCICAYIOIIMM aHAIU30M
JMAarHOCTUYECKUX TTPU3HAKOB TI0 YCpeAHEHHOMY LUKy (3TanoHy) [381].

OnHako MpyU U3MEHEHUU 4acToThl cepaeyHbix cokpaieHuit (YCC)
HE TOJbKO M3MEHsIeTCsl 00Ias MPOJOJKUTENbHOCTh R— R-MHTEpBa-
JIOB, HO M COOTHOLIEHUS MNPOAOKUTEIbHOCTEN OTIAENbHBIX par-
MEHTOB 3THX IWKIOB. Hampumep, MpOmXOKUTETBHOCTh KOMIUIEKCA
ORS wmenble cBg3aHa ¢ udMeHeHueM YCC, yeM OpomoKUTEIbHO-
ctu 3youos Pu T [64].

[ToHATHO, YTO /UISI KOPPEKTHON OLICHKM 3TajloHa TpedyeTcsl Co-
BMECTUTh BO BPEMEHHM OTHOTHUITHBIE (PParMEHTHI YCPETHSAEMBIX ITUK-
JoB. OgHako Ha peajbHbIX OKI' OOBIYHO OTCYTCTBYIOT UETKHE Ipa-
HULIBI MEXIY YKa3aHHbIMU (parMeHTaMM, UYTO 3aTpyAdHSIET WX Ha-
NIexKHOe pacro3HaBaHUE BO BpeMeHHOU obiactu [37].

Bce 2TO0 mpuBOAMT K TOMY, YTO MPU MCIOJIB30BAaHUU AITOPUTMOB
ycpenHeHus HukiaoB OKI Bo BpeMeHHOU 00J1acTU MPOUCXOAUT «pa3-
MbIBaHUEe» (hOopMbl MH(MOPMATHMBHBIX (hparMeHTOB 3TajoHa [151] wu,
KakK CJIeICTBHUE, OIIMOKN B M3MEPEHUU TUATHOCTUYECKHUX ITPU3HAKOB,
YTO B KOHEYHOM HTOI€ CHUXKAET JOCTOBEPHOCTh PE3YJbTaTOB KOM-
MTBIOTEPHON THMATHOCTUKH.
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2.2.2. 2nexTpodUMONOTHYECKHE CUTHAMI,
TAKXE MCMOMb3yEMbIE B KOPAMONOTMYECKOM NPaKTHKE

Jist moyyeHus: JOTOJHUTEIbHON WMH(OPMALMU O COCTOSIHUU Cep-
MIEYHO-COCYIUCTOM CHUCTEMBI B KIMHUYECKON TIpakTUKE, ITOMHUMO
aJIeKTpoKaparorpaduu, UCMoab3ylOTCs U Apyrie MHCTPYMEHTATbHbIE
METOJIbl, KOTOpbIE TakKe OCHOBaHbl Ha aHaJM3€ BPEMEHHBIX CHIHa-
JIOB C JIOKaJbHO COCPEIOTOYEHHBIMU IIpU3HAKAMHU, B YaCTHOCTH,
peorpammbl [113, 168, 190], churMmorpammel [45], GaumcToKap-
nuorpammbl [13], celicMokapauorpammbl [14], myiabcorpammbl [124],
MarHuTOKapauorpaMmsr [156, 157, 183].

[ MONMHOTBHI KapTUHBI MaguM KpaTKyl0 XapaKTepUCTUKY HEKO-
TOPBIM M3 3TUX CUTHAJIOB.

Peocpagpua — meton uccienoBaHUs KPOBOCHAOXEHUsI OpraHoB, B
OCHOBE KOTOPOTO JIEXKUT TPUHLIMI PEeTUCTpallUi W3MEHEHUM 3JieK-
TPUYECKOTO COIPOTUBJICHMS TKAaHE! B CBSI3U C MEHSIOIIMMCS KPOBE-
HamoJIHEHWEM B M3y4aeMOM Yy4yacTKe Teja, HalmpuMep B KOHEYHO-
cTax. Uem Oobllle MPUTOK KPOBU K TKAHSIM, TeM MEHBIIE WX COIPO-
TUBJICHUE.

Hnst monydyenust peorpammbl (PI') yepe3 Teno malumeHTa mpoIryc-
KalT nepeMeHHbI Tok vacTtoroin 50—100 kI'u, Manoii BeIUYMHBI
(He Gomee 10 MKA), co3maBaeMblii CIlelMATbHBIM TE€HEPATOPOM, U
MU3Y4yaloTCs MYJIbCOBbIE KOJIEOAHMST JIEKTPUUYECKOTO COMPOTHBIICHUS.
Ilpu yBenuueHuM KpoBeHamosiHeHUs amruiutyna PIT Bospacraer u
Hao0OopOT; APYTUMU CJIOBaMU, PETUCTPUPYETCS TMHAMMKA MMIIeJaHca
B 00OpaTHO TMOJISIPHOCTH.

Yaille Bcero peorpamMmy perucTpupyloT napauiesbHo ¢ DKIT,
ORS-KOMIIJIEKC KOTOPOU «CUTHAIMU3UPYET» O MOMEHTE COKpallEHMUS
muokapaa (puc. 2.5).

Ananmuiz PI' cBoauTcsl K M3MEPEHMIO aMILIMTYIHO-BPEMEHHBIX
MapaMeTpoB, COCPEIOTOYEHHBIX Ha CUCTOJMYECKOM M JAUACTOJIUYE-
CKOM (pparMeHTax CHUTHaa, OOYCJIOBICHHBIX COOTBETCTBEHHO apTe-
PUAIBbHBIM TIPUTOKOM U BEHO3HBIM OTTOKOM KpoBHU. B yacTHoCTH,
IWAaTHOCTUYECKN IIEHHBIMM TIpM3HAKaMM SIBIITIOTCSI: aMIUIMTyma A,
CHTHAaJIa, COOTBETCTBYIOIAsl BOCXOMASIIEMY KOJIEHY CHUCTOJIMYECKOM
BOJIHBI; MaKcUMajbHasd A, U MUHUMaJIbHasA A; aMIUIMTYAbl CUCTOJIM-
YeCKOU BOJIHBI; MaKCUMaJibHasl aMIUIMTyAa A, I1acTOJMYECKON BOJI-
Hbl; BpeMsi (J, pacnpocTpaHeHUs peorpaduueckoil BOJHbI OT UCTOY-
HHUKa (cepria) I0 MCCIAeAyeMOTo opraHa; BpeMs o MaKCHMAaJIbHOTO
CHCTOJIMYECKOTO HAMOJHEHUS U MPOJOJIKUTEIbHOCTb B HUCXOISILEH

BOJIHBI peorpaMmsl (cMm. puc. 2.5).
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Puc. 2.5. TapamnenvHast 3anuck peorpammsl (PT), nuddepeHumanbHoi peorpam-
mbl (IPT) u anektpokapauorpammbl (BKT)

Pazymeetcs, peorpaMmMy, oKazaHHYIO Ha puc. 2.5, MOXHO BCTpe-
TUTH JIMILIb B YYeOHUKaAxX Mo peorpacdun. B peasbHbIX XK€ YCIOBUSIX Ha-
OJII0JaeMBIil CUTHAT TOABEPXKEH Pa3IMUHBIM BO3MYyLIEHUSM (puc. 2.6.),
YTO 3aTPyAHSET KOMIBIOTEPHBIH aHalu3 yKa3aHHBIX JIOKAJbHO CO-
CPEIOTOYEHHBIX MTPU3HAKOB .

Couemocpapusa — meton, HaANpaBICHHBIM HA M3ydyeHUE Kojeba-
HUIi apTepuaJbHOM CTEHKHU, OOYCJIOBJEHHBIX BBIOPOCOM YAAPHOTO
obbeMa KpoBU B aprepuaibHoe pycio. C KaXIbIM COKpallleHUueM
cepalia YBEIMYMBAETCS HABJICHHE B apTepHsSIX U UMEET MeCTO IIpH-
POCT MX MOMEPEYHOro CEYEHUsI, 3aTeM IMPOUCXOAUT BOCCTAHOBJICHME
KWCXOMAHOTO COCTOSIHUSI. Bech 3TOT LIMKI MpeBpallleHUid MOJydyus Ha-
3BaHUE «apTepUAIbHBIN ITyJIbC», a 3alKMCh €r0 B JMHAMUKE — «CUT-
MOTrpamMMar.

1
Perucrpaiiust peorpaMm IPOBOAMIACH OINTOJEKTPOHHBIM AaT4ukom [189].
UcxonHble gaHHBIE IPEIOCTABIECHBI aBTOPY ACIMPAHTOM BWHHUIIKOTO ITOJUTEX-
HU4yeckoro uHcetutyTa Anb-Kxypu Tanain.
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Paznuyator churMorpamMmbl LEHTPAJbHOTO IMyJibCa, KOrAa 3amuch
MMPOMU3BOANTCS Ha KPYIMHBIX apTepUsIX, OJM3KO PaCITONOXEHHBIX K
cepany (MOAKIIOUMYHOM, COHHOI), M curMorpaMmsl nepudepuye-
CKOTo myjbca 0ojiee MEIKUX apTepualbHbIX cocymoB. s perucrpa-
IUU C(PUrMOTpaMMBl UCIIONIB3YIOT MbE302JIEKTPUIECKUE TaTINKHN.

CunxponHas 3anuchk DKI 1 churmorpamMm COHHOI, GeApeHHOM
U JydyeBoi aptepuil (puc. 2.7.) TO3BOJSIET OMNPEAEIUTb CKOPOCTh
pacrpocTpaHeHUsT MyJIbCOBOM BOJHBL. [T 3TOro mo Tak Ha3bIBae-
MbIM OIIO3HABaTEJIbHBIM TOYKAM OIPEACSIOT MPOAOTIKUTEIbHOCTh
XapaKTepHBIX (parMeHTOB churmorpaMmbl. Kpome Ttoro, aHamms
curMorpaMMbl TIO3BOJISIET pa30enbHO aHATU3UPOBaTh (a3bl cepaey-
HOTro LIMKJIAa MIPaBOro U JIEBOTO KEJIYyIOYKOB, YTO NOIMOJHSET Pe3ysib-
Tatel DKI-IuarHocTuku.

LleHTpasbHBINT BEHHBIN IyJbC OIpeAesiIeTcs] METOIOM ¢h.aeboepa-
¢uu. OnaedorpamMma yalle BCero perucTpupyercs cuHXpoHHO ¢ DK,
curMorpaMMoi COHHOI aptepuu U oHokapauorpammoii (OKI) —
3aIMChIO 3BYKOBOIO CMTHAJIa, MOPOXKIaeMOro paboToit cepala.

3anuce PI’

3anuce PI’

[ L PR

I R ——
S U R ——

o
o
W
s
B

2,0 2.5 c

Puc. 2.6. 3ammicu peorpaMM B peasbHBIX KIMHUYECKUX YCIIOBUSIX
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Puc. 2.7. DKT (1) u curmorpammbl COHHOI (2), nydyeBoii (3), OeapeHHOI apTe-

puii (4

Hnsg perucrpauuu ¢haedorpaMMbl MCTONB3YIOT pa3fdyHble Oec-
KOHTaKTHBIC JATYMKU (€MKOCTHBIC, Mbe303JIeKTpuiecKre, (GoTo3eK-
TpUYECKUE U Jp.), KOTOPBIe HAKJIAABIBAIOTCA B IPaBON HaTKITIOUMI-
HOM 00JIaCTY MallMeHTA.

dneborpaMMa 3I0pPOBOTO B3pOCIIOTO YejoBeKa (puc. 2.8) momoo-
HO cuUTMOTpaMMe COCTOMT W3 pSAa XapaKTepHBIX (PparMeHTOB
(BOJIH), aMILTUTYIHO-BPEeMEHHBIE IMapaMeTpbl KOTOPBIX HECYT IIeH-
HYI0 MH(MOPMALMIO O COCTOSIHUM MPaBOTO Mpeacepausi.

Macenumorapouoepagpua (MKI') — oauH U3 HOBBIX METOJOB M-
arHOCTUKY B KapAMOJOTHH, KOTOPBIN OCHOBAaH Ha M3MEpPEHUM Tapa-

®neborpaMma

OKI
OKI'

Puc. 2.8. ®nredborpaMma 310pOBOTO YeJIOBEKa
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MKTI"

Puc.2.9. Cunxponnsbie 3anucu MKI' u OKI' B KIMHUYECKUX YCIOBUSIX

METPOB MAarHUMTHOIO IIOJISI CEPALIA, 3aPETMCTPUPOBAHHBIX HAl TIPYI-
HOM KJIeTKO# maumeHTa. IIpemMylliecTBO 3TOTO METOIa COCTOMT B
TOM, YTO OH TIO3BOJISIET TUArHOCTUPOBATL CPEear MPOYUX U 3abojieBa-
HUSsI, IPU KOTOPBIX OOBIYHO MCIOJIb3yeMble METOMbI, TAKME KaK 2JIeK-
TpoKapauorpaduss M sxoKapauorpadusi, He BBIABISIOT TaTOJOTUM
[156—158, 270].

HMcToyHukoM mepBUYHOU MHGMOPMALIMKU SBISIIOTCSI CUTHAJIbI, KO-
TOPBIE PETUCTPUPYIOTCS CBEPXUYBCTBUTEIHLHON MarHUTOMETPUYECKOM
ammnapatypoii [183, 366, 367], TOCTPOEHHOI Ha OCHOBE CBEPXIIPOBO-
JSIIIUX KBAHTOBBIX MHTepdepoMerpuueckux patuukoB (CKBHW]).
ITockonbky MarHutokapauorpamma (MKIT') u snekTpokapauorpamma
(BKT) mopoxpaloTcsi OOHUMM M TEMM X€ HCTOYHMKaMu, (opma
MKT u BKI pojxkHa coBMaaaTh OIpU UX CUHXPOHHON 3amucH.

OnHako HEMNOCPEJICTBEHHO HWHTEPIPETHPOBaTh IMEPBUUYHYIO WH-
dopmanuio, MOTYYEHHYIO OT MarHUTOMETPUYECKUX OaTYUKOB, He-
BO3MOXHO. BO-TIepBEIX, 3TO CBSI3aHO ¢ HAJWYKWEM OOJBIIIOTO YPOBHSI
1IyMa, KOTOPBIN CYIIECTBEHHO MCKaXkaeT IOJIe3HbIM CUTHAJI, PeTUCT-
pUpYeMbIii B pealbHbIX KJIMHMYECKMX YcaoBusx (puc. 2.9). Bo-Bro-
PBIX, C TOUKM 3pEHUS MEAMIIMHCKON IMArHOCTUKU 0Oojiee ILIEHHYIO
WH(pOpMaLMIO HECET He MarHUTHOE ToJie cepilla, a XapakTep pac-
MpeAesIeHNs TOKa UCTOYHMKOB, TTOPOIVBIIMX 3TO MAarHUTHOE TIOJIE, a
TaKKe OlleHKa HEOMTHOPOMTHOM MPOBOIMMOCTHU TKAaHM.

s nonydyeHus: Takoil MHGOpMaUKM HEOOXOAMMO PEIUTh TaK Ha-
3bIBaEMYI0 OOpaTHYIO 3amady TeOpMM CTallMOHAapHOTO mojsa. OmHaKo,
KaK M3BECTHO, Takas 3aJaya He MMeeT OJHO3HAYHOro pelieHus. B 1o ke
BpEMs1, €CJIM CAEaTh OINpeNeeHHbIE MPEANOI0XKEeHUSI O MOAEIN UCTOY-
HUKOB, TO, Kak Tmoka3aHo B paborax C.C. Pomanosuuya [355, 356],
M.A. Ilpumuna [157] u apyrux ucciaenoBaresieid, IpUEMIIEMYIO OLICHKY
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pacnpeieJieHusI IUIOTHOCTEM TOKAa B IVIOCKOCTH CEPALIA MOXKHO IOJIYYUTh
Ha OCHOBE MCIOJIB30BAHMST YMCIICHHBIX METOJOB pellieHNs 0OpaTHOI 3aia-
yu. Ho s aToro, Tipexae Bcero, HeOOXOIMMO TTOCTPOUTE 3G (PeKTUBHEIE
aITOPUTMBI, ObOecITeunBalolIe BoiaeaeHre mose3Horo MKI-curHama u3
CYILIECTBEHHO MCKaXXeHHOW peanu3aiuu (cMm. puc. 2.9).

2.2.3. Tepmrueckas Kp1BOS, HECYLLOS MHDOPMALMIO
O CBOMCTBOX MHOTOKOMIMOHEHTHOTO MOTEPHMANA

TepMuueckuil aHaaM3 IIMPOKO MCIIOJB3YIOT B OOJACTSIX HAyKd U
TEXHUKU IJIs1 pelleHUs] CaMblX Pa3HOOOpPa3HbIX 3a4a4 — OT IOCTPOe-
HHUS TMarpaMM TUIABKOCTHM PA3IWYHBIX CHCTEM IO aHaJlM3a TpyHTa Ha
noBepxHOoCcTU Mapca.

I'maBHbIe TpeuMMylllecTBA MeTOJa, KOTOpble MPHUBIEKAIOT MCCIe-
nIoBaTesieii — OIepaTUBHOCTb, BHICOKAs MH(MOPMATUBHOCTh OTIC/Ib-
HOro 3KCMEepMMEHTa MNpU OTHOCUTEJbHOU MAellieBM3HE aIllapaTryphbl.
TepMmuueckuii aHaan3 yCHEUIHO MTPUMEHSIIOT TIPU U3YyYeHUU (PU3UKO-
XUMHUUYECKUX 3aKOHOMEPHOCTEH 00pa3oBaHMS MUHEPAJIOB, TOPHBIX
MOPOJ, LIBETHBIX META/UIOB, MOJYMPOBOAHUKOB U IPYTMX MHOTOKOM-
MOHEHTHBIX MatepuasoB [110, 150].

OnHO Y3 MEepCNeKTUBHBIX HaIpaBJeHUN MUCIIOJIb30BaHUS TEPMU-
YECKOro aHaju3a B MPOMBIIILIEHHOM MPOU3BOACTBE — KOMILIEKCHBIN
KOHTPOJIb TIOKAa3aTeNel XXHMIKOTO MeTajula B IIPOIeCCe BBITIIABKH.
Okazajioch, 4TO TepMOIrpaMMa KpUCTaJUIM3allMyd TPOObl CEporo 4yry-
Ha HeceT MH@OpPMALIMIO HE TOJbKO O COAEPXKaHUM Yrjepojaa, HO U O
LIEJIOM pslie APYTUX XUMHUUECKUX 3JIEMEHTOB M TTO3BOJISIET TTPOTHO3M-
pOBaTh MEXaHUYECKUE CBOMCTBA MeETaljla, B YACTHOCTU MPOYHOCTh HA
pacTskeHue u TBepaoctsb [306, 307].

YyutbiBasi akTyaJlbHOCTb 3TOM 3amauyu, paccMOTpUM ee OoJee
noapoOHoO.

Tepmuueckasi KpuBasi (TepMorpaMmma) IpeacTaBiisieT coboil rpa-
¢GUK U3MEHEHMST BO BpeMeHM TemmepaTypbl 7(f) B HEKOTOPOIl TOuke

TeMIlepaTypHOro I1oJjsi, 00pa3yeMoro BHYTpY MpPOObI XXUAKOTO Uyry-
Ha. 7151 mojydeHusT TaKoil KpUBOM MCHOJIBb3YIOT BEICOKOTOYHBIE KOH-
TaKTHbIC UM OECKOHTAKTHbIE U3MEPUTEIN TeMIEpaTyphl.

B ominuume oT TepMorpaMmbl KpUCTALIM3allUM CTajIU, TOKa3aH-
HOI1 B MpaBoil yactu puc. 21, TepMorpaMMy KpUCTaUIM3allMU YyTryHa
PETUCTPUPYIOT JO MOJHOTO 3aBEpUICHUS MTpolecca KPUCTALIM3ALNMY.

JlnarHocTuyecku 1LeHHas uH@opMalus cocpeaoToueHa Ha ¢par-
MEHTaX TepMOTpaMMBbl, OTOOpaXKalolIMX OTAEIbHbIE CTAAMU Ipoliecca
kpuctaymmsauuu (puc. 2.10).
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I'panuubl MHGOPMATUBHBIX (DparMeHTOB (TOUKM) COOTBETCTBYIOT
XapaKTepHBIM TEIUTOBBIM 3(eKkTaM (ha30BBIX IpEeBpaIIeHUH MeTal-
Jla, a UMEHHO:

e A — MakCUMaJIbHOMY TeIJIOBOMY 3((eKTy AEHIPUTHOW KpUC-
TaJUIU3alluu;

e B — MakcuMaJbHONW CKOPOCTM OXJaXIEHUsI IIOCie Iepuona
TNEHIPUTHOM KpUCTaJIM3alIuY;

e C — TeMmrmepaType Hauaja KpUCTALIM3AUUU IBTEKTUKU;

e D — TemIieparype MeTacTabWUJbHOIO MpeBpalleHus pacIljiaBa;

e £ — MakcuMaJIbHOMY TeIIOBOMY 3(p(eKTy mpoliecca KpUCTai-
JIN3aLIMY 3BTEKTUKH;

e F — TeMmeparype COJIMIyca pacIljaBa;

e G — MaKCUMaJlbHOMY W3MEHEHMIO CKOPOCTHM OXJIAXICHUS B
MepHoa KPUCTAJIU3AIUN BTEKTUKY;

e H — Temmeparype OKOHYAHUS KPUCTAJUTN3AINN SBTCKTUKM;

e / — MOMEHTY BpeMeHU, MPH KOTOPOM TeMIeparypa 7 pacriaBa
craHoButcsg pasHoii 1050 °C.

CoracHO pe3yabTaTaM 3KCIePUMEHTATBHBIX MCCIICAOBaHUM, TIPH-
BelleHHBIM B pabotax [306, 307], aMIUIMTyIHO-BpeMeHHBIE TapaMeT-
pbl YKa3aHHBIX (PParMEHTOB MOIYT MCMOJb30BAThCS KaK apryMEHThI
PETPECCHOHHBIX Mofeseit, 00ecITeunBaIOIINX KOCBEHHBIN KOHTPOJIb
cocrosiHUs MeTauta. OgHaKo MpakTUYecKas peaavs3alusl 3Toil 3a-
MaHYMBOM UJEW CTAIKMBAETCSI C PSIAOM MPOOJIEM.

Bo-nepBoix, nHpopMaTuBHbIe (pparMeHThl 1 (f) HE UMEIOT 4eT-
KUX TpaHUWIl Ha peajbHbIX curHajgax (cMm. puc. 2.10). Bo-BTophix,
3HAYCHUWST aMIDIATYIHO-BPEMEHHBIX ITapaMeTpoOB YKa3aHHBIX par-
MEHTOB TIOIBEPKEHBI BIWSHMIO CIyJ4alfHBIX BO3MYILEHMI, COITYTCT-
BYIOIIMX TPOIIECCY KPUCTA/UIM3allMKi, B YACTHOCTH, YCJIOBUI TEIIO-
0o0MeHa, TOJMIIWHBI U3IIOXKHUIIEI, B KOTOPOM TTPOMCXOINT KPHUCTAIIIN-
3auus, u T. m. (puc. 2.11).

Jlerko 3amMeTuTh, YTO MH(POPMATUBHBIE (PparMeHThl MCKaKEHHBIX
peanm3anii UMEIOT HEOOMHAKOBYIO MPOAOJIKUTEIHLHOCTb, XOTS TIPHU-
BeIEHHbIE TEPMOIpaMMbl 3apeTHCTPUPOBAaHBI MPU (UKCUPOBAHHOM
cocTosiHMM MeTajuia. TTOHSITHO, YTO MeXaHU3M HCKaXEeHUs I10Je3-
HOTO CHTHAaJIa He MOXET OBITh CBEIEH JIMIIb K aIIUTUBHOM ITOMEXeE.

[MoaTomy, mpexne yeM HUCIOJb30BaTh TEPMOIpaMMy IJIsI OLIEHKU
COCTOSTHUSI paciuiaBa, HEOOXOAMMO BOCCTAHOBUTH ITOJIC3HBIN CUTHAJ
10 MCKaXXEHHBIM peaTu3aliisiM.

MBI paccMOTper TOJbKO MaIylo YacTh CUTHAJIOB C JIOKAJIbHO CO-
CpemoTOYeHHBIMM TTpu3HaKamMu. HecMmoTps Ha pasnmume GopMbl MH-
¢dopMaTUBHBIX (PArMEHTOB 3TUX CUTHAJIOB U (PU3UYECKOM MPUPOIbI
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Puc. 2.10. Tepmorpamma KpUCTaJUIM3aLMKU TIPOOKI CEPOTO UyryHA
Puc 2.11. TepMmorpaMMbl KPUCTAJUTM3aLMK PacIlIaBa U3 ONHOI MpoObI

WCTOYHUKA HUX TOPOXIEHWSI, MOXHO CcIejaTh OOIIMA BBIBOA: IIO-
crpoeHue apdexkTuBHbix UT 00pabOTKM TaKMX CUTHAJIOB B IEPBYIO
ouepelb CBSI3aHO C HEOOXOAMMOCTBIO paspelieHus] MpobjeMbl BOC-
CTaHOBJIEHUSI TOJIE3HOTO CHUTHaJla T0 MCKaXXeHHBIM peau3aiusiM.
IIpu 3TOM clieayeT NpMHMMAaThb BO BHUMaHUE TOT (pakT, yTo 00jacTu
onpeaesieHus1 (MPOAOKUTEIbHOCTH) OJHOTUITHBIX (DparMEHTOB MO-
TYT HE COBMaJaThb Ha pa3HbIX peaau3alusx Jaxe B TexX ciaydasx, Ko-
Ia OHU TOPOXKIEHBI TP OJHOM U TOM K€ COCTOSIHUM OOBEKTa.

s Toro 4toObl MOMBITATLCS Pa3pelluTh ATy MPoOJIeMy, HYXKHO
MOCTPOUTH O0OOIIEHHYIO MOJIEb MTOPOXIECHUSI CUTHAJIOB B YCJIOBMSIX
NEMCTBUS BHYTPEHHUX M BHEUIHMX BO3MYIIEHMI U Ha OCHOBE €€ HC-
cllieJOBaHUSl TPEMIOXKUTh KOHCTPYKTUBHBIE BBIYMCIMUTEIbHBIE ajro-
PUTMBI, 00eCMeuYuBalollMe OLEHKY MOJE3HOr0 CUTHAaA.

2.3. Mogenu nopoXaeHus CUrHanoBs
¢ NIOKQNbHO COCPEAOTOYEHHBIMU MPU3HAKAMM

PaCCMOTpI/IM OIVH N3 BO3MOXHbIX MEXaHMU3MOB IOPOXIACHUA pCallb-
HOro CcurHajia y (t) C JIOKaJIbHO COCPE€AOTOYCHHBIMU IIPpHU3HAKaMM B

YCJIOBUSIX NEWMCTBUS NBYX BUAOB BO3MYIIEHMI: BHYTPEHHEIO BO3MY-
meHust {(¢), KOTOpoe CO3JaeT caM OOBEKT UCCAENOBaHWS, U BO3MY-

eHust A(t), co3gaBaeMOro BHEIIHel cpemoid. Takoil MeXaHU3M OITM-

CBIBAIOT paccMaTpUBaeMble Jajee CTOXaCTUUYECKUE MOMAENIU, MPEIo-
JKeHHble HaMu B pabotax [202, 204, 281].

! DKCIEpUMEHTBI MTPOBOAMINCH B 1988 I. IIpM y4acTMM aBTOpa COBMECTHO C
corpyaaukamu HITO HU U Tpakropocenbxo3maiu [177].
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[penmnonoxum, 4YTo MOJE3HBIN CUTHAN Y,(?), COOTBETCTBYIOILIMI He-

2.3.1. basosas momens

KOTOPOMY TEKYILIEMY COCTOSIHUIO § € S 00beKkTa, MpencTaBisieT Co-
0oil (yHKUMIO, KYyCOYHO-3alaHHYI0 Ha o00JacTu OIpeaeJeHUs
t € [0, 7;] nmocnenosarenbHOCTBIO K, > 2 (DparMeHTOB:

ye' (1), 0 <t <t
Yo(t) = - (2.3)
yot o, gt <t <t =T,

KOTOpbIE OTOOpaxKaroT OTAEAbHbIE CTAAWU Tpoliecca, MPOUCXOISIIETO
B OOBEKTE.

IToHsTHO, YTO (hopMa M KOJUYECTBO yKa3aHHBIX (pparMeHTOB 3a-
BUCAT OT IIpUpOIbl obpabaTeiBaeMoro curHaia. Hampumep, mist DKI

(dparMeHThl y{”(f) COOTBETCTBYIOT CTafMAM IETMONSAPU3ALUKM U PETIO-

JISIpU3allii OTAEJbHBIX YYacTKOB cepaua (cM. puc. 2.2), a sl Tep-

MOTPaMMBbI — CTaAusM ACHAPUTHON KPUCTAIIM3AlUM, KPUCTAJUIM3a-

LIMM BBTEKTUKU, METACTAOMJIBHOMY MPEeBPallEeHUIO U T. M. (cM. puc. 2.10).
Bynem cumrath, 4TO HabIIOMAEMBbIIl CHTHAT

Y (1) =@ [y(1), CO)] + h(1) (2.4)

SIBJISIETCSI PE3Y/IbTATOM MCKAaXXEHUSl MOJE3HOTO CUTHAIA Y,(f) BHYT-
peHHUM ((f) W BHELIHUM Bo3myllueHueM h(t) (puc. 2.12).

[penmosnoxumM, 4To BHYTPpeHHEE BO3MYIIICHUE ((#) TPUBOIUT K He-

3aBMCHMBIM M3MEHEHHUSIM OOJIACTU OIpeAeseHUs] OTAEIbHBIX (pparMeH-

toB y(¢), i =1, ..., K, curnana (2.3), a cama pyHKkumst y,(f) JuHEii-

HO pacTsArMBaeTcs (CKMMaeTcs) Mo amrumaTyne. MHBIMU clioBaMu, TO-
IyCKAETCsI, YTO IPOLECC MCKAXEHUS i-T0 (pparMeHTa m-ii peain3alunu
OCYIIECTBIIAETCS Ha OCHOBE OIIEPaTOPHOIO IPeoOpa3oBaHMUs

(i) o 1=
V' (1) = a, ¥, T,)m ) (2.5)
m
e a,, b’ — cooTBeTCTBEHHO CITy-
YaliHble MapaMeTpbl JMHEHUHOIO h(#)

pacTsLKeHUs! (CxKaTusl) 10 aMIUTATY-
(i)

Je M BpeMeHW; T,  — CIOBUT TIO Dlye(0)- C0)]

BpPCMCHMU.

Puc. 2.12. Monenb OPOXIEHNST CUTHAIA
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Homyctum, 4TO AMd m-W peanv3alliy TMapaMeTp a, TPUHUMAET
(uKCcUpoBaHHOE 3HAYEHUE

a,=1+¢,, m=12,.., (2.6)

rae £, — ciyyaiiHas BeJMYMHA, KOTOpas C HYJIEBBIM Maremaruye-
CKMM OXHUIaHUEM M{&}z 0 pacripeneneHa Ha WHTEpBaie [—g;,¢,],
OrpaHuueHHOM (UKCUPOBAHHBIM 4YHCIOM g, € [0, 1), a mapameTpbl

b mpuHUMAKOT (HUKCUPOBAHHBIE 3HAYEHUs B TPOLIECCE MOPOXKIE-
HUS KaXIO0TO i-ro ()parMeHTa m-il pealn3alumu:

b =14+80, m=1,2., i=1 .., K, 2.7)

e 8 — mocnemoBaTeNbHOCTh HE3aBUCUMBIX CIyYaiHBIX BEIMYMH,

KOTOpBIE C HYJIEBBIM MaTeMaTUYECKUM OXWUAaHUEM M {8}2 0 pac-

npeneneHsl Ha uHTepBanax [-A},AY)], orpaHMYeHHBIX (UKCHPOBAH-

HbIMU uKciaamu A € [0, 1).
IMpy Takux NpPeANoNOKEHUSIX MPOJOJLKUTENILHOCTh i-ro (par-
MEHTa m-ii pealnsallii CBs3aHa C TPOAOJIKUTENbHOCTBIO AT\ =

=" — ™" coorBeTcTByIOIIETO (DparmenTa curHana (2.3) cOOTHOILE-
nueM ATV = (1" —1§™")1+8"), a mavany i-ro dparmenTa m-it
peann3alnuy O6yaeT COOTBETCTBOBATh MOMEHT BpeMEHU

i-1

10D =5 (1D — 1Y (1 + 80 (2.8)

=1
[Mpumenum K i-my dparmenty y.”(f) onepatopHoe mpeobpazoBa-

nue (2.5), nonoxus mapametp casura t¢) =V — (1489 1 . Tor-
na u3 (2.5), ¢ yuerom cooTHoluneHuin (2.4) u (2.6)—(2.8), cienyer,
YTO MOJENb MOPOXIEHHS i-T0 (hparMeHTa m-il peanM3alui MOXHO

MPENCTaBUTh B BUAE (DYHKIIUHA
YOt = 1+ am)yéi’(e) +h@), m=12,.. i=1.,K;., (2.9

ApryMeHT KOTOpOI71 0 HEJIMHEWHO 3aBUCUT OT BPEMEHU U ONIPEACIIACT-
C4 BbIpa>XK€CHUEM
i1
(OAWIGRY) () (I-1) )
1+ (1+8,)) 17 = 2 (6" — 171+ 8,)

0= g . (2.10)
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IMoBTOpstiolecs BO BpeMEHM MPOLECCHl YaCTO MPOTEKAIOT B TEXHU-
YyecKuxX M OMOJIOTMYECKUX CcUcTeMaX. Takue Mmpouecchl MOpPOXIAT
cneuuduuecKre CUTHAJIbI, KOTOPhIe B HAYYHOI JUTepaType MPUHSTO
Has3pIBaTh HMKIMYeckuMu [310] unm xkBasumnepuognueckumu [380].

Mpl OymeM MOJB30BaThCSA TEPBBIM Ha3BaHUEM, MOCKOJBKY Tep-
MWH «KBa3WUTIEPHMOANIECKI CUTHAI» JIETKO OTOXICCTBUTH C TIPUHS-
TBIM B MaTeMaTuKe Oojiee Y3KUM OIpele/icHUEeM ITOYTH Mepuoaude-
ckoil (pynkumu BpeMeHu [117, c¢. 275], omHaKo peajbHbIE MPOLIECCHI,
0 KOTOPBIX TOMIET peub Jajee, He BCerJa yaOBJIETBOPSIIOT 3TOMY OIl-
peaeeHUIO.

TUNUYHBIMM  TIPUMEpPaMM  LIMKJIMYECKMX CUTHAJIOB SIBJISIIOTCS
anektpokapauorpamma (OKI') u apyrue dusnonornyeckue CUTHAIbI,
OoTpaxarllue HMKIMYEeCKUI XapakTep padoThl CHUCTeMbl KPOBOOOpa-
IIEHUS KUBOTO OpTaHM3Ma.

IMokaxkeM, 4TO pacCMOTPEHHBI MEXaHU3M JIEHCTBUSI BHYTPEHHUX
BO3MYILLUEHUI, KOTOpbIEe TMPUBOAST K HEPAaBHOMEPHBIM U3MEHEHUSIM
obnactu onpeaeneHus: (MPOJOJKUTENbLHOCTEN) OTOeAbHbIX (hparMeH-

toB YV, ..., y{¥7) WMcKaxeHHBIX peanusaluii, MOXET OBITh €CTECT-

BEHHBIM 00pa3oM 00O0OIIEH I ONMKUCAHUS LIMKINYECKUX MTPOLIECCOB.

bynem cuutath, uTo dyHKuMs (2.3) — yacTb HeHabJOmaeMoO
nepuoanvyeckon (PyHKUMU Ha JIIoOOM M3 MEePUONOB, a HabJtomaeMblii
cUTHan y (f) — TMOCAenoBaTeNbHOCTD QYHKIMIA Y, (), Y,(f), ..., V,,(£),

.., CBSI3AaHHBIX C 3TAJIOHOM Y,(f) ONEpaToOpHbIM COOTHOUIEHUEM (2.5),

2.3.2. Mogens nopoXaeHm st UMKIMYECKMX CUTHOSOB

B KOTOPOM, KaK W TIPEXIE, MapameTpsl a, u b\ onpenensrorcs co-
oTHoeHusIMu (2.6) u (2.7).

[nsa obecrnieyeHrs] HEMPEPHIBHOCTU TMOPOXKAAEMOTO CUTrHajua Io-
TpeOyeM NOIMOJHUTENBHO, 4ToObl y,(0) = 0. IlocienHee TpeboBaHMe

BCEra MOXHO OOECIEYUTh, BHIIOJHUB MpPEIBAPUTENLHOE LEHTPUPO-
BaHMe 3TaToHa Y, (f) = y,(f) — y,(0).
BunHo, uTo MOMeHT BpemeHM £, COOTBETCTBYIOLIMI Hayay

i-ro (parMeHTa m-TO LIMKJIa, OMpeAeasieTcsl cCOooTHolleHuem (2.8).
CremoBaTeTbHO, OOIIAS TPOMODKUTEIBHOCTh M-TO IIMKJIA TIOPOXK-
JlaeMoro curHaia y (f) cocTaBJsIeT

Kr . ;
T,=T,+> (" —1§")8y,
i-1
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Hayasly m-ro nIuKJja COOTBETCTBYCT MOMCHT BPEMCHU

m1Kp . )
Ly =(m=1) T+ > (" - 1§) 8,

j=1i=1

a Hadaixy i-TO (I)parMeHTa m -TO IIMKJIa — MOMCHT BPECMCHMU

m-1K i-1
(D = (- )T, + X3 (1 —£60) 89 + 3 (1) —100)(1+59). (2.11)
I=1

j=1i=1
Ecnu Ttenepb mpUMEHUTD K i -My (GparMeHTy dTajioHa y,(f) ome-

paTopHOe IpeobpazoBaHue (2.5), TONOXKUB MapameTp capura t') =

m
=t —(1+8D) 1™V, o B cunty (2.3) ¢ yuerom (2.5)—(2.8) crenyer,
YTO MpOLIECC MOPOXIEHUSI i-T0 (hparMeHTa Ha m-M LIMKIE MOXHO
npeacTaBuTh GyHkuMeil (2.9), apryMeHT KOTOpoil 6 MO-IpexHeMy
HEJIMHEITHO 3aBHCUT OT BPEMEHU U yXe OIpenesseTcsl 0ojiee CIoX-
HBIM BBIPQXKEHUEM

Oy -0 EE iy iy s S D 0

t—=(m-1)T,+(1+3,) 15" _22(1‘0[ —1y )5; -2t =1, )1 +8,))

_ J=1inl =1
0= 1+8%
m

2.12)

ITpennoxeHHass Mojedb, KOTOpasl OMMCHIBAET HEPaBHOMEPHbIE
MO0 BPEMEHU MCKaXeHUsS O00JacTU OIpenesieHUs] OTAeJbHbIX (par-
MEHTOB 3TajioHa y,(f), OoJjee MpPUTOmHA AJIS OMHUCAHUS PEaTbHBIX
LIUKJIMYECKNX CUTHAIOB, B YacTHOCTH DKI', Hexenau ee yIpolleH-
HbIA BapUaHT

Y = A+ E,)p5 1t~ (m~ DT, ~ To,iléi,)(l +8,)7"h m=12 .., (213)
=

IOJIyYEHHBIM B IPEAINOJIOXKCHUM, YTO CIyYalHbIM IapameTp &, du-
rypupyouii B (2.12), 3aBUCUT TOJBKO OT HOMeEpa m LIMKJa, HO He
3aBUCUT OT HOMepa i (pparMeHTa.

HecnoxHo mokasaTb, UTO cToxactuyeckass Moaeiab (2.9), (2.12)
SIBJISIETCS. MPSIMBIM OOOOIIEHHEM M3BECTHBIX MOJEJICH CTPOro Iepuo-
ITWYECKOTO W TIOYTH TEePUOINYECKOTO TIPOIecCOB. JleiCTBUTEIbHO,
€CJIY TIOJIOXUTD B (2.12)

89 =0 V=1, .omi=1.,K,,
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TO MoJeab (2.9) MOXHO MPEACTaBUTh B BUAE COOTHOILIEHUSI

Walfl= yolt = (m = DT < &, m=1,2, ..,

KOTOPOE€ OITMCBIBACT ITOYTH HepI/IOI[I/I‘-IeCKI/Iﬁ IIpoueccc, a nmpunu AOoI10Ja-
HUTCJIbHOM YCJIOBUM g = 0 Momenb cBOOUTCS K CTpOro mnepuoamnyc-

CKOM (DbyHKLIUMN
Wt = (m=1DTy] = y,le].

C npyroii CTOpOHBI, MPEMIOXEHHAS MOIEIb JIETKO MOXET OBITh
0000111IeHa 111 ONMMCaHUs TIpoliecca IMOPOXIEHUS 0oJiee CIOXHbBIX
LIMKJIMYECKMX CUTHaIoB, B yacTHocTM DKI ¢ uameHstolneiicss Mop-
dosorueit OTAENbHBIX LIMKIOB (3KCTpacucTogamu). s aToro gocra-
TOYHO PAcCCMOTPETh He OAUH, a G >1 3TaloOHOB Y (?), ..., Voe(t) U
MIPEAIIONIOXNTh, UYTO KaXIbIH M- LIMKII TTOPOXIACTCS aHAJOTUIHBI-
MM MCKaXXEHMSIMM OJHOTO M3 3TUX STAJOHOB, BHIOMpPAEMBIX Clydaii-

G
HbIM 06pa30M B COOTBETCTBUUM C BEPOATHOCTAMMU Pg, ng =1.
g=1

2.3.3. TeHepaTop UMKIMYECKMX NOCTEA0BATENLHOCTEN
PaccMOTpuM alropuT™M TeHepaluu AMCKPETHBIX LMKJIMYECKHUX TO-
CJIeZIOBAaTeILHOCTEN 1O 3alaHHBIM 3TAJIOHAM.

[Tyctp ectb G >1 sranoHoB y, (1), (g=1,...,G), Kaxnpiii u3

KOTOPbIX TIPEACTABIEH KOHEYHBIM YMCIOM N, IMCKPETHBIX 3HAYEHUM
Yogllls s Yo, [N, ], 3abMKCHPOBaHHBIX C TOCTOSIHHBIM IIATOM KBaH-
TOBaHMs TI0 BPEMEHU. 3amaamM Takxke obuiee uncno K¢ dparmMeHTOB

KaX1ao0ro oTajoHa m Homepa Touek N e[LN,],i=1,.., K -1,

KOTOpbIE€ OINpPEEsIOT TpaHUlbl i-To U i+ 1-To (parMeHTa g-TO
aTajoHa.

Ipm TakmX MCXOOHBIX HAHHBIX TPOIEAypa TeHEepAlMU ITUKIMYIe-
CKOM TIOCJIeIOBATEILHOCTA CBOAUTCS K CIICAYIOLINM IIIaraM.

Illae 1. 3amaem yucio M LMKIIOB reHEpUpPYyeMOl MocienoBaTe/lb-
HOCTH.

Hlaz 2. OnpenensieM unciao M, UMKIOB, TIOPOXIAEMbIX g-M DTa-

JIoHOM, TI0 opmyne M, = R[P,M], tne 3neck u nanee R [n] — ome-
palusl OKPYIVIEHUSI IO 1IeJI0TO YKMCIa 1.
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Hlaz 3. BeiOupaem HOMEp g, OTaJOHa, MOPOXIAIOLIETo m-i
ki (m =1, ..., M ), IO 3HAUYEHMIO peanu3alnu A, LEIOYUCICHHON
cllydyaiiHOM BeJWYMHBI A, pachpeaejeHHoOW Ha wuHTepBaie [1, G],
T. €. 8,=A,.

llaz 4. Ecim M, = 0, To moBropsieM wmiar 3.

Illae 5. OnpenensgeM 4YMCIO TOYEK i-ro (pparMeHTa m-TO IIUKIIA
no ¢opmyie

NGO = RN - NED)(1+80],

rae 8 — peanuzauMs clyyaiiHOi BEJMYMHBI 8, KOTOPAs C HYJIEBBIM
MaTeMaTMYECKMM OXWMIAHMEM PAaCTIpeleieHa Ha MHTepBane [—A,, A,],
A, €0, 1).

Illae 6. Tlo nUCKpeTHBIM 3HAYEHUSIM i-TO (bparMeHTa g-ro 3TajloHa
B N f;’ -N ;i‘l) y3/1ax JIIOOBIM U3 METONOB MHTEPIOJISLUN BBIUMCIISEM

SHA4YCHUA reHeppreMoﬁ IOCJICA0OBATC/IIbHOCTU B N, ,(,: ) TOYKax.

ek ——
R

A

\
1
1
1
—————————— +
1
)
1
1
)
'

Puc. 2.13. VickycctBeHHbie DKI', mopoxaeHHble Moaenbto (2.9):
MO OTHOMY 3TaJIOHY (a); TI0 IBYM 3TajioHaM (6)
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Illae 7. MoauduuupyeM Kaxaoe BbIMUMCICHHOE 3HAUEHWE )y Ha OC-
HOBE MYJIBTUIUIMKATUBHOM npouenypel y = y(1+¢,), e &, — pea-
JIM3anus CydaifHOM BEIWYMHBI &, KOTOpasl ¢ HyJEBBIM MaTeMaThde-
CKMM OXWIaHVEM paclpenesieHa Ha UHTepBae [—g,, g,], €, € [0, 1).

Ilaz 8 Ecin i < K¥, To Bo3BpalmaeMcs K 1uary 5.
lllae 9. TpucsauBaem M, = M, 1.

Illae 10. Ecnu m < M, To Bo3BpalliaeMcsl K 1ary 3.

Ha puc. 2.13 npeacrtaBineHbl ipumMepbl UCKyccTBeHHbIX DKI', mo-
POXIEHHBIX MO ONHOMY U IBYM 3TajioHaM. OMBITHbIE Bpayu-Kap-
TIUOJIOTU, KOTOPBIM Hapsiny ¢ peaibHbiMU 3anucsiMu DKI npenbss-
a1 uckycctBeHHble OKI', creHepupoBaHHbIE 11O Pa3MYHBIM 3Ta-
JIOHaM, TPU3HABaJIM MX PebHbIMU. DTO NajJ0 HaM OCHOBaHUE HC-
MOJIb30BaTh MPEMTOXKEHHYI0 MOIEIb ISl MPOBEIECHUST AAbHEHIINX
UCCIICTOBAaHUM.

2.4. lekomno3nuyua obLiel 3aaaumn
KOMNbIOTEPHOI 06pa6OTKM CMrHANOB
¢ NIOKQNbHO COCPEAOTOUEHHBIMU MPU3HAKAMM

IIpennoxeHHble T€HEpaTUBHbIE MOJACIU TOPOXKIECHUS CUTHAIOB C
JIOKAJTbHO COCPENOTOYCHHBIMM TPU3HAKAMU ITO3BOJISIIOT KOHKPETH-
3UpoBaTh Ipodiemy ImocTtpoeHuss MT o0paOOTKM CUTHANIOB C JIO-
KaJbHO COCPEIOTOYEHHBIMU TMPU3HAKAMU, MPOBEIs MOcaeaoBaTe/b-
HYIO I€KOMITO3MIIMIO OOIlel 3a1aun TaKuX TeXHouorui [214].
IMpenmonoxuM, 9TO B HAIEM pACTOPSIKEHUM €CTh KOHEYHas
MOCJIeNOBATENbHOCTh UCKAXEHHBIX peanmusauuit y,(¢), ..., y,, (), mo-

POXIEHHBIX Mojeablo (2.9) pu (UKCUPOBAHHOM COCTOSIHUU S € S
o0beKTa.

ITpu peanuzauuu UT oO6paboTKM TepMorpaMM KpucCTaiu3aluu
MeTajlsla, HabJIIomaeMbIX B peajbHBbIX ycaoBUsIX (cM. puc. 2.11), wuc-
XOJHBIM CBIPbEM CIYXKMT COBOKYITHOCTb MCKaXCHHBIX CHUTHAJIOB
T,(?), ..., T),(t), KOTOpbBIE 3apeTUCTPUPOBAHBI IMPU (HUKCUPOBAHHOM

COCTOSTHUM S OOBeKTa (MeTalia), a MPH TOCTPOSCHWH KOMITBIOTEp-
HBIX cUCTeM o00paboTku dusnogornyeckux curHajiop (DKI, PI,
MKT u T. n.) — mocaenoBaTeIbHOCTh UCKAKEHHBIX LIMKJIOB, HAOJIO-
TAeMBIX TIPU TeKYIIeM COCTOSHUM s TIallieHTA.

Torma o0oOmeHHass cxemMa (opMupoBaHUS MH(POPMAIIMOHHOIO
MPOAYKTa (OLEHKM §) MO UCKAXEHHBIM peanu3auusM Y, (?), ..., y,, (9
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OHCHKa TCKYHICT'O COCTOSIHUA

@ Tepmorpammsl,
OKT, MKT,

peorpaMMBI U JIp.

O0BeKT

HckaxeHHble peau3aliii curHaia
Voo Vs

Coipbe | HH®OPMAIMOHHA I TEXHOJIOTHSI Hponykr
1 !
1. BoccranoBnenue 2. AHanu3 NpU3HAKOB 3. Peanuzanus npaBuna
STalloHa V X] seens Xy 5= 8(X,....x)

Brigenenne nHpOpMaTUBHBIX
OunsTparys BHSITHAX dparmenTos

AJJUATUBHBIX ITOMECX

—  I3sMmepeHue 3HaueHUN IPU3HAKOB

Ol1leHKa HTaJloHa
10 OTPUIBTPOBAHHBIM
CHTHATIAM

— OL[eHKa TIOJIC3HOCTU IIPU3HAKOB

Puc. 2.14. O60061eHHas cxeMa hopMUPOBAHUST MHHOPMAIIMOHHOTO MPOIYKTa

MOXET OBbITb CBeJeHa K IOCJIeI0BaTeIbHOMY PEILIEHUIO TPEX OTAEb-
HBIX 3a/1ay:
e BOCCTAHOBJIEHME TTOJIE3HOTO CUTHAJIA (3TaJOHA) y,(f) TO UCKa-

2KEHHBIM p€aIn3aliaM,
® BbBIICJICHUC I/IH(bOpMaTI/IBHI)IX (l)paFMeHTOB OTaJIOHA M aHaJIu3

3HAYEHUN MNPU3HAKOB X, ..., Xy, COCPENOTOYEHHBIX Ha HHdOpMa-
TUBHBIX (DparMeHTax.

e OLICHKA TEKYLIEr0 3HAYCHHUS § MO MOAEIU S =5 (X, ..., Xy)
(puc. 2.14).

HpOBeHeHHHﬁ B ImaBe 1 aHanu3 CYHICCTBYIOIIMX IMOAXOO0B K I10-
CTPOCHUIO MOZEJEH CIOXHBIX CUCTEM I10 SKCIICPUMCEHTAJIbHbIM [OaH-
HBIM ITOKa3bIBAa€T, YTO B PaCIOPAKECHUM KOHCTPYKTOpa HpHKJ’IaZ[HOfI



24. [IEKOMNO3LIAA OBLLIEM 3ATAYM KOMTbIOTEPHOM OBPABOTKM CUTHANIOB C IOKATBHO ... |83

WT ecTh lIMPOKUIA apceHaN YHUBEPCATbHBIX CPEACTB, MO3BOJISIOIINX
MO BBIOOPKE HAOMIONEHMIT BOCCTAHOBUTH 3aBUCHUMOCTb § = § (X, ...,
Xy), €Cl, KOHEYHO, abCTparupoBaTbCs OT YIMOMSIHYTOU MpOOJIEMBbI

BbIOOpa cucteMbl GasucHbIX (ynkumit @, (x™), ..., @ (x™). Io-

5TOMY OCHOBHO€ BHMMaHHWE NAJbHEHUIINX WCCIIeNOBAaHMI OymeT Ha-
MPaBJICHO HA PEIICHUE MEPBOM U BTOPOW 3amay.
B cootsetrcTBUU C (2.4) 3amady BOCCTaHOBJEHUSI Y,(f) TO HCKa-

KEHHBIM peanmm3auusiMm  y,(?), ..., ,,(f) MOXHO TOABEPTHYTb HNajlb-

Hellel JeKOMITO3ULIMHU, paccMaTpuBasl €€ pellleHUue B JBa JTara:
MOJABJIEHUE BHEIIHUX AIIWTUBHBIX MOMeX / (f) M oueHKa y,(f) mo

peaym3auuaM (), ..., ¥,,(f) , HaOMOZAEMBIM B YCJIOBUAX IOEHCTBUSA
BHYTPEHHETo Bo3MyllleHUs1 ((f), Tpearnofarasi, uro A (1) =0.

PewieHue BTOpOIi, HE MeHee BaxKHOM, 3aayu aHajiu3a MPU3HAKOB
X|; ...y Xy s COCPENOTOYEHHBIX Ha (parMeHTaXx BOCCTAHOBJIECHHOIO

3TajioHa (), BOOOLIE TOBOPS, 3aBUCUT OT OObEMa alpPUOPHBIX

3HaHWIA B COOTBETCTBYIOLLEH MpeaMEeTHOU obsiacTu. 3agaya CyIIecT-
BEHHO yMpollaeTcs, Koraa creluaiucTaM-TIpuKiIaqiHUKaM H3BECTHBI
cBoNicTBa ),(#), obnamarollde AMArHOCTUYECKON LeHHOCThlo. Ha-

npuMep, B KapaUOJOTMYECKOW MPaKTUKE YXe NaBHO C(popMUpOBaICs
TpaAULMOHHBI Habop AuarHoctuyeckux mpusHakoB DKI, cBszaH-
HBIX C T€M WJIM UHBIM 3a00JIeBaHUEM.

Ho naxe B Tex ciyuyasix, Korga Habop AMArHOCTUYECKUX TMpU3Ha-
KOB 3apaHee M3BECTEH, ocTaeTcs MpobjeMa MocTpoeHUst 3hdeKkTuB-
HBIX BBIYMCJIATEIBHBIX TPOLIEAYP, 00ECIEUNBAIOIINX KOMITLIOTEPHBIA
aHaau3 TpU3HaKoB. Yalle BCero Ha MpakTUKE MPUXOIUTCS MCKaTh
MpUEMJIEMbIC QJITOPUTMbI, JACUCTBYS METOIOM <«IpOoO0 M OIIMOOK»,
MHOTOKPAaTHO COBEPILEHCTBYSI M TpoBepsisi 3(POEKTUBHOCTh BBIUMC-
JIMTEJIbHBIX MPOLEAYP Ha UMEIOIMXCS SKCIIEPUMEHTAIbHBIX JaHHbIX.

Ee 66npime mpobiaeMbl BO3HUKAIOT, KOTAa 3HAHUH B MpEeaMeT-
HOI 00JacTU He JOCTaTOYHO JJIsi allpMOPHOIo BbIOOpa ciaoBapsl Ju-
arHoCTUYECKUX Mpu3HaKoB. Takasi cuTyalusi xapakTepHa IJisl HOBBIX
obOyiacteil 3HAHMH, HampuMmep I MarHuTokapavorpaduu, ¢ mnoxka
elle TOCTaTOYHO CKPOMHBIM KJIMHUYECKUM MaTepUAIOM.

Ha 1 B TaKUX yXe <«YCTOSBLUMXCSI» OOJIacTSIX 3HAHMU, KaK 3JIeK-
TpoKapauorpadusi, KIMHULIKMCTbl HENPEPHIBHO BEAYT MOMCKHW HOBBIX
MMATHOCTUYECKUX TMPU3HAKOB, 00€CTICUMBAIOIIMX MOBBIIIEHUE YYBCT-
BUTEJIBbHOCTU U CMEUMDUUHOCTU PE3YJIbTATOB TUATHOCTUKHM.

Pemienue Takoil yxxe Gojiee CIOXHOMN 3amadyu Ipeanosiaraer;
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e (hOpMUPOBAHWE TUITOTE3 O CBOWCTBAX Y,(f), KOTOPBIE MOXHO

CUUTATb MOTEHLUAJIBHO TOJE3HBIMU TTPU3HAKAMMU;

e pa3paboTKa BBIYMCIMUTEIbHBIX aJlTOPUTMOB, ITPUTOAHBIX IJIsI OIl-
penesieHus 3TUX CBOMCTB IO peajbHBIM CUTHAJIAM;

e OlleHKa JIMarHOCTUYECKOW 3(PEMEKTUBHOCTU KaXXKIOro TaKOro
CBOMCTBA B OTAEABHOCTU M B COBOKYIIHOCTHU APYrI C OPYIOM C TEM,
YTOOBI pacIlIMpeHUe MPOCTPAHCTBA MPU3HAKOB ObLIO OOOCHOBAHHBIM.

TakuM oOpa3oMm, Ha OCHOBaHWUM IMPOBEJCHHOIO aHajau3a 3ajaady,
CBSI3aHHBIX C KOMIIBIOTEPHOI 0OpaOOTKON CUTHAJOB C JIOKAJIbHO CO-
CPEIOTOYCHHBIMU TPU3HAKAMU, MOXHO CHIEIaTh CJEIyIollue oOlue
BBIBOJIbI.

1. HempaBoMmepHO cBoauTh IpobiaeMy moctpoeHust U'T obpadboTku
BPEMEHHBIX CUTHAJIOB C MpU3HAKaMM, COCPENOTOYEHHBIMU Ha JIOKAJIb-
HBIX (pparMeHTax, JUIIb K PEeIIeHUI0 3adauyd MACHTU(UKALIMU HEeW3-
BECTHOM MOZeaM MO Tabjuviie HaOMIOAeHUI, B KOTOPOW MOTEHILIMAIb-
HBIMU perpeccopamu SIBISIIOTCS JUCKPETHbIE 3HAYeHUSI CUTHAaJa.

2. IloctpoeHue 3pdexkTuBHbIX UT 00pabOTKM TaKMX CUTHAJIOB B
MEePBYIO OYepelb CBSI3aHO C HEOOXOAMMOCTBIO pa3paboTKu 3ddek-
TUBHBIX METOJIOB BOCCTAaHOBJICHUSI TOJIE3HOIO CHUTHajla IO peajiu3a-
LIUSIM, MCKaXXE€HHBIM BHYTPEHHMMM U BHELIHUMM BO3MYILIEHUSIMU.

3. IlpemtoxeHHas cCToXacTMyeckasi MOJesIb TOPOKACHUSI CUTHAJIa
C JIOKAJIBHO COCPEIOTOYCHHBIMU IPH3HAKaMU B YCIOBHUSAX IEHCTBUSI
BHYTPEHHUX W BHEIIHUX BO3MYIIEHUI TMO3BOJIsIET 000CHOBATh 0000-
LIeHHY0 cxeMy noctpoeHust U T oOpaboTKM TaKUX CUTHAJIOB, MpeLy-
cMaTpuBalolyo GopMUpoBaHUEe MHGOPMALIMOHHOTO MPOAYKTa B TPU
arana (cM. puc. 2.14).

JeTtaibHOMY M3JI0XKEHUIO METOJO0B, MOJOXEHHBIX B OCHOBY TaKOM
0000IIIEHHOM CXEeMBI, a TaKXe IMPAaKTUYEeCKUM pe3yIbTaTaM IIpuMe-
HEHUsT 3Toil cxeMbl i noctpoeHus: 3¢dexTuBHbIX UT o6paboTkm
CUTHAJIOB pa3HOM (hbU3UYECKON MPUPObI MOCBSIIEHbI MOCIEAYIOLINE
IJ1aBbl MOHOIpauu.



[TABA 3

METOL BOCCTAHOBJIEHNS
[MONE3HOTO CUTHAJIA

10 ®A3OBbBIM TPAEKTOPUIM
MCKAXEHHbIX HABNIOOEHNN

3.1. Metop ycpepHeHus peanusauuii
BO BPEMEHHOW o6nacru

[Ipeamonoxum, 4YTO B HAIEM pacIopsKe-
HUM ecTh M > 2 WCKaXeHHBIX pealn3alnii
Y1(8),..., ¥y, (t), TIOPOXIEHHBIX B COOTBETCTBUU
¢ Moaenelo (2.9) mo s3tamoHy y,(f), KOTOpBIA

TIPEACTABNIAET COOOM MMOCIENOBATENbHOCTh K
dparmentos y§(t), ..., yi7 (t). Tpebyercsa mo-
JyYUTh TaKyIO OLEHKY J,(f) atajoHa y,(f) mo
HabmoaeHusm  y,(f), ..., y,,(f) , 4TOOBl amIUIu-
TYIHO-BPEMEHHBbIE TapaMmeTpbl X, ..., Xy (IU-
arHOCTUYECKME TIPU3HAKM), XapaKTepu3yloulue
dbopmy oTmenbHBIX (parMeHTOB y,(f), ObLIM

MaKCUMAaJbHO OJIM3KUMHU K COOTBETCTBYIOIINM
mapaMeTpaM, XapakTepHn3yomuM ¢opmy dpar-
MEHTOB 3TaJIOHA.

INoHdaTHO, YTO TakKas LieIb MOXET OBITh
JOCTUTHYTA JIUIIL B TOM CjIydae, KOrga Ipole-
Jypa OLIEHK! 3TaJIOHA ITO3BOJIUT B MaKCHUMallb-
HO# CTeneHW COXpaHUTh (popMmy (parMeHTOB

1 K
2 () RN (5]

bynem cuurtath, 4YTO HaOJIIOAEHUS Mpea-
CTaBJIEHBl TUCKPETHBIMUA 3HAYEHUSIMU Yy, [k]=

=y, (1), m=1,.., M, 3apuKCUpOBAaHHBIMU B
PaBHOOTCTOSIIIINE MOMEHTBI BpeMeHU 1, = kA,
k=1 ..,K

ms TAC A — 1Iar KBaAaHTOBaHUY TIO
BpPCMCHMU.



86 | NABA 3. METOL BOCCTAHOBNEHMS MONE3HOTO CUTHANA MO ®A3OBbIM TPAEKTOPUAM

BHauane paccMOTpUM YacTHBIA ciydaid, mpeanoJarasi, YTo BHEII-
Hee Bo3MmyllleHue /£ (-) OTCYTCTBYET, a BHYTpeHHEe BO3MYILUEHUE IIPU-

BOAWT JUIIb K W3MEHEHWIo aMruutyn y,lk]l=(1+&,)y[k], B TO
BpeMsl KakK TIPOJOJDKUTENBHOCTH OTAENbHBIX (bparMeHToB y (),
...,y(ff(~) COXpaHSIOTCSI HEM3MEHHBIMU. IJIsT 3TOro JOCTaTOYHO B 00-
wieit mogesu (2.9) monoxuts A ()=0 u 8V =0, j=1,..,m i=1,
o K.

ITockoabky Mozenb (2.9) npearnosiaraer, YTo MyJbTUILUIMKATUBHAS
noMexa &, WMEET HyJeBOe mareMarmdyeckoe oxuganue M{E} =0,

MpUYeM B paccMaTpMBaeMOM cCiIydae O0JIacTH ONpeAeieHUs peaan3a-
wiit y,(), ..., ¥, () coBmagaroT, TO IS MOJYYEHUS HECMEIICHHON
OLIEHKU Y,(k) JOCTAaTOYHO TPOCTO YCPEIHWUTh COOTBETCTBYIOLIME
aucKpeTHble 3HaueHus y,(k), ..., y,,(k) HabmomaembIx peanusaiuii:

) = 3 3300, G0

[MoHsiTHO, YTO OLIeHKa Y, (k) TeM Jydiie, yeM Gosbiie M.

Ha puc. 3.1, a nokazaH pe3yabTaT OLEHKW 3TaJlOHa BO BPEMEH-
HOM 00JlacTH Mo mocjegoBaTebHOCTH M = 20 MCKaXXeHHBIX peayiu-

3aLMiA, MOMy4eHHbIX 1o Mozern (2.9) mpu £ () =0, 8¢ =0, j=1,..,
m, i=1,.., K, M OrpaHMYEHMU HAa YPOBEHb MYJIbTUILIMKATUBHOMN
noMmexu ¢ = 0,5.

YcpenHeHne HaOMIONEHWI BO BPEeMEHHON 0O0JACTH ITO3BOJISIET
MOJYYUTb TPUEMJIEMYIO OLIEHKY J,(f) ¥ B TOM ciyyae, Korma, Mo-

MHMO MYJbTUIUIMKAaTUBHOU TMOMexu §,, Ha 3TAJOH BO3ACUCTBYET
aJIMTABHAsA moMexa /() C HyJIeBbIM MaTeMaTUYECKHUM OXUAAHUEM
M{h} =0 u orpanuueHHoil aucnepcueir D {h}. Ilpu cratuctuye-
CKOM HezaBUcUMOCTU h M & oueHka (3.1) Oymer Takxke 3(pdeKkTrB-

HOI Y MO3BOJUT B M pa3 yMEHbIIUTh JUCTIEPCUIO TIOMEXU.

Puc. 3.1, 6 wimocTpupyeT pe3yiabTaT yCpeaHEeHUs peanu3aluuil B
YCJIOBUSIX IEUCTBUS ClayvyaiiHOI ToMexu /4 (f) , ypOBeHb KOTOPOM CO-
crasnsn 10 % nuanazoHa nu3MeHeHUsT Y, (7).

IMToxaxem, uro mpouemypa (3.1) MoXeT OBITH MCHOJIB30BaHA M
IIJISI OLIEHKM MOJIE3HOI'0 CUTHaJIa M0 HaOMIOAEeHUSIM, MOPOXIaeMbIM
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Y o(t) AJ\%'); o(t)

¥

yo(® ‘AJlAy‘O(t)

310
6
Puc. 3.1. BoccTaHOB/IEHME 3TaJIOHA ), MO MCKAXEHHON MOCIeN0BaTEbHOCTA LMK~
sioB OKI', mopoxaeHHbIX Monesbio (2.9):
a—3§0 =0 h(t)=0; 6— 80 =0, h=10%

moaenblo (2.13), koTopasi, B OTMUME OT obOuIeir moaenu (2.9), npen-
TojlaraeT, 4To CIyYalHBINA MapaMeTp & WCKaXeHWs IPOTOJIKUTEb-
HOCTE OTHAEIBHBLIX (PparMEHTOB 3TAJIOHA 3aBUCUT TOJLKO OT HOMepa
m peanm3aiiu, HO He 3aBHCUT OT HOMepa i (parMeHTa.

IToHATHO, YTO B 3TOM Cilyyae MpOROoXUTENbHOCTA T, ..., T), yc-

peaHsIeMbIX peanu3auuii oyayT paziudHbl. OJHAKO, UCITOJIb3YS METO-
DBl JIMHEHHOM WHTEPITOISIIUM, MOXHO MOIM(MUILIMPOBATh UMEIOIIe-
cd TaHHBIE TaKUM 00pa3oM, YTOOBI M B 3TOM ciydae mporenypa (3.1)
Oob1a 3dPekTUBHON. I 3TOro JIOCTAaTOYHO OIPEISIUTh CPEIHIOIO

M
MPOIOJIKUTENBHOCTE 1)) = %\1 ZT ' YCDEIHSEMBIX peain3aluil U 110
m=1

JMVCKPETHBIM 3HaueHusM ¥, (k, ) Ha uHTepBaiax 7, BBIYMCIUTH MO-
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e s
At bt

¥
Puc. 3.2. BoccTaHOBJIEHUE 3TajlOHA , [0 CUTHaly, IOPOXIECHHOMY MOIEJIbIO
(2.13) ¢ mapametpamu A, =09, £=10,5, h =10%

J’o(t) )’}0(’/‘)

¥H
Puc. 3.3. BoccraHoBnenue srajoHa y() 10 CUTrHaly, IHOPOXIACHHOMY MOIC/IbIO

(2.9) ¢ mapametpamu A =09, £=0, £ =0

nuduimpoBaHHble 3HaueHus1 y,(k,) Ha wuHTepBane T,, a maiee uc-
nosb3oBath B npouenype (3.1) y,(k,) Bmecto y, (k,,).

PesynbTaT MOAENbHBIX SKCIEPUMEHTOB, pPEaJu3yIOIIUil TaKOU
MOAX0, TIPUBEACH Ha puc. 3.2.

MbI paccMOTpeIu JUllb YacTHHIE ciayyau moaenu (2.9), KoTopele,
OIHAaKO, He aJeKBaTHbI MHOTMM peaJlbHbIM curHajaMm. Kak yxke or-
Meyajioch, Npu perucrpauun peanbHbIXx DKI HaGmiomaioTcst Hepas-
HOMEpHBIE M3MEHEHUSI O0JacTH olpencsieHus (pparMeHTOB BHYTPH
KaXXJIOTO M3 ITUKJIOB.

IToHsiITHO, YTO B ATOM OOLIEM CJy4yae MCIMOJb30BAaHUE MPOCTEH-
1LIer0 aJIfrOpUTMa JTMHEHHONH MHTEPHOISIIUM HE MO3BOJUT KOPPEKTHO
COBMECTUTb AUCKPETHbIC 3HAUeHUsT y, (k, ) PA3IMUYHBIX peaau3aluii,
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COOTBETCTBYIOLIME k-My 3HAUEHUIO 3TaloHa V,(k), W ycpemHeHue
Takux TouyeK no dopmyse (3.1) HEM30eXKHO MPUBEAET K HEAOIMYCTH-
MbIM MCKaXEHUSIM (CTiaaxuBaHUO) (opMbl MHGPOPMATUBHBIX (par-
MEHTOB 3TajioHa (puc. 3.3).

Haxe BU3yaJabHasl OLICHKA IOJIyYEHHOTO pe3y/bTaTa TOKa3bIBaeT,
YTO TPU HEPABHOMEPHBIX WM3MEHEHMUSIX MPOJOJIKUTEIbHOCTU (bpar-
MEHTOB MX (hopMa Ha BOCCTAHOBJIIEHHOM CUTHasie y,(f) oTaM4aercs
OT ()OPMBI COOTBETCTBYIOIIMX (PPATMEHTOB 3TAJIOHA Y, (f). B yacTHO-
CTH, CYLIECTBEHHO MCKaxeHa (criaxeHa) ¢opma cermeHTa S—7, am-
IUIUTYIHO-BPEMEHHbIE MapaMeTpbl KOTOPOro, Kak u3BecTHO [137,
c. 207], <BASAIOTCI OCHOBHBIMM JMArHOCTMYECKUMMU IpU3HAKAMU
nieMuyeckoi 6onesnu cepaua (MbC).

CoBepllleHHO OYeBMIHO, YTO B OOIIeM ciyyae, Koraa HaOmroma-
I0TCSl HEpaBHOMEPHBIE MCKAXKEHUS MPOAOIKUTEIBHOCTEN OTHETbHBIX
(parmMeHTOB, [UISI KOPPEKTHOTO YCpPEmIHEHUs peanusauuii Y, (), ...,
¥y () HEOOXOIMMO COBMECTUTh BO BPEMEHU OJAHOTUITHBIE (DparMeH-
Thl. [y 3TOTO TpedyeTcs, Mpexae Bcero, MpoBeCTM MopdoJiornye-
CKMI aHaIM3 KaxXIOi M3 yCpeaHSEMbIX pealM3alluii U pa3leuThb ee
Ha oTaeJbHbIe (PparMeHThI.

OmHako peayn30BaTh TaKOWl aJrOpPUTM He TaK YX IPOCTO, IIO-
CKOJIbKY MH(pOpMaTUBHBIE (PparMeHTbl MCKaKE€HHBIX pealu3aluii, B
YaCTHOCTU LUKIIbI peaidbHbix OKI', 4yaille Bcero He MMEIOT YETKUX
rpanui [37].

[ToaToMy paccMOTpUM aJlbTEPHATUBHBI METOMA, MPEITOXEHHbIA
Hamu B pabote [204], KOTOpBIii OCHOBaH Ha YCPEIHEHUU UCKaXKEH-
HBIX peanmn3aiuii B (pa30BOM IPOCTPAHCTBE KOOPIWHAT.

B oTiuuue OT pacCMOTPEHHBIX BbIIIE METOMOB, MpeaaracMblid
METOA He TpeOyeT IpeaBapUTeIbHOTO BblACIeHUs (pparMeHTOB Yc-
peaHsieMbIX peanusauuii y,(?), ..., v, (f). B To xXe BpeMms, Kak Oyner
MOKAa3aHO Jajibllle, OH IO3BOJSIET MOJYYUTh MPUEMIIEMYIO OLEHKY
Y, (¢) aTanoHa y,(f), IPUTOIHYIO Ui TIOC/IEAYIoIIero Mopdosornye-
CKOTO aHaJM3a M OIlpeneSeHUsT 3HAaYeHU TUarHOCTUYECKUX TpU3Ha-
KOB, COCPEIOTOYEHHBIX Ha MHGOOPMATUBHBIX (hparMeHTax J, (7).
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3.2. Metop ycpepHeHus peanusauuii B Gpa3oBOM NPOCTPAHCTBE

3.2.1. OcHoBHas naes metona

BepHemMcsi K 6a30Boil Mojenu MmopoxiaeHus curHaia (2.9), nonaras,
yto A(t) =0, T. e. BHEllIHEe BO3MyllUeHUEe (aIAUTHMBHASI IOMEXa) OT-

CYTCTBYET WK TIPEIBAPUTEIBHO OT(PUILTPOBAHO.'
Kak u mpexne, OymeM cuMTaTh, YTO B HAallleM pPaCIOPSLKEHMU
ecTb BbIOOpKa M > 2 WCKaXeHHbIX peanuzauuilt y,(t), ..., y,,(¢) , Kax-

Jasi U3 KOTOPBIX MPEACTaBIe€HA AUCKPETHBIMU 3HAYeHUsIMU Y, k] =
= y,(t,), 3adUKCUPOBaHHBIMU B PaBHOOTCTOSILLIME MOMEHTBI BpeMe-
HU t, =kA, k =1,.., K

MEHHU.
OueHuM (KUCIOJIb3Ysl aJrOPUTMbl YMCIEHHOro AuddepeHIrnpoBa-

HUs) npousBoAHble Y, [K] B xaxmoit k-ii Touke m-ii peanusaLuUm.
Jlanee BHITOJTHUM HOPMUPOBKY:

rme A — [ar KBaHTOBaHHUA IO Bpe-

mo

yplkl = k<Ko k=1 K,,
max y,[k]- min y,[k]
I<k<K,, 1<k<K,,

Vulk]l= min y,[k]

yilk] = =K k=1,..,K,.
max YV,lkl- min y,lk]
1<k<K,, 1<k<K,,

B pesysibTaTe BMECTO MCXONHBIX MOCIENOBATENLHOCTEN CKasAp-
HbIX BeqmuuH Y,[1], ..., ¥[K,], COOTBETCTBYIOIIMX AMIUIUTYyAaM Ha-

OJIIofaeMbIX peanu3aluil B IMCKPETHbIe MOMEHTBI BpeMeHUu k =1, ...,
nonxyyuM M TioclienoBaTeIbHOCTEMN

O ={alkl,k=1,., K}, ..., Qy = zulkl, k=1,..., K} (3.2)
HOPMMPOBaHHBIX BEKTOpPOB Z, [k]| = (¥, k], y,lk]), m=1,..., M , npu-

yeM y, k] €[0,1] u y, k][0, 1]. [ocnenoBatrensHoct Q,, ..., Q,,

! Metonbl GUIbTPALMU BHEIIHUX TTOMEX OYIyT pacCMOTPeHbI B 1. 4. TaM e
OygerT omucaHa Ipolienypa YUCAeHHOro audbepeHInpOBaHUsI, HMCIONb3yeMast
IUTSE IPAKTUYECKOW peanun3aly MpeagaraeMoro MeToa.
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IIpUHAMJICKAT TPACKTOPUAM UC-
KaXXCHHbBIX CUTHAJIOB B IBYMCPHOM
(ha30BOM MPOCTPAHCTBE C KOOPIU-
HaTamMu y* — y".

IToHnsiTHO, YTO Kaxmonl m-H
I10CJIEAOBATCIbHOCTU 6YZ[6T COOT-
BETCTBOBAThb CBOsA TPACKTOPUA B
(ba30BOM IPOCTPAHCTBE, KOTOPAsi
32 CYET JOEWCTBUYI BHYTPCHHETO
BO3MYIIEHUSI & OTKJIOHsIeTcsa or  Puc. 3.4. Wmoctpauust nien Merona

HEeHa0/I101aeMOil TPaeKTOPUM TO-

JIE3HOTO curHana Y,(-). OmHAaKoO TMOCKOJIBKY CIydaiiHble BEJIWYMHBI
89 u ¢,, durypupyomue B (2.9), (2.10), orpaHUYEHbI, UMEIOT HY-
JIeBbIE MaTeMaTWYeCKHe OXWAAHUS W HE3aBUCUMBI, TO IS JIIO0O
(pukcupoBaHHOW TOUKU O = 6, 0obgacTu ompeneseHust y,(-) Koopau-
Hatel y,,(0,.), ¥,(0,,) COOTBETCTBYIOLLMX TOYeK 6, ...,0,, HaOIO-
JaeMBbIX CHUTHAJIOB OyAyT TpYIITUPOBATHCS B JIOKAJTBHOW 0OJacTh

HOPMUpPOBaHHOTO (pa30BOro IpocTtpaHcTBa (puc. 3.4) C LIEHTPOM B
Touke X = y,(0,), »,(0,) ¥ paguycom py =p(6,), YIOBIETBOPSIO-
LM COOTHOIIEHUIO
. 2
. 80 —¢&,
pz(ex) = yé(ex)gzn + yg(ex) —f’) 5
1+3,,
MpUYeEM MaTeMaTU4YecKoe OXUIAaHUe OTKIOHeHu# ¥,,(0,,.),¥,(0,,) oT

WCTUHHBIX 3HAUeHU Y,(0,), ,(6,) paBHO HyIIO.

DTOT (PakT JaeT KoY K MOCTPOCHUIO METONA OLIEHKU TMOJIE3HOTO
curHana y,(-), OCHOBAaHHOTO Ha yCpeAHEeHUM HabomaeMbIX (a30BbIX
TPaeKTOPUM.

PaccmoTtpuM 0Gosiee MOApOOHO aJrOpPUTMBbI, HaIpaBJI€HHbIE Ha
peaIn3alnio 3TON UIEH.

3.2.2. ba3osbiit ANrOPUTM YCPEAHEHWS TPAEKTOPUH

Ilycts Q ={Q,, ..., O,,} — MHOXecTBO mociaenoBareabHOCTER (3.2).
Boruncium M x M wmatpuny D = ||RH (O3 Qj)" PACCTOSIHUM MEXIY
Bcemu mapamu Q, e Q u Q; €0, i,j=1,.., M.
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Puc. 3.5. OnopHas TpaekTopust Q, B (a-
30BOM TPOCTPAHCTBE

3aMeTuM, 4TO B OOILEM CIy-
4yae KOJUYECTBO BSJEMEHTOB i-i U
J-#1  TIOCIIenoBaTeNIbHOCTEN  He-
onuHakoBo. g  mocTpoeHus

maTtpuupl D = ||RH 9,0, )" BOC-

MOJIb3yeMcsl XaycnophoBOil MeT-
puxoii [178]:

0;  z<0;

&@@hmu%wmmmwmwmmmm}o&
zje zi€Q;  z;€Q;

rie p(z;,2;) = H -z, H — eBKJIMIOBO PACCTOSTHUE MEXIY TOYKAMU
ZieQi n Zj er-

IIpu 3TOM HOMEpP CTPOKU MaTpulibl D = HRH(QI.,QJ.)

, CyMMa 3Jie-
MEHTOB KOTOPOM MWHHUMAaJIbHA, OIPEACINT TOCIeA0BATEIBHOCTh
0, € 0 HOPMUMPOBaHHBIX BEKTOPOB Z [k] = (¥*[k],y'[k]), npunHamie-

Kaluyx (l)a3OBOI71 TPAaCKTOPUHU OJHOIO0 M3 LHMKIIOB. BYHCM Ha3bIBaTb
9Ty MMOCJI€A0BATCIIbHOCTD

0, = are min " R,(0.0)) (3.4)
=/=Mn

OIOPHOI TpaeKTOpUel B HOPMUPOBAHHOM (Pa30BOM MPOCTPAHCTBE.

ITockonabky B cooTBeTcTBUM ¢ (3.4) cpemHee pacCTOSIHUE OT
OIOPHOI TPAaeKTOPUMU OO OCTAIbHBIX TPACKTOPUII MMHUMAJIbHO, Tpa-
ekropusi (), pacrojoxeHa «BHyTpu» MHoxectBa Q ={0,, ..., O, }
(puc. 3.5).

bynem wmcnonbp3oBaTh TpaekTtopuio (J, B KauecTBE MEPBOTO MPH-
OMDKeHUsT HeHAOJII0MaeMoil TpaeKTOPUM 3TAaJOHHOIO CUTHAja, a I
MoJIydyeHus1 0ojiee TOUYHOM OLEHKU J,(-) YCPEOTHUM TOYKM HabIIo-
JTaeMbIX TPACKTOPUI B OKPECTHOCTM COOTBETCTBYIOLIMX TOYEK OINOP-
HOW TpaekTopuun Q.

C 3TOi LIETbI0 BBIYUCIUM IOCIEA0BAaTEbHOCTh BEKTOPOB Z[k],
k=1,.., K,, no dopmyne
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ST-T

2N

— —

- -
L> g

o 8 2

Puc. 3.6. TTocnenoBaTeTbHOCTD 3TAIOB 00padoTku DK™

a — ucxonHast OKI; 6 — ee da3oBas TpaekTopusi; 6 — ycpenHeHHas (pa3oBasi TpaeKTOPUS;
2 — aTajnoHHbIi Uk DKI Bo BpeMeHHOI 00JacTi

M .
Zolk]+ zzrﬂn

o _ m=1
Adk)=— 25— (3.5)

min

rae z,, — BEKTOp, MpUHAJIeXalluil m -l TpaeKTopuu (He SBIISIO-

1Ieiics OMOpHOIM) M HaXOASILIMKACS Ha MUHUMaJIbHOM €BKJIMIOBOM
PacCTOSIHUMU

p= J(yS[-] = ynlD? + 1=yl (3.6)
oT BekTopa Z,[k] € Q); K, — 4uCIIO TOYEK HA OMOPHON TPACKTOPHH.

IMocenoBaTeIbBHOCTL BEKTOPOB Z[k] = (ﬁ*[k],f/*[k]), k=1 ..,K,,
BBIUMCJIEHHasI corjiacHo (3.5), mMpUHAIJIeXUT CpelHell TpaeKTOpuu B
HOPMUPOBAHHOM (Da30BOM MPOCTPAHCTBE, a COOTBETCTBYIOLIAS IIO-
cieioBatebHOCTh 3HaueHuit Y[1],..., Y[ K] maer oueHky stanona y,(f)
BO BpeMeHHOM objacti (puc. 3.6).

3.2.3. MoanduumpoBaHHbIf anropuTm ycpeaHeHus

ITpu mocTpoeHUM OMOPHOTO LIMKJIA Mbl MCMOJb30BAIN KJIACCUUECKYIO
xaycnopdoBy MeTpuky (3.3), KoTopasi, BOOOIllEe IoBOpsi, IIpeIHa3Ha-
YyeHa IJIs1 OMpENeeHUS] PACCTOSIHUSI MEXIy IBYMSI MHOMICEC8AMU
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ToyeK. B TO Xe BpeMsT Hac MHTEpeCyeT PacCTOSHHE MEXIy IBYMS
nocaedosamenvHocmsamu Touek. K ToMy ke B o01IeM cirygae (ha3oBEIC

KOOpIMHATBL y*,y" 000l 13 HaOJII0maeMbIX pealu3allMii MOIYT

COBMAaAaTh B pa3Hble MOMEHTbI BPEMEHHU, a 3HAYUT, OJvKalIlIve IO
paccrostHUIO (3.6) TOYKM MOTYT IIPUHALIEXATh Pa3HbIM (DparMeHTaM.

[MoaTomMy M yaydllleHUs] OLIEHKW 3TajloHa Mpeajiaraercs Ipeia-
CTaBUTh OMOPHYIO TpaekTopuio (J, M KaXIylo U3 OCTalibHbIX M —1

TpaekTopuii 0, € 0 TOCAeNOBATEILHOCTbIO PACHIUPEHHBIX BEKTOPOB
u k] =(z[k],t [k]), KoTOpBIE, MMOMUMO HOPMMPOBAHHBIX (Ha30BBIX
koopauHat Z [k] = (V'[k],¥"[k]), comepXar HOMOJHUTEILHYIO KOM-
MOHEHTY 7 [k], UMEIOLIYI0 CMbIC] OTHOCUTEJIBHOTO BPEMEHU I1OSIB-
JIEHUS k-1 TOUKM Ha m-1 TPaeKTOPHM.

Bennuuny k]| onpenenum no dopmyne t [k]=(k-1)/(K, - 1),
rae K, — 4YKCIO TOYEeK m-U TPaeKTOPUU. 3aMETUM, YTO BEIWYWHA
7 [k] HOpMHMpOBaHa B TeX Xe Ipeaesax, YTo U KOMIIOHEHTHl ) [k],

V'lk] BextopoBs z [k], T. €. t[k] ][0, 1].

BBenenne monoaHUTENIbHON KOMITOHEHTH T [k] € [0, 1] mo3Bosser
OLIEHMBATh OJIM30CTh YCPEOHSIEMBIX TPACKTOPUI HE TOJLKO C TOYKU
3peHns 3HayeHMWi (a3oBBIX KoopauHAT y'[k],y*[k] (KoTOopmie, BO-

o011Ie TOBOpPSI, MOTYT COBIaJaTh IS Pa3iMYHbBIX MOMEHTOB BpeMe-
HU), HO M UX CMHXPOHHOCTHU BO BPEMEHM.

Jlns omipenesieHust mocienoBarenbHoctu Zlk|, k =1, ..., K, Oynem
MO-IIPEXKHEMY MCIIOJb30BaTh cooTHolueHue (3.5), Ho BMecTo (3.6)
NpU TOKMCKE «OJIMKaiIIMX> BEKTOPOB 7" ONpENe/aTh BEKTOPa, KO-
TOpble HAXOASATCS YK€ Ha MUHUMAJIbHOM €BKJIMIOBOM PACCTOSIHUM
OT pacIIMPEeHHOTo BeKTopa Uuylk] = (z,k],t [k]) omopHO#l TpaekTo-
puu Q, :

min

I = arg m/inpr(uo[k],um[l]), I=1..,K (3.7)

rae
Pty 1,14,11) = (511 =y D + o1 = Il D + ([ 1- 7, [P, (3.8)

PaccMmoTrpeHHas cxema ycpemHeHUsT pealm3alivii B ¢ha30BOM TIPO-
CTPaHCTBE MOXET ObITh €CTECTBEHHBIM 00pa3oM 000011eHa Ha OOLIMA
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cllyyail, Korma IMpoOM3BOJAMTCS TEpPeXo] OT MCXOAHBIX MOcaeaoBaTe/b-
HOCTEH CKaJSpHBIX BeawuuH Y, lk], k =1, ..., K,,, K mocienosarenb-

HOCTIM HOPMHWPOBAaHHBIX BeKTOpoB Z* = (y'[k],y [k], ¥ [k],...), KOM-

MOHEHTHl KOTOPBIX IMPEACTaBISIIOT COOOM OLIEHKU TMPOU3BOAHBIX Ha-
On0JaeMbIX CUTHAJIOB 0oJiee BBICOKMX IIOPSIAKOB. EIMHCTBeHHas
npobjieMa B JaHHOM ClIydae — 3TO YCTOMYMBOCTh MPOLEAYP YMCIICH-
Horo auddepeHLIMpoBaHUsI pealbHbIX CUTHaIOB. OJHAKO, KaK OyaeT
M0Ka3aHo Jajiee, NMPU MCIIOJb30BAHUM COOTBETCTBYIOLIMX IIPOLIEIYP
peryaspuszauuu yaaeTcsl MOoJyYuTh MpUeMJIeMble OLEHKU ITPOU3BO/I-
HBIX TUCKPETHO 3aJaHHBIX peaJn3alliii peajbHbIX CUTHAJIOB.

3.3. Anroputmbl 06pa6OTKM LIUKNMYECKUX CUTHANOB

3.3.1. Tpouenypa pasdueHma Ha UKkl

PaccMOTpeHHBII BbILLIE METOM MOJYYCHUsI OLIEHKU Y, dTaloHa Y, (7)

MOXET OBITb TPUMEHEH IS OOpabOTKM LUKIMYECKUX CHUTHAJIOB,
OIMMCBIBaeMbIX MoelNblo (2.9), B KOTOpOIi apryMeHT 0 olpenesseTcs
BoIpaxeHueM (2.12). B maHHOM cilyyae MCIOAb3YyeTCs OfHA peaau3a-
LIMs HaOJII0JaeMOTo CUTHANA, a YCPpEeAHEHUIO TTOojIeXaT ee OTAeAbHbIC
LIMKJIbI, UCKaXXEHHbIE BHYTPEHHUM BO3MYILIEHUEM.

IlonsaTHO, 4YTO MIs1 peaaM3allMd TaKOTo IIOAXO0Ja HEOoOXOAUMO
NpeaBapuTebHO pa30UTh HAOMIOJAEMbI LIMKIWYECKUI cUTHAI Y(t)

Ha OTHAEJbHbIE UUKIBL Y,(?), ..., ¥, (?).

[MpumeHuTeabHO K 3amaue oopadotku DKI 3T0 MOXHO choenaTh,
WCIIONB3Yysl M3BECTHHIE IMPOLEIyphl OOpaOOTKM CUTHaja BO BpEeMeEH-
Hoii obaactu (QRS-merekropnl) [286, 338]. OgHaKo, KaK IOKa3bIBAET
MpaKTUKa, JAaXe BECbMa CJIOXHbIE aJITOPUTMbI He Bcerma 3(pdeKTuB-
HO CIIpaBJISIIOTCSI C 3TOM 3ajmadeid M3-3a MHOroodpasusi (opMbl
ORS-xomrmnekcoB peanbHbIX DKI (cMm. puc. 2.3).

Konb ckopo Mbl oTKazanuch OT 00pabOTKM CHUrHaja BO BpeMEH-
HOI 00y1acTv, TIpMBJIEKATEIbHO ObUIO OBl U 3TY 3a/Jauy peliuTh B da-
30BOM IpocTpaHcTBe. ITokaxkeM, 4To Takas BO3MOXHOCTb NEMCTBU-
TeJbHO cylecTByeT. OCHOBHAsI Uiaes MpeaiaraeMoro MeTona COCTOUT
B CJICIYIOIIEM.

Ilycte curHanm y(f) nOpeacTaBieH IOCAeAOBaTEIbHOCTBIO Y[k],

k =1,.., K, INCKpeTHBIX 3HAYCHUI, HAOMOJaeMbIX B TeueHue M > 2

uukioB. Cremyst 6a30BOMY aJIfOPUTMY, PACCMOTPEHHOMY B TyHKTe 3.2.1,
rnepeineM oT UCXOOHOM TociaenoBareNbHoCcT Y[k, k =1, ..., K, cKa-
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JSIPHBIX BEJMUYMH K TMOCIEN0BATENBHOCTH HOPMUPOBAHHBIX BEKTOPOB
Ikl = (VKL Y'IKD, k=1, .., K.
BblumciuM KBagpaThl paccTOsSHUIA

ikl = (k1= y0)? + Okl - 30)*,  k=1,..,K, (3.9

MEXIy HOPMUPOBaHHBLIMU (DAa30BBIMU KOOpAWHATAMU KaxXmou k-ii
TOYKU U HEKOTOpOl (hUKCUpPOBAHHOI (6a30Boii) Toukoil k, € [1, K].

ITockoabKy BBICOKME 3HAUEHMSI aMIUIUTYObl Y W IMPOU3BOAHON
y ommmyaroT Komiieke QRS ot apyrux ¢parmeHtoB OKI, 1O B
MOMEHTHBI TOsIBeHUS QRS-KOMIUIEKCOB Ha Ipouiie pacCTOSTHUI
r2lk] OymyT MOSBIATHCS BHIPAXEHHBIE SKCTPEMYMBI (MAKCHMMYyMBbI)

Jaxe B TeX cydasx, Koraa HaOmMomaeMblii CUTHAJI MMEET CJIOXHYIO
¢opMy, B 4YaCTHOCTH BbICOKUi 3ybery 7' (puc. 3.7).

Hcexonnas OKI

Ipoduns paccTosHus

T T T
| | I
| | 1
| | [
| | [
! 1 |

1
1
i
1
i

0

8

Puc. 3.7. llpodunu paccTosiHuiA, TOCTPOEHHBIEC A1 OAHON U Toit e DKI™:
a — VCXOIHBIN curHai; 6 — npodwib paccrosgHuit (3.9); ¢ — npoduib paccrosiuuii (3.14)
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Torma, ecnu BBIAETUTH TOOMHOXeCTBa Q, To4yeK k <[1,K], Ta-
KUX, 4TO

Pé[k] 2 Pors Vk € Q,, (3.10)

TIE pogs — HEKOTOPBIA IOPOr, ¥ ONpPENENUTh HOMEPa TOYEK

k,,m=1,..,M, yioBJIeTBOPSIOILINE YCIOBUIO

k, = arg max pg[k], (3.11)

TO TIOJIyYeHHas MOCIea0BaTeIbHOCTh HOMEPOB K, m =1, ..., M , on-
peIeNuT TpaHUIBl LIMKJIOB O0OpabaThIBAaEMOTO CUTHaja. TeM caMbBIM
ucxoaHas TpaekTopus Q = {z [k] = (¥'[k], y*[k])} OyneT pasiejieHa

Ha M Ttpaexropuii Q,, ..., 0, , KOTOpblE MOTYT OBITb YCPEIHEHBI 1O
OIMCAHHON BBIIIE CXEME.

K coxanenuio, Henb3sl (oOpMaJbHBIMM METOAAaMU OIPEACIUTD
ONTUMAJIbHOE 3HAUYEHUE MOPOTa Pk , uTypHpytoliero B (3.10), Ko-
Topoe obecrneuyunsao Obl HEOOXOAUMBIA KOMIIPOMMCC MEXIY BO3MOX-
HbIMM OIIMOKaMHU TMpOMycKa LEeAM U JIOKHOW TpeBOTM IS BCEro
MHoroo6pasusi peaqbHbix OKI. Brpouem, Takas e cuTyauus Xa-
paKkTepHa u sl TpaguliMoHHbIX QRS-nerekropos [338].

OnHaKoO MOXHO <«aJallTHPOBaTh» 3TOT MapaMeTp K KOHKPETHOM
peanu3anuu, UCTIOIb3ys NOTIOJHUTEIbHBIA KPUTEPUN.

DKCIEepUMEHThI MOKa3ajiu, YTO Mpu 0OpabOTKE Ha COBPEMEHHBIX
KoMIbloTepax 1—2-MuHyTHOM 3anucu DKI' ¢ yacToToit muCKpeTu3a-
uuun F, =500T1 (B aToM ciayyae K < 60 000 ) onTumanbHOe 3Have-
HUE Iopora MOXHO IMOJYYMTh MNPAKTUYECKU MTHOBEHHO METOIOM
NOCJIEIOBATEIbHOIO Tepebopa 3HAYEHUI p,gg M3 YIIOPSIOYEHHOTO
Habopa MOIyCTUMBIX 3HAYEHUI, OCTAHOBMB IIpOIleaypy Iepebopa Ha
3HAYEHWH, TIOCJIe KOTOPOro pa30MeHMe Ha IIMKIIBI COXpaHSEeTCS He-
W3MEHHBIM.

3aMmeTM, 4YTO IS (UKCUPOBAHHOM IIOCJIE€IOBATECILHOCTH
y[11, ...,y | K] npodusb KBagpaToB paccTosiHuii (3.9) 3aBUCUT OT BbI-
O6opa HoMepa k, 0azoBoil Touku. [Ipu ykazaHHBIX 3HaueHUsSIX K
«OTNTUMAJIbHBIN» TTpoduUb 1151 0oOpabdaThiBaeMO peaiu3aluyd MOXHO
TakXXe TMOCTPOUTb METOIOM MOJIHOTO Tiepedopa, Halpumep, BbIOpaB

napameTp k, GyHkuuu rl[k] 1o ycaoBuio
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=

a r[kakj]
I<k<

IA

(3.12)

x|y

k, = arg 1£r/<1%<
rlk,k;]

>~ —

k

B stom ciyyae ¢parmMeHThl (HyHKLUU roz[k], COOTBETCTBYIOIIIME

ORS-koMITIIeKCaM, CTaHOBITCS 0oJjiee BBIPaXK€HHBIMM IO CPaBHEHMUIO
C OCTaJIbHBIMU yyacTKaMu o0jacTu onpeaeieHus (puc. 3.7, 0).
IMpouenypy BbiaeneHus: QRS-KOMIUIEKCOB MOXKHO CAedaTh ellle
oosiee 2((HEKTUBHOM, €CIU TPEeABAPUTENIbHO MEPEeUTU OT MCXOMHOM
rnocjienoBaTeIbHOCTU HaOmwoaeHuit y [k], k =1, ..., K, K mocienoBa-

TCJIBbHOCTU BCIINYMNH

N 1 ¥ _—
Pk =y Kl = 5 Syl k=W, o K=1-W,  (.13)

rme W — OKHO CKOJB3AIIEero criaaxkuBaHUs. [10CKOJIbKY MpOIOJIKI-
TeJbHOCTh (QRS-KOMIUIEKCA CYIIECTBEHHO MEHbIIE MPOAOIKUTEIb-
HOCTHM 3y0HoB P m T, Takoil mpueM IIO3BOJISIET €lle OOJIbIIE YCH-
JIUTb «KOHTPACT» HCKOMBIX ¢parMeHTOB (puc. 3.7, ) Ha mpoduie
KBaJIpaTOB PACCTOSIHUIA:

Pkl = (Flkl- 502 + Gkl - 33)% k=W, .., K-1-W. (3.14)

3.3.2. Cenexupst HETUMUYHBIX LMKIOB

Merton ycpenHeHuUsT (pa30BBIX TpaeKTOpPUIi, OIMCAHHBIM B Iaparpade
3.2, CTporo roBopsi, MOXXHO MPUMEHSTH JUIIb B TOM cCllyyae, Kormaa
curHai y (f) NopoxaeH OJHUM 3TaJloHOM (cM. puc. 2.13, a). Ecnu xe
Ha CUTHaJe TOSIBIISIIOTCS <«HETUIIMYHBIC» IUKIbI, MHBIMU CJIOBaMMU,
Hab0JaeMblii CUTHA MOPOXIAEH HE OJAHWM, a HECKOJbKMMU 3TaJO-
HaMu (cM. puc. 2.13, 6), TO TOYKHM TpaeKTOpUN TaKUX LIMKIOB HE
JIOJKHBI UCITOJIb30BaThes B (popmysie ycpeaHeHust (3.5).

PaccMoTpuM onMH M3 BO3MOXHBIX METONOB CEJICKIMM HETUITMY-
HBIX 1MKJI0B [203], mpenrosaras Jullb, YTO YMCIO TaKWUX IIMKJIOB
M, << M (B IPOTUBHOM CJy4ae ONpPEACIEHNE «HETUTTMYHBI» LMK

TEePSIET CMBICT).

IIpy TakoM MOpennoJOXEHWU OIMOPHBbIA UUKI (@, HaWACHHBIN
comtacHo (3.4), MpaBOMEPHO CYUTATh «TUITMYHBIM», UTO ITO3BOJISIET
0OHAPYXUTh «HETUMMUYHBIE» ITUKIIBI 0 PacCTOSTHUIO 10 (.
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Hopmanbnas OKI'

e

OKI ¢ skeTpacucronamu

=

Puc. 3.8. UnmocTtpaiys MeTona CeJIeKLIMU HETUTTMYHBIX LIMKJIOB:
a — ucxonuele DKI; 6 — ux hazoBble TPaeKTOPUH; 6 — COOTBETCTBYIOLME KPUBbIE YIOPSI-
JIOYEHHBIX paccTosHuit R

YropsiiouuM Mo BO3PACTAHUIO DJIEMEHTBhl CTPOKM MaTpuilbl D =
=||RH (0;,0,)||, coorBercTByIOIIEH OomopHOMY LMKy (. IlomyueH-

Hasl TIOCJIeI0BATEIbHOCTD 3HaYeHnit R = R, (Q,, 0,), w e [I,M], maer

MpeAcTaBieHUe O BapuabeJbHOCTU (POpMBI TpaeKTOpUi Habomae-
MBIX CUTHAJIOB I10 OTHOLIEHUIO K O, (puc. 3.8).

YrnopsinoueHnHbie 3HaueHust R, (Q,, 0,) BoO3pacTaior Gojee-MeHee
PaBHOMEPHO C POCTOM L, KOrma HaOIJaeMblii CUTHaAJI MOPOXIEH
OJHUM 3TaJioHOM. EciM Xe Ha CurHaje MNOSIBJSIIOTCS HETUITUYHBIC
LIUKIIBI, (popMa KOTOPBIX CYIIECTBEHHO OTIMYAETCS OT 3TajoHa (ap-
TeakThl, 3kcTpacucToabl DKI u T. M.), TO MOCAeA0BaTENbHOCTh R
COAEPKUT OJVH WJIM HECKOJIbKO BBIPa’KEHHBIX CKAYKOB.
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OOGHapy KeHbl HETHITUYHbIE LIUKJIBI — BO3MOKHO, 9KCTPACHCTOIBI

Puc. 3.9. PesynbraTel 0OHApYXEHUSI HETUITMYHBIX IIMKJIOB pearbHoit DKI

Onpeaenus MOJOXEHUE TIEPBOro U3 TaAKUX CKAYKOB, MOXKHO HaMTHU
MOPOToBOe 3HaueHue R, U TeM caMbIM BbIICIUTH MOJMHOXECTBO Tpa-
EKTOPHIA, MoIIexKalmx yepenHenuo: Q, ={0, : R, (0,,0,) <R,}.

DKCIepMMEHThI, TpoBeaeHHbIe Ha peanbHbIX DKI ¢ apredakra-
MU u 3KcTpacucrojamu (6onee 1000 HaOmogeHWIT), ITOATBEPIUIN
3 (GEKTUBHOCTh MPEMIOKEHHOrO MoAxXoAa: mpoleaypa 6e301nd0YHO
oOHapyXuBaja BCE HETUITUYHbBIC LIUKIIbI.

Puc. 3.9 winoctpupyeT pe3yabTaT OAHOTO U3 3TUX IKCIIEPUMEH-
TOB.

3.3.3. MogenbHbiit npumep

Jns Toro 4ytoObl MPOAEMOHCTPUPOBATh 3(P(HEKTUBHOCTD MPEITIOXKEH -
HOTO TMOJXOMa K OLIEHKE 3TajJoHa, PaCCMOTPUM BHayvasle MOMEIbHBII
npuMep.

[lyctb aTanon y,(f) umeer dhopMy paBHOOEAPEHHOTO TPEYTrOJb-
Huka (puc. 3.10, a), 3agaHHOrO ABYMSI (DpparMeHTaMU B BUIE JIMHE -
HBIX (QYHKIUA

t 0<r<3
H=1<" ’ 3.15
Yo(0) {6—t, 3<t<6. (3-15)

IIpenronaoxum, 9T0 MBI HaOJIOJAaeM Ba IIMKJIA CUTHAJIA, TTOPOXK-
NIEHHOTO B COOTBETCTBUMM C Mojeibio (2.9) mo stanony (3.15), npu-
YyeM Ha 1-M IMKJIe TapaMeTpbl PacTSIKECHMS IO BPEMEHM TIPWHSUIIN

sHaueHnst b =2/3 u b> =2, a Ha 2-M mmkae — bV =2 u
b =2/3.
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B pesynbTaTe HabMIOOAEMEBI CUTHAT OYIET OMMCHIBATL (DYHKIIUAS

3/2t,  0<t<2,
4-1/2, 2<t<8,
YO=11/2-4, 8<r<1a (3.16)

24-3/2¢, 14 <t < 16,

rpauk KoTopoil mokazaH Ha puc. 3.10, 6.

ITockonbKy B TaHHOM ClIydyae HaOJromaeMble ITUKIIbI UMEIOT OIM-
HaKOBYIO TPOIOJDKUTEIbHOCTh, UX MOXHO COBMECTUTh BO BPEMEHM
Ha wuHtepBaie [0, 8] (puc. 3.10, 8) U ycpeAHUTb BO BpeMEHHOI 00-

Yo
3
2
1
0 2 u 4 6
y
3
2
1
0 2 4 6 8 10 12 14 16 ¢
6
y ~
3 Yo
2 2
1 11 J/ N\
0 2 4 6 8 0 2 4 6 8 ¢
6 l
y
4 .
I 3 I Yo
1 I 3
I 2 [ 2
1 1 | 1
1 1
-2 -15 -1 05 0 05 1 15y 0 ) 4 6 ¢
0 e

Puc. 3.10. Unmoctpauysi K MOIEJILHOMY TIPUMEpPY:

a — DJTalloH; 6 — HaOJIONAeMbIil CUTHAJ,; 6 — COBMEIIEHHbIE BO BPEMEHM IUKIBI, & —
OLIEHKA 3TaJIoHa TMPHU YCPEOIHEHUM BO BPEeMEHHOI objactu; d — ¢hazoBasi TpaekTopus; e —
OLIEHKA 3TaJIOHA IPY YCPEIHEHNU B (ha30BOM IIPOCTPAHCTBE
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nactu. OgHaKo Mpu 3ToM OyAeT mojiydeHa oueHka (puc. 3.10, 2)
t, 0<t<2,
Vol(t) =12, 2<t<6,
8 -1, 8§ <1t <8,
KoTopast no (hopMe He COOTBETCTBYET STANIOHY.
B 1o Xe BpeMmst ycpemgHeHME 3THUX XK€ LIMKJIOB B (Da30BOM IIpO-
cTpaHcTBe KoopauHat (puc. 3.10, d) ¢ TocaenyolmM IepexoaoM Bo

BpeMeHHyIo objacth (puc. 3.10, e) mo3BojsieT TOUHO BOCCTAHOBUTh
atasioH (3.10, a).

3.4. PesynbTatbl YUCNEHHOTO MOAENUPOBAHUS

Js KOTM4YeCTBEHHON OLEHKU TOYHOCTU BOCCTAHOBJICHMS MOJIE3HOTO
CHTHAJIa TI0 MCKaXXE€HHBIM pealn3alvsiM MPOBOIUINCH MOICIbHBIC
BKcnepuMeHThI. X cxema cocrosiia B ciieayiomieM (puc. 3.11).

ITo atamony y,[k] ¢ u3BeCTHBIM HAOOPOM JIOKAIBHO COCPEAOTO-

YEHHBIX MPU3ZHAKOB X, ..., Xy TEHEPUPOBAIACH MOCIEI0BATEIbHOCTD
WCKaXeHHBIX peanusauuit y,[k], ..., vy, [k]. Tenepamusa ocyuiectsis-

Jlach comiacHo moneiau (2.9) ¢ pa3IMYyHbIMU 3HAYEHUSIMM TTOPOTOB
Ay, €, OTPAHUYMBAIOLINX YPOBEHb BHYTPEHHETO UCKaXEHUs &(-).

ITo xaxnoit creHeprupoOBaHHOM MOCIENOBATENbHOCTU Y, [K], ..., ¥, K]

BBIYMCIISIACH OLICHKA J,[k] 3TajloHa Ha OCHOBE YCPEIHEHUS peaju-
3aLUMi BO BpEMEHHOM 00JIaCTH M Ha OCHOBE YCPEIHEHUS peaau3aluii

Dranon Tenepatop TTocnenoBaTenbHOCTH
-1
yolkl [ owomems 29[ 3,0 vy 0

AO = OlieHKa dTajoHa
Yo [x]
, 1
U3Mepenne NPU3HAKOB W3mepenne npu3HakoB
Xy Xpy X Xpy

OrieHKa YKIOHCHUH
x,—x, n=1,...N

Puc. 3.11. O611as cxema OpraHM3alMy SKCIIEPUMEHTOB
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Puc. 3.12. JlokanbHo cocpenotoueHHbie ipusHaku OKI (a) u TepmorpamMmer (6)

B (a30BOM MPOCTPAHCTBE. YCpeaHeHUE MpoBoauioch Mo 20 Mcka-
KEHHBIM peanu3alusaM. DbGEeKTUBHOCTh MPOLEAyp OlieHMBaIach
TOYHOCTBIO OLIEHKM 3HAYE€HWI NMPU3HAKOB X, ..., Xy , COCPENOTOYEH-

HBIX Ha MH(POPMATUBHBIX (pparMeHTax 3TaJIoHA.

B kayecTBe 9TajOHOB MCIOJb30BAIUCH NBAa TUIIA CUTHAJIOB —
uuka OKI u TepMorpamMa KpucTajuIM3alMu MPOObl XUIKOTO YYTy-
Ha. I1g mepBOro Tuma 3TAJIOHOB M3y4YaJIUCh TOYHOCTb OLIEHKM OC-
HOBHBIX 3JIEKTpOKapaAnorpauyeckux MpU3HaKOB MILEMUM MHOKapaa
(puc. 3.12, a):

e AMIUIUTYA X, U MPOAOKUTEIBHOCTh X, 3youa 7}

e CMEIICHUE X; cerMeHTa S — 7 OTHOCHUTENBHO W30JMHUM, KO-

TOPOE MPUHSTO HA3BIBATh NCTIPECCUEN U BJIEBALIMCH CETMEHTA.

[na BTOporo TUma 3TajJOHOB M3ydyajach TOYHOCTb OLIEHKH OC-
HOBHBIX AMArHOCTHUYECKHUX MapameTpoB [306, 307], cocpemoTOUEHHbBIX
Ha (dparMeHTax OEHIPUTHON KPUCTAIM3ALUMU U KPUCTALIU3ALUN
9BTeKTUKU (puc. 3.12, 6), a UMEHHO:

® YPOBEHb TEMIIEpPaTyphl JUKBUIYCA X, ;
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TAB/MLA 3.1
OwH6KM B M3MEPEHNM 3HOYEHMUIT NPU3HAKOB
YcpenHeHre BO BpEMEHHOM YcpenHeHnve B ¢ha3oBoM
n Sranon obnact MIPOCTPAHCTBE
pU3HAK
abc. BeJIMYMHA omuobka abc. BeJMYMHA olnodka
X 0,324 MsB 0,284 MsB 12,3 % 0,321 MsB 0,9 %
X, 0,134 ¢ 0,158 cex 17,9 % 0,134 c 0%
X 0,141 Ms 0,161 Ms 14,2 % 0,148 MsB 5%
X4 1216 °C 1213 °C 0,2 % 1215 °C 0,08 %
Xs 1099 °C 1088 °C 1% 1093 °C 0,7 %
Xg 100 ¢ 73 ¢ 27 % 100,7 ¢ 4 %

® YPOBEHb X; U MPOAOLKUTEIbHOCTh X, <«ILJIOLIAIKU» COJMIYCa.

DhGHEKTUBHOCTL MPOLIEAYpP OLEHWBAJIACh OTHOCHTEJIBLHOM IT0-
X, -x,|/x,,n=1,.., N, onpeneneHusi 3HaYCHUIA

TPEITHOCTRIO 3, =

MPU3HAKOB MO OTHOLIEHUIO K 3TaNIOHY. YMCIeHHbIe pe3yabTaThl Of-
HOTO 13 3KCMHEPUMEHTOB MpuUBeIeHbI B Tab. 3.1.

M3 Tabn. 3.1 BUAHO, YTO MCIOJb30BAHUE TPEIIOXKEHHOTO MOIXO0-
Jla K BOCCTAHOBJICHUIO MOJIE3HOTO CHUTHAJIa MO3BOJISIET CYLIECTBEHHO
YMEHBIINUTb OIIMOKM B OINpeAeeHUN 3HAaYeHUI JIOKAJIbHO COCpeno-
TOYEHHBIX MPU3HAKOB. Pe3ynbTaThl YMCAEHHOIO MOJCIMPOBAHUS TO-
Ka3bIBAIOT, YTO CPEIHSsI MOTPEIIHOCTh B OLIEHKE 3HAYEHUI AMarHoc-

Puc. 3.13. Unmoctpanusi pe3yJbTaToB BoccTaHOBIeHUs nkiaa DKI:
oTajioH (/); HabmogaeMbIii curHai (2); olleHKa 3TajloHa, MOJyYeHHasl TPy YCPeTHeHUHW CUT-
Hajia B (ha30BOM mpocTpaHCTBe (3) U BO BpeMEHHOI obsacTu (4)
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TUYECKMX TIPU3HAKOB, COCPEIOTOYECHHBIX Ha (pparMeHrax OKI n
TepMorpaMmM, Obula B Tipenenax 1,5—2.5 % mpu olleHKe 3TaJlOHOB B
$a30BOM MPOCTPAHCTBE, B TO BpeMsI KaK MPU KCITOJIb30BaAHUU aJIro-
pUTMa yCpeTHEHMST BO BPEMEHHON 00JacTH TIpeleibl CPEeIHUX OII-
6ok cocrasistn 15—20 %.

M 310 He cirydaifHO, TTOCKOJBKY MPaKTUYECKH BO BCEX DKCITEPU-
MEHTax TpU YCPEeOIHEHUM BO BPEMEHHOI 001acTM HaOII0Jaauch 3a-
METHBIC HWCKaXeHMsT («pa3MbIBaHUE») (HOpMBI MHOOPMATUBHBIX
¢parmenToB (puc. 3.13).

Jaxe mpu BU3YaJIbHOM OLIEHKE PE3YJbTaTOB BUIHO, UTO ITpeiia-
raeMbIif MeTOJ TTO3BOJIIET 0oJiee TOYHO OLIEHUTH (opMy MHGbOpMa-
TUBHBIX (DparMeHTOB 3TajioHa (3yb6ua P, komrmiekca QRS, cermeHTa

S—T u 3youa 7), yeM aJropuTM ycpeIHeHHUs BO BpeMEHHOiIl 00-
JIACTHU.



[TABA 4

bA3OBbIE MHCTPYMEHTAJIbHBIE
CPELICTBA OBPABOTKM
CUTHANIOB CIIOXHOW ©OPMbI

4.1. AHanu3 meTo0B NOACBNEHUS
GUAAUTMBHBIX MOMEX

[Ipu o6ocHOBaHMM AJITOPUTMa YCPETHEHUS pe-
anu3alumii B (pa30BOM MPOCTPAHCTBE MBI OIU-
panvch Ha 6a3oByl0 Momesb (2.9) MopoXIeHUs
CHTHaJIa, TIPEATIONOTasi, YTO BHEIIHEE BO3MY-
lieHue (aJauTUBHAs IToOMeXa) OTCYTCTBYET, T. €.
h(t) =0. TlosToMy paccMOTpUM OOIIMI CIy-

yaii, korga Ah(z) = 0, KOTOphwIil TpeOyeT Mmpume-
HeHusl 3(hGEeKTUBHBIX MNPOLEAyp IMOAaBIeHMUS
BHEITHUX BO3MYIIEHUI Pa3IMIHbIX TUIIOB.

4.1.1. Obwwe 30MeyaHus

IIpu pellleHMU MPUKIAAHBIX 334a4 YacTo IpH-
XOIUTCSI CTaJKUMBATbCI C CUTyalMeil, Koraa
O00BEKT MCCACAOBAHUS TOPOXKIAET CUTHAI Ha
HU3KUX YPOBHSAX aMIUIMTyabl. st perucrpa-
LIMM TaKMX CUTHAJIOB MCIIOJb3YIOTCS BBICOKO-
YyBCTBUTEJbHbIE NAaTYUKH, KOTOPbIE, MOMUMO
MOJIE3HOTO CHUTHaja, (UKCUPYIOT BJIeKTpUue-
CKME€ M MarHWUTHbIE CUTHAJIBI OT MOCTOPOHHMX
WCTOYHMKOB. Takue IMmoMexu, HeU30eXKHO BO3-
HUKaloIIKEe B pealbHbIX YCJIOBUSIX, Yallle BCEro
paccMaTpUBaIOTCS KakK aldUTUBHBIA IITYMOBOM
KOMIIOHEHT, UCKaXXaloluii MOJe3HbII CUTHAI.
ITosToMy 3amaya npeaBapuTeSbHOK 0Opa-
0OTKHM B MEPBYIO OUepeab CBI3aHa C BbIIEICHU-
€M TIOJIE3HOTO CHUTHaja Y,(f) To peanu3annu

y() = y,(t) + h(t), WCKaXEHHOW aIdUTUBHBIM
BO3MyllleHUeM A(t). 3aMeTUM, 4TO B OTJIMYHUE OT
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MYJBTHIUIMKATUBHOTO BO3MYyIeHUsT ((f), KoTopoe (PUTYpUpyeT B
000011IeHHON Moaenau (2.4), Meluarollee AEWCTBUE alAUTUBHON TO-
Mexu A(t) He 3aBUCUT OT YPOBHSI CUTHaJa.

M3BecTHBI pa3mWyHbIe TOOXOABI K BOCCTAHOBJICHUIO TIOJIE3HOTO
curHana y,(f) Ha ¢oHe agIUTUBHON momexu h(t).

Ecnu npu peructpanuy curHaia y(f) MOXHO CUHXPOHHO M3Me-
pATb U MoMexy A(f), TO 3aJadya BOCCTAHOBJIEHUS V,(f) CYIECTBEHHO
VIIPOIIAETCs: TOCTAaTOYHO MCITONIb30BaTh KOMIIEHCAIIMOHHYIO CXEMY,
Ha OAWH BXOA KOTOpOI TOmaBaTh MCKAXXEHHBI CUTHAJ, a Ha Ipy-
roii — curHan moMexu. OTHAKO Ha MPAKTHKE Yallle BCETO MPUXOIUT-
Csl UMETb JIeJI0 ¢ HEKOHTPOJIUPYEMON TTOMEXOM.

B Takux cuTyauMsix He OCTaeTCsi HUYEro MHOro, Kak BBIIESIThH
MOJIE3HbI CUTHAJT Ha (OHE TOMEeXM, UCIOJIb3ys pPa3IU4yHbIE ajro-
pUTMBI (GUIBTPALIMU U coTaXuBaHus. OUeBUAHO, YTO OTAEIUTH IIO-
JIE3HBI CHTHAJI OT TOMEXM BO3MOXHO JIMIIb B TOM CJIydYae, KOrma
€CTb XOTb KaKMe-TO pa3jN4Ms B XapaKTepUCTUKaX y,(H)m h(f), Ha-
MPUMEP CHEKTPATbHBIX WU CTATUCTUYECKUX.

IIpexne yeM mokasaTb OCOOCHHOCTM pEIeHUS 3aJauyud pasfesie-
HUSL Y,(f) W h(f) IUISI CUTHAIOB C JIOKAIBHO COCPENOTOYEHHBIMHU
MMpU3HaKaMHu, TIPOBeAeM KPAaTKHMil aHaJIM3 M3BECTHBIX IMOIXOIOB K 3a-
naye (pusbTpalvu.

4.1.2. O kpuTepuax ONTUMANLHOCTH NPOLEAYP GUALTRALMH

Lenp dwibrpalium — HaWJydlllee BOCCTAHOBJIEHUE ITOJIE3HOTO CHUT-
Haja Ha ¢oHe momexu. BrIOOp TOro WM MHOTO KPUTEPHUs OMNTH-
MaJIbBHOCTH, a 3HAYUT, U MeToIa (MWIbTPALIMU CYIIECTBEHHO 3aBHUCUT
OT Kpyra 3a/1ay, KOTOpble MPEJICTOUT pellaTh.

CornacHo o0uIei Teopuu oOHapyxXeHus curHajaoB [388] onTu-
MaJIbHBIM (DUIBTPOM IS OOHApYXXEHUsI CUTHajla M3BECTHON (hOpPMbI
Ha (oHe 0eI0oro rayCCOBCKOTO IiIyMa SIBJISIETCSl MapaljieibHbI Habop
COTJIacOBaHHBIX (UABTPoB. Harmpumep, mipy mpotuBodasHoi Tiepemade
NBYX CUTHAIOB Y, (f) U Yy, (f) = =Y, (f) HOCTAaTOYHO UMETH TOJBKO
OJIUH COTIJIaCOBaHHBINA QUIBTP.

Eco Xe mIyMBl TaycCOBBI, HO HE «OeibIe», TO ONTHUMAaIbHBIN
(GUABTP CTAHOBUTCS 3HAYMTEJIBHO 00Ji€e CIOXHBIM M JUISI TOYHOTO
oIpeieJIieHUsT €ero CTPYKTYphl TpeOyeTcs pellieHe COOTBETCTBYIOIIETO
WHTerpajabHOro ypaBHeHus [388].
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B cnyyae OeckoHeYHOTo BpeMEHHM HAOMIOAEHMST ONTUMATbHBIA
MPUEMHMK MpPeAcTaBseT co0Oi KacKaJgHOoe COedMHEHUe MpeaBapu-
TEJbHO «OTOEIMBAIOLIErO» W COIJTAaCOBAaHHOIO (WIBTPOB, MpPUYEM
YyacTOTHasl TepegaToyHasl (pyHKLUS «OTOeNMBamolIero» (uibTpa WH-
BepcHa (PYHKIIMU CIIEKTPaJIbHON TUIOTHOCTU IIIYMOB, a COIJIACOBAH-
HBI QUWIBTP AOKEH OBITh MpPEeaBapUTEILHO HACTPOEH Ha IPUHU-
MaeMblil mosie3HbIi curHai [132].

B Tex ciywasix, Korma 1uyM He SIBJISIETCSI TayCCOBBIM, CHUTYallMsl
YCJIOXKHSIETCS: ONTUMAJbHBIN (MO KPUTEPUI0 MaKCMMyMa MpaBIOIIO-
no6usi) GUWILTP CTAHOBUTCSI HEJIMHEMHBIM M €ro CTPYKTYPY CJIOXKHO
peanm3oBath [334].

Takum oOpa3oM, nmaxe ecau ¢Gopma TMOJE3HOTO CUTHana Y, (f)

M3BECTHA, TMOCTPOEHME ONTUMAJbHOro GWIbTpa ISl BbIACICHUS
¥,(#) Ha GoHE anaUTUBHOW MOMexXH A(f) TPEACTaBiIsAeT cOOOM maine-

KO He MpPOCTyIO0 3a1auy, KoTopas uMeeT (opMalbHOE pellieHUEe JIUIb
Mpu ONpeAeICHHbIX MPEeANochlIKax 0 Moaeau A(f), HO OHU HEe Bce-
raa MpoBepsieMbl Ha MPaKTUKE.

Ecmmu xe dyHKuusa y,(f) He U3BECTHA, HO MOXET OBbITH ONKCaHa

HEKOTOPOI MapaMeTpuyecKoil Momeabio J,(f,0), To 3amauy (uabTpa-
LIMM 4acTO CBOAMAT K OLIEHKE BeKTopa 0 mapaMeTpoB Mo HabJtomae-
MoO# peanuzauuu. s auckpetHoro curHana ylkl, k =1,2,3..., no-

JIydeHUE TaKOW OLEHKU BO3MOXHO Ha OCHOBE PEKYPCUBHBIX MpOLIE-
nyp, 6a3UpYyIOIIMXCS Ha TEOpPUU ONTUMAabHON punbTpanuu Kaamana
[17]. Ilpu ompeneneHHBIX MPEANOCHUIKAX O CUTHAJIE W IIOMEXE 3TU
MPOLEAYPHI SBJSIOTCSI ONTUMAIBHBIMU B CMBICJIE MMHUMYMa CpeaHe-

KBaJIPATUYHOTO OTKJIIOHEHUST J,(f) oT y, (7).

OnHako Takue IIpOLeAyphl BOBCE HE TapaHTHPYIOT COXpaHEHUE
(opMBI TIOJIE3HOTO CUTHAJIa Ha JIOKAJbHBIX (hparMeHTax 00JIaCTH OII-
penejeHust U ITO3TOMY HENPUIOAHBI i 00paGOTKM CUTHAJIOB C JIO-
KaJIbHO COCPEIOTOYECHHBIMM ITPU3HAKAMMU.

CoBepIlIeHHO OYEBUIHO, YTO B OCHOBY ITOCTPOCHUS 3((HEKTHUB-
HBIX BBIYMCIUTENBHBIX MPOLEAyp (PUIBTPAIMA CUTHAJIOB C JIOKAJIBHO
COCPEIOTOUYCHHBIMU TTPU3HAKAMM TOJIKCH OBITh TOJIOXKEH MHON KpH-
TepUii ONITUMAIBHOCTH, HEXEIN CpedHEKBaapaTUIeCKOe OTKIOHEHWE
CHTHaJIa Ha Bcel objacTu ompeneneHust. Hanpumep, MUHUMYM cpel-
HEKBaJIpaTUYECKOTO OTKJIOHCHUST CUTHaIa Ha MHGOPMATUBHBIX (par-
MEHTaX WIH, ellle JIyJIlle, MUHIMYM CPeTHEKBaAPaTUIECKOTO OTKIIO-
HEeHUs 3HAYCHUM AUATHOCTUYECKMX IIPU3HAKOB, COCPEIOTOYECHHBIX
Ha TakKMxX (pparMeHTax.
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OnHako YHMBEPCAJIbHON TEOpMH, MO3BOJSIONICH (DopManTu30BaTh
CUHTe3 (PUIBTPOB, OCHOBAHHBIX Ha TaKUX KPUTEPHUSIX, HE CYIIECTBY-
eT. OTO MOXHO OOBSICHUTh TEM, UTO peaibHble CUTHAJbI C JIOKAJIbHO
COCPENOTOYEHHBIMU TMPU3HAKAMM TOCTATOYHO CJOXHBI IJIsI MX OMNU-
CaHWsl MOJIEJIblO, 3aJJaHHOU ¢ TOYHOCTBIO 0 KOHEYHOIro Yyucja mnapa-
METpPOB.

ITosToMy He ocTaeTcsi HMYEro MHOIO, KaK BBECTH HEKOTOPbIE
MPEaNoJIOKEHNS 0 MOJEAM MOMEXU U UCKATh MpreMyIeMble MPOLEAY-
pbl, obecrneynBaloliie MAaKCUMaJbHO BO3MOXHOE MOMABJICHUE aaau-
TUBHOI TOMEXU MPYU MUHMUMAJbHBIX MCKaXXKE€HUSIX 3HAUEHUI TUarHo-
CTUYECKHX TPU3HAKOB, COCPENOTOUYEHHBIX Ha JIOKAJIbHBIX (bparMeH-
Tax CUrHana.

EctectBeHHO, uTO moaTBepxKaeHuEM 3(DPEeKTUBHOCTU (IIparMaTu-
YeCKOM «ONTUMAJIBHOCTU») TaKUX MpOLeayp OyayT yxKe He (opmasib-
Hbl€ MPUEMBbI, a Pe3yJbTaThl YUCIEHHOTO MOJAEIUPOBAHUS Ha TECTO-
BbIX M PEAJIbHbIX JAHHBIX, YTO BMOJIHE AOMYCTUMO TPU MOCTPOEHUU
npukiiagHeix UT.

4.1.3. XapaKTepHble TUMbI BHELUHKX BO3MYLLEHMI

IToHsITHO, YTO MpM PEerucTpalliy CUTHAJIOB C JIOKAJIbLHO COCPEIOTO-
YEeHHBIMHU TIPU3HAKAMN MOTYT HAOMIOOAThCS pa3IdYHbIC TUMBI BHEIII-
HUX Bo3MylleHuii. OOHAKO aHalu3 MpakKTUUYEeCKUX 3aiay ITO3BOJISET
BBIICIUTh HanOoJiee XapaKTepHbIE THMIIbI IIOMEX, ¢ KOTOPHIMHU Yallle
BCEro MPUXOAUTCS CTAJIKMBAThCsl MPU pa3paboTke mpukiaagHbix UT
(puc. 4.1).

ITo cooTHOIIEHNIO IMPUHBI CEKTPOB IIOMEXU U IMOJIE3HOTO CUTI-
Hajla pasjanyaroT Y3KOMOJIOCHBIE W IIWPOKOIIOJIOCHBIE YaCTOTHBIE
noMexu. EcTecTBeHHO, YTO OHA M Ta XX€ MOMeXa IO OTHOLIEHMUIO K
OJHOMY CHUTHaJly MOXET OBbITb Y3KOIIOJOCHOH, a MO OTHOLIEHUIO K
JIPYroMy — IUIMPOKOIOJOCHOM.

OcoOBblii clTyyail COCTaBISIIOT TaK Ha3blBaeMble COCPEIOTOUCHHBIE
YacTOTHBIE TTOMEXHU, KOTOpbIE MOTYT HAaOMIOAAThCSI B OUeHb Y3KOM IT0-

YacroTHas Cny4aiinas

I ] [ ]
CranuoHapHas | |HCCTaL[HOHapHa$[‘ ‘ [TocrosiHHas | | WUmnynscHas

Puc. 4.1. XapakTepHble TUITBI TTOMEX
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JIoce 4acToT, HampuMmep, cereBble momexu Ha yactore 50 I'i u kpat-
HBIX YacToTaX. 3HAYUTEILHO CJIOXHEE TOJAaBUTh ITOMEXM Ha OCHOBE
Y3KOMOJIOCHBIX 3arpaAMTe/bHBIX (PEXXEKTOPHBIX) (DMIBTPOB, €CJIM FapMO-
HUYeCcKasl TIoMexa COCpenoToueHa B JUana3oHe «I0Je3HbIX» YacToT.

K HecTanmoHapHOM IIOMEXe MOXHO OTHECTHM HH3KOYaCTOTHBINI
npeiid (cMellleHre) 6a30BOro ypoBHSI CUTHala, HaAIIpUMep CMellleHue
uzoauHun OKT.

Ilpu peleHUM TPUKIATHBIX 3aga4 CIyJailHble TOMEXHW YacTo
paccMaTpUBaIOT KaK MUCKPETHO 3alaHHbIA OeNblil 1IyM — MOCeno-
BaTeJbHOCTh HE3aBUCHMBIX OMMHAKOBO PACIIpEeIeICHHBIX BEJIMYNH.
OOBIYHO MpeAroaraeTcs, YTo0 MaTeMaTUYeCKOe OXMIAHWe TaKoH IT0-
MEXM PaBHO HYJIO, a TUCIEPCUs] OrpaHUYeHa HEKOTOPOW BEJTMUYMHOM.

HMMimyibcHOI Ha3bIBaeTCs MoMeXa Majioil ITUTEIbHOCTH, KOTopast
B 00I1IeM cilyyae MpeacTaBiisseT co0oil OMMHOUYHbBIE BHIOPOCHI, Cayvaii-
HO pacripeie/ieHHble M0 BpeMeHU W amiuuTyae. K momo6HoMy Tuiy
ITOMEX MOXHO OTHECTH M pe3Kre M3MeHEeHUs 0a30BOTO YPOBHS CHT-
Hasa («CKauKu»), TPOUCXOMSIIME B CIydyaiiHble MOMEHThI BPEMEHU.

B o06umeM ciydyae MOXHO TPEANOJ0XUTb, YTO MepeyuceHHbIe
TUIIBI TIOMEX TIPUCYTCTBYIOT OMHOBPEMEHHO M HE3aBUCUMO MCKaXKaloT
MOJIE3HbIA CUTHA C JIOKAJbHO COCPENOTOYEHHBIMU MpPU3HAKAMM.
IMoaTomy OymeM paccMaTpuBaTh MOMAETb IMTOMEXM KaK CYMMY YaCTHBIX
MOJeNen

W) = h(t) + h(2) + ...+ hp(2) 4.1)

U CTPOUTH MPOLEAYPY MpeaBapuUTeIbHON 00pabOTKMU CUTHaja B BUIC
rnocjienoBaTeibHOCTU F UIbTPOB, KaXAbl U3 KOTOPBIX OPUEHTU-
pOBaH Ha MOJIABJIEHUE TTOMEX OMNPENEIEHHOrO TUMA.

ITockonbky noarBepxiaeHreM 3(hGEKTUBHOCTHA MPOLENyp, peaiu-
3YIOIIMX TaKue (PUIBTPBI, MOTYT OBITh PE3YyJbTaThl YUCIEHHOTO MO-
JIeUpOBaHUsI, TIpeXae YeM MCCAeA0oBaTh BO3MOXKHBIE MOAXOAbl K
peanuzauuu GWIbTPOB, PACCMOTPUM OCHOBHBIE MPUHIIUIIBI, KOTOPbIE
JIOJKHBI OBITh MOJOXEHBI B OCHOBY TaKHUX SKCHEPUMEHTOB.

4.2, MpyHUMNBI NOCTPOEHUS MHCTPYMEHTANBHOM CUCTEMDI

4.2.1. KoHuentyanbHos maes

IToHSAITHO, YTO HEBO3MOXHO MOCTPOUTb YHUBEPCAJIbHYIO MHCTPYMEH-
TaJIbHYI0 CUCTEMY, IIPUTOAHYIO JUISI CUHTEe3a Jo0oi npukianHoit UT,
MOCKOJIBKY KaXIblii OOBEKT, a 3HAUUT, U MOPOXKIAAEMbId UM CUTHAJ,
BOOOIIIe TOBOPSI, YHMKajeH. [lo3ToMy OrpaHMYUMCSl TOCTPOEHUEM
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MHCTPYMEHTAJIbHBIX CPEICTB, KOTOPbIC IJIABHBIM O0Pa3oM OpUEHTH-
pOBaHbl Ha MpeaBapUTEIbHYI0 00pabOTKY CHUTHAJIOB C JIOKAIbHO CO-
CpelOTOYeHHBIMM MPU3HAKaMU, TIpeArnoarasi, YTo MeXaHU3M HX I10-
POXIEHMST ONMCBIBACTCS Monebio (2.9).

i sKcIeprMMEHTATbHOM OIIEHKN 3(M(EKTUBHBIX BHIYMCINTEIb-
HBIX TIpOLIeAyp OOpabOTKM CHUTHAJIOB HEOOXOMMMa WHTETPAIvs OIThI-
Ta, 3HAHWU W WHTYUIINU KOHCTpykTopa MT m sKkcmepra mpeaMeTHOM
obacTu.

OpnHako mpodeccroHaNbHBIE SI3bIKM 3TUX CIIEIIMAIUCTOB pa3HEIE.
KoHneyHoro mnosb3oBatesis (3KCHepTa) MHTEPECYIOT JIUIIb MOTpeOU-
TeJbCKUEe CBoicTBa paspabarsiBaemMoit T, B To BpeMsl KaKk KOHCT-
pYKTOpa MHTEpecyeT TO, KaK B YCJIOBUSIX OIpaHUYEHHOM ampuOpHOit
WH(pOpMaLUU TOJYYUTh HYXHYIO IJIS TOJb3oBaTesiss MH(OpMaluio
Ha OCHOBE 00PabOTKMU MOCTYITHBIX JaHHBIX.

Bo3Hukaer HeOOXOAMMOCTb pPa3pabOTKU CIEMaTIM3UPOBAHHON
MHCTPYMEHTAJIbHOM CHUCTEeMbI, KOTOpasi Mo3BoJsijia Obl KOHCTPYKTOPY
npukimagHoii UT COBMECTHO ¢ 3KCITEPTOM TIPOBOAMTH SKCIIEPUMEH-
TaJbHBIC MCCIEAOBAHUS M B KOHEUYHOM WTOTE PEalM30BaTh TEXHOJIO-
TMYECKYIO LIEMOUYKY IpOoleayp U3 TOTOBBIX U JOCTYIHBIX €My KOMIIO-
HEHT cCaMOil MHCTpYMEHTalbHOU cpeanl [179].

CJ10XXHOCTb pa3pabOTKX TaKOl CUCTEMbI COCTOMT B TOM, YTO OHa
JIOJKHA O0BEAUHSATh (DOpMaJIbHbIE METOJIbI TMMOCTPOEHUSI 0A30BbIX Bbl-
YUCIUTEJbHBIX KOMIIOHEHT C BO3MOXKHOCTBbIO (DOpMajibHBIX U He-
¢dopMaNbHBIX MPUEMOB UX BbIOOpAa M HACTPOMKU IJIsI KOHKPETHOM
NpuUKIagHou 3agaun [214].

3aMeTUM, YTO B COOTBETCTBUM C PACIIMPEHHBIM TOJKOBAaHUEM
u3BecTHoil Teopembl Kypta I'emenst [35, 130] HeBo3MOXHO B paMKax
KOMITBIOTEPHBIX HAYK MOCTPOUTh AECAYKTUBHYIO CUCTEMY IOKa3aTesb-
CTBa TIOJTHOTHI 0a30BOTO HaOOpa BHIYMCIMTEIBHBIX KOMIIOHEHT ISt
peanmzauuu npukiagHeix UT. TToaToMy HyXXHO 00€CIeuyuTb OTKPbI-
TOCTb MHCTPYMEHTAIBHON CHUCTEMBI 1, €CITN TTOTPeOyeTcs, TOTOJTHUTh
MMeEIOLIMiicsT HAaOOp HeOOXOAMMBIMU KOMITOHEHTaMu (puc. 4.2).

TakuM o00pa3oM, OCHOBHasl KOHLENTyajbHasi WAesi, KOTOPYIO
MpeUIaraeTcsl TOJOXUTh B OCHOBY MHOCTPOEHMSI MHCTPYMEHTAJIbHOM
cucteMsl [179, 214, 280], cocTOUT B TOM, UTO C €€ MTOMOIIbIO KOHCT-
PYKTOD IOJy4YaeT BO3MOXHOCTh

e 1po8odums HEOOXOAUMBIE IKCIIEPUMMEHTHI ISl BbIOOpA M OITH-
MaJIbHO HACTPOWKM BBIYMCIUTEIbHBIX MPOLEAYDP, PEATU3YIOIIUX OT-
NIeJIbHbIE 3JIEeMEHTapHbIE CTaaAuM OO0pabOTKM, OMUpasiCh Ha pe3yabTa-
Thl YMCJIEHHOIO MOJACJUPOBAHUS M CpeICTBa OOpa3HOro aHaausa
JIaHHBIX [72] Ha OCHOBE METOIOB KOTHUTUMBHOW KOMIMBIOTEPHOI Ipa-
dbuxu [89, 90, 163];



112 | TNABA 4. BA3OBbIE MHCTPYMEHTANbHBIE CPELCTBA OBPABOTKM CUTHANIOB CIIOXHOM ®OPMbI

Bubnuoreka BLIYMCIUTEILHEIX npoueayp
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Biotiounts B cocta UT

Puc. 4.2. KoHuenrtyaibHasi vaesi MHTepaKTUBHOTO cuHTe3a UT

® Peanu306bi6ams TEXHOJIOTUYECKYIO LIETIOYKY ajJrOpUTMOB OOpa-
OOTKM CHUTHaJja, Mo BO3MOXHOCTHU MCIIOJb3Yysl TOTOBbIE BBIYMCIUTEIb-
Hbl€ KOMITOHEHTBI CAMOW MHCTPYMEHTAJIbHOM CPEMbI;

e pacuiupams TP HEOOXOAUMOCTH COCTaB KOMIMOHEHT UHCTPYMEH-
TaJbHOM cHUcTeMbl (6a30BbIX BBIYMCIUTEIbHBIX MPOLEAYP U CPEICTB
OTOOpaXkeHUsI PEe3yJIbTATOB), €CJAU UMEIOLIMACI HabOp 3TUX CPEACTB
HEIOCTATOUCH JJISI PEIICHUS KOHKPETHOW MPUKIIATHOU 3aaun.

s mpakTU4YecKOoil peanu3aluu 3TOW WMOEU B paMKaX OOBbEKTHO-
OPUEHTUPOBAHHOIO MOIXOAA HEOOXOAMMO, MPEXIE BCETo, MPOBECTU
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HUCCJICa0BaHMA, HalpaBJICHHBIC Ha KOHCTPYMPOBAHME TJIAaBHBIX ITPO-
I'PaMMHBIX KJIACCOB, Ha OCHOBE KOTOPLIX MOXET OBITH p€aaIn30BaHO
A0po HHCTPYMCHTaHLHOfI CHUCTCMDbI.

4.2.2. ApxuTeKTypa MHCTPYMEHTOIBHOM CUCTEMSI

B ocHoBe T 06pabOTKM CUTHAJIOB JIEXKUT TEXHOJOTUUYECKasl 1L1eT0Y-
Ka, COCTOAINAs M3 KOHEYHOro uucaa N, BbIYMCIUTEIBHBIX NPOLE-
nyp (00paboToK), MmocpeAacTBOM KoTopbix BekTtop Y = ()[1],..., V[K])
IUCKPETHBIX 3HAYeHWIA HaOJI0JaeMOro CUTrHajla I0CJIea0BaTeIbHO

Ipeodpas3yeTcss B BBIXOZHOM IIPOAYKT — OLEHKY § TEKYILIETO0 CO-
CTOSIHUSI OOBEKTA:

DY = A(a,,Y) —>...> DY = A(0,;, D) - ... > DO =

(No)y _ &
= ANQ(aNQDS ) =5, 4.2)
e A() — airoput™M npeoOpa3soBaHMsl MCXOOHBIX HaHHbIX DY B
pesynstar Dy 00paGOTKM Ha i-ii CTamuM; o, — MapaMeTpbl Ha-

CTPOMKM aJiropuTMa, TIpUYEeM IO MCXOAHBIMU JTaHHBIMM M CTaIuu
B 00IIEM CiTydae TIOHMMaeTcs He TOIbKO pesynbraT Dy ", Ho u mo-

ObIe TIpeAIIeCTBYIOIINE eMY PE3YJIbTAThI.
Ecnu crpykrypa (4.2) ompenmeneHa u KoHcTpyktop UT umeer

MOJIHYI0 MH(POPMALMI0 O KaXIoil -l craguum oO0pabOTKuU D}{) =

= A, (DY), 10 cunre3 UT cBOAUTCA K TPAAULIMOHHBIM STaram Xu3-

HEHHOro 1MKJIa pa3paboTKM MporpaMMHOro obdecrnevyeHusi. OmgHaKo
OIBIT TTOKAa3bIBAET, YTO MpU cuHTe3e HOBBIX T 00paboTku curHa-
JIOB, TIOPOXKAAeMBbIX CIOXHBIMU OOBbEKTaMM, OCHOBHOE BpeMsl 3aTpa-
YUBAETCS HE CTOJBKO Ha MPOTrpaMMHYIO pean3aldio BHIUMCINTEb-
HBIX aJrOPUTMOB, CKOJbKO Ha 3KCIEPUMEHTAJIbHbIE WCCIEAOBAHMSI,
HarpaBjJeHHbIE HA TOUCK MOAXOASIIMX AITOPUTMOB U UX ONTHUMANb-
HYIO HACTPOUKY.

PaccMoTpuM Ha mnpuMepe pellleHUs 3aJadyd TpeaBapUTeJbHON
00pabOTKM CUTHAJIOB BO3MOXHBIE MOAXOIbI K IMTOCTPOCHUIO apXUTEK-
Typbl MHCTPYMEHTAJIbHON CHUCTEMbI, ITO3BOJISIIOLIEH YCKOPUTb I3TOT
npoliecc.

B cootBeTcTBUM € MeTOmOJOTUEN OOBEKTHO-OPUEHTUPOBAHHOIO
noaxoga (OOII) paHHBIe U METOABI UX OOPAOOTKU CleayeT MHKAIICY-
JIUpOBaTh B €AWHBIA OOBEKT, OMUCHIBAIOIIMI HEKOTOPYH CYLIHOCTb
MpeaMeTHOTOo Mupa. Pasymeercsd, HOpuKiIagHas cHUCTeMa, SBISISICh
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CYIIIHOCTBIO MPEAMETHOIO MHUpPa, MOXET caMa paccMaTpMBaTbCs Kak
00BbeKT. OgHAaKO TaKOi OOBEKT OYIET CIMIIKOM BEJIUK M TpeOyeT He-
KOMITO3UIIMH, T. €. Pa3JoXeH!sI Ha OOBEKThl 00Jiee HU3KOTO YPOBHSI.

B cootBerctBuM ¢ (4.1) mist mogaBiieHUs] BHELIHUX MCKaXKEHUI
HEoOXOIMMO peaar30BaTh LEMOUYKY 3JIEMEHTAPHBIX CTaauii 0b6paboT-
KU, HampaBJeHHbIX Ha TMOIaBJIeHUE alAWTUBHBIX MOMEX OIMpeaeIeH-
Horo tuma. [ToaToMy TIpencTaBiIsIeTCsI €CTECTBEHHBIM IIPOBOIUTH JIe-
KOMITO3UIIMIO CUCTEMBI C TOYKM 3pPEHUS] 3TUX CTaOuil, MpPeICTaBUB
MOJCUCTEMY MpeaBapUTeIbHON 00pabOTKU B BUIE IOCIEI0BATEIbHO-
CTU B3aMMOJICHCTBYIOLIMX OOBEKTOB 3JieMeHTapHOI 00paboTku (DO0).

B maHHOM ciydae mpeamnosaraeTcsl, YTo Kaxnblii 00bekT DO:

e peajm3yeT OTIOEIbHBIN aIrOpPUTM (DWIBTPALINN;

e PN HEOOXOAMMOCTH OTOOpaxkaeT pe3yJbTaT B TIpadpUIeCKOM
BHUIIe Ha BKpaHe MOHUTOPA;

e VICTIOJTHSIET POJIb TIPUEMHMKA W/WJIM WCTOYHWKA WHGOPMAIUU
MpU peaau3allii KacKagHoro ajJiropuTMa (pUJIbTpaluu.

st ocymiecTieHus: Takoro noaxoga B pamkax OOIT Heobxoau-
MO pa3paboTaTh aOCTPaKTHBIN KJlacc, pealu3ylolluil B caMbIX OOIIMX
yeprax OOOOILIEHHYIO MOJeidb 3jeMeHTapHoi o6paborku (B0). B
9TOM KJIacce BXOMHBIE M BHIXOMHBIC NaHHBIE OOBCOAWHSIIOTCS B €IV-
HbI OJIOK JAHHBIX, & METOAbl 0OPaOOTKU 1 BU3yIM3allMU — B €U-
HBI OJIoK MeTomoB. Jlanee cieayeT MOCTPOUTh MEpapXUI0 HACCIHU-
KOB KJlacca, B KOTOPBIX TOC/IeI0BATEIILHO KOHKPETU3UPYIOTCS TIpel-
CTaBJIEHUST O JaHHBIX, METOIAX MX 00pabOTKM U BU3yaTHU3alINN.

Takum oOpa3om, Ha 0a3e MPOU3BOIHBIX KJIACCOB MOTYT ObIThb
pa3paboTaHbl KOHKPETHBIE SK3eMILIIPBI 00beKTOB DO, KOTOphIE pea-
JIN3YIOT OTHEIbHBIE CTaIUU (WIBTPALMU W BU3YaTU3ALUIO TOJyYeH-
HBIX PE3YJIbTATOB.

Orcroaa ciienyer, yTo abcTpakTHbIN Kiaace DO JOKEH COAepXKaTh
KaKk MUHUMYM aBa noist (cBoiictBa) — «McxonHeie ganHbie (M/1)» u
«PesynbraT 06padotku (PO)», a Takxke BUPTyaibHbIE METOIbI PAOOThI
¢ atumu nojisimu — «QOo6padorars U/l», «Otobpasute PO» u «Ilepe-
natb PO».

IMoHATHO, YTO IJIT OpraHW3allMM B3aMMOICUCTBUS Pa3TMIHBIX
00bekTOB DO HEeoO0XO0OMM BHELIHUI KOOPIMHATOP, KOTOPBI TakKxKe
KeJIaTeJIbHO peaiu30BaTh B BUJAE OTIECIbHOIO O00BbEKTa — MEHemkepa
cucteMbl (MC). Takoii MeHeaKep MTOKEeH 00eCeuunTh:

e TIOpOXIeHNE TpebyeMoro aKk3eMIuisipa DO M perucTpaluio ero
B CBOEM IIOJIE;

e niepegadyy DO UCXOAHBIX JaHHbIX;

e BbI30B MeTona DO «BbIMoaHUTE 00pabOTKY»;
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Puc. 4.3. lnarpaMma B3auMONENCTBUSI MeHeIXepa cucTeMsl ¢ oobektamMmu D0 (B
HOTaLMSIX YHUBEPCAIBHOTO s13blKa MoaenarpoBaHus UML)

e niepegayy DO KomaHAbl HA OTOOpaKeHHWe pe3ysibrara (IIpyu He-
00XOAUMOCTH).

Ha puc. 4.3 mokazaH ¢parMeHT YKpPYIIHEHHOU CXE€Mbl B3alMMO-
NEeUCTBUS (IMarpaMMbl MOCAEAOBATEbHOCTY B TePMUHAX YHUDULIM-
poBaHHOTO s3bika MoneaupoBaHuss UML) obbekta MC c aByms
obobekTaMu D0, OIUH M3 KOTOPBIX CIYXUT MCTOYHUKOM HHGpOpMa-
LIUM, a IPYroil — MPUEMHUKOM.

PaccmoTpenHast Moaenb TOCTPOEHUST MHCTPYMEHTAJIBHOM CHUCTe-
MBIl MPEICTaBISIETCS JAOCTaTOYHO IIPOCTOM W BIOJIHE JOTMYHON C
TOYKH 3peHUST 0O0BEKTHO-OPUEHTHPOBAHHOTO MOAXOAA: TOCTATOTHO
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TABJINLIA 4.1
CrpykTypa npousBogHbIx knaccos 30
IMpou3sBoaHbIE Ki1acChl
ITone, meton
kiacc 90 1 kiacc 50 2 kiace 90 3 kiacc 90 4
ITone N1 — Ucxonnas OKI' | CrnaxenHass DKI'| CrinaxkeHHast OKIT
Merton Yrenue caii- | CrnaxkuBanue |CermMeHTalnst Wsmepenue mipu-
00paboTKM  |J1a JAHHBIX 3HaKa
[Tone PO Hcxonnas CrnaxenHast | ['panuubl dpar- | 3HaueHue mnpu-
BKT BDKTI MEHTOB 3HaKa
Merton Busy- | Otoopaxerue | OroopaxeHue | OToOpaxeHue OrobpaxkeHue
anu3anuu UCXOIHOM CTJIAXXKEHHOW rpaHull gpar- 3HAYEHUS MpU-
BKT BDKI MEHTOB 3HaKa

pa3paboraTh HYXXHBIe Ki1acchl DO, a B3auMOIEHCTBUE

00BEKTOB 3TUX

KJIaCCOB B CUCTEME Pealu30BaTh C MOMOIIbI0 00bekTa MC.

OnHako mpu GoJjiee TJyOOKOM aHaaM3€ 3TOM MOJEIU OKa3bIBaeT-
Csl, 4TO OHA He oOjamaeT TpeOyeMoil TMOKOCThIO. [IJIst TOro 4rtoObl
3TO MPOJEMOHCTPUPOBATDL, PACCMOTPUM KOHKPETHBIN MpUMeEp.

ITycth Tpebyercsi 06paboTaTh CUTHAA C JIOKAJIBHO COCPEAOTOYEH-
HBIMU TIpu3Hakamu (Hanpumep, uukin DKI), mpeacraBneHHbBIN TO-
CJIeI0BaTeIbHOCTBIO JUCKPETHbIX 3HaueHuit y[l],...,y[K], KoTopbie
XpaHsTCs B (hailyie JaHHBIX Ha aucke. IlpeamnosoxumM Ijisi TPOCTOTHI,
YTO 337a4ya oOpabOTKU COCTOUT B CIJIaXXMBaHWUU CUTHaja, pa3OMEeHUU
€ro Ha OTHe/NbHBIE ()parMEHTHI M OLIEHKE 3HAYeHMS IIpU3HaKa, CO-
CpPeIOTOYEHHOI0 Ha OJHOM W3 MH(OpPMaTUBHBIX (parMeHTOB. Pe-
3yJIbTaThl 00Pa0OTKM MOJIKHBEI OBITH OTOOpaXkeHBI HAa 3KpaHe MO-
HUTOpA.

[nsg mocTpoeHUs TaKol CUCTEMbI Ha OCHOBE PacCMOTPEHHOTO
MoaxoJa HeoOX0AMMO pa3paboTaTh YeThipe HacienHuKa kjaacca DO:

¢ 90 1: «YteHue u orobpaxkeHUe MCXOMHOIO CUTHAIAY;

e D0 2: «CrimaxuBaHue M OTOOpaXkKeHUE CIIIaXKeHHOTO CUTHAJIa»;

e D0 3: «BrigeneHnue parMeHTOB U OTOOpaXKEHUE UX TPaHULLy;

e D0 4: «OueHKa 1 0TOOpaKeHNEe Ha dKpaHe 3HAYCHUS TIpU3HAKa».

ITockoabKy 3TH KJacChl SIBJISIIOTCSI HacJleIHUKaMU OIHOTO a0CT-
pakTHoro kiacca 80, ux peanmsaius TpeOyeT NepeonpeacaeHus Me-
TOIOB aOCTPaKTHOTrO KJjlacca corjacHo Tadn. 4.1.

OpnHako B 3TOM ciydyae KaXXIbIii M3 IPOM3BOIHBIX OOBEKTOB, IO-
MUMO peai3alii MeTOA0B 00pabOTKHU, BHIMOJHSIET TakKe (PYHKIIUIO
KOHTelMHepa UCXOMHbIX JAHHBIX U pe3yjbTara 00pabOTKU, YTO, KaK
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BUAHO U3 TabOia. 4.1, MPUBOAUT K HEHYXHOMY AyOJMPOBAaHUIO WH-
dopmanun.

PaccMoTpeHHBIl TpuMep MpeAcTaBiIsieT co00i TOCTaTOYHO IPO-
CTYyI0 CXeMy IMocjeaoBaTebHoi 00padoTku. [1oaToMy B TaHHOM Cly-
yae HEHYXHOoe IyOoimpoBaHMe WH(GOPMALMK B TIOJSX HACISTHUKOB
D0 He Tak yX CTpallHO: C MOMOIIbIO MEHemkepa MOXHO YHHUTO-
KaTh OOBEKT-UCTOYHUK IIOCE TOTO Kak Heobxomumasi MHMopmalus
Oynet nepegaHa OObEKTY-IIPUEMHUKY.

OpHako B 0OllleM ciyyae s BBIIIOJHEHUs i-i cTaguu obpaboT-
KM MOXET TpeOoBaTbCsl HE TOJILKO pe3yabTar i — 1-ii cTaguu, HO U
Kako-mmbo Apyroi M3 MpealIecTBYIOIIMX cTaauil. B Takux cutya-
LIMSIX MBI BBIHYXXIEHBI OCTaBJISITh aKTUBHBIM 00BEKT DO TOJBKO
JIMIIb C LEJbI0 COXpaHEeHUS pe3yibTaTa oO0paboTku. BriojHe MoHsT-
HO, YTO TaKyl0 OpraHM3allMi0 CUCTEMBbl HEIb3sl MPU3HATh YAOBJIETBO-
PUTEJbHOM.

Kpome toro, pazHoobpaszue aJropuTMOB, KOTOPBIE MOTYT ITOTpe-
OoBaTbhCsl IS peayM3aliuy oTAeabHbIX craguit UT, cyliecTBeHHO
OoJibllle, YeM pazHooOpa3ue METOAOB BU3YATU3ALWU PE3YIbTaTOB 00-
paboTKU.

I[TpuHuMass Bo BHMMaHue 3TU (aKThl, Mpeajsaraercsi HECKOJbKO
WHauye B3MISIHYTh HAa IEKOMITO3UIIMIO CUCTEMbI: BBIYJIEHUTDb JAHHbIE U
METOAbl UX BU3yalM3aluy U3 Kiacca D0 M pacCMOTPeTbh MX KakK He-
3aBUCUMBIN KJlacC — Mojesb Hocutesss aaHHbix (MHJI), HO ocTta-
BUTb 32 DO BO3MOXHOCTb CChLIAThCSI HA HY>KHBIA 3K3eMILISAP OOBbEK-
ta MHJI (puc. 4.4).

ITpu oO0beaMHEHUU B ONHOM OOBEKTE JAHHBIX U METOMOB UX BHU-
3yaJM3aiii OTKPBIBAIOTCS BO3MOXHOCTH:

e [0JIydaTh AOCTYI K JaHHBIM MOCPEACTBOM 3KpaHHbIX rpaduye-
CKUX 00pa30B, OTOOpaXKaIOUMX 3TU JaHHEIE;

e 00eCIIeYnTh HEOOXOAMMYIO IIPUBSI3KY Trpaduyeckoro obpasa,
BU3YaJIU3UPYIOLLEro pe3yabTaT o0paboTKU, K Tpaduuyeckomy obOpasy
WCXOMHBIX JAHHBIX.

Takue BO3MOXHOCTU BeCbMa I0OJIE3HbI, a MOPOH U MPOCTO HEOO-
XOOUMBI TIpU CUHTe3¢ NpuKIagHbix T 06pabOTKKU CUTHAIOB.

Hns peueHust atoit 3amaun B pamkax OOII npemiaraercss pa3pabo-
TaTh abcTpakTHbIM Kiacc MHJI, peanusytolyii B caMbIX OOLIMX YepTax
000011LIEHHYIO MOJie]Ib HOCUTEJISI JaHHBIX, a Jajee MOCTPOUTh UePapXUIO
HacJIeAHMKOB 3TOTO KJjlacca, B KOTOPBIX MOCAeI0BaTeIbHO KOHKPETU3M-
poBaTh MPEACTABIEHUS O JaHHBIX M METOAAX MX BU3yaTU3allUM.

[Tpu TakoM nmoaxone KaXIbli OTAEJbHBIA 3K3eMIUISIP HacAeAHUKa
MHJI MoXeT UCTIOJHSITh POJb JMOO UCTOYHUKA, JTMOO MpUEMHUKA
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Kace D0 Kiace 50

JlaHHbie

JlaHHbIC Metoant
:> BH3yaIH3aI|

MeTtoant

Knace 50 Kace MHJT

MeTtonpl MeTtoawt
obpaboTku BU3YyalTU3aIUY

Puc. 4.4. Jlexomro3ulius Kjacca 3JieMeHTapHO 00paboTky aaHHbIX (DO)

IaHHBIX, a COBOKYITHOCTb ITOPOXIEHHBIX 00bekTOB MHJI obpasyer
BUPTYaAJIbHYIO 0a3y AaHHbBIX, YIIpaBJIeHUE KOTOPOH pa3yMHO MOPYYUTh
meHemxkepy cuctembl (MC).

ITockonbKy 3K3eMIUISIpel 00beKTOB MHJ/I mOJDXKHBI TECHO B3au-
MozeicTBOBaTh ¢ o0bekTaMu DO, meaecooOpa3HO caM METOJ IOpPO-
XaeHus oobektoB MHJI «ienernpoBaTb» OT MEHeEIKepa HEMOCPEaCT-
BEHHO K o0bekTamM DO, coXpaHUB 3a MEHEIXEPOM JUlb (BYHKIMHU
perucTpanuu. Takoe paclpefesieHe KOOPAWHAIIMOHHBIX (QYHKIIAI
MOXET OBIThb peaqn30BaHO TIiepenadyeil COOTBETCTBYIOIIMX CCBIIOK
(ykazateJseii) Ha Hy>KHbIE TUITbI OO0BbEKTOB.

B nmomnonHeHue K 3TOMy mpeajaraeTcsl Takxke COCpeaoTOYUTh Mpo-
LIEAYpPbl, peaU3yIOlIe BHIYMCIUTEIbHbIE aIlTOPUTMbI 00OpPabOTKU JaH-
HbIX Ha pasHbIX CTamMsIX, B OMOJMOTEKE BBIYMCIMTEIbHBIX MPOLETYD
(BBII), xotopass MoxeT pa3pabaThIBaThCsS HE3aBUCUMO OT CTPYKTYPHI
MPOEKTUPYEMOI CUCTEMBbI, OCTaBUB B 00bekTe DO JIMILIb BO3MOXHOCTh
CChIJIAThCSI HA KOHKPETHYIO BBIUMCIUTENIBHYIO TIPOLIEAYDY.

B pesynbraTte MBI TIPUXOAMM K TPEXYPOBHEBOM cXeMe OpraHu3a-
LMK yropaBiieHUus oObeKTaMu cuctembl (puc. 4.5). MeHemxep cuCTe-
mbl (MC) nopoxngaer o0bekThl DO M B3aUMOIEUCTBYeT C HUMHU.
O0bexkTel DO B CBOIO ouepenb ITopoxaamT o0bekThl MHJI. Ilpu
9TOM IE€pPBbIE BBI3BIBAIOT TPEOYEMYIO BBIUYMCIUTENbHYIO MPOLIEAYPY U3
oubmoreku bBII, nepenaior pe3ynbTar ee BITOJIHEHMsT B 00bekThl MHJI,
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MCHG,ZL)KCp CUCTCMBI

Yposenb 00paboTok

Bubnuotexa
BBIYHCIIUTENLHBIX
nporeayp

ypOBeHL JaHHBIX

YposeHs unTepdeiica

I'paduueckue oGpassl
Pe3y/IbTaTOB

Puc. 4.5. TpexypoBHeBasi cxeMa MOCTPOSHUSI MHCTPYMEHTAIbHOI CUCTEMBI

KOTOpble O0ECIeYMBAIOT XpaHEHUE U, IPU HEOOXOAMMOCTH, OTOOpa-
>KE€HUE pe3yabTaTa 00pabOTKM Ha SKpaHe MOHUTOpA.

YKpynHeHHasi MoJelb B3aUMOACHCTBUSI MEHEIXKepa CUCTEMBbI
(MC) c obObekTamMu 3jJeMeHTapHoOl o6paboTku (B0) u HocuUTens
nmanuberx (H/) mokaszana Ha puc. 4.6.

B otnuume OoT paHee pacCMOTpeHHOM cxeMbl (cM. puc. 4.3), Te-
nepb yXe TUHUSA X13HU 00bekTa DO Bcerga 3aBeplIacTCs MOCie BbI-
TTOJTHEHUsI OYepeIHON cTamni 0OpabOTKM. AKTHUBHBIM K€ OCTaeTCs
o0bekT HJI-mipyeMHUK UM, BO3MOXHO, 00bekT HJI-MCTOYHMK, eciu
copep:xaldecsl B HeM JaHHbBIC IMOTPEOYIOTCS Ha ITOCIEIYIOIIUX CTa-
IUsIX 00pabOTKU.

[ mpakTUYeCcKo# pealu3aliud TaKoi CXeMbl TOJDKHBI OBITH Jie-
TaJM3UpPOBaHbl TOJSI XU METOAbl 0a30BBIX IMPOrPaMMHBIX KJIACCOB —
000011IeHHOI MonenIn 00pabOTKU M 00OOIIEHHOW MOJEIN HOCUTENIS
TIAHHBIX, COCTAaBJISIOLIMX OCHOBY SIApa MHCTPYMEHTAJIbHON CHUCTEMBI.
IMToaToMy paccMOTpUM 3TU BOMPOCHI OoJjiee TTOAPOOHO.

4.2.3. ObbeKTHO-0PMEHTUPOBAHHBIE MORENH
ANPA MHCTPYMEHTONBHOM CHCTEMbI

B ocHOBy mocTpoeHHsI OOOOILIEHHOM MOAEAM HOCUTEIS ITaHHBIX
(MH) nonoxeHa uaesi pa3paboOTKyM abCTpaKTHOTO Kjlacca, Ha 0ase
KOTOPOTO CO3Jal0TCSI 00ObEKThl MHCTPYMEHTAJbHOM CHUCTEMBbI MpeIBa-
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Puc. 4.6. Nuarpamma B3aumoneiictBust MeHemkepa cucteMbl (MC) ¢ oObekTaMu
aJleMeHTapHoi1 00paboTku (DO) u Hocutens aaHHbix (HI)

pUTEIbHON 00pabOTKU CUTHAJIOB. DTU OOBEKThI JOKHBI OOECreuu-
BaTh (puc. 4.7):

e XpaHEHUE COAEPXKATEeJbHBIX JAHHBIX, HEOOXOAUMBIX JIs Opra-
HU3ALMU 3JIEMEHTApHBIX BBIYMCIWUTENbHBIX TMPOLEAYp Ha pasIuyHbIX
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CTaausIX MpeaBapuUTeIbHON 00pabOTKU CUTHAIA;

e oTOOpaXkKeHUe pe3yabTaTOB 0OPAOOTKU OTHEIbHBIX CTAAWii B BU-
Jie 9KPaHHBIX TpadUUecKUX 00pa30B M TEKCTOBOM MHMOPMAIINH;

e JIOCTYN K JaHHBIM MOCPEACTBOM MX rpaduyecKux oOpasos.;

e Moau(puKaluIo rpadpuyeckrx o0pa3oB (IepeMelleHue, MacliTa-
OupoBaHME, U3MEHEHNEe TUMA U T. 11.).

C sroit uenbto npemiaraerca [213] paccmarpuBate MHII B Buze
TPOWMKMU:

MH] = <DC7DG:GM >, (4.3)

rae DC — II0JId COACPXKATCJIbHLIX OAaHHDbIX; DG — I10JIA Fpa(l)l/l‘{e-

CKUX OaHHBIX; GM — MCETOAbI OTO6pa)K€HI/IH n MOZ[I/I(I)I/IKaL[I/H/I I'pa-

duyeckux oOpa3oB.

YrpoleHHasi CTpyKTypa aOCTpaKTHOTO Kijacca, peaju3yIOollero
3Ty MOZEb, MoKa3aHa Ha puc. 4.8, a. UneHTMprKaMoHHEI HOMEP
ID mosBoisieT perucTpupoBath MnopoxaaeMble 00bekTel MHJI. Co-
nepxkaTeabHble JaHHbIe D BKJIIOYAIOT B ce0sl yKaszaTeau sl XpaHe-
HHUSI MacCHUBOB 33JaHHOTO pa3Mepa K , IpuyeM ISl XpaHEHUs OJHO-
MmepHoro maccuBa (Dim = 1) ucnonb3yercst ykasareab MY, nBymep-
Horo (Dim = 2) — yka3arenu MX u MY, a tpexmepHoro (Dim = 3) —
ykazatenu MXX, MYY w MZZ. B nocnegHem ciaydyae noiasts MX u MY
3aIOJTHSIOTCS JAaHHBIMU, HEOOXOIUMBIMU IIJISI TIOCTPOSHMS TIPOEKIIUN
TpEeXMEpPHOro rpacuyeckoro oopasza, COOTBETCTBYIOILLETO JdaHHBIM
noneut MXX, MYYn MZZ.

I'padmueckue nanneie D, coCTaBISIIOT TMoss (CBOMCTBa) Kiacca

MH/I, xoTopbie oOmpeaessiioT LBET MOPOXIAEMOTo TI'pauyecKoro
obpa3a, IpU3HAaK €ro BUAMMOCTU Ha 3KpaHe MOHUTOPA, KOOPAUHATHI
MNPUBSI3KM K BKPAaHHBIM KOOpAMHATaM, KO3 ULIMEHTH MacluTadu-
pOBaHUSsI, 3JIEMEHTH MATPUIBI IPOEKTUPOBAHUS TPEXMEPHOTO Tpa-
¢uyeckoro obpasza u T. II.

Hvpoxuit Habop METOIOB OTOOpaxKeHWs U MoAM(UKALIMM Tpa-
dugecknx o6pa3oB (TrepeMellIeHNs, MaCIITAOMPOBAHUS, TIPOECKTUPO-

Xpansrcs Monuduimpyorcs
ITopoxnator

Jlanubie I'padpuueckne
00pa3bl

O0becneynBaroT JOCTYI

Puc. 4.7. KonuenryanbHast uaest nocrpoeius MH]I
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CoaepxkaTeabHble JaHHbIE

‘ WnentnduxaluvoHHblit HOMEp ID|
OCHOBHDIC ‘ PasmepHocTs Dim |
napameTpsl: ‘ Pasep K |
‘ JlMckpeTHOCTh |
Vkazarenu MRX | MRY
Ha MacCHBBI
aHHBIX: MRXX | MRYY | MRzZ

OcHoBHBIEe TpauUYecKHEe JaHHbIE

MeToabl 0ToOpaskkeHUs1 U MOAH(PUKALHU
rpaduyeckxoro oGpasa

Knacc PCJ], Knace PI'JT

Pacuiupenue kaacca MH/I

Puc. 4.8. O6beKTHO-OpUEHTUPOBAHHAs MOJEJIb HOCUTENS TaHHBIX:

a — YIpoUIeHHasl CTPYKTypa abcrpakTHoro kiacca MH/I; 6 — MexaHW3M OTWHAMUYECKOTO
pacluMpeHus Kiacca

BaHUS U [Jp.), MHKAICYJIMPOBAHHBLIX B MOZEIb, JAeT BO3MOXHOCTh
ITOJTb30BaTeNII0 WHCTPYMEHTAJBHOM CHCTEMBI 00pamiaTbCcsl K TIOJISIM
rpaduuecKnX TaHHBLIX Yepe3 DJIEMEHThI YIIpaBJIeHUS UHTepdeiica UH-
CTPYMEHTAIbHOM cUCcTeMbl. Hampumep, nepemMeliatb 1 MacIluTabupo-
BaTb HY>XKHBIM 00pa3oM rpacduyeckre oopas3bl Ha 3KpaHe MOHUTOpA U
T. 1. B 3TOM ciyyae MHCTpyMEHTalbHasl CUCTEMa HCIONHSET POJb
«MHTEeJUIEKTyalbHOro» ocuuiiorpada, a koHcrpyktop UT, monyyas
TpeOdyeMoe OTOOpaxkeHHME pe3yJbTaTOB 00pabOTKM, MOXET BMECTE C
AKCMEePTOM MPEeIMETHON OOJacTU OlieHUBaTh A(P(PEKTUBHOCTb TOM
WIM UHOU BBIYMCIUTEbHON TpOLIeaypbl HE TOJIBKO YMCJICHHO, HO U
BU3YaJIBHO.
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CienyeT OTMETUTb, YTO B peaJibHOM cUCTeMe abCTpakTHas MoO-
nenb Hocurtenss maHHbIX (MHJI) ucnoas3yercd nuiib B (opme Mpo-
M3BOJIHBIX KJIACCOB, MOJYYEHHBIX OT Hee IyTeM HacjieaoBaHus. Of-
HakKo, HECMOTpsI Ha pa3HOOOpasre BO3MOXHBIX HACJIECIHUKOB, POJb
000011IeHHON MoOJeM B 3TOM uepapxuy 0Oojee 4yeM 3HauMUTelbHA:
WMEHHO B Hell orpeiesieHa IJaBHas 4yacTb COIEpXKaTeJIbHBIX M Tpa-
¢uYecKUx AaHHBIX, a TaKXe CBSI3aHHAasi ¢ HUMU (DYHKIIMOHAIbHOCTh
00bekTOB. M NUIlIb OTHOCUTENBHO HEOOJBIIOK 0OBEM JOIMOJTHUTEb-
HBIX JaHHBIX U HEOOXOAMMbBIX METOAOB AOOMPEACISIeTCs] B HACAEIHM -
Kax Kjiacca MHJI.

st Toro 4toObl OTpaHUWYUTH MEpapXul0 HaCJIeIHUKOB KJjacca
MH/ u B To Xe BpeMs IIpUAaTh 3TOMY KJaccy TpeOyemMyr rMOKOCTb
U BO3MOXHOCTb JajibHeiero pa3putusi, B MHJI npemioxeHo BBe-
CTU YHUBEPCAJbHBIA MeXaHU3M paciuupeHus (puc. 4.8, 6). DToT Me-
XaHU3M peaiu3yeTcs] COOTBETCTBYIOLIMMMU CChIJIKAMM Ha ABa JIOIMOJ-
HUTENbHBIX KJlacca, 00eCIeurBaIOLIUX pacllIupeHue conepkaTeJbHbIX
(PCH) u rpadpuueckux naHHbix (PTII).

IMTone mannbix knacca PCI mpencrasisier coOoii TMHAMUYECKUIA
BapUMaHTHBIM MacCCUB, KOTODPBIA TOJAEPXKUBAECTCS COBPEMEHHBIMU
sI3bIKaMM TIporpaMMupoBaHusi, B yacTHoctu Delphi. B stoM ciydae
o0bekTel PCJI obOecrieumBaOT XpaHEHUE pa3JIMYHBIX aTpUOYTOB OdYe-
peaHoro asrtarna oopabOTKU, TaKMX KaK HaMeHOBaHHUE (IeCKpUMTOp)
npoueaypbl o0pabOTKU, €€ TUIl, TapaMeTpbl HACTPOWKM U T. M. s
ynobcTBa goctyna K arpudyram kiacce PCJI comep:kuT MUHUMATbHbII
HaboOp HEOOXOAMMBIX METOJ0B, B TOM uucie «/1o0aBUTb aTpuOyT»,
«3Bneyp aTpudyT», «YOaauTb aTpudyT» U T. II.

O60bekThl PT'Jl obecrneyrBaloT XpaHeHUE JOMOJHUTENbHBIX Tpa-
¢uryeckrx JaHHBIX B BUAE Pa3IMYHBIX 3HAKOB (METOK), KOTOpbIE
MPUBS3LIBAIOTCS K M300PaKeHMUIO ITOPOXIAeMOro rpadgpuieckoro oo-
pasza M TeM CaMbIM IIOBBILIAIOT €ro HarJsIHOCTb U WHGpOPMATUB-
HOCTb.

Kaxnmas rpacduueckass MeTka XapakTepu3yeTcs TUIIOM U CBOICT-
BaMu, OMpeIe/SIoIMMU e BUA Ha 3KpaHe. LIS ymnpaBieHUs Mexa-
HU3MOM OTOOpaxxeHMsT MeTOK B 0a3oBoil moaenu PI'/l mpemycmoTtpe-
HBl METOHbI, MO3BOJIIIONIME NO00AaBUTh M YIAJIUTh METKY 3aJaHHOTO
tuna. [lpy HeoOXOAMMOCTM BapuWaHThl METOK MOTYT OBbITh pacllIvpe-
HbI B TPOM3BOJHBIX KJjlaccax 6azoBoit moaenu PII.

ITockonbKy TpexypoBHEBasl apXUTEKTypa IIOCTPOEHUSI WHCTPY-

MEHTAILHON cHCcTeMbI (puc. 4.5) mpeamnonaraeT, 4to AaHHbe DY un
DY xpansrca B obbektax MHJI, a mpouenypa, peanusyromas 3Jie-
MEHTapHYIO CTaauio 00paboTku A.(-), cocpenoroyeHa B OUOINOTEKE
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Bupryansnas
nporeaypa

06paboTKu

L

BubnuoTexa BEIYMCIMTEILHBIX npoueayp

Puc. 4.9. YripolieHHasi cxema KOMIIOHOBKM 2JIEMEHTApHON CTaauu 00paboTKU:
MO/JI — monenb 06paboTku gaHHbIX; MH/] — Momeb HOCUTENST TaHHBIX

BBIUMCJIMTEbHBIX MPOLEAYpP, HEOOXOAMM OOBEKT, O0OecrevyrBaroLInii
B3aUMOZEVCTBUE 3TUX CYLUIHOCTEM.

HMnes noctpoeHusi 0000ILIEHHONH MoJeaM 0OpabOTKM JaHHBIX
(MOJ/I) kak pa3 W COCTOMT B pa3paboTKe aOCTpaKTHOro Kjacca ¢
YHUBEPCAIbHBIMU TIOJISIMU, CBOMCTBAMM M METOJAMM, WHBapUaHT-
HBIMU OTHOCHUTEJIbHO KOHKpPETHO Tpolenypbl 00padbotku. ITpu aTom
MO/I, comepXUT BUPTYyaJIbHBI METOH, «ITyCTOM» 00pabOTKU, KOTOPHIiA
JoonpenessieTcsl B HacJaeMHUKax 3Toro kiacca (puc. 4.9).

AbcTtpakTHbIt kiacc MO/l mo3BosisieT YHU(PUIIUPOBATh MOHSITHE
«3JIeMeHTapHast 00pabOTKa JTaHHBIX», YIOPSIOYUTL TPOLECC CO37a-
HUSI TIPOrPAaMMHBIX KOMIIOHEHT, peaju3yIolINX OTAEIbHbIC CTaauu
00paboOTKM, U TeM CaMbIM OpPraHM30BaTh YAOOHLIN MHTepdeic B3au-
MOJEHCTBMSI MEXIy aKTUBHBIMU K3eMIUIsIpaMu (00beKTaMu) Kiiacca
MHJ 1 KOHKpeTHOU mpolieaypoil 00paboTKU.

Knacc MO/ nonnepxuBaeT yHU(PULIMPOBAHHBIA UHTEpGhEC BbI-
30Ba JII0OOI BBIYMCIUTENIbHON MPOLIEAYPHI:

U n. )
< Hms > (1,... 1y LD, [);0,...,0y,;
0 0). )
L0, 050ty 3 Mess), (4.4)

tne [,...,1y; O,,...,0y, — yKa3zareJin Ha MacCUBBI BXOIHBIX W BBI-
xomHbIX manubixX; L7, LY, L7,.., L)) — 4uCIO 3]IeMEHTOB B CO-
OTBETCTBYIOIMX MACCUBAX; 0,...,0y, — HACTPOEUHBIE MAPAMETPhI

npoueaypbl o0paboTKu; Mess — CTpoOKa COOOIIEHUS 00 MCKIIOUM-
TeJIbHOW (aBapuiiHOI) CUTyallUMu.
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Takoit nHTepdelc MO3BOJSET pachnapauie]uTh padoTy Mporpam-
MUCTOB, YYacCTBYIOIIMX B CO3JaHUM MHCTPYMEHTAJIbHOU CUCTEMBI.
ITpuxitagHbie TPOTPAaMMUCTBI MOTYT COCPEAOTOUYMTLCI HAa UX TJIaBHOW
3amaye — peanu3auuu A(POEKTUBHBIX BBIYUCIUTEIbHBIX MPOLETYD
00paboOTKM AaHHBIX, HE 3a00TsCh 00 OpraHM3allMu Auajgora C IMoJjb-
30BaTeieM M MeTojax rpaduyecKkoro IMpeacTaBleHUs pe3yabTaToB, a
CUCTEMHbIE MPOTPAaMMUCTBI — paccMaTpUBaTh Mpoleaypy oOpadboTKu
KaK HEKUM «YEPHBIA SILUK».

4.2.4. Bazosbie KOMNOHEHTbI UHCTPYMEHTABHON CHCTEMBI

IIpennoxeHHass 06001eHHAss MOAEIb 0OpPabOTKM JAHHBIX MO3BOJIMIA
HaM Ha 0a3e TMpou3BOAHBLIX KjiaaccoB MOJI peanu3oBaThb LIMPOKUIA
HaOOp BBIYMCAUTEIBHBIX KOMIIOHEHT, HEOOXOMUMBIX IPU TOCTpOe-
Huu npukiaaaHbix UT o6paboTKU CUTHAOB C JIOKAIBHO COCPEIOTO-
YyeHHBIMM IIpu3HakaMmu. IIpu 3ToM olieHKa 3((HEeKTUBHOCTU pa3pado-
TaHHBIX 0A30BBIX KOMIIOHEHT MPOBOAMUJIACH HA MOJCIbHBIX U peaslb-
HBIX JaHHBIX COMIACHO OOOOIIEHHON CXeMe 3KCIePUMEHTOB, MOKa-
3aHHOI Ha puc. 4.10.

[ns opraHM3alMyd TaKUX SKCIEPMMEHTOB B COCTaB MHCTPYMEH-
TaJIbHOM CHUCTEMbl BKJIIOUEHBI KOMIIOHEHTBI, OOecIeurBamlIie pe-
LIEHUsI TUIIOBBIX 3a/lay, ¢ KOTOPBIMM Yallle BCEro CTaJKMBAETCS KOH-
cTpyKTOp npukianHeix UT, B ToM ynche:

e BBOJIA PEAIbHBIX CUTHAJIOB;

e reHEpalli TeCTOBBIX CUTHAJIOB;

e (hopMUpOBaHUS cMecell U liermovyek (hbparMeHTOB CUTHada sl
WMUTALMU TUITOBBIX UCKaXKEHMIA;

e BOCCTAHOBJICHUSI (POPMBI TTOJIE3HOTO CHUTHAJA IO MCKaXKEHHOM
peanuzanuu;

e BblieJIeHUSI (hparMEeHTOB CUTHAJIOB (BO BPEMEHHOI 00JacTy U B
¢$a30BOM MPOCTPAHCTBE);

| OTanoH curHana | | Moaenb UCKaKeHu s |

HckaxkeHHBIH curHan }<_|

| BoccTaHoBneHHbIH ATAIOH |

]

CpaBHeHHe |

Puc. 4.10. O611as cxema opraHM3alMd SKCIIEPUMEHTOB
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e U3MEPEHUSI 3HAYEHUI OMAarHOCTUYECKUX TPU3HAKOB, COCpPEIO-
TOYEHHBIX Ha (pparMeHTax.

KOMIIOHEHTHI 6600a pealbHBIX CUTHAJIOB OOecreuyrBaloT 16-ka-
HaJIbHBIN BBOJ OXHOIOJISIPHBIX aHAJOTOBBIX CUTHAJIOB TPEX CTaHAAPT-
HbIX ypoBHeii: 0...2,5V, 0...5,0V u 0...10,0V, 1u60o 8-KaHalbHBII BBOA
OMIIONSIPHBIX ~cUTHaAJIOB ypoBHeur —2,5V... +2,5V, -5,0V..+ 5,0V,
-10,0V... +10,0V.

IIpeobGpazoBaHMe aHAJIOTOBLIX CUTHAJOB B LUMPOBYIO Gopmy
OCYIIECTBJSETCS C MOMOLIbIO OBICTpOAECHCTBYIONIETO 14-pa3psiaHOro
AIIIT (BpeMst mpeoOpazoBaHus 2 MKC). B Tex ciyvasix, Koraa TpeOy-
eTCA BBOIWTH CHTHAJIBI HECTAHTAPTHBIX YPOBHEH, B CHUCTEMe HOTIOJ-
HUTEJIbHO MCITOJIb3YIOTCS HOPMUPYIOIIUE MPeodpa3oBaTesu.

IIpenycMoTpeHBl TakKe CpeacTBa BBOIA MPEABApUTEIbHO OLMQ-
POBaHHBIX CUTHAJIOB uepe3 craHmapTHbie uHTepdelicei COM u USB,
a TakXke MMIOpPTa JAUCKPETHBIX 3HAYEHWI CUTHala U3 (ailioB pas-
JINYHBIX (hOPMATOB.

KoMmnoHeHTbl eenepayuu TECTOBBIX CUTHAJIOB 0OOeCIeunBaloOT
¢dopMUpoOBaHME BPEMEHHBIX MOCIEA0BATEIBHOCTE, COOTBETCTBYIO-
LIUX Pa3IMYHBIM MOJEISIM IeTEPMUHUPOBAHHBIX U BEPOSITHOCTHBIX
MPOLIECCOB.

B cucreMe peanmszoBaHbI TeHEpaTOPhI TUIIOBBIX ONMHOYHBIX CHUT-
HaJoOB W WX TOCJAeA0BaTebHOCTEM, B TOM 4YHCJIe TeHepaTop MOJIM-
rapMOHMYECKOr0o CHUTHaja, TOCJea0BaTeIbHOCTH He3aBUCUMbBIX OAU-
HAKOBO pacCIpeleNeHHbIX BEJIUYMH C Pa3IWyHbIMM 3aKOHAMM pac-
npeaeneHus (paBHOMEPHBIN, HOPMalbHBINA, JOTHOpMalbHbIN, Koriu,
IMapero, MakcBenna, Penest) u np.

Pean3oBaHbl Takke T€HEpaTOPhI CIIEIIMAIbHBIX CUTHAJIOB, B Ya-
CTHOCTH, MMUTATOp LUKIMYECKUX ITOCaeq0BaTeIbHOCTEe, OIMMCaH-
HbI B MyHKTe 2.3.3.

baszoBbie BBIUMCIUTENbHBIE KOMIIOHEHTHl cucTteMbl (Oonee 100
MPOrpaMMHBIX MOAyJIel) BKJIIOYaloT B ceOsl IMPOKUIl HAOOp CTaH-
JApTHBIX METOAOB 1LIM(POBON 00pabOTKU CHUTHAJOB: HOpMaau3allMu,
CIUTAH-MHTEPIIOJSILNY, anIlpoKCUManuu, auddepeHIIMpoBaHU Ha
OCHOBE PETYJSIPUUPYIOLIUX TIPOLIeayp U Ap.

EctecTBeHHO, UTO B YMCIO 0A30BBIX BKIIOUECHBI U BBEIYMCIUTEIH-
Hble KOMIIOHEHTBI, peaU3yIollue OPUTMHAIbHbIE MpPOLeaypbl 0bpa-
OOTKM CUTHAJIOB B (ha30BOM IPOCTPAHCTBE (CM. IL. 3).

B cucreme obGecrieueHa BO3MOXKHOCTb «HaJOXEHHUSI» TapMOHUYE-
CKUX, CIIyYaHBIX M MMITYJbCHBIX TMOMEX Ha pealbHbie M TECTOBBIC
CHUTHAJIBI, a TaKKe MMUTAIIMN PAa3IMIHBIX IPYTUX MUCKaXXeHU, C KO-
TOPBIMU TIPUXOAUTCS UMETH IO TIPU PEIICHUN MPaKTUISCKUX 3amad
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00paboTKM cUTHaIOB. Mcmonb3oBaHUE OBTUX CPEICTB I103BOJSIET
MMPOBOAUTh BKCIIEPMMEHTBI COIJIACHO CXeMe, II0Ka3aHHOW Ha
puc. 4.10.

IIpm pa3paboTKe WHCTPYMEHTATBHOM CHCTeMBI €CTECTBEHHBIM
TpeOOBaHMEM OBLIO ITOCTPOCHME APYKETOOHOIO IOJIb30BATEIBLCKOTO
uHTepdeiica. OdecnieyeHre 3TOro TpeObOBaHUS U MOPOAUIO Ha3BaHUE
cucteMbl «CUIUTPA®» (Curnan—/Iuanor—Ipaduk), B KOTOpoii
peXVM auajiora ¢ IIOJb30BaTeeM peaau3dyeT IMPUHLIMI «YKaXu |
BbIOepU». s obecrieueHUs AOCTyIa K JaHHBIM JOCTATOYHO yKa3aTh
Ha COOTBETCTBYIOIINIA TpadmK B paboueM OKHe, a JJig BBI30Ba Tpe-
OyeMOli BBIUMCIMTEIbHOU MpoLeaypbl — BbIOPATh COOTBETCTBYIOLIMIA
MyHKT MeH10. TeM caMbIM KOHCTPYKTOPY MPUKIAIHON CUCTEMBI Ipe-
JIOCTaBJIeHa BO3MOXHOCTb pPeaM3allMU 1EMOYKU BbIYMCIUTEIbHBIX
MPOLIeAYP M3 TOTOBBIX KOMIIOHEHT CaMOil MHCTPYMEHTAJIbHOW CUCTe-
MHI (puc. 4.11, a).

IMome3Holf HAXOOKOM CUCTEMBI, HAa HAIl B3IJISII, SIBIISICTCS ITTOM-
X0/, 00ECIeUnBaIOIIU UHTEPAKTUBHYIO HACTPOMKY MapaMeTpOB BbI-
YUCIUTEJbHBIX TMPOLEAYP C MCIOJIb30BAaHUEM UAEel KOTHMTUBHOM
KoMIbloTepHO# Tpaduku [89, 90]. B Tex ciydasx, Korma OTCYTCTBY-
10T (hopMabHBIE METOIBI ONpPeneIeHUST ONMTUMATbHBIX 3HAUYEHUI Ha-
CTPOEUHBIX TapaMeTPOB, MPEIIOXKEHHBINM TOIXOMI MTO3BOJISET OBICTPO
OIPENCIIUTh 3TU MTapaMeTPhl SKCIIEPUMEHTAIBHBIM ITYyTEM.

Ha puc 4.11, 6 moka3zaHo pabodee OKHO CHCTEMBI IIpU HaCTPOIKe
BBIYMCMUTEILHOTO MOMAYJIS CIUIAXKMBAHUS 3alllyMJICHHOTO CUTHAJIA.

bnaronapsi «eéupmyaasnoti» CBSI3M opraHa yIpaBjieHUs] U rpaduyde-
cKoro obpasa, oTOOpakalollero pe3yabraT 00paboTKM (HUXXKHUKM Tpa-
$UK), TTOIB30BATEb MOXET BU3YAJIBHO OIPEIEIUTH «OITHUMATbHOC»
3HAYEHNE ITapaMeTpa HACTPOMKM BBIYUCIUTEILHOU TIPOLEAYPH (B
NAaHHOM cJlyyae — ajJropuTtma criaxusaHus). [Ipu HaxaTuu KiaaBu-
mu OK HaiimeHHOe TakuM 00pa3oM 3HauYeHue MmapameTpa HaCTPOUKHU
COXpaHSIEeTCsl B T0OJIe COOTBETCTBYIOIIET0 O0beKTa HOCUTENS JaHHBIX.
AHaJOTUYHBIM CIIOCOOOM  OCYILIECTBISIETCSI BBIOOP M HACTpoiika
IPYTUX BBIYACIUATEIBHBIX TIPOILEIYp, PEaTU3YIOIMNX OTACIbHBIE CTa-
nun U'T oOpabOTKM CUTHAJIOB € JIOKAJIbHO COCPENOTOYEHHBIMU TPHU-
3HaKaMH.

IIpu pa3paboTke 6a30BBIX BBIYMCIUTEIHLHBIX KOMIIOHEHT YIAJIOCh
BHECTHU PsI MOJIE3HBIX YCOBEPIIEHCTBOBAHUI B TPaAULIMOHHBIE aJIro-
PUTMBI, B YACTHOCTH MpOIEeaypbl (GUAbTPALIMA YaCTOTHBIX U Caydai-
HBIX TTOMEX.

ITockonbky npu 00pabOTKE CUTHAIOB C JIOKAJIbHO COCPENOTO-
YEHHbIMU MPU3HAKAMU TpeOyeTCs He TOIbKO 3(DHEKTUBHO MOAABUTH
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Puc. 4.11. Unmoctpaiust MeTona MHTepakKTuBHOro cuHTte3a UT:

a — opraHu3anys HECIMOYKHM BBIYMCIMTCIBHBIX ITPOLECAYD, 0 — HaCTpOﬁKa mapaMe€TpoOB BbI-
YUCIUTEIbHUN KOMITOHEHTBI

MEIIAOLIYIO [TOMEXY, HO U B MAKCHMMAJIbHO BO3MOXKHOI CTEIIEHH COX-
paHUTh (opMy MHGOPMATUBHBIX (PAarMEHTOB IIOJIE3HOIO CHUTHAla,
PacCMOTPUM 3TH YCOBEPIIICHCTBOBAHUS 0oJjiee ITOAPOOHO.
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4.3. 3¢ dexTuBHas npouepypa GpunbTpaLUM
€OCPEeA0TOYEHHBIX FAPMOHUYECKUX NOMEX

4.3.1. Obwpe 3ame4aHns,
KOCQIOLLMECH YOCTOTHO-M3OMPATENBHON GUILTPALM

HpeILHOJ'IO}KI/IM, YTO agJUTUBHaAsA IMMOMEXa MMEECT YaCTOTHYIO IIPUPOAY
1M Ha HMHTCPBAJIC HaOIIONEHUSI MOXET OBITh npeacraBji€Ha B BUIC
CYMMbI CTalMOHApHbIX TApMOHHNYCCKHNX KOJIeOaHMIA:

hik] = Afag sin (2nf,k + ¢,), (4.5)
g=1

roe a,, f g9 (Pg — COOTBCTCTBCHHO 4YacToTa, aMIUIMTyJa U HadajJbHad

¢aza g-il rapMOHUKH.

B oOmieM ciryyae mist momaBlIeHUs TaKUX TIOMEX MCIIOJIb3YIOT Yac-
TOTHO-M30MpaTeNbHble (DUIBTPBI, KOTOPHIE IMPOMYCKAIOT CUTHAJBI B
OIpeieJIEHHOM TO0JIOCe YacTOT M 3aJepKUBAIOT OCTAJIbHBIE YaCTOTHI.
ITpunsaTo paziauyats [9]:

e OuabTpel HIDKHMX YacToT (PHY), mpomyckaioliie 4YacTOTHI,
MEHbILIME HEKOTOPOI 4acTOThI cpe3a f; ;

e (uabTpel BepxHmx Yactor (PBY), mporryckaroliyde YacTOTHI,
0oJIbLIIMEe HEKOTOPOM YacTOTHI Cpesa f;;

e nojjocoBbie GuinbTphl (I1P), mpomyckaroiye 4acToTbl B HEKO-
TOpOM MHTepBae |f, f,1;

e pexXeKTopHble (3arpaxpatoinue) ¢puiabTpbl (PP), mpomyckaio-
LK€ BCE YAaCTOThI, KPOME TeX, KOTOPhIC JeXKaT B HEKOTOPOM HHTEp-

BaJjic [flafz]

Hnst mopaBneHusi moMexu (4.5) DOCTATOYHO BOCIOJb30BAThCS
KacKaZoM PEXEKTOPHBIX (WIBTPOB, HACTPOCHHBIX Ha 3arpaXkIcHUe
g- TADMOHUKMU.

ITpu 06paboTKe CUrHaja B peaJibHOM MacllTabe BpEeMEHU aJro-
puT™M (UIBTpaMM MOXET ObITh (DU3MUYECKM peau3yeM, e€ciaud s
nojixyyeHus: GUIBTpOBaHHOTO 3HaueHus Yy, [k| B k-ii MOMEHT Bpe-
MEHU HCTIOJIB3yeTcsa MHPOPMAIIN, TTOJyIYeHHAsT B MOMEHTHI BpeMEHM
k,k-1, k-2 u T 0 B obueM ciayyae TUCKPETHBINA (PUIBTP CyMMMU-
pyeT (Cc BeCOBBIMU KO3(h(GULIMEHTAMU) HEKOTOPOE KOJIUYECTBO BXO/I-

HbIX 3HAYEHUI CHUTHajJa M HEKOTOPOE KOJMYECTBO IPEABIIYIINAX
(UIBTPOBAHHBIX 3HAYCHUIA:
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belX[k] = bOyBX[k] + blyBx[k - 1] +...t bmyBx[k - m] -

(4.6)
- albeIX[k - 1] - aZbelx[k - 2] - anbelx[k - I’l] .

B yactHOM ciyvae, xorma a, =a, =...=a, =0, T. e. aropuT™m

HC MCIOJIB3YCT NMPCAbIAYIINC (bI/IJ'II)TpOBaHHble 3HA4YCHUA, YPAaBHCHUC
(I)I/U'[BTpa CBOAUTCS K JUCKPETHOM CBEPTKE:

Vo[ = f{;b,-ysx[k -], 4.7)

OuIbTp, peaNn3yoNnii aaropuT™ (4.7), Ha3BIBAIOT HEPEKYPCUB-
HBIM (PUIBTPOM m-TO TOPSIIKA, KOTOPBI, B OTIWYNE OT PEKYypCHUB-
Horo ¢uibTpa (4.6), Bcerma sBiseTcs ycroiuuBbiM [174, c. 203].

3agaya TMpoeKTUpOBaHUs (CUHTe3a) AUCKPETHOro (uUIbTpa CBO-
IUTCSI K BBIOOPY TIOpsAOKA W OIPEAeSICHUIO 3HAUYCHWI ITapaMeTpoB
a;,b.. B tex cnydasix, korga ¢a3oBble XapaKTepUCTUKU (UIbTpa He
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BaXKHbI, Takas 3ajaya CBOAMTCS K aIllpOKCHUMAallUW XeJlaeMOi am-
IUIUTYTHO-YaCTOTHOM XapaKTepUCTUKHU, ITOCTABISIONIE MUHUMYM
P-HOPMbI YKJIOHEHMSI, B YACTHOCTU CPEIHEKBAIPAaTUYECKON OLIMOKe
(p = 2) 16O MaKCUMaIbHOMY OTKJIIOHEHUIO 10 MOIYJIO (p — o).

ITockonbky B 00llleM ciaydyae Takas 3ajaya He MMEET aHaIMTUYe-
ckoro peuieHus [174, ¢. 319], Ha mpakTUKe MCIOJb3YIOT pa3jinyHbIe
YUCJIEHHbIE QJITOPUTMbI, B YAaCTHOCTM, METOJ, OCHOBaHHBIH Ha pe-
lIeHUn cuctembl ypaBHeHMit KOna—Yokepa, MeTol 3KCIMOHEHIIMAb-
HOro oneHMBaHUA [IpoHM U psAn APYTUX CYOONTHMATbHBIX METOIOB
CHHTe3a (uapTpa.

CrenyeT, oaHaKo, 3aMETUTb, YTO AaXe TPU BBICOKOM IIOPSIKe
GUIBETPa HEBO3MOXXHO ITONYYHUTh <«UIEATBbHYIO» aMIUTMTYIHO-4aCTOT-
Hyl0 xapakTtepucTuky (AYX) mpsimoyrojbHoit dopmbl (puc. 4.12, a),
o0ecrnevyunBalollyo MoJHOe MOAAaBJIEHUE YacTOT B MOJIOCE 3arpaxie-
HuUs 0e3 UCKaXeHUsl CUTHaja B Iojoce mpomyckaHus. [lomumo oc-
HOBHBIX MTapaMeTpoB (YACTOTHBIX T'PAHMUI] IMOJOC MPOIYCKaHUS f, W
3amepxkaHus fg), Ha MPAKTUKE TPUXOMUTCS IMPOCKTHPOBATh 3arpaiau-
TeJbHbI (PUIBTP C YYETOM NOIMOJHUTEIbHBIX TPeOOBAHUI — mOITyC-
TUMOI HepaBHOMepHOcTU AYUX B mosoce mnpomyckaHuss R, U Mu-

HUMaJIbHO HEOOXONMMOTO 3aTyXaHWs B TIOJoce 3arpaxaeHus R
(puc. 4.12, 6).

OcoOble CIOXHOCTA CHUHTE3a PEKEKTOPHBIX (PUIBTPOB BO3HMKA-
0T B TeX Cllyyasix, Korma HeoOXOAUMO OOECIeUUuTh 3arpaxkacHUe y3-
KOITOJIOCHOM MOMEXHU, COCPEIOTOUYCHHOM B ITOJIOCE «IOJE3HBIX» Yac-
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Puc. 4.12. AMIIIIUTYTHO-9aCTOTHBIE XapaKTePUCTUKU (DUIBTPOB:
a — <«uIeaNbHbIX» (PUIBTPOB; 6 — PeaTbHOrO 3arpaauTeIbHOrO (GUIbTpa

TOT. IIpr YMEHBIIEHUN Pa3HOCTU A, = f,5 — fi5 HEM30EKHO yBEJHM-
YUBAIOTCS MapaMmeTpbl R,, Ry. DTO NPUBOAUT K HEIAOMYCTUMBIM MC-
KaxXXeHMSIM 3HAUYEHUI AMArHOCTUYECKMX ITPU3HAKOB, COCPEIOTOYEH-
HBIX Ha JIOKAJIbHBIX (hparMeHTax cUrHaia.

PaccMoTpuM MHOI BO3MOXHBIA MYyTh TOAABJIEHUS COCPENOTO-
YEeHHBIX TapMOHWYECKMX IIOMEeX, KOTOpPbIii B HayyHOU JMTepaType
Ha3bIBaIOT METOMOM (UJIbTpalUM C MU3MEHEHWEM 00yacTu Ipeodpa-
30BaHUS cuUrHajioB [329]. B oTiuMuMe OT pacCMOTPEHHBIX BBILIE Me-
TOAOB IOCJeNOBaTeIbHONM 00pabOTKM CUTHAja BO BPEMEHHOU obJac-
TH, Takhe (WILTPHI MPOBOAAT OJIOUHYIO OOpabOTKY BCEro MaccuBa
naHHbIX Y[1],...,¥[K] B yacToTHO# objacTu.

Anroput™m OJIOUHOW (UIBTpAllMM MOXET ObITb OCHOBaH Ha IpU-
MeHeHun mpouenyp npsmoro FFT wu o6parnoro IFFT puckper-
Horo npeo6paszosanus Pypre. UssectHo [87], uro npouenypst FFT
u [FFT B3aumHO 00patuMbl (C TOYHOCTBIO IO MaJbIX MOTPEIIHO-
CcTeil OKpyrjiaeHus ), T.e. mast moboro Bektopa Y = (V[1],...,y[K])
CMpaBeIMBO PAaBEHCTBO

IFFT(FFT(Y)) =Y. (4.8)

N3 (4.8), xazanoch Obl, ClAeAyeT, YTO IJISI 3arpaKIeHUs CTaluo-
HapHOU rapMoHUYecKou momexu (4.5) NOCTaTOYHO BBIMOJIHUTHL TIO-
cllieJ0BaTeIbHOCTh Tpex onepauuii (puc. 4.13):

e [IOCTPOUTH CIEKTPp HaOJI0AaeMOro curHajga Ha ocHose FFT
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Puc. 4.13. Unesa 3arpagureabHoro GUIbTpa, MOCTPOeHHOro Ha ocHose JAITM

e MOJIAaBUTh COCTABJISIOLINE CIIEKTPa, COOTBETCTBYIOIIME YacTOTaM
noMexu h(-);

e TIPOBECTH OOpaTHOE IpeobpasoBanue Ha ocHose [FFT g Boc-
CTAHOBJIEHUS TIOJIE3HOTO CUTHAJIa BO BPEMEHHOI 00JIaCTH.

OIHAaKO OKa3bIBAETCs, UTO TAKOM MpUeM He Beerma 3G GheKTUBEH.
JIesi0 B TOM, 4TO CIEKTP AMCKPETHOIO TADMOHMUYECKOTO CUTHAJIA

hJk] = a, sin Qnfk +o,),

IOCTPOCHHBIN Ha ocHOBe Tipsimoro AII®, «amekBaTeH» WCTUHHOMY
CIIEKTPY TOMeXH /(1) TOJNBKO B TOM Cjy4ae, KOI[a ee 4Yacrora f,
COBITaZaeT C OMHOM M3 YacTOT pasjioxeHust Dypbe.

Ecnu Xxe 3TO yclioBUE HE BBIMTOJHSETCS, TO CIEKTP rapMOHUYE-
CKOI TTOMeXU OYHeT «pacIpedessITbCSI» Ha LEbIi Pl CMEXHBIX Jac-
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ToT. Takoit ahdexT B HayyHOU JauTEpaType MPUHSATO Ha3bIBaTb pac-
TeKaHWeM crekTpa (spectrum leakage) AMCKpeTHOro rapMOHUYECKOTO
curHana [174, c. 270].

s uimoctpauuu 3Toro 3d@dexkTa pacCMOTPUM CIEKTPbl IBYX
MHUCKPETHBIX TAPMOHUYECKUX CUTHAJIOB

hlk] =sin(QrfiAk) n hlk] = sin(nf,Ak), k=1,..,K, (4.9)

rne f; = 16,5 Tu u f,= 16,5165432768543 ', a mar KBAaHTOBaHMS
no BpemeHu A= (0,001 cekyHn (4acToTa AucKpetusanuu f, =1/A =
= 1000 I').

Ha puc. 4.14 nokazaHbl (hparMeHTbl CHEKTPOB 3TUX CUTHAJIOB,
noctpoeHHble Ha ocHoBe AII® mo K = 30000 toukam. Kak BumHO,

TOJIBKO B MEPBOM Cllyyae, KOIJa 4acTOTa CUTHajda COBIaja C OMHOM
U3 YacToT pasnoxeHus Dypbe, MOCTPOEHHBIN CIEKTp aaeKBaTeH pe-
anpHON cutyauuu (puc. 4.14, a). 3amMeTMM, YTO 4YacTOTHl f; U f,

CUTHAJIOB MPAaKTUYECKM COBMAIAIOT.

Orcloga ciemyer, YTO €ClIM B O0ulIeM ciydyae mis WibTpaluu
rapMOHUYECKOM TOMeXW TOAABIATh BCE TapMOHMKHM, Ha KOTOpbIE
pacnpenenuiaach Harpy3ka nomMexu, To Mpu OJM3KMX YacToTax MoMe-
XU W CHUTHajla HeM30eXXHO MPUAETCS 3aTPOHYTh FAPMOHUKM, HECYILIME
“H(pOpMaLMIO O TMOJIE3HOM CUTHAJle, U B pe3yJibTaTe Mocye obpar-
Horo npeobpaszoBaHus Pypbe MOJIE3HbIN CUTHAT OYIET MCKaXKEH.

[MoHsaTHO, uTO Mg MOCTpoeHUs1 3DGhEKTUBHON MPOLEAYPhl MO-
JIaBJEHUSI COCPENOTOYEHHBIX rapMOHUYECKUX Momex (4.5) Tpedyercs
KaKHM-TO 00pa3oM YCTpaHUTh UM XOTs Obl CHU3UTh 2D HEKT pacTe-

ail i
14 IR My, 14 =S Iy

a o

Puc. 4.14. CieKTpbl TUCKPETHBIX TAPMOHMYECKUX CUTHAIIOB (4.9):
a — f; — KpaTHas Jactorta; 6 — f, — HeKpaTHasl 4yacToTa
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KaHUsl CIIEKTpa MTUCKPETHOTO0 TapMOHMYECKOro curHaia. ITockonbKy
9TOT 3¢ ¢eKT BBITeKaeT n3 camoil mpuponsl AP [174, c. 270], oc-
TaHOBUMCSI Ha HEM 0oJsiee TTOAPOOHO.

PaccMoTpuM TMCKpPETHBI rapMOHUYECKUI CUTHAI

Wkl =acos(wkA+¢), k=0,.,K-1, (4.10)

IIe a — aMIUIUTyma; A — Inar KBaHTOBaHWS IO BPEeMEHU, ® —
KpYyroBasl 4acToTa.

Ecnun xoHeuHast nocienoBaTenbHOCTh (4.10) comepXuT uesoe
YUCJIO TIEPUONOB aHAJM3UPYEeMOTO CWUTHala, T. €. €CJIUM OTHOIIEHWE
KoA/2n sSBHsieTcsl yeabim YUCIOM, TO IEPUOIWYCCKM ITPOIOJIKECH-

HbIi CUTHAJl MpeacTaBisieT co00il rapMoHUYecKoe KoJjiebaHue (0e3
CcKavykoB), a moactaHoBka (4.10) B opmyny AP (1.20) moxa3wiBa-
eT, yTo BhiuuciaeHHoe TP comepXuUT JAUIIbL IBa CHEKTPaIbHBIX OT-
cyeTa, OTIWYHBIX OT HYJIS:

%e"‘p npu nzm—AK,
2 2n

y 19K i pu = - 28k, 4.11)
2 2n

0 — B OCTalIbHBIX CIyYasX.

TakuM o06pa3oMm, aHAJOTMYHO CHEKTPY HENPEPHLIBHOTO FapMOHMU-
yeckoro curHama, AI® oranyaeTcss oT HyJIsS BCETO TS ABYX 3HAYE-
HuUil n. 3aMeTuM, 4TO Ha puc. 4.14, a TIoKa3aHa JUIIb OJHA U3 3TUX
JIBYX COCTABJISIIOLIMX CIeKTpa (IpY MOJOXMTEIbHOM 3HAYEHWM Yac-
TOTHI).

OnHako ecnu oTHouleHUe KwA /2w He SABISETCS LEJIbIM YUC-
JIOM, TO TIEpUOIMYECKM MPOMOJIKEHHas IocjieaoBarebHOCTb (4.10)
yKe He COOTBETCTBYeT HaOOpYy OMCKPETHBIX 3HAUYCHWI HEIpephIBHOM
KocuHycouabl. ITo3ToMy, B TOJTHOM COOTBETCTBUM CO CBOMCTBAMM
JIT®, crexTp oKa3bIBaeTCsl 3HAUMTEIBLHO 0ojiee OOraThIM: B HEM IIO-
SIBIISIIOTCSI AOTIOJTHUTENNbHBIC cocTaBstonme (puc. 4.14, 6).

M3BecTHBIM MpUeMOM, obOecIieunBaOIIM yMEHblIeHe 3(hdheKTa
pacTeKaHUWsT CIIEKTpa, SIBISETCS YMHOXCHME CUTHaja Ha BECOBYIO
dyukuumio W(k) [174, c. 273], KoTopasg uMeeT MaKCUMyM B LI€H-
TpaJibHOII Touke curHajga (k= K/2) u mmaBHO crajgaeT K KpasiMm
(k=0 u k=K -1). Batom ciyuyae ¢popmyna JI1P npuHuMaeT BUa
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2nnk
j o

K-l -
Y,w) = kZOW[k]y[k]e K

Cyuraercs, yTo Npu yaayHoM BbiOope W (k) MOXHO HECKOJBKO

0ocmabuTh 3(PdEKTH, CBI3aHHBIC ¢ BOBHUKHOBCHUEM CKAYKOB CHUTHaJIa
MPpU NIEPUOANYECKOM MOBTOPEHUN aHAIM3UPYEMO KOHEYHOM Mocie-
JIOBAaTEJIbHOCTU, U TaKUM 00pa3oM YMEHbIIUTh 3MGHEKT pacTeKaHMsI
cnekTpa. OgHakKo HeW30eXHOU IaToi 3a MCIOJIb30BaHME BECOBOM
dyukuuu W (k) siBnsieTcsl UCKaXXEHUE CIIeKTpa IMOJIE3HOro CUTHasa,

YTO HEIOIMyCTUMO MPU 0OpabOTKE CUTHAJIOB C JIOKAJIBHO COCPENOTO-
YEeHHBIMU MPU3HAKAMMU.

B cBsI3M ¢ U3MOXEHHBIM BO3HUKAET €CTECTBEHHOE XeJJaHWe Io-
MbITaTbCd HAaMTU coco® OOpbObI C CaMUM SIBJIE€HUEM, MOPOAUBIIUM
pacTekaHUue CIIeKTpa, a He C ero cieiacTBueM. MHBIMU cloBaMH, IO-
CTaBUM 3alavy: MOAU(UILIMPOBATh, MACCUB 0OpadaThIBAEMbIX TaHHBIX,
yTOOBI, HE MCTOJIbL3YSl BecoBylo (DyHKIMIO W (k), MOAy4nuTh aneKBaT-

HBII CITEKTP TapMOHMYECKOTO KOJIcOaHUsI Ha OCHOBE TPAAMIIMOHHOTO
anroputMa JAT1D.

4.3.2. Mpeanaraemslit anroputm

Jns pelieHUs MOCTaBASHHON 3aayu Ipeiaraercsl JOMOJHUTh al-
TOPUTM (PUIbTpPALIMM CUTHAJIOB Ha OCHOBE IIPSIMOTO M OOpPaTHOIO
AII® crenmanbHON TIpolLienypoii, obOecrieuyMBalolieil aBTOMaTHUye-

CKUM HOI[60p OIITUMAJIbBHOIoO 4ucja Kom < K »lieMeHTOB MacCcHuBa,

npu o0paboTKe KOTOPbIX pacTeKaHWE CHEeKTpa COCPelOTOUYEeHHOM
rapMOHMYECKOU ToMexu OyaeT yCTpaHEHO WJM, MO KpaliHed Mmepe,
yMeHblleHo [211].

Kak yxe roBopuiock, AP mpenmoaraer, 4To MOCIeI0BATEIb-
HOCTb OTCUETOB AHAJIU3MPYEMOTO CUTHajIa SIBJISIETCS TEPUOAUNYECKU
MPOAOKEHHOM Bheped M Hazal mo BpeMeHU. OAHAaKoO INMpU HEUs-
BECTHOM YacTOTE€ ® MOMEXW HEBO3MOXHO AHAJIUTUYECKHU OIPEIETUTh

3HA4YCHUC Kopt’ YAOBJECTBOPAIOLICC OTOMY TpC6OBaHI/IIO. boiee TOTO,

IIJIsT JIFOOOTO 3HAUEGHUS YAaCTOThI o BCETIa MOXHO YKa3aTh TAKOM Iar
KBAaHTOBaHUSI II0 BPEMEHU A, IIPU KOTOPOM ITEPUOJUYECKOE ITpO-
JIOJDKEHUE KOHeYHOU TIOCIIEAOBATEIbHOCTA IOUCKPETHBIX 3HAYEHUI
rapMoHu4eckoro curHana #hlk] = asin(owAk +¢), k=0,....,K -1, He

OyZeT COOTBETCTBOBATh MMCKPETHBIM 3HAUYEHHUSIM HEMPEPHIBHON CH-
Hycounbl A(t) = asin(of + ).
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TIOVCKOBYIO TIPOIIENyPY, MAes TOCTPOSHUsS] KOTOPOW COCTOWUT B Clie-
LYIOLLEM.

ITockoJbKy MBI IIpeaIoiaraeM, 4To IoMeXa COCpelIOTOUYeHa Ha He-
KOTOpOi (PMKCHPOBAHHOI YacTOTe, HO B Pe3y/IbTaTe PacTeKaHMsI CITEKT-
pa ee MOIITHOCTh pacIipeae eHa Ha psii CMEKHBIX 4acTOT, TO TIPU YMEHb-
meHnn 3ddekra pacTeKaHWsT HEU30€XKHO IPOMCXOAMUT YBEJIMYCHUE
aMITTUTYIBl COOTBETCTBYIONICH CITEKTpaibHOM KoMmrioHeHTHl JT1D.

OT1croga ClienyeT, YTO €CJIM IOCTPOUTh CEMEMCTBO CIEKTPaTbHBIX
IUIOTHOCTEM TIpM ITOCTENIEHHO YMEHbINAIONIEeCs IMHe oOpabaThIBae-
MOTO MacCuBa, TO CpeAW HUX HANmeTCsl Takasl CIeKTpajbHasl ILIOT-
HOCTbh, TP KOTOPOI rapMOHMKA, COOTBETCTBYIOIIAS YacTOTe IIOMEXH,
Oymer uMMeTb Haubojbluee 3HaueHue. HaiimeHHast TakuM oOpazoM
CIIEKTpaJIbHas IUIOTHOCTh U ONPENEUT ONTUMaTbHOE 3HaYeHue K .

HOBTOMY IJIA OnpeacICHU A Kopt npeajarac€rcda MCII0Jb30BaTh

Iist yckopeHust moucka K, TIpeiaraetcsi OrpaHUYMTh YHCIO
WTEpaLNiA, 3a0aB TPAHULEL f, ., [« AHTEPBaNa yactoT (I'm), Ha Ko-

TOPOM MPEATOJIOXUTEIbHO COCPeNoTOYeHa rapMOHMYECKas IoMexa,
A IONMYyCTUMOE YMEHBIIEHWE 4YMUCJIa TOYeK &, B 0OpabaTbIBAEMOM

MaccuBe.

B pesynbTate MBI IPUXOAUM K CJAEAYIOLIEMY AJITOPUTMY.

Illae 1. TlocnenmoBaTelbHO COKpalllaeM IJWHY MacCuBa, YMEHb-
miast yucyno K; o6pabaThIBa€MbIX TOYEK OT HAYaJbHOTO 3HaYeHUs K
mo K —6.

Hlae 2. Nna xaxmporo K; e [K —38;,K] BbluMcisieM CIEKTpalib-
Hele komroneHtsl C,(K;), n=-K; /2,..0,...,K; /2 (3Ha4yeHUs] MO-
mynei JI1D);

Illae 3. OnpenensieM onTUMalibHOE 3HaYeHUEe K, TI0 YCIOBUIO

opt

K

opt —

rae Q, — MHOXECTBO HOMEPOB CIIEKTPAJIbHBIX KOMIIOHEHT C 4acTo-
TaMU, TPUHAIUIEXKAITUMU UHTEPBANY [ s finax ] -

lllaz 4. B KayecTBe OLIEHKM YacTOThI f, TMOMEXU MPUHUMAEM

3HaYeHHe MaKCUMAaJIbHOW CHEKTPAJIbHOI KOMIIOHEHTHl Ha MHTEpBase
[finin» fmax | » BBIUMCIIEHHOM TipH K .
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Puc. 4.15. CrpykTypa Y3KOIMOJOCHOTO ‘ Hcxoaublii MaccHs Fi
3arpaguTesbHOro hunbrpa *
| Tpsmoe TP \

[Npotenypy, peaan3yIoNyio OImi-

CaHHBIA BBIIIE AaJTOPUTM, Ha30- ‘KOHTpaCTMpOBaHMe pp—
BEM TIPOLIENYpPOl  TOBBIIICHUS

KOHTpacTa cIieKTpa mnomexu. Ha

e€e OCHOBe peanau3oBaH 3hdeK- | OGHysneHHe rapMOHHK ‘
TUBHBIA y3KOIOJIOCHBIN 3arpaan- 1
TebHbIA GUIBTP (puc. 4.15), Ko- | O6parnoe JIT1d ‘
TOPBII BKJIFOUEH B COCTaB 0a30BBIX i

MHCTPYMEHTAJIBHBIX CPENCTB CHUC-
tembpl CUIUTPAD.

I OtdunsrpoBatHbIi MaccuB ‘

4.3.3. PeaynsTaTsl MOZeNbHbIX IKCNEPUMEHTOB

Y3KOMoJI0CHbIN 3arpaauTeabHblid (QUIBTP MOCTPOEH Ha HacCleIHUKE
knacca MOJI. Tlpu peanuzauuu ¢GuiIbTpa UCHOJb30BaHa Ipolieaypa
Mateo ®Ppugo n CreBeHa [IxkoHcoHa [325] OBICTPOro BBIYUCICHMUS
mpeobpaszoBanus Pypee.

ITposepka 3(hGHEKTUBHOCTM KOMMOHEHT 4YacTOTHOW (uiabTpaluu
MPOBOAWIACH IKCIEPUMEHTATBHO Ha MOJAEJbHBIX M peajibHbIX AaH-
HBIX COIJIACHO OOIIIeil cXeMe OpraHM3alluM SKCTIEPUMEHTOB (CM.
puc. 4.10).

ITpuBeneM HEKOTOpbIE U3 PE3YJbTATOB SKCIIEPUMEHTOB.

Drcnepumenm 1. «3arpaxneHne HM3KHX 4acToT». Moaenu 3TajloHa
Yolk] u momexu h[k] mpencraBisiam cobol rapMOHMYECKHE Koseba-

HuUs ¢ yactotamu f,= 16,0123456789 u f, =16,5123456789 I'u. Cur-

Hanbl reHepupoBaiuchk B K = 30 000 Toukax Mpu 4acToTe OTUCKPETU-
aiuu  f,=1000 I'l. OT™MeTUM, 4TO pa3invyue YacTOT CUTHAIA U TI0-

Mexu He npesbimaeT 0,1 % vacroTel HaiikBucTa.

Ha puc. 4.16, a nmoka3zaH (parMeHT CIEKTpa CYMMBI YKa3aHHBIX
rapMoHuK 10 (cieBa) W Tocie (crpaBa) MPUMEHEHUs TOWCKOBOM
Mnpoueaypsl, obecrneuyuBalollieil ymeHblIeHUE 3(@deKkTa pacTeKaHUs
crektpa. Pesynbrar ¢miabTpauuu mnpeacrabieH Ha puc. 4.16, 6. s
CpaBHEHMS Ha 3TOM K€ PUCYHKE TpeACTaBiIeH (PparMeHT 3TaJJOHHOTO
CUTHaJa.

CpaBHeHMe (DUIBTPOBAHHOIO M 3TAJIOHHOIO CHUTHaja I10Ka3ajo,
YTO Ha Bceil 00JIaCTU OIpeAe/ieHMs] pa3inyue UX 3HAYeHUN He Tpe-
BeIIao 1 % nuamazoHa U3MEHEHUs 3TajJOHA.
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Dxcnepumenm 2. «3arpaxkieHde BBICOKHX 4YacToT». B yciaoBusix
JMAHHOTO 3KCTMEPUMEHTa YacToTa MOJIE3HOTO CUTHAIA COCTaBIsa f, =
= 250,123456789, a nomexu — f, = 251,123456789 T'u. Cymma cur-
HanoB reHepupoBajach B K = 30 000 Toukax Mmpu 4acTOTe OUCKPETU-
gauuu F, =1000 I'u.

I[Ipu ¢uabTpauyu BBICOKOYACTOTHOM ITOMEXM IIOJY4YEH IIpaK-
TUYECKN TakKoi Xe pe3ynbTaT (puc. 4.16, 6), KaK U B BKCIIepU-
MeHTe 1.

Ixcnepumernm 3. «DuIbTpaHs CHTHAJIOB CTAHAAPTHOH dopMbr». B
KavyeCTBE 3TaJIOHOB FeHEPUPOBAIMCh CUTHAJIbI CTAHAAPTHOM (hOPMBI B
30 000 Toukax mpu yactore auckperuzanuu F,=1000 I'n. Ha curnan

a

OUNLTPOBAHHBIN CHTHAN
: T

—_—
T
)
(|
1
g
== - a4

30,6 30,7 308 309 31,0 31,1 312 313 314 315

~

0
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3auryMieHHbIN CUrHAT

P —— S — L —————— S — L —
O MAMA A A A A s ;
b A I S S

OUIBTPOBaHHLI CUTHAI

I i

LI P )
!

14.45

Puc. 4.16. Pesynbrar GUIbTpaniuy 4aCTOTHBIX TTOMEX:

a — CIIeKTpPhbI CUTHaNa [0 (CJieBa) M mociie (CIpaBa) UCIMOIb30BaHUs MPEATOXKEHHOM Mpolie-
Iypel; 6 — buibTpalysi HU3KOYACTOTHOM TOMeXH (IKCIepuMeHT 1); 6 — buibTpaiusi Bbl-
COKOYAaCTOTHOM MOMEXU (IKCIEPUMEHT 2)

HakageiBaiach S0-TIpOlIeHTHAs TapMOHMYECKas IoMexa B 00JIacTh
HU3KHX M BBICOKMX YacTOT, TIPMYEM 4YacToTa IOMeX! BhIOMpayiach He-
KpaTHOM YacToTaM rapMOHUK pa3ioxeHus JI1D.

IIpu dunbTpanuy MeaHapa, MCKaXKeHHOTO TapMOHMYECKOW MO-
mexoit ¢ vacrorou 13,137 Tu (puc. 4.17, a), cpeaHeKBagpaTU4YHasI
ombka (MO0 OTHOIIEHWIO K 3TaJOHYy) yMeHbINWIach B 7,67 pasa, a
MaKCUMaJbHOEe pacxoxiaeHne — B 6,79 pasa. Ha Bceit obmacti orpe-
JeJIeHUsT pacXoXaeHre (MIBTPOBAHHOTO CHUTHAJIA IO OTHOIIECHUIO K
STaJIOHy He IpeBbilaio 7,36 %.

Eliie Gosiee BreyatasiioliuMU ObUTM pe3ybTaThl (PUJIbTPALIMU Bbl-
COKOYACTOTHBIX MoMeX. B pesynbTate GuibTpaliuy moMexu ¢ 4acTOTOi
479,22 Tu (puc. 4.17, 6), npubnamxkarouieiicss K yacrore HailikBucra,
CpeaHeKBagpaTHyHasl olIMOKa yMeHbllwiach B 172 pa3a, a Makcu-
MaJibHOE pacxoxiaeHue — B 122 pasza. Ha Bceit oGmactu ompenene-
HUSA pacxoxaeHne (UIBTPOBAHHOTO CHTHAJIA TI0 OTHOIICHMIO K 3Ta-
JIoHy He mpeBbiano 1,03 %.
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Dranon

@unsTpoBaHHBIH CHrHAN
T

Puc. 4.17. Pe3ynabTathl GMIBTpallM¥ CUTHAJIOB CTAHAAPTHON (hOPMBI

AHaJIOTUYHbIE Pe3yJbTaThl MOJyYeHbl TpU (QUIbTpallUM CTaH-
JAapTHBIX CUTHAJIOB MHOM (hOpPMBbI, B YACTHOCTU TMHUJI00OPa3HOIO CHUT-
Haja, 3alymyieHHoro moMmexoit 479,22 T'u (puc. 4.17, 6).

Dxcnepumenm 4. «BblgejeHde NOJUTAPMOHMYECKOT0 CHUTHAJIA Ha
tone cayuyaiinoii momexu». B maHHOM 3KCIEpUMEHTE HCCAeA0BalIaCh
9(hGEKTUBHOCTh MPEIIOXEHHON MPOLEeayphl ISl TOCTPOEHUs MOpo-
roBoro (uiabTpa, O0O0ECIEYMBAIOIIETO BbIACICHUE TapMOHUYECKUX
KOMITOHEHT Ha ()OHE CIYy4aifHOTO IIIyMa.

ITone3Hblid cUrHaj MpeAcTaBisiyi cOOOM CymMMy TpeX rapMOHUYe-
CKMX KoyiebaHu

Yolk] = 12sin [2nf k] + 7 sin [2nf,k + 0,3] + 9sin 2nf;0k + 0,8)

¢ vacrotamu fy;= 15 T'u, f,, = 50 I'u, fj;= 75 l'u, a agnutuBHas

IoMexa — TOCJIeNOBaTeIbHOCTh HEe3aBUCUMBIX BEJIMYMH, PaBHOMEP-
HO paclipefieIeHHBIX Ha WHTepBayie, paBHOM 10 % mmarmasoHa m3Me-
HeHus Y,lk].

ITocnenoBatenvbHOCT  yo[k] W h[k] renepmpoBamuce B 30 000
TOYKax Mpu yactote auckperusauuun Fp= 1000 I'm.
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3aLlJyMJ'l€HHbII/I CUI'HAJl W

OueHka TanoHa

Puc. 4.18. PesynbtaT BblACIEHUS] MOJUTAPMOHMYECKOTO CUTHajJa Ha (pOHE CIIy-
YaUHBIX UCKAXEHUN

PesynbraT 06pabotku (puc. 4.18) ewe pa3 noarBepaua 3dpdek-
TUBHOCTD IPEMIOXKEHHOMN MpOoLeayphI.

Ixcnepumenm 5. «DuabTpamus dJeKTpoKapaMorpaMmbl». B Kkaue-
CTBe 3TajloHa OblIa Mcrnoab3oBaHa peaibHas DKI', zamymnenHas 75
TapMOHUYECKMMU IoMexamMu ¢ gactoramu 16,68 I'p m 50,12 I'n. Or-
METHM, UYTO YKa3aHHbIE YaCTOThI JeXaT 6 obaacmu UHDOPMAMUGHBIX
yacmom IDKI' (puc. 4.19, a), 4TO BBI3BIBAET WU3BECTHBIE MPOOJIEMBbI
P UX MOJABJIEHUN TPATUIIMOHHBIM CIIOCOOOM.

IIpumeHeHne pa3pabOTAHHOIO Y3KOMOJOCHOIO PEXEKTOPHOIO
¢uabTpa Ha OCHOBe TpsiMOoro M obpatHoro AP mo3Bommio mpakTh-
YecKU 0e3 MCKaXKeHUI BOCCTAaHOBUTh ATAJIOHHBIN curHai (puc. 4.19, 6).

Ixcnepumenm 6. «DUIbTpaNUsA MATHATOKAPAMOTpaMMbl». B maH-
HOM 3KCIIEpUMMEHTe MpoBoauaach ¢puibTpauust peajbHoit MKI 3mo-
pOBOTO TIAllMeHTa, KoTopas B TedeHHWe 30 CeKyHHI perucTprpOBaiach
¢ vactoTtoit auckperuzauuu F,= 1000 I'm.

ITockonbKy M3MepeHUsl MPOBOAMINCH B peabHbIX KIMHUYECKUX
VCIIOBUSIX C WCIIOJNB30BAaHMEM CBEPXUYBCTBUTEIBLHOTO W3MEPUTENS,
HaOJ/ItogaeMble CUTHAJIbI CYLIECTBEHHO MCKa3uwiIuch (puc. 4.19, 8).

Ans GuapTpaudu UCMOJAb30BaIACh MOCAEI0BATEIbHOCTh (DUIbT-
pOB, TIOCTPOCHHBIX HA OCHOBE TPEIJIOKEHHOW IIPOIEAYPHI, B TOM
qyucie:

e (brIbTpa BEpXHUX YACTOT ¢ yacToToit cpesa 0,6 I'i;

e Y3KOITOJIOCHBIX PEXEKTOPHbBIX (uiabTpoB Ha 16,7 'ty u 50 I';

e (uIbTPa HUXKHUX YaCTOT ¢ yacToToi cpe3a 90 I'i.



22 16,68 I'n
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HaGmonaemblii curaan

Pesynsrar ¢punsrpanuu
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8

Puc. 4.19. Pesynbrar punbrpanuviu ¢GpU3MOJIOTHYECKUX CUTHAJIOB:
a — crnexTpsl HabonaeMblx curHaios; 6 — (uibrpauus OKI; 6 — dunbrpanus MKI
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BBuay orcyrcTBMsI 3TajioHa pe3yabTaT (WIbTpPAUUU OLEHUBAICS
BU3yaJlbHO MO BHelllHeMmy Buay ¢wibTpoBaHHO MKI. Kpurepuem
OLIEHKM CJYXKWJIO HaJWuMe Ha CHUTHAaje XapaKTepHBIX (hbparMeHTOB,
oTpaxalolux paboTy npeacepauil u KeayaoukKoB cepilla B Buie 3y0-
na P, komiuiekca QRS u cermenra S—7.

Takum oOpa3zom, TpemIoXeHHas IIpoleaypa obdecreuymBaeT >¢-
¢eKTUBHOE TToAaBJIeHNE TapMOHUYECKUX ITOMEX, B TOM YHCJIe pacIio-
JIOXKEHHBIX B 00J1aCTM UH(OPMATUBHBIX YaCTOT MOJIE3HOrO CUTHAaJA.

4.4, dddexTvBHAS Npoueaypa NOAGBNEHMUS
OTrPAHMYEHHDIX NO YPOBHIO CY4YQHHBIX MOMEX

4.4.1. AHOnM3 TOORMUMOHHbIX QNTOPMTMOB CTIOXMBAHUS

PaccmoTpuM Temeph He MeHee BaKHBIN JJTsI TPaKTUKKM CIIydaii, Korma
aJIUTUBHAS TTOMeXa UMEET CIyYaifHYIo TIPUPONY.

B stOoM ciiyyae mopenb moMexu TPEACTABUM IOCJIEeIOBAaTEIbHO-
cteio Hk], k=1,2,...,K, HE3aBUCUMBIX CIy4allHbIX BEJWYUH, KOTO-

pble HEM3BECTHBIM 3aKOHOM pacrpeneieHbl Ha (UKCUPOBAHHOM WMH-
TepBasie [-hy, |, npuuem Mi{h} =0, Mihlilh[j]} =0, i #j, rtne
M{} — 3HaK MaTeMaTW4YecKOro OXuaaHus, a h, >(0 — KOHCTaHTa,
OTpaHWYMBAOIIAST YPOBEHD TTOMEXM.

[MoHsATHO, YTO A TOAABICHUS CAy4aliHOro myma HeahGheKTUB-
HO TIPUMEHSITh YaCTOTHO-U30MpaTesibHble (DUIBTPHI, IMOCKOJBbKY B
obuieM ciayvyae cniekTp A[k] pacmpenesieH BO BCeil MOJIOCE YacCTOT OT
HyJs 1o yacTtoThl HalikBucra.

OnuH 13 M3BECTHBIX TTOIXOAO0B K IMOJYYCHHUIO OLIEHKHU TIOJIE3HOTO
curHana y,lk] mo nHabmogeHuto ylk|= y,[k]+ hlk] cocrour B uc-
IMOJTb30BAaHUM AJITOPUTMOB CIJTAXXWBAHUSA MaHHBIX, CPEId KOTOPBIX
HauOOJIBIIIYIO TIOMYJSIPHOCTh MOJYYMIN METOHA SKCITOHEHIIMAIbHOTO
CIVIAXXUBAHMST Y METOI CKOJIB3SIILIETO CPEIHETO.

ITpocTeliimii MeToa 3KCMOHEHUMATLHOTO CcriaxuBaHusi (Simple
Exponential Smoothing), npemtoxeHHblii P. bpayHom [264], nmaer
OLICHKY Y,|k] B BUne

Yolk]l = aylk] + (1 - )y, [k - 1], (4.12)

rae o — IMapameTp criaxuBaHus, o = const, 0 < a < 1.

PexyppeHtHoe cooTHolieHue (4.12) MOXHO IpeACTaBUTb B 3KBU-
BaJIeHTHO# (popMe
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|
Folkl = Fylk = 11+ a(y &1 - 7k - 1),

OTKyJa CJIEAYeT, YTO OLIEHKa CIJIaXXeHHOTO 3HauyeHus B k-ii MOMEHT
orpeaesisseTcsl OLEHKOM, MOJydeHHOH B kK — 1-i MOMEHT BpeMeHH,
IUTIOC JOJISI o Pa3HUIBl MEXAY TEKYLIMM HaOJIoNeHUEM U OLIEHKOM
B IPEAIICCTBYIOINI MOMEHT BpEMEHM.

Ecnu mocienoBatebHO UCMOJb30BaTh PEKYPPEHTHOE COOTHOIIIE-
Hue (4.12), To oueHKY Y,[k] MOXHO BbIpa3uUTh MOCPENCTBOM 3HaYe-

HUI BpeMeHHoro psiga [126]:
Volk] = aylk] + a1 —a)ylk — 1]+ a(l — o) ylk = 2] + ... +
+(—a) ylk—i]+..+1-a)" 3, =

Wo-1 _ _
=ay (l-a)yk-il+1- )" ¥y
i=0

rae WO — KOJIMYECTBO YWICHOB psAla, foo — BCJIMYMHA, XapaKTCpu-

3yIolllas HavyaJbHBIC YCJIOBHS IS TIEPBOTO NPUMEHEHUM (DOPMYJTHI
(4.12) mpu k= 1.
Mockonbky 0 <a <1, 10 (1-0)” - 0 mpu W, - «, a 3Hauwmr,

Folk] = ag(l — o) ylk —i]. (4.13)

Takum obpasoM, oleHKa J,|k] mpencraBnsieT co®oili B3BelIeH-

HYIO CYMMY BCEX MpEeAbIAylIMX YJIEHOB BPEMEHHOIO psaa ¢ 3KCIO-
HEHIIMAJIbHO YMEHBIIAIOIIMUCS BeCaMU.

Iycte ylk] = ylk]+ hlk], npuuem y k] =y, = const, a Alk] —
MOCJIEI0BaTeIbHOCTh HE3ABUCUMBIX CTyYalHBIX BEJIMUMH C HYJIEBBIM Cpejl-
HMM U aucniepcueil o”. B a1oM ciyyae (4.13) MOXHO 3anucath B BUJE

Tkl = vy +a§(1 —a)hlk—i]. (4.14)

W3 (4.14) crmemyet [126, c. 8], 4YTO MaTeMaTHUYecKoe OXHUIaHWE
OLIEHKU ), PaBHO Y,, a DUCIEPCUs] OTPEAEISIETCS] COOTHOLIEHUEM

D{Fy} = M{(3y - »)*} = M{(ag(l —a)hlk i)’ = (4.15)

o0 . a
=a’Y (1-a)c’ = c’.
o

iz 2-
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|

IMTockoabky 0 <o <1, To Ha ocHoBaHUU (4.15) MOXHO 3aKJIIO-
YUTb, UTO AMCIEPCUSI OLIEHKU Y, MEHbIIe AWUCIEPCUM Ioyma, T. €.
D{¥,} < ¢°, TpUYEM YeM MEHBIIE o, TEM B OOJBIIEH CTEMEHU CO-
Kpalaercsl TUCIepcust y,.

M3BecTHO HECKOJIBKO Pa3sHOBUIHOCTEH MeToma SKCIIOHECHIIAThb-
HOTO CIJIaXXMBaHUsS, B YaCTHOCTU JByIapaMeTpuiecKuit meton XojTa
(Holt's method) [303]:

Yolk] = oylk]+ (1 = o) (3y[k = 1] + 2]k — 1]),
1kl = Bylk] = ylk = 11) + A = B)t[k — 1],

rme B — mapamMeTp CIJIaXXWMBaHUs TPeHIa, a Takke TpexImapaMeTpH-
yeckuii meton Yunrepca (Winter's method) [382]:

Yolk] = olylk]/ slk = p]) + (1 = a)(Wolk —11) + 1]k — 1]),
1k = Byl k] = yolk = 11) + (1 - Byrfk — 1],
skl = y(VIkT/ Yol kD) + (1 =)k - 1],

B KOTOPpOM (I)I/IprI/IpyeT JOITIOJTHUTECIbHAA KOHCTaHTa y CIJIaXKMBaHUA

LIMKJIOB C TIEPUOJIOM p.

TpaguLIMOHHBIN aIrOpPUTM CKOJNB3sIEro cpenHero (Moving Ave-
rage) obecrnieurBaeT CriaxvBaHUe 3alllyMJIEHHBIX JaHHBIX B COOTBET-
CTBUU C (HOpMyJIOi

~ 1! .
Yolkl=—— Y ylk - Jjl, (4.13)
W, Jj=0
roe W, — 1WpuHa OKHa CIIaXvBaHMWA. BMOHO, 4TO cTemeHb cCria-

XKUBaHUs yBeJMUMBAETCs ¢ yBenuueHueM W,, npudeM D{y} = o* /W, .
ITockonbky

Wy -1 Wy -1
Zoy[k—jl = ;)x[k—l—j] + ylk] - y[k -w,],

TO opmyna (4.13) yierko MOXeT OBbITh MpeoOpa3zoBaHa B PEKYPPEHT-
Hyio (opmy
Yolkl = Yolk =11+ M(¥lk]) — ylk - Wil, (4.14)

rme A=1/W,.
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IMpeumyinectBo ¢dopmynsl (4.14) mo cpaBHeHuo ¢ (4.13) oue-
BUITHO — CKOPOCTh PabOThI alTOpUTMa HE 3aBUCUT OT IIMPUHBI OKHA
craxuBaHust W, .

DKCIepUMEeHThI ToKa3ajiu, YTO, HECMOTpPSl Ha pasziuyue (GhopMy
(4.12) u (4.14), npu COOTBETCTBYIOLLENl HACTPOIMKE MHapaMeTpPOB 3THU
npouenypbl  00ecneyrBaloT MPaKTUYEeCKM ONMHAKOBYIO CTEIEHb
CIIaXXMBaHMS 3alIyMJIEHHBIX TaHHBIX.

OtMmeTuM, uTo Tipouenypbl (4.12) u (4.14) uCHONB3YIOT JUILIb
MpEeIIeCTBYIOIIME 3HAYEHUST 3alllyMJIEeHHOTO curHaia. IloatoMy oHM
MOTYT OBITb IPUMEHEHBI B CUCTEMax PealbHOTO BPEeMEHU, UTO SIBJIS-
eTCs UX HECOMHEHHBIM TPEUMYIIIECTBOM.

B Tex xe ciydyasix, koraa JOMyCTUMO BeCTU 00paboOTKy cpas3y Bce-
ro maccuBa y[l],...,y[K], I OLIEHKU CIIakeHHOTO 3HaueHUs Y,|k|
11eJ1eco00pa3HO MCIIOIb30BaTh HE TOJBKO MpPEalIeCTBYIOLIME, HO W
MoceAyIolIe 3HAaYeHMsT 3alllyMJICHHOTO CUTHaja. B aToM ciydae
MPOLEaYPY CKOJB3SIIEro CPpeIHero MOXHO 3amucaTh B BUIE

~ _ 1 Yy .
J’o[k]—mjg;,ygf[k—J]- (4.15)

ITocne oueBUAHBIX TipeoOpa3oBaHuil dopmyny (4.15) MoxXHO
MPeACTaBUTb B PEKYPPEHTHOU opme

Yolkl = yolk =11+ u(ylk + Wil) - ylk -1 - W], (4.16)

rie p=1/(1+2W,). TlonsarHo, uro mpouenypa (4.16) mo3BOISIET
OLIEHUBATh CIJIaXXEHHbIe 3HAUYEeHUS curHana npu W, < k < K - W,,.

OTMeTUM, 4TO TpU CIiaxkuBaHUU, corjacHo (4.15), Bce TOUKU B
okHe 1+ 2W, ycpeaHAwTCs C paBHBIM BecOM. Takas Ipouenypa Mo-

KET paccMaTpuBaTbCs KaK IOHUCKpETHas CBepTKa o0padaThiBaeMOTo
CHTHAJIa C SAIPOM TIPSIMOYTONBHOM (popmbl. OMHAKO MOXKHO BOCIIOJb-
30BaThCs U IPYTUMU CUMMETPUYHBIMU SIpaMU, B YACTHOCTU U3BECT-
HeIMU U3 [336, 337] oxnamm baptnerra (Bartlett window), T'aycca
(Gaussian window), Xemvmunra (Hamming window), bnakmana (Black-
man window), Xauna (Hann window) v np. B aTOM ciyyae Bec Goiiee
JaJIEKMX OT LIEHTpa OKHa TOYEK MOCTENEeHHO YMEHbILAeTCs, MPUOIU-
KasiCh K HYJIIO Ha TpaHUIaX OKHA.

IMokaxxem, 4TO aHAJOTUYHBIK 3(MGEKT MOXET ObITb HOCTUTHYT
MHOTOKPAaTHbIM TMpuMeHeHueM Tpouenypbl (4.15). nsg mpocTOTh
MPEANOJIOXUM, YTO OKHO CriaxuBaHus 1+ 2W, paBHO TpeM TOUKaM.

Torma, cornacHo (4.15), Ha mepBOM Illare WTEpalMM CriakeHHbIe
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3HAaYeHUSI CUTHaJIa B MOMEHTHEI BpeMeHn k —1, k u k +1 ompenens-
I0TCSI BBIPAXKEHUSIMU

- 1 1 1
YLk =10 = = ylk = 2] + = ylk = 1] + = ylk],
3 3 3
~0 1 1 1
Vo k] = gy[k -1] +§y[k] +§y[k +1],

~ 1 1 1
Vo lk +1] = KL+ S ylk+ 11+ 2 ylk + 2.

ITpumeHsis moBTOpHO mpouenypy (4.15) K mosydeHHbIM BeJIMYM-
Ham JUlk - 1], ¥"lkl, Pk +1], oueHMM CriaxeHHOe 3HaueHUE

YP[k] Ha BTOpPOM 1Lare UTEPALIUU:

TP IK] = 5 7~ 11+ 50T+ 5 70Tk +11 =
:%y[k—2]+%y[k—l]+%y[k]+§y[k+1]+%y[k+2].

Jlerko 3amMeTuTh, UTO TeNEphb YK€ BecoBasl (PYHKIIMSI CTaHOBUTCS
TPEYTOJIbHOM.

Cnenyet, omHaKoO, oOpaTUTh BHUMaHUE Ha OIMH OOILLMI HedocTa-
TOK PacCCMOTPEHHBIX BEINIE TPATULIMOHHBIX MPOLIEAYP CTIaXKNBaHUSA,
KOTOPHIN TIPOIEMOHCTPUPYEM MOIEIBLHBIM ITPUMEPOM.

ITycts Habmomaemblii curHan (DKI') 3amyminen 20-mpoleHTHOM
CITyJalfHOM TTOMEXOM C HyJIEBBIM MaTeMaTUYeCKUM OXWIAHWEM (pHC.
4.20, a). Ilpu criiaxxmBaHUM 3TOTO CUTHaja Tpouenypoit (4.15) ¢ ok-
HOM M3 7 TOYEK He YyAaeTcs IMOJy4YuTh TpeOyeMoe COKpallleHue Iy-
MOBOI KOMIMOHEHTbl Ha WHdopmaTUBHOM ¢parmeHTe S—7T (puc.
4.20, 6). Toabko npu wWMpUHE oKHA U3 30 TOYeK CrIaXKuMBaHHUE MPU-
BOAUT K >KeJaTeJIbHOMY COKpAllleHUIO ILIYMOBOW KOMIIOHEHThI Ha
dparmenTe S—7, oMHAKO B 3TOM Cllyyae IMPOUCXOIUT HEIOITyCTUMOE
CHIDKEHWE aMIUIMTYAbl JApyroro uH{opmaTtuBHOro @parmMeHra —
komriekca QRS (puc. 4.20, 6), u3MepeHre KOTOPOIro TakXke BaxKHO
s maTepnperaun DKI.

TakuM o0Gpa3oM, NpU MCIOJb30BAHUM TPAAUIIMOHHOTO aJITrOpUT-
Ma CKOJIB3SILLEro CPeIHEro Mbl CTAIKMBAEMCS C npobaemoll, 00yCI0B-
JICHHOU TIPOTHBOPEYMEM BHIOOpa ONTHMMAJILHOTO 3HAYCHUS TapameT-
pa crnaxviBaHusi W,: npu ymeHblieHun W, He obecriedymBaeTcs Xe-

JIaTeTbHBIA 3G ¢EKT MOmaBIeHNUS ITYMOBOM KOMITOHEHTHI, a TIPH YBe-
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Random noise (segment)

10000 - - === = === === dmm e

Slide smth. (Random noise)

10000 '

10000

Puc. 4.20. Pesynbrathl ipuMeHeHUs! Ipotieaypsl (4.15) mwia crioaxkxuBanust DK

MCXOIHBIN curHai (a); pesyisrar criaxusanust ipu Wy =7 (6) u W, =30 (e)

JIMYCHUUN WO OPOUCXOIAT HEAOIYCTUMbBLIC MCKAXCHUA II0JIE3HOTO

CUTHaJA.

AHaJIOTMYHOE TMPOTHMBOpEYME BO3HMKAeT W TIPU BbIOOpE ONTU-
MaJIbHOTO 3HAUYeHMsl MapaMeTrpa o aJropuTMa 3KCIIOHEHIHUAIbHOIO
craxuBaHus (4.12).

ITosToMy B 3amayax oOpabOTKM CUTHAJIOB C JIOKAJIbHO COCPENOTO-
YEHHbIMU MPU3HAKAMU TPAAULIMOHHBIE aJTOPUTMbl CIJIaXKMBaHUS
MOXHO MCIIOJIb30BaTh JIMIIL MPU BECbMa MAJbIX YPOBHSX LIYMOBOM
KOMIIOHEHTHI, UYTO, €CTeCTBEHHO, OrpaHMYMBaeT 00JacTb UX IMPaKTHU-
YeCKOro NpuMeHEeHUS.

4.42. ANropuTM QRQNTUBHOTO CIIICKMBOHMS

st ycrpaHeHMsI OTMEUYEHHOTo HemocTaTka B pabore [210] mpemio-
>KE€H YCOBEPIICHCTBOBAHHBIN aJTOPUTM CKOJB3sIIero cpemHero. Oc-
HOBHasl uness MoAauduKaluyd COCTOMT B cienymoolieM. ITocKoabKy
MpeanoyiaraeTcs, 4YTo ypoBeHb CiydyallHOW momexu A(k) 1O MOIYJIo

OI'paHHUYCH BEJIMYUHOM ho, BCAKOC€ OTKJIOHECHUE CIJIaK€HHOI'O0 3HAa4c-
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HUS y,|k] oT Habmomaemoro y[k], mpeBelnaioniee #,, MOXHO OOb-

SICHUTD JIMIIb T€M, YTO CUTHAJI Ype3MepHO criaxeH. Iloatomy mpen-
JlaraeTcsi TIpucIiocoouTh (amanTupoBath) Tapamerp W kK obpabaThi-
BaeMOMY CUTHaJly TaKUM OOpa3oM, YTOOBI, C OZHOI CTOPOHHI, 00eC-
MEYUTh MAKCUMAJIBHYIO CTEIEHb CITIAXXKUBAHUS, a C IPYroid — He I0-
MyCTUTh UCKaXEHNE CUTHANA, TIpeBbIlIaolee 3a0aHHbIN TIOpor /.

dopMaTbHO TIpeiaraeMbIil allTOPUTM peanmnsyeTcs (hopMyIToit

- 1 %
k= —— k- jl, 4.17
Yolk] W, 11 j}Eka[ Jl (4.17)

KoTopast orauuyaercs ot (4.15) TeM, 4TO YKUCIIO yCPEeAHSIEMbIX TOUEK B
OKHE 3aBHMCUT OT HoMepa k 00pabaThiBa€MOUl TOUKH.

3Havyenue mapamerpa W, , durypupyromero B (4.17), onpenens-
€TCY U3 YCIIOBUI

W, <W,, (4.18)
1K1 - yIk]| < A, (4.19)

|Wk - Wk—l| <1,
rae WO — OI'PaHMYCHUC Ha IapaMCETp CIjJaXHBaHUA, 33HaBaeMbII71

T10JIb30BaTEJIEM.

B omune OT TPaAMLIMOHHOTO AJITOPUTMA CKOJIB3ALLETO CPEAHETO
(4.15), nmpemyaraeMelii aITOPUTM TMperycCMaTPpUBaeT ABa 3Tama odpa-
00TKM MaccHBa 3alllyMJIEHHBIX JaHHbIX. Ha mepsoM aTame ompeze-
JIAI0TCS ONTUMaJIbHBIE 3HadYeHuss W, ,..., W, nna Bcex obpabaTbiBac-

MBIX TOueK curHana ylk], k =1,...,K, a Ha BTOpoM — CIJIaXXUBaHUeE

BXOJHOI'O MacCHBa C UCITOJIb30BaHMEM OINTUMAIbHBIX MapaMeETPOB.
MMpouenypa omnpenenenust W, peanusoBaHa cieayloluM obpa-

3oM. Ilpn 3agaHHOM 3HaueHuu W, BbIOMpaeTcs mepBbIid OJOK 1 +
+ 2W, o00pabaTbiBaeMBbIX TOYEK C TOPSAKOBBIMA HOMEpPAMHU Jj =
=1,2,...,1+2W, ¥ oueHUBaeTCd CIIAXEHHOE 3HAYEHUE B TOYKE C
MOPSIAKOBEIM HOMepoM i = W, 1o dopmyie

- 1 i
] [——— 4.20
yli] W+ lj:_W[yH, (4.20)

PN Ha4YaJIbHOM 3HAYCHUM IMapaMETpa CIrjlakKnuBaHUA W. = WO .

1
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Ec/iv BBIMOHSAETCS YCIIOBHE
Vi1 = Tl > Ay, (4.21)

TO 3HaueHue W, ymeHbluaeTcs Ha eauHuLy U dopmyna (4.20) mpu-
MEHSIETCS K MACCUBY TOYEK C IIOPSIKOBBIMM HOMEpaMH j =
=1,2,...,2W,, T. e. nepBbIii OJOK YMEHBIIAETCS HA ONHY TOUKY.

OmmcaHHBI UTepAallMOHHBIN TTPOIIECC COKPAICHMS UTMHBI 00pa-
OaThIBaeMOro 0JI0Ka MPOJO0JIKAeTCs 10 TeX Mop, MoKa MepBbIil pa3 He
HapywuTcst ycnoBue (4.21). Kak ToibKo 3TO MpoU30iiaeT, BbIOMpaeT-
cd caenyolnii 610k 1+ 2W, Touek ¢ MOPAOKOBBIMA HOMEpPaMHU j =

=2,...,2+2W,, Kotopsle 00pabaTHIBAIOTCSI AHAJIOTMYHBIM O0pa3oM,

U T. 1. 10 KOHIIa MacCHBa.
B pesynbrate a5 KaxaoW k-ii TOYKM BbIOMpAeTCsl 3HAuY€HUE

WV, ynosnerBopsitouiee ycaoBusM (4.18) u (4.19). OKoHUaTENbHBIM
IIArOM aJaNTalyK NapaMeTpoB CIIAXMBAaHUs SABIsETCS MOAM(BUKA-
s HaiineHHbix sHauenuit W — W@ — W/ | takas, utobel obec-

MEYNTh BBHITIOJIHEHHNE <«IUIABHOCTH» M3MEHEHMSI OKOH IO XOAy oOpa-
OOTKM CUTHAJA.
[Ipennonoxum, Hanipumep, uto W, = 30 1 Ha mepBOM 3Tame Mo-

JlydeHa MoC/Ieq0BaTeIbHOCTh TTApAMETPOB
w =125, 28, 30, 15, 18, 23, 27, 26, 30, 29,
18, 24, 30, ..., 24, 28, 26},

VIOBJIETBOPSIIOIMX ycnoBusaM (4.18), (4.19). Torma nepexon or W
W, obecreunBalOLINii «TPABOCTOPOHHIOI MIABHOCTE» 3HAYEHMIA,
OCYILECTBIISETCS CIIEAYIOLIMM 06Pa3oM:

©) ) o
W2 +1, ecmm W] >W',

@ _
i+l —
W) B npoTuBHOM ciyyae.

i+1
B pe3ynbTaTe MaccuB IMapaMeTpoB MPUOOPETAET BUJL
w® =125, 26, 27, 15, 16, 17, 18, 19, 20, 21,
18, 19, 20, ..., 24, 25, 26}.
Hanee ocywectusierca Momubukauus W2, obecneunBaromias
«JIEBOCTOPOHHIOIO TUIABHOCTh»:
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i

W cxogHEIR cuman

100
&0
E0
404 . . . . . . . . .
0 1 2 3 4 5 -1 T g 9

OfpabaTaHHE cHmHan

100 -

80
B0 4

40

oy 100 Hrepauu |2 vl
Mopor |5 b4 Makc. DKHUISD 3. TOYEK. 5 OThieHa |

Puc. 4.21. Untepdeiic KOMIIOHEHTHI aIaNTUBHOTO CIJIaXKWBaHUS

3) (2) 2)
W _ W -1, ecim W, <W/ 7,
& =
' W% B npoTUBHOM cJlyuae.

1

B pesynbTtate (opMupyeTcss KOHeuHbli MaccuB W) onTuMaibHbIX

3HAYECHUU ImapaMEcTpoOB CIJIa2XKMBaHUA C <<HBYXCTOPOHH€ﬁ>> IIJIaBHO-
CTbIO:

wP=1{18, 17, 16, 15, 16, 17, 18, 19, 20, 19,
18, 19, 20, ..., 24, 25, 26},
KOTOPBIN U MCTOJb3YETCs JJIs1 CIVIaXKMBAHUSI CUTHAJA.
s ynobcTBa HaCTPOWKM aJIrOpUTMa B MHCTPYMEHTAJIbHOMW CUC-
TeMe TPEeTyCMOTPEH OpraH IUIABHOTO YIPABJIEHWSI MOPOTOM /A, TpH

OJHOBPEMEHHOM IIPOCMOTpe TIpaduuecKux o0pa30B MCXOIHOIO U
criaXxeHHoro curHajuosn (puc. 4.21).

4.4.3. PesynbTaThl SKCNEPUMEHTANbHBIX MCCNEAOBAHMIA

OueHkn 3(POEKTUBHOCTU MPEIIOXKEHHOIO ajJropuTMa IPOBOIWIOCH
Ha MOJEJbHBIX U peallbHbIX JAHHBIX COTJIACHO OOllell cXxeMe opraHu-
3alluy BKCIepUMeHTOB (cM. puc. 4.10).

B kaudecTBe 3TajlOHOB MCMOJIb30BAIUCH TUIOBbIE CUTHAJbI CTaH-
JapTHOI (opMBl B BUAE OJAVMHOYHBLIX MMITYJBbCOB U MX IIOCIEAOBa-
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TETBHOCTEN C M3MEHSIOIIMMKCS BO BpeMeHM ITapamMeTpaMu. [lomexa
reHepUpoBalach B BUAE IOC/IEAOBATCIBHOCTA HE3aBUCUMBIX Cydaii-
HBIX BEJIMUMH, PABHOMEPHO paclpeesieHHbIX Ha UHTepBase [—A,,#H,],

BeJIMUYMHA KOTOPOTO 3aJaBajach B MPOLIEHTAaX OT AMamna3oHa A, 3Ta-
JIOHA .

PeSy.T[I)TaTI)I Crlla2kmBaHUA TpaIULIMOHHBIM M aJallTUBHBIM aJiro-
pUuTMaMM OLICHUBAJIMCh MaKCUMaJIbHbIMU A A , W CPE€OHEKBAI-

paTUYeCKUMU G, G, OTKIIOHCHUSIMU CIJIAXKEHHBIX CUTHAJIOB OTHOCH-
TeJIbHO 3TajoHa (Tabi. 4.2).

ITpuBenem Gojiee MOAPOOHO pe3yabTaThl criaaxuBaHus (puc. 4.21
u 4.22). B BepxHell 4acTM PUCYHKOB MOKa3aH 3TaJOHHbIA CHUTHaJ
(cneBa) u curHai, 3alllyMJIEHHBINM moMexoil (cripaBa). B HukHel yac-
TH PUCYHKOB TIPEICTaBIIEHBI PE3YJIBTAThl CTIIAXKUBAHUS TPaTUIIAOH-
HBIM aJITOPUTMOM (CJIeBa) U aJalTUBHBIM (CITpaBa).

Puc. 4.22, a unmoctpupyeT pe3yabTaT CIVIAXKUBAHUSI MMITYJIbCa
SIUHUIHON aMIUTUTYABI, IIMPHUHA KOTOPOTO cocTapisuia 1/3 obmactu
onpezaeneHust curHana. CurHan obul creHepupoBaH B 1000 Toukax u 3a-

max 15 = max

TABNALIA 4.2
Pe3ynbTarbl TeCTMPOBAHMS ANFOPUTMA AAANTUBHOTO CrACKMBAHUS
DTaJIOHHBIIA CUTHAT Y, TTomexa h PesynbraThl criaXuBaHUs
TpaHHHUH OH~ | AnanTusHbIit
HBbIi
Moguens (dpopma) Ay | G0 % G,
Amaxl O, Amalx2 G,

[TpsiIMOYTOJIbHBIN UMITYJIBC 1 (0,47 20 {0,058 0,49 | 0,08 | 0,07 | 0,01

(IMpoKuit)

[IpsAMOYTONBHBIA UMITYJIbC 1 10,08| 20 |0,056| 0,84 | 0,08 | 0,09 | 0,01

(y3kuit)

COXHBIA MeaHaIp 5 10,69 5 [0,073| 0,91 | 0,13 | 0,06 | 0,02
20 (0,285 1,01 | 0,26 | 0,52 | 0,06
50 0,720 | 2,25 | 0,34 | 0,76 | 0,09

IMooGpasHoe KanebaHe 3,14{0,89| 20 (0,182 | 1,52 | 0,09 | 0,26 | 0,03

TpeyromsHoe KonebaHe 3,1410,86| 20 |0,181| 0,15 | 0,03 | 0,11 | 0,03

3atyxaroLast CMHycouaa 1,5710,22| 5 (0,023 (0,033 |0,008]|0,021 {0,007

[MocnenoBarenbHocTs Traycco-| 1,27 (0,18 25 |0,121| 0,22 | 0,06 | 0,11 | 0,03
BBIX MMITYJIECOB
[TocnenoBatenbHOCTL 3atyxa-| 1,7 10,13 10 | 0,049 | 0,38 | 0,08 | 0,23 | 0,03
IOLMX TayCCOBBIX MMITYJIbCOB
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Overfall Random noise (Overfall)

Slide smth. (Random noise)

0,2 0.4 0,6 0,8

Random noise (Overfall)

. (Random noise) Adapt smth. (Random noise)
0,2 0.4 0.6 0.8 0,2 0.4 0,6 0.8
Overtall g Random noise (Overfall)
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Puc. 4.22. Pe3ynbTaThl CriaXXMBaHUSI CUTHAJIOB MPSMOYTOJbHON (hOPMBI

wymiteH 20-mpoueHTHON nomexoil. IlapameTpsl HacTpOMKM COCTaB-
nsm W, = 18 mia oboux anroputMoB U A, = 10 % s agantuBHOTO

aJiropyuTMa.
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DKCnepuMeHThl TOKa3ajiu, 4TO CpedHeKBaapaTuyecKas ollnbOka
TpaguLIMOHHOrO ajroputMa coctaBuia 0,08 en. (8 % Bapuauuu 3Ta-
JIOHHOTO CUTHaJIa), TOTAA KakK OlIMOKa afalnTUBHOIO ajJiropyuTMa Oblia
paBHa 0,01 en. (1 % Bapuauuy 3TATIOHHOIO CUTHAIA).

Ha puc. 4.22, 6 nokazaHbl pe3yJbTaThl, MOJYYeHHbIC TIPU CIJia-
>KMBAaHUU Y3KOTO MPSIMOYTOJIbHOIO MMITYJIbCA, IIIMPUHA KOTOPOTO CO-
craBnsiia Bcero 6 touek (0,6 % obnactu ompeneneHusi CUTHANA).
YpoBeHb ToMexn Mo-TpexHeMy paseH 20 %.

B manHOM ciyyae TIpeMMyIleCTBa IIpeljIaraéMoro ajaropurMa
OKa3aJinch elle Oosee yOemIUTEIbHBIMM: TTOCHE CTIaXXWBAaHUS Tpama-
LIMOHHBIM aJITOPUTMOM aMILUIATYJa MMITyJIbca YMEHbIIWJIAch OoJjee
YyeM B ISITb pa3, B TO BpeMsl KakK MpU CIIAKWBAHUM aJdalTUBHBIM
aJITOPUTMOM aMILIUTyda KOPOTKOI'O MMIIYJibca MPaKTUYECKU HE M3-
MEHUJIaCh.

Hns uccnenoBanus 3(p(PeKTUBHOCTU aJITOPUTMOB TIpU 00paboTKe
MTOCJIEIOBATEIEHOCTEH TIPSIMOYTOIBHBIX MMITYJTBCOB Pa3IMIHON TIPO-
TMOJDKUTEbHOCTU M aMILIATYIbl TEHEPUPOBAJICS STAJIOHHBIN CUTHA B
Buae cioxHoro MmeaHapa. CurHan reHepuponaicsa B 1000 Toukax u
coiepxXan 5 MPsIMOYTOJIbHBIX UMITYJIbCOB, IIIMPUMHA KOTOPBIX COCTaB-
asma 5, 10, 20 u 50 Touek, a aMIUIMTYObl U3MEHSIJIUCh OT —2 €l. 10
+ 3 en. DKcriepuMeHT npoBoauics ¢ 5, 2 u 50-TpoLIeHTHOI MoMeXoi
(cM. Tabx. 4.2).

Pesynbrar 00paboTKM 3TaioHHOTO MeaHapa (puc. 4.22, 6) mipu
ypoBHe myma 20 % mokasaj, 4TO CpeaHEKBajpaTU4ecKas OIIMOKa
TpaguILIMOHHOTO anroputMa coctaBmia 0,26 en. (5,2 % Bapuwauumn
9TAJIOHHOrO CUTHaja), TOrJa Kak olIMOKa aJanTUBHOIO ajlfopuTMa
obL1a paBHa 0,06 en. (1,2 % BapualMy 3TaJIOHHOTO CHUTHAA).

Ilpu crnaxxuBaHUM cUTHaAJIOB Apyroil ¢opmbl (puc. 4.23) ObLIU
MOJYYeHbl MPAKTUYECKU TE K€ pe3yabTaTbl. XOTS MPU CrJaKMBAHUU
MUWIOO0pPa3HOro KoJjedaHus, 3aluyMmjeHHOro 20-IpoleHTHON IoMe-
xoit (puc. 4.23, a), oba ajroputT™Ma IIPOAEMOHCTPUPOBAIU BHEIIHE
IOCTATOYHO OJIM3KHWE pe3yNbTaThl, OAHAKO YMCIECHHBIN aHAJIM3 ITOKa-
3aJI, YTO Ha 3agHMX (PPOHTAX WMITYJIHLCOB OTKJIOHEHWE OIIMMOKM Tpa-
ITWIIMOHHOTO ajJropuTMa OBLIO B 5,8 pa3za BEIIIE, YeM amallTUBHOTO.
ITpu aTOM B MepBOM cilyyae CpeaHeKBaapaThyeckasi OolMOKa COCTaB-
nsma 0,09 en. (2,9 % ot nuamna3oHa STaJIOHHOTO CUTHaa), a BO BTO-
pom — Bcero 0,03 en. (0,96 % or muara3oHa 5TaJIOHHOTO CHUTHAA).

Hns uccnengoBanus 3(p(PEeKTUBHOCTU aJITOPUTMOB TIpU 00paboTKe
TAPMOHWYECKUX KOJIEOAHWIT MCIIOIB30BANCH PAa3TNIHbBIE 3TATIOHHEIE
CHTHAJTBI, B TOM YHCJIe 3aTyXalolllas CMHYCOMIA M ITOCJIeIOBaTeIbHO-
CTU TayCCOBBIX FapMOHUYECKUX KOJCOAHUIA.
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Saw-toothed curve Random noise (1)

Adapt smth. (Random noise)

a 2 4 6 8
Periodic gaussian pulse Random noise (10%)
I - . R—— _—
0,0 T , ' i d
R 0 O 0 o AL T
Slide smth. (Random noise) Adapt smth. (Random noise)
U U R A S . —
0.0 prfbrd ol fp b - : : :
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28 Random noise (ECG 28)

= |___!

Adapt smth. (Random noise)

e
—_
o
"
T
I
I
)
)
)
]
1
]
I
I
'
)
)
-—-=1
]
]
]
I
'
1
5
I
I
]
]
]
'
4
T
I
I
'
)
)
]
1
]
)
I
I
'
)
1
]
]
]
)
I
]
--=-q-
I
I
]
]
]
I
1

Puc. 4.23. Pe3ynbraThl CIIIaXKWBaHUS TTMIIO00PA3HOTO KoJieOaHUs (@) 3aTyXarolmx
TapMOHUYECKUX rayCCOBBIX MMITYJIbCOB (0) 1 1ukiaa DKI (8)

Pe3ynbraT OmHOrO U3 TaKMX 3KCIIEPMMEHTOB — CIJIAXKMBaHUE I10-
ClIeJ0BaTEebHOCTA TapMOHWYECKUX TayCCOBBIX HMIIYJIbCOB C 1LI€H-
TpanbHoi yactoroir 100 I't m mmmpuHO mronocer 50 %, KOoTopbIe MO-



4.4, SOOEKTUBHAS MPOLIELYPA MOLNABAEHNS OTPAHMYEHHBIX MO YPOBHIO CNYHAMHBIX MOMEX | 157

BTOpsiiuch ¢ nepuoanvyHocthio 10 I'. Ilpu 3ToM ammiauTyma Kax-
JIOTO IOCIEAYIOIIEro UMIyJIbca cHuKamach Ha 20 % 1O OTHOLLEHMIO
K aMIUTUTYIe MpeablayIlero.

DTanoH, uckaxeHHbIl 10-TipolieHTHOI ToMmexoit (puc. 4.23, 6),
CIVIAXUBAJICA TPAIUIIMOHHBIM W amallTUBHBIM alTophTMamu. JIeTko
3aMETUThb, YTO M B BTOM CJIyJyae amalTHBHBIM aJTOPUTM ITOKa3aj
JIy4llyde pe3yabTaThl, YTO MOATBEpXkKIaeTcs AAaHHBIMHU, MPUBEIECHHBI-
MU B Tab1. 4.2.

IIpu crnaxuBanuu ostasoHHoro uukia BKI, 3airymiaeHHOro
20-mipoLieHTHOU Mmomexoit (puc. 4.23, 6), amanTUBHBIM aJATOPUTM IIO
CPaBHEHMIO C TPATWIIMOHHBIM ITO3BOJIMII Oojiee YeM B 3 pa3a yMeHb-
LIUTh UCKAXEHUE aMIUTUTYAbl KoMmIiiekca QRS Tipu 1OCTaTOYHO XO-
polleM CIIaXKMBaHUM MOMeXW, McKaxaloleil dgparmeHtr S—7, npu-
YyeM OCTaTOYHasl cpeaHeKBampaTHyecKas OlIMOKa Mpu CLJIakKMBaHUU
TPaIUIIMOHHBIM aJITOPUTMOM cocTaBuia 4,11 %, a aganTUBHBIM —
2,2 % muanaszoHa maMmeHeHUsT DKI.

AJNTOPUTM amalTUBHOTO CIJIAKWBAHMUSI OKAa3ajCsl TIOJC3HBIM TIPU
peryjsipuzaumu Mpoueayp uyMmcieHHoro auddepeHuupoBanus. Ilo-
CKOJIbKY TpoIenypbl OIEHKM MPOM3BOAHBIX AUCKPETHO 3aJaHHOTO
CHUTHaJIa UCIIOJb30BaHbI MpU 00paboTKe curHaja B (pa3oBOM MpoO-
CTPaHCTBE, PACCMOTPUM MX OoJiee MOAPOOHO.

M3BecTHO, uTO B 0OlIEM ciiydyae Aud@epeHIUpoBaHUE 3alllyM-
JICHHBIX CUTHAJIOB OTHOCHUTCSI K YMCIIy HEKOPPEKTHO TOCTABICHHBIX
3agau [191]. OTo jerko mpoaeMOHCTPUPOBATh Ha CJAEAYIOIIEM Xapak-
TEpHOM IpUMEDPE.

[Ipennonaoxum, 4To HabMIOAAEMbIil CUTHAI

y(t) = yo (1) + h(r) (4.22)

MpeacrapisieT codoi cymMMy MOJIE3HOTO curHaia y(f) v nomexu A(t),
npuyeM

h(t) = hysin (o?), (4.23)

rae h, = const, ® = const.
N3 (4.22) ¢ yuetom (4.23) ciaenyer, 4yTo

W(t) = po (D)) < by . (4.24)
B cootBerctBUU C (4.22) uMeeM

y() = y,(t) + oh, cos (ot), (4.25)



158 | TNABA 4. BA3OBbIE MHCTPYMEHTANbHBIE CPELCTBA OBPABOTKM CUTHANIOB CIIOXHOM ®OPMbI

Y, CJIEI0BATENbHO,
(1) = 35(0)] < by (4.26)

U3 cpaBHenus (4.24) u (4.26) BUAHO, YTO IIPU CKOJb YTOAHO Ma-
JIOM OTKJIOHEHMU A, (yHKuMiA y(f) W y,(f), BbI3BAHHOM alIUTUB-

HOIl momexoit |h(t)|£ hy, BO3MOXHO CKOJIb YTOIHO OOJIBIIIOE OTKIIOHE-
HUE A, TIPOU3BOIHBIX Y(f) U Y,(f), KOTOPOE 3aBHCHUT OT YaCTOTHI ® .

OreTuM Takxke, 4yro muddepeHIrupoBaHue OLUMPOBAHHOIO CUT-
Hajla SBJISIETCS HEKOPPEKTHON MpoLeaypol Aaxe IpU OTCYTCTBUM
BHEIIHEW IIIyMOBOM KOMIIOHEHTHI #[k], TMOCKOJBKY M3-3a OIIMOOK

KBAHTOBAaHMSI IO YPOBHIO IMCKPETHBIE 3HAYEHUST OLM(PPOBAHHOTO
curHana ylk], k=1,...,K, oTIMYalOTCSI OT WCTUHHBIX 3HAYEHUI

(GyHKUMM y(f) B MOMEHTBI BDEMEHM f =1, .

B 1o Xe Bpems sl IMCKPETHO 3amaHHON (YHKIMM B MPEAIoo-
KEHUU O CYILIECTBOBAHUM €€ MPOM3BOIHBIX MOXKHO BBIUMCIMTH IPU-
OJIM>KEHHBIE 3HAYEHHUSI MPOU3BOJHBIX HA OCHOBE KOHEYHO-pPa3HOCT-
HBIX annpoKCcUuMauuii (MpuOJINXKeHUIA).

OauH U3 U3BECTHBIX METOJOB YUCJIEHHOW OLEHKU 3HAYeHWUs
npousBogHoOU y[k] B k-ii Touke NUCKpETHOro curHaaa y[k] ocHo-
BaH Ha JuddepeHUMpPOBaHUM WHTEPIOJSIIMOHHOTO MOJMHOMA
Jlarpanxa, MOCTPOEHHOIO MO # y3J1aM B OKPECTHOCTU k-i TOUKM.
IIpu 3TOM omMOKa anmpokKCUMMallii CTAaHOBUTCSI HaMMEHbIIIEH,
eclIiu k-s1 TOuKa SIBASIETCS LIEHTPaJbHOM Ccpeau Y370B MHTEPIIOJS-
uuu [197, c. 83].

Hcnonb3ys obuyo dopmyay, npuBeaeHHyo B [197], nerko mo-
Ka3aTb, YTO MPU YUCJE y3J0B n =7 W €AMHUYHOM Illlare KBaHTOBa-
HUS OlIEeHKa MPOU3BOIHOW B k-II TOUKE MOXET ObITh IMOJIyueHa IO
dopmyie

vkl =1/60(y[k +3]-9ylk + 3]+ 45y[k + 1] -
—45ylk — 1]+ 9ylk - 2] - ylk - 3]), 4.27)

MPUYEM TOYHOCTb TAKOW OLIEHKU XapaKTepusycT OCTaTOYHBIN YJIEH

1
Re— 0.
140
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v k] Uncnennoe v 4] AJanTHBHOES ¥ [4]
auddepeHupoBaHue CMIAXKHBAHUE

a

3a[HyMHCHHI)II71 FapMOHI/I‘[eCKI/Iﬁ CUTHal
T T T T

CrnaxeHHas NPOU3BOJAHAS

T
| |
ul [
T |

|
4 [
| |
| |
| 1

___________________________________________________________

Puc. 4.24. KomnoneHrta yuciaeHHOro auddepeHunpoBaHus CUTHAIOB:

a — CTPYKTypa KOMIIOHEHTBI; 6 — pe3yJIbTaT YMCIIEHHOTO AuddepeHIIMpoOBaHUSI TapMOHM-
YeCKOro CHUrHajia, 3allyMJIEHHOro 10-MpOLIEeHTHOM Ccly4ailHOU ITOMEXOiM; 6 — pe3yJbTaT
yuciaeHHoro nuddepeHunpoBaHUs pealbHONM TEPMOTPaMMBbl KPUCTALIM3ALIMU TTPOOBI YyryHa
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rme y'” — 3HayeHMe NPOU3BONHON CEAbMOrO IOPAAKA (YHKLMU
y(t) B HEKOTOPOI1I BHYTPEHHEM TOYKE V TEKYLIETO MHTEpBajla MHTEP-
TTOJISILIAM.

IToHSITHO, YTO OLEHUTH TOYHOCTb BHIYMCJIEHMSI MPOU3BOAHON IO
MPUBEIECHHOU Bblllie (hOpMyJie HE MPEACTaBIsIeTCS BO3MOXHBIM, TO-
CKOJIbKY HaM He€ M3BECTHbl UCTUHHBIE 3HAYEHUS TMPOM3BOIHbBIX CUT-
Haja, 3aJlaHHOTO MAaCCUBOM JWCKPETHbIX 3HauyeHuil. OmHako s
pelleHMs 3aJauyr MOCTPOeHMsT (Da30BbIX TPAEKTOPUN CUTHAJIOB BaxKHa
HE CTOJIbKO TOYHOCTh OLIEHKH IMPOM3BOAHON Y (f), CKOJIBKO COXpaHe-
Hue «(popMbl» (QYHKUMHU, anMpOKCUMUPYIOIIEH IPOU3BOJHYIO Tak,
YTOObI OCOOBIE TOUKM MCXOAHOTO CHUTHaja (3KCTPEMYMbI, U3JOMbl U
T. I.) aAeKBaTHO OTOOpaXKaJauCh Ha 3TOM (DYHKIIWU.

TakuM 00pa3oM, B MHCTPYMEHTAJIbHYIO CHUCTEMY BKJIIOUE€HA BbI-
YUCIUTEIbHAsE KOMIIOHEHTa, MpeaycMaTpuBalolias oopaboTKy CUTrHa-
Jla B JBa 3Tama: OLIEHKY MPOM3BOIHON MpeABapUTeIbHO (UIbTPO-
BaHHOTO curHaja 1o c¢opmyiae (4.27) U amanTUBHOE CrJaXHWBaHUE
MONMYYEeHHBIX TaHHBIX Ha OCHOBe ajroputma (4.17), KoTopslili obec-
Me4yrBaeT peryaspuzaluio MpoLeaypbl YMCICHHON OLIEHKU IpOu3-
BomHoil (puc. 4.24, a). Ilpu 3TOM HacTpoiKa ITapaMeTPOB aJITOPUTMa
aJarnTUBHOTO CIJIAXKMBAaHUS ONpeAesieTcsl 3KCHePUMEHTaTbHO IS
KOHKPETHOTO TUIla 00pabaThiBa€MbIX CUTHAJIOB.

DKCMepUMEHTbl MOATBEPAMJIM, UYTO TPU OrpaHUYEHHOM YpPOBHE
1IyMa, KOTOPhIi B 3KcmepuMmeHTax mocturai 10 % nmamasoHa uszme-
HeHus curHaja, opma (byHKILMH, alMPOKCUMUPYIOIIEH MPOU3BO/I-
HYI0, aJIecKBaTHO OTpaxkajla 0COOble TOUYKH, OTAeJstollue oauH (par-
MEHT cuUTHaja oT apyroro (puc. 4.24, 6, 6).

4.5. KackagHas npoueaypa
npeABApUTENbHON 06PABOTKM CUTHANOB

Kak yxe ormedanoch, MOMUMO TapMOHUYECKMX (Y3KOIOJOCHBIX) U
CIy4ailHBIX (LIIMPOKOTOJOCHBIX) IMOMEX, Ha TpPaKTUKE MPUXOIUTCS
MOAABJSATh U MOMexu uHoro poma. [loaTomMy B cocTaB MHCTpyMEH-
TaJTbHOU CUCTEMBI BKJIIOUEHA BBIYMCIUTEbHAS KOMIIOHEHTA, KOTOpas
Ha OCHOBE Mpom3BomHOTO Kinacca MO/l peann3yer KacKagHyO IpO-
Leaypy npeaBapuTe/bHO 00pabOTKU CUTHAJIOB.

[Ipu sTOM mMONB30BaTENb MMEET BO3MOXHOCTb BKJIIOYATh WU
OTKJIIOYaTh JII00OW U3 3TanmoB obpaboTku (puc. 4.25), a Takxe
pa3peliaTh WIM 3allpeiaTth BU3yalIU3alluio pe3yibTaTa OTAEIbHON
CTaguu.
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Puc. 4.25. Kackannas obpaboTka cur- HcxonHelii curaan

Haja l

[TonaBnenue HMHyHbCHOﬁ TIOMCXH

IMockonbKy Ipouemyphl Yac-

TOTHOI (WJIBTpAllM W alaITHB- !
HOTO CIJIaXXWBAaHUS, peaTn30BaH- YaaneHue ckaukos
Hble B KacKamgHOM (UJIbTpE, yxKe 1

OBITM PacCMOTpPEHBI BBIIIIE, OCTa-

YerpaHenue apeiiga
HOBUMCA KpaTKO Ha BbIYUCIN-

TEJIBHBIX TPOLIENYPaX, peaanu3yro- !
WX IEepBbIE TPU CTAOUU KOM- Yacrornas dunsrpaums
TUIEKCHOU 00paboTKM, U MpuUBeE- I

IeM pe3yabTaTbhl MX TECTUPOBa-
HUS TIpU 00paboTKe peasibHbIX
curHayioB (puc. 4.26). l
dns  nomaBaeHUsT MMITYJIbC-
Hoil momexu (puc. 4.26, a) nipu-
MEHEH W3BECTHBII MpPUEM paHro-
BOIl (UAbTpalMM CUTHANA, pea-
JIM30BAHHBIM TakoW TpoLenypoil: GUJIbTPOBAaHHOE 3HAYEHME CUTHA-

naylk] B k-ii MOMEHT BpEMEHU OIpENeIsdeTcd KaK LIEHTPaIbHOE
3HaueHue (MeauaHa) yrmopsiiouyeHHoro maccusa ylk —mj],..., y[k],...
..., V|k + m] B CKONB3sIIIEM OKHE C HEYETHBIM YMCIIOM ToueK. s mo-

JIABJICHUST OMWHOYHBIX BHIOPOCOB JOCTATOYHO TOCIIEAOBATEIEHO TIPO-
CMaTpuBaTh IO TPU TOYKM CUTHayia, mojoxuB m =1. Torma, mocie
ynopsgounBanuss MaccuBa ylk —1],y[k],y[k +1], BbIOpoC «mepe-

MECTUTCSI» B TIEPBYIO UJIU TPEThIO TOUKY.

B pa3paboTaHHOI BBIYMCIMTENbHOU KOMIOHEHTE MPEeayCMOTpPEHA
HacTpoiika mapameTpa m. B 3ToMm ciyyae obecrneynBaeTcsi BO3ZMOX-
HOCTb YCTPpaHEHUS mM-TOYEUHBIX BbIOpOCOB. OQHAKO YMCIEHHbBIE IKC-
MEpUMEHTHI TTOKa3allk, 9TO TIpA M > 5 TIpUMeHeHNe TIPOIeayphl CTa-
HOBUTCSI HEI(D(DEKTUBHBIM M3-32 MCKaXEHWM (PPOHTOB IOJIE3HOIO
CHUTHasa.

VnaneHue pe3kux mnepenanoB (CKaukoB) 0a30BOTO YPOBHSI CUTHA-
Jla peaiu30BaHoO cienyoluM obpazoM. CTpoutcs mpodusib U3MEHE-
HUS CpPEeIHEero 3HayeHWs CUTHajla, BBIYMCIEHHOTO «JI€BOCTOPOHHUM»
U «I[IPaBOCTOPOHHUM» OKHAMU:

1K= Yy, Qoth = 1= 23tk + 1. (4.28)

AJanTHBHOE CIIXKUBAHUE

BuIxoaHoit curnan
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IIOpOTr. Ecnu OKa3bIBacTCA, 4TO Qx # (J, TO BBIYMCISIETCS 3HAYECHUE

TOYKM k™ = arg rknaxx[k], B KOTOPOI HAOIIOOAETCS PE3KMI «CKAYOK»
€Q,

CUTrHajia, 1 BBOOAUTCA ITOIIpaBKa:

- ylk] npu k < k*,
k] = 4.29
g yIkl+x[k*] mpm k > k”. ( )

[TousaTHo, uTo mapameTpsl W), y, IOTXKHBI MOAOUPATHCS OIBIT-
HBIM IIyTEM JISI KOHKPETHBIX CUTHAJOB. DKCIEPMMEHTHI MOKa3a-
JIM, 4YTO MpPU IIPAaBUJIBHOM BHEIOOpEe 3TUX ITapaMETPOB OMNUCAH-
Hag mpoueaypa 3¢Gd@eKTUBHA [ pelIeHUs TPUKIAAHBbIX 3a1ad
(puc. 4.26, 6).

Hns ycrpanenus apeida uszonmHuu peanbHbix DKI 00bIYHO
MPUMEHSIOT GWIBTP BEPXHUX YACTOT € yacTotoi cpeda f,= 0,05—
0,5 I'u. Takoit GUABTP JETKO MOXET OBITH peajn30BaH Ha OCHOBE
npsimoro u o6patHoro JII®. OgHako >KCIEpPUMEHTHI ITOKAa3alu,
YTO JJI pellIeHUsI 3TOoM 3amayn Oosiee 3(PPEKTUBHO HCIIONL30BaTh
WHOW MOJXO/I.

Brauane oueHuMm apeiid M30JIUMHUU, 00pabOTaB MCXOIHbBIM Mac-
cuB y|[l],...,y[K] caeayrouium obpa3om:

1 Vs
k]=——— k—-jl, kelW,K-W,],
Velk] 2WB+11‘:§/£/[ Jl e[W, ]
rme W, = const — HacTpauBaeMBblii TTapaMeTp.

3arem BBC€ACM COOTBECTCTBYIOIIYIO KOPPCKIMIO B 3HAYCHHUA MacC-
CHBa, YTO MOXHO CI¢cjaTb, HAIIpUMEpP, TakK:

VIk] = ylk]l - yglkl+A,, (4.30)
rae
max ylk] - min y[k]
Wp<k<K-W, Wp<k<K-W,
A, ==2 B 5 i u . (4.31)

rae W, = const — wupuHa OKHa. 3aTeM OMpenensieTcsi MOAMHOXe-
ctBo Touek: Q = {k €[L, K]: y[k] > y,}, THE %, = const — 3amaHHbIN

Puc. 4.26. Pe3ynbTaThl KCIIEPUMEHTOB:
a — yjajeHue OIMHOYHBIX UMIYJIbCOB; 6 — PE3KOro CKauka; 8 — Jpeiida U30JIMHUU
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O4eBUIHO, YTO U B AAHHOM ciiyyae 3(PHEeKTUBHOCTb MPOLEAYpPhI
3aBUCUT OT MPAaBUJIBHOCTU BbIOOpA mapamerpa W, KOTOPBIA NOIXKEH
obecreynTh ycpeaHeHNe TOYeK B OKHE, IIMPHUHA KOTOPOTO 3aBEIOMO
MpeBbIIaeT MPOAOJKUTEIbHOCTh OTAEJbHBIX LUKIOB OOpabaThiBae-
Moro curHaja. Ilpyu pelieHMM MpakTUYECKWX 3aJay HacTpoiika ma-
pameTrpa W, mOpoBOAMUTCS SKCIEPUMEHTAIbHO C MCIOJIb30BaHUEM
rpaduyeckux cpeactB MHCTpyMeHTaabHol cuctembl CUJIUTPAD.

OavH 13 pe3ynbTaToB TecTUpoBaHUs mpouenypsl (4.30) mpu 00-
pabotke peanbHoii DKI mokaszaH Ha puc. 4.26, 6.




[TABA 5

OLEHKA 3POEKTMBHOCTM
IMATHOCTMHECKMX TECTOB
C NO3nLMM TEOPUM
CTATUCTAYECKMX PELLEHIIA

5.1. Kpurepun apdpexrusHoctu
AMArHOCTUYECKUX TECTOB

5.1.1. TocTaHoBKG 30044

Kak yxe oTrmeyanoch BO BTOpOH TIJiaBe, Bax-
HBIM 3TaroM cuHTe3a YT o6paboTKM CUTHAIOB
SIBJISIETCSI BBIOOP COBOKYIMHOCTH ITOJIE3HBIX MPU-
3HAKOB, WCMOJIb3YEMBIX ISl TTOCTPOCHUS Iuar-
HOCTMYeCKMX MpaBuia (tectoB). [Ipu 3Tom yac-
TO TPUXOAUTCS MCCIeA0BaTh HOBBIE CBOIMCTBA
CUTHAJIOB, KOTOpPHIE TPEIAIONIOKUTEILHO HECyT
JOMOJTHUTEIbHYIO JIUAarHOCTUYECKY10 HHMOp-
MalMIO O COCTOSIHUM OOBEKTa.

Hamnpumep, Hamy MHOrojieTHUE HaOone-
HUA 3a (Ha30BbIMU TPACKTOPUSIMU DJIEKTPOKap-
IUOTPaMM Pa3IMYHBIX ITAIlMEHTOB ITOPOIMIIN
TUIIOTE3Y O BO3MOXKHOCTU PACIIMPEHUs Tpamu-
LIMOHHOTO MPOCTPaHCTBA AMArHOCTUYECKUX MPU-
gHakoB ODKI' [180]. bbuio oOHapyxeHO, 4TO
nocjie pU3NYECKUX HArpy3oK y HETPEeHUPOBaH-
HBIX JIIOJEH yBeIMYMBaeTcsi pas3dpoc (pa3oBbIX
TPACKTOPUIM OTHOCUTEJIBHO YCPEIHEHHOW Tpa-
eKTOpUHU, a TakKKe HabJoJaeTcs XxapakTepHoe
cMellleHWe BIpaBo ¢parMeHTa ¢a30BOM Tpaek-
TOPUM, COOTBETCTBYIOLIETO MEPUOAY PEIOJISIPU-
3allMM, B TO BpeMsl KakK y CIOPTCMEHOB TaKue
OTKJIOHEHUSI OTCYTCTBYIOT.

EcrecTBeHHO, TMOSIBUJIOCH KeJaHME paspa-
00TaTb KOMIIbIOTEPHbIE AJITOPUTMbI IJIS aBTO-
MAaTMYeCKOTO aHaJN3a TaKWUX TMPU3HAKOB M MC-
M0Jb30BaTh 3TU uU3MepeHust B HOBbIx T obpa-
o6otku DKI'. OgHako B COOTBETCTBUM C COBpE-
MEHHBIMH TIPEACTABICHUSIMUA O MOKa3aTeIbHOM
MeauliMHe [52] BBeAeHUE HOBBIX TMATHOCTUYEC-
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KHUX TECTOB TpeOyeT OOOCHOBaHMII Ha KJIMHUYECKOM Marepuajie C
KCIIOJIb30BaHUEM (DOPMaIbHBIX KPUTEPUEB.

IToaToMy B HacTosllIeil I1aBe pacCMOTPUM PE3yabTaThl HaIMX
nccnegoBanuii [206, 208], HampaBiIeHHBIX Ha YCOBEPIIEHCTBOBA-
HUe MeTOoA0B (popManbHOU OLiIeHKU 3(EOEKTUBHOCTU HOBBIX AUAr-
HOCTUYECKUX TecTOB. PaccMOTpuM clienylollylo MOCTaHOBKY 3TOM
3ajaumu.

ITycte 00bEeKT Z HaxomuTCsl B OJHOM M3 JBYX BO3MOXHBIX CO-
crosiHuii V), V,, Hanpumep «0ojieH» WM «300poB». EcTh ajroputm
(IMarHOCTUYECKUI TECT), KOTOPbIi HA OCHOBAHUU M3MEPEHMSI COBO-
KYIMHOCTHU MPU3HAKOB X = (X, ...,Xy), N >1, OpUMHUMAET peLICHUS

B BUJIE UHAUKATOPHOM TEPEMEHHOMN

(5.1)

5(x) 1, eciym TPUHATO pelIeHKE B OAB3Y V;
X) =
2, ecau TPUHSATO pellieHue B MoJab3y V.

Ilpennonaraercsi, 4To TECT MOXKET OLIMOATLCS, T. €. JOMYyCKaeT
JIOXXHOOTPULIATESIbHbIE W JIOKHOMOJOXUTENbHbIE OIIMOKU. Takue
OIIMOKY, KOTOpble B TEOPUM pPACIIO3HABAHUSI OOpPa30B MPUHSATO Ha-
3pIBaTh OLIMOKAaMM IMpPOMycKa Lead U JIOXKHON TpeBoru, OyaeM cuu-
TaTh CIyYaiiHbIMU COOBITUSIMU

E =(ZeV)rB=2),
E, =(ZeV)A@B=1).

ITpeanonaoxumM, 4To MO HEKOTOPOW MPEACTaBUTEIbHON BbIOOpPKE
HaOMIOACHUIA, 11 KOTOPBIX U3BECTHBI MCTUHHBIE COCTOSSHUSI Z, TO-
JIydeHbl OLEHKM BepositHoctel P(E,)u P(E,). byaem, kKak 3T0
MPUHATO B TEOPUM CTATUCTUYECKUX pEIIECHUI, XapaKTepu3oBaTh
BO3MOXHBIE TIOTePU ILJIaTEXKHOI MaTpulie Buaa

Lll L12
L= , 5.2)

Ly Ly
B KoTOpo#l L;;, L,, — TOTepH, CBI3aHHBbIE C MPAaBWJIBHBIMUA pelle-
HusAMM, a L,, L,, — notrepyd OT OLUMOOK IPOITyCKa LIEJA U JIOXHOMN

TPEBOTM COOTBETCTBEHHO.

Torma mMaTeMaTuyeckoe OXUAaHUE MOTepb (CPeaHUIl PUCK) Ompe-
JIeJIsieT B3BElLICHHAas CyMMa YKa3aHHBIX IIOTePb C YYETOM BEPOSTHO-
CTel UX TOSIBJICHUS:
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2 2
R=Y3 L,PV,,5 = j), (5.3)

k=1j=1

roe BenmmunHa P(V,,8 = j) obo3HayaeT BEPOSATHOCTb COBMECTHOTO

BBITIOJIHEHUS ABYX CAYYalHBIX COOBITUI: Z HAXOAWUTCS B COCTOSTHUM
V., k=1,2, a alroputM NpUHAT DEIIEHUE & = j, OTHECH €ro K

kmacey V,, j=1,2.
BBenmeM ciemyroliee orpeneiieHUE.

Onpedeaenue 5.1. JInaTHOCTUYECKUI TECT TOJIE3€H, €CIU CPeAHUIA
pUCK R TIpUHUMAaeMbIX HA €ro OCHOBE pEllIeHUIl MeHbllle pUcKa R,

arpyoOpHBIX PEIICHU, TMPUHUMAEMBIX MO BeposiTHOCTIM P(V)) u
P(V,), T. e. BBITIONHSIETCSI CTPOTOE HEPABEHCTBO

R < R,. (5.4)

CraBuTcs 3amadya — IIOJIYYUTh YCIOBUS, TapaHTHPYIOIINE BBITION-
HeHue HepaBeHcTBa (5.4).

5.1.2. locratoynsie ycnosws
NONE3HOCTY AMATHOCTUYECKOTO TECTA

Beeaem o603HaueHUE
_ L, - L,
b
Ly, - L,
nonarasi, yto L, > L, u L, > L,), a 3Hauut, o > 0. Takoe npeamno-

JIOXXEHWE BIIOJIHE JIOTUYHO, TIOCKOJBKY TMOTEPU OT OIIMOOYHBIX pe-
3yJIbTaTOB BCErAa MPEBBILIAIOT MMOTEPU OT MPABWIBHBIX PELICHUI.
OTMeTHM, YTO B YaCTHOM ciy4ae, Korna L, = L, =0, BelMumMHa o

IIPOCTO OIIPENesIsIeT COOTHOIIEHNE MOTeph OT OIIMOOK IpOoITycKa Iie-
JIA ¥ JIOXHOU TpeBoru. OMHAaKO B JaJIBHEMIIMX MCCIICIOBAHUSIX TaKOe
TOTIOJTHUTEILHOE TIPEATIONIOKEHNE He 00s3aTeTbHO.

HokaxeM cripaBeIJIMBOCTb TAKOTO YTBEPXKICHUS.

Ymeepucoenue 5.1. JInarHoCTUYECKUI TeCT TOJE3eH B CMBICTE
CTPOTOro HepaBeHCTBA (5.4) B TOM U TOJBKO B TOM ciyyae, KOraa

[1-P(V)IP(E,) < 0P(V)[1 - P(E))] (5.6)
npu P(V})(1 + ®) < 1 n1ubo

(5.5)
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npu P(V)(1+w) > 1.
Joxaszameavcmeo. 3anvieM COBMeCTHbIE BeposTHoctn P(V,,8 =

= j), ¢urypupytoiue B (5.3), B 9KBUBaJICHTHOI dopMe

PV, 6=))=PWV)PGE=j/V,), 8 Jj.kell,2}

[1 = PIVDIT - P(E,)] > oP (V) P(E)) (5.7)

TTOCKOIBbKY TI0 OMPEIENEHHIO
PG =2/V))=P(E) n PG =1/V,) = P(E),

npuyeMm
PG=1/V})=1-P(E) n PG=2/V,) =1-P(E)),

TO, corjnacHo (5.3), cpenHuil puck peineHuii (5.1) MoXHO TipeacTa-
BUTh B BUJIE

R = L PR~ P(E)]+ Lyll - P()I[1 - P(Ey)] +

+L, PV)P(E) + Ly [1 - P(VDIP(E,). (5.8)

Ecnu xe He MCnosib30BaTh IMArHOCTUYECKUI TECT, TO alpUOpHas
«CTpaTervs» peleHU 0 HEU3BECTHBIX COCTOSIHUSIX Z CBOIUTCS K BbI-
00Opy OOHOTO U3 IBYX BapuaHTOB. JInOO Bcerga cuutarb, yto Z € V|, u

Torma puck oyner paseH L,, P(V)) + Ly[1 — P(V})], tubo Bcerma cuuTaTh,
yto Z €V, wm torma puck 6yner paseH L[l — P(V))]+ L, P(V)).

IlpyuHumasgs Bo BHMMaHuUe oOO0o3HaueHue (5.5), 3aKiaoyaeM, 4TO
€CJI BBITIOJHSIETCST YCIOBUE

P+ o) <1, (5.9)

TO IS OOeCIeYeHUs] MUHMMYyMa alpuOPHOr0 pUCcKa BCerma CieayeT
MpUHUMATh pellieHne Z € V,, a ecau BBITIOJHSETCS yCIIOBUe

PV)(1+0) > 1, (5.10)

TO JIYILWM OKa3bIBaeTcs pelleHue Z € V.
CnenoBaresibHO, anpuOpPHBIA pUCK R;, GUIypupyolLdii B Ipa-

Boi1 yacTtu (5.4), MOXHO NPeACTaBUTh B BUIE
R - {lﬂ[l — P+ L,P(V;), eciu P(V)(1+ o) <1

L, PV)) + L[l - P(V))], ecniu P(V))(1+0) > 1~ (3.11)
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Puc. 5.1. O6nacT TOJE3HOCTU TECTA: P(Ey)
a — mpu P +ow)>1 6— npu 02
P +w)<1 ’

0,1

IMoacranoBka (5.8) u (5.11) B
(5.4) mocne MPOCTBIX Mpeodpaso-
BaHU TPUBOAUT K YCJIOBUSAM
(5.6), (5.7). YTBepXmeHne IOKa-
3aHO.

Ha puc. 5.1 moxkazaHbl rpa-
HULBI 00JacTeil MOJIe3HOTO Tec-
Ta, OIpPENEIIeMbIX COOTHOLIIEe- 0,1
Husmu (5.6) m (5.7) cooTBeTCT- =
BE€HHO. ] ] !

W3 yrBepxnenus 5.1 ciemyer, 0,02 004
YTO €CJIU HE BBIMOJHSETCS YCI0-
Bue (5.6) wiu (5.7), TO ¢ TOYKU
3pPEHUSI YMEHbILIEHUs alipMOPHOro pUcKa TUarHOCTUYECKUM TecT ad-
COJIIOTHO OecItoyie3eH. DTOT (PakT IT03BONISIET C(HOPMYIMPOBATH €IIe
IIBa HE MEHee BaXKHBIX YTBEPXKICHMSI.

Ymeepocdenue 5.2. Ilycty Bpimonusercd ycaosue P(V)(1+ o) <1.

Torma nipu ckoab yeooHo manoil BEPOSITHOCTH OLUMOKY MPOITyCKa LN
MTUATHOCTUYECKUI TeCT 3aBeIOMO OecCITOJie3eH, €CIM BepPOSTHOCTH
OIIMOKM JIOKHOM TPEBOTH YIOBJIETBOPSIET YCIOBUIO
oP(V)
1-P(V)

P(E)

0,2

1 | | |
0,06 0,08 P(V"))
6

P(E)) > (5.12)
Joxasameavcmeo. TlpuHumass Bo BHMMaHue, yto P(V)) =1, 3a-

nuiieM ycioBue (5.6), rapaHTHUpyIOlee OJIE3HOCTh TecTa B 00JIacTU

P(V)(1+ o) <1, cnexyrouuM o6pazom:

oP(V)[1 - P(E)]
1-pP(y)

P(E,) < (5.13)

ITockonbky Becerna P(E)) = 0, To ycunenue (5.13) nyrem noacra-
HOBKA P(E|)=0 TpUBOIWT K OLEHKE CBEPXY AOMYCTUMOIO 3Haye-
HUSI BEPOSTHOCTU OLLUMOKY JIOXKHOW TPEBOTH TOJE3HOTO TeCTa:

sup P(E,) = _oP()

5.14
0<P(E)<1 1-P(V) ( )
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s obmact P(V))(1+ ®) <1. Orcroga HEMOCPENCTBEHHO CIELyeT

CIIPaBEIJIMBOCTh YTBEPXKIECHUS.
Ymeepocdenue 5.3. Ilycts Boimonnsiercs ycaosue P(V))(1+ o) > 1.

Torma nipu M1000M cK04b Y200HO MaAA0L BEPOSITHOCTU OLUMOKMU JIOXK-
HOI TpeBOTM IWATHOCTMYECKHMI TECT 3aBeJOMO Oecroyie3eH C TOYKH
3peHUs] YMEHbBIIEHUS allpUOPHOTO PUCKA, €CIM BEPOSITHOCTH OIIMOKHN
MPOMyCKa LIeJIN YIOBJIETBOPSET YCIOBUIO

1- P(V)

P(E) > AR

(5.15)
Joxazameavcmeo. Tlockoneky P(V)) =0, To ycnosue (5.7), ra-
paHTUpYIOLLEe MOJAe3HOCTh TecTa A obnactu P(V)(1+ o) > 1, Mox-
HO TpeACTaBUTh B 3KBUBAJIEHTHOI (hopme:
[1-P(")IL - P(E))]

P(E) < oP(V))

(5.16)

Ecnu yyecth, uto Bcerna P(F,) >0, to ycuieHnue (5.16) myrem
noactaHoBkA P(F,) =0 TNpHUBOAUT K OLEHKE CBEPXY BEPOSATHOCTH
OLIMOKY MPOMycKa 1eJIu MOJIE3HOIo TecTa

sup P(El) = ﬂ

(5.17)
0< P(Ey)<l oP)

st oomactn P(V))(1+ @) > 1. YTBepxkaeHHne nOKa3aHo.

5.1.3. Ycnosus nonesHoctv
COBOKYMHOCTM IMATHOCTUYECKMX MPU3HAKOB

JIto6oii anropuT™M AMArHOCTMKM OCHOBAH HAa U3MEPEHUWM HEKOTOPOM
COBOKYNMHOCTM N > 1 mpU3HAaKOB X, ...,X,, 00Opasyrommx N-MepHoe

onucanne x™ =(x,,...,xy) pacrnozHaBaeMbIX KiaccoB V, u V,. B

MPOCTEMILIEM CiIyyae ISl AUATHOCTUKU MCIIONB3YETCS TOJBKO OIUH
npu3Hak (N =1). Torma, eciim W3BECTHBI OICHKM BEpOSTHOCTEM
OIIMOOK MpOMycKa LEeJU U JIOXKHOW TPEBOTU, IOIMYCKAEMBIX 3TUM
MPU3HAKOM, W OllEHKa anpuopHoil BepositHoctu P(V)), To mpu 3a-

JaHHOM 3HAQUYCHUM BCJIMYMHbLI ® IIOJC3HOCTb OTACJIBLHOTO IIpM3HaKa
MOZKHO OLICHNUTb Ha OCHOBE ITOJIYYEHHBIX BBIIIC yCJIOBI/IfI.
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st OLEHKM II0JIE3HOCTH IPU3HAKOB B COBOKYyHHOCTH N > 1
MPU3HAKOB BBEAEM CJIEAYIOIIee OMpeaesieHHe.
Onpedeaenue 5.2. IynarHoctuyeckuii npusHak x,(1<n< N) no-

JIe3eH B COBOKYITHOCTH C OCTaJIbHBIMU N — 1 NpU3HAKAMM, €CIU ero
uckmovenne us onmcanusg x) = (x,,...,xy) TPUBOIUT K yBEIUYE-
HUIO CPEIHEro PUCKa, T. €.

Ry, > Ry, (5.18)

rme Ryu R, ,— CpeaHuii puck AMarHocTuku no onucanuio x¥) u

cokpatieHHoMy onmcanuio x' P, KOTOpoe He COmEPXKUT X,,.

PaccmoTpuM yca0BUSI, TapaHTUPYIOLIME BBINOJIHEHUE CTPOTOrO
HepaBeHcTBa (5.18), mst OMHApPHBIX MPU3HAKOB (CUMIITOMOB), Xapak-
TEPHBIX IS 33724 MEAULIMHCKOM TUATHOCTUKMU.

IlycTh IS AMATHOCTUKU HEKOTOPOTO 3a00JI€BAHUST MCITOIb3YeTCS

CHUMIITOM X,, KOTOPBIA MOXET OTCYTCTBOBaTb (ClyyailHOE COOBITHE
X, ) WU TPUCYTCTBOBaTh (CIydaiiHOEe COOBITHE X, ) y maiueHTa Z.

[penmnonoxumM, 4T0 CUMIITOM X, XapakTepeH IUIsl Bcex 0e3 MCKIIIOo-
yeHus1 OoJbHBIX (Kmacc V) v TONbKO AJIsl 4acTW 3M0POBBIX (Kjacc
V,). ®opmanbHO 3TO O03HAyaeT, YTO YCJIOBHbIE BEPOSITHOCTU

P(x; /V,), P(x;/V,) yIOBIETBOPSIIOT COOTHOLIEHUSIM
Px/V)=1, 0<P(x//V;)<1. (5.19)

U3 (5.19) cnenyet, uto P(x; /V;) = 0. 3Ha4uT, Ipu OTCYTCTBUU

cAMNOTOMa (X, = X; ) ONHO3HAYHO HYXHO TMPUHUMATH DEIICHUE B
nojnb3y V,. SIcHO, 4TO B 3TOM cjlyyae BEPOSITHOCTh OLUMOOYHOTO OT-
HeCeHMSsT OOJIbBHOTO K TPYIINE 3A0POBbIX (BEPOSITHOCTh OLIMOKU «IIPO-
MycKa Lean») paBHa Hymo, T. €. P(E)) = 0.

[Ipeanonoxum Temnepn, 4To BeposTHOCTh P(x| /V,) ymoBineTBo-
psIET YCIOBUIO
o P(V})

(5.20)

3ameTuM, 4TO 1T (PUKCUPOBAHHBIX 3HayeHWid P(V)) U o, TpHu
KOTOpbIX BbIMonHseTcsa yciaoBue P (V,)(1 + ) < 1, HepaBeHCTBO
(5.20) He MpOTHMBOPEUUT BTOPOMY U3 orpaHudeHuii (5.19).
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Ecnu npuHuMmaTh peuieHue B moJsib3y Kiacca V, korma x;, = x|,
T. €. CUUTATb MalyeHTa O00JbHBIM MPU HAIUYUKU CUMIITOMA, TO BEJIU-
ynHa P(x; /V,) omnpeneauT BEPOATHOCTb OIIMOKM JIOXKHOW TPEBOTH,

1. e. P(E,)= P(x; /V,). Ho Torna nmpu BeinonHeHuu ycnosus (5.20)
B COOTBETCTBUM C YTBEpXKAeHMeM 5.2 MpU3HaK X, 3aBeJoMO Oecro-

JIe3¢H C TOYKU 3PEHMST YMEHBIIIEHMS allprOPHOTIO PUCKa.
s Toro 4toObl ellle pa3 yoeAuThCcsl B 9TOM, CPAaBHUM YCJIOBHbBIE

PUCKM BO3MOXHBIX PEIIEHWI, KOTOPble MPUHUMAIOTCS TIPU X, = X, .
Puck pewienuss Z €V, paseH

R = L,PV)P(x/ / V) + Lyl = PODIP(x] /V3),

a puck pewenust Z €V, —

R, = Ly[1= PM)1p(xi" / V) + L, PV)IP(x / V).

Ecnu yuects, uto P(x; /V;) =1, To ¢ yuerom obo3HauyeHuUs (5.5)
pazHocTh AR = R, — R, omnpenenseTcs COOTHOLIEHUEM

AR = (L — Ly)[o P(V) = [1 = PV)]IP(x; / V)], (3.21)

n3 KoToporo B cuiy (5.20) u Toro, uro L, > L,,, cneayer R, < R,.

Otcofa MOXHO CIeJIaTh BBIBOJ, UTO W MPU HAJIMYUKU CUMIITOMA,
T. €. IPU X; = X, , HEOOXOAMMO MPUHUMATh pelieHue Z e V,.

Takum obpazom, TIpH JTIOOOM BO3MOXHOM 3HAYEHWM ITPM3HAKa
X, =X, U X, =X TPUHUMAETCS OJAHO U TO XK€ pEelIeHUE B TMOJb3Y
knacca V,, koropoe misi GUKCHUPOBaHHBIX 3HaueHU P(V))u o B
obmactu P (V,)(1 + ®) < 1 coBmagaer ¢ anpvOPHBIM PELIEHUEM.
EcrecTBEHHO, UTO TaKOW MPU3HAK-CUMIITOM CaM IO cebe abCOIIOTHO
OecroJie3eH.

IMpeanonoxuM Temepb, YTO B HalleM PaCHOPSIKEHUU €CTb JBa
Takux «OecCIOJIe3HBbIX» B OTIAEALHOCTU TpU3HaKa. Bo3HukaeT ecrect-
BEHHBII BOIIPOC: B KAKUX CIYYasiX X COBOKYIMHOCTh MOXKET OKa3aTh-
Cs TIOJIE3HOM C TOUYKM 3pEeHUS onpeaeneHus 5.3.

B pabore [277] HamMmu OBUIO TTOKAa3aHO, YTO COBOKYITHOCTh HEMH-
(GOpPMATUBHBLIX B OTACIHLHOCTU TPU3HAKOB MOXET OBITH IOJIe3HA, €C-
JIM OHU CTAaTUCTUUYECKU CBSI3aHbI B KJlaccax.
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ITokaxeMm Termepb, YTO COBOKYITHOCTb OECITOJIE3HBIX B OTAEIbHO-
CTU TIPU3HAKOB-CHMIITOMOB MOXET OBITh ITOJIE3HA M B TOM CJIydae,
KOIIa Takas CBS3b OTCYTCTBYET. DTOT (DAKT B TOYHBIX (DOPMYJIUPOB-
Kax OIpeesieT CAeaylollee YyTBEPXKIEHNE.

Ymeepucoenue 5.4. Ilycte x,,x, — 1OBa TMpuU3HAKa, KaXIbI U3
KOTOPBIX MPUHMMAET JBAa BO3MOXHBIX 3HAUYEHUS X;,X; U X;,X;,

npuyeM
P(x /V)=1 i=12. (5.22)

HYCTB, KpOME€ TOro, IIPpM3HAKM CTaTUCTUYCCKN HC3aBUCHMbI B
oboux Kjaccax, T. €.

P(x,x, /Vi) = P(x [ VOP(x, V), k=12 (5.23)

Torma mnsg moObix P(V)) M ®, YAOBIETBOPSAIOIIUX YCIOBUIO
PV )1+ o) <1, cyllecTBylOT Takue 3HAYeHUs BEPOSTHOCTEH
P(x;//V,), i=1, 2, NIpu KOTOPBIX KaXAbIA U3 ITUX MPU3HAKOB Oec-

MoJIe3eH caM Mo cebe, HO MX COBOKYIHOCTH ITOJIE3HA.
JHoxazamenvcmeo. I1pearonoxum, 4To

PG /Vy)2p, =12, (5.24)
rae
_ oP)
P= 1P (5.25)

Kaxk Obulo TOKazaHO paHee, B 3TOM CJllydyae paccMaTpyBaeMbie
MPU3HAKKU caMM 10 cebe Oecroie3Hbl. PaccMOTpUM yCIOBHbBIE PUCKU
BO3MOXHBIX pelIeHUN TMpu KOMOWHAIMM 3HaYeHUM TPU3HAKOB

(X, = X7) A (xy = X0,
I[Mpunumas Bo BHuUMaHMe (5.23), 3akiao4yaeM, 4YTO IPU TaKOW
KOMOMHALUMM 3HaYeHUN CUMMTOMOB pUCK pelieHust Z e V|, ompene-

JISIETCS BBIPaXKEeHUEM
R(xi,x;) = LiPV)P(x) /V)P(x, /[ V) +
+ Ly\[1 - PV)IP(x) / V) P(x; /V)), (5.26)
a puck pemenust Z € V, —

Ry(x,x,) = L[l = PV)IP(xy /Vy)P(x, / V) +
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¥ + LPVL)PG [ V)PGS /V)).
R (5.27)
0,7+ IIpy BBITIOJTHEHUU YCJIOBUS
- P(V)(+ ) <1 msr MUHIMU3aLMA
0,5 alpUOPHOTO PUCKA BCErga Ciaeny-
- = €T TpUHUMaTh pelieHne Z € V.
0.3 IToTpebyeM, 4TOOBI TIpU KOMOM-
HaIMM 3HAYEHWI MPU3HAKOB (X, =
0,1 =x)A(x, =X,) ONTUMAIBHBIM
011 I 013 I 015 I 017 I 019 y ~ OBIIO TIPOTHMBOIIOJIOXKHOE pellle-

Puc. 5.2. O6nacts nonesHoii copo- HHE, T. €. Ze Vl Wupivu - cyio-

KyIHOCTY NPU3HAKOB BaMH, IIOTpeOyeM, 4YTOOBI BHI-
MOJIHSJIOCh CTPOrOo€ HEPaBEHCTBO

R (x7,x3) < Ry(X{, X7).
Ha ocnoBanum (5.26), (5.27) ¢ yuetom obo3zHaueHus (5.25) mo-
cJeqHee HEPABEHCTBO MOXHO TMPEICTABUTh B BUIE
P(x /V)P(; [ Va) < p. (5.28)
OnHako B cOOTBeTCTBUU C (5.24)
P(xi /V)P(x; [ V)2 . (5.29)
ITockonpky mpu BbeinosHeHuM yciaosuir P(V))=0 u PF)(1+

+ o) <1 BenuumHa p Jexur B mpedenax 0 <p <1, To Bcerma Haii-

NyTCsl TaKue 3HaueHust BepositHoctenr P(x| /V,) n P(x5 /V,), ynoB-

nerBopsiolie (5.24), npu KoTophix HepaBeHcTBa (5.28), (5.29) BbI-
MTOJTHSIIOTCSI COBMECTHO. YTBEPXKIEHHUE TOKa3aHO.

Ha puc. 5.2 B xoopauHataxp u y = P(x{ /V,)P(x; /V,) mnokaza-
Ha obsacth Q 3HAYEHUA, ymosaeTBopstoiux (5.28), (5.29).

5.1.4. MogenbHbiit npumep
Ilycte P(V)) =004, L, =L,=0, L,=4, L, =1 Cienosarens-
HO, =4, a p~0,1167. Ilpenmonoxum, 4TO eCTb JBa OMHAPHBIX

MpU3HaKa X, = X;,X; U X, = X;,X,, KOTOPble CTATUCTUYECKU HE3aBU-
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TABJIMLIA 5.1 TABJIMLIA 5.2

YcnosHble pacnpegeneHns NpUsHAKoB YcnosHble pacnpepeneHns NpUsHAKoB

B NepBOM Knacce BO BTOPOM Knacce

X X

Xy Xy
X:=x:| xo=x |Px/N) X=X %=x | Px/V)

X=X 0 0 i = x| 049 | 021 0,7
X =x 1 1 X = X, 0,21 0,09 0,3
P, /1) 0 1 - P(x,/V3) | 0,7 0,3 -

CHMbI B 000MX KJIaccaX. YCJIOBHbIE pacIpenejeHus MPU3HAKOB Mpe-
cTaBjieHbl B Taba. 5.1 u 5.2.

BunHo, 4TO IS KaXXmIOro M3 IMPU3HAKOB BBITIOJHSIETCS YCIOBUE
(5.24), a 3HauMT, 3T MPU3HAKU caMU IO cebe OecronesHbl. B aTom
JIETKO YyOeIUThCS, €CIU CPaBHUTH YCIOBHBIE PHUCKM BO3MOXHBIX pe-
LIEHUI TIpY Pa3IMYHbIX 3HAYEHUSIX 3TUX MPU3HAKOB.

Hanpumep, npunsitue peiienuss Z € ¥, mo npusHaky X, NPUBO-
IUT K pucky R (x])= 0,288 mnpm Hamuumu cuMmnroma (x, =X, ) H
pucky R (x;) = 0,672 npu oTcyTcTBUM cumnToMa ( X, = X; ), B TO Bpe-
Ml KaK pelieHre Z e V, MpuBOOMT K pUCKY R,(x)) = 0,16 mpu x; = x;
u pucky R,(x;) =0 npu x, = x;.

CnenoBaTenbHO, W NMPU HAJUYMU, U TIPU OTCYTCTBUM CHMIITOMA
X, C TOYKM 3PEHUSI MMHUMYyMa CPEIHETO PUCKA MOJDKHBI TPUHU-
MaTbCsl pelleHUs B MOJb3y Kjacca V,, KOTOpble MpU 3aJaHHBIX 3Ha-
yeHnsax P(V})=0,04 m o=4 coBIMamalOT ¢ apUOPHBIMU PELUEHUS -
MH. AHAJTOTWYHAs CUTYalrs U JJI IPU3HAKA X,.

OngHako U3 YCIOBUS JAHHOTO TIpUMepa CleayeT, 4YTo y =
= P(x; /V,)P(x; /V,)= 0,09. TTockonbky p ~ 0,167, TO BBITIOJIHSET-
csl yCJoBUe y < p < \/z . A 9T0, KaK ciiefyeT U3 MPUBEIESHHOIO BbILIE

JIOKa3aTebCTBa, CBUAETEILCTBYET O TOM, YTO COBOKYIHOCTh IpH3HA-
KOB TOJIE3HA.
B camom pene, mpu oOHapyXeHUMU OOOMX CUMIITOMOB, KOTIa

(x, =x7) A (x, =x;), pewieHue Z €V, mpuBomuT K pucky R (x/,

x5) = 0,0864 , Torma xak peuieHue Z €V, MPUBOAUT K OOJbIIEMY
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pucky R,(x;,x;) = 0,16. CremnoBareiabHO, MpU TakoOil KOMOWHa-

LIMY MPU3HAKOB ONTHMAaJbHOE pellleHUe He COBMAAAET C allpUOPHBIM,
YTO U 00ecTeunBaeT YMEHbIIIEHNE CPEIHETO pHUCKa.

5.1.5. Hactbiit cnyyait

IMycts L, =L, =0, a L, =L, =1. V3BecTHO, 4TO B 3TOM ClIy4ae

cpenHuii puck (5.3) paBeH cpelHeil BEpPOSITHOCTU OILIMOKM, a OIITH-
MaJIbHbIE PELIEHUs, 00eCTIeYnBaIOIIME MUHUMYM 3TOU BEPOSITHOCTH,
JIOJKHBI TIPUHUMATBCS IO MPaBUJIy MaKCHMyMa aloCTEPUOPHBIX Be-
POSITHOCTEHA.

Ecnu B pomnojHeHue K YCIOBUSM YTBEPXKIEHUST 5.4 NOIMYCTUT,
YTO BEPOSITHOCTM HaJWUMSI KaXIOro M3 CUMITOMOB JJiI OOBEKTOB
BTOPOTO KJjlacca OJWHAKOBBI, T. €.

P(x; /Vy)=P(x; /Vy)=F,

TO, KaK CJICAYET M3 JO0Ka3aTC/JIbCTBa, IMPU BbIITOJIHECHUU YCJIOBUA

MS P < P (5.30)
1-P(V)) V1-P(V))

Takye TpU3HAKM OymyT OecIiojie3Hbl caMy MO cebe, HO TOJIE3HBI B
COBOKYITHOCTH.

Ha puc. 5.3, a B xoopauHarax P, — P(V;) mokazaHa oGiactb Q
3HaueHul, yaosiaeTBopsiowux yciaosuw (5.30). Hampumep, eciau
P(V))=01 u cuMnOroM Xx =X, WIM CUMIOTOM X = X, IPUCYTCTBYET
JUIsl Bcex 00beKTOB mepBoro kiacca (P =1) u ang 20 % o0bekToB

Broporo kimacca (P =0,2 ), TO Touka ¢ TAKUMU KOOpPIWHATAMH TO-

namaeT B o0jactb Q.
PesynbTaTel mpoBepku no ¢opmysie baiieca y6exnaroT B TOM, 4TO

P(V,/x")~ 0,357, B To Bpems Kak P(V, /x") ~ 0,642. Bumecre ¢ Tem
P(Vi/x)=0,a P(Vy/x)=1, 1.
P(Vy/x)> P(V;/x) ¥x = x",x".

CireoBaTesIbHO, MPY JTI0O0M 3HAYCHMU OTAEJIBHO B3STOIO CUM-
IITOMa ONTHMAaJbHBIM PEIICHHEeM I10 MPaBUIY MaKCMMyMa arocTe-
puopHbix BepositHocTeit P(V, / x), P(V, / X) oKa3biBaeTcsl pelleHue
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PS
0,9F
0,7
0,5
L Q
0,3F
0,1
| | | | | | 1 | |
0,1 0,2 0,3 0.4 P
a
ArnpuopHbie ArnocTepuopHbIe
BEPOATHOCTH BEPOSATHOCTH
1
0,5 ‘|~
()|_||||||||| |_|||||._.||||H
o | CU SR S o o v,
Her Ectp Her xots 651 Eetb
CHMIITOMa CHMIITOM OJIHOTO U3 IByX  00a
CUMIITOMOB CHMIITOMA
o 8

Puc. 5.3. TlonesHast COBOKYIMTHOCTh «0€CIIONIE3HBIX» CUMITTOMOB:

obmacth Q (a); anoCTepHOPHBIE BEPOSITHOCTH KJIACCOB MPU aHAIU3€ OTAEIbHBIX MPU3HAKOB
(6) 1 MX COBOKYITHOCTH (8)

Z eV,, coBmajawliiee ¢ peuieHUeM MPUHUMAEMbIX 1O MaKCUMYMY
anpropHeix BepoatHocterr P(V)) m P(V,)=1- P(V}) pacro3HaBae-

MBbIX KjaccoB (puc. 5.3, 6). 3HauUUT, C TOYKW 3PEHUSI CpedHEe Bepo-
SITHOCTY OIIIMOKM TaKOW MPU3HAK-CUMIITOM abCOIIOTHO 6eCroie3eH.

B 1O Xe Bpewms, ecin ABa MOAOOHBIX CUMIITOMAa CTaTUCTUYECKU
He3aBUCHUMBI B KJIaccaX, TO UX COBMECTHOE MCIOJIb30BaHUE IOJIE3HO.
ITpu obHapyXeHUM OOOMX CUMIITOMOB ONTUMAJIbHBIM OKAa3bIBAETCS

pelieHne B monb3y kiacca V;, mockombky PV, /x,x;) =~ 0,74, a
PV, /x{,x;) ~ 026 (puc. 5.3, 6).
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5.2. OueHKa nonesHoCTH AUArHOCTUYECKUX TECTOB
B 30304aX CKPUHWUHIA 3a60neBaHMIA

5.2.1. Obuwas cxema

[lepeocMbICIUM TeIleph MOJYYEHHBIC PE3YJIbTaThl IPUMEHUTEIBHO K
3amaye OUEeHKU 9(h@HEKTUBHOCTU AUATHOCTUYECKUX TECTOB, OPUEHTH-
pOBaHHBIX Ha 3amayd CKPUHMHTAa — MacCcoBOE€ IPOMIIAKTUYECKOE
00ciemoBaHKMe HAceJeHUs C LIEJIbI0 BBISIBJICHUS TOTO WJIM MHOTO 3a-
OosieBaHUS.

PaccmoTpuM 3amady BBISIBIICHUS OOJBHBIX JIIONEH B TPYIIIE, Tae
ecTb U OonbHBIE (Kiacc V), u 3moposble (kiacc V,). Ilpu atom, ec-

TECTBEHHO, MOAPa3yMEBAETCs, UTO V, BKIIIOYAET B ce0s1 HE aOCOJIOT-

HO 3IOPOBBIX JIIOJEH, a JUll, Y KOTOPbIX HET paccCMaTpMBaeMoOro 3a-
OosieBaHUS.

IlycTs st BBISIBJCHMSI OOJBHBIX IIPEIIIONIATAETCS MCIIOIh30BaTh
HEKOTOPBI AUArHOCTUYECKUIA TECT, B COOTBETCTBUU C KOTOPBIM IS
KOHKPETHOIO nanueHTa Z u3 00cieayeMOoi TpyIIlbl MPUHUMAIOTCS
OIHO W3 JABYX pellIeHUN: TMojoxuTteabHoe peieHue 8 =1 («bosaeH»)
WIN OTpULIATEeIbHOE pelieHue & = 2 («3I0poB»).

B cootBercTBUM C omnpeaeneHueM 5.1 OyaemM OlieHMBATh IOJE3-
HOCTb TMarHOCTUUYECKOro TecTa Mo cXeMe, MOKa3aHHOoI Ha puc. 5.4.

[Ipenmnonaoxum, 4To MPOBENEeH 3K3aMEeH IMarHOCTUYECKOIo TecTa
110 HEKOTOPOW penpe3eHTATUBHOM IpyrIie MalueHTOB C 3apaHee W3-
BECTHBIMU IHMAarHo3aMM. Pe3ylbTaThl TaKOTO 3K3aMeHa MOXHO TIpe.-
CTaBUTh B BUIe 2x2 Marpuubl (Tabha. 5.3), B KOTOpPOW NPUHSTHI
cienytouie 0603HaYEHMSI:

o TP (True Positive) — 4nCI0 NMPaBUWIbHBIX AMAarHO30B «boseH»;

o TN (True Negative) — 4MCJIO TIPABWIbHBIX TUAarHO30B «310pPOB»;

o FP (False Positive) — 4uCIIO 3A0POBBIX, OLIMOOYHO MPU3HAH-
HBIX OOJIbHBIMU;

TAB/IMLA 53
Pe3ynbTartbl TeCTMPOBAHMS Penpe3eHTaTMBHOM Fpynnbl
Pesynbrar TectupoBaHUs
VIcTUHHBIN TWarHO3
Pewenue «bonen» (& = 1) Peuienue «3nopos» (8 = 2)

Knacc V, — «bonen» TP FN
Knacc V, — «3mopos» FP TN
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o FN (False Negative) — 4unciio OONbHBIX, OLIMOOYHO MPU3HAH-
HBIX 310POBBIMMU.

ITo manHbIM TaGa. 5.3 JIErKO ONpEeAeAUTh NPUHSTHICE B MEOULIMH-
CKOM NUarHoCTUKE OIlepallMOHHbIE XapaKTePUCTUKU TecTa — YyBCT-
BUTEJILHOCTh U CIIeIU(PUIHOCTD [53].

Yyecmeumenvrnocms (sensitivity) S, omnpenensiercsa poneir (mpo-

LIEHTOM) MpeaBapuTe/bHO BepU(ULMPOBAHHBIX OOJBHBIX, KOTOpbIE
TE€CT MPU3HAJ OOJIbHBIMMU:

TP

S — (5.31)
TP + FN

S
a cneyuguunocmy (specificity) S, ompenensercd moneil (TPOLIEHTOM)
3I0POBBIX, KOTOPHIE TECT OTHEC K IPYIIIE 3I0POBHIX:
TN

Sy =
TN + FP

(5.32)

OueBUIHO, UTO €CJIM BbIOOPKA PENpPE3EHTATUBHA, TO S, SABIAET-
¢ OUEHKOW BenmuuHbl 1- P(E;), a S, — OLIEHKOH BEJIVMYMHBL
1- P(E,), tne P(E,), P(E,) — BepOSITHOCTH OIIMOOK IPOIYCKa Lie-

JIU U JIOXXHOI TPEBOTU.

M3 yTBepxxaeHus 5.1 cieayer, 4To ISl OLIEHKU TOJIE3BHOCTU TecTa
MO OMNWCAHHOW BBIIE CXEME JOCTATOYHO ITPOBEPUTH BBIMIOJIHEHNUE
OJTHOTO U3 YCIIOBUI

Sy >06(1-S5,), ecmm 62=1; (5.33)
S >1-06+6(1-S,), ecmm 6<1, (5.34)
[Ie mapaMeTp 0 ormpeneiseTcs mo Gopmyie
o 1=P
oP

® — CooTHolleHue morepb (5.5), a P # (0 — yacrora (IpeBajeHC)
3a00JIeBaHUsI.

ITockonbKy 4YmMCIIEeHHBIE TpUMEpPhl 4acTo ObIBAlOT OoJjiee yOeau-
TeJbHbI, YeM (hOpPMaTbHbIE PACCYXIEHUSI, PACCMOTPUM MOACIbHBII
IpUMeD.

IlycTe mutaHupyeTcsl MPOBECTHM CKPUHUHI 3abojeBaHUsI, BCTpe-
yaeMOoCTb (TIpeBajieHc) KoToporo coctasusieT 2 %, 1. e. P=0,02. Jlnsa
NMArHOCTUKM TIpeaJiaraeTcsl UCIoJIb30BaTh TECT, UMEIOLIUI YyBCTBU-



180 | [NABA 5 OLEHKA SODEKTMBHOCTM ANMATHOCTMHECKIMX TECTOB C MO3NLIMK TEOPMK

TlampenT JlMarHocTHUECKHil TeCT

ATpHOpHbIE peIICHHS ATIOCTepHOPHBIE PEIICHUS
I I
v Y v Y
«1 spopory «5I Gonen» «Ts1 3m0poBY «Tu1 Goneny
ATprOpHBIH pUCK R, ArnocrepuopHsliii puck R

Het Jla
TecT Gecnonesen Tect nonesen

Puc. 5.4. O611as cxeMa OLIEHKHU TMOJIE3HOCTU JUATHOCTUYECKOIO TECTA

O6cnenyemas rpynmna 10000 yenoBek

v v
3nopoBsix 9800 BosbHbx 200
«310pOB» «bonen» «310poB» «bonen»
8820 980 20 180

Pesynerarsl TecTupoBanus R > R,
(anpuopHbIid puck Ry = 0,1;
anocTepuopHsli puck R = 0,108)

Puc. 5.5. OxugaeMble pe3yabTaTbl CKpUHUHTA

TenbHOCTE S, = 0,9 n cieundnyHocTe S, = 0,9. OTMETHM, YTO Takue

OIIEpallMOHHLBIC XapaKTCPUCTUKU OOBIYHO CUMTAIOTCS HOCTAaTOYHO
BBICOKMMU 1JIA MEAUTITMHCKUX TUATrHOCTUYCCKUX TCCTOB.
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IIpenmonoxuM, yro norepu L, [,, OT NPaBWIBHBIX pELICHUI

OIVHAKOBBI M PaBHBI HYJIO, a MOTEPU OT JIOXKHOOTPUIIATEIBHBIX M
JIOKHOIIOJIOXKUTEIbHBIX PE3YJIbTaTOB COCTaBJSIOT COOTBETCTBEHHO
L,=5un L,,=1,T.e. ®=5.

ITockonabky MpU TaKuMX MCXOAHBIX AAHHBIX 0 > 1, TO MpoBepke
MoJIEXUT ycioBue nosie3Hoctu (12). Jlerko ydemuTbcs B TOM, 4TO
9TO YCJIOBUE HE BBIMOJHSETCSI, a 3HAUUT, TeCT abCONIOTHO OecroJie-
3¢H 1T CKPUHWHTA.

Ha puc. 5.5 mpeacraBieHbl OXumaemble pe3yabTaThl TeCTUPOBaA-
Hus rpynnbl B 10 000 yenoBek.

Jlerko 3aMeTUTh, YTO arpPHOPHBIE TTOTEPH, CBSA3AHHBIE C TEM, UTO
200 OGoabHBIX OyAyT He BBIABIEHBI, cocTaBiseT 5-200=1000, T.e.
R,=0,1. B TOo e BpeMsi cyMMapHble MOTEPU, CBSI3aHHBIE C JIOKHO-
MOJIOXKUTEJbHBIMU  PE3yJIbTaTaMM TUArHOCTUKMU 111 980 3M0POBBIX
MMAIIMEeHTOB M JIOXHOOTPUIIATEIbHBIMU pe3yiabTaTamMu it 20 deo-
Bek, coctaBiatr 1-980 +5-20 =1080, 1. e. R =0,108.

CrenoBaTesibHO, HECMOTPsl Ha BBICOKME TMOKa3aTeJyd YyBCTBHU-
TETbHOCTH W CTeUU(PUIHOCTH, CKPUHMHT Ha OCHOBE TAaKOTO TecTa
TOJIBKO YBEJTMUUT PUCK.

Ecnu u3meHuTh ycioBusi nmpumepa, mnoaoxus L, = L, =1, To B

pe3yiIbTate IPUMEHEHMST TeCTa YBEJIMUEHUE PUCKAa OKa3bIBaeTCs EIIe
Oojiee BIevaT/ISIIOIIMM. B 3TOM ciydyae oXugaeMblid CpemHUN PUCK
MMATHOCTUKM cocTaBUT R = 0,1, B TO BpeMsl KaK alipMOPHbBIA pUCK —
R, =0,02.

BaxHass 0cOOEHHOCTh CKPMHUHIa M IPpoGUIaKTUYECKUX OO0CIe-
IOBaHUI — 3TO HU3KME 3HAUYCHHUS MpeBajieHca OOJbHBIX B 00Cie-
myeMmolt rpymire. B wactHocTtH, cornmacHo [53], mpeBajieHC caxapHOTro
nurabeTa cocTaBisieT 2 %, a paka MOJIOYHOM Xeje3bl B Bo3pacTe 0o-
mee 50 met — 1 % [118].

Eciu kK ToMy Xe MOINyCTUTh, YTO COOTHOLIEHWE MOTEPh ® OT
JIOKHOOTPUIATENbHBIX M JIOKHOITOJIOXUTEIbHBIX OIIMOOK HE OYEHb
BEJINKO, TO BBHITIONHSAETCS ycioBHe 0 > 1. B 3TuX mpemrronoskeHUsIX
JIOCTaTOYHO TIPOBEPUTH JUIIL yciaoBue (5.33), uyToObl yOeauThbcsl B
TTOJIE3HOCTHU TeCTa.

Ha puc. 5.6, a nmokasaHbl TpaHULIBI 00JIACTE!l MMOJE3HOCTU TECTa,
MOCTpOeHHBIe, corinacHo (5.33), mpu ® = 5 I TIpeBajieHca
0<P<04.

Opnako, cormacHo [53, c. 104], mpu auarHocTuke ocobO omac-
HBIX 3a00JIeBAHU COOTHOIIIEHHWE TTOTEPh OT JIOKHOOTPHUIIATEIHHBIX 1
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0.6 Puc. 5.6. I'panuiel obnacreit momnes-

> HOCTHU TecTa:

0.5 a — cornacHo ycnosuto (5.33); 6 — obnac-

TH TpUMeHUMocTH yciaoBuit (5.33) u
(5.34); 6 — coracHo yciouio (5.34)

JIOXKHOTIOJOXHUTEIbHBIX pe3yJIbTaTOB MHOIma Jmocturaetr o ~400. Ilpu
TaK1X OOJNIBIIMX 3HAYEHUSIX o YCJIOBHE O > 1 MOXET He BBIIOJIHSTHCS
Jaxe MPU HU3KUX 3HAUEHUSX TpeBajeHca (puc. 5.6, 6).

Ha puc. 5.6, ¢ mokasaHbl 00J1aCTH II0JIE3HOCTH TECTa, MOCTPOECH-
Hbl€ B COOTBETCTBUM C ycjoBueM (5.34), mis ciydasi, Koraa TpeBa-
JIEHC MMeeT HU3KME 3HadYeHus, HO 0 > 1, mockoiabKy o = 200.

5.2.2. [lonyctumsle rpaHmLpl CreupduyHoCTH
W YYBCTBUTENBHOCTM NONE3HOTO TECTA

B obweMm ciaydyae Mexny cnenudUYHOCTBIO S, W YYBCTBUTEIBHO-
CTBIO S, AMArHOCTUYECKOTO TECTa HE CYLIECTBYET OJHO3HAYHOW CBS-
3u. M3BeCTHO JIMIIb TO, YTO MPU U3MEHEHUU MOpPOra CKpUHUHTA MO-
BBIIIAETCS YYBCTBUTEJIBHOCTh M CHMXKAETCA CHEUMMOUUHOCTb WIM Ha-
000poT.

Takast cuTyalisl XapakTepHa IIpU MCHOJIB30BAaHUU JUATHOCTUYE-
CKMX TECTOB B BHUJI€ ITOPOTOBBIX MPAaBUIL:
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I, ecmm x >Xx,,
6 —
2, eCM X < X,,

roe X — MA3MepSIeMbIi (DU3NONIOTUYECKUI MapaMeTp; X, — MOpOro-

BOE€ 3HAUYCHUE, KOTOPOE MPUHATO HA3bIBaTh YPOBHEM CKPMHUHTA.

B BBIOOpE ONTUMANBHOTO 3HAYEHMS TOpOra X, 3aKIYaeTcs Oc-
HOBHas TpobJjieMa HACTPONKN NMAarHOCTMYECKMX TECTOB, MCIOJIb3ye-
MBIX MPU MACCOBBIX OOC/IeIOBAHUSX HACEIEHMS ISl BBISBICHUSI TOTO
VI WHOTO 3aboneBaHus [53].

ITokaxxeMm, 4TO MOJyYEeHHBIE PE3YJbTaThl IMO3BOJISAIOT 0OOCHOBAH-
HO MOAXOIUTh K pa3pellieHrI0 3TO BaXXHOU MpoOIeMbl.

M3 ycnoBust yrBepxkaeHus1 5.2 mpsIMO ClenyeT, YTo JJis1 3HAUeHUI
P u o, yooBaetBopsiowux yciaosuio P(l+ o) <1, UamM, 4To To Xe

camoe, 0> 1, DMArHOCTUYECKMII TeCT abGCOJIOTHO OecCIosie3eH, eCau
€ro Creu(UIHOCTb YIOBIETBOPSIET YCIOBHUIO

S, < S, (5.35)
rae
g0 _1=-Pl+o) (5.36)
- P

Kax BuaHo mno rpacdukam (puc. 5.7, a), OIpu MajblX 3HAUYEHUSIX
npesBajeHca (P < 0,02) crenupUYHOCTh IMOJIE3HOTO TecTa JOJIKHA
6bITh BhIIEe 90 % yke pu o <5, a B YCJIOBUSIX paBEeHCTBA ITOTEPh
OT JIOKHOMOJIOXUTENbHBIX U JIOXKHOOTPULIATEIBHBIX PE3YJbTaTOB —
Boiire 98 %.

ITockonbKy 11 peadbHbIX TECTOB S, < 1, MpUYeM MO Mepe CHH-
JKEHUSI YYBCTBUTEJIBHOCTU PACTET YMCIO JIOKHOOTPULATENBHBIX pe-
3yJbTaTOB, TO IJIs1 OOeCreyeHUsl MOJIE3HOCTU TecTa BeJIWYMHA CIie-
HU(GUUHOCTU JOJKHA OBbITh BBILIE MPUBEIEHHBIX TPAHUYHBIX BEIU-
YUMH, YTO ellle 0ojiee cyxKaeT 00IacThb MOJIE3HOCTH TeCTa.

3ameTum, 4to cortacHo (5.33), oSl HU3KOTO MpeBajieHCa Jaxe
npu o = 1 CHIXEeHUE CHelUM(PUUHOCTHA TECTa OKAa3bIBAETCSI HAMHOIO
Oosiee KPUTUYHBIM, YeM YMEHbIIIEHUE YyBCTBUTEILHOCTHU.

Hanpuwmep, nipu P = 0,05 1 ® = 1 gonyctuMasi BeIMYMHA CIEL-
dbuunocTn S, m3aMensiercs Bcero ot 95,7 % mo 97,9 % mpu cyect-

BEHHOM CHUXEeHUU 4dyBcTBUTENbHOCTH S, oT 80 % mo 40 % coot-
BETCTBEHHO (puc. 5.7, 0).
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S,
0,99 5= 04
0,98
0,971 5= 0.8
0,961
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0,94 l 1 1 | ]
P 0 001 0,02 0,03 0,04 005 P
a 9]
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091 S5,=0.4
0.8
0.7k
§,=0.8
0,6
0,5k
0.4 !

! L 1 1
0 001 0,02 003 004 005 P
6 2

Puc. 5.7. O6nactv NMose3HOCTU TecTa:

3aBMCUMOCTb IOMYCTUMON crieundudnoctn S, or mpeBaieHca P (a); dhparMeHTsl obmac-
Tel mojie3HocTH pu o = 1 (6) 1 © = 10 (8); 3aBUCUMOCTb JONMYCTUMON YyBCTBUTEJIbHOCTH
S, or npeBanenca P (2)

Eciu xe o = 10, TO IIpXM aHAJTOTUYHOM M3MCHCHUU SE 1 TaKOM
2KC IIPEBAJICHCEC OOIIyCTHMMasA BCJIMYMHA CHCHI/I(I)I/I‘IHOCTI/I S p WU3MCHA-

eTcst yxe ot 56,5 % no 78,5 % (puc. 5.7, 6).
M3 ycrnoBusi yrBepxkaeHus 5.3 ciedyeT, uyTo Jis 3HayeHuidr P u
®, YIOBJeTBOpsIoIUX yciaoBuiw P(l + w) > 1, WM, 4To TO Xe camoe,

0 < 1 aAuarHocTUYeCKUil TeCT aOCONIOTHO OECIOJIe3eH, €CIU €ro YyB-
CTBUTEJBbHOCTb YAOBJIETBOPSIET YCIOBUIO

S, <8, (5.37)
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rae

|
S =1—£. (5.38)
oP

Ha puc. 5.7, ¢ npencrasiaeHbl rpauku, oTpaxarllyde 3aBUCH-
MOCTb JIOICTMMOl 4yBCTBUTENBHOCTH Sy OT mpeBaieHca P 1mpu
pPa3IMYHBIX 3HAYECHUSX O.

[TpumeyaTenbHO, YTO, B OTJIMYME OT TPAHUYHOTO 3HAYEHUS CIie-
uupuunoctu Sy (cM. puc. 5.7, a), DOMYCTMMAsi TPaHULA YyBCTBHU-
TEJbHOCTU YMEHBIIAETCSI ¢ YMEHbLIEHUEM P U o.

B naHHoM cnyuae (rpu 6 < 1) cHMXEHME CrielM(UIHOCTU TecTa
OKa3bIBaeTCsl MEHee KPUTHMYHBIM, YeM YMEHBIIEHNE JUyBCTBUTEIHLHO-
ctu. Hampumep, mpu P = 0,02 pomyctumasi BeIuMYMHA S, MOXET

M3MEHAThCH Bcero Ha 10 % Tpd CHIDKEHWH YYBCTBUTEIHHOCTH
Ha 40 %.

5.2.3. Baanmocassb nonyyeHHbIx pesynsTaTos
¢ TpagnuporHbiM FOC-aHanM3om

Hnsa oueHKU 3(pHEeKTUBHOCTH AUMATHOCTUYECKMX TECTOB B MEIWIIMH-
CKOIi TIpaKTHKe IIMPOKO MCIIOJIb3YeTCsl M3BECTHBI METON, OCHOBAaH-
HBIII Ha aHalM3e TaK Ha3bIBAEMBIX XapaKTEPUCTUUECKUX KPUBBIX
ROC (Receiver Operating Characteristic curve) [294, 326, 328, 339].
IIpn 3TOM cumTaeTcsd, 4TO TpagULMOHHBIM ROC-aHaimmM3 B OIIpene-
JICHHOH Mepe TMO3BOJISIET pa3pelliuTh MpodieMy KOMIIPOMKUCCA MEXIY
YYBCTBUTENBHOCTBIO S, U CHEUU(PUUHOCTBIO ), NUATHOCTUYECKOTO
TecTa.

Omrupuueckass ROC-KpuBasi oToOpakaeT 3aBUCMMOCTb YYyBCTBU-
TENBHOCTA Sy OT BeAWYUHBI |- S,. [ MOPOTOBBIX pPEIIAIOIINX
MpaBUJI TakKas 3aBUCUMOCTb CTPOMTCS II0 AUCKPETHBIM 3HAYEHUSIM
map Sy U Sp, TONYYEHHBIM Ha 3K3aMEHALMOHHOU BBIOOpKE MpHU
pa3IMyHbIX 3HaUeHUsIX nopora x, (puc. 5.8, a).

Ecnu ycnoBHble pacmpenesieHUs] MPU3HAKOB B Kjaccax pasjivy-
HBI, TO

S, >1-5, (5.39)

M TOYKHU PacCIIOJOXKEHBbI BBIIIC AMaroHaliu. HOSTOMY CUHUTACTCA, 4YTO
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mrowans Ugzye mon ROC-KpWBO¥W XapaKTepU3yeT NMATHOCTUYECKYIO

LIEHHOCTh MPU3HAKa.
Benuuuna Uy, mnpencrasisieT coOOi CPEIHIO YyBCTBUTEIb-

HOCTb T€CTa MPU BO3MOXHBIX 3HAYEHUSAX CMEUU(MUIHOCTH U HA000-
pot, npuueM U,z,. =1 mna «upeanbHOro» tecta U Uz, = 0,5 mns

0ecIIoJIe3HOTO TecTa, OIepallMOHHBIE XapaKTepUCTUKUA KOTOPOTO He
YIOBJETBOPSIOT ycjoBuio (5.39).

OnHako Ha OCHOBAaHUMU TMPOBEACHHBIX BbILIE MCCICIOBAHUIA
MOXHO 3aKJIIOYUTb, UTO B OOILEM CJIyvae BBIIIOJHEHHE CTPOTOro He-
paBeHCTBa (5.39) ecTb HEOOXOOAMMBIM, HO HE JTOCTATOYHBIM YCJIOBUEM
MMOJIE3HOCTH JAMATHOCTUYECKOTO TeCTa C TOYKU 3PEHUs] CHIDKEHUS
anpuopHoro pucka. [ToaToMy paccMOTpUM BO3MOXHOCTb YCHJIEHHS
TpaguuroHHoro ROC-aHanmm3a 3a cueT BoImeneHUs B ROC-mpoct-
paHCTBE 00JIACTH, TapaHTUPYIOLIEH MOJE3HOCTh TECTa.

B coorBercTtBUUM ¢ yciaoBueM (5.33) mis ciaydas P(l+w) <1 Ta-

Kylo 00JacTh orpaHuuuBaeT mnpsimasi OA, KoTopasi MPOXOAMT OT TOY-
ku ¢ koopmuHatamu (0, 0) B Touky c koopmuHaTamu (0,1/0)

(puc. 5.8, 0).
Jlerko BumeTh, YTO €CIM TIPEBAJICHC MCCIIEAYeMOTo 3a00JIeBaHUS

paBeH 15 %, a w =1, TO TecT GecmoJie3eH, MOCKOJIBKY IPAKTUYECCKU
Bcst ROC-KpuBas pacrojioXkeHa HUXe OTrpaHMYMBAIONICH ITIPSIMOIA.
OnHako eclM JOMYCTUTh, YTO CTOMMOCTb JIOXKHOOTPHUILIATEJbHBIX pe-
3yJIbTAaTOB B UYETBHIPE pasa BHIIIE CTOMMOCTU JIOXKHOTIOJOXUTEIBHBIX
(Ipy 3KBUBAJICHTHOCTU TIOTEPb OT IPABUJILHBIX PE3yJbTaTOB), T. €.
MOJIOXUTh o = 4, TO OorpaHWYMBalOIias npsMas OB yxe mepecekaer
ROC-kpuBy1o.

CiiemoBaTeibHO, JMATHOCTUYECKUN TEeCT C YYBCTBUTEIBHOCTHIO
Sy =625 % u cneunduynocteio S, = 80 % MOXeT ObITH PEKOMEH-

JIOBaH MJIs MPaKTUYECKOro MPUMEHEHHUs, MOCKOJbKY B 3TOM Cllydyae
CcooTBeTCTBYIOIIAsE Touka C MpUHAMJIEXUT AoMycTuMoi yactu ROC-
KPUBOM.

AHaJIOTUYHO Ha OCHOBaHUM YycIoBUS (5.34) MOXHO OrpaHUYUTH
ROC-xpuByo u g cayyass P(l+ o) >1, HO TOorma OrpaHMYMBaIO-
LM OTPe30K MpPsIMOI MPOXOAUT OT TOUKMU ¢ KoopauHatamu (1, 1) x
Touke ¢ KoopauHatamu (0,1-0) u, ciemoBaTeJbHO, OTPaHUYMBAET
ROC-kpuByl0 yXe ¢ APYroii CTOpoHbI (puc. 5.8, 6).

Ycunennsrit ROC-aHanM3 TO3BOJISIET YITPOCTUTD TIPOIIETYPY OIICH-
K1 3¢h(EKTUBHOCTU JUArHOCTUYECKOIO TeCTa, MPUIAB €i HaIISIHYIO
MHTEPIIPETALIMIO B BUIE KOTHUTUBHOTO Trpacduyeckoro obpasa.
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Puc. 5.8. NUnmocTtpauust ugen ycwie-  04F
Hust ROC-aHanuza: o
a — TpalMUMOHHbIA ROC-anammsz;, 6 — 0,2
ycwieHHbli  ROC-aHanu3 st objacTu
Pl+w) <1, 6 — vycwieHnolit ROC- TN R NN N S |

1 1
0 02 04 06 0813,

aHanm3 wist obnactn P(l + o) > 1 e

OtMmeTuM Takxe, uto yciaoBus (5.33) u (5.34) 1mo3BOJISIOT PELIUTh
1 O0paTHYIO 3amady: ONpPENeIUTh MOIYCTUMBIN MHTEPBaJl COOTHOIIIE-
HUS IIOTEPh », MPU KOTOPOM TECT C M3BECTHHIMHU OIEPALIMOHHBIMU
XapaKTepUCTUKAMU — YyBCTBUTENBHOCTBIO S, M CrneuudUIHOCTHIO

S p — MOXHO CUUTATb MOJIE3HbIM IJIA CKPUHHUHIA 3a00JIeBaHUSI C U3-

BECTHBIM MpeBajiecHcoM P.
DTOT UHTEpBaJ onpeaesieTcs GopmMyion
—I_P—I_S‘”s(og—l_]) Se_ (5.40)
P S, P 1-5;

Hampumep, mnst 3a6oieBaHust ¢ mpeBasieHcoM P =15% mpu 9yBCT-
ButesnbHOCTH Sy = 62,5% u cneunduyHoctn S, =80 % Tecra ero

MOXHO PEKOMEHIOBATh ISl MPAKTMYECKOrO MPUMEHEHUsI, eCIM JI0-
IMyCTUMO COOTHOILIEHWE TMOTEPh OT JIOXKHOOTPHUIIATEIBHBIX M JIOXKHO-
MOJIOKUTENIbHBIX OLIMOOK B Ipeaenax 2,66 <w<17,7 B mpeamoso-
KEHUM 00 3KBUBAJICHTHOCTU CTOMMOCTH MPABUIbHBIX JUATHO30B.
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5.3. Mogenb popMUPOBAHMS KONNEKTUBHOTO
pelueHuns B yCNOBUSIX NPOTUBOpPEYMiA

5.3.1. MocTaxoBka 30aaum

PaccMoTpuM Temepb 3amayy MOCTPOEHMSI KOJUIEKTMBHOIO pellaro-
11IeT0 MpaBwia, WHTETPUPYIOILETO YaCTHbIE PEIIEHUs TPYINbl He3a-
BUCHMBIX IUATHOCTUYECKUX TECTOB.

IIycTh HEKOTOpBIA OOBEKT HAXOOUTCSI B OOHOM U3 M BO3MOXK-
HBIX COCTOSIHWI (KjaccoB) V, ..., V), ¢ W3BECTHBIMU aNpUOPHBIMU

M
sepoatHocTaMu  P(V)), ..., P(V,,), D P(V,)=1. flcHo, uTO eciu He
j=1

pacrnojaraTb KakoW-au00 JOIMOJHUTEIbHOU MHGpOpMalMeid U Bceraa
OTHOCUTb COCTOSIHME OOBEKTa K Kjaccy, MMeEIolleMy HauOOJIbIIYIO
aIPUOPHYIO BEPOSITHOCTh, TO BEJIMYWHA

Py =1-max {P(V)), ..., P(V},)} (5.41)
OIpeaEssIeT allPUMOPHYIO BEPOSITHOCTD OLIMOOYHON KacCUupurKaluu.
IIpennonoxum, 4to ecTb N aaropuTMOB (IMarHOCTUYECKUX TecC-
TOB) A, ...,Ay, KOTOpblE Ha OCHOBAHWUU JOIMOJHUTEIBbHOU WUH@POP-
Maluu HE3aBUCHMO OIMH OT JPYroro NMPpUHUMAIOT pelleHust o, O
COCTOSIHUU 00BbEKTa B BUJIE MHAMKATOPHBIX MEPEMEHHBIX
8, =k,ecim A pemaer Bnione3y V,,i=1,..., N, k=1,..., M. (5.42)
Bynem xapakTtepn3oBaTh «KBaJU(PUKALIMIO» i-TO TECTA BEPOSITHO-
cteio P(A4;) owmumbouHol kinaccuduKalru, KOTOpash CUUTAETCS W3-

BECTHOM i1 Bcex N TECTOB Ha OCHOBAaHUM MPEIbLAYIIETO OIbITA.
IIpu 3TOM €CTECTBEHHO AOIYCTUTH, YTO BEPOSITHOCTU P(A;) ynosie-

TBOPSIIOT YCIOBUSIM
PA)< P Vi=1.,N. (5.43)
CraBuTCs 3amaya MOCTPOCHMSI KOJJICKTUBHOTO pellalollero mpa-
Buna D = k, ecniyd KOJUIEKTUB pelaeT B noas3y V,, k=1,..., M, xo-

TOPO€ MMUHUMU3UPYET CPEIHIOI BEPOSITHOCTbh OIIMOKM HAa MHOXECT-
BE€ BO3MOXHBIX KOMOMHAIIUI YaCTHBIX pelieHuid (5.42).

5.3.2. baitecosa cxeMa pa3peLIEHHs NPOTUBOPEYHIA

PaccMoTpuM BHauajle MpOCTEUIIMI ciydyail, KOrga 4YHCJIO TEeCTOB
N =2 u yucio kinaccoB M = 2. B 3ToM ciiyyae BO3MOXHbBI YeThIpe
KOMOMWHALIMM YaCTHbBIX pELIeHUI 3KCHEPTOB:
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S1:6,=1,8,=1;
S5:6,=1,8,=2;
8$:6,=2,8,=1;
Sy 8,=2,8,=2.

Kak BumHO, B cuTyanusix Sy, 1 S,; pellieHusI 3KCIIePTOB MPOTUBO-
peurBbl. Bo3HMKAeT eCTECTBEHHBII BOIIPOC: KaKOe pellieHue CIeayeT
MIPUHUMATh, YTOOBI MUHUMU3HPOBATH BEPOSITHOCTh OLIMOOYHOM KjIac-
cudukanum’?

Ha nepBblii B3MISI MOXET IIOKA3aThCsl, YTO B YCJIOBUSIX IPOTUBO-
peunii cirenyeT BHIOpaTh TO pPelIeHUE, KOTOPOe MPUHSII TECT, HOIyC-
KaIOII1II MEHBIIE YaCTHBIE BEPOSITHOCTH OIIIMOKU.

IToxaxeM, 4yTo B 00LLIEM cIydae Tako# romxon HermpaBoMmepeH [209].

C 3TOli eNbI0 PacCCMOTPUM YCJIOBHEIC (allOCTEPHUOPHBIE) BEPOSIT-
Hoctu P(V,/S),) m P(V,/S),) xnaccoB B cutyaruu S),. [Ipn atom mist
MMHUMM3ALUKM CPEIHEl BEPOSATHOCTU OIIMOOYHOM KilaccuduKammu
OymeM NpMHMMATh OKOHYATeJIbHOE pellleHWe B TOJIb3y Kiacca b,
ecnu

P(V\/S12) > P(V/S1), (5.44)

U pellieHKWe B 1063y V, B MPOTUBHOM Ciyyae.
ITo dopmyne baiieca numeem

e
P,/ S)=L ‘Vz)}f(fu)/ V).

OueBuAHO, YTO HepaBeHCTBO (5.44) cripaBelJIMBO B TOM M TOJIBKO
B TOM CITy4dae, Koraa

P(V)P(S,o/ V) > P(V))P(S)y/ V). (545)

ITo ompeneneHuto yciaoBHasg BeposTHOCTb P(S,/V]) — He uTO
MHOE, KaK BEPOSTHOCTb TOrO, YTO B CUTYallMW, KOTIa MMEET MECTO
kiacc V,, Tect A, IpUHSAI MpaBUIbHOE pellicHUe, a TecT A, ommocs.
ITockoabKy Mpeanosaraioch, 4YTo pelleHUs] TeCTOB HE3aBUCHUMBI, TO
no opmysie MPOU3BEACHHUS BEPOSITHOCTEM

P(S,,/V)) = [1 = P(A)]P(4,). (5.46)
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AHAaJIOTMIHEIM 00pa3oM

P(S,,/V) = P(4)[1 - P(4)]. (5.47)
HepasenctBo (5.45) ¢ yuetom (5.46), (5.47), MOXHO TIpeACTaBUTH

B BUIE
P(MI1 = P(A)] P(4y) > P(V)) P(A4) [1 - P(A4)]. (5.48)

M3 (5.48) BbITEKaeT, YTO B CUTyalUuu S;,, KOrIa pelIeHus TECTOB
MPOTUBOPEYMBBI, OOBEKT CleAyeT OTHOCUTb K Kjiaccy V; B ToM M
TOJIBKO TOM CJly4yae, KoTaa

M P(A)
P(4,) > 0 1 , 5.49
TR ) e
rne A, = P(V,)/(P(V}) — OTHOILIEHHWE amnpUOPHBIX BEPOSATHOCTEN
KJIacCOB.
Ecnu ke BBIITOJIHSIETCSI COOTHOIICHUE
P(4y) < — oPA) (5.50)

1= P(A)(1~2)

TO B CUTyallMu .S}, OOBEKT CiienyeT OTHOCUTD K Kilaccy V.

AHaJIOTMYHBIM 00pa30M JIerKO MoKa3aTbh, YTO B CUTyalluu S,; pe-
lIIeHWe B TOJb3y Kijacca ¥V, ciaeayeT mpuHUMaTb B TOM U TOJBKO B
TOM cllyyae, Koraa

P4) > — P (5.51)
1= P(A,)(1-2p)
a pelreHUe B TTOJIB3Yy Kiacca V,, Korma
P(4) < ATAGY) (5.52)

1= P(4)(1-2p)

OrMetuM, u3 (5.49)—(5.52) HENOCPEACTBEHHO CJEeIyeT, 4YTO
TOJIBKO IIPY PAaBHOBEPOSATHBIX KJlaccax, Koraa A, = 1, OKOHYaTeJbHOe
pelleHre COBNALaeT C PELIEHMEM TOrO U3 TECTOB, KOTOPBIA MMeeT
MEHBILYIO BEPOSITHOCTb OLIMOKM. B ocTasbHBIX Xe ciydasix, Koraa
A =1, T.e. P(V;)= P(V,), oxoHuaTelbHOE pelleHMe OnpeessieTcs
HE TOJIbKO «KBaJM(UKALMEH» TECTOB, HO M COOTHOLUEHUEM alpHOp-
HBIX BEpOATHOCTEl KyaccoB. [IpM 3TOM OKOHYATEJIILHOE PpELIECHUE
MOXET He COBIAJaTh C peLIeHHeM Oosiee «KBaIU(ULUPOBAHHOIO»
TecTa.
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P
0.4F G
03F

0,21

0.1 :

0 0.1 0,2 0,3 04 P4

Puc. 5.9. I'panuiisl obacteil KOJUIEKTUBHBIX PEIIEHU B CUTyaluu S),:
Lo =9 (A); =4 (B); X = 2,33 (C); o = 1,5 (D); &g = 1 (E); 49 = 0,67 (F); A = 0,43 (G);
Ao = 0,25 (H): 2 = 0,11 (I).

Ha pwuc. 5.9 nokazanbl rpaHuIBI 00JIACTE pelIeHUI, ITOCTPOECH-
HbIe 1T cUTyaumu .S), coriacHo ycioBusM (5.49), (5.50) mipu pas-
JUYHBIX 3HAUeHUsIX A,. OOMacTh peleHWs B IMOJB3Yy Kiacca V) pac-

ITOJIOXKEHA BHIIIE COOTBETCTBYIOIIEH T'pDAHUIIBI, a PEIICHUI B IOJIb3Y
Kiacca V, — HUXe COOTBETCTBYIOLIEH I'PaHUIIbI.

PaccmotpuM mopenbHbiit npumep. Ilycte P(V)) = 0,3, P(V)) =
=0,7, 1. e. Ay = 2,33. IlycTb Ha OCHOBaHWM TIPEIbIAYIIETO OMbITA W3-
BECTHO, YTO IIEPBBI TecT ommbaercsa B 5 % ciydaeB (P(4,) = 0,05),
a BTopoit — B 8 % ciyuaeB (P(4,) = 0,08).

ITpeanonoxuMm, 4yTo TecT A, OoTHEC OOBEKT K Kiaccy V), a tecT
A, — K Knaccy V,, T. e. HabmogaeM CUTyalMIo S;, MPOTUBOPEYUBBIX
pelieHui. 3aMeThM, 4YTO MEPBbIA TeCcT Oojee «KBaTU(PUIIMPOBAH-
HbIil», TOCKOJBKY P(A4,) < P(4,).

Kak BumHO u3 pucyHka 5.9, Touka ¢ koopauHatamu P(4,) = 0,05
u P(4,) = 0,08 pacrojoxkeHa HUXe TpaHULIbI, COOTBETCTBYIOLICH A, =
= 2,33. CnenoBare/ibHO, OOBEKT JOJKEH ObITh OTHECEH K Kiaccy b,
XOTs 0OoJiee KBAIMMDUUMPOBAHHBIN TECT A; MPUHSI MPOTUBOIOIOX-
HOE pellIeHHUeE.

st mpoBepkr 0OOCHOBAHHOCTHU pellieHUsI B TOJb3y V, ompene-
JuM 1o ¢dopmyie balieca amocrepuopHble BEPOSITHOCTH KJIacCOB B
paccMaTpruBaeMO CUTYalUu S;,:

P,/ Syt UE S /1) (Vl)}f(f”)/ W _
12
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0,3-(1-0,05)-0,08

— =0,415 (5.53)
0,3-(1-0,05)-0,08+0,7-0,05- (1 -0,08)
n
P(V,)P(S,, / V)
P V S — 2 12 2 —
¥2/5%) P(S),)
0.7-0,05-(1-0.08) =0,585. (5.54)

~03-(1-0,05)-0,08 + 0,7 0,05 - (1 - 0,08)

Kax sugum, P(V,/S,,) < P(V,/S);), 3HAUUT, OOBEKT IEeCTBUTEIb-
HO CJIeiyeT OTHECTH K Kiaccy V.

HM3MeHnM B YCJIOBUSIX TIpMMepa COOTHOIICHUsS allpUOPHBIX BEPO-
aTHOCTel KitaccoB, nonoxus P(V)) = 0,4, P(V,) = 0,6. B atom ciryuae
A = 0,67 u, xaK BUAHO U3 puc. 5.9, Touka ¢ KoopmuHatamu P(A,) =
=0,05 u P(4,) = 0,08 nonmagaer y:xke B 00JacThb pelICHU B MOJb3Y
kiacca V). B camom gene

0,4-(1-0,05)-0,08

PW,/S,)=
i/ 50) 0,4-(1-10,05)-0,08 + 0,6 - 0,05 (1 - 0,08)

=0,524

0,6 -0,05-(1-0,08)
0,4-(1-0,05)-0,08+0,6-0,05-(1-0,08)

PV, /S,) = - 0,476,

T.e. P(Vy/ S, > P(V,/ S);). 3HauuT, B 3TOM ciiy4ae OOBEKT CJIeIy-
€T OTHECTH yXe K Kiaccy V.

OTMeTHM, YTO paccMaTpuBaeMasl cxema MPUHSITUS KOJUIEKTUB-
HOTO pellIeHWs] OCHOBBIBACTCS Ha 3HAHWW BeChbMa OTPAaHWYCHHBIX Be-
POSATHOCTHBIX XapaKTEPUCTUK, KOTOPBIE TIPY PEIICHUHN MTPaKTUIeCKUX
3a/1a4, B YaCTHOCTH 3alay MEOULIMHCKONH M TeXHUYECKON TUarHOCTH-
KM, JIETKO MOTYT OIICHUBAThLCS, YUUTHIBAST TIPEIBIAYIINIA OTIBIT.

IIpu 3TOoM He TpeOyeTcsl 3HaTh, HA OCHOBAaHUM KaKou MHMOpMa-
LIMM TIPYHUMAIOTCSI YaCTHbIE pELIEHUs] U KaK MMEHHO 3TH pPEeLIeHUS
MMPUHAMAIOTCSI — Ha OCHOBE (DOPMAJIbHBIX WA BPUCTUUYECKUX aJITO-
PUTMOB.

Hapsiny ¢ aTMM MBI cAenaiyd OIHO BaXXHOE AOMYILIEHHE O TOM,
YTO peIIeHUs] TECTOB HE3aBUCHUMBI, 3 BEPOSITHOCTb OIIMOKN KaxKIOTO
TecTa He 3aBUCUT OT Kjacca, T. e. P(4,) = P(A/V,) = P(A4,/V,). Ecte-
CTBEHHO, YTO TaKoe JOMYIlIeHUE JOJKHO ObITh 0OOCHOBAHO.

[nsg Toro 4ToOBl MPOAEMOHCTPUPOBATH MPAKTUYECKYIO BO3MOX-
HOCTb TaKUX JAOMYIIEHUI, pacCCMOTPUM OIMH U3 (POpMaTbHBIX alro-
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TABJINLIA 5.4
YcnosHblie pacnpepeneHus NpU3HAKOB B NepPBOM Kiacce
X
X
X=X, X=X, P(x,/ V)
X=X 0,076 0,874 0,95
X = x 0,004 0,046 0,05
P(x,/V}) 0,08 0,92 -
TABJILIA 5.5
YcnosHble pacnpepeneHus NPpU3HUKOB BO BTOPOM Knacce
X
Xi
X=X, X=X, P(x,/ V)
X=X/ 0,046 0,004 0,05
X = X 0,874 0,076 0,95
P,/ Vy) 0,92 0,08 —

PUTMOB MNPUHATUA YaCTHBIX peHIeHI/Iﬁ ABYMA HE3aBUCUMBIMHN TECC-

TaMU.

[Ipennonoxum, 4yTo TeCThl KIacCUGUIIMPYIOT OOBEKT C arpuop-
HbeIMU BeposiTHocTsimu P(V)) = 0,3, P(V,) = 0,7 no OMHApHBIM TpU-
3HaKaM, YCJIOBHbIE pacrnpee/ieHUs] KOTOPbIX 3aiaHbl Tabm. 5.4 u 5.5.

byaem cuuTtaTth, YTO YacCTHbIE pelICHUS] TECTOB MPUHUMAIOTCS T10
MpaBWJly MaKCMMyMa arnocTepUOPHbBIX BeposiTHocTel. [l onpenene-
HUS BEPOSITHOCTH OLIMOOYHBIX pPEeIIeHUIl TecTa A, HaiieM arnocTepu-
OpHbIE BEPOSITHOCTH KJIACCOB MPU BO3MOXKHBIX 3HAYCHUSIX MPU3HAKA X,

PV, /x) =

P,/ x) =

PI)p(x /1)

0,3-0,95

PV p(x [ V) + P)p(x [ Vy)

~ 03-0,95+0,7-0,05

PI)p(x /V)

= 0,891,

PV p(x; [ V) + PUVy)p(x; [ Vy)
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~ 0,7 0,05
0,3-0,95+0,7-0,05

= 0,109,

PV, /X)) = PV)p(x / V) _
VT PO p(xy [ V) + PO (V)

0,3-0,05

= = 0,022,
0,3-0,05+0,7-0,95

TPV [V P o V)

0,7-0,95

= =0,978.
0,3-0,05+0,7-0,95

IMockomeky PV, /x7) > P(V,/x7), a P(V,/x)<PWV,/x), 1O
TecT A, KinaccuduuUpyeT 0ObeKT MO MPU3HAKY X, CIEAYIOIINM 00pa3oM:

5 :{1, eci X, = X, , (5.55)

2, ecin X, = X, .

OueBunHo, yto P(x, = x{ / V) = P(x, = x; /V,) = 0,05, a 3Ha4wur,

BEPOATHOCTh OLIMOKM TIEPBOTO TeCTa HE 3aBMCUT OT Kiacca, T. €.
P(A) = P(A,/V)) = P(4,/V)) = 0,05.
AHaJOTMYHBIM 06Pa30M HAXOIMM

PO ) POH)P; V) _
VT PR V) + PO V)

0,3-0,08

= = 0,036,
0,3-0,08+0,7-0,92

P = POP(; / V) _
T PWOReG [V + PWpGx (V)

~ 0,7-0,92
©0,3-0,08+0,7-0,92

= 0,964,
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P ) PO V) _
VT PR V) + PO V)

0,3-0,92

= = 0,831,
0,3-0,92+0,7-0,08

P = PO P [ V) _
R POPGG V) + PO)RG (V)

~ 0,7-0,08
©0,3-092+0,7-0,08

=0,169.

HMockoneky PV, / x;) < PV, / x3), a PV /x;) > P(V, / x;), Tect
A, xnaccupuuupyeT o0beKT MO MPU3HAKY X, CIAEAYIOLIUM 00pa3oMm:

6:{1’ eclu X, = X, , (5.56)

2, €CIIA X, = X, .

IIpu 3TOM BEpOSITHOCTH OLIMOKM TecTa A, cocraBisier P(A4,) =
= 0,08, mpuyeM 3Ta BEpOSITHOCTh TaKKe HE 3aBUCUT OT KJjacca, T. €.
P(4) = P(4,/ V) = P(4,/V)).

Kax BugHo u3 Taba. 5.4 u 5.5, npusHaKu x; U X, CTAaTUCTUYECKU
HE3aBUCHUMBI B 000MX KJIaccaX, MOCKOJBKY IS JIFOOBIX MX 3HAYEHUI
crhpaBeljIMBO cOOTHolueHue p(x,, x, /V,) = p(x,/V,) p(x, /V,) npu k =
=1,2. Otcloma HeMmOCPeACTBEHHO cjenyeT, uyTo U pemeHus (5.55),
(5.56) TecToB OyIyT HE3aBUCUMBIMU.

IIpennonaoxum, 4TO B MOMEHT TMPUHSATUSL DPELICHU MNpU3HAKU

MOJYYMJIM CJICAYIOLUIME 3HAYCHMUA: X, = X;, a X, = X,. B stom CI1y-

yae, cormacHo (5.55), (5.56), §, =1 u &, = 2, T. e. TpebyeTCs IPUHSITH
OKOHYATEJIbHOE pEeIIeHNe B YCJIOBUSX IPOTUBOPEUMBONM CUTyarlun
S,,. B o101 cutyanmm, Kak ObUIO MOKa3aHO BbIIE, OKOHYATEJIbHOE
peuieHue ciaeayeT MPUHUMATh B TOJIb3Yy V).

IMokaxeMm, 4TO Takoe pellIeHWE COBITaZaeT C ONTUMAJIBHBIM pe-
IIEHWEM, OCHOBAaHHBIM Ha pe3yjbTaTax U3MEPEeHHUs] COBOKYITHOCTH
JIBYX NMPU3HAKOB IO (hOpMaibHOMY MNpaBUy MakKCUMyMa arocTepu-
opHBIX BeposTHocTeit kmaccos P(V,/x,x,) u P(V,/x,x,). Tlo

dbopmyne Baiteca ompenenuM 3TU BEpOSITHOCTH TPU X, = X; U

X, =X, ¢
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PV, /xx;) = PV V)
PW)p(x;,x; / V) + POV p(xi,x; [ Vs)
0,3-0,076
= ——— =0,415 5.57
0,3-0,076 +0,7-0,046 (5.57)
"
PV, /xx;) = PV)p(x, X, /V5)

PV (%%, Vi) + PV p(x; %, [ V)

~ 0,7 - 0,046
030,076 + 0,7 - 0,046

=0,585. (5.58)

CpaBHeHue (5.53), (5.54) ¢ (5.57), (5.58) no3BosisieT 3aKJIIOUYUTD,
4TO P(Vk /X[, %, ): P(Vk / Sl2) g k = 1,2. HecnoxHo yoenutbes B
TOM, YTO aHAJOTMYHBIC PABCHCTBA MMEIOT MECTO M IIPU IPYTUX BO3-
MOKHBIX 3HAYCHUSIX TTPU3HAKOB.

CrenoBaTeIbHO, €CIM TECThl MPUHMMAIOT HE3aBUCUMBIE pelle-
Hus, npuyeM P(A4; /V)) = P(A;/V,) npu i = 1,2, To npemyaraemasi
cxeMa DOKBHUBAJICHTHA OITHMAJIbHOM, 00ecIeumBaoIieii MUHUMYM
CpelHei BEPOSITHOCTHM OIIMOOYHOM KiIacCU(UKALIUKM IO COBOKYITHO-
CTU NIByX HE3aBUCHUMBIX TIPM3HAKOB B KJIaccax.

B ycnoBusx maHHOro mpuMepa CpemHsIsl BEpOSITHOCTh OIIMO0Y-
HBIX peLIeHUI, IPUMHUMAECMBIX IT0 pe3yJibTaTaM KiIacCU(pUKALIMU IBYX
tectoB, cocrasiser 0,0406. OTMeTMM, YTO 3TO 3HAYEHUE MEHBIIE
BEPOSITHOCTH OIIMOKM YaCTHBIX PELUICHMI KaXKI0TO U3 TECTOB.

[IpemmoxxeHHOE TPABUIO JIETKO MOXET OBITh MOIU(DUIIMPOBAHO
IJIST TIPUHSTUS KOJUIEKTUBHOTO PEIICHUS TT0 COBOKYITHOCTH HE3aBH-
CHMBIX TECTOB C U3BECTHBIMM OIEPAlIMOHHBIMU XapaKTePUCTUKAMH.

Ilycth TpebyeTcss OTHECTH OOCIIEAYeMOrO MallieHTa K OTHOMY W3
IBYX KjaccoB: V, (6osbHOI), V, (3MO0pOBBIii), HA OCHOBaHMU MH(POP-
MallMM, TOJIydEHHON OT IBYX HE3aBUCUMBIX T€CTOB A, A,.

IIpn 3TOM cuMTaAIOTCSI M3BECTHBHIMU TpeBajicHC 3aboneBaHus P, a
TaKKe OTepallMOHHbBIE XapaKTePUCTUKHM TECTOB — UYYBCTBUTEIHLHOCTD

S u cneunduunocts S, i =1, 2.

Torma B curyauuu S;,, korma A, npu3Haja nauueHTa OOJbHBIM, a
A, — 3I0pOBBIM, OKOHUYATEIHHBIM AMArHO3, OOECIIEUMBAIOIINIT MU-
HUMYM CpeIHE BEPOSTHOCTH OLIMOOYHOTO pEILIeHWs, ITOKEH IpH-
HUMAaThCS COTJIACHO CXeMe
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6oren, ecmn S§'(1-SF) > A [1- Sp’1 8P, (5.59)

3m0poB, ecim SY (1 - SP) < 4,[1 - SP] S,

rne A, =(1-P)/ P — mapameTp, ompeneisieMblii MpeBajieHcoM P
3a00JIeBaHUS B TECTUPYEMOI TpyIITIE.

5.3.3. Obyuaemas cuctema npursTHs
KOMNEKTMBHOTO PELLIEHMS

O0o001IeHEe TIPEAIOKEHHOM CXEMBI JUIST OOLIETO Ciiydasl ITO3BOJISIET

HE TOJBKO (POPMUPOBATh KOJUIEKTUBHBIE PEIIEHUS COBOKYITHOCTU

JIMAarHOCTUYECKUX TECTOB, HO W TPYMIIbl HE3aBUCUMBbIX 9KCIIEPTOB.
Ilycte N sxkcneptoB A4, ..., Ay HE3aBUCMMO OOUH OT APYroOro

NPUHUMAIOT PELIEHUS §; O COCTOSTHMM OOBEKTA, KOTOPbIA HAXOOUTCS
B ogHOM u3 M cocrtosiHuii Vi, ...,V,,, B BUJe WHAMKATOPHBIX Iepe-
MeHHBIX (5.42).

ITonsITHO, 4TO B OOILLEM CiIy4yae YMCJIO BO3MOXKHBIX KOMOMHAIW
yacTHBIX pewieHuit papio M”. Tlpu 3ToM Tombko B M ciydasix pe-
IIeHUs OYyIyT COTJIACOBAaHHBIMM (KOTHA BCE DKCIEPTHI TIPUMYT pelle-
HHUS B MOJb3Y OJHOIO Kjacca), a B OCTAJIbHBLIX CIydyasx — pelIeHUs
MPOTUBOPEYMBBHI.

[IpenrmonaoxuM, 9TO HA OCHOBAHUMU TIPENBIAYIIETO OITbITA ITTOJIY-
YEHBl OLIEHKU YCIOBHBIX BeposTHOcTel omubok P(4,/V,),
wey P(Ay / V), k=1, .., M, KOTOpbIE NOMYyCKAIOT 3KCIMEPTHI, a TaK-
XK€ OLeHKH BepositHocTeir P(V)).

IMocTpouMm ¢opMaTbHyIO CXeMy WHTETpPalluM YaCTHBIX PEIIeHUH
IPYMIIbl HE3aBUCUMBIX 3KCIIEPTOB, IMO3BOJISIONIYI0 MPUHUMATH KOJI-
sekTuBHOe peutenne D = D(§,, ...,8,) O TEKYIIEM COCTOSHUU OOBEK-
Ta (puc. 5.10).

Ilycts B pe3ynbrare o0cienoBaHMSI 00beKTa IOJyYeHa HeKoTopast
KOMOMHAUMS S YaCTHBIX pelleHuit §,, ..., oy B popme (5.42). O60-
3HauyuM [,, — MHOXECTBa HOMEPOB 3KCIIEPTOB, MPUHSIBIIMX PELICHUE
B TOJIb3Y m-To Kiacca (m = 1, ..., M). OyeBunHo, uro I; N I, =2 mna
noowx i, j=1, ..., Mu I, u...u I,,={1, ..., N}

A MUHAMU3AUUM CpeAHEel BEepOSITHOCTM OIIMOKU KOJIJIEKTUB-
Horo peuieHuss D =D(3,, ..., 8y) HA MHOXECTBE ® BO3MOXHBIX KOM-
OMHALIMIA YaCTHBIX pelleHUi OyaeM s Kaxaoi (UKCUPOBAHHOM
KOMOMHAMKU S € ® NMPpUHUMATh OKOHYATEIbHOE pEellIeHNEe B MOJIb3Y
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TOTO M3 KJIACCOB, KOTOPKIN MMeeT
HauOOJBIIYIO arlOCTEPUOPHYIO Be-
POSITHOCTb:

D(S) = arg [max PWV,/S), (5.60)

rac

PWV,)PS/V,)

PO, /8) =

ITo onpenenenuto P(S/V,) —
BEPOSATHOCTh TOTO, YTO B CHUTya-

KomTekTHRHOS LIUM, KOraa OOBEeKT HaXOOUTCS B
pemmenne D =D (3 ,..., 8y) cocrosiHuu V,,, 3KcnepTbl, HOMe-
pa KOTOpPBIX TIpUHAmIEXaT MHO-
XecTBy 1, IPUHSIIA MPaBUIbHbIC
pellleHnsI, a OCTaJbHbIC OIINO-
Jquck. TlockonbKy MmpesrnoiaraeT-
Csl, YTO pelleHUs] SKCIEePTOB HE3aBUCHMBbI, TO MO (hopMyJie Mpor3Be-
JNICHUSI BEPOSATHOCTEH

PS/V,) = T = PA; /VIITT P4, /V,).  (5.61)

jely Jjely,

Puc. 5.10. 3amagya hopmMupoBaHUsT KO-
JIEKTUBHOTO PEIICHUST

Ha ocnoBanmuu (5.60) ¢ yuetom (5.61) 3aKimogaeM, 4TO B YCIOBU-

SIX TIPOTUBOPEYMBBIX YaCTHBIX PEIICHUII OKOHYATEIbHOE (KOJUIEKTHB-
HOE) pelleHUe ClIeAyeT IPUHUMATD 10 CXeMe

D(S) = arg max P(V,) []11- P(A; / VT P(4;/V,).  (5.62)

Jjelm jel,

[Ana wmrmocTpaluy cXeMbl (OPMUPOBAHUS KOJJIEKTUBHOTO pe-
meHus 1o npasuiy (5.62) pacCMOTPUM MOJIEJIbHBIN IIPUMED.

IlycTs HEKOTOpHINE OOBEKT HAXOAUTCS B OJHOM M3 TPeX KJIACCOB
COCTOSTHUI, 0Opa3ylolIiX IIOJHYIO TPYINIY CIyJ4ailHBIX COOBITHI C
anpuopHbiMu BepogTHocTsIMU P(V)) = 0,7, P(V,) = 0,08 u P(V;) =
= 0,22. CocrostHre 00OBEKTa OLICHUBACTCS IISIThI0 HE3aBUCUMBIMM KC-
neptamMu. BeposiTHOCTH OLIMOOK 3KCHEPTOB M BO3MOXHAs KOMOMHA-
LIMSI TIPUHSTBIX UMW YaCTHBIX PEIIeHMI TIPeaCTaBIeHBI B TabmI. 5.6.

BuaHo, yTo B JaHHOM Cilyyae YacCTHbIE PELICHUS] IKCIIEPTOB MpPo-
TUBOpeuuBHsl, ipuueMm [, = {1}, I,= {3,4}, I,={2,5}.

1 NpUHATHSL KOJIJIEKTUBHOTO PEIIEHUS] BBIYMCIUM CIEayIoIne
BEJIMUUHBI:
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PW)TTIL- P(A,/VOIT] P(A4,/V;) = 4,03 - 107,

jely jel

P TTIL = PA/ VDI P(A4,/Vy) = 1,12 - 10°,

jely jely

POV)TTI = P(A,/ VO] P(A,/V3)=3,73 - 10°.

jels Jjel3

ITockonbKy TpeThsl U3 HaWAEHHBIX BEJUYMH MaKCUMajbHa, TO Ha
OCHOBaHMM TIpaBwia (5.62) TIpuHMMaeM OKOHYaTelbHOE pellleHue B
noJib3dy Kjacca V;. OTMETHM, YTO 3TOT KJIaCC HE MMEET CaMylO BbICO-
KYIO0 alipMOPHYIO BEPOSITHOCTb.

BrionHe MOHSTHO, YTO MpPU PELIEHWM MPAKTUUYECKUX 3a1ay yalle
BCETO HE M3BECTHHI TOUYHBIC 3HAUECHUS BEPOSITHOCTHBIX XapaKTepH-
CTUK, ¢Gurypupyomux B npasuwie (5.62). OgHako Npu JTOCTaTOYHOM
obpeme HabmonmeHwit BeposatHoctn P(V,) u P(A; /V,)MoOryr OBITH

OLICHECHBbI COOTBETCTBYIOIIMMHU YaCTOTaMU:

P(V,)=G, /G, (5.63)

P(Ai /Vk) =E, /Gy, (5.64)

rae G, — 4Mciao nosiBieHuit k-ro knacca (k= 1, ..., M) B BEIOOpKE U3
G HabmoaeHuit, a E,; — yuciao olMOOYHBIX pELIEHUI i-ro IKCIepTa
(i=1, ..., N) npu aHanu3e CUTyallMid, KOraa OObEKT Z HaxoauJcsd B

k-M COCTOSITHUU.

Paccmorpum cxemy oueHKH 4yacToT (5.63), (5.64), koTtopast ymno6-
Ha I TPaKTUYeCKOro MPUMEHEHUS] U MOXET OBITh ITOJIOKEHA B OC-
HOBY CHCTEMBI TTOAACPKKHN IMPUHATUS KOJUIEKTUBHOTO PEIICHMS.

TABJINLIA 5.6
YacrHble pelueHns U «kBanuduKauMu» 3KCNepToB
BepositHocTH 0111M60K YacTHble peleHust
DKenept

PA;/ V) P(A;/V) P(A;/V5) 3;
A, 0,04 0,01 0,03 5,=1
A, 0,01 0,03 0,02 3, =
Ay 0,03 0,05 0,01 5;=2
Ay 0,02 0,02 0,06 8y=2
As 0,01 0,05 0,04 85 =




200 | [NABA 5 OLEHKA SODEKTMBHOCTM ANMATHOCTMHECKIMX TECTOB C MO3NLIMK TEOPMK

IIpennonoxum, 4To Wi Kaxaoro u3 G HaOMIOACHUI W3BECTHA
TOYHasl TIPUHAUIEXKHOCTh 00BbEKTa OJHOMY M3 BO3MOXKHBIX KJIACCOB,
BhIpaXXEeHHass B BUAe yKasaHuil «yumtens» y[1], y[2], ..., y[G], raoe
y[n]l € {l, ..., M}. 3anuiiem 4acToTy MOSIBJIeHUS k-TO Kjacca, olle-

HEHHYIO comtacHo (5.63), B Buue

G
z ynu!

PV = —

— (5.65)

rac

(] = 1, ecnu y[n] = k,
il = 0, ecnu y[n] = k.

ITockoabKy TpaByro 4acTh (5.65) MOXHO BBIPA3UTh B BUIE CYMMBI
JIBYX cJaraeMbIX

G G-1
ZXk[”] _ G-1 ;Xk[”] 1,061

n=1

G G G-1 G’

B MEPBOM M3 KOTOPBIX (DUTYpUPYET OLEHKA YaCTOThI MOSIBACHUST k-TO
KJacca, BblyuciaeHHast mo G — 1 HabGMOAeHUSIM, TO TOCE OYEBUIHBIX
npeodbpazoBaHUI TTOJYUYUM

BV =BV - é(%«h) G, (5.66)

7151 OLIEHKU BEpOSITHOCTEH OIIMOOK SKCIEPTOB PACCMOTPUM TOCTIe-
nosaresibHOCTh Y, [1],..., ¥, [G,] yKasaHMil «yuuTens», KOTOpbIE YIOBJIE-

TBOPSIIOT ycloBUIO y,[n] = k. OuyeBragHO, 4yTO BenmmuuHa F,;, durypu-
pyiolast B rpaBoii yacTtul (5.64), MOXeT OBbITh 3amMcaHa B BUIE CYyMMBI

[
E, = ani[n]a
n=1

rae n,[#n] — wrpadHag dyHKUMA, BeIpaxkeHHas B (popme

0, ecm §,[n] = k;
1, ecnu §,[n] = k.

Nulnl = {

Torma olileHKa BEPOSITHOCTM OIIMOKMU i-TO 3KCIepTa MpU TOsiBJe-
HUU k-TO Kjacca TakKKe MOXET ObIThb HaiileHa I10 peKyppeHTHOM
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L
(Z
YacTHbIC peTCHUS SKCIIEPTOB YkazaHus YIUTENS
yIn]
d1 s Oy
Crapble 3HAYCHHS
KonnextuBHOE pematoinee XapaKTepUCTHKH ANTOPUTM KOPPEKIHH
npaBuio (5.62) P, PA; V) (5.66), (5.67)
KomnnextusHoe pemenne H
OBLIC 3HAYCHUS
O COCTOSIHUH Z

Puc. 5.11. Ctpykrypa cucteMbl (h)OPMUPOBAHUS KOJJIEKTUBHOIO PEelLIECHUS

dopmyie

Boy (A 1V = By (A V) = o (B (A V) =0IGD. (567)
k

W3 Boipaxenwnit (5.66), (5.67) BUOIHO CTpeMJeHHWE K HYJIO BEJN-
YUHBI TIOTIPABKM IIPM HEOTPaHWYSHHOM POCTE Yurcja HaOJIomeHUH,
YTO, €CTECTBEHHO, COIJIacyeTcsl C MpeaebHOi TeopeMoii bepHyum o
CXOIMMOCTU II0 BEPOSITHOCTH YAaCTOTBHI CIyYallHOTO COOBITHSL K €ro
BEPOSITHOCTH.

Ha ocHoBe mpemioXeHHOro MOAXO0[a JIETKO MOXET ObITh peayiu-
30BaHa CHUCTeMa IOMACPXKKM IIPUHSATUS KOJUIEKTUBHBIX peIIeHUI

(puc. 5.11).
KonnekTuBHOE pellieHUe peaan3yeTrcsl Ha OCHOBE YACTHBIX pelle-
HUI 3, ...,8, TPYMIbl HE3ABUCUMBIX DKCMEPTOB A, ..., Ay 0 MpaBUITy

(5.62), B KOTOPOM KCIOJB3YIOTCS TEKYIUE 3HAYECHMS OLIEHOK BEpO-
SITHOCTHBIX Xapakrepuctuk P(V,) w P(A, /V,),i=1,.., N, k=1, ..., M.

B 6aze mannbix (BI) cucteMbl (UKCUPYIOTCSI 00bEMbI HaOJIOIe-
Huit G, ...,G, BeIOOpKU G = G| + ... + G, O KOTOPLIM OBLIM OILIe-
HEHbl yKa3aHHbIC BEPOSITHOCTHBIE XapaKTEPUCTUKM MJISI COOTBETCT-
BYIOIINX KJIACCOB.
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Kak Tonbpko mocjie MpUHSTUSI KOJJIGKTUBHOIO PELUCHUS TOSIBISI-
€TCSI BO3MOXHOCTh IPOBEPUTh MCTUHHOE COCTOSHME OOBEKTa, I0-
[TOJIHUTEIbHAS MHOOPMALIMS BBOAUTCS B CUCTEMY B BMIE YKA3aHMS
«yautenst» y[n]. C moMolnpo peKyppeHTHBIX dopmya (5.66) u (5.67)
sTa MHGbOpMAaLUs MO3BOJISIET CKOPPEKTHPOBATh TEKYIIUE OLCHKU
PVY)uPA/V),i=1,..,N k=1, .., M.

IIpennoxeHHass apXUTEKTypa CUCTEMbI, COBMEILAIOLIAS KOJICK-
TUBHOE pelIeHHe C BO3MOXHOCTBIO IEPUOIUYECKON KOPPEKIUU Xa-
PaKTePUCTUK DEIIAIOIIEro MpaBuiIa, MOXeT ObITh MCIIONb30BaHA B
pasaMyHbIX obmacTsax. Hampumep, 3Ty cucTeMy MOXHO PEKOMEHIIO-
BaTh JJIs1 TMAarHOCTUKU 3a00JIeBaHUI ceplilla, OCHOBAHHOW Ha 00be-
JIUHEHWM METOJOB 3JIeKTpOKapArorpaduu ¥ MarHUTOKapAuOrpaduu.
B maHHOM ciyyae yKaszaHMSIMM YYUTEJIsI CIyKaT MMEIOLIMECS B pac-
MOPSDKEHUM MEAVKOB Pe3yJabTaThl pedepeHTHOro Meroma (KOpoHa-
porpacdun), KOTOPBIA MO0 MEIULIMHCKUM ITOKAa3aHUSIM Ha3HAYaloT He-
KOTOPBIM 13 00CjIeIyeMbIX MallMeHTOB.

5.4, OueHKa NONe3HOCTH NPU3HAKOB
Npy AUAroHANbHOW MATpULE NoTepb

5.4.1. Obuee ycnosne becronesHocTH
PENEBAHTHbIX NPU3HAKOB

Kak yxe oTMeuanoch, NMpu AWaroHajibHOW MaTpulie mnoTepb (5.2),
korma L, =L,=0, a L, =L, =1, cpennuii puck (5.3) cBogutcs K
cpeaHell BepOSITHOCTU OLLIMOKU
P(E) = 3 p(x)min {P(V, / x), P(V; / x)}, (5.68)
xeX
rne p(x)=P()p(x/V,))+ P(V,)p(x/V,) — Ge3ycnoBHOe pacrpere-
JIeHWe MpU3HaKa X.
CornacHo ompenenenuto M. ben-baccara [256], mmarHoctuye-
CKMI MpU3HAK X CUYUTAeTCsl HepesjeBaHTHBIM (irrelevant feature), ec-

JIN altoCTCpUOpHasA BEPOATHOCTDL k-ro Kiacca COXpPaHACTCA HCU3MCH-
HOM IpY BCEX BO3MOXHBIX 3HAYEHUSAX X , T. €.

PV, /x)=PV,) VxelX, (5.69)

rone X — HOCHUTeJb pacnpeneseHus p(x).

Jlerko mokasath, 4TO IIpHU uucje KiaccoB M =2 ycaosue (5.69)
SKBUBAJICHTHO TOMY, YTO TPM3HAK X MMEET TOXIECTBEHHO COBIAa-
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JTalollM€ YCIOBHBIE paclipeiesIeHHs B Kiaccax, T. €.
px/ V)= px/ V). (5.70)

CoBEpIIEHHO OYEBUIHO, YTO MPU BBIMOJHEHUU yciaoBus (5.70)
MPU3HAK X OKAa3bIBAECTCA OECITOJNIE3HBIM, T. €. CPEAHSAS BEPOSITHOCTH

OIIMOOYHBIX pelieHuir P(FE), TpUHMMAEeMbIX MO pe3yjbTaTaM U3Me-
peHUsT 3HAUEHUU 3TOro IMpu3HakKa, COBHAAAET C allpUOPHON BEPOSIT-
HoCThIO ook P, = min {P(V,), P(V,)}.

ITokaxem [215], uro B 0OllIEeM ciyyae OOpaTHOE YTBEPXKIECHHUE
HEBEPHO: PEJIEBAHTHBIN TMPU3HAK, UMEIOIIUIN DPAa3UYHBIE paCIpese-
JIEHUs B KJlaccax

px/ V)= p(x/ V), (3.71)

MOXKET OKa3aThCsl OECIIONIe3HBIM.

Hnst Toro 4toObl (pOpMAIBLHO OMNPEACIUTh YCIOBUE OECIOJIC3HO-
CTH PENIeBAaHTHOTO TIpM3HAKa M TIPOJEMOHCTPHPOBATh BO3MOXHOCTH
BBITIOJTHEHUSI TAKOTO YCJIOBHUS KaK ISl OUCKPETHBIX, TaK M IJIS He-
MIPEPBIBHBIX PacTIpeae/ieHU, TOKaXKeM CIICIYIONIYIO JIEMMY.

Jemma 5.1. Tlyctes P(V)) = (P(V,). Toraa mpusHak X SBJSIETCS

Oecrione3HsiM, T. €. P(E) = P, B TOM U TOJBKO B TOM Cily4yae, KOraa
[POV) - PODIIPV /) x) - P(V,/X)]>0  VxelX, (5.72)
WHBIMU CJIOBAMM, JUTS KaXXJIOTO BO3MOXKHOTO 3HAYeHUS X € X 3HaK
Pa3HOCTU alOCTEPUOPHBIX BEPOSITHOCTEM
A(x) =PV, / x) = PV, / X)
COBIT/IaeT CO 3HAKOM PA3HOCTHU alPUOPHBIX BEPOSITHOCTEM
Ay = P(V) - P(V)).

JHlokazameavcmeo. Tlpeanonoxum, 4yto HepaBeHCTBO (5.72) BbI-
nonHsiercst, Haripumep, P(V,) > P(V,) u P(V, / x) > P(V, / x) s Bcex
BO3MOXHBIX X € X. DTO 3HAYUT, YTO

min {P(V,), P(V,)} = P(V,)

min (P(V; / x), P(Vy / X)) = PV, / %)} Vx e X.

CiieioBaTe/IbHO, €CJIM BBINOJHsETCS ycioBue (5.72), To B COOT-
BeTcTBUU C (5.68) mMeeM
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P(E) = 3 p(x)P(V;y / x) = P(V;) = min {P(V}), P(V)} = R,

xeX

ITpeanonoxum tenepb, uTo ycjioBue (5.71) He BbIMOJHSIETCS, Ha-
npumep P(V}) > P(V,), HO CylIecTByeT MOAMHOXeCTBO X  — X 3Ha-
YEHUHU X, TaKUX, UYTO

PV, /x)< PV, /x) VxelX".
Torma B cootBeTcTBUU C (5.68) MMeeMm

P(E)= XY p()P(V,/x)+ X p(x)P(V, / X). (3.73)

xeX\X* xeX*

3ameHnss B mpaBoit yactu (5.73) P(V,/x) na P(V,/x) c yuetom
Toro, uto P(V,/x) < P(V, / x) Vx € X", 3aKmouaem, 4to eciu X" = &,
TO
P(E) < 3 p(x)P(V; / x),

xeX

T. e. P(E) < R,. Jlemma ngoka3aHa.

OTMeTUM, UTO YCJIOBMS JIEMMBbI 5.1 BOBCe HE MpearnosaratroT Bbl-
nosHeHust yciaoBust (5.70). OTcroga Kak pa3 M clieayeT, uTo peJe-
BAHTHBIN TIPU3HAK MOXKET OBITh OCCITOIE3HBIM.

IIponeMoHCTpYpyeM TaKyl0 BO3MOXKHOCTb Ha IpUMepax IUCKpeT-
HBIX W HEMPEPBIBHBIX pacIpeaeeH TMarHOCTUYECKUX MTPU3HAKOB.

5.4.2. TpusHak-cumnTom,
NPUHMMOIOLLMM ABA 3HOYEHMS

ITyctb x — OWHapHBINA NMPU3HAK (CUMIITOM), TPUHUMAIOIINMN TOJBKO
JIBA BO3MOXHBIX 3HAUEHUSI X = X° W X =X C YCJIOBHBIMU BEPOSIT-
Hoctsimu p(x* /V,), p(x~/V,), k =12. OueBunHo, uro p(x~ /V,) =
= 1- p(x* / V).

Ymeepucdenue 5.5. Ecnu anpuopHble BEpOSITHOCTM KJIACCOB He

paBHbl, T. €. P(V)) = P(V,), To mist 11000i 3aJaHHON YCJIOBHOU Be-
possiTHOCTU p(x* /V,)MOXeT OBITh yKa3aHa Takasl YCIOBHasl BEpOSIT-
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px /W) = p(x* /1)), (5.74)

HocTh p(x™/V,), 4to

HO TIpM 3TOM BBITIONHSAETCS paBeHCTBO P(E) = F), T.e. x — pene-
BAHTHBIN, HO OECITOJIE3HbIN MPU3HAaK.

Joxazameavcmeo. Tlpennmomoxum BHavane, yto P(V,) < P(V)).
ITycte O — MHOXECTBO BO3MOXHBIX 3HaueHU p(x* /V)) n p(x* /V,),
KOTOpBIE YIOBJIETBOPSIOT HEpaBeHCTBAM

p(x" /W) > hop(x™ /1), (5.75)
p(XT/ V) <hop(xT/V3) + (1= 2y), (5.76)
rne A, = P(V,)/ P(V;) — OTHOLIEHWE alpUOPHBIX BEPOSITHOCTEN

KJIacCOB.
ITockoneky A, <1 mpu P(V,) < P(V}), TO mAjig 3amaHHOTO 3Ha-

yeHUs1 BepOsITHOCTU p(x* /V]) Bcerma MOXHO yKa3aTb COOTBETCT-

Bylolllee 3HaueHue BepositHoctu p(x* /V,) # p(x* / V), npu KoTo-

poM HepaBeHcTBa (5.75) m (5.76) BBIMOIHSIOTCSI COBMECTHO, T. €.
Q=3

I[To dopmyne baiteca ¢ yderom TOro, uro p(x /V,)=
=1-p(x*/V,) s k =1,2, u3 cucremsl HepaBeHCTB (5.75) u (5.76)
caenyeT

pVi /x> pVs ) x) 1 p0 [ x ) > pVy [ x).

Ho 3T0 cBMAETENbCTBYET O TOM, UTO BbIMOJIHsIETCS ycaoBue (5.70),
a 3HAYUT, B COOTBETCTBUM C JIeMMOH 5.1 BBIMOJHSETCS PaBEHCTBO
P(E) =P,

HoxkazaTtenbcTBO yrBepxkaeHus 5.5 mis cayvyass P(V,) > P(V)) BbI-
MOJIHSIETCSI aHaJIOTMYHBIM 00pa3oM, HO B 3TOM cliydyae BMecTo (5.75),
(5.76) paccmaTpuBalOTCS HEpaBEHCTBA

pX" V) < hp(x"/V5), (3.77)
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PV pLTIVy)
D /e
A
B
0.5F B ¢ 0,5 F
4 E
D
0 0,5 0 0,5
PV PG 1Vy)
a o

Puc. 5.12. O6mact 6eCIIONIe3HOCTH OMHAPHOTO MPU3HAKa:
Xo=0,25 (A); Ag=0,5(B); ko= 0,75 (O); Ay =4,0 (D); Ag=2,0 (E); Aog=1,33 (P

P/ V) > hop(x7 /V3) + (1= 2y), (3.78)

KOTODBIE OTPEAEISAIOT MHOXECTBO Q = & 1mpu A, > 1.
3ameTuM, 4To Q = Tpu A, = 1, TOCKONBKY B 3TOM Cy4yae He-

paBenctBa (5.75), (5.76), tak ke Kak u HepaBeHcTBa (5.77), (5.78),
HE MOTYT BBIIOJHATBCSI COBMECTHO. DTOT (haKT MO3BOJSIET chopMy-
JINPOBATh TAKOE CJICACTBUE.

Caedcmeue 5.1. Ecau anmpuopHBIE BEPOSITHOCTH KJIACCOB PaBHBI,
1. e. P(V}) = P(V,), TOo mipu BBIMOJIHEHUU yciaoBus (5.74) pereBaHT-

HbIii OWHApHBIA TpPU3HAK 3aBEIOMO TMOJIE3eH B CMBICIE YCIOBUS
P(E) < B,

Ha puc. 5.12 mokaszaHbl TIpaHUlbl oOjacTeii Q O6ecrose3HOCTU
peNieBaHTHOTO MPU3HAKA MPU Pa3TUYHBIX 3HAUeHUsIX A,. Kak BumHO,
0o0acTe 2 yMEHbIIAETCSl N0 Mepe MPUONIVKEeHUST A, K €AUHULE, U
Q= O, xorma A, paBHO l.

Paccmorpum MomenwHblil npumep. Ilyctes P(V)) = 0,8; P(V,) =
=0,2. Torma A,= 0,25. Ipeanonoxum, uro p(x* /V,)= 0,7. Beibe-
peM cooTBeTcTBylollee 3HayeHue p(x* /V,)= 0,2, mpu KOTOpOM TOY-
ka ¢ koopauHaTamu p(x* /V,)=0,2 u p(x*/V;)= 0,7 npuHaAIEKUT
obnactu A (puc. 5.12, a). 3ameTum, 4TO MpU 3TOM OMHAPHBINA MpPU-
3HAK X WMeEEeT pa3fMuHble pacmipenesieHus B kiaccax: p(x™ /V)) #

= p(x”/ V).



5.4. OLIEHKA NONE3HOCTM MPU3HAKOB MPU AMATOHANBHOM MATPULIE NOTEPD | 207

st Toro 4TOOBI YOEIUTHCS B OECIONIE3HOCTH TPU3HAKA, BBIYMC-
nuM 1o opmyse baiteca arnmoctepropHbIE BEPOSITHOCTH KJIACCOB ITPU
Pa3INYHBIX 3HAYECHUSAX MMPU3HaKa:

P(V,/ x7)=0,933; P(V,/x")=0,067; P(V; /x )= 0,6;

PV, /x)=0,4.
Jlerko BUIACTDH, YTO

PV, /x")> PV, /x) u PV, /x7)>P(Vy/x7),

T. €. IIpY JIOOOM 3HAYEHMM TIPUM3HAKa ONTUMAJIbHBIM SIBJISIETCS pe-
1IeHue B MOJIb3Yy Kiacca V|, coBmanaroliee ¢ alpuopHbIM PellieHUEM.
Orcrona crnenyert, uro P(E) = B, =0,2.

IMonyyeHHBbIE pe3y/abTaThl ITO3BOJISAIOT CGHOPMYIUPOBATh YTBEP-
XIeHWe, OIpeaesisioliee HeoOOXOIUMBIE W JOCTATOYHBIE YCIOBUS TI0-
JIE3HOCTH TIPU3HAKA-CUMITTOMA.

Ymeepocoenue 5.6. bunapHbBIN TIpU3HAK X, IMPUHUMAIOIIMI IBa
BO3MOXXHBIX 3HAYEHUSI X" M X, 00eCIeuYMBaeT IUArHOCTUKY COCTOSI-
Huit V, u V,co cpenHeil BEPOSTHOCTbIO OLIMOOK MEHbILE ampuop-

HOM OIIMOKY B TOM M TOJBKO B TOM cydyac, Koria BbIIIOJIHACTCA OO -
HO M3 CJICAYIOLIHNX YCHOBHfli

a) p(x* /W)= p(x™/V,), ecim Xy = 1;

6) p(x™/ V) <hop(x™/V3) wm p(x™ /Vy) > hop(x™ / V) + (1=1y),
eciu A, < 1;

B) p(x™ / V) > hop(x™ / V) mm p(x™ [ V) <hop(x™ /V3)+ (1=2y),
ecau A, > 1, toe A, = P(V,)/ P(V,) — OTHOLIEHMWE allpUOPHBIX BEPO-
SITHOCTEM KJIACCOB.

5.4.3. HenpepbiaHbiit NpusHaK,
HOPMQITBHO POCTIPEAENEHHbIA B KIIACCOX

ITokaxkem Terepb, YTO YCJIOBUS JE€MMbI 5.1 MOTYT BBINIOJHSTHCS HE
TOJBKO IS MPU3HAKOB, UMEIOIIMX KOHEYHOE YMCJIO Tpamaluii, HO U
ISl HEMPEePbIBHBIX MPU3HAKOB.
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Ymeepucoenue 5.6. I1yctb

p(x/ V)=

! exp - M, )2
c,m 26}
_ -
—(x- Mz)
263

1
x/V,) = ex
p(x/V,) o2 p

, (5.79)

, (5.80)

T. €. TIpU3HaK X WKMeeT HOpPMaJIbHBbIE pacIipelelieHusI B Kjaccax C
MAaTeMaTU4YEeCKUMU OxXuaaHusiMu M,, M, U cpenHEeKBaIpaTUYECKUMU

OTKJIOHEHUSIMU G|, G,.
YIOBIETBOPSIOT yciosuio P(V)) > P(V,).
Torma, eciy BBITTOJHSIIOTCS YCIOBUS

Ilycth ampuopHbIE BEpPOSITHOCTA KJIACCOB

o, > 0, (5.81)
u
2
M -M
Stexp —% > s (5.82)
Gy 2(c) —03)
rne A, = P(V,)/ P(V;) — OTHOILIEHWE aNpUOPHBIX BEPOSATHOCTEN

KJIaccos, T0 P(E) = F,.

Jokazamenvcmeo. OTMeTUM, 4TO B cuity (5.79) mpuzHak x UMeeT

Pa3IMYHBIC pACHIPpCACICHUA B KilacCax.

B cootBerctBuu ¢ nemmoii 5.1 mpu P(V)) > P(V,) mpusHak x
Oynmet 6ecrojie3HbIM B TOM U TOJIbKO B TOM CJIyyae, Koraa

px/ V) > hop(x [ V)

vx e X.

(5.83)

IToacraHoBka pacrnipeaenaeHuit us (5.79), (5.80) B (5.83) naer

(x-M,)> (x-M)

263 267

i 300

>

c
1

ho—
G;

vx e X.

(5.84)

Jlorapudmupys neByto u mpaByto dactu (5.84), Mmoaydyum coOOT-

HOILICHHUEC
(x-M)*  (x- M)

263 26}

2

>1n L] Vx e X,
o
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KOTOpPOC ITOCJI€ OYCBUIHDLIX Hp606p330BaHI/Iﬁ MOZHO ITp€aACTaBUTL B
BUAC

[67 —o2] x> +2 (M3 — M,o?) x +

+| M2%5? - M26% - 26°G2 1n(x0 ﬁj >0 vxeX. (5.85)

G,

Takum 0Opa3oM, B paccCMaTpUBaeMOM CJIydae YCJIOBUE OecItoie3-
HOCTH TIpM3HAaKa X CBOAMUTCSA K YCJIOBUIO TTOJIOXUTEIBHOCTH KBa-
paTHOro TpexuieHa, ¢UTypupyloliero B JieBoir yactu (5.85), mpu
Jo0oM x € X.

[ToHATHO, YTO 3TO BO3MOXHO B TOM M TOJBKO B TOM Ciydae,
KOTZa rapaMeTpsl pacnpeneneHuit p(x/V)) u p(x/V,) yooBieTBO-

PSIOT YCIOBHSIM

6l -03>0, (5.86)

4(Mc2 - Mys?) - 4 (67 - &2) | M26? — Mo — 26762 In [xo ﬂ] <0. (5.87)

G,

M3 (5.86) HememnenHo ciemyer (5.81), a ycmoBue (5.87) mocie
OYEBUIHBIX YIPOILICHUI CBOAUTCS K HEPABEHCTBY

ln(}w %j o (M - M) (5.88)

2o ~03)

KOTOpOE, C y4eToM TOro, 4to exp (-) > (0, 3KBHBaJEHTHO YCJIOBUIO
(5.82).

W3 ycnoBuii yTBepxKaeHus 5.6 BRITEKAET CJICICTBUE.

Caedcmeue 5.2. Tlpu Boimoanenuu yciosust P(V)) > P(V,) pene-
BaHTHBIN MPU3HAK, UMEIOILIUI HOpMaslbHbIE pachpenejieHrsl B Kjac-
cax C OAMHAKOBBIMM MaTeMaTUUYECKUMM OXUAAHUSIMU, OecriosieseH,
€CJIM OTHOILLIEHWE CpelHEKBAIApaTUUYECKUX OTKJIOHEHMUI MpeBbILLIAeT
OTHOILLIEHUE COOTBETCTBYIOLIMX aliPUOPHBIX BEPOSITHOCTEH KJIACCOB, T. €.

G, > P1) )
o, P

CrnenctBre TpsiMO BeITekaeT u3 (5.82), ecnu nonoxute M, = M,.
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OTMeTHM TakXke, YTO TIPU o, = 0, KBAaAPAaTHBIA TpexwieH (5.85)
MepexXoquT B JIMHEHHYIO (PYHKIMIO X, KOTOpas He MOXET OBIThb ITO-
JIOXWUTETbHA ISl joboro x € X, ecniu M, = M,. Otciona Hemen-
JICHHO BBITEKAEeT BaxKHOE IS NMPAKTUYECKOrO MCIOJIb30BAHUS CIEd-
CTBHE.

Caedcmeue 5.3. Beskuil TMarHOCTUYECKUI MPU3HAK, UMEIOLIUIA
HOpMaJIbHBIE pacrpeeeHus] B KJlaccax C pa3IWYHBIMM MaTeMaThye-
CKUMU OXWIAHUSIMHU W PaBHBIMU IHCIIEPCUSIMU, TTOJNE3eH B CMBICTIC
cTpororo HepaBeHcTBa P(FE) < F,.

OnHako TIpU G, # G, HeJb3sl OJHO3HAYHO CAENaTh BBIBOA O TO-
JIE3HOCTY TIpU3HAKA, HOPMAJIbHO DPACIpeNesieHHOTO B KJilaccax, maxe
eciu M, = M,.

IMomyyeHHbIe pe3yNbTaTHl €llie pa3 CBUAETEIbCTBYIOT O HEO0OX0-
IUMOCTH WCIIOJIb30BAHUS TIPEIJIOXKEHHOM B MyHKTE 5.2.3 TIpoleayphl
yCUIeHUsS TpagulroHHOro ROC-aHanm3a Tl OLeHKA AUAarHOCTHYe-
CcKo# 3(P(HEKTUBHOCTHU TIPU3HAKOB.

g TpakTHUYeCKOTO WCIONB30BAaHUSI TPEIACTABISIOT HMHTEPEC
TaKXe OLEHKa MOJIE3HOCTU MpU3HaKa Xx,, 1<n< N, B COBOKYITHO-

N _
b= (X, .
.., Xy). Eciu morepu OT NMpaBUIBHBIX PELUEHUI AOMYCTUMO MpU-

HATH PABHBIMM HYJIIO, a OIUMOOYHBIX — €IMHWLE, TO IS OLUEHKH
TMOJIE3HOCTY NPU3HAKA JOCTATOYHO YOEOUThCA B TOM, YTO MCKIIIOYE-
HUe Tpu3Haka u3 orucaHus x'%) yBeaMuMBaeT CpPemIHIO BEPOST-
HOCTb OLIMOKM pacrio3HaBaHus. MHBIMK ClOBaMHU, CpEIHUE BEPOAT-
HOCTU OIMOOYHBIX pewieHuit Py (E) u Py (E), NpUHUMAEMBbIX CO-

CTU C JPYyrMMM TNpU3HaKaMu N-MEpPHOTO OMUCAHUS X

oTBeTcTBeHHO Mo ucxonHoMy x) u cokpamenHomy x~ onuca-
HUSIM, YIOBJIETBOPSIOT CTPOrOMY HEPABEHCTBY

Py(E) < Py (E). (5.89)

B paGorte [218] moka3zaHbl TeOpeMbl, U3 KOTOPBIX CIEAYeT, YTO ec-
au mHoromepHble pacnpenenenus p(x™ /V)) m p(x™ /V,) nop-
MaJIbHbl, TO IJIS BBITIOJHEHMSI CTpororo HepaseHcTBa (5.89) mocra-
TOYHO, YTOOBRI:

a) MPU3HaK X, He ObUI KOPPEIMPOBAH HU C OJNHUM W3 IPYTUX
N —1 Opu3HaKkoB B OJHOM M3 KJIACCOB U KOPPEJMPOBAH XOTS Obl C
OIHVM M3 TIPU3HAKOB B IPYTOM KJIAcCe;
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6) MATeMaTHUYCCKOC OXKMAAHUC U JUCIICPCUA 3TOr0 Inpu3HakKa OBbI-
JIM OJMHAKOBBIMM B KJIaCCaxX, T. €.

Mix, [V} = Mix, /V3), (5.90)
D{x,/Vi}y=Dix,/V3}. (5.91)

OTMeTHM, YTO MPU3HAK, YAOBJIETBOpsIOIMUi ycioBusiM (5.90) u
(5.91), umeer oarMHaAKOBbIE paclipeleeHUs] B Kjlaccax, T. €. SIBISeTCS
HepesieBaHTHBIM 1o onpeaeneHuto M. beH-baccata. OnHako 3a cuer
KOPPEISIUMOHHON CBS3M C JAPYTMMM MpPU3HAKaMU OH OKAa3bIBaeTCsI

nosne3nbM B onmcannu xY) = (x;, ..., xy) .
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TEXHOJIOTUH I aHanu3a U uHteprnperaiuu OKI GoJbHBIX peBMaTO-
WIHBIM apTPUTOM, a TakKe M3ydeHHe B3aMMOCBSI3M ITOKaszaTeseit
OKI' ¢ pesyabraTaMu aHalW30B KPOBU, OTPaKalOIIMMMU aKTUBHOCThb
BOCHAJIMTEJBHOTO TMpoliecca.

B kIMHWYeCKUX HCIbITAHUSX Y4YacTBOBaIM 43 4ejioBeKa, B TOM
yucie 18 MyXuuH 1 25 XeHIIWH, COCTaBUBIIUX 3 TPYMIIHI.

B mniepByio rpymnmy BKIOUeHBI 16 60ibHBIX (6 MyxXunMH 1 10 XeH-
IIMH) XPOHUYECKWM pPEeBMAaTU3MOM, COUYETAHHbIM C MIIEMUYECKON
6onesHbio cepaua (MBC).

Bo BTOpyto — 14 GosibHBIX (7 MYy>KUMH U 7 >XKEHIIWH) peBMaTOW/I -
HbIM apTpuToM. Bce OosibHbIE HAXOAWJIKWCh HA CTALIMOHAPHOM Jieue-
HuM. KIIMHWYeCKUIT TMarHo3 yCTaHaBIMBAJICS Ha OCHOBE KOMILIEKC-
HOro (hU3MKajJbHOIO, UHCTPYMEHTAJIBHOIO 1 JIabOpaTOpHOTO oOce-
JIOBAHUSI.

B TpeTtblo rpyrmy HCHBITYeMbIX (KOHTpOJIbHAsl TpyIa) ObLIu
BKJIIOUYEHBI 13 moOpoBOJBIEB (5 MYyXYMH M 8 XEHIIWH) 0e3 Kapamo-
JIOTUYECKOM MaToJIOTUM B aHaMHe3€, ¢ HOpPMaJbHBIMU pe3yJbTaTaMu
¢usukaapbHoro obcnenoBaHust u KT

CraTucTuyeckrde MCCeloBaHUs BBHITIOJIHSIMChL HA OCHOBE OOpa-
OOTKM JaHHBIX, TMOJyUeHHOU B pe3yabTaTe cKaHupoBaHus B s
Tpex rpymnn ucneityeMbix (6osee 1000 3anuceit OKI'). B Tabauliie Obl-
JIU CBelieHbl 3HaueHus1 nmpusHakoB DKI Bo BpeMeHHo# obGiactu (21
MpU3HaK), UHTerpaibHbIX MpusHakoB DKI' B ¢a3oBoM MpocTpaHCTBE
(14 nmpuszHakoB) u cooTBeTcTBywoIIMe 3TUM DKI' mokazartenun aHamv-
30B KPOBU UCIIBITYeMbIX (33 mokazaTest).

Craructrueckas 00paboTka MpOBOAMIACH C WCIIOJIb30BaHUEM [ -TeC-
Ta (kputepust CTblOAEHTA), KOPPEISLIMOHHOIO, PErPeCCUOHHOIO U JIUC-
KPUMUHAHTHOrO aHaiau3oB (mpumeHsiaach nporpamma STATISTICA
5,0), a Takke BHEILIHEW MporpaMMbl, peaiusylollieii KOMOMHATOPHbIN
anroput™ MI'VA [184].

PesynbTaThl ucnbiTaHui MoapoOHO onucaHbl B padore [143]. Tlo-
39TOMY UM JIMIlb KPaTKylO OLIEHKY HauboJjiee MHTEPEeCHbIM pe3yib-
TaTam.

YCTaHOBIEHO, YTO C HaleXXHOCTbIO BhiBoga P > 0,99 y OOJbHBIX
peBMatounHbIM apTputoM, ODKI KOTOpBIX OBLIM MpPU3HAHBI HOP-
MaJIbHBIMU MPU MX TPAAUWLIMOHHOM aHaju3e¢ BO BPEMEHHOU 00jacTu,
HabJI0JaTUCh HECTyJyailHble U3BMEHEHMST CPeIHUX 3HAYCHUN MpU3Ha-
koB DKI B ¢a30BOM MpOCTpaHCTBE:

1

e YMEHBIIEHUE MHTErpajJbHOro IoKasareisl o' pasdpoca ¢haszo-
Bbix Tpaekropuii (0,06 1 0,11 COOTBETCTBEHHO);
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¢ YBEJIMUCHUE OTHOCUTENIbHOTO yIja OpPUEHTAUUU Aay,, YCpel-
HEHHOM (ha30BOIl TPAEKTOPUMU B MEPBOM IpydHOM oTBeaeHuu (165,2
U 123,3 COOTBETCTBEHHO);

¢ YBEJIMYCHUE OTHOCHUTEIBHOTO yIJa OPUEHTAlMu Aoy, YCpea-
HeHHOW (pa30BOI TPAaeKTOPUU B TpeTheM IpyaHOM oTBeaeHuu (101,9
" 63,8 COOTBETCTBEHHO);

® YMEHbBIIEHNE OTHOCHUTEJBHOIO yIjla OPUMEHTAluu Ao, s YCpeld-
HEHHOW (ha30BOU TPaeKTOPUU B TPETbeM TpyaHOM oTBeaeHuu (97,3 u
184,9 cOOTBETCTBEHHO).

Cratuctuyeckass obpadorka BDKI wuchmbITyeMbIX KOHTPOJBHOM
TPYIMIIBI TIOKa3aJla HAJIMYME KOPPETSIIMOHHON CBSI3U ¢ KO3 hUIneH-
ToM Koppensuuu r = 0,94 MeXIy OTHOCUTENBHBIMHU YIJaMU Ad ,,x

U Aoy, OPUEHTAIMU YCPENHEHHBIX (DA30BBIX TPACKTOPUIl B OTBEIE-
Husix o/R w V,. Ha OKI ucneITyeMbIx BCeX TPYIIN HaOI0ganach

OTpUIIATEIbHAST KOPPEISIIMOHHAS CBSI3b ¢ KO3(pOUIMEHTOM Koppe-
asguun r = —0,73 Mexny MaKCUMaJbHbIM (bpOHTAJIbHBIM BEKTOPOM
QORS-xkomIuiekca (B rpaf.) u Aay, .

C HanmexHocTblo BbIBoga P > (0,95 ycTaHOB/IeHa Takxe MapHas
Koppensauus Mexay npusHakamu DKIT B ¢a3zoBoM NpocTpaHCTBE U
ITOKAa3aTeIIMA KPOBH, OTPAKAIOIIMMH aKTUBHOCTH BOCTIAIUTEIIBHOTO
rpoliecca, B TOM YHCIIE:

e OTHOCUTEJIbHBIMU yIJIaMU Ad.,,,Ad,; OPHUEHTAllMU YCPETHEH-

HO (pa30BOI TPAeKTOPUU BO BTOPOM M TPETHEM TPYIHOM OTBEICHU-
ax ¢ seikouuTaMu (x10%);

e YHTETPaJbHBIM ITapaMeTPOM [3;, cummMmerpuu 3youa P u ¢pubpum-
HOTEHOM (MT/J);
e UHTETPAILHLIM MApaMeTPOM fF cumMeTpuu 3y6ua 7 v majaou-

KOSIIEPHBIMU HEUTpOhUIaMU.

st Gonee IETAILHOTO M3Yy4YEHMs] CTAaTUCTUYECKOM 3aBUCUMOCTH
MeXny MpeajgoxeHHbIMU nmpusHakamMu DKI' B ¢azoBoM mpocTpaHCT-
Be M MOKazaTeJsIMU KpOBU ObLI TNpUBJIEYEH KOMOMHATOPHBIN ajiro-
putM MI'YA. B kauecTBe perpeccopoB MCHOJIb30BAIMCh 33 TOKasa-
TeJIsl BEHO3HOM KPOBM MCIBITYeMBbIX (Tab1. 6.3).

B pesynbrare ObUIM IMOCTPOCHBI MOAEIM ONTUMAJIBHOM CIOXHO-
ctd, cBs3biBatolive npusHaku DKI B ¢daszoBoM mpocTpaHCTBEe (OT-
KJIMKW) € YKa3aHHBIMU perpeccopamu [207]. B yacTHOCTH, yCTaHOB-
JIEHO, YTO CYIIECTBYIOT HAJEXHbIe CTATUCTUYECKUE CBSI3M MEXIY OT-
HOCHUTEJbHBIMU YIJIAMU OPUEHTALMU yCPEIHEHHON (ha30BOi Tpaek-
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TAB/IMUA 6.3
MoteHumanbHble perpeccopbl
Ne O6o3HaueHNe HaunmeHnoBaHue
1 ERY Dpurporwrsl, x10'
2 HGB I'emornobuH, /1
3 coL LIBeTHOI1 MoOKa3aTelib
4 RET Petukynouutsi, %
5 LEU Jeiikouutsl, x10°
6 BAS Bazoduisl, %
7 EOS DosuHopuibl, %
8 PLN [ManoukosinepHble HEUTPODUIBI, %
9 SGN CermeHTOSIIEPHBbIE HERTpObMIbI, %
10 LYM Jnmdoruter, %
11 MON Mownorwutsl, %
12 SOF CKOpOCTb OCeIaHUs SPUTPOILIUTOB, MM/T
13 PTI ITpoTpOMOMHOBBII MHAEKC, %
14 REC Bpewmst pekanbundukanuu, ¢
15 FIB DdubpuH, Mr
16 FBG DubpuHOTEeH, MT/IT
17 BNA bera-HadTo0BbII TECT
18 ETH ETanonoBblif TeCT
19 BIL buiupy6ouH ob1mii,
20 TIM Tumonosas npoba
21 FRM ®epmorioBast mpoda
22 ALT AnaHuHoOBas TpaHcgepasa
23 AST AcrmapruHoBasi TpaHchepasa
24 MUK MyKompoTenHbI
25 BEL O6mmit 6emox, 1/
26 ALB AnbOymMuHbI, %
27 GLB I'nobynunsl, %
28 AlG Anbda-1 modynun, %
29 A2G Anbda-2 robynuH, %
30 BGL Bera-rino6ynuH, %
31 GGL I'amma-rmodynuH, %
32 ASL AHTHCTpEeNnTOMULIMH-O
33 CRP C-peakTUBHBIN TTPOTEUH

topu DKI' BO BTOPOM CTaHOAPTHOM (OTKJIMK Ao, ) U B MSTOM TPYI-
HOM (OTKJIMK Aoy s) OTBENEHUSX M MapaMeTpaMu KpPOBU. DTU Moje-

JIN UMCIOT BUJ

Ao, = —4,75984 LEU - 36,7901 PLN - 2,43534LYM +1,3082REC +
+ 0,02732FBG —-122,317FRM - 3,24185GLB - 0,75813A1G +
+16,497BGL +13.836GGL, r, ~ 0,779, n=85; (6.30)
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Aays = 156,687 ERY — 13,4807 LEU + 1,58091REC +
+ 23,0974 FIB - 0,0707351FBG - 109,307 FRM —
- 610,457ALT - 0,23831BEL + 0,746503 41G +
+10,7829GGL + 0,1221024SL, r, ~ 0,777, n=87, (6.31)

rae 7, — Kod(pOUIMEHT MHOXECTBEHHON KOPPEISALNU; # — YUCIO

HaOJIIONEHU.

TakuM o0pa3oM, TMOATBEp:KAEHA TUIOTEe3a O B3aUMOCBSI3U TMPU-
3HakoB DKI' B (pa3oBoM IIpocTpaHCTBE M IapaMeTpoOB KPOBHM, OTpa-
JKAIOILINX aKTUBHOCTh BOCIIAJIUTEIIBHBIX 3a00JIeBaHUIA.

Okazanoch, YTO COBOKYMHOCTb Tpu3HakoB OKI Bo BpeMeHHOI
obsactv 1 B (pa30BOM TPOCTPAHCTBE IO3BOJISIET pacrno3HaBaTh Mpe-
CTaBUTENIE TpexX HCCIeAyeMbIX TPYIN Jaxe B TeX Clydasix, Korma
TpagULIMOHHBIA METOJA aHajau3a MPU3HAKOB BO BPEMEHHOI 00JjacTu
npusdHaBaid DKI HeusmMeHeHHbIMU. [ToKa3zaHO, UTO AMAarHOCTUYECKHUE
pellieHusT MOTYT TPUHUMAThLCSI Ha OCHOBE M3MEPEHUSI ABYX KOM-
IUTEKCHBIX TTOKasaTteseit, CBI3aHHBIX ¢ Tpu3Hakamu DKI B Buae nm-
HEWHBIX QYHKIINHI

R = -26,08c" +3,5318B", + 8,3044p.. —0,0047Act, +
+0,025240,, + 0,00177Aa,, + 0,0094A0,,, + 0,0009A0,,, —
—~ 66,297F, +0,0210P, — 12,5815, (6.32)
R, = ~7,334496" + 6,06658), — 1,42512p). —
— 0,00422A0; — 0,00707Aat,, + 0,00076Aa, + 0,00382Aa,, +
+0,00775A0,¢ +19,62837F, — 0,00832P, —1,09178,  (6.33)

rme c' — MHTEerpalbHBIA MOKas3aTelb pa3dpoca (PasoBLIX TPAEKTO-
puii; BL,pL — MHTerpaabHble TOKA3aTeNM CUMMETPMU (DparMeHTOB

YCPENHEHHBIX (Pa30BbIX TPAEKTOPUI, COOTBETCTBYIOIINX 3yOuaM P
T, Aoy, Aoy, Aoy,, Ad,,, Ad,s — OTHOCUTEIbHBIE YIJIBI OPUEH-

TallMy yCPeAHEHHBIX (Ha30BbIX TPAEKTOPUN B TPEThEM CTAHAAPTHOM,
IEpPBOM, BTOPOM, YETBEPTOM M LIECTOM OTBeaeHUsX; F, — (GpoH-

TaJbHBIA BEKTOp BOJHBI P; P, — mNpu3HaK, XapaKTepU3yOIINA CyM-
MapHYIO «ILJIOIIAAb» BOJHBI P BO Bcex 12 oTBeAeHUSIX.
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TABJMUA 6.4
Pewartouiee npasuno Ang knaccupuKaLmm UCNbITyeMbIX TpeX rpynn
I'pynna [MpaBwio kinaccudukauuu
Pesmatounnsiii aptput (PA) R, > 025
Pesmarusm u/unu UBC R <025u R >15
Kontponbnas rpynna (KT') R <025u R, <15

PeuieHue npuHuUMaeTcsl MO TOPOrOBOMY TMpaBUITy, TTPUBEACHHOMY
B Tab1. 6.4.

IIpu oueHke pelarolero mpaBuja Mo BbIOOPKE, COCTOAIICH U3
44 HaOmofeHUWid, He YJYacTBYIOIIMX B OOyuyeHMHU, Oblia JOIyllieHa
TOJbKO 1 omMOKa: 3MOPOBLIA MCIBITYeMbIi ObUT OTHECEH K TpyIIe
0O0JIbHBIX PEBMATOMIHBIM apTpUTOM (puc. 6.15).

PesynbTaThl 3KCHEPUMEHTOB IMOKa3aJiki, YTO BO3MOXHOCTH DKIT
MUATHOCTUKM JAJEeKO elle He ucueprnaHbl: npumeHeHue UT, peanu-
3yIOLIEeH TIpemioKeHHBIM MeTon obpadorku OKI B ¢dazoBoMm mpo-
CTPaHCTBE, IO3BOJISIET MMOBBICUTh YYBCTBUTEJbHOCTb M cHeUMdUY-
HOCTb 3TOI'O METOJA MPU AUArHOCTHKE OOJbHBIX PEBMATOMIHBIM apT-
PUTOM.
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Puc. 6.15. PesynvraTthl ouieHku UT «FAZAWIN»:

PA — rpynmna 60J1bHBIX peBMaTOMAHbIM apTpuToM; MBC — rpynma GoJbHBIX XPOHUYECKUM
PEeBMAaTM3MOM, COYETAaHHBIM C WIIeMHUYecKOW Oojie3Hbio cepmia; KI' — 3mopoBbie m06po-
BOJIbLIbI (KOHTPOJIbHASI TPYIIIa)





