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Data Mining — 370 npouecc OBHapyXeHns B ChIPbIX ABHHLIX
paHee Hen3seCTHLIX, HEeTPUBWMAALHLIX, MPaKTUYECK MOABIHEIX
W AOCTYNHBIX MHTEPNpeTaunn 3HaHWA (3aKoHOMepHOCTeRn),
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HYeAOBEHeCKOW AESTEABHOCTW. MpakTUHecky BCe KpynHenwmne
KOpNopawunm akTUBHO NPUHUMAIOT y4acTve g paspaboTke
Data Mining.

B kHure npusoanTcs oDbekTUBHLIA aHaanTuHeckuin ob3op
MEeTOAOB 1 NporpamMmMHbix NpoaykTos Data Mining. MoapobHo
pPacCMaTPMBAINTCS CTaTUCTUHECKWE NakeThl, HelpoceTy,
3BOAIOUNOHHBIE METOAbLI 1 aArOPUTMEI MOWCKE AQMMHECKMX
3akoHOMepHocTen. OnucaisanTcs Hanbonee NoNyAsipHLle
WHCTPYMEHTaAbLHLIE CpeacTsa, pa3bupaioTcs NpakTu4eckie
npumepkl npumereHns Data Mining.

KHura moskeT BeiTk MCNOAL30BaHa B Ka4ecTse y4ebHuka
AAS CTYABHTOB BY30B.
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Ot aBTOpOB

B c¢Ba3u ¢ COBepICHCTBOBAHMEM TEXHOJNOTMH 3aNMCH W XPaHEeHWds JaHHBIX Ha
Joael 06DYILHIHCE KOJOCCANBHEIE HOTOKH HHGOPMAHORHOMN PYBI B CAMBIX Pa3iny-
HbIX ofacTsx. JearensHocTs M060ro MpeanpuaTHs (KOMMePYecKoro, TPOH3BOACTBEH-
HOTO, MEAUIMHCKOrO, HAYYHOro H T. A.) Teneph COMPOBOKAAETCS perHcTpanueii u 3a-
NIACHIO BCEX MOAPOGHOCTEH ero IeaTensHOCTH. bea npoayK THEHOH NepepaloTKy OTOKM
CHIPBIX AAHHBIX OOPA3yIOT HHKOMY He HYKHYIO CBAJIKY,

Crenudguxa cospeMeHHbIX Tpebopanuii Kk Takoi nepepaGoTke caenyiouias:
() maHHBIE HMEIOT HEeOrPaHHYEeHHBIH 00BeM;

O AaHlble ABAAKTCA PASHOPOAHBIME (KOJHYECTBEHHBIMH, KAUeCTREHHBIMU, TEKCTO-
BBIMH );

O PEIYILTATHLI JHOJUAKHBL OBITH KOHKDETHBI M IMOHATHLL

O MECTPYMEHTDL i1 00pabOTKH CHIPHIX AAHHBIX JOKHEL ObITH NPOCTH B HCTIOML3O-
BaHHH.

Kuura nocasiieHa COB{)(‘,‘.\ICHHO]:'I TEXHOJOIHH 06[)360'1‘1(}1 AAHHBIX — HHTEJUIEKTYANb-

HoMY ananuay aaHubiX (Data Mining). Data Mining — aTo nponecc o0HapyXKeHHs B
CBIPBIX JAHHBIX DaHee HeH3BECTHBIX, HETPHBHAIbHLIX, IPAKTHYECKH OJE3HBIX U JO-
CTYIHBIX HHTEPNPETAUNH 3HAHWI (3aKoHOMEpHOCTeH), HeOOXOAUMBIX [UIsT IPUHATHS
pelieHnil B pasaHuHbIX cdepax Yeaopedeckoii jesTeabHoCTH, IIpaKTiiyecku Bee KpyI-
Heifllie Kopropauwsy akTHBHO NPHHMMAIOT Yuactie B paspaborke Data Mining.

B KHHre NIPUBOANTCH OOBEKTUBHBI aHAMTHYECKHIT 0630D MEeTOIOB H NPOrpaMMHBIX
npoxyxtoe Data Mining. [loxpo6uo pacemarpusarorcd pasdaenst Data Mining: cratu-
CTHYECKHE TAKETDbl, HelipoCeTH, DBOMIOUNONHbBIE METOLbl W ANTOPUTMBl IIOUCKA JIOTH-
YecKHX 3akoHoMepHOcTel. OnucsiBaloTcsa Hanboliee NONYAsApHbIE HHCTPYMEHTAIBHEIE
cpeacrsa Data Mining. Pasfupalorcs npaxkTHyeckue npumMepbt npumenenus Data
Mining,

ABTOpBI BRIPAXKAIOT [yDOKYIO IIPH3HATEILHOCTD 3a LIeHHbIe COBeThl JuperTopy CaHKT-
[Tetepbyprekoro wHCTHTYTa HugopMaTiki 1 apromarusauun PAH fokropy texnu-
YeCKUX Hayk, npodeccopy P. M. I0cyniosy u riiaBHoMy Hay4HOMY COTPYAHUKY 3TOLO
HHCTHUTYTa JOKTOPY TeXHHYECKHX Hayk, npodeccopy P. H. IlosonHuKOBY.
OtienpHble pasiieasbl KHHTH N0 0pochOe aBTOPOB MOATGTOBIEHD HALUHMH KOJLJIETAMH.
3T1o rmaea 3 (X. Texs, Hayk, npod. A. B. Tumodees, kana. Texu. Hayk A. A. Boraanos,
KaHi. ¢us.mat. Hayk 3. M [1Iubsyxos) 1 rnasa 4 (C. Corauk, A. Kyn). Astopst 61a-
rO/apHBl KOJIJIEraM 32 ONEePaTIiBHbll OTKJINK M KavecTBeHnbli MaTepua.

0Ot uaparenscrea 13

= . 5
Knura ajpecoBaHa CTYAEHTaM, ACTIpaHTaM, PaspaOOTUHKaM HHTE/IEKTYAIBHDIX cu
CTeM U WHPOKOIT aYANTOPUH YMTaTeNel, HHTePECYIOUHXCs BLIYHCAMTEILHON TEXHH-
koit, ndopmaTukoi 1 mpobaeMaMy KOMIBLIOTEPHIALIMH.

ConpoBOAUTENbHBIN KOMNAKT-AUCK

K xHure MpUAaraeTcsl KOMIAKT-AUCK, Ha KOTOPOM COAEPAATCA JeMOHCTPAlMOHHbIE H
cBOBOIHbBIC /UIA PACTIPOCTPAHEHHs BEPCHH OCHOBHBIX YIOMHHAEMBIX NPOTPAMMILIX
npoyKToB. OrpaHUdeH s, HATOKEHHbIE HA 1EMO-BEPCHH, NO3BOJLTIOT paooraTﬁh ¢ HUMH
peorpatnuentoe pems. OHM KacawTCs, TAABHDIM o6pa3oM, 00LeMOB .oépa aTHIBAE-
Moit nHbOpMalH 1 HEKOTOPBIX by, He MMEOIWKX NPUHUMIHKAIBHOTO 3HaYe
HUA IJIA OCBOEHMs YIOMAHYTHIX NPOrPaMMm.

Kpome TOT0, KOMIAKT-ZHCK COAEPKUT PASTHIHDBIE JAHHDIC, KOTOPHIC 1-1cnonb3y10gc;1
fipH PACCMOTPEHAHM NPAKTHUECKUX NPUMEPOB B IJIABaX KHHUIH 1 B NPUICKEHHH, DTH
JaHHBIe TPENCTABeHb B Buje Tabaull Excel.

Ot nsparenbCTBa

Bamu 3aMeuanusi, NpeioxeHHsa, BOPOCH OTNPABNANTE 1O AAPecy 3AeKTPOHHOH
HouTH comp(@piter.com (M3AaTENBCTBO «Ilutep», KOMITbIOTEpHAR peaKiusa) uian He-
NocpeCTBEHHO OHOMY M3 aBTOPOB KHHUTM: v_duke@spiiras.nw.ru.

Mp1 6yaem pajbl y3HaTh Bawe mHennel

oapobiyio nrhopMaUHio 0 HAILKX KHHUrax Bbl Haiizere Ha Web-cajiTe M31aTenbCTBA
http://www.piter.com.
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[JIABA G
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Y7o Takoe Data Mining?

Data Mining nieperoanres kax «io6buas wiu «PACKOMKA

: 1in 1anHbix>. Hepenxo pamgom
c 'Dam Mir_nng BCTPEYAIOTCA C10Ba «00HAPYKeHne 3HAHNH B 6a3aX AaHHEIX> (knowledge
discovery in databases) n «unremex

TYALHBIA aHATH3 JaHHBIX>. MIX MOKHO CUMTATE

curornMavn Data Mining. Bosunknosenme seex viasannbix TEPMHHORB CBA3AHO ¢ HOBBIM

BATKOM B DA3BHTHH CPEACTB H METONOB 06pabOTKH JaHHbIX.

Ho Hatm_qaug();x TOMOB, KA3a/10Ch, He GBLI0 0COGOM HYKIAB epPeoCcMbICIUBATE CHTYa-
Lo B 3108 ObMacTw. Bcg LLTO CBOHM Y€PelioM B DaMKaX HANDABJIEHHS, HAZLIBACMOro
IIPURIALHOM CTATUCTUKON (cM., Hanpiymep, [1]). Teoperiku TPOBOJIMIIH KOH(bEpeHIHN

W CEMHWHADBI, NHCATH BHYIUHTEALHEIE CTATHH H MOH()I"]’)&@)IIH, }13061’1.?1032131]1}1(? aAHaAH-
THYECKMMH BBIKJIZIKaMH.

Bnecre ¢ TEM, IPAKTHKH BCETJA 3HAJHM, 4YTO IOHOLITKU HPHMEHHTDL TEOPETHYECKHE 3K-
3ePCHCHl TS PelIeH!s peanbHbIX 3aJa4d B (’)OJ]I:HIHHCTBE' CAYYaeB OKa3bIBAIOTCH 6{3(3-'
mwroaupiMi. Ho nHa 03360‘{9111‘10(3’{'13 IIPAKTHKOB A0 NOpLL A0 BpeMeHH MOKHO Onlio He

~ & P
gopamaw OEO()OFO BI‘I/I-‘I.\IBHI'IH — OHH Peliai, r1aBHbBIM 06[)33031. CBOHM YaCTHBIC npo-
JIEMEBI 06})2100TKH HEeQOMBIIHX JNOKATIBHBIX 633 AAHHBIX,

1 Bor nposseten asorok. B casasu ¢ COBEPUICHCTBOBAHHEM TEXHO
HEHWA IaHHBIX Ha Ji0/1eil 0BPYIIHIHCE KONOCCATBHBIE TIOTOKH HHC
B CaMbIX PasmuiHbIX 0b6mactax. JleateasHocTs Mo6oro mpe

' : ANPHATHA (KOMMEDYECKO-
T'0, MPOM3BOACTBEHHOTO, MEAHIMHCKOrO, HAYYHOTO U T. .) TeTNepb CONPOBOKAAETCH
PETHCTPANMEN 1 3aHCLIO BCeX Mo

P i
7 APOBHOCTEH ero geATeabHOCTH. Y10 menaTsh ¢ 3Tol
MH(OPN 17 Cre ) 106 NYKTHBHOI] af
H bopsaimedi? Crato sicHo, uto Ges NPOJYKTHBHOI epepaboTKI MOTOKH CHIPBIX AAHHbIX
0DPA3yIOT HHKOMY He HYKHYIO CBAIKY.

JIOTHE 3amHCH U Xpa-
bopmaunonmoii pynsr

Creunduka coppeMeHHbIX TpeboBanuii K Takoil nepepaboTke Takosa:
Q jauHpIe HMEIOT HEOTPAHMYeHHLI 0bBEM;

Q AaHHblE ABAAIOTCH PASHODOAHLIMY (KD.TII-I‘IECTBG‘II]IbIMli,

Ka4eCTBeHHBIMH, TeKCTO-
BBIMI );

O peayabTaThi 10DKHBI GbITE KOHKDETHBI M TIOHSTHEIL,

Q uncTpyMenTt A5 06paboTky CBIPBIX JIaHHBIX (¢

DJCKHBL BBITh IPOCTHI B HCIIONB30-
BAHHH.

Yro Takoe Data Mining? 15

TpaauuuoHHasA MaTeMAaTHYECKasA CTATHCTHKA, J0Jroe BpeMs NpeTeHA0BaBLIask Ha POJIb
OCHOBHOTO HHCTDYMEHTA aHaJH3a AaHHBIX, OTKPOBEHHO CHacoBaja Nepel JHIOM BO3-
nukiux npobies. [naskas IpHYHHA — KoHUEnya yepeduenus no eyxbopKe, TPUBOIS-
14as K onepalMAM Haj (PUKTHBHBIMH BEIHYMHAMH (THIa cpejHeil TeMnepaTypsl na-
UHEHTOR 110 GOJBHHLE, CPe/IHei BLICOTHI JOMA Ha YJTHIE, COCTOSAIIEH U3 IBOPUOB H JIa4yT,
U T. i.). MeToas MaTeMaTHYeCKOH CTAaTHCTHKY OKA3a1HCh NOJIE3HBIMI [JIaBHbIM 00pa-
30M /LIS TIPOBEPKU 3apaHee chopMy/IHpoBalHbIX ranotes (verification-driven data mining)
M 7151 «rpyboros» PasBefovHOTO aHANH33, COCTABMISIONETO OCHOBY ONEPATHRHON aHa-
auTHYeckoii obpaborku nanuex (online analytical processing, OLAP).

B ocroBy coBpeMenHoii Texuonorun Data Mining (discovery-driven data mining)
M0JI0/KeHA KOHLENMs mabaoHoB (MATTEPHOB), OTPAXKAIOUMX ()pazaermsb. MHOTOAC-
IIEKTHHIX B3AMMOOTHOLIEHHH B IaHHBIX. JTH WAGJ0HE MPeacTaBasioT coboil 3aKoHO-
MEPHOCTH, CBOMCTBeHHbIE HOJ8MOOpKaM JanibiX, KOTOPHE MOTYT OBITE KOMIIAKTHO
BBIPAKEHb! B IOHATHOM Yenoneky dopme. [Toick mMabaoHOB TPOH3BOANTCSA METOAAMHY,
HEe OrPAHMYEHHBIMHM PaMKaMH alPHODHBIX MPEANOJ0KeHUH O CTPYKType BHIOODKH H
BH/IE pacupeieaeHnil 3HayeHHH anaH3npyeMblX nokasartesaei. Ilpusmeps! 3ajannil Ha
TAKON MOMCK NpH Hcnoias3osanuM Data Mining npusegens B Taba. 1.1

Tabnuua 1.1. MpumMepbl GopMyNHPOBOK 33434 NPK MCNONB30BaHUKM MeToaoB OLAP u Data Mining
OLAP Data Mining

BCTPEYATCA M TOUHBIE WABNOHL B ONKCIHWAX NIO-
AR, NOABEPMEHHBIX NOBLILIGHHOMY TPABMATHIMY?

Kaxosbi CpeAHHE NCKA3ATENM TPABMATHIMA ANA KYPARLMX
W HeRypAWMX?

KakoBbl cpegHue paimeps Tenedortblx CYeTOB CywecTayiownx MMeKTCs M XapaKTepHue NOPTPETH KNUEHTOB, KOTO-
KNHEHTOB B CPABHEHWM CO CYeTaMu BbIBLINX KNMEHTOB pHie, N0 BCEH BEPORATHOCTH, COBMPAIOTCA OTKAIATLLA
{OTK233BWMXCA OT YCRYT TenadoHHOH KOMNAHKK)T 0T yonyr TenedoHHOR KOMNaHWu?

CyWlecTayioT AW CTEPEOTUNHEE CXEMbl NOKYNOK ANA
CNYyYaes MOWEHHUYECTBA C KPEAUTHLIMM KDTOUKaMHU?

KakoBa CpeaHAa BENMYMHA EHERHEBHBIX NOKYNOK
N0 YKPAAEHHON M He YKPALENHOW KPEAUTHOR KapTouke?

Baxnoe nonoxenne Data Mining — HETPHBHATBHOCTS Pa3bICKHBAaeMLIX H1abaoHOB. D10
O3HAYMAET, YTO HalJeHHble madIOHbl ZOMKHBI OTPAXKATh HeOYeBUANBIE, HEOXKHNAHHbIE
(unexpected) peryJisipHOCTH B ZaHHBIX, COCTAB/AIONIHE TAK HAa3bIBaEMble CKPLIThIE 3HAHUSA
(hidden knowledge). K obuiecTBy MpHULIC NOBEHMAHKUE TOTO, 4TO ChIPBIE JaHHbIE (raw
data) comepKar ryOMHHBIN TIACT 3HAHUH, IPH TPAMOTHOI PAacKOMNKe KOTOPOTO MOTYT
6biTh OGHAPYKEHBI HacTosuiMe camopoaku (puc. 1.1).

B nenom texuomnorn Data Mining noctatouno Touno onpejeaser Ipuropuit [natern-
kuii-Iarnpo — oaus u3 ocHopaTteseil aToro HanpaBaeHU.

Data Mining — 370 npoiecc OOHAPY:KeHHs B CHIPHIX JAHHDIX:

O panee HeM3IBECTHBIX;

HETPUBHAJbHBIX;

NPAKTHYECKH MTOMe3HbIX:

C 00

JOCTYNHBIX HHTEDNPETALH 3HAHHH, I‘ICOﬁXO}IHMbIX JJIA IMIPHHATHA pemeﬂnﬁ B pas-
JHYHBIX CCI)C])EIX Yea0BeYecKoR e TeNILHOCTH.
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AHanuTu4eckne
WHCTPYMEHTEI

TexHonoruu YPOBHU 3HaHWUH

«CBEPXY-BHHUIR

FA3biK NPOCTRIX
3anpocos

NOBEPXHOCTHLIA

OnepatveHas
aHanMTu4eckan
obpaborka

HEMYBOKWIA

Data Mining

CKPBITLIV
«Packonka gaHHbIX»

TexHonoruu
«CHW3Y-BBEDX»

Puc. 1.1, Yposry 3HaHWI, u3BneKaembix W3 DAHHBLIX

Komy 310 HyxHO?

Coepa NPUMEHEHHS Data Mining Huyem He orpaniyena — oHa Beale, TIe UMEIOTCS
Kakue-1ubo pannbpie. Ho B mepsylo ouepens Metonst Data Mining ceroaus, Msrko ro-
BOP, 3aHHTPHUTOBATH KOMMEPHECKHE IPEAPUATHS, PAa3BePTHIBAIOUIHE IIPOEKTHI Ha OCHOBe
MHOOPMAUMOHHBIX XpaHuaum ganueix (Data Warchousing). OnniT MHOMMX Takux
NPEATIPHATHIH NOKA3LIBAET, YTO OTAAHA OT HCHOAB30BaHMs Data Mining Moxer gocTu-
rate 1000 %. Hanpusep, nanecTHn! co0BLIEHNA 06 3KOHOMUYECKOM stbdexre, B 10—
70 pa3 npesbICUBIIEM NIEPBOHaYaIbHbIE 3aTpaTht oT $350 10 $750 Tuic, [3]. MsBecTHb
cBenenus o npoekte B $20 M, KOTOPBIf OKyIMICS Beero 3a 4 mecsia. Apyroii npu-

Mep — rogosas sxkoHomusa $700 Teic. 3a cuer sHeapenns Data Mining B cetn ynusep-
camoB B BennkofGpuranum.

Data Mining npencrasasor 60MBIUYI0 HeHHOCTD IS PYKOBOAUTENCH M aHAJIUTHKOB
B MX NOBCEJHEBHON AEATENBHOCTH. JleNoBbe AN 0CO3HANH, YTO ¢ MOMOLIBIO MeTo-

0B Data Mining oHH MOIYT HONYYHTE OIIYTHMbIE IPEHMYUIECTBA B KOHKYPEHTHOMH Hopbhe.
Kparko oxapakrepusyem 1ekoTopble BO3MOKHbIE Ouanec-npunoxerus Data Mining {2].

HekoTopbie 6usHec-npunoxenus Data Mining
Po3HuuyHas Toproens

IIpe;: : 3 : 3 s : 3

: p ,m‘pnanm PDOSHUYKOH TOPIOBJIM CEroHst COBUPAIOT MOAPOGHYI0 MH(OPMALIHIO O KAK-
AOH OTACILHOM MOKYIIKE, HCNOMb3Ys! KPeAUTHBIE KAPTOYKH € MAPKOIl Marasita 1 KoM-
NBIOTEPH3OBaHHbIE CHCTEMbl KOHTPOIA. BoT Tumiunbie 3anauu, kotopsie MoxHO pe-
uaTth ¢ nomoutkio Data Mining B cdepe posnimunoi TOProBJIuU:

O Ananus noxynamenvcxoi KOop3uitel (AHANM3 CXOACTBA) MPEAHA3HAYECH 1A BhISBIe-
1A TOBAPOB, KOTOPbIE NOKYNATeNH CTPeMATCs NpHobpeTaTh ByecTe. 3HaHMe no-

Komy 370 HyxHO? 17

KYMATEILCKON KOP3MHBI HEOOX0AUMO A8 YAyUilleHHs peKaaMsl, BEIpaboTKu CTpa-
TerHH CO3AAHWS 3allACOB TOBAPOB U CHOCODOB MX PACKJALKH B TOPIOBBLIX 3a/aX.

O Hecnedosanue spemennuix wabrono06 NOMOIAET TOPrOBHIM IIPEANDHATHAM NPUHH-
MaThb PeLIeHHs 0 CO3AAHHH TOBAPHBIX 3anacos. OHO JaeT OTBETHI HA BOIIPOCHI THIIA:
«Ecnu ceroans nokynarens npuoGpes BUAeOKaMeDy, TO Yepe3 KaKoe BpeMs OH Be-
POSATHEE BCEro KYIHMT HOBble Datapeiiky M IJIEHKY?»,

O Cosdanue npoznosupirouux Mo0eaell 1aeT BOAMOXKHOCTE TOPIOBLIM TIPEATIPHATHIM
Y3HABATH Xapakrep morpebHocTell pasAHYHBIX KaTeropuil KIHEHTOB ¢ ONpefesieH-
HBIM TOBeJeHHeM, HanpuMep, NOKYIAoUHX TOBAPLl U3BECTHLIX TH3ANHEPOB WIH
HOCENAIONINX PACTPOAAKI. ITH 3HAHUS HY)KHB! 475 paspaboTKH TOMHO Hallpas-
JIEHHBIX, SKOHOMHMYHEIX MEPOIPUATHH 110 NPOABHKEHUIO TOBAPOB.

baHKoBCKoe pgeno

Hoctuxkenns rexronorin Data Mining ncnionnayiorcs B 6aHKOBCKOM Aelie As pelie-
HHA CJIeYIOUIHX DAclpOCTPAHEeHHbIX 3ajai!

O Bussnenue mowennuuecmsa ¢ kpedummnvismu xapmouxami. [lyTem aHATH3a TPOLLIIBIX
TPAH3aKIMH, KOTOPBIE BIOCIEICTBUM OKA3a11Ch MOIIEHHHYeCKHMY, OAHK BhIABIA-
€T HEKOTOpbie CTEPEOTHIIBI TAKOTO MOIEHHHUYECTBA.

O Cezmenmauyun xauenmos. PasOnpas KIHEHTOB Ha PasJHYHBIE KATETOPHH, OaHKH je-
JIAIOT CBOIO MAPKETHHTOBYIO MOJMTUKY Golee lLieJieHanpasieliHol U pesysibTaTUB-
HOH, Npeaaaras PasiMuHble BUABL YCAYTI DA3HBIM TDYINNAaM KJIHEHTOB.

Q Hpoenosuposanue uamenenuid xauenmypw:. Data Mining noMoraer 6aHKaM CTPOHTE
NPOTHO3HBIE MOJIEN UEHHOCTH CBOMX KJAHEHTOB H COOTBETCTBYWIIMM 06pasom
OOCNYKNBATh KaKAYIO KATETODHIO,

TeneKoMMyHHUKaL UK

B ofnacti TenekoMMyHHKali MeTtoAbl Data Mining nomoraior koMmaHusM bomee
3HEPTHYHO NPOABHIATH CBOM HPOTPaMMBl MapKeTHHIa H LieHoobpa3oBaHimsd, YT00b
VAEPAKHBATH CYLIECTBYIOUMX KJAMEHTOB M DDUBJEKATL HOBLIX, Cpeii THIMYHBIX Me-
PONPUATHH OTMETHM CJeayoniue:

Q Anaaug sanuceti 0 nodpobiely xapakmepucmuxax 6vi30608. Hasnayenye Takoro aHa-
JiN3a — BbLIABJIEHHC KaTCI‘OpH]‘-’! KJAHEHTOB C NOXOHHMHY CTEDEOTHIIAMH MOJML30BaHHA
WX yeayramu W pa3paboTKa npuBJeKateabiblX HabopoB HEH M YCIYT.

Q Buagnenue rosavnocniu kxueimog. Data Mining MoxHO HCIOAB30BaTh As Onpe-
IeNeHHs XapaKTepUCTHK KJIHEHTOB, KOTOPble, OAMH Pa3 BOCHOJbL30BABUIHCE YCIY-
raMi JaHHOI KoMnaHuy, ¢ 60AbIIOH foJeil BEPOATHOCTH OCTaHYTCsA €H BepHbIMH.
B nrore cpencrsa, BelAe/IAeMble HA MAPKETHHT, MOXKHO TPATHTDL TaM, [A€ OTAaya 601b-
lie BCero.
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CTpaxoBaHue

CTpaxoBble KOMIIAHMY B TEUEHUE DANA JET HAKAMMBAKT OoAbiiMe 0HBEMBI AAHHbIX.
3zech oBUIMPHOE HONE ASATEIBHOCTH A MeTomoB Data Mining:

Q Buissnenue mowennuuecmsa. CTpaxoBele KOMIAHUM MOIYT CHM3HTD YPOBEHb MO-
LIEHHHYECTBA, OTBICKHBAS ONPEAETICHHbIE CTEPEOTHIILI B 3aABAEHHAX O BRILIATE CTPa-
XOBOTO BO3MEI{EHMS, XaPAKTEPU3YIOIHX B3aHMOOTHOIIEHHS MEXIY HOPHCTaMH,
BDaYaMH H 3A9BUTESMH.

Q Ananuz pucka. ITyteM BhisiBAEHNA COMETAHMI (DAKTOPOB, CBA3AHHBIX € ONJIAYEHHBI-
MU 33AB/ICHHAMH, CTPaXOBIHKH MOTYT YMEHBIUNTD CBOM IIOTEPH N0 0093aTe/ILCTBAM.
Wspecren cayyaii, xorua B CIIIA kpynHas cTpaxoBas KoMIaHUs 0OHADYXKHIA, YTO
CYMMBI, BBIILIAYEHHbIE 110 3aABJIEHUAM JIoAeH, COCTOAIMX B Opake, BABOE NPeBbl-
IIAIOT CYMMBI 110 3aABJEHHAM OAMHOKUX Moeit. KoMnauus oTpearnposaia Ha 910
HOBO€ 3HaHMe TIEPeCMOTPOM CBoel O6IIel NOAHTHKH HPENOCTABAEHHA CKUIOK Ce-
MeHHBIM KJIHEHTaM.

Idpyrue npunoxeHus B 6usHece
Data Mining MoxeT MpHMEHATBCA BO MHOXECTBE Apyrux obiacreii:

Q Passumue asmomobunvrot npomviuiiennocmu. Ilpu c6opke apToMoGunell NPOM3BO-
AUTENH AOMKHBL y4HThIBATH TPeOOBAHHA KAXKAOrO OTAEIBHOIO KJIMEHTA, II03TOMY
UM HYXXHbI BO3MOXHOCTb POTHOSMPOBAHMA NOMYJIAPHOCTH ONPENeeHHbIX XapaK-
TEeDHCTHK W 3HaHMEe TOrD, KAKHe XapaKTePHCTHKH OOBIYHO 3aKa3biBAIOTCH BMECTe.

Q Honumuxa zapanmuii. TIDOH3BOANTENSM HYKHO NMPEACKA3biBaTh YHCJIO KIMEHTOB,
KOTOpBle NOANYT rapaHTHIHbIE 3aABKH, M CPEAHION CTOMMOCTb 3aABOK.

Q THoowpenue uacmo remarouux Kxuenmos. ABUaKOMIAHUK MOTYT OGHAPYKUTh IPYIIY
KJIHEHTOB, KOTOPLIX JAHHBIMH NOOWPHTETBHBIMH MepaMH MOXHO HOﬁy;‘IHTb JAeTaTh
6osbure. Hanpumep, oaHa aBHaKOMIAHUA OGHADYXMJIA KATEFOPHMIO KIHEHTOB, KO-
TOPbIE COBEPIATH MHOTO TIONETOB HA KOPOTKHE DACCTOSHWS, HE HAKAILIMBAs J0C-
TaTOYHO MHJb I BCTYILIEHNA B MX KIyOBl, 03TOMY OHa TaknM 06pa3oM H3MeHH-
Jia TIpaBHJIa IPHeMa B Ky0, 4TOGbI ITOOLIPATH YHCIO I10JIETOB TAK Xe, Kak M MIJIH.

CneyuanbHble NpUNOKEHURA

MeauumHa

/3BecTHO MHOTO SKCIIEDTHBIX CHCTEM JUIS TIOCTAHOBKM MEAMIMHCKUX AMarto3os. OHu
MOCTPOSHBI [M1aBHbIM 06pa3oM Ha OCHOBE NPABHJI, OMMCHLIBAIOUIMX COMETAHMA Pa3/IHY-
HbIX CUMITTOMOB Pa3/1HYHEIX 3a00/eBatuii. C MOMOILBK TAKHMX HPAaBMI Y3HAIOT He TOJIbKO,
yeM BoJeH ManMenT, HO M KaK HYXHO ero seyutb. Ilpasuna noMoraoT BuGHpaTh cpei-
CTBA MEIHKAMEHTO3HOIO BO3/EHCTBHA, ONpPeAEIATE NOKa3aHuA (IIPOTHBOMOKAZAHHS),
OPHEHTHPOBAThCA B JeYeOHBIX NpoLeaypaX, CO3ABaTh YCa0BHA Hanboee sbdexTne-
HOTO JIeMeHHUs], IPEACKA3biBaTh MCX0Ab! HA3HAYECHHOTO KYpPCa JeUeHus U T. I TexHoa0-
rux Data Mining nozsossior o6HapyXuBaTh B MEIMUHHCKUX AAHHBIX 1DAaGIOHDI, CO-
CTaBJAIONHE OCHOBY YKA3aHHBIX IIPaBHJIL
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MOJ‘IEK)}J’IHDHBH reHeTUKa U reHHaA UHXHeHepWus

Toxanyii, Hanboiee 0CTPO ¥ BMECTE ¢ TeM YeTKO 3ajata o0HAPYKeHHsT 3aKOHOMEePHO-
cTell B 9KCHePUMEHTAILHBIX JAHHBIX CTOUT B MOJIEKYJISIPHOH TeHeTHKe M TeHHOH HH-
AeHepuu. 3neck oHa QOpMYIMPYeETCA Kak OMpele/eHHe TaK Ha3biBaeMblX MapKepoB,
[10/1 KOTOPBIMH NMOHHMAIOT FeHeTHYeCKie KOapl, KOHTPOINPYIoIHE Te WIH HHble deHo-
THIHYECKHE NPH3HAKKM KHBOTO oprannama. Takue KoAbl MOTYT COJep#KaTh COTHH, ThI-
CAYH M Dosiee CBA3AHHBIX 3IEMEHTORB,

Ha pa3BuTHe reHeTHYECKIX HCCIeT0BaHNIT Bbiens10TCs boabiine cpeAcTsa. B nocienHee
BpeMs B IakHO#i 06JacTH Bo3HHK 0cOBBIIT HHTepec K npiMerienyio Metoos Data Mining.
H3BecTHO HECKOABLKO KPYIHBIX (DUPM, CNENHATUZHPYIONINXCH HA NPUMEHEHHH 3THX
METOOB A5 paclin(pPOBKH 'eHOMA Yes0BeKa H pacTeHH.

NpuknagHaa xumus

Metoasr Data Mining HaXoasar MNUPOKoe NpUMeHeHHe B IPUKIaAHO XuMmuy (opranu-
eCKOIH 1 HeopraHnyeckoil). 37ech HePenKo BO3NHKAET BONPOC O BBISNCHEHIH 0cobeH-
HOCTEH XMMHUYECKOFO CTPOEHHS TeX MJIH HWHLIX COeAHHeHH, OTIPeIeasIoNHX UX CBOH-
ct8a. OcoBeHHO aKTyanbHA TAKas 34/iaua [PH AHATHIE CI0KHBIX XUMHUECKIX COETMHEHNIH,
OTIHCAHHE KOTOPBIX BKAIOYAET COTHH M THICAYH CTPYKTYPHBIX 3JIEMEHTOB M X CBs3ell,

MoKHO NPHBECTH €llie MHOTO NPHMEPOD PasiIHYHbLIX oOaacTteil 3HaHMA, Ie MeTOIbl
Data Mining urpaioT Beaymyio pob. OcofeHHOCTb 3THX 00JIACTEN 3aKTIOUAeTCs B HX
CAOKHOM cucTeMHOI opranusaii. OHM OTHOCATCS IJIaBHBIM 06pasoM K HaakHGepHe-
THYECKOMY YPOBHIO OPraHH3alliy CHCTeM [4], 3aKOHOMEPHOCTH KOTOPOTO He MOTYT GhITh
AOCTATOYHO TOYHO OMHCAHBI Ha A3LIKE CTATHCTHYECKHX MMM MHBIX AHAJMHTHYECKHUX
MareMaTHyeckux mogmeneii [5]. Jlannple B yKasaHHbIX 00/1acTAX HEOTHOPOAHBI, TeTepo-
TE€HHBI, HECTALMOHAPHEI H YACTO OTAHYAIOTCH BBICOKOH pa3MepHOCTHIO,

Tunbi 3aKOHOMepHOCTEN

BuInensior naTh CTaHIAPTHLIX THIOB 3aKOHOMEPHOCTEH, KOTOPble NO3BONSIOT BhIAB-
aats Meroasl Data Mining:

Q acconmanus;

Q nocieoBaTe/IbHOCTD;
Q kraccudukanus;

O KaacTepu3aIig;

) IpOrHOo3HpPOBAHHE.

Accoyuauis HIMEeT MECTO B TOM CJIYYAE, eI HeCKOABKO COOLITHI CBA3aHBI IPYT C APYTOM.
Hanpuwep, HcellefnoBasye, NpoBeAcHHOE B CyTIEDMapKeTe, MOXKeT [I0Ka3aTh, 4To 63 %
KYNMHBIIHX KYKYDY3Hbie YUIICHI 6cpyT TAKKE H «KOKA-KOMy», a NIPH HAJTHYHN CKHIKH
32 TAKOH KOMILIEKT «Komy» npHoGperaior & 85 % ciyuaeB. Pacnonaras ceeileHUAME O
noZ00HOI accolMAllMH, MEHEIDKePaM JIerko OLEHHTE, HACKOALKO jelicTBeHHa hpeno-
cTaB/igeMas CKUAKA.
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Ec/mn cymecTsyeT uenouka CBA3AHHBIX BO BpeMEHM COOBITHIL, TO TOBOPAT O n0CIe006a-
menvtiocmiu. Tak, HalpHUMep, nocse MOKYIKH ZoMa B 45 % cayyaes B TeyeHHe Mecsua
npHoBpeTaeTcA M HOBasi KYXOHHAs IUINTA, a B Npefenaax ABYX Hezenab 60 % Hopocenos
063aBOAATCS XOJIOMUIBLHUKOM.

C nomomplo Kraccuguxayui BLIsBAAIOTCS NPH3HAKY, XaPAKTEPU3YIOLIHe TPYIY, K KO-
TOPOH NMPUHALIEKHT TOT WK HHOI 06BeKT. DTO AeNaeTCs MOCPEACTBOM AHAIH3A YIKe
KAACCH(PHIUHPOBAHHBIX 06BEKTOB U (HOPMYINPOBAHMSA HEKOTOPOTO HAGOpa MpABHIL.

Knacmepusayus oriuyaetcst oT K1acCH(UKALIE TeM, YTO CAMM TPYIIIB 3aPAHEe He 3a]aHbL.
C nomolipio KIacTepusamny cpeactsa Data Mining caMOCTOATENBHO BBAEAIOT pa3-
JIMUHBIC OJIHOPOAHBIE TPYIIB AaHHbIX.

OcHOBOI 115t BCCBOMOKHBIX CUCTEM NPO2HOIUPOEAHUS CIYRNT HCTOPHYECKAS undop-
Maius, xpaasmasica B b/l B suzne speMednsix psanos. Ecan yaaetca HaiiTi mabinoHs,
4IEKBaTHO OTpaXalllne JMHAMHUKY NOBEJeHWsA LieJeBbIX NOoKasaTenel, ecTh BepoAT-
HOCTb, YTO C MX MOMOLIBIO MOXKHO TIPEACKA3aTh H MOBEAeHNEe CUCTEMBI B OYAyLIEM.

Knaccei cuctem Data Mining

Data Mining siiisietcst MynbTHANCUHIUIMHAPHOH 061aCThIO, BOSHUKIICH M PAa3BHBAIO-
mgeiicst Ha base MOCTHXeHHil TPHKIAAHON CTATHCTUKH, PaCTIO3HABAHHA 06PA30B, METO-
IOB HCKYCCTBEHHOTO MHTe/NeKTa, Teopuu 6a3 faHubIx 1 Ap. OTcioga obuIne MeToroB
¥ aITOPHTMOB, PEalN30BAHHbIX B Pas3NHYHBIX AelicTeyroumx ciucremMax Data Mining.
MHuor1e U3 TakMX CHCTEM HHTEIPUPYIOT B cebe cpa3y HEeCKONbKO moaxonos. Tem He
MeHee, KaK IPaBUJIo, B KaXA0i cucTeMe HMeeTCsl KAaKOH-TO KJIIYeRoi KOMIOHEHT, Ha
KOTODBIH JleaeTcs IMiaBHas craBka. Huke npuBoauTcd KaaccuHKalus yKasaHHBIX
KITIOYEBBIX KOMIIOHEHTOB Ha ocHobe paboThl [6]. BeiaenenHsiM kiaccaM naercs kpat-
Kasgl XapaKkTepHCTHKA,

lipeamMeTHO-0pUEHTUPOBAHHbIE aHANUTUYRCKUE
CUCTEMBI

[TpesmeTHO-0OpHeHTHPOBANHDbIC aHATHTHYECKHE CHCTEMBI 0YeHb pasHoobpasnbl. Hau-
Gonee MUPOKHIT NOIKTACC TAKHX CHCTEM, NONYYMBIIME pacmpocTpaHeHHe B 061acTH
Heenefopauus HUHANCOBHIX PLIHKOB, HOCHT HazBaHWe <«TeXHHYeCKHH amannzs. O
npeacTaBiaser coboil COBOKYITHOCTb HECKOALKMX AeCATKOB METOAOB IPOTHO3A JMHA-
MHKH LIeH H BLI00Da ONTUMATLHOI CTPYKTYPBI HHBECTHIHOHHOTO TOPTdeis, OCHOBAHHBIX
Ha Pa3IM4HBIX SMITMPHYECKHX MOJE/ISX IHHAMUKH PBIHKA. ITH METOAb YaCTO HCTIOML3YIOT
HECJI0KHBIH CTATHCTHYECKUH anmapat, HO MaKCHMAJIBHO YUMTHIBAIOT CIOKMBUIVIOCS B
cBoeil obsacty crienuduKy (npodeccnoHanbHblil A3BIK, CHCTEMBI PA3/MUHBIX HHIEK-
COB M 1Ip.). Ha prilike HMeeTcs MHOXeCTBO IPporpaMM 3Toro kiacca. Kak npasuio, onn
N0BONBHO Aeniessl (00puHo $300-$1000).
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CratucTtuyeckue nakerbt

IocneaHHe BEPCHH MOYTH BCEX M3BECTHLIX CTATHCTHYECKHX MaKeTOB BKAOYANOT Haps-
Ay C TPAAMUMOHHBIMH CTAaTHCTHYECKIMH METOAaMU Takxe anements! Data Mining. Ho
OCHOBHOE BHHMaHMe B HUX yJeJseTcd BCe JKe KJIACCHYECKHM MeTOTUKaM — Kopped-
LIMOHHOMY, DerpecCHoHHOMY, (GaKTOPHOMY aHamuzy u Ap. Cambiil cBexuil neTaabHbii
0630p MAKEeTOB AJs CTATHCTHYECKOTO AHANUIA NpHBeAeH Ha cTpanuuax LlenTpanbnoro
IKOHOMMKO-MaTeMaTHYeCKoro MHcTuTyTa http://isl.cemi.rssi.ru/ruswin/publication/
ep97001t.htm.

HejioctaTkoM cHCTEM 9TOTO KIacca CYMTAIOT TpeboBaHUe K CIENHMATBHON HOArOTOBKE
NOJb30BATENIs. TaKKe OTMEYAIOT, YTO MOLIHBIE COBPEMEHHDbIE CTATHCTHYECKHE HAKEThI
ABASIOTCA CAMIIKOM < TSUKEIOBECHBIMHY A7 MaccoBOTO PHMeHeHU B hHHaHCaX H Gua-
Hece. K ToMy ke 4acTo atH cucTemsl BecbMa gopord — ot $1000 xo $15 000.

Ecte eute HGonee cepbe3Hblil NPHHIMTHATBHLIN HEJOCTATOK CTATHCTHYECKHX AAKETOB,
orpanMuMBaouni ux npusmerenne 8 Data Mining. BonbluMHCTBO METOOB, BXOASUIMX
B COCTaB ITAKETOB, ONMPAIOTCH HA CTATHCTHYECKYIC NApaiHIMy, B KOTOPOH ITaBHBIMH
(bUTYPAHTAMM CIYXKAT YCPEIHEHHEBIE XAPAKTEPUCTHKH BRIGOPKH. A 5TH XapaKTEPHCTH-
KM, KaK YKa3blBajIOCh BBILIE, IPH MCCIEAOBAHUM DEATBbHBIX CIOKHBIX XHIHEHHBIX de-
HOMEHOB 4acTo SBAAITCH (DUKTUBHBIMHE BeJIHYHHAMH.

B kadectse npumepos Haubosiee MOIHBIX ¥ PACOPOCTPAHEHHBIX CTATUCTHYECKUX Ma-
KeTOB MOXKHO Has3eaTb SAS (kommanus SAS Institute), SPSS (SPSS), STATGRAPICS
(Manugistics), STATISTICA, STADIA u ap.

HelpoHHble ceTu

I10 GOJBUION KIACC CHCTEM, aPXHTEKTYPa KOTOPBIX HMEET AHAMOIHIO (KaK Temepb u3-
BECTHO, JI0BOJABHO ¢1aly10) ¢ OCTPOeHHeM HEepPBHOH TKaHM M3 HelpoHOB. B oxHoH 13
Hanbosee PacnpoCTPaHEHHEBIX APXHTEKTYP, MHOTOCTOHHOM MEpUENTPOHE ¢ 0OpaTHBIM
pacnpocTpanenuem omubKy, uMuTUpyeTcsa pabora HElPOHOB B COCTABE HEpapXHyec-
KOI CeTH, rjle KaKabiil HelpoH 60siee BHICOKOTO YPOBHS COEAHHEH CBOMMH BXOAAMH
C BBIXOJaMH HEHPOHOB HinKesexaulero cjosd. Ha HelipoHbl camoro HIXHero cJog
HOARIOTCA 3HAYEHHA BXOJHBIX MapaMeTpPOB, HA OCHOBE KOTODHIX HYMXHO HPHHHUMATh
KaKHe-TO pellleHHs], NPOTHO3HPOBATh PA3BUTHE CHTYAUMH H T. . DTH 3HAYeHHA pac-
CMATPHBAIOTCS KAk CHTHAJBI, Nepefaompecs B CAeAYIOnuil ¢cliol, ocaabagascs Hiu
VCHIHBASCh B 3aBHCHMOCTH OT YHMCAOBBIX 3HaueHHIl (BecoB), MPUIIHCHIBAEMBIX MeXK-
HelipoHHbIM cBA3aM. B peayibprate Ha BbIXOJE HelpoHa caMoOro BEPXHEro CJ10s Bbipa-
OATHIBAETCH HEKOTOPOE 3HAUeHHe, KOTOPOe PACCMATPUBAETCS KAK OTBET — Peakiys Beel
CETH HA BBEAEHHDIE BHAMEH M BXOAHBIX napaMeTpon. J1s Toro utodbl ceth MOXKHO ObIN0
MPHMEHATH B JaTbHeHILIeM, ee IIPexKie Halo «HAaTPeHHPOBaTh» HA MOJYYEHHLIX paHee
HAHHBIX, U1 KOTOPBIX H3BECTHBL H 3HAYEHUS BXO/IHBIX MapaMeTpoB, I PAsIJIbHbIE OT-
BeTHl Ha HUX. TPEeHUPOBKA COCTONT B NOAGOpe BecoB MeXxHeHpPOHHBIX cRu3ell, obece-
YUBAIOWMX HaHOOABUIYIO OIM30CTh OTBETOB CETH K M3BECTHDIM IPABUILHBIM OTBETAM.
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OcHOBHBIM HEIOCTAaTKOM HelipoceTeBoil MapagurMsl sABsieTcsl HeOOXOAHMOCTE HMETh
oueHb 60/bINOH 06BeM obydawmen BeiGopku. Apyroil cymecTBeHABIN Hel0CTaTOK
JAKIIOYAETCA B TOM, YTO JaXXe€ HATPEHHPOBaHHAA Heﬁpmmaﬂ CeTb NIpeaCTaBIsdAeT Co-
G0l «uepHBI AMKK>. 3HaHUSA, 3aDUKCHPOBAHHEIE KAK BECA HECKOJBKUX COTEH MeX-
HE‘ﬁ[)OHHI)IX CBﬂSCﬁ, COBEPUICHHO HE NMOAMAKTCA aHa/H3Y H HHTEPNPCTALHH YeJ0Be-
KoM (M3BECTHBIE MONBITKH ZaTh MHTEPOPETALHIO CTPYKTYDe HAaCTPOEHHOH HeHpoceTH
BBIIJIAAT HeyGenurtenbHbiMH —~ cucteMa «KINOsuite-PR»).

[Ipumepst HefipoceTeBbix cucTem — BrainMaker (CSS), NeuroShell (Ward Systems
Group), OWL (HyperLogic). CtonMocTh HX 0BOJIbHO 3HauuTeapHa: $1500-8000.

Cucrembi paccyxpeHumn
Ha OCHOBE aHAaMOTUYHbIX CAYYaes

HMuest cucrem case based reasoning — CBR — ua nepssiit B3r1a4 KpaiiHe npocra. Jas
TOr0 YToObI CAENATD IIPOrHo3 Ha OyayIuee WIH BHIGPATh NPABHIbHOE PEIIEHHE, STH CHCTEMBI
HAXOAAT B TIPOLLIOM BIM3KHE AHANOTH HATHYHOH CHTYAUMH M BBIGMPAIOT TOT XE OT-
BET, KOTOPBIH OB A8 HHX NpaBuabHLIM. [I03TOMY 3TOT MeToa elile Ha3bIBAKT METO-
noM <bmxaiiiero cocefa» (nearest neighbour). B niocnegsee sBpemsi pacmpocTpaHe-
HHe TIOJIYYHJI TaKkxKe TepMH memory based reasoning, KOTOpbIi aKUEHTHPYET BHUMAHNE
HA TOM, YTO peureHyie MPUHHMAETCH HA OCHOBaHMH Bceil HHAODPMALMM, HAKONJIEHHOH
B MaMATH.

Cuctemsi CBR moxa3snlBaioT HEILIOXHME Pe3YbraThl B CaMblX pasHO0OpasHBIX 3ajavax.
[naBHBIM MX MHHYCOM CYMTAIOT TO, YTO OHHK BOoOMIE He CO3MaT Kakux-jnbo moaeneh
wik npaBwi, 0606IEAIUHX IPeABAYIIHI OIBIT, — B BLIOOpE pelleHnsT OHE OCHOBbIBA-
I0TCA Ha BCEM MAaCCHBE HOCTYINHBIX MCTOPDHYCCKHX AAHHBIX, NNOITOMY HEBO3MOKHO CKa-
3aTh, HA OCHOBe KaKHX KoHKpeTHO hakropoB CBR-cucTeMBl cTPOSIT CBOH OTBETHL

JIpyroil MMHYC 3aKTIOYaeTCs B TIPOM3BOJIe, KOTOPRI JomyckaiT cucreMbni CBR npu
BbibOpe Mepbi «6130cTH». OT 3TOH Meph! caMblM PELIMTENILHBIM 00pPa30oM 3aBHCHT 06beM
MHOKECTBA NPELEEHTOB, KOTOPbIE HYKHO XDaHHTh B DAMSITH A7 AOCTIHKEHHS YI0B-
JeTBOPHUTENbHON KAaccu(uKauuy WiH nporxosa [7].

IIpumepst cuctem, uenoasdyomnx CBR, — KATE tools (Acknosoft, Mpauuns), Pattern
Recognition Workbench (Unica, CIIIA).

DllepeBbsa pelieHnN

Jepepbsi pemenus (decision trees) ABAAIOTCS ofHMM M3 HanboJIee MOMYJIAPHBIX MOI-
XOJ0B K pewieHu©o 3agay Data Mining. Oxu c031310T HepapXHUuecKylo CTPYKTYpPY Kiac-
cuduuupyoumx npasui tuna «ECJU... TO..» (if-then), nmeiomyio Bun nepesa. Jns
NPUHATHA PEHIEHHA, K KAKOMY KJIacCy OTHECTH HEKOTODPbIH OOBEKT MIH CHTYalMIo,
TPEG}’ETCH OTBETHTE Ha BDHPOCI:-I, CTOAILIME B Y3JaX 3aTOro JAe€peBa, HAYMHHA C €ro KOp-
. Bonpocel HMEOT BHI «3HaveHMe mapameTpa A Gonbuie X?». EciM oTBeT nonoxu-
TEeJbHbLH, OCYIEeCTBAACTCA NEPeXol K NMpaBoMy Y3JYy CJACAYIOUIEro YPOBHs, eC/IH oT-
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p'.l-IILaT(?.."leblﬁ — K .JIEBOMY V3JI¥] 3aTCM CHOBa CACAVET BOIIPOC, CRA3AHHLIH C COOTBET-
CTBYVIOILINM Y3JI0M.

ITonyIpHOCTH MOAXOAA CBA3AHA KaK OBl ¢ HAMIAAHOCTLIO W NMoHATHOCTHI. Ho aepe-
BB pelieHH T NPHHIMITHATLHO He CIOCOOHB! HAXO/MTh <«JIydimes (Hanbonee NOAHbIE
i TOuHBIE) NMpaBHia B AaHHbIX. OHM PEATH3VIOT HAUBHBIH NPHHLINT TIOCTEI0BATEAb-
HOI'O TTPOCMOTPA TIPU3HAKOB M <LEIUIAIOT» (DAKTHYECKH OCKOJIKHM HACTOSHIMX 3aKOHO-
MEPHOCTEH, CO3/laBasg JUUlL HITIO3HIO JIOTHYECKOrO BLIBOA.

Baecre ¢ Tem, OONBUIHHCTEO CUCTEM HCROMB3YIOT MMEHHO 3TOT MeToA. CaMbiMu H3Be-
cribMu sipastiotest See5/C5.0 (RuleQuest, Asctpasns, hitp://www.rulequest.com/),
Clementine {(Integral Solutions, BeauxoGpuranus, http://www.spss.com/clementine/),
SIPINA (University of Lyon, ®panmnus), IDIS (Information Discovery, CIIA),
KnowledgeSEEKER (ANGOSS, Kanazna) (puc. 1.2). CToMMOCTb 3THX CHCTEM Bapbi-
pvercs ot $1 1o $10 Toic.

T i ate Gl Hats

Puc, 1.2. Cucrema KnowledgeSEEKER ofpabarbisaer BaHKoBCKY MHBOPMaLMID

JBONIOUMOHHOE NporpaMMupoBaHue

MponnawcTpupyem coBpeMeHHOe COCTOSIHNE JIaHHOIo MOAX0AA HA TIPHMEDE CHCTEMBb
PolyAnalyst — oTeyecTsennoll paspafoTky, MOAYUHBLICH CerofHa ollee npHu3HaHue
Ha peiike Data Mining. B naxuHoi cucteme runotessl o Biie 3aBHCHMOCTH LUeAeBOil
NePeMEHHON OT APYIUX OepeMeHHbIX (DOPMYIHPYIOTCS B BHIE IIPOrPamMy Ha HEKOTO-
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POM BHYTDEHHEM f3blKe mporpaMmuposanns. [lpolecc nocTpoeHus nporpamMm CTpo-
HTCA KaK 3BOMIOUHS B MHDe NporpaMM (3THM MOJXOJ HEMHOIO JIOX0X Ha FeHeTHYec-
kue anroput™bl). Koraa cucreMa HaXomMT mporpamuy, fosiee WIH MeHee YIOBJIETBO-
PHTEJIbHO BBIPAKAIOLLYIO HCKOMYIO 3aBHCHMOCTB, OHA HAYHHACT BHOCHTD B Hee Hebo,bllike
MOIUGHKALNY H OTOMPAeT CPeiM MOCTPOCHHBIX AOYEPHUX NPOrPamMM Te, KOTOpBIE NMO-
BBIIIAIOT TOYHOCTH. TakuM 06pa3oM CHCTeMA «BLIPALIHBAECT» HECKOMDKO FeHeTHYECKUX
JUHMH NPOTPAMM, KOTOPbie KOHKYPHPYIOT MeXAy coboil B TOMHOCTHM BBLIDOKEHHA HC-
KOMOM 3aBucHMOCTH, CrieunanbHblil MOTYJE cicTembl Poly Analyst nepesosnt Halinennsie
3aBHCHMOCTH C BHYTPEHHETO A3bIKa CUCTEMBI HA TIOHATHLIHA MONB30BATENIO ASBIK (Ma-
TeMaTu4eckue GHOpMyIsl, TAOANIEL U 1ID.).

Jpyroe HanpasJeHHe SBOJOIHOHHOFO NPOrPaMMHPOBAHHA CBA3AHO C MMOMCKOM 3aBH-
CHUMOCTH LI€JIeBbIX [TEPeMEHHLIX OT OCTAMBHBIX B (opMe QYHKIHH KaKoro-To ompeje-
Jaennoro suga. Hanpusmep, B ogHoM 13 Haubosee yIauyHbIX alTOPHTMOB 3TOIO THHA —
MeToae rpynnoBoro yyera aprymentos (MIVA) — sarncumocTh HIIYT B OpPME NIOJIH-
HoMmoB. B Hactosuee spems us npogaiomuxcsa B Pocecun cucrem MIYA peanusosas
B cucreme NeuroShell komnanuu Ward Systems Group.

CrousocTs cuctem 1o $5000.

leHeTUYeckue dfIrOPUTMbI

Data Mining He ocioBHasi 06.1acTh HPHMEHEHNs TeHETHYECKNX anroputMos. HMx Hyx-
HO PaccMaTpUBaTh CKOpee KaK MOLIHOE CPeiCTBO PelleHHs pasHoobpasHbix koMOnHa-
TOPHBIX 3aja4 1 3a71a4 ONTHUMU3AUH. TeM He MeHnee, reHeTHYECKHE alrOPHTMBI BOLLIH
ceifuac B cTaHAapTHEIR HHCTPYMenTapuii Metonos Data Mining, noaToMy oHM M BKIIOYEHBI
B AaHHBIl 0630p.

ITepBoiii mar mpu TOCTPOEHHH T€HETHYECKMX aJTOPHUTMOB — 3TO KOJAMPOBKAa MCXOA-
HBIX JIOTHYECKHX 3aKOHOMepHocTel B Gase HaHHBIX, KOTOPBIE HMEHYIOT XPOMOCOMAMH,
2 Bech HabOp TAKUX 33KOHOMEDPHOCTE!l HAa3LIBAIOT NMONMyAsAuHed XpomocoM. Hatee mis
peanMaaluil KOHUEMIMH 0TO0pa BBOAUTCA ciocol CONOCTABICHHSA Pa3INYHBIX XPOMO-
coM. IHonynsuus obpabateiBaercs ¢ MOMOILbIO NPOLEAyP PENPOAYKIHH, H3MEHYHBOC-
TH (MyTaipit), FeHeTHYECKOH KOMIO3UIMU, DTH IPOLEAYPhl MMHTHPYIOT GHosorHYec-
Kie mpoitecchl. Haubosee BakHble cpeid HHX: cayyafiHble MyTalHH JaHHbBIX
B MHAMBHAYAIBHLIX XPOMOCOMaX, Mepexobi (KPOCCHHTOBEP) N peKoMOMHAlMSA reHe-
THYECKOTO MaTepHana, cOiep:Kallerocs B MHAMBHAYAJIbHDIX PORUTENLCKHX XPOMOCO-
Max (AHANIOTHYHO IeTepPOCEKCYANbHON Penpo/iyKLiK), it MHrpaluy renos. B xone pa-
GOTH MPONEAYP Ha KaxKAOH CTafH BOMIOINH TIOJYYAlTCs Oy iUy co Bee dosee
COBEPIIEHHBIMH MHAMBHAYYMaMH,

TeHernueckne aaropHTMbl YA0OHDI TEM, YTO MX JIETKO pacHapasiienusaTh. Hampumep,
MOMKHO pasOuTh NOKOJIeHHE Ba HeCKOJABKO IPYIN H paboTaTh ¢ KaX/oH W3 HUX He3aBH-
CHAMO, OOMEHUBASICH BPeMA OT BPEMEHH HECKOJIbKUMH XpoMocoMaMi. CylecTBYIOT TaKkKe
H JIpyrHe METOIbl Paclapa/Uie/MBaHNsA TeHeTHYECKHX AJTOPHTMOB.

TeHeTHUYECKHE AIrOPUTMBI IMEIOT DA HexocTaTKoB. Kpurepnii orbopa xpoMocom 1 Hc-
[OJIb3YeMBIe TIPOLEAYPE! ABJIAIOTCA IBPHCTUUYECKUMH M COBCEM He rapaHTHPYIOT Ha-
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XOXKIEHHE «.szqmero» pelieHMA. Karc HB pea.r:bﬂoﬁ JKHM3HH, 3BOJIOUHKY MOMXKET <3aK-
JMHHMTbS Ha KaKoii-m160 HeNPORYKTHBHO BeTBH. 1, Hao60pOT, MOXHO PHBECTH IIPHMEpbI,
KaK J1Ba HENEPCIEeKTUBHBIX POAKTENA, KOTODEIE ﬁyﬂyT HCEJIOYEHBI H3 JBOJMKIHH 'eHe-
THYECKHM anropHuTMOM, OKa3bIBAIOTCS CHOCO6HI)IMH MPOM3BECTH BhICOKDE)Cl)ClJCKTHBHO-
ro OTOMKA. JTO CTAHOBUTCS 0COBEHHO 3aMETHO IIPH PEIIEHHH BhICOKOPa3MePHbIX 3afay
CO CJIOXHBIMM BHYTPERHMMH CBA3SAMH.

[Tpumepom Moxer cayxuth cucrema GeneHunter gpupmbr Ward Systems Group. Ee
cTouMocTs — oxoao $1000.

Anroputmsl orpaHuyeHHoro nepe6opa

AJITOPUTMEL OTPaHMYEHHOTO nepebopa OblTH MpeNIoXKeHbl B cepeaune 60-x romos
M. M. Borrapaos A48 moucKa JJOIHYECKHX 3aKoHOMepHOCTeH B aaunbix, C Tex mop
OHH NIPOAEMOHCTPHPOBANM CBOIO 3hpeKTHBHOCTE NPH PEIlieHNl MHOXKEeCTBa 3aj1a4 U3
CaMBIX DPa3IMuHBIX objacTeil.

JTH anrOpUTMbI BRIYHCISIOT YACTOTHl KOMOWHALMH MPOCTHIX JOTHYECKHX COOBITHI
B NIOATPYNIIAX AaHHBIX. [IpuMepnl npocThix orugeckux cobuituii: X = a; X< a; X > g;
a<X<bwupp, rae X — kaxoit 1mbo napamerp, ¢ u b — xoncrantsl. OrpannyeHuem
CJTYIKHT JUTHHA KOMOMHALMH MPOCTHIX ornyeckux codbithit (y M. Bourapaa ona GbLia
pasua 3). Ha ocHOBaHMM aHA/MN3a BRENHCJIEHHBIX YACTOT HENAETCA 3aKMI0UEHHe O Mo-
JI€3HOCTH TOM WJIM WHON KOMOMHALMH A7 YCTAHOBJIEHHS acCOLMALMH B TAHHBIX, I
knaccuhuKalMy, RPOTHO3HPOBAHHS H T. 1.

Haubosiee spkiM COBPEMEHHBIM TIPEACTABMTENEM ITOTO TIOXOAA SBAAETCS CHCTEMa
WizWhy npexnpusarna WizSoft. Xots asrop cicremsl ASpaxam Meiian e packpbiBaer
cneluPHKyY alropuT™Ma, NoJoKeHHoro B 0cHOBY pabotel WizWhy, no pesyasraTtam
TIMATEIbHOTO TeCTHPOBAHMS CHCTEMDI OBLIH CASIAHbI BHIBOABI O HATHYHU 3[46Ch OTpa-
HHYeHHOTo Tepe6opa (M3YYaTHCh DE3YJBTATHI, 3ABHCHMOCTH BPEMEHM UX MOJyYeHUs
OT YHCA aHAIM3UPYEMEIX IApaMeTpoB H Ap.).

Aptop WizWhy yTBepxnaer, uto ero cucrema obxapyxupaer BCE nornueckue if-then-
npasusia B gaHHBIX. Ha camom aesie ato, koHeuHo, ie Tak. Bo-miepspix, MakcuMatsHas
anuHa kom6unauun B if-then-npasusie B cucreme WizWhy pasua 6, u, Bo-BTOpbIX, €
CaMOTO Hayana paboThl AlIrOpUTMa NPOM3BOAWUTCSA IBPUCTHYECKHIT MOUCK MPOCTHIX
JIOTHYECKHX COOBITHI, HAa KOTODHIX IOTOM CTPOMTCH Bech Janbheiimuii apanus. [onas
atH ocobennoctn WizWhy, HeTpyaHO 6bI0 TIPENTOXHUTE NPOCTEHIVIO TECTOBYIO 3a-
[ady, KOTOPYIO CHCTeMa BOoOIle He cMOria PelnTs. Jpyroil MOMEHT — cHCTeMa Bblaa-
eT pellieHMe 3a IpHeMIeMOe BPEMS TONBKO A1 CPaBHUTEAbHO HeOOABIION pazMepHo-
CTH AaHHBIX.

Tem ne menee, cucrema WizWhy (puc. 1.3) spnsaercsa na cerogHAmnMiH eHb OXHUM H3
A1epoB Ha phiHKe npoaykToB Data Mining. 210 e smimneno ocHopanuil. Chcrema
NOCTOSIHHO IeMOHCTPHpYeT o/lee BBICOKHE NOKA3aTeH 1P PELCHHH NPaKTHYECKUX
3aj1a4, YeM BCE OCTabHBle ANTOPHTMBL. CTOMMOCTL cHCTEMBI 0K0J10 34000, xoanyecTBO
npoaax — 30 000.
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1. Puinok cucrem Data Mining sxcnoneHumansmo pasBuBaercs. B sToM pasBuTHU
HUPHHHMAIOT YMACTHE NPAKTUYECKH BCe KPyNHeNuIne KOpnopaiun (cM., HampMep,
http://www.kdnuggets.com). B uactHocTn, Microsoft HEMOCPEJCTBEHHO PYKOBOAWT
BOIbIIUM CEKTOPOM AaHHOTO PHIHKA (M3AAET CITEIHANbHbII KypHad, ﬁpoao:uir
koHpepeHINH, pazpabaThiBaeT coOCTBEHHbBIE NPOAYKTHI).

2. Cucremsr Data Mining NPHMEHAIOTCST 10 JIBYM OCHOBHBIM HAIPABICHHSIM:
Q Kak MaccoBslif pOAYKT A5 GH3HeC-ITPHIOKEHHI,

Puc. 1.3. Cucrema WizWhy obHapyxuna npaeuna, 06eACHAKWME HU3KYK YPOKAHHOCT,
HEeKOTOPLIX CeNbCKOXO3ANCTBEHHBIX YHACTKOB

Cuctembl pns BU3YaNU3ayu MHOTOMEPHbIX AaHHbIX

B Toil mmit uHOIT Mepe cpefcTBa Ui rpadHuecKoro oTodpaskeHs JAaHHDIX TOLIEPKHN-
BaloTcs BeeMi cucTeMamn Data Mining. Bsecte ¢ TeM, BecbMa BHYUIHTEIbHYIO A0JII0
PHIHKA 3AHUMAIOT CHCTEMBI, CIIEIHATIHBHPYIOUeCA HCKIIOYMTENBHO Ha 3TOH DyHKIMH.
[IpumepoM siiech MoKeT CIyKuTh nporpamsa DataMiner 3D (puc. 1.4) crosatixoil dupmbl
Dimensiond (5-¢ nasmepenue).

QO Kak MHCTpYMeHTHI 115 MPOBeNEHNS YHUKATBHBIX HCCTEIOBAHHI (reHeTHKa, XH-
MU, MeMIIHHa 1 1p.). B HacTosmee BpeMs cTOMMOCTE MaccoBoro MPOAYKTa OT
$1000 o $10000. KosnyecTBo MECTALNALMIT MACCOBBIX NPOAYKTOB, CY/I [10 MMe-
IOIIMMCA CBENCHHAM, CETOAHA AOCTUTAET AECATKOB Thicsy, JIugepst Data Mining
CBA3BIBAIOT OyyIlee STHX CHCTEM C HCIIONB30BAHHEM HX B KAYECTBE HHTEILIEK-
TYaNbHbIX IPUIOKEHHIT, BECTPOEHHBIX B KOPNOPATHBHbIE XPAaHM/IHIIA JAHHbIX,

B noaoGHpIx cHCTEMAX 0CHOBHOE BHHMAHHE CKOHLIEHTPUPOBAHO HA APYKeMOOIH H0Ab30-
BaTeabcKoTe HHTepdeiica, HO3BOJHIOUIETO acCOUHNPOBATL ¢ aHAIH3HPYEMbIMH [TOKa-
3aTeAsMH PA3NHYHBIC TAPaMeTPhl JMATPAMMEl PaccenBatud 00LeKToB (3amuceil) 6a3sl
ZaHHLIX. K TaxiiM napaMeTpaM OTHOCATCS LBeT, (hopma, OPHeHTAllA OTHOCHTENbHO
coOCTBEHHOM OcH, PA3MEPDLL I JIPyTHe cBoilcTBa rpadHyeckHx a1eMeHTOB H3obpaske-
nust. Kpose Toro, CHCTeMbl BHAVAIH3ALUIN JaHHBIN cHabKeHBl yAODHBIMI CPEACTBAMH
i MacIuTadHpoBaHua U Bpaulenist H3o0pakennit. CTOMMOCTb CHCTEM BU3YaIH3aUMK
MOZKET JAOCTHTATh HECKOJbKHX COTEH MOJAApOB.

3. Hecemorpst na obuine merozos Data Mining, TIPHOPHTET ITOCTENEeHHO Bee Gojee
CMEIIAeTCH B CTOPOHY JIOTHYECKUX NITOPUTMOB NOHCKA B AaHHBIX if-then-mpasun.
C’m; TNIOMOLIBIO PELTAIOTCA 3a/1a4H TPOTHO3HPOBAHNS, KIaccH(BPHKAIH, PACTIOBHABAHMS
00pagos, cerMenTaiu BJI, MsBneueHis H3 ZaHKEIX «CKPBITEIX> SHAHHIL, HHTepIIpeTalHH
AQHHDIX, YCTAHOB/IEHHA accounannit 8 B/ u ap. PeaymbraThi Takux alropuT™Mos
3(peKTHBHBI M JIETKO HHTEPNPETUPYIOTCS.

4. Bmecte ¢ TeM, rmaBHON NPOGIEMON JTOTHYECKMX METONOB 0DHADYXeHHS 3aKOHO-
MepHOCTell siBasercsa mpobrema nepebopa BApHAaHTOB 3a NpHEMJIEMOE BpEMS,
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ViaBecTHEIE METOAb AUGO0 HCKYCCTBEHHO OrpaHHYMBAIOT TaKOK nepebop (anropuTMbl
KOPA, WizWhy), 1o ctposT epesbs pemenuit (anropurmst CART, CHAID, ID3,
See5, Sipina u Ap.), AMEIOIMX NPHHUMIHATBHbIE OTPAHUMEHNS 3(pheKTHBHOCTH MOMCKA
if-then-mpasua. JIpyrue npofnemsl CBA3aHbl C TEM, YTO M3BECTHbIE METOMIBI OUCKA
JOTMYECKHX TIPABII He TOAAEPKUBAIOT (DYHKLHMIO 0OOGLIEHMST HAIACHHDIX NPABU
¥ GYHKIHIO IONCKA ONTHMATLHOM KOMIO3HINH TAKUX NPaBHL YnauHoe penieHHe
yKa3aHHBIX NPoOIeM MOXET COCTABMTH IPEAMET HOBBIX KOHKYDPEHTOCITOCOOHBIX
pa3paboToK.

i » !I'IPHME\IAHME (OTMeTHM OuEPEAHOE CHMRTOMaTH4HOR CoBWTHE. 24 MaR 1999 rofa KoMnaHws Microsoft

ouuymansHo 06LABKNA 06 yeUNeHMH CBOBH AKTHBHOCTH B obnactu Data Mining. Cneumans-
Han UCCNEROBaTEeNbCKaAn rpynna Microsoft, BoaraendeMan Ycamoi GaianoM, M NATL Npu-
rnawenHsix napTHepos (Angoss, Datasage, E.piphany, SAS, Silicon Graphics, SPSS) roroesT
COBMECTHBIA NPOEKT NO pa3paboTKe CTAHAAPTA OBMEHA AAHHBIMU U CDEACTS AN WHTerpa-

Y uncTpymenTos Data Mining ¢ 6a3amu 1 XpaHMAMILAMH JaHHbIX.

JlecAaTb MUOB UHTENINEKTYaNbHOIO
aHanus3a AaHHbIX

Boxpyr Texuonoruit Data Mining (MHTE/LTEKTya LHOTO aHATH3A AAHHBIX) BenyTCa
aKTHBHble AHCKyccHd. OBuipeH cneKkTp MHEHHIT 10 MOBOAY 9THX TEXHOJOMIH — OT
BOCTOPKEHHBIX HAZEXKM HA OKUJaeMble YCMEXH 10 MOJMHOTO HEraTHBH3MA H OTHOIIE-
HUA K HEM KaK K npexoasutei moe. To-Bupumonmy, MOIE3HO CAEAATE 0030P yKadaH-
HBIX MEHIH 1 TTOIMBITAThes OBBEKTHBHO PA30BPATHCS, YTO 37€Ch OTHOCHTCS K 00/acTsIM
hanTa3any ¥ pealtbHOCTH. B OCHOBY TaKoro obaopa nonoxena pabora P. I. Cmonna [9].

Mud 1. VnTennexTyalbHblil aHATU3 NAHHDIX M103BOACT NOAYUHTH IIEO}KI-[,EI.?I.I'{HEIC pe-
3YJIBTAThI, HA OCHOBAHHH KOTOPBIX CTPATErHs HPHHATHA pemienuii B TOi MM HHOH 001aCTH
MOKeET OBbITh KapAHHaAbHO H3MEHEeHa.

Pazo6aauenne Muda. Kak npasuio, npuMeHeHHe HHTEIEKTYANbHOTO aHaln3a AaH-
HBIX O3BOJISET JHIIb YCOREPUIEHCTROBATH ASHCTBYIOLIYIO ¥ NMPUHOCAILYIO yCrex opra-
HM3AUHMOHHYIO CXEMY. JTO TIPOUCXOAUT B OCHOBHOM 3a CHET HeOOoABUINX H TOCTENEH-
HBIX M3MEHEHUH, a He PEBOMIONHOHHEIX Ipeobpa3oBaHHil.

BumecTe ¢ TeM, TPHMEHEHNE COBPEMEHHOM TeXHOIOrHH crocobHO NPHBOANTE H K CY-
HIecTBeHHbIM nepemenaM. Hebompliie 10CTHKEH)S, HAKAMIMBAACDh B TEHEHHE POAOJ-
KUTEIBLHOTO NEPHOIA, MOTYT BEIINTLCS B SHAYMTENBHBIA OTPBIB OT KOHKYDEHTOB. Kpome
TOTO, HHOTHA HHTEEKTYaIbHbII aHANHS AaHHBIX NO3BOJACT OBHAPYKUTh NPHHIIHIH-
afbHO HOBBbie (PaKThi, PALMKATLHO MeHSIOLIMe H3BCCTHBIE B3JIALBL

Mud 2. TeXHOJNOTMH HHTENNEKTYANBHOTO AHANM3A JAHHBIX HACTOJILKO COBEPIIEHHEL,
YTO MOTYT KOMTIEHCHDOBATH HEJI0CTaTOK 3HaHUI B TIpeAIMETHOI 00MacTH UK OMBITA
[0 YacTH MOCTPOEHUS MoAeneH W WX aHaIK3a.
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Paaaﬁﬂaqenue MH(l')a. Hu 0OJHA METOINKa aHAMM3Aa He MOMKEeT 3aMeHHThL 3HaHHe cie-
HHanKHCTa B CBOEH OG.TIRC-TH. Hal‘lpoTHB, BHeJpeHHe TeXHOJOTHH HHTeJIEKTYATBHOTO
AHATH3a JaHHBIX AeJdaeT 06paaonarme H OIILIT eie 60}186 BaAHBIMH Ci)aKTDpaMH, qeM
paHbBIIEg. B 1o BpEMA KaK OIBITHBIM COTDYAHHEAM JOCTATOYHO OCBOHUTD OAHY-ABE HO-
Bble aHaAMUTHYECKHE METOJIHKH, ‘{T()ébl OCTATbhCA Ha YPOBHE Tpeéonaﬂnﬁ AHA H MIpo-
AOJAMHTE BHOCHTD CBOH BKJIAA B NOBBIUIEHHE KOHI{prHTOCHO(‘.OéHOCTH CBOEro npena,
OT CIIenManHCcTOB, HE BJAACIONHX HHYEM, KpOMe TeXHHKH aHa H3d, HET a[’)C().f'llOTiI()
HHKaKOH MOoJih3bl,

Yem MeHbpllle UMeeT 3HAHWI B NPeaMeTHON o6JacTH CHeNHAMNCT 10 HHTENeKTYAlk-
HOMY aHAIH3Y, TeM GoJiee OH HYXIAeTCs B TECHOM B3AUMOAEHCTBMH € JIOABMH, KOTO-
pble TAKHMH 3HaHHAMH 067azaoT. B cBoO 0uepesib, HEIOCTATOK HABLIKOB M OILITA B
MOJIeTMPOBAHHH U NPHMEHEHHH COOTBETCTBYIOUIMX CPEICTB V DKCIEPTOB B NpelIMeT-
HOI 06JacTH yBEIHUYUBAET UX 3aBUCHMOCTb OT MOAAEPHKKM CIICHHMAIHCTOB 110 MHTEN-
JEKTYAJIbHOMY aHA/IM3Y AaHHBIX,

HH]IDH,\ICP, MPEATIOJIONHM, YTO, PACCMATPHBAA BO3MOKHOCTH IMOBBIMIEHHA J0XOAHOC-
TH BIOKEHHH CBOEr0 KJIHEHTA, SKCIHepT-PHHAHCHCT odpalaeTes ¥ CrlennagiicTy no
HHTEJJIEKTYaJbHOMY aHaIU3y JUist obpaboTku Gombiiofl u c1oxHOH 6a3bl JAHHBIX,
coaepakailieli MHMOPMALIIIC O AeATEIBHOCTH APYTHX KiaueHTos. Ilycts atoT cneuna-
JIMCT BBIABJAET ONPEACJIEHHYIO CBA3b HEKOTOPBIX NMEPEMEHHEBIX C lelﬁbIHbIIOCTbIO
HHBECTHPOBAHNWA, Ho Tosbko (t)l-IHaHCHCT crocobeH CKa3dTh, B KaKHX Ipejeax JOoIyc-
KAETCA 3aKOHOM H3MEHEHHE 3THX NepPeMeHHBIX.

Mud 3. Cpenctsa HHTeIEKTYalbHOI 06PabOTKH JAHHBIX ABTOMATHYECKH OOHADYKU-
BalOT pPasnHYHbIE 3aKOHOMEPHOCTH.

Pazo6nauenne mucda. Muorue cpesicrsa takoil 00paboTky AeliC TBUTENBHO TO3BOASIOT
ABTOMaTHYECKH BHIABAATL 3AKOHOMEDHOCTH B HCCHEAyeMBIX AaHHbIX. TeM He MeHee,
CTABHTh HM KOHKDETHBIE LiefiH HeoOxoanmo. Harpumep, eciiit oAaTh Ha BXOL CIIHCOK
aJlpecoB KIMEHTOB U IIOMBITAaThCA NMOJYYMThH Ha BbIXO/e Habop «npodmieiis» nokynare-
Jielt, IpUMEHeHHe KOTODBIX NO3BOJIWIO OBl NOBLICHTE a()peKTHBHOCTE aApecHOH pek-
JiaMbl, 0COGEHHO HA MHOTGE PACCYUTBIBATE HE CTOMT. B mocTaHoBKe Hesiel BasKHA KOH-
KPETHOCTh. De3 Taxol KOHKpPeTHoCTH HHQOpMallka HbIBAET MEPErPYKEeHA MeTKHMH,
HEHYKHBIMH, OTBJIEKAIOIIMMH H JaK€ BPEIHBIMH ACTATAMH,

Mud 4. MBTennekTyanbHbid aHAIU3 JaHHBIX MOXKET € MOJAL30H MPHMEHATHCS TOJLKO
B ONpeeJeHHbIX 06/acTaxX.

Pasob6aavenue mucda. IIpakruveckn moboii mpouecc — ot $apMaKoIOTHYECKOTO 1PO-
M3BOACTBA 10 OOCHYKUBAHUA KIAMEHTOB — MOXKHO M3YUHTb, OHSATH H YIYUIIUTE C
MOMOIIBIO METOAOB WHTE/UIEKTYATbHOTO AHANM3A. 3T0 MOTYT OBITh TAaKHE pasHooDpas-
Hble 00JacTH: yNpaBieHue MPOH3BOACTBEHHBIMH NPOLECCaMi, Kaaposas pabora, Me-
HeIKMEHT MpeqiipUsaTHIl 00lIeniTa, MeAHINHA, COMOIOTHS, TCONOTHsI 1 AP.

MuTennexTyanbHbIH aHATH3 JAHHBIX CTAHET NIOJIE3EH Bedjle, rie codpais JanHble. KonedHo,
B HEKOTOPBIX CAYy4Yasx pacyeT OKYNaeMOCTH MOXKeT TI0Ka3aTh, UTO HIPa He CTOHT CBey.
Mud 3. Meroawl, Hcnoab3yeMbie B CPEACTBAX HHTELIEKTYAIbHOIO aHAMM3a JAAHHBIX,

Ka4eCcTBEHHO OTJHYANTCA OT TEX, KOTOpPbIE NPHMEHAIOTCHA IIPH TPaAHIIHMOHHOM IT1OCT-
pOeHHH KOMHYECTBEHHBIX MOZIeIet.
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Pazo6nauenne muda. Bee MeTonbl, Henonbayembie B HACTOSINEE BPpeMs TS HHTEN-
JIEKTYAIbHOTO aHAJIN3a JIAHHBIX, ABJIAIOTCS JOTHYECKUM Pa3BUTHEM H 0bobuieHeM aHa-
JUTHYECKHX NO/AX0IJ0B, H3BECTHLIX YIKe Ha NPOTAKeHHH JecaTusetnil, HelipoHHbie cetH —
CrelHaABHLIH Cay4ail rpafiMeHTHBIX METOIOB Ompeaeiellisi MAPAMETPOE PelAILIIHY
dyrrurmi — oniau npeuiokenst O, Pozentaarrom 5 40-x rogax. Ipynna meronos CART
(classification and regression trees — nepeBbes K1acCH(MKAUNH H PETPECCHH) HCTIOb-
30Bajach crelHaaucTaMi B 0bmacTy obiiectBeHdbX Hayk B 60-x. Metog K-6mmaxaiiimero
coce/la, CnelHa bHEII crocod HenapaMeTpHYecKoro OLEHIBAHS JIOTHOCTH paclipe-
Aenenus, paspaboran E. @uxcom n Jx. Xomwxecom B 1951-52 roaax ais peulexus
3agay MeAMUHHCKOH puartoctHiu [10].

Bce NEPEHHCACHHBIC H JIPYTHE METOABLI NPEIHa3aydeHbl JJH MTOCTPOEHHs Mozeneii 3a-
BHCHMOCTH MEX]1Y }IZIISODO.\[ ONPEJCTAINIHX HePeMEHHBIX H Pe3YJILTATOM.

Hoguzna u HTENeKTYAlbHOTC aHalH3a 1 !I(IJ()}L\IHI.{UH 3aKII0YAETCS B PACUIHPEHHH C[p(‘}pbl
OpHUMEHEHMA YKa3aHnHBIN METOA0B, KOTOPOE CTAl0 BO3MOXKIIO 6.-'121[‘0,-'[?[1)51 BO3POCUJ€I"I
AOCTYIHOCTH AGHIBIX 1 VACIIER/JICHHID BhIYHCIEHHH.

Kpome Toro, 113-3a C1a00H CBA3H MEXKIY AETOBLIM MUDOM M CNELHATHCTAMH 110 aHa-
JH3Y JAHHBIX, OOMBUIMHCTBO M3 KOTOPBIX IPHHA/TEKAT K aKaeMUueCKol cpeje, 40
HEJIABHEr0 BPEMEHH He CYLIeCTBOBAIO NPOrPAMMHbBIX pPearH3alnil YKasaHHbIX MEeTo-
UK C ApYXKecTBeHHLIM HHTepdelicom monbsosatess. Habmonaoumiica B nocaeadee
BPEMs POCT HHTepeca K CPeACTBAM HHTEICKTYAILHOTO aHAIM32 TaHHBIX 00bIACHACTCSA
OTYACTH MMEHHO YCOBEPIICHCTBOBAHHAMH B 00iacTi uHTepdeiica, KOTophle CAEAATH HX
AOCTYTIHBIMH JUISA HCIIOMB30BAHUS PA3AHUYHBIMN NPUKIATHBIMU CTIELHATHCTAMI,

PacnipocTpanenne MOMHBIX BBIMHCIMTEABHBIX METOI0B HHTEJUIEKTYAIbHOTO aHalIn3a
JAHHBIX NPEACTABAAeT co00i 3HAUUTEIbHBIN 1IaT BIIEpel, 0/HAKO He TEPAIOT cBOeil
LIEHHOCTH H NPUMEHSBILHECS paiee cpejcTsa. PazHoobpasHble PerpecCHOHHBIE METO-
Abl, AHCKPHMHHAHTHBIN aHAINS H JaKe lIpocTelilive rpadiHKH TAKXKe MO3BOJIAIT BbI-
ABJAThL CKPbIThIE 3aBHCHMOCTH. CUHTAeTCs, YTO HUKAKOH OJHH OTJENbHO B3ATHIH Me-
TOZ He obecrnequBaeT peuleHus BCeX MM XoTa Ool naxke GosbliuHcTBa 3a7ay. YTo6b
NpeycrneTh B HHTEANEKTYATbHOM aHAIH3e JaHHBIX, HeQOXOMHMO 3alacTHCh T0CTaTOY-
HO IIHPOKHM HabOPOM MHCTPYMEHTOB, KaK CTaphiX, TAK H HOBBIX.

Mud 6. HUnrennexTyanbHeiil anaima JAHHBIX npeacTapifgeT coOol o4eHb CAOKHYIO
IpOLIEAY PY.

Pazo6aavenue muda. AAropHTMbI 415 HHTEMLACKTYATbHOTO AHAAH32 AAHHLIX MOTYT
OBITh CTOKHBIMI, OIHAKO HX MpHMeHeHHe, H1arojaps TOABIEHHK) HOBBIX MPOrPAMM-
HBIX CpeJCTB, 3HAYUTEALHO YNpocTHioch. [Ipi aToM gacto we Tpebyercst ofpamarbes
K TAKMM CJOKHBIM aNrOPHTMAaM, a J0CTaTOYHO HCMOML30BAHNSA OTHOCHTENbHO MPOCTHIX
AHAJMTHYECKHX METOIOB, TAOMMYHBIX M rpaduueckux npeicrapaeHuii, Cpoeil ca0x-
1fOCTBIO MHTEILIEKTYAIBHBIN aHaau3 JaHHBIX B 3HAMHTEIRHOM Mepe 00s13aH TeM Xe caMbIM
TPYIHOCTAM C OPraHH3alyeil AaHHbIX, KOTOPBle XapaKTepHBI s JIOOBIX METOIMK
MOReAMPOBAHMS, ITO, B YaCTHOCTH, PaboThl MO NMOATOTOBKE AAHHBIX, TaKue Kak oThop
NepeMeHHBIX Ul BKIOUYEHHS B pacdeT U BHIOOD cnocoba UX KOAMPOBAHM, A TAK¥Ke
HHTEpHpeTaliA pe3yisTaTta i NPUHATHE PelleHUs O IYTHSX ero HCIOb30BAHHA.
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Mud 7. [IpuMeHaTh HHTE/IEKTYTbHBIH aHATN3 MMEeT CMBICA TOJMbKO K Oa3aM zaH-
HbIX GOJABLINX 0DOBEMOB.

Pazob6aayenne muga. [JelicTeiTeIbHO, HEKOTOPble U3 METOAOB MHTENIEKTYANbHOTO
AHAMH3a AdaHHBIX ObL1H paspa60Tabe CleHaNBHO A5 NPHMEHEeHHA K OHEHDb GDJII)IIIHM
IlEl60]J'dM JAHHLIX, & MHOTHE UCHOJBIYIONHE HX IIPHJOXKEHNA NpeaHasHavyeHbl I 06'
pat’)onm KPYIHBIX MaCCHBOB HH(‘I)ODMQHHH. Bumecte ¢ TEM, TTOJIE3HEIE CBEJEHHA MOMXKHO
M3BJEKaTh M M3 HaOOPOB JAHHBIX CPENHUX WIH MATHIX pasMepoB. Boobuie, mpobnema
}iC()éXOZ{HMOFO H J0CTATOYHOTO obbeMa JAHHBIX H IO cel JeHbL OCTaeTcA OTKprTOﬁ.
Ouxa pelmiaeTca OTAENBHO A KadJA0ro KOHKPETHOTO ClIydas.

Mud 8. VnrennexTyanbhblii aHains jaet TeM Gonbuinii acdexr, yem Gonble TaHHBIX
B HETO BOBJAEYEHO, MOITOMY CJEAYeT HCMOAb30OBAaTh B KaXAOM CHYYae BCE HOCTYIIHBIE
JlaHHBIE.

PasoGaauenne muda. JononnurensHblie JaHHBIE IPUHOCAT NOJIb3Y, TOABKO €CIH CO-
JIepkaT HOBble CBEINEHHS O PACCMATPHUBAeMBIX NOKA3aTeNsiX WTH Leadx. B uHbnix cuy-
yagX HX IPUBJEYEHHE MOXKET OKA3aThCs HE TOJABKO Oecrosie3HBIM, HO M BDEAHBIM.
Hanpumep, 3TO IPOUCXOINT, €C/TH B JAHHBIX COAEPKHTCSA OAMH M3 BaXKHBIX 3JEMEHTOB
HHGDOPMAIHH, HO HeT APYTHX CBSI3AHHBIX ¢ HUM MJIM He OTPAaXKeHbl B3aHMMOCBA3H MeXK-
1y TAKMMM djleMeHTaMH. BeeneHue B 1poliecc aHANMN3a JAHHEX, COAEPKAINX MALyIo
yacTh Beell MHGODPMALMH, MOXKeT NPUBECTH K CHHKEHHIO HEHHOCTH MONYYaeMbIX pe-
HIEHHH, «3alyMIATh» HHpopmMaiiio. Kpome Toro, a¢ypeKTHBHOCTD NPHMEHEHHS CPeICTB
WHTELTeKTYAIbHOTO AHANH3A CHILKAETCS B Cjy4ae ydeTa MppeJeBaHTHOH HMHQOpMAa-
MY MK AyOIMPYIOLMX APYT APYra U3MEepeHHH ofHOM U Toif e BeanynHsl. Hanpn-
Mep, NMpH HCIOJb30BAHHM PErpecCHOHHOIO aHaNK3a, eciM BKJIIOYUTb B yucio obpa-
faTbiBaeMbIX NIPH3HAKOB OJHOBPEMEHHO H BO3DacT, H ATy POXIEHHUS, CPEICTBO
MHTEIEKTYAILHOTO aHANU3a 0OHAPYXKUT PaBHYIO pesieBaHTHOCTb 0boux (aKTOPOB H
[IOHUBHT HX BEC.

Mud 9. Iloctpoenue pabodeii Mofien Ha ocHoBe BbIOODKM 13 6as3pl HeadeKTUBHO,
TaK Kax HHGOpMallid, cofepxaimasca B 6ase AaHHBIX, HO He OXBayeHHas BrIOOPKOI,
OKa3bIBaeTcs MOTEPAHHON A5 aHanM3a.

Paso6nayenue muda. Lieapio 60a6UHHCTBA YCOBEPIIEHCTBOBAHHH MeTO10B (DOPMHUPO-
BaHHUA BLIOODOK ABAfAETCA yBenuyeHue HHGMOPMAIMOHHOI 3¢(EKTUBHOCTH MO OTHO-
IIeHUIO K 3aTPayeHHbIM YCHIHAM.

Jio6oit wabop naHHBIX YKe npeAcTasJiserT cobol Hexyo BeIGOpPKY M3 Gosee MOUIHOM
COBOKYNMHOCTH. VIHOrAia mpocTo He BbiBaeT MHOTO BBIXOJA, KAK TOJBKO ODPATHTHCS K
Boibopke. B HeKOTOPBIX cayuasX cOOp MOJHBIX AAHHBIX OKA3BIBAETCA HEBO3MOXHBIM.
Ho 210 H1 B Koeil Mepe He CHHXaeT 0OBeKTHBHOCTH TPAMOTHO IIPOBEJEHHOTO aHANM-
3a. B nelicTBUTEILHOCTH JaKe OTHOCHTENbHO He(O/bINAA, HO TTPABMJIBHO COCTAaB/IEH-
Has cayyafiHas BbIGODKA MOXKET JIaTh BEJMKOJIENHble Pe3ynbTaTsl. B BriOOpax npesu-
aenta CILIA npunumaloT ydactae 6osee 60 MaH rpaxian, MMeIOUIMX IPABO ro0ca, HO
HOCAEAHME MPeaBbIOOPHELH OIPOC, OXBATHIBAIOIIHIE 1BE THICAYHBIX MPOLEHTA HTOTO YHMCJIA
rOJOCYIONINX, PEAKO jaeT omuOKy npordoda 6onee 2 %. Haxe pacnonaras 6asoit aaH-
HuIX 060 Beex 60 MAH rpaaaH ¢ COTHAMH M3MepeHHH 10 KaAOMY H3 HUX, HOJYYHTh
AYYILYIO MOAEDb AJA TMpPEeACKa3aHHs UCX0/1a BHIGOPOB OBLIO GBI BPAL JIH BO3MONKHO.
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H B Tex cny4asx, Korja IoCTPoeHKe MOAEIH Ha ocHoBe nonHoli Bl BooiHe peaibHo,
4acTo ObiBaeT HOABLIE MOMB3BI OT AHATH32 HECKOAbKMX MOJIE/€el, OCHOBAHHLIX Ha BhI-
Bopxax.

Mud 10. MnTennexTyanbHblit aHAIN3 JAHHBIX — 3TO €HIE OAHO BESAHHE MOJHI, KOTO-
poe yiizer Tak ke CKOpo, Kak M IPUILIO.

Pazobnayenne Muda. HaspaHne CPeCTB HHTE/IEKTYANBHOTO AHAIM3A JAHHBIX MO-
JKET elle He Pa3 U3MEHUTBCH, HO OHI CaMM HABCETAa OCTAHYTCS B YMCHE BaXKHEHIIMX
MHCTPYMEHTOB. BHenpeHue MeTONOB MHTENTEKTYAIbHOTO AHAMN3A AAHHBIX — OYepel-
HO# aTan npolecca, pa3suBaollerocs ¢ Hayana XX Bexa. bypHbtit pocT BeIUHCAHTEND-
HOIf MOLIHOCTH KOMITBIOTEPOB B COYETAHHH C NMOSAB/IEHHEM AelUeBBIX 3MEKTPOHHBIX Me-
TOIOB cHopa BONMbIINX 0OBEMOB NAHHBIX JOTHYHO BHIBEAH HAC HA 3TOT 3Tl

WrnopupoBaTh MHTELTEKTYAIbHbIH aHAIH3 AAaHHBIX HeBO3MoxHO. [IpuMensiemble ams
HETC METOIbl MHOTOUHCAEHHB], a NIPEUMYIIECTBA, OTKPHIBAEMblE B Pe3VNILTaTe BLIgBJIE-
HUSI HOBBIX 3HAHWH, — orpomMHel. TIpeafipHsaTHs, PYKOBOACTBYIOIIHECS B CBOHX AeH-
CTBUAX B AaHHOI obiacT¥ «MUdonorHeils, OKaXKyTCsH B CePLE3HOM HDOHIPHILIE N0
CPaBHEHHIO ¢ OPraHH3alMAMH, HCIOAb3YIOIMMU TOUHO TPOCYHTAHHBIH PAlMOHANBHIN
MOAXOA, ONHPAIOIIHNCS Ha peasbHble (DAKThL.

B zaxmovenune [MpHBeaeM 06].[1118 PEKOMEHAAIHH CIIENHATHCTOB MO WHTEJIEKTYVaIbHO-
MY aHaAH3Yy HaHHbIX.

lLiecTb WAroB K yCnexy B UHTENNIEKTYaslbHOM
aHanuse faHHbIX

YeTkoe npejcTaBieHne O HETH.
C6op peseBaHTHBIX JaHHBIX.
Buibop MeToa0B aHanusa.
"Br16op mporpaMMHOrO CpeicTsa.
Bhinonsenne anasnusa.
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A CoBpeMeHHble MEeToAbl
aHaNn3a faHHbIX
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0630p KOMNbIOTEPHbIX CPEACTB

dHaJin3a JaHHbIX

PLIHOK KOMIBIOTEPHBIX NPOTPaMM AHANHM3A AAHHBIX OOWIMpPEH M PasHooOpaseH.
Ha seM npejcTtaBaeHsl NPOAYKTh Homee Thicsaun HauMenosanuii. Takoe pasuoobpa-
3He OTpaxaeT MHOTOILTAHOBOCTD 3afay AaHAJIH3a B PA3JHUNLIX 00JaCTAX uyelopeyec-
Koil gearensHocTH. QO30PHI YKABAHHBIX NIPOrPaMM IPHBOAATCH B CIEIHAIBHLIX CIIpa-
BOUHMKAX, [I€ CONEPXKATCA KpaTKHe ONHCAHHs HMX HasHaueHus, TpeboBaHUA K
TEXHHYECKHM XapaKTepHCTHKAM KOMIbIOTEPA, CBeleHNs O JOMOJHUTENLHLIX CePBHC-
HBIX BO3MOKHOCTSX, LEHb! W ajipeca hUpM-TIOCTABIIMKOB. ITO BechbMa oObeMHble 13-
AaHus, nyGJuKyeMble B 3aMaJHOH npecce.

Wudopmaing o nocieiHHX BEpCHAX NPOrPaMM peryIsipHO MOMEIAeTcs B Onyasp-
HBIX KOMIIbIOTEPHBIX AKYypHATax u ragetax Tina « PC Magazine», «<PC World», «BYTE»,
«PC Weeks 1 ap. VI3BecTHH aHatoruuHble oTedecTsenHble nydankatum. Onn npea-
cTaBJeHbl, B OCHOBHOM, B xypHane «Mup ITK» [21, 28, 35, 36, 38].

IlexHble CBeleHHA 0 KOMNLIOTEPHBIX cucTeMax 0OpaloTKH JaHHBIX MOXKHO mouepn-
HyTb B [49, 50]. KpoMe TeopHH B 9THX KHHTAX JacTcs KIacCHpUKAIMs IPOrpaMMHOro
ofecreuerid B obJACTH AHAAM3A J@HHDIX, pacCMaTpUBAIOTCs TPeOOBAHUS K CTaTHC-
TUYECKUM TTaKeTaM ODLIero HasHaueHus, XapakTepusyloTes 0Co0CHHOCTH POCCHHCKO-
IO PBHIHKA, IPUBOAUTCA KpaTkHil 063op Hanbosee NONYAAPHBIX NPOrpaMM M Tpejita-
raloTcs pekoMeHmanuu no Hx Boibopy. Takke HeMano nojiesHol HHGOPMaLHK
cozepXKiTca B caoBape-cnpasounnke « Mudopmartika B cratuctike» [33]. Peanbubie
HpUMepHl MPAKTHYECKH MO BCEM OCHOBHBIM pasjefaM aHaIu3a AaHHBIX pa3oBpaHbl B
MoHorpaguu [27].

Buecrte ¢ TeM He0OXOAMMO OTMETHTD, YTO 3HAUNTEbHAdA YacTs mybaukyemoii undop-
MalliH OBICTPO ycTapeBaeT, JTO CBS3AHO CO CTPEMMTENLHBIMH TEMIAMU PA3BHTUSA
orpacau, Ha puinke nporpaMmuoro ofecrieuenis B yCJAOBUAX JKECTKOH KOHKYDEHIMN
MPOUCXOAHT MPOLECC KOHCOMMAALNY, 1 NOJOKEHHE HA CEroHANHUN JeHb 3aMETHO
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OTJHYAETCS OT CHTYALlMH, CKaykeM, TpexieTHell AaBHoCcTH. BoarnasasioT npouece KOH-
conmuanuu (Kak HeaasHo ckasan Jack Noonan, npeauaeHT kopnopauiu SPSS) te, kTo
MOZKET TIPEATIOKHTH HAWAYYIIHIT NPOAYKT M cAelaTh 310 ObicTpee Beex. [lia Tex xe,
KTO HCIHBITHIBAET TPYAHOCTH NMPH NEPEX0/e K HOBLIM CIePalliOHHBIM CHCTEMaM, Tpo-
necc obbeaHeHHs OKasbiBaeTcsa GaTaAbHbIM, [IpHMeEp TaKoH KOHCOMHAAIMH — CJH-
sauHe SPSS ¢ dupmoit SYSTAT 1 npuobperenvie B auBape 1996 roga xoprnopamueii
SPSS oaxoro u3 xpynueiimux xouxypentos, Gupmsr BMDP Statistical Software Inc.

Ha poiike MaTeMaTHYeCKOTo obecniedeH s B 3M0XY OOMBIIMX KOMIBIOTEPOB JHAHPO-
BAIH HECKOJIBKO CTAaTHCTHYeCKHMX makeTon — BMDP SAS u SPSS. 310 06bsacHII0CH
TE€M, UTO (PHPMBI-PA3PabOTYHKH JOCTATOYHO OLICTPO PEArHPOBATH HA JOCTHXKEHHS B
00aCTH aHANMM3A JAHHBIX H MMM Obl1 HakomjieH GoMBINON 3amac NPOYHOCTH, HO3BO-
JUBUIMI TaM€KO OTOPBATLCA OT KOHKYPeHTOB. C IOABIeHHEM MEPCOHATBHBIX KOMIIb~
I0TEpPOB, HOBBIX $I3BIKOB IIDOTPAMMHDOBAHHS M TEXHOJOTHH AHIMpOBaBWMM dHpMaM
NpHLLIOCH pelliaThk CIOXKHYIO 3ajady: co3gaBaTth naker and ITK saHoBO Mau agantH-
DOBaTh YiKe CYIIECTBYIOIIYIO NPOTPaMMY K TPeOOBaHUAM <«MaIOMOIUMHBIX> KOMITbIO-
TepoB. BumecTe ¢ Tem, Oorareie rpacdhuyeckme sosMoxkHoctH [TK nanu wanc menee
U3BECTHBEIM (DHpPMaM CPaBHHTEIbHO OBICTPO CO3AATH HOBBIE, HBIHE QUEHb ITOMNYJISD-
Hbl€, TTPOTPAMMHBIE CPEACTBA AHAJAM3a JAaHHBIX. B 3TOT mMepuom MOABHJICA TaKeT
STATGRAPHICS (STATistical GRAPHICs System) dupmst Manugistics. On na-
CTOJILKO BBIMTPBIIIHO OTIHYANICA OT JPYTHX CTATHCTHUECKHMX MAKETOB YIOOCTBOM
II07IL30BATENbLCKOTO MHTepdeiica, YTo 3aBoeBas OTPOMHYIO MONYIAPHOCTh U B JaJib-
HeffllleM 3a/lajl OCHOBHbIE OPHEHTHPBI AMA PasBUTHS Bcell MHAYVCTPHH B LENOM. 3a
MOCTeHHe TOAbl, HAKOHEL, noaBuaich Windows-Bepeun Hanbosee U3BECTHHIX CTa-
THCTHYeCKHX cucTeM. A xopnopanuu SPSS u Manugistics BuinycTasin sepcun 145
Windows 95/NT H npofo/KaloT HapallliBaTh OTPOMHBIH NOTEHUMAT CBOHWX CHCTEM.

Ta6nuua 2.1. KnaccuduKaumus cTaTMCTHYECKMX NaKeTos

Tun OteyecTBeHHBIE 3apybexHble
MNpodeccHoHantHbe Her SAS, BMDP
YHMBEpPCANbHbIE STADIA, Olymp STATGRAPHICS, SPSS, STATISTICA, 5-PLUS

Cneywanu3npoBarHble Mesosaur, DataScope, «Hnacc-Macteps,  Bonbwoe MHoroobpasune
«3spuctaxn, CAHU

Tabnuuya 2.2. 3apybenHele CTATUCTUYECKHE NaKeTkl

HazsaHue PaspaboTumk Bwvnep B Poccuu

S-PLUS Math., Soft Inc Her

SYSTAT SPSS Inc. CraTucTUYecKHe CHETeMbl W CEPaUCE

SPSS SPSS Inc. CratucTyeckue cuctembl W cepenc HKL «Tpengn
STATISTICA Stat. Soft Softline

STATGRAPHICS Manugistic Inc. «WnpoCTpoin

SAS SAS Inst. WHTY

Visual Numerics

Visual Numerics

«CTAT-IMANDT »
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Tabnuya 2.3, OTevecTBRHHLIE CTATUCTHYLCKHME NAKEeTh

Hazsanue PaapaboTumk lunep

«Me3n3aep»

CAHM «CTAT-AKANOT» <CTAT-AWANOT»

«Knacc-macTep»

«3BpUcTan LieHTp cratucTuyeckux wecnepoeannid MIY LenTp craTucTHueckux uccnenoBanui MIy
DataScope {CHrAMI) «CratModnT» aCrarNofnTs

Olymp POC3KCNEPTU3A POCIKCNEPTHU3A

STADIA «MHdopMaTUKa W KOMNBIOTEPLI» «MHDOPMATHRE W KOMNBLKOTEPBI»

SIGN WMT My WMT MY

«(TaTMCTUR-HOHCYNLTaHT»  «Tanpem», MeTpoaasogck UMT MIy

Buibop nakera juis aHa/iM3a aHHBIX 3aBHCHT OT XapaKTepa pellaeMbix 3aza4, obbema
00pabaTHBAEMOrO MATEPHAIA, KBATUUKALNH TOoAL30BaTENel, HMeloulerocs obopy-
aosaHusa u 1. A. [49], [50].

Hnst nonb3onpareaed, HMEOLIHX JIEN0 €O ¢CBEPXOOMLITUMHA 00BEMAMH JAHHBIX WIH ¥3-
KOCNEeLHaAH3NPOBAHHBIMH METOAMH AHANH3A, [I0KA HET ajbTePHATHEb! IIPodeccHo-
HAJIbHBIM 3anajHbIM makeTaM. Cpemy HUX CaMBIMH HIHPOKMUMH BO3MOMKHOCTAMH 00-
nagaer SAS. [Jna cosaanua cobeTBeHHON cuCTeMbl o6paboTKH J2HHBIX MOXHO
obparutbes k 6ubmioreke IMSL, coaepikamiell COTHH TIIATENbHO M KBAIM(HIMPO-
BAHHO COCTABJIEHHRIX CTATHCTHYECKUX TOANPOTPAMM.

Heckolbko MeHBITMMH BO3MOKHOCTAMH 00JIafaI0T yHHBepcalibHble nakeThl. Bmecre
¢ TEM, UX CTOMMOCTDb 3HAUNTENBHO HIKe, YeM mpodeccuoHanbubix. [Ipu npuobpere-
HHH TAKOrO TAKeTa HE MEIIAeT, OAHAKO, JIHIIHUIT pa3 yOeauThcs, 4TO OH COAEPKUT
Tpebyemble METOAB 06PabOTKH.

Husxe npenyiaraetcs KpaTeiil 0630p HEKOTOPBIX NONYAAPHLIX CTATHCTHYECKIX NaKe-
TOB, OCHOBaHHEII Ha aHanuTHYeckoi ctarhe C. A, AfiBasgna n B. C. Crenanosa «IIpo-
rpaMyHoe obecreyeHne 110 CTATHCTHYECKOMY QHAMM3Y JAHHBIX: METOAOJOIHS CpaB-
HHUTEALHOTO aHalM3a U BolbopouHslii 0630p phikas (http://isl.cemi.rssi.ru/ruswin/
publication/ep97001t.htm).

SAS
06wan undopmauus

Cucrema SAS pazsusaerca ¢ 1976 roga i paboTtaeT Ha caMBIX pazjnyHbIX naaTdop-
Max Ioj yiIpasJieHnenM oaHoli 13 12 onepannonnbix cucreM, Mupma-paspaborink SAS
NPHHAAAECKHAT K YHCIY BEAYIIHX Pa3paboTWiIKOB NPOTPaMMHBIX HPOAYKTOB. B Hei
TpyauTcs Gonee 3000 coTpyAHHUKOB, KOTOPHie NOUIEPKHBAIOT Dosee 3 MUAJIMOHOB
moabaoBareseit 8 120 crpanax,

SAS prmwuaer cebine 20 pasiHYHBIX TPOrPAMMHBIX NPOAYKTOB, 0GbEAITHEHHBIX APYT
C APYTOM <CpefcTBamMi Aoctapki uhdopmatmm» (Information Delivery System, nun
IDS, tax uto pech naker unorza ofosuavaercs kak SAS/IDS). llon nonaruem IDS

* Wass J. A. How Statistical Software Can Be Assessed. // Scientific Computing & Automation. 1996
{October). P. 14-24.
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HOJIPAZyMeBaeTcs, 4To moab3osatenio SAS AOCTATONHO NOCTABNTE Ha CBOH KOMIIb-
f: rep kpome OC cuctemy SAS u sTum orpannunTses s 100-npouenTHoit ungop-
;ualz};sauml ﬂemeum;)cn; .?uo()o(‘;l upmbl (Bce ocranbibie GyHKUHH THITA 3ajau, pe-
HaeMbix Ha ocrnose Excel, Word, mo6oit us CYB/I
: J ; H T. IL, IOJHO

e ; CTbIO BO3bMET Ha
TpannuuonHo cOKHAOCH, UTO OCHORHLIMU OTEUECTBEHHDIMH TIOIb30BATESIMH CHO-
Tf.Mb; ABJATCA npeanpustHa BITK, kpynusle 6uznecMens (HexoTopule HankH, BKIO-
: : . » BICTI
II{E:; lentpobank, Gupsxu, TOPTOBLIE (PHPMBI), HEKOTODBIE ATOMHBIE CTAHINH, KpyI-

WHe MEIULHMHCKUE H reodH3NYecKHe NeHTp I

0 H; ; BI, KPYNHBIE TOCYAAPCTRE

CTPYKTYDBI. (= S T
anonnbm AOCTOUHCTBOM SAS ABJAETCA HEMpeB30iiaeHHas CpelH yHUBEPCAMLHBIX
aKETOB MOIIHOCTD 110 HAGOPY CTATHCTUYECKHX anroput™oB. Kpome toro, SAS npe-

AOCTABJIAET NOABIOBATE/I0 BOSMOKHOCTD NOAKTIOUCHHSA COGCTBEHNBIX OPUTIHHANBHBIX
aJTOPHTMOB, "

SAS/IDS — 3710 UHTETPalNs BeCbMA Pa3HOOOPAIHBIX BOSMOKHOCTe!T 1OCTVIA Kk JaH-
HBIM H yNPABAEHHSA MMM, CPEJICTB aHANM3A JaHHbIX, CIOco6on ]'[])CilCTElBJIt’HI[H uH(pop-
MaluH W reHepauny ot4eTon. CHCTeMa HMeeT MORYJBHYIO CTPYKTYPY M JerKo KOH-
(urypupyercs nox cnemmpugeckie ocobenHOCTH ee noab3oBaTes,

Mopynu SAS, ceasanubie ¢ Knaccudukayuen

Ans xnaccubukauuy u camwxenns PasMEpPHOCTH 1 cucteme SAS/IDS dynkunonupy-
10T CACAYIOUINE KOMIIOHEHTB (MOAYJIN CHCTeMBI): X

O BASE SAS — AAPO CHCTEMBI CO BCTPOCHHBIM ASBIKOM NPOTPaMMKpoBants 4GL u
A3BIKOM paboTel ¢ 6aszamu pannbix SQL, CPEACTBA YIPABICHHA JAHHBIMH, TORAED-
KW HHIEKCOB 414 6a3 JaHHBIX, BOSMOXHOCTIMM JocTyna K mupoxomy 11:;6opy
(opMaTos naHHbIX, NPOLEAYPH OMHCATENBHON CTATHCTHKY M reHepalui OTHEeTOoB.

Q FSP ofecnieunbaer nomHoskpanbiit AOCTYI K JaHHBIM, BBOJ, PEJIAKTHPOBAHHE, [Ipe-
00pasopauye JaHHBIX, TEHEPAIIIO OTYETOR U JeTIOBYIO TIepenucKy. :

O GRAPH COOEDKHUT !
T )T.GJIOBle, HaYYHYID I}C]{.JlﬂMIIyIO Ipaiuk IA3L
b , PA3THYHBIE =
TBl U KapThl. papuKky, | ble Wpud

Q STAT exaiouaer B ceba MHOTO(YHKIHOHANBHBIT HABODP CTATHCTHYECKHX npoue-
YD aHalu3a JAaHHBIX,

Aononkutensusie Mogynu, pa6oraiowue nog no6oit OC

1 5 ' b o
ML npencrasaser coboii MHTEDAKTUBHLIM MamMpuunbiii A3bIK IPOrPaMMHPOBANHS IS
m)mom:f)emm YIyOMEeHHBIX MaTeMaTHYeCKuy, VIHAKEHEPHBIX H CTATHCTHYCCKHX pac-
HETOB. JITOT A3BIK NAET BOSMOKHOCTD MaTeMaTHKY JIerko IIPOrPaMMHPOBATH CBOH COBG-
CTBEHHBIE NPOIEAYPDI, HCNOMB3IYSA A3BIK, HAMIKHIT Kk ASBIKY JTHHEHHOM anre6pai.
LAB npeaocrasiser noassosaremnio SKCHEPTHYIO NOANEPKKY. B uacTnoctH, 31ech
] - ¥ (s

\CI’I(‘.TCMHI NOACKa3bIBaeT [TIOJb30BATEMIO, BLITOJIHSIOTCS HAM HET NPEANOIOKeHNs, ae-
JKalye B OCHOBE TOTO HAM MHOTO METO/Id AHAMTHU3A JaHHBIX,
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Moaynu, paboraiowme, B yactHoctu, nog Windows, 0S/2

ASSIST cayxurt cpercTsoM Ans ofecneueHisi HHTEPAKTHBHOTO JA0CTYMA N0JL30BA-
TeJel K pasaiuHbIM BO3MOKHOCTSM cHeTembl SAS/IDS.

EIS spisercs MEHIO-YIPAaBAAEMDbIM HHCTPYMEHTOM PaspaboTKi H MOLJIEPKKH HHTEP-
AKTHBHBIX UCTIOMHAEMDBIX HHOOPMALNOHHBIX CHCTEM METOAOM 00BeKmN0-0PUeHMUPO-
sannoll mexioroeut. C MOMOILBIO ITOTO MOJYJIS JIETKO HACTPONThL CHCTEMY Ha cob-
CTBEHIbIe AaHHBIC H (OPMBI TIPEACTABIEHHS DE3Y/ILTATOR.

ACCESS jaeT BO3MOKHOCTE KOHCTPYMPOBATE OTAENbHLIC MHTep(eiichl 1 CBA3IN
SAS/IDS ¢ campivu pasnootpaznsivit CYBIL (ADABAS, DB2, ORACLE, SQL/DS
H ap.).

INSIGHT npeacrasiser cofoit MHTEDAKTHBHBII HHCTPYMEHT 1t TpadHueckoro aHa-
JIU3a JAHHbBIX.

3 omicanubix Mojyiieit SAS — <Kupriideiis —~ MOKHO CTPOHTD JI00bIE «CKOMb YTOIHO
BhIcOKHE JioMar. OQHAKO CJeYeT 3aMETHTD, UTO NPOLECC OCBOEHHA TEXHOJIOIHH CTPO-
UTEABCTRA, CAMOTQ CTPOHTEIBRCTBA, a TAKXKe NOJAY4YeHHs JMIEH3HHM Ha <IpaBo 3a-
CTPOIKI»> Tpedyer OnpeleNeHbIX HHTELTeKTYAIBHBIX i MATEPHANLHBIX 3aTPar.

ﬂOCTOIﬂHCTBa U HEAOCTaTKU NaKeTa

OCHOBUHBIMH AOCTOMHCTBAMH SAS CYHTAIOT MONHOE MHTEIEKTYAILHOE SIAPO, ITOA-
JEDIKKY apXUTEKTVD KAueim-cepsep, BOIMOKHOCTE A0CTYIIA U HHTETPAllUy AAHHBIX H3
MOOBIX HCTOYHHKOB W HAIHYKHE OOBEKTHO-OPHEHTHPOBAHHON TEeXHOJIOTHH OBICTPOH
pazpaboTtki npuaoxennit. [pu atom Gnarogaps BeICOKOT IHOKOCTH U MEPEHOCHMOC-
TH CHCTeMbl NpHIOKeHHe, co3fannoe B oxHoil u3 OC, Moxker ObiTh NepeHeceHo Ha
mobyio u3 wiatdopym, nojnepxnpaemeix SAS/IDS, sauunas or cynepdBM Tuna
CRAY no Mainframe wunu paboueit cranimn (mpasja, npH a1oM oHo Gyaet tpeboBath
Iasl paboThl CHCTEMHYIO YacTh SAS).

[MaBHBIMH HEJOCTATKAMM CHCTEMBI CYHTAIOT FPOMO3AKOCThL, TPYAHOCTH B OCBOEHHH,
BBICOKHE TpeDOBAHMS K CTATHCTHYECKOH KBaTHMMKAIIMH MOJbL30BATEN, )KeCTKHE Tpe-
Hopanus k annaparioit yactu [19BM, 6oasnioii o6beM 3aHHMAEMOIO JIHCKOBOTO TIPO-
cTpaHcTBa U goporosusHy (cooiie $800 3a kavcdvui Modyaw).

SPSS ana Windows

06wue ceegeHus

flaker SPSS npenxasnayeH B MepBYI0 ouepenb U CTATHCTHKOB-NPOMEcCHOHANOB.
Ou BKIIOYAET PA3BUTHII aNliapaT CTaTHCTHYECKOTO AHAIHIA, COM3MEPHMBII IT0 MOIIHO-
ctu ¢ SAS. Ilporpasyy SPSS mis Windows cuntaior B HacTosiliee BpeMa OJHMM H3
JUZAEPOB CPe/lH YHHBEPCAIBHBIX CTATHCTHYECKIX NAKETOR.

BMmecTe ¢ TeM, Kak W BCE MOIUIHble yHHBepcalbibie makersi, SPSS «wriobut xoporuee

&ej1e30»: mpoieccop aosoken 6oty 486DX-2 1 peiule, AN €ro MCIONBL3OBAHUS PEKO-
menayercs 16 M6aiiT onepatusroii namsTH, a Ha BuH4YecTepe Moiynun Base u
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Professional Statistics a5 ynpasienus ganusm i ¢ aaropuT™MamMHi Knaccuguka-
UMK TPeBYIOT KakK MHHUMYM 65-80 M6aiit (BmecTe ¢ (aiinamu nojkauku). Kpome
TOTO, LeHa NOJIHOTO KOMILIEKTa chcreMsr SPSS (SPSS Base + naGop us 7 moayneii)
JAOCTATOUHO BHylHTeAbHA ($4290 nas Bepeun 6.1 wmm 7.0),

Ocob6enHocTu Bepcuun 7.0

SPSS-7.0 umeer ynobusie rpadiueckne cpencrsa (6onee 50 TunoB auarpam), a Tak-
AK€ PA3BHTBIE CPEACTBA NOArOTOBKH OTYETOR. ITa BEPCHS OTVINYAETCS IPOH3BOLUTE  b-
HOCTDIO, CKOPOCTRIO BRIUMCJEHHH M PACITHPEHHBIM (DYHKLHOHAABHEIM HATTOTHEHMEM,
AHa/IMTHYECKHE NTAPAMETPbI OTOGPAKAIOTCA Ha 9KPaHe B BHE NPOCTHIX M TOHATHBIX
MEHIO 1 JUATOTOBBIX OKOH.

YCOBEpIIEHCTBOBAHNE B NPOLEIYPE OOYYEHHS JOCTHIACTCS BBEIEHHEM CHEIHATLHO-
Hi cpeictsa Hasuratop. Hasuratop seinonusier B SPSS unres JIEKTYalbHYI0 DYHKIHIO,
OLBACHAA NOJL30BATEI0, KAKYIO CTATHCTHKY JIY4INe NMPHMEHHTh B KAXKAOM KOHK-
DETHOM CIyHae MM KaK BBeCTH JaHHBIe B IaHHOM Tojpaszene. Bo MHOroM 3a cuer
STOTO CPEACTBA MOXKHO COKYCHPOBATH CBOE BHHMAaHHE COGCTBEHHO HA AHANU3Ee
IAHHBIX, He 3a00TACH 0 MEXaHH3Me er'o BhnoAneHis, Hopas KOHTEKCTHO-OPHEHTUPO-
BaHHAdA CIIPABOMHAS CHCTEMA COAePIKUT NOIATOBBIE HHCTPYKUMHK s HaubGoee Bak-
HBIX OIIepalnii.

A5t 53bGEKTHBHOTO IPUMEHeHHS NAKeTa [T KIACCHMDUKALMY W CHIDKEHHS pasmep-
HOCTH, KaK MHHHMYM, HYKHBI MeTOAB 13 Moayseil SPSS BASE u Profess. Statistics.
CymecTBenHo e MOBBICHTb TOYHOCTD /111 3(eKTHBHOCTD KJaccupHKanuu M

lIpOrHO3a MOXKET NpUMeHeHie YacTH (uau Bcex) H3 moaynel Advanced Statistics,
CHAID u Neural Connection.

[lepBorii MOAYIB COEPXKUT, B YACTHOCTH, MOACAH JOTHCTHYECKOI perpeccu, a Takxe
PSUL METOJIOB, CMEIKHDBIX C knaccugurauneit. Moxayar CHAID ctpout nepesss perue-
nuit. Hocneanuit moxyap peaansyer kiaccHOUKALNIO ¢ TOMOLIBIO HelipoceTei.

Ha ocrose DDE- 11 OLE-textonoruii ¢bupmsl Microsoft, a Takxe cranjapta ODBC
8 SPSS Takke peutensi BOnpoch! 06MeHa ¢ Apyrinvin Windows-npuioskeHusiMu i Bbi-
NOJHAETCA CBA3L C GONBUIMHCTBOM (OPMaTOB 6as AaHHBIX. TaK, MOXKHO, HE BLIXOIS
13 cpeant WinWord, ognospemenno paorars B cpene SPSS u, HaoBopot, ouens ner-

KO NEPEHOCUTD NMOJYYEHHDIE TECTOBbIE WM TpaHyecKue peayasTatel 03 SPSS B 10-
KyMeHT cucrembl Word,

AocTouHcTBa M HegoCTaTKy Bepcuin 6.1 1 7.0

[To Mueno paapaboTunikos nakera, mocue SAS, B cBoelt nozHoL xongpuzypayuu SPSS
ana Windows siBsiercs nakeToM ¢ HauGoJIee BHICOKHM 3HAUCHIEM napaMeTpa Moll-
HOCTb: OH 00JIa/IAeT 6ecbMa noibis HaBOPOM CTATHCTHUECKHX (BCEro WX Gosee 60) u
rpapuuecKiX TMPOLEYD, & TAK)Ke NPOLeAYP CO3TAHUS OTYETOB. Takke cO3AaTeny
TlaKeTa ropasrcs unTepeiicom SPSS ¢ nosb3oBaTeseM, cYHTAS €ro 0YEHb IPOCTHIM
H yaoOHBIM. KpoMme TOro, TPAIHLUMOHHO NAKET OT/INYAETCH BBLICOKOH TOYHOCTBIO Bbi-
YUCTeHU I,
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Onnaxo 32 nospleHisie KoMbOPT U MOUHOCTL TPEOYETCS 3aTIATHTL HEMAJIBIE CYM-
bl HTo0BI COPHEHTHPOBATDL YHTATENS B UeHAX HA MOJIYJH, [IPHBEIEM HEKOTOPLIE M3
mux. Tak, Moayan «¥rayGaennas cratnetikas ¥ CHAID croar s CIIA okono $500
11 $700 (u, coorseterrenno, $550 u 740 npu nokyike y auctpudsiotopa B PM); Heii-
POMOYIIL ke ¢TOUT rodtH Teicady USD. Habop uz moayied aaa pelenus 3agay
knacenduxaumn B coctaBe SPSS BASE n Profess. Statistics ans pepenn 6.1 win 7.0
Gyner crouts oxoao $1100 s CHIA [9] (31 $1530 npu nmokynke y poccHHCKOro AHcT-
pubsioTopa). JocTatouno ke noanslii komiiaekt SPSS, kak yke oTMeuanoch, Ipoja-
eTcst aTuM AucTpudsioTopom 3a 34250

Bepcusa 7.5. B mapre 1997 rona dupma SPSS npeacrariia Ha pocciiickoM phlHKe
HOBYIO BepcHio nakera 7.5 ana Windows 95 (NT) [51]. B neii 6azosstil Mo1yib BbI-
noauseT GyHKuuM (hakTOPHOro, KIACTEPHOTO H THCKPHMHHAHTHOIO aHAIM3A, a Tak-
K€ JIONOJHEH HHCTPYMCHTAaMH BLIMUCACHHS OJU30CTH MEXAy HabnomeHnsamMu (1Mau
nepeMeHHbIMH).

Pa6ora ¢ sepcueli 7.5 cyuwectsenHo ofneryena. Tlojiepikka ClieHapHes MO3BOASET
HacTpausaTh UHTepdeiic, CBA3BIBATH CUSHAPHH C IIMKTOIPAMMAMI [TAHEJH HHCTPYMEH-
TOB (MYHKTaM#i MeHi0), aKTHBH3HDPOBATh 3ajaHHble NOCAEA0BATENLHOCTH AelicTBHI,
WHTErPHPOBATE MAKET ¢ APYTHMH HPHIQXKEHHSIMI, pa3padaThiBaTh HOBBIE TIPHIOXE-
HHsl, CO3/1aBaTh KOHTEKCTHO-32BUCHMbIE CIIPABOYHBIC CHCTEMBL.

Baarogaps cpeactsy ODBC pacummpeno yueao npuaoKeHHtii, ¢ KOTOpBIMHU Bepens 7.5
MoKeT 0OMEHUBATHCS HCXOMHBIMY JaHHbIMH. KposMe TOro, MOXHO HMIOPTHPOBATH
daitnnt SYSTAT, skcnopruposats Tabminsl M TexeT B hopmat ASCIL Tlaker Taxke
MOXET JIerKo nuTerpuposartnes ¢ MutepHer-textonoruei.

SASS 7.5 Base nocrasisiercs ¢ PYKOBOJACTBOM Ha pycckom sisuike. Kpome Toro, ecTh
pycubHKALMsI HA YPoBHe HHTepdhelica nonb3oBaTes s H HABHTATOPA Pe3yJbTaToB.

Jlst patoTsi ¢ Bepcueit 7.5 Tpebyeres [IOBM ¢ OC Windows 95/NT (imeroutas npo-
neccop 486 DX, 12 Mbaiit RAM) 1 monutopom VGA (miu Somee Momusii). Ona
BaHMMAET Ha AHCKe 55 MOaliT M 3auiuileHa anmapaTHON «3arTyIKoH» (3ICKTPOHHBIM
kamouoM). MusnMansias menda sepcun 7.5 cocrasnser $980 3a onro pabouee Mecro.
SPSS npejiaraeT JUIEH3NH Ha TOJ, TPU rofa H JOKAIbHble JHIEH3NH 119 06pa3osa-
TENBHBIX H HAYYHBIX yapexncHuil. [IpuoOperenne nmocaenHeil Aaer npaso NpojaBaTh
KONHH NAKETA COTPYAHHKAM H CTYIeHTaM no Jioboii nene. B uncie 10M0HHTEIBHBIX
moayneit octapaenst moayan Tables, Trends, Exact Tests, Nenral Connection u Diamod.

SYSTAT

06wan uxdopmayua

Yinpepcanbnast cratucTueckas cicrema SYSTAT paspabotana onnonmennoit ¢up-
Moii, KoTopasi ¢ ceHTAbpsa 1994 roza «nornomenas kopriopauneit SPSS. Ona orytyaet-
CH OT APYTHX YHUBEPCANLHBIN cucTeM Tuma SAS, SPSS, BMDP tem, uto H3HauaibHo
criipoekTuposana nog niatdopsy IBM PC. Ihasroe 10cTOMHCTBO MakeTa — HCKIIO-
YHTEJILHO INHPOKHI Auanason H ray6iHa npopaboTki GYHKUMOHAABHOTC HAMOJHE-

R i ]
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HHA. 30ech ecTh HIHPOKHE BO3MOXHOCTH H ANA cnabo NoATOTORJAEHHOIO B CTATHCTH-
Ke NOJAbL30BATe s, H 444 A0CTATOYHO MCKYIIEHHOIO CTAaTHCTHEKA.

Mupma SYSTAT 6bina coOBceM HEZaBHO OJIHAM M3 JHAEPOB B 0OJACTH NPOH3BOJACTBA
BBICOKOKAUeCTBEHHOIo CTATHCTHYECKOTO mporpamMuore obecrnieyenns. 1losroMmy ce-
roaus 6onee 150 yyeOHBIX 3aBefeHIIT BO BCeM MUDE FOTOBAT ¥ Ce0A CIIeLHaNUMCTOB Ha
OCHOBE HAYKOeMKHX NPOAYKTOB 3TOH (HPMEL.

Psia neT nakeT CHMTAACs OAHHM M3 JIYYIIHX CPefN YHUBEPCATLHBIX NAKeTOB yIaIyOieH-
HOTO CTaTUCTHYecKoro anagnsa. OoHaKo ¢ COBPEMEHHBIX MO3MIHE NPOCMATPHRAETCH
ere ONpeIejcHHOe OTCTaBanue B rpadgike B pekiMe «BBICOKOTO pazpeiuenus» [10].

Windows-sepcus naxera 5.04 noapobuo onucana s [12] u kparko 8 [44], a 6-a DOS-
BEPCHA KPAaTKO aHaausnpyercs B [4]. B npusoxennu k aKoHOMETPHKE MaKeT pa3od-
pan B pabore [52]. Mmewrca yyebubie Bepcnn nakera, nasbisaembie MYSTAT u
BUSINESS MYSTAT {(cum. o nux The Economic Journal.1990. Vol. 100, June).

Mocaeanne 6-e pepcun naxera jans cpeant MS-Windows (Boinyex 1996 roga) u aas
cpenst MS-DOS (Beinyck 1995 roga) sABIAIOTCA NEpBBIME BEPCHSIMI NAKeTa, ¢ TeX
op kax (pupmy SYSTAT xynuna xopnopauus SPSS, Inc.

Paspabotuukn nakera cuutaior, uto SYSTAT-6.0 just cpeast Windows xopouro cba-
JaHCHPOBAH ITO COOTHOMIEHMIO «MOWHOCTL/Ya00cTBO» (M. [9], c. 107).

Aokymentayuna SYSTAT

JoxkymeHTalns makeTa BKAUAeT B ceds YeThIpe ToMa. JTO SCHO M XOPOUIO HanHCcaH-
Hoe pyKoBoacTBo «Kak Hauath paboTys, a TAKKE PYKOBOACTBA 1O pasjenam «[padu-
Ka», «CraTicrTikras. EcTh Takke HeGoabuioe « PYKOBOACTBO MO JAHHBIM»,

Bropoit i tpetuit ToMa 1al0T YMTATEMO YIJIYONEHHLHT B3I HA TO, YTO MOKHO je-
JaTb H KaK 3TO MOMKHO BBIIOJNHHTBL B cpefie nakeTa. Bropoit oM onuckigaer, Kak pa-
fotarh ¢ rpadukoi B makete. PyKOBOACTEO O CTATHCTHKE HAaYMHAETCs ¢ obsopa Me-
TOAOE H BIJIIOYAET CCBIJAKH Ha XOPOoIlio nojodpanuyio 6ubmorpadun. B MetoanyeckoM
IL1aie PYKOBOACTBO HE VCTYNAET J0OpOTHOMY Y4eOHOMY KYPCY 1O CTATHCTHUYECKOMY
aHaiH3y AaHHBIX. MHCTPYKLMNK Mo nowaroBoil padore, KAK NPABHIIO, HOJIE3HbI ¥ TOY-
10 BeAyT K LleJIH, a YKa3aTeqab OueHb MoJie3en /Ais 10JIb30BaTe]s, Ha4HHaIoero pa-
Bory ¢ SYSTAT.

Bo3moxHocTu SYSTAT no ynpasneHuio gaHHbIMU

Maxer nenoabayer 3aTabyJIHPOBAHHOE OKHO /IS BBOAA JAHHBIX U MX PeJakTHPOBa-
nns. Bepxuss ¢rpoxa TabMHIB ¢ TAHHBIMH 32726T HMEHA [ICPEeMEHHBIX, KOTOpBIE A0~
JKHBE MMETD He Gosiee yeM 8 CHMBOJIOB M OKaHYMBATLCA Ha cuMmBoa $, ecan naHHasg
nepeMentas (IPU3HAK) HMEET HEYCJOBHYIO PHpoay. BBoa ganHBIX ocyulecTBaseTcs
e Kaknx-1ubo yXHIIpeHuii,

MMelorcsa Xopolne BO3MOKHOCTH 10 npeobpasoBaniaM HaHHbX. OAHAKO pe3y/bra-
ThI TAKHMX TIPeoGPazoBaHMIl ABASIOTCH cTaTHYHBIMH. (DYHKUHOHAALHEIE HMEHA B OKHE
nipeobpazosannit asnsmortesa xkogasmu, Hanpumep, XDF u XCF 0603Havai0T NA0THOCTD
M KYMYJSTHBHYIO (DYHKIMIO PacHpeiesicHua CAyyaillion BeanuiLl Xu-ksaapart. [1po-
NVUIEHHBIE CHMBOJIBHBIE 3HAYEIIHS KOAMPYIOTCA NpofhenaMu; MPONYCKH B YHCIOBbIX
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NPpH3HAKaX KOAWPYIOTCA OTPHUATENLHBIMH YHCIAMH H NOABAAIOTCH B PeddKTOpEe Kak
NEPHOAHYECKHEe BelleCTBeHHbIE YHCIA.

fpacduka B nakere SYSTAT

Ilaxer obnanaeT MpeKpacHbIMI BOIMOXKHOCTAMH OTOOpPaKEHUs Ha 3KPaHE HCXOAHBIX
AaHHBIX M NOJYYEHHBIX Pe3YJILTATOB Pa3BeI0vHOro aHa/lu3a, HMEes B CBOEM Paclops-
KeHHH OK0710 30 pasaHuHbIX Coco60B rpabuueckoro 0TobpakeHs: THCTOIPAMMEL,
ALMKA ¢ «ycamu», creban ¢ aucTeamu [47], anauky, 2D- u 3D-quarpaMMsl pacces-
Hus M T. 1. Kpoae TOrOo, 1IMEIOTCA MaTPHILI IHArPaMM paccessHus, rpaduky QyHKIHH
U reorpadUyYecKuX KapT.

Kpowme Toro, naker no3BosisieT MopoKIaTs 1 M306PakaTh CIOKHLIC TOBEPXHOCTH, HTO
N0M€3HO /L1 BU3YAIM3aUMH CI0XHLIX QyRKUui. B sepcun 6.0 HamkaTHeM KHONKH
MBIIIH JIETKO BpaliaTh Aaxe caoxabie 3D-rpadmky ¢ KoopAHMHATHRIMH OCAMH IO OT*
HOILEHHIO K IJIOCKOCTH 9KpaHa [53]. OTa e BO3MOXHOCTh COXPAHSETCS M TIPH obpa-
GOTKe IaHHBIX B PEKUME «DPEATLHOTO BPEMEHI».

)‘1..-’12 MHOTHX rpadonxors HMEIOTCA ClTelMaViBHbIe CPpeacTBa THHA CTPEJIKH A1A HCCea0-
BaHUs TOYEK-BHIOPOCOB, KIIOUH ¢ AHANA30HAMH s PekiMa «Iynas WM <JIaccos,
LISt MCCIeOBAHHS BbLIETEHHOro (dparMenta AaHHbX. [paduika nakera 70CTaTOYHO
I'H{)i{aﬂ, JETKO yHpapjsdeMas H OGLGKTI-IO'ODH&HTHDOBHHHHH. Ectis BOSMOEHOCTH HH-
TEePAKTUBHBIX rpadpnyeckux npeobpasosannii JaHHBIX, YTO OYeHb yA06HO Npu pasBe-
AOYHOM aHanu3e. Takke HMEOTCH CPEACTBA PA3PAbOTKH NPe3eHTAlLMIT.

DyHKUMOHaNbHbIE ROCTOMHCTBA SYSTAT

SYSTAT obaanaet xopouleil 1 3acayxeHnoil penyranmell B miaxe KOPPEKTHOCTH
NPHMEHSAEMBIX aAropHTMOB. OH 1iMeeT 00IMPHOE MEHI ¢ GVHKIHOHAILHBIMH ATO-
PUTMAMH, BKIIOYas OMUCATENBHYIO H HENAPaMETPHYECKYIO0 CTATHCTHKY, KOPPEIALHIO,
KJIACTEPHDBIH aHa/3, MPOBEPKY MHOTOMEPHBIX THNOTE3 AnA obulell AuHeliHOM Mome-
a4 (MGLH) u tabanust conpskernocty. Ilaker ocobenno cuaeH B 0baactax auc-
HePCHOHHOIO aHANM3A U TUIAHWDOBAHMA 3KCHEPHMEHTOB.

B Bepcun 6.0 imeeTcs MHOKECTBO ZONONHHTENBHBIX NPOLUEAYD AT AHCKPHMHHAHT-
HOTO aHAJIM3a, MATPHUHOI anreOpel, JoranHeiiHBX MojleNell, ITaHUPOBaHHs 3KCITe-
PHUMEHTOB, CTPYKTYPHOTO aHAIM3a U KapT KoHTposs KadecTsa [4], [5]. Takxe Gbun
AobGaBeHsl podacTHbIe (YCTORYNBbIE) ANTOPHTMbI, AAIOUIHE TOYHBIE U KOPPEKTHDIE
Pe3y.IbTaThbl PU NOYTH BHIPOKAEHHBIX AanHbX. Kpome Toro, ata sepcusa npeiocTas-
JsteT MONb3oBaTeMo Hanboslee MMPOKHE BOIMOKHOCTH aHaau3a obuteil JHHeHHON
CTATHCTIYECKOH Mojenn.

Kputuueckue 3ameyaHua

IIo muenmo asTopor [44], onpenenennoe neyiobeTBo pabOTBI ¢ MaKEeTOM CBSA3aHO C
T€M, 4TO 4acTh ONepalliil AOCTylHA JTHIUbL M3 KOMAHIHOI cTpoku. B kavectse mecy-
LIECTBEHHOTO HeNOCTaTka Bepcuit 5.04 makeTa yNOMHHAETCS OTCYTCTBHE XODOLLErC
PEAAKTODA OTHETOB, TAK e KaK OTrpaHHYeHHEe HAa YHCIO EPEMEeHHBIX B JaHHbIx [12]
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(B Bepeun 5.04 ux MoxHO ObL10 HMeTh He Oomee 256, Ha B Bepcuu 6.0 ato orpanuye-
Hue yxe 66110 cHsto [53]). Vnorna obbacHeHHe B pYKOBOJACTBE MOJb30BATENS JAET-
cs JIsT YOPOLIEHHOIO BapManTa MeHIO, a AeTaid HCNOAb3YEMOro CTATHCTHYECKOTo
MeTOHa NIPHBEeJeRbl TOJABKO KaK HHCTPYKIMH K KOMaHAHOI crpoke. Yucmo AecsitHy-
HbIX Pa3psIoB BeLIECTBEHHOIO 4MCJIa HeJb3s MMKCHPOBATL Y AAHHOH MepeMeHHOH B
padoueii Tabaiie, a Hafo 0613aTeIbHO 3ahUKCHPOBATL HA BeIo Tabuy teanko. I1pu
umnopte gaiinos B sepcun 3.2.1. osHHKaT npobaeMsl, eciu B (ailjie ecTh X0Ta Obl
0/IHA TIEpeMeHHas — NPH3HAK ¢ JAAHHOI MMeHH, npesblinaionteit 8 cimeonos [10],

HexoTopele apyrue pasgeibl MeHio colepiar B cebe MeHbllle MH(MODMALIH, YeM 3TO
610 6Bl HYKHO A8 ONTHMATLHOTO APYKeCTBEHHOro nHrepdeiica ¢ nMoab3oBaTeneM,
KOTOPDLIH XapakTepeH JUIS HEKOTOPBIX rpapHyecKiX peaakTopos. B yactHocTH, B [12]
OTHOCUTENLHO Bepchu 5.04 penaeTcs 3aMevaHye Mo MOBOLY HaJOEAAIOUIET0 HCUE3HO-
BeHUS TJIABHOTO MEHIO [IPH NOMBITKAX YUPABAATh NPOTPAMMO M3 ONpeaeseHHbIX
NOAMEHIO.

Takse HECKOJIBKO BAXKHBIX CTATHCTHHECKHX METONOB PEIMTEIbHO He SBJSIOTCS ApY-
KeCTBEHHLIMH K moJib3oBarenio (B [12] npuBoauTCs NpHMeEpP N0 HenapHoMy t-KpuTe-
PHIO H TIPOCTOMY OJHOQAKTOPHOMY AMCTIEPCHOHHOMY aHanuay). OaHako, o MHEHHIO
[10], [12], necMmoTps Ha psi aTHX Heboabmux Heyaobers SYSTAT apnsercs npesoc-
XOAHOM U BeCcbMa LUEHHOH IpOorpaMMoil.

MINITAB

ITaxer MINITAB passusaercs Gosee 20 et u mupoxo uspecten B CIUA, rae on
SIBASCTCS OAHMM 13 OCHOBHBLIX yueOHBIX HakeTon. Bo MHOroM, npasia, 310 00bSICHI-
eTCs He er0 MCKIOYMTENLHBLIMY CBOHCTRAMI, @ TEM, YTO [TAKET B CBOE BPEeMst 3aXBaTILI
onpeaeneHuslit cerment puiika. Ceifvac pacupocrpansercs sepeusa 10.0 ang cpeant
MS-Windows u yxe nossunach yayuennas 32-pasps/nas sepens 11.0 [12). Kpome
paccMaTpuBaeMbix niatdopM, makeT Takxke padortaer Ha Macintosh [8] B cpeae MS-
DOS, na pabounx cTaniMaXx 1 APVIHX KOMIBIOTEPaX.

MINITAB xopomo npoayman 1o pasjeny onucatesbHoN (IeCKPUNITHBHOI) cTaTHC-
THKH, XOPOIIO CKOHCTPYUPOBAH M YIPABJIALTCH C MOMOILBIO YAODHOrO MEHIO MJIH, TO
KeJTaHHIO MOJb30BATENH, YePE3 KOMAH/IbI, COCTABIATh KOTOPhIE HOMOTAIOT IHANOTO-
Bble OKHA naxeTa. YacTo MCIOAb3YeMbBle KOMaHibl MOXKHO 3AlIYCKaTh IO MX NEpBON
Gyxse. Oburee uncao kxoman npessimaer 200 [8]. MoxKHO COCTABAATL celManbHbie
MaKpOChl jJIsl BBIMOJHEHHS [OCACA0BATEIbHOCTEH KOMAMI.

Wmnopt/akcnopt AauHbX 13 Apyrux Windows-npiiokeHui genaercsd Yepea CTaH-
napthbtit Oydep o6mena. B naxere nmeoTes pazHooOpasHble BO3MOKHOCTH 110 YIIPaB-
JIEHMIO AAHHBIMH.

JdokyMeHTalus nakera pKaw0gaer B ceds Tpu ToMma: 28-cTpaHIYHOE PYKOBOJACTBO TS
GoicTporo ocBoeHust, 240-cTpaHHYHOE PYKOBOACTBO f10Jb30BATE/S H CTIPABOYHOE PY-
kopoactso. Iocieanee coaepuT MHOXKECTBO IPHMEPOB U MPOAYMAHHBIE YKA3ATENH.
Moxszosarenn Minitab MoxeT nerko u OpICTPO HAYYHTBCA pEIIaTh NPAKTHYECKH BCE
TUIIOBBIE 3371a4H, B OCHOBHOM M3 00JacTi OJHOMEPHOrO AHAJIM3A H AHANH3A BpEMEH-
#eix pagon. Oupmoii Minitab, Inc. Xopoio HanaxeHb MOMIEPAKKA MONB3OBATENEH U
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obmen onsiTom yepea Ipyiny noas3osarteneit MINITAB. Kpome toro, pupma pecbMma
HELOPOro MPojiaeT MUHH-PYKOBOACTBO 110 TIAKETY A TeX CTYAEHTOB, KOTOPbIE, BO3MOXK-
HO, €ro He MMEIOT, HO XOTSIT OoJNblle O HeM Y3HATh B PAMKAX CBOMX y4eOHBIX KYpCOB.

B obnactH MHOTOMEPHOro aHanM3a 8- BepCHs MAKeTa SBHO He SIBJAJACH JTHIEPOM.
Tem He MeHee, OHa NO3BOJNAET HAXOANTL MVIABHLIE KOMIIOHEHTH H/IH e MDOBOAMTE
CTAHJZAPTHLIA JHelHbIH WIN Aaxe KBAaXpATHUHbLIH IMCKPDHMHHAHTHBIN aHamns. On-
HAKO MHOTOMepHBII aHaam3 O yeusaeH B 60Jee HO3IHUX BePCHAX.

Tak, B Bepcun 10.0 6p11u 10OaBIEHBl ATrOPUTMBL (PAKTOPHOTO H KAACTEPHOTO AHANM-
3a. Kpome TOrO, 3Ta Bepcusl NMO3BOASET MONYYATh MHOXKECTBO XOPOUIHX M CAOMXHBIX
TIOJIHOBETHRIX TpadnKoB. B miane xapakrepuetuky MomHocty MINITAB-10.0 noc-
TATOYHO CHJIEH H pa3HOoo0Opa3eH, OITOMY FOBOPST, YTO NepBbie YeThIpe HYKBDI MaKeTa
CKOpee Halo MOMEHATh Ha Maxi.

Hezocm’nco.\x MMaKeTa ABIACTCA OTCYTCTBHE (i)DpMy.lT AJA CTAaTHCTHK B CIpaBOYHOM
PYKOBOACTBE, HTO 3aTPYAHACT aHAJIN3 3HAYHMOCTH BJIHAHHUSA Pa3jaHYHbIX CbaKTOpOB Ha
INIPHHHUMaeMBIe DElleH s, HO, C Il].)y{'OI‘r"I CTOPOHLL, 3TOT CIIPaBOYHHK ]’13061/1.."[}’9.'[‘ CCRLI-
KaMH Ha CTANJAPTHLIE CTATHCTHUYECKHE _,V‘{EGHHKH.

[Monaraior, yro nenocratkn MINITAB ne ouenb cyliecTBeHHBI H YTO OH ABASETCA
NIAKETOM € YMEPEHHDBIM COOTHOINEHHEM <KayecTBO/LEeHa».

STATISTICA/W

06wan uHdopmayua

ITo Muenuio anropor [44], maker STATISTICA/W (umxe Statistica) ve ¢tout He-
N0L20BATL 110/1b30BATENI0-HOBHYKY B CTATHCTHKE, TAK KAK OH NPEANOATraeT Biafe-
HHEe cTaTHCTHYecKoi TepmuHoaoruel. TeM He MeHee, Ha OTEYECTBEHHOM PBIHKE 3TOT
AKET MOJIb3YeTCs MOMYJAAPHOCTDLIO, MO-BHAHMOMY, GJarojaps BoICOKOH aKTHBHOCTH
¢dbupmbl-paspaboTunka Statsoft n munepa B Poccun — Softline, cnocobersyommx
NONyAspH3alHH NakeTa (cM. Hampumep, [20]).

0 mowHocTH nakera Statistica/W

Psx apropos cunraer, yro naxeT Statistica siBisieTcsi xopoio cfananCHPOBAHHDIM O
COOTHOLIEHHIO «MOILHOCTR/ya00cTRo» [4], [5]. Hannyite A0cTaTOMHO MIHPOKOTO Crek-
Tpa PYHKUHOHATLHBIX aJFOPHTMOB AEJaeT ero JOCTATOYHO IPUBIEKATENbHLIM IS
craTucTHKOB-npodeccHonanos. OQHAKO cyUeCTBYET TOYKA 3pPeHMs, YTO YR0HCTBO
paboThi ¢ aT¥M naKeToM sBasercs Hesbicoknm [10]. B wactnocTy, Statistica no cpoeii
CTPYKTYPe KaK OBl COCTOMT 13 HECKOIBKHX CBSI3aHHBIX MEXAY OO0 «MIUHH-TIAKETOB>.
ITH «MHHU-MAKETbl>» B3AHMOACHCTBYIOT APYT C APYIOM, HMEA OAMHaKoBbiil dopmat
cucremnbix (haiinos. Tax, ecayn Hy:KeH paszes AuHeHHON perpeccuM, TO NPHXOAMUTCH
NOKMHYTL OKpyXeHue rnaphoro Moayas CIIII H BHIXOAUTL B OKpYXKEHHE MOAYJIA
(¢MuUnM-NaKeTa») THHEHHOH perpeccu.

B nnane GpyHKIMOHAIBHOrO HAIGIHEHHA [IAKET, HAIIPUMED, 110 CPABHEHHIO C TIPOTPaM-
soli STATGRAPHICS, o xoropoit Oyaer ckasado HEXe, Do/1ee pasnoobpaseH, BKIIO-
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yast B cebs u pasgenst anaanaa, kotopsie STATGRAPHICS copepsxur muiip b A0-
[OMHUTEALHBIX MOAYJAX (IIOCTABISEMbIX 33 JONMONHUTENBHYIO lteny). B yacthnocTn,
OH BKIKYaeT B ceGs Pl HenapaMeTpPU4ecKuX METOA0B aHAIU3a, MEeTO/LI MHOTOMEp-
HOTO aHATH3a: AHCKPAMUHAHTHOTO, (PAKTOPHOTO KJIACTEPHOTO JONIHHEHHOro 1 Ap.

Buecre ¢ Tem, B nakeTe Statistica OTCYTCTBYIOT METOIDI TJIAHHPOBAHIA SKCIIEPHMEH-
TOB, TpaMKa NO MeToJaM KOHTPOJA Kayectsa. B uenom naker Statistica no mouiHo-
cti yerynaer nakeram SAS, SPSS u SYSTAT.

0co0eHHOCTH yNPaBAEHMA NAKETOM

C[)C}_ICTBa MAHHIIYIHUPOBAHHA HCROAHBIME HAHHBIMH B ITAKETE Statistica XOpPOLIQ pas-
BHTBI. ilaunme OTHOCHTEJBHO JErKO OTPEAaKTHPROBATL, MOMXKHO CO3JdBATL HOBbLIE 1€~
PEMENHDIC (ﬁ]II)IiSi{Ell{I-I»), Bbl()}i{)a'l'b OTAe/bHbIE llii(/).l‘!](),-'.lf_’.lii’bl HJIH «BbLIPE3ATL» M0~
MHOMAECTBO JaHHBIX 11O CTDROKaM H/IIJ'HI 1o C'I'(J.-'l()].llil\-i '1'2165111].1.111 <\'()61=CK'I"III)]'If_iHaI{»,
B.-‘]EIFOJ'I?&DH ()6111111)1'}'OH HaHeJH HHCTRPYMEHTOR LA BBINTOJMHEHNH OOALINHHCTRA MAHH-
II}".Ti}]Li}H"[ I0OCTATOMHO HeCKOJBKO EeAYKOB MblIIH, TaK Kak ITQYUTH JLIA BCEX (1))’[*11([1;}-113
IaKeTa 34¢Ch MMETCA MUKTOIDaMMbl. K])(JMC TOrQ, HeJUEOM II})EiB()].i KHOINKH MBIIH
BLIBBIBAIOTCA AONOJHHTENbHBIE TIOAMEHIO, KOTOPLIEe CYIECTBECHHO YCKOPHIOT I)Zi(f)()'f}’ C
NAKCTOM.

IMonesHoli ocobeHHOCTLIO NaKeTa ABAACTCS HACTPoiiKa QYHKIHA 10/ 3KPaH, OTKPBI-
ThIH B TEKYIIMH MOMEHT BpeMeHU. Tak, IPH 3arpy3ke NPOrpaMMbl B IaMATh MalIHHbI
B aKTHBHOM OKHE BO3HHKAET CHMCOK MOAYAeH («MHHH-IIAKETOB» ), AOCTYIHBIX 110130~
pareio. OTCl0/la N0Ab30BATEIL MOYKET CAMOCTOATENLHO PEilaTh, KAaKOrO COpTa aHa-
Jn3 Tpebyercs BooAHNTDL. Crnicox MOAyaeH M NOPSAOK MX CNeloBaHiA B OKHE MO-
ryT GbITH ONPEiEAeHb! MOJNB30BATENEM, YTO 0DeCIeYnBaeT JOMONHIITe bHbie YAohCTBa
¥ THOKOCTb HACTPOHKH.

Csasb ¢ gpyrumu Windows-npunoxeHuamu

Baaroaaps noanep:xke DDE B nakere Statistica BuINoJHAIOTCA Te HIH HHDIE KOMaH-
HbIE CLEHApIH APYrHX npHaoxennii. Hanpumep, moxno B Excel nmanucars makpoc,
KOTOPBII 3anycKaeT naxer Statistica. INocae nobapienns B Makpoc cneunanbuuix SQL-
KOMaHI MOXKHO HMIIOPTHPOBATL B IIaKeT JaHHBIE.

B sepcuy noa Windows takke, kak uis nakeroe SPSS nau STATGRAPHICS, nc-
noassoranne OLE-Texnonornu odMera Mexny Windows-npuioskeHUsIMI 03BOASIET
MHTErpHPOBaThL pe3yabrars, Hanpumep, WinWord 1 Statistica.

fpadmka u gokymenTauua B nakere Statistica

CuapHOIT CTOPOHOR MakeTa sBJAITeA rpadika M CPeiCcTBa PEeAaKTHPOBAHMA IPagu-
YeCKMX MaTepuaioB. B nakere npejcranietbl coTii THIOB rpapukos 2D wan 3D (ume-
10Tcs gaxe rpaduku Tuma 4D), Matpuin M nukTorpaMsbl. lpesocrasnaercs BO3MOXK-
HOCTDh pa3paboTku cobcrseninoro ausaina rpaduxa.

CpejcTsa ynpanienns rpadMKaMyl MO3BOJAIOT paboTaTh OJHOBPEMENHO C HECKOJb-
KHMH rpadUKaMH, H3MCHATD PasMephl CHOKHBIX 00LEKTOB, A002BAATH XyI0KeCTBEeH-
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HYIO NMePCNeKTHBY M PAd CHEelHATBHBIX a(hheKToB, pasbiBKY CTPaHML 1 ObICTPYIO O Memnio Compare BKJ09aeT METO/BI CPABHEHISI ABYX 1 60J1ee BbIOOPOK JaHHBIX, TIPO-
nepepucosky. Hanpumep, 3D-rpadmkn yMoxHO Bpauars, HakIaAbIBaTL APYr Ha ApY- HEAYPHl OAHO- H MHOTOGAaKTOPHOTO JNCIIEPCHOHHOTO aHATH3A.

ra, CKMMATh WM yBeaHunBarh. IlepenoBast aHMMaLHOHHA TeXHIKA, MpHMeHeHHast B
Bepcun 5.0 u oTHocam@asAcsa ckopee K 004acTH MCKYCCTBa, NO3BOJSET YBUIETh Ha
rpaMKax, Kakue TOUKHM TaM W3MEHMUIHCh NOJ BAUAHHEM U3MeHeHMH B 0/lHOI U3 Te-
PEMEHHBIX.

O Memnwo Relate COJICPKHUT NPOUEAYPLI IPOCTOTO, HOJAHHOMHANTLHOTO 11 MHOXECTBEH-
HOT'O PErpeCcCHOHHOIO aHa /iM3a.

[Taxker umeet TpexToMmuy fokyMmenTanuio B 3000 cTpanuil 1 KpaTKoe PYKOBOACTBO.
B akpaHHbIA crpaBOYHMK BXOAMT IOYTH Bech MaTepHal NeYaTHOH AOKYMeHTal[HH.
Cojlepalinecss B AOKYMEHTAIHH H 3KPAHHOM CIPABOYHHKE DEKOMEHAAIHH nojes-
HBI, HO 110POii HeIOCTATOYHO ITOJIHEL, & TIOPOit — Yepecyyp AeTanbHnl. Kpome Toro, oHu
He BCerja CTHIKYIOTCH C MepapXHYecKHM CTHIEM MakeTa.

Bce yHHBepcanbHbie HakeThl HMEIOT MHOIO NepecedeHHit 110 CoCTaBy CTaTHCTHYECKHX
npoueayp. Kpome Toro, coBpeMeHHbIe BepCHU NporpaMM 00/1ajaloT, Kak MpaBuio,
MOILYABHOMH CTPYKTYPOH, 4TO NMO3BOISIET CYIIECTBEHHO 9KOHOMHTS cpesicTa. Windows-
uHTepdeiic nocaeIHUX Bepchil NakeToB BO MHOIOM yHHGHIMpYeT B3auMoldelcTBue

Plot of Fitted Model

TNOJb3OBATENST ¢ AHATHTHYECKUMY, TPadHYECKHMH W CHCTEMHBLIMH TIPOLEAYPAMA. Lol L s : == / 7 3 ]
OcCHOBHBIE OTIHYHSA KPOIOTCA TAaBHBIM 00pazoM B leHe. KpoMe Toro, mo-pazHoMy Bl ff—ommmmmmmmmmmmm e 2.5p ﬁ/
opraku3oBad auanor. (DyHKuMoOHAALHOE HANOJHEHHE ITAKETOB TAK/KE MOXKET BAPbH- ;WSWM g?fi;:g Coh A N A

POBATLCSL. 31ech, IO MHEHHIO ABTOPOB, C YYETOM BCEX aCNEeKTOB B JYYIIVIO CTOPOHY
ormuuaercs STATGRAPHICS Plus for Windows. MMenno nostomy aansHeRmuii

722 ek
e .0 U

MaTepuana OCHOBaH Ha paccmorpenuu Gynkiuni STATGRAPHICS. Bumecte ¢ TeM, L % :
cleyeT OTMETHTD, YTO TakMe Ke (PYHKIIHKM MOTYT GbITh BBIOJHEHB! PAKTHYECKH 05l 8%

A06bIM APYTHM MAKETOM aHaiMu3a AaHHbIX, 061a1al0MMM Pa3BHTHIMH CPEACTBAMU ] L/// :
nHTepakTUBHOM rpadgukn. PakTnyecky, n3yuus npusnuns paborst STATGRAPHICS o S, ; - |

: 0.214958
Plus for Windows, He coctaBasieT ocof0ro Tpyaa NepeHecTH NOTyYeHHbIe HABBIKK Ha

ApyTHe MaKeTbl.

0630p MeTOAOB aHaNN3a faHHbIX HA NpUMepe
naketa STATGRAPHICS

Puc. 2.1, Mewio Describe cogepuT METOOE 2HANM3a RO OAHON Y MHOMEBCTBY NEPEMERHBIX,
npoueaypsl noabopa pacnpeaeneHuii, Tabynauyiu u Kpocc-Tabynsuni AaHHsIX

Kax Bumns, B BasoByio cucTeMy BKIOUEH JOCTATOUHO MOJHbil Habop Hanbosee va-

L v

STATG RAPHICS PlUS for W'IndOWS S oﬁmue CTO BCTPEYAIOINMXCA BHAOB CTATHCTHYECKOIO aHATH3a JaHHBIX. B To ke npema, ans
= pACHIHPEHUs] BOSMOKHOCTe!! CHCTEMBI IPETAraloTest AOTOTHATE ILHBIE MOLYJIH, HHH-

M YHUKaJNIbHbIE CBOUCTBA LHATH3AINA KOTOPBIX OCYIIeCTRAeTeA yepes Menio Special. K sum otrocsTes:

STATGRAPHICS Plus for Windows Braoyaer Homee 250 cTaTncTHYECKHX H CHCTEM- Q Moaynp «Konrpoas kavecrsar HpeiHasHAueH AT OUeHKH 3(hdexTHBHOCTH BCeeX
HBIX [pPOLEAYD, NPUMEHAINIHXCA B OH3HECe, IKOHOMMKE, MAPKETHHTE, MEANIIHHE, 3BEHLER TIPOH3BOACTBEHHOrO Npoilecea U (POPMHUPORAHHS COOTBETCTBYIOWMX KOH-
GHOMIOTHH, COLMOMIOTHH, [ICHXOJOMHH, HA NPOU3ROJACTBE H B Apyrux obmactsx. Kax- TPOALHBIX KapT. B MojyJie NpeKkpacHo opraHH3oBaHbl MPOLEAYPbl A4 KOHCTPYHPO-
[0 TpymIe NpoUeayp cooTBeTcTBYeT cobcTBerHoe Merio. B Basosoli cucreme dynk- panust [Tapero-kapr, auaju3sa Bo3aMoOxHOCTeH npouecca it noctpoenus X- v R-koH-
IIHOHHDYIOT CleXyioniue npoueaypsl: tpospubix Kapr. TecHaa ce#sb ¢ Gasosoil cucremoil STATGRAPHICS Plus for

Windows obecriequBpaer JAOCTYIL K HOJHOMY I!Hf)()])y CTATHCTHYECKHX MeTOJ0B.

O Menmwo Describe copepxuT CTaTHCTHYECKUE METOARI AHAMH3a MO OJHOH M MHOXKe-
[peacrapasierest, 4TO NPCUE/YPbl KOHTPOAA KA4YecTBa PeajiM30BaHbl HANIYULIHM

CTBY TIEDEMEHHbIX, POUCAYPH Noabopa pacnpenesenuii, cpejcTsa TabyIsauuu 1 |
Kpocc-Tabyasuun aaubix (pue. 2.1). MHER AR A
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QO Moayiab «IlnanupoBanue akcnepHMeHTa» NMOMOTraeT chopMyNHPOBATE KPUTEPUH
ONTHMAJBHOCTH TLIAHA AKCIEPHMEHTA, TOACOPATE HAHAYYIIHIA T/1aH, OPraHK30BaTh
cbop u obpaborky tpebyemoil nHdopMauuy. IIpu pabote ¢ STUM MOAYIEM HOAB30-
BAaTENHO HE CTOHT GECTIOKOHTBCS, MHOTO MJTH MAJI0 €MY H3BECTHO O MJIaHMPOBAHHU
axkcnepuMeHTa. B Moayne npeanaraorces adgeKTHBHBIE cOCOObI YIPOUIEHHST H
WHTerpalny 3HaHuit o6 uccaeayemom npouecce. Ilpouenypa p3anMoneiicteus ¢
MOAYJIEM CJIeAYIOIIAs: onpeAeneHyte (HaxTopos; Buibop NAaHa;, reHepanus paboueit
Tabynibl 4714 c60pa M 3amiCH AAHHLIX; TOAO0P MOeNH; HHTEPIIPETAHA Pe3yib-
taros. Bece BMecTe NO3BOJISAET YMEHBILHITE BPEMsl HCCIEROBAHMA, CHH3HTh 00Iue
3aTpaThl M B LEAOM NOBHICHTL HPOM3BOAMTEILHOCTD.

Q Monyab «AHAJH3 BpEMEHHBIX PAJOB» COAEPXKUT ONHCATENbHbIE METO/IBI, TpOoile-
AYDbl CTIQKHBAHUA PALOD, CE30HHOM NEKOMIIO3MLIMHE M lIporHo3upoBanus. Jlas-
HBIH MOIYJb MOMOTAET YBHAETb YHCTYIO KAPTHHY JAMHAMMHYECKHX AaHHBIX. Ilerne-
cooOpa3sHo HadaTh paboTy € OMUCATENbHBIX METOAOB, YTOObI TIOAYYHMTh 1IEPBOE
BH3yaJbll0e MpEACTaBIeHHEe. 3aTeM MOXHO caenaTh Gojlee TOUHOe ONucaHHe au-
HaMHYECKOTO PAjla, yUMThiBad ce3ontbie apdhexTnl, UMKIHYecKHe H3MEHEHHA, TPEH-
Ipl, ourMOKH, BLIOPOCH WM TOYKH M3/70Ma B BallMX JAHHBIX. Pe3yssraThl npex-
cTaBisiores B Tabandnoit opme wian Ha yrobHBIX st BOCUPUSTHS rpaduKax.

Ecau npuxoaMTess MMeTh Aeslo © JanHbIMK U3 obnactn ¢unancos, STATGRAPHICS
Plus for Windows npejocTtap/iseT BO3MOXHOCTD ONPEAeNUTs ONTUMANLHOE YIpaBJIe-
HHE KanuranoM. A ecan Tpebyercs npeoGpa3oBaTh JaHHbie A7 Jyviled MOATOHKM
MOJENH, TO JUIsl ITOFO CYLICCTBYET HIMPOKHH CIIEKTP BCTPOEHHBbIX (GYHKIMIH, HApu-
Mep, npeobpazosanus Bokca-Kokca. B Moayne npeaycMOTpeHa Taioke BOIMOXHOCTD
ABTOMATHYECKOrO yueTa MHAIsMOHHBEIX (aKkTopoB!

O Monyan «<MHuoromepuble METOAbI> NPeAHAZHAYEH JUTA H3YYEHHS 1 PACKPLITHS B3a-
HMOOTHOMIEHMIT MHOXecTBa (akTopoB (mepemennsx). Eciy noxn3oBatend 3aHH-
MaeTcsl HCCJIeOBAaHMAMH B H3HKe, COLHONOTHM, MEMMLNHE WK APYrux obaac-
TSIX, TAS OOBCKTH HCCASAOBAHNSA XAPAKTEPUIYIOTCSA GOABLIINM YHCAOM TIPU3HAKOE,
AaHHBIT MOLY/IL IIOMOXKET COPTHPOBATEL H IPYIIHPOBATL JaHHLIe, OIPEAENATh OT-
HOINEHHA MEXAY NepeMeHnbiMM, BLIABUTaTh W NPOBEPATh Pa3jiHyHbie THIOTE3bI.
Has aToro B Moayae (PYHKIVIOHHPYET NSITh MOUIHBIX NIPOUEAYD, ofecedHBaLNX
NpoBejieHK e KAACTEPHOIO aHAMI3A, AHAIN3A 110 METOAY T/IABHBIX KOMIIOHEHTOB, ak-
TOPHOTO, JHCKPHMHHAHTHOIO U KaHOHHYECKOIO KOPPENALHOHHOIO aHalu3a.

O Paciunpennbiii perpeccHoHHbI aHaIna KpoMe Ga3HCHBIX IPOLEAYD PETPECCHOH-
HOTO AHAMNGA BKJIOMAET pasandhbie KaiubpoBouHble MOAEH, NPOLEAYPHl CpaB-
HeHHMA JHHHIT perpeccun, oThoOpa HAUMAYULIHX PECPECCHOHHBIX MOJe e, HelHHeH-
HYIO MHOXKECTBEHHYIO DETPECCHI0, DHIK-PETPECCHID U JIOTHCTHUYECKYIO PErPECCHIO.
Tpebyercsa AU CO31ATh KOMIUIEKCHYIO MOJIeJIb MHOKECTBEHHOM perpeccul Wi pac-
CMOTPETH M OIEHUTDb J1a00PATOPHbIE METOABI HJIM MPOCTO NONHTATHCH BHIOPATH
JYULUIVIO PErPECCHOHHYIO MOJENb — BCE HTO NPEICTABAEHO B MPEKPACHO OpPTaHu-
30BAHHOM MOZIYJIC PACHIMPEHHOTO PErpecCHOHHOIO aHaMN3a.

Bce nepedncieHibie Bhie MOAYAN HHTECPUPYIOTCH B CHCTEMY M NOJIHOCTHIO HAcje-

Ayt ee cpoiictBa. Moaynbnas crpykrypa STATGRAPHICS Plus for Windows no-

3BOJISIET T10JI30BATEMO NPHOOPETaTh TOABKO TO, YTO €My HeoOX0AHMO. YUMThiBasd
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CpaBHUTEJIBLHO HEBBICOKYIO CTOMMOCTh Basopoil cuctemul (Hanpunep, O OTHOUIEHHID
K u3pecTHOMY IakeTy SPSS), 3T0 M03BOMSET CYLIECTBEHHO CIKOHOMUTL CPEACTBRA.
13 muoxectsa csoitcts STATGRAPHICS Plus for Windows BigemiM H oXapakTe-
pH3YeM CHaeXYIOlIHeE.

TMOKUA UMNOPT/IKCNOPT AaHHBIX

Cucrema obecriednpaer cBs3b co Beemu Windows-nprnoxenuamu nocpenctsom OLE
11 DDE. Kpose Toro, daitan Windows- u DOS-pepenii noAHOCTBIO COBMECTHMBL MEKILY
coboii, n cuctema Hes npobsieM o6MeHHBAETCS JAHHBIME € APYTHMH TPOFPAMMHBIMIL
NPOAYKTaMy, Henoabayomnmi Lotus-, dBASE-, DIF-, DBF- u ASCII-gaiias.

LUHPOKME BO3MOXHOCTU MaHUNYRUPOBAKHUA AaHHBIMU

YIpaBjierye AaHHBLIMH OPraHi30BAHO YAOOHBIM H LEAeCO00PA3HDIM cn(;coémj, Jlerxo
JIOCTYNHBIE H3 DEJAKTOPA AAaHHBIX WM H3 OKHa BBOJA JAHHBLIX OMILIM HpeodpasoBsa-
HHsE IPEAOCTABIAIOT WHPOKHH HADODP BO3MOKHOCTEH COPTHPOBKHM AaHHBIX ¥ TPaHC-
GopmalH NepeMeHHbIX, A Yero npeanaznaueno bosee 100 oneparopos. Tlpu aTom
[IPOM3BOANMbBIE MAHUIYISIUHI HE M3MEHAIOT COACPMKHMOr0 HCXOAHBIX (ailion.

STATGRAPHICS Plus for Windows Version 2
Kopotko o npoaykre: IlporpaMmMublii makeT A48 CTATHCTHYECKOIO aHAIM3A JAaHHBIX

(puc. 2.2).

{CONSTANT

. L

Puc. 2.2, STATGRAPHICS Plus for Windows pacnonaraet wrpoKHMK BOIMOKHOCTAMM
COQTMPOBKHM ¥ NpecBpazoBaina AaHHLIX
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Tgeﬁonaligﬂ K clﬁopy,uonanum: K ¢ nporteccopom 386 u puime; 8 Mbasit O3Y: OC
Windows 3.x/95/NT, nuckosoe OpOCTpaHeTBO — 14,5 Mbajit; SVGA rpatj)m:ec,:mi»‘l
ANANTEP; PEKOMEHIYETCS MATEMaTHYECKHIl COMpoLeccop,

Hena:

BazoBas cucrema — $749.

Moayniun (Konrposs KauecTsa, [Inanuposanue axcnepumenTta, Anamms BPCMEHHBIX
pAnos, Muoromepustii anaaus) — $449 xancasiii.

Besa cucrenma ¢ monnbim Habopom Momyneli — $1699.
Manugistics, Ine.

WnterpuposanHas rpaduka

Kaxnas cratucruyeckas npouenypa 8 STATGRAPHICS Plus for Windows CONpPO-
BOXKAAETCS I-iHTel'pHpOBaHI{OI':I B cucreMy otamunoli rpadukoi. Wenkuys Muininio na
CTICLMAILHON TUKTOTPAMME, MDI IIOJIYUa€M MEHIO, B KOTOPOM MPEAOCTAB/IseTCS Bbl-
0op rpadureckix otobpakennii, COOTBETCTBYIOUIMX MCTIOJb3yeMOii npoleaype. Bee
3}10.\181{/’['1;{ rpaduecknx otobpaxeHuii (MacTadml, MeTKH, ﬁBe'ra, HAZIHCH H. p.)
MOTYT OBITD [IOJIBEPIHYTHL KOPPEKLHH W TIPe05pasonanuio (pic. 2.3). das atoro an;-
HO BBIOpaTh Tpeﬁ}femmii BJIEMEHT, UIEJKHYE Ha HeM JIeBOIT KHOIKOI Mb][l].lfl, u 3atem
WEIKHYTD TpaBoH KHomkoi. Toraa Ha skpane NOSBHTCA OKHO AMagOra, B KOTOpOE
BHOCATCA HeOOXOAHMbBIE H3MEHEHHS. J

L

UuTepakTuBHas rpaguka

MurtepakTupyas rpadguka Bpcerga ObLIA OAHOA 13 CaMblX CHJBHLIX CTOPOH
STATGRAPHICS. Windows-untepdeiic ente boiee nosbiuaer ee a)eKTHBHOCTD.
OJuiH eN40K MBIIIBIO — H BBl MOKETe MOMEHTAMBHO MAeHTHGHLIHPOBATh TOYKY Ha
rpadyeckoM oTOOpPaXXEHHM M BHICHHTb €€ MECTOHaXOkKAeHWe B daiine DaHHBIX.
STATGRAPHICS Plus for Windows no3sosiser nojib3oBaTesio B3aHMOIEHCTBOBATh
€ JAHHBIMM TIOCPECTBOM Tpaduky MoObIM MBICTHMBIM criocobom. Ipaduka B chere-
M€ CTAHOBMTECS AHATHTHYECKHM HHCTPYMEHTOM, 4 HE TONBKO CPEACTBOM NIPE3EHTALIHH.
Hanpunmep, MOKHO BpallaTh 1 pacCMATPHBATD ¢ PA3HBIX CTOPOH TPEXMEPHBIe H300pa-
AKEHHUSA WIH OCYIIECTBAATH PasroHKy (jittering) Touex Ha AMarpaMmax pacceHBaHHA,
IleHHYIO BO3MOKHOCTD JyHlle «IPOYYBCTBOBATb» CTPYKTYPY JAAHHLIX NPEIAOCTABAAET
bynkuusa oxkpacky (brushing) Touex Ha AuarpayMMax pacceHBaHUS B COOTBETCTBHU CO
3HAUEHHUAMM Kakoii-mubo rnepemensoil (puc. 2.4). buletpoe u nerxoe HccaegoBatne
3KCHEPUMEHTANBHEIX JAAHHBIX C MOMOUIBIO CPeACTB HHTEPaKTHEHOH rpahiky meaaer
NPOLEC AHAMH3A YBAEKATEJbHBIM, CTHMYIHDYIOLIM HHTYHIHMIO i BOOOpakeHue.

b S i ;
Puc. 2.4. LeHHyo BOIMOKHOCTE y4ile NPO4YBCTBOBATL CTPYKTYPY AAHHLIX NPeAOCTABNRET

hyrKkumKAa okpacku (brushing) Touek Ha gHarpammax pacceMBaHMA B COOTBETCTBMM
CO 3HAYEHMAMM KaKOH-NMBO NnepeMeHHoi
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StatFolio — Baw coO6CTBEHHBIN CTATUCTUUECKUI NPOEKT

B STATGRAPHICS Plus for Windows peann3osaHo YHUKaJAbHOE CPEACTBO IS CO-
XPaHeHHs PE3YABTATOB PaboThl 1 CO3AAHMS COOCTBEHHBIX CTATHCTHYECKHX HNPOCKTOR.
IlpeacTaBasieTcs, YTO 3TO He MOXKeT OLITL CAe/aHO HAMIsAHee U pallHoHATbHee. Bcee,
YTO MOJNL3OBATENb CHHTAET LEHIILIM B CBOCM BapHaHTe aHANH3a (BHIOPAHHDBIE METOBI,
napaMeTpbl CTATHCTHYECKMX TIPOLEAYD, BHAb rpadiyeckux oToOpasKeHnil pesysibra-
TOB AHATH3A, TabaudHbie GOPMBI, KOMMEHTAPDHH M T. 1), OH MOMET COXPaliiTh B BHAE
HOBOFO (paitia StatFolio. Ecin Bosnuxaer norpebHocTs B 06paloTie APYroro MHOXKe-
CTBa AAHHBIX 110 COCTABIEHHOH cxeMe aHalu3a, HY/KHO NPOCTO 3arpyanTh HORBIH haiin
zaunbix. Pezyasrarsl pacyetos, Tabauinl M rpadukn OYAYT BLIAAHBI ABTOMATHYECKH.

StatFolic oTobBpaskaeT TexHOMOTHUYECKYIO LENOMKY aHalli3a AaHHBIX B Blae Habopa
nukTorpamMM. OTnana HeoOX0MMOCTb NHCATh MAaKPOCHI, UTQ 3HAUYMTENBHO [TOBBIILAET
NPOAYKTHBHOCTL PAbOTHl NPH MOJATOTOBKE M PEAjH3alMHM CTATHCTHYCCKUX IPOEKTOB.
CrarncTHyecKnil npoexT MoxKeT ObITh 0003HAYEH B OCHOBHBIX YePTaX HCKYUIEHHBIM
npogeccHOHATOM M 3aTeM MepefaH MeHee ONLITHOMY [epcoHaly.

BCGOﬁ'bEMJHOI.U,aﬂ CTAaTUCTUHECKaA KOHCYAbTALKUA

B STATGRAPHICS Plus for Windows BBeeHo MOlIHOe cpPeficTBO, MOMOTAIOILEE
HOBHYKY PadoTaTh HA YPOBHE 3KCHEPTA, A CIeLHATHCTY — elle GoJiee IOBRICHTL CBOE
MaCcTEepPCTBO B aHaanze paHHbX. S umelo B Buay StatAdvisor (CrarKoucyasrant). On
NPeJOCcTaBiAsieT UHTEPIPEeTAIIO Pesy/IbTaToB, oNpeienseT 3HauUHMble 3¢ QexTnl U
BBIABJISIET BO3MOMKHDIE H3BbSAHBL B [TpoBeAeHHOM aHanuse. [Iponeaypa noaydenis KoH-
CYJbTAlMH HCKTIOUMTeNbHO npocTa. HyKHO 1IeNKHYTh MBIIIBIO HA MHTEPECYIOLIeM
rpathuueckom i tabanysom okHe STATGRAPHICS 1 3ateM Ha nukTOrpamme StatAdvisor.
[losiBasieTcA KOHCYABTAIIHOHHOE OKHO, B KOTOPOM COAEPKATCS MCYEPMblBAIONHE, TeIKO
BOCTIDHHHMAEMbIE COBETHI, Pa3hACHEHUs H pekoMmenaaunu. Ecau k atomy mobaButs
BBICOKHH ypoBeHb poKymeHTauuu STATGRAPHICS, namucaHHOT SCHBIM A3BIKOM, ITOA-
poOHO#, ¢ THIATEIEHO Pa3obpaHHBEIMIE IPUMepPaMH IO BCEM BilIaM AHAAM3A AAHHBIX,
TO HYKHO €Ka3aTh, uTo Windows-BepcHst NakeTa MOMKeT CIYKHTb NIPEBOCXOJHEIM
yueGHbIM 10COOHEM M0 OCHOBHLIM PA3feiaM aAHAIH3A JAHHBIX.

Qaxruyecku StatAdvisor npeactapisieT coboi HHTEIEKTYANLHYIO IKCHEPTHYIO CHC-
TEMY UHTEDIPETAlHU Pe3y/bTATOR CTATHCTHYECKOTO AHANM33, AKKYMYJIMPYIOIIYIO
3HAHHs1 BLICOKOKBAAHQHMIIMPOBAHHBIX CIIELHATHCTOB B 3TOH TOHKOI 1 MHOTOrPalHOH
npeaMeTHOH obaactu (pue. 2.5). HeobxoauMOCTh TAKHX CHCTEM YKe AaBHO 00Cyxaa-
eTCH B HayuHo# autepatype [13]. Oanako Do CHX IIOP CYUECTBYIOUIMM ITaKeTaM 1o
NPUKJIAAHON CTATHCTHKE OBLIM NPMCYIL JHUML CTA00 BhIpAMEHHBLIE HHTCAAEKTYa b
Hile ¢policTsa. Tenepb MoxHo KoHcTaTHpoBath, 410 B STATGRAPHICS Plus for
Windows cienan BaskHBIN miar B JaHHOM HaNpPaBAEHHH.
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thdvisor . =
The output shows the results of fitting a first =
————————————— Jorder polynomial model to describe the

CONSTANT jrelationship betwvesn Y1 and X. The equation of
. Jthe fitted nodel is

AY1 = 0.3295683 + 0.124583=X

4Since the P-value in the ANOVA table i= less than
g s e 40.01, there is a statistically saignificant

Source jrelationship between Y1 and X at the 93X
Jconfidence level

Model

; The R-5quared statistic indicates that the i
imodel as fitted explains 94.5442% of the 46 20
{varisbility in ¥1. The adjusted R-squared i

statistic, which i=s more suitable for comparing
nodels with different numbers of independent

Puc. 2.5, StatAdvisor gaer HCHEpNLIBAIOWWE KOKCYNETALUKY N0 BCBM BIAAM CTATUCTUHECKDIO
aHaNM3a faHHbix

KombuHupoBaxue TeKcTa U rpadMKu gns CoCTaBneHUs
NPUBNEKATE/IbHbIX CTAaTUCTUYECKUX OTHETOB

Bo peex pepensx STATGRAPHICS 6oabuioe pHHMaline YAEISI0CE HACTPYMEHTAM
AJISI COCTABACHHS OTUETHOMH AoKyMeHTauun. B nocaemmix sepeusix STATGRAPHICS
Plus for Windows koMBuHIpOBaHHe TeKCTa U rpachHKH OCYIIECTBASETCS € NOMOIIBIO
CNEHHANBHOTO HOBOBBEAeHHS — HHCcTpymenTa StatGallery., Teneps ¢Tano BO3MOKHBIM
[IPOH3BOABHO PACNONATATh B OAHOM OKHE MJIH Ha OIHOM JIHCTe A0 9 pazyinyubixX (hpar-
MEHTOB TeKcTa H rpachudeckux wrmocrpauyil. Ipn atom Tpancdopmais 1 nepeme-
LIEHHE BCEX COCTABMSIOIUX OTYETA IPOH3BOAATC OLICTPO M IIPOCTO.

NogaepiKa nocnegHUx TEXHONOMIA

STATGRAPHICS Plus for Windows cnocoben pabotath He TOJLKO B cHcTeMe
Windows 3.x, no raxxe u nog Windows 95 uan Windows NT. B nakese aktupHo
HCIOJAb3YIOTCS BCe JOCTHMKEHNA U NPEeHMYILECTBa COBPEMEHHDIX ONeRz LI OHHBIX CHC-
TeM, HauMHas 0T 32-paspainioro Koja, noazepxks OLE 1 xonuas quMHHBIMH HMEHA-
MH daitnos. 1o obecneuHBaeT BLICOKYIO CKOPOCTh 00paboTki M Jerkii obMeH faH-
HBIMH ¢ Beemi Apyrumyu Windows-npunoxennsmi.
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IogBoast uror, cileayer OTMETHTD, YTO NPHBEIeHHbIE CBEIeHHA JAJEKO He IOJHOC-
TBIC OTPaXalOT BCe BO3ZMOMHOCTM AHAJAH3a [AaHHBIX, KOTOpLIE NPEAOCTABJAET
Windows-Bepcusa STATGRAPHICS u xortopsie s3acayxusaior Hoxaee noapobHoro
paccMmorpenns. Ho, aymaercs, yKe U3 KpaTKHMX XapaKTepPUCTHK OCHOBHBIX CBOWHCTB
CTAHOBHTCA SICHO, YTO ONMCHIBAEMbIM MPOrpaMMHBI MDOAYKT MMEET BEICOKHE Kaye-
crBa. PaBoTaTh ¢ HHM y06HO, IpocTo u sdxdexTrHO. Baun TPy cTaHOBUTCA YBJICKA-
TEJLHBIM H, YTO OYeHb BAXKHO, CTUMYTHDYIOLIHM TBOPYECKOe MbILLIeHHE H HHTYHIIHIO.

ba3zoeasn cucfema CTaTUCTUYECKUX npolleayp

OcHOBHbIe XapaKTepUCTUKHU

B Basoso#t ciucreme STATGRAPHICS Plus for Windows byHKUHOHHPYIOT ceayo-
1HE [POILEAYPBI:

O meno Describe comepkuT cTaTHCTHYECKHE METOABl aHANMU3A O OIHOM H MHOXe-
CTBY llePEMEHHBIX, NPOIeAyPbl Noadopa pacupedeneHuii, cpencTea TabyaALUH H
KPOCCTAOY AN TaHHBIX;

2 menwo Com pare BKJIYaeT METOJBI CPABHEHHA ABYX H 6onee Bl)IGOPOK JAHHBIX, IIPO-
HeAVphl OJHO- H MHO!'O(DE!I(TODHOTU AHCTIEPCHOHHOIO aHaJH3a;

O umenio Relate copepKuT HPOUEAYDH! NPOCTOTO, HOAHHOMHAIBHOIO i MHOXKECTBEH-
HOTO ‘})t:T']‘J(:‘CCIi"ﬂ'iHHl'O atajau3a.

Hiske npuBogntes noapodHbii CINCOK AOCTYIHBIX CTATHCTHUECKHX U rpadutecKux
APOIEIYP.

Ipathuyeckue orobparkeHns RaHHbIX

Auarpammsi pacceuBaHUA

O OpnoMmepHbule X-Y. K HHM OTHOCATCA: IMHUH, JIHATPAMMB] PACCEHBAHUA, OLHDPO-
BaHHasl AHATPAMMA, CBA3aHHbIC IHATPAMMbBI paccenBaHus, rpaduxu ¢ nabopamu
cTanjapTHeix ownboxk X-Y~Z, auarpaMma pacceMBaHus X—Y—Z, yepTeKHbii rpa-
UK, nepemnseTenHbie rpahHKH;

O mHoxecTBedHble X-Y: TOYKH HIH AHHUN;

O MHOXKECTBeHHblE X-Y—-Z.

Pa3segouHbie rpadinkn
3/ech ecTh CIeJyIoNe KaTeropuu:

O rpadux <AMHK € ycaMii» TOPH30HTANbHbLH K BEPTHKANLHDIN, yceyeHHbIH, ¢ BHeIl-
My 0003HAYEH MM, C MAPKePaMM CPeaHX;
O rpaukH seposttiocTeil;

O yacToTHbLIE THCTOIPAMMBL OTHOCHTEJIBHBIC M KYMVJAATHBHBIE, THCTOI'DaMMa HIH
MTOJHTOH.
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JlenoBble KapTbl
K nuMm oTHOCATCA:

O l"pacl)HKI-I: TOPH3OHTAJILHLIE H BEPTHKAIbHBIC, MHOMKECTBEHHLIE, KJIaCTEPHBIE, npo-
LHEHTHEIE,

O Kp}-'I'OBhIE nnarpa,\:,\xbl: C BbIDCB‘d]IIiI)!M]I YaAcTAMH, C HAANMHCAMU.
OnucaHue paHHbIX

AHanu3 oaHOM NepeMeHHOH

O CymmapHbie CTATHCTHKIL CpE/IHee, MeAHaNa, MO, CPEliee TEOMETPUECKOE, HC-
Tepcyus, CTAHAAPTHOE OTKICHEHHE, CTaHAapTHash OMIMOKA, MHHIIMYM, MAKCHMYM,
pa3Max, HIKHHi1 KBAPTH/Ib, BEPXHHI KBaPTHDL, MEKXKBADTHAbHBI pasmax, Koad-
buLIMEenT ACHMMETPHH, HODMHPOBAHHbIH KO3(DNULMEHT acHMMeTpHH, KOI(p M-
€HT 3KcIlecca, HOPMHUPOBaHHDBIH KO2hDUIIHEHT IKCLecca;

MPOUEHTHIH;

© 0O

Ta6y.r1mum YACTOT: OTHOLIEHHSA HJIH KyMYJIATHI, I‘pZI(IJ}[K «JCPEBO C JIHCTRAMH >, 10~
BEDHTEJABHBIC HHTEPBAJILL,

o

NpoBepKa FUIOTe3: O CPEAHEM 1 Mejnane, T-TecT, 3HaKoBLI TecT, 3HAKOBbI paH-
rOBbIH TeCT;

AvarpaMMa pacceHBaHHH;
rpaHK «AUHK C ycaMi»;
THCTOTPaMMa,;
KBAaHTHJbHBII rpadux

rpatpHK HOPMAJIbLHOTO paclpeaeneHis;

OCO0OO0O0OC

rpadHK IJIOTHOCTH;

QO cHMMETpPHYHBIH rpaduk.

AHanu3 MHOXeCcTBa NepeMeHHbIX

o

CyMMapHbie CTaTHCTUKH,
JlOBEPHTEIbHBIE ITHTEPBAJBI;
KOPPeJISAIIH;

panropsle CrnupmeHa;

Q

Q

O

Q vyacTHBIE KOPPEJALHH;

QO xoBapHalliH;

QO auMarpaMMBL pacceMBaHHA;
O rpaduK <«3Be31a»;

Q

rpadHK «COTHEYHbIE JYYH».
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Nog6op pacnpepenennn

O BCTpOeHHb]E pacmpeaeJeHHA! SKCHOHeHIIHANBHOE, 9KCTPeMANbHEIX 3]121‘1@11Hﬁ, J0r-
HOpMaJjibHOe, HopManbHoe, Beitbynia;

O

[IPOBEPKA Ha HOPMAJLHOCTD! CKODI)CKTHpOBaH}‘IbIﬁ XH-KBJPaT, TECT Ujamipu—
YHAKCA, TECThl I8 MaJbIx Bbi()U}J()K:

TecThbl coraacus: Xu-ksajpat, Koamoroposa—CamnpHoBsa;
IJIOWALH OCTATKOB,

KPHTHYECKHE 3HAUEHHS,;

MJIOTHOCTH;

CHMMeTpUYHble rpauky;

rpaduK HOPMAaJLHOTO pacnpeleneHis;

rpathux pacnpesenenus Beiibynna;

HYacTOTHaA THCTOrpaMma;

COO0OO0OQOUOO0OO0

Eby}lKI_{H-@i paciipejeJIEHHA IIJI0THOCTD, PACIPEAC/ICHHE KYMYJIHTD, (i)}’I-I]'\'LlHH Bhi-
AKHBaEMOCTH, :lorapmpm {IJ}’]IKI.{I‘IH BbIATHBACMOCTH, (l)yHKlll-lH PHCKA.

TabynuposaHue
Q Tabamua 4acToT: OTHOMIEHUST H KYMYJISITLY;
Q NpAMOYTOAbHBIC AHATPAMMBI;

O KkpyroBble AMArPaMMBL

Kpoccrabynauus
Q Tabanua 4actoT;
O xpurepuil XH-KBaaparT;

O usMepenus casan: ambaa, kKoadpuiients Heonpeaenertoceti, R Hupcona, D Co-
Mepa, 31a, Koa(hunuent kontunrentiiy, V Kpamepa, yenosubiit Tamma, Tay Ken-
JANa;

Q MPpAMOYTOJILHDBIE [THATDAMMDL

(0]

MO3aHYHDBIC 0T06133>K(3HH}I1 FOpHU30OHTAIBHEIC H Bé[)’!’lli(aﬂblibl(?;

Q TPEXMEDHAA AHarpaMaa: JacToT HJAM IIpPOLIeHTOB.

CpaBHeHUe AaHHbIX

CpaBHeHue gByX BbIBOPOK
O CymMapHble CTATHCTHKM;

Q cpapHenue cpeinux: T-TecT, AOBEPUTEALHBIE HHTEPBAJILY;
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o C

[ORNGIN;

CpaBHelHe CTaHIapTHLIX OTKIOHEHHH: OTHOeHKe Ancnepeui, F-tect, toBepurens-
Hble HHTEPBAIbI;

cpaBienne smeauai: rect Manna—¥Yurnes (Buakokcona);
Tect Konmoroposa—CuipHosa;

TUCTOrPaMMBl YaCcTOT;

INIOTHOCTH PAcTpeneneHus;

CPAaBHHTENbHBIE TPAGHKH «AIHK ¢ YCAMH»;

rpadurn KpaHrnie;

rpaku Kpantuas- Kpautnin.

CpaBHeHne MHOXeCTBa BbIOOPOK

(ORNORN O ORN®;

o 0

CyM!\]HI)HbIL‘ CTAaTUCTHKH;

'I'Eif).-'lilll'd AHCIEPCHOHHOIO aHATN3A: CyMMa KB4 PaToBs, C]_)C}IHH]L-'I KBaapar, F-otno-
HICHHE]

rabiia u rpadpuK CPeAHNX: CTAHAAPTHBIC OWHOKH, IOBEPUTEIbHbIE HHTEDPBAIL,
HauMeHblne 3Hayumble pasanyust (LSD), Teioku HSD, lledde, Bondepoun;

MHOKeCTBeHHbIC paHroBbie TecTl: LSD, Toioku HSD, Uledde, Boudeponi, Hoio-
smena—Kevica, Jynkana;

COOTBETCTBHE AHNcnepcuii: Tect Kokpena, Tect Baptierra, tecr Xaptaes;
reet Kpackana— Yommica;

JAMArpaMMbl pACCEHBaHN;

CPABHUTENbHBIE I‘pathKn MK C ycami»;

OCTATKH JUISl BRIOOPOK;

OCTaTKW JUIA NIPOTHO30B;

OCTaTKH JL1dA Ha(/}JIIO;lE‘HHf:l,

OaHotaKTOPHbIA AUCNEPCUOHHBIN aHANK3

B O 0 .0 -

CyMMapHble CTaTHCTHKIL

Tabanua AMCIEPCHOHHOTO aHANN3A;
Tabanua u rpaduky cpeanux;
MIHO/KECTBEHHbIE PAHTOBbIE TECTDI;
AHANH3 AUCIIEPCHH;

tect Kpackamia—Yomnuca;
AuarpaMma paccemBaHus;

rpaduK ¢AmHK C yCaMu»;
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( ocTaTKM UM YPOBHH haKTopa;
O oCTaTKH U ONMHCAHUS;

Q ocTaTKH M HOMED CTPOKH.

MHOTOMAKTOPHbIN AUCNEPCHOHHBIA aHaNKU3

O Tabianua MICHEPCHOHHOrO AHAIM3A: CYMMa KBaJpaToB, THI I; cyMMa KBaJpaToB,
tun I11;

Tabyauna cpeanux;
MHOECTBEHHLIEC DAHTOBbIE TECTHI;
JHATPAMMA PACCENBAHHS;

rpachMKH CpefHNX;

O

O

o

Q

O rpaukH B3aUMOJAEHCTBHIH;
Q ocraTtkn 1 ypoBHH (PAKTOPOB;
Q ocTaTk# K OMHCAHHA;

O

OCTaTKH K HOMEpa CTPOK.

OTHOWEHUA JaHHbIX

lpocraa perpeccun

O Mopeau: auneiinasd, sxcnoHenuHaIbHast, obpaTHan Y, obpatHas X, ABaxiasl odpar-
Hag, gorapudm X, MYJISTUIIIMKATUBHAS, KBAJAPATHBI KopeHb X, KBaJpaTHbIH KO-
peub Y, S-kpuBasd, JorucTHYecKas, JorapadM BeposATHOCTII;

Q T-cTaTHCTHKY;

Q anaaus arcnepeuu: Ko PHUMEHT KOPpeasawiy, R-KBaapaT, cTavjapTHas omHoKa
OLIEHKH;

O npornoany;

o

CpaBHEeHMe ANbTepHaTHBHLIX Mojenelf;

Q

HeOOBIYHDBIE OCTATKIH,

o

TOYKH BJIHAHHA,

rpa(pmc HO,-"I.O()DHHHO“ MOJEJIL OIHCAHHE H J0BePHTEIbHbIE HHTCDBAJIDL,
HaOMoOAeHus 1 OIMHMCaHHA,

OCTATKH H X: OCTATKH, CTLIOJEHTHIHPOBAHHBIE OCTATKH,

OCTAaTKH H OIIHCAHHE]

& L NGNS RS

QCTATKH M HOMED CTPOKH.
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MHOXecTBeHHaA perpeccus

O Koadduunents Moneny;
O T-CTATHCTHEM,

Q ananuz pucnmepcui: R-kpaapar, ckoppexTposanHeli R-kBampat, cranmnapTHas
omubka, cpeaHss abcomoTHas omnbka, craticThka Jlypbuna—Barcowna, yeaos-
Has cyMMa KBaZpaToB, CyMMa KBajpaToB, CpeiiHuii KBanpar, F-oTHomenue;

O HoBEepHTEIbHBIE HHTEPBATHL
O xoppenanHoHHAs MaTPHIA;

4 OTYUETHI Hﬁﬁ.?IJO,Z[ZiCMbeI Y, HOJAOIHAHHBIIT \], OCTaTKH, CThIOJEHTH3HDOBAHHEIE OC-
TaTKH, CTaHiapTHbie OIHOKH K HPOrHO3bI, JOBEPHTEJIbHBIC TPaHMIILL

HeobhYHbIE OCTATKH;

TOYKH BAHAHHA,

0 0 0

KOMTIOHEHTHbBIE 3hHeKThI;
HabAI0AeHHS ¥ ONMCAHHA,
OCTATKH H X;

OCTATKH H ONHUCAHUS;

OCTATKH H HOMED CTPOKH,

0000

HHTEDPBAJbHDIE TPEQJHKH.' ONHMChHIBAEMbIE BEJNHYMHELL, CPEAHME, NPOTHO3BI, JTIPOTHO-
3bl CPENHHX,

06uine ceegeHuns o pabote ¢ 6a30BOI CUCTEMO

Bua sxpana nocne nunupamuzaunn STATGRAPHICS Plus for Windows npescras-
JeH Ha puc. 2.6.

Habop xHOMOK B BepxHel YacTH OKHA MpelNasHaYeH [Jisi OTKPBITHS IOTOBBIX CTATH-
CTHYeCKUX NpoekToB StatFolio u 3amucu HOBBIX NPOEKTOB, ANA OTKPLITHA (haiiiop
AaHHBIX M MX COXDAHEHMHA, [Js1 BbIBOJA PE3Y/bTaTOB CTATHCTHUCCKOTO AHAAH3A HA
11e4arh, a TAKXe /1A BbI30BAa HEKOTOPBIX CTATHCTHYECKUX H rpadhudeckux npoueayp.
ITH XKe OePalHU MOKHO OCYIIECTBUTE, Boiiasa B menio File, Edit, Plot, Describe, Compare,
Relate 1 Special.

Buusy skpaHa pacioioxen Habop NMUKTOTpaMM, CBS3AHHBIX CO CJAEAYIONIHMH ONMepa-
UHAMH (CcaeBa Hanpaso):

1. Pabora ¢ amexTpoHHON Tabauliei.

2. TlonyuyeHHe KOHCYJBTAIMH YV CTATHCTHYECKO BKCNEPTHOH cucTembl StatAdvisor.
3. Buizos okHa StatGallery.

4. Bpoa KOMMEHTapHeB K NPOBOAMMOMY CTaTHCTHUECKOMY aHAMNH3Y.
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CrrpbiTe StatFolio

Coxpanute StatFolio

[ OTKpbITE haAn QaHHbIX
1 T

o CoxpaHTs AakHbe
g‘;’suwmmmsplus.ummqst i"{' . B

it it

Crar. Koscynest
3nexkTporHas Tabnuua

Pwc. 2.6. Bua 3xpata STATGRAPHICS (Hauvano pabots)

AUMA

Tak kax MHOUME OIepalyy OYiAVT JAeTaJbHO DAcCMOTPEHBI NpH pasbope MPHKIALHBIX
HPHMEPOB, HWKE HBNATAIOTCA TOJBKO Cambie 0BIIME CBEIEHHS O TEXHOIOTHH B3AUMO-
JAefiCTBHA ¢ NAKETOM, KOTOpRIE, TEM HE MCHee, AAI0T JOCTATOUHYIO HH(ODPMALHIO A5
TOro, YTOOB HAYATE CAMOCTOSATENLHYID paboTy.

Beoa paHHbIx

MunnuanuanpyeM HOBYIO 3JEKTPOHHYIO TabaMLly, 3a¢HCTBOBADR COOTBETCTBYIOIIYIO
nuxrorpammy (Untitled) B mepom nmkuem yray pabouero nosas (puc. 2.7).

Ita tabiMua OPranH30BaHA TakHM 00Pa3oM, YTO ee CTPOKaM JOJIKHBI COOTBETCTBO-
BaTh 00bexTH (nalmonenns), a cronduam — npuanaku. B ocransnom paboTta ¢ Hejt
HAMOMWHAET oOpallicHye ¢ JAPYIHMH H3BECTHBIMH JAEKTPOHHBIMM TabauuaMu 1us
Windows tuma Lotus, Excel u 1. 1. Bmecte ¢ TeMm, HMeloTcst Onpe/ie/IeHHBIE 0COBEHHO-
CTH, CBA3AHHBIE CO CMEUH(UKOI CTATHCTHYECKOTO aHATU3A.

s uMeHoBaHKA repeMeHNBIX (IPH3HAKOR) H 33JaHMI UX THIIA HYKHO MAapKHPOBAaTh
TpedyeMyIo KOJOHKY H LeAKHYTL Hpanoii KHOwKoil Mbuuy. TTOABHTCS KOHTEKCTHOE
MEHIO, B KoTopoM caenyeT suidpats komanay Modify Column. Hossures ozHomMeH-
Hoe 0KHO jauanora (puc. 2.8).

Hpeoﬁpaaoﬂami‘c NEePCMEHHDLIX H MeHePalliA HOBBIX MPH3IHAKORB OCYILECTBIACTCA aHa-
JOTHYHBIM 06})21.’301\11 MAPKHDYETCA H(::OGXO,E[I-L\{B..H KONOHKA H LIEJIYKOM H})QBOI:J’I KHOII-
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KH MBI BRI3BIBAETCA KOHTEKCTHOE MEHIO, H3 KOTOpOro mhbupaercs Generate Data
(puc. 2.8). B nosBuBmEMcA OKHe HATOrA MOXHO NPOU3BOAHTEL apudMeTHYECKHUE,
JIOTHHYECKHE M APYTHe MAHHIYIAIUH € TIePeMeHHbIMM nocpeactom Boxee 100 mpe-

JOCTABJIAEMBIX OIIEDATOPOB.

i STATGRAPHICS Plus - Untitled StatFolio

: Cuntitled>

Puc. 2.8. Manens MopudUKaLKK KONOHKM
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g uMnopra/akenopra AaHHBIX U3 APYTHX MeKTPOHHBIX Tabanu noxy Windows ue-
noab3yeTcsa cucresHubiii 6ydep obmena. [Ipn aToM UMeEeTCs OAHA CYIECTBEHHAs 0CO-
GeHHOCTB: MAPKHMPOBKA HYAKHOIT 061aCTH 91eKTPOHHBIX TalJIH1I TOJKHA OCYLIECTBATh-
Cs TOJIBKO HYTEM OYKCHDOBKH MBIIIH MO AMATOHATH BBIAETSIEMOH YacTH TaOaHIbL

[Moce 3anonHenus Tabmiilbl A4 3aJaHUs WMEHH W COXpaHeHHs (aiina qanubix Tpe-
Hyerca BuibpaTh KoMaHay File » Save Data File As, secTy nms dalina u Haxare 0K, Tlocne
ATOI OTlepaiiy B 3arcJoBKe TabJHLbL NosBUTCH YKasaHHoe HMs. OHo xe Oyzer uc-
[101b30BATLCS B JaJbHENeM U Ha NHKTOrpaMMe daiiia gaHHbX (pue. 2.9).

] E}-‘]J.CM CHHTATDL, YTO JAaHHLIE TIOATOTOBJCHB K CTATHCTHYECCKOMY dHAMH3Y. Tenepb
OGLIE MAHUTTYIISLHK ¢ HUMH OYAYT OTPakaThCs B Pe3yssTatax 06paboTKU, HO HHKO-
1M 00Pa30M He OTPA3ATCS Ha COAEPKMMOM COXpaHeHHBIX GajljioR JaHHBIX.

Eeneiake Data .

ACOS(?)
ACOSR(?)
ASING)
ASINR(?)
ATAN(?)
ATANR(?)
AYG(?)
BE TA2.2.7)
? ?]

Puc. 2.9, NaHent ana reHepayny HOBLIX faHHbIX

TeXxHONOTUA B3aUMOAEUCTBUA CO CTATUCTUHECKUMU U rpachrutyecKumMu
npoueaypamu

Texuonorus B3auMOZEHCTBUA C PA3AMYHBIMH CTATHCTHYECKUMH M TpaduyeckUMH
NpPOUeAYPaMH HaKeTa BO MHOIOM CTAHJAAPTH3HPOBAHA, YTO AeaeT ee yaobuol Ais
GpicTporo Bocnpusitus u obyvenna. IpogeMoHCTPHPYeM 3TO Ha TMPOCTOM mpHMepe
ananusa oAHOll nepeMeHHOI,

OtkpoeM daitn nanubix Cardata, B KOTOPOM [pPeICTABAEHBl XapAKTEDHCTHKH aBTOMA-
IIHH PA3AHYHLIX MapOK.
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Bubepem Describe » Numeric Data » One Variable Analysis. TIoaBRTCA GKHO AU 3aMAHAS
ana mmpvcwon nepemenHoit. [Tycts sto 6yner nepemennas horsepower — MouHOCTD
apToMODMIA B omwanunpx cuaax (puc. 2.10). Haxmenm 0K,

arnable Analysis

accel
carmakers
cylinders

displace
make

model
mpd
ongin
price

Puc. 2.10. OkHo pAA 3anaHMA NepeMeHHbIX

Ha sxpate nossures paboyee nose aHanuaa oftHoil mepeMeHHoI €O CBOAKOMH, B KOTO-
POl KOHCTaTHPYETCH, YTO M3yYaeTcs nepeMmeHHas horsepower; wicio HabioneHui
(obbexTon) pasHo 151; 3HaueHna nanHoit nepeMeHHO pacnpefenensl B ipeaeiax or 48
1o 165. B Bepxueit yactu pabouero nona PACTIONIOKENBL KHOMKH, C TIOMOUIBIO KOTO-
PbIX MOJKHO M3MEHATL BXOJAHbIE JaHHbie, BHIOUPATh TabauuHble i rpaduueckue or-
LU M COXPAHATP Pe3YJIBTAThl aHaH3a B daiine nannbix. B Hamewm ciyyae Gpitu yeta-
HOBJIEHBI CIeAyOnIHe (haaxkiku: Summary Statistics (o6ume cratuctiiky), Box-and-Whisker
Plot {rpaduxk <k ¢ ycamn» ), Frequency Histogram (rucrorpamma yacToT) (puc. 2.11).

OxHa, B KOTOPBIX orobpasaiores TabnnyHble M rpadHUecKie Pe3YABTATH, PACKpbIBa-
iI0TcA Ha Bce pabouee nose OBYMS IHeNuKaMu MblmH. [locie PacKpHTHA A0CTAaTOYHO
WEAKHYTh NPABOH KHONKOH MbILIH, YTOOB MOAYYNTE JOCTYI K CHEHHMATLHBIM MEHIO U
3a1aTh HOBbHIE NapaMeTphl rpahUuecKuX H300pakeHUH WM NPOM3BECTH Kakue-THHO
U3MEHEHMS H JOMOJMHEHHS B TeKYIIEM aHATH3e NaHHEBIX. Hanpﬁuep, B HallleM cay4Yae,
€CJIH PACKPBITh OKHO OOLINX CTATHCTHK W IMEAKHYTh IpaBoil KHONMKO MBIIH, TO Ha
9KpaHe BO3HHKAeT OKHO auamtora (puc. 2.11), B KOTOPOM MOXHO 3aKa3aTh HeoOXOAU-
Mble H3MEHEHHA B Habope BBIZABAEMBIX CTATUCTHK (puc. 2.12).

Jlns 3MeHenns a1eMeHToB rpadueckux N306PAKEHIT HYKHO PACKPLITh Tpebyemoe
rpaduteckoe OKHO, BBIAC/INTD dJ8MENT, NI0ABEPracMblil TPAHCHOPMALII, I IEAKHYTh
NpaBoOH KHONKOH MblM. 3aTeM OCTAETCA TOALKO 3aKA3aTh JKEIAEMOE H3MEHEHHe B
OKHe AHAJIOTA.
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; hnalysis Sunnary

Data variable: horsepovsr

151 walues ranging from 48.0 to L&5.0

{{The Stathdvisor i |
This procedure 1s designed ©o sunmarize & single .
qiir wall calculate varicus s$Tatistics and graphs. A
intervals and hypothesis ©

P

:ituuua:y Statistics for horsepouver

Hicowne = 151

tareruge = 89.0

Variance * 554 532
Gtandutd deviation = Z4. 424
AMininun = 48.0

Maxisun = 165.0

H{¥end. sxemmess = 4. 27083
{{5end. kurtosis = 0.£03367

Puc. 2.12. Dnamuwy ANA 3aaHKA 0BWMx CTATUCTHK

Takus 06pazom, BCS NMpolleAypa CTATHCTHYECKOTO QHATN3a JAaHHBIX HAXOANTCA, MO
seipakenuio paspaborunkoB STATGRAPHICS, xax 6b1 «Ha KOHUHKAX BalIUX Nab-
1es». Bee TpanchopMaliy TPOH3BOAATCS BBICTPO yeped yaoOHbie 1 NOHATHBIE OKHA
aManora. 970, B CBOIO Odepellh, CIIOCOOCTBYET BKAIOUEHHI0 HIPOBOIO KOMIIOHEHTa U

e .
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JIENAET YBIAEKATENbHOM CaMyI0 CEPbe3HYI0 I OTBETCTBEHHYIO paboTy 110 CTATHCTHYEC-
KOMY aHaH3Y.

Jlas Toro uTo6sl NOBTOPHTH Bech NPOBEIEHHBIT aHAMN3 nepeMennoil horsepower Ha
HOBOM MacCHBe JaHHBIX, HE NPHJIAras HUKaKUX YCWJINIL MO 3afaHMIo TabAMYHBIX H
rpachMuecKUX OMIMI, HYKHO COXDAHNThL aHanu3 B BHAe paitiaa StatFolio. [laa atoro
[IPOM3BOAATCA CTAHAAPTHBIE onepanuy File » Save StatFolio As (3ananie nMeHnu craTi-
CTHYECKOTO mpoekTta}. Termepp OCTAETCA TOJNBKO 3arpy3HTh HOBBIT afin JaHHBIX
File » Open Data File (1ims dalina gannpix) M BRI3BATH 3aMHCAHHBI CTATHCTHYECKMIT
npoekT File » Open StatFolio (1ma npoexra). Bee sagannbie tabauitsl i rpaduieckie
oToOpaxeHUs 6yAYT BBIIAHBI ABTOMATHUECKH.

ITposeMoOHCTPUPOBAHHAA Ha NMPOCTOM NPHMEPEe aHalu3a OfHONH HepeMEHHOH TexHo-
JIOTHA B3aMMOAEHCTEHSA CO CTATHCTHYECKHMH, IPahnuecKHMN H CHCTEMHBIMH 1POIe-
IyPaMi TIaKeTa XapakTepHa H JJs Apyrux, 0oee H30UPEHHBLIX W CAOKHBIX BHAOB
obpabotkn nH@opMaunn, OHA, KOHEYHO, MOXKET HECKOALKO DAa3iHuyaThCs B 3aBHCH-
MOCTH OT CHEeLH$HKI NPHMEHSEMBIX HPOLEAYDP, HO B LeJI0M JAOCTATOUHO CTAHIapTHA,
[loapoGHocTn GyAyT NpeACTABIEHS! B CASAYIOLIMX Pasienax Mo Mepe HeoOXOIHMOCTIL

MeToAbl, UCNONb3YOLWKe 06YUAIOLLYIO
UH(opMaLuio

[pynna MeTo0B aHANH3A HAHHBIX «C YUHTEAEM» MCHOJAb3YeT AOIMOJIHTEALHYIO WH-
dopMalio, KOTOPYKD HeceT TaK Ha3biBaeMbli BHeWIHHH KpHTepuil. Jrtor Kputepui
MOKET ObITb NpPeACTaBieH HOMMHAJILHBIM, PAHTOBLIM HJAH KOJMYECTBEHHBIM 0KA32-
TeJaeM, NPUBA3AHHBIM K 00beXTaM aHaiHaupyeMoil Tabauunl fanusix. [pusaska Ho-
MUHAILHOTO TOKa3aTess o3HauaeT padbucHue Hecielyemuix 00BLEKTOB Ha KJIACCH
(rpynner). Panrosplil HOKAzaTelb 3a3aeT Ha MHOMKeCTRE 0OBEKTOB OTHOMIEHHE TIOPSA-
Ka. B ciayyae KOMHUECTBEHHOIO [IOKA3ATES OTHOUICHHS MEXKLY 0DBEKTaMH BhIPaXa-
10TCA B Kakol-mubo kosmyectsenHoll mkane [43]. Ykasannnlii nokasarens 6yuer B
AanpHelmeM 0003HAUATHCH «2Z».

MHOeCTBeHHbIW perpeccMoHHbIN aHanus

B perpeccHoHHOM aHadH3e KPHTEpHa bHBIH MOKa3aTeNb Z paccMaTpHBaeTcsl Kak
«3aBMCHMAsI» NlepeMeHHast (KaK MpaBuio, paHTOBasA WM KOJHYecTBeHHas ), KOTOpas
BhipaxkaeTcs (pyHKIMeH OT «HE3aBHCHMBIX» MPM3NAKOB X, ..., X,. JInneiinas QyHk-
I MHOXECTBEHHOI  PErpeccHy  3amuChlBAeTCs  CAEAVIONHM  06pasoM:
z, = w, + w'X, + €, Wy Ha3BIBAETCA CBOOOIHBIM WIEHOM, A 3IeMEHTHI BECOBOTO BEKTOPA
w = (w,, ..., w,)T HaseIBaOTCA KOMD(DHIIEHTAMH PErPeCCHH.

s ounenxn aheKTUBHOCTH PETPECCHOHHOIO YPABHEHUS BBOAHTCS BEKTOP OCTAT-
KOB &= (g, €,)", KOTOPbIl OTpakaeT B/AKAHME Ha Z-COBOKYIHOCTH HEYUTEHHBIX
caydaiupix PAaKTOpOB JHO MEPY AOCTHAKIMON AlMpPOKCHMAIIME 3HAYCHUIT 2.
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Pasnuyant aBa Mnojxoaa ONIPEAEIEHHIO NapaMeTpoB YpaBHEHHA MHOXKeCTBeHHOI
perpeccHi B 3aBHCHMOCTH OT NPOHCXOMIACHNA MATPDHIB OaHHbIX, B MNepBoM CHHTAET-
CA, HTO NPH3HAKH ACTEPMHHHDOBAHDLL H c:;yqa}”moi’i BEJTHUHHON ARJIAETCHA TOJABKO 3a-
BHCHMas [IepeMeHHaA z. 3TOT TOAX0X HCIIOJIB3YETCA Haubosee uacto. Bo BTODOM
MOAX0NE [MOJATACTCA, 4TO U HE3aBHCHMbIE ITPH3HAKMH X0z — Cﬂy‘!aﬁl—lhie BE/THYHHBI,
HMEIHe COBMECTHOE pacrpejenacHue. B raxof CHUTYAlLlHH OHEHKA YDaBHEHHA Der-
pPecCHH €CTh OIICHKA YCJI0BHOTO MAaTEMATHYCCKOTO OXKHOaHHSA C.TI}"iaﬁI{Dﬁ BeHYHHH 2
B 3aBHCHMOCTH OT Cﬂ}"-laflillb[)( BEJUTHHH X

Kaxabiii u3 npiseeHHbIX NOAXOL0B HMeCT ¢BOM ocobeHHOCTH. Bmecte ¢ TeM, moka-
3aHO, YTO OHI OTJIMYAIOTCH TOJILKO CTAaTHCTHYECKHMM CBOHCTBAMH OHEHOK NapameT-
pOB YPAaBHEHMs DErpeccHu, TOrAA KaK BEIYHC/IHTEIbHble aCIeKTHl 9THX MoJeNel cos-
najaioT [24].

B vpaBHeHHH MHOKECTBEHHOIT perpecciy 06pIYHO MOTAraloT, YTO BeIUUNHb €, (7 = Eﬁ)
HE3ABUCUMBI H CAYYAIHO paclipejiesienpl ¢ HYJAeBbIM CPeJHHM H AMCTIepCHeH C |
A OlleHKa HAPAMETPOB Wy H W [TPOH3BOJHTCA C IMOMOUIBIO METO/a HaHMEHBILIHX KBaj-
patoB (MHK). Hutercs MHHHMYM CYMMBI KBa/IPaTOB HEBS30K:

N
el 0 Ly g
A= 2(2,- ~ W X; — W)
=1 i
3TO NPHBOAHT K HOPMATLHOH cHCTeMe YPAaBHEHNH CO CHeAyIOINM pPelleHHeM:

w=8"¢_;

A =
W, =m, —W m,,

rfie €, — BEKTOP OLEHOK KOBAPHAIHH MEKIY BHEIUHMM KDHUTEepHeM Z W NpU3HAKaAMU
Xyy eoos X3 M, — OLEHKA CPEJINETO 3HAYEHMS Z ; M, U S — BEKTOP CPeJHHX 3HAYEHHIl 1
MATPHIla KOBAPHALMH NIPUBHAKOB Xy, ..., X,
(CHOBHBIM [TOKA3aTEAEM KAYecTBA ypPaBHEHMs MHOKEeCTBEHHOH perpeccHu siBasercs
koadpiment jgerepmunani (KBaapat ko3 QHUNEeHT2 MHOXKECTBEHHO KOPPeISLHHT)

p? = Moy -&°
No? .
5 ‘J N
2 s u w b 2
O, — OUEHKA AMCIEPCHM NPOrHO3ZHPYEMOil MepeMeHHol o, = —E(z,. -m.).
i=]
Crartueriyecknil cMbica koaddullMenTa JeTePMHHALNY 3aKII04A€TCA B TOM, YTO OH
MOKa3biBAeT, KaKas 70715 JUCTICPCHHM 3aBHCHMO NepeMenHoi 2 06 bACHAETCS NOCTPO-
eHHoOl (yHKuMed perpeccun. Hanpumep, npu kosdduuuente getepmunanun 0,49
PErPecCHONHAs MOJedh obbAcHseT 49 % AMCIEPCHI BHEUIHETO KPHTEPHA, OCTA/bHbIE
xe 51 % cuntaiores o6ycaoBaeHHBIME (GAKTOPAMH, He OTPaKEHHBIMH B PErPECCHOH-
HOE ypaBHeHHE.

3

Eine ojHHM BaKHBIM IIOKa3aTeneM KaliecTBa YPaBHEHHA MHOKeCTBeHHOI perpeccHu

N-p-1 :
ABIAETCHA CTATHCTHRKA F= _""'_"_""“X__"'R'j . C NOMOIIBID 3TOH CTATHCTHKH NPOBE-

PseTCA THIOTEe3d I:{[J: W = Wy= ... = iflpm 0, To ecTb THIOTE3A O TOM, 9YTO COBOKYIIHOCTDb
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NPU3HAKOB Xy, ..., X, 1€ VyHLIAeT ONHCAINA KPUTePHAILHOTO IIOKA3ATENs MO CPAB-
HEHUIO © TPHBHAABHDIM OftMcaniies 2, = m, Ecan F> f, o . rtne f, v, , — cayualinas
pe/iYNHa, uMelowan F-pacnpenesenite ¢ p i N—-p—1 cremensnn csobojni, To ), 0T-
kaousercs (xpurepitii @uepa).

Hitke npueejeHo ypaBienne MHOMECTREHHOI perpeccuy, cpas3niBaloniee cebecTou-
MOCTD NPOXYKIHK Ha 10 oTedecTBenisIX MPeNPHATIAN (3aBUCHMAs TIEPeMEHHAN) ¢
BAJOBBIM OOBLEMOM U HPOH3BOAHTEIBHOCTBHIO TPV (He3aBUCHMBIE epeMeHible —
HPEAMKTOPBI):

cebecroumocts = 0,8x(Banonoil odpem) + 0,3X(IPOUSROAUTENBLHOCTD TPY.IA ).

I THCTIMECKHM KpHTE M IOBEPHE K BBISBIASHHON 3aBHCUMOCTH Donee o.
Mo cTaTHCTHHECKHM KPHTEPHAM J0BEpPH Ol 3aBHCHUMOCTH 6 99 %
ByecTe ¢ TeM, 4acTo s WLTIOCTPALI TONYHEHHOTO YPABHeHHST MHQKEeCTBeHHOIT
perpeccHit HCHOAL3YIOT rpathuk «nabmonenus-npeackasanus» (puc. 2.13).

L_-____ T -
o /
= ) et
I 8 /‘5/ S e
[ t 5o
q [ L |
2 s wl §
15 { (<] ,/’
[} r et
= B ]
4 /;,g o
H
0
0 4 8 i2 16
MNpeackasarus

Puc. 2.13. MnarcTpayua noAyyYeHHON MOBRNY MHOMECTBEHHOW perpeccuu

Hpu GomblizeM, YeM B PACCMOTPEHAOM HPUMEDE, YNCIE NIEPEMEHHDIX HEPEIKO MPHXO-
JNTCA PellaTh 3ajauy 0Thopa TAaKHX HEePeMEHHBIX B YPABHEHHE MHOKECTBeHHOH per-
peccunt. [Tpu srom Hanbosee NONVAAPHBIMY ABIAIOTCH TPH ajropuTMa otdopa: roc-
JIEA0OBATENLHOTO VBEAHYEHNS, OCIEN0BATEIBHOIO VMEHBIIEHHS 1 aATOPHTM 1L1oc {
MHHYC 7, TIOOUEepeHo «paGoTaionitii> 1o na jobdasieHne, TO Ha ViajleHHe TepeMeH-
Hbix. Bee anropuTMbl ABAAIOTCH IBPHCTIHYCCKHMH H HE rapalTHPYIOT CXOAMMOCTH K
ONTHMAJIBHOMY peltenii. TToaToMy Ha NPaKTHKE TONLITKH NPHOIH3NTLCA K JKelae-
MOMY ONTHMYMY BCEI/Ia CONPSKEHb ¢ KOMODHHMPOBAHHDIM NPUMEHEHHEM YKA3aHHBIX
AITOPHTMOB.

Mpumep NowaroBoil MHOXXECTBEHHOW perpeccuu: B3aMMoCBA3b
NCUXUYECKOTro U Buonormyeckoro

[Tomarosas MHOKECTBEHHASA PETPECCHS NPHMEHAETCA AUl MUHUMM3AIMY KOJUYecTRa
HE3ABHCHMBIX TIEPEMEHHDIX, BXOAALUIX B HCCJEAyeMYIo mojenn. MapecTHo MHOTO
NOAXOAOB K Takoil munnMuzauun. B Basosoit cucreme STATGRAPHICS Plus for
Windows peannzoBansi ase HanGo/ee NMOMYJIAPHBIE TPOLEAYPBL 10CAEA0BATEIBHOE
VBEJIHYEHNE N TIOCTeIOBATENBHOE YMEHLIICHHE TPYIIhI HE3ABHCHMbIX TIEPEMEHHBIX,

PacemaTplsaemplil IpHMep OTHOCHTCS K OLHOH M3 Hanboslee BAKHBIX M HHTEPECHBIX
NpofueM COBPeMEHHBIX Hay4HbIX HCCIeI0BAHUIL.
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CooTHonleHHEe CO3HAHNS W BEUleCTBEHHOIO MUpa — OJHA M3 KJIOYCBHIX NPOHIEM Co-
BpeMenHoi Hayku. Ilpeactasnenme o Beenennoll Kak 0 IMLARHTCKOM cyrnepMmainnte,
cobpaHHOoi H3 BeCUNCACHHBIX OTALALHBIX 00BEKTOB U CYIECTBYIONIEH HEe3aBHCHMO OT
gabmonaTesst, 0TONLIO B npomsoe. Hospie Monenn BeenewHol npeanonaralor, 410
CBA3YIOUIHM TIPHHLMIOM B KOCMHYECKO}l CETH BBICTYNAET CO3HAHNE — IePBHYHbLIHA
aTpubyT cymecTsoBaHud. Psa ussectHsix pusnkos (I0. Burnep, [A. BoM, x. Uy,
M. Kanpa, A. 5181 v p.) BEICKA3LIBAIOTCA 3a BKAOYEHHE CO3HAHIA B KAYECTRE HEOTHEM-
JeMoi ¥ TasHolf yactu Gyayiteil riobanbHoi TeopUi Matepiiy.

Ha cone spontomun ujei o cTpykrype sipa OGHOAOTHYCCKHE H TICHXOJOTHYECKHE
HCCIEIOBAHMA BRITSIIAT, MOKeT ObiTh, MeHee Macitabuo, Ho He MeHee pecomo. Hx
OCHOBHBIE TeMbl KOHLEHTPHPYIOTCS OK0JI0 (MVHAAMEHTANTBHOR 3aJ24H M3VYEHUA B3a-
HUMOCBE3€H pa3iHYHBIX YPOBHEH DHOOPraHU3ali: rel — KJeTKA — OPTaHHaM — ICH-
XHKa. PackpniTie JaHHDLIX B3aHMOCBS3€I1, KPOMe JOKAJLHBEIX Uejiell, IPH3BAHO B KO-
HEYHOM CYETE JATh OTRET HA BONPOC 0 BHONOrHUECKOH 00YCAOBISHHOCTH IICHXHKH H
0 cBobofe BOJH KaK O BaKHefleH COCTABIAOINEH MITHBHAVATLHOIO CO3HAHMSL

W3BecTHO MHOrQ AOCTHXEHHIT, HANpHUMED, NCUXO(UINOIOTHH, ONHCHBAIOIIEH CBA3H
(PH3HONOTHYECKHX NIPOLECCOR B OPraHH3aMe ¢ HPOSRICHHAMH TMCHXHYECKOro, Helpo-
TICHXOA0IUH (0 3aBHCHMOCTAX MEXKLY 0cOBCHHOCTAMH QYHKIMOHHPOBAHUA HEllPOH-
HBIX aHcamOuell i1 ICHXHYECKHMM CBOHCTRAMM ), reHeTHYeCKOH MCHXoIordy (o Hacae-
JOBAHHH PasjiiuYHBIX YepT Xapakrepa, TeMmIepaMeHTa, NCHXHYeckux 3aboneBanuil) u
ap. Baecre ¢ TeM HakKOILTEHHDBIE CBEACHHA OCHOBAHBI Ha DAa3/JIHYHBIX TEOPETHUECKHX
Ha3ax, SKCNepHMEeHTAABHBIX TEXHOJOTHAX, ONHCAHDLl Ha Pa3ubiX HAYYHBIX S3BIKAX W
MOKa He HOAMAKTCS MEXTUCUHILIMHAPHOMY 00001IICHHIO, He TOBops Vke 06 HHTErpa-
ILHH ¢ COBPEMEHHDLIMM KOCMOJOTHYECKHUMH TEOPHAMH.

BeeoBiue 3aK0HK NOLOOHA MEXy TPeaAMeTaMH H ABICHHSAMH YMEIH HAaXQAHTh BO-
crounble MpicnuTenn. HMx dunocodekile Konileniim, opHeHTHPOBAHHBIE HA MOJEAD
«Yenosex Bo Beenennoit», 1eri B OCHOBY TEOPETHYECKHX W NPAKTHYECKUX TOJIOKE-
HHH MeIHIMHDBI, KOTOPbie LI H30XKeNbl B MHOFOYHCICHIBIX TPaKTaTax (HapuMep,
xkutaiickie «Hefi-nzun», «Xyail Hanp-113pl», THOETCKII MeauLHHCKHIT TpakTaT < Kya-
Ulns» u ap.). B atux tpyzax orMeydacTcs, UTO OPraHlisM YCI0OBEKa HYKHO paccMaTpH-
BATh KaK eAHHOE lenoe, H Mexay pabotoll cepiiia, HeHTPAIbHON HEPBHOH CHCTEMOH
H BHYTPEHHHMH OpraHaMil 4eJ0BeKa CYLUIeCTBVET TecHasd cBA3b. loBopuTCA 0 BAMA-
HHH BHYTPEHHUX OPraHOB 4€I0BeKa Ha ero HPAaBCTBEHHBIE YEPThI i ONMHCHIBAIOTCS CBA3N
MEXCTY HEKOTOPBLIMH IICHXHUECKHMH CBONRCTBAMY M COCTOAHHEM BHYTPEHHHX OPraHos.

Taxum 06})330.\1, HaA KaYeCTBEHHOM VDOBHE CBA3H 3JICMCHTOB OPraHM3Ma HeNMoBeKa C
ero NCHXHYECKHMH CBOHCTBaMM ObLTH M3BECTHL YIKe JaBHO. Onnako KoauuecTBeH-
HO€ BLIPpAAEHHLC I!(:L"IU{)HI)IX CBA3CH CTAA0 BOIMOMKHBIM JIMLIL B HAIUM JTHU l'/)fllll'(),"_lapﬂ
COEAUHEHHED DAY oHCTOATENLCTE.

Bo-nepsbix, K HUM OTHOCHTCS MOIEPHH3AlHs BOCTOUHBIN 3HAHMHA 110 aKyIIYHKTYPHOI!
AHATHOCTHKE OPraHH3Ma 4ejloBeKka M PasBHTHE TEXHMUCCKHN CPEACTB M3MEpeHHH B
buonoriiecki akTHsHbX Toukax (BAT), B UaCTHOCTH CPEACTE AMCKTPOIIYHKTYPHOI
AnarHocTHKH. Bo-BTopsiX, Baxiibiy 00CTOSTENLCTBOM ABAACTCH COBPEMEHHBI Ypo-
BEeHL ICHXOAMATHOCTHULCKNX TCCTOB, NMO3BOIHIONIHNA ¢ JOCTATOYHO BBICOKOIT TOMHOC-
THIO W HAAEKHOCTLI) NMPOBOAMTL NCHXOTOrHUeCKHe naMepenys. M B-TpeTbux, M3BIIe-
YeHHe 3aKOHOMEPHOCTEH H3 Pe3yibTaToB 2NEKTPONVHKTYPHBIX U MCHXOTOTHIECKHX
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H3MEPEHHH CTAJ0 BOIMOMHEIM Ha OQCHOBe paSBH'l‘O!"f TCXHOJOTHH KOMIBHTEPHOro
MHOTOMEPHOTO aHAaNHM3a JaHHbIX.

Hampasnenne nccrenoBanuii B3aHMOCBAZEH COMATHYCCKOFO npoditan genonexa, of-
PEIEIAEMOI0 METOAAMH 3JEKTPOTIYHKTYPHOMH JIMArHOCTHKH, C €r0 NeHXOA0rHYeCKH-
MH XapaKTEPUCTHKAMU [IOJYIHITO HA3BAHHE 3JIEKTPOIYHKTYPHOM NCUXOAHATHOCTHK I,
Hitxe MPUBOAATCS CBEICHNS 06 OHOM U3 TOCICHHX SKCIEPHMEHTOR B 3T0M OBIaCTH.

Menbityemeivu 6bUTH cTYAEHTH (MyM)CKOro nosa, sospact 20-22 roxa) Canxr-
[TerepbYPreKoro rocyIapcTBeHHOTO TEXHUYECKOTO YHHBEPCUTETA. Y KaxjI0r0 M3 HHX
NPOBOAHJIOCE H3MEPEHHE NEKTPOKOKHOTO COMPOTHBICHHS C MOMONIBIO ABTOMATHZH-
POBAHHOTO KoMILTekca peduiekcotepanenta «AKPO» B 24 GHOSOIHUYECKH AKTHBHBIX
roukax (12 cmesa M 12 cnpasa), SBASIOWNXCH NPOCKIMAMH OTAEABHBIX OPTAHOB
(ta6. 2. 4). Kpose Toro, Kaxnlii CTynenT TECTHPOBA/ICAH 110 NCHXOAOIHUECKON METOIHKE
Ulsumexa—Miwonepa, anarnoctnpyiomed 10 akuenTyaiii xapaxrepa (taba. 2.5).

Ta6nuua 2.4. HaumeHosanue u 0603HAYEHHE PENPEIEHTATUBHIX TOYEK

D6o3Hauenusn Hawnan Touka

P Nerkue 9-1 vai-10amns

GI ToACTEIR KnWeyHiuK 5-11 An-cu

E Henyaon 42-TII 4yH-ak

RP CeneseHka 3-1V ran-6an

C Cepaue 7-V wanb-M3Hb

16 TOHKME KuweuHKK 4-V1 saub-ry

v MoueBoi ny3sips 65-VIT usy-ry
Noukw 3-VIII rai-cu

ML Mepurapa 7-1X ga-nun

TR Tpoinok oborpesatens 4-X RH-4M

VB Henunbii nyasips 40-X1 wio-cioi

F Mevenb 3-X11 Tai-uyH

Tabnuua 2.5. luarHocTupyemsle nCHXONOrHyeckHe cBoiCTea

Ne Hassanue akyentyauuu Kpatkan XapaKTepPACTUKA

1 (WNepTHMHOCTL AKTHBHOCTE, JHEPIUUHOCTS, ONTHMUCTHYHOCTS, C BLICOKHM KU3HEHHLIM
TOHYCOM

2 Jactpesanue lnutensHoe nepexuBaHme oRHUX 1 Te e YyBCTS, YNPAMCTRO,
CONPOTHBNEHHUE MIMEHEHWAM

3 IMOTHBHOCTS DOrarcTeo IMOUMGHANBHEIX PRAKLMI, HIMEHYUBOCTE HACTPOEHKA

4 NegauTuunocTs TpiBepKeHHOCTS K ONPERENEHHOMY NOPARKY. NAOX0E MEPEKAIYEHHE
H3 HOBOE B JEATERLHOCTH

TpeBOKHOCTL Owywenue sefinarononysus, BHYTREHHER HANPAKEHHOCTH
6 UuknoTumHoCTs Tlepuobl POBHOIO HACTPOSHUA YEPROYIOTCH C NOABEMAMM W

cyBpenpeccuBHbIMY asamu

npodoawnenue
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Tabnuua 2.5 (npodonwerue) : vi Y2 y3 yé ¥5 y6 y7 y8 y9  yio  y11 yi12
Ne Hazeanue akyentyaunu KpaTkan xapaKTepucTHKa 111 43 84 116 88 284 g1 70 108 147 124 71
7 [leMOHCTPATHBHOCTE IrOUEHTPUUHOCTS, CTPEMACHAE NOCTORHHD ObITh B LEHTPE BHUMAHWA 100 63 132 99 208 104 141 91 130 79 57
8 Bo3byaumMocTs ArpeccHBHOCTE, YNPAMCTEO, caMoNiobue, 06naYMBOCTL . 123 g 3 = 66 194 61 115 118 106 100 81
76 42 231 62 156 140 130 72 79 117 66
9 mctiMHoCTL Hactie U AAHTENBHBLIE H3MEHEHWA HACTPORHUA B CTOPOHY €10 CHUMEHHA
‘ 6 59 96 170 86 G4 119 119 a8y 63 126 116
10 IKIANBTUPOBAHHOCTE KNOHHOCTE NPUXOAWTS B COCTOAMME BOCTOKEHHOTO BOIBYIKAEHMA N 2 ] ;
HE3HAUMTENbHBIM NDBOAIM U BN3JATh B OTYARHME N07 BAURHHEM e % i 48 215 89 100 o 146 99 74
Pa30yapoBaHUA 83 66 56 70 235 70 28 117 107 89 71

Bl'st',-’l(‘,\] B ary &Ko 1'216.-1111.{}' AdiibLle 11(‘.11)(0.’101'11':1@(31(01'() TCCTII})()BI\HII}I_
Beog 1 npeoGpaszoBaHue AaHHbIX

OTtkpoeM OKHO TadIMILI JAHIHBIX H BBEAEM CAeYIOLIHE PE3YIbTaThl H3MCPEHNE aJIeK-
TPOKOKHOFO COTPOTHRIEHIA B GHOJOTMYECKY aKTHBHBIX TouKax (taba. 2.6) y 14 c1y-

PesyneTarel TECTUPOBAHNA (Z-aKUBHTYALNHN)

i z1 22 23 24 z5 z6 z7 z8 29 z10
SERIOR, 1 18 18 12 12 3 6 10 0 9 12
Tabnuya 2.6, PeaynsTarsl M3MEpPEHUH INEKTPOKOXKHOMD CONPOTUBNEHKA B BHONOINYECKM AKTHBHEIX 2 12 12 21 22 6 6 10 15 9 12
TOMKax Cnpasa (X — (QOHOBbIE, ¥ — MOCNE HArpy3Kn) 3 12 2 3 10 3 12 8 6 6 12
x1  x2 x3 x4 x5 %6 X7 x8 x9 x10 x11 x12 4 12 20 12 14 18 ] 12 15 6 12
1 g0 107 4 87 85 214 47 91 69 77 54 86 5 9 18 18 12 o 12 16 6 15 12
2 9 93 72 106 130 254 75 97 130 69 99 76 & 24 12 21 16 9 12 18 g g 12
3 g5 115 81 186 73 79 95 111 96 129 114 110 7 21 6 12 18 12 15 10 6 12 6
4 99 126 87 74 69 107 61 121 65 176 85 78 8 6 4 6 10 3 g 14 9 g 6
5 117 53 94 122 136 113 101 144 108 59 127 148 g 13 13 0 : 0 6 20 5 6 e
6 78 80 58 112 66 195 96 94 86 79 144 142 10 18 10 - 2 = i 10 & e -
? 91 95 120 82 131 142 62 140 106 50 76 116 : 1% 14 " " 3 s oA B i ¥
8 104 52 45 113 136 385 65 53 114 180 82 84 1 2 i g io - - 18 3 5 2
9 56 54 65 140 i SEE R b R 82 100 90 107 o 4 » ¥ Al o Py - ¥ s b
10 130 109 51 34 129 302 37 126 123 126 60 62 '
I8 64 & 7O, 186 61 2084 157 129 66 86 99 69 5 i 3 : ¥ & 2 - 3 2 2
L e O Y e N Sk B s il e Kax y)xe 0TMeuanoch, VIAI0CH HOCTPONTb CTATHCTHYECKH 3HAUNMbIE DEIPECCHOHHDIE
BRI CREE P 53 289 g T e MOJICTH TPAKTHYECKH IS BCeX akuenTvauuii xapakrepa. TIpi 9ToM B MO BXOAN-
s Ay 3 8 B L T T L et o a1 peaysstarsl navepenna DKC, kak (oHOBRIe, TAK W Nocje HArpysku. B To ke Bpe-
Ms 3HAUMTENBHBIT HHTEPEC HPEACTABIAIOT HOBBIE [epeMeHHbIe, NpejcTaBisione
coBoit oTHOLIEHHS poHa k Harpyske. Ji1s cO31aHHA TAKHX HEPEMEHIBIX POH3BEIEM
y1 y2 y3 y4¢ y5 y6 y7 v8 y9 y10 y11 y12 CHSAYIOUIHE ONEPALHH.
113 115 67 163 8 293 96 28 94 93 79 58 BrlgesuM HOBYIO KOJOHKY B Tab/Hue OAaHHBIX H LIEJKHeM [PaBOH KHONKOH MbIIIH.
124 75 To i 4167 86 125 108 139 133 60 101 62 B nossusiuenmcs meno suifepen Generate Data. B nosne Expression AnajioroBoro okna
122 107 T 1] g1 101 9 142 99 123 116 147 Generate Data Brenem Tpefyemoe npeodpazosanite — oTHOMIEHHE (POHOBOIO 3aMepa K
124 78 75 105 g2 121 89 83 78 171 g2 7 HasMepenno nocte narpysku (pue. 2.14). Haxsem 0K
112 84 92 131 124 154 91 139 97 100 116 120 BrifepesM B KOHTeKCTHOM MeHIo xoMauay Modify Column. 3amannm B nome Name ums
8758 20 21 60 137 127 227 109 79 159 119 HoBoit nepemenoil rrl, B nonxe Comment samyiuem KoMMentapuit «otHoulenue QpoHa
9774 88 94 113 191 61 125 111 95 85 75 K Harpyske» (puc. 2.15). Haxsenm ruonky OK. Ananornunsim 06pasom creHepupyem

OCTajbHBlE llepeMenHble rr2—rrl2.
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Generate Data

EHME POHA K HArDY3KE

Puc. 2.15. Okxo anA HaUMEHOBaHKA NEpPeMeHHbIX, 3a4aHHA UX THN3 U BBOAA KOMMEHTapUeB

MocTpoenne moaenu mHoXKecTBEHHOM perpecciuu ans Beex nepemMeHHbIX

BuiGepem uz menio Relate mynxr Multiple Regression. B oxne amanora MuoxecTBeHHOi
PETPECCHI ¢ MOMOIDLIO KHOMKK €O CTPeJKOM aKTHBH3HpyeM 1o1e Dependent Variable
(3aBncuMas nepemennas). 3aTeM B CHHCKe TEPEMEHHBIX, HAXOASIEMCH CIIEBa, HCTIOh-

MeTogsl, vcnonssynoumre 0ByNaouy0 HRDOPMaUnIo 73

3ya MPOKPYTKY, Hailgem Tpedyemywo repemerinyio. [lycTs B paceMaTpuBaeMoM cayyae
aTo OyIeT aKUCHTYalUs XapakTepa 28 — «BO30YINMOCTL». JABask(bt Iie/IKHEM Ha STOH
NepeMeHHoH, H OHa NOABUTCA B aKTHBHOM IOje,

Briieaus B CliMCKe NEPeMEHHBIX H3 JeBoro nois oxkna Multiple Regression nepemen-
upie rrl-rr12 p HaxkMeM KHONKY CO CTPEsKON, yKasulBamomyio Ha nose Independent
Variables (HesaBncumble iepeMennbie). Bee MapkuposanHtbie nepeMeHHble HYAYT BKAO-
yerbl B aHanus (puc. 2.16). Haxmem kuonky 0K

ltiple Regiegsion

Puc. 2.16. Beog 4aHHBIX 8 MHOKECTBEHHbIR PErPeCCHOHHBIA aHanu3

Mocre Tore Kaxk Mbl Haxa M kKHofKy OK Ha akpan BblzaeTcs CBOAKA NpPOBEAEHHOTO
ananmaa (puc. 2.17).

W3 npeacTasieHHON CBOAKH MBI TIO/IyHaeM ¢re/lenys: 06 OLEHKAX BENHYHHBI KOHCTaH-
Thl H BECOBHIX KOah(PHUUMEHTOB B YPABHEHHM PErpeccHu, O CTAHAAPTHBIX OWIHOKAX,
T-cTaTUCTHKEX H P-3HAYEHMAX NS NOodyueHtnx seanund. Ho raasHoe, Ha 4TO cre-
ayeT o6paTHTL BHAMAHMUE, — 3TO BHICOKOE p-3HaveHue Bo Bropoil Tabaune «Analysis
of Varianss (Ananna AMCOEpPCHIL), rie OUeHHBAeTCA Moean B enom, OHo cocTags-
et 0,4028, uto ropopHT 00 OUEHb HM3KOH CTATHCTHYECKOH 3HAYMMOCTH 110CTPOCHHOI]
MOJEAN, 3TO HEYAHBMTENBHO, BEIb, HCIOAL3YS 12 mepeseHHbIX, MBI HMeeM BLIGODKY
oObemom Beero 14 yenosex. I1yTe, o xoTopoMmy cieayeT HATH B JaHHOM caydae, —
BAKJIOYACTCA B IONBITKE CHH3HTDL KOJHMUECTBO IIePeMeHHBIX B TIPaBoil YacTH vpaBHe-
HUS Perpecciiu, NpHMeHHB METOL nomarosoro orbopa.




Standard T
Etrrar
G,37385%9 0,77
27,1602 1,497983 0,3753
6,82839 =0,371052 0,7733
20,1888 0,74672 0,5917
12,453 1,2402 0,4320
24,724 ~1,4155¢8 0,351
275113 1,15783 fi,4535
29,2632 ~1,17527 0,4483
1659708 0,2037z23 0,8721 i
13,6293 1,50403 0,3735 i
33,2271 -0,611455 0,85086 i
43,8572 -0,675758% a,6217 .
14,4026 -0,542943 0,5187
Analysis of Variance
Source Sum of Squares Of HMean sSquare F-Ratia F=yalue i
Jrodel 411, 31¢é iz 34,3282 2,29 0,4028 .
Fesidual 10, 4412 /I 10,4412 4

Puc. 2.17. (BojaKa MHOMECTBEHHOIO PErPECCMOHADIO aHaNK3a

Mowaroesiyt oT60p NepeMeHHbIX

Hleaxnem npapoil KHONKOIT Ml H BeIOEpeM 13 HOABHBIIEIOCS MeHI0 TYHKT Analysis
Options. B pasgeae Fit okna ananora ycTanosuM nepekiiodatenth b nonoxenne Forward
Selection {(aaropiT™ MOCIENOBATEALHOTO YBEJAMYEHHA IPYNILI HepeMeHHbIX). Bee
ocTaapioe ocTasimM 6e3 uaMenenuii (puc. 2.18). Hasxsenm OK. [Tonyuaen HOBYIO CBOAKY
perpeccHonioro ananuza (puc. 2.19). Kax suano #3 tabauiy, 1nocTpoeHa perpeccuon-
Hasi MOJeb, OOJIATAIONIAS BLICOKOH CTATHCTHYECKOH 3HAYHMOCTBIO I 0OBACHSIONIAs

LEE

rrouti 66,9 % ancnepcny 3aBicHMoil nepeMenioi z1.

Onpabyem Teneph NPOUeAYPY € NOCACAOBATEALHBIM YMEHBIIEHIEM TPYIIIE MEPeMeH-
ublx. Buibepesm Analysis Options B KOHTEKCTHOM MEHIO. YeTaHOBHM nepekiioyaTens Fit
B rosoenlie Backward Selection it cumses aaox Constant in Model. Octannhbie
3AEMEHTHI YIpapieHs octasuM 6es usmenennit. [Toayaus cievioulyio cBoAKY pe-
3yasraton paboTel mpoueaypsl (puc. 2.20).

Metogs, ucnons3ylume obyuanLyio uHgopMaukoe

75

R-squared = 55,8655 percent
R-squared (adijusted for 4, ¢,
Svandard Error of Ess.

= 3, 74033

w EE,525Z parcent

Standard T
Paranster Estimate Error Statistic P-Value
CONSTANT 0,905482 7,23613 0,12ZE132 09,5029
rrd 8,451l 3,37965 Z,50074 0,0314
rre 8,7792¢ Z,7884% 2,14839 0,0104
rrll -8,8503Z 4,1870% =-2,065595 0,06587
e e S e e e e e e ———————————
Analysis of Variencs

Sourca Sum of Bquares Df Mean Sgquare F-Ratio P-Value
odel Z2BZ 411 3 94,1371 6,73 0,0022
Residual 139,946 19 13,9946
o e e e e e i e e e e S . 2 o 2 o 2 i A
Total (Cory. ) 422,357 13
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7% S TATGRAPHICS Plus - psycholl - [Mulliple Hegression - z6]

Stvandard

Farameter Estimate Errox Statistic P-Valua
rr3 §,568301 2,69%931 3,21675 0,0082
cr6 2,99871 2,06874 4,34964 0,001z
rrl2 -8,27117 2,7878 -2,995851 Q,0121

Scurce Sum of Squares Di{ Hean Sqgusre F=

Hodel 1470,832 3 450 278

|Rasidual 140,165 11 12 7423
)
Total lgll,0 14

P-zsoaared = 51,2995 percant
R-zquared {edjusted for d.£.) = B3, 7176 percent
Brandard Error of Fam. = 3,565953

57251

Buano, 4To MOCTPOEHHASI PErPECCHOHHAN MOACIL 00JafaeT BHAUYNTEILHO JYUIIHMH
cBOICTBAMH, YeM Npeabiayiasa. B Hee Bouwin Tpu nepeMeHHEbe: 113 (kenyaok), rré
(TOHKHIT KHUIEYHNK) We obpaTHbM 3HaKoM rri2 (neyens). JanHas Mojens o6bscHA-
er yxe 91 % aucnepcHH 3aBHCHMON NepeMennoil; takxe poicok (89,7 %) koadihu-
IHEHT JeTePMUHALMH, CKOPPEKTHPOBAHHbIA ¢ y4erom creneneii cpoboias! (adjusted
R-squared). I1pu 2TOM B3aHMOOTHOLIEHHS [MEPEMEHHDBIX, 3aHKCUPOBAaHHbBIE B Mojle-
au, 3acayxuBaoT mouti 100-ripouenTHOrO AoBEpPHS.

Puc. 2,21, OKHO rpagmyeckux napameTpos

MeToasl, nCNoab3yiouwKe 06yHa0IYI0 HHHOPMaLHIO 77

OrobpazuM rpaduecky 1oIyYenible peayasTarsl. 1A aT0re HaXxMeM KHONKY rpa-
dbugecknx omIuil (TPeThs CCBA B HIKHEM Psly) ¥ B OKI¢ HATOra YCTaHOBAM uaa-
.kox Observed versus Predicted (x1abmonenne — npejckasanne). Haxmem OK (puc. 2.21).
Ha axpaiie obpasyeTcsi BTOPOE OKHO ¢ TPeOyeMbiM TPaiuecKuy oTOBpaKCHIEM.
Packpoem ero Ha Bech 3KpaH, IMEJIKHYB ABAKIb B0 KHONKON MBILH HA 3ar0/I0BKe
(pic. 2.22).

3|

HatAwAGHMR 24
20 |
16

12}

12 16

ﬂpBﬂCKBZ‘]ﬁHHR

Puc. 2.22. Mpaguueckoe 0ToBpameH1e perpecCHOMHOR MOARNH

Pesiome

[IpencTapned bl MPUMED AEMOHCTPHRYET ahpeKTHBHOCTD NPOIEAYD IIOCJIE;‘LDB:’ITCJIb:
HOTQ VBEIHUeHHA H }-',\1(’111;1!]@1!1151 l‘pyln'lbl ncpemenumx MpH H(}C'I‘]’)OE?HHI! MOJCHEeH
MHO}K;E?CTBCHHOH perpeccuit. Yaaeres noabuparh MOLe/H, COAEPKalIe FOPasio MCHbIIE
Il(:p(‘.\f{eill-ihlx I§{e] cparmcmm ¢ HOXOAHDBIM MHOMKEeCTBOM H HMEWIIHNEe _’I}’\ilil}w CTaTH-
CTHYECKHC xapax'repucnmn. HeanaguteapHoe KOaHYeCTBO iIi—.‘}')(—},\ieilel.‘( MO3BOJIAET
JeTrKO HH'1‘(‘[)”})0'!‘!ip{'BBBTi) co,qepma}mc pCl‘p@(‘t‘l!(iHHhiX h-I(J.-'L(:.-'IE‘ﬁ. T(IK. B HauleM {,'.:'I}f-
yae yparaﬂel-u-ie 1)01‘1)&?(‘(3_1”[ nocae rlpliMCiiell}iﬂ I'I])OE.]C.-‘.[}'})I)I y,xieubmemm l‘pyll[lbl ne-
pemermmx BLITJAAMUT CJ‘!E}‘I}YR_)Illi']i\I 061)2130,\12

78 = 8,7(xenyaox) + 9,0(tonkuit Kimueunnk) ~ 8,3(ueyens)

P i = i e
MtaK, MOXKHO NPEANOAOKHTE, YT0 1A JI0AeH ¢ TOBbILIEHHON BO30OYAMMOCTBIO XapaK-
Teproit peaxiyell Ha QYHKIWIOHANLHYIO NPodY ABAACTCH MOBHICHIE aKTHBHOCTH
KETVIAKA ¥ TOHKOTO KMITEMHHKA NPH OHOBPEMEHNHOM yrueTennu QyHKIHH Iedeni.
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1 HaobopoT, oprauism Hoaell ¢ NoHKeHHoH BO3OYANMOCTEIO pearHpyeT Ha HArPys3-
KY CHIDKEHHEeM AKTHBHOCTH paboThi KeJIYyAKa H TOHKOTO KHUIEYHHKA MpH OII0BpE-
MEHHOM YBETHYEHHH aKTHRHOCTH PaBoTh MeYeHi.
[oxyueHtble jaHHble B HACTOANIEE BpeMd MOABEPTAIOTCA AANLHEHIINM IpOBEpKaM.
WX okoHUaTENLHOE MOATBEPAKACHHE CYIHT 3HAYUTEIBHLIC NEPCOEKTHEL B CJAEAYIO-
X 0baacTax:

1. Cobcmeserno nouxoduaziocmuxd. TpYAOCMKAS H TPOMO3]
THYECKOTO TECTHPOBAKUA, CONPOBOMNK]

bt iil)(?]l{.‘,\'!,:‘\"pa MCHXOTIO-
[aeMast BO3MOMKHOCTSMHI NPEHAMEPEHHBIX 1
HEMPeHAMEPEHHbIX (paTbeHIKaIiL, 3aMCHACTCA B PHIC CAVIAEB ONePaTHBHOI i
OOBEKTHBHOIT HMPOLEYPOIl HEMEDEHHA HICKTPOKOKHOTO CONPOTHRICHIS B OHOMO-
IHYECKH aKTHBHBIX TOUKAN ¢ Hocxeayioulell pesesanTiioil odpaborrol,

2. Heuxomepanusa. PackpuiTiie naanMmocssazell ocobensocTtell (hyHKIHOHMPOBANIS Op-
TAHOB YeJOBEKA C ero NCUMXHYeCKIIMH [fl’»()i‘;n{f'i".i'(lMH Ha KOOHYCCTBCHHOM _\_'POBH("
CO3/@ET MPEeATOCLITKY /Ut COo3Jauui ahMeKTHBHBIX METO/NK NCHXOKOPPEKIHH.

3. Hcuxozuzueiia u ncuxenpouiakmuxa. JNCKTPONYHKTYPHAS NCHXOIHATHOCTHKA
BCJIEACTBHE OOBEKTHBHOCTH U3MepeHIil No3RousieT o0HAPYKHBATL HeKelaTebHbIe
TEHACHIIHH B NCHXHYECKOM CTaTyce HA PAHHHX CTailsix.

4. Monumopune ncuxueckozo cocmosnust. ONepaTHRHAsg NMPONEAYDA ATEKTPOTIYHK-
TYPHOH NCHXOAMArHOCTHRI JaeT BO3MOKHOCTE OTCICKMBATL H3MEHEHHS HICHXITYec-
KOI'D COCTOSHHS B PCATBHHOM BPEMEHIL

5. Comamisieckas meduLuna. PackpriTie B3anMOCBI3el! MCHXHKH 1 COMATHKH CO3MaeT
NPEUIOCHIIKH JUIs1 PaspadoTKil MeTOXHE HAIPABISHHOIO COMATHYECKOrD BO3AeHCT-
BHSL YE€pPEe3 CO3MaHHe QNpPEIeJEHHLIX MCHXIMECKHX COCTOSHUH € YHeTOM Mex-
IMOIYIIAPHOH ACHMMETPHH MO3TOBBIX TPOLECCOB. ’

IpyBeneHHbI CIECOK MOKHO ObiI0 Gbl NPOLOIKUTL BIVIOTE 10 HCCNEIOBAHMHA reHe-

THyecKoH 0OVCIOBIEHHOCTH TICHXHMYeCKHX ocofenHocTell YeloBeKa H NOHCKA IpaHm-

Lbl, HAYMHAA ¢ KOTOPOI TICHXHYECKOe CTAHOBHTCA CaMOCTOATENbHOH CYLHOCTBI.

[To-BnanMomy, A4S 3TOT0 HACTAHET CBOE BPEMA.

AVCKPUMMUHAHTHbIM aHANK3

Eciy kpuTepnaapibiil NOKA3ATENb 2 H3MEPEH B HOMMHAJILHOI WIKaIe WIH CBA3Db 3TO-
o MOKA3aTe d ¢ HCXOAUBIMH TIPU3HAKAMY ABJSIeTCA HEJHMHE[iHOMH, TO IS PACKPBITHS
BAKOHOMEPHOCTEI B JIAHHLIX H MOCTPOCHIS PEHIAOUINN TIPABHI HCHIOIb3YIOTCH METO-
JbI AHCKPUMMHAHTHOIO ananiza. B 31omM ciyuae o6beKThl B COOTBETCTBHH ¢ BHEUIHHM
KpuTepHeM pazbHBAIOTCS HA TPYIODI (KAACCH) M NPOCTPAHCTBO HPH3HAKOB paccMart-
PHBAETCS 110/ YTTIOM 3DEHIsA CIOCOBHOCTH Pa3aensTh (IMCKPHMHHHPORATD ) BhlIeIeH-
1ibl€ KJACCHI.

Boablitas rpyuna MeTo0B AHMCKPHMHUHAHTHOIO RHAJIM3A OCHOBAHA Ha balteCOBCKOI
cxeMe MPHUHSATHA PEelIeHHH O NPUHAMMEKHOCTH 00BeKTOB K TeM MAN MHbIM KJIAcCaM.
Baijiecopckiil noaxon GasnpyeTcs Ha UPEANIOIOMKEHH, YTo 3anaua chopMyIHpoBana
I TePMHHAX TeOPIH BEPOATHOCTEH U H3BECTHEL BCE NPEJICTABIAIONIIE HITePeC BeJHH-
HBI: AAPHOPHDBIC BeposTHOCTH P(©,) 174 kiaccoB o; (1=1, K ) 1 ycioBume NIoTHO-
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CTH pacnpeie/leHHs 3HaYeHnit BekTopa npusnakos P(x/w,). Ilpasnio Baiieca 3ak1i0-
YAETCs B HAXOXKTEHHH anocTepHOpHOil BepoaTHOCTH, P(0,/X), KOTOPaa BLIMMCTIACTCS
CIEAYIOMIM 06Pa3OM:

P(xfml)P(mil

Plw/x)= PG

1
rie f
Px)= ZP{X;’U),)P(m‘J.
-1
Peluenne 0 NPUHALIEKHOCTH 00BEKTA X, K KJ1ACCY (), IPUHHMAETCs! IIPH BITOIHEHMH
VCAOBUS, 0OECTICUHBAIOIIEro MIHHMYM CPEHEil BeposTHOCTH 01HOKH )iaccuduka-
e

P(&);ka )= nflal\ Plo,/x,).

Jlna GMHApPHBIX NPH3HAKOR, C KOTOPBIMH YacTO NPHXOAHTCA HMETh 16710, NPHHHMAIO-

mux 3uavenre 0 aubo 1, p-MepHBIT BEKTOP NPHBHAKOB X MOXKET NPHHUMATL OHO U3

9" AUCKPETHBIX 3HAYEHMIT v,, ..., V,. DYHKIMA MIOTHOCTH P(X/0),) CTAHOBHTCH CHHIY-

nApHOit ¥ 3aMenseTca Ha P(v,/(),) — YCJIOBHYIO BepPOATHOCTD TOTO, MTO X = V TIpH

YCAOBHM KJacca ;.

JIpyrue noAxoAbl B AMCKPHMHHAHTHOM QHAJIN3E HCAQIb3YIOT reOMEeTPHYECKHE Npel-

CTABIEHMS O pasjie/leHN KJIacCoB B MPOCTPAHCTBE IPU3HAKOB, DTO CISAYIOLUIE Npea-

CTaBNEHMS.

CoBOKYIIHOCTb 06BEKTOB, OTHOCAILUMXCA K OJHOMY KJIacCy, obpasyer «obnako» B p-Mep-

HOM MPOCTPAKCTBE, 3a1aBAEMOM HCXONHBIMII PH3HAKaMu. L5t yenemHok KJACCHQH-

Katuu Heobxoaumo, yrodsr [30]:

1. O6nako M3 ®, B OCHOBHOM ObLIO CKOHIEHTPHPOBAHO B HEKOTOPOH obmactu D,
MPOCTPAHCTEA [TPH3HAKOB.

2. B obsacTh D, nionajia He3HAYUTEIbHAA YaCTh «061aK0B> 00BbEKTOB 13 APYTHX KJac-
COB.

[TocTpoenye pelaloUIero NPaBUAa PACCMATPHBAIOT KaK 3ajavy MoncKa K nenepece-
nantaste Gyuxuuu (J10) onpeneasior 3Ti 00JACTH NOCPEACTEOM ONNHCAHHS UX Tpa-
HUIL[ B TPOCTPAHCTRE NMPH3HAKOB.

Ecan xakoii-mubo o6bext nonajaeT B obaacth D, To Gyiaes cHUTaTh, 4TO NPUHAMACT-
¢ pelIeHHe O ero NPHHALICKIOCTH K KIaccy W, Obozuaunm P(0,/0)) — BeposITHOCTD
TOTO, 4T 0OBEKT M3 Kiacca 0, ownbouHo nonataet & obmacth D, Torda xpuTepuem
NpaBHIBLHOIO Onpeaenenus obnacreit D, Gyaer

Kt K
Q= EZP(“"’;)P(@:’I"J;),

=1 j=i

e P(w,) — anpuopHas BepOsITHOCTb NOABIEHHA 00BEKTA 13 ;.
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IlpuBenenHpiii KpUTEPHIT HA3BIBAIOT KPUTEPHEM CPefHeH BEPOSTHOCTH OIIHOOYHON
kaaccHpuralunn. Ero MHHUMYM LOCTHTAETCA NPH WCIOAB30BAHHM, B YAaCcTHOCTH,
PACCMOTPEHHOTO BBl HallecOBCKOro MOAXOAA, KOTOPHI, OHAKO, PEAIN3YETCS NHUTL
MPH HEBLICOKHX PA3MEPHOCTSIX MPOCTPAHCTBA MPU3HAKOB.

B Teopuu anaiuza MHOTOMEPHBIX HAHHBIX BCECTOPOHHE pa3paloTaiibl MPOUELYPHI
HNOCTPOEHHS AHHEHHLIX IMCKpuMHTanTHBRIX Qyvikumit (JII D), obecneunsaomux mpu
OTPE/IeiEHHBIX TPEATIONOKEHHAX MHHUMYM KDHTEPHS CPEHEH BEPOSITHOCTH 0muH0Y-
HOll KnaccHurany. Tak, A48 cliyyad JBYX KAacCoB 0, M (0, MCTOAb NOCTPOCHHH
(JITD) onupatoTes Ha JABA NPEATON0KEHHS,

I[leproe coctouT B TOM, uTO 08aacTH D, 1 D,, B KOTOPHIX KOHLUEHTPUPYIOTCS 00BEKTHI
H3 ABYX KJIACCOB, MOTYT ObITh DaszeieHsl (p—1)-MepHoil ruiepnaocKkocThio

Y +w, =wx, +wyx, o+ w,x, =0,

Koadduumenrtel @, B ganton ciyuae UATEPNPeTHPYIOTCA KaK NapaMeTpsl, Xapakre-
PU3YIOILHE HAKIOH THOEPIAOCKOCTH K KOODAMHATHDIM OCSIM, & W, Ha3bIBAKTCA OPOo-
rOM M COOTBETCTBYET PacCTOHHHIO OT THMEPIIOCKOCTH 10 Hayada koopiunaT. Ilpe-
HMYULECTBEHHOE DACIookKene 00beKTOB OJHOFO KJIACCA, HANpHMep 0, 110 OJHY
CTOPOHY TMIEPIIOCKOCTH BHIPa)KaeTcs B TOM, 4TO /Ul HHX BBHIIOJHAETCA YCAOBHE
y(x) < 0, a ans o0LeKToR ApYTOro Kiacca o, — o0dpaTHoe yeiosie y(x) = 0.

Bropoe npennonoxenne xacaercs KPHTEPHs: KauecTsa pasaenenus obnacreit D, u D,
TIIEPIICCKOCTI0 Y(X) +10,=0. Haubosee wacro npeanoaaraercs, 4to pasjaenenne dyner
TeM JIytlle, YeM Jlajiblile OTCTOAT APYT OT APYTa €Pe/HHe 3HaYeHus CIyyaiiHblX Beau-
YUH M, = E{v{x}}, XeEwW, M= E{y(x)} , X€w,, rae E{ ? } — onepartop ycpeaHeHHs.
B npocreiiiienm cilydyae NOJAralor, 4T0 KIAcChl @y M @, MMEIT OAMHAKOBbie KoBapH-
alMoHHble MaTpullel 8, = §,= 8. Toraa BexTOp ONTHMANBHBIX BecOBBLIX KoadduimeH-
TOB W onpeleiseTcs caeayiouim obpasom [18]:

=lg
w=8"(m, -m,),
rie m; — BEKTOD CPEAHHX 3HaueHuil NPU3HAKOB AN K1acca W,

HAna onpeneneniia BeJHUHHBLI OPOra @, BBOIAT IPEINOAOKEHHE O BHIE 3aKOHOB
pacnipeaeieHns 00beKToR. Ecin 06DbekTh Kak/a0ro KIacca HMEIOT MHOIOMEPHOE HOp-
MaJIbHOE paciipefeicHie ¢ OAMHAKOBOI KoRapHauuonnoil Matpuueld S ¥ BexTOpamMH
CpeAHHX 3HaYeHHIH M, TO NOPOTOBOE 3HAYCHHE W,, MUHMMH3HPYIoLlee KpuTepHil cpea-
Heill BeposiTHOCTH olBGKY, Gyier

) 1)
w'(m,+m,)+ In—f (m;l.
% Plw,)

W, =

b | —

Hag enyuan, Koraa unceao kaaccos Goabuie asyx (K > 2), oObIYHO OUPEAEHSIOTCS
K AMCKPUMUHAUTHHX BEKTOPOB

w,=S"m, (i=1,K)
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i [TOPOTOBbIE BEJTMYHHBI

W, = —%wfm, +IlnPlw,) ¢ = LK)

ObbexT X, OTHOCHTCA K Kjaccy ,; , eclii BLINIOJIHACTCH YCJIOBHE

ga(xk) = Tia%g}(xk),

rie g,(xX)=Ww/X~w,.

B (hOpMYJIBI BBIMHCJACHHS MOPOTOBBIX 3HAYEHUH BXOIAT BEJHYIIHE! ANPHOPHLIX Bepo-
arnocTelt P(w,). AnpHopHas BepOsiTHOCTb F(®,) COOTBETCTBYET A0J€e 00BEKTOB, OTHO-
CAMMXCS K Kiaaccy @, B 60abwioil cepun Habai0AeHU T, TPOBOASIIMXCA B HEKOTOPIX
CTanMoHapHLIX yerosusx. OGbuno P(0,) HeussecTHbr. [ToaTOMY NpH PELIeH it IIPaK-
THYECKHX 3ajlay, He MeHas AMCKPHMHUHAHTHEIX BEKTOPOB, 3TH 3HAYCHHA 3a/1ai0TCS Ha
OCHOBaHMH CYOBEKTHBHBIX OUEHOK HecejoBaTens. Takxe HEPEIKO NMOJaraioT STH
3HAUYEHMHs. PABHBIMI MM MPONOPIHOHANBHEIMU 00beMaM o6yvaiouinx BbIOOPOK M3
paccMaTpPHBAEMBIX AHATHOCTHYECKHX KJACCOB.

MapecTH®! APYTHE MOAXOIB! K MOCTPOEHHIO AMCKPHMHHAHTHBIX pyHKINH. LHHpuoxo
PACIIPOCTPaHEeH KAaCCHUecKii BApMaHT AMCKPHMHHAHTHOTO aHAIN3a, OCHOBAHHBIM HA
onpejiesleHM KaHOHMYECKUX HallpaBieHni B MCXOZHOM TPOCTPAHCTBE TIPUSHAKOB,
VOBJIETBOPSIOIUX CEAYIOUIEMY KPUTEPHIO:

_ JIucnepcns MOKILY KJIACCaMy

max.
JlucrepChs BHYTPH K1acCoB

BecoBoil BeKTOp W, YAOBJIETBOPAIOMIAN JaHHOMY KPUTEPHIO, HCXOLA M3 M€OMETPUYEC
KOl MHTEPNpPeTAUIH, 33/[aeT HOBYIO KOODAMHATHYIO OCh B MCXOAHOM p-MEPHOM PO~
CTpalcTBe NPH3HAKOB Y(X)=w'X (lwl=1) ¢ MaxcumanbHOH HEOAHOPOAHOCTHIO HCC/TE-
JveMoil COBOKYMHOCTH 00bekToB. HOBOH OCH COOTBETCTBYET, IO CYILECTBY, NepBas
[ IABHAST KOMITOHEHTA 00beHHEHHOH COBOKYMHOCTH 06BEKTOR, ONYYEHHAA C YHETOM
OMONHUTeNbHOI o0yyaomeil HHGOPMALKH 0 IPUHALIEKHOCTH 0OBEKTOB Pa3iHYHbIM
KJaccam.

lpumep ANCKPUMUHAHTHOIC aHann3a: fUArHoCTUKa
OCTPOro anneHAULMTa

JlaHHBle 3aMMCTBORAHBI U3 KHHrH [23].

Mrorue moay mibo Ha cOBCTBEHHOM ONbITe, MO0 HA CHAYYasX ¢ POAHBIMU K O/113-
MK BOOMHIO yOCAMINCE, KaK ObIBACT BA/KHO U BMECTE C TEM, HEMpOCTO YCTaHOBHTH
TOYHBIH ZMACHO3 OCTPOrO ANTeHAMIHUTa. ITO AOCTATOUHO TOHKadA NPOoOJIEMa, Hepea-
ko Tpebyouas NpuBiedeHItA 3Hatkii W ymMenuii Bpaya caMoit BhICOKOH KBanugu-
KalHH,
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Tabnuua 2.7. CuMNTOMbI OCTPOTO ANMEHIULNATA W UX KOABI

CMMNTOMBI OCTPOro anneHAULMTA BeiparKeRHoCTh

Hog

X1  boau B npasad noaB3ROWHGH 0bnactu HesnayuTensHele
BuipameHHsie

%2 Mpogonmutenckocts Gonen Casiwe 2 cyToK
25—48 vacos
1—-24 vaca

Do 12 yacos

Do 80 yn/mun
21-—100 ya/muH
Caoiwe 100 ya/mun
X4 fleRkounts Kposw 0o 8 Thic.

X3 Yactorva nyneca

8—14 ToiC.

Cemiwe 14 Thic,
x5  M3meHeHns A3biKa He obnoken
Obromen
x6  Cumnrom illetkuna—Bniombepra Orcyrerayer
Buipawen
x7  Cumnvom Poszuura OrcytcTayer
Bripamen
X8 3aWMTHOE MbIWEYHOR HANpPAKEHHE OrcyTcrayer

Buipameno

2%

WO e

LAC B == L& B - T S T = RS o T VT X T ST % R T S .

B kauecTpe 1exonu0i MHGOPMAUMH MCIIONBIOBATMCH JAHHBIE KIMHHKM, B KOTOPBIX
3apeTHCTPHPOBaHbL pe3ynsratel obcnenoanna 103 yesosex ¢ yCTAHOBJEHHBIM JHAr-
HO30M: Ipynma 1 — ranrpeHo3Hstit annenanuuT (28 nabaogennit), rpynna 2 — duer-
MOHO3H5LH annenaminT (25 Habmonennit), rpynna 3 — KarapanbHbli ATHEHARIHT (26
HabMIOMeHK) 1 TPYNNa 4 — HemOATBePAJIENHbIHA Auartos (24 nabmonenus). Mexox-
HBIMM {IPH3HAKAMH CAYXRMAH 8 CUMITTOMOB, OXapakTepU3OBAHHBIX B Tabiuiie.

Tabnuua 2.8, Peaynbtarel KIMHKYECKOTo 0BCEA0BAHKA

garoup x1 %2 x3 X4 x5 X6 x7 x8
1 2 3 1 2 1 4 2 2
1 2 2 2 2 1 2 ] 2
1 2 3 1 3 1 2 2 z
1 2 i 3 1 1 0 Z 2
2 3 2 2 1 2 2 0
1 2 1 3 0 0 2 2
1 2 2 2 2 1 2 [ 2
1 2 4 1 3 1 2 2 2
1 1 2 2 3 1 2 2 2
1 2 3 2 2 1 2 2 2
1 z 1 1 3 1 2 2 0
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group x1 x2 X3 x4 x5 x6 x7 x8
2 3 2 2 1 2 3 2
2 2 1 3 0 2 0 2
2 3 2 2 1 0 2 2
2 4 2 2 1 2 2 2
2 2 1 3 1 2 2 2
2 3 3 2 1 2 0 2
g 1 2 2 0 2 2 2
2 3 2 3 1 2 2 2
2 1 1 3 1 ) 2 2
2 3 3 2 1 2 2 s
2 3 2 3 1 2 2 0
2 2 1 2 1 2 0 2
2 3 2 2 0 2 2 2
2 3 1 2 1 2 2 2
2 3 2 3 1 2 2 2
2 3 1 3 1 2 ) 2
2 3 1 2 1 2 2 2
2 3 1 2 1 2 2 0
1 4 2 1 0 2 0 2
2 3 1 3 1 0 2 2
2 1 4 2 2 1 2 2 2
2 2 4 1 2 0 2 2 2
2 2 4 2 2 1 2 0 0
2 1 2 1 2 1 2 2 2
2 2 4 2 3 0 0 2 2
2 1 3 1 1 1 2 0 2
2 2 4 1 2 1 2 2 0
2 2 4 1 3 0 2 2 2
2 1 2 1 2 1 0 0 2
2 2 3 1 3 1 2 2 0
z 1 4 1 1 1 2 2 2
2 2 4 1 2 0 2 0 2
2 2 3 1 2 1 0 2 0
2 1 4 2 2 1 2 2 2
2 2 4 1 3 i 2 2 2
2 2 3 1 2 1 2 0 1]
2 1 4 2 1 1 0 2 2
2 2 3 1 2 0 2 2 2

npodoanesue
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Tabnuua 2.8 (npodomxerue) group x1 x2 %3 x4 x5 x6 x7 x8
group x1 x2 x3 X4 %5 xb x7 x8 1 7 1 2 1 0 0 0
2 2 4 1 2 1 2 2 2 : 2 ; i ;i 9 f 4
2 5 4 » s 1 ) o X 1 1 1 2 0 0 0 0
5 > 4 3 ; - G 5 K 1 1 2 1 0 0 2 0
1 4 1 1 0 0 0 0

2 1 3 2 2 1 2 2 2
3 : 3 : > p : b > 4 1 3 1 1 0 0 0 0

4 2 1 1 2 1 0 0 0
i 2 6 ; : ; ¥ ; ? 4 1 4 1 1 0 0 0 0
: : i ; : ; y - : 4 1 2 1 1 0 0 0 0
; = i ! ; : : ) i 4 1 1 1 2 1 0 0 0
) : 2 \ ; 2 k ; 5 4 1 2 1 1 0 0 0 0
A : ’ 3 3 ; ; ; B 4 1 1 2 1 0 0 0 0
’ i it 1 ; : ; : : 4 2 1 1 1 0 0 2 0
5 ¢ ’ : ! - 5 2 g 4 1 2 1 1 0 0 0 0
3 1 4 3 2 0 0 0 2
3 2 1 2 2 i 2 2 0 BpouM NpeacTaBieHHble AaHHbIE B 91eKTPOHHYI0 Tabnuiy STATGRAPHICS. Coxpans-
3 2 3 1 i 1 2 0 2 eM KX B daiine noa UMeHem appendix. -
3 g 4 - 2 1 0 0 0 JInA npoBelenus AMCKPUMMHAHTHOTO aHaym3a BeiGupaeM Special » Multivariate Me-
3 1 3 1 1 0 2 2 0 thods » Discriminant Analysis. Tlosyyaem okHO fuanora AHCKPHMMHAHTHOIO QHAMM3A
3 2 4 1 2 1 0 2 2 n ssoauM B none Classification Factor (knaccuduiupyrownii gaxrop) nepeMeHHyo
3 2 3 ? 2 1 2 2 2 ¢ uMeHeM group, B iofe Data (1anHbie) — nepeMenHsie x1, x2, x3, x4, x5 x6, x7 u x8
3 1 4 1 1 0 0 2 0 (puc. 2.23).
3 2 3 1 2 1 2 2 0
3 2 4 2 2 1 2 0 2
3 2 3 1 3 0 0 2 2
3 2 4 1 2 1 0 0 0
3 1 3 ! 1 1 2 2 0
3 2 3 1 2 0 2 2 2
3 2 4 1 2 1 2 2 2
3 1 4 2 1 1 2 2 0
3 2 3 1 2 1 2 2 0
3 1 4 1 2 1 2 2 0
4 1 2 1 1 0 0 0 0
4 1 1 2 1 0 0 0 0
4 1 3 1 1 1 0 0 0
4 2 1 1 2 0 0 0 0
4 1 2 1 1 0 0 0 0
4 1 1 1 1 0 0 0 0
4 1 2 1 1 0 0 0 0
4 1 1 2 1 1 0 0 0
: ; j E i g g g g Pic. 2.23. OKHO AMaNOra JUCKPUMHMHAHTHOTO aHann3a
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Hascumaenm 0K. Ha sxpan Briaercs csoika AMCKPUMMHAHTHOIO avaiusa (puc. 2.24).

8 Discriminant Analysiz

Number of complere cases: 103
rumber of groups: 4
Grscriminanc Eigenwvalue Relative Canom cal
Functian Fercentage Correlation
i 4.089 8E.57 0.89638
2 0.555521 11.76 0.59760
3 2.0738874 1.67 0.27041
Functions wilks chi-sguare DE P-value
{0erived Lamida
i 0,117089 205.3030 24 0. 0000
2 0, 5553€E5 45,7031 14 0.0000
k) 0. 926381 7.28593 € 0.294%

Puc, 2.24. Co0aKa RUCKPUMHHANTHOID aHann3a

Tabiuua CONEPXKUT XaPAKTEPUCTHRY TPeX BLLIEJIEHHBIX JHCKPHMUHAHTHBIX (DYHKUMH
(Discriminant Function): cobcrsentste 3nauenus (Eigenvalue), Binan kaxaoit GbyHk-
1nu B obbsicHenne aucnepcun cumnromon (Relative Percentage) B nmpoiieHTax, KaHO-
HHYECKHE Koppesiunu ¢ kraccubuuupyommuy gakropom (Canonical Correlation) u
OIEHKH YPOBHA 3HAUMMOCTH AMCKPUMHHAHTHHIX QYHKLUHMA no KkpuTepusaM asmbaa u
Xu-kpaapar. Kak cinepyeT U3 NpUBEIEHHBIX LMdp, A1 peliedHs AMArHOCTHYECKOH
3aauy KOCTATOMHO ITPHMERWTL ABC AMCKpHMMHaHTHbie QysKuuu F1 u F2, Ha xoTo-
phle B cyMMe npuxointes 98,33 % aucnepcHn CHMITOMOB. 1
Hakven Kuonky TabmiyHbix onuuii (BTopas cepa BBEpXY) H YCTAHOBHM (JIaoK
Discriminant Functions. Haxsem OK. Tlomyyaem Tabauibl, mokaszaHHeie Ha puc. 2.25.
Hepsag Taunia coaepRuT KOaQQMHLMEHTH TPeX AHCKPUMHHAHTHBIX (hyHKUHH B cTaH-
JTAPTH3HPOBAHHOM BUze. [Jas pacdera Do 3TuM (PYHKUMAM B HUX CJAERYET IOJCTaB-
JSTH CTAHAADTH3RPORALNDIE SHAYEHMA MCXONBIX NIpH3Hakos, Bropas Tabnuna Briio-
uaeT KOHCTAHTBI H KoathdhuienTsl juckpuMunanTHeiX dyuxini F1 u F2, B xoTopoie
BBOJISITCS HATYPAJIBHBEIC 3HAYCHHS MPHIHAKOK:

F1=-603+067xxt+0,33xx2+034xx3+046xx4+066xx5+0,73xx6+
+ 0,45 xx7 + 0.8 x x8;

Fo=012-017xx1 + 097 xx2 - 1,03 xx3 - 071 xx4 + 0,26 xx> - 0,04 xx6 +
0,33 xx7 - 0,31 xx8.

BolzopeM eule pa3 okHO TaONHYHBIX ONHKI M TTONPOCHM BBIAATH HA SKPaH DE3Y/IbTAaTHI
PACHETE KOODAHHAT UEHTPOMZOB rpynn (puc. 2.26), a TakKe IPYNIIOBHIX CTATHCTHK.
Pesyaprars! oTodpaxetsl Ha HIDKeCHEYIOIMX PHCYHKAX.

[To pansbiv Ta0aMilh Ba PUCYHKe 2,26 MOXHO YACHHTD, KAaKOBbI Cpejitne 3HaYeHHA
CHMIITOMOB B Ka/Loi rpynre GOAbHBIX H KAKOBA MX BapHaiMs OTHOCHTENLHO Cpef-
nux, Biguio, 970 no OTAeNLHO B3SATHIM DPA3PO3HEHHBIM CHMITOMaM HEBO3MOKHO J0-
ONTHCA HOCTAHOBKH YAOBAETBOPUTENBHOTO AHATHO3A. 3iAECh HATULO MHOrOMepHas
JHATHOCTHYECKAS 3a/la4a, KOTHA TOALKO COBOKYIIHOE B3aHMOJeHcTBME NPH3HAKOB
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cmoco6HO B TOH MIM HHOH CTENEeHH OTPaXaTh pasbuenue 06BEKTOB HA KJACCH 1O
AKTYaJIbHOMY KDUTEPUIO.

5iscriminant.Fﬁnét;ﬂn.cﬁefficiants for droop
Scandardized Coefficiease o oo Lo LLoloucooiuelas
T e~ <l ] i 2 3
2717 -0. 0677937 0.754187
X3 8 35624 0 793585 -0 318496
:3 0.170018 -0 51%913 -0 155135
xd 0.262413 -0 . 40€666 -0.585804
xE 0.2B0558 0.10991 0,287237 .
& 0.547573 -0.0287983 -=0.017013
x7 0.3608456 0.259391 0. 330863
hA 0.E5E752 -0, 230597 -0.262721
Unstandardized Cowificients ...
--------------------- ;h&-“n 2 3
: 7 -0.166116 1.847592
:é g.g§32:9 0.97199% —0.33722
x3 0.33672¢ -1.0257 -0.3058
xd 0. 460896 -0 714258 ‘1.039 9
xS D.6EE46 0.287162 O.E?ngs .
x6 Q.731778 -0 0384651 ~0.022724
%7 0.454283 0.328558 G.éléi??
%% 0.800762 =0.310479 ‘0.35;-136
|consTant _-6.04676 _0.116515 -0.0720306

Puc. 2.25. KodphuumenTol RUCKPUMWHAHTHBIX DyHKLWA

Puc. 2.26. 3HaYeHWA rpynnossiX LUEHTPOUAOB
/st rpacduyeckoro oTOOPKEHUS Pe3YIIBTaTOB HAKMEM KHONKY TpadHYecKnx OIIHH
(TpeTbst C/eBa BBEPXY) M B NPEAOCTABJCHHOM OKHE JIHANI0Ta 3aKAKEM rpaHK IUCK-
PHMHHAHTHBIX (QYHKIUITH (Discriminant Functions). [Tomyyaem puc. 2.27.

e o e - - e - —
{gzoom 1 Zs 36 %
ACOUNTS 202" R ) e FEUAWES VI o N st T
:;E%k“s 1 . 22857 1.69 } ?‘5‘23‘5 E.
%2 3 60714 3.62 3 26921 i
%3 1.67857 1.3% 1.19231 1.
et Z.39256 Z.08 i Tesas i
%5 0. BE7143 0.72 9730 0.
K6 1.71429 - e 1 30?;3 7
X7 1 64286 1.82 1 oaeitd o
%8 1.78571 ST 0;223077 . 0:0 _
e D S o saes 0 429533 g 3;32;2 E
TESIEE 0.85%21 874423 i
ot 5 6?;636 0. 483898 0 4015918 0
X4 B SE6347 0.6402132 0 58731 e
s 0. 356348 0. 458259 D.452344 0
b D.712637 G.87178 0 .87032% a
e 0.780042 G.87178 7.30458% e
e G 6299431 0.87178 1xdnerRilL L 0e 0T
14

Puc. 2,27, 3Hayenus rpynnoBeIX CTaTMCTHK
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27 E ; D il et o
43 W23 03 12 37
Function 1

Puc. 2.28. Qwarpamma paccerBanua 0ObEKTOB Ha NNOCKOCTH NEPBLIX
ABYX AUCHPUMUHAHTHEIX DYHKLMIA

Ha mnarpamme pacceuBanus (pic. 2.28) xopouio BUAHO, YTO 00bEKTH 4-T0 KJacca
(HenoATBEPKIEHHLIH AHario3) obpasyioT caMOoCTOATEIRHYIO, YETKO BRIPAKEHHYIO
FPYNIIHPOBKY, HE NEPECEKAKIYIOCH ¢ APYIHMHU KnaccaMy. B To e Bpems, ocTaibiible
KJAacchl HMEIOT 3HAYHTETbHbIE NTepeceyeH s B NPOCTPAHCTBE TUCKPHMHBAUTHLIX (hyHK-
uui. B npunuune, yxe mo 3Tol KapTMHE MOXKHO COCTaBHTh AMArHOCTHYECKOE NPaBH-
J10. OHo OyzeT 3aK/1I04aTHCs B BLIYHCIEHHH PACCTOAHIS OT JHArHOCTHPYEMOTo 0ObeKTa
[0 LEHTPOMAOB KJIACCOR B HIPOCTPANCTBE KAHOHHYECKHX JIHCKPHMHHAHTHBIX (hyHKINIA.
Bumecre ¢ TeM, Gosee TOUHBIE PE3YILTATEL HHATHOCTHKN AT NpHMEHeHHe JTHHEHHBIX
JAHCKPUMUHAHTHBIX (gyHruuil Puuiepa, napaMeTpbl KOTOPHIX TAKKE ONPEIesIOTCS
B paMKax IHpouenypst auckpuMunantaoro adanusa STATGRAPHICS. Oun specn
1MeloT HasBanue Knaccuuuupyonmx Gynkunii (Classification Functions) u 6biim
OXAPAKTEPH30BAHBI Bbillie,

Jocryn ¥ kiaccngpuuypyiomnM GyHKIAM OCYIIECTBAAETCSA Hepes OKHO JHAI0ra
3aanus TaOJHYHLIX onuuii. Huoke npusoisaTes noJyMenHbe napaMeTpol aTux ¢hyHk-
uuit (puc. 2.29).

i_lassificatiaon Function Cosfficients for groap

1 H 3 4
p<1 9.80432 2.17871 8,97¢672 £.94286
2 3.78727 5.20323 4,52038 2.7094
.2 B.52742 6.32167 6. 05655 6.17226
e E.57562 £.736391 4,2103% 2.88508
(=S 3.35299 2.5721% 2.976818 -0.0100725
(<€ 3.68837 3.17182 2.4832 -0.14488
7 ¢.3%138 2.37582 2.36528 0,165203
(<8 4.115583 3.31578 2.225852 -0.1%€831
ICOMSTANT -41.0048 =35.731 -29.835 -17.4048

Puc. 2.29. KoadiduumenTel Knaccuduunpyowmux byHKyui
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Jl1st KOJIMYECTBEHHOTO BBIPAKEHHST PE3YABTATOB NPHMEHEHUSA KJacCHGHUEHPYIOUINX
(hyHKLMH 00pATIMCA CHOBA K OKHY AMAZIOra 3afatis TabAHYHBIX OHIHI (HaXKAB BTO-
pYIO CeBa KHOMKY) u ycTaHosuu (aaxox Classification Table. Haxnmaesm 0K, Iomy-
yaem e Tabmaus (puc. 2.30)

Classi 1‘.1'c;at.i orll.” c
rctual Fredicted groop
groop 1 3 4
1 28 22 1 Q
( T7&.57%) ( 17.36%) { 2.57%) { 0.00%)
Z £5 3 7 1
{ 4.00%) { &4.00%) C 28.00%) [ 4.00%)
S i€ 3 & o]
[ 11.54%) { 23.08%) ( 65.38%) { 0.00%)
o il 24
C C

Puc. 2.30. CeopHble pe3ynstatsl Knaccubukaumu

Actual Highest Highest znd Highest znd Highest

o Group Prob. Graup value Frob. Group value

1 1 X 25.3337 =¥ 36.3061

42 1 1 35,2534 2 22.3008

13 1 ' ¥ 41,8857 F4 41.072¢

14 1 1 34,6472 2 31.8913

i el =3 36.19 2 35.6238

g 2! L 31.7568 1! 31.156

s 1 X 35.2934 2 32,3008

2 1 *2 46,2753 1 45,6421

¥ 1 3 36.851¢% 2 24,6124

10 1 1 43.833% 2 42.2554

11 1 it 26.1359 2 24.034¢

12 1 1 43.8323% 2 42.2554 i
13 i 1 29.992¢& 2 28,1456 :
14 1 1 24,4568 2 I5.9112

15 | 1 47,5208 z a47.458¢

q1é i i 3§, 1283 ra 26.8654

7 782 = 254

Puc. 2.31. leranbHbiit pa3top pesyntTaToB NpUMEHeHWA KNAccuduum pylowmux GyHKumMA

Mz pepxneii Tabauupl YepnaeM cBedcHHs 00 HTOrOBBIX PE3yJNLTATAX AHATHOCTHKH
OCTPOTO anfeHAHLHTA. TOUHOCTb AMArHOCTHKH OOJbLHBIX TIEPBOIT TPYIILL (TaHTPEeHO3-
HBIH anIeHAHINT) cocTap/sier 78,57 %, Bropoit rpyinst {(QrerMoHO3HBIA anneHm-
UHT) — 64 % M TpeThbeil Ipyrnsl (KaTapatbHbiT annenauuur) — 65,38 %. 310 He cianin-
KOM TOYHLIC Pe3YJLTAThl, KOTOPLIE, OAHAKO, MOTYT B KaKOH-TO Mepe coleiicTBOBATH
PH BBIHECEHHMH KJIMHHYECKHM CHEHHATICTOM OKOHYATENLHOrO 3axiodenus. Buecte
€ TeM, KOHCTATalMs OTCYTCTRHS OCTPOro annesaninTa (rpynna 4 — HenojATRepKIeH-
Hblif gparno3) ocyuecrsadercs co 100-npoienTHBI HAACKHOCTBIO, UTO CAEAYET CUH-
TATh ONPeLeNeHHDIM JOCTHKEHHEM B 1IDHMEHEHH MeTOIOB AUCKPUMHHAHTHOTO aHa-
JH3A A4 PelIeHHs NPAKTHUECKH BaXKHLIX 3a/au MeJIMITHHCKON JHATHOCTHKH.

Bo sropoit Tabauue (puc. 2.31) naercs AeTanabHblii Paztop pPes3yJbTaTOB AHATHOCTHKH
MOCPeACTBOM TOJAYUeHHBIX Kiaaccuhuimpyomnx dyakuni. Jaa xaxioro obbexta
NpPUBEEHB! IHAYCHHA ABYX HauOOIbIIHX JHCKPHMHHAHTHBIX QOYHKUMI 0 pe3yasrar
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OTHECEHHH K TOMY HJIH UHOMY KJIaccCy. [Ienpam-mbuo K.TiaCCII(i)]’]]LIII)()B'c\HI-ib[E oObeK-
Thl IIOMEYEHDbl 3BE3104KOIl. 3TO naer MTHELY 5 A0IOJHHTEILHDIX [)'cll'l}\i])lfll.-‘lt‘l-ilril‘:l 0
NpUyHHe HeyIauyHLIX aBTOMaTHYECKHX JHATHO30B.

MeTopbi cpaBHeHus ¢ o6pasuom

B meTomax gaHHOI [PYTNbLL 0DBLEKTHI paccMaTPUBAOTCH KaK NpeleienTel 1 HCTIOAb-
3yeTcs TOJALKO O4Ha orepallids — onpeneseHne CXOACTBa (paf‘IJIII‘II»[H) ITHX NpeLeleH-
TOB C HEH3BCCTHRIM Oé'b@l'\'TUM. Cxoxacrso (})Ei.’i.‘ll‘[‘llﬂ_’) BRIPAXKACTCH TCOMETDHYECKH
Yyepes PacCcTOAHHE B p-MEPHOM IIPOCTPAHCTBE IIPH3HAKOB. B zapucusmocty oT YC.TIOBHITI
KOI[‘KDGTHOﬁ 3aayl poJib OTACJIBHOTO NpeueienTa MOKET MEHATBLCS B HIHPOKHX TIpe-
Aenax OT TAaBHOH 0 BechbMa KOCBEHHOTO VYUACTHA. JTHM o0bsacHsAeTCA AANbHellee
pasnciaenye JaHHOoi PYIHIBL METOILOB Ha NOAKJIACCHL

Meton cpaBHEHUS C NPOTOTUNOM
D10 cavblii TpocToil MeTo (pic. 2.32). OH NpHMEHAETCS TOLAA, KOTIa KAacchl 00BLeKTOB
©, 0TOOPAKAITCA B NPOCTPAHCTBE NPHBHAKOR KOMIIAKTHBIMH IeOMETPHYCCKUMH IPyIH-
mmposkaMit. B TakoM clydae 06bIMHO B KAYECTBE TOYKI-NPOTOTUNE BplnUpaeTcst LeHTD
PeOMeTPHYECKOH IpyIHpoBKY Kkiacca (nan Gmpkaiiunil k 1enTpy 00beKT), onpefe-
JIsieMblif Kak

Z,= (X, + X, t .. + X /N
rae N, — KOJQH4ecTBo 061eKTOB B Kiacce o,
Jlots xnacendiKaiuin HEH3BECTHOTO 0OBEKTAa X HAXOIHTCH OMKaiilil K Hemy npo-
TOTHIL, H OODBEKT OTHOCHTCA K TOMY K€ KJIACCy, YTO M 3TOT HPOTOTHIL g

F Z

Y

Puc, 2.32. MnniocTpauns MeTo/la CPaBHEHKA C NPOTOTHNOM
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B xayecTBe Mephl HAM30CTH MOTYT NPHMEHATBCA PA3MHIHbIe Mephl paccrosnuii. Hampn-
Mep, VIS ONpejie]leHnsl PACCTOAHUSA MeX1y 0OBEKTOM X H NPOTOTHIOM i-T0 KJacca Z,
HCIONB3YIOT KBAJIPaT eBKJAHAOBA PACCTOAHHUA

d*(x, z)=(x-2,) (x-2,)=x"x-2x"z,+7, z,.

Taxk kaK x'X He 3apMCHT OT KJIacca, TO 3TOT YIEH MOMHO M3 NPHBEASHHOID BbIPaxKe-
HMsT YCTPAHUTD, Tem CaMBIM, YMHOMKHE OCTABIIYIOCH YacTb Ha —1/2, nosiyunM npasi-
J10 KAaccuUKaLMH, IKBUBAJIEHTHOE JHHelHoH penratonteit gyuxunu (puc. 2.32):

s
y(x)=x'z,—~z'z,
JI’() \ i ZIIZI'

Vrasannusiii hakr caenyer ocobo otmMetuts. OH HAMAKHO TEMOHCTPUPYET CBA3L HPO-
TOTHITHOH M NPU3HAKOBOH peNpe3eHTalMH 3HAHWH 0 ¢TpYKTYpe Jdanunix. [Hoabavsch
IPHBEAEHHBIM NPEACTABICHHEM, MOKHO MIOOYIO JHHEIHYIO PEeIaouyo QyuxKIHo
(rHEeHNYI0 MOIEB) PACCMATPHBATD KaK rMIOTeTUYeCKUH npotoTi, B ¢Boio oyepen,
€C/IM aHAMIH3 TIPOCTPAHCTBEHHOI CTPYKTYPBI KNACCOB MO3BOJACT CIENATh BLBOI 06
HX TeOMETPHYECKOH KOMNAKTHOCTH, TO KB U3 3THX KIACCOB AOCTaTOYHO 3aMe-
HITH OJIHUM TIPOTOTHNOM, KOTOPbIH 3KBHBATEHTEH JHHEIHOH Mogenn Knacenduka-
1HH 0OBEKTOB.

Ha npaxTuKe, KOHEYHO, CHTYALUNS YacTo OLIBAET OTAMUYHOIN OT ONMCAHHOIO MieaiH-
3upoBaHHoro npuMepa. [lepen aHATHTHKOM, HAMEPEBAIOUIHMES MPHMEHHTH METONL
knaccupukauun obwektos B[, ocHoBanubii Ha CPaBHEHHMH ¢ IPOTOTHIIAMM KAACCOR,
BCTAIOT HEMPOCThie TPOoBIeMsl. IT0, B IIEPBYIO Odepeas, BhOOD Mephl 6ru30cTh (MeT-
PHKH), OT KOTOPOTO MOMET CYMIECTBEHHO H3MEHHTHCS MPOCTPAHCTBEHHAS KOH(HTY-
pauna pacnpenencHus o6beKTOB. M BO-BTOPHIX, caMOCTOATENBHON NPpobaeMoil aB1d-
eTCA AHAMTH3 MHOTOMEPHBIX CTPYKTYp nanubix. Obe npobaemel ocobenno ocrTpo
3AABIAIOT O cebe B YCJAOBUAX BBHICOKOH PA3MEPHOCTH M HEOAHODOJHOCTH IIPOCTPall-
CTBa TIPH3IHAKOB.

Metop k-6nuxmanwnx coceaen

Kak vxe oTmeuanoch pasee, MeTon k-Ommkalimux cocegfeil ans pemienus zanad
IHCKPHMHMHAHTHOTO AHAMH3a ObLI BIepBhle NpeAnoxked B [2]. Ou saxkmiouaercs B cae-
AYIOUIEM.

Mpu xkaaccudukaui HeH3BECTHOIO 00BEKTA X HAXOAUTCH 33/AHHOR KOJHYECTBO &
reoMeTpudecky Smukaiiniux K HeMy 06BeKTOB (Oayskaiimux coceneif) ¢ n3secTHOH
kraccupukauueil. Peiuetne 06 oTHeceHNH 00BEKTa X K TOMY HJIM HHOMY KJIaccy NpH-
HUMAeTcs MyTeM anaiusa WHGOPMAIMH 00 5TOH H3BECTHOH NMPUHAILIEKHOCTH ero
Oamxaiilunx coceney, HaPHMED, ¢ MOMOLIBIO NPOCTOIO MOACYETA TOMOCOB.

[lepeonavanno meron k-Gmnkaiimmx coceneit (k-BC) paccMartpuBaics Kak Herapa-
METPHYECKMIH MeTO[ OLeHUBAHUS OTHOUIEHMS NIPaBIONogobis B OKpecTHOCTH X. [lnst
3TOTO METO/A TIOJYYEHBl TEOPETHYECKUE OHEeHKH ero 3pdeKTHBHOCTH B CPABHEHHH C
ONTHMaAbHBIM DalieCOBCKMM KaaccHpuraTopoM. Tax, ans cayuas £ = 1 B [1] 6era
OOKa3aHa CAedymwluas Teopema.




92 Mmaga 2. COBPEMEHHbIE METOAL AHANH33 JAHHLIX

Ilycrs P, — BEPOATHOCT cAe/aTh 110 Npassiy nepioro 6mikaiimero cocena (1-6C)
B BbiGopke X obvema N. Toraa npi pacnosHaBaHNH ABYX KJACCOB B NPEANIOIOKEHHH,
yTo M3 X AEJAIOTCS HE3aBUCHMBIE CJIyyaliHble BRIGODKYU ¢ BO3BPAIIEHUEM,

P <P <2P'(1-P),
rme P = lim P, ; P — puck omuboynoil knaccudukanuu a0boro ciyvaiineiv obpa-
- = i 5

30M Bb16pa_}‘i';-10i'0 oObexTa IIp¥ HMCNOJb30BAHHH HEH3BECTHOTO fallecoBCKOTO MeToAa
ONTHMAJBHOM ]{.HaCC]-i(bHKaHHH.

B pabore [25] npuseneH aHAnTOTUYHBIH pe3yabTaT A K KIaccoB

' ; e
PP <P|2-——P
K -1
TIpuBeaeHHbie BHPAKEHNS MOKAIBIBAIOT, YTO ACHMITTOTHYECKHE BEPOSTHOCTH OWHG-
K1 aust npasiaa 1-BC npesbinaior oKy npasuaa Baiteca He HoJee yem B 1Ba pasa.

Jlisi MHOTHX PeaTbHBIX 3a/iad HCKYCCTBEHHOTO MHTEJLIEKTa, KOIa O0BEKTH! ONHChIBA-
10Tcs HOJBIIMM KOMHYECTBOM Pa3sHOPOAHBIX NMPU3HAKOB (B TOM YHCTE KayeCTBEHHBIX
U HOMUHANBHBIX), YIOGHO WHTEPIPETHPOBATh KakAblil 06beKT 0byyamwiielt BrOOpKH
KaK OTHeNbHBIl aunelnbii knaccudukarop. Toraa TOT WM HHOH Kace npepcTanna-
eTCsi He OJIHMM IPOTOTHITOM, a HabopoM TiHeHHbIX Kiaccudukaropos. MX cosokyn-
HOe B3aMMOJeilcTBHe JAeT B WTOre KYCOYHO-THHEHHYIO TIOBEPXHOCTD, Pa3densIouyio
KJIACCHI B IPOCTPAHCTBE NPH3HAKOB. Bua Tako#l MoBEPXHOCTH, cocTOAMIEH H3 KYCKOB
TUTEPILIOCKOCTEH, MOXKET ObITh Pa3HOOOPA3HBIM M 3aBMCHT OT KOHQUrypaiuy kiac-
cuduLmpyempx coBoxynHocteit obbexton (puc. 2.33).

A
X2

XT
o
»

Puc. 2.33, NpuMep KyCoOMHO-NUHEMHO! PaIfeRA0WeN FPaHUUbl ANA MeTOAR k-Gnvxaiwiux cocenedn

[Ipi ucnons30BaHKuu MeToja k-Ommkaiimnx coceell Ans knaccupuKaLMH 00BeKTOB
MPUXOANTCH PemarTh CIOKHYIO 3aiady BbiGopa MeTpukH, 3ta npobaema obocTpaeres

MeToasl HCCNEROBAHMA CTPYKTYPbI A2HHbIX a3

I YCIOBHAX BRICOKOH PasMEPHOCTH AAHHBIX BCIEACTBHE JAOCTATOYHOMH TPYIOEMKOCTH
MeTOAa. Hoam,\{y 3J€Ch, KaK H B METOe CpAaBHEHHA C ITPOTOTHIIOM, HeoOX0A1MO pe-
H1aTh TBOPMECCKYIO 3a/a4y aHalH3a MHOI‘OMGPHOﬁ CTPYKTYPBl IKCIHEPHMENTAALHBIX
JarnbIX ¢ HeJIbIo MHHHMMH3ALHK HHCIa O'(l)LEKTOB‘ NpeacTapiAOHINX CBOH KJIACChl.

Anroputmbl BeIYUCNEHUA OLEHOK

[puniyn pelicTBUA anropuTMOB BuiMucienus ouelok (ABO) coctour B BLIUHCHE-
HHH [PUOPUTETOB (OLEHOK CXOACTBA), XapaKTepHayounx <bianzocts» kaaccHduim-
PYEMOro W STAIOHHBIX OOBEKTOR MO CHeTeMe aHcaMOIel NPH3IHAKOB, NPEACTABJIAI-
el coboil cHeTeMyY MOAMHOMXECTB 3aJaHHOTO MHOKECTBA NpuaHakos [31].

B oranude OT paHee PACCMOTPEHHBIX METOAOB AJATOPHTMBI BLIMHCAEHUS OLEHOK I10-
HOBOMY OIIEPMPYIOT onucanusaMu 00bexTos. Ang ABO o6neKTsl CyniectBYOT OJHO-
BPeMEHHO B CaMbIX Da3HbIX IOANPOCTPAHCTBAX MPOCTPAHCTBA MPHIHAKOB.

Mcnomb3yesMble NORMPOCTPAHCTBA {COYeTaHHA NPU3HAKOB) HA3bLIBAIOT ONOPHBIMU
MHOMECTBAMH MM MHOKECTBAMM YaCTHUYHBIX omucanuit obbexton. ObvexTsl 06yua-
jouteit BeiGoprn B ABO naznizaloT staqoHHbIMA. CXORCTBO MKy Kiaccudguuupye-
MBIM M 3TAJIOHHBIMU 0OBEKTAMM OFpEEAeTCH Hepes Tak Ha3biBaeMyio 0000ILCHHYIO
6/1M30¢Th. ITa OAU3OCTD NMpejACTaBAAeTCA KoMOHHaIueH 6aH30cTel, BHIYNCAEHHBIX Ha
MHOKECTBE YACTHUYHBIN OIMHMCAHHIL

3anaua onpejeneHus CX0ncTBA M paznnyust obwektoB B ABO dopmymnpyercsa kak
napaMerpudeckas. Bernenen atam Hactpoiikn ABO no obyyawuieii BeI60pKe, Ha Ko-
TOPOM NOAOHPAIOTCSA ONTHMANbHbIE 3HAYCHHS BBE/leHHBIX NMapaMeTpoB. Kpirrepuey
KauecTBa CIYKHT OIIMOKa KraccHduKalmy, a napamerpuayercs Oyksaibio see. Ciona
OTHOCHATCSA TPaBHAA BLIYHCACHNS 6AM30CTH 00BEKTOB MO OTHAENBHBIM NPHUIHAKAM,
IpaBHIa BHIYHCAEHUS GAH30CTH 00BEKTOB B NOAUPOCTPAHCTRAX NIPHAHAKOB, CTETEHE
BaAHOCTH TOTO WJIH HHOTO 3TAJOHHOIO 00HeKTa H 3HATMMOCTD BKJIA/1a KaKI0TO ONop-
HOTO MHOKECTBA NIPH3HAKOB B HTOrOBYIO OLEHKY CXOACTBA KAacCHHIHPYeMOTro 00b-
exTa ¢ kakuM-Jbo kaaccom. [Mapamerpsr ABO sanaorces B Bijie anadenuil moporos
M/ HIH KaK Beca YKa3aHHBIX COCTAB/SIIOUIIX.

Teopernueckne ossoxkHocTH ABO ne wike Bo3MoXkHocTell J11060T0 APYTOTO AIr0-
puTMa KaaccHhHKAIHY, Tak Kak ¢ nomoubilo ABO aoryT ObITh peasn3oBanbl BCe
MBICTTHMBIE ONEpaluy ¢ HeeneayeMsiMii o0bekramMu. Ho, kak ato obbiuno 6nisaer,
paciiipeHHe NOTeHIHAIBHBIX BO3MOKHOCTEH HATATKHBAETCS Ha G0IbIINHEe TPYAHOCTH
HX NMPaKTHUYECKOro BOMJAOHIEHUS, ocofieHHo Ha artane Hactpoiikit ABO. Oraenshbie
TPYJHOCTH OTMEYaIHCh UpH obCyRAEHHH MeTola k-Omukalimux cocefeil, KOTOPEIH
MOKHO paceMaTpyuBath Kak yceueHHsIiT sapuant ABO. /l1a anropHTMOB BBIYHCASHHS
OlIEHOK YKa3aHHBIE TPYIHOCTH BO3PAcTaloT MHOTOKPATHO.

MeTogb! uccnefoBaHMA CTPYKTYPbI AaHHbIX

AHaMU3 MHOTOMEPHBIX JaHHBIX 0e3 nenoab3oBaHuA oOyuyaloniell HHdopMalMi Hanpas-
JeH Ha BHIACHEHHE CTPYKTVDHI B3aMMOOTHOWeEHHH oOwexkTos M npusHaxkos T3
B Hactosmee BpeMs HakKomaeH 0OIIHPHBIA apceHan cpeicTs Takoro anamnaa. Hanbo-
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Jee TOIHOEe H3TOKEHIe IPHMeHAEMDIX 37eCh NOAXOI0B, CONPOBOKAAIUIEECS NTOAPOD-
HBIMH CCBLITKAMi Ha KIOYeBble paboTsl, copepxutces b [14]. Knaccudmkarms nasect-
HBIX METOAOB AHATH3A CTPYKTYPDl MHOTOMEDHBIX JIAHHBIX TpHBeneHa B tabn. 2.9.

Tabnuya 2.9. Knaccudukaums METOR0B aHANU3a CTPYKTYPbI A3HHBIX

MeToabl BU3yanu3auuu AanHbix MeToAbl aBTOMATMHECKOTO rpyNNMpOBaHUA

JIMHERHBIE METOOL CHUMEHWR DRIMEPHOCTH DaKTOPHEIR aHaNK3 0BLEKTOB M NPHUIHAKDB

HenuuenHeie oTobpameHna KnacrepHeld aHanu3 0ALeKTOB M NPU3HAKOB
MHoromepHoe WKanupoBaHue Vlepapxuyeckos rpynnupoBaHue

3ai'|0J'|Hﬂ|OU.[1‘Ie NPOCTPAHCTED KPHEBLIE OnpeneneHne «T04eR CrylWendas

Pasnesenie MeToNOB HOCHT AOCTATOMHO VCAOBHBIN XapakTep, Tak KAK PasiHyHbIE
METO/bl HMEIOT HeMATo nepecedetnii B oTAeAbHbIX NpHeMax 0bpaboTki HHOOPMALKH.
B ocHoBy npuBeiennoil kiaccH(pUKAlNg J10J0KeR IPH3HAK, OTPAKaU CTeneHb
VYACTHsl DKCTIEPUMEHTATOPA B BBIACAEHHH OCOOEHHOCTEH B3aHMOOTHOIIEHUIT MeK1Y
HECAEAYeMBIMI OOBEKTAMH U TNpH3HaKaMH. EciH B MeToaax aBTOMATHHECKOIo Ipym-
IIHPOBAHHA 3TO YYaCTHE MHHHMATLHO, TPUMEHEHHE METO/I0B BH3YAIHALHH JAHHBIX
HalesJeHO HA MOMCK Haiboslee BLIPA3HTEALHBIX H300paXKeHHl COBOKYITHOCTH MCCIE-
AYEMBIX OOBEKTOR VIS MOCAEAVIOLET0 MAKCHMAIBHOTO 3a€lICTBOBAHISA TOTEHIIHAIR
3PUTEIBLHONO AHAJIN3ATOPA JKCACPUMEHTaTopa. PaccMoTpuM yKasadHble MeToan 6o-
Jiee ToApPodHO.

MeTtoabl BU3yanu3saunm JaHHbIX

OcHoBHOE Ha3HAUeHHE PACCMATPHBAEMOIT IPYITBEI METOA0B — AaTh BH3yaJbHOE TIped-
CTaB/JeHHe O CTPYKTYPE M3VYaeMbIX JaHHBIX. Busyanusanus ZaHHBIX OpeLloJaraer
NOJYYEHHE TeM WJIH HHbIM CrocoboM rpaduyeckoro oTolpaxkeHHs COBOKYNHOCTH
00BEKTOB HAa YHCIOBYIO OCh, HAa TJIOCKOCTE HJIH B TPEXMEPHBII 06BeM, MAKCHMAILHO
OTPAKAIOIIEr0 OCOOEHHOCTH pacrpelie/ieHus 3THX 0HbEKTOB B MHOIOMEPHOM I1POCTPaH-
CTBE.

JInHeiHble METOAbI CHUKEHHUA Pa3MEepPHOCTH

Jlunelitibie MeTOAB CHHXEHUSA Da3sMEPHOCTH HAIPABJIEHBI HA HaxoxleHue HOBOro |

KOOPAMHATHOIO TIPOCTPAHCTBA, B KOTOPOM KAXIasd KOOPAMHATHAs OCb ABJsAeTCA JNH-
Helinoi komOiHauueit HexoaHsx npustakor. IonyiapHOCTb JaHHOTO N0AX01a 00BAC-
HACTCA TeM, YTO JHHeHHbe KOMOHHAMHM IPH3HAKOB XOPOIIO HHTEPNPETUPYIOTCS —
Koa(pHUHEHTH B YPaBHEHHAX KOODAHHATHBIX OCeil TPaKTYIOTCA, HAlIDHMED, KaK Beca
HAW BKJIAAbI MPH3HAKOB.

BcecTopotitie H3yHeHHDIM SBAAETCS HCNOAbL3OBAHNE B KavecTBe oceil HOBOTO TPOCTPAH-
CTBA IepBhIX raasHbix Kosmnouent (TK).

Memod zaaenve xomnonenm (MITK) 6v11 nipennoxen [Mupconom B 1901 roay u sarem
BHOBb OTKPHIT H AeTaidbHO paspabortan Xorremnurom B 1933 rony. EMy nocesinieHo
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GoJIBIIOE KOJIMYECTBO HCCNEIOBAHNN, OH IIMPOKO NPEACTABJEH B JMTEPATYPHBIX HC-
tounnkax. OGpaTuM BHMMaHHe Ha ocHOBHEIE heHoMeHpt MTK.

MTK ocyniecTBaseT nepexos K HoBoIl clicTeMe KOOPAHHAT ¥, ..., i, B HCXOAHOM 1PO-
CTPaHCTBE NPH3HAKOB X, ..., 1,, KOTOPas SABJAETCA CUCTEMOW OPTOHOPMHPOBAHHEIX
suHelinpix komOunanmii [13, 14, 15]:

r

y,(xX)=w,(x, -m}+...+w,(x, —m,}
]E({J‘: =1 (j.: ]—:_;)‘

Gh=1pjzk),

i n
12 wyw, =0
1=1

rae m, -- MaTeMaTHYEeCKOE OAMlanie NPH3HAKA X,

Junelinple KOMOHHAUHK BRIOHPAIOTCA TAKHM 00pa3oM, YTO CPeAH BCeX BO3MOMKHBIX
JUHEHHBIX HOPMHPOBAHHBIX KOMOHHAIMI HCXOIHBIX TPH3HAKOB IIePBast I1aBHAd KOM-
nonenTa y,(x) obnanaer Hanbonbmed aucnepereii. leoMeTpIieckH 3T0 BRIIAAHT Kak
OPMEHTAINST HOBOM KOOPJAMHATHOI OCH ¥, BJ0/b HANpaBsjieHs HaunboJbielt BhITIHY-
TOCTH IJLAMIICOHAA PACCEUBAHMA 0DLEKTOR MecaeayeMoH BpIGOPKH B NPOCTPAHCTBE
NPH3HAKOB X,, ..., X,. BTOpas riagHas KOMIOHENTa HMEET HanbOAbLIYIO AMCIEPCHIO
Cpell BeeX OCTABHIMXCA JIHelHbIX npeodpasoBaniuii, HEKOPPeTHPOBAHHEIX ¢ IEPBOH
ra1aBHOi KoMmIoHeHToil. OHa MHTeplpeTHPYETCA Kak HanpapileHHe Haubosbiued BbI-
TAHYTOCTH DJLTHIICOMIA PACCEHBAHHSI, MEPIEHIHKYIPHOE NMepBoll raasHoil KoMIIO-
nente. Caeayiolie IaBHble KOMITOHEHTD! ONpPeleNisiioTCs M0 aHAJOIH4HOI cxeme.

Brruncnenne koohGUINEHTOB rIaBHBIX KOMIOHEHT @), OCHOBAHO Ha TOM (akTe, 4TO
BEKTOPBE W, = (20, ..., W,,)"s ., W, = (20, ..., @, ) ABIAIOTCS coOCTBEHHBIMH (XapaKTe-
PHCTHYECKHMH ) BEKTOPAMH KODPEISIIHOHHOI MaTpuiel S. B cpolo oyepens, cooTBet-
CTBYIOUIHNE COBCTBEHIbIC YHCIA 2TOH MATPHIUbI DABHBI AUCIEDCHAM IIPOEKIHH MHO-
#ecTBA 0HbeKTOB Ha OCH IMTABHBIX KOMIMOHEHT.

Y3 psina UeHHBIX CBOMCTE IVIABHDLIX KOMIOHEHT ¢ TOYKM 3PEeHHA BU3VAIH3AIINN MHO-
FOMEPHDBIX AAHHBIX BBIAEAAIOT CBOHCTBA HAUMEHBIIENO HCKaXKeHUS CTPYKTYPBI HCXO/-
HBIX TOYeK (0OBEKTOB) NPH HX POEUNPOBAHMH B HPOCTPAHCTBO MeHbilleH pasMepHo-
CTH, «HATSAHYTOE» Ha MEepPBLIC IVIABHBIC KOMIOHEHTBL. STHMH CBOHCTBAMU ONPeeIseTcs
noxestocts MK npu u3yuennn CTPYKTYPBl MHOTOMEPHBIX AanibiX. IIpakTHYecKH HH
OJIHO COBpEMEHHOe MCCeA0BaHHe TAKOH CTPYKTYPbl He OOXOAMTCS 0€3 Toro, 4Tobbi
He PACCMOTPETb NPOEKUHH 06BHEKTOB B IPOCTPAHCTRE, HATAHYTOM Ha NEPBYIO, NepBhie
/lBe U, peske, MepBble TPH [IaBHble KOMIOHEeHThL. Hepeaxo npuberaoT x anainsy npo
KMl 06BbEKTOR B NPOCTPaHCTBE, 06PA30BAHHbIE KOMOHHAIMAMH IABHBIX KOMIIOHEHT

g

GoJtee BBHICOKOTO NOPAAKA, Hatipumep 3-0 U 4-it TK, 5-11 u 6-f u . 1.

Npumep NpUMEHEHUA METOARA MMABHbIX KOMNOHEHT

Hinke paccMaTpHBaeTCsA NIPHUMED, OTHOCSIITHIACS K CPaBHHUTCIALHOMY OLCHHBAHHIO H3-
Jlesuit, XapaxKTePH3YIOIWHUXCH OJJHOBPEMCHHO HOCKOJLKHUMI HapaMeTpaMH. J10 — 4B-
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roMobunu. B 1ab

JIALE TIPUBOAATCH BRIOOPOYHbIE CBEIEHH O (DUPMe-H3roToBUTENE

aBTOMOGN. 1S, HA3BAHUH MOJENH, 2 TAKIKE OLEHOMHBIE NapaMeTphl — Bec (nepemMeHHas
weight), uncno ununapos (nepementas cylinders), yckopenne (nepemennas accel),

ofbem aBuratens (nepemeHHas displace) u MowHOCTS B MOWARMHBIX cHuAx (mepe-
MenHas horspower).

TaGnuya 2.10. Ucxogssie fausble

Wsrotoeutens Mopens Bec Konuuecteo Yckopewne  06bveM  MowHocTo
YHNKHADOR

Volkswagen Rabbit DI 1985 21,5 90 48
Ford Fiesta 1800 4 14,4 98 66
Mazda GLC Deluxe 1985 4 19,4 78 52
Datsun B210 GX 2070 4 18,6 85 70
Honda Civic CvCC 1800 4 16,4 91 60
Oldsmaobile Cutlass 3365 8 155 260 110
Dodge Diplomat 3735 8 132 318 140
Mercury Monarch 3570 8 12,8 302 139
Pontiac Phoenix 3535 6 19,2 231 105
Chevrolet Malibu 3155 6 18,2 200 85
Ford Fairmont A 2965 6 15,8 200 85
Ford Fairmont M 2720 4 15,4 140 88
Plymouth Volare 3430 6 17,2 225 100
AMC Concord 3210 6 17,2 232 30
Buick Century 3380 6 15,8 231 105
Mercury Zephyr 3070 & 16,7 200 85
Dodge Aspen 3620 6 18,7 225 110
AMC Concord D1 3410 6 151 258 120
Chevrolet MonteCarlo 3425 8 13,2 305 145
Buick RegalTurbo 3445 6 13,4 231 165
Ford Futura 3205 8 11,2 302 139
Dodge Magnum XE 4080 8 13,7 318 140
Chevrolet Chevette 2155 4 16,5 98 68
Toyota Corona 2560 4 14,2 134 95
Datsun 510 2300 4 14,7 119 97
Dodge Ompi 2230 4 14,5 105 75
Toyota Celica 6T 2515 4 14,8 134 95
Plymouth Sapporo 2745 4 16,7 156 105
Oldsmobile Starfire 2855 4 17,6 151 85
Datsun 200-5X 2405 4 14,9 119 97
Audi 5000 2830 5 159 131 103
Volvo 2646L 3140 [} 136 163 125
Saab 99GLE 2795 4 15,7 121 115
Peugeot 6045L 3410 6 15,8 163 133
Volkswagen Scirocco 1990 4 14,9 89 71
Honda Accord LX 2135 4 16,6 98 68
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Warotosutenk Moagenb Bec Konuvecteo VYcxopenwe  Qfnem MowHocTs
RHNWHAPOB
Pontiac Lemans V6 3245 6 154 23 115
Mercury Zephyr 6 2990 [ 18,2 200 85
Ford Fairmont 4 2890 4 173 140 88
AMC ConcordDié 3265 6 18,2 232 g0
Dodge Aspen 6 3360 6 16,6 225 110
Chevrolet Caprice Cl 3840 8 15.4 305 130
Ford . LTD Landau 3725 8 13,4 302 129
Mercury GrandMargs 3955 8 13,2 351 138
Dodge St. Regis 3830 8 15,2 318 135
Buick Estate SW 4360 8 14,9 350 155
ford Country SW 4054 8 14,3 351 142
Chevrolet Malibu SW 3605 8 15 267 125
Chryster Lebaron SW 3940 8 13 360 150
Volkswagen Rabbit Cus 1925 4 14 89 71
Mazda GLC Deluxe 1975 4 152 26 65
Dedge Colt Hatch 1915 4 14,4 98 BO
AMC Spirit DL 2670 4 i 121 80
Mercedes 3000 3530 5 20,1 183 77
Cadillac Eldorado 3900 8 17.4 350 125
Peugeot 504 3190 & 24,8 141 71
Oldsmobile Cutlass 3420 3 22,2 260 90
Plymouth Horizon 2200 & 13.2 105 70
Plymouth HorizonTC3 2150 4 14,9 105 70
Datsun 210 2020 4 19,2 85 &5
Fiat Strada Cus 2130 4 14,7 a1 69
Buick SkylarkLim 2670 4 16 151 20
Chevrolet Citation 2595 6 11,3 173 115
Oldsmobile Omega 2700 6 12,9 173 115
Pontiac Phoenix 2556 4 13,2 151 90
Volkswagen Rabbit 2144 4 14,7 98 76
Toyota Corollaler 1968 4 18,8 89 60
Chevrolet Chevette 2120 4 15,5 98 70
Datsun 310 2018 4 16,4 86 65
Chevrolet Citation 2678 4 16,5 151 90
Ford Fairmont, 2870 4 18,1 140 88
AMC Concord 3003 4 20,1 151 90
Dodge Aspen 3381 6 18,7 225 90
Audi 4000 2188 4 15.8 97 78
Toyota Corona LB 2711 4 155 134 90
Mazda 626 2542 4 175 120 75
Datsun 510 Hatch 2434 4 15 119 92

npodonwenue

)
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Tabnanua 2.10. (npodonnenue) WsroToBhTens Mogens Bec  Konudecteo VYckopenwe  06beM  MolHOCTH
Warotosutens Mogenb Bec Honwuecreo VYcxopedwe  O6nem  MouHocTb UKNIMKAPOB

uunuHapoe Toyota 810 Maxima 2900 6 12,6 168 105
Toyota Corolla 2265 4 15,2 108 75 Datsun Century 2930 a 138 146 a8
Mazda GLC 2110 4 17.9 86 65 Buick Cutlass LS 3415 & 158 231 35
Dodge Colt 2800 & 14,4 156 105 Oldsmaohile Granada GL 3725 8 19 350 88
Datsun 210 2110 " 19,2 85 65 Ford Leharon 3080 6 17.1 200 &8
Volkswagsn Rabbit Dl 2085 4 217 90 48 Chrysler Cavalier 3465 6 16,6 225 B8
Volkswagen Dasher DI 2335 4 23,7 90 4 Chevrolet CavaltierSW 2605 4 186 112 85
Audi 50008 DI 2950 5 19.9 121 67 Chevrolet Cavalier2D 2640 4 18,6 112 84
Mercedes 240D 3250 é 218 146 a7 Chevrolet 1200 Hatch 2395 4 18 122 g0
Honda Civic15006 1850 4 13,8 a1 67 Pontiac Aries 5E 2575 4 16,2 112 a2
Renault LeCar Delx 1835 4 173 85 67 Dodge Phoenix 2525 4 16 135 74
Subaru DL 2145 4 18 97 62 Pantiac Fairmont 2735 4 1 151 68
Yotkswagen Rabbit 1845 4 15,3 a9 132 Ford Concorg DL 2855 4 164 140 68
Datsun 280-2X 2910 b 11,4 168 100 AMC Rabbit L 3035 4 20,5 151 63
Mazda RX-7 G5 2420 3 12,5 70 28 Valkswagen GLE Cust 1 1980 4 15,3 105 70
Triumph TR7 Coupe 2500 4 15,1 122 72 Mazda GLC Custom 2025 4 182 91 88
Ford Must Cobra 2905 4 14,3 140 84 Mazda Horizon 1570 4 17,6 91 75
Honda Accord 2290 4 17 10 &4 Plymouth Lynx | 2125 4 14,7 105 70
Plymouth Reliant 2490 i 15,7 135 g2 Mercury Stanza XE 2125 4 17,3 98 67
Buick Skylark 2635 4 16,4 151 118 Nissan Accord 2180 4 14,5 120 67
Dodge Aries SW 2620 & 14,4 156 84 Honda Corolla 2205 4 14,5 107 67
Chevrolet Citation 2725 6 12,6 173 58 Toyota Civic M 2245 4 16,9 108 110
Flymouth Reliant 2385 4 12,9 135 64 Honda Civic A 19865 1 i 91 85
Toyota Starlet 1755 4 16,9 79 60 Honda 310 Gx 1965 4 15,7 91 a2
Plymouth Champ 1875 4 164 86 67 Datsun Centurylmt 1695 4 16.2 91 112
Honda Civic1300 1760 4 161 a1l 55 Buick Cutlass D 2845 6 16,4 181 26
Subaru 210 2065 4 17.8 g7 62 Oldsmobile Lebaron 3015 6 17 262 84
Datsun Tercel 1975 4 19,4 85 63 Chrysler Granada { 2585 4 14,5 156 G0
Toyota GLE 4 2050 i 17,3 39 63 Ford Celica GT 2835 6 14,7 232 86
Mazda Horizon 4 1985 4 i6 91 65 Tayota Charger2.2 2665 4 12,9 144 52
Plymouth Escort 4W 2215 4 14,9 105 65 Dodge Camaro 2370 4 13 135 84
Ford Escort 2H 2045 4 16,2 98 74 Chevrolet MustangGL 2950 4 17.3 151 79
Ford Jetta 2380 4 20,7 a8 75 Ford Pickup 2790 4 15.6 140 82
Volkswagen 18I 2180 4 14,2 105 75 Volkswagen Rampage 2130 4 24,6 a7
Renault Prelude 2320 o 15,8 100 100 Dodge Ranger 2295 4 116 135
Honda Corollz 2210 4 14,4 107 74 Ford 5-10 2625 4 186 120
Toyota 2005x 2350 4 15,8 108 80 Chevrolet 2720 4 19.4 119
Datsun 626 2615 4 14,8 119 110 '
Mazda 5055 Dl 2635 y 183 120 78 Boeaem arn jauuble B aaekTponnyio tabmnuy STATGRAPHICS (B Hell IpHCYTCTBYIOT
Peugeot 9005 3230 L 204 141 116 TalKe APYIHe AOTOXHHTENbHbIE napaMeTpst). Hazonem dhaitn qannnix cardata. Burde-
Sk Diesel 2800 4 15.4 121 120 pen Special » Multivariate Methods » Prineipal Compenents. Hosgpngercs okvo amanora
Volvo Craseids 3160 6 19,6 145 110 VIS 3aIAHIST AHATIH3NPYEMBIX NepeMenublx (puc. 2.34).
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incipal uns

displace
horsepower

Puc. 2.34. OKHO 33aaHKUA NEPEMEHHbIX ANA 8HANK3a N0 METOAY FNABHbLIX KOMNOHEHT

Haxuwmaem OK. Ilonygaem ncxonnyio csosaky aHanusa MK (puc. 2.35).

Wz nonyyeHHOM CBOAKY 3aK/IIOYAEM, YTO AaHANH3Y TOABEPTAIOTCA lepeMernble weight,
cylinders, accel, displace 1 horspower n uto uncno obbexToOB cocTasaser 131, Nanee
crnenyer unbopmanng venocpeacrsenno MTK: cobcrpenubie 3Ha4eHIA TTARHLIX KOM-
MOHEHT, YNopanovyeHsnsie no peanunie (Eigenvalue); npouent mpucnepciu, npuxoas-
HMACH HA KAKAYIO BRIAETEHHYIO LianHyio komnoneHTy (Percent of Variance); sakon-
AeHHbIA nponeHT aucnepcud (Cumulative Percentage).

[IpuBegeHHbIe HHQPLI TOBOPAT O TOM, YTO YKe [EPBLIC JABE IaBHBIE KOMIIOHEHTDI
onuceiBaioT 93,4 % aHCIEPCHH HUCXOAHBIX JAHHLIX. TpeThsl IJaBHAas KOMIIOHEHTA 0=
Gapnset ente npubansuTeibho 4,2 % AMCTIEpCHH, TAK YTO B cymme noaydaercs 97,6 %
JMUCTIEPCHH.

[ns bonee NeTanbHOrO aHAIN3A HAXMEM KHONKY Tal/M4HbIX onukil (Bropas ciesa B
BEPXHEM Dsijly) H B COOTBETCTBYIOIIEM OKHe auanora (puc. 2.36) veranosum Gaaskox
koMuoHeHTHBIX Becos (Component Weights). TMoayunm caepyomyo tabmauiy

(puc. 2.37).

Kax crenyer m3 nONy4YeHHBIN 1MQP, B NEPBON IMIaBHOH KOMNOHEHTE NPHMEPHO OJU-
HAKOBble MO BeJIHYMHe MOJOXKHUTEIbHbIE KOIMPHUMEHTH HMEIOT Bec, KOJHYECTBO
UHAHHAPOB, 00bEM JBHUTATEIsl B MOIUHOCTL B JOMAAHHBIX cuiax. Byecte ¢ teM, BO
BTOPOIT IMIABHOH KOMIIOHEHTE NPEeBAJMPYET TOJIBKO OJiHA BENMYMHAI YCKOpeHue. A B
TpeThel IAaBHoil KOMIIOHEeHTe HabIIoNAeTes coueTaHHe BECA MANIMHLL 1 €8 MOMIHOC-
TH (¢ MOJOXKHTEALHBIM 3HAKOM), KOTOPOMY IPOTHBROMOCTARIAETCS KOJMUYECTBO LIH-
nuHapos (¢ oTpuiaTessubiv 3uakom). He $raybaascs B unrepnperaiuiio nonyyen-
HBIX [JIABHBIX KOMIIOHEHT, KOTOPasi, KOHEUHO, MOXKeT NPeICTaBIATh MHTEPEC 175

MeTtonel MCEnenOBaHIUA CTPYKTYDH AaHHBIX

101

LHATH3HPYEM TaHHOe TPpexMepHoe oTobpaxenie (puc. 2.39).

CTeHATHCTOB, MepeiifieM K PACCMOTDPEHMIO AMArpaMMbl PacceuBaHus Beeil COBOKYN-
HOCTH ABTOMAUIHH B TIPOCTPAHCTBE BbIAEJEHHBIX TPEX NEepPBbIX I'ABHBIX KOMIIOHEHT.
Hna aToro HienKHeM JeBoi KHOMKOH MBIIM Ha KHoMKe rpaduyecKkyx ONUMHA i HHH-

lincip.a' Cnpments.ﬁ.r.ls

[=]

Analyv=is Sumnary

Ihata wvariables:
p weight
cvlinders
accel
displace
horsepover

Data input: observations

1Humber of conplete cases. 151
Hissing valus tryeatment: listvise
Standardized: ves

{Humber of components extracted:. 2

Principal Components Analysis

{<omponent Perxoent of Cunmlative
1 Humbex Eigenvalus= Variance Percentage
i 3.62417 T2:4 72
2 1.04339 20 BeE SEN
3 o
4 Q
3 o]

Puc. 2.36. OkHo guanora TaBnanudbix onuui MIK

Component Component Component

1 2 oA O

weight 0.484397 0.281143 0.426531
cylinders 0.489981 0.125914 -0.665775

B accel -0.178778 0.91435 0.130289
= displace 0.507767 0.142872 -0.241578
d horsepower  0.485273 -0.220516 0.547248
)

Puc. 2,37. Beca npUIHAK08 B IaBHLIX KOMNOHEHTAX
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a Buick

Component 2

Cheviolet i
i Bldsmobile
i+ SRR :

Component 1

Puc. 2.39. Mpoekiuna uccnegyerbix asTomobuneid B npocTparcTeo nepabix Tpex MK

Ha npencrapneHHOM PHCYHKE XOPOUIO BHANO, YTO Bes MCCJAEHYeMas COBOKYIHOCT
ABTOMAIINH PAZAENHIACL HA TPH JIOCTATOUHO YETKO BuipaskeHHsie rpynmsl. a1 60/ab-
nieH BHIPA3HTENLHOCTH HA DHCYHKE JaHbl HA3BAHMS HEKOTOPBIX (DHPM, TIPOHIBONSIINY
asroMoOWIH, KOTOpBle BbIAAIOTCS B creiianbsinx okdax STATGRAPHICS nocae na-
HATHS NATOIN CIPaBa KHOMKY B BEPXHEM Psily H MAPKHDPOBKM HHTEDECYIOUIeH TOUKH.

Mdag nepsoft, nanbonee MHOTOUHCTEHHOH TPYHIMPOBKIT XAPAKTEPHDBI CPABHHTEILHO
HeboAbIIME BeC, KOMMUECTBO LHIHHAPOB, MOUIHOCTS 1T 00beM ABuratesns (Nepsad ciepa
rpynna). Bmecre ¢ rem, 60abu1as 01 ABTOMAIINH 9TOH TPYITIL OBIAIAIOT XOPOITHM
yeropedHes (poicokye sHadennd 2-if TK) v BbICOKHMM CoOTHOIIEHHEM BECA M MOIIHO-
CTH K KOJMMMeCTBY IIHHAPOR (3-a TK).
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B']‘f)l)?lﬂ IPYIIId HE CTOJL MHOTOMMCIEHHA, HO el TaxKe CBOHCTBEHHb VKA3aHHbIE Xa-
PAKTEPHCTHRY, XOTH W MEHEE APKO BhIPAKECHHBIC.

I naxonen, TRETBA IPYIITA ABTOMAUIH (CDQBIIHTCF{}JHO .\ii’i,"[()‘il']{‘.,flej-lHRH) uMeeT Boab-
e Bec, MOUHOCCTL, KOMHYECTBO, INJIHHAPOB. B to xe BpeMa, NOKA3ATeH YCROPe-
Hitsl B COOTHOMCHNE BECA M MOUINOCTH K KOJIMYeCTEY HHJIHHIDOB 3/ech (BC."H‘I roBo-
DHTL B U,t}.’IUM) ropas3jo MCeHbIIHE,

Takum 00pazoM, NPOM3BEIEHHBII ¢ TOMOUILIO METOAA TJIABHLIX KOMIIOHEHT AHANH3
JIAHHBIX TI03BO/ISAET NOMVYHTS H0see «00LEMIIOe» BUICHHE COBPEMEHHOT0 aBTOMOGHIL-
HOTO PBHIHKE, YTO MOKET CNocoDCTBOBAT JIVUIIEH OPHEHTAMN Kak noTpedurenel a1oil
ITPOAYKLHY, TAK W NPONSBOANTENE ¢ HO3HIMNI OLUeHKH CYILECTBYIOUIHX TeHAeHUiA.
Daxmoprniti aneariz. B OTAHYHE 0T MCTOIA IZBUBIX KOMIOHEHT (DAKTOPHLIA AHAIN3
OCHOBAH HE HA JUICIICPCHOHHOM KPHTCPHI aBToNIDOPMATHBHOCTH CHCTEMB! MIPH3HAKOR,
4 OPHEHTHPOBAH HA OOBACHEHNE NMEIDIINXCH MeIgLy NpH3Hakami xoppemstunii. OcHos-
Hast MOJIeIs (DaKTOPHOO dHAIM3A 3ANCLBACTCS caevIouleit cucremoil paseHete [411]:

oy = E}-‘-‘-;:- 22— Lpym< i

J=

To ecTh NOAATACTCH, YTO ZHAUYSHIS KAz 10T IPHZHAKA X, MOTYT ObITh BBIPAKEHDL B3Be-
IHEHHOI CYMMOIE JIAaTeHTHLIX TepeMEHEbIX (POCcThIX GakTopoB) f, KOMHYECTBO KOTO-
PBHIX MEHDIIE HHCIA HCXO/HBIX TPH3HAKOB, ¥ OCTATOYHBIM YJICHOM € ¢ Jucrepchneii
GY(€,), neficTBYIOMet TOMBKO HA X, KOTOPLII HashiBaOT Crienu@uyieckiy HakTopoM.
Koadibumentas [, HasmBaloTea Harpy3kol i-if nepementoii na j-it daxrop, wi Ha-
rpyskoii j-ro gakropa na i-10 nepementivio. B camoii npocroii Mone/n (paxtopHoro
QHANN3A CUNTaeTes, YTo (DAKTOPB f, B3aNMEO HE3aBHCHMDBI M X JUICIEPCHH PaBHbI
C/MHNLE, a CHIyYaiiHble BEAHYHibl £ TOKE HeZaBHCHMBI JAPYT OT JP¥Tra H OT KaKoro-
/mbo daktopa [, MakcuManLHO BOMOKHOE KOIHYECTBO (GAKTOPOS M1 IPH 3aJa1HOM
YHCAE NPH3HAKOB p ONPEaeaAeTCs HePaBCHCTBOM

(p+m)<(p-m),
KOTOPOE JOJKHO BHITIOJAHATLCA, yToObl 3a7ada HE BBIPOMIAIACH B TPUBHAJILHYIO.
JaHHOe HePABEHCTBO 110JYYAeTCsi HA OCHOBANHI TO/ICUeTa cTeleHelt ¢BoGo b, HMelo-
muxcs B 3agaye [37]. Cymmy KBajapaToB HArpy3ok HasbLiBalT 0OIIHOCTBIO COOTBET-
CTBYIOILETO IPH3HAKA X, 1 4eM G0Ibie 9TO 3HAUCHNEe, TeM JIYUlle OITHChIBASTCS MPH-
3HAK X, BhleaeHHbME (hakropamy £, O6mEHOCTs €CTh HacTh AHCHEPCHH NPH3HAKa,
KOTOPYI0 00BACHSIOT hakTopbi. B ¢BOIO 04epPeas, 0HE HOKA3BIBAET, KAKAH YaCTh Juicnep-
CHH HCXOAHOIO IPH3HAKA OCTAETCH HEOOBSICHeHHOH nNpK HenoabiveMom Habope dak-
TOPOB, M AAHHYIO BEJAHWHMHY HA3LIBAIOT CTIENH(IINOCTSHIO NpusHaka. Takuy obpasom,

m
| E i 42
JHCHEPCHA NpU3HaKa = oBiIHOCTE Bx + creMdHIHOCTS (E,- ) !
Iy
\ 4

OcHosnoe BupaKeHe (QAKTOPHOTO aHANH3A NOKA3bIBaeT, YTo Koa(pineHT Koppe-
JSUUH JH0OBIX IBYX IPH3HAKOB X, H X, MOYKHO BbIPAa3HTbh CyMMOIT NpOU3BefeHns Ha-
TPY30K HEKOpPPEIHPOBaHHEIX daxkropos

Ffimi (.1’,..\‘: ) = Ll gt L+ L

i " im
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3azayy (PakTOPHOrO aHanH3a HeAb3fd PelinTh 0AHO3Ha4yHo. PasencTBa B daktopHoi
MOJEJIH HE NOJMAI0TCA HeNOCPEACTBEHHON NPOBEPKE, TAK KaK p HCXOAHBIX NpH3HA-
KOB 3ajaercs yepes (p + m) ApYrHx MepeMedHbX — NPOCTHIX ¥ cnenuduyeckux dax-
topos. [ToaTomy npeacrap/ieHue KOPPEISIIHOHHON MaTpHllbl hakTOpaMu, Kak roso-
pAar, ee HaKTOPAIALIID, MOKHO IPOHIBECTH OECKOHEUHO HOABIIHM YHCAOM CIGCQOGOB.
Ecnu yaanock nponssectd HakTOPUSALKID KOPPEANHOHHON MAaTPUIB! ¢ TOMOIIBIO
HeKOTOpo} MaTpHub! axTopHbix Harpyzox F, To moboe anHelinoe opToroHamnHoe
npeobpasopanue F (oproronanssoe ppailenne) IPUBEAeT K Takol xe GakTopusauuu
[41]. oaToMy Hepeaxo B OAHOM M TOM JKe TTaKeTe MPOTPAMM aHATIH3A aHHBIX peaiiH-
30BaHO CPa3y HECKOABKO BePCHIl MeTo/0B (pakTOpH3aliy, U ¥y HccaegoBaTesed BO3-
HHKaeT 3aK0HOMEPHNIH BOIPOC, KAKOI H3 HUX Jiyuilie. 3Jech COUIIEMCS Ha C/OBA Of~
HOI'O M3 OCHOBOTIONOKHIKOB COBpeMenHoro (axroproro anamnsa [ Xaprmana: «Hu
OXHOI M3 paboT He OBLIO NOKA3aHO, YTO KAKOH-AHO0 OMH METOJ npubAMIKaeTesa K
“HCTHHHBIM 3HAYCHHSM oOHIHOCTelT Tyyuie, YeM IpyTHE MeTobl. .. Beibop epenyt rpynmnst
METOZOB HAHIYUIIEro [IPOU3BOJNTCS B OCHOBHOM C TOYKH 3PeHHS BBIYMCIHTEAbHBIX
YA00CTB, a TAKKe CKIOHHOCTEH H NPHBAIAHHOCTEH MCC/Ie10BaTeNst, KOTOPOMY TOT HIIH
MHOM MeTox Kasancs fonee aIeKBATHBIM ero npeicrasienysm ob obuwocT» [16].

B nacroanee BPeMA ORHHMH H3 Hauboaee HONYAAPHBIX ABAAIOTCA TPH METOAA BDa-
HIeHHA (i_)ZlK'l‘OpOBZ BapHMAaKC, KBaDTHMAaKC M IKBHMAaKC. BpﬁIIIE‘HHE MCTOAOM BaDHMAKC
CTABUT UEeNsld YNPOCTHTD CTOABLLI (1)21KTO})!'£0f[ MATPHILI, CBO/IA BCE 3HAYCHHA K 1 mnu
0. Bpamen;ie METOAOM KBAPTHMAKC CTaBMT LELIO aHAJOIHYHOE YIIPOIeHHEe TQJALKO
[0 OTHOIICHWIO K CTPOKaM ([)211(1'0{}}]()i-i MaTpPHIIBL. M HaxomHel, PKBHMAKC 3aHMMAET
TNPOMEXYTOHHOC MOJA0KEHUEC — [MPH BPallleHHH (E)&K'i'(’)l)()lj {10 ATOMY METOAY OMHOBDE-
MEHHO ACNaeTCA NMONLITKA YOPDOCTUTL U CTOJI()T.U.)I‘ H CTPOKH.

Kponse nepeuHciieHHbIX TPEX METOI0B HEPeKO OCYUIECTRAAIOT BpalleHne PakTopos A0
TEX 10D, MOKA He MOJAYYaTCsl Pe3yAbraThi, MOAAAIOIHECS CONEPIKATENLIOH HHTepIpe-
TaunH. MoxkHO, Hanpumep, HoTpeboBaTh, yToObl OMH (HAKTOP HHLT HArPYXeH MPeuMy-
IeCTBEHHO NPHM3HAKAMK OJAHOrO THMA, a APYroll — npH3HakaMHu Apyroro tuna. Mnu,
CKAIKEM, MOJKHO NOTPEOOBATH, YTOOB HCYE3/IH KAKHE-TO TPYAHO HHTEPIPETHPYEMbie Ha-
TPY3KH € OTPHUATenbHBIMI 3HakaMmu. Hepeako wcciaemopatenyt HAYT janblle H pac-
CMATPHBAIOT NPAMOYIOJLHYIO cucTeMy (DAKTOPOB KaK YACTHBI caIytail KOCOYTOJILHOH,
TO ecTh PafH cofleDKaHusl JKePTBYIOT YCJIOBHEM HEKOPPeaHpPOBAHHOCTH (DAKTOpOB.

B uenoM mo dhakTOpHOMY aHAIH3Y MOXKHO OTMETHTE cieiyioliee. C HOMOIILIO TAKOTO
4HAIM32 CHHJKEHITe PA3MEPHOCTH HOCTHTAETCH 3@ CHET CYLIECTBOBAHMS IPYIIN B3au-
MOCBSI3aHHBIX TIPH3HAKOB, KOTOPble arperupyloTcsa B crposamuxcs dakropax. Kak u
MPH MCHOJb3OBAHWH METOMa [JABHBIX KOMIIOHEHT, [10JI€3HDbIe CBEACHUS O CTPYKTYDE
AABHBIX MOKHQ NOYEPIHYTh HA OCHOBAaHHHM BH3YAJbHOIO AHANH3a MPOEKTOB 06BEK-
TOB B OJHO-, ABYX- M TPEXMEeDHLIX TPOCTPAHCTBAYX, 0DPasoBaHHBIX KOMOHHAIMAMU
pazsuysbix haxkropos. Taxxe HEHHYIO HHGOPMAIMIO O CTPYKTYPE HCCAEAYEMOH Bbl-
DOPKH MOTYT IaTh PE3y.IbTaThl (hAKTOPHOIO AHATH3A, TIPOBEAEHHOI0 Pa3iebHO B paj-
JUYHBIX DOArPYRNax o0beKToB.

Apyzue Memods: THHENHOTO NPOEHHPOBAHKA JAHHBIX Pa3BUBAIOTCH B PAMKAX HANpPaB-
JieRus, NOJYUHBIIEr0 Ha3BaHue PasBelOYHOTO aHannsza panHbix [47]. CoBpemeHHBIe
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METOIBI MPOELMPOBAHYS, B YaCTHOCTH MeTOADI lie/leHaNPaBJIeHHOTO NPOCHHPOBAHNA,
SBIAIOTCA €CTeCTBEHHbIM 000BIIEHMEM OXaPaKTePH30BAHHBIX BbILle KIACCHYECKHMX
METOAOB AHATM3A JlaHHbix. VX cHCTeMaTH3alsl H XapaKTePHCTHKH TipeicTaniieHbl B [ 14].

fipumep npumeHeHUsA AKTOPHOro aHankn3a

(DaxTOPHBL AHAMM3 IHNPOKO IPUMEHSIETCH B 3KOHOMMKE, COLHOAOTTH, MEAHLIHHE I
BBISIBJIEHIST CKPBITHIX 3aKoHoMepHocTell B pannbix. Ho, Moxer OpiTh, Hanbonee mu-
POKO OH MCTIONB3YETCA B IICHXONOTHH, U3 KOTOPOI, COGCTBEHHO, HAYT KOPHU (aKTop-
HOH CTATHCTHYECKOH TeXHHKH. ITHM 00BACHACTCH BHIGOD HIDKECACAYIOWETO OPHUME-
pa, CBA3AHHOTO ¢ M3YYEHHNEM CTPYKTYDb! HHTELICKTA Ha OCHOBE JIaHHBIX, TOJNYYEHHBIX
£ JIOMOMIBK NCHXOJOTUYCCKOTO TECTHPOBAHMSL.

Hacroauinii npuMep ajanTHPOBaH M0 JAHHbIM, IPUBEJICHHBIM B 0TYeTE 00 M3yueHnu
noAAIBIX aogel [6]. Mensitvemble 65111 pasiesieHbl ¢ MOMOUIbIo TecTa Bexesepa Ha
ABE NOJApHbLIe rpynisl. Jlus nepsoii rpynisl XapakTepHoO HajHuyMe NPH3HAKOB CTape-
HHSL, AN BTOPOH TaKkHe NMPH3HAKY OTCYTCTBYIOT.

B namem cayuae OyAVT paccMOTpelbl 37 4eJOBEK, ¥ KOTOPbIX HPH3HAKH CTApeHMs
BbIpasKeHbl. Mbl BBIACIMM Ha OCHOBE SKCIEPUMEHTAMLHBIX JaHHBIX (HAKTODBI U TPO-
HHTEPHPETHPYEM HX.

Orkpoem daiit xaHHbIX ¢ HaspaHuem Senile.sf,

Tabnuya 2.11. Tabnnua ¢ IKCHEPUMEHTANLHBIMK laHHBI MU

Ne Info similars arith picture  Ne info similars  arith Picture
1 7 5 9 8 20 10 10 15 8
2 8 8 5 6 21 14 7 11 5
3 16 18 11 9 22 16 11 12 11
4 8 3 7 9 23 10 7 14 6
5 6 3 13 9 24 10 10 9 6
6 11 8 10 10 25 10 7 10 10
7 12 7 9 8 26 7 6 5 9
8 8 11 9 3 27 15 12 10 6
9 14 12 11 4 28 17 15 15 g

10 13 13 13 6 29 16 13 16 3

11 13 9 9 9 30 13 10 17 g

12 e 10 15 i 31 13 10 17 10

13 14 11 12 8 32 19 12 16 10

14 15 1 11 10 33 19 15 17 Tl

15 13 10 15 9 34 13 10 7 8

16 10 5 8 ] 35 15 11 12 8

17 10 3 7 7 36 16 9 11 11

18 17 13 13 7 37 14 13 14 g

19 10 6 10 7
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Monyuenue u untepnperayus CBOAIKM aHanM3a
BriGepey Special » Multivariate Methods » Factor Anal
AOTA IS 33U [epeMeHHbIX,

Bregem B mo.te ananusa mepemennsie arith (apucmernueckis Tect), info
IHOHHBIN TeCT), picture (TecT JoNOTHEHNS
B nione Select aamimens first(37) — nepeste
AaHHBIX COmepRUT Boabine obbekTon. 3
HBIX B GHAN3 NOKA3aHO Ha pHe. 2.40,

37 06BEKTOR, TOTA Kak NOJHAs MaTpHLa
AlIOMHEHHOE OKHO IHAJAOIA BBOAA nepeMen-

Puc. 2.40. 3anonsennoe oo avanora BBOAE AaHHLIX ANA RPOBEALHWA HAKTOPHOrO aHanu3a

Haxyes knonky 0K, Cucrema si
(prc. 2.41).

I/Iq HO.H}’ HeH HOIU{ C1G o p 1 (p =
H 715 ¥ &) a L= D a Op }) HTCH !)D Q
o 5 2H Figiy CAeAVeT, 4T H MepPBLI I'id KT d 11 ”\”:[ T /

AaCT NEPBIIHYIO CBOAKY (aKTOPHOro anannaa

Iepensunen kypeop na oxno HEPBHYHON CBOAKY | 111

1 JIKHEM TIDABOI KHOMKOH MBILIH
Cruerema npeocTaBut okno magora A 3agan .

. HA ONUHE GAaKTOPHOrO anajza.

: CTABHM B HENPHKOCHOBEHHOCTH NCPeK/TIONATe, 1, YiaseiBatoulie Ha Listwise, Principal
ompanents (i daxropuzalunt) i Varimax (METO/ Bparers (hakTopos).

CI—[H:\ie.\I rrazox Standartize, Tak xax Mbl maeens ACJIO € VIKE CTAHNAPTHANPOBAHHEIMY

HCHXOIOTHYECKIMI aHHBIMH, H3MePeHHBIMH B ONPEETeHNDbIN HIKATAX

5

ysis. CHeTeMa BRLIACT OKHO Ana-

i (nHpopma~
KapTHHOK) 1t similars (rect wa noapodue),

METOI!,bI MCCheloBaHKa CTOYHTYDE AaHHEIX 107

YeTaHOBHM [eperaiouaTens 3 nonomenme Number of Factors (romnnvecrss daxrapon)
1 B COOTBETCTBYIOUEM ITo7e naMentis 4 Ha 3. Hammen wnonky 0K {puc. 2.42). Cuc-
TeMa NMPOM3BeneT HeOOXOAMMbIE PACHeThl U BRIJIACT HOBYIO CBOAKY (DaKTOPHOTO aHa-
mi3a (puc. 2.43).

[analysis cunmary

inata wvariablas:

; arith

info

picture

similars

selection variable: first(i7)

Data 1nput: cbhservations

Humber of complete cases: 37
Missing value treatment: Tistwise
standardi zed: yes

iType of factoring: principal componentcs
{mumber of factors extracted: 1

Factor Analysis

{1 Factor Fercent of Cumulative
1 Humber Eigenvalue Variance Percentage
s 2.3539 LE, 848 58.848
2 0.94393¢6 23.600 £2.447
2 0.51071 12,768 95 205
4 0.191404 _ 4.765 _ 100.000 s e R

Puc. 2.41. Mlepenytas CEOKa DaHTOPHOMD aHanu3a

Puc. 2.42. Okuo guanora gna 3afaHus napasetpos (PakTopHOTo aHanusa
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Analysis summary

iData varaples:
E arith
infa
picture
: similars
sSelection variable: Tirst(37)

Data input: ohservations

MHumber of complete cases: 37
Missing value treatment: l15twise
jstandardized: rno

pe of factoring: principal components &
Humber of factors extracted: 3

Factor analysis

4 Factor Percent of Cumul ative

4 Number Eigenvaiue Variance Percentage i
1 26.2453 GE. 447 63, 447 1
2 6.25537 16,314 54,751 %

3 2 3.3231s% 10.253 35.014 Bk

T T e S e

Puc. 2.43. Bropan ceoaKka daktopHoro adanusa

Monyyexnne u uHTEpNpeTauna TabNUYHLIX Pe3yNbLTaTOB

Haxmenm xHouky rabmnynpix onini (BTopag ciesa B BepxHeM paxy). Cucrema Bbi-
JACT COOTBETCTBYIOUIEE OKHO JMafora.

ITlenxnem mbllbio Ha kHomke All (Bee) 1 Tem caMbiv BrfepeM BCe HMEIONMECS BHADI
YMCJIEHHBIX NPeJICTABAeHUH pe3yipTaToB (akTopHoro aHannsa. Haxmem xHonky OK.
CucreMa BBLIACT Ha padouee NoJe IKPaHa YEThIPE OKHA ¢ TalIHUHBIMM PE3Y/ILTATAMA,

JBaxapr uenkneM nesoi KHonkell muium ga vabanyHom okue Extraction Statistics
(BpiziesieHHble cTaTHeTHKN), OKHO 3aiiMer Bee pabovee nose sxpaHa (puc. 2.44).

arith

K ~1.98747 0.664087
info 3.10325 0D.544352 -0.513052
jpicture 0.585253 -0.656495 ~1.50167
{similars 3.0982 1.24006 0.633858

EsTimated
variable communal ity

darith il1.0278
hnto 10,7602
fpicture 3.0458

#imilars 11.5384

Puc. 2.44. PesyneTare! haktopusayuMu 4o epatienns GakTopos

P T

1
A |
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; TYPBi
B rabmnie npuieieHbl 3HaYeHHA haKTOPHBIX HArpy3ox 1o 1[puMeue]{?fe??f;iiiﬁ—rb
: : > pax AKO [OMOT? J
1v & aK KaK spaiienne (akTopos Heped
ppatlenus GaKTopos. Ho 1a i i AR,
Gosiee 1IONE3HLIE CBCACHMST O CTPYKRTYDE 3KCHEPHMEHTANBHDIX JAHHDIX, P p
I y - - ~ - 1
spagenns (HaKTOPHBLIX HACPY30K NOCIE NpOBEeHNs TAKOTO BPAMEHHA.
i T CROH i MBILIH, MMHHMH3UDYHA €10
Jlpakabl HIeAKHEeM Ha PACKPBITOM OKHE JIeBoi KHONKOH MBIIH, P
pPasMephl. = -
i ; Bene
[pousBeaem ABOIHON NIETIOK Ha oxne Rotation Statistics _(narg);z{n [I0C/IE TIPOBE
: [ <) - T
HUS BpALIEHHA) — PA3BEPHEM CTO HA gce pabouee noje (puc. 2. 5).

m‘t'er Varimax ROtation

Facrtor Factor
1 2 3 gL
arith 1.02873 3.11609 0.546616
info 2.90269 0.64438 }'%;?s
bicture 0.12053 0.244583 T 3
i 3.25254 0.900502 Z0.385332

s i 1 ars

estimated
dsariapie  Communality

arith 11.0878
1nfe 10,7602
Sy Cture 3.0458
fsimilars 11.5383

Puc. 2.45. Marpuua akTophelx Harpy3ok necae npogefieHis BPalieHHA

' g : .qvpbl Bpamenna B (axtope 2 ro-
Herpyano BHAETH, YTG MOCTIE npnmeueg}uﬂ npo:;;l;{‘llmwi{ O e
10 Bosiee BHICOKOE 3HaMeHie MeeT (AKTOPH arpyska Ju
B § [ K SleHHIo aprndMeTHYecKHX aeH-
QT TpaxKae ¢ Th HCHBITYEMBIX K TIPOBEIE ap
wOTODAA OTPAXKAeT CHOCO0HOC 3 e
crm;gts \’\4}2 Buecre ¢ TeM, B (hakTope 1 BHCOKIE BETHTHHDI Harpy3ox HaG;n*OJla‘fOTr{a
MesHbIX Simi inf { 3 \1HOM picture Harpy3ska Maia.
i SHHBIX B TO BPEMsi KaK y IiepeMe
st nepemertabix similars u info, S e J xii
'L)"l{o mfsomrr o ToM, 4TO BakTop 1 OTPLKAET PAIHIHA ji10/eH N0 TAK Ha3blBAeMOMY
QCHOBHOMY MHTEJJIEKTY.

MonyueHne U NHTEPNIPETALUA rpaduueckux oTobpakeHnu B
i ' J1e : >TCTBY
Haskmes KHONKY rpaduueckux OfiH (Tperbs criena). [loABUTCA COOTRETCTE)
OKHO AHAJOLA.
; CUCTE! HUT Ha
Hleaxues Ha KHOMKe All, sameiicTpys BCe rpadityecKyie OnUuIL Cucrema {OGaimmB
pabouee none 5 OKOH ¢ pPASJHUHBIMHA TPa@HUECKHMH oTo6paKkeHUsAMY peayJ

daxTOpHOTO aHANH3a (puc. 2.46).




110 fnaea 2. COBPEMEHHbIe METOLb GHRAK3A AaHHBIX

ANalys 15 Shmma

Y
Data wvariables:

Factor Loading Matrix Before Rotation

Factor Factor Facto
i Z 3

fFactor Loading Marrix After Varimax Rotat)

Factor Factor Facto:
1 Z 3

Tabie of Factor SCoras
" Factaor Factor sl AT
1 2 3
25,6573
e { g

. PHC. 2.46. Bee Tabanunbie u rpaduueckue okHa GaKTOPHOTD aHaU3a

Packpoen cHauana okuo ¢ iazsanies Scree Plot. 1ot rpadik 5 HeXoAHOM HOCTROE-
HHH WLHOCTPHPYeT coDCTBeHHbe 3Hauenna 114 kaxaoro dakrtopa. Ho, npeanono-
JKHM, HAM XOYETCS IMETh BRIDAKEHIs Beunifbl coOCTBeHNBIX 3HAUCHIT B TIPOIEHTaN.

Hlenxnesm Ha rpacuke NpaBoil KHOMKON MBI I IIOJVYIM OKHO AMaNora A7is 3aia-
HUS ONIIH JIaHHoero BHaa oTodpakenus peayisraTon (HaxTopusaniun. YeTaHoRuM
duiaxor Percent of Variance (npoitent aucnepcitn) smecto Eigenvalues (coberBeriHble
3Haverns). 3aMeTus, 4To hakTop 1 HMeeT BECchbMa BLICOKOE M, KGHEUHO, caMoe DOJb-
Hoe spayeHue nponenta jucnepenn. Ha dakrop 2 npuxoires vedee 20 % muicriep-
c3H, a PaKTop 4 1 BOBCE MATO3AMETEH II0 9TOMY ilokasareiio (puc. 2.47),

Scree Plot
® e = T
§ " i
= 80 - £ o
B A a |
g wE e n
- C
=} L b
4+ = o
= =
= r
“ L
% 1)
.. ot - ]
: ofs i
1] 1 2 3 4
Factor

Puc. 2.47. WancTpauua npouenTa AMCNepcum aNs BuigeneHHsIX hakTopos

MeTtoasl nccneacaanna CTPYKTYPb AGHHBIX 111

MUHAMHSHDPYEM PA3MEPEl PACCMOTPEITHOTO rpauxa.

JIBam bl LIEAKHEM JICBO KHOMKOIT MBILH 112 BTopoM rpaduueckon okHe 20 Sc‘atterplot

(AByXMepHas JuarpaMma paccensanist). Ha nonyueHHOM pHCYHKE NOKajaHa npoeK-

WHS HCCHEAYEMbIX 00BEKTOR HA ILIOCKOCTD, 06pasoBaHiyio NepsbiM it BTOPLIM hax-

ropami. Cyjisi 110 KOHGHIY P o6iaKA TOUEK, HepBBil 1 BTOPOH (HaKTopht CHIABHO

KOl‘)DETllip}:IOT. To ecth B HALIeM CIyHuae, MPHMEHHTEIBHO X TOKHIBIM JIOJAM € BbIpa-
i e : e R A PP TS ‘ps3aH

JKCHHDIMH NPH3HAKAMU CTAPEHIs, BIIHO HTO OLIA MHTENIEKT § -HH:\ :ftuo;{ag

co CIHOCODHOCTHIO K MPOH3BEACHHIO B YMe ApUMMETITHeCKIX NelicTRii (pHc. 2.4 3.

b 8.
7% E-‘ o (]
WS 1 i R 3
S £y r_ ] EIE%G 11
[ E &
= £oe s 3
B 9 o o = 1
E x4
g Hon [
§ fo O id
: LS o]
zg 41 61 81 101 121 141
Factor 1

Puc. 2.48. poexiua 00-eKTOB Ha NAOCKOCTE NEPBOTo i ETOPOTO thakTopoe

Bepres ABYXMEPHOH IWarpaMme paccedsanii Mpexiue MUHHMallbHble PasMEPBI,
ABAKLbI UIEJKHYB Ha Hell JIeBOH KHOMKOH MBILIL

MaKCHMH3HPYEM DasMepsl ipadiieckoro orobpaxennsa 3D Scatte_rpl‘trt. 31‘(3‘1‘\1‘}323(1)}{1(
NPENCTABSIET CODOI MPOEKILHIO OOBEKTOB B TPEXMEPHOE TTPOCTPAHCTBO, 00pa3oBat-
HOE 1EePBBIMU TPEeMs (PAKTOPAMH.

CrepHeM PaccMOTperHoe 0TOOpaKeHie,

JIBasKib! LIETKHEM JTeR0 KHONKON MBI Ha rpaduike 2D Factor Plot ‘(;:ﬁ_\-’.\:ME]_‘JHOt‘
oTobpaxenite (PaKTOPHEBIX Harpy3oK), pacKphiBzsi IpauK Ha BCE pabouce moac
(puc. 2.49).

Ha rpadyike XOPOWIO BHAHO, YT0 TCDEMENHAs arith nmveer ?%.?IQL}GEIIIE KaK J1Jist =feI’B?m-
TaK H A1 BTOPOTo (harTopos. Byecte ¢ TeM, y NEpEsCHuON pmtur’e Mashie HAaIPY3KH
Ha Bce (DAKTOPBL, & TECTORDBIC M3MEPEIN info u similars umeroT GOJALIIME HArPY3KU
TONBKO Ha Tepsnit dhaxkrop.

CuepHeM packpbITOe OKHO A0 MHHIMAILHBIX PAsMEPOD, ABaKAB MEJKHYB Ha HeM
JeROIT KHOIKOM MBIILN.
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Packpoem 110 Maxcumanbhpx passepos okno 3D Factor Plot (Tpexme
rpagmk). Ipacduk nsobpakaer ¢
TOpOB (puc. 2.50).

3 argly
] : ]
]
S
mo lich 4 al
" : ]
= similars
: info
ic L] H
0 1 2 3 3

Mef prslli hakropHbf
AKTOPHEIE HArPY3KH YiKe B MPOCTPAHCTBE TPex ak-
L

e ey

12 E Picture

Factor 3
=
[--]

Puc. 2.50. Otobpamenue aKTOPHbIX HArpY30K B NPOCTPaHCTBE Tpex hakTopos

Ha IPHBEAEHHOTO PHCYHKA BHIHO, YTO BECHMA BbICOKYVIO Hal
Hasd picture. Oanaxo sta HATPY3KA UPHXOAUTCA Ha TPeTE
HaM M3BECTHO U3 NPEAbLIVIUHX AaHHBIX, TpeTHii
OpH OIHca

‘PY3KY HMeeT nepemes-
PETHH BpljleieHHbIH QakTop, a Kak

o taipe hakTop Mrpaet HECYIIECTBEHHYIO PO
HIH PACCMOTPERHBIN SKCIEDUMEHTANBHBIX HABMOZe I,

MeTobl MCCNeoBaHMA CTPYKTYPL AAHHbIX 113

HenuHe#Hble 0TOGPAXEHUSA

Hennueliible MeTOAB OTOGPaKeHHS JaHHBIX B POCTPAHCTBO MEHbBIUEH pasMepHOC-
TH, KK IIPABHIO, NPEeHeOPeraT aHaTUTHYECKHM BhlpaXkeHueM Npeobpasosalns Hc-
XOAHOTO NMPOCTPAHCTBA NPU3HAKOB B HOBbIE KOOPAMHATHLIE OCH, MO3BOJSKIINE NH-
TepPIIPETHPOBATh HOBOE KOODAMHATHOE npoctpaHctBo. OHU He CKOBaHbl HUKAKHMH
OrpaHHUYEHHSAMM Ha BUI AONYCTHMBIX npeobpaszosBannii. Bee onepanmy mog4nHeHs!
01O TAABHOH Ueid: NOCTPOHTD rpaHyeckoe H3o0paKeHne COBOKYIIHOCTH JAHHBLX,
maolee HauboJiee HarAAAHOE IpeicTaBaehie 00 ocofeHHoCTaX uX cTpYKTyphL. Ilpu-
yem 0CODEHHOCTH CTPYKTYPhI IOHHMAIOTCS IOCTATOYHO LIMPOKO. DT MPHBOAUT K TOMY,
YTO ANTOPHTMBL HEJHHEHHOTO 0TOOPAXKEHHA MOTYT 6bITh HADABJIEHbI HE 0043aTelb-
HO HAa MHHHMaJbHOE HCKAKeHHe BCeX MONAPHBIX PACCTOSHUH Mexay obbexTaMi Bbi-
G0pKM B HCXOAHOM TIPOCTPAHCTBE NMPHM3HAKOB, 4, HAPHMED, HA MaKCHMAJILHO TOYHOE
oTobpakeHNe TOABKO CPABHUTENbHO OOMBIIMX PACCTOSTHHA WM, HA0G0POT, TOJNBKO
Mavislx. Takas rubKOCTh METOOB HeiHelHoro oTobpakeHus N03BOJAET HaCTPAUBATD
HX Ha TOT WJIM MHOII MHTEPECYIOIN acneKT CTPYKTYPhl AaHHBIX K Kax Obl LiefeHa-
[PABJIEHHO 30HAMDOBATEL H3yYaeMylw BbIGOpPKY.

Jlna nonyueHns HelHHeHHBIX oTOOpaxeHui y(X) 3afaeTcad HEKOTODBIH KPHUTEDHK
(Mepa) MCKaXkeHUs CTPYKTYPBL AaHHbIX J{y(x)} 1 peluaeTcs 3agaya Ha ONpelesIeHHe
MuHIMYMa J. BoabIIHECTBO Mep UCKaKeHHs OCHOBAHO Ha CPaBHEHMM MONApHBIX pac-
CTOAHUI MeXAY 00bEKTaMU B UCXOAHOM HMPOCTPAHCTBE U TIPOCTPAHCTBE OTOOpaXe-
inst. Hanpumep, nenonpayercs Mepa, NpejioxkenHad B [7] 1 ABAAlolasca aHa1oroM
KPUTEPHS <«CTpeccas, NPHMEHSEMOr0 B MHOTOMEPHOM IIKAJIHPOBAHUH,

Jy(x)} = -\-——1 ' E (d; —d, Y (d;),
E(dg)a ivj

=]

rie d,;- — PAcCTOANME MEKILY i-M U j-M 06BbEKTAMH B MCXORE M NpocTpaHcTBe R
d; — eBKJM0BO PACCTOSHHE MeXIY OTOBpakeHHAMHU 3THX 00DbekToB B RP'

Ecnn B nipuBelleHHOM KpUTEPUY NPHHATH @ < (), TO OH cTaHeT H0Jiee YYBCTBUTEIbHBIM
K omubkaM 0TOOpaKeHHs MAJIbIX PACCTOSHUN M MEHee YYBCTBHTENbHLIM K HCKaKe-
Huto Goapnux paccrosuuil. Ilpu @ > 0, Haobopor, TouHee oTobpaskaoTcs Hoasune
DACCTOSIHHA U 3arpybisnoTes Manble, TAK KaK KpUTEPHI HauMHAeT CHJIbHEE pearupo-
BaTh Ha OWMOKY B fepenade H0ALMMX paccTossHui, OOBIMHO PE3YALTATHI, MOLYYEH-
Hele 171 a < 0, ayquie, yem aqs a > 0 [14]

Heckoapko Honee pasHoobpasiisle BO3MOKHOCTH NIPEAOCTABASET HCNONB30BAHUE [BYX-
mapaMeTpHYeCKOro KpHUTepls, NpelioXKeHHoro B [45]:

e la,, ecnn d, > d,
102, ecnd; < d;
Jannblil KpUTEPHIT MOXET OKa3aTbCA MOJE3HBIM, ECAHM NIPH OTOOpaKeHHH 0OBEKTOB B

RP’ tpebyercsi 6obUINE PACCTOAHNA elite BOMbIe YBEAMYNTE, 2 MaIble — ElIe CiJIb-
Hee yMeHbIIHTb, ITOT a(heKT OyaeT MoayyeH, ecin NpHHATL ¢, < 0 1 a, > 0.

Mouck OTOE’)DEDKEHHFI 0OBEKTOB B IIpOCTPAaHCTRO MeHblIe pa3MeEpPHOCTH, MHHHMH3H-
DYIOIIMX 3Ha4YeHHue KDI‘ITEPHHJ, OCYILECTRAAETCA, KaK TIPAaBUIIO, ¢ HOMOIUBIO DA3iH4-
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HBIX TPajHeHTHBIX npoueiyp. boubinoll BeGOD TaKHX HPOUERYD MA pELIeHHs JaH-
HOI 3a/auy, a TaKKe PasHOOODA3Hbie BAPHAHTHI KpUTepHAa f NpeiaramTcs, Hanph-
Mep, B [42], [45]. B kavyecTBe HAYANLHOrO NprGIMKEHNS Ui HOBBIX KOOPIIHAT GHbeK-
TOB YACTO HCHOIB3YIOTCS X IPOEKLHH HA ITePBhle IIaBHbIC KOMIIOHEHTEL. PagMepHOCTD
MPOCTPAHCTEA I BU3YaBHOTO aHAIM3A JaHHBIX B RP', TONyCTHMOE KOAWYECTRG HTe-
PALMIi B IpajiMeHTHON NPoLeRYpe H TOYHOCTb OTOOPAKeH U 3aa10TCS HCCIeI0BATENEM,
B 3asycHMocTH OT BLIOPAHHOTO KPUTEPHS J MOIYT NOJYHATHCA PA3JAYHLIE KOHDHIY-
paiyu ToYeK B RP M MOXKET CYILECTBEHHO BAPLHPOBATHCA BpeMs PaBoTel anropuT™a
0TOOpaXKEHHs, KOTOPOE TAKKe BO MHOTOM ONPENCJISETCA THIIOM IIPHMEHIMON rpajii-
eHTHoif rponeaypel. F3BecTHbl Apyrie, MeHee PACPOCTPaHeHHDIC PasHOBHAHOCTH Me-

TOAOB HeMHelHOre oTobpaxenns 06bexToB. OHH paceMaTpHBAKTCA, HapuMep, B [ 14].

MHoromepHoe WxanupoBaHue

MuoromepHoe IKaAMPoBaHHe — COBOKYIHOCTEH METO/0B, HO3BOISIOWMX 10 3akaH-
Holl nHGOPMaLHH 0 Mepax pasanuns (6Au30CTH) MeXY 00BEKTaMH paccMaTpHBae-
MOH COBOKYNHOCTH HDHIIMCBIBATL KOMCIOMY U3 3THX 00BEKTOB BEKTOD XapaKTepHay-
IOWMX ero KOJMUECTBEHHbIX MOKasaTesgeif. IlpM 3TOM pasMepHOCTL HCKOMOID
KOODIHHATHOTC MPOCTPAHCTBA 3a0aeTCH 3apaHee, a «NOTPYKeHles B Hero aHali3u-
pyeMBIX 00BEKTOB IPOU3BOAMTCA TakuM 06pa3oM, uToOB CTPYKTYPA B3aUMIIBIX Pas-
anynit (Ou30CcTel) MEX Y HUMHM, R3MEPEHHBIX ¢ HOMOUIBIO TPHIMCHIBAEMBIX HM BCIO-

MOraTeNbHBIX KCODJAKHAT, B CPe/[HeM HalMeHee OT/INYHaIach OBl OT 32/JaHHOI B CMBICHE _

TOTO HiK HHOre dyHKUMOHaNa KayectBa [14]. Ilpoueaypnt MHOTOMEDHOTD UIKRITHPO-
BAHWA OTJIMYAIOTCH OT ONHCAHHLIX BBIILE METONOB JTHHENHHOTO M HesHHellHoro npo-
elHpOBaHHA AaHHBIX B IPOCTPAHCTBO MEHbIUEH pasMEepHOCTH B OCHOBHOM TeM, 4TO
UCXOAHON MHPOPMALHEH Mg HHX CJAVKHT TOJAbKO MaTpHua pasmiynii (Grmzocreit)
MEXY HCCaenyeMeIMi ofbekTaMi 1 He TpebyeTcs 3HAHUA 3HAYeHHi NPUBHAKOS A4
arix obbextop. Koraa MH(pOpMalns 3afaHa B BHAE MATDHIIhL TOMAPHBIX PACCTOSHUH
MeXy 0OLeKTaMK, UCIOMB3YIOTCS METOMbl TAK HA3BIBAEMOTO METPHMYECKOTO HIKamH-
poBauua. Ecny e a71eMeHTB MATpPHIB! BBIDAKAIOT [TOPAAKOBLIE OTHOMICHUS MEXKIY
ofbeKTaMH, TO NPUMEHSTIOTCA METOIbI HEMETPHYECKOTO mIKanupoanus. Huke oxapak-
TepHU30BaH KIACCHYCCKUH MOAXOL K PEIIeHHIO 3ajia4yHd MEeTPUMeCKOro IKaIHpoBaHsL

OGbI‘IHO, XOTA W HE OﬁHBElT&J‘IhHO, IPOCTPAHCTBO MPEeHOJIarTacTCsd eBRKIMA0OBLIM. ﬂﬁﬂ
3TOTO CJIYYas COPaBEATHBLI CASAYIOIHE 1peobpasoBaniid, KOTopble HeOGX0 UMbl I
nepexoia OT MaTpuubl paccrosuuit D = (d;) k KoopauHaram 0o0BeKTOR B IIPOCTPAH-
CTBE [JIl BU3YANbHOTO aHAIH3A Xy, ..., X,

MeToz onpeneneHHs KOOPAUHAT TOYEK X, ..., Xy (C TOUHOCTBIO IO OPTOrOHAILHOLO
BpALIEHHA) M 3a0QHO PA3MEPHOCTH TIPOCTPAHCTBA, B KOTOpOe OHH 0ToDpaKaloTCs,
OCHOB2H Heé Ha HCUOCPEIACTBEHHOM HCINOJbL30OBaHHK MATDHIIBI D, 4 Ha IIp(:U()]}EiZ?OBR‘
HHH ee B MaTpully B cKagfapHBIX NpoH3BefeHAH LeHTPUPOBAHHBIX BEKTOPOB:

b;.- =(x; - “)T(xj - W,

rjae |\ — BEKTOP CpedduX 3HadyeHHH.

Mexny anementamu MaTpuitel B 1 paccroanuamu d; yeTamoBieHo cieyoes cOOTH

HOUIEHHE.

Meroast nccnenoBanma CTPYKTYPL! JaHHbIX 115
( N N
\ i=] = 4 157 i

T ke -t R A e > 5
i;_un_:uypa AEpexoza o1 D x B nassizaercs qBoHHbIM uenTpuposainem D. Marpuna
passepoM N X N obnanaet caeayomnMu cBoiicTsanu:

I. HeorpunarensHo onpeaenera,

%]

e 3 :
Paunr MATPHILbI B paBeH PAa3MEPHOCTH HCKOMOTO [MPOCTPAHCTBa OT(JSI)R}KEHHH.

i

AT &% 4
Henynessle cobersennbie yncna MaTpibl B, ynopanouenisie 5 nopsijike vosisans
oy e . e t i
COBNANAIOT ¢ COOTBETCTBYIOWMMMH COGCTBEHHBIMU UMCaMI marpuubt $=XXT, rge
[— TEs - - rre Ll Bt : p
X — neHTpHpoBaHHAR MaTpWIa JaHHbIX (Heu3BecTHast Ham). Marpuua S/N ects
MaTpuna Kopapuainuii gaa X,

N

MTyvers S ~it cobe 11 ; i

ehl Uy €CTB 7-H COOCTBEHHBIH BEKTOp Matpuilnl S, COOTBeTCTBYHONIHIT r-My
cobeTsennomy wheay A,. Toraa Bextop 3uavenwmii r-it masHoj: KOMIIOHEHTBI Oyier
z,= X",

_?_3\70 AKE BPEMsi, TIYCTh ¥, — 7~1i coBCTBEHHBIH BekTOD MaTprubl B, cooTBercTnyiomuii
TOMY e caMOMy CODCTBEHHOMY 3HAYEHHIO A, TO €CTh 5

B =da,

Zl=

_I'I.a. CBOMCTBA 4 ciienyerT, 4To, pewas 3ajauy coGCTBeHHBIX YHCen H COOCTBEHHBIX BEK-
}mpon ATt MaTpiiel B M orpaHmuMBafch HeHYIEBBIMH COGCTBEHHDIMY 4YHCIaMH
Mo e A, TOJYYaeM KOOPIMHATHOE NPEACTABNEHHE TOYeK B IIPOCTPAHCTBE TVIABHBIX
RUMIIOHEHT, OCHOBbIBASACH HA NPHBEIEHHBIX HOPMY.IaX.

Torna

DrneMenTsl MaTpuLBl B MoryT GpiTh IIPEJICTaBAECHLI B BHIE

B
bU = 23;'.:-3_;‘;--

r=1

{ u . ¥ oy 1 Y] ()

.\).L{LBIII[HO. pemerine Z apaserca munedino#t dpyukuueir X u OnpefeaseTcs Wb C
TOUHOCTBIO 10 OPTOTOHAMBHOIO TIpeobpasoBaHiis, NIOCKONILKY, IPHMEHAS K MaTpHie Z
fIpeoOpasoBaiiue Bpallents, NOMYYHM, YTO TpeobpasoBatHas marpuua Z° cTods xe

e e ey i
_. OYHO BOCCTaHaBAHBAaeT MarTpHuy B, kax u MATpHIla Z. HOL—)TOM}’ Takoe UIKaJHpoBa-
Hile HA3BIBAIOT JUHEHHDIM,

[loapobno ¢ xaacenyecknm noaxoxonm K MHOTOMEPHOMY WIKATHDOBAHHIO MOKHO 03-
HAKOMHTBCA B pabotax [11], [26], [45]. Pewenne 3anaun [UKATHPOBAHUS, NTOJIYYEHHOE
KIACCHYECKUM JTMHEIHBIM METOAOM, YacTO MCIOMB3YETCH KAK HAYAIBHOE npfr&-*u-uxe-
fife B NPOUeAYpax HEeNHHEHHOrO MHOTOMEPHOTO WKaJIHPOBaHKA, KOTOPBIE CTPOATCH
AUATOMIMHO PACCMOTPEHHLIM BLIILE NPONUEIYPaM HEIUHEHHOTO NPOENUPOBAHHS JAaH-
HLIX B IIPOCTPAHCTBO MeHbIIEH Pa3MepHOCTH. OcoBeHHOCTH aTHY NPOLENYD ONHCAHEI
B MIPUBEJEHHOH JHTEPATypPe MO MHOTOMEPHOMY IIKATHPOBAHHUIO. -
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Janondsiowme n POCTPAHLTBO KPUBble

C_‘,-"i'b JaHOH IPYIITBT METOLOR COCTONT B 3alOJHEHHH NMPOCTPAHCTEA IIPDHIHAKOB TH-
1[(.‘})1\'})111_5(}1”1 TakuM 06]‘1{130.\{, yTOOB! GJIS3KNE B NPpOCTPAnCTLE ODBEKTH OKA3ASHCH TIO

ROBMOMKHOCTH OJIH3KIIMI H Ha ATOH kpusoil. BusvaibHoMy anasuzy nojsepraiores
FHCTOPAMMLL pactipefieniennii 06beKTOB HA NOCTPOEHHOI Tunepkpusoit. Becs npouece

Ha3bLIBAETCA PA3BEPTKOI IIPOCTPAHCTEA NTPU3HAKOB,

B [17] onucan pekypcHBHBIT airOPUTM NOPOXIEHKSA KPHBOH, 3alI0AHAIONIEN MHOFO-
MEPHDIT MHTepBas, dajibpHeliuiee HCClenoBaliie KOTOPOFO NMPOBOANIOCE, HATIPHMED, B
[22). Jdna nocrpoenns sanoauaouell npocrparctso kpusoi (311K) rabanynnie gaH-

HBIE TPUBOASITCA K eTHHHUHOMY p-MepHoMmy rinepkyGy. Ctoponpl 3Toro runepkyda |

pa3buBAIOT Ha YAcTH M MOJYYAnT KBantosanHoe p-meproe. 3TIK nopoxaaercs mny-
TeM 3aJaHusd PeKyPCHUBHOTO NpaBiaa obxoad aHHbIX KBAHTOR.

Tnasubin cpoiicteami otobpakenuii obvekton Ha 3ITK asasiorea B3anMuas ojHo-
3HAYHOCTD, CXOAHMOCTD TI0 PasOieHHAM 11 KBa3HHeNpepblBHOCT,. BaanMuasn oHo3Ha4-
HOCTL BLIPAZKACT CTPOrO ONpele]eHHOoe COOTBETCTBHE KaI0I0 KBRHTA p-MepHOro
npocTpaHeTBa KakoMy-nt0o yuactky 31K, CxoaumMocTs 10 pazOHeHnsz o3Ha4aerT,
YTO PH oveperHoM aApoOaennit npocrpareTsa Ha 31K coxpansieTcs 3akoH jipuHaji-
JACKHOCTH OTOOPLKEHUT HOBHIX, 60/16e MEIKHX KBAHTOR CTapoMy - HoJee KpyIHOMY.
Mo KBazuHenpepsbBHOCTLIO NOHHMACTCS TO, UTO JBA COCEAHHX OTOOPAKEHHUS KBaH-
toB Ha 311K obsasartensio ABIsOTC TAKKE COCEAHHMM B MHOTGMEPHOM NPOCTpaH-
cre (00paTHoe YCI0BHE MOMKET He BBIUIOJHATLCA).

[IpuBenennble CBORCTEA AAIOT ocioBande cunTath JJTK nosesssiM HHCTPYMEHTOM
HCCJIEI0BAHNS CTPYKTYPHE AanHbiX, PaspepTKi NPoCTpalCeTBa NPH3HAKOB € NOMOIBKD
30K xopono jonoansoT HHOPMALHIO 0 B3AKMHOM PaclloIoKeHHH 00beKTOR BhI-
DOPKH, KOTOPYIO AKCIEPHMEHTATOP [MOAYYAET, PACCMATPHBASL MPOEKIIH 00bEKTOB,
HAIPHMED, HA TJI0CKOCTH [IaBHLIX KOMIIOHEHT Wil BbhljeleHHbIX (akTopos, Ecim wia
TAKUX NPOEKINH CHPABSIINBO HPABUJIO: AAJIEKHE HA HPOeKUH 00LeKTh 00s3aTe/ib-
HO JaJIeKH B HCXOAH0M fpoctpancTse RP, Ho 61H3KMe HA IPOeKIHH OUbEKTH MOTYT
ObiTh ganexnmy B R, — 1o s 31K see npoucxonnt Haobopot: HiM3KME Ha pasBep-
Tke 0DbeKRTH ohasatenbHo Gau3ky B RY, HO janexkue Ha pasnepTKe OOBEKTH MOIYT

6uiTh Ozt B R, Pasnosnjpocts 311K, ne tpebyiolan KBanTOBaHHS NPOCTpaH-

CTBA MPU3HAKOB M HA3BANHAA AIANTHBHON PA3BEPTKOH OPOCTPAHCTBA ONMMCAHMS, ONH-
cana 8 [29].

MeTofibl aBTOMaTUUECKOTO rPyNNUpPoOBaHuUA

DakTOpHbIN aHanu3 o6beKToB

IIpu daxropHoM aHaM3e 00bEKTOR HCMOAL3YETCH OPMATBHLIL annapaT (PaKTOpHO-
TO aHAJAHM3d, U3HAYAIBHO NpEeIHA3HAYABUINNCA IS arperHpoBaHHs B3aHMOCRI3aHHbIX
(PU3HAKOB. DTOMY anpapary Oblia gaHa XapaKTepHCTHKA B NPeAbIyIieM HoApasne-
sie. QTamyne cocTOMT B TOM, YTO B (hakTopHOM ananuze odbexTon TabaMia sKCIepH-
MEHTATBHBIX JAUHBIX HoBopaunsaercs Ha 90" (TpancnoHuUpYeTes), TO eCTh OODBEKTHI 1
NpU3HAKK MeHgloTesl Mectami. Ecan upy GakTopHoM aHalise NpPH3IHAKOB HILYTCH
TPYIIbL OH3KIX (KOPPEAHPOBANHBIX ) NPH3HAKOB Ha OCHOBE KOPPETSIHOHHON MaT-
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pHUEL, TO 8 TPAHCIOHHPOBAHHBIX HAaHHBIX aHaJI0TOM KOpDﬁﬂﬂL{HOHHOﬁ MaTpHIIBI
ABJIAETCSA MATPHIa, OMHCHLIBAIOWAA NTONapHbie Ko3hhOULIHEHTE KOPPe sy (CXOACTBA)
ofrpexroB. OHa BBOAUTCS B aJrOPHTM (OPMATBHOTO (DAaKTOPHOTO aHANN3a, U B PE3YJib-
TaTe NOAYHAKTCA (‘baKTO[)b!, OIIHCBIBAIOUIHE YKE He TPYIINBI KOPPEIHDPOBaHHBIX MpH-
3HAKOB, a IPYIIBI CXOAHBIX 00berToB [16]. OcobeHHOCTH TaHHOM TPOLEAYDPhl NOAPOOHO
paccMoTpensl B [13].

KnacrepHbiit aHanus

ITOT aHANM3 MpeJHA3HA4YeH jUls PasdHeHHs MHOXKecTBa 0OBEKTOB Ha 3afaHHOe WM
HEM3BECTHOE YUCJO KAACCOB Ha OCHOBAHMM HEKOTODOIC MaTeMaTHYecKOoro KpHTepus
KauecTBa Kaaccubukauun (cluster (aHIL.) — rpo3ab, NyYOK, CKOMJIEHKE, TPYIIia ae-
MEHTOB, XapaKTepH3yeMblX KakuM-AHO0 obmumM ceokcTeoM). Kputepuii kauecrna
KJacTepu3allMi B TOH MJH HHOU Mepe OTpaxaeT cielyioliue HedopMaabHble Tpebo-
BaHus [40]: -

1. Buyrtpu rpynm o6beKTbl 10JKHB ObITh TECHO CBA3AHBI MEXLY COOOM.

2. O6BeKTE! pPasHBIX IPYIN JOMKHBI ObITH AaNekH APYT OT ApYra.

3. Tlpu npouYMX PaBHBIX YCIOBUAX pacipeliesieRus 00beKTOB M0 IPYINaM JO/DKHBI ObITh
PaBHOMEDHBIMI.

Tpebopanns nyHKTOR 1 11 2 BHIPRXKAIOT CTAHAAPTHYIO KOHIENIIMIO KOMIIAKTHOCTH KJIac-
coB pazbnenns [19]; tpebopanie nyHKTa 3 COCTOMT B TOM, 4TOOLL KpUTEPHI HE HABS-
3p1Bai 00benUHEHHS OTIENbHbBIX TPYIN 00BeKTOB.

Y3/10BBIM MOMEHTOM B KJACTEDHOM aHaAuze CUHTaeTcs BuiGOp MeTpiku (MJIH Mepsi
61M30cTH 0OBEKTOB), OT KOTOPOTO PEIAOIHM 00PA30M 3aBMCHT OKOHYATENbLHBIM
BapMaHT pasOueHns OGbEeKTOB Ha PYNNLI IIPH 3aJaHHOM anroputMe pasduenns [14].
B xaxnoi KOHKPETHOIT 3a/1a4e 3ToT BeIOOD POM3BOANTCS MO-CBOEMY, C Y4ETOM IJIaB-
HBIX liesiel MccheaoBanus, HH3MYECKOH M CTaTHCTHYECKOH NPHUPOALI HMccaeayeMoi
HHbOPMAIUY | T. 1.

Jpyroii paxHol BeJHYMHON B KJIACTEPHOM aHATH3E SIBJASIETCS PACCTOSHHE MEKIY
nenpIMu rpynnamu ob6nexton. [IpuBenem npumeps! Haubosiee PacnPOCTPAHEHHBIX
paccTosAHMil, XapaKTepH3YIOUINX B3aHMHOE PACHONOXeHHe OTAEIbHBIX IPYNH 0ObeK-
108 (puc. 2.531).

[Iycrs w, — - rpynma (kaace, kiaacrep) o6bekToB, N, — uncio 0GbexTos, 0bpasyio-
WHX TPYIITY, BEKTOD W, — CPeHee apndMeTHyeckoe 0GbeKTOB, BXOAAINX B 0, (IpY-
THMH CJIOBAMH, IIEHTP TSKECTH» I-i rpynmnsi), a p(®, ®,) — PaCcCTOSHUE MEXIY IPyIi-
naMu ©; 1 @,

Paccrosnve 6amkaiiuiero coceia ecTh PACCTOSTHHE Mexay GMDKafninMu obbexTaMu
KJacTepos:
pmin ((QI ] U]m ) = d(uiﬂ 1‘1;)
Paccrosnne 1EHTPOB TSKECTH DaBHO PACCTOSHHIO MEXAY LEHTPANLIMMA TOUKAMU
KJIaCTEPORB:
Pun (@, @, )= min  d(x.X ).

X €0 X Ewy
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R —— :

Puc. 2.51. PasnnuHble cnocobel onpeaenedus PaCCTOAHKA MEXAY KnacTepam. 1 — no BavxaiLuM
OBLEeKTaM, 2 — N0 LEHTPaM TANECTH, 3 — NO CaMbiM JahbHHM 00LeKTEM

-
PaccTostHue JalbHETD COCeda — paccToAHHE MEKILY CaMbiMH HaJbHUMH 00BEeKTAMH

KHaC'l'epOB: 3
Do (0, o, )= max dix,, X, I

R K S
Boi6op TOI 1M HHOH Mepbl PACCTOAHUSA MEAULY KIACTEPAMN BJMSICT, TIABHBIM 00pa-
30M. 114 BIJI BBUIEIAEMBIX ANTOPUTMAMH KJACTEPHOTO aHAIMN3A TEOMETPHIECKIX TpyI-
NHPOBOK OOBEKTOB B NMPOCTPAHCTBE HMPHIHAKOB. Iak, aAropHTMbi, OCHOBAHHbLIE HA
paccTosiHuH O/ikaifiuero cocena, Xopomo paboTaloT B CyYae IPYNIHPOBOK, HMEIo-

LHIMX CNOKRHYIO, B YACTHOCTH, HeNOYEeUHYIO CTPYRTYDY. Paccrosinpe pajbHero cocena

NpHMEHAETCH, KOrJAa MCKOMble TDYITHPOBKH 061:)33}’}.0'1‘ B npoc'rpam:"rse HPHSH'&I{OB i

miaposy;Hble 001aKa. M MPOMEXYTOUHOE MECTO 3a1-umarol'r a.ru‘o_pmm)m. H.CHOH,})’:}g;.z:
1{Me PACCTOAHME LEHTPOB TAKECTH M CPEIHEH CBA3M, KOTOPRIE Jiyunie Beero pab

HOT B CJyyae IPYIITHPOBOK SILIMIICOMAHOH (HoPMbL

HaueneHHOCTE AIFOPHTMOB KJIACTePHOTO aHAIM3A Ha ONPEACTeHHYIO CT py}c_Typ_\,r TpyI-
nupoBok 0GbEKTOB B MPOCTPAHCTBE NPH3HAKOB MOKET IPUBOANTDL K HEoml an TBHBIM
WIN JKe HeNpPaBHBHBLIM Pe3yJbTaTaM, ecii HIoTesa O THIE rPYIITTHPOBOK HeB‘ep-
wa. B cityyae OTIMYNS DEAIBHBIX PaclpesiesieHtil OT IHIOTeTHIECKIX YKASUTHbIC at-
FODHTMbI YACTO <HABA3BIBAIOT» JAHHBIM HE [PHCYULYH) HM CTPYKTYDY M ilc.'j?pIICH’TH-
pyioT ucciaenosatess. J109ToMy KCIEPUMERTATOP, VUK THIBAIOIIHA .-.1:1/:{}'1‘1;.1}1(1)1'1‘1;;0[?
YCIOBHAX anPHOPHOI HEOoNpeae/IeHHOCTH, TIPHOETACT K II'}’JH.\‘{(;‘HEHI.I}O Harapen ey
DHTMOB KJIACTEPHOTO aHAIN3a M OTAAET NpejnoiTeHue KaxoMy-1ub0o BhIBONY Ha OC
HOBAHNHH KOMILUIEKCHOH OLEHKHM pesy isTartos paboThi 3THX aITOPHTMOB.

AJITOPHUTMbI KJACTEPHOTO aHAJIH3a OTAHMATCA 60.‘;}:111;3,\1 1)2:31—10061)113&@1. ?Te .\1({-
IVT ObUTh, HATPHMEp, AITOPHTMBI, PEATH3YIOIINE TTOMHbIH TIEPELOP coYeTanni OOI'IJIEl\'
TOB WK OCYILECTBISLOMHe cayyaiiibie PasbHeH s MHOKCCTEA 0OBEKTOB. B_\wu”e ¢
TeM, GOMBNIMHCTEO TAKAX aIrOPHTMOB COCTOMT M3 JBYX 3TanOB. Ha nepzom oTare
sajacTesl HavwibHoe (BO3MOXKHO, MCKYCCTBEHHOE I JAKC NPOM3BOABbHOE) pasiue-
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Hite MHOXKeCTBA 0OBEKTOB Ha KJacChl H ONpejensaerca H€KOT0pbﬂu[ MAaTEMATHYECKHIT
I{DII'TCD}Iﬁ KayeCcTRA aBTOMATHYECKOH l{JIaCCIrI(l'JI‘IKElLU-II‘I. 3{:1'1"(‘,.\'!_. Ha BTOPOM 3Talle, obbeK-
Thbl TIEPEHOCATCH M3 KAacca B KIacc 0 TeX 1op, NOKa 3HaYCHHe KPHTepHs He IIe¢pecTa-
HeT V.IYUHIATLCS.

Mnoroobpasse anrOpHTMOB KJIACTEPHOTO ananH3a o0YCIOBIEHO TaKKe MIOKECTBOM
PA3IHYHBIX KPHTEPHEB, OTPAKAIOWMX TC HAN HHBIE ACIEKTHl KAUeCcTBA aBTOMATHYeC-
xoro rpynmuposanist. [lpocrefininii kxpuTepnii KauecTsa HeOCPeACTBEHHO DasipyeT-
sl Ha BeMUMHE PAcCTOAHMS Mexay kaacrtepamin. OAHAKO TaKoll KpHTepHit He y4u-
ThIBAET «HACEJAEHHOCTbY KJIACTePOB — OTHOCHTENbHYIO IJIOTHOCTb paclpeieseHns
0DBEKTOB BHYTPH BhlAelAeMbIX TpynnHpoBok. IToatoMy aApyrie KpHTepHi 0CHOBBIBA-
OTCS1 HA BRIMHCJAEHHH CPEeXHHX PAcCTOSHHH Mexay 00BbeKTaMH BHYTPH KJIacTepOB.
Ho nanbosee yacTo MpUMEHAIOT KPHTEPHH B B¢ OTHOIIEHWI MOKasaTenell «Hace-
JIEHHOCTH» KJIACTEPOB K PACCTOAHUIO MEXAY HHMH. JTO, HaNpHMeD, MOXeT OBITh OT-
HOILeHUEe CYMMBI MEXKIACCOBBIX PAaCCTOSHUN K CyMMe BHYTPHKJIACCOBBIX (MexIy
00BEKTAMH) PACCTOSAHHI WK oTHomeHne obIel JAHCIepcHi AAHHBIX K CYMME BHYT-
DHKJTACCOBBIX JUCIePCHil i aucnepcuil HEHTPOB KJIaCTEPOB.

DVHKUMOHATLL KAYeCTBA M KOHKPETHBIC AJATOPUTMbI aBTOMATHUYECKOH KIacCH@UKa-
UMK (CpYNOHPOBAHNA) AOCTATOMHO TOMHO H M0Apo6HO pacemorpens B [14].

Wepapxuyeckoe rpynnupoBsaHue

[Iponexyps! HepapxHIecKOro THIIA NPEIHASHAYEHB JJIs NONYYEH IS HATIa{HOTO Tpel-
CTABAEHUS O CTPATH(HKALUMOHHON CTPYKTYPe Beell HUcciieyeMOoil COBOKYIIHOCTH 00D-
eKTOB. JTH MpPOUEeAYPHl OCHOBAHBI HA DOCAEAOBATEILHOM O00DBEANNEHHH KJIacTepOB
(arsoMepaTHBHbBIE TTPOIEAYPDI) H HA MOCHEA0BATENbHOM pasdueHHH (THBUIHMHBIE TIPO-
neaypor). HanBonbinee pacnpocTpaHeniie MOAYYHIN arTOMepaTHBHDIE TPOLELYPHI.
Oun BoiraazaT caeayoiusM obpasom.

Ha mepBoM 1mare Bce 0ObeKTH CUNTAIOTCA OTAEMbHBIMHE KJACTEpaMHU. 3aTeM Ha Kax-
J0M 1nare asa Gapskaifunix knacrepa o0beAHHMIOTCS B onuH. Kasxjoe obbenuHenne
VYMEHBINAET YHCAO KJACTEPOR HA OIMH Tak, YTO B KOHIE KOHIIOB BCe 00BEKTH 00ben-
HAWTCA B OJMH Knactep. Hanbonee moaxonsuiee pasbuenne BeIOMpaeT yalle BCero
caM HCCNeN0BaTeNb, KOTOPOMY NpefOCTaRIseTcs IeHAporpaMMa, oTobpaskanomasn pe-
3y/IBTATHl FPYITHPOBAHIA Ha BCeX lIarax aaropHTMa (puc. 2.52). Moryt o1HOBpeMeHHO
HCIIOMTB30BATHLCH TAKKE H MaTeMaTHyecKye KPHTePHM KavyecTBa IPYNIHPOBaHUSA.

Pasnnynbie BApHAHTHL ONPEICTEHHS PACCTOSAHMS MENAY KIacTeDaMy JAl0T pazjiHy-
Hble BAPHAHTBHl HePapXHUYECKUX NPOUEAYD. YunTbhiBad HX crelliduky, 414 3a0aHHA
PACCTOSIHHMS MeRAY KJACTepPaMH OKA3bIBACTCH HOCTATOYHBIM VKA3aTh MOPALOK Nepe-
cUeTa PACCTOSIHMIT MEXIY KJacTepoM k u kiacrepoM (i, /), apasioummca obbeante-
HHEM IBYX APYTHX KNacTepos i H j 110 PacCcToAHUAM dy, dy; u dj. [17151 3TOT0 UCHOMB3Y-
€TCA IIHPOKO M3BecTHasA (opMmyaa

d;\(w = ff:'dki "'f’jdkj +de +C;dm- _d.{j|!

rae @,a,b,c — mapaMeTpbl, KOTOPbIMY ONPEAEAAETCS TOT HJAH MHON BHI PaccTos-
st Mexay knacrepamit. Hanpumep, npu a; = q; = % b=0,¢c= ~% IPUXOAUM K Pac-
CTOSIHIIO, H3MePsIeMOMY 10 NpHHINTY OJnKaiiuux coceflell MeXIy OBYMS KNacTepa-
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Puc. 2.52. PesynbTaThi patoTsl HePapXM4ecKoi aromMeparHeHoi npoUeaypbl fpynn1poBakna oﬁbenos-
NpeacTaBNeHHbIe B BUAE AeHAPOrpamMmbl (KonKkyecTso obvekios — 20, paccToaHue
MesIy KNacTepamy — fanbHul COCEA, EBKNMAOBA METPMKE)

B or/iune OT ONTHMHUBALHOHNBIX KJIACTEPHBIX ANTOPHTMOB, NPEIOCTABIAIONINX HC=
CIE/OBATEN0 KOHEUHDITT Pe3ybTaT rpyniipoBais o0heKToB, HepapXItieCcKie mpos s
HEAYPBl TO3BOIAIOT HPOCEINTD MPOUECC BHLISJNEHNS KIACTEPOD, {)6})33}!}011{11)((‘.51 Ha.
pazHLIX 1Arax arioMepaTHBHOTO HIM JIMBU3HMHOTO &JITOPHTMA. D10 cTHMYANDYET
BooGpaKene HCCAEA0BaTeId 0 IOMOTAeT eMy NPHBJIEKaTh Ui OUCHKIL CTPYKTYPBES
AanieX AononHuTesHbe hopMabHble i HedopMabible NPEACTABICHITL.

Onpepenenue «TOYEK CryweHua»

AJITOPUTMBL ABTOMATHYECKOH KIacCH(PHKAI{HH, OCHOBAHHBIC HA ONPEAC/ICHHR «ToYeK
CryILenHst», WK, B APYIo# TEPMHIOJOIHH, Ha OTIMCAHIH KIACCOB <«AapaMH», HPEA=
CTABSIOT OBIIHPHYH TPYIILY AITOPHTMOB, HEHOCPEACTBEHHO ONHPAIUIHXCA Ha BHIAET S
AeHe B MEOTOMEPHOM [IPOCTPAHCTBE KOMITAKTHLIX COBOKYIIHOCTEI TOUCK, B 1eck0abKO
VIIPOIEHHOM BHIE METOibl ONPeeseHis «TOUCK CrylUeHHA» MOKHO OXapaKTEpH30-
BAThL CACAYIONIM 0GPasoM. ]
CHauana HeCKO/bKO 06 LEKTOB, BLIOPAHHEIX 10 KAKHM-THO0 COOOPaKeH M (BO3MOKHO,
Jae NPOH3BOJALHO), HAZHAYAIOTCA HEeHTPAMK KJIAaCTCPOB. 3arem 1oo4epejHO Bee 0C
TANBIBIE OOBEKTHE OTHOCATCS K TeM KJIacTepaM, HeHTPh! KOTOPBIX K HuM OJitKe BCEro: =
IlenTpsl KIACTEPOR HEpPECMATPHBAIOTCH JAUDO 1T0Ce BKIIOUCHHA Kak10ro }10/301‘01
obnexTa, 60 Tocae oTHecenna Beex 00bekTon. HexoTophie Kaactephl MOTYT UbITRES
JIKBIUIPOBAIIBL, eCM jUIs HUX HE BBITOIHAETCH 3alaiibiil KpHUTEPHiT KadecTsa. Tal{:'
e MOTVT 06pasoBLIBaTHCA HoBbie KaacTepbl. Onicannas npouenypa noBropacTes o
noJIyHiens YCTOHYHBOH KiaccH(UKaliH.

K nanbosiee N3BECTHBIM NPEACTaBHTENAM AaHHOIT UPYIINbl aJITOPHTMOB O'I'HOCHTCFF
anroputMbt Popers [32], [46], MeToAbl AHHAMNYECKIX cryifenuil n menee CJIOKHBIE
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ARPHCTHYCCKHE ANTOPHTMBL, TakKie KaK & 9TAJIOHOB, «B3AHMHOIO TIOrIOUIEHHA» ¥ ADY-
rye, paceMorTpenisie B [14].

CpaBHHTEABHBIH aHAAN3 Pas/IHYHBIX ANTOPHTMOB ABTOMATHYECKOIQG TPVIITIHPOBAHIA
6o mposenel B pabote k. Measuxa [34]. Cpasunsanycs CHeAVIOMHE AATOPHTMBL
(harTOPHBIH anamns o0beKToB, OJMH OITHMH3ALUIONHDBIH KIacTepHLI alNToOpHTM, 1BA
ATTOPUTMA TIOWCKA «TOMEK CIYIIeHHs» 1 TPH BapHaHTa HepapXuteckoil npoLenypal.
[lo pesysibTaTaM HCCJAEGAOBAHHA HA HeTRIpeX Habopax peafblibiX JaHHLIX CeJIaH Bbl-
BOJI, UTO HAWJIYHIONM OOPa3oM 3apekoMeniopajin ceba asa anroput™a (U3 Tpex ca-
MBIX PACHPOCTPAHEHHBIX) Hepapxidyeckoro rpyninpopanist. CobeTBeHHBIH ONBLIT U
OITBIT JAPYTHX aBTopos (Hanpumep, [16]) noarsepiiaet a1oT BuiBoA. das npakTnyec-
KOPo HCCJENOBARUA CTPYKTYPLI MHOTOMEPHBIX JaHHBIX ¢ MOMOLILIO AJTOPHTMOR aB-
TOMATHYCCKOIO TPYIIIHPOBAHNS YACTO OKA3LIBAETCS JIOCTATOUNBLIM MMETh B TaKere
MPHIJIAIHBIX [IPOrPaMM OJIMH HEPapXHYecKil aTopUTM TPYIHHPOBAHNS 0OBLEKTOB M0
IpUHUUTTY OIIKARIIEro CoCela H OJIH ANTOPHTM, IPYIITHPYIOUHI 0OBEKTH 10 MPHH-
LY UeHTPOB TSHKECTH MIH CpejHeli ¢BasH.

Tpumep KnacTepHOro aHanusa

B xayecTBe IpHMepa paccMOTPHM HHTEDECYIONLYH MHOIMX, IIOKA B OCHOBHOM B 3a-
MaIHBIX CTPAHAX, 331a4y O PhIHKe LeHHBIX OyMar, B HacTHOCTH NpPOOAeMY OLCHKH
Da3AHYHLIX (DOHAOB, ONEPUPYIOLHK FTHMN OyMarasmu.

HecnmoTpst Ha HECITOKOITHOCTh MUPOBOTO PBIHKA NEHHLIX OVMATL, HHBECTOPbL CErojis
BIJIABIBAIOT B HETO CBOM CPEICTBA M HMEIOT K HeMy noBbiuennsit unrepec. Hanpu-
Mep, flaxke HECMOTPS Ha TO, YT0 6oanmmHCTRO hontoBs HeHHbIX Oyyar 8 1993 n 1994 ro-
Aax (pynxkumonnposain 6e3 ocoboro Giecka, aMepHKaHUbl B 9TOT HEPHO/ BAOKILI B
HHX PEKOPANOE KOJHYECTBO JIEHET.

B pacemarpusaemom npumepe SyayT ucenenopann 16 H3BECTHHIX HHBECTHIIHOHHBIX
(bOHIOB IR OLICHKH MX COCTOAHNA, B KauecTne nepeMelHBIX HCMOIL3YIOTCA CHAeLyI0-
Liyfe XapakTepucTHkyu (OOIBUIHHCTRBO U3 HUX OTMCBLIBACTCS B YCJIOBHBIX e/THHIEX):
NOXOAHOCTD 3a NaTiiaeTHnil nepuoj — nepemennas Five Yr, puck — nepemennas Risk,
exero/iHblil npoteHT doxoxa (performance) (aas xagaoro rona) — Perf90, Perfo1,
Perf92, Perf93, Perf94, pacxoanan yacts — nepeMenHas EXpence u Haloropule peii-
TiHrd — nepemennas Tax. Huske npupoxnTes tabauia (taba. 2.12) ¢ nexogHbIMH J1aH-
HBIMH IO HecqedyeMbim gongas. B nepeoM croablie vkazaHo HaumeHoBaHne (hoH/IA,
A B HOCHEAHEM — DEKOMEHRIIHN SKCIEPTOS 110 ONePaIHsM ¢ HEHHBMM OyMaraMu aTHX
(Gonnos. [Janibie 3aMCTBOBAHD! 13 pyKoBojcTBa 110 npuMenenno STATGRAPHICS
Plus for Windows.

Necnenonanne npHBeAeHHBIX JAHHBIX COCTOUT AX Tpex dacTeil. Ha mepsom atare,
H3sIaraeMoM B HacTosneM paziene, OyIYT H3YYaThCs MHOTOMEpHBIE TPYIITHPOBKH
ofnecTBeHHBIX HOHI0B, NoJyYeHHbIe MeToamu xaacteproro ananmuza STATGRA-
PHICS. Bropoii u tpetuii aTalbl npejcTasiens p pasiene «[IpaktHryMbi> pyKosoi-
crea no npumercrnio STATGRAPHICS Plus for Windows. [Ipn usnoxennu sToporo
Irana MpUBOAATCA PE3YJIBTATh! [IOCTPOCHHS JHHEeHHBIX JMCKPUMHHAHTHBIX QYHKIMI
VISt pasjlestedis (QOHA0B Ha TPYMIILI B COOTBETCTBHH ¢ PEKOMEHJALNAMH 3KCIEPTOR
110 oIepalHaM ¢ nedHpiMi Oyyaramu. TpeTbd dacTh oTBeena 3ajade hopMUpOBaHNA
Daspl 3HaHUi METOAMH JOKaNLHOI TeOMETPHH UL pelenus Toil ke npodiemsl.
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Tabnuua 2.12. AHanuanpyemble ﬁaunme

Fund Five_Yr Risk Perf90 Perf91 Perf92 Perf93 Perf94 Expence Tax Recom‘

F. Chip 16476 2 10 25 6 55 4 1.22 89 Buy 3
F. Contra 15476 2 g | 21 16 55 & 1.03 90 Buy ;
F. Destiny 14757 3 4 2b 15 39 -3 0.7 69 Buy
Vista A 15145 4 -1 20 13 71 -6 1.49 96 Hold
Berger 100 15596 5 -7 21 9 89 ~6 1.7 95 Hold
Gab. Assett 13640 1 0 22 15 18 ~6 1.33 85 Buy
Neub. Focus 14081 3 1 16 21 25 -6 0.85 75  Buy

F. Magellan 15sc T NI D 25 7 41 -5 0.96 73 Buy
Janus 13187 2 -1 11 v 43 ~1 .91 85 Sell

L. Mason Value 13029 4 1 12 11 35 ~17 1.82 92  Hold
Gabelli Growth 12301 3 -3 11 4 34 -2 1.41 80 Buy
Franklin Growth 11793 2 3 7 3 27 2 0.77 90 Sell
Janus 20 12441 4 -7 3 & 69 1 1.02 g5 Sell
HARP Capital 11728 4 -10 18 S 41 ~16 0.97 68  Sell
Kemper Growth & 11386 4 -6 Z -2 67 4 1.09 86 Sell
20th Cent. Growth 11258 4 -8 15 -4 32 ] 1 60 Buy

Breaem npupefeHHble JanHble B anekTpornyio Tabnuny STATGRAPHICS u coxpa-
nuM ux B ¢aitne ¢ umenem growth. Beibepenm Special » Multivariate Methods » Cluster
Analysis, Cictema 0T0OpasHT OKHO AHATOTA AJIs BBOAA JAHHBIX B KJIaCTEPHDLII aHAIH3
{(puc. 2.53).

JIBaskABI IEJTKHEM JIeBOIT KHOTKOH MBilliM Ha nepemenHbix Expence, Five_Yr, Perf90,
Perf91, Perf92, Perf93, Perf94, Risk 1 Tax ansa 3ageiicToBatiis HX B anazuse.

lipedaem xapaxTepucTuky Fund B none Point Labels 1 octanm mone manubix Select
nycroim. Ha pue. 2.53 noxasas nmpumMep 3anofHEHNs OKHA AHaRora Jst BBoja uHhop-
MALHH B KJ]HCTEPHI:)[I‘:I dHAJIH3.

Haxmem OK. Cycrema BbIZACT OKHO ¢ NEPBHYHOI CBOAKON KJIACTEPHOr0 aHATH3A.
Tax xak B HalleM CAyYae JKEJATEABHO, YTOOL! KJIACTEPHBIA AITOPHTM XOpolio pado-
a1 ¢ HeboNbIINM KoJaudecTBOM Habaloaenuit (v Hac ux scero 16) u 6w nanesnen Ha
BBIAEAEHIIE KAACTEPOB ¢ NPHOIM3NTEIBHO PABHLIM YHCAOM UJIEHOB, OCTAHOBHM CBOH
sei6op Ha Meroxe Bapoa (Wards method),

[ilenxkHem Mparoii KHOMKOI MBIUIM — HA 9KPAHE MMOSABAETCA OKHO JMAJIOra Jis Bbl-
Gopa napaMeTPOB KJIACTEPHOTO AHATH3A,

Yeranosum duakok Wards, a Bce ocTalbHbie OCTABUM B IpeXKHEM NOJOKEHHH
(puc. 2.54).

Hamxmem OK; Ha akpane oToOpa3uTCs CBOAKA KJACTEPHOIO aHANK3a 1asd BhIOPAHHOTO
MeTOfa.

Hasmesm KHONKY A1 3agaHua rpadiyeckux onuuil (Tperbs claeBa B BepXHEM DALY
oKHa aHaju3a). CHcTema TIPENOCTABUT CHELHANBHOE OKHO JIHAJIOTA.
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[;]use,A,,ajy,;, ; R . e

Puc. 2.53. MNpumep 3an0NHEHWA OKHA JHANOTa BBOAA AaHHLIX AN KNACTEPHOIG aHaNK3a

P —

Puc. 2,54. pumep 3an0NHEHWA OKHA AWAN0ra Ans seidopa NapamMeTpos KAACTEPHOIO aHanRK3a

Buifepem otobpaxkenne B Buae aenaporpammsl (Dendrogram) n naskmem xuonxy 0K.
Cucrema 106aBuT K TaOMMYHOMY OKHY IpadHuecKoe OKHO.

JBackas! 1eKHeM HA TeHAPOrpaMMe 731 MaKCHMATbHOTO PaCcKpBITHA OKHa (puc. 2.55).

JenaporpamMma 0TobpakaeT HEPaPXHYECKYIO CTPYKTYDY IDYNIIHPOBAHHSA MHBECTUIIH-
onublx osnos. Ha Hell 0T4eTIMBO BHIAHBI KaK MHHUMYM TPM IPYNNHDPOBKH: OAHA
sakaHumBaercs Ha QoHae Gabelli Growth, BTopas saxanunsaercs Ha douge Legg
Mason Value u Tperss, JocTaTo4HO IJIOTHAA IPYINHPOBKA, — Ha doHze 20th Century
Growth. Orciona caenyer, uto Aas 6omee MOAPOGHOrO PacCMOTPEHUS TPYNIHPOBOK
CleayeT 3a1aTh HX KOJHYCCTRO PaBHBIM 3
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Dendrogram :
Ward's Method Sguared Euchidean
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Puc. 2.55. fexpporpamma, nonyyeHHas metogom Bapaa Ans ogHoro Knacrepa

ABaxnpl enKieM Ha PHCYHKE a9 MHHHMH3AUHUH pasMepOB OKHa.

[UenkHeM MpPaBoil KHOMKON MBI HA OKHE CBOJKM KJIAaCTEPHOTO aHAIN3a — MOSBHT-
€Sl OKHO IHANora AJIs 3afaHHs [IAPAMETPOB NPOBOAMMOIO HCCIeA0BaHMAL '

Wanmenum xoaudectso KiacTepok (Number of Clusters) ¢ 1 no 3.

Haxmewm kaonky OK. B cooTBeTcTBHi ¢ BBeAEHHBIMH H3MeHeHUAMU OYAYT MPOU3BE-
JeHbl TabauyHble npecbpasoBanua (puc. 2.56 u 2.57). |

B cBozke KiacTEPHOro aHAJHM3a MpEeXJe BCETO YKa3biBAIOTCH: MMEHA NepeMeHHbIX,
YYACTBYIOIIMX B AHATU3e, KOMWYECTBO MOJHBIX ofpasuoes (Habmogeunit 6e3 npomyc- |
KOB), UCIIOJIL30BAHHBIN METO/] KNAacTEePHOI0 aHanH3a i NpHHATas MeTpHKa. 3aTteM B
CBOJKe ONMUCHIBAIOTCH: YHCIO KJIACTEDOB, KONMYECTBO OOBEKTOB B KaKAOM KacTepe
{HACEIEHHOCTh) M COOTBETCTBYIOUWIHEH NMpOLEHT HaceleHHOCTH. Kposme TOTO, B HHEX-
Hei YacTH CBOAKY NMPUBOIMTCS Ba)KHAS NOMOJHUTEIbHAS UHDODMALMs.

Hanpumep, no xoopauHatas UeHTPOHA0B (pHc. 2.57) MOXKHO CYAMTL O TOM, KaKue

TepeMeHHble MIpaloT Haubosee BAKHYIO POJb B KaXKAOM Kiaacrepe. B uacrioctd, B
NIEPBOM KJIACTEPE BMAHO, YTO PACXOAB OBIIM PA3YMHBIMM: HECMOTPS HAa HHU3KHUe 10X0- |
ael B8 1990 rogy, 3ameTHO, YTO B ApYIHe roAbl COCTOSAHHE (oo 1-ro kjacrepa no- |
CTOSHHO VJIYYIIAJIOCh, TakKe B IePBOM KAACTepe HHAWLMPYETCS CaMblil HU3KHIH pel-
THHT PUCKA CPelM BCEX KJACTEPOB, a HAJAOTrOBEIe cOHOpH OblAM TOXKE AOCTATOYHO |
HEBBICOKHM. L

TepeMenHble, PECTABISIONINE KIACTED 2, TOBOPAT O TOM, YTO 37leCh UMENHCh HAaW-
GosTbliIMe PACXOAbl, XOTA 3a NATHACTHHI MEPHOA AOXOAB OCTABAIMCH CAMBIMH BBICO-
kuMu. OleHKa PHCKa ¥ HAJOTOBble ¢OOPHI ABNSAIOTCS MAKCHMAJbHBIMH CDeil BeeX
KJIaCTepoB. g

MeTonb MCCReROBEHKA CTPYKTYDEl AaHHbIX

{Hunber of complete caszes: 20
1C] 2ring Method. Vard's

{Clustex Hembers Percent

Distance Hetric: Sguared Euclidean

Puc. 2.56. CBoaKa KNACTEPROMO aHAAU3a (BEPXHAR YACTh)

0 TPETLEM KiaacTepe MOXHO CKd3aTh, YTO OH 3aHHMaeT BTOPOC MCCTO IO pacxojiaM
OTHOCHTEJLHO K JOXOJaM 33 NATHIETHHI HNEPHOL (.)ILCHI{H PHCKA HBIIA camMas BBICO-
kasdl, O/iHaKO HATOroBhIE C60pi=i CYIECTBEHHO HMKE, YoM ¥V NepBOro Kiactepa.

Distance Metric. Sguared E

uclidaan

:’:Lus’ver Henbers Fercent

i1 13 65 00

12 3 15.00

13 4 20.00
Centroids

Cluster Expz=nzs Five Yr
1 0.984615 13757,
2 1.67 145490

3 1.02 117403

(5 R s

Cluster Tax

79 0769
94,3333
27,25

|tk Fod bt

-

Puc. 2,57. CB0fKa KNACTEPHOIO aHanKM3a (HUMHAR YacTs)
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Haxvem xunonky tabmuunsix onuuil (BTopas cjiesa B Bepxnem psny). Cucrema npe-
JAOCTABUT COOTBETCTBYIOLIEE OKHO JMANOra.

HBAUKILL HIETKHEM Hd JeHIAPOTrPaMMe H TeM CaMbIM BHOBb MHHHMH3MPYEM €e.
i

JlBascapl IWENKHEM JeBO KHONKOI MBIIM Ha ABYXMEDHOH IHarpaMMe pacceHBaHHS
Yeranosnuy Membership Table (tabanma npunaiTexxHOCTI Hab/0AeHHIT), 3aTeM HaKMe (puc. 2.60).

kuonky 0K

JBasanl HEAKHEM JIeBOH KHOMKOH MBIILM Ha TaOJHLE HACENeHHOCTH U MAKCHMaihb- ster Analysis
HOTO PacKpBLITHA OKHA, . .
B nannoil tTabmauie onucansl BRIGPAHHDIE TTAPAMETPhl KAACTEDHOIO aHAIN3a ¥ 3aTeM - Ll
ot e L S A L Mo i S0 { "Ogr A
JIAaeTCs MOJHBI CIIHCOK Beex HaOJIONenITH, {X HMEHA | HOMEpa KJACTEPOB, B KOTOPbIE Ward's Method, Sqiared Euclidean
BXOJAT vKasauHbie Habmoaenns (puc. 2.58). 100 = =
Py y——— _; g0 L e e i 8
L 3 &
; g 60 i
m s = i
Menbarship Table bt i 1 i
e 240 - o ] |
Clustering Method: Ward's £ 3 i i
;D‘.stanca Hetric: Squared Euclidesn 20 i ‘
{Row Lakel Cluster 4 t | | |
A 5 Chig i 0L et P e dors ek (0 s O, () A At 2 2
2 F. Contra 1 4 5 g < g =
13 F Destiny 1 Egggﬁggggg’*éa Eg
1e Vista A 2 ‘:;n.[‘?’éu_ =& S BpLEECS
5 Bergexr 100 2 %g A A 3 vgg
& Gab Assett 1 : 3 o E 2 o
7 Neub. Focus ) S = = g g
18 F. Magellan 3l
;i9 Janus 1
410 L. Hason Value 2
111 Gabelli Growth 1
12 Franklin Growth 1
113 Janus 20 3
114 AARE Capital 3 ez .
15 Kemper Growth A& 3 s"l:ﬁ.lslei Analpsis
15 20th Cent. Growt 3 fpusnismagy e Y 03 8
17 F OTC 1 @ = - ,
18 Columbia Growth 1 s e
_ 7 ' : Cluster Scatterplot
Puc. 2.58, Tabnuua npuHagrexHocTm HabnwaeHHi K KnacTepam : s
HERRARA A P (XX 1000) Ward's Method, Squared Eucldean
Co3paHue ABYXMEPHOW AMarpamMmMbl paccenBaHmnA i6 Lo Bt b ] a ;
., x
Haxmem KHonky rpaduyecknx onuuit (TpeTbio cieBa B BepxHeil yacTH OKHA aHajIH- g & ol
Vi, a el T W =
3a). [osBuTcs OKHO JHAIOTa 478 331aHHMA COOTBETCTBYIOUIMX NapaMeTpoE. B 15 by ks S s
| ;
Yeranosusm daanmok 2D Scatterplot (iByxsmepHas amarpamya pacceyBanus). 4 14
Haxmem kxonky OK — cucrema oToGpasut eiue o/Ho rpadHieckoe OKHO. _ 13
JBaXcApl LieAKHEM JeBOH KHONKOH MBbIIN HAa OKHE JACHAPOrPAMMBI, UTOOH pa3Bep- i i 12 e E
HYTb €ro. 1 il
Ha penaporpamse BHaHbl TP nepeBa (puc. 2.59). Ilo sepruxanbHOl 0CH OTACKEHO 1 ' :

¢ ! i R R T AR X
PACCTOAHME JUUIA KaXK/I0TO HIArda padoThl arjioMepaTHBHOIO Hepapxuyieckoro aiaropur-

Ma KkpacTepusauni. Ha ropusonTaibHON OCH NMoKasansl HaOMOAEHNS, CKOMOMHUPO- Expense
BAHHBIE B COOTBETCTBHM C NPOBEJEHHBIM aHanu3oM. JeHaporpaMma no3BoJser YBH-
AeTh OTYETIMBYIO KAPTHHY TPeX IPYITIHPOBOK H MMeHa Habumo e i (HHBECTHIMOHHBIX
(HOHAOR), BOWENIINY B BBIJIEJICHHBIE KIaCTePhl. Puc. 2.60. leyxmepran [uarpaMma paccemBaHus
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JluarpamMma TOKa3bIBaeT, KaK TPYNIMPYIOTCs HCCIeAyemble HabI0IeHUA Ha ILJTOCKO-
cTM IBYX mepeMmenHbix Expence u Five_Yr (puc. 2.60). Kaxnastii x1acrep npeicTas: |
JieH Ha JuarpaMme COﬁCTBeHHBIM CHUMBOJIOM, 8 ECITH 61:-1 3ITo HLLIO B 1IBETHOM HCI‘IO.TI'-.
Hennu, To ¥ userom. M3 rpadguxa ciaeiyer, 4TO nepBbiil KJACTED MMEET HU3KHE S
OTHOCHTEJILHBIE PACXOEL, BHJAHO, K&K pacnpeﬂeneﬂm JOX04bl ('I)OH,F_IOB 3a NATHIETHHR
nepuon. B kmactepe 2 HaO/IONAIOTCS CaMble BBICOKHE PacXO/bl, HO I MaKCHMAILHbIE
HNATHIASTHHE J0XO0/bl. B Kaacrepe 3 Hu3KHe DACXOABI COHPOBO}KILEIOTC.H 1 HEBBICOKM-
MH NATHASTHUMUY J0XOOaMM.

Jlsist Toro 4To6b 0TOOPA3UTH APYTHE IHATPAMMBI PACCEHBAHMNA, JOCTAaTOYHO NIENKHYTh
11paBoil KHOMKOH MBIUH H, TOJYHHB B pacriopssKeHne cCOOTBETCTBYIONEE OKHO HAM0= =
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HeupoceTteBoe
npeacTaBseHune
Heu3BeCTHbIX 3HAHUH
U 3aKOHOMepHocTen'

Hcexyceersennsie neiipounsie cetd (MHC) 1 neiipokomnsiorepst (HK) apaaores
OCHOBHBIM cpefcTBOM 06paborkn nuopmauuu B Helipoundopmature. [To croeii
CTPYKTYDPE U (PYHKUHOHUPOBAHUK OHH ABASIOTCA HCKYCCTBEHHBIMM aHajoraMHu Ouo-
JIOTHYECKHX HefipOHHBIX cHCTeM uesoBeka W kuBoTHEX. MHC npeacrasiagior HOBYIO
rapagurMy o6patoTka HHhOPMALHH, GA3HPYIOUIYIOCS HA TOH WIH HHOH _vnpmuemi‘oﬁ
MaTEeMATHYECKOH MOAe/MH OUOAOIrHIECKHX HellDOHHEIX CHCTEM.

IlonbITKM peann3anuy HefipOHUBIX ceTell JANA BRIYHCICHHH, IMHTHPYIOINHX HHTEJ-
JEKTyalbHble POLECCH B YEJI0BEYECKOM MO3Te, TAKHe KaK pacnosHaBaHue o0pasos,
IPHHATHE pelleHHil, YIIpaB/IeHne ABILKeHMeM H MHOTHE JPYTHE, CTAlAH BO3MOKHBI €
NOABAEHHEM IEPBLIX KOMILIOTEPOB. MOXKHO CKa3aTh, YTO OHH, B HEKOTOPOM CMBICE,
CTUMYJIHPOBAJIH HX nodeiexie. B To xe spems, MHC npeacrapigior HOBLI MoaXon
B MeTOAQJOTHH BbLIYHCAEHUH, oTAHUAaONINICH TTocae0BaTEeAbHOH apXUTEKTYPOi oT
BLIMMCACHHI HAa LH(POBBIX KOMIBIOTEPAX ¢ TPaAHUMOHHOH (oH-HeliMaHOBCKOI ap-
XUTEeKTYpOH.

Ilnchposele KoMmmboTepsl HYHKIHOHUDYIOT ITOA YIPABJIeHHEM IPOrPaMMbl, TOUHO
3a1aHHOH NoCAe10BATEIbHOCTH Oflepaluil, H 3aMOMHHAIOT HHQOPMAIHIO B CNelHATb-

HO {)pI‘BHIIBOBﬂHHﬂi’! namaTtu. Beck npoiecc BBIUHCICHUH OPraHH3YeTCA CAOMHBIMH
MPOHECCOPHBIMH }JCTIJOﬁCTBa.\rII-I.

WUHC opranusyior cBow paboTy NyTem pacnpejenchns npouecca odpabotku nuop-
MallHH MEXJLY MPOCTLIMH JOKATBHBIMH NPOLECCOPHLIMH dIeMeHTaM| — HefpoaieMeH-
TaMH, CBA3aHHBIMH MEKAY cO00H MOCPENCTBOM CleLHalbHbIX COSHeHHH — CHHAI-
THYECKHX CBsi3el. 3anmomMuHaeMas MHAQOPMALMA pacnpejenseTcs 10 CETH B Buie
BECOBBIX apaMeTPOB 3THX COeJMHEeHMH, a pagsuTie BoaMoxHocteil MHC ocyiecTs-

JASIeTCS He MyTeM OPOrpaMMMPOBAHHA, KakK B I POBBIX KOMIbIOTEPaX, a myTeM 0by-
yernsas MHC.

' Pasgen MOATOTOBIEH A-poM TexH. Hayk A. B. TumodeeBbiM, KaH1. TexH Havk A, A, BorzanosuiM M Kanj.
thua.-maT. Hayk 3. M. Lludsyxosbin.
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HepBOHa‘laﬂbHO HHC PA3BHBATNCE 114 MCCIAEA0BaHHA M BOCIIDOM3BEACHHA TaKHX |

BHJIOB 4eJ0BEYeCKOl AesTesibHOCTH 110 00paboTke HHDOPMaly, KaK pedb, 3peHue u
o6paboTka 3HaHuil. OaHako oHW oKazanuch 3DMEKTHBHBIMU TAKKE B 3ajadax Kiac-
crupurauny 1 npHOTIIKeHHs! PYHKLMIE, BOCCTAHOBIEHHS CKPBITBIX 3aKOHOMEPHOCTEH
0 3KCHepHUMeHTaNbHBIM Gazam panunix. MHC nokazann BBICOKHIT NOTEHUMAN NPH pe-
HIeHHH TaKMX CJOXHDBIX 3a/ay, KaK OITHMaJbHOE YIpaBJieHHEe H afallTHBHAS MIEHTH-
(hHKaUnsA CHCTeM, CKaTHe JaHHbIX, PAcno3HaBaHie 06pa3os ¥ AMATHOCTHKA COCTOSHMIL

CyuecTByeT MHOTO Pa3iMyHBIX TOYek 3peHust Ha texHosoruio MHC. Yacto ux Hazsl-
BAlOT KOHEKLHOHHCTCKHMH CHCTEMAMH, aKIEeHTHPYS BHHMaHHe Ha GoabiloM vuciae
HacTpauBaeMbIX CBs3ed Mexily HeliponponeccopHeiMu anementami. Muorna UHC
OTHOCAT K AAANTHBHEIM CHCTEMaM WIH caMOO0yYaiolUliM cHCTeMaM BC/IEJICTRHE CIIO-
cobroctr HC ajanTupoBaTh 3HAUeHHs BECOBBIX IapaMeTPOB B Npoliecce obyueHus.
WHC naswiBaloT Takxe NapaalelbHBIMU pacnpejeleHHbIMHE CHCTeMaMu, OTpaxas
cnocob opranusanuy 06paboTkn HHOOPMAIHN MEKY IIPOLECCOPHBIMY 3JIeMEeHTaMH.
Ho B uenom oHu 00Jafai0T BCEMH NepedrcIeHHBIMI CBOCTBaMM.

Teopns HeﬁpOHHbIX ceTelt PAa3BHBACTCA Ha CTHIKE PasNHYHBIX NHCIIHITAWH: HCf[pO(l')PI-
JHOJIOTHH, MaTeMaTH4YeCKOro MOAe/IHPOBaHIA, HH(‘I!OpMaTI-IKl'I H HCKYCCTBEHHOTO HH-
TeJLIeKTa, a TaKxKe (bHZSI’IKl']. MCHXOAOTHH M JHHTBUCTHKU. B neaoM Bce aTH TEODHH B
KOHEeYHOM WTOTe HanpaBJeHbl Ha CO3J1aHHUC MCKYCCTBCHHBIX HHTEMMEKTYANbHBIX CHC-
TeM, UMHTHDVIOIIHX HHTCAACKTYAJAbHYH) AEeATENBHOCTh M MBIUIICHHE YENOBEKA.

CTpYyKTYpa UCKYCCTBEHHbIX HEMPOHHBIX CeTeN

Obwmenpunatoe npeacrasieHue ob MHC kak of obyuaemoil uin caMoobyuaolieifcs
cucTeme 0bpabotTkn HHOpMaALIHE cHOPMUPOBAIOCH O/ BAUAHHEM TEOPHM ltapaLieb-
HBIX H paclpefeJeHHBIX BBIMHCIEHMI, a TaKKe TEOPHH aJIANTHBHBIX CHCTEM.

B napamiersusx cuctemax B 110005 MOMEHT BPEMEHH B aKTHBHOM COCTOSHMH MOTYT
HAXOJAUTHLCA HECKOIBKO MpoleccoB. B pacnpedenenvix cuctemMax Kaxabiii M3 npouec-
COB MOXeT He3aBHcUMO 06pabaThiBaTh JOKAJIbHLIE JAHHbBIE Y NTPHHUMATD peLieHHsd, a
OTAEAbHDIE HpOllecch obmennBaoTea nadopMaell Mexay coboii n BHeuHeld un-
(HOpMALTHOHHOH cpelloit yepes KaHaupl cassell. B adanmueieix cHETEMAX NPONECCH
o6paboTky HHGOPMALME OPraHU3YIOTes TakuM 00pasoM, uTobbl gocTurarh Tpedye-
MBIX LeJIel MpM HeoNpeiAedeHHBIX (DaKTopax; NpuyueM JpU U3IMEHEHHH MOCHAeIHHX
cucTeMa cnocofna alanTHPOBaThCS.

Taxkum obpazom, UHC npeacrasaser coboli napaiiensiiyio, pacnpedenenyio, adan-
mugHYo CUCTEMY, KOTOPasi BOCCTAHABAUBAET CKPBITHIE 3aKOHOMEDPHOCTH M Pa3BHBaeT
cBOM crnocobHOCTH No 00padoTke HHGOPMAIMK B PE3YIbTATE 0OYUYENHUS.

Ona obyajgaeT CACAYIOIUMY OTIHYHTEIbHBIMH 0CODEHHOCTAMMU:
O HMHC coctouT 13 mpocThix HeliponpoueccopHbix aneMenToB (HI), wau neitpoaie-
MEHTOB, ABJISIONHXCA HCKYCCTBEHHBIMHM aHANOTaMH OHOJOTHYECKHX HEWPOHOB;

O H3 ceszanbl Mexay coboii HanpasaennsiMu HHGOpManuoHHbIME KaHanamu (M K),
10 KOTOPBIM PacnpocTpansioTcs HHMOPMAlHOHHbIE CHIHAJE], 3aKOANPOBAHHbIE B
cxansaphofi opme;
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O xaxawlit HO moxer ObITh CBsi3aH MOCPeACTBOM BXxoaHbIX MK ¢ MHOKeCTBOM ApY-
rux HD:;

O xaxapi HO umeer exmncrsennpiii Buixoanoil MK, koTopslit BIOCHEACTBHY MOXKET
Pa3BETBAATHCA;

O kaxzabiit HD Moxer ob1anarh cobeTBeHHON BHYTpeHHEH NaMATLIO (B OCHOBHOM B
BHZ€ BECOBBIX [1apaMeTPOB COCAMHEHHI) H MOXKET OCYILIECTBNATh JOKAIBHYIO 06-
paboTky npuxopsuieil K HeMy HHPOPMALH;

O obpaboTka uHGOPMALMY HEHPOSIEMEHTOM OCYIUECTBISETCH JOKATLHO: OHA 3aBMU-
CHT TOJIKO OT 3Ha4eHUH, nocrynaoumux no sxoxupiM UK, 1 sHavenuit, xpananmxcs
B €r0 BHYTpPEHHEH NaMsTH,

B mpoTHBOMOMOKHOCTE TPANMUHOHHBIM CTPYKTYpaM 06paBoTKy MHGBOPMALHH, KOTO-
pble Pa3sBUBAIOTCA NYTeM NpsMoro mporpammuposanus, WHC passusalorcs u azan-
THPYIOTCS B npoltecce obyueHus no npumepam. TexHonorus 06yyeHns MOAPASHEIs-
€TCA Ha JBE KATErODHH:

O obyuenue ¢ yuumenem, NPA KOTOPOM HMEETCSI MHOXKECTBO IIPUMEPOB, I KOTOPHIX
OTKJMK MjK rmopeferre HC uspecTHo;

O obyuenue Hes yuumens, camoobyuenue UIH CAMOOP2ANU3AKUS, TIPU KOTOPOM Ipo-
uecc obyyennss HC mpoucxouT aBTOHOMHO: IO Mepe NIOCTYIIEHHS HOBO uHbop-
MallMM HaxOISTCH HEKOTODble ee CBOHCTBA M 3akoHoMmepiocTH, # HC obyyaercs
OTpaXkaTh HX Ha BbIXOJE.

HeiponpoueccopHbie anemMeHTbl

Kaxzaerit HD Bbinonnser oTHOCHTEIbHO TPOCTYI0 DYHKIMIO: NOMyYaeT HHMOPMALIH-
OHHBIE CHTHAMIBI OT APYTUX HO MK BHEHMIHNX MCTOYHHKOB, (DOPMHPYET BBIXOAHOI
HHPOPMALMOHHBLI CHTHAM W NEPEJaeT ero APyTuM.

BbixogHble curHans

MpomexyTouHbIe CurHans

ﬁ BxogHeie curHans!

-
|

¥ 4

Puc. 3.1. 06wan cxeMa MHOTOCNOWHOM MCHYCCTEEHHOM HEMPOHHON ceTu




134 fmaga 3. HeipoceTepoe NpeACTasneHue HeM3BECTHBIX 3HAHUI M 33KOHOMEPHOCTEH

3

Ry
o N\

X, < H2 .;4@7@& @_._
[ s

s

Puc. 3.2. Cxema npeobpa3osanua curianos 8 H3

Buyrpu muorocioiinofi MHC HeHponpoLeccopHbIe 2iEMCHTDE NOAPa3AeIAI0TCA Ha TPH
tuna (puc. 3.1):

O BXOJHBIE, KOTOPEIE [OIYHAIOT CHIHAILI OT BHEIIHHX MCTOUHHKOB,

O NPOMEKYTOYNbIE, KOTOPbIE PHHIMAIOT CHTHATBl OT OJHHX H3, ¢opMupyT cAr-
HAJBI ¥ TIEPEAaloT UX APYTHM;

O BHIXOHHBIE, KOTOPblE (DOPMUPYIOT BBHIXOAHBIE CHIHAJDL

Jlnst oncaing PyHKIHOHHPOBAHIIA H3 8 MHC neobxoguMo BBeCTH PAA XapaKTepH-

ctuk u npasua (puc. 3.2):

O Kaxapil j-it HD XapakTepH3yeTcs CKaJsipHOH BEJIMUIMHOM ¢, HASHIBAEMON AKTHBA-
Lueii, KOTOpasi COOTBETCTBYET YPOBHIO ero akTHBHOCTH;

O nepegaua CUTHANOB OT oanux HI X IpyriM OCYIMECTBARCTCS TIOCPE/ICTBOM B3BE-
[IEHHBIX COEIHHEHHl ¢ HACTPaNBaeMBIMHM BECOBBIMH IMapaMeTpaMH;

O Kaxioe k-e coEpMHEHNE XAPAKTEPH3YeTCs CBOEil BENYMHON BEKTOPA BECOB Wi

O pasellennoe dendpumioe npeobpasosanue a,= D(W; X;) ONPENENICT BETUIHIY

: it k- » KTODY X, BBIXO/JHBIX CHI'Ha-
AKTUBALMH dy, IPOH3BOAUMOH k-M coemli{emxcm MO BEKTODY Xy,
joB HI, yuacTBYIOUIHX B €r0 obpa3oBaHuy;

O MNpaBHJIo CYMMHPOBAHHSA aKTHBAlMK @ = S(..., o ...) onpefaenseT BEJIPE‘-IHHy a;
akTMBalMK j-To HD B 3aBHCHMOCTH OT aKTHBALMH @y, MPON3BONAMMDBIX B3BEHIEH
HBLIMH COEMHHEHWUSMH, IJle MHAeKC k npoberaet Bce COCAMHEBHN j-r0 H3;

O (yHKUNA BLIXOAA X; = F(a)) onpejenaer 3Ha4eHMe BBIXOAIHOTO curnana x, HO B 3a-
BHCHMOCTH OT BEJHYHHbI €70 aKTHBAIHH 4,
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(DYHKUHOHATLHYIO 3aBHCHMOCTD @, = A/(X;) BeIHUHHDI AKTHBALUNM @, OT BEKTOPaA X; 3Ha-
ueHHH BBIXOJHBIX cHrHanos H3, ceasanueIx ¢ j-M HD nocpeacTBoM coeuMHEHUH, Ha-
ablBAOT Qyukyuedl akmugayuy HI. DyHKUMOHANLHYIO 3aBHCHMOCTD x=N(x;) Beau-
YHHBI BBIXOAHOTO cHrHaza x; HI or Bektopa X; 3HauYeHHH BHIXOAHBIX curnaio H3,

cesizaHubIX ¢ j-M H3I nocpeactsom coejinnensni, HaaMBaOT Pynkyueti npeobpasosa-
nuest H3.

B nuHampyeckux mojensax gynxuuonnposanns MHC Bce BenuuHbl — A, X, X W,
@y, @ — ABAAOTCSA QYHKUMAMH, 3aBHCHIIMII OT JHCKPETHOrO MJH HENPEPHIBHOTO
cdaxTopa BpeMeHH {. B sToM ciydae pyHKIHA BBIX0OIA MOXET TaKKe 3aBHCETDh OT 3Ha-
UeHUH aKTHBAUMH @ W BBIXO/HOIO 3HAYCHUA X; B MOMEHTHI BPEMEHU T < L.

3 npouecce pynkunonuposaind MHC HelipoaneMeHTbl MOTYT H3MEHSTH CBOE COCTO-
SHHE CUHXPOHHO MJAH acUHXPOHHO!

O HOpH CHHXPOHHOM (b)’HKU.I‘IOHIIDOB'EI]IIIH [ll?IUIDOE!.?I(;\\'IGHTI)l H3MCHHIOT CBOE COCTOA-
HHe aKTHBallHW OJHOBDEMEHHO;

O Opv acHHXPOHHOM (l)}’!'lKI[IIOHHPGHHHHH HEﬁ]_)O:—}.TICJ\ﬂi’IITI)i MOPYT H3MEHATH CBOe
COCTOsIHHE HE OJHOBPEMEHHO, NPHYEM TOJILKO OJHH I'i@ﬁ]}()&}."f{"‘,\i@l’iT MOXKET H3ME-
HHTL €BOC COCTOANME aKTHBAlLlHKM B OJIHO BpeMs.

B HEKOTOPLIX CYHaAX aCHHXpOHHAA MOJeNb (i)}’l!I\'IU'IOHI[{)()BHHHH HGﬁ]’JOﬁJ’IﬁMCHTOB
MOXKET MMeTh HpeHMYINeCTBa.

DYHKUKUMA aKTUBALUMK HEUPOINIEMEHTOB

lpaBuna CyMMUPOBAHUA aKTUBALMIA

B BonbuiHHCTBE CAYYAER NPENTOIaraor, yTo Belanunta akrusauny H3 moxer GbiTh
BBIMHC/IEHA KaK Pe3yibTaT [POCTOTO api(IMeTHYECKOIO CYMMHUPORAHHS BeJMYHH aK-
THBALMH KaKA0ro COSIMHEHH, TO ecTh npeodpasopaniie § UMeeT BHI

(1) = Za;k 1 8_:' ¥
k

rjie MHAEKCe k npoberaet coenuuenii HI, 8, — BeinunHa Tak HA3BIBAEMOTO CMelle-
HUS MM [IOPOTA.

MYHKUNA aKTUBALMH C TAKHUM NPABHJIOM CYMMHPOBAHHUA NPHHNUMACT B
a;(x;) = ZD(.T_?k;Ec’Jk) +0,,
13
e ¥; — BEKTOP BBIXOAHBIX curHaios HI, cpssannsix ¢ j-m HI nocpeactsom B3Be-
LIeHHBIX coeaHHenHil, a D — aexapitHad QVHKIMA AKTHBALKH.

JinHeHana PyHKUUA aKTUBALUU

B GoapmuHcTBe cay4aes NPeqIlONATaoT, YTO Kambli HeHPOaJeMeHT, OT KOTOPOro
nocrynaer HHGOPMALHOHHBIR CUTHAT, BHOCHT JuHEUbIT BKIAI B @,
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B HpOCTCHIHeM caydae BeTHYHHa amsmauun_} ro HO BhIYMCISeTCH Kak B3BEH.[I3HHEUI
CYMMa 3HaYeHUi BBIXOJAHBIX CHTHA/A0B OT APYIrHx H3 u 3HAa4YeHHHA CMEelleHnd:

= Zwﬁxf +8,
H

rie i — uHRexcsl H3, 0T KOTOPBIX NOCPEACTBOM CHHATITHYECKUX CBA3EH C BECAMH .
COOTBETCTBEHHO, [TOCTYMAIOT m{d)op\nunouubre Curkansl K j-my H3. Ecau w,> 0, ‘rg
BXOZHOMH CHrHai oT j-ro HD ssnserca sosbvxaaioumm; ecin w;< 0 — TOp\IOBHH_{HM
H3 ¢ n1uHeliHbIM IPaBHIIOM pacnipoCTPaHeHNs CHIHAMOB H'leIBaIOTCF{ Z-aeMeHTaMH,
Wcropuuecku 310 caMoe mepeoe n camoe pacnpocTpaHeHHOe MPaBHIIO.

W

« )

7 @
O &

Honununetings gynxyus axmusayuu Juneiinan pynxyus axmusauuu

Puc. 3.3. Mpaeuna pacnpocTparesua CUrHanos ana S— u Z-T1-3neMeHTos
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Puc, 3.4, CnomHbIE CUHANTHYECKNE CORAMHEHUA
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MonunuHenHaa U nonuHOMUaNbHaR PYHKUUY aKTUBALUU

Z-1paBRIC COOTBETCTBYET NDPEAIDIMKEHHID O TOM, YTO Kaxanii HI, oT KoToporo
noctynaer HHGOPMAUHOHHBINA CUTHAJM, BHOCHT JIUHEHHbIH ¥ He3aBMCHMBIM BRI B
BEJIHYHHY aKTHBALUH. DT ObIBaeT B Cydyae IPOCTHIX CHHANTHYECKNX cBszeil. OnHa-
KO BKJIAJ HEHDOYIeMEHTOB, YUACTBYIOLMX B 06pa3oBaHun Hosiee CA0KHBIX cnsa3eh (Tipe-
CHHANTWYECKUE COCHMHEHMA, CHHANITHYECKUE KJACcTeDB!, HECHHANTHYECKHE COeIUHe-
HHA B IyUYKaX aKCOHOB M HeHApUTOB) (puc. 3.4), yxke He MOXKeT ObITh He3aBHCHMBIM,

B npocreiimiem ciyyae MOXKHO IPEINON0KHTD, YTO KaXKIbIH REHDOIJIEMEHT NIpH He-
H3MEHHON AKTHBHOCTH OCTAlTbHBIX HEHDOANIEMEHTOB, yYacTBYIOWNX B 00pa3oBaniu
CHHANTHYECKHX CBs3ei, BHOCHT HE3aBHMCUMBIH JHHEHHBIH BKAaJ B BeJIHYMHY aKTHBa-
1. TakoMy TIpeAnonoKeHHI0 COOTBETCTBYET IOIMIMHe{HOe NPABHIO0, H3BECTHOE KaK
NpaBHJI0 PaclpocTpaHeHHs CHTHAOB A Z-I1-aieMeHTOB:

= Zmﬁ_ El";,(k x; +6,
HJTH 4
a; = ) w, H(x,—d;) +0,,
i e

rie MHAEKC & mpoferaeT CHHANTHYECKHE COC/MHEHNs, HHIEKCH 1€ [, — DasinuHbl ¥
npoberaor HI, yuacTByonine B TexymieMm k-M coegpnennn. Takum obpasom, Z-T1-
3JIEMEHTBI ONMUCHIBAIOTCS HOMAHHETHEMH 0ToOpaXKenHsiMu. ECIH NPeAnoIoKiTs, 4TO
HEKOTOPBIE BX0Ab! Z-TT-371eMeHTa MOIYT NOBTOPATLCSA, TO OH OYAeT ONHCHIBATLCS YKe
MOJMHOMMAILHBIM 0TOOpasKEHneM, 2 [IPABKHJIO pacnpocTpatenys OyaerT Ha3bBaTLCA
NOAUHOMUQTBHLIM NPAGUIOM.

Xora noanauneiinoe 1 NOJIHHOMMAIBHOE [IPABHJIA PACPOCTPAHEHHA B JAWTEpaType
1o HeliPOHHGOPMATHKE BCTPEYAIDTCS peKe, YeM JHHelHoe PaBuIo, oAHaKko HnoJio-
rMYEeCKH 1 MaTeMaTthHyecky Gojlee ONPABIaHO NIPUMEHEHUEe MMEHHO TAKMX IIPABHIL, A B
paje cIyyaes uX npHUMeneHHe gaer Goee ahHEKTUBHDBIE PE3YIBTATLL

®DyHKYUUU BbIXOAA

HenokanusoBaHHbie YHKYUM BbIXOAA

Hepsslie MHC, npeanoxennsie eute B 40-x rogax Max-Kannoxom u ITurcom 8 1956 ro-
Iy n OCHOBanHble Ha jdornyeckux HOI noporoporo Timna, MCNONbL30BAIN B KaYecTBe
tdhyukuny Beixoaa dyHKkuuo Xepucaiija:

B(x) = {

Henmonbzopanne Takol dyHKIMA Gb1JI0 CBA3AHO C Pa3BHTHEM JIOTHYECKOTO aHAIM3a
BLIYHC/JHTENLHBIX ceTeH M MOMBITKaMH NPeACTaBUTh YeJOBEYECKHI MO3I B BHAE KOM-
nsioTepa. B npHHOmIte, MPOH3BOAbHBIE BHIYUCICHHS JIeHCTBUTENBHO MOKHO OpTaHy-
30BATh ¢ MCIOJAL30BAHUEM TOJIbKO JOTHYECKHX HeHpoHoB. BenlecTBeHHbie 3HaYeHUs

1, ecni x >0,
0, ecm x <0.
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MOKHO TPeJCTABIATh NOC/IeA0BATEALHOCTAMM OHTOB, 2 HCIIOAb3yeMble [N 3THX lie-
nefi noriyeckne HI moxHo obyuarts. [naBubiMH ZocTOMHCTBaMH Jormdecknx HI
ABJIAKOTCSA BBICOKAs CKOPOCTL BBIMHCAEHHNA M OTHOCHTEIbHAS JIPOCTOTA PealH3aliuH
HekoTopbIX (hyHKimii. B page cayyaes svecto dynxuun 8(x) ncnoapsyercs QyHKLIHA

1, ecan x> 1,
yx)y=4{x,ecn 0£x <1,
i 0, ecmu x <90,
Tozanee B kavyectTse (DYHKIHA BLIXOJA CTATH HCIOJIB30BATh CUZMOUOARbIbIE (DUIHIUUU:
o(x; s) = o7
KoHcTaHTa s oupejenser BelHYMHY HAKJIOHA CUTMOHMAANLHOH (YHKUMH B OKOJIOJH-
HeHHoIll obuactu. Mynkuua o(x; s) npuHUMaer 3Havedus B untepnatie (0, 1), no-

3TOMY B PAfe ciIy4aeB OHa 3ameHseTcst hyHKuuaMu arctg(x/s) u thx; s), npurnma-

IOUMMH 3HavyeHua B uHTepBane (-1, 1)
~XI5

th(x; s) =d=F R
1+

-xls

ﬂ.’lﬂ YBEJIHUMCHHA CKODOCTH BBIMHCJIEHHH MOKHO HCHOJL30BATH Apyrue (‘I)_}VHKHHHI

S
5 !1! + 5
Ji+ s -1
8, {x; 8) =

Curmonaanphble QYHKIUHE HMEIOT HETOKAALHOE [TOBEJleHHe: OHH OTAHYHDBI OT HYyJs
B Geckoneunoit obaacti, L HHX H3BECTHBI PE3YJbTAThl O CYIIECTBOBAHHH YHHBED-
CAJIBHOTO HEeHPOCETEBOTD aIliPOKCHMATOPA, COAePHKAUIEr0 eIHHCTBEHHBIH CA0i cHr-
MoMgaabHpx HO.

Hpyroit knace GyHKIM, HEMOIB3YEMbII B TEOPUH ANTNPOKCHMALHH, BKJIOUAET B ceds
TaK HasblBaemble pajiuanbible GyHKIHN. Cpejn HUX €CTh HEJOKATH30BaHHble DYHK-
UK, 0AHAKO GOJNBIIMHCTEO H3 HUX — mnoxaamazosaHHble. MHC, noctpoerHsie ¢ uc-
NO/Ib30BAaHHEM DAZHAJILHBIX (GVHKUME, TOXKe ABIAIOTCA YHHBEDCAIBHBIMH AlNPOKCH-
MaTopaMHu.

Jloxann3oBaHHble PYHKUMHU BbIXOAA

B psge ciy4aeB B amanTHBHBIX CHCTEMax, HIPAOUIUX POJb KlaccHpHKATOPOB, Homee
HpEANOYTHTEIbHBIMHA Ha PO/Ib (DYHKIHIT BEIXOAA OKA3kIBATHCh JOKATH30BaHHEIE (DYHK-
nud. IIoNBITKII HCTIOIB30BAHMS TOKATH30BAHHEIX (PYHKIMA B aIaNTHBHBIX CHCTEMAX,
B YacTHOCTH, IJs PAaCO3HABAaHUs 06pa3os, MpeanpHHUMAMICE AaBHO. JlokarusoBaH-
Hble DYHKIMH UCTIOAb30OBATNACH A7 IOCTPOSHHS BEUleCTBEHHO3HAYHBLIX 0TOOpakeH i
1 0B6yueHHA KIaccH(HKATOPOB.
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Hauboaee NIPOCTBIMH C BbIYHCJIHTENIBHOH TOYKH 3PeEHHS ABJAKTCH ClelyUiHe (IJ}’HK‘
LHH

1
4o -t /5
1

o S e
B R I I o

&(x t 5) =

PapuanbHbie QyHKLKUU

PanuanpHEe QYHKIMY B KayecTde (YHKIHH BBLIXOJA 1CNOJb30BATHCL BO MHOTHX
mogenax MHC. DyHKIMH AAHHOTO THNA TaK/Ke HCIOJIB30BAMHCH B TEOPHH AIIPOK-
CHMallMH M B pacno3HaBaHHM obBpasos, NpasAa, MOJ APYTHMM MMeHaMH (NOTeHIH-
anpibie GyHKIHN), CyuUlecTBYeT HECKOIbKO THUIIOB JOKATH30BaHHBIX PajHaibHBIX
¢byuxuuit. Cpeay HUX — rayccoBbl QYHKUMA BHAA
hix £b) =g =%,

a Takxe paivanbHas KOOPAMHATHAA, MYIbTUKBA/PATHYHEIE H TOHKOIHCTHBIE cnjais-
GyHKLHH:

by £,6) = (02 + | = )2, 2 >
hyx . b) = (B + e~ )", 0<b < {;
hs(x; ¢, b) = (bl ~ d)? In(bllx — d)).
B GonpuinHCTBe caydaes dyHKIMs Bbixofa F sisasercs HeyGnipaloniell QyHKIHeN.
Yaure Bcero MCIOAL3YIOTCA CAEAYIONHE PyHKIHH:

1,ecnn x 20,
thereshold(x)= {0, ecnm x < 0;

sigmoidal(x; w) = ———;

& ( ) 1+e™
{,ecmn x 21,

ramp(x)=qx,ecmn 0 <x <1,
0, ecm x <0,

1, ecin x > 0,
sign=1 0, ecnit x =0,
| -1, ecnr x < 0;
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e
th(x; w) = i___:'ﬁ;
+e
x |
S )= || + w;
1|| 12 2 —
5, (x; w)= ey 1
wx

HMonyunnu Taxke pacnpocrpanerue cnenyiomme (DYHKINH BBIXOJA:

Gaussian, (x, x,, &) =g~ /=*.

1

Gaussian, (x, x,, o)= RN i
TSIy i

” i 7 2
BiRadial(x; x,; w,; &;; 5)= Hsigmoidal(e‘*' (x -2, +e")w) x
i=t

x(1~sigmoidal(e? (x ~ x, + ¢ e;w).

Tononorus HeitpoHHbix cetei

B 3aBucuMocTH OT TOMOMOIHN coenHeHItk Heftpos

JIEMEHTOB HE‘prOHHble CCTH.IIO‘I‘
PAalAEIAI0TCSA Ha ABe OCHOBHBIE KaTeTropHH. f

HelpoHHble ceTu npsmoro pacnpocrpanenus

C’Tp_\, KTypa CoejuHenHui Heitposementon B Taknx UHC Takosa, uto B Heii mer 0b-
PATHBLIX CBA3EH, TO €CTh BLIXOAHOH CHTHAJ HelposNeMenTa He MOXET B NOCJeAYIO-
IeM BO3BPATHTHCA €My Ha BXOJL.

PeKyppeHTHbie HelipoHHble ceTy

: 1
Aist ceteii nopo6HOrO BUAA BLIXOAHBIE CHIHAM He
I0IIeM BO3BPATHTBLCH €My Ha BXOJ, TO €CTh
LHKJBI),

HipoanemenTa MOryT B noclueny-
B IHC umeiorcs oGparnbie cBasn (nmn
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ApXUTEKTYpa pasNnuyHbIX UCKYCCTBEHHbIX
HeUPOHHBIX CeTeu

InemeHTapHbin nepuentpoH ®. Po3eHbnarra

B 1957 roay amepukadcknm Helipodusnonorom (. Poszentaatrom Guiia mpensioxe-
Ha oHa u3 nepppix Mojeneil MHC, naspannaa nepuentponoM [2]. Ee oranuurens-
i1a% 4epTa — CHOCOBGHOCTE OGYYATLCSA PACTIOZHABAHHMIO IPOCTBIX 3PHTEAbHBIX 06pa30B.
Bekope niepuentpon Gbia peannsosat B sujie Moaeau HC Mark 1. C tex nop naua-
JOCh aKTHBHOE PAa3BUTHE HEHPOKOMIBIOTEPOB.

& ]
| Eﬂfl./@\@lﬁ

1

/ bl T e
. A — crion C-aneMeHTOB
B — cnown A-aneMeHToB
C — cno% HacTpaveaemsIX BECOB

‘ " : D — cno# P-anemeHToB
Tm \'\./@ . s
- \@/ Yo

Puc. 3.5. Apxutertypa nepuentpoHa @, Pazenbnarra

IlepuenTpon (pHc. 3.5) COCTONT U3 JIETEPMHUHHUPOBAHHBIX nopozogsry HO Tpex THIIOB:

O cencoprvie H3 (C-anementsl) r,, ..., 1, («ceTvyarkas ), KOTOPLIe BOCIPHHUMAIOT BXOA-
Hble 0OpasLI;

O accoyuamuenvie HD (A-aneMentst) x,, ..., X,, CBsA3aHHble ¢ ceHCOpHBIME H3, Bb-

NOJIHAKOT pOAb HETEKTOPOB NPH3HAKOB,

O peuwarowpe HD (P-amenmentsl), cBA3aHHbIe HACTPaUBaeMbIMH CBA3SIMU € accolna-
TusHbiMH H3, coyxkar 118 npHHATHA PEIIeHM.

O6biHo yncao P-aneMeHTOB BHIOHPAIOT PAaBHBIM KOJAHYECTBY KJIacCOB, Ha KOTopoe
HeobxonuMo pasOUTh NpebsiBiseMble TePLUeNTPOHY 00pashl.

PaccMoTtpennas mofienb MHC OTHOCHTCST K KAaccy ceTel ¢ npaMbiMu COAIAMU
(feedforward), oauH U3 ciOeB KOTOPLIX ABJASAETCH MOAH(UIUHPYEMBIM.

B npocreiimenm caydae, koraa n=m 4 x, = r, i = 1...n, AeTEKTOpPH UPH3HAKOB MOTYT

- 1 i

PACCMATPHBATLCS KaK BXOAHOI Ciioi. Toraa neplenTpoH BbIPOXKAAETCS B OAUH ROPO-
eoguitt HO ¢ m BXoZaMH, HA3LIBACMDIA 21€MEHTAPHBIM liEPUEHTPOHOM.
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[lepuenTpol pearupyer Ha BXOAHON abpa3 (BEKTOP) reHepaltiei CHIHANA HA BHINOARS

P-anemenrta. On (DyHKIHOHHPYET B ABYX PEXIMAX:

O B pewcuse obyuenys NepUENTPOHA B NPOCTPAHCTBE NPH3HAKOB X, ..., X, (hopMH-

PYETCs TMINepniOCKOCThL, KOTOPpaa JAeJAMT 3TO HPOCTPAHCTBO Ha ABa KJIacca;

OB pexcume pacnozidsdanus NeplerTpol onpelelider, K KakOMy H3 KJAACCOB OTHO-

cured BXoanoi o6pas. Tak npouzgomnted OuHapHAas KIaccHOUKALNA BXOIHBIX
ofipazon.

Pemenue NepIenTPOHOM K(}I-II(])E‘TF!OI"i 3aJadd pacnio3HaBaHuAa obecneynraeTcsa ¢ mo-
MOIBLIO HaC?HPOI}KE( 8ecog caa3ell B pesinmMe 06}"1‘(3HHH.
OcHOBHBIMH HeJOCTAaTKAMH HEMCHTAPHOTO NEPLENTPOHA ABJANTCH

O orpaHu4eHHOCTh Kpyra 3alay, pemaempix 3toit MHC (usz-3a aunefinocty pasae-
JIAI0Mei! KAAcChl MOBEPXHOCTH);

Q Goabmasa AIHTENIBHOCTH fpolecca obyuennst (113-3a2 HEOOXOANMOCTH MHOIOKPAT-
HOTO TpeABABIeHNs Beeil odydawuleil puboprn).

MHOrocn0MHbIN NepLUenTPoH

Mpuorocaoitusiil nepuentpord — 3to UHC ¢ npaseivu cessamu (feedforward), 8 xo-
TOPOil HMeeTcsA Heckobko coes H3 ¢ HacTpauBaeMBIMM BecaMu cpsaaeil.

ADXUTEKTYpa TPEXCA0MHOTO NepuentpoHa, MoayyHEIero Hanboabliee pacrnpocTpa-
HeHHe, pHBedeHa Ha piHc. 3.6.

21 + Yns
Y Yar

JN‘;
BbIXOAHOM oW Ye=f(3 wijxfy — 60, £=1.M
k=1

Ny
CKPBITLIA CNOM 7 = f( '21 wialy —6) k=1.N;
5=1

:E.Nl N
= - T = E S L iy L
BxogHOR cnow x;= Jf(élu,”;riJ BJ), g =1..N{
=
T TN

Puc. 3.6. ApxurexTypa TpexcnoiHoro nepuenTpoHa
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2 g

0r B) A | B

2 b A BxOOHBIE CUTHANI, COOTRETCTRYIOWME
TR vce
50|  |=100 Knaccam A u B, nonepemeHHo noasan

4 = Ha BXOA NepuenToHa. SneMenTsl knacca A
paBHOMBPHO PacnPEAeneHbl BHYTDH
4 =250 =150 QKPYKHOCTH, @ INEMEHTLI Knacca B

pacnonoXeHs BHe ee

-2 I__I
_4 1 T 1 L

4 2 0 2 4 4 2 0 2 4

Puc. 3.7. Nipumep 0BNacTy, ONUCHIBREMOH TPEXCAOAHIM NEPLENTPOHOM

1-CNOMHLIA 2-CROHHBIA 3-crioiHeIR
nepuenTpoH nepLenTpoH nepuenTpoH

3apava «ucknosaowee WUIMA»

!
1 i A= i .
‘ | e %
B on ey b i)
MonynpocTpaHcTBO, Bhinyknas 3aMKHyTan MpoussongHan
orpaHuHeHHoe WK OTKpbITaA {orpaHuyeHa
NONYNNOCKOCTLIO obnacte CNOXHOCTBIO)

Puc. 3.8. Bup obGnacred peweHnid Ana nepuenTpoxos
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B otmmrune ot anementaporo HEPUENTPOHa, GOPMUPYIOLIEro KAacCHDUIHPYIONLYIO
FHNepIIOCKOCTh, MHOTOCIONHDIA NePLUENTPOH MOXKeT popMHPOBATD B pemmé obyue-
HHA COKIBIE HEIMHEHHDIC THIEPIIOBEPXHOCTH (KYCOMHO-THHEH HBIE, TOMIHOMMATLHbIe
U T. 1) (puc. 3.7). Braronaps »tomy MHOrocAoHHbIH TIePLEeNTPOH cIocobeH pacios-
HABaTh MPOUSBOILHOE YHCIO KJIACCOB, HMEIOUIHX CTOKHYIO CTPYKTYPY B IPOCTPaH-
CTBe NepBuyHbIX npusnakos. Ipn stoM knacesl MOryT npeacTaBaaTs coboii BBITIYK-
JIBle, HEBLIMYKILIE 1 MHOrOCBA3HbIe 00bekTH (piic. 3.8).

Taxum oHpasoM, MHOrOCHOIH b TIEPUENITPOH € 10CTATOYHLIM KOMHYECTBOM BHYTpPEH-
nux HO u coorsercrsyiomeil marpnueii casseii NPHRUMIHATIBHO CHOCOOEH ocy1ie-
CTRAATH MoGoe npeobpasoBanue <BXOI-BHIXOLS, annpOKCHMHUPOBaTh J1106Yi0 p"eu_ta-
1011¥10 (Pacno3HAICILYI0 ) PYHKIHIO ¢ 110004 Hanepe/ 3a1AHHONH TOYHOCTHIO. s storo
HE0DX0AHMO!

= L R e r ST T
Q Bpibparh APXMTCKTYDY NEPLenTPOHa, a MMEHHO: YHCIe cioes, 4neio HD u ux THIL
Q nacrponts Beca cpaseit HI ¢ momomsio HEKOTOPOTO anroput™a obyyeHuy.

Hetpocetn Xondunpa

Cemu Xongpuada npeacrasiasior coboit WHpokni knace MHC, rxmovaomuit B ceba
MHorue it MHC B xadecrse yactubix noaxnaccos. Sto 0BYCIOBAEHO TEM, YTO CeTh

ppin L ol e . e
an(pﬂ.ﬂdd ABMACTCH aOCOMIOTHO QAHOPOJIHOM CTRYKTYDOH bea KaKoH-1160 BHYTDEH-
HEeH clienainsaudi ee HI. A

Beixogel

=

=

Bxoawi

Puc. 3.9. Apxurekrypa MHC Xondwnga

Boixox xaxaoro 13 HI ceTu ¢BA3aH HACMPAUBREMBIMU COAZRMU C BXORAMU BCEX ADY-
rnx H3. OTcyTeTByIoT TONLKO CBA3H COOCTBEHHOTO BBIXOAA ¢ COGCTBEHHBIM BXOAOM
(puc. 3.9).

CeTh XoNduiaa NpeAHasHAueHa 1Ig 3alI0MHBHAHNS HECKOILKIX YCTOHUHBLIX BBIXOI-
HBIX COCTOSIHMIT (3TAMOHHBIX 00pa3oB) U MoKeT paboTaTh B KadecTBe YCTPoicTRa ac-
CONUATHUBHON NaMSATH.

Jlnst 5TOr0 HEOOXONUMO NEpe]l HavyanoM paBoThl PaccyHTaTh CHMMETPHUHYIO MaTpH-
1y ceazeit HI ceTn.

O1anoHHbe 06pask Vitepauwn cetu
PITTT ] ==
T T °F ¥ |
I | | 1
I ; 1
L } i L ]
L e o ] L]
o | | I E 1
1 2 =0 =3
! 17 (= [T
Tﬁ : 1 : | ’ ] |
LT : ! 1l |
{ T ’ T
= -t
L ] O TR G bogs ] i
1l [ !
i LLL |} 1| | I S
I ] ] 1 { : i |
| mm ; e
3 4 =4 7=5 =7

B momenT =0 noaaH aTanoH 3, CKaMEeHHbIA CNY4YaRHBIM LUYMOM C BEPOATHOCTBLIO MHBEPTUROBAHUSA
KamAacro anemexTa 0,25

Puc. 3.10. Accoumarnensie csoictea MHC Xongunaa

3anuchBag B CeTh HEKOTOPLIH BXOAHONH 00pas (HanmpuMep, YacTHYHO HCKAKeHHDIH
ITANOH), MOKHO chOPMHPOBATH NPABM/IBHBIH BhiX0OAHON 06pas (aranoH He3 HeKake-
HUlt) TIOCTIe HOCTHKEHNA CeTnid cTabuabHoro cocroanus (puc. 3.10).

PazxHosupHocTH ceten Xondunga

CyiuecTsyoT ase ocHosHble passoruasocti UHC Xondnaga:
O MHC ¢ noporoseivu H3;

O HMHC ¢ curmonaanpapiMu H3.
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4 BHepreTrdyeckasn
DYHKUMA CeTI

HavaneHoe OBnacte

/}\?\ \cocmﬂnue i |

/
) S
! | !

SranoH 1 OTanoH 2 3r1anoH 3

CocTosaHpe ceTH

Puc. 3.11. Mexahuueckan aHanorus nosegexna MHC Xondunga

HHC ¢ nopozosvimy HO QYHKUMOHUDPYIOT B GCUHXPOHHOM DEXCUME, TO €CTH KAXKIbIl
H3 B coyuaiinbie MOMEHTHI BpEMEHH ¢ HEKOTODOH CpenHei 4acToToll olipelenseT CBoe
cocrosiHie. B kayecTse moporoBoro yposHs Ais Bcex HD obbvHO BRGHpaeTCs: HOb.

Baaropaps sToMy Oka3asock BOIMOXHEBIM onmucaTh AuHamuky MHC Xonduana s pam-
KaX sHepreTHyeckoro noaxoga. [lpi aToM okasbIBaeTcs TOIE3HOI MexaHMYeCcKas aHa-
JIOTHS MEX/LY TIOBEJJEHHEM CETH M JBIKEHEeM LIapHKa No HEKOTOPOMY BASKOMY peilb-
edy nox AefcrBueM cuabl TKecTH (puc, 3.11).

Iosepenne HHC ¢ cuzmoudnvimu HD ONKCBIBAETCS CHCTEMON HeaHMHeRHbIX audde-
PEeHIHATBHEIX J\"{)aEHEHI{I‘-J[, YYHUTHIBAIOW MK CHHXPOHHOCTE M HENIPDEPBIBHOCTE NEPEKTIO-
geHus HD.

OcxosusiMu Hepoctatkamyu MHC Xondumana asasotcs:

1) HeaKOHOMHOE HCTIOAB30BAHME MaMATH (KOJMYECTBO CAYYalHBIX 06pasoB, KOTOpoe
CeTh MOMET 3aNIOMHUTE C BEPOATHOCTHIO MOCIeIYIONEr0 BOCCTAaHOBACHUS, PABHOH
1, ue npeseimaer 15 % ot obmero konnuecrsa HI);

2) 4yBCTBUTEIBHOCTD K MCKRKEHHSM Pacro3HaBaeMbiX 06pa30B {(ceTh MMeeT BechbMa
CKPOMHEIE BO3MOXHOCTH Paclio3HaBaHMs, TAK KaK JONYCTHMO JHILb HCKaxCHUE
06pa3oB OTpaHHYEHHBIM AIIMTHBHLIM LIYMOM);

3) HeWHBADHAHTHOCTH K TEOMETPHYECKMM TpeobpasosaHuamM obpasos (HanpuMep, K
a(bUHHBIM WK IPOEKTHBHBIM NPe00pasoBaHKUAM PacIiO3HABAEMEIX H300paXKeHH).

Hefipocetn XeMMUHra

VHC XeMMHHIra peanu3yeT ONTHMAJBHBIH B CMBICTe MHUHHMYMA OWINOKU @rzopumm
KRQccUpuUKayUY, NCIIOAB3YEMbIH 1A pelueHus 3a1a4 B 061acTH CBA3U (BOCCTaHOBAE-
HUE MCKaXEHHOTO CAyyYailHBIM HIYMOM 3TAJIOHHOTO CHUTHama).
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1) H; ~ paccTosHne XeMMWUKra mexay BXOAHbIM CUTHENO0M W i-biM ATANOHOM;
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2) BUA BEIXOAHOMR hyHKLMM:

Puc. 3.12, Apxuterrypa MHC Xemmunra

Apxnrextypa MHC Xemvunra nokasana #a puc. 3.12.

CeTs npeacTaBiser coboil ABYXYPOBHEBYIO CTPYKTYDY, B KaXJIOM CJioe KOTOPOit pac-
nojgokens! HD ¢ HackiuienneM. Yicno H3 B BepxHeM H HIDKHEM CI0AX OAHHAKOBO M
paBHO YMCTY Knaccos oGpason. Beca caaseil n noporn HI sanatorcs npu obyueHnH
WUHC XemMunra.

Mocne 3amanus Becos cazeii u noporoe HI Ha sxoan MHC nopaercs aBon4HbIH
N-mepHbiii gekTop (06pa3). On A0/uKeH COXPAHATLCS HA BXOJAX B TeUEHHE BDEMEHH,
JOCTATOMHOTO JUIA NApaLieaviozo cpabamuisanus seeX HO HAXKHEro cos W HHHIIN-
amzanuy HI sepxnero cnos. Kaxasiit HD HIKHEro €108 BbIMHCIIAET CAEAYIOULYIO
sexnuuny N-H, rae H, — paccrositiie XeMMIHIa MEXAY BXOAHBIM BEKTOPOM M i-M
ITANOHOM.

Iocne ynatenus Bxoanoro sektopa ¢ sxofos MHC cocroanne HI nuxuero c1os He
M3MEHSAeTCS, A B BEpPXHeM CJI0€ [IPOMCXOANT CuHXponioe cpabamuiganue HI.

Bepxuuit coit ocymectsaser Betbop HI ¢ nanbonpuiny yposHEM BO36YKACHUA.
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o
Kpumepuen oxonuarnis nponecca KiIaccH
CHTHANOB HA BBIXG]
ro H3 coorpercrny
HOl 0bpaa.

Mo epaenenuio ¢ UHC Xonduiza UHC Xemmnra:
1) Tpebyer mouru na TIOPAAOK MEHBILEro Y
KOBOM MHQPOPMAUHONHON eMKOCTH CeThH;

2) B npouecce paGoTwi BCETHa «CXoanTCA» (3B0
HoMy oOpazy.

ax scex H3 sepxuero ciios, 3a ncknoye
ET KJIACCY, K KOTOPOMY NPHHALNEKUT H

a coequnenuii mexny HO npu onuna-

MoporoBo-nonuHoMuanbHbie HenpoceTu

fopozoso-noaunomuarvuas NHC peaHasn
HCHHO He pasiesnMBbiX) KJ1accoB o6p

a30B, 3aTAHHBIX B n-Mep} ;
HYHBIX NpH3HakoB [4], [5]. , R

i
o Knacc 1

@

Qe
r\ T

ﬁﬂ»@-—ﬁ@\@w

Y%= 51gn(§ze§.¢} (%)), k=1 .N, W, — UenouncneHHsie Beca

Knacc 2

-’.ﬁ)
, j=1

6,6y =T

=1

Wt

Puc. 3.13. ApxutexTypa NOPOToRO-NOAMROMUANREHON MH(

Cxema 110poroBo-noannostanbof HHC uzobpaskena Ha puc. 3.13

Ha BXOjte MHC umeetca cencopnwii 610k HOpor
OIHH NPH3HaKK 00BbEKTOB X = (X, ..., X,) B BHJIE HBOMYHBIX KOIOB
[Monyuennntii AHOIT i |

JIYSCHHBIH BXOAHOH 06pa3 (ABONMYHBI BEKTOD X) NOCTYNAeT Ha O0K nonunomu

i g =l .

AAbH MY ??;I;e 30 nea A-3TeM HT + I [. fp IOHIHM 7m-) I(I I H BKT T
77 . 06‘0({' alx, el ( AeMe OB) (POPME YIO 5] =M JHBIH B K Op BTO-
p”‘-”“ﬂ)\ (I!U"[IAHO.\I”&.‘H)}“}I)\) ”p[—I-:}Hd.{Oﬁ £ (Q)(X). P ¢| (A))
1 F

oBbix HI (C-anesmenton), thuxcupy-

QUKALHK CAYXUT OTCcyTeTBIE BBIXOJHBIX
HHeM oanoro. Homep ato-
CKOKEHHLIH UIYMOM BXOZ~ |

VIOLMOHHDYET) K HEKOTOPOMY 3TAT0H- |

avyeHa aag PAClO3HABAHMS CHOKHDBIX (nm-
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Iti BTOPHUYHBIC HPH3HAKH ONPEACAAIOT M-MCPHOE NPOCTPAHCTRO NOJHHOMHAALHBIX
9,(x),j = 1...m, MPU3HAKOB, HA3BIBAEMOE CHPAMASIOULUM NPOCMPAHCTEOM. SIBHBI BUIL
dynxunit ¢,(x) perbupaeTcs aneKpaTHO pellaeMoii 3ajaye HEMOCPEACTBEHHO 110 06y-
yaioieil BeIGOpKe,

B BBIXOAHOM CJI0€ pacnofOKeHbl pewanwue noporossle H3 (P-anemMeHTh), KasKabii
H3 KOTOPBLIX <«OTBEYACT» 34 PACNO3HABdHHEe OJHOr0 H3 KJaccoB 0OBEKTOB,

MeToabl 00yueHUA 3HAHMAM UCKYCCTBEHHbIX
HeMPOHHBIX CeTen

06y4yeHue 3neMeHTapHOro NepuenTpoHa

[IpeanoskeHbl pasiIUUYHbIe METOAB! M IIpaByJa o0vyenns nepiientpoda . Pozenbnarra.
I 3

OH M3 METOLOB HA3LIBAETCA METONOM npouedypol cxodumocmu nepyenmpona. OH
OCHOBBIBAETCS HA OJHOMMEHHOI Teopeme.

Teopema. [lns moboro aauHoro Habopa BXOJHBIX BEKTOPOB i Joboil Tpebyemoil ux
KiIaccnbUKaLM aaropuT™ O6YUeHHS Yepes KOHeYHOe YMCQ 1JaroB NPHBEET K Bh-
YHCAEHIIO TPpebyeMoro Habopa Becon, eI TaKoBOI CYINECTBYeT.

210 yreepxaene Gui10 chopmyanposano @. Pozenbaarion.

Hpunuyn geficTeya anropuT™a obyyenus eplenTpoHa HaocYpupyeres Ha puc. 3.14.
QObyuenue NPOUCXOANT N0/ KOHTPOJEM «VUHUTENA», KUTOPLIH COOOUAET IeplenTpo-
HY OPABHALHBIT OTBET d(¢) M5 Mio6Or0 BXOJHOTO BEKTOPA H3 0OyHQIOUEE SuOOPKU.
fTepienTpon MHOTOKPATHO TIPOXOJINT Lkl 0Oyuennst, COCTOSILMN:

O N3 mpeAbABIEHUS BEKTOPA BXOAHBIX JAaHHBIX;

O BBIUMCIEHUS] OTBETA MepUenTpona y{t);

O cooblueHssl eMy IPABHILHOIO OTBETA M KOPPEKTHPOBKH BECOB CBA3EH.

Anroput™ obyuenns npoaoiKaeT paboTy 0 Tex 110p, MOKA BCE BXOJAHBIC BEKTOPLI He
BYAYT NPABHIBLHO KIaCCH(pHIIMPOBAHEL

[Ipouecc obyueHUA 3aBHCHT OT MapaMeTpa afalTalMM (. 3ajapas 3TOT NapaMeTp

BHyTpH HHTepBaia (0; 1), MOXHO peryaupoBaTh CKOPOCTE 0OYUEHHs, CBH3AHHYIO C

MUHHMU3aLHe 00miell omnbky GYHKUHOHKHPOBAHKUA IIPEIenTPOHA.

AAroput™ 00yUeH sl 3JEMCHTAPHOTO NIEPHENTPOHA MOKeT OBITh 3aNHCaH CAeayIONIHM

obpasoM:

1. MunuuanuaupoBaTh Beca 1 NOPOTOBbIE 3HAYSHHS KaK C/yHalmbie 4MCIa H3 AHana-
sona [-0.1; 0.1];

2. Bribpats ouepenHoil BXoAHOH BekTop X(f) U3 obyuammel BLGOPKii

3. PaccuuTath BBIXOJAHON CHPHAA HEepUenTpoHa:
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we)=f [i w,x,(t) - 9}

=¥

4. BbIIONHHTD KOPPEKLMIO BECOB CBsi3eil:
w,(t+1) = w(0) + wWd(®) - y(O)lx, (), e (0,1);

dee) = {-4—1, €CJIH BBIXOAHOH BEKTOp M3 Kiacca A,
~1, ecni BBIXOAHOR BeKTOp U3 Kiacca B.

[

Ecin e sce Bextopn u3 obyuaioneit BLIOOPKH KAACCH(DMIMPOBAHBI TPABHITLHO,
TO NEPEHTH K wary 2.

6. Konen,

100

Puc, 3.14. Mnnioctpauma anropurtMa obyuenus nepuenTtpoxa

Anroputmbl 06y4eHua MHOrocnoiHoro nepuenTposa

B nocaennee spems wnpoko uenombayercs npouenypa obydyeHHs MHOTOCTONHOTO
HEPLENTPOHA, NONYYHBIIErO HA3BAHNME a120pumma obyuenus ¢ obpamusim pacnpocm-
paneruen owubxu (error backpropagation). 3ot agroputs ssasercs obobuennem
fia IPOM3BOILHOE HHCIIO CI0EB OAHON M3 Npouenyp oOyyeHHs SNeMEHTAPHOO nep-
UCIITPOHA, U3BECTHDBIH KaKk npasuao Yuupoy— Xodda (dervma-npasuno).

Tepen obyuennem nepuenTpoHa CoA3AM NPHCBAMBAIOTCH HEBObIIHE CTyyajigble 3Ha-
uennst. Kaxknaa nrepauwus upoueaypsl cocTouT na aAsyx craanil. Ha rIépBoi’r CTafiHH
Ha CeTb MOZACTCA BXOAHOH BEKTOP, H OH PAacPOCTPAHAETCH 110 CETH, MOPOKAAA HEKO-
TOPbIi BHIXOAHOM BexTOp. 1A paboTsl anropuT™a ofyuenus TpebyeTcs, yTo6m nepe-
AATOUHAA XaGpaKmepucmuxa (XapakTePUCTHKA «BXOA-BBIX0M(» ) Gbijia HEMPePLIBHO -
(epermupyemoit u neySniBaoien GyHkuMedt ¢ OrPAHHYEHHOH 1TponaBoaHol. OBBIYHO

AU 3TOrO HCIIOAL3YIOT CHTMOHIHBIE f’ig YAOBJACTBOPAIONULHE YKazaHHOMY TpeﬁOBa‘
HHIO. ;
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Ha sTopoil cTaauu MonyyeHHbIH BHIXOAHON BEKTOD cpaBHHBaeTtcs ¢ TpebyembiM. Econ
OHM COBMAAaloT, TO 00YUEeHHs [ie TIPOMCXOANT. B 1IPOTHBHOM CJyuyae BHIYHCISETCS
omubxa Mexay (akTHYecKHMH M TpeOYeMBIMH BBIXOIHBIMH 3HAMEHHUSIMIL. 3aTeM
oumnbKa mepeaaeTcs 0OpPATHO MOCTEIOBRATENLHO OT BBIXOJAHOTO €108 K BXOIHOMY
(backpropagation).

JaHHBIT AATOPUTM OCHOBAH HA MUNUMU3GUUY owubKky hDYHKUHOHHDOBAaHHUA ceTH D
METOIOM TPAAMEHTHOrO CNYCKa B MPOCTPAHCTBE BECOB CBA3eH:

1 2

D= 33,5, ~dy).
3necy — haxTHMeCKHil BeixoAHOM curHan £-ro H3 B seixoaHom cice MHC, — Tpeby-
eMblil BEIXOJHOH CHTHAM, P-MHAEKC p-H Mapsl BXOAHOTO U BBIXOAHOTO Bektopos H3 OB.

Qbyuenne NPOROJIKAETCA 10 TEX TOp, Noka omubxa D He YMEeHBIIMTCA N0 3a1aHHOI
BETHYHHDL

ANTOpHTM B 00LIeM BHJIE MOXKeT OBITh 3alicaH CIeIyiomnM obpasom:

1. Muymuanusauusa noporos u secoB H3 kax ciyyalHbix BelHYMH H3 JHanasoHa
[0,1; 0,1].

2. IlpeacTaBuTh OYepeiHble p-e BXOAHOH M BbIXOAHOH BexTopa uz OB,
3. Paccuutarh BHIXOXHOH BEKTOP.
4. PaccyutaTh CHIHAJI OIMNOKH BBIXOZHOTO €05 10 GopMye
2 =Y,(dy ~Y,), Y= s,
Yp =Y,(1=T)).
5. BBINOZHNTB KOPPEKIHIO BECOB CBs3ell 475 BBIXOAHOIO €704 no dopmye

%-(f F A= m;j(t) ¥ !‘LQi;!(p.‘p‘{- G‘(Ejfj(r‘) = mg(t -1)), O0<a<l

-

G. masee UMK DACPOCTPAHEHMs OWHOKM MO CIOAM 10 BEIXOJHOIO BKAIOUYHTENLHO:
(a) Paccuurath curHai ommubKu 1A OUepenHoro caos no Gopmyie

; G = (p;E Gl .
rae @ ; — npoussonnas Henuneinoil dynxnun HD ana ovepeanoro cios, B — un-
Aexc HI cuvexnoro ciosi, 6IIKHETO K BRIXOZHOMY;

(6) BRINOIHUTE KOPPEKIHK) BECOB CBA3eH AN 0YepPeIHOTO CNOSL:

wi(t + 1) = wi(t) + ugipQiptal wj(t) — wi(t - 1)), O0<a<t,
rae ¢, — Bbixoano# curnan HI eMexHOro 107, BAMKHETO K BBIXOAHOMY.
7. Ecnu npoiizena He Bes obyuaromasi ei0opKa, TO TpeliTH K urary 2.
8. Eciu omnbka D 2 €, To mepelith K wary 2.
8. Konenw.
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Henocratkamn anroputMa ¢ oOpaTHLIM DaclpocTpaleHneM OMOKU ABIAIOTCS:

Q BO3MOKHOCTL NPEXAeBPEMEHHOI OCTAHOBKHM H3-3a NOTAJAHHA B 06J1aCTb JIOKa/Ih-
HOro MHHUMyMa [, B KoTOpOH 3(hpeKTHBHOCTL METOA IPajMeHTHOro CIYCKa Pe3KQ
Inajgaet,

i ) !ﬂPHMELIAHME B OTAMYME OT INEMEHTAPHOTO NEPLUENTROHE, ANA KOTOPOTo OWNEKHM BYHKLMOHYPOBAHHA
WMMET e,ﬂHHCTaeHHHﬁ NI“HHMyM, MHUrOCﬂOﬁHbIﬁ nepu,en‘rpou MOMET UMETE HECKONLKD MU=

HUMYMOB ¢ NPUONN3UTENLHO paBHBIMY OBNACTAMKA NPUTAMEHUA.

Q HeoOXOIMMOCTb MHOIOKPATHOTO (COTHH M ThICAYM pa3) npejbsiBieHus pceil OB
[L15 TIOAY4eHUs 33JaHHOIO KayecTBa PAclo3HaBaHHML.
Mpennoxkensl paszauynsie Mojudukanmy anroputya odyvenns backpropagation, mo-
3BONAIME NIOBBICHTH CKOPOCTh OOYYEHUA M YAYUILHTL TOYHOCTb BOCIIDOM3BeNeHHA
TPehyeMOro oTOOPAKEHHSA «BXOI—BLIXO>.
B oanoit u3 monnduraunii backpropagation Mcnonb3yeres anroputy oOydeHus, Ha-
3BAHHBEIH AJTOPHTMOM BUPTYAJBHOTO HMTieaHca (OH OCHOBAH Ha aHAIOTHH moBeje-
Hua MHC u mexannuyeckoil KoJedaTelansoil CHCTeMD).

Pwc. 3.15. 06nacts 8blBopa onTUMansHbIX 3HaveHui napametpoe a v b (pseudo impedance control}

ANTOpHTM -HACTPOHKH BecoB CBA3el HMeeT CAELYIOUIMIT BHIL
dwy(t) = u qy, + adw(t — 1) + bdw,( t - 2),

rae de,(£) — IpUpalenue Beca CBA3N OT i-10 HO K j-My Ha {-M BLIYHCIUTENLHOM LHKIe,
W — mapamerp, onpeieiasioni ckopocts obydenus (0 < p, <1, p = 06..08), a —
WHEPHHOHHLIH YieH, CIIAUKHBAIONINI U3MeHeHHe Becon, b — mapaMerp, NO3BOJSI-
WHH CHU3HTD BO3MOXKHOCTE Nonaganusa MHC B 3ony MokanpHoro MuHuMysa D.

O6aacTh pauHoBAILHOrC BHOOPA 3HadeHuit @ u b npuseieHa Ha puc. 3.15.
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Jpyras moancdukanusa anroprurma backpropagation ocymecTsiser Ha KaxaoM mare
obyueHs BeiOOp 3 OB Takoro MOAMHOXeCTBA BEKTPOB, LS KOTOPHIX omubka dyH-
KIHOHHPOBAHMS HAX0AKTCA B npeneiax 0,5 < |y, - 5d, | <! -e, rie y, — curnan k-ro
H3 8 puixonnom cioe MHC, d, — tpebyembtit BrixoaHOM curHai, e — napaMeTp 3Ha-
yumocTy (e € (0, 1)).

B nanpuefimien obyyenne MHC Benercs no tex 1op, Toka oToBpaHHOe TOAMHOMXE-
¢TBO OYZET MOJAHOCTBIO MCYEDIAHO.

AITOpHTMBI O0YYEHHs MHOTOCJIOIHOTO NEpLeNnTpoHa ¢ noporossiMu HI tecno cra-
3aHbl C METOZaMH CHHTe3a IepLENTPOHa, HCXOAA U3 YCJI0BHIl pemiaeMoil 3agaqu.
Cornacho airopuTMy BHadasle onpejensercs uuciao caoes HHC u pacnpenenenue
H3 mo cnoasm. 3atem Bo BXoxHoM cioe BeibupatoTtes rpynnst MHC, «oTedamonmes
3a NOCTPOEHHE Pa3AesAIOIHX THIepPIIoCKoCTel A8 HekoToporo Kiacca. Hasee on-
peseasloTcs Beca cbaseid aTix HI co pxomamu ceTn.

[Toporu u Beca cBA3El BO BTOPOM H BBIXOMHOM CJIOSX ONPeJeNaioTcs 110 CAeAYIOIHM
diopMyIaM:

Bropoit ciioli: 8, = N, . — e, 0 <e < 1w, =1, 1ae N,, — uncno H3, «otBevawinx» 3a
IaHHYIO BRIIYKIYIO 004acTh BRIOpaHHOrO KJacca.

Brixoanoii caoit: 6,= 0,5, w, = 1.

O06yueHue Hentpoceren Xondunaa

O6yuenne MHC Xonduiga ¢cBONTCS K NpeABAPHTENBHOMY 3aJaHHI0 MaTpHIIbl CBA-
sefi MHC. [pusenennoe Ansa MaTpHilbl CBA3el BHIPAKEHHE ONTHCHIBAET BLIYHCIEHNE
3JIeMEHTOB MATPHIIB KPOCC-KOPEJLISIUMI MeKIy 3JeMeHTaMH 3TajJoHa, YCPeTHeHHON
[0 BCEM 3aMOMHHAEMbIM 00pasad.

O6yueHue ceTeit XeMMUHra

Obvuenne MHC Xemmunra, takke kak 1 MHC Xonguana, sakiawyaerca b npeasa-
PHTEIbHOM 3ajaHHH BecoB cpsazed u moporos HITD oboux cioen cern,

Beca cpsizeit  moporn H2 mmkHero (Bxoxuoro) cnos MHC onpepensioresa no cae-
aywouuM Gopmyaam:

w;=x] /2,0, =N/2, i=1N, j=1M,
g j

rie x{ — cocrogHue i-ro sxoga HHC nis j-To 3TanoHa.
st Bepxuero cyost opayiia 3afaHia Becos cBa3ell MMeeT BUA

an [—e, ecnu k# 1,
g 1 1, ecin k=1,

rjie e — napameTtp, BuiOHpaeMbiit M3 yeiaosusg e < 1/M,
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Beca nioporos Bcex HO Bepxuero ciod paBHB! HYJIO.

Casian MeRay cooTBeTcTBYIOmMUMY H3 HikHero u Bepxuero cioeB MHC umelor egu-
HHYHDIE [IOJIOKHUTEIbHEIE Beca.

06yyeHne 1 MUHUMU3ALUUA CNOKHOCTU
NOPOroBo-NONUHOMMUANBHBIX U AUO(AHTOBBIX CETEW

O6yuenne moporoso-noauHoMuansHolt MHC 3akiioyaerca B onpeneseHHHH TAKHX
3HAYeHHi BecoB cBA3ell pewamiunx HI, kotopele 651 obecneynsanu [4, 5]:

— Gesownbounoe pacnosHapanue OB;
— HEJOYHCACHHbIE 3HAYCHHS BECOB.

KenatenbHo B nmpouecce 06}"1{311“9{ MUREMUIUPOGaAmb HHCA0 HEHYICBLIX BECOB. 310

[O3BOJISET CHHTE3UPOBATh apPXHTEKTYPY Noporoso-nonuHoMuansnon MHC smunumans-
HOU CRONCHOCIMUL.

YnoBneTBopeHHe 3THX TpeGoBaHUil CBA3aHO ¢ BHIGOPOM A-3/IeMEHTOR B BHIE MOJIH-

HOMOB OT KOMIIOHEHT BXOJHBIX NMOPOTOBBIX C-371EMEHTOB H CaMOHACTPOHKOH BecoB
cBsa3eil noporoso-nonanHomuansioii MHC.

Tabauma 3.1 MATIOCTPHPYET OCHOBHBIE ITATL 06YYeHHs IIOPOrOBO-TIONIHHOMHANBHOI
MHC 3 MMHMMM3AIHIO CHOKHOCTH €€ apXMTEKTYPhL

Ha nepsowm stane anementst OB x=(x,, ..., ¥,) paHXHDYIOTCS B HOPAJKe BO3pACTaHUA
HX HOPM.

Ha BTOPOM 3aTalle (l)OI)MH]).\_.’ETCH MaTpilla A, CTPOKH KOTOpOﬁ COCTOAT M3 NNOJHHOMA
s () " e

0 : (I), NpPEeACTABAAIOUICTO CDE)OH KOMIIOHEHT BeKTOpPa X, BOZBeAEHHBLIH B CTEIIEHDL CO-
i (N

0’1"[36TCTB}'POH.IHX KOMITOHCHT BCKTODa X} J().').

B ciny ynopanocdenHoctd OB marpuna A nojiyvaercs HUKHETPEYTOILHOI, 4TO 3Ha-
UHTEALHO CHHMMKAET TUIOTHOCTL BRIYHCACHHS BecoB CBA3eil.

Moa smunumuzaineit caoxuocth MHC, peaansyiomeit pemaronie npasuia S'(x, w),
noHuMaerca obnynernne Hauboblero BO3MOKHOTO UMC/IA BECOB ), B NpOLecce ca-
MOHACTPOIIKH BECOB CBA3eil. 3TO 03HAYAET, YTO CPEAH BECOB JOJIKHO OBITh KAK MOX-
HO Gompite Takux, 4To ;= (. [Ipu aTOM COOTBETCTBYIONME CHHAIITHYECKHE CBA3N aH-
HYJIHDPYIOTCH Kak M3bnITOuHbIE,

[MosTopsis NpoUenypy IOCAeA0BATENbHO sl 0OBEKTOB Beex Kiaaccos U3 OB (nytem
U3MeHeHHs CONep)kHMOoro cToabua S’ ), MOKHO PaCCUHTATh BCE 3HAUECHHS BECOB CBS-
3eit na pemaromux HO u rem cameim 06ysmte HC ontumansroMy (Sescmmnbouso-
My) pacnosHasanuio OB.
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Ta6nnua 3.1. UAnKCTPaLUa OCHOBHBIX 3TaN0B 0ByueHUA NOPOTOBO-NOAMHOMKANLHOA HHC

08 AR RS ES b s SRR Rl R A Gy Oy @
X, X% XX x4 X XX XX X
Ay A R LR I

Xy X, X, X3

m X X, Xy X,
1 D 0 ] Q -1 1 1] 0 0 0 ] 0 0 0 ] ] 0 -1
2 0 0 0 1 -1 1 1 1] 0 0 0 0 0 0 0 0 [+ ARl
3R ] 1 0 =1 1 0 1 0 0 0 0 0 0 0 0 0 0
4 0 1] 1 1 o L | ;| 1 1 o 0] 0 0 0 0 V] 0 0
- gt | 0 1 0 =31 "1 0 1 0 1 0 1] 0 0 ] 0 0 0
6 1 0 0 1 -1 1 1 1] 1] 0 1 4] 1] 4] 0 0 0 s}
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B sakmouenne 0TMeTHM, uTo Bece onucanusie MHC no cyiuecTny cayxat aas Gopmu-
POBaHHA H HEI:"IpOCCTeBOI"O TNpescTaBICHHA SHAHMHA. ITH 3HAHUA ABTOMATHYECKH H3-
BAEKAIOTCS M3 3KCTEPUMEHTAJBHBIX WM CTATHCTHYeCKMX 6a3 JaHHBIX, IpeAbABsie-
mbix MTHC B pesxume o6yyenus. [ocne obyyenna MHC anmpoxcumupyer ¢ Tpebyemoit
TOUHOCTBIO 3apdHee HeH3BECTHbBIE QJYHKHHOHaﬂbeIe 3ABHCHMOCTH (HHTBPHOHHHHH H
SKCTPANOIANNS (DyHKLMIT), pelraomye Npapuaa (pacnosHaBaHue 06pazoB, IHATHOC-
TMKA COCTOSIHMI1, TPOTHO3HPOBAHME CHTYAIM# H T. IL.) ¥ APYTHe «CKPBITHE> 3aKOHO-
mepuocty. Takum obpasom, UHC ussnexaet (8 mpouecce 00yyeHHs) 3HAHNA U3 oby-
YAIOLIHX BHIGOPOK AAHHBIX U AHHYJIMDYIOT HX B CBOEH apXUTEKTYpe ¢ HACTPOECHHBIMH
CHHANTHYECKHMMM BeCaMH H CBA3AMH.
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UckyccTBeHHbIe HellpOHHbIe ceTH B 3anauax
UACHTU(PUKALUKN U ynpaBNeHUS

Pacemorpus ocoBennoctit MTHC, nenonnsyenmbix A71st Moeelt IHHaMUKy 1 npeAcTas-
JI€HHUA 3aKOHOB yMPABIeHUs. Paiil ONpeAeNeHHOCTH OrPAHHYNMCS 3aTa4aMHl Helipo-
CETeBOH HAEHTH(UKALMN HEUZBECTHHIX YPaBHEHHIT AMHAMUKI MEXAHHYECKUX CHCTEM
M CHHTE3a Pad/MuibIX 3aKOHOB Helipoynpaslenus. J1a pemeHus sTHX 3a1ay YaCTO
uenoassyercs MHC, nomyunsimas nassanne CMAC (Cerebellar Model Articulation
Computer — MO3KeuKoBasi MOLCJb CYCTABHOTO DEryJIsiTopa) [71.

CMAC npexncrasnser coboit acconuatusnyio HC, B KOTOPO# TOILKO HeDOABIIOH
Y4acTOK CeTH OKa3bIBACT BJIMSHHE HA BBIXOAHOM CHTHAN B TEKYIIMH MOMEHT BpeMe-

W, M 3TOT y4acToOK onpeenserca BxoaHsiM Bextopom HC. Apxurextypa CMAC
npeacTaBaeHa Ha puc. 3.16.
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PHc. 3.16. ApxuTekTypa HeliponHo#H cetu CMAC

Ha pucynxke:
X, Y — Bxoanble JaHHbIE,

Ay...A, — IeTEKTOPbI MPOCTPAHCTBA COCTOSHUSA (JIOTHUECKOe «HIH»);
W — BecoBbie koabdHIMeHTDY;

a — BbIXOfIHbIe CYMMaTOPbl

Acconnatusroe otodpaxenne, sasoxernoe B CMAC, ofeciiednBaeT JOKIBHOE 6606-
IEHHE: TTOXOMKHE BXOAHDBIC CHTHAMBI BHISBIBAIOT CXQKYIO PEAKIMIO CETH, TO eCTh 06D-
CAMHANTCA B KnacTep (MOAK/ACC), TOTAA KaK CHALHO Pa3iHyaloniHecss BXOJHbBIe CHI-
HaJbl BEAYT K MPAKTUYECKM HE3aBUCHMbIM CHIHAAM Ha BhIXoAe. B HieanbHnoM cavyae
accoumatugioe otodpakerne 8 CMAC rapanTtupyer, uto GIn3AeKalHe TOUKN B ;’IDO-
CTPaHCTBE BXOJI0B 0006HIAIOTCA, TOTAA KaK JAJIeK0 PaCHOI0KEHHbIE APYT OT Apyra
TOYKH B IPOCTPAHCTBE BXOAOB HE MPHBOAAT K TakoMy oGobiienuo. Mepoit Ginsoctu
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apaseTcs cymma (110 BceM KOMIIOHEHTaM) aBCo/OTHRIX 3HAUenki] pasHocTell Kaxaoi
KOMIOHEHThH BXOAHOTo Bekropa. CMAC-ceTH 001aaioT CAeayomHMy CBOICTBAMM:

O KowmIloHeHTHl BXOLHOTrO BEKTOPA KBAHTVIOTCA, HO YHCIO YPOBHEH KBAHTOBAHHS
MoeT GbITb CKOMb YronHo GOJbIEM, TaK YTO QOCTHXKMMA iobas 3aJlalHas CTe-
NeHb TOYHOCTH.

0 CMAC ncnonp3yet Npasuio MogH(pHKaLHY BecoB Yuipoy u Xodida, ocHoBaHHOE
HA MeTO/le HaMEeHBUINX KBaApaToB [7]. ITOT aiATOPHTM IKBUBANEHTEH IPAINeHT-
HOMY CTIYCKY M CXOIMTCA K €JIMHCTBEHHOMY MHHHMYMY.

0 CMAC nogunHsaeTca NIPUHIKNY CYNEePno3uui B IPOCTPAHCTBRE BhIXoxos. Hanpu-
mep, eca CMAC mMokHO 00YYHTD annpoOKCHMallHH MHOTOMEDHBIX CHHYCOMAI C
Pa3JIHYHBIMY NIPOCTPAHCTEEHHBIMM YACTOTaMH (FaDMOHHKAMH), TO €€ MOKHGO 00y-
YUTL U anNpoKCHMALUH HEeNoro Kiacca QyHKUME. JTH (hYHKUNH OCTAIOTCS HeaH-
HeflHBIMM, TAK KaK CYNepnosMLus JeHCTRYeT TOIbKO B NIPOCTPAHCTRE BBIXOOB.

O CMAC MOXHO annapaTHo pPeanu30BaTh HA MAcCHUBaX JOIHMYECKUX 3JeMeHTOB.

Patory ¢ MHC thna CMAC MoxHO pasnenuts Ha jpe hassi obyyente u udenmuphu-
kauuio (eoccmanosnenue) unn ynpagienue. Ecmu MHC yixe obydena, To ecth cxema
caszeii u Beca UHC nanectrs, To (hasza waeHTHGOMKAUMH (BOCCTAHOBIEHNSA ) CBOIMT-
¢l K TTOCJIEI0BATEIBHOMY U3MEHEHUIO 3Ha4eH NIt aKTHRAIIH HeliPO3JIeMEeHTOR BCEX CJIo-
e MHC ¢ uensio BoipabOTKH COOTBETCTBYIOMAX BRIXOAHBIX (MACHTHOHUKALHOHHBIX
HAH VIPABAAIGHIMX) CHTHAJAOB CETH.

CymecTByOT TPYU THHA HPOUEAYDP 00VUYeHHs:

1) obyueHue ¢ CYIEPBHIODOM;

2) zakpernenioe oGyueHue;

3) ofiyuenue Ges cyneprH30OpA.

Obyuenue ¢ cynepsusopom TpebyeT Hanususa obyvaiomeit suibopkn. s kaxaoro
anemenTa obyyanomel subopxy (M obyuaioineit 6asbl AAHHBIX) CYNEPBH30PY {«yuu-

Teio») uasectHa keaaemas peakuusa MHC. Ilo atolt undopmanun onpeaensercs
CHTHAJA OMKHOKH NOCTE KaKAOTO TIPENXbABIeHH aMeMenTa obyyaiomeii BeiGopKu.

Ipouesypa 3akpemIeHHOro 06yYeHHs NoXoxka Ha oby4ente ¢ CylepBH30poM, HO BMECTO
JKENaeMol PeaKii CeTH NMepefaeTcs JWIIb KauecTBEHHAs OLEHKA BbLINQJIHEHHS 3a-
JAaHHOH 3a,1a4M B TeucHHe BpeMeHH (HCTROJB3YETCR CBOEro POja «KpPHTHKa», TO €CTh
OLIEHKA BMAA «IIPaBUJILHO—HENPaBUAbHO»). Takusm ofipazoM, Beca Crs3ei 3akperis-
IOTCSI [LJIs1 PABUABHO BBITIOAHEHHbIX NeHCTBHIN H H3MEHAIOTCS TIPH HETIPABHIbHOH pe-
akuun MHC. Takag npoieaypa o0ydenis 0OBIMHO NPHMEHAETCA A 3a1a4 KJIaccH-
(UKanMH TaHHBIX H PACIIO3HABAHUSA 0GPa3oB.

Obyuenue 6e3 CYNepBH30Pa HE NCMONb3YeT 3HAHHA «YUHTEJs» O NPAaBMJIbHLIX PeaK-
wusx MHC. Hoatomy npouecc camoobyydenua MHC crogures x xiacrepusallvi jaH-
HBIX, TO €CTh ITOCTPOEHHIO BHYTPEHHUX KJacTepoB.

Axroputmsl o6yyennss MHC MoxHO pasaeauTs Ha IBe TNaBHble IPYNILE NPaBua
obydenus Gea cymepsusopa M mpasuia o6yuyeHus ¢ CymepBH30poM. B 3amauax ujeH-
THUKALHMY W yIIPABAeHHS 00BIYHO HCIOMB3YIOTCH TOMBKD aNrOPUTMbI 00YyUeHHs C
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CYTIEPBH3OPOM. AATOPHTMBI CaMOOBYUEHIsI, TO eCcTb 00yuenus 6e3 cynepsu3opa, Npes-
HA3HAYEHB IS KJACTEPH3ALUH JaHHBIX 110 CXOACTBY UX NPU3HAKOB.

3agauy naeHTHdHKALUMK ¥ TIPH HENOJHON HHbOpManyu 00 00beKTe ynpaBieHus
CBOZATCA K OLEHMBAHHIO HEM3BECTHHIX napaMeTpoB i ¢yHkuui. C Apyro# cTopoHsl,
safaua obyuenust MHC Tawoke ¢BOAMTCS K OLEHHBAHMHIO HEM3BECTHBIX CHHANTHYEC-
kux napasmerpos MHC B nexotopos uefipocetenom Oasuce. Hanpumep, obyueHue
PACIIO3HABAHNIO 00PA30B 3AKIIOYAETCA B HACTPOIiKe 3HAYEHHI CHHANTHYECKNX Mapa-
smetpos MHC o sabopy ofyuaiomux NpHMepos, HashiBaeMbix obyuakoleli spi60p-
koii. Tlockoabky Muorocaoiinsle MHC nokasbiBaioT XOpollne pe3yibraTel B 3ajayax
KAaccHHKALIMHA H AIITPOKCHMAIITH HEM3BECTHRIX (DYHKIHH, TO €CTCCTBEHHO 0XKHAATS,
YTO OHM MOTYT OKa3aThCsi IOTIE3HBIMH M B PellieHiii NPHKIAIHBIX 3a1a4 ONTHMATLHO-
ro U ajanTusHOro ynpasienis. OIHAKO 9TH 3aAa49H MMEIOT Pl CICUH(HYECKHX 0CO-
Gennocteii. TloaroMmy HeiipoceTeBoe MpeicTaBielne 3HaHHI O AMHAMpKe H 3aKOHAX
YIPaBIEHHA HATATKHBAETCA Ha 3HauTesbHble TPYAHOCTH. O630p OCHOBHBIX MOAXO-
108 k nenoaszosarnio MHC B sagauax ynpasiaedus Moo Haitta B [6], [7], [9],
[t1], 12]. TIpuBeaemM KpaTKOe OMHCAHHE HEKOTOPBIX M3 THX I0JX0N0D.

HeitpoceTeBoe ynpaBneHue ¢ Cynepsu3opom

ITpu 0ByueHuH ¢ CyNepBH3OPOM (HanpuMep, KONHPOBAHIH CYNIECTBYIOIIEro Peryiiaro-
pa) uckyccrsennast HC obydaeTcst IMHTHDPOBATE («KOnMpoBaTb» ) HEKOTOPHIH 3aKOH
yTpaBieHysl. DTOT 3aKOH YIPaB/eHHs H3BECTEH YeJIOBEKY-ONepaTopy Wi yIpaByisi-
foleMy yeTpoiicTBy 1 obecriednsaeT TpebyeMoe KauecTBo ynpasienus. Llenb obyue-
tnss MHC B aToM caydae 3akiiodaercs B HelipOCETEBOH almIIPOKCHMALIHI STOIO <«Cy-
MePBH30PHOr0> 3aKOHA YIPABJEHUSI B COOTBETCTBHH CO CXeMOIf, H300paxeHHOi Ha
puc. 3.17. :
>\
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Puc. 3.17. Heitpoynpasnexue ¢ CynepeH30POM

159

VICKYCCTBEHHbIE HEVIDOHHBIE CETH B 3aA34aX MAEHTUMMKALWK W yNDaBNEHUA

Boanukaer ecTecTBeHHBI BOIPOC, 3a4eM CO37aBaTh HOBOE YCTPONMCTBO YHpaBJieHHs
ua ocuose HC, ecau adwpexktusHoe yerpoiictBo yake cyulectsyer. Bo-nepsbix, cylile-
CTBYIOLIEE yOpaBJ/IAlolllee YCTPOICTBO MOXET OKA3aThCA HEeNMPaKTHYHBIM HJIM HempH-
MEHHMBIM B OTACHBIX AJSA KM3HH venoBeka ycnosusax. Bo-sropwix, MHC cmocobua
¢dopmuposars 3¢peKTUBHOE YNpaBieHne Ha oCcHOBaHHM Gojiee MPOCTOTO HERpoCceTe-
BOTO IPEACTABIEHHS O IUHAMMKe 00LEKTA YIPABJIEHUA [0 CPABHEHUIO € CYIIECTBYIO-
LM YCTPOHCTBOM YIPABJIEHHA.

B xavecTse HeA0CTAaTKa OMUCAHHOIO HeHPOYNpaBJIEHHS ¢ CYTIePBU30POM CIENyeT OT-
METUTB TO, 4TO nocie obyyenuss MHC upesacrasisier cofoil fHIIb «KONMHIO» CYIe-
CTBYIOLIErO YCTPORCTBA YIPABAEHHA U IIPH W3MEHEHMH NapaMeTpoB OBbeKTa yrpas-
JIeHHA HJIH CPelbl MOXKEeT HOTPebOBATLCS TOMHOE MEpeohydYeHHe CeTH.

HeitpoceTeBasa naeHTMUKauma 06beKTOB ynpaBaeHus

Mudopmanus s obydenns WHC ninsg upentiduxammy (annpoKCHMAIMH) MOJENH
IHHaMUKH obbekra ynpasieHus (OY) monyuaerca mytem HabMIOJEHHs] CUTHAJIOB
«sxon—ssixon» (puc. 3.18). Bxon MHC noapepraercs ToMy ke caMOoMy YIIPaBJIsIio-
meMy Bo3aeHcTBIIO u#,, yTo 0 OV, npu atom Beixox OY y, (3111 ero BEKTOD COCTOAHNA X,)
ABJISAETCS JKEJaeMbiM BRIXOIHBIM cHrHasoM s MHC.
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Puc. 3.18. MpenTuduKauns o6beKTOB ynpaeneHus

Hns npeHTHOUKALNK HenpepeiBHbLIX AuHaMudeckux OY HeoOXoAMMO mojaBaTh Ha
Bxoasl MHC BexTop nmepeMeHHBIX COCTOSHMS X U €r0 HPOM3BOAHYID, TaK KaK BBIXO]
O¥ 3aBUCHT He TOTbKO OT CUTHAAA YIPABJIEHHA U, HO ¥ OT cocTosiHuA x OV, B cayyae
AMCKPETHOM CHCTeMBbI ynpasieHns Heobxomumo nonoaunte MHC nexoTopsiM xomm-
YecTBOM AMHUH 3agep:kku (JI3), kak ato BUAKO u3 puc. 3.19.

Konuvectno HeOﬁXOﬂHMhIX NHHU 3a€PAKKH CHIHaJOB CQIIDEIENseTCHA NOPALKOM
0O0DbeKTa YIpaBJIcHHA. JluHuu 3aJEPKKH MOTYT BBITH 3aMEHEHbBI BHYTPEHHHMH COE/IM-

HeHHAMH ceTH (pexyppeHTHBIC HC), KoTOpHIE B 3TOM Ccaydae HCIOJAb3YIOT 3JeMEeHTb!
NaMATH.
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YacTo 4a9 MpocThix (TO eCTh AHHeHHbIX 1 crabo Hemnelinbix) OV kiraccHueckHe
METOIB! WICHTH(MHKAIITH CXOAATCs GricTpee 1 6o/lee TOUHO, YeM MCNOJb30RABIINEES
HelipoceteBsie MeToabl. Oanako ¢ noMomsbio MHC mMoxHC naeHTHOHUMpOBATS
HIeCTBEHHO HeauHelnbie OY, HMes pechbMa Masible 3HAHUS O KJaacce, CTPYKTYDE M
paMerpax OY. B aToM ciyuae KJaccHYeCKHE aJrOPUTMEl HASHTHOHKALHN YacTo
AT YILOBAETBODHTENBHBIX DPE3YJILTATOB.

Aenns i, 1 BhIxoaa BTopoit MHC v, ucnonnayercs ans KOPPEKTHPOBKH BeCon CBSA3elt
MHC u ee korum.

%

HelipoHHarn cere Ly Yies
Oy, vy T Dy, %) >

\

\

C Apyroil CTOPOHBI, CYUTAETCA, YTO CTPYKTYPHO-NIApaMeTpHYecKas HaeHTHHKAL
Ha 633(;‘ HHC NPHBOIHT K MOIEJIAM THIIA <HEPHOTO ALIHKA». W3 aroro JACTACTCA DL
60‘£Hb!ﬁ BBIBOJ, HTO K HHM HCJIb3A NPHMEHHTH H3BECTHBIE aHATHTHYCCKHE METQ,
Teopuu ynpasnexus. OHaKo 370 He Bceraa Tak. B yactnocty, B {12] paspaboran mer
coYeTaH!sa TPAMHMUMOHHOTO H Heﬁpocemnoro ¥YOPaBJACHHA I CYHECTBCHHO HET
HeitHoro obbekTa (MAHHIYAAIMOHROTO POGOTA) ¢ MEPEKPECTHLIMH CBA3SIMH. B OCH!
Be 2TOTr0 METO]a JeXHT Hied HCIOOMBE3OBAHMA oﬁparhm‘i Il[lHElMI-I‘-[CCKO}:’I MOJedH, K
Topas annpokcumupyerca MHC.

HeitporHas cets
@y, Yk)"1

Ly \
; + g Puc. 3.20. Cxema Henpamoro (KoceeHHoro) obyyeHus (o6e MHC naeHTHYH
3 ' s o vt W npeacTasnnioT obparkyio Mogens 0Y)

Om-;a}fo HHOTA2 aTa cXeMa ne pabotaer 1o Toil npuunne, yto UHC Moxer otobpa-
KaTh OOJBLILOE KOMYECTBO Pa3INUHLIX BXOIHBIX CHTHANOB d), HA OHO M TO 3Ke 3Have-
Hite u, («BbIpOXAEHHOE OTOGpaXeHies ). Hosromy omnbka u,~v,, ucnonsayemas aas

MOIH(DHUKALMY CHHATITHYECKHX BECOB, MOKET OKa3aThes HYJIEBOH, x0Ts 06was omnb-
Ka dy—y, ., He paBHa HyO.
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Puc. 3.19. VigesTnbuKkauus auckpeTHbix AuHaMuyeckix OY ¢ NMKHAMK 330€DPKKN

Oﬁoﬁxuefmaﬂ cxema obyuenus (puc. 3.21) pemaer 9Ty npobnemy nyTeMm Hemocpen-
CTBCHHON NTOJAYN CTEHePHPOBAHHOTO YIIPABAeHHS 1, Ha Bxon QY.
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Cxembi 06y4eHUA ynpaBReHUIo C UCNONb30BAHUEM
o6paTHOU MOAEeNU AUHAMUKM 06bEKTa

HeitpoHHas
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N

Puc. 3.21. 0606weHHan cxema o6ydenus UHC

Meroas uacutHguranuy Ha 6aze MHC MoryT 6bITh MCIONB30BAHB! A5 HEAPOCE
BOIf anmpokcimMaunu obpatoit Mozenn jutHamukn OY. B autepatype [6], [7] yros
Hatoresa Asa Buaa noakmwoderuss MHC k OY npu ofyyennu. '

B cxeme Henpsmoro (kocsennoro) obyuenns (puc. 3.20) xenaemptii soixon O¥
nofaercs Ha Bxox MHC, srixon u, xotopoil nogaerca va QY. Hpu atom Bhixox €
¥4+ MCTIOIB3YETCA Kak Bxoa aApyroit xonun MHC — ee nybaukara. PasHocrb ynpa
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Cxema cneynann3upoBaHHoro o6yuenua NHC %
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Puc. 3.22. (xema CNeyuanu3npoBantor ofiyuenus HHC
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puc. 3.21) HeobOxoaNMMO Ha BXOA VHC noaasaTh He TOJABKO BHIXOLHOW CHIHA oY,
U BEKTOp TIEPEMEHHBIX COCTOSHUA M €ro TPOU3BOIHYIO. 3
Jins vipapieRus poboTaMu ¢ aupruopHo 3afAHHbBIM XapaKTepoM gaTysz)._{-ﬂ;ﬂr ;1::5 ol
Ty : ; 03TO?
o - fpaTHYIO MOAETb TWHAMMKA pOOOTa. 3

HBIX MPOLECCOB BaKHO 3HATHL O ; y Oy
caHHaE BhIIIE MOAMGDHUKALMSA CXeMbl HMeeT GoblIoe 3HauYeHHe B TeopuH HeHpOyIE

paBiIeHHs.
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MeTo, 06paTHOro pacnpocTpaHeHusa OWKUOKK
B 3aJaYax ynpasneHus

Oaxnm U3 Hanbosee yIaunblX MetofoB odyyenna MHC ana ynpapaenus sisasercs
MeTO/1 0OPATHOTO PacpocTpaHeHs OIHOKH, a TakxKe ero Moxudukawuu [6], [7], [9].
B zajavax ympapieHHA BO3MOXHO HCMOJL30BaTh on-line- uau off-line-ofyuenne.

B niepsoM ciydae npH yOpapJaeHiH oObeKTOM ¢ MOMOIIBIO TPAAUITHOHHOTO PEryasaTo-
pa (MJAM NPOCTO ¢ NOMOIIBIC HEKOTOPLIX TECTOBLIX CHTHANOB) B ONpefeeHHbIe MO-
MEHTBI BpeMeHH C JaTYMKOB CUMTHIBAIOTCS Maphbl «BXOJ—BBIXOA» (YNpariIeHHe —
BEKTOD COCTOSHHIA, €ro NPOH3BONHAS) W ¢ NOMOUILI) AaIropuT™Ma 06paTHOTO pacnpoc-
TpaHeHUs omubKU npoussoiNTea HacTpoiika necos MHC, B peayantate HHC o6y-
yaeTcs NPeACTABAEHHIO 0OPATHON 3aBHCHMOCTH (TO CTh BEKTOP COCTOAHMIL, ero mpo-
uanojaHag — ynpasaenue) [12]. Ipn stom na sxog MHC nopaotes BeKTop cOCTOAHMWII
OV u ero npouasognasn, ¥ Ha seixoge MHC nogsasercs curgal, cooTBeTCTBYIOUIHIH
ynpasnennio. PasHocts Meagy BoixogoM MHC u peanvrbiM 3HAYeHHEM yIIPABAEHUS
apasterca ownbkoi. [anee npouasonurca Hactpoiika recos MHC B nanpapnenun
rpaieHTa HeseBoil GyHKIMH, MpejcTaBsiomwei codoil GyHKIHOHAT MHHHMYMA Omn6-
xi. Tlponeaypa moBTOpsAeTCA [0 JOCTIDKEHHST TpebyeMoH TOYHOCTH.

Ipi off-line-obyueHuil ¢ NOMOIBIO CYIIECTBYIOUIEIO PETYIATOPA MW CIEIHAIBHBIX
TECTOB NPeBapHTENBLHO co3naeTcs odyuaomas puibopka, 1 HC ofyuaeTcsa Ha Heil.
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JBONIIOLUOHHbIE

Kinoa anropuTMmbli’

UcTopua 3BOAIOLUOHHLIX ANIFOPUTMOB

[Ipesxae Bcero HeoOXOUMMO YHOMSHYTh, YTO OTHIOAL 1€ BCE YueHbie MPH3HAOT
Hasune 3oon. MHorie pesuriiosnele Teqenus (Hanprsep, ceujereny Meronur)
CUMTAIOT yYeHHe 06 aBOMIOLHH XIBOH IpUpoasl omubounsiM. He xorenocs 6b1 ceil-
Yac BAABATHLCS B MOJEMHUKY OTHOCHTENLHO JIOKA3ATeIbCTB «3a» H <IIPOTHB MO OJHON
npocrolf npuuiite. Jaxe ecau aBTOpB! He IPaBE B CBOMX B3TIAAX, OODACHSS BROJIO-
HHOHHBIE 2TOPHTMbI KAK aHAIOTH NPOLIECCOB, TPOMCXOAALIINX B JKHEBOH TPHDOJE, HHKTO
He CMOXET CKa3aTh, YTO 3TH AITOPHTMBL HeepHbl. HecMoTpa HH Ha 4TO, OHH HAX0OAAT
OrpoOMHOE MPUMCHEHNE B COBPEMEHHOIT HAYKe W TeXHUKe 1 MOKA3LBa0T N0AYAC Ipo-
CTO NOPa3HTENBHBIE PE3VILTATHL

H‘:?I)Bble caydad NPHMEHEHNHA MeHETHYECKHX ANTOPHTMOB HaXOmdaT B 061)1‘13113)(, BO3-
PacT KOTODBIX Honee 1 MJpa JiCT. KoHeuHo HKe, peub HAET O KHBBIX OpranMiMax, He-
ClleloBRdHHE MPOLIECCOB PASMHOMKECHHA KOTOPBIX H NMO3BOTHIO pa3pa60Ta'rh JaHHDII
AJITOPHTM rnoba’ibHOM ONTHMH3AIHH,

Ieppo#t nacToukoii, nocayxupiei npeaBecTHHLE! NPUMEHEHHS eCTeCTBEHHBIX al-
FOPHTMOB B NOBCEAHEBHOH AeATENbHOCTH YesoBeKa, Asnaack pabora Yapabaa Hap-
BiHa <«IIponcxoxaenne BuAOB», Hanucandasg B 1859 roay. MseHno s atoii pabote
yeTKO 0603HAYEHB! TPH CTOMMA, Ha KOTOPHIX 3HXIATCH COBpEMEHHBIE TeHeTHYeCKHe
ITOPHTMBI, — HACHEACTBEHHOCTD, H3MEHYHBOCTL H 0TOOP. OnHako, eciii oThOp — Ipo-
nece oTOPAKOBKYM HEXM3HECTOHKHX BHAOB, B 00IEM-TO ObII HOHATEH, TO MEXAHU3M,
KOTOpPHIT OTBeYall 32 COXpaHeHHe B IIOTOMKAX 4epT NpPeaKoB u obecnedHBan cnocob-
HOCTH K NPHCIIOCOGIEHNIO 1101 HOBBIE VCIOBHS OKPY:KAIOWeil CPeilbl, CTasl NOHATEH
ropasgo nosadee — & 1944 roay O. 3iisepu, K. Makneoa u M. Maxkkaptn onybmnko-
BAJIM Pe3yJbTaThl CBOMX HCCIie0BAHMIT, J0KA3LIBABIIKY, YTO 32 HACAEICTBEHHBIE NTPO-
liecchl OTBETCTBEHHA «KHCJ0TA Xe30kenpubosnoro Tunas. OnHako o ToM, Kak pabota-
er JIHK, Bech Mup yanan ewe mosfuee — 27 ampens 1953 roga B HOMEpe KypHaIa
«Natures» BLIILJA cTaThs YOoTcoHA H KpHKa, BepBble NPEIIOKHBUINX MOJIEIDL JBYX-
uenoveyHoit cnupanu JHK.

' I'napa noaroronacua Cepreem CoTnnkoM ¢ yyacTiiem Anexcanapa Kyka (NeuroPower AG, Tepsanms).
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QpaHako MHOIHE MOMEHTHL B pabote [IHK He sicHbl 10 CHX TOP. OTHOCHTENBHO Hoauf
MU CBEIEHIAMH SBJSIOTCS, HAPHMep, IaHHBIE O TOM, UTO PasHbIe yyactkn JTHK my=
TUPYIOT C Pa3HOH 4acTOTOM.
PackpbiTHe MeXaHH3MOB, OTBEYAIONIMX 33 CO3NAHNE U paboTy TAaKKX CIOXHBIX CHC ‘
TeM, KaK JKUBHE OPraHH3Mbl, KOHEUHO e BIOXHOBMIO MHOTHX HCC.\'I.EII.OBaTBJIeH Ha
MOAEIMPOBAHNE ITUX TIPOIECCOB TPH MOMOLIH KOMITBIOTEPOB. Buﬂa(:rosame?
CYIIECTBYET OTPOMHOE KOJHUECTBO PadTHYHBIX aNTOPHTMOB, B TOH WM MHOH cren%
HY MONETUPYIOUIMX eCTeCTBEHHbIe MPOUEcCh. B xauecTBe OCHOBHBIX Har[paI!fJIeHH___ '
MOJKHO Ha3BaTbh TEHETHHECKHE AJTOPHTMEI H kiaccHHUKAIHOHHbIE CHCTEMEL onglan«_f
aa (Holland) [5]. ony6nnkoBaiible B Hauale UGO-X roz10B H noqugalur1e rfiimu;:‘-_
NpH3HAHHe TOCJe BHIX0JA B CBET KHATH, CTABIICH KAaccHKoi B aToi 0 .nacm,P i
Taunsi B ECTECTBEHHDBIX M HCKYCCTBEHHBIX CHCTEMAX> [5]. B 70-e roas PacTpwri= =
sibiv JI. A, B paMKax TeOpHH CJYHafHOrO MOMCKa OLLI TIpeasIOXeH Pl anropn;ll:-;:::
KOTOPbIC MOJICTHPOBAJIN Pa3NHYHLIE ACTIEKTHI MOBEACHHS KUBBIX oglrannsmon.eﬂuuif
feiiuee pasBHTHE 9TH WIEH MOJYUHIN B pabotax Bykatosoit 1. JL, mocBAI .
3BOTIOMHOHHOMY MOIEIHpOBaHHI0. Pa3pupasd HACH TleTnnHa M.U.H. 0 1enecoodbp ;.
HOM ¥ ONTHMAIBLHOM TOBEJEHHN CTOXACTIMECKHX aBTOMATOR, Heiimapx 10. H. npen“__.
HOSKIUL OCYIIECTBAATH MOMCK T7I00anbioro 3KCTpeMyMa Ha OCHOBE KOJIIEKTHBA Hg:;_ -
BUCHMBIX ABTOMATOB, MOJETHPYIOUIAX TIPOLECCH PasBUTH H IMUMHUHALUH 0CO .
Bobiioi BKIAK B Pa3BITHE SBOTOIHONHOIO NPOrpaMMUPOBAHIT precau @oren ( 3;;\ ;
gel) n Youu (Walsh). TTpu Bceil pasHHIle B [TOAXOMAX Kaskaasd H3 9THX «mmﬂ;;‘inc-ré: :
3a OCHOBY DSil TIPHHIIMTIOB, CYLIECTBYIONMX B npupoze, YIpOocTH/Ia HX [0 TaK
[enu. YTOGHL HX MOXKHO BBLIO PEain30BaTh HA KOMIBIOTEDE. .
U3 0CHOBHBIX 0CODEHHOCTE 9BOAOIHOHHDIX aATOPHTMOB MOKHO OTMETHTH UX ne:g; :
TOPYIO CA0KHOCTb B MJIAHE HACTPOHKM OCHOBHBIX TIADAMETPOB (Bmpomnermeo.r;em
HeyCTOHUNBOCTD peluenus ). [10aToMY, SKCTIEPUMEHTHPYA C HUMH H IIOJIy‘{HBrHe .
xo};omne pe3yJILTaTH, nonpobyiite ite 06BABIATL cpasy ANropUTM HEMNOAXOAA ¥ i
3 MOMBITATHCA ONPOBOBATh €ro NpH APYTHX HACTPOMKAX. JlaHnbli HEJOCTATOK CJY ng
€T M3 OCHOBHOI IBDHCTHKH — MOXHO «YHHUTOXKHTL> Ipejika CaMoro JIy4uIero pe ns:-l:'
HH4, €CTH ClIeflaTh CeeKIHI0 CAHIIKOM «KecTKoil» (He 3ps Belb broIOTaM nanuoBm.
BECTHO, YTO /I OCTANOCh MEHbIle AeCATKa ocobeif ucyesawollero BUAa, To 3T0T 4
cam 110 cebe MCue3HeT M3-3a BRIDOKIEHHA ).

feHeTUUECKUI anropuTM

Tenetnuecknit anroput™ (TA) ABIACTCA CAMBIM ‘HSBE:CTHI)!M Ha AaHHbI MOMEHT 11[);;:3)11;I
CcTABHTEEM IBOJIOLUOHHBIX ANTOPHTMOB H 110 cpoel CyTH S?.HHCTCH aJIrOPHTMOM 3
X0 AeHNA TI0OATBHOTO IKCTPEMYMA MHOTOIKCTPEMATBHON dynxunu. TA npeacT

1seT coBoil MOJeIh PA3MHOKEHNS JKHBBIX OPraHU3MOB. .
Ins Hayajda MPEACTABHM cebe nenenylo (QYHKINIO OT MHOIHX n‘epememmx, y KOTO" |
poii HeoOXoIMMO HaHTH robanbHBI MAKCHMYM WJIH MUHHMYM:

J(is X X oo Bt
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Jlis Toro ytobnl 3apaboran A, HaMm HeOOX0AMMO MPEICTABUTL He3aBHCHMBIE Mepe-

MEHHBIE B BHAS XPOMOCOM — LENOYEK CHMBOJIOB, C KOTO]’)I:I.\[H H pa60'raeT f:‘.& Kal{
3TO Jefaercs?

Kax co3faTh XpoMocoMbl?
[TepBbIM BalIHM IIaroM OVAET Npeobpa3oBaHiie HE3ABHCHMBIX IIEPEMEHHLIX B LEIMoY-

kit 6uT, KoTopoie GyAYT COAEPKATE BCIO HeoOXoanMYI0 WHGOPMALIIO 0 Kakaol co3-
masaeMoii ocolu. Mmeerca asa papHanTa KOAHPOBaHHS MapaMeTPOB:

O » apomunoM dopmare;

Q B dopMare ¢ MaaBacUleH 3anAToOH.

B cayyae eci MbI MCIOJIB3YEM JBOHYHOE KOJHDPOBAHHE, MBI MCIIOAb3yeM N 6ut g4
KUKJ0r0 apaMeTpa, IpudeM N MoxeT ObITh PA3THYHBIM A7 KK/A0r0 napamerpa. Ecan

TIAPAMETP MOMKET U3MEHATHCA MEXKAY MUHHMAAbHbIM 3Havennem MIN u Makcumainb-
HeiM MAX, ucnonb3yem caeaymouise QGOpMyIbl 1iid npeodpazoBaHus:

r=gx (MAX — MIN)/(2¥— 1) + MIN;
g= (r - MIN)/(MAX - MIN) x (2~ 1),

Tle g — LeJI0YHCIeHHBIE JIBOHYHDBIE TeHbl, ¥ — DKBUBAJIEHT FeHon B thopMarte ¢ 1nJ1aBa-
el 3ansToil.

XDOMOCOMI}I B (bopma're ¢ MJaBalouieli 3anaroi co3aamnTes IpH NOMOINM pasMelleHM s
3aKOIMPOBaHHbBIX MapaMeTpPOB OJHMH 3a ADYIHM,

Ecam cpaBuuBaTh 9TH ABa cnocoba mpeacTasienus, To Hojiee XOpoinie PesyabTaThl
JaeT BapPHAHT IpecTaBIeHUd B JBOHUYHOM opmare (0cobeHHO NPH HCNOAB3OBAHHH
koaos Ipes). Ilpaena, B aTOM cayyae MLI BbIHY)KJAEHBI MUPUTHCA C MOCTOSHHBIM KO-
AHpOBAHHEM/NeKOAHUPOBaHHEM NapaMeTpPoR.

Kax paboraeT reneTHYecKnil anropuT™?
B obmem, reretnueckuit anropuT™ padotaeT caeiyoumM o6pasom. B mepsoM noko-
JEHIH BCE XPOMOCOMBI FEHEPHPYIOTCH ciayyaiino. OnpepenseTcss HX <«I0Je3HOCThy.

Haunnas ¢ ato#l Toyks, [A MOXeT HAUMHATEL TEHEPUPOBAThL HOBYH TonyaA. Odpd-
HO DasMep TIONYJsiIMKM NOCTOSHEH.

Penpoaykims cocTOMT K3 ABYX LIATOB:
1. Cenexuun.

2. TeHeTHYECKHX ONEPATOPOB (IIOPSAOK NIPHMEHEHHs HE BAJKEH ), H3 KOTOPBIX CaMbiMHU
BAJKHBIMH H IIPUHUHTHAIBHO He0OXOANMBIMH SIBISIOTCSL:

s KpOcCcoBep;
* MyTalusd.

Ponb M 3HaveHHe ceqekiMH Mbl YK€ PACCMOTPENH B 0030De IBOMIOLUHOHHBIX ajiro-
PHTMOB.
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Kpocconep ssnsercs Haubonee BAXKHBIM FeHETHYECKIM ONEPATOPOM. OH reHepup:
HOBYIO XpOMOCOMY, 00bennHss reHeTHUeCKnil MaTepiant ABYX POAUTETbCKHX. Cyn
CTBYET HeCKOJIbKO BapHaHTOB kpoccosepa. Hanbonee NpocThiM sABAACTCA OAHOTONE
npiit. B aToM BapnanTe NpocTo GepyTCs JBE XPOMOCOMbI 1 NEPEPE3AIOTCS B CIIyai
poIOpanHoii Touke. PesyapTpylomias XpoMoCoMa ITOTYYaeTcs U3 Hayama OOHOH 1 KOH
APYroil POAHTEIBCKHX XPOMOCOM!

001100101110010{11000 = 001100101110010 12100

110101101101000|11100

MyTaumus npeacrasiset codoil cayyaiinoe M3MeHeHHe XPOMOCOMDI (06bIYHO TIPOCTH
H3MEHEHHeM COCTOSMMNS OIHOTO K3 GUTOB Ha NPOTHBONOAOKHOE). [laHHbI ONepaTo
no3ponster Gojee GLICTPO HAXOMMTH JOKaAbHbIE KCTpeMyMbl [A ¢ 0AHOH CTOPOHSE
I MO3BOMISET «TIePECKOYHThY HA APYroil JOKANLHbIH SKCTPEMYM C Apyroii:

00110010111001011000 — 00110010111001111000
TIpuMepoM ROTOIHATEAbHbIX OTIEPATOPOB MOXKET CTYKUTH HHBEPCHA. Wusepcis uaMes'
HAET TIOPALOK OUT B XPOMOCOME TIyTeM LMKINYECKOH nepecTalOBKy (cnydaiinoe Ko
audecTso pas). Muorue mopudukaunn A obxénarcsa 3 JaHHOTO TEHETHYECKOTD
orepaTopa: bt

00110010111001011000 =i 11000001100101110010 F

OueHb BaXKHO TOHATD, 33 CueT Yerc I'A Ha HECKOJIBKO MOPSAKOB NPEBOCXOINT N0 CKO
POCTH CJIy4YaiHblH NOHCK BO MHOTHX sagavax? Jeno 3g0ech, BUAHMO, B TOM, UTO 60. b~
NIMHCTBO CHCTEM MMEIOT AOBOALHO He3aBHCHMBbIE nojicueTeMbl. BeneacTsiie 3Toro mpH |
0BMeHe TeHETHUECKMM MaTePUanOM YacTO MOMKET BCTPETUTHCHA CHTYyalHs, KOTAa , |
KAXKJIOTO U3 POMTEIEil BepyTCa reHpl, COOTBETCTBYIOUIHE Hanbosee ynayHOMY Bapi==
aHTy onpeaeieHHoi noacucTeMnl (OCTaIbHbIC «YPOAUBI» TOCTENEHHO Bbxmlpafm‘}
Jpyrumy caoBamy, TA NMO3BOJSET HAKATMBATDL yAAYHbIE pelleHHd /14 CHCTEM, CO°
CTOANIMX M3 OTHOCHTENbHO HEe3aBHCHMBIX MOJICHCTEM (60IBUINHCTBO COBPeMEHHBIX
CHIOKHBIX TEXHHYECKHX CHCTeM H BCe M3BECTHEIE XKMBbIC OPTAaHM3MBI). CoOTBETCTBEHS
HO, MOXHO TIpeAcKa3aTh ¥ xorja [A ckopee BCero aact cboil (uau, no xpaitHeii Mepiéi',v: 3
e MOKaMeT 0COOBIX NMPeHMVIIECTB NePell MeTOI0M Monte-Kapao), — cucTeMBl, KOTQ.B-f ¢
Phi€ CJIOXKHO PasdHUTh Ha TOACHCTEMb (y37bl, MOLY/IM), @ TAKXKE B C/ydae HEyAAHO: 0
NMOPSJIKA PACHOIOKEHHA TEHOB (PAAOM PACIION0XCHBI TAPAMETPDI, oTHOCANECA K pas=
JUYHBIM TTOACHCTEMAaM), NPH KOTOPOM TPEHMYMIECTBa obMeHa TeHeTHYCCKHM Mare_-l"
PUATIOM CBOASATCA K HY.JIIO.
JIpyruM BasKHBIM MOMEHTOM, KOTOPBIM OTIHYANOTCS DAsJHYHBIE TeHeTHYeCKHe aJjres
PHTMBI, ABJISICTCA TPOLECC CENeKIH. 3nech Mbl HAXOAHM M MPOCTON RONYCK K Pass
MHOMKEHHIO ONpPeeNeHHOro KOMHMMeCTRa JYYIIHX 06BEKTOB, H CIOXHblE TYPHUPHBIE =
CXeMbl, JTUTH3M (JIapoBaHie JKHU3HH CAMbIM Jy4liUM ocobam — aauTe, H B ClSAYIO™
[eM NOKOAEHWH ), pasfeseHlie MOIyAsHE Ha HECKOJILKO yacTeli (MMUTAIMA B0/
1mu Ha ocTpoBax OKeaHHH) ¢ HEYACTHIMH OBMEHAMM FeHeTHUECKITM MATepHaIOM MEKEY
HUMH.

O6muMy npHHumnnaMy npaMelenns TA SBIAIOTCA cAeaylouine (tabu. 4.1):
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Tabavua 4.1, 06wue npuHUMNSL NpUMeHeHus TA

YBeIMYHBAKT CKOPOCTHL HAXMKALCHKA peLUeHHA

Ynayyiwaiot kauecTso paboTel (NOMCKOBLIE
cnocobHocTu) TA

YBenu4ernne NpeCcCHHra ecTecTBeHHOrg OTSOD&

*  YMmeHblEHWe KonuuecTBa acobed,
BONYCHACMBIX K DAIMHOKEHUIO

s  Mcnonb3oBakue 3NMTUIMA

+  YumeHbllenue oBUIero KONKYECTBa reHepHpPYEMOro
NoTOMCTBA

BeinonHeHMe anropuTMa Napannensio Ha HECKONLKNX
KOMMBKOTEPEX (Npoueccopax)

YMeHblUeHWe npeccunra ecTecTeeHnoro otéopa

* Yaenuuenune ofbema reHeTUHBCKOrG MaTepuana

e flunnouaua (TaKKe YBENHYMBAET KONMHECTBO
reHeTMyeckoro marepuana) 1]

PaszbueHue NONyNALMK Ha NaCTH (KCTETH rOBOPA,
3TO BWE M NETKWi NyTb PACNAPANNEAUTE ANTOPHTM)

[eHeTUYecKOe nNporpammupoBaHue

JlanHple, KOTOPbIE 3aKOHPOBAHLL B F€HOTHIIE, MOTYT MpPEACTARIATE cOBOH KOMAaHIBI
Kakoit-1ub0 sUpTYaisHOH MAIHHLL B TakoM ciiyyae MBI TOBOPHM 00 3BOJIOUHOHHOM
HIJI TEHETHYECKOM NporpaMmupoBanuu. B mpocTeiimeM cayyae Mbl MOXeM HHYETO
HEe MEHATDb B reHerueckoM anropurve. Onnako B TaKoM cayuae A7HHA NMOJyYaeMoH
MOCTE/IOBATEIBHOCTH AHCTBHI {(nporpamMsbl) MOMyYaeTcsa He oTiiyatoltelics oT Toi
(1 TEeX), KOTOPYIO Mbl NOMECTHIH Xak 3arpasky. CoBpeMeHHbIE ANTOPHTMBI F€HEeTH-
YECKOTO NIPOrpaMMHPOBaHUs pacupoctpansior A ana cucreMm ¢ nepemenHo# AnuHOH

reHOTHIIA.

Jnst roro urobel paboTarh ¢ FeHeTHYECKHM MAaTepHasoM IepeMeHHOH AMHbI, TeHeTH-
yeckoe nporpamMuposanue (I'T1) pabotaer ¢ oTauuammMKcs 0T ctaHzapTuoro TA
(opMaMH NPeACTABASHHA PFEHOMOR U, COOTBETCTBEHHO, AITOPUTMAMH MIPHMEHEHNH K HIM
reseTHyeckux onepatopos. Heropuiueckn neppoit, npeanoxentoii H. Kpamepowm [4]
n Ik Koaza [7], 6suia gpesoobpaznas (popma reoma (puc. 4.1).

PucC. 4.1, [ipeacTaBnexHbiit B BUAE fepeBa antopHTM BelYMcnenna QyHkLun d/e—(b+c)xa
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W3 npyrux, pacnpoCTpaHeHHBIX B HACTOSIEE BPeMsi, MOXKHO HA3BaTh JIMHEHHYIO H
Teryio (Tpadoryio) dopmit (puc, 4.2, 4.3).

Peructpul BupTyansHoro LY
(=2 ]fe JLe]le]le]

| d=die |
!

| b=btc |
v

=a*b i

v

=d-a I

NuHeRHBIR redoM

l a

e

PHC. 4.2, AnropuTM BEIMMCEHUA QyHKUMK d/e—(b+C)...q, 3aK0AWPOBAHHLIA B IMHEAHOM reHoMe

— | PN P

e * End ”gg . Start |
3 - . .
34 .
75

—

5771 71
15 185
3 453
900 87.8
| 57.55 | 57.55
8 9.71 -
e
MugekcyposaHHas ek
NaMATE

Puc. 4.3. Npumep HeBonblwOR NPOrpammbl, 33KOAUPOBAHHON B BUAE rPaOBOro TeHOMA

Ipu Hcnoab30BAHKN APEBOBHAHOTO KOAMPOBAHMS AATOPHTMa KPOCCOBEP B IPOCTEH-
1reM ¢y4ae npeactTapaseT coboi npocTo 0OMeH ABYMS CAydahho BHIOPAHHBIMH HOZ-
AepeBbIMH MEeXAy poAnuTensiMu (puc. 4.4).

Poputens 1 Poputens 2 °

(%) &
) L) i)k

MNoTomok 1 NoTomok 2

PHC. 4.4. (xema oBMena reneTuyeckoi MHDopMauneil (Kpoccoeep) MEXY ABYMA POAHTENSAMM
npy ApeBoobpa3HOM CNOCODE XPaHEHWA anropUTMa

Taxke CpaBHHTENBHO HECHOXHBIM ABJIAETCS JUHeHHbIH Kpoccosep (puc. 4.5).

Pue. 4.5. NluHeiiHbld Kpoccosep

Camoil c1oXHOH ABNAETCA CXema CEeTEBOTO KPoccoBepa. JpyTrHM NPHHUMIHAIBHO
BKHBEIM TeHETHUECKHM OIePaTOpOM ABJISETC MyTala. B padnuuneix BapHantax ['T]
OHA BHINOJHSETCA NO-PaszHOMY, HO 06lllas cXeMa OCTaeTed mpekHell — Cay4aiHbIM
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oOpasoM MeHsieTcs CAyYaiHo BbiOpannbiil anement. Hanmpumep, B cayyaiino sumbpans
HOH TpexaApecHol KoMakge (IPHEeMHUK I 1BA HCTOYHIKA), 4aCTO HCHOIL3YEMOMH NpH
nuneiinom [, Mensiercs nnbo npueMHHK, Aub0 HCTOYHHUK, A1O0 THIT BLINOAHAEMOMN
onepaiiy. Kpome toro, caydaiinnim 0fpasom MoxkeT AHG0 BCTABISTHCSA HOBBII Omle-
paTop, b0 YAATATHCS. YAKE UMEWIHICS.

B cBsi3n ¢ TeM, YTO A PACCMOTPEHHLIX CXEM XPaHeHHS aiTOPHTMOB OOJBIIHHCTBO
cly4aeB MPHUMEHEHUS ONePATOPa KPOCCOBEPA ABISIOTCS Pa3pylUMTEIbHBIMH, IPCIPaM=
MBI, creHepuponanibie npu moMomy I'Il, uMeloT TeHASHNHIO K HAKOIIEHUIO WHTPO-
HOB ~— HHYEro He JeJAIINX YYACTKOB KOAA, AHHCTBEHHBIM CMbICJIOM CYUIECTBOBA-
HHS KOTOPBLIX ABIACTCS yMEHbILeHHe PazpyUIMTEALHBIX NOCHEACTBHI NpHMeHeHHs
reHeTHYECKHX ONnepaTopoB. THNHMYHDIE TPUMEPDLI HHTPOHOB (APeBOBMAHAS CTPYKTYPa
3anHcana B cUMBOJIbHOM Buie) [8]:

Q (NOT (NOT X))

QO (AND..(OR X X))

Q (+.(-X X))

Q (+X0)

o (*X1)

@ (*..(DIV X X))

o (MOVE-LEFT MOVE-RIGTH)
o (IF (2=1) .. X)

o (A=A)

Ha camom jie1e MHTPOHDI He ABJSAIOTCA M300peTelHeM TeHeTHYECKHX aJTOPHTMOB,
MOAENHPYEMbBIX 4eNOBEKOM. TaKue HHepTHBIE [0CIe0BATENLHOCTH MOXHO HARTH H B
€CTeCTBEHHBIX eHax.

IMocTenendo, 110 Mepe TEHEPALHH HOBBIX MOKOJIEHUIT, KONHYECTBO HHTPOHOB B CreHe-
PHPOBAHHBIX NPOrpaMmax MoxeT pocturath 60 1 osee npoueHTop. B cesish ¢ sTHM
MHOTHE HOBLIE AITOPHTMDE HMEIOT T€ HIIH 1fHble 0COOEHHOCTH, KOTOPbIE YBEJIHYUBaAIOT
CpelHUH HPOLEHT BBIKHBALIMX NocTe KpoccoBepa ocobeit-nporpamy. OfHAM M3
TaKMX €10co60B MOKeT OBITh BBEACHHE TOMOJOTHYHOCTH (TOXKeE, KCTATH, 3aHMCTBO-
BaHHOH Y TIPHPOARI) U T. II.

Mertop rpynnoBOro yyeta aprymeHToB

I{paman ncTopua

Briepssie MeTon rpynnosoro ydera aprymenton (MIYA) mospuncs B 1968 roxy, 1 ero
NIOSIBJICHHE CBS3BIBAIOT ¢ MMeHeM akajgeMuka Anekces Ipuropeennua Vipbaxuenxo —
OAHOTO U3 CaMbiX H3BECTHBIX YKPAMHCKHX yyeHblX B obaactn computer science. I1i0-
JOBUTOCTD ITOTO YYEHOIO MOPAXKACT — MO €ro PYKOBOACTBOM ObLIO 3aLIMIIEHO OKO-
10 220 nuccepratmii (na Hux 27 Ha JOKTOPCKYIO cTenenb). OH ABISCTCA aBTOPOM QKO0
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15 monorpadmii u 6osee yem 300 nccaenopaTenbCKHX cTaTedt B OBACTH MATEMATH-
4ECKOTO MOJEHMPOBAHMA M pacTiosnaBains o6pa3oB CIOXKHBIX cucTeM. Kpome Toro,
imeeT 5 netelt, 7 BHyKoB, 2 npapiyka. HecmoTps na cBou Gousee yem 85 €T, A0 CHX
Mop NPOAOIMKAET AKTHBHYIO Hay4YHYIO A€ATENbHOCTD.

3a npexenamu Guismero CCCP nepssie nybaukaiun no MI'YA Ha4HHAIOT NOABAAT-
cst ¢ 1972 rona. HanGonbliyo aKTHBHOCTh B AaHHOM HANPABJIEHHH JeMOHCTPUPYIOT
vuerple onpuin, Anonuy, [epMaHuy, NPEAIOKNBIINE DA YCOBEPIIEHCTBOBAHHDIX
BAPHANTOB EPBOHAYATLHOTO AJTOPHTMA. 32 ITOCTEANHE TOAb NOABIIACH Leas fe-
ana MI'VA-n0zo6HBIX AJIrOPHTMOB, HCHONB3YIONMK OCHOBHbIE 0a30Bble MPHHLUMILI
MIVYA.

MHOrocnoiHbin utepatuBHbIn MI'YA

HauaTh 3HAaKOMCTBO ¢ OazopbiMH npuHuunamu MIVA ayulue Bcero Ha npuMepe MHO-
rocsoiiHoro utepatTusHoro sapuanta (MHUMTIVYA).

Ha pue. 4.6 ToKasaHo TpexMepHoe NPOCTPAHCTBO, ABYMSA KOODAHHATAMH KOTOPOTO
SIBJIAIOTCH NMPH3HAKH X, H X,, a TPeTbeH — 3HAUeHMe nexotopoit pynkumn a = f(X),
want f(x,, %), Haneit sanayeit Gyner ABIATLCA NOCTpOEHHE QYHKLIH, Hanboslee TOY-
HO aNNPOKCUMHUPYIOIIeH JaHHYI0 MOBEPXHOCTE.

b

f(xy%;) |

o

Prc. 4.6, Oynxums flx, x)
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Iogobroro BHAA 3ajadya OYeHb YACTO BOZHUKAET NPH Pacno3HaBaHHM 00pazoB WJIH
IIPY TIOCTPOEHMH Moaenn oObexta, Kak uasecTHo, nipn Jio6oM XapaxTepe HOBEPXHOC-
TH byukuun {(X) TeoOpeTHyecky Mbpl CMOKEM [IOCTPOUTD CKOJIb YTOAHO TOYHBIH amm-
POKCHUMHPYIOIINH TIOTHHOM BHIA
Xy =gk
= +
f(X) oy =
3anaya annpoKCHMAIMYM Jerko pemiaiack Obl B MpUBEeIeHHOH MOCTAaHOBKeE, eciu Ol
Mbl 3apaHee 3HANM, KakHe uyieHbl noamHoMa (1) MCnoiab3yioTea B KaKAOM KOHKpeT-
HoM ciayuae. OfHako Aake B Taxkoii H1arONpHATHON NOCTAHOBKE 3ajayl HAC OXKUIA-
10T OTPOMHBIE TPYAHOCTH, CBSA3aHHLIE ¢ TEM, YTO AXKE eC/IH YYHTHIBATb TOJIBKQ YETHI-
pe NPH3HAKA ¥ MOCTPOMTE TS HUX MOMHBIL mosmiiHoM (1) ¢ MakcuMaibHON CTeneHbIo
TPH, TO MBI BRIHY)KAEHDbI OyieM ONepHPOBATh MATPHUAMH pasMmepHocThio 40x40 ane-
MeHTOB. Ec/ii ’Ke HaM NPUAET B FOJOBY MbICIb MOCTPOUTb TAKHM METOAOM aNNpOKCH-
MHDYOLIYIO NOBEPXHOCTh Aist (hyukiy 20 aneMeHTOB, YYUTBIBAs YWIEHbl BIVIOTh A0
crenenu 10, TO Hago NpPHUrOoTOBHUThCS 00pabaTBIBATL MATPHIILL PAa3MEPHOCTHIO
5,38947-10''x5,38947- 10" s1ementoB. Eme ofHoil TPYAHOCTBIO 111 HAC GyeT ABIATHCS
TOT haKT, 4TO A1 HAXOXKIEHHA TAKOIO KOJAHMYECTBA HEH3BECTHHIX IIPH IOMOINH, Ha-
IPHME]D, METOIa HAHMEHBIUNX KBAApPATOB AJuHA obydaloleil nocae1osaTe/bHOCTH
TAKIKE J0JKHA OBITh OYeHDb OOMADIION.

N n n
ey 3 AN

n n
e XX o
0;X; 14: 2 B-’jx"xj 1——-])":] s U__r\

xijxk+... (1)

Ipennoxkennniit A, I MpaxneHKo MeTo1 N03ROJSET 3aMEHUTD OJHOMOMEHTHOE [10CT-
poeHHe MoJaHHOMa BHAa (1) ero mociejgoBaTenbHLIM (UTEDAaTHBHBIM) CHHTE30M H3
CPaBHUTEJLHO NPOCTHIX aMeMeHTapHbIX QyHKIHH (KraccudukaTopos). BonbimuHcTBo
3ajiay pacro3HaBaHHs 00pa3oB, pemaeMblx ¢ momomsilo MIVA, ceomuTca x BoccTa-
HOBJIEHUIO QYHKUUH 110 HeGOILIINM NOCAEA0BATE/NLHOCTAM, [IpeIcTaBHM HOJHHOM
(1) B BURIE

F=Fx,X; ., X3) (2)

Anpuopu, xapaktep dyHKuuH F HeuspecteH. Onucanue (2) 3aMeHAeTCS HECKOIbKH-
MM YaCTHBIMHM OMUCAHMAMH!

¥ = f1%%), Y2 = f(x;3 2): Y3 =f(-Yssx3)s

rae s = v, byHKuns / — Besje oIHHAKOBAs.

® 3 y.:-! = f{xn-13xrr)’ ys Zf(xn,xn)S (3)

Kaxpnoe ypasnenue B (3) npeacrapaser coboil aneMeHTapHblii Kiaccudurarop. Jna
onpeaeneHuss KO9QGMHUHEHTOB ¥ 3TeMEHTAPHBIX KAaccH(HKATOPOB HCIOAB3YIOTCS
Aannble obyuawouleil nocrenosarensiocti. [locne storo nponcxoaut otbop (cenek-
[115) HEKOTOPOTO KOJMYECTBA JYYIIHX N0 BhIGPAHHOMY KPHTEPHIO (0 KPUTEPHAX UYTh
HIIXKE), KOTOPBIE TEMEPh NPEACTaBIAI0T COO0H BXOAHbIE NEPEMEHHBIE JUIS CeNyIolIe-
ro psAaa kaaccH@HKaToOpos:

2=Suh) 2= fun) 2= fO0ur) s 20 = fOan V) 2= f(Dny.)(4)
Co BTOPBIM PAAOM 3JTEMEHTAPHBIX KJIaCCH(I)HKaTOpOB MBI NIOCTYNIACM TOYHO TaK XKe,
KaK ¥ ¢ 1epBhiM, — onpejenseM Kos¢hdHLUHeHTsl, OMpeeaseM Ka4ecTBO MOJYyYeHHO-
ro knaccHgpukaropa, nponssoium oréop. Ilocie aToro Mb1 MOXeM HaYaTh CTPOMTE Tpe-
TH# pAl KjlaccH(pHKaTOPOB.
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[padmyecky AaHHbiH MPOLECC MOKHO NPEACTABUTH CJIEAYIOIIHM obpazom (puc. 4.7)
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KnaccuukaTopos
BxogHsie 5 v =
nepeMeHHbie PAgb 2NeMeHTapHbIX xnaccudmxkatopos

Pa3anu4Hbie BApUaHTEl 4aCTHbIX ONUCAHWAL

NiuHeRsoe ¢ koBapuaumaMk:  F (X, x,) = @, + X, + @, X, + d; X, X

2
Keagparu4Hoe: F(x,x,)=a,+a,x +a,%, +a,%,%, +a,X +agx

2 2

ay + X, + A,%, + A%, X, + 4,%; +a5X;
2 2
1+ byx, + byx, + byx x, +bx; + bsx;

JpoBHO-NoNWMHOMWANBHOE:

F(x,x,)=

Puc. 4.7. CxeMa NOCTPOEHUA MHOFOPAAHOFO MTepaTBHOro MITYA

u L] u £z
YyTaTensnM, 3HAKOMBIM ¢ paboT0il MHOTOCTOHHBIX HEIPOHHBIX CETEH, HeTPYAHO OF-
JeT 3aMeTHTb Hekoropble obmme yeptst MUMIVA u HC:

O ananvaupyembiil o6beKT NpeACTaBaseT cOOOH «YepHBIH AUMKY;

O CcA0XHbie NepelaTo4yHbIE Cb}’IiKI.IHH COCTaBAAKTCA IIYTEM COEAHHEHHH 6GoJpmoro
KOJIMYEeCTBa JIeMEHTAapHBIX H CPABHHTENBHO NpOCTLIX 2NMEMEHTOB.
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Bazopble pasnnuns Mexay MUMIYA, spngomumMes onHuM u3 Haubonee SPKUX Npefi=
craBuTeneii cetefl co crarHeTideckuM obydennem (Statistical Learning Networks —
SLN), 1 HC sakaouaotea B CAedyomnX NpHHIHIAX:

Q 1{11661){{("1‘11‘[0(11{1-1}:] TIPHHIINE CaMOoopranm3alin naubosce oOBEKTUBHOTO CO3AAHHST i

cetH 0e3 MCIOAL30BAHHA Pa3iiqdHLIX C}'IS"L:(‘,K"I'HBI'II:IX ]32136}]9!1]']1",1 JAHHDBIX;

Q [pHHUHD BHEUIHEro JOITOJIHEeHHHA, ,U.OIIyCI{ElIOH_{I’II‘_"I HEeTeBOH BI)IGOD MOJEJIH ONTH-

MANbHONH CJAOMKHOCT M,

O NpUILHA PeryisipHu3auii mJa0X0 H3JOKeHHBIX 3aad.

Uto aTo 32 npuHunnb? HauteM ¢ TOro, Kak onpeaensercs ONTUMAIbHAA CI0KHOCTE
(xonuyecTBo cnoen) ceresoit crpyktypet MUMIYA. 3agacTyio KauyecTBO noayyeH-
HOH MOJle/IM acCOMMPYETCH €O CPEANEKBAIPATHYHON OWKOKOH MeXAYy TaHHBIMH,
MOJAYHAeMBIMU PH MOMOLIIH MOJAETH, U JaHHBIMY peanbHOR Mojgenu. Ecan Mbl ana
npoBepxy OyaeM HCHoAbL3OBATH T XKe JaHHBIE, YTO M npu o0yyeHuy, TO COINACcHO
TEopeMe «0 HeBO3PacTaHHM CPEeAHCKBaApaTHMHOW owMOKK Ha o6yvalomell nocaexo-
BATEIBHOCTH B anroputMax MI'YA» ona Gvaer MoHoToHHO YOBIBATL. st TOrO 4TOORL
ONPEAESUTh QITHMANLHOE KOAHYECTBO PSAAOB, CBEPX KOTOPOTC NPOHCXOJHT Nepeye-
JIO’KHEHHe Mo/enH (roBopsl A3LIKOM CEMeKUHOHEPOB — MHUYXT, BRIPOXKIAeHHe), HaM
HeoOX0AHUM NPUHIIMI BHelHero ponoanennsa. OKasblBaeTcs, eC/H Mbl YacTh JIAHHBIX
He DYAeM HUCIOAL30BATh U1 00yYeHHA (HAaCTPOIKH) 3JEMEHTAPHBIX KJIACCH(PHKATO-
poB, a OyneM HA HUX IIOJCYMTHIBATE CPEAHEKBAPATHYHOE OTKJIOHEHHE PealbHbIX JaH-
HBIX OT IOJYYAEMOH MOJIC/TH, TO MOAYYHM IPHMEPHO CAeLyIOLIYI0 KapTHHY (puc. 4.8).

1,6 4

1.4
2
O
5 1.2
=] —e— Ofyawan
el nocnejoeave MHOCT
s
E
5 0.8
g —m— TecToBAA
B 0.6 - nocnesoBEaTe MHICTD
L4
é 0.4 4
2
o

0,2 4

(1] r : v ¥ * * Ein

0 1 2 3 4 5 g

Puc. 4.8. fpadmky U3MEHEHWUA CPEAHEKBAAPATUYHON OWHBKA

EctecTRennO NPelnoaOMKnTh, UTO HMEHHC B TOYKEe MHHHMYMA CJE1YET OCTAHOBHTD
HapaluupanHe pajion, TOCKOABKY NOCHEYIOUHEe DAJLBI YiKe He I'II)HGHBHT MOJEIH TOM-
HOCTH Ha JaUHBIX, HAd KOTODLIX OHa He 06}"4?&‘]3(,'1:. Ha camom aene B 6OJIbUIMHCTBE
CHYYAEB HapallNBaHue PALOB XKejaTe/lbHO NPEeKPAaTHTL JalKe HEMHOTO PaHblIe — TOH-
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HOCTB OT 3TOrO MPAKTHYECKH HE ¢TPafaeT, a NoJdyyaeMas MOJe/ib OKa3biBAETCA MPOILE
u GoJlee HAZEXKHO OTpaykaeT (DHU3HYECKYID MOjeab ofbeKTa.

O.'MIal{O HE TOJLKO CpeaAHeKBaADaTHYHaA ()]_L{Hf)Ka Ha Nocnei0BaTeNbHOCTH, HE BOLIe -
el B 06YYaloIyI0 CEPHIO, NMeeT NOA0OHYI0 0COBEHHOCTh (MHHUMYM TIPH NONYYe-
HHH MOJIEH U]‘.[THME]."“)HOﬁ C."IO}KHOCTH). B KavecTepe BHelHero KDHTCPHH TarkXe MO-
ET 61)1T1} HCNOAL30BaH KOB(’])(DHHHQHT I(OppGJIHIU{I'I, MAKCHMAaIbHAaA OI_UH()Ka, (:pe;’lﬂﬁﬂ
olnbKa, KpuTepHil 6Hananca nepeMeHHbIX H MHOTO APYTHX KpHTepHes. ORHUM H3 YACTO
NMPHMCHAEMbBIX B NOCJAEIHEE BPCMH ABJAACTCH K[)}(Tep}{ﬁ HEeCMEI[EHHOCTH KOS(I}(‘I_)HHH‘
CHTOR.

=k x  #=
20 (¢; —¢; )

Ron = N i R ny —0 )
rie ¢* — koa(pduLHEHTH MOAENH, IOTYUEHHBIE HA TIEPBOH 110CAE10BATELHOCTH, ¢** —
KOpPHUHEHTHI, TIOJYYEHHbIe Ha BTOPOH NOCIeLOBATEABHOCTH (NPHYEM, ABE MOCHE-
J0BATEJIbHOCTH MOTYT NepeceKarhCs B CAYYae MajJoro KOJHYEeCTBa JaHHDIX), & — Ko-
TugecTBo napaMeTpos. OAHH H TOT e KpuTepuil MoxeT ObITh BolOpai kak s otHopa
CaMbIX JYHIIHX [IPEACTABHTECH ONPeAeNeHHOro paia (¢Jiog), TaK | 11 00beKTHBHOTO
spibOpa MOMeHTa JUld NMpeKpallleHUs Npoilecca HapallMBaHHs CA0KHOCTH MOJENI.
Kpowme Toro, B noc/iefinee BpeMsa 3aYacTylo TakXKe NMPHMEHsIeTCS H ABYXYDOBHEBad
CeJIeKLMA, KOTHAa MHOXKECTBO CreHepHpOBAHHDIX ATeMeHTAPHBIX KiaccupuKaTopos
BHaYyaje «ypPe3aeTcs» DU NOMOILH ePBOTro, AHCKPUMHHALMOHHOTO KPHTEPHH, I0CTe
4ero OHH COPTHPYIOTCS YiKe [IPH [NOMOUH BTOPOIO KPHTEPHA.

Ipouecc mrifopa KpuTepHsa NpeacTaBaseT cobol, moxauyi, camblii CyOBLEKTHBHBII
MOMeHT B pabote MI'VA, NOCKOTBKY OCYLIECTBJSETCS YEA0BEKOM B 3aBUCHMOCTH OT
TOr0, KAKYI0 MOZeNb OH XOUeT IOJYMHTh.

s apyrux npouenyp, 4acto NpUMeHsieMblX IpH paboTe MHOTOPSAHOIC HTEPATHBHOIO
MIYA, caesyeT oTMeTUTh OPTOTOHAIM3ALNIO AAHHBIX [JIs1 KAKAOTO Psia, a Takke
BAPHAHT C NpoTeKuHel BXOAHBIM nepeMenHbiM. [IPH 1IPOTEeKLIY BXOIHBIM TIepeMeH-
HBIM OHM MCNOJL3YIOTCA IIPH NOCTPOEHHH KAyKA0T0 HOBOTO CJIOS HAPSIAY ¢ BBIXOIHBI-
MU MepeMeHHBIMY NpeablIyuiero caos. TakoH cnocof, Kak, BNpoyeM, ¥ OPTOrOHATH-
3allus, NO3BOJIAET HECKOJILKO YMeHLUIMTD BIHAHMe omnbok MHOropsinHoctu. Kpome
TOro, NPOTEKIIHA BXOAHBIM IEPEMEHHDIM 1103B0/sIeT 60ee TIaK0o HAPAIUHBATD CHOMXK-
HOCTb MOJIEJIH, YTO NOJOKIITEILHO CKa3hIBaeTes Ha MOMCKOBRIX cnocobuocTax MIVA.

Koneuno, goctouncrsa MUMIYA ue moryTr He ofopaunnaTbca HEKOTOPLIMH HeEj0-
craTkami. Kax 1t 0601 anropirs, KOTOPbIN HCIOAL3YET BMECTO NOJHOrO nepebopa
ero yeeuennbiit papuant, MMMTIVYA smoxet u He naliTh npasuibHYIO MOAENE, OJIHAKO
Jaxe B 9TOM cjydae 0OLIYHO MOJIYUYAETCA MOJE/b, KOTODAA OTPAKAET HEKOTOpPbIe 3a-
BICUMOCTH ITATOHHOTO 00LeKTa. PHCK Nponycka onTHMAILHOR MO YMEHBIIAET-
€A NIpH yBEJAMYEHUH IIHPHHBL BLIOOPA dAeMEHTAPUBIX KAACCH(DHKATOPOB.

B kavectse npensyniecrs MMUMIVA M0KHO HazBaTh BBICOKYIO CKOPOCTH 0OyueHys,
OTCYTCTBHE 3AUMKIMBAHNS HA JOKATLHBIX ATTPAKTOPAX WIH DM CHMMETPHUHOH HHH-
IHAJIH3alMHA BECOBBIX K0ahQHIHEHTOB (NTO XapaKTepHO IS HefpOHHBIX ceTeil ¢
ofipaTHBIM pacnpocrpaneHuem omibku). Ouenns paxubiM cpoifcTeoM MUMIVA siB-
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JIAETCA €ro Xopouas CIIOCOOHOCTD K «0T6paCbIBaHHTO>> MaﬂOHll(i)OpMaTHBHbIX BXOMa-

HBIX TEPEMEHHBIX, YTO TIO3BOJAET UCIIOJB30BATh €0 Kak (UIBTP, BLIACHAIIMA ca-

Mble MHGODMATHBHBIE U3 HMX A4 JajibHelimell o6pabOTKK APYrHMH aITOPHTMAMMA
[2]. Eme ognum csoifictBoM MIYA, KoTOpOE BhiZeNseT €ro M3 OCTAAbHLIX AJTOPHT-
MOB, AABAAETCA CHOCOOHOCTD K MOCTPOEHHIO OYEHb CJOXKHBIX MOAENEH N0 0YeHb KO-
POTKMM CEpPHSM JAHHBIX, MTO CBA3aHO C MPOCTOTOH ajJeMeHTapHblX (YHKIHH, KOTO-
Pbl€ COCTABAAIT PE3YJBTHPYIOUIYIO MEPEenaToyHylo (GyHKIMIO MOCTPOEHHOH MOJIENH.

Cnektp anroputmos u metogos MI'VA

Ha cafite paspaborunkos MIVYA [3] soxHO HaliTH cleAYIOMYI0 KIacCHUKALMIO

AJITOPUTMOB, HCIIOABL3YIOMHNX ofrHakoBele ¢ MM MIYA npuHIMIDBI B 3aBHCHMOCTH OT |

MMEIOUIHXCA AaHHBIX U Heiael ux 06pa601‘1<11.

MNepemennsie MIYA-anroputme)

MNapamerpuueckue Henapamerpuyeckue

HenpepelgHbie Combinatorial (COMBI) — kombuHaropHbIA; Objective Computer Clusterization
{OCC) — obbeKTMBHAA KOMALKITEPHAA

KnacTepu3auus;

Multilayered Iterative (MIA) — mHorocnodnmi  «Pointing Finger» (PF) clusterization
HTEpaTHBHIN; algorithm — knactepuaaumna no metopy
€YKA3ATENBLHOTO NANbUAR;

Objective System Analysis (0SA) — ofrexTueHui  Analogues Complexing (AC) —
CHCTEMHBIN aHanus; YCNORHAKWWECA AHANOTHM

Harmonical — rapmoHuueckui;
Two-level (ARIMAD) — asyxypoBreBuii;

Multiplicative-Additive (MAA)

luckpetusie, unu  Harmonical Rediscretization — rapmoruueckas  Algorithm on the base of Multilayered

GuHapHele PenMCKPeTH3BUMA Theory of Statistical Decisions (MTSD) —
anropuTM, Baanpylowuncs Ha
MHOFOCNOHHOM TEOPHH CTATHCTHYECKUX
peweHui

MHoroc10MHbIA HTEPaTHBHBIH afrOPHTM ObLI PACCMOTPEH B IPEABITYINEM pasielie, a
celf4yac KpaTKO PacCMOTPHM HEKOTOphle JApYrHe,

Kom6unatopHbin MIT'YA — COMBI

Uctopuyeckn COMBI 6su1 nepssiM npeacrasurenem MIVA-anropurmos (http://
inf.kiev.ua/GMDH-home 1). COMBI npu reHepauuy MOZENIH HCNOJb3YET BCE BO3MOXK-
Hble COYEeTaHHSA BXOJHBIN MepeMEHHbIX, BCIeACTBHE Yero HAaWIy4llias MoZIedb HE MO-
xer 6pITh yuymeHa. Kak u y MUMIVA, ana Boibopa onTUManbHON 4751 AaHHOTO
YPOBHSI LIYMOB MOJEJIH HCIONB3yeTCA KpuTepuil ceneximu. K coxanenuio, noiHbli
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nepe6Op TIPUBOAMT K TOMY, YTO Ha MPAKTHKE MPAKTHHIECKH HEBO3MOXKHO CTPOHTD MO-
e 1O AaHHBIM, cofepxaum bonee 30 BXOAHBIX MEPEMEHHBIX [6], B TO BpeMA Kak
TUIIHYHBIE CJIOXKHBIE CHCTEMbI, VIS MOAEJIHPOBAHUA M AHAIH3A KOTOPLIX H HYIKHEL
KOMTILIOTEPHI, MOTYT HMETb A0 HECKOJbKHX COTEH BXOIHBIX NEPEMEHHBIX. B ¢Basu ¢
amin B 1995 roay A. I. ViBaxHeHKO NpPeATOKIA HOBBIH BapHaHT KOMOHHATOPHOTO
MTVYA, nmeromiero, kak # MUMIVA, MHOrOCTONHYI0 HTEPATHBHYIO CTPYKTYDY.
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PHC. 4.9. MUHUMANLHOE 3HAYEHWE KPUTEPHA KAYECTBa NOAYYAEMON MOARNH (BHEWHWA KpUTEpHi)
2
W NONY4aeMoit CNOXHOCTY MOJENN B 3aBUCHMOCTH OT PA3NUHHOTO YPOBHA WyMa {nomexu) &

Jlna toro uyrobul nepefop 6T MOTHBIM, HAM 1eoBX0AMMO TIOAYYHTh KaK MOXHO 6o-
nee raazkuit rpaduk Kputepua ceaexuuy (pHe. 4.9), HCNOIL3YEMOTO Kak HHAHKATOP
NpeKpaliesus NPOLECCa YCAOKHeHHs Moae/ . JoCTHTAeTCs 310 MyTeM O4eHb IiaB-
HOTO HAPALHBaHHA CAOXKHOCTH CTPYKTYPhHl. B mepBoM cjioe BCe MOZIETH UMEIOT Mpo-
CTeHUIYIO CTPYKTYPY:

=gy +ang = 1,2, M (6)

3peck M — KOAMYECTBO BXOAHbIX MepeMeHHbIX. F HAHIyYIIHX MoJieJielk 0CTaloTCA Nocyie
celneKlMK Mopeneit mepporo yposusa. Ha creayiolleM c/0€ FeHePHPYIOTCA Moldean C
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Homee caoxkHoN cTPYKTYpoiil. OHH COCTABAAIOTCS U3 BXOAHBIX NepeMEeHHbIX, CENeKTH:
POBAHHBIX Ha NEPBOM ypPOBHE:

y=agtayx;+azx,, i=1,2 .., F; j=i+l, .., F; F<M 7

Mocne cenexunu F Hanayuumx mozienet, UX BXOAHGIX NEPEMEHHBIX, B 9TUX MOAEIAX
TIPEACTARIEHHBIX, COCTABAAIOTCA HOBRIE, eme Hostee CAOXKHbBIE MOIeNN:

,}’;({0+al'1:'+al'rk+a_‘;xkr 'f':l! 2' 2 2 Fv Jr‘:!IT], my F’ k=j+la = F; FSM (8) )
W Tax ganee, 1o AOCTHKEHIA MIHUMYMA BHelunero kputepus. B cayvae, koraa F=M,
ANTOPHTM BLINOHACT MOMHBLH 1epebop BO3MOMKHLIX MOeNell B TONHHOMHAILHOIT dopMe,

06beKTUBHAA KOMNLIOTEPHAA KNacTepu3auus

U7t ke TaKoro oGbeKTHBHOIO B JAAaHHOM BapHaHTe KIacTepusannu? Jemno B ToM, YT0
B DOJIBUIMECTBE AMTOPHTMOB KJIACTEPHAAIIH KOINIECTBO KNACTePOB, B KOTopble 06b-

EIHHAIOTCE HaDOPbl BXOAHBIX JAHHBIX, 33]2€TCs YeTOBEKOM, BRIMQIHAIONINM aHAINS,
1 3ajaeTcs cyObeKTHBHO, B TO e Bpems, eci npiMeniTs 00blunyio 118 Becex MTYA-
AMTOPHTMOB METOMMKY, & MMEHHO pasjienclife BXOAHBIX HabOpOB JaHHBIX HA ABA, TO H
37€Ch Mbl MOYKeM NTOJYUHTH BloJIe 0GLEKTHBHEBIH KPUTEPHIl, IT03BOJISIIOUIMHA CKA3aTh,
KaKoe KOJWYCCTBO KIACTepoB OYAET ONTHMAIbHO JUIS KOHKPETHBIX JAHHDIX NPH KOH-
KPETHOM YPOBHe IIYMOB (IoMex).

MycTs Mbr veem M nabmwonennii 3a N BXOAHBIMA TepeMeHHLIMH (HIIH JKe HaM Heob-
X0AHMO KiacTepnaosaTh N 00bexToR 110 uMmeomumest M nepemennsin). [Jns aToro
MBI ey HabJoAeH s Ha JBe TPYIIb, Mocie Yero NpuMeHseM K HHUM IpoueLypy
HEPAPXHMECKOTO TPYNNUPOBaHKS, KaKk MoKa3ano Ha cxeme (puc. 4.10).

Ha xamaoM sTarne #epapxiuyeckoro rpyiiimipoBaHHs TaHHbIX Mbl NOACYHThIBAEM KPH-
Tepuit Gananca nepemennsix, Kotopsii s OCC BRILAANT cheayowusM obpasom:

BL= %‘-}i —» min | 9

e £ — KOJAHYECTBO KAACTCPOB, a Ak — KOJIHYECTBO NMOAODHLIX KAaCTepPOB.

Tie ayunie seero nenoaszosats OCC? Kak yxe Obio ckasano, OCC onTumManbHbIM
ISt TAHHOTO KOHKpeTHoro Habopa AaHHHIX cnocoboM noadupaeT KONHYECTRBO KaacTe-
poB. YTo 31ech HMeeres B uay? Peansuble 0ObEKTL MOXKHO NPEACTABUTD B BILIC ABYX
yacteil — JeTePMHHHPOBAHHOMN, I1sl KOTOPON MBI MOXKEM NOCTPONTH BIIOJIHE OMpEne-
JIEHHYIO MOJIeNTD, KoTopas Oy/IeT HMHTHPOBATE €€ MOBeJcHHe ¢ HeKOTOPOoil TOHHOCTHIO,
1 CTOXACTHYECKOH YacTH, TOBEACHHE KOTOPOI Mbl MOMKEM NPeACKA3aTh TOJNLKO B Cpef-
Hem. Asroput™ QOCC obvennusder o0beKTH, DA3MHYAIOHIMECH TOALKO «HIYMOBOI» €O-
cTABAMIONEH B OIMH KIacTep, No3TOMY MBI B JajibHefllIeM BIIOJHE MOXKeM NPH HC-
CHEAOBAHNIN CAOKHOTO 00BEKTa, cojlepKaliero DONBHICE KOMHYECTRO NEePeMeHHbIX,
ordpocuTh GOMBUITHCTEO H3 HHX, OCTABUB TAK HA3BLIBACMDBIC DeNPE3eHTaTHBHbIE EePe-
MEHHbBIE, YTO, HAPSIAY ¢ PATHKAILHBIM YMEHLILEHHEM TPYI0CMKOCTH AajibHeIero aHa-
auza (Hanpumep, opu noMount Toro e MHMMIYA), Takke npHBOAUT K TTOBLIICHHID
€T0 TOYHOCTH.
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Taxoit noaxox xopowo noxasan cefsi, Hanpusep, B 06AACTH MOJAETNPOBAHNS COCTOS-
HUA IKOHOMHBKH, KOMJd BMECTO 3KOHOMHYeCKHX 1‘1ap;me'1‘p03 MHOTHX (_IJIIIJM HCNOJB-
3y10TCA NMApameTphl Hanbosee xapakTepHodi (Haxomsieiica 6amxe Beero K LEeHTPY
KiacTepa) pupmbl [6].
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Puc. 4.10. Cxema obvekTuanOil KoMNbIOTEPHO# KnacTepu3aumu (0CC)

HelipoHHble ceTu ¢ aKTUBHBIMU HelipoHamMu

Buepsoie nossusmmecs 8 1943 roxy » pabore Mak-Kaioxa n I[Turra 1eftpons npej-
CTaBaAnn coGON OYeHb UPOCTBIe KOMIIOHEHTHI, KOTOPHIE MO HMETh A3a WIK TPH
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cocTosiius. C T MOps! MOABHIOCH MHOTO APYIHX, 00Jee CIOKHBIX KOHCTPYKIH
1elffpOHOB, KaXKas M3 KOTOPHIX HMeeT CBOM NpeuMylecTsa M HeaocTaTtkH. Jlpyroi
npobaemoll, cTosiel nmpi paboTe ¢ HERPOHHLIMH CETAMY, SBAAETCS ITOCTPOEHHE O~
THMAABHOH TONOJIOTHI HX COeJlMHEHNH.
Oniolt H3 BO3MOXKHBIX KOHCTPYKLHIT HeHpoHa 14 caydas, KOria Mbl MOXKeM YKa3aTh
JUIsE HETO JKeaeMOe 3HaueHUe Ha BBIXOJIE B 3aBUCHMOCTH OT 3HAYEHMI Ha ero BXojax,
SIBASETCS <«yNaKoBaHHLIH» B Hero napaMmerpuyeckuii MI'YA-aaropnty. Ilockonbky
MTI YA-anroputMel 065aa10T CBOHCTBOM OTOPACEIBAHHST MANO3HAYAIIHX BXOAHBIX M€
PEMEHHBIX, UTO BBITJISIAMT KAaK H3MEHEHME TONOJIOTHH CBA3CH MEXIY CJIOSMH, TAKHE
HEeHPOHHBIE CETH HA3bIBAKTCA CETAMM C aKTHBHBIMH HelipoHaMu.
IIpnmepoM TakoH ceTH ABIeTCA ABAXMLI MHOrocaoiHas Helpouuas cets (Twices
Multilayered Neural Nets — TMNN). 9710 o6bi4tiasg MHOIOCIONRHAS CETh C NPIAMBIM
PACIPOCTPAHEeHUeM CHTHAMA, ¥ KOTOPOH Kai/Iblil U3 NelipOHOB «CTPOUT» BHYTpH ceba
oauy U3 MHorocaoiasix MIVA-ctpyktyp (MUMIVA, nnu muorocnoitaeiit COMBI).

CaMOOPI‘aHMBOBaHHOE nNoCTpoeHne HeYeTKUX npasun

Eure 0fHMM [OCTATOYHO HOBBIM, HO TIPH 3TOM MHTEPECHBIM BADHAHTOM BISIETCA Ca-
MOODraHH30BaHHOe MOCTpoeHue Heverkux npasui (Self-organizing Fuzzy Rule
Induction). Buemine sanubi anroput™ odensb noxoxk Ha MIMI VA 3a ncknoueHnem
TOTO, YTO dJeMeHTapHble KaacCudHKaTOPsl paboTAOT ¢ HEHETKUMH NePEMEHHBIMH H
PEANU3YIOT MepelaTOYHYIo (DYHKLMIO BHAA

x!
: -
; x"{ij.k0)
min
=B L
Xy 1 J

Puc. 4.11, InemeHTapHbii KnaccHPURATOP BAR CaMOOPTaHH3I0BAHHOID HEYETHDIO MOARNKPOBAHUA

U3 noxazanHpix Ha prc. 4.11 snemenTapHbIx kKnacendukatopos no avanorud ¢ MUMIYA
COCTaBIAKOTCA CJIOW 2AeMEeHTAPHbIX KJ‘I&CCI](_DHKEITOPOB. B xauectne Kpuiepusa CeneKs
HHH MOKET ObITh BHIGPAH, HANPHMED, CIeNyIOUHIL

N
OG, j k1) = El(yl(i,j,k,l)-y;)z wm QG j kD= Zl}}(fa S h")')’f' (10y

[Mpoueaypa HapamWBaHisd CA0EB MpEKpallaeTcsl TOTAA, KOUAa KPHTEpHH celeKuHH
HAYMHAET YBEAHYHBATECA MO CPABHEHMIO CO CBOMM 3HAYEHHMEM HA NpenblayIleM cJIoe.
OmucanHas cxema paboTaeT M 15 CAYYAs,, KOIJla HeYeTKHUe TlepeMeHHBIe IPHHUMAIOT
TOJNBKO /IBAa 3HAYEHHS — <J0XKbL» U <MCTHHA».
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O6HapyxeHue
NOruyecKux
3aKOHOMepHoCTel
B fJAHHbIX

Pacemorpum puc. 5.1, Ha mem cxematuuno uzobpakeHnsl Julla Jdoneil. ITH aMua
110 KaKHM-TO TPHYHHAM, MOKET ObITh, BayKHBIM, Pasjlellensl Ha aBa kiacca. CTaBuTcA
3ajada HaliTH 3aKOHOMEPHOCTH NPOBEAEHHOIO PasjiesreHus.

Puc. 5.1. Kzobpaxenna auy niogen
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[TorpobyiiTe BU3YANLHO ONPEAEANTD, YEM JIHIIla PASHBIX KIACCOR OTJYAIOTCA APYT OT
Apyra M uTo obbenHseT 1una oaHoro kiacca. Cpasy 3aMETHM — pelieHHe CyIecTay-
eT. Ho Baml BH3yanLHbI aHAMN3, CKOPee BCEro, He JAcT OTBETA Ha MOCTARIeHHbIH BOM-
poc. OObIMHBI YeToBeYeCKIH Pa3yM He B COCTOSAHHH DEHIMTh JAXKe TaKvio, HA Hep-
8L B3LJISIA IPOCTYIO, 3ajauy oOHApyKeHHA CKPBITRIX 3aKonoMepHocrteil. 3jech
HeoOXOAMMO NPHMEHEHHEe KOMIBIOTEDHBIX METOA0B AHATH3A AAHHBIX.

MoXXHO nu pewnTb 3a4a4y 0OHaApYIKEHUA 3HAHUM
C NOMOLbI0 KNACCUYECKUX MHOFOMEPHBIX MeToA0B?

MonpiTagMest PEIUUTL MOCTABACHHYIO 337124y ¢ MOMONIBIO OJHOIO H3 KIACCHUECKHX
MHOTOMEPHBIX METOJ0B — AHCKPUMHHAHTHOTO aHANKN3A, COIEPKAILErocs BO BCeX cTa-
THCTHUYECKHX naketax. Mol GyzaeM 3aech HenonszoBats nakeT STATGRAPHICS Plus
for Windows.

IIpexe Bcero BBIIENHUM NPH3HAKH, XapaKTEPU3YIOUlHe UM300paKeHHble aHna. 310
CHEIYIONINE XapaKTepPHCTHKM:

x, (ronosa) — kpyrsas — 1, opaabvnas — 0;

X, (ymu) — orTonbipennbsle — 1, npimxarnie — 0;

Xy (HoC) — Kpyrabtit — 1, aauuyabii — O;

x, (rmaza) — Kpyrasie — 1, yakue — 0;

a5 (106) — ¢ moputmaami — 1, 6e3 mopuH — 0;

¥, (cKianka) — HocoryOHas ckaazka ecTb — 1, HocoryGHoO# ckaanxn ner — 0

X; (ryOni) — ToaCThIE — 1, TOHKHE — O

X, (Bonocw) — ecTe — 1, ner — 0;

X, (ycbl) — ects — 1, Het — 0

x,, (bopoga) — ectb — 1, Her —

x,, (oukn) — ectp — 1, Het — 0

X,, (poauHKa) — POAMHKA Ha Hiexe ecTh — 1, pounukyu Ha weke ner — 0;

x,, (6abouka) — ect — 1, ner — 0;

x,, (6poBu) — noaHATH KBepxy — 1, omymens kuusy — 0;

x5 (cepbra) — ecth — 1, Her — 0;

X, (TpybKa) — xypurenbHag TpyOKa ectb — 1, Her — 0.

Hexoanas MaTpuiia ZaHHBIX, COOTBETCTBYIOWAA H300PaKEHHBIM JIALAM, TPEICTABAE-
na B Tabn. 5.1. Crpoxu coorsercTByioT obbextam (N = 16), cToAdGHB — BhIJEICHHBIM

OGunapssiv npnsHakam (p = 16). O6bexTnl ¢ noMepanmi 1-8 ornocares k kiacey 1, a
¢ Homepamy 9-16 — k knaccy 2.

BpomnuM nanusie Tabn. 5.1 B aaexrpounywo tabminy STATGRAPHICS. Coxpansiem
ux B aitne mox nmedem face.

Ans nposedeHHs JMCKPUMHHAHTHOrO aHanausa BbpiOnpaeM Special » Multivariate
Methods » Discriminant Analysis. [TonyuaeM oKHO Jnanora IHCKPHMHHAHTHOTO aHAH-
3a 1 BBoAMM B mone Classificatien Factor (xnacenduumpyonii dbaxrop) nepeMeHHyIo
¢ usenewm Class, B nosie Data (naunbie) — rnepemennnle x,—x,, (puc. 5.2).
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Tatnuua 5.1. UcxogHas Matpuua AaHHbIX

N2  Tono- Yws Hoc Ina- Nloé Cwnap- Ty- Bono- ¥cel Bopo- Ou4- Popud- Babou- bpo- Cepe- Tpy6- Class i
a/n Ba aa ¥a 665 Chi Aa KM Ka Ka BW ra a

& M A G Xe A Ke P e o o K e R A K A X
o SIS 1 0 0 1 1 0 0 1 1 1 0 1 1 0 1 1
2 1 0 b 1 o 0 1 1 0 1 1 1 0 0 1 0 1
3 0 0 0 1 1 1 0 1 1 0 1 1 1 1] 0 1 1
4 0 i 1 0 0 1 1 0 0 1 1 0 0 1 1 1 1
| 1 0 1 0 1 1] 1 0 1 0 1 0 1 1 0 1
6 0 0 1 0 1 1 1 0 1 0 1 0 1 0 1 1 1
- LA 1 0 1 L AL 0 0 1 1 0 0 1 1 1 1 1
8 0 0 1 1 ! 1 0 1 1 1 0 1 0 1 0 1
% 0 0 1 1 0 1 a 0 1 1 4} 1 1 1 g 1 2
0 0 1 1 0 0 1 1 0 0 1 1 0 1 1 1 0 2
I Al 1 1 0 1 1 0 0 1 1 0 1 0 1 o 1] 2
Ll 0 1 0 7 e 1 0 1 0 1 1 a 1 1 0 2
a=: N | 1 0 1 s (R 1 1 1 0 0 0 1 0 0 1 2
14 0 1 1 1 G 0 1 0 1 0 1 0 Q 1 1 1 2
10 1 0 1 0 1 1 1 0 1 0 0 1 1 0 1 2
36,00 0 B e md e Sla CNE N B E MM S |0 SrAABIe Gt B - 1 e

_Dls_mnnly!'ils

Puc. 5.2. OkHo anManora AMCKPUMHUHAHTHOTO aHANK3a
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Haxumaem OK. Ha akpan BoldaeTcs CBOJKA HMCKPUMHHAHTHOrO AHANH33, B KOTOPOH
coofnaeTcs, YTO aHaAH3 He MOXKeT ObITh IPOBEJEH, TAK KAK TIePeMeHHbie ABAAITCS
JHHeHHO 3aBHCHMBIMH.

Jaa npeogonenusi BOSHUKIIETO NMPENATCTBMA IETKHEM NPABOH KHOMKOH MbIIH H
BLIZOBEM OKHO [MAaJ0ra s 3ajaHdil NapaMeTpoB AHMCKPUMHHAHTHOIO aHalW3a
(puc. 5.3). B none Fit sribepem Backward Selection (MeToa yMenbUIEHUMS TPYIIILI IPH-
3HAKOR).

Puc. 5.3. OKHO auanora Ana 3apanus onunil AMCKPUMWUHAKRTHOTO aHanusa

Haxumaem OK. ITosnyuaeMm coobuienne, 4T0 118 NpOJOJIKEHHS aHATH3a NepeMeHHas
Xy A0JKHA 6thb yiajieHa. BoiabisaeM OKHO BROJA JAHHBIX (.?IEBaﬂ BEDPXHAA KHOHK&) H
JICKAI04aeM 3Ty nepementyio. [Tosyyaem HOBoe coobLieHHe 0 HEOOXOLMMOCTH yia-
JUTh U3 aHajH3a Xx,,. [IoBTOPSEeM oNepalHio MO MCKIIOUEHHIO NepeMeHHOi. 3aTeM
NOABJSIOTCS AHAIOTHYHbIE COODIEHHA OTHOCHTEILHO MEPEMEHHBIX X5 H X5 Mickiio-
yaeum aTH nepeMennsie. [ToayyaeM cBOAKY AMCKPUMMHAHTHOIO aHaAM3a, TPOBeeHHO-
IO B IPOCTPAHCTBE MPUIHAKOB X, Xy, Xg Xy X5y Xy Xp1 Xg» Xyge Xyp» Xjp H X3 C IPHMEHEHH-
eM MeToJa NMOoCcAeJOBaTEeNbHOIO YMCHBUIEHHA IDYIINbBI NIPH3HAKOB.

HaxxumaeM KHONKY TaGJHYHBIX ONMUUH (BTOpas CJeBA BBEPXY) H YCTAaHABJIHBAEM
(paaxku Discriminant Functions (auckpumuHanTHble GyHkuuu) i Classification Table
(ra6auna knaccuduranmit). Haxumaem OK. Ilonyvaem Tabinubl, NOKa3aHHBIE Ha
puc. 5.4 u 5.5.
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8. Discruninant Analysis

iscriminant Puncricn Cosfficients far Clas

tandardized Comfliciencs

=5,68021
11,8584
3,54215
3,629%1
-2.14458
12,0851
=7, T4646
-3,20624
17,7427 |

fUnstandardized Cosfficients

100,004

Percent of cases carrectly classified: 100,004

Frior
Eoup Probabilicy

Q,.5000
0, 5000
Aevunl Highese Highesc Znd Highesr Zng Highest
{Row Graup Prob. Group Value Prob. GCroup Valua
1 i E3E, 453 2
1 1 563,296 2
1 L 733,869 z
Y TTIT, OO 1 1 AR
Puc. 5.5. Tabnwua knaccudurauuii '|__l‘

M3 tabnnit coresyer, 4To nOCTpOeHa AMCKPUMUHAHTHAS (byHKUMs, obecnieunsawmasn

0’ a
100 % npaBuabHOMN KIACCHDHKALUM HCCICAYEMEX OBBEKTOB., DTo CAeayIoImasa ¥
byHKUMA: H

F=-40,1 - 11,0 xx, + 23,7 x x, + 68 xx, = 7,0 xx; — 6,3 xx, +
242 %% - 150 xx; - 6,4 xx,, + 34,3 x Xt 14,1 xx,,
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Ha puc. 5.6 npuseaetbt rHCTOrPaMMBbl paciipeleileHts 3HAYEHIH NOCTPOEHHOH AHCK-
DUMUHAHTHON yHKLHH B ABYX CPABHUBAEMBIX TPYINax o0heKTos.

Class=1
5 :,__ ? 2 > r U SRS ST I_‘!'
3 E 3
C 1]
1£ =
Frequensy ]: ,[ e ::
i : : e
g b F REL Al J.:
: a1
-10 -6 -2 2 6 10

Class=2

Puc. 5.6. TucTorpammel pacnpepeneHun sHaveHuin AUCKPUMMHAHTHOR BYHKUKM

Kasasnoch Obl, Mbl IOCTHIIM XeNaeMON el — NpaBuAo KIaccH(PHKALHK NOCTPOEHO.
Ho Bpaz au Takoe Nparnio cnocobHO yIOBAETBOPHTD Pa3padoTINKa HHTEJIEKTYalD-
Ho# cuctembl. OHO QopManbHO M He AaeT HOBOTO 3HaHMA. [71444 Ha 5TO NPABUJIO, MBI
MOXKeM JHILB MePeYHcJaHTh NPUIHAKY, BOleAIHe B JAHCKPUMHHAHTHYIO (DYHKLIO, H
CKa3aTb, YTO JAHHBIC NIPH3HAKK HEOOXOAMMBI JUISI Pas/ieleH sl ABYX KJIacCoB 00LeKToB.

IMoneiTka AaTh UHTEPNPETALIIO BECOBLIM KOd((MHIIHEHTaM B AMCKPHMHHAHTHOI ByHK-
1M BooBile NPHBOANT K HEJeNbiM pesyabratam. HenoHsTHO, HanpHuMep, noyeMy Bec
yureit (npusHak x,) Goaee dyem B TPH pasa NpeBbILAET Bec Hoca (NIPH3HAK X,), U T. JL.

OTcofa BO3HHKAET HeJdOoBepHe K NOCTPOEHHOI INCKPUMHHAHTHON (DYHKUMU U pac-
TeT MOA03peHHE, YTC MCTIOAb3YEMBIH MaTeMaTHYeCK Il anapaT MHOTOMEPHOIO aHa-
JIM3a <«TIOATOHAET> PE3YJIbTaT.

ThK,COGCTBEHHO TOBOPA, N ECTh. Kaaccnueckas TEOPHsT MHOTOMEDHOTO aHaI13a, AB-
JAKIAACH pasgesioM MaTeMaTHYeCKOH CTAaTHCTHKH, HUKOTDa HE MIPETeHA0BATd HA
pelmenIe 3aaad, TOA0OHBIX pacc,\m'rp(-tm-mii. Ho umenno takue u ropasio foJee CI0K-
HbIE 3adavi HacTO CTABMT Iepel HaMH KHU3HD

Ocnoproe TpeboBaHHe K MATEMATHYECKOMY alllapaTy oBHapyKeHHs 3aKOHOMEpHOC-
Tell B ganubix (KpoMe, KoHeuHo, Tpebosanus ahheKTHBHOCTH) 3aKIIOUACTCA B HH-
TePHPETHPYCMOCTH pe3yasTaToB. Ilpapnia, suipaxaiollie HailleHHble 3aKOHOMEPHO-
CTH, JO/KHEBI QOPMYJIHPOBATLCH HA IPOCTOM 1 NOHATIOM YEAOBEKY A3BIKC JOTHYECKAX
BbickasbiBannii. Hanpusep, ECJIU {(cobbitue 1) 1 (cobbitie 2) u ... u (codbitne N)}
TO ... Mupivu caoBaMu, 3TO JOMKHBL ObITh JOTHYCCKHE TPABMJIA,

Tak, kaacenduxanns UL B PaCCMOTPEHHOM HPHMEPE MOXKeT OLITh NPOM3BeIeHa

IIOMOILBIO YeTBLIPEX JOTHYECKHX INPaBHIL:

1. ECJIH {(roaosa gpaitbHag) u (ects HocorvOnaa ckaaika) u {(ecty oukH) u (ecThb
pybka)} TO (Knace 1).
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2. ECJAMU {(rnaza xpyraste) u (106 Ge3 Mopwun) u (ectb Hopoga) u (ectb cepsra))
TO (Kiaace 1).

3. ECJIH {(noc xpyrasiit) u (abicsii) U (ectb yebl) 1 (OpoBM noausiTel KBepxy)} TO
(Knacc 2).

4. ECJIU {(oTTOnsipeHtble yuIn) 1 (ToscThie ryGnl) ¥ (HET POAMHKH Ha 11eKe) | (eCTh
Gabouka)} TO (Krnace 2).

MaTemMaTHyeCcKas 3alHCh ITHX MPABUA BBISANT CAEAYIOMHM 00pazoM:
[, =0)Alx, =D Aalx, =DAlx, =D]v(x, =DAE =0 A{x, =D Alx, =D)]= 0,
[(x,=DA0G=0)Alx, =D Alx, =D]v[(x, =) Al(x;, =D Alx, =0)A(x; =1)]= o,.

3aech 3HAYKH vV — KOHBIOHKUHS (M), A — AW3BIOHKNUS (MIH), = — HMILTUKALHA
(ecau, To).

[Tox npasuio 1 moamanaor neppoe, TpeThe, YETBEPTOE M IIECTOE JIHI@ U3 ITEPBOTO
KJlacea; moj NpaBuao 2 — BTOPOe, NATOE, CEAbMOE M BOCBMOE JIMII0 U3 MEePBOro Kiac-
ca; oA NpaBuao 3 —AeBATOe, OAMHHAAIATOE, ABEHAIUATOS U YETHIPHAAATOE JINIIO U3
BTOPOTO KJIACCa; MOA NpaBuiao 4 — fecsAToe, TPUMHAALATOE, ATHAALIATOE H IIECTHAM-
LaToe JHIO U3 BTOPOro Kjacca.

B atoMm H CHeayIomeM padjefiax Bbl Y3HAETE, KaK HAaXOAHTh B JAHHBIX JIOTHYCCKHE
3aKOHOMEPDHOCTH H Had HUX OCHOBE CTPOMTD JIOTHYECKHE IIPaBH/A.

JloruuecKkue npaBuna B HaWeW XU3HU

[IpuBeseHHbIH Buille IPUMEp, B KOTOpPOM TpebyeTcs HailTu mpasuia s Kiaaccudu-
KallUH YeJ0BEeYeCKHX JIN, ABJAETCH CPAaBHHUTEABHO IIPOCTHIM H, MOXKHO CKA3aTh, <MI-
pylleuynniM», Tem He MeHee, OH JaeT IpeicTaBileHHe o creliMdHKe 3ajayd TMOHCKA
JOTHYECKUX 3aKOHOMepHocTeil B MHoromepubrx gaHublX. IlogoBusie 3a1ayn SBISIOT-
€A OAHUMM M3 CaMblX PaclpOCTPAaHEHHBIX M MOMe3HBIX ANS NMPAKTHKH.

Jloruyeckue mpaBuia Aal0T BO3MOXKHOCTb IPOTHO3HPOBaTh M NMOMOTAIOT CBA3bIBATH
pa3Hble CTOPOHBI XU3HH B eHHOe Lenoe. OHY 0ODBICHAIOT CBA3H, KOTOPHIE HEPENKO
6RBAIOT AOBOJBHO 3amyTaHbl. HeT HU 0JHOH CTOPOHBI JKH3HM H 0O6JACTH YeI0BEYEC-
KOH JesTelbHOCTH, IJie He NMpiMeHsANch Obl Jornyeckue npasuia. PaccMOTpHM He-
CKOJIBKO TIPHMEPOB.

lipaBuna B couuonormm

Ilorenenue moaell B onpee/leHHbIX 00CTOATEbCTBAX YACTO NPEACKA3ATh TPYIHO WIH
HeBo3MOKHO. Ho B HeKOTODBIX cIydYasx COLUHAJIbHOE MOBeAeHHEe BCE Ke NMOoANaeTCs
nporuosdy. O6bacHeHus, Jexallle B OCHOBE [IPOTHO3a, BCETA UMEIT BHI JOTrHYeC-
KHx npasus. OHU CBA3BIBAIOT ITOCTYIIKK C MOTUBAMH, OPHEHTALMSAMH, eMorpadiyec-
KHMH XaDaKTePUCTHKAMH COLMATBHBIX IDYIN H 0OCTOATENBCTBAMH JKH3HH.

L S

ey
—

fﬁw.m_--b-'

—
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paBuna B 3KOHOMUKE U ynpaBneHnu huHaHCAMM

Kaxkasi-To 01 pEIHKa HenpejickasyeMa. Hexoropbie cnelMamyMcTsl Jaske rOBOPAT, YTO,
HanpHMep, PHIHOK UeHHBIX HyMmar — 3To cdepa pesuruu. Ho cymecTByioT OTae bHbIe
CErMEHTBI PHIHKa, COOBITHS KOTOPBIX MOXKHO YBEPEHHO TPOTHO3NPOBATL. JTO KacaeT-
Sl KAK KPAaTKOCPOYHOTO, TaK M J0JATOCPOYHOro nporuosuposanns. Ilpumepom aroro
CYKUT NOMYJIAPHOCTE MHOTOYHCJICHHBIX NPOTPAMMHBIX NIPOAYKTOB A/ YIIPABICHHS
duHancamu. Ocobyio HeHROCTh MPEACTaBIAIOT CHCTEMB], HCTIOJIb3YIOLIHE JOTHYECKHE
MpaBKia U jlaioline 000CHOBAHME CBOEMY NIPOTHO3Y. JTO NO3BOMAET KOHTPOJIHPOBATh
IpMHUMaeMble PElleHHsT H MOBHILIACT A0BEpHe K HUM.

NpaBuna B MeaUuLUHE

3BECTHO MHOTO SKCTIEPTHBIX CUCTEM JU7IsE MOCTAHOBKY MEANLIHCKIX Auario3os. OHU
OCTPOEHB! TIABHBIM 06Pa3oM Ha oCcHOBE Jorniecknx npasus. C MOMOMIBIO TakiX
IpaBUJI Y3HAIOT He TOJLKO, Yenm HosieH MalMeHT, HO U KaK HyXKHO ero jeuuts. [1pasn-
Ja TOMOTaloT BHIOMPATH CPEACTBA MeAMKAMEHTO3HOTO BO3AEHCTBMS, ONpele/saTh
rnoxa3anus (NMPOTMBONOKA3alus ), OPUEHTHPOBATLCS B JIeUeOHBIX NPOLEnypax, co3fa-
BaTh ycaoBHs Haubonee aheKTHBHOIO JeYeHHs, NPEICKa3blBaTh MCXO1bl HA3HAYEH-
HOTO KYpCa JIeHeHUs H T. IL

MpaBuna B MONEKYNAPHOW reHeTUKE U FreHHOW
UHIKEHEPUU

Toxanyi, Haubosee OCTPO H BMeCTe ¢ TeM YeTKO 3a1aua 0OHADYKEeHUSA JOTHIECKHUX
3AKOHOMEPHOCTEH CTOHT B MOJEKYJLIPHOH FeHeTHKe M TeHHOH HHKeHepHH. 311eck OHa
dopMyIMpyeTCa KaK OnpeieneHHe TaK HA3hIBAEMBIX MAPKEPOB, IO/l KOTOPbiMH TIOHH~
MAIOT TeHeTHYECKHE KOZbI, KOHTPOJUPYIOUHE Te W HHble PeHOTUNHYeCKHE IPHIHAKH
’KMBOrO opranuama. Takye KOAbl MOTYT COAEDXKaTh COTHH, Thicsiuu U GoJlee cBA3aH-
HBIX 3J1IEeMEHTOB.

MOKHO TPHBECTH ellle MHOTO TIPHMEPOB Pas3MyHbIX 00acTeli 3HaHud, T/ie JoTuYec-
KHe MPaBUAA UTPAIOT BEAYLIYIO poab, OcobeHHocTh 3THX 0BIacTel 3aK/II04aeTCs B HX
COKHOM cucTeMHol opranusaiun. OHH OTHOCSTCS [IABHBIM 00pasoM K Hamxubep-
HETHUYECKOMY YPOBHIO OPTaHH3allMH CHCTeM [7], 3aKOHOMEPHOCTH KOTODOTO HE MOTYT
6bITh AOCTATOYHO TOYHO OMHCAHE] HA A3bIKE CTAaTHCTHYECKUX MM WHBIX aHATHTHYeC-
KHX MaTeMaTHyeckux Mopeneil [2]. JanHble B yKa3aHHBIX ODJACTAX HEOJIHODOJHBI,
reTepOreHHbl, HECTALHOHAPHE! M YacTO OTIHYANOTCS BHICOKOH PasMEpHOCTSHIO.

ToyHOCTb ¥ MNONIHOTA NpaBUA

[Ipexie ueM mepeiiTH K ONHCAHUIO CHOCODOB NOHCKA JOTHYECKHX TPaBHJ, paccMOT-
puM WX 0OLIHe XapaKTepHUCTUKH.
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5}",’1@;\«{ paccMaTpiBaTh JIQrHYeCKHe TIpaBujla CHEINYIOMEro BHadl

o J ? o
\(_yc*;onne 1) u (ycnosue 2) u ... (ycnosue N) T
" a0

A B
Tpustepst yeaosuit: X=C,; X<Cp X>Cy C<X<Csu ap., rie X — Kaxoii-11bo mapa-
metp (r10Je 6asbl AaHHbIX), C; — KOHCTAHTHL ;
Jio6oe ipasuno B suae veaosHoro cyskaenna ECJIM (A) TO (B) nmeer nse OCHOB=.
HBI& XAPAKTePUMCTHKKH — TOYHOCTb M NOJHOTY [3].

(ycnosue M)
N —————

Tounocms npaswia — 310 L0 CAYYAEB, KOTAA PABHJIO NOATBEPAKAALTCHA, CPEAN B
cIyyaes ero npuMeHenus (Koas cayvaes B cpein cayuaen A).

Honnoma npasuaa — 3TO 70 CIYHAEB, KOINA NPaBHIO TOATBEPIKIAETCS, CPEIH BeS
C/IVuaeB, KOT/a HMeeT MecTo obbacHsembiit ucxol B (a01g cyyaes A cpein Cyyaes
B). by
[IpaBia MOTYT HMETh Kakie YTOJHO COYETaHHs 3HAYEHHH TOYHOCTH W MONHOTALS
HekoueHne cOCTaBAgeT JHIL OJHH CIyuail: eC/1H TOYHOCTh paBpHAa HYJO, TO PaB
HYJI0 ¥ moAHoTa (1 HaobopoT).

MpumMepbl NpaBun

Ipimepst wimocTpupyiot npasina suaa ECJIN (A) TO (B) ¢ pa3nHuHLIM CONEpkKas
uieM A u B. [IpuBeienHble MPUMEPbl IeMOHCTPHPYIOT YeThIPe NPaBH/Ia €O sﬂaqem!
AMU TOYHOCTH [ TIOJHOTHI, HIM3KHMIH IUTH PaBHbIMK eHHHLEe J100 Hymo: 1) TOYHOE:
HO HenoaHoe, 2) HETOYHOE, HO NOAHOe, 3) TOUHOEe I N10/1HOe, 4) HETOYHOE i HEeMOTHOE:

flpumep 1. TouHoe, HO HENONHOE NPAaBUNO

NMiopu cMepTHe (A = «4enoseky, B = «cMepTet»).

M3BeCTHO, YTO BCE JI0AH CMEPTHBL ITO 3HAYMT, YTO NPABIIC «/II0M CMEPTHBI> TIPS

s - .
IeJbHO TOUHOE (TOYHOCTh PaBHa ¢IMHHIE), OHO He NMeeT HCKIIOYEHMI. Bumecte ¢ TEM;

cpeaH CMEepPTHBIX CYLIECTB JIOAM COCTABIAIOT BechMa CKPOMHYIO JOJIO. 210 3Haqﬂf.'.'5
YyTo MOJAHOTA IpaBilia «JToau CMEPTHBI» 3aBEIOMO HeBEJIHEKA.

Mpumep 2. HeToyHoe, HO NONHOE NPasuno

KypuablyuK paso Wau no3ano 3abonesaet pakom ferkux (A = «Kypuneuurs, B = «pano unu
no3AHO 3a60NEBAET PAKOM NETKUXY).

o5t 3a60eBAIUX PAKOM JETKHX CPEIH KYPHILUIHKOB COCTAB/ISIET OKOJIO 6 %. 310

SHAYMT, YTO TOYHOCTH TIPHBECHHOrO npasuia pasya npumepto 0,06. B 1o xe BpeMd
70718 KYPHIBIMKOB cpeat 00JIeonliiX PaKoM JeIKHX COCTaBaseT 95 %. Taxum obpas

30M, npaBuio «KypuapmnK pano WM MO3HO 3a00jeBaeT PAKOM JETKMX» obanaet
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odeHb BBICOKOH noaHoTtoll — 0,95, Yacto nponarasna npoTHB KypeHHsl, HCHOIb3YIO-
pasd TAKOTO DOJA MPAaBHNa, JiesiaeT VIIOp Ha MX TOJHOTY, TOIa KAK KYDPHABIIHKH ODH-
eHTHPYIOTCA HAa TOYHOCTB, KOTOPas BEChbMa Masia, M NPOAOJIKAKT KYPHTb, HE BUISA B
sTOM OOJIBIOH Yrpossl g ceb.

Mpumep 3. [lpaBusio TOYHOE U NONHOE

B NpAMOYTONLHOM TPEYIONBHIWKE U3 TPEX YINOB MMEETCA 183, CyMMa KOTOPBIX COCTABAALT NPA-
MoK yron (A = «nPAMOYTONbHbIR TPEYrONALHUKR, B = «B TPeyronbHUKE U3 TPEX YIAOB UMEETCs
JAB3, CYMMa KOTOPbIX COCTaBAAET NPAMON Yroam).

B smupe we ciuiuxom Gompimux macmtabos, rie cnpapeanuba reoMerpus Epkimza,
YKa3aHHOE NPaBUJIO MMEeT TOYHOCTD, PABHYIO eAHHUNE (CPedl MpsAMOYTOJbHLIX Tpe-
YrOJIbHHKOB Bce o6.1aiaioT cBoiictBom B). ITosrnora npapnia Takke paBHa eHHHIE
(cpeny TpeyroJbHMKOB, KOTODble 061afialoT CBOACTBOM B, Bce npsMOyTosbHbIE).

Npumep 4. MpaBuno HETOYHOE U HENONHOE

Ecnm y 4enoBeKa POAMKKA Ha LIeKe, TO OH anbGuHoC (A = «4eNOBEK UMEET POAMHKY HA WEKey,
B = «anubunocn).

Cpenn nwoaei, Y KOTOPBIX POAWHKA Ha [IeKe, jIoJs amhBHHOCOB 3aBEIOMO HEBEJIHKA.
Cpemi anbbUHOCOB TAKXKe, IO BCEH BUAMMOCTH, He TaK MHOTO HMET POIHHKY Ha LIEKe.
ITO 03HAYAET, YTO U TOUHOCTD, H MOJTHOTA TAKOIO TIpaBHJIA 3HAYMTENbHO MEHDILE €K~
HUIIBL.

TpaguumnoHHbIe MeToAbl 06HapYKeHUA
NOrUYyeCKMUX 3aKOHOMEPHOCTEN

I\’ICTOHBI MOHUCKA JOTHYECKHX SaKOHOMEDHOCTCf{ B JaHHDIX alleJIAHUDPYIOT K IIH(l')ODMa'
UMH, 3aKJAI0YEHHON He TOJNbKO B OT/ebHbIX NIPH3HaKaXx, HO M B COYETAHHAX 3HaYeHHI
MP{3HAKOB. 3JTO oaHA U3 IIPHYHH, O KGTOpOﬁ KJaCcCHYeCKHe MeTOAbl MHOTOMEDPHOTO
aHaiv3a B pAle CIy4YaeB, aHAJOTHYHDLIX DACCMOTPEHHOMY BbLILIE, HE MOrYT KOHKYDH-
POBATH C JOTHYECKHMH METOAaMH.

B Meromax rmoucka JOTHYECKHX 3aKOHOMEPHOCTEH 3HAUEHHS Kakoro-audo Nipu3HaKa
X; pacCMaTPHBAKOTCA Kak saeMeHTapHble cobpitus T. Hanpumep, 17151 npu3Hakos, H3-
MEDEHHBIX B HOMHHAJIbHBIX UIKANAX, 3JEMEHTAPHBIMH COOBITHAMH Ha3BIBAIOT COOBI-
THSL X; = @ WM X, # @, T/e @ — OfHO H3 BO3MOKHLIX 3Havennii x,. Ecan ke uikaaa no-
PAAKOBAs MJAM KOJMYECTBEHHASA, TO 3JE€MEHTAPHBIMI COOBITHAMH MOTYT CIYKHTD
co0bITHs BHIa @ < X, < b, x,< a, x;> a. ‘
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3a BDEMA PA3BHTHA TEOPHH aHA/IH3a MHOTOMEPHBIX JaHHbIX o110 NpegaIOoKeHO MHO: :

o Pa3zaH4YHBIX METOLOB ITOHCKA JIOIMYECKHUX SaKOHOMGDHOCTEﬁ. Kak noxasana »Xu3Hb,
H60IbIIHHCTEO U3 HHX, B TOM HHC/I€ BEChMa MaTeéMaTHYeCKH H30UIpEeHHbie MEeTOJLl, He

CTaJAH TIOTYISIPDHBIMH. B HACTOALLEE BPEMA TIPHOPHTET NPHHALACKHT nparma"mtlec,ag

KHM aATOpPHTMaM, HMEWIHM NPO3padHyIo NOJONJIEKY. MosxHo CKa3aTh, 4TO 2TO EUI['()I"
PHTMbI TaK Ha3bIBAEMOIO 3APaBOIC CMBICJA,

Anroputm «Kopa»

Aaroputy™ «Kopa» 611 npeastoxken M. M. Bonrapznowm [1] B 1967 roay. C Tex nop 3a
TPH IECATHJIETHA OH 3apeKOMeHI0BAN celsl VAAYHbIM B DPsijie NPUKIAIHBIX obaacTell.
B axropnrme «Kopa» aHaiu3upyioTca BCe BOZMOMKHBIE KOHDIOHKLHH BHIA

LT Anc.nl (<),

i i

rae T — anemenTaphble coBbITHS, a [, — HEKOTOPOE Hamepes 3alaHHoe Yicao (IepBo-
Hayaablo B aaroputMe «Kopa» 310 wiicno 6bu10 paBHO TpeM).

Cpenu KOHDBIOHKIUIT BBIXESIOTCS T, KOTOPble XapaKTepHp! (BepHBI Ha 00ydalomeR
BLIOOPKE Yallle, YemM HEeKOTOPHIil Opor | — €,) /715 OHOTO H3 KJIACCOB H HE XapaKTeps
Hbl JUIsL APYTOro (BepHb! pexe, yeM B joje caydaes €,). Ecan koadduuuent xoppe-
JAUHH MEKIY KaKMMI-TUO0 ABYM:A BbIIEJIEHHBIMH KOHBIOHKUMAMY N0 MOAYMIO GO-
Jee 1 — €, TO OCTABAACTCA «HAMIYILIAA» U3 HHX C TOYKH 3PEHHS] a3 THYeHNsA KIACCOB,
a €ClH KOHBIOHKLHH 3KBHBaJeHTHbI, TO foaece KopoTkas {(HMeolas MeHbilee [) Wik
npocto orobpanuasi panee. ITapameTpsl €, €, U €, NOAGHPAIOTCS Tak, YT0OH 0OLIEe
4uCI0 0TOOpanHbIX (HHMOPMATHBHAIX) KOHBIOHKIMI HE MPeBOCXOAM/IO HEKOTOPOro
uncsia 7. Urodul knaccuduuupoBath HOBOE HabIOAEHHE X, /1A HETO NOACYMTHIBALT-
CA 1; — MU0 XaDAKTEPHBIX A5l i-I0 KAAcca OTOOPAHHBIX KOHBIOHKIMH, KOTOPbIe BEPHBI
B Touke X. Ecmi n, ABasercs MakCHMAIbHBIM U3 BCEX, TO NPUHHMAETCS pelleHHe o
NPHHAATEKHOCTH 0OBEKTA i-MY KAACCY.

PaccmoTpennblii B Hayane pasnena npuMep o oGHApYKeHHIO 3aKOHOMepHOCTelt TpyI-
MHPOBOK JIHIL JHOAel MOXKeT ObITh pelieH ¢ MOMOIbI0 aaroputMa «Kopa» ana l,= 4
&, > 0,5. Byecte ¢ Tem, HY)XHO XODOINO NPEACTABAATE, uTo anroputM «Kopas apnser-
cA O4eHL TPYAOEMKHM, TAK KaK OCHOBaH Ha NojHoM mepebope sapuanTton. [1oaToMy
Ol XOPOLIO PabOTaeT TOMBKO MPH CPABHUTEILHO HEOOIBIIMX Pa3MEPHOCTAX NPOCTPaH-
CTBA MPH3HAKOB M HEBBICOKMX 3HAYeHHsX /.

[lepeBbR pelweHunit

Hepeens pemennit (decision trees) ABIIOTCS caMbiM DacHPOCTPAHEHHBIM B HACTOA-
Iiee BPeMsA MOAX0A0M K BbIABACHHIO H H300PaKEHHIO JIOTHYECKHX 3aKOHOMEDHOCTER
B naHHbIX. Buansie npeacrasuresn storo noaxopa — cuctemsl CHAID (chi square
automatic interaction detection), CART (classification and regression trees) u 1D3
(Interactive Dichotomizer — mnrepaxtnBHbit ANXOTOMAl3ep). YacTuno 9TH cHCTe-
MBI YK€ YIOMMHANUCE B IVIaBe 4, DOCBAMEHHON HHTEINEKTYAIbHOMY aHATHU3Y AaH-
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neix. PaceMoTpuM Gosiee noapobHo npoueiypy NocTpoeH s A1ePEBLes PEUIeHHH Ha TIPH-
mepe cietemnl [D3.

B ocHose cuctembl I1D3 aexur anropursm CLS [6]. Dror anroput™ NUKINYeCKH pas-
fupaeT 0OYYAIOLIME IPHMEPBI HA KJACCH B COOTBETCTBHH € HepeMeHHol, uMemei
HanboabIWYI0 K1accuuuupyomyn ciry. Kaxaoe noaMuoxecTso npuMepos (obnhex-
TOB), BBIJe/Isieroe Takoit mepeMeHnoll, BHOBb pasdiBaeTcs Ha KJIACCH ¢ HCTIOIL3OBA-
HUEM Cleayiollel nepemenHoit ¢ Hanboabied kiaccuduunpyoeil crnocodbHoCTho U
1. A. Pasbyienne 3aKaHYNBAETCSA, KOTIA B NOAMHOKECTBE OKA3bIBAIOTCS 0OBEKTH JTHIb
onHoro ki1acca. B xoge npoiecca obpasyercs aepeso peutenuil. [yt asipxenus no
ATOMY IEPEBY C BEDXHETO YPOBHSI HA CaMble HUKHHE ONpelefsioT JOrHYecKue paBH-
Ja B BUAE LeNnouer KOHBIOHKIHI.

Jas nnmoctpauun pabotel amroputvma CLS ofpatimea x npuMepy 1o knaccH$HKa-
Wi i moaedt (em. puc. 5.1 u taba. 5.1).

Ha nepBoa 1are aJropuTMa OnpeieaseTcs NPH3HAK ¢ HanboablleH AMCKPHMHHUHPY-
ouleit cuiof. B HaleM cayyae oMHAKOBOI ¥ MakcMManbHOH cHJI0i 06i1ana0T cpasy
7 MPH3HAKOB — Xy, X3, X Xygr Xyy, Xy, H X5 (a6 5.2). [ToaToMy 31eCh MBI TPUHIAMAEM
BOJIEBOE DelleHHe U HasHayaeM MEPBBIM IIPM3HAKOM, HAPHMED, X,

Tabnuya 5.2, Orhowenue eguuuy (1) B pasHelx Knaccax 0BveKTOB ANA Pa3sHbiX NPU3HAKOB

Mpu3HaKu x1 %2 x3 x4 x5 x6 x7 xB x9 x10 x11 x12 x13 x14 x15 x16
Knace 1/Knacc 2 3/3 4/6 4/6 5/5 3/3 bBf4 4/6 3/3 5/5 &/4 6f4 3/3 5/5 4/6 4/6 5/5

Ot nepsoro npHsHaxa oTxoast Ase Bersy. Ilepsas ans snavenns x;=0, a Bropas —
x,= 1. B 1aba. 5.3 n 5.4 cojepkarcsl AaHHBIE, COOTBETCTBYIOUIHE ITHM BETBSM.

Tabnuya 5.3. Tabnuua RaHHLIX, COOTBETCTBYIOWAR BETBY X, =0

MNpu3Haku

OGveKThl 1 02 x3 T S5 xG6 %7 XS a8 Gl w1 xi2  x13 “xd4 'uls S X6
2 1 0 1 1 0 0 1 1 0 1 1 1 0 0 1 0

7 1 1 ¢} 1 0 0 0 0 1 1 o 0 1 1 1 1
12 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0
13 1 1 0 1 1 0 1 1 1 0 HER S, 1 0 0 1
14 0 1 1 1 ¢ 0 1 0 1 0 1 0 0 1 1 1
16 0 1 1 1 0 0 1 1 0 0 1 0 1 0 1 1

Knacc 1/Knacc2 2/2 1/3 1/3 2/3 2/2 2/4 1/4 1/2 1/3 2/0 1/3 1/1 /2 1/2 2/3 1/3

Has setBu x; = 0 OKOHYATENBHOE DellieHye JaeT MPU3HAK Xy, OH NpUHMMaeT 3Haye-
uue 1 Ha o6bextax 2 u 7 u3 mepsoro Kiacca i 3Havenue 0 Ha obpextax 12, 13, 14 1 16
13 BTOPOTO KJacca.
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TaBnuua 5.4, Tabauua fanHbIX, COOTBETCTRYIOWAA BETBH X = 1

Mpusxaxu =

06uexTs b, ST SR s B, 2 IS TRt IR i 3 T NS R ) O R s P IS [ T AR TS L

1 0 1 0 0 1 1 0 0 1 1 1 0 1 1 R,

3 0 0 0 1 1 1 0 1 1 0 1 1 1 4] Qo &

4 0 1 1 0 0 1 1 0 0 1 1 0 0 1 i S

5 1 1 0 1 0 1 0 1 0 1 0 1 0 1 I c0

6 0 (5} 1 0 1 1 1 0 1 0 1 0 1 0 1

8 0 0 1 1 0 1 1 0 1 1 1 0 1 0 i (|

9 0 0 1 1 0 1 0 0 1 1 0 1 I 1 FE g
10 0 1 1 0 0 1 1 0 0 1 1 0 1 1 = el v
11 1 1 1 0 1 i} 0 0 1 1 Q 1 0 1 0 0
15 0 1 0 1 0 1 1 1 0 1 0 0 1 1 AN

Knace 1/Knacc2 171 373 3/3 3/2 3/1 6/4 3/2 2/1 4/2 4&/4 BJ1 2/2 473 3/4 471 4/2

Beteb 25 = 1 yerpoena Gonee cioxkuo. Ha atoit Bereu Hauboubiueil AHCKPUMHUHUDYIO-
uteit cunoii obraaaer npusuak x,, (tabn. 5.4). On umeer 3uayenne 0 y obbvexra 5 U3
nepBoro knacca H 06wpextoB 9, 11, 15 u3 proporo knacca; u 3uavenue 1 y 0b6bpexTos 1,
3, 4, 6 u3 nepsoro kaacca n ofbexTa 10 U3 Toporo knacca. Takum obpasom, Tpebyer-
€A JONOJIHUTENBHOE BETBACHHE, KOTOPOE OCYINECTBAETCA C [IOMOINBIO IPpHIHAKGB x,s,
X ¥ x,. IlonHOE nepeBo npuBeaeHo Ha puc. 3.7,

Kax ciaeayerT M3 pUCYHKa, AepPeBO JIOFHYECKOrO BbiBOJa, BHIPOCHIEE U3 NPH3HAKa X
(HocoryGHasi ckrazka), nmeeT 6 uexox08. ToAbKO JBa H3 ITHX UCXONOB BKIIOYAIOT N0
yerhipe 06bekTa (onHoTa 4/8). OnuH HCXOaA TPYNIHPYET TPH 00BEKTA CBOETO Kiac-
ca (nonrota 3/8), onuH ucXoa — nBa 00bekTa (monHoTa 2/8) ¥ TPU MCXOAA BKIIOYA-
10T N0 ojHOMY 00bexTy (noanorta 1/8). EcTecTBeHHO, HeNb3s CYWTATH JIOTHYECKOH
3aKOHOMEPHOCTBIO NYTh IO Jepeny, /g KOTOPOro HCXO0j 3aXBaThIBAeT CTOIb ManiQe
OTHOCHTEAbHOE YMCI0 00bexTOB ofHoro Kiacca {obnanaer manol nosiHotoit). Kak
BUIUM, pelleHne, JaBaemoe aaropursoM CLS, naneko ot tpefyemoro.

Ecau noneITaThCs BRIPACTHTE A€PEBO PelleH il u3 Moboro Apyroro NpUsHaka, HalpH-
MED, Xy, X3, X;g0 X,y Xy, WIN Xy, TO PE3YJIBTAT Takike OyleT Jajek OT ONTHMAIBHOTO.

Amroputm CLS criocobeH MpHBOANTL K KaYECTBEHHBIM PELIEHHAM 33j1a4H NOHCKA
JIOTHYECKHX 3AKOHOMEPHOCTEH TOIBKO B ¢/iyyade He3aBHCHMbIX NPH3HaKoB. B npotus-
HOM Cy4ae OH HepeaAKOo HalpaBisieT X0i JOFHYeCKOro BbIBOAA MO JOXKHOMY MyTH H
CO3ZaeT JUUIL MJUTIO3HIO NPABHILHOTO PacCyXAeHHA,

i
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Puc. 5.7. llepeso noruveckoro seisona

ChyvaitHbin nouck ¢ apantayuei

AJITODUTM Cy4aiiHOTO MOMCKa ¢ arantauuen (CIIA) b1 npesioxen I C. JI60BBIM

1 p b fy P o
o B VCIOBHS Xn JHAKO 4

Fmeercst MHOXeCTBO BOaMOKHBIX COBBITHIT
TpebyeTcst 0To6paTh HEMOUKH KOHBIOHKLUIL
CHUMUSHPYIOILHE HEKOTOPbIH KpuTepwii J.

T={T}, i=1,p. U3 sroro muoxecrsa
T, AT, A...AT, 32naHHOR AMHHBL /, Mak-
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an‘}Kﬂ;(;‘ BCErO, MPOBOIHTCA CepPHA OIbITOB MO CJ"I}"IGﬁIIO.\-I}»’ OMnpeaeJeHHK COCTaB %
HENoYeK KOHBIOHKIMA., 3aTeM Ui 9THX LENoYeK BLIYMCAAITCH 3HAYeHMs KPHTEDH!:

J. ]_L(‘HO‘IKH. C MAKCHMaJbHBIM 3HAYEHHEM KDHTEPHA NMOOUIPSAeTCH YBEIHYeHHEeM Bep(ﬁ-

ATHOCTH BbIGOpa BOMEAMINX B Hee cOOBITHI B caenyionmx onsitax. lenouka ¢ Hau-
MEeHbllel BeJNYHHON KPUTePHA HaKa3biBaeTca cOOTReTCTBYIONINM ofpadoM. Bes npo-
Lelypa NOBTOPAETCA A0 TeX Nop, HoKa COOBITHA OTYeTIMBO HE NOAAPUIYIOTCA M0

BEPOATHOCTH HX BhlﬁOpﬂ JJ1s1 HCTIBITaH U,

Asroput™ CITA usberaer nosnoro nepebopa coluituit, Tpebyomero npocMoTpa

Q= ux xoMGuuaumi B uenouke. Ero TpyioeMKOCTh, OXHAKO, 3aBHCHT OT 3a/aBa-

eMBIX YCIOBHIL: KOTHYECTBA MCIIBITAHKI, Mep HOOMPEeHHs W HaKazaHuA COBBLITHIL, —
KOTOPbIE CYMECTBEHHO BJIHMAIOT HA CKOPOCTH CXOAMMOCTH QJITOPHTMA., JKCHEepPUMeHs
TANbHO Ha OAHHX M TeX XK€ JaHHBIX MoKaszaHo, uto anropnt™ CITA gasan onTHMaib
Hoe 1160 HAN3KoE K ONTHMAIBHOMY PCIIEHHE 33 YHCA0 WAroB, CPAaBRUMOE C BEJHYM-
Hoit [3]: f

Q=2 (-1

[Ipumep ¢ oBHapysKeHieM JOrHYECKHX 3AKOHOMEPHOCTEH B rpyNIax u300paxenuil JAI
mojieit (cM. pic. 5.1) mMoxer 6uiTh pemer ¢ momousio anroputma CITA, ecnu 3a3aTh
{ = 4. ByecTe ¢ TeMm, 3TOT NpUMeD SABAAETCS AOCTATOYHO IIPOCTBIM — YHCI0 0OBEKTOB
M NPM3HAKOB B Tabmuile JaHHbIX Majo. B Goaee caoxubix cutyaunsx aaroputy CITA
OCTAETCA BCE-TAKM BeChbMa TPYAOEMKHM. Kpome Toro, HeoOX0AHMO 3a1aBaTh IJUHY
11eNoYeK KOHBIOHKIU /, YTO TAKXKe OTpaHIIUBAET €0 HPIMEHEHHE.

UHCTpyMeHTanbHbie CpeacTBa 0OHapyKeHus
3HAHUW B AHHbIX

Peinok nporpaMmubix nponyktoe 5 ofaactu Data Mining n Knowledge Discovery
OypHo passusaetcd. DaKTHYECKH Kaxabiid Mecal B MHTepuere NoABASIOTCS AHOHCH
HOBBIX HHCTPYMEHTOB A7 o0Hapy XeHUsA 3Hanui B 6azax. [lomous pasobpartscs B TOM,
KaKoOIl 113 TIPOAYKTOB ABJAeTCs Hanbosee NOAXOAANINM, [PH3BAHEL CIENHA/ILHEE 00-
3optbie crpantubl Mutepuera (Hanpumep, http://www.kdnuggest.com), Ha KOTOpBIX
NPUBOAATCH KATANOTH PaspaboTok, paccKasbiaeTcesi o hrupMax-pazpaboTynkax, BexyTes
OMCKYCCHH, CPABHUBAIOTCS XAPAKTEPHCTHKH PA3jIMYHBIX OPOrpaMM MU T. A.

B naHHOM pazjiesie HPMBOANTCH ONUCAHHE ABYX CHCTEM JJi# OOHapyxKeuus 3HaHUH
B jaHHbIX. IlepBas cucteMa — Seed — oTHocHTCA K HanbGosee NMPEICTABUTEIbHOMY
M NONYIAPHOMY HallPaBIeHMIO, CBA3AHHOMY C TOCTPOEHUEM JAePeBbeB PellleHUH. A BTO-
pas cuctema — WizWhy — HHTepecHa TeM, 4TO ee pa3paboTYHKH YTBEPXKIAIT, OYATO
oHa cnocobua obuapyxuts BCE if-then-npasuia s nanseX. 10 yTBEPKACHUE NOA-
KPEIVIsieTcs cOOBUIEHHEeM 0 BeChMA DOJIBIIOM KOJIUYECTBE KOMMEDPYECKHX CTPYKTYD,
ucnoabsyounx WizWhy (6oaee 30 000). Japaiite camu ybeauscs B TONE3HLIX CBOM-
CTBaX NpejataraeMbelX HHCTPYMEHTOB.
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focTpoeHne fepeBbeB peweHuin — cuctema See5/C5.0

Cucrema See5,/C5.0 (Windows 95/98/NT) kommannu RuleQuest (http://www.rulequest.com)
npe/HA3HaYeHa A1A aHanu3a Goapuinx 6a3 JAaHHBIX, COAEPXKALWMX [0 COTHH ThICAY
zanucell M A0 COTHH YHMCAOBBIX HJIH HOMHHAJLHBIX nosell. Peayasrar paborn See
BHIDAXKAETCS B BHE JepeBbeB perleHHil H muoxectsa if-then-npasun Cucrema npo-
cra B OGpanieHuH M He TpeOyeT 0T Hoab3oBaTeNs creindHYeckux 3nannii B obractu
npukAagHoii cratuetiky. CroumocTs Seed — $740, HekomMepHeckast BepeHst 71s 00y-
yeHHs OrPAHHYEHA KOAMYeCTBOM aHaTH3NPyeMEIX 3anuceii (no 200).

IMpouwsnocTpupyeM npouece paboTtst Seed Ha peanbHoM OphMepe 13 o61acTH MeslH-
IHHCKO# AHarHocTHKH. McxojiHble aHnble B PACCMATPHBAEMOM CJydyae OTHOCHTCS K
zanave auddepeHnanbHoll AHarHocTHxH 3aboiaeBanii nodex. Janusie GbLIH nony-
yens! B Pocchiickoil Mepnmackoil akagemun (Xurposa A. H. Juddepenunanbhas
AHATHOCTHKA KHCT IIOYEYHOTO CHHYCAa M THAPOHe(hPO30B METOA0M KOMILIEKCHOTO
VIsTPasByKoBoro obcaenonanns: JInccepraiis Ha coMcKaHie yueHoll CTeneHH Kan-
auaTa MeHuHCKHX Hayk. Mocksa, 1996).

MparMeHT HCXOAHBIX HaHHBIX TpHBeleH B Tafia 5.5. ITo Kak pa3 TOT BHi JaHHBIX,
718 06paboTKH KoTopLIX Hoiaee Beero moaxoauT Seed. Kauinrii 06BeKT (NallleHT) 31ech
NPUHAIIEKHT K OJHOMY M3 HeGOABIIOre YHCAa KIAccoB (340POB, MHOKECTBEHHDIE
KHCTBI, THAPOHe(PO3) 1 ONHCHIBACTCS OIMHHAALATLI PASHOTHITHBIMM NMPHIHAKAMH.
3anaya See5 COCTOHT B NPEICKa3aHNM IMATHOCTHYECKOTO KAacca Kakoro-1mbo obbexra
110 3HAYCHUAM er0 NpUaHakoB. [Ipi aToM, Kak MBI YERAMM, Seed KOHCTPYUPYeT Kaac-
cudHKaTOp B BHjle ePeBa PeuIeHHH, KOTOPOMY, B CBOIO 0Yepeb, MOXeT DhITh 110CTaB-
JIEHO B COOTBETCTBHE HEKOTOPOE MHOMKECTBO JIOTHYCCKUX MPaBHIL

Tabnuua 5.5, GparMeHT MCXOAHBIX faHHbIX No guddepesunanbioi auarnocTrre 3abonesanuit noyek

Mpu3Hak Obvexr 1 ObbveKT 2
CocToRHMe oYM MHOMKECTREHHEIE KUCTH MapoHedpos

diagnosis

Boapacr naywenTta

{uMcno nonweix net) Age 46 52

Non nauwexTa Sex Henwuna (F) MysuuHa (M)

lpasan whu nesan nouwa LR Mpasas nouxa (R) Jlesan nouka (L)

[nuna noykn (MM) Length 112 136
[WnpuHa nouku (MM} Wigth 68 69
TonuwHa nosku (MM} Thickness 83 72
TonwuHa napexxumsl (MM} Thickpar 18 18

CpeHAR CHOPOCTL KPOBOTOKA

(cm/c) Speed 2,3 12
WHaeHe peaucTeHTHOCTH Index 0,584

YekopeHue apTepuaneHoro
noToka B cucTony (cm/c?) Accel 459 291
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®ainbl TeCTOBbIX AaHHbIX (Heoba3aTenbHbie)

Jlna npoBepKH KauecTBa NOCTPOEHHOTD JepeBa PellieHrH i COOTBRTCTRYIOIErO MHOXKe-
CTBA JIOrHYeCKHX IIPABUJ B cucTeMe Seed IpenycMOTDEHA BO3MOXKHOCTh paboThl co
cnelnanbHBMM daiizaMi, B KOTOPBIX COACPKATCH AOIIOIHHTEILHBIE TECTOBbIE JaHHDIE.
Tpetuii Bua aiiaa, NCnoab3yeMbiil cHeTeMol Seed, COAEPKAT HOBBIE TECTOBBIE 00bEK-
Thl. 3TO TO, YTO eMle NPHHATO Ha3bIBATh KOHTPOALHOH BRIOOpKOM. Janusiii dafin
LISR.test siBsisieTcs HeOOA3aTENIBHBIM M, €CH HCHOIL3YETCs, WMeeT (opMaT yiKe OIu-
canHoro ¢aiina USR.data.

Crenyrowmuii BerioMoraTenshbiit daiin USR.cases Takske SBAAETCS HeOOA3ATENbHBIM.
On comepauT 0OBEKTH ¢ HEM3BECTHOH KiaaccHpuKanmeil,

Paun ctoumocTn
TMocnenuuii pux (aiina, obozaagaeMpiii USR.costs, conepxuT Mg OpMAaLNIo 0 CTOMMO-
CTH pa3MHuHbIX omubok KaaccuduKanuy, 3aroaHene 3TOT0 (ailla ABAIETCA He-
obsgszarensHpIM. Bmecte ¢ TeM, HazHadeHue witpadon 3a OMIMOKM MOKET OKa3aThCa
BecbMa MOAEe3HBIM TIPH pa3paboTKe HEKOTOPDLIX MPHIOKEHHI.

UHTepdeiic nonb3oBarens
B rnasHOM oKHe Seed pacrnonaraerca narb KHonok (puc. 5.8). Ilepednciim nx crnepa

HAaNpago.
C nomouisio kHonkH Locate Data (MecToHaxXoMieliHe AaHHBIX) BLI3BIBAETCA OKHO 7S
TIPOCMOTpPa AOCTYNHBIX (Dail/IoB HaHHBIX M KX 3aTPY3KH B CHCTEMY.

Haxariem kHonku Construct Classifier (mocTpoeniie kaaccugukaTopa) nnpou3BoanTcst
ofpalferyie kK OKHY JHaiora s BeIOopa THIA Kiacc(pHKATOPa M YCTAHOBKH €ro ma-
DaMeTpoB.

Krnonxka Stop npeanazHayeHa A1 OCTAHOBA MPOLEca NMOCTPOEHHS JepeBa pelleHHL
Kuonxka Use Classifier (Mcnosb3opanne KaaccibuKaTopa) 3anyckaeT NPolece HHTepak-
THBHOI KiaaccHukan oaHoro uin 6oJiee oO6beKTOB.
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C momoupio KHOTNKK Cross-Reference (mepexpecTHast CChLIKA) BBHI3LIBAETCH OKHO, B
KOIOpDM HATJASAHO DPACKPHIBAIOTCS CBSI3H MEXIy 00beKTamMu 00yuaomeld BOOPKH U
HAaHOEeHHBIMH IIPABHJIAMH HX K.HaCCl'I(I)HI{?lIlHH.

Igdc_e nepeyncaeHHble (hYHKLIHK OCTYIIHE Takke U3 MeH:0 File. B cBolo oyepens, B MeHIO 41
it MIPEROCTABIIAETCA BOSMOKHOCTS PENAKTHPOBAHHS daitsia ¥MeH JaHHBIX U Qaiiia
CTOMMOCTH OMHOO0K KiaccudHKaimy,

class and attribute definitions [USR.names]
training cases to be analyzed [(USR.data)

test cases {USHAest il
misclassification costs [USRnests]
decision tree classifier [USR.tree) L

ruleset classifier {USR.rules)

Puc. 5.8. MasHoe OKHO CUCTEMH Sees |

Nocrpoenue pepeBa peuieHni

Ha nepsom atane 06paboTKy AaHHBIX OGBIYHO HCNOAB3YIOTCSA HapaMEeTPhl CHCTEMBI
yCTaHOBJeHHBIE o ymondanuio. Haxnmaem kHonky Construct Classifier u zarem L’:
MOSABUBIIEMCS! OKHE AHANOTA (puc. 5.9) cpasy naxumaem 0K (mpeanogaraercd, ¥TO
dpaiin manueix USR.data yxke aarpysxen). CycTeMa BBIAET OKHO Pe3yJaLTaToOB KDT(‘)pre
BLITJANAT cheayiouium obpasos (puc. 5.10). i

B nepBoii cTpoke oTyeTa 0 pe3yiabrarax AaeTcsa nHpopManys ob HCMoibayeMoil Bep-
CHH cUCTeMBI Seed 1 Tekyliee Bpems. 3aTeM B CACTYIOWMX ABYX CTpOKaXv TOBODHTCA
0 TOM, YTO Kaaccrbuuupylomeil nepeMenHon cayxur diagnosis 1 npouTeHHbld daita |
nanubix USR.data comepxut 74 00pexTa, KaKAB W3 KOTOPBIX ONMCaH Onmmaaumb;o
NPH3HAKAMH.
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Puc. 5.9. OkHO Avanora AN 3aaHna NapameTpos anropuma KOHCTPYMPOBAHMA KNaCCHpUKaTopa

B ciefyoumx ¢TPOKaX 0T4ETA oTOOPAKEHO TOCTPOBHHOE 1EPEBO petrenuii. ETo MOXHO
[IPOMHTEPNIPETHPOBATDE CAEYIOLLHM obpazoM:

ECJIY Index Hosbwe 0,69 n Speed Goabiie 18, TO xmace Ne 3, nnave

ECJIN Index Gonsiue 0,69 u Speed ue Gonbie 18 u Thickness ne Goapure 46, TO
gaacc Ne 1 n 1. A

Kaxias BeTKa AepeBa 3aKaHUMBAeTCA yKasaHueM HOMepa Kiaccea, K KOTOpOMY OHa
npupoaut. Cpasy 3a HOMEPOM CHEAYeT 3aluCh puaa (n) wan (n/m). Hanprvep, ca-
Mad MepBast BeTKA 3aKaHUHMBAETCA 3aIMCBio (12,0). D10 O3HAYAET, ITO JAHHOHN BeTKe
coorsercTByeT 12 06BEKTOB U3 ONPEIETEHHOTO (Tperbero) knacca. Ilocneanss BETKA
sakanuupaercs sanucsio 1 (6,0/1 ,0), M3 Yero Cejlyer, YTo 3Ta BETKA OMHCRIBAET KJacc
Ne 1 u cioia nonanaoT 6 o0BEKTOB, 13 KOTOpLIX 1 nonajaet owubouno. BeauduHbl 7
A M MOTYT OKa3aThCst APOOHBIMH B C/IyHae, KOrAa Ha KaKyio-JH60 BETKY MPHAETCH
HEKOTOPOE YUCHO OOBEKTOB € HEM3BRCTHBIMH SHAUECHHMAMN [[PH3HAKOB.

B ciejyouieM pasjese oTyeTa NpUBOUITCA XapaKTEPHCTHKY CKOHCTPYHUPOBAHHOTO
K7accnpUKaTopa, oueHUBaEMbIE Ha obyuatouieil BIOOPKE. 3/1eCh MBI BHIMM, 4TO 1O
CTPOEHHOE IePeBO pelenil umeet 9 petok (size = 9), a omnbra kiaaccH(UKaLHK Ha-
Grionaercs Ha 5 obbexrax, uto coctap/sier 6,8 %.

B zasepuiaoneit 1acTH OTHETA JIA€TCA raBania ¢ AeTadbHbIM pasiopoM pe3y.IbTaToB
graccupHKaLHm. Vicxons Ha AaHHbIX 3T0i TabauIlb!, MOKHO CKazaTh, 4T0 uz 1-ro Knacca
(300pOBbIE TOYKH) NPABHIBHO kraccupummpyoTes 20 0OBbEKTOB, a 2 06BEKTa OLUH-
fouHO OTHOCATCA K Kiaaccy 2; cpesu obbekToR 2-ro Knacca (MHOXKeCTBeHHBIE KHCTBI)
35 AMArHOCTHPYIOTCS MPABHUILHO U 2 OUHOMHO TIPH3HAKOTCS 3LOPOBBIMIY, BCE obpex-
tbI 3-ro Kaacca (rugpoHedpos) kraccuUUUPYIOTCS NPABHIbHO 33 HCKIIOUCHIEM ol-
HOTO 0GbeKTa, NOMANAIONETo B Kirace N &
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See5 INDUCTION SYSTEM [Release 1.10] Thu Apr 15 12:15:18 1999
Class spec:.f:.ed by attribute d:.agnos:.s‘. : . .

Read 74 cases (11 attributes) from USR.data
- Dacision tree o

Index > O 69: ¢ 7 . : i
Thlckness <= 46 1 (2 0}
e Thickness > 46:
:'_j :...hge <= 48: 3 (2.0)
: - Age > 48: 2 (6. 0/1 0)
Index <= 0.69: :
..Age <= 43: 1 (11 0/1 0)

Age > 43:
.Accel <= 85: 1 {3 0} e
A..cel > B85:
. _ :...Accel <= 349: 2 (29 0/2 0)
Bao Accel > 349:;

.Index <= 0.637: 2 {3.0)
: s Index > 0. 637_ 1 (6.0/1.0) i
Evaluation on training data (74 cases):
_Decision Tree
. Size  Errors

g 5¢( 6.8%) <<

o (a) _{b) . () ;"<~classified as -
20 ..2__v. o fa};:clasé 1 .::.:_
2 a5 {(b): class 2 =
o i 4  (c): class 3

 Time: 0.5 secs

Puc. 5.10. PeaynstaTl NOCTPOEHUA HAYANLHOTO AEPEBA PELEHN

B sakiiouenne cuctema See5 BhLaeT cooBilienie 0 3aTPAYCHHOM Ha pelieHHe BPEMEHH.
B namwem cryyae ono coetapuio 0,5 ¢. 3jtech HaZ0 OTMETHTb BOOBIIE OYEHD BBICOKYIO
CKOPOCTh PaboThi a/iropuT™a See5, N03BOSIOILYIO OlePaTHBHO 06PabaTHIBATE BHICOKO-
pa3MepHBble MACCHBbLI MH(OPMALNH, COIEPIKALINE ThICAYM M IECITKH THICAY 3alMceil.

Moxuo eme Gonee noapo6uo pasobpaTh peayasTaTsl Hamel knaccudukaun. Jas
9TOTO HAXXMEM B ITABHOM OKHe Seed KHonKy Cross-Reference (nmepexpectnas copuika).
CucremMa BHIIACT OKHO, B JICBOI [ONOBUHE KOTOPOTO HAPHCOBAHO TOCTPOCHHOE Aepe-
BO pelieHui, a B MpaBoii MOJOBHHE MEPEUHCIAITCS 0OBEKTH, MONABIIME HA TY WIH
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HHYIO BeTBb jepeBa. YToOnl BbIIENNTH UHTEPECYIOUIYIO BETBb, HYXHO IUEAKHYTh 110
Helt JIeBol KHONKOH MblLY (ClIpaBa OT BETBH NOABUTCA TeMHBIH Kpyr — Ha pHc. 5.11
Ha Hero yKasbplBaeT cTpeska). Kposme TOro, ecay 1ienKHYTh MBIIBIO [0 HOMEDY KaKo-
ro-1160 06BEKTA B3 IPABOTO 1O, TO CHCTEMA BBLIACT ellle OJHO OKHO ¢ nMeneM Case,
B KOTOPOM HPHBOJATCS 3HAUYEHHS MPU3HAKOB M BhIAeAcHHOTO obbekTa. B ciyuae,
NOKA3AHHOM HA PUCYHKE, Hac 3auuTepecosana etnb (Index <=0.69 u Age <=43), Ha
koTopoit HaxoasTes 10 oObexroB 13 1-ro Kiaacca n 1 00beKT u3 2-Io KIacca.

7] #2
1 Index > 0.69: i 7] #4 1
|— Speed > 18: 3 (12.0) y . | I as 1
| Speed<=18: i diagnesis 2 i tig e
| L Thickness <= 46: 1 (2.0) Age 37 ; 7 #3 1
' Thickness > 46: , Sex M 2] #1111
L. Age <= 48: 3 (2.0) | LR L { {21 ;12 1
Age > 48: 2 (6.0/1.0) Length 120 71 M7 1
Index <= 0.69: | Width 89 _ 7] #19 1
L— Age <= 43:1 (11.071.0) ® 3wawox | Thickness 61 ' [71 #20 1
' Age > 43 esnenenyon | Ihickpar 16 1 107 #s8 2
L— Accel <= 85: 1 [3.0) "{seieu aepesa | Speed 219
Accel > B5: E;Index 0.566 ] O&bexTh,
L Accel <= 349: 2 [29.0/2.0) i Accel 218 NONABLLUKE HA
Accel > 349: i Predicted class: 1 BLIAEAEHHYI
L Index <= 0.637: 2 [3.0) - Bltgr st BETBL QEPEBA
Index > 0.637: 1 [6.0/1.9] PELIEHKA
3HaveHHs
NPH3HAKOSB
Y 06BLEKTA
Ne 55

Puc. 5.11. OrobpaxeHne pe3ynsratos KNacCUHOUKALWK B OKHE NEPEKPECTHBIX CCLINOK

Mpeo6pasosaHue gepesa peweHuit B Habop npasun

B pspe cayyaes nonyieHHOe JePeBO PelleHHH MOXKET OKA3aThCst CARIIKOM CIOMHBIM
ANA BOCNpHATHs. HanpuMep, OpH pellleHMH 3ajad BLICOKOH PasMepHOCTH jANd He-
OJIHOPOHBIX JAaHHBIX JEPEBO HEPENKO TNOJVUAETCSH KYCTHCTOE W JOBOJILHO 3alyTaH-
Hoe. BMecTo Toro uToOb <I110713aTh 110 KAXKIOIH NOAYYEHHOH BeTKe, B cHcTeme Seed
MIPEAYCMOTPEHa BO3MOKHOCTD ITpeo0pa3oBaHus AepeBa pelleHH B HabOp mpaBu
IF ... THEN. Jnsa storo tpeGyercsd BbI3BaTh OKHO AMATOTa LIS 3aJaHHIl HapaMeTpoB
KOHCTPYMPYEMOTO aaroputMa (cM. puc. 5.8) u nocrasuth Giaxok B nosae Rulesets
(nabop npapua). ITocae mpoBeneHHs TaKOl onepanuu cucreMa AobaBaseT B OKHO
OTYETa COMCOK MPaBWi, COOTBETCTBYIINUX paccyHWTaHHOMY jepeBy pemrenuit. Ilpn-
MEHHMTEIBHO K PACCMATPHBAEMBIM JAHHBLIM 110 YJbTPA3BYKOBOIH AHArHOCTHKE 3TO OY-
HET CAEAYIOIIHH CHNCOK:
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Rule 1:

Rule 2:

X

Rule 3:

Rule 4:

Rule 5:

Rule 6:

Rule 7:

Rule 9:

{cover

(cover

(cover

(cover

—
i)
o]
=
i
s

{(cover

{cover

(cover

(cover

11)
Age <= 43
Index <= 0 49
-» class 1 [0.846]
10)
Speed = 19
Index <= 0.69
Accel > 310
-> ¢lass 1 [0.750)
14)
LR = R
Speed > 19
Index <= 0.69
-» class 1. [0.625]
5)
Age <= 63
Speed <= 18
Index > 0.69
-> class 1 [0.429]

= ST
<= 310
ass 2 [0.941]

Age > 43
Speed <= ¢
Index <= 0.69
-> ¢lass 2 [0.941]

3

Age » 63

Speed <= 18§

-> c¢lass 2 [0.800]
17)

Age > 43

Length <= 108

Index == (.69

-> class 2 [0.789]
12)

Speed > 18

Index » 0.69

-> c¢lass 3 [0.929]

2 it

e

= —

L
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Kaxaoe mpaBuao COCTOHT U3 CAEAVIOUIMX (parMeHTOB:

O HOMep NpPABHJIA;

O KoauuecTBO 00bekTOB obyuawmell BRIOOPKH, MOANANAIMINX 04 JeHCTBIE Mpa-
BHJa (cover <«n»);

O OJHO UAH HECKOJABLKO 3JEMEHTAPHBIX JOTHYECKHX COOLITHH, BXOAAUHY B COCTaB
npasuna (CA0KHOTO JOTHYECKOTO BBICKA3bIBAHMA);

O HOMEp KJIacca, KOTOPOMY COOTBETCTBYET AAHHOE MPABHIIO;

O BeJaWMMHA, NPHHUMAaKUas 3HavYeHue oT 0 1o 1, KOTOpas BBIPAXKAET CTeNeHb AOBe-
pHA K NpaBuay (XapakTepPHCTHKA TOYHOCTH HPABHIA).

Insa Gosee AeTaNbHOTO PACCMOTPEHUST MHOXECTBa NpPaBui, noaobHo TOMY Kak 370

NeNANOCh € AEePEeBOM DelleHMH, MOXKHO 06paTUTBCS K OKHY NMEPEKPecTHhIX CCBIIOK

(Cross-Reference)

EL ]
Hule 1: [cover 1) 4 1
Age <= 43 | diagnosis 2 #16 1
Index <= 0.69 | Age 45 ni 1
-» class 1 [0.84E] I Qe F Ha 1
{LR L #2201
Rule 2: [cover 10} @ Inavox | Length 115 21 1
Speed > 19 BLIAEAEHHOTO  \Width 56 w22 1
Index <= 0.69 npasnaa | Thickness 52 ®p 2
Accel ¥ 310 . Thickpar 17 57 2
=» class 1 [0.750] - Speed 14,2
| Index 0.587 i OBnexTh,
Rule 3: {cover 14] : hccel 410 nonagwHe nog
LR=R | Predicled class: 3 RERCTEHE
Speed > 19 npaskaa N 2
index <= 0.69 AHp4eHHT
->» class 1 [0.625] NPH3HAKOE Y
: oEnexTa Nt 57
Rule 4: [cover 5]
Age <= 63
Speed <= 18
Index > 0.69
-> class 1 [D.429]

Puc. 5.12. leTanbHbid pa3bop rnoay4eHHLX NPasna B OKHe NEPEKPECTHbBIX CCbINOK

B 1enoM, KaK yxe roBopiioch, Pe3y/IsTaThi B buie HaGopa npaBuI asisoTcsa Gonee
MIPOCTBIMU ¥ TNOHSATHEIMM, YEM B BMjE AepeBbeB peiieHuil. Kaxaoe npaBHiIO ACHBIM
00pa30M ONMCHIBAET CBA3L MEXAY HAOOPOM 3HAYEHWM TPH3HAKOB H HAEHTH(HKATO-
DOM Kiacca. Bosee Toro, KOJHYeCTRO PABUA, CreHepHPOBAHHLIX M3 AepeBa PelleHHH,
HEPEAKO OKA3BIBAETCS HECKOJABKO MEHBWIMM, YEM YUCO BETOK HA ZepeBe, a Pe3yJbTaT
MOMXET 0Ka3aThkcs Gojiee TOUHBIM (B HANICM cAyYae 3TOro, NMpaBia, He MPOH3OIULI0).
Bmecte ¢ Tem, Aig Gonpiinx $as AaHHBIX TeHepais MHOKECTBAa Npasui Tpebyer
OLIYTHMBIX BPEMEHHBIX 3aTpar.

Ycunesue pewenna (Boosting)

Haen yeuneHHUs PelleHNs 3aKJI04aeTCH B KOHCTPYMPOBAHHY He OJHOIO, XaK B pac-
CMOTPEHHOM BbIllle CIyYae, a Cpasy HeCKOJbKMX jepenber pemeHui. Ilpu sToM riaas-
HOoe TpeboBaHMe K TAKMM JICDEBbAM Delielinll 3aKsiouaeTcss B TOM, YTODB OMH Kak
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i

Kax cieayet u3 oT4era, BTOpoe JiepeBo pelleHnil KiaccuuimpyeT 1aHHbe ¢ OmHb-
koit 23 %, a nas TpeTbero mepepa sta ommbKa coctasaser 29,7 % (Boobie roBops,
HyMepalus JepepbeB HaunHaetcs ¢ wahpsr 0). Ho Bee Tpu mepesa peurenuii BMecTe
kIACCHDUIMPYIOT Aannble Ge3 omuboK (3anucn B crpoke «boosts ). [Jas aocrvixenns
TakoTo De301HHOUHOTO Pe3yIbTaTa, KaKk BHAHO U3 OTYETa, MoTpeboBaioch HCNOAb30-
parine 9 + 6 + 9 = 24 npasua.

MOYKHO MeHble Ay6aHpoBamu ApyT Apyra. B cucreme See5 janHas uaes Pearn3yeres
caenyomum 06pasom. i::
Ha mepBoM I1are KOHCTPYHPYETCHA HauaJIbHOE ACPeno pemieHHil (TaKoe AEPeBO npn-'_-;
MEHMTEIBHO K ZAHHBIM N0 YJABTPA3BYKOBOH AMArHOCTHKE NOYEK 6bL10 paccMOTPEHO
spe). Kak cefyeT W3 NpeACTaBIeHHbIX Pe3yabTaTon, K.-'xac{‘,nq;nm"rop, _no(:’rpoeu.-,-}
Hiblil Ha OCHOBE HAYAJBHOTO AEPEBA, NAET OWMOKHM HA HEKOTOPLIX OULEKTAX. Tax, B
namem ciyuae mabmonaercst 5 ounbox Ha 74 obpexrax obyuawuiel BHOOPKHA
{cum. pic. 5.10). ..
Ha BTopoM miare P KOHCTPYHMPOBRHHH CIEAYIOLWIETO Jepesa J1eiacTes MOTIBITKA Hs-
fexarh patee caeaHHbIX onboK. ClieCTBHEM TAKOH HONBITKH CHHTACTCA c’ymecmen.-_:,l
Hoe OT/IMYHe BTOPOTO Aepesa oT HauanbHoro. [lomydentoe fepeBo TAKXKE LYAET HPHY
BOMNTD K OLIMOOUHBIM PELIeHUsIM, HO YIKe Ha JAPYTHX O0beKTax. Ha caenytolnem miare
paboThi AITOPHTMA OYEPRAHOE AEPEBO CTPOHTCSA € YUETOM omnbOK Bex TPeIbUTyIHE:
A€pPEBbEeB PelleHHH. e
Jlast aanycka nporecca YCHJIeHHA PeeHis TpebyeTcs yCTaHOBUTH cb.rsanmrk Boost B
HAJOTOBOM OKHe /IS 3aJanust MAPaMeTpos pabOThl ANTOPHTMA (em. pc. 5.9). Kpo-
Me TOTO, B 3TOM 3K OKHE HYKHO 3a71aTh obliee YMCIO CTPOAINMXCS NCPeEbes PEIess
HHiL. DTO UMCJIO MIPOCTAB/AETCS B TMoe trials. o

Wcnonb30BaHKUe NPaBUN ANA NPUHATUA pelleHuit

[ocTpoetnoe MHOXKECTBO IIPAaBII IPHMeHAeTCd 475 NPHHATHA DelleHUs o NpHHAL-
JeKHOCTH TOTO WM HHOTO 06BeKTa Kakomy-mbo kiaccy. IIpn aTom OGBIBaiOT cutya-
U1, KOIZA OIQHH H TOT Xe o0BeKT NoANajaeT Noj AeHCcTBHe Cpasy HeCKOJBbKHX Ipa-
BILJ, B TOM YHC7e IPaBHJ, OMHCBIBAIOIINX pasHble Kaacchl. [logofHble BHYTpeHHHE
KOH(IHKTB MOTYT OBITH paspellielbl AByMs criocobamit. B nmepsoM cnocobe npennoy-
TeHHe OTAaeTcs OJHOMY NIPaBHaY, HMelolleMy (osiee BRICOKYIO CTenenb goBepus (6o-
Jee BBICOKYIO TOUHOCTB). BTOpo# crocod cesizan ¢ obobileniieM pe3yabTaToB PasHbIX
NpaBWJl I MPUHATHA OKOHYATEILHOTO PellieHHs.

B ciicreme SeeS nmpHHAT BTOPoi cnocod — Kak1oe cpaboTasiiee NPABUIO NOJAET FOJI0C
A5 OTHECEHNA KAKOTo-THO0 00DbeKTa K H3yyaeMBIM KiaaccaM. T010ca CyMMHPYIOTCS ©
- OCTDOGHUE MHOKECTBA JIEpEBLen pelieHyii Tpefyer I0MomHATe bHOs ' BECAMM, PAaBHBIMH BBIMHCJCHHDBIM CTENEHAM JIOBEPHS, i 0OBEKT CUMTACTCs NPHHAIL-
yT i {2 o

i G 1110H0 BPPL MeHHbIE W3NePKKI CHOCOONDI BIIOIHE OKYIMTHCA — TOMHOCTD NeRALMM K KJIAcCy, IJsl KOToporo HabupaeTcss HanboaLulas BIBEeHHast CyMMa T0-

ro BpeMeHH. - - 3 k-
x COB.

kraccubuKalliy, KaK MpaBuIo, 3HAUHTENbHO NOBRILIACTCA. p

PazpaboTunku Seed yTBEPRAAOT, Yr0 Mpy ucno.u«:si)iam_m 10 zepeenes pemgHH;.'-li
oIHGKY KIAcCH(PHKAIMM CHHIKAIOTCS B CPEJHEM Ha 25 %. ITocMOTpHM, KaK 3TO OyA 3
BHIFIIAIETh HA HALMX YHCOBBIX JAHHBIX., YCTAHOBAM (IaXKOK iépos't U B IoJjie tr;(a
aanmmeM wihpy 3 (nonpodyes mOCTPOUTH 3 nepesa peurenuit). HamnmaeMm 0K u

"

IoyYaeM OKHO OTYeTa ¢ HH(QOpMALMEH O pesyJiblaTax pemenus (puc. 5.13).

CmsAryeHue noporos

B cucreme Seed npeaycmoTpena elile ofHa BO3MOXKHOCTD YJIyYLIEHHS KadecTBa Kiac-
cuchukaini. Ho Ha ceif pas aTa BO3MOKHOCTb KACAETCS HE CTOTLKO TOHHOCTH Pe3y.lb-
TaTOB, CKOJIBKO INOBBIINEHHH HX YCTOWYHBOCTH K BO3MOMKHBIM (DAYKTYAUHsM 3Have-
Hitit npuanaxos. Ofa CBA3aHA ¢ BBEJEHMEeM HeMeTKHX (MATKNX) OPOToOB, Ha CPaBHEHHH
€ KOTOPBIMH OCHOBBLIBAeTCS BBIGOD TOIl 1AM MHOH BETBM JepeBa pelieHuil.

B ruanorosom oxHe i 3ajaHns napaMeTpos anropurya Seed (oM. puc. 5.9) umeer-
€5 CHELHANbHBIH TTapaMeTp As cMsArueHus noporos. Jto mapaMerp fuzzy thresholds
(paameiThie oporn). IIpyn obpalieHn K HeMy BMECTO OAHOTO TIOPOra 3ajiaeTcs TPH
3HaueHUs — HIDKHAA rpatnna LB, epxusa rpannna UB i uentpansHoe sHauenne T.

{ Default clasa: 2

i

é Fvaluation on training data (74 cases):
:

i Pecision-Teaan 5 f 0 Fles e Ecan snavenue nepemenHoii nexut ke LB uan snime UB, 1o necneayores coot-
: size Exrors ta Errors BeTCTBYIOMINE eAMHCTBEHHBIE BETRY Aepena. Ecan jKe 3HaueHue nepeMenHoi nomasia-
.’i 0 5 5 6.8%) 5 5{ 6.8%) et mexkny LB u UB, To necaenyorTes ooHOBPEMEHHO JiBe BETBI AEPEBa U BhIOHPaeTCs
s g e e =i Habosee npaBAooA00HbII peayabTaT Kiaccudukauny. 3navenus LB, UB u T cuc-
3 %) .
! boost 0( 0.0%) 0f 0.0%) < TeMa onpedesiseT aBToMaTHYeCcKH.
lassified [Ipumep nepepa pentennii ¢ pa3MBITHIME TOPOraMH MpHBesieH Ha puc. 5.14. 3necs
<-clusaified a3 5
et e 2 Kayzbiit nopor mpexcraeied B Buge <= LB (T) wm >= UB (T).
{a): clasa 1
<) (b): class 2
15 {c]: class 3

; Time: 0.9 secs

Puc. 5.13. OxH0 OTHETA O PE3YASTATAX NOCTROGHUA TPEX AGPEBLEE DELeHMH
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Accel >= 139 {B5]: |
L Accel <= 347 (349): 2 [29.0/2.0) |
Accel >= 352 (349): i

- fndex <= 0.637 [0.637): 2 {3.0) _
index >= D.638 {0.637): 1 {6.0/1.0]

Puc. 5.14. [lepeso peweHui ¢ pasMe(TeiMy NOPOrami

JlononHuTenbHbie HACTPOUKK ANTOPUTMA

B cucreme Seed npenyeMoTpensl napaMeTpsl A48 AOTONHHTEILHOM HACTPOHKY anro-

pPHTMa ITOCTPOERUA fepeBLes peuiendii. OHnKM NpeaHadHa4YeHbl IS NOJb30BaTENd,
FKEJNAONIEro MO3KCHEPHMEHTHPOBATL U, BO3MOMKHO, IOIBITATLCH YAYUIINTL HajfiieR-
HLIH pe3yILTar.

Bo-nepsbix, cioga ornocutes napametp pruning CF (ConFidence level — yposens
JIOBepHs ), NPEeAHASHAYEHHDBI JUIA OTCEMEeHHA CTAaTHCTHYECKH HECOCTOATENbHBIX BET-
peit gepepa pemennit. [To yMoauanio cucTeMa BRICTABIACT 3HAYCHHE YPOBHA A0BE-
prst 25 % (o, puc. 5.2). Mavenenue aT0ro 3HaveHns IPHBOIHT K COOTBETCTBYOMIE
MY M3MEHEHHIO pasMepa jJepeBa peuleHuil.

B{J'B'I'O])HX. Ha TOUHOCTE ](Jl'?!('.('.rt(i)lfKaLU!H MOXKET CYWEeCTBCHHO BJAHATD I{apameTp 4

Minimum...cases. B nose atoro napaMerpa BLICTABIAETCH YHCAO, OrPaHHYHBAIOLIEE

M a2 1 0

index »>= 0.692 (0.69): [21 24 1
—— Speed >= 19.4 [18): 3 (12.0] {?] #5 1
1| Speed<=16.8 (18): [?] 8 1
- ' L— Thickness <= 46 [46): 1 [2.0) 71 #9 1
Thickness >= 47 (4B]: (71 #n 1

L Age <= 42 [48): 3 (2.0) 7 #1218

i Age >= 56 [48): 2 [6.01.0) 2] ;17 1 .

Index <= 0.69 [0.69): 21 #1191 g

L Age <= 43 [43): 1 [11.0/1.0) & 7 #20 1§

Age >= 45 (43} 7] #55 2 §

L Agcel <= 85 (85): 1 (3.0)

MHHHMANLHOe KOJTHIecTBO 00BCKTOR Ha peTKe jgepena pemernnd. Yem menpure GyAeT

STO MMEI0, TeM OoTee sKYCTUCTHIMS> CTACT AEPeBO H TEM TOYHEE TPOM3BOANTCS <110
POHKa» JIEPEBa TI0L TPedyeMyld KIacCH(Kalnio.

MepekpecTHan npoBepkKa
Hﬁﬂ MOJIVYEHHS HAZeAKHBIX OLEHOK KavecTsa MOCTPOEHHbIX 1(.7121CCIIL1)H!\"¢1TO[JOB B CHC-
teMe Seed NCnoap3vercd Tak Ha3LiBacMas mepexkpecTHas nposepka, Ona ocymecTBs
Jigercd CAaexyIOIHM OE{J]'Jiidl]M.
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Bes Bhibopka ofbexToR pasOupaercs Ha m GIOKOB NPUMEPHO OAHOIO pasmepa U C
OIHHAKOBEIM paclpefefeHeM KIacCoB. 3aTeM TOCACH0BATENbHO Kax /b BJ0K He-
n0Jb3YeTCA KaK KOHTPOMLHLI Habop 00beKTOB I TeCTHPOBAHUS KiaccHdukatopa,
NOCTPOEHHOrO HA OCHOBE BHENIHMX J1s AaHHOTO 61oka obbexton. Yncio 610koB
BROJMTCA B Nose crossvalidate auaitoroporo okHa 419 3afaHHs ONMUMil aAropHT™Ma KoH-
¢TPYHPOBaHMs KjaaccHukaTopa. Peaynprar nepekpecTHON NpoBepkH oToOpaxaeTcs
B HIDKHEH YacTH OKHAa OTyeTa.

Buibopka u3 6onbwux HabOpoB AaHHbIX

HecmoTpsi Ha BBICOKOE GBICTPOAEHCTBHE CHCTEMBI Seel, KOHCTPYHPOBaHHE KAACCH-
()HKATOPOB Ha TIOJHOM Habope HCXONHBIX JAHHLIX NPH UX HOALLIOM KOMHYECTEE MO-
KeT 3aHHMATh AOBOJBHO MHOID BPEMEHH. DTO CTAHOBUTCS OCOGEHHO 3aMETHO MpU
HCIOIB30BAHMH JONOIHUTENBHBIX HAPAMETPOB AITOPHTMA, HAIIPHMED TTApaMeTpa At
yeunenus peluenus (boosting).

Seed umeeT BOZMMKHOCTH padoThl He ¢ NMOJHBIM HAOOPOM JAHHBIX, 2 C HEKOTOPOI
BLIOOPKOH M3 HexoaHoro nabopa. [lis aTOro NpenycMOTPeH CHeLMaTbHBIA HapaMerp
Use sample of X % (cm. puc. 5.9). Ilpn ucnonbsopanHy YKa3aHHOTO INapaMeTpa
OCYILECTB/AIOTCA ABE ONepauiu. Bo-nepBolx, H3 HCXOAHOTo Habopa CayyaidHbiM
obpazom napnexaerca X % oOBEKTOB M Ha UX OCHOBE KOHCTPYHPYETCA KIacCUbHKATOP.
H, BO-BTOPBIX, TPOU3BOANTCS TECTHPOBAHHE NOCTPOEHHOI0 KiacCHpUKaTOpa Ha Apyroi
Herepecexatwnieics seibopke obbesa X % (ecan X < 50 %) 1160 Ha BCeX 0CTAaBIIUXCH
obnekrax (ecnm X > 50 %).

ITpu ouepenniom obpamenny K nmapaserpy Use sample of X % 6Gvaer caenana Hoas
caydalivas BeIOOPKa M3 MCXOAHBIX AAHHBIX, IOCTPOEH H IPOTECTUPOBAH HOBBIT Kiac-
cucbrikatop. Ho B cucteme See5 umeercs Takme BO3MOKHOCTH 3a(MKCHPOBATh Bbl-
bopky. s aroro HeobxoanMo mocTasuTh aakok B osxe Lock sample.

Ha pue. 5.15 upyseien pesysasTaT NOCTPOEHHS AepeBa penieniii Ha BpIGopKe Nono-
BUHHOrO ofbeMa OT HeXoAHDbiX AaHumx. Ha obyvawomiedi spibopke JOCTHTHYT HEIIO-
xoii acherT Kaaccupuranun — omubKa cocrasager seero 5,4 %. Bumecte ¢ TeM, Ha
KOHTPOABHOI BhIDOPKE, 06LEM KOTOPOI pased NojoBiHe ofbhema HCXOIHBIX AAHHEIX,
IPOLEHT NpaBHAbHOH KiacCHMUKALNK pe3xo naaaeT 1o 33,1 %. Dro zacTapaser 3a-
JYMAThCSI O TOM, HACKOJIBKO MOCTPOEHHOE JEPEBO PEieHHit U cOOTBETCTBYIONHE if-
then-npasiia orpaxaioT 0OBEKTHBHYIO PEATLHOCTD, H, CKOpee BCEro, TIPOACIKHTL
nouck HGonee yeroiuvMBsoro BapHaHTa DEILeHHs.
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{ Evalustion on training data (37 cases):

Decizicn Tree

Size Ercozs

Pesyastath
KNACCHHKALHH HA
0BY4AWUER BHE0PKE

817 [ 2f GnRY, as [50% 0T KEx0AHKOH

s euIBopKH]
: (a) (b} {c) <-ciasaified as
3 8 i ial: class L
: 21 {b]: class 2
! 1 6 (c): clazs 3
'_ Evaluation on test data (37 casea):
Decision Tree Pesyauratu

KN3CCHQHKAULHH Ha
size Exrrors

KOHTPOALHOR BBGOPKE

5 13(35.1%) << [50% ot HexoaHOH

BHGOPKH]
i

i (&) (B} (e} <-classified as

§ -“r; ] -1 1 {aj: class 1

; 2 11 3 (b): claas 2

E, 4 7 {c): clas=s 3

Puc. 5.15. Pesynbratel KnaccHuraumy AaHHBIX yN bTPa3IBYKOBOI AMarHOCTHKM Ha 0Byyarnued
W KOHTPONLHON BBIBOpKaX

VueT CTOMMOCTH Pa3findHbIX OWNBOK KiacCurrauuv

Jlo cero MOMEHTA, aHANIM3HPYA JaHHBIE 110 Y7ABTPa3BYKOBOH AHATHOCTHKE 3aboepa-
M, Mbl CYMTANM BCE BB OWHO0K KAaCCHDHKAIIK IKBHBATHTHLIMI. Mbl 1aBATH |
OLEHKY KauecTRA MOCTPOCHHOTO KAACCHMUKATOPA, MPOCTO NOACHHTHIBAs obmee YHC~
a0 ommbor. Ho 8 peanbROil AKH3HN CTOAMOCTD Pa3/THYHBIX olnbok MoxkeT ObITH pas-
moit. Hanpumep, e Mbl 0lMBOYHO COYTEM 3A0POBOTO HeI0BEKA O0JBHBIM M HAMPa-
BIM ero Ha AONOJHUTeNbHOE obcaenopanne, 5T0 OyAeT He Tak CTPalHoO, Kak B CIyHae
oMINGOuHOrO OTHeceH s GoAbHOro K rpynie 310pospix. COOTBETCTBEHHO, NPH QUEHKE
KAYecTBa MOCTPOEHHOrO AepeBa PeleHMi YacTo ObIBaeT HeoOX0AHMO BBOAUTD B aHA"
JIH3 Beca pasJHuHBIX oHOOK.
B cucreme Seed mis yueTa CTOMMOCTH Pa3IMYHBIX omuboK Kraccndurauy co3aaeT-
¢a criennaJbHbIH daia *.costs. O CoaepxHT CTPOKU CAEAYIONIEro BHAA:
MpeAcKa3aHHbIH KIAcC, HCTUHHDIH KIacce: CTOHMOCTD omHOKN,
e «CTOHMOCTb OUIMBKII> — HEOTPHIIATebHOe AeHCTBHTEIHHOE YMCIO.

Y1e10 CTPOK, XapaKTepU3yIOIuX KoMOnHanuH «IIpeJICKa3aHHbIi KJacC — MCTHHHBIHA
) 1 g :

K1aces, B atom daiie MoxeT ObiTh M00bM. Ecii ¢TOMMOCTh KaKou-1100 omnbxu HE
ompezeeHa SBHO, TO CHCTEMA HA3HAYAeT 9Ty CTOMMOCTD PaBHOM i _
“ - - -

IIpeanonoxuM, YT0 CTOHMOCTE oI HGOUHOIO OTHeCeHHS DOJBHBIX TTOYEK K 1\.r1acc)_fl_r
310POBHIX B Hamlem cayyae OyLeT pasha 10, a CTOMMOCTh BCEX OCTANbHBIX BHAOB

215

WHCTpyMeHTanbHblE cpeacTsa 06HapyHeHUa 3HaHUHA B [aHHBIX

omnbor pasHa 3. Toraa ¢ailn nna yyera pazanyHoil crouMoctn omubox USR.costs
MOKET BbIMVIANETh CAEAVIOUINM 0OPa3oM:
costs file for USR

1

i

1. 2: 10 | CTOUMOCTL OWMOOYHCIO OTHECEHMA ®nacca 2 K wnaccy 1
1. 3: 10 | CTOMMGCTL OWWOOHMROID OTHECEHWMA Knacca 3 K xnaccy 1
2, 1=k | CTOMMOCTE OUMOCMHOTO DTHECEHWA KN3CCa 1 W wnaccy 2
2, 3y | CTOMMOCTH OuMGOHMHOrO OTHECEHWA Knacca 3 k wnaccy 2
o Dizeaty | CcTOMMOCTE OWMBOYHOrD OTHECEHWMA KNacca 1 K Knaccy 3
% L | CTOMMOCTS OUMBOUHOTC QTHECEHWR KNAcca 2 ® Knaccy 3

Peayneratsl 06pab0TKH JaHHLIX ¢ pasjeneHieM Ha OOVYAMILYIo H KOHTPOJIBHYIO Bbi-
Bopkn (110 50 %) ¥ ¢ y4eToM CTOMMOCTH Pa3MIYHBIX O1HOOK IPHBeReHs! Ha puc. 5.16.

Decision Tree

Pesyabrar
KAACCHhHKAUMH HA
06YYaHILER BHEOPKE
[C y4eTOM CTOHHOCTR

3] 2( 5.4%) 0.27 <<

(a) (b) el <-classified as

SEliy Y GITTA T |
: 13 1 (al: clasa 1L
15 {bl: class 2
i 1 7 {e}s class 3
%
Evaluation on teat darta (37 cases):

Decision Tree
Size Exrors Cost Peayawtar

KN3CCHGHKALHH Ha
KOHTPOALHOR BHEOPKE
(€ yMETOM CTOMMBCTH
GLIHE0K]

k] 14(37.8%) 3.24 <<

(a) (b) (el

<-classified as

B 2 faj: clas= 1
9 13 (bl: class 2
1 2 4 (c]: cla== 3

el

Puc. 5.16. Peaynitarsl KRACCUDUKAUMM € YHETOM CTOMMOCTH PA3NKYHBIX OWHEOK

Hnst penaxtiuporanus (aiaa CTONMOCTH PA3NHYHBIX OLIHOOK KiraccH(pMKaIMKI cie-
IyeT ero BLI3BATh H3 MeHIo Edit b costs file 1 BHecTit HeOGXOAMMbBIE H3MCHEHHA B aB-
TOMATHYECKH MHUUHATHIMPOBaHHOM penakTope WordPad. MoxHO HCKIIOYHTE yYer
cTonmocTH olHbOK, ecnn noctaBuTh daaxkok Ignore costs file B oxne gmanora ans
3ajJaHus [TapaMeTPOB aJropUTMa NMOCTPOEHMS AepesbeB pelienuit (cu. puc. 5.9).

Ucnonb3oBanue knaccugukaTopos

HOC.-'EE TOI'O KaK IMOJab30BaTENb HPHIHAET KaKoH-1100 BAPHAHT JepeBka p(,'ll{('.’lll'lﬁ yAioB-
JETBOPUTENBHBIM, €MY MPEeJOCTABIAETCA BO3MOKHOCTL MCIIBITATL 3TOT BapHAaHT B
HHTepaKTHUBHOM peXXuMe Ha HOBBLIX JaHHBIX. HaxuMaesm B rAaBHOM OKHe Seed KHon-
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ky Use Classifier 11 TeM caMbiM aKTHBU3HPYEM alrOpPHTM Kiaaccuthukanuy JaHHb
COOTBETCTBYIOHHIT CAMONMY TMOCASHEMY BAPHAHTY Jlepesa PeIeHnii. Ha sxpau Bl _
eTes CHEUMAIDHOE OKHO U1 BBOLA 3HAUCHHIT MOOYEPENHO NPeibsBIAEMbIX TipH3Ha=
koB (oM. puc. 5.10). KomiyecTBo TaKNX IPHIHAKOB MOKET ObITH Pa3HLIM, BElb B

BHCHMOCTH OT OTBCTOB Pealu3yeTCA Ta IIH JTHAS BEeTBL I€pesa pemienuii. flocne BBOX
peex 3aTpeboBaHHbIX 3HAUEHHIT Ha 3KpaH BBIIACTCA OKHO, B KOTOPOM yKasbiBaloT

Puc. 5.18. Pe3ynprar MHTEPaKTHBHOMA KNacCvpuKaLuu

NPERCKAZAHHLIIL KJIACC 1 YPOBEHD JIOBEPHA K DESYIBTATY kraccndukaimy (puc. 3.18)
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[leranbHasa npoBepKa u CoXpaHeHue pe3yneTaroe

3apepuaiomas crafis paborsl ¢ Seel o0bMHO 3aKNIOYAETCS B ICTATLHOM HPOCMOTPE
pe3vaBTATOB paloThl MOCTPOEHHOTD KIACCHPHUKATOPA B OKHE NEPEKPeCTHLIX CCHLIOK.
Hocne naxarus coorsercTByioniell kuonkn (Cross-Reference) na akpaiie nossiserca
JMATIOTOBOE OKHO, B KOTOPOM Ipe/uiaraetes Buibpars (aiin ¢ AaiHpiMn 1A KIaccu-
duxamii (puc. 5.19). Ito Moxer OBITL HCXOAHDLI aill JanubBIX (B HALIEM caydae
USR.data), chaita ¢ TecToBbisMi gaHHBiMM (USR.test) wuu chaiin, conepxammit oObekTh
¢ nensBecTHOH krnaccnduxanuedn (USR.cases).

Pric. 5.19. Beibop daitna fanHeix Ans Knaccuduraymu

BuiGpas TpebGyemptit daiin, naxusaem 0K, Ha axpanie moss/iserca oKHO nepexpect-
HBIX CCBIJIOK, B JEBOI NOJOBHNE KOTOPOro CHadata 1300paskeHo NONHOE JIEepPeso pe-
IUEHHH, & B NPaBOH NPEICTABICH CIHCOK 00BEKTOB, NOMBEPrHYTHIX KiaaccH(DUKAIHH,
HexoTopbie BO3MOKHOCTH PaboThl ¢ OKHOM HEPEKPECTHERIX CCBIIOK 06CYKIATHCD BhilIe.
3/iech OCTAHOBHUMCH elle Ha JIBYX BO3MOMKHOCTSIX.

Tleppas 3aKITIOMAETCS B BO3MOKHOCTH MO3JIECMEHTHOTY TIPOCMOTPA A BLOPAaHHOTO
00BEKTa BETBH HMOCTPOEHHOTO jiepeBa peuleHns. s 9Toro HyKHO IeIKHYTh JeBoii
KHOIKOH MBIIIN B APABOM I10JI€ OKHA NEPeKPeCTHBIX CCLUIOK Ha TpedyemMoM olbex-
TE — B JIEBOM [1QJIe aBTOMATHYECKH 0TOODA3HTCS COOTBETCTBYIOAs BeTKa. TaK, B cry-
uae, MOKA3AHHOM Ha pic. 5.20, ansa usyuenns 6ua seibpan obvexr Ne 4 (oxono Hero
NOABWACS TEMHBI KPy:kox). Kak BHAHM, ¢ 3THM 00BEKTOM COOTHOCHTCS DOCTATOUHO
xopotkas Berka pemenns (Index<0,69& Age>43&Accel£83). Ananormunniy obpa-
30M MOJKHO Pa3oOpPaTh Pe3YABTATH KJAACCH(DHKALINN BCEX APYIHX JOCTYIHBIX 00beK-
TOB (HaxKaTHEM KHONKH Reset BO3BpAallACTCs MCXOJIHOE H3OOPAKEHie OTHOTO jJepe-
Ba penleHuit).

BTopas BO3MOXKHOCTD 3aKJIOUAETCS B COXPAHEHHN MOJAYYEHHBIX pesyinTaros. [Ipu-
ueM 3/1eCh CYUIECTBeHHbIM SIBASIETCS abifopounoe COXpaHeHne. A MMEeHHO, [ociae Ha-
KATHA KHONKH Save, paclooXeHHOIl B NpaBOM HIGKHEM YIVIY OKHA HePEKPeCTHDIX
CCBITIOK, COXPAHATHCA B TEKCTOBOM (DopMmare HYAYT TOABKO PE3YJIBIATH, OTHOCHIIHE-
CHl K TCKYILeMY OToOpa:KeHHIo AepeBa peiienuil (HeiKoM Wt ero 4acTi ).
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7 0 L -
index > B4 .., [2} #2 1 :
= 0.69: ? 1
;E?f;f;c (I]:E:SA Betka aepesa pewenns nas %.,} gg 18
Aﬁc 5 43: BLIEPAHHOrD 0BBLEKTA N 4 [7] #5 .

L— Accel <= 85: 1 (3.0) [?] #6 1

Aceed » BE50 L {71 #7 1

. i?} #8 1

7] #9 1

? 7 &
. diagnosis 1 H ”}]l] ;
JHa4veHus n | Age 7 7 #12 !
PH3HAKOB | gy M 2

Y BHEDAHHOTD i LR A }’)i g}i :

o6BekTa N 4 Ltngth 115 {?} 215 h

. Width 57 7] #16 1

- Thickness 49 [.',] M7 1

- Thickpar 16 [.'?1 218 2

| Speed 19.1 (21 #13 2

ndex 0.69 7] #20 2

: Accel 85 7] #21 5

Predicted class! 1

Puc. 5.20. llpocMoTp pe3ynsTatoB Knaccu@uKaLUU B OKHE NEPEKPECTHLIX CChINOK

WizWhy — cuctema noucka nornyeckux npasun B AaHHbIX

Cucrema WizWhy npeanpusatis WizSoft (http://www.wizseft.com) asnsercs cope-
MEHHBIM TIpejicTaBuTe/IeM T0AX0[a, PeATH3YIONEro orpaHuyentslii nepebop. Xors
ABTODPBI CHCTEMBI HE PACKPHIBAIOT CHeUHMHKY alITOpHTMa, NOJ0KEHHOIO B OCHOBY
paboter WizWhy, BHIBOA 0 HaIHYHH 3[€Ch orpaniieHHoro nepebopa Gbii caeslad 1o
pe3yabTaTaM TIMATeTbHOTO TECTHPOBAHHA CHCTeMB! (H3Y4aINCh DE3YALTAThL, 3aBHCHMOC-
TH BPEMEHH HX NOJYYEHHA OT YUC/ia aHANI3HPYeMbIX apaMeTpos U T. IL.). TIpasaa, no-
BuzHMoMy, B WizWhy orpannuenubiii nepe6op HCTONb3YETCH B MOAH(MUIIMPOBAHHOM
BADHAHTE ¢ NMPUMEHEeHMeM AOTIOMHUTEILHOTO ANTOPUTMA <APpriori», HCKIOUAOUEro
13 aHANH34 JOTHYMecKHe cODBITHA ¢ HH3KOI 4acTOTOIL.

Kax yxe oTMe4anioch paxee, alTOPHTMBI OrPAHHYEHHOTo Hepebopa OBIIN NpPeioKe-
Hbl B cepepnie 60-x rogop M. M. Bonrapaom [1] a4 moucka JOTHMECKHX 3aKOHO-
MepHocTel B AaHHbiX. C TeX nop 0HM NPOAEMOHCTPHPOBANH CBOK 9 (heKTHBHOCTD
[P PEIIEHHI MHOXECTBa 3a1ay M3 CaMbIX pasiHuHbIX obJjacTell.

DTH QJATOPHTMBbI BLIYHC/IAIOT YAaCTOTH KOMOHHALHKIT IPOCTBIX JIOTHYECKUX COOLITHIL B
MOATPYINAX AaHHBIX. [IpuMepsl IPOCTHIX gornyecknx cobumnii: X = @; X < a; X > g
a< X <bwuap, rae X — xakol-mubo napaMeTp, @ u b — KoHcTauThl. OrpaHuyeHueM

CAYKUT [UTHHA KOMOMHAIMHK NPOCTHIX J0rHyeckux cobpituit (v M. Bourapaa [1] oHa
Obina pasHa 3). Ha ocHOBaHHH aHaMM3a BhIYHCICHHBIX YACTOT AEA3eTCA 3aKIIOYeHHE

0 NMOAE3HOCTH TOI HJIH HHO KOMF)HHE}HHII AJA YCTAHOBJACHHA acCOUMHaluK B AaHHBIX,
pIR B2 K.?IllCClI('l)I-[KE-lIII-II-I, NPOTHO3HPOBAHKA M T. IL
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ApTophl cucrembl WizWhy yTBepXiaaioT, UT0 0OHa aBTOMAaTHYECKH M3BJIEKAeT W3 JaH-
nbix BCE if-then-npasuna. Ha camonm zesie 310, KoHeuHo, He Tak. Bo-mepsrix, Makcu-
MalbHas AMHHA KoMOuHaimu B npasuie if-then s cucreme WizWhy pasha 6, u, no-
BTOPBIX, € CAMOI0O Hayaja PabOTEI ANTOPHTMA TIPOM3BOAUTCS DBPUCTHYECKUIH TMOHCK
[POCTBIX JIOTHYECKHX COOBITHIH, HA KOTOPBIX HOTOM CTPOMTCS BECh JabHelininil ana-
au3. TeM He MmeHee, cucreMa WizWhy dABigerca Ha CerofHAIIHUH AeHL OXHUM M3
JIHAepoB Ha pblHKe npoaykros Data Mining. 3to ne nuumeno ocuopanuii, Cucrema
JeMOHCTPHpYeT 6oJ1ee BBICOKIE TI0KA3aTe I NPU PelTeHn I psia NPAKTHIeCKUX 3aad,
yeM BCE OcTajJbHbie aaroputsbl. CtouMocts cucrems okono $4000, xonnuectno
noJsb3oareneil = 30 000. JemoncTpannonnan gepens WizWhy orpannvena toabko
KOJIMYECTBOM aHATH3UPYeMbIX 3anuceii — 1000 obbexros.

Oobwme ceomncTBa cucrembl WizWhy

Anropbl WizWhy akuenTipylor BHHMaHHe HA CIEAYIOIMX OBIIMX CBOHCTBAX CHC-
TeMbl!

O soisisnenue BCEX if-then-npasua;

O BBIYMC/EHHE BEPOSTHOCTH OUWMOKH JIA KOKAOTO NpaBHA;

Q oInpejejeHHe HaHAydllell cerMeHTallMH YHCJIOBHIX NepeMeHHbIX;

O BBIMHCIEHHE NPOTHOCTHYECKON CHIbI KAXKIOTO TPU3HAKAS;

O obobeHne NoXyUYeHHbIX MPaBIJ W 3aBHCHMOCTEH;

O BBIIBJICHHE HEOOBIMHBIX (DEHOMECHOB B JAHHBIX;

O HenoJap30Batie 0OHADYKEHHDIX NPABWI IS IPOTHO3HPOBAHUS,

O BbIPAKEHHWE TIPOTHO3a B BHE CHMCKa PeNEBAHTHBIX IIPABHIL;
BBIYHCTEHHE OIMOKH NPOrHo3a;

]
O NPOTrHE3 ¢ Y4eTOM CTOMMOCTH OWHOOK.

B xauectse nocronncts WizWhy fomonHHUTENbHO OTMEYAIOT Takie:
Q

Ha NPOTHO3LI CUCTEMbBI HE BJAWANIOT Cy()]:CKTI‘IBI[bIC IIPHYHHBL

O NONb30BATEJIAM CHCTEMBI He Tpeéye’r(’,ﬁ CHeNHaNbHLIX 3HAHNIH B lelli(.‘Iiﬁi!i(}f‘i L=
THCTHEKE;

O bosee TouHbIE H OLICTPBIE BLIYHCIEHHS, YeM ¥ ApYrux Merogos Data Mining.

[as 6oanuieit yoeputenbHocT aBTopsi WizWhy npoTHBONOCTABASIOT CBOK CHCTEMY
HelipoceTeBOMY NOJAXOAY M AJTOPHTMAM MOCTPOEHHS NepPeBbeB DEIleHUH U YTBEPXK-
HaioT, 4ro WizWhy, obnanas 6osiee BbICOKMMH XapaKTePHCTHKAMH, BBHITECHAET ADY-
rie TporpaMMHBEIE MPOAYKTH ¢ phiHka Data Mining.

3arpy3Ka v ynpaBneHue AaHHbIMK

Hepsoe, uTo HYXKHO caenars npu padore ¢ WizWhy, ato zarpysurth aHaTHZHPYEMbi
(halin AAHHBIX. 3AECH HMEETCS] HECKOMBKO BO3IMOXKHOCTEIN:
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O Brr Moxete nogrorasansars i wutath haiisr ASCIIL

O Bl moxere nanpamyio paGortarh ¢ daitamu dBase (*.dbf), MS Access (*.md
Oracle 1 Tabannamu MS SQL.

O Bu mosxkeTe BocnipunnMars Habopbt Aaxubix nocpenctsoM ODBC (Open Datab
Connectivity).

0O Jlns nauana paboThl ¢ NPOUELYPOH 3arpy3Ki CleiyeT Tpexie BCero 0OpaTuThe
3axaajke Basic Data B okHe Anasora ¢ ¥MeHeM TeKYLIero npoekta (puc. 5.21). 3ne
B none Open Data of Type HVIKHO YKa3aTh THII 3arpyKAEMbIX JAHHBIX,

Puc. 5.21. Hauano pabotsi ¢ cuctemoi WizWhy

O [lns npuMepa BosbMeM TAOMHIY ¢ JAHHBIMH 110 YABTPA3BYKOBOH AHATHOCTHKE NOYeK |
B TexctosoM opmare ASCIL (pasaenuTenaAMH KONOHOK ABJIAETCH 3HAK Tabysd-
11K, B NEPBOH CTPOKe TaOIHMIDI JAHHBIX 3AMMUCAHB! HMEHA MePEeMEHHBIX ). YKaXKeM |
TpedyeMbIil THI AaHHBIX 1 B IIOABUBIIEMCS OKHe jiHanora seibepen (aiin USR.txt —"
Ha 3KPaH BbIAACTCSA OKHO Ananora cueremnl WizWhy s penaktuposauys U 1pe
oGpazoBanus TeKCTOBBIX (aiinoB (puc. 5.22).

B none Record Type (THI 3amMcH) YCTAHABJHBaeM MEpeK/0YaTeNb B MOJOKEH
Delimited (manmbie ¢ pasgenuTenemM) U cTapumM haakox B nosuuuy First record for fields
names, rOBOPAMIMI O TOM, YTO MMeHA [MePeMEHHBIX PACIIONaraloTcs B NepBoii cTPOKe
Tabimus! ganunix. B nmone Field delimiters (pazaennTens) cTaBusM irakox B no3mn
Tab (3nax Tabymsmwmu). HaxiMaem KHonky Parse, rmocie Yero cucTeMa IpOH3BO/
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asTOMATHYCCKHH IpaMMaTiyecknil pazbop Hanmx Aannbix. fpocsmarpysaem peayiib-
TaThl ATOrO pasbopa W Npy HeoOXOAMMOCTH BHOCHM KOppekTisn — B rioae Column
(field) mpenoCTaBAAIOTCA BO3MONKHOCTH JIJisl HBMCHEHHA HMEH H THIIOB IePEMENHbIX,
a TAKKE IJIs 0TKa3a OT MMIIOPTa Kakux-Jibo koaonok. Haxmaesm 0K CHerema M-
NOPTHPYET AaHHEBIE A5 AaJbHeiuleit 06padoTKH, YTO OTPAKAETCS B UATOIOBOM OKHE
A ynpasieHus JanHuiMH Basic Data (pue. 5.23).

_ Mumber
o AL
g,

£
r

izl

o
il
-

@imiaianshweE
Sl iniaininm minimic

Puc. 5.23. OkHo guanora ans ynpasnesua QaHHbIMK
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B nosie Data Source yKa3wiBaioTCs MECTOMOIOKEHHE H UMA (ailna, U3 koToporo 6summ
UMIIOPTHPOBaKLI dannble, Kionka View Data mpeanashayena 1Js Bbl30Ba OKHA AJA
IIPOCMOTPA 3arpyKEHHbIX JaHHBIX (B Hem AeMOHcTpupyloTes 100 mepBrIX CTPOK Tab-
Jans gannbix). B noae Field Grid orobpaskatotcs MMeHa M THIbI BBeJIEHHbIX NIeDEMEH=

HBIX U NPefOCTABJAAIOTCA BO3MONKHOCTH TTPOBEOEHHA CAELYIOLHX onepalmﬁ: 5

O Hasuayenne Lenesoli, WiH Tak HasbiBaeMmoil aapucuMmoil (dependent) nepemMenHoM,
91O 1epeMeHHasi, 3HaueHns KOTOpo OYAYT CBA3BIBATHCA ¢ NMoMoWbIo if-then-mpa-
BHJ €O 3HAYEHHSMH Tak HasbiBaeMbIX HezaBHcHMBIX (independent) mepeMeHHBIX.
B Halem cayuae TakoH ueneBofi nepeMeHHoi asnserca Diagnosis — BolcTaBngeM i
(bAaxkoK B COOTBETCTBYIOUIEN O3UIMH KoJJoHKH Field to Predict.

0 Mozudurauus nepemennnix, B kononxe Field Name M0xHO pefakTHpoBaTh HMe-
Ha [epeMeHHBbIX. [l 3Toro HYyKHO WENKHYTh Ha COOTBETCTBYIOUIel NO3HIHH H
BBECTH HoBoe umdA. Kpome Toro, B nmozuumax KoJAoHKH Field Type moxHO H3Me-
HATh THII MepeMeHHoH. Hanpumep, 3aMeHHTs THT Text (TeKCTOBBIH, HOMMHAND-
Hbiil) Ha Number (kosnvectsenusiit) wiau Date (mata) B popmare [enp-Mecsiy
Ton (Toa-Mecsu-/lens) 1 T. 1. 3/1eCh 3aMETHM, YTO B 3aBUCHMOCTH OT BHIODAHHOTO
THIIA JAHHBLIX B JAajbHeiiieM K nepeMeHHOH NPHMEHsIOTCS pa3iuyHble Ipoueny-
pbl 06paboTKH.

B cucreme WizWhy npeaycMmoTpeH Takxke ¢yyai, KOrja Mponycky B Tabiauie z{aH-
HBIX (MyCTHIE sSUeiiKi) npeJCTammOT coboil caMOCTOATENbHEIE mlcpopwarnmme r.'o-'
OpiTua. s yuera nogoGHBIX MPONYCKOB B 3HaYE€HMAX KAKOH-11n60 mepemMeHHOH CTa-
BUTCA (JIAKOK POTHB Hee B KoaoHKe Analyze if Empty. B coto ouepejib, eciiin uMeerca
HEOOXOMHMOCTh HCKAIOYHTE TIEPEMEHHYIO M3 aHasJM3a, HY)KHO BBICTABUTh (IAXKOK B
koqonke Ignore Field.

B HamesM npuMepe TeKCTOBBIT OpMaT NMEIOT TP [epeMeHHBIe — IleIeBol MPH3HAK
Diagnosis, npusHak Sex (mon nammedTta) u npuskax LR (iesas win npasast noyxa).
OcransHbie nepeMennbie Age (Bozpact), Length (anmua mouku), Width (mupuHa
niouxn), Thickness (rommnna nouxu), Thickpar (Tomuuna napenxumst), Speed (cpea-
HAs CKOPOCTDb KpoBoToka), Index (1uuexc pesucrenTHocTH) u Accel (yekopenue ap-
TEPHANBHOIO TIOTOKA B CHCTOJY) ABAAIOTCS KOAWYECTBEHHBIMH. )

3agaHue napaMeTpoB Npoueaypbl NOMCKa Npasun

B cucreme WizWhy uesepoit NpusHaK pa3iiefsieT BCE MHOXeCTBO 00beKTOB Ha ABE .
YacTH. ITO JEJAETCA CASIYIOHNM 00DasoM.

Ecau uesnesast nepeMenHas ABJIAETCS TeKCTOBOI (HOMHHANBHON), WizWhy npocMal-
puBaeT BCe 0OBEKTH (3aNHCH) ¥ OTOMPAET Te U3 HUX, 115 KOTOPBIX Lesepas epeMeHs
Has uMeeT BbiOpaHHoe sHayexue. OTobpaHHbie TakuM 00pa3oM 0OBEKTH COCTABASAIOT =
nepeyio rpynny. [Ipasuaa, XxapakTepHble I7d AaHHOH TDYIIIBI, Ha3bIBAIOTCA if—l:hell'_’
apasuaamMi. OcTapuinecs 00BEKTH COCTARTAIOT BTOPYIO IPYIIY, U s dToH rpynisl

XapakTepHsle npasuia obosnadaiorcs Kak if-then-NOT-npasuia. .

Ecau uenenoi IPU3IHAK ABRJAAETCA KOJIMYECTRCHHBIM, TIOJIB30BATENNL AOTKEH yKaSaf_I?

obnacTb 3Ha4ennii atoro npusHaka. Ilpasina if-then 6yayT onpeaenstecs s 9TOH
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ykazannoii obnacti. B ¢Boio ouepens, if-then-NOT-npasuaa 6yayr omicbipats 06bex-
THI, HE TIOTABLIME B BHIICJICHHYIO 061aCTh.

B paccMaTpHBaeMOM HaMM IIDAKTHYECKOM MpHMepe UeneBoil npuanak Diagnosis wo-
MUHAIBHBIH, OH NpUHHMAET TPH 3HaveHHs: 1 — B Knacce «3mopoBast MOYKa»; 2 — B
KJIACCe «MHOMKECTBEHHbIE KHCThl» M 3 — B KJacce «ruiaponedpos». ByneM HckaTb B
nanHbx if-then-npasuna mna o6bEKTOB ¢ AMATHO30M «MHOXKECTBEHHBIC KHCThI». [Lia
aTOro ¢ NOMOLbIO 3aKAaakH Rule Parameters (mapameTpnl npasua) BOHIEM B COOTBET-
CTBYIOLleE OKHO JManora ¥ B rose Predicted Value ppicTaBuM 3Havenne «2» (puc. 5.24).

Puc. 5.24. OkHo guanora AnA 33jaHKA NApaMeTpoB NPOLEAYPL NOMCKA NOTUYSCKHX NPABUA

Mocne 3aganus obaacTH 3HAYEHMUIT LeAEBOI nepeMeHHON MM, KaK B HallleM clIyyae,
€e OHOTO 3HauYeHHs cucTemMa WizWhy unTaer naHHble ¥ BHIYHCAAET NPOCTHIE CTATH-
CTHKH, KOTOPbIE MOTYT OBITH HCMOAB30BAHLl B AalbHeilmeM anamuse. Tak, HampHMep,
cripaBa oT noas Predicted Value cucrtema BRIBOAHT 3HAYEHHE YACTOTHI, ¢ KOTOPOH B
aHATH3UPYeMBIX JAHHEIX BCTpevyaeTcs 3HaueHHe Diagnosis=2. Kak ykaswiBaioT aBTO-
Phl, UTeHHe 60J[hl]_l}[}( H&E’OpOB JAaHHbBIX ciiocobHO 3aHHMATh MHOTO BPEMEHH, Honnao-
BaTelb MOKET NpeKpaTHTh NPOUECC YTeHHA, Haxap KHonky Cancel Ha crenuanbioi
nanenu, B atom caydae ,E[H.‘IbH(‘.ﬁ].UEM}’ HCCJIEA0BAHHUIO TIOABEPTACTCH TOALKO Ta HH-
opmanms, koTopas ycnesa npoyHTaThes. Ho IpH jKemaHiny npoiece YTeHHs JaHHbIX
MOMHO MMOBTOPHTD.

Caeayiomnm marom aBJAeTcs 3ajaHue COOCTBEHHO MApaMeTPOB [PABHJA, KOTOpHIE
Gynyr uckathes B npounTaHbx Aannpix. Cioga npexne Bcero oTHocaTea Minimum
Probability of if-then rules (MuHuMannHas sepoaTHocts if-then-npasua) 1 Minimum
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probability of if-then-NOT rules (Muminansnas seposraocts if-then-NOT-npasui).
ITH HapaMeTpsl ¢CTh He UTO MHOE, KAK TOMHOCTh NMpaBuia, 0XapakTepH3oBaHHAs B
npeapiyuieli raape. TIpocTasuM B COOTBETCTBYIOIINX HOMAX OKHA AMANOTA OJMHAKO-
Bhle 3HAYEHMS YKa3aHHBIX BepositHocTeit 80 %. JTo 03HayaeT, 4To cucreme WizWhy =
dopmympyercs TpeboBaHne 0GHAPYKUBATS 11PaBUJIA, KOTOpbIe OyAyT omubarbes HE
6omee yeM B 20 % cayvaeB (MMeOTCH B BMAY ouInBKH Ha aHaIM3UpyeMoil BbIOOPKE).

D npuHuMne, MOKHO 3a1aBaTh JioObie 3HaYCHNA MHHHMANbHBIX BeposTHocTeH oT 0 i
10 100 %. Ho creayer XOpOIIo NMpeacTaBisTh, YTO, 334aB CAMIUKOM HH3KHH YDOBEHB
TOYHOCTH, MBI TTOAYYHM OOAbIIOE KOAMYECTBO NPABHJ, CPpeay KOoTopbix OyaeT MHOIO
MasnonH(pOPMATHEHBIX KOMIIOHEHTOB. B ¢BOI0 ouepeis, BhicTasus Tpebosanne 100 %, =
Mbl, CKOpPEe BCero, He MOJIyMHM BooOIe HHYETO.

E1tle oaHMM BaXKHbIM NAPAMETPOM CHYKHT Maximum number of conditions in a rule (Max-
CUMAJIBHOE YNCIIO YCAOBUH B MpaBHie). ITO MAKCHUManbHOE KOAMYECTBO BIEMEHTAD:
HBIX AOTHYECKHMX COﬁthHﬁ B OIHOM I[IPaBHJIE. XoTts ABTOPb! CHCTEMBI HHYECIO HE IOBO=
PAT O ﬂpEIl(,’J!bHOM JHAYEHHH AaHHOLO IapaMeTpa, }’CTB.HUBJIEHU. 4YTO OHO PABHO 6

CaeayloWiM napaMeTpoM, KOTopsiii HeoOXoauMo 3anath A8 paboTsl NpoUeayphl
HoMCKa npasua, asisietcs Minimum number of cases in a rule (MunHuManbHOE YHCAD
obbexToB B mpasuae). BoicTaBuM 31ech 3HadeHue 10, 0603HAYMB TeM cambiM Halle
JKeaHue OOHAPYKHMTh B JaHHBIX IPABILIA, <IOKPbIBalomue» He mexee 10 06beKTOB.
Husknuil npenen cocrasngeT 4 obbekra.

Iocneanue onepauuy B pabore ¢ paccMaTpHBaeMbIM OKHOM JIMAJIOTA KACAWTCA CHO-

cOBOB BHIAUM Pe3ynbTaToR. Bo-mepBoix, HYXKHO BBecTH MapaMeTp Maximum number of
rules to be displayed (MakcuMaibHOE KOJIHYECTBO OTOOPAXKAEMBIX IIPABHT). ITOT Napa-
MeT) He BIMseT Ha paboTy Mpoileaypsl moucka mpasiil. OH NpeaHa3HayeH TONbKO A
OrpaHMYeHIA KOJIMYECTBA MpaBu, BeLtasaembix B oT4eT (Rule Report). lanee C/AENYeT
yKa3aTh ciiocof COPTMPOBKM IpaBuJ B oTdeTe (Mo YpOBHIO 3HauuMocTH Significance
Level, o TouynocTu %Probability, mo kommuecrBy o6bextos No. of Cases in a Rule).

HakoHell, B NPaBOM HIDKHEM YINIY OKHA AMANIOra Ui 3aJaHUsA NapaMeTpos npouey-
Dbl IIOMCKA TIPABIJI MOMKHO TIOCTABATD (MIAKOK, €CIIH UMEeTCs jkKesanie mepes ctaps
TOM TPOLEAYDH AOMOJHMTENBHO HPOCMATPHBATh H KOPPEKTHPOBATh €€ MapaMeTphl.
TTOMHOCTBIO TIOATOTOBACHHOE OKHO AMATOTa JUIS HALIETo MpHMEpa [0 yJIbTPa3ByKO-
BOI AMarHOCTHKE MOYEK IIPUBEJEHO Ha pHC. .24, ;

Pa6ota ¢ oKHoM guanora Qwudku/Mpumepsl
(Errors/Examples)

Oxno auanora Qwubku/Npusepsl nokazano Ha puc. 5.25. OHo pasjeieHo Ha ABa MoJs:
CroumocTs ownbok nporuosa (Prediction Error Costs) u Npeacrasute npumepst (Present =
examples where).

B nioste CTOMMOCTS OWHBOK NPOFrHO3a TPebYeTCst BBECTH COOTBETCTBYIONIHE 3HAYEHHS IO
OTAEILHOCTH JUlsl ABYX BHZOB omMOOK: nponycka obbexta (Cost of a miss) i nokHOK
tpesoru {Cost of a false alarm). 1o ymonyaHuio 3Ty 3Hadenns papnnt 1. Ho, xax 0b-
CYHKAATOCH B NPEABIIYLIEM Pas/iesie, y4eT PasiTudHOH CTOMMOCTH YKa3aHHBIX OLIHOOK
MOJXKET OKA3aThCS BECHMA 1IEHHBIM MPH PEIUCHUK NPaKTHYECKHX 3ajad.

NHCTpyMenTaNbHbIE CPEACTBA OBHADYKEHUA 3HAHNI B JAHHbIX 225

B none Mpeacrasnts NpUMeptl MOMXKHO BLIPA3KUTH XKeJIaHHE NPOCMOTPETh NPHMEDH Da-
GoTel BRIARIsIEMBIX npasiu. Ecii nmoctanuts dnaxok 5 nosuumu Rule is in effect, To
cHcTeMa OyaeT (hOPMHPOBATh B OTHETE /15t KAKIOI0O NPABMIA CITHCOK HOMEPOB 06beX-
TOB, LI KOTOPBIX NPaBuio He oubaerca. JanHa CIMCKa OrPaHWYHBAETCH 33 1aHHBIM
unenoM. CooTsercTeedHo, duaxok B nmosuiy Rule is not in effect sanpamusaer y
CHCTEMBI BhIAYY CIIMCKA HOMEPOB OOBEKTOB, Ha KOTOPLIX Kakoe-Tnbo mpasuiao pabo-
Taet ¢ owudHKoM.

Puc. 5.25. OkHo guanora Owubru/Npumepsl

Pa6oTta ¢ ApyrumMu OKHaMu guanora

Oxno ananora Data Format npeaHasHavyeHo 4075 3ajaHus M KOPPeKTHPOBKH (opmata
HHhopMaLiH, ¢ KoTopoil patoraer WizWhy (puc. 5.26). IIpexne Bcero ciofa 0THO-
cures opmar ganubix. B noae Number and Currency Format mseeTcs Bo3MOXKHOCTb
3aj1aBaTh KOMHYeCTBO WP U BUIbI pazienuTeseil B YHCAOBDIX M ACHEKHBIX HaHHBIX,
a B nioste Data Format spi6Hpath Qopyar s 3anHcH Aar.

KDOMG TOTO, B HIKHeH YacTH OKHa AHANOra NpeAyCMOTPEHDI NapaMETPHI, Iib160[,) KO-
TOPBIX ONpeienadaeT MeCTO BbIOAa4H OTHETA O PE3V./IbTAaTaX paﬁmm CHCTEMBI (Ha IpHH-
Tép, Ha ?KpaH, B TeKcTosbl (aiin, 8 RTF-daitn). B noxe Subheading sanocures noa-
3aronosox ordeta. Haxatuem KHOTIKY Font B MpaBoM HHXHEM YIUTY BBISBIBAETCA OKHO
AHamnora J1a4 BbIﬁOpa HCITOIB3YEMBIX IJ.i])H(‘})TOB.

[Mocneanee oxHo auanora — Prediction Input — npeanasznaueno Ana BBOIA, NPOCMOT-
Pa i KOPPEKLMH BHEIHUX AGHHBIX, HAa KOTOPBIX TpeOyeTcs IPOBepUTL AeHCTRHE Hal-
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Aenublx npasuir Ono uzobpakeno Ha puc. 5.27. Pabora ¢ aTUM OKHOM AHAJIOTH
pabore ¢ yxKe paccMOTPEHHBIM OKHOM guatora Basic Data.

Puc. 5.27. OkHo AManora ans BBOAA BHEWHNX AaHHbBIX

WNHCTpYMEHTabHbIe CPeACTBa 0OHAPYKEHUA IHAHNM B AaHHbIX
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Pesynbrarbl paboTbl cuCTEMBI

[loce Hecenus HeoOXOMIMON HHGOPMAILH B PACCMOTPEHHEBIC BbIIE OKHA JIHANOTA
MOMHO OPHCTYIMTDL K [OHCKY MPaBii B 3arPVKeHHBIX Aauunix. 18 aToro Hy»KHO
nazkars kHouky Issue Rules (Ruiaaua npasint) — cucrema WizWhy Bbiiaer tpi ordera:

1. Oruer o npanniax (Rule Report), B KOTOPOM HepeuHcIAIOTC OGHAPY/KEHHbIE IPABILIA

C YKaS3aHHEeM HX XAPAKTEPHCTHE.

[

CErMEHTAUMN 0TI/ ILHBIX IIDH3HAKOB.

3. Otuet o Heoxauupx npasutax (Unexpected Rule Report).

PaccMOTpHM yKazaHHple oTueThl Goiee noapobuo.

Ortyer 0 npasunax
OTueT 0 NPABHIAX PasMeilleH B Tpex okHax (pue. 3.28):
1. Jlenoe oxHo — crncok npasui (Rule List);

2. IlpaBoe BepxHee OKHO — colepskaHne zanmuci B geransnx (Record Details Grid);

3. Ilpapoe HiDKHee OKHO — MHekc npusHaka (Field Index).

WIZWHY REPORT

: WieWhy Version 2.01 Demo
- Trend Q‘Wf_ PARAMETERS OF THE RULES AND DATA
9 C:\Program FilesWizSoft'Wiz\Why DemniUSR. txt
4 Total mumber cf records: 74
4 Miumuen probabiity of the:
1) f-then rules: G800
2) f-then-not rules: 0,800
Mirarouen aumber of casesm z rule. 10
[Demo version s immed to 1000 records This database ha:

#{ Field to Predicr. Diagnasis

| Predicted Value (analyzed as Boclean) 2

| Prediction error costs.

The cost of a s 1

4  The cost of a false glarm: |

Average probability of tha predicted valus s 0,500

Diagniosis

%Age

Sex

A

& Length |
‘width
Thickress

B Thickpar
Speed

ERindex et

[FIELD INDEX

] {Field

Puc. 5.28. Obuymi Bug oT4eTa o npasunax s cucteme WizWhy

Rule #

Maceel 6,9, 11, 16,17, 18

Otuer o tpenpax (Trend Report), B KOTOPOM HPEACTABISIOTCS DPE3YIBTATH
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Cnucok npaBun

Crncox npasin npeasapsiercs HigopMaiieii o 3aaHHbBIX NapaMerpax MoHcKa. 316
Ha NpHMepe TAHHBIX IO YILTPa3BYKOBOH AMarHOCTHKE NMOYEK, Kak BHANM, FTOBODHTCH,
uT0 obulee uyncao obpaboTannbix 3anuceit (0GBLEKTOB) cocrasaser 74, MUHIMAIbHE
sepoaTHocTH npasi if-then 1 if-then-NOT pasust no 0,8, MuHuMaNbHOE KOTHYEE
ofbeKTOR st NpaBu1 — 10. 3aTeM NOATBEPKAACTCA, YTO NMPaBH/IA HAXOJATCA J
nepemeiniHoii Diagnosis, KOHKPeTHO JUisi 3HaYeHNA 3TOH NHepemenHod, pasHoro 2. Tag
€ YKA3bIBAETCS, YTO CTOMMOCTH OWHOOK B BH/E HPONYCKOB U JIOKHLIX TPEBOT CO=
CTaBAAIOT 1, a cpelHAs BepOATHOCTL (ANPHOPHAA BEPOATHOCTH) NPOTHO3UDYEMOIO
aHaueHus nepeMenHoIT pasha 0,5.

Janee cucteMa BbiaeT cheayionit 6ok obnel nudopmaunn 0b 06Hapymeuu{
NnpaBHaIax:

ANALYSIS OF THE RULES EXPLANATORY POWE

Oecision point: Predict 2 when conclusive probability is more than 0,460
Number of misses: 2

Wumber of false alarms: &

Total number of errors: 7

Total cost of errors: 7

Success rate when predicting 2: 0,868
Success rate when predicting WOT 2:  0.93]
Number of records with no relevant rules: ¥
Average cost (per record): 0.104

Expected average cost (per record): 0,500
Improvement Factor: 4,786

3 IIPDHBEAEHHOTO 6JIOK8. MOMHO NOYEPITHYTE CBCIEHHA O 3HAUYEHHAX HEKOTOPDBIX cay- .
sebHBIX TapaMeTpos — Decision point (Touka pemenus), Average cost (cpeaHue 10
TePH Ha 3aNUCh), Expected average cast (oxuaaeMble cpeaHue noTepu) i Improvement
Factor (BLIMIPBIIL), TPEACTABIAICUINE COO0H OTHOINEHHE 0XKIIAeMbIX CPEHNX OTEPh
K pealibHBIM NOTEPAM Ha 3alHCh. KpO.\IE TOTO, B baoke COAEDMKATCS CBeJleHHS O NPo-
THO3HPYIOLIEH cocoBHOCTH BCeil COBOKYIMHOCTH 00HAPY/KeHHBIX NPaBHA — KOJHYe~
CTBO NPONYCKOB NpH nporuo3uposanuy (Number of misses), YNCJI0 JTOKHBIX TPEBOT
(Number of false aiarms), obuee kommyectro ownbok (Total number of errars), 06-
wHe notepH (Total cost of errors), BEPOATHOCTD YCIEUIHOTO NMPOTHO3UPOBAHIA AT
kiacca 2 (Success rate when predicting 2), BepOSTHOCTb YCIEUIHOTO IPOTHOZHPOBa-
HUS anprepHaTHBHOTO Kracca (Success rate when predicting NOT 2) M KomuyecTBO
0BBEKTOB, HE OXBAYEHHBIX BbLIEIeHHbIMU Npapiaasu (Number of records with no
relevant rules). £

Cnucox npaRuJl COCTOMT M3 MPaBHA, YIOPAIOUEHHBIX MO 3ajaHHOMY KpnTepHK)(B]'
HALeM CJIy4ae 1o YHeay oObeKTOB, OIHChIBAMbIX TIpaBHIOM). B aanunix no yasrpa- -
3BYKOBO} JHACHOCTHKE MOYEK NIPH YCTAHOBACHHbBIX NapaMeTpax MPOLEAYPE! CHCTEMa
WizWhy ofuapyxuna 19 npasui. OHu NpHBESEHB! B CAEAVIONIEM JHCTHHIE:
1. If Age is 21,00...43.00 (average=34.89)

Then

Diagnosis is not 2

Rule's probability: 0,947

The rule exists in 18 records.

Significance Level: Error probability <0.1

Positive Examples (records’ serial numbers):

MHCTpyMeHTanbHLIE CPEACTBA OBHAPYKEHNA 3HAHWA B AAHHbIX

g, 5B RIS 10 SR

Negative Examples (records’ serial numbers):
55

7. [f Index 15 ¢,70...0.80 (average=0, 73}
Then

Diagnosis is not 2

Rule's probability: 0,833

The rule exists in 15 records,

Significance Lewvel: E&rror probability <0.2
positive Examples {(records’ serial numbers):
1. 3, 60, 61, A2, 63, 64, 65, 66, 67
Negative Examples (raecords’ seriagl numbers):
28, FE3d

3. 1f Width is 39.00...53.00 (average=48.00)
Then

Diagnosis 15 not 2

Fule's probability: 0,813

fhe rule exists in 13 records.

Significance Level: Error probability <0.2
Ppsitive Examples (records’ serial numbers)
1, 2, cASOEEas T R ST G RS Ay

Negative Examples (records’ serial numbersi:
48, 49, 58

4 Speed 15 16.30...41.50 (average=23, 597)

and Index is 0, 70...0.80 (average=(0, 73}

Then

Diagnosis 15 not 2

REule's probability: 0,929

The rule exists in 13 records.

Significance Level: Error probabitity <0.2
Positive Examples (records’ serial numbers):
3. 61, 62, 63, 64, 65, 66, 67, 68, 70
Negative Examples (records’ serial numbers;):
5

. I1f Index is 0,65...0.67 {average=0. 66}
Then
Diagnosis 15 2
Rule's probability: 0,800
The rule exists in 12 records.
Significance Level: Error probability <0.2
Positive Examples (records’ serial numbers):
25, 26, 29. 31, 34, 37. 38. 47, 49, 50
Negative Examples (records’ serial numbers):
FR L =
6. 1f Accel is 210.00...242,00 (average=224,47)
Then
Diagnosis 1s &
Rule's probability: 0.800
The rule exists in 12 records.
Significance Level: Error probability <0.2
Positive Examples (records’ serial numbers):
25, 28, 36, 41, 42. #4600 53, 55, BE
Negative Examples {(records’ serial numbers):
60, 67, 69
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7. If Age 1s 48.60...70.00 {average=62,77)
and Index 1s §,685..0.67 (average={, 64)

Then

Diagnosis 15 2

Rule’'s probability: 0,923

The rule exists in 12 -records.

Significance Level: Error probability <0, 2
Positive Examples (records’ serial numbers)
2hy 26, 280 Jl, 34T 37 38, 479549 554
Negative Examples (records’ serial numbers)

#i

8. If Sex is F

and LR is L

and Width 1s 56,00...77.00 (average=563, 00)
Then

Diagnosis 15 2

Rule's probability: 0,857

The rule exists in 12 records.

Significance Level: Error probability =<0,2
Positive Examples (records’ serial numbers):
Gy (e R T S, LD E o ) Ly e L
Negative Examples (records’ serial numbers):

14, 18

9. 1f Age is 47.00...70.00 (average=61.52)
and Accel is 210.00...242,00 (average=226.08)
Then

Diagnosis 135 2

Rule s probability: 0,917

The rule exists in 11 records.

Significance Level: Error probability <0.2
Positive Examples (records’ serial numbers)
25y 280 36, 40, 420 A4, NI 53 6B B
Negative Examples (records’ serial numbers):
69

10,17 Width 13 56, 00...72, 00 (average=62.42)
and Index is 0.65...0.67 (average=0,66)

Then

Diagnosis is £

Rule's probability: 0,917

The rule exists in 11 records.

Significance Level: Error probability <0.2
Positive Examples (records’™ serial numbers):
25 26, 295030 N34 3T .38, 47 B 54
Negative Examples {records’ serial numbers):
7

11, If Width is §6,00...689,00 (average=55.23)

and Accel is 210.00...242.00 (average=224,92)
Then

Diagnosis is 2

Rule's probability: 0,846

The rule exists in 11 records.
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Significance Level: Error probability <0,2
Positive Examples (records’ serial numbers):
25. 28, 36, 41. 42, 44, 50, 53, 55. 56
Negative Examples (records’ serial numbers):
6

D, b%
12. If Sex is M
and LR is R
and Speed 15 16.30...39.30 (average=21,47)
Then

Diagnosis is not 2

Rule’'s probability: 0.846

The rule exists in 11 records.

Significance Level: Error probability <0.,2
Positive Examples {records’ serial numbers):
P S T i R S R A o

Negative Examples (records’' serial numbers):

43, 44
13. If Speed is 2,30...15.40 (average=]2,28)
Then

Diagnosis is 2

Rule's probability: 0,833

The rule exists in 10 records.

Significance Level: Error probability <0,2
Positive Examples (records’ serial numbers):
23, 24, e5, 2oy '2FS 28, 298300 [, @32
MNegative Examples (records’ serial numbers):
1. 6B

14, 1f Age is 46.00...70.00 {average=52,00)
and Speed is 2,30...15 40 (average=13,17)
Then

Diagnosis is 2

rule’s probability: 0,909

The rule exists in 10 records.

Significance Level: Error probability <0.2
Positive Examples (records’ serial numbers):
23, 24, 25. 26. 27, 28, 29, 30, 31. 32
Negative Examples (records’ serial numbers):
1

15. If Width is 54.00...87.00 (average=64,82)
iand Speed 1s Z2,30...15.40 (average=13,28)
Then

Diagnosis is 2

Rule’s probability: 0.909

The rule exists in 10 records.

Significance Level: Error probability <02
Fositive Exemples {(records’ serial numbers):
23, 24, 25, 26, 27. 28, 29, 30, 31. 32
Negative Examples (records’ serial numbers):
60 .

6. If Speed is I7,70...43.30 (average=25, 84}
and Accel 1s 210, 00...242.00 {average=223,54)
Then
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Diagnosis 15 2
Rule's probability: 0,833

The rule exists in 10 records.

Significance Level: Error probability <0.2
Positive Examples (records’ serial numbers}
36, 41, 42, 44, 50, 53, 55, 56. 58, 59
Negative Examples (records’ serial numbers)
67, 69

17, 1f Age is 23 00...43. 00 (average=26,30)
and Accel is 255 00...629.00 (average=377.70}
Then

Diagnosis 15 no

2
Rule's probability;

t

it 1.000

The rule exists in 10 records

Significance Level: Error probability <G.1
Positive Examples (records’ serial numbers):
AN ST L7 RIS 0GB L ST

18. If Age is 47.00...70.00 (average=50,50)
and Width s 56 00...77.00 (average=67,60)
and Accel is 210.40...242.00 taverage=227, 00}
Then

Diagnesis is 2

Rule's probability: 1,000

The rule exists in 10 records.

Significance Level: Errocr probability <0.1
Positive Examples (records’ serial numbers):
25, 2B. 36, 41, 42, 44, 50, 53, 56, 59

19V LR ys R

and Speed is 16.30...41.50 (average=25 44)
and Index s 0.70...0.80 {(average=0,72)

Then

Diagnosis is not 2

Rule’'s probability: 1.000

The rule exists in 10 records.

significance Level: Error probability <0.1
Positive Examples (records’ serial numbers):
3, 61, 63, 64, 65, 66. 67, 72. 73, 74

[lns nosicHeHNs NOTYYeHHDIX PE3YJILTATOB PAcCMOTPUM Gostee MoApOBHO, HanpuMep,

npasiio Ne 19:

9. Tf LR sR

and Speed 1s 16,30...41.50 (average=25,44)
and Index 1s ¢,70...0,80 (average=0,72)

Then

Oiagnosis 15 not 2

Rule's probability: 1,000

The rule exists in 19 records.

Significance Level: Error probability <0.1
Positive Examples (records’ serial numbers)
3, 61, 63, 64, 65, 66, 67, 72, 73, 74

ITO NpaBUJIO Npe/CTaB/seT COO0H KOHBIOHKIUIO TPEX 37€MEeHTAPHBIX BBICKA3LIBAH U
IlepBoe — LR 15 R — roBOpPHT O TOM, YTO IIPABHJI0 OTHOCHTCH TONBKO K TIPAROI 1104~
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ke. Bropoe — Speed is 16.30...41, 50 — onpeaeiaeT AManasoH 3HaveHHi 418 cpeaHei
CKOPOCTH KPOBOTOKA, 1 TpeTbe — Index 150, 70...0. 80 — onMcbiBaeT HHTEPBAI 3Have-
HiT HHEKCA pe3ncTeHTHOCTH. Boickasbisanie Diagnosis is not 2 osHavaer, 4To npa-
BUJIO XAapaKTepHO s 0OBEKTOB, He HMEIOUUX JHAIHO3 «MHOXKECTBEHHBIE KICThI»

3anucbRule’s probability: 1,000 o3nauaer, YTO TOHHOCTh NPABIJIA B JAHHOM CAYYAL
pasta 1. Cnexylouas sanuch — The rule exists inl0records — xapaxTepusyer 00bem
MHOMECTBa 00BEKTOB, /IS KOTOPBIX CNPaBE/IHBO PACCMATPHBAEMOE IPABMIIO, A APY-
ras 3arMch — Significance Level: Error probability <0.1 — kacaercs craTHCTHYEC-
KOil OLeHKH YPOBHS 3HAUHMOCTH NOJYMEHHOTO NpaBHAA {KaK BIIHM, A0BEPUE K mpa-
puiry nipepsitnaet 90 %). [locneauss sanucs — Positive Exampies (records” serigl
numbers) — o3HaYaeT <MOMOKHTEILHbIE IPHMEDDLL», KOTOPbIE 3aTeM NIPeCTABICHBl KAk
romepa 3aruceil (ofbekToB) B Habope JaHHBIX.

Cucrema WizWhy upeaocraBisieT BO3MOXKHOCTH BHIYATHIAIINI OJAYYEHHOI0 TpaBUIIa.
JULs 3TOTO HYKNO WEeJKHYTL Ha [IpaBHie AeBOH KHONKOH MBIIH H 3aTeM C NOMOILbIO
1IPABOH KHOIKM BBI3BATh KOHTEKCTHOE MEHIO, B KOTOPOM BHIGDATh THATPAMMY FPABHJIA
Rule Chart (puc. 5.29). Ita auarpamMa WILOCTPUPYET OTACTBLHDIC KOMIIONEHTLI IPABH-
Ja W AaeT rpadMeeckoe oToOpaKEHHE COBOKYITHOTO BIAHMOACHCTBHA NEPEMEHHBIX

st

Puc. 5.29. luarpamma BeigeaeHHoro npaeuna N2 19

Cogepman Me 3aniCH B geranax

Oxno «Cofep:kaHue 3aIIMCH B IETANAN> NO3BOJACT NPOCMOTPETh 3HAYEHU NPU3Ha-
KOB JUTs Kama0ro obbekTa. s aToro Tpebyercs nBecT HoMep oObexTa B 11oJte Record
HaxkaTh kaasumy Enter. Iprmep st obsexta Ne 25 npusenen Ha puc. 5.30.

Ipyrasi BO3MOXKHOCTb COCTOMT B TOM, UTO €CJM ABAMKABI IMENKHYTD JeBOH KHOMKOM
MBLILH Ha HOMepe 00BLEKTa B CIIUCKE TIPABUT, KOTODLIH TaM NPUBEIEH B KauecTse 1o-
JIOHUTEJIBHOIO HIIM OTPHIUATEALHOrO TIPUMEPA, COOTBETCTBYIOIHE 3HAUYEHHA NPU3HA-
KoB oToOpassiTest B paccMarpuBaeMoM okHe. [Ipu oToM LereBas nepemennas Oyner
OTMEYEeHa CHEeHHANBHBIM 3HAYKOM KPACHOTO 1(BETa, 4 BCEe OCTANBHDBIE ~— 3HAYKAMH 3e-
JeHoro nsera. Kpome Toro, Ha 3HauKax, PACMONOKEHHBIX CPa3y C/IeBa OT Ha3BaHHs
[IPH3HAKOB, YKAIBIBAIOTCS THIbI JAHHBIX [IPU3HAKOB
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@ﬁ Thickpar 14
@@ Speed 132
[HES Index 0.657
e L R

Puc. 5.30. Copepwanue 3anucy B petanax

MHpexc npyustaka

B oxne «MHaexe npuinakar, paciioioxen oM B MpaBoM HIGKHEM vy, oToGpaxamT-
CA TIOPS/IKOBBIE HOMEDA MPABUJL, B KOTODBIX MOABIAKTCA Te HIM HHBE MPUIHAKHA
(puc. 5.31). MoxHO MPocMOTPeTh Bee OKHO, UCIOJIL3VA NPOKPYTKY. TakKke B cucTeme
TPEAYCMOTPEHA APYTasl BOSMOKHOCTL — €CJAH B CHICKe TIPABAT ABAXAbI HIEAKHYTh
MBIIILIO Ha KakoM-1HOO npu3HaKe B JH060M M3 HPaBILI, TO 9TOT npusHak Gvaer aBTo-
MATHUECKH BhigesicH B okne «Munexc npusnakas, Ilo npeacrasiasiemoii HHpOopManHH
YA06HO BBIHOCHTD CYRACHNA O NMOACIHOCTH HPUIHAKOB (o KoathhuumenTe HenoanL3o-
BAHMA [PHIHAKOB) ITA KacCH(BHKANNN JAHHBEIX It MPOTHOIUPORAHUA. B cBoio oue-
peilb, €C/lt ABAAKILL WENKHYTh B oXHe <MHiekc npusuakar o moBoMy HOMepY npa-
Bi/Ia, TO 5TC NPABHI0 MOMEHTAJLHO OYIET BBIAECTEHO B CHIMCKE NPABHIL

I 456201117
LR 4,13 14
Sex /3, /4

ISpeed 4, 67,9, 14, 16, 19

Width 3,9 10 72 13 15

Puc. 5.31, Mugexc npusnaka

Pacneuvarka u IKCNOPT Npasun

AJIA pacTieyaTK MPABMI /M X KCHOPTA B apyroii daia tpebyercs HaxaTh cooT-
BETCTBYIOILYIO KHONKY TlevaTH B ITapHOM okHe WizWhy — na skpane nostButrcs cre-
UMaNBHOE OKHO auantora Print Rules (pue. 5.32).

WHCTpyMeHTaNbHbIe CPRACTBA OBHAPYIKEHUA 3HAHMIA B AAHHBIX 235

Puc. 5.32. OB Avanora Ana PacneyaTHK M IKCNOPTA BuiJeNeHHLIX NPaBUA

B noaste Print to ykaspipaeTcs azpec, 0 KOTOPOMY HanpaBiaseTca pesy bTHpYIouas
undopmanna. Ito Moxer 6pth npuaTep, ASCII- win RTE-daiiser, a take daiin
VS Access.

B none Print/Export Range yxa3niBaeTcsl AMana3ol NOPSAKOBbIX HOMEPOB TPaBili, KO-
TOpbIE AOJXHBI OBITH pacneyaTansl HAH IKCTIOPTHPOBAHEL B HIDKHeH 4acTH oKHa
JIMAJIOTA [IPOCTABIAIOTCA MO HeoOX0AMMOCTH QIIAKKH 1A PACIeyaTKy WIH 3KCIIOPTa
BBeJEHHSs K CIMCKy 1pasma Print Intreduction u conep:xnmoro okna «HMuaekc npuana-
Ka». KpoMe Toro, B nose Heading MOKHO BBECTH 3arofOBOK WIS Pe3yAbIHPYIOLIEH
HHdOpPMALUH,

B cucreme WizWhy npesycmoTpena taike BOIMOMKHOCTh SKCIIOPTa M COXPaHEHHs
TIOJYYEeHHBIX NpaBua B suxe onepatopos SQL. s aToro HeobxoauMo BOITH B MEHIO
Issue b SQL Statement,.. — cHCTeMa BBIAAET OKHO JHAIOTa, NOKA3aHHOE Ha pHC. 5.33.
B ITOM OKHE MOMXKHO DEAaKTHPOBATL COBOKYIHOCTR OREPATOPOB M € MOMOIILIO Nepe-
Kloyarenel aapecoBath AAHHYIO COBOKYIHOCTE B TeKcTOBMI aiin aubo B Gydep
obMeHa.

Puc. 5.33. Peaynetatel pabotel WizWhy B suge oneparopoe SQL
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Otuyer 0 TpeHaax

OT!. £ v
Y 1eT O 'fp’ennla‘\ IPECTAB/SAET Pe3YALTAThl CeTMEHTAIMH OTAeNbHbIX TPH3HaKoB, OK
IaHHOTO OTYeTa pasjieneHo Ha Tpu obaacti (puc. 5.34). ‘

B o6 el -
SHH{JI((:::;, fﬂ;ﬂ(L!O;hCHHDH B JICBOM BEPXHEM YTy, MBI 3/laéM AHATU3NPYeMBii Nph-
G o be analyzed). 37ech MOXHO He TOMBKO BeIGHPaThL TPeOYEMBIN 11pH3Ha;§
Y . 13

HO 1POB: 1
¥l COPTHPOBATL MPH3HAKH 110 KaKOMY-1100 KpHTepHIO (B an(aBHTHOM MOPAIKE,
10 HOMEPY MoJs, no HHGOPMATHBHOCTH). §

7 Y bi = I

ji:i}:;lflg JABe 06.?13(? i IIDCHI:IE]SH&‘-I{?III)I A OTPKERHA OTHOMIEHHIT MesILY 3Ha‘it‘HHﬂ"

npuBE Z:aha M 3aBHCHMOM NepesMentoii. B Bepxneli npasoii obaactu Enma OTYETA
OATCA CTATHCTHYECKHE XaDAKTEeDHCTHKH CETMEHTOR BRIIEJIECHHOID npnsﬂaKaJ‘

H, naxone cHel
Hel, B HWKHEH 00JacTH 0THYeTa IPUBOAMTCS rpaduyecKas IWIoCTpalnsa HH-
(bODMaTHBH{)CTH KaAJIOrM0 CerMenTa. !

Puc. 5.34. Otver o TpeHpax

Haurpa(bnke [10 TOPH3OHTAABHOI OCH PaCHOJIATAIOTCH CErMEHThI, Ha KOTOPbIe BhIOpaH-
:hm NPH3HAK ABTOMATHYecKy pazbupaercs chueremMoil WizWhy. Tlo BEpTHHMbHOﬁpocu
Cizsajﬁiz?{emx OTH?IIJCHME 1::o.fmqecma obmexToB Kaacca if-then x obuiemy xonuue-

X : TOB, MOMNajalouiiX B CerMenT. TaKHM 06]’)&30}\{, BRICOTA CTOJ‘]6]’]KOB Ha rpa-
thuxe oTpaxaeT HHPOPMATHBHOCTL CerMenTos. Ecau croadux sbime ropmoHTaJIb}po"
HEPThI, 3HaA4YHT, B ﬂa}i]iblﬁ CErMeHT 4Yaibe nonajianT ()6'beKTbI KJjacca if-t.hen, a G'C{.l‘lﬁ
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HIZKE TOPUBOHTANLHON HepThl — KJacca if-then-NOT. B cBoio ouepeiib, IIMpHHA CTOI-
6HKOB NPOTIOPLMOHAIDHA KOIUHECTBY 0fBEKTOB, OTHOCHIIMXCS K AAHHOMY CEIMEHTY.

0TyeT 0 HEOXKMUAAHHBIX IpaBunax

B cueteme WizWhy Beeieno NPEACTABICHAC O TAK HasbiBaeMbiXx HEOXHAaHHLIX Mpa-
pmitax (unexpected rules). o HeOKMIAHHBIMH [TOHEMAIOTCH [PABUTIA B BIC KOHbB-
JOHKIM ABYX 1 60Jiee pOCThIX BLICKa3bIBAHHIT, gOoMONHAHA KOTOPDIX Jaet TOYHOCTD
1 TIOJHOTY HPOTHO3a BLILE, YeM 3TO MOKHO Guino Obl OKUAATH PH HE3ABHCHMOCTH
[IPOCTHIX BLICKA3BIBAHKIL DTO NPEACTABIEHHE, MO-BILIHMOMY, HMeeT Ledb AOMNOJHH-
‘ellbHO 3AHHTPUIOBATh KOHEMHONO MO/b30BATE/A BO3MOKHOCTHIO OTKPBLIBATDL B AaH-
HBIX HETPUBHATBHbBIE 3AKOHOMEPHOCTH.

B Hallem ¢Jaydae cucreMa He OOHAPYAKNAA TAKMX HEORHAAHHBIX npasui. Oaako
\VOJKHO TIOTILITATBCS 3TO CHEAATh, €CIH MBI HIMCHHM sazanie Ha MOMCK npasui. Ha-
HPUMED, YMERLUIM MUHUMATLIYIO peposiriocTs if-then- n if-then-NOT-npaeun ¢ 80
10 70 % B oxkne Rule Parameters (cu. puc. 5.23). Tlponenaes yKa3aHHyIo OTIepalHIo
nakMem KnotKy Issue Rules — Teneph CHCTEMA 0GHADYIKHT B JaHHDLIX O YJIBTPA3BY-
xopOfl AMarHoCTHKE 38 1papui, 1 CPeitt HIX OKAKETCH HETHIPE HeOKHIAHHbBIX, OTHET
() KOTOPHIX BBIIAETCH B ClEHAIDHOM oxne (puc. 5.35).

Unexpected Rulz #1 (ot of 4
Level of Unlikelikood : 0,993

Basic Rulss :

' ]ﬁ) I Width is §2,00 ...Joloo(avmge"‘%

1)) if SexwcE
k and Accelzs 148,00 279,00 (avera;

and Width 1s 61,00 ... 77.00 (averag

. and Accelis 148,00 . 275,00 (avera. | Then

Then ? : Dhagnosis is 2

3 g Diagnosis is 2 ; Bule's probability: 0,778 ]

; : Rule's probabriity: 1,000 The rule exists i 14 records. !
Stgrificance Level: Errar probabili.

i i The rule exists in 10 records.

: Significance Level: Error probabili.g

Expected rule probabiliy ;0,810
: . 40

2] If SexisE

,-

B
s Emenein

Puc. 5.35, OT4eT 0 HeOXMAAHHBIX NpaBANax

OKHO OTUETA O HEOKNARHHBIX TPABHIAX PA3AeIeHO Ha Tpu cexiyn. B 1esoil pepxHel
cexuuy orodpaxacres B cranapTHOil (popme HalIeHHoe Heo K IalHoe NPaBUio.
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I"Ipanax BEPNHAA CEKUMA COICPKHUT I-IH(_})O}')M&].IIII{) 06 aseMeHTax, H3 KOTODPBIX COCTaB-
JICHO HeOAH/aHHOE NTPpaBmio. H naxonell, HUKUASI CeKIINA mpeayazHavdyeHa Amis cop-
THPOBKY HEONRHIAAHHBIX IIpaBIL1 H TI}EL(})PI‘IGCKOI'O NMPeACTaBIeHHA De3VIbTATOR.

Takg, B HauleM ciyuyae TMepBoe HEOXMJIAHHOE NPaBuiIe, HaodpakeHHoe Ha pHC. 5.28,
paciH(POBLIBAETCA CALAVIOUIM 06pa30oM: eci (MO AKEHCKNIH) 1 (UIHMPIHA TIOUKH B
unrepgane or 61 10 77) n (vexopenne kposotoka o1 148 o 275), To XMarno3 «MHo-
SKECTREHHBIC KMCThI», JaHioe NpaBuIo BMecTe ¢ PAacCUMTAHHBIMH XapakTepHCTHRKAMM
HPHBELEHO HIDKE. 37eCh N0 CPABHEHNIO C DaHee PACCMOTPEIHBIMH XapaKTepHCTHKa-
MI BBIIAKOTCH JBE HOBBlE — ypoBsenb Heoxuaannoctu (Level of Unlikelihood) 1 oxn-
JaBuiagcs BeposTHOCTH npasnia (Expected rule probability). Kak puanm, 3a cyer B3a-
AMOCBA3H 3JeMENTOR NPAaBiia TOYNHOCTh HEeJoro npasiia cocTasuiaa | 1 oxkasanack
3HAYNTEALHO Bhllle oxuianmeiics (0,81).

Unexpected Rule # 1 (out of 4)

Level of Unlikelihood: 0.999

If Sex i5 £

and Width is 61.00...77.00 {average=67.30)
and Accel 1s 148,00...275,00 (average=216. 10
Then

Diagnosis 15 2

Rule's probabiiity: 1.000

The rule exists 1n 10 records.

Significance Level: Error probability <0.1
Expected rule probability: 0.810

Actual minus Expected probability: 0,190

B npapofi BepxHell cexkUuH TPHBOAHTCA CTATHCTHUYECKHMH Pasdop KOMIIOHEHTOB, H3
KOTOPBIX COCTOMT HeOAKHAAHROE npasiio. OH cOCTOMT M3 ABYX Yacteil (tadm. 5.6).
Basucurie npasuaa (Basic Rules) npeactaasior coboil KOMOIHALIMI NPOCTHIX COOBI-
THH, BXOASIUIMX B HEOXKHAAHHOE MpaBmiao. B nauiem ciydae, TaKk KaK HEOXKHIaHHOE
HPABHIO COCTOMT 3 TPEX [POCTHIX cOOBITHI, YHCH0 TAKHX KOMOMHAUMH TaKXKe co-
CTABMT 3.

Basucnwie Tperasr (Basic Trends) — aTo cratucTiiueckuil pazdop cerMeHToB aHAIN3H-
PYEMBIX TIepeMeHHBIX, COCTABMAIMINAX COOCTBEHHO TIPOCTHIE JOTHYECKHE COOLITHI.

Tabnuua 5.6. Paz60p KOMNOHEHTOB HEOXMAAHHOTO Npaguna

Basic Rules Basic Trends

1. If Width is 59,00...101,00 {average=59,00} 4, If Accel is 148.00...279,00 {average=217,18)

and Accel is 148,00...279,00 (average=214,11) Then

Then Diagnosis is 2

Diagnosis is 2 Rule’s probability: 0,706

Rule’s probability: 0,778 The rule exists in 24 records

The rule exists in 14 records Significance Level: Error probability <0,3
Significance Level: Error probability <0,2 5. If Sexis F

2. IfSexis F Then

and Accel is 148,00...275,00 (average=222,14) Diagnosis is 2

Th_s__-_l_'_l _ Trend’s probability: 0,595

e
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Basic Rules Basic Trends

The trend exists in 25 records
6. If Width is 59,00...101,00

Diagnosis is 2

Rule’s probability: 0,810
The rule exists in 17 records Then

Significance Level: Error probability <0,2 Diagnosis is 2

3. If Sexis F Trend’s probability: 0,555
and Width is 60,00...85,00 (average=68,29)
Then

Diagnosis is 2

Rule’s probability: 0,706

The rule exists in 12 records

The trend exists in 20 records

Significance Level: Error probability <0,3

Kak BruiM U3 TaGJMIbl, BCE KOMIOHEHTH HEOKH/IaHHOTO npasmavno omenbnij'(nf
HMEIOT TOUHOCTD CYTIECTBEHHO HIDKe 1 — caMoe BHICOKOE SHAUCHHE TOUHOCTH EGE)
raeTca v Gasucioro mpasiia Ne 2, npeacTas/sioniero co6oii KoMOHHAIMIO ABYX NPO-
) p i : = 5 .

cThix cobpITHil (Sex 1s F)m(Accel is 148.00...275.00).

HoxHsis CeK1Msi OTYETa O HeOMTAHHbIX TPABHJIAX PasieIeHa Ha J(Be HacTH (puc. 5.36).
B nesoil 4acTH paciofaraioTes aNEMEHTLI YIIPABIEHi1A 1A COPTHPOBKH STHX TpABHIL
Tlo YMOMMAHHIO NPABILIA POPAH:KHPOBAHET TI0 BEIMUNHE PAHOCTH MEXY PEAbIoH
i u;%u;zanmefi(:ﬂ TOYHOCTAMH NpaBiia. ECT YCTAHOBUTD NEPEKTIoyaTelb B nf)ne .F1eld
1 BHOPATh M3 CONCKA KAKOH-iub0 NPH3HAK, TO OyayT 0.1.‘061)aﬁ<awm TOJNBKO Te He-
OKMAAHHDIE IPABUA, B KOTOPHIX BCTPEUALTCA YKA3AHHBIH NPH3HAK. B csoio oqep.e;u,,
8 nosie Type MOXKHO BpIOPATL OtMH H3 TPEX THIIOR ¢$uavrpos npaeu: All (Bce panu-
aa), if-then-npashia u if-then-NOT,

Actual - Expected Prab. :j!

Puc, 5.36. COPTHPOBKA U BU3yanK3auna HEOKMAGHHBIX NPAsHA

B npapoii uacTi HIpKIeH ceKlHH OTYeTa O HeOXHARHHLIX NPaBHIax HaeTcH ..rpaQiH'
YecKoe MPeACTABICHHE XapakTePHCTHK TPaBHa W MX COCTABASIOLIMX. Hepngu CAEeBa
CTOAGIK OTHOCHTCS K HAlAEHHOMY HEOXHIAHHOMY TPABIiY - €0 BhICOTA paﬁ}ma
TOMHOCTH, A UpHHA NPONOPUHOHATPHA KOMMHCCTRY TOKPbIBAEMBIX 06’b(’KT‘0.B. Cne-
AVIOUMI CTOA0NK OTOOPaKAET OKMAABILHECS }:’apEiKTL‘.pi!CTHKH npaBuaa, d {‘}LTdJltiHbIe
CTONBHKH COOTBETCTBYIOT OIHCAHHBIM BbIlIE DA3MCHBIM H[aBHIaM H TPEHIaM. }:,(;JIH
eJAKHYTE J1eBoil KHONKOI MblUH TIO KaKoMy-1H60 cTONBHUKY, TO CHCTEMaA WizWhy
;un‘om:ﬁ‘mcc;m WAMEHIT COACPIKaHHe BEPXHHX OKOH OTYeTa O HEOMIIANIBIN npaBH-
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Jax. MoxHO TakKe LIEAKHYTb HAa CTOAOHKe NpaBoil KHONMKOH MBIIH — NOABJAETCA
KOHTEKCTHO® MEHIO, B KOTOPOM MOMKHO 3aKadaTb WANIOCTPALMI) B BHAE KUATPAMMEL

rpasmiaa (Rule chat).

ﬁpep,cxae,aﬂne Ha OCHOBE NOAYUYEHHLIX NpasuUn

B crcteme WizWhy npeaycMOTpeHbl ABE BO3MOKHOCTH HCIIOALIOBAHHA 0OHADYKeH-
HBIX MPAaBHJ 1A NPEICKasaHHst 3HAUEHUH 11eeRBOT0 I0KA3aTeNsI Ha HOBOM MAaTepHale.

Ileppas BO3MOKHOCTD 3aKJI0YAETCS B PYYHOM BBOJAE 3HAMEHHH NPH3HAKOB H 0Opabot-
K€ HOBOro OAnHOYHOro obbexTa (3armen). OHa peani3yercs CAenyiomHM o0paszom.

Puc. 5.37. OkHo Avanora Ans pydHOro BBOAA 3HAYeHMA NPU3HAKOS

Haxumaem xonky Issue Prediction — Ha akpan BbIARETCs OKHO AHANOTA ARS8 PYHHOLO
BBOjA 3HavYenuil npusdHakos (puc. 5.37). locje 3anoaHenHs OKOUIEK [PeAI0KEeHHON
radauubl (316Ch BOSMOXKHBL MPOMYCKH) HaxuMaeM KHonky Issue Report — cucrema
HAXOJANT PEACBAHTIbIE IPABHIA H CO3AAET OTYET, B KOTOPOM 10/POGHO OITHCHIBAITCA
KAK KOHeuHbLIil pe3ybrar [peiCKazaHus, TaK M XapakTePHCTHKH KakJ0r0o OTAeTbHO-
ro npapuia, cpabOTABIEro VIS AAHHOTO O0DLEKTd. IDTOT OTYET IIPHBOLKTCS HHKE,
WIZWHY PREDICTION REPORT

Condition Fields:

Age=60 .00

Length=125.00

Width=52.00

Speed=14 .50

index=0.67

S

e,

B g
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Lecel=140.00 )
Field to Predict: Diagnosis A7
: o SN 5 i 52
Subject for Prediction: Diagnosis Sl
srediction’s significance layel: Error probability 0.259
Primary Prediction’s probabﬁlﬁpyi 0.500
Conclusive Prediction’s probability: 0.546
prediction: No 2
Relevant ruies:
1. I'f Age s 56.00...74.00 (average=64.81)
and Speed is 12.50...18.30 (average={5.5%
Then
Diagneosis 15 2
Rule's probability: 0.813
The rule exists in 13 records. . !
Significance Level: Error probability <0.2
2. If Age 15 56.00...74.00 (average=66.31)
and Index is 0.63...0.67 (average=0.65)
Then
Diagnosis 15 2
Rule's probability: 0.846
The rule exists in 11 records. . :
Significance Level: Error probability <0.2
3. If Length i3 112.00...128.00 (average=118.64)
and Width 1s 39,00...55.00 (average=49.36)
Then
Diagnosis is not 2
wule's probability: 0.909
The rule exists in 10 records. AL 4
Significance Level: Error probability <0,

y e, UTO pac-

Kax syuanM, B HAleM KOHKPETHOM CIyHac clcTeMa Bbiana upe;;]cz(;;alj)yio eu.e;?me
s ¥ : i ] i = - w0 E

cMaTpUBaeMblil obnexT He OTHOCHTCH K Kaaccy Ne 2 (Predlctlorw;. 0 éa 0 gbm "
Ewmemm NpHHSAA HA OCHOBAHMM TPEX pesieBaHTHBIX TIPABUIL }\0:1)51 bit : mo!%) «x{‘HO}Ke-

. 0 o6BeKT ABJIAETCA PEACTABHTEIeM Kiacta Ne 2 (Anarso3 <
e i i nMeloiltee GoJsiee BHICOKYIO
cTBeHHbIe KHCTHI» ), HO UX «T106exaaeTy TpeThe MPABUIIO, W \
tounoctb (0,909).

GoTke
Bropas BO3MOKHOCTb HCTIOALIOBAHNA MHOKECTBA npa.nmn sal:l;;q}o;f:'rx; ;EEBS(;?; ;
cpasy 6OMBILOrO MaccuBa sosoii undopmawm. das atoro ¢ W; 5.37) e
Jlamge Prediction Input B OKiE AHANOTA L5 BROAA naam;:x (Cm.igme.v. ;:W‘,{aedam 65%3
3atb (pail, B KOTOPOM 3anHcana HOBas n’mbnp:iaaum. ITy %Th Bl ) e{;) ei'l';';[ i
ot ke cambli aita ¢ pbyuatoniel BEIOOPKOH USR..txt, a’l'(?-.\'l ag}mi Jia}{}iag s
(aiina, B KOTOpbIH OYAYT 3aIHCHIBATLCA pesyrnmmml r}lcpe,:{u;jaxﬂami;eu iR
15T OCYLIECTBASRETCSA C HOMOUIBIO kionku Print rgs..u't 0... i .;ooﬁmae'r‘ g
kuonka Predict to file — cucrema nponsno;mq-hneo”mmm'me1 i i gt
PesybTAThl YCIEWHO 3allHCanDl B yKasaHHBIl (aili pesyabTaTos,

B Tabn. 5.7.
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Tabnuya 5.7. Copepxumoe daiina
N2 n/n «P Diagno sd:s» peayf:::;:a ::j:saa'am — Ne n/n «Diagnosis» «Sign_Level» «Concl_Prob» «Prediction»
g = oncl_Prob» «Prediction» 40 «2» 0.228 0.789 2
«1» 0.492 0.481
? 4% o ok No 2 41 @2 0.205 0.933 2
£ is o : No 2 42 w2 0.009 0.995 2
% * AL 0.526 No 2 43 «2» 0.097 0.952 2
. e i 0022 No 2 44 «2» 0.705 0.497 No 2
6 i 0‘193 0.030 No 2 45 «» 0.097 0.952 2
- o 0‘3?4 0.072 No 2 46 «2» 0.181 0.770 2
P £ 0' 0.532 No 2 47 «2» 0.000 0.857 2
; s 0.200. 0.032 No 2 48 «2» 0.230 0.422 No 2
1 A 0-1;; 0.459 No 2 49 «2» 0.194 a,s:f 2
1 hl S 0.068 No 2 50 «2n 0.000 0.975 2
Al s 0.173 0.051 No 2 51 «2» 0.009 0.995 2
2 o 0.433 0.450. No 2 52 «2» 0.001 0.965 2 )
6.272 0.077 No 2 53 «2» 0.097 0.952 2
14 «1» 0.466 0.514 No 2 54 «2» 0.009 0.995 2
iz o 0.330 0.525 o 55 «2» 0.377 0.503 No 2
S 0.2 0.097 : 2
v o » o o5 W
18 «1» 0.152 0‘059 s 58 «2» 0.240 0.930 2
13 «i» 0.588 022 ¥ 59 «2» 0.009 0.995 2
20 «1» 0.002 0.0‘5 No 2 60 «3» 0.446 0.458 No 2
21 «1» 0.489 0. / Ho 61 “3» 0.097 0.048 No 2
22 «1» 0.145 022: e 62 «3» 0.610 0.512 No 2
23 «@» 0.361 0:;, L z 63 3» 0.000 0.024 No 2
24 «@» 0.097 e ! 64 «3» 0.097 0.048 No 2
23 «2» 0.009 0.995 3 65 «3» 0.097 0.048 No 2
26 «2» 0.000 0.960 I 66 «3» 0.097 0.048 No 2
27 «2» 0.384 0.737 3 67 «3» 0.097 0.048 No 2
28 «2» 0.007 e ; 68 «3» 0.097 0.048 No 2
29 «2» 0. 69 «3» 0.297 0.774 2
30 «2» 0_232 2232; z 70 «3» 0.097 0.048 Mo 2
31 «2» 0.275 i i 71 «3» 0.000 0.022 No 2
£z «2» 0.285 5748 . 72 «3» 0.097 0.048 No 2
33 «2» 0.009 Ho8s ’ 73 «3» 0.097 0.048 No 2
34 «2» - T : 74 «3» 0.097 0.048 No 2
:: :i” 0.191 0.613 »
. = i 0.962 ’ JNlutepatypa
: 0.
e “23 0.000 0_22 i {. Bonrapa M. M. [IpoGnema y3HaBaHti. — M.: Hayxka, 1967.
3 > 0,001 0.854 . 2. Jx. san [uk. IIpnkiagyas obuas Teopus cucren. M.. Mup, 1961.
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N2 Ypowanwocre, [peawecr- Kon-so Npononka, Hucne gHed Yucno gHen
n/n uycilra BEHHWK, yaobpenun, pas oT 3anuBa OT KOCOBMLUKI
bannel yHalra Ao cbpoca sBoasl  Ae obmonoTa
Y X, X, Xy X, X,
fpynna 1
7.8 33 1,24 1,3 118 10
38,2 28 1,16 19 119 7
10 38,6 2,7 1,22 16 117 9
11 38,9 28 1,35 1,2 119 10
., 12 39 29 14 1.4 115 8
BbiACHEHME NPUYNH HEeYPOIKANHOCTH n o 2w
S 14 9,2 2.8 1,23 16 114 10
CeNbCKOX03ANCTBEHHbIX YYACTKOB 5o
16 39,5 3 1,41 1,3 117
17 39,7 29 1,28 14 120 12
18 39,7 21 1,36 1.2 121 9
19 39,8 28 1,32 14 118
UcxoaHble gaHHble 20 0 29 4 15 18 10
Tpynna 2
Mcxoanble panubie 3aumcrpoBansi u3 xuurn (Kunbamwes I C., A6oaennes 10, U.
MuoromepHbie rpynnuposku. — M.: Cratucrtuxa, 1978). 21 41.2 3.2 1,05 15 109 9
: 22 414 28 11 1,2 108 10
Ha 43 onsITHBRIX yyacTKaxX 10 BO3AEIbIBAHHIO puca GbLT NOAYYEeH PA3AMYHBI YPOKail. 23 o 29 5 i 118 10
ATPOTEXHIKA BO3IENBIBAHKS KYJIBTYPbI XapaKTePH30Baiach CeLY OIHMHI NPH3HAKAMM: ' 5 41'3 3' 1'12 1'3 i 5
X, — NpelecTBeHHUK (B Hangax); : . 5 41'9 o0 1'08 1’4 N g
X, — KOANYecTBO viobpennii (i Ha 1 ra); 3 2% 42'2 2'? 1:13 1'5 oL n
doas MRUHBI (paoh; 27 42:5 3' 1,18 1:? 112 12
X, — 4HCHO AHEH OT 3a4HBa jlo cOpoca BOABI L % 428 - o 15 e 24
X; — YHCJIO JHEH OT KOCOBHIBI A0 0DMOJIOTA. . by 431 33 125 " e s
OKCTIEPHMEHTAILHBIE MaHHbIE NPEACTaBIeHbl B Tabm. I1.1. 30 431 29 11 17 113 10
Tabnuua M.1. 3HaYeHus NPU3HAKOB ANA YHACTKOB C Pa3NHYHOR YPOMARHOCTBIO pUCa ; 31 43,2 2.8 1,2 1.8 112 15
Ne  ¥Ypowaduocrs, [pepwecr- Hon-so Npononka, Yucno gHe# Yucno pHen - * bl % e e i ;
n/fn ycira BEHHUK, yRo6penui, pas oT 3anMBa 0T KOCOBHLbI 33 437 34 1,28 18 110 12
Bannsl yHalra Ao cbpocasoab! A0 o6MonoTa 34 43,8 3.5 1,22 1,9 114 13
y X X, X X X i 35 438 3 1,19 1,7 108 16
fpynna 1 36 43,9 28 1,29 1,7 108 12
1 16 28 147 12 115 8 37 439 2,9 1,24 1,6 112 10
2 35, 3 1,23 13 117 7 ﬁ 38 44,2 3 1,17 1,8 114 g
3 36,1 2,7 1,31 14 114 9 39 44,6 33 1,25 1,3 115 1
4 36,2 3 1.5 15 119 10 - 40 44,8 34 1,27 1,7 112 12
5 36,4 3,2 1,14 1,6 120 7 ! H 41 44,9 35 1,26 1.5 111 14
2 202 o 4,22 16 121 11 42 44,9 31 13 15 119 11
; 22 & 12 13 122 / 43 45 32 1,24 16 110 13
|




248 Mpumep 1. BeiACHEHWE NPUYUH HEYPOKANHOCTY CONLCKOXO3ANCTREHHBIX YHACTKOR

B NEPBOHCTOMHMEKE Ha OCHOBAHHH CIIEIHAJIBHBIX KDHTEPHEB MaTeMaTHYecKoi cTaTH-
CTHREHM JA€TaCTCA BhIBOJ, MTO paccMaTpUBaeMas COBOKYIIHOCTL H3 43 onmbITHEIX y4acT-
KOB MO BO3AEJBIBAHNIIO DHCA HEe MOMKET CUHTATLCA O,EIIOI)OJIIOIUL Ha atom 06C)’}KJ".LC{I}IB
SKCIEPHMEHTANBHOIO MaTepHaia (t)aI{TII‘!QCKIl sakaHuuBaercd. IaaBunii BONpPOC O
B3aMOCEA3AN MEHY aIPOTEXHHUYCCKHMMH MEPOTNIDHATHAMHE M ypoxaiinocri,m paceMmar-
])I-lliﬁ&‘.;\-[()‘:l CeNBCKOXO3SHCTBEHHOIT KYALTYDbl OCTAJICH HEe PACKPLITBLIM.

Hiske nipencTaBnensl pe3ybTaThl KOMIUIEKCHOTO HCCHIEI0BAHNS SKCTIEPHMEHTAILHBIX
nandbrx w3 tadn. I1.1. Ha nepom atane ati AaHHble OBLTH 00palboTaHb! PAJLOM TPATH-
LUHOHHBIX METOA0B HNPHKIAZHOH CTATHCTHKM € IOMOUIBK ITAKETa IporpaMM
STATGRAPHICS Plus for Windows (version 2.2). A sia BTOpOM 3Tarne mouckKa 0TpeTa
Ha chOPMYANPOBAHHBI ITABHLIH BOMPOC TPHMEHANHCH METO/AbI OHCKA JIOTHYECKUX
3aKOHOMEPHOCTE.

Henonbayempie obosnavenus: yield — ypoxaitinocrs; predec — npefiiecTBeHHUK,
fertil — xonuuectso yaobpenuit; weeding — npononka; water — Yuc10 AHell OT 3a1H-
Ba 10 cbpoca somsl; trashing — umncao anedt OT KOCOBUILI 10 06MONOTA.

KomnnekcHasa 06paboTka AaHHbIX
TPaAULUOHHbIMU MeTOoZaMU

CpaBHeHue CpeaHux 3HaYeHuMH NPU3HaKOB

Ha pue. I1.1 npuseieiisl coBMeBIeHHbIE THCTOTPAMMBI pacnpejlesienuil 3HaueHuil peex
ananugnpyemuix npusiaxkos (class=0 — oOnbekTH ¢ HitaKoll ypokaiinocTsio, class=1 —
¢ BBICOKOH).

predec fertil weeding
Class=0 Clasz=0 Class=0
P | | 1 * i I Y ——
g — P ..!-..._,.. 5\ s 1 “ : I !
1Y g - = ;.
Sl : T @ L | 1
F [z JESA = - B uf : :
2 22 [y £l / F u Vi Ao
S ] i i # 4 i VR AL
T ' TR £ e + o
Class=1 Class=1 st L
(N (] L5 Ly (E] L0
Class=1
water trashing
Class=0 Clags=0
X ap - T
o * 1
@ s S o H i
g = i -E (1] i
{4 . (2] 1]
e X £ r 5 1
g 4 / e i § . |l 7 “é A
= rrer] ] F] I
1ag o4 rea i e 1% 1 13 I L] 1 (L] a 1]
Class=1 Class=1

Puc. M. 1. TuctorpamMmel pacnpepeneris 3Ha4YeHNA NPU3HAKOB
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M3 rucrorpamy caenyer, uto 6osee BbICOKaA YPOKAHHOCTD HaLle BCTPEYACTCA HA YYACT-
Kax ¢ Go7nee BHICOKOH OANNBHOI GLEHKOH NPEAIIECTBERHHKA, CO CPEAHUMHE H HUXKE KOJIH-
4eCTBAMH BHECEHHBIX Yaobpetinil, ¢ Gonee yactoil nponoikoil, ¢ Gomee panHAM cHpocom
BOZLI 1 OoJiee MO3AHUM OOMOJOTOM 110C1€ KOCOBHIBL. JTH BBIBOABI MOATBEPHKIAIOTCS
peayJsTaTaMi T-TecToB s CcpaBHeH s CPeInNX 3HaYenil Ha yposHe sHaunmoctn 0,001,

Bumecre ¢ TEM, 60.-'!0(3 l"u'l}'(’J()KHC BLIBOJB! JIEJAIOTCA HA OCHOBAHHK MHOIOMEPHOIO aHa-
JIH3A IKCIEDHMECHTANLHBIX JAHHLIX, B KOTOPOM YUHTBIBASTCA COBOKYTIHOE B3aHUMO1eH-
CTBHEC TIDH3HAKOB.

MeTopn rnaBHbIX KOMNOHEHT

B pesvasrare npuMmerenns Metoia raapibix koMmiosenr (MI'K) okasanocs, 4To CHAb-
Hoe pasjielleHiie ABYX KJACCOB CENbCKOXO3ANCTBEHHBIX YYACTKOB HMEIOT IMPOeKIINH
o6bekToB Ha 1-10 THABHYIO KOMIOHEHTY, Ha KOTOPYIO npuxoautcs 45 % aucrnepcuu
aHauanpyemoil Boibopki. Becopble koo (MHIMEHTD A/ 3TON [MTaBHON KOMIIOHEHTEI
npusenens B Tabn I1.2.

Tabnaunua M.2. Beca NpU3HAKOB B NepPBCH TABHON KOMNDHEHTE

Mpusnax Predec Fertit Weeding Water Trashing

Bec 0.32 -0,43 0,40 -0.54 0,50

Ipeactapnenue 0 pasjleNeHHy NPOeKLMii K1accop Ha 1-10 TIABHYIO KOMAOHEHTY NaeT
puc. T1.2.

class=0 b

J Huakas i
B rs et e e = e e e YOOMKEAHDCTE e

il

&
5 2
(=3 -
[&] i o
? 1 i |
4 BbJCO.KaFI i
YPOXanHOCTE i
-2.9 -1.9 0.1 3.1
class=1

Puc. 01.2. Npoekums 06beKT0oB Ha 1-10 FaBHYI0 KOMROHEHTY

Mz pucyHka ciefyeT, 4TO Ha NPOEKIHMH HMEeTCsl CPARHUTENBHO Heboabmas o6aacTb
HEeONpeaeJeHHOCTH, B KOTOPYIO MOMAaJaloT 3 yHacTKa ¢ BBICOKOH YPOXKaiHOCTBIO 1 4 ¢
HH3Koll. B 1enoM cMbICT, KOTOPBIH uMeeT 1-g riaBHasg KOMIIOHEHTA, OTIpee/IfeMblil
10 BecaM BXOAAINMX B Hee JIDH3HAKOB, COBMAAAET C HHTEPIpeTalHel 0JHOMEPHOTO




250 fpumep 1. BuiscHeHMe NDUNUH HEYPOMARHOCTI CENLCKOXO3ANCTBEHHBIX YYACTKOB

dHaaH3a — NoBbilleHNe }’p())i(ﬂﬁHOCTH PHCA IMTOTORHTE/IBHO CBA3AHO C GannbHOMH OleR-
KOit npeauiecTBeEHHUKE, ¢ YACTOTOH IPONOJIKH H € BPEMEHHDBIM HHTEDBANOM OT KOCO-
BHIB! O MOJOTLOB 1 OTPHHATEJIBHO CBA34HO € KOOHYCCTRBOM BHECEHHBIX yﬂOﬁI)EHHﬁ
W YHCAOM IHel oT 3aiuBa 1o C6])0CB BObL.

MHOXKeCTBeHHbIN perpeccuoHHbI aHanus

CBojIKA MHOXECTBEHHOTO PerpecCHOHHOTO AHATH3A, B KOTOPOM He3aBUCHMOII Hepe-
MEHHOH BRICTYNAET YPoKaiiHocTh yyacTkoB yield, a npeankropaMu ¢IyKat Boiieoni-
CaHHble NPHU3HAKY X, ..., X NPHUBEICHA HiKE. IIpH HOCTPOEHHH perpeccHOHHON MOo-
AeAd NPHUMEHAJICA ANTOPHTM TI0CIe[0BATEALHOI0 YMEHbIeHNs TPYTINBL TPH3HAKOB.

Kak caezyeT u3 noyueHHOH CBOJIKH, perpeccHONHAs MOIEIb 3acayXuBaeT 6oee 99 %
nopepud. Onanako KoadhUIHEeNT AeTepMUHALIME CPABHUTENBHO HEBHICOK H COCTaBIsA-
et 57 %, a cpeinisist abconoTHas ONIMOKA CAHIIKOM BEIHKA, 4TGB! MOZEb MOLJIA Npe-
TEHIOBATh Ha TOUHLIH NPOrHO3 ypoxkaiinocTy, W pasHa 1,5, MakTH4ecku 3Ta Mojelb
HUPHIOAHA /ISt OPHEHTHPOBOYHOTO OCMBICIEHHS CTATHCTHYECKOU CBS3K He3aBHCHMOIH
nepeMeHHoi ¥ npeauxropor. M3 Moxemu cieayer, 4To PocT ypoXKailHOCTH pHca mo-
JOKHTEJIBHO CBA3aH ¢ Oa1ibHOI OLEeHKOIT IpefilleCTBEHHUKA M MHCAOM JHeH Mexay
KOCOBHLEH 1 0DMOJOTOM H OTPHUATENBHO CBA3AH € YMCIOM JHeH OT 3anmpa Ao cHpo-
ca BOARIL.

Auctunr (Tabnuunbiin) N.3. (80aKa MHOKECTBEHHOID PErPECCUOHHOMD aHaNM3a
Dependent variable: yield

Standard T

Estimate Error Statistic P-
Yalue
CONSTANT 55,4262 12.6433 4,38407
0000l
Lredec il TR 1.40207 2.65144
0.0115
water -0.,262155 0,09313 -2.814585
0,007%
trashing 0.4241149 0.161582 2.6248
0.0123

Analysis of Variance

Source Sum of Sguares Df Mean Square F-Ratio P-
Yalue
Model 208.336 3 69,4465 17.40
0.0000
Residual 155.661 39 3.9913
Total (Corr 164 .0 4

i

R-squared = 57,2361 percent
R-squared (adjusted for d.f.) =
Standard Error of Est. = 1,997§2
Mean absclute error = 1.5081
Durdin-watson statistic = 1,
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[IUCKPUMMHAHTHbLIA aHanu3

[TpuMensiacs KaaccHueckui BAPHAHT THMCKPUMHMHAHTHOIO aHATHM3a, OCHOBAHHGIT Ha
orpefeeHHH KaHOHHYECKMX HanpaBieHM#l B MCXOAHOM NPOCTPAHCTBE NPH3HAKOB.
Obyyatouras uHpopManus 3a/aBanach nepemeHHON class, koTopas npuHMMaeT 3Ha-
yenue 0 ana 06bEKTOB ¢ HHAKOHN ypOXAHOCTRIO U 3HaYeHue 1 B rpynne o0beKTOB ¢
BHICOKOH ypomaitHocTbio. JAMCKPUMUHAHTHLIA aHANH3 NPOBOJMIICH C NPUMEHEHHEM
QITOPUTMA TOCEN0BATENBHOTO YMEHbINEHHS IPYHILL NpU3Hakos. Pesynsratel npu-
peaennl B Taba, [1.4 n I1.5. Tucrorpamma pacnpefesieHus 3HauYeHUH AHCKPHMUHAHT-
HOH (yHKIMK noxazaHa Ha puc. [1.3.

Tabnuya N.4. (TaHRapTHIMPOBaHHLIE KOIDDHUMEHTE AUCKPUMHHEHTHOR HYHKUMY

Predec Fertil Water Trashing
-0,459109 0,476217 0,680748 ~0,446469

Tabnuua N.5. Tabnuua Knaccuburaymi

Homep Hnacca 06Bem rpynnsbl Mpeacka3zadHbIi Knace

0 1
0 20 20 (100 %} 0 (0 %)
1 23 2 (8,7 %) 21 (91,3 %)

NpoueHT npaguneHOM Knaccuburaywu — 9535 %

Mo q)(.)pma,r{hnol\t{y a(beKTy AMCKPUMMHAHTHAs QYHKIMA obecmeyuBaeT HECKOIBKO
Jyuniee paziesieHHe IPYII, YHaCTKOR C PasJUYHOH YPOXAHHOCTBIO pHCA IO CpaBHE-
HHIO € TIPOeKUHAMH 06bEKTOB Ha 1-10 TTABHYI0 KOMITOHEHTY. 3[€Ch TOAbKO [Ba Y4acTKa
¢ BBICOKOI yPOXKailHOCTBIO OMIMGOYHO OTHOCATCA K IPYINNE C HUBKOH yPOKaRHOCTDIO,
a Ko GUIHEHT KAHOHWYECKOH KOPPEISIHI JUCKPHMUHARTHON (YHKLMH C IePeMeH-
Hoii class cocrasasier 0,87.

class=0
Huakan

----- ypoxaiiMocTe

Beicokan
YPOXANHOCTh

YactoTa
PO - SO - BN - -

-3.8 -1.8 0.2 22 4.2
class=1

Puc. N.3. MuctorpaMMa pacnpefeneHus IHaYeHuit AUCKPUMUHAHTHOR DyHKLWK
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BumecTe ¢ Tem coepiaTenpHast CTOPOHA HPOBEIEHHOTO AHCKPHMHHAHTHOTO aHAJIU3A,
KAaK H B NpeJblAYIMHX BHAAX AHAJIM3A, HOCHT KaueCTBEHHLIH XapaKTep. A HMeHHO,

MOMEKHO JIHIOIL YTBERACAATE, YTO NOBLINICHNWE ypomai’mocm TOIOKHTENBHO CBA3AHO C

GannpHON OLIEHKON MpenliecTBeHHHKa predec 1 YHCAOM el 0T KOCOBHIIB A0 00MO-
nota trashing ¥ oTpHUATENBHO CBA3AHO C KOJMYECTBOM BHecennbix yaoGpenni fertil
¥ BpeMeHHBIM HHTEepPBATOM OT 3ajuBa jo cOpoca BOIB! water.

B ueroM pesynbTaThl KOMIIEKCHOH oOpabOTKM arpoTEXHUWYECKUX XapaKTepHCTHK
YHACTKOR ¢ PA3IHYHGH YDOKAIHOCTHIO PHca ¢ NPUMEHeHMeM annapara 0JHOMEPHOTo

K MHOTOMEPHOIO CTaTHCTHYECKOrD axamlida NalT OCHOBAHNE NHIMb A4 BbIABACHHA

obutx Tenaenuuit. KpoMe Toro, HabNoLal0TCs HEKOTOPbIE PACXOXKIEHUA Pe3yJ/ibTa-
TOB PAa3AHYHBIX METOXOB. 14K, METO1 [NIABHbIX KOMIIOHEHT TOBOPHT O Ba)KHOCTH yde-
TA BCEX IATH ArPOTeXHUYECKHUX NMPH3HAKOB, MOAETb AUCKPHMIHAHTHOIO AHAIH3A HE
HCIBITBIBAET HEOOXOAUMOCTH YHeTA MPOIIOJIKH, & PErPeCCHOHHBIN ananu3, KpoMme Bee-
TO 3TOrO, IOKA3LIBAET, YTO He TpedyeTcsl MPUBIEKATs 1458 00bACHEHHI! arPOTEXHUYEC
KUX 3aKOHOMEPHOCTEH KOJIMYECTBO YA0OBpeHHil. DTO NPOMCXOIHT, IJIaBHLIM 06pa3oM,
U3-332 BHYTPHUTPYIINOBOI HEOJAHOPOIHOCTH 3KCMEPUMEHTATbHBIX JaHHbIX.

ATPOTeXHHYECKAs: CHCTEMA UMEET BBICOKHI YPOBEHb CIOKHOCTH, U Al bonee raybo-
KOro H IMOJHOTO NPOHHKHOBEHHS B €€ CYTh JAOKEH NPHMEHSATHCA annapar, YMeonMi

BHISBAATD W YYMTLIBATL CTPYKTYPHblE HEOJAHOPOTHOCTH JIAHHBIX 00 3TOi cucTeMe.

Taxumu ceolicTBaMM 00JAMAI0T METO/bI HHIYKTUBHOIO JOrHYeCKOro BbIBOAA, MO3BO-

JAWIIHE HaXOHTh 8 OrpaHiYeHHOM Ha60[)€ IKCHEPHMEHTAALHBIX cbam‘oa JOTHYEC:

KHe SHKOHOMEDIIOCTH.
Pesynbrathl 06paboTKK AaHHbIX CUCTEMON Seeb

Decision tree:

{oued o1 3anwea no cfpoca eome) <= 113: 0 (18.0)
(aHeR o1 3anuea o cbpoca Bogw) > 113:
s, . {nmed o7 KocosMusl 40 ofmonoTa) <= 100 1 (19.0/2.03
(gHeR ot kocoauus go obwonota) = 10:
:...{pHel o7 3anuea f0 COpoca some) <= 119: 0 (3.0}
{pHeld o7 3asMBa 00 chpoca Bogw) > 119: 1 (3.0

Extracted rules:

Rule 1: {cover 1B)
{aued o1 3anuea fo cpoca sofw) <= 113
->  BHCOK3A ypowaiduocTe [0.950]

Rule 2. {(cover 16)
{aHed o1 3anwea no cbpoca Bofw) <= 119
(LHeR 0T XoCoBMuM 10 OfMonoTa) > 10
->  BLHCOKAR ypowakHooTe  [0.944)

Rule 3: (cover o)
(nHel o7 33nvea po chbpoca sofw) > 119
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->  HW3Kad ypowakdocie [0.875]

L

(ased o1 3anvea fo clpocs sonw) > 113
{AHeh OT KOCOBMUM 2O obMonora) <=

->  HM3K3R ypowaksocTts [0.857)

OwnbKM Knaccuuraymuu Ha obyyaiouen Boibopke:

Decision Tree Rules
Size Errors Ko Errars
4 20 4.73) 4 2 15) <<
(al {(b) <-glassified zs
21 2 {@): BHCOKER YpORaWHOCTS
20 {b): HWIKAR ypOXEAHOCTH

Pesynbrartbl 06paboTku aaHHbIX cuctemon WizWhy

Huxe npeacrasien otyer cucremsl WizWhy mis cieayiomux ycraHOBOYHBIX Napa-
METPOB TOHCKA JOTHYECKUX NPaBUI B SKCNEPHMEHTAILHLIX AAHHBIX;

Q llenenas nepemeHHas — yposkaii.

O MunnvaneHas BeposTHOCTD if-then-nipasura — 0,7.

O Munumanshas BepostHocts if-then-NOT-npasina — 0,7,

O MuuuMaipHoe KOJHYECTBO 00BEKTOB, NOKPBIBAeMbIX npasuionM, — 10,
PARAMETERS OF THE RULES AND DATA

C:\Program Files\WizSoft\WizWhy Demo\Data\Ris¥ield.txt

Total number of records: 43

Inimum probability of the:

I if-then ruies: 0,700

2 if-then-not rules: 0,700
Minimum number of cases in a rule: 10

Field to Predict: Ypowai

Predicted Yalue (analyzed as Boolean): more than 40,93
Prediction error costs:

The cost of & miss: 1

The cost of a false alarm: 1

hyerage probability of the predicted value is 0.535

ANALYSTS OF THE RULES EXPLANATORY POWER
Decision point: Predict more than 40,93 when conc)

humber of misses: 1

¢ 15 more than 0,484

bl
[ v
i
-
[3+]
o
g
(e
or
o)
L=,
o
-

Number of faise alarms. 2
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Total numoer of errors: 3

Total cost of errors: 3

success rate when predicting more than 40.93: 0.917
sSuccess rate when predicting NOT more than 40.93: 0,947
Numper of records with no relevant rules: 0

Average cost {per record): 0.070

Expected average cost (per racord): 0.488

Improvement Factor: 7,000

[F-THEN RULES:

L. If Qned or 3zanusa po cGpoca sogs is 108 00...113.00 (average=110,89)
Then

Ypoka#l is more than 40.93

Rule's probability: 1,000

The rule exists in 18 records.

Significance Level: Error probability =<0.1
Positive Exampies (records’ serial numbers):

21, 22, 24, 25, 26, 27, 28, 29, 30, 31

2. 1T NpepwecTeaennuk is 2.70...2,80 (average=2, 76)
and fWed ot zanwea po cBpoca soaw i3 J14.00...122.00 (average=I17.70)
Then

Ypoxai 15 not more than 45,93

Rule's probability: 1,000

The rule exists in 10 records.

Significance Level: Error probability <0.1
Positive Examples (records’ serial numbers):

e TR I S S S oy e

3. If K-8o ypobpenwdt is 1.28...1,.47 (average=i, 35}
and Mpononka is 1,20...1,40 (average=],632)

Then

Ypowah is not more than 40,93

Rule's probability: 1,000

The rule exists in 11 records.

Significance Level: Error probability <0.1
Positive Examples (records’ serial numbers):

YR LA [ 68 e S e e e o s

4. [f K-so ynobGpenwit is 1.28...1,50 (average=1,36)
and [lHen o1 3anuea po cbpoca soas is 114,00...122.00 (average=118,21)
Then

Ypowait i1s not more than 40,93

Rule’s probability: 0,929

The rule exists in 13 records.
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Significance Level: Error probability <01
Positive Examples (records’ serial numbers):
RN [ S WAL | R R

Megative Examples {records’ serial numbers):
42

5. If Mpononka is 1.20...1.40 (average=1.31)

and Rueidt oT zanuaa no cOpoca soaw 15 114.00...122,00 (average=117,79)
Then

Ypowal Is not more than 40,93

Rule's probability: 0,929

The rule exists in 13 records.

Significance Level: Errar probability <0.1

Positive Examples (records’ serial numbers):

fES) ot e e D R S S I

Negative Examples {(records’ serial numbers):

39

6. 1f Aved or 3anuea no cObpoca Boaw 75 114,00...122, 00 (average=117,46)

and fHed oT Kocoeuus ao ofimonoTta is 7. 00...9.00 (average=8.08)
Then

Ypowaw is not more than 40,93

Rule's prabability: 0,923

The rule exists in 12 records.

Significance Level: Error probability <0.1

Positive Examples {records’ Serial numbers):

B 08, EL A e Al P e

Negative Examples (records’ serial numbers):

35

7. 1f fived o1 3anuea no cObpoca eopw 15 I114,00...122,00 (average=117, 68}
Then

Ypoxai 15 not more than 40.93

Rule's probability: 0.800

The rule exists in 20 records.

Significance Level: Error probability <0.2
Positive Examples (records™ serial numbers):
VR S S e A s L s )

Negative Examples (records’ serial numbers):

23, 34, 38, 39, 42

8. If K-Bo ynoGpenwit is 1.28...1.50 (average=l,35)
Then

Ypowait is not more than 40.93

Rule’s probability: 0.813

The rule exists in 13 records.
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Significance Level: Error probability <0.2
Positive Examples (records’ serial numbers):

Nl DAt S o S R B T e ST

Negative Examples (records’ serial numbers):

33, 36, 42

9. If AdveRd ov Kocoewus ao obsonota is 7.00...9.00 (average=8.20)
Then

Ypoxa# 15 not more then 40,93

Rule's prebability: 0,800

The rule exists in 12 records.

Sjgnificance Level: Error probability <0.2
Ppsitive Etxamples (records’ serial numbers):
R R P R S R LA

Negative Examples (records’ serial numbers):

SVl e R

10. If K-so ypoGpewwn is I,08...1.27 (average=1.20)

and [lHed oT Kocopuuwm A0 obwonova is 10.00...16.00 (average=12, 25)
Then

Ypowan is more than 40,93

Rute’s probability: 0,850

The rule exists in 17 records,

Significance Level: Error probability <0.2

Positive Examples (records’ serial numbers):

220 23, Riy 25,026 240 A8 23 3031

Negative Examples (records’ serial numbers):

e o B
il. If Npeguwecteennnk is 3,20...3,50 (average=3,32)
Then

Ypoma# s more than 40.93

Rule’'s probability: 0,833

The rule exists in 10 records.

Significance Level: Error probability <0.2
Positive Examples (records’ serial numbers):
21, 1851 5ady (Jaoe2de 34 2390 A0 547 43
Negative Examples (records’ serial numbers):
SRR

12, 1f Npononka is I,50...1.80 (average=1,65}

and Bueil o7 Kocosuus Ao ofnonora is I10,00...16.00 (average=12.(5)
Then

Ypoxah is more than 40,83

Rule's probability: 0,789

The rule exists in 15 records.
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Significance Level: Errgr probability <0.2
Positive Examples (records’ serial numbers):
230 2 BPaLE AL Bl By, 34, 88, W36
Megative Examples (recards’ serial numbers):

4. 8odde 28

13. 1f Npepwecteeddnk i3 2 70...2 80 (average=2, 76]
Then

Ypowaih is not more than 40 93

Rule’s probability: 0.714

The rule exists 1n 10 recorads.

Significance Level: Error probability <0.3
Positive Examples (records’ serial numbers):

B T el S S IR S A

Negative Examples (records’ s

2200 EG, 31 . 36

erial numbers:}

14, If Npononka is 1.20...1 40 {average=I1 31}
Then

Ypoxad is not more than 409
Rule's probability: 0,722
The rule exists in 13 records.

Significance Level: Error probability <0.3
Positive Examples {(records’ serial numbers):
F B B2 T S R R SRR

Negative Examples (records’™ serial numbers):
22, 24, 25 28, 39

oy

15. 1T K-B0 ynoGpeswdt is i.05...1. 27 {average=1, 19
Then

Ypowa#h is more than 40.93

Rule's probabiiity: 0,741

The rule exists in 20 records.

Significance Lewvel: Error probability <0.3
Positive Exampies {records’ serial numbers):

Ay S S TN S B Ly et 2 T

Negative Examples {records’” serial numbers):

2 o SRS I S

L&. If Nponanka s 1.50...1,90 (average=], 45)
Then

Ypowa#h is more than 40, 93

Rule’'s probability: 0,720

The rule exists in 18 recards.

Significance Level: Error probability <0.2
Positive txamples (recgrds’ serial numbers):
Z0E Sl R e el S S ES R ST
Negative Examples (records’ serial numbers):
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& Lt W, R g gD

17. I'f Nueid or kocoeuus Ao ofMonota is I0. 00...16.00 (average=1],639)
Then

Ypowa#w is more than 40,93

Rule’ s probability: 0.714

The rule exists in 20 records.

Significance Level: Error probability <0.3

Positive Examples (records’ serial numbers):

22, 23, 24. 25. 26, 27. 28. 29, 30. 31

Negative Examples (records’ serial numbers)

SR e R I R SR I e A

[Tonyuyennas cuctema 17 moriueckux HDHBHJIOﬁﬂaﬂaeTCHEHyKNHHhﬂ{XapaKTCpHCTH-
KaMi:

Q BepoATHOCTH NPABHABHOTO NPECKA3ANHS BLICOKOro Yposkas (6oabie 40,93 11/ra) —
0,917;

Q BEPOATHOCTH IPABHIBHOTO NPEICKA3AHNA HI3KOTO yposxKaa (MeHbiie 40,93 y/ra) —
0,947.

QaxTHueckH MojAyuYeHHble NPABHJIA NPECTABAAIOT coB0H HHCTPYKIMIO arpoOTEXHHKY
€ yKazaniem KOHKPeTHbIX 3HaueHHH (akTopoB W UX koMOMHaLHH, BAMAIOLIUX HA
YDOKaHHOCTE PHCOBEIX YYaCTKOB, ITO J0BOIBHO 06CTOSTEAbHAT H ATHIHAS HHCTPYK-
113, HO, IO-BUINUMOMY, HHAYE BPAJL JIM BO3MOKHO ONHCATD CHOKHYIO CHCTEMY MHOTO-
(haKTOPHOrC B3aUMOACHCTBHA ¢ VAOBJIETBOPHTENbHON TOYHOCTBIO.

IIpu cpapuenun pesyasTatoB AByX cicrenm — See3 n WizWhy — Gpocaercst B riasa,
UTO CHCTeMa Seed 0OHapykKiIa BCEro 4 paBua, HO ATOMO 0KAa3al0Ch JOCTATOYHO IS
OMHCAHIHA PACCMOTPEHHOI aTPOTEXHNYECKOI cHTyalH (ToabKo 2 omubiu Ha obyya-
woueit Beibopke). BumecTe ¢ TeM, 01HO U3 YeThIpEX 0GHAPYKEHHBIX IPABUI B CHCTEME
Seed obranaet masI0it MOMHOTOI (oXBaThiBaeT § cyyaes). 970, NO-BUAHMOMY, HECKO.Th-
KO CHH3KaEeT ero HeHHOCTD, ,

NPUMEP

CpaBHeHMe CTPYKTYpPbl UHTENINEKTA
«(PU3MKOB» U KIUPUKOBY'

B paccMaTpuBaeMOM HPHMEPe HCCASAYIOTCH IKCIePHMEHTAIbHEIe JAHHbIE, TPeJIcTaB-
nsiotte coboii pe3yIbTaTBI NCHXOAOMHYECKOTO TECTHPOBAHUA YUalUXCs CHenHati-
aupoBanubx wkosa Cankt-Iletepbypra ¢ HHINKO-MATEMATHYECKHM H T'YMaHMTAPHbIM
yiiaoHoM. CHavana aTi ganibie 6yayT 00paboTanbl TPAAMIIHOUHBIME METOAAMM CTa-
TUCTHYECKOTO AHAMN3A. 3aTeM MBI IDUMEHHM K SKCIePHMCHTAIBHOMY MaTepPHANY Tex-
HOJIOTHIO TIOMCKa JIOTHYECKUX 3AKOHOMEPHOCTeH.

Ham npexcront Ha mpaxkTtuxe y0eauTbed, 4TO K HCCJAEA0BAHUAM JIOACH AalleKO He
BCerja creayer MoAXOAMTh ¢ MO3MUKMH KIAaCCHYECKOl MaTeMaTH4ecKoil CTaTHCTHKM.
JT0 NPHUBOANHT K MaJOCOAEPXKATENLHBIM H Hepenko OecnosesHuiM BeiBogaM. B 1o xe
BpeMs, MPHMEHEHHE alnapaTa MOMCKA B AAHHBIX JIOTHYECKHX BBICKA3BIBAHUI cocos-
HO TIPHUBECTH K PACKPBITHIO LEHHBIX MHOTOACTIEKTHBIX 3HAHMH O JIOASX.

06wan xapaKkrepucTuKa AaHHbIX

O6pekTaMM UCCASTOBAHNA ABIAIOTCS 76 yyalxes CnenHaJIn3HpOBAHHBIX UIKOJ:

O 38 venosex — yyamuecsa 10-x knaccop duzMKo-MaTeMaTHyecKoii mKroan Ne 30.
B nanpueiimen oHM BYXYT Ha3bIBATLCS «(DH3HKH»;

QO 38 yenosex — yuamnecs 10-x xraccos rymaHuTapisix mwkon (21 yyauusics aure-
parypHoi mkoasl Ne 27 u 17 yuammxcsi XynoxecTseHHol wkoapt Ne 363). Haso-
BEM HX <JIMPHKH».

Ilensio McCIeI0BAHNA SABASAOCH OTIpEesieHie Pasanylil B CTPYKTYPE HHTENIEeKTa

«hH3UKOB>» M «IHPHKOB». EcTecTBeHHO G510 3apaHee NPEINOA0KNTh, UTO ¥ <(DH3N-

kOB» OoJiee PasBUT «JI€BOTIOJNYIIADHbIH> BepOasbHbI, A ¥ «IHPUKOB» — <IIPAaBOIO-

' [pumep noarotopien cosMecTHo ¢ cotpyaunkasmy CankT-Iletepbyprekoro rocy apeTBeHHoro HHCTHTYTa
MCHXOAOMHHN 1 coiptansioit paborsr A, B. [laponko, A. B. Huacnoii 1 A, B. Tlonomapesbiy.
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ayiapubiiiy nesepdaapHbiil mnTenert. Mexoxa 13 atoro Buibnpanca MHCTPYMEHT
NCHXOIOTHYECKOIO HCEIICA0BaiIS, TOIBOAAIONIHIT QUEHIBATH KAK BEPOATLIYIO, TAK I
HeBepHATLHYIO CTOPOHBL MblyLtetis, KotkpeTno Henonpzonaiueh cybrectsl IN, AN,
GE, AR n PL nonyaspuoro tecta P Avrxayapa. Hitke otum cybrectam aaercs xpar-
Kag XapakTepHeriKa:

O

Teer Ne 1 (IN) — «zgonondeniie npemiokernii», O npeIHasuayeH s OLEHKH
CIOCOBHOCTH K PACCYHKIEHUI, 3APABOTO CMBICTE, CIOKHUBILEHCH CAMOCTOATRNbHO-
CTH MbllIenus (s wioneckoro soapacra). [lo orHowesns o k atosmy Tecty Gy-
AEeM HCIIOMB3OBATL TEPMUIT <3/IPABOMDBICIES.

Teer Ne 3 (AN) — <«aHajorui». 3TOT TECT OTpaXaeT cnocofHOCTS KoMOHHUPOBATE,
NOJIBIOKHOCTD 1 HEMOCTOANCTRO MBITILTEIHSL.

Teer Ne 4 (GE) — «obobugennes. TecT npeisasHaden st onpeaeIeins crnocod-
HOCTH K abCTPaKTHOMY MBILICHHIO, 06PasoBaHie HOHATHIL, YMEHHIO CJOBECHO
BRIPAWATE MLICTh. i

Tecer Ne5 (AR) — <«apndhverigeckne sagaun». JTaHuplil TeCT OTpaXKAaeT Da3BHTOCTD
HPAKTHIECKOTO YHCACHHOrO MBI L.
Tect No 7 (PL) — «BBIS0p reoMeTphueckoro obpasias. TecT Hanpasien Ha oleH-

Ky B()(J{lpii)ﬁ(.‘lﬂiﬂ. HoraTcTpa E'I})G,ELCTHB‘-'!(‘lllliui_. HAMJAIHOTO IEeJ0CTHOrO MLILIJIeHHA.
Conocrapim ATOMY TEeCTY TCPMITH <<B()O()})'(1)KCHHC>>.

PesyastaThl NCUXOJOPHYECKOTO TECTHPOBAHMS <(DM3UKOB» 1 «JIUPHKOB> IIPEICTaB-
« : k
aensl B Tabu. I1L.6. B aroit e tadanue vkaszan nod HenviryeMmpx. Cpean «husikos»

12

Aepymex i 26 ouowmeit, cpenn mipnxor 20 aesyuiex u 18 onomeii,

Tabnuua M1.6. Pe3yneTarsl NCHXONOrMYBCKOTO TECTUPOBAHNA «DU3UKOBY M «IUPUKDSY

Tecr 1 Tect 3 TecT 4 Tecr 5 Tecr 7 flon

N2
n/n (3ppapombicnue) (aHanoruu) (oBobuwiexue) (uncnenHoe (BooBpaweHue)
MblWNEHKe)
«DUINHM Y
1 15 16 14 13 8 Mymcron
2 16 11 16 20 8 Mymcwon
3 11 16 14 15 12 Mymcrok
4 15 10 9 18 10 Mycron
5 8 11 10 16 10 Henchun
4 N 13 13 7 11 Hedckui
7 7 g 13 11 13 Henckui
8 11 15 14 12 8 Hedcrun
9 12 15 18 10 10 Hencknit
10 14 10 16 12 10 Mymckon
11 8 4 16 14 8 Mymeron
12 9 13 12 15 & Mymcron

DBwan xapakTepucTiKa AaHHbIX 261
Ne Tecr 1 Tect 3 Tect 4 Tect 5 Tect 7 Mon
n/n (3gpasombicnue) (ananoruu) (obobuteHue) (uucheHHoe (BooGparkeHue)
MbllNeHu1e}
«Pu3mku»
13 10 11 18 12 10 MymeKod
14 10 11 16 14 g MycKoil
15 ikl 10 14 13 15 MyMCHOR
16 10 15 17 19 1 MyscKoM
17 12 i3 13 11 8 Mymchon
18 11 12 16 17 16 MyxCron
19 9 12 16 14 11 HeHcxui
20 11 14 11 7 13 MyMCKOR
21 11 14 15 10 7 Mymcuoi
22 15 17 16 12 i2 MymcKo#
23 11 12 16 12 & MymeHoi
24 13 7 17 § 8 Mymcxoh
25 13 15 13 7 10 MymCKoM
26 18 15 17 7 11 Hedokui
27 18 17 15 9 & Myscrod
28 16 18 23 & 10 MyscroR
23 15 18 3 15 11 Mymcron
30 14 10 19 10 13 Henckui
31 i3 10 10 ] 7 Mymcrok
32 14 15 19 8 7 HeHcknis
33 18 15 18 ] 10 exckui
34 10 12 18 10 11 MyKcrOR
35 14 12 16 7 13 Myxcxon
36 17 17 24 13 9 HeHcuui
37 10 i2 22 9 14 Myscro#
38 11 14 19 11 8 HleHcrui
«JInpUKKU»

39 6 7 10 4 10 MyHCHO#A
40 5 7 15 2 a Hedchuit
41 g i0 15 4 g Henciuit
42 8 14 15 5 14 Henckuit
43 10 11 8 6 Myxcrof
44 12 8 ¢ 8 7 Mymckoi
45 6 g ¢ 9 Mymcxol

npadoaxenue &
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Tabnawua .6 (npodonxenue)

e Tect 1 Tecr 3 Tect 4 Tect 5 Tecr 7 n
n/n (3ppaeomuicnve) (ananoruu)  (obobuienue) (uucneHHoe (BooGpameHue) X
MbllUAeHKeE)
«JINpUKH»
:: 10 12 20 14 11 MymcKon
¥ 12 Z 12 7 11 Mywckan
- A " 1 11 g Myswckon
i : 9 3 & HeHCKuA
i 9 20 3 5 Hencuun
4 :: 1; ;2 5 10 HeHcknit
e ? 6 7 6 Henckmni
;4 ¥ : Z 3 4 Mynicckoi
¥ ¥ y 5 6 HeHckui
F i 19 7 6 Hewcuui
:? 10 11 12 8 15 Mymckod
;8 lz lf; E g 15 Myxckon
s A ; 3 5 10 HeHckui
i : X 1 5 10 MyMCKOH
1 . 1 5 11 MyxcKon
s i 1; 13 4 11 MyxcKon
4 . 12 7 10 Henckui
4 12 12 6 5 My»cKoH
25 7 11 10 X HeHckui
o 12 IZ 16 4 12 HeHckui
4 12 18 4 7 Henckun
10 19 6 13 Henckun
62 15 4 14 5 9 HeHckui
:0 12 9 18 4 9 Heuckuis
G 11 & 18 5 8 MymcKon
i 12 15 20 6 8 Myckon
7 13 14 25 15 13 HeHckui
73 15 8 i4 14 4 HeHckui
I;': 13 15 19 7 8 HeHckui
?6 ‘i: 1; 18 6 11 Mymcron
14 8 10 HeHckun
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CpaBHeHWE CPeAHUX 3HAUEHHUA Pe3yNLTaTos TECTHPOBAHMA

CpaBHeHMe cpepHux 3HaYeHu pe3ynbLTaTos
TeCTUpOBAHUA B rpynnax «(U3MKOB»
U KNUPUKOB»

CpapHeHl€e CPEAHHMX anaueHiH Kakux-116o Mokasatenedl ¢ MOMOWbIO CTATHCTHHCC:
kpx T-KpuTepHes CUATAETCH BasKHEIIIHM BIJIOM aHATN3A IKCNEPHMEHTAILHO-TICHXO-
JOTHYeCKHX AAHHbIX. TIPHMEHIM 3TOT METOA K HalliM naunbiM. B tabn. I1.7 npuse-
JeHsI cpejiHiie 3HAYEHNS H CTAUAApTHBIE OTKJIOHEHNS peay/bTaToB cyOTecToR No

rpynnaM «(hH3HKOB> N <«JIHPHKOBY.

Ta6auua M.7. Cpeprne 3Ha4EHUA U CTAHAAPTHEIE OTKNOHEH!A pe3ynbTatop CybTecTos

Tect 1 Tecr 3 Tect 4 Tect 5 Tecr 7

Guanki NTMPHKK Ouankn Nupukd  Ouaukd Jiupren Ousnkn Jupuku  Dusnin JTuprku

Cpeanee 124 g8 12,9 9.4 161 14,4 11,8 63 9.9 8,0

CraHgapt. 2.9 2,9 31 3,0 3.5 4,2 3.8 9.1 2.2 29

OTKAQHEHMWE

Ha ocHOBAHMH CTATHCTHYECKHX KPUTEPHEB 1O AAHHBIM T

AYIOlie BhBOIBL

1. Cpennee «3IpaBOMbIC/INE» B TPYTIIE
B IPYMNe «IHPHKOB» ¢ 99 9 MOCTOBEPHOCTH.

2. Cpennsis <CIOCOOHOCTH
«CIIOCODHOCTH K AHAJIOTHI

3. Cpemussi <«CIOCOGHOCTD K obobuleHH!
«CrocOOHOCTH K 06001eHHIO> B IPYIIIE <

1> B TPYIINE «IMPHKOB» ¢ 99 % 10CTOBEPHOCTH.

mipukoB» ¢ 95 % HOCTOBEPHOCTH.

4. Cpeausist «CIOCOOHOCTD K «4UCTCHHOMY
cpenHeii «CrocoOHOCTH K HMCAEHHOMY
yem ¢ 99 % JIOCTOBEPHOCTH.

Ha puc. I1.4, rie npHBefeHbl FHCTOTPAMMDL pacipeieseHHs TeCTOBbIX

OM BHIHO, YTO ocobeHHO CHALHOE PA3nHyKne MERAY <

OpY;KeHHbIM I71a3
JICHIOMY MBllLIEHHIO (TecT 3).

«INpHKaMIt> HabawoaeTcs B CIIOCOBHOCTH K YHC

TToayuennble Pe3yJLTATHL KJ
HBIX JAHHBIX ZOCTATOYHO TPHBHAJLHDL
JIMA/IbHOTO HCCAeA0BaHusA NPEANOIOKHTD,
LUK OKQKYTCS B cpejieM Oosiee BHICOKI
o6o6ieHM0 (aGCTPAKTHOMY MBIIIJIEHHIO) H Y
4y, XOTA CJEerKa y
MBliILICHNIO (pe3y/IbTaThl aHaIu3a 110 TecTy 1), a TaK#ke HU3KH
HHUTApHEB PEIUATh POCThIE apudmeTHyecKHe 3anaun (TecT 3).

ABNLB MOKHO CjiefiaTh cie-
«DU3NKOB» BIIE CPEIHETO «3PABOMBICTHS>
K aHAJOTM» B rpyine «pHU3HKOB» BhIE cpeaneii
0» B Tpymne «(HU3HKOB> BhILE cpenneit

MBIIIIJICHHIO» B TPYMIIE «(i')I-[BHKOBD Bhilli€
MBlJICHHIO» B T'DyNLE «JTUPHKOB> Hoaee

OIIEHOK, HEBO-
uaMKaMu» 1

ACCHYECKOTO CTATHCTIYECKOTO AHATH3A SKCITEPUMEHTAAB
MokHo ObLio 3apaHee §e3 NpoBeieHHs clie-
yTO Y yHalHxcs dH3uKO-MaTEMATHYECKHAX
ie CnocoHHOCTH K YCTAHOBAEHHIO aHajorni,
MEHHIO penaTh apupmMeTH4ecKue 3ald-

JIMBJIAIOT uX Golee BbICOKas CIi0COOHOCTE K CaMOCTOATEIbHOMY
¢ CIIoCOOHOCTY ryMa-
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Tect 1 (3gpasomeicrive}
PrauKn

Tect 3 (aHanorum)

na
'

DUIUKM

14 L
o
(%]
g =
[ 3 g
=]
5 :
&= OF g
16 £ 1

S 2 15 20
Nupuku

Tect 4 (cBobienne) Tect 5 (MMCNeHHoe MBILLNeHUe)

Duankm Duankm
pg FrmTETETITETT e :] e
E 19 ‘] =
g Pr eld @
z | :
g ' i g
~ 1k j -
Y] 5 10 15 20 25 0
Nupkkn Nupxm
Tect 8 (BooGpaneHue)
PrIMKK
= 10
=
g 5
o 0F
£ s
10
15

Puc. N.4. CpasHuTensHeble FUCTOFPaMME! PACNPEAEREHUA TECTOBLIX OLEHOK

BsecTte ¢ TeM, npeacTaBACHIILI 3KCIIEPHMEHTANLHBIT MaTepHal AaeT OCHOBAHUE JLiis
MONBITOK yeranoBaenna Oosece rAyGOKHX N COACPKATENBHDBIX OTIAHYHIT TYMaHNTapH-
eB 0T eCTEeCTBEHHUKOR, HeM 3T BLIABISETCH € IIOMOIULK) KIACCHYECKOTO CTATHCTH-
YECKOIO aflflapaTta, OMepHPYIOIEro yepeHeHUBIMI XapaKTePHCTIKaMH COBOKYITHOC-
teil obbexron. Boobuie yepeauenie xapaktepHeTii 00bEKTOB € BBICOKHM YDOBHEM
CAOMKHOCTH CHCTEMHOH OpraunsalMi ABjsierca Bo MHOroM GUKTHBHON onepalei,
He uMewuteli empicaa (o suipakeniio B, C. AcTpeMCKOro, HE HMEET CMLICAA Cpel-
HsH BLICOTA JIOMA HA YJIHIE, cocTostiiell 13 apopuoB 1 Aadyr). COBOKYIHOCTH TaKHX
()6’})(’,“1{'1’(]13 ABJAIOTCH HNPHNLMITHAILHO HEQHOPOJIHBIMH, l]();‘]l'l:\-'I()p(l)iih!.\-'lii‘ M A0 O1H-
CAHHA 3aKOHOMEPHOCTEH TAKMX COBOKYNHOCTEH JOJDKEH HCHOML3OBATLCH annapar,
YMEIOIUH BLIABIATL H YUHTBIBATE YKa3aHHbBIE HEOIHOPOAHOCTH.

Taxusi cBoicreamy 06aa2a10T METOAB HHAYKTHBHOIO JOTHYECKOrO BbIBOJA, HO3BO-
JSIONTHE HAXO/MTE B OTPaHiYeHHOM Halope sKCHEepUMEHTAILHBIX JAHHBIX JOTHYeC-
Ki€ 3aKOHOMEPHOCTH, paceMoTpenHbie 8 raase 5. Mbl fyaem uckarh Joruyeckue 3a-
KOHOMEPHOCTH BHJA

(cobprrue 1) i {(cobpitie 2) 1 ... u (cobeitne N),

o

[ONCK NOTMYECKUX 3aKOHOMEPHOCTEH cuctemon WizWhy 265

2 ey e
XApAKTEPHBIC A7ISL KXJIOH 113 HCCACAYEMBIX rpynn }"1211.115-1',‘.\'[‘..}1,( ITon .C‘()l'?laz‘l 1}13@;1“5\(1:;1
JOHHMAETCs, YTO 3HAYCHHA Kakoro-1ubo olupeieenHoro m(_,m 110{11Iaim;(? Sl
phlii 3ajla bl HHTECPBAJ anaueniit. Takum 0bpasoM, .1101'n'4(:c1<aﬂ_ .;(-n»?ua')&f'tif )*i{,;'n-,m)
JanioM cjydae NpeacTaBisicT coB0il «KOMILIEKE HCIIX()JI(JI‘I']“IE,‘Clx‘.l.lb. ?fl]):l}lxl"(,l i ;
4acTO izcrp‘cqznoumi'ica y OIHOH IPYNIIBGL HCIBITYCMBIX M PCAKO ¥ Apyrof».

MoucK NOrmyecKux 3aKkoHomepHocTeu
cuctemont WizWhy

Jliske NPUMCHAKTCA CIEAYIONIHC obo3tadeHst: ;
T{ — teer 1; T3 — rect 3; T4 — Tect 4 T5 — tect 5; T7 — tecr 7; Sex — noi i
ayseKoil, 0 — KeHCKHID); 3Hau0K «fc» — JIOTHYECKAA CBA3KA <>,

SARAMETERS OF THE RULES AND DATA

D:\0ld\Knowledge\Wkona

Total number of records: 76

2 -then-not rules: 0,700
Minimum number of Cases 1n a rule: 10 S whan 1000 records
Demo version 15 vted to 1000 records.inis database has more tnan LUUU relovis
Ll L LR LA e | 1 e L iy
Caleulation will be cancelled

14 to Predict: Class _

dicted Value (analyzed as Booleanl: Physics
sdiction error COSLS:

Tre cost of a miss: 1

The cost of a false alarm: 1 : .
Average probability of the predicted value is 0.500

g

r

2 T
D

p

(i)

= £ EYD L o (W[
ANALYSIS OF THE RULES i;)\:-"_.ANHTIG%\‘ ED.»:T{»HD AR LI T
Decision point: Predict Physics woen canclusive prababl
Number of misses: 2
number of false alarms 9
Total number of errors: 11
Tatal cost of errors: 1] ,
Success rate when predicting Physics o G.SGOH i
Success rate when predicting NOT Physics - 0,935

1 e n

Numper of records with no relevant ruies 1
ceord) 14

average cost (per record): 0,145 oA

cost {per record) ! 0.500

Expected averag
aC

e
Imoravement Factor @ 3.455

1F-THEN RULES:
1. If 3npaBOMBICnKE 15 4.00,..10.00 (average=y.
&

and ApugMeTHY. 3aR34M 1S 2.00...6

Then




266

Mpumep 2. CpaBHeHKUe CTPYKTYPL UHTENACKTA «PUINKOBY U «IUDUKOBY

Cliass is not Physics

Rule's probability: 1,000

The rule exists 1n 17 records.

Significance Level: Error probabiiity <0.1
Positive Examples (records’™ serial numbers}
SN e B i e N I (N T

2. 1f ApubreTtny. 3apaun is Z2,00...6,00 {average=4,69)
Then

Class 1s not Physics

Rule's probability: 0,885

The rule exists in 23 records.

Significance Level: Error probability <0.1
Positive Examples (records’ serial numbers):
AR e L LR e B N ST T
Negative Examples (records’ serial numbers):
24, 28, 31

3. If 3ppasouscnue is 4.00...10,00 (average=7, 68}
and Axanorum 75 3.00...10.00 (average=7, §4)
Then

Class is not Physics

Rule s probability: 0,895

The rule exists in 17 records.

Significance Level: Error probability <0.1
Positive Examples (records’ serial numbers):
S VAT Al 3, a8 CaRE 3G, 150 8T S5
Negative Examples (records’ serial numbers)

ik i

4, 1f Avanoruwu is 12.00...18.00 (average=Il4, 48)
and ApudueTuy. 3apauv is 7.00...19.00 {average=I1.67)
and Boofpamenue js 8.00...14,00 (average=10,48)
Then

Class is Physics

Rule's probability: 0,875

The rule exists in 21 records.

Significance Level: Error probability <0.1
Positive Examples (records’ serial numbers):
T b el L T L Il TR B S

Negative Examples (records’ serial numbers)
46, 72. 74

5. If Obobuenne 7s 15 .00...17,00 (average=16.09)
and ApugMertuy. 3agaum s 7.400...20.00 (average=13. 18)
and BoobOpakenue s 8. 40...13 ¢

Then

Class is Physics

Rule's probability: 1,000

Q0 (average=I0,L09)

-

NoucK NOTUHECKUX 3aKOHOMEpHOCTE CHCTEMON WizWhy
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The rule exists in 11 recards. 4 y
Significance Level: Ercor proaa;tllgy <U_L\-
pPositive Exampies (records’ serial iumbers;_
G SR AT S A 180 g s (2]

AN
)

6. 1f 3apasompiciine 15 4.00...10.00 {average=7.
and Awanoruu fs 3.00...10.00 {average=7.45)
and 0Gobuenue 15 5.00...12. 00 (average=10.45)
Then

Class is not Physics

Rule's probability: 1.000

. 3 : e
The rule exisls 1n 11 record ok
Significance Leyel: Error probability ﬂD.lw
positive Examples {records’ serial numbers’:
39, 43, 45, 48. 51, 53, 54. 57. 58. 59 '
7. 1f Avanoruu 18 12.00...18.00 faverage=14.23)

p : P )
and Apufnernu. 3apaHu ig 7.00...19,00 (average 11.30)
Then
Class is Physics
Rule‘s probability: 0,833
The rule exists in 25 records; 2k
Significance tevel: Error prona§1]1ty <0,2 _
Positive Examples {records’ seridi numbers):

SR e L e S 17, 18, {9 _
Negative Exampies ¢records’ serial numbersy:

A5 B2 B Gy S ' ‘

8. 1f D6obueHue is 15.00...17,00 (average=16,00)

and ApupneTud. 3apauu is 7.00...20.00 (average=12.43)

Then

Class is Physics

Rule's probability: 0,929
The ryle exists in 13 records. o
Significance Level: Error prabapwlwty 40.? ‘
Positive Examples (records’ serial numbers):
of Al hE. e, T8, i19. 21. ?2. 23 .
Negative Examples (records’ serial numbers):
52

g 1f 3gpasoMbcaue 1S 14,0

00...18.00 (average=I3 62)
and ApupmeTnu. 33RaUM ie 7.00...20, 00 taverage=.i. 69
13 0 a agqe=10. 3D
and Boofpaxenue 15 g.00...13.00 (average=iv..4)

Then
Class is Physics

Rule's probability: 0,923 ;

he rule exists in 12 records. .
gwgnif1cence Level: Error probabi?1ty <0,?‘.
ppsitive Examples {records’ serial numbers):
feemn 4.0 Fou 220 26 27, 29. 30, 33

——

- e e e—




268

Mpum
pumep 2. CpaBHEHKe CTDYKTYPEI HHTENREKTA «DU3INKOBY» U «UDUKOBY

Negative Examples (records’ serial

1

numbers;:

LN
-

i0
10.1f 3npaeownsicnue 18 14 00...15 00 (average=15, 9]}
; yverage=15,91)

and Awanoruw is 12 00...18 00 (average=i5 82}
Then - 10
Class is Physics

Rule’s probability: 0,909

The rule exists in 10 recards.

Significance Level: Ecror probabili
Positive Examples {records’ serial
e PEE den Zha 128, 29092 33
Nigatwvu Examples (records’ sériaﬁ

11. If 3npasonwcnue 15 14, 00...18.00 {aver
and BoobBpakenne is & 00...13. 00
Then

Class 135 Physics

Rule's probability: 0.867

The rule exists 1n 13 records
Significance Level: Error probabiiity <0.2

s) TR o ey
Positive ELxamples (records’ serial numbers):
o i i B8 2B PG A8y 28y SY
: . . S8 Zay S
Megative Exampies {(records’
s pies (records’ serial numbers};:
sl ial numbers):
12. 1 3npaeowmsicnne 15 4 00...70. 00 {average=7 8&]
I - . VR A GRS J
and OGobuenuwe 15 5. 00...12. 00 (average=I0 69}
4 rE)

Then

Class is not Physics

Rule's probability: 0,875

The rule exists 1n 14 records

S‘gn1f1:anca Leveiz

Positive Example

34, 43. 45, 48,
D

Error probability <0,2
=cords’ pr1a! numBers):

13. 1f 3apasousicnue s 4. 00...10.00
and 06cGuyenwe is §.400...12
and BooGpaxetue 15 &, 00...1
Then

Class is not Physics
Aule’s pr Dabl]lt) 0,909
Iﬁe rg]e ex1sts in 10 recerds
5“gn111cance Level: Error probability <0.2
Positive Examples {(records’ serial nunm
?_ dhe 80 L 66 578, 5%, 820 6

legative Examples {records’

= w T

serial numbersi:

why
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14. ]f Ananorui 7§ 4.06...10,00 (averaae=P.GG}
and ApupHeTHH. 3aRANM I3 4 00...6,00 (average B2
and BooOpaxeHue g I e 2 (average=9,82]
Tnen

Class is not Physics

Rule’s probability: 0,908

The rule ex1sts in 10 records.

Significance Level: Errdr prabqt1|1ty 0.2
Positive Exgmples trecaords’ serial numbers):
SaA AP, SEl 5Es 59, 65, 67, 68. 69. 70
Negative Examples (records’ serial numbers):
24

15. 1T ApngMeTny. 3aAayh 19 7.00...20,00 {average=11.63)
and Boofpakerue 15 B.00...15.00 {average=10.63)
Then

Class 15 Physics

Rule’s probability: 0,756

The rule exists 1in 31 records

Significance Level: Error prcbakw»wty <{.2
pgsitive Exampies {records’ serial numbers

TN R R e LR 14

Negative Examplies (records’ serial numbers)
45 46, 47, 48. 5b. £7. B R Td. fE

16. 1T AWanoruu 1s 3.00...10.60 {average=7, 86}
and O6oSuerne 15 5 00...12.00 {average=10.21)
Then

Class is not Physics

Rule s probadility: 0.857

The rule exists 10 12 records.

Sigpificance Level: Error prebability =, 2
Ppsitive Exampies {records’ serial numpers!
39, 43. 44. 45, 48. 51 53, 54, 57, &8
Hegative Examples (records’ cerial numbers?

40 21

17 . 1f 3ppasoMecnue i ]4.00...18.00 ¢ averaqerJﬁ-ﬁdﬁ

Class 15 Physics

qule’'s probability: 0,778
The rule exists 1n 14 records.
Significance Level; Error Drob pabitity <0,
positive Examplies (records’ cerial numbersi.
i

%]

o N 26 27. 28, 29. 30
Negative Examples {records’ serial numbers?
47. 55, 88. 73
p

g. 1f Amanoruu 15 3.00...10.00 {average=8.00)
ihe
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Class is not Physics

Rule's probability: 0.758

The rule exists in 25 records.

Significance Level: Error probability <0.2
Positive Examples {records’ serial numbers):
39, 40, 41, 43, 44, 45, 47, 48, 49, 50
Negative Examples (records’ serial numbars):
7 Ay A B Ada i 8

19. [f 3ppasokuicnue 15 I14,00...18,00 (average=15.44)

and ApupMetwud. 3apaud is 7.00...20,00 (average=11,631)

Then

Class 15 Physics

Rule's probability: 0.813

The rule exists in 13 records.

Significance Level: Error probability <0.2
Positive Examples (records’ serial numbers):
AR g IS D ey R R BT 2 3 02
Negative Examples (records’ serial numbers):
R L

20. 1f AHanorwuu is 12.00...18.00 (average=14.41)

0
and Boobpaxenue is 8.00...14,00 (average=10.52)
Then
Class is Physics
Rule's probability: 0,759
The rule exists in 22 records.
Significance Level: Error probability <0.2
Positive Examples (records’ serial numbers):
i AN R B i T ROV T A L
Negative Examples (records’

serial numbers):
42, 46, 60. 71, 72, 74. 75

21. If OGobuenne 1s 15,00...17.00 (average=16,00}
and BoobOpakenwe 7s 8 00...14.00 (average=10, 27)
Then

Class is Physics

Kule's probability: 0.800

The rule exists in 12 records,

Significance Level: Error probability <0.2
Positive Examples {records' serial numbers):
ZORta s LE 1 EES dhy Mes 220 0 E4. 76

Negative Examples (records’ serial numbers):
41, 42, 65

22. If Awanorwn 1s 12, 00...18.00 (average=14,17)
Then

Class is Physics
Rule’'s probability: 0,722
The rule exists in 26 records.

Significance Level: Error ?r0b60111L% ;Z;%)_
positive Examples (records’ seriai num 57
i K e T R 16, IF,IIB. 12 Ak
Negative Examples {records serial numbersi:

> '2p, 52, 56,80 63 Rl 72..74. 78
23. 1f Obobuexne 15 5.06...12.00 (average=10.52)
Then
Class is not Physics
Rule’'s probabi]aty: 0,762

1 ecords.
The rule exists 10 16 reco o, .
Ssignificance Level. Error probap111ty <U,?)_
positive Examplies (records’ E%rwil ﬂt?berb ;
39. 43, 44. 45. 48, 5L, B3, 35..3§, fz :
Negative Examples (records’ serial numbers
4 &, 12, 205 31

( / e = 11,32 )
94 1f ApwpueTnu. 3AAAUH ig 7.00...20,00 (average 1

e
2

Then
Class is Physics
Rule's probability: 0,700
The rule exists in 35 records. | Wy 11
Significance Level: Error probability <u. \
{ : 14 | ar 3
positive Examples (records’ serial numbers
7 oy e i
PR E s Ea ' ] £1
Negative Examples {records 5er131 numbers):
43. 44, 45, 46, 47, 48, 52. 55. 56. 57
3 . b
25 . I O6obueHne is &,00...12.00 (average=10.93)
: { =1 -'}
and BooBpaxenue 135 8. 00...15.00 (average 1 Al
Then :
Class is not Physics
Rule’s probability: D.786
The ruie exists In 11 records. A nis,
$ignificance Level: Error probabiiity Wy
chitive Examples (records’ sertal numbers’.
39 45, 48, 51. 56, 57. 581 59, 6?. 62H 3
Negative Examples (records’ serial nNUMDErs’:
g Z0 e
i G 1 G0 (average=c.s4%!
96 . 1f 3apaBoHEICNUe 135 4. 00,..10.00 taveray
Then :
Class is not Physics
Rule’s probabiWity: 0.706 >
: ; AL
The rule exists 10 24 records. X :
Significance Leyel: Error probabiiity {3,3\‘
Pasitive Examples {records’ serial nuTbers,,
39, 490, 41 42 43,445, 10, 48. 49, 50 :
4 , £ : # ary 1 '\|'|"'. S.}
Negative gxamples (records sarial [Jmher
i B R i R g 14 16. 19. 34, 37

b
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tnen
Class is Physics
t{u]i' Tity: 0,733
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;, ; Error probabil &y <0.3
: trecaords’ serial numaers )
e e AP N L
records’ serial numbers
15 080...2.00 (ave rage=5 44
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1’ BnuaHue Bo3pacTa U CTaxka

pa60'rnm-<os Hd npOMSBOAMTeﬂbHOCTb
Tpyaa '

Berpevasicn ¢ obbaBaeHNSIME O IPHEMe HAa PadoTy, HepeaKo MOXKHO 3aMETHTD, HTo
8 ITHX OODLABICHNAX HMEIOTCS OTPAHHYEHHS HA ROBPACT COTPYIHMKOB H NOMKeTaHHs
OTHOCHTEALHO NX CTAXa PaboThl MO CHElHAABHOCTH. B paccMaTpHBaeMoM NpHMEpe
HAM HPEACTONT PasodpaThest, HACKOALKO OBIBAIOT 0OOCHOBAHDI TIOAOGHLIE MTPETEH3HH
paboTonareneii.

Hexonible raunbie samMeTsopanbl 13 Kuuri «Mudopsartuka 8 craructuke: CaoBaphs-
enpasouink» (M. QDuuancst v cratuetika, 1994). dro pesyinrarn obcaeioBanis
60 padOTHHKOB HPOH3BONCTBRA, ¥ KOTOPLIX (HHKCHPOBAIACS CPEIHIS HacoBas BhIpa-
OOTKA B HATYPATBHLIX ejtnHniax npoayxwiry. Januvte obcne/loBanus OTPaKeHs! B
tabi. 11.8.

Tabnuua 1.8, [Javneie obcnenosasns paboTHWKOB NPOW3IBOACTRS

CTam ' Bospacr

Or 25 po 35 per 01 35 no 45 net 0t 45 po 55 ner

011 po 4 ner 192020 20 22 19202023 25 1819 20 21 21

071 4 po 7 ner 3031323234 2029303131 192525 26 26

24 24 24 2525
20 24 2531 32

3640414245
2831353640

3535394041
4040 41 41 42

017 no 10 ner

UBbiwe 10 ner
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Hamr ananna 6yzeT cocToath U3 ABYX yacTeil. B mepsoil wacTu MBI ero nposejeM mo
KJACcCHYECKOH CTATHCTHYECKOH CXeMe C HCIIONb30BAaHHEeM drrnapara MHOI“O(I)&KTOPKO‘,‘
TO AWCIEPCHOHHOrO aHaninza. Bo BTOPOH 4acTH K aHAMM3HPYEMbIM AaHHLIM ﬁynei'
NIpHMCHEHA TEXHOJOTHA 06Ha{)y}K€HHH JOTHYECKHX SE{KOHOMC})HOCTeﬁ.

AucnepcMOHHBIA aHaNuU3

JMcnepcHoHHBIR aHAAH3 NpHMeHseTCA 414 0OHAPYKeHWUs BAUAHHA BbiAeJeHHOTO
{xonTponupyeMoro) Habopa GHakTOPOB Ha Pe3yALTATHBHDIN IpuaHak. DaxTopsl 0OLIYHO
H3MePAIOTCA B HEeKOJMYECTBEHHOH LiKale, a Pe3yAbTaTUBHBIH NPU3HAK BBIDAXKAETCH
YHCAOM HIM BEKTODPOM C MHMCIOBBIMIT KOMIIOHEHTAMH.

Wrnea aAucnepcMOHHOIO aHAJIN3a COCTOUT B PAasJoxeHuH oOieil AucIepcyn peayibra-
THBHOTI'O NIPH3HAKA HA YaCTH, 00YCACBAEHHBIE BIMAHHEM KOHTPOAUDYeMBIX (haKTOPOB,
U OCTATOYKYIO AMCIHEPCHIO, O0DbACHACMYIO HEKOHTPOJIMPYEMEIM BIMSHHEM WIH Ciy-
YaliHBIMH 00CTOATEILCTBAMH. BHIBOALL O CYUIECTBEHHOCTH BANSHHA KOHTPOJIMPYEMbIX
(baKTODOB Ha Pe3y.ILTAT NPOUSBOAMTCA ITyTeM CPaBHEeHHs vacTeit ofLel AncrepcHy pu
BHIIOTHERUH TPeOOBAHNMA HOPMATBHOCTH DACHpeNesieHUs] De3YJIBTATUBHOTO NMPH3HAKa.

M3pecTHo MHOIo Mozeqell AMciepCHOHHOrO aHasusa. OHM KJIAcCH(QHUUDYIOTCS, C
ORHOMH CTOPOHBI, IO MaTeMaTHYeCcKoll npupoie (AKTOpoB (JeTepMUHUPOBAHHBIE, CNY-
yaifHble M CMEUIaHHbIE) H, C APYTOH CTOPOHBI — IO YHCJY KOHTPOMHpPYeMBIX $aKTo-
pos {onHo(aKTOpPHEIE ¥ MHoroQaKTopHbie Mojear). Moaenau ¢ Gonee yeM OJHHM
(l)a](TO[}OM JaoT BO3IMOXKHOCTb HCCHEI0BATDH BAMAHME Ha DE3VJabTaT HE TOJBKO OT-
AebHBIX KOHTPOIMPYEMBIX (DaKTopoR (T1aBHbIE BIMAHUA), HO M UX HAJIOXEHHS (B3a-
umoaeiictena). o crnocoby opranuzaniy UCXOIHBIX AAHHBIX BEIAENAIOT HMOJHBIE U
HENUAHBIE m-(baKTopr;e TLIAHEL, TTOJHBIE H HEDJHbLIE 6;‘10‘{th€ [IJaHbI H DaHAOMM-
3UPOBARHLIE (Cayyaiitbie) OIOYNbIE TIIAHEL

Jdns 0OpoBeneHHs JMCIEPCHOHHOTO aHANMHM3a OyAeM HCIOAb30BaTh NaKeT
STATGRAPHICS Plus for Windows, B KOTOPOM Peasin3oBaHbl BCE [EPEUHCIEHHBIE
Bbillle MOJAEJH AMCIEPCHOHHOTO AHANMIA.

Packpoem anextpornyio TaGnuny STATGRAPHICS u BBejeM B Hee 3HAUEHNSA PE3YIBTA-
THBHOTO NpM3Haka output (IpOoKM3BOAHTENBHOCTD) H 3aKOAMPOBAHHbBIE 3HAYEHHA TPa-
Tauuii KOHTpoNHpyeMbix dakTopos age (Boapact) u record (cTak), KaK 3T0 OKA3aHO
Ha puc. I1.3.

BriGepem Compare » Analysis of Variance » Multifactor ANOVA. 3amonHuM OKHO MHOTO-
(axkTopHOTO AMCIepcHOHHOro aHannsa {puc. I1.6).

Haxumenm 0K. Ha sxpane NO4BHTCs CBOAKA MHOMXECTBEHHOTO AUCTIEPCHOHHOTO AHANH-
3a, B KOTOpOil moaTBepxiaercs, uTo K obpaboTke npunsaTo 60 nabmoxenui, s Ko-
TOPHIX 3aHUKCHPOBAHDI 3HAYEHHA ABYX haxTopoB. BHH3Y noa aTuMH coobuieHHAMN
BKJII0MeHO coobutenue StatAdvisor (CratKoHcyabsranTa) ¢ pexOMEHAAUMAMH 110 TPo-
BeIeHHI0 AaJbHeHIIero aHaluaa.

-3
I

g S

If_.
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Puc. N.6. DKHO Avan0ora MHOTOMAKTOPHOro AUCAEPCHOHHON aHanu3a

Bui3oBeM OKHO TaGIMuHBIX OTLHII, HAXaB BTOPYIO Ccka KHONKY B HHXKHEM DALy
kuonok (puc. I1.7). YeranosuM QJIKOK ANOVA Table (Tabanua A¥CrnepCHOHHOID aHa-
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Ju3a) u nasmem 0K Ileaxnys asaxian Ha okde ¢ a1oil Tabanuei, packpoeM €ro Ha
see pabouee moae (pue. I1.8).

UAIN EFFECTS

kiage 500, 4 Z 450, 2 24,84 g, goag
] E:record 1842, 53 3 614,178 33,89 0, 2000
RESIDUAL 978, 687 54 18,1235

TOTAL [(CORPECTED)

All F-ratios mre baszed on the residual meah Sguare error,

Puc, N.8. NcxopHan Tabnuya ANCNEPCUOHHOTO aHaNKM3a

Ha ocnoBanmir Tabammnix qices (a Takxe 1o coobumeH o StatAdvisor) nemsaem sax-
JIOUEHNE, UTO Ia IPOM3BOLITENLHOCTh TPYAA OKA3hiBAIOT BAHsAHUE 0Da dakTopa 1o
OTRENBUOCTH — I BO3pAcT paboTHHKA, It ero TPyaoBoi craxk. Jorepie k TakoMmy Boi-
Bojty — Gonee 99 %. Mosio, KpoMe TOTO, OHEHITS 11 COBMECTHOE B He _“_[}'3}-"\'. (ax-
TOPOB.

Lleaknes npasoii Kionkoit Mbin Ha TabIYHOM OKHe It BLIGepeM Analysis Options.
[TosBuTest OKNO uranora j1its BBOJA PA3THUNLIX B3aHMOAECTEBHIT (BakTopoB i 3aia-
HHA. MX nopaaxa (puc. 11.9),
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BeemeMm 1opAIOK B3aHMoOneiicTBust, paBHblit 2, u HaxxMem OK. B TabnHLy MHOTORAK-
TOPHOTO JIHCIIEPCHOHHOTO aHaiu3a OyayT A0OABJIEHH OLUEHKH CTATHCTHYECKOI 3HA-
YHMOCTH COBMECTHOID BJMAHWA BO3PACTA H CTaxa paboTHHKOB HA UX POUM3BOAHTEND-
nocts Tpyaa (puc. 11.10).

Puc. 1.9. OkHO guanora ans 3afasna NOPAAKa BIanMoAenCcTekA (aKTOPOE

Sum arf Sguarss ot Hean 3Squece F-Eatie P-Value

:

|00, 4 4 450, 2 43, 58 G, 0c00 :

1842, 53 3 sl4,178 £6, 82 0, 0000

HINTERACTIONS ;

~B 537,467 & 89,3778 9,75 0, 00co #
ARESILUAL 441, 48 o, 19167

JTOTAL (CORRECTER) 3721, 6

{all F-ratios are based on the residusl pesan SQuUars BILoLD.

o L

Puc. N.10. Tabnuya 0UCNepCMOHHOID aHANKW3a € OLUEHKON 3HAYMMOCTHY COBOKYRHOMO BAMAHWA BO3pacTa
W CTaMa paboTHMKOB HA NPOKM3BOAUTENBHOCTL TPYAA

Kax crenver U3 NMONVYCHHBIX 1H(D, HA NPOH3BOAUTENBLHOCTD TPYAA H3yUYaeMoOl coBO-
KYITHOCTH pabOTHIKOB CVIIECTEEHHO BIISIOT COBMECTHO jeiiCTBYIOLIHE BO3PACT U CTaK.
YpoBeub 10BepHs K TAKoMy BLiBoay soime 99 %. MoxHo eme Gosee yrayburs npoBo-
AMMOE HCCAe0BAHMEe, BOCIOL30BABIINCE MHOFOCTOPOHHEMH OLEHKAaMH PasIHYHbIX
KOMIIOHEHTOB (DakTOPHOro B3aUMOAEHCTBHA I AONOJHHTE/IRHBIMI CTATHCTHYECKHMH
TeCcTaMH, PEasi30BaHHBIMH B poLeaype ancnepcuonnoro anaansa STATGRAPHICS.
Ho, xax ropopHTCs, JyUlle Oj(HH pa3 YBUAETD, HEM CTO Pa3 yc/islnare, HoaToMy Boc-
HOJBL3YEMCH IPadpuueckKiMy BO3MOKHOCTAMH OTOOpaXKeHHA Pe3ysIbTaToB aHaln3a.
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HaxmeM kHonky rpadmyecknx onumii (TPeTssl CJeBa B HIDKHEM PAIY KHOTOK) H y¢-
TaHoBUM (riaskky Means Plot (rpacuk cpeannx) u Interactions Plot (rpadwmk B3ammo-
aeticreuit). Haxmenm OK (puc. I1.11).

Anulys iz Jurmary

Dependent variable: surtpurc E ”E s

Factors: : i 1
age i N e
cecord 3 %\ L] s
¥ b
Plunber of complete cases: &0 E b
[T = :
ward

knmlysis of Variance for output — Type III Sums &

Fpegux BaauMoReACTBHA

Source Sum of Squares e L - o
; i
I g €c o R :;
MAIN EFFECTS E & S 5
irage 00,4 I : R
Birecord 1842, 53 g " 7 |
i
L
INTERACTIONS 7
RB 537,467 i)
' 1 1 a4
DUAL 441,2 T
?S.'Eli\sﬁiﬁ"-t Wil ey ecord

Puc. 11.11. Taban4nbie ¥ rpaduveckue oToGpaeHua pesyneraros

B Bepxsem rpaduveckoM OKHe MOKasaH Ipa(UK 3aBHCHMOCTH CPEIHMX 3HAYEHHIH
NPOM3BOAMTE/NLHOCTH TPYAR OT CTa)Ka M OYepHeHbl JOBEPHTENbHbIE HHTEpPBAAbl AJA
THX CpPefHHX. XOPOO BUIHO, YTO CTAXK HECOMHEHHO BAMSAET HA PE3yILTAaTHBHBIN
npuaHax. BmecTe ¢ TeM, moxoxe, IIPOU3BOANTEIbHOCTS JOCTHTAET CBOETO NMMKA Y pa-
6oTHIKOB cO cTaxeM oT 7 A0 10 JjeT, a 3aTeM HAYMHAET CHILKATHCSL

IMoayueHHasa KapTHHA MPOACHSETCS, €CIH B3MJIAHYTh HA HUKHee rpadiuyueckoe OKHO,
r7e NPUBEIeHA KapTHHKA, HTIOCTpUpYonias BaanmogeiicTsHe BoapacTa 1 ctaxa. Ua
Hee cilelyeT, 4TC NMPOH3BOANTENBHOCTE TPYAA HOCTOAHHO VBEIHYHBACTCHA C POCTOM
cTaxa y Moaopix paborunkos (2535 net). s Bropoit po3pacThoi rpynnbl (35—
40 net) Tako#t poct HabnwFaeTCs TOABKO ANA TeX pabDOTHHKOB, CTAX KOTOPHIX He
npespiwaer 10 mer. 3aTeM NPOM3BOAMTENLHOCTL ¥ HHX Pe3ko nanaer. [1ns Tperbeil
BO3pacTHOM rpynnst (45-55 ner) xapakrepHa Boobuie caMasi HH3KAas IPOM3BOIUTEb-
HOCTE TPYAA, 3HaYeHUe KOTOPOH OCTAeTCs MOYTH Ha OJHOM H TOM e YPOBHe He3aBH-
CHMO OT cTaxa paboTsL

OT1o6pasuM pesyJbTaThl AMCHEPCHOHHOIO aHa/IN3a B HHOM pakypce. [lns atoro bynem
1[eJIKATh NPABOH KHOMKOR Ha KAXI0M TpathuueckoM OKHE, BRIGHPAA H3 KOHTEKCTHOTO
meHio nyHKT Pane Options, u 3aMeHaTb B COOTBETCTBYIOIUHX OKHaX aHajgora ¢axrop
record (crax) na (axrop age (Bospact). Terepb Ha Beex rpaduxax no ocu adcuuce
ByuyT oToBpaKaTLCS BO3PAcTHLIE Karteropuit. [IpnMep 0j[HOTO M3 OKOH IMANIOra IpH-
sejeH Ha puc. 11.12.
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Puc. .12, Npumep OKHa AMANOTa ANA 3343HKMA NAPAMETPOB rPpaduyecKux
oT06paXKeHKHA Pe3ynLTaToB AMCNEPCMOMHOND aHanuaa

Packpoem mosydeHnbie rpapryeckiie OKHa ABYM IleyKaMyu JeBOIl KHOMKH MBILIH.
[Monyanm caexyomie xapTHHKH (puc. [1.13 n I1.14),

[B, Mumtifactor AROVA . outpit

CpenHue n 95 26 NoBepPUTENbHLIG MHTEPBANH

Rt L

28 L

output

22

age

Puc. .13, Bauanue Bo3pacta paboTHUKOB HA NPOU3BOANTEALHOCTL TPYAa

Ilepssiit rpadik moxkaspiBaeT yMeHbIIEHHE TPOU3BOIHTEILHOCTH TPY/a ¢ BO3PACTOM.
I3 BTOpOro creayer, YTo MakcHMaJabHAsA TPOH3BOANTENBHOCTD TPYAA HabioxaeTcs y
nepBoil BoapacTHON rpynki (25-35 Jet) co craxem cBhilile 4—7 AeT U Y BTOPOit BO3-
pacTHo# rpynnsl (35-45 ner) co craxem 7—10 ser. Takke BIAHO, YTO NPH HE3HAUM-
TeJILHOM CTa)ke, He3aBHCHMO OT BO3PAcTa, NPOM3BOANTEILHOCTh TPYAA BCETAA ABJIA-
eTCs caMoii Hu3Koil. Kpose Toro, MOXKHO ellle pas 3aMeTHTb, YTO B TpeTbeil Bo3pacTHOll
rpynne (45-55 sneT) NpPOU3BOAHTENLHOCTh TPYAA CYUIECTBEHHO CHIDKAETCSL




280 Mpumep 3. BAuaHMe BO3PacTa W CTaxa PabOTHUKOB HA NPOU3BOAUTEALHOCTS TPYAA

output

Puc. N.14. BauAnue B3auMogenCTBHA BO3PACTa W CTAXA HA NPOM3IBOGMTENLHOCTS TPYAA

Ha arux BriBojax, xax [IpanHJ1o, aHaiHs JAHHBIX 3aBepLiacTCA. Ml BpOle Gul yaon-
JCTBOPHIH CBOC MOOONLITCTBO 1 MOXeM TeTeph apryMeHTHpoOBaHO CO CCLIIKOIT HAa
CTATHUCTHYCCKHE KDHTCDHH obocHOBATE KeJaaHiie ])E-lﬁ()TOﬂ&TC.”ICﬁ HMETh AeJIO ¢ MOJO-
ABIME CIICHHATHCTAMI, UMCIOUIMME, OANAKO, JOCTATOUHO Goabpinoll eTaK.

Barecte ¢ TeM Hama APryMeHTaluHAa OCHOBAHA HA aHadH3e YCPDEeAUEHHDIX XapaKTepuc-
THK H BLICBCHHBACT JIHUIL 06!]111(’ TEHACHIIMH B pACCMaTPHBaeMOM BOITpoCe. A arto BpRAL
JH VMECTHO, KOIUla Pedb HILeT O KOHKPETHLIX JMOMAX, 10 OTHOULICHNIO K KOTOPLIM Tpe-
6}’(;"]'{'% NPHHHMATDh JIMHHHCTRATHBHOC pelIcHie. Kax bl _\_’6@}“1}\1(251 NO3¥Ke, ¢ 1OMO-
B TEXHOJOTHN O()Iil‘q?)"?ﬁ(’lﬂ]ﬂ JOTHHCCKIIX 3&[(01!0,\1{3{)![0(11'('!“] B JalHHLIX MOMHO
CAETATL 'opasio OoJlee OTBETCTRECHHLIE BBIBOAL! 11O 'cllIE.LJ'III?SI-II‘)_\"E‘MOI'& CHTYVAIIHH.

06paborka paHHbIX cuctemon WizWhy

Cucrema WizWhy nocie 06paboTky aHHBIX O NPOU3BOANTENLHOCTH TPYAA BBLIAJA
CACAYIONINI OTHET

Total number of records: 60

Minimum probabitity of the:

13 if-then rules: 0.730

21 if-then-not rules: 0,630

Minimum number of cases 1n a rule: 8

Field to Predict: [pOM3BOGUTENLHOCTD

Uradicted Value (analyzed as Boolean): more than 25
Frediction error COSUS

The cost of a miss: 1

The cost of & false alarm: |

Average probabiiity of the predicted value is 0.550

N
: !

[lncnepcuonHbii aHanu3s
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ANALYSIS OF THE RULES EXPLANATORY POWER

Decision point: Predict more than 25 when conclusive probability is more than 0,706
Number of misses: 4

Number of false alarms: 1

Total number of errors: 5

Total cost of errors: 5

Success rate when predicting more than 25 0,967
Success rate when predicting HOT more than 25: 0, 867
tumber of records with no relevant rules: 0

Average cost (per record): D.083

trxpected average cost (per record): 0,450

Improvement Factor: 5,400

[F-THEN RULES:

1. If Craw is !

Then

lipouasopuTensHoCTs 15 not imore than 25
Rule's probability: 1,000

The ruie exists n 15 records.

Significance Level: Error probability < 0.1
Positive Examples (records ®serial numbers)
I o S S s !

2. If Boapacrt 15 |

and Ctax is 2...4 (average=3)

Then

MpoussogutensHocTs 1s more than 25

Rute’'s probability: 1,000

The rule exists 1n 15 records.

Significance Level: Error probabiiity <0.1
Positive Examples (records’ serial numbers)
32, 34, 39, 40, 42, 43, 44, 48, 49, 5]

3. If Bozpact 15 2

and Ctax 75 2...4 (average=3}

Then

MpoM3BOARTENLHOCTL 15 more than 25
Rule’s probability: 0,933

The rule exists in 14 records.
Significance Level: Error probability <0.1
Positive Examples (records’ serial numbers):
ey ) SRS N T e S R T
Negative Examples (records’ serial numbers)
12

4. If Bospact is 3

Then

(lpouzBoauTensHOCTE 15 not more than 25
Rule's probability: 0,800

The rule exists in 16 records.

Stgnificance Level: Errer probability <0.2
Positive Exampies (records’ serial numbers)
o SIS ey Tt e S B (e A B
Negative Examples (records’ serial numbers}
28, 29, 38, 41

5. 1f Craw 15 2...4 (average=3)
Then
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Npon3soauTensHoCTL 15 more than 25

Rule’s probability: 0,733

The rule exists in 33 records.

Significance Level: Error probability <0.3

Positive Exampies {(records’ serial numbers):

2820 300 31, 320 330 34, 35,536, 0

hegative Examples (records’ serial numbers):

b bR R 2 R R O

6. If Bospacr is !

Then

MpOM3BOANTENLHOCTL 7S more than 25

Rule’s propability: 0,750

The rule exists in 15 records.

Significance Level: Error prebability <0.3

Positive Examples (records’ serial numbers):

32. 34. 39, 40, 42, 43, 44, 48, 49, 5]

Negative Examples (records’ serial numbers):

R T L

M3 nafisenusix 6 npasii 4 ONUCHIBAIOT TPYINY PABOTHUKOR CO CpefHel H BHICOKO
NPOH3BOAUTENIBHOCTLIO TPYAR, 4 2 OTHOCATCS K HU3KONPOH3BOAWUTENLHEIM paboTHH-
KaM. PaccMOTpHM 3TH IPaBUIa Pa3fieIbHO 1106 TPYHaM.

fpynna c BbICOKOM MPOU3BOAUTENLHOCTBIO

B nepeyio ouepens obpamaer Ha cebs sHuManue npasuiao Ne 2. Ono pacmingpoBEIBa-
eTed creayionia obpasoM: eciiu Bo3pact oT 25 a0 35 jer u craxk Ooabiie 4 JjeT, To
BLICOKAs MPOH3BOANTEILHOCTD TPYAA. JTO Npasiiio 6e30mndoUHo i onuchiBaer 15 pa-
OOTHHKOR,

Apyroe npasusio, Ne 3, Takxe MMEeT JOCTATOYHO BHICOKYIO TOUHOCTL M AIeJIHPYeT
K aniaM ot 35 po 45 met, HMEeIonM cTax rakxe Oosee 4 ner. JaHHoe npaBuio omnu-
cpiaeT 14 paBoTHHKOB U JesIaeT BCEro OAHY OWHOKY.

OcraBuinecs aAsa npauiaa o6aajaloT MeHsed TQYHOCTBIO H NpelcTaBaseT coboi
BBICKA3bIBAHUSA OTHENbHO MO BO3pacTy u craxky. Tax, npaeuio Ne 5 ¢ Tounoctsio 0,73
TOBOPHT O TOM, HTO CPEIHAS M BEICOKAA MPOUIBOANTENLHOCTD HabuonaeTcs y 33 pa-
BoTHHUKOB, HMeIoLIX cTax Goaee 4 Jget. [IpaBuno Ne 6 ¢ Tounoctbio 0,75 yTBepkaaer,
4TO 15 BBLICOKONPOH3BOANTENLIBIX PAOOTHHKOB OTIHYAET CPABHUTEIBHO MOJIOJI0I BO3-
pact (oT 25 no 35 Jet).

Tpynna ¢ HU3KOW NPOU3BOANTENBHOCTLIO

[Tpasuio Ne 1 3pech roBOPHUT O TOM, YTO NPU HeOOIBLIOM CTAKe HHKOTIA He CJeAYeT
OXKHAATL XOPOLIeH NPOM3BOAHTENBLHOCTH OT PaGOTHHKOB. JTO NPABUJIO OMMCHIBAET
15 ciyyaes Hu3Koil npousBoanTeabHocTH co 100-npoleHTHON TOYHOCTHIO.

W naxowneu, nipasuyio Ne 4 cocront B ToM, ute 80 % momeit B Bo3pacte oT 43 jeT u

BBIITE HE MNOKA3BIBAKOT YIOBACTBODHTENLIBIX DE3VJLTATODB DZI6OTI.}1 B YCHAOBHUAX pac-
CMOTPEHHOTO MpPOH3BOACTBA.

NPUMEP

Mouck npaBun ana nporHosa
ANUTENbHOCTU PEMUCCUNA
Mnpu anKkoronamsme

HMcxomusiM MaTepHAOM UL HCCAEA0BAHUS CY KU HCTOPUYeCKye JauHble o 266 na-
IIUeHTaX, NPOXOAUBIIMX JeYeHie B OTAENECHHHU JICYeHHs OOJNBHBIX aJIKOTOIH3MOM
IcHXOHEBPONOTHYECKOTO HHCTHTYTA M. B. M. Bextepesa. 3ty aaunsie co0Hpanncs
Ha ocHoBe «IIporHocTUdecKoii KapTel pemucchii npu ankoroausme» (Epsines O. @,
Pribakopa T. T, Banawosa T. H., Ay6ununa JI. A., 1990), xoropas pxmaioHaer doiee
400 npH3HAKOB, OTPaKAONIMX AHAMHECTHYECKHE CBeleHs 0 OONLHOM U ero COUHATL-
HO-NICHUXOJIOTHYECKYIO XapaKTEPHCTHKY, a TaKkXKe KIMHHYECKMe M COLHAAbHO-TICHXO-
JorMYecKie JaHHbIE O JHHAMHKE peMUCCHil.

0611an XxapaKrepucTMKa AaHHbIX

Qb6paboTke N0ABEPTATHCH JAHHBIE O KAMHHKO-TICHXOMOTHYCCKHX 0COOEHHOCTSIX 6OTh-
HBIX aJKOrOJH3MOM Ha HayaJlbHOM 3Tane (OPMHPOBAHMA PEMMCCHH. DTO NPHEHAKH
x130 — x144 n3 nporHocTHYeCKoN KapThl 33 HCKAOYeHneM npustara x131 (aanHbii
IPU3HAK He PacCMATPUBAJCS, TaK KaK B €0 M3MepeHHAX ObLI0 A0BOJIBHO MHOIO IpO-
IyIEHHBIX 3HAYeHMH ).- KpoMe Toro, B aHanu3 6bl1 BBejieH NpuaHak X125, xapakrepu-
3yIOUIHIT TPOACKHMTETLHOCTD CIIOHTAHHBIX pemuccuil B mpousioM. Beero 15 mpusHa-
xoB. Konuuectso Gonbunix — 191. Bce Gonbuble ObLIM pa3ieNieHB HAa KBe IPYILILL
1-a rpynna — ¢ npoACTKUTEILHOCTEIO peMiuceny 1o 1 roga (84 4en.); 2-a rpynna —
C TIPOAO/KUTENbHOCTRI0 peMuccuu Oosbme 1 roga (107 wenr). Hixe packpeipaeTcs
cofepaHue 3HaYeHUH MCIOAb3YeMBIX IPH3HAKOB.

Q x125 — cnouTaHHbie peMHUCCHH B HPOHLTOM: 1 — HeT, 2 — NPOAOIKHTENBLHOCTEIO
Ao 6 mec., 3 — no 1 roga, 4 — Hoxaee 2 nerT;

O x130 — pneyenne K ankoromo: 1 — Her, 2 — snuzoauyeckoe, 3 — NOCTOAHHOE,
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x132 — tpesora: 1 — mer, 2 — cnabo-yMepeHHO-BLIpaKeHHas, 3 — BHPAKEHBA,

(OIN®,

x133 — BuyTpennee Hanpmxenne: 1 — ner, 2 — ciafo-yMepeiHo-BEpaXkeHnoe, 3 —
BLIPAKEHHOE;

O

X134 — cnmxenne nactpoenns: | — et 2 — caabo-ymepenHo-BEIpaKeHHOE, 3 —
BRIPAaAKECHHOE;

%135 — mucopua: 1 — ner, 2 — caabo-ymepeHHO-BuIpaxkenyad, 3 — BLIPAKEH-
Hast;

x136 — anatua: 1 — mer, 2 — c1ado-yMepeHHO-BHpaXeHHAs, 3 — BRIPAUKEHHAN;

x137 — alidpopusn: 1 — Het, 2 — c1ab0O-VMEPEHHO-BhIPRAKEHHAS, 3 — BHIPUKCHHAS

SRONEEE R

x139 — acrenuveckue pacTpoiicTea: 1 — HeT, 2 — c1a00-yMepeHHO-BbipakKeHHbIE,
3 — BBIPAXKEHHHIC;

O

x140 — nespozonoxodusie paccrpoiictra: 1 — uer, 2 — cralo-ymepenHo-BopasKeH-
Hble, 3 — BhIpaMKEHUbIE;

Q x141 — ncuxonaronoaodusee pacerpoiicta: | — ter, 2 — c1ao- yMepeHo-Bhipa-
AKEHHDbIE, 3 — BLIPAKEHHbIE,

Q x142 — neuxoopranuyecke HapyWeHHs: | — HeT, 2 — €1ab0-yMepeHHO-BHIPAKEH-
Hble, 3 — BBIPAKEHHBIE;

Q x143 — kpurnka x Soseann: 1 — yer, 2 — c1a00-yMepeHio-BrIpaskeHHas, 3 —
BBIPAJKEHHAS;

O x144 — ycranoska na TpesBocTs: 1 — Het, 2 — c1abo-yMepeHHO-BbIPaKEHHAs, 3 —
BbIpaXKeHHasl, ;
Hcxoaunie nannble npusenens s rab. 11.9.

Ta6nuua .9, WcxogHble gakHsie
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Tabnuya N.9 (npodommenue)

Group x X X X X X X X A X X X X X
125 130 132 133 134 135 136 137 138 139 140 141 142 143 144 A

2 TR R o T o N e T e L S R O £ 1

2 1 2 2 2 1 2 1 1 2 2 1 2 1 2 2 u“'

2 3 2o 2 1 2 1 2 1 1 1 2 1 2 1 T

2 4 A 1 2 2 TR 1 1 1 1 1 2 1 t

2 2 1 2 2 1 1 1 1 1 2 2 1 1 1 1 .

2 1 1 1 1 1 ] 1 1 1 1 1 1 1 2 1

2 1 1 i 1 1 1 1 1 1 1 1 1 1 2 1 & 3

2 4 R T g L A 1A e VR s 4 3 14 e 1 -0 '1

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 S

2 1 2 2 2 1 ] 13, 2 1 1 1 1 1 1 1 Y

2 4 L T T T Lo S T 1 {42 17 3 'L

? 1 2 1 1 1 1 1 1 1 2 1 2 2 1 1 &

2 1 A el TR R T F e S T s 1% 1 .

2 1 Lt B R S i 2 e DOy T e 1P o 1 o

2 1 2 1 1 2 1 2% 1 1 2 1 1 2 2 2

2 2 118 A1 1 1 1 z e 1 1 1 1 1 1 1 -

2 1 7 2 2 1 Y] 1 2 2 1 2 2 2 £

2 1 1 1 2 1 1 2 1 1 2 1 1 2 2 12

2 1 1 1 1 2 1 o S 2 1 1 1 2 2 2

2 1 1 1 1 1 1 1 1 2 1 1 2 2 1 2

2 1 1 1 1 1 2 1 1 1 1 1 1 1 1 2

1 1 1 2 1 2 2 1 1 2 1 1 2 2 1 2 :

1 2 1 2 2 1 2 (| 2 1 1 1 2 2 2

2 1 1 1 1 1 1 A9 hi 1 1 1 1 1 1 2

2 1 1 1 1 1 1 i% i 1 1 1 1 2 1 2

3 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 !

2 1 1 1 1 1 1 1) Sy 1 ] 1 1 1 1 2 ¥

1 1 1 1 1 1 1 2 1 1 ] 1 1 2 2 2

2 2 2 1 1 1 1 1 1 2 1 i 1 2 1 2

1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 2

i 1 1 1 1 2 1 2 A4 1 1 2 1 2 1

2 1 1 1 2 1 1 - 3 1 1 1 1 1 2 1

YacToTHbLIM aHanu3 NPU3HaKoB

B raGauue [1.9 npuseaens! rpahuveckiie HIOCTPALNY Pe3Y.IbTATOR YACTOTHOIO Alfa-
ausa. B ary tabaniyy BKIKOUEHL! NPH3HAKH, KOTOPBIE MOTYT CUMTATBCH HPOTHOCTH-
YeCKH BaAubIMI IO KpHTepHo Xu-ksaapat (p < 0,05).
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Ta6nuya 1.9, McTorpamMmb: pacnpefenenua 3HadeHni WHPOPMATUBHSIX NPU3HAKDB

Barchart for x125 by Group

Barchart for x130 by Group

G G
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AUCKPUMMUHAHTHbINA aHanu3

[IpuBenerHble Bhilile Pe3yJALTATE YaCTOTHOTO AHAM3a A&Ml OCHOBAHHE MOAaraTh, YyTo
HCXOHOE TMPOCTPAaHCTBO TIPM3HAKOB B 3HAYMTENbHOM CTENEHU CIOocOOHO OTPaXKaTh
3HAYeHHE 1eJeBOro MOKazate/is — JUIHTEIBHOCTH peMHCcHM (DOAblIoe YHCAG IIPH-
3HAKOB IO OTHENBHOCTH MMEET CTATUCTHYECKH 3HAYKMMYIO CBs3b C lleIeBhiM MOKa3a-
TeJeM). ITO NOATBEDAMIN NOCAEeNYIOUIMe Pe3YIbTaThl JHCKPUMUHAHTHOTO aHAXN3a,
KOTOPBIH NPOBOAMICH 110 KIacCHYeCKOoil cXeMe, JOMOJHEHHOH anTOpUTMOM HOCTEN0-
BATEJILHOTO YMEHbIIEHUs TPYIL TpH3HaKoR. ITonyueHa cieayiomas AMCKPHMHHAHT-
Hasd QYHKUM:
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F=-49-0,4x%x125+0,9x137 + 0,7 x 140 + 0,6 x 143 + 1,7 x 144,

JuckpuMuHanTHas GYHKIMS obecnieunBaer 74,4 % NpaBUIbHON KJacCH(HUKAIIMH, YTO
wimocTpupyercsa puc. I1.15,

lpynna=1

MpoueHxTol

-23 -0,3 1.7 37 57

Tpynna=2

Puc. .15, CpaBHUTENbHBIE THCTOrPaMMbI PACNPeACNEHIUA 3HAYEHHH AMCKDPHMHHARTHOM QYHKUMM

Kak BHAMM, THCTOTPaMMBI pacnipefie/IeHHs 3HAYEHUH IMCKPHMHHAHTHOW DYHKUMH B
CPABHMBAEMBIX KJIACCAX BCe JKe AOCTATOYHO CHJIBHO IEPECEKATCA. «XOpolIHe» pe-
HIEHHS TOJAYYAKTCA TONBKO Ha Kpasx paclpefeNeHHs.

IMonobras xapTMHa BoOOWwe xapakTepHA I MEIWKO-NMCHXOJOTMYECKHX AaHHBIX.
Jlune#iHasa Mojlesib He CIocoBGHA OMHCHIBATEH CAOXKHYIO H HEOXHOPOAHYIO CTPYKTYDY

KJIacCOB HccaenyeMblx obbextop. OHa OTpaXaeT TONBKO OAHY CaMmylo OGIIyIo <Ipy-
6yi0» TEHAEHIIHIO.

Pesynbratbl 06paboTKU AAHHBIX CUCTEMOW
WizWhy

Te xe cambie faHHble Obun moaBeprHyTH ofpaboTke cncremoit WizWhy ¢ menbio
obHapyxenus goruyeckux mpasua IF ... THEN u nanpHeduero HX MCHOJb3OBAHKSA
AUTSL OCYIECTBAEHHA NPOTHO3MPOBAHUSA TIPOAOIKUTELHOCTH BO3AEPXKAaHHA GONBHEIX
ANKOTOJNUSMOM OT YNOTPefeHMs] CIIHPTHBEIX HAIHUTKOB.
Beero cucrema WizWhy ofnapyxnaa 327 nornseckux npasui. Huxe npusoantcs
Bbilep)KKa U3 ee oT4eTa (50 mepBHIX JIOTHYECKUX MPaBMT).
WIZWHY REPORT
Total number of records: 191
Minimum probability of the:

1. if-then rules: 0.800

2. if-then-not rules: 0.80p
Minimum number of cases in a rule: 15

Pesynerarsl 06paboTku panKbx cuctemon WizWhy 291

Field to Predict: Group
Predicted Value (analyzed as Boolean): 2
Prediction error costs:

The cost of a miss: 1

The cost of a false alarm: 1
Average probability of the predicted value is 0.560
ANALYSIS OF THE RULES EXPLANATORY POMWER
Decision point: Predict 2 when conclusive probability is more than 0.830

Number of misses: 19

Number of false alarms: 18

Total number of errors: 37

Total cost of errors: 37

Success rate when predicting 2 : 0.818
Success rate when predicting ROT 2: 0.768
Number of records with no relevant rules : 10
Average cost (per record): 0.204

Expected average cost (per record): 0.440
Improvement Factor: 2.151

IF-THEN RULES:

2 USAT I s . e

and x135 s &

and x138 is 1

and x141 is 2

and x144 is 2

Then

Group is not 2

Ruie's probability: 0,941

The rule exists in 16 records.
Significance Level: Error probability <0.1

Al [ & I TS

and x138 is 1

and x140 is I

and x144 is 1

Then

Group is 2

Rule's probability: 0,919

The rule exists in 57 records.
Significance Level: Error probability <0.1

3. If x134 is 1
and x135 is I
and x137 is 1
and x140 is I
and x144 is 1
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Then

Group is 2

Rule's probability: 0,926

The rule exists in 50 records.
Significance Level: Error probability <0.1
4. If x125 is 1

and x135 is 2

and x138 is ]

and x144 1s 2

Then

Group is not 2

Rule's probability: 0,880

The rule exists in 22 records.
Significance Level: Error probability <0.1
i B N b S E

and x138 is 1

and x141 is 2

and x144 is 2

Then

Group is net 2

Rule’'s probability: 0,852

The rule exists in 23 records.
Significance Level: Error probability <0.1
6. If x134 15 1

and x138 is I

and x142 is 2

and x144 is 2

Then

Group is not 2

Rule’s probability: 0,882

The rule exists in 15 records.
Significance Level: Error probability <0.1
A e B T

and x137 is !

and x143 is ]

and x144 is 1
Then
Group is 2

Rule s probability: 0,963
The rule exists in 26 records.
Significance Level: Error probability <0.1
8. If x125 is I
and x137 is 1

and x142 is 2...3 (average=2)

Peaynurarel 06paboTiU ABHHBIX cuctemon WizWhy
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and x144 is 2

Then

Group is not &

Rule’s probability: 0,867

The rule exists in 18 records.
Significance Level: Error probability <0.1

9, If x137 is 1

and x140 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 0,897

The rule exists in 61 records.
Significance Level: Error probability <0.1

10. 1f x136 is !

and x137 is I

and x143 is 1

and x144 is I

Then

Group is 2

Rule's probability: 0,964

The rule exists in 27 records.
Significance Level: Error probability <0.1

11. If x135 is 2

and x138 is I

and x141 is 2

and x144 is 2

Then

Group is not 2

Rule's probability: 0,889

The rule exists in 16 records
Significance Level: Error probability <0.1

12. If x134 15 ]

and x142 is 2

and x144 is 2

Then

Group is not 2

Rule’s probability: 0.857

The rule exists in 18 records.
Significance Level: Error probability <0.1

13, 1f x125 is 1
and x134 is I
and x135 is &
and x144 is 2
Then
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Pe3ynbTaTel 06pabOoTKY AAHHBIX cucTemoit WizWhy

Group is not 2
Rule’'s probability: 0,846
The rule exists in 22 records.
Significance Level: Error probability <0.1
14, [f x137 is 1
and x139 is 2
and x140 is 1
and x144 is I
Then
Group 15 2
Rule's probability: 1,000
The rule exists in 15 records.
Significance Level: Error probabiiity <0.1
157 If x130 is 2
and x138 is I
and x141 is 2
and x144 is 2
Then
Group is not 2
Rule's probability: 0,850
The rule exists in 17 records.
Significance Level: Error probability <0.1
16. If x133 is 1
and x137 is 1
and x138 is 1
and x139 is !
and x144 is I
Then
Group is 2
Rule’s probability: 0,900
The rule exists in 36 records.
Significance Level: Error probability <0.1
17 If x134 is |
and x135 is 2
and x141 is 2
and x144 i 2
Then
Group is not 2
Rule’s probability: 0.850
The rule exists in 17 records.
Significance Level: Error probability <0.1
18. If x137 is I
and x140 is I
and x143 is 1
Then

Group is 2

Rule's probability: 0,958

The rule exists in 23 records.
Significance Level: Error probability <C,1

19 If x125 is 2

and x134 is I

and x140 i35 1

and x142 is 1

and x144 is I

Then

Group is 2

Rule's probability: 1,000

The rule exists in 17 records.
Significance Level: Error probability <0.1

20. If x125 is 2

and x134 is 1

and x135 is I

and x140 is I

and x144 is

Then

Group is 2

Rule's probability: 1,000

The rule exists in 16 records.
Significance Level: Error probability <0.1

21. 1f x126 is 2

and x133 is I

and x135 is !

and x144 is I

Then

Group i5 2

Rule's probability: 1,000

The rule exists in 16 records.
Significance Level: Error probability <0.1

22. 1f x125 is 2

and x133 is 1

and x142 is !

and x144 is 1

Then

Group is 2

Rule's prebability: 1,000

The rule exists in 16 records.
Significance Level: Error probability <0.1
23. If x133 is 1

and x136 is I
and x137 is 1




and x144 is |

Then

Group is 2

Rule's probability: 0,891

The rule exists in 41 records.
Significance Level: Error probability <0.1
24 . If xl125 is 2

and x130 is I

and x133 is I

and x144 is |

Then

Group 15 2

Rule’'s probability: 1,000

The rule exists in 16 recards.
Significance Level: Error probability <0, 1
25. EFxE3F s

and x138 is ]

and x144 15 I

Then

Group is 2

Rule’s probability: 0,873

The rule exists in 62 records.
Significance Level: Error probability =<0.1
26. G2 1 s B Py

and x141 js 2

and x144 is 2

Then

Group is not 2

Rule’s probability: 0,821

The rule exists in 23 records.
Significance Level: Error probability <0.1
230 If x125 15 2

and x134 is I

and x140 is I

and x141 is ]

and x144 is ]

Then
Group is 2
Rule’s probability: 1,000
The rule exists in 16 records.
Significance Level: Error probability <§,1
28. TF X125, 059
and x132 is ]
and x144 is ]
Then
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Group is 2

Rule's probability: 1,000

The rule exists in 17 records.
Significance Level: Error probability «<0.1

29. 11 x134 is ]

and x135 is 2

and x138 is I

and x144 is 2

Then

Group is not 2

Rule’'s probability: 0,850

The rule exists in 17 records.
Significance Level: Error probability <0.1

30, If x135 is 2

and x138 is I

and x144 is 2

Then

Group is not 2

Rule's probability: 0,815

The rule exists in 22 records.
Significance Level: Error probability <0.1

31 ST X 18T iisr Ll

and x143 is5 !

and x144 is |

Then

Group is 2

Rule’s probability: 0,935

The rule exists in 29 records.
Significance Level: Error probability <0,1

32.1f x125 is 1

and x142 is 2...3 (average=2)

and x144 is 2

Then 7
Group is not 2

Rule's probability: 0,821

The rule exists in 23 records.

Significance Level: Error probability <0.1

33.1f x134 is 1

and x135 is 2

and x144 is 2

Then

Group is not 2

Rule’s probability: 0,821

The rule exists in 23 records.
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Significance Level: Error probability <0.1
34, 1f x125 is 2

and x134 is I

and x137 is 1

and x149 is I

and x144 is I

Then

Sroup 1 2

Rule’s probability: 1,000

The rule exists in 16 records.
Significance Level: Error probability <0.,1
35, I1T:x133 135 }

and x135 is I

and x137 is 1

and x144 is I

Then

Group is &

Rule’s probability: 0,891

The rule exists in 41 records.
Significance Level: Error probability <0.1
36. If x137 is5 1

and x142 is 2...3 (average=2)

and xl44 is 2

Then

Group is not 2

Rule's probability: 0,826

The rule exists in 19 records.
Significance Level: Error probability <0.1
37.1f x137 is 1

and x144 is |

Then

Group is 2

Rule's probability: 0,854

The rule exists in 70 records.
Significance Level: Error probability <0.,1
J8a 1501341 d.57 1

and x137 is 1

and x138 is 1

and x139 is 1

and x144 is !
Then
Group is 2

Rule's probability: 0,900
The rule exists in 45 records.
Significance Level: Error probability <0.1

Wp - A M i
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39. If x134 is 1

and x136 is 1

and x137 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 0,875

The rule exists in 56 records.
Significance Level: Error probability <0.1

40, I %132 js 1

and x137 is 1

and x138 is I

and x144 is I

Then

Group is 2

Rule‘s probability: 0,896

The rule exists in 43 records.
$ignificance Level: Error probability <0.1

41.1f x125 is 1

and x132 is 2

and x136 is I

and x137 is 1

and x144 is 1

Then

Group is 2

Rule‘s probability: 1,000

The rule exists in 17 records.
Significance Level: Error probability <0.1

42 . 1f x132 is 2

and x134 is I

and x137 is 1

and x140 is 1

and x144 is I

Then

Group is 2

Rule's probability: 1,000

The rule exists in 15 records.
Significance Level: Error probability <0.1

43 If x142 is 2...3 (average=2)

and x144 is 2

Then

Group is not 2

Rule's probability: 0,800

The rule exists in 24 records.
Significance Level: Error probability <0.1
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44 1f x125 is 2

and x133 is I

and x141 is I

and x144 is f

Then

Group is 2

Rule’'s probability: 1,000

The rule exists in 16 records.
Significance Level: Error probability <0.1

45. 1f x134 is ]

and x135 is ]

and x137 is 1

and x144 js |

ihen

Group is 2

Rule's probability: 0.887

The rule exists in 55 records.
Significance Level: Error probability <0.1

46. 1f x125 is 2

and x130 is ]

and x134 is ]

and x140 is ]

and x144 is ]

Then

Group is 2

Rule’s probability: 1.000

The rule exists in 17 records.
Significance Level: Error probability <0,1
47 . 1f x135 is 1

and x143 is ]

and x144 is 1

Then

Group is 2

Rule's probability: 0,931

The rule exists in 27 records.
Significance Level: Error probability <0.1

48. If x125 is 2

and x133 is ]

and x137 is 1

and x144 is I

Then

Group is 2

Rule's probability: 1,000

The rule exists in 15 records.
Significance Level: Error probability <0.1
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PesynbTtaTbl 06paboTKMU AAHHBIX CMCTEMOM
See5 (decision trees)

49, If x130 is 1

and x134 is !

and x137 is 1

and x144 is [

Then

Group is 2

Rule's probability: 0,887

The rule exists in 47 records.
Significance Level: Error probability <0,1

50. If x135 is I

and x137 is 1

and x143 is !

Then

Group is 2

Rule's probability: 0,929

The rule exists in 26 records.
Significance Level: Error probability <0.1

Trial 0:-
Rule 0/1: (cover B86)

x144 = 1

-» class 1 [0.705]
Rule 0/2: (cover 105)

x144 <= 1

-» class 4 [0.776]
Trial 1:-
Rule 1/1: {cover 23.5)

x137 <= 1

x142 > 1

x144 > 1

->» class 1 [0.726]
Rule 1/2: (cover 21.0) !
x135 > 1
x137 <= 1
x138 <= 1
x144 > 1
-» class 1 [0.696]

Rule 1/3: (cover 47.1)
X137 = 1
-> c¢lass 1 [0.593]
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Rule 1/4:

Rule 1/5:

Rule 1/6:

Trial 2:-
Rule 2/1:

Rule 2/2:

Trial 3:-
Rule 3/1:

Rule 3/2:

Rule 3/3:

Rule 3/4:

Trial 4:-
Rule 4/1:

{cover 76.3)

(cover

(cover

{cover

{cover

(cover

{cover

{cover

{cover

(cover

e

70.

x137 <=1
x144 <= 1]
-> class 4
1)

x135 <= 1
x137 <=1
x138 <= 1
x142 <= ]
-» class 4

.0

x137 <=1
x138 > 1
x142 <= 1
x144 > ]

-» ¢lass 4

L0)

x140 = 1
-» class 1

164.0)

x140 <= 1
-» ¢class 4

9.5)

131.

X125 = 1
x132 > 1
%143 = 1

-> class 1
0)

x125 <= 1
x143 > 1

-» class 1

25.5)

x125 = 1
x132 <= ]
-> class 4

30.7)

%143 <= 1
->» class 4

12.3)

x125 <= 1
A3 <=7

{0.758]

[0.716]

[0.624]

[0.626]

{0.576]

[0.640]

[0.566]

{0.812]

[0.726]

Rule

Rule

Rule

Rule

Rule

Rule

Rule

Rule

442:

4/3:

474

475

4/6:

4/7:

4/8:

4/9:

{cover

(cover

(cover

{cover

(cover

{cover

(cover

{cover

x137 » 1
x141 <= 1
x144 <= 1
-> ¢lass
19.4)
x133 > 1
x138 <= 1
X140 <= 1
x144 > 1
-» class
21.6)
X125 <= 1
x133 <= 1
x141 > 1
-> c¢lass
19.1}
%125 <= 1
%130 <= 1
X140 <=1
x144 > 1
-» class
26.3)
%140 = 1
-» class
36.2)
%133 <= 1
x137 <=1
x140 <= 1
%141 <=1
x144 <=1
-» class
30.3)
x125 > 1
x140 <= 1
-»> class
12.4)
x130 > 1
%133 <= 1
x141 <= 1
x144 > 1
-> class
54.8)
%125 <= 1
x133 > 1
x140 <= 1
-> class

[0.688]

[0.672]

[0.667]

[0.647]

[0.568]

[0.793]

[0.733]

[0.634]

[0.568]
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Trial 5:-
4 <= 1
Rule 5/1: (cover 15.3) et
x133 <= 1 AL Sy
x136 <= 1 -» class 4 [0.615]
x142 > 1 Rule 6/6: (cover 41.5)

*134 = 1
-» ¢lass 4 [0.547]

-> class 1 [0.701]
Rule 5/2: (cover 51.1}

%141 > 1 Trial 7:-
. x144 > 1 Rule 7/1: (cover 18.8)
-» class 1 [0.663] x130 <= 1
. Rule 5/3: (cover 28.4) x132 <= 1
- x136 > 1 x134 <= 1
-» ¢lass 1 [0.5593 x144 » 1
Rule 5/4: {(cover 91.1) st etase 1. [0.719]
:12? :: i Rule 7/2: (cover 11.7)
-> class 4 [0.675)] x125 <= 1
Rule §/5: (cover 121.7) x132 > 1
x141 <= 1 xka6,> 4

-> class 4 [0.603] -» ¢lass 1 [0.690]

Rule 7/3: (cover 23.7}

Trial 6:- ks

Rule &/1: (cover 12.4) X132 =="7]
%134 <=1 x134 <= 1
x138 > 1 -> class 1 [0.645]
x141 > 1

Rule 7/4: (cover 15.1)
-» ¢lass 1 [0.642]

Rule 6/2: (cover 12.4) Ai25020 1
x134 <=1 e s il
x138 <= 1 -> ¢lass 1 [0.577)
x141 > 1 Rule 7/5: (cover 49.4)
x142 > 1 x130 == 1
-> ¢lass 1 [0.640] x132 <=1
Rule 6/3: (cover 31.9} %134 <= 1
x130 > 1 x144 <= 1
%134 <= 1 -> class 4 [0.669)
ELaL =i Rule 7/6: (cover 60.4)
-» class 1 [0.629] <125 <= 1
Rule 6/4: (cover 22.1) 2132 > 1
T X136 <= 1
%141 = 1 -> class 4 [0582]
x142 <= 1 Rule 7/7: (cover 11.9)
-> class 4 [0.645] x132 <= 1
Rule 6/5: (cover 70.7) x134 » 1

x130 <= 1 -> class 4 [0.537]
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OTyeT cuctemsl Seeb

40020.9%)

Evaluation on training data (191 cases):
Trial Decision Tree Rules
Size Errors No Errors
0 2 48(25.1% 2 48(25.1%)
i} & 52(27.2%) 6 A
2 9 57(29.8%) 2 81042.42)
3 4 70(36.6%) 4 70036.6%)
4 10 51(26.7%) 8 51(26.7%)
5 9 SRR A 52(27.2%)
6 8 60(31.4%) 6 69(36.1%)
7 7 63(33.0%)y 7 63(33.0%)
boost 40020.9%)
(a) {b) <-classified as
57 27 (a): class 1
13 94 {b}: class 2

L

Ta6auua M1.10. Ceognan Tabnnua peayALTaTos 06PaBOTKM KNUHMKO-NCHXONOrMYRCKHMX AaHHBIX

Pa3nnyHbLIMK METOQAMM

Metop Owwubka nporko3a Ownbra nporHoza  Orkas ot nporsoida  Honudecrso
ANnA 1-i rpynnel ANA 2-# rpynnb npaedn

See5 321 % 12,1 % — 39

WizWhy 23,2 % 19.2 % 5.2 % 327

Buabl 3HaHUN U cnocoobl
ux npeacTaBneHus

CylecTBYIOT pasinyHbie ofpeaesienns MOHATHA «3HaHusg». B oaHoM u3 Hanbonee
eMKHX onpeaeieHuii [ 3] 104 3HAaHUAMM TIOHHUMAIOT POPMATN30BAHHYIO HHDOPMALIHIO,
Ha KOTOPYIO CCHIIAIOTCH HJAM KOTODYIO MCIOAL3VIOT B NMPOLECCe PeHIeHHs 3a/ayuH.
3HaHue 0 NMpeAMETHOI 0OJaCTH BKIIOYAET OIHCaHHe OOBEKTOB, HX OKPYKeHHs, HeoH-
XOAMMBIX ABACHHH, HAKTOB, A TakKe OTHOWeHHH Mexay Humn [9). Obuienne ¢ 9BM
HA YPOBHE 3HAHUs1 NPeIonpeReseT BO3MOMHOCTL BBOAA B MAlllMHY ¥ HCIIOAB30BaHHe
€10 HEeKOTOPOH COBOKYIHOCTH BaauMmocBAsanHoll uudopmannin. CI0XKHOCTE HOHATHS
<3HAHHE» 3AKJIOYEHA B MHOMKECTBEHHOCTH ero HOCHTEAs ¥ HEpPAa3PLIBHOCTH C TIOHS-
THEM <JlaHHble». BuigensioT HecKoAbKO yposHeH (popMatH3alMH 3HAHUA O TIPeAMeT-
HOM 001aCTH: 3HAHHS B TaMATH 4Y€/I0BEKa; 3HaHUA B (popme S3bIKOBOH MOJEIH TIpei-
MeTHOil 0BIacTH, UCHOAb3VEMble YeOBEKOM U 3ad)MKCHPOBAHHEIE Ha (H3HUECKHX
HOCHTENSIX ¢ HCITOb30BAHHEM KOHTEKCTHO-3aBHCHMBIX A3BIKOB, rpaduyeckux obpa-
30B H T. IL.; 3HaHU#A, GOPMAJIUZ0BAHHBIE [ HX MPEACTABICHHA IPH HCNIOAb30BAHNUH B
IBM; dakrorpaduyeckne cBeieHHsa UK AdHHbIE.

Buabl 3HaHuu

PaKTU4yecKue U cTtpateruyecKkue sHaHua

B [4] 3HaHUSA oNpefeNsOTCS KAK <...0CHOBHbIE 3AKOHOMEPHOCTH MpeaMeTHoi ob.ac-
TH, HO3BOJAINIHE YEJIOBEKY pPellaTh KOHKPETHhie NPOH3BOACTBEHHbIE, HayuHble H
ApYTHe 33ja4il, TO eCTh (HAKTHI, IIOHATHA, B3AHMOCBA3H, OLEHKY, NPABHIA, SBPUCTHKH
(Have gaxmuueckue 3HAHUA), A TAKXKe CTPATETMH MPUHATHA PelleHHs B 3ToH obma-
CTH (MHAYe CMpamezuiecKue SHANUL)>.

PaKTbl U IBPUCTUKY

HexkoTopbie aBTOPL! pasaensioT 3HaHNd HA ABe Oousblilie KaTteropnu: GakThl U 3BPHC-
kY. [lepBas kateropus (PakTel) YKasHBaeT HA XOPOUIO H3BECTHBIE B TOH HIMX HHOM
npegMeTHOH 06aacTH 06CcTOATENLCTEA. TaKle 3HAHMS ellle HAa3bIBaloT TEKCTOBBIMY, HMes
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B BHAY AOCTATOMHYIO HX OCBEIEHHOCTH B CTIELMAILHOM NUTEPAType N ydyebHukax.
Bropaa kateropus 3HaHuit (3BPHUCTMKH) OCHOBBLIBAETCA HAa WHIMBUAYANLHOM OIBITE
creLHaTucTa (3KCNepTa) 5 NPEAMETHON GBIacTH, HAKOTLIEHHOM B PEe3YJILTATE MHOIO-
neTHEN NpPaKTHKH, JTa KaTeropHsi HEPEJIKO MIPaeT Pellaicliylo pofb NPU MOCTpoe-
HHM MHTEJIeKTYadbHbiX nporpavy. Ciola OTHOCSTCS Takue 3HAHMA, KaK <CHocobbi
yaaneHus 6eCnoNe3HbIX THIIOTE3», «CMOCOObl HCTIOMB30BAHNA HEYETKOH HHMOPMaUHHy,
«Crocofbl paspellleHHA NPOTHBOPEYHii» M T. 1.

JleknapatueHbie u NpoueaypHble 3HaHUA

Ilox meknapaTHBHBIMH 3HAHMAMH NOAPA3YMEBAIOT 3HAHHA THIA <A 370 B», 0 oHHM
XapakTepHsl A5 623 AaHHbIX. DTO, HANPUMED, TaKHe (DAKTHI, KaK «B 4ac MK Ha yJIu-
1le MHOTO MAIHH», «3a%CKEHHAd [LIMTA — ropsiyass», «CKapJaTHHa — WHQEKIHOHHOE
sabonepanyes. .,

K npoueaypHbIM 3HAHHAM OTHOCATCA CBEJICHHS 0 CNocoGax OMepHPOBAHMS WIH Mpe-
06pa30BaHys IeKJAPATHBHBIX 3HAHHH.

MHTEeHCHOHaNbHbLIE U IKCTEHCUOHANbHbIE 3HAHUA

Humencuonaiviste 3naius — 370 3HAHUA O CBAZAX MEKAY arprbyTtamy (TpHIHAKA-
MH) 00BeKTOB AaHHOM npeameTnoil obmacti. OHE OMEPHPYIOT 2BCTPAKTHBIMH 00bEK-
TaMH, COOBITHAMH H OTHOIIEHHSIMH.

FKCMENCUONATbHbIE SHAHUS NpencTapadior coboil JAaHHble, XapaKTePHIYIONINE KOHK-
peTHbIe Oé'.bCKTbI. HX COCTOAHMS, 3HAUYEHMS NaPaMETPOB B NDOCTPAHCTEE H BRpeMEHU.

Fny6uHHble U NOBEPXHOCTHLIE 3HAHUA

B zaySunnpix sHanusx OTPaXKAeTcs MOHMMAHIE CTPYKTYPBI IPeAMETHONH obiacTi, Ha-
3HauEeHMe H B3aHMOCBA3b OTACAbHBIX MOHATHIT (ryOHHHbIE 3HAHNA B QYHAAMEHTAb-
HBIX HAYKaxX ~— 9TO 3aKOHbI M TeopeTHYecKue ocHoBanua). [Hosepxuocmusie suanus
00BIMHO KACAIOTCH BHEUIHHX IMITUPHYECKHX ACCOLMALMN ¢ KaKMM-/60 dheHOMEHOM
npeAMeTHON obacTH.

HanpuiMep, a5 pasrosopa no tenedony TpedyeTcs IHIL HOBEPXHOCTHOE 3HAHUE TOTO,
YTO, CHSAB TPYOKY #H NpaBHJibHO HaGpas HOMED, Mbl COBIMHMUMCS ¢ HYXHbIM aboHeH-
ToM. BoJIbIIMHCTRBO MioKel He HCIBITHIBACT HEOOXOAMMOCTH B IMIYOHHHBIX OpeacTan-
JIEHHSX O CTPYKType Tesie)OHHOU CBA3H, KOHCTPYKINMHN Texe()OHHOrO annapara, Ko-
TOPbIMH, 6€3YCHOBHO, NOALIVIOTCA CHEUHATHCTE N0 TeaehoHuH.

B [4] otMeyaercs, yTo HONBIHHCTBO IKCIMEPTHBIX CHCTEM OCHOBAHO HA IIPHMEHEHUH
[TOBEPXHOCTHBIX 3HAHHH. JTO, OAHAKO, HEPEIKC HE MellaeT JOCTHIaTh BIOJHE YIOB-
JIETBOPUTENbHLIX Pe3yasTaToB. Bamecte ¢ TeM, onopa na rayOuHHDIe NPeICcTABIeHHs
IOMOTAeT co3aBath Hojee MouHble, THOKME 1 MHTEIEKTVAIbHbIE alAliTHBHbIE CHC-
TeMbl. HarnaaueiM PHMEPOM MOMKET CAYMUThE MEAHIMHA. 3Aech MOJ0A0H M nefoc-
TATOYHO OMBITHBIH BPay 4acTo JAeHCTBYET MO NOBEPXHOCTHOI Monenu: «Ecan kamens —
TO NNTH TAONETKH OT Kauuisd, €CAH aHTMHA — TO 3PUTPOMHIMHS H T. II. B T0 Xe BpeMa

Buppl 3HAHUM 309

GTBITHBIH Bpay, OCHOBHIBASCH HA [AYOMHHbIX 3HAHUAX, CNOCOGEH MOPOKIATH PA3HO-
obpasHbie CrocOBB! Jieuennst oHoil U Tl xe Gone3Hy B 3aBUCHMOCTH OT HHIMBUAY-
anbHBIX ocofeHHOCTElH MallMEeHTa, er0 COCTOAHUA, HAJHYMA AOCTYIHEIX JEKApCTB B
anTeyHoi CeTH M T. 4.

[ryGHHHble 3HAHUS ABJISIOTCH Pe3yasTarom 000OIIeHHs MEPBUYHbIX NOHATHI Ipe-
MeTHOMN 0BnacTH B HeKoTOphie Hosiee abcTpakTHbie CTPYKTYpHL. CTenenp rnyGHHbI U
ypoBeHb 060BUIEHHOCTH 3HAHMA HEMOCPEACTBEHHO CBA3AHBI C OMBITOM IKCHEPTOB M
MOTYT CYKHTDb NOKA3aTeleM MX NpoecCHOHANBHOTO MACTEPCTBA.

¥ecTkue U MArKue 3HaHuA

JKecmxue 3uaxus TO3BOASAIOT MOAYYATh OJHO3HAYHDLIC YETKHE DEKOMEHALMH TIDH
3aAHHBIX HAaYaJIBHBIX YCIOBUAX. MazKue 3nanus RONYCKAIOT MHOMKECTBEHHEIE, <pas-
MBITbIE> PEIEHHsT H Das/IHYHbBIE BapHAHTbI PEKOMEHTALHH (puc. I1.16).

XapaKTepUCTUKa PasiiyHbiX NpeaMeTHuX obsacTelt 1o rny6rHe W KeCTKOCTH JaeT
BO3MOKHOCTb MPOCAEANTh TEHASHIHNIO Pa3BUTHS HHTELIEKTYAIbHBIX CHCTEM [6].

MArKOCTb
® [cuxoauarHocTka * MeguuuHa
* MnaHuposaHne Markune * YnpagesieHue
Ype3eblyanHbIX
CATY AL * QObyueHwe
&
S
foBepxHoCTHLIE MmyGuHHEIe MyBUHA
® [lpoekTupoBaHue
ectkue YCTPONCTB
& NluarHoctuka

HeucnpaeHocTen !

Puc. N.16. TeHAEHLMA PA3BUTHA UHTENNEKTYANALHBIX CHCTEM

Kak BUAHO M3 PUCYHKA, 00JIACTL MPAKTHYECKOTO NMPUMEHEHHS HHTEINEeKTya bHbIX
cucTeM Bee 6onee cvemaeTes B cdepy 3agad ¢ npeobaafannem TAYOHHHBIX U MATKHX
snammii, TAKME 3aJa4M eule HA3biBaloT TPYAHO (opManusyeMbimMu. [las HUX Xapak-
TepHa OJHA WJIM HECKOJBKO CHEIYIOUIMX 0CODEeHHOCTEN:

O 3azaua He MOXKET GbIThb OMpefesieHa B 4HMcA0BOH dopme (Tpebyercs CHMBOILHOE
npeacTaBiaeHne);

i

/|
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310 Buasl 3vanuit ¥ cnocobbl WX NPeAcTaBEHUA

O anropHTMHYECKOE PellicHHe 3afaul He H3BECTHO (XOTA, BO3MOXHO, H CYIIECTBYET)
HJAH HE MOXKeT OBITh MCTOJB30BaHO H3-3a OTPAaHHYEHHBIX PecypcoB (MaMATH KOM-
BIOTEpa, OBICTPONERCTBHA);

Q LIeaH 3agadyd He MOTYT OBITD BpIpa’KEHDbI B TEPMHMHAX TOYHO onpe,:[e.rleriﬁoﬁ ese-
BOH (PYHKIMM WM HE CYUIeCTBYET TOYHOH MaTeMaTHYeCKOH MOJeH 3ajau.

CucreMbl, OCHOBaHHbIe HAa 3HAHMSX, He OTBEPralT W He 3aMEHAI0T TPaJHLHOBHBIX
HOAX0/0B K pellieHn1o (HopMani30BaHHbIX 3a1a4. OHH OTJIMYAKTCS TeM, YTO OpPHEH-
THPOBAHBL Ha peilleHHe TPYAHO dopMaauayeMbix 3agady. MHTennexryaabHble cCHCTe-
MBI OCODEHHO BaKHBI TaM, T€ HayKa He MOXKeT CO31aTh KOHCTPYKTHBHBIX OIIpefese-
HUH, 00XaCTh OMpeeTeHHil MEHAETCH, CUTYAllUN 3aBHCAT OT KOHTEKCTOR H S3BIKOBasA
(onucarespbHas) MOAENb AOMHHHPYET Hal aJrOpPHTMHYECKOHH.

Moaenu npeacTaBneHnA 3HAHUN

Haunbosee pacnpocTpaHeHHBIME MOAEIAMH TPEACTABJEHHA 3HAHUI SBASIOTCS:
Q npoayKuHOHHbIE CHCTEMBI;

Q norHyeckue MOJETH;

Q ¢peiiMer;

Q ceMaHTHYECKHE CeTH.

n POAYKUHNOHHbIE CUCTEMDI

B npoaymuommx CUCHIEMAY 3HAHHA NIDEIACTARIATCA B BHAE COBOKYITHOCTH CHEIH-
AJMbHLIX MH(POPMAUHOHHBIX €J1HHHII, HMGKRHHXCﬂeﬂyKnuyK)CprKTypy[Qk
HMa npoaykuwa: Chepa

MoepyCNosMe

Ycnosue

Ecnu A, TO0 B

NocTycnosue

MouMep NpoAYRUWA:

47: WuTepnpeTtauna De3yneTATOB NCUXONOMM4ECHOTO TECTHPOBAHWA

Wcnons3o8aTs B NEpBYR QYepefls

likana «nwms <70 T-Hannos

Ecnu (wKana ownBox F — wkana koppekuuw K) <-11, 10 BusecTH cooBueHwe: «PeaynbTaTsl
TECTHPOBAHWA HEJOCTOBERHL

33KOHYUUTL MHTERNPETaUWD pesynsTaTos

M3 npuBejeHHOro mpuMepa BHAHO, KAK VCTPOEHa ofiHa npoiykuus. Ilpn Goabniom
KOJMYecTBe NPOAYKIUHH (MX elile HA3BIBAIOT NPOAYKLUMOHHBIMH NpasuiaMM) chepa
MO3BOJISIET AHANTM3HPOBATh TOJIBKO MPABHJIA, OTHOCAIMECH K Jey, He ofpamas BHHU-
MaHug Ha 6OJBIIMHCTBO TIpaBui u3 uHbIX ctep. IlpenycnoBns ycTaHABIMBAIOT Ha
MHOXEeCTEe NPABUI M3 HHTepecyouel chepsl HEKOTOPHIH NMOPSIOK, IPHOPUTET UX
HCIIOJAb30BaHUA. YCJIOBHA ONpeeAioT BO3MOXKHOCTE MPHMEHEHHUS TOr0 HJIM HHOTO
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npasuna. Slapo npoaykuuu «Eciu A, To B> onuceiBaer npeoipasoBaHue, KOTOPOE
COCTABJSAET CYTh NPOAVKIHOHHOro npasiia. HakoHel, NOCTyClI0BHE TOBOPUT O TOM,
YTO HaJ0 AeiaTh, KOTJA JAAHHOE TPOAYKIMOHHOE TPaBHJIO cpaboTao.

B 0611_{8.\«[ cay4dae NpojAYKIHORHAA CHCTEMa BKIWOYAET CciaeldViomine KOMIIOHEHTDBI,
Q Gasy AAHHBIX, COAEPKAILYIO MHOKECTBO haxToB;
Q 6asy npasuJ, COAEPKALIYI0 Ha0OP NMPOAYKUMI;

L
O unTepnperatop (MeXaHH3M JOTHYECKOTO BBIBOJA) HIH NPaBUIa PabOTHI C MPOAYK-
HHSIMH,

Basa npasun i 6asa paHubix obpasyior Gasy suanuii. Qaktel B Oase NaHHBIX Npei-
cTaBAsoT coboll KpaTKOCPOUHYI0 HHGOPMALRIO U B MPHHIHIE MOTYT H3MEHATHCA B
xoze pabOTHL MPOAYKIMOHHOI CHCTEMBI IO Mepe Hakorienns onbiTa. IIpasuna ssid-
10TCs DoMee moJAroBpeMeHHoil uHboOpManied W npeiHazHaueHB! 1A NOPOXACHUA
runoTe3 (HOBHIX (PAKTOB) M3 TOLD, MTO YK€ H3BECTHO.

TIpoayKIHOHHBIE CHCTEMBI IeIAT Ha ABA THIA — € MPAMBIMU H oOpaTHBEIMH BbIROZA-
Mir. IIpH MpsAMOM BHIBOZE PACCyKACHHE BEJAETCA OT AAHHBIX K THIIOTE3aM, a I1pH 06-
PATHOM TIPOM3BOIUTCA MONCK AOKA3ATENbCTBA WM ONPOBEPHAKEHNs HEKOTOPOIT rHioTe-
3bl. UacTo MCMOMB3YIOTCA KOMOHHALLMHN NPAMOIl B 0DpaTHOH LenH PaccyXKIeHui.

TTpOAYKIIMM TIO CPABHEHHIO C APYIHMIT GOPMaMU MPEACTAB/IEHHS 3HAHMIT UMEIOT Cile-
aviomue npenmymectsa [15]:

Q MOAYNBHOCTE;

O exnHOO6pasne CTPYKTYPb (OCHOBHbIE KOMIIOHEHTHI NMPOTYKUHOHHON CHCTEMbI
MOTYT NPUMEHSTLCS 1A MOCTPOGHHS MHTENLIEKTYaJIbHBIX CHCTEM C Pa3JiMuHOH
npobieMHoil opHeHTalHel );

Q eCcTECTBEHHOCTE (BbIBO;’L 3AKIKOYEeHHA B II!)O,.-I}'KU,HOIHIDﬁ cUCTEME BO MHOIOM aHa-
JOTMYeH TIPOLeccY paccyKAeHHil aKciepTa);

Q rHOKOCTb POJOBH/IOBOI HEPAPXHH NOHATHH, KOTOPAA MOANEPKHBACTCS TOABKO KaK
CBA3H MEXIY TpaBujaMi (M3MeHeHHe NpaBHia BieveT 34 coboil H3MeHEHHEe B
Hepapxuu).

Oanako NPOAYKIHOHHBIE CHCTEMDBI HE CBO()OHIIH 0T HeJOCTATKOB!

.

O npouece BhiBofa Menee shPeKTHBEH, YeM B APYIHX CHCTeMaX, IOCKOIbKY OOJIb-
11asi YaCTh BPEMEHHU NPH BbIBOJIE 3ATPAUHBAETCA Ha HEIIPOM3BOAHTE/ILHYIO IIPOBEPKY
NPUMEHHMOCTH NPaBHT;

Q 3TOT NpoLece TPYIHO NOALAETCA YIPABACHUIO;
O CN0¥HO MPEACTABUTH POXOBHAOBYIO HEPAPXHIO NOHATHH.

TpescraBieHde 3HAHMI ¢ MOMOLIBIO TIPOJYKIIMH HHOTJA HA3BIBAIOT <ILIOCKUM», TaK
KaK B IPOIYKIMOHHBIX CUCTEMaX OTCYTCTBYIOT CPEACTBA A YCTAHOBIEHHA Hepap-
xuu npapui. O6bem 6asbl 3HAHHIT IPOJIYKIHMOHHBIX CHCTEM PacTeT JMHeHHO, 1o Mepe
BKJIIOUEHHS B Hee HOBBIX (JParMeHTOB 3HAHHH, B TO BPEMS KakK B TPAAHIIMOHHBIX a0
PHTMHYECKHX CHCTEMAX, HCHOMb3YIOIUINX JIEPEeBbA PEIIeHH, 3ABUCHMOCTE MEXKAY 0bB-
eMoM 6a3bl 3HAHHIT ¥ KOJHYECTBOM COOCTBEHHO 3HAHMI SIBJISIETCA JOrapHOMHIIecKoH.
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Jlornyeckne mopenu

Hozuueckue rmodenu IpencTaBIeH s 3HaHui PEATHIYIOTCS CPEACTBAMH JOTHKH Npe-
JAHKATOB.

ITpeduxamon waspipaercs HYHKUHA, TPHHUMAIONA] TOABKO ABA 3HAYEHHA — MCTHHA
¥ OB — Y NPeIHa3HAYEHHAs 115 BBIPAUKEHHST CBOMCTB OOBEKTOB AN CBA3EH MEXIY
HUMU. Bolpakenue, B KOTOPOM yTBEPJKAAETCA MM OTPHLAETCA HajiuuyHe Kakux-iubo
CBOWCTB y 00DBEKTa, HASBIBAETCS GbiCKasbisaiieM. Koncmanmor CyXKaT Vsl 11MEHOBA-
Hisl 06BEKTOB npeaMeTHoN obaacTh. Jlorndeckue npeVioKe sl W BBICKA3hIBAHUS
obpasyioT amomapusie popmyav. Humepnpemayus npeduxama — 310 MHOKECTBO BCeX
ZOMYCTHMBIX CBA3LIBAHWI TepeMeuHbIX ¢ KoHcTaHTaMH, CBA3BIBAHME MPEACTABASET
coBol MOACTAHOBKY KOHCTAHT BMecTo nepemeHHbix. [Ipeankar cunraercs obiesHa-
YHMDBIM, €CJIM OH UCTMHEH Ha BCeX BO3MOXKHBIX HHTepnpertalmsax. [0BOpAT, YTO BbIC-
Ka3LIBAHME JTOTHYECKH CAeVeT H3 33JlaHHbIX HOCBUIOK, £C/1H OHO HCTHHHO BCErja, KOTAa
HCTHHHBI MOCBIIKH.

Hanbosnee npocThIM S3bIKOM JOIHKH ABJISETCS WUCHUCACHHE 8bICKAZHIBANUE, B KOTOPOM
OTCYTCTBYIOT MepeMeHHbie, JII060MY BHICKa3bIBAHIIO MOXHO TIPRIIHCATL JHAYEHHE
ucmunno uiu aodxcio. OTnenblible BLICKa3hIBAHUA MOTVT COEMMHATHCH CBsizKamu U,
WH, HE, Kotopbie HaspiBaoTCst OyeBuiMi oneparopamu. QCHOBY HCUHCICHHSA BbIC-
Ka3plBaHMH COCTABILTIOT NMPapiia 0DPA3OBANNS CJOXHBIX BHICKA3bIBAHMHN U3 aTOMAap-
HbiX. B kayecTBe NpUMePOB CA0MKHBIX (COCTABHBIX) BHICKASLIBAHMI MOKHO NPHBECTH
CJeAYIONIHE:

A — VCTHHHO u B - NORHO,

A B NOKHO,

A unw B WCTUHHO.

3/eck nepemernbie 0003HAYAIOT JTOTHYECKHE BBICKAZBIBAHNSA, O KOTOPBIX MOXKHO CKa-
3aTh, YTO OHM MCTHHHBI MJIH JOXHBL JlorHYyecKHe onepatopsl uMeloTca B OOJIbUINH-
CTBE SI3BIKOB TIporpammupoBanus. OgHaKo UCHMCIeHHe BLICKAZMBAHHN — HeZocTa-
TOYHO BBIPA3HUTENbHOE CPEACTBO A 00padoTKN 3HaHUIL, MOCKOJBKY B HEM HE MOTYT
ObITH MPEACTABJEHBl NPEANOKEHNS, BEIIOYAIONIUE [IePEMEHHEBIE ¢ KBAHTOPAMH.
Mcuncnenne npeauKaTos ¢ keanmopamu (JTOTHKA MPEJAHKATOB) SIBAACTCH pacluupe-
HUEM MCYHMCAEHHS BBICKa3bIBaHHE, B KOTOPOM AJA BhIPAXKEHHS OTHOMEHHH MexTy

obbekTaMu TI})C,-‘.'[MCTIIG;[ obJlacti MOTYT HCIIOJb30BATLCH IPEANOMKEHHA, BKIOYAOHINE
HE TOMBKO KOHCTAHThI, HO H MepeMeHHbie.

B obieM cayuae MOAEH, OCHOBAHHBIE HA JIOTHKE MPEAHKATOB, OMHCHLIBAIOTCA (Pop-
MaJBHOH CHCTEeMOil, KOTOpas 3a/MaeTCa YeTBEePKOL:

M=(T P A ID,
rae T — MHOXecTBO 0a30BBIX 91eMEHTOB IUTH aadhaBuT GopMaTbHOIl cHeTeMBr,

P — MHOXecTBO CUHTAKCHYECKHX iIPpaBu, € IIOMOLIBIO KOTOPBLIX MOXHO CTPDOHTD CHH-
TaKCHYEeCKH KODDEKTHLIC NMPELTOKCHHA;

A — MHOMECTBO aKCHOM HIH HEKOTOPLIX CHMHTAKCHYECKH [MPABHJIBHBIX IlpEﬂJIO)KEHI-HL‘i,
3aJaHHLIX allpHOpPHO,
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Il — npasuia NPOAYKUMI (NpaBuia BHIBOAA WJIH CEMAHTHHECKME npapuia), ¢ NOMO-
H1bK0 KOTODBIX MOXKHO PaCHIMDATh MHOXECTBO A, A06aBIAS B HErO CHHTAKCHYECKH
npaBuabHbe NPEIIoKEeHH.

[apHOe MPCHMYIIECTBO JOTHYECKNX MOJENeH NpeacTaBieHta 3HAHUH 3aKAIOYAeTCH
B BO3MOKHOCTH HEIOCPEACTBEHHO 3aIpPOrPaMMIpOBaTh MEXAHH3M BBIBO/A CHHT&KCI'I—
qeCKH MPABMIBHBIX BhICKA3hiBaHii. IpuMEpoM TaKOTo MEXaHH3sMa CILYKHT, B n;a{c I-
HOCTH, MPOLEJYPa BHIBOAA, TOCTPOEHHAS Ha OCHOBE METOA PE3OMIOLIH [8]. Oznaxo
¢ HOMOIIBIO TIPABI, 3AMARUIIX CHHTAKCHC A3bIKA, HEJIb3A YCTAHOBHTL HCTHHHOCTL
WK JIOAHOCTD TOTO MM HHOTO BhICKaspiBatins. IIpuyeM sTO paciIpoCTPaHACTCA abco-
JIOTHO Ha BCe s3blki. BpicKashisanue MOKET ObiTh MOCTPOCHO CHHTAKCHYECKH TIPa-
BUJIBHO, HO OKA3aThCs COBEPIIEHHO GECCMbICIEHHDIM.

Jlorydeckie MOAeAN NPEACTABIEHHS H MAaHUITYIIPOBAaHNs 3HaHHAMH Guian ocoben-
1o nomyApist B 70-x romax. Toria kasan0Ch, 4T0 ¢ HOABIEHHEM A3LIKOB NPOrpaMMu-
posanus tuna [TPOJIOT nportenyphbl JOTHICCKOIO BBIBOAA B MCUMCTIEHMH TNpelHKa-
TOB GYAYT JOCTATOUHDI AJIS Pellietiist BCeX THIIOB 3a4a B HHTE/LICKTYalbHBIX cUCTEMAX.
BaecTe ¢ TeM, TI0 MEPe TOTO KaK B [1071¢ 3pEHHS HCCICI0BATE N BIUIOUANIHCH BCE Hoimalc
MHTE/UIEKTYATbHBIE 3a1a4H, CTANO SCHO, ¥TO TOBOPHTH O JIOKa3ATEILHOM BEIBOZIE MOKHO
TOJBKO B HEDOABIIOM YHCAE CAyYaes, Korja 1podaeMHas obaacTb, B KOTOpPOH pella-
eTca 3aaya, GOPMAbHO ONMCAHA I NOTHOCTHI) M3BECTHA. Ho GonblIHHCTBO 3afay,
a6 MHTEe/IEKT YeJOBeKa NO3BONAET HAXOANTh HYKHbIE PEIIEHNHA, CBA3AHO C obmacTsi-
M, i€ 3HAHHS TPHHIHITHATEHO HETO/IHBI, HETOUHD, HEKOPPEKTHLI H XapaKTepH3y-
JOTCs ellle HeMANbIM YMCIOM XapAKTePUCTHK, HAYHHAIQMIMXCS C YaCTHLDI «HE> [2].

[Ipu TAKHX YCTIOBHSX PEYb MOKET HITH TOIbKO 0 npannononoém?'m BBIBOLE, rfpu KO:
TOPOM OKOHYATeNbHbIH Pe3yILTaT FOoIyHacTcs JMIIE C HEKOTOPOH OLEHKOH }liepCI:[ |
HOCTH B €ro mcTunHocTH. KpoMe Toro, crenHatncTb, paboTaiuiie B ILJIOXO thopma-
M30BAHHBIX ObaacTsx (anpuMep, B MEAHIMHE), PACCYHAAIOT COBCEM HE TakK, KakK
NpeACcTaBiTEeNH TOYHBIX HaykK. Jlns HHX BECOMBIM apryMeHTOM B HOJ‘IbS)’.Hpj’IHH{H}I’
KAKOTO-THOO0 MOI0KeHHs MoKeT ObITb MHEHME pslla NPU3HAHHBIX B 9THX opbnacTsax
ABTOPUTETOB HJIH, Hanpumep, CXOACTBO onasmnacmyro no:;ogenm/c ley.nm‘,' :m;i
KOTOPOTO pelieHne YXKe M3BeCTHO. TlostoMmy AaabHefilee PasBHTHE 0a3 .3Hd}‘if{}d no

wto 1o myTH pabot B 00MaCTH HHAYKTHBHBLX JOTHK, norn} <<3;1panoro. fT-Mmc.um:. no-
UK BepPbl ¥ APYTHX JOTMYECKHX CHCTEM, HMECIOUMX MaJlo ODOIIETO © KAaCCHYECKOM M-
TeMaTHYECKO JMOTHKOH.

®penmbl

@peiin Haule BCEro ONPEALAAIOT Kax CTPYKTYpPY AQHHLIX AJA IpeAcTaB/eHNs CTepeo—‘
THNHBIX cuTyaiuil. Moae/is NpejicTaBIeHHs Sl Ha ocHoBe GpeiiMoB ucnfonbsym
KOHMUENIMIO OPraHM3AlMH AMATH, MOHAMAHHA I OOyUeHH: HeJIOBeKa, ITPe/LIOKEH-
ayio M. Mutckunm (1979). Opeiim (10c10BHO — «paMKa») — 3TO CIHHNLA NPEACTAR-
e 3HanHil, AeTaAH KOTOPOil MOIYT H3MEHSTLCs B COOTBETCTBHM C TEKYIIEH CHTY-
awmedi. Dpeiivt B M060H MOMEHT MOWKET OBITH JIONONHEH DA3INIHOH nHopmalen,
KacAOILeics cocoDOB IPHMEHEHHsL (AHHOTO (ppeiiMa, NOCAEACTBHM STOTO NPHMERE

HHA H T. IL.
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C-prKTypa ¢peiiMa COCTOUT M3 XapaKTePHCTHK OMHCBIBAEMOH CTepeoTUNHOH CHTya-
MM ¥ UX 3Ha4YeHNH, KOTopble Ha3bIBATCS, COOTBETCTBEHHO, clomamu H 3anoiiume-
AAMU CROMOG.
WHa Ppenna: WMA nepsoro CRoTa, JIHAYeHWe NEpeora CnoTa

WMp BTODOrO CMOTa. 3HAYEHWe BTOPOrO Cnota

Wma K-ro cpota, 3HavyeHue H-ro cnota

HesanonnenHui#t ipefiM HasbiBaeTcst npoTodpeiiMoM, a 3aTOTHeHHBIH — sK30thpeii-
smoM. Poxb npotodpeiivMa kax 060s0ukn B ax3odpelive BecbMa BaxkHa. ITa 060104Ka
NO3BOJISIET OCYILECTBJIATh NPOLENYPY BHYTDeHHel MHTepnpeTauny, 61aro1apa KoTo-

pOl‘U{ JaHHbBIE€ B NaMATH CHUCTEMEl HE 683,-‘!11}(14, 8 HMEIOT BIOJIHE OHDG;I[C.?IEHIIblﬁ, H3Be-
CTHBII cHCTEeMe CMBICIL.

CroT MOXeT coepaTh He TOJbKO KOHKDETHOE 3HAaueHHe, HO M HUMS NPOUeAYPH,
TIO3BOJIAIONIEN BEIYHCIUTD €T0 110 33AaHHOMY AJITOPHTMY, a TAK/Ke OHY UM HECKOJIb-
KO NPOAYKUNN (3BPHCTHK), C MOMOINBIO KOTOPBIX 3TO 3HAYEHHe onpenensiercd. B caor
MOMeT BXOAHTh He OAHO, a HEeCKOJbKOo 3HaueHuii. MHoraa aTtoT 0T BRIOYAET KOM-
[TOHEHT, HA3KIBAEMBIH (pacemoM, KOTODBIH 3alaeT AHANA30H WM IepeyeHDb €ro BO3-
MOXKHBIX 3Havenuil. Dacer yKka3eiBaeT Takke Ipali4Hble 3HAYECHUA 3AM0IHHTENS C/I0TA.

Kak y:ke oTMevancch, TOMHMO KOHKDETHOIO 3HAYEHHS B CJIOTE MOLYT XPaHHTBCSH
TIPOILICAYPHL ¥ NIPABHJIA, KOTOPLIE BLIZBIBAIOTCS NPH HEOOXOAHMOCTH BBIYHCIEHHA 3TO-
ro 3HayeHus. Cpejin HUX BHAEAAIOT npoyedypoi-Oemoivt B npouedypoi-cayey. [lepsoie
3aIyCKAIOTCA aBTOMATHYECKM NPH BLITOJHEHWH HEKOTOPOTO YCIOBHM, a BTODHIE akK-

THBU3HMPYIOTCA TOJBLKO [0 celuanbHoMy 3anpocy. Ecnu, nanpumep, ¢peiiM, onuce-

BAIOLHI Yenoneka, Brmiovaet caotel JATA POAKIEHNA 1 BO3PACT u B nepBoM
H3 HUX HaXOJHUTCA HEKOTOPOE 3Ha4Ye€HHe, TO BO BTOPOM CJI0TE MOXKET CTOATH MMA [IPO-
Heaypbl-1eMOHa, BLIYHCIAAIONEH BO3pacT 1O JaTe POXKAEHHUA U TeKyllel 1aTe U aKTH-
BH3UPYIOUICHCS TPH KaXKI0M M3MEHEeHWH TeKyHlelf AaThl.

CoBoKyIHOCTh (PpeiiMOB, MOLENHPYIOWAS Kakylo-1nbo npeaMeTHylo obaacTs, npei-
cTaBageT cof0il HepapXHYeCcKylo CTPYKTYDY, B KoTopyio (dhpeldMbl COBHPAIOTCA ¢ MO~
MOIbIO POXOBUACBEBIX cBA3eil. Ha BepxHeM YpPOBHe HepapXHM HaxoauTcs ¢peiiM, co-
Repxalii Hanbosee o6y HHGOPMAIHIO, HCTHHHYIO 1718 BCeX O0CTalbHIX (DpeliMoB.
Mpeiimpl 001anA10T CNOCOOHOCTBIO HACAEJOBATE 3HAYEHUS XAPAKTEPHCTHK CBOMX
ponureneil, HaxoAANWXCs Ha Dojiee BHICOKOM YPOBHe MePapXuH., JTH 3HAUEHHS MO-
TYT TepeiaBaThes MO yMOAYaHHI (pefiMaM, HAXOAAUIMMCS HUXKE HUX B HEepapxuH,
HO ec/IH TMOCAeJHHE COMepXaT cOOCTBEeHHble 3HAUYEHUS NAHHLIX XapaKTEePHCTHK, TO B
KAyecTBe HCTHHHBIX NPHHUMAIOTCA MMEHHO OHH. JT0 06CTOATEILCTBO O3BONAET He3
3ATPYAHEHMIT YYMTBIBATE BO (hpefiMOBBIX CHCTEMAX PA3IHYHOTO POXA HCKIOYEHHS.

PasnuuaroT cTaTHyecKMe U AUHAMHYeCKHe cHCTeMul dpeiiMob. B cucremax nepsoro
THia GpeliMbl He MOTYT ORITh H3MeHEHB! B TIPOIIECCE DEIIeHHs 3aj1ayl, 4 B CHCTeMax
BTOPOTO THIIA 3TO JOIYCTHMO.

O cHcTeMax MporpaMMHPOBaHHS, OCHOBAHHBIX Ha (peliMax, TOBOPAT, YTO OHM ABJA-
I0TCS OOBEKTHO-OPHEHTUPOBAaHHBIMI. Kaxkanii dpeliM COOTBETCTBYET HEKOTODOMY
0o0BEKTY npenmeTHOH 0OTacTH, a CAOTH COAEDKAT OMICHIBAIOLINE 3TOT 00BLEKT AaH-
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HbIe, TO eCTh B CJIOTAX HAXOAATCS 3HAYEHNS MPUIHAKOB 0OBEKTOB. .CDDC“%{ Moxie;{if:;:;
TNpeACTAB/IEH B BHAE CIHCKA CBOICTB, A €CHH MCIOAbL30BATh cpeacTsa Oasbl I -
TO B BHIE 3AMMCH. A
Haubonee SpKO AOCTOMHCTBA (PPeHMOBBIX CHCTEM Mpe/CTaBJeHHs! 3HAHAH np::f;:}{
JOTCS B TOM CJ/ydae, e DOZOBH/OBBIC CBASH H3MEHSIOTCA HEUaCTo H npe,xl.mme :
ofnacTs HACYHTHIBAET HEMHOTO HCKMIOHEHIH. Bo ¢peiiMOBBIX cucgewiax ~.rLa A
POZOBM/IOBBIX CBA3AX XPAHATCA SBHO, Kak H 3HAHMS APYTHX 'mnoa.. Ha 1§::;q;mnﬂ
NIPEACTABAITCA B CHCTEME B €XUHCTBEHHOM 3K3EeMILIAPE, TOCKOJABKY X,Tex‘mm-
TONBLKO B OAUH (peiiM, OMHCHIBAIOLIMH Hrlzinéo.uee 0‘?(1;1;23 :;:;i;le'r\?sé) gzﬁn\cizga oée}; e
] M HMeHeM. Taxoe CBOY 2 3
EZS} Ca?{i?iﬁfozggﬁeﬁg?; [6;31,1 spanuii B mamMATH KoMmbioTepa. Eine on1o A0CTO-
MHCTBO (DPeilMOB COCTOMT B TOM, UTO 3HAUCHHE moéuoro CJI0Ta .\IO}K‘GT 6BIT;B\};I(;;I;{);.‘1‘E\I;{;
C TIOMOLIBIO COOTBETCTBYIOLIMX JIPOUEAYD HJIH HAILIEHO 3BPHCTH {em(m; e np(O .ue;
To ecTs peiimbl NOSBONAIT MAHAMYANPOBATE KaK jeKJIapaTHBHBIMH,
R it ICOKYIO CTIO/KHOCTD,
K meaoctaTkaM (pefiMOBBIX CUCTEM OTHOCAT X OTHOl:'JHTeJILHO Bb L
YTO NpOABSETCSA B CHIDKEHMM CKOPOCTH paboTsl Me:xa}msz\-ia' BL]B(;_,IT_'IE! T-O:W AL
TPYAOEMKOCTH BHECEHUA U3MeHeHHI B POJOBHAOBYIO HepapXHIo. i)a n‘oéoﬁa;a; e
BHEMAHIE TIPH paspaboTie (PeiiMOBBIX CHCTEM YAEIIOT HATJLAHBIM CCT o
Hpaxkerust ¥ 3 PEeKTUBHBIM CPEACTBAM PeAaKTHPOBAHMSA (PPENMOBBIX CTPYKTYP-

CeMaHTUYECKHE CeTU

/ i Ban-
Cemanmuueckasi cenib OTINChIBAET 3HAHIS B BUAE t,e'ref[:mx CTPYKTYp. B I<a<q§$:§e ng
KThb!, 0OBbEKThl, CODBITHA M T. I, @ B Ka
LIMH CeTH BHICTYNAIOT MOBATUSA, PaKTH, r ALY
ceT — OTHOIIEHHS, KOTOPBIMH BEPIUIMHbL CBAIAHBI MEHKILY coboi. Tax, cemamnqel::a
Kag ceTh, MPEACTaBIAWIIas HAHIA of apToMoOuJie rp. BacuibeBa, MOKa3aHa
puc. [1.17. ’ gpre:
CeMaHTHYECKHEe CETH YacTo PaccMaTpHBAlOT Kak obmuii GopMannaM And 1p nm d
teHus 3HaHuil. YacTHBIM CJayyaeM TaKHX ceTeil ABAAIOTCS ClieHapHH, B KOTOD i
;{aqecrae OTHOLIEHHMH BHICTYNAIT Kay3aibHble OTHOUIEHHS HIH OTHOIIEHUA TH
<11e7ib — CPeacTBO». ¢ i
BepiuHBI CeTH COEANHAIOTCA AyTOil, ecH COOTBETCTBYIONIE OOBEKTHI npenmemo}f
06712CTH HAXOAATCS B KAKOM-TH00 OTHOUIEHHH. CaMbIMH PacTipOCTPaHEHHbIMH FBJIA
l
JOTCS CAEAYIOI[HE THIBI OTHOMWIEHHH: y '
BbITh 2JEMEHTOM KJIACCA (IBJATDHCS) — o3navaer, uTo om.;eKT BXOIHT B
coCTaB AAaHHOTO KJiacca, HanpuMmep: BA3 2106 gapaserTcs aBTOMOONICM;
UMETD — mo3Bo/isieT 3a1aBaTh CBONCTBA 06beKTOB, HampHMep: XKupad nveeT ATHH-
HYH LIEH; o Ay
ABJISTHCS CJIEICTBHUEM — oTpaxaeT [PHYMHHO-CAEACTBEHHDIE CBA3M, HANP
o : . T
Mep: aCTeHMYECKOe COCTOAHME SBIACTCA cAenCTEMEM MepeHeceHHOro MpocTyAHOTO
3aboseBaHuA; 4 X | g
UMETD 3HAUEHMWE — 3azaer 3nHayeHue CBOUCTD 0OBbeKTOB, HAIpUMeEp: Mall
MOXKeT UMeTh JIBYX Oparbes.
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Kakusc I i
e CHCTEME, OCHOBAHHOH Ha (peiiMax, B CEMaHTHYECKO ceTH MOryT GbITh IIpea-
ﬁam;e C;,;Pononunogme OTHOUIEHHS, KOTOPbIE MO3BOMSIOT PeaTH30BbIBATL HACIEN0
ficTe o7 o6bexToB-poauTenei. ITo of :
y CTOATENABCTBO IPUBOIUT K
CEMAHTHYECKME CETH NpuobpeTamT BC e
T BCE HENOCTATKH H JOCTOMHCTBA

e 1 HpeACTaBIeHHS
m;é&;g B BHJE c;opem{or:s. IIpenmyiecTsa 3aK/I0YAIOTCH B POCTOTE M HATAAIHOCTH

ust mpeAMeTHOH obuacty. Oanako nocs i :

y 7 yclleHee CBOCTBO € YCAOMHEHH
St : 3 e ceMaH-
KOH CETH TePAETCA H, KPOME TOTO, CYIIECTBEHHO YBEIHUMBAETCS BPEMS BHIBOAA

Taxke K HeIOCTaTKaM : i
CEMaHTHYECKUX CeTel OTHOCHT CAOK
NOKHOCTD <
HOTO DPOAa HCKIIOYEHHH. PRI

~Cepoint 3HaveHue Liger
i CroncTeo }
BA3 2106 210, . =10
ABTOMOGKNL 1—*-"——-)- Bua Tpadcnopra
MpuHagnekur Wmeer
4acTh
] ¢ Hanpumep
Bacunbes i ‘ YHenopex Kyzos

Puc. N.17. Npumep cemanTHYECKOI ceTy

Apyrue mMeToabl NpeacTaBNEHUA 3HAHUNA

Us ; : ; i
: 3 APYTHX METOIOB NPEACTABJIEHMS 3HAHWN TIONYIAPHOCTLIO IOJIb3YETCs npedcmag
tenue 3nanuil no npumepam [15]. Pab i 4 I :
. Paboras ¢ cucteMOH Takoro tHma :
gl , MOJIB30BATENE
131.:1}{; ZP;HHtCKOHBKO NPHMEPOB PeIllleHUA 3a4a4 H3 aKTYaJbHOH MpeaMeTHON obfac-
. OBE 3THX NPMMEPOR CHCTEMa CAMO g |
M@ CaMOCTOATENBHO CTPOUT 6a3y 3HAHMMI
pasi 3aTeM NpPHUMeHAETCS AAA pelleHy z i
: 11 npyrux 3agad. Hpu cospaunu 6 : i
[0J1630BaTe/b MMEET BO3MOKHOCTD B 0G0} okt
1 b B J10G0H MOMEHT BbI3BaTh HA 3
: g IKpaH JAUCIUIes MaT-
HITY, CO : ' i1 ‘
PHUILY, COCTOANYIO M3 MPUMEPOB 3aay U HX pelueHitil, ¢ TeM yToObl YCTaHOBHTEL B HEH

HaJiH4yue ﬂ}’CTle MeCT Kompme He
h : 0OHX0aMUMO 3aNONHUTD He:
- @aﬂaqa_pemeﬁm»_ JOCTAKIIHMHA ﬂpﬂl\iepa-

3HaH : i
Ha;p::e?) iaxorl CHCTEME MOTYT XPAHUTHCH B pasauuuol thopme. IT0 MOKET OBITh
Mep, HHTeHCHOHAMbHAs (PopMa, KOTAA 10JIb: : :
1 i JIb30BaTeab BBOAUT B CHCTEM
g i op) . 'TeMy HpPaBH-
J\{ i 52]11411111 c aT’};‘Hﬁ}fTaMH O0BEKTOB NpeaMeTHOH ofacTy, TPHBOASIIHE KyTpF;ﬁve—
MOMY ennio. Takxe 310 MOKeT ObITh IKCTEHC y
% ! KCTeHCHOHAAbHAs QopMa, I H
KasKAbIH npuMep JIeTalbHO OIIH TC Sl g 4
! CHIBAETCA NOAL30BATENEM M Mpe
: JICTABAACTCS B TaMa-
TH KOMITLIOTEPa B BHjAe COBOKYIIHOC! % s 4
2 YITHOCTH 3HAYEHUI BLIIENEHHBIX aTPU
e : o . e arpubyTos. Boamoxio
il “0; :TTE;,FM apyroi ¢opm. B pesyarrate nomyuaeTcsi MaTpulia IPHMEPOB, KO-
2 Th pacliMpeHa HJIH M3MeHeHa JH ,
i ) a JIMLb NyTeM KODPEKTUPOBKU -
OB, COAEPKAIMXCA B MAaTPHIlE, HAH UX A00aBIeHHEM. i ; rEvsy:
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OCHOBHBIM HOCTOMHCTBOM MPECTaBACHIA sHAHMI 10 IPHMEpaM SIBJAETCA MPOCTOTA
Aaunoro crocoba, MOCKOJbKY MO/Ib30BATE/ b MOMKET He MMETh HH Manedinero npei-
CTABIEHNA O TPOAYKIMOHHBIX MTPABUIAX, HCHHCACHIA NpeAnKaToB, Gpeiyax 1 cenmar-
THYECKUX ceTAX. BMecTe ¢ TeM, B KauecTee HE0CTaTKOB METO/A NIpeCTABJIEHHA SHAHNK
1O MpYMEPaM OTMEYAIoT OTCYTCTBHE FHBKOCTH Ipolecca IIOCTPOEHHSA HHTEIEKTYdih”
Hoit cucTembl. IToap30BATEb OKA3BIBALTCH OTCTPAHEHHBIM OT COOCTBEHHO CO3MAHHSA
fasbi 3HAHMIL M [O3TOMY HE MOKeT KOHTPOJIHPOBATL CBAAYU MEXKAY COAePHKAUIMHUCA B
HeH MOHATHAMIM.

Boibop cnocoba NMpeACTaBAEHHS 3HaHUIl OCYRIECTBISETCS HIDKEHEPOM TIO SHAHMAM
[HoCIe TOTO, KAK MM AOCTHTHYTO MOHHMARNE MPHPOILI HAHHBIX MOJe/NpyeMoit oba-
crit. [Ipi penieHuu CIOXKHBIX 3a8a4 BOSMOKHLI CUTYALMH, KOra HCTOUHWKH 3HAHUH
paa.-—mqamTc.ﬂ'm THIAM, ¥, COOTBETCTBEHHO, MPEACTABICHNE TAKIX sHaHuii Tpebyer
HCTIONB30BAHKS PA3HBIX CNOCO0OB (CMENAHMOC npencranenne). Torna asA MPOAYK:
THBHOTO (DYHKIHOHNPOBAHHS WHTE/LIEKTY b0 CHCTEMbI HEPEIKO MPUMEHAIOT npum-
yun docku 0bpasignul, C TOMOLIBIO KOTOPOTO pealu3yercs B3aMMOieiiCTBHE pasiny-
HBIX HE3aBHCHMBIX HCTOYHUKOB SHAHHH.
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CucremMbl, OCHOBaHHbI@ Ha 3HAHUAX,
U 0COOEHHOCTU UX pPa3pabdOTKU

O6nactu npuMeHeHUA U pelaemMble 3aaauu

O61acTn npUMEHEHHA CHCTEM, OCHOBAHHLIX HA 3HAHWAX, BeCbMa pa3HooOpasHbl: 6u3-
Hec, MPOH3BOACTBO, BOEHHbIE NPHIOKEHHS, MEJHIHHA, COLUONOTHSA, ['e0TOTHs, Koc-
MOC, celbCKOe XO3SHCTBO, YIIPaBJieHUe, I0DHCIPYACHIMSA H T. A.

Tunsl penraeMslx 3a1av:

HMHTepIpeTalia CHMBOJIOB MJH CHTHAJ0OB — COCTaBJEHHE CMBICJOBOTO ONUCAHHA
IO BXOOHBIM JaHHDBIM;

AVATHOCTHKA — OllpefiesieHle HeucnipaBHOCTeH (3a00MeBaHIit) IO CHMIITOMAM;
MOHHTOPMHI — HabJllofeHHe 32 H3MEHSIOUIMMCA cOCTOsSHNEM o0beKTa H CpaBHe-
HHe ero HoKasaTeJel ¢ yCTaHOBIEHHBIMH HJIH KeJaeMbIMH;

[IPOEKTHPOBaHKE — pPa3paboTka 00BEKTa ¢ 3ajaHHBIMY CBOHCTBAMK NPH cobliiozie-
HHH YCTaHOBJCHHBIX OFpaHH‘IEHHﬁI

MPOTHO3HPOBAHHE — ONpeAeeHNHe NOCTEACTBUH, HAbMIONAeMbIX CHTYALME;
N1aHApPOBaHME — OMNpejle/leHne NoCae0BATENbHOCTH NefcTBUH, NPHBOAALINY K
KeJaeMOMY COCTOAHNIO 0ODBEKTa;

YOpaBIaeHne — BO3jeHcTBYE HA OﬁbeKT ANA AOCTHXKEHHA JKEeaeMoOro INOBeJIcHMWA,;

0 00 ©O OO ©

obyuenne — oObsCHEHHE MM KOHCYIBTALMA B TOH WM WHOIT 061acTy 3HaHMH,

TUnbl cUCTEeM, OCHOBAHHbIX HA 3HAHUAX

WHTennexkTyanbHble UHPOPMALNOHHO-NONCKOBbIE
cucremnl (MUNC)

ITH CHCTEMBI OTJAHYAIOTCA OT IPEAKAYILETO HOKOTEHH HHODOPMALHOHHO-TI0HCKOBBIX
CHCTEM HE TOJIBKO ropas3ao 0oniee oGUINDHLIM CIPABOYHO-HH(DOPMAMORHBIM DOHIOM,
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CucTenbl, GCHOBAHHBIE HA 3HAHMAX, K 0CObeHHOCTU WX pa3paboTky

HO ¥ BaxHeiueil cnocobrocThi0 GOPMHUPOBATD ANEKBATHBIE OTBETHL HAa 3aNpPOCH
NOJIB3OBATENA AajKe TOrja, KOTJa 3ampochl He HOCAT ApPAMOro Xapaktepa. MubiMu
caosamy, MHIIC nocTatoyHo «yMHBI» IS8 TOTO, YTOOH TIOHATE HEJOCTATOYHO YETKO
copmysmpoBanHsie Bonpocs!, [Apyroii ocobennocteio MUIIC siBnserca ux cnocob-
HOCTb «TepPeBapuBaTh» OTPOMHBIE KOJMYECTBAa HHGPOPMALHH H3 PA3HOOOPASHABIX HC-
TOMHHKOB, OCYUIECTRJIAA ¢¢ aBToMaTHYecKoe pedepHpPOBAHME W NPOBOAA aHAIMI CO-
CTOSHHUI MPOTHBOPEYHBOCTH U HENOJIHOTH! TeX MJIM MHBIX (PPAarMeHTOB 3HaHHUA.

JKCNepTHbIE CUCTEMBI

Hanbosee napecTHbIM NPaKTHYCCKHM NPHEMEPOM AOCTHXXEHWH B ofmacm HCKYCCTBCH-
HOr0 HHTEMICKTd MOTYT CIIVAWTL IKCOEPTHLIC CHCTEMBL, KOTODLIC NPEACTABIAKT CO-
6ol HHTEJJIEKTYaJdbHbIE IIPOTPAMMDI, crocobHbBIe JeJaTh JortyecKiie BbiBOABI Ha OC-
HOBaHHMH 3HAHWI B KOHK]’JETHOIui llpt‘;‘IMCTHOﬁ oB6MacTH H O6€CII€‘IHB&]‘OIHHB pelIeHNe

crienudHUecKux 3afadu Ha npodeccuonanbioM yposre. OBuias CIPyKTYpa 3KCNEPT-
HOH cHcTeMbl npuBenena Ha puc, 11.18.

WHXeHep No 3HaHWAM
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Puc. 11.18. CrpyKTypHan CXeMa IKCNepPTHOM CHCTEMBI

OCHOBY 3KCIIEpTHOH ¢HCTEeMbl cocTaBsieT Oasa 3HaHU, 104 KOTOPO#H HOHMMAIOT CO-
BOKYNHOCTD 3HAHWH, OTHOCSIMXCA K HEKOTOPOH NpPeAMETHOH 061acTH H HopManbHo
NPeACTABICHHBIX TAKHM 00pa3oM, UTo0bl Ha HX OCHOBE MOXKHO ObLIO OCYIECTBIATE
paccy:KaeHnsa. JHaHHA CeHnadbHbiM 06pa3oM CTPYKTYPHPOBaKbl (METOIB NPEACTAB-

JeHHHA 3HaHHI 6}',-‘1}?'1' pPacCMOTPEHDLI HECKOJILKO HOS}KQ). M 3a HATOMHeHHe nx 6asbl
OTREYAET HHIMKEHEP 110 IHAHMAM.
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Bropas yacTh 060 DKCTIIePTHOMN CHCTEMBL
peaiu3yloTcs, HanpHMED, NpOLERYPBbl

NOBHBIX paccyxaeHuil W Apyrue npouery
MepTHBIX sarkmoueHui.

Tpetuit 610K — 670K obilleH N,
B3anMOAeiCTBME M0Jb30BATELA
oblileHHs UCTIONB3YIOTCH AOCTHKEHMA HCKYC
[OHUMAHUA TEKCTOB HA eCTECTBEHHOM ASBIKE,
pabOThl SKCIEPTHOH CHCTEMBI B HALI5

Haxonels, yeTBepTsii 610K AKCIIEePTHOM C’HCTe
11451 COCTOMT B BblIaye MHQOPMALMH, OODACE
AYHeHMs TOTO WM MHOL
HOMb30BATENb MOMXKET COMHEBAThCA
pen apyrmm. Toraa mio sanpocy
pasBuTEIM 6J10K0M obbACHEHUS AQUIKHA APTYMEHTHPOB
BHI6Op B KAYecTBe IPaBlOMoLo
Jlio6oit U3 MEPEUHCAEHHBIX O10KOB SKCIEPTHO
HCCIeIOBAHMI PasINyYHBIX CTOPOH BOCT

ManuHd KOMIBIOTEPOM W YETOBEKOM.

DKCIEPTHbIE CHCTEMBI gaaccHULAD

———

JOCTOBEPHOT

O BblBOJZ, €CIH OH

HA 3TOT CYeT NOJb30BATC/IA

puATHA, Npe

HHOro peileHys.

# cHCTeMBI CTpoUTCA Ha 6ase TyGoKuX
NCTABACHHA U aHanusa HHPOD-

1
IKCNEPTHLIE CUCTEMBl |

|

_ normueckiit 610K, WM pematesb. B HeM
O BHIBOZA, ANTOPHTMbI MPABAONO-
pbl, IpeAHa3HaYeHHBIE 115 BHIPAabOTKH 3KC-

WM MHTELTEKTYAIbHBIA untepdeiic, — Opranu3yer
¢ 3KCIepTHON CHCTEMOl B yno6Hoil dopme. B broke
CTBEHHOrO MHTENNIEKTa, Kacalomnecs
a TaKxe TPeICTAB/IEHKS PEIYIbTaTOB
TIHOM 1 BHIPASHTEIBHOM BHJIE.

MBI — 570 6710k 0BBscHenns. Ero QyHK-
(olieli ¥ WUTIOCTpHUpYIoLIeit NyThb I1o-
urTepecyeT nonbaopatens. Hanpumep,
B TIPEANIOUTHTE/BHOCTH OMHOTO 3AKIIQUEHHA 11e-
SKCIIEpPTHAS CHUCTEMA C
110 06OCHOBATH TOT MM MHOMH

VIOT 110 PA3HbIM OCHOBAHIAM [2L.
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Knaccudpukayma 3KCnepTHbIX CUCTEM MO pewaemoir 3agaye

JKCIepTHBIE CHCTEMbl UHMEPnpemauty Jantvix NPeHA3HAYEHB! LI ONpeAeTeHus
CEMAHTHKH JaHHBIX. Pe3y/bTaTsl MHTEPNPETALUH JIO/KHEL OBITh COTIACOBAHHBIMH H
KOPPEKTHBIMHU. B Takmx cucreMax Hepeaxo MCIOJb3YeTCA MHOIOBAPUAHTHBIN AHATH3
JaHHBIX. B HacTosllee BpeMsa 3TH CHCTEMBI PA3BHMBAIOTCA B PaMKaX HanpaBJeHUsn,
nonyuusilero Hazpanue Data Mining — «100b14a» MM «3arOTOBKa» JAHHBIX.

Huaenocmuseckue 3KCHEPTHHIE CHCTEMB! BEIOHAIOT QYHKIMK OTHECeHUs OOBEKTOB
K OTpefeneHHbIM KiaccaM. ObacTs NPHMEHEHHS TaKHX CHCTEM MIMPOKa — OT Onpe-
JeJeHUs HEHCIPaBHOCTEH B TEXHMYECKHX cHCTeMax (TeXHUuecKas AMATHOCTHKA) 10

PACTIO3HABAKUS 3a001€BAHUNA XMBBIX OPraHM3MOB, 4 TAKXXE COIMANBHLIX M NPHPOJ-
HBIX aHOMAJIHII.

JKCIIEPTHBIE CUCTEMBI MOHUMOPUH2A BHINIOJHAIOT 33/1a4y HMHTEPHPETALMH AaHHBIX B
PeaabHOM MaciuTale BpeMeHH M CHTHAJM3HPYIOT O BBIXOAE T€X WM MHBIX IIapaMer-
POB 3a ACIYCTHMBIE NPEIEbl.

IKCIEPTHBIE CUCTEMBI 7IPOZHO3UPOEAH YA BEIBOAST BEPOSITHbIE CJIEACTBHA M3 3aJaHHBIX
cUTyauuil. B mporso3upynommx cHCTeMax YacTo MCHOJb3YIOTCH NapaMeTpHYecKue
MOZENH, B KOTOPAIX 3HAYEHUA NaPaMETPOB «NOATOHAIOTCA» NOL AHANUBUPYEMYIO CH-
Tyauuio. Kpome Toro, ocobeHHo B nocjepHee BpeMs AJiS PElIEHUs 3ada4y HEPEIKO
CTa/IH NPMMEHATHCA Apyrie noaxonsl. Ciofia OTHOCATCS, HalpHMep, HelipOKOMMbIO-

TEPHbIH NMOJX0A ¥ pPa3fHMYHBIE AATOPHTMBI [TOHCKA JOTMYECKUX 3aKOHOMEDHOCTEH B
CTPYKTYPax MHOTOMEDHBIX JIaHHBIX.

DKCTIEPTHBIE CHCTEMBI AJIS MIGHUPOGAHUA OTHOCATCS K 00BbEKTaM, COCOOHBIM BBIIO-
HATb HeKOTOphle YHKUMH. B TakuX cUcTeMax HCIOAB3YIOTCA MOZENH MOBEAeHHA

peasbHBIX O6BEKTOB ¢ TeM, YTOOBI JJOFMUECKH BBIBECTH [OCHEACTBUS MIAHHPYEMOH -

AEATEJIbHOCTH.

Bosee KpynHO 3KCIEPTHBIE CHCTEMBI PasfieNsAlOT HAa CHCTEMBI, PelIalollie 3ajaqs
aHaIi3a, N Ha CHCTEMBl, PEIAIONINe 3aJaul cuHme3a. 3adauyy AHAIM3A OTJIMYAOTCA
OT 337134 CHHTe3a ITaBHLIM 06pa3oM TeM, YTO B HUX MHQKECTBO PeLICHHIT MOKET ObITh
TIEPEYHCIEHO M BKIIOYEHO B CHCTeMy. B 3azavax ciiHTe3a MHOMXeCTBO peuieHUH Mo-
TEHIMAIBHC H CTPOUTCH W3 PelleHHit KOMIIOHEHTOB MJIM NOAmpobGiIeM.

Knaccudukauma IKCnepTHbIX CUCTEM RO CBA3M
C peanbHbIM BpeMeHeM

Cmamuueckue 9KCIIEPTHBIE CHCTEMEBI NIPUMEHSIOTCA I PelIeHHs 3a/ay, B KOTOPbIX
fa3a 3HaHMI M HHTEpIPETHpyeMble AaHHblEe He M3MEHSAIOTCH CO BpeMeHeM. JTH ciic-

teMbl cTabunapnnl. Ciofa OTHOCUTCS, HalpUMep, AHATHOCTHKA HEMCNPaBHOCTEN B aB-
ToMOONIE ONpefeieHHol MapKH.

Keasudunamuueckue sxcriepTHble CUCTeMbl PaBOTAIOT B CUTYALMAX, KOTOPbiE He Me-
HAITCA HAa HEKOTOPOM (DUKCHPOBaZHHOM HHTepBase BpeMeHH. Ciofa OTHOCATCH, B
YaCTHOCTH, SKCIEPTHDBIE CHCTEMBI B MUKPOBHOIOTHH, e JabopaTOpHbie H3MEPEHHS
TEXHOJOTHYECKOrC NPOLECca OCYLIECTBAAIOTCA OJuH pa3 B 435 4acoB (HampHMep, IIpo-
M3BOACTBO JH3HHA) M aHAIM3UPYeTCA AMHAMUKA MOTyYeHHbIX MOKas3aTesiel 0 OTHO-
IWEHHIO K NPeABLAYIHM H3MEPEHUIM.
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JTunamuveckue SKCTIEPTHDIE CHCTEMBI DYHKIHOHUPYIOT B YCAOBHAX HOCT.OHHHOBI:;;I\*I:‘;
HSIOIMXCA AAHHBIX, YACTO B CONPSDKEHUH C AaTHHKAMH Oﬁ\‘b&l{'rI‘OB, HHom:Hilg 5 .H_
peaJbHOTG BPEMEHH C HempephIBHOf MHTepTpeTalHneil MOCTYMAIONHX Aa mmﬂ.)m [r)[a'
Mephl — ruKne NPOM3BOACTBCHHBIC CHCTEMEL, MOHHTODHHT B peaHMMAll} 3

gartax ¥ T. 1L

Knaccudpurayma no tuny 38M

IJTa K.ﬁ&CCI-ld’Jl’]KEHHﬁ, MO-BUAMMOMY, HE HYKIAEeTCH B MOACHEHNAX.

KnaccvtvKauua no crenesy MHTerpauum ¢ Apyrumu

nporpamMmamu

ey
AGmONOMHbIE IKCIEPTHbIE CHCTEMBI PUMEHSIOTCA /A PEINEHHA «31<cnep'rm:?;bH3$e
nay B peXMMe KOHCYJIbTAllHH, KOTla He TpebyeTcs MPUBAEKATh JOTOAHATE] :
MeTOmbl 06paloTKH MaHHBIX (PacueThl, MOAEIMPOBAHHE 1 ap.).

Tubpudnbie SKCIEPTHDIE CHCTEMbI MPEACTABIAIOT pOrpaMMHbIe xomnslexlc:::,noﬂﬁ;z?{;;:
HAOIIME CTAHAAPTHbIC TAKeThl IPHKNAAHDBIX NPOTPaMM (HanpuMep, TaKe T
3a TAHHBIX, JHHEIHOTO NPOTPaMMIPOBAHUA M T. 1.). Ouu npeactapisi e
MHTEAIeKTYa bHbIE HAACTPOMKH U BBHIONHAIOT pyHKUMI MOHHTOPA 110 omg i
K W3BECTHOMY MPOrpaMMHOMY oﬁecnequH}o. Cyuraercs, 4TO paspadoTKa me\;:m o
CUCTEMBI ABJIAETCA Topasao fomee CIOKHOH, YeM CO3NATIE aBTOHOI\éHOH cHCTE? i
CBA3AHO He CTOJIBKO ¢ TEXHUYECKHUMH TPYAHOCTAMH, CKOIBKO € HGC: :<10;1uzuoc:*;1;I

KOBKH Da3HBIX METORO0M0TUH, YTO NOPOKAACT AL TEOpeTUHECKHX TPYAHOCTEN.

O6yuatowme cMCTeMbI

Obyuarougue cucmemyt HePEAKO Ha3BIBAIOT THIOTOpaMM (aHIJL t,uto.; - }(’)‘{I:);fz‘lébé a}l:lz:
craBHuK). OHU ABJAAIOTCS PaSHOBUAHOCTRIO JKCTIEPTHBIX CHCTEM. me(pIc)p exm‘m{me
{OT TOBBIIEHHOI CcIocOOHOCTHIO AaBaTh 060CHOBAHHBIE, METOAMYECKH 2 ol
s obyuenust 06bACHEHMA C ATATITHBHOH CTENeHbio AeTaH3aliH ng} pa;foﬂagbﬁom
MbIM pelileHusiM. ITH CHCTEMBI PUMEHAIOT MPEXKIC BCETO 115 TIPO ;(; s
obyuenys: GyIyuux CIHeUHamTHCTOB. TIpu CO3RAHHM TAKMX CHCTEM HA mep

BBIXOAAT 3HAHHUA O METOIE.

Jranbl pa3paboTKM IKCNEPTHbIX CUCTEM

PaspaboTKa HHTEJLIEKTYATBHBIX CHCTEM OT/IM4AETCA OT CO37aHMsA oémqnor(:l i{é}(;;{fg;\i
HOro npoayKTa. OneIT paspaboTKH paHHHX 2KCHEPTHAIX CHCTeéM n01<a3a,r1,H0 s
30BaHie TPAAUIHOHHOI TeXHOIOrMA nporpam.\mpona'ﬂux Jaubo qpesmega T
eT npouecc pa3paboTky, aubo BoobuIe TIPUBOIUT K OTpHlATeIbHOMY pesy Ry )
STo cBS3aHO IIABHBIM 006pa3oM ¢ HEODXOAMMOCTHIO MO HUMPOBATD ug A
CIIOCOGB MOCTPOEHHUS 10 Mepe TOTO, KaK yBeIHuHBacTCA apanHe paspabo
npobnemHoil obaacTh.
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B HacTosuiee BpeMs C/AOXHIACH NOCKEAOBATENBHOCTD JleliCTBUN [IPH pa3paboTie K-
cnepTHeix cucteM. Oua BKmoYaer cieayionue ataust [2], [5], [9]: uaentndukas,
NOAYUYEHHE 3HAHKH, KOHUeNTya uaauus, opMasn3alius, BhIIo/IHEHEe, TeCTHPOBARME
H ONbITHASt IKCILAYATAIA.

3C
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Y i
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L 3G ViR ) ‘ |__9Kkcnnyarauua i
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LF]onytuamna 3HaHHHI i 3asepuienue I
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I'lepeKOHc:prwposaHHai_XcoaepweuchosaHMe O]
F ]

; s i BeinonHenue
| KonuenTyanuaauus ]i—- 'w—«---—I‘—
T !
i NoHaTtHe RIS ARLEL R s PR
i _»: Cbopmannaaunn} CTpyKTypa 3HaHMi
Puc. 1.20. Texxonorua pa3paboTku 2KCNEPTHLIX CUCTEM
Upentudurauyuna

ITan HAEHTH(UKALIMH CBA3AH [PeXe BCETO ¢ OCMBICIEHMEeM TeX 3aJay, KOTophie
NPEACTOUT pelaTh Oyayiel skenepTHoi cucteMe, W HopMuUpoBaHieM TpeboBaHui K
Hell. Ha atoM sTane nianupyercs Xof paspaboTKH MPOTOTHIIA CUCTEMBI, ONIpeies-
I0TCA WCTOMHUKH 3HAHHH (KHWIH, 9KCHIEPTH, METOHMKH), UeaH (pacnpocrpaHeHne
OMBITA, ABTOMATH3ALHS DPYTHHHBIX AEHCTBWIT), KJacchl pellaeMbix 3axay n 1. 1. Pe-
3yJBTATOM 3Tala HAeHTH(HUKALHYN ABJSIETCA OTBET Ha BONPOC, YTO HAJ0 CHENATh M
KaKHe Pecypebl HeoOXOAUMO 3a1eiiCTBOBAT.

Monyuenune sHaHuu

e ; T
I—II)H PEUIEHHH TIPOBJAEMDBI HOJYUYEHHA 3HANHH BLIACAAIOT TPDH CTPATETHH! II])HOﬁpGTe‘
HHE 3HAHHM, H3BJeJYeHHe 3uaHMi u O()IIH})}’}KCIUIC 3HAHHH,

[oa npuobpemenuer (acquisition) 3nanuii moHMaeTCs CIIocod aBTOMATH3NPOBAHHOTO
HanoaHeHHs 6a3bl 3HAHUIT TOCPEACTBOM AHANOTA IKCHEpPTa H CHelHalbioil mporpaM-
Mbl. ABTOMATH3MPOBAHHBIE CPEACTBA NIPHOOPETEHHS 3HAHMH HOAYHYAIOT TOTOBLIE Ppar-
MEHTDbI 3HAHUH B COOTBETCTBUH CO CTPYKTYPaMH, 3a/103KEHHBIMH paspaboTuMKamy
cucTeM. BONBUIMHCTBO TaKMX MHCTPYMEHTANALHDBIX CPEACTB OPHEHTHPOBAHO HA KOHK-
peTHBIe aKCIepTHbIe CHCTEMBI € KECTKO 0003HaYeHHON npeaMeTHOlt 061acTbo H MO-
Jeiblo npeactapacHud simannii. Hanpumep, cncrema TEIRESIAS [6] npennasuauena
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s omonHeHus Gaspr sHaHuit cuctemsl MYCIN win ee ao4epHAX BeTBeH, MOCTpo-
ennbix Ha obosouke EMYCIN [8] B ofsacTi MeMLHHCKON AMATHOCTUKH C MCIOJE-
30BaHHEM MPOAYKIMOHHON MOJE/H NPENCTaBIeH s 3HAHMUH, [Ipu NONbITKE HCIIOIb-
30BAHHS CHCTEM NpHOGpeTeHns 3HaHmil B APYrux objacTax paspaboTyuKaM HEPEIKO
NPUXOAMTCS CTANKUBATBCA CO CAEAYIOUMMH TPYAHOCTAMM

Q meynauHblii c110cob npuobperenus, He COBNAAaIONINil ¢O CTPYKTYPOW 3HAHMH B
naHHO# obaacT;

Q HeajexkpaTHasl MOIeb NpeACTaBIeHHsA 3HAHIH;

QO OTCYTCTBME LENOCTHOM CHCTEMbI 3HAHMIT B pesy.ibTaTe proBpeTeHst TOMBKO «dpar-
MEHTOB?;

Q YIpOUIEHHE H VILTOILEHHE <KapTHHBI MHpa» H IIp.

Hzeneuenuem (elicitation) 3HaHWH HA3BIBAIOT NPOLEAYPY B3aHMOAENCTRUSA HHKEHEDA
[10 3HAHWAM C MCTOMHHKOM SHaHMIl (SKCIEPTOM, creusasbHON AMTepaTypoit U Ap.)
Ge3 HCIIOMB30BAHUS BbLIMICIUTEIbHOM TEXHHKY, ITO JJIHTENbHAA I TPYAOEMKas 1po-
Lejypa, B KOTOPO MHIXeHEepy N0 3HAHWAM, BIAACIOIEMY METOAaMH KOTHHTHBHOM
ICHXOJIOTHH, CHCTEMHOTO aHAJIK32, MATEMATHYECKOH JIOTHKM 1 1IP., HYXKHO BOCCO3/IATE
MOJENb NpeAMETHOH 0bJacTH, WCNONbL3YEMON SKCIEPTAMHK LIS MPUHATHA peneHuit.

AKTYaNbHOCTD 3aayyl U3BJIEYEHNS 3HaHMH npy paspaboTKe HHTE/IEKTYANbHBIX CHC-
Tem 0OYCIOBTIEHA CHEAYIOIMMH IIpHUNHaMH. Bo-TIEpBbIX, 3HAHTEIbHAS 4aCTh 3HA-
Huil SKCTIepTa SBJSIETCA Pe3yJbTaTOM MHOTOYHCIEHHBIX HacAceHuni, crynenel Ombi-
Ta, 1 IKCHEPT HEPEAKO HE CHOCODeH CaMOCTOATENBHO NPOaHA/3HpOBATL BCE AeTaliH
B LIeNH CBOMX yMoszakmiouenuit. Bo-BTopbIX, AHAOT MHKEHEDA 110 SHAHHAM 1 BKCIIEp-
Ta CAYKKT Haubojee ecTeCTBEHHOM GopMOIl «pacKpyuHBaHus» NabHPUHTOB MAMSATH
BKCIEpTa, B KOTOPHIX XPAHATCA 3HAHMA, YaCTO HOCALLHE HepepOanpHBIl XapaKrep.
W B-TpeTbHX, MHOTOUHCICHHbIE NPHYUHHO-CEACTREHHBIE CBISH peasbHOH TpeaMeT-
Hoit obnacty 06Gpa3yoT CIOKHYIO CHCTEMY, CKETET KOTOpOH HHOr/a Honee AOCTYNeEH
AL BOCTIPHATHS AHAMUTUKA, BIaAelollero cHCTEeMHOH MeToponoTHel n He obpeMe-
HEHHOTO 3HalHeM GOMbIIOTO KOJMYeCTBa MOAPOOHOCTEH.

TepMuHbl «06HAPYICEHUE SHANUL (knowledge discovery), a Taxxke Data Mining cs-
3BIBAIOT C CO3TAHHEM KOMIBIOTEDHBIX CHCTEM, PEANM3YIOMMX METOABI aBTOMATIYEC
koro rnojyyenus sHanus. Ha ceromusmsuil aenb 310 Haubonee NePCIeKTUBHOE Ha-
npaBJieHHe WHKEHEPHH 3HAHH, NPENOaraloulee, YTO B pe3yIBTaTe ABTOMATHIALH
npouecca 06yqeHns CUCTEMA <CMOXKET» CAMOCTOATENbHO PACKPHITS 3aKOHOMEPHOCTH
npeaMeTHOM o6nacTi M cpopMHPOBATH Heo6XOMMMbIE 3HAHKS Ha OCHOBE MMEIOIEro-
¢Sl SMIMPHYUECKOTO MaTepyaa (6a3 mamibix), B HACTOsIIEE BPEMA CIICIUATUCTAM CTAT0
ACHO, YTO MHIKEHEp MO 3HAHKAM C TNOMOIIBIO OJHOTO JIMIIb AMAI0ra ¢ SKCHEPTOM B
KAKOI-TO KOHKDETHOM 0671acTH He crocoben A0OLITh BCe HYKHbIE 1A paspaboTiu
MHTEIIEKTyanbHoll cHcTembl caeennd, Tpebyercs eule ¥ MHOXKECTBO MPHMEPOR, Ha
KOTOPBIX yaacTest obyuuTs Matinny [3].
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Konuentyanusauyus

Ha srane KoHUenTyaan3anwy NPOBOAHTCS COJAEDKATEIbHBIN aHaTH3 OpobieMHOH
06.1aCTH, BBIAABASIOTCS MCIOJAb3yeMbie NOHATHSA M MX B3AHMOCBA3H, ONpPeelAi0TCs
MeTONBl pelleHus 3azay. ITOT STall 3aBEpPINAETCA CO3JAHMEM MOZENH TpeAMEeTHOM
obnacTy, BKIIOYaOLIell OCHOBHBIE KOHIENTH! ¥ oTHOIeHus. Moaeib npeacTasiseTcs
B Buze rpada, TabJaMUbBI, ANATPAMMBL MJIH TEKCTA.

®opmanusayua

Ha atame dopManusalldy Bce KAWOYEBble MOHATHA W OTHOLIEHHS BHIPAXKAIOTCA Ha
HEKOTOPOM (POPMaILHOM 5i3biKe, KOTOPBIil BRIOMpAETCSA U3 YHCIIA YIKE CYIIECTBYIOUIMX
aubo cosgaercs 3aHOBO. JIpyruMHM Cl0BaMH, HA AAHHOM ITalle ONPENeAIOTCS COCTAR
CPEACTB ¥ CIOCOoOb IPEACTABIECHHS JAEKIaPATUBHBIX M MPOLEAYPHEIX 3HAHUI, OCYIiIe-
CTBJISETCA 9TO NPEACTABIEHNE, H B UTOTE CO3JAeTCs ONMCaHMe pellieHMs 3aia4yH JKC-
IepTHOH CHCTEMBI Ha BHIODaHHOM (DOPMaJbHOM S3BIKE.

BoinonneHue (peanusaums)

Ha sTane BuINOJHEHHSA CO3AAETCA O4HH MITH HECKOJIBKO PealbHO paﬁOTaIOU-lHX npoTo-
THIIOB 3KCHEPTHOH cHcTeMbl. 1 yCKOpPeHHs 3TOrO MPOLEcca B HACTOsIee BpeMs

HIHPOKO NPHMEHAITCA PA3NUYHBIE LHCMPYMEHMAAbHYEIE CPedcmea, XapAKTEPUCTHKA
KOTODBIM AAETCS HIKE.

TecruposaHue

Ha gannom sTame oLEHMBAETCs M NPoBepsieTcs paboTa MPOrpaMMBbI-IPOTOTHIIA C Le-
JIBIO MPHBEIECHHA €€ B COOTBETCTBME ¢ DEANIBHBIMH 3allpPOCaMu 10J1b30BaTeNel. HpO'
TOTHH IIPOBEPAETCA MO CIACAYIOIUIHM OCHOBHBIM IMO3HLIHAM:

Q ynobcrBo M afeKBATHOCTL NHTEPhEHCOB BBOAA,/BHIBOAA (XapaKTep BOIPOCOB B AH-
aJiore, CBA3HOCTb BBIBOAMMOTO TEKCTA Pe3y/ibTaTa U Ap.);

Q 3dheKTHBHOCTD CTPATETHHK YIIPaBJeHUs (TOpAnoK Nepebopa, HCHOAb30BAHNE He-
YETKOI'C BhIBOJA U T. 4.);

Q KoppeKTHOCTH Da3bl 3HAHHUI (MOAHOTA H HEPOTHBOPEYHBOCTDL MPABUI).

3afava cTaguM TECTUPOBAHHS — BHIABJIEHHE OLIMOOK ¥ BHIpabOTKa peKOMeHIaui o
JIOBOJIKE TIPOTOTHIA IKCITEPTHOH CHCTEMBI A0 NPOMBILJIEHHOTO ofpa3ia.

OnbiTHas 3KcnayaTayua

Ha atanme onbITHON SKCIJIyaTalMH NPOBEPSIETCs NPHICAHOCTh IKCHEPTHOH CHCTEMB
A8 KOHeYHOro noan3osatens. IIpuroanocts onpesiensercs B OCHOBHOM yaoOCTBOM
U TIOJE3HOCTbIO paspaboTky. [loA MoIe3HOCTRIO MOHUMAETCA CIOCOOHOCTE SKCIIEPT-
HOH CHCTEMBI ONpPEeASaATE B X0Je AHal1ora HOTp86HOCTI-I NOJAB30BATEIH, BhISABIATL U

yCTpaHsITh IPUYHHB! Heydad B paboTe, a TakKe YAOBJAETBOPATH yKa3aHHLIE no;pe6-
HOCTH MoMb30BaTeNsi (pemars mocTaBjieHHple 3anaqu). B CBO0 ouepeis, yA00CTBO
paboThl MOJpa3yMeBaeT eCcTeCTBeHHOCTD B3aUMOJIEHCTRUSA C SKCIEPTHOH CHCTEMON,
rMBKOCTD (CTIOCOBHOCTH CHCTEMEI HACTPANBATBCSA HA PA3MUHDIX TOIH30BATENEH, A TaK-
K€ YUUTHIBATh UBMEHEHHA B KBATU(IKAIIMH OXHOTO 1 TOTO XKE HOAL30BATENS) U YC-
TORUUBOCTD CHCTEMBI K omubKaM (CrocobHOCT He BRIXOAMTH W3 CTpOs IpH omnboy-
HBIX AefICTBHAX MOJb30BATENIA).

TTocne YCIeulHoro 3aBeplIeHna sTana OIIBITHOM IKCHAyaTauuy 3KCACPTHAA C’IflCTeMa
KJIaCCH(})PlHHp\_’ETCFI KaK KoMMepuecKasa CHCTEMA, npurojHas He TOJIBKO A8 COOCTBEH-
HOTO HCOOJB30BaHuA, HO H 18 NMPOAAKXH PasTHYHbBIM HDTpEﬁHTeIIHM.

B xozme paspabOTKH IKCTEPTHOH CHCTEMBI BCErAa OCYLIECTBIAETCA €€ MoaudHKanus.
BrizeasI0T Caeiylolie BIAbl Takoil MOAM(pHKALHH: nepecpoptiyfmpmzamie HOHATHI
u TpeboBanus, TIEPEKOHCTPYHPOBAHHE NDEACTABACHNA SHARMA B CHCTEME W YCOBED-
mescTeOBaHKe mpotoTuna (cuM. puc. [1.20). YcopepiieHCTBOBaHHE MPOTOTHIA HpOH3-
BOJMTCS B MPOLECCe MUKIMYECKOro MPOXOKICHHA YCPe3 STANBI BRIIOIHCHIA 1 Tec-
TUPOBAHMA Ui OTJAAKH I[IPABHJ U TPOUEAYD BLIBOAA. LMKl TIOBTOPAIOTCA nor Tex
rop, Moxa CHcTeMa He Oyaer BecTH cebs oxuzaeMbiM 00pasOM. Hsmelﬂiﬂuﬂ, ocynle-
CTBNISieMble IPH YCOBEPUIEHCTBOBAHHH, 3aBUCAT OT BLIGpAHHOrO criocoda MpeAcTaB-
neHMs 3HAHKI M Kjacca pelaeMbix 3ajay. Ecam B mpolecce yCcOBEPLIEHCTBOBAHHA
)KeJaeMoe TIOBefleHHE He JOCTUraercsd, TO NPOU3BOIAT Gonee cepbesHble MOAUGHKA-
1M APXHUTEKTYPBI CHCTEMBI H HCIMOAb3yeMoit 6a3bl 3HaHHMH.

Bosppat oT ®Tana TeCTHPOBAaHMA HA 3Tal cbopnanﬁaaunn NPHBOAUT K [epecMoTpy
paHee BBIGDAHHOTO criocoba mpeAcTaBieHHs 3Hanui, JaHHbBIH UK HA3BIBAKOT NEPe-
KOHCTpyHUpOBaHueM. ECIH BOSHHKIUME npobaemsl enle bosjee cepre3Hyl, TO MOCAE He-
yIa4yy Ha 3Tane TeCTHPOBAHUA MOXKET noTpeboBaThCsl BO3BPAT HA STAMMbl KOHLENTya-
JIH3AlMM 1 Jaxe uaeHTHdHKaMu. B aTOM cayyae peub HIET O nepehopMyIHPOBAHINT
CHCTEMBI TIOHSTHI, METATIOHATH 1 CEMaHTHYECKUX OTHOLIEHHIT, TO €CTb O NMPOCKTH-
POBAHUH Ecell CHCTEMBl 3aHOBO.

UHcTpyMeHTanbHble CPEeACTBa

Panbllie Ha IPOEKTHPOBAHKE U CO3TAHHE IKCIIEPTHRIX CHCTEM tpeboBanocs 20—30 yeno-
peko-iieT. [1]. B HacTosimee BpeMsi WMEIOTCA CPECTBA, YCKOPAIOLIHE STOT npolecc.
X HA3BIBAIOT HHCTPYMEHTANBHBIMU CPEACTRAMHY, WIH POCTO uHcTpyMeHTapieM. Mubl-
MH CJAOBAMMH, 1IOJ HHCTI)}’-.\iCHTa.HbeL\!H CDCJCTBBMH NMOHUMAIOT COBOKYIIHOCTD arnmna-
PATHOTO H MPOIPAMMHOT0 00eCreyeHH, NO3BOIAIOUIEro CO3AABATD TIPHKJIAIHBIE CUC-
TeMbl, OCHOBaHHBIE Ha 3HAHHAX.

Cpexy TIPOrpaMMHBIX HHCTPYMEHTATLHBIX CPEACTB BRUIEAAIOT CACHYIOLIIE Honbuiye

TpyNIBL:

O CHMBONBHBIE S3bIKM TporpaMMupoBanusi (nanpumep, LISP, INTERLISP,
SMALLTALK); ;

O A3bIKM WIDKEHEpHH 3HaHuif, TO eCTh A3bIKM MPOTPAMMUPOBAHNA, MO3DOLAIOUIME
peaTn3oBaTh OAMH N3 CNOCOBOB MPEACTABIEHHS 3HAHWH (nanpumep, OPS-5,
LOQPS, Ilpoxor, KES);
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Q 060J0YKH IKCHEPTHBIX CHUCTEM (JIH MYCThie SKCIEPTHBIE CUCTEMBI), TO €CTh CHE-

TeMbl, HE COAepKaliiiie 3HAHMH HHM O KaKOoN mpeaMeTHoil obiaacTH (Hanpumep,
EMYCIN, 3KO, 3KCIEPT);

@] Cpelbl HJAH OKDYXKeHHe (environment) AJA IJEISPHGOTKI‘I IKCIIEPTHBIX CHCTEM, TO €CTh
CHCTEMBI, aBTOMATHIUDYIOILHE paspaﬁomy (HpOGKTHpOBaHHE‘) CHCTEM (H'@.III)HMEP,
KEE, ART, TEIRESIAS).

le] HCIIOAB30BAHWH HHCTPVMEHTAABHBIX CPEJICTB IIEPBOrQ H BTOPOTC THIIA B 3alady

paspaﬁommca BXOJHT NpOrpaMMHDOBAHHE BCEX KOMIIOHCHTOB BKCHEPTHOIU{ CHCTeMBbI,

d [IPH HCIIOJB30BAHHHU HHCTPYMCHTANLHEBIX CREICTE TPETHErDo M HEeTBEePTOro THIA pas-

[)21601"‘-1}11{', KaK IPaBHIO, NOJHOCTRIO ocBOBOXKIAETCS OT HAMCAHWA [IPOrpaMM.

B nacrosinee Bpems HaOmII0AaeTCs OTXO/4 OT MHCTPYMEHTADHS [1ePBOT0 H BTOPOTO THIIA
H [MHPOKOE MCIOIL30BAHHE MHCTPYMEHTANABHBIX CPEACTB YEeTBEPTOro THIIA,

Buecte ¢ Tem, CJledAYeT OTMETHTE, 4HTO K Bblﬁopy HHCTDYMEHTAPHA HCO(’JXO,ELI-IMO noa-
XOJHTL O4EHb OCTOPOXKHO, TAK KAK YINPABIAIOLIME CTPATEIHH, BJAOKECHHBIC B IIpOLEeNY-
Pbl BbIBOJa MHCTDYMEHTAJADHLIX CPEd H oﬁoJqueK, MOIYT HE€ COOTBETCTBOBATL METO-
AaM DpelleHHHA, KOTOPhleé HCIIOJAbL3YEeT 3KCIEepT, B3aI‘IM()ﬂ(‘,‘ﬁCTB}’IOIHHﬂ C IOAHHOM
CI[CTEMOI‘ui, 4YTO crocofHo NpHBOAHTL K 11(33(1)(1}01{1’1113111)1-.\-[, i BO3MOMXHO, H HEOPaBHJib-
HbiM DEIICHHAM.
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N3BneyeHue 3HaHUN
13 NaMATHU IKCNepTa

B 3TOM pasieie PACCMOTPEHbI OCOBEHHOCTI IIPOLEAYPhI B3aUMMOLEHCTEIA MHKEHEepa
[0 3HAHWSM C HCTOYHMKOM 3HaiMii (9KCIEPTOM), MOIBOJIAIOUIEH CAENATD ABHLIMU
paccyRIeHHs CeMHaIuCTOB [Pi NPUHATHH pemernt i CTPYKTYPY MX TpejcTaBe-
H{H O TpeaMeTHON obracTH.

Mpoueaypa B3aMMOAEHCTBUA UHKEHepa
no 3HaHUAM C IKCNEPTOM

Masecren napagokcambhbiil $axt [KOHCOHA O TOM, UTO MO MEPE HAKOMJEHMS! OIIBITA
CTIeLMAIMCT-3KCIepT Bee GOJbIe YTPAUHBAeT yMEHHE CJIOBCCHO BBIPAKATh CI.SOH 3HA-
s, VIMEIOTCs IOCTATOYHO YOeAuTe/IbHbIC ICHX0NO0THIECKHE I0Ka3aTe/beTsa TOTO, 4yTO
TIOIM AANEKO He BCErJa B COCTOAHMM JOCTOBEPHO ONHMCATL CBOH i-ibICJIMTC.-‘ibI-ibl(B npo-
nteccsl. TeopeTnk HCKYCCTBEHHOIO HHTE/LIEKTA Mappun MuHCKHi MUcan, YTo «CaMo-
CO3HAHIE — 3TO CAOKHAA, HO TIMATENbHO CKOHCTPYUPOBAHHASA WJLTIOSHA...»> H 4TO
<«...TOJMBKO KaK MCIUTIOUeHHe, 2 He KaK MPABUJIO, YETOREK MOKET 0OBACHUTE TO, UTO OH
3HAET>.

Hpyroe MCHXOMOIHYECKOe TOIOKEHHE COCTOUT B TOM, 4TO ONBIT 3xcnepT‘a TH?ITO_}E;S}?-
HIQs1, KOTOPAs TPYAHO NOAAAETCS BHIPAKEHNIO B dopse npasii Tuna «ECJ ».
1113poKo U3BECTHO BHICKA3BIBAHIE Jlao-1138t («CTApOro yUuTeisi»): «KT0 CKaxer, TOT
He 3HAeT, KTO 3HAET, TOT HE CKaMXeT».

Tenm He MeHee, MIKCHepPHs 3HAHMH NIpef/iaracT Onpele]eHHbe MCTOLLI (TIpHEMBb,
ciocobpl) paboTel € IKCTEPTamMi. ITH METObI HANPABICHL! Ha <<[?acI(p_\“{.uBaHI-IE}i
NabUPHATOB NaMATH JKCTEPTOB, B KOTOPLIX XpaHATCA 3HAHHS, YACTO HMeoliHe He
pepbasbHBIH XapakTep.

Knaccutbukayus meTofos paboTb! € 3KCNEpPTaMu

B OCHOBY H3JIAraeMoro Marepuasia MoJoKeHa KAaCCHOUKALMA KOMMYHHKATHBHBIX
METOLOB PalOoThl HEXEHEpa 110 3HAHHAM, MPENCTapJICHHadA B [3].
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Hox xoMMyHuKaTHBHBIMU MeTozaME HOHHMAIOT BCE BHABI KOHTAKTOB MHXKEHEDa 10
SHAHHAM C KHBBIM HCTOYHHKOM 3HaHHH — sKcnepToM. Cpesd 3THX METOI0B Bblge ns-
0T ABe BoJbUIME TPYNIDL: aKTHBHbE i naccuBHule (pue. I1.21). :
Haccufub:e METOABI NOAPA3YMEBAIOT, YTO BEAyas po
SHAHHU NpHHALTEKHT dKcnepTy. Ilpu atom MHAKEHep I
NPOTOKOJIUDYET pacCyKIeHMA U AeiicTBusg JKCIIepTa.

Jb B nponenype H3BjeYyeHns
O 3HAaHHAM TTaBHBIM 061)330;‘1

1];33 ;:??IHGHE)LI Mero,-:[a/x MHULMATHBA TIOMHOCTBIO B PYKAX MHKeHepa No 3HaHusv. Of
T € SKCHEPTOM Oeceny, npeiyaraeT pas. or
3 3THYHBIE «HUIDBI», OPTAHH3Y B
e Dbl», OPTaHH3YeT «KpPYIblH
Haccupuie Metoanst na nepsbrit B3TJISA/L [IPOCTBI,
KEHEpA II0 3HAHMAM YMEeHHA aHAIH3UDPOBATH <
AT B HeM LeHHble (PparMeHTsl 3HaAHMS,

AKTHBHDBIE METOIbI PA3JeNSIOT HA JBe TPYUINbI B 3aBHCHMOCTH OT YHC/IA SKCIEPTOB
YYACTBYIOIIMX B NpOLleAype M3BIEYeHHA 3HaHUil, B IPYNINOBBIX MeTOZAX 60%1{10&1
SHAYCHUME MMEET ANCKYCCHS MEXIY SKCTEPTAMH, B KOTE}])OI‘»’I Hepeako BbIHB‘I;IIDTCH
HETPHBHAJIbHBIE acHeKTh! 3Hauuil. B To ke BPeMA, BEeAYILYIO poiab Ha cemm;ﬂmﬂm‘-i
ACHb HIDAIOT HHAMBUAYAJIbHbIE METOALL B 3HauMTenbHON cTenenn 3TO CBA3AHO C fge-
JHKaTHOCTBIO NMPOLEAYPHI «OTHEMA 3HAHM», .

Buecre ¢ rem, ouu Tpebyior or un-
[IOTOK CO3HAHHs» SKCNEPTa H Bblje-

| _METOZbI PABOTH C IKCNIEPTAMM |

{
1

J |

HaGnogenue o
33 3KCNepTamMu Fpynnossie
| |

|
AHa_nws | Moasrogon
«MBICREN BCNYX» wrypM AHKETUPOBaHMe

AHanwa xopa | i Kpyrnbm 5 |
paccyxaeHud | i eTon |
Pl P :f;
1 i Poneeole | I
Nexupn | el Buanor
| 3KkcnepTHule
urpel

Puc. M.21. Knaccudukayua MeTon0B paboTel ¢ akcnepTamu

Wi Db |

] Ity

{ Maccuansie |  AKTHBHbIE |
e o R |

| !
MHﬂHEHﬂYaﬂbeIEE

WuTepseio

SR

Naccuehble MeToab!
Habnwopenus

MCTO,E[ 1-1a6mo;m}m2 ABNAETCH €AHHCTRBEHHBIM «HYHCTBIM» METOIOM, Tie HHMEeHED

IO 3HAHMAM He BMelllNBAeTCs B npolecc paﬁorm SKCIIEPTA U He HaBA3BIBAET EMY
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kakue-160 coficTBeHHbIE TIPEACTABNAEHHA. BhAeSAOT ABe Pa3HOBHAHOCTH HADII0-
NeHnH:

O Habionenue 3a peaTbHEIM NPOLECCOM.
O HabaoaeHune 3a uMuTalMell mpouecca.

CHauana 0OBIYHO NPUMEHSIOT IEPBYI0 DASHOBHAHOCTE ¥ HAOJIOAAIOT 33 PeajbHbIM
npolieccoM Ha paboueM MecTe sKcnepTa. DTo MOMOTAET IJyOxKe MOHATH NPEIMETHYIO
061acTs ¥ OTMETHTh BCE BHemIHHE 0CODEHHOCTU MpPOLEAYPbl NPUHATHS pemeHuH,
HeoOXoj(uMble JU/IS TPOEKTHPOBaHUA HHTepdelca MOMb30BATENA.

Ha sropoMm aTane 3xcnepT UMHTHPYeT mporecc. B TakoM pexxuMe OH MeHee Hamnps-
KeH M paboTaeT Ha <«a8a (POHTa» — BeleT NPO(ecCHOHANIBHYIO AeSTeNBHOCTD U Of-
HOBPEMEHHO JeMOHCTPUDYET €e.

Ceancyl HabMONEHUH NPENBABIAIOT K MHXKEHEPY 110 3HAHUAM CAeRVIomHe TpeboBanus:

O BraneHue TeXHHKOIi cTeHOrpadHH.

O 3HAKOMCTBO ¢ METOAMKAMH XPOHOMETPHPOBAHUS JUIS YETKOTO CTPYKTYDHPOBAHMS
NPOHM3BOJACTBEHHOIQ IIPOLecca BO BPEMEHH.

O Pa3BuThIe HABLIKK «4TEHHd TIO Ta3aMs, TO €CTh HabNIOJATENbHOCTD K HKECTaM,
MHMHKE ¥ IPYTMM HeBepOaibHbIM KOMIOHEHTAM OOIIeHNUs.

O TlpeasapuTepHOE 3HAKOMCTBO € IMPEAMETHON 06JACTHIO.

[Iporokousl HAGMIOAEHUI TOCTE NPOBEIEHHs CEaHCOB TIATEIBHO PACiHPOBLIBAIOTCA,
a 3aTeM OOCYXIAIOTCSA C SKCIEPTOM.

AHanu3 NPOTOKOJIOB KMbICNEN BCAYX»

Ipu NpOTOKOMHPOBAHHH <MBICTEH BCIYX» IKCIEPTa IPOCAT PACKPHIThH BCIO 1IENIOYKY
paccyKacHui, 00BACHAIOMIHX ero AeicTBuA 1 pewenyd. IIpH TakoM NpoTOKOAHPOBA-
HHH CYMTAETCS BAXHBIM 3a()HKCHPOBATh He TONBKO BECh <MOTOK CO3HAHHA> 3KCHEp-
T4, HO Jla’ke May3bl U MeXIOMeTHs B peyd aKcrepTa. MHorza aaHHwlil MeTo HasbiBa-
10T «BepOATbHBIMH OTYETAMHY.

IIpy IpOTOKONMPOBAHHH «MBICTIEH BCAYX» IKCTIEDPT MOXKET ITPOSIBUTH cebsi MAKCHMAJlb-
HO Apko. OH HUYEM He CKOBaH, €My HHKTO He MelaeT, OH Kak Obl CBOOOMHO NMapuT B
NoTOKe COBCTBEHHBIX PACCYKAEHNM M YMO3AKIIOUeHUH, MOXKeT OJeCHYTh CBoel apy-
AuIMel ¥ HMpPOAEMOHCTPUPOBaTh IIybuHy noshaHuit. A GoIpIIOro Ymcaa aKcIep-
TOB 3TO CAMBIl IIPUATHBIM M JECTHBIN €nocob M3BAeyeHNs 3HAHUH.

BuecTe ¢ TeMm, KaK 0TMEYAIOCDH BBIIIE, JAJEK0 He KakKAblil CHeIHANNCT, JaXxe U3 YHCcaa
YMEIIUHNX TPOH3HOCHTh BIEYATJIAKIINe MOHOJOTH O CBoell paboTe, oxa3pBaeTcs B
COCTOAHUK (POPMAIN3OBATh H CTPYKTYPHPOBaThL paccyxaeHud, OHAKO CYWECTRYIOT
JIONH, CKAOHHBIE K pedrekcut, ciocobHbie K KOHCTPYKTHBHOMY M3JIOMEHUIO MbiCel.
Takue J0AH — HAXOAKA AJA HIKEHepa 0 3HAHUAM.

Nekymu

JlexTopckuit nap BeTpedaercs HeuacTo. OMBITHBIN 1eKTOP XOPOLIO CTPYKTYPUPYET CBOH
aHaHua ¥ xoa paccyxknenunil. Ho ObiBaeT, HEKOTOPRIE MOAH OGIAAAOT JEKTOPCKHM
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JapOM, HO He IIONI03PeBaloT O ero NpUCYTCTBUH. B moloM cioydae uHKeHepy 110 3Ha-
HHUAM CTOHT NONpPobOBaTh 03aJaYlTh IKCOEPTA NOATOTOBKON JEKIHH Ha MHTEPECYIO-
Iy TeMy. Eciu skcnmepT cyMeeT Mpeono erh clelHduUecKkuil necuxonornyeckui

6apb{:p H BOITH B 00pa3 megarora, 3T0 MOXKET 0KazaThCH BecbMa a((DEeKTHBHBIM AJIs
pelieHHA 3a1a4H M3BJICYCHHMA 3HAHUIL

Xopolunii BONPOC MHIEeHepa M0 3HaHUAM 10 XoAY JeKUMY HMeeT BaxkKHOe 3HaueHMe.
Cepbesnble, T1y60KHe B MHTEpPECHbIE BONPOCH!, ¢ OHOI CTOPOHHL, CTUMYIHPYIOT TBOP-
yeckoe BOOGDasKeHNe JEKTOPa, H ¢ APYIoil — MOBHIIAIOT ABTOPUTET HHXKEHEPA MO
SHaHUAM.

[1poRQ/LKUTENRHOCTE AEKIMI PEKOMEHIYeTCA cTanAapTHag — oT 40 po 50 MuRYT, H
gepes 5—10 MHHYT — eule CTONDBKO xe. Bech Kyvpe NOMKeH 3aHUMAaTh, KaK IIPaBHIo, OT
ABYX A0 NATH JIEKIHIA.

Merton usBiaeuerusa 3HaHKil B (hopMe NEKUHA, KaK 1 BCE MTACCHBHBIE METOR, NPUMEHSI-
10T B HauaJle MHOTO3TANTHO Npoleaypbl H3BJNEYEHHA 3HaHWI U3 HaMATH skcrepra. OH
CIIOCOOCTBYET OBICTPOMY NMOIPYKEHHIO HHKEHEepa 110 3HAHWAM B NPEJIMETHYIO 00JacTh.

Tabnuya N.11. CpasHuTENbHbIE XaPAKTEPHCTHKM NACCHBHEIX METOR0B U3BNEYEHUA 3HAHUM

Naccuskblid  JlocrouHcTEa HepocrarTku TpebosaHua  TpebGoeaHua XapaKTepucTuka
MeTop K IKCnepry K HHXEeHepy npeAMeTHOH
M3IBABYEHHA {THnbl M fi0 3HaHMAM obnacTu

3HAHWH OCHOBHbIE {Tunel

Ka4yecTea) H OCHOBHbIE
KayecTBa)

Habnwaenua OtcyrcTene sananva  OtcyTcTBHE Mbicnuyens uan  Metcnutents Cnabo- u cpegme-
AHBNMTHKE 1 ero ofpatHoi NPaKTHK {HabnwaaTens- CTPYKTYPUPOBAHHbIE
cybrexTnaHoR CBAZM {cnocofHOCTL K HOCTL + NONE- CpefiHe-

MNO3HLMK, Mancu- KOMMEHTADKHAM + HE3IZBUCH- AOKYMEHTH-
ManLHOE NprubAKKE- PEDNLKTHBHOCTE  MOCLTD) poBaHHble
HHE AHANUTHKE K + Apywenobue)

npeameTHoi obnactu

«Muicnu Benyx» Ceoboga OtcyTcTemMe CobecepHuk unu  Muicnutens unuw  To e
CaMOBLIPAKEHUA oBpaTHO# MBICAMTEND cabecepruk
akcnepra. O6Hamen-  ¢BA3M, Boamox-  (CnocoBHOCT K (KOHTAKTHOCTL +
HOCTH CTPYHTYP pac-  HeCTh yxofa BepBanniaunu nonexesaBu-

CyMAeHMA. «8 CTOPOHY» MblCngH + CHMOCTR)
OreyreTene B PACCYMACHUAX  OTKPLITOCTL +

BAMAHMA BHANMTHHA  3KCREpTa. PeDASKTHBHOCTL)

i ero CyGLeKTUBHOR  «3aWLIYMABHHOCTES

NO3ULHMK AeTanamMu

Nexumnn CrpykTypupoeankoe  Cnabas Meicnutens Muicnurens Cnabo-

H3INOKEHHe, obpartHan {nexTopcrune {nonexesa- ROKYMEHTHDROBIHHBIE
Bricokas TBA3bL, cnocoBHOCTH)  BMCMMOCTB + W cnabo-
KOHUEHTpauna Hepgoctarox CNOCOOHOLTL K CTPYHTYPUPDBAHHLIE
IHAHMA. XOPOWHX ofofueHuno)

Oreyrcrene NeKTOpoR

dHANMTHHKA W ET0 Cpenu NpakTHKOB

CyOBLeKTUBHON

no3uumm
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Th BHUMAHHE IHWE
) NPUMEMAHHE MoneHe3aBHCHMOCTb OTPaKAET CROCOBHOCTL YenaBeKa KOMUEHTPHPOBA i
4a Tex acnekrax npobnemMsl, KOTOPHE HEOBXOAUME ANA PEULIEHNS KOHKPETHOR 33A34H,

ymeHwe oTopacsiaaTs nuuHee.

AKTUBHbIE UHANBUAYaANbHbBIE METOADI

AHKeTUpOBaHUe
Am«:emponalme ABJAETCS 1{31{60.7166 C'l‘aliﬂ'{lpTHSHpOIiaIIHI)IM METOJ0M. CocraBieHne

u

AHKETH — JAOCTaTOYHO TOHKMl H OTBETCTBEHHBIH MOMEHT. BOT HECKOJIBKO PeKOMeH-

aauuit:

O ankera He N0JKHA ObITL MOHOTOHHOMN H onHoobpasHol, uToOs! He BhISHIBATH CI;};-
Ky H ycTanocTb. 151 9TOr0 BONPOCH AO/IKHEL BAPLHPOBATHCA, TEMATHKA MEHHH .

) . - T { A
cs. Kpome TOTO, HEPEAKO B aHKETY BCTABAAIOT CrelabHble BOIPOCHI-WYTK
UrpoBBle BONPOCHL;

0 anxeTa OJKHA GBITh MPHCTIOCOOIEHA K AJBIKY SKCIEPTOB;

O cemyeT YUHTHIBATD, HTO BOMPOCH! BJMAIOT JPYT Ha apyra. [losTomy nocrenona-
TebHOCTD BOMPOCOB HOMKHA ObITh XOPOWIO MPOAYMAHA,

O askera JOJDKHA UMETh <XOPOIIME MaHephl>. Ee HYXHO W3J/ararh ACHDBIM, TTOHAT-
HBIM M TIPEeTbHO BEKAMBEIM ASBIKOM. MeTOIHYECKIM MaCTEPCTBOM COCTABJIEHNS
AHKETH! MOKHO OBJAZETh TOJBKO HA MPAKTHKE.

" F 1] A h & W I{a_

TIpoueaypa AHKETHPOBAHUS MOKET NPOBOAUTHEH apyma crocobavi. B HL?BO};I a}m

TATHK BCAVX 3aiaeT BOTIPOCH! H CAM 3aMOJHSAET AHKETY [0 OTBETAM sxcnepTa. Bo 2

poM SKCIepT 3ATOJHSAET aHKeTY CAMOCTOATE/IBHO HOCIE NpeARapHTENbHOTO HHCTDY

THPOBAHHA. .

i j TEHUSE e

Bpi6op criocoba 3aBUCHT OT pAla yCI0BHH (B 4aCTHOCTH OT oc})op.\[:m.lm;‘[ dHK?T;é;ym

HOHATHOCTH, TOTOBHOCTH SKCIEPTa). BuecTe ¢ TeM, BTOPOI CIOCOD npc.-mTaB.uln e

[IPEANOUTHTENBHBIM, TAK KaK Y SKCMEPTa NOABIACTCH HEOTPAHHHEHHOE BEMS I

yMBIBAHME BOTIPOCOB ¥ CHIKAETCS TAK HASLIBAEMBIN athdeKT NPHCYTCTRHA.

Ay 0

WHTepBblo

os: MeeM JTH MBI 3aAaBaTk
Tlepen npoBeaeiyenM HHTEPBBIO HEILIOXO CNPOCHTD cebst: <A ymeez;’.{u .\:}1,1 ?Ililiqacj
ponpocki?» B dunocoduu aTa npobnema 06CyKIAETCs ¢ APEBHOCTH. PACCMOTPHA K-
cH(UKAIHIO BOMPOCOB (pHC. 11.22). o

WL g b es s R L L

Omxpotmotdi 6onpoc 0003HAYAET TEMY MM TPEIAMET, NPeNOCTABIAS DKCITEPTY CBODOA)
1o opMe ¥ cofepKanuio OTBETA. "
Tpu 3akpvimos 6onpoce SKCIEPTy npejyiaraeTcsa Habop OTBETOB, CPElH KOTOPBIX OH
noJiKeH cAenath BeOOp.
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—_
l Bonpocsi
f T
=i | . - -3} |
Mo opme | I Mo dyHKUMK ! :I'lo BOZAEHCTBUIO
OTKpbIThIE | I t ! -
BAKDLITHIS : }—1 OcHOBHbI | !--I HeditpansHole
| Nwarble | 2
- oLue = ne
BesnuyHble Sarou | bifponRi]
(pawmbie U KeHTponeHele
KoCBeHHLIg
BepbanbHbie
_| C ucnonb3osaHuem
HarmAAHOIo
marepiana

Puc. .22, Knaccudurauua sonpocos

3akphIThIE BONIPOCH Jerde 06pabaTbiBalTest, HO OHU B ONIPEEIEHHON Mepe «IIPorpaM-
MHPYIOT» OTBET JKCIEPTA W «3aKPhIBaloT» XOA ero paccyxaenuii. Ilosromy npu co-
CTABJEHUH CLEHAPHS UHTEPBBIO 0ObIMHO YEPEAYIOT OTKPLITHE H 3aKPHIThIE BOMPOCH
H 0COBEHHO TLIATEJALHO NMPOAYMBIBAIOT «MEHIO» U COAEPKAHHE 3AKDPhITHIX BONPOCOBE.

Huunotti 6ORPOC AlleJUVIMPYET K HHIAHBHAVAABHOMY OIIBITY 3KCIEDTA. Jlnutpie BOIIPO-
Chl OOBIMHO AKTHBH3HDYIOT MbIILJIEHHE IKCIIEPTA, «HIpPalT» Ha ero CaM().-‘HO(.:}HI'I, YK-
pPalIaoT HHTEPBLIO,

Besauunvii sonpoc HaueneH Ha BhIsIBAeHHe Haubolee PacipoCcTpaHeHHbIX H oflenpu-
HATBHIX 3aKOHOMEPHOCTEH TpeAMEeTHOH 06acTiL.

HI)H NOATOTOBKE BOIIPOCOB YHUMTBIBAKT, YTO A3LIKOBLIC BOSMOMHOCTH 3KCIEPTA, KaK
NpaBHJIG, OrPAHHYEHEL KPOME TOro, HMMEOT B BHAY, YTO H3-3a 3aMKHYTOCTH, CKOBAH-
HOCTH H pO()OCTl! QTAEAbHEIE IKCICPTH HE MOTYT CPA3Y BBICKA3aTh CBOE MHEHHE H
npeaocTaBHTL Tpeﬁyc.\me JHaHHA. HO3TOMY HacTO UCNOJML3YIOT HE fpsAaMbie BOIPOCH,
KOTOPbI¢ HENMOCPEACTBEHHO YKaA3bIBAKOT Ha NPpeAMeT HJIH TEMY, a KoCgeHibie, ONOCpe-
AOBaHHO HAIPABJAANIHE BHHMAHHEC Ha aKTYaIbHYK) HpOfL"IC.\Iy. Wuoraa B HHTEpECax
Aenia NPHXOAMTCA 3a/1aBaTh HECKOIBKO KOCBEHHBIX BONPOCOB BMECTO OJHOI'Q [IPAMOrO.

Bepéa.fawbee 80RPOCHl — ITO TPAIHMIHOHHBIE YCTHBIE BOIIPOCKI.

Bonpocet ¢ ucnonvaoeanuem nwaziaonozo mamepuaia pasnoodpassaT MHTEPBbIO U CHH-
AT YTOMJsIeMOCTh 3KcnepTa. B KavecTse HarIsSAHOTO MaTepHaia HCHOMb3YICT ho-
TOrpaduH, PUCYHKH H KapTOYKH,

Pazpnenenue Bonpocos o PyHKUMM HA OCHOBHEIE, 30HAWDYIOMHEe H KOHTPOAbHbIE
CBSI33HO C T€M, YTO HepPeKO SKCHEPT MO KaKMM-TO NMPUYHHAM YXOAUT B CTOPOHY OT
BOIIPOCA W 0CHOGHbte BOIPOCH! MHTEPBbI) OKa3BIRAOTCS HENMPOAYKTHBHBIMH. Torna
AHATHTHK NDUMEHSET 30H0UPYI0tKe BOTIPOCHL, KOHUEHTPHPYIOIIe BHUMAHHUE JKCTIepTa
B HY)XHOM HamnpaBiaeHNH. Kowmpoasivie BONPOCH! HCHOMB3YIOT IS POBEPKH AOCTO-
BEPHOCTH 1 OOBEKTHBHOCTH NMOAYYeHHOIl HHopMalHn.

i Hagooa-
Hetimpaavrbie 60npocbi HOCAT GecIpHCTPACTHBIH XapaKTep. B To xe Bpezls:;nmmﬁﬂe
wie 6ONPOCHL 3ACTABISIOT DKCIEPTA MPUCITYIUATBCA WM JaXe MPHHATD B

UIHI0 HHTEPBBIOEpA.
Ill{fox?e npnaenzrmblx B Kiaaccu(MKalliM Ha PHC. ﬂ.22, MOIE3HO Pa3iuyaTh H BKJIIO-
yaTh B MHTEPBBIO CAEAYIOIIHE BHIbI porpocoB [5]: |
O konmaxmuvie (<I0MaIOlMeE JEI> MEXIY AHATMTHKOM U 9KCIIEPTOM);
Q 6Gycepivie (ans pasrpaHHHucHnA Pa3JINYHBIX TEM MHTEPBLIO); el
Q oxuerAOue TaMATb IKCIEPTOR (A8 PEKOHCTPYKUMH OTAENBHBIX CIYH
NpaKTHKH);

O «nposowupyrouue> (1A NONYIEHA CIIOHTAHHBIX, HENIOATOTOBIEHHBIX OTBETOB).

CsoboaHblit puanor

{ C BKCIEepTOM OTCYTCTBYET KaKoH-
IIpu cBOGORHOM AMATIOTE MHXCHEDA 0 3HAHHAM C 3 }E]’j{et-]EHH;{ T
mi6o pernauemuposauumii nnas. Oaunako sra Gopma U3 T
caMoii cepbe3HoM npeABapHTebHON TOATOTOBKH. Ha puc. T1.23 moka:

pexomemmvemmx cXeM Takoil NOATOTOBKH.

NOAroTOBKA
i |

| l |

i Obwan | CneunancHas | KoHkpeTHa I[ﬂcwxonomqec*(aﬂl

i NoBeilIEHNE ‘ ‘ | OsnafeHue i WayueHne | L[_ Sgigzmocg:loe :ug
Y ' - | npegmeTHoM TEO|
u

Hﬂ% L‘Teopmeu W HABBIKAMM At o, ) l L .,_MS__%H___HB ::l

ndTEpaType ¥ -
KOTHWUTUBHOW |

V(= | UHTBPBLIOUPOBAHKA |
| [ Osnaperne
MoaroToska | | NCUXONOrMK

[ | obwen KynoTYPOi |

- =1
| I 3nakomcTBO L [ cutyaumnm obLueHns
€ CUCTEMHOM ‘ ‘

| wmetoponorven | 3HaKOMCTBO
: . ' C JKCNEepPTOM

| [ Tecruposanne |

i akcnepTa

Puc. N1.23. Cxema NOATOTOBKH K UHTEPBLIO U ceoboAHOMY AUAnOTY

AMHHAg ApaMaTypris. B ee cue-

uajory — Toxn
KpanuduuuposaHHas NOArOTOBKA K /A Ty pedat

HaH
HapH¥ TIPELYCMATPHBAIOT [ITABHOE PA3BHTHE TpoUenyph Hsmeqigﬁa:;w e
qTHOTO BledaT/IeHHs B Hauane Oeceinl K npodeCCHOHATBHOMY 3

GvrkaeHMe MHTEPECA 11 3aBOSBAHME AOBCPHA SKCTIEDTA.

A & -
Jins obecrieyeHus KeJaHus SKCIepTa npoaoKaTh beceay 0ObIYHO npou:;m]):im; ;100“
rIaKUBaHHMA» THIA: «51 Bac MOHMMAIO. .. », «...DTO OUEHbh UHTEPECHO» U T. ‘I:]‘() EJI qma.ﬂ
[oBeeHHe aHAJTHTHKA AOJIHKHO 6BITh HCKPEHHHM, Belb I_’[aB‘HO usne(;ﬂ;z,mm{b[i; s
yaoBKa — M3beraTh BCAKUX YNOBOK M OTHOCUTBCA K CODECEIHHKY C 3

sKeHHeM U HacTOAWMM HHTEpPECOM.
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CyIuecTByeT KaTajor CBOHCTE HAeaIbHOIo HHTepBbioepa [5]: «On 10MKeH BHITAALET
3X0POBBIM, CIIOKOITHBIM, YBEDEHHBIM, BHYLIATh JOBepHe, ObiTh HCKPEHHHM, BECE/IbiM,
NpOSABIATL MHTepec K Heceste, ObITh ONPATHO OAETHIM, YXOKEHHbIM».

Ansa BefeHus NPOAYKTUBHOTG AHANOra MOJESHO O3HAKOMMTRCS C MHEHWEM KJIacCHKa
OTeYecTBeHHOro JuTepatypoBegenus M, M. Baxruna (uur. no [3]):

<«/lnanor — cToAKHOBEHHE DAa3HBIX YMOB, PasHbIX MCTHH, HECXOAHBIX KYJIBTYDHBIX
HO3UIINH, COCTABMAOMMX eAHHBIA YM, eIHHYI0 HCTHHY, 00LIYI0 KYyJALTYDY.

...JAuajor mpejanoaaraer:
O YHHKATLHOCTH KKZAOrQ NMapTHEpPa M UX IPHHUMNOHATLHOE PABEHCTBO IPYT ADYLY;
Q pasnnuyie ¥ OPHTHHANBHOCTD MX TOHEK 3DeHus;

Q OpHeHTALHI0 KaXKI0TO HA MOHMMAHHE ¥ HA aKTHBHYI0 HHTEDPIPETALHIO er0 TOYKH
3peHHsI NTapTHEPOM;

O oxupaHue OTBETA U €ro NpelBOCXUIIIEHHE B coDCTBEHHOM BLICKA3BIBAHHH,

Q B3aHMHYIO JONOVIHMTEJILHOCTD AO3UIHHA Y4aCTHHROB 061[1\91-]1{5[, COOTHECEHHE KO-
TOPBIX H ABJIACTCA 1B AHATOTa».

CpaBHHTEIBHBIE XAPAKTEPUCTHKI AKTHBHBIX WHAMBUAYAABHDLIX METOJOR M3BJIeYEHUH
3HaHHWH NpeacTasiensl B Tabn. I1.12.

Tabnuua M.12. CpagHHUTENLHBIE XAPAKTEPUCTUKH AKTUBHBIX HHAWBUAYANbHLIX METOAOB

Merog  flocrouucrsa Hepoctarku Tpe6oeawua TpeboBaHus XapaKTepuCTHKa
K IKCMEPTY K AHANWUTHKY NpeaMeTHOM
obnact
AnKeTupo- BoamomHocTs cran-  TpeByer yMmeHus MpakTug MeuicauTens Cnafio-
BaHKUe R2pTU3KPOBAHHOMD ¥ 0NbITA COCTABNEHHA W MBICIKHTank (HEJIBHTK3M B CTPYKTYPHUDOBAHHEIE,
ONPOCE HECKORLKMA  3HKeT. obpatioTke u  cnabo- u cpegHe-
JKCNEDTOB. OTCyTCTBME HOHTAKTa COCTABNEHHM AORYMEHTHPOBAHHLIE
He Tpebyet ocofed-  MemMAY IKCNEPTOM, HeT aKKeT,
HOMD HANPAMEHWA OT QBPATHOM CBAIM. BHUMaT@Nb-
3HANMTHKE O BpeMA  BONpocs aHKETH MOTyT HOCTH)
npoueaypsl BeiTh HENDABHALHO
AHKETHPOBAHKA NOHATEI IKCNEPTOM

WHTepeeio Hanwuwe oBpatHoit  Tpebyer sHauutensHoro Cobecennuk CoGecennuk To we
CBR3IM (BOIMOMHOCTL BDEMEHM HA NOATOTOBKY WM MHCAMTEAL (KYPHANUCTCKUE
YTOUHEHMIA 1 pa3pe-  BONPOCOB MHTEPBAID

HABLIKW, YMEHKE
WeHHA NPOTUBOPEYHI}

Cnywats)

Ceoboanbin MMBrocTs. Tpefiyer o1 ananuTuka  CoBecefHuk CofeceqHuk Ta we

Ananor Cunbran o6parHan BHICONAWEro unW MucauTens  (Habawoaatens-
CBA3b. HanpAmeHusn, HOCTb, YMEHUE
BoaMmoxHocTs uaMe-  OrcyreTeme CAYWaTS,
HEHWA CUBHAPHA M (OPMaALHEIX METOAUK, obannue)
HOpMBI CEAHCE TpyaHoCTs NpoTOKONUPO-

BaHUA
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AKTUBHbIE rPpyNNoBbie METOADI

AKTHBHBIE TPYNTIOBBIE METOALI CaMi TIO cebe He MOTYT CIYXHTb I-!CT{)‘!HHKUM\ 6onee
WK Menee 10IHOTO 3HaHusA, OHH BHICTYNAIOT Kak AOIOJHNTENBHBIE W CAYXKAT X0DO

1 Me iy ' i
eit <IpHIpaBoii» K HHIAMBHAYAILHEIM METOjaM M3BJICYEHNS 3HaHUH, aKTHBU3NDY
jorneit MbIILLJIeHHE H MOBEAEHHE 3KCNEPTOR.

«Kpyrabii cTon»

MeToa Kpyrioro CTONA TPEANONaraeT paBHOMPABHOC o6cyx{_neune I-lI{TE‘.[)e(:y‘IL)S:I;];
npobaeMbl HECKOTBKHMM 9KCTEPTAMMU. 3amaga AUCKYCCHH — l\OJl.IéEKT}'IBi‘lO, ;: E;e s
TOUEK 3PEeHUA, noa paSH'bIM]'I yr:la.\m HCCAea0BaThH CIIOPHLIE npo JeMBl leuﬂ. il
o6nacTy. Jasi OCTPOTHI HA <KPYIJIbIH CTOM» TIPUIAAUIAIOT HpC!lCT&BI'ITYe.TIe‘J ng J
HBIX HAYYHDBIX HANpABIeHHil H MOKOJeHMIT. THCI0 yHACTHIKOB JHMCKyCcHH 06bIYHO
xo1eBaeTcs OT TpeX A0 MATH-CEMH.

e
Tlepen HaualoM AVMCKYCCHH BEAYLIEMY (uKenepy 1o 3HAHHAM) TICO(/)X(')ILHMQ fl?fsn?;
CS1, YTO BCE YHACTHUKH TPABHIBHO HOHMMAIOT 3afaty. 3aTeM HYKHO YCTAHOL P
JIAMEHT M YeTKO cOPMYIHPOBAThL TEMY.

To xony AMCKYCCHM BRXKHO NPOCIEINTD, yTOOB! CAHIIKOM BA\-I()Lll-iO.IJ-IaJII:[iL‘Ie 1‘1 rpgaf!c:;
BODYMBBIE IKCTIEPTHI HE MOAMEHSLIN TEMY H q'FOﬁ[lI KPHTHKA r103mu1.u Apyr ,-_Lp?- r(jml;;e-
obocHopanHoll. OnpeneseHHpe YCHIHs BeAyIiil 0/KEH l'[[)'I{.QO}h'HTb nx.rm )M{"}Becﬂ-i
nug <abdexra ¢acagar, Koraa y y4acTHHKOB npeBaupyer KeJlanne npo\mTI o
BEYATJEHNE HA APYTMX H OHI TOBOPAT COBCEM HE TO, HTO CKA3AH Obl B HOPMAIb
0B6CTAHORKE. ‘
Havunas NJI010TBOPHOCTE AMCKYCCHIT AeaeT HX TIPUBIEKATENbHBLIMH HC'TOJ'I}JKO ;;:;
nﬁ;fcenepa 110 3HAHMAM, HO W LISl CAMHX IKCMEPTOB, 0cobeHHO A% TeX, KTO SHma—
smenpie, Kax ormeuan mukyp: «[Ipn dpunocodexoii AnCKyccni DOJbIIE rsm[r?"ijb

oT OBk ICHHBI — B TOM OTHOWIEHHH, UTO OH YMHOKACT SHAHIA> (unt. no [3})-

«Mo3roBon WTYPM»

«Mo3roBoil WTYpM» HIH «MO3rOBas arakas — OJUH 13 pandonee ngnympnmi(oz:c:;:
/OB PACKPENOIeHna H AKTHBH3AINA HeJOBEICCKOTD MblLIeHns. Brepsbie ax H{Eﬁ
ton 6u11 nemonbopan B 1939 roay A. Oc6oprom B CILIA aaa I'CHe})a]_U-II:I HUOBI:'I' I v_.
OCHOBHOE TIOJOKeHNe ITYpMa — OTAeNeHNE [TPOLERYPLI TEHEDALHH yjell B 3aMKHY
Tol TPYNTE CTIEUMAINCTOR OT MPOUECCA HX aHAIH3a i OUEHKH.

Ofbiutast TPOACKHTENBHOCTD WITYPMA — NOPSLKE 40 MUHYT. Komf{q'e‘cTTac.) yqam::;
«0B — 10 10 ueoBex. ITHM y4aCTHHKaM fIPEAIAracTCs BHICKAZATL Ha .5‘1,-‘1(\}1}'1‘5110 T M3
Tio6bIe MBICITH, B TOM YHCJIE MYy TIUDbie, (PaHTaCTHHECKHE 1 oumnbounple. KpuTHKa 3a1i-
peuiera. PernameHt — Ao 2 MMHYT Ha BBICTYILICHHE.

3 OnbiTa H3BECTHO, YTO YHCAO BLICKAZAHHDBIX il YacTo TpeBbIIlaeT SQ. 1-1;11-1,60.-'[53(3
CyILECTBEHHDbI MOMEHT IWITYPMa — HACTYIACHHE KA (auoTaKa), KOra nieu n;iT
YHHAKT HyxpasibHO «(HOHTAHHPOBATHY. Tocaeayoimi anaius, KOTO?BIH n%)la?;é -00
rpymnna CTOPOHHUX SKCTEPTOB, Kak TPABILTO, IIOKA3BIBAET, YTO BCETO JULLIL ¥
el pasyMIibl, HO CPeAll HUX BCTPEURAIOTCA BECHMA OpHMrHHANpHBIE.
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HCK}’CCT;B() MHIKEHCPA 10 3HAHUAM, NPOBOJILIETO «MO3TOBOI! LITYPM», 3aKTIOYAETCH

B CHOCODHOCTM 3a1aBaTh BONPOCH ayAMTOPHH, <IIOAOrPEBAst> AYANTOPHIO. Bomnpocs:
- P

CIIYXKAT CBOLOOPASHEIM «KPHOUKOM»>, KOTOPbIM M3BAEKAIOTCA MAEH.

H%CTOHHCTBH H HEeJOCTATKH aKTHEHBIX F{)}’I'EHOBI;L\’ METOJ0B OXQPBKTCpHBUBBHM B
tabn I1.13.

Tabnuua M.13. XapaKkTepucTUKK aKTHBHBIX TPYNNOBLIX METOROR

Metop BocTouHcTea Hepocrarxm TpeboBanua Tpebopawua OBnacts
KIKCAEPTY K AHANHTHKY

«Hpyrnwi#t  Tlossonset nonyunts  Tpebyer Gonswux Cabeceghuy Cobiecegmux CnaBocrpykry-

cTony 6onee ofveKTHBHBIE  OPraHHIaUMONHBIX UAY MBICAHTENL (AMNNOMaTH-  PUPOBAHHBIE U
{parmenTel 3HaHWA.  3avpar. {mckyccrao qecKue cAabofokymMen-
Omusnner npouenypy Otnuuaerca noNeMUKK} CAOCOBHOCTH)  TUPOBAHHBIE C
H3IBNEYEeHUA, CRAOKHOCTHIO HANUUHEM
Mo3sonser yyacTuu- nposefenus CROPHBIX
KaM 0GMeHHBATLCR A npobnes
3HAHHAMM

«Mo3rosolt  AKTuaMIMpyeT Bo3zmonen TonbK0 AnA Muichutens Cobecegnuk To we + Hanuupe

wrypMs MBILWNEHHE JKCNEPTOB. HOBLIX MHTEPECHLIX {kpeaTMBHoCTh, MAM MuiCAHTENS NERCNEeKTHBHEX
lNlo3sonser suasnate  npobnem, T0 eCTh {BbicTpas «Bentix naTeHs
myﬁunyuue nNacTh He Bcerpa sddentusen cnocobHocTs peaxumus u
3HAHWIA (Ha ypOBHe {BOBOALHO HM3KMIA ¥ TBOPYECTBY)  YYBCTRO ¥
6eCCOIHaTENBHOMS),  NPOLEHT NPOAYKTHBHbIX oMOpa)
Mo3sonaer nonyuats  upen)
HQBODE IHAHHWe

(runoTesnt)

JKcnepTHble Urpbi

I11010TBOPHOCTD MOENMPOBAHYSA PeanbHEIX CHTYALMii B MrpaxX CEroaHs MOATREPH-
A€Ha NPaKTHYECKH BO Beex obMacTaX HAYKH M TexuukH, Hinke paccMOTPEHBI PA3JIY-
HbIC BHALI SKCNEPTHBIX HID B COOTBETCTBHU ¢ KJAACCHPUKAHeH, BBeAeHHOI B [3].

| DKCNEepTHLIe Urphl|

—

e By
| Mouvcny |Mlo nDHMm, =
{ ACTHUKOB | | chneuuankHoro | 0 UCNOMbIOBAHMIO |
L i l obopynosanua | KOMNbIOTEPOB
¥ = ] St i L T

[ ]

_WHﬂHBHﬂyaanbze ! Komnsioreprsie

. Wrpei ¢ |
(urpi ¢ akenepTom) | TpeHaxepamu | __urpsl '

‘J Tpynnoewie | | | Wrpsl Ges T
{ (poneBbie wrpsl | | pekauauTa J Pysrile urpst |
; B rpynne) i = & :

Puc. 1.24. Knaccudukauns akeneprHux urp
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Urpei ¢ akcneprom

B urpax ¢ sKcnepToM HH:KEHED 1o 3HaHUAM DEpeT Ha celds Kakyio-1ubo poab B Moje-
aupyemoii cutyatus. Hanpuisvep, 910 MoxeT 65T DO YueHHKA, KOTOPHIT HA r1a3ax
v aKcnepTa (Yuutens), MONPABISIOUIET0 YYeHHKa, BBINOJAHsET paboTy Ha 3alaHHYIO
teMmy. Takas urpa — Xopoiuii ¢nocod pasroBOPHTL 3ACTEHYHBOTO SKCHEPTA,

Jpyroit npumep — urpa B Cneuwanucra (HHKeHep No 3HaunaM) ¥ Koucyasrauta
(3Kcmepr). 3Ta Urpa aeT WHOT/A BIEYATIARIOUME pe3ynbraThl. B yacTHocTH, HHTE-
pecHslii cayyait omucan B {4]. 3neck 3KCIEPT BLICTYNAN B PONH BPAYA, XOPOIIO 3HAI-
1ero 6oMBHOTO, 3 KOHCY/IBTAHT 3a4aBajl BOMPOCH. W AeNAl NMPOTHO3 0 UesecoobpasHo-
CTH NPHMEHEHUS TOro WJIH MHOroO BUAa JeueHns. Takas urpa nospoanaa yCTaHOBHTE,
yro Tpebyercs Becero 30 BONPOCOB AMs YCHEUTHOTO NPOTHO3a, B TO BPEMsl Kak Tep-
BOHAYATBHBIH BADHAHT BOIPOCHHKA, COCTRBJIEHHOTO MEMKaMH, conepxai 170 Bonpocos.

Ins BpIsIBIEHMA CKPBITHIX TJACTOB 3HAHUS NPUMEHAETCHS Urpa, B KOTOPOH CrielHa-
JHCT JedaeT NPOrHO3bl B NPOMECCUOHATILHBIX CHTYAUMAX H AT MM 0D0CHOBaHUS.
3aTeM M0 WCTEUEHHH OMPENENEHHOTO BPEMEHH CMEeNHATHUCTY NPEABABIASIOT ero cob-
CTBEHHBIe 0OOCHOBAHMS M NPOCAT NPOM3BECTH TI0 HUM NpPOTrHO3bL. Kax okasnipaercs,
TAKOH IPOCTOM NPHEM HepelKo MO3BOTAET OOHAPYKHMTh IIPOIYIEHHEBIE 1WAru B pac-
CYXJICHHAX JKCIepTa.

B urpe «hokycHpoBKa Ha KOHTEKCTE» IKCIEDPT BLIITOJIHAET POJib IKCIEPTHOI CHCTE-
MBI, & HHKEHep [0 3HAHUAM — POJb Nonb3oBaTens. Mopennpyercs cuTyalMs KoH-
cynsrauuy. [lepsbie peakiun aKcoepra KOHUEHTPUPYIOTCS BOKPYT HanOojiee 3HAYH-
MBIX TIOHSTHH M CaMbIX BRXHBIX aCEKTOB MPOBIEMbL.

B 11enoM 1Mo urpaM ¢ 9KCrepToM JaloTCs CAeIYIONIHEe OCHOBHEIE COBETH HHXEHEpY 10
3HAHHAM:

Q WHrpalite cMmejiee, NpHAYMBIBAiTE UIPHI CaMH.

O He napsablBaiiTe Urpy SKCIEPTY, €CIH OH HE PACMOJIOKEH.

Q He <aapute» Ha aKcnepTa, He 3a0nIBaiiTe MM WUIPLL

O He 3abripaiite 0 BPEMCHHU U O TOM, YTO UIPA YTOMHTEABHA LT IKCTIEPTA.

Q MHrpaiite Beceno, HewabaOKHO.

Ponessie urpsl B rpynne

B xaxxnoit rpynnoBoit urpe 3apanee cocTaBAseTCA CLEHAPHI, PAcNpEALIAIOTC POIH,
TOTOBATCA NOPTPETHI-ONUCAHMA pojiell W pa3padaThiRaeTcsl CUCTEMa OLUEHUBAHUA WI-
POKOB.

JM3BecTHB pasiuyHble CnocOOB MPOBEAEHNA POMEBLIX Mrp. B OXHMX Hrpax yyacTHH-
KM MPUAYMBIBAIOT cebe HOBble MMEHA M BHICTYNAIOT N0 HUMH. B ADYrux sce Hrpoku
HEPEXONAT HA <«Thiy. B TPETRUX POTH BHIGHPAIOT HIPOKH, B YETBEPTHIX A7 pacnpeie-
JleRvis poseil BeITATHBaeTCA skpebuii.

O6sryHO B Urpe, MpeAHA3HAYEHHOH A4 NOJYYEHHS 3HAHMSA, TPHHUMAIOT Y4acTHE OT
TPeX O LIECTH 3KCHepToB. B ciyyae GoJbirero yicsia 3KCNepTOB OHH pa3buBaloTcs
Ha I'DYIIIb, MEKAY KOTOPLIMMA OPraHU3YeTCs COCTA3AHME: Yell AHArHO3 oKaxeTes GisKe
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K HCTHHHOMY, yeil naad palHoHAIbHEE HCOOAL3YET PECYPCHE, KTO 6h1c1‘pee onpege-
JiIUTh HCHCIIPABHOCTE B TEXHHYCCKOM 6JIOKE M T. TL

Coznanne urposoii ofcTaHoBkr TpeQyer danTa3uu U BRIAYMKH OT HHKeHepa 1o 3Ha-
auaAM. [masHoe, 4T0ObI 9KCTEPThi B HIPE MAKCHMANBHO MOIPY3HJIHCH B CHTYAIHIO,
LeHCTBUTENLHO <3aUrPaii», PACKPENIOCTHANCH ¥ «PACKDBIIH CBOH KapThl»,

Urpbl c TpeHaxepamu

Tpenaxepsl WHPOKO IPHMEHATCA A8 obyuenus npohecchsy, TpebYIOmMUM AHHA-
MHYECKOT0 peardpoBaHiA Ha H3MEHAIOWYIOCH MPOH3BOACTBECHHYIO CHTYAIIMIO. Cl()ila
OTHOCATCS Mpocheccuni TeTYHKOB, CYZOBOAKTENEl, ONEPATOPOB ATOMHBIX CTAHUHI W
Ap. llprmeneHye TpeHaXkepos 15 U3BAEUCHHS 3HAHUIT TO3B0JIAET (PUKCHPORATh (par-
MEHTBI TaK Ha3bIBAEMBIX JTEeTYUHX 3HaHuil. JTH 3HAUH CHIOMHHYTHEI H, KaK IIPpaBHIO,
TPYAHO BOCHPOHIBOAHMBI H Bbilalal0T H3 [IAMATH B Oﬁblqli(}ﬁ 06CT3HOBK€ P BbIXO-
Ie M3 MOJAENHpYeMOH CUTYAIHH.

KomnbioTepHbie 3KCNEepTHbIE Urpbl

KomnpioTepubie Hrppl pasaendioT Ha cleayoiine Kiacen [6]:

QO no3uIHOHHbIE WTPH! (IIAXMATHI, IMALIKH, T0);

Q auHaMHUUecKWe MIPLI, CBA3AHHDIE C CEHCOMOTOPHBIMH DEaKIHAMH;

O 3penHiHbIE WIH AHATOr0BbIE (DUJIBMBL, T TI0AB30BATENb MOKET BIUATD Ha CIOXKET;
O obyyawue urpsl.

OKCTepTHBIE MTPBI COYETAIOT B cebe aMeMEHTH! BCeX NePEUHCNEHHBIX BHIIE KJIACCOB.
CpaBHHTE/bHbIE XaDaKTEPHCTHKH 3THX MIp npeicTaBicHsl B taba. I1.14.

Tabnuya M.14. CpapHuTeNbHbIC XAPAKTEPUCTHKY IKCNEPTHBIX D

3xcnepTHele [LOCTOMHCTEA Hepocratkw  TpebosaHua  TpeBosaHua  O6nacru
HTpbi K IKCnepTy K aHanHUTHRY
Wuameuayans- [al0T BOIMOKHOCTS Orcyrerave CobecepHuk CobecepHun Cpegre- n
Hble CPABHUTENLHO BLICTPO MeTOLMK HAK TPAKTUK {pemuccepckie cnabacTpykTy-
NORYYaTh KAYECTEEHHYID W CTaHAApPTHOTO  (PackoBaHHOCTL  CRocobHoCTH, PMpOBaHHbLIE
KapTHHY NDHHATHA Habopa urp. W aKTepcKoe yMeHWEe C03aaBaTk U cnabo-
pewesus. Nozsonrior Bricowwe npodec- MacTepcrso) CUSHAPMIA, aKTED- BOKYMEHTHDO-
BEIACHATL, HAKYID CHOHANBHEE CHOE MACTepPCTRO) BAHHBIE
HHQJODMBLW!O W HaK Tpeﬁoaauuﬁ K
WCNORb3YET IKCNepT GHANHTURY
Ipynnosuie PeanucTuuno soccozpant Tpebyiot o1 To xe To we + To xe
aTMoCepy KOHKPETHOH  2HANMTHKA CNOCOBHOCTS
3afaud. PacKpenowawTt 3HAHMA OCHOB K BEEHWID
IKCNEPTOB. WIPOTEXHWKH. KOHBepaHca
«fpynnosbie» 3Hanua CAOKHOCTE CO-
Bonee nBLEKTHBHSI, 3AAHHA WP
BHIRBNAOT NOTURY W AN KOHKDETHBIX
ApryMeHTauno NPeAMEeTHBIX
3KCNepTos obnactes

3xcnepTHole JlocTOMHCTBA HepoctaTiu TpeGosanua Tpebosawua Obnactu
HIpPbt K 3Kcnepty K @HANUTHKY
KomnbloTepHute Bri3biBaknT uHTEpEC CRoMHOCTE NpakTuk Ges MeicnuTens To me

Yy 3KCnepra. BLICOKAA CTOMMOCTL MCHXOMOTHUEC-

MipuenexanT CO3laHKA Cne- KOro

AH3AAHOM H {HANUIMPOBaKHEX Gapsepa no

AWHAMUKOH WP RO KOHHPET-  OTHOLIBHWIO K

HOW NpeaMeTHOM! KOMNBOTEpY
obnacTy

CTPYKTYpMpPOBaHMe 3HaHUN

[Ipobnema CTPYKTYPHPOBAHUs 3HAHMI TECHO CBsA3aHa ¢ npobieMoil H3BJIEeHCHHS, HO
paccMaTpHBaeTcs Kax Obl IO APYTHM YIJIOM 3DEHHs. Bonpoc 3aKmi04aeTcs He B TOM,
Kak HALO B3aMMOAeicTBOBATE C IKCNEPTOM, 4 B TOM, HTO HAaX0 HOJYYHTDb B PE3Y.IpTaTe
TAKOTO B3AUMOAEHCTBHA W YTO KOHKPETHO IIOCTPOUTH IS pellieHys JAHHON 3a1auH.
CTpyKTypupOBaHHe 3HAHHI HHOIJA HA3BIBAIOT TAKXKE KOHUENTYaNbHDLIM aHANN30M
3HaHU,

[le/1b10 KOHIENTYATHHOTO aHATH3a 3HAHHH AB/AETCH NOCTPOCHHE MOLSIH MPEAMET-
Hoit 0b1acTH, KOTOpasi NpedcTasget coboil mpobaeMio-OpHenTHPOBAHTIbIC  CHCTEM
HO-He3aBUCHMBIE CTPYKTYDHL

JTiobast MOAeNb TIPeAMETHOIT 001acTH BKIIYAET B cebs cucmemy BOHAMU, CEMANTU-
wecKue omHowenys 1 cmpamezuu npunsmus pewenuti [2].

CucteMa NOHATUMN

Tloxa cucmemoil noxamul MOAPA3YMEBAIOT COBOKYITHOCTD eAHHHI cMBICJIOBOH HHOOP-
MAUMH, OTPAKAIOIMX DeANbHbIE SBJICHHS, MPOLECCH, HAKTD, 0OBEKTHl 1 T. 1. TIPEA-
MeTHOM obmacTy. MnsxeHepus 3RaHMIT IPELTATaeT Psijl MPAKTHIECKHX METOL0B pabo-
TH C SKCHEPTAMH AN QOPMHPOBAHUS CHCTEMBI noraTui [9]:

METO/] JIOKAJbHOTO IpeACTaBIeHN;

MeTox pbluMcieHHs KoadidHMeHTa UCIIONB30BAHNA,
MeTon hOpMUPOBAHMS HEPeUHs TOHSATHI;
COCTABJIEHHE CIMCKA 3MeMEHTApHBIX AeHCTBUI;

COCTaBJeHHUE OTTTAB/IEHKA }"ie()HH Ka;

Q00000

TeKCTOJIOTHIECKHI METOM.

Ileas 3THX METOIOB 3aKAI0YAETCA B TOM, yT06b CHOPMHPOBATL CHCTEMY MOHATHH,
obrazaonlyIo cCBOACTBAMH NONHOTH, YHHKA/ILHOCTH, JOCTOBEPHOCTH 1 HENpPOTHROPEYH-
BOCTH.
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MeTtoa nokanbHOro nNpeAcTaBNeHUA

Ilpu nocTpoeHun cHCTeMb IOHATHIH € MOMOLIBIO MeMo0a A0KAIbHOZ0 RPedCmasaetiis
IKCrepTa MpocAT pasOHTh 3a7auy Ha NOASARAYH /1S TePedHCTeHUS LIeIEBhIX COCTOS-
HHI OnMcaHna obiux kareropuii yenu. Janee 1 Kaxaoro pasbueHus (J0KaIbHOTO
NPEACTABIEHIA) IKCTEPT GOPMYAUPYET HHPOPMAIIIOHHDBIE (aKThl U AaeT HM YETKOE
HauMeHoBaHHe (HaspaHue). CulTaeTcs, UTO VISl YCHENIHOTO pelleHHs 3ajiayd IocT-
POEHHS MOAENH TPeAMETHOH 06nacTH Yneao HHAOPMAITHOHHBIX (AKTOB B KaXKA0M
JOKATLHOM NPEACTABICHMH, KOTOPBIMI Yen0BeK CIocobeH OZHOBPEMEHHO MaHHITY-
JHPOBATDH, AOJUKHO OBITh IPUMEPHO PABHO CEMH,

MeTtog BbiuMCcNeHUA KO3hDULUUEHTA UCNONbIOBAHUA

JTOT METOAL OCHOBAH Ha caeaywouleit runoreze. Mupopmanuonnstit Gpakr MoxeT 4B-

JATECS NMOHSTHEM, eCiu:

1) oH ncnoapsyercs B GOIBUIOM YIC/IE NOA3ANAY;

2) MCcronb3yeTcs BMecTe ¢ HOABIINM YHCAOM APYTHX HH(DOPMALHMOHHEBIX (HaKTOB;

3) pEeAKO HCNOMBL3YETCH COBMECTHO € IPYTHMH HH(POPMAIHOHHBIMH (DAKTAMH 110 CPaBHe-
HUIO ¢ ODUHM YHCJIOM €ro WCTIONb30BaHUs BO BCEX M0A33/Jadax (3TO M ecTh K03b-
chunment nenoap3opanna). Homyuennsie snavenns koadduinenTa HCNOab3OBaHUA
CJEVKAT KPHTEPHeM LIS KIACCH(HKAUHH HHGBOPMATUOHHBIX (AKTOR U, TakHM o0pa-
30M, A71A (HOPMHUPOBAHHUS CHCTEMBI TIOHATHIL.

Metop hopMUPOBAHNA NEepeYHA NOHATUH

JaHHDBIH METOJ 3AKII0MAETCA B TOM, YTO 3KCIEPTaM (JKenaTenbHO, YToOh ux Obi70,

Homblue IIByX) JAAeTCs 3alaHue COCTABUTEL CTHCOK NOHATHH, OTHOCSHIUXCH K neeaeny-
eMod ll]‘)CjIMCTHOfi obnacTu. Ht)HHTIIﬂ, BBLAEACHHBIE BCeMH 2KCHEPTAMH, BKAHYAKOTCA
B CHCTEMY l'll’JHHTHﬁ, OCTaJIbHbIC MOAIEKAT 06(:}’}}{.'718!{1{10,

MeTtoa cocTaBNeHUA CNUCKA 3AEMEHTAPHbIX AEUCTBUN

3necw IKCHEDPTY /JAeTCA 3aJaHHe COCTABHTDL CIHHUCOK 2JIEMEHTADHBIX AeiicTBUH npH
pelieHHH 3aja4M B IIPOH3BOJIBHOM IODAAKE,

MerTopa cocraBneHWA ornaBneHun yyebHuka

B AaHHOM clyyae 3KCHepTy NpejnaraeTcs MpeAcTaBUTh CHTYAll0, B KOTOPOH ero
HonpocHad Hamicath yuebuuk. HeobxomiMo coctaBuTh Ha Oymare nepeyeHs npes-
M0JIaraeMuIX [J1aB, PasjienioB, Naparpados, NyHKTOB U MOAMYHKTOB KHHTH.

TekcTonornyecKknu MeTon

IToT MeTod (HOPMUPOBAHHUA CHCTEMBI NOHATHI 3aKIIOUAETCA B TOM, UTO KCHEPTY
fiaeTcs 3alaHHe BRINHMCATh U3 DYKOBOACTE (KHMI G CHENHaJBbHOCTIL) HEKOTOphIE BJie-
MEHTBI, MpEACTaBaAIoIMe coB0H eqUHUIIBI CMBICIOBOI HHDOPMAIIUH.
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CeMaHTHUYECKWE OTHOLUEHMUA

CeManmuueckue omHoweus TPEICTABAIOT codoil B3AHMOCBA3H MEXI
M3secTHo 0koso 200 6a30BBIX OTHOUIEHHI!, OCTANbHOE Mrumrooopaaue ABAAETCA 1<0.M-
Gunanmeit 6asopsix [7]. Ipuyepamu 6a30BbIX OTHOMEHIH CIyXart. OTHOIEHHS KAac-
cuukaimi (MMETh MMS, KIacC — MOJKIACE, DJCMENT — K71aCC, YacTh — 11eJ10e), NpH
AHAKOBBIE WM ATPMOYTHBHDBIC OTHOUIEHHA (MMETh NMPH3HAK HIM HMETD 3HaYeHHe
IpHU3HAKa), KOJTHYeCTBEHHBIE OTHOLICHUS (1MeTs Mepy, UMeTb 3HaueHHe wtep'lfr), 01*:
HomeHHs cpapHenus (6oxbiie — MeHbIlle, NOX0X — HE NOXOXK), BpGMe.I-IHble OTHOIIEe
H¥sl, IPOCTPANCTBEHHbIE OTHOMIECHNS, Kay3albHbIC OTHOUIEHHA (npanH’a — caeﬂcgmie,
6LIT L1e/IbI0, BLITH MOTHBOM), MHCTPYMEHTAbHLIE OTHOLICHH (cnyKnTh AJIA, bIle
UHCTDYMEHTOM, COCOGCTBOBATD), MOJANbHRIE OTHOMICHIA (npobaemMaTHIHOCTh, HE
O06XONHMOCTD, BO3MOKHOCTb) H T. JL.

B umxeHepHH 3HanHil paspabOTaHbl ONPENEIEHHBIE METOL JiBie: BbIF'[-BJ.'IE_‘HIrIS CEINIIaH:
THUecKHX oTHomeHUH. Cpefid HUX BBRIIEIAIOT ;{Ee T']z}'ﬂl'ibl (puc. 11.25): ne(bop:ua,m];
Hpie (OCYUIECTRSIOTCA TyTeM HE[IOCPEACTBEHHOM PaboTh € aKcnepTaMu) 1 opmai
wpie (Tpebytontue mpUMeneHns (POPMATHHBIX anrapUTMOB).

¥ MOHATHAMH.

e ity

| MeToaw! BoiRsneHua |

! CEMAHTMMECKMX OTHOLUBHWA |
L

=i 1
I |
HedopmanbHble| dopManehbie |

H CeobogHbie | [ Cemantiieckan |
_ accouuam | [l _auddeperuman

| CoptvpoBka | PeneptyapHuie
F KapTo4ek i ( peweTkn |
| sl o |
[ ObHapyxenve | I TexHuka napHbix |
| gegﬂnpuome‘__! L‘__cgaaugum &

Puc. N1.25. MeTofy! BEIABNEHUA CEMAHTUHECKUX OTHOLWERUA

MeTop cBOGOAHBIX acCoLUaLUt

DbheKT CBOBOHBIX ACCOUMALLMIT 3AKIOUAETCH B creayioiteM. HcnbiT
OTBEeUATh HA 3aJAHHOE CJA0BO MEPBbIM MPHILEIHNM Ha ¥M
akius GOJBUIMHCTBA MCTIBITYEMbIX (€CIH caoBa He ObLIH €

OKa3BIBatTCA OBHHaKDBOﬁ. KoanuecTBO NEPExXonoB B {enouKe CAYXHT MEDOH «CMBbIC-
MHoroyHcJIeHHLIE ONbITH NOATBED-

JKIAIOT, YTO AT ABYX MOOBIX CIOB (TOHATHIT) CYUECTBYET aCCOUMATHBHAA LETIOUKA,

JIOBOTO paccmmmn» MeXAy ABYMHA MNOHATHAMH.

COCTOs A HE bonee UeM U3 CEMH COB.

Meton cBOGOAHBIX ACCOLMALIMI OCHOBAH HAa MCHXOJIOTHHIECKOM ahpeKTe, ONNCAHHOM
60l HA3BaTh KaK MOKHO ObicTDEE

Bbile. DKCHEePTY NPeABABIAETCA MOHATHE C TPOCH

VeMOro HpPOCAT
cnosoM. Kak npasuJio, pe-
JMIIKOM HEOOBLIYHBIMH )
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nepsoe npuueallee Ha yM NMOHATHE K3 C(i)()pMHp()Ba}iHO]-"i paHee CHCTEMDI NOHATHHA,

Hanee Npou3BOAMTCHA ZHAMM3 NMOJYYEeHHOH HHpopMaIH,

«CopTupoBKa KapTouek»

B MeToze <«COPTHPOBKA KapTOUYEK» MCXOAHBIM MATEDHAJIOM CJVIKAT BRIMHCAHHBIE Ha
Kaprouyke nouAtud. IlpuMensoT Apa BapHaHTa Merona. B mepBoM axcrepty 3ajalorT
HEKOTOpbIe rI106ATBHBIE KPUTEPHH NPEAMETHON 06J1aCTH, KOTOPLIMH OH JIOJIKEH py-
KOBOJCTBOBATLCA [IPH PACKIA/IbIBAHMM KapTodeK Ha rpynnsl. Bo sropoM cayuae, Kor-
aa chopMyJIHPOBaTh [NohaibHble KPUTEPHH HEBO3MOMXKHO, SKCIEPTY AAIOT 3a/aHHe

PAa3a0xKHUTh KapPTOYKH Ha TPYIIBI B COOTBETCTBHH C MHTYHTHBHBIM NOHMMAHHEM Ce-
MaHTHYECKOH DAH30CTH NPeNBABIIEMBIX HOHATHH,

«00HapyKeHUe perynapHocTen»

MeTtona 06Hapy}1<e}m51 pCFyJIHDHOCTCﬁ OCHOBaH Ha TNOJIOMEHHNI, 4MTO 2JIEMEHTDI LenmoYy-
KU NOHATHH, KOTODBIE YEJIOBEK BCIIOMHHAET C (_JII})C.’I(‘.J‘I(‘,’HHDﬁ PEryJjiapHoCcTbIOo, HMEIT
TECHYIO aCCOLHATHBHYIO B3alHMOCBA3b.

[lnsi sKCIiepHMEHTa NPOM3BOJALHBIM 00pazoM oTOupaercs 20 moHSTHH. JKcmepTy
NIPEXbABASETCA OIHO N3 HUX C NPOCHBOLt TOCTPOHTD ACCOUMATHBHYIO LENOYKY B3 YHCIA
otobpannbix. [Ipouenypa nosropsercsa 20 pas, npiyeM KaXKablii pa3 HaYaibHLIE TMO-
HATHA AOJKHB OBITH PA3HBIMH. 3aTeM MHKEHED N0 3HAHHAM AHATHM3UDYET NOJIYYEH-
Hble 1IETIOYKH C LeNbK HAXOXKAEHUS TMOCTOSIHHO TOBTOPAIOIIMXCH 3BEHbLEB IENOYEK.

BHYTpH BblJe/IeHHBIX TakUM 06pazoM IPYNIUPOBOK HOHATHI YCTAHABJIUBAIOTCSH ac-
COLIMATHBHBIE B3aHMOCBA3N.

Metoa cemaHTuueckoro audcepeHyuana

Meron cemantuueckoro auddepenunana pazpaboran Y. Ocrynom [10]. On urmpoko
HCIIOJAB3YETCS B MICUXOJIOTHH M NMpeiHa3HaYeH 4151 M3MEPEeHHsl Pa3IHuHi B HHTepnpe-
TalHH HOHATHH HenbiTyeMbiMH. Mccenyembiit 06BEKT, B KauecTBe KOTOPOTO MOXET
BBICTYIINTD CJI0BO, [IOHATHE, CHMBOJ B BepOaibHOil niu HeBepbanbHoit opme, oue-
HUBAETCS IIYTEM COOTHECEHHA ¢ ONHOI M3 (PHKCHPOBAHHBIX TOYEK MIKATDI, 3aJaHHOIH
NOJAPHBIMH TI0 3HAYEHHMIO NpH3HakaMi, Bech KOHTHHYYM WIKAILI pasbuBaeTcsd, Kak
IIPaBHJIO, HA 7 WHTEPBAJIOB, X OLEHHMBACMDI MPU3HAK MOKET NDHHIMATL 3HAYEHHS
oT -3 a0 +3.

[lonyyeHHble HA OCHOBAHHH NPOLEAYPbl CeMAaHTHYECKOTO AH(hepeHIlHaNa Koanye-
crBeHHble DaHHBIe H300pPaXkalTCA B BHAE TAK HAa3BIBAEMOrO CeMaHTHYECKOTD NpodH-
JISL HCCJIeAYEMOTO OHATHS. TOYHOCTH OTPaXKeH s IIOHATH 3aBHCHT OT YHC/Ia 3aAaHHBIX
oceit. Bmecrte ¢ Tem, Y. Ocryaom nokasano, uto ot 50 10 65 % aucnepcun peaysibTaToR

06BACHACTCS BCETO TpeMs (axkTopami — HaKTOPOM OLEHKH, GaKTOPOM CHJIbI 1 (ak-
TOPOM AKTHUBHOCTH.

ITpuMeHsAs TEXHUKY ceMaHTHUYeCKoTo AudxpepeHLana A5 OLeHKH MHOXKeCTBa 08heK-
TOB (MOHATHI) OIHHM KCHEPTOM IIH OZHOTrO 00BEKTA MHOXKECTBOM JKCIEPTOR, HA
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(T — ; JIAIB] 33~
BBIXOIE OAYYAIOT YHCAOBbIe TabJIHIB! BHAA «0BOBEKT — TpH3HaK». JTH Ta0IY 01(’;1,31{-
TeM TIOABEPraioT MHOTOMEPHOMY aHaNH3Y ¢ LEJIBIO BLISARIEHUS rpynnnpougx Kak >
ToB, Tak 1 npu3Haxos. [IpoBeaenHbli aHANN3 MO3BOAACT BLIABAATE OCOOEHHOCTH
r
HATHIHON CTPYKTYPHI dKCIepTa.

TexHWKa penepryapHbix peileTox

TexHuKa penepTyapHbIx PelseToK MpeiIokeHa I Kenu 8 1955 rony. Ona Ha]];[g:l?n:z;
HA HA M3Y4CHHE HHAUBHAYATBHO-THYHOCTHBIX KOHCTPYKTOB, OHOCp&ﬂXlO];.[HX P
aTHe 1 CAMOBOCIIPHMATHE NPH AHAIN3E AHYHOCTHOTO CMBICTA nousithit [1].

Ilo T. Kemxan, «KOHCTPYKT MOKHO MpPEACTABHTD cebe xKak pedepeHTHYIO GCh,a(;chl(:;-(
Hoil mapameTp oueHku... Ha nopejeHyeckom yporme. et‘f) MOXHO l?accmagplf{rasx Ao
OTKPBITHIl YENOBEKOM criocob noseaenys...» [8]. 011}1.(,aH11e 1<01i'ur11_;;y1<T3,Tm1 KOH.CT-
yaer Keany, yaobuee Bcero npoBORHTD B 6}|110n21)£151x lleHﬂIT'HS{}\. pH Aco()oﬁ 3
PYKT CTAHOBHTCS TeM, «4CM 1Ba HJIH liEfKO.fleO 0OBEKTOB (,x_omm Mcmny&emom,
CICNOBATENBHO, OTAHUHBI OT TPETbero 00BeKTa M HeCKOJIh}x'l‘ix ﬂp'ymx 0 " me;
BUTOJSIPHOCTD KOHCTPYKTOB JAeT BO3MOXKHOCTE HOAYYHTDL MaTPHLYY BBaH.\:J;T ?KT _
HHUIT MEKIY HHMH «KOHCTPYKT — KOHCTPYKT> I [PHUMEHHTD 15 B‘bIHBﬂEI-IH m[_;)el(oy“
DBl CMBICTOBBIX [aPAMETPOB, JEKALUIX B OCHOBE BOCIIPUATHS JAAHHDIM Y& e .H
oBbEKTOB 1 OTHOLIEHHIT, AATOPHUTMbI AHATH3A MHOTOMEPHKIX nauHbx ((axTop
KJIACTEPHbI AHANHS, HEMETPHUECKOE UIKATTPOBAHIHE } np.). , ;
TIpouenypy ONpejeNeH s CCMaHTHYCCKNX OTHOIIEGHHI € MCIOJL30BAHHCM TEXHHK
penepTyapHbIX PEUIETOX MPOBOAAT B ABA aTana. i ‘
Chauasa 9KCIepTy AAIoT 3ajiaHue 1-1;1/i-’1'm B cOBCTBEHHOM npencm‘z\a_m;i{];:;}:;;:g::ﬂ
Hbie TIPU3HAKH, 10 KOTOPHIM ABA JIOOBIX MOHATAA H3 TIpeIMETHOH O :.1" 2 };aﬁﬂeﬂ-
CXOKIMM ¥ HeM oHH 003 0TIHYAITCA OT KaKoro-J1ub0 TpeThero MOHATHA. i)
HBIM CYLICCTBEHHBIM MpH3HAKaM HaXoNAT NOJAPHDIE N0 3HAYEHHIO NPH3HAKH.
06pa33:}0'rc9| MHANBHAYAJbHDIE KOHCTDYKTBL i
Ha BTopoM 3Tane, Kak i B METOIE ceMaHTHYeCKOro mupcpepemmaj?a, EEZ;:S;H;:(OH-
npe/MeTHOI 001aCTH OLEHHBAIOTCA 3KCIePTOM MO COOCTBEHHBIM Bbmeiﬁm e
cTpykTad. CunTaeTcs, YT0 PacCTOAHHA MENILY [IOHATHAMY B NTPOCTPal I
AyaJbHbIX KOHCTPYKTOB OTPAKaIOT ceMaHTHYECKHe OTHOEHH.

TeXHUKU NAPHbIX CPABHEHUN

Tex1fKH MApHbIX CPaBHEHUiT TPHMEHAIOT JULA HIYHECHHA pasHyHbIX djeljo:e:;);s?zznl;
xiueckoro oTpaxetsst. OHE XOPOUIH TeM, 4TO He HYXQIOTCA B yeTKOH pbIC 6;1%-
KakHM-TH00 OLEHOYHDIM [IPH3HAKAM. 3KcnepTy"TpeGye'rcﬁ naTh ‘;-tl-l‘TyH'I‘HB‘lJi i
Ki MOMAPHOTO CXOJCTBA MM PA3 Il NOHATHA HCCIIE/LYEMOIl NPEAMETHOM ‘ ) .
CeMAHTHYECKOE TPOCTPAHCTBO TIO pe3y/ibraTaM HapHoro cpaBHeHus ])Eii(_)lic‘p);KEI}:'O
eTCH ¢ MCTIONL30OBAHNEM aniapaTa MHOTOMEPHOT0 METPHUECKOTO 1 HemeTpHYe

HIKAMHPOBAHUS, TOAYYHBIIETO CBOE HAYAI0 B patote [11].
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Crpatervmn npuUHATUA peLleHUi

Brispnenue cmpamezuti npunamus pewentii — 3T0 CaMblil CJI0XKHBIH 9Tan B OCTPO-
€HHH MOAEIH NMpeaMeTHON obaacTi, YacTHyHo cTpaTeruy NPUHATUA PELlIeHNH MOIyT
ObITh NMOJYYEHEBI IIYTEM TINATEIbHOTO aHAAN3Aa ceManTHyeckux otHomenuil. Ctparte-
THH 3KCHEepPTHBIX PACCYKAEHHH CIYKAT CTEPKHEM, HA KOTODBIH «HAHH3LIBAIOTCS <BCE
NpeabIIyIINe KOMIIOHEHTH! 3HaHuil. Kak NpaBuio, CTPaTerHMy OTPakaloT HeKOTOpBIe
TEOPETHHECKHE MPeACTaBIeH S, DYHIaMEHTANLHEIE 3AKOHBI HIH OOIENPHHSITHIE KIAC-
CH(HKAIUH, U3BECTHLIE B IIPEAMETHOI ODIACTH H HCIIO/b3yemble 3KcrepToM. B omnu-
CaTEJMbHLIX HAYKAX IpobjieMa YCAOKHACTCA HAJHYMEM DA3JHYHBIX TEOPETHYECKHX
NpeACTaBAeHHH H Kiaccudikaliuil, 2 OnbIT paboThl ¢ 3KCNEPTOM [OKA3a, YTO JKC-

IepT CaM He OCO3HAET, KaKoH Xe KOHKDETIIOﬁ napamlmoﬁ OH ITOJIb3YETCH IIPH pellle-
HHH 3aidy.

OCHOBHON NMPHHIIHIT, KOTOPBIM AOJKEH DYKOBOJACTBOBATLCA HHKEHED 110 3HAHUAM NIPH
pabore ¢ aKkcnepToM, (hOPMYIUPYETCs Kak IPUIHLMI HCHOALI0BAHNUS WHCTPYMEHTOB
CTpYKTYpHpoBanns. CMbICH 3TOrO NPUHLMIA 3aKI0¥aeTcsa B chaenylomeM. Kak npa-
BHJIO, B3aHMOJEICTBYSI C 9KCIEPTOM, HHKeHeD 110 3HAHUAM YTO-TO CTapaeTcs IHCaTh.
BeccucreMHble <3aMeTKM» UHOTAA BBLIMBAIOTCA B MHOTOCTPAHMYHBIC TPYIBI, U3 KO-
TOPBIX NIPH JajibHeilllleM aHaJu3e TPYAHO 4TO-Aub0 TMOHATh. MOXHO, KOHEeYHO, cTe-
HorpadupoBark WJIH 3allHCHIBATE HA MarHUTOMOH 3KCIIEPTHBIE paccyKAEHHA HIH
o6paAcHeHUs Kakoro-aubo noustusa. Ho Bce paBHO 3TO OCTAETCS HECTDYKTYDHPOBAH-
HBIM TekcToM. MHkeHepus 3uaHuM mpejiaraer He OHCATb TEKCTHl NPH B3aHMomel-
CTBHH C BKCIIEDTOM, @ Cpasy ke uTO-TO pPHCOBaTh, 06JeKaTh IKCHepTHbIe 3HAHHA H
paccyXIneHHS B HEKOTOphie (JOPMbI, KOTOPbIe NOMAKHBI ObITH MOHSTHB M 3KCHEPTY.

Takue GOPMBI H PEACTABAAIOT COB0H HHCTPYMEHTHI CTPYKTYpUpoBaHHa. CyuiecTBy-

10T OOIIENPU3HAHHDIE, CTAHAAPTHBIE HHCTPYMEHTH], KOTOPBIE ITOMOrAIOT, C OFHOMH CTO-
POHBI, HAUTH 0OUHI A3BIK ¢ HKCIIEPTOM, a ¢ APYTOH — ¢ GONMbLUIAM YCIIEXOM CHCTEMA-
TH3HPOBATE UIH (HOPMaNN30BaTh caMo B3aumozeicTere. Jtoboit HHKeHeD 110 3HAHHAM
MOKeT BhIAYMATh CBOM COOCTBEHHBIE HHCTPYMEHTBI, HHXKE PEKOMEHAYIOTCS Te, KOTO-
pbi€ XOpOUIO 3apeKoMeHaoBann cebd Ha IPaKTHKe.

CMBICT HCIIOTB30BAHHA HHCTPYMEHTOB 3aKTIOHACTCA B TOM, YTO ORDEACJCHHBIC 3J1C-
MEHTD! 3KCIIEPTHLBIX 3HaHuil ua srane IEPBOHAYAJILHOTO c6opa 3HAHHH npeacraBjifa-
OTCA HarJdaiHo H HJLTKCTPHPOBAHHO B TAKOH Cbop.\{e, KOTOpad MOXET OBITH JIETKO
MOIII-I(IJH].L]’IDOBRH& npH HOC.‘ICI[‘YI'OIJ.IBI'/I paGOTC C BKCHEPTOM, a BIIQCCJEACTBHH IEPEKO-
AHPOBaHa B .-'1106}’10 U3 Moneel IPEeACTaB/ICHHA 3HAHM, PEATH30BAHHYIO TEM HJIH
HHBIM IPOrPaMMHBIM HHCTPYMEHTADHEM.

K cranaaptasiM uncTpyMenTaM (hopMaM) CTPYKTYDHDOBAHHS OTHOCATCSA TabaHILbI
pelieHHi, JepeBbA BBIBOAA, DJOK-CXEMbl MJIH CTPYKTYDHbIE CXeMBI, KIacCH{pHKaIH-
OHHBIE JI€PEBhs, CEMAHTHYECKHE CeTH, NPABUIIa THIA «eCIH — TO» WIH «yC/IOBHE —
AeficTBUe», AHarpaMMbl Benna u ap.
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Ta6nuibl pelieHni

; i X yKa3a-
Tabauypt pewenud (decision table) npeacrasisiot coboif Tabnuilbl, B KOTOPBIX YKa3

: - — 3TO
HbI NeHCTBMS, NPEANPHHHMAEMDBIE B pasIUHHBIX YCIOBHAX, ’npnqe.\i peilieHHe i
- t e [ ; j A ] 3
BHIGOP MEXKIY aJbTePHATHBHBIMH aeiierpusmu. OOpMHO TAOAMIA anl_([n/;TS H3 ue
pex yacTel E)&CHOJIO}KE:HH& | Ha3HaueHHe KOTOPbIX [OKa3aHo B TabJ. Li.10.

Ta6nuua N.15, Tabnuua pewenns

MpegsapuTenbHbie YCIOBUA OKOHHATEALHbIE YCAOBKA

Bo3MOMHBIE ABHCTBNA [lpennpuHuMaembie RERCTBUA

1 T o j / T KO-

B 1}33}.[@' e «I]pLﬂBapH eJ1LHBIE }CJ‘IOBHH» Hepe‘iifl(', 1eHbI OI,-'_IC.F‘IbeIC )C.‘[OBHH, O

T » i : a3 10AHBIE ;'_L(.,HC'!. e

T 1 . aeMble JIEK CTBHUA B pa. Jesd <<B L,

Opblx 3aBncsd llpeJHpHHHM MBIE JIE 1CTBI a 3 1e N 3 BlifA»

1eHCTB a OTOPLIE 3 Ory I T ie (‘O OHY JIbHLI }

& C 14, K l 1€ M , K . 31{ € (IC 10~
p ¢ +! p I) p I]]{HH\, 18] J

A 1 (8]
BUHA> ]pr(!‘-IHCIICHbI ){ IO‘{HEHHH npery CJIOBHH NpH KOT bIX MIpean Ial. TcHa Te HIH
T [ii B Ka}K,'E“\'.I a3 K()I(:[lblx

MaeMbl i § c Hda» I1 CTaB) AWTC eCTH YK bIB ia COBE I][{IEHII(:‘ TOTO

o " flf \' 18] e Y 1 Bl T q npumMeH . aeT B

TOYHOCTH 04HO [Ipeﬂnpqu’ﬂ faeMoe 1 CHCTBH C.

o - s, [ 1

Tabauua [1.16 npeacrapaser coBoii mpumep TAabOMUIE! PelleHH il IIpH ppibope CHOCO

. =1 ) Il ‘) 9

6a. xax nobuparbes 10 paboTel. CUMBOT «—» B paazene «OxoHYaTeNbHBIE YCAOBHA
o3HauaeT <«6e3pasmHIHO».

Ta6nuua N.16. Npumep Tabnuupl pelwexuA

flowas HET HET A - 5 = £}
Cuer = HET HET DA - - -
TymaH - HET HET HET HET DA A
Temneparypa - »B <8 - - >0 >0
ExaTe Ha BEROCHNEAE +

Exare Ha aBTOMOGHAE + +

ExaTb Noe3poM + +

OcraTscA foMa

JlepeBbs BbIBOAA

Jlepeava 8616004 (decision tree) — 3TO TaKHE ABOMHDIE JepeBbsi, B KOTOPBIX Ka}mbi
: STY eLICHMs, IPHHATO
i1 y3€ asieT peuieHue. B 3aBHCUMOCTI OT P .

HeKOHeyHblil y3es MpeacTaBis ’

‘ - (OTHOCHTEJIBHO 3TOTO

; enaeTcst IEBOMY WM IpaBoMy (O

B TAKOM y37€, YIpaBnJieHne nep y S5 :
yana) nogzlepeny Pe3ybTaTOM IPHHATHS TMOCIEN0BATEIBHOCTH peleHuii, IpeAcTaB
JleHHBIX Y37aMyl, HayMHad ¢ KOPHA, SBAACTCA AHCT Jepena.
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Ipusenem npumMep nepesa BuiBoAa. [IpeanonoskiM, yTo Beex moael, o6pamanimxes
3a yIOCTOBEPEHUEM Ha MPaBO BOXKIAEHHA aBTOMOGIIL, MOXHO ONHCATH C MIOMOIIBIO
CHReAYICIINX KpUTEpPHeR: N (M, K), Bo3pacT (MONON0I, COBEpLICHHOMETHHH, Cpeli-
HHH, NOKHI0H), CYAHMOCTh (K CYAY He NPUBAEKAACSH, RPHBIEKANCS MO MEIKOMY eIy,
COBEPIUN THKKOE MPECTYNeHHe), BOJUTEeIbCKHEe HaBhiKM (cAan sK3aMeH, He cjal
sksameH). [Ipasuno npucsoenus KBamupuKALIH COCTOUT B CIEAYIOIUEM:; ai06oe JIHIO,
KOTOpO€ HE COBEPIINJIO TSKKOTO NMPECTYNICHHS H CAAN0 COOTBETCTBYIOLIHH 3K3aMeH,
noJIy4aeT oHIHATLHLI CTATYC BOAHTEN, JTO e IPaBHIO MOXKHO 3alkHcaTh B BUAE
JdepeBa pelleHuil, NpeaAcTaBaeHnoro Ha puc. I1.26.

I Cpan nv npeTesgeHT
| 3K3aMeH Ha NpaB0o BOXOSHWA |

Ha Het
. ! |
Comepwmn nMoH | !
5l i OTkasarb |
TRXKOE NpecTynneHue? | i

Ba Her

OTKa3aTh MNpucsonTs Npaea
! BoauTens

Puc. 1.26. [lepeso erieoga

bnox-cxemsl

Baok-cxemur, vy cmpyxmypivie cxemvi (flowchart), — sro noapo6uoe rpaduyeckoe
NpeacTaBaeiiie CTPYKTYPbl PacCyXIeHNH, B KOTOPOM YHOOpP clleflaH Ha JoTHYeCKHe
B3AHMOCBS3H H OCYUIECTRISEMBIE NIPH PACCYKIEHHH 3/1eMeHTapHbIe ONepallly, a He
Ha HCNOoJAb3yeMble B Hell nudopmaluonnpie CTpyKTypbl. COCTOUT H3 MHOXeCTBa OJI0-
KOB pa3Au4HOoil hOpPMEL, COEAHHEHHBIX COBOKYTHOCTBIO HAMIPABAEHHLIX CBAzeH. CBA3b
NOKA3bIBAET Mepeiady yupaBieHus, a gopma O/0Ka Xapakrepusyer 0coBeHHOCTH
BBITIOJIHSIEMBIX AeiCTBMI M MpuiMaeMplx peutenyit. Jns onucanus nedcTsnii ¥ Jo-
THYECKUX onepanuif BHYTpu GJIOKOB NpPUMEHAETCS NPOM3BOAbHAA ()OpMa 3amMNCH,
TUIHYHBIMH BapHaHTaMM SABJIAKITCS NCEBJOKO/ H €CTECTBEHHBIH SA3BIK.

KnaccupukaymoHHbie aepesbs

Knaccuguxayuonnoie depesva — 310 0OBIMHO J1EPERDbS, OTPAKAOIIEE TY HJIH HHYIO
KnaccHbHKaluo, oOIENPHHATYI0 B AaHHOH npeamerHoll obnactu. Ha puc. I1.27.
npusened npumep Kiaaccudurauii B 06J1aCTH NCHXOJOTHY MO3HAHMS,
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H 1
| Mecuxonorns |
I NO3HAHMA !
[ ——_ e |
| ':
‘ YacTHas | ‘ Obuwas {
| ! s
T |
1 I L !
[ TMcuxonorma | " Ncuxonorus | | Mcuxonomma |
| NpaKkTM4eckoro ! Exynomecmeunoro Hay“HOro |
1 1
| noHaHua | | NO3HAHUA ; NO3HAHKA !
| | i Sl =
| Mouxonorva | l Mowxonomst | | pouxonormA |
i oBbiaeHHOMO | I'IOSHaHHﬂﬂIOD,bMH| | camonoauaum|
’ fO3HaHWa | |__Apyranpyra L

Puc. N.27. NpuMep KnaccuduKkauum B 0BNACTH NCUXONOTUK NOIHARKA

CeMaHTUYECKUE CeTH

Cemanmuueckue cemu, Kak YKa3blBaloCh BbIIIE (ypok 1), — 310 Opl-iCI[THI_)OBaHHhIPi
rpad (BepuINHBI, CBA3AHIbIE CTPETKAMI HIM JyTaMH), BEPIIMHBL KOTOPOTO — TIOHA
THsl, @ AYTH — OTHOUICHNA MEKY HIMH.

TTpiMepsl IPaBU THIIA <€CAH — TO» WK «ycnoBHe — ACHCTBHE» TaKAKe ObLTH BIPH-
peJeHbl BhLE.

Auarpamma BeHHa
Huaepamma Benna (Venn diagram) — 3TO cXeMaTHUeCcKHe NPEACTaBACHIT MHOJKecTBa,

BRepBble HCTIOJIL30BAHHOE Jixonosm BennoM B XIX Beke. }"mmepcz‘umm)e n-mo:»ﬁec*rn?
U 06BIYHO NPEeACTaBAseTCs PAMOYTOIBHUKOM, & uomijiomccmo % 3TOr0 M‘?IOII\E(ETBd
U — BHYTpEHHEH YaCcThIO OKPYKHOCTH (nam KaKoii-HUbY AL APYTOH NPOCTOHN 3aMKHY

TO¥H KpHBOH), IOTHOCTLIO jeskaiieil BHYTPH 3TOTO NDAMOYTOJbHHKA.

TIpuBeaeHHbie Bbille NPUMEPbl HHCTPYMCHTOB CTPYKTYPHPOBAHHS, deTH“-eCK»H;TgT
JAIOTCS. HEKOTOPLIM A3BIKOM B3ANMOAEHCTBUS MHXeHepa 110 SHaI‘-fH‘SIM C ?)IuCl'[t}’KT.v'.
[Ipomecc npeacTaBIenia 3nanyii — 970 Npouecc nepesoja 3HAHHI L-HSBI:{E}“{;%)?[ )e;ﬁ-
PUPOBAHHA Ha APYTofl s3bIK (MM OYTH APYTOH ), KOTOPLIH HMEET B \1()1( émm
cTaBIeH s 3HAHUI, PeanH30BaAHHEIX TeM WM HHbIM uporpam.\um!g 1I1p0;1’} KTOM. TBCT._
[IpoLiece OCYIECTBIIET HHKEHEp 110 3HAHHAM COBMECTHO ¢ Pa3paboTyHKOM COO
CTBYIOIETO HHCTPYMEHTAPHA.

B saBepiieHie H3JIOKEHMUs OCHOB HHKEHEpHH sHanMil NpuBEes MaleHbKHiL, Urpy-
jieyHsi TPUMED, HIULOCTPHPYIOLIHH HCIOIb30BAHIE WHCTPYMEHTOB CTPYKTYPHPO
pating. TIPeAnoN0KIM, UTO TIPOHCXOAHT HPOLECC BIAMMOeHCTBHS HHMKeHepa 1o 3Ha

HUSM € KCTIePTOM, KOTOPbIH OYeHDb XOpOlo pasbupaeTcs Bo PPYKTaX.
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Nuteparypa 351

Metoa u3predenus 3Hanuil — UHTepBEIO. Hixe npeicTasieH nIpuMep TaKOTO MHTEp-
BBIO, KOTOPOE NPOBOAUT HHkeHep no 3HaHuaM (Mu3n) ¢ akcneprom (3kc).

Wn3n: PacckaxnTe MHe, nokaayiHcTa, Kak 1 MOTY PACIO3HABATh QPYKTHL
Sxc: Bul xoTHTe, uTOOB! A pacckasan saMm o (pykrax?
Vu3n: da, BOoT y MeHS ecTh HECKOJALKO WITYK B CYMKE.

JKc (BeIHUMAaA u3 cyMmkH rpeitndpyr): Xopoio, BoT 310 rpeiindpyr. OH Kpyriblid,
HMeEeT eAKHI 3anax, JKeJITOro UBeTa, Ha BKYC — KHCJBIH, KOXa — LIepoxoBaTasi, BHyT-
PH Y Hero 3epHa, A5 TOTO YTOOb! €r0 CHECTh, HAAO0 OUHCTHTD.

WNu3n: Takum obpasom, rosopsa o hpykrax, Bur paccmaTpupaere dopmy, 3amax, nser,
BKYC, BUJL KOXH, HAMTHuYHe 3epeH H cnocod ynorTpedienns. I1o rax?

Ixkc: [da.

HMu3n: Pacckaxure MHe, moxanyiicta, o Apyrux ¢bpykrax. MoxkHO 11 HX paccMaTpH-
BaTh [10 TEM JKe KPUTepusm?

Sxkc: [Moxanyit, npaBUALHO, MOKET ObiTh, OYIEeT YTO-TO elile, XOTs 5 AYMAl0, 3TC MOJ-
Hbil Habop.

Vin3u: Torma masaiite HapucyeM Tabaumy pewenuii (taba. I1.17).

Tabnuua 1.17. Tabnvua peweHnii gnA pacno3HasaHus GPyKTOR

ATpubyTe!
Gopma Kpyrmnbis Kpyrneiid Kpyrasii Mpoaonroeatuiid Mpogonrosatsii
3anax Enxui Eakmi Aywucrei Dywncrsli HAywncTui
User HenTwis Opanmessi Hentwil Hentoii Kopuurepuii
Bryc Kucnei Chapknin Cnagkui Cnapgkui Cna.quﬁ
Koxa liepoxoraras llepoxosaras Tnagkas TnapKas Tnaakas
3epHa Ectb Ects Ecre Het Ectb
Ounware Hago Hapo He nago Hago He wage

Buixoas

Mpedindpyr +
AnentCHH *
Abnoko +
Banau +
Tpywa

Wentett

M [ rpeindpyr |
Llper i Fo iRt
Tt A e Y
- :| }—=—-||_Anenbcnn j
Eaxiit | opykr— | Popma | : e
uw[%ycoguﬁ | Opaumeablu
L o duetll | S
l l———_———l JIMMOH J
3anax | Mpeoaenrosatas ;
| F_Epy_rna__n____ﬂ ,L— HAbnoko [
| | i
" ! | dopma | Ouwuiat™®
L PoyxT \ | EaHaH——,
[ywmcTsiit | i3] li |__L___ |
| - | S bbbl in.
Mpogonrosaras I_ _4 Tpywa
He ouunujaTe ——J

Puc. M.28. [lepeso 8Lis0A2a AAA pacno3Hasanna GpyrToB

7 . ceHHOe Ha
M2 sTofi TaGmMIbl OYeHb JETKO Hapucomath Jepeso BHIBOIA, n3obpax

puc. 11.28.

AHaIM3UpYs TabHILy pelueHuH 1 AepeBo BBIBOAR,

HUs B Buje IpaBWUJ «e€Cji — TO>.

TIpasuia <ecau—To» A1 paEIIOBHaBaHMH (hPYKTOB.

Ma=kpyriaas d [[BET=KeNThIA)

TO (lbpyKT“I‘pef"il'i(bpyT). d -

Vmaue TO e CaMoe MOKHO 3amucarh H Tak: P2: ECJIU (sanax=e; )

TGO (Tun QprKTaﬂump_\_rconmﬁ); P3: ECJU Smn ppyKTa=UHTPYCOBBIH ¥

Ma=Kpyrias user=sxentwiit) TO (q)pym=rpe1-m¢)pyr). o

Cre/yeT OTMETHTD, YTO NPABHIIA THIIA <ECJH — TO» HCIIOJII:BO}B&IHI:HH(;T LS
i M epeBa BHIBOAA. ITA 0cobeHHOCTDb NPHMeHEHIA P o

D’emeHHH He TOILKO HA AaHHBI MPUMEp, HO M CIPaBeLInDa B obuten. B 607

E})}?}fgf;: :.:;’S:;CB c nl:;aann THITA «€CII — TO» JYYIl€ CTapaThCsA He HAMHATE cobupatb

ZHAHKUA.

MOKHO 3aHCaTh noJgy4yeHHble 3Ha-

P1: ECJIY (zanax=eaxuii u ¢op-
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TONKOBbIWA CI0BApPb OCHOBHbIX
TEPMUHOB UHTEJUJIEKTYaNIbHOIO
aHanun3a AaHHbIX

analytical model (ananutuueckas mopens)
CTpykTypa ¥ IIpoliecc aHanu3a Oa3bl AaHHbIX. Hanpumep, Mogensio xnaccHduKaing
Habopa jlaHHBIX ABJAAETCS JIePeBO pelleHHil.
Cwu. Taxke: classification, decision tree, exploratory data analysis, predictive model.

anomalous data (aHomanbHbie gaHHble)

Haunbie, BO3HUKUINE B Pe3yanTaTe OINHOOK MM HPEACTABIAIONHE HEOObIYHbIE COOBITHA.
AHOMaIbHBIMH AAHHBIMHU He crieflyeT penefiperaTh, MOCKOAbKY OHU MOTYT HECTH BAXKHYIO
HHGOPMALIHIO.

Cwm. taxke: data cleansing, data clearing and standardization.

artificial neural networks (McKyccTBeHHbIe HeNpOHHBIE CeTH)

Cu. neural networks.

CART, classification and regression trees (aepesbs

KnaccupuKauuu n perpeccun)
OnuH H3 METOJA0B MNOCTPOEHMs AEpPeBbeB pelieHHil, MCIOAb3YEeMbIX B lleNax
knaccugukanny JaHHbIx. Tlpeanaraer HaGop NpaBus, NPHMEHAEMBIX K HOBOI
(nexnaccUHUUPOBAHHON) COBOKYNHOCTH JAHHBIX /A IIPeiCKasaHus TOro, Kakue
TOCJE[0BATEABHOCTH HMEIOT 33AaHHbIH Hexol. Habopbl AaHHEIX CerMEeHTHDPYIOTCA ¢
HOMOIIbI0 pa3OueHHs Ha jse yacTH. TpebyeT MeHee TimaTenbHOH NpeaBapuTenbHON
MOArOTOBKH JaHHBIX, YyeM meTon CHAID,

Cwm. taxcke: CHAID, classification, decision tree.



354 Tonkoseti cnosaps ocHoBHbIX TepMuHOB

CHAID, chi square automatic interaction detection
(aBTomarnveckoe BoiABneHue 3aBUCUMOCTH
o Kputepuio xu-keaapar)

1\1610}! ]](){,l]}“eﬂﬂﬁ CPDEBLEB ]"31 E€HHH () [hiy MBIH i
4 B XA

Cwm. TaKxe: CART, classification, decision tree.

classification (knaccudukayun)

IIpo

: ;)K ;f&(;gasﬁnea%ﬂ Habopa TaHHEBIX Ha HEMEpeceKaloyecs rpymmnel, obecneynpaomuit

(«yﬂaﬂ.eﬁnzlglo « JIHSI(;CTI:» SJIEMEHTOB OXHOM IPYNNBI M MakcHMATbHOE pasangne

i s Tpynn. HpuuunuansHoil ocobennocTsio METO/I0B KaccHhHKamy (B
MDICTIE CJI0BA) SBASCTCS HalMule anpHopHo# uudopMamn o CTPYKType u/

YEMBIX NAHHBIX, YTO NO3BOJisieT, Hanimmep.

KOHXDETHOMY KjIace
e ¥ KJIaccy pyKoOBOLCTBOBATbCH
chonbsy;{s‘;ﬂ;g;q ;};ﬁgmmﬁ\m np?lmﬂama. Hepegko ana HAacTPOHKH ajiroputMma
BBIOODKA (Tak Ha3bIBaeMas Kia 6 i
L ) ccndHKaums ¢ obyven
pasbueHne KoTopoi Ha Kiacchi NIPEATIONATaeTCs U3BECTHBIM, o

Cwm. Tatoke: clustering, decision tree,

clustering (knacrepusayus)
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(ByOIMpYIOIMXCST) 3aTTHCeil, CTAHAAPTH3ALUA COKPALIERNET U KOPPEKLHS [oJIel, HMEIOIIMX
PasHyi0 JJTHHY.
Cwm. Takxe: data cleansing, data warehouse.

data mart (uudopMauMoHHan «KBUTPUHA)

[oaMHOMXKECTBO XpaHMAMILA AAHHBIX, BBIAENEHHOE JUIS OTAECABHOTO NOApa3fe/eHHA
KOMIAHMH MJIH JUIS BRINOJHEHHS KOHKpeTHoH ¢yuxuun. Taxnum o6pasoM, 3T0 NpocTo
«0bAErYeHHbli» BAPUAHT XPaHMIMIIA AaHHBIX YPOBHA NOAPA3geNeHus.

Cwu. Takxe: data warehouse,

data mining (MHTennexTyanbHbiN aHaNNU3 AAHHBIX)

Tpottecc obHapykeHysi 3HAYMMBIX KOPPEJSALMIT, 3aBHCHMOCTeN 1 TeHIEHIVI B D3y IbTaTe
aHAMN3a COMEPKMMOro WHQOPMALUMOHHBIX XPaHHIHI] ¢ NpUMEHeHUeM MeTO/OB
pPACIO3HABAHMA M BLISIBIEHHS accolMauuil (aHaJOTHMHBIX IOCAEN0BATEIbHOCTEH,
KIacTePOB) JaHHBIX. HacTo AJMS NMOHCKAa 3aBUCHMOCTeH B HAKONJEHHBIX AAHHBIX
(uudopMaLMOHHOM XpaHUJIHILE) UCTIONb3YeTCs MapatnensHas odpaborka. [TpumMensemble
HHTEJ/IeKTYalbHble METOABl BbleAeHUs H H3BJeHeHUS HWH(OPMALHHU MNO3BOJSIOT
HccreaoBarh HamHoro Gosee IWHPOKHI CHEXTP BOSMOXHOCTEH, YeM camasi CIOXKHas
COBOKYTIHOCTB 3aIIpOcoB. B peayistaTe yAaeTCs BBLABUTE IIAGIOHBI (CHCTeMAT3HPOBAHHbIE
CTPYKTYPBl) AAHHBIX H BBIBECTH M3 HHX NpaBHIa AJs HNPUHATHA DelIeHHH M
NPOTHO3HPOBAHMA WX NOCJEACTBHI (HampuMmep, myTeM NpeAcKasaHWsd 3HaUEHHH
HelpPephBHBIX NepeMeHHbIX). MHTenjqekTyalbHble CpecTBa HHTEPIpeTalldud H
NIpEACTaB/IeHHS JAaHHBIX CIOCOOHB! TAKAKE YCKOPATD aHAJIH3 3a CHET BhIAETeHHA Hanboaee
Ba’KHBIX nepeMeHHBIX. OHH HCTIONL3YIOT YeThIPe OCHOBHEIX MHCTDYMEHTA: HeHpPOHHbIe
CeTH, HepeBbA DelleHWMN, WHAYKTHUBHBIE [IDABWIA H BH3YaaH3aluio nanHblXx. MHoraa
NpUMEHsAETCA KOMOMHALMA 3THX METO/OB.

Cwm. Takxe: classification, clustering, data visualization, decision tree, linear regression,
neural networks, rule induction.

data modelling software (nporpammHoe o6ecneyexune

MOAENIMPOBAHMA faHHBIX)
HOBBOHHBT paapa6omuKaM QIIPEnENIATh, ¢ KAKHMU JaHHBIMH OHH HMEIOT AeJ0, 4TO 3TH

Cwm. Tawoxe: classification, decision tree, predictive model.

data cleansing (ouncra AaHHbIX)

Cu. taxxke: data clearing and standardization.

MaHHbBIe 03HAYAIOT, KAK COOTHOCATCS € APYTHMHU JAHHBIMH U KTO X Hcnomnbayer. [lonobHoe
1O o6prHO MpHMEHSIETCA B CHCTeMaX pa3paloTKu IIPHIOKeH U, 2 HHOLAA H TIDH CO3aHMH

XPaHHIHIL ZaHHBIX.

Cu. taxxe: analytical model, data warehouse.

data navigation, database navigation (nepemeiyexne B 6J1)
Ilpouecc npocMoOTpa pa3IMuHBIX M3MEePEHUH, «CPe30B» M YPOBHel JeTanu3alyu B
MHOroMmepHo# Gaze AaHHBIX.
Cu. taxxe: MDDBMS, OLAP.

data clearing and stan izati
AaHHbIX) g dardization (ouncrka u CTaHgapTU3auus

& s AaH X. Tan b
i dp] H3alteH
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data visualization (Bu3yanusauus ganHbix)

Busya/ipHasi HHTEPNPETAIHS CAOXKHBIX B3aMMOCBA3EH B MHOTOMEDHbIX JaHHbIX.
Cu. rakwme: data mining, MDDBMS,

data warehouse (nHbopmaLmoHHoe xpaHunuule, XxpaHunuye
AAHHbIX) '

CrcreMa XpaHeHHsA JaHHbIX 6061100 ofbema (10 HECKOIbKIX TepabaliT) i 13BJIeUeHHS
HHGOPMAIIHL, PeATH3yeMas Ha ocHOBe (a3 AaHHBIX PA3THYHLIX THIIOB (0T IJIOCKHX thalinos
u persnnontsix Bl no naterrorannbix pentensin). Hepenko a1st opraHHaaiiny XpaHHIHIIL
JAHHBIX NpuMensnioTea muoromeptinie CY B (MDDBMS), xota muoromepHblii aHanna
MOJKET BBIIOJIHATLCA M B paMKax peasnunonHoro mexanuama. Ilpouece noctpoenns
HH(POPMALMOHHOTO XPAHMINIIA CBOAMTCS K 00beAHHEeHHID HHAOPMaliY U3 MHOTHX
pabounx B/ B ennusii uHbopMaunoHHbi MaccHB 60bI0r0 00hEMa, GOECIeUHBAIOLIINII
H(PPEKTUBHYIO CTPYKTYPY AUl aHANH3a, HHTEPIPETALMH W NIPeACTARIeHT AaHHbIX (data
mining). Ilpu opranuzaunn xpanuaniia HHGOPMAIUS TPOXOLUT IPOUECT NPOBEPKH
(cornaconanyst pOPMATA JAHHDIX ) U OYUCTKH (YAANCHHS OIHOOK U CBEJICHUA K MHHHMYMY
ylCJia MPONYUIEHHbIX 3Hauennit ). [JIna yTouneHus ctpaterny GopMHpOBaHHs XpaH U@
¥ OlIEHKH BO3MOKHOTO BJIHSHHS HA PE3YALTAT OMINBOK, HMEIOIMXCH B HCXOAHBIX HAHHDIX,
KaK MPaBWIO, CO3AAETCS NIPEABAPUTENbHAA MUHU-Mozedb. TIpu nobasiensn AaHHBIX K
XPAHIIHILY 0ObIYHO KOHTPONHPYETCH NX KayecTBOo. MICTOUHNKOM IaHHBIX acTO CAYKAT
OLTP-cucrembi. Jna noctpoeus 3hPeKTHBHOrO UHMOPMALMOHHOTO XPaHUIMLIA
npuMensercst [1O cemu kateropuil: HHCTPYMEHTANIbHBIE CPEACTEA MOALNHPOBAHUA JaHHDLX,
XPaHUJIMUE METAJaHHLIX, HenTpanbiad B/, nporpamMmbl TPAHCHOPTHPOBKK JAHHBIX,
HHCTPYMEHTDI HX M3BJICHEHHS, OUHCTKH H COPTHPOBKH, casywoitee I1O (obecneunpawoiiee
COBMECTHMOCTDb JaHHbIX PASHBIX THIOB) H NOJAL30BATEILCKHE NPUIOKEHHS J0CTyNA K
aannbpiM. X nononnsior cpejcTsa YNpapienns, THPAKUPOBAHHSA U CHHXPOHH3AUHH
B/, npoayxrsl pazpabotku npuaoxenui u apyroe I10.
Cu. taxxe: data cleansing, data clearing and standardization, data mart, data mining,
data modeling software, MDDBMS, metadata, OLTP.

decision tree (pepeBo peiueHuin)

JpepoBuaiias CTPYKTYpa, IPecTaBJsaIonIas COBOKYIHOCTE pelienuit, Jlepesbs petiennii
pasOHBAIOT JAHHBIE HAa IPYIIILI HA OCHOBE 3HAYEHUH ePeMEHHBIX, B PE3YJIbTATE YETO
BO3HHKaeT Hepapxus oiepatopoB «ECJIH — TO», koTopble KIacCUPHUHPYIOT JaHHbIE,
[MozBonAoT peminTh MHOrHE 3aja4u OhicTpee, YeM HeHPOHHDbIE CETH.

Cw. raioke: analytical model, CART, CHAID, data mining, rule induction, neural networks.

dimension (u3mepeHue)

B peaauuonuwsix B/l naMepenue npeacrasasfer kaxpoce none. B mHoromepnoit BJ1
H3MepeHHe — 5T0 Habop aHAMOTHYHBIX 3HAYEHHH.

Cu. taxxe: MDDBMS.
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exploratory data analysis (pa3BepouHbIN aHANU3 AaHHbIX)

Tpnvenenye rpaduyeckux ¥ ONMCATEbHBIX CTATHCTUYECKUX METOROB AN M3Y4eHUA
U yccnenoBadis CTPYKTYpsi Habopa JaHHbIX. : %
Cx. Taroke: analytical model, classification, clustering, prospective data analysis.

genetic algorithms (reHeTuueckue anropuTMBl)
bl
AJNTOPUTMBI, HCHOJb3YIONIME METOIDI «1{H(pPOBOTO ﬂapanﬂna.\%a». Hll)lméiléggbl
OIITHMH3allNH, HUMHTHPYIOUHE NPH HpOEKTHPOBaHHH MOJAEIH JAHHBIX TaKHE pEM ‘{T(;
KaKk reHerHyeckKasd peKOMﬁl/IH.aLlHH, MyTanusa H 0T60p, aHaJoOTHUYHDIE TEM,
06yCJ!OBJII’[BaIOT eCcTECTBEHHYID 3BOSTIOLHIO.

Cu. Taxxe: analytical model, exploratory data analysis.

linear regression (nuHe#Has perpeccus) :
CTaTHCTH‘IeCKlIﬁ MeTOMd, ﬂpﬂMEHHEMbIﬁ B LieaAX OTbl{iKaHHﬂ Hal-{ﬂ}"ILHCTO JIH;;:?{:{I:?];(})L
HDH().-’IH}KCIH[H AN 3aBHCHMOCTH U.(EJIEEBOI‘:{ HepeME'HHO'rI OT He3ABHCHMDbIX nep
[0 UMEIoHMCA JFHAMECHHAM.
Cwi. Takxe: logistic regression, predictive model.

logistic regression (norucrudeckas perpeccua) : A
Jlumeiinas perpeccis, MpeiCcKasbiBalollas A0IH KaTeropH3HPOBAHHOH 1eJ]eBO
nepeMenHOl B ofuielf COBOKYIHOCTH.

Cw. tawke: linear regression, predictive model.

MDA, multidimensional analysis (MHOroMepHbIM aHaNU3

AaHHbIX) sHBIX 3anpocos. [ns
Ananua comepxkumoro B/l npH TOMOUIK hopMUpOBAHIA CHORKHLIX ;;Koﬁll)o() )aéorxu
NO/IVYeHYS PE3Y/ILTATOB HCTIONB3YIOTCSA METOARL OTEepPaTHBHOH a.HMHTH%(b : “auzwﬁ 3
(OI:AP) y arperaiust 3pauenuil. MHCTpyMeHTE MDA pabotaroT ¢ MH h}:;{ommmml},{
10 B OCHOBHOM HCIIO/IB3YIOT AaHIbie, CeHHATbHO OPraHu3oBatHbIe B BHIleae S
runepxyGoB, 4TO MO3BOJAET NPEACTABHTD pHbOpPMALHIo B HoGOM paach . aqm:{ Lo
BCErO TIOAXONAT [UTS HHTEPAKTHBHOTO UCCIENOBAHHSA JAHHBIX 1 NpeAnaraiT Ip
untepdeiic, YTIPONIAIOMIHH paboTy HoJas30BaTENEN.

Cwm. Taxke: dimension, MDDBMS, OLAP, query-and-reporting tools.

MDDBMS, multidimensional database management system
(mnoromeptan CYBJ)

Mijoromepiibie 623l JAHHBIX, TIO CYHIECTBY, TPAHCIUPYIOT HH(bopmaum?nn(c:le;‘foz][_}epilxgr;i
B N-MepHbiit «Ky6» (ranepky6), rae Kakaas ocb COOTBETCTBYET HS{&(({)—E‘;D .:{.ﬁ ;)aHHM;(
BBITOJHAETCS IIpeBapHTeIbHAs 06paboTKa MHOTOMEPHBIX npanTaa.I;;,:;blnaeT mm;
KOTOPBIE XPaHATCS KaK 4acTH N-mepuoro Ky6a. Korza npnno‘xeﬁuem ; ‘Tuém-;o 2; e
13 MHOTOMEDHBIX NPEACTaB/IeHMi JaHHBIX, OHO C‘{Ii'l‘bIBae:l'Cﬂ /.-IerlOC]I z)lomxom,T g
MyTeM NPOCMOTPA OOUIMPHBIX ABYXMEPHDIX Tabaul, KaK 3T0 0OBIYHO 1] ]
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obpabotke SQL-3anpocos K pensuuonHoil CYBA. Tpu pabote ¢ Muoromeprbimu BJI,
Kak NpaBuJio, IPUMEHAETCA COOCTBEHHBIN MHCTPYMEHTAPHI COCTABIEHNS OTYETOB,
(hOPMHPOBAHUS 3aNIPOCOB 1 AHAIH3A. Mexay TeM XpaHeHMe MHOKECTBA NIPECTABICHIH
MOKET SHATUTENBHO YBEIUYUTb 06beM MHOromepHoit BJ. B stom ciIyyae ny4ige
obpaTuTbest K MeTogaM ROLAP.

Cwm. Taxxke: data warehouse, dimension, MDA, OLAP. ROLAP

metadata (mMetagannsbie, «panHble o BaHHbIX»)

O6beanHsIOT OTAETbHbIE 610KY MHGOPMALHOHHOTO XPAHITHIIA, IPEBPALIAS €0 B OIHO
pabotocniocobHoe 1enoe. IT0 HHPOPMAIAS 06 HCXOAHBIX JaHHBIX: YTO OHM O3HAYAIOT,
TAE XPAHATCS M KaK UX OTHICKaTh. Merananuble OMHCHBAIOT Takxe COAEPRUMOE
MH(POPMALMOHHOTO XPAHMIIHLIA: MCTOYHHK JAHHBIX, TPAHCJIALHIO, AarPETALMIO, TAGIHYHbIE
NEPEKOANPOBKH U IPYTHe NPeodpasoBaHuisi, BHINONHCHHBIE B IPOLIECCE €TI0 CO3NAHHAL
Meranannpie nosponsior nonyunTs getansHbie cBeIEHNS O KOHKDPEeTHOI IDYIIe AaHHbBIX
WM BBIABUTh OWHKOKN B Mpowecce OpraHM3aMH XPaHUAHIE, Ony HCTIONB3YIOTCA
MORCAHDYIOWHMH NTpOrpaMMaMu (IJisl BLIABJIEHHUSA B3aMMOCES3U MEXTY AaHHBIMHI),
TPOrpaMMaMy H3BJIEYEHNA 1 TPAHCTIOPTHPOBKH (A1 TIOMCKA NPaBHABHOR HHOpMaLK
H TOMELICHHNA e¢ B HYXKHOE MECTO XPAHW/IHILA), HHCTPYMEHTAMM OUHCTKH, CTaHNAPTASALAY
¥ obnenuHenHs taHHbIX. Kpowe Toro, 61aronaps CeMaHTHYeCKOMY YPOBHIO, TIOCTPOCHHOMY
Ha OCHOBE MeTa/aHHBIX, HHCTPYMEHTBL IOCTYNA K MH(DOPMALMH TO3BOITIOT CKPBITH OT
KOHEYHOTo TOJL30BATENSA CHOKHOCTh €e CTPYKTYphl. B HacTosmee BpeMsi
TPCIIPHHUMAIOTCS YCHUIHSE 110 CO3/IAHMIO CTAHAAPTA 06MEHA METaAHHbIMH, cnennduKanus
KOTOporo yxe paspabortana.

Cwm. Takxe: data warehouse.

neural networks (Heiipounsie cetn)

Onun U3 METOROB aHANM3a JAHHBIX. Peammsyer mogens, npencrasnanomyio coboi
COBOKYITHOCTD CBA3AHHBIX ADYT C ADYTOM Y3/10B, IS KAXKAOTO 13 KOTOPBIX ONpeieneHbt
BHIHMMLIE BXOAbI, BEIXOAb! M CKpBITaa obpaborka. Heiiponsan cets mosxer oby4aTbes
Ha CIieuHaIbHOM Habope aanHbIX. [Lns Takoro HaGopa COBOKYMHOCTb BXOAHBIX 3HAYCHH
HOPOXKIAET M3BECTHOE MHOXKECTBO BBIXOAHBIX, YTO TTO3BOJISET UTEPAUHOHHBIM IYTEM
onpexeants 06paborky. Takum o6pasom, as IIOCTPOEHHMA CKPBITOTO YPOBHS JOTHKH
HEHPOHHasA CeTh NPHMEHSAET NPaBHIIA, BHIBOANMDIE €10 H3 3aBHCHMOCTEN HaHHBIX. 3aTeM
CKPBITBIA ypoBeHb o6pabaThiBaeT BXOZHbIE 3HaueHMs, KAaccnpMuupys X Ha OCHOBE
<OMBITa> MOZIe/H. PesysTupytonian nemneiinas MOIes He HMeeT YeTKoN HHTEPNPETALIAH
H IPUMEHAETCS HE3ABHCHUMO OT TOTO, Ha OCHOBE KAKUX JIOTHYECKUX BbIBOAOD TIOJTYHAKOTCS
pesy.sIsTaTel, TepMHH BOSHMK H3 aHATOTHHM ¢ CTPYKTYPO# HEPBHOII CHCTEMBI OPraHu3MOB.

Ca. Taxke: decision tree, predictive model, rule induction.

OLAP, on-line analytical processing (oneparvueHas
aHanuTuyeckas o6paborTka paHHbIx)
B otanume ot obrrunoro HHCTPYMEHTADHA HA OCHOBe 3aNpocoB cpeactsa OLAP

HCMIOAB3YIOT He TaBJIMYHYI0, 8 MHOTOMEPHYIO MOJIEb AAHHBIX. Haunsie paccmatpusaiotes
He KaK OTAebHEIE COOBITUA, & KAK COBOKYNHBIT PE3yJibTaT cOBBITHI 3a HEKHH NepHo/
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ppemenu. OLAP nrpaer BaxkHylo posib B CHCTeMaX TIPUHATHS PeUIEHHH M H.HCpr-
MEHTAIbHBIX CPefICTBaX MHOTOMEPHOTO aHaK3a JaHublX (MDA). Metonet OLAP X0pouIo
paboTaoT B PeKYPCHBHBIX BRIMUCTEHHAX C MaCCHBAMMU JIaHHBIX ofrsemoM 1o 20 T'baiiT,
cofiepKammuMH 10 15 nepemenHsix (aMepenuit). [lponykrer OLAP ﬁonomlimm ApyTHe
MHCTPYMEHTHI HHTE/LIEKTYaIbHOTO aHaIH3a AaHHbIX H MHoroMepHeix CYBJ. Ouu naiot
BO3MOKHOCTH [10JIb30BATENAM TIPOCMATPHBATD M aHANKINPOBATE HHGOPMAIHIO, MAHH-
OYJAHPOBATh €10 M MepeMenIaThCsy 10 MACCHBAM AAHHBIX.

Cwm. takke: MDA, MDDBMS, query-and-reporting tools, time series analysis.

OLTP system (cucrema onepatuBHOi 06paboTKM TpaH3aKLUuiA)

ITono6uble CHUCTEMBl IPUMEHAIOTCA KAK MHCTPYMEHT aHAMH3a JaHHBIX ¥ ODBLIYHO
OPHEHTHDPOBAHEI Ha Y3KOCHEeNHATHIHPOBAHHYIO 3a4avy. B oTmudne 0T XpaHuIHIN NaHHBIX
Hakarueaemast B OLTP-cucremax nngropManus yacro Mogrbuinpyerca. OLTP-rabmuiin
JeTaIu3POBaHLL, a A5 AAHHBIX XapaKTePHA BBICOKAS CTENEHb YIOPAHOYEHHOCTH.
OLTP-cucTeMsl Hepeaxo SBJSI0TCA MCTOYHUKAMM HHGOPMAIMH A/1 XPaHIIHIL AAHHLIX.

Cwu. Taxke: data warehouse, ROLAP

predictive model (moaens ¢ npeackasanuem)

Mopens, MO3BOASIOMANA NPEACKA3BIBATL 3HAYEHHS YKA3aHHEIX MepeMeHHBIX B Habope
JAHHBIX.
Cw. Takxe: analytical model, prospective data analysis.

prospective data analysis (aHanu3 TeHgeHuUMn)

AHamu3 JaHHBIX, NPEACKA3LIBAOMIMN OyayluMe TeHAEHUHH M cOOBITHA HA OCHOBE
HAKOTJIEHHBIX JaHHBIX.

Cwm. takxe: predictive model.

query-and-reporting tools (uHcTpymenTapui opmuposaHus
3anpocoB U BbIBOAA OTYETOB)

Takue HHCTPYMEHTANBHBIE CPEACTBA YacTO ACHOAHAIOTCS rpadpuueckuM HHTEpDeNHcoM
H paboTaioT co cTpyKTypHpoBaHHbeiMi BJ. Mexny Tem Auanason HO,EOﬁHbIX npog;’;x}rgm
IOBOJILHO IHPOK — OT 3AeKTPOHHBIX Tabmu Ha ITK 1o mpuaoxeHuil KpymHbIX J
B apXUTEKType KJIMEHT/CepBep, a HeKOTOpbhie H3 HWX AONOAHAITCA QYHKUUAMH
MHOTOMEDHOTO aHaNH3a AaHHbIX. OHM HCIOAb3YIOTCA OOBIMHO A1 MHTEPAKTUBHOTO
¥ICC/IeIoBaH s JAHHBIX (0CODEHHO PeJIALMOHHBIX ), HANPHMED, B LIeISX NPOBEPKH MUIIOTeS.
B GonpuincTBe mMOA0OHBIX HHCTPYMEHTOB mpuMensieTcs s3bik SQL. Ecmn 11361{}11:16
pacnpenesieHsl Mo MHOTUM TabaUIIaM WM HECKOABKHM Ciabo HHASKCHPOB2HHLIM Da3zaM
JAHHBIX, BpeMs BBITOJIHEHUS 3aMpoca YPe3MepHO YBeIMYMBaeTCHd, a HeIPaBHILHO
NOCTPOEHHBIIT 3anpoc crnocoleH BHI3BATh NePerpy3Ky cHeTeMbl. /114 gocTyna K IlaH}.{bI.\'I
B MH(OPMALIMOHHBIX XPAHHIHINAX HHOTA IPUMENSIOTCH Cl‘[eLIHBJIHSHpOBaHthg cpfncma,
He Tpebyomye OT NOJIb30BaTeN el 3HaHHA CTPYKTYPHI JaHHBIX WM g3bika SQL.

Cwm. Takoxke: data warehouse, MDA, metadata, ROLAP
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ROLAP, relational on-line analytical processing (oneparusHas
aHanuTuyeckaa 06paboTKa penALUMOHHBIX AaHHBIX)

B otnmsne ot Muoromepiipix CY B/l nncrpymentanbiele cpeacrsa ROLAP e ucnosib3yioT
HpeACTABASHHS JAHHBIX B BHjle THIIEPKY0a, a CONETAIOT THOKHE ¥ MOILHEIE HHCTPYMEHTSI
00paBoTky 3a11pocoR, KoTopsie nepeaaotcs PCY B/, ¢ ontuMusanueii cymecTByOUmx
peasaunonnbix BJ. Toayuennas ¢ 1oMOIIbIO MOA0GHBIX METOJOB «MHOTOYDOBHEBAS»
ApXHTEKTYpa B Cpele KAHeHT/cepsep npeanaraer kaventy ROLAP mHoromepHoe
npeactaBienne ganublx. [Ipy stom Ha cepsepe ROLAP moanepauBacTest MexaHH3M
BbIICeHIH, MeTanaHlble, obecnednsaercs Onokuposka U 3awura. Buibop mexny
MDDBMS u ROLAP zagucuT ot 4acToThl #3MeHenns yHIaMEHTANBHOM MOJETH 1aHHbBIX.
B MDDBMS mo6as ee Mmoaupukanus Tpedyer nepeKOMnuIAUMA PHIEPKY6a, HO JaeT
3HAYNTENILHBIH BBIMIPHIUI B MTPOH3BOAUTENBHOCTH.

Cu. taxxxe: MDDBMS, metadata, OLAP, query-and-reporting tools.

rule induction (uHayxkuus npaeun)

Bolaesenne nonesunlx npasua tHoa <«ECJHAKM — TO» (IF — THEN), ucxoas us
CTaTHCTHYECKOIT 3HAYMMOCTH AaHHBIX. Takoil MeTOM aHANH3a JAHHBIX IPeflyCMaTpHBaeT
CO3/IaHHE HeHepapXu4ecKoro Habopa yCaoBHH, KOTOPhIE MOTYT NiepekphiBaTsest. YacTo
HHAYKIMSA TPaBHI BHIIOJHAETCS IYTEM reHepalMi YaCcTHYHBIX JepeBbeB pelueHui, a
1S TOrO 9TO0BI BLIGPATH, KAKOe U3 HUX IPUMEHHTD K BXOAHBIM AaHHBIM, HCTIOIB3YIOTCA
CTAaTHCTHYECKUE METOIBL

Cw. Tarske: data mining, decision tree, neural networks.

time series analysis (aHanu3 BpeMeHHbIX PAAOB)

AHANM3 TOCACHOBATCNIBLHOCTH fiIlEl‘I(:‘I{}I]:’I, MOIyUeHHbIX Yepe3 3alaHHble HHTEPBAE!
BPEMEHMN.

Cwm. Takxe: data mining, dimension.

AncdaBuTHbIN YKa3aTeb
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BU3YAIH3alHA MIOTOMEPHDBIX AallblX, 26
FeHCTHYECKHE aropHTMElL, 24
resHasn HHkenepus, 19
nepesbs pewenmit, 22

VHCTpYMeHTanbHbe cpecTsa, 198

knacendmranus, 20

Kiracenl cieres, 20

kiacTepusaums, 20
meaunmig, 18
MOJICKYIApHAs reHeTnka, 19
neiiponapie cer, 21

onpezesienue, 14

OCHOBHBIE METOARI, 15
MpeaMeTHo-opHenTHpoBaliibe, 20
npuKaaias xumus, 19

npornosuposanue, 20
poaiiyHas ropropas, 16
CHCTEMBl paccysxieHHi, 22
ctaTncTHieckue, 21
crpaxopanie, 18

cihepa nipumenenns, 16
TenekoMMyliKalmH, 17

THIIL 3aKoHOMepuocTel, 19
3BOJIOLMOINIOE [iporpaMMutposatite, 23

A
A-anemenT, 154
akcon, 137
AKTHBALNA HeipoaiemenTos, 157
aNCOPHUTM
CLS, 195
rapMotinyeckuii, 178

AAroOpHTM (npodoixcenue)
retieTHuecKmii, 166
ABYXYpPOBHeBBIH, 178
kombuuaropnslii, 178
MI YA-nonobusii, 173
MHOTOCHOINBIA 1wreparnplbil, 178
cy4aliioro NoNcKa ¢ ajantatueit, 197
knaccuchnkaiy, 146
Kopa, 194
obydelns

nepuentpona, 149
¢ o6paTHLIM PacIpOCTPAHCHHEM
ounbkn, 150

aHanus
anckpuminanTHeit, 78, 81, 185
kaactepunii, 117, 121
MIIOTOMEpHbIY AaHHBIX, 93
MHOMKECTBA TCPEMENHbBIX, 33
Muoxecrsenblii, 66
O7IHOH nepeMeHHoH, 55
perpeccnonnbplii, 48, 63
¢axtopubiii, 105, 116

ankernposarne, 333

anmpokcimarop, 138

annpoxcumanua ueiipocercnas, 158

acconmaTisHoe otobpaxenne, 156

acconvaTusupit asement, 141

accoumanns, 19

B
Gasmc Heiipocerenoit, 158
Hasucuoe npasuao, 238
Gasucuniil Tpews, 238
Hunapiag KiaccHibHKauua, 142
610K

ofwenns, 321

ofpsacuenns, 321
6ydepiibit Bonpoc, 335



AncbasuTHEIA yKasarens 363

362 AndhasnTHbIA YKa3aTens
B

Benna guarpamsia, 349

BOTIPOC

Bydepnniii, 335
eepbanbibii, 334
3oHIMpyIomKi, 334
KolTakTibIi, 335
KOHTPONBHBIH, 334
HefiTpanbHbii, 335
oxHBAAIOMAiL, 335
NpoBOLHpYIoWHi, 335
BBIOOpPKa, Henepecekaowancs, 213
BbIpOXKAeHue, 176

r
rapMoHMYecKkas peanckperusauysi, 178
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resomM, 169

rpacosan gopma, 170
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A
panuble
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KOHTPOJIBbUBI Bompoc, 334
KoHHenTyannzaims, 326
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KpHTEpHit
KavecTsa paszeneis, 80
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kaaccudukaimu, 80
KpoccoBep, 167
smneiinsi, 171
ofiHoTOYEYHb, 168
cerenoit, 171
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noruyeckad Mojenb, 312
gorudeckuil Guok, 321
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aHkernposaHue, 333
rpyimnosoi, 337
MHTEPBbIOHpOBalue, 333
MO3roBoil wTypM, 337
nabmionenne, 330
naccuBubtit, 330
CHHMEHHA passmepHocTH, 94
cpaBHeHHe ¢ obpasuoyM, 90
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MutiMu3aanns ommbku, 151
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MOJenb, Jornyeckas, 312
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MOHUTODPHUHET, 322
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pacnpenenerHas, 132
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¢ TIpAMBIMH CBsAzAMH, 141
cuuxpoHnas, 135, 147
Tononorus, 140
Xemmunra, 146
Xondunaa, 144, 146
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HelipoceTeBoe NMpeICTaBIeHNe 3HAHHIL, 155
HelipoceTeBoi
bazuc, 158
cynepen3op, 158
Helipoynpakienue, 156
Teopus, 162
HelipoanemenT, 135
HeliTpanblsiii Bonpoc, 335
HEOXKHAAHHOE Mpaeuio, 237
YPOBEHb HEOKHIAHHOCTH, 238
Henepecexkamoniasica suibopxa, 213
HecMeleHHocTH KoadhHIHeHToR
KpuTepuit, 177
HEYeTKUX TMPaBuI noctpoenue, 182
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obHapyxeHnne 3HauuA, 325
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chenuaInsupoBaitoe, 162
0OBbEKTHBHAA KOMTILIOTEPHAS

knacrepusanms, 178, 180
orpaHHYeHHslit nepebop, 218
OKHBAAIOUMIT Boripoc, 335
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mapanjensHoe cpabarmsanue, 147
nepebop, orpaHMYennnid, 218
HepeKpecTHas nposepka, 212
nepemMeHHas, lenepas, 222
nepeycnoxHeHHe MoenH, 176
nepuenTtpos, 21
MHOTOCHOMHR, 21, 142
oryuaioniast Beifopra, 149
npoueaypa cxomimocty, 149
PeKHM
obyuenus, 142
pacmosHaBanus, 142
Poaesfaarra, 141
Tpexcaoiinbiii, 142
MK 06yyenus, 149
aneMenTapHbeii, 141
TJIAHMpOBaHHe, 322
10BepxXHoCTHOE 3Hanue, 308
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HOMCK
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ciyvaiineii ¢ aganrauneii, 197
HOAMHOMHATbHOE npasuio, 137
NOAHHOMHATbLHBIH npecOpasoBarens, 148
NoAHOTa npasuna, 192
napor, 135
pasMeIThii, 211
emsAryenue, 211
NOPOroBLIM 3aemeHT, 141
NPaBWIO
if-then, 198, 239, 329
if-then-NOT, 222
Gasucnoe, 238
Aenera, 150
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HeoXHIaHioe, 237
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npeAckazalive Ha ocHobe npaeni, 240
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NPOBOIMPYOLIHI Bonpoc, 335
nporiosvposanie, 20, 322
IPOrOBO-NOAMHOMHANLHAA ceTb, 148
nporpaMMupoBRatiie, reneruueckoe, 169
NPOJYKIMOHHAA cHeTema, 310
NpOCTPalCTBO, cnpaMasionee, 149
NpoleRypa CXOAMMOCTH neplienitpona, 149
npoueayphioe 3xative, 308
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paauanpHas pynuxums, 139
perpeccus
JorucTudeckas, 39
MHOXKECTBeHHAd noiarosas, 67
PeXHM
obyuenng, 142
pacnosnasaiius, 142
pewareis, 321
pelualouii aneMent, 149
noporoenii, 141
peenii
nepeso, 194
rabnuna, 347
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CEMAHTHYECKasA ceTs, 315
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ceHCOPHDBIA dAeMenT, 141
cerepoit kpoccorep, 171
CeTh
ceManTiyeckas, 315
Xemmuura, 146
Xomditnpa, 144
curMa-nu-saesenr, 137
cHrma-saeMent, 136
cirMoiJatbias Gynxknua, 138
cunaric, 136
CHHANTHYCCKAs! CBsA3b, 136
cupanTuyeckuit knacrep, 137
cucreMa
noHATHI, 341
npoaykuuonnas, 310
akcneproas, 191, 320
emeinense, 135
cMmATYenHe noporos, 211
COBOKYIIHOCTL 0GBLEKTOB, 79
CHIHCOK TIpaBHa, 228
cnpaMstiolice npocTpancTee, 149
CTATHCTHKA, onHcareabiast, 43
CTATHCTMYECKHE NAKeThl
MINITAB, 43
JNOCTOMIICTRA M HEJOCTaTKH, 44
WMIOPT H IKCTIOPT JanHbiX, 43
SAS, 36
JNOCTOMHCTBA H HEA0CTaTkH, 38
moayae ACCESS, 38
sonyas ASSIST, 38
moayas BASE, 37
somyas EIS, 38
mopyab FSE 37
monvas GRAPH, 37
moayab IML, 37
mozysin INSIGHT, 38
moaynb LAB, 37
sojayae STAT, 37
SPSS, 38
STATGRAPHICS, 46
Pasosas cucrema, 54
JICTIOBBIE KapTh, 33
AMATPAMMBI pacceuBanius, 54
Mojlyan, 47, 52
paspegoynbie rpaduky, 54
STATISTICA, 44
SYSTAT, 40
rpachiika, 42
AOCTOMHCTBA H HEAOCTATKY, 42

CTAaTHYECKAA BKCIEPTHAs cHeTema, 322
cTouMOCTL oumbKi, 214
cynepeu3op Heiipoceresof, 158
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Tabauiia penenil, 347
THIB 3aKonomMepHocTeii, 19
Touka crymenssi, 120
TOYNOCTL NpasHia, 192
TeIOTOP, 323

v
Yuapoy—Xodpa nipasiao, 150
yeunenne peuenns, 208
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(paxr, 307

daxtop, kiraccuduuypyouutit, 185

dpopmannzanus, 326 3

peiing, 313

pyuKin
axruBaii, 133
BbIxofa, 139
Tayccosa, 139
auckpumuuanrtyas, 187
MyJIbTHRBaZpaTiunas, 139
npeobpasosanus, 135
pajuanpias, 139
curmon;tabiast, 138
Xoapucaitna, 137

X
Nesmmuura nefipocern, 146
ofyyenne, 153
Xomduiaa neiipocers, 144
obyuenite, 153
xpomocoma, 167
ABOHuOe Kojtiposatie, 167
dopmar ¢ naasaomed sanaroil, 167
Xagncaitna dynxuns, 137

neqaesast nepemennag, 222
nenTpHposaline, anoiinoc, 115
wiK obyuenus neprentpona, 149
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IBpHCTHKa, 307

aKcnepTHas cucremMa, 191, 320
AWHaMH4YecKast, 323
KBas3u/iHHaMH4ecKas, 322
cTaruyeckas, 322

3KCTEHCHOlANbHOE 3HaHne, 308

3JIEMEHT
acconMaTtHBHbIl, 141
noporossii, 141
pewmalonni, 141
neporopsii, 149
ceHCopnblil, 141
anurHas, 168
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