P penuciioBue

MeTonsr anammsa maHubix (All), mO-BHOANMOMY, TMPONLTH TIaB-
HBIl TTHK CBOETO PA3BUTUS. DPOSCHUIUCH OCOBEHHOCTH, OTIMYAIOIINE
obnacth All oT npyrux HampaBiIeHUd TPUKIaTHON MaTeMaTUKHU, NO-
CTATOYHO YeTKO 00603HAUMIICS KPYT 3aad I HAKOTIIeH GONBIION OMBIT
UX pellleHus. YcHLI W HATpaBIeHWS MaTbHENNIeTO Pa’zBUTHUSA MeTO-
moB Al ¥YTuxim crnopbl ¢ BHENTHUMU OITOHEHTAMH O TOM, HayKa
5TO WIM He HayKa, MaTeMaTHKa WM He MaTeMaTHKa. Jojee Kop-
PEKTHBIME CTAIU U TUCKYCCUE MeXKAY pa3paboTuukamu meTonos All.
M ma »>ToM cmokoiiHoM ¢doHe CTall yiKe MOABAATLCS CTATHU W MHC-
cepTally, 3aHOBO Ipeljlarafolline unen, KoTopble obcyKnanuck 20-25
JeT Hasam.

Bee 510 co3maeT o6LeKTUBHLIE TPENTIOCHIAKA OIS TOMBITKA Ha-
TucaTh KHUTY 0630pHO-yIeOHOTO XapaKTepa, OPUeHTUPOBAHHYIO Ha
TexX, KOMY TPUXOOUTCS ceffdac W TPeNCcTONT B 0603pUMOM OymyIIieM
nosib3oBaTbes Meromamu Al B mpaktuxe cBoeii paGorbi. Hannas
KHUTA W ABASeTCS Pe3ylIbTaTOM TAaKOH MONLITKEW. B mHell oTpaken
OTLIT paboTHI aBTOPA U €T0 KOIIIeT B 06ITaCTH PACTO3HABAHTS 06pa3oB
U aHaigm3a DAHHLIX B Tedenue mocienHux 30-tu meT. XoTemoch GFHI,
qTOOBI 5Ta KHUTA CONePKalla OMUCaHue coBpeMeHHbIX MeTonoB Al u
umell, TeKallnX B UX OCHOBe, U ObIJa MOHATHA MPUKIATHIKY HeMaTe-
MaTHuKy, T. €. WHXKeHepy, arpOHOMY, SKOHOMUCTY, Bpady u T. 1.

ABTOp cumTaeT NPUSTHLIM HOITOM TTOBIATONAPUTE CBOUX IpY3eil
U COTPYMAHUKOB 32 MHOTOJNIETHIOID COBMeCTHYIO paboTy Hal OCHOBHOM
YaCThIO OMUCHLIBAEMbIX B KHUT€ METOMOB 1, Ipexe Bcero, B. O. Eokn-
wy u I'. C. JI6oBa.



4 Dpenuciaopue

Donblilioe 3HAUYEHUE [ aBTOPA UMeNH HaydHble HUCKYCCHH O
npobieMax aHAIN3a [MaHHBIX W pAclo3HaBaHus 0GPA30B ¢ KOJIIEraMu
u3 Hamrero u npyrux kosmrektuBoB — C. A. AifiBassnom, A. A. Do-
poBkoBbiM, B. O. Banmuukom, I'. 4. Bonomunbim, FO. A. Boporusbim,
B. HO. I'ycesbim, 3. Huns, 2. B. Espennorriv, 10. U. ZKypapieBrim,
JI. Kenasom, B. A. Kopasesckum, 0. I'. Kocapessbim, JI. I1. Meras-
kuubiM, . Mukn, 3. Muxansckum, 2K.-K. Cumonom, B. B. Oubiies-
ckum, JI. A. Dacrpurunsim, HI. Daynucom, K. ®. CamoxBasioBbiM,

@. D. Tapacenko, 9. U. [BeTKOBBIM U MHOIUMHU J[PYTUMH.
ApTOp Temio GuraromapuT TAKXKe CBOIO TMOCTOSHHYIO BIOXHOBU-
TenbHuy u nomorrHuiy B. M. 3aropyiiko.



YacTs 1
BBeneHnue B aHa/in3 maHHBIX

I'maBa 1

OcHoBHBIC IOHATHUS

B »Tolt xHUTe OMUCHIBaOTCS MeTONBI O06PaGOTKU WHPOPMAIUH,
npencTaBieHHON B pa3iuyHoil popMe — B BUile «TaHHBIXY, «3HAHUT,
«CTPYKTYP» U T. M. B ocHOBe amaim3a BcexX >TUX BUIOB WHpOpMa-
UK JexaT IBe NPOIeNyphbl: Tpolledypa oOHApPYXKeHUS 3aKOHOMEPHO-
cTeill, colepKallluxXcs B IIpelcTaBleH Ol HHGOpMAIUK, 1 Tpolenypa
UCTIONB30BaHNS OOHAPYKEHHBIX 3aKOHOMEPHOCTEH MJIs NpelicKa3aHus
3HAUYEeHUS OIHON YacTu MHMOPMAIUKM MO U3BECTHBIM 3HAUYEHUAM IPY-
roifi ee wacTH. DO HpekKae UeM MepexOoiuTh K OMUCAHUIO dTHX IIPO-
nenyp, HYKHO MOACHUTH CMBICH yIIOTpebideMblX B KHUTe TePMUHOB,
B YACTHOCTU TaKWUX PaclpoCTPaHEHHBIX, KaK [TaHHble, 3HAHUS, TUIO-
Te3a, 3aKOHOMEPHOCTH U T. 1I.

§ 1. HUeMm oTnumuaioTcsa «OaHHBIE» OT «3HAHUA>T

Ncxomnas waGopManus, KOTOpyio HyKHO o6pabaTHBaTh, Jallle
BCETO MMeeT BHI YMCIOBHIX TabIuIl (MaTPIII), COCTOSIINX 13 7 CTPOK
u n cronbioB. CTPOKU G1,ds,...,0;, ..., 0y OTPAKAWT HHGOPMA-
nuio 06 u3yvaeMblX OObeKTax WK SBIEHUIAX, a CTOJOIBL 1, Z2,. . .,
Tj,...,Tn OTPAXalOT CBOCTBA (IPU3BHAKN, XapaKTePUCTUKM) HTUX
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OOBbEKTOB WK sBIeHUH. Dpupona oGbeKTOB MOXKeT OBITH 060 —
5TO MOTYT ObIThH (pU3MYecKue Tesa, KUBble OpTaHU3Mbl, CUTHAJIbI, OT-
IelibHbIe COlMAIbHbIe TPOIECChI, 3aBOMbI, BUIBI CIIOPTa, MeCTOPOXKIe-
HUS W T. I. JOHSTHO, 4TO HABOP NMPU3HAKOB, OMUCHIBAIOIIUX 3THU
00beKThI, OyHeT B KaxKIOM CJIydae CBOUM U [IOJKeH OTpaxKaTh UX
Hanbosee BaXKHBIE CBONCTBA.

Da mepeceveHun ¢-il CTPOKM U j-TO cTONOIA yKa3bIBaeTCs 3HaUe-
uue (b;;) j-ro mpusnaka y i-ro o6bexTa. Takoil GaxT (Hanpumep, 4TO
i-it MOM MMeeT BBICOTY 12 M) cumTaeM aTOMapHON YacThIO TaHHBIX O
KOHKPEeTHOM i-M oObeKkTe. JOJHble HaHHBIE 00 ¢-M 0OBeKTe comep-
JKATCSI B COBOKYITHOCTH BCeX HIeMeHTOB i-ff cTpoku. Wudopmarus
JKe 0 BCeX 3aJaHHBIX CBOMCTBaX BCeX M3yUyaeMblX 0OBEKTOB, 3allCaH-
Has B TabInIe «00HeKT-CBONCTBOY, I HASBIBACTCS Madauyeti daHHbLT.
Taxwm obpazoM, TaHHBIE TPEACTABAIIOT cO60H COBOKYITHOCTE OTIETh-
HBIX KOHKPETHBIX GAaKTOB.

OyceTs B Tabnule MaHHBIX MPENCTaBIeHBl ONUCAHUS GOIBIIOTO
KOJIMYeCcTBa KUJABIX [IOMOB, & HAC WHTEPECYIOT TOJBKO TPU CBONCTBA
5TUX JOMOB: U3 KaKOTo MaTepialia OHM MOCTPOEHbI, B KaKOil 1IIBeT MO-
KpallleHbl UX CTeHbI U KAKOH OHU BBICOTHI. JOCie U3yUueHus TabIuibl
MaHHBIX MBI MOXKeM ODHapYKUTh HEKOTOpbIe 3aKOHOMEPHOCTH. Ja-
NpuMep, BhIACHAETCSA, YTO Bce TTaHellbHble NOMa, OKpallleHHbIe B ce-
pblil 11BET, UMEIOT BBICOTY OT 15 1o 25 M, maHelibHbIe 3eJleHble JoMa —
oT 8 1o 16 M, a KUpPIUYHbIE, BHE 3aBUCUMOCTH OT I[BeTa CTEH, UMEIOT
BeicoTy Menbiiie 10 M. (O6Go3HauuM TPU3HAK «BUI CTPOUTETHHOTO
MaTrepualiay 4yepes xi. OJTOT NPHU3HAK MPUHUMAET NBA MOHSITHBIX
3HadeHus: 7 = I (MaHeJdb) WM 27 = K (KUPINY). DPH3HAK <IIBET
cTeH», ob03HavYaeMblil yepe3 X9, TPpUHUMAaET 3HAUEHUs: Ty = Cepblil,
Ty = 3eJIeHLIN WIN To = M060il. DPU3HAK «BLICOTAY» T3 MOKET IpH-
HUMAaTh T06oe ImciIoBoe 3HAUenme oT HyIsS mo 30 m . Torma obua-
PYXKeHHble 3aKOHOMEPHOCTU MOXKHO CXKaTO 3alucaTh B BUie TaKUX
JIOTMYEeCKNX BbICKa3bIBaHUI:

ecin (1 = 1) u (29 = cepotit), To (z3 = 15 — 25);
ecin (1 = 1) u (29 = 3eiqenslit), To (23 = 8 — 16);
ecin (21 = K) u (29 = moboit), To (23 < 10).

DTHU BBICKA3BIBAHUS He colepkKaT WHOOPMAIUU B BUle KOHKPeT-
HBIX XapaKTepUCTUK KaKIOTO OTIeJbHOTO NOMa, HO 3aTO OTPaKaT
Hallll 3HAHUA O HEKOTOPBLIX O0OOIIEHHBIX XapaKTepUCTUKaX BCeX I0-
MOB, ONUCAHHBIX B TabJulle HaHHBIX.

Tax BBITISIAUT Tepexol OT HaHHBIX K 3HAHUSM. JHAHUS MpPelcTa-
BIAIOT c000Il KpaTKoe 000OITIeHHOe ONMMCAHNe OCHOBHOTO CONEPKaHS
uHbOPMAINK, TPENCTABIEHHON B TAHHBIX. 3HAHUS MOTYT GBITH ITpell-



§ 2. Yro Takoe aHaan3 JMaHHBIX! 7

CTaBIeHBl B pa3nuyHoil dopme. B mambHeiiteM MBI 6yIeM TOIB30-
BaThCA TPUBeHeHHON Bbillle GOPMON B BUlle JOTUYECKUX NMPABUI TUIIA
KECIU ... TO ...>.

§ 2. Uro Takoe amajin3 HaHHBIX?

Cpemnu 3aay TPUKIATHON MATEMATUKN TOSCHUM MECTO TOTO Ha-
npaBiieHl s, KOTOPOe ¢ Mofauyn PpaHIly3CKUX MaTeMaTUKOB TTOIYYII0
HasBaHme anaausa dawnvir [14, 51].

Kraccugeckoe mampapiene TpuUKIATHON MATeMATHKA CBI3AHO C
MeTOo[aMU BbIUMCIEHUNH OMHUX XapaKTepUCTUK M3y9aeMoro oO0beKkTa
WIN ABIIEHUS 110 U3BECTHBIM 3HAUEHUSAM HPYTUX €ro XapaKTepUuCTUK.
Opu 5TOM MOmeNnb OObeKTa CUHTAETCS W3BECTHON, a 3aBUCHMOCTH
MeXKIY XapaKTepUCTUKaMU ONUCLIBAIOTCS aHAJUTUIYECKUM BblpaxKe-
HUeM B BUle ypaBHeHUs UJAW CHCTeMbl YpaBHeHWH UKW HepaBEeHCTB.
DpobreMbl, BO3HUKAIOIIINE TPU PEelleHnn TaKux 3abad, CBSI3aHbl, HA-
mpuMep, ¢ OOJBIIUME 0O0beMaMy BEBIYUCHeHNUIT, ¢ 3alllUTO OT MTOTPell-
HOCTell, HaKallINBAIOIIMXCS B KOMIbIOTEpe U3-33 OKPYTIEHUS ducesl.

Do3xKe MOSBUINCH 3aauil aHaln3a 00BeKTOB, MaTeMaTuuecKas
MOIedb KOTOPHIX M3BeCTHA ¢ TOYHOCTBHIO Mo mapaMeTpoB. M3BecTen
HabOp XapaKTepucTUK, BAUAIONINX Ha 1IeJIeBYI0 XapaKTepUCTUKY, 13-
BecTeH TaKie OOIINiT BUJ 3aBUCUMOCTHU MEXKIY XapaKTepucTUKaMU,
HO KO3 dUIMEHTHI, TTOKa3aTelll CTeleHn U IPpyTrue fmapameTpbl MoO-
IleJii Heu3BeCTHBI, M, YTOOLI UX ONpeleSuTh, UCTOAB3YIOTCS MPOTO-
KOJIbl HabJOHeHNH, oTpaxkalolline 3HAUYeHNs ONHUX XapaKTepUCTUK
TpW pasHBIX 3HAUeHUSX Hpyrux. [emaeTcs cepus mpemmonoxeHmit
0 3HAUYEHUAX HEU3BECTHBIX TapaMeTpPOB MONEJU U 3THU TPeNIoJioxkKe-
HUS TPOBEPSIOTCS Ha TPOTOKOMaX. B peiynbTaTe BHIONPAIOTCS TaKwe
3HAYeHUS TapaMeTPoB, TPU KOTOPBIX MONENb C 3a0aHHOI TOYHOCTHIO
MO3BOJISIET TIO OMHIM ( BXOIHBIM ) XapaKTePUCTIKAM ONPeNelsiTh IPy-
rue (BBIXOMHBIE TN Tle/ieBble) XapaKTepucTnkn. Takoro poma samadn
Ha3BIBAIOTCS 3aavaMn udenmupurayun modeqet.

DaKoHell, ¢ MOSBIeHHEM KubOepHeTUKU CTaIn GOPMYIUPOBATHCS
3aa4Yl aHaJIU3a «YEPHOTO SIIUKa»: MCCIeoBATENI0 u3BecTeH Habop
XapaKTepUCTUK, CPpell KOTOPhIX UMEITCS XapaKTepUCTUKM, BIUIIO-
Iue Ha IlejleBoe CBONCTBO 00beKTa, HO KaKie U3 HUX SBIAI0TCS Olpe-
TeNSTOIIME (THGOPMATHBHBIMIL) I KAKOH MaTeMaTIIeCKOl MOIeITbIO
OMUCHIBAIOTCSA 3aKOHOMEPHOCTU WX BIUSHUS Ha IeJIeBYIO XapaKTe-
PUCTUKY, He U3BECTHO. OJYVXKHO BHIOpaTh MHGOPMATUBHBIE Xapak-
TEPUCTUKYM U MOCTPOUTH MOJENb, TTO3BONAIONIYIO BHIYUCIATH 3HAUe-
HUSA 1leJieBOil XapaKTepUCTUKY 110 3HAUeHUsIM [IPYTUX XapaKTepUCTHK.
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EnmHCTBEeHHBIM MCTOUYHWKOM MHOOPMAINKT IS pPellleHns TaKoh 3a-
HAUM CIYKUT TadIua SKCIepUMEeHTAIBHBIX TaHHBIX THUIMIA «CTUMYJI-
peaknusds» ¢ ONMUCaHWeM BXOMHBIX U BBIXOMHBIX XapaKTePUCTUK Ha-
OirrogaeMoro o6hLeKTa WIN MHOXKecTBa o6hLekToB. Kak MBI Bumenn
paHbIle, Takue TaOJIUIIBI MaHHBIX Ha3bIBAIT TabIAWIaMU «OOBEKT-
cBoiicTBO». Temeph BHIGOP MOIENH 1 ee TapaMeTPOB JleflaeTcs My TeM
TPOBEPKN PA3HBIX SMIUPWUIECKUX THUMOTe3 Ha MaTepralie TabIuIlbl
ITaHHBIX. Bo3sHWKafIInii Ipnm 5ToM KPYT 3allad W COCTaBIgeT HaIpa-
BIICHIE, IMEHYeMOoe 3adauamu anaiu3a JantbiL.

Bosspalmmasicek Kk HavaJy, MOXKHO OTMETHTH, UTO BREIUNCIUTETh-
Hasg MaTeMaTHKa OOBIUYHO He MMeeT JIeJIa ¢ DTallOM BBIIBUKEHUI TH-
moTe3 O TOM, KaKie XapakTepUCTUKHN HOJIKHBI BKITOUYATHLCS B MOJIENhb
006BeKTa I KaKOH HO/IKHA OBITH HTa MONEIh. JUCK CIEIAaTh OIIMOKY
B BLIOOpEe MOTeNW W ee TTapaMeTpOB OCTaeTCs BHE TIOJs BHUMAHUS, a
aKKypaTHbBIE BRIYNCAEHUS TT0 WMEIOTIIecss MOMean co3MaloT BIedaTie-
HUe BBICOKOTO KauecTBa PelleHus TpobIeMbl B MeHIOM.

Samaun nmeHTHGUKAINT Moneaeil TpeGyioT OT MaTeMaTHKa OT-
BeTCTBEHHOCTH 3a IPAaBHUABHBIN BBHIOOD IapaMeTpPOB MONEIH. O aliil-
que 3TOTO PUCKOBAHHOTO TIIara B MpoIecce pellleHus 3amadyl AUIIaeT
pe3yIbTaT Opeosa CTPOTOil MaTeMaTUIecKOl YMCTOTHI.

Da pesyabTaTax pelleHnsd 3a0ad aHaIN3a HaHHLIX JeKUT ABHLINT
ciernt HOTBIMTOTO YMCITa SBPUCTUYECKUX WITH DKCHEPTHBIX TPEIToI0XKe-
HUIl — ¥ O BBIOOpe XapaKTepUCTUK 0ObeKTa, I O KIacce Moleneil, n o
mapaMeTpax BBIOPAHHON MONEIN. JTU MPEOIONOKEHUs ITPeICTaBiId-
fOTCS Ha S3bIKe MaTeMaTWIecKuX GOpMyH, HO UCTOKU WX TOSBIEHUS
TeXKaT BHe MaTeMaTWKHN, TaK 9YTO OCHOBHAS JacTh ITpoIlecca pelrerns
3a7lad aHaJu3a MaHHBIX CBsS3aHa € MTPOHUKHOBEHWEM B MPUPONY W3-
yIaeMoTo SBJEHUS W XapaKTepHa CKopee HJIs ecTeCTBEeHHO-HAy THBIX
obacTeii.

Curyanus ycyrybiseTcs elrie I TeM, 9TO pealibHble JaHHbIe 00-
TagaoT TaKUMU OCOGeHHOCTSIMT, KOTOPhIe 3aTPYAHSAIOT TpUMeHeHe
CTPOTHUX MaTeMaTHUecKnX MeTonoB. HocTaToOUYHO OTMETHTh, UTO Ta-
OIUTIBT TaHHBIX YacTo OBIBAIOT TpeNcTaBIIeHbl MAalIbIMU BHIOOpKaMU
B TIPOCTpaHCcTBax OOIBIION pa3zMepHOCTH TIPHU OTCY TCTBUN nHGOpMAa-
VU O XapakTepe W CTelMeHN 3aBUCUMOCTH OMHUX XapaKTepUCcTUK OT
IPYTUX, PA3HOTHUOHOCTU W3MEPUTEIbHBIX KA, HAJUIYWN TIYMOB U
mpoGenioB. B 3TUX yCIIOBUSX MeTOHBI pellleHus 3a7ad aHalW3a TaH-
HBIX BBIHYKIEHHO OCHOBBLIBAIOTCS KaK Ha KOPPEKTHHIX MaTeMaTude-
CKIX TIpoIedypax, TaK I Ha YHCTO JBPUCTHYECKHX IpHEMax. Je
VOWBUTENBHO, YTO TTOIyIaeMble PellleHns] BOCTPUHIMAIOTCS HacTOPO-
JKEHHO, a MHOTHTEe MeTONBI PelIeHnsI BBITISAST HeHOCTaTOIHO CTPOTO



§ 3. Dpunsrue pelieHuii M0 NpenereHTaM U MOTEIIM 9

0060CHOBAHHBIMM.

D710 06CTOSTENBCTBO OOBEKTUBHO OTpakKaeT TOT GakT, UYTO Ha
a06oM 3Tale pa3BUTUS NPUKIAIHON MaTeMaTUKH BO3HUKAIOT pe-
aJbHble 3allaul, OJs pellleHns KOTOPBLIX XOPOUIO OOOCHOBAHHbBIE Ma-
TeMaTHUIeCcKe MeTONBI ellle He TOTOBBI. DBMecTe ¢ TeM BaXHOCTH
3a/a4 He TI03BOJIAeT OTJOXKUTH UX pellleHue U BBIHYKIaeT MPUHU-
MaTh PUCKOBaHHBIE SMINPUYECKNE TUTIOTE3bl U UCTIOAb30BATH HECTPO-
THe dBPUCTHYECKNEe TpUeMBI. caum molydaeMble TTPH dTOM pes3yib-
TaTHI (TpeICcKa3aHs, TPOTHO3H ) MONTBEPKIAOTCS GakTaMu, TO Ha-
CTOPOXKEHHOCTH B BOCIPUSTUU UCIOIb30BAHHOW MOHENIU CMeHseTcs
VBEPEHHOCTHIO B ee aJeKBaATHOCTHU U3yYaeMOMY ABIEHUIO, & BHUMAa-
HIle MaTeMaTHKa MePeHOCUTCS Ha aHAJUTUYeCKOe UCCIeNoBaHue MO-
el U BBIYUCAUTESbHBlE TPYIHOCTU, CBA3aHHBIE C e€e MCIOJb30Ba-
Huem. A pobpoxkenaTenbHbIE U CTHUMYJIUPYIOIINE 3aMeUYaHUs THUTIA
«rojias >BPUCTUKA®», «MYTHBI TOTOK JUTEPATypPhly» MPUMEHIIOTCS
CTPOTUMM KPUTHUKAMU yKe K TONbITKaM pellleHus APyrux HeTpadu-
IMOHHBLIX TTpobieM.

§ 3. DOpuHATHE pelleHnil 10 HpenegeHTaM I

MoOoneJisasM

B mocmennee BpeMs 0603HAINIOCE ellle 60BIIee OTHAJIEHNE Me-
TOMIOB aHAJN3a HAHHBIX OT TPAIUIMOHHBIX METONOB BbIUMCINTEILHOMN
MaTeMaTHKW. Y IOMUHAaeMBbIe BLITIIe MOMENN N3y IaeMbIX CHCTeM CTPO-
STCS He Bcerma. Bce Jallle CTalN WCTOAL30OBATHCS Takle allTOPUTMBI
aHaJU3a TaHHBIX, KOTOpble OMUPalOTCA He Ha OblIIne MOIeNN «YePHOTO
SIIMKA®», a Ha KOHKpeTHble (DaKThl ero ToBeleHNs, 3adUKCUPOBAHHbIE
B MPOTOKOJAX «BXOMN-BLIXOMY», HIIH HA IIPElefeHThl». JDPU 3TOM HC-
MoJb3yeTcd npocTas, HO GpyHIaMeHTalbHad TUIIOTe3a O MOHOTOHHO-
CTHU MPOCTPAHCTBA PELIeHl, KOTOPYIO MOXKHO BBIPA3UTh TaK: «J0OXO0-
JKie BXOIHbIe CUTYAIUN TPUBOAAT K MOXOXKUM BBIXOOHBIM peakIuam
cucTeMbly». s Kaxkmoit HOBOI CHTYalWu MOCTATOYHO HAiiTH B IIpo-
TOKOJIe OITHY WJIN HECKOJBKO CcaMbIX OJIM3KUX, TTOXOXKUX HA Hee CUTya-
il ¥ TPUHUMATE pellledle, OMIpasch Ha dTH MpeleleHTH. KcTaTw,
3a/10JITO 10 BO3HUKHOBEHUS aHAJIU3a JTAHHBIX 3TO TPABUIO TPUHATHUS
pellieHuil 110 IpeliefeHTaM ObLIO MOJ0XKEHO B OCHOBY I peBHEr peuecKoil
MEeNUIMHBI, & TaKkKe OpUTAHCKOTO CyHONPOU3BOICTBA.

Dpu TAKOM TONXOME MBI HE MBITAeMCS TIO3HATH CHCTEMY TaK TIIy-
60K0, 4TOObI yMeTh NpelcKa3blBaTh ee peaKInio Ha JIToOble BO3MOK-
HBle BHeIlTHWe Bo3meficTBus. MBI 3HaeM JIWINL OMHO ee GYHIAMEH-
TallbHOE CBONCTBO: MOHOTOHHOCTHL MOBENEHUs B OKPECTHOCTAX UMe-
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OImXcst TIpereneHToB. W 5Toro o6BIYHO OKa3bIBaeTCsA NOCTATOTHO
ST TONMYIeHN s TPaKTUIeCKH TpUeMIeMbIX pellleHud B KaxKIOM KOH-
KpeTHOM caydae. HaHHBE GakT TPUBOLUT HEKOTOPHIX aBTOPOB K
3aKIIOYEHNTI0 O BO3ZMOXKHOCTH U Jayke Teiecoobpa3HoCcTH OTKa3a OT
TOCTPOEHUS MOAEeNN M3ydaeMOl cucTeMbl BOOOITIe.

Onmaxo HeOOXOOUMO OTANYATEH APYT OT HPYra MONEIH Pa3HOTO
VPOBHS B MepPapXUl OpeBa MO3HAHUI. DO Mepe YIIybIeHNs MOHIMa-
HUS W3y4JaeMOW CHCTeMBl Mbl IMeeM [elI0 ¢ MOOedsIMU, OMHN U3 KOTO-
PBIX OTBEYAIOT Ha BOIPOC « YTo mpomexonut?s, Opyrue — Ha BOIPOC
«Kak sTo mpomcxomut?s, a TpeThn — «JoueMy HMEHHO Tak, a He
wrade?s [91]. B amammse maHHBIX dYallle BCETO TOM MOIENBIO TOHMU-
MaloT aHAIUTHIeCKoe ONMNcanne HabIIolaeMbIX SKCIePUMEHTaATbHBIX
3HAUeHNiT B BIIe HEKOTOPOTO 3aKOHA pachpenenenns. Takwe deHOMe-
HOJIOTUYeCcKe MOOedn OTPakaioT TO, YTO TPOUCXOOUT, HO HUYETro He
TOBOPSAT HU O MeXaHm3Me, HII O IPHYHHAX Iponcxonsiero. CuTyaius
TPUHIATTHAITHEHO MEHSETCS, eClIU YIaeTCss TOCTPOUTEh MOk, oOhsic-
HSTOIIYIO (MMITHPYIONIYIO) MeXaHN3M (GYHKINOHNPOBAHIS CHCTEMBI.
Fite myutre, ecimn Momens o6BICHIET MeTaMeXaHW3M, T. €. MPUUNHB
NMeHHO TaKoro (yHKIMOHWpPOBaHWS, a He mApyroro. Takme Momemnn
MOTYT TIOMOYL W36eXKaTh MPUHATHS OITUOOTHBIX Peltenuii.

D pOMLIIOCTPUPYEM HTO Ha OgHOM KuBoM mmpumepe. Jler 20 ma-
337l B Y3KUX KpyraxX 3alHTEepPeCOBAHHBIX CIENUANCTOB TOSBUIACH
ceHcanmoHHass WHPOPMAIISI O TOM, UYTO YIAI0Ch TOCTPOUTE paclo3Ha-
foItiee yCTpoiicTBO, 6e30mMnb0IHO OTAMIATONTee aTOMHEBIE TTONBOMHEIE
JOOKW OT MU3eIBHBIX 0 HEKOTOPHIM OCOOEHHOCTSAM W3y daeMbIX TMT
THOPOAKYCTHYECKIX CHTHAIOB. JPOTOKOIBI PeaJbHBIX HAOIIONeHMIT
OBILITN TIITATEeNBHO 06paboTaHBl, OBIIN TTOCTPOEHEI pacpeneeH s CuT-
HaJIOB B TTPOCTPAHCTBe HAOAIOMaeMbIX XapaKTepUCTHK W ONTUMalb-
HBIe IS TUX paclpeneleHnil pellafline TpaBuia. B npucyTcTBum
0YeHb aBTOPUTETHON KOMUCCHNW HaIeKHOCTH PAacCTO3HaBaHUs Ha KOH-
TPONBHOIT BhIOOpKe oKasasach pasHoit 100 %! Onmmnako Takoil 605k
1Ioif ycmexX BBI3BAJ COMHEHUS He TONBKO y HabmomaTeneil, HO W y
caMux paspaboTyuroB cucTeMbl. OHE Havannm ICKaTh (PU3NIECKOE
obbsacHene THOOPMATUBHBLIM OCOOEHHOCTSM CUTHAJIOB W B MTOTe 06-
HapyXKWIW, 9T0 CUTHAIBI OT MU3eABHBIX JIONOK MHUCAJNChH Ha OTHOM
MarHuTO(OHe, a OT aTOMHBIX — B IPYTON SKCTENUIINT W Ha OPYTOM
MarauTodore. WM TOHBaJI OMHOTO W3 MAarHUTOMOHOB MMeNl GHeHWS,
KOTOpLIE€ BHOCIUIN MCKaKeHUS B CUTHAJ. OTH HNCKAKeHUS U YIIaBIH-
BaJNCh PACIO3HATONINM YCTPOHCTBOM.

Ecnun mmers B Bumy Tonbko « YT0?»-MoOmeIn, TO METONBI IPIHS-
TUS pellleHnll ¢ ONMOPOil Ha OT/HeNbHEIe TpelleleHThl W Ha X 0000-
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IIeHHOe (MOIeNbHOe) OIMCaHNe NMeIOT MPUOIN3NTEIHHO PABHbIE Me-
TOHNOJOTUYECKHE TpaBa. Jojiee TOTO, MPHU MOCTPOEHUN MO, Kak
u TTPU BCSIKOM OOOOIIeHUN, TePAIOTCS HEKOTOPble 0CODEHHOCTH TOoBe-
IIeHUs CUCTeMbl B KaKIOH KOHKpPeTHOIl TOYKe MpPOCTPaHCTBa pellle-
Huii. Dpu omope Ke Ha MpeleNeHT, KaK MOKA3bIBaeT ONBIT, YIAeTCs
y4ecTh 3THU JOKaJbHble 0COOEHHOCTH, YTO YaCTO TTO3BOJIAET 0Ny YaTh
foJiee TOUHBIE PellleHns. Jaludie B TPOTOKONAX HabIOneH il cucTe-
MaTUYeCKUX MOTrpelIHocTell, NcKaKeHne peaJbHOl KapTUHBL CIIydaii-
HOIl HelTpelcTaBUTEeIbHON BHIOOPKON W OPYyTHUe HeCcOBepIIleHCTBa MMe-
OUINXCS JaHHBIX MOT'YT TPUBOAUTH K HElOPa3yMeHUSM U HUKAKUMU
MONIeJSTMU TIePBOTO VPOBHS WCTIPABUTH DTY CUTYAINIO Helb3s. DBce-
rlia, ecliu eCTh BO3MOKHOCTD, HYKHO ThITAThCAd NIPOHUKHYTH B CYTh
U3y4YaeMOoro ABJeHNs U Hall T pa3yMHoe OObsCHEHIE Oy YaeMbIM pe-
aynbTaTaM. T. e. HYXKHO BLIIBHUTATH TUMOTE3HI W CTPOUTEL MOIENH,
oTBevalolue Ha Bompockl « Kak?» u «Jouemy?s.

§ 4. Uro Takoe amajgn3 3HaHmii?

B samauax AJl MBI nMeeM HelO ¢ Pa3sAmYHBIMU MeTomaMu obpa-
OOTKN TaOJNIl HaHHBIX. B mociendee BpeMs MOSBUINCH METONBI, C
TIOMOIITHIO KOTOPHIX MOXKHO 00pabaThiBaTh U HaOOPHI IOTHIECKUX BHI-
CKa3bIBaHUIi (3HaH1/H71), MTPeNCcTaBIeHHBIX B (opMe KOHBIOHKINI «ec-
AW ... TO ...». DPH 5TOM Ha 3HAHUIX CTABITCSI I PEIIAfOTCT 3a0adll,
aHAJOTWYHBIE TeM, UYTO CTABATCS WM pellaloTcs Ha HAaHHBIX: obHapy-
JKeHue 3aKOHOMEPHOCTel B MaccuBe 3HAHUH (T. e. 3HaHU# o 3HaH1/I;[X)
7 UCTIONTB30BaHNe dTUX 3aKOHOMepPHOCTEMH (MeTa3HaHI/II7I) IS TTpefcKa-
3aHWs OMHUX YacTel 3HAHUN MO W3BECTHBIM 3HAYEHUSM WX IPYTUX
qacTeil.

Metonnr amanusa 3manmii (AB) UMel0T MHOT'o OOIIero ¢ MeTo-
mamu AJl. B wactrocTu, kak u B All, 3mech MOKHO OIIpaThcsa Kak Ha,
SBPUCTUYECKNE TTPENTOIOKEHNS 0 MOOeNsTX 3aKOHOMepHOCTel I mapa-
MeTpaxX 3TUX Mofeneil, TaK U Ha OTHeIbHbIe 3HAHIS (<<Hpe]_[eI[eHTBI>>)
I3 TeX, 9YTo uMeloTcd B 6ase 3HaHUI. D0 5TOM IpHUNHE 3HAYHTeIbLHAs
JacTh yCIlexa 3aBUCHT OT TOTO, HACKOIBKO yIAaYHO BBHIOpaHBI Tpem-
TOJTOKEHNST O MOAENSX WIN TIpeleleHThl, HaCKOIBKO TTpencTaBuTeeH
aHAJIM3UPYEeMBINl MaTepuaa u T. .

§ 5. Uro Takoe 3aKOHOMEPHOCTb?

Brrmre mur CcBOOOIHO IIpIMeHAIN IINPOKO U3BeCTHOEe CJIOBO 3aKO-
HOMEPHOCTDL, He OaBasd CTPOIoro onpeneieHlsd 3TOI0O IIOHATNIA. Dam
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IpumeTcs 1 B GyAyIneM H3J0KeHIH 9acTo YIOTPeGIaTh 5TO CJIOBO I
IOTOMY HONBITaeMcs 00BACHNTE, YTO NMEHHO MBI OyleM nM 0603Ha-
JaTh. B OCHOBe MOHATHSA 3aKOHOMEPHOCTD JEKHUT MOHATHE SMITHPIH-
YecKas TUIIOTe3a, KOTOpoe MBI MONBITaeMcs ChopMyanpoBaTh Gosee
ctporo [90]. Dom runmoresoit h MBI mompasyMeBaeM HabOp M3 TeTHIPEX
snementoB h = (W, 0, V., T). 3necs

W — MHOKeCTBO Tex 00BeKTOB, OTHOCHTENLHO KOTOPBIX BBICKa-
3pIBaeTcs maHHas TunoTesa. OHO MOXKeET ObITH KOHEUHBIM («IJIs TaH-
HOTO Habopa COPTOB TIIEHUIHI ...») WIN GECKOHETHBIM (<« BCEX
MaTepPUATBHBIX Tel . ..»);

O — KOHeUHBIl HaGOp CPeNCTB HAGIIONCHUsS WIH N3MEePeHs;

V — crnoBapb nnum KOHeUHBITT HabOp CHUMBOJIOB NI 3alWCH pe-
3y/IbTaTOB HAOIIONEHU B MPOTOKOJE PT;
T — TeCTOBBHIfl AJITOPUTM, AHAIUIWPYIONINNA TPOTOKOIALI W BHI-

HOCSIINIT omHO m3 nByX permenwmii: 1'(pr) = 1, ecnn manubiii HabI0O-
TaeMBIil TPOTOKOI coTdacyeTcs ¢ rumoTesoit h, m T(pr) = 0, ecnu
HabIOMaeMBIll TTPOTOKOI He COrIacyercs ¢ IUIOTe30il, T. €. Ompo-
Bepraer ee.

Takum 06pa3oM, Korma Mbl BEIIBATaeM KaKylo-HUOYIb THIOTe3Y,
MBI JIOJIKHBI 9€TKO CKa3aTh, 0 Kaknx o6bekTax (W) mbr roBopum,
KaKie CBOMCTBA HTUX OOBEKTOB HAC MHTEPeCyloT, YeM M KaK Mbl UX
Gymem n3mepsTh (O), Kakumu cuMBomaamu (V') — mudpamn, 6ykBaMn
n T. 0. — OyIeM 3aluchbiBaTh pe3yabTaThl HaGMIONeHNd W KaK MBI
GyneM IpoBepsATh IUIIOTe3y Ha «IPOYHOCTHY, T. €. KaKIMH IIPOTO-
KomaMu Habmionennit (pr) rumoresa 6ymeT monTBepxkmaThes (1 = 1)
I TIOSIBJIEHIEM KaKHUX TPOTOKOJOB (€ TOYKN 3pPEHHs THIOTEe3Bl Hemo-
IIyCTUMBIX ) OHa MOXKeT 6bITh ompoBepruyTa (1' = 0). Ecmam stu sime-
MEHTBI CTPOTO He OTOBOPEHBI, TO 1O MOBOLY JII0GOTO PesybTaTa YKC-
mepuMeHTa MOKHO CKa3aTh, UTO OH «He OIPOBepTraeT Moeil THIIOTesk,
MOTOMY YTO s WMeJI B BUIY He COBCEM TO, YTO BHI TMOMLYMAaJIL>.

K pasubIM THIOTe3aM y HAC BO3HUKAET pasHoe OTHOIICHIe B 3a-
BUCHMOCTH OT WX COIeP:KaHus W GOPMBI, T. €. OT TOr0, YTO OHU
YTBEPKIAIOT I KakK OHU CHOPMYIUPOBAHBI. Da KaKue ke CBOICTBA
TUIoTe3, CBA3aHHbIe ¢ UX colepKaHueM i GHopMoil, MBI OBBIYHO 0Opa-
I1aeM BHUMaHUe?!

DecKOMbKO THIOTEe3 MOTYT TOBOPUTH 00 OMHUX U TeX Ke 00heK-
rax win sBiaenusx (W) ma omnoM n ToM ke s3bike nputopos (O) u
mpoToKomoB (V'), HO OTANYATHCS CTPOTOCTHIO CBOMX TECTOBBIX AJITO-
puTMoB (1), 9TO MPOSIBISIETCS B PA3HOM KOJIMYECTBE MBICINMBIX TTPO-
ToK070B ( N'), KoTOpbIe cCocOGHBI OITPOBEPTHY TH KaXkKAYTO M3 STUX TH-
nores. Yem Gombure Beqranna N', Tem 60sbIme 1 JaHHON TIIIOTE3bI
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PUCK OLITH ONMPOBEPTHYTON TPHW BCAKOM HOBOM dKclepuMeHTe. Lcmm
obIIlee 9MCI0 BCEX BO3MOKHBIX Pa3INIHBIX (HEM30MOPGHBIX MPOTO-
KOJIOB 0603HAUNTH uepe3 N, To oTHouienne () = N'/N HassiBaeTcs
NOMERYUAALHOT ONPOSEPIHCUMOCTHIO U ABIISAeTCA ONHON U3 HauboJsee
BaXKHBIX XapaKTepUCTUK MPaKTUYeCKOl MOJe3HOCTU SMIIUPUIECKOi
TUTOTE3Hl.

CpaBHUM s TPUMepa TPU FUTOTE3bI:

1. «B maccuBHBIX DIEKTPUIECKUX IEIAX MOTYT BCTPETHTHCS JTIO-
Oble codeTaHUs 3HaYeHU# Toka [, compoTuBIeHus K W HampsKe-
s V.

2. «B maccuBHBIX 3IeKTPUIECKUX TeTIX TP TMOCTOSHHOM COMPO-
TuBIeHnn R cuia Toka I IpsaMo TPOTopIHoHATbHA HAMPIKEHTIO V 5.

3. «B maccuBHBIX H>HeKTPUIECKIX TelAX BCeTIa BBHITOTHIETCS CO-
otHolrenne V = I R».

DepByIo THIOTE3Y, KOTOpas MOX0XkKa Ha BhICKasbiBaHUe THna «B
5TOM MUPe BCe BO3MOMKHO», OMIPOBEPTHYTH HUYEM Hesib3s, U OHa He
nMeeT HWKAKOW MpaKTHWIecKoil MeHHOCTH. BTopas TUmoTe3a MOTIa
Obl OBITH OMTPOBEPTHY Ta 3HAUUTENBHBIM YUCIOM MBICIUMbIX TPOTOKO-
JIOB, I B HEKOTOPBIX MPaKTUYeCKUX 3aladyax 3HaHNe 3aMeYeHHbIX ero
CBOIICTB DIEKTPUUYECKUX Tellell MOXKeT OKaszaThCs TONe3HbIM. Tpe-
Ths ke TumoTe3a (3akoH Oma) KpaiiHe PHCKOBaHHA, OHA MOTJa ObI
OBITH ONMPOBEPTHYTON OECKOHEUYHBIM YWCIOM MBICIUMBIX CHTYaIlWi.
OnHako TaKUX CUTYalluil TTOKa HUKOMY ODHApPYXKUTh HE YIAIOCh, U
MBI ¢ OONBIION TMOAB30M A TPUIIOXKEHUT MOYXKeM, ONNPadch Ha Hee,
NPeNcKas3biBaTh OIHY U3 3JIeKTPUYECKUX BeJIUYMH MO 3HAUEHUSIM OBYX
IPYyruxX BeJUYUH.

DoTeHIINAIBHAS ONPOBEPKUMOCTD MO3BOJISET OTIAUYATH COHEP-
JKaTeJbHble HayYHble TUTOTE3bl WU Teopuu 0T HeccomepKaTelbHbIX,
ceBIOHAY IHEIX [96].

OueBuHa TakkKe BaXXHOCTh U HPYTOHl XapaKTePUCTUKH SMITUPU-
JeCKHX TUIMOTe3 — CTelleHn uX nonTBepxkaeHrocTn (P). Yem Gomb-
1Iee YUCJIO MPOBeAeHHbIX B MPOIILIOM Pa3HbIX SKCIEPUMEHTOB He OIPO-
Bepraju, a MOATBEPKIAIN IUTOTe3Y, TeM ¢ OONbIINM IOBepueM MbI
OTHOCUMCS K Takoll TumoTeze. IloBepme K THUTIOTe3e ellfe 6OILINE BO3-
pacTaeT, eciu HaM ylaeTcs Hall T oObiacHeHue paKTaM, PO KOTOPhIe
ona roBoput. Cremens obbscrenHocTH (R), T. e. cucTeMa OTBETOB
Ha Bompockl «Kak sTo mpoucxonut?s, «JoueMy UMEHHO Tak, a He
uHaude?s, SBIsieTCS ellle OMHON XapaKTepUCTHUKOI, 0 KOTOPOll onHa
rUnoTesa OTANYaeTCs OT IPYTOi.

DOMUMO XapaKTepUCTHUK, KacCalolluXcs CONep:KaHus TUIOTe3,
BaXkHYIO POJib UT'paeT u (popma, B KOTOPOI IIpelcTaBlieHa TUIOTe3a.
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B metomonoruueckoii mureparype [119] mmporo m3BecTeH TPUHITHI
mpoctoThr (5). CpenneBekoBwiil ¢punocodp Oxkam roBopmm: «Cyri-
HOCTH He MOJIKHBI ObITh YMHOXKEHBI CBEPX HEOOXOMUMOCTH®. ITO
03HayaeT, YTO IIPH OMHOM M TOM 7K€ SMINPHYECKOM COmepKaHun CJe-
IyeT NpelloYnTaTh Hauboslee MIpOCTYO0 THIOTe3y Win Teopuio. Ya-
cTO 06paliaioT BHUMaHIe I Ha TaKyl TOHKYIO XapaKTepUCTUKY I'H-
noTes, KakK M3AMIECTBO WIN KpacoTa ee dpopmynuposku (B). B ucro-
PN HayKH MMeeTcs MHOTO VINBATEILHBIX IPHMEPOB IJIONOTBOPHOTO
MCTIOTB30BAHI STHX XapaKTepucTuk rumores. Tak, B kumre [152],
OMICHIBAOITIEI MCTOPUIO OTKPBITHSA CTPYKTYPbI Mosekysn IOK, mpu-
BONUTCS TPUMep MCHOIb30BaHUA PAacCykKIeHIs Takoro poma: «Teo-
peTIYecKyl Bce BepHO, HO 5TOTO He MOXKeT OBITh B IIPUPOIE: YK OUeHb
5TO HEKPACHBO».

N3 BBIIeCKa3aHHOTO BUIHO, YTO IpH 3HAKOMCTBE C THIIOTE30il
MBI O6palllaeM BHUMaHIe He TOJLKO Ha SMIMPHUYECKOe colepKaHue,
HO U Ha ee BHEIIHNe XapaKTepucTuku. 1. e. MBI mMeeM [eI0 BCeria
¢ obvexktom Z = (h,Q,P,R,S,B). DToT 06BEKT Z MBI U Ha3bl-
BaeM zakonomepnocmbio. Cienyer oTMeTHTh, YTO MONBITKN HailTH
CIOCOGBI KOJIMYeCTBEHHOI ONeHKN YKa3aHHBIX BBIIIE CBONCTB SMIIN-
PUYECKIX I'MIIOTe3 MOKa He YBeHYaJnch ocobbiMu yemexamu. Ceiigac
HeThb3s CKa3aTh, KaK OMHY 3aKOHOMEPHOCTH MOMKHO IIPeIoYecThb Ipy-
TOil, eC/IM OHM OTJIMYAIOTCS B IIPOTHBONOIOKHBIX HAIPaBIEHIAX 110
IBYM MK GOJIBIIEMY YICILY CBOMX XapaKTepHCTHK.

MoKHO pa3amyaTh pasHble CTAIUN Pa3BUTHA 3aKOHOMEePHOCTEN.
B camom Hadase cBOero myTH THIOTe3bl MOTYT OTpaHUYMBATL Ma-
JYI0 9aCTh MBICJIEHHO BO3MOXKHBIX CHTYalllii, OLITH MaJO IOHTBep-
KICHHBIMI U CJ1a060 OOBSCHEHHBIMHE, CJIOKHO I HepAULINBO CHOPMY-
JUPOBAHHBIMI. DTO — TUNOTE3BI-TIPETEHIeHTHI, KOTOPhIe CIIYKAT
CBIpBEM [IJIs MaJTbHENIIero McciefoBanus. DeKOTOphle U3 HUX, BbI-
JepiKaB Bce MCIBITaHIs, JOCTHTal0T CBOETO COBepIIeHCTBa: OHU Ipe-
NeTBHO PUCKOBAHHDLI, HO MHOTOYHCJICHHBIE SKCIePUMEHTHI He OIIpo-
Beprajn, a /WL TOATBEPKIANN UX, IPHPONa ONICHIBAGMBIX NMIE
ABJICHNIT HallIa T/y60Koe BCecTOpOHHee 0ObICHeHIe, OHIL C(hOPMYIIN-
POBaHBI IIPOCTO M U3AIIHO. TaKume rumoTessl MBI Ha3bIBaeM 3aKOHAMU
npupodvi, HayKa NME GOJIbIIE He 3aHNMaeTCs, OHI TepeqaloTcs Mpak-
TUKaM IS yBePEHHOTO W II0JIe3HOTO TIpIMEeHeHN .

B mpomexxyTke MexXmy 5TUMH KPaiHOCTAME HaXOMATCHS 3aKOHO-
MepPHOCTH, € KOTOPLIMH 1 HMeeT [0 HayKa, IbITasch yCIINBATh
IX: clefaTh THIOTe3bl 6ojlee CTPOTMMI U IIPOBEPeHHbIMI, HaillTh nX
comep:kaHuio Gojee TIybokme o6biacHeHNs, cHOPMYITHPOBATEL yTBEp-
KIeHus 6ofee TpocTo 1 KpacuBo. CTPoro roBopst, HayKa PEIKo MMeeT
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IIeJIo ¢ oB6HapyKeHIeM 3aKOHOMEPHOCTEH, T. €. ¢ aKTOM BLIIBIIKCHIISL
CaMBIX IIEPBLIX CLIPLIX THIOTe3. Kak delloBeK BLIOeISET KaKyIo-TO
YacTh MHpPa, HOTalLIBaeTcs U3 GeCKOHeUHOIo YHCIa CBOMCTB IM3Me-
PATEH HeKOTOPLII KOHCUHLIA UX Habop I 3aTeM GOpMYIUpyeT CBOW HC-
XOMHEIe IPEOIOJOKEeHIS O TOM, YTO MOXKET I 4ero He MOXKeT OBITL —
HayKa IMOKa He 3HaeT. Jayka ceiluyac TOMLKO HAUMHAeT IOOCTYIaThCS
K U3YUeHHIO 5THX QyHIaMeHTAILHLIX TBOPUECKHX IIPOLECCOB.

B mammoil xuure MBI HMeeM [eJI0 ¢ MeTOHAME VCIICHHS TOILKO
OIMHON XapaKTepUCTHKN IHIOTe3 — HOTEHINAJLHON OIIPOBEPIKIIMO-
cru (). Ecam mabmomarh 3a TeM, Kak paboTaloT UCCISOOBATEII,
TO MOXKHO IPHATH K BBIBOLY, UYTO CYIIECTBYET HEKOTOPLIL 3aralod-
HBIT amroput™ Q-ycumenus runotes (F'), Ha BXOm KOTOPOTO Toma-
eTcd HCXomHas THIOTesa hg I «0o0yYalolluii» TPOTOKOI HaGIIoHe-
HU Pry, a Ha ero BBIXOMe MojydaeTcs Goiee cuibHas THTOTe3a hi:
F(hg,prg) = h1. Opu sToM hy ornuvaercs oT hy TOIBKO cBouM 6o-
Jee CTPOTUM U IOTOMY Gojlee PUCKOBAHHLIM TeCTOBLIM aJITOPHTMOM:
CYIIEeCTBYIOT Takle IPOTOKOJILI Pr, KOTOPLIE THIOTe3a hg cumTasla
momycTuMbIiMu, n st Hux To(pr) = 1, a HoBas rumoresa hy cumraeT
X HeNONMyCTUMBIME T BbimaeT pesyibraT 11(pr) = 0. TpeGoBanus
K TaKoro pola aJropuTMaM yCIiIeHus F U BapHaHT OLHOTO H3 all-
TOPUTMOB, VIOBICTBOPIIONINX S>THM TPeGOBAHUAM, MOXKHO HaiiTH B
paGorax [90,143].
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KJ'IaCCI/Iq)I/IKaHI/ISI 3adjavdd aHaJIn3a
JaHHBIX

§ 1. Teopus usmepenuii

CrernuaiucT, 3aluChIBAIOIINT TPOTOKON CBOMX HaOIONeHUd B
BUIEe TaOIUIBI MTaHHBIX «OOBEKT-CBONCTBOY», CBOOONEH B BBIOOpE d3BI-
Ka BelleHUs MPOTOKoMa. Yalle Bcero B TaOIWIEI 3aMUCHIBAIOTCS TIH-
$pHI, OTHAKO BCTPeYAOTCS U 6YKBHI, PUCYHKH, TeKCTHI U T. . Lcnm
TPOTOKOJ NIpeTHA3HAYeH TOJNBKO I «PYYHOTOS> WCIOJB30BAHUSA €ro
CaMUM aBTOPOM, TO BayKHO JUIIb, 4TOOBl OH MOMHUJ, KaKue CBOii-
CTBa OH M3MepsAJI U KaK OH UX 3aKOAUPOBAJ — IudpamMu WM 3Ha-
kKaMmu. Ecam ke TpoTOKOI 6yIeT NCHONb30BATHCT U IPYTUME JONBME
WM KOMIBIOTEPHBIMU TTpOrpaMMaMit, TO TpebyeTcs obeclieduTh OX-
HO3HAUYHOe TIOHMMaHUe CMbIC/Ia ITPOTOKOJA HIOObIM €ero MoJib3oBaTe-
sgeM. Dol BO3NelcTBHEM 3TOTO OUeBUIHOIO TpeboBaHUs BHIPabOTa-
Tach HeKOTopas TUCINUTIITHA BelleHus TPOTOKoIoB. 3 moTeHnmansmo
HeOTpaHNYeHHOTO KpyTa crnocoboB oToOpaXeHWs CBOWCTB HadIOmae-
MOTO MUPa B MPOTOKOJbI PaCIpOCTPaHeHne MOy YMIIO BCETO HECKOIb-
KO, KOTOpBle CTAJIN «OOIMIEeNPUHATHIMI», XOPOIIO N3YYeHHBIMI W II0-
TOMY ONHO3HAYHO BCeMU TMOHWMaeMbIMU. WX m3ydeHneM W OmucammeM
3aHUMaeTCs Teopus u3Meperuit [146]. 3mech MBI TpencTaBUIM OCHOB-
Hble CBelleHUs U3 >TOil Teopuu, KOTOPble HYXKHbBI VIS OMUCAHUS MeTO-
IIOB aHAJU3a TAHHBIX.

1.1. Tunol u3MepuTEILHBIX MIKAJ. B Tpollecce n3MepeHus
VYaCTBYIOT IIBa 00BeKTa: W3MepPHUTEeNbHBbI NMPUOOp W HW3MepAaeMblil
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o6bekT. B pesyiabTaTe ux BzauMOmeiicTBUS Npubop TPUXONUT B He-
KOTOPOE COCTOsSHUE, KOTOPOe B 3aBUCUMOCTH OT Buia npubopa u mus-
MEPUTENLHON MPOIenypbl GUKCUPYETCS TeM W HHBIM CIIOCOBOM: TO-
JIOXKeHUeM CTPeNaku Ha Gusndeckoii npubopHOll IKale, MBETOM JaK-
MycOBOll 6yMaxku, mudpaMil HA SJIEKTPOHHOM Tablio, MOJOKU Tl k-
HBIM WM OTPHIATEIBHBIM OTBETOM Ha BONPOC COIUOJOTA M MPOY.
3ateMm 5TO cocTosiHue mpubopa oTobpaKaeTcs B IPOTOKOJE Pa3inyd-
HBIMH CUMBOJaMu — Iudpamu, SyKBaMu, CIIOBAME.

Teopus usmepenuii onepupyer MOHITHEM «IMITUPUIECKAst CHCTe-
Ma ¢ OTHOILIeHUsMI> (), KoTopas BKIOUaeT B cebsi MHOKECTBO 13-
MepsieMbIX 00BeKTOB (A) 1 HaGOp MHTEPeCYOIINK HCCIeNOBATENS OT-
HoOlleHNTT Mexkmy s>Tumn oobekTamu (R): E = {A, R}. Dampuwmep,
MHOXKeCTBO A — 5T0O MHOXKeCTBO QU3NUECKUX Tes, a Habop R — oT-
HOLIIEHU ST MEXKIY HUMHU TIO BeCy, TBEPHOCTH, pasMepam u T. 1. s 3a-
MUCH Pe3ysIbTATOB HADIIONEHU T HCTONB3YeTCs CUMBOJIBHAS CHCTEMA €
otrotrennsiMu (N ), cocTosIas 3 MHOKeCTBa cuMBosoB (M ), Hampu-
Mep MHOXKeCTBa BCeX NefCTBUTEIbHBIX UHCEN, U KOHeUYHOTO Habopa
otromrenwit (P) #a stux cumsomax: N = {M, P}.

OrHottienuss P BboIGUpaioTcs Tak, YToObl UMU GO YHOOHO OTO-
OpaxaTh HabitomaeMble d>MIupudeckie oTHoiienus R. Fciu Teno t
TsKellee Tella ¢, T. €. eClN WMeeT MecTo oTHoureHume R (t > gq),
To mudpoBas 3amuch Beca Tea { = 5 U ¢ = 3 MO3BOJSIET HATISIHO
YBUIETH 5TO SMIHpHdIeckoe cobeiTme B samucu P (5 > 3). Iloro-
BOPEHHOCTH UCIOIB30BATh UMEHHO Takoe oToOpazKeHue cucTeMbl F
Ha cuctemy N o3HauaeT BbHIOOP HEKOTOPOTO ONPENeNeHHOIo PaBuia
otobpaxkenust g. Tpoitka smementoB (£, N, g) Ha3bBaeTCs wkaa0t
(e cremyeT MyTaTh ¢ GU3MIECKONl TPUOOPHOI UIKAIION ).

D0 MBI MOXKeM IOTOBOPUTHCS I O HEKOTOPOM IPYTOM CIIOCOGe 0To-
GpazkeHUst w M TOTna GymeM MMeThb Ieno ¢ Apyroil mrkamoi (K, N, w).
Danpumep, ¢ pPeKOMeHAYeT 3alUChiBATh BeC Tell B KHJIOIpaMMaXx, a
w — B rpaMMax win ToHHax. HudpoBas 3anuck B npoTokogax Oymer
Ipu 5TOM pa3Has, HO SMIUPUYECKOe collepXKaHle MPOTOKOJIOB HyneT
ONUHAKOBBIM. JTO O3HAYAET, UTO MBI BHIOpAJU He JIoOble CIocOObI
OTOOpayKeHNil (g, w W T. II.), & TONBKO Te, KOTOPHIE CBSI3AHBI MEXKILY
coBOll B3aUMHO ONHO3HAUHBIMEU TpeobpasoBanusiMu. 1. e. umeeTcs
Takoe npeobpasoBatue f, ¢ TOMOIIIBIO KOTOPOIO 1O 3allCH B S3bIKE ¢
MOKHO TOYHO OIpeNeNnTh, Kakoil OymeT 3amuch B s3blke w (M Ha-
obopor): g = f(w) m w = f'(g). DpeobpasoBanue f obbemuHsIET
yKa3aHHBIE BbIIE MO-PA3HOMY BBITIISISIINE [IKAJBI B ONPEHeeHHY 0
IPYIIY, KOTOpas HA3BIBACTCS MUNOM WKa bl. 3adUKCUPOBAB HOIY-
cTuMoe mpeobpasoBanue f, Mbl TeM CaMbIM GUKCHPYEM KOHKPeTHBII
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THUII IIKaJbI.

B mpaxTuke HayIHBIX WCCHeMOBAHWN TOMYYWIHN PacIpocTpaHe-
HUe IIKAIbl BCEro HECKOJBKUX TUIMOB. O pUBENeM OMUCaHue MIKas
OCHOBHBIX TUIOB.

1. ABCONIOTHAY WKANA. HomycTmMoe mpeobpas3oBaHme s
IIKaJ HAHHOTO THUIa HpencTaBiseT coO0f TOXKIECTBO, T. €. eCiH
Ha ONHOM SI3LIKe B IPOTOKOJIE 3AalNCaHO ¥, a Ha HPYIOM SI3BIKE T,
TO MEXIY HEMH HOMKHO BLHIMOJHITHCI ITIPOCTOE COOTHOIIEHIE:
Yy = x. DTOT THI WIKaJAbl yaoOeH IS 3alicH KOJHYIecTBa HIIeMEH-
TOB B HEKOTOPOM KOHEUYHOM MHO:KecTBe. Ecim, mepecunmTaB Kommde-
CTBO A6JIOK, OOWH 3alliIlleT B mpoTokone 6, a mpyroit sanunmrer VI, To
HaM JOCTATOYHO 3HATH, uTo 6 u VI o3HavaOT OMHO U TO XKe, T. e.
UTO MEXIY STUMIE 3a0UCIMH CYIIECTBYeT TOXKIECTBEHHOE OTHOIIE-
nme: 6 = VI.

2. IIKATA OTHOMEHNA. MeXny pasHBIMU ITPOTOKOIAMM, DIK-
CUPYIOIIMMU OIMH W TOT Ke >MIUpudeckKuil GakT Ha Pa3sHbIX S3bIKax,
NpU >TOM TUIE UIKAJbI [TOJXKHO BBITIOJHATHCA COOTHOLLIEHNE: 4 = aZ,
rae a — noboe monoxuTenbhoe yncao. OOUH U TOT XKe SMIUPU-
yecKuil cMpicii uMeoT nmpoTokonabl: 16 kr, 16000 r, 0,016 T, 1 nyn,
40 ¢yuTon. Ot mioboll 3amucu MOXKHO TepelitTu K 1060 npyroii,
MoHo6paB COOTBETCTBYIONINA MHOKHUTENb . DTOT THI KL YI0-
6eH NI W3MepeHWs BecoB, MIWH W T. O. IcAm HaM He U3BeCTHO,
B KaKWUX MMEHHO eIWHUIIaX 3alUcaHbl Beca Tell B Pa3HBbIX MPOTOKO-
JlaX, TO Mbl MOXeM ToJlaraThCs TOJBKO Ha OTHOIIEHWE BEeCOB HBYX
Tes. Janpumep, Teno ¢ Becom 10 enuHuIl B MBa pasa TskKelee Tela ¢
BECOM 5 eQUHUI] BHE 3aBUCUMOCTHU OT TOTO, YTO OBLIO B3ITO 3a ell-
HUTY — TOHHA WAU TpaMM. NHBapUaHTHOCTE OTHOIIEHT OTpakeHa
B Ha3BAHUU IIKAJLI MAHHOTO THIA. LLCIW Ke B MPOTOKOJE yKaszaHa
eIMHUIA Beca, TO TaKoll MPOTOKOI OTpaxKaeT CBoiicTBa Tel B abco-
JIIOTHOI TIKaJTe.

3. IIKATA MHTEPBAJOB. 3pmech MeXIy NPOTOKOIAMHU Y U &
JOTy CTUMBI JINHEHHBIe TpeobpasoBanus: y = ax + b, roe a — moboe
MOJIOKUTENTbHOE YUCIO, a b MOXKeT GBITh KaK IMOJOKUTEIbHbIM, Tak
U OTPUNATENBHBIM. JTO 3HAYUT, UYTO B PA3HBIX IPOTOKOIAX MOXKET
ICIIOMB30BATHCS PA3HBI MACIITA0 equHNT (@) M pa3Hble HATAIa OT-
cgeTa (b). DpmMepoM IIKAJI 5TOTO THIA MOTYT ObITH IIKAJBI IS
U3MepeHus TeMTepaTyphl. Fcaum B MPOTOKONe yKa3aHbl TPamgychl, HO
He roBopuTcs B Kakoil mkane (llembens, KenpBuna u T. m.), TO BO
u3bexaHue HelOpa3yMeHUNl ITPU OMUCAHUN 3aKOHOMEpPHOCTel MOKHO
HCIIONB30BATH TOJABKO OTHOUIEHUS WHTEPBAJIOB, TaK KaK MpU JIOOBIX
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SHaUeHUAX ¢ I b COXpPaHsdgeTCsa paBeHCTBO

(v1 —v2)/(y3 — ya) = {(az1 +b) — (axs + b)} /{(az3+b) — (azs +b)}.

Ecnuw sanmmew B mpoTOKOTe cOMpPOBOXKIAIOTCS WHHOpMAIUell o ToM,
KaKie IMEHHO TPAIyChl NMeoTcs B Bumy (Hampumep, 18 °C), To MBI
nMeeM MeJio ¢ TPOTOKOIOM B abCONIOTHON TTKale.

4. HIKATA TOPANKA. [HomycTHMBIMU TPeoGpa3oBaHUSIMA s
MaHHOTO THUTA ITKAJBl SBIAAOTCS BCe MOHOTOHHEBIE TTpeobGpa3soBaHms,
T. e. TakKmWe, KOTOpble He HapyIIalOT TOPSIOK CIeNOBAHUS 3HATe-
HUH W3MepseMbIX BenuInH. Takume MPOTOKOILI MOSBASIOTCS, HATPH-
Mep, B pesylibTaTe CpABHEHUs Tell 0 TBepmocTu. lamucu «1; 25 3»
um «H,3; 12,5; 109,2» comepkaT ONMHAKOBYIO MHOOPMAIUIO O TOM, YTO
TepBoOe TeJlo caMoe TBeplioe, BTOPOoe MeHee TBeploe, a TpeThe — ca-
Moe MATKoe. W HUKakofl WHPOPMAIUN O TOM, BO CKONBKO pa3s OIHO
TBepkKe IPYTOTo, Ha CKOIBLKO eNWHUI] OHO TBepIKe, B OTUX 3AMUCIX HET
U TONAaraThes HA KOHKPeTHLIe 3HAYeHNs JIcel, Ha UX OTHOIICHU S WK
Pa3HOCTH HeIb3s.

Da3sHOBUIHOCTBIO MIKAJIBI MOPSIKA SBISETCS IIKAIa PAHTOB, Tle
HUCTONB3YIOTCS TONBKO UMCIa, WAYIIHe TONpAl oT 1 BBepxX IO BO3pa-
craumio. Ecan cpemn m u3MepseMBIX 00HeKTOB OONUHAKOBHIX HET, TO
PaHTOBOE MeCTO KakKIOTO 06HeKTa B TPOTOKOIIe 6yIeT YKA3aHO OMHIM
3 MedbixX yucen oT 1 no m. Dpu ONUHAKOBOM 3HAYEHUU W3MEPAeMOTO
cBoficTBa v k 0ObEeKTOB, 3aHUMAIOIINX TOPSIKOBbIE MeCTa ¢ {-TO 10
(t+ k)-e, mx parru 6ynyT 0603HAUEHBI ONMHAKOBBIM YICIOM, PABHBIM

k

X «cpenHeMys paHry z, rme ¢ = (1/k)> (i +¢—1). Taras pas-
=1
HOBIIHOCTD HIKAJIBl TOPANKA HA3BIBACTCA HOPMUPOSAHHOT WKAAOT
Pan20s.

K Tumy mikas nopsmka OTHOCHTCS 1 IITHPOKO NCIOIb3yeMast MIKa-
Ja 6aJIOB. DPU HTOM HCHOIB3YIOTCS Melble Yncia B OrPaHuuYeHHOM
Inana3one WX 3HadeHuil: or 1 mo 5 B cumcreme obpasoanus, or 0
1o 6 w10 B copre u T. g. B no6oM W3 5THUX CIydaeB IPOTOKOI
CONEePKUT MHPOPMAIHUIO TOTBKO O TPEX SMINPUUECKIX OTHOIICHUSIX:
<, >u =

5. HIKATA HAUMEHOBAHUE. 3mech durcupyercs TOJIBKO IBa
OTHOIIEHUS: «PABHO» U «He paBHO». CllenoBaTeabHO, HOMYCTUMBL
JI00OBIe TTPeodpa3oBaHus, JINIIH OBl B TPOTOKOJIE OMNHAKOBBIE OOHEK ThI
GBI TTONMEHOBAHBI OMMHAKOBBIMI CHMBOJAMU (dquciaMi, 6yKBaMH,
CTIOBaMM ), & pa3Hble OOBEKTHl MMeIN pa3Hble WMeHa. Tak Gukcupy-
I0TCS B TPOTOKOMAX TaKne XapaKTepUCTHKE, KaK COBCTBEHHbIe NMeHa
JIofeil, X HAIMOHAJIBHOCTh, HA3BAHUS HacCeJeHHbIX IYHKTOB I T. II.
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1.2. CpaBuurenbHas nHGOPMATUBHOCTD IHKAJI. DPEACTa-
BJseT MHTepec BONPOC 00 OTHOCUTENbHON WHOOPMATUBHOCTH M3Me-
PUTEIBHBIX HIKaJ paszHoro Tuna. C mo3uiuil mopsmKOBOR KB OT-
BeT Ha 3TOT BONPOC sfceH: MHGOPMATUBHOCTDH IIKaJ yObIBaeT B TOM
ToOpsnKe, KaK OHW TMPUBeNeHBI BLIlle. [leficTBUTeNbHO, TYCTH abco-
JOTHAS MIKala yKa3kiBaeT, 4T0 MHOKecTBO A comepxut 30 siremen-
TOB, a MHOKecTBO B — 10 seMeHTOB. Da s3bIKe MIKAJIbl OTHOIIEHH
5TOT (pakT OyneT oTpakeH B BuUile 3allUCU «KOJMYECTBO >JIeMEHTOB
B A B Tpu pasa Goibiie, yeM B B». DPOTOKOJ B IIKale MOpsIKa
OyHeT TOBOPUTH O TOM, uTo B A syleMeHTOB Gosiblile, ueM B B. A Ha
SI3BIKE ITKAJIBl HAUMEHOBAHW MOXKHO 3alcaTh JUlllb TO, ¥To B A u B
COMePKUTCS pasHoe KOMMIECTBO d>ieMeHTOB. Tak 4To WHPpOpMAINN,
colleprKallleiics B aDCOIOTHON ITKaJle, TOCTATOYHO, YTOOHI ClIeNlaTh ee
OIHO3HAUHOe 0TOOpaxeHue Ha Hoiee ciabyio 1kany. O6GpaTHoe 0TO-
OpaxeHnue HyneT HEOMHO3ZHAUHBIM: U3 TOTO daKkTa, 4T0 A He paBHO B,
Hellb34 y3HaTh, KaKoe 13 3TUX MHOXKeCTB O0JIbllle, Ha CKOJIBKO WM BO
CKOIIbKO pa3 bolibllle u, TeM Gosee, CKOJIBKO 3JIEMEHTOB COMePXKUTCS
BAuB.

Illxannr mepBBHIX Tpex THUTOB comepkKaT 6ojee GoraTyio mWHOP-
Mallo, WX MOKa3aHUs MOMXKHO TMOABEpPTaTh OlpelelleHHbIM MaTeMa-
TUYECKUM Tpeobpa3oBaHUAM, W MOTOMY UX YacTO Ha3blBalOT CHJIb-
HBIMU, KOTUIeCTBeHHBIMET UAN apudMeTrudeckumu. lIxamsr mopsamka
U HauMeHOBAHUN yCTYNAOT UM 110 UWHOOPMATUBHOCTH U OTPAKAT
KayecTBeHHbIe CBOMCTBAa — MX OOBIYHO Ha3bIBAIOT CAabBIMH W Ka-
yecTBeHHBIME. OQIHAKO PEKOMEHIOBATH MONB30BATHCA TOIBKO CHIIh-
HBIMHU TITKaJaMU HeJib3s. DPpuGOpHI IS U3MEPEHUs CUIBHBIX CBONCTB
BoJsiee Hoporue, OJs U3MepeHUs MHOTUX CBONCTB B CUJABHBIX IIKaJIaX
(0cobeHHO B TYMaHUTAPHBIX OOIACTSX) TAKIX MTPUGOPOB elrle HeT.

Obu10 GbI UHTEPECHO y3HATH, KaKk MHOTO WHGOPMAIUU MBI Te-
psieM, Tlepexos 0T HeKOTOPO# CHIIBHON KAkl K GoJiee ciaaboit. Dper-
cTaBieHne 06 YTOM MOXKHO TIOMYUNTE CIAenyormmM nyTeM [89]. Dymem
CYUTATh, YTO U3MEPUTEIbHLIN TpubOpP MOXKeT MPUHUMATEH OOHO U3 17
cocTOSIHUM. DyCTh 5>TUM TPUBOPOM U3MEpSeTCss HEKOTOPoe CBOCTBO
v n 06bekToB. Iemm n = 1, To He3aBWCHMO OT THHA ITKAILI KO-
TeCTBO BO3MOKHBIX PA3HBIX (HEM30MOPQHBIX) MPOTOKOIOB PABHO M.
Ecnw 06BexToB Gomrbille OMHOTO, TO KONMIECTBO HEM3OMOPGMHEIX TTPO-
TOKONOB OymeT O PasHLIX THUIOB ITKAJ Pa’zNWIHBIM. 1akK, HAmpH-
Mep, TPOTOKOIbI «2; 6» u «3; 9» B abconoTHOI 1Kale OyOyT He-
n30MOpGHBIMU, & B 1IKaJe OTHOIIeHUN, TMopsilKa U HauMeHOBaHUI
onumHAKOBRIME (m3oMopdHEIME). OTCIOTA TMOABISETCS BO3MOKHOCTH
CpaBHUBATH MHGOPMATUBHOCTH WIKAJ Pa3HOrO TUIla MyTeM ollpele-
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JIeHU S KOJNYecTBa BO3MOKHBIX HEN30MOP(HBIX TPOTOKOJIOB, KOTOPhIE
MOXKHO TMOJYYUTH Ha A3bIKe 3>TUX IIKAJ MPpU 3aJlaHHBIX 3HAYEeHUAX
mun.

Do 5Toill MeTONMUKe OBLIIO TPOBEIEHO CPABHEHUE TIIKAI TPeX THIIOB:
aBbCONMOTHOMN, TOPSIKOBOW U HauMeHoBaHuii. CpaBHeHUe NeIalioCch
B 1IKaJe OTHOUIeHU: KoJudecTBa HeM30MOPGHBIX MTPOTOKOJOB s
HIKAJTBI TIOPSIIKa (S,) T [IKAITBl HANMEHOBAHUH (S, ) COOTHOCUINCH C
KOJIIIeCTBOM PA3HBIX ITPOTOKONOB IITsi abCOMIOTHON IITKAITHI (S, ). BEI-
SICHMIIOCH, YTO IIJisg GUKCUPOBAHHOTO 3HAUEHUS 4lcia Tpajlaliuil m ¢
POCTOM KOJIMYeCcTBa U3MepsAeMbIX OO0BEKTOB 1 pa3iuyus B WHbOpMa-
TUBHOCTH Pa3HbIX MIKAJ yMeHbImatoTcs. OmHAKO OTHOIIEHUE S, /S,
MeHsieTcsi cabo m ocTaercs MaiabiM. OTHOIEHIE Ke S,/S, pacTer
OBICTPO W TPU N > HM MOCTUTaeT Beauwdmubl mopsanka 0,9. T. e.
nHGOPMATUBHOCTH LIKAJIbI TOPAIKa IPU SKCIepuMeHTax ¢ OOJbIUIUM
quciaoM 00beKTOB MPUOIUKaeTCd K WHOPOPMATUBHOCTHU abCOIIOTHON
mkananl. Tak 9To B psame caydaeB ¢ MOMOITBIO 60Jee TPOCTHIX Tpubo-
POB WK TPOLENYP MOXKHO TOIYUYUTH MOYTH CTOIBKO XKe MHGOpMalun,
CKOIIbKO U C TIOMOIIIBIO CJIOKHBIX U HOPOTHX.

DTOT BBIBOI TOATBEPKIALTCS Pe3yAbTaTaMU SKCIEPUMEHTA,
NMPOBEHNEHHOTO € 3KcIepTaMil. 28 3KCIepToB HOJKHBI ObLINM ONEHUTH
HeKOTOpoe HedopMalin3oBaHHOe cBoiicTBO 10 oObeKTOB B LIKaJe MO-
panka. KaxXmplit sKCmepT yHopsSooInBall 0O0BeKTHl IO CBOEMY VCMO-
TPeHUIO U MPUNNCHIBAJI UM IeJIOUUCIeHHbIe TOPIAIKOBble 3HAUeHs B
nuanasone o 1 mo 10. 3aTem um GbLIO MpeNSIOKEHO ONEHUTE CBOIi-
CTBO TexX ke 00BEKTOB B IIIKaJe OTHOIIEHNUIT (B MPONEHTAaX K CaMOMY
TyudnieMy). JTa 3amada ONeHMBAIACh BCEME SKCIEPTAME KaK CyIIle-
CcTBeHHO OoJiee TpymHas. Jocie 3aBepllieHUs 3TOH paBOTHl His Ka-
KIOOTO 00beKTa ObLAN ONpelelleHbl CpellHUe 3HAUYeHUS UX TMOPSAIKO-
BBIX MeCT U CPeHUe 3HAUYeHUs MPOIEeHTHHIX olleHoK. (JKazalock, 4TO
KOo>hUITNEHT JuHeHON KOppensnuu MeXAy >TUMU CPeIHUMU OlleH-
kamu pasern 0,93! Orcioma MoXHO clenaTh TMOME3HBI BBRIBOL LIS
NpakKTUKN TPYNNOBOTO 3KCIEPTHOTO OIeHUBAHUA: He HYXKHO 3acTa-
BISITH SKCIEPTOB HNaBaTh OTBETHl B CUJIbHBIX IIKaJdax. JPU KOIU-
YecTBe 3KCHepTOB 0KOJMo 30 MOCTaTOUHO OTPaHUUYNTHCS OleHKaMu B
HIKaJle TOPAIKa M JINITh IS 1BYX 0OBEKTOB, MOJYYUBIINX CaMBbIil BhI-
COKWI W caMblif HU3KWI CPeNHUIl MOPANKOBHIN DA, clenaTh OIleHKY B
CHJTBHOM TrKaie. DTUX KaaubpOBOUHBIX BeluduH OyIeT NOCTaTOTHO
IJid Tepexona OT CpedHWX 3HavYeHWH B IIKalde TMOPSOKa K CPelHUM
3HaYeHUSAM B 1lIKaJle OTHOIIEHUI .
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§ 2. Knacendpukanus sagay aHaamnsa JaHHBIX [72]

AHanus maHHbIX, TPENCTABIEHHBIX Tabuiel «00beKT-CBOHCTBO-
Bpemsi» (TOCB) (TpexBxomoBas Tabnuna min Ky6 MaHHBIX Ha puc. 1),
BCerlla BKIIOUaeT B cebs pellleHne 3a/lay OBYX CBA3aHHBIX MeXKIY CO-
6ol HallpaBIeHNIi:

a) obHapyKeHNe 3aKOHOMEDHBIX CBs3ell MeXIY dIeMeHTaMI Ta-
OBl 1

6) mcmoTh3oBaHme OGHAPYKEHHBIX 3aKOHOMEpPHOCTEI IJIs TIpef-
cKasaHus (MPOTHO3MPOBAHNS) 3HAYEHNUN OTHIX 3JIEMEHTOB TabINIIBI
MO M3BECTHBIM 3HAYEHUAM NPYTUX ee 3JeMeHTOB.

OBIBAIOT CJIyual, KOrma Tpebyercs pelaTh 3alady TOIbKO Ofl-
HOTO W3 3TUX HalpaBieHuil. DanpuMep, HYKHO BBISIBUTE UMEOIITHeCs
B TabJuile 3aKOHOMePHOCTH 1 3adUKCUPOBATH UX NJIS MCHOJIb30BaHMS
B OymyieM (ciydail a) Wil caenaTh TPOrHO3 Ha Ha3e paHee oBHADY-
KEHHBIX 3aKOHOMepHOCTell (ciydai 6).

YacTo BCcTpevaeTcs CUTyalus I KOMOIHUPOBAHHOTO XapaKkTepa,
KOT[a VIS MPOTrHO3MPOBaHUS KOHKPETHOH XapaKTepUCTUKKN NaHHOTO
obbekTa TpebyeTcd cHavalla OOHAPYKUTH crellu@uyHble 3aKOHOMep-
HOCTH, HYKHbIe TMeHHO TS 5TOTO KOHKpeTHOTO caydas. Taxoit Kom-
GUHIPOBAHHBII ciIyuail (a, 6) sBisieTcs 6oree oBIINM I Kiaccuduka-
MO 33724 aHadl3a JTaHHbIX Mbl OyHeM CTPOUTh, UMes B BUILY UMEHHO
ero.

(4, T)-cTonben

-y

(2,7)-pan

(i, 7)-cTpoka

)

Puc. 1
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I. DaccmoTpuM 3amaunm TpeACKa3’aHusd SITEMEHTOB B IBYMepPHOI
Tabnuie THa «00BEKT-CBONCTBOY (nByMepHas Tabmuna TOC/B Ha
puc. 1), cTpokn B KoTOpoit a; (i = 1,2,...,m) ONNCHIBAIOT M O0BEK-
TOB, a cToabusl x; (j = 1,2,...,nm) COOTBETCTBYIOT 1 CBOMCTBAM
(xapakTepucTuKaMm) 5Tux 06bekTOB. OTcyTcTBHe WHOOPMAINE O
BpeMeHU (4TO oTMedeHO 3HAKOM /B) o3Hawaer, 4To Bce m3MepeHNs
TpPOBeNeHbl B ONWH W TOT K€ MOMEHT BpeMeHHW f, WIN UTO CBOWCTBA
M3yIaeMbIX OOBEKTOB OT BPeMeHN He 3aBUCAT.

DpenckassiBaembie smemenTs (b) B TOC/B moryT pacnonaraTs-
Cd TO-Pa3HOMY. B 3aBHCHUMOCTH OT 5TOTO BBEIIEINM TPU cEMEUCMEa
sada:

1) Bce smeMeHTHI b;jp PACIONOKEHBI B OMHOM CTOIOIE;
2) Bce bIeMeHTHI bjy PACIONOKEHEl B ONHON CTPOKe;
3) omeMeHTHI b;jo IPUHALIEKAT PASHBIM CTOXGIAM I CTPOKAM.

B kaxkmom cemeiicTBe BBIIENIEM KAACChl 3ada% B 3aBUCHMOC-
TH OT TOTO, KaKoe KOIMYecTBO (§) HIeMeHTOB HYJKHO IPEeNCKa3bl-
BaTh. DepBoe ceMeficTBO O 5TOf XapaKTepUCTHKe MMeeT TPU KIIacca
3amau:

1.1) mpenckaspiBaeTcst OnuH >7aeMeHT (¢ = 1);

1.2) mpenckaspiBaeTCs cpa3y HECKOIBKO 3MeMeHTOB (1 < ¢ < m);

1.3) mpencka3bIBAIOTCS Cpas3y BCe HIeMeHTHI cTonbna (¢ = m).
AHaJIOTHYHBIM CTTOCOGOM BBIIETNM KITACCH 3a1a9 BO BTOPOM ceMeii-
CTBE:

2.1) ¢ =1;
22) 1<qg<m
2.3) ¢ = n.

B rperbem cemeiicTBe BbLIeNseTCs [Ba KJIacca 3aqad:

3.2) 1 < g<mn;

3.3) ¢ = mn.

B kaxmoM u3 5THX BOCHME KJIACCOB pasimdaeM munbl 3adau B
COOTBETCTBHI CO MIKAJIAMIU, B KOTOPBIX U3MEPSIOTCS 3HAUCHUS IPe-
CKa3bIBAEMBIX DJIEMEHTOB. BbImeauM TpU TPYIINEL KA HAIMEHO-
Bauuit (D), nopsnka (D) n kommuecrsennse (K). Curyaunuio, mpu
KOTOPOII IIPENICKA3bIBAIOTCS PASHOTHIIHDIE HIIEMEHTHI, 0003HATIM CHM-
BostoM (). Omnncanmas KiaccubUKAINS 3a1ad alaln3a JTaHHbIX IPI-
BeneHa B Tabim. 1.

OpuBemeM IpUMepbl HEKOTOPBIX PACIPOCTPAHEHHLIX THIOB 3a-
Iad IpercKasatus.
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Ta6aunma 1

KH&CCI/IQ)I/IK&HI/I?[ 3alla¥d aHaJdn3a JaHHBIX

CewmeiicTBo | Opernckasanie Openckasanue | Openckasaniue
3a/1au SIIeMEHTOB SIIeMEHTOB SIIeMEHTOB
CTOJIOIA CTPOKN TabJINIB
Kmacesr | 1.1 1.2 1.3 1 2.1 2.2 |23 3.2 3.3
3agauy  |g=1|1<qg<m|qg=m| g=1 |[1<g<n|g=n|l<g<mn|g=mn
min| * * * * * * * *
K
Tumet| a D] * * * * * * * *
3amad| a1
K| * * * * * * * *
eI _ _ _ _ _ * *

Janaua 1.1.9 cocTouT B IpeACcKa3aHull OIHOTO BleMeHTa B CTOI6-
e, M3MepeHHOM B IIKaje HamMeHoBaHW. B >ToM OOLIYHO COCTOUT
3a/lava paclo3HaBaHUs 00pa3oB: yKa3aTh mMs obpasa (kmacca), KO-
TOPOMY MPUHAMIEKNT HEKOTOPHIH HOBBI OOBEKT @ (ONpemnennTh THII
3a00/IeBAHIS, TPENCKA3aTh HAAMINe WIN OTCYTCTBHE HedTH U Tp.).
B zanaue 1.1.9 Bce 06beKTH yIOPAIOUEHB! IO TIEJIEBOMY CBOMCTBY Zg
un TpebyeTcsd onpeleJuTh MecTO HOBOTO OOBbeKTa ¢ B 3TOM MOPsAIKe
(HampuMep, TpencKa3’aTh, ITO HeGTH B MECTOPOKIEHNN ¢ GOIbIIe,
YeM B a;, HO MeHbllle, 9eM B @;41). B ciydae 1.1.K HyxHO yKasaTs
KOJIMIeCTBEHHYTO XapaKTePUCTUKY o 06beKTa a (HampuMep, Tpef-
CKa3aTh 3amachl HeGTH B MIIIJINOHAX TOHH).

DoxoXKue 1O CMBICHY 3aladyn cocTaBisior kKiace 1.2. Tonbko
37ech HYXKHO TPUHUMAThL pellleHne cpa3y O HeCKOIbKUX >JleMeHTax:
pacrosHaTh ¢ 06beKToB (T 1.2.D), onpemnennTh MOPSIKOBEIE TO3MH-
NN TPYNNel 00BbeKTOB (THI 1.2.D) WIN ONeHNTH KOINIeCTBEHHYIO
XapaKTepucTuKy o cpasy mis ¢ o6bexTos (1.2.K).

Baxuyio ponb urpatoT zagaun kiacca 1.3. Da3nenuTs 06beKTh
MO MOXOKEeCTHU UX CBOUCTB, T. €. YCTAHOBUTH HEKOTOPYIO UX KIIACCH-
duranuio, — 3HaduT chopmupoBatTh B TOC HeKOTOPHIH HOBBIN cTOII-
Gerr g, W3MepseMbIil B IIKaJe HanMeHOBaHW (3amada Tuma 1.3.9).
YHacTo ee Ha3LIBalOT 3amavell aBTOMATHIECKOH KITACCHDUKATIUN WK
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TAKCOHOMUY. DPU HKCIEPTHOM ONEHUBAHUU M OOBEKTOB € yUacTHeM
N DKCTepPTOB TpelyeTcs OMpeeInTh HTOTOBYIO ONleHKY I160 B ITKaIe
nopsinka (Torma 5To 3amava 1.3.9), muGo B Goslee CHIBHON IITKade,
HaIpuMep B TpomenTax (3amava tuma 1.3.K).

C 3amayaMu BTOPOIO ceMeicTBa CTAJKUBAIOTCS, KOIMa HYKHO,
HapuMep, ONeHNBAaTh NHHOPMATHBHOCTE CBOWCTB, IIPENCTABIEHHBIX
B Tabnuie. Fenm mMmelormecs cBoficTBA MpedBapUTENBHO pa3lelensl
Ha THOOPMATHBHBIE I HENHMOPMATHBHBIE KIACCH, TO TP HeoOXOMN-
MOCTH OTIpefelleHus, K KaKOMY M3 dTHX KIaCcCOB CllelyeT OTHECTH He-
KOTOPOE HOBOE CBOMCTBO, MBI HMeeM Helio ¢ 3anadeit Tumna 2.1.9. Eciaun
TpebyeTcs YKa3aTh MOPSIKOBOe MeCTO HOBOTO CBOMCTBA B TIpenBapu-
TeJIbHO YIOPsSIoueHHOM Habope CBOUCTB, TO peltaeTcs 3ajiada 2.1.9.
A ecnu Tpebyercs OleHUTH WHOOPMATUBHOCTE CBOlicTBa B GUTaX, TO
uMeeT MecTo 3amada 2.1.K. asg rpynmer cBoficTB B »>ToM Kitacce $hop-
Mynupyiores 3anaun 2.2.9,2.2.9 u 2.2.K. OueBunna uHTEpIpeTAINS
1 337141 OTIEHKN BCeil COBOKYTHOCTH CBOMCTB cpa3sy (3amad Tumna 2.3.9,
2.3.9 u 2.3.K).

Opencrapum cebe Tabmuny ¢ npobesaMu B Pa3HbIX CToJOIAX
u cTpokax. Ilns mpemckazanms 3HAUEHWH TPOMYINIEHHLIX DIIEMEHTOB
TPUXONWTCS pelllaTh 3aaYl PA3HLIX TUTOB W3 Kiacca 3.2, B TOM 9H-
clle U 3ajavy HpelcKa3’aHus Pa3sHOTUIHBIX 3JeMeHTOB 3.2.0. Dako-
Hell, KHacc 3.3 OXBATHLIBAET 3aa9N TeHepalnu Tabaull ¢ 3aTaHHbIME
CBOIICTBAMU: TEeCTOBBIX TabIUIl ISl TTPOBEPKHU TPOTPaAMM paclio3Ha-
BaHmWsA 00paszoB, TAGHUIl CAYJIAlHBIX Ynced W T. T. B 3aBmcuMocTm
oT TpebyeMoro TUMA MIKAJI UMET MecTo 3amadl Tuna 3.3.9, 3.3.0,
3.3.K unu 3.3.9.

II. DacemoTpum Tenepks Tabiauily, KOTopas oTobpax)aeT 3Haue-
HII HeKOTOPOIO CBOMCTBA Z; OJIA BCeX M OOBEKTOB B KaKIblil 13 ¢,
r=1,2,...,T, momenToB Bpemern (mBymepras Tabmuna TOB/C Ha
puc. 1). Takoro poma Tabnuua onnchBaeT, HAIPUMEp, ypOXKail 3ep-
HOBLIX BO BCeX M XO3fHcTBaX B pasHble TONBI 3a HMochemuue 1 meT.
Bee ncxonnsle mannbie B 5Toll Tabauie n3MepeHEl B ITKaje OTHOTO W
TOTO ke THHa. YTO KacaeTcs BBIIEIEHHOTO (IesIeBOTO) cToibma to,
TO THUI ero UIKaJbkl MOXKeT ObITh JtobbiM — 9, O unu K. B sasu-
CIMOCTH OT DTOTO IJIsI TPelcKa3aHus DIeMeHTOB IelleBOTO CTOIGIA
MOTYT TOTpeGoBAaTHCI MeTONBI pellleHus 3amad cemeficTBa 1. Tak,
TP HeOOXOMUMOCTH CIeTaTh ABTOMATHIECKYIO KIACCUPUKATIIO 06h-
€KTOB IO TIOXOXKeCTH WX XapaKTePUCTUKH T; BO BPeMeHN pellaeTcs
sanava Tuna 1.3.9. s yKasaHus TOPSIKOBBIX HO3UIUT I HEKOTO-
poro Habopa HOBLIX OOBEKTOB Cpelll paHee YIOPIMOUEeHHLIX 00HLeKTOB
o DUHAMUKe IX XapaKTePUCTUKN Z; pellaeTcs 3amada 1.2.0 u T. m.
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Ecnw 3amama memeBas cTpoKa ag, TO HOPMYIHpPyeMble Ha Hell
3a[1avn TPHHAIIEKAT ceMeficTBY 2. DampmMep, TPyNIHPOBKA (Tak-
COHOMTIISI) MOMEHTOB BPeMeHN IO TOXOKeCTH 3HAYeHU XapaKTepu-
CTHKM Z; HJIs BCexX m 0OBeKTOB IPUBOOUT K (HOPMYINPOBKe 3amadn
Tuna 2.3.9. Eciaun HyX)HO HECKOJBKUM BBINEIEHHBIM MOMEHTAM Bpe-
MeHW TPUTNHCATE HEKOTOPYIO KOIMIECTBEHHYIO XapaKTepUCTHUKY, TO
HYXHO OyneT pemraTh 3amauy 2.2.K n T. m.

B cayuae, xorma mpencka3biBaeMble »IeMeHTHI pasbpocaHbl 1o
Pa3HBIM cTONOIAM U CTPOKaM, PellaloTcs 3a7adl ceMeiicTBa 3.

CymectBernoe otamane tabannsl TOB/C ot ta6munsr TOC/B
coCTOUT B ToM, 4T0 cTou6iel B TOB/C cBsisambl OpyT ¢ Ipyrom oT-
HOLIIEHUeM MOPSIKa CIefoBaHus. JTa NONOJHUTeIbHas WHMDOPMAIIHS
MOXKeT OKa3aThCs TOJMe3HON TPH pellleHnN HeKOTOPHIX 3allad, Hallph-
Mep 322Ul TPOTHOZUPOBAHUS MHOTOMEPHBIX MUHAMUIECKUX PSIOB.

III. Temeps ob6paTuMcs ellle K OMHOMY ceUeHnTo KyHa HaHHBIX — K
tabmumne TCB/O (cm. puc. 1), cTpokaMui KOTOPOIl CIMTaeM CBOHCTBA
HEKOTOPOTO BLIMENEHHOTO OOBeKTa, a CTONOMaMi — MOMEHTHI Bpe-
MEHU W3MEepeHUs >TUX CBONCTB. DPUMEPOM TaKOl TabIIUIBl MOXKET
CIYXKNTH MPOTOKOI HABIIONEHNS 33 1 CAMIITOMAMNT OTHOTO TTAllHeHTa
B Teuenme T’ mueii.

3meck CHOBAa MOXKHO I'PYNINPOBATH CTPOKM (T. €. CHMIITOMBI TIO
MTOXOKECTN X NUHAMIKI BO BPEMEHN ) I CTOIOIE! (MOMEHTHI BpeMeHN
€ TOXOKNMIE «ITPOMUISIMIT> CIMIITOMOB), ISl 9eT0 MOTPeBYITCS Me-
Tombl Takconomuu Tuna 1.3.9 wmmuw 2.3.9. [lus npenckasaHus 1o-
PSAOKOBBIX TO3UIINI TPYIILI HOBBIX CBOMCTB Cpemu TpPeaBapUTeNHHO
VIOPSIOUEeHHBIX CBOMCTB peltaeTcs 3anava Tuna 1.2.9. Eciau wyxuo
ONPeNeNNTh, K KAKOMY 113 paHee BBIICIEHHBIX THIOB (KJIaCCOB ) MOMEH-
TOB BpPeMeHU cJlefyeT OTHeCTH HEeKOTOPLI HOBHIT MOMEHT BpeMeHH,
TO HYKHO pPelllaTh 3a7a9y paclo3HaBaHus o6pa3oB, T. €. 3a0aTy THIIA
1.1.9. DonsTHa Ha 5TOHl TabIUIle WHTEPUPETAINS U APYIUX THUIOB
sanau. CHOBa OTMETHUM, UTO TMOPSINOK CTOJGIOB B Tablulle MEHAThH
Heslb3s. DJa 5TO OrpaHUYeHUe MOXKHO ONepeThCes MpU pellleHul HeKo-
TOPBIX 3a11ad.

IV. Dakonen ot paccMOTpeHus 3a0a4 Ha MIOCKUX CeUeHUIX KyGa
MaHHBIX TepeiieM K paccMOTpeHHUIo 3alad Ha KyGe B menoM. Opu
peIlleHn’ OMMCAHHBIX 3a7aY MCIOMB30BAINCEH 3aKOHOMEPHOCTH, 06Ha-
PYXKUBaeMble TOIBLKO Ha TOW WKW WHOI HByMepHOI Tabmume. XoTe-
70k OBI WMEeTh BO3MOXKHOCTE paboTaTh ¢ 3aKOHOMEPHOCTSIMHE, pacce-
SHHLIME B KyOe U He TpeACTaBIeHHBIMI TEeNIWKOM HU B OTHOM U3 €TO
ceveHmil.

B manbmeiitiieM MBI OMWIIeM MeTONBI PelleHWs psAla 3amad aHa-
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Jq13a HAHHBIX IS cAydasd, KOTHa MCXOMHas WHOpMalus TpeacTa-
BJeHa UMEHHO TaKUMU TPEXBXOHAOBLIMU TabiuIaMyu Wik KybaMu TaH-
wbix Tuna TOCB. DexkoTopbie n3 5TUX METONOB MpelBapUTEILHO He-
maioT u3 KyGa HaHHBIX GOJBIIVIO NBYMepHYIO Tabauily. ITo MOXKHO
CIeNaTh, «CKIENBAsTy IIIOCKIe CedeHIs ( HApIMep, IPeICTaBIISIOLINe
coboit Tabmuusr TOC/B) B enmuoe «ImOTOTHO», B KOTOPOM COIEP-
KHUTCE M CTPoK (06bekToB) U 1’ cTONGIOB: N TPH3HAKOB, W3Me-
PEHHEBIX B pasubie T MOMeHTOB BpeMenm. K Taxoil Tabmuie maibime
IPUMEHSIOTCS MeTONbI, paspaborTanuble mis nanubx Tuma TOC/B.
NwuetfoTes m MeTOOLI, He MCHONB3YIONINE TPeABaAPUTENLHOTO Tpeobpa-
30BaHUd KyOOB B TaOJUIIGL.

V. De Bce onucanHble THIBI 3349 OMUHAKOBO XOPOIIIO U3y YEHbI:
HEKOTOPbIe UMEIT HABHIOK MCTOPUIO, IINPOKO U3BECTHHBI, UMEIT XO-
polo oTpaboTaHHble aJTOPUTMBI U TPOTrpPaMMbl HJsS UX pelleHns,
KOTOpLIe TPUMEHSIOTCS B Pa3sHBIX TMPUKIANHBIX obmacTsax. Ipyrme
U3BECTHBI MeHBbIlle, HO MOHATHHI W WHOTIA UCHOMBIYIOTCS. LEcTh o
TaKue, KOTOpble TOKa ACHO He GOPMYJUPOBAINCH U MHTEpPIpeTalns
KOTOPBIX BbI3bIBaeT 3aTPyHHEHUS.

B mambmefimux pasmerax KHUTH ONUCHIBAIOTCS B OCHOBHOM
XOPOIIO M3yUYeHHble TUIILI 3a[ad, MeTONbl pellleHus U IPUMepPhl UX
MPUIIOKEHUT B Pa3siUUYHbIX coNepiKaTelbHBIX obmacTsx. OcHoBHas
YacTh ONUCHIBAEMBIX MeTOHOB pealiiz0BaHa B IpOrpaMMax MakeTa

OTHKC [82)].



I'nmaBa 3

P a3oBbie rmimoTe3bl, JieXKalllue
B OCHOBe MeTOOOB aHaIN3a JaHHBbIX

Kax 6ymeT BUmHO W3 manbHeHIero, cTpoTHe MaTeMaTHIecKue
MeTOMbl, MCIOAb3yeMble B MaTeMaTudyeckoll cTaTUCTHUKe, paszpado-
TaHbl OJs CIIy4yaeB, KOTJla O paclpelelleHUIX aHaJU3UPyeMbIX TeHe-
PalibHBIX COBOKYIHOCTEN M3BECTHO BCe, YTO TOJBKO MOXKeT MoTpebo-
BaThCA B IpOIlecce pellleHns 3alaui: U3BeCTHBI BUIbI 32 KOHOB pacipe-
IefleHUil 1 Bce UX TTapaMeTpbl, allpUOPHbIe BePOSTHOCTH TOSBIEHUS
06pa30B, MaTpUIla TOTEPh OT OLIMOOK U T. I.

K coxamenuio, mpu pelleHWn pealbHBIX 3aad aHalN3a TaHHBIX
TaKWe YCIOBUS He BcTpedaroTcs. Tak, B 3amade pacmozHaBaHuUs 06-
yuatoras BeIOOPKa KaxKIOTo u3 k 06pasoB MpencTaBieHa KOHEUHBIM
qrcsoM m peanusaiuii a; (1 = 1,2,...,m), ONNCAHHBIX N XapaKTepH-
crukamu 2 (j = 1,2, ...,n). CBenenui o 3aKoHax It TapaMeTpax pac-
ITpelesleHNsl TeHePAIbHBIX COBOKyIHOCTel (() o6pasos Her. B gacT-
HOCTM, HUYETrO He U3BECTHO O 3aBUCUMOCTH ONHUX TPU3ZHAKOB OT IPY-
rux. De U3BecTHa CBA3b 06yUatoleil BHIOOPKHU ¢ TeHEePaJbHOI COBO-
KYTHOCTBIO, T. €. He W3BeCTHA CTEIeHb MpencTaBuTenbHOCTH ( R) BEI-
6opkn. Branmernen o6ydarorieil BEIGOPKN («3aKa3umKy) NMeeT TyMaH-
Hble TpefcTaBieHus 06 alpUOPHON BEPOATHOCTU TOSBJIEHUS Pa3HBIX
06pa3soB 1 0 MATPUIE CTONMOCTH OUINOOK pacmosHaBauus. (OcraBum
MoKa B CTOPOHE Te OOBIYHO CONMyTCTBYIOIINEe GAaKThl, YTO BHIOOPKA
ObIBaeT 04eHb HeOOJIBUION, B TAHHBIX €CTh OMIUOKN W TpobelTbl, ITpu-
3HAKU U3MEPEeHbl B Pa3HBbIX IIKaJaxX W Cpedu HUX MMelTcs HemHpOop-
MaTHBHBIE, IIYMSIIe TPU3HAKE I 1I].)

COBepIHeHHO O4YeBUIOHO, 4YTO HJIA IIpuBedeHUs CUTyallllll K BUOY,
IIpum KOTOPOM MO2KHO Ob1110 OLI MIpUMeHNThL TOT WJIN WHONl cTaTUCTH-
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YeCKUI aJTOPUTM, HYKHO K MMelolllelicd 00beKTUBHON WHPOpMAINT
H00aBUTE PNl CYOBEKTUBHO BHIOMpaeMBbIX NMPENIONOXKEeHNN WIW TH-
moTes. IDTOT BTAI NPUBHECEHUS 3BPUCTUUYECKUX TUIOTE3, 3HAUYEHUE
KOTOPOTO TOAYePKIUBAIOCH B TIEPBOil TJlaBe, UMeeT MeCTO BO BCeX CIIy-
yagx pellleHus peasbHBIX 3a7a4y paclio3HaBaHus oOpa3oB U MOTOMY
IlejleHlie aJropuTMOB Ha CTPOTUe CTaTUCTUYecKHe U HeCTPorue >Bpu-
CTUYeCKne He UMeeT CMBICHA.

HomonmanTenbHbIe THTOTE3H MOTYT HOCHTE OOITIN{ XapakTep WK
KacaThCs MeJKUX 4YacTHOCTeH. 3mech GYAYT ONMHCAHBI JIBe Ga30BBIX
TUTMOTe3hl — KOMITAKTHOCTH T A-KOMTAaKTHOCTH [74] — u mOKa3aHO
UX BJAUSHUE Ha XapaKTep allrOpUTMOB aHAJIU3a TaHHBIX.

§ 1. 'mmoresa KOMIAaKTHOCTH

Onra W3 HABHO HCHOJB3YEMBIX SMIUPUUYECKUX THUIOTE3, U3BECT-
Had B JINTepaType MO paclo3HaBaHWiO 06pa3oB 1MoH UMeHeM I'UIIOTe3bl
KOMIIaKTHOCTH (0603HaumM ee depes H ), COCTONT B TOM, UTO peai-
3allUU OLHOTO U TOTO XKe 06pa3a OObIUHO OTPakKaTCas B MIPU3HAKOBOM
TPOCTPAHCTBE B TeOMeTPNIECKN OJNM3KWe TOYKN, 00pas3ys «KOMITaKT-
HBIE» CTYCTKE [6]. Dpu Beell KaxKyieiics TPUBHATBLHOCTH U JIETKOCTH
ONPOBePKEHUS YKa3aHHasd TUNOTe3a JeXKUT B OCHOBAHUU OOJbILIMH-
CTBa AJITOPUTMOB He TOJBKO Pacno3HaBaHUd, HO I BCeX NIPYTUX 3a1ay
aHaJU3a TaHHBIX.

Komeuno, ona monTBep:kKmaeTcs He Bcerma. Iciam, HampuMep,
cpeu TPU3HAKOB MMeeTCs MHOTO CIydYaiiHbIX, HeMH(DOPMaTUBHBIX,
TO TOYKW OITHOTO 0oOpa3a MOTYT OKa3aThCd HaJeKuMU APYyr oT OpyTra
U PacCesHHBIME CPeIu TOUYeK NPYTuX o6pa3oB. Do HNOMOJHUTETHHO
npennojaraeTcs, YTO B MHOTOMEPHOM TPU3HAKOBOM TPOCTPaHCTBE
yKe GbIIIO HafimeHo Takoe (MHGOPMATUBHOE) TOATPOCTPAHCTBO, B KO-
TOPOM TOUKH OITHOTO KJIAacca JIelCTBUTENbHO 06pa3yioT SBHO BbIIe -
eMble KOMTTaKTHBIE CTYCTKU. Da30BeM N MPU3HAKOB, BXONSIINX B UH-
$HOpMaTUBHOE TOOMHOXKECTBO X, ONUCLI6AIOW UMY, & HOMUHAILHBIH
(n + 1)-it mpusHak z, yKaspIBamoImii nMs obpasa, yedecvin. O6o-
3HAQYNM MHOXKECTBO 06BEKTOB 00yyYaiorieil BLIGOPKN depe3 A, HOBBII
pacno3HaBaeMblil 06beKT Yepe3 ¢, a TOT GakT, 4YTO OOBEKThI MHO-
KecTBa A KOMIAKTHBEI (9KBIHBAJEHTHBI, MOXOXKI WIN ONU3KH IPYT
IpPyTy) B TPOCTPAHCTBE N XapaKTepUCTHK X — depes Cif. Mepa
KOMIaKTHOCTH MOXKeT ObITh J000l: OHa MOXKET XapaKTepu30oBaThCs
CpedHUM PaccTOsHUEM OT IEHTpa TAXKeCTH [0 BceX ToueK obpasa;
cpenHell mimHOI pebpa mosHOTO Tpada uiau pedpa KpaTyailllero He-
3aMKHYTOTO NIy TH, COEAUHSIONIETO TOYKYN OITHOTO 06pa3a; MaKCUMalb-
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HBIM pPacCTOSHUEM MeXIy HByMs ToukKamu obGpasa m T. H. Jampu-
Mep, KOMIAKTHBIME (5KBHBAJIEHTHBIMII) CINTAEM [BA OOBEKTA, €CIIN
BCe MpU3HAKK OITHOTO 0OLeKTa PaBHBI COOTBETCTBYIOIINM TpU3HaAKaM
npyroro. Wam: o6BeKTHI KOMTAKTHBI, €clU eBKIWIOBO PACCTOSHIE
MeXIy BEKTOpPaMU WX NMPU3HAKOB He ITpeBbIlIaeT BeJUIUHY 7.

QaxTudeckn TumoTeza [ paBHO3HAYHA TPEATOIOKEHUIO O Ha-
IUYWHN 3aKOHOMEPHON CBI3W MKy Tpu3HakamMu X W 2z, I ¢ yIeTOM
BBIIIIECKA3aHHOTO ee TeCcTOBBI aJilTOPUTM MOKeT ObITh ITpelcTaBlieH

crlenylonumM Beipaxkenuem: if (Cif’z&Cifq) then €3 . T. e ecau

0OBeKTH MHOXKecTBa A KOMIAakTHHI B mpocTpancTBe (X, 2) 1 06
eKTHl MHOKeCTBa (A, ¢) KOMIAKTHBI B IPOCTPAHCTBE OMMCHIBAIOIINX
cBoiicTB X, TO 0ObeKTHl A 1 ¢ GYNyT KOMIAKTHBIME U B IPOCTPaH-
CTBe TeNeBOTO MPU3Haka 2. HacTo 5Ty TUNOTe3y QOpMYyIUPYIOT Tak:
«O6GBEKTHI, TTOXOXKHUE TO 7 OMUCHIBAIONIUM CBOHCTBaM X, MOXOXKU U
mo (n + 1)-My memeBOMy CBOfiCTBY 2». Jlerko BmmeTh, 4TO B 5TOi
Bosiee KpaTKoil (popMyaIUPOBKe OMYIIEHBI BeCbMa CYIIeCTBEHHbBIE II0-
MOJHUTENbHbIE YCIOBUS.

BaMeTuM, 4TO MHeleHle CBOICTB Ha ONUCHIBAIOIIAE I IeleBbie
ABJSETCA YCIOBHBIM. MBI MOXKeM IiesleBoil MpHU3HaK 2 BK/IIOUNTH B
YIICIIO ONMUCHIBAIOIINX, a B KauyecTBe IIeJleBOro IIPHHATH 060 Ipu-
3HAK ¥ U3 nHGOpMaTHBHOI cicTemsl X . Ecau mpu sToM o6y darorine
00BEeKTHl MHOKeCTBa A KOMIIaKTHBI B HOBOM IIPOCTPAHCTBE CBONCTB
{z1,29,..., 21,2, 2;} 1 MHOKecTBO (A, ¢) KOMIAKTHO B IIPOCTPAL-
cree {@1,22,...,%,_1, 7}, TO 3HAUEHIIE HOBOTO 1[eJIEBOTO IIPH3HAKA X
y 06BbeKTa ¢ 6yleT >KBHBaJeHTHLIM €ro 3HaYeHII0 y 06heKTOB MHO-
xectBa A. IleneBbiMu MOryT GBITH He OIHa, a HECKOJLKO XapaKTe-
pucTtuk. B wacTtmocTm, Tunoresa H mo3BosisgeT pemaTh He TOMLKO
3a/lady aHa/l3a, KOTJa 110 Mpu3HakaM X paclo3HaeTcs obpas 2z, HO
n obpaTHYIO 3alady — 3aHady CHHTe3a, KOTHa 10 MMeHH obpasa Z
BOCCTaHaBJINBAIOTCS Hanbosee MPaBIONONOOHbIe 3HAYCHNS XapaKTe-
puctug X (HampumMep, myTeM TMPUNUCHIBAHUS OOBEKTY ¢ € TPU3HA-
KOM Z CBOMCTB « THIINYIHOTO® TPENCTaBIUTeNs 06pasa z).

Yxaszauwit Ha To, KaKoe YNCI0 n MTPU3HAKOB I KaKoe Incio m 06h-
eKTOB obyJaloIeil BEIOOPKE A HyKHO IMeTh, YTOOB TumoTesa H ra-
PAHTUPOBAHHO TMONTBEPKIANACE, 37lech HeT U OLITEH He MOXKeT. UH-
(hopMaTUBHOCTL MPU3HAKOB U ITIPeICTaBUTENbHOCTL BHIOOPKM SBJIS-
OTCS TOHSTUSMHU yCJIOBHBIME. (CucTeMa Mpu3HakoB WHGOpMATUBHA,
ecny pW 3aaHHON obyyvarolell BBIOOPKe W 3aaHHOM THITe pelllato-
HINX TTPaBUI yiaeTcs MOCTPOUTH MpaBUilo, paclo3Hatollee 00beKTh
KOHTPOJNBLHON BHIGOPKE ¢ 3amaHHOll TounocThi. O6yuatorias Bbi-
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6opka TpelcTaBUTelbHA, €ClM TPU 3ajlaHHOM Habope MPU3HAKOB U
3a[aHHOM THIe Pellalolnx MpaBuil yaaeTcs TO XKe caMoe.

Moxmo HafiTn ciryvanm, KOTa IS YCIEITHOTO pellleHus 3adadn
IIOCTATOYHO UMeTh BCEro OIMH NMpU3HaK W Mo OHHOI obyuarollieil pea-
auzanuu Ha obpas. DycTh, HATpPUMED, 06pa3bl A U B npencTaBiasior
TeMIOKPOBHBIX MJEKOTUTAONINX, a ONUCHIBAIOLINNE TPU3HAK eCTh UX
Bec. Beim A uw B — 5TO CJIOHBI U MBIIIH, TO NOCTATOYHO U3MEPUTH
Bec OMHOTO Jt0GOTO TpencTapuTens MHoKecTBa A u soboro mper-
CTaBUTeNS MHOXKeCcTBa B, 4TO6H MocTpouTh 6e30mub0THOe TPABUITO
pacno3HaBaHUs JFO60TO HOBOTO MpelCcTaBUTENs 3TUX 00pa3oB.

CoBceMm npyrast cUTyalus BO3SHUKAET, €CIHU MBI 3aXOTHUM PaCIo-
3HaBaTh 3TUX XKe MJIEKOMUTAIIINX, HO IO TpU3HaKy OKpaca UX BOJIO-
CAHOTO MOKPOBa. FLcam B KOHIe KOHTIOB OKayKeTcs, ITO MEININ TeMHee
CJIOHOB, TO IJIs YCTAHOBJIEHUS 3TOT0 (haKTa noTpedyeTcs obyyatolas
BLIGOpKa Topasmo Gomablitero o6beMa. MOXKHO OTMETUTE, YTO C PO-
CTOM Ynciia 00yYalolINX peajn3alinil yBepeHHOCTh B MTPaBUILHOCTH,
HeclydaiiHocTu oOHAPYKUBaeMON 3aKOHOMEPHOCTH pacTeT.

§ 2. 'mnoTesza A-KOMIaKTHOCTH

I'nmoTesa KOMITAK THOCTH oNepupyeT abCOMOTHRIMI 3HAUEHUSIMT
PACCTOIHII MEXKIY BEKTOPAMH B IPOCTPaHCTBe XapakTepucTur. Om-
HaKO Ha HEKOTOPBIX MpUMepax MOXKHO TOKa3aTh, YTO BaXHYIO POIbL
B 3a/lavax aHalln3a JaHHBIX UTPAIOT He TOIBKO CAMU PaCCTOSHUS, HO
7 OTHOIIIEHWST MeXKIy HuMm. Tak, paccTosHIe MeXKIy ToukamMm 5 m 6
Ha puc. 2, a MeHbllle, YeM MeXny 6 u 7, Ho, mejas «BPpyIHYIO» TaKCo-
HOMUIO DTOTO MHOXKeCTBa TOYEK Ha OBa TaKCOHa, DKCIEPTHI OOBITHO
TMPOBOMAT TpaHUIy 1o pebpy 5-6. I['mas dyemoBeka yiIapianBaeT Ha
9TOI TpaHulle HapyIIeHne OMHOPOOHOCTU PACCTOSHUN MeXIy cocel-
HUMU TOYKAMU U TpuIaeT d>ToMy dhaKTy Goiblllee 3HaUYeHNe, YeM ab-
COJTIOTHOW BeNWYWHE PACCTOSHUIL.

3pUTenbHLIN ammapaT dYejoBeKa ob6jlamaeT YHUKAJILHLIMU CIO-
COBHOCT MU HenaTh KaaccuduKaInio (TaKCOHOMI/IIO) MHOXKEeCTBa 005-
eKTOB, eCcii OHU TPeICTaBIeHbl TOYKAMW Ha TIOCKocTH [68]. Da
puc. 3 IpencTaBIeHbl TPUMephl MHOXKECTB, TAKCOHOMUS KOTOPBIX LIS
YeIoBeKa He COCTaBJIAEeT TPyHa. Je3yIbTaThl HONYYaeMOil IIPU STOM
ecTeCcTBEHHON Mg YeJoBeKa TaKCOHOMUN (I[Ba CTYCTKA I q)OH) He MO-
TYT OBITH TOJYyYeHBl WAN OOBICHEHB ¢ TO3UINHT TUTOTEe3hl KOMIaKT-
moctu. I'mmoTesa ke A-KOMIAKTHOCTH HO3BOJISET JETKO MOMYyYaTh I
TTPOCTO OOBIACHATE TaKue Pe3ylIbTaThl.
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qDOpMyJII/IpOBKa THIIOTEe3El A-KOMITAaK THOCTH OIINpaeTCd Ha ITOHA-
THe A-paCCTO?[HI/Ii[, KOTOpO€e yUYnThbIBaeT HOpDMUPOBaHHOE€ PaCCTOsHNEe
d MeXOy SJIeMeHTaMII MHOXKeCTBa U XapPaKTepUCTUKY T JIOKaJIbHOII
INIOTHOCTHU MHOZKeCTBa B OKPeCTHOCTAX 5TUX 3JIeMEeHTOB.

FEcin onpede/InTh paCCTOAHUA MeKIy BCeMN ITapaMi TOY€K MHO-
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KecTBa A, TO MOXKHO TOCTPOUTH MONHBIH rpad, coenuHsionuii Bee
TOYKH €O BCeMU, U HafiTu camoe miunHoe peGpo — numamerp rpada
(D). Boimenum mBe mro6bre TOUKN ¢ 1 b 1 0603HAYNMM IIUHY CBSI3BIBa-
forriero ux pebpa wepes aab). DymeMm cInTaTh HOPMEPOBAHHBIM pac-
CTOSHIEM MEKIY STUME TOUKaMmu Bernduuy d = a/D (cum. puc. 2,6).

Temeps cpenn peGep, cMeXHBIX pe6py (ab), Haiimem camoe Ko-
POTKOe, IJIUHY KOTOPOro oboznauum udepes fBpi,. OTHOIIeHUWe HIHH
STUX CMEXKHBIX OTPe3sKoB 006o3HawuM depe3 7% = a/fpin. YTOGH
cenaTh 3Ty BeJIMUMHY HOPMUPOBAHHON B HUANa30He OT HYIIS 1O emu-
HUIbI, HaiimeM B momHOM Tpade HaubGosblilee 3HAUEHUE Tmax. DBe-
TWAUHA T = T%/Tmax SBISETCS HOPMUPOBAHHON XapaKTepmcTuKOll
JIOKAJTHHON HEOMHOPONHOCTH TIOTHOCTUH MHOXKECTBA B OKPECTHOCTAX
Touek a uw b. Benmunuy A = f(7,d) HaspiBaeM \-paccmognuem MeKIY
Toukamu a u b. s onpenenenus cTerneHn BIUSHUS TapaMeTPOB T U d
Ha A-paccTosHue ObUIN TPOBEHEHbI SKCIEPUMEHTHI, B KOTOPBIX CPaB-
HUBAJIUCH PE3yJIbTATHl TAKCOHOMUHU IBYMEPHOTO MHOXKECTBA TOUEK
SKCIEpPTaMy M MPOrpaMMaMul, UCIOIb3YIONIUMU Pa3Hble BUILI QYyHK-
mnn f(7,d). BBISICHIIOCEH, ITO WCIOTB30BaHIe A-PACCTOSHUIT BMECTO
eBKIIUIOBBIX TO3BOJISET TMONYYaTh Gollee eCTECTBEHHYIO € TOUKH 3pe-
HUS H5KCIEPTOB TAKCOHOMUIO, COBIAMAIONIYIO ¢ Pe3yIbTaTaMu, MOJIy-
YEeHHBIMU SKCIepTaMu. DPU BTOM 0Ka3aJI0Ch, 4TO mapaMeTp d HrpaeT
BoJiee BaKHYIO POIIH MO CPABHEHUIO C TapaMeTPoOM T. Dauiydlilee co-
BIIaJIeHNe BKCIEePTHBIX CYyKIeHUi ¢ GOPMaTbHBIME TOTYYaJIOCh B TOM
cliydae, eclii B KadyecTBe Mephl PACCTOSHUS WMCIOIB30BAIACH BEIU-
ynna A = 72 X d.

Daxoms A-XapaKTepUCTUKH IJs BCEX OTPE3KOB, COEMUHSIONTHX
TOYKH MHOXKeCcTBa A, MBI fejlaeM 0TOOpaXeHUe 5>TOT0 MHOXKeCTBA U3
eBKJIIUIIOBA TMPOCTPAHCTBA B HOBOe A-TpPOCTpaHcTBO. B sToM 1po-
CTPAHCTBE MOXKHO HOCTPOUTH T'pad Ge3 meresb, KOTOPHIA CBI3bIBaeT
MexIy coboll Bce TOUKN U HMeeT MUHUMAIBHYIO CYMMapPHYIO A-IIJIHHY
cBoux pebep. Taxkoit rpad B eBKIUIOBOM TPOCTPAHCTBE HA3bIBALTCS
kpamuatiwumn nezamxuymoin nymen (KOJ). Do amamornum ¢ s>TmM,
K939 B A-mpocrpancrse oGosnauum udepes A\-KOD. Crposres Ta-
Kue Tpadbl ciemyormM cnocobom [135]. CHavama HaxomsTcs IBe
caMmble OIIM3KHE TOUYKH, KOTOpble coemuHstoTcs peGpom. 3arem co-
enuHseTcs pebpoM clenyioiias mapa caMbix Onuskux Touek. [list
KaxXkKOoW cIleyrollell Tapbl ONMKANIINX TOUYEK MpelBapUTebHO MTPOo-
BepsieTcs, HeJlb3s JIM TPOHTH U3 ONHOW W3 HUX B ONPYIYI0 1O pebpam
y&Ke mocTpoerHoro rpada. Fcimum MoXHO, TO OHEM U3 HaibHellero
pPaCCMOTPEHUS UCKIIOYAITCS, & eclll HeT, TO cTpouTes pebpo rpada
mexny wumu. Tak mpomoixkaercs no obbenuHeHus B obimit rpad
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BCeX m TOUueK MHOXKecTBa A. Da puc. 4 mpeicTaBieH IpuMep moJIHOTO
rpada (OI') m rpados KOO n A\-KDD must onxoro m Toro XKe MHO-
xecTtBa A. Temeph A-paccTosHmeM MeXIy TBYMS TOGHIMH TOTKAMH
CUMTAEM CYMMY A-XapaKTepuCTHK TexX pebep, Mo KOTOPHIM MPOXONUT
nyTh Mexny HuMu 1m0 A-K99.

Inr KHII A-KHIT

Ecnn reomerpuueckas rmsodtiérotiex casspmamach ¢ moRsTHOM
ROMTAKTHOCTH, TO GIU30CTH MO A-PACCTOSHUSIM HA3BIBAEM A- KOMNAK-
muocmpio. exoms m3 5TOTO TO aHAJIOTHH ¢ THTOTE30H KOMITaKTHOCTH
TUIoTe3y A-KOMIAKTHOCTH (AH ) MOKHO cHOpMyIHpoOBaTH CIenyio-
MM 06pa3oM: peasm3alni OIHOTO W TOTO Ke o6pasa 06BITHO OTpa-
KAIOTCS B MPU3HAKOBOM A-TPOCTPAHCTBe B GIU3KNWE TOUKW, 0Opasys
A-KOMTIaK THBIE CTYCTK.

Ecnn BoImeanTsh 1 OMHCHIBAIONINX TPU3HAKOB X U TemeBoil Tpu-
3HAK 2z, TO B mpocTpaHcTBe (X, z) A-KOMIIaKTHOe MHOKECTBO O0BEK-
TOB A XapaKTepusyeTcs TeM, 9TO OHO A-KOMTAKTHO OTHOBPEMEHHO
u o mpusHakaMm X, W MO MPU3HAKy 2z. OTO O3HAUAET, UTO MEXKIY
npusHakaMu X ¥ Z eCTh 3aKOHOMepPHas CBI3b WIM UTO CHCTeMa OTHN-
CHIBAIOIINX TpU3HAKoB X WHOOPMATHBHA IS TPEACKA3aAHUs 3HaUe-
HUH TeseBOTO TMpU3HaKa z. Feam K MHOXKeCTBY A MoGaBUTH HOBBII
O0BEKT ¢ ¢ M3BECTHBIMI 3HAUEHNSIMY OMMCHIBAIONINX MPU3HAKOB X 1
HeM3BECTHBIM 3HAUEHNEM TeeBOTO MPU3HaKa 2 U TPH HTOM OKaKeTCs,
ITO MHOKecTBO (A, ¢) A-KOMIaKTHO B MpOCTpaHcTBe X, TO W3 TH-
TMOTEe3bI A\-ROMTAKTHOCTH CIEAyeT, YTO OHO OymeT A-KOMIAKTHO T B
mpoctpancTse (X, z). DTO maeT BO3BMOKHOCTH MPeICKa3bIBATh 3HATE-
HUe IeJIeBOro MpU3HaKa 2z His HOBOTO obbekTa ¢. Obo3nHaunm GaxT
A-KOMTTaKTHOCTH 06HekToB A B mpocTpamcTBe X cumbormom AC7 .
Torma TeCTOBLIN aMTOPUTM THTOTE3H A-KOMTAKTHOCTH MOXKHO TIPe[-

CTAaBUTH CHENYIONUM Bhipax)enuem: if (/\Cj(’z&/\Ci{q) then AC7 .

Kax Bumno w3 mambmefimiero, B 3amadaX pasfeleHUs MHOXKECT-
Ba A Ha TaKCOHBI IPOCTON GOPMBI, KOTOPHIE OMUCHIBAIOTCS Helepe-
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CEKAOIIMUCS BLITYKIBIMIA 060I09KaMW, CTpeMilene K HaubombITei
KOMTIAKTHOCTH WK A-KOMIOAKTHOCTH HPHBOOUT K ONMHAKOBLIM pe-
3yIbTaTaM. Jo s Oojiee CIOKHBIX CAydaeB THIOTe3a A-KOMITaK THO-
cTu obecmedmBaeT MOJyUeHWe pe3yibTaTa, O60jee eCTeCTBEHHOTO TIO
CPaBHEHUIO C THUIOTe30i KoMmakTHOCTH. ClreHoBaTenbHO, THIOTE3A
A-KOMIIaK THOCTH SIBIAsSeTCs 6oslee CIIBHON YMIIMPUUECKON THIOTE30I,
geM IIUPOKO MpUMeHseMas cefiyac TUIoTe3a KOMTaKTHOCTIH.

Opmakxo 3a THIOTE30H KOMIAKTHOCTH — MHOTOJeTHHE TPaln-
muu u H6OITBITOe KOTMYIeCTRO aJiTOPUTMOB W TTPOTPAMM, TTOCTPOEHHBIX
Ha ee ocHoBe. Kpome Toro, mepexom K A-IPOCTPAHCTBY COIPSKEH C
MOTMOIHUTENLHBIME 3aTpaTaMi MAIMHHABIX PecypCcoB, UYTO B TPOCTHIX
cayJdasx cebs He onpaBabIBaeT. B ¢BA3M ¢ 5TUM B mafbHelieM 6yoyT
onmcaHbl MeTONBI aHalN3a, OCHOBAHHBIE HA TOU W APYTON TUMOTE3aX.



YacTs 11
MeTonbl aHaJIN3a HAaHHBIX

I'naBa 4

3&,[[ auaym TaKCOHOMHIM

§ 1. Dpupona 3agay TaKCOHOMUN

ComepXkaTellbHYIO MTOCTAHOBKY 3aaull TaKCOHOMUU MOYKHO IIPO-
quTaTh B pabore [121], wamucannoii eme Bo II B. 1Mo Halmeil 5phr.
B «Ducekme yuenomy cocenys HeMOKpuT nuilier Takue cioBa: «Fciu
Tebe, HOPOTOil IPYT, HYKHO Pa3odbpaThbecs B CJOKHOM HAl POMOXKIIEH U
(akxTOB MIIM Bellleil, Thl CHaYaJla Pa3lOKU UX Ha HeBOIBIIOE YHMCIO
KyY IO ToxXokecTu. KapTwHa TPOsSCHUTCS, W TH MOHMeITbs TPUPOLY
9TUX Bellels.

DekoTopoe BpeMsi Ha3all HOBOCUOUPCKUE COIMUOJOTH U3YUaliu
TPUINHB MaCCOBON MUTPAINE CeILCKOTO HaceJdeHUs B Topona. B To-
pona u cena AnTailickoro Kpas ObLIN HANpaBIEHbI SKCHENUIUU, KO-
TOpble HAXOOWIN JIIOJlell, HellaBHO TlepeexaBIINX M3 cejla B TOPOI, a
TaKXKe TeX CellbCKUX KuTeslell, KoTopble MIAHUPYIOT TaKoil lepees3s B
6nmxkaiireMm 6ynyieM. KaxkmoMmy m3 HUX COMUOIOTH 3aIaBAU OKOIIO
CTa BOIPOCOB, 3allUChIBad B aHKeTY OTBeTHI 0 Bo3pacTe, 00pa3oBaHUM,
ceMefHOM TMOJIOXKEHUM W TPOUYNX XapaKTepUCTHKaX ONpPallliBaeMoOro.
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Kornma conmmonoru BepHYINCH U3 DKCIMeNUINT U BRIIOXKUIN HA CTOM 3a-
MOJIHEHHbIE AHKETHI, OHU YBUIEIU BIEUATISIONIYI0 KapTHHY. Jeper
HUMU ObllTa TOPa U3 CeMU ThICAY aHKeT, KaKiasd UX KOTOPHIX COomep-
JKajla OTBETHI HA CTO BOMPOCcoB. Kak MOACTYTHUTLCS K aHAIM3Y DTUX
MaHHBIX! ODepernuchiBaHe MAHHBIX B MPOTOKOI «OOBEKT-CBONCTBOY
neny He momoxeT: Tabnuna pasmepom 7000 crpok wa 100 cTonbios
TaK XKe He 0003puMa, KaK U 3Ta ropa aHKeT.

DOoIIIN M0 eUHCTBEHHO BO3MOXKHOMY TYTHU: HePEeHecI aHKeTh
Ha MalllUHHblE HOCUTEJU M TPUMEHWIN K MOJy4YeHHON TabJuiie mpo-
TpaMMBI TaKCOHOMUU. B pe3ynbTaTe MONYINIU 7 OCHOBHBIX TaKCO-
HOB, CpellHMe XapPaKTePUCTUKN KOTOPBIX MO3BOJUIU /1aTh UM BIIOJIHE
TOHSATHYIO COMepPKAaTeNbHYI0 WHTepIpeTannio. Beimenmics, Hampu-
Mep, TaKCOH, Kylla BOIUIN JIOOU KEHCKOTO ToJia B Bo3pacTe GoJee
60 meT, meTWm KOTOPHIX KUBYT B Topome. YcHO, UYTO TpencTaBUTeIN
3TOT0 TaKCOHA, KOTOPHI CONMMOMOTN Ha3Ball «0abylIKu>, e0yT B ro-
pOIl HIHYUTH CBOMX BHYKOB. OBIIN TakXkKe MOHSTHBIE TAKCOHBI «Ie-
MOOIIIN30BAHHBIE CONMATHI», «HEBeCTHI» U Mpyrue [86].

I'pynnupoBka 06beKTOB (4acTO yIOTPeGISIOT TakKe TePMIHBI
aBTOMATHYIEeCKas KIACCHUKAINS, cCaMOOBy YeHIe, KITaCTePU3AIIs ) TIo
MOX0KEeCTU WX CBONUCTB yIpollaeT pellleHNe MHOTUX NPaKTUYeCKUX
3a7ad aHadm3a MaHHBIX. Tak, eclim 06BHeKTHI OMUCAHLI CBOHCTBAM,
KOTOPbIe BJAUSIOT Ha OOIYIO OllEHKY UX KayecTBa, TO B ONHY TPYIIY
(Takcon) 6ynyT cobpaHbl 00BEKTHI, 00IAMAOIINe TPUOIN3NTENTBHO
ONMWHAKOBBIM KadecTBOM. U BMecTO TOTO, UTOOHI XPAHUTE B MaMATH
BCe OOBEKTHI, JOCTATOYHO COXPAHUTH ONMUCAHNEe TUIUYHOTO TTPeAcTa-
BITeNIsT KaXkKIOTO TaKCOHa (IIpeleieHTa), MepeuncinTh HoMepa 00h-
€KTOB, BXOIAIINX B NaHHBIH TaKCOH, U YKa3aTh MaKCUMaJbHOE OT-
KJIOHeHUe KaXkKIIOTo CBOMCTBA OT €ro cpelHero 3HauyeHus IJIis TaHHOTO
TakcoHa. JToil nHGopmanuu o6bIYHO HbIBAET NOCTATOUHO M Nalhb-
Heiflllero aHall3a U3y4aeMOro MHOXKeCTBa 00bEKTOB.

Kak xe menaercss Takconomus? OmHO U TOXKe MHOXKECTBO U3 M
0OBbEKTOB MOJKHO PasbuTh Ha k TakcoHOB (k < m) mo-pasnomy. Ecmn
Obl MbI 3aIUCAJIN TaKoe MCXOMHOe COCTOSHUEe Halllero 3HaHUs B BUIE
SMITUPUUECKOH TUTIOTE3h hg, TO ee TecTOBBIH asnroputM Ty cunrasn 6bt
JIOTY CTUMOI JIFOOYI0 TaKCOHOMU0. DO MbI 3HAEM, UTO YelOBEK, Nejras
IPYIIOUPOBKY Yero Obl TO HU ObLIO, PYKOBOACTBYETCS KaKUM-TO KpU-
TepueM (0603HAINM ero F'), KOTOPHIIl TO3BOISET OTANIATE XOPOIIIIe
IPYIIUPOBKU OT IJIOXUX U BHIOUPATh HAUIYYIIUN BapuaHT TaKCOHO-
vuu. Temepnh Hallle 3HaHWE TO3BONIAET CHOPMYINPOBATE Golee CUIL-
HYIO TUIIOTE3y, TEeCTOBBI aJATOPUTM KOTOPOH cuuTaeT MOIYCTUMOI
TONBKO TAKyI0 TaKCOHOMUIO, KOTOpas yOOBIeTBOPAeT KpuTepuio F'.
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§ 2. Anropurmbl Takcomomun kiiacca FOREL

Cawmblit u3BecTHBIN KpuTepuit F' cOCTOUT B TOM, UTO B OINWH TaK-
COH MOIIKHBI cOOMPaThCT 00BEKTH, TOXOXKIe, OIN3KIe O CBOUM Xa-
pakTepUCTHKAM. DO TEPMUHBI MOXOXKECTh, OJIU30CTh MOXKHO MOHU-
MaTh TO-pa3’HoOMy, W B 3aBUCHMOCTH OT TOTO, KAKOH WX BApWaHT MBI
BeIGepeM, TOAYUUTCS TOT WIH WHON BapuaHT TakcoHomuu. Ocrano-
BUMCS BHaYaJe Ha PA3HOBUIHOCTH MEDPHI «TOXOKECTHU» B BUIE KIIOXO-
JKeCTH Ha MeHTP>.

OroBopumcsi, 4TO 3/eCk Mbl pACCMATPUBAEM CIydail TaKCOHOMUU
06BHeKTOB, TPU3HAKH KOTOPHIX M3MePeHBl B CHIBLHBIX IITKATaX, ITO TMO-
3BOJISIET ONEHNBATEL TTOX0XKECTH depe3 eBKINIOBO PAcCTOSHUE MeXKITY
TOYKaMU B MHOTOMEpPHOM TpocTpaHcTBe. Kak mocTynmaTh B caydae ¢
PA3HOTUIHLIMA TPU3HAKAME, MBI OOCYIUM TO3Ke.

Ecnu xoopnuuaTh meHTpa J-TO TaKcoHa 0603HAUYNTL CHMBOIOM
C;, To cymMa paccrosuuit p(C, ¢;) MEKIY LEHTPOM I BCEMU 1M ; TOU-
KaMu a; broro Takcoua p; = y p(Cj,a;), rme i = 1+ mj, a cymma
TAaKIX BHYTPEHHUX DacCTOSHHI mis Bcex k TakcoHoB F' = > pj,
J = 1+k. Cumbica KpuTepusi HOXOKECTH HA IEHTP COCTOUT B TOM, UTO
HYKHO HaliTH Takoe pasbmenme m o0OLeKTOB Ha k TaKCOHOB, YTOOBI
TpuUBeNeHHas BHINIe BenwuuuHa F' OblTa MUHUMANTbHON. Bohimomme-
HUEe 3TOTO YCHOBUS MOXHO HOCTUYBL ¢ momolibio anropurtma FOREL
[53,82]. Onuimem 6a30BYI0 BEPCHIO U HEKOTOPHIE MONUDUKAIINN STOTO
AITOPUTMA.

2.1. AaroputMm FOREL. Takconbsl, moaydaeMbie 5TUM aJTo-
PUTMOM, UMeIOT chepudeckyo dhopMmy. KomrmdecTBo TaKCOHOB 3aBH-
CUT OT panuyca cdep: 4eM MeHbllle paguyc, TeM OoJibllle OJyYaeTcs
TaKCOHOB. BmHavasye mpu3Hakym oO6HEeKTOB HOPMUPYIOTCS TaK, ITOOHI
3HAUYeHUS BceX NMPU3HAKOB HAXOAWINCH B AUalla30He OT HYJS IO elu-
HUIBI. 3aTeM cTpouTcs runepcdepa MUHIMAIBLHOTO panguyca Ry, Ko-
Topas OXBAaTLIBaeT Bce M TodeK. Lcawm 6B HaMm OB HYXKEeH OOUH
TaKCOH, TO OH OBLIT OBl IpefCcTaBIeH NMEeHHO 3TOl HaYaJbHON Chepoii.
Do Takoe orpybieHne SKCHepPUMEHTAIBHOIO MaTepualia Hac OOBIYHO
He ycTpauBaeT, U MbI IbITaeMcs MOJYIUTh Oodblllee KOJIUYECTBO TaK-
COHOB.

Hiist 5TOTO MBI MOCTENEHHO yMeHbIlIaeM panuyc chep. Jepem
panuyc 0,9Ry m moMmeriaeM TeHTD chephl B M06YI0 U3 WMEIOIINXCS
TOYEK. DaxXOMUM TOUYKH, PACCTOSHUE N0 KOTOPBIX MEeHbIle paluyca,
1 BBIYUCISEM KOOPIUHATHI IleHTPa TAXKECTH 3TUX «BHYTPEHHUX> TO-
yeK. JepeHoCHM HeHTP cepbl B 3TOT HeHTP TIKECTH U CHOBa HaXO-
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nuM BHyTpenHue Touku. Cdepa Kak Gbl IIBIBET B CTOPOHY JOKaJlb-
HOTO CTYIIeHWs TOoUYeK. Takas mpollenypa OmpemefieHns BHYTPEHHUX
TOYEeK U TMepeHoca MeHTpa cdepbl TPONoIKaAeTcs OO TeX Top, MoKa
chepa He OCTAHOBUTCH, T. €. TIOKA Ha OYePelHOM Illare Mbl He OOHa-
PYXKUM, YTO COCTaB BHYTPEHHUX TOYEK, a CIeIOBaTEIILHO U UX IeHTP
TSKECTH, He MeHsieTcs. OJTO 3HAUUT, 4To cepa OCTAHOBHIACH B
06acTi JIOKAJIBLHOTO MaKCUMyMa IJIOTHOCTH TOYeK B MPU3HAKOBOM
MPOCTPAHCTBE.

Touku, okazaBmInecs BEYTPH OCTAHOBUBIIEcsT chephbl, MBI 00D-
BJIsleM MPUHAIEKAIINMI TAKCOHY HOMep 1 U MCKJIoYaeM UX U3 Hafb-
HeH1Iero paccMOTpeHns. s ocTaBIINXCS TOUEK OMMCAHHAS BBIIIIE
npolienypa TMOBTOpsAeTcs OO TeX TOp, MOKa Bce TOUYKM He OKaXKyTCs
BKIIOUEHHBIMEI B TaKcouBI. JlokaszaHa CXOMUMOCTH alTOPUTMA 3a KO-
HEYHOe YUCIO IIaroB, OJHAKO JIETKO BUJETh, YTO pellleHne MOXKeT
OBITH He eMUHCTBEHHBIM. 1akK, Ha pPUC. 5 BUOHO, YTO Pe3syaLTaT TakK-
COHOMUM 3aBUCUT OT TOTO, ¢ KaKOil mepBoil ToukKu ObLI HayaT MPO-
necc.

Puc. 5

Ecnw magambHyo TOUYKY MEHATH CAyIAlHBIM 06pa3oM, TO MO-
JKeT TOIYUYUThCS HEeCKOIbKO Pa3HbIX BapuaHTOB TaKCOHOMUU, U TO-
rira HYKHO OCTaHaBIMBATLCA Ha TAKOM BapuaHTe, KOTOPBIH COOT-
BeTCTBYeT MUHUMAILHOMY 3HAUEHUTO BeIWIWHEI F'.

2.2. Aaropurm FOREL-2. DTa Monuduraius OmucaHHOTO
BbITIIe 6a30BOTO aATOpUTMa TpeqHa3HadeHa IS MOJTyUeHns] TaKCOHO-
MEH ¢ TOYHO 3aJaHHBIM YICIOM TaKCOHOB k. 3Hech pamnyc chepsl mIo
Mepe HaJIOOHOCTH YBeJININBaeTCs WIN YMeHbIIaeTcs Ha BenndInny K,
KOTOpas Ha KaXKIoW OYepelHoil MTepalnui CTAHOBUTCS BCe MeHBIIe,
HaIpIMep YMEHBIIAETCS BABOE. JTOT METOI MOCIeHOBaTENbHbIX IPIT-
OJmKeHW TTO3BOASeT OBICTPO MOAOUTHU K 3aJaHHOMY YUCIY TaKCOHOB
TpU MIHIMAIBLHO BO3MOXKHOM pannyce chep. PyHKIMOHAT KauecTBa
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TakcoHoMun F B s5ToM aJITOpuTMe BBITJIAONT CledyonM 06pa30M:

1, ecmm k; =k,

k
=Sy o5 e f(k) =
j=1

oo, ecan k; # k.

DamIyydieMy BapHaHTy TaKCOHOMEUHN COOTBETCTBYET MUHNMAJILHOE
sgavenune F'.

2.3. AaropurtMm SKAT. Ecian mpn MHOTOKPATHOM CIyYaiiHOM
BbIOOpE HAUAJIBHON TOYKM MOJydaeTcs OOMbIIOe YUCIO HEOOUHAKO-
BBIX TAKCOHOMWHN MW €CJU TaKCOHBI CUJIBHO OTIUYAIOTCH IPYr OT
Ipyra Mo KOJMYecTBY CBOUX TOUYEK, TO 3TO MOXKeT 03HauyaTh, YTO HAIl
MaTepuaJs HapAly ¢ HeCKOJbKUMU JOKQJbHBIMU CTYCTKaMU TOYEK CO-
IEPXKUT ellle W ONUHOYHBIe TOUYKM UKW HeOONIbIINe UX CKOIJIEHUS, CIIY-
yaiiHo pas3bpocaHHBIE B TPOCTPaHCTBe Mekny crycTkamu. CosmaeTcs
OlIlylIleHe TOTO, YTO UMeeTCs HECKOJIBKO «CAMOCTOATeIbHBIX> TaKCo-
HOB U P4l CAyYailHO 00pa30BaBIINXCS, KHECAMOCTOS TEIbHBIXS> TaKCO-
HOB, KOTOPBIe OBIIIO OBl Ileeco00pa3sHo MPUCOENNHUTE K OJIMKaNIInM
CaMOCTOSATEeIbHbBIM.

Kaxnurit ogepennofl TakcoH HaXOmWICsS HAMU B YCIOBUIX, KOTIA
TOYKW, MOTaBIINE B TPeNbIAYIIINe TAKCOHbI, UCKIIOYAJINCh U3 PACCMO-
TpeHus. A 4TO NPOUCXOMUT, €CIU TAKCOHBI GOPMUPYIOTCS B IPUCYT-
cTBUE Beex m Touek! MoxkeT cayuyuThbes, 4TO HEKOTOpbie u3 Golsiee
MO3QHUX TAKCOHOB BKJIIOUAT B CBOU cOCTaB TOUKM, paHee BOIIedlINe
B IpyTue TaKCOHbI, I He OCTAHYTCsS Ha MecTe, a CTaHyT CKaThIBaAThCS
B CTOPOHY COCENHEro CrycTKa TOYeK U COJBIOTCH ¢ OIMHUM U3 CBOUX
TpeniecTBeHHNKOB. Takas cuTyanus m3obpaxkeHa Ha puc. 6: Tak-
COH 2 HaYHeT CMeITaThCS U collbeTcs ¢ TakconoMm 1. Hpyrue ke Tak-
COHBI OCTAHYTCs Ha TpeXkHeM MecTe U C NPEeXKHUM COCTaBOM CBOUX
BHYTPEHHUX TOUEK. OyIeM CUuTaTh TakcoHbl 1, 3 u 4 ycroiiuu-
BBIMU, CaMOCTOSATEIbHBIMU, & TAKCOH 2 — HEyCTOWUYUBBIM, CIIy4daii-
HbiM. Crydaiiible TaKCOHBI MOTYT TOSBIASTHCS U3-3a MOMEX B ITaHHBIX
WIN 13-33 HeyIauHOTo BbIOOpa panuyca chep.

DpoBepKy HA YCTONUYUBOCTH TAKCOHOMUHN MOXKHO 6110 ObI IeJIaTh
CTPOTUME cTaTucTuYecKumu Meromamu. OnHako oHEM pa3paboTaHb
IUTsE CIy9aeB, KOTJA Pedb WHET O MPOCTHIX PACTpenefeHnsx (0GBITHO
HOPMAJIBHBIX ) B IPOCTPAHCTBE MAJION pasMepHOCTH. AHAIN3 TaHHBIX
JKe 4acTO MMeeT JIeJo ¢ OTHOCUTENbHO HeOOIbIIUM YUCIOM 00LeKTOB
(TmpeleneHTOB) B MPOCTPAHCTBE GONBIION PasMEPHOCTH, I TOBOPUTH
0 KaKoM Obl TO HI ObLIO pacipefeeHll He BO3MOXKHO. JO>TOMY Mpu-
XOIUTCS TPUMEHSITH €NMHCTBEHHO BO3MOXKHBIE B TAKOW CUTyalluu I,
KaK KayKeTcsd, IOCTATOYHO pa3yMHble 3BPUCTUYECKIE TTPUeMBbI.
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Onue U3 Takux NPUEMOB pefﬁ?ﬁ()]gaH B anroputrme SKAT. Da
BXOIl TTPOTPAMMBI HMOHAETCS MHOXKECTBO M OOBEKTOB U pPe3syIbTaThl
ero TakconoMmuu S ¢ nomoinibio ajgroputma FOREL mpu pamuyce che-
pbl, paBHOoM K. ODpouenypbl TaKCOHOMUU MOBTOPSAIOTCS € TAKUM YKe
pamuycom cdep, HO Teleph B KauyeCTBe HAYAIbHBIX TOUEK BHIOHpa-
I0TCS HEHTPHI, TOAyUYeHHble B TaKcOHOMUU .5, u GOpMUPOBAHUE Ka-
JKJIOTO HOBOTO TAKCOHA HellaeTcs ¢ yJyacTHeM Bcex m Todek. B pe-
3yiibTaTe OGHAPYKUBAIOTCS HEYCTONUUBBIE TAKCOHBI, KOTOPhIE CKa-
THIBAIOTCS K TaKCOHAM-TPENIIeCTBEHHUKAaM. OellleHue BbITaeTCs B
BHJIE TIEPEUHS YCTONUMBBIX TAKCOHOB U YKA3aHUS TeX HEYCTONUYUBbIX,
KOTOpBIe K HUM TATOTEIOT. eI MBI XOTHM OIPaHHYHTHCS TOIBKO
YCTONUYUBBIME TAKCOHAMU, TOTHA MBI NOJKHBI CTPEMUTHCSA K TAKOMY
BapUaHTy TAKCOHOMUU, MPH KOTOPOM KOJMYECTBO TOUEK B YCTONUH-
BBIX TaKCOHaX GBIIO GBI MAKCUMAJbHBIM, T. €. MaKCUMHU3UPOBATH
GYHKIIMOHAI

1, ecnm j-it TaKCcOH yCTOWUMB,

k
F=Y mif(j), rme f(j)= - )
et 0, ecaum j-it TAKCOH HEyCTONUUB.
2.4. AnropntMm KOLAPS. Barasuys ma puc. 7, MBI CKopee
BCEro OTMETHUM CIIeIYIOIIHe ero 0COBEHHOCTU: 30eCh BhIASISIOTCS TPU
PasHBIX MO MUaMeTPY CI'YCTKa TOYEK HA PABHOMEDHOM cepoMm doHe.
Xotrenock Gbl, 4TOOBI AATOPUTM TAKCOHOMUY MOT BBIIEIUTH 3TU TPHU
CI'YCTKA, KaXKIbIll CO CBOUM ITHAMETPOM, OTHEIUB UX OT Touek doHa,
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T. €. MOT GBI PelllaTh 3a0a9y BHIIEIEHNA SPKUX CO3BE3NNN Ha 3BE3I-
HoM Hebe. Jlig pemnenus TakWX 3amad TpefHasHaueH ONWH W3 al-
roputMoB cemeiicrsa FOREL — amroputy KOLAPS®. Ero moxmO
pasmennTh Ha OBa dTala.
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Da mepBOM 3Tale UITyTCs ndtmdansuse HeHTPhl OyIYyITHX
TAKCOHOB, a HAa BTOPOM — JleJaeTcs IpoBepKa, NeficTBUTENbHO JIH
BeIGpaHHAs TOUKA SBISETCS MEHTPOM YCTORUYMBOTO TAKCOHA.

B nauasie mepBoro sTana cepa M0CTATOUYHO GONBIIOTO PAUyCa
R < Ry momertiaeTcs B M06yI0 TOYKY MHOXKECTBA W CMeITaeTCs, Kak
u B anropurme FOREL, B neuTp jokaipHOro crycrka Touek. Ko-
JTUYecTBO 7 ; BHYTPEHHHUX TOYeK IOJYyUYeHHOTO TaKCOHA CIYKUT Me-
poil TOKAJIBHOI MIOTHOCTH TOYEK B HAHHOM MeCTe HIPU3HAKOBOTO IIPO-
cTpaHcTBa. Eenm m; 6onblile HeKOTOpOTO mOpora d, TO IEeHTP TaKOTo
MOIITHOTO TaKCOHA 3aHOCUTCS B CIUCOK IIPETEHIEHTOB Ha POIb IIeH-
Tpa TaKCOHA-CO3BE3NUs, a MOMaBIINe B HEr0 BHYTPEHHUE TOUYKM U3
nanbHellIero paccMOTpeHNs HcKIodaoTes. Eenn m; menbie d, To
CITUCOK TIPEeTEHNEHTOB He MEHSeTCs, HO BHY TPEeHHIe TOYKH 5TOr0 TakK-
COHa TaKXKe racsiTcs. 3aTeM IeHTP chepbl TOMelaeTcs B IOV 13
OCTABIIUXCS TOUYEK U MPOTECC BhIIEIEHUS CIAYIONINX TaKCOHOB IIPO-
JOJIZKAeTCs 0 UCUeplaHs BCeX TOUeK.

Docsie BTOTO BOCCTAHABIUBAETCS BCe MHOXKECTBO M TOUYEK U BhI-
JleJisieTcs B CIUCKe MPeTEeHNeHTOB TaKCOH ¢ HauGONbIIUM 3HaUeHHeM
JOKaJIbHON IIOTHOCTH mj. B IHeHTp >Toro TaKcoHa IOMeIaeTcs

*) AnroputM npemnoxer E. A. Ynpxunbid.
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chepa, U ee pammyc HaUTHAET CKUMATLCA OT BeNWUIUHBI K MO Be-
AUIUHBL Riyppin. Da KaKOoM ¢-M Iare CKaTus OIpeneisercs Yucio
TOYEK, OCTABIINXCS BHYTPeHHUMHU. canm HavadbHBI panmyc OBIT
CIUIIKOM GOIBIINM [IJIsl JAHHOTO TAKCOHA (T. €. eCIIN OH 3aXBaTHIBAI
MHOTO Pa3peKeHHOTO MPOCTPAHCTBA), TO B HAUaJe TMPOIecca CKATIS
CKOPOCTb YOBIBAHUS UHCIIA BHYTPEHHUX TOUYeK GyneT HebombInoi. Do
Mepe BXOXKIeHUs cdepbl B 6osee IOTHYIO YaCTh TAKCOHA KOJIUYECTBO
TepseMblX TOYeK HAaUYHeT YBeJWYUBAThCA, YTO CIAYKUT CUTHAJIOM K
OCTaHOBKe CKaTHUsg. B pesymbTaTe HaxomuTcs Hambojee ecTeCTBEH-
HBI 1JIs MaHHOTO TaKCOHa pananyc cepbl U GUKCUPYETCs YUCIO ero
BHYTPEHHUX TOYEK m; Ta ke mporenypa MOCTEEHHOTO CHKATUS TIO-
BTOpAeTCA U Ui IPYTUX TAKCOHOB U3 CIIUCKA TpeTeHHeHTOB, YIIOps-
MOYEHHBIX 0 XapakTepucTHKe JIOKAJLHON MIOTHOCTH. B pe3ymbTaTe
BeIGUpaeTcs k TaKUX TaAKCOHOB, B COCTAB KOTOPHIX MOCIE CKATUS TO-

nagaeT HauboJiblllee KOJIMUECTBO TOUYEK. D10 ycioBune paBHO3HAYHO
k

Makcumusanumu Gyukinunonasa F = Y mh.
j=1

2.5. Aaropurm BIGFOR. NHorna BecTpevuatoTes Takne 607b-
e TabAUILl TaHHBIX, KOTOphIe He YMeIaloTcs TMeIUKOM B omepa-
TUBHYIO TAMATh U TONKHE 06pabaThIiBaThCA o YacTaM. [lnsg Takco-
HOMUHW TaKUX MAacCCUBOB TpedHa3sHaUeH WTEPATHUBHLIN alTOPUTM
BIGFOR.

Bragame B omepaTWBHYIO MaMsATh BBOONUTCSI MaccuB u3 V 065-
extoB (V' < m), xoTopsrii ¢ momorreio amroputma FOREL-2 me-
murTcs Ha k' TakcomoB. OmnmcaHme TakKcoHa COCTOMT U3 KOOPAMHAT

ero nmeHTpa n KoJInmyeCTBa m; €ro BHYTPEeHHUIX TO4YeK (<<Beca>> neH-

Tpa). DTO KpaTKOe ONICAHNe 3alOMIHAETCS B OTBEIEHHOM MecTe
MaMsTH. 3aTeM B MaMsiTh BBONUTCS CIENyolas MOPIUS MaAHHBIX, C
KOTOPOIl TPOHeNbIBaeTCsA Ta JKe TPolenypa. Jociie TOBTOPEHUS STUX
uraros ¢ pas, vae ¢ = m/V, nonyuaercs maccus us g = tk' Touex,
TPenCcTaBASIONINX cOO0H TEHTPHI TAKCOHOB, BO3HUKABIINX Ha KaXkKITOM
urare. I'pynmupoBka sTux Touek B k rakcono (k < k') memaercs ¢
nomolko Bapuanta airopurma FOREL-2, koTopsrit npu BhIuumCIe-
HUW KOOPAWHAT MeHTPa TAXKECTH BHYTPEHHUX TOUeK YINTLIBAET Bec
TUX TOUEK. JOCie HAXOKJEHUs IeHTPOB kK TaKCOHOB BECh MAaCCUB 13
m TOUYEK MepepacipeneiseTcs MeXIy HUMU. DPU MOOYEPETHOM MPO-
CMOTpe KakKaas TOUYKa OTHOCHUTCSA K TOMY TaKCOHY j, PaCCTOSHIUE IO
TMeHTPa KOTOPOTO OKA3BIBACTCA MUHUMAIBHLIM.

Ecnu aneno nexonupix 00HeKTOB m CAUIITKOM BeIITKO, TPOIeypa
VKPYIHeHNS TaKCOHOB MOYXKeT OBITH He NBYX-, & MHOTOCTYIEHYIATOl,
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CKaThIBaHUE TAaKCOHOB BO Bce GoJiee KPYIHbIE <IMIAPUKW» HeaeTcs
HECKOIBKO pa3. KpuTepuil kauecTBa TAKCOHOMMTN, TOIYIAEMO aaro-
putmom BIGFOR, ToT xe, uto u y anropurma FOREL.

2.6. Uepapxuueckas TakcOHOMUS. MOXKHO CUUTATH, UTO UC-
XOIMHOe MHOXKECTBO M TOUYeK IpencrapiseT coGoil pe3yiabTaT TaKco-
HoMuu ¢ pagmycoMm R = 0, mpw KOTOpOM ToaydaeTcs M TaKCOHOB,
KayKObIfl U3 KOTOPBIX CONEPXKUT MO OMHON TOUKe. DPUMEHUM K HUM
anroputM BIGFOR, uckirouns u3 Hero OnmucaHHYIO BhIIIe MPOIENyPY
nepepacupeneneHus Touek. Ja mepBoM Inare agroputma BIGFOR
BBIOWpaeTcs HeboMbIION pannyc R > 0, matommmit ky < m TaKCOHOB
MepBOTO YPOBHS. DJa BTOPOM IIare MPOUCXONUT CIUSHUE HEKOTOPBIX
ONUBKUX NOPYT K HOPYTry MeJIKHX TAaKCOHOB B GoJiee KpyIHBIe, B pe-
3yJAbTaTe Yero MOSBISIOTCS ky TAKCOHOB BTOPOTO ypoBHS (kg < k).
Ecau stu mmaru npomoiikaThk, TO Ha HEKOTOPOM Iifare p GymeT MOy-
YeHa TaKCOHOMUS, OOBeNUHSIONIAs BCe TOUKH B ONWH-e[IHHCTBEHHBI
TAKCOH.

OTHollleHUsT MeXKIy TaKCOHAMU Pa3HBIX YPOBHeHll MOXHO Ipell-
CTaBUTH cebe B BUIle MEPAPXUUECKON CTPYKTYPHI WU HepeBa, COCTO-
AIIero W3 m OOBEKTOB Ha HYJI€BOM yDPOBHe (YPOBHe IHCTHeB) U kj
TakcoHoB (¢ = 1,...,p) Ha KaxmoMm u3 p ypoBHeil. Kopuesas (p-s)
BepIINHA >TOTO HepeBa comepXkutT k, = 1 TaKcoH co BceMu m 06b-
exTami. W3 mee Boixonut (k, — 1) pebep, COCNMHSIONINX KOPHEBYIO
BepIINHY ¢ MeHTPaMi TaKCOHOB (p — 1)-ro ypoBus. Takme cBsi3u me-
KIY TAKCOHAMU TTPOCIEKUBAIOTCS BIIOTE 10 1M pebep, KOTophie co-
eNUHAIOT M TOYEK HYJIEBOTO YPOBHS ¢ ki MEHTPAMU CaAMBIX MEIKHX
TaKCOHOB TIEPBOTO YPOBHS (CM. puc. 8).

Puc. 8
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Tax BeITVIAIUT MepapXxuvecKas TAKCOHOMUS, MOJYUYeHHAS MeTO-
JIOM CKaTBIBAHUS MEJIKHX TaKCOHOB BO Bce 6ojee KpyIHbBIE, KOTOPBIi
Ha3BIBAIOT Memodom azaomepayut. Takoe «TeHealOTHUeCKoes Jie-
pPeBO TO3BOJISET BUIETH CBA3U Pa3HbIX OOBEKTOB U UX T'PYII APYT C
APYTOM, YTO HHOTIa GbIBAET TOIE3HO MPU COHEePKATEIbHOM aHAJH3e
MaccuBa HaHHBIX. Mepapxuueckoe nepeBo MOXKeT OBITH MOJYUEHO U
NPYIUM MyTeM — TyTeM HpoGHeHus KPYIHBIX TaKCOHOB Ha 6oiee
MeIKie. Jpolefypa TAaKol TaKCOHOMUE MPaKTHYECKH COBMANAET C
asnroputMom FOREL. Buauase onpenensiercs panuyc R HauMeHbliei
cdephl, onuchiBaoIeil Bce m Touek. ITa chepa ecTh TAKCOH BepX-
HEro KOPHEBOTO (p-TO) YPOBHS. 3aTeM PaIyc YMEHBIIAT I HAXOIST
k,—1 Taxcon cuemyomiero (p — 1)-ro ypoBus. 3aTeM LI 06BEKTOB
KayKIOTO U3 TOMYyUYeHHBIX TaKCOHOB TPOIENypa TAKCOHOMUE IOBTO-
psieTcst TIpu ellle MeHbIIeM paluyce. JeKOTOpble U3 DTUX TaKCOHOB
pacmamyTcs Ha HECKOIBKO Gollee METKHX TAKCOHOB (p — 2)-TO yPOBHS.
Taxoit mpomecc TpoGHeHns TAKCOHOB MTPONOIIKAETCS IO TeX Mop, ToKa
Ha HEKOTOPOM Illare He OKAXKeTCs, UYTO KOJMYeCTBO TAKCOHOB CTAJIO
paBHBIM YHCHY 06BEKTOB m. B pesyibTaTte moNyuunTCs HepeBo Takoro
JKe BUIA, UTO W MPU arJIOMepPaIuu.

§ 3. JunaMuuHas TaKCOHOMUSA

WNnorna Bo3HWKaeT CUTyalns, KOTHa TaKCOHOMUIO HYKHO elaTh
He Ha OJHOBPEMEHHO 3alaHHOM MHOXKeCTBe OObeKTOB, a Ha 00beKTax,
BO3HUKAIOIINX MO OJHOMY WM HeOOMBIIMMU TPyHIaMu B Xole MC-
cllefyeMoro Ipoiecca. JPpH 5TOM TAaKCOHOMUS MOXKeT MEeHSThCS 110-
cJie TOABJIEHUYN KaKIOT0 HOBOTO OObeKTa I OKOHYATEeNbHbI BUI OHA
mpuobpeTaeT TOTHMa, Korma obpaboTaH MOCIHeOHUN W3 MCCIEnyeMbIX
06BekToB. Taxmm o6paszoM, O XOMy IIpoliecca MPONCXOOUT CBEPTKA
nHGOPMaNUU: BMECTO XapPaKTePUCTUK OTHeIbHbIX 00BEeKTOB HYKHO
XPpaHUTh JUIIL KpaTKOe ollicale MOJYyYeHHBIX K JaHHOMY MOMEHTY
BpeMeHU TaKCOHOB ¢ YKa3aHUeM ulcia 00beKTOB, BKJIIOUYEHHBIX B Ka-
JKIBIIT TAKCOH.

3.1. Aaropurm DINA. Jlns pemenns Takoil 3amadll B ajiTo-
putme DINA zanaercs papuyc chepbl B u nepBas U3 MOSBUBIINXCS
TOUYEK OOBIBISETCS MEHTPOM MePBOTO TAKCOHA. JPU MOSBIEHUN BTO-
poil TOUYKH TPOUCXONUT HPOBEPKa, He TOMalaeT I OHA B MePBbIi
TakcoH. Iuisi 5TOro BeIUMCISETCS PACcCTOSHUE OT Hee [0 NMeHTpa mep-
BOTO TaKCOHA, M e€CIW 3TO PaccTOsSHUe MeHbIle K, TO BTOpas TOUKa
BKJIIOUAETCS B COCTAB MEPBOTO TAKCOHA, a IEHTP HTOTO TaKCOHA, Kak
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B agroputme FOREL, cMmertiaeTcs B IeHTp TSKeCTH IBYX CBOUX BHY-
TpeHHUX ToYeK. Icim XKe BTOpas TOUYKA OTCTOUT OT IeHTPa MepBOTO
TaKCcOHa Ha paccTosHue, 6oabiee K, TO oHa OOLABIASETCS TMEeHTPOM
HOBOT'O, BTOPOTO TAKCOHA. DPU MOSBIEHUN KaxKIOl OUepeHoi TOUKn
5TU TPOLENYPhl MOBTOPSIOTCA U YaCTh 3TUX TOYEK TToNagaeT B UMelO-
HIuecs TaKCOHbBI, & APYTHe CTAHOBITCS 3aPONbIIIaMyl HOBBIX TaKCOHOB.

Moxmo cnenuTh 3a TeM, ITOOB KOINIECTBO 0OLEKTOB B TAKCO-
HaxX 6LIITIO IO BO3MOXKHOCTU OMWHAKOBBIM. Iemm, Hampumep, obHapy-
JKIATCH, YTO KaKOH-HNOY b TAKCOH BKIIOYNI B CeOs CIIMIIKOM OOJTBIIIoe
YUCIO TOYEK 110 CPABHEHUIO € IPYTUMU TaKCOHAMMU, TO €r0 MOKHO pa3-
IeIUTh Ha IBa TAKCOHA MOJOBUHHONR MOIITHOCTH, PACTIONOKUB 1IeH TP
5TUX HOBBIX TAKCOHOB Ha HUaMeTPaJbHO MPOTUBOIOJOKHBIX CTOPO-
HaX cdepbl POINUTENBCKOTO TAKCOHA.

Depexon OT OMUCAHUS MCXOMHBIX OOBEKTOB K OMUCAHUI0 UX TaK-
COHOB SKBUBAJICHTEH TePeXONy OT MAHHBIX K 3HAHUAM. Eciam Taxcomno-
MUA UMeeT UepapXudeckuii XxapakTep, TO OHa 0TOOpakKaeT CTPYKTYPY
HaIllero 3HaHusS 06 W3ydaeMoM Tpollecce MWW SBIeHUN. JacTHBIe 3HA-
HUS HUKHETO YPOBHS OOBbeNUHAIOTCS Ha CJIeIYIOIleM YPOBHE B 3HAHUS
BoJiee BHICOKOTO YPOBHS it MeTasHanus. B paborax B. Q. [nanyna
u ero xomrer [27,38,162] onuchBatoTCS alTOPUTMBI THHAMEIECKOTO
MOCTPOEHNS NePAPXUN TMOHSI T («pacTyIIINe THPaMIIaTbHbIe CeTHS )
B TIpollecce HAKOIJIEeHUS HOBBHIX (aKToOB 06 M3ydaeMOM sBIeHUH. B
5TUX AJTOpPUTMaX HOBble TAKCOHBl MOTYT BO3HUKATH He TOJBKO HMpU
MOCTYIJIEHUN HOBOTO OPUTHHAIBLHOTO OObeKTa, HO TaKie U TPU IO-
SBIIEHNT TaKCOHA € Ipe3sMepHO GONBLITNM KOTndecTBOM 06hekToB. Ta-
Koe TleperpykKeHHOe collep:xkKaHueM 3HaHWe KakK Obl HeTalusupyercs,
pasnensiercs Ha Goliee MeJIKUe COCTABISAIOITHE MOHSTUs. JpUMEHeHe
IIAHHOTO MONXOla TTOKa3aJlo CBOIO BBHICOKYIO 3(PheKTUBHOCTH B CUCTe-
MaX MCKYCCTBEHHOTO MHTeJIeKTa.

3.2. Aaropurm SETTIP. Anroputm SETTIP [82] mpenna-
3HaYeH IS aHaan3a ONHAMHYECKHX PAOOB. JPemcTaBuM cebe, 4TO
BemeTCs HabIIoIen e 3a N XapakTepucTHKaMy Ipollecca B pa3Hbie TMo-
clIeIoBaTeILHBIe MOMEHTEI BpeMeHn oT t = 1 mo t = m. DpOTOKOI
HaOIIOIe i MOXKHO 3allicaTh B BUe TabIUIBI «BPeMA-CBONCTBO>
pasMepoM n X m. KEcam m cTpok 5Toil TabJuUIbl pasmennTh Ha k
TaKCOHOB I HOMEpP TaKCOHA, KOTOPOMY MPWHAMIEKHUT TTpoIecc B MaH-
HBIl MOMEHT BpeMeHN, 3alicaTh B KadecTBe (1 + 1)-To mpu3HakKa, TO
TaKoe paciliipenHoe OMucaHne TOBeNeHus Tpoliecca MO3BoOJIseT obHa-
PYXUBAThH HEKOTOPHIe WHTEepecHble MUHAMUIeCKre 3aKOHOMEePHOCTH.

B wacTHOCTH, MOXHO YBUIETH HalWUNe HeCHyUYalHBIX TOCTe-
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OoBaTelIbHOCTEN 13 ABYX WJIN 60JIbIIIeTO YUCTIa HOMePOB TaKCOHOB.
BCTpe‘IaIOTC?[ IIPOMEKYTKN BpeMeHN, KOI'la HOMep TaKCOHa OCTaeTCs
HeII3MEeHHBIM, YTO I'OBOPUT O CTAaIlMOHAPHOCTI IIpoLecCa Ha 5TOM IIPO-
MeXKyTKe BpeMeHN. Moxno HabIIOOATH InmepmognmyeCckKmnm IMOoBTOPAIOIIN-
eCid BO BpeMeHlI HOoMepa TaKCOHOB IMJIN CBA3KU >THUX HOMEPOB, 4YTO
roBOpuT 06 ONMHAKOBLIX CTaIUIX IIpOTEeKaHIA IIpOollecCa B pPa3HBIC
IIPOMEKYTKHN BpeMeHN. FEcin HOMePpa TaKCOHOB CUNTATh CUMBOJJaMNI
13 KOHEeYHOTO aﬂ(l)aBI/ITa, TO KaXXIbIl TUHAMUYeCKWi Iponecc mpen-
cTaBiigeT coboii HeKOTOpBIfI TEKCT Ha A3BIKe HTUX CHMBOJOB. JOJb-
3yACh MepaMI PedaKIMOHHOI'O PaCCTOAHNA MeXKNYy TeKCTaMI, MOXKHO
HaXOOUTh Mepy 6JII/I3OCTI/I7 IIOXO0XKeCTU IBYX TeKCTOB I UCIIOJIb30BaTh
ee I TaKCOHOMUMHI TeKCTOB WM B HaHHOM CJ/Iy4Yae HJIsd BBIABJIEHU
I'PYIIILI IIponeccoB C OIMHAKOBON ITUHAMUIKOIL IIpOTEeKaHumAd.

§ 4. TakcoHOMUS C CyIepUeabio

B xagecTBe cmmoHWMa cIOBa TAKCOHOMUS WHOTIA YTMOTPeOIIs-
I0TCsS TepMuHbl «o0yuenie Ge3 yuuTens», «caMoobyueHues». ITUM
oTpaxkaeTcs TOT GaKT, UTO IIPU pellleHuN 3aaYil TaKCOHOMUU 3a/a-
eTCst KpUTepHil KagecTBA (MaKCHMaIbHbIE CBSA3M BHY TPH TAKCOHA, M-
HIMAaJbHbIE CBS3M MEKIY TAKCOHAMM I T. II. ), HO He YKa3bIBAETCS, 15
KaKoll KOHKPeTHON Tefn >Ta TPYNIHPOBKa menaeTcs. 1. e. He yKa3bl-
BaeTcd, 4TO OylleT ONMUChIBATHCA B TepMUHAX MOJYUYEHHBIX TAKCOHOB,
YTO OT Yero HyXKHO OylIeT OTAnYaTh M0 >TUM ONUCAHUIM U T. 1.

Do Takas TAKCOHOMUS «HA BCe CIydYal JKU3HUY> NI KayxKIoro
KOHKPETHOTO CIIydasi MOXKEeT OKa3aThCs HEONTUMAIbHON. Dalpumep,
ecii TPU Paclo3HaBaHUU YCTHBIX CIOB MBI MOJb3yeMcd He OTilesb-
HBIMT (HOHEMAMMU, a UX TPYIIaMi (3BYKOTHIAME) I TPH 5TOM 00
eIUHUM B OIWH TAaKCOH OYeHb TOXOXKUe MO CBOUM XapaKTepucTUKam
3BYKH «II», «T» U «K», TO TaKad TaKCOHOMUS OKaxKeTcs HelpuemJie-
MOI, ec/ii B COCTaBe PAclO3HABAEMOTO CIOBAPA UMEIOTCs CIOBa THUTIA
«KOT», KTOK», KKTO» W T. I. B »>ToM TpuMepe MOKa3aHO MeCTO Tak-
COHOMUM B MHOTOYpPOBHeBOHl cucTeMe. TaKCOHBI HA YPOBHE 3BYKOTH-
TIOB JIOJIZKHBI CTPOUTHCS C YUYETOM «CYTepIelns: MOMUMO TOTO, YTO
TaKCOHBI NOJIKHBI OObeIUHATH TOX0XKIeE 3JIeMeHThI, KOJIMYeCTBO TaK-
COHOB ellle NIOJKHO OBbITh MUHUMAJIbHBIM U JOCTATOYHBIM [IJis TTPU-
HATUA NPAaBUWILHBIX pellleHuil Ha cienyiolleM Gojiee BHICOKOM YPOBHE
CUCTEMBI.

DTUMHU YCIOBUAME YeTKO GUKCUPYETCS TIefb TaKCOHOMUN, BCIIEI-
CTBUE Yero MCKII0YAeTCsd BO3MOXKHOCTH HJs UCIOJNb30BAHUSA TepMu-
HOB caMoobyueHTe, obydenne 6e3 yuuTens n T. . Bce, uTo Tpebyercs
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OT YUUTENs — KOHEUHAs Telb TaKCOHOMUN, METONbI ee MOCTHKEHI
W KPUTEPUN I OMEHKN TONYIAeMbIX PE3yIhTATOB — 3/16Ch 3aTaHbl
OMHO3HAUHO. TaKCOHOMUS ¢ yUeTOM CYTeplenn MOXKeT OBITH TMOy-
yena agroputmom ROST.

4.1. Aaropurtm ROST. Kaxnwrii o6beKT TOTO YPOBHS, Ha KO-
TOPOM IeTaeTCsi TAKCOHOMUS, TTPEICTABIEH ONNCAHNEM (TOIKOI) B n-
MEPHOM MPOCTPAHCTBe CBOUX CBoOWcTB. B Halem mpumepe 510 do-
HEMBI B HPOCTPAHCTBE CHEKTPAIbHBIX XapaKTePUCTUK. AJNTOPUTM
ROST peficrByer BHauane Tak ke, kKak u aiaropurm FOREL ¢ wma-
JIBIM painycoM runepcdepbl. 3aTeM PAlUyC YBEIUUHBASTCS U MOCIe
KayKIOTO Iara [lelaeTcs MPOoBepKa Ha COOTBETCTBUE CYIepIenu: He
BO3HUKAIOT JU OLUIUGKU W3-3a HTOTO YKpPYIHEHUs 3ByKoTunosB. Eciu
HeT, TO MPOIecc MPOHOIKALTCS, a eclii la, TO TOUKU, HOHaBIIne B
TAKCOH, MPUBOOAIINH K OIIUGKAM, TONBEPTAOTCS MOBTOPHON TaKco-
HOMUM € MEHBIIUM PAIUYCOM UM U3 HAJbHEHIIero pacCMOTPEHUs MC-
KITIOUYaroTes. Y KPYyINHEHUe 3BYKOTHIIOB MPOHOIKAETCS M0 TeX Hop,
MoKa U3 mpolecca He GYAYT UCKIIOUeHBl BCe TOUKH.

§ 5. TakcoHOMUS B AHU30TPOIHOM

npocrpaHcTBe [71]

Ho cux mop MBI paboTaan TPU BIOIHE eCTeCTBEHHOM TIPEIION0-
JKeHUU, YTO TPOCTPAHCTBO NMPU3HAKOB M30TPOITHO, TaK YTO paccTosd-
HIte 7(pq) MeXIy TOYKAMI P U ¢ He 3aBUCHT OT TOTO, WM JIN MBI OT
TOYKH p K TOUKe ¢ mwin oT ¢ K p. OnHaKko eciin 6IU30CTh, TTOXOXKECTh
TOUEeK U3MepATh, HAIlPUMep, 3aTpaTaMy CUJ Ha ITpeofiojieHue Iy TH
MeXKIy HUMI, TO HallpaBlleHIe MBIDKeHUs (HAmpmMep, WATH B TOPY
IJIN TIOZ TOPY ) 9acTO GBIBaeT He Ge3pasimTHo.

Taxas cuTyanus BO3HWKaeT B W3BeCTHON 3allade BLIOOpA ONMTH-
MaJBHOTO Psifla THIOpasMepoB usnenuil win Matime [15]. Tak, mepe-
BO3Ka I'Py3a B 2,5 TOHHBI Ha H-TOHHOM I'DY30BUKE BbI3bIBaeT MOTEpU
OT TOMYXOIOCTHIX MpoberoB. Ienm ke Ha 5Ty MAIIUHy TOTPY3UTH
7,5 TOHH, TO OHa MOXKeT BBIHTHU U3 CTPOs U TMOTepu OYIyT ropasno
O4IBIIUMEI, YeM B HpenblnyiieM ciayuae. Iias Toro uTobbl yuecTh
5TOT 3pdeKT, TPpU TAKCOHOMUNW B aHU30TPOITHOM NPOCTPAHCTBE Ha-
npaBileHlie aHa u3a GUKCUpyeTcs MpaBUiioM, O KOTOPOMY paccTOsd-
HUSA U3MEePAIOTCS BCerja OT lleHTpa TaKCOHa K ero BHYTPEHHUM TOY-
KaM. OPU 5TOM OTHOCHTeNbHAs 3HAUNMOCTE HalpaBIeHUs BIOJIb KO-
OPAWHATHI j OTMeYaeTCs BECOBBIMU KOXDUIMEHTaMu v}", ecii Ha-
npaBlieHlle U3MepeHUs COBIMallaeT ¢ HallpaBJeHUeM yBeduyvyeHus j-ii
KOOPIMHATBL, Il ¥, — B IPOTHBOIOIOKHOM CIIyUae.
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DPENoNoKUM, UTO Mbl XO0Telu Obl 06eCeunTh BOBMOKHOCTE 3a-
MeHBI JTI000T0 00'beKTa TaKCOHA Ha J0O0M Apyroil o6beKT 3TOro XKe
TaKCOHA. JPU B>TOM TOTEPU OT BCeX 3aMeH OVIYT PaBHBI CyMMe T0-
Tepb OT KaXKHOH OTHEeNBHON 3aMeHbl. JOTepu OT B3aUMHBIX 3aMeH
OO'BEKTOB (; U ¢, PABHBI CYMMe PACCTOSHUN MeX/Y HUMU B IBYX IIPO-
THBONOJIOKHBIX Hanmpasienusix: R(i,v)= r(a;,a,)+r(ay,a;). Torna
MOTepU OT BCeX MapHBIX 3aMeH BHYTPHU j-TO TaKCOHA, COCTOSINETO U3
M TOYeK, BBIpaKalOTCS Benumuuuoit R; = > R(i,v) mus Becex ¢ u v
or 1 mo m. B pesynbTare KauecTBO TaKCOHOMUU MOXKeT OBITH Olle-
HEHO Yepes cyMMy HOTepb IJist Beex k Takconos: R =Y R;, j=1+k.
Yem menbliiie R, TeMm Jyullie TaKCOHOMUS.

Da puc. 9, q nNpuBeleH IpuMep MHOXKECTBa TOYEK B JIBYMEPHOM
MPOCTPAHCTBE, MOABEPIaeMOr0 TAKCOHOMUHU € MOMOIITBIO aJrOpUTMa

cemeiicrea FOREL. Ecau npunsts, uTo v}" = v; = 1, To mpo-

CTPaHCTBO GymeT M30TpomHBIM 1 TakcoHomus S(I), mpuBenennas Ha
puc 9, 6, npencTaBisieTcs BIOJHE ecTecTBeHHON. Fcim XKe cuntarh,
YTO CBOMCTBA MPOCTPAHCTBA BAONIL OCH Z1 aHU3OTPONHBI U MPU 3TOM

vf =1, v =5, 05 = vy = 1, To nonyuaem Takconomuio S (1),
MOKa3aHHYI0 Ha puc. 9,6. Eciam nMmeeT MecTo omHOBpeMeHHas aHMU-
30Tponus Mo ofenM KoopAuHaTaM U Takas, uto vy = 1, v; = 5,
vy =3, v; = 1, To Takconomus umeer Bun S(II1), Tokazanubii Ha

puc. 9, a.



50 I'naBa 4. Banayn takcoHoMun

§ 6. CpaBHeHUEe aJITOPUTMOB TAKCOHOMUN

DOMUMO OIUCAHHBIX B 5TOH THaBe CyIIecTByeT OOJIbIIOe KOJIH-
YeCTBO MPYTUX AJITOPUTMOB TaKCOHOMMUN (cM., Hampumep, [12,49,95,
166]). EcTtecTBeHHO, BO3HUKaeT MOTPEOHOCTH B X CPABHEHUN 1 BbI-
Bope alropuTM™Ma, B HEKOTOPOM CMBICIE JIVUIero, uyem npyrue. Aj-
TOPUTMbI MOXKHO CPaBHUBATH 1O TpebyeMbiM MalllUHHBIM pecypcam
(maMsTH U BpeMeHN ), IO TPUMEHNMOCTH K TPYIHBIM CrydasM (60b-
1IMe MaCcCUBbBI TAHHBIX, PA3HOTUITHbIE TPU3HAKN, HAJIUUYNEe B HaHHbBIX
ToMex 1 TTPOBeIIoB I T. II.).

OnHako raBHOe, YTO HHTEPeCyeT MOJIb30BaTells — KauecTBO 1o-
TydaeMbIX peliteHnit. YTo6bl chOpMyIUPOBATE KPUTEPH KadecTBa,
MO KOTOPOMY MOXKHO ObLJIO Obl CpaBHUBATH AJTOPUTMbBI TAKCOHOMUM,
HAMOMHUMM, 4TO TAKCOHOMUS OOLIYHO HellaeTcs He TOJBKO NI KOM-
MaKTHOI TTePeKONUPOBKN MHOXKECTBa M 00beKTOB B kK TaKCOHOB. DTH
TaKCOHBI WM UX TUINYHBE TTPEACTABUTENN (IPeleleHThl ) NCTIONb3Y-
0TCAd B HajdbHellllleM Kak [ KpaTKOTO ONUCAHUS UMEIOIINXcs 00b-
eKTOB, TakK 1 (UTO Gollee BaKHO) IJIsi PACIHO3HABAHUS HOBBIX OOBEK-
TOB TeHepalbHON cOBOKYTHOCTH. Kaxnwiii HOBBIT 06HEKT OTHOCUTCS
K TOMY TakKcOHY (06pa3y), mpucoennHenne K KOTOPOMY HAM/IYIIIIM
06pa30oM yIIOBIIeTBOpSAeT KPUTEPUIO KauyecTBa TaKCOHOMUM.

DyCTh MHOKECTBO m 0ObeKTOB MpelcTaBiaseT coboll HEKOTOPYIO
BBIGOPKY M3 TeHepaJbHOW COBOKYMHOCTH, cocTosmel n3 M o6beKkToB
(m < M), 1 Ha MHOKeCTBe m TeM W WHBIM alTopuTMoM F' creraHa
TaKcoHOMUS Ha k TakKcOHOB. Fcim Temepb mpenbsBisiTh MO Ouepenu
BCe ocTasnbHble (M —m) 06beKTOB I MPUCOENNHSITH NX K COOTBETCTBY-
IOIINM TaKCOHaM, TO B ITOTe OyeT IoJaydeH BapuanT S’ TakcoHoMun
TeHepalbHON coBoKymHOCTH M. Ecam 651 MBI TeM ke amropuTMoMm F
cHemaan TAKCOHOMWIO cpaly Bceil coBokymHocT M o6LeKTOB, TO TO-
ayquiau Obl BApUAHT TAKCOHOMUE 5. ODyIeM Ha3bIBAThb TaKCOHOMUU
S u S 6azo060i  6b160POUNHOT COOTBETCTBEHHO.

Bosuukaer Bompoc: Gymer nm Takcomomus S’ coBmamaTh ¢ Tak-
conomueit S?7 Ecau ma, To anroputrm F ynmauno yramai cCTPYKTYpY
MHOXKecTBa M 1o ciayudaiinoil Beibopke m. JTa cnocoGHOCTb M0 MaJIoit
BBIOOPKE TPaBUIIBHO YIalbliBaTh CTPYKTYPHBIE 3AKOHOMEPHOCTH TeHe-
palibHOIl COBOKYITHOCTU W €CTh, MO-BUIUMOMY, OCHOBHAs XapaKTepu-
cTuKa (()) KagecTBa airopnTMoB TakcoHoMun. CpaBHUBATH PA3iInd-
Hble aJTOPUTMBbI TAKCOHOMUN MO 3TOMY KayeCTBY MOXKHO € TIOMOIIIBIO
MPOTPAMMHOTO HCIBITATENbHOTO TodnToHa «Takcoms [84]. Dpexme,
yeM olucaTh ero paboTy, BBeleM HEeKOTOpble 0D03HaYeHMS.

Ecnw 06bekTHl p U ¢ IpUHAOIEXKAT PA3HLIM TaKCOHAM, TO CUH-
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TaeM, UTO TAKCOHOMUUYECKOe PACCTOsHIE 7 (P, ) MEXKIY HUME DPaBHO
eIIITHITIE, & €CIIN OHI W3 OIHOTO TaKCoHa, TO r(p,q) = 0. DpencraBum
cebe KBAIpaTHYIO OUHAPHYIO MaTpuily pasmepom M X M, cTonbis!
I CTPOKK KOTOPOIi COOTBETCTBYIOT O6heKTaM IeHepalbHON COBOKYII-
HOCTH, a Ha IlepecevdeHun p-ii CTPOKM C ¢-M CTOJOIOM CTOMT 3Hade-
uue 7(p,q). Bce nmmaroHambHBIE SIEMEHTHI TAKON MAaTPUIBI PABHBI
HYyIO, Tak Kak 7(p,p) = r(q¢,q¢) = 0, m MaTpua CAMMETPHIHA, TaK
Kak r(p,q) = r(q,p). Torma pasmuune R(S,S5’) mexmy mByms Tak-
conommsamu S 1 S’ MOXKHO OmpemesnTh, HAJIOXKUB ONHY Ha IPYTyIO
MaTpPHILI, COOTBETCTBYIOIINE STUM TAKCOHOMUSM, M CyMMUPYS 9H-
CIIO BIIEMEeHTOB ¢ HeCOBIAMAOIINMI 3HadeHusMu 7(p, ¢). Ecaun momy-
YeHHYIO CYMMY pa3[gefiTh Ha MaKCHMaJbHO BO3MOMKHOE YIICIO HEeCO-
puamenuii (M? — M), To TOXyYnM XeMMUHTOBO PAcCTOSHIE MeKIy
MaTpHUIaMIl, HOpDMIPOBaHHOE B IHala30He OT HYJIS O eJNHNIbL:

R(S, 8 = Y {r(p.g) = r'(p, )}/ (M* = M),

p,q=1

roe r(p,q) u r'(p,q) — TaKCOHOMUYECKNE DPACCTOSHUS NI OOheK-
ToB 13 TakcoHomuii S m S’ coorBeTcTBenHO. YeM MeHbIIe BelnmumHa
pasmmanst R(9,5"), TeM mydire WCHBITYeMbIl aXTOPHTM TaKCOHOMUT
yragaid CTPYKTYpy TeHepajdbHOil COBOKYMHOCTH.

B nomurone «Takcoms» MOXKHO MeHATH 00beM TeHepaldbHON CO-
BOKyTHOCTH M, 06BeM CIAyYaiiHON BHIOOPKHW M W PasMepHOCTH IIPO-
CTPAHCTBaA MPU3HAKOB 1. MHOKeCTBO m TIpeacTaBiserT coboil aubo
JaHHble HEKOTOPON peasibHOil 3amadi, U0 MaHHbIe, MOpOoKIaeMble
reHepaToOpOM ¢ 3aJaHHBIM 3aKOHOM pachpemeneHus. B mociemmem
cliydae MOKHO 3aaBaTh UYMCIO TAKCOHOB k U PACCTOAHUS MEKIY
rakconamu d. WcmbiTyemoMmy anropuTMmy F; KoImdyecTBO TaKCOHOB
k nmu6o 3amaercs, MuOO OH IOMKEH caM BBIOPATH HAWIYUIlee THCIO
TaKCOHOB € TOYKH 3PEHUs CBOEro KpuTepus KadecTBa F. B mpormecce
HCIbITaHNA 06beM BBIGOPKH M MeHAeTCs OT MaJbIX nosieil M mo mos-
Horo o6beMa M. Dpu KaKIOM 3HaAYeHUN M BBIGOPKa HOPMUpyeTcs
CIyYaiiHbIM 06pa3oM, U SKCIHEPUMEHT ¢ M OOBEeKTaMU TOBTOPAETCS
t pas3 (t > 0). Domyuaemblie mpu 5ToM Benmauubl R(S,S') yepemns-
0TCs. D0 UTOTAM HKCIEePUMeHTOB dukcupyercs nois M, npu KoTo-
poit 6a30Bas I BEIGOPOUHas TAKCOHOMUN MepecTaioT OTANYATHCA IPYT
oT mpyra. Tor amropuT™ cumTaercs JyYIInM, KOTOPBIA HOCTUTaeT
5TOTo > deKTa Mpu MIHUMAJIHHOM 3HAUCHUN M.

B xome mcnbITaHUs aJTOPUTMOB TAKCOHOMUM BBIACHUIOCH, 4TO
X CHOCOGHOCTH yrafblBaTh CTPYKTYPY TeHepaldbHON COBOKYIHOCTH
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MpPaKTUIECKH He 3aBUCHT OT Pa3sMepPHOCTHU MPU3HAKOBOT'O MPOCTPaH-
crTBa. MOXHO CKa3aTh, YTO MO HTOMY CBONCTBY MalllWHA CYIIECTBEH-
HO HPEBOCXOIUT YeNOBEKa, KOTOPHIH YCIEITHO pelliaeT 3aladl Tak-
COHOMUU JUITh TOTHA, KOTHAa eCTh BO3MOXKHOCTH HENOCPeNCcTBEHHO
BUJIETH pasfeiisieMoe MHOXeCTBO, T. e. He Gojiee UyeM B Tpexmep-
HOM TpoCTpaHcTBe. Dpu GoNbIlleM Yucie MPU3HAKOB OH MepexOmuT
K IPUMUTHBHOMY CIIOCOGY HeJIeHUs MO KaKIOMY TPU3HAKY B OTIEIb-
HOCTH (HampuMmep, om 1 do TIO BO3PACTY U 06PA30BAHUIO), paspesas
MHOTOMEpHOe TPOCTPAHCTBO Ha TUIepliapaiieenuenb.

W3 paccMOTpeHHBIX B HaHHON KHUTe aJTOPUTMOB TAKCOHOMUH
Ipu cpaBHEHUU Ha MOJUTOHE JIYUIIHM, KaK U OXKUIAJIOCh, OKa3aJcs
anroput™m KRAB (cm. rmaBy 10), wa Bropom mecte Gbim SKAT u
Ha Tperbem FOREL. Onnako cienyeT yYHTHIBATBH, YTO aJTOPUTM
KRAB ropasmo 6omnee Tpynoemkuii, uem ero KOHKypeHTHI. Kpome
TOTO, OH BBIIAET Pe3yJbTaT B BUIE TAKCOHOB MPOU3BOIBHON (HOPMBI
U CIOXKHOCTU, 4TO TpebyeT BONBINUX 3aTpaT HaMsSTH Ha UX OIH-
caHUe M 3aTPyNHSeT TOHUMaHUe pesylibTaTa udeloBekoM. B umrore
MPUXOMUTCS CIOKHBIE TAKCOHBI OMUCHLIBATE HaGopoMm Goliee TPOCTHIX
dhopm, Hanmpumep Habopom Tumepchep WM THIEPKYOOB. ANTOpUTM
ke FOREL maet 6bicTpbie u mpocThie pelierus. 1Tak uTo B mpak-
TUYECKOM HCIOJB30BAHUN BCEM STUM aNTOPUTMaM HaXOMUTCS CBOE
MeCTO.

§ 7. BeiGop umcsia TaKkCOHOB

WHorma BeTpedatoTes ciydanm, KOTIa 3aKa3dnk (Biamesner] TaH-
HBIX ) TOYHO 3HAET, CKOJIBKO TAKCOHOB OH XOTel Obl TOAYInTh. Yarre
3aKa3unK BLICKa3BIBaeT MeHee CTPOroe IOoKelaHnme: XOTeIoCh OLI B
ouamasone oT ki oo k. B 5THX cIy4agx alropuTM OOJLKEH aBTO-
MaTHYeCKH BLIOpaTh Hambojee «ecTeCTBEHHOe» 3HadueHme k B 5TOM
nuamasone. OGBIYHO JKe 3aKa3UnK Ha BOIPOC O YIC/e TaKCOHOB OTBe-
qaeT: «Je 3Ha0. CKOMBKO HONYYHTCA. A UTO 6Bl BB TOCOBETOBAIIN ! »

CoBeT 3aBHCUT OT Ha3HAUEHNS TaKCOHOMUN. ECIm TaKCOHLI CIIy-
KaT I JaJbHeilIlero MalllHHOIO HCIOIL30BAHNS, TO MOKHIO BEIGH-
paTh GoIblINe 3HaYeHns k, cooOpa3yAch TOALKO ¢ MMEIOIIIMCT 005
eMOM HaMATH OIS UX XpaHeHus. FciIu Ke TaKcoHaMu OyIeT IIOIL30-
BaThCH YeJIOBEK «BPYUYHYIO», TO B AUAJIOTE C 3aKa3UNKOM OOBIIHO BHI-
SICHSIeTCS, YTO OBYX WK TPeX TaKCOHOB He NOCTATOYHO. JDTO CIMII-
KOM IT'py06as KaaccuGUKalis, IPUBOOAIIAL K HOIIPIeMIEMEIM IOTePIM
nHGopMalll 06 WHANBUAYAJILHLIX OCOOEHHOCTIX OOBLEKTOB, BXOIL-
X B OOJbIINe TakKcOoHBI. JecdaTh miam 6OJbIIe TaKCOHOB TOXKE He
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YCTPaWBAIOT 3aKa3unKa: Takoe GONBIIOe YHCIO TAKCOHOB TPYIHO 3a-
MOMHUTE U TOTOMY WCIOJB30BATH WX IS OOBSICHEHUS CTPYKTYPHI
u3ydaeMoi cucreMbl HeynobHo. IoroBopuThCsS uallie BCEro yiaaercs
Ha KOJIMYeCcTBe TAKCOHOB OT MSTH [0 IEBSTU. JTO XOPOIIO COracy-
eTcs ¢ HaBIIoNeHeM aMepuKaHcKoro mcnxosora 1. Mmmnepa [125] o
MPenTnoOYTHTEIBHOCTH JIJIsE YelIOBeKa OMepUpPOBaTh KOJMUECTBOM Bile-
MeHTOB, PaBHLIM 7 £ 2, 4TO 0OBICHIETCS OTPAHNIEHHOCTHIO 06HeMa
OTIEPATUBHON HaMATH UeJOBEKa.

Onucannble BbIIE AJTOPUTMBl TAKCOHOMUN UMEIOT HEKOTOpHIE
cpencTBa s BeI6Opa Haubosiee TPEANOUTHTEIBHOIO THCIIa TAKCOHOB
B 3amaHHOM nuanazone. B anropurmax knacca FOREL mpu mocre-
TeHHOM VMeHBIIIeHnn pannyca chepsl R Ha Tpaduke 3aBUCHMOCTH
quciaa TAKCOHOB OT PalUyca HEPENKO MOXKHO HabInaTh TaK Ha-
3bIBaeMBblil 5hderT «momoarnsy (cM. puc. 10, a). O6HapyKuBaeTcs
HECKOJIBKO COCEIHUX 3HAUYeHUN panuyca, NPU KOTOPHIX KOIUUECTBO
TAKCOHOB HE MEHSeTCs, a 3aTeM Ha CIIeAYIOIIeM I1are HaunHaeT Pe3ko
YBEIUUUBATHCS.

k

=R WH OToy -1 00O

Dpupomy >Toro sBeHis MoMHCHOMHITE ¢ moMorBo puc. 10, 6.
Da HEKOTOPOM IIare BBIIENSETCs TPH TaKCOHa, U 5TO UYUCIO TakK-
COHOB COXpaHfeTcd BINIOTH HO 1llara, Ha KOTOpoM cdepa mepecTaeT
yMelaThk B cebs Bce TOUKU STHX TAKCOHOB. 3aTeM UYUCHO TaKCOHOB
Xa0THYECKN BO3pacTaeT U CHOBA CTabWIM3UpyeTCs Ha KOJUYecTBe
TAKCOHOB, paBHOM 9. OTu unciia — 3 1 9 — XOPOIIO COOTBETCTBYIOT
nepapxuyeckoil CTPyKType aHAJU3NPyeMoro MHOXKeCTBa TOUYeK.
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§ 8. DpumMephl pellleHns NPAKTUYECKNX 3aMa4

Onucannble MeTONBl TAKCOHOMUU peajiu3oBaHbl B Buie OIoKa
nporpamm «TakcoHOMUS> B MakeTe MPUKIATHBIX TPOTPaMM IJist 06-
paboTKN TabIuI SKCIepUMEeHTAIBHBIX TaHHEX (DDD OTHKC), ko-
TOpBI ObLI Tlepenan s ucnoib3oBanus 6oiee vem B 100 opranusa-
nuit 6eieiero CCCO. 3a 30 ser co BpeMeHU TOSBIEHUS MePBHIX Ha-
X AJTOPUTMOB TAKCOHOMUN HAKOTIIEH GOBINON ONBIT WX TpIMeHe-
HUS U Y HAac. DPUBEIEM HEKOTOPBIe MPUMEPHI PellleHus TPUKIATHBIX
3a1ad.

8.1. 3amaum TAJIEOHTOJIOTUH U T€OJIOTUUYECKOW PA3BENKH.
Anropurm FOREL 6wt paspaGoran B8 1967 romy [53], n mepBoii 3a-
nadeil s ero onpobOBaHUs OKa3alachk 3allada U3 0BJACTU TajeoH-
TOJIOTUHU. DJeKOTOPhIe KUBOTHBIE, XKUBIIIHE B Pas3Hble TeolornuecKie
SIOXU, UMeNI TBepPIbll XUTUHOBLIN TTOKPOB, KOTOPHBIH XOPOIIIO OTIe-
yaTalics B HPEBHUX TMOPOHaX. JaJeOHTOJOTH HaXONsST TakKue OTIe-
YaTKU U U3YUYaIOT WX, ONpPefesss BUM, ceMeificTBO U pon ObIBIIUX HO-
cuTeneil HTUX MaHIupeii. Do TaKUM cliefaM TPOILLIOTO ONpereseTcs
reoJOTMYecKoe BpeMsi BO3HUKHOBEHUS TOIO WM WHOTO CJOS 3eMHOIT
Kopbl. OOHUME U3 TAKUX WCKOMAEMBIX CYIECTB SBISIOTCS TPUIIO-
6UTHI (IIPENKN COBPEMEHHBIX TapaKaHOB).

DaMm Gblita TpembsiBieHa Tabiuina ¢ onucanueM 30 xapakTepu-
cruk 250 TpunoburoB. Cpenu npusHakoB ObLIN pasMepbl XUTUHOBOTO
MOKPOBa, Y4HCI0 GOPO3MNOK HA TOJOBHON YacTu u Apyrue. AJropuTm
FOREL npu pasubix papuycax R chep BblIaBai pasHoe UUCIO TaK-
COHOB. DPU HEKOTOPOM 3HAaUeHUN K OBLIO MOJYUEHO TaKOe ¥XKe YHUCIIO
TAKCOHOB, KOTOpOe ObLIO paHee YCTAHOBIEHO IAJICOHTONOTAMU TIPH
Py UHOI KiaccuGUKAINN 5>TOl KOJUIEKITHH TPHIOOUTOB. DBLIO TOCTPO-
€HO TAaKCOHOMUUECKOe HepapXuieckoe NepeBo, U MPH 5TOM K HallleMy
o0ITIeMy YIUBIEHUIO COCTaB TAaKCOHOB B TOYHOCTH COOTBETCTBOBAJ
cocTaBy PyUHBIX KiraccoB. (OcobeHHO MOpPANoOBal MajleOHTONOTOB TOT
$haKkT, ITO ONUH TPUIOOUT Mayke TMPW OUeHb GOMLIINX pammycax R
He XOTeJsl MPUCOeNUHSThCS HU K ofmHOMy Takcony. Oxasaiock, 4TO
OH SIBJISIeTCS MPEeCcTaBUTENeM YHUKAIBHOTO BUIA U3 COBCEM NPYTOTO
ceMeiicTBa, U 3TO VAUBUTEIBHO U 3aMeuaTelbHO, YTO MallllHa JI0Ta-
magack o6 sToM! Takoil yermex TpousBe Ha HAIITHX KOJIET TMaleoHTO-
JIOTOB HACTOIBKO CUIbHOE BIeYaTIeHNe, YTO Ha OIHOM U3 CeMUHAPOB
HaM GBI 3allaH BOIpoC: «A He MOXKeT JIM MallliHa ONPEeNeIuTh, Ka-
KUM JIATHHCKUM TePMIHOM Ha3BaH TOT WM WHOW BUI TPUIOOUTOBT>.
MbI GBUITE BBIHYKIEHBI CKa3aTh, 4TO Ge3 TMONCKA3KW — BPSI JIH.
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Hpyroit mHTepecHO 3amadeill U3 TeoJdoTHUUecKoll o6macTn ObIITa
3a/lada TAKCOHOMUN TepPUTOPIHil ceBepo-BocToKa YUykoTku [55]. Us-
yyaeMas MeCTHOCTL Oblila pasfesieHa reojioraMu Ha 1992 dyeiiku B
Bume kBampaToB 10 x 10 kM. Kaxnoiit kBampaT 6bin onncad 45 OBO-
WYHBIMU MPU3HAKAMUI, OTPAKAIONIMMN HAJIUYNe UJIN OTCYTCTBUE pas3-
JIMYHBIX Te0JOTUYECKIUX CBOMCTB: LIJIUXOBbIE OPEOJIbI PTYTH, MNIyOuHa
3aJieranus Me3o30ull 3—4 KM, TeOCUHKJIUHAJIbHbIE TPOruObl 1 1IP.

TaxcomoMus >TUX yJIacTKOB Helajlach Pa3HOBUIHOCTHIO ajTo-
putma FOREL (FOREL-5), npennastadenHoil s TAaKCOHOMET TBO-
WIHBIX HAHHBIX. M3 pazusiX BAapuaHTOB TAKCOHOMWUW 3aKa3UUKU BHI-
Opaiu BapuwaHT, conep:Kapiiuii 318 TakcoHOB. DTOT BapUaHT IMpu-
BJEK UX BHUMaHUe TeM, 4yTo 46 u3 318 TaKcoHOB BKJOYAJU B CBOIf
€OCTaB YYaCTKU, KOTOPbIe ObLIN paHbllle XOPOIIO U3yYeHbl U Ha KOTO-
PHIX WMeNnch 30J0TOHOCHBIe MecTopoknenus. W ecnuw mmanupoBaTh
SKCIeAUNMOHHbIe pabOThl MO MOUCKY 30JI0Ta, TO B MEePBYIO OYepelb
nesilecoobpa3Ho oObpaTUTh BHUMaHMe Ha Te Heu3yYeHHble YIacTKu, KO-
TOpbIE TaKXKe OKa3allCh B COCTaBe HTUX «30JOTHIX» TaKCOHOB. OJe-
3yAbTaThl KCIEAUIIUN TOATBEPAMIN BBICOKYIO 3)PeKTUBHOCTL Ta-
KoTo cmocoba TMIaHmpOBAHUS TeoloropaszBenku. Takum ke obpasom
ObLa1 pa3paboTaHbl peKOMeH Al 1O TTOUCKY MeCTOPOXKIEHU 1 pana
IPYyruxX MUHEPaJIOB.

8.2. Bagaun conuosiornu u 3koHOMuUKM [56,86]. Dpu paspa-
60TKe TMTaHOB HKCTeMUTNOTHLIX paboT, CBI3AHHEIX ¢ M3y IeHNeM COTH-
AJBHBIX TTPOGIIEM CeIbCKOTO HacesleHus AJITaficKoro Kpas, COIMONO-
raM HYKHO 6bIJIO BEIOPATH HJIsl HCCIENOBAHNUS k HACEJEHHBIX TTYHKTOB,
TpuYeM TaKUX, KOTOPLIe IPEICTaBISAN OB T0 BOZMOKHOCTH paszHbIe
TUTIBL cell u fnepeBerb Kpas. C 9Toil 1ebio GbLIIO TOATOTOBIEHO O~
caHme BCeX CeTbCKNX HacCeleHHBIX MYHKTOB Kpas XapaKTepucTHKaMu
THUTIa YUCHeHHOCTE HACENIeHNs, KOMMIecTBO IITKOM, KIyHOoB, XapakTep
BomocHAGKeHN A, HAINUWe DIeKTPUIeCTBa, MOPOT ¢ TBEPIBIM TOKPHI-
Tuem. C momorrbio asroputma FOREL muOXKecTBO 13 HECKONBKUX
coTeH cell ObLIO paslielleHo Ha 3a/laHHOe KOIUYecTBO TaKCOHOB k, U3
KOTOPLIX OBIIW BHIGPAHLI TUMHYHBEIE TTPENCTABUTENN KakKIOTO TakK-
cona. Taxum myTeMm rapaHTHpPOBaJIOCh, YTO BhIOpaHHBbIe k cen mHo-
CTATOYHO XOPOIIIO TPENCcTABIAIOT BCé pa3noobpasne cell Kpas, 9TO He
OYyIyT MOTepPAHB U3 BUOY KaKme-TO TUTHI cell W He G6YAYT TPATUTLCS
CpelncTBa Ha M3yUeHWe cell-OIm3HenoB.

Dociie 3aBeplleHns SKCIMeIUIUOHHBIX PAGOT COMUOIOT T TTPUBE3IIH
GonbIToil MaTepuanl B BUIOe aHKeT ¢ OTBeTaMU Ha PasHble BOIPOCH.
Hms o6paboTEn >TUX MAHHBIX TakikKe HCITONL30BAINCH AITOPUTMBL
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TakconoMmuu. B §1 mawwoil rmapel Oblia ONEcaHa 3allada TaKCOHO-
MUYECKOTO aHaJJn3a TaKoTo Poa MaTepHalioB, KacalollInXcs BbisBIIe-
HUS TPUYWH MUTPAlWN CeILCKOTO HaceleHUs B Topoma. Iiime omHa
3ajaya, CBsA3aHHasd ¢ NpobjieMaMu MUTPalluil HaceleHus, pelraiach
Ha MaTepuajax ¢ omucaHueM Bcex obiiacTell, KpaeB U aBTOHOMHBIX
pecny6nuk Joccuiickoit Penepanun. ODBUIE BBIIEIEHBI TAaKCOHbBI, B
€OCTaB KOTOPBIX BXONUIU QIMUHUCTPATUBHBIE eIUHUIIBI C MOJOXKU-
TeJIbHBIM, HYJEBbIM WM OTPUIATEIbHBIM OajlaHCOM MUTPpalMU Ha-
cesenus. AHaJiu3 XapaKTepUCTUK HTUX TAKCOHOB MO3BOIUI TOHATH
OTHOCUTEILHYIO 3HAUYNMOCTh OTHIENbHBIX (HaKTOPOB Ha TTPOIECCHl MU-
rpamuu. Tak, 66110 0O6HAPYXKEHO, ITO YPOBEHD 3apaboTHOM TIATHI O
CBOEMY 3HAUEHWIO CYIIeCTBEHHO YCTYaeT YPOBHIO obecnieyeH s Hace-
JeHUs TOCYNapCTBEeHHBIM KudbeM. W ecnu penraTh, Kya HATPaBIsITh
IleHeKHble PecypChl, TO B TIEPBYIO OUepellb clelloBaJio odpalllaTh BHU-
MaHUe Ha KUIUIIHOe CTPOUTENHCTBO.

Illupoxoe mpuMeHeHWe HAIIIN MeTOOBI TAKCOHOMUHU B 3alavdax
aHAJIU3a CTATHCTHYECKIX HaHHBIX BYKOHOMEUYecKoro XxapakTepa. OnHa
u3 HuX ObllIa CBA3aHa ¢ MOJy4YeHleM OObeK TUBHON OlleHKN JledTelbHO-
CTU OTHeNbHBIX NPEeNTPUITUd UM afMUHUCTPATUBHBIX 0Opa3oBaHuil
(cOBX030B, IIAXT, 3aBONOB, CEIbCKIX PAilOHOB, 06IacTell). JpuMen-
TeJILHO K COBXO3aM DJOBOCHOUPCKOI obmactu (ux 66u10 okonao 1000)
AHAJU3UPOBAIINCH HAHHbIE O TIOCEBHBIX TIOLIANIX, YHEPIrOBOOPY KEH-
HOCTM, HAJMYUN HIOCCERHBIX U XKeJle3HbIX HOPOr, Ynciie paboTalomx
u T. 1. D0 5THM HAHHBIM TPYIIHPOBAIUCH COBXO3bI ¢ TPUOIU3U-
TeJIbHO ONUHAKOBHIMU OOBEKTUBHBIME XapPaKTepUCTHKAMU. 3aTeMm
CPaBHUBAJIUCH Pe3yNbTaThl HeATEIHLHOCTU COBX0O30B U3 OIHOTO U TOT'O
Ke TaKCOHa (c6Op 3epHOBBIX, HAIOW MOJOKa). BbIsScHAmOCH, HAmpH-
Mep, YTO COBXO3, KOTOPOMY €KerolHO NMPUCYXKIAIUCH KpacHble 3Ha-
MeHa, IO CBONM OOBeKTUBHBIM TaHHBIM HOJIKeH ObLI OBl paboTaTh ro-
pasno sddexTuBHee. A HEKOTOPBI COBXO3-CEPEIHAUOK HaeT TrOpa3no
BoJibllle TTPONYKIINU, YeM BCe IPyrue COBXO3bl C aHAJOTUYHBIMU MC-
XOMHBIMU pecypcaMu. Tak 4TO OTMeYaTh HarpalgaMi CIedoBajio O
He TOTro, KOro 00bIYHO OTMeYaJ i 110 BaJOBLIM MOKa3aTesIM.

NuTepecno, 4T0 06IacTHOE HATATHCTBO BBEICOKO OTEHUIIO DTY Me-
TONVWKY, HO NPUMEHSIThH ee NMPU TOABeNeHUU WUTOTOB Tola TaK U He
crasio. O6BeKTUBHBIE ONEHKW JIWIIAIN TeX, KTO HPUHUMAET pellie-
HUe «Ka3HUTh WU MUJOBATHY>, BO3MOKHOCTH HaKa3blBaTh CTPONTHU-
BBIX TPYXKEHUKOB U TOOIIPATH BEPHOMONHAHHBIX, MYCTh HaxKe U He
oueHb xopoino paboTatoiiunx. Ceifuac 5Ta METONUKA B CBOEM TE€pPBO-
HaYaJbHOM BHIIE TOTePsia AKTYAIbHOCTE. JO OHA MOXKET OKa3aThCs
MOJIe3HON IS CaMOOIEHKN OTHEIbHBIX MTPeIIpus Tl WM KOMIaHUiA.



§ 8. Dpumeprl perrenus IpaKTUUECKUX 3849 57

Ecnw B pesynbTaTe amanmsa MaoHBIX 0 cefe W 0 KOHKYpeHTaX OKa-
JKeTCsd, 4YTO N0 HeKOTOPBIM BBIXONHBIM XapaKTepUCTUKaM KOMIaHUs
HauyWHaeT TPOUTPHIBATHL COPeBHOBaHUE CBOUM KOHKypeHTaM, TO Ta-
KOil paHHUII CUTHaJ MO3BOJUT CBOEBPEMEHHO NMPUHATH HeOOXONMMble
KOPPEeKTUPYyIolne Mephl.

8.3. 3amaum Guosorumum. ODPU BHIBEIEHUU HOBBIX BUIOB pa-
CTeHUl WM TOPOH KUBOTHBIX CeNIeKIMOHEPHI CTPeMsATcs BhIOUPATH
IIJId CKpellluBaHUs BUIbLI MU TOPOAbI, HanboJsee He MOXOXKUe IPYT Ha
npyra, usberas ckperiuBaHus «6uusHenoBs. C 5Toil Melblo onuca-
HUe CBOWCTB MOTEHNMANbHBIX ponuTesell TogBepraeTcs TaKCOHOMUN
U OJs CKpelIuBaHus oTOUparoTcs ocodu, TpUHAJIeKAIINe Pa3HbIM
TakcoHaM. /laHmas 3amada MO CBOEMY XapaKTepy MoXokKa Ha OTHY U3
BBILIEONNCAHHBIX 3a/lad COIUOJOTUN.

Duodu3nKn U3yJaT BIUSHIE Pa3sindHOTO POfa Bo3AelicTBuil Ha
JKUBbIE OPTAHU3MBI PA3HBIX BUIOB. OJepBas Cepus DKCIePUMEHTOB
TpoBOMUIAck Ha GOIBIIOM YHCIe BUIOB. B pesyabTaTe TPOTOKON
HabJaoneHU TpencTaBidan coboil Tadbauiy us 6omnee 20-Tu BUIOB, Ka-
KOBIH M3 KOTOpPHIX ObLI ONUCAH ABYMS TPYIIaMHU XapaKTepUCTUK:
8 — XapaKTepucTukamu BozfelicTBus u 14 — XapaKTepucTUKaMU
peakiuu opraHu3Ma. JPpHU KayKIOM HOBOM cOYeTaHUU 3HaueHUll BO3-
IeifcTByIOIINX GakTOPoB HabI01aJI0Ch HOBOE coueTaHle peakIuii op-
TaHU3MOB U GUKCUPOBAJICS ITPOTOKOJ B BUIE HOBOI TabIUIIbl «O0ObEKT-
CBOIICTBO».

Kaxnas taxas Tabnumna monBepraigach TaKCOHOMUHT, YTO TO3BO-
JISJIO AaBTOMATHYECKH BHIOUPATH HAMIYUIllee YUCHO TaKCOHOB Kk B 3a-
TaHHOM OUHANa30He kmin < k < Kkmax. OPH DTOM Oelajach TaKCOHO-
MU OTHEILHO MO T'PyNlaM XapaKTepUCTUK U B TOJHOM 22-MepHOM
TpocTpaHcTBe. B nTore cpaBHeHWsT TAaKCOHOMWI pasHBIX TaGHUIl ObI-
JI0 OOHapyKeHO, YTO MMEITCAs BUIbLI KUBBIX OPraHU3MOB, KOTODPbIE
npubIu3NTEeILHO ONMHAKOBO PearupyioT Ha OIUHAKOBble BHEIIHUE
BO3MENCTBUS U MOMNAHAlOT B ONUH TAKCOH. DO OMHOMY THIHIHOMY
npencTaBuTello TaKuX yCTONUYNBBIX TaKCOHOB Ob110 0TOOpaHO 11114 0o-
Jlee NeTaJbHBIX 3KCIEPUMEHTOB, YTO MO3BOJUIIO CYIIIECTBEHHO YCKO-
PUTH MCCHeNOBaHUSA U COKPATUTH PacXolbl Ha dKCIEePUMEHTHI.

8.4. 3anaunm okeanosiorun. [lannble B oqHoil W3 3a/1a¥ OKeaHO-
JOTUHU TpelCcTaBAsIn coboil cimenyioliee. B ompemenenHolt TouKe MU-
POBOTO OKeaHa Melalics SKCIMePUMeHT T U3MepPeHUo TeMIepaTyphl I
COITEHOCTN BOMBI Ha 16 pa3ubiX Tnybunax. B mpoTOKOT 3anuchBaInCh
2 KOOpIWHATH TOYKH U elle 32 xapakTepucTukn (16 TemmepaTyp u
16 comenocteit). Bcero Takmx TOYeK B MHPOBOM OKeaHe GBIIO MCCITe-



H8 I'naBa 4. Banayn takcoHoMun

nmosano okoxo 20000. Tak 9To TaKCOHOMUIO HYKHO OBIIO MeraTh Ha
Tabauie pazmepom 20000 x 34, u oHa ocyIllecTBISJIACH AATOPUTMOM
FOREL.

ABTOpPHI TaHHBIX BHIOPAIN OMUH U3 BAaPUAHTOB TAKCOHOMUU C Y-
CIIOM TaKCOHOB, paBHBIM 15. Korma onm mokpacuim Ha KapTe TOUKH
KaXkIoTo TaKCOHA B OMWH W TOT JKe IBeT, TO OOHAPYKUINCH 30HBI C
ONMWHAKOBLIMY TPOGUIIIME TeMTIepaTyp U colleHocTelt. B gacTHOCTH,
OBIIN XOPOIIIO BUIHBI M3BecTHBIe MOpckme Tedenus (['ombderpmm,
Kypocno), BBISBIIINCE U IpPYyTHe WHTEPECHBIe s OKeaHOIOTOB 3a-
KOHOMEPHOCTT CTPYKTYPHI MUPOBOTO OKeaHa.

8.5. 3agaunm pacno3HaBaHHs PeUYeBLIX CUTHAJIOB (<«KOIO-
Basg KHUTA®»). B cucremMax pacrmosHaBaHUs pedl YacTO HCIONb-
3yI0TCs CleKTpalibHble XapaKTepucTUKN, U3MepseMble Ha KOPOTKUX
yJacTKaxX CUTHAa, CIedyIoNInX mpyT 3a OpyroM. Kaxnwiii ygacTox
oTobpaxKaeTcs B n-MepPHOM HPOCTPAHCTBE CIeKTPAIbHbIX MPU3HAKOB
TOYKOM, & CJIOBO MOXKHO TPeNCTaBUTh B BUIe TPaeKTOPUH, MOMeYeH-
HOW STUMHU TOYKaMU. JOcie HaKOIIeHus o0ydJaloliero MaTepualia
NPOCTPAHCTBO NPU3HAKOB MOXKeT cofepKaTh COTHU ThICAY TOUEK, U
ecTecTBEeHHO ObIIIO Obl XPaHUTHL B MaMATU He BCe TOYKU, a OMUCHIBa-
follIe UX TaKCOHBI.

MeTrogaMu TaKCOHOMUE HelaeTcss TAKCOHOMUS TOYeK Ha Kk Tak-
COHOB W BBITUCHSIOTCS BCe TapHble paccTOSHUS Mexkny HuMm. Ta-
Kasg MaTpUTa MapHEX PACCTOSHIN Ha3biBaeTcs kodosot knu2otd. Ka-
JKOBI yYacTOK TPOM3HOCUMOTO CIIOBa MOMajaeT B OKPECTHOCTH IleH-
Tpa TOTO WIN WHOTO TakKCOHA. KEciam GuKCHpoBaTH HOMepa (KOIBI)
5TUX CaMbIX OJU3KUX TaKCOHOB, TO CIIOBO MOXKHO TTPEACTaBUTh MOCHe-
JOBATEIBHOCTBI0 TAKUX KOMOB. Jocie 0OyUueHus B MaMsTH MallUHBI
MOABIIAIOTCS TAJOHBI CJIOB B BUJIE KOMOBBIX MOCHENOBATEIBHOCTEI.

s pacmoznaBanus KOHTPOILHOTO CIIOBA €70 KOMOBas MOCIeNno-
BaTEeJbHOCTh CPaBHUBAETCA CO BCEMU 3TaJOHHBIMU TOCIeNOBATENb-
HOCTSIMU U BBIOUpaeTcss caMblil TOXOKUHT HTaI0OH. DPU HTOM HCIOIb-
3yeTcs NMHAMUYecKoe TporpaMMupoBaliie, KOTopoe TpebyeT 3HaHUS
paccTOsSHUIT OT BceX KOMOB 3TAJIOHa JI0 BCEX KOMNOB PacClo3HaBAEMOI0O
clioBa. Dajuyue KONOBOM KHUTHU TO3BOJSET CYIIECTBEHHO YIIPOCTUTH
TOT TPpynoeMKmuii sran. Temeph MOCTAaTOYHO JAUIIEL yKa3aTh HOMepa
IBYX KOIOB U pacCcTOAHUE MeXAy HUMU OyHeT U3BIIeYeHO U3 KOIOBOI
KHUTH.

DepBUYHOE BEKTOPHOE ONMUCaHie BOMBIIOr0 YHCIa YUACTKOB peun
TpebyeT UpesMepHO GOMBINNX 3aTPAT MAIIUHHONW TaMsATH. B cBsI3m
€ 5TUM IS TAKCOHOMUU TAKOTO MaCCHBA [TAHHBIX TpUMeEHAeTCH all-
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TOPUTM THIIA OIMHcanHoro Boimre ajgropuTMa DINA. Has dopmupo-

BAHWA KOMOBBIX TOCTENOBATENHHOCTEN MOKET OKa3aThCA TOIE3HBIM
anroputm SETTIP.

8.6. Ilpyrue oGisiacTu nmpuMeHeHus. B ITOYBOBeNeHNN aJiTo-
PUTMBbI TAaKCOHOMUU MPUMEHSIOTCA JJIS KJAacCUuGUKAIUU TUTIOB TTOYB,
4TO 0COOEHHO BazKHO NpK pa3paboTke KagacTpa IIOYB IJs 1elieil Tpu-
BaTU3ANUY 3eMIIN.

AHanus moromHbIX TAaKCOHOB, TOMYUYEHHBIX HA MAaCCUBE TPexXJer-
HUX MeTeopOJoTUYecKnX HabIiomeHni B 30He JecoB KpacHospckoro
Kpasd, TO3BOJMII OOHAPYXKUTH HECKOJIBKO TaKCOHOB, Ky/la MOMAJU ITHU,
KOrzia B MecTe HabBIIONEHUs BO3ZHUKAIU TOXKAPbl. ObLIN TaKCOHBI €
50 TpoleHTAME TOKAPHBIX MHEl 1 ObIIN THE (T. €. TaKWe COYeTaHTs
MOTOMHBIX YCIIOBIIT ), KOTIa MOKAPOB He HAGIIONAIOCh. DTH NaHHbIe B
COYETAHUN C TTPOTHO30M TOTOMIbI MO3BOASIOT IIAHUPOBATH O TUMAb-
HOe paclpefelieHlle PecypcoB NPOTUBOMOKAPHBIX CIIYKO.

AHanus nCHXOIOTMYECKIX XaPaKTePUCTUK CTYIEHTOB DepMcKo-
ro yHUBepCUTETa MO3BOJIUI BBIIEIUTH IPYIIIbLI CTYIEHTOB ¢ OINHAKO-
BLIMU XapakTepucTUKaMu. Taxoil MaTepual MoOXKeT TTOMOYEL B ONTH-
MaJIbHOM (POPMUPOBAHUN COCTaBa YUeOHBLIX T'PYII, B BbIOOpEe TUINY-
HBIX METONUK KOPPEKIUM MCUXOJIOTUYECKNX XapaKTepUCTUK CTyHeH-
TOB U T. II.

§ 9. DekoTopble NONOJHUTENbHBIE 3aMeUYaHU A

O TaKCOHOMNN

DenCKyIIeHHOTO TOIb30BaTeNss OOBIYHO 3aHUMAeT BONPOC, CYIIle-
CTBYeT I «OOLEKTUBHALY, «eCTeCTBeHHasy» TaKCOHOMUS WM OHA
Bcerna «cybbrekTuBHa»?! OQTBET HA H5TOT BONPOC COCTOUT B TOM, 4TO
B KaXKMIOH TaKCOHOMUW WM KIACCUPUKATNT UMEIOTCS dIeMeHTH Kak
cyOBEKTHBHOTO, TaK W OOBEKTUHBHOIO. DTO XOPOIIO WILIIOCTPUPYET
mpumep u3 Kauru M. Donrapma [20], mpuBenennbrit Ha puc. 11. 3mech
n300paxkeHtl MecTh PUTYP, KOTOPhIe MOXKHO Pa3flelnTh TO-pa3sHoMy U
Ha pasznoe YWCI0 TakconoB. Tak, eciim o6paliaTh BHIMaHNe Ha BT,
TO BBINENWTCS IBA TAKCOHA: CBeTIHHIe W 3aIITPUXOBAHHBIE GUTYPHI.
Ecnw m3MepsaTh uncio yrioB, To obHApyKaTCS TPU TaKCcoHa: GUTYPEHI
¢ TpeMs, 9eTHIPbMs W OECKOHEUHBIM UHCIOM YTIOB. LCIuW cMOTpeTh
Ha TIOMIAIE GUTYP, TO MOKHO BBUIENUTH I B TAKCOHA (6ObINTe I
MaJible), I TPH TakcoHa (GOIMbIIINTe, CPEIHIe I MAJbE).
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Orciona BUIHO, 4TO OI[HOIZ{:‘%(ZC&MJ()II/)I e€CTeCTBEHHON>, «aDCOTIOTHO
00 HLeK TUBHOI», TAKCOHOMUN He cyIlecTByeT. Bce pealbHBIe 06HEKTH
nMefoT 6ecKOHeTHOe YUCIIO CBOWCTRB, U BhIIeIeHe HeKOTOPOTO KOHed-
HOTO MTONMHOKECTBA 5TUX CBONCTB — aKT cy6BeKTUBHBIN. Mephr G-
30CTH, KPUTEPUN KauecTBa TakkKe BBRIONpaioTcsS CyOBeKTUBHO. Femm
M3BECTHA TeJTh, st TOCTUKEHNS KOTOPOIT eaeTcs TaKCOHOMIS (T. e.
IPU HATWIHN «CYIEPIeTns ), TO Ka4eCTBO TAKCOHOMUN TPOBEPSETCS
TeM, XOPOIIIO JIT OHa CHOCOOCTBYET HOCTUKEHUIO DTOU Ienn, ynobdHa
M, DKOHOMWYHA ¥ T. I. JTa IPOBepPKa HOCUT OOLEKTUBHLIN Xapak-
Tep, HO BHIOOD CyTMepIeln OmsITh-Takl CyOBLeKTUBEH U M OMHOW CY-
meprefn TaHHas TaKcoHOMuUs 6ymeT Xopollell, a mis IpyTroil — HeT.

WNHorma MOXKHO BCTPeTHTHCA € CY:KIOEHIEM TaKoTo poma: <«AJ-
TOPUTM TaKCOHOMUH MTaJ TJIOXOW pe3ydabTaT: BBIIETUIICS OOUH OYeHb
6OIBINION TaKCOH, TPU TOMEHBINle W OCTalbHbIe TOYKU PacChIalINCh
0 eOUHNYHLIM TaKCOHAM». Je BCerma B TaKOM pPe3yiIbTaTe IOBIHEH
AJTOPUTM TaKCOHOMUN. BeTpedaroTces maHHBIE, KOTOPBIE TTOPOXKIEHE
OOHWM OTHOPOIHBLIM TTPOTECCOM, MOTYT OBITEH ONMUCAHbl HOPMAIBHBIM
3aKOHOM paclpelielieHus, I HIKAKoi adTopuTM TaKCOHOMUHN He pase-
TUT TaKyIo BEIOOPKY Ha b NN 7 «CAaMOCTOSTeNbHBIX®> TaKCcOHOB. B Ta-
KOM caydJae B yTellleHne MOXKHO cKa3aTh, YTO TaKCOHOMUS He TOIHKO
TMO3BOASIET BHISBUTH CTPYKTYPY XOPOIIO CTPYKTYPHUPOBAHHOTO MHO-
JKecTBa, HO U TOKazaTh, YTO HEKOTOPOe MHOXKECTBO TOMOTEHHO, OHO
He paccllafBaeTcsl Ha W30JNPOBAHHBIE TOAMHOXKeCTBa. YacTo MMeHHO
5TO W Hamo ObIIO Y3HATH.

OBIBAIOT I Takume cuTyanum: «MeHs He ycTpanBaeT TakKas TaK-
comoMus. OOUH TaKCOH MOJYYMICS XOPOIIWi, B Hero MOmaln Heii-
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CTBUTEIBHO OOBEKTHI OMHOI U TOW e mpuponbl. A B Ipyrux Bce
mepeMertianoy. la, TakcoHOMHUs He WCKITOYaeT TaKOTO pe3yiIbTaTa,
NpUYnHA KOTOPOTO MOXKET JieKaTh U B IIOXOM KayecTBe alropuTMa,
HO MOXKeT OTpaKaTh U HeyJauHblil BHIOOD XapaKTepuUCTUK, OMUCHIBa-
oIX 06HeKTH. MoOXKHO 06HAPYKUTE, YTO XapaKTepPUCTUKN HEWH-
(hopMaTUBHBLI C TOYKHU 3peHus Toll cylepliesn, KOTOPYIO WHTYUTUBHO
CTaBUT Tepeln coGoif ToMk3oBaTenb. Tak YToO AaATOPUTMEI TAKCOHOMUH
MOTYT TIOMOYb Pa30bpaThbcs B TOM, NOCTATOYHO JIM MHOOPMATUBHBI
UMefoIInecs TMpu3Haku. KcTaTu, eclim MOTB30BATENI0 W3BecTHA Ya-
CTUYHAA KiTacCUUKAIUg, T. €. eClii OH 3HaeT OTHOCUTEIbHO HEKOTO-
poil yacTu 06bLeKTOB, KaKue JOJIXKHBI ObITh B OTHOM TaKCOHe, a KaKle
00532 TelIbHO B PA3HbIX, TO 3Ty WHOOPMAINIO MOXKHO UCIOIB30BATH C
noJib3oit st nesta, Hanpumep B agroputme ROST. Dpu ognux un Tex
JKe cBoiicTBax oOBeKTOB pe3yibTaT TaKCOHOMUUM MOXKeT OBbITh pas-
HBIM, €C/II MBI YYUTHIBAeM HX OTHOCHTENBHBIE Beca («BakKHOCTH ).
Opu BBIYHCIEHUN PACCTOSHUS MeXKNY OObeKTaMU p U ¢ BKIAI TPU-
3HaKa T; JOJIKeH OBITH MPONOpHUOHAIeH ero BecoboMy Kosddumnuen-
TY 7;, TaK 4TO eBKIUNOBO paccTOsHUe 7(pg) B N-MEPHOM IPOCTPAL-
CTBe onpenesseTcs CaedyomuM obpa3oM:

r(pq) = > A/ 7ilwip — 2jg)?

j=1

3HaueHNe BecOB y; MOXKHO YCTaHOBUTH 3apaHee, HO MHOTIA 3a-
lladya, COCTOUT MMEHHO B TOM, YTOObl HallTM OTHOCUTENBHYIO BaxK-
HOCTH PA3NUIHBIX XapPaKTepUCTHUK. Icanm W3BecTHaA KedaTelbHas
TaKCOHOMMUS, TO, pelllas oOpaTHYIO 3a0a4y, MOXKHO ToA0OGpaTh TaKoe
coueTaHWe BecoB ¥;, IPH KOTOPOM HOIyJaeTcs HMeHHO 5Ta TaKCOHO-
Mud.

MmuoroneTHUl OTBIT TPpUMEHEHTS AITOPUTMOB TaKCOHOMUT TOKa-
3aJ1, YTO TAKCOHOMUWYECKU aHAJN3 TaHHBIX sSBIAeTCS MOIIHBIM Cpell-
CTBOM TIO3HAHUSA 3aKOHOMEPHOCTEN M3yJyaeMblX OOBEKTOB WU sBJe-
HUA.



I'nmaBa 5

PacniosnaBanue o6pa3oB

MeTonpl TaKCOHOMUM, OIMCAHHBLIE B IIPeNbLIYIeil riaase, MO3BO-
JAI0T CO30aTh HavaJ bHyO KJIaCCHPUKAIIIO 3alaHHOTO MHOKECTBa M
06bekTOB. DTy Kinaccuduranmio S = (81, 82,...,57,...,5;) MOKHO
3a@UKCHPOBATh [ OyAyIlero mo-pasHoMy, B 3aBUCHMOCTH OT ee Ha-
3HaYeHNUs. DaloOMHNUM, YTO IO KIacCHPUKaINN 3a0ad aHaain3a NaH-
HBIX (ri1. 2, §2) samava tuma 1.3.D win 3amava TaKCOHOMUH B3aKIIIO-
qaeTcs B IPeNCKa3aHIN BCEX HIEMEHTOB HoBoro (n + 1)-ro (kmaccu-
GUKANNOHHOTO) cTOIONA 7 B IIKale HaUMEHOBAHIUIl, B KOTOPOM IJIs
KaKHoro oObeKTa a; HOJIKeH OBITh yKa3blBaH HOMeD ero TaKCOHa
(ximacca) s;. JovroMy Hanbolee pacIpOCTPaHEHHLL c10co6 IpencTa-
BJICHUS Pe3ysbTaTa TaKCOHOMUN COCTOMT B IepedOpMUPOBAHUN HC-
XONHOII TaOIUIbI JaHHBIX IIyTeM COOMpaHus B OTIe/NbHbIe CJION BCex
m; cTPOK (OGBEKTOB), BXOMSIINX B OMUH I TOT ke [-il TaKcoH.

st 6omee KpaTKOTO TpeCcTaBIeHNs OCHOBHOTO CONepPXKaHUs Ta-
KOif TabJauIIbl MOXKHO 3alUCaTh, HATPUMED, CpelHle 3HAUYeHUs U JI1C-
TepCHIo XapaKTepucTuK o60beKTOB KaXKIoro Takcona. MoxkHo coxpa-
HUTH [0 OMHOMY I HECKONBKO THIMYHBIX TPeNCTaBuTeNell (Ipere-
IEeHTOB) W3 KaXk[IOTO TakcoHa. MOXKHO B IPOCTpPAHCTBE XapaKkTep-
CTUK ONMMCATh I'PAHUIILI, KOTOPLIMU TAaKCOHBI OTHENAIOTCH NPYTr OT
npyra.

JIo60e W3 TakWX ONUCAHUN TpencTaBaseT coboil o6OBITeHHBIH
obpa3 KaxKIoro Kiacca. [Cam Tocie >TOTO TMPembABISeTCs HOBBIH
00beKT ¢, He YUaCTBOBABUINN B TaKCOHOMUM, U TpebyeTcs OTHECTU
ero K OMHOMY U3 k UMEIOIIHXCs KIacCoB, TO HYKHO TMPOAHAIU3UPO-
BaTh XapaKTepUCTUKN 00beKTa ¢ U paclio3HaTh 00pa3 TOTro KJIacca S,
Ha KOTOPHIN HaHHBIT 06heKT Hanboiee MoxoX. Takas mpolenypa mo-
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AyYWIa B IUTEpaType MO aHAIN3y MaHHBIX HA3BAHIE PACno3HA6AHUE
06pa306 M COOTBETCTBYET 3amade Tuna 1.1.9, B RoTopoil TpebyeTcs
TpencKa3aTh OMNH 5IeMeHT B CTONOIE, M3MEPEHHOM B ITKaje HalMe-
HoBaHWil. Fe pemrennio mocBsimero Gonbioe dnciao pabor (Hampu-
Mep, [26,62,63,69,94,132,140]). Da BXOm alIropnT™Ma pacro3HaBaHIS
OOBTUHO TIOmaeTcs Tabanna TaHHEX, KOTOpas CONepKNT m OOHeKTOB
(a1,a2,...,G;, ..., 0y ), ONNCAHHBIX XapaKTepUCTHKAMU (Z1,Z2,...,
Tj,...,Tpn,%). XapaKTePUCTUKA 2 N3MEPeHa B HOMIHAIBLHOM IIKAJIe I
OTpaXkaeT PesyabTaT TPEeIBAPUTEILHO TTPOBEIECHHON KIacCuhpuKaAIIN
(Takcomomum). DTa Tabnuna oGBIYHO HOCHT Ha3BaHUe 06yuaowad
eblbopKa.

Dporiecc pacmo3HaBaHusd BKIOUaeT B ceGs IBa OCHOBHBIX HTalla;
STl 06y YeHNs W 5TAT TPUHATHS PENTeHUS I KOHTPOIA. Ja TepBOM
sTalle aJTOPUTM JOIKEeH OOHAPYKUTH 3aKOHOMEPHYIO CBI3b MEKITY
3HAYEHMSMI OIMMCHIBAONINX XaPAKTePUCTHK (L1 + &, ) U 3HAYCHHEM
TeNTeBOi XapaKTePUCTUKN 2. IJTa 3aKOHOMEPHOCTH BBIPAKAeTCT B
BU/IE PEIAOIIET0 TPABUIA, ¢ TOMOITIHI0 KOTOPOTO Ha HTalle KOHTPOIST
o XapakTepuCcTURaM JTI060To 06HERTa ¢ MOKHO TTPUHIMATE pellleHne
0 eTo TPUHAMIEKHOCTH K OMHOMY M3 Kk TMMEOIInXcs 06pa3oB.

§ 1. AnropuTMbl IOCTPOEHHUS PEMIAIOIINX

npaBul

B mmeamprHOM ciydae (ecnm GBI OH KOMY-HHOGYIb BCTPETHICS B
KI3HI) KaKIbI 06pa3 6511 GBI MpefcTaBieH He 06ydaloneil BEIGOp-
KOil KOHEYHOTO 0ObeMa, & TMOMHBIM aHaJNTHIeCKIM OMNCAHUEM pac-
IpefesleHist BCeX CYIIeCTBYIOMIMX B MPUpPoIe 00BeKTOB HYTOro 06pasa
(TeHepasbHON COBOKYNHOCTBIO). MJIsi caMBIX TPOCTHIX BapHaHTOB
HTOTO MACATBHOTO CIAyUYast, KOTIa pacipenesleHus TOMYHHIIOTCA YHII-
MOTANBHOMY 3aKOHY (JIydIlle BCeTo, ecim HOPMAJIBHOMY ) I BCe Xapak-
TEPUCTHUKY U3MepPeHbl B CHIBLHBIX IIKaJaX, B JIHTepaType 10 MaTe-
MaTHYecKoil cTaTmcTuke (Hampmvep, B [5,111]) omucansl cTporne n
U3SAIIHBIE METONBI MOCTPOSHUS PITAIONINX TPABIII, TapaHTHPYOIINX
MIHUMYM CYMMapHBIX TOTeph R oT ommGoK pacno3sHaBaHus. Dpak-
TUYECKN BCe peasibHble 3aaull Paclo3HaBAHUS OTIMYAIOTCS OT Ta-
KOTO MIEATBbHOTO CIIydas CaMbIM BajKHBIM CBONCTBOM: OTCYTCTBHEM
3HAHUIN O TeHepalbHON COBOKYIHOCTH M3y4aeMbIX OOBEKTOB.

CTpaTerun noBeleHns paclo3HaBaTeseil B TaKOM HeollpeleeH-
HOM TIOJIOKEHUN HeIATCs Ha IBa HalpasieHus. Vnes mepBoro Hampa-
BIICHUS COCTONT B CTPEMIIEHIE MaKCHUMAJIbHO TPUOIN3NTEH PeadbHyTo
CUTYAIM0 K MHeATbHOMY CIydalo U 3aTeM CIOKOIHO MOMb30BaThCs
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CTPOTUMU aHAJUTUUYECKUMY MeTOMaM¥ NOCTPOeHUS pelllalolinX mpa-
BuA. Ils 5TOTO memaeTcs TpenioaokKenne 0 TOM, YTO TMeIoIIascs KO-
HeuHas BHIOOPKA XOPOIIO OTpaKaeT CBONCTBa reHepaJibHON COBOKYII-
HOCTH (TUIOTE3a O MPeNCcTaBHTENbHOCTH BBEIOOPKN) I 4TO T€HEPAIhb-
Hag COBOKYMHOCTHL MOMYUHSAETCH ONHOMY WMJIU CMecH U3 HEeCKOIbKUX
Hanbo/lee MPOCTHIX 3aKOHOB pacipeleneHns (THIOTe3a O THIEe pac-
Ipeesienns ). DPUHITHE STUX MPeINON0KeHNT SKBIBAICHTHO TIPH-
HSTHUIO THIOTe3bl YHUMOmAIbHON KommakTHOocTu H,. Docie sToro
CTPOUTCS TUTMOTeTWYIECKAs MONeNh WHeATLHOTO ciaydas. YMOM DTY
MOZ€eIlb MOXKHO TIOHSTh, HO BCe PABHO B Hee, KaK U B JIIOOYIO IPYTyIo
SMTUPUIECKYIO TUTMOTE3Y, MOXKHO TONLKO BepUTh. DB 3ammuTy >Toi
BEPBl MOXKHO TIPUBECTU TOT PEryispHO NOBTOpAIONINiicS GaKkT, 4To
¢ pocToM oOBbeMa obyvalolrell BLIOOPKYN pa3HUIla MeXITY BeJIMINHON
peaJbHbIX OLIMOOK paclo3HaBaHUA U BeJWYUHON OINOOK, MpelncKa-
3BIBAEMbIX MOMEIbI0, OGBIYHO yMmeHblmaeTcs. CllenoBaTelbHO, TPU
6oJrbIIoOM 00BeMe oOyvalolTeil BLIOOPKN paccMaTpuBaeMas THUIOTE3A
nMeeT JOCTATOYHO BHICOKYIO CTelleHb MONTBEePAKIEHHOCTH.

K Tomy ke genoBek MOCTOSHHO TpUHUMAaeT pelleHus 6e3 TapaH-
Tl nx 6e301IMOOYHOCTH, U ONUCAHHOEe BBIlle TTOBe/leHle paclo3Ha-
BaTesell HOCUT BIIOIHE eCTeCTBEHHBIN XapakTep. DJepexon K Uhealib-
HOIl MoOIeNu MO3BOJSeT Ha TMOCIeNYIONIMX Ilarax Nnpolecca MoCcTpo-
eHUs pelllalolllero NpaBuila He «u300peTaTh BEIOCUIIENS», & UCHOIb-
30BaTh CTPOTYIO M XOPOIIO pa3paboTaHHYO MaTeMaTUYeCKylo Tex-
HUKY. BMecTe ¢ TeM cienmyeT TOMYepKHYTH, YTO HATUINE DTOTO PUC-
KOBaHHOTI'O 3BPUCTUYECKOTO Tlepexolla K MONe N He MO3BOJSeT CYNTATh
pellileHle pealibHON 3a/ayn paclio3HaBaHUd B IleJoM Oe3ylnpevyHo Ma-
TeMaTHIeCKN KOPPEeKTHBHIM. TakK UTO MPUMeHUTEIBHO K PeaTbHBIM
3a/lagaM PACTO3HaBAHUA JefleHlle MeTONOB Ha «XOpollnes» — CTaTH-
CTUYeCKNe N «INIOXWE» — 3BPUCTHYECKNE He MMeeT TToHd coDOIl OCHO-
BaHMWI.

Bropoe nampannenne He cTaBUT Tepen coboil Mean MTOTAHYTHCIT
JI0 BBICOKMX IJIAHOK MaTeMaTHuecKoill craTuctuku. O6beM BHIOGOPKH
BO MHOTUX peaJbHbIX 3aayax ObIBaeT CIUIIKOM MAJIbIM M CPaBHU-
MBIM € Pa3MePHOCTBIO MPU3HAKOBOI'O MPOCTPAHCTBA. Jojiee TOro,
THOTHA YNCIO 0O0LeKTOB Mayke MeHbBIle Ynciaa MPuU3HaKoB. Takx, Teo-
JIOTH B pe3ylibTaTe TIIATEeIbHOTO U3yUYeHuss KuMOepauTOBbIX TPyOOK
MOTYT CBEeCTHU Bce HaHHble B TabHUIly, COCTOMAIIYIO, HanpuMep, u3 40
06bexkToB 1 200 TpU3HAKOB, U NMPEMIOKUTH TOCTPOUTH O Heil pellla-
folllee TPABUIO HJs PasjiMyeHns aJIMa30HOCHBIX TPyOOK OT MyCTHIX.
CrpaHHOl B 5TUX YCIOBUSAX BHITJsIena Obl TONBITKA CTPOUTH 1T0 Ta-
KUM HaHHBIM MOJIENb paclpelejeHns U paccyKIaTh O ee TapaMeTpax.
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EnmmcTBenHO, 4TO OCcTaeTcs MelaTh — ONMepeThes Ha THUIOTe3Y Jo-
KanbHoll KoMmakTHoCTH H;. Ecnwm HoBas TpybKa Mo cBOMM CBOHCTBAM
BoJIbl1le BCETO TIOX0XKA Ha OIHY 13 U3BECTHBIX aJIMa30HOCHBIX TPYOOK,
TO cHenyeT OTHECTH ee K 06pa3y alMa3oHOCHBIX. Icnm XKe camas
6im3kas Tpybka oKaszallack MyCTOW, 3HAYNT, I 3Ta HOBad TpybKa He
CONEPAKUT aJIMA30B.

B cBete ckazamHoTO MBI 6ymeM paccMaTPUBATH 3a1ady TOCTPOe-
HUS pelllafollinX NPaBuil I TpexX pa3JudHbIX CAydaeB: WIeaJbHOTO,
¢ OMOpoil Ha MOAENN U ¢ ONOPOoil Ha TIpeleleHThI.

§ 2. CrarucTuuecKne periapiime IpaBmuiia

DyneM CUYUTaTh, YTO PacCIpelesleHus TIeHepaJbHbIX COBOKYITHO-
creil Bcex k 06pa30B U3BECTHBI U MOMUUHSIOTCS HOPMAIBHOMY 3aKOHY
¢ OMMHAKOBLIMU U eINHUYHBIMI MaTpHUIaMu KoBapuamnuii [5,21]. Do-
BEPXHOCTU PABHON TJIOTHOCTU BEePOSTHOCTeH B 3TOM cliyyae IIpell-
CTaBJSIOT co0oll runepcdepbl ONMHAKOBOTO VIS BCeX 00pa3oB palii-
yea. AHanuTuuecku TakKue pPacpelielleHus OMUCBIBAIOTCS CHEeNyIo-
HIUMU YPaBHEHUSAMMU:

f(z)= e~ (z—ma(z—u)/2 (1)
B OOHOMEPHOM CIydae I

f($1,$2,...7$n) = ke_(X_M)IA(X_M)/2 (2)

B MHOTOMEDHOM CIIydae.

Dopuupytomimit KosduiumenT K BeIGHpaeTcs TaKuM o6pas’oM,
4TOGB HHTETPaJl 10 BCEMY N-MEPHOMY €BKIIIIOBY IPOCTPAHCTBY IIe-
PEMEHHBIX 21, ..., L, ObLI PaBeH eIUHNIE. DOIOKITEIbHAS TOCTOSH-
Hast @ B BhIpakeHUn (1) 3aMeHsieTcst B (2) TOMOKUTENBHO OIPeIeseH-
HOW (CHMMeTPIaeckoil) MaTpueit

al a2 e Ain
a1 a9 e aon
A= asl as2 e asn
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CKaHﬂpHaf[ BeJInYHa U4 1 CKalldpHad mepeMedHasds T 3aMeHeHBI COOT-
BeTCTBEHHO BeKTOpaMu

41 T
M=|"1, x=|["
o T

Belmonsenne ycaoBmil, HalOXKeHHBIX Ha K, mpuBomuT (opMmy-
ay (2) x Bumy

Flar, a0, yw,) = (2m) 72 /[A] e (XM A2 0 (3

Amnanus 5TOTO BhIpaXKeHUs MoKasbiBaeT, uTo M — MareMaTudeckoe
OXKUIaHWe MHOTOMepHOTO BekTopa X, a A — wmarpuna, obpaTHas
MaTpHlle KOBAPUAINl KOMIIOHEHT >TOTO BekTopa, T. e. M = M[X],
A=V~ roe V — nonoxuTenbHo ompenelienias KoBapUallloOHHAas
MaTpuiia BekTopa X .

Yuureas, uto (X —M)'VH(X -M)= Q™' — nonoxurensuo
onpeneneHHas KBanpaTudHas GopMa U MATPUIBl KOBapuanuii Bcex k
06pa3oB paBHLI MeXIy coboit, T. e. Vi =V, = --- = Vi, monydaem,
1TO OTHOMIeHNe BeposiTHOCTH P;( X ) mpucyTeTBus B Touke X o6pasa i
K BepositHocTn Pj( X)) mpucyrcrsus B X o6pasa j (OTHOLIEHIe IPaB-
TOTIONOGN ST ) MMeeT B

0,5(Q- =@ 1!
Py(X)/Pj(x) = ™39 =90,
Y 1o6HO TOIB30BATHCA JIOTaApHGMOM OTHOIIEHHUS TTPaBIOTONO0N S :

Pi(X)

"B

—5(Q7 - oY) = Uy(x) (4

B coorBercrBun ¢ kpurepuem Jaiteca, ecnn U;;(X) > 0, To Touka X
npuHamIexuT obmactu obpasa ¢, a ecaun Ui;(X) < 0, To X cunta-
eTcs oTHOcsIelcs K obpasy j. CrenoBaTenbHoO, ONTUMAaIbHAS TPa-
HIIA TPOXONUT 1O TouKaM, B Koropbix U;;(X) = 0. Ypasuenue (4)
3aMUIIeM B CJHEYIOeM BUe:

Uij(X) = %(Q;l -Q7)

= XV M = My) — (M = MYV M - ). (5)
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Ecnuw mapamerpnt X He3aBUCHMEBI, TO MATPHUIH KoBapuanuii V u
obpaTHLIe UM MaTpuubl V ~! nuaromaibmbl:

J12 0 0
V= 0 099 0
0 0 op,
1/0’12 0 0
V_l _ 0 1/0’22 0
0 0 1/Un2

ODpu sToM ypaBHeHme (5) IpUHIMaET BILI
Uij(X) = Z {[na(D) = i (D)) of }ay
=1
S 0 - Ptk =0, )
=1

BBens oueBunmHBIe 0603HAUEHWS, TOJYUINM ypaBHeHTe (6) B (dopuMe,
OOBIYHOW IJIA TTpe/ICTaBIIeHNA TUIePINIOCKOCTEN:

n

Uif(X) = ai(ij)z — ao(ij) = 0. (7)

=1

Temeps, moncTaBuB B ypaBHeHne (7) KOOPAMHATH KOHTPOIBHON TOU-
KW ¢, MBI IIOJIyYIM 3HadeHne Beudnunl U, n 10 ee 3HaKy OINpeNesnM,
o KaKyIo CTOPOHY OT pasmessioNiell TPaHUNBl HAXOOUTCS TOUKa X
1, CIIeIOBATENBHO, KAKOMY M3 IBYX KOHKYPUPYIONINX 06pa3oB ¢ WA J
OHa MPUHAJJIEKUT.

Bun nuneiinoi permatortiell TpaHUNBI OIS IBYMEPHOTO CIyUas MO-
KaszaH Ha puc. 12,a. B mMHOTOMepHOM TpOCTpaHCTBE Pa3melsIiolas
rpaHuIla NpefcTaBigeT cobOil TUIePIIOCKOCTh, KOTopas mepleHou-
KyJdpHa OTpe3Ky TpsMoil, coemuHsionlell MaTeMaTudyecKue OXKuUia-
HUSI, W JeJUT 5TOT OTPE30K MOMojiaM. Je3yIbTaT Paclo3HaBaHUS 110
OMUCAHHOMY TpaBuily OyHeT TOYHO TaKUM XKe, eCli BBIYUCIUTH pac-
crostans r(X,[) oT Toukn X 10 MaTeMaTHYIeCKUX OKumanmit [ Beex k
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06pa30B U BbIOpPATh TOT o0pa3, paccTOAHUE O KOTOPOIO OKaXKeTCs
HaUMeHbBIIUM. JTOT MeTOM, U3BECTHBIN TOI Ha3BaHUEM KOPpeJsiiu-
ounbrit [101], He TpeGyeT XpaHeHUs B TaMsATH MAIWHBI aHATHTHITE-
CKOTO ONUCAHUSA pacupeneseHnil oOpa3oB WM ypaBHeHUs pas3lesio-
X THTMePINocKocTeit. ocTaTouno MOMHUTE TONBKO KOOPOUHATH

AFAMANF A MITTTAAT TIV AN TE T a TTTeTr AR anAan

\/

a 73

Ecnuw mpuuaTs, 9TO M&Tpm{lglu %()]313?})1/1&]_[1/1171 pa3HbIX 006pa30B He
OIIMHAKOBBI, TO TOBEPXHOCTU PABHON MIOTHOCTU BEPOATHOCTU Oy-
OyT UMeThb B SJTHICONIOB PA3HON OPMEHTAINN I pPa3’MepoB (CM.
puc. 12,6). Demratoiiee TPaBUIO MPH HTOM UCIONB3YET Pa3nessio-
HLIYIO MOBEPXHOCTH BTOPOTO TOPSAKA U UMeeT CHeMyIOlIuii Buil:

U :m% W+ 5@ Q). ®)

CunraeM, 9T0 TOUKa ¢ ¢ KoopauHaTaMu X OTHOCHTCS K i-My o6pasy,
ecin Ui ;(X) <0.

Crparerus, Ipu KOTOPOIl yYHTHIBAIOTCS TOABKO AIOCTEPUOPHbIE
Bepositnoct Pj(X) u P;(X), HaseiBaeTcs crpaTerueil udea.ibnozo
nabuodamens [158]. Deanbiblil ke HabIODATENb B Ipoliecce IIPH-
HSTHS PellleHIl yUNThIBaeT U Ipyrie $akTopel. B dacTHOCTH, ecan
peamsanuio i-ro o6pasa 1o OMINOKe OTHECTH K j-My 06pasy, TO 5TO
npusenetr K motepsM C'(j/¢). Opu ourn6Go9HOM PACIO3HABAHNN TIPe-
cTaBUTels j-ro 06pa3a B KauecTBe PeAlM3allNl i-r0 06pasa MOTepn
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pasubl C(¢/7). Ecam s>Tu motepm He ONWHAKOBBI, HAIPUMEp, eCIN
C(j/i) > C(i/j), To BEITOmHEE PA3NENSIONIYIO TPAHUIY CABIHYTH B
CTOPOHY TeHTPa j-T0 o0pa3a (IyHKTHPHAS NUHNS Ha puc. 12,a). Dpu
5TOM CyMMapHBIe TOTepd MeHbLIle, YeM ITPHU UCTONL30BAHUN CTpaTe-
TUW WIealbHOTO HabIiomaTens.

B cepenmne 50-x TomoB v omHOTO U3 HAIMNX TYPUCTOB, BepPHYB-
mrxes 13 Munun, 6601 o6HApYKeHbl TPU3HAKN 3a60IeBaHns Ty MOii.
OBUIN TPUHSATHL SKCTPEHHBIe MepPhl, HAallPaBIeHHBIE TIPOTHE PACIPO-
CTpaHeHNUs HTOTO 3a00JeBAHUS: W30IUPOBAHLI HA HECKOIBKO MHeH o
TIATeIbHO 06CTenoBaHBl He TONLKO TYPUCTH MAHHON TPYUNIEI, HO
TaKXke BCe WX PONCTBEHHUKN, MPY3bsS U COCHYKUBIHI, ¢ KOTOPLIME
YCIeIn TOBUAATHCS 3TU TYPUCTHI OCHe MOe3NKN. 3aTpPaThl Ha 5TO
MepOMpusTHe OBINN HeMAlBIMU, HO OHH OLINN HecpaBHEHHO MeHDL-
IITMHA O CPABHEHWTO ¢ 3aTpaTaMu, KOTOphle TOTpeboBaINCh OBl IS
TUKBUOAINN BO3MOXKHOTO 09ara SIUUMEeMUN IyMBl. Ecaum 6anmuimono-
cuTenell cINTATH MPENCTABUTEIIME o6pa3a ?, a 3MOPOBLIX Jomell —
obpasa j, TO CTOMMOCTH «Tpomycka menu» C(j/i) Topasmo Gomblire
CTOMMOCTH «JOKHO# TpeBoru» C(i/j). B sTom ciyuae mydme o6-
CIeNOBATH JIMIIHIOW COTHIO 3[0POBBIX Jfofell (T. e. OTHECTH WX TO
ommbke K 06pa3y 1), 9eM OCTaBHTb He3aMeIeHHBIM OIHOTO PeATHHOTO
GaIMIIOHOCUTENST W3 06pasa ¢, OTHeCS ero Mo oIInoKe K 06pasy 3110-
POBBIX J.

Opu MpoUNX PABHBIX YCIOBUAX Tefiecoobpa3Ho obpaliiaTh BHIMA-
HIle Ha allPHOPHYIO BEPOSTHOCTH HostBieHmst o6pasa Po(X). Ecmn, ma-
TpuMep, peanu3annuy obpasa ¢ BCTpedaloTcs dYallle, 9eM pealm3aIun
obpasa j, TO IS MUHUMU3AINN OITNOOK pa3felsionias TOBePXHOCTE
MonkHa OLITHL CIBUHYTA B CTOPOHY TeHTpa Gollee pemkoro o6pasa j.
YdeT 5>TUX HOMOTHUTENLHBIX cOOGpakeHUi TPUBOOUT ypaBHeHNEe pe-
MTAToIIeTo MPaBmila K CHeAyIoNeMy BUOY: peanu3anus X OTHOCHTCS
K obpa3sy ¢, eciin

PZ(X)PMC(]/Z) (9)
Pi(X)P,;CGif5) —

Ecnw 5To HepaBeHCTBO He BHITIONHAETCS, TO KOHTPONBHAS peaanmia-
mus X cumTaeTcs TpuHamIexaleil obpasy j.

Uij(X) =

§ 3. AnreGpanueckne MeTOAbI MOCTPOEHUS

pemaIilmnx IIpaBunJi

B nmoclieaHee BpeMs HIMPOKOE pPaClIpOoCTpaHeHue IIOJY4YU/INn aJire-
6pa1/1qec1<1/1e MeTOHOLI IMOCTPOCHNA aJITOPUTMOB pPacCIlIO3HaBaHUA U IIPO-
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ruosupoBanms [42,62,63,116,138]. Cyrh anrebpamueckoro MOmXOMa
KOPOTKO MOXeT ObIThH OMCaHa TaK. JPENCcTaBuM, ITO HEKOTOPas 3a-
Jlava Pacro3HaBaHUs PeIlaeTcs ¢ TOMOIITbI0 KoHeuHOTo HaGopa ' pe-
mratorux Gyukuuit: C, HanpuMep, JuHelHas pernatorias GyHKIUS,
(s — xBanpatuunas, (s — npaBuio k Gnuxkaiiimux coceneit. Fciu
KayeCTBO MOAYUYEHHbIX d>TUMU GYHKIUAMEI PellleHuil oKaKeTcs HeyHo-
BJETBOPUTEILHBIM, TO MOXKHO PACIIUPUTH KPYT UCHOIb3YeMbIX HYHK-
nuil ¥ cpequm >TOTO PaCIIMPEHHOTO MHOXKEeCTBa TONbITAThCA HalTH
(GYHKIIUIO, KOTOpas MaBaJja Obl 60Jiee BLICOKUI pe3yabTaT.

DaccMaTpuBaeTcs NBa THTIa pacuiupenuii. Brauane HekoTOpbie
mapaMeTPpbl UCXOOHBIX GYHKINHA U3 KOHCTAHT IpeBpalllaloTcs B Tepe-
MeHHBIe. BapbupoBanune 3HAUYEHUSME STUX MePeMEeHHBIX TOPOKIAeT
HIMPOKUH KJlacc pelratolnnx GyHKIUNA TOro WM WHOTO THUIA: KOHeY-
HBbII nnn OecKOHeUHBII HAOOp pasAWUYHBIX TUMEPIIOCKOCTeRl, Habop
mpaBusl HIMKANIIETO cocena ¢ pa3sHbIMU 3HauYeHUssMU k u pasHoil Me-
TPUKOH NIl BLIUYUCIEHUS PACCTOSHWH MeXkmy Toukamu. Ilokasamo,
YTO MOYTU BCeriia B 3TOM MapaMeTpPUYecKOM pacUIUpeHUN MOMKHO
HallTu pelraionlyo GyHKINO, KOTopas JaeT ONTUMAaJbHOe pelleHue
ITaHHONM 3aadH.

Ecnw x&e BcTpeTummes Takol CIOXKHBIN caydail, 9TO ONTHMAIIL-
HOTO pellleHUs TOJYYUThL He yhaeTcs, TOTHa TpuUMeHseTcs Apyroii
(asrebpamdecknii) cmoco6 pacIIMpeHns Pa3sHOOOPasms PelIAoNInK
mpaBui. DJacCMOTPUM MHOXKECTBO ONepaTOpoB B Hal MHOXKeCTBOM
npocTeininx peiatorux npapuia C. C moMorbio ainrebpandecKux
omnepaTopoB B MOXHO U3 HaGopa MpocThix mpaBuii (' CKOHCTPYH-
poBaTh Hi060e Horee CHOXKHOE TMPABWIO A JJisi pellleHus 3aladu 2:
A(z) = BC. Hoxkasamno, uro muoxecrBo M(A) anre6Gpandeckn mo-
POXKIEHHBIX TTPABUJ COHEPAKUT ONTUMaJbHOE MPABUIIO /NI pellleHns
06Ol 3anauK pacmo3HaBaHus. Ja3paboTaH TaKxKe CIocod JOKaIn3a-
MY TOAMHOXKeCTBa TPaBU, CPelll KOTOPbIX HAXOMUTCSA ONTUMaJIbHOE
npaBusio. OmHAKO U TOCHE 3TOr0 KONUYeCTBO OCTABIIUXCS BapUaH-
TOB MOXKeT OKa3aThcs GoanImuM. [ coKpallleHus BEIYUCIUTEND-
HBIX TPYIOHOCTER TMPUMEHSAIOTCS eCcTeCTBEeHHble dBpUCTUYECKNe TPU-
eMbl KaK Ha >Tale oTOOpa Haumbosee TepCHeKTUBHBIX HPaBUI s
BKJITOUEHUS B UCXOHOEe MHOKecTBO (', TaK U Ha HTalle KOHCTPYUPOBaA-
HUS KJIACCOB UX MapaMeTPUUYecKoTo U aareOpandeckoro paclimpeHns.

Asnrebpanvyeckuil TONXON YCIEITHO TPUMEHSeTCs IPU PelieHun
3aay4 pacno3HaBaHus 0Opa3oB, B YaCTHOCTU B PacliOo3HaBaHUU U aHa-
n3e u3obpakeHuit 1 B 3aa4ax MPOTHO3UPOBAHUS MHOTOMEPHBIX M-
HaMHUYeCKUX ITPoTeccoB. B pycie »>Toro momxona HAXOMSITCS, HATPH-
Mep, MeTol KOJIIeKTHBOB perraforux npasmi (KDD) [138] u meron
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KoMuTeTOB [116].

Wnes meTona KOO cocTouT B cinenyiolieM. DycTh B HallleM pac-
nopsiKeHU uMeeTcs obyuatorias Boibopka A B mpoctpatcTBe X U
HECKOJIBKO pelllalorinX MpaBui. Jpennonaraercs, YTo pa3Hble IIpa-
BIJIA MOTYT OKa3aThCs «XOPOIIUMI» B OMHON YacTH NPOCTpaHcTBa X
u «mroxumMuy B npyroi. Kaxmwrit npusHax cucrembl X nMeeT KOHeU-
HOe YHCIO Ipafalliii, TaK 4TO TPpocTPaHCTBO X MOXKHO MPEICTaBUTh
COCTOSIIIINM W3 KOHEYHOTO KOJTWYEeCTBA «KI€TOUEK» (TUmeprapasiie-
TenumenoB). Dacmo3HaBaeMbIil OOBEKT ¢ TTOMECTIM B TPOH3BONBHYIO
KIeTOUKYy MpocTpaHcTBa X U NPUMEHUM ISl eT0 PAclO3HABAHUS BCe
peliatoriiiie npaBuiia Mo ouepenu. OQTMeTUM Te TpaBHiia, KOTOPhe
MPUHSIIN MPABWIBHOE PellieHne. 3aTeM mepeMecTuM O6HeKT ¢ B Ipy-
I'VIO KJIIeTOUKY mpocTpaHcTBa X U HOBTOPUM pacrno3taanue. CHOBa
OTMeTHM TPaBuiia, yCIeNIHO paboTaBile B 5>TOH YacTu NPOCTPaH-
crBa. Takum crnocoboMm TPOCMOTPUM Bee dacTu mpocTpancTBa X U
JUTSL KaxKIOTO Pellaloliero mpapuia yKaKeM T'PaHuIbl obaacT WK
nepedelb KIeTOUeK, B KOTOPBIX OHO OKa3aJioch HauboIee KOMIETEHT-
HbIM. Ja 5TOM 5Tan 0OyUYeHHUs 3aKaHUNBAeTCS.

Da srale pacno3HaBaHUs KOHTPOJIBHOIO 00BEKTA ¢ CHaYasa Oll-
penenseTcs MTPaBUIO, KOTopoe ObLIO Haumbolee KOMIETEHTHBIM IS
TO YacTHU MPOCTPAHCTBA, B KOTOPYIO MONAJ HaHHBIA OOBeKT. 3aTeMm
MO 3TOMY MPABWILY ONpeesisieTcs TPUHALIeKHOCTh 00beKTa K OMHOMY
3 pacio3HaBaeMbIX 06pa3soB.

B merome koMuTETOB B Haualile paccMaTpPUBAeTCs HIMPOKUIT Ha-
O0p pellalIiux IpaBuil, HATPUMED MapaMeTpuIecKoe ceMeiicTBO u3
KOHEUHOTO UHClla IunepiuiockocTeil. Kaxmmas MI0CKOCTb NeNUT IPOo-
crpancTBO X Ha IBe YacTHU, W HOPU PACIO3HABAHUU HBYX 0Bpas’oB
(i ™ j) MOXKHO YKa3aTh BEPOSTHOCTH TPUCYTCTBIUS TIPENCTaBUTeNel
>TuxX 06pa30B B ogHoil () u npyroit (b) wacTu npocrpauctsa: Pi,, Pj,
u Py, Pjp,. Ecnun B Kaknoit 13 dacTeil BepoSsTHOCTH PasHBIX 00pa3oB
oKaxyTcs onumuaxosoimu (P, = P, u Pj, = Pj) , To Takas mwioc-
KOCThb MHTEepeca He TpPeNCcTaBiser. Jolilee MOJe3HBIMEU OyIyT III0C-
KOCTHU, KOTOpble OTHENSIOT NPyl OT Hpyra oblacTu ¢ Mpeobiamai-
UM ITPUCYTCTBUEM OTHOTO U3 HBYX oOpa3os, Hampumep Pi, > P,
u Pj, > Pj,. Do 5Toit nHGOpMannl MOKHO BBIOPATH HOIMHOKECTBO
(kommexTuB) w3 S Hambollee «MHGOPMATHBHBIXS TIIOCKOCTE] .

Delllerlie 0 MPUHAIIIEKHOCTH PACIO3HABAEMOTro 00beKTa ¢ K TO-
MY WU WHOMY 00pa3y IPUHUMAETCs KOJJIEKTHBOM TPaBUI My TeM I'o-
socoBatusi. Eciu o6beKT ¢ OTHOCUTENBHO THOCKOCTH § HAXONUTCS B
o6JIacT @, TO 5Ta IIOCKOCTH TOJOCYeT B MOJB3Y 0bpasa i ¢ BeCOM
Pgiq, a B monb3y obpasa j — ¢ BecoM Fgj,. MoXKHO IpocyMMUPOBaTh
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rojioca, momaHHble BeeMu S MIOCKOCTSIMHU 3a t-if 0bpas, U MOJYUUTH
oneHKy P;. AHaJlormuHo moiydaeTcs cyMMa ronocoB P; 3a j-it o6pas.
DellleH1le B TONB3Y ¢-T0O oOpa3a npuHUMaeTcs, ecnu P; > P;. MoxHo
MOJIB30BATHCS HE CYMMaMU, & TPOU3BEHEHUSIME TOIOCOB.

Dpolienypa MOCTPOEHUs KOJUIEKTUBHOIO PeIatoliero mpapuiia
XOPOIIIO WITICTPUPYET BAXKHYIO POIb METOIOB PACIO3HABAHUS B PO-
necce mosHaHus. McxomHas cHTyalust XapaKTepH30Balach BBICOKOI
CTeleHbIo HEeOMpeNelleHHOCTH, OTCYTCTBUeM Kakoll 6bl TO HU ObLIO
MOJIeNT U3yUaeMOTO siBieHus. Kaxmas oTmeiabHas THIEPILIOCKOCTh
He TIO3BOJISIIA HAJIEXKHO OTINYATH ONWH 00pa3 OT Npyroro, T. e. Gbliia
«HEKOPPEKTHOI» pacmosHaloleil Monenbio. DapaMeTpuuecKuil Kirace
JAUHEHBIX Pelraoninx MPaBmil MO3BOJHI cHOPMUPOBATH U3 CBOETO
COCTaBa «KOPPEKTHYIO» PACTO3HAIOIIYIO Momelb. Kak mondepkuBaeT
10. U. ZKypagnes [62], mMeHHO TaKuM TyTeM ¢ TOMOIIBIO METONOB
pacrmosHaBaHUs CHUTyaluun B HeOpPMAIU30BAHHBIX Win cjiabo ¢op-
MAaJIU30BAHHBIX eCTeCTBEHHOHAYUHBIX OBJIACTAX OCHAIAOTCS hopMa-
JU30BAHHBIMU cpencTBaMu no3HaHus. Co3maBaemble TPH 5>TOM MO-
JleJTi TMO3BOJISIIOT OTBETUTh XOTs Obl Ha Bonpoc «YTo npoucxonuT?s.
Ecnu B obyuatortieil BbIGOpKe uMeeTcss COOTBETCTBYIOIIAS WHOOpMA-
Iust, TO ee HaJbHelIuil aHaIu3 MOXKeT TPUBECTH K OGHAPYKEHUIO
3aKOHOMEPHOCTel TPUUNHHO-CIeNCTBEHHOIO XapakTepa i chOpMUpPOo-
BaTh MOMeNE IJs OTBeTa Ha Bompoc «Kax »To mpoucxomut?s Win
JlaXe Ha BONPOC «JOUeMy UMEHHO Tak, a He WHaue!».

§ 4. DacnozHaBaume GOJILIIIOrO Yucja oGpa3oB

B GoapimuncTBe pealbHBIX 3aMad PACIO3HABAHUS BLIGOP TPUXO-
IUTCS OeiaTh He W3 NBYX, a U3 k anbTepHaTuB, rue k MoxkeT ObITH
odent 6ombimM. Tak, B HeKOTOPHIX CHCTeMaX aBTOMATIIeCKOTO pac-
Mo3HaBaHUsA YCTHOW peun CIUCOK Paclo3HaBaeMbIX CIOB NOCTUTAET
20 Toicsd. MoXKHO, KOHETHO, TOPEKOMEHIOBATE ITPOBECTH O O CAH-
HBIM BBIIIIe TTPABIJIAM BCe TapHble cpaBHeHUs (ux 6ymeT 19 mmmmmo-
HOB) T BBIOPATh 00pa3 ¢ HAaMGONBIINM 3HATEHIEM MOMIYJIS BeIMIIHbL
Ui;(X). Do Bpsm am KoMy-HUOYIH 3aX0UeTCs CIeOBATH TAKON PEKO-
venmanuu. s pacmosmaBanus Goabiioro ducia obpaszoB pazpabo-
TaH PSll YCKOPSIONINX TPOHEnyp. JacCMOTPUM HEKOTOpPbIe U3 HUX.

4.1. Meron or6opa cunbHeiimero koukypeura (MCK).
Dpoliecc HAUMHACTCS ¢ IPOBEPKIL IPUHALICKHOCTH TOYKH X OLHOMY
13 OByX 06pas’oB, CTOSMINNX B Havale CIUCKA PACHO3HaBaeMBIX 0Opa-
30B. st sToro Borumcnsiorces Beauunusl pp = Pi(X )Py C(2/1) n
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p2 = Po(X)Po2C(1/2) u Betbupaercs ToT o6pa3 i, s KOTOPOTO Be-
JAWYNHa p; OKazajack 6omblieii. C >TuM mobemuTeseM TeM Ke MeTO-
JIOM CPaBHUBAeTCS TPeTHIl 10 CIMCKY o6pa3 I U3 HUX HBOMX BHIOHpa-
ercs 6oJiee CHIILHBIN KOHKYPEHT. 3aTeM IeflaeTcs aHaJorMIHOe CPaB-
HeHHe ¢ 4eTBepTHIM 110 CIIMCKY W T. . [0 3aBeplleHus CIIcKa 13 k
pacrnosHaBaeMbIx 06pasoB. B urore stux (k — 1) cpaBHeHuil BEIGHpa-
eTcst 06pa3, KOTOPHIil BEINTPLIBaeT COPEBHOBAHIE CO BCEMNU CHJIHHBIMIE
KOHKypeHTaMu. Ecau canraTh anpuopHble BeposTHOCTH Fy; 1 HeHbI
ommbok C(j /i) nias Bcex 06pa3’oB OMMHAKOBBIMI, TO 3a/1ada CBOLITCS
K Bhranciennto k senuwaus P;(X ) n BeIGOpY HanGOMbIIel U3 HUX.

4.2. Meron nmonytHoro pasamenenus (D0DA) [66]. Ecan
MOCTPOUTH ONTUMAIBHYIO Pa3delfiollyio IpaHuIly MeXIny obpasamiu
U W J, TO MOXKHO 0OHAPYXKNUTEL, UYTO 5Ta TPAHUIa TOTYTHO pa3fernseT
U IpyTHUe HeKOTOpHie Maphl o6pasoB ¢ ollmbKoll R, He TpeBLITIaoriei
TOTMYyCTUMOTO 3HadeHus. Tak, pemratormas rpasuma (cM. puc. 13),
MOCTPOeHHas g pa3iefeHus o6pa3oB 2 1 4, MOKET UCIOIB30BATHCS
TaKxKe Ui pas3fenenus obpas3oB 1 u 3 ot obpasos 5, 6 u 7.

Puc. 13
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Dpoliecc HYKHO HAUNHATE ¢ pa3lieleHus NByX Hauboiee TPYIHO
pasnensiembix oGpasoB. OTmeuatoTcs Bce mapbl oGpa3oB, yCIETHO
pasgiesileHHble TTOCTPOEHHON Tpanuteii. Cpemnu map, ocTaBUINXCS He-
pa3feseHHbIMU, CHOBA BbIOMpaeTCs Tapa CaMblX TPYIHO pasieisde-
MBIX, IS KOTOPOIl CTPONTCS CHeNyIomas pas3messionias Tpannma. N3
CIUCKa HepaslleJeHHBIX BbIUEPKUBAIOTCH Mapbl, KOTOPble pa3lenu-
nuck >Tofl Tpanuneii. Taxwe marm MOBTOPAIOTCS MO TOTHOTO WC-
yepHaHus CHUCKA Hepas[eNeHHbIX map. JPpHU YHAYHOM PaCIookKe-
Hun 06pa3oB Ynciao h pasmenstoninx TPaHul] MOXKeT OKa3aThCs 3HAUL-
TeILHO MEeHBITUM, YeM TUCIO PacIo3HaBaeMbIX o6pa3oB. ILas Kaxmoi
IPAHUILL PUKCUPYETCS CIUCOK TeX ki 06pa3’oB, KOTOPhle HAXOMSITCS
MO0 OOHY CTOPOHY OT Hee, U TeX ks 0GPa30B, KOTOPbIE HAXOAATCS IO
IPYTYIO CTOPOHY. OyleM XapaKTepu3oBaTh WHGOPMATUBHOCTE I'Da-
muiel Beanannoit [ = 1—(|ky —k2|/k), KoTopas mpuHnMaeT 3HAYEHNS
B IMalla30He OT HYyJs [I0 eNWHUIBl U paBHA eNUHUIE, eCiM TPaHulla
IeJINT MHOXKeCTBO 06pa30B Ha IBe paBHbIe YaCTH.

Dpoliece pacrno3HaBaHUs ¢ HOMOIIBIO TTOCTPOSHHBIX TPAHUIL CO-
CTOUT B CHENVIONIeM. JauuHas ¢ caMoil WHOOPMATUBHON T'DAHUIIBI,
onpenelseTcs, 10 KaKyl CTOPOHY OT Hee HAaXOOUTCSH KOHTPOIbHas
TouKa X , I BEIUEPKUBAIOTCS W3 CIUCKA TPeTeHIeHTOB Bce 0Gpashl, Ha-
XOISIITHECS ¢ TPOTUBONONOKHON CTOPOHBI OT rpanuiibl. C MOMOIITEO
chenytoiieil o NHGOPMATUBHOCTY TPAHUIIBI CITUCOK OCTABUIUXCS Mpe-
TeHJIeHTOB COKpallaeTcs cHOBa. 1 aK IpofoiKaeTcs M0 TeX TMop, TToKa
B CIIMCKe He OCTaHeTCd OMH elMHCTBEeHHBIN 00pa3, K KOTOPOMY 1 OT-
HOCHTCS paclo3HaBaeMas Touka X .

Ecnw 0o6passr B mpocTpaHCTBe CBOUX XapaKTePUCTHK YITaKOBAHBI
OYeHb TJIOTHO, TO JlaKe MPU UCIOAb30BAHUN BCeX ONTUMAJbHBIX pe-
LIAIOIIMX TPAHUI OLINOKY pacrno3HaBaHusd Oyay T OOIbIIUMET, I MOMKET
0Ka3aThCs, YTO YUCIO h TPAHUI, HATPYKEHHBIX TONYTHBIM pasielre-
HUeM, CpaBHUMO uiu Gosiblie ducia o6pasos k. B sTom ciyuae Gosee
5KOHOMUYHBLIM O TpebyeMoll TaMATH W KOJIWYeCTBY ollepanuii OyneT
YIOMUHABIINCS BbIlEe KOPPENSIMOHHBIN MeTO, OCHOBAHHBIN Ha pac-
CTOSTHUSAX OT KOHTPOJBHON TOYKH MO MaTeMaTHYeCKUX OXKUTaHUil k
obpa3oB.

7KenmaTenbHo TpenBapuTedbHO ONEHUTEL BEININHY UCXOMHON Ha-
TMeKHOCTH pacmosnaBanus N, TpW KOTOPOI MOXKHO OXKUNATH, YTO UNA-
cio h He mpessbitiaeT uucia k. Oupenenenne N ObLIO ClleNaHO TyTeM
MallITHHOTO MOAENPOBAHNI. B TpocTpancTBe 1 epeMeHHbIX ¢ TTOMO-
HIBIO TAaTYnKa CHYyYallHBIX duces 3adaBajich KOOPAWHATHI MaTeMa-
TUYeCKUX oxunanuii k obpason. Hucnepcus 06pa3oB Tak coriacoBbI-
BaJiach ¢ 06beMOM TPOCTPAHCTBA, YTOOBI TOTEPU NPU ONTUMAIBHHOM
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pasnesnenun obpa3oB He npebiinanu K = 1 — N. 3arem npumensics
METOII MOMYTHOTO Pa3fefieHus U ONPelessiiock Yucio h TPaHuI, He-
OBXOMUMBIX W MOCTATOUHBLIX IS obecTedeHusI TOTO Ke Pe3ylbTaTa.

DKCIepUMeHT TPOBOMMICS st N = 2 mpu uucie obpaszoB k =
4,6, 8, 10, 15, 20, 30, 40 n 100 nys HageKHOCTH OMTUMAILHOTO Pac-
mosuaBanus N = 0,8; 0,85; 0,9; 0,95; 0,999. Ilng xaxKmoro Takoro
COUeTAHNUS YCIOBUI TPOBOAUIOCEH IO 10 OMBITOB, OTANIATOIITHXCS CITY-
JaliHBIM PacHoJioKeHneM 06pasoB ApyT OTHOCUTENbHO ApyTra. Orasa-
JIOCh, 4TO YUCI0 h MeHbIle Yucia k B TeX clIydasx, KOrga HalleXKHOCTh
ONITUMAIBHOTO Paclo3HaBaHUs HAXOmMuTcs B muamasone oT 0,9 mo 1.
Ot uucia obpa3oB >ToT pesynbTaT He 3aucuT. OTclona cienyer,
YTO TOIBH30BATHCS METONOM TIOTY THOTO Pa3melleHnst BMeCTO Ollpenese-
HUS PACCTOSHUN MO MaTeMaTHIeCKUX OXKUMAHUT Temecoobpasno TO-
TMa, KOTIna HaOeXKHOCTh PacTO3HaBAHWSA TPH ONTUMAIBLHBIX pelrato-
X TpaHuiax paBHa wian 6osbiine 90 %.

MoxHo 0XKWIATH, 9TO B MPOCTPAHCTBE BOIBINEll pasMepHOCTH
MeTOII IOy THOTO pasfielleHus HacT ellle 60Jee Oy THMBIT BLIUT PHITIT,
TaK KaK C POCTOM PasMepHOCTHU YBeTWUIuBaeTCs Uucio obmacTeil, Ha
KOTOpbIe MOXKHO Pa3neluTh TPOCTPAHCTBO ¢ TIOMOIITBIO OMHOTO W TOTO
JKe U;cIia TPaHu!I.

4.3. Meron nokoopausHaTHOro BbiuepkuBanus (MOB)
[67]. DpencraBmM cebe, 9TO MBI CINTAEM NOMYCTUMBIME TOTEPH THIIA
«IPOLYCK Liedus» paBHBIMEU [y, Takme morepu MOryT BOSHUKATBL TO-
Tma, KoTIa paselsiollias IpaHuIla IPOXOIUT Ha PACCTOSHNN d OT Ma-
TeMaTHYeCcKOTo OXUIAHUS ji; o6pasa . Fcan KoHTponbHas Touka X
yIalleHa OT [; Ha paccTosHUe, Golblilee d, TO MOXKHO CINTATh, ITO
OHa He IPUHAIIEXNUT 06pa3y ¢. CBoll BKIal B 5TO PACCTOSHIE BHOCHT
KaXkIas KOOPAWHATA IIPOCTPAHCTBa IPU3HAKOB I, €CJII XOTs GBI 1O
OIHOI [-iT KoopamHaTe paccTosuue 72y, (i) I 06pas3a i paBHO WIN
6oubre d, To ¢-if 06pa3 U3 CHNCKa KOHKYPEHTOB MOKHO BEIYEPKHYTh.
Da >ToM coobpakeHNN OCHOBAH MeTOI ITOKOOPINHATHOTO BHIUEpKI-
BAHIIsI, KOTOPHIN COCTONT B clemyiomieM (cM. puc. 14).

DaccMaTpUBAIOTCA ITPOeKINN TOUYKH X U paclpelelleHNil Bcex
06pa3soB Ha KaXkIyI0 KOOPONWHATY B OTAEMBHOCTH. Do mepBoil (I-i)
KOOpIINHATE ONPeNelsOTCS PACCTOSHIS I MeXKIY TOUKOM ; I MaTeMa-
THIeCKIMI OXKUTAHUAME fi;; Bcex k obpasos. Te obpa3ssl, mias KoTo-
PBIX BEITIOTHACTCS YCIOBHe T( 27, () > d (3a11TpuxoBanias o61acTh),
I3 CIINCKa IpeTeHIeHTOB Ha BKIIOUeHNe TOYKN X B cBOil cocTaB Imc-
ximovafoTes. s ocTasimmxcs o6pa3oB Ta XKe IPOIeNypa MOBTOPS-
eTcs ¢ ICIOIb30BaHIeM IIPOeKINN Ha BTOPYIO KOOPINHATY, I 5TO Ipo-
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JOJIZKaeTCd N0 TexX IIOp, IIOKa B CIIMCKe IIpeTeHIJeHTOB He OCTaHeTCA
3allaHHOE YUCJIO k* O6pa3OB. ,HJI?[ OTHUX CaMbIX CHJIBHLIX IIpeTeHOeH-
TOB BBIUYNICJ/IEHIIE paCCTO?[HI/IfI I OlleHKa OXKNHOaeMbIX IIOTephb de/laeTCsa
B IICXOOHOM N-MepHOM IIPOCTPaHCTBE C ICIOJL30OBaHneM OITUMallb-
HBIX pelllalolnXx IIpaBUJI.

A

:/

b~

&=

Hit d d

CpaBreniue BpeMeHHBIX 3aTPar.Hi/pacnosHaBaHe MeTOIOM TO-
KOOPIMHATHOTO BerdepKuBauus (MOB) n koppensmnonHbiM MeTomoM
(KM) mokaseiBaer, 9TO ¢ POCTOM Pa3MepHOCTH ITPOCTPAHCTBa -
dexTuBHOCTE MOB GhicTpO pacTer. 3aBUCHMOCTH OT YHCIa 00PA30B
He HabmiomaeTcs, BaXKHO JUINH, KaKas UX TOIS BLIUYEPKUBAeTCS Ha
KaxkmoM 1mare. Tak, mas caydaeB paclio3dHaBaHUsS B TPOCTpaHCTBaX
pasmepHocT 7 = 150 w n = 75 HocTaTOYHO, YTOOBI Ha KaKIOM
mrare BEIYepKHBAIOCh 1m0 7 w 13 % o06pas’oB cOOTBETCTBEHHO. JpH
5TOM BpeMs Ha mputsTue peiertss 1o MOB menbure, yem mo KM.
DeallbHO 3THU BpeMeHa MOI'YT OTHUYAThCS Ha MOPSIKH.
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§ 5. Onenka nmorepb

Boliite MBI 9aCTO TOBOPIIIN O IOTEPSX, BO3HUKAIOIINX OT OLILOOK
PACIO3HABAHIUsL. Y TOYHIM 5TO HOHSTIE.

Daunem ¢ Hambosee MPOCTOTO CiIydas: KOINIECTBO 0ODPa30B
k = 2, pacumpernenenus HOpMalbHBIe, MaTPHIBI KOBAPHAIWIl, alpi-
OpHbIe BEPOSTHOCTH I CTOMMOCTI IOTePh It 060NX 06pPa30B OMIHA-
KoBbL, T. e. V; = V;, Py; = Po; = 0,5, C(j/i) = C(¢/j). Onru-
MAJIBHOI pellfafolliell TpaHmIeil NI >TOTO Ciydas SBISeTCS TUIep-
maockocTh U; (X ), mpudem peanusainus X pacnosHaeTCs B KadeCTBe
npencraBuTesst obpasa 4, ecan U;;(X) > 0 (1. e. ecan X momamaer
B 06acTs Y;), n j-ro o6pasa, ecan U;;(X) < 0 (T. e. ecam X mexur
BHe obnactu Y;).

BeposTHOCTE OMINGOTHOTO OTHECEHILS peaﬂmauﬂﬂ i-ro o6pasa K
J-My TUpuHuUMaeT 3HaueHme R(j/i) fP X)dX, rak aro R(j/1)

IPI 3aIaHHOM 3aKOHe paCIpelieeH s Pi(X ) B OIHOMEDPHOM CIIydae
MOXKHO HafiTH 1o Tabinile WHTeTrpajoB BEPOSTHOCTH OTHOMEPHOTO
HOPMAJIBHOTO pacipenenernus [29]. Do 5Toit ke Tabinie HAXOMUTCS 1
BepOSTHOCTH R(i/j) ommboIHOTO OTHECEHTS peaTn3aliii j-To obpasa
K ¢-My, TaK 9TO CpeIHHe MOTepPH OT OIIMOOK PAaCHO3HABAHUS HTHX
IBYX 06pa3oB BeIpaxatoTes Bemmdannoit R = [R(j/i)+ R(i/j)]/2.

Ecam mpocTpaHcTBO TPU3HAKOB IBYMEpPHO, TO MOCTATOTHO TO-
BEPHYTH KOOPANHATHBIE OCH TaK, YTOOH! OTHA KOOpAMHATA (21) cTala
MapaslTeIbHON TNHNT, COeNNHSIONIell MaTeMaTHIecKIe OKIITAHIS 06-
pasos (puc. 15). Dpu 5ToM mpoeKInn 06pa3oB Ha OChb &3 MOITHOCTHIO
COBIATAIOT IPYT C IPYTOM W paslereHne o0pa3oB BO3MOKHO TOIBKO
€ MCTMOTB30BAHNEM TPOEKIINT PACIPEIeNeHITl I PeIIalorieil TPaHuIb!
Ha 0ch 1. TaxmMm crmoco6oM 3amada ONeHKN TOTeph CBOMUTCS CHOBA K
OIHOMEpPHOMY CIydaio. AHATOTMYHO pellaeTcs 3amada I mpm n > 2:
WITeTCs TIAaBHAS KOMIOHEHTA I PACCMAaTPIUBAeTCs MPOEKIIs 06pasoB
Ha Hee.

Ecmn mapamerpst 3amaun Py u C mias o6pa3oB He ONMHAKOBH,
TO CpelHue TMOTePN MBYX 06Pa3’0B BHIPAKAIOTCS CIEIYIONIell BelIndn-
woit: R = Po;R(5/1)C(j/%)+ Po; R(¢/j)C(¢/j). Ecan uncno obpasos
GosbIe IBYX, TO OOIIIEe MOTEPH OMPEIeNISIOTCS BhIPaKeHIeM

R ZPOZZR]/ ZPOZ iy

]752
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e RR; — moTepi, cBA3aHHbIE C OIHHKAMH PACTO3HABAHIS i-TO 06pa-
3a. Opm HepaBHBIX MaTpuuax koBapuamuii (V(j/i) # V(i/j)) ana-
JTUTHYeCKIe BLIPasKeHns I/ OIleHKN NOTeph MMeloT 6oJee CI0XKHbLI
BIJI, I TP HEOOXOMUMOCTH € HIMH MOJKHO IO3HAKOMHTLCSA 10 pabo-
tam [5,107].

§ 6. 'mnmore3a KOMOIAKTHOCTHU B PACMO3HABAHUN

o6pa3oB

ChopMynupoBaHHOe B I'aBe 3 yCIOBUe KOMITAK THOCTH JIJIs Pellie-
HUA 3a/7a4ll paclio3HaBaHUs oOpa30B ABJILeTCH HeOOXOMUMBIM, HO He
JocTaTouHbIM. Maso Toro, 4To6bl Toukn obpasa A ObLIN GIM3KIMIE
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IPYT K OpPYTY, HYXKHO ellle, 9ToOLI TOUYKHW o6pa3a B He oOKa3aluch
K HUM TaKUMU XKe OAU3BKUMU, T. €. HYKHO, YTOOBI CTYCTKHU TOUYEK
pa3HbIX 06pa30B He HaJarallich IPYT Ha ApyTra, 4To obo3HaYaeM clie-
IYIOIIUM 00pa3oM: C;)]g. C yueToM 5TOr0 THNOTE3Y KOMIIAKTHOCTH
H nns pacmosHaBaHWs 06pa3oB MOXKHO 3aTMCATh B CIeAYIONIeM BUIE:

if (C15&C7&CY ) then CF .

Ecnw mpenmonaraTs, 9To pealW3aluu OTHOTO W TOTO XKe o6pasa
06pa3yoT OIMH KOMIIAKTHBINR CTYCTOK, TO €r0 MOXKHO alllPOKCUMUPO-
BaTh YHUMOMAIBHBIM paclipefeieHieM. JDTOT ciiyuail cooTBeTCTByeT
2unomeze yHumodaapnot xomnaxmuocmy (H,).

OcmabrmenHblii BapuaHT 06CYKIaeMoil THIOTe3bl (HA30BeM €ero
eunome3ot noaumodaavrot xomnaxmuocmu (H,)) yrsepxnaer, 4To
TOYKYN OHHOTO 0Opa3a MOr'yT 06pa30BbIBATH He OIINH, & HECKOJIBKO KOM-
MaKTHBIX CIYCTKOB. Ja BTOM OCHOBAHUU MOXKHO HpeNcTaBiIsTh 0Gpa3
MHOTOCBA3HBIMU OOJACTSIMU WM CMEeChI0 HECKOIbKUX TTPOCTHIX Pac-
TpenesIeH .

DONUMOMATBHY0 KOMIAKTHOCTh MOXKHO B Mpefielie MpeicTaBUTh
B BUIe JOKATLHON KOMTaKTHOCTH. [unomesa 4okaavnoil xomnaxm-
nocmu (H;) BBIpaKaeT OCTOPOXKHOe yTBep:KIeHNe O CBOficTBe G-
Kalilero cocencTBa: «0bo BceM pacnpenefieHUu CyIUTh He Oepych,
HO B HEKOTOPON MaJdoll £-OKpPeCTHOCTH KakKIION peanmsanum obyda-
folflell BLIGOPKM o6pasa i MOXKeT MOSBUTHCI TONBKO MPeNCcTaBUTeNb
3TOTO XKe 0bpazay». Ja YKa3aHHOM OCHOBAHUE MOCTPOUTH OBIIIYIO MO-
Ilellb pacipeneliens o0pasa Helb3s, HO MOXKHO MOCTPOUTH MPaBUIIO
pacrnosHaBaHUs C ONOPOIl HA BCe WM Ha YaCTh OOBEKTOB 00yYaoIein
BBIGOPKH (T. €. C OMOPOil Ha TPEIeNeHTH ).

DPOEKINN KOMIAKTHBIX CI'YCTKOB HAa KOOpDIUHATHBIE OCH OYIyT
TaKke KOMTaKTHBIMEI. [cinm, KpoMe TOTo, 5TH TPOEeKIHH OKaXKyTCs
ellle W He COBMAJAIONIMMU IPYT € IPYroM, TO MOABISETCS BO3MOK-
HOCTH pasliefsiTh 00pa3bl He cpa3y B MHOTOMEPHOM TPOCTPaHCTBE
NMPU3HAKOB, & MOOYEPENHO, 10 KakKIOMYy MPHU3HAKY B OTAEIBHOCTH.
Da 5TOM OCHOBaAHUU MOXKHO CHOPMYIUPOBATH F'HIMOTE3bI TPOEK TUBHOI
yuumonansuoit (1, ), IpoexTuBHOM MonuMonanbuoit (H,,) n mpoex-
TUBHOIT JIoKaabHOl (/) KOMIAKTHOCTIH.

N3 ckazamHoTo BHINIE clieqyeT, UYTO BCe alTOPUTMBI paclio3Ha-
BaHUs, OTIpaBASIOIIAecs OT 00ydYaIllell BEIOOPKU, B CBOell OCHOBE
OTIINYATCAs APYT OT IPyTra JUIlb BapuaHTOM TPUHUMAaeMON THUIO-
Te3bl KOMIMIAKTHOCTU BHE 3aBUCHUMOCTU OT TOTO, GOpMYIIUpyeTcs Hu
OHa B ABHOM BUJe UKW MHTYUTUBHO TOAPa3yMeBaeTcs.



80 I'maBa 5. DacnosnaBanite 06pa3oB

A nmasbliie TyTH Pa3sHbIX IIKOJ paclio3HaBaHUs pacxonsTcs. Kak
VKa3bIBaJIOCh BbIIlE, YaCTh U3 HUX CTPOUT MONENU YHUMOHAJIbHbBIX
pacnpelnesyeHnii TeHepalibHLIX COBOKYITHOCTel paclio3HaBaeMbIX oOpa-
30B U TOTOM MJIsl TIOCTPOEHUs pellafollinX MpaBuil TpuUMeHseT ama-
paT MaTeMaTUIecKoll CTaTUCTUKA. [[pyTHe opueHTUPYIOTCS Ha THTIO-
Te3y MOAUMONAJIbHON KOMIAKTHOCTY, CTPOAT MONEAN pacupeneaeHuii
B BU/e CMeCH TPOCTHIX paclipelefieHlil, mociae 4ero MpUMEHHIOT Te
JKe cTaTHCTUIecKue MeTOMbl, HO KaK Obl /i OoJiblllero ynciia odpa-
30B. Te, KTo OpUeHTUPYeTCS HA THTIOTE3Y JHOKATLHON KOMITAKTHOCTH,
CTPOSIT pelllatoliine MpaBuiia, OMUPAOIINecs Ha TpPeleleHThl. JaKo-
Hell, Te, KTO peAnojaraeT, YTo KOMIAKTHOCTh B MHOTOMEPHOM ITPO-
CTPaHCTBe MPOSABJsSeTCs B KOMIAKTHOCTU MPOEKINH CryCTKOB Ha KO-
OpIAMHATHBIE OCH, UCHOJb3YIOT MOCIeIOBaTelbHble TTOKOOPIMHATHbBIE
MPOIENyPhl. JaCCMOTPUM OCOBEHHOCTH STUX HANpaBIeHIMI.

§ 7. DocTpoeHue peniapimx TPAaBUJl M0

KOHEUYHON BHLIGOpKe

Ecnw MBI XO0TUM BOCTOMB30BATHCS TEXHWKON TMOCTPOEHUS CTa-
TUCTUYECKUX PelIAIoINX TPaBuil, TO HaM HYXKHO TOCTPOUTH MOHEI
pacupenesnenuii o6pa3oB. A st 3TOr0 HYKHO MOMUMO THIOTE3bI KOM-
MaKTHOCTY MPUHITH ellle HECKOIbKO NONOMHUTENbHBIX TTPeNIolioxKe-
HUil, KOTOpble naBaju Obl OTBETHl Ha CHENYIOIINe BOIPOCHI: KaKOMY
3aKOHY MOMYUHSIOTCA pacnpenejeHns obpa3oB, KAKOB XapaKTep 3aBU-
CUMOCTHU MeXKIy MpU3HaKaMHU, KaKOoBa allpUOpHas BEPOATHOCTH TO-
sIBJIEHUs Pa3qUYHbIX 00pPa3oB, KaK BBITIANUT MaTpuila CTOMMOCTH
OlINOOYHOTO paclo3HaBaHUA, KaAKOBa CTelleHb NpelcTaBUTelbHOCTH
obyuatorreil Beibopku? Takx Kak oOLIYHO HeT 0OBEKTUBHEIX CIOCOOOB
OTBETUTH Ha 3TU BOMPOCHI, TO B KayecTBe OTBETOB MPUHUMAITCH
caMble TTPOCTHIe TpenmookKenns. Yalre Bcero TpenmnoaaraeTcs, ITo
pacnpenefeHus TOMUYMHSIOTCA HOPMaJbHOMY 3aKOHY, YTO MaTpPUIIbI
KOBapHAINil INArOHATBHEl (3HAYNT, MPU3HAKN CHCTeMbl X He 3aBH-
CHMBI), 9TO alPHOPHBIE BEPOSTHOCTH W CTOMMOCTH B3ANMHBIX OIIIH-
060K Bcex 00pa30B OMUHAKOBBI U YTO OOyvYalolllasd BBIOOPKA IIpeCcTa-
BUTeNbHA. Jocie nobaBiieHus K GaKTHIeCKUM [TaHHBIM 5TOro Oy-
KeTa 3BPUCTUYECKUX TOANOPOK MOXKHO TMPUCTYHATh K BBIUMCIEHUIO
mo obyyvarolreil BEIOOpKe MapaMeTPOB paclpeleleHUil U TOCTPOEHNTO
MO HUM «ONTUMAJBHBIX®> PelIatOINX TPaBUI.

3anade nonbopa BUIA paclpereleHuss U ero mapaMeTpoB Mo Ko-
HeTHOI BHIGOPKE TOCBSAIIEHO GOIBII0e KOImaecTBO paboT [8,17,43, 48,
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111]. Ommcambr mporpaMMHBIe CHCTEMBI, TPeIHA3HAUCHHbIE I pe-
[IIEHUsT HTON 3aaUl TPU PA3TUIHBIX KpUTepusix cormacus [3,47,112].

CaMBblil TPOCTOIl, HO YaCTO MPUMEHSIeMbIl TPUeM COCTOUT B cJie-
nytormeM. Ins xaxmoro obpasa BEIYUCISIOTCS KOOPAWHATHI MeHTpa
TSKECTHW €T0 TOUYeK, W STU KOOPOWHATHI MPUHUMAIOTCA B KadecTBe
KOOPIONHAT MAaTeMaTHIeCKOTO OXKUIAHUS HOPMAILHOTO pacipemnene-
HUs TaHHOTO 06pa3a. 3aTeM CTPOUTCS OMHO U3 PEIIaioIIuX TpPaBuil,
ONMCAHHBIX B §2 HaHHOW TI'JaBBl. OJPpU ONOpPe Ha THIOTE3Y MOJUMO-
MaTbHON KOMIIAKTHOCTU MOMeNb PaclpelelleHus] allpOKCuMAPYeTCs
CMeChI0 TIPOCTHIX (HANpPIMep, HOPMAIbHBIX) PACIpelesieHnii. JToT
AT POKCUMAIIMOHHBII TIOIXON pa3BuBaeTcs B paboTax [35, 118] u psme
npyrux. Ecam nms 3agaHnHOTO KPUTEPHUS COTHACHS HAWIydINIas ail-
TPOKCUMATIHS JOCTUTAETCS ¢ TOMOIITBIO OMHOTO PacIpelelleHnsl, TO CH-
Tyallis CBOMUTCS K TOM, YTO paccMOTpeHa BEIle. Lenw mis obpasa ¢
MOTPeGOBAIIOCH MCIONB30BATh ¢; pacupenenenuii (t; > 1), To obiee
IUCIIO paclpenelentii, TOCTPOEHHBIX B MPU3HAKOBOM TPOCTPAHCTRE,
OKayKeTcs paBHBIM cyMMe >TuX umcesn: 1 = » t;, 1 =1,...,k. Bce
STW paclpenelieHns paccMaTPUBAIOTCA B KadecTBe omnmcannit 1 oT-
NEeNTbHBIX 00Pa30B, Cpenl KOTOPBIX uMeeTcs k TONMHOXECTB u3 i;
0Gpa30B € OMUHAKOBBIMU HMEHAMHU. JPU TMOCTPOSHUN PEIaoInX Ipa-
BUJ clledyeT TPUMeHSTh MeTONBI, TpenHa3sHadeHHble s Paclo3Ha-
BaHIst GONBIIOTO Ynciaa o6pa3oB (cM. §3 mamHON TiaBBI). Dpu mc-
TONL30BAHUT MeToma O0TGopa cUIbHeNNIeTo KOHKYpPeHTa HeoOXOmIMo
CHeNUTH 32 CHUCKOM 06pa30B, OCTABIINXCS HelTpoBepeHHbIMT. Ecam B
5TOM CIUCKE OCTANUCHL 06Pa3bl ¢ OMHUM W TeM XKe UMeHeM %, TO Mallb-
Hefiiras TpoBepKa TMpekpalmaeTcs. Tak, Ha puc. 16 mokasan crydait,
B KOTOPOM TIPOBePKA TMEPBLIX TPexX 06pa3oB BHIABUT B KaUeCTBe CUIL-
Heliilero mpeTeniieHTa 06pas 3 ¢ uMmenem B. Docie H-ro miara Ha
mepBoe MecTO BhIifeT 06pas 5 ¢ uMeHeM A, U B CIUCKe OCTABIINXCS
MpeTeHIeHTOB OCTAHYTCS TOJIBKO OGpa3bl ¢ TeM XKe uMeHeM A, Tak
UTO HalbHENIINe cpaBHeHNs OKOHYATEeIbLHOTO pe3yabTaTa paclo3Ha-
BaHWS He W3MEHST.

Meton momyTroTo pasmenenus (JODA) MomubuUIEpPyeTCs s
MaHHOH 3a7Ma9l TaK, YTOOBI U3 CUCKa HepasleleHHLIX 06pa3oB ¢ ca-
MOTO Hadvasia OB yOalleHbl Taphl paciipeleleHnil ¢ ONWHAKOBLIME
uMeHaMu. B mTore QPUKCUPYIOTCA TOMBKO TPAHUIBI, Pa3melsSiollne
06pa3ssl ¢ pa3HLIMU UMeHaMu. Tak, MiIs pa3fmelleHus cMeceil oGpa3oB ¢
umenavu A u B, npencTaBiieHHbIX Ha puc. 16, HOCTATOYHO UCIOIB30-
BaTh MBe IPAHUIIBLl 13 21 BOSMOXKHBIX. Jasnessionias TpaHuiia, cocTa-
BII€HHAs U3 HECKOJIBKNX JIMHENHBIX TPAHUI (B n-MEpHOM IIPOCTpPaH-
CTBe TUIEePINIOCKOCTElN ), Ha3hIBAETCS KYCouno-aunetinot. Crmocobam
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IOCTPOEHUS allIPOKCHMAaIil HemniimplbmoBepXHoCcTell Ky COUHO-JIH-
HeTHBIME TOBEPXHOCTSIME TOCBSIIeHbl paboTs [105,141]. Dpum me-
MTOJIB30BAHIN MEeTOa TTOKOOPANHATHOTO BhrvepkuBanus (MOK) Tak-
e HYXKHO CIeMNTh 3a COCTABOM HeBBIUePKHYTHIX o6pa3oB. Icmm ma
HEKOTOPOM II1are BLIYEPKUBAHUSA OOHAPYKUTCI, UTO BCe OCTABIITTECT
TpeTeHIeHTH UMeIOT OMHO U TOMXKe WM, TO IPOoIece paclo3HaBaHUs
3akaHumBaeTcsa. Tax, Ha puc. 16 BLIUepKUBaHWe MO TPU3HAKY 1
(MyHKTUpPHBIE JTHHIN ) OCTABISET HEBBITEPKHY THIMI TOIBKO 06PA3HI ¢
umeneM A u Touka X pacrosHaeTcs B KauecTBe peadiusaiiunu obGpasa A.

§ 8. Dermnaroliiue NpaBuiia, ONUpalOIInecs Ha

npeneneH Thbl

DaMoOMHUM, YTO He BCe PACIIO3HABATENH BEPAT B CBOIO WHTYUIIHNTO
U MPO30OPAUBOCTH HACTOIBKO, YTOOBI, TASNsd Ha OeNHYI0 00y Yatoulyo
BBIOODPKY, YTBEPKIAThH YTO-IU00 ONpelelleHHOe O BUe 3aKOHOB pac-
npenejeHns, mapaMeTpax 3TUX paclpelefeHnii, 3aBUCUMOCTH MeXY
MpU3HAKAME, TPENCTaBUTEIbHOCTH BHIGOPKH U T. . D0 coBceM He3
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[N00aBOYHBIX TIPENIIONOKEHNNT 0OONTUCH Hellb3d, U B KadeCTBe elWH-
CTBEHHON SMIINPHYECKON TUIOTE3bl OHU MCIOJIB3YIOT CAMBIil CIadbIil
BapuWaHT PAacCMOTPEHHON BBIIIE TUTOTE3hl KOMITAKTHOCTU — JIOKAlb-
HYIO KOMTaKTHOCTH H;, W3 KOTOPOIl cllenyeT, YTO TOXOXKEeCTh HBYX
0OBLEKTOB IO 1 TPpU3HAKAM OOBITHO COMPOBOXKIIAETCS X MOXOXKECTHIO
n mo (n + 1)-My mpumsHaky. A oTcioma cremyeT, 9TO PSIOM, B Ma-
J0f £€-OKPeCcTHOCTH OT MMEIOIINXCS pealim3aluii -ro obpasa obydaio-
meil BEIGOPKM, MOTYT TOSBIASTHCS TOIBKO pealii3alliil TOTO XKe 1-TO
obpasa. JDpudeM YeM OIILKE KOHTPOJbHAS peann3allis ¢ HaxXOOUTCS
K WMeorteiics pealim3alinm obpasa ¢, TeM ¢ GOJbIIell BepOsSTHOCTHIO
OTHeCeHWe TOUKH ¢ K ¢-My obpa3sy 6yneT TpaBUILHBIM.

WNcxons w3 »ToTo MOXKHO TPEMJIOKUTL B KadecTBe PeIIalolero
npaBuiia CIENYIOIIyIo MPOIeNypPy: OCTABUTH B MaMATU MalllUHBI BCe
peanusaiuu obyydatolieil BHIOOPKN U KOHTPOIBHYIO TOYKY ¢ OTHOCUThH
K ToMy oOpa3y, Ubs pealin3aliid OKa3aJach O1uxke BCcero K TOYKe .
DTO TpaBUIO NefCTBUTEIBHO UCIOIb3YeT s B IPAKTHKE PEellleHus He-
KOTOPBIX 3allad, U OHO HOCUT Ha3BaHUE NPAEULL OAUHCATULEZO CO-
ceda [103]. Omuako cremyer yUYnTHIBATH, UTO PeabHble M3MEPEHUS
NMPU3HAKOB HEPEOKO COMPOBOKIAIOTCI MOMeXaMu U OIIMOKaMu, TakK
UTO CBUNETEILCTBY OMHOTO TIpellefeHTa MOBepAThH omacHo. llemeco-
00pa3Ho YUNTHIBATE CBUMETENBCTBA U APYTUX 00BeKTOB 00y YatoIlel
BeiGopku. C 5Toil mMenblo o6palllaloT BHUMaHWe He Ha O[HY, a Ha
HeCKONMBKO OnmKafimux Todek. Takwe mpaBuiaa Ha3BIBAIOTCS NPa6uU-
aamu k Gauscatduur cocedeti. Femm Gombilie MOMOBUHET U3 k cocemeit
TpuUHAIIeKAT 06pa3y ¢, TO I TOUKa ¢ OTHOCUTCS K ¢-My o6Gpa3sy.

Mrorma B roNM0COBaRNN TPUHIMAIOT y4acTHe BCe pealn3alimi 06-
yuafoleil BEIGOPKH, HO ¢ Pa3HLIMH BecaMi, 3aBUCAIINMIE OT UX Pac-
CTOSHUI 0 pacnosHaBaeMoil ToYkn ¢. OmHEM U3 MepBHIX aJTOPUT-
MOB TAKOTro pofa GbUI aJIFOPUTM MOTeHnnanbibix Gyukuuii [4]. Fro
CYIITHOCTh WLTIOCTpUpyeT puc. 17. Deamumsamun o6pasa «KpecTHKI>
KakK OBl M3/Iy4aloT IMOTeHINas, BeJMYNHa KOTOPOro yOBIBaeT C pac-
CTOSHIEM 7 OT TOYKH ¢. XapakTep yOBIBaHIS MOXKET OBITH CaMBIM
pasuerv: 1/r, 1/(r? + a), e~ 1. .

Touku o6pasa «KPyKOUKI» U3IYUAIOT TOTEHINAJ TO Ke Beln-
YUHLI, HO IPOTHBONOIOKHOIO 3HaKa. B pacnosnaBaeMoil TOUKe ¢ BBI-
YUCASCTCS «HABEIeHHBIN TTOTEHIINAI> B BUIE CYMMBI IIOTEHITHAJIOB OT
Bcex ToueK. Ecim cymMMa oKaxKeTcs MOJTOKNTeNbHOI, TO ¢ OTHOCHTCS
K 06pa3y KpecTUKH, ecil OTPHUIaTelbLHOIl — K 06pa3y KpYKOYKIL.

Ecnw oxaxercs, 94To Kaxkas-HubynbL W3 TOUeK O6ydJaforrell BBI-
BOpPKI pacro3HaeTcs MO 3TOMY IpaBUiy ¢ OlIUOKOi, TO KapTUHY THO-
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TEHIAJILHOTO N0 MOKHO CKOPPGRTNPPBATE. st 5TOTO MOTEHTTIAIT
B TOil TOUKe yBeJIUUYMBaeTCS B HYXKHYIO CTOPOHY IO TeX TOp, IOKa
5Ta TOUKaA He CTAHeT PACIO3HABATHCS MIPABMIBHO. ABTOpaMU MeTONna
IIOKa3aHa ero CXONMMOCTh K ONTUMAILHOMY NpHU YBeJnYeHnn oObemMa
o6yJarorrieil BEIGOPKN N KOHETHOCTD IHCIIa [IAaroB 06y deHnst (KOppek-
AT TIOJIs) IS CIydaeB o6pa3’oB, XOPOIIO PA3NeNseMbIX ¢ MOMOIIBIO
«He CHWIIKOM BBIYYPHBIX®> T'DaHUI.

8.1. Munummusanus Habopa unpeuneseHToB (aJaroputm
STOLP). OueBunuerii HeNOCTATOK ONMCAHHBIX 3/16Ch METOIOB CO-
CTOUT B TOM, YTO B TMaMsITH MallWHbl HYXKHO XpaHUTH cBelleHUusd 060
BCeX peanm3anuax obydaroriell BHIGOPKHW. ICTecTBEeHHO BO3HUKAET
BOTIPOC: HEIIb3s JIU COXPaHAThH B KauyecTBe TpellefleHTOB He Bce, a
JUIE YacTh pealim3allnil Kaxknoro obpasal Dampumep, OCTABUTH B
KadecTBe MPelleleHTOB TONLKO Takne « TOTKH OTMOPLIy» 06pasa i, KOTo-
pbhle obecneuynBaOT BHITIONHEHNE CIENYIOUIEro YCIOBUA: PacCTOSHIUE
OT M0G0 TOUKN obyuatorieil BEIGOPKN ¢-TO o6pasa 10 OIMAKaNWIIero
CBOETO TNIpellelleHTa MeHbllle pacCTOSHUS 10 OauKailIero mpeleneHTa
qyK0T0o 0o6pasa. Takoit Habop mpeneneHTOB 06eciednT 6e30Im60THOe
pacmo3HaBaHWe BceX pealn3alinii o0ydaloineil BEIGOPKI. KOHTPOIb-
Hble peal3alliil Paclo3HAIOTCa N0 MeTony OMuKaiilllero cocena.



§ 8. Demramptiine Mpapiia, OMUPAOITHECS HA HPeIeneHTh 85

CIllOXKHOCTH pellleHuss >TON 3aadl COCTOUT B TOM, UTO COCTAB
TIpelleleH TOB -TO 06pa3a 3aBUCUT OT TOTO, KaKWe pealu3alni IPpYyTHuX
o6pa3oB BEIOpaHBl B KauecTBe mpetieneHToB [149]. U3 storo crano-
BUTCS OUEBUIHBIM KOMOWHATOPHBIN XapaKTep 3alaull, ONTUMaJIbHOE
pellleHre KOTOpOW B obIlleM ciiydae TpebyeT MoJSHOTO Tepebopa Bcex
BapuanToB. Eciau kommuecTBo 06pa3oB k, 9HCIO peau3aiuil KaKooro
(i-ro) obpa3sa B 06y watoIeil BEIGOPKE PABHO 7;, TO UNCIO BO3BMOKHBIX
BapUaHTOB OCTABJEHUS MO OJHOMY TNPeleNeHTy Ui KaXkKIoro obpasa

k
paBHO [[m;. Eciamw xe ocTaBmsTh mo 1 TpeleeHTOB Ha o6pa3, TO
=1 k
TUCIO BApUAHTOB BO3PACTaeT 0 BeIMINHB || (Cfn) Depebop Ba-
j=1
PUAHTOB MOXKHO COKPATUTH ¢ ToMoIbio anroputma STOLP. Dacemo-
TpUM ero paboTy Ha IpmMepe ¢ IBYMs obpasamu (cM. pmc. 18.)

Cravalia HAXONSATCS caMble «HAMPsKeHHbIe» NOTPAHUUYHbBIE TOU-
ku. C 5Toll menabio miIsh KaX ol TOUKH ONPeNeNstoTcs PacCTOSHUS 0
GamKaiiieil TOYKN cBoero obpasa (7, ) I GIIKaiiIeil TOTKN 1yKOTO
o6pasa (Tout ). OTHOWEHHE W = 1iy/Toni XapaKTepu3yeT BeIMImHy
PHCKa Ui MaHHON TOYKU OBITh PacloO3HAHHON B KayecTBe TOUKM Uy-
Koro obpaza. Cpenu Touek KaxKIOro obpasa BbIOupaeTcs MO ONHOI
TOYKe ¢ MAKCHUMaJbHBIM 3HAUYeHUNeM Besudutbl W. DTH TOUKH 3aHO-
CATCA B CIIUCOK TpelefeHTOB.

3atem nmenaeTcs MpobHOE pacliO3HABAHUE BCeX TOUEK 06y Ualolei
BBIGODPKY C ONOPOIl Ha NMpelleleHThl U ¢ UCIOIb30BaHeM TTpaBuia OJu-
JKalflero cocefga: TOYKA OTHOCUTCH K TOMY 00pa3y, pacCTOsSHUE IO
mpelefeHTa KOTOPOTO MUHUMaJbHO. Cpenu ToueK, Paclo3HaHHBIX
HeMpPaBWILHO, BEIONpaeTCs TOUKA ¢ MAKCHMAILHLIM 3HadeHueM W n
ef0 TIONMOJHAETCS CIUCOK NPeleleHTOB, Moce Yero MOBTOpseTCs Ipo-
Tenypa TpobHOTO pacmo3HaBaHus BeeX ToueK. Tak mMpomomKaeTcs 1O
TexX T0p, TOKa Bce TOUKM oOyvatolllell BLIOOPKY He CTaHyT pacHo3Ha-
BaThesd Ge3 omubok. B mpumMepe Ha puc. 18 B KadecTBe MEPBLIX IIpe-
lefeHToB 6blIn BeIGpaHbl TOUKW 1 u 2. 3aTeM CIUCOK MpeleneHToB
MOTMOJIHUIICS TouKaMu 3, 4 u 5.

Opu kKonuuecTBe obGpa3oB GoibllieM, YeM [Ba, IeJeco0bpasHo
MPUMEHSTH yCKOPSIOIIne pueMbl, onucanusie B §4. B wacrtHOCTH,
ONuCcaHHasg Tpolledypa BbIOOpa TPeleleHTOB NOAXKHA HAaUYMHATHCSA C
Taphl caMbIX 6IM3KNX 06pas3oB. B KadecTBe paccTOSHUS MeXKITy obpa-
3aMIU ¢ U j IpHHEMaeTcs paccTosuue r(a;,b;) MexIy MBYMS caMBIMU
6IU3KIMI TOUKAMU @; 1 b;, IPIHAIICKAIIIMI PA3HbIM o6pasaM (pac-
crosiame Xaycmopda). Docie pelleHns 3a0avd IJIs OBYX TePBBIX
06pa30B BLIOWpaeTcs ciemylolmas caMas 6an3Kas mapa o6paso. Fenn
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CPen’ HUX OKasKeTCst 06pas ¢ (M j) ¢ BBIIEIeHHBIME HA TPEIBIIYIIIeM
sTalle MpeleleHTaMu, TO 3T NpelleleHThl BKAYaeTcs ¢ caMOro Ha-
Yalla B paccMOTpeHUe U B cliydyae HeoOXONUMOCTH OYIYT IOMOJIHEHbI
HOBBIMU.

K xonmy paccMoTpenus Hzgf)%%ixjgoquaHMﬁ Bcex 0Opas’oB Ka-
KIOBIH W3 HUX OymeT TpencTaBiieH B MaMsSTH HabOpOM IIpereneHToB,
MOCTATOTHBIM NI 6e301TN60IHOTO paco3HaBaHUs BCEX CBONX 00BeK-
TOB 06yualoIieil BEIOOPKH. DJaclo3HaBaHMe HOBBIX 0OBEKTOB MOKHO
IenaTh MO MpaBUAY OMHOTO MWW HECKOMLKUX ONMKalIIuX cocemneif.
Ecnu umeno obpasos k n o6bem o6ydaloreil BEIOOPKE m OYeHDL Be-
aukn, To agroputM STOLP MoxeT moTpeGoBaTh CHUITKOM GOIBIIOTO
MaIlTMHHOTO BpeMeHu. [lJIg ero coKpallleHus HeobXonmMa pa3paboTKa
aHaJIOTOB TeX aJTOPUTMOB, KOTOpbie OB OMNCAHDI B § 4 mId cirydas
pacmosHaBaHUs GOJBIIOTO YnciIa 06pa3oB € MOMOIIBIO CTATUCTHYe-
CKUX PeIIafoIuX TMPaBmI (AJITOPUTMBI TOMYTHOTO Pa3elNeHus, Io-
KOOPIIMHATHOTO BBIYEPKUBAHUS, 0TGOPa CHITHHENIIeT0 KOHKYPeHTA).
CHoXHOCTD pa3spaboTKHI STUX aHAJIOTOB COCTONT B TOM, UYTO 3HECH He
VIIaCcTCAd OTPAaHUYUTHCA CpaBHEHUWEM € OOHUM <«3TaJIOHOM» Ha obpas,
B KadecTBe KOTOPOTO TaM HMCIOJb30BalCS BEKTOP MaTeMaTHIeCKOTO
OXKWMIAHUS HOPMaJIbHOTO pachpeneneHns. Temephs mpumeTcsd MMeTh
70 € 3aMeTHO GOILIINM YHCIOM IpereneiToB. OTCyTcTByeT 3mech
7 TIOMOTaBIllee B TMPOIIIIOM TIOHSTHE Pa3lelisioniell TOBepXHOCTH.

Mox#Ho TpenmonoXnTh, ITO Cpelll Paclo3HaBaeMbIX 00BEeKTOB
BCTPEYAIOTCS He TONBKO Peam3aliil OMHOTO I3 3aJaHHbIX k 06pas3oB,
HO 1 HEKOTOPOTOo Hem3BecTHOTO (k + 1)-ro o6pa3sa. Beemem moporosyio
BeuunHy d; u 6ymeM cCYNTaTh, YTO TOUYKH, YIaJeHHBIE OT IIpeleeH-
TOB 1-TO 00pa3a Ha paccTosHue, 6OIbIee d;, 3aBeIOMO He IMPIHAIIe-
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KUT 2-My obpasdy. Eciu obbekT ¢ He TIPUHAMIEKUT HU OTHOMY U3 k
06pasoB, To GyneM OTHOCUTH ero K (k+ 1)-My o6pasy. B xauecTse mo-
pora d; npuMeM PaCCTOSHUE MEXIY NBYMs CAMBbIMU HAJIEKUMU OPYT
OT IpyTa TOYKAMMU i-TO obpa3sa («ImaMeTps» o6pasa).

Opu TaKoM TOPOTOBOM TIPaBHIIe TPUHSITUS PEIleHuil TOsBIsSeTCs
BO3MOXHOCTH COKpaTuTh nepeGop B adroputme STOLP. Ecnu 6mu-
JKafillime TOYKN OBYX PA3HBIX 06Pa30B ¢ W j yOaleHBI IPYT OT IpyTa
Ha paccrosiue, 6oabluee (d; + d;), To polb IPENeNeHTOB B IPOTUBO-
CTOAHUN >TUX 0Opa30B MOTYT BBITIOJHUTH JIIOOLIe HBe peadu3anuy 13
o6yJarorrieil BEIOOPKN (110 OTHOM pealdmsannn n3 Kazkmnoro obpasa). U
HUKaKad KOHTPOJbHAd TOUYKA ¢ He OyleT IJid >Tux oOpa3oB CIOPHOI:
OHa OITHO3HAYHO OyleT OTHeceHa JUOO K OMHOMY U3 HUX, J1OO HU K
onnoMy. Fcam B ofpaszax ? W j, OKa3aBIIUXCS B OUepemHON caMoil
Oau3KOil Tape, yxKe MMeIOTCS ITIpelleleHThl, BblIeJeHHble Ha MpPelbl-
OyIINX 1Iarax alropuTMa, U 3Tu 0O6pa3bl yoaJeHbl Ha PacCTOSHIE,
Gonbitee (d; + d;), TO MONBITKAMU DONOIHUTDL CIICOK IPEleNeHToB
5TUX 06Pa30B MOXKHO HE 3aHUMATHCS. A TakKue maphl IO Mepe Tepe-
XOlla OT caMbIX OJU3KUX Map K Gonee malieKuM OyIyT BCTpedaThes
BCe yYallle.

KonndecTBo mpenenenToB s, MoTpebOBABIINXCS NI 6e30ITuGOT-
HOTO PaCIO3HABAHUS BCEX OCTAIBHBIX (M — §) 00BEKTOB 06y Tatoieit
BBIGOPKU, MOXKET CAYAKUTH UHIUKATOPOM MHGOPMATUBHOCTH BbIOO-
POYHOTO TPOCTPaHCTBA. B caMoMm 6IaronpumsTHOM ciIydae HeobXOo-
MO OCTABUTH k TpeneneHToB (10 OTHOMY TpPeNCTaBHTEN0 Ha Ka-
XKnoprit 06pasz). s caMoro TpymHOTO ciydas B KadecTBe IIpere-
MeHTOB TOoTpebyeTcss OCTABUTL Bce m 0OLeKTOB. Benmuwna J =
(m —s)/(m — k) ykas3piBaeT Ha WHGOPMATHBHOCTH MPU3HAKOB. Ecmm
J = 0, To 6ezommboTHOe pacmo3HaBanne ob6ydatornieil BEIGOpKN obec-
MevyeHo 1O OlpellefleH o, HO PacCUYMThIBATh Ha YCIelIHOe paclo3Ha-
BaHUe KOHTPOJbHBIX OOBEKTOB HeJlb3s.

8.2. Merozn «npobsammxcs 3Tajionoss (aaropurm IIOOT).
Tax ke, Kak W B TPeNBIAYIIIAX CAyUasx, OymeM cTpeMUThCT K Ges-
OIIMOOYHOMY paclo3HaBaHWIO 0OyvaloIeil BLIOOPKN, HO € MUCIOIB30-
BaHUeM TOKPBITUI 00yJalollell BBIOOPKH KaXKI0TO 00pas3a MPOCTHIMA
dUTypamu, yCIoKHSIOMIIMICS O Mepe HeoOXommMocTH [69)].

OnuH 13 BapuaHTOB 5TOI0 METOIa MPelyCcMaTPUBAeT UCIOIB30-
BaHWe B KadecTBe MOKPHIBAIONINX GUTyp Habopa rumepcdep. Ilas
KazKHoro u3 k 0o6pasoB cTpoutTcs chepa MUHEMAIBHOTO Pajinyca, Mo-
KPBIBAIOIIAs BCe ero obydvaloliiine peaju3aliui. JSHAYEHUS PalUyCcoB
5TUX cdep U PpacCTOSHUN MeKIY UX IeHTpaMy MO3BOJISeT ONpeneluTh
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06pa3bl, chepbl KOTOPBLIX He TlepeceKatoTcd co cepaMu A1pyrux odpa-
30B. Takme cdepsr cunmratoTest STamoHHBIMT (cM. 06passl 1 n 8 Ha
puc. 19), a ux MEHTPHI I PAOLYCHl 3aOMIHAIOTCS B KaTeCTBe 3TAJO0-
HOB TIEPBOTO MOKOJIEHUS.

7, (i)
W

Ecnn nsa obpasa nepecekaiopeg, Hpgs 0OIaCTH TepeceyeHus He
OKa3aJI0Ch HU OIHON peaju3anun o0yvalneil BELIOOPKHU, TaKoe Iepece-
yeHue cynTaeTcs GUKTUBHBIM, IEHTPHI U PAIUYCHI 3TUX chep TaKxKe
BHOCSATCS B CIIUCOK YTAJIOHOB IEPBOTO TOKOJIEHUs. DPU 5TOM 06IacTh
nepecevyeHns cyuTaeTcs IMPUHaIeXKalllel chepe ¢ MEHBIIUM pajiu-
ycom (cdepe 2 Ha puc. 19). Ecam B 30He mepeceveHms OKa3alnch
TOYKHN TOJIBKO OJHOTO 0o0pa3a, TO 3Ta 30HA CYUTAeTCs NpUHaIJIeka-
meit sTomy o6pasy (cdepe 3 Ha puc. 19). Toura cunraercs oTHOCS-
mieiica kK obpasy 4, ecii oHa TomnajiaeT B chepy 4 U He TonagaeT B
chepy 3. Femm ke obmacTh TmepecedeHUs CONEPXKUT TOUKH PasHBIX
06pa30B, TO HJs dTUX TOYEK CTPOATCA 3TAJOHBI BTOPOTO TOKOJIeHUs
(cdepwr 5, 6 u 7). Ecnu n oHE mepecekafoTcs, TO IS TOYEK MX 30HBI
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nepecevyeHuss CTPOSTCA DTAIOHBI TPEThEro MOKOJEHHUs. JPolenypa
Ipo6IeHns >TAJIOHOB TPOMONKAETCS IO MONYIeHNUS 3aTaHHON HaleK-
HOCTH Paclo3HaBaHUs 06yUalolell ToCIenoBaTeIbLHOCTH.

Hanbreittiium yuportiennem angroputma HI9T cuyxur ero pas-
HOBUIHOCTL, OTINYAIONIAACS TOIBKO TeM, UYTO B KadecTBe TOKPLIBa-
TOIX GUTYP UCTMONB3YIOTCS THUMepIapanienenuenst. Ecam ux cTo-
POHBI TAPAIIITeTLHEl KOOPIWHATHBIM OCSIM, TO 33TaHNe UX TOTOKEHN S,
TpPOBepKa YCIOBUS TMOMAMAHTS TOUeK BHYTPE MapallieleNuneoB Wil
B 0067aCcTh UX TlepecedeHns OCYIIecTBIAETCS ¢ TMOMOITBIO OUYeHb MPO-
CTHIX TPOIELYP, YTO MO3BOJISAET SKOHOMUTEH mpubmusutensro 30 %
MAaIlITTHHOTO BpeMeHH! 0 CPABHEHWIO € TMPeNBIAYIITIM BapHaHTOM.

DaloMHUM, YTO B COOTBETCTBUE ¢ TunorTezoit H; yem Menblie
paccTosHme OT KOHTPOIBHON TOUYKH MO pealn3alui o6yJaloniell BhI-
60opK1 1-To 06pa3za, TeM BHIIIE BEPOSTHOCTE TOTO, YTO 3Ta TOUKA TTPH-
HaIIeXKNT 06pa3y ¢. M HaobopoT, BepOATHOCTE TOSBIEHUS pealin3a-
mnit IyKoro obpasa BO3pacTaeT ¢ yhalleHneM OT 00yYaloIlnX TOYeK
1-ro o6pasa. CremoBaTelbHO, YeM BBIIIIE TIOTHOCThH TOYEK B -1 5Ta-
JOHHOI cdepe, TeM MeHbIle BepOSTHOCTH P(i/j) oTHeceHUs TyXKoOil
peaNm3anum K >ToMy 06pasy.

Ecnuw mocranmoBka 3amadm pacmo3HaBAHUS TPeNOCTeperaeT oOT
ommbOIHOTO BRIOUeHNs peanm3anuit (k+ 1)-ro o6pasa B cocTas mio-
6oro u3 k 3amaHHbIX 06pas3oB (T. e. ecan uena oumbkn C(i/k + 1)
IOCTATOTHO BENUKA), TO HYKHO M30eraTh W3INIIHE «IIyCTOTH» B
STANOHHBIX chepax (9To mveeT MecTo, HanpuMep, B cdepe 8). C sToit
eAbI0 BEITUCASeT s OTHOIIeHne V' dicia ToYeK m; K Panuycy chepsl
R;. W ecim V' Mennlile 3amannoro mopora Vg, Takas chepa momBepra-
eTcs MOTMONHUTENBHOMY aHalll3y: MelaeTcs MONBITKA 3aMeHUTh ONHY
pa3pekennyio chepy HeCKOMBKUMHU Goliee TIIOTHLIME chepaMi MeHb-
LIero nuaMerpa. ITO MOXKHO CIeIaTh € HOMOIIBIO aJIrOPpUTMa TakK-
conomuu Tuna FOREL. Eciu cpentsis mioTHOCTbH HOBBIX cdep OKa-
JKeTcs BBITIE TIOTHOCTH HAYATBHON cdephl, TO 5TU chephl BHOCITCS
B CIOHCOK 3TAJIOHOB BMeCTO Hadadbho#. Clenyer mpemocrepeds OT
qpe3sMepHOTO YBIEUEHUS TPOMeNypoil TMOBBHIIIEHNS TIOTHOCTU cdep:
Kaxkmas HoBas cepa — DTO HOMOIHUTENbHBIE 3aTPATHl MAITUHHON
TaMSITH Ha STAJOHLI U BpeMeHU Ha IpUHATHe pelrennii. Kpome Toro,
VBelInmYeHne YNCiIa TOKOIeHN T Y TaIOHOB (Hak THIeCKN TPUBOAUT K TO-
CTPOEHNUIO «CIUIITKOM BBEIUYPHEBIX®> TPAHUIl MeXTY 06pa3aMu, 4TO Ipu
OTpaHUIeHHON BLIGOPKE CTATHCTUIECKT MAJIO ONMPaBIaHO.

OnbIT mokazall, UYTO HaxKe B OUeHB CIOXKHBIX CIydYasx IJs XO-
pollero pacrno3HaBaHus obydalollleil BHIOOPKU ObBIBaeT HOCTATOYHO B
cpenneM He Golee Tpex MOKOJMEHUI dTalOHOB. Tak, IpU pacimosHaBa-
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HuK 11 yeTHBIX KoMaH[ i 6e301InboYHOro pacino3Hapanus obydaro-
11efi MocIenoBaTeIBFHOCTH TOTPeGoBAIOCh OT 2 110 5 cdep Ha o6pa3 (B
cpenHeM 2,8). Dpu pacmo3HaBAHWUN e TIO OMHOMY 3TAJOHY Ha 06pas3
STU peajium3aliil PACIo3HaBaINCh ¢ OmmoKoil 45 %, 410 TOBOPUT O
BBICOKOW CIIOKHOCTHU TaHHON 3a1aul.

Ecnw 651 MBI MOTITH COTIOCTABIATE B €MWHBLIX TTeHAX PACXONBl Ma-
HMIMHHBIX pecypcoB Ha sTamnonbl C, u crommocts noteps C(i/k + 1),
TO HaM CHenyeT CTPEMUTLCS K MIHUMEU3ANNN OOIINX ToTeph N:

k
min N = min { C, + > C(i/k+ 1)P(i/k+1)

=1

Opu pacno3HaBaHUH HOBBIX pealiM3alllil MPOIEce MTPOBEPKU TOmaia-
HUSA B Ty WM UHYIO >TAJOHHYIO chepy HaumHaeTcd co chep HauMeHb-
1Iero guaMeTpa.

Deltaorine MpaBmia OTINYAOTCS IPYT OT Hpyra TakK Ha3biBa-
eMoll eMKOCTHON XapakTepucTukoii [25,102]. OmHa oneHmBaeT OTHO-
LIeHNe CHOXKHOCTH TPaBUiIa K ero pasfensioleil cnocobHoctu. Anro-
putym IIODT BbIpabaThiBaeT OUeHb TPOCTHIE TPaBUIa, KOTOPbIE BMe-
¢Te ¢ TeM MOTYT OTIeAUTh APYT OT Apyra o6pa3sbl cO CIOKHBIMU I'pa-
HUIIAMU, TaK 4TO 3TH TpaBuiia 06Jaal0T OYeHb XOpollleil eMKOCTHOI
XapaKTepUCTUKOM.

B saxmiouenume oTMeTuM, UTO 37lech TaK ke, KaK U B IIPemlbl-
IyIIeM aJITOpUTMe, UMeeTcs BO3MOXKHOCTHL IO KOJUYeCTBY 3TaJIOHOB
CYIUTL 06 WHPOPMATUBHOCTH TPUIHAKOBOTO TpocTpaHcTBa. LEcam
I 6Ge301nO0YHOrO paclo3HaBaHus m 06y Jalonx 065eKToB k o6Gpa-
30B (m > k) moTpeGoBanock s 5TAIOHOB, TO XapakTepucTnka J =
(m—s)/(m—k) mo3BonsieT onpenennTh Mepy WHPOPMATHBHOCTH IPI-
3gakoB. OHa MeHseTCs B IHAla3’oHe 3HAYEHUH OT eNWHUILl (OINH
5TaJOH Ha 06pa3s) mo Hyis (IHCI0 5TAJOHOB PABHO 4IHCIY 00ydYa-
oInX 06beKTOB). B mocmemueM cioydae MBI MMeeM €70 ¢ OYeHb
TIOXO TOATOTOBIEHHON 3amadeil pacmosnaBanms. Taxoro poma cu-
Tyaliust 0Opa3HoO BbIpaXkKaeTcd N3BeCTHON MeTadopoll «Bolla B TYOKe»,
IITST KOTOPOH THIIOTe3a KOMITAKTHOCTH He BBHIMOMHIeTCS. AcHO, 9TO 0
HaJle’KHOM PacClO3HaBAHUU KOHTPOJIBHBIX peau3aliuil 3/1eCb TOBOPUThH
He MPUXOANTCS.

8.3. TakcoHoMuueckue pernamiue GyHkuuu (aJaropurTm
TO®) [24,54]. OOGbIUHO Ha 5>Tame 00yUeHUs CTPOUTCS pelraolee
NpaBUiio, TapaMeTPbl KOTOPOTO ONPENeNsioTcs U XKeCTKO PUKCupy-
fOTCcs o WHGOPMAIINN, cofepkKallleiics B o6ygatortieil Bei6opke. Kaxme
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Obl KOHTPOJbHbIE peal3alliil He NMPelbsIBIAINCh MOTOM [IJId Paclo-
3HABAHUS, pellatolree MPABWIO He MeHSeTCs. D)0 BO3MOXKEH U IPYToit
MONXOMA: Ppelllalolllee NMPaBUIIO CTPOUTH HEIOCPENCTBEHHO B Ipollecce
pacmo3HaBaHUsA, ONUPasch Ha WHGOPMAINIO, CONepKaIyIocd KaK B
obyvarolleil, TaK I B KOHTPOJBHON BEIOODKe.

Da puc. 20 obbexTh obyuatoieil BHIOOPKU IBYX 06pa3oB obo-
3HaYeHbl KPYKOUKaMU U KPecTUKaMU, a pealin3aliii KOHTPOJIbHON
BLIGOPKHN 0603HAUEHBI TOYKAMU. LECIW ammpoKcHMUPOBATH CTYCTKH
ToueK obyuatollleil BRIOOPKN YHUMOMAJIbLHBIMU paclipefelleHusMu, TO
pelraolias TpanuIla IpeacTaBiaseT TUHNIO a. Takoe perratorriee mpa-
BUJIO, TIOCTPOEHHOE MO HelpelcTaBUTelbHONW BHIOOpPKe, HACT MHOIO
OIIMOOK TIPU PACIO3HABAHNN KOHTPOIBHON BBIOOPKH.

_Ecnu xe obywatontyio 1 KodtponLflyio BEIGOPKY paccMaTpuIBaTh
COBMECTHO, TO MOXKHO MOCTPOUTH PelIalollyio IpaHuIy B BUle Ju-
Hun b, KoTopas 06yUaloIIyio BeIGOPKY paclo3HaeT Tak Ke XOPOIIO,
KaK U JWHUS @, HO CHUZXKaeT KOJMYecTBO OLIMOOK Ha KOHTPOIbLHON
BLIGOpKe. Takoe pelllenne TodydaeTcs, eCliW MTPUMEHUTE KPUTEPUH
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TaKCOHOMUH: GONBINTE PACCTOSHUS MEXKIY TAKCOHAMHU W Majble pac-
CTOSTHUS. BHYTPHU TAKCOHOB. OJTO M TOJOXKEHO B OCHOBY IIPUHSATHS
pelleHnii MeTONOM TaKCOHOMUYECKUX PeIIalormux GyHKINH.

Cumechb o6ydYaloIInX M KOHTPOJIBHBIX OOBEKTOB MOMBEPraeTcs
TAKCOHOMUY Ha Kk TaKCOHOB ¢ MOMOIIBIO ajgropuTmoB tuna FOREL
win KRAB. Eciu B HekoTOpoM TaKcoHe ecTh TOUKU 06y uatorrieil Bhi-
GOpPKU TONBKO OOHOTO ?-TO 06pa3sa, TO BCe KOHTPOILHBIE TOUKH, TO-
TaBIINe B 5TOT TaKCOH, OTHOCATCS TakxKe K 06pasy ¢. cmm B Takcome
ecThb TOYKE 13 k' pasHbIX 06pa3oB, TO TaKoil TaKCOH pa3buBaeTcs Ha
k' 6onee Menkmx TaKCOHOB. )Ta NpOIeLypa MpONOJIKAaeTcs IO Tex
op, TOKa B KaKIOM TaKCoHe He OKaKyTCs 00y Jafornne TOUKT TOILKO
onnoro o6pasza. KouTponbHuble TOUKN, TOMABIINE B TaKCOH, He COmep-
Kalmuil o6yJIalonux ToYeK, CUNTAIOTCS MPUHAMITEKAITIMI HOBOMY,
(k 4+ 1)-My obpasy. Dpnm KemaHNH NX MOXKHO OTHECTH K OTHOMY W3
k obpa3soB, mpucoeguHeHNe K KOTOPOMY HacT Hauboublllee 3HAUEHUE
KPUTepus KadecTBAa TaKCOHOMMUM.

OnucaHHbIl AJTOPUTM HO3BOISET UCIOIB30BATH HE TOIBKO WH-
dhopmanuio u3 obyualolieil BHIGOPKH, HO W U3 KOHTPOJBHON. DTUM
obGecneunBaeTcst Gojiee BBICOKAs yCTORUYNBOCTH anropurma TOD k Ta-
KOMY YaCcTO BCTPEUYAIOIIEMYCS HeTPUSITHOMY SBIEHWIO, KaK Helpe-
CTaBUTEIBHOCTH 00y YaAIell BHIOOPKM.

§ 9. Jlornueckue pemiaioiine NpaBuia

Brime yxaspiBasioch, UTO OOWH W3 BAapWaHTOB TUMOTE3BI KOM-
MaKTHOCTHU COCTOUT B HMPENONIOKEHIH, YTO MHOXECTBO A, KOMIAKT-
HOE B n-MEPHOM TPOCTPAHCTBE NPU3HAKOB, OOBIUHO KOMITAKTHO U B
ero TMPOEKIISIX Ha KOOPAMHATHBIE OCH (THIOTe3a TMPOEKTHBHON KOM-
maktHocTH Hp). DpUMEHHTENBHO K DPACIO3HABAHHIO 0GPa30B HTO
OUEBUIHOE TIPENNONokKeHTe He ABIsSeTcs MOCTATOUHBIM. TpebyeTcs
ellle, YTOObI KOMIAaKTHbIE U HECOBIIAHAIOIINEe B 7.-MEPHOM MPOCTPaH-
CTBe CTYCTKM 00YyYaMIINX TOYEK Pa3HbIX 00pa3oB ObIIN ObI KOMITAKT-
HBIMI T HEeCOBMAIAIONINMI T B OINHOMEDPHBIX ITPOEKINSX (THIOTe3a
IPOEKTUBHOM JoKanbHoll KommakTHoctn Hpy;). O6brano sTo Tpebo-
BaHUe B UUCTOM BUIE He BBINOJHSETCS. JPOEKIUN TOUYEK PA3HBIX
00pa30B Ha KOOpAMHATHBIE OCH 0Opa3yloT IlepeKphbiBafollinecs obJa-
cru. OnHako O6JACTH MePeKphITUs Ha Pa3HbIX KOOPAUHATAX BBITJIS-
IAT MO-Pa3HOMY, M €CTh Haleka, YTO KOMOUHAIMs HeCOBIIAHAIOIITNX
NMepeKphITHil Ha HECKOJBKUX OCHAX IMO3BOJNUT TMOCTPOUTH 3PheKTusn-
HOe pellaloliee TPaBUIO. OJPpUMEp, WIIIOCTPUPYIONINE 5To, MoKa-
3aH Ha puc. 21. DpaBuio MPUHSTHUS PeEIleHUs O MPUHALIEKHOCTH
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HOBOrO 06BeKTa ¢ K 0o6pasy 1, mampumep, BoIrIsnuT Tak: «BEcim
(214 < @)&(294 > b), TO 24 = 1».

wzj

L —
F

a L1

Opasmia Takoro Tuna noayHum Bd3Banue gocuveckur peuiaio-
wuz npasua (JIDD) 1 nx mccnenoBaHNo TOCBAIIEHBI MHOTTE PaBGOTHI,
B wacTHOCTH [108,120,126]. DpuBemem ommcanme NBYX aJTOPUTMOB
noctpoenus J1D9.

9.1. Anropurm CORAL [108]. Beimennm HEKOTOPOE TOTMHO-
XKecTBo X, sHavenuii mpusmaka X;. LIS CUIBHBIX IPH3HAKOB —
5TO MHTEPBAJ 3HAUEHUIT, IUIS IIKAJ TOPSIKa — PSLI COCETHUX TOPSiI-
KOBBIX TOBUIMI, s HIKaJ HAUMEHOBAHUN — OIMHO WJIH HECKOJIBKO
nven. Tor ¢daxr, uTo 3HaueHme mpusHaka X; y o0BeKTa a; IpH-
HAIJICKIT TOOMHOKecTBY X j,,, 0603nadaeM vepes J(a;, X;,). Torna
nonamganiie o6beKTa ¢ B 06IaCTh v, OOPA3OBAHHYIO TPAHUIIAMU TOM-
MHOKeCTB X j,, T. €. B runeprapasieenuien (Xq, X Xoy XX Xy ),
sanuieM B ¢hopMe JOTHYECKOr0 BBICKA3bIBaAHUS:

Sla, X) = J(a, X1,)&J(a, Xo)& ... &J(a, Xpry).

B BbickazbiBanme S MOryT BXOOUTH He BCe 1 MPHU3HAKOB, a J0O0e
X HemycToe momMHoxkecTBo m3 7' mpusnakos, n' < n. Ymcmo n'
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Ha3blBaeTca daunotl eébicka3vieanud. Jloeuueckot 3AKOHOMEPHOCTNDIO
Ha3bIBaeM BLBICKa3bIBaHIle, YIOBJJIeTBOPAIOIIee IBYM YCJIOBUAM:

Pws:mws/mwga u Pws—:mws—/mw— Zﬁ

3neck w ecTh UHIEKC O06BEKTOB CBOEro obpasa, w~ — UHIEKC 00b-
eKTOB BCeX UyXKUX obpa3oB, 1, — oOlllee YUCIO CBOUX OOBHEKTOB,
M- — ODlllee YUCI0 UYyKUX OOBEKTOB, 1My — YUCIO CBOUX, YHO-
BJIETBOPSIIOIINX BBICKA3BIBAHUIO 5, 1M, ,— — YHCIO YyKUX 0OBEKTOB,
YIOBIETBOPSIONINX 3TOMY JKe BBICKA3BIBaHUIO S, a a U [ — HEKOTO-
pBle TTOPOTOBLIEe BeIUYNWHEI B MHWANa3zoHe OT HYIsS HO equHuTBl. zKe-
JaTelbHO, YTOOKI BBICKA3bIBaHUe S, UCIOIb3yeMOe ISl Pa3IinIeH st
CBOUX OT YyKUX, OTOUPaJIO TOOOJIbIle CBOUX U TOMeHbIlle 9y KUK 00b-
€KTOB, T. €. 4TOObI & HbIJIO KaK MOXKHO OOJBINUM, a [ — KaK MOXKHO
MenblnM. Ecman ycmosne (o, 3) Ha obyvaroreil BEIGOPKe yIOBIETBO-
psieTcst, TO BBICKa3biBaHle S BKIOUAETCS B CIUCOK MOKPBIBAIOIIETO
HaGopay 3aKOHOMepHOCTell. Dabop 3aKOHOMEePHOCTed Ha3bIBAETCS NO-
KpbisOwWuM 4T 06pa3a w, ecim IS JTIOO0H ero peasu3alni BHI-
ToNMHsSeTCcS XOTs ObI OMHA 3aKOHOMEpPHOCTEH W3 >Toro Habopa. zKe-
JlaTelbHO, YTOObI YUCIO 3aKOHOMEepHOCTell B MOKpbIBatollleM Habope
ObIJI0 MUHUMAIbHbBIM.

DoucK 3aKOHOMepHOCTel S HaunmHaeTcst ¢ GONBIINX 3HAUEHUH o
(rampumep, ¢ o = 1) n ManbIx 3Hadenuit 5 (wampumep, § = 0,02).
DpocMaTpuBaOTCS BCe BO3MOKHBIE TIONMHOXKECTBA 3HAUEHU T TTEPBOro
cIydaiiHo BHIOPAHHOTO TPU3HAKA U HaXOMUTCS BhICKa3biBaHue S, yHo-
BIeTBOpsoIIee TpeGoBannio («, 3). Ecin TakoBoe He HaxommTcs, TO
npoiiecc TOUCKa TOBTOpsAeTcs Npu OoJiee HU3KOM MOpOTe «, yCcTaHa-
BIMBaeMOM aBTOMATHIECKH. Fci cHIAKeHTe TOPOTa BIUIOTE IO BEITN-
quHbl @ = 0,5 He aeT KellaeMOro pe3yibTaTa, TOTHa YBelYnBaeTcs
mopor  monmycTHMOfl HOTH IyKUX cpenn cBomx. Eciu yemoBue (af3)
He BHITOJHseTcs u npu o = [ = (0,5, To HemaeTcs mepexon K paccMo-
TPeHUI0 BTOPOTO MPU3HAKa, CAyYaillHO BbHIOPAHHOTO U3 OCTABIINXCS.
Ecmm na kakoMm To mrare yciosne (o) BHITOITHSETCS, TO Te O6BEKTH
cBoero obpasa w, KOTOPHIe YIOBIETBOPSIOT BLICKA3BIBAHUIO S, U3
MaTbHeNIero paccMOTpeHusT nckaodaoTes. Ias ocTaBmmxes o6b-
eKTOB 0oOpa3a w IJINHA BHICKA3bIBAHUS YBEIUYUBAETCS HA €ITUHUILY.
OnucaHHbBIl TPOIECC MPONOIIKACTCS M0 MOJYUYEHUs TOKPBIBAIOIIEro
Habopa 3aKOHOMEpPHOCTE I BeexX 00heKToB o0pa3a w. AHaIOTUIYHO
CTPOSATCS TOKphIBatolllne HAOOPHI U [IJid BCeX NPYTUX Paclo3HaBae-
MBIX 00Pa30B.

Moxmo moTpeboBaTh, YTOGHI AATOPUTM Hefail I KaXKIoTo 06-
pasa He MO OMHOMY, a 1O HEeCKOJBKO MOKPBIBAIOIINX HABOPOB. IJTO
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TpeGoBaHme TepeKINKaeTcs ¢ BbickasbiBanmeMm . Pefinmana [155] o
TOM, UTO MBI MOYKEM TOBOPUTH, UTO MOHUMAaeM SBJIEHIE, eCIi B CO-
CTOSHNE OOBLACHITE €r0 HeCKOMBKUMN PasHbIMUI crnocobamu. C »Toil
MeALIO MOCHe TOJYYEeHNS IMepBOTO MOKPLITUS MCKIIOUAEM U3 PacCMO-
TpeHus MepBBIl MPU3HAK, BKAIOYEHHLIN B HTO MOKPBITHE, I IIPOIECC
MOKCKa, 3aKOHOMEPHOCTeH HauNHAeTCA ¢ IPYTOro CaydailHo BhIOHpae-
MOT'O HIpH3HAKa.

DacrosHaBaHme KOHTPOILHOTO O0heKTa ¢ € MOMOIILIO TMOKPLIBa-
IOITIX HabOPOB 3aKOHOMEPHOCTEH CBOONUTCS K IPOBEPKe TOTO, KaKIM
BBICKA3BIBAHUSIM VIOBJIETBOPAIOT €ro XapakTepucTuku. Ecam Takoe
BLICKa3LIBaHIe OQHO WM eI UX HeCKOILKO I BCe OHU HAXOOATCSI B
crucke obpasa w, TO OOBEKT ¢ PACIO3HAETCS B KaUecTBe Peasm3alliin
obpasa w. Ecim ke o0bekT ¢ ymoBIeTBOpsSeT 3aKOHOMEPHOCTSIM He-
CKOMBKIX 06pa30B, TO pellleHne MPUHIMAETCS B TOIL3Y TOTO 06Gpasa,
KOTOPOMY HPUHAMIEKIT 3aKOHOMEPHOCTD ¢ HANOOJILIINM 3HaUeHIeM
BeInYnHLl Py 5.

Anamns o6Iero CImcKa 3aKOHOMEPHOCTeH MOXKeT MOKa3aTh, YTO
HEKOTOpPBIE TPU3HAKNI W3 MCXOMHON cumcTeMbl X B HIUX OTCYTCTBYIOT.
DTo 03HaYAET, YTO OHU OKA3aINCh HeMHGOPMATUBHLIMIE I B IIPOIECCE
IPUHATHS PellleHuil Ha HUX MOKHO He obpalaTh BHEMaHus. s ka-
JKIOTO 1-To 06pasa MOOMHOKECTBO HHPOPMATUBHLIX IPU3HAKOB MO-
JKeT OKa3aThCs PA3HLIM. OJTO 3HAYNT, YTO IPH IPOBEPKE IUMOTE3HI O
IPUHAMIEKHOCTH 00heKTa ¢ K TOMY WIN WHOMY 06pasy HY:KHO aHa-
AU3NPOBATH HE BCE IPOCTPAHCTBO IPU3HAKOB, a ¢-€ €r0 IMOMIPOCTPaH-
CTBO, YTO XOPOIIO COIMacyeTcs ¢ MHTYUTHBHBIME MeTomaMn Hedop-
MaJIbHOTO pacmo3HaBannsa. HeflcTBUTENbHO, ODHUX JTIOIeH MBI y3HaeM
0 POCTY, OPYTUX IO IOXOOKe, TPeThLUX IO Urype I IBeTY BOJIOC
u T. .

9.2. Anroputrm DW [120]. B ocHOBe 5ToTO anropnTMa Takxe
JEKUT TUNOTE3a MPOCKTHBHON KOMIAKTHOCTH. DACCMOTPUM €ro pa-
60Ty Ha IpuMepe PaclIO3HABAMUS ABYX 00Pa30B. DIIeMEHTAPHLIM BbI-
CKa3bIBaHUEM J B HTOM aJTOPITMe Ha3bIBAETCS BBHIPAKEHUE CIELyIo-
IIeTO BIIA:

a) X(a) = 2 nns mpusHaka X, M3MepPeHHOTO B HOMUHAJIBHOI
HIKae;

6) X(a) < z nnst mpusHaka B 10601 6oee CUNBHOIN IIKaIe.

B »Tux BbIpaxkemusx z — (QUKCHpPOBaHHOe (IOPOrOBOE) 3HAUCHUE.
OyneM HasbIBaTh BbicKasbiBauus X(a) # = u X(a) > 2 momonnu-
TeJILHBIMI K BB PUBENCHHBIM I 0603HauaTh yepes J . Kowbonk-
umeil AauHbBl [ Ha 5IeMEHTAPHBIX BBICKA3BIBAHUAX Ha3bIBaeM BbIPa-
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kennme Buma S — J1&JJ2& ... &J;. Dabop KOHLIOHKINI IpemcTaBiM
B BUIe TUXOTOMUYIECKOTO mepeBa ), B KOTOPOM KaXKIoO# BETBU COOT-
BeTCTBYeT ONHA KOHBIOHKIWSA. KoHeUHBIe BepIIWHEI IepeBa comep-
J)KaT UMeHa OOBeKTOB O0ydYarllell BBIOOPKW, MPOIIENIINX CROa OT
HATaJIBHON BEpIINHBI mepeBa. ILcam B HEKOTOPON KOHeUHON BeplImHe
nMerTcs 00beKThl pa3HblX 00pa3oB, TO CUMTAETCS, YTO 3Ta BePIINHA
MPUHAIIEKUT TOMY 00pa3y, YbnX 0OBEKTOB B Hell OOJIBIIIe.
DaboTa 1O TPOBEpKe MCTUHHOCTHU MWW JIOKHOCTU BBIpaKeHU
S 110 OTHOILIEHUIO K OOBEKTY ¢ OPTaHN3yeTCs ¢ TOMOIIBIO TabIUIIBI
T(1,7). Bepumne nepesa ¢ Homepom ¢ (T. e. BbICKaspiBaHmo J) corno-
CTaBIsAeTCA -1 CTPOKa TabIUILI, B KOTOPOH OMUCHIBAIOTCS XapaKTe-
PUCTUKH j >TON BEPIITWHEI:
T(i,1) — HOMep CTPOKHM, 3aHMMAEMBIil JTAHHON BEPIINHOIN;
T(i,2) — HOMEp CTPOKN, Kyla CIeqyeT MepexomuTh, ecan J nc-
TUHHO;
T(i,3) — HOMEp CTPOKN, Ky[a CIeNyeT TepexonnTh, ecin J I0K-
HO;
T(i,4) — HOMep MpU3HAKA, HA KOTOPOM TOCTPOEHO BBICKA3bIBa-

T(i,5) — mopor x, WCIOIB30BAHHBII PN TOCTPOSHIN BBHICKA3EI-
BaHUA J;

T(i,6) — KommIecTBO O6BEKTOB MEPBOTO 06pa3a B i-il BepIINHE;

T(i,7) — Komm4IecTBO 06BEKTOB BTOPOTO 06pa3a B i-il BepIInHe.

Konedmnie BePIIMHLL [iepeBa OYIyT MOMeUYeHbI TeM, 4TO y HUX
T(i,4) = 0. lIBmkenne mo nepeBy ¢ moMOIIBI0 Tabmuist 1'(¢, j ) ocyte-
CTBIISIETCS CIMYTOIINM 06pa3oM. JYCTh MBI HAXOLUMCS B BEPIIUHE i.
Ecmn T(i,4) # 0, To mpoBepsieM, yIOBIeTBOPSeT T OOBEKT ¢ yCIIO-
BISIM BbICKasbIiBaHust J, oTpaxenusim B 1'(¢,4) u T'(4,5). Ecnu ma, To
nnem B Bepurnuy 1(¢,2), ecnin Her — B Beprmuy 1'(¢,3). Ecan oge-
pemHas BepllmHa SBASeTCs KOHEUHOIT, TO ITPOBePSIeTCs COIePKIMOoe ee
saementos 1(¢,6) u T'(¢, 7). Ecan okaxercs, aro 1'(¢,6) > T(¢,7), To
00BeKT ¢ GyIeT pacrHo3HaH B KayecTBe peajim3aliil mepBoro obpasa,
n Haobopot. Ecmam xe T'(¢,6) = T(i,7), To pellleHne TPHHIMAETCS B
MOJTB3Y TOTO WK WHOTO 06pasa ¢ BeposTHOCTHIO 0,5.

Opu BBIGOpe BapHaHTOB IMOPOTOBBIX 3HAYEHW = W UX cOYeTa-
HUIl BO3HUWKaeT OOJBINON Tepebop, COKpallleHne KOTOPOTO OCHOBAHO
Ha MeToje HapallliBaHUs <«JIydlrero K JydireMmys [2]. Da mepsom
[are CTPOUTCS HaWiIydlllee B CMBICIe HEKOTOPOTO KpuTepus G ire-
MeHTapHOe BblcKasbiBanue .J(11) u ero momonuenue J(12) = J(117).
C moMOIIBIO 3THX BHICKa3bIBaAHUil 0Oydalollias BEIOOPKa MEMNTCS Ha
mBe rpynmer: Tpynny obbektoB U(11), ynoBmersopsorux J(11), n
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rpynmy U(12), ynorersopsitorrmx J(12). Ecmu rpynma U(11) conep-
KT OOBEKTHl PA3HBIX 00pasoB, TO [JIsS Hee UINETCS BBHICKA3BIBAHIIE
J(21) un ero monoauenue .J(22), Hamwrydinme ¢ TOYKH 3PEHHs KPUTe-
pust G. Ta xe mpomenypa mist rpynnst U(12) naer Hammydinee Bbl-
ckasbiBanue J(23) u ero momonuenue J(24). B pesyabraTe o6yuaio-
11ast BEIGOpKa NENUTCS Ha YeThIpe TPYIIBL. JPOIece TAKOTO HeJeHus
MOZKHO TIPE[ICTABITE B BIe HepeBa D), IOKa3aHHOTO Ha puc. 22.

J(21)——[70;, 3;]

.

J(11) [70:,20;]
/ \J(ZZ)—[% 17;]
D——J(1) [100;,100,]
\ /J(%)—[zoi, 75,]
J(12) 305, 80,]

’

J(24)——[10;, 5]

Bompoc o Tom, myxk#O 11 I[anflﬁ‘g m?c%lonmaﬂj npollecc Hapalliu-
BaHUs BeTBell, pelllaeTcs TPOBEPKON CONEPKUMOTO KaKIOW U3 TOIY-
yeHHBIX Tpynn. Eciu B rpynme U obuapyxkuTcs hy 06bEKTOB MEPBOTO
obpasa u hy 06BeKTOB BTOpOTO 06pasa m min(hy, he) > fm, toe f —
MOJOXKUTeIbHas KOHCTaHTa, MeHbIIas eMUHUIIBL, a 1m — o0Illee YMCI0
06BHeK ToB 00y Jatortiell BEIGOPKW, TO Mejedne Tpynnsl U Ha MOATPYIITET
MONAKHO OBITH MponoakKeno. B mpoTusHoM cayuae rpynmna U o6pasyet
KOHEUHYIO BEPIINHY, I HOBBI OObeKT, MOMaNaoINil B Hee, OTHOCUTCS
K ToMy 00pa3y, YbMX 00yvalOlIuxX peajim3anuii OoJbIlle B 3TOi Bep-
uinte. Fenu npusaste f = 0,03, To B Hatem npumepe mpu m = 200
ImanbHeilllee nefenne TpeGyeTcs MenaTh s BepuInHe! J(23).

Jlormyeckme pelrarorime MPaBUia OKA3aJlUCh OUeHb dPPeKTUB-
HBIM CPEICTBOM pellleHus 3ajad pacinoztapatus. OHu mMoryT pabo-
TaTh € PA3HOTHUNHBIME TPU3HAKAMU. Je CTPAIHO, eciii KaKoii-To
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NpU3HAK V HOBOTO OOBbeKTa He U3BeCTeH: MOXKeT OKa3aThCHd, YTO MO
UMeIoIIMCcs TpU3HaKaM OH YIOBJeTBOPAeT OlpelelleHHbIM 3aKOHO-
MEPHOCTSIM U XOPOIIIO Paclo3HaeTcs. Jpolecc moctpoenus JIDD cio-
JKeH, HO TIpollecc TPUHATHUS pellleHuil o HallleHHbIM MpaBuiiaM OUYeHb
MPOCT U MOXKeT NeJaThCs JlaxkKe BPYUYHYIO.

Donbllioe 3HaueHHe WMeeT HarJsinHas GopMa IIPelNCcTaBlIeHus
JIDD B Bume cnmcka MpaBmwil THUHA «eciu ... TO ...». Kak mokasaiu
OTIBIT, HEKOTOPhIE 3aKa34UWKM, TOAYyUUB peliedue B Bune J1D9, mnpu-
3HAOTCA, YTO OHO caMo 110 cebe uM OoJiee UHTEPECHO U TIOJIE3HO, YeM
BO3MOXKHOCTh HCIIONB30BATh €ro Mg aBTOMATHYeCKOTo paclo3HaBa-
HUSA HOBBIX OOBEKTOB: UM CTAHOBATCA BUIOHBI U TOHSITHBI ITPOCTHIE
3aKOHOMEPHOCTH, KOTOPble UMeIOT MeCTO B MU3ydaeMoil uMu o0JacTH.

DakoHell, caMoe BayKHOe NOCTOHHCTBO JIDD cocTOUT B TOM, 4TO
(hopMyauPOBKa 3aKOHOMepHOCTell B BUle KOHBIOHKIIUI COOTBETCTBYET
(dhopmMe TpencTaBIeHUs 3HAHUN B WHTEIUIEKTYaIbHBIX cucTeMax. Cie-
JOBATENbHO, MEeTONbI TToncKa JIDD MOryT Mcnmonb3oBaThes IS aBTO-
MaTUYeCKOTrO U3BJevYeHUs 3HaAHUN U3 HaHHBIX.

§ 10. D pencraBuTEJILHOCTb BLIGOPKHU

DpocToe onpenesieHne MPeACTABATEILHOCTH BHIOOPKH MOTIO ObI
BBITIISANETh TAK: «IPENCTABUTENBHON cUnTaeTCs TaKas o0ydatolras
BeIGOpKa A, KOTOpast B 3aJaHHOM TPOCTPAHCTBE MPU3HAKOB U 3aaH-
HOM KJacce peliatoinx GyHKINA T03BOIAeT TOCTPOUTH MPABUIIO Pac-
MMO3HABAHIS HOBBIX O6BEKTOB (KOHTPOIBHON BRIGOPKH ()) ¢ OMIOKOil,
He IIpeBbIIIafollell 3a/JaHHON BeJIUYNHBI>.

K coxamennto, Taxoe ompemnenenne JOTUYHO, HO He KOHCTPYK-
TuHo. O6yueHue mesaeTcs Ha UMEIOIIEMCS MaTepuale, a ITpoBepKa
KayecTBa o0yvyeHus OyleT lellaThCsd Ha MaTepualje, KOTOPOro B IIPo-
necce obyueHNd HET U O KOTOPOM HeT HUKaKOl MpenBapuTe bHOl WH-
dopvanmnu. Tax 9YTo MPOBEpPUTH, XOPOIIO AU OHa OymeT paclo3Ha-
BaThCH, HE BO3MOXKHO.

Kax Bcerma, B ycnoBusAx HemocTaTKa WHOOPMAINE TPUXONUTCS
TPUBIEKATh NOMONHUTENbHLIe SMIUpPUIecKe TUTOTe3b. B mammoMm
clydae WUCNOJb3yeTcd cllelyiolllee TPeNINoJIokKeHe: 3aKOHOMepHas
CBS3D ONMUCHIBAIONINX MPU3HAKOB X ¢ TEeNeBBIM MPU3HAKOM z Ha MHO-
KecTBe 00y datommnx (A) I KOHTPOTBHBIX (() ) 0GBEKTOB OHA I Ta XKe.
DTa TUNOTEe3a MONTBEPKIACTCS, HATPUMEDP, HPU CHENYIOIIUX yCIIo-
BUSAX: CBA3L MeXkny X W z Ha TeHepaJTbLHOH COBOKYMHOCTH OOHLEKTOB

X,z
G momunmHseTcs 3aKoHOMepHOCTH Tuma (', 1 BBIGOPKN A 1 () Ka-
Ktas B OTHENBHOCTH XOPOIIIO MPEeCTABISIOT 3Ty TeHePAIbHYIO COBO-
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X,z
KYITHOCTb. TOI‘Ha, Ha HUX HaﬁﬂIOHa,QTC?[ Ta 2Ke 3aKOHOMEePHOCTDb CVA7

X,z
1 Cgn’". DTo no3BonUT, 00y YUBIINCE Ha 00BeKTaX A, XOpOLLIOo pacio-
3HaBATh I OOLEKTHI ().

OPAMBIX [OKa3aTelbCTB TOTO, BHITIONHAIOTCS I 3TH yCIOBUS B
KOHKpeTHOW peallbHON 3a/lade, TOAYIUTE Helb3sg. MoOXKHO TOBOPUTH
JIUIIE O KOCBEHHBIX OTBETAaX HA 3TOT BONPOC. Jpexie Bcero, obpa-
IaeTcs BHUMaHue Ha 06beM m obGyuatorreii Boibopku A. CuurTaercs,
4TO yeM OoJibllle 17, TeM O0Jblile BEPOATHOCTh TOTO, YTO 3aKOHOMEP-

HOCTH Cif’z COBTIaJlaeT C 3aKOHOMEPHOCTHIO Cé’z. B obmmem cirygae
5TO TakK, HO TOJNOXKUTHCS TOJABKO Ha YUCIO 111 He T03BOJIseT coobpa-
JKEHWE «HEe3aBUCNMOCTH» BBIOOPKN, KOTOPOe XOPOIIO WINIOCTPUPYET
clienytoIas mpuTUYa. JPUXONUT TeoNor K Paclo3HaBaTelo, TOKa3hbl-
BaeT eMy IIBa KaMHS U ITPOCUT TOCTPOUTH pelllalolllee TPABUIIO JIJIs
pacno3HaBaHusA o0pa30oB ABYX MUHEPAJOB, MPelcTaBIeHHbIX 3TOM BhI-
bopkoii. DacrnosnaBaTenb emy ropoput: «Kosuera, Baia obyuato-
Ias BIOOPKA SBHO HENOCTATOUHAY». — «A CKONBKO 06pasiioB BaMm
HYXKHO?» — «Jy, X0Tst 6Bl MO OBAaNNATh IITYK Ha KaXIblil mpu-
3HAKY. — <«JOoxKalyicTay, — TOBOPUT I'eOJOT UM Uepe3 HeKOTOPoe
BpeMs PUHOCUT HYKHOE KOJIUYeCTBO 0OPa3lloB KaXKIOTo MUHepaJa.
«BoT Temepn Bce B mopsamke! — ToBoOpuT pacmosHaBaTenh. — A Tre
Bbl MX B3sin?» — «9 mpocTo pazbusi Te KaMHU Ha HYXKHOe Uu-
CITO YacTeli». — «JeT, Tak HelTb3sA! — TOBOPUT pacmo3sHaBaTelh. —
DYKHO, YTOOBI KaXKIblil Kycouek OBLI B3ST HE3aABUCUMO OT NPYTUX,
ObLT 6Bl YaCThiO APYTruxX GoJjiee KPYyMHBIX oOpa3oBaHuiis. — «A Kak
MHe y3HaTh, YTO KYCOUKU MUHEpaJla, KOTOpbIe s Hallly B KCIeNUIUN
HE3aBUCUMO OIMH OT NPYTroro, He OYIYT Ha caMOM Hejle OCKOJIKaMU
onHoTo u TOTO XKe Gosiee KpymHoro obpaszoBanus’s OTBera Ha 5>TOT
BOIIPOC HET HU y TeoJiora, HU Y paclo3HaBaTels.

Opu OMHOM U TOM XKe UHUCIe 1M NPeACcTABUTEIbHOCTh BHIOOPKH
KaK CBOlicTBO, obeclievynBaollee XOpolllee KadeCTBO 00ydYeHusd, OyneT
Pa3HbIM B 3aBUCUMOCTH OT TOIO, KakWe YacTU TeHepaJibHOH COBO-
KYITHOCTH OHa TIpefNcTaBiseT. Lcaum pacmosHaeTcs mBa obpasa, To
He BaXKHO, KaK BBITJAAUT reHepaJbHas COBOKYINHOCTH BO BCEM ITPO-
CTpPaHCTBe MPU3HAKOB. ['opasmo BakHee, KakK OHA BHITIANUT B pafione
TpaHunsl Mexny obpaszamu. U ecam ecTh BOZMOXKHOCTE TIIAHNPOBATH
SKCIEPUMEHT MO Habopy obyuatolllero MaTepualia, TO HYXKHO OpraHu-
30BaTh €ro TakK, YTOObI M SKCIePUMeHTOB ObLIN TPOBeNeHbl B KPUTH Y-
HOIl 30He TPOCTPAHCTBA, THe UMeeTCs HauboJbIIN PUCK HOJIYYUTH
olInOOUHOE pellleHe.

ns IIpUBEOEHHLIX 310eCh paccymﬂeHMI‘/’I MOZKHO cCHOel/IaThb BBIBOII,
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YTO HA3BaTh ONpele/leHHOe YUCI0 00yyYalolnx o6beKToB, HeoOXOM1-
MBbIX ¥ JOCTATOYHBLIX [IJId YCIEelIHOro oOyuyeHUs B KOHKPeTHON 3a-
Iave pacmo3HaBaHWs, Helb3s. ['myGoKume TeopeTudeckme McCIeNoOBa-
HUA >Toll podiieMbl felaluch B NPENNONOKeHUN, 9YTO npupoma Oy-
IIeT UTPaTh C pacnozHaBaTeleM 110 CaMbIM KOBapHbIM IpaBUiiaM —
NpenbsBiidTh B oOydalollell BhIOOpKe MaKCUMaJbHO HelpelcTaBu-
TenbHBIN MaTepuan [24]. YUTo6bl mpeomoneTh 5TO HeXKeTaHNe TPH-
pOObl OTKPBLITH UCTUHHBIE 3aKOHOMEDPHOCTH, TpebyloTcs BbIGOPKU
ype3BblUaiiHO GONBIIOTO 0ObeMa, UTO NledaeT TaKle OlNeHKU Helmpu-
eMJIeMBIMU IS TPaKTUIeCKOro UCIOIb30BaHMS.

Opu OpyroMm Monxome olleHuBajcs TpeGyeMbrii 06beM BHIGOPKU
IJId ciydas, KOrjla cTpaTerus NPUPOMLl He TaK KOBapHa U MPOsABIIs-
eTcs KaK B JIETKUX, TaK U B CJOKHBIX CUTYaIUsIX. JPU 3TOM MPENTO-
JIOJKEHNH NCCIIeYIOTCA TapaMeTPhl «CPeTHNX» CIIy4YaeB U IS HUX T0-
Ty IalOTCs OEHKE HeoOXOMMMBIX 00heMOB 00y Yatoitieil BrGopku [109].
OHu nosyyaroTcs MEHBIIUME, YeM IJIs CaMOTO INIOXOTO Clydas,
HO 3a 3>TO yMeHbllleHle BBIOOPKU HYXKHO PaclJauMBaThCid PUCKOM
CTOJKHYTBCSA B pealibHOIl 3amade co cTpaTerueil Takoil CIOXKHOCTH,
i KOTOpoil 3Ta BhIOOpKa OKaxKeTCd HeloCTaTOYHO MpelcTaBuTelb-
HOIL.

B ycrmoBusx Taxofi HeompemelleHHOCTH OOBIYHO WCIOALIYIOTCS
pa3indHble >BpUCTUYECKUE TPUEMbl [Js KOCBEHHON OIleHKU /1OCTa-
TOYHOCTHU obydatoriell BHI6OPKHU. Fcau MO3BONAIOT YCIOBUS, TO TIPO-
ecc OOy4YeHNs MefIuTCS Ha OBa 3Talla — <IIPelBapuTelbHOTO 00yde-
HUS» U «I00OyUeHUs». Da MepBOM dTalle CTPOUTCS pelakoliee mpa-
BWJIO C UCHOJb30OBaHUeM HMeollelics obyualolieil BEIOOPKH. 3aTem
cucTeMa paclio3HaBaHUs MEPeBONUTCA B PeXUM ONBITHON 3KCITya-
Taluu. D PenbIBISIOTCS 06BEKThl KOHTPOIbHON BHIOOPKH U BemeTcs
MPOTOKOJ Pe3yIbTaTOB UX PACHO3HABAHUS. JPU MOSBIEHUN ONITHOKK
cocTaB 00yvamIlell BBIOOPKH MOMOTHIETCS pealin3alueil, BbI3BaBIIel
oKy, W pellaliolliee MPaBUIO KOppeKTupyeTcs. Tak mpomoika-
eTcd [0 TeX MOoP, NTOKa YacTOTa MOABJeHUS OLIMOOK He CHU3UTCSA O
NpUeMIIeEMOTO YPOBHS.

B [4,25] npuBomsATCs ONEHKN HEOBGXOMUMOTO 0GbeMa H000y Taio-
el BeIGOpKEN Kak GyHKIuN TpeGyemMoro kKauectBa obyuenus. Cuu-
TaeTcs, YTO pelllatolias GyHKIUS 3ajlaHa XOPOIIO, eI TPU cayJaii-
HOM BBHIGOpe KOHTPOIBHBIX 00LeKTOB L TOAPSMI CIedyIoNInX pealim3a-
il He BHOCUT B Hee HUKAKWX W3MeHeHWH. Fcau P — BeposTHOCTH
OlINOKN paclio3HaBaHUs TOcje 3aBeplleHus oOydyeHUs, TO TPU JIO-
OBIX TOMOKNTETBHBIX £ I § BeposiTHOCTE Pr( P < ¢) Toro, aro P me
IIPeBHIIIAET €, Beerna 60blile Benuanubl (1 — &), eciin BBITOTHSETCS
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ClleIyIoliee HepaBEeHCTBO:
Lo > In(ed)/In(1 —¢).

3neck Lo CBA3aHO € MOBepUTeNbHBIM udlcioM [ moka3oB 6e3 umcmpa-
BIEHUS pelrafolero IpaBuia cooTHOoIlenneM L = Ly + ¢, Toe ¢ —
YUCIO UMEBIINXCA paHee UCTpaB/eHnil pellratoriieil GyHKIINN.

s mpoBepku KadecTBa O6yUeHHWS JacTO TPUMEHSIETCS MeTOI
«CKOTB3SIIETO 3K3aMeHa», COCTOAIIMI B cirenyiorreM. Yacts (1) 06b-
exToB (mHOTHAa ¢ = 1) W3BIMaeTcs W3 obywaroleii BHIOOPKH, TPO-
BonuTCA oOyueHUe Ha OCTABUINXCA O0BbeKTaX, a U3bAThle 0ObeKThbl
TpenbABASIOTCS IS pacmosHaBanus. PUKCHpyeTcs INCIO OITHOOK.
3aTeM 5TH «KOHTPOJIbHBIE> 0OBEKTHI BO3BpAIAlOTCs B BHIOOPKY A,
a 13 Hee U3bIMAIOTCA Npyrue ¢ oO'beKTOB, U MPOleNypa NOBTOPAeTCs
II0 TeX TOoP, TOKa Bee 1 00'beKTOB He TOOBIBAIOT B PO KOHTPOJIb-
HBIX. [enmm cyMMa TOMyYeHHBIX OIMUOOK He MpeBBIIIaeT 3a/laHHOM
BEJMYUHBI, TO CUUTALTCH, YTO cUcTeMa 06ydeHa XOPOIIO.



I'naBA 6

Br16op cucTtembl mHPOPMATUBHBIX
OPU3HAKOB

§ 1. DocTaHoBKa 3amaun

WNudopMaTHBHOCTS TPU3HAKOB — MOHATHE OTHOCHTenbHoe. Om-
Ha M Ta Ke CHCTeMa IPU3HAKOB MOXKeT OBITH WH(PpOPMATUBHON HIs
pellleHns OMHOM 334l pacHo3HaBaHud W He WHGOPMATUBHON s
npyroit. Takx, KaHAUOATOB B cCOOPHYIO KOMAHIY IS YIaCTHI B MaTe-
MaTH4eckoil u cmopTuBHOll OQanmMumamax BBEIOHPAIOT IO Pa3HBIM CI-
cremMaM mpusHakoB. Ouenka WHGOPMATUBHOCTH IPU3HAKOB 3aBHCHT
OT TOTO, YTO OT Yero Hy:KHO OTJHYATh, T. €. OT CINCKa PacIo3Ha-
BaeMbIX 00pa3oB S = (81, 52,...,5,...,5;). 3QBUCHT OHA M OT TUIA
pemnaformux dyuinmit . Tax 4To ykas’aTh THINYHBIE, YacCTO IC-
MOJIb3yeMble TPU3HAKM He BO3MOXKHO. s KaKmoll 3amaum HY:KHO
HaXOOUTh CBoe MH(POPMATUBHOE MHOXKECTBO ONMCBIBAIOIINX IPH3HA~
kKoB X.

DepBOHAYAIBHLI COCTAB IPU3HAKOB (cucTeMa X ;) 3amaeTcs He-
(HOpMaIN30BAHHBIM Iy TEM, Ha OCHOBE OIILITa U WHTYUIHNH CIIeITaln-
cra. PopManbHble METONLI IPUMEHAIOTCS K 0Oydaorreil Bei6opke A
IIJIA IPOBEPKN HTOH MCXOOHON CHCTEeMBI Ha JOCTATOYHOCTH W HEOHXO-
nuMocTh. Cpenn Bcex B BO3SMOKHBIX CICTEM IMPU3HAKOB JOCTaTOYHON
CUNTaeM CHCTeMY, KOTOpas IpHU 3aHaHHbIX S u [ obecredmBaeT 3a-
TpaTsl IV, He IPEBBIIIAIOIINE OIpeeleHHoTo mopora Ng. Jom 3aTpa-
TamMu N 37ech TOHEMAeTCs CTOMMOCTH W3MepeHHs mpu3HakoB (V)
II CTONMOCTD TIOTEPh, BEI3BIBAEMBIX OMIMOKaMn pacmosuaBanus (N, ):

N=N,+N,.
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DeobxonuMmoii sBIsgeTCs NOCTATOYHAs CHCTeMa MUHUMAJIbHOI
croxuocTn (croumoctn). Tax uro paxrudeckn na obydalolieil BbI-
6opke A pemraercs mepeGopHas 3amada THIIA

f = argmin N(X3)/5, D, A, No.
peB

Ora 3amada ogHOBpeMeHHO#l MunuMmusanuu N, u N, BuepBble Gblaa
chopuynuposana B [100]. 3aTparTsl Ha H3MEPEHIS 3aBUCSAT OT TOTO,
CKONBKO I KaKIX IPH3HAKOB HYKHO M3MePSTh I Kakoe UIHCIO pas-
psinos TpebyeTcs IJIs IPeNCTABICHUS PE3yIbTATOB U3Meperuii. Do
MOHSTHBIM IPUYMHAM OCHOBHOE BHIIMAHIE yIEIsSeTCs yMeHBIICHIIO
KOJIITYeCTBa W3MepseMbIX IPU3HAKOB, T. €. IONCKY THGOPMaTHBHOIL
MONCHCTEMBI U3 1 IpH3HaKoB (X)) Cpenl ¢ MPH3HAKOB MCXOMHOI CII-
creMsl (X ).

§ 2. Kputepuu nuadpopMaTUBHOCTH NPU3HAKOB

DelaforuM KpurepueM THGOPMATUBHOCTHU MTPU3IHAKOB B 3amaue
pacno3HaBaHUsA 0Opa3oB fABIAeTCH, KOHEUYHO, BeJUUYMHA TOTEPh OT
omubok R. Ilaxke ecnim pacipelmeleHus TeHEPATbHOH COBOKYITHOCTH
U3BECTHBI, BHIUHWCIEeHNe TOTeph R CBA3aHO ¢ OYeHb GONBINUMHU 3a-
TpaTaMW MAIUHHOTO BpeMeHU. B CBA3M ¢ ATUM MeTAI0TCsS TOTLITKH
HallTu KpuTepuu, 6oiiee TPOCTO BBIUUCsSIeMble I BMeCTe ¢ TeM KeCT-
KO, eCIN He OMHO3HATHO, KOPPeIUpPOBaHHBIE C ONeHKON moTeph K.

Ecnu pacmpenenenne peanuzanuiit Kaxkmnoro obpasa MOMITHSIETCS
HOPMaJIbHOMY 3aKOHY € [IMarOHAJbHBIMU MaTpUIlaMU KOBapuamuii
(Ipw 5TOM MOBEPXHOCTH PABHOW MIOTHOCTH IPEICTABISIOT COGOI
chepbl ONMHAKOBOTO PAINyca), TO MepOil TPYIHOCTH PACTO3HABAHIIS
D, obpaTHO TPONOPTMOHATBLHON OXKUIAEMBIM TOTEpsAM, MOXKeT CIy-
JKUTH CpellHee 3HaUYeHWe eBKANIOBa PACCTOSHUS MeXKy MaTeMaTuye-
CKUMU OXUJTAHUAMU BCeX Tap oOpa3os:

k

D= (1/CF) > plii),

i,7=1

rie p(ij) — eBKIMIOBO PACCTOSHIE MEXKIYy MATeMATHIeCKIMI OXKIi-
IaHUSIMHA ¢-TO W j-TO 06pa30B.

B tepumunax Teopunm mHGoOpMAINUU MEPOR TPYMHOCTH Paclo3Ha-
BaHus ciHyxuT sHTponus H pacupeneneHuil MIOTHOCTH BepOSTHO-
cTu 06pa3oB. DyCTh pachpenenenus k o6pa3oB cIpOEKTUPOBAHBI Ha
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OIHY OChb Z, I3MEpPSIEMYIO ¢ TOYHOCTHIO N0 ¢ rpamanmit (cM. puc. 23).
BepositHocTh monamanus peasusaluii ¢-ro obpasa B j-10 Ipamaliiio
paBua P(j/i). DpocyMMupoBaB mis j-il TPAJAINN BEPOSTHOCTI BCEX

k

k obpasoB, mbl mogyumm Bemmumny P; = Y P(j/i¢). Bxman i-ro
=1

obpaza B oTy cymmy r; = P(j/i)/P;, Tax 4To suTpomus j-it rpa-

OJaon BbIpazKaeTCda CIedYIOIINM 3HaYeHIIeM:

H; = —(rilogry +rylogry + -+ rilogry + - 4 rilogry).

P(z)

0 1 2.7

W3 mpurnnna annunTUBHOCTH Fhampoffn ciemyet, 4TO obIIas He-

OIIpeleIeHHOCTD TIPU Paclio3HaBAHUN 0Opa30B IO IPU3HAKY & NMeeT
t
sun H, = > H;P;. Ecin ncxonuas neonpenenenuocts Hy cuTya-
i=1
Iun paBHATachk log k, To konmumdyecTBO HHGDOpMANNN [, MoTydIaemoil B
pe3yiIbTaTe U3MepeHNs IpHU3HaKa &, pasHo Ho — H .
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Temepr cHOBa BCIIOMHNM, UTO B pealIbHBIX 3ajladaX 3aKOHBI pac-
npenenennit peasgusanuit o6pasoB HaMm He u3BecTHbl. O6beMm o6yua-
[oIell BBIOOPKU YacTO ObIBaeT HeOONBIINM, U HeflaTh OIEeHKH Tapa-
MeTPOB MoJeliell paciipefedeHnii, a Mo HUM OIeHKN WHGOPMATUBHO-
CTHW — OYeHb PUCKOBAHHO. B 5TUX ycIOBUAX IeraecoobpasHo MCIONb-
30BaTh MeTONBI, KOTOpHIe He TpebyIoT MOCTPOEHUs Momelell pacipe-
IelleHusT W OMupaloTcs Ha KOHKPeTHBble OoOheKThI, MMeloiuecs B 0O-
yualorreil BerGopke A. Do 5>TuUM IpelemeHTaM CTPORTCSA Pellaioras
dyukuns (HampmMep, MpaBmiao k GIIKalIImx coceneil), pacro3Ha-
eTcs KOHTPOJbHAS TMOCHeN0BATeIbHOCTE, W TT0 KOIWYeCTBY TOIYUIeH-
HBIX OMTIO0K BREIHOCUTCS OTleHKa NHPOPMATHBHOCTH OTAeITBHOTO IPH-
3HaKa WM UX CHCTEMEI.

BosmoxuBl m npyrue cmocoGbl olleHKN nHGOpMaTHBHOCTH. I'n-
moTe3a KOMTAKTHOCTH HaeT HaM OCHOBY HJIST ONeHKW WHGHOPMATUB-
HOCTHU TPOCTPAHCTBa TMPU3HAKOB Uepe3 TMPOSBIeHNEe XapaKTepUcTHK
KOMIAaKTHOCTH. M3 Hee ciienyeT, 4TO OIS XOPOIIETO Paclo3HABAHUS
06pa3oB KelraTedbHO, YTOOBI PACCTOSHUS MEXKIY CBOUMT TOUYKAMU Ka-
KIoro obpasa OBIITN MAJBIMU, a PACCTOSHUS N0 TOYeK Npyrux obpa-
30B 0 BO3MOKHOCTH OOIBINMNMI. A eCclIi BBIIYK/IbIe OBOMOUKN Paj3-
HBIX 00pa3oB HajaraloTcs OPYT Ha Apyra, TO XKelaTedbHO, YTOOBI
OHU KaK MOXKHO GOJIBIIle OTIANIAINCE O CBONM pas3MepaM. KoMmmakT-
HOCTH (mnoTHOCTH) W; o6pa3sa ¢, IpencTaBieHHOTO B 06y YaioIieil BbI-
6opke m; Toukamu 1,2,...,¢,...,0,...,m;, MOXHO XapaKTepu30BaTh
cpenuell mAWHONW pebep COeMWHSIONIETO WX TMOJHOTO Tpada:

my

Wi=(1/Ch) Y r(t,1).

t,l=1
Amnanormyno, xommakrHocTs W; Touex 1,2,....s,...,v,...,m;,

TpencTaBALIONINX o6pas j, UMeeT BUI

My

W; = (1/072%_) Z r(s,v).

s, =1
DasHeceHHOCTh O6pa30B B IIPOCTPAaHCTBE XapaKTepUCTUK MOXKHO

OllEHUBATh Yepe3 CpelHee PACCTOSHUE MeXKIYy BCeMHU MapaMu TOYeK
3 pa3HbIX 0Opa30B:

W(i,j):(l/mim]’)Zr(t,s) s t=1+m;, s=1+m;.
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Da OCHOBAHUN CKa3aHHOTO WHGOPMATUBHOCTD MPOCTPAHCTBA TPU3HA-
KOB TeM Goublite, dem Goibie Benundnna J = W(e, 7)/(W; + W;).
Onenky uHGOPMATHBHOCTH MPU3HAKOB MOXKHO MOJYYUTH U He-
NMOCPeACTBEHHO B MPollecce MOCTPOEHUs pelllatollero npaBuia B BUIE
llepeBa OUXOTOMUYECKUX HelleHUN BBIOOPKU MO OTHeNbHbIM ITPU3Ha-
KaM. DpencraBuM cebe, UTO Mbl HMEEM BO3MOKHOCTH PA3NeluTh Mpu-
3Hak X TOJbKO Ha mBe rpamanuu: ¢ < [u 2 > [. DocMorpum cocTan
peanm3alnii, TOMABIINX B STH Tpajalun. Lciw B mepBoOll Tpamamny
OOHAPYKHUTCS My pealmsanuii +-ro obpasza M m,; peanmsanuii v-To
06pa3a, TO HEOJHOPOIHOCThL COCTaBa >TOH Ipaldalluil MOXKHO ONEHUTH

BeJINYINHON
k
Ry = E MMy
i=1
v=1+1

AHanoOrmyHO MOXHO HAWTH HEONHOPOMHOCTH COCTaBa BTOPOI
rpamanmun Rs. Benuuwwa R; = Ry + Ko XapakxTepusyeT mHpOpMa-
TUBHOCTH MpU3HAKA & MPU TOPOre ejeHus Ha IBe rpananun x = [.
Memnsist mopor [, MOXKHO HallTH TaKoe ero TOJIOKeHUe, PU KOTOPOM
R; nocturaer MmHnMaiabHoTO 3Havenus R’'. Ecmm mcxommyro meompe-
JIJIEHHOCTH OlIeHUBATEH uepes

k
RO = E mimny,
7

i—1
v=1+1

TO YMeHBIIIeHITe HeollpeleeHHOCTH Hoc/e M3BIeYeHis NHHOPMAINT
13 IpU3HAaKa T, T. €. NHOOPMATHUBHOCTH IPU3HAKa T, MOXKHO ONEHUTh
seamanuoit J, = (Ry — R')/Ry. Ecan R’ = 0, To mHGOPpMATHBHOCTH
J,; mpusHaka OymeT MaKCUMaJbHON u paBHoil emmnuie. Ecaum R’ we
YMEHBIIIIIIO NCXOMHON HeolpeneleHHocT, To J, = 0 u mpusHak
ecTeCTBeHHO CYNTaTh HemH(OOPMaTUBHEIM.

Ecnn m3BecTHO, 4TO IpM3HAKH He 3aBHCAT APYT OT IPyTa, TO
MOKHO C TIOMOIIIBIO OIHOTO 13 ONMCAHHLIX METONOB OICHHTHL HHHOP-
MaTUBHOCTH BCeX ¢ IIPU3HAKOB MCXOMHON CHCTEMBI I 3aTeM BLIGPaTh
U3 HUX N caMbIX MHPOPMATHBHBIX. DO B PealbHBIX TabIUIax HaH-
HBIX 3aBHCHMOCTH MeXKIy IIPH3HAKaMH Hab/II0IaeTcs odeHb 4acTo. A
ecIl MPHU3HAKK 3aBICHMBI, TO IpH BhIGope Hambosaee MHGOpMaTHB-
HOil IONCHCTeMbI ONeHKaMN X HHAMBUIYa bHON MHGOPMaTHBHOCTH
PYKOBOINCTBOBATLCS HEJIb3.
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B Ta6n. 2 nmpuBenen mpumep o6yualoileil BRIGOPKW NBYX ob6pa-
30B (¢ W j) B MPOCTPAHCTBe NBYX OWHAPHBIX TMPU3HAKOB 1 W 3.
DPOEKIUN pealu3aluii Ha KaxkIylo OCh IMOKa3bIBAOT, 4TO 0ba Mpu-
3HaKa MO OTIHeNLHOCTH abCcoMTOTHO HemHPOpPMAaTuBHEI. McmonbioBa-
HUe XKe 3>TUX IPU3HAKOB B CHCTeMe MO3BOJSeT HallTU MpocToe Tpa-
BUJIO IJIsl PAcIO3HaBaHUs >TUX 00pPa30B: MPU3HAKU T1 U To ¥ peasli-
3anuit ¢-To 06pasa UMeIOT ONWHAKOBLIE 3HAUEHNS, a ¥ J-TO obGpaza —
pasHble.

Tabaouma 2

Dpumep BHIOOPKH € 3aBUCUMBIME TPU3HAKAME

L1 L2
; 0 0
1 1
. 0 1
J 1 0

3aBUCHMOCTH MOI'YT HOCHTH U 0oJiee CIOXKHBIN XapakTep u
TPOSBIASATHCS Ha MHOXKecTBe U3 Oolee UYeM MBYX TIPU3HAKOB.
CutenioBaTenbHO, Il BHIOOPA N MPU3HAKOB U3 § HYXKHO TepebpaThb
I ICUBITaTh Ha wHGopMaTuBHOCTE (') X KomOmHanwmii. OmHazxmer
HaM BCTpeTHUIachk WHTepecHas U BaKHas 3allada aHalnm3a CUTHAIOB,
OIHOBpeMeHHO mocTynatonux oT 2500 naTynkoB. DecTallOHAPHBIE
MoMeX¥ MCKaKaJ Il 3>TU CUTHAIbI, U Kaxible 10 ceKyHI HYXKHO ObLIO
oroupaTh 100 nmaTymkoB, HauMeHee TIOpaKEHHBIX IOMEXaMU.
Y mac XBaTWIO HHTY3Ua3Ma, UYTOOBI ONMpeneluTh, UTO THCIO cOde-
ranuit u3 2500 x 100 ~ 103, yro na 100 nopsnKoB Gosbllle YmcTa
ATOMOB B BUIUMOMN YacTH BCeJieHHON. A MeHee BK30THUYECKHE CIyUal,
HaIpUMep, KOTHa HY:KHO BHIOpaTh 25 mpusHakoB m3 50 (mis gero
HyxHO Tpocmorperh 10Y komGumamuit), BeTpedaloTcs peryispho.
DOdTOMY eCTeCTBEHHO, UTO O HAXOXKIEHUU ONTUMAIBLHOTO pelleHus
TaKWX 3afad pedyb UIATH He MOXKeT. Ja3pabaThiBaloTCs SBPUCTUUYE-
CKWe aaTopUTMEI HallpaBiIeHHoTo mepeGopa, KOTOphIe 3a MpueMIIeMoe
BpeMs HaBadl OBl pellleHus, MO BO3ZMOXKHOCTH OIW3KHE K ONTHMAIh-
HEBIM.

DaccMOTPUM HEKOTOPBIE U3 TaKHX AITOPUTMOB.



108 I'naBa 6. Brerbop cucTeMbl THHOPMATHBHBIX TPH3HAKOB

§ 3. MeToz noc/ienoBaTelbHOTO COKPALLIEHU
(anropurm Del) [123]

DyeTh 3a0a4a COCTOUT B TOM, 4TO 13 50 IPU3HAKOB HYXKHO BhbI-
6paTh Haubolee UHPOPMATUBHYIO CUCTEMY, COCTOAIIIYIO U3 25.

OnenuM ommbKy pacno3sHaBaHUS TPU WCHOJB30BaHUU Beex 50
MPU3HAKOB (). 3aTeM MCKIIOYNM 13 CHCTeMbl TIepBBIl MPU3HAK 1
HafimeMm ommbKy (aq1), KOTOPYIO HAfOT ocTaBinmecs 49 Mpu3HAKOB.
DoMmeHsieM POJSMEU TePBLI U BTOPON HPU3HAKN U HalimeMm oOmubKy
(a12) B HOBOM 49-MepHOM TMPOCTPAHCTBE. DTY ONEPANNIO TMOOIeper-
HOTO HCKJIIOUEHUs OMHOTO Tpu3Haka nposemeMm H0 pas. Cpemu mosry-
YeHHBIX BeINYNH Oq1,...,Q1 ,..., 050 HaiimeM camyio Mainywo. Omna
VKaKeT HaM Ha TPU3HAK, UCKIIOUYeHUe KOTOPOTO U3 CUCTeMBbI ObLIO
HamMeHee OIMTY THMBIM. WcKmfounM >TOT MPU3HAK W3 CUCTEMEl U TTPH-
CTYTIUM K UCHBITAHUIO ocTaBImuxcs 49 mpusHakoB. WX moodepennoe
UCKITIOUeHNe U3 CUCTeMbl TTO3BOIUT HAlTH caMblil HemHGOPMaTUBHbI
U CHU3UTH Pa3sMepHOCTH MPOCTPAHCTBa N0 48. DTu mpouemypsl mo-
BTOPSIIOTCS (¢ —n) pas, T. €. IO TeX MOp, MOKa B CHCTeMe He OCTaHeTCs
3aaHHOEe YUCJI0 TPU3HAKOB N.

KonndecTBo mpoBepseMbIX crcTeM TPU3HAKOB ITPU HTOM MeTOme
BbIpaKaeTcs CIeNyolInM PpaBeHCTBOM:

g—n
L={g+(g=D+(g=2)+ -+ n+1}=) (9-0),
7=0

UTO 3HAYUTENBHO Membire, yem (7. B mamem npumepe L = 900,
9T0 Ha 12 TOpAOKOB MeHbIle obbeMa TodHOTO Tepebopa. B murTe-
parype [123] mpuBOmATCS MPUMEPHI HOCTATOUHO XOPOIIETO PelleH s
33724 3TUM MeTOIOM.

§ 4. MeTon nmocisienoBaTeILHOTO AOGaBIeHUA

npusHakos (anroputm Add) [2]

DTOT aJrOPUTM OTIAUYAETCS OT MPENBIAYIIEro JUlllb TeM, 4TO
NMOPALOK MPOBEPKU NMOICUCTEM TPU3HAKOB HaUNHAETCS He ¢ §-MepHOTO
TPOCTPAHCTBA, & ¢ OMHOMEDPHBIX TMPOCTPAHCTB. BHavarde Bce g Tpu-
3HAKOB TPOBepPAOTCS Ha WHOOPMATUBHOCTL. [lis »Toro memaeTcs
pacno3HaBaHle KOHTPOJIBLHON TOCAeNOBATEAbHOCTH MO KaXKIOMY U3
g TTPU3HAKOB B OTMIENBHOCTH U B MHGOPMATUBHYIO MOACUCTEMY BKIIIO-
JaeTcs MTPU3HAK, MaBUIKil HanMeHblllee Yuciao onrmboK. 3aTeMm K HeMy
0 ovepent no6aBIMIOTCS Bee (g — 1) TPU3HAKOB MO OTHOMY. Joryda-
folImecs IByMepHble TONNTPOCTPAHCTBA OlleHNBAIOTCS IO KOJIUYECTBY
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omuboK pacnosHaBanus. Bwibupaercs camas mHGOpPMaTHUBHAS Hapa
mpu3HakoB. K Hell TakKuM XKe Ty TeM NONOWPaeTcs HAWIYIIINil TpeT it
IPU3HAK W3 OCTABIINXCS (¢ — 2) W TaK MPONOIKAETCS IO MOIY YeHTs
CHCTEeMBI U3 N MPU3HAKOB.

TpymoeMKocTh 5TOTO aJropuTMa IMPUGIU3INTENIBEHO TaKas ke,
Kak u ajgroput™a Del, onHako pe3yibTaThl, MOIYYaeMble aJITOPUT-
moMm Add, o6eruno ayuiie, uem y Del. O6bsicuseTcs 5TOT dakT BIUS-
HUeM MaJIoll Tpe/lCTaBUTeIbHOCTH 00y Yalolleil BBIOOPKW: TPU OMHOM
n TOM e obbeMe BHLIOOPKM UeM BBIIIE PA3MEPHOCTH HPU3HAKOBOTO
MPOCTPAHCTBA, TeM MeHbIIIe 060CHOBAHHOCTb TOMY YaeMbIX CTATUCTH-
YeCKNX BBIBONOB (B HallleM clydae — OIEHKH WHOOPMATHBHOCTH).
Cpenusist pa3sMepHOCTE BEIGOPOUHOTO TPOCTPAHCTBA B anroputme Del
paBua (g + n)/2, a B anroputme Add — n/2, Tak 9TO pPHECK OuIN-
OOYHOrO MpU3HaHUS WHOOPMATUBHOTO TPU3HAKA HEMHGOPMaTUBHBIM
B Del Boimre, vem B Add.

O6a onucaHHbIX AJITOPUTMA MAIOT ONTUMAIBLHOE PellleHne Ha Ka-
JKIIOM 1l1are, HO BTO He obecleunBaeT TIOGAIBLHOTO ONTHMYMa. JPu-
YUHY TAKOTO SBIEHUS MOXKHO MPOMILIIOCTPUPOBATH IPUMEPOM 3 TICH-
XOJIOTUHN MaJIBIX KOJUIEKTHBOB: M3BECTHO, UTO [IBa CAMBIX IPYKHBIX
Mexny coboil yesloBeKa He BCernia BXOMAT B TPONKY caMbIX HPYKHBIX
TI0JIelt.

Hutst ociraburenust BausHus omuGOK Ha TEPBBIX MIAraX alrOpUTMa
npuMeHsieTcs penakcaliuonubiil Mmeron. B anropurve Add naGupaert-
st HEKOTOPOE KOIMIeCTBO (11 ) MHGOPMATUBHBIX TPU3HAKOB 1 3aTeM-
qacTh U3 HOX (ny < mp) nekmodaercs MetonoM Del. Docrme sToro
asnroputmMom Add pasmepHOCTH MHOOPMATHUBHBIX MPU3IHAKOB Hapa-
IIIIBAETCS HA BEAWINHY 7y U CTAHOBUTCS paBHOW (211 — ng). B
5TOT MOMEHT CHOBa BKIIOUaeTcs anroputm Del, koTopbiit uckiovaer
U3 CHCTEMBI Ny «HaWMeHee IMEHHBIX» MPU3HAKOB. Takoe uepemnoBa-
une anropuTMoB Add u Del, KoTopoe monyunio Ha3BaHme aaropuTMa
AddDel, mpomomxaeTcs M0 HOCTIKEHIS 33 0aHHOT0 KOINYEeCTBa, IPI-
3HAKOB N.

Bosmoxna u obpaTHas cTpaTerus: BHadaje paboTaeT aaropuTMm
Del, nocne cokpaittienust HCXOMHON cUCTEMBI Ha 11 MPU3HAKOB BKJITOUA-
etcs anroputM Add, kKoTophIll Bo3BpalllaeT B CHCTEMY Ny OIINOOTHO
ICKIIOYEHHBIX N3 Hee TPU3HAKOB. JOBTOpPeHNe STUX mporenyp (as-
roputMm DelAdd) mpomomkaercs mo momydeHms CHCTEMBI W3 1 Ham-
bosiee MHGOPMATUBHBIX MPU3HAKOB. Jalllil YKCIEPUMEHTHI € STUMUI
QJITOPUTMaMH TMoKasannm, 4To ajroput™m AddDel mpuBomuT & ayu-
uiuM pesyiabraTam, vem ajdropuTmbl Add, Del u DelAdd. Dpu stom
ny Opasock paBHBIM 71y /3.
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§ 5. MeTon ciiy4aliHOrO HOUCKA C amanTaliuei
(anropurm COA) [82,108]

Daszobeem oTpe3ok (0-1) Ha ¢ OMWHAKOBBIX YYaCTKOB I COMOCTA~
BUM KaKIblil yYacTOK cBoeMy Mpu3Haky: 1-if yuacTOK cOOTBETCTBYeT
TepBOMY TPU3HAKY, 2-7f — BTOpoMy U T. O. KaXKmblif yIacToK uMeeT
mrmpuHy 1/g. 3amyckaercs MaTUWK CIYyYaiiHBIX YHCENT ¢ PaBHOMEp-
HBIM pacipenenennem B nunamnasone (0-1). Ecman uncno nomamaet B j-it
VIacTOK, TO j-If TpU3HAK BKIOTAETCS B UCHBITYeMBIH Habop Ipu3Ha-
KOB. Jocie n 1aroB paboThl HaTUNKa BHIOPAHHBIMU OKa3bIBalOTCS
n Mpu3HakoB. KauecTBo 5>Toil crydyaiiHo BEIOpaHHON MOACHCTEMEI OTle-
HUBaeTCH O OJHOMY U3 KPUTEPUEB, HATPUMED MO YUCIY TOJIYYaeMbIX
OlINOOK pacno3HaBaHUS (1.

Onucannas mpolenypa CiaydailHOTO BBIGOpA N-MEPHBIX TOMICH-
cTeM MPU3HAKOB M ONEHKH UX KauecTBa MOBTOPSETCS 7 pa3. JaccMo-
TpeHUe MOJYUYEHHOTO CIUCKA ONEHOK (i1, Qg, ..., 04, . .., Oy TTO3BOJISET
BeIGpATE HAMIYUILIVIO M HAUXYIIIYIO U3 TOACHCTEM. Ja 5TOM OCHO-
BaHUU fejaeTcs MPOoleNypa «IOOIIPeHN» 1 «HaKa3aHUA»: yYacTKIL,
COOTBETCTBYIOIINE MPU3HAKAM, MONMaBIIUM B HAWIYUYIIYIO TONCUCTe-
My, TOOIIPSIOTCS yTeM PACUIupeHus UX PaHUIl Ha BeJuduuHy h, a
yYaCcTKHN, COOTBETCTBYIOIINE TPU3HAKaM U3 caMoil HemHGOpPMaTUB-
HOIl TToACKHCcTEMbBI, HAKA3bIBAIOTCA TeM, YTO UX IINPUHA YMeHbIIaeTCs
Ha Benmunuy h (h < 1/g). CyMmmapHas IInHA BCEX YYIACTKOB IO-
NpekHEMY paBHA eqUHUIE.

Docsie BTOTO CiiyyaifiHbiM 006pa30oM BHIOUPAITCS U HCIBITHIBa-
IOTCS 7 HOBBIX MONCHCTEM. DO Teleph BEPOATHOCTH TONAIaHUs MTPU-
3HAKOB B 3TU MOICUCTEMBl He OJWHAKOBa: IOOIIPeHHbIe MPU3HAKH,
npencTapieHHble OoJlee INPOKUMU OTPe3KaMil, UMeloT GoJibllle IIaH-
COB BOWTH B OUEpENHYIO MOACUCTEMY, YeM HaKazaHHBIe. DO Pe3yilb-
TaTaM MCIbITAHUA 3TON MapTUU MOACUCTEM Mpolledypa ajalTalun
(HaKa3aHWs T MOOIIPEHNs ) TOBTOPSeTCs. Ecanm HeKoTopHIil mpu3Hak
CIAyJYailHO MomajaeT W B CaMyl0 JYUYLIYI0O W CaAMYIO XYHIUIYIO MOACH-
CTeMBbI, TO MINHA €T0 YIacTKa OCTaeTCs Hem3MenHol. Fenm xke on pe-
I'yJISpHO OKa3blBaeTCd B cOCTaBe caMOil MHPOPMaTUBHON MOACUCTEMBI,
TO MINHA €T0 yYacTKa pacTeT ¢ KaXIBIM IIaroM amanTanuu. Todmo
TaK JKe TpU3HAK, CUCTeMaTUYecK MOMaJaloliuii B caMyo HermHpOp-
MATUBHYIO MOICUCTEMY, ¢ KaKIbIM IIArOM COKpalllaeT JIIJIUHY CBOEro
yyacTKa M TeM CaMbIM yMeHbIIIaeT BEPOSTHOCTH BKAIOUEHUS B UCIIHI-
TyeMble TIOIMHOXKeCTBa TTPU3HAKOB.

Docite HEKOTOPOTO KonnmdecTBa ( R) INKIOB MONCKA W aTal TN
npoiiecc cTabUIU3UpyeTcsa: YUYACTKH YIAUIUBBIX ITPU3HAKOB 3aHMU-
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MAalOT MPaKTHIeCKN Bech 0TPe30K (0-1) 1 B MCIBITYeMyTo TTOnCHCTeMY
BBIOHPAIOTCS OMHE M Te ¥Ke MPU3HAKKH. DTOT GakT CIYKUT CUTHAJIOM
K OKOHYAQHWIO TPOTecca BHIGOPa n-MepHOIl TofcHcTeMbl Hanboliee MH-
(HOPMATUBHbLIX TTPU3HAKOB.

CKOPOCTH CXOMMMOCTH ¥ KauecTBO MOJIYYaeMOTO pelleHus 3a-
BUCAT OT BeJIMUNHBI h. Opu GOMBIINX 3HAYCHUAX h IPOIECC OCTa-
HaBJINBACTCA PaHbIle, HO KauyecTBO MOJYYEHHOTO pelleHus OOBIYHO
XyiKe, yeM Mpu MaJbix h. Maible sHadenus h cOOTBETCTBYIOT Golee
MATKOIl CTpaTerny TMOOMIPeHnil 1 HaKasaHuii. DTo WHIIOCTPUpYeT
puc. 24. Ecaum mcxomuTh U3 TOTO, YTO MPU3HAK, HAKA3bIBaeMBIl Ha
Bcex R Imarax amalTallli, Bce ellle coXpaHsfeT HeHyJeBoe 3HadeHle
(Imin) ONTUHBL CBOETO YYACTKA, TO BeIWINHA h HOMKHA BHIOHPATHCS
3 cootroteHust (1/g — Rh) > lyin. DpakTudeckn mpueMieMbe pe-
3yAbTATH NoiryvyatoTes npu ¥ = 10 mw B = 10 + 15.

a A

hi > h
hg 1 2

R
_—

R

Oepsrre ncmbrTanus anropnge, CH/A nposonumnnck Ha 3amaue
MeNWIMHCKOH mumarHocTuku. Tpm obpasa GBI TpencTaBIIeHB 00-
yuaollieil Bbibopkoil u3 250 peanusanuii B 17-MepHOM TpocTpaHCTBeE.
TpeGoBanochk HaliTn Haumbolee UHOOPMATHBHOE TONMPOCTPAHCTBO
pasmepHocTE 3 1 6. BHavase MeTomoM MOMHOTO TepeGopa 6LIIN Haii-
JleHbl ONTUMAJIbHBIE pellleHus >Toll 3anaun. 3aTeM 5THU XKe HAWITYU-
uine peitierus 6b1au Halinensl MeTomoMm CIOA. Okazaiiock, 4TO BpeMst
noucka perenus MetonoMm CIHA MeHbllle BpeMeHU TOJIHOTO TepeGopa:
mistn =3 B85 pa3zu mias n = 6 840 pas. DTOT BEIUTPHIII 0 BPEMEHI
OBICTPO pacTeT ¢ YBeIWUeHneM 3HAYEHUNR ¢ W 7.
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B Gonee cloXHBIX clydasx, Tlie TOTHLIN TTepebop GBI HEBO3MO-
JKeH, KaueCcTBO MONCUCTEMBI TPU3HAKOB, BRIGpaHHbIX MeTomoM COA,
CPAaBHUBAIUCE C KAUECTBOM MCXOOHON CHCTeMbI U3 ¢ Mpu3HakoB. Kak
mpaBusio, 3a mpuemiemoe Bpems airoputm COA BeiOUpas momucu-
cTeMy, KoTopas 10 WHGOPMATUBHOCTH MaJIO YCTYIAJla UCXOMHON Cu-
cTeMe, UTO MO3BOJISET CUMTATh BHIOPAHHYIO MOACUCTEMY OIU3KOH K
ONTUMAJIBHON. Da OMHUX U Tex ke mpuMepax airoputm CIA moxa-
3LIBaeT JIyUIline pe3yaIbTaThl, 4eM onncaHube aaropuTMbl Del m Add.

§ 6. DanpaBiIeHHLIA TAKCOHOMUYECKNN MOUCK

npusHakoB (amroputm DTO D) [59,82]

Ecmam MBI pacmomaraeM MeTONOM W3MepeHHs 6Iu30CTH (3aBICH-
MOCTT ) MEKIY TMPU3HAKAMI, TO MOXKEM CIelaTh TaKCOHOMUIO MHOKe-
CTBa ¢ TMPU3HAKOB HA N TakcoHoB. M ecnw TpW TAKCOHOMUN O6H-
€KTOB B OINWH TaKCOH OObeNMHSIOTCAs Haubosee OJIM3KHMe, MOXOKIUE
Ipyr Ha Ipyra obbeKThl, TO B HAHHOM CJiydyae B TaKCOHbI oObenu-
HAIOTCA TPU3HAKM, OAUHAKOBO IIposABIsoline cebs Ha o0beKTax 00-
yualortefi BeIGopku. Tak Kak B OOWH TaKCOH TPYINUPYIOTCS TIPH-
3HAKM 10 TPUHINIY MaKCHMAJIBHOTO CXONCTBA (3aBUCHMOCTI ), TO Me-
KLy TaKCOHAMN 00ecTednBaeTcss MAaKCIMAalbHOe HECXONCTBO (He3aBH-
cuMOCTh). BriGpaB 3aTeM 1O OTHOMY TUNNYHOMY TpPU3HAKY W3 Ka-
JKIOTO TaKCOHA, MBI IOJIYUYUM N-MEPHYIO MOACUCTEMY, KOTOpasd BKJITO-
YaeT B CBOil cocTaB MpU3HAKM, OTINYAOIINECS MaKCUMAJIbLHON He3a-
BUCUMOCTBIO OpPYT oT mApyra. Taxas momcucTeMa HAWIydIInM obpa-
30M COOTBETCTBYET pelllafollleMy TPaBUIy, OPUEHTUPOBAHHOMY Ha MC-
MOJb30BaHNEe HE3aBUCUMBbIX TTPU3HAKOB.

B peamnupix 3amavgax MoxkeT BCTPeTHUTLCS CIydail, KoToa B WC-
XOIITHOW cucTeMe UMelTcs TPYINbl NTPU3HAKOB, CBA3AHHBIX MEX/Y CO-
60l CUITBHON 3aBUCUMOCTBIO, HO He HeCYIINX WHQOPMAIUN, TTOJIe3HON
I PacTo3HABaHWS 3aTaHHBIX obpazoB. Takme mpu3Haku oOGHemu-
HATCSH B TAKCOHbBI, UX MPeNcTaBUTeNN NONAaLyT B 7-MEepPHYIO MOMICH-
cTeMy, OyoyT pa3pyliaTh KOMITAKTHOCTH 0OpPa3oB U CIYKUTH TOMe-
XOil Tpu MPWHATHH pernernit. YToOb W36eXKaTh TaKol JIOBYIIKH, B
asnroputme DTID mupenycmorpen cuaemytoruit npueM. Takconomus
¢ TIPU3HAKOB memaeTcss Ha n' TakcoHoB (¢ > n' > n). BweiGupaercs
n' mpusmakoB u nemaercs mepeGop C7 coueTammit u3 n' mo n mpu-
3HAKOB. OJTHU COUETAHUs CPaBHUBAIOTCS MEXIY coDOH MO KauecTBY
pacno3HaBaHUsA U BbIOMpaeTcs TaKoe coueTaHUe, KOTOpoOe MPUBOOUT
K HamMeHbIell Besuunne ommGox. OHO U mpuHUMaeTcs 3a Haubolsree
nHGOPMATUBHYIO N-MEPHYIO MOICUCTEMY TTPU3HAKOB.



I'nmaBa 7

3amosrHeHME TpPo6GeI0oB
1 oOHapykKeHue oImmboK
B SMIOUpudeckmux Ttabammax

§ 1. O630p paboT mo npobiieMe 3aI0JTHEHNA

npoGesos [93]

DealibHble TabIUIIBl HAHHBIX 9aCTO COMEPKAT MPOOENB: y HEKO-
TOPHIX 00BEKTOB @; 3HaueHNe TOTO WM WHOTO IPU3HAaKa T; MOXKeT
OTCYTCTBOBaThL. B pesynmbTaTe Ha BXON TpPOTpPaMM aHATN3a MaHHBIX
nomaeTcs TabIUIa ¢ OMHUM UJIN HECKOJBKUMU IIYCTHIMU KJI€TOUKAMU.
DONBINUHCTBO U3BECTHLIX METONOB aHAIN3a NaHHBIX HE PACCYUTAHO
Ha O0pabOTKY «HEKOMIJIEKTHBIX® TabJUIl, B CBA3U € YeM CTaJJu fe-
JIaThCS MOMBITKY PelllaTh 3a[aull 3all0JHeHNs COofepkKallluxcs B HUX
mpobenos.

DelleH o 3TUX 3allad MOCBAIIeHO Goliblioe yicsio pabot. Cambie
MepBBle W3 HUX TOSBHINCEH ellle B JIOKOMIbIOTepHOe Bpems (mo 1960
roma) m, HaUMHAS ¢ Kinaccndeckoil paborsr C. Ymmakca [150], Hocuan B
OCHOBHOM TeOpeTMYeCKNil XapaKTep W OBLIN MOCBAIIEHB! OONIBIIEN Ya-
CTBIO OIIEHKaM MaKCHMaJbHOTO mpasaononobus (MD-omerkam) mo He-
KOMIIJIEKTHBIM BBIGOpPKaM. Ja MPaKTHKe XKe B 5TO BPeMS UCIOIb30Ba-
ich TPUMUTHBHEIE cIIOCOOHI 60pEOET ¢ TpoGemamu. Tak, B omHOI 13
mepBBIX paboT Ha 5Ty Temy [144] maeTcs peKOMeHTAIS TTPU aHATH3e
TabANYHBIX HAHHBIX YOAJISTh T€ CTPOKU M Te CTOJOIbI, B KOTOPHIX
umMeeTcss XoTs Obl oguH npobesn. OMHAKO B NPAKTUKe BCTPEUAIOTCS
TabJaUIIbI, cogepXKalllue M0 HeCKOJILKO MpodenoB B KaxKIoil cTpoke 1
B KaXIoM cTonOIle, U TaKue TabJIUIBI Tepen o6paboTKON CleqoBalio
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OBl BHIYEPKUBATH MOTHOCTHIO U IO HECKONBKO pa3. Feam »To He XKe-
TaTeabHO, TO PeKOMEHIYeTCs 3alOMHITE Tpobelbl CpenHIMI 3Hade-
HUSIMU BEJIMYNH, UMEIOTIIUXCs B manHoM cTonbme. OueBumiHo, 4TO 5TO
CaMBbIll TPOCTOI, HO He CAMBINl TOUYHBIN MeTOIH 3aIMOJHEHNS TPobesioB.
Domubiit 0630p paboT HTOTO Tepuona MOKHO HaiiTn B [7].

C pacmpoctpanenuem 9BM 6buin mpemiiokensl Gosiee CHOXKHBIE
MallliHHbIe alTOPUTMBI, OCHOBAHHBIE HAa MeTOme HaWMeHBINWX KBa-
NMpaToB: perpeccHoHHBI MeTon [9,151], MeTOm TIaBHBIX KOMIIOHEHT
[40], motraroBas perpeccust [157], MeTon MHOTOMEPHOI TWHETHON K-
Tpanouasun [137], MeTOm MPOTHOCTHYECKNX HepeMeHHBIXK [61]. Yunm-
THIBasg TOT GaKT, YTO ONEHKH TMePBBHIX MBYX MOMEHTOB MOITHOCTHIO
OTIPeNeNaIoOT OMeHKH perpeccuil, MHOTHE aBTOPHI COCPENOTOUNINCE Ha
npobrieMe OTNEHWBAHUS KOBAPWANMOHHON MATPUIBI IO MAHHBIM C OT-
cyTeTByfoInMu 3Havenusvu [39, 160, 167].

Co BTopoit nosoBuHbl 70-X TONOB 0COBBIX YCIEXOB HOOUIOCH Ha-
TpaBleHne, CBA3AHHOE C ONMeHKaMU MaKCHMAJILHOTO ITPaBIOTOnOGH s
(MD-onerkamn), 0co6eHHO B paMKaX HOPMATIbHBIX PACIpPeIeseHIr.
DoSBUINCH TPaKTHYECKHE AJITOPUTMbI, Bhiuucisionime MO-onenkn
mpoGenoB, Hampumep [16, 148, 159]. B paGore [46] mpemmoxena
MOIITHAS BLIYWCAUTeNbHas Tpolenypa: EM-amaroputM mias penrenus
obITTell 3a0aYN ONeHNBAHUS TapaMeTPOB B YCIOBUAX HEKOMIIIIEK THOM
BLIGOpKHU. K HacTosAIeMy BpeMeHU >TU MeTONLI WHTEHCUBHO pa3BH-
BalOTCA, CO3NAHBI > heKTUBHLIe pobacTHHe BapuanThl LM-anroput-
Ma [114]. Bosobmamana TeHIEHINsS MONCKA IS BCEX KIACCHIECKIX
CTATHCTHIECKUX METONOB aHAIOTOB, CTOCOOHBIX PaboTaTh ¢ HEKOM-
MIeKTHBIME TaHHBIMU, He 3amofiHss mpobemo [115, 161, 164].
Doree MOJHBIE 0630p TeOpUU U MPAKTUKEN CONEPKUTCS B MOHOT'DA-
dusx [52, 113].

MeTonpr, ymoMsHyThle BEIIe, OeHcTBYIOT TI06ATLHO: B HUX
IPEIoIaraeTcs, ITO 3aBIHCHMOCTH 3a[JaHHOTO (HAIpUMep, INHel-
HOTO) TUNa PeaTn30BaHa Ha BCeX 06BEKTaX, MO3TOMY I B ONEHIBAHNN
3aBUCUMOCTell YIaCTBYIOT BCe CTPOKHU W CTONOIH. JIOKalbHBIE aliTo-
PUTMEI, OTeHUBAIONINE 3aBUCHMOCTHU MO HEKOMIIIeKTHOH BBHIOOpKe B
HEKOTOPOI OKPECTHOCTH TIPeNcKa3biBaeMoTo 00heKTa, OBIIIN BIepBEIe
mpemIokenbl B paboTax [83,85]. DocTaHOBKY 3amadun MpencKa3aHus
3HAYEeHWH TPONYIIEHHLIX HIeMeHTOB MOXKHO TOSCHUTHL Ha ITpuUMepe
00paboOTKM TabIUIIEl pasMepoM m X n, He cofleprKallleil TpoOeIoB.

DYCTh B HALIEM PACTOPSKEHUN UMeeTCss Habop PasiiuIHbIX CTpa-
rernit (amroputmoB) F = (fi, fa,..., fu, ..., ft), TpeOHASHATEHHBIX
JULSL TIpeiCKa3aHus 3HAUeHU TPOMYIIIeHHBIX BJIEMEHTOB. 3aKkpoeMm B
Tabiuie U3BeCTHBIN siieMeHT by, CTOSIINE Ha TepecevyeHun CTPOKU
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a1 u cTonbIa 1, U TpeacKaKeM ero ¢ MOMOIIIBIO BCeX aJropuTMoB F
noouepentuo. Kaxnbiit anroputM f, mpenckaxer cBoe sHaueHue byq,,
KOTOpoe GyIeT OTANYATHCS OT MCXOMHOTO («MCTWHHOTO®) 3HAYEHTS
Ha BenuwdauHy dii, = b1, — b11]-

Bocceranosum B Tabuute siaeMeHT byy, yoepem sieMeHT bis U mMO-
BTOPHUM MPOIENypPy. DOIYUUM OTKIOHEHUs diz,. DPpoHeiaB 3TO 10
OouepeNn CO BCeMU deMeHTaMu TabIUIbl U TPOCYMMUPOBAB MOy YeH-
Hble OTKJIOHEHUS, MBI MOIYYUM CYMMapHYIO BEIUUUHY OTKIOHEHUI
D, nas Kaxpgoro ajdropuTMa v. JaWIyulluM U3 HUX ecTeCTBEeHHO
CYNTATh TAKOW aiTOpUTM f/, KOTODBIi MaeT MEUHUMAIBHYIO CYMMY
OTKJIOHEHWUIT:

v’ = argmin D,.
vEL

AsrroputMbl u3 Habopa F MOryT oTIHYATBCS OPYT OT Ipyra je-
KAIMMI B X OCHOBAHUN SBPUCTHIECKIMI ITPEITIOTOKEHISIMN (THIIO-
TesaMi). DIIKe OMMCAHBI HEKOTOPHIe W3 3TUX TMIOTe3 I OCHOBAHHBIE
Ha HUX ajropuTmbl OByx cemeiictB — ZET uw WANGA.

§ 2. Dazosoiil asiroputm ZET 3amnonnenuns

npobesioB

B ocuoBe amropurma ZET [72,83] mekaT Tpu mpemmosoxeHus.
DepBoe (TunoTesa W3GBITOTHOCTN ) COCTONT B TOM, ITO peabHbIe Ta-
ULl UMEIOT M30BITOYHOCTh, TPOABISIONIYIOCH B HAIUUYNN TOXOKIMX
MeKIYy co60it 06BbeKTOB (CTPOK) I 3aBHCAIINX APYT OT IPyTa CBOMCTB
(cTon6rioB). Eciu ke m36bITOTHOCTE OTCYTCTBYeT (Kak, HalpuMep, B
TabnuIe CIyIaiiHbIX qIcer ), TO MPeInoIecTh OMNH IPOTHO3 IPYTOMY
He BO3MOXKHO.

Bropoe mpenmonoxenne (rumoTesa JIOKaJbHON KOMITAKTHOCTI)
COCTOUT B YTBEPKIEHNU, YTO HJs TpeAcKa3aHus TPOIYIIeHHOro dJile-
MeHTa b;; HyAHO HCIONB30BaTh He BCIO TabIHILy, a JNIIL ee <KOM-
MeTeHTHYIO» YacTh, COCTOALIYIO U3 3J€MEHTOB CTPOK, MOXOXKUX Ha
CTPOKY 2, U BJIEeMEHTOB CTOJBIOB, MOXOXKUX Ha cTonbern j. Ocraib-
HBIe CTPOKN W CTOIGIILI IITST MAHHOTO HIeMeHTa HenHpopMaTuBHEI. Ux
UCTIONB30BaHME NI PAa3pylIano Obl JIOKAJIBHYIO KOMITAKTHOCTD MOJI-
MHOXKeCTBa KOMIeTEHTHBIX 3JIeMeHTOB U yXyAIIaJdo TOYHOCTh IIpell-
CKa3aHus.

Tperre npenmonoxkenne (TUNOTe3a TNHETHBIX 3aBUCIMOCTEI ) 3a-
KJIf0YaeTcss B TOM, YTO U3 BCEX BO3MOXKHBIX BUIOB 3aBUCUMOCTENR Me-
Ky cronbnamu (cTpokamn) B anroputme ZET ncnonssyores Torpko
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IUHeNHBIe 3aBUCUMOCTH. Ecanm 3aBUCHMOCTU HOCAT Golee CIOXKHBIH
XapakKTep, TO HJs WX HaleXkHOro obHapyXKeHus TpebyeTcs TaKoit
O0JIBIIION 00beM MaHHBIX, KOTOPHIN B peallbHBIX 3aJadaX BCTpedaeTcs
HevacTo. B patore anroputma ZET MoXHO BEOENTUTH TPHU dTala.

1. Da mepBoM dTare st TaHHOTO TpoGerna U3 UCXOMHON MATPHUIThI
«00BEKT-CBOWCTBOY, CTOJONBI KOTOPOl HOPMUPOBAHBI IO INCIIEPCHHN,
BbIOUpaeTCs MOAMHOXKECTBO KOMIETEHTHBIX CTPOK U 3aTeM I 3TUX
CTPOK — KOMIIETEHTHBIX CTOIOIIOB.

2. Da BTOpPOM dTalle aBTOMATHYECKH TONOUPAIOTCS MapaMeTphl
B GopMylle, UCIOAb3yeMOll Mg TpeAcKa3aHus MPONYIIEHHOTO 3Je-
MeHTa, IpU KOTOPBIX OXujlaeMas OlInOKa MpencKa3aHus TOCTUTAeT
MUHUMYMa.

3. Da TpeTbeM 3Talle BHITOIHSETCS HEMOCPEACTBEHHO TTPOTHO3MU-
poBaHue 3jeMeHTa 1Mo >Toil popMmyle.

Don KOMIIeTeHTHOCTHIO [-ii CTPOKU TO OTHOLIEHUIO K i-i MOHU-
MaeTcs BeJIUdnHa

Ly = rity.
3neck 1y = 1—py;, pi — €BKIUIOBO pacCTOSHIE MeK LY 1-if 1 [-if cTpo-
KaMH, a 1;; — Ko>(p@UINeHT KOMINIEK THOCTH, paBHEBLA YHCIY CBOICTB,

3HAUYEHUs KOTOPBIX W3BECTHBI KaK IS i-if, Tak u mis [-ii cTpokum.
KommeTenTras cTpoka He momkHa UMeTh mpoberra B j-M CTOAOTE.

Dor KOMIeTeHTHOCThIo k-ro ¢TON6IA MO OTHOIIEHUIO K j-My
CTOABIY TIOHUMaeTCs BeJIMYnHa

Ljr = rjrtjk,

TIe 75 — MOLYJb KO3hUINeHTa KOPPeISINT MeXKIY j-M I k-M CTOMI-
bmamu, a t;; — KOOXPPUINEHT KOMIUIEKTHOCTH, PaBHBIL 9HCIy 00b-
eKTOB, ¥ KOTOPBHIX M3BECTHBI Kak j-e, Tak u k-e cpoiicrBa. Kowmire-
TeHTHBIN cTOIOEI He MOMKeH NMeTh ITpobena B i-ff CTPOKe.

D0 yKaszaHUIO MOJb30BATENs MPOTPpaMMa BhIGUPAET KOMIETEHT-
HYIO TOAMaTPUILY II060TO pa3Mepa B mpefenax oT 2 X 2 1o n X m.
O6BIYHO UCHOIB3YETCS TONMATPUIIA, comepKaIias 0T 3 10 7 CTPOK U
CTOJIONIOB.

B mpomecce mpenckazanus 3HaUeHUs mpobena ¢ UCTONL30OBAHTEM
3aBUCHMOCTENl MEXKIY j-M U BCeMU OCTANbHBIMU (k-MU) cTOXOIAaMN
BeIpabaTHIBAIOTCS «MONCKaskus» by. s ux mosydeHuss uCnosb3y-
eTcs ypaBHeHHUe IUHelHO# perpeccun Mexny j-m u k-M cTOIGIAMEI
(cum. puc. 25). Ecnu B nonmarpuie 6bu10 (¢ 4 1) cronbuos, To 3aTeMm
¢ TIOIICKA30K YCPENHAIOTCS ¢ BECOM, TPONOPIIMOHAIBHBIM KOMIIeTEHT-
HOCTH COOTBETCTBYIOIIETO CTONMGA. B WToTe momydaeTcs MTpOTHO3HAS
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BeJIMYNHA by, TOpOKIeHHAS N30 TOYHOCTHIO, coNepsKallleiics B cTOI0-

Dax:
q q
— 23 (o3
3neck o — KOdDPUIMEHT, PeryiupyIolinil BIHSHUE KOMIETEHTHO-

CTHU Ha Pe3yJbTaT MpencKasaHus. JPH MaJIbIX 3HAUEHUSX & PasHUIA
B KOMIETEHTHOCTHU CKa3blBaeTCs MaJlo, Tpu 6OIbIINX « Gojlee KoMIle-
TeHTHBIEe CTONOIB BAUSIOT Topasno 60abIne NpyruxX. Beibop a n co-
cTaBJseT CyTh 3Tama noadbopa GopMydbl MJIsS TPOTHO3MPOBAHUA: BCe
U3BEeCTHBIE DIEMEHTHI j-TO CTOMOIA TPeNCKa3bIBAIOTCS TPHU Pa3HBIX
3HAUYEHUSAX « U 3aTeM BbIOMpaeTCs TaKoe 3HauYeHUe , MPU KOTOPOM
onmbKa IPOTHO3a 0; OblIa MIHNMAILHOIL.

1 T2 o o0 i Tkooodp
aq T A
a3
a; ? bix

Puc. 25

Do popmyme (1) ¢ BEIGpaHHBIM 3HATEHIEM (v IETAETCS TTPOTHO3 b j
BEIMYWHBI TTPOMYIIIEHHOTO 3JleMeHTa, a MoJydeHHas Tpu BhIbope «
MUHIMaJbHas BeJIMYNHa 6; B NaJbHeilllleM TPUHIMAaeTCs B KadecTBe
OIleHKW OXKWIAaeMOll OIINOKM 3aMoJTHeHUs ITpodesa 1Mo cTOIOIaM.

Dporenypa 3amonHeHns mpobeia ¢ ICIOAL30BAHIEM CBI3HM MEXK-
Iy i-1f cTpoKoit m Bcemu s npyrumu ({-mm) crpokamu (1,2,...,0,...,35)
aHAJOTWYHA BHITIIEONNCAHHON U BBHITIOJHIETCS 0 GopMyTe

b= Ly / Y LY. (2)
=1 =1
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Ins BBIGOpa @ 37Mech MCTOMB3YIOTCA BCE M3BECTHBIE HITEMEHTHI -1
CTPOKY, W BEIGOD memaeTcs TPW MUHUMATBLHOM 3HAUEHWW OITHOKM O;
X TPOTHOZMPOBAHMS.

O6uuit nportos b} ; 3HaUeHs TPONYIIEHHOTO deMenTa b;; moary-
qaeTcs BeIOOpOM 160 mporuosa b;, eciam 6; < ¢;, mubo mporuosa b;,
ecian 6; < ¢;. Bo3MOXKHO 1 UX ycpenHeHIe ¢ BecoM, 0OpaTHO TIPOIOP-
MIOHATBHBIM BETNUNHE OXKMTAEMON OIMTHOKM:

bij = [bj/(e +6;) + bi/ (e + 80)]l(e + 8;)(e + 6;))/[26 + &5 + 6] (3)

3neck € — KoHCTaHTa, HanpuMep, paBuast 0, 01, BBemeHHast Iis TIpe-
OTBpAIlEHUS [eleH s Ha HYIlb.

Kak ormevaniock, olleHKa 0XKuTaeMoil OITUOKN 3allOIHEHUS TPO-
Gernra (OTKIOHEHNS TMPENCKA3aHHOTO 3HAYEHWS OT MCTHHHOTO) MOXKEeT
OBITE TIOJyUeHa B mpollecce nonbopa Kosdpdunuenta . O Benuuune
OXKUIIaeMoil OMMOKN d;; MOXKHO CYIUTBH IO OoHIMOKaM O; U O; Ipel-
CKa3aHuil W3BECTHBIX JIEMEHTOB i-ii CTPOKHU U j-r0 cTonbIa TPU HAU-
JAyUIIeM 3HAYeHuu . DKCOePUMEHTHl MOKA3bIBAIT, YTO KOPPEeIsIus
MEKIY CPENHNM 3HademmeM STHX omunbox ¢ = [6; + 6;]/2 u oumb-
Kol d;; Bcerma TONOKNTeNbHA.

Bropoit crocob onpenenenns oxumaeMoil OMIMOKN OCHOBAH Ha
OTeHKe INCIEePCUN «IONCKa30Ky. Bwramcnsiercs mucmepcns (dis) Be-
JAWYWH TONCKA30K by by, modyJaeMbIX OT Bcex k cTonbmoB I [ cTPOK
KOMIIeTEHTHON TONMaTPUIIBl. DJOJbIlas TUCTePCUs YKa3hiBaeT Ha OT-
CYTCTBUE YCTOMINBON 3aKOHOMEPHOI CBS3M MeXKIy SIIeMeHTOM (17)
APYTUME BJIeMeHTaMU TOAMaTPHIIEL, T. €. Ha OTCYTCTBHE UX KOM-
makTHOCTH. YCcHO, UTO B BTUX YCIOBUSAX PACCUNTHIBATH Ha BHICOKYIO
TOYHOCTB IpelcKa3aHns BeINYuHBl b;; He IPUXOMUTCSH. JKCIepH-
MEHTBI MTOKA3aJIH, YTO KO3DPUIMEHT KOPPEISIIuT MeXIy Muciepcuei
dis m ommo6Koit mpenckasanus d;; nocturaeT penumunHbl 4-0,7. Dpo-
HO3BI OXKUTAeMOfl OIIMOKY 3aM0MHEHNs O NUCIEePCHOHHOMY KpuTe-
puto okasanuck Gosiee HaJEKHBIMU, YeM O KPUTEPUi0, OCHOBAHHOMY
Ha OlleHKaXx omnbok 6.

Hutst pazsnmuuublXx TPUKIAMHBIX 3a/1a4 ObLIN ClelaHbl MHOTOYH-
clleHHBIe MOMUMUKAIME OMUCAHHOTO BhIle H6a30Boro anroputma ZET,
OTHHYAIOIINECS CBOUM Ha3zHAUYeHWeM U HaGopaMU Pa3HbIX PEKUMOB
paGoThl. DPOrpaMMbl 3allOJHEHUS MPOHESoB MOTYT paboTaTh B Of-
HOM U3 CHENVIONINX PEKUMOB:

1. Bamonuenue Bcex MpobENOB.
2. 3anosiHeHUe TOIBKO TeX MPOoDeNoB, oXupaeMas OUIHbKa st Ko-

TOPBIX HE MPEBBIIIAeT 3alaHHON BeTUYUHBI.
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3. Bamonnenne mpoGeaoB TOMBKO Ha 6a3e WHGOPMAIIN, TMeOIIeics
B UCXOOHON Tabiuie.

4. 3amonHenne KayKIOTO CIeOYIOIIero mpobemna ¢ HCIOIb30BaHmeM
NCcXOMHO wHGOPMATWN W TPOTHO3HBIX 3HAUYEHWH paHee 3alloJ-
HEHHBIX Tpob6eson.

HIs KaXk[Imoro M3 5TUX BapMaHTOB NMeeTCs HEeCKOJIBKO PEKNMOB BHI-
a9’ TPOMEXKYTOTHRIX U OKOHUATEIbHBIX pe3yilhbTaToOB Ha TMedaTh.

§ 3. DekoTopnble BapuauThl asiropurma ZET

3.1. O6uapyxkenue rpy6nix omunbok (anropurm ZET-R).
Agsroputm ZET-R ucnonbsyercs: miis oGHapyKeHus rpybbIx OMInboK
B NCXOMHON Tabinlle TaHHBIX (TaK Ha3bIBAEMBIN PEKNM pedarmupo-
sanud mabauy). st 5TOTO MpoTpaMMa MO OYepent MpPerncKa3biBaeT
BCe HIeMeHTHI TabIuTEl U CPAaBHUBAET Pe3yIbTaThl MPencKa3aHus ¢
DaKTUIeCKN WMEIOINMUCS MaHHLIMEU. Ecanm TpenckaszamHoe 3Hade-
HUe COBMAamaeT ¢ MCXOMHBIM WU MaJ0 OTINYaeTcs OT HeTro, TO HTO
03HavYaeT, ITO DIEMEHT XOPOIIO COTIACYeTCs € 3aKOHOMEPHOCTSIME
ITaHHOW JacTW Tabnunel HaHHBIX. Ecim Xe obHapyXuBaeTcd 6OJb-
1I10e PacxXokKIeHne, TO BHITaeTCS CUTHAI O HeOOXOMUMOCTH TPOBEPKH
MaHHOTO HJeMeHTa. Fenn oH oTpaxaeT YHUKAIBHEIN HakT, BEITTama-
oIt M3 o6IIell 3aKOHOMEPHOCTH, TO €T0 WCTHHHOCTE HYXKHO TIOM-
TBepOuTE. Ecam e oH oTpaxkaeT olNOKY, TO ee HYXKHO YCTPAHUTE.
Taxum myTeM ymaeTcs o6HApPYXKUBATE TPYOble OMUOKW WINW YMBITII-
JeHHble MCKaXKeHNs OTIeALHBIX >IIeMeHTOB TabHuIbl JaHHbIX.

3.2. D poruo3upoBanne JUHAMUYECKUX PAAOB (AJIropuT™m
ZET-D). Anropurm ZET-D paBoraer ¢ TabrumaMu THIA «BpeMs-
cBoficTBO». Da pucyHke 1 Takas Tabnauna obozHaueHa CUMBOIAME
(TBC/O); 3mecn 6omee monpo6HO mpencraniena B Tabm. 3, a. T’ ¢Tpok
B 5TOil Tab/Iulle OTPaXKalT 3HaAUYCHUEe 12 CBOUCTB T'1, L2, ..., &, ..., %y
HEKOTOPOTO 0ObeKTa WKW Mpollecca B MOcenoBaTelbHble MOMEHTHI
BpeMeHH 11,%2,...,0+,...,07. Tabmuimy MoXHO TepedhOopMUPOBATH,
OObENIUHUB B OIHY CTPOKY k COCEIHUX 1O BPEeMeHU CTPOK. JepBas
CTPOKa TaKoll HOBOI TabauIlbl OTpaXKaeT HaHHble U3 k TepBhIX CTPOK
MCXOMHOM Tabmumer (t1,t2,. .., k—1,1)k):

b117b127- . '7b1j7' . '7b1n7
b217b227- . '7b2j7' . '7b2n7
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Bo Bropyio cTpoky HOBol TaGuuiibl moMecTuM Kk CTPOK, HauWHAIO-
HIUXCA ¢ MOMeHTa BpeMeHU {9, B TPeThIO — C MOMEHTa BpeMeHU {3 U
T. I. IO CTPOKW, HAYWHAIOIMIeNcsS ¢ MOMEHTa {7_p4+2. D pesyabTaTe
nosiyuumM Tabauiy, cocTosiyo u3 kn cronduos u T’ — k + 2 cTpok
(cm. Tabm. 3,6). Ecam cTpoka t. cOOTBeTCTBOBAIA, HATIPHMED, CBOII-
cTBaM OOBEKTA B T-W Toll, TO KaxXHad CTPOKa HOBON TadIuUIbI OyiieT
COOTBETCTBOBATH MEPUOLY B k IleT.

Tabauma 3

DpeobpazoBanne TabINIBI METOIOM «3MeHKI»

T1 Ty T Ty 1 2 k-1 k
t1 [b11 bi2 bij biy 1 i 2 tr—1 iy,
ty | ba1 bao baj bay 2 2 i3 iy, Tt
.............. —_—
lr |br1 bro ij brn T ir lrg1 trgp—2lrgr—1
tr |br1 br2 brj by T—k+2\tr— g2 tr—py1 I Irg1
a o

Bce sneMeHTH HOBOW TabIWITHI M3BECTHHI, KPOME 3JIEMeHTOB TIO-
Cle[lHero cerMeHTa {7471, B KOTOPOM HOJIKHBI OBITH OTPazKeHbl CBOI-
CTBa M3yYaeMOTo 0OBeKTa MW IIpollecca B MOMeHT Bpemennm T + 1,
CIeNYIONNi 3a MOCTETHIM MOMEHTOM W3 OTPa’KeHHBIX B TTPOTOKOIE
HabIIOOeHN .

Femm kaxmyio mycTyio j-10 KIeTOUYKY TOCIeTHeTo cerMeHTa 3a-
HoMHUTE anroputMoM ZET, To momydnm mpormos cpoiicTs x; B MO-
veHT Bpemennu t = T + 1. Onucanusiii cmoco6 GOPpMUPOBAHIA IJIHH-
HBIX CTPOK U3 CIABUTAEMBIX KOPOTKHUX U TOCIEMYIONIero MTPOTHO3UPO-
BaHUS 3JIeMeHTOB KOPOTKOI CTPOKW B OIHOW W3 HeMaBHUX PaboT OBLIT
Ha3BaH MeTOHOOM «3MeIKI».

B [56] omicaHo HECKOIBKO BApHAHTOB 3TOTO AJTOPUTMA IS TC-
XOMHBIX TabNUI pPa3Horo xapakTepa. FcTh BapmaHT (aJropumTm
ZETMC), opueHTHPOBaHHBII Ha TaGNUIBI ¢ GUKCHPOBAHHBIM TOPSII-
KOM CJIe[JOBaHNs CBOWCTB % ;. JPUMePOM TaKOil TabIHIIEI MOKET CIIy-
KUTHh CBOOKA €XKeMecsUHBIX ToKazaTelnell mesTelbHOCTH TPenIpus-
Tusg 3a 1 meT. 3mech posib CBOMCTB UI'PAIOT MOKA3aTeIH B j-€ MECSIIh,
a T-s CTPOKa — HTO MAHHBIE 3a T-1 TOm. O POTHO3MPOBAHIE HeTaeTCs
He [JIS BCeX MecsIeB Tofla cpa3y, a MoCIeloBAaTeNbLHO IS KayKIoTo
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CHenyIoIero Mecsia. Jadalio TOMOBOIO IHWKIA — Belllb yCJIOBHAS,
MUK MOXKHO HAUYMHATH ¢ JHIO60r0 Mecsiia. DyCcTh Tabiuia COnepKuT
nmannable 3a mepmon ¢ 1970 mo 1995 ronwi. Bosbmem mepBLIfi cTOI-
Gerl (maHHBIE 3a SHBAPU) U TMOCTABUM €T0 3a TMOCAETHIM CTOIGIOM
(3a mexabpsivu). Ecmam ero cnBmHyTH Ha ONHY CTPOKY BBEPX, TO B
TepBOll CTPOKe OKaXKyTCS HAaHHbIe 33 TON, HAUMHAIOIINICS B dheBpae
1970-ro w 3akamuymBatoruiics B suBape 1971-ro roma. B mocmemmeit
CTPOKe OylleT IUKJ, KOTOPbI HaunHaeTcs B deBpaste 1995-ro u 3a-
KamumBaeTcs suBapeM 1996-ro roma. Ilanusie 3a suBaps 1996-T0 Toma
HaM He U3BECTHBI, W 3Ty MYCTYIO KIETOUKY TabINUTIBl MBI 3aTOIHIEM
¢ oMotk anroputma ZET.

3aTeM Mbl MOXKeM T€peHeCTH € TepPBOl MO3UIUU HA MOCIEIHION0
cToxber ¢ TaHHLIME 3a dheBpain. ['omoBble MUKILI 6YAYT HAUNHATHCS
€ MapTa TeKYIero Tola W 3aKaHUYWmBaThCA B (deBpajie CIedyIOIIero
roga. 3anoiHUB HOBYIO MYCTYIO KJIETOUKY, MbI MPEICKaKeM OTCYT-
cTByMOIee 3HadeHne despass 1996-ro roma. DTy mpoluenypy mnooue-
pemHoTO TepeHoca MePBLIX CTONOIOB Ha TMOCHeNHee MecTO W MPOTHO-
3WPOBAHUS OYEPENHOTO HEM3BECTHOTO 3HAUEHWS MOXKHO ITPONOIKATH
CKOIB YTOMHO ITONTO.

OnHako siCHO, 4TO ¢ yHaJleHHeM TTPOrHO3UPYEMOr0 MOMEHTA Bpe-
MeHW OT MOMEeHTa TMOCHeNHero HaGIoIeHns TOYHOCTEL TMporHo3a 6y-
IeT TManaTh, TPUIeM CKOPOCTh HapacTaHUs ollmOOK 3aBUCHT OT Xa-
pakTepa HabIOIaeMOTO TIpollecca W 3apaHee TIpelcka3aHa OLITEH He
MoxeT. Ilng Kakmofi KOHKPeTHOH TabIuWIhl peKOMeHIyeTCs MeTOI
PeTPOCTIEeKTURHOTO aHAAN3a: Ha MPOIIIIOM MaTepuaie OelaloTcs Tpo-
THO3BI W3BECTHHIX MAHHLIX U PUKCUPYeTCS 3aBUCHMOCTE OMINGOK TPO-
THO3a OT MIWTEILHOCTH TepUoNoB yIpekKnenus. B pesymbTaTe MOK-
HO TPeATNONOKUTENHHO TOBOPUTL 06 OXWITAeMOl OIMubKe ITPOTHO3A
TpW 3aJaHHOM TepHUome VIpPeXTeHNns WIAH O MAKCHMATLHOM ITIepuome
VIpeXTeHns PN 3aJaHHON TOTMYCTUMON BeININHe OIMNOKHT TPOTHO3A.

Bosuvoxen n mpyroft monxon — ONMEHWBATH OKUIAEMYIO OITHOKY
O MUCTIePCUN TTONCKA30K, TONYyIaeMbIX B TTpoliecce paboTHl allTOPHUT-
ma ZET, kax 5To omumcano B § 2 HacTOSIIEN TIaBH.

§ 4. D pumMepbl IPUMEHEHUA AJITOPUTMOB

cemeiicrea ZET

4.1. DpumeHeHnmne B skKOHOMUKe. MHOTO pasmuIHLIX 3a/1ad
ObIJIO pellleHO B CBOe BpeMs MO 3allaHUI0 CYIIeCTBOBABIIETO TOTHA
l'ocrmana Docceniickoit Penepannn [56]. B onxoit u3 3amad TpeGoBa-
JOCH OTPeNaKTHPOBATh Tabaumy (HafiTn OUIMOKY), B KOTOPOIl GhIIN
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OTPpaXKeHbl XapaKTepPUCTUKN 3epPHOBOIO NPOU3BOACTBA B 00JaCTAX U
kpasix Joccuiickoit Peneparuu. OnuckBaroIine cBOMCTBA OTPAKAIN
IIaHHbIe O TIOCEBHBIX IJIOMIANAX, KOJIMYeCcTBe yiIoOpeHuil, TPaKTOPOB,
KoM6aiitHoB 1 T. 1. IlemeBEie XapakKTepUcTUKN KACAINCEH YPOKATHOCTH
3ePHOBBIX, BaJOBOIro c6Opa 3epHa U Mp. DBIIO BBISCHEHO, YTO HEKOTO-
pbhle XapaKTepUCTUKM He CBA3AHBI ¢ OCTAIBHBIMIU, W 3TO OTPAKAIOCH
B 6OTBINNX TOTPEITHOCTAX MPU UX BoccTaHoBIeHnu. Tak, HampuMmep,
0OHAPYKUMICA Ha TEePBBLIA B3TJsN CTPaHHBIR HaKT, YTO KOIUYECTBO
yInoOpeHul He BIUSET Ha YPOKATHOCTDH 3epPHOBBIX KyJabTyp. OObsc-
HeHMe >ToMY GaKTy COCTOAIO B TOM, YTO yIOOPEeHUs MCIOIb30BaJINChH
JUIIb TPU TTPOU3BOMICTBE OBOIIIEN, & HA 3€PHOBhIE UX He XBaTallo.

Obuin oGHapyKeHbl U GONIbIINE OTKIOHEHUs OT oOIedl 3aKoHo-
MEPHOCTHU HJsi OTHEAbHBIX 3JIEMEHTOB TabIUIlbl. JEKOTOpHIe U3 STUX
OTKJIOHeHW T oKazanuchk paboTHukaM ['ocmiana BIOAHe TOHSTHLIMHE:
«Mpr maBHO TOMO3pEBANH, UTO . . . 06JACTH HAC OOMAHBIBAET TI0 HYTOMY
mokaszaTentoy. Tak 5TO WAW HeT — MBI He 3HAJIU U Ha HSTOM DIH-
30lle MUITHKUT pa3 ybenuauch, 4TO 4acTO TOAb30BaTENb CKIIOHEH Tie-
pPeoleHnBATh TOCTOBEPHOCTHh MAIMHHBIX pelleHuil. DyXKHO MOCTO-
SSHHO TOJYepKUBaTh HEOOXOOUMOCTH TIIATENbHON colepKaTelbHOll
NMPOBEPKU MOJYyYaeMbIX TPOrpaMMoil pellleHtil, He BOCIPUHUMATE MX
B KauecTBe 6eCCIOPHO UCTUHBI, & TbITAThCA NONOJHUTH MalllUHHbIE
OTBeTHI Ha BoOmpoc «Yro?s> desoBeuecKUMU OTBeTaAMU Ha BOIPOCHI
«Kak?» u «Jouemy?s.

Onra w3 TabuIuIl comepkKalia exeMecsUHble CBEIEHUS O CPEIHUX
HATOIX MOJIOKa B pecnybamke 3a mepuorn ¢ 1946 mo 1982 rompr. Tpe-
60BaNIOCh O6YINTE MPOTPAMMY IelaTh ITPOTHO3LI HAMOEB Ha ONWH TOI
Brepen. Wcnonb3oBanack onmucannas Beiie mporpamma ZETMC. Bei-
SICHIIOCH, ITO OOHAPYKUBaeMble 3aKOHOMEPHOCTT (TOX0KEeCTH CTPOK
I TIOXOKECTHU CTOIOIOB) TMO3BOISIIN TOMYIaTh Takie TPOTHO3HL € I0-
CTATOYHO BBICOKON HaNleXKHOCTHIO: OIMUOKa TOHOBOTO IIPOTHO3A He
mpesbitaia 1,5 %. DpagTudeckn mporuos BeipabarhiBaics Ha 14 me-
cAlleB BIEpen. JaM MPUCHIIAIN MaHHbIe O HAIOSX ¢ sSHBaps Mo OK-
TI6ph TEKYyIero Tofma, W MBbI BBHICHUTANN B ['ocmiTaH TMPOTHO3H Ha
KOHeTl MaHHOTO TOoma W Ha Bce Mecdlbl OymyIero roma. B Tedenme
BCeTo HTOTO Tepmona paboTHWKN ['ocmmana coobrrannm wHaMm GakTH-
JecKme MaHHBIe 3a KaXkIBlH Mecst. Mol memanm TporHO3 Ha OCTaB-
LIHeCs MeCSIbl TPOrHo3upyeMoro mepuona. OUbIT MOKa3ad, 4TO Ta-
KOl MeTON CKOIL3SAIEr0 VTOUHAIONIET0 TPOTHO3HPOBAHUS SBISETCS
Hambosiee aIeKBATHBIM NI WHGOPMATTHOHHON TOMAEPKKI TPOIEccOB
BLIPAOOTKHN YIIPABASIONINX PelleHui.
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4.2. DpuMeHeHHE B reojioTuu nu Menunuue. Tabauner naH-
HBIX, KOTOpble colepxkKaT WHPOPMAINIO, COOPAHHYIO HECKOJIbKUMU
Pa3HBIMU TEOJOTUYECKUMU SKCIeNUIUIME, OObIYHO comepxkKaT OOJb-
1110e KOJIMYeCTBO MPOGENoB. DKCIeNUIn UMeIn HeOMMHAKOBHIA Ha-
60p U3MepUTENBHON allapaTyphl, KaKOW-TO MPpUOOP BHIIIET U3 CTPOS
BO BpeMs paboThl, KaKue-TO HaHHble OKa3aJuch YTEPAHHBIMU U T. II.
N nnsg Toro 4To6LI MPUMEHUTE MTPUBHIIHLIE METOOBI aHAIN3a, HYKHO
CHavyaJia TOMBITAThCS 3aNOJHUTH HPONYILEHHBbIE >3JIeMeHThl TaKoil
CBOITHOI TabJINIIEL.

Amnanoruutas cuTyalus TUOUYHA W [T MEIHIHHCKUX JTAHHBIX,
MOJIVUEHHBIX TTyTeM CBeNéHus B ONHY TabIUIy CBeleHUH 13 UCTOPUit
OOJIE3HN PA3INYHBIX MAIUEHTOB. DPU Pa3sHbIX MOCEIEHUSX Maxke Ofl-
HOTO W TOTO XKe Bpada GUKCHPOBANUCH Pa3Hble CHMITOMEI. Eire 6015-
lllee pa3jnylne BO3HUKAET MPU UCIOAB30BAHUM HOKYMEHTOB OT IPY-
TOTO Bpava WIN APyToil MOnWKImHuKN. Kax mpaBuio, >TH TabIuWITh
comepxkat He Menee 30 % mpobesos.

Da Tabnuiax TAKoro pona orpabaThiBalach CTPATErUs 3amModl-
HeHUs GONBINOTO YHCIa TPOGenoB. DadalibHbe VCIOBUS IS 3aI0JI-
HeHUs pasiWIHBIX Tpo6eroB He OMWHAKOBHI. Il HEeKOTOpPHIX Tpobe-
JIOB yHaeTcd BbIOpaTh KOMIIETEHTHYIO MOAMATPUILY € BBICOKOH KOM-
TMeTeHTHOCTHIO CTPOK W cTONMOMNoB. [lis mpyrux Ke >TOTO CllelaTh
He ymaeTcsi, OHU OKa3bIBalOTCS MeHee OOYCIOBIEHHBIMU. JeKOMEH-
nyeMmas cTpaTerus COCTOMT B TOM, YTO CHavalla HYXKHO 3alOJHUTH
npoGes ¢ Hamayulliell 06y CIOBIEHHOCTHIO. 3aTeM, OMUPasCh Ha BCe
3JleMeHTHI, B TOM YKCIie U Ha TOJBKO YTO 3aM0JHEeHHbIH, Hall T caMblii
00y CIIOBJIIeHHBIH TTpobes n3 ocTaBIImxcsA. VM Takoil mpoiecc 3amoirHe-
HUSA caMOTo O0YyCJIOBJEHHOIO 3JeMeHTa Ha KayKIOM IIare TPOIOJIKa-
eTcs [0 3alOojHeHUs Bcell Tabaumbl. Da KaxkKIOM IIare mporpamma
BbIllaeT UHpOpMaInio 00 oXKuraeMoil ollnbKe TPOTHO3UPOBAHUS 3Ha-
YeHHUs 3allOJHAEMOTO dJIeMeHTa. Jpollecc MoxKeT ObITh OCTAHOBIEH
NpU BbIXOMe B 00JaCTh, IJIs KOTOPOil oXunaeMas ollndKa mpeBbIlliaeT
33 IaHHBI TTOPOT.

Berperuncs mam m Takoil SK30THWYeCcKWil cayuaill, Korma B Ta-
6anie 6610 mpomyirero 82 % kimerok. BumecTe ¢ TeMm MaTepuast miis
reosioroB ObLI OYeHb IIeHHbIM, U HaMU Obljla TPedIpUHATA MONBITKA
3aMOJHITE TPpo6estsl B 5Toil Tabauie. Umesminxces 18 % kimeTok xBa-
TUIIO /s 3aTOIHEHNS BCeTo HecKOILKUX TpobenoB. s ocTambHBIX
pobestoB Hellb3s OBII0O HANT! HU ONHON KOMIIETeHTHON CTPOKW W HU
OITHOTO KOMIIETE€HTHOI'O CTOJIOIA.

4.3. DpumMeHeHus B TexHUKe. B omHoOll 13 3amad MaHHBIE
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OTPpakaJdn N3BecTHHIE XapaKTepuCTUKN TeJeBU3NOHHBIX PUEeMHNKOB
pazanaHOoTO THHA. PUPMEBI, TPON3BOASIIINNE TEIEeBNU30PH, YKA3KIBAIOT
UX TeXHHUecKne XapaKTepUCcTUKN, HO HaGOPHI dTUX XapaKTepUCTNK
OKa3bLIBAIOTCS He IMOJHOCTLIO coBlamalommMu. CBeméHne TakuxX mTaH-
HBEIX B OOHY TabIWIy BBHISBIAET B Hell MyCcTHIe KIETOUKH, KOTOPHIE
Ob1710 OB MHTEPecHO 3aMOJHUTH, YTOOL y3HATH HEKOTOPHIE XapaKTe-
PUCTHUKM, O KOTOPHIX M3TOTOBHTENh yMaldnBaeT. BBISCHUIOCH, UTO
PSI CBOWCTB MPHEMHWKOB CBS3aH € NPYTUMHU CBOWCTBAMU CHILHOM
3aBUCIMOCTRIO W MPENCKA3aHWA TaKNX XOPOIIO 00YCIIOBIEHHBIX TTPO-
6e7ToB OOBITHO TIOATBEPXKIAOTCS. BMecTe ¢ TeM 06HAPYKIINCH HEKO-
TOpHIe CBOWCTBAa, KOTOPHIe HE 3aBUCST OT 3HAUEHUS NPYTUX CBONCTB
I MOTOMY HE MOT'YT OBITH XOPOIIO TPeNcKa3aHHbIMI. OJPHMEPOM Ta-
KOTO CBOMCTBa MOXKET CIYKITHh MaTepHal KOpPIyca (MeTalll, IepeBo
WIN TUTACTHK), KOTOPHIl He 3aBUCHT OT pa3Mepa SKpaHa, JacTOTHI
Pa3BepTKN W T. 1.

MHoroneTHIit ONBIT HCIOMBL30BAHNS aJITOPUTMOB ceMeiicTBa ZET
MOKa3aJ UX BBHICOKYIO dPHeKTUBHOCTE MO CPABHEHUIO ¢ IPYTUMHI W3-
BECTHBIMHU aJITOPUTMAMHE 3alOJTHEHNS TTPOGEoB, penak THPOBAHNS Ta-
6N T TPOTHO3MPOBAHUS XapaKTepUCTUK IMHAMUIECKHX (MeHso-
IITAXCSL BO BPEMeHN TN MPOCTPAHCTBE) OGBEKTOB.

BuecTe ¢ TeMm, 1Mo Mepe HaKOIJIeHWS ONBITa PelleHns pealbHBIX
33029 BO3ZHUKIN OeN JaJbHERIIero cOBepIeHCTBOBAHTA aJITOPITMOB
TaKOTO Ha3HaueHWsA. B Tpollecce mcclenoBaHnii W3ydaeTcs BINSHIE
PA3INIHBIX CMTOCOG0B HOPMUPOBKH CTOJOIIOB, CPABHUBAIOTCA Pa3Hble
CTpaTernn BEIGOpa KOMIeTeHTHRIX MOAMATPHIL M PA3INYHbIE CTTOCOOH
MTPOTHO3NPOBAHUS MPOGETOB MO KOMIeTEeHTHRIM TTogMaTpumaM. [le-
JaeTcs TaKxXKe TMONMBITKA CO3MaTh aJITOPUTM M IPHEeMJIeMYIo 10 Ma-
IITHHOMY BpeMeHH ¥ TaMsSTH HPOTpaMMy 3aloJHeHUS TpobesioB B
TaK Ha3hIBaeMBIX TPEXBXOMOBHIX Tabauiax mian Kybax HaHHBIX THIA
«OOBEKT-CBOIICTBO-BPEMS».

§ 5. Anropurmbl cemeiictBa WANGA

Anropurmer cemeiictBa WANGA [85], xak u cemeiictBa ZET,
OCHOBAHBI Ha THHOTE3e JOKAJIbHOW KOMITAK THOCTH, HO TIpeqHa3HaYeHbl
ISl 3amMOTHeHnsT TpobeioB B TabiuilaX ¢ Pa3sHOTUITHBIMU TiepeMeH-
HBIMI. DJadyHeM C ONUCAHNS aJTOPITMOB IJis TabIUILI, Bce n IIPI-
3HAKOB B KOTOPOIl M3MepeHbl B OHON W TOW XKe ITKaJde OTHOITeHT.

5.1. Aaropurm WANGA-R. Oycts A — Tabuuia ¢ npomuy-
IIIeHHBIM 371eMeHTOM b;;. Bce mpyrue smeMeHTHI TaGIMIBI H3BECTHBI.
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Hust BeIGOpa KoMmeTeHTHON MonTabGaullbl pa3MepoM B § CTPOK U ¢
CTOJOIOB BOCHOJB3yeMcs CIIeNyIoleil mponenypoii. BuiGepem sire-
MeHT byp. Da mepecevenusx i-it u [-it cTpok ¢ j-M u k-M cTonbiamu
HaXONsATCA YeTHIpe d7aeMeHTa Tabmuusbl: by, by, b, M HemsBecTHHII
sreMeHT a(?j). Ecnm mpusHakm cBsA3aHBI CHIBHON MPSIMOIl 3aBUCIMO-
CTBIO, TO OTHOIIIEHUE NBYX 3JIeMeHTOB k-TO cTonbia 6ymeT TakuM XKe
WM TOYTU TAKUM, KAK W OTHOIIeHWe NBYX DJIeMEeHTOB J-TO CTOJOIA.
Torma U3 mpennonaraeMoro paBeHCTBa OTHOLICHUI by /biy = byj/bi;
MOXKHO TONYUYUTH BapuaHT b’ OleHKN («TMONCKa3Km») 3aloTHIeMOTO
saemenTa: by, = by X bix/bjx. DOBTOPUB 5Ty mpolenypy LIS Beex
IPYTUX 3JIeMEeHTOB TabIuIbl, MBI moayanM (n — 1) X (m — 1) Bapu-
AHTOB MONCKAB0K:

! ! !
11>Y129 -+ blk? SRR b(n—l)(m—l)-

BbimenuM U3 HUX MOACKA3KM, TOJYyYeHHBIe ¢ yYacTHeM dIeMeHToB [-if
CTPOKH, I HafimeMm ux mucnepcuio d;. Bemwawny L; = 1/(d;+ 1) mpu-
MeM B KadyecTBe Mepbl KOMIIeTeHTHOCTH [-it cTpoku. [; mocturaer
MaKCHMaJIbLHOTO 3HAUEHUs eMUHUIbI, eCIN Hucnepcus d; paBHa HYIIO,
1 yOBIBaeT ¢ POCTOM HUCIHEPCHN, OCTaBAsSCh MOTOKUTEIBHON BeTHy-
HOIT. AHAJOTMYHO TO AucIepcuu dj TMONCKa30K ¢ yUacTHeM BCeX Hire-
MeHTOB k-T0 cTonONa HaifimeM ero KommeTeHTHOCTH Ly = 1/(dgt1).
CdopMupyeM KoMIleTeHTHy0 nonTabaniny A’, BKIo4YmB B Hee s ca-
MBIX KOMIIETEHTHBIX CTPOK M ¢ CaMBIX KOMIETEHTHBIX CTOJIOIOB.

Dpotece 3anonnenus mpodena agroputmom WANGA-R cocrout
B ClemylollieM. JpucoennuseM K Tabmauie A’ saeMenTsl j-To cToabna
u -il cTpoKHU. DepebupaeM Bce YETBEPKH HIEMEHTOB, KOTOpPbIe Ha-
XOMATCSA Ha Tepeceuennn IBYX CTOIOIOB: j-TO U k-TO M ABYX CTPOK:
i-it m [-it. Dens3BecTHEI >/eMeHT b;;, BXONAIINIT B cOCTaB BCEX 3TUX
YeTBEPOK, BBIYUCIAAEM IO ONNCAHHOMY BbIIIE CIOCOOY M TOMydaeM
(5Xq) BapMaHTOB MOMCKA30K: byy, bhy, ..., 0%y, b1g, bhay ooy bp, ooy by
OxoHYaTenbHOe pelllenie 0 3HaYeHNN TTPOMYIIeHHOTO HIeMeHTa MOy-
yaeM B BIUIE CPEIHEB3BEIICHHON CYMMBI MOICKA30K:

b;'] = Zb;kle/ Zle

mist Bcex [ = 1 +su k =1+ ¢q. 3neck BecoBoit KodhuiimenT 1mo-
ckasku oT smementTa (k) paBen ero kommerentHocTH: Ly = L; X Ly.
Crenenb nmoBepus P K TOIYyUeHHOMY pellleHun 0 MOXKHO OIEHUTh uepes
Beauuuny mucnepcenn D Beex (s X ¢) momekasok: P =1/(D 4 1).
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5.2. Aaroputm WANGA-I. Eciu mannsre B Tabnune A 3aMe-
PEHBI B IIKaJe MHTePBAIOB, TO MUHIMAILHBIM TOACKA3BIBAIOIIIIM HJTe-
MenToM B anroputme WANGA-I 6ymer monmMaTpuita, coCTOSIIAs 13
[IeCTH HJIEMEHTOB, CTOAIINX Ha TepeceueHnsx MIBYX CTOJOIOB
(j w k) mw Tpex cTpok (i-, [- m t-if). VHBapmaHTOM IIKaJbI WHTep-
BAJIOB SBJIAETCS OTHOIICHWE Pa3HOCTel MBYX JIIOOLIX Map HIeMEeHTOB
OITHOTO 1 TOTO ke cToibna. OCHOBBIBasACH Ha HTOM U Ha IUIIOTE3e O
MPAMOIT CBA3M MEKMIY J-M U k-M CTONOIAME, MOKHO 3aIlUCaTh:

[bij = buj]/[bij — bej] = [bej — bu]/[bix — bex]-

OTCIOI[&L HOHy‘{aeM BapI/IaHT IIOOCKa3KM HpOHyHleHHOFO sJIeMeHTa.:
v = 015+ [(bij = byj) X (big — bix) /(b1 — bsr)]-

DOBTOPUB 5TU ONEPAlNN € YUaCTHEM BCeX IIAPHLIX COUCTAHMH u3
(m — 1) cTpok u Beex (n — 1) cTonbuos, moayunm (' HONCKA30K, Ile

G=C2_| x(n-1).

Beimenuu moncKasKi, HOLyYeHHBe ¢ yIacTHeM 5IeMeHTOB [-il CTpOKn
(ux 6ymer (m — 2) X (n — 1) mITyK), onpenenuM UX OUCHepCHIo d; n
1o Heft — KoMieTenTHOCTS [-it cTpoku L; = 1/(d;+1). OcuoBbiBasics
Ha TAKIX OllEHKaX, BbIGepeM s Hamboilee KOMIETEHTHBIX CTPOK.

AHanormaHeM crmocoboM HaiineM I ¢ HanGolee KOMIETEHTHBIX
cTOXONOB, CcHOPMUPOBAB B HTOTe KOMIETEHTHYHO NONMATPHILY
5 X ¢. KoMmerenTHOCTD KakKIoro sieMenTa 5Toil monMarpuust Ly =
L; X Lp. OnncamubiM Bblllle METONOM HafileM IONCKA3KH OT diIe-
MEeHTOB 5TOil TOMMATPIUIBL I MOILYINM OKOHYATEIBHBII BApHAHT 3a-
[IOJTHEHTISE TIPOIYIIEHHOTO SJIeMeHTa, yCPEIHNB MONCKA3KN ¢ IX Beca-
M L. O moBepuu K 5TOMY Pe3ylIbTaTy MOKHO CYNUTH IO BeJIHIHHe
P =1/(D+1),rne D — nucnepcus Bcex MOACKA30K OT KOMIIETEHTHOI
[IOIMAT PUIIEL.

5.3. Aaroputm WANGA-0. Fciu Bce mpusHaku B Tabmauie
A m3MepeHBI B IIKaje MOPAOKa, TO IPoOeIbl B Hell 3alOMHAIOTCT aJl-
ropurmMoMm WANGA-0. DpeobpasyeMm Bce cTONOIbI, TPUBEIS UX 3HA-
YeHN K ITKaJe HOPMUPOBAHHBIX paHroB. WHBapHmaHTHBIM K Ipeobpa-
30BaHIAM IIKAJIBI MOPAOKA ABJIAIOTCS CY:KIOEHISA TaKOTO POma: eciIi
bix > bik, TO U by > by;. OTcioma monydaeTcs ONNH U3 TPeX BO3MOXK-
HBIX BapHaHTOB MOMCKA3KIL: béj > by;, ecan by > by @l = by, ecnn

ij
b = blk7 m bli]' < blj7 ecmt b, < by.
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Wcnonb3oBatue Beex >IeMeHTOB ¢TonbnoB j u k mact (m — 1)
BapHaHT IIONCKa30K, KOTOpble MOTYT He COBIaHaTh WM azKe IPO-
TUBOPEUNTH ApYT Apyry. OueHuBaTh OGN pesyiabTaT GyaeM Mo
CIIelyIoIeMy TPABIILY. DOCTaBUM B COOTBETCTBUE 11 PAHTOBBIM HO-
MepaM m HakommTeneir 1,2,...,v,...,m. Ecan momckaska ropopur,
YTO HeM3BECTHBIN >/IeMeHT paBeH v, TO NOOABIM eINHNIY B U- HaKO-
muTenb. Ecim momcka3ka TOBOPUT, 9TO MCKOMBIA paHr GOJIbIIe v, TO
B KaKIbIll HAKOIMTEIb ¢ HOMepoM, GOIBIINM v, T06aBUM BeJNYNHY,
pasuyio 1/(m — v). Ecmm xe momexaska b}, < v, To B sueiikn ot
mepBoil o (v — 1)-it nobaBum Bemmuanny, paBayo 1/(v —1). B urore
B KaXK[Oi fUelike HAKOMUTCS BEINTHHA, OTPAKAIONIAs «INCIO TOI0-
COB» 3a NMPUHAIEKHOCTH ITPEICKa3biBAeMOTO 3HAUCHNsS K TOMY HJII
WHOMY paHry. Jocjie HOpMUPOBKI CYMMBbI BCEX «TOJIOCOB» K eIMHIIIIe
HeoIlpee/JeHHOCTh TTOICKa30K MOKHO OIEHNTH 10 SHTPOITHN

H=- valogpvv
v=1

rae p, — HOJIs TOJIOCOB 3a paHr v. KommerenTHoCTh Ly k-ro cTonba
mpuveM pasroit 1/(H + 1). Dpn «enmHOTYUTHOM» TOIOCOBAHUT 3a
OMWH W TOT Ke PaHT MOJOKUTeNbHas BeJudnna L) JHOCTUTaeT Mak-
CUMAJILHOTO 3HAUYEHNUs, PABHOTO elNHIIIe.

Ecim B mpormecce paboThl €O BCeMU CTOIOIMAMI HaKallJANBaTh
MONCKA3KM, TOJyYaBUINecs TPpU yYaCTHN DIeMeHTOB [-il CTPOKH, TO
OINMCAHHBIM BBIIIE TTYTeM MOKHO TMOMYyYUThH ONEHKY ee KOMIeTeHTHO-
ctu L;. Doab3ysch 5>TUME ONeHKaMi, MOKHO BbIOpaTh KOMIETEHT-
Hyio nonrabauny A’, comepikammyio s CTPoK M ¢ cTos6moB. Kowmie-
TEHTHOCTD [ jp KaiKI0ro diieMeHTa by STOoil TonTabInIbl TPUMeM PaB-
HOIT Lz X Lk

DoBTOPUM ONpeeeHne MOACKA30K € yIacTHeM BCeX § X ¢ DIeMeH-
topu3 A’. Tenepn s monyuenns obIero pesyiabTaTa B HaKOMTTEIH
N06aBIIsieM COOTBETCTBYIOIINE [OJAN He OT eIUHUILI, a OT BeJudi-
el L. Dacupenenenne HaOpaHHbIX paHTaMI TOJOCOB MO3BOJAET
Hafl TV OKOHYATeNbHOe pellleHne: MPOMYIIeHHOMY 3HaYeHIIO TPUCBa-
BaeTCs paHT, HaOpaBIIMil HauboIbIllee KOJIMIECTBO TOIOCOB. DHTPO-
MU Oy YeHHOTO paclipefe/enns roigocoB H MO3BONIMT HaM ONEHUThH
crernenb nosepusi P x sTomy pesyabrary: P = 1/(H + 1).

5.4. AaropurMm WANGA-N. Daccmorpum Tabuuiy A, npu-
3HAKW B KOTOPOI M3MepeHbI B ITKaje HauMeHOBaHui. UM mpomyIien-
HOTO dyteMenTa b;; MoxkeT ObITh onmum us d umen (1,2,..., f,...,d),
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COMEPKAIINXCS B j-M cToOIe, 1160 HOBBIM (d 4 1)-M nmenem z. D po-
CMOTPIM BCe TONCKA3bIBAIOIINe YeTBEPK IeMEeHTOB, CTOSIITIE Ha TTe-
peceveHNN CTPOK ¢ i [ u cTon6uoB j u k. Donckasky OymeM ICKaTh,
ICXOMNS U3 IPENNONOKEeHNs: eCclIi ¢-if u [-il >IeMeHTEl k-To cTombna
HA3BaHbI ONHUM I TeM XKe HMeHeM, TO I B j-M CTONOIe SJIeMeHTHI i-il
1 [-if CTPOK MONIKHBI IMeTHh OMUHAKOBBIE IMeHA, T. e. ecin b, = by,
TO b;j = b;;. U naoboport, ecnu by, # b, TO b;j # by;. Daiinem
MONCKA3KH OT Beex (m — 1) X (n — 1) Takux 4eTBepoK u BbIGepeM
MIONCKA3KI, TONyYeHHBle ¢ yIacTHeM 5IeMeHToB k-ro cronbia. Jol-
CUMTaeM CPeIl HUX THCIO MOICKA30K, TOOCOBABIINX 3a Kaxkuoe 13 d
mven (w}) n nporus xaxmoro us nux (wy ). Berarem romoca «mpo-

THBY» 13 TOJIOCOB «3a»: Wjf = 1(w}') — (w;) HoGaBUB K MOy T€HHBIM

pe3yibTaTaM BeJIudnHy w}min, nosyuum d HeOTPUILATENbHBIX THCeIl

w} YMHOKIM UX Ha HOPMUPYIOUIHH KO>hHOUTHEHT ¢ TaKoil, 4TO

> w} Xg=1npu f+1—d. Tenepb MOKHO HAlTH DHTPOIUIO 3HAUE-

Huit Hj n gepes Hee KoMmeTeHTHOCTD k-To ctonbma: Ly = 1/(Hp+1).

Cobpap momcKasku, IIOJIyYeHHBIE C ydacTHEM BCeX 5JeMeHTOB
[-it ¢TPOKHM, MBI aHAJOTMYHBIM CIOCO60M HaiileM ee KOMIeTeHTHOCTh
L;,. Takum myTeMm BBIGHpaeTcs IONTabINIA U3 S CTPOK U ¢, HMelo-
LINX Haubosbline KOMIeTeHTHOCTU. KoMIeTeHTHOCTEL L, KaxKIoro
saementa ((k) oroit nonTabauusl paBua L; X L.

OT KaxKOoro sIeMenTa oA TabIuIEL IodyYaeTcs CBOS IONCKa3Ka,
KOTOpag yUHTBEIBAETCS B CUETUIKe TOJIOCOB «3a» I IPOTHBY» C BECOM
COOTBETCTBYIOIIEHl KOMIETeHTHOCTI. KcIn BeIWYMHBL Wy IS BCEX
IMeH OKaKyTCs OTPHIATeJbHBIMI, TO HedaeTcs BBIBOL O TOM, 4TO
IpONyIIeHHOe MM He BXOOUT B cocTas d mMemornunxcas uMmen. Cpemm
IMeH, IMEOIINX MOMOKITENbHY0 BeININHY W s, BEIOIPAeTCs IMs ¢
W max, I 5TO UM BCTABISETCS B IMyCTYIO KIeTOUKy Tabmumsl. Me-
poil mOoBepHus K IPUHATOMY PelleHI0 CIYKHT SHTPOIHS paclperese-
HIA roiocos. Ecim B ncxommoil Tabmume 6ojlee 4eM OMUH NPOIYCK,
TO IIpelcKa3biBaTh MOKHO KazKIBI MPOIYIIeHHLNl >IeMeHT He3aBll-
CHMO OT APYTuX (TapasienbHas CTPATErus) WIH TOOYEPENHO ¢ HC-
[OIL30BaHIeM BCeX DIeMeHTOB KaK HCXONHBIX, TaK I IIpelCcKa3aHHbIX
Ha TPEeIbIIYINNX Iarax (MocrenoBaTelbHas CTPATET s ). JPI TOCe-
JOBaTeILHON CTpaTernu Hy:KHO HaYHATHL C IIpeNcKa3’aHus TOTO HJle-
MeHTa, IJIg KOTOPOTo IIoJydaeMas CTeleHb NoBepus MaKCHMaJIbHa.



I'nmaBA 8

P POTrHO3MpOBaHnne MHOT'OMEPHBIX
BpeMeHHbIX PAOOB

§ 1. Beenenune

TpagunuoHHO aNTOPUTMBEI CAMOOOYUEeHUS aHATU3UPYIOT TPOTO-
KOJIbI, B KOTOPBIX UMEIOTCA ONUCAHUS BXOIHBIX BO3JeHCcTBUN 1 peak-
Uit W3yvaeMoil cucTeMbl Ha 5THU BO3AEHCTBUS. JaHbllle B KubepHe-
TUYECKON JInTepaType 3ajauyll YCTAHOBJEHUS 3aBUCUMOCTel MexXny
XapaKTepUCTUKAMU BXOHA W BbIXOMa Ha3bIBAJIUCHL 3aayaMy aHAJIN3a,
«vyepHOro siukas». QmHAKO umMeroTcs eirle Gojee CIOXKHbBIE CHTYya-
UK, KOTHa BXOMHBbIE BO3AelicTBUs caMu 1O cebe OCTalOTCs Hel3BeCT-
HBIMU U OTPakKalTcd B IPOTOKOJE JIUIIb KOCBEHHO, Yepe3 U3MeHeHns
BLIXODHBIX XapaKTepUCTUK HabIiomaeMbIX o6hekToB. lambuefitrmm
OCJIOXKHEHMEeM ABJsSeTCs HaJlyne CKPBIThIX BHY TPEHHUX BAUSHUN Xa-
PaKTepUCTUK OOHUX 0O'bEKTOB Ha XapPaKTEePUCTUKU NPYTUX 00'beKTOB.
Takumu cBoitcTBaMu 0613 00T, HATPUMED, TPOTOKOIHI HAOIIOIeH T
3a XapaKTepuCcTUKAMU Joneil, B3auMONelcTBYIOIINX APYT ¢ APYTOM B
Tpollecce PellleHns HeKWX BHEITHUX 3amad. HpyruM mpuMepoMm sBIIs-
eTcs TPOTOKOJ Kypca BalloT WM IIeHHbIX OyMar Ha Oupike.

B Takux cuTyanusax «abGcoMtOTHO YepHOTO AIINKay 3alada Tpe-
CKazaHusa OYIYIIero COCTOSHUS XapaKTepucTukK HabJIiogaeMbiX 00b-
eKTOB MOXKeT ObITh pellleHa JUIIb Ha 6a3e NBYX T'HIIOTE3: 2unome3sbl
nosmopsemocmu (B TPOILIOM BCTPETAIINCH TaKne Ke I aHAJOT Y-
Hble BHEIIHNe BO3IECTBUS) I 2UNOMe3bl A0EKSAMHOCTIU PEAKUUN
(moxoKIe BO3MENCTBIUS BBHI3BIBAIOT MOXOKIE PEAKINN ), SBISIOIIeNcs
OUeBUIHON MonuduKalneil TUIOTE3b! JOKAILHON KOMIAKTHOCTH.
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B rmase onucwiBaeTcs o6GydalOIINiics TeHETUUYECKUH aIrOpuUTM
LGAP (Learning Genetic Algorithm for Prognosis) must n3pnedenns
3aKOHOMepHOCTell (3HAHMIT) 13 TAKOTO PONa NAHHBIX I MCIOIB30BAHIS
STHUX 3HAHWH IS IMPOTHO3MPOBAHUS OYIYIIHX COOLITHI. ANTOPUTM
LGAP cymectBento ucnosbsyer uneun anropurtmos ZET 1 WANGA
LTS BTIOJTHEHUSE TIPOOENIOB B SMIUPUYECKUX TabIUIaX, KOTOPbIe ObLIN
OTMCAHBI B MIPEABIAYIIEH IiaBe.

§ 2. OGyuaomniniica reHeTHYEeCKNA aJIrOPUuTM

nporHosuposanus LGAP [80]

B anropurme LGAP Boimensiercst ueTbipe HTama ero paGOTHL:
1) ¢opmupoBanne 6a30BBIX 5MeMeHTOB (6a30BBIX IITAMMOB); 2) OT-
60p KOMIETEHTHDLIX IITaMMOB; 3) BHIPAGOTKa YaCTHLIX BapUaHTOB
IIPOTHO3a; 4) MOy YeHle OKOHIATeIBHOTO IIPOTHO3A.

DOSICHATH ANTOPUTM GyAeM ¢ TTOMOIIbI0 puc. 26.

2.1. ®opMmupoBanue 6a30BLIX IIITAMMOB. BMecTo TPexXBXo-
JIOBOIl TadMNIBl «OOBEKT-CBONCTBO-BPeMI>, OOBIYHO pacCMaTpuBae-
MOH B pealibHBIX 3ajadax, OyleM MOACHATH AJTOPUTM Ha IpuUMepe
IBYXBXOIOBOil TabMNIBl «0ObeKT-BpeMsay. KaKmbrit snement b; ¢ Ta-
6auiel (TpoTOKOTa cOOBITHIT 3a 1 WpoIIenInx nHeil) OTpakaeT 3Ha-
JeHIe OIHON XapaKTepucTHRN i-To obbekTa (1 = 1,2,...,Y) B t-if
MomeHT BpeMmenn. MowmenTsr Bpemernu (¢t = 1,2,...,T) ynopsnodensr
B TabJulle MO «BO3PACTY»: CaMble CBexXWe NaHHBble MMEIT WHIEKC
t = 1, naHHble 32 TpeAllecTBYIOIINI NeHb { = 2 U T. . 1O IHA C
numexcom t = T.

B anropurme ZET KoMTeTeHTHOCTE d7IeMeHTOB OTEHNBANACEH TIO
X TTOXOXKeCcTU Ha HeKOTopoe 6a30BOe MOIMHOXKECTBO 3JeMeHTOB, KO-
TOpble HAXONATCSA B OIHOW U TOW e CTPOKe UKW B OJHOM U TOM JKe
cTonbie. B mammoMm anropuTMe B cocTaB 6a30BOTO MHOXKECTBA MO-
ryT BXOmuThk G JOGBEIX 5JIeMEHTOB TabIUIlbl, B3STHIX U3 TPOTOKOIA
3a T nocnenuux nueii. Taxue muoKecTBa GyneM Ha3BIBATh 00306bIMU
wmammany mowprocmuy G. B mporokone 3a 7 nHeil umeercs N sie-
merToB (N =Y X 7). MomsocTs 6a30BEIX IITAMMOB MOKHO MEHSITH
B mpemenax oT equHUIbl mo N. Opu Kaxmoll 3amantoil mortaoct G
HITaMMBbI MOTYT UMETH PA3HYIO «APXUTEKTYPY>, BCIEICTBIE Yero Ko-
JUYECTBO BAapUAHTOB GAa30BBIX HITAMMOB MOITHOCTH (G PaBHO YHCIY
couetanuit u3 N no (G, a obillee KOIUYECTBO Pa3HbIX OA30BBIX IITAM-
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geprI[HO BnaeThb, 4YTO NCIIBITaHIEe BCeX 0a30BBIX IIITAMMOB MO-
KeT IIPeBBICUTL BO3MOXKHOCTHN KQMIILIOTePpa PAOOBOIO IIOJAL30BaTeIA.

s coxparenus mepebopa mc o}ffgyg cd KoMOWHAIUg MeToHa Io-
CIIeNOBATEIHHOTO HAPAINBAHMS dmcia daeMeHToB (anroputm Add,
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ONMCAHHBIN B Ty1aBe 6) ¢ METOMAMH TeHETHYECKOTO TPOTPAMMIPOBa-
Hus [41,156].

Amroputm Add mpumenHmTenbHO K Hallledl 3amadye MOXKET BHI-
TAAMeTh TaK. BHadame olleHMBaeTcs OXUOaeMas OIMINOKa MPOTHO3A
slleMeHTa b; o IPN MCIOMB30BAHNN B KadecTBe Ga30BHIX Beex N sile-
MeHTOB 10 onHOMy (GG = 1). Bribupaercs mOIMHOXKeCTBO W3 1 Ham-
ayuumx BapuaHToB (n < N). 3aTeMm mpocMaTpuBaioTcs Ga3oBbIe
MITaMMB T3 TTap, 06Pa30BAHHBIX KaKIBIM T3 1 5IeMeHTOB, OTOGpaH-
HBIX Ha TIePBOM IIare, i BceMn ocTaabubiMu (N — 1) smementamu. Ta-
Knx BapmanToB mMeercs n X (N —1). s vux BoIGuparoTcs n myvmmx
map, K KOTOPHIM TO oUepenn HoGaBIfeM O OTHOMY BCe OCTalbHBIE
(N —2) snementa (3mech dncio Bapuantos okomno n X (N —2)). Tem
Ke TyTeM OTOUpatoTCs Jydlime TPORKYE W T. . O 3aJaHHOTO KO-
JecTBa HIeMeHTOB (¢ B 6a30BOM IITaMMe. O PH TOCTOSHHON BeTNUNHe
n 06llIee YUCIO BaPUAHTOB UMeeT 3HaueHue nopsiiaka G X n X N, 4To,
Hampumep, npu G = 12, n = 2 u N = 36 Menbite oGbeMa MOIHOTO
nepeGopa B MUIAHOH pa3. OMUCAHHBIN Tpolece MOKHO CUNTATH He-
KOTOPOIl MOIENBIO, COYeTAIONIe My Talnn (B BIIe TMOSBIEHNS HOBBIX
5JIEMEHTOB ¥ TMOTOMKOB) C €CTeCTBEHHBIM OTOOPOM IydIINX U3 HUX
MUTS MCTIOTB30BAHNS B KAUECTBE «POMUTENLCKIX» ITTAMMOB B CITEY-
TOTIeM TTOROJIEHT.

OnmHako M3BECTHO, UTO HTOT MeTOMN obecmednBaeT MOTYUeHme
JIUTITE TOKAJTBHO-OMTHMAIBHOTO pertieHnsa. UToOB TOMBITaThCA YTy U-
HWINTH HallleHHble PEIIeHIs, TPIMEeHIM Ha KayKIOM Iare (T. e. TpH
KaKIOM HOBOM 3HadeHHn (7) MPOIenypy «CKpermBanuss. s sToro
YIOPSOOUNM HIEMEHTH OTOOPAHHEIX Ga30BBIX MITAMMOB TI0 WHIEKCY
BpeMeru. Ecmam nBa simeMeHTa NMeIOT ONWHAKOBBIN WMHIEKC ¢ (T. e.
HAXOMATCS B OMHON CTPOKe TabINIIB), TO YIOPSIOIHM STH 5IeMEHThI
o HOMepy 00beKTa ¢ (1m0 HoMepy cToibma). B cooTBeTcTBHN ¢ 5THM
TMOPATKOM TPUCBONM KasKIOMY STeMeHTY B 6a30BOM IITaMMe HOMED
oT enuHuIb 10 G.

W3 xaxkmoit mapbl ponuTeneil MoXHO chOpPMUPOBATE GOTBIITOE KO-
AMYECTBO TOTOMKOB TyTeM 3aMeHBI & 5IeMeHTOB TEePBOTO PONUTENS
Ha k 5IeMeHTOB BTOPOTO POAUTENS ¢ ONWHAKOBEIMH TTOPSTKOBBIMU HO-
MepaMu HTUX STeMEHTOB. D PU KaKIOM 3HAUEHUH A UNCIO HOBBIX TO-
TomkoB Gyner pasuo CE. MOXKHO OrpaHWYHTHCS MEHBITHM YHCITOM
TOTOMKOB, HATIPUMED IBYMS OT KakIOM POMNTENhCKON Taphl, TyTeM
COEMMHEHTS TIePBON TOMOBWHBI OMHOTO POMNTENS CO BTOPON TOIOBI-
HOIl BTOpOTO (1 HaoGopoT). KawvecTBO Takmx ruGpPUIOHBIX HITAMMOB
OTIEHMBAETCA HAPAMY € KAauecTBOM TMOPONWBINNX WX pPONWTeTel U u3
sToro HaGopa OT6HpaeTcs N HAWIYYIINX TITAMMOB IS TOCIETYIO-
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HIero yyacTHs B MyTallugaxX U ecTeCTBEHHOM OTOOpe.

YmoMmuHaeMas TOCTOSHHO MPOIEAypa ONMeHKN KadecTBa 6Ga30BLIX
HITaMMOB BKJOYaeT B ce0s 3Tall TOMCKa KOMIeTEHTHBIX 1ITaMMOB I
5Tall OlleHKM OXUaeMOll OUOKKN NpelcKa3aHus ¢ UCIOIb30BaHUEM
STUX MITaMMOB. JepeiifieM K OIMUCAHUIO MPOIenypbl 0THOpa MHOXKe-
CTBa KOMIETEeHTHbBIX 1ITaMMOB.

2.2. OT60p KOMIIETEHTHBIX INTAMMOB. OJJeMeHThl (Ga3o-
BOTO WITaMMa ¢, HAUMHAIOIIErocs ¢ 3JieMeHTOB I-fl CTpOKHU, B Mac-
CUBe UCXONHBIX IMAHHBIX MOMeYeHbl UX TMOPIAAKOBBIMU HOMEpaMu ¢ B
mramme: (1,1),(2,t),...,(g,1),...,(G,1). Dabop ampecoB 5THUX 5ite-
MEHTOB OINCHIBAeT CTPYKTYPY (aPXUTEKTYPy) KOHKPETHOTO IITaM-
Ma, coctosiero us G snemenToB. FEcnu unnmekc ¢y Bcex 5IeMeHTOB
HITaMMa YBEIMYUTH Ha 3aJaHHOE YUCIO P, TO MbI MOAYYUM HITAMM
TOIl Ke CTPYKTYPBhI, YTO U UCXONHBINA, HO TOJABKO CABUHYTHIN BO Bpe-
MEHU Ha p IIaroB Ha3al. Ja30BeM TaKol HITaMM u20Mop@dHbLu TaH-
HOMY 6a30BOMY LITaMMY.

Brimenum cpenn m3oMOpPHLIX TITAMMOB TPYIIY, COCTOSIIYIO T3
k «mOTeHImaIbHO KOoMTeTeHTHBIX» mTaMMoB (I'DK). B nee Gymem
BKJOYATh U30MOpGHble ITaAMMBbl ¢ HaubOJbllIel MOX0XKecThio Ha Oa-
30BLIT mITaMM ¢. Mepy moxoxkecTn MeXKnoy IITaMMaMHU MOXKHO OIle-
HUBAThH Pa3HbIMU CIOCOBAMU.

Ecnu opwenTupoBaThcs Ha abcoMIOTHLIE 3HAUYEHUS XapaKTepH-
CTUK UX 3JeMEeHTOB, TO MOXKHO MCIOJIb30BaTh €BKIUIOBO PacCTOSHIE
MeXIy HITaMMaMMn:

G
Raqp= Z[bg,t - bg,(l‘-l—p)]2

g=1

B FQK OTﬁl/IpaeTCSI k mTaMMOB € HallMeHbIINMM PaCCTOAHMAMNI
RA,q,p'

FEcin C4lITaTh, YTO MBI UMeeM HOeJI0 C HaHHBIMI, U3MepeHHbIMNI
B IIKaJie 0TI’I()IlIeI'II/II‘/)I7 TO MMOXOXKeCTh IBYX IITaMMOB MOXKHO 06Hapy—
KHITH Yepe3 pacCTodnme MexXKOy COOTBETCTBYIOIIMNIMI OTHOIICHUAMIZ:

G G
Roqp = Z Z[bg,t/b&t = by (t4p)/ s (t4p) |-

g=1 s=1



134 TI'raBa 8. DporuosupoBaHiie MHOIOMEPHBIX BPEMEHHBIX DSIOB

HHBapI/IaHTaMI/I HIKaJIbl MHTEPBAJOB ABIAIOTCA PaCCTOAHUA MeEXIYy
OTHOUICHNAMN MHTEePBaJIOB!:

Rigp = E

g=1s

G G G G
Z Z [b-g7t — bs,t] _ [b.gv(t+p) B bs,(t+p)]
=1 n=1m=1 [bn,t o bmﬂf] [bn,(t-l—p) - bm,(t-l—p)]

Xopomrnmvu cBoiicTBaMu obimamaer Mepa Axanka [28], BbIpaka-
ToIflast cTeleHhb MoxXokecTn P oO0LeKTOB Uepes paccTosHme R MeXKmy
HUMMI:

Pq,p = 1/(1 + Rq,p)-

st BcexX TpUBeeHHBIX BEHITIIE CUIBHBIX ITKAJ TOXOXKECTH IITTaM-
MOB MOXKHO ONpedelisTh M 10 MOMYIII0 Ko3hduilneHTa KOpperasiun
(cor) MeKIy 3HAYEHUSMI COOTBETCTBYIOIINX 5T€MEHTOB STUX HITaM-
MoB. Fcnm B Tabnuiie TpencTaBIeHBl NaHHble, N3MepeHHbIe B Gojee
cmabBIX MIKadax (MOpsIKa I HAWMEHOBAHMWI ), TO VIS M3MEPEeHNs Pac-
CTOAHUS MeXKIY IITaMMaMU MOXKHO BOCIIOJNB30BaThCI MepaMu, KOTO-
pble OyOyT OMUCAaHBl B cHemylolell riase.

Teneps npoBepum, siBisiercss nu nawnas 1'OK Ha camom nese
KoMTeTeHTHONH. YTo6B 060CHOBATH MPOIENypPY TaKoil TTPOBEPKT,
BCIIOMHIM CMBICI THTOTe3bI KoMmakTHOCTH H (cm. 1. 3). U3 mHee
clefyeT, YTO CHavyaJJa HYXKHO YIOCTOBEPUTLCSA, YTO OOBEKTHI MHO-
xKecTBa (A, q) KOMIAKTHBI B TTPOCTPAHCTBE ONMMCHIBAIOIINK XapaKTe-
puctux X. B mHaiem ciryuae Mbl uMeeM HeJi0 ¢ MHOXKeCTBOM A u3
k mrammos, Bxopsmmx B P'OK. DpocrpancrBo X umeer pasmep-
HOCTH, paBHyo . Kaxmnas g-s xapakTepucTHKa 5TOTO TPOCTPAHCTBA
ecTh HOMEp ¢-TO dieMeHTa 6a30BOTO IITaMMa. JHAUYeHWe DTOTO Bile-
MeHTa by ¢ I eCTh 3HaUCHUe ¢-il XapaKTePUCTHKN O6BEKTa (B JaHHOM
caydae 6asoBoro mtamma). s msomMopdHOTO 1IITAMMa, CIBHHY TOTO
OTHOCUTEIILHO 0a30BOr0 Ha P MOMEHTOB BpeMeHU Ha3al, 3HauyeHUe
g-il XapaKTepuCTUKN PABHO 3HAYCHUIO b, (¢4 ,) dJEMeHTa, HaXolsllle-
rocst B KJIeTOUKe ¢ KoopauuHaTamu v,(i,t 4 p). Takmm obpasom, Mbl
nMeeM HeJio ¢ MHOKecTBOM A 06heKTOB B (G-MepHOM TpocTpaHcTBe X .
OTu 06beKTH GBIIIE OTOOPAHBI M0 KPUTEPUIO TTOXOXKEeCTH Ha GasoBbIi
mTaMMm ¢. Fenum KpuTepuil MOXOXKeCcTHW TPUHIATH B KadecTBe KPHUTe-
pusA KOMIaKTHOCTH, TO YCHOBUE KOMIAKTHOCTH Ciiq M1 MHOXKeCTBa,
urrammoB u3 'OK BeimosHsieTcs aBTOMAaTHYECKH.

Hobasum x X ellle omgHy — TeNeBYIO XapaKTepUCTUKY Z, T. e.
elfle OUH HJIeMeHT Tabiuiibl. JDYCcTh s Ga30BOrO MITaAMMa S5THUM
sjleMeHTOM OyneT TOT, 3HaueHue KOTOPOTo TpebyeTcs NpelcKa3aTh,



§ 2. Obyyarinuiics reHeTHYeCKUil aJropuTM Iporuosupopanus 135

T. e. b;o. CooTBeTcTBeHHO K KazknmoMmy mrammy u3 I'OK nobasum
IO OTHOMY M3BECTHOMY >JeMeHTY b; ,. Temephb mosBuseTcs BO3MOXK-
HOCTE TPOBEPUTH, BLITIONHIETCS TN Y CIOBNE KOMTTAKTHOCTH IS TIere-
BOIl XapaKTepUCTUKHA 2 ¥ 00BeKTOB MHOKecTBa A, Bxomammx B 'O K.
Ycnopue KOMIOAKTHOCTH IJIS 3HAUeHUN OMHON XapaKTePUCTUKH MO-
JKeT OLITH OIpereneHo MO-pa3’HoOMy. JalpuMep, IO BeIHUYNHEe IICIe-
pcun 3HAYEHWI, TO PA3HOCTH MEXKOY Zmax W Zmin T T. HO.

Ecnu ycnoBue KoMImaxTHOCTH OIS Z Ha IITaMMaX MHOXKeCTBa A
He BBITIONHSETCS, TO 3TO 03HAUYaeT, UTO IO cBoiicTBaAM X OHW IO-
XOKH OPYT Ha OPyTa, a II0 CBOMCTBY z He moxoxku. CiemoBaTenbHO,
MeXny cBoiicTBaMu X W 2 3TUX 06HEKTOB 3aKOHOMEPHOI CBA3M HET,
7 HeT OCHOBAHWH PacCYNTHIBATHL Ha yCIENTHOe MPOTHO3WpPOBaHNTE Tie-
JIEBOTO CBOMCTBA C OMOPON Ha IMITaMMBI W3 HaHHOW Tpynmel. Takas
I'DK me BIO9aeTcsS B CINCOK KOMIETEHTHBIX T'PYII, OHa I IOPO-
OUBIIWI ee BA30BBIN IITAMM U3 TaJBHENIIEro pacCMOTPEHNS WCKITIO-
vatoTca. Ecinm xe mrramMmMel gannoil 'O K okasalnch KOMIIAK THEIME B
mpocTpaHcTBe cBoiicTB (X, 2), TO OHN COBMECTHO CO CBOMM Ga3’0BBIM
MITaMMOM 06pa3yioT TPYIITY KOMIEeTeHTHBIX ITTaMMOB.

3aTeM Bcd OIMCaHHAS MOCIENOBATEIHHOCTDL MPOIEHYP IIOBTOPSI-
eTCs LI IPYTOTO IITaMMa TOR ¥Ke MOIITHOCTH (7, HO IPYToil apXmTeK-
Typhl. TagmMm crmocoboM MHOXKeCTBO Ga30BHIX IIITAMMOB MOPOXKIAET
KOJUIEKTHB 13 W TPyl KOMIeTeHTHBIX IITaMMOB MOITHOCTH (5.

2.3. Boipa6oTka 4acTHBIX BapUaHTOB nporuo3a. Crpare-
MY TTPOTHO3MPOBAHUS 3aBUCIAT OT TOTO, KaKWe OTHOIIEHUS MeXIy
sjleMeHTaMU Pa3HbIX LITAMMOB Mbl CUYMTaeM WUHBAPUAHTHBIMU TPU
mepexoe OT OMHOTO IITaMMa K APYTOMYy (T. €. TOCTOSHHBIMU LIS
pasHBIX MOMEHTOB BpeMeHN). Ecim MBI cauTaeM, ITO WHPOPMATHB-
HBIMU ABIAIOTCS abCOMIOTHBIE 3HAUEHUsI COOTBETCTBYIOUIUX 3JeMeH-
TOB HITaMMOB, TO 3HadeHIe IIPOTHO3MPYEMOTO >jleMeHTa b; o MOKHO
HaliTi 1m0 abCONIOTHBIM 3HAUYEHUSM Kk COOTBETCTBYIOMINX HIEMEHTOR
(IpenmKTOPOB), CBA3AHHBIX C KOMIETEHTHBIMI IITAMMaMU TaHHOI
TPYIIBL, T. €. ¢ 3jeMeHTaMu b; ,. JalOMHUM, YTO KOINYECTBO Pa3-
HBIX KOMIIETeHTHBIX 6a30BBIX HITaMMOB MortiHocTu G pagao W, rtak
9YTO B IPOTHO3UPOBAHNN >IeMeHTa b; o MOKeT IpUHATH yuacTue W xEk
npenukTopoB (W rpynm mo k mpemnkTopos).

Ecnuw mpenmonaraeTcs nuHeiiHas 3aBUCHMOCTEL MEXKIY COOTBET-
CTBYIOUINMU 3JeMEHTAMU Pa3HbIX IITAMMOB, TO MOXKHO BOCIIONb30-
BaThCs IIPOTHO3UPOBAHUMEM C MOMOIIBIO HuHeliHolt perpeccuun. CTpo-
UTCs NUHelHas perpeccus Mexnay (G snemeHTamu 6a30BOTO U P-TO
KOMIIETEHTHOTO IITAMMOB. OJOICTAaHOBKa 3JeMeHTa b;, B ypaBHe-
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HIe 5TOIl PerpeccH MO3BOJAET MONYyUNTh BEININHY by ; o B KadecTBe
p-TO BapHaHTa IPOTHO3A IJIS dleMeHTa b;o. AHAJIOTHYHO TIOTyYa-
I0TCA I BCe OPYTHE k BapHAHTOB IPOIHO3a OIS IITAMMOB STOM TPYII-
obl: 010,02500--50p,i05--+,0k,50. 3MeCh, KaK W B TIPeHBLIYIIEM
ciaydae, oblliee UNCIO TPENNKTOPOB (I BHIPAGATHIBAEMBIX IMI JaCT-
HBIX TTPOTHO30B) paBHO W X k.

Temephb TpennonoXUM, ITO OTHOIUIEHNS MEXKIY >IeMeHTOM b; ,
I BCEMU ¢-MU dJleMeHTaMi JaHHOTO ITaMMa by (i4,) Takue ke, Kak
I OTHOIIEHUS MeXKIY >IeMeHTOM b; o 6a30BOTO IITaMMa M BCEMI €ro
sneMerTaMu by ¢. Torma moxuO monmyunTh (¢ BapHaHTOB 3HAUYEHUS
IPOTHO3UPYEMOTO HJIeMeHTa ¢ OINOPOHl Ha KayKOBIl ¢-i SIeMeHT p-To
KOMIIETEHTHOIO IITaMMa.:

b1,i0 = (b1t X bip)/b1ps
b2,i0 = (bat X b;p)/ba ps

baio = (bat X bip)/bap.

B sToM ciyuae posk mpenuKTOpa HUIpaeT KadKIblH SieMeHT
HITaMMa B OTHEIBHOCTH, TaK YTO KaXIblil p-if MITaMM IpencTaBiseT
coboit Habop u3 G NpenuKTOPOB, a Bee k IMITAMMOB U3 KOMIETEHTHOM
rpymmbl o6pasyior KomnekTus u3 k rpynn no G upenukTopos. Obiiee
THCIO TPEIUKTOPOB (TACTHBIX IPOTHO30B) IJISL 3TOTO CIydas Oymer
paBubiM W x k X G (W kommexTuBoB mo k rpymm u3 (¢ TpennKTOpoOB).

DeTpPYIHO TPeCTAaBUTh CIIOCO6 TOMyYeHs BapHaHTOB ITPOTHO3A
W IS MAHHBIX, H3MEPEHHBIX B NPYTUX HIKaJTaX. DTU CHOCOBbI MOI'YT
MpencTaBasTh coboit MOTUGUKAIINT OCHOBHOTO CONEPAKAHUS AJITOPUT-
moB cemeiictBa WANGA, onucannoro B riase 7.

2.4. DoaydyeHne OKOHYATEJLHOTO IPOrHOo3a. YacTHLe Tpo-
THO3bI TOJIYYeHbl ¢ TOMOIIBIO TPEeIUKTOPOB, OPraHM30BaHHBIX B Me-
PapXuyeckyto CTPYKTYPY: OTHelIbHble TPeIuKTOPbl OObeIMHIIOTCS B
TPYIIHI, KOTOpLIe O0BeNMHAIOTCS B KONIEKTUBE U T. O. PakTHIecKn

MBI IMeeM [IeJI0 ¢ KOJIEKTHBHO-TPYIIOBEIM MeTONOM IPOTHO3IMPOBA-
uust (KI'M) [64].
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Dpu cBepTKe YaCTHBIX PellleHuil B obIllee IMeeT CMBICT 00paTHTh
BHUMaHUIe Ha TOT PaKT, YTO KOMIEeTeHTHOCTE BCEX TPequKTOPOB, TO-
PONMWBIIINX BTH pPeIlleHus, TPeBHIITaeT HEKOTOPHIT MOPOT, HO MOXKET
OLITH HEONWHAKOBOW. B pe3ymbTaTe pasHBle TPYIIHI TPEOUKTOPOB
BHIPA0ATHIBAIOT pa3Hble HAOOPHI YACTHHIX pelllennii. MoXHO paccui-
THIBAThH Ha TO, YTO OOJlee KOMTeTEeHTHBIE TPYNIIHI 6YIyT BHIOABATH
60Jlee TOYHBIE TTPOTHO3HI.

D0 KOMIEeTeHTHOCTE TPYIIl TPOBEPSIACh IO KPUTEPUIO KOMIIAKT-
HOCTH Ha MHOXKECTBE M3BECTHLIX HJIEMeHTOB A 1 0Tpakaia CHTYaIllio
B mpormmmoM. Tak memaeTcs OOBIYHO TPU PETPOCHEKTHBHOM BHIGOpE
cTpaTernil MPOTHO3WPOBAHWS WM pacTO3HABAHWs: JIyUIledl cUnTa-
eTcs Ta cTpaTerus, TpuMeHeHNe KOTOPOH TPUBOMNIO K HaWMeHbIIel
cyMMe oGOk IMPOTHO3a M3BeCTHLIX dreMenToB. OmHakxo B Xome HKc-
MepUMeHTOB HepenKo oOHApYyXKUBaeTCsd, ITO B Psle cIydaeB JIydIlne
pe3yIbTaThl MaloT HEKOTOphIe MpyTHUe cTpaTerun, a He Ta, KOTopas
ObLIa JIyUlllell «B CpemHeM». JO-BHONMOMY, OHH 60jee TOYHO CO-
OTBETCTBYIOT TeM 3aKOHOMEPHOCTSIM MpoTecca, KOTOpPble TPOSBISIOT
cebd B NAHHBII KOHKPETHBINT MOMEHT.

Kaxyio ke cTpaTermio MCIOIB30BATH IS PeaJbHOTO IPOTHO-
3UMPOBAaHUS HEM3BEeCTHBHIX Bejuunu! ['me rapaHTus, 4To cTpaTerusd,
Jalre MpyTUX B MPOIIIOM TPWBONUWBINA K yCIexy, OymeT Jaydlneir u
B 5TOM KOHKPETHOM Cciaydae?!

PopMyANPOBKA THUIOTE3Bl KOMIAKTHOCTH, IIpHUBeHeHHas B TJa-
Be 3, TO3BOJISET OTBETUTH W Ha ATOT MYUYUTEABHBIN IS TPOTHO-
3ucTOB Bompoc. M3 Hee cienyeT, UTO MCTWHHAA KOMIETEHTHOCTH
TPYTIIBI TPeNIUKTOPOB MOMKHA TPOSBIATHCS He TOIHKO B KOMTTAKTHO-
CTH OOBEeKTOB (A,q) B IpocTpaHcTBe X W KOMIAKTHOCTH 0O6BHEKTOB
A B mpocTpaHCcTBe (X, z), HO U B KOMITaKTHOCTHU BapuUaHTOB TPO-
THO3a XapaKTePpUCTUEN z 0o6BeKTa ¢. Temeph y Hac ecTh 5TH Bapiu-
aHTHI, I MBI MOXKeM OIeHUTh KOMITaKTHOCTH TPOTHO30B, TTONYIeHHBIX
OT TPYIIBI IPeqUKTOPOB [, HaIpuMep, depes MNCIEPCHI0 WX 3Haue-
nuit Dy. Kak mokasajim 5KCIepUMeHTBHI, NUCIepCHOHHbI KpuTepiuit
OKajzaJIcAd O9eHb MHGOPMaTUBHBIM: KOppessuus Mexny [y m ommo-
KOIl IPOTrHO3UPOBaHus HocTuraeT Benuunubl +0, 7. Onumpascsh Ha 5To,
B KauecTBe Mephbl KOMIEeTEeHTHOCTH TPyInsl [ 6yHmeM IpHHEMATL Be-
muunny Ly =1/(1+ Dy).

BBenmenne onmcamHOTO BHINIE NHCIEPCHOHHOTO KPUTEPHS TTO3BO-
aseT chOpPMyIHPOBATH CICHYIOIINH npunyun 6bi0opa CTPaTermit (B
HaIlleM ciydJae — TPYIIOBBIX HpeILI/IKTOPOB): NIpuMeHsi Bce HMero-
Iecs B paclopsKeHUHn CTpaTerud U OTHaBal HperrnodTeHne TOH U3
HUX, KOTOpas naeT BapHaHThl HPOTrHO3a, objianaioliine HalMeHbITen
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nucrepcuen.

DTa sMIupuUYecKas IUTOTe3a OTPaXKaeT 3aKOHOMEPHOCTH Goliee
BBICOKOTO YPOBHS (METa3aKOHOMEPHOCTD) 110 CPABHEHUIO C TPaIuIli-
OHHO MCIOJIL3YEMON TUHOTE30i O TOM, YTO XOpOlIue pe3ylibTaThl B
npoluIoM 0becreuynBalOT XOpOollIne pe3ylabTaThl U B OyOyILIeM.

C yueToM CKa3aHHOTO BHIIIe MpolleAypa HodydeHus oboGIIeH-
HOTO peIlleHus COCTOUT B cilemyiollieM. Bmuadase Ha 6a3e JacTHBIX
peltienuit miist Kaynoit rpymisl [ BeipaGaThIBaeTCs IPYIIOBOE pellie-
HIte By. Dpu NpOTHO3MPOBaHNN B KayeCTBe IPYIIIOBOTO PellleHns MO-
KeT ObITh UCIONB30BaHO cpellHeapudMeTniyeckoe 3HaUYeHe YaCcTHBIX
TPOTHO30B WIW WX MeAUaHa. BBEYWCIseTCS Takke XapaKTepucTUKa
KOMIIETEHTHOCTH I'PYNNEl L. DTN XapaKTePUCTUKN HAXOMATCS IJIs
Bcex k TPYIN MpenuKTOPOB U3 KOJUIEKTUBA TPYII, yIacTBOBABIINX B
MPOTHO3UPOBAHUH.

O6o6ternoe pemnterne (B) Ha cIenyomeM nepapxundeckoM ypoB-
He (Ha ypOBHE KOJJIEKTUBA) MOXKET OBITH TOIYYEHO € MCIOIB30Ba-
HIeM TapaMeTpUYecKoro ceMeiicTBa GYHKIINI B3BEILIEHHOTO yCpelHe-
HUSA TPYIIOBBIX pelleHuii:

B=Y (B x1g) /L5,
F=1

3lleck BelMUMHA TOKA3aTeNs CTelleHn & 0TPpaKaeT CTPATeruio yuera
BIUSHUS KOMIIETeHTHOCTH. Femn o = (), TO pellenns BcexX TPYII yIH-
THIBAlOTCS ¢ paBHBIMEU Becamu. C pocToM «a pacTeT BiusiHue Golsiee
KOMIIeTEHTHBIX IPYII. DPU OUeHb DONBIINX 3HAUSHUSIX (@ B YCPeIHe-
HUY YYaCTBYIOT OHHA UKW HECKOJBKO CaMbIX KOMIETEHTHBIX TPYIIII.

Ecnu B mporHO3upoBaHUN YIaCTBOBANI ONUH KOJIIEKTHB TPYIIIO-
BBIX IIPEIUKTOPOB, TO BEINIINHA KOIEK THBHOTO pelterns ( B) mpuun-
MaeTcs B KaueCcTBe OKOHUYATEIbHOTO 3HaUeH s TPOTrHO3UPYEMONl Besll-
YUHEL b; . Ecian onpenennThs nuciepcnio rpyIIoOBBIX IPOTHO30B, TO
MOXKHO TIOJNYYUTH NMpelcTaBleHne O KOMIeTeHTHOCTU KOJJIeKTUBa B
1eJIOM U O BelINYnHe OXKugaeMoll olIuGKN HaHHOTO MPOTHO3A.

MeTon momyckaeT ncmorb3oBanue He OMHOTO KOMITeKTHBA, & MHO-
KecTBa 13 W KOIIIEKTUBOB. DOBBIE KOJUIEKTUBHI MOTY T HOPOXKIATHCS
0a30BBIME IITaMMaMHi, MOIIHOCTE KOTOPBIX oTiaumuaercs or G. B
3TOM caydae o GopMylie, aHAJOTUYHON BbIlLIeN pUBENeHHOM, NenaeTcs
B3BellleHHOe ycpellHeHue KOJIJeKTUBHBIX pellleHuii.

Da puc. 27 mnpeAcTaBiieHa cXeMa MHOIOYPOBHEBOTO aJlOPUTMa
KOJUJIEK TUBHO-I'PYIIIOBOTO MPOTHOBUPOBaHUS. Ja MepBOM YPOBHE HC-
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MoJTb3yeTcs 6A30BbIA MITaMM MOITHOCTH (1 U apxuTeKTyphl Fi. Da-
xomsTes KoMmmerenTHble mTammbl Cp,Cy, ..., Ck.  Onu obpasyioT
MepBYIO TPynny mpenukrTopos. C UX WCOONB30BAHUEM MOIYUYAOTCS
YaCTHBIE TPOTHOSEL by, b, ..., by, BEIUNCHAATOTCA WX nuctepcus Dy u
IPYNIIOBOI TporHo3 b .

Gl Fl Cl bl cory
C, bs cory
........ 1-it »Tan
C by | cory
. N\
!
G B 1 Dy
!
FQ 2 D2 2-ii sTamn
!
Fr by, D,
// \\
I !
G11 1 1
" !
Go 2 2 3-1 >Tan
7
G by, D!
Qo Dy
Da BTOPOM YpOBHE 5TH MPOLENYPEL JOPTOPAIOTCS IS UITAMMOB
N C,
Toll xKe MmorrHocTu (1, HO Hpyrux apXuTexktyp: Fy, F5,...,F,. B
pes3yIbTaTe MONYTaOTCs TPYIHOBBIe petienust bh, bS, ..., b u mo HuM

BBIUICIIS€TCS KONIEKTUBHOE pelrenne af w mucmepcust D).

Da TperbeM ypoBHE MeHSeTCA MOIIHOCTH 0a30BBIX MITaMMOB,
n st Kaxkmpoit mormHocTn (Gig, G, ..., (,) TOBTOPSIOTCS BCe Ipe-
NBIAYIIIE TPOTenyphl. B WTore moiydaeTcs MHOXKECTBO U3 1 KOJ-
TeKTUBHBIX permenuii: by, by, ..., b co cBOMMU 3HAYEHUSIMI TPYIIIO-
BEIX mucnepcnit D, DL, ..., D!l . Do HuM HaXOMUTCS OKOHYATENTbHBII
MPOrHO3 by W AUCIepCus KOUIEKTUBHBIX MPOTHO30B Dj, M0 KOTOPOIl

MOZKHO CyOnTb 06 oxumaemoil onrnbke IIOJIYYeHHOI'O IIPOTHO3a.
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§ 3. KpuTtepuu a/is OIeHKN TOYHOCTH MPOTHO3A

Eme onun cnoxublil Bonpoc o0bIYHO BO3HUKaeT B IIpollecce aHa-
IH3a pesynbTaToB IMPOTHO3HPOBAHNWA: KaK OIEHHBATHL TO, UTO MEI
Ha3bIBaeM TOYHOCTBIO IPOTHO3A?

Yacro Gepercs abcomoTHOe OTKIIOHEHHe TPOTHO3a bj o OT HCTIH-

HOTO 3HaUeHUs b; o, NelleHHOe Ha NCTUHHOE 3HAUYeHIe:
d = ‘b;,o - bi70‘/bi70.

Takas oTHoCHTeNILHAS BeIHYUHA Majo YYBCTBHTEILHA K ONINOKAM
IPOTHO3a GOLIINX 3HAYCHUN W YPe3MepHO YYBCTBHUTEILHA K OIIHG-
KaM IPOTHO3a BeINYNH, OIM3KIX K Hymoio. KpoMme Toro, pasmuma dd;
MEXIOY MHHAMAILHBEIM H MaKCHMAJbLHLIM 3HAYCHHIMH MOXKET OBITL
PasInuYHOl Vv Pa3sHLIX HaGIIOMaeMLIX XapaKTePUCTUK U ONMHAKOBAsL
OTHOCHTebHas omnbKa d' 6ymeT mpueMieMoll IS IPHHATHS pelle-
HUI B OOHIX CAyYadgxX I He IpueMyeMoil B OpyTUX.

B cBasu ¢ sTuM mpemaaraercs CyoHTL 0 TOUYHOCTH IPOTHO3, ¢-if
XapaKTepUCTUKH IO BeJIMYHHe OIINOKH, HOPMIPOBAHHON IO DPa3HI-
e dd;:

d= 270 - bi70‘/ddi.

Taxas mepa obnamaeT OmWHAKOBOH TYBCTBUTEILHOCTHIO K OMIHOKAM
NMPOTHO3a [/ Pa3HbIX 3HAUYEHUN TPOTHO3UPYEMON XapaKTepUCTUKH.
Fe ayBcTBUTENBHOCTE K OIMUOKAM TeM BEIIE, YeM B MeHBITUX IIpe-
IeflaX KoliebieTcd MporHo3upyeMas XapaKTepUcTHKa, YTO MpelcTas-
BJIsleTCsl BIIOJIHE JIOTHYIHbBIM.

Nuorpa BaxHO 3HATH He abCOMIOTHYIO BeIWUNHY b; o XapaKTe-
pucTuku B OyayliieM, a JUllb TO, OyHaeT Jau oHa OoJIbIlle WM MeHbllle
3Ha4yeHUs b;; B IHaHHBI MOMeHT BpeMeHH. B Takux ciaydasx mpu-
MeHUMa Mepa TOYHOCTHU NPOTHO3a, YUUThIBAOIIas JUIL COBAIeHNS
3HaKOB!

0, ecin (bjg > b;jo) (bé,o > bi,O)
mwint (bjp < bis) 1 (bé,o < bi,t)%
0,5, ecau (bjg=1"b;s)n (bé,o + bi,t)?

1 B OPYTUX CIAyyYasx.

d* =

§ 4. Bo3sMoxHOCTH pacnapasijieinBaHusg

amropurma LGAP

Agroputm LGAP nerko pacnapasimienuBaeTcss Ha UUCIO Tpel-
CKa3bIBaeMBIX diteMenToB U. Kaxnas n3 U AuHui Tpw 3aTaHnHOM UH-
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cite (G >IeMeHTOB 6a30BOTO MHOXKECTBA pacliapaJljie/InBaeTCsa Ha MG
He3aBICHMMBIX IIPOIECCOB IIOUCKa KOMII€TEHTHLIX IITaMMOB II IIPOT'HO-
3 POBaHUA IO HIIM. O6Mennl MeXOy IIpoliecCaMH Oe/IaloTCA Ha >Talle
BBI60pa JIydIImx 6a30BBIX 1 CO3HaHUS HOBBIX HITAMMOB nmyreM My-
Taluil Wian CerHlI/IBaHI/II‘/)I7 Iocje 4ero HoBble 6a30BLIe IITaMMBI 3a-
IIyCKAaIOTCA B He3aBICHIMLBIE IIapaJllJIe/]IbHO IPOTeKalolllue IIPOLeCChI.
Tax 94T0 MauImHHOE BpeMsd ITpn pelieHnn 5TON 3a7adn Ha MHOTOITPO-
HeCCOpHOfI cucTeMe ImouyTum CTporo O6paTHO MIponoOpInoOHa/JIEHO YNCITY
IIpoeccopoB B cucreMe.

§ 5. DKkcmepuMeHTAJIbHAS MPOBEPKa aJITOPUTMA

LGAP

DKcrepuMeHTaIbHas TPOBEPKa aJITOPUTMAa TPOBOAUIACE Ha exXKe-
MHEeBHO TYONUKYeMBIX KypcaX paslmWIHBIX BamioT Ha MockoBckoit
MeKOGaHKOBCKON BaJIfOTHON OHp:Ke. JTOT MaTepHas JIUIIh KOCBEHHO
OoTpaxkaeT CJIOXKHbIe BHellIHMe MPOoIecchl, BAusoNIne Ha GOpMUPOBa-
HUe KyPCOB BaJIOT, U TOTOMY 3ajlada NPOTHO3UPOBAHUS KyPCOB SABJI-
eTcs 3aBeIOMO CHOXKHOIM.

ObLIN B3STHI naHHble 3a nepuon T' = h4h mueit 19861987 rr. mo
mectn BamioTam (mommap CIIA, memernkas Mapka, GyHT CTepInH-
roB, (OpaHmy3ckuil ¢pank, smonckas wera w DKIO). Berauncmsnucs
OTHOUIEHUS KYyPCOB BAIIOT IPYT K IPYTY, U 3TU KPOCCKYPChl HOPMU-
POBAIINCH TI0 BPeMEHU B MUATA30He OT HYJS IO eNWHUIIBI. O pencKa-
3LIBAJINCH 3HAUEHNUS KPOCCKYPCOB B MeHb t. B KadecTBe 6a30BLIX BHI-
GUpaTuch Bce HEeM30MOpPQHbBIE MITAMMBI MOIIHOCTRIO (¢ (G OoT Tpex
N0 IBEHANNATH), KOTOPBIe MOXKHO OBIJIO TOCTPONTH M3 5I€MEHTOB
T IHell, MpPemIIecTBOBABIINX THIO ¢ (T OT OIHOTO MO IeCSTH ITHE).
KommeTenTHble TITaMMBI ONpemessINCh B OCTABIIEMCS MacCHBe B
(545 — T —t) nueit. Kpome T, t u (G B sKcmepuMeHTax BapbUpoOBa-
JIMCh KOJMYecTBa KOMINETEHTHBIX ITPeIUKTOPOB Ha BCeX TpexX >Talax
nx orbopa.

Bruny toro, 4TO mMoOcne HOPMUPOBKEW BCe KPOCCKYPCHI M3MEHS-
0TCAd B ONMHAKOBBLIX Tpedellax OT HYJHs [0 eIUHWUIILI, B POJU Mepbl
KayecTBa MPOrHO3a UCIONb30BaJIaCh aDCOMIOTHAS BelYUHa OLINOKY
B IIpOIleHTaX.

DKCHepUMeHTHl TOATBEPIMIN 1eecO00Pa3HOCTE UCTIOIb30BAHTS
IUCIEPCUOHHOTO KPUTEPUS IJId OIeHKU OXUTaeMOWl TOYHOCTH IPO-
rHO3a. JTOT KpUTepuil oKazajcs 3aMeTHO Gojee >hHeKTUBHBIM 110
CPaBHEHUIO € paHee WCIOMB30BaBINUMCS B anroputme ZET xpute-
pueM aHaJOTUYHOTO Ha3HAUYeHUs.
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Briscuumnocs, uTo mambosilee KOMTeTeHTHBIE TITAMMBI KOHTIEH-
TPUPYIOTCS B HETIOCPEACTBEHHON OIN30CTN K TPOTHOZUPYEMOMY ITHIO.
st omHOTO W TOTO e MHS TTPHU TPOTHO3€e PA3HBIX KPOCCKYPCOB OKa3HI-
BalOTCA KOMIETeHTHBIMU TPEeNIuKTOPLI, TOpoXKIaeMble Pa3HLIME
IITaMMaMi, Tak 9TO HACTPAuBaTh MPOTPAMMY Ha OTHeNbHBIE IITaM-
MBI, KOTOpLIe B TIpollecce PeTPOCTHeKTUBHOTO TPOTHO3UPOBAHUS [a-
BaJil HAWJIYUIIHE Pe3yIbTaThl, HEIb3s. OJYKHO HCIOIB30BATH BCE
MITaMMBl W OIS KaXIOTO TPOTHO3WPYEMOTO >dileMeHTa oTOupaTh
TPYIIHl TPEOIUKTOPOB TI0 OUCHEPCHOHHOMY KPHTEPUIO.

OmubKu TPOTHO3a HJsi PABHBIX BAJIOT OBIBAIOT PA3HBIMU. Jal-
GONBITYIO TPYAHOCTH MPENCcTaBAseT TMPOTHO3 KPOCCKYPCOB, B KOTO-
PBIX 3aMelficTBOBAHBI HeMeINKIe MapKn U/min (HpaHiy3cKue HpaHK.
Opu HauyuIileil HacTpoiike mapaMeTpOB ajlropuTMa Iporuos 90 mo-
CTeNHNUX [Hell (Ha ONNH NeHb BIepel) Iall CPeTHIO0 OIINOKY, PABHYIO
2,37%. 3Haku M3MeHeHWs KPOCCKYPCOB MPOIHO3UPYIOTCS € TOUHO-
cThio 67 %. OTu pesylbTaThl CPAaBHUBAINCH € Pe3yAbLTATAMU TIPO-
THO30B TIO0 TaK HA3LIBAeMON HYIeBOH CTpaTeruu, TpW KOTOPO Tpemn-
noJjlaraeTcs, YTo 3aBTpa Oymer To Ke, 4To u ceronus. Quimbka Kpoc-
CKypca Tpu 5ToM 6bia paBHoil 4,012 %, a 3HAKN TpemcKasbIiBaINCh ¢
TounocThio 54,3 %.

Ecnw oTobpaThk Te mHU, TPOTHO3H B KOTOPHIE OTAWIAIUCEH Ma-
noit mucnepcueit D", To TouHOCTH MpOTrHO3a MOBBIIaeTcs. Tak, ecyn
6paTh B cpedHeM OIWH ITPOTHO3 W3 MATH, TO OMNOKA M KPOCCKypca
yMenbIaigack 0o 1,102 %, a sHak u3MeHeHUs KPOCCKypca IPOTHO3M-
poBaJjicd ¢ TouHOCTHIO 81,1 %.

Anroputm LGAP npenmonaraercs WCMONB30BATH IJISL PEIEHU S
TPUKIANHEIX 3allad, KOTOphle TPATUIINOHHO PeIlalinch HaMHU € TO-
MOIITBI0 alropuTMa ZET: mporHo3 pe3yabTaToB MesTelBEHOCTH Tpel-
TPUATHI, TPOTHO3 YPOKANHOCTH CENbXO3KYIBTYP, TPOTHO3 COCTOS-
Hust HabBIOMaeMbIX MaIlMeHTOB U T. H. JOJBIION WHTepec IpencTa-
BASTIOT HOBBLIE 337TaUN TPOTHO3MPOBAHUS MPOIECCOB SKOHOMUIECKOTO,
SKOJIOTUIECKOTO U MeMOTpadmIecKoTo XapakTepa, BOZHUKAIOITe TPH
U3YUeHNN TPOBIEeMBI YCTONTHBOTO PasBUTHs HOOChephI [79)].

§ 6. Ko/11eKTUBHO-TPYIIIIOBBIE METOIbI

pacnosHaBanmns (kiaacc anropurmos KI'M [64])

Onucauublil BBIIIE TONXON K PEIIEHWIO 3aladll MPOrHO3ZUPOBA-
HUS TPUMeHUM U K 3a7ade paclio3HaBaHUs obGpa3oB. YkKe YIOMUHA-
INCH MeTONBI PACTO3HaBAHNA, UCIOIB3YIONINE He OMHO, & HeCKOIbKO
mapaiienbHo paGoTafolux perraforninx mpasmr [116,138]. Kaxmoe
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MpPaBUIIO BhITAeT CBOI YacTHBIE BapuanT penreHus. OQKoHUATENIbHOE
pellleHle MPUHUMAETCAd Ha OCHOBAHWM yyeTa 3>TUX BAPUAHTOB C IO-
MOIBIO TOW WIH WHOH TMpolenypbl 0606IIeHNs. D TOT TONXOI TeJeco-
006pa3HO paclIuPUTh Ha ClIyYail, KOTna UCIoAb3yeT s He O/lHa TPYyIa
PEIaloNIuX TPaBUII, & HECKOIBKO, T. €. «KOINIeKTUB» rpymnm. Wepap-
XA TPYII MU KOJJIEKTUBOB MOXKeT ObITh CKOJb YIOMHO OOJbIION.
Da KaXJoM ypoBHE BHIPpaGATHIBAIOTCS YaCTHBIE PellleHus , 110 HUM —
0000I1IeHHbIe pellleHls JaHHOTO YPOBHS, KOTOPbIe UTPAlOT POJIb 9acT-
HBIX [IJId CIIeNYIOIero YPpOBHS U T. 1.

KoMmmeTeHTHOCTE TPYNNIEI pPeNTAfoNInX TPaBUI MOXKET OIeHN-
BaThCd 110 BellMYWMHEe, XapaKTepusymollleil pa3dpoc MmojaydaeMblX pe-
3YJABTATOB. OJPU MPOTHOZMPOBAHUU BEJIMYNH, U3MEpPSeMbIX B CHIIb-
HBIX IIKadaX, OIS 3TOH Medn UCIONb3yeTcs NUCIEePCUOHHBIN KpuTe-
puit. B 3amavax pacmo3HaBaHUsS TPOTHO3WPYETCS XapaKTepucTUKA,
u3MepsemMas B llIKalle HaUMEHOBAaHUIA, U 37ech B KayecTBe Mephl HEO-
MUHAKOBOCTH pellleHuil MOXKHO MCIOIB30BATH SHTPONUIO A.

Ecnu pacnoszunaercs S o6pa3oB, TO Mpu paBHOMEPHOM paciipere-
JeHUN PellleHuil B MOAB3Y BcexX 06pas3oB dHTponus Hj pelrenuili Mak-
cuMasibHa U paBHa In 5. Eciu B moaesy ofpa3za v BBICKA3aJOCh P,
pelliafoliux npaBuwyi U3 V', TO SHTPONUS HpelcKa3aHuii B rpyume f
BbIpakaeTcs HopMmynoit

> p p
v v
hf 2 % In % .

KomummeTerTHOCTD L ; pelIaiolnx NpaBui TPYNIBl f IIpH paciio-
3HaBaHUM 06Pa30B MOKHO IPUHATH paBHoit (1 — hye/Hy). Ecnu su-
Tponus by pellleHuit paBHa Hy/i0, TO KOMIETeHTHOCTh MaKCHMAJIbHA
1 paBHa enuHnie. Fcou sHTponus pemenuit by = Hy, To KOMIeTeHT-
HOCTH TaKoll TPyNIbl MTPeINKTOPOB €CTEeCTBEHHO CUNTATh MUHUMAIb-
HOW U paBHOW HYyNI0. DO CBOEMY CMBICHY KOMIETEHTHOCTbH I'PYIIbI
pellafoiunX TpaBuil 5KBUBAIEHTHA UX WHOOPMATUBHOCTH. D0 wHOp-
MATUBHOCTH OIleHUBAeTCA He I/ BCeX BO3MOMKHBIX CUTYyallUil, a Ka-
JKOBIA pas M DaHHOTO paclo3HaBaeMoro obnekTa. T. e. pedn mmeT
He O TOTeHINAJIbHO! WHOOPMATUBHOCTY B CpelHeM, KaK 3TO 00BIYHO
IeflaeTcs TP OlleHKe WHGOPMATUBHOCTU MPU3HAKOBOI'O TPOCTPaH-
CTBa, & 00 aKTyaJJbHOi UHPOPMATUBHOCTHU CUCTEMBI «ITPU3HAKU-TTPa-
BUJIa-00BEKTY IS KaXKIOTO TeKyIllero ciayvas.

Ecnu copeBHYIOTCS HECKONMBKO TPYIT PEITAIONINX TPaBUII, TO DH-
TPONMUAHBIN KPUTEPUN TTO3BOAAET MellaTh OOOCHOBAHHBIN BEIOOpD Hal-
6ollee KOMIIETEHTHON TPyNubl. Ecianm Xe WCIoab3yeTcs omHa TPYIIIA
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(omMH KOJUIEKTHB DPEIIAIOUINX IPABII), TO IO BEeIUUNHE DHTPOINN
MOXKHO CYLUTH 06 OXKUmaeMoil onnbke (MIN HAIeKHOCTH) PAclo3ta-
BaHUsS JAHHOTO OOBEKTA.

Tak xe, Kak I B CIydae IPOTHO3MPOBAHIS, SHTPONNAHBIH KpU-
Tepuil MPUBOLUT K (GOPMYIUPOBKE HO6020 MemModa BLIGOpa KOMIe-
TEHTHBIX TPYII PEUIAIONINX IPABWIL eCJIH B DACHOPAKECHIH HMeeTCs
HECKOJIBKO IPYII PEINalONNX IPAaBUI, TO HYXKHO HCIOIb30BATH BCE
IPYIIBI I 3aTeM BBIOGUPATDH Ty U3 HUX, YaCTHBIE DEIeHHs B KOTODOIl
OT/IHYAlOTCA HalMeHbIIell YHTpoIneil.

Da OCHOBAHIN H3JIOKEHHOTO MOXKHO IPENJOKUTDL CIELYIOIIYIO
0BI11y10 cXeMy Kiacca d5GOeKTUBHLIX AJTOPITMOB IS PEIIeHIs 3a1ad
pacnosHaBaHIs 06PA30B ¢ MOMOIIBIO KOJIEK THBHO-TPYIIIOBLIX pellla-
fornx mpaBuia (kmace aaroputmos KI'M).

AJIropuITMBL 5TOTO KJIacca COCTOAT B BBIIOIHEHHUI UeTLIPEX IO-
CIIEOBATEIBHLIX DTAIOB!

1) reHepaluu Py PEIIAIONINX IPaBILII;

2) mosydemms YacTHBIX PEIICHHN I OUEHKN KOMIETEHTHOCTH
CPyILI;

3) dopMupoBaius 0GOGIIEHHOTO PEIICHS;

4) OTEeHKN OXKMITaeMoil OIINOKI.

I. DTAND FEHEPAIIMYM TPYII PEMAIOWMX HPABHI. Da >TOM
STalle MOXKHO HCIOIB30BATH JIIO6bIE CIOCOOBI MOPOXKICHUS CeMeiicTB
pematorrux npasmia.  O6mas cxema 5TOTO Ipolecca MpPelIoKeHa
10. U. JKypasmessim [62,63].

OpencTaBuM, 4TO OJsl PACIO3HABAHNS ICIOAB3YIOTCS IHHEHHbIE
pelitaloliye IpaBiia B BILIe KOHeUYHOTO Habopa 13 k IIIepIIocKocTeil.
Ecnu BMecTO KOHCTAHT B yPABHEHISX STUX INIOCKOCTEN ICIOIB30BATD
HEIIPePLIBHO M3MeHsieMble IapaMeTpbl, TO Ha 6ase KaxKmoil Tumep-
INIOCKOCTH MOXKHO NOPONUTH IPYNIY 13 GECKOHEYHOTO YmciIa TIIep-
IIOCKOCTeIl, OTINYAIOIINXCS IPYT OT OPYTa CABUTAMIL I HAKJIOHAMHU K
KOOPIUHATHBIM OcsiM. Eecnu ncnonassoBars Koneunoe ancio (G) muc-
KPETHBIX 3HAUCHI U3MEHSeMBIX IapaMeTPOB, TO KaiKIas IIOCKOCTD
OPOKIAeT IPymiy u3 (¢ pasIMuHbIX runepiockocreil. CpemncTamu
5TOTO KOJIEKTUBA TPYIII PElIaiolnX IPaBII MOKHO HOIydaTh k X G
YACTHBIX PE3yIbTATOB PACIO3HABALNS.

Dapsny ¢ TUNepINIOCKOCTSME MOKHO HCIONB30BATh I NPYTHe
THObl PelIAloONINX IIPaBII, HANpUMep HAaGOPBI U3 KBaAPaTHUHBIX,
TAKCOHOMIYECKIX WM JOTHYECKHX DelIaiolnx MpaBumil. Kaxmbrit
HAabOp MOXKET MOPOLUTH CBOH KOJIEKTUB PEIIaloNX IPABILI, I MEL
MOy YuM MHOXKeCTBO 13 W KONIEKTHBOB IO k TPYII, COCTOSIINX 13
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G peuraioiux npaBuia. ITo MHOXKecTBO opoxaaer W X k X G wact-
HBIX Pe3yJIbTaTOB PACIO3HABAHMUS.

II. DOTAI DONYYEHNS YACTHLIX PENIEHNR ¥ ONEHKHN KOMIIE-
TEHTHOCTH I'PYNI. TexHUKa MONYYeHUS YaCTHBIX pellleHuil mpasu-
JaMU U3 TPYITBL [ onpeneisercs BUIOM pellaforinuX GyHKIU, BXOIs-
IMUX B 5TY TPYIIY. De3yJIbTaT PACTHO3HABAHUS MO KAaXKIOMY OTHelb-
HOMY TIPABHIIY MOXKeT ObITh KATeTOPMIHBIM («OOBEKT ¢ TPHHAIITEKIT
06pasy i») WK BEPOSITHOCTHBIM («OOBEKT ¢ MPUHAMIEKIT 06pasy ¢ ¢
BeposTHOCTBIO P, 06pa3y j ¢ BepostHOoCcThIO Pj...»). B mo6ou ciy-
Jae CyMMa BepOSTHOCTel MPUHALIEKHOCTH OObeKTa ¢ K TOMY WIH
nHOMY OGpa3y paBHa eIUHUIIE.

Ecnu npocymMmMupoBaTh «rojiocay, BbICKa3aHHBIE WIeHaMU TPYII-
mbl f B TIOR3y KaXKAoro u3 S o6pa3’oB, W pasmeluTh HOJYUEHHBIE
3HaYeHNs Ha KOJIMYecTBO UlIeHOB >Toil Ipynnel (7 ;, To OylmeT MOIy-
YEHO T'PYIIIOBOE pellleHlie 0 MPUHAIIEKHOCTH 00BEKTa ¢ K TOMY WIH
WHOMY 0bOpa3sy:

Pfl,PfQ,...,Pfi,...,PfS.

CyMMa OTUX BeJINYNH PaBHa €ONHNIe, a SHTPOIIA TaKOI'O pelleHIld

eCThb
S

hf:_zpfiXhlei-

i=1

Orciona xomnerenTHocTs Ly rpynmst f pasua (1 — hye/Hyp).

Detienne t-10 KOJMIEKTHBA MOAYYaeTCA Ty TeM B3BEIIIEHHOTO ycpe-
IHeHWUs T'PYNIOBBIX pemrenmii. s Kaxmoro obpasa CyMMUPYIOTCS
rojloca TPYII 3a 5TOT 06pa3 € BECOM, pPaBHLIM KOMIETeHTHOCTIH
IPYIIIbL:

k
Pi= 3 (P 15) [ D0 L5,
f=1

B pesynbTaTe 6ymeT monydeHO KOMIEKTHBHOE pellleHre B BUIE
BepOSTHOCTEN TPUHAMIEKHOCTH 0OBEKTa ¢ ONHOMY U3 S 00pa3oB:

PﬂthZv"'thiv"'?PtS-

TeHepL MOXKHO OIIpede/INTh SHTPOIINIO 53TOI'0 pellleHn:da {-TO KOJLIIeK-
THBa I €ero KOMIIeTeHTHOCTDb Lt.
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Anasoruuntnie olepalnum Hal BCeMI W xomnexTuBaMu OalT Ma-
TepunaJd OJd IIOJYyYeHUd OKOHYATEeJILHOI'O pellleHnd IIyTeM B3BellleH-
HOTO yCpenoHeHnsA KOJIJIeKTUBHBIX peHIeHI/Iﬁ:

P=Y(Pax @) /Y er

t=1

Ecnu Tpebyercs MOAyUnTh OMHO KATErOPUUYHOE pellieHue, TO BbIOU-
paeTcst oGpa3s ¢, uMeroInil HaubGorbillee 3HaUeHne BeposiTHOCTH FP;.

D0 3HAUEHUIO KOMIIETeHTHOCTU KOIIEKTUBA PEIIatoinX IPaBuI
(L) MOXKHO CyIUTH O HAJEKHOCTH TOIYIEHHOTO Pe3yIbTaTa Paclo-
3HaBaHUs OOBEKTa (.

Onucannas cxeMa BBITJISIUT U SBIASETCS Ha CAaMOM [efie CIOXKHOM
UL peasiuzaliyii. ke MOXHO yIPOCTUTH MyTeM yMeHbIIeHUS Belll-
qyun G, kuw W. Kpome Toro, anropurmer Kiracca KI'M ouenb xoporiio
pacmapaluienuBaTCs. Ja HepBOM dTalle TapallielbHo MOTyT pabo-
TaTh W X k mpomeccopoB, TeHepUPYIONINX TPYINBI PEIIAOIINX Mpa-
BIJI; Ha BTOPOM, caMoM Tpynoemkom — W X k X G X § npoieccopos,
BBIPAbATHIBAIOIINX YACTHBIE PEIleHus IS KaKOoro m3 S obpasos.
Da TpeTbeM 5Talle MOXHO WUCIONB30BaThH BHavasle W X k X S mpo-
1eCCOPOB, KAKIBIH U3 KOTOPHIX MOAyUYaeT TPYIMOBOE pellleHue Iiist
Kaxknoro obpasa, 3atem W X S mporeccopoB, paGoTatolnx Ham Mo-
JyueHneM KOJUIEKTUBHBIX PellieHuil, i, HaKOHell, S MPOoIeccopoB, BhI-
pabaTHIBAIOIINX OKOHYATEIBHOE pellleHle.



I'nmaBa 9

CorsiacoBaHnue PAa3HOTHUIIHBIX IMITKAJI

§ 1. DaccTosHne Mexny oGbeKkTaMn

B IIPOCTPAHCTBE PAasHOTUIIHBIX IIPDU3HAKOB

Ho cux mop MeI paboTain ¢ 06BeKTaMI, BCe XapaKTePUCTHKN KO-
TOPBIX M3MEPSINCh B OOHON U3 CIIBHBIX IIKAJ, I TOTOMY OIE€HHBATH
paccTogHme MeKOy 06beKTaMu 66110 HeciokHO. OmHaKo B peabHBIX
3aJadax 9acTo BCTPeUaloTcs TabIHuIIbI CO CBOMCTBAMIE, M3MePEHHBIMIT
B pasHBIX IIKaJaX, B TOM YICIe B MOPSOKOBHIX I HOMUHAIBHBIX. B
5TOM CJIyYae BO3HUKaeT HEIpOCTas IpobiieMa OINeHKH MepPBI PaccTo-
SHUS, GIM30CTH, TOXOKECTH KaK MEKIY O6beKTaMn (CTPOKAMN), TakK
I MEKIY CBOWCTBAME (CTONOIAM).

ODroil mpobieMe TMOCBSINEHB MHOTHE PabGOTHI (CM., HampuMep,
[36,60,73,98, 99,163,165]). Kax mpaBumno, uimyTcs TaKme Mephl, KO-
TOpBIe VHOBIETBOPSIN GBI OOBLIYHBIM aKCHOMaM MeTPUYeCKOro IIpo-
CTPAHCTBA (HEPEPHIBHOCTH, CUMMETPUIHOCTH U T. 1.), OBITN MHBa-
PUAHTHBI K JONYCTHMBIM IPeoOpa30oBaHusIM OIS HAHHOTO THUIa IIKa-
Bl W He 3aBUCEIN OT COCTaBa M3y4aeMBIX 00heKTOB. MTorm sTmx
pPacCMOTPeHN CBOOATCS K TOMY, YTO MEPDLI, HHBapUAHTHBIE K HO-
IYCTEMBIM TTPeobpa30oBaHiAM IS MHOTHUX IIKasl, MOXKHO YKa3aTh, &
Mep, KOTOpLIe He 3aBIceln 6bI OT COCTaBa BLIOOPKH, HE CYIIECTBYET.
Hobapmenne K KoHeuHoil BHIOOpKe A WM M3LATHE W3 Hee KaKOro-
HEOYIH 06BEKTa MOXKET N3MEHUTH MPEKHIe TOPIIKOBLIe HOMepPa 00Th-
eKTOB ¢ 1 [ (7S IIKAJ TMOPSIKa) WM HOPMUPOBKY (st Gomee CIUTb-
HBIX ITKQJT), 9TO TPUBONUT K M3MEHEHWIO paccTOSHUS d(i,!) Mexmy
-M H [-M oOheKTaMII.
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Kakoit e BBIBOI HYKHO CIIEIATh U3 TUX Pe3yibTaToB! De cie-
IyeT JM NPU3HATh, 9YTO aJeKBaATHLIX Mep OAU30CTH MeXKIy 00bek-
TaMn 000 KOHEYHO!N BRIOOPKU HET, & CIeOBATENbHO, HET M OCHO-
BaHUil BepUTh pe3ylibTaTaM pellleHls BCeX TeX 3aHad4, B KOTOPBIX
CYIIECTBEHHO UCTONL3YIOTCS Mephl OJU30CTU WU MePhl PACcCTOSHUS
MeXKy 00beKTaMu, T. €. 3aa4 TaKCOHOMUHU, paclio3HaBaHs 06pa3oB,
KOPPEISIIIUOHHOTO, PEIPECCUOHHOTO aHaJlu3a U T. m.7

De GymeM CHEIIUTh COTJIAIaThCs € TAKUM MEeCCUMUCTHIECKUM
3akmovenneM. Bemomunwm, wTo d(7, 1) MeHseTcs He TP BCIKOM HW3Me-
HeHUHU cocTaBa BEIGOpKU A. IlelficTBUTENBHO, TPU HOPMUPOBKE CHIIh-
HBIX IKaJ TO Pa3HOCTU MeXK/Yy caMbiM OOJBIIUM W CaMbIM MaJbIM
3HAYEHNEeM XapaKTepPUCTUKN & B Ta0mmme, T. €. 1O (Tmax — Tmin),
mepa d(i,1) BymeT coXpaHsAThCS BCermia, MoKa M3MeHeH s COCTaBa 00h-
eKTOB He KOCHYTCS OOBEKTOB € Tyyax WA Tpniy. IS T06BIX TITKAIT
HOpMUpOBaHHas Mepa d(i,l) ocTaeTcs HeM3MeHHON, ecian B Tabiuie
npomybInpoBaTh Bce 0OLEKTH M060e Umciao pa3. Lcmm ke BcTpe-
YalTCcd Ipyrue cuTyalull, TO 3TO O3Ha4YaeT, YTO TepBOHAYAIbHbI
cocTaB BRIGOPKH A TIIOXO OTpaxkKal CBONCTBa TeHepasibHONl COBOKYII-
HOCTH.

Taxwm obpaszoMm, yKa3aHHBIe BBIIE TPYTHOCTH OTPaxKaioT HyH-
IaMeHTaJbHYIO I BCeX eCTeCTBEHHOHAYYHBIX QUCIUILINH TpodeMy
TpencTaBUTeNBEHOCTH BHIGOPKH. DopMATLHBIMU MeTOOAMU 3TY MPO-
6eMy peIuTh HeBO3MOXKHO. MccmenoBaTenb MoMKeH nuO0 3HATD,
uTO BBEIOOPKa A BKIIIOYaeT TMOAHBIN HabOp M3ydYaeMbIX OOLEKTOB, I
TOTHa TPYIOHOCTHU, OMUCAHHLIE BEIIE, BOSHUKHYTEL He MOTYT. JIuGo
OH NOJIKEH BEPUTH B TO, UYTO BBIGOpKa A IpercTaBisieT JUIIb YacTh
reHepaJbHON COBOKYTHOCTH (7, HO NOCTATOYHO XOPOIIO OTPaXKaeT ee
3aKOHOMEPHOCTH, T. €. UYTO BLIOOpPKA TpelcTaBuTeNbHa. 1orma Mepsl
d(?,1) 6ymyT OMWHAKOBBIMI st OOBEKTOB ¢ 1 [ HE3aBHCHMO OT TOTO,
paccMaTpuBaeM JU MBI UX Ha (oHe BuIGOpKU A uiu Ha (HOHe TeHe-
pasibHOi cOBOKYyTHOCTH (. BBIBOIBI (T. €. TAKCOHOMISI, pelIaforiie
IPABUIIA, PErPeCCHOHHBIe YPABHEHNS W T. II.), CIeJaHHble Ha OCHOBA-
HUU TaKoW BBIOOPKM, OYAYT COXPAaHATHCA N Ha TeHepaJIbHOI COBOKYII-
HOCTH. DEKOTOpbIe OTKIOHEHUS OT UACAJBHON TNPeAcTaBUTEIbHOCTH
MOXKHO YaCTHYHO KOMIEHCUPOBATH NPUMEHEHUEeM ITPOIenyp, IOBLI-
HIATOIINX YCTONINBOCTE d(7,]) K CIydailHBIM BO3MYIIEHUM. Jalpi-
Mep, HODMUPOBKY JlellaTh He Mo KpaliHuM 3HaUYeHUIM XapaKTepucTHK,
a 1Mo UX AUCIIePCUU UKW MeduaHe.

A ecnu BbIGOpKa A HempencTaBUTeNbHA, TO HUKaKue GhopMalib-
Hble YXUIIPeHNs, B TOM UHCIe U TapaHTHun nHBapuaHTHOCTH d(7,[)
K IONYyCTUMBIM Npeobpa3oBaHUAM IIKAJ, He UMEOT CMbICIa: W3-3a



§ 1. DaccrosHie MEXIY OOBEKTAMI 149

HEIIPeCTABUTENLHOCTH A NHIYKTHBHBIE BBHIBONBL s (G BCe PaBHO
OyIyT INOXKHBIMMU.

B unrore Bompoc o ToM, BepuTh WK HeT Mepe paccTosuus d(i,[),
CBOLUTCS K BOIPOCY O TOM, IPENCTaBUTeNbHA BHIOOPKa A wiu Her.
OBpUCTHYeCKHE CIOCOOBI MONYUeHHss HEKOTOPOTO IPENCTABICHIS O
CTEIeHN TPeCTaBUTENLHOCTH BEIGOPKH IIPU PEIICHUN 3aIad Paclo-
3maBaHUs 06pasoB obcyxnanuch B §10 rmasor 5. Ecin ecTs Bo3-
MOKHOCTB, TO MAJIONPENCTABUTEILHYIO BEIGOPKY MOMOIHSIOT HOBBIMIE
OOBEKTAMI I TeM CaMbIM YBEINUINBAIOT €e IPENCTaBHTeIbHOCTE. Do-
cJIe TOTro, KaK BCe TaKie BO3MOKHOCTI MCUEePIIAlbl, BEIpabaThIBaeTCs
OIIEHKA OXKIIaeMOil OIINOKN aHaIN3a I, eCIl OHa yCTPauBaeT MOJIb-
30BaTeIs, ePEXOIiT K PEIIeHI0 3aLadll aHaln3a dTHX TaHHBIX, 10-
Jarasich IpU DTOM Ha Mepbl paccrositus d(i,[) Mexny obbekTaMi,
BBIYNCIIsieMble 110 JaHHBIM 13 Tabunisr A.

DaccMOTPUM, KaKue Mephl PaCcCTOSHISL MOAKHO UCIOIb30BaTH IPU
06paBoTKe PasHOTHIHLIX IIKal. JaM XOTeloch Obl HMETH Mepbl
d(i,1), obiagaolue CIeoyOINMI OUeBIIHBIMI CBOCTBAMN:

a) HeIpepbIBHOCTU: Mepa d(z;,2;) HOMKHA GBITH HEIPePLIBHOI
byHKIIEl CBONX apryMeHTOB;

6) CHMMETPUYHOCTH: IIPENOIaras IPOCTPALCTBO 3HAUCHUIT ap-
IYMEHTOB UB30TPONHBIM, HOTPeGyeM, 4TOOLI BHIIOIHAIOCH COOTHOIIIe-
He d(x;,x;) = d(z, x;);

B) HOPMHPOBAHHOCTU: Mepa d(z;,2;) DOMKHA MEHATHCS B IIperie-
Jax OT HyJs [0 eMUHUIBL, IpudeM d(z;,z;) = 0, ecan z; = xy;

I') NHBApUAHTHOCTH: [ IpeobpazoBamus f, NOMYCTUMOLO B
mKaste nanuoro Tuna, d(x;, x;) = d{ f(x;), f(z1)};

I) cBOMlCTBaM TPeyTONbHUKA: I JIOOBIX Tpex 00beKTOoB a, b, ¢
cupaBenianBo, 9To d(ac) < {d(ab)+ d(bc)}.

De mis Beex 3a1ad alalin3a TaHHBIX HYKHbI MEPbI, KOTOPBIE yI0-
BIETBOPSUIN GBI BCeM YKa3aHHBIM Bblire TpeGosammsam. YHacro mo-
CTATOYHO, YTOOLL COXpAHsIach NHGOPMALUSL O CBONCTBAX OGBHEKTOB
JIMIIL ¢ TOYHOCTBIO IO MOPSIKa, TaK YTO TpeGoBaHIe T') MOKHO GBLIO
6Bl OCIAbUTD, a TpeGoBanue 1) CHATHL coBceM. OIHaKO MBI MONBITA-
eMcsi HafiTi Golee YHUBEPCAIBHYIO Mepy, YIOBIETBOPSIONIYIO BCEM
Tpe6GoBaHusIM OT a) H0 ). Je 6yneM OCTAHABINBATLCS Ha CHIIb-
HBIX IIKaJax (BbINIe MIKAJIBI Mopsiaka). s Hux cBoiicTBaM a)-n)
yIoBieTBopsieT, Hampumep, Mepa d(i,l) = (#; — 21)/(Zmax — Tmin)-
OroBopuMcst JIHIIb, 9TO I YACTHOTO CIydas, KOTAA Tmax = Lmins
Heompenenennoe ornoutenne 0/0 IpuHIMaeTcs PABHBIM HYIIIO.

DaccMOTPUM LIKAIY MOPsKa. DalOMHEM, UTO IPUH BCEX [OIY-
CTHMBIX IIPeOGPA3OBAHNSLX IS HTOI IIKAIBL f OTHOLICHUS U3 Habopa



150 TI'maBa 9. CoranacoBanue pasHOTHIHBIX HTKAJT

(<, >, =) MeXmy OBYMsS IHCIAMU &; W &; NOJKHBI COXPAHSTHCS W
nost ancern fy(z;) u fy(z;). Ecnm Mbr mocTponM MaTpHIy pasmMepoMm
m X m (Toe m — 9ucio o6BeKTOB B BHIGOPKe A ), B KOTOPOIT IIIst Ka-
KO Mapbl 0OBEKTOB YKaKeM MX OTHOIIeHWe B HIKaJe MOPAIKa, TO
5Ta MaTpPUIa He U3MEHUTCS TP BCeX BOZMOKHBIX TPeOOpa3oBaHUIX
rpynmel fy. B d-it cTpoke 5Toil MaTpPUILI MpefcTaBiiena MHPOpMa-
UL O TOM, B KaKUX TOPSIKOBBIX OTHOIIEHUSAX HAXOMUTCA i-if OOBEKT
KO BCEM OCTAaJIbHBIM OOBeKTaM TabJuIbl A Wi KaKylo HOPSIKOBYIO
pOIb UrpaeT OH B 5Toil Tabmuie (MaTpume poreii). EcrecTBenHO
CYNTATh, YTO ONNHAKOBEI JBa 0OBEKTa, MMEIOIINe OIMHAKOBLIE TO-
PSIIKOBBIE OTHOIIEHNUS CO BCeMN MPYTUME obbekTaMmu. Dasnuuns (d)
B OTHOLICHNAX 1-TO 1 [-T0 0OBEKTOB K HEKOTOPOMY k-My OOBEKTY 6Y-
JIeM OTIeHNBATE, aHAIN3UPY S COmepiKaHie >IeMEeHTOB Ha Tepecedernn
k-ro cTonbiia ¢ ¢-it u [-it crpokamu. Dpu 3TOM OyleM CUUTaTh, 4TO
d(t,0), =0, ecnu (2,5 = «<> 1 25 = «<»)
W (T = <> 0 T = «<>),
W (25 = «=» U Ty = «=»);
d(e,l)=1, ecnu (25 = «>>» 1 255 = «<»)
W (25 = «=» U Ty = «>»);
d(i,l) = 0,5, ecan (2, = «=» W 2, = <<, >»)
i (g = «<, >» U T = «=»).

Tik
Tik
Tik
Tik
Tik
Tik

CyMMapHOe pasinune MexIy posisiMit oObeKToB ¢ u [ BO MHOXKe-
crTBe A mosryuaeMm U3 paBeHCTBA

du(i,1) = {1/(m = 1)} > d(i, 1)

Jlerko Bumers, uTo ecam z; = ;, To d(i,l) = 0, m 9TO HIST OOBEK-
TOB 7 M [, MMEINX MaKCHIMaJbHO pa3Hble MOPSIKOBBIE IO3MIIH,
d(7,1) = 1. OueBumHO BBHITIONHEHNe U NpyTrux TpeboBanmii k d(1,1).
DanoMHIM, YTO JaHHbIe, H3MepeHHbIe B IIKaJe TOPsIKa, MOKHO
6e3 MCKaKeHUs COMepKaHUs TPeICcTaBUTh B IIKaJe K HOPMUPOBAHHbBIX
PAHTOB»: MEPBOMY IO TOPSAIKY TPUCBAMBACTCA YUCIO 1, BTOPOMY —
qIcIo 2 M TakK 0 KOHIa. Ecanm BeTpeTaTces ¢ 06heKTOB ¢ ONNHAKOBBIM
MOPSITKOBBIM HOMePOM (TaK Ha3bIBaeMble CEpHUI ), TO BCEM M IIPHCBa-

t
IBaeTCs HOMep «cpenHeroy» st Hux Mecta: ¢’ = (1/t) Y (a+h), roe
a=1
h — KonmaecTBO 0O6BEKTOB, IPEIIIECTBOBABIINK CePIH. JOCIe TaKoil
KamoHusanuu paccrosune d(i,!) HaxonuTes 1Mo IPaBILLY

du(i, 1) = {1/(m = 1)}|a} — a]].
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B Tom, uTo »Ta Mepa paBHA Mepe, BLIYNCIEHHONW BEIIE TIO Ma-
TpHUTe poleil, TeTKo y6emnThes Ha TpuMepe, TpuBemeHHoM B Tabi. 4.
3lleck maHHBIE B MIKaJe MOPSIKa UMET CIeyIoIne 3HaUeHUs: T =
11; 6; 9; 11; 4; 109. Te ke manuble B HOPMUPOBAHHLIX pPaHTaX TPH-
HuUMaloT 3Hadenus: ¢’ = 4,5; 2; 3; 4,5; 1; 6.

Tab6aonuma 4

Martpuna posmeil B rkaite mopsanka

T 1 6 9 11 4 109
11 = > > = > <
6 < =< = > <
9 < > = < > <
11 = > > = > <
4 < < <<= <
109 > > > > > =

DepeiinieM Terneph K HIKajie HauMeHOBaHwmit. llomycTumbie mpe-
O6pa3OBaHI/I$[ fH OJId IIKaJ 5TOT0 TUIla BCer'Ma COXPaHAIOT OTHOIICHM I
«pPaBHO» I «HEepaBHO», TaK YTO IIPI BCeX BO3MOXKHLIX IlepenMeHOBa-
HUAX B MaTpuie poneﬁ mXm 6yI[yT COXPaHATHECA 3HaYCHU A OTHOIIIe-
HIIT MeKIy BCeMU ITapaMun 06beKTOB 13 BBI6OPKI/I AB Buoe CIIMBOJIOB
«=» U «FE>.

Kax n B mpenwinyimeM cirydae, 6ymeM B KaudecTBe Mephl paccTo-
SHUS MeXKOY OOheKTaMH ¢ U [ MCIOJL30BATh PasHUILY PO, KOTO-
PYIO OHE UTPAlOT cpedu 00heKTOB MHOXKeCTBa A, T. e. pasHUIy UX
OTHOIIIEHN KO BCeM OCTalbHbIM obbeKTaM u3 A. Dpu 5>TOM Gynem
IIOJIBE30BATHCA IIPAaBIIJIOM

rie
d(i,))p =0, ecin (z = «=>» 1w &y = <—>>)
i (T = «F> 0 Ty = <FE>);
d(i,) =1, ecu (x5 = «=> 1 T = «F>)
(xik = <<7£>> nxe = <<—>>).

ODTa Mepa PAcCTOSHIUS B ILIKajle HaNMEHOBAHUIl yIOBIETBOPSET Tpe-

GoBanusM a)-n). Kak ormeueno B [163], Takas mepa d(i,[) MoxeT
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OBITH Hall/leHa U Oe3 MOCTPOoeHNs MaTPUIILl PoJiell, a IPpAMO depe3 Ju-
clia m; U My, YKa3bIBAIOIINe, CKOJIBKO B BEIOOpKe A nMeeTcs 06HeKTOB
€ UMEeHeM ¢ U ¢ UMeHeM [ COOTBeTCTBEHHO:

du(i,01) = (m; +my)/m, ecan ¢ # 1, u d(e,l)=0, ecan ¢ = [.
Opumep, MONTBEPKIAIOMINI CKa3aHHoe, TpuBene B Tabi. 5, B
KOTOpOIl IaHHbIe B IIIKa/le HANMEHOBAHUIT IMEIOT CIeNyIOlIne 3HaTe-

Hust: ¢ = a;b;a;a;c; b, Tak uro my, = 3, my = 2, m, = 1.

Tab6aumma 5

Martpuna posneit B mkajie HanMeHOBAHTT

2
2
2

1
1
1

1 NI N NI (B N RS

SEO R R SRR

I N N
I N N
I N N
NI (e s N s N ' T
1 NI N NI (B N RS

Jlerko BUmeTH, UTO TO TPUBENEHHOMY TPABIIIY W TO MaTpHIe
poiteil ToMyYalnTcsd ONWHAKOBBIE 3HAUEHWS PACCTOSHUN MEXKIY 00h-
extamu: dy(a,b) = 5/6, dy(a,c) = 4/6, dy(b,c) = 3/6, dy(a,a) = 0
n dy(b,b) = 0.

MoxHo oTMeTHThH, YTO TPW HAAUYNH B BHIOOpKe A 06HEKTOB
TOMBKO € ABYMS PAsHBIMU WMeHaAMW TMeeT MeCTO PaBeHCTBO m; +
my; = m u torma d(i,l) = 1. CrenoBaTenbHo, s GUHAPHBIX TabINI
5Ta Mepa TOYHO COOTBETCTBYET Mepe GIU30CTH, BEITUCIIEMON depes
XeMMUHTOBO PAacCTOSHIE.

Mepamn d., dy n dy mIsg mKaa pasHBIX TUIOB MOXKHO Telepb
IOJIb30BATHCA B MHOTOMEPHOM CIIydae, OIpelelss PaccTosHme dp, 1o
TUTY eBKINI0BA PACCTOSHUS:

dp, = /d? +d% +d2.

Mepbr Takoro THIa yIOBIETBOPSIOT BCeM TPeOOBAHMAM a)—II).
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§ 2. DaccTosdHnme MEXIY PAa3HOTUIMHBIMA

IIpu3HaKaMMu

Opu KOPPEeISIUOHHOM U PErpecCUOHHOM aHaJm3axX, ob6paboTke
IPYIIIOBBIX SKCHEPTHBIX OMEHOK U B IPYIUX 33aa9axX aHadu3a TaHHbIX
HYKHO YMeTh M3MepsTh PACCTOSHIE MEKIY MPU3HAKaMN ( CTOMGIaMI
Tabnuusl). B muTepaType M3BECTHBI METONBI W3MEPEHHs PACCTOSHIS
MEXIY OMHOTUMHBIMEU TPU3HAKAMU. 3HeCh MBI ONUIEM Mepy, Mpu-
TOOHYIO IJIs Tap KakK OMHOTHUIHBIX, TaK U PA3SHOTUIHBIX TPU3HAKOB.
DauHeM ¢ OMHOTHUITHBIX.

Ecnu mpuswaku zq u o u3MepeHbl B IIKajiaX, 6oJiee CHIbHBIX,
JeM IIKasa MOPSIKa, TO YKa3aHHBIM BHIIIE TPeOOBAHMAM a)—1) YIO-
BIeTBOpsieT Mepa paccTostaus d(c,c¢) =1 —r, rme 7 — MOIyIb KO3d-
PUIMeHTa TUHETHON KOPPeNsIIun.

Cpernu MHOTOUMCIIEHHBIX MeP PACCTOSHUS MEKIY IBYMS MpU3HA-
KaM¥, W3MEPeHHBIMU B IIKaje HOpsiKa, CBoell MPOCTOTON u ecTe-
CTBEHHOCTHIO oTnnvaercs Mepa Kennmenma — Kewmenn [98,99]. s
ee ompelesieHns HyKHO mepe6paTh Bee C2 mapHbIX coueTamuit 3 m
OGBEKTOB 1 TSl KakKI0it apsr (¢, !) CpaBHITH MOPSIKOBOE OTHOIIEHTE
Mo mpU3HAKaM &1 U 9. HCiaum MOpsIKOBBIE OTHONIIEHUS OMUHAKOBHI,
T. €.

ecim (@1 > @1 W Tz > Toy) Wan (21; < 1y U Ty < Tgg), WIN

(9612‘ = X1 U T = 9621)7
10 d(i,1) = 0. Ecnu oTHOIIeHNS TOPSIIKA HAa STUX MPU3HAKAX TPSIMO
MPOTUBOIOIOXKHBL, T. €.

ecim (T1; > 1y W &g < Tgy) unm (T1; < Ty W Tz > Tayp),

To d(i,1) = 1. B mpoMekyTOTHOM cirydae, KOTIa MO OTHOMY TPU3HAKY
HMeeT MeCTO OTHOIIEHNE > W «<», a 110 APYroMY — OTHOIIIeHIe
«=», cauraetcs, 410 d(i,l) = 0,5. O6iee paccTosHIE OMpeNeTseTcs
KaK CPeIHss Mepa «HeCOTIIacusy MBYX MPU3HAKOB Ha BCeX TMapax 06b-

€KTOB!:
m

dun = (1/C2) Z d(i,l).

i,l=1

Ecrn ynopsimounBaums Bcex Tmap ONNHAKOBHI, TO dy, = 0; ecin
OHI Ha BCEX Tapax MPOTUBOMONOKHBL, TO dyy = 1. Ecnu omus npu-
3HaK (WIH SKCIEPT 1) YCTAHABINBaeT HEKOTOPBIN TOPSIOK OOheK-
TOB, & IPYTOil 5TH 06BEKTH CUUTAET OMUHAKOBBIMI (T. €. X9 BBIIAET
cepuio INumHON m), TO Mepa dy, = 0,5, 9TO BIOIHE eCTeCTBEHHO.
YMeCTHO OTMEeTHTh, ITO PeKOMeHIyeMas BO MHOTHX TMOCOOUSIX Mepa
Crnupuena [165] B 5Tom ciaydae maet dy, = 0.
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Mepa PacCcCTOAHUA MeXOYy IpU3HaKaMM, U3MepPeHHLIMU B IIKaJe
HaNMeHOBAHUI, ONpeleNseTcs MO TPaBUIy, aHAJOTUYHOMY TPeIbIIy-
mreMy: TepeduparoTcd Bce coueTaHUA Map 0OBEeKTOB (i, l) 1, eCJIn OT-
HOllleHne II0 IIpHU3HaKaM Z1 I T9 COBIIaOalOT, T. €.

ecn (9612‘ =T M To = 9621) nnnm (9612‘ # L1 W T # 9021)7
TO dyy = 0. Ecnu ke 5T OTHOIIEHUS PA3IUIHBL, T. €.

ecin (9612‘ = 1], @ T4 # 9621) i (9612‘ # L1, @ T2 = 9621)7
TO dyy = 1. B mTore momyuaem, uTo

m
duw = (1/C2) D d(i,1).

i,l=1

Bemnunua dyy B TOYHOCTH paBHA BEINYIHE XeMMITHIOBA PACCTOSHIUS
MEKIY MaTpPUIAMI CMEKHOCTIH, OIHA I3 KOTOPLIX IIOCTPOEHa IO Ipu-
3HaKy %1, & BTOpas — IO IPUBHAKY Zy.

DepefineM Temeph K PasHOTHIHBIM IapaM mpusmakos. O6a mpu-
3HaKa MOXKHO CHeJIaTh OMHOTHIHBIMIL, €I ONNH I3 HIX «OGCTHUTDLY
1o 6osee cmaboOTO WM BTOPON «yCHANTHY («omudpoBaThs [60]) mo
Gosee cuabHoro. CresraeM TO I APYroe W IS KAiKIOTO CIydas Haii-
IeM Mepy PacCTOSHUS MO ONIMCAHHBIM Bblie MeTonaMm. OGLIyIO Mepy
PACCTOSHILSL MeKIY NBYMS PA3HOTHIHBIME IIpU3HaKaMU GyIeM olpe-
IeNATh KaK CPeNHIO BeINYNHY OBYX YTUX YaCTHBIX PACCTOSHUIL.

DaccMOTPUM Iapy IPU3HAKOB (cM. Tabiu. 6), ONUH U3 KOTOPBIX
M3MepeH B CIITBHOIN IIKame (&), a BTOpOil — B IIIKase TOpsmka (Zy ).
Ocnabienne IpusHaKa T. N0 LIKAIBL MOpAnKa (2) COCTONT B TOM,
YTO MBI TEllePh HA €T0 YICIOBBIX 3HAYCHUAX OyIeM yIHTBIBATEH TOIb-
KO OTHOLIICHIE TIopsiiKa. B pesyibTare miis IBYX IPU3HAKOB B IIKaJe
NOpsIKa HaxONUM paccTosume d(nm*) mo MeTOHy, WBJIOKEHHOMY
BBIIIIE.

Ycunenne («onudpoBkay) IIKaJbl HOPSLNKA (Zn) OO CIILHOIM
wkanusl (¢}) Iemaercs Tak, YTOGbL: 1) 3Hadenne Iopsioka o6beKTOB
IO MPU3HAKY &) COBIANAIO C HOPSIKOM IO MPUHAKY &y U 2) THCIO-
BBIe 3HAQUEHIS MPU3HaKa &) ObLIN MaKCIMAILHO KOPPEIUPOBAHBI CO
3HAYCHUAME IpU3HaKa Z.. [locTuraercs HTo crnocoboM, MOKa3aHHbIM
B Tabir. 6. O6BEKTHl yIOPAIOYNBAIOTCS IO BO3PACTAHNIO 3HAUCHII
NpH3HAKA Ty. LCIn mo mpusHaky &, BCTpedaeTcs cepus, TO BCeM
t o6beKTaM, BXOIMIINM B ee COCTaB, IPUINCHIBAIOTCS 3HAYCHUs L),
paBHBIe cpeHeapH@METHUCCKOMY 3HAUCHIIO UX IPU3HAKA T :

xl = (1/t)zxci.

i
=1
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Tabauma 6

DpuMep YCUIeHUs IIKAJIBI TOPSIAKA 2y OO CHIBLHON ITKAThl &)

*

T Ty Te Ty Tc T,
3,5 | 12 21| 1 2.1 | 2.1
23| 6 23| 6 2.3 | 2.3

10,0 8 Yruopsnouenwe | 10,0| 8 Yeumenne | 7,0 6,83
2.1 1 |70l 10| —— |10,0/6.83

11,2| 50 3,5 | 12 3,5 16,83
15,6153 11,2| 50 11,2(12,4
13,6 50 13,6 50 13,2(12,4
7,0 | 10 15,6153 15,6 15,6
a o 6
OpumMeduanne @— NPOTOKOJN B UCXOAHBIX ITKajlaX; 6 — MPOTOKOI,

VIOPANOYEeHHBIN IO Tp; 6 — IMPOTOKOI € YCHJIEHHOI INKalIoil ).

3aTeM, HaunHas € IePBOro 06BEKTa TaAbIUIBL, UIMY TCI GIIOKH MH-
Bepcuif, T. €. TMOCTENOBATEABHOCTH OOHLEKTOB, KOTOPhIe HAUNHAIOTCS
OOBEKTOM ¢ W 3aKaHUNBAIOTCSA CaMbBIM HaJeKnM IO TMOPAOKY OT HeTo
00BeKTOM [ TaKUM, UTO T > T (6JIOK B TabII. 6). Kaxmomy n3
t 06BEKTOB OIIOKa WHBEPCH TPUMNCHIBAeTCS YHCIOBOE 3HAUEHUe T,
paBHOe cpemHeapndMeTHIeCcKOMY 3HAUYeHUTIO WX MPU3HAKA T.

Docite 5Toro Yepe3 KOdGOUINEHT KOPPENSINE BEIUNCIIEM Pac-
cTOsHIE df. W 3aTeM CPemHIO Mepy PaCcCTOSHUS MEeXKIYy TpH3Ha-
KaMU . U ZLp: deg = [d(fc + dfm]/Q. B mamem mpumepe do; =
(0,08934 0,074)/2 = 0,0816.

DacecMOTpuUM coueTaHIe TPU3HAKOB & U Ty (cM. Tabm. 7). Ocra-
OrleHte CHIBLHON IIKAJIBI &, HO UIKAJIHl HAWMEHOBAHWH X COCTOUT B
TOM, 9YTO BCEM Pa’sIUIHBIM 3HAUEHUSM TPU3HAKa T, TPUNUCHIBAIOTCS
pasHbIe UMeHa, a ONWHAKOBLIM 3HAUEHHSM — ONMHAKOBBEIE. 3aTeM
BBIYUCISAETCS PACCTOSHIE B IIKAJIe HANMEHOBAHWH .
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Tab6aoumma 7

9pI/IMep ycmiieHsd n ociablleHus IJId IIKaJd HalMeHOBaHUIIT Ty
I CJIBHBIX IIKaJI $Z

Te | Ta zh | g Te zr

35 | ¢ k| ¢ 35 | 3,5

2.6 b c| b 2.6 4.1

3.5 a | OcnabmeHne k | @ | Ycunenne 3,5 |—0,1

83 | b _— a|b| —— | 83 | 4,1

1,4 b p|b 1,4 4.1
-3,7] a n|a -3,7]-0,1

a o 6
ODOpumMeuanne a-— UCXOMHBI MPOTOKON; 6 — MPOTOKOJ B IIKaJe

Ha,PIMeHOBa,HPIfI; 6 — IIPOTOKOI B CHJIBHON IIKaJIe.

Opu yemnennn («onndpoBKes ) HOMIHAIBHOTO IPU3HAKA Ly [0 T}
00BeKTY a TPUINChIBaeTcs Benndnna &) (a) = z.(a). Ecan onnnako-
Boe mMsi (HampuMep, b) MMEIOT HEeCKONbKO (1) OGBEKTOB, TO BCEM HM
IPUNNCEIBAETCS BeINTINHA

t

r2(0) = (1/1) ) wei(D).

=1

Do MOMyYeHHBIM THCIOBBIM 3HAYEHUSM Yepe3 KOPPeIIsIiio BIImCIs-
eTcst Mepa d, a 3aTeM u cpemree paccrosiame d(cu) = (df, + d7.)/2.
B wamiem mpumepe nomydaetcst, ato df, = 0,34, dk = 0,33 u d(cn) =
0, 335.

DaKoHeI, s aphl MPU3HAKOB &y U Ty (CM. TabII. 8) obenHene
Ty IO TIKAJIbl ¥y CBONUTCS, KAK U B TPENBIAYIIEM CIydae, K MpH-
MICHIBAHNIO PA3HBIX NMeH O0beKTaM, IMEIOIINM pa3Hble TOPSIKOBLIe

HOMeDpa, I1ocJ/Ie 4ero Haxoourcsa pacCTodsHIe d;;H
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Tab6aumma 8

9pI/IMep ycmiieHsd n ociablleHus IJId IIKaJd HalMeHOBaHUIIT Ty
n Nnopianra Ty

(=3

*
Tn | Tu A Ty | x

o0 OHY O
QTR TR
[ GCIIJCRIJURI
= s O

T e W W e S~
[TV TR

Ocnabnenie Ycumenne
(R (R
a o 6
DOpumedadnue a-— UCXOOHBIA NMPOTOKOJN; 6 — MPOTOKOJ B IIKaJe

HaWMeHOBaHNi; 6 — IPOTOKOJ B IMKale MOpsinka (HOPMUPOBAHHEIX PAHTOB).

Opu ycuneHUn &y OO &) MPU3HAK &; KAHOHU3UPYETCS IO HOP-
MIPOBaAHHBIX PAHIOB, a 3aTeM BMECTO UMeH &y OObeKTaM CTaBUTCS
B COOTBETCTBIE MOPSIKOBBIE HOMepa TaK ke, KaK U B IMPeIblIyIeM
cayvae: ¢%(a) = xy(a) 00t OIMHOYHBEIX OOBEKTOB 1

t
(b)) = (1/0) ) wni(b)
=1
IUTSL cepuu U3 ¢ OMIHAKOBO MOMMEHOBAHHBIX OOBEKTOB. DOCIe HaXo-
KIeHus paccrosuus dn, ompemenserca d(mm) = (di, + di,)/2. B
Hammem mpumepe di = 0,15, d*, = 0,3 uw d(um) = 0, 225.

OTmMeTnM, 9TO BCe MCMOMB30BaHHbIE MPeoOGpPa3OBAHNS BXOMST B
IPYIIBL HOMYCTUMBIX TTPeoBpasoBaHIil IJIsk CBOUX TUIIOB IIKAJ, CIIeI0-
BATeIbHO, BTUYNHB TTOJYUYCHHBIX PACCTOSHUN TaKkKe WHBAPUAHTHEI
K IOMYCTUMBIM MpeoGpa3’oBaHUSM ONEHNBAEMbIX TPU3HAKOB. Y CHTe-
HITe 1 ocaabliene K BHOCST B HEKOTOPOM CMBICIE CHMMeTPIHYHOe
nCKaKeHne (no6aBieHne I MOTepio WHGOPMAIN ), TaK 9TO yCPEeIHe-
HIe TOIYYaeMBbIX YaCTHBIX Mep Tocie STUX MPOIELYp MOKHO CUl-
TaTh ONPABIAHHBIM. ODpUMeHeHIe YKa3aHHBIX Mep PACCTOSHUS Me-
KIY OOBEKTaMU W MEKIY MPU3HAKAME MO3BOJISAET HCIOAb30BATh BCe
TO GOraTCTBO MaTeMaTHUYECKOTO obecnedeHs, KOTopoe GbIIo paspa-
6OTAHO I aHAJIN3a TabINIL JaHHBIX ¢ TPU3HAKAMU, N3MePeHHBIMI B
CHTHHBIX IIKAIAX. DPU H5TOM HYKHO K WMEROITHMCS TPOTPaMMaM [0~
0aBUTH CeMaHTHYeCKNT OJIOK, YKa3BIBAKOIINI TUII IIKAJIbl JTaHHOTO
MpU3HAKa, W 3aMeHUTH OJIOK OMpelesleHuss PAcCTOAHUSA B CHIBLHBIX
[IKaJax Ha OJOK BBHIYUCIEHNS COOTBETCTBYIOIIEN Mephl M3 Habopa,
OIICAHHOTO BBILIE.



I'maBa 10

AaropuTMbl TAKCOHOMUN
B A-IIPOCTPAHCTBE

§1. Anropurm A-KRAB

AsroputMbr Takconomuu cemeiictBa FOREL, onucanubie B ria-
Be 4, ONEepUPYIOT eBKIUAOBBIMU PACCTOSHUAME MexKIy Toukamu. Or-
HaKO OBLIO 3aMeUeHO, UTO P «PYUYHONS> TAKCOHOMUY UYesloBeK oOpa-
IIaeT BHUMaHWe He TOJBKO Ha abCOMOTHBIE PACCTOSHUS, HO W HA OT-
HOIIIEHTST PACCTOSHUN MeXIY HECKOTBKUME COCeMHUMI TOUKaMu [54].
Da sToM ocHOBaHUN Gblia cHOPMYIUPOBAHA IUTOTE3a A-KOMITAKTHOC-
TH, U3oKeHHas B Tiape 3. CoriacHo 5Toil THHOTe3e Iia3 deso-
BeKa XOpOIIo YIaBIUBaeT PA3INuus B JOKAJIBHON MIIOTHOCTU TOUEK
Ha MJIOCKOCTH U TPHU MPOUYMX PABHBIX YCIOBUSAX NPEANOYUTAET IIPO-
BOIUTH TPAHUILY MEXIY TaKCOHAMU MO y9acTKaM, I'Ie HaGIIoga0Tcs
3aMeTHbIe M3MeHeHNs («CKaUKI®) 5TOH MIOTHOCTH. DAMOMHEM, 9TO
JIOKAJIbHOE W3MeHeHNe MIIOTHOCTH NUCKPETHOTO MHOXKECTBa TOUEK Ha
rpaHuIle MeXIy TOUKaMu ¢ ¥ b MOXKHO ONHCcaTh HOPMUPOBAHHON Be-
JUYUHON T, & PACCTOSHNE MEXKIY STUME TOYKAMU — HOPMEUPOBAHHOIT
BesmuuHOi d.

Opu «pyuHOIl» TAKCOHOMUU YeJIOBEK CTPEMUTCS K TAaKOMYy pe-
LIEHUIO, TP KOTOPOM I'pAHUIA MEXIY TAKCOHAMHU IIPOXOnuiia 6bl 10
YUACTKY € HAUGOJBIINM 3HAUeHUeM XapaKTepUcTUkKu A = Td, KOTO-
PYIO MbI Ha3bIBaeM A-paccTosHueMm. bciim mmeeTcs HECKOIBKO BO3-
MOYKHBIX BapUAHTOB TAKCOHOMUY € TPUMEPHO ONUHAKOBBIMU 3HAUe-
HUSMU A, TO MPEeNNoUYTeHne OTHAeTCss TOMY BapUaHTy, IPHU KOTOPOM
TAKCOHBI BKJITOUAIOT B CBOI COCTAB MO BO3MOXKHOCTHU ONMHAKOBOE KO-
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JINYeCTBO OOBEKTOB. DTOT KpI/ITGpI/IfI «PaBHOMOIITHOCTII» TaKCOHOB
XOpoHmo OoTpazKaeT BeJINYnHa

rae k — KOJIMYecTBO TAKCOHOB, M; — YUCIO O6BEKTOB B $-M TaKCOHE,
a m — o0Ilee 4NCIIO 0OBEKTOB.

N ToroBerit kpuTepuil, XapakKTepU3yOIIN KaueCTBO TAKCOHOMUT,
BhIpaKaeTcs Benuuunoit F = hrd. Da makcumuszanuu GHakTHIECKH
sTOTO KpuTepus ochoBan amroputm KRAB [54,69], maBHo u ycrmerrao
TpUMeHAeMBIl TPU pellleHnn Pa3HooOPa3HbIX 33029 TaKCOHOMUM.

Dolee TO3MHIE UCCIENOBAHNS, CBSI3AHHbBIE ¢ AKKYyPaTHON dopMy-
JUPOBKON THIOTE3BI A-KOMIAKTHOCTH, TPUBEIN K 3aKIIOUYEHUIO, 4TO
JeJI0BeK B IpoIlecce TAKCOHOMUY HeHCTBUTENBHO UCTONL3YeT BCe DTH
cocTasisiomniue b, d u A, HO TpUIaeT UM Pa3HbIil Bec. ODblina chop-
MYIUPOBaHA 3amada NIeHTUOUKAINN MOMeNIN CIeIyIoIIero BUIa:

F = hir*d".

Mensis mapameTpsr Momenn (v, § U ¢), MOKHO Ha OTHOM I TOM JKe
MHOXKecTBe NBYMEPHBLIX 0ObeKTOB MOJIYyYaTh pa3Hble BApUAHTHI TakK-
comomun. PukcupyeTcs TOT BapWaHT, KOTOPHINl COBMAaeT ¢ Bapu-
AHTOM, MOJYUEHHBIM 3KCIHEPTOM MPU «PYUHOI» TAaKCOHOMUU. 3aro-
MUHAIOTCS Te cOUeTaHusd TapaMeTpoB, MPU KOTOPBIX MOJAYYaICS 3TOT
BapuaHT. 3aTeM MporpaMMe U BKCIEPTY HpelbsiBIseTCs OPyTras Bbi-
6opKa TBYMEPHBIX OOBEKTOB (TOYEK HA TIOCKOCTH) W SKCIEPUMEHT
MOBTOPSETCs. JOcie MHOTOUHCIEHHOTO TOBTOPEHUs TaKUX CPaBHU-
TeJIbHBIX >KCIEPUMEHTOB MOXKHO ONpeHe/iiTh 3HaUeHUs TTapaMeTpOoB,
NpY KOTOPHIX MalllMHHAA M 3KCIIepTHas TaKCOHOMUYU COBIAIAOT.
s mpoBemenust >TUX >KCIEPUMeHTOB OblNa paszpaboTaHa Mpo-
rpaMMHas cucTeMa, ¢ MOMOIILIO KOTOPOil Ha >KpaHe Auciies oTodpa-
JKAJIUCh CIIEHBI B BUJIE TOUEK, KOOPIMHATHI KOTOPBIX 331aBaJuch Jubo
reHepaTOPOM CAYyYalHBIX Ylices, JINb60 BPYUHYIO, ¢ MOMOIIBIO Kypcopa
U MBI, DTHU CIEeHbl aHAJIU3UPOBAINCH DKCIEPTAMEU U TPOTPAMMOil
TAKCOHOMUM, U SKCIEPUMEHTATOP, MeHsd 3HAUeHUS TTapaMeTpoB v, S
n ¢, TOOUBAIICS COBMAMEHUS Pe3yIbTaTOB TaKCOHOMUU. B mToTe Ta-
KOTO 1ccaeoBaHus ObIJIO YCTAHOBJIEHO, YTO HAMIYYIle Pe3yabTaThl
TONYJIalOTCSA TTPU MaKCHMU3aInu GyHKInonaia F KadecTBa TAKCOHO-
MUHU, B KOTOPOM HaubOJIbLIUINN BeC MpulaeTcs HOPMUPOBAHHOMY pac-
CTOSTHUIO d, 3aTeM XapaKTepUCTUKe CKauKa MIOTHOCTY T U JIUITh 110~
TOM XapaKTepUCTUKe PaBHOMOIITHOCTH TakcoHoB h. Tax kKak Bce >Tu
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BeTUYNHBI MEHSIOTCS B Tpenenax oT HYIS IO eNWHUILI, TO YMeHbIIIe-
HUe 3HAYNMOCTW TOTO WIHW WHOTO TapaMeTpa MOXKHO MelaTh MyTeM
BO3BeleHUs ero B cTenelb, 64abIinyio enuauibl. C yueToM 5TOroO 3Ha-
JeHNS TapaMeTpPoOB OKa3allich TakuMmu: v = 1, s = 2w qg = 4. B
OKOHJIATENLHOM BUIe KPUTePHil KadecTBa TaKCOHOMUN, TONOKEHHBIH
B ocHoBy anropurtma A-KRAB, BeirasnuT crenyiomuM obpasom:

F = htr2d.

Dabora anroputMa A-KRAB naumnaeTcs ¢ HaXOXIeHUs mTapbl
TOYEK ¢ MUHUMAJIbHBIM 3HAUEHUEM A-PACCTOSHUS MEXIY HUMU. DTH
TOYKH COENUHSIOTCS pebpoM rpada. 3aTeM COeTUHSAIOTCS CIeyoTue
camble A-BJIM3KIe TOUKN U3 YUCTa He TPUCOSANHEHHBIX K YKe MOCTPO-
eHHOll YacTu rpada. ITa Upolenypa MOBTOPSETCS IO TeX Top, MOKa
BCe TOYKH HE OKaXKyTCs coeuHeHHbIMEU pebpamu sToro rpada. Takoit
rpad He OyneT UMeTh IeTellb, U CyMMapHas NJuHa Bcex ero pebep Oy-
IeT MUHUMaJbHOH. I'pad, obrmamaoninii TaKuMWu CBOMCTBAMN, Ha3bI-
BaeTcs kpamuatiwum nezamknymom nymen (K39) [135]. B nairem
ciydae GyneMm oGo3HAYATH ero yepes A-KDO.

Teneps mus pasbuenus MHOXKecTBa A Ha JBa TaKCOHA HEOOXO-
IIUMO pa3’opBaThk OnHO pebpo u3 pebep rpada A-KOD. Bribepem pe-
6po j ¢ A-mimHol A ; = 7]2 d; . Ocrapmumucs pebpamu A-KOD coenn-
HSIOTCS IBa MOMMHOXKECTBA MO 1M; TOUeK B KaXKIIOM -M TTOIMHOKECTBE
(Takcome). DTa WHGOPMAIS MO3BOISET /IS JAHHOTO BapHaHTa pas-
OneHNs BBIYMCANTDH XapaKTePUCTUKY PaBHOMOIITHOCTH TaKCOHOB /.
O61mas oneHka KadecTBa F); 5TOTO j-TO BapuaHTa TaKCOHOMUN paBHa
/\jh‘}. Boruncnenue semmunnsr F; mus Bcex (m — 1) pebep rpada
MO3BOJIsSeT HAWTH TaKo#l BapHAHT TAKCOHOMUU, IPUH KOTOPOM NOCTH-
raercs MakCcUMyMm Kpurtepus F.

XapakTepucTuka I’ WHBapuaHTHA MO OTHOIIEHUIO K KOJUYECTBY
OOBEKTOB M, YUCHY TaKCOHOB k ¥ abCONIOTHBIM 3HAUYEHUSIM IJIUH
pebep rtpada A-KOD. DTo mosposser cpaBHUBATH MeXIY OO0t
KauecTBO TAKCOHOMUN PAa3IUUHbIX MHOXKECTB MPHU PA3HBIX KOJUYe-
cTBax OOBEKTOB M, PA3HOM YUCIEe TAKCOHOB K U PA3HOM CperHeM
A-PacCTOSHUT MeXYy 0ObeKTaMIu.

Asroputmbr cemeiictBa KRAB ucmobIThiBamuch Ha MHOTHX MO-
JNEeNTbHBIX TPUMepaxX M TPUMEHSIINCh IS PellieHus GOJBIIOTo Yhcila
MpaKTUIECKUX 3a/lad TaKCOHOMUHU. B uacTHOCTH, ycrnenrno Gbliu pe-
[IIeHBI BCe 3a[ladl, MOKa3aHHBIe Ha puHC. 28, B3sSThe U3 KHUTH [12].
Tam onu GbLTH TTpeMHA3HAUYEHBI IS NOKA3aTeIbCTBA TEOpPeMbl HECY-
IIECTBOBAHUS: aBTOP yTBEPXKIAI, YTO HE MOXKeT OBITH OIHOTO aJiTo-
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puTMa, KOTOPBIH cMOT 6Bl peliuTh Bee 5TH 3amadn. OMHAKO ecin pas-
Hble JIOMIN PellaloT UX OINMHAKOBO, TO, MO-BUINMOMY, BCe OHU MOIb-
3yIoTCs OOHUM UM TeM Ke KpuTepuem. ClienoBaTelbHO, MPaBUILHO
Ob1710 ObI TOBOPUTH HE O TOM, YTO €IMHOTO aJITOPUTMa HET U He MOXKeT
ObITh, @ O TOM, YTO HEBO3MOMKHO BBISBUTH WHTYUTUBHbIE YellOBeUe-
CKWe KpUTepun KauecTBa TakcoHoMuu. OQNucaHHBIl BhIlle KPUTEPUil
SIBIAETCA Pe3yJbTaToOM MONBITKN BBISBUTH UMEHHO 3>TU YeJoBevecKue

KPUTepPI.
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DekoTopoe BpeMmst Ka3aﬂoc£?lnfT09§aM yIaJoch PelluTh TocTa-
BJIEHHYIO 3allauy TOJHOCTHIO. QmHAKO 3aTeM GhUIN MOCTPOEHbI Mpu-
MephI, TOKa3aHHble Ha puc. 29, Ha KOTOPBIX TAKCOHOMMUS (@) TO KpH-
Tepuio I He coBmamalia ¢ YeI0BeYeCKUME permeHmsMu (b).
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Do-BUIUMOMY, TJla3 UesloBeKa obpalllaeT BHUMAaHHUE HE TOIBKO
Ha Te XapaKTepuCcTHKW, KOTOpLle BXOAAT B COCTaB KpuTepus F', mo
Takxke U Ha GOPMY ONMUCAHUS MOJYYaeMbIX TaKCOHOB — Ha TPUBBIY-
HOCTB ATUX DUTYP, UX MPOCTOTY. B mpumepe u3 puc. 29,a dUemoBex
BLIIENseT MBa TaKCOHA MTPOCTOl chepudeckoil dopmbl. TaKcoHb, BHI-
JlesisieMble YeJOBeKOM B MpUMepe, MOKAa3aHHOM Ha puc. 29, 6, onucki-
BAIOTCH TPSIMBIMU JIMHUAMMU.

Wnest ucnosnb3oBanus 3aKor£M€pP§)%Teﬁ, OTMCHIBAOIITNX TTOIYYa-
eMble TaKCOHbI, B KauyecTBe MONOJHUTEIHHOTO KPUTEpUs KadyecTBa
TaKCOHOMUT TpuHamme:RkuT J. Muxambckomy u D. Cremmy [127,128].
Onu BBenu noHsTHe kowyenma. TakcoH — 5TO He TOIBKO HaBGop 1o-
XOXKHUX NPYT Ha APyra 0OBEKTOB, HO I HEKOTOPOEe HOBOE MOHSTHE WIIH
KOHIENT. B ajropuTMax TaKCOHOMUU CIelyeT ONMupaThecs HA HaBGop
KOHIETITOB B BUE MPOCTHIX s BOCIPUATHS MOHITUl: chepa, >Iiu-
MCOU, MpsIMast JIMHUS, JITHETHAS. Pa3IelsSiolias IPpaHulla, JOTHIecKoe
pelliaforriee TpaBuiIo U T. .

B anxropurme A-KRAB nonyuaembie TaKCOHBI OMUCHIBAIOTCS Ha-
6opamu runepcdep. s sToro npumensieTcs mporpamma «Ipobsiiiu-
ecst STIOHBI» (cM. §8 rmaBel 5). B mawame BrIOmpaeTcss HECKOITBKO
BapUaHTOB TAKCOHOMUU HAa OIHO W TO YK€ YHCIO TaKCOHOB ¢ Hau-
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OONBIIMMU 3HAYeHUSMU KpuTepus F. B mpollecce cpaBHeHUS >TUX
BapUaHTOB IpeAlouYTeHne OTIAeTcs TOMY U3 HUX, IPU KOTOPOM MO-
TpebGoOBaAIOCEH MeHbIllee YNCIO DTAJOHHLIX TUunepcdep. Femum B ameno
«(puHaIUCTOBY Tomadu Obl Te /IBa BapuaHTa TaKCOHOMUM, KOTOpbIe
MoKa3aHbl Ha puc. 29, a, To g ONUCaHUs «IeI0BeYeCKOTO> BapuaHTa
Ob1J10 OBl IOCTATOYHO UCTONb30BaTh NBa 3Tal0Ha, a /IJisd BapuaHTa Mo
kpuTepmio I morpeGoBanock 661 Tpu sTasoHa (cM. puc. 30). Asmro-
puTM BbIOpaJ OBl TO e pellleHue, YTO U SKCIIePTHI.

HocTmah Takoro ke pesynbFaiG wpmvepe us puc. 29,6 ¢ mo-
MOITTBI0 chepuuecKux KOHIENTOB He yhnacTcs. 3neck moTpeGoBasics
OB KOHTIENIT «THHelHbIT 065HeKT>. M3 nToro crenyeT, YTO alTOPUTM,
KOTOPBIN MOT Obl TIOJIyYaTh YejloBeUecKle pellleHnsl BO BcexX cayvasx,
HOJIKeH BKJI0YATH B CBOW COCTaB TaKylo XKe OOIIUPHYIO OHOINOTEKY
KOHTIETITOB, KaKyI0 MCIOIB3yeT UeloBeK. DBBIABIeHUe cocTaBa »TOMH
oubnuoTekn u GopMalin3aling MPOIENypP MCIOIb30BaAHUA Pa3HOPOI-
HBIX KOHIIENITOB NpelncTaBiseT co0oll MHTepecHyo, HO TPYIAHYIO U TO-
TOMY TIOKa He pellleHHYIo npobJieMy.

§ 2. Anropurm A-KRAB-2

Cefiyac yxe mMmeoTcs >GHeKTUBHBIE AJTOPUTMBI HOCTPOESHI
A-KDD. Ommako ecim KOIMYecTBO MCXOOHBIX TOYEK 177 ITPEBHIIIAET
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HECKOIIBKO THICSY, 3Tall mocTpoerus A-KOD cranoBuTCcs 3aTpynHu-
TeJIbHBIM.

Homomuurenbible CIOKHOCTI BOBHHKAIOT I B TeX CIydasX, KO-
riaa TpebyeTcs MOXy4YnTh GosIblnoe dncio Takconos (k > 2). Torna
HYZKHO pasopBaTh He onHo, a (k — 1) rpanmunoe pe6po. DepebGop
BCEX BO3MOMKHBIX BapHAHTOB, KOIMUIECTBO KOTOPBIX PABHO UHCIY CO-
geraunit u3 (m — 1) mo (k — 1), MokeT TOTpeGOBATH HEIPUEMIIEMO
GONBIINX MAIIHHHLIX pecypcoB. s cokpartienus o6beMa BHIULCITE-
HIIT B 9TOM ClIydyae MOKHO BOCIOIB30BATLC Monudukanmeii 6a30B0ro
anroputMa A-KRAB — anropurmom A-KRAB-2.

Hutst yeckopenus mponenypsl Ha IepBOM STalle B eBKIHIOBOM MPO-
CTpaHCTBe IejaeTcs TaKCOHOMHUS MHOXKeCTBa U3 1 0OLeKToB Ha k'
TaKCOHOB TPOCTON cdepmdaeckoii dopmbr (k' > k) ¢ momornbio asn-
roputma FOREL. 3aTem meHTpBl 5TUX TaKCOHOB HCIONB3YIOTCS B
KauecTBe UCXOMHBIX TOUYEK IJIs MOCTPOEHUS KpaTdaiiliero He3saMKHY-
Toro nyTu anropurmom A-KRAB. Da srane BeruuciieHus xapakTepu-
CTUKHU PaBHOMOITTHOCTH h oTinuume oT ajgroputma A-KRAB cocrout
JUIIB B TOM, 4TO MEHTP KAKIOTO MEIKOTO TAKCOHA YUUTHIBAETCS C
BeCOM, MPOMOPIUOHATBHBIM YHCHY UCXOMHBIX TOUYEK, BKIIOUEHHBIX B
3TOT TAKCOH.

Da srarne BbIOOpa IPaHUYHBIX pebep o6beM BBIUUCICHUT MOXKHO
COKPATUTh, €Clii U3 PpacCMOTPeHus UCKAIYUTHL KOpoTKue pebpa
A-K9D, ocraBus mis onenkn F; nums ¢ caMbIx IINHHBIX pebep (ia-
mpumep, ¢ = 3k). Cpenn HUX MPaKTHIECKN BCETa HAXOMATCS pebpa,
Pa3pblB KOTOPBLIX obecnevynBaeT MOMyUYeHe HAUIYYIIell TaKCOHOMUM.

§ 3. BuiGop umciia TAKCOHOB

Ecnu xkenarenbHoe YHCIO TaKCOHOB 3aJaHO MUATA30HOM OT kmin
10 kmax, TO, HabIIOMAs 3a dyHKIHeidl F' = f(k), MOXKHO B 3alaHHBIX
mpenenax HalfiTu YUCIO TAKCOHOB, MpU KOTOPOM F mocTHTaeT Mak-
CUMyMa, UYTO COOTBETCTBYeT Haubosee MPeNIoOUTHTENbHON TaKCOHO-
Muu. Ja puc. 31, ¢ mokaszan npuMep MHOKeCTBa A, TaKCOHOMUS KOTO-
pPOTO Ha pa3HOe YMCIIO TaKCOHOB XapakTepusyercs dyHKIiueil, nzobpa-
JKenHoll Ha puc. 31, 6. Danbosiee MpennoOITHTEIBHOE TUCIO TAKCOHOB
paBto 2. Ecau k TpebyeTcs yBenuuuTh, TO leiiecoobpa3Ho BHIOpATH
5 w7 TaKCOHOB, HO He 3, 4 unu 6.
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Dasuune TaKoi BO3MOZKHOCTH, L1 §?L€KTI/IBHOFO BbIGOpa Hau-
JIYYIIero 4mcsaa TaKCOHOB BHITOAHO OT/intaeT alrOpUTMbI ceMeiicTBa
KRAB or MHOTEX OpYyTHX U3BECTHBIX AJTOPUTMOB TAKCOHOMUM.



I'maBa 11

MeTonbl pacno3HaBaHUA o6pa3oB
B A-IIPOCTPAHCTBE

DamoMHuM, 4T0 chOPMYIUPOBAHHOE B TiIaBe 3 YCIOBHE KOMIAKT-
HOCTMU HJIsl pellleHud 3aay4 paclno3HaBaHus o0pa3oB ABJseTcs Heobxo-
IWMBIM, HO He MOCTATOUYHBIM. ¥ CJIOBUE, TPH KOTOPOM TOUYKH PA3HLIX
o6pasoB (A n B) B3anMHO He KOMIAKTHBI, T. €. CTYCTKI TOYeK pas-

-X
HBIX 00pa30B He HaJIarafoTCs APYT Ha IpyTa, o6o3HauynM depes AC, 5.
?
C yueToMm 5TOTO THIIOTE3Y A-KOMITaKTHOCTU AH His pacno3naBaHus
06pa30B MOKHO 3allUCaTh B CledyIolleM BUIe:

if (ACLBEACT7EACK,) then AT ,.

OYKOBOINCTBYSICh 5TOHl TUIOTE30l, PacCMOTPUM CHTYAIUU, Xa-
paKTepHble IS peallbHbIX 3a/ay paclo3HaBaHus: pacipeneneHus ob-
pa30B HeW3BeCTHBI U obyyatolllas BbIOOpPKaA MpencTaBieHa KOHEUHBIM
(rebopimM ) HaBGOPOM W3 7 peanmsaiuii. Dpum 5TOM BHIpabaTHIBa-
eTcs TpaBUIO, IO KOTOpoMy obyudatolliad BHIOOPKa pacno3HaeTcd 6e3-
OMMGOTHO WK ¢ OMIMOKOIT, He TpeBHINITafoIell 3aanHoTO TIopora. U3
BCeX TTPaBUJI, YIOBIETBOPAIOIUINX 5TOMY YCIOBUIO, BHIOUpaeTcs pella-
folllee TPaBUJIO, caMoOe TPOCToe B CBOEM Kiacce.

DaccMOTPUM, KaK GYIyT BHITJIAIETh A-aHAJOTH PEIAIONTUX TIPa-
BUJI, OMUCAHHBIX B TJaBe 3, B YaCTHOCTHU TaKUX, KaK TpaBuiio OJu-
JKalilero cocenla U TaKCOHOMUYECKUe pelratoriye GyHKINT.
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§ 1. O paBmwiio k GaumxkalIunx cocenen
(anropurm A-NNR)

Oran obyuenus B anropurme A-NNR cocrour us cuemytomiux
mporenyp (cm. puc. 32). Jlas kaxmoro o6pasa B OTHETBHOCTH CTPO-
UTCA TONHBIN Tpad, COENUHAIONINT TOYKM €T0 00yYarollell BEBIOOPKN.
Cpernu peGep rpada obpasza A HaxomuTcs camMoe NIHHHOE U 0603HA-
qaeTcs gepes D 4. Ilag Kaxmoll TOUKW ¢ 3alOMUTHAETCS CMeXKHOe eMy
pebpo MUHUMAIBHON iiuHbl ;. Bbraumcisercs camoe Golblilioe 3Ha-
YeHUe XaPaKTEePUCTUKN JIOKAIBHOTO CKaYKa TJIOTHOCTH T4.

Da vTare pacio3HaBaHus OHﬂ%ﬂ&H?fg%Cﬂ DYHKIIUS TPUHAIIEKHO-
CTHU pacio3raBaeMoil Touku ¢ ko Bcem K obpasam noouepento. Cpemnu
Touek obpasa A HaxomuTcs «OHMKARIINT cocem» — TOYKa ¢, VIAJIeH-
Hast OT TOYKN ¢ Ha MITHIMAJIbHOe paccTosHue d(q,1). DopMupoBaHHOe
paccTosiHme d MeXKIy TOUYKaMu g u ¢ paBHoO d(q,1)/D 4. Temeps MoxkHO
onpenennTh Benuunuy 7 = d(q,1)/f; I HOpMEpPOBAHHOE 3HATEHIE
5TOW BeNWUWHBI T = 7°/7T4. 3aTeM BBIUNCIAETCS XapaKTephucTUKa

MA, q) = T2d.
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Beenem nonsitue gynxyug npunadaexcnocmu f( A, q) obbexTa ¢
K o6pasy A: f(A,q) = 1 — M(A,q). AHamormaupM myTeM Hafimem
3HaYeHue GYHKIUN TPUHAIIEKHOCTH TOUYKH ¢ KO BCeM APYIuM obpa-
sam: f(B,q), f(C,q),..., f(K,q). Touka ¢ canTaercs TpmHAIIEKA-
et ToMy obpasy, GYHKINA TPUHAIIEKHOCTH K KOTOPOMY HMeeT
Hanbolibiee 3Hadenne. MOKHO BBeCTH MOPOroBoe 3HadeHuwe s [
(rampumep, f = 0) U cYUTATh, YTO TOUKA HE TPHHAIIEKNT HI Of-
HoMy u3 K o6pasoB, ecin Bce GYHKIME TPUHAMICKHOCTH MeHbIe f.

Jlerko BUIETH, YTO TaKoe MPABIIO B TOYHOCTH COOTBETCTBYET
TUIoTe3e JOKAILHON A-KOMIIaK THOCTH: B HEKOTOPOIT OKPECTHOCTH 06-
yyYaloleil peaJn3anun HeKOTOPOTo 06pas3a MOTY T MOSBUTHCS OOHEK ThI
TOro Ke 06pasa. ['PAHUILI STUX OKPECTHOCTEN MPOXONAT MO TOYKAM,
B KOTOPBIX GYHKINS f IpUHNMaeT HyleBoe 3HadeHNe (OKPYKHOCTH
Ha puc. 32). Oyukuus f urpaeT ponb sHEePHON GYHKINE ¢ MEHTPOM
B TOYKax 0Oydalollieil BHIGOPKM, W TapaMeTphl KaiKIOro suapa aja-
ITUBHO MEHSIOTCA B 3aBUCHMOCTH OT PACCTOSHUS O COCETHUX TO-
yek. Ecianm HekoTopas TOYKa MPOCTPAHCTBA BXOMUT B OKPECTHOCTH
TOYEK, MPUHAMIEKAIINX PASHBIM 00pa3aM, TO pelleHne TPUHIMAeTCsH
B MOJIB3Y TOTO 06pasa, KOTOPOMY COOTBETCTBYET GOJIbIlee 3HAYEHIe
GYHKIMN TpuHaIIexkHocTH f.  Delrafolias TpaHUla MeXKLy ¢ W j
obpasaMu TPOXONUT MO TOYKAM, B KOTOPEIX f(i,q) = f(7,q).

st 3aIuThl OT MOMeX MOXKHO U3MepsTh f He [0 OTHOTO, a [0
k > 1 6auxkaiiinux cocefeil u3 Kaxmnoro obpasa. JellieHue TPH >TOM
MOKHO TPUHEMATH 0 MaKCHUMAJbHOMY 3HAYCHIIO CPEIHell BeJmdmHbl
GYHKIUN TPUHAMICKHOCTH K KakIoMy o6pasy.

DpuHATHE pelleHns Mo A-PACCTOSHIIO NMeeT Ollpele/leHHbIe Tpe-
IMYIIIECTBA IO CPABHEHUIO € PEIIeHNAMI, OCHOBAHHBIME Ha, OOBIUHOM
eBKJIMIOBOM PACCTOAHIE. Ja puc. 33, @ 00BEKT ¢ SKCIePThl YBePEHHO
MPUCOCNMHSAIOT K 06pa3y A, XOTsA eBKIMIOBO PACCTOSHIE M0 OJIN-
Kaillllero cocefla OTHOCKT ero K o6pasy B. Dpu HCIOIb30BAHUN Ke
A-PacCTOSHUS 5TOT 0OOBEKT PACIO3HACTCS B KA4eCTBe MPeICcTaBUTeNs
obpasa A.

Eciu HailT# TOYKM Ha IUIOCKOCTH, GYHKIUE TPUHAIIEKHOCTH
KOTOpPHIX K obpa3aM A u B onMHAKOBBI, TO OHM OOPa3yIOT JINHUTO
(A-TpaHuIy ), MOKa3aHHYIO Ha puc. 33, a.

B riaBe 5 TOBOPUIIOCH, YTO MpH HEPABHBIX MUCIEPCHAX paciipe-
JeMeHnil 06pa3oB ONTUMAJbHAS TPAHNIA MEKIY HIUME ITPEICTABIAeT
MOBEPXHOCTH BTOPOro nopsaka. Crem Takoil MOBEPXHOCTH TOKa3aH
Ha puc. 33, 6. OueBHIHO CXONCTBO IPAHUIl Ha HTUX PUCYHKaX.
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Ob110 Gbl HHTEPECHO I/ICCJIGB;%@QTB?%OHPOC 0 TOM, CTPEMUTCS JIK
npu yBellnyenn obbeMa BLIOOPKU IBYX 00pa30B pelllalolliee MpaBuilo,
OCHOBaHHOE Ha CPABHEHNN A-paccTOSHUI 0o k GImKaiuImx coceneit, K
ONTUMAJIBHOMY CTATUCTUYECKOMY peliatorieMy npasuiy. O6paTum
BHUMaHUe Ha TOT $aKT, YTO CTATUCTUYECKUe pellaloline TpaBuiIa
pa3paboTaHbl TOILKO HJs CaMbIX MPOCTBHIX 3aKOHOB paciiperefien i
06pa30B, I KOTOPBLIX ONTUMAJbHBIMU ABIAIOTCS JINHEHBIE WM KBa-
NpaTUYHbIe Pa3HessIioniue TOBEPXHOCTU. DPU YCIOKHEHUN HTUX 3a-
KOHOB TaKue TTpaBuU/a TPpeAcTaBIalin Obl co0Oll TOBEPXHOCTHU 7-TO TO-
panka, rie r > 2. Kak mokasano B [69], mcnombsoBanme Taknmx pasmie-
JAOUINX TPaHull TpebyeT GbICTPO PAacTyIINX B GYHKIIUU OT 7 3aTPaT
MAIIHHHBIX PECYPCOB. Dpu 3ToM 3>hdeKTUBHOCTD pellatoniux GyHK-
il (OTHOIIEHNe pa3nessioneil cocoGHOCTH K 3aTpaTaM pPecypcoB)
6picTpo MamaeT. Tak, s>GpheKTUBHOCTD MCIOAB30OBAHNS TTOBEPXHOCTH
5-TO TOPsIKa B THICAYY pa3 MeHblIe 3h(GeKTUBHOCTU MCIOJIb30BaHMIS
Habopa moBepxXHOCTEH 2-TO TOpSIKa.

CuioxHOCTh XKe mpaBuia k Gnuxkaliiiux coceneil oT BuIa pac-
mpemenenus #e 3aBucuT. C pocToM o6beMa obydaroieil BEIGOPKH (1)
MalllUHHOEe BpeMs i 33 TPaThl MaMATH PACTYT B 3aBUCUMOCTH OT 170 JIU-
mefino. Ilas yMeHBITEHUS 3TUX 3aTPaAT HEOOXOMUMO TpPeaBaApPUTENHHO
COKPaTUTh 00beM 00yYalOMINX peasu3anuil, OCTaBUB MIHAMAJIbHBINA
HabOp TOUeK-TpelefeHTOB, TOCTaTOYHBIN I8 6e30IInO0THOTO pacIo-
3HABaHUs Bcex Touek obyuatorrieil Buibopku. C 5Toil Melbio MOXKHO
ncnoab3oBaTh aaroputm A-STOLP.
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§ 2. Bui6op npenegentos (amropurm A-STOLP)

Tax ke, kak u B agroputme A-NNR, nast kaxkmoro uz K obpa-
30B HaxomsTcs Bemuuudbl D4, Agq u §;. 3arTeMm ompenenstoTcs 3Ha-
JeHns GYHKITUN TPUHAMIEKHOCTH BCeX OOBHEKTOB ¢ 00yJatoliell BhHI-
6opkn obpasza A k cBoemy o6pasy f(A) m ko Bcem mpyrum obpasam
f(A7). B srom mpomecce yaacTBYIOT BCe 0OBEKTHI 00y YAIOINIeNl BbI-
bopku. Cpemu oOBEKTOB KaXIOTO 06pa3a HaXONSTCS TOUKH «MakK-
CIMAJILHOTO PHUCKay, T. €. Taknme O0OBEKTH, ¥ KOTOPHIX BeINUWHA
R = f(A7) — f(A) nmeer naunGousbiiee 3nauenne. ITu N 06BHEKTOB
3aHOCATCS B CIUCOK TPEIeeHTOB.

3aTeMm MpUMEHsIeTCS CTPaTerus MOIIaroBOTO yMeHbBIIeHUs MaK-
CIMAJBLHOTO pucKa. i »>Toro omeHuBaeTcs GYHKINS TPUHATITEK-
HOCTH BceX 00BEKTOB (KpOMe MpPeneleHTOB) K CBOMM W TyKHUM 06pa-
3aM ¢ OTOPOIl TOJIBKO Ha UMEIOIINECs TOUKH-TpeleNeHThl. D axomuTcs
ONWH 00BEeKT, UMeTOIINi caMoe 60BINToe 3HAUeHTe QYHKINT pucka K.
OtoT (N 4 1)-it 06BEKT MOMONHIET CINCOK O0BEKTOB-TIPENeIeHTOB.
Docsie >TOTO MPOIEAypa ONEHKH BeIUYnHbl K TOBTOPSETCS s BCeX
ocrasiuxes (m — N — 1) o6beKTOB U caMblil «PUCKOBAHHLIN» 13
HUX BKJIIOYAETCS B CIUCOK MPEIeNeHToB. JPOoIece MPOAoIKAeT s 0
TeX TOp, TMOKa CaMbIil GOMBIION PUCK (Rpax) IS KaKIOTO 06BEKTa
OBITH PACIO3HAHHLIM B KadecTBe o0beKTa TyxKOTo ofpasa He cTaHeT
MeHblIle 3aaHHOIl TOPOTOBOI BeamanHel R* (Hampumep, R* = 0).

HocTaToOIHOCTE TOAYUEHHOTO CHOUCKA TPeleNeHToB OJeBUIHA.
st mpoBepku XKe HeoOXOOUMOCTHU BCEX TIPENeNeHTOB MOXKHO TTOOUe-
pemHo MCKIIOYAThH UX U3 CIHCKA W TTPOBepATh, OyHeT AU NI BCeX
06y YaIONINX TOYEK BBIMOIHATLCA yejiaoBue K., < R*. Ecmm maii-
meTcs TpelenedT, 6e3 KOTOPOTO 5TO YCIOBWE BHITIONHSETCS, TO €To
MOXKHO WCKIIOUNTH W3 CMUcKa. LECIW TaKWX TpereneHTOB OKakKeTCs
HECKOIIBKO, TO UCKIIOUAETCS «CAMblii HEHYKHBIH», T. €. TaKoil, Ipu
KOTOPOM MOCTUTAETCS MUHUMYM BEIMUUHBL Ry .y, DOCIe Takoro ms-
MeHeHUs CHMCKa TPOTenypa TPOBEePKH OCTABIINXCS TPEIeleHTOB To-
BTOpsieTCs. DPOBEpKa MpPeKpalllaeTcs, eciii U3 CIUCKa HeJIb3s yiia-
IUTHL HA OMHOTO TpeleneHTa 6e3 HapyIleHus YeaoBusd Ry, < R*.

OnucauHbll aITOPUTM TONIATOBON ONMTUMU3ANNN HE MOMXKET Ta-
pPaHTHPOBAThH TOUHOTO peitieHus. OmHAKO TMONyYaeMbIll CIUCOK TIpe-
eAeHTOB, TTO-BUANMOMY, 6yIeT 6IM30K K ONTUMAIBLHOMY ¢ TOUKH 3pe-
HUS HeOOXOMUMOCTH W NOCTATOTHOCTH.

Donbliliie 3aTPpaThl MAITHHHOTO BPEMEHHU Ha BBIGOD CIUCKa TIpe-
TeIeHTOB OKYTATCS B HATLHENIIIEM 3a CUeT CYIIecTBEHHOTO VCKOPeH S
Tpollecca Paclo3HABAHUS KOHTPOIBHLIX O6HEKTOB.
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§ 3. 'pynnoBoe pacmo3HaBaHue

Berpevatores cuTyammu, Korma K paclo3HaBaHWIO TPeNLABI-
eTCsl He ONIMH, a CPa3y HeCKONBKO (S) O6BeKTOB. JPH TOM MOKHO
BLINENUTEL MBA CAydas. B omHoM m3 HUX 3apaHee M3BeCTHO, UTO Bce
OHU TIPUHAJIEXKAT ONHOMY U TOMY Ke 006pa3y, U HYKHO y3HaTh Ka-
KOMY UMeHHO. B mpyroMm ciaydae TaKoTO oTpaHWIeHUs HeT: KakKIbIi
00BeKT MOXKeT TIPUHAIeXKATE JoboMy obpady. B crarmcTmdaeckoit
MOCTAHOBKe TlepBas 3aflada paccMaTpuBaercs B [1]. 3mech MBI omn-
mem anroputm A-TRF, npennaznauenubiil st ee pelieHus B ycio-
BUSX MaJIbIX BBIOOPOK TIPU ONOpe Ha T'UNOTe3y HOKAJbHON KOMOaKT-
voctu (H;). Amroputm A-GURAM mpm Tex ke MpPemmoloKeHUsX
pelllaeT BTOPYIO 3a0a4y.

3.1. AgropurMm A-TO®. DanoMHUM, UYTO TAKCOHOMUUYECKUEe
peraonine GyHKIIT TeEMOHCTPUPYIOT CBOM 0OCOOBIe TPEmMYIIecTBa
B cIy9ae, KOTIa K Paclo3HaBaHUWIO MPENbABISIETCS CPa3y HECKONLKO
KOHTPOJNBHBIX OOBEKTOB. JYCTh HaM W3BECTHO, UTO Bce OHU IpU-
HaIJIeKaT OOHOMY U TOMY Ke 06pasy. Dampumep, KOHTPOJIbHAS BhI-
OOpPKa ONMNCHIBaEeT CBONCTBa HECKOJBKNX W3IENWNI W3 JaHHOI HapTun
u TpebyeTcs BLIHECTH pellleHle 0 TOM, TPUHAMIeKNUT I dTa BEIOOPKA
KITACCY «XOPOIINXy» WU IUTOXWX» M3II.

C momorripio amroputMa Jpuma [135] mocrpoum A-KOD mis xa-
Kkmoro uz K obpason. 3arem moctpoum A-KOD, KoTopslil coemu-
HseT obpaszwsl Opyr ¢ apyroM. Ilas sToro HalimeM MUHUMAaJbHBIE
A-paccTosHUs MeXITy BceMu mapamu oGpasoB. B kauecTse paccros-
HUS MeXKIY IBYyMs 0Gpa3aMi HCHOIb3YeTCs MUHUMAJIBHOE A-PaccTosi-
HUe MeXKIY A-OHUKafiliuMu TOYKaMu, TPUHAIIIEKAIITUME PA3HBIM 06-
pazam. YToO6H Tpad Ges MeTelb, COSNMHIIONINN Bce o6pa3bl, WMeN
MUHIMATBHYTO CYMMapHYIO [UINHY CBOUX (TOTPAHMYHBIX ) peGep, Boc-
MOJTB3YEMCSL TeM Ke aITOPUTMOM O PpUMa.

OnenuM QYHKIMOHAI KauyecTBa paslielienus oGpa3oB B BUlle Be-
TUAWHL F’ cpenHell MAWHBI TPAHWIHLIX pebep:

F={1/(K-1)}) A;, rtmej=1+(K-1).
Temepr mo6aBUM KOHTPOIBHBEIE 00BEKTH K OOYUAIONINM OOBeKTaM
obpaza A u nocrpoum A-KOD must sToit cMecu. Jocie 5TOTo mepe-
crpoum A-KDOD mexny obpaszamu u HaiimeMm oneHKy F4 KadyecTBa pas-
TMeJeHns B TPeATNONOKeHNN, YTO KOHTPONbHBIEe 06BeKTH TpUHAIIIe-
KaT obpasy A. 3aTeM MOBTOPUM TPOLENYPY NOGABIEHUS KOHTPOIb-
HBIX OOBEKTOB TTO0YepenHO KO BCeM OCTAILHBIM ofGpazaM W MoIyde-
Hust oeHoK [;. BriGepem ToT (i-if) BapuaHT, I KOTOPOTO ONeHKa [
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ObLIa, MaKCHMaJBHOW. DpUcoeqUHeHNe KOHTPOIBHBIX OOBEKTOB K
1-My 06pa3y He yXVIIINIO HCXOMHOTO KauecTBa F pasnenenus o6pason
WIN YXYIIIMIO eT0 Ha MUHUMAIbHYI0 BeIUYNHY. Ja YTOM OCHOBAHUU
MpUHUMAETCS PellieHne O MPUHANIEKHOCTH KOHTPOIBHBIX 0GBEeKTOB
3TOMY t-My 06pasy.

3.2. Aaropurm A-GURAM. Teneps mpemcraBuM, 4TO Teo-
JIOTW BEPHYIUCH U3 SKCHEIUIINU W ITPUBE3IN KOJJIEKIUIO U3 § 00bek-
TOB, TPUHALJIEKHOCTH KAakKIOT0 U3 KOTOPHIX TOMY WU UHOMY 00pa3y
He U3BeCTHAa.

Kax n B anroputme TOP (cM. rmaBy 5), BHawale o0bennHseM
BCe pealm3aluy obydaforlieil 1 KOHTPONbHOW BHIGOPOK. Brrumcmgem
A-PacCTOSHUS MEXKIY BCeMU TapaMu 00BeKTOB 3Toll cmecu. Mcnosb-
3ys anropuT™ Jpuma [135], cTponM KpaTyaiiiimii He3aMKHY THIT Ty Th
(A-KDD).

DasHble KOHTPOJbHBIE TOUKHW MOTYT OKa3aThCs B Pa3HOW CUTY-
amnn (cM. pme. 34). DeKOTOpble KOHTPOIBHBIE TOYKN (HANPUMEp,
TOYKA @) OKA3bIBAIOTCS CMEKHBIMI TONBKO ¢ IPYTUME KOHTPOTBHBIMMI
TOYKaMU. Ja30BeM Takue TOUKHU sHympernumu. pyrue KOHTPOIb-
HBle TOYKN (HAampuMep, b) CBA3aHBI XOTs GBI OMHIM PeGPOM ¢ TOIKAMNI
obydatortieit BEIGOpKU. Takwme TOUKM, a TakxkKe pebpa, COeOUHSIO-
e UX ¢ 06y YaOIUMU TOYKAMI, HA3bIBAEM NO2ZPAHUNHDLILY. DACIIO-
3HaBaHWe KOHTPONBHBIX TOUYEK MeAeTCs MOCIeNOBATENBHO (10 OMHOI
TOUYKe). DpH 5TOM KakK[mas OdepenHas PAClo3HaAHHAS KOHTPOIbHAsS
TOUKa HOOaBIIAeTcs K ToUKaM obydafortieil Beibopku. TakuMm myTem
obbeM obOyvarollleil BEIOOPKN pacTeT B Ipollecce Paclo3HaBaHUI, KO-
TOPBIN BRITJISAUT CAedyOMIuM o0pa3oM.
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Ecnuw mexoTopas morpanmdHas TOUKa ¢ SBISeTCS KOHeUHON Bep-
umHoit rpada A-KDD, T. e. uMeeT TOIBKO OMHY CMEXHYIO BEPIINHY,
TpUHAMLIEKAITYI0 06BeKTY -TOo ofpa3a, TO TOYKA ¢ TaKxkKe CUNTa-
eTcs MpUHAIIeXKaleli o6pasy ¢. Ecim KOHTpomdbHAs TOYKa (HATPH-
Mep, v) cBsisaHa pebpamu A-KOD ¢ Bepurmaamu o6ydamomnnx o0hek-
TOB HECKOJBKUX 00pa3oB, TO ee cllellyeT OTHOCUTH K TOMY 06pa3sy,
A-paccTosiHie [0 KOTOPOro MUHUMAIbHO. Fciu cpemn KOHTPOIBHBIX
TOUYeK OOHAPYKUTCA HECKOIBKO BHYTPEHHUX, CBA3AHHBIX TOIBKO C OfI-
HOIl TOTPAHUYHON, TO BCe OHU HOJKHBI ObIThH OTHECEHbI K TOMY K€
06pa3y, K KOTOPOMY OTHeceHa 5>Ta MOTPaHWIHAs TOUKa. B TakoMm
TONOXKEHNT HaXOMIATCS TOUYKW TPYNNH ¢ Ha puc. 34. Ecam rpynma
BHYTPEHHUX TOUEK OKA3bIBAeTCs CMEXKHON ¢ HECKOAbKUMU TOTPaHUY-
HBIMU (HAIpuMep, TPymna w Ha puc. 34), TO HOTpaHWTHAS TOUKA,
KOTOpas WMeeT TOTPaHUYHOEe PeGpPOo MUHUMAIBHON A-IUITMHBI, OTHO-
cuTes K TOMY 00pasy, ¢ KOTOpPbIM cBsizaHa 3TuM pebpom. Cmexnas
C Heil BHYTpPeHHAs TOYKA CTAHOBUTCSA HOBOW TOTPAHUYHON U BCTY-
maeT ¢ APYTUMUM HOTPAHUYHBIMU TOYKAMU B KOHKYPEHTHYIO 6OpLOY
3a TPaBO ObITH PacHO3HAHHOW Ha cJedylolleM I1are paboThl 1Tpo-
rpaMMbl. Fcam Ha HeKOTOpPOM Ilare BLISBIATCSA IBe TOTpaHUIHBIE
TOYKH ¢ ONWHAKOBBIMU A-PACCTOSHUSMU O CBOUX 06pa3’oB, TO CpaB-
HUBaeTCS YUCI0 oOyJYalollinX peafu3alinii y KOHKYypupyolmx odpa-
30B U TIepPBOil pacno3HaeTcs TOYKa, TPUMbIKatolias K 6oJiee MOITHOMY
obGpasy. OTa cTpaTerus COOTBETCTBYET XOPOIIO U3BECTHOMY IIpa-
BTy Daiieca, COTIIACHO KOTOPOMY TIPH PABHOI amocTepuopHOil Bepo-
ATHOCTH TPeNnouYTeHNe OTaeTcd obpaldy ¢ Oonbllell allpUOPHON Be-
POSITHOCTHIO €T0 MOSIBJIEHUsI. JPOLECC MPUCOSNMHEHUS KOHTPOIBHBIX
00beKTOB K CBOUM 0Opa3aM NPOAOIIKaeTCcs N0 MOJHOIO McUYeplaHus
CIOUCKa TOTPAHUYHBIX TOYEK.



I'nmaBa 12

Ilpyrue 3amaum aHajim3a HaHHBIX
B A-IIPOCTPAHCTBE

§1. Kputepun nuagopMaTUBHOCTH

A-IIpocTpatcTBa

B mpenmwpimymieit rmaBe BBemeno TMOHSTHe GYHKINN TPUHATITEK-
HOCTH f, ¢-To o6BbekTa cBoemy o6pasy A: f,(A) =1 — A(A,q), roe
A(A, q) — A-paccTosHEe MeXIY TOUKON ¢ U GIIKaieil K Heil TOd-
Koit o6paza A. Ananoruuto onpemesnsercs QGYHKIUS TPUHALIEKHO-
et K uyxuMm obpasam: fy(A7) = 1 — A(A™,q). Duck mis ToYKH
¢ OBITH paclHo3HaHHOI B KadecTBe OOBeKTa 4yxkoro obpasa R, =
Je(A7) = f,(A). DOpu ckomb3sieM KOHTPOIe Kaxkias ToUYKa o6yda-
folleil BBIOOPKU MO Ovepelny CTAHOBUTCH KOHTPOJIBHON U pacmo3Ha-
eTCs M0 BCEM OCTAJbHBIM O0yYalolIiuM o0beKTaM ¢ UCIOIb30BaHueM
mpaBuna 6amxkafiurero cocena. Ecam okaxkeTcs, 9TO TOUYKa ¢ UMeeT
Bequauny R, > 0, To ona O6ymeT pacnosHaHa ¢ OUIMOKOIL.

Femm cpenm m 0o6BHeKTOB o6ydalonieil BEIGOPKN OMIMG0THO GHIIN
pacmo3HaHbl $ 06BEKTOB, TO oTHOIIeHne [ = 1 — $/m MOXKHO CUNTATH
Mepoil MHOOPMATUBHOCTH [JaHHOTO MPU3HAKOBOTO MPOCTPAHCTBA.
HefictBuTensuo, ecnu s = 0, To WHPOPMATUBHOCTE TPU3IHAKOB IO-
CTATOYHA IJIA Oe30IInOOYHOTO paclio3HaBaHUs oOyyJalolleil BEIOOPKN,
n BenmunHa | MakcuMasbHa W paBHa enmuuie. Ecam xe s = m (cM.
puc. 35), TO 5TO CBUAETENBCTBYET O TOM, YTO MBI IMeeM CIydail
«BONBI B T'yOKe», HJs KOTOPOTO He BBITIOJNHAETCSs HaxKe camas clia-
Dast TUIIOTe3a — TUMOTe3a JIOKAJbHOW A-KoMmakTHOCcTH AHj, U pac-
CYNTBHIBATH Ha yCIeEITHOe paclio3HaBaHe KOHTPOJbHBIX 00BEKTOB HET
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Jamerum, uro anroputm A-STOLP mus sroro cinyuas Gyner Bbi-
HYKIEeH OCTaBUTh B KauecTBe TMPEIeNeHTOB Bce m 00BeKTOB obyda-
fortiedt BEIGOpKN. Tak 4To RKoandecTBO N HEOGXOMNMBIX TPEIeNeHTOBR
Takke TOBOPUT 06 MHPOPMATHBHOCTH MPU3HAKOBOTO TMPOCTPAHCTBA.
Bemuunna J = 1 — (N — K)/(m — K) MoXKeT CIyKUTBH ellie OLHOI
Mepoit THGOPMATHBHOCTH TPU3HAKOB. 3mech K — KommduecTBo obpa-
30B. UHPOPMATUBHOCTH MaKCUMAJbHA, €CIN ORA3aI0Ch, ITO MOKHO
OTPAHUYNTHCA OMHUM TpENeleHTOM Ha, KaxkOeit obpas: J = 1. Ecmn
xKe N =m, 0 J =0.

Benuumna s xapakTepusyeT CIOXKHOCTH CTPATETHN TPUPOIDI, a
BeMMUUHA T — CIOKHOCTH TpeGyeMOoTo pelaiorero mpasmira. Mbr Bu-
MM, 9TO 9TH ABe XapaKTePUCTUKN OTHO3HAUHO CBA3AHEI APYT € APY-
rom. Anasoruunbit axt 6eur 3ameden 1. C. JI6osbim u . I'. Crap-
TeBOH TPHU MCCIENOBAHNH 3aBUCHMOCTH CIIOKHOCTH CTATHCTHIECKTX
PEIIAoNINX MPABUI OT CIOKHOCTH cTpaTeruit mpuponst [109].

O6brvHO paccMaTpuBatoTCs MBa monxoma [139]. Dpu mepBom 3a-
MaeTcs CIOKHOCTE TIPUPONBI W UCCAEMYIOTCS CIOKHOCTHRIE XapaKkTe-
PUCTHUKN TOTPeGOBABIINXCS PEITAIONINX TPABUIA. DPU BTOPOM TOM-
XofIe 33JaeTCs CTOKHOCTD KITAcca PEIaioiny TPaBUI I HCCTENYIOTCS
CTpaTeruy TPUPOIHI, ¢ KOTOPHIMI CIHPaBISIOTCS HTH TMpaBmia. Te-
Tmeph CTAHOBUTCS OYEBWIHON TOMHAS SKBUBAJEHTHOCTH STUX TOMXO-
JIOB U WX MeTONONOTHYECKOe PaBHOTPABHE.

§ 2. Bamaum 3amosiHeHus NpoGesioB

B onmmcanubIx BLINle aXTopUTMAaxX 3allOMHeHUs TpobelioB ceMeii-
ctBa ZET moxoxkecTh 06HEKTOB IPYT Ha OPyTa ONEHNBAETCS Tepes eB-
KJIMIOBO PacCTOAHUE MEXKIY COOTBETCTBYIOUINMU CTPOKAMU TabINIIbI
nawubix. Iias mepexoma K A-IpOCTPAHCTBY NOCTATOYHO 3aMEHUTH
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OJIOK BBIUUCIEHTS] 3TOT0 PACCTOSHUS Ha GIIOK OIMpeese st A-PaccTosi-
HUS.

WNccnemoBanus, KoTopble TONTBepXKOanu OBl IelecooGpasHOCTh
TAaKOTO Tlepexofia B 5TOll 3ajiade, elfle NPENCTOUT HPOBECTH. JOKa
MOKHO JIUIIb PACCUYNTBIBATH Ha TO, YTO ecii Obl YeloBeK BUe Kap-
TUHY B3aUMHOTO PacCHOJOXKeHUs BceX O0ObeKTOB B MPOCTPAHCTBE UX
XapaKTepuUCTUK U oTOupas o6beKThl, Haubonee MOX0XKNe HA HEKOTO-
PBIil 3aTaHHBIT OOBEKT, TO OH Hejlad Obl 3TO, ONUPadch Ha 3aKOHO-
MEPHOCTHU 3PUTEHBHOTO BOCHPUSTHUSA. A 5TH 3aKOHOMEDHOCTH, Kak
Mbl yOeouauch Ha ONUCAHHBIX BhIlIE 3KCIepuMeHTaX, aleKBaTHO OT-
paxkKaroTcs UMEHHO A-PACCTOSHUSME MEXITY OObeKTaMIU.

§ 3. Daker npukiganusix nporpamm OTOKC

JHaunTenbHas UYACTh W3JOXKEHHBIX B HPENBIIVIINX pasieinax
KHUTH MeTONOB aHalIW3a MaHHBIX pealn3oBaHa HaMU B BUAE IIPOTL-
paMM. OTH TporpaMMbl OObeIUHEHBl B MaKeTe MPUKIAIHBIX IIPO-
rpaMM s o6paboTKN TabIIMI SKCIePUMEeHTAMBHBIX TaHHBX (DDD
OTODKC) [82]. DepBrie Bepcun >TOTo MakeTa OBLIN cHeaHbl Goiee 20
JeT Hazal. Do Mepe MOSBIEHUs HOBBIX BHIUUCIUTENBHBIX MAIUH He-
JAJTNCh OUYepefHble BEPCUH TTakeTa. JPHU 3TOM BHOCUIUCH U3MEHEHU s
B COCTaB NPOrpaMM, BOBHUKAJIU HOBbIE MPOTPAMMbI, peasiu3yrorue
Bosiee >hdeK TUBHBIE AJITOPUTMBI, COBEPIIEHCTBOBAIOCH CEPBUCHOE CO-
MPOBOXKIIEHUE TTaKeTa.

OcHoOBHOII KpyT pelllaeMbIX 3abad IIPH STUX U3MEHEHUSX OCTa-
BaJics MPaKTUYECKHW MOCTOSHHBIM. B 5TOT Kpyr BXomsT ceifuac 3a-
Jlavi, KOTOPbie BCTpedalnTcs B NpakTHKe 006paboTku mHGOpMAIUK
HauGosee vacTo. K HUM OTHOCSTCS CIAENVIONINE 3a/1a9H.

1. TakcoHomuda. B makere OTOKC nus peitenus 5Tux 3a-
Jla4 UMeIOTCs pasHble BapuaHThl mporpamum u3 cemeiicts FOREL u
KRAB.

2. BBIBOP CUCTEMbBI HHPOPMATUBHBIX MPU3HAKOB. B sToMm
pasmnene ecTh IPOTpaMMBI, peadusytoiine unen aaroputMo NTPP n
JIOTUYECKUX PEIAIONTUX TPaBII.

3. DACHIO3HABAHUE OBPA3OB. ODporpaMMbl pacno3HaBaHUS
MOCTPOEHbI Ha Ga3e Pa3HbIX BAPUAHTOB TUMIOTE3bl KOMIIAKTHOCTH:
VHAMOLAIBHON, MOJITMOLAIBHON, JJOKAJIBHON U TPOEKTUBHON YHUMO-
MaabHOM. Dealn30BaHbl IpaBUia U3 KIACCOB JIMHENHBIX, JOTHIECKHX
H TaKCOHOMUYECKHX.

4. 3ANOJNHEHNE IPOBEJNOB N OBHAPYKEHUE OIINBOK B TA-
BIUIMAX. Ins pelreHus 5TUX 3a7ad UMEOTCS MPOrPpaMMbl U3 ITBYX
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cemeiicte: ZET w WANGA.

5. DPOTHOBUPOBAHUE. ODpPOHOIKeHHe NUHAMUUECKUX PSIIOB
OCYIIIeCTBIIAeTCSA TporpaMMaMu ceMeiictBa ZET.

KonuyecTBo 066K TOB U CBONCTB OTPAHUYUBAETCS TOIBKO eMKO-
CTHIO TAMSITH KOMIBIOTEPa. Yuciao 06BeKTOB MOXKeT ObITh CPABHUMO
€ YUCJIOM TPU3HAKOB. DPUIHAKU MOTYT ObITH PA3HOTUMHBIMU, IOMYC-
KafoTcs OHInOKN U mpobesibl B TaHHBIX.

OPHMEPBI PEIIAEMBIX 3AINAY

MEeOoumuuA.

Brinenenne mHbOpMaTUBHON cHCTEeMBI TPU3HAKOB (CI/IMHTOMOB).
Brinmenenne rpynnm cBsS3aHHBIX TPU3HAKOB ¢ WX 3HAUEHUSAMNI (CI/IHI[pO—
MOB).

PopMuUpoBaHne MPABUIT NMATHOCTUKN HOBBHIX 3a00JeBaHMII.

DaHHgd IUarHocTHKa 3ab0JeBaHIil.

O6GHapy:keHne ommbOK B MEOUIINHCKIX TaHHBIX.

D pOTrHO3NPOBaHIE IPOIECCOB MPOTEKAHNS 3a60IeBaHms.

D pOrHO3NPOBaHIE Pe3yIbTaTOB TePaleBTUUECKUX W IPYTUX BO3Heil-
CTBUIL.

I'Eoniorud.

I'pynnupoBka 06beKTOB (TeppMTopMﬁ, MeCTOPOXKIeHNiT, MUHEPAJIOB
nT. I[.) IO CXONCTBY MX XapaKTepucTuk.

DPOTHOBUPOBAHIE MECTOPOXKICHUII.

BBIS[BJIGHI/IG Hanbdoiee BaKHBIX I O6Hapy)KeHI/I$[ MeCTOpO)KI[eHI/Iﬁ Xa-
PaKTepucTuK FeO(l)I/ISI/I‘{eCKI/IX N TeOXMMINYeCKNX TeCTOB.
QPOFHOSI/IPOBaHI/Ie 3allaCOB ITOJIE3HBIX NCKOIIaeMbIX B MeCTOPOXKICHII.
O6Hapy)KeHI/Ie oINMOOK U 3aI0JIHeHIIe HpO6eJIOB B TreoJioTnyeCKnx naH-
HBIX.

TEXHOTOTH.

BrisiBnenne rpynim u3nenuii ¢ OMHOTHITHON TTOCITENOBATEIBHOCTHIO TeX-
HOJIOTUYeCKUX Omepaliii.

Dounck OImKailero agajaora.

BrisBnenne auMuTupyomnmx GakToOpoB, BANAIONINX Ha Ka4ecTBO MPO-
MYKITHH.

AamTanys TeXHOIOTHIECKOTO PeKIMa K CBOMCTBAM CHLIPhS.

D porHO3MpOBaHIEe KadecTBa U3HENU MO pe3ylbTaTaM KPaTKOCpOd-
HBIX NCIOBITAHNIL.

Conunonorus.
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I'pynnupoBka 06beKTOB (HaceIeHHBIX TYHKTOB, PETTOHOB, aHKETHPY-
eMBIX JTIOIIelT) TIO CXONCTBY WX XapaKTepuCTHK.

BrisiBiieHne GakxTOpoB, ONpeNeNnsionK HCCIenyeMblil mporecc (Ha-
IpuMep, TPUIHH MUTPAINN HACETeHNS ).

O6napyxente OIINOOK U HEBEPHBIX OTBETOB B Pe3yJbTATaX aHKeTH-
poBaHU4.

DPOTHOBUPOBaHEE KOJMIYECTBEHHBIX XaPAKTEPUCTUK UCCIHENyeMbIX
MPOIIECCOB.

DKOHOMHUKA.

I'pynmupoBka mpennmpusTHil MO TOXOXKECTH TPOMUIST TPONIBOACTBA
WM KOONEPATUBHBIX CBA3ell.

Brissnenne manbonee BaXKHLIX GaKTOPOB, BAUIIONINK Ha YKOHOMUIe-
CKYI0 3P PEeKTUBHOCTE MPeNnpuaTus.

DporHosupoBaHiie Kypca akiuii U BaJdioT Ha GUPKaX.
DporHO3UpOBaHUe IIeH Ha MUPOBOM PhIHKE.

Obnapyxenue onmbOK U MCKaXKeHUH B CTATUCTUYECKUX TAHHBIX.
Opernckasanie 3HAUYCHUN TPOMYIIEHHBIX MaHHBIX.

W3 sToro mepeuHs BUWOHO, YTO HET TaKoil chephbl NesTelbHOCTH,
CBA3aHHON ¢ aHAJIW30M HAHHBIX, B KOTOPOI Helb3d ObLIO OBl TpUMe-
uuTh naker OTOKC ¢ nonwzoil nisg mesa.

D0oIb30BATENMN. Darker OTOKC opuenTupoBan Ha mOIb30Ba-
Tells, He SBISAIOIIErocs MPOTPAMMEUCTOM. DayuuThes PabOTATh ¢ HUM
OUeHb MPOCTO. Je3yIBTATHI PACUeTOB CONPOBOKIAIOTCS KOMMEHTa-
pusiMu. DaKeT XOPOIIO NOKYMEHTUPOBAH.

Dasubie Bepcuu D09 OTOKC B cBoe BpeMs OblLiau mepernaHbi
mutst ucnonb3oBatus 6onee yem B 100 opranusanuit 6sigirero CCCO.
DakeT mBaxXnbl oTMeuayucs cepebpsiubiMu menaisyu BIOX CCCO.
Ceituac makeT mepeBonuTcs u3 onepanuonHoil cpenst DOS B cpeny
WINDOWS, ochnartaeTcss COBpeMeHHBIM TPaduuecKuM COIPOBOXKIe-
HueMm. K umeroriiumest mo6aBiIsiioTCs TPOrpaMMbl, OCHOBaAHHbBIE HA I'ii-
noTese A-KOMTAKTHOCTH U Ha MUCIHEPCHOHHOM KpuTepuu oTbopa uH-
dhopMaTUBHBIX TpenuKTopoB. C neMo-Bepcueil makera Ha PYCCKOM U
AHTIUHCKOM SI3bIKAX MOXKHO MO3HAKOMHUTBHCS MO alpecy:

www.math.nsc.ru/AP /oteks
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Ananu3 ganuabix u Data Mining

§1. YUro Takoe Data Mining?

B mocnennee BpeMst B aHTIOS3BIYHON AUTepaType MOIYINUI pPac-
mpoctpanenne Tepumna Data Mining (DM) [127,168], koTopsim 060-
3HavaeTcs KPyT MeTonoB o6paboTKN MaHHBIX, OTANIATONINKCS OT TO-
ro, YTO aBTOPHI HTOTO TePMUHA Ha3bIBAIOT aHAJIU3OM HAaHHBIX. Jo-
TBITKE TPSIMOTO TepeBona BeIpaxkenus Data Mining ocobniM ycmexom
He VBeHYAJUCh: BPSAL AU YCTPOUT BAPWAHT «TOpPHAS ITPOMBITIIEH-
HOCTH MAHHBIX®> WU «TO0OLIIa MAHHBIX». UyTh nydlle 6610 661 «060-
rareHne MaHHBIX®». DHUMaTenbHOEe UTeHUe PasbICcHeHWH >TOTO Tep-
MIHa TOKa3al0™), IT0 aMepuKaHCKoe MOHMMAHIE TePMIHA <AHAIM3
maHHBIX» (06Go3HadmM 5T0 depe3 AmAD) oTamgaercs oT TOTO, 4TO
oM STUM TePpMUHOM TOHUMAOT GpaHIy3CcKue W POCCUIICKTe cIelna-
JTUCTHI (5TY Bepcuio mHTepuperannn o6osnadnm depes FRAD).

Opencrapurent AmAD Ha3BIBAIOT aHAINU30M HAHHBIX KIiaccuye-
CKWe MeAyKTUBHBIE POIey phl MaTeMaTUIeCcKoll CTATHCTUKN: KOoppe-
TSTMUOHHLIT W PeTPeCCHOHHLIT aHalN3bl, MeTON TIABHLIX KOMIOHEHT,
TOCTpOeHNe ONTHMANBLHBIX PeIaloNInX GYHKIINH TpW W3BECTHHIX 3a-
KOHAX paclpelelieHnsl IeHepalbHbIX COBOKyMHOocTel u T. n. Cxema
HelCTBUI ITPU 3TOM ITPOCTas:

(mammbie) = (mporpamma AmAD) = (uucaenusil pesynbTar).

*) OcoBenHo Mocie TOro, Kak 06HApYKUIOCh, YTO aBTOPLL 5TOT0 TePMHUHA, 10-
SCHAA €TO CMBICI, CCHITAIOTCA Ha paboThl aBTOpa MAaHHOW KHHUTH.
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B ocHoBe mporpaMm JekaT MaTeMaTUUYeCKUe MOMENH € U3BeCTHBIME
mapaMeTpaMu. 3a aleKBaTHOCTh MOIENU U ee TapaMeTpPOB H3ydae-
vomy sBiteHnio AmAD-uct we oreuaer. OH oTBeYaeT TONBKO 3a
XOpOIIIyio paboTy CBOell mporpaMMbl MPU 3alaHHBIX VCIOBUSX.

Opencraputenun FRAD 6Gepyrcs 3a ananus sBieHuil, mnias Ko-
TOPBHIX €llle HeT MaTeMaTH4YecKux wmopeneii. EcThs Tonbko mporo-
KOJIBI « CTUMYJI-PEAKIIUs®>, MpecTaBleHHbie TabIuaMu TaHHbIX THITA
«00beKT-cBOMICTBO-BpeMsiy». KoHcTpyupoBanue mMomesneil u ompemese-
HUe MapaMeTPOB STHUX MOjesedl sBIseTCcss OCHOBHBIM TTPEeIMeTOM BHU-
manus FRAD-uctos. OHu oTBevaoT 32 IPUBHECEHNE SBPUCTHIECKUK
TUIOTe3 0 XapaKTepe KOMIIAKTHOCTH, BO3MOKHBIX opMax (MOIeNIsX )
3aBUCUMOCTel, TapaMeTpax MPeNnojiaraeMbiX 3aKOHOB paciiperesie-
HUll u T. 1. Dapsny ¢ NeNyKTUBHBIM allapaToM ITPU PelleHun STUX
3a/lad UCTIONB3YIOTCS WHAYKTUBHBIE METONBI, PeaJn30BaHHbIE B aJro-
pUTMax MAIIUHHOTO OBYUYEHUS.

Benmovuum  knaccubukaliuio 3aiad TPUKIATHON MaTeMaTHKH,
onucanuyo B § 2 riuasbl 1. Tam Beimedassinch 3aadl TPex TUTIOB: BhI-
qncanTenbHas MaTeMaTnka (BM), mnentudukanus momenei (MM)
n ananns gavHbX (All). Temeps Moxem ckasaTb, aTo mom AmAD
nofpasyMeBatoTes 3amaun u3 obaactu BM, B To Bpems kax FRAD
nosiHocThio coBmanmaer ¢ Al . 3anmaum xe, orHocsimecs kK DM,
oxBaThiBatoT obnacte UM u All, T. e. Bce To, 4TO B NPUKJIIATHOI
MaTeMaTHKe oTinmIaeTcs oT BM.

CxeMaTUYHO HOJYUYUBIIYIOCS B Pe3ylibTare KIacCubUKaIuo 3a-
a4 MOXKHO HPelcTaBUTh TaK, KaK MOKa3aHo Ha puc. 36.

HpI/IKHaI[Haﬁ MaTeMaTHKa

A
r ! ! N
BM | UM | AIl = FRAD |
e | _
| Y
AmAD ! DM

Pue. 36

CrenyeT OTMEeTHTH OTHO BajKHOE METONOJOTMYECKOe OT/INYNe B
nonxonax K petrennio 3anad Mexny (UM&AI) w DM. B DM cre-
IMUAJIBHO TONYePKNBAeTCs HEOOXOMMMOCTD IOJIydYeHNs pe3ylbTaTa B
TaKOM BIIe, KOTOPHIil yIOBIeTBOPSAI ObI IBYyM TpeOGOBaHMAM: OH IIOJI-
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JKeH ObITh NOHATHBIM TOJL30BATENI0 HEMATeMaTUKy 1 BMecTe ¢ TeM
OBITH TPUTONHBIM JIJIS JadbHellIell 06paboTKN KOMITBIOTEePHBIMHT ITPO-
rpammamu. CrenoBaTelnbHO, He BCAKUT GOpMATbHO NMPABMWIBHBIN pe-
3yabTaT OyneT npueMiieMbIM, HYKHO BBIIOJHUTE ellle 1 TpeboBaHuUs
«MPO3PAYHOCTUY HJIs YesloBeKa U MalllUHBbI.

. Muku ¢popMyIupyeT 5TOT Te3uc cienytormM obpasom [124].

1. Cnaburit kpuTepuii: cucTeMa UCIOAb3YeT NaHHBIE IS BbIPa-
60TKU criocobOB ynyullleHud 00paboTKuU OyIyIuX MTaHHBIX.

2. CunbHblil KpuTepuii: ciabbiil KpuTepuit BoinodHsercs. Kpome
TOTO, CUCTeMa MOXKeT TPeACTaBUTh 3T CIOCOOLI B MOHATHONR CUM-
BOJIBHOI hopMe.

3. CBepXCUNbHBIN KpuTepuil: ciabblil U CUIBHBIN KPUTEPUH YI0-
BHeTBOpAIOTCS. Kpome Toro, cmcTeMa MOXKET TPENCTaBUTDL STU CIO-
cOOBI B 3@ (PeKTUBHON ONEPaINORHON CUMBOJBHON hopMe.

Dekoropeie Metonbl All obecneunBalOT TMOJNyUEHHE TaKUX pe-
3yIBTATOB. B 9acTHOCTH, 3aKOHOMEPHOCTH B BHUIE JOTHUECKUX pe-
HUIAIOIINX TPaBUI TPeNcTaBAgI0T cOOON XOPOUINil TPpUMepP: OHU Jerko
WHTEPNPETUPYIOTCS YeJOBEKOM U YIOOHBI I/ IalibHellero MallmH-
HOTO MCIOJIB30BAHUS. JOHSTHBI UeJOBEKY U OMUCAHUS TAaKCOHOB, MO-
aydaeMmbix ajdroputMmamu cemeiicrsa FOREL.

B mpyrux xe caydasx pe3yabTaT, OyYIyIN TPUEMIEMBIM OIS Ma-
HIMHHOTO MCIOJNbL30BaHUSA, OKa3blBaeTCs TPYIHO MOHUMAEMbIM Yeso-
BeKOM. OJTO KacaeTcs BCexX TeX CIyYaeB, KOTNa Pe3yabTaT pelle-
HUS 3a71a9¥ TPeNCTaBIeH TepeuHeM KaKUX-TO dJIeMeHTOB. Jalpu-
Mep, TAKCOHOMUS ¢ TMOMOIIbI0 anropuTmoB cemeiicrBa KRAB maer
pe3yibTaT B Blle NepedHs 06 beKTOB, BXOAAIINX B TOT WM UHOH TakK-
con. Mammra MOXKeT WCIOAL30BATE TaKyio WHGOPMAINIO, a TeJoBeK
B NJUHHBIA NepedeHb HaKTOB MOXKeT TMOBEpPUThH, HO MOHATH OTpaxka-
eMyI0 dTHUM TlepedHeM 3aKOHOMEPHOCTH MOXKeT He Bcerma. UYUTOOGHI
MOMOYb YeJOBEKY, & 3a0QHO YIPOCTUTH 3a0a4y U IIJid MalllUHbIL, Jea-
eTcs Oollee KpaTKOe U MPOCTOe ONUCaHMe pe3yibTaTa B Bule Habopa
MOHSATHBIX YeJIOBEKY TPOCTHIX TOHSTHIl WIN KOHIENTOB (B MAHHOM
ciaydae cdep), TOKPHIBAIOIINX 06IaCTh KakIOTO TaKCOHA.

To xe camMoe TPOUCXOMUT W TWPHU BHIOOpe MHPOPMATUBHEIX TPH-
3HAKOB, KOTMIa Pe3yIbTaT TMPeNCcTaBleH WX TepedHeM. LCIW CIHUCOK
BBIOPAHHBIX TPU3HAKOB OONBLIION, TO ClleflaTh €ro MOHATHBIM HJIs de-
JIOBeKa, MOMKHO TPYIIUPOBKOW OT/eNbHBIX MPU3HAKOB B HeBOJBIIOE
qucso Tpynn. B ommy Tpynmy cobupaioTcs MPU3HAKT, CBI3aHHBIE Me-
KLy COBOI B3AMMHON 3aBHCHMOCTHIO (KOppeInpoBaHHBE MPU3HAKN).
D0 TaKOMY HPUHIUIY U3 TPU3HAKOB GOPMUPYIOT GaKTOPHI, & U3 CHM-
MTOMOB — CHHIPOMBI. CMBICI KaxkNoll OTHeIbHON TPYINBL TOHSITEH



182 I'maBa 13. Ananns nanuoix 1 Data Mining

JeJOBEKY, CTAHOBUTCS MOHATHBIM W BeCh pe3yibTaT.

DpW pacIo3HaBaHUU € OMOPOH Ha THTOTE3Y JOKATBLHON KOMTTAKT-
HOCTT (OPMYIBI Pa3IeNsIONINK MOBEPXHOCTEH MeXK/Iy pasHbIMU oOpa-
3aMT B SBHOM BH/JIe He BBITNCHIBAIOTCA: eNaTh 3T0 OBIII0 6B TPYIHO I
fecTone3Ho M3-3a UX TPOMO3JKOCTH W HEMOHATHOCTH. UTOOBI 00BiAC-
HUTH JelIOBEKY KOHKPeTHOe pellleHne, cHelaHHOe o TpaBuiy Omu-
JKafliero cocema, HOCTATOYHO CKa3aTh, 9TO KOHTPOILHBEIH OOBEKT
oKaszancs Hambollee TMOXOXKWM HA TaKOH-TO TpeleleHT, W TOKa3aTh
(mmm omucaTh) ero. Takoe MpaBuIO TOHSTHO YEOBEKY U JIETKO pea-
TN3YeMO TTPOTPaMMOii.

De Bcerna pesyibTaT, TOHATHLIN MallWHe, YIaeTcs TPUBECTH K
TOHATHOMY IJIs YeloBeKa BULY. OalpuMep, KBAIpaTHUIHAS pellla-
folrras GYHKINA B MHOTOMEDHOM TPW3HAKOBOM IPOCTPAHCTBE IIPO-
3pavHa s MallWHBl, HO MaJl0 YTO TOBOPUT UYeJOBeKy. 3aMeHa ee
HabOPOM THIEPIIIOCKOCTEN TaKKe Mallo TOMOTaeT MIedy — TOIpo-
OyiiTe TMpencTaBUThL cebe Make OMHY THUMEPIIOCKOCTH B TPOCTPaH-
CTBe C pa3MepHOCTHIO Oonbllle Tpex. To XKe, MO-BUANMOMY, MOKHO
CKa3aTh 1 O pe3yIbTaTax (GOPMUPOBAHNI BTOPWIHBIX TPN3HAKOB IO
metonmy MI'YVA [94], HeKOTOPBIX alreGpanvtecKnx MeTONAX MPUHSTHS
pellleHuit 1 T. I.

ObBACHUTE Tpoliece TONYUeHHs Pe3yNbTaTa WIN CaM pe3ylbTaT
B IPOCTHIX IJIs YeJOBEKa TePMUHAX He yIaeTCsd, HO HCIOIB30BaTh 3TN
pe3synIbTaTHl Hid MaTbHENIINX MaIIWHHBIX TPOTenyp MoxHo. Yero-
BeKy JKe TPHUIeTCS YIOBIETBOPUTHCA TeM (PaKkToM, UYTO 3TH pe3yib-
TaThl OOBEKTUBHO MPABMIBHBI: TTPU3HAKN MefiCTBUTENBHO ABIATOTCT
THGOPMATHBHBIMI, O0OBEKTHI PacCHO3HAIOTCS TPABWIBLHO, TTPOTHO3EI
cOBIBaIOTCA.

DpuBeNeHHbIe TPUMePHl TOKA3LIBAIOT, YTO MHOTHe MeTombl Al
MTafoT cpa3y Mpo3pavdHble IJs YelloBeKa I MAIIWHBl pe3ynbTaThl, Ipy-
THe MeTOnBl TpebyIOT HONMOTHUTENBHBIX TPONENyp IS TpUBENeHNT
pe3synbTaToB K TPO3PaTHOMY MJIS YelOBeKa BULY. BaKHOCTH 1 momes-
HOCTH TPO3PATHOCTH Pe3yAbTaTa MNId JelloBeKa TMPU3HAETCS BCEMMU:
JIOMOX03diiKe HeT Mesia 10 TPUHINTOB paboTHl TeleBU30pa, JOCTa-
TOYHO TOTO, UTO OHA MOXKET YIPaBIATHh UM C TOMOIIIBIO HeOOIBIITOTO
KOTMYIeCcTBa KHOMOK. JO KATeTOPpHIeCcKOTO YCIOBUS NeNaTh BCe pe-
3yIbTATH He TOIBKO TPABUIALHBIMI W TPO3PAUHBIMI IS MaIlNHBI,
HO W TPO3PAYHBIMU IIs desoBeka B AJl oObLITHO He BBIIBUTAETCS.

WNneomorus ke Data Mining »To ycrmoBume cumTaeT 06i13aTelb-
HBIM. YTOOH cHenmaTh CIOXKHBIE Pe3yNbTaThl TPO3PATHBIMU, PEKO-
MeHIyeTcs NCTIONb30BaTh IINPOKNit Habop BCIOMOTaTeIbHBIX CPENCTR
B BUZE TPOCTHIX MJIsi MOHNMAHIS 3arOTOBOK (MOIeleil, KOHIEITOB).
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DpuMeHeHe KOHIEITOB HellaeT pe3yibTaT ICUXOJOTHIECKH 6Goliee
npueMIieMbIM, lepepaboTaHHad TakKuM cliocoboM nHbopMaIus CTaHO-
BUTCS IS YeJoBeKa KaK OBl 6oiiee GoraToil. MoxkeT GBITH, HA 5TOM
OCHOBAHUM MOXKHO COTJIACUTLCSA ¢ TEPMUHOM «oboTallleHue MaHHbIX»
(Oll) B KagecTBe PyccKOTO YKBUBaJeHTa TepMuHa Data Mining.

Onue um TOT XKe pesyIbTaT MpPU Pa3HBIX KOHIENTYaJlbHbIX Oa-
3aX MOXKET TOJYUYUTH PA3Hy0 UHTEPIpeTalluio, YTO He TPOTUBOPEYUT
npakTUKe YellOBeYeCKOTO BOCIPUATHUA: Ha OHHOM M ToOH Ke KapTUHe
ONUH BUAUT ONHO, Npyroil npyroe. CHOBa BCIOMHUM BBICKa3bIBaHUe
D. Deitamana [155]: 1eM GosbIlle PasHBIX WHTEPIPETAIUN TOIYTaeT
siBJIeHUe, TeM Tay0xKe Mbl €ero MOHUMaeM.

Dapanurma DM mocne s>1tux mosichenuit mMoxeT ObITH IpencTa-
BJIeHa TaKOll CXeMOWl HellCTBUIL:

(manmble4xoutenT )= (mporpamma DM)=(mpospaumstii pe3yabrar).

Wcmonb3oBanne 3apaHee TPUTOTOBIEHHBIX KOHTIETTOB WIN MOJIE-
Jeft TOTe3HO He TOMBKO I 00BICHEHNS TTOMYyYeHHOTO pesynbTaTa, HO
W JJIsE CaMOTO TPoIecca moJyueHus 3Toro pesyiabrata. Q6 3ToM ro-
BOPUT GoraTas NCTOPHS HAYIHBIX OTKPBITHIT, BO MHOTHX W3 KOTOPBIX
STBHO BUJTHBI CJIE[IBI TIOTBITOK TAKOTO THIIA: «A 4TO eciin onpoboBaTh
Takyio Momenb?! A He o6pasyoT aum O6BEKTH Takyio CTPYKTYpy?! A
YTO eCHi YIOPSHOUNTE OGBEKTHI IO TAKOMY MPABUIY ...

DPHeKTUBHOCTD TAKOH TEXHOIOTHN «0bOoTallleHns TaHHBIX®> MO-
KHO TIOKa3aTh Ha MpUMepax MAIHHHOTO TepeoTKPHITHA HEKOTOPHIX
3aKOHOB TIPUPOMIHI.

§ 2. DepeoTKpbITHE HEKOTOPHIX 3aKOHOB

NPUPOALI

2.1. 3akon Owma [37]. B Bepxueit wactu (R0O) rabm. 9 mpen-
cTaBieH O6yYalONINil TPOTOKOI, B KOTOPOM HpusHak X; yKasbIBaeT
3HadeHne TOKa B aMmmepax, X, - HaIpsKeHus B BoabTax i X, — co-
IPOTUBJICHNS B OMax. Lcim 6Gbl MbI MO3BOJILIN MAIINHEe IPUMEHHTH
KOHIIENT Takoro Tuma, Kak X; X X, = X, win X; = X,/X,, 1o
3afaua MepeoTKPLITHs 3aKona Oma 6blna 66l TpuBHALbHOM. MbI pas-
pelllaeM MalIHe TOIB30BAThCs Golee MPUMUTUBHBIMI OBYX- (¢ > b)
n TpexMecTHBIME (a + b > ¢) orHomenusmu P(2);, P(2),, P(2),
u P(3)i, P(3)y, P(3),. 3necs ornomenue P(2);, nanpumep, nMeeT
3HadeHne MCTHHAY, eCIl TOK B IeIN ¢ GOJbIIe WIN paBeH TOKY B
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wenu b (I, > Ip), a ornowenne P(3), HCTHHHO, €CIN CYyMMa COIPO-
TUBIEHNI B IeNsAX a U b He MeHBIle, YeM COINPOTUBIEHNE B IEII ¢

(Ra‘|’RbZRc)-
Tab6aumma 9

,HaHHBIe, HCIIOJIB30BaHHbIe OJIA IIePeOTKPLITUA 3aKOHa Owuma

X; X, X,
66 8 528
83 7 581
90 19 1260
78 23 1794
59 26 1534
72 34 2448
87 35 3045
61 41 2501
72 52 3744
84 53 4452
97 48 4656
56 56 3136
74 64 4736
64 71 4544
73 110 8030

(7488 = 9472)

90 90 8100

(72 +112)

Asroputm DOMD—1 cocTouT U3 TPONEAYP, BHITIOIHIEMBIX B TPH
sTama. Ja MepBOM >Talle aHalu3upyercs obydatolrias Tabiauna u
dopmupyercs obyualoiiuit mpoTokoa A. Da BTOPOM TeHepupyeTcs
MHOXKeCTBO B TUMOTeTUYecKNX TPOTOKOIOB W OT6UpaeTCs WX TOM-
MHOXKeCTBO B, HAuIyqmnM cnocoboM COTIacOBaHHOe ¢ 00y IaTOTITIM
MPOTOKOJIOM. Ja TpeTheM dTalle BBINUCHIBAIOTCS SBHbIE 3HAUEHUS
NMPencKasbiBaeMOro 31eMeHTa.

OTAT [. AHanus nBYXMECTHBIX OTHOIIEHUH Ha MePBBIX ITBYX
CTpOKax (IeNsx) TMOpOXKIaeT >IeMeHTAPHBIN TMPOTOKOM (TOMIPOTO-
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kon) Pr(1,2) = (P(2);, P(2);, P(2),). Dpu oueBumubix obozmade-
HISX €r0 MOKHO 3amncaTh 6omee kopoTko: (0,1,0). DesympraT cpas-
HEHUsl TepBoil 1 TpeTheil cTpok 3amnuiercs kak (0,0,0), a mpemmo-
crenHell n mocienteit cTpok — kak (1,0,1). B wrore momygaem mpo-
Tokon A, cocrostmuit u3 C? MOATPOTOKONOB, THe N — UHCIO CTPOK
(memeit).

Otan II. Temeps moGasum (n 4+ 1)-10 cTPOKy, B KOTOpOil m3-
BeCTHBI 3HAYEHNS IBYX XapakTepucTnk (X;, X, ) m mombrraemcs mpen-
CKa3aTh TpeThio — X . BoimuiiteM n MOATPOTOKONOB, 06pa3oBaHHBIX
3TOR CTPOKOil co BceMu cTpokamu obyuatorrieii Tabauibl. CpaBHeHue
mepBoil ¢cTpoku ¢ (n + 1)-it maer mommpotokon (0,0,7), BTOpoit —
(1,0,7),a n-it — (0,0,7).

3aMeHUM KaxKIblil 13 >TUX HOBBIX TONIPOTOKOJIOB Ha IBA MyTeM
MOZICTAHOBKN BMECTO 3HaKa «7» 3HaYeHWN HCTUHHOCTH (1) I moxHO-
cru (0). Kaxnpiit BapuanT 3aMeHbI [aeT KOHTPONLHBLT IpoTOKOI B,
a o0ITlee IMCIO TOTYyIaeMbIX KOHTPOIBHBIX TPOTOKOIOB paBHO 2.

O6pasyem mporoxon (;, o6bennHNB B HeM 0OydYalolIuil 1po-
TOKOI A ¢ ONHUM U3 KOHTPOJBHBIX IPOTOKONOB B;. DocunmTaem,
CKOITBKO HEeM3OMOPQPHLIX TOATPOTOKOIOB MOIITHOCTH 2 COMEPKUT TIPo-
Tokon (5. 3alloMHUM HX KOJINYecTBO m;. B Hallem ciydae mHemso-
MOPGHBIX TOANMPOTOKOIOB (KaK MOIIHOCTN 2, TaK M MOIIHOCTH 3)
MokeT GbITH Bocemb: (0,0,0), (0,0,1), (0,1,0), (0,1,1), (1,0,0),
(1,0,1), (1,1,0) m (1,1,1).

DOBTOPUM 5Ty Tpouenypy HopMupoBaHus O06BEIHWHEHHBIX IIPO-
TOKosoB (7; 1 TONCYeTa YICIa HeM30MOPHBEIX IONIPOTOKOIOB 1M 1
OCTaBIM TOJBKO Te BapHaHTHI B*, B KOTOPBIX m; OKa3aloch MIHNU-
MaipHBIM. Ecinm B B* ocranock Gonbllle, yeM onmH mpoTokon G,
TO O HUX MepexoquM K TOACYeTy UYmciia Hem30MOP(HBIX TPOTOKO-
708 MoitHOCTH 3. MokKeT oKa3aThes, YTO HEKOTOpBIE MPOTOKOMIBL (i j
moTpe6yIOT I CBOETO TMOKPHITUS GONBIIeTO YNcia HeM30MOPHOHBIX
TPOTOKONOB, YeM NPYyTHe, U OHNW 6YOYT WCKIATOUEHBl U3 MalbHeH1Iero
PaccMOTpeHNs.

OTAn III. OcraBiimecs TPOTOKOIBI CUNTAITCS TOMYCTHMBIME
U UCTOMB3YIOTCS ISl TONYIeHns TPecKa3biBaeMoll BeInInHbl. Lemn
MOIITHOCTEH TTPOTOKONA PaBHA 2 W MHOMYCTUMBIH TOMNPOTOKON, TMOIY-
YeHHBI Tmpu cpaBHeHWN (n 4 1)-fl CTPOYKM € TepBOil, MMeeT B
(1,1,1), To momygaem mepBHIil BapumaHT mporaosa: X, > 528. Ecmn
cpenm MOMyCTHMBIX ecTh mpoTokoa (0,1,1), mopoxmeHHbIH cpaBHe-
HIUEM C TpeTheil CTPOUYKOM, TO MosBIseTcs BapuanT X, > 1260. Ca-
Moe GoNbIIoe 3HAUeHWe, TPeNcKa3aHHOe ¢ TMOMOIBI0 HBYXMECTHBIX
MpenuKaToB, ecTh X, > 4736.
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Ecmun cpenn momyctmMbrx okasascst mpotoroa (0,1,1) wmormao-
cTH 3, TONYIeHHBIT TPH CPaBHEHUNW HOBOH CTPOKU C OBYMS CTPO-
KaMI — TepBoil I TocieqHeii, To 5To o3HavaeT, 4T0 X, > (4544 +
528). DPOTOKOI CpaBHEHUsS C MBYMs TOCHETHUMN CTPOKAMI, €CITH
61 or mmen Bun (0,0,0), nam 661 BapuanT X, < 9280. Dporpamma,
TPOAHANM3NPOBAB BCE MOMYCTUMEBIE TPOTOKOILI MOIITHOCTH 2 U 3, HaeT
craemyomnit wporuos: 7488 < X, < 9472. Ucrnnnoe snagenue (8030)
HAXOOUTCS B 3TOM TPOMEXKYTKe W He HaMHOTO OTINIaeTCsS OT eTo ce-
penuusr (8480).

DeusBecTHOE 3HAUEHUE TOKA MPU 3aMaHHBIX HANPSKEHUU U CO-
MPOTUBIEHNN (BTOpas KOHTPOIBHAS CTPOKA) MPENCKa3aHO TPOTpaM-
MOIl TaKKe MIaTa30HOM, Cpe[lHee 3HaUeHNe KOTOporo (92) oTamaaercs
ot ucruunoro (90) me Gosee vem Ha 2,3 %. s NOBBIMIEHHS TOYHO-
CTH HYXKHO OO yBeJIMYUTH 00BbeM O0ydYarollero MaTepuala, JInbOo
AHAIW3UPOBATE MPOTOKOILI 60ONbIIell MOITHOCTH — 4, 5 W T. I.

2.2. 3akon Mengnens [70]. OGyuatomuii MaTepual, OTpaKa-
foluil HabIIoNeHus TOro, Kakoe KOIHYecTBO Po30BbIX (X, ) 1 romy-
661X (X, ) IBETKOB WMeeTCsl B PasHBIX MOKOJIEHUSX (X ) IBETHOTO
ropoliika, npeincrapiedo B Tabsa. 10.

Tao6anumma 10
Hamnble, nCmoONIbL30BaHHbIE O/ TePEOTKPLITHA 3aKoHa Memners

Xu Xp X
0 1024 0
1 768 256
2 640 384
3 576 448
4 544 480

(540 <+ 546)
5 528 496
6 520 504
7 516 508

Mg 3HaeM, 9TO eclim B HYJIEBOM TOKONeHWN OLITN TOCESHEI ce-
MeHa TOPOIITKA € PO3OBBIMU NMBETAMU, TO COTIACHO 3aKoHy MeHmens
roiy6bbie MBETHI NOABITCS yKe B TIePBOM MOKOJEHUN 1 UX KOJIUYECTBO
OylleT pacTU OT MOKOJeHUs K TOKOJNEeHUIO, U depe3 HeCKOJbKO MOKO-
JIEHUT PaCcTeHUN ¢ ToayObIMU IBeTaMu OyIeT CTONBKO XKe, CKOJIBKO



§2. DepeoTKphITHE HEKOTOPBIX 3aKOHOB IIPUPOIBI 187

¢ po3oBbIMEL. Ecin 4ncio pacreHuii ¢ po3oBBIME I[BETAMU B HyJle-
BOM IOKOJIeHHN 65110 paBHO X,(0), TO 9HCIO pacTeHuil ¢ TomyGeIMI
nBeTaMu B n-M nokosienun (n > 0) 6ymger

Xo(n) = zn: X,(0)/20+D),

Bapanie mporpaMMe TaKOTO KOHIENTa GBLIO GBI CIMIIKOM GOIIb-
1Ioft mofcKaskoit. JporpaMma HoJKHa 6bLTa HAy THTHCS IeIATh Ipel-
CKa3aHIs, ONNPAsCh Ha Pe3yIbTaThl AHAIIIN3a IPOTOKOIOB, TOCTPOEH-
HBIX B BHfe IBYX-, TPeX- I YeTHIPEXMECTHBIX OTHolrexuii: P(2),
P(2),, P(2), tuna (ag > b), P(3)y, P(3)p, P(3)r Tuna (a +b > ¢)
1 P(4)y, 3(4)p, P(4)r Tuna (¢ 4+ b+ ¢ > d).

Do ommcaHHOMy BbIlle MeTomy mporpamma JIMO-1 obyumnacs
IeaTh MPABUIbHBIE MPENCKAa3aHMs [MI0OOTO dIeMeHTa TabINIbl 10
IBYM OPYTUM 5JIeMeHTaM TOIl XKe CTPOKI. B Tabuminie npuBenex mpu-
Mep TpelcKasaHIs, CIeTaHHOTO IPOTPAMMOil I KoJIndecTBa X, B
derTBepToM nokoteHnu. Paxrudeckn agropurm IMO-1 peanusyer
TUNOTe3y MPOCTOTHI, KOTOpas IPUMEHHTEIBHO K MaHHOMY CIIydato
BBITVIANT TaK: «CPeNN MOIYCTUMBIX IPOTOKOJOB BBIOUpail caMblil
IIPOCTOIT, T. €. TOT, KOTOPBIH ONUCHIBACTCS MUHIMAIBHBIM TICIOM
MOAIPOTOKOJIOB MEHHMAIBLHON MOIITHOCTIIS.

2.3. Depuonnueckuii 3akon MenneseeBa [65]. Cormacuo
dunocopuum Data Mining obmapykenne 3zakoHOMepHOCTel OMHOH 13
CBOUX Ilefleil uMeeT OTOOpaxkKeHUe ITAHHBIX U3 UCXOMHOTO TPOCTPaH-
CcTBa onucanus X B HEKOTOpOe IPyTroe MPOCTPAHCTBO Y , 6osee ymob-
HOe IJIsl BOCIPUSTUSA YeJIOBEKOM.

DPOCTPAHCTBO OMUCHLIBAIONINX XapaKTepucTuk X MOXKeT GBITh
MTPON3BOIBHBIM — JIFOOOH Pa3MepHOCTH, € ITIOOBIM YNCIIOM OOBEeKTOB
HabIoMeHs. JDPOCTPAHCTBO XKe BOCHPUSTHUS JOJKHO OTBeYaTh He-
KOTOPBIM YCJIOBUSM, BEITEKAIOIINM U3 OIPAHNYEeHHBIX BO3MOKHOCTEIl
yejoBevecKoll cucTembl BocmpusTus undopmanuu. OnHo U3 TaKuX
OTpaHUYeHU CBSA3aHO C Pa3MepHOCTHLIO TMPOCTpaHCTBAa Y: oHa He
HOJKHa OBITH OONBINON, TaK Kak 0OBEeKTaMW B MHOTOMEPHOM ITPO-
CTPAHCTBE YelOBEK ONepUpyeT € GOJBIIUM TPYHOM. OPU GOIBIIOM
KoJmyecTBe 0OBLEKTOB BOCIpUsiTUe obJerdaeTcs, €Clii 3TH 06beKThl
0ToGpasnTh B MallopasMepHOe TPOCTPAHCTBO Y, B KOTOPOM O6BHeKTH
OKa3BIBAIOTCS YIOPSIOUEHHBIME 110 WX CBOWCTBAM. DPU 3TOM MOXKHO
00HAPYKUTH Haubollee JIETKO BOCIPUHUMaeMble YeJIOBEKOM JIMHeHble
3aBUCUMOCTH CBOHCTB Y oT cBoiicTB X . Fenn rmobarbHON TnHEHHON
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3aBUCHMOCTH BO BCeM muanasone 3Hadennil X mobuThes He ymaeTcd,
TO MOYKHO TIONBITATHCA BOCIIOAB30BATHCA CYNEPHO3UIUel JOKAIbHBIX
JIMHENHBIX 3aBUCUMOCTEIL.

ChopMmymupyeM TPUHINT A0KAAbHOU aunetinot 2aadkocmu L:
«CnoiictBa X B A-0KpecTHOCTSX TOuKu [ mpocTpaHcTBa Y MeHs-
0TCS O JTUHEHHOMY 3aKOHY, TakK 4TO CBOMCTBAa o0bekTa B TOUKe f
PaBHBI cpellHEMY 3HAUYEHUIO CBONCTB €ro JIeBOro U IPaBOTo coceleli:
X(f)=AX(f-A)+ X(f+A)}/2». Doubsysch H>TUM IPUHINIIOM,
MOYKHO ISt HEKOTOPOTI'O MHOXeCTBa A CKOHCTPYHUPOBATH MPOCTPaH-
CTBO BocmpusiTus Y. DOKaxkeM 3TO Ha ITPOCTOM YUCIOBOM IIpUMepe.

DycTh MHOXKeCTBO A cocTouT U3 ceMu 0ObeKTOB, cBOicTBO X
KOTOPBIX YKazaHo B Tabu. 11. DocTpouM omHOMEpPHOE MPOCTPAHCTBO
BOCHPUSTHS Y € TEJOUNCHEHHBIMU 3HAUEHUSIMU KOOPIUHATHL §. Jo-
MECTHUM B TOUKY Yo J11060# 06BeKT, HapuMep a7. JonbepeM K HEMY
6K alIIero eBoro cocena 1o cBoiictBy X (—). D10, oueBnIHO, Gy-
neT o6beKT a1. M3 mpuBemeHHOTO BHINIE COOTHOIIEHNS MOXKHO HAWTH
oXuImaeMble (IIPOTHO3HBIE) CBOMCTBa mpaBoro cocema: X(+) =
2X(a7) — X(a1) = 12 -5 = 7. DTuM cocenoM OKa3bBaeTcs 06b-
eKT ay. DJasMecTuM HalileHHble TPU OOBEKTa PSOOM IPYT € IPYTOM
no ocu Y (em. pue. 37).

Ta6aouma 11

O6BekTh MHOXKeCTBa A B mpocTpaHcTBe onucanust X

A ay as as ay as ag ay

X | 5 1 |32 7 79| 221 6

Temept MOXKHO TpeAcKas’aTh cocelell M KPAalHUX U3 3TUX DIIe-
MEHTOB: JIEBOTO IUJISL ¢ W TpaBoro nis ay. Cocenom ay nonxeH GHITH
06BeKT co cBoitcTBOM X(4) =2 X 7—6 = 8. O6bekra ¢ TOYHO Ta-
KUM 3HaUYeHuneM X HeT. OJIKaHIuM K HEMY OKa3biBaeTCs OOBEKT ds.
YcmoBuMces cIUTaTh, 9TO pasHuna 8 — 7,9 = 0,1 Menblite momycTu-
MOTO TOpPOTa HApYIIeHUs TAamkocTn (HampmmMep, 0,3), I mOCTABEM
00BEKT a5 cIpaBa OT 0OBeKTa dy.

DporuosHoe 3HaUeHme cBoiicTBa X y JIeBOTO cocena oObekTa
paBHo 4. ODnuxaiiiiiee K Hemy 3HaueHue X y oObekTa a3 paBHO 3, 2.
Orknonenne B 0,8 mpeBbIlIaeT 3aMaHHBIA TOPOT, U MbI TPUXOMUM K
3aKJTIOUEeHNI0, 9T0 OAMKaNIINN JIeBBIN cocell NS oObeKTa ¢ B Ta-
OJIiIle OTCYTCTBYET. OPEANOIOKUM, YTO B IPUPOHE TAKOH OOBEKT
¢ X =4 cyuiecTByeT U OH CIyYailHO He TOMaJ B TabIuIy. DOCTaBUM
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eT0 YCJIOBHO CJI€Ba OT a1 (IMYHKTHP HA puc. 37) U TPOMOIKIM MPOTie-
nypy. CocemoMm ciieBa 0T YCIOBHOTO dJeMeHTa SBIsSeTCs 0OBheKT aj,
€To JeBBIM COCeNoM OVIeT (g, & €r0 JeBBIM COCeloM G3. Bce 06BHeKTH
Tabmn. 11 mamnm wa ocw Y cBoe MecTo. Teleph Jerko BUIETH, UTO
ecnn oOLEeKT ay TOMECTUTE B TOUKY ¥ = 1, TO MeXIY cBoifcTBaMu X
u Y cyImecTByeT MpocTas 3aKOHOMEPHOCTE: & & Y.

XA

ay 7

N

-
Yo Y

Ecrn 06BexTh MHOKecTBa A dtrandfdT dncaoM cBoiicTB, 6OIh-
HINM 9eM OIHO, TO IIPOTHO3 I MONGOpP cocenell HyKHO HelaTh 10 BCeM
5THM cBoificTBaM. B ciydae nByMepHOro IPOCTPAHCTBA BOCIPUSATHS
Y cocensiMu 06BeKTa @ ABISIOTCS YeTHIpe 0OBEKTa: COCel CIeBa (dy ),
capaBa (ay ), cBepxy (dg) n cHU3Y (ay). CBs3b UX CBOHCTB ompeness-
eTCsl COOTHOLICHITEM

X(a) = {X(an) + X(an) + X(an) + X(an)}/4.

Dpolienypa IBYMEPHOTO JIMHEHHOTO YIOPSIOUEHUS aHAIOTIUYHA
ToOll, YTO omucaHa BbIle VIS OIHOMEPHOTO cliyyas: BbIOOp Havyalb-
HOTO 3JIleMeHTa @ U OaumKallllinx K HeMy IBYX cocelleil cieBa U CBEPXY.
3aTeMm MpOTrHO3 CBOMCTB MBYX cOcellell — clpaBa U CHU3Y, TOAGOD 00k-
€KTOB, CBOCTBa KOTOPBIX OTIINYAIOTCA OT NMPOTHO3HBIX He BoJslee yeMm
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Ha 3a/JaHHYIO BEJUYUHY, YCTAHOBKA 3TUX 00BEKTOB Ha CBOU MecTa I
MPOTHO3 HOBBIX cocenieil. Da KaXKIIOM IIare YCTaHABIHBAETCS TOIBKO
ONWH O0OBEKT, CAaMbIll ONW3KUI K MPOTHO3Y, U TOCIe 3TOTO MPOTHO3HI
BCeX cocefieil TOBTOPAIOTCH.

Da sToM mpuHnuTe MOoCcTpoeH amroputm DAMUD [65], mpemta-
3HAUYEHHBIN [JIS pellleHus 3a1ad MHOTOMEpHOro ymopsnodenus. C
nomoltisio mporpamvbel JAMMUD 6bin mpoBeneH psin YKCIEPUMEHTOB
Mo IBYMEPHOMY YIOPSIOUeHU0 00BeKTOB A pasmuuHoil dusudeckoit
npuponbl. B Tabm. 12 mw 13 mokasawbl MHOXKecTBa OOBHEKTOB ¢ Tie-
JTOYNCITEHHBIMI 3HAUeHUSMHU OMHOTO CBOficTBAa X W HAWIYYIIUH WX
MOPSIIOK Ha ABYMEPHON mirockocTH Y. DaninydiiuM CUnTaeTcss TaKkoi
BapUaHT, IPU KOTOPOM CyMMa JIOKQJIbHbIX OTKJOHEHUN OT HUHEHHOI
3aBUCHAMOCTH MUHUMAILHA. INCHN MCTWHHBLIE 3HAUEHUS CBOHCTB 00D-
exTa a; paBHBl X (a;), a €r0 MPOTHO3HBIE CBOMCTBA OKA3aJCh PaB-
HBIMT X (aé), TO OTKJIOHEHUS OT JIMHENHON 3aBUCUMOCTH JIJIs BCEX 1M
00bEKTOB UMEIOT 3HaYeHUs

DycTh HaM JTaHO MHOXKeCcTBO A, OlicaHHOe XapaKTepucTHKO
X(a): 4,8,3,12,9,7,6,7,10,2,8,7,11,4,9,6,7,7,5, 10, 6, 11,
8,5,4,5,9,7,3,6,9,6, 10, 8, 9. Opumenenue asroputma IAMUD
TMO3BOJINIO OTOGPAsSHTEL HTO MHOXKECTBO B IBYMEpPHOE MPOCTPAHCTBO
BOCTIPUSTHA Y, TpencTaBrentoe B Tabm. 12.

Tabaonumma 12

HBymepHoe yropsinoueHne MHOXKeCTBa 00beKTOB A

n
b2 1 2 3 4 5 6
1 2 3 4 5 6 T
2 3 4 5 6 7 8
3 i 5 6 7 8 9
4 5 6 7 O 9 10
5 6 7 8 9 10 11
6 7 8 9 10 11 12
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B tabm. 13 mpenmcraBmen pe3ynbTaT aHANOTHIHON 06pabOTKH
MHOXKeCcTBa 00beKTOB B, ommcanubix coiictBoM X (b): 18, 30, 2, 8,
15,12, 2, 4, 24, 10, 6, 16, 6, 9, 24, 15, 6, 20, 4, 18, 5, 12, 25, 4, 36,
12,1, 10, 3, 3, 5, 12, 8, 30.

Tao6anumma 13

HByMepHoe yopsmodentie MHOXKeCTBa 06HLeKTOB B

n

Y2

1 2 3 4 ) 6
1 1 2 3 4 ) 6
2 2 4 6 8 10 12
3 3 1] 9 12 15 18
4 4 8 12 16 20 24
) ) 10 15 1] 25 30
6 6 12 18 24 30 36

3aKOHOMEPHOCTD, Jler'ko Habnonaemas B Tabiu. 12, Beipaxaercs
dbopmynoit z; = y1; + Y24, @ B Tabn. 13 — dbopmynoit z; = y1; X Ya;-
DalpalinBaeTcs: BIBOI, UTO UCXONHBIH HAGOp OOBEKTOB «He MOJOHS,
OTCYTCTBYIOIINE O6BEKTHl HONAKHBI ObLIH OBl 3aHATE MECTa MYCTHIX
kieTodek B Tabmunax. CBolicTBa >TUX «53KOOOBEKTOBY IETrKO MPOTrHO-
3UPYIOTCS IO TPUBENEHHBIM BhIIlIe WHTEPIONAINOHHBIM HOPMYIIaM.

Bosmoxuoctu anropurma DAMUD Grutl uCHBITAHBL B SKCIIEPU-
MEHTaX MO MePeoTKPHITHIO TEPUOMNIecKOTo 3akoHa MeHmeneena.

Muox)ecTBO A GBUIO TPENCTABICHO XUMHUYECKHMU 3JIEMEHTAMU
IePBBIX CeMH psnoB — ¢ 1-ro (Bomoponm) mo 54-it (kcemomn). 3Ipo-
CTPAHCTBO OMUCAHUS BKIOYAIO B cebs JUIbL TPU CBOHCTBA BIIEMEH-
TOB: &1 — ATOMHBIN Bec, &y — BAIEHTHOCTH MO KUCIOPONY U &3 —
BaJIeHTHOCTH O Bomopony. B kauecTBe MpoCcTpaHCTBA BOCIPUSATHS
ObLIa UCIOIB30BAHA MIIOCKOCTH € HUCKPETHBIMU 3HAUEHUSMU Tepe-
MeHHBIX 43 = 1 + 25w yp = 1 + 25. Ilag KaxKmoro dIeMeHTa Olpe-
NeNIiock BoceMb coceniell, Kak MOKa3aHO Ha puc. 38. ODporpamma
MOXKeT aHaJU3UPOBATH I'JIAHKOCTh MO HBYM, YeThIpeM W BOCHME
HaIPaBJIEHUSIM.
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B Tabm.

Puc. 38
14 mpemcTaBieH pesyiabTaT pabOTHl PO PAMMEI

DAMUD. B kavecTBe HaYaJdbLHOTO OBUI BLIOPAH HIEMEHT € aTOM-
HBIM BecoM 15 (docdop).
CTaHTAPTHOM coBpeMeHHOM mpencTasimennn [130]. OTkimoHeHus OT
CTAHAAPTHOTO BIAA NUMEIOT MeCTO IJIs SJIeMeHTOB IIMHHOTO psana VI
rpynmst VIII (smementsr 44, 45 u 46).

IT
III
v

VI
VII

Tabouma 14

HByMepHOQ ynopsiagodenne XMMIYeCKIX 5JIeMeHTOB

1]

o]

3
11
19
29
37

47

12
20
30
38
48

13
21
31
39
49

14
22
32
40
50

7
)
23
33

41
51

16
24
34
42
52

17
25
35
43
53

10
18
2
36
a6,

54

DaMKOIl IOKasaHa I'paHNIa TabAuIE B

27 28
5

;




§2. DepeoTKphITHE HEKOTOPBIX 3aKOHOB IIPUPOIBI 193

B Tabn. 15 moxaszan pe3yabTaT YIOPANOUEHUWS MHOXKECTBa die-
MeHTOB TabnuIsl ¢ 1-To mo 5H4-i 3a WeKmoIeHneM KpaiiHuX dIIeMeHTOB
INUHHBIX psinoB (27, 28, 45, 46), a Takxe smementos 12, 22, 35 u 39,
KOTOpbhle OBLIN He U3BECTHBI BO BpeMeHa MeHnemeeBa. Dporpamma,
HavaB ¢ piaeMeHTa 17, paccTaBuUiaa Bce dIIeMEHTHI Ha Te MecTa, KOTo-
pHle OHU 3aHUMAIOT B Tabnuie MeHmeneeBa, 0OCTaBUB My CTHIe KIeTKH
B MeCTax, COOTBETCTBYIOIINX MPONYIIEHHbIM diieMernTaM. CBoiicTBa
TPONYIIIeHHBIX 3IeMeHTOB JeTKO MOXKHO HafTH MO WHTEePIOIIITHOH-
HBEIM dopMmynaMm, Kak 1o n menan . U. Mennemnees.

Tabaumma 15

9€3yHLTaT yIopaOoodeHd HeIIOJHOTI'O MHOXKeCTBa 3JIeMeHTOB

I 1 2
1T 3 4 5 6 7 8 9 10
111 [ ] 13 14 15 16 a7 18

v 19 20 21 [ ] 23 24 25 26

\Y 20 30 31 32 33 34 [ ] 36
VI 37 038 [ ] 40 41 42 43 44
VIl 47 48 49 50 51 52 53 54

Kax Bumno m3 »>Tux mpuMepoB, ecan ctoxbinam B Tabm. 14 m 15
COTIOCTABUTEL HOMepa TPYII, a CTpPoKaM — HOMepa PSIoB, TO pe-
ayabTaT nporpaMmmMmbl DAMUD nouTu coBmanaer ¢ pesyiabTaTOM, MO-
ayuenubim . M. Mennmeneesbim. OnHako cienyer OTMETUTH CyIile-
CTBeHHBIE Pa3zNmYus B TpocTpaHcTBax X, mcmonb3ioBamHbIXx Mewnme-
seeBbiM u iporpammoit JAMMUD. H. U. Mennesee, KpoMe aTOMHOTO
Beca W BaJeHTHOCTEN, NCTONB30BaN GONBIIOe YUCIO OPYTUX XUMUYIe-
CKUX 1 GU3TIECKIX CBOHCTB 3IeMEeHTOB: BUIBI COeIUHEHUN ¢ XIIOPOM,
PACTBOPUMOCTE CEPHUCTHIX COSNWHEHWH, TeMIepaTypy IIaBIeHUS,
BeT, 3amax JeTYyUYnX COoeNWHeHWH u MHOToe mpyroe [97,122]. Bce
STH THyHOKTe 3HAHWS 06JIeTYall eMy TONCK «COoCelels Mpu yIopsmoo-
qyuBaHuu diaeMenToB. ClrlenyeT 0OTMeTHTh, YTO 3alada TPYIIUPOBKU
psma >IeMeHTOB pelllajach ellle W TpenllecTBeHHTKaMu MeHnmeneena.
Tax, 66110 U3BECTHO, UYTO B OMHY TPYIIY CleqyeT OTHOCUTE dIIeMeH-
THI C COBpeMeHHBIMT HOMepaMmu: 7—15-33-51; 8-16-34-52; 9-17-53;
20-38-56 u T. n. DouckKazka TaKOTO pofa Moria Obl CYIIECTBEHHO
obseryuTh pabory mporpammbr D AMUD.
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C npyroit cTOpOHBI, MallllHa HCHOJIB30BAJa COBPEMEHHBIE TaH-
oele 06 aToMubIX Becax. [lo MenmemeeBa aToMHbIe Beca OBIIT W3-
BECTHBI HETOUHO, €My TPUXOMUIOCH UCHPABIITh UX yTeM MpelcKa-
3aHUs Ha OcHOBaHUU Beeil Tabuunbl. QuinGKN B 3HAUEHUAX aTOMHBIX
BECOB MOT'YT CYIIIECTBEHHO UCKa3UTh YNOPALOUEHUEe, €CI UCIOIbB30-
BaTh TaKoe HemHoe onmmcanne cBOHCTB X , KOTOpOe MCIOMB30BaIa TPOo-
rpaMmMa.

De3yabTaThl TaHHON paboThl MOXKHO CHOPMYIUPOBATE TaK: MPU-
HIIUIT JIOKQJIBHOW THAIKOCTH sABageTcd 3bGeK TUBHBIM CPeICTBOM OTO-
OpaKeHUs TPOCTPAHCTBA omucanus X B MPOCTPAHCTBO BOCTPUATHUS
Y. CpoiicTBaMu JIOKAJIBHOM TIATKOCTH 0BIIAAI0T TPOCTPAHCTBA BOC-
NPUATUS, TOCTPOEHHbBIE NJI MHOTUX U3BECTHBIX 3aKOHOB TPUPONBl —
sakonoB Oma, JpioToHa, Mennesns, MenneneeBa u op. DTOT IPUHITHIT
IIOJIZKeH HallTu cBOe 3aMeTHOe MecTO B Py KOHIENTOB, UCIOIb3ye-
MBIX B aJTOpUTMaxX obHapyKeHUs 3aKoHOMepHOCTel mimm DM.

Ecnum mpoctpancTBo onucanus X HabmogaeMbIX 06HeKTOB MHO-
KecTBa A HocTaTouHO WHOOPMATUBHO, YTOGK MOXKHO GBIIO TOCTPO-
UTH TPOCTPAHCTBO BOCHPUIATHS Y €O CBOHCTBOM JOKATBLHON THAIKO-
CTH, TO caM TPOIECC TOCTPOEHHs TPocTpancTBa Y ¢ nomorrbio 9 BM
MPUHITUTHAIBHBIX 3aTPYIHEHUI He BbI3BIBaeT. JTO TeM Holee cipa-
BEIIUBO IS TAKUX YIATHO HAWNEHHBIX TPOCTPAHCTB X, M KOTO-
PHIX MPOCTPAHCTBO Y YHOBIETBOPAET CBONCTBY TOOANBLHON JUHEI-
HOIl THATKOCTH.



YacTrs 111
AHanu3 3HAHUU U CTPYKTYP

I'nmaBa 14

MeTpuka B IpocTpaHCTBe 3HAHUN

§ 1. Mepnbl 6iM30CcTH MEXAY NMpequKaTaAMU

3HaHNS, KOTOPBIE NCIOIL3YIOTCS B DKCIIEPTHBIX CICTeMax, 4acTo
OLIBAIOT TIpeNCTaBIeHbl B BUIe MPOLyKImil Tuma «ecan X1& X048 ...
TO A». DpH 5TOM 3HaYeHNS IepPeMEeHHBIX MOTYT 3a0aBaThCs Pa3HBIM
crocobom, Hampumep: X1 = 7; Xo = (2+6); X3 = (a VbV ¢);
X4 > 0n 1. n. Taxoii crennduyuHbIil BII TpeIcTaBJIeHNs 3HAHNN Ha-
JaraeT GOJIbINNe OTpaHNYeHHs Ha MeTONBl paboThl ¢ HuMu. MeTomb
JIOTIMYeCKOTO BBIBOIA, ONMUPAOIINecs Ha CPpaBHEHHe JeBLIX U IIPaBLIX
gacTeil nByX Ipomykuuii cpencrBamu s3bika PROLOG, paccmarpn-
BalOT BCe MepeMeHHble Yepe3 MpU3My [IKalbl HauMeHoBaHuii [146], u
pesyabTaT CpaBHEHIS CUMTAeTCs IOJOKITeIBHEIM, eCIl HMeeT Me-
CTO TOUHOE COBIaJIeHIe 3HAUeHNIl cpaBHIBaeMbIX IIPeIUKaTOB. Bemmn-
YHa OTIHYNS 3HaUeHU MpelnKaToB POIN He NTPaeT, HOMHHAILHAL
IIKaJIa He IT03BOJIZeT OlepipPoBaTh TAKIMU HOHATHIMN, KaK CTeleHb
IIOXO0KeCTH, 6II30C T, AHAJOTHIHOCTH, T. €. MOHSTHAMHI, Ha KOTOPBIX
OCHOBaHBI YeJI0BeUecKlle CIIOCOBE PacCyKIeHH o aHaJornn. $lcHo,
YTO I PACUINPEHHs JIOTMUECKIX BO3MOKHOCTe SKCIIePTHEIX CILCTeM
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HYKHO HAYYUTHCS U3MEPATH CTelleHb MOXOKeCTH 3HAHWN WA BBECTH
MeTPUKY IS U3MepPeHns PacCTOSHU B TPOCTPAHCTBE 3HAHII.

Taxkas MeTpuka 6buta BBemeHa B [81]. MoxkHO cunTarh, UTO Ka-
KB PEIMKaT OTpakaeT 3HaHWe HSKCIepPTa O paclpelesleHun BO3-
MOKHBIX 3HAQUCHUIl MaHHON XapaKTepucTHKU. Y TBepkueHume Xz =
(aV bV c) paBHOCHIBHO yTBEPKIEHNIO, ITO TPeanKaT X3 ¢ OTMHAKO-
BOIT BepOsSTHOCTBIO (1/3) MOKeT MPUHIMATE ONHO W3 TPexX 3HAUEHMIT,
a ycroBue Xy = (2 +5) o3nauaer, uTo Xo ¢ BeposTHOCTBIO 0,25 MO-
KeT ObITh paBeH OMHOMY W3 YeThIpeX 3HauyeHUil B OHMala3oHe OT 2
1o 5. CrenoBaTelbHO, pacCTOSHIE MEKIY OTMHOMMEHHLIME IIPeInKa-
TaMil MOKHO OIPelesisSTh depes PACCTOSHIe MeXKIY HBYMS paciipese-
JEHUAMI BePOSTHOCTEI.

DpennoxenHas Mepa [ U3MEPEHUs 5TOr0 paccTosHus R =
f(r X h X w) yInTHIBae€T PACCTOSHNE T OT BCEX IEMEHTOB OIHOTO
pacupene/ieHns 00 BceX DIeMEeHTOB IPYroro, SHTPONUiHYIo Mepy h,
GIN3KYIO 1O CMBICIY K HUCIHEPCHE paclpelefNeHnii, I cTeleHb w Ie-
pecedeHNs pacIpenenennii (BeInInHy 00MaCTH «KOHCEHCYcay). DTH
apTYMEeHTHI BBIUNCISIOTCS CIASLYTOIINM 0Opa3oM.

Ecmn ¢yuxunn mrotHOocTH BeposiTHocTH fi(2) m fo(z) orpa-
KAIOT CYKICHUS IBYX SKCIIEPTOB O 3HAUCHUN IpennkaTa X Ha yyacT-
K€ OT Zin, T. €. MUHIMAIBLHOTO 13 BO3MOKHBIX 3HAUCHUI, O 'max —
MaKCHMaJIbHO BO3MOKHOTO 3HAUYEHIS HTOrO TpelnKaTa, TOrma pasin-
YU IBYX paclpeefSeHnil M3MepsoTcs BeJInYnHOR

Tmax

=05 / fi(e) — fola)] da.

Lmin

B muckperHOoM ciydae pasmenuM ock X, 0TOGPaKaIOIIYIO MHe-
HUe HKCTepTa O paclpelelleHuu TpeanKaTa, Ha m JacTel (KBaHTI/I—
ﬂeﬁ) TaK, YTOOBI B KaxKOOi YacTU OblIa 3aKI0YeHa IIOTHOCTH Be-
POATHOCTH, paBHas 1/m (CM. puc. 39, a). DpaBas rpaHUIa IepBOTO
KBaHTWIS HAXOOUTCS B TOUYKE Z11, BTOPOTO — B TOUKE Zi3, -0 —
B TOYKE Z1; M T. O. IO T1m,. AHAJIOTHYHO TPAHUILI KBaHTUIEH pac-
mpeneneHnst, YKa3aHHOTO BTOPLIM DKCHEPTOM, HAaXOMSITCS B TOUKAX
Ty T2y v ey L2y vy Toyp. JACCTOSHIE BBIPAKACTCI BEIMYIHON

m
r= Z |x1i - $2i|/($max - xmin)-
i=1
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DpuHUMaeTCs, YTO yeM GoJblile 0BJIacTh HepecedeH s IBYX pac-
mpemenenmit (067acTh KOHCEHCYCA), TeM MeHbIle paccrosane R. Om-
penesuM BeJIUYUMHY w, CBA3AHHYIO ¢ 00JIaCThI0 KOHCEHCYCa:

T
w=10,5 E | Py — Payl,
t=1
rae T — ducyo menenuii, paBHOMEPHO paciipene/leHHbIX BIOIbL ocn X,
a Pi; m Pyy — yKasaHHbIe dKCIepTaMil BepOSTHOCTH HONATaHus olle-
HOK B {-10 rpamanuio (cM. puc. 39,6 ).

Lmin 11 12 . . . T14 P T1m Tmax L1
a
T T :w
Tmin T21 T22 ... T2 . . . T2m Lmax
y 1t \ -
0 1 2 t T T
7]
Py .
0 1 2 t T x
: 1z
0 1 2 t T z

Pue. 39
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DaccTosHIe MEKIY CYXKICHUSIME SKCIEPTOB 3aBUCHT U OT KaTe-
ropuunocTn (h) nx omenok (cm. puc. 39,6). Dpu ONHUX U TeX Ke
paccTOSHUSX 7 U w Mepa R cunTaeTcs Tem Gomblieil, dem Gosblie
pacIpeleseHnst, OTpaKalollle MHEHIS 5KCIepTOB, OTIMIAIOTCI OT
PABHOMEDPHOTO PacIpeNeNeHns [0 BCeMY NUANa30Hy 3HAUCHIUI OT &min
IO Zpax. Benmanua h HaXOMUTCS CIELYIONINM 00pasoM:

T
h=0,5(h1+hy), h1=0,5% |Py—1/T|,
=1
T
h2=0,5)|Py - 1/T|.

t=1

O6itas Mepa paccTosHus R Mexny mpenukaTaMi, OTpaKato-
IIIMHT 3HAHUS OBYX HKCIEPTOB 0 XapaKTepucTuke X, Temeph MPUHE-
MaeTcs paBHO# r X w X h. DTa Mepa yIOBIETBOPSET TaKUM eCTeCTBeH-
HBIM aKCHOMaM, KaK HellPepbIBHOCTh, CHMMETPUIHOCTH U TPaH3UTUB-
HocTh. MMetoTcs cmocobbl BHIUMCHEHUS Mephl R M TMOPSIKOBHIX W
HOMUHAJIBHBIX TITKAJ.

DpoBepKa TPaBOMOUYHOCTH MPUMEHEHUS OMUCAHHON Mephl feJa-
Jach MyTeM HKCIEePTHOIO ONEHUBAHUS. OBLIN TPeIbsSBIEHbI pasiny-
Hble Mapbl pacnpenefeHnii, u >KCIepThl yIOPAIOIUBAJIU 3TH Tapbl MO
CTelleHN UX ToxokecTH, 6mmzocTu. Mepa 6amsocTnu, HafimeHHas IO
NpuBeleHHON dopMye, coOXpaHsiila YCTAHOBJIEHHBIN >KcmepTaMu Mo-
PAIOK.

§ 2. DaccTosHne MeXNIy 3HAHUAMH

3Has paccTosHUe MeXIY OMHOMMEHHBIMU TpequKaTaMu, MOXKHO
MOCTPOUTH MePY PACCTOSHUSA U MeXKIy NBYMS 3HaAHUAMU, BKIIOUAO-
MU B ceOsl HECKOIILKO TTPenuKaTOB.

Ecnu skemepT He BLICKA3bIBaeTCs O 3HAUEHUN HEKOTOPON Xapak-
TEePUCTUKM, TO 3TO O3HAaUYaeT, YTO OH JI1MOO He 3HaeT >TOro 3HAYeHU,
nu6o cUYNTaeT NAHHYIO XapaKTepucTUKY HecyIllecTBeHHo#. B ToMm u
IPYTOM clIydae MOXKHO CUMTATh, YTO JJIS HETO BCe 3HAUEHUS XapaKTe-
puctuku X PABHOBO3MOXKHBI. JTO MPENTONOKEHNe MO3BOIIEeT HAXO-
IUTh PacCTOSHUE MEXKIY 3HAHUSIMU, €CJIU HakKe SKCIEPTHhl ONepupyIoT
He MOJHOCTHIO COBHAMANINMU HabopaMy XapaKTepUCcTHUK: pacipe-
IejleHts 3HaUYeHu# OTCYyTCTBYIOUINX XapaKTepUCTUK TMPUHUMAOTCS
PaBHOMEPHBIMU B AUANA30HE OT Zpin A0 Tmax-
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DaccrogHne MeXOy OBYMA 3HaHUAMHU, IIpedcTaBJICHHBIMU IIPO-
OYKOUAMII, COCTOAIIINMMUI U3 1 IIPeANKaTOB, II0 aHAJOTUN ¢ N-MePHBIM
€BKJINIOTOBBIM paCCTOAHUEM HaXOOUM II0 (pOpMyJIe

R=\/R}+ R+ -+ R2.

DosiBileHIe Mepbl OJIM30CTH B MPOCTPAHCTBE 3HAHUN OTKPHIBaeT
GONBIITTe BO3MOKHOCTH IJIsI COBEPIIEHCTBOBAHNUS CHCTEM, OTIEPUPYIO-
IMUX 3HAHUSMU. DPUMEHUTEIbHO K SKCIEPTHBIM cucTeMaM o0 3TOM
OyleT cKa3aHo B raaBe 17.

MeTpuka B mpocTpaHCcTBe 3HAHWH MO3BONAET HOPMYINPOBATE U
pelaThk Ha MaTepualie 6a35LI 3HAHWH Te ke 3aMaTl, KOTOphie OOBIIHO
peliatoTcst Ha MaTepualie 6a3bl NAHHBIX. JOSBISETCS BO3MOKHOCTH
IuTst paspaboOTKN MeTONOB aHanu3a 3HaHuil (A3), aHATOTMIHBIX pac-
CMOTPeHHBIM paHee MeTomaM aHanm3a maHubXx (All). Depeiimem &
OTMMCAHWIO MeTONOB aHaln3a 3HAHWH.
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MeTonbl aHajin3a 3HAHUN

§ 1. TakcoHoMus 3HaHUM

B 6asax smaunuit (93) cumcTeM NCKyCCTBEHHOTO WHTEIEKTA HaKa-
mauBaeTcs 60ILINOe KOANIeCTBO 3HAHUN, KOTOpPLIe W3BIEKAOTCT M3
TAHHBIX aBTOMATHIECKN (¢ MOMOIIBIO JOTTIECKNX PEIIaoInx QyHK-
i) Tubo MOy daloTCs WHAKEHEPAMN 10 3HAHUSM OT 5KCIepTOB. Do-
TBITKA pa3obpaThes B COMEPKAHWN HTOTO XPAHWIUINA ONLITA W MY-
IPOCTH €CTeCTBEHHO MPUBOAAT K HeOOXOMUMOCTH HABECTH B HeM He-
KOTOPLITl TpenBapuTeNbHEI TOPIOOK. B mepByio odepent BO3HUKAET
JKermaHnme paszobpaThCs B CTPYKTYpe DTOTO WHPOPMAIMOHHOTO Mac-
CUBa, BHIIEANUTE B HeM HEKOTOpPHIe MOMMHOKECTBA B UeM-TO TTOXOKNX
IPYT Ha OpyTa 3HAHUN, HAfiTH THNMUYHLIX TpefcTaBuTedell KaxKIoTo
TaKOTO TMOMMHOXKECTBa, T. €. CTABUTCA 3a/1ada CleJaTh TaKCOHOMUTO
3HaHU B D3,

C mnosiBieHueM Mephl PACCTOSHUS MEXKIY 3HAHUSMEU 5Ty 3129y
MOXKHO PEIUTEL ¢ TOMOITBIO OMUCAHHBIX PaHbIlle aJiTOPUTMOB TaKCO-
HOMUM. DYXKHO JIUIIE TPENBAPUTEIbHO BHIUUCIUTH PACCTOSHUS Me-
KNy BCEMU MapaMy WMeROMTUXCcs 3HAHU{. OPU 3TOM MOXKHO YUUTHI-
BaTh PACCTOSHIS MEKIY JIEBBIMU JaCTSIMI TPOLYKINT (yCIOBUAMIE ),
MPaBBIMN (CJIENCTBUSMIT) WM TPOLYKITHSIMI TEITNKOM.

Opumenerue airopurmop cemeiicrBa FOREL mosposuT mosy-
YUTH CTPYKTYPHBIE 5JI€MEHTHI (TAKCOHBI) MPOCTON I TOTOMY JErKO
HHTepIpeTHpyeMoit GopMbl. ILIg KaxXmoTo TaKCcoHa MOKHO HAll TH eTo
MeHTP W yKa3aTh 3HaHme, Hanbonee 6am3koe kK HeMmy. IlleHTp MoxKHO
UCTONB30BATEL B KadecTBe TUMWYHOTO TPENCTABUTENS MAHHOTO TakK-
COHa 3HaHWII.
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Taxconomusi Tpu pasHbIX paluycax runepcdep MO3BONIET MO-
CTPOUTH NEPEeBO TAKCOHOB. Kro KopHeBas BepllinHa XapaKTepusyer
D3 B mesoM, a BepIIUHBI-IUCThS COOTBETCTBYIOT OTIEIbHBIM 3HA-
HUSM. Da KaXJOoM HepapXuiecKoM YPOBHE nepeBa OyneT oTpaxKeHa
CBOSI CHCTeMa KIaCCHMOUKANNN 3HAHUN WIN CHCTeMa TOHSTHI (IoMe-
HOB [127]). Ecim ¢ukcupoBaTh CTPYKTYPHI, KOTOPEIe BO3HIKAIOT Ha
PasHBIX STalaX HAMNOMHEHUs I3, TO MO0 HUM MOXKHO PEKOHCTPYHUPO-
BaTh MCTOPUIO CTAHOBJIEHUS MaHHOW oTpaciu 3HaHuit. MoxHo Bu-
IeTh, KaK BO3HUKAIN M GBICTPO POCIN OMHN TAKCOHBI (TOHATIS ), KaK
HEKOTOpbIE TTOHSTUS CTAHOBMIINCE UPE3MEPHO MeperpyKeHHbIMU U [e-
JUINCH HA COCTABHBIE YACTH, NPyTrie TaKCOHBI TepecTaBallil Pa3Bl-
BaThCs U HPHU OUEpenHoil peBuznu I3 wcue3adu U3-3a MOTEPU aKTy-
AITBHOCTH.

Taxconomust sHanuit asroputmamu cemeiicrsa KRAB nosBosaser
OOHApPYKUBATh Goliee CIOXKHbIE CTPYKTYPHbBIE BJIEMEHTHI, KOTOpPhIe
OTpaKaioT OOBEK TUBHO UMEIOIIYIOCS CTPYKTYPY, HO 3aTPYIHSIOT MO~
HUMaHUe TOJyJYaeMblX Pe3yibTaToB uersoBekoM. s obieruenus mo-
HUMAHUs MOXHO OIUCATH Pe3yiibTaThl HAOOPOM HTPOCTHIX QUTYP —
runepedep WIH THIePTapalieNeiieoB — ¢ MOMOIIbI0 aJropuTMa
H29T.

Kaxk 6ymer mokasano B ryiaBe 17, cTpyKTypu3amnus )3 MeTOMAMU
TAKCOHOMUY TO3BOJISET yCOBEPIUIEHCTBOBATEL Pl BaXHBIX XapaKTe-
PUCTUK SKCIEPTHBIX CUCTEM.

§ 2. Dacno3suaBanue o6pa3oB B IIPOCTPAHCTBE

3HAHUN

Opencrapum cebe, urTo Gasa 3HAHUN CTPYKTYPUPOBAHA U Ha ee
BXOII TIoaeTcsl HeKOTOpoe HOBOe 3HaHUe ¢. TpebyeTcs ompenednTh, K
KaKOMY 13 MMEROIINXCS k TakcOHOB (06pa3soB) cielyeT OTHECTH 5TO
HOBOE 3HaHUe. DO CBOEMY CMBICIY 5TO THUIIMYHAS 3alada Pacro3Ha-
BaHUA 0OPa3oB.

Ecnu wexonuTh m3 THMOTE3B YHUMOMAILHON KOMTAKTHOCTH W
HOPMaJILHOTO 3aKOHa paclipellefieHls 3HAHUN KaxKaoro obOpasa, TO B
KagecTBe HTAJOHOB MOKHO OCTABUTH 110 OMHOMY (THIHIHOMY ) TIpel-
cTaBUTeNo Ha 06pa3. B sToM KadecTBe MOXKeT BRICTYTIATE AUGO OTHO
3 peaThHO MMEIOIINXCs 3HAHUiT (caMoe BIM3K0€e K IEeHTPY TAKCOHA),
160 UCKYyCCTBEHHO CUHTE3UPOBaAHHOE 3TaJIOHHOEe 3HaHMUe.

Opu Cco3MaHUU UCKYCCTBEHHOTO 5TAJOHA HYXKHO IS KayKIoro
IpeanKaTa B OTHeBHOCTN HAlITH €r0 «CpelTHee pacliperelleHnes, T. €.
TaKoe, paccTosHUe OT KOTOPOTO /IO COOTBETCTBYIOIINX MPequKaTOB
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BCcex 3HAHUN HaHHOTO 0O6pasa GO Gbl MUHMMaNbHBIM. C 5TOM Tie-
JIbI0 HYKHO TPOCYMMUPOBATH IMJIOTHOCTY BEPOATHOCTEN s KaxKIoil
u3 T Tpamannii maHHOTO TMpeqUKaTa BCeX m; 3HAHUN :-To obpasa o
3aTeM Pa3meNuTh TOAYUeHHBIe CYMMBI Ha m;. DB pesyabTaTe mo-
JIYUINTCS HOPMEUPOBAHHOE pacIpelesenne npennkaTta (cm. puc. 40).
Ero mnoTHOCTE B Kaxkmoil Tpamalul TpencTaBiaseT coboil cpemHea-
pudMeTUUeCKOe 3HaYEHMe IOTHOCTEH 3TOl rpagalun y BcexX 3HaHuil
obpasza, 4To obeclieunBaeT MUHUMYM CYMMBbI PAcCTOSHUI OT 3TOrO
«IIeHTPAITBHOTO» TIPeANKaTa OO COOTBETCTBYIOIINX MPETNKATOB BCEX
3HAHUN maHHOro obpasa. CuUHTe3UPOBAHHOE M3 TAKUX HCKYCCTBEH-
HBIX TPeIUKaTOB 3HaHUe Oy/leT TPUHUMATHCS HAMW 32 >TaJoH obpa3sa.
DacrnosHaBaHUe MPUHANIEKHOCTU 3HAHUS ¢ K OMHOMY u3 k 06pazon
MOXKHO JleJlaTh M0 MUHUMYMY PacCTOSHUS IO >TaJIOHA.

P,
) /,\ 1t /\
1 \
r \
) // M
Pmit
m; A ey
Py
0o 1 2 t T *

Eciu pelraoliiee IpaBuiIo CTojgb A%U)Hopoﬁ Ha TIpereneHThl, TO
Ha pTare obydeHus s BHIOOpa HeOBXOOWMOTO W JOCTATOUYHOTO Ha-
60opa OIMOPHBIX 3HAHII MOKHO BOCIONIL30BaThes airopuTMoMm STOLP.
Da HTame pacro3HaBaHIs MOXKHO IPUMEHATE MPaBIIO OMHOTO WK He-
CKOJILKUX OIMKARIINX cocemneil.

Fenm BBecTm moporoBoe 3HaueHme QYHKINW TPUHAIIEKHOCTH,
TO 3HaHUWE ¢, KOTOpPOe M0 >TOMY KPUTEpWIo He TMPWHAIIEKUT HU K
omHoOMy 3 k mMerommuxcs o6pas’oB, paclo3HaeTcs B KadecTBe Ipel-
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CTaBUTEJSS HOBOIO (k + 1)—ro obpasza. TakmMm cmocoboM CTPYKTYpa
O3 amanTupyercs K XapaKTepUCTHKaM M3MEHSIOIIErocs MOTOKa HO-
BBIX 3HaHUI.

§ 3. BoiGop nH@OpPMaTUBHOTO MOAMHOXKECTBA

npeagnkKaTroB

W cxonubIM MHOKECTBOM IPEINKATOB MOKHO CIHNTATH CIICOK TexX
IIPeNNKATOB, KOTOPbIe yIoMuHaoTcs B D3 xoTs 661 onnn pas. Uudop-
MATHBHOCTD IIPENUKATOB B PA3HBIX 3a/avax aHA/IN3a 3HAHUI MOXKET
BBITVIANETH NO-pasHoMy. MBI paccMaTpuBaeM 3Iech IBe 3aMadil: 3a-
Iady MpelCcKasaHls IeJeBOTO IPeNNKaTa, 3aJaHHOTO B HellPepBIBHOI
MIKade (aHAJOT 3aladll PerpecCHOHHOTO aHalmsa), I 3agady Ipel-
CKa3aHUs IeJeBOTO MpPeNNKaTa, 3a[aHHOTO B IIKale HANMeHOBAHMUIl
(3amada pacrosHABaHMUS ).

Ecin canrars, 94To mpenukaT X He 3aBICHT OT APYTUX Ipenu-
KaTOB, TO ero NHGOPMATHBHOCTD B 3alatde PErPECCHOHHOTO aHAIN3A
MOXKHO GBLIO OBl OIEHHBATH [0 KOPPEISINN ero 3HaUeHHl co 3Ha-
TeHISIMI 1[eIeBOTO TPeIUKaTa, eciln OB Mbl yMeIN BBUHCISATEH KO-
SOOUINEHT KOPPeNISIuN MeXIy IpPeNNKaTaMU, 3aJaHHBIMI CBONMI
pacipenefeHIsIMI. BBUIY OTCYTCTBHS TAKOTO alllapaTa OMNpPaeMcs
Ha CIeOyIOINyIo TUIOTe3y: ecln OpenukaT X, WHOPOPMATHUBEH, TO
ero MaJible I3MeHeHIs BBI30OBYT Mallble M3MeHEHUs IeIeBOTO Ipei-
kara X, a Gonbline N3MeHeHIsT — GOIbline. Belmanty m3MeHeHIs
KaXKIIOTO IpeNNKaTa OIEeHNBAeM IO OIMCAHHOMY BBIIIe PACCTOSHIIO
MeKIy pacipenegenusivMu. OT KOPPeNISINN MeXKIY MPEINKATaMHI MbL
KaK OBl epexolnM K KOPPeIsINu MeXIy IX IePBBIME Da3HOCTSIMIL.
Ecin Momys 5Toil KOPPeSINI BBICOK, 3HAUNT, IPeIuKaT X, CHIBHO
CBSI3QH C IIEJEBBIM IPEINKATOM X, U ero clleyeT CINTATh BaKHBIM,
HHGOPMATIBHBIM.

Takoif e TOIXOI MOXKHO HCIOIB30BATH U /IS ONEHKI HHPOPMa-
THBHOCTH CBS3KN U3 IBYX, TPeX I T. I. IPEIUKATOB C IeJIeBBIM IIpe-
mukaToM X, DYAKHO BLIYHCINTL PACCTOSHUS MEXKIY BBHIODAHHBIMIE
IIpeNUKATAMII U3 JIEBBIX YacTell BCeX Map 3HAHUII U PACCTOSHUS Me-
Ky 3HAUEHNIMI IIeJeBOTO IIPeINKaTa IJIs TeX Xke Iap. B pesymbraTe
MOy YHTCS [Be CePUN WHCel, IO MOLYII0 KOPPENISINI MeXKIY KOTO-
PBIME MOXKHO CYIHTH O BIISHIN BHIOPAHHBIX IIPEINKATOB Ha IIeJeBOil
IIPENKAT.

B cayuae 3amadn pacnosHaBaHms 06pa3soB 06 NHGOPMATHBHOCTI
npennkaTa X, M0 OTHOIIEHNIO K IeJeBOMY (HOMIHAJIBHOMY ) IpeLi-
KaTy X, MOXKHO CYOUTH IO TOMY, BBIIOJHSETCS TN Ha 5TOI mape
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TMpequKaTOB TUMOTe3a KOMTAKTHOCTH. Ecaum oHa BBEITOIHSETCS, TO
paccTosSHUA MeXAy TpenunkarTamMyu X, 3HaHUIl, IMEOIINX OIHO I TO
Ke 3HAUYeHWe IeeBOr0O mpennkara (T. €. TMPUHAIIEKAIINK OTHOMY
n TOMy Xe 00pa3y), HOKHBI OBITH MAaJBIMH.  DACCTOSHES XKe
Mexny X, U3 pa3sHBIX 0Opa30B NOMKHBI OBITH OOMBIINMU. DTO 3Ha-
YUT, YTO 3HAHUI OJHOrO U TOTO Xe oOpasa B IpocTpaHCTBe X,
IOJZKHBL OTOOpaXKaThCd B «KOMIAKTHBIE CTYCTKWU», yIaJeHHble OT
CTYCTKOB TIpelicTaBUTeNelt npyrux obpasoB. Iemm »To Tak, Torma
(YHKIUN TPUHALIEXKHOCTH BCeX 3HaHUN oOydalolleil BBIOOPKN
K cBomM obpaszaM 6ymyT 6ombllle, 9eM K UyKUM. KomamdecTBeHHO
00 uHDOPMATUBHOCTH Ipennkara X, MOXKHO CyOUThH MO TeM XKe
KpUTEPUSIM, KOTOPble MCIONbL30BAINCh, U NMPU PacHO3HABAHUM [TaH-
HBIX: YMCIY 3HaHUii, olinbOYHO paclio3HaBaeMBbIX MO 3>TOMY Hpenu-
KaTy. OPU HUCIOJB30BAHUN TPEHeleHTOB O HU3KOW uHDOPMATUBHO-
CTU TpeduKaTa OylIeT TOBOPUTH BONIBIIOE KOJNIECTBO HEOOXOMUMbIX
npeleneHToB.

Ecnu ycmoBume KOMTaKTHOCTY He BBLITIONHSAETCS, 3HAUYNT, TPEIn-
kaT X,, B3ATHIl B OTHENBHOCTH, He OyIeT CHOCOOCTBOBATH yCIeMI-
HOMY Paclo3HABAHUIO HOBBIX 3HAHUIl M ero cienyeT cCUMTaTh HEUH-
(HOPMATUBHBIM. DpaBia, >TOT HPEIUKAT B IPYIINe ¢ IPYTUMU TPEHi-
KaTaMl MOXKeT OKa3aThcsd MHGOPMATUBHBIM, HO JUJIS MPOBEPKU 3TOTO
NMPENONoKeH NS HYKHO UCIBITATh €r0 B COCTaBe TaKUX IPYII.

YcrmoBue mpoBepKW Ha WHGOPMATUBHOCTH HAS TPYII WX IOBYX,
Tpex 1 OOJbIIEero Yncia NPeIuKaToB TO XKe, YTO U OJIsS OJHOT0: HYKHO
NPOBEPSTH, BHITIONHAETCS JIM OIS HUX THHIOTe3a KOMIaKTHOCTH.

Scro, 9To 6OMBINNE BEIYUCIUTENbHEIE TPYIHOCTH, COMTPOBOKIA-
forrme Takoro pona NP-momuble mepebopHble 3a0adl, B TAHHOM CITY-
Jae yCyryoJasioTcs CIOXKHOCTHIO ONpeleleHus PacCTOSHUN MexIy
3HAHUAMEI. [{OMOTHUTeNbHBIe TPYOHOCTH MOTYT BO3HUKHYTE, €CIH
3aBUCUMOCTY MeXKIY TpeduKaTaMi HOCAT HeJIMHelHbI XapakTep, KO-
TOPBIN K TOMY Ke MOXKeT MeHAThCS NPU Pa3HbIX 3HAUEHUIX IPYTux
MPeIUKaTOB (HAIPUMep, TaK MEHSeTCS BINSHNE CONePXKAHWs a30Ta
Ha POCT PACTEHMUIT TP HU3KNX I BEICOKNX TEeMIePaTypax). JPu 5TOM
npuaeTcs NoJIb30BaThCcsa MeTolaMu OOHAPYKeHUs KYCOUHO-TUHERHBIX
3aucnmocteit [105].
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§ 4. 3anosinenune npoGesioB B 6aze 3HaAHUM

Crucok 3HaHUil MOXHO 3amucaTh B Bujle Tabauibl Toil xe Gop-
MBI, UTO U Tabiuia «00bekT-cBoiicTBO». CTPOKY ¢ B Takoll Tabiuie
3aHWMaeT 3HaHWe Z;, a j-if cTonbell oTpakaeT MHEHUS DKCIePTOB
0 3HaYeHUAX npenukara X;. LEcmuw wadopmanns o 3HadyeHmHm j-ro
IpeIuKaTa B CTPOKe ¢ OTCYTCTBYeT, TO 5To 3HadeHme (F;;) MOKHO
TMOTBITAThCS TPENCcKa3aTh € TOMOIILIO aATopuTMOB ceMeiicTB ZET
u WANGA.

B anropurme ZET BHauame or6GupaeTcd KOMIIeTeHTHas IONTa-
6muia pasmepom k ctpok n f crombuos. Ctpora Z, (v =1,2,...,k)
BKIIOUAETCSA B UNCIO KOMIETeHTHBIX, eClI OHA CONepPXKUT WHPOpMa-
unio o j-um npenukare (Py;) u BxonuT B uncao k manbomee 6IM3KIX K
CTPOKe Z; 110 PacCTOSHUIO R ,.

O kommerentnoctn cronbua X, (¢ = 1,2,..., f), conepxkartero
npenukaT P, B 4-ii ¢TpPoKe, IO OTHOLIEHNIO K CTOAOIY X; MOXKHO
CYIUTL MO KPUTEPUSM 3aBUCHMOCTH MeXKIY TPeNuKaTaMu, KOTOphIe
OBITN ONUCAHBl B TPeIbIOyIlieM Tmaparpade.

B orobpannoii nonTabmuie onpenensoTcs paccTosnud R;, or
CTPOKH Z; IO BCeX ocTambHBIX (k — 1) cTpok Z,. Bemmumny L, =
(1—R; ) cunraeM Mepoil KOMIETEHTHOCTH CTPOKH Z,, 110 OTHOIICHHIO
K CTPOKe Z;. 3aTeM CHHTe3mpyeTcs pacipenernenue P! ; B BILIIe HEKO-
TOPOH GYHKITUN OT paciipeleleHnil j-To MpennkaTa BO BCeX CTPOKaX
Mo TabauIbl. JTO TPOTHO3HOE pacipeelieHne NoJKHO obecnednBaTh
MUHUMYM CYMMBI S B3BEIIeHHBIX PACCTOSHUII OT HEro 1o Bcex pac-
TpeneNieHnil, yIaCTBOBABIINX B CHHTe3€:

k
5= (P—Py)Ly.
v=1

DoKkazaTelleM CTENeHN (@ MOXKHO PeryjiinpoBaTh 3aBUCHMOCTD Pe3yiib-
TaTa OT KOMTeTeHTHOCTH L,: mpum a = ( Bce pacupemeseHus yda-
CTBYIOT B CHHTe3€ MPOTHO3a € PABHBIME BecaMu. Jpu GONBIINX o
IOMUHUPYIOT pachpeneneHus U3 caMblX OJU3KUX CTPOK.

CuHTe3 MPOrHO3ZHOTO pacipenenenus OyIeM neinaThk MOUTH Tak
JKe, KaK Jejaju >TalOHHBI TpenukaT B paclo3HaBaHUU oOpa3oB
(ecM. §2) — myTeM MeXaHIMIeCKOTO YCPeIHEHNUs B3BEIIeHHBIX 3Hade-
HUT TIOTHOCTeH B KaXIoi Tpamaliil TaHHOTO TpennkKaTa. Lcan Bech
IMana3ol BO3MOXKHBIX 3HaueHWil npenukara P,; pasmenen Ha 1" onn-
HAKOBBIX YUYACTKOB M BEPOSTHOCTH TOTO, YTO NMpeluKaT IMPUHUMAET
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3Hadenue {-ii rpaganum, pasHa P, ;¢, TO ycpellHeHHOe IO BCeM CTPO-
KaM 3HayeHWe TIOTHOCTHU B 3TON I'palalluiil NTPUHUMaeT 3HaUYeHUe

k

L= 3 (P x Lg)/ZLg.
v=1

Emte ommo mpornoswoe pacmpenenenue (P[}) MOKHO TONYYnTS,
ICIOMB3YS 3aBHCHMOCTH Rj, MeXIy j-M U BCeMHU f OCTaIbHBIMHI
¢-Mu cTonbmaMu (IpefuKaTaMu) KOMIeTeHTHON TONTAGIUIBL. 31ech
CYMMMNPOBAThL C BeCaMl R]q HYXKHO paclpenel/leHunss BCeX IIpeldunKa-
TOB Piq CTPOKI ’L B KayeCTBe OKOHYaTe/IbHOI'O IIPOTHO3a paclipene-
JIeHns ITPpONyHIeHHOT'O IIpednKaTa PZ] MOZKHO IIPUHATBH yCpeOdHeHHOe
IO rpafalidM 3HaUYeHle OBYX IOAYUeHHEIX IPOTHO30B: P]’.  u Pl

Hﬂf[ OITeHKHN BeJIMYMNHBL O)KI/IHa,eMOI})I OINNMOKIT MO2KHO, KaK I B aJl-
roput™e ZET, IpuMeHHTL MeTOmn KOHTPOILHOTO IIPOIHO3UPOBAHIL
M3BeCTHRIX 3HaYeHUIT IpeonkKaToB B KOMIIETeHTHOIT HOHTa,6JII/IHe.



I'naBa 16

MeTonbl aHajgn3a CTPYKTYPHBIX
06 BbEeKTOB

O6BeKTHI, ¢ KOTOPBIME MBI UMEIHU [IeJI0 [0 cuX mop, Obuin Hec-
cTpyKTYpHBIME. OHE OMUCHLIBAINCH N-MEPHBIMU BEKTOPAME W TIPe-
CTABISIIUCE TOUKAMU B MIPOCTPAHCTBe CBOUX XapakTepucTuk. Ob6pa-
TUM Temepb BHUMaHUEe HA OOBEeKTHl, UMeIHe CTPYKTYPY. Dpume-
poM TaKuxX OObeKTOB MOTYT CIAYXKUTH MOJEKYIbl OpraHMmYecKux co-
eMHEeHUN, TpeAcTaBlieHHble I'padaMu ¢ TOMeUYeHHbBIMU BeplIMHAMU
(aromamm). CBOMCTBa MOJEKY/ 3aBUCAT HE TOIBKO OT WX ATOMHOTO
cocTaBa, HO W OT XapakTepa (IPOCTPAHCTBEHHON CTPYKTYPBI) CBS-
3eil Mexny OTHeNbHbIMU aToMaMu. CBolicTBa COCTABHBIX dacTeil
(aTOMOB) TO3BOJSIOT ONNCHIBATH WX B KadecTBe GeCCTPYKTYPHBIX,
HO CBOWCTBa OGBEKTA B EIOM (MOIEKYITBI) CYIIIECTBEHHO 3aBUCST OT
CTPYKTYPHOI OpraHu3aliiu.

AHanus cTpyKTYypPUPOBAHHBIX 06BEKTOB BKIIOUAaeT B ceDs alma-
paT s onucanus MHGOPMATUBHBIX 0CODEHHOCTER CTPYKTYP B BUIE
UX METPUYECKUX U TOMOJOTMYECKUX CBOMCTB: muameTp rpada, Ynciao
BepIIuH, HAAUUNe CHeNMUGUIHBIX CBA3ell, KAuUK, Koiern. MWcmombio-
BaHUe 3TOro alnapaTa MO3BOJsSeT pelllaTh 3a0a9l HAXOXKIEHUs U30-
MOp®HBLIX TpadoB U onpeleneHus HauboOIbIINX OOIINX YacTell OBYX
rpadoB, U3MepPSIThH PacCTOSHUS MeKIy rpadamu. Ja >Toil Hase nera-
eTCsT KITACCH(UKAINS MOIEKYT (TAKCOHOMIUSI TPadOB ), PeIraoTcs, Ha-
npuMep, 3aayn obHapyKeHUs 3aKOHOMEPHBLIX CBA3ell MeXKIy CTPyK-
TYPHBIMI CBOCTBAMNI I GUOIOTMYECKON aKTHBHOCTHIO BEIIECTB (3a-
Iada PACcTO3HABAHIS ), TTONCKA CTPYKTYPHBIX GparMenTOB, Hanboree
CHUITBHO BIUSIONINX Ha 3a/laHHOE CBOMCTBO BEIIeCTB (3amada BEIGOPaA
THGOPMATHBHBIX XapaKTePHUCTHK ), TPENCKa3aHNs CBONCTB CHHTE3MN-
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PYEMBIX COeIUHeHN (3amada Tporao3npoBanus ). s pemenns sTux
3a7a4 pas3paboTaHbl >bpGeKTUBHbIE AJTOPUTMbBI, peasin30BaHHbIe B
mporpammuoil cucreme CUCTIAD [92,117].

NwuefoTess 06BeKTH, BaXKHLIM CBONCTBOM KOTOPLIX SBISETCS He
NpoCTpaHCTBEeHHAs, & BpeMeHHasd opraHu3aliud UX COCTaBHBIX YacTell.
DTO, HallpUMep, TeKCThl — JINTepaTypHble, TeHeTHYeCKIe WIH MY3bI-
Kanbuble. s nx ananun3a pa3padaTHBAIOTCS Mephl 6IU30CTH MK ITY
CUMBOJBHBIMU TIOCTenoBaTenbHOCTIMT [131], uTo mo3BossieT menaTh
KJaccuGuKalno TeKCTOB, HAXOIUTh MeKTEeKCTOBbIe NI MeXK bA3bIKO-
Bble aHAJOTHM. DJellaroTcs 3anaun OOHAPYKEeHUs TTOBTOPOB, BhIsSBIIe-
HUSA CTPYKTYPHBIX €IMHUIL U3 CIAUTHOTO TeKCTa, BUIOB BapuUaTUBHO-
CTHU, MepapXmwIecKoil opranmsanun TekcToB u mp. [10,11,44].

Opu pacno3HaBaHUU PEYEBBIX CUTHAIOB MBI TOXKE CTAJIKUBAEMCS
¢ mpobiieMaMi aHaJIU3a O6HEKTOB, UMEIOIINX BPEeMEeHHYIO0 CTPYKTYPY.
DuusKie 0COBEHHOCTH UMEIOT 00K THI, PENCTaBIsIoNnne coboil mu-
HaMUYyecKue TPAeKTOPUU Pa3sBUTHUS MPOIECCOB. DPU CPaBHEHUH IBYX
CTPYKTYPHBIX OOBEKTOB WU JTUHAMWYECKUX TPaeKTOpUil BO3HUKaeT
mpoGiieMa BRIPABHUBAHUS WX TPOTSIKEHHOCTH IO OCH BpeMeHu. Jpo-
cTad CXeMa JUHEHHOro CKATUs MIN pacTakKeHUs OOBIYHO He naeT
XOPOIIUX Pe3yAbTATOB. JalpuMep, OTHO U TO XKe CIOBO, COCTOS-
miee U3 ABYX CJOTOB, OOUH IUKTOP MOMKET ITPOM3HECTHU, pacTAruBas
TEPBHIH CJOT, a IPYTroil — pacTATHBas BTOpOM ciaor. YToOBI Ham-
JAyYIInM o0pa3oM COBMECTUTH IPYT ¢ APYTOM ONMHAKOBBIe GOHEMBI
5TUX CJIOB, HEOOXOAUMO IS ONHOTO U3 HUX ClleflaTh HeJIuHeiHOe TIpe-
obpa3oBaHlie OCH BpeMeHU: OIHU ero Y4acTKU pPacTaHyTh, a IApyrue
VIACTKN CKaTh. U TOABKO TOcCHe TAKOTO HAWIYYIINeTro COBMEITIeHN S
MOXOXKUX YacTell APYT ¢ APYTOM MOXKHO OIPele/IuTh CTelleHb MoX0xkKe-
cru >rux ciaop. OnucanHas 3neck HeJIUHelHas HopMau3anus oObek-
TOB 1O BpeMeHU U onpelle/ieHne PacCTOTHUS MeXKIy CPpaBHUBAEMBIMU
obbeKTaMu JleflaeTCd OOHUM U3 IBYX MeTO/IOB: MeTOAOM HUHAMUYe-
ckoTo TporpaMmupoBasus (/19) mim MeTonoM CKpBITEIX MapKOBCKHX
nponeccos (CMD). Omuirem cyTh HTHX METONOB.

§1. MeTon nuHAMHUYECKOTO MIPOTPAMMUPOBAHUS

C ofmmmn nmesMu IUHAMUYIECKOTO TporpamvupoBanus (/19)
MOYKHO TO3HAKOMUTBCS 1m0 padoram [13,30]. 3meck MBI ommiiem ero
IPUMeHUTENIBHO K PACclO3HABAHUIO CJIOB IO IIOCJIENOBaTeIbHOCTH KO-
POTKHX OTPE3KOB PeYeBOTO CHTHAMA (CEIMEHTOB), KaK 5TO BIEPBHIE
6b1710 Tpeniozkerno B [134] u ompoGoBano B [28, 32].
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KaKmerii cerMeHT OINCHIBA€TCS BEKTOPOM CBOWX (HAIpuUMep,
CIEeKTPANbHBIX) XapaKTepUCTHK. Yepe3 eBKINIOBO PAcCTOSHIE Me-
Ky CerMEHTAMU MBI MOKeM HAflTH Mepbl @;; GIU30CTH (CXOmCTBA)
KasKIOTO ¢-T'0 CerMeHTa €O BceMU k OCTalbHBIMU. DYCTh OIHO CIOBO
COCTOUT U3 M CEIMEHTOB, a BTOPOe — U3 N. DACTONOKUM TOCITEH0-
BaTEeJbHOCTh CET'MEHTOB MEPBOTO CJIOBa MO BEPTUKAJN, & BTOPOTO MO
TOPU3OHTANH, KaK TMOKa3aHo Ha puc. 41,a. Davana cllOB HaAXOmSTCS
B Touke A. CdopmupyeM MATPHUIY Pa3MePOM M X N, SJIEMEHTAMU
KOTOPOIl CAYyXKAT Mephl G;; CXONCTBA MEXKIY ¢-M CeTMEHTOM TepBOTO
CIOBA U k-M CerMeHTOM BTOpOTO ciioBa. CXOHACTBO MEXITY TEPBBHIME
cerMeHTaMU PaBHO @11, CXOACTBO MEXKIY TOCIENHUMU PABHO Gy -
0O6paboTka H>TOlt MATPUIIEI COCTOUT U3 MOCIENOBATEIBHOIO BBITOIHE-
Hust TpocToit 6a30BOil MPOIENYPHI HAll KaXKIIoi ee suelKoil. DoscHUM
5Ty IPOIENypPy € IHOMOIILIO puc. 41, 6.

DyCcTh HAM W3BECTHBI 3HAUEHUs HeKOTOpoill GyHKIuu f BO Bcex
BepIImHax sYeiiki, KpoMe Bepinsl (7, j). Torma sHadenne pyHKINT
f(¢,7) mpuHIMaeTCs PABHON MaKCHMAIBHOMY 3HAUEHIIO U3 TPEX Cle-
nyworx permn: [(i,j+ 1), (i + Loj) w f(i + L.j+ 1)+ a(i. ),
T. €. COCelly cIIpaBa, COCENY CHU3Y WKW CcOCemy 1O NUaroHaJ U, HO C
[00aBKOIT MePBI CXOACTBA, 3AMMCAHHON B 3TON dYeliKe.

DpumeM, 4TO 3HaUeHHe QYHKIUN Y BCEX CaMbIX MPaBBIX U BCEX
CaMbBIX HUKHUX BEPIIMH MATPUILI PABHO HYIIO, a 3HaUYeHus [ BO Bcex
IPYTUX BeplInHaxX HYXKHO HafiTw. Tpu BepIInHBI U3 UeTHIPEX W3-
BECTHBI TIOKa TOJNBKO IS ONHON AYeflKW — CaMOWl IpaBOll M CaMOWl
HIKHel. B Hamewm mpmvepe 5To sideiika (4,6). Dpu BRIIOTHEHNH
6a30Boll TpolleNyphl MBI HalieM, YTO HamOONBIIEd W3 TpexX cocel-
HUX SIBIIS€TCS IMArOHAIbHAS BeIWINHA, I ToToMy dyHKINsS f(4,6) =
f(5,7) 4+ a(4,6) = 04+ 6 = 6. OrmernMm 5TOT PaKT TYHKTHPHOI
IWATOHAIBIO, TlepeceKatortedl sueiiky (4,6). Teneps mosBuINCH yCIo-
BUsl IIJIS BBIOJHEHMS Ga30BOI POy PhI I IBYX COCENHUX SUeeK:
(3,6) m (4,5). B xome BBITIOMHEHNST TPOIENYPHI HaM BepPIINHOMN (4, 5)
OGHAPYKUM, YTO MAKCUMaIbHOe 3HaYeHne QyHKIUN [ uMeeT ee mpa-
BBHIN cocem. OpucBonM eii 3Hadenme f(4,5) = 6 m oTMeTnHM 3TOT
daKT TOpM3OHTAIBHON TyHKTHpHON muHuei (4,5)(4,6). Anamorny-
Hast IPOTenypa HaJl BepIInHOi (2, 5) nact pesyabrar B Buge f(3,6) =
18 n nmaroHaJBHON TYHKTHPHON JUHUN depes siveiiky (3,6). Docie
5TOr0 MOABISETCS BO3MOXKHOCTH 00padaThiBaATh yKe TPHU COCETHUX
sqeiikn. W Tak no mocmemueit swefiku (1, 1), mias KoTopoil B HaleMm
mpuMepe momydaeM sHadenme yukmmn f(1,1) = 53.
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Jlerko BuzeTH, 4TO HTO 3HAYEHIE Innsercs CYMMOIT Mep CXOICTBa
bl IIyHKTUPHBIMHI THATOHAIAMIU.

’)ﬁ; HagamapHoO (1,1) mpoxo-
IUT 110 MapIIpyTy, 0603HaYeHHOMY HerepBIBHOI/I JII/IHI/IeI/I Opu sTOM
IBUZKeHIe TI0 TOPU30HTAJIN I 10 BepTHUKAJN BeINYNHLl [ He MeHseT,

3 Tex d49eeK, KOTOphIe HepeqepKH
,HBI/I)KGHI/IG OT KOHeYHOil BepIHI/IHB
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OHa PacTeT TONBKO 3a CUeT sSUeek, TepecekaeMblX MO NUaroHaln. Je-
pPexXon MO TOPW3OHTANN O3HAYaeT, UYTO MBI KaK O6YOTO UTHOPUPYEM
COOTBETCTBYIOIINT CETMEHT TOPU3OHTAILHOTO CIOBA, COKpaIIaeM ero
MIIMTeTbHOCTh Ha DTOM yUacTKe. BepTUKAILHBIN Tepexom, HaoGo-
POT, DKBUBAJIEHTEH PACTSKEHNIO TAHHOTO yIacTKa TOPU30HTAILHOTO
cnoBa. Jlomamas TpaeKTOpuUs MeXKITYy HAaJalbHOW W KOHEUHOH TOT-
KaMu KaK OBl «HAHW3BIBaeT Ha MIaMIYpP caMble KPYTHBIE KYCOUKI»
Mep CXONCTBA.

Dyuxius [ sBiasercs Mepoll MOXOXKECTH HBYX CPaBHUBAEMBIX
cnoB. UTo6H Mepa CXONCTBA He 3aBUCENa OT MIWHLI CIOB, PasmelqnM
[ Ha wmcio cermMeHTOB H0lee IMHHOTO U3 HUX. B uTOre HOpMUPO-
BaHHON Mepoll TTOXOXKeCTH MBYX CIOB TIPHU CAMOM JIyUIIeM BapuaHTe
HeJTWHeNHON medOopMallil OCH BpeMeHn cunTaeM Bemumuanny F' = f/n.

Onucauubiit anroputm TpeGyeT GOIBIIHX 3aTPAT MAIIHHHOTO
BpeMeHN: KOINIEeCTBO OTMEPAINil TPOTOPITHOHAIBHO KBAIPATY TIANHBI
cioba (n?). Eciu pasmuans B TeMIax TpOM3HeceHNs Pa3sHbIX y4acT-
KOB OTHOTO W TOTO JKe cIIoBa OyAYT He CIUIITKOM GONBITUMNT, TO THHUH
HAWTYUIIETO COBMEIIEHNS CeTMeHTOR OyIyT NeKaTh B OKPeCTHOCTSIX
IWATOHAIN, coenmusiomeil Bepuimasr (1,1) m (m,n). B pacuere Ha
5T0 06beM BBHIUUCIeHWH MOXKHO COKPATUTH, He TPOBOMS UX IS Bep-
IIWH, YIaJeHHBIX 0T MUATOHAIN Ha PaccTOSHIe, GOlbIllee HEKOTOPOTO
mopora v*. DaccTOsHUE BePIIMHBl OT TUATOHAIYN MOXKHO OIEHUBATH
BenmuwHOll v = |i/n — j/m|. B wamem mpumepe mpu v* = 0,5 Ga-
30BYIO TIPOIENYPY MOXKHO He MelaTh IS 3alllTPUXOBAHHBIX sSUeek.
Juavenus [ mis 5TUX BEPIIUH TPUHUMAIOTCS PABHBIME HYI0. Fcian
CpaBHUBAIOTCH CJIoBa, cofepxkaiine no 30-40 cermeHTOB, TO TaKoil
mpueM 6Ge3 3aMeTHOTO PHUCKa MOTePSTEH ONTUMAlIbHOe pellleHne TO3BO-
JIseT COKPATUTh 06HeM BREITUCIEHU TPUMepPHO BIBOE.

B mpomecce pacmosmaBanus HYXKHO CPaBHUTE paclio3zHaBaeMoe
CIIOBO CO BCeMU dTaJlOHaMU, YTO TpH GONBIIOM CIIOBape MOXKeT OKa-
3aThCI HEMPUEMIIEMBIM TO BpeMeHHU. Il 3HAUUTETBHOTO COKpallle-
HUS BpeMeHU c9eTa MOXKHO TPUMEHHTL KOMOWHWPOBAHHBIN MeTOI
IPUHATHS pelienuit [67,69], B KOTOpOM cHaYalla BEIYUCIASIOTCS TPH-
ONMKeHHBIe Mephl CXOACTBA MeXKIY CIOBaMU, 3aTeM Cpeml BCexX dTa-
JIOHOB BHIOMpaeTcs HecKOIbKO Hanboee CMIBHLIX KOHKYPEHTOB T Cpa-
BHEHUE MeXKIY HUMHE JIeJIaeTCss ONMUCAHHBIM BbIile MeTomom 1109,

B mammoft 3amave mpubnmxenHas Mepa CXONCTBA BHIUUCIAIACH
crenyommM o6pa3oM. B KadecTBe >TallOHOB WCTONB30BAIOCE IO Of-
HOWl peanusanui Ha KaxKloe Pacrno3HaBaeMoe CIOBO. JPU HPOBEpKe
TUTIOTe3Bl O TMPUHALNEKHOCTH KOHTPOIBHOTO CIOBA K OUepPeTHOMY
STAJIOHHOMY CIOBY COBMEITIANNCh WX HAaYAJIbLHLIE CeTMEHTHI W BLIUH-
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CISIINCH MEPBL CXONCTBA IS HECKOJNBKUX TePBBIX CerMeHTOB € OHu-
HAKOBBIMU HOMepaMu. J0 HOJYUYEeHHBIM MepaM CXONCTBa Hadaslb-
HBIX y4acTKOB orToupasoch 10 % nanbosee mpapuonogobHeIX THIOTES,
OKOHUYATENBHBIN BEIGOD U3 KOTOPHIX Heajics yiKe ¢ mpumMeHenuem J109.

§ 2. MeTon cKpbITHIX MapKOBCKIX MPOIECCOB

(CMD)

DyeTh dTatonHoe cyioBo C'y cCOCTOUT U3 Tpex (HoHeM, a Pacro3Ha-
BaeMoe cj10BO (', MOKET COCTOATH U3 HeCKOTbKNX (POHEMOIONOOHBIX
CeTMeHTOB — OT OTHOTO 0 IlecTu. Tak MOXKeT BRITIIIeTH KOPOTKOe
CTIOBO, €CJI HEKOTOPHIE €T0 COCEIHNe CeTMeHTHI (IBa MWiIn GOobIe)
SIBISIIOTCS TPeNCTaBUTENIME ONHON u Toit x)e donembr. C npyroit
CTOPOHBI, KOPOTKas NIOCTeIOBATeNbHOCTH (|, MOXKeT ObITH OPOKIeHa
U IJUHHBIM CJIOBOM, €CJI HeKOTOpble ero ¢hoHeMbl 0Ka3alduch OTCYT-
CTBYIOIINMIE («TIPOTIIOYEHHBIMIT> B CKOPOTOBOPKe). Bce Bo3MOKHBIE
BapUaHThI cOOLITUN TTOKa3aHbl Ha puc. 42.

P(1,1) P(3,3)

P

L3 Q(L3/y2)

P(2,2)

. Pﬁc. 42

Dporece, HagaTwil B Touke H, ¢ BepositHocThio P(H, 1) Moxker
OKa3aThCsd B Bepimue fi. 31ech MPOUCXONUT CpaBHEHME XapaKTe-
PUCTHK ¥ IepPBOIO CerMeHTa € XapaKTepHCTUKaMU 5>TaJoHa IIepBoil
(POHEMBI I BBIACHAETCS, 9YTO BEPOSTHOCTH IIPUHAIICKHOCTH TIepBOTO
cermMeHTa K TepBoil doreme pasua Q(H,1/y1). Do mporecc n3 Ha-
JAJIBHOI TOYKH MOXKeT ¢ BeposTHocThio P(H,2) mepeiitu cpasy B
BepmnHy fo. s 5TOro ciydas mosrydaeTcs, 4TO BepOATHOCTH IIPH-
HAITIEKHOCTH TEPBOTO ceTMeHTa BTOpoil horeme pasha Q(H,2/yy).
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W3 Bepurunbl fi; mpoiiece B dhopMe BTOPOTO CErMeHTa Yz MOXKET
mepeilTH CHOBAa B 5Ty e BeplinHy. BeposTHOCTH TOTO COGBITHUS
paBua P(1,1), a BeposITHOCTH TPHHAIIEKHOCTH TaKOTO CETMEHTa K
mepBoil Gporeme paBua (1, 1/y;). Do mporecc MOKeT TepeiiTH B Bep-
UIHHY fo WK, IPONMYCTUB ee, OKa3aThes B Bepiiiuhe f3. BeposTHOoCTH
sTux cobbTHil paBubl P(1,2) 1 P(1,3), a BEpPOSITHOCTH TOTO, 9TO 3TOT
cerMeHT OylieT paclio3HaH B KauecTBe MPENCTABUTEINs BTOPOR U Tpe-
Thell onembr, paBHbl Q(1,2/y2) w Q(1,3/y2) coorBercTBenHO. U3
BepIUHB! fo €CTh TPU BBIXONA: CHOBA Ha ceOsi, Ha BePIIUHY f3 WK Ha
OKOHYaHWe cloBa (1may3y). U3 BepuInHer f3 nMeeTcs MBa IOMYCTHMBIX
nepexona: MUK Ha cebs 1 BbIXOm Ha maysy. Takum obpas3om, cambrit
KOPOTKU{l BO3MOXHBIN MyTh OT Havyalla HO KOHIIA CJIOBa TPOJeraeT
uyepes Touku H-f,—K. Cawmbrit pnuaaetii nyts or H no K moxHO
OpOfiTH MHOTUMU MapIipyTaMu; OHU TOKa3aHbl Ha puc. 43. 3mech
BIIOJTb BEPTUKAIBHON OCH pasMeltienbl GOHEMbI 5TaJOHA, & BIOIb I'O-
PU3OHTANBHON OCH — CerMeHTHI KOHTPOJbHOTrO cioBa. Touka H obo-
3HaYaeT HAUaJbHYIO Tay3y Tepen cIoBoM, a Touku Ki—Kg — maysy
nociie OKOHYaHUs CJIOBa COOTBETCTBYIONIEH JIMHBL.

Ky K, K3 Ky Ks

Pue. 43
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Temept BcTOMHIM, YTO MapKOBCKO HA3bLIBAETCS TTOCITENOBATENb-
HOCTH COCTOSIHUIT (TIpoliecca WM aBTOMATa), B KOTOPOIl TeKyIlee co-
CTOAHUE 3aBUCUT OT TOCIENHero TPedblIyIIero u He 3aBUCUT OT Oy-
IyIIero. JTo 3HAYUT, YTO PellieHne O MPUHALIEKHOCTH CerMenTa Y
K Toll uim uHOW (poHeMe HYXKHO MPUHUMATH HE TOJBKO MO TMOXOXKe-
CTHM XapaKTepucTUK 4 Ha >TaJOH HaHHOW (GOHeMbl, HO U € yYeTOM
TOTO, KaKkoll (oHeMe TPUHAMIEKAT TPENBIAYIIINN cerMeHT. B coot-
BETCTBUIN € 5TOIl CTpaTerueil, eciim Ipomecc B MOMeHT BpeMeHn (f— 1)
HaXOIIICS B COCTOSHNUN f; ¢ BepOSTHOCTHIO F (i), a B MOMEeHT ¢ TIpH-
0bpell XapaKTepUCcTUKM ¥, TO BEPOATHOCTH TOTO, YTO OH HAXONUTCH
B COCTOSHUU [}, NIMeeT 3HaUeHNe

F(g) = F(i) x P(i,5) x Q2,5 /y)-

DranoHbl COOBITHI ((HOHEM), TTO KOTOPBIM BBIYNCISIOTCS BeIN-
qnubl (7, j/y), a Takxke BeposTHOCTH TepexonoB P(i,j) ompemerns-
OTCS Ha MaTepualle obydaforreil BEIGOPKU. BeposTHOCTH cOOBRITHII
F(i) BBIYUCIASIOTCS 1O Mepe TPONBUKEHWs Ipolecca (T. e. TMOCTY-
mieHnst cerMeHTOB). BepostrHocTs F(H) TOTO, 9TO TpOlecc HATH-
HaeTcs ¢ ToUdkn H (¢ mayssl), eCTECTBEHHO CUNTAETCS PABHBIM eIli-
Hulle. AHAJIOTUYHO, BEPOSTHOCTH MEPeXofa OT TMOCIeNHero CerMeHTa
K may3se P(7, K') 1 BOSHUKHOBEHUS Tay3bl MOCTe MOCTENHETO CeTMeHTa
Q(i, K /y) Taxke IPUPABHUBAIOTCS K €ANHUIE. DTHUX MCXOMHBIX ITaH-
HBIX JOCTATOYHO NI Hadalla ITpolecca pacilo3HaBaHms.

DOSICHUM 5TO Ha MpUMEpe PAclO3HABAHUS KOHTPOILHOTO CJIOBa,
COCTOATIETO W3 4-X CerMeHTOB, MyTeM CPaBHEHUS €T0 ¢ STAJOHHBIM
TpexGOHEeMHBIM cI0BOM. Tabiuiia TpoucxXonsInX TP STOM COOBI T
npuBenena Ha puc. 43. Umenma Bmont pebep COOTBETCTBYIOT Tepe-
XOIHBIM BepOsSTHOCTAM P(7,7), a uncia B KPYKOUIKAX — BeINIIMHAM
Qi,5/y).

Opu MOSIBIIEHUN TEPBOTO CEIMEHTA ¢ XapaKTePUCTUKAMU Y1 IIPO-
rpaMMa BBITHCISET eTo IPUHAMLIEKHOCTD () K mepBoit (0, 5) n BTOpoit
(0,4) poneme. To, 4TO WX cyMMa MeHBIIE €INHUIBI, O3HATAET, ITO
¢ HeHYJIeBONl BepOSTHOCTHIO CETMEHT ¥y MPWHALICKNT W HEKOTOPHIM
npyrum staionam. C yuerom BeposTHOCTel Tepexonos P (0,8 u 0,2)
HAXONATCs BeposTHOCTH cobbrTuit F/(1) u F'(2): F(1) =0,8 x 0,5 =
0,4, F(2)=0,2x0,4=0,08.

CyMmMa BeposiTHOCTell mepexona U3 BepiinHbl | B Bepiuunbl 3, 4
u 5 paBHA enuHUTe. Fcau Ois pacmo3HaBaHus TPeIhIBIeH BCeTO OMNH
CerMeHT, BO3MOYXKeH TOJABbKO oguH MapmipyT: H-2-Kq. B sTom cmy-
Jae BepOATHOCTH Tepexona W3 BepIIUHLl 2 B KOHeUHYIO BepinuuHy K4
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paBHA eNWHUIE, & BePOAITHOCTH NPYTUX TMEePeXONoB paBHBl Hym0. Ec-
TN e TePBHIl CeTMeHT He ABISeTcS W MOCHeTHNM, TO TOTIa BeposT-
HOCcTh P(2, K1) = 0, a cymma BepositHocTeit P(2,4) n P(2,5) paBHa
eMUHATE.

Bropoil cerMeHT Y2 cpaBHUBaeTCS ¢ dTAIOHAME BCeX TpexX (hoHeM
JMAHHOTO CJIOBa. Y UeT TONYYeHHBIX 3HaUeHUil (), BeposiTHOCTEll nepe-
xonoB P 1 BeposTHOCTel coObITHI F' B IPenbIAYIINi MOMeHT BpeMeH
TO3BOJIAET ONPENeNNTEL BePOATHOCTH cobbiTuit F'3, F4 u F'5:

F(3) = F(1) x P(1,3) x Q(1,3/y2) = 0,012;
F(4) = F(1) x P(1,4) X Q(1,4/y2)

FF(2) x P(2,4) x Q(2,4/y3) = 0,1264;
F(5) = F(1) x P(1,5) X Q(1,5/y2)

+F(2) x P(2,5) x Q(2,5/y2) = 0,0368.

Ecin 661 BTOpoil cerMeHT GBI MOCTETHIM, TO IePeXOIHBIe BePOsT-
woctu P(4,K;) n P(5, Ky) npupaBHuBaninch K efuHumne. Do OH He
MOCIEHII, I IOTOMY BEPOSTHOCTDH €[NHCTBEHHO BO3MOXKHOTO Ilepe-
XOIla 13 BepIINHBL 5 B BepIINHy 7 paBHA enumuie. Fnnnnime xe paBHa
II CyMMa BeposiTHOCTell Iepexona u3 BepiinHel 4 B Bepiumuel 6 u 7.
C y4ueToM 5TOro HaXOMUM

F(6) = F(3) x P(3,6) x Q(3,6/ys)
+F(4) x P(4,6) x Q(4,6/y3) = 0,02316;
F(7) = F(3) x P(3,7) X Q(3,7/ys) + F(4) X P(4,7) x Q(4,7/ys3)
+F(5) x P(5,7) x Q(5,7/y3) = 0,04232.

UeTBepTHill cerMeHT CpaBHUBaeTCS TakkKe € >TANOHAMU BTOPOH U
TpeThell GoHeM, UTO TO3BOJIIET HAWTHU BEPOATHOCTH coObITHWH F'8
u F9:

,8) X (6,8/y4) = 0,0020844;

79) X Q(679/y4)
+F(7) % P(7,9) x Q(7,9/y4) = 0,0302556.

QOCHQI[OBaBHIaf[ 3aTeM IIay3a O3HadaeT, YTO IIpoIecC TeKYyIIero
IIOCeI'MeHTHOI'O PacCllO3HaBaHIA OKOHYEeH, I HYXKHO IIepeXOoNNThL K OIle-
HKe BePOATHOCTH HaHHOI'O 3TaJIOHHOI'O C/IOBa B II€JIOM. BepO?[THOCTL
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INOCTIUZKEeHNs KoHewnoit Bepurnusl Ky paBua F(Ky) = F(8) X 1 X 14+
F(9) x 1 x1=0,03234. Y065l MOXKHO GLLIO CPABHUBATL TaKUe Be-
POSTHOCTH HJS CIOB ¢ PAa3zHBIM YHWCIOM CeTMEHTOB, W3 TOJYIeHHOTO
sgagerns F'(K,,) HYXKHO U3BIe€Yh KOPeHDb N-il CTENeHN, TIe 1 — Mak-
CIMAJbHOe YUCIO CeTMEHTOB B DTAJOHHOM WU KOHTPOILHOM CIOBE.
B mamem crydae 6oslee IITHHLIM OKa3aJ0Ch KOHTPOILHOE CIIOBO, W
notomy u3 F(K4) HyXKHO N3BIeYh KOPeHb 4eTBepTOil cTemenn. B pe-
3yIBTaTe BePOITHOCTEL MPUHALICKHOCTH CIIOBA K TAaHHOMY DTAJOHY
oKa3blBaeTcs pasHoii 0,424.

Brepsrle ceTeBoll MeTom mis pacmo3HaBaHWS YCTHBIX CIOB IO
MOCIIeNOBATETLHOCTH CETMEHTOB ObLIT MpuMeHeH B paborax [33,34]. B
3aBeplileHHOM BHIe B hOpMe ONMUCAHHOTO BLITe anTopuTMa BuTTepbu
meton CMD mpusenen B [110,142].

CpapuuBas meromsl 19 u CMD, MOXKHO OTMETHTH, YTO METOII
CMD yuuThiBaeT TPUPOLY PEUEBOTO CUTHaJa Oosiee mosHo, dem H9:
Tepexonuble BepOsSTHOCTU COOTBETCTBYIOT 3aKOHOMEPHOCTAM coUeTa-
HUS Pa3’sHBIX GOHEM B PeueBOM SA3LIKe; DTAJIOHBI, 3aBUCAIIINE OT Tpel-
HIeCTBYOIEH GOHEMbI, OTPAKAT KOAPTUKYIISINID. DKCIePUMEH T b
nokaszasu, uro mMeron CMO maer Gousee BbicOKHe pesynbTaThl. Ofn-
HaKO 5Ta MOJHOTa naercs He napom. s obyuenus mo merony IO
MOCTATOTHO OMHOKPATHOTO MPOM3HECEHTS CIIOB PACTIO3HABAEMOTO CIIO-
Bapsi. s obyuenus xe mo merony CMD mpuxomuTcs aHaIu3Mpo-
BaTh GOJBIIOE KOJMYECTBO peain3ainuil Kaxmoro ciiopa. Jocie 06-
VIeHus HYXKHO TOMHUTH MATPUIBl BEPOSITHOCTEN TepexomoB W dTa-
JTOHBI KaXkmmoil ¢hoHeMBI B BUIe BApUAHTOB, 3aBUCAIINX OT ITpeIlle-
crBoBaBiieil pouembl. B urore miast CMD Tpebyercs ropasno Gob-
it obbeM 00yYaoIero MaTepualia, BpeMeHn Ha oO0yvyeHUe, MTaMATH
U BpeMeHU Ha paclozHaBaHnme. B cucTeMax ¢ TOACTPONKON TTOM MUK-
TOpa TPOMO3NKYIO TPOTenypy OOyUeHWs aBTOMATa TPUXOMUTCS Ie-
JaTh 3aHOBO IJIS KaKHOTO HOBOTO NUKTOpa. DO 5TOil IpuUdnHe B
COBpPeMeHHLIX CHCTeMaX Paclio3HaBaHUs PeUl MPUMEHIIOTCS KaK Me-
Tomel CMO, Tak u meroms [19.

§ 3. D-asroputM aJisi TaKCOHOMUU TPAEKTOPHIA

Ecnu B moMmenTo Bpemenu t = 1,2, ..., T mabaonaioTcs He OOUH,
a HECKOJBKO (7)) TMPOTEeccoB MIN O0BEKTOB, ONNCHIBAEMBIX 1 Xapak-
TepUCTUKaMI, TO IPOTOKOJ HAOMIONEHNI NpelcTaBaseT coboil «Kyd
MaHHBIX®» pasMepoM m X n X T. Kaxmorii o6nekT 3a Bpems 1’ omu-
CbIBaeT B IIPOCTPaHCTBE 7 CBOWCTB HEKOTOPYIO N-MEPHYIO TPaeKTo-
puio. Ecnm MBI XOTUM BBIIEANTH MOIMHOKECTBA (TAKCOHBI) OOBEK-



§3. D-anropuTm mjisi TAKCOHOMHH TPAEK TOPHI 217

TOB ¢ OAWHAKOBBIMU UJN MOXOXKUMU TPaeKTOPUSAMU, TO HaM HYKHO
HaWTU pacCcTOAHUS MeXIY BCEMU MapaMy TPaeKTOPUH U NPpUMEHUTH
ONWH U3 aATOPUTMOB TAKCOHOMUNU. B mpocTefiliteM caydae B KaXKIbIi
MOMEHT BpeMeHU MOMKHO BbIYMCIUTH eBKIUIOBO PAacCTOSHUE MeXKIY
IBYMS 0OBeKTaMU I CYMMY 3TUX PacCTOSHUI 32 Bce BpeMs T’ cauTaTh
Mepoil PACCTOSHUSA MeXAY NBYMS TPaeKTOPUIMU.

OnHako HepelKo BCTPeUYaloTes Cydan, KOTIa TOX0XKHIe 0 CBoeil
NpUpolie TPoIecchl MPOTEKAoT ¢ Pa3HOll CKOPOCThIO, U TOTHA ITPO-
CTOe COBMellleHe WX BO BpeMeHU [1acT GOoJbllIoe 3HaUeHue paccTod-
ans. WHoTma moxoxkne mMpollecchl HAUWMHAIOT HAGIIOMAThCS B paszHble
(a3bl UX pa3BUTHA U He ACHO, KaKle yYacTKU ABYX ITPOIECCOB COBMe-
HIaTh IPYT ¢ APYTOM NPU BLIYUCIEHUN PACCTOSHUS MeXIY HUMU.

Nvenno oias TakuxX CIOXKHBIX cliydaeB OLIT paspaboran D-amro-
putm [87]. Ero ocHOBHOe oTiWUYMe COCTOHT B TOM, U4TO TIPH OMpe-
IeJleHU PacCTOSHUS MeXKAy TPaeKTOPUsIMU TPUMeHSseTCs OIUCAH-
HbIl BbIlle MeTOH AWHAMUYECKOTOo MPOrpaMMUPOBAHUL, TPHU KOTO-
POM cOBUTaeTCs HadaJlo NMpollecca U HeIUHEHHO pacTATUBaeTCs WK
CKUMaeTCs OllHAa TPaeKTOpUS MO OCH BPeMeHU ¢ 1eblo MOJIyYeHus
HAWITYIIIETO COBMeEITIeHUs NBYX TpaeKTopuii. Bemwuwma, mpomopin-
OHAJIbHAS YCUINIO 1O JTeopMallnii OCH BPpeMeHU, CIYKUT MepPOil pac-
CTOSHUS MEXKIY TpaeKTopusIMu. B pe3yiabTaTe cpeny KPUBLIX, TPH-
BeleHHBbIX Ha puc. 44, ynaercd B OlMH TAKCOH MOMeCTUTh KpuBbie 1
u 3, a KpuBbie 2 u 4 — BO BTOPOil. JTO BRITISAUT Gojiee ecTecTBEHHO
10 CpaBHEHUIO ¢ BapUaHTOM OOLelIUHEeHWS B ONMH TAKCOH KpUBBIX 1

) TTmA TTATTIITA TAsT ATT Aan TITIITasrmITAAT ATA . TTRAT N AR ATIUAT A TTTT

A

Pue. 44
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D-anropuTM MoXKeT OBITEH TOME3HBIM IS AHAIN3a CHOKHBIX -
HaMUYeCKUX TPOIEeCcCOB, HaIpUMep MPONeccOB TPOTeKaHUS pas3simd-
HBIX 3aboneBaHUil y Tpynll OONBHBIX, COCTOSHUS KOTOPBIX Habmmoma-
I0TCS B TOCHENOBATENBHBIE MOMEHTHI BpeMeH. P DTOM OIHO U TO
Ke 3a00/leBaHIe TPOTEKaeT Y PA3HBIX GONBHBIX TO-PA3HOMY (C pas-
HOIl CKOPOCTBIO B pasHble (ha3bl GOMe3HN ), HAGTIOMeHNS 38 6OTBHBIMI
HAYMHAIOTCS B pasHble (a3bl 6ome3nn. [D-MeTon TMO3BOJIET CHHXPO-
HU3MPOBATH HabIIOIaeMble TTPOIECChl, ONpenendaTh a3y 3abofieBaHus
U TPOTHO3UPOBATH HauboJee BEPOSTHOE COCTOsSHUE BOJIBHOTO B Clle-
IyIOlIne MOMEHTHI BpeMeHU.

§ 4. Nepapxunueckue cTPyKTYpPhbI

B nociennee BpeMs B 061aCTH aHAIN3a JTaHABIX OTMeTaeTCI POCT
WHTepeca K aHAJIN3y TaK Ha3bIBaeMBIX CHMBOIBHBIX 00HeKTOB [50], ¢
TIOMOIITHIO KOTOPBIX OMUCHIBAIOTCS Pa3HOTO poia obobITleHHbIe Xapak-
TEPUCTHKE HEKOTOPOTO MACCUBa MCXOOHBIX MaHHBIX. CHMBOILHBIM
00BeKTOM MOXKeT ObIThH obHapyKeHHas B dTOM MacCCHBe JIOTWJIecKas
3aKOHOMEPHOCTH THUIA «eCi’ ... TO ...», HallpaBJIeHHbIH Tpad, oT-
PaXKAIOIIN 3aBUCUMOCTEH OTHUX OOBEKTOB OT IPYTUX 1 T. . B dacT-
HOCTHU, pe3yJAbTaThl MepapXuiecKoil TaKCOHOMWU BLISBISIOT CTPYK-
TYpPY MHOXKecTBa 06heKTOB, KOTOPYIO MOXKHO HATJISOHO TMPEICTaBUThH
rpadnIecKu B BUOE MepapXWIecKOTO MepeBa, HadaldbHble BepPITHHBI
(MMCTBS ) KOTOPOTO OTOOPAKAIOT BCe OOBEKTHI MCXOMHOTO MHOKECTBA,
ITPOMEKYTOTHBIE BEPIINHBI (BeTBH) ONUCHIBAIOT BCe Goee KPyTHBIE
TaKCOHBI (KOHIENTHI), & KOHeUHAsl BepIINHA (KOPeHb) IPeICTABISET
coboii obbenuHeHNe BCEro MCXOOHOTO MHOXKeCcTBa OOBEeKTOB B ONUH
TakcoH. Takywo hopMy MOTYT WMeTh, HaIIpUMep, ONMUCAHUS CTPYK-
Typ 6a3 DAHHBIX, TEXHUYECKNUX CUCTEM, OPTaHU3alNOHHBIX CTPYKTYP
IpequpusaTHil. O pHU U3YIeHNN HECKOIBKIX PAa3IMYHbIX MaCCIHBOB HaH-
HBIX MOXKeT ToTpeboBaThCs cpaBHeHTe MeXKOy coOOl WX BHYTPeHHUX
CTPYKTYP, YTO MPUBOMUT K HEOOXOMWMOCTHU U3MepSThH CTeleHb 6m-
30CTH, TOXOXKECTH MEXKIY MepapXuIecKUMU CTPYKTYPaMI.

B pa6orax [76,78] u mpenbimyImeil TaaBe OMMCAHBI METONBI aHA-
IU3a CUMBOJIBHBIX OOBLEKTOB, UMeIouX GopMy KOHBIOHKIWN THIA
«ECIH ... TO ...». [lanHas paboTa MOCBsIeHa BBeNEHNTO MepHI G-
30CTHU WJIHW PAacCCTOSHUS Ha MHOXKECTBE CUMBOJLHBIX OOBHEKTOB THIIA
nmepapxmuit [88].

Onpenenum monsTue «uepapxusy. Obosnaunm dyepes W xomeu-
HOe MHOXKeCTBO 00beKTOB, W = wq,wy, ..., wy, ..., wy, a yepe3 H —
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MHOKECTBO HEMYCThIX YacTeil MHOKecTBa W , HasbIBaeMbIX MaKco-
namu u obo3HavaeMbIX depes h. Temephb BocHOIB3yeMcs ompemeste-
HUeM Hepapxui, TaHaeiM B [50].

Hepapzuei H mnoncecmea W HasbIBaeTCs MHOKECTBO MOIMHO-
xkectB W rakux, 4ro:

1) Vw € W{w} € H (repMunanbHble BEPIUINHBI (JIHCTHI) —
OITHOBJIEMEHTHBIE MHOKECTBA );

2) W € H (manGonbinit TakcoH (KOPEHb) CONEPIKUT BCe dIeMet-
o1 W);

3) mas moberx Bepruud h,h' € H mbl nmeem auGo h N A" = 0,
au6o h C h', mu6o h' C h.

Takum o6pasoM, mepapXus — 5TO MHOTOYPOBHeBas CTPYKTYpa,
B KOTOPOIl 0OBEKTHI, HAXOMAIINECS B OMHOM TaKCOHE Ha HEKOTOPOM
(j-M) ypOBHe, OCTAIOTCS B OHOM TaKCoHe Ha (j + 1)-M u Bcex mpyTux
GoJslee BBICOKUX YPOBHSIX. DepPBOMY YPOBHIO COOTBETCTBYIOT TEPMI-
HaJIbHBIE BEPINNHBI (1. 1 B ONpeneseHNN Mepapxui), a TOCIeTHeMY,
MaKCHMAaJBHOMY, YPOBHIO (0GO3HAYNM €ro depe3 m) — HanOOIbIIHIT
TaKCOH, CONePKAIIM Bce dIeMeHTH W; 5TOT TaKCOH MOXKHO 060-
3HAYNTH TeM ke cumBosmoM W (. 2 B ompenemennn mepapxmi). Ja
KaK[IOM YPOBHE NMPOUCXOMUT WM He MPOUCXOOUT OOheINHeH e TaK-
COHOB (TI. 3 B OIIpeleNeHI MePaPXUIL).

O603HaunM TOYKON KaxKIblil TakcoH mepapxun. Torma oTpeskn,
COENMMHSIONINE TN TOYKN (WM BEPIINHBI WEPAPXIN ), TEePENaloT Mo-
PANOK 06pa30BaHUs TaKCOHOB, KOTOPLIl oTBedaeT M. 1-3 ompemesre-
Hus. Da puc. 45 mokazama, Hampumep, mepapxus Hq, KoTopas co-
NEepKUT TPU YPOBHA C 1IECTHIO, TPeMs W OTHON BepIIMHON Ha yPOB-
wax j = 1,2,3 coorsercrBenno. Wepapxus Hy comepkuT mecaTh
TepMuHaIbHBIX BepumH {wy}, kK = 1,2,...,0,...,4, ¢ = 10, mep-
BOTO YPOBHS, IIECTH TAKCOHOB Ha BTOPOM yPOBHE, YeThIpe TaKCOHA
Ha ypoBHe j = 3, IBa TaKcOHa Ha YpoBHe j = 4 W OOMH TaKCOH Ha
BepxXHeM IsTOM ypoBHe (j = mq = 5).

Moxkuo mpencTaBuTh ceGe U BBIPOKIEHHBIN Coydail mepapxum,
CBEPHYTYIO B OIHY M30MPOBAHHYIO BEpIINHY Ha TEePBOM ypOBHe (me-
papxust Hs ua puc. 45). Kaxkmnas [-s Bepuimaa j-ro ypoBHs rpada H,
(Ijt) MoKeT XapaKTepU30BaThCA CTPYKTYPHLIM HHIEKCOM ¢, PaB-
HBIM YUCJIY TPUMBIKAIONINX K Hell pebep. B maiem npumepe a1y = 1
NI BCEX TePMUHANBHBIX BepliuH wepapxuii Hy m Hy, WHOEKCH MX
IOPYTUX BepIINH MTPUHUMAIOT 3HAYEHUS OT 2 1o 4: a191 = 2, 132 = 3,
G129 =4 m T. n., a mEOEKC a113 = 0.
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40 255101010 Y 101010102020 7 8 3 2
123456 1 123456728 910

H1 HZ

TepMuHaTbHbIE BEPITUHBL MOT PR OIS PABHOSHATHEIME, HO MO-
TYT U OTINYATHCS O 3HATNMOCTH (HACHIIIEHHOCTH, Becy). Tak mo-
KeT ObITh, HAMpUMep, KOTHa JUCTHS TPENCcTABIAIOT cOB0M TaKCOHEI
€ Pa3HBIM YMCIOM BXONSIINNX B HUX 0O0LeKTOB. BecoBoil mnmexc Bep-
HIMHEL 0003HAYNM depe3 vpj¢. JHAYeHHUS BECOBBIX MHIEKCOB TepMH-
HAJTLHLIX BepIIuH, HOPMUPOBAHHBIX TaK, UYTOOH WX CyMMa Ha Ka-
JKIOM HepapxuyeckoM ypoBHe paBHsigach 100, ykasaHbl Ha puc. 45
B CTPOKe v (Toz 4epToii). BecoBoit mHIeKC HeTepMUHAIBHBIX BEpPIINH
VPOBHS j paBeH CyMMe WHIEKCOB BepIINH, BXOMAIINX B ATV BEPIIUHY
U3 TPenbInyInero ypopus j — 1.

§ 5. DaccTosHue MeXAY HEPAPXUAMH

Kax ompemenuTs paccTosHnme MeXITY TOOOOHBIMT HepapXUIecKn-
Mu cTpykTypamu’ B paborax [18,19,136] npemmaraercs Mepa 61130~
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CTU MeXIy TakKuMmu rpadaMii ¢ HOMMEHOBAHHBIMU BepIINHAMM, CHUC-
KI BepIINH B KOTOPBIX COBNANAIOT WM MaJ0 pasindyaioTcs. 3ech
Mbl TIOMBITAEMCS TPeNJIOKUTH pellleHne NpodJeMbl M3MepeHus pac-
CTOAHUN MeXKIy uepapXusiMu ¢ o6beKTaMU ITPON3BOIBHOTO COCTaBA.

EcTecTBennniM 06pasoM BO3HUKAeT umes ONEHUTL PACCTOSHIS
MeXKIy MepapXuaMu yepes CJIOKHOCTH NpeBpallleHus OIHO nepapxun
B OpyTrylo, nobapiss uiau ybupas BEepUINHBI W CBA3M MeXKIY HUMU,
riie 3TO HeoOXOOUMO, T. €. TpUMeHss HaOOp TaK Ha3bIBaeMbIX pe-
MaKIMHOHHEBIX omepannii. Kaxkmas omepallis UMeeT CBOIO CTOWMOCTH
(¢). OnTHMAIBEHOMY TIepeBOLY COOTBETCTBYET TOCIENOBATETHHOCTH
3JleMeHTapHBIX onepalnuii ¢ MUHUMAJIBbHOR CYMMapHON CTOMMOCTBIO,
KOTOpas HOCUT HasBaHme pedaxyuonnozo paccmoswusd [131]. Cws-
3aHHYIO ¢ HUM TepeMeHHYI0 d — XapaKTepUCTUKY PacCTOSHUS WU
pa3anyuusg BO BHEIIHEM BUIle NBYX MePApPXUYeCKUX CTPYKTYP — Ha30-
BeM paccmosguuen no eudy cmpyxmyp. C IpyTORl CTOPOHBI, HETLIOXO
Ob1J10 Obl YYUTHIBATH U BeC 3JeMeHTOB, cOOMPaeMblX B TaKCOHBI Ha
KayKIOOM ypoBHe mepapxuii. CBA3aHHYIO ¢ 5TUM MEePEeMEHHYI0 — Xa-
PAKTePUCTUKY Pa3iIiNuus MO HACBIIIEHHOCTHU UK Becy TaKCOHOB IBYX
nepapxmuyeckux CTPyKTyp — 00O3HAUUM CUMBOJIOM 7.

DepeiifieM K MaTeMATHUYECKON MOCTAHOBKE 3a/1a9l HAaXOXKIEHUs
XapaKTepucTUK paccTosHus d u r.

5.1. DaccTosHUE MO BUAY CTPYKTYPbI. JYCThH HaM TaHbI B
uepapxuu Hy u Hy ¢ YucHOM ypPOBHEN M1 U Mo COOTBETCTBEHHO. Jy-
IIeM paccMaTpUBATh mepapxmio H; Kak (ymopsmodeHHOe) MHOKECTBO
ypoBHedt ¢ J = 1 mo j = my, a KaXIBIH YPOBeHb — KaK COBOKYTTHOCTH
hj; PACIONOKEHIBIX Ha HEM ¢ BepIINH (TaKCOHOB) fuyj¢:

hje = {hijes hojis - oshijes ooy hyje}

B mpotecce mpeBpaiiieHust OnNHON Mepapxui B APYTYIO MOTpedy-
eTcs BepIINHy hjjq 3aMEHUTH Ha BEPIUINHY /5. CanmTaeM, 4TO CTOH-
MOCTB TaKOil pelaKIMOHHON omepannn umeeT suavenue c(ljl,1j2) =
ajj1 — aijz. IS OmEHKNM CTONMOCTH 3aMeH BCeX ¢ BepIINH yDOB-
Hs ji TIepBOl MepapxXuu Ha BCe ¢y BEPIIMHBI YPOBHS jo BTOPOIN Ie-
PApPXUU UCHOMB3YeM MPOCTOIl alTOPUTM TOXOXKUX map. Ilms sToro
BHAYAJE CIeaeM YICIO BEPIINH B CPABHIBAEMbIX YPOBHIX ONMHAKO-
BBIM U PABHBIM ¢, TOGABIB K YPOBHIO ¢ MEHBIIINM YHCIOM BepIIuH f
nycThIX Bepiin, vae f = ¢ — q2|. ITycmoi HasbiBaeMm BeplrmHy ¢
nnnexcoM {a;; = 0}.

BaTeM Iy BEPIUINHBL hyj1 HAXOMUTCS caMast IOXOXKasl Ha Hee Bep-
mnHa hyjz, T. €. TaKas, pefakimoHHOe paccrosHue ¢(1) mo xoropoit
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MUHUMAIBHO. Bemmunna ¢(1) mobaBisieTcss B CUETUYNK CYMMapHOTO
paccTosHus ¢(j1,72) MeXKIY HAHHBIMI YDPOBHAMIU, W 3Ta Mapa Ca-
MBIX MOXOKIX BePIINH N3 JaJIbHEIero paccMOTPeHIS MCKII0YaeTCs.
Cpenu ocTaBIIMXCS BEPIINH CHOBA UIMETCS caMas TOXOoKas mapa, Be-
NUYTHA UX PENAKIHOHHOTO PACCTOSHIS ¢(2) noBaBIsSeTCs K CUeTUNKY
¢(J1,72), a 5Ta mapa Takke UCKIOUALTCS U3 HATbHENIIeT0 aHaIm3a.
Takas mpolenypa HaXOKIeHHs Ha KaKIoM ({-M) 1rare caMoiil Toxoxkeit
maphl, TOOABIEHNS K CIeTINKY ¢(j1, j2) BeTUWINHEL ¢(]) 0 MCKITIOTeHNS
[-it mapBl BBIMONHAETCS ¢ pa3. B mTore momydaercs BeJmduHa pelak-
IITOHHOTO PACCTOSHMS MKy NBYMS >THMIE YPOBHSAMIL:

c(j1,d2) =Y e(l).

=1

DpoBens cpaBHEHIE BCEX 1M1 YPOBHEN TepBOil HepapXui cO BCEMI
Ty YPOBHSMHI BTOpOIl, MbI momyanM MaTpuiny C(1,2) ¢ HoMepamu
CTpoK 1,2,...,71,..., M W HOMepaMu cTOIOIoB 1,2,...,752,...,Ms.
Da mepeceyeHnn CTPOKHU j; M CTOJIOIA jo GyIeT CTOSTH BeJINYIHA
(4aCTHOTO) PEMaKIIMOHHOTO PACCTOSHIUS ¢(J1, j2) MEXKIY YPOBHIMI ji
I j2 CPAaBHUBAaeMBIX mepapxuii (cm. Taba. 16).

Ta6anuma 16

DemakIHOHHOE PAcCTOSHUE MKy ypoBHsiMu uepapxuit Hy u Hy

J2

J1

1 @ 10 8 8 6
2 1\®—@\3 7
my 3 11 13 7\@—@

DeNaKINOHHBIM PacCTOsMNeM d MeKIy uepapxusmu Hq u Ho
Ha3bIBaeM CTONMOCTH He JT060TO, a ONTHMAIBHOTO [epeBona ¥ POBHel
nepapxuu Hq B cooTBeTcTBYyIOMINE YPOBHE Hepapxuu Hy. DTOT mepe-
Bo GyleM HCKATh ¢ MOMOIIBI0 METONA AMHAMUTECKOTO IPOTPAMMIL-
poBarus [13,30]. B pesymprare maxommm myTh Ha mMatpuie C(1,2),
coenmHSIONNIT KiaeTouky (1, 1) ¢ KmeToukoit (1my, ms) U TPOXOMAIINIT
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yepes coceHue KJIeTOUKH JuGO MO TOPU3OHT AN CIIeBa HallpaBo, 1u6o
MO BepTHUKAIU CBepXy BHU3, JuGO MO MUATOHAIUW BIIPABO BHU3. Ja
KaKIOM Ir1are TpubaBiseM K CIeTYNKY pacCcTOSHUS d(()) Beamamny
k X ¢(j1,j2), B3ATYIO U3 TOW KIETOUKHN, Uepe3 KOTOPYIO HTPOXOIUT
nyTb. BecoBoit kosddunuent k paBeH enuHUIle IpU Iepexomne IO
NUAroHaJM ¥ OBYM TIPH Iepexofe MO TOPU3OHTAIN WU BEePTUKAIU
(cxeMa IMHAMUTECKOTO TPOTpaMMUpOBaHus 2-1-2). Daira menb co-
CTOUT B TMOUCKE TaKoTo NyTH (), KOTOpHI HabupaeT MUHUMAIBHYIO
cymmy d(Q)) cTomMOcTell YaCTHBIX B3BEIIEHHBIX PENAKIMOHHBIX Pac-
CTOSHNI. DTOT Iy Th MOKa3aH B Taba. 16. Ou maet Bemmauny d(Q) =
44 74+2x34+34+2x1=22

Jsiss HOpMUPOBKH PENaKIMOHHOTO paccTosHus d(()) B mWpemes
OT HYJIS [0 eNUHUIEl HyKHO d(()) pasnennTs Ha koadduyuenm nop-
masuzayuyu D, KOTOPHIH IpencTapiaseT coboii HanbGoIbIillee penaKkIln-
OHHOe paccTosiHue oT uepapxuit Hy u Hy no HeKOTOPOI mpenenbHO
oTHUYAONIeics OT HUX Wepapxuu. B KavecTBe TakoBoll mpuHuMa-
eTcs BeIpoxknenHas uepapxus Hs. Oua cocTouT u3 onHON BepIIUHBI
MePBOTO YPOBHS ¢ HYJIEBLIM UNCIOM BXOMSIINX B Hee peGep {ay; = 0}
I C HyJeBBIM WHIEKCOM HachilieHHocTH {v17 = 0}.

MaTpuila 9aCTHBIX peNaKIMOHHBIX PACCTOSHUN I cOueTaHus
Bcex ypomueit mepapxuit 11 m H3 mpuBenena B Tabn. 17, a, nis me-
papxuit Hy u Hs — B Tabn. 17, 6.

Ta6aunma 17

MaTpnita 9acTHBIX pelakIMOHHBIX PacCTOSHMIT
o BULy CTPYKTYp Mexnmy uepapxusmu (Hq, Hs) uw (Hy, Hs)

. Ji , J2
J3 J3
1 2 3 1 2 3 4 5
1 6=9=3) 1| (0161062
a o

OnTuManbHble HyTH 30eCh UAYT TOJBKO IO TOPU3OHTAIN, TakK
YTO pemakIHoHHOe paccTosnme Mexny Hy um Hs BoipaxkaeTcs Be-
mrunbaoil Dz = 6 +2 X 94+ 2 x 3 = 30, a paccrosame Dyz =
10 + 2 % (16 + 10+ 6 + 2) = 78. CremoBaTelbHO, B KauecTBe HOP-
MUpYIOIIero KoxhduiinmenTa BeIOUpaeTcs [ = 78 U pemaknmoHHOE

paccrosHme Mex Iy nepapxusMu Hq uw Hy 10 BILY CTPYKTYpPHI IMeeT
smavenne d = d(Q)/D = 22/78 = 0,282.
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5.2. DaccTosiHIE IO BeCOBLIM MHAeKcaM. Tereps ommimeMm
IIpOTlecC HAXOKIEHUS OPYTOil XapaKTepUCTHUKN PACCTOSHUS (T) Me-
Ky HePApXISIMIL IO BECOBBIM MHIEKCAM BXOISIINX B IIX COCTAB TaK-
COHOB. 3mech TakiKe IPHMEHSEM MeTOI HMHAMIYECKOTO IPOrpaM-
MUPOBAHNs, TaK KaK IIest COCTONT B TOM e CaMOM KeJIaHWN ONTH-
MaJIBHO IIPeo6pa30BaTh Bce YPOBHII OTHON HEePAPXIN B COOTBETCTBYIO-
ITIe YPOBHI APYTOil. IliIst OleHKN pemakIMOHHBIX PACCTOSHIIN MK Iy
YyPOBHEM jj IepBOil MePapXUI I YyPOBHEM j BTOPOIl BOCIONIB3yeMcs
ONICAHHBIM BBIIIe AITOPUTMOM IOXOXKUX Tap. ECIH dmeno Takco-
HOB B JAHHBIX YPOBHSX He ONMHAKOBO, T. e. ecinm ¢(1) # ¢(2), To
yCTpaHseM dTOT «IedeKTs IyTeM N0GaBIeHHs K YPOBHIO ¢ MEHBIITIM
TICIIOM TaKCOHOB HemocTaformero ancia f = |¢(1) — ¢(2)| TakcoHOB ¢
HyJIeBBIM BecoM v = 0. Docie HTOro HaXOMSATCS caMble IOXOXKIe Tapbl
BEPIINH (TaKCOHOB) CPaBHIBAEMBIX YPOBHENl H YacTHBIE PeNaKIINOH-
HbIe PACCTOSHIS MeXKIy STUMI BepPIINHAMI CyMMUPYIOTCS B HAKOIN-
Tellb PENaKINOHHOTO PACCTOSHIS MEXKIY PacCMaTpPUBAEMBIMII yDOB-

HsiIMNI:
q

c(j1,J2) = Z o1 — 2]

=1

Kak u B nmpensinyieM ciaydae, GopMupyeMm MaTpuiy (cM. TabiI.
18) pemakUMOHHBIX PACCTOSHUI pa3sMepoM ji X jo W HIeM Ha Heil
ONTHMAIBHBI Iy TH () MepeBoma OMHOI HepapXun B APYryio. O pume-
HsIeM TaKylo e CXeMy NNHAMHIYeCKOTO MPOrpaMMUPOBaHUS 2-1-2 1
HAXOINM BeJIMYNHY PeNaKIIMOHHOTO paccTosHus 7(()) (B HaleM mpi-
Mepe ONTHMAaJbHBIL IyTh MoKasan B Tabx. 18 u 7(Q) = 230).

Taob6nanumma 18
Marpua pemakIMOHHLIX PacCTOSHITIT
IO BECOBBLIM UHIEKCaM MeXIy mepapxusmu Hq m Ho

Ja

12 3 45

1 40 70 120
0

p 100 60 60 120
3 160 140 120 (R0==0)

J1
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DaubGosbliiast Bequunta paccrosuus K Obina Obl HalileHa IpH
CpaBHEHUN 3aTaHHBIX nepapxuit Hy w Hy ¢ nanbosee Ha HUX He TMOXO-
Kelt mycToit nepapxueit Hs. YacTHBIE pACCTOSHUS I MEXKIY YPOBHIME
uepapxuu Hy w H3 mpencrasientl B Tabm. 19, a, a MeXKIy mepapxu-
suu Hy 1 Hy — B Tabim. 19, 6.

Tao6aonumwma 19

YacTHbIe pacCTOAHIS MEKILY YPOBHAME MepapXun
0 BECOBBIM WHIeKcaM Mexkny mepapxusivu (Hy, Hs) n (Ha, Hs)

. Ji , J2
J3 J3
1 2 3 1 2 3 4 B
1 100 100 100 1 1100 100 100 100 100
a o

JleTko BUOETH, YTO paccTOsSHUe OT Wepapxuu H3 mo moboil me-
papxun H, ¢ quciom ypoBreil m, nveetr 3Hadenne R(t,3) = 10042 x
100 X (my — 1). B mamem mpumepe R(1,3) = 500, a R(2,3) = 900,
TaK UTO peHakNWOHHOe paccTosHuWe Mexny Hy mw Hy o HaCHIIIeH-
HOCTH TaKCOHOB HAXOMNTCS CcrlenyormmM obpasom: r = r(Q)/R =
230/900 = 0, 256.

O6itiee pemakinoHHOe paccTosHme P MeXy OBYMs UepapxXusMu
IpIMeM PaBHOI cpemneil Benumunse paccrosauit d mwr: P = (d+7r)/2.
B namrem caygae P = (0,282 + 0,256)/2 = 0,272.

§ 6. TakcoHOMUS Mmepapxuil

WcnmonbioBanue onmmcanHoll BEINIIE MEPHl PACCTOSHUS MEXKITY Te-
papxXuyecKuMy CTPYKTypaMu N03BoJseT GOPpMYJINPOBAThH U pellaTh
MHOTHe 3a/Ja4ll TOTO XKe THUla, YTO pelllaloTcs Npu aHaln3e HaHHBIX.

B gactHOCTH, MOXKHO TOCTABUTE 32029y TaKCOHOMUU CTPYKTYP-
HBIX OOBEKTOB. JyCTh UMEIOTCS ONUCAHUS CTPYKTYDP yIpaBleHUs
BOJBIIOTO YN CIa NPENITPUS T, 1 HaM HY2KHO TIOHATh, €CTh JI KaKie-
b0 CTPYKTYPHI, KOTOPble BCTpevaloTcd Jallle, YeM HpyTue, MOXKHO
au c¢hopMUPOBATH PA3YMHYIO KIacCUGUKAINIO CTPYKTYP WIHN ITTPO-
CTPAHCTBO CTPYKTYP 3all0JHEHO UMU PABHOMEPHO M OOHAPYXKUTH UX
KOMIaKTHbBIE CTYCTKU He BO3MOXKHO.
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YUTo6E OTBETUTE HA DTH BOMPOCH], TOCTATOTHO BHIUNCIUTE Pac-
CTOAHUS MeXKIY BCeMU MapaMil CTPYKTYPHBIX OObeKTOB U 3aTeM ITpu-
MeHUTH OIMH U3 MeTOIOB TaKCOHOMUU, OMMUCAHHBIX B 3TOH KHUTe.

B kauecTBe TUNUUYHBIX CTPYKTYP, HPEHCTABISIONINX Kk TaKCO-
HOB, MOXKHO [IJIf KaxXKIIOr0 TaKCOHa UCMIOJb30BATh IO ONHON CTPYyK-
Type, Haubosee Guu3Koll K ero nenTpy. CyMma paccTOsHUl OT 3TOi
CTPYKTYPHL IO OCTAIBHBIX CTPYKTYP TaKCOHA OyneT MUHUMAJbHOI.

§ 7. Dacno3HaBaHUe MePAPXUUYECKUX CTPYKTYP

Ecnw mexonuTh 3 TUTOTE3H! TOKAIBHON KOMITAK THOCTH, TO MOXK-
HO TPUMEHATH MeToH OuKaliliero cocena, onupasch Tpu 3TOM Ha BCe
peanu3anuu odyyvaroleil BEHIOOPKN WKW Ha MPeaBapuUTETHhHO BBIOPaH-
HOe MHOXKecTBO TperieneHToB. OT60Op MpeneneHToB MOXKHO IelaTh ¢
ucnoabszoBanueMm anroputma STOLP.

Dornee ciioxHble TpobGIeMbl BOSHUKAIOT IIPH OMOpPEe HA TUIOTE3Y
YHUMOIAJIBHON KOMITaKTHOCTH. 3eCh sk BEIPABOTKE ONTUMAaIbHOTO
pelliaollero npaBuiia MoxeT TOTPeboBaTHCS CUHTE3MPOBATH 3T aJIOH-
HYIO CTPYKTYPY, KOTOpas Urpadia Obl poJb MaTeMaTUYeCKOIOo OXKU-
NaHUs paclpeneiediss CTPYKTYP KaXaoro obpasa. OddekTupHbe
U TpO3payvyHble aJTOPUTMBI pellleHus >Toil 3ajauyu 1MoKa He paszpado-
TaHbl, U [JIs 3TOrO ClIyyas MOXKHO PeKOMeH/IOBaTh MCIOJNb30BaTh B
KayecTBe 3TalloHa OIHY U3 UMEeIOIINXcs Wepapxuil nanHoro obpasa.
Doiib BTAJOHHON MOMKHA UTPATh HepapXus, CyMMa PacCTOSHUNA OT
KOTOPOIl 10 BceX OCTANbHBIX Mepapxuil ob6pa3a MUHUMAIbHA.



I'nmaBa 17

AHanu3 mMaHHBLIX, 3HAHUN
1 CTPYKTYP B cHCTEeMAaxX
MCKYCCTBEHHOT'O MHTEJIJIEKTAa

§ 1. OkcuepTHbIE CHCTEMbBI TAPTHEPCKOTO THIIA

I'maBras oTnmuuTenbHas 0COOEHHOCTH MHTEIJEKTYAJBHON CH-
CTeMBl 3aKJI0YaeTCs B YMeHUW IellaTh MpaBUIBHBIE TTpencKazaHms.
B mpotecce nccienoBaHns HEKOTOPOTO 00BEKTa (I/IJII/I Hpouecca) T10-
SIBIISIeTCS TMPOTOKON HabIIONeHuil 3a ero ToBedeHWeM TPU TexX WIAN
UHBIX BHEIIHUX BO3meicTBuIX. OBBIYHO IPOTOKOI nMeeT aubo hopMy
TEeKCTOBBIX 3allficell THUMa «CTUMYI-peaknnsy», aubo Tabiani Tuma
«0OBEeKT-CBOMCTBOY. WHTeNIeKTyadbHads cCHCcTeMa aHAJIN3upyeT Mpo-
TOKOH U OBHAapYyXKWBaeT yCTOMINBHIE (3aK0H0MepHHe) CBSI3U MeXKITy
PA3INIHBIMEI XapaKTepucTUKaMn ob6bhbekTa. Icim mocie >ToTo CiH-
cTeMe IPenbIBUTE HEKOTOPHIE (OHMCLIBaIOHme) XapaKTepucTuKM, TO
OHa, UCTOIL3YS OobHapyKeHHble 3aKOHOMEPHOCTH, CMOYXKET TpencKa-
3aTh TPaBIOTONOOHbIe 3HAUEHNS OPYTUX (]_[eJIeBBIX) XapaKTepucTuK.

Da bToM dhyHIaMeHTe — yMeHHN aBTOMAaTHYEeCKN OOHAPYKIBATh
3aKOHOMEPHOCTH W WCIMOIB30BAThL UX IS TTpeAcKa3aHus — CTPOATC,
7 6YIYT CTPOUTHCS, BCE CHCTEMBI MCKYCCTBEHHOTO MWHTEIIEKTa (I/H/I)
D0 Mepe COBEpPIIEHCTBOBAHES MeTOnoB cucTeMbl UM momkHLI mpoiiTu
TPU yCIOBHBIX CTAUN CBOETO PA3BUTHS.

Da mepBOoil CTAONN OHN IPENCTABIAIOT COOOI CIHCTEMBI CO CITabBIM
WHTEIJIEKTOM ITacCHBHOTO IOMOITIHNKA: OHU He B COCTOSHUN caMl 00-
HapykKNBaTh 3aKOHOMEPHOCTHW W WCIONB3YIOT TOJIBKO Te 3aKOHOMEp-
HOCTH (3HaH1/I;[), KOTOpBIe OBLIN TOJIYYeHBI OT DKCIePTOB, Mepepa-
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O0TaHBl «MHKeHEpaMU 110 3HAHUSM» W BBeHNEeHBI B NaMATh CUCTEMBI
(6asy smanuit) B ymobuoM mis Mamnusl Bume. Cucrema crnocobia
MaHUIYJAUPOBATH 3TUMU 3HAHUAMU, UMUTUPY S ITPOIECC CTPOTroTo JIo-
T'MYecKoTo BBIBOMA, U BbIHABATH OTBETHI Ha 3allPOChl MOIb30BaTeNs.
Opu 5TOM cHCTeMa He UMeeT MeXaHU3MOB, KOTOPbIe MOOY KM Obl
ee KPUTUYECKN OIEHUBATh BBOIMMBIE B ee MaMiITh 3HaHUSA, OOHAPY-
JKUBATh B HUX TPOTUBOPeUns 1 Mpodesbl, MHUIUNPOBATH BOTPOCHL K
XO3AUMHY CUCTeMbI, oOpalllad ero BHUMaHWe Ha HeCOBEPIIeHCTBO Oa3bl
3HAHUH. DaCCHBHOCTBH CHCTEMBI-aCCHCTEHTa ODHapyKUBaeTcs U B
TOM, YTO OHa He ThITaeTcs U3BIIeKaTh HOBble 3HAHUS U3 TAHHBIX, KO-
TOpble HaKallJIMBalOTCA B ee MaMiATH B Xome paboThl, U He BbIlaeT
MOJb30BATENIO 110 CBOEN MHUIMATUBE HUKaKOi MHGOpMAIuu, Hanpu-
Mep O TOsSIBJIEHUN HOBBLIX 3aKOHOMepHOCTell, 06 ycTapeBaHUN KaKOH-TO
YacTU TPeXKHUX 3HAHUIA.

Nvenno TtaxmMmu cBoiicTBaMu 06JaaloT SKCIEpPTHLIE CHCTEMEI
(OC) mepsoro moromenus. JllambHeiflilee pasBHTIE MHTEIIEKTYATb-
HBIX CHCTeM HallpaB/eHO Ha CHATHUE YKa3aHHBIX OTPaHUYeHUN U TIpe-
BpallleHle CUCTeM B aKTUBHBIX WHTEIIEKTYAJIbHbBIX TaPTHEPOB MOIb-
30BaTels, T. e. B mapTHepckme cucteMbl (DC). Dapsimy co 3HAHUSIME
SKCIEPTOB, BBOMUMBIMEU «WHXKeHepaMu 3HaHuity, JDC OymyT uMeTh
CpelcTBa CaMOCTOATENBHOTO U3BJeYeHs 3HAHUN U3 TAHHBIX, TTOCTY-
MAIOMINX B CHCTEMY B XOIle ee CO3HaHUS U SKCIIyaTallWi. Ja >TOM
ocuoBarul JC O6yNyT CHOCOOHBI OOHAPYKUBATH MPOTUBOPEUUs Me-
KOy UMEIIUMUCS U BHOBb MOCTYNAOMINMY 3HAHUAMU U HAHHBIMU,
BBIABIATE B HUX OIIMOKNM W MpoOelbl m oOpalmaThcsd MO CBOell MHU-
nMaTUBe K TOJNL30BATEINIO ¢ COOOIIeHeM IO MOBOAY 3TUX neGeKTOB B
utdopmannontoit 6aze. Kpome Toro, 9C monxubl umets Homee ynob-
Hble CpefcTBa OOIIIEHUS ¢ TTOAb30BaTelleM, KOTOpbhle TOBBIIIAJIN Obl X
&I PYHKECTBEHHOCTH>.

Cutemytomiuit 5Tall pa3sBUTUs HHTEIIEKTYaIbHBIX CHCTEM [TOJIKEH
NpUBECTH K TMOABIEHUIO TaKUX CUCTeM, KOTOpble MO OTHOIIEHWIO K
MOJb30BaTEN0 MOTJIU Obl BBICTYHATh B KayecTBe yUUTeNls WU JIU-
mepa, T. e. K nosBrenmio cucreM-iunepos (CJI). Otu cucremsr Gy-
IyT HaKallIMBATh 3HaHUS, TMOJdydYas UX B Xole HENOCPencTBEHHOTO
IMAJIoTa ¢ 3KCIepToM Oe3 BMeNlaTelbCTBa «WHKEHepa 3HaHWIT», M3-
BJEeKas UX U3 TPOTOKOIIOB 3KCIIEPUMEHTOB, B TOM YHCIe TTPOBOMUMBIX
nox, ynpasnenuem CJI. OHu HOMKHBI yMETh YUTATh U TOHHMATE CTa-
ThbH, KHUTH, YepTexu u cxembl. CucTemMa HOMKHA CTPOUTH MOOEIb
n3yvaeMoil MPUKJIQIHON oblacTu, T. €. cO3[aBaTh ee TeOpulo, CTPo-
ITh MOINeTh TONb30BaTeNs (YIeHNKa) W MONeNTh caMoil cebst, ITOGHI
ONTUMU3UPOBATH Tpolecc GOPMUPOBAHUA MONEIU M3Y4aeMOTO MUpa
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B CO3HAHUM yUYeHUKa.

D0 MOHSTHHIM TPUUNHAM Cefiuac HeT CMbICHA MBITATHCS CTPOUTH
BoJiee neTallbHble TPEANONOKEHUs O CBOCTBAX U QYHKIUAX CUCTEM-
numepoB. YTo XKe KacaeTcs MAPTHEPCKUX CUCTEM, TO UX 0COGEHHOCTH
MO CpaBHEHUIO C CYHIECTBYIOIIUMU celiyac 3KCIepTHBIMU CucTeMaMu
nesiecoobpa3Ho yKa3aTh ykKe cefivac, Tak kak paborbl Han JC Be-
IyTCd BO MHOTUX KOJUIEKTUBAX, 1 ObLJI0 Obl XOPOIIO B CaMOM HavaJe
3TUX paboT cHOPMYIUPOBATH B SABHOM BHIE UX IeNH. JUKe Mpu-
BONUTCA ONUCAHME CBONCTB, KOTOPBLIMI, IO MHEHUIO aBTOpa, HOJIKHA
ob1anaTh MTapTHEPCKasd CUCTEMA.

§ 2. OTauuuTelbHbIE XaPAKTEPUCTUKNI

9C u DC [75]

DpuBeneM CBOMHYIO TabIIUILY XapaK TePUCTUK SKCIEPTHBIX U Tap-
THEPCKUX CUCTeM U paclindpyeM 3aKONUPOBaHHbIe B Hell obo3Haue-
uust (em. Tabm. 20).

1. Dasel 3nanuit IC BKIOUAIOT B cebs 3HAHUS, IPEACTABICHHEIE
B KaKOW-HUOYIE OOHON hopMe: B BUde MPOMYKINUI, GpeliMOB WIN ce-
MaHTHUYeCKuX ceTeil. Dasza 3Hanuit JC HOIMKHA UMETH BO3MOKHOCTH
paboTaTh ONHOBPEMEHHO ¢ JI000i U3 3TuX (GopM ImpencTaBiieHUs 3Ha-
HUil (6UGANOTEKOI) I MOTMOIHITENBHO BRIYATH B ce0s 3HAHUS B
(opme porpaMM, UMUTUPYIOIINX TOBedeHe U3YYaeMOro WAl YIIpa-
BJseMOro o0ObeKTa B IUHAMUKe NMPU Pa3HbIX BXOIHBIX BO3MIEHCTBUAX
Ha Hero.

2. Ecam B 5KCIEpPTHLIX cHCTeMaX eOUHCTBEHHLIM WCTOTYHUKOM
3HaHU SBAAIOTCS CYXKIEHUS 3KCIEPTOB, TO MapTHEPCKUE CHUCTeMbl
IOJKHBL MMeTh CpeAcTBa MOJyYeHUS 3HAHUNA M U3 JTaHHBIX, Ipel-
CTaBJEHHBIX B BHIE CTATUCTUYECKUX WM SMIUPUYECKUX Tabauil
«OOBEKT-CBOIICTBO-BPEMS».

3. Opu uwsBneuvenun 3uanuit nas IC npuxomures mpuberaThb K
MOMOIITY «HHXKeHepa 3HaHuii». B OC moMumMo 3TOro MOXKHO HCIONb-
30BaTh TaKkKe MPOrpaMMbl aBTOMaTUYECKOTO OOHApYyKeHUS 3aKOHO-
MepHOCTell (3HAHMWIT), CKPBITHIX B 6a3e TaHHBIX.

4. DKcnepTHBIe CUCTEeMbBI OBBIYHO UMEIOT TOJNBKO 6a3bl 3HAHUI.
DapTHepckue 6yIyT UMeTh Takxke W 6a3bl MaHHBIX, B YaCTHOCTHU Ta-
Kie, B KOTOPBIX [IaHHble TpelcTaBleHbl B (GopMe TPeXBXOMOBBIX Ta-
oIl TuMa «0ObeKT-CBOHCTBO-BpeMsi». DIeMEeHTapHON YacThiO ITaH-
HBIX SABIfeTCA 3aluch THma: <Y obbekTa A; cBoiicTBo X; B MO-

MeHT BpeMeHn T} mMeer 3HaueHue ();;;. ocTOBepHOCTH 5TOTO daKkTa
paBua P». Unu xopoue: (A;, X;, T4, Qijt, P).
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5. B oramane ot DC, monb3yioteiicss onHuM (IeIyKTHBHBIM ) CIIO-
coBOM JIOTMYECKOTO BBIBOMA, HAIPUMED METOIOM Pe30JoIuil, 3aJ0-
kennbiMm B s3bike DO0JIOD, napTHepckas cucTeMa monxKHa obiranarh
ellle U CpeACcTBaMU WHAYKTUBHOTO BbIBO/A, B TOM YUCJe CPencTBaML,
UMUTUPYIOUINMHI PACCYKIEHNS IO aHAJOTUN U HEMOHOTOHHBIE PACCy-
KIOEHUS.

6. Humamor 5SKCHepTHON CHCTeMBl BKIIOYaeT B cebs TepMUHEI
NPUKIQIHON 06JacTy, BXOOAIINe B MeHI0, Wiin Gppasbl KecTKOW KOH-
CTPYKIIME. DapTHEPCKWE CHCTEMBI IOJKHBI ObITh OCHAINEHBI JIUH-
IBUCTUYECKUMHU NPOIECCOPaMU, CIOCOOHBIMU MOHUMATh BbICKa3bIBa-
HUS TOJb30BaTess Ha ecTeCTBEHHOM Mpo0JeMHO-OpUeHTUPOBaHHOM
sI3BIKE.

7. Y moSHBIM NIl TIONB30BATEINS CPeNcTBOM OOITIEHUS ¢ CHCTeMOLt
OBLI OBl YCTHBIN nuagor. JDTo mo3BOIUI0 66l obiarbes ¢ IC mo Te-
JeOoHy U OTKPHLIO HOBbIe 06JaCTH IPUMEHEHUS CUCTEM MCKYCCTBEH-
HOTO MHTeJJIeKTa B cIyxkOax cepBuca U oOyuyeHUs.

8. Baxmoil pyHKImeil TapTHEPCKOI CHCTEMBI, 06IeTrIatolell mpo-
IlecC HAIOJTHEHN S Oa3bl 3HAHWI, OyZleT CIOCOOHOCTH aBTOMATNYECKOTO
obHapyXKeHUs TPOTUBOpeuuil MeXKNIy 3HAHUSAMU, yiKe UMEIOITUMUCS
B D3, U HOBBIME, MOCTYIAIOIIMME OT SKCIEPTOB HIH OT TPOrpaMM
aBTOMATUYECKOTO M3BJIeUeHUs 3HAHUN U3 MaHHBIX.

9. AnasoruuyHoe 3HaveHUe MOJKHBI UMETH CPENCTBA aBTOMATH-
qeckoro obHapyKeHUs rpyobix omubok B Gase nanubix. IC mo cBoeit
WHUIIMATUBE NOMKHA WHGOPMUPOBATH TOAB30BaTels 00 0OHAPYKeH-
HBIX HeOJAromodyuudax U npemjiaraTh BapuaHThl pa3pellleHus TpoTu-
BOpeYnil WIN UCITpaBIeHNs OIINOOK.

10. DapTHepcKas cucTeMa HONKHA HMETh CPENCTBA ABTOMATHIe-
CKOTO TPOTHO3UPOBAHUS 3HAUEHUH BeJWUYWH, OTCYTCTBYOMNX B D1
(cpemcTBa 3amMOTHEHNS TPOGEIIOB ).

11. Orcyrersytomas B DC Mofelb HOJdb30BaTeNs HyneT Heo6-
xomuma DC [ NIAHUPOBAHUS CBOETO B3aUMONEHCTBHUS ¢ HUM. Ja
NMepBBIX TIOpaX 3Ta Moeb MOXKeT ObITh NpelcTaB/eHa NporpaMMaMu
afganTallii CUCTeMbI K 0COOEHHOCT IM B3aUMOAeHcTBUS ¢ HEIO0 HAHHOTO
KOHKPETHOTO TIOIB30BaTeNs! ( BEISBIEHIEM JaCTO MOBTOPSIOIINXCS BO-
MPOCOB, YacTO pelllaeMblX UM 3ahad, HauboJiee TpednodTUTeIbHON
dOPMEI IONYYEHNsT OTBETOB 1 T. II.).
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Tao6anuma 20

XapaKTepI/ICTI/IKI/I OKCIIePTHBIX U IIapPTHEPCKUX CUCTEeM

XapakTepucTUKR DxcrepTHAs DapTHepcKas
cucTeMa cucTemMa
1. Twumbr 6a3b1 3HAHTIT MTPONYKITUN, bubnumoTeka,
dpeiimbl UMUTAIIMOHHbIE
ceMaHTHUYecK1e MOHeIn
ceTn
2. Wecrounuku 3manmit SKCIEPTHI SKCIEPTHI,
0a3bl 3HAHWI
3. CmocoObl U3BIeYeHNS |[«MHKEHep 3HAHUI»|KMHKeHep 3HAHUI>,
3HaHUi aBTOMATHYECKOe
obOHapyXKeHUe
B Oa3ze MaHHBIX
4. Danuune 6Gasbl NaHHBIX HeT na
Crparerus IenyKius Habop (memyKims,
JIOTUYECKOTO BHIBOHA MHAYKINSA,
HEMOHOTOHHbIE
pacCyKIeHus )
6. spik obmienus TpoOIeMHBI mpobiieMHO-
¢ TIOJIb30BaTelleM OPUEHTUPOBAHHBI
eCTeCTBEHHBIN
SI3BIK
7. YcTHBIH nmaior HeT OrpaHUYeHHbI
CJI0Baph
8. OGHapyxeHue
NPOTUBOPEYN B HeT na
Oase 3HAHWN
9. OGuapyxeHue
o1InbOK B HeT Ia
Oase 3HAHWN
10. 3amosuenue mpobenos HEeT ma
11. Momens monk3oBaTeNs HeT aganTalus
12. T'omeoctat HeT na
13. Bun pesymbTaTa qUCHO, PelenT |+Tunoresa, Moleab
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12. DapTHepcKas cucTeMa HONKHA HMETh CPENCTBA ABTOMATHIe-
CKOTO TONAepKaAHUA U [TaxKe yIyUllleHUs CBOUX PabOunx XapaKTepu-
CTHUK B XOIle dKCIyaTanuu. s >Toro oHa MOMKHa BKIOIATE B CBOM
COCTaB MPOTpaMMbl obecrieYeHnsT TOMeOCTATUYECKOTO COCTOSHUS.

13. DkcnepTHas cucTeMa CIOCOGHA HaBaTh OTBETHl B GoOpMe Ul-
CJIEHHBIX 3HAYeHU] 3alpalinBaeMblX BeJUYUH AW CTaHOAPTHBIX pe-
KOMeHIaluii. DaprHepckas cucTeMa, aHAJIU3NPys HaHHBIE, SHAHUS U
MOZeIN, IOJXKHA KpoMe 3TOT0 1aBaTh COMPOBOKIAONIINE TTOSCHEHUS 1
hopMyaupoBaTh 0OHAPYKUBaeMble HOBble 3AKOHOMEPHOCTU WU TeH-
Ientuu B GopMe, JIETKO MOHUMaeMOll TOJIb30BaTelleM.

Denb3s cTPOro 060CHOBATH HEOOXOMUMOCTh KaXKIO U3 YKa3aH-
HBIX XapaKTepucTUK MapTHEPCKON cUCTeMbl, TaK XkKe KaK U JoCTaTou-
HOCTH WX COBOKYTHOCTW. BBI6op WMEHHO A>TUX CBOWCTB WM WX WHTEp-
npeTalus ObLIM clleflaHbl HA OCHOBAHUU MPeNcTaBIeHUS aBTOPa O TOM,
NpU KaKUX YCIOBUSX MHTeJeKTyallbHas cUcTeMa NpeBpalllaeTcsd 13
YMHOTO, HO TTaCCUBHOTO ACCUCTEHTA B PA3yMHOTO W aKTUBHOTO TapT-
Hepa TaKOro MMOJb30BaTel s, KOTOPbIN pelllaeT 3aa4uu MIaHUPOBAHNS,
NPOEKTUPOBAHNSA, MPOTHO3UPOBAHUS, PACTO3HABAHUSA WM TPUHATHUS
OPYTUX pelleHu.

§ 3. CocTosHue pa3paGoTok B oGjiacTu

IIapTHEPCKUIX CHUCTEM

OcroBoll Mt paspaboOTKU psna TOICHCTEM TapTHEePCKO# cucTe-
MBI MOTYT CIYXKHUTEH Pe3ylTbTaThl, WMEIOIINecs B O6GIaCTH MEeTONOB
OOHAPYKEHNS 3aKOHOMEPHOCTEN, paclo3HaBaHms oOpasoB, aHaIm3a
MaHHBIX ¥ 3HAHWH, MAaTeMaTHUeCKON JTUHTBUCTHKN, & TaKKe OMbIT B
COBMTAHUT HKCIEPTHRIX cucTeM. OTMeTHM HEKOTOpBEIe U3 HTUX Tpel-
TMOCBLTOK, OMIPasCch Ha OMNH M3 BO3MOKHBIX BapMaHTOB GIOK-CXEMBI
mapTHepCKOil cucTeMbl (cM. puc. 46). Da 5Tofl cxeme 3alITPHXO-
BaHBl GJIOKW, MMeoImecs B Hambosee pacmpoCTpPaHEeHHBIX SKCIepPT-
HEIX CUCTeMaX. OPW OMMCAHNN HEKOTOPHIX GIOKOB MBI TOIpPa3yMe-
BaeM WX peaju3alliio B Halllell uHCTPyMeHTalbHOl cucTeme DKCIOA
(9KCcTepTHas cUcTeMa HamomHseMas ) [22,23,57,58].

3.1. Dok guasora. JToT 60K BKIOUaeT B cebGst MOACUCTEMY
reHepaluyl IuaJjora s HOBOW TpeaMeTHON ob6JlacTH, JIMHIBUCTUYE-
CKUil mpolleccop U TOACUCTEMY pedyeBOil CBSI3M.

OCHOBY TOICHCTEMBI IHAJOTa MOXKET COCTaBISTh IMPOrpamma,
KOoTOpas B OUaliore ¢ MOJb30BaTeleM HEeIpOrpaMMUCTOM BBISACHSET
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TepPMUHOJOT MO HOBOI TpenMeTHON obiracTu, GopMupyeT Habop coob-
IIeHNI B «MeHIO>, OIpellelifseT XKeJaTelbHYI0 (OPMY BBIXOIHBIX COOD-
metuii. C MOMOIIBIO HTOM XKe TPOrpaMMbl MOXKHO BHOCHTH U3MEHEHW S
B ClleHapuil yxKe CyIIeCTBYIOIIETO MUAJIOTa.

BIOK PACCY KOEHWAN IO AHAJIOT N

BIIOK BIIOK BIIOK MOIEJD
AHATIU3A || AHATTUSBA || AHATUBZA TOIH30-
SHAHUN TAHHBIX || MOOEIEXA BATEIA

 BRIGHCHEHNT

HerQ0OEZE O0H

DBA3A
PASHOTHIIHBIX
JAHHDBIX

BA3BA
MOIIEIIER

— baokn COBPEMEHHBIX 3SKCIEPTHBIX CHCTEM

— DBuoku HMEePCIeKTUBHEIX IMapTHePCKUX CHCTEM

Pue. 46
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B xagecTBe mpoobpaza NWHTBUCTUUIECKOTO ITPOIECCOPA MOKET
ObITh UCIOJAb30BaHA, HAIIpUMep, IporpaMMa, MOCTpoeHHas Ha Oa3se
s3pika JTEKJL [106]. DTa mporpaMma MOXKeT aHAIU3HPOBATH (HPassl
€CTeCTBEHHOTO A3bIKa U CTPOUTH COOTBETCTBYIOIINE UX CeMaHTUYe-
CKOMY COIIEPXKAHUIO ceTeBble cTPYKTYpbl. CucTeMa 3alaeT MoJb30-
BaTeIN0 BOMPOCH, Kacalollnecss HOBLIX IJIs Hee CIOB W OTHOIIeHWH. B
UTOTe OHA CTAHOBUTCA CIIOCOOHON MOHMMAaTh CMBICT cooOIeHnil, Gpop-
MYJIUPYEMBIX B ecTecTBeHHOI (GopMe U CUHTe3MPOBATH OCMBICIEHHbIE
$pasbl, OTHOCAIINECS K TaHHOW IpeaMeTHON obIacTH.

st cosmanms moncucTeMbl pedeBOil CBA3N MOKHO MCIOIB30BATE
pe3yiabTaThl MHOTOUMCIEHHBIX UCCIeNOBaHUl 1 pa3paboToK B obJa-
CTHU peveBoil TexHoNOTHH. IS 0UeHL MHOTUX MPUKIATHLIX o6nacTel
IOCTATOYHO UMETH MPOrpaMMHO-ANTaPATHRIN KOMIIIEKC, OpUeHTUpo-
BaHHBIT Ha pacrosHaBaume 200-300 ycTHBIX KOMaHX [77]. YcmoBus
npumenerntss IC BO MHOI'HX CIydasX MO3BOJISIOT HCIOIB30BATH TOM-
CTPOMKY TIOH HUKTOpa, YTO CYUIECTBEHHO yOpolllaeT 3aladyy U TO-
BBITIIAET HAJEXKHOCTH pacrnosHaBanus. CyIiecTBYIOT ceffuac U CUH-
Te3aTOPHI PEUEBBIX CHTHAJIOB (TEKCT-Pedb), BIOIHE TpHeMIeMble IO
Ppa3bopunBOCTHU U HATYPAJIbHOCTY 3ByYaHUS peyeBbIX COOOIIIEHUT.

3.2. DJIOK JIOTHYECKOTO BbIBOoma. Fciu 3nanus B O3 mpen-
cTaBJIeHbl B GopMe TPONYKIINT THIA «ECHH ... TO ...%», TO IPU CPaB-
HEeHUU ABYX TPONYKIUil, Hampumep cpencrBamu s3bika 9O0JI0L,
UX JIeBble 9acTH (YCIOBHs) W TpaBble 9acTH (CIENCTBIS) TPOBeps-
TOTCS Ha TOUHOE COBTMafeHme. Femm TOUHOTO COBMAeHNs HeT, TO CTe-
MeHb HecoBIaeHus poiim He urpaer. QUeBUIHO, UTO BO3MOXKHOCTHU
OJI0Ka, JIOTHIECKOTO BbIBOMA ObLIN ObI CYIIIECTBEHHO OOIBINTUME, €CIU
OB MOXKHO 6BIIO MCTONB30BATH WHOOPMAIIIO He TOMBKO O COBTAMa-
TOIIIIX YacTIX MPOMYKIH, HO U 0 GAN3KAX, TOXOKNX, aHATOTHUHBIX
qacTax. B rimase 14 onmmcan MeTol, TO3BOMSIONIH U3MePSIThH CTETEHh
MOXOXKECTH OMHON TPONYKINY Ha OPYTYI0. Diaronaps YTOMY yHaJloCh
TOCTPONTDH MEXAHW3M JIOTTUECKOTO BHIBOMA, KOTOPHIH MMATHPYET e~
JOBeUecKne CMOCODHOCTH pacCyKIeHuil mo anamorum [23].

Dycrh, HanpuMep, B 93 uMmeercs yrBepxkienue: «Eciu A u B,
to C. HocroBepHocTh P». Docrynaer sampoc: «Yciaosus A’ u B.
Bosmoxuo s cnencrue C'7». DporpamMMa JOTHYECKOTO BhIBona 06-
HapyKMBaeT, UTO YCIOBHE B 3alpoce He COBMALaeT ¢ yCaoBmeM Oa-
soBoro sHanus: A’ # A. BwluncieHwe cTemeHH TOTO HECOBIae-
HUS TOKa3bIBaeT, 4To paccrosume or A’ 1o A He TPeBBINIAIOT 3a-
mantoro mopora: R(A', A) < R*. DTo mo3BoiseT omepeThes HA TH-
MoTe3y, aHAJOTHIHYIO TUTOTe3e JOKATBLHON KOMTAKTHOCTH, KOTOpas
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3Mech BRITASAUT Tak: «B HemocpencTBeHHOH 6IM30CTU OT W3BECTHBIX
NPONYKIMl TOXOXKNe yCIOBUSA BIEKYT 33 co00il MOX0oKUe CIeNCTBUSLS.
B pesynbrare MOXKHO crenaTh BeiBom, 4yTo «ecan A’ u B, to C. Ho-
croBepHOCTh P'». 3mech P’ Menbiiie P Ha BeJIUYNHY, 3aBUCAIILYIO OT
paccrosaus Mexny yenosusmu A’ w A: PP = P — f{R(A', A)}.

YrmoMsauayTas Mepa GIN30CTH MeXKIY 3HAHUSMU TO3BONAET Tpel-
BapuUTEIbLHO clleJlaTh TAKCOHOMUIO 3HAHUN M TeM caMbIM CTPYKTY-
pupoBaTh 6asy 3HaHmil. Ecam mas Kaxkmoro TakcoHa HafiTH (miam
CHHTE3NPOBaTh) «5TalOHHOe» 3HaHMe (cM. Ta. 14), To B mporecce
JIOTMYEeCKOTO BbIBOMA OTTaleT HeOOXOOUMOCTL MPOBEPAThH Ha COBIa-
JleHne WIn ToXoxecTh Bce 3Hanus 3. [HocTaTouno HaliTu TaKCOH,
5TAJIOH KOTOPOTO ABIISeTCsSs caMbIM OJU3KUM K 3allpocy, U JaJiblile
CPaBHUBATL 3aIIPOC CO BCEMU 3HAHWSIME TONBKO >TOTO TakcoHa. Ta-
KOif TpueM TI03BOJISET CYIIeCTBEHHO YCKOPUTH MPOIECC JOTHYeCKOTro
BBIBO/IA, 0COOEHHO B OoabIINX 0a3ax 3HAHUI.

3.3. Dok aHa/IU3a MAHHBIX. B GiI0Ke aHaan3a TaHHBIX NOIK-
HBI OBITE TTpoTpaMMbl 00PabOTKN OONBIINX MaCCUBOB PA3HOTUITHBIX
JMAHHBIX, TPENCTABIEHHBIX TPEUMYIIIECTBEHHO B YIOMUHAEMON BhIlile
dopme KyGOB maHHBIX Tuna «OObeKT-CBOHCTBO-BpeMsi». B umHCTpY-
MeHTasbHOU cucTeme JKCIA ocroBy 6iI0Ka aHaIM3a MAHHBIX COCTA-
BastoT mporpamMbl makera OTOKC [57,58,82]. Damomunm, 4TO ma-
KeT COIEPXKUT TMPOrPaMMBbl IS PEIleHUs 3a/1a4 YeThIpex OCHOBHBIX
TUTIOB: TaKCOHOMUM, BEIOOPa nHGOPMATUBHBIX TPU3HAKOB, PACIIO3HA~
BaHue 0OPa30B U 3aMOJHEHUS TTPOGENOB.

D porpaMMbl TAKCOHOMUM TO3BOJISIOT NeTaTh TPYIINPOBKY (Kia-
CTepPHU3annio) HabII0IaeMbIX 00BEKTOB 110 TMOXOKECTH MX XapaKTepH-
CTUK KaK B eBKJIHIIOBOM, TakK U B A-mpocTpaHcTBe. TaKcOHBI MOTYT
UMeThb KakK chepuuecKyto, TaK U MPOU3BOIBHYIO GOpMy. DpuU3HAKU
MOTYT OBITH KaUeCTBEHHBIMU, MTOPSIKOBBIMU U KOJUYECTBEHHBIMIE.
WwmetoTes kpurepun mis Beibopa HauGoiee MpeAnouTHTEIBHOIO Y-
cJia TaKCOHOB.

DporpamMMbl BbIGOpa MPU3IHAKOB TO3BOJISIOT BEIOEIUTH Haubosee
uHGOPMATHBHOE TOIMHOKECTBO TTPU3HAKOB U3 UX MCXOTHOI'O MHOXKe-
CTBa. OJPU3HAKUH MOTYT GBITH pasHOTHIHBIME. [lomnmyckatoTcs mpo-
Oentbl B TabIWIax DAHHBIX.

DporpaMMbl pacmo3HaBaHUsS TO3BOJSIOT B Tpoliecce oGyueHus
OOHAPYKUBATH 3aKOHOMEDHBIE CBS31 MEXKIY OMUCHLIBAIOIINMU U IeJre-
BBIMU XapaKTePUCTUKAMU OOBEKTOB. DTU 3aKOHOMEPHOCTH HCIONb-
3YIOTCS 3aTeM B IpoIecce paclio3HaBaHus HOBBIX 06bekTOB. Cpemu
TUX MPOTPAMM ClIenyeT 0coG0 OTMETHTh ITPOrPAMMBI, Peaiu3yorue
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AJTOPUTMBI TAKCOHOMUWYECKUX U JIOTMYECKUX pelnatomx GyHKIN.
DepBble MO3BOJSIOT MOBBIIIATH YCTONYHBOCTD PEIeHNil B YCIOBUSIX
MaJioit o0y Jatollell BEIOOPKH, & BTOPble 00HAPY KUBAIOT 3aKOHOMEPHO-
CTH B BUMe BRICKA3LIBAHUI THIA «eCIW ... TO ...». B mapTHepcKoi
cucTeMe 3TO J1aeT BO3MOXKHOCTH aBTOMaTUYeCKNM W3BJeKaTh 3HAHUS
U3 JaHHBIX M TOMOJHATHL UMU 6a3y 3HaHUIA.

DporpaMMbl 3alojiHeHUs TPOOEIOB MpelHa3HAUYEHBl s ITpell-
CKazaHUsA HauboJee MPaBIONONOOHOTO 3HAUEHUs NPONYILIEHHBIX >Jle-
MEHTOB B TabiIUIaX NaHHBIX. DPU 5TOM UCIONb3YIOTCS 3aKOHOMEPHO-
cTH, oOHApYXKUBaeMble Ha MAaHHLIX, coMepkKalinxcs B Tabmumax. Wc-
XONMHBIe MaHHBIe MOTYT COMepkKaTh Pa’zHOTHUNHLIe Mpu3Haku. Moxno
HUCTIONB30BATh 3TU TPOrpaMMbl U [IJid OOHapyKeHUS T'PYyObIX OIIU-
60K WIN MPOTUBOpednit B Tabauiax MaHHLIX. NMeloTcs Takxke Mpo-
rpaMMbl s pellleHus 3aa4 TPOIOIKeHNs TUHAMUYECKUX PsIOB.

3.4. DJok amanms3a Momeseii. JpeincTaBuM cebe, UTO 3amMpoc
(ero 9acTh «eCIIN . . . ») KacaeTest TAKNX PEKIMMOB OOBEKTA, O KOTOPBIX
HeT cBeneHuil Hu B Gaze MaHHbIX, HU B Oaze 3Hauuit. Fcmu DC comep-
JKUT Mofelb 00beKTa B Bi/e TPOTPpaMM, TO3BOIAIOIINX UMUTUPOBATH
ero (pyHKIIMOHUPOBAaHUeE, TO MPOIECC JOTMYECKOTO BbIBOMA TTPepbiBa-
eTcs, 3allycKaeTcs UMUTAIUMOHHAS Moflellb U GUKCUPYyeTcs ToBe/leH1e
o6bekTa B TpebyeMoMm pexnme. B pesynsTaTe B 6a3y 3HaAHWH BHO-
CUTCS 3HAHUE O TOM, UTO MOCIENYeT 3a BTUM eCHU ...». JTOT XKe
pe3yibTaT BKIIOYAETCS B IIeNOYKY JIOTMUYeCKOTO BhIBOAA M BHIBOI TPO-
noiKaeTces. DaboTa ¢ UMHUTAIUNOHHON MONeNblo Tpebyer GOIbIINX
3aTpaT MAlIMHHBIX PECYPCOB, TOTOMY K YCIYTaM MOJeIU MOXKHO IpH-
GeraTh U3pelKa, TOILKO B TOM CJIydae, KOT/Ia BCTPeYaoTcs 3alpoChl,
He MpenycMOTpeHHbIe dKCIepTaMu.

B cucreme DKCOA 10 Takoit cxeme peajqn3oBaH BBIXOI U3 MPO-
1ecca JIOTMYeCcKoro BbIBOMA Ha OJIOK BblUMCHeHUi Mo GopMyaaM WK
nootrpeiefleR s HeOCTAMINX TAHHBIX W 3HAHWH ¢ TTOMOIIIBIO UMUTa-
IIOHHBIX Momerneit [145].

3.5. Daok «I'omeocrar». B cBobommoe oT 06CTYy:KUBaAHUS
TONML30BATENsS BpeMs TapTHepPCKas CHCTeMa ¢ MOMOINBIo 6imoka «['o-
MeocTaT» [22] aHaIu3upyeT BHOBBH MOCTYTATOIINe NaHHBIE W 3HAHUS,
MpoBepseT WX Ha HENPOTHBOPEUUBOCTH, 3AMOMHIET TPOGeIbl B IaH-
HBIX, BBISIBJISIET ycTapeBiie U TponybaupoBaHHble NaHHbIE U 3HAHUS
u ynajaseT WX B apxuB. JDpu oOHAPYKEHUU HOBHIX 3aKOHOMEpPHOCTEIl
cucTeMa BhIpabaThIBaeT COOOIIEHNEe TONb30BATEN0, a Tpu oGHApY-
JKeHUu MpoTuBOpeuns win rpy6oit omubku GopMyIupyer eMmy cooT-
BETCTBYIOIINE BOIPOCHL. D TO MOKET NENaThCs € TTOMOIITBIO TTPOrpaMM
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nakera OTOKC ¢ ucnonb3oBanueM OnucaHHON BBIIIE METPUKH B IIPO-
CTPaHCTBE 3HAHUII.

Domumo stToro «['oMeocTaTs NMOJKEH aHAJIU3UPOBATH COMEpKa-
HIe CeaHCOB PabOTHI € TOIb30BATENEM, BBISBIISLS YaCTO TOBTOPSIOIITH-
ecsi BOIPOCHL W CTPOS Ha TOH OCHOBe VIPOIEHHYIO MOIENb I0Ib30-
BaTerns. TakoBa QpyHKIms mporpaMmer «Hacteie Bompocsr» (HABO)
B uHCTpyMeHTanbHO# cucTeme JKCIA.

3.6. Oco6ennoctu cucrembl DKCIOA. Cucrema OKCOA
paspaborana MexnyHapomHoit nabopaTopueil WHTEIITEKTYAITBHBIX
cucrem «CUDTEIl» u Uncruryrom maremaTuku Cubupckoro orme-
meHust Doccuiickoil akamemMnn Hayk (r. JoBocubupcek). Ona peannso-
BaHa Ha IBM-coBMmecTumMbix KoMIBIOTepax. Cucrema XOpPOIIO NOKY-
MEHTUPOBaHA.

OKCDA mupencrasisier coboil 060710UKy ¢ HabOpoM pasHooOpas3-
HBIX TTPOI'PAMMHBIX CPEICTB YHUBEPCcAIbHOTO HaszHauenus. Ona mper-
Ha3HAYEHA IS CO3MAHUS MPUKIATHBIX SKCIEPTHBIX CUCTEM HapTHEp-
CKOTO THIa. Ja3paboTuuky Tpebyercs opraHuszoBaTh c6Op U BBOI B
06G0NIOUKy uMeloltieiicss y Hero copepkaTelnbHOl nHDOpMaln — TaH-
HBIX, 3HAHUN 1 Moneseii. Kpome TOTO, ¢ TOMOIIBIO TTOMCHCTEMbBI TeHe-
paliy nuaaora Hy>KHO chOpMUPOBAThH YIOOHYIO CPely Hiis OOIIeHus
¢ cucremoii. Kak mokaszbiBaeT OIBIT, ¢ HOMOIIIBIO CPEICTB HapTHEP-
ckoit cucrembr IKCO A nosb3oBaTels TeHEPUPYET CBOIO MPUKIATHY O
Bepcuto DC ¢ Gaszoit sHanuit B 500 npaBuil B TeueHle OMHOTO MecsIa.
B pesyiabraTte cosmaercs sKclepTHast CHCTEMa MapTHEPCKOTO THIIA,
KOTOpas ellle He peajusyeT BceX QYHKIUN MapTHEPCKUX CUCTEM, HO
OT HKCIEPTHBIX CHCTEM TEePBOr0 MOKOJIEHHS OTIHIAeTCs CIeLY FOTITUM I
0CODEHHOCTAMMN.

¢ BCE skcmeprHbie cucTeMbl HCTIONB3YIOT 3HAHUS HSKCIEPTOB.

¢ MOOI'UE nmoMoraioT mosib30BaTel0 CKOHCTPYUPOBATE CBOI na-
JI0T.

¢ DEKOTODbBIE cucrembr BKITI0UAtOT B CBOIt cocTaB H6JIOK aHAIM3a

JMaHHBIX.

e OUEDD DEMODOI'ME cucrembl yMeOT HU3BIEKATH 3HAHUS W3

JMaHHBIX.

e TOIIBKO DCIOT na 6aze OKCIA nemaer Bce sto u, KDOME

TOTI'O, ymeet:

— pacCyXIaTh MO aHAJIOTUH;

— O0BGHApYXKUBATH YaCTUUHBIE U TIOJHBIE TPOTUBOPEUUS MEKITY
SHAHUSIMU;

— CTPYKTypUpPOBaTh 6a3y 3HAHUI;
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— obpabaThIBaTh pa3HOTUIIHbIE TAHHBIE B TadJIuIIax ¢ mpode-
JTaMU;

— oOHapy:XKUBaTh OIINOKN B Oa3e MaHHBIX;

— 3alOJHIATH Npobesibl B TaOANIIAX TaHHBIX;

— allalITUPOBATHCA K OCOGEHHOCTAM TIONB30BATEN;

— VAy4YllaTh CBOM XapaKTepUCTUKU B Mpollecce 3KCIIyaTa-
.

§4. Amajqn3 NaHHbBIX, 3HAHUA U CTPYKTYP,
CBS3aHHBIX C U3y4YeHUeM IpobiieMbl

ycTOoRYnBOro passutus [79]

Cpernu TpUKIamHBIX TpoGieM, TPeGyIoNnx TIyboKoro aHainsa
MaHHBIX, 3HAHUN W CTPYKTYP C MpUMeHeHWeM CPelCTB MCKYCCTBEH-
HOTO WHTeNNeKTa, ocoboe MecTO 3aHUMaeT TpobiieMa yCTONINBOTO
paseutus. Ona cTajia NPUBIEKATh OOIIeCTBEHHOE BHUMAHUE MOCIEe
Kondepennmn 00D mo oxrpyxkatoreil cpeme (Dmo-nme-zKaneiipo,
1992 r.), mpuHsBIIeit pemrerne « JoBecTra nHs Ha X X1 Bexs [104, 153].
C 5TOro BpeMeHU TepMUH «YCTOHUMBOE PA3BUTHES CTAJl OUEeHb MOMY-
JISSPHBIM, OIHAKO ero cTporas GOpMyJIUPOBKa MOKa OTCYTCTBYeT. D0
STOl TPUINHe, TTpeKIe TeM TePeXOnNuTh K M3T0KEeHTTO 33127 analn3a
WHOOPMANNN, CBA3aAHHON ¢ 3Tol MpobieMoii, MOMbITaeMCs OTBETUTH
Ha CIIeMyIolne BOTPOCH.

1. O6 ycToilunuBOM Pa3BUTHU %€20 UMEHHO WIET 31eCh PeUb’

2. HeM oTATIATIOTCS Npoyeccst pa3sumud OT TOOLIX NTPYTHUX TPo-
1IeCCOB, TPOUCKONSAIINX B cucTeMe?

3. UeM OoTHUYAIOTCS NPoyecchl Ycmotuue0o20 pa3éumud oT Jio-
OBIX IPYTHUX MPOIECCOB PAIBUTUS]

DesfoMe HAIINX OTBETOB Ha 5THU BOIMPOCHI COCTOUT B CIEHYIOIIEM:

a) HAC WHTepecyeT yCTONYINBOE PasBUTHE HOOCHepb;

6) K mpomeccaM Pa3BUTHS CHCTeMbI (B OTJINYHE OT TIPOIECCOB
CTATHAINN TN [eTPALAIINN ) MBI OTHOCHM TaKIe TTPOIeCCHl, KOTOPbIe
YEEAUNUBAIOM EE CROCOBHOCTIU K CAMOCOTPAHEHUI;

B) YCTONYMBBIM MBI CUNTAEM TaKOil IPOIecc, KOTOPBIl Heolpe-
TeJIeHHO MOITO OCMAEMCT NPOUECCOM PA3EUMUL.

DOSICHUM TYTH MOJYUYEHUs STHX BHIBOIOB U OIPeNesieHuil.

Mpr ncxomuM U3 TPENMONOXKEHNS O TOM, UTO VBenndeHne HyHK-
MUOHAILHBIX BO3MOXKHOCTeH CHCTEMBI, B YaCTHOCTH BO3MOXKHOCTH ee
caMOCOXpaHeHus, Hem36eKHO CBA3AHBI C POCTOM CIOKHOCTH ee Op-
raHusauu. Ja BCAKYIO HPUPONHYIO CHCTEMY IEHCTBYIOT paspyliia-
ToIe CUIBI, TPUIeM UYeM CJIoXKHee YCTpOeHa CHCTeMa, TeM BBIIIe
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PHUCK ee pa3pylleHuns. Ecioum Hekas clcTeMa OKa3bIBaeTCs B COCTO-
SHUW COXPaHITh cebs MU Hake YCIOXKHITH CBOIO CTPYKTYPY, dTO
CBUIETENBCTBYET O TOM, UTO CHCTeMa UMeeT CpelcTBa, KOTOPhIe MO-
TYT IPOTUBOCTOSATH €CTECTBEHHBIM Pa3zpyIINTEALHBIM TTPOIeccaM.

Takne cpencTBa pealn3yioOT GYHKIUN THTa «BHEITHee BO3NeiicT-
BUe-aeKBaTHAS PeaKIusy W N3BeCTHH KaK MeXaHU3M OTpakKeHus Wian
cOo3HaHWe, TPOCTENIITe TPOSBIEHNS KOTOPOTO MPUCYTCTBOBAIN HA Ca-
MBIX PAHHUX CTANNAX PasBHTHS OPTAHMYECKOTO MUPa. JPOCTENIIe
MUKPOOPTAHN3MBl TPOTUBOCTOSAT DHTPOMUTHBIM TpOIeccaM ¢ TOMO-
IO BBICOKONMPOOYKTHBHBLIX CHOCOOOB pasMHOXKeHUs. B KUBOTHOM
Mupe HabIIOMAIOTCS MeXaHW3MBI alalTallull K M3MeHeHWSM Cpenbl
obuTanus B BUOe TACCUBHOTO TOMEOCTATNIECKOTO TPUCIOCODIeHTST K
U3MeHSToIIelics cpene, pedIeKcoB YKIOHEHNS OT YT PO3hI N HEKOTOPHIX
6oJiee CIIOXKHBIX pediekcoB. g coxpaHeHUs OpTaHU3AINN MaTepun
60Jlee BBICOKOTO YPOBHS CIIOKHOCTHU BO3MOXKHOCTHU STUX MEXaHW3MOB
ObLIN OB HEHOCTATOUHBIMH. Tpe6GoBalioch MOSABIEHNE CIOCOOGHOCTM
MaTepun K aKTUBHOMY W YIIPeXKOAToNeMy TPOTUBONEHCTBUIO SHTPO-
.

DTa cmocobHOCTE IOy YA CBOE BOILIOIIEHIE B Ja3yMe, ¢ ITOMO-
MTHI0 KOTOPOTO HOCUTENN Pa3yMHON KU3HU MOTYT He TOIBKO TMPUCIO-
cabamBaThCA K cpelle OBUTaHus, HO U U3MEHSITH ee B OIaronpusiTHOM
I ceOsl HaIpaBIIeHWH. JPH HTOM OHN OMMPAIOTCS Ha HAKOIJIEHHLI
ONBIT BHIKUBaHUS (3HAHNS) I UCIONB3YIOT TPU TWIaBHBIE aKTHBHbIE
KOMTIOHEHTHI Ja3yMa;

— CcTIO0COBGHOCTE MTPOTHO3NPOBATE PA3BUTHE CHUTYAIlUN W CTABUTH
mepen co6oit menu (MynpocTs);

— ¢cTIocOBHOCTE BEIPabaTHBATE MIAHB TOCTUKEHNS BHIOpAHHBIX
menedt (Yum) u

— CIOCOOHOCTH OPTAHW3OBLIBATE HEHCTBUS IO OCYIIECTBIEHUTO
BBIPAGOTAHHBIX MIaHoB (Boms).

Da3syM HOMIKeH PasBUBATHCS OMHOBPEMEHHO € PasBUTHEM (yCIOXK-
HeHNeM ) KU3HEHHBIX cucTeM. Eciam passuTme Dasyma oTCTaeT OT
pocTa CHOXKHOCTH CUCTEMBI, TO HAUNHAIOT TpeobiilafaTh CUIBI ee DH-
TPONUITHOTO pas3pylIeHus.

C pasBuTmeM DaszyMa y HHINBHIYYMOB I IO Mepe UX COIMAIN3a-
IUW HAUYWHAIOT TPOSBIAITHCI Pe3yIbTAaThl PaboTh « KomIekTuBHOTO
DasyMa» B BHIE IIOCTAHOBOK OOIIMNX Iefeil, KOJIEKTHBHO BBIpaba-
THIBAEMBIX TIIAHOB WX NOCTWKEHUS U OPTaHU3AINNU COBMECTHBIX Jeii-
CTBU, HaIpaBJeHHBIX Ha Peaju3alldio >TUX IUIAHOB. DO Mepe po-
cra KommexkTuBroro DasyMa pocianm MacHITabbl KOMIEKTHBHBIX YCH-
Ui, pe3yaAbTaThl KOTOPHIX HadaJ l 3aMeTHO CKaszbIBAThCSI Ha COCTO-
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STHUU Cpellbl ero obuTanus. W3MeneHus npuponsl 3eMin 1 6IIHKHero
KOCMOCa, BbI3bIBaeMble NesTelbHOCTBIO Jfodeil, cTalll M0 CBOUM Mac-
urrabaM cpaBHUMBIMU ¢ U3MEHEHU MU YUCTO ITPUPOIHOTO XapaKTepa.
DTa Bexa B UCTOPUU 3eMIIM OCO3BHAeTCS B KauyecTBe Mepuoma Tmepe-
Xofla K 00pa3oBaHUIO BClen 3a reocdepoil n 6uocdepoii HOBON cdephl
ee pasBuTus — Hoocdepsr [31,129,147].

Tax xe, KaK I OTHETLHOTO YeJOBeKa TIaBHBIM CPEICTBOM Ca-
MOCOXPaHEHUS SIBISIeTCS ero Ja3yM, Tak HJs YeJoBeuYecTBa U CPelbl
ero obUTaHUs B 3M0XY HOOChepbl THABHLIM CPeNCTBOM CaMOCOXpa-
HeHus sBisercs KommexkTuBHbiil Dasym. Buusinue HecoBepiiieHHOTO
Hapoxpaioierocss KomrekTuBHoro JasyMa MOXKeET TMOPOXKIATH MHO-
rovlceHHble TPOolecchl B MPUPOIHBIX, TPOU3BOICTBEHHBIX, COIUANb-
HBIX WM OYXOBHBIX OBJIACTAX, ONHU U3 KOTOPBIX 0ObeKTUBHO BENYT
K POCTY, & OIpyTue K oclableHnto JKU3HEHHOTO MOTeH Al a YelloBede-
cTBa. UX cyMMapHBI pe3yIbTaT MOXKeT HOCUTL HeCTaOMIBHBIN Xa-
PaKTep M B KaXKIbIll MOMEHT BpeMeHU TPOABIATHLCA B KauecTBe IIPo-
mecca JeTpafgalliil, CTAaTHATINN W PA3BUTHS. BLIimenuM Ty 9acThb pe-
cypco KomrexTuroro Dazyma, KOTOpas OPOKIAET MPOIECCH pas-
BUTHs. DTOMY 00beKTy Haubomee GIN3KO COOTBETCTBYET UCIONIB3Ye-
MBI B pyccroil dmmocodun Tepmut «CoGopubrit Dasyms [154].

Taxwm o6paszoM, BaXKHEHIINM CPeICTBOM CAMOCOXPaHeHNs W pas-
BUTHUs HOOChEpHI SABISETCSs He TPOCTO Da3yM HaceIsiolnxX ee UH-
IVBUAYYMOB U He NMPOCTO Ta YacTh UX UHTeIJeKTyaJlbHOro u OuOo-
SHEPTeTUIeCKOTO TTOTeHInaIa, KoTopas obhenuuseTcs B Kommexk Tus-
HbIfl DasyM, HO Ta 4acTh MOTeHIIHala, KoTopas o6pasyer CoBGopHbIit
DasyM, BemyIuii K pa3BuTuo Hoocepbl. Depuonbl mpeobiraiaHus
NMpolleccoB pa3BuTud Hoochephbl HAJ APYTUME IpoleccaMu OyayT 3a-
HUMATh TeM OOJBIINe OTPE3KH BpeMeHH, dyeM GONBIIYI0 MOIHOCTH
oyner umers CoGopublit Dazym. CrenoBaTenbHO, TYTH JOCTUKEHUS
COCTOSHUSA YCTONYMBOTO Pa3zBUTUS HOOCHEPbl COBMAHAT C MYyTIMU
yeroitunBoro pocta morrocTu CobopHoro Dasyma.

B cBeTe cxazanmnoro scHo, 9TO MpU 06CYKIOSHNHT TPOGIEM yCTOi-
YUBOTO pa3BuTusg Hoocdepbl HoJiee KOHKPETHO peub HNOJIKHA UATH 00
yeroitunBoMm pasutuu Coboproro Daszyma. Cobopubiit Dazym, Oy-
YUYW BBICIIUM JOCTUXKEHUEM BOJIONNN MIPUPOILI, 00bennHseT B cebe
I TJIaBHYIO TeNb (€ro cOXpaHeHNe W Pa3sBUTHE), W TIIABHOE CPEICTBO
IOCTUAKEHUS >TON 1esn.

OO6BeKTUBHO HET OCHOBaHUl CYUTATh, YTO CIOCOOHOCTH K Ca-
MOCOXPaHeHU0 PadyMHON Ku3Hu OyleT TPoHOIKATHCA OeCKOHEUHO
JI0JITO. DTO HbIHEIlIHee CBOWCTBO MPUPONBI CleNyeT paccMaTpPUBATH
He KaK TapaHTHO, a KaK IIaHC, KOTOPHIM MOXKHO BOCIIONB30BATHCS,
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a MOXKHO I HmOoTepsATh. Cpennm IpWYMH, KOTOPHIE MOTYT IPHBECTH K
Jerpaganun Hoocdephbl U JaszyMa, dallle BCETO YKa3LIBaloT Ha Iepe-
HacejJeHme 3eMJII U 3arps3Henne okpyxXKaoireir cpensl. Onmaxo B
ropasno 60JbIlel cTeMeHn pa3BUTHIO YeloBedecTBa YTPOXKaeT Heco-
BEPIIIEHCTBO €T0 CONMalbHOi opranm3amun. Tak, mo omeHKam 61o-
(PUINKOB TPOOYKTOB MUTAHUS Ha 3eMIe TOCTATOTHO IS obecTedeH s
6oJlee MHOTOUICIEHHOIO HaceleHns, eclIil Kommek THBHEIR Da3yM CMO-
KeT U3MEeHUTH B3aWMOOTHOIIEHUST MEXAY OTIeTbHBIMU TIONBME, de-
TOBeUecKNMH KOJUIEKTHBAMW 1 TocymapcTBamu. Mwup morpyxkaercs
B aTMocdepy Bce GoibIIero umciaa KOHGIMKTOB, BO3ZHUKAIOIINX Ha
STHUYECKON, CONMUAIBLHON W PelInTUO3HO! ToUYBe, ¢ 3aMeTHOI TeHIeH-
mieil mepepacTaHWs W3 JOKAJIBHBIX B TNoGagbHble. Tak 4TO HapALy
¢ BHUMAaHWEeM K HKOJOTUYECKOW CUTyallun cliemyeT obpalllaTh BHU-
MaHWe U Ha COCTOSHWE CONMNaJbHOW W MyXOBHOW cdep deroBedecTBA.
DpemoTBpallienne KaTacTpod B >Tux chepax MokKeT OBITH ITOCTUT-
HYTO TOMBKO yemnusaMmu CobopHoro DasymMa.

CremoBaTeILHO, ONHA U3 OCHOBHBIX Iejieil, CTOMIINX Iepel deso-
BeYeCTBOM, COCTOUT B OOLENWHEHWH YCHIMI Ja3yMa Ha MONCKEe IIy-
Tell Tepexoma TPOIECcCOB, MPOTEKAoINX B Hoocdepe, Ha TPaeKTo-
PWIO YCTOWIMBOTO Pa3BUTHA. B 5Toil ¢cBA3M BayKHON HAYTHON TTpobIIe-
MOl SBIsSleTCs mpobiieMa TMOCTPOeHus KOMTLIOTEepHONW MOmesnu, ¢ TMo-
MOITIBIO KOTOPOHW MOXKHO OBIJIO 6B TMUTHPOBATE MPOTECCHl SBOTIONNT
HOOChephl. B 3aBepllleHHOM BHAe MOIeNh HOKHA COCTOSTH W3 He-
papxXudecKoil cucTeMbl AIEMEHTOB B BUMle WHANBUAYYMOB, UX MaJBIX
TPYTII, DTHOCOB, TOCYIApCTB W YeloBedecTBa B IEJIOM BMecTe ¢ TTpo-
W3BOJCTBEHHON Cpeloll U Cpelloil 3eMHOTO M KOCMUYeCKOTO OOUTaHUA,
KOTOpBIE B3aWMOMENCTBYIOT MeXIy coboil [45].

DJeMeHTHI KaiKI0TO YPOBHA HAIEISIOTCS CBOMME XapaKTepPUCTH-
KaMU W TpaBUIaMU B3aWMOOEHCTBUS C dIIeMEeHTAMU CBOETO YPOBHS, &
TakxXKe € dJIeMeHTaM| OpYTUX ypoBHeit. Tak, Hampumep, WHINBU-
OyyM, obIamafollinii CBOUME JTHYHOCTHRIMEU XapaKTepucTHKaMu, B3a-
nMOecTBYeT ¢ APYTUMHU WHONBUAYYMaMU, W3MEHSS CBOW Xapak-
TEePUCTUKHU U BIUSS HAa XapaKTepUCTUKN MPYTUX WHAUBUIYYMOB, a
TaKXKe B3aWMONeHCTBYeT €O CBOUM DTHOCOM, CBOWM TOCYHapCTBOM,
BCEM YeIoBeUYeCTBOM W Cpelioll oOWTaHUS B TeJIOM, OKa3biBas B paM-
KaX UMeIOMINXCsS BO3MOXKHOCTeH HOCTYMHOe eMy BIUSHWEe Ha Xapak-
TePUCTUKHN BCEX dTUX DIEMEHTOB.

Dabophl XapaKTePUCTHK ¥ SIEMEHTOB Pa3HBIX YPOBHEHN pa3iimd-
HBI W 3aBUCUMOCTH MeXKITy HUMU MOTYT WMeTh pa3fimdHbIi XapaKTep.
Tak, y KaxXJIOTo TOCylmapcTBa €CTh CBOM XapaKTepUCTUKN, KOTOpHIe
He CBOOATCS K CpPeOHUM XapaKTepucTuKaM CBOWX DTHOCOB, U CBOU
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MYTH BIAWSHUS Ha APyTHUe dIIeMeHTHl WepapXuil, He sSBISIONIHEeCs TPo-
CTOW CyMMOI BIUSHUN CBOUX 3THOCOB Ha 3TU 3JIEMeHTHI.

W3 ckaszaHHOTO BEHIIE clemyeT, YTO I MOCTPOEHHs MOIEIN TO-
TpebyeTcs BBECTH HECKONBKO Pa3lIMYHBLIX HAOOPOB XapaKTepUCTUK,
VKa3aTh NCXOMHBIE (<<COBpeMeHHbIe>>) 3HAYEeHUS STUX XapaKTepucTHK,
chopMynupoBaTh QYHKIIUN BAUSHUS XapaKTepUCTUK MPYT Ha IpyTa
7 OpTaHW30BaTh NUHAMUYECKHH TPOTecc, UMUTUPYIONINT pasBUTHE
57IeMEHTOB MOIENIN BO BpeMeHW. Ja paboTalolreil MOOeJIn MOKHO
OynmeT BecTHW HabIOIeHWe 3a ee TOBeNEHWeM TPU Pa3HBIX yCIOBUSX
(T. €. 3HaYEeHUIX XapaKTepUCTHUK d>JIeMeHTOB U QYHKIUNR WX B3aWMO-
BJII/I;[HI/I;[). MoxHo Takke ompenellsTh «yCTONUNBREIE» yCIOBUA, T. €.
VCIIOBUS, TPU KOTOPHIX HoOcdepa yCTOWINBO pa3BUBAETCS, U yCIIO-
BUS «CTarHAINI®, «IECPAmalllly I «KaTacTPodbr». 3aTeM MOKHO
OymeT pelraTh THABHYIO 3a7ady: TOUCK TeXHOJOTUH TepeBola HEKO-
TOPHIX 3aTaHHBIX YCIOBUH (HaHpMMep, CYITIeCTBYIOIINX B HACTOSIIIEe
BpeMﬂ) B YCIIOBUS, 06ecednBalonIne yCTONYNBOEe Pa3BUTHE MCCIIemy-
eMoif cucTeMbl TP PUKCUPOBAHHBIX OTpAHUYEHUSIX Ha BpeMs Tepe-
BOIa W Apyrue pecypchl. Ecim Takume TpaekTopun OyIyT oGHApPY-
JKeHBI, MOXKHO OyHeT mpenjiaraTh HEKOTOPYIO TIOOATBHYIO TeHeByI0
mporpaMMy Tepexofia pa3BUTuUS Ha TPaeKTOPUI0 YCTOWINBOTO Pa3BU-
TUS W OPTAHW30BHIBATEH YCUIUS Ha Peaim3aluio >TOH TPOTPaMMBI.

Dellrerne OMIMCAHHON TPoOaeMbl paclamaeTcs Ha CIemyIoIne co-
CcTaBHBIE YaCTH — OTHENbHEIE 3a0adl.

1. OmpeneanTs MHOXKECTBO CBOMCTB 3/IEMEHTOB MONEIN Pa3jImd-
HOTO ee YPOBHS.

2. Da3paboTaTh METONBI KOJHIECTBEHHON OMEHKN 3HAYEHUI BBI-
OpaHHBIX CBOWCTB Y OTHENBHBIX HioOell, PTHOCOB, TOCYAApPCTB, JeJo-
BeYecTBa U HOOCHEPHI B TEHOM.

3. DpoBecTn H3MepeHHsS COBPEMEHHBIX BHAUYEHUN BHIOPaHHBIX
cBoiicTB. OprammsoBaTh CHCTEMY CKPUHUHTA OIS IEPHOMNIECKOTO
KOHTPOJIS COCTOSHUS dTUX CBONCTB.

4. OmnpenenuTh XapakTep B3aUMHOIO BIANSHUS CBOMCTB pa3HOTO
VPOBHS OpYyT Ha ApyTra U GopMadun30BaTh >TH GYHKIIUN BANSHUI.

5. DoCTpONTh UMHTAIHOHHYIO MONETh YBONIOINNOHHOTO Pa3BI-
TUS CBOWCTB BO BpeMeHU TPU 3aJaHHOM HAYaJIHLHOM BEKTOpE yCIOBUI
(T. e. HaYaObHBIX 3HAUYEHUSIX DTUX CBOWCTB W mapamMeTpoB HYHKIHH
BITHUSTHIIS).

6. DaiiTn MHOXKeCTBO BEKTOPOB VCIOBHUIl, IPH KOTOPBIX peasn-
3yeTcs yCTOWdmBOe pa3BuTHUe Hoochephl, W pa3paboTaTh METONLI U
TeXHOJIOTUT TTepeBOHa COBPEMEHHOTO BEeKTOpa YCHOBUH B yCTOWINBLIE
BEKTOPHI YCIOBUS € YIeTOM BpPeMEHHBIX W MPYTUX PecypCcHBIX OTpa-
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HUYeHUIT.

7. OpranmzoBaTh CHCTEMY HESTEIHHOCTH MO MTPAKTHIECKOMY
NPUMEHEHWIO BBIOPAHHON TeXHOJOruM (HPOPMUPOBAHUS XKeJaTelbHbIX
3HaYeHUil CBOMCTB BcexX 3JIeMeHTOB HOOChEePHI.

Mmuorume m3 yKasaHHBIX 3a7ad cefiqac MOTYT pelraThes TONLKO
MeTOo[aMU T'PYIIOBBIX 3KCIEPTHBLIX OIEHOK ¢ NMpUBIIeYeHUeM aKCUO-
JIOTOB, TMCUXOIOIOB, CONMOJOroB, dyTyposoroB u T. mn. OnHako 1o
HEKOTOPBLIM 3JleMeHTaM TPoeKTUpyeMoll Moflelu ykKe ceifuac uMeercs
OOJIBIIION W TTOCTOSHHO PacTYIINi obbeM WHGOPMAINN, Kacakmlllelics
MPOIECCOB CONMUAIBHO-3KOHOMUYECKOTO, TEXHOIOT MUeCKOro, leMorpa-
(HUIeCKOTO, HKONOIUYECKOTO U T. M. Xapakrepa. OJTa uHDOpPMAIUS
nMeeT BUI KCIEPUMEHTANbHBIX W CTATUCTUYECKUX TaHHBIX, Xpa-
HAIINXCA B Pa3pO3HEHHBIX MPOTOKOJAX UKW OpraHM30BaHHbIX Hazax
MaHHBIX. 3HAHUS JIIONEN MpencTaBieHbl TEXHOIOTHYeCKUMU HHCTPYK-
NUAMU, CBOJAMU NMPaBUII TUMA «eCHU ... TO ...», UMATAIMOHHBIMU
MOIeASIMU, HAYIHBIMHU TeopusAMU. Bcs 5Ta mHGOpMANUWs 3amnucaHa
Ha Pa3HbIX fA3bIKaX, 3a@UKCHpPOBaHA Ha Pa3HbIX HOCUTENAX, paccpe-
MOTOYeHA B PA3HBIX MeCTaX, TPUHAMIEKIT PasHbBIM areHTaM. HTo6b
HCTIONB30BAThH €e B MHTepecax yCTOWUYUBOTO pas3BuTHUsd, noTpedyercs
06pabaThBATh BCe 3TH MaCCUBBI WHOOPMAIIUN B INHON MHOTOAreHT-
cKofl cucTeme. Da MyTH K 3TOMY MOMUMO OPraHU3AIMOHHBIX TPYII-
HOCTEN BO3HMKaeT MpodileMa MOHNMAaHWS CUCTEMON pa3HOPONHON WH-
dopmManun.

BuoBw mosBastomascs nndopMalns Bce dallle QUKCHpyeTcs Ha
MaIllITWHALIX HOCUTeNIX. HTo Ke KacaeTcs WHPOPMAINN, HAKOIIIEH-
HOIl B MPOIJIOM, TO HJIs BOBJeYeHUs ee B 00OPOT HEOOXOMUMO pa3pa-
60TaTh METONBl U CPENCTBa, MO3BOISAIONINE MEPEHOCUTH HA MAllWH-
Hble HOCUTEeNN WHOOPMAINIO U3 MAIIUHOMUCHBIX U PYKOMUCHBIX TeK-
CTOB, CUNTHIBATE ee ¢ HOTOCHUMKOB, (OHOTpAMM U T. . Ja H>TOM
3Talle MeHTPAJBHON HayYHO-TEXHUYECKON TpodIeMoll ABISeTCS MPo-
OieMa pacno3HaBaHUs o0pa3oB, UIMPOKO Npe/lcTaBeHHas B HaHHOI
KHMUTe.

Kaxnas noBas Tabnuia DamHbIX «O0OHEKT-CBONCTBO-BpeMsy WIN
HOBag Oa3a [MIaHHBIX, IOMAJaloNlas Ha OO WHHOPMAIMOHHBII
CKJIall, TOTpebyeT mpenobpaboTKu. JYKHO MPOBEPUTH STU NaHHBIE
Ha HaJuyue B HUX IpyObIX OLIMOOK WM TNPOTUBOpPEUYUil ¢ yxKe UMelO-
HIUMUCA HAHHBIMU, TMONMBITATHCSA 3alOJHUTH OOHApPYyXKUBaeMble MPO-
Gennl. Ilns >Tux Tmesell MOXKHO WCIOIB30BATE ONHMCAHHBIE B KHUTE
asnroputmbl cemeiicTBa ZET 1 WANGA. llenecooGpasHo cTpyKTypu-
pOBaTh HaHHBIE, BBIIEANB B TabaullaX KIacTePbl NOXOKUX 0OHEKTOB,
MOMEHTOB BpeMeHU WU 3aBUCUMBIX MPU3HAKOB. s sToro HYXKHO
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HCHOIB30BATh alrOPUTMBl TakcoHoMuu. C UX Ke MOMOIIbI0 MOXKHO
MOCTPOUTH MEePAPXUYECKYID CTPYKTYPY MHOXKeCTBa OOBEKTOB, NMpU-
3HAKOB W MOMEHTOB BpeMeHU. Boimenenwe TUOUYHBIX ITPENCTABUTE-
mefi (TMpeleneHToB) KakIOr0 TaKCOHA TMO3BONNT CYIIECTBEHHO YCKO-
PUTH MHOTHe TPOIEeNyPhl NalbHelilnell o6paboTKN TaHHBIX.

Ananoruunas o6paboTKa NOMKHA [EIAThCS U HA MHOXKECTBe
BHOBb TMOCTYIAOIINX 3HAHUH. 30ech GONBIIYIO PO NOIKHEL UTPATh
MeTOIbl aBTOMATHYECKOTO OOHApYKeHUs IpyObIX OlIMOOK B 3HAHUAX
u mpoTuBOpeunii Mexny sHanusMu. OQueBunHbl 06IACTH TPUITOKE-
HUSA TaKXkKe [JIs MEeTONOB TaKCOHOMUU 3HaHUl, BbIOOpa MHGOPMaTUB-
HBIX TPeIUKTOPOB, pPaclo3HaBaHUd MPUHAIIEKHOCTH HOBBIX 3HAHUI
K paHee BBIIeJIEHHBIM KiaccaM (o6paszam) sxanuii. CoBMeCTHBI aHa-
JIM3 DAHHBIX U 3HAHUI MO3BOJUT OOHAPYXKUBATHL U YCTPAHATH TPOTH-
BOpeuus MeXIy 3HaHUSMU U HAHHBIMU, TMOMONHATH 0a3y 3HaAHUAMU,
aBTOMaTUYECKN U3BJIeKaeMbIMU U3 HAHHBIX.

B mporecce paboTsl Momenum, WMUTHPYIONIEH TPOMecCh Pa3BH-
THA, TaKKe noTpebyeTcs MOCTOSHHOE UCTIONB30BAHUE OMUCAHHBIX B
KHUTe MeTOHOB aHaJu3a JaHHBIX, 3HAHUH U CTPYKTYP I OOHApYyKe-
HUSA CTATUYECKUX M DUHAMUYECKNX 3aKOHOMePHOCTell, MPOTHO3UPOBa-
HUS MHOTOMEPHBIX NMPOIECCOB, PACTO3HABAHNS BO3HUKAIOIIUX CUTYa-
mnit u T. 0. Bce Taxme mporenypsl yIo6HO OCYIIIeCTBIATE CPeIcTBAME
WHTEJIEKTYAIBHON OOOJOYKN B BUIE OMMCAHHON BBIIIe 3KCIIEpPTHON
CICTeMBI TapTHEPCKOTO THUTa. Tak 4To o6JacTh aHaln3a MaHHBIX W
3HaHUN OymeT UTpaTh OOMBIIYIO PONE B PellleHNN BaKHellllell 3a/1adn,
cTodlllell Tepel cOBpeMeHHOI HayKoil — 3a/laul CO3JaHus CPencTB U
MeTOJ/IOB Tlepexoila Hoochephl Ha TPAEKTOPUIO YCTORYMBOTO Pa3BUTHS.



FakoueHne

B saxmroduenme ocTamoBHMCS Ha HepellleHHLIX TpobieMax aHa-
Ju3a DAHHBIX U 3HaHUE. A TaKOBBIX BOJIBIIE, YeM pelleHHBIX.

HeficTBUTENbHO, MOCTATOYHO CKa3zaTh, YTO W3 28 THUTOB 3amad
aHaJu3a NaHHBIX, YIOMAHYTBHIX B KiaccudukKanuoHHol Tabauie 1
THaBLl 2, B TOUH WJIN WHOW cTemeHW TpopaboTaHBl UYyTh OOIbLIe me-
cATKa. YacTh W3 HUX IMUPOKO M3BECTHHI, AJTOPUTMBI WX PEITeHU
peaju30BaHbl B BUAe MPOTPaMM, KOTOPble YacTO MCHONb3YIOTCS JIJis
pellleHns MpaKTUdeckux 3amad. Iasg apyrux Ke cHopMyITHpPOBaAHBI
IUUTL O6IIHe umen MeTomoB mX peienus. Tax 9To ¢poHT paboT mo
OCBOEHWIO 33/1a4 HOBBIX TUIIOB U 110 COBEPIIEHCTBOBAHUIO METONOB I
AJITOPUTMOB pellleHN s U3BeCTHBIX 3a/4a4 aHAJIN3a TaHHbIX OUeHb 6O/Ib-
IO

WNccnemoBanus B >Tofl 06JacTH MOMKHB OBITHL HANPABIEHBI HA
npeopolieHlie TPYIHOCTel pellleHus peaJbHbIX MPUKIAIHBIX 3alady,
MPOABJSIOUINXCS B!

— MHOTOMEPHOCTU NMPU3HAKOBOTO MPOCTPAHCTBA;

— Pa3HOTUITHOCTU M3MEePUTEIbHBIX 1IKaJI;

— OoJIBIIIOM YuciTe 0OPA30B;

— OUYeHb MAJBIX U 09eHb OONBIINX 0OBeMaxX 00yYaloInX BBEIOOPOK;
— HaJauyum olrnbok 1 mpodenoB B Tabauiax HaHHBIX;

— HaJIMYUKM HEMH(POPMATUBHBLIX MPU3HAKOB;

— HaJWYUKM CTPYKTYPUPOBAHHBIX 0OBEKTOB.

Hms pacimmpenus obmacTell TpuMeHeHUs MeTOHOB pPaclo3HaBa-
HUSA B DKOHOMUKE, COIMOJOTUN, MICUXOIOTUN U T.I. HeOOXONUMO pas3-
BUTHE MeTOJOB TeOpuU U3MepeHUll, OpUeHTUPOBAHHBIX Ha U3MepeHue
He QU3MYECKUX, a «TYMAaHUTAPHbIX®> XapaKTepUCTUK.

AXTyanabHON mpobiaeMoil SBiseTcs pa3paboTKa MeTONOB aHaln3a
IIAHHBIX, OCHOBAHHBIX Ha TUIOTe3aX, OTJIMYAIOIINXCA OT UCIOIb3ye-
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MOIl 10 HaCTOSIIIEr0 BpeMeHN THIIOTe3bl KOMIIAKTHOCTH.

DeobxonnMo HalbHeiilllee yTIIyOIeHNe CBI3M MeXKIY MeTONaMI
I cucTeMaMi HCKYCCTBEHHOIO HHTe/NIeKTa U cHcTeMaMU Paclo3Ha-
BaHUS 0Opa3oB U aHalm3a u3obpaxkenuil. B wacTHOCTH, aKTyasb-
HOIl sBiseTcs 3alada PACIPOCTPAHEHUS MeTONOB aHasl3a HaHHBIX
Ha pellleHle aHAJOTMYHBIX 3a/1a4 aHAIN3 3HAHUIT, YTO IIO3BOIUI0 ObL
HONHSITH YPOBEHBb Pa3BUTUA MCKYyCCTBEHHOIO MHTeJIeKTa. B mannoit
KHHUTe OTMeYeHbl JIUIIb HeKOTOPbIe llepBhle 1Al B 3TOM IepCleKTUB-
HOM HalIpaBJIeHIH.

Dorpyxenne cdepsl aHaIN3a THGOPMAINN B MUIP MHOTOAreHT-
CKIX KOMIBIOTEPHBIX ceTeill TpebOyeT OOJBIINX HAYYHO-OPraHU3AIIU-
OHHBIX yCHINH [l IPONBUKEHIS METONOB aHaIN3a JAHHBIX 1 3HAHWI
B 5Ty HOBYIO OI€PAIIOHHYIO Cpely. JPH 3TOM MOTYT OKa3aThCs IO-
JTe3HBIMI MEeTOIbI CHCTEeMHOTO aHammsa [133].

MHorue IpUKJIaOHUKN He 3HAIOT, YTO U3 IPOTEKAIOIIEro depes
X PYKH HOTOKa NHGOPMAIUI ¢ IIOMOIIIBIO COBPEMEHHBIX MeTOLOB aHa-
N33 DAHHBIX MOXKHO OBbUIO OBl IONYYUTH «CYXOHl OCAHOK» B BUIE B
IPOCTHIX, «IIPO3PAYHBIX» 3aKOHOMepHOCTell WM 3HaHWMI. JTH 3Ha-
HUSA MOT'YT IIOMOYB Pa300paThes B CTPYKTYpe HHGOPMAIUY, BEISBUTH
OTHOCUTENIBHYI0 BaKHOCTB ee DA3IMYHBIX YacTell, CBOeBPeMeHHO 00-
HapyXKUTb QaKTHl, OTKIOHSIONINeCS OT OOIlell 3aKOHOMEPHOCTH, II0-
JYyYUTH CUTHAJI O NePBBIX NIpeNBecTHUKaX U3MeHeHUil B IOBeleHUN
HabIogaeMoro Ipomecca. JO3TOMY paclIpocTpaHeHNe 3HAHWIL 0 BO3-
MOKHOCTSX 00CYXKIaeMbIX 3HeCh MeTONOB, BK/IIUeHNEe TAKOIo POIa
MaTepHaJoB B y4ueOHbIe IPOIPAMMBEL /I CTYIEHTOB CaMOIO Pa3HOTO
npoduias Takxke ObLJIO Obl CBOEBPEMEHHBIM U IIOJIE3HBIM.
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