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MexayHapoHBIH LIEHTp MH(OPMALMOHHBIX TEXHOJIOTUH U cucteM, Kues
Hammonansuenii MactutryT Ctparerndeckux Mccnenopanmii, Kues
® MoCKOBCKHiT aBUALIMOHHbIH HHCTHTYT, MOCKBa

BBeaenne

Bompocsl B3anMOACHCTBHS MOHOB C IOBEPXHOCTHIO HCCICAYIOTCS yke Oonee 100 jer. 3a 310 Bpems
CO3JIaHBI JICCITKU PA3IMYHBIX MOJIENEH, MPOBEIEHO OTPOMHOE KOJIMYECTBO IKCIIEPUMEHTOB. TeM He MeHee,
9Ta mpodlieMa JI0 CHX TIOp OCTAaeTCs aKTyallbHOW W BaXKHOW C MpakTHYeCKOH TOYkW 3peHus. OcHOBHas
CJIO)KHOCTh €€ PEUICHUs] COCTOUT B TOM, YTO JUISI aJICKBATHOTO OIHCAHHUS ITPOIIECCOB B3aMMOJICHCTBUS HOHOB
C TIOBEPXHOCTBIO HEOOXOJMMO YUYUTHIBATH OOJNBIIOEC KOJIHYECTBO (akTOpoB. Tak, B HACTOSIIEE BpeMs
u3BecTHO Oosiee 20 mapaMeTpoB, OT KOTOPBIX 3aBHCHT 3Ha4YeHHE KOA((HUIIMEHTa PaclbUICHUS MaTCpHAIOB
[1], mpuMepHO Te e IapaMeTphbl ONPEHCIAIOT 3HAYCHHS KOI(D(PHUIMEHTOB aKKOMOJAIMU DSHEPrHUH M
nMITyiibeca [2]. O4eBHAHO, 9TO y4ecTh BCE 3TO MHOT00Opa3wWe B OJHOW MOIETH YPE3BBIYANHO CIIOXKHO,
0CO0EHHO, eCJIM MOJIeTh CTPOUTCS 10 MPHHITUITY (PU3HYECKON MapaMeTpu3alii. 3a1avqy MoCTPOSHHS MOJIEITN
MOXKHO TpPaKTOBaTh, KaK 3ajjady OOHApyKEHHsI 3aKOHOMEPHOCTEH, COJepKalluxcsi B BHIOOPKE JaHHBIX
HAOJIOICHUI CIIOKHOTO O0BEKTa, W paccMaTpUBATh KakK OJWH W3 MPHUMEPOB HHTEPHOISIUOHHBIX 3a7a4

HUCKYCCTBCHHOI'O MHTCIIJICKTA.

[TocTaHoBKa 3a/1a4u W MEPBBIE AJTOPUTMBI €€ pelIeHHs ObUTH OMyONHMKOBAHBI €IIe B CEMHUAECATHIX Tofax
MIPOIIIIIOTO CTOJIETHS [3], HO YCOBEPIICHCTBOBAHHE PEIICHUN TpoaosDkaercsa. KpoMme Toro, mpoaoinKaroT
Pa3BHUBATHCS aJITOPUTMBI BEIYHCICHHS TUCKPUMIHAHTHBIX (DYHKIIH PACTIO3HAIONINX CHCTEM, KOTOPbIE MaJlo
OTIIMYATCS OT aITOPUTMOB OOHApYXeHHUs 3akoHOMepHOCTeH [4]. OcoOEHHOCTh TaHHOW pabOTHI COCTOWUT B
TOM, 4YTO JUIsI OOHApY)KEHHS 3aKOHOMEPHOCTEH NpPHUMEHSIOTCS anroputMsl MI'YA, ocHOBaHHBIE Ha
caMOOpraHuzanuu mojened. TepMHH camMoopraHu3alus O3HAdaeT, 4YTO I OMNpeleseHUus MoJienen
WCIIONB3YIOTCS JBE BBIOOPKM MAaHHBIX W, KpPOME TOTro, OHU oOpabareBarorcs 1Mo odepenu. OICHKH
KO3 (HUITMEHTOB MOTMHOMHATIFHOW MOJIENTN TIOTY9al0TCs Ha OJTHOW BBIOOpKE, a CTPYKTYpa MOJENU U YHCIIO0

€e apryMeHTOB BBIOHPACTCS Ha IPYTOM BEIOOPKE.

IIpu TakoMm crocobe 00pabOTKHM ABYX BBIOOPOK, IOCIIEIOBATEIHHO YUUTHIBAIOTCS IBa KPHUTEPHUs mepedopa
MHOXECTBa MOJACNeH-KaHIUAaTOB: BHENMTHUN Kputepuii ommoOku mMoaenun ER = RR sa:p B KpuTepuil ee

cmemienns BS:

Z(yi _)A/i)z

ER =RRy/ap = ——————— — min (1)
Z(yi _yi)2
i=1

BS = |RR A/A+B — RR B/A+B| — min (2)



CpaBHEHME BBIpaXEHHUH, MCIONB3YEMBIX AJIS pacdyeTa BHEIIHEro TOYHOCTHOro kKpurepus ER um kputepus
cMmeneHns Mozrenu BS, mokaspiBaet, 4To mpu TakoM criocode o6paboTKu IBYX BBEIOOPOK, MOCIIEA0BATEIBHO
YUUTBHIBAIOTCS JIBa KpHUTEpUsl mepebopa MHOXKECTBa MOJIENICH-KaHAUIATOB: BHEIIHUI KPUTEPHHA OMIMOKH
MOJIETI U KpUTepui ee cMemieHnsa. CMelleHrne MOJENN paBHO HYIIO, €CIIM MOJAEIbh OKa3blBaeTCi Ha JIBYX
BBIOOpKaxX ONHOW M TOH ke. TOYHOCTHOM KPUTEpUH M KPUTEPUH CMEIICHUS HE 3aBUCAT APYT OT Apyra.
[TosTOoMy 3amada ABYXKpUTEPHAIBLHOTO BBIOOpAa MOJENH, T.€. OJHOBPEMEHHOTO Y4eTa ABYX KpUTEPHEB, HE
BO3HHMKaeT. B KOMOMHATOPHBIX anropuTMax, pa3paboTaHHBIX B MOCJIEIHEE BpEMsl, CHauaia BBIOMpaeTcs
HEeOOJIbIIOE MHOKECTBO CaMbIX TOYHBIX MOZEJICH, a 3aTeM NPUMEHSETCS JOONpeAesicHUE ONTUMaTbHON

MOJIETH 110 KPUTEPHIO CMEIIEeHNUS [5].
1. AITOPUTM MI'VA JIJI1 OGHAPYKEHUS 3AKOHOMEPHOCTEM

dusnveckre 3aKOHBI 00JIATAI0T CBOWCTBOM 000OIICHHS: OHU JIEHCTBYIOT B JIFOOOE BpeMs U B JTFOOOM MecTe
npoctpancTBa. OOHAPYKHUTH ATH 3aKOHBI MOYXHO IO KPUTEPHUIO CMeNIeHus pemieHuid. [1o ncxoqHol BEIOOpKe
JAHHBIX TI0 KOMOWHaTOpHOMY anroputmy MI'YA monydaercss HeOONIBIIOE MHOKECTBO MOJICIICH C MallbIM
3HAYCHUEM BHEIIHETo Kputepus omuOku ER. M3 HUX HyXHO BBIOpaTh OJHY, HAaUMCHEE CMEIICHHYIO
Moenb. J{Jis 3Toro BRIOOPKA TAHHBIX JCITUTCS Ha JABE WICHTUYHEIC MO pa3Mepy W JUCIICPCHU BHIOOPKU A H
B. Iepebop MOCTENEHHO YCIOXKHSIOIIUXCS CTPYKTYP MOJIENIeH TIO3BOJSCT HAUTH ONTHMANbHYI0, HAUMCHEE

CMCHICHHYIO MOJICJIb.

Kpurepuii cmemennst Tpedyer, 4ToOBI MOJICIM PAaBHOW CIIOKHOCTH, MOJMYYEHHBIC TI0 METOAY HaWMEHBIIHX
KBaJgpaToB (M.H.K.) Ha JIBYX WACHTHYHBIX M HE3aBUCHUMBIX OPYr OT Jpyra BblOopkax A u B Ha ogHOM
00BEKTEe, UMENIN paBHBIE CTPYKTYpPHI U OLEHKU Kod(p¢uiuenToB. [Ipu 3ToM OyAyT paBHBI U TOYHOCTHBIE

XapaKTepUCTUKH MOJIENIEH, TIOIy4YeHHbIX Ha A u B.

Ilouck onrTuManbHOMI MOACIN COCTOUT B PACUCTC KPUTCPUA CMCHICHUSA NPU HNOCTCIICHHOM I/I3MCH€HI/II/Ij
CHO)KHOCTh CTPYKTYPhI MO):[CJICfI. Pacuer MoxxHO OCTaHOBUTH, KaK TOJIBKO KOF}:[a_6y,E[CT Haﬁ)lCH MHUHHUMYM
KpuUTCpU-. HpI/IMCp, HpHBCZ[CHHBIﬁ HHUIKE, TTOKA3bIBACT, KaK IIpU HOMOIIN nepe60pa BApHUAHTOB MOXKHO

BBIOPATH MOJIMHOMHUAILHYIO MOZICTh ¢ HAUMEHBITUM 3HAUCHHEM KPUTEPHUS CMEIICHHS.
1.1. ITpumep peueHust 3a71a4n 0OHAPYKEHUS 3AKOHOMEPHOCTH 10 KPUTEPUIO CMEIeHHsI

HYCTB 3aKOHOMCPHOCTD, IMOAJICIKAIIAasA O6Hapy>KeHI/I}O 10 BLI60pKaM JaHHBIX, NPCACTAaBJIICHA YPABHCHHUCM!

y=20+x - ]3x5 +5x5\. Bri6opku A u B, pencrasneHHbie B Tabnuiel, 0TBEUaroT 3TOM 3aBI/ICI/IMOCTI/Ij.

Tabnuma 1. VcxoaHple nanHbIe 11 OOHAPYKEHUST 3aKOHOMEPHOCTH.
A B
N X1] X2| X3| X4 Xs5| Xp| X7| Xs| Xo|X10| VY X1| Xo| X3| X4| X5| Xe| X7| Xg| Xg[X10| Y
1 4 2 7] 10| 1| 5| 8| 9| 6| 3| 8 3 2| 1110 9| 8| 7| 6| 5 4|65
2 2[(10| 3| 4| 7| 8| 5| 1| 9| 6|48 4| 3| 2| 1[10] 9| 8| 7| 6] 5|68
3 7] 4/ 9] 3| 5/ 1| 6/10] 2| 8|25 5 4] 3| 2 1|110| 9 8| 7| 6|21
4 3 1] 5| 8| 2[10] 9| 6| 7| 4|18 6| 5 4| 3| 2| 1|10 9| 8| 7|24
5 10| 8| 4 1 3] 6] 2| 8| 5| 7|33 7 6] 5| 4| 3| 2| 1[10| 9| 8|27
6 8 3| 2| 6[10] 4| 7| 5 1] 9|72 8| 7| 6] 5/ 4| 3| 2| 1/10] 9|30
7 9 5| 8 9| 6| 2| 3| 7| 4| 1|35 9 8| 7| 6/ 5| 4| 3] 2| 1]10|33
8 5 7/ 6| 2| 4/ 9| 1| 3| 8|10| 27 10| 9| 8| 7| 6| 5| 4| 3| 2| 1|36
9 6] 9] 1 71 8| 3| 4| 2|10 5|63 1110 9| 8 7| 6| 5 4 3| 2|29
10 1 6/10] 5| 9| 7|10 4| 3| 2| 36 2| 1110 9| 8| 7| 6] 5| 4| 3|32




BrruucnutenbHEBINH OKCIICPUMCHT 3aKJIIOYaCTCd B IIOHCKE JTOH 3aKOHOMCPHOCTH, MpcAaroarad, 4To OHa
HCHU3BCCTHA. I[IISI peIICHUA JTOH 3aJa4u 110 JaHHBIM BBI60pOK HaxoauM pAaa MOCTCTICHHO YCIOXKHATOMIUXCS
MO,E[CJIefI, 1 110 M.H.K. HAXOJHUM OIICHKH KOS(i)(I)I/IL[I/ICHTOB. 3arem pacCuUnUThIBacCM KpI/ITepI/Iﬁ CMCIICHHUA. I[J'DI
COKpalICHUA 061>eMa, K nepeGopy AOIMYCKAarTCA TOJIBKO apryMCHTBI, UMCIOIIUC HanOoJbIlIee 3HAYCHUE
MOAYyJd KOS(l)(I)I/IL[I/ICHTa Koppceidanun C BLIXOI[HOﬁ BeIMYMHOHW. B mponecce MOCTCIICHHOI'O YCJIOKHCHUA
MO,E[CJ'IefI Ha CCAbMOM psAAy IOJTYYCHO HYJICBOC 3HAUYCHHUC KPUTCPpHA CMCHICHHUA, YKA3bIBAIOIICC, YTO 3Ta
MOACIb 3aJI0KCHA B BBI60pKaX AuB. HOJ'Iy‘-ICHHaSI MOACIb B TOYHOCTHU COBIIagacT ¢ MOACIBIO, 3aJ10’KCHHOU
B BBI60pKI/I JaHHBIX, a4 OLICHKH €€ KOB(l)(l)I/ILII/ICHTOB NEPCCUYUTHIBAOTCA 1O M.H.K. IO BCCM HUMCIOIIUMCH
JaHHBbIX. Ha »stom O6Hapy>KeHI/IC 3aKOHOMCPHOCTHU 3aKaH4YMBACTCH. Ha pI/ICI IIOKa3aHa 3aBHCHUMOCTH

TOYHOCTH U CMCHICHHUSA OT CJIO0KHOCTHU MOJCIIN.
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Puc.1. 3aBHCUMOCTE TOYHOCTH U CMEIIEHUS OT CIIOKHOCTH MOJIEIH.

2. OCOBEHHOCTbH AJITOPUTMA MEPEBOPA MOJIEJIEM-KAHIUJIATOB, IIO3BOJIATOMIAS
ONPEJEJUTHh MHOXKECTBO HAUBOJIEE TOUHBIX MOJEJEN

Kaxk yka3sIBaJIOCh, BHEITHUIN KPUTEPHUHA OITUOKH MOJIETH U KPUTEPH CMEIICHHSI HE CBA3aHBI IPYT C APYTOM.
B 3aBucuMocTH OTTOTO, YUTO SBIISETCS LEIHI0 BHIOOpPA ONTHMAIBHON MOJENH, €€ HauMEHbIas OMMOKa WIH
HauMEHbIIIee CMeIIeHHe, MOKET ObITh MPUMEHEH OJIWH M3 CIEAYIONNX BapHAHTOB JajJbHEHINET0 pa3BUTHS
anropurma. [lepBeIif, — KOorga cHadana 1Mo TOYHOCTH BEIOMPAETCsS HEKOTOPOE MHOMXKECTBO MOJICNICH, a 3aTeM
[0 CMENICHWI0O W3 HUX BbIOWMpaercs mydmas. M BTOpoW, Korjga cHavajga IO CMEIICHHWIO BBIOMpaeTcs

HEKOTOPOC MHOKCCTBO HAMITYHIIUX MOHCHCﬁ, a 3aTEM M3 HUX I10 TOYHOCTHU BI:IGI/IpaCTC}I OJHa, OoIITHUMaJibHasi.

[Ipu BEIOOpE MHOXECTBA HanOOJIEe TOYHBIX MOJETIEH CleyeT YUYUThIBaTh, YTO B 00IACTH MAJION AUCIIEPCHU
[IOMEeX, T.e. TPU TOYHBIX JAHHBIX, MUHUMYM KpUTEpHs OIIMOKM CTaHOBUTCS Pa3MBITHIM H 00Opasyercs
WHTEPBaJl XapaKTePUCTHUKH, HA KOTOPOM HECKOJIBKO MOJENEH 00NafaroT MOYTH OJAMHAKOBOW TOYHOCTHIO.
HNmeHHO 3T MOAENM M PEKOMEHIIYIOTCS B KaueCTBE MHOXKECTBA MOJEJEH, W3 KOTOPHIX BbIOMpaeTcs omHa
Hambosee HecMmemleHHass Moneib. OOpazoBaHHE yKa3aHHOTO WHTEpBaja XapaKTEPUCTUKH TIOKAa3aHO Ha
puc.2., THEe CpaBHUBAaeTCA pE3yNbTaThl JEIyKTHBHOTO pacdyera mepebopHOro mporecca W

OKCIICPUMCHTAJIBHBIC TaHHBIC.
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Puc.2. CpaBHeHHE pe3yIbTaTOB MEPEOOPHOTO MPOIIecca U SKCIIEPUMEHTAIBHBIX JTaHHBIX.
2.2. OnbIT HCCIeI0BAHNS TOMEX0YCTOMYHBOCTH AJITOPUTMA O0HAPY KEHHUS 3AKOHOMEPHOCTel

BrruucnurenbHEBINH SKCIICPUMCHT COCTOSA B TOM, UTO K BBIXO,E[HOI71 BCIIMYHUHC ,E[O6aBJ'I$IJ'IaCB 3HAKOIICPpECMCHHAA
aJJUTHUBHAA IIOMEXa. K BLIXOI[HOﬁ BCJIIMYMHE CTPOK C YCTHBIMU HOMCpaMHU I[O6aBJ'I$IJ'IaCI> OIMpeAcJICHHAA
IIOCTOsAHHAsA BCIMYHHA Ay, a 13 BLIXOI[HOﬁ BCJIMYMHBI JAHHBIX C HCUCTHBIMHM HOMCpPaMH CTPOK, 3Ta KC

BCJIMUMHA BbIUYUTAJIACHh.
LAy=+1,-1,+1,-1, ..., +1,-1.

IL Ay=+42,-2,42,-2,+2, -2, +2,-2, +2, -2.

IV. Ay =+5, -5, +5, -5, +5, -5, 45, -5, +5, -5.
Pesynbrar skciepuMeHTa IpecTaBleH Ha puc.3.

Ha PUCYHKE IIOKazaHa 3aBUCHUMOCTH OIIMOKK ONTHMAIIBLHOM MOACIN OT €€ CIIOKHOCTH. Kak BHUIHO M3
PpUCYHKa MIpPpU TOCTCIICHHOM YBCIMYCHHUU IMOMCXH KOM6I/IHaT0pHBII71 AJITOPUTM U3MCHACT TOJIBKO OIICHKHU
KOB(l)(l)I/IL[I/IeHTOB, a CTPYKTypa MOI[eJ'IGﬁ OCTacTCA HOCTOHHHOﬁ, conep;xameﬁ BOCEMb 4JICHOB. TOJIBKO npu
NEpBOM KPUTUYCCKOM 3HAYCHUU IMOMCXHU, PABHOM Ay = i1,5 MPOUCXOAUT U3MCHCHUC CTPYKTYPbI MOJCIIN.
3HaucHUE AUCTICpCUN TMOMCXH, IPU KOTOPOM Ha6J'HO):[aCTC$I nepBOC U3BMCHCHHUC CTPYKTYpPbI MOJCIIH,
HAa3bIBACTCA ICPBBIM KPUTHYCCKUM 3HAYCHUCM IOUCIICPCUU [6] OTO 3HAYCHUC SBISACTCS T paHPILICﬁ MCKAY
00J1acThI0  OOJBIINX nomMex, raec Ipouecc nepe60pa noanacTca HE TOJBKO JSKCICPUMCHTAJIBHOMY
HUCCJIICA0BAHUIO, HO U ICAYKTUBHOMY PACUCTy, U 00J1aCTBI0 MaJIBIX MoMeX, IAC pC3yJIbTAThI nepe6opa MOXHO

NOJIY4YUTh TOJIBKO MHAYKTUBHBIM METOJOM.
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Puc.3. Pe3ynbraT 3KCIIEpIMEHTAIBHOTO OIIPEIETICHNS IEPBOTO KPUTUIECKOTO 3HAYCHHS

JACTIEPCUH TIiepedopa IpH aJINTHBHONW 3HAKOTIEPEMEHHOM TToMexe TAYy.

[Ipu mocTeneHHOM YBEITUUEHUH MTOMEXH JIOCTHTAeTCsl epBOe, KPUTHIECKOEe 3HAYCHUE €€ JIUCTICPCHHU, TIPU
KOTOPOM ONTHMAJTBHOW CTaHOBHUTCS MOJIENb, MMEIOIIAs TOJBKO MIECTh apryMeHToB. [lpu manbHeltIeM
MOBBIIICHUH JICIIEPCUM TTIOMEXH JIOCTHUTAeTCs BTOPOE KPUTHUECKOE 3HAYCHHWH JHCIIEPCHU, MPH KOTOPOM
aMIUTUTY/Ia TIOMEXHU paBHa Ay = 2. B 00iracT MaibIX MOMeX HaHOOJbITIee MPAKTHICCKOE 3HAUCHUE UMEET
paccMOTpEeHHE BIHSHUS TOMEXH JIO TEPBOTO KPUTHYECKOTO 3HAYCHUS JUCIIEPCUH, The Tpedyercs

MIpUMEHEHHE JO0OABOYHOTO OTPEICICHHSI ONITUMATFHOM MOICIH TT0 KPUTEPUIO CMETIICHUS.

2.3. Hepnoe KPUTHYECCKO€ 3HAYCHHUE TUCIICPCUHA ITOMEX KaK 'paHUIla 00J1acTH NMPUJIO0KCHUA

ACAYKTUBHOI'O0 IMOJAX0aa

3amada BEIOOpA ONTUMAIBHON MOJIENH, COOTBETCTBYIONICH HAaMMEHBIIEMY 3HAYCHHIO BHEITHETO KPHTEPHUS
nepe0dopa MHOXKECTBA MOJICJICH-KaHMIATOB COCTOUT B TOM, YTOOBI BHIOPATh MOJIEITh, TAIOITYI0 HAUMEHBIIICE
3HAYCHUE KPUTEPHs. DTa 3a7a4a MOKET ObITh pellieHa KaK WHyKTUBHBIM, TaK U JICTyKTUBHBIM METOJIOM HITH
mo1xo10M. [Ipy MHIYKTUBHOM IOJIXOJIE JIOCTATOYHO PACCUUTATh 3HAYCHUS KPHUTEpHUs mepebopa Juisi BCex
MoJIeJIel U BBIOpaTh HAUMEHbIIIee 3HaYeHUe. [l IeTyKTHBHOTO aHAIMTHYECKOTO MOJIX0/1a HYXKHO BBIOpATh
HEKOTOPYIO BUPTYaJbHYIO CXeMy Iepebopa WM JPYTMMH CJIOBaMH IPHHATh HEKOTOPhIC OTPaHHYCHHSI.
Hampumep, B pabore mpod. Cremamko B.C. [7] mpuHHMaeTcs, 9TO TOMeXa HWMEET HYJICBOE CpEIHEe
3HAYEHUE U JICHCTBYET QJITATUBHO TOJIHKO HA BBIXOTHYIO IEPEMEHHYIO HJIM, YTO OJTHO U TO XK€, Cpasy e Ha
Bce apryMeHThl. OOBEKT XOpOIIO OIMUCHIBACTCS IOJMHOMHUAIBHBIM YpaBHECHHEM, NPHYEM MHHUMYM
KpUTEpHs CIUHCTBCHHBIA. [IpM TakuX MPeanoioKeHUsIX YyIAeTcs pacCUuTaTh pe3yibTar mepedopa.
[MpoBepka NBYX MOJXONIOB HA NMPAKTHUYECKHX MpPUMeEpax IMOKAa3bIBaeT, YTO JICHCTBUTEIHHO JCTYKTHBHBIN
MOJIXO/ JIaeT TE€ K€ Pe3yNbTaThl, YTO W WHIYKTUBHBIN INepe0op BceX Mojelneld, HO TOJbKO B 00IacTh

SHAYUTCIIBHBIX IIOMEX, T.C. IIPU HCTOYHBIX NJaHHBIX. HpI/I JUCTIEPCUH ITOMEX MEHBIIC IMEPBOI0 KPUTUICCKOT'O



3HAYCHUA, 3aBUCUMOCTH KPUTCPUA nepe60pa OT CJIOXHOCTH MOACIH 06pa3yeT HeOOIbIINE KOICOaHHUs

BOKPYT HEKOTOPOT'O TOPU30HTAIBLHOTO y4acTka (puc.2.).

['panura Mexmy 06IacThiO, B KOTOPOW MPUMEHUM JETYKTUBHBIA aHATMTHYSCKUN MOAXOM U O0JIACThIO, TJIe
MOXXHO TPUMCHHUTh TOJBKO WHAYKTUBHBIA TIOJXOJ MOXKHO HAa3BaTh TpaHUIEH MEKIY OO0JACThIO
JNETCPMUHUPOBAHHBIX W WHJCJICPMCHUPOBAHHBIX 3371a4 [8]. B 00macT WHACTEPMHHHUPOBAaHHBIX 3aJ1ad,
Ha3bpIBaEMOW Tak ke o0macTeio xaoca, anmropuTtvbl MIYA ycHemrHo TPUMEHSIOTCS TOJIBKO  JUIS
WHTETPAJIbHBIX XapaKTEPUCTUK, HAOmpUMep JUisl NPOTHO3a YCPEAHEHHBIX IO MHTEpBajaM 3HAYCHUU

NEPECMCHHBIX.

3. IPUMEP IPUMEHEHHU A AJITOPUTMA MI'VA JIIS1 OBHAPYKEHHS 3AKOHOMEPHOCTEM,
COJEP)KAIIIUXCS B BBIBOPKE JIAHHBIX HABJIIOJIEHUI B3AUMO/JIEACTBUS NUOHOB C
HOBEPXHOCTBIO MATEPHUAJIOB

Bri0opka HMCXOIHBIX JaHHBIX, HOPMHUPOBAHHBIX 10 HAaWOOJBIIEMY 3HAYCHHIO JUIS Ka)XIOH IEpPEeMEHHOM,
npencraBieHa B Tabnume 2. B Hell 00o3HaueHBL: X; — KO3(DPUIMEHT pachbUICHUS MaTepuana WOHAMU
. 3.
kceHoHa npu dHeprun 300 3B u HopMmansHOM nazerny HOHOB [9], Mr/K; X, — MaccoBas IIOTHOCTb, T/CM; X3
— MOJICKYJISIPHBIA BeC, a.€.M.; X4 — Temreparypa cyomumaruu, K; Xs —termnoeMkocTs [Ik/MONb/Tpaj; X —
sHeprus cBszy, 3B. [l kpaTkocTH OyJeM HojaraTh, 9TO BRIXOHAS TIEPEMEHHAs HCKOMOW 3aKOHOMEPHOCTH
M3BECTHA anpHOpH. BhIXomHOW OyAeT CIyKuTh NMepeMeHHas X;. KOHEYHO, MOXKHO pacIIUpUTh TOUCK H
CUMTATh BBIXOJHBIMU BCE TIEPEMEHHBIC 1O ouepenau. Pe3ynbraToMm moucka OyayT BCE 3aKOHOMEPHOCTU C

JO0CTATOYHO MaJIbIM CMCIICHUCM.

Tabmura 2. McxoaHple 1aHHbIC HAOMIOACHUN B3aUMOICHCTBUS HOHOB C TIOBEPXHOCTHIO MATEPHAIIOB.

X1 x2 x3 X4 X5 x6
M Y Ro Mw Tsub| Cp Uo
C |0,00681100| 2,300 | 12,0000 | 4473 | 8,536 | 7,410
Be |0,02281800| 1,848 | 9,0100 |2744 (16,440 | 3,480
Si |0,11722100 | 2,300 | 28,0855 | 3573 | 19,790 | 3,910
Ti |0,11756600 | 4,505 | 47,8800 | 3560 | 25,060 | 4,340
V [0,14095600 | 5,960 | 50,9400 | 3665 | 24,480 | 3,700
Cr |0,23101900 | 7,200 | 51,9600 | 2945 | 23,550 | 3,680
Nb [ 0,23225000 | 8,570 | 92,9000 | 5073 | 24,440 | 7,500
Al |0,24074400 | 2,689 | 26,9815 | 2793 | 24,350 | 3,260
Fe |0,31687600| 7,870 | 55,8470 | 3145 | 24,980 | 4,150
Co | 0,37866000 | 8,900 | 58,9332 | 3230 | 24,800 | 4,380
Mo | 0,38376000 | 10,220 | 95,9400 | 4700 | 23,930 | 6,900
Ge | 0,43554000 | 5,323 | 72,5900 | 3120 | 23,220 | 3,770
Cu | 0,65659500 | 8,960 | 63,5460 | 2816 | 24,430 | 3,560
Ta | 1,15879700 | 16,650 | 180,9400 | 5623 | 25,290 | 8,700
Pd | 1,17062000 | 12,200 | 106,4200 | 3273 | 25,860 | 4,800
Mn | 1,27194500 | 7,320 | 54,9380 | 2353 | 26,280 | 3,150
W | 1,34088800 | 19,340 | 183,8500 | 5953 | 24,270 | 8,760
Pt | 1,65818000 | 21,450 | 195,0800 | 4100 | 25,860 | 5,560
Ag | 1,94148000 | 10,500 | 107,8600 | 2440 | 25,360 | 2,700
Au | 2,36352000 | 19,320 | 196,9600 | 3150 | 25,400 | 3,920
Max | 2,36352000 | 21,450 | 196,9600 | 5953 | 26,280 | 8,760




3.1. IlepBbIii BApHAHT CAMOOPTraHU3ALUHA MOJEITH.

BapuanT monpoOHo ommcan B pabote [6]. YuuteiBas cBoiicTBa KoMOMHaTOpHOro anmroputmMa MI'VA mns
KOKIOW MOJETU JOJDKHO OBITh oTOOpaHo He Ooiee 20 HamOonee 3PQPEKTHUBHBIX apryMeHTOB. B
paccMaTpuBacMOM TpUMepe HX BHIIUIO poBHO 20. JIis 3TUX apryMeHTOB-KaHIUAATOB, MOJB3YsCh

KOMOUHATOpHBIM anroputMoM MI'Y A, Haxoqum JTydiinne MOAeIH.
- _ f 2 2 2 2 2
y=x1= (X2 ,X3, X4, Xs, X6, X2*, X2X3, X2X4, X2Xs5, X2X¢ X3 ,X3X4 X3Xs5, X3X6, X4 ,X4X5, X4X6, X5 , X5X6, X6 )
B npumepe Takux mMojenel oka3anoch math. Jlis HUX ObLTO paccunuTaHo cMmeleHue mo Gopmye (2).
Ha puc.4 u 5 npuBoasTcs pe3ynbTaThl IPUMEHESHHUS TIEPBOTO BapUaHTa BEIOOpA ONTUMAIBHON MOICITH.
Jlyumieit okazanacs mojens I:

y= 1,4343 — 5,856 x¢ + 0,4302 x, — 4,4347 x5X4 — 1,309 x,%x5 + 7,891 Xo%6 — 7,189 x3%x4 +
+ 4,781 x3x5 + 0,7226 x42 — 0,58 x4x5 + 4,992 x4Xg.

IToxa3zarenu Tounoctu mogenu 1:  ER =0,0002728; BS = 3,55; MCC = 0,997.

ER
0.0080000000 1 I
0.0070000000 \ « /
0.0060000000 \ R j
0.0050000000 \
0.0040000000 \ /
0.0030000000 \ /

0.0020000000 K\\‘ //
0.0010000000

0.0000000000 T T T T T T T T T T T T T T T T T T T |

Puc.2. 3aBUCHMOCTDH BHEIIHETO KpUTCpHA TOYHOCTH OT CJIOKHOCTU MOJICIIN.
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Puc.3. Jloonpenenenne MOAEITN IO KPUTEPHUIO CMETIICHUS.

3.2. Bropoii BapuaHT caMOOpPraHu3alli Mo eJIeid.

OcCHOBHOE CBOMCTBO (PM3NUECKONH 3aKOHOMEPHOCTH COCTOWT B TOM, YTO OHa 00JIalaeT CBOWCTBOM

00001IIeHAS Ha IPYTHE BEIOOPKU JAHHBIX. DTO CBOMCTBO MOKHO OIEHUTH IO BETMYNHE KPUTSPHUS CMEITICHHS

BS. CmMmemnienne paBHO HyJIIO, €CJIM 3aBUCHMOCTh Ha JABYX HICHTHYHBIX BhIOOpKax A m B omHa u Ta xe.

HOBTOMy CHaydalia BBI6I/IpaeTC}I HeOOoJIbIII0e MHOXKECTBO HaMMEHEE CMCIICHHBIX MOIICJICFI, a 3aTCéM U3 HHUX

BI:I6I/IpaCTC§I ogHa camas To4YHas Mojeiab. Ha pI/IC.6. IOKa3aHa 3aBHCHMOCTb CMCHICHHA OT CJIIO)KHOCTH

MozenH. B moaMHOXECTBO HanbosIee TOUHBIX MOJECIICH BRIOUPAIOTCS T€, IS KOTOPHIX CMEIICHHUE 0Ka3aI0Ch

HAaUMEHBIINM. BbII0 BI:IGpaHO CEMb MOIICHeﬁ, JIy4dlIinX 1o CMEIICHHIO. I[H}I HUX pacCHUUTaHBI IMOKa3aTCIn

TOYHOCTH.

0,0250000000 +

BS

0,0200000000 -

0,0150000000 -

0,0100000000 -

0,0050000000 -

0,0000000000 -

Puc.4. 3aBUCUMOCTE CMEIIEHNS OT CIIOKHOCTH MOJEIIH.



Puc.5. 3aBucHUMOCTS TOUHOCTH OT CIIOKHOCTH MOJEICH.
Jlyumieit okazanacs mojnens 11
y=0,3207 + 1,718 X, — 0,777 x,” + 0,668 x3x4 — 1,388 X3xs.
IToxa3zarenu Tounoctu mozaenu 2: ER =0,1705; BS =0,002529; MCC =0,911.
3.3. BeiOop onTHMAIBHON MOeJIM 10 KOMOMHAPOBAHHOMY KPUTEPHIO

Hepe60p MOI[CJ'ICfI 0 KpUTCPUIO OIITHOKHU JaJl BO3MOXHOCTb BBI60pa MHOXXECCTBA, COCTOALICTO M3 IIATH
HanboJee TOYHBIX MOﬂeHeﬁ. W3 sTOoro MHOXKECTBa MO):[CJIeﬁ, MO0 KpUTCPUIO CMCUIICHUA, BBI6paHa MOACIb L
Z[anee mopaaoK nepe6opa MOI[CJIeﬁ o061 u3MeHeH. CHauana BLI6paHO HeOOIBIIOE MHOXKECTBO HauOoOJIee
HCCMCIICHHBIX MOI[CHGﬁ, 13 KOTOPBIX IO KPUTCPUIO OIIMOKHU BLI6paHa OJIHa HanboJee ToUHAas MOACIb II. U3
MOJIYYCHHBIX TaKUM 06pa30M MOI[CHCﬁ ciaeayeT BBI6paTI> OIHY MOJCJb, ONITUMAJIBHYIO IO ABYM KPUTCPUAM,

T.C 110 BCJIMYHUHC KOM6I/IHI/IpOBaHHOMy KpHUTCpH-, KOTOpLIﬁ BBIYHUCIIACTCA I10 q)OpMYJ'ICZ

¢ = JA-ER* +(1- 2)-BS® — min 3)

OnTuManbHON Ha30BEM MOJIeb, B KOTOpOW Npu Bapuaimu kodddurmenra A B dopmyie (3) MOXKHO
MOJIyYUTh HAaUMeHblee 3HaueHue ¢. [Ipu m3menennn Aot 0 mo 1 i mozmenu I mosydaercsi MEHbIIEE
3Ha4YeHHue KOMOWHMpOBaHHOTO Kputepus. ClieoBaTeibHO, epBas MoJielb | sBiseTcs onTUMalbHOH, Ooee
TOYHOH, deM Momens II. AnropuTM BbIOOpa ONTHMAIBHOW MOJENH, B KOTOPOM CHadajla HaXOIUTCS
MHOECTBO JIOCTATOYHO TOYHBIX MOJIEJEH, Ha3bIBACTCS ATOPUTMOM C JIOOTpE/elICHHEM ONTUMAaIILHOM 110

CMeIIeHHIO [6].
4. TIPEABAPUTEJIBHASI OBPABOTKA BBIBOPKH JAHHBIX

4.1. lIpeaBapurteabHas 06padoTKa JAHHBIX MPU MOMOIIH KOPPEJSIIMOHHOT0 aHATU3A

uHopMaTuBHOI 3P (PeKTUBHOCTH NepeMEeHHbIX

Monynu ko3dduipenTa Koppensiui apryMeHTOB C BBIXOJHOW BEIMYMHOW MOKAa3bIBAIOT 3(P(PEKTHBHOCTH
3THX apryMeHToB. K MepBHYHBIM HIECTH apryMeHTaM ObUIH J0OaBIIEHBI BTOPUYHEIE - TTAPHBIE KOBapHAINN
NepBUYHBIX. JNs HUX TOXe OBUIM paccUMTaHbl MOIYTH KO3(D(UIMEHTOB KOPPENSAIUN C BBIXOJHOMN
BenmunHOW. JImst mepeMeHHON X, HaumOojee BIMATEIHHBIM apPryMEHTOM OKAa3bIBAC€TCS KOBapHAIHA
MEPBUYHBIX apTyMEHTOB X;Xs. CIEAYIONUM MO BIMSHUIO OyneT Xs;Xs U T.4. Koppensmumonnas Ttabmuma

TaK)Ke TIOKa3bIBAET Maphl IEPEMEHHBIX, MEXKIY KOTOPBIMU cllabast CBsI3b, HAIPIMEP MEXAY X; U X4 (Tabmuima
3).

Tabnua 3. Moayau koddduiimeHTa KOppesiiiud apryMEHTOB ¢ BBIXOIHOM BETHUHHOM.

2 2 2
X2 | X3 | X4 | X5 | Xg [ Xo | XoX3 | XoXgq [ XoX5| Xox | X3 [ X3X4 | X3X5 | X3X6 [ X4 | XaX5 | X4Xe | X5 | X5Xe | X6

y =x1|0,810]0,813(0,005|0,464)0,021(0,781|0,789|0,594(0,882]0,543(0,788(0,591|0,825|0,539|0,042|0,243 (0,054 (0,512 0,237 | 0,054




4.2. llpenBapurenbHast 00padoTKa BLIOOPKH JAHHBIX IPU NOMOIIN ABTOMATHYECKOI

KJacTepusanuu

CTpoku BBIOOPKM MCXOJHBIX JAaHHBIX MOXKHO pacCMaTpHBaTh KaK MHOXECTBO KOOPJAHMHAT TOYEK B
pocTpaHcTBe aprymeHToB [18,19]. ABToMaTH4ecKas KiacTepu3alusl MO3BOSET Pa3eiIUTh ’TO MHOXKECTBO
Ha KOMIIaKTHBIC TPYIIBI TOYEK, Ha3bIBacMble KiacTepamu. Kaxnaplii kimacrep oOweawHseT B cebe
OJTHOPOJIHBIC pealu3allii M MOTOMY MOXET OBITh HCIIOJIb30BAH ISl BBIICICHUS OTICIBHON BBIOOPKHU. J[ms
pelieHus 3a71ad OOHApYKEHUSI 3aKOHOMEPHOCTEH KaXKIBIH KJIACTEp JaHHBIX UCIONB3YeTCS OTACIBHO, YTO
YMEHBIIIAET OITUOKY U CMeNIeHrEe Mojienei. HekoTophle KilacTephl MOTYT COJIEPKATh CIIUIIKOM Majlo TOYCK.
B atH xnactepsl pekoMeHIyeTcsl T00aBUThL KOOPIUHATEI CPETHUX TOYEK, PaBHBIC CpelHeapu(hMETHICCKOMY

KOOPJIMHAT BCEX TOUEK KaXIOTo Kiactepa. s kKaxmoro kiactepa oOHapyKUBAETCs CBOSI 3aKOHOMEPHOCTb.
3akiouenue

C ucnons3zoBanueM anroputMa MI'YA mocTpoeHbl UHTEPIIOJSIIIMOHHBIE MOJIETH B3aUMOJECHCTBUS UOHOB C
MTOBEPXHOCTHIO, IMO3BOJIAIONIUE TPOTHO3UPOBATH 3HAYCHUS KOA(D(UIIMESHTOB paCIbUICHHS B 3aBUCUMOCTH OT

(I)I/ISI/I‘-IGCKI/IX CBOICTB O6J'Iy‘laeMLIX MaTcpuaioB. YCTaHOBJ'IeHO, YTO HAHOOJEe BIUATEILHBIM ApryMCHTOM
MOACICHU (Cpe)lI/I paCCMOTpeHHLIX) SABJISIETCSA KOBapHalus NEPBUYHBIX apryMEHTOB X)Xs U X3Xs WIA O+ CPI/I

M, -C , - 1IOCKOIBKY paHee BIIMSHAE TEIIOEMKOCTH Ha KOY(QQHIMCHTHI PACIBUICHHS HE PACCMATPHBAIOCH,
MO>XHO KOHCTaTHpOBATh, YTO NMPHUMEHEHHE WHAYKTHBHOTO TMepedopa Mo BHEUTHHM KPUTEPHUSM IT03BOJIAIIO

MIOJTyYUTh HOBOE 3HaHMe. HoBoe 3HaHWe, MOITyYeHHOE KOMITBIOTEPOM, CBSI3aHO C YKa3aHHEM IEPEMEHHOH Xs

KaK BEJIMYMHBI, KOTOpAs MPH JOCTATOYHO OOIBIIOM X, BIHUET Ha KO3 QHUITMEHT pacTIbUICHHS.

CpaBHeHHE [NOCTHTHYTHIX 3HAYEHWH KPHUTEPHEB OMIMOKM U CMEIICHWS I[IOKa3bIBaeT, 4YTo Ooiee
3G GEKTUBHBIM OKa3aJCs BapHaHT, NMPH KOTOPOM CHayalla BBIOMpAaeTCs HEKOTOPOE MHOXECTBO Hamboliee

TOYHBIX MOJIEJICH, & 3aTeM U3 HUX BRIOUPACTCS OJTHA HAMMEHEE CMEIICHHAS MOJICITb.
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