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Muooswcecmeo  00veKkmos,  noOONEHCAWUX  PACHO3HAGAHUIO  UJIU
oOHapyscenulo 3agucumocmu, modxcem Ovimp 3amMKHymo. B 3mom
ciyyae 013 6bl00pa ONMUMAILHOU MOOEIU U3 3A0AHHO20 MHOMCECMEaA
Mooenei-KaHouoamos 00CmamoyHo NPUMEHUMb 6HEUWIHUIl Kpumepuii
HaumeHnbuwiell omuoku. B ciyuyae oocmamouno mounvix 0anHvlx, 6b100p
Mooenu  neoonosnauen. Tozoa oOna  Ooonpedenenus  moodenu
PeKomendyemca RnpuMeHums hnepedop no Kpumepuro cMeuieHus.
Ilpeonoscen u npumenen HOGvLIL NEPEKPECHHBLIL KPUMEPUII CMEU eHU
Modenu, pacuem Komopozo 3HA4UmMeIAbHO 0ojiee npocm, 4yem pacuem
cmewieHus mooenell ¢ NOMOWblI0 pazoesieHus 6vl0OpKU Ha 0ee
cmamucmuyecku UOeHmuyHyle Yacmu.

BBEJAEHUE

HNHTeprionsiimoHHbie  3a7a4ll  MCKYCCTBEHHOTO WHTEJUICKTa PEIIAIOTCS WITH
JNEAYKTUBHBIM, TIPH MOMOIIY HAa3HAYEHUS CIOXKHOCTH CTPYKTYpPbl MOJIENIN YEIOBEKOM
— aBTOPOM MOJENUpoBaHUs [1] WM WHIYKTUBHBIM IyTeM, MPH TOMOIIM Tepedopa
MHOXECTBAa MOJIeJICH-KaHAUIaTOB 10 BHEIIHUM KputepusiM. Bo BTopoMm ciyuae
aJTOPUTM MOKHO Ha3BaTh CaMOOpraHu3anuen moaenu [2-5].

CuctemMbl UCKYCCTBEHHOTO MHTEIUIEKTa UHTEPIOJISIIITUOHHOTO TUIA, B KOTOPBIX
MOJCIM WX JUCKPUMHHAHTHBIC (DYHKIMH BBIOpAHBI W3 MHOXECTBA MOJICTICH-
KaHJIUJATOB TOJBKO IO OAHOMY KPUTEPUIO HAWMEHBIIECH OMMOKHU, MPUTOAHBI TOJIBKO
JUISL 3aMKHYTOTO MHOJKECTBAa BXOJHBIX OOBEKTOB, JISI KOTOPOTO MOXKHO YKa3aTh
STajoHbl. TakWe CUCTEMbl OTHOCATCS K TPYIIE CUCTEM, MOJYYMBIIMX Ha3BaHUE
CHCTEM MOKMCKa JaHHBIX (data mining).

Ecan MHOXECTBO 3TaJlOHOB HEMPEPHIBHO PACIIUPSAETCS, HAIpUMEpP, TpHU
pacro3HaBaHUU PYKOIHUCHBIX 3HAKOB, TO HEOOXOIUMO NIEPEUTH K MOACIISIM, UMEIOIITIM
CBOMCTBO 00O0OIIEHHUS, T.€. IOCTATOYHO TOYHBIM Ha BBIOOPKAX, KOTOPHIE MOTYT OBITh
MOJTY4YCHBI HA TOM K€ 00BEKTe, HO KOTOPBIMHU aBTOP MOJICIIMPOBAHUS HE pacrojiaraet.
Takue momenu, momoOHO 3akoHAM (U3HMKHU, OJDKHBI OBITh HECMEIICHHBIMH, T.C.
BOXHBIM I BBIOOpA ONTHUMAJIBHOW MOJETW  CTAHOBUTCA KPHUTEPUM CMEIICHHS.
3amagya BEIOOpA MOJIENH PEIleHa YCIEIHO, eCIH HailIeHa MOJIENb TOCTATOYHO TOYHAS
C JIOCTaTOYHO MAaJIBIM CMeIIeHHeM. BpIOOp Takoi MOJenu OTHOCHTCS K 00JIacTH
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u3BJeueHUsT HOBBIX 3HaHui (knowledge extraction), T.x. mpu 3TOM HaXOIATCS HOBBIC
3HaHUs 00 00BEKTE, HE YKa3aHHBIE B UCXOTHOM BHIOOPKE JaHHBIX.

BBIEOP OIITUMAJIBHOM MOJIEJIA IO KOMBUHUPOBAHHOMY
KPATEPUIO WA HOCJEJOBATE/IBHOE NIPUMEHEHHUE JIBYX
OIITUMM3 AU C JOONPEAEJEHUEM MO/JEJIN

OtcyrcTBue cMmemeHHs TpeOyeT, 4ToOBl JABE MOJENH, IOJYYEHHBIE Ha JBYX
UJCHTUYHBIX BBIOOpPKaX AAHHBIX (IO CPEJHEMY U IO TUCIIEPCHH NEPEMEHHBIX), ObUIH
OJMHAKOBBIMH IO BCEM IHapaMeTpam. OTO TpeOOBaHHME MOXHO BBIPa3UTh
MaTeMaTHYeCKu pasHbIMU criocobamu. Hampumep, B mpoctpancTtBe Ko3¢dduineHToB
MOJMHOMHUAIBHBIX MOJIeNIeH KPUTEPUi CMEIICHHS OyJeT TaKuM:

y=aptaixX; T aXy t ... +auXm.
y=bo+bix; +byxo+. . +buxm
apo=bg,a1=bj,a2=Dby, ..., am=bm

bonee ynoOen kpurepuii cMeeHNs, pACCUUTAHHBINA B MPOCTPAHCTBE OMITHOOK:
n

2 (y; - 9i)2

ER = RRp/ap= = — min
DY)
i=1

BS = |RR a/a+8 — RR p/a+g| — min

KoMOuHMpoBaHHbIE KPUTEPUH, YUUTHIBAIOLINE KaK OUIMOKY, TaK U CMEIICHHE
MOJIETT! MOXHO BBIPA3UTh TaK:

p = JAER? +(1-A)[BS> - min,
rae A — KodpUIHMEHT Beca, 3a7aBaeMblii aBTOPOM MoAeIpoBaHus. OnucaHHbIE BBIIIE
JIBE MOJIENIM COOTBETCTBYIOT KpalHuM ciydasm A=0; A=1. UtoObl wu30exarth
HEe0OXOIMMOCTH Ha3HaueHUs Kod((UIIMEHTa BECa MOXKHO BOCIOJB30BATHCS TEM, UTO
BBIOOP MOJENU MO OIMOKE M MO CMEIICHHWIO OPTOrOHAJEH, T.€. HE BIUSAET APYr Ha
Apyra, ¥ IPUMEHHUTD MOCIIeI0BATEIbHO ONTUMH3AIMIO CHAYaja [0 OJHOMY, a 3aTeM IO
npyromy kputepuio. [Ipy 3ToM NpHUHLKI caMOOPTaHU3AlMKU MOJETU HE HAapylIaeTcs.
Hampumep, MOXHO HaliTH HEOOJBIIOE MHOXKECTBO MOJENEH, TYUIIUX MO KPUTECPHUIO
OIIMOKHM, a 3aTeM BBIOpPATh M3 HUX OJHY, ONTUMAJbHYIO IO KPUTEPHIO CMEIICHHUS.
brnaronpusTHEIM 00CTOSITEIBCTBOM CIY)KUT TO, YTO HpU Iepedope Mozeneil n3-3a
TUCKPETHOTO  HM3MEHEHHUS CJOXKHOCTU  MOJeNel-KaHIUAaToB, B IepebopHOi
XapaKTepUCTHKE 00pa3yeTcss UHTepBal HeonpeaeneHHocTH Beioopa moaenu LC — RC.
MoxxHO TpUMEHHTH Tepebop MO  KPUTEPUIO CMEIIEeHUs Uil Mojesei,
MPEICTABIAIONIMNE TOYKM KOTOPBIX JIe)KaT Ha 3TOM HHTepBaje. B asTrom cmydae
MOCNIEZIOBATEIbHOE ~ MPUMEHEHHE  JBYX  ONTHMH3AlMi  MOXHO  Ha3BaTh
JI0OTIPE/ICTICHUEM ONTUMAJIbHON MOJENIH. YUeT CMELICHHs MOJENU HCIOJIb3YyeTCs B
anropuTMe TpHW pasza: 1) B HesaBHOW ¢GopMe B KOMOMHATOPHOM QJITOPUTME TPH
OTpeeNieHu: OIEHOK KOd((UIIMEHTOB Ha BBIOOPKE A M BHIOOpPAa ONTUMATBHON
CTPYKTYpbl MOJIeJIM Ha BbIOOpKe B; 2) B sBHOW (opme mpu moompeneiieHud u3
HECKOJIbKUX MOJIeJel caMOM HeCcMEIleHHOW Mojenu; 3) mpu BbIOOpE OAHOI,
ONTUMAJILHOM MOJIENU C HAUMEHBIIUM CMEILIEHUEM.




Ecnu BBIOOpKa JAaHHBIX COJACPKHUT HEMPEPhIBHBIC 3HAUCHHS MIEPEMEHHBIX, TO €€
pas3zeneHue Ha JiBe BBIOOPKH C PaBHBIMU CTaTUCTHYECKUMH CBONCTBAMHU (CPEIHUM U
aucriepcueit) 3arpyaHeHo. B aTtom chmywae ynoOHee NPUMEHUTh MEPEeKpPEeCTHBIN
kputepuii ommoku (Cross-Validation) u mepekpecTHbIii kputepuii cMmemenus (Cross-
Bias Criteria). Pacdyer mnepeKpecTHOro KpHUTEpHs CMEIICHUS CIYKUT Kak Obl
IIPOAOJDKEHUEM pacdeTa IMEpeKpecTHOro Kpurtepus omuOku mozaenu. Ero MoxkHO
OIUCaTh TaK.

Jis  pacuera IEPEKPECTHOIO KPUTEPHUsS CMELIEHHS MCKIIOYaeM CTPOKH
IIOCJICZIOBATENbHO MO OAHOW. Ha HCKIIIOUEHHBIX CTpPOKax ONpelenseM KBaapar
OIMOKH, OLIECHUBAEMOH TI0 CMEIeHUI0 Moienu. [Ipu uncie cTpok BHIOOpKH paBHOM N,
MOJyYUM CTOJIBKO JK€ KBaJpaToOB OLIMOKH OJHOW CTPOKHU: €rja, €rz, ..., €rnp. Jlaiee
paccuMThIBacM 3HAuU€HHE KBaJApaTOB OIIMOKU JJIi BCEX OCTAJIbHBIX CTPOK, KpOMe
oJHOH, uckioyeHHOH. [Tomyunm eme N 3Ha4eHUi KBaJpaTOB CpEIHEN OIIMOKH:

N
ER’,ER’...,ER], ER :IiIZeri ,i=1,2,... N,
i=1

Ecnu cmenienre Mojenu paBHO HYIO, TO KBaJpaThl OIIMOKH HA OJHON CTpPOKe
JIOJDKHBI OBITH paBHBIMHU CPEIHEMY 3HAUCHHIO KBaJPaTOB OMIMOOK Ha BCEX OCTAIBHBIX
CTpoKax. Pa3HOCTH cyMM KBaapaTOB OMIMOOK Ja€T BO3ZMOKHOCThH OIICHUTh CMEIICHUE
Mozen 1o hopmysie:

N
BS*= "> (er’ ~ER?)—min,i=1,2,...,N.

1

N =
[lepekpecTHBI KpUTEPHl CMEIICHUS MOKET ObITh NMPUMEHEH KaK ISl OICHKU

CMEIIIEHUs MOJIeNIeH, TaK U /I aBTOMATHYECKOHN KIIaCTepU3aliy BRIOOPKH TaHHBIX Ha

KJIacTepbl, HEOOXOIMMOI, Hampumep, [UIsi MHOTOAJIBTEPHATHUBHOTO PACIIO3HABAHUS

00pa30B u KJIacCU(UKAIINH.

BBIBOP OIITUMAJIBHOM MOJIEJIU B AJITOPUTME OBHAPYKEHUS
3ABUCUMOCTHU KOBPPUIMEHTA PACHBIJIEHUS OT ®U3NYECKUX
CBOMCTB MATEPHUAJIA

OU3NYECKUN CMBICIT 3aBHCHUMOCTH KOd(DPUIMEHTa paclbUICHUs OT 3aJaHHBIX
apryMEHTOB, a TakKe II0CTaHOBKAa 3aJaud OOHapy>KeHUs HTOW 3aBUCHUMOCTHU
nosicHsieTcs B pabore [6].

Br16opka ucXoaHbIX JaHHBIX, HOPMUPOBAHHBIX 110 HAMOOJIbIIEMY 3HAYCHUIO IS
KOKIOW TMepeMeHHOW, mpencTaBieHa B Tabmure 1. B Helr o0o3HaueHBl: X; —
Kod(phUIIMEHT pacTblICHUsT MaTepuaja MoHaMH KceHoHa mpu 3Hepruu 300 3B u
HOpMaJgbHOM TaJieHuu HOoHOB, Mr/K; X, — MaccoBas IUIOTHOCTb, r/em’; X3 —
MOJIEKYJISIPHBIM Bec, a.e.M.; X4 — TemrmepaTypa cyonumanuu, K; Xs —TemnoeMKocTb
JLx/Monb/Tpan; Xe — SHEPrus CBsA3M, 5B, a Take MoxyaHn Ko3dduunenTa Koppeasinuu
MCC kaxaoil MepeMEeHHOW C BBIXOJHOW BEIMYMHOW. BBIXOMHOW OyneT CIIyKHUTh
nepeMeHHass x;. Pe3ynmpTaToM momcka OymyT Bce 3aKOHOMEPHOCTH C JOCTaTOYHO
MaJibIM CMEIIEHUEM.

B nannom npuMepe noiydeHsl 4EThIpe MOJACIHU: JABE JEAYKTUBHBIM METOAOM U
JIBE TPHU TOMOIIM CaMOOpPraHU3alMK MO0 KoMOWHaTOpHOMYy anroputmy MIYA c
JOOTIPEICIICHUEM T10 CMEIIeHUI0. Pe3ynbrarel npeacTaBieHbl B Tabiunax 2 u 3 u Ha
PHUCYHKE B TEKCTE.



Taoauna 1. UcxoaHble JaHHBIE HAOMIOAEHUI B3aNMOAeliCTBHS HOHOB C

NMOBEPXHOCTHIO MATEPHAJIOB.

x1 x2 x3 x4 x5 x6
M Y Ro Mw Tsub |Cp Uo
C 0,00681100 2,300 12,0000 4473 8,5636| 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 24,3501 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 24,4301 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 24,2701 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
MCC 1,000 0,810 0,813| 0,005 0,464| 0,021

Tabauua 2. Bo10op Moae/1u Npu NOMOIIMA HA3HAYEHHS NMPeAeJIbHOI0 3HAYEHM I
ko3P unnenta koppeasuuu MCC B 3a1aue o0Hapy:KeHusi 3aBucumocrei (0e3

npumenenuss MI'YA).
AprymeHTsbl OnTumanbHasi MoJiellb ER BS
x;, 1=2,3,4,5,6. y=10,779 — 0,220x, + 1,333x3 —1,719%4 - 0,255x; 0,014 | 0,814;
+0,570X6
Xi; XiXj; 1= 2,3,5; 1,) = 2,2; | y=-0,324 +9,98%, — 12,63x3 + 0,63x5 — 14,4x,> + 0,0081 | 0,415

2,3; 2,4; 2,5; 2,6; 3,3; 3,4;
3,5;3,6;5,5.

22.38%,%; — 57,83%x2%x4 + 1,15%%x5 + 47,65%2%4 — 8,595
+58,43x3%4 + 3,38%3x5 — 48,7 1x3%4 —0,482x5

Tabauna 3. Beioop mogean no komouHaTopaomy anroputmy MI'YA ¢

JAooMpene/ieHueM M0 CMELIEHUIO B 3a/1aue 00HAPY KeHH sl 3aBUCUMOCTeN (¢
NpHMeHeHHeM KOMOMHaTopHOro anroputma MI'VA)

ApryMmeHTBI OnTumanbHasi MOJe]Ib ER BS
xi, 1=2,3,4,5,6. y=0,779 — 0,220x, + 1,3334x5 —1,719%x4 - 0,255x5 0,014 0,814;
+0,570x
XiXj, 1,j = 6; 2,2; 2,4; 2,5; | y=1,434 - 5,856%x¢ + 0,430x22 —4.435x,x4 —1,309x,x5 | 0,00027 | 0,115.

2,6;3,4;3,5;4,4;4,5;4.,6.

+7,891x,x¢ —7,189x3x, + 4,78 1x3%5 +0,723x,> —
0,580X4X5 + 4,992X4X6
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CnoxHocTk mogenu, S

Takum 00pa3oM, WHAYKTUBHBIA METOJ CaMOOpraHM3allMd MOAETH Han Oojee
¢ dexTuBHBIE pPE3yNbTAThl, YeM JEAyKTUBHBIH MeToJ. (OCHOBHBIM CBONCTBOM
AJITOPUTMOB UIA OCYHICCTBJIICHUA UHTCIIICKTYAJIbHOTO KOMITBIOTCPA CIIYKUT CBOICTBO
YHUBEPCATbHOCTU. AJITOPUTM TO3BOJISIET pEeIIaTh BCE MHTEPHOJIALUOHHBIE TIPOOIEMBI
HCKYCCTBCHHOT'O HHTCJUJICKTA. AJIFOpI/ITMLI KOMIIJICKCUPOBAHUA aHAJIOrOB MW pacycTa
MApHBIX BEPOSATHOCTEW [2] Takke HMEIOT YHUBEpPCAIbHOE MpUMeEHEHHe. [[pyrum
OTJIINYUTCIIbHBIM MIPpHU3HAKOM HUHTCJUICKTYAJIbHOTO aJIropurmMa CIIYKUT €ro
HEMHTEPAKTUBHBIA XapakTep, TO €CTh HE TpedyeTcsl IOCTOSHHOE MOCTYIUICHHE
uH(popMaMM OT aBTOpa MOJEIUMPOBaHHE. BMemaTenbcTBO YelIOBEKa B IMPOIECC
nepebopa Mojenel-KaHIuAaToB He JOMYCKAETCs, YTO U IMOHUMAETCS MOJl TEPMUHOM
caMoopraHm3anvi MOJCJIH. HHH OCYHICCTBJICHUA CaMOOpraHu3al HCIOJb3YHOTCA
JIB€ BBHIOOPKM JAHHBIX Ha KaKJOM IIary nepebopa, a He TOJNBKO B €ro KOHLE IS
OLICHKHM TOYHOCTHU. IIpu 3TOM KpuTepuil CMEIICHUS IPUMEHSAETCS HE MEHee JIBYX pas,
Kak MOKa3aHo BBIIIE, - CHaYajla B HESIBHOM, a 3aTeM B sIBHOU (popme.
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