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B monorpacdun paccmarpuBaroTcs BONPOCH MOUCKA WHQMPOPMAIUN B HEYeT-
Koit cpeie. TToz cpemoit moncka madOpMaIUK TOHNMAETCST Tapa (3ampoc, 6a3a
JTAHHBIX ). PaccMaTpuBaloTCsl BADHAHTHI, KOIJIA 3aPOC U/Win 6a3a JTaHHBIX
MOTYT OBITH YeTKUMHU WM HedeTKUMU. [IpuBoadTcs u mceiaemayroTes MaTe-
MaTHYIeCKHe MOJETN OMUCAHUS YeJTOBEKOM OOBEKTOB MPEIMETHON 00JacTH
HEKOTOPOH Ga3bl JAHHBIX M MOUCKA WHMOPMAIMH B HEYETKUX (JHHIBHCTHYE-
cknx) 6a3ax naHHbIX. Ha OCHOBE MOJIy9YeHHBIX Pe3yabTaToB (hOPMYJIUPYIOTCS
MEeTOJUKH BBIOOpa ONTUMAIBHOTO MHOYKECTBA 3HAUEHUN KadeCTBEHHBIX IPU-
3HAKOB JIJI JIBYX KPHUTEPUeR:

® MUHMMU3AINS TPYAHOCTEH ONMUCAHUS YeJT0BEKOM PEATHHBIX 00bEKTOB;

® MUHMMU3AIMS 1M0Teph WHMOpPMAIUU 1 UHOOPMAIMOHHBIX IIIyMOB IPH
noncke WHQMOPMAINY B HEIeTKUX (JTMHIBUCTHYIECKNX) Oa3ax JaHHBIX.

Pabora opuenrtupoBana Ha CIYJIEHTOB, ACIHUPAHTOB W CIENHUAJIUCTOB,
3aHUMAIOIIUXCS BOIMpocaMu o0paboTku mHMOpPMAMH B paMKax Ye0BEKO-
KOMIIBIOTEPHBIX CHCTEM.

Penenzent — npodeccop B.B. KynpsiBuen
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I'1aBa 1

O noucke undopManum B
HeYeTKOI cpejie

1.1 CymiecTBylomniee MOJ0XKEHUE

[Ipumenenue ammapara TEOPUH HEYETKHX CHCTEM B 3aJa4aX MOUCKA HHMOP-
Mallil TMePe:KUBACT B HACTOSIIEE BpeMs Hepuoj, OYPHOro pocTa.

Bonpocsl MmaremMaTndecku KOppeKTHOT'O OIKUCAHUS ILI0X0(OPMAIH3YeMOii,
c1a00 CTPYKTYPHPOBAHHON HH(MOPMAIMHT U ee 0OPpAbOTKHU BCETIa HAXOTUIUCD
B II0JIe 3pEHUd CIEIUAJTNCTOB 110 HEYeTKHM cHucTeMaM. Bojee Toro, Teopus
HEYETKUX MHOYKECTB 110 KpaliHeil Mepe Ha Ha9aIbHOM JTale CBOEr0 Pa3BUTHUS
1 BHUJEach KaK CPeJICTBO omucaHus Takoit madopmarun. He cayugaitno mep-
BOIl "HedeTKoit” Teopweil OblIa TEOPWUS JUHIBUCTUYIECKON mepeMeHHol 3a1e
[10]. EcrecTBeHHBIM BOIPOCOM B paMKax 06paboTKu HeueTKoil nabopManuu
SIBIJICS BOIPOC MOKCKa mHMOpMAIUK B 0a3ax JTAaHHBIX, ONUCAHHUS OOBEKTOB
KOTOPbLIX €CTb JIMHI'BUCTUYECKUE OlIUCaHuAd O6'beKTOB Hpe,ZLMeTHOfI O6ﬂaCTI/I.
CucreMaTn3mpPOBaAHHOE U3/I0KEHNE PE3y/IBTaTOB B 3TOM 00/1aCTH BIiepBHIe ObI-
710 peanpuHATo B MoHOoTpadun [38]. Tlocse aroro Bonpoc HedeTknx 6a3 mgaH-
HBIX C TEOPETHYECKON TOYKHU 3PEHUS CUUTAJICA ~3aKPBITHIM , TaK KakK 0000-
IIeHUs TeOpHH 0a3 JaHHbIX Ha Caydail HedeTKUX JaHHBIX OBLIH IOy YeHbl, U
MHTEpEeC CIeNUaINCTOB B 001aCTH HEUeTKUX CUCTEeM K HeMy mpomnaj. O1Haxo,
KaK 9TO 9acTO OBbIBaeT, JaHHas pPabdoTa OCTAJIaCh HE 3aMEYEeHHON CIeruain-
cramu B obJsiactu 6a3 JTaHHBIX.

Pazsurue rexunosioruit o0padborku nHGOpMAIMU U IKCIAHCUS UX B pas-
JITYHBIE TTPEeAMETHBIE 00JIaCTH MPUBEJIO K BBIJICJICHUIO KJACCA CUCTEM, JIJsd
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KOTOPBIX MCTOYHUKOM HH(poOpManun siBjisiercst deioBek. CaMbIM W3BECTHBIM
THIIOM TaKOTO PO/ CUCTEM SBJISIOTCS IKCIEPTHBIE cucTeMbl. [lombiTKN uc-
OJTb30BATD /I IPOEKTUPOBAHUS TAKOI'O KJIACCA CUCTEM U Pa3pabOTKH aJIro-
PUTMOB 00pabOTKKM TakKoi MHMOPMAIMH, HAPaOOTAHHBIE B APYIUX 00JIACTIX
dopMaTbHO-IOrIYeCKIe MeTOIbl OKa3aauch He ¢ dexkTuBubiMu. Llupoknm
GpoHTOM TPOBOAUINCH PabOTHI 10 pa3paboTKe MeTO0B 00PabOTKH Heolpe-
genennoit madopmarmu. [Ipu 3TOM OCHOBHOE BHUMaHUE YIEJSIIOCH JIOTHYe-
CKOMY BBIBOJIY, O0bsICHEHUIO BhIpabaThiBaeMbIX pekoMmenjamuit u T.im. [Ipo-
OJ1eMBl COOCTBEHHO IOMCKa MHAMOPMAIUKA B HEUETKUX 0a3ax JAHHBIX J0JIC0e
BpeMsl OCTaBaJINCh Ha nepudepun MPOBOIUMBIX HCCIegoBaHmii. V1 TOIbKO B
Hagasie 90-X T0/I0B OHU BHOBD IIPUBJICK/IN 3HAYUTE/ILHBII HHTEPEC KAK TeOpe-
THKOB, TaK W NpuUKJaIHUKOB. Taxk Ha KoHMepennnn CeBepo-aMepHKaHCKOIT
aCCOMMAINN HEIOTKUX CUCTEM OBIJIa OJIHA CEKIHsI M0 HEYETKUM MEeTOIaM IO~
ncka uHOpMAIUK, HA KOTOPOi OBbLIO mpeiacTabieHo 3 nokaata [47], Ha
Bcemupnom konrpecce MexkiyHapoaHO# acconuanuu HedeTkux cucreM B Ce-
yJie Obljla TAKKe OJIHA CEKIHs 110 HEYeTKUM MEeTO/aM Houcka uudopMaluu,
Ha KOTOpOil OblI0 mpejicraBieHo 5 pokaanos [51], Ha nepsom Espomneiickom
KOHT'PECCe TI0 HeYeTKUM U HHTEJLIEKTYATbHBIM TeXHOOTUSM TaKUX JOKJIA 0B
610 17 Ha 3 ceknuax [50]. Craau mpoBOAUTHCS CHEUATH3NPOBAHHBIE KOH-
depenruu o ganHoi mpobiaeMe - International Symposium on Intelligent
Data Analysis (IDA-95) Baden-Baden, Germany 17th-19th August 1995;
International Workshop on Flexible Query-Answering Systems FQAS’96:
Roskilde University, Denmark May 22-24, 1996. [Hogasuica Mexk yHnapo iublii
xypHas Intelligent Data Analysis, mocBsamenHbIil fagHON TpobIeMaTHKe.

[Ipwaun ciaoxkupIiefics cUTyaluu HECKOJBbKO. VX MOXKHO pa3euTh Ha
"BayTpennue’ u "BHelrHue . K mepBbIM MOXKHO OTHECTH HAKONHMBIIUNCS K Ha-
CTOSIIIEMY BPEMEHH OIBIT (KaK MO3UTUBHbI, TAK M HEraTHBHBIN) pa3pabOTKH
U MCIIOIb30BAHNA TAKUX crucTeM. VIMEeHHO B paMKaxX TaKOT'O OMBITa MOTJTH BO3-
HUKATh BONPOCH! TUMA: "MOXKHO JI MPEJJIOKUATH TaKOe MPABUIO OMUCAHUS
peaJIbHBIX OOBEKTOB, YTOOBI YeJOBEK - MCTOYHUK HHMOPMAIUU ONUCHIBAJI
00BEKTHl ¢ MUHUMAJIbHBIMU TpyaHocTaMu?”, "Kak ¢dpopMUpoOBaTh ONUCAHUA
00bEeKTOB, YTOOBI pa3Hbie NCTOYHUKH OIUCHIBAIN MX 0OJiee WM MeHee OJ1u-
HakoBo?”, "Kak omuceiBaTh 00bEKTHI, YTOOBI 00ECHEINTH MAKCHUMAIBHO XO-
poriie MoKa3aTe KadecTBa Moncka wadopmanun?” u T.I.

K "BHemrHAM” MOYKHO OTHECTH CJICAYIONIHE IIPUYUHBI. BO-TepBBIX, ONBIT
HPAKTHIECKOI'O MCIIOJIB30BAHUA YKCIEPTHLIX CHCTEM U JIPYTHX ~BBICOKOWH-
TEJUIEKTYAJILHBIX CPEJACTB OYePTU/I UX 00/1aCTh HPUMEHEHHUs, UX ITPEHMY-
IMEeCTBa W HEJOCTATKU. B 9aCTHOCTH, BBIIEINIACH HUIIA IMTHPOKOTO KJIacca



3aja4, He TPedyIoNuX 1IyboKoro JJOrm4ecKoro BbIBO/A, HE IIPEbsIBISIONIAX
BBICOKUX TPeOOBaHUil K MOJIH30BATEII0, HO UMEIONUX IIMPOKOE PacHpoCcTpa-
HEeHUEe BO MHOruX cepax jedTeSbHOCTH. DTH 3aJa4d MOYXKHO Ha3BaTb IIO-
nCKOM HHMpOPMAIUU B PA3HOPOAHOM HH(MOPMAIMOHHOM IpocTpaHcTBe. e-
JIOBEKA OKPYZKaeT MHOXKECTBO PAa3JUYHBIX 0a3 JAHHBIX, JOCTYIHBIX €MV, U, B
HPUHITUIE, OTHOCAIIUMCH K perraeMoit 3a1ade. Ho kaxkas uz 6a3 umeer cBoii
SI3bIK, CBOM CPEJICTBA JIOCTYIIa; 0a3bl JAHHBIX JIeJIATUCH He /I TeKyIei 3a/1a-
97 MOJTR30BATE/ IS, & JIIsa Apyrux 1esei. Kak nx a¢gpdekTnBHO HCT0/I630BaAThH !
Jns ynoBJIeTBOpeHUs: 3TOi MOTPeOHOCTH BO3HUK JlarKe CIEeHAJIbHBIN 10
OCPETHUKOB - HH(MOPMAIIMOHHBIE MEHeIXKePhl, I MHOTHe 3ala Hble YHUBEP-
CUTEThI FOTOBIT TAKUX CleUaJncToB. IMEeHHO 311 crenuaucTbl Tpancdop-
MHUPYIOT HH(MOPMAITMOHHYIO TOTPEOHOCTH MOJb30BATENA B 3aIPOCHl K KOH-
KpPeTHBhIM OazaM JaHHBIX W 0000IAI0T MOoJydeHHYI0 wHopMalnoo. MoxKHO
JIA CJIeJIATh 9TY paboTy B aBTOMATHU3UPOBaHHOM BapuanTe? OTBETOM Ha ITOT
BOIIPOC ¥ Pa3pabOTKON COOTBETCTBYIONIUX TEXHOJOTHI U 3aHATHI CIIEIUATH-
CThl 110 "MHTEJIJIEKTYAJbHbIM TEXHOJIOIUSIM 1IOUCKA MH(POPMAIUKM, KOTOPbI
BO MHOT'OM 0a3upyeTcd Ha TEOPUHU HEUYETKUX CHCTEM.

Bo - BTOpBIX, paszBurne WHMGOPMAIMOHHOTO TPOCTPAHCTBA IPETEPIE/I0
B IIOCJIeIHEee BpeMs Kap/uHaJbHble U3MEHeHHs. B MpaKTudecKyio aesre/b-
HOCTDH JIABHO BOIILIU TaKHe JIeHCTBHTEILHO BCEMHPHBIE W II0OAJIbHBIE CETH
kak INTERNET, kotopble mepeBopadmBaioT OOBIYHYIO TEXHOJIOTHI0 THMOP-
MaIuoOHHOM paboThl. be3 mHTe/IIeKTyaIbHbIX CPEJICTB MOUCKA NH(MOPMAIIUH,
ee JIOCTaBKM W aHa/u3a paboTa CTAHOBUTCH MPAKTUYECKH HE BO3MOZKHOIA.
YauTbiBag 60JBIIYIO HEOIPEAEIeHHOCTb 3aIIPOCOB, HEOIPEJIeIeHHOCTD B Me-
CTOHAXOZKICHUU HH(MOPMAIIUN U ee 00 beMBI, JaHHbIE CPEJICTBA TAKKe BO MHO-
rOM SIBJISIIOTCS “HeYeTKHMHU . BaKHBIM TaKiKe SIBISeTCsS IMHPOKOe Pa3BUTHE
KODIOPATUBHBIX “"XpaHuIuI JaHHbIX”  [24] u Texuomoruit ux 3hdKrTUBHOIO
MCIOJIh30BAHMS JIJIA aHAJIN3A U TTOBbITIIeHusT 3PDeKTUBHOCTH (PYyHKITMOHUPO-
BaHWsI PA3JINIHBIX OM3HEC-TIPOIECCOB KPYMHBIX U CPeIHUX KoMmmauuii [6, 16].
Takue cpencrsa, Kak business intelligents |1, 27|, Bo MHOTOM OmEpuUpyIOT ¢
HeYeTKO#, 00001menHo#i nHMOpMAITE.

U, nakomner, akTyaJbHbIM CTaHOBUTCH BOLPOC IDHEKTUBHOIO UCIOJIb-
30BaHUS HAKOILIEHHBIX WHMOPMAIMOHHBIX pecypcoB. Muorue 6a3bl JaHHBIX
paspabarweiBasinchk 20 - 30 u GoJsiee JeT Ha3aJ], HAKOILJIEHHBIE PECYPCHI MPe/I-
CTaBJILAIOT 3HAYUTEIbHYIO IEHHOCTDH, HO M3-3a YCTAPEBIIUX CPEICTB IOUCKA
n 00paboTku WHMOPMAIUA UX HCIIOJIb30BaHue 3arpyaneno. Ilepeson cye-
CTBYIONUX 0a3 JIAHHBIX HA HOBYIO TEXHUKO - HPOI'PAMMHYIO 0a3y 4acro siB-
JIIETCH OYeHD JIOPOTOCTOSIIIM POEKTOM, ITO3TOMY CO3/IaHUE CPEJICTB MOUCKA
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Tabsmmna 1.1: Bo3amoxkHbIe BapuaHThl HEYETKOCTH B CpeJie MoncKa uHdopma-

185051
‘ Barmpoc Baza manubx
YeTKHU geTKasd
YeTKHU HeYeTKad

HeUYeTKUN | 4eTKasd

HeUYeTKUil | Heuerkad

uH(MOPMAIIHH, O3BOJISIONIUX paboTaTh ¢ TAKUMEI Oa3aMu JIAHHBIX HA YPOBHE
COBPEMEHHBIX TEeXHOJIOTHI U He 3aTParnBaloIINX COOCTBEHHO caMu 0a3bl sIB-
JIFETCH YKOHOMUYECKHU OIlPaBJIaHHON crparerueil mopbiinenus 3pOeKTuBHO-
CTH UCIIOJIb30BAHUST MMEIONTUXCsT HHMOPMAIMOHHBIX PECYPCOB.

1.2 Kiaaccudnkanusa 3agad momcka mHoOpMa-
N B HEYETKOIl cpeJe

[Mox cpemoit moncka urdopMaluu 6ymeM MOHUMATDL mapy (3ampoc, 6a3a maH-
HbIX ). C TOYKM 3pEHUs 9eTKOCTH - HEYEeTKOCTH MOTYT ObITh YeThIpe BapHAHTA
(Tabnnma 1.2).

[lox wemxum 3anpocom MOHUMAETC JIOTUIECKOE BBICKA3bIBAHHUE, TEPMbI
KOTOPOT'O BBIPAXKAIOTCS OOBITHBIMHU CPEJICTBAME TEOPHH MHOYKECTB. DTO O3Ha-
YaeT, UYTO MOKeM JuOO MepednCJUTh 3HAYEHHs MPU3HAKOB HHTEPECYIOIIHX
HAC 00BEKTOB, OO YKa3aTh IPAHUIIHI U3MEHEHHS apAMETPOB IPU3HAKOB H
CBA3aTh JIAHHbIE Mapbl TPU3HAK - 3HAYEHHE JOTMYeCKUMU CBA3Kamu. s
MHOTHX 337[a9 3TOTO OKA3BIBALTCS JOCTATOYHO JIJIA YIOBIETBOPEHUsT WHQOP-
MAaIlHOHHOM IIOTPeOHOCTH.

[Tox wemkxumu 6azamu darmvix B HAIIEM cJIydae HOHEMAETCS COBOKYII-
HOCTH 3amuceil, 3Hadenns: aTpudyTOB KOTOPHIX €CTh JUOO CTPOKOBBLIE 3HAUE-
HHsl, OMTHO3HAYHO MOHUMAaeMbIe OJIb30BaTeIsIMU (Ha3BaHUA 00HEKTOB, MAPKH
W T.I1.), JIUOO YHMCJIEHHBIE 3HATEHMWSI.

Hevemxut 3anpoc B OTJUYHH OT YETKOIO MOXKET COJIEpzKaTh TEPMBI C
HeYeTKUMHU 3HadeHusMu. Hanpumep, 3nadenuem npusnaka “Paszmep” moryT
obiTh "BoJibioit”, "He 60J1b1110# 1 He MaJieHbKUIA; 3HaYeHneM npusnaka "Bos-

99,

pact” moryT ObiTh "MoJtooit”, "BoJiee uian Menee M0JI0101; 3HAYEHUEM [IPH-
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3naka "Hamexkuocts” - "Boicokas’, "V ioBaeTBopuTebHasd” | T.I1.

Takoro ke THIIA PA3HHUIEA 3aKJI0YAETCI MEXKIY YETKHMHU U HEYeMKUMU
ba3amu darroLr: ATPUOYTH MOCJETHUX MOTYT UMETh HEYeTKHE 3HAYCHHUSI.

Kak Buano u3 tabaunbl 1.2, HauboJiee od1meit sapiserca curyamnus 4. Cu-
TyaIuu 2 u 3 sBJISIOTCS €€ YaCTHBIME CIYYasiMH, U, KPOME TOT0, SIBJSIOTCS
cuvmMerpraabiMu. Curyanus 1 gpisiercss HamboJiee MPOCTOH W U3y IeHHOI.
[IpakTrdeckn Bce O6a3bl JAHHBIX W BCE CBA3aHHBIE C MOUCKOM HHQOPMAIUN
HAyYYHBIE PE3YALTATH MTPUHAIIEKAT UMEHHO ITOIH CHTYaIlnK, IO3TOMY MBI HE
OyeM ee ONMMCHIBATD. Y YUTHIBasd BBIIIECKA3aHHOE, IPUBEIEM CHAYAIA PE3Y/Ib-
TaThl UccsrenoBanuii curyanuu 4 (pasmesn 3), a 3areMm curyaruu 3 (paszen
4).

Jlas sToro HaM moHaMoOHTCs (POPMATU30BAHO OMHUCHIBATH MHOYKECTBA
3HAYEHHIT KaveCTBEHHBIX MPU3HAKOB (aTpnbyToB). Momenbio Takux CTpyK-
TYp SBJISETCS CEMaHTHYECKOe IMPOCTPAHCTBO, KOTOPOE MOXKHO PacCMaTpH-
BaTh KaK YaCTHBIN CJIy4Yail MOHATUA JUHIBUCTUYCCKON IepeMeHHON, BBeIeH-
uoit 3aze B |10].
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I'1aBa 2

CeMmaHTHYecKne ITPOCTPAHCTBA 1
X CBOIICTBa

[Ipexk1e Bcero, HATOMHUM MMOHATHE JIMHTBUCTHYECKOH TTepeMeHHO.

2.1 IloHgaTHe JUHTBUCTUYECKOI IIepeMeHHOI

Omnupasich Ha TOHATHE HEYETKOro MHOXkecTBa 3aje B [10] BBoAMT nOHSITHE
HeYeTKOW nepeMeHHOW KaK TPOUKH

<a7 U7 G)?

rje « - HauMeHOBaHue (HMs1) HEeYeTKOI TepeMeHHOi;

U - obracTh ee onpe/iesienns (yHUBEPCAIbHOE MHOMKECTBO);

G - HedeTKOoe MHOXKeCTBO B U, ONMUCHIBAIONIEE OIPAHUICHHST HA BO3MOK-
Hble 3HAYCHUS] HEYETKOH [epeMeHHON (v (ee CeMaHTHKY ).

B zaBucumocTu ot Xapakrepa MHO)ecTBa U HedeTKHE IIepEeMEHHBIE MO-
ryT OBITH pa3jejeHbl Ha YUCIOBbIE W HEYHUCa0Bbe. K 9UCIOBBIM OTHOCSTCH
HedeTKHe IepeMeHHble, ¥ KoTopbix U C R

ﬂaﬂbHeﬁ]ﬂI/IM IIaroM 4dBJjIdeTCd BBEIACHUEC IMOHATHUA NNHIBUCTUYECKON ne-
pPEMEHHOWN KaK ISITEPKH

(A, T(A),U,V, M),
rjie A - HAa3BaHUe TEePEeMEeHHOIT;

13
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M

H r s u F 3 M F'y

Puc. 2.1: I'paduueckoe nzobpakenue JTUHIBUCTAIECKOMH mepeMernoil "Llena”.

T(A) - TepM-MHOXKECTBa, EPEMEHHOT A, T.e. MHOXKECTBO HA3BAHWN JIMHI-
BUCTHYECKUX 3HAYEHUIT TEPEMEHHON A, TPUYeM KarK10e W3 TaKuX 3HAUEHHT
- HeUeTKad [epeMeHHas CO 3HAUeHHAMH U3 YHUBEPCAJIbHOTO MHOXKecTBa U,

V' - cunrakcuaeckoe npaBuiio (06bIMHO TPAMMATHKA), MOPOZKIAIONIEe Ha~
3BaHUS 3HAYEHUN JUHIBUCTHYECKON mepeMeHHoil A;

M - cemMaHTHUYECKOe MPABUJIO, KOTOPOE CTABUT B COOTBETCTBHE KAayKIOM
HeueTKoi mepemennoit u3 T(A) HeueTKoe MOAMHOXKECTBO YHUBEPCAIBLHOTO
muoxkectBa U.

[Ipumep smmurBHCcTHYeCcKOi nepeMmennoit "llena” mpeacrapien Ha puc. 77

Bajie paziugaer 6a306ve mepMuns (MOJIOMOMN, CPeJIHEr0 BO3PACTA, TTOKHI-
N0, . .. ) 1 moduduramopu (09eHb, He-, CJIeTKa, . . . ). MoauduraTops MoryT
NPUMEHATHCS KaK K 6a30BbIM TepMUHAM (OU9€Hb MOJIOJOMN, He CTaphbli, ... ),
TaK U K KOMOHHAIWsAM 6a30BOro TepMuHa U MoauduraTopa (0YeHb-0YeHb
cTapblif, cJlerka He MOJOJOH, ... ). IIpaBuia npumMeHeHus MOJAUPUKATOPOB
3aIAI0TCSI CHHTAKTUIECKUM TPaBUaioMm V.

Paznauna mexay 6a30BBIMH TepMUHAMHU U MOAMMUKATOPAMH 3aKJ0Ya-
eTcsa B caeaytormeM. Jlnsg 6a30BBIX TePMUHOB (DYHKIUU TPWHAIIEKHOCTH
3aJ1AI0TCst, a MOAMPUKATOPHI JIEHCTBYIOT KAK HEKOTOPBIE OIePaTOPhl HAJL
srumu (pyuknuamu. Hampumep, B KadecTBe "04eHbL MPEJIAraeTCd CJEILY-
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orasa Mo uduKarus GyHKINE IPUHAIEKHOCTH TepMuHa “Mosonoii”  [10]:
2 1/2

Hoens monozon (U) = MMono;goﬁ(u)- AHATIOTHYHO flenerxa momonoii (U) = IuMOJIO;LOfI(u)
u T.11. Bonpockl a/1eKBaTHOCTH TaKWX MPEOOPA30OBHUIT MPAKTUYECKU HE U3Y-
qaanch. OHa U3 MPUUNH 3TOTO 3aKIYAETCS B OOIBINTON HEONPeaeIeHHOCTH
ollepalmii: JJId PA3HBIX CHTYAlHH MOIYT OBITH pas3Hble pe3yabTarTbl. [Ipo-
OJ1eMa 3aKJII09aeTCs B TOM, UTO JIJISI PAa3HbIX KOHTEKCTOB (DYHKIMH ITPUHA-
JIEZKHOCTH OJIHOI'O U TOT'O K€ TEPMHUHA MOI'YT ObITh Pa3HBIME. JTa, IIPOOIEMA
N3y4YaeTcd B paMKax KOHIEHIHWH CeMaHTHIeCKOro mpocrpaHcTsa. boJjee 1mo-
JIPOOHO ¢ Teopueil W NMPUIOKEHUSIMH JIMHIBUCTHIECKON TTepeneHHoil MOKHO
o3HaKOMUTBCst B [10], MBI ke GoJiee TTOAPOOHO OCTAHOBUMCS HA KOHIEMIHHI
CeMAHTUYECKOTO IMPOCTPAHCTBA, €I'0 CBOMCTBAX M IPUIOKEHHIX.

2.2 KoHnemniuga IIOJHOT'O OPTOTOHAJILHOIO ce-
MaHTU4eckoro npoctpancta (ITOCII)

PaccmoTuMm cuTyaruio, Korma JIMHTBHCTHYecKas nepeMennas A = "POCT”
nmveer JBa repM-MHOKecTBa 17 (A) = {Huskwuii, Beicokuii} u To(A) = {uun3-
KU, CpeTHUI , BBICOKHIA }.

NuaTynTuBHO sicHO, 9TO (DYHKIUUA NPUHAICKHOCTH TOHATHI "HU3KUH U
"BBICOKUIT” B IEPBOM U BO BTOPOM CJIydae OYIyT pa3indaThbCcd: HOBOE MOHATHE
"epeauuit” MomuUIUpYeT WX, CABATAET K KoHIaM yHusepcyma (Puc. 2.2)

[ocsieiree roBOPUT O TOM, UTO CEMAHTUKA HEKOTOPOT'O TEPMUHA, 3aBUCUT
OT KOHTEKCTa, Wan Habopa 3HAUYEeHUH COOTBETCTBYIONIEH JIMHIBUCTHIECKOI
nepemenHoii. Takum obpazom, MYHKIHS TPUHAIIEKHOCTH JI0O0TO TePpMIHA
0e3 yKa3aHus KOHTEKCTa, BOOOIIE rOBOPsI, HE UMeeT CMBICIA.

ByneM Ha3piBaTH CEMAHTMYECKMM MPOCTPAHCTBOM JIMHI'BUCTHYECKYIO IIe-
PEMEHHYIO ¢ (DHKCHPOBAHHBIM TE€PM-MHOKECTBOM, T.€. YeTBEPKY

S =(AT(A),U M).
apIiME cioBaM#, ceMaHTHYeCKoe MPOCTPAHCTBO - 3TO HAOOp HEYETKWX
IepeMeHHbIX

S: <0417U,G1>,...,<Oén,U,Gn>. (21)

[Ipu sTOM 17151 OIHOTO W TOTO K€ UMeHn A MOryT CyIecTBOBaTH pPa3/ind-
HbIe ITPOCTPAHCTBA

Sl = <A7T1(A)7 U7 M1>> . '7Sk = <A7Tk<A)7 U7 Mk>
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H s (U} Hevicormit I:U)

-
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Mg
H s {.‘J:I ffcpeumﬁ [:U) Hepicomin {U)

-
u
Puc. 2.2: Momudukanus GbyHKIui IpuHAIIe?KHOCTA TTOHATHH.

Mo>KHO JI KaK-TO CPaBHUBATH CEMAHTHUECKHE IPOCTPAHCTBA, BHIOMPATD
HAWIydIllee B HEKOTOPM cMbicie? PaccMoTpuMm ciienyomuii npumep.

ITpumep 1 Paccmompum npouecc onucaHugs YeA0BEKOM HEKOMOPHLL PEqNb-
HOLL 00BeKmMo8 Ha npumepe onucanusa dpyeux sodet. Onucweas BO3PACT
YEAOBEKA, Mbl MONHCEM UCNOABI0BAMb HECKOALKO BAPUAHMOE MHOMCECMEN
snauenut npusnara "BO3PACT”:

- Ty = {monodoti, cmapwiti };

- Ty = {mon0doti, cpednezo sospacma, cmapoiii };

- T, = {ronwd, ouenv mM040001, . .., ovensv cmapuid }.

Kaxoe us amux mmoscecms ayuuie ¢ mouky 3penus aezkocmu” onuca-
HUA 803pacma?

Mmnooscecmeo Ty He asasemcs makosvimM, Mak KAk CYUWECMEYEM MHO20
atodet, 0aa Komopulr 0basHaveHus 00unakoso He nodxodam. Muv ucnvimor-
8aM MPYIHOCTNU ONUCGHUA U3-30 HEDOCTNAMKG 3HAYEHUT.

Mmnooicecmeo T, maxoice asasemes "naozum” us-za mozo, wmo 0ad 00-
HO20 U MO20 JICE PEGALHO20 00BEKMA MO2YM 0KA3GMBCHA 00UHAKOBO NOOT00 -
WUMU HECKOABKO 3HAYEHUT NPUSHAKA.
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Bompocam omeHKH CTemeHr HeOonpeaeeHHOCTH IPOIECCca OMUCAHUS Pe-
AJIBHBIX 00'bEKTOB MOCBAIIEH CJIEIYIONUI pa3ien.

[ BO3MOYKHOCTH OTIEHKH CTeNeHN HeOolIpeIeJIeHHOCTH Heo0X0IuMo cop-
MYJIHPOBaTh HEKOTOpble TpeboBaHWS i (DYHKIHUH NPHHAIIEKHOCTH HC-
MOJIb3YEeMbIX TOHATHH W WX COBOKYITHOCTEH, 00pa3yIoNIUX CeMaHTHYECKOe
npocTpancTBo. Takum 06pa3oM, HUZKE MbI OYyeM paccMaTpUBAThL HE BCE BO3-
MOZKHBIE CEMAHTUYIECKHE MPOCTPAHCTBA, & HEKOTOPOE UX MOJAMHOKECTBO.

[Ipu popmyanpoBKe TakuX TpeOOBAHUN HEOOXOIUMO YAOBIECTBOPUTH JIBYM
TPOTUBOPEYUBBIM KPUTEPHUSIM:

- TpeDOBaHUs JOJXKHBI OBITH JOCTATOYHO "MSATKUMHU ', 9TOOBI IOy YNBIIIE-
ecsi OJMHOZKECTBO ObLIO JIOCTATOYHO IMIUPOKUM M BKJIIOYAI0 B ce0st DOJIb-
IITTHCTBO MPAKTHIECKAX CUTYAIHIT;

- TpeboBaHUsI JOJIKHBI OBITH JOCTATOYHO KECTKUMHU , UTOOBI j1aBaTh
BO3MOYKHOCTH (POPMATBHOTO BBEJ/IEHUs PA3JIHYHBIX MOHATHUI W M3YUEeHUS UX
CBOHCTB.

Urak, paccmorpum cemanrudeckoe npocrpancrso ( 2.1). B kagecrse ero
MOJIE/TA PACCMOTPHUM COBOKYITHOCTH ¢ (DYHKIIUH NPUHAIIEIKHOCTH, 38 aHHBIX
Ha OJIHOM yHUBepcaJbuM MHOxKecTBe U. g kparkoctu Oyjgem 0003HAYATD
TaKyi0 COBOKYIHOCTb Si.

Bynewm cantarh, 9T0 PyHKIUN TPUHAJIEKHOCTH S; ONpeJIeIeHbl Ha HEKO-
TopoM orpeske U C R! # yIoBIeTBOPAIOT CIAYIOMNM TPeGOBAHIAM:

(1) mopmanbrocrs [14]: V(1 < j <t) 3U; # 0, rne U = {u € U :
pj(u) = 1}, U} aBasercss 0Tpeskon;

(2) pj(u) me yonIBaeT ciesa or Ul u He BospacTaer cupasa ot Uj.

JlaHHbIEe OrpaHWYEHUs SBJSIOTCS JOBOJBHO €CTECTBEHHBIMH s PYHK-
Ui TPUHAIJIEYKHOCTH TOHATHI, 00Pa3YIOIINX CeMAHTHIECKOe TTPOCTPAHCTBO.
HeiicrBuresbho, (1) o3Hagaer, 410 JJisi KAXKJIOTO MOHATHS CYIECTBYET XOTS
OBl OZIMH OOLEKT, SBJISIONIUIICS sl HETO THIUYIHBIM; (2) MOKeT OBITh HHTEp-
MPETUPOBAHO KaK TPeOOBAaHUE TIABHOCTH, MSITKOCTH TPAHUIL UCIOTH3YEMBIX
IIOHATUA.

B GynymeM HaM mOHAIOOMTCS HCIIOJIB30BaHIE HAPSIY ¢ (DYHKIUAME TPHU-
HQJIJIEZKHOCTH U XaPAKTEePUCTUICCKUX (PyHKIHUi, M03TOMY K CHOPMYIUPO-
BaHHBIM TpeboBaHuAM J106aBUM TpeOOBaHME

(3) dyHkIME HEe MOTYT HMeTh DoJiee IBYX TOYEK Pa3phiBa MEPBOrO POJIA.

O6o3nayuM 4depe3 L MHOKecTBO (DYHKIUN, VIOBICTBOPAIOMNUX TpedoBa-
musaM (1) - (3).

Cdhopmynupyem rakzke TpeboBanus Ha COBOKyIHOCTH (pyHKIMit 13 L, 00-
Pa3yIOIIX MHOYKECTBO S;. Byem caurars, 9T0 MHOKECTBO u3 ¢ Takux (PyHK-
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U YI0BJIETBOPSET CJIEAYIONIMM JIBYM TPEOOBAHUSIM:
(4) mommora: Vu € U 3j(1 <j5<t): p;(u) #0;

t

(5) oproronamsnocts: Yu € U Y pi(u) = 1.

=1

DTH OrpaHUYEHHUS TAKIKE HBJIHIO;“CH JIOBOJIHO ecTecTBeHHBIME. TpeboBa-
Hue (4) 03HAYAeT, UTO JIJIA KAXKIOTO OObEKTa HANIETCsT XOTs OBl OJHO TOHS-
THe, ero OMHCBHIBAIOIIEe ¢ HEHYJIeBOI CcTeleHbo; (D) O3HAYAET JOCTATOIHYIO
pa3IeMMOCTh NOHATHI, 00Pa3yIOINX CEMAaHTHIECKOE TPOCTPAHCTBO, OTCYT-
CTBU€ CHHOHUMUHU HJIM CEMAHTUYECKH OJIM3KUX TEPMHHOB.

Byaem oboznauars depes Gy(L) muoxkecTBO 3 t dyuknuit u3 L, ymosie-
TBOpstioNuX TpeboBanusam (4), (5).

CemanTudecue mpoCTPAHCTBA, (DYHKIUNA TPUHAJICZKHOCTH MOHSITHNR KO-
Topbix npuHasyexRar Gy(L), 6ynem Ha3bBATH NONHLIMU OPTOrOHAbHLIMMN Ce-
MaHTudeckumu npoctpatcteamu (MOCH).

B pamkax I[TOCII M0KHO BBECTH IMOHATHE CTEIIEHH HEYETKOCTH WA MEPbI
BHYTpEeHHEH HeOlpPeIeIeHHOCTH, KOTOPOe HO3BOJIAET BLIOMPATH HAMJIYUIIHE
IPOCTPAHCTBA JIJIsE OIUCAHUS YEJIOBEKOM PEabHbIX 00bEKTOB (CM. mpumep

1).

2.3 Crenenp Hederkoctu ITOCII

[Tpexxie Bcero 3amMeTnm, 9TO OlNpeieieHHoe B 2.2 MHOKecTBO L (byHKIMiT 98-
JIZETCH TOJMHOYKECTBOM MHOXKECTBA MHTEIPUPYEMBIX Ha OTpe3Ke (pyHKIHiT,
MO9TOMY MBI MOYKEM BBECTH METPHUKY Ha L, Hampumep,

o(frg) = / () — g(uw)ldu, feL, gel

Masr Takzke MOkeM BBecTH MeTPHKY B Gy(L).

JIemma 1 ITycmo s, € Gi(L), s; € Gi(L),

St = {ﬂl(u), ,U2u<)7 ce ,,ut(U)}, 5; = {N&(u)ﬁié(u)v e 7/4(“)}7
p(f,g) - nexomopas mempuxa 6 L.
Tozda

dlsis1) = > p(ks, 1) (22)

ecmv mempura 6 Gy(L).
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JlokazaTeabCTBO JieMMbI IPUBEJIEHO B npuaokerann A.l.

s hopMyIHpOBKH aKCHOM HEOOXOIIMO OLPEIeIUTh COBOKYIHOCTH MHO-
JKeCTB, 0A3UPYIOIMYIOCS HA JAHHOH COBOKYIHOCTH HEUETKHX MHOXKECTB H
SIBJISTIOIIAXCS IeTKUMH . DTO MHOKECTBO XapaKTePUCTHUIECKUX (DYHKIINIA,
OTIPEIEISIEMBIX CJIEIYIOMNIM 00pa30oM.

[Iycrte s; € Gy(L) onpegenena Ha U u BKIo4aeT GyHKINH TPAHATEZKHO-

et py (), pa(u), ..., pe(u). TlocTpomM COBOKYNHOCTH XapaKTepUCTHIECKUX
dbyukuumit §;, cocrosmyio u3 byukuuit hi(u), ho(u),
hi(u), roe
ha(u) = { 1, ecom maxg<j<s pti(u) = pi(u) (2.3)
0, B IPOTUBHOM CJIyYae

Byuem nasbiBaTh S; bnvxaiilieii COBOKYMHOCTLIO XapaKTEPUCTIHECKINX (DY HK-
it qist sy € Gi(L).

[lox crenensio nederkoctu sy € Gy(L) Oymem nmoHuMarh 3uHadenne yHk-
roHasIa &(S;), OMpPeIeIeHHOrO HA MHOZKECTBe (DYHKIUH TPUHAITCKHOCTH Sy
U YJIOBJIETBOPSIONIETO CJAEAYIONUM aKCUOMaM:

Al 0 S f(st) S 1 Vst € Gt(L)

A2, {(sy) =0 YueUTj(l<j<t):
ny(u) = 1, pylu) = 0 Vi # .

A3, L(s) =1 YueU iy, ig(l <iy,ip <t):
iy (w) = pa, (u) = maxy<jcy phj(u).

A4. Ilycth $; 1 s), ouUpejiesieHbl HA YHUBEPCAJIbHBIX MHO)ecTBax U u U’
COOTBETCTBEHHO; t U t' MOrYT OBITH paBHBI WJIH HE paBHBI ApyT Apyry. Torma

E(st) < &(sh), ecom p(sy, §) < p(sy, s¢'), tue p(.,.) - HEKOTOpas METPHKA
B Gt<L)

Akcmoma Al ompeesisier rpaHUIBl H3MEHEHUsI CTeeHH HeIeTKOCTH.

Axkcombr A2 n A3 onMCHIBAIOT COBOKYMMHOCTH HEUETKUX MHOYKECTB, HA KO-
TopbIX £(S;) MOCTUraeT MAKCHMAJIbHbIE H MHUHHUMAJIbHBIE 3HAYEHUs, TO €CTh
MaKCHMAJIBHO "deTKHe” ¥ MaKCUMAJIbHO “"HeUeTKHe COBOKYIHOCTH HEYETKHX
MHOZKECTB COOTBETCTBEHHO.

Axkcumoma A4 omnpegesnsierT ST KaXKIOH Hapbl COBOKYIHCTEH HEYeTKUX
MHOZKECTB MPABUJIO CPABHEHUS CTeleHW WX HeYeTKOCTH. Ee MOKHO WHTep-
IPETUPOBATH CJEAYIOMNM 00pa3oM: 4deM OJIMzKe HEeKOTOpas COBOKYITHOCTH
HEYETKMX MHOXKECTB K CBOeN OJivkaiiiieil COBOKYIIHOCTH XapaKTepUuCTHYe-
ckux (OYHKIHI, TeM MEHBIIEe CTEIeHb ee HeYETKOCTH.
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CytmecTBy1oT Jiu (DyHKIIMOHAJIBI, YI0BICTBOPAIONIHE C(DOPMYIUPOBAHHBIM
akcnomaMm?! OTBET Ha 5TOT BOIPOC AAET CJIEILYOIIast

Teopema 1 (Teopema cywectsoBanust). ITycms s, € Gy(L). Toeda dyrryu-

oHAN
1
§(s¢) = w1 [ f(ar (w) — pis (w))du, (2.4)
Ul Ju
2de
i) = g (). mg) =, me 4(0), 29

f ydosaemeopaem caedyrousum mpebosaHuAM:

F1: f(0)=1, f(1)=0;

F2: f ybwesaem,

- ABNACMCSA CMENEHBIO HEYEMKOCTIU S, MO eCMb YJoBAEMEBOPAEM GKCU-
omam Al — A4.

JokazaTeabCTBO TeOpeMbl IPUBEICHO B MPUIOKeHHN A.2.
JlocTaTouHO 0YeBHIHO, YTO CYIIECTBYeT TOJBKO ONHA JuHeiHas (yHK-
1y, yaosjaerBopsiomasa F1, F2. 91o dyHKIus

flz)=1—u.

MozkHO Tak:Ke ONMrcaTh MOJIMHOXKECTBO TIOJJMHOMOB BTOPOH CTeNeHH, YI0-
BiIeTBOpsionmux F'1, F2. 9To mapaMerpudeckoe ceMeiicTBo hyHKII

fa(z) = ar® — (1 +a)x + 1.

[MoamuOXKecTBa (DYHKIMHA APYrUX THIOB (JI0rapudMUIECKUX, TPUTOHO-
METPHYECKUX U JIP. ), yA0BAeTBOpsiionux F'1, F2 MOyT ObITH OIUCAHBI AHAJIO-
rugabiM 00paszom. [Tofcrasiast sru Gyunknnu B hopmyary ( 2.4), Mbl oIy 9aem
dbyuknuonaser, yaosiaersopsiomue Al — A4, To ecTb cTeneHn HEIYETKOCTH.

Kakwe 3 31X K/jaaccoB PYyHKIUOHAIOB “aydrine’? DTO JTOBOJTHHO CIOK-
HBI{I BOIIPOC, OTBET HA KOTOPBIN 3aBUCHT OT KOHKDPETHOTO MPUIOKeHusd. Mbr
He OyjaeM yriayOJsiThcsd B KOHKPETHBIE ITPOOJIEeMBI, a H3YUYUM HEKOTOpPbIe 00-
e cBoiicTBa npocteiiniero n3 Takux (QPyHKIUOHAIOB - (DYHKIIMOHAJIA U3
KJIaCCa JuHeHHbIX (hyHKIui f.
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Puc. 2.3: Mogeab JIUHIBECTHYECKOIO OHMUCAHUS 00bHETOB.

2.4 HekoTopsble cBOiiCTBa CTENEHU HEYETKOCTU

ITOCII

Mpur npuBesiem €BOIICTBA CTEIIEHN HEYETKOCTH JIjisl JIuHEeHHON DyHKInn f:

1
€60 = 7 / (1~ (g (1) — s () s, (2.6)

e fis(u), piz(u) omuceBarores ( 2.5).

Oynknnonan £(s;) MoxkeT ObITh HHTEPIPETHPOBAH KAK CPeTHSIS CTEIeHb
TPYIHOCTEl OMMCAHNST YeJIOBEKOM PeAThbHBIX 00HEKTOB (CHTyaIHil) B paMKax
COOTBETCTBYIOIIEr0 CEMAHTHYECKOTO IIPOCTPAHCTBA.

Hrumepnpemayus. PaccMoTpuM 1poriecc onucaHust 4e/,10BeKOM peasibHbIX
O6”beKTOB. MbI HEe IMeeM HHUKaKOM HeoIlpeaeJJeHHOCTH IIPpU JIMHI'BUCTUYIECKOM
onucaHun oObeKTa, UMermero “gusndeckoe” 3Hadenne npusHaka u; (Puc.
2.3). Mbl IPUCBOUM €My JIMHIBHCTHYECKOe 3HAUEHHe a1 6e3 COMHEHUi U KO-
JIeDaHMIA.

MbI MOKEM TOBTOPUTDH JAHHBIE PACCYXKICHUS JJIsi 00bEKTa, UMEIOIIero
“duzndeckoe” 3HadYeHne MPU3HAKA Us. Mbl 63 KosiebaHuii BBIOUpaeM TepMUH
(9 JIJIS €0 JUHIBHCTHYECKOTO OIMMCcannsd 0e3 coMmHenuit. Mbl HauMHaeM HCIIbI-
TBIBATH TPYAHOCTU NIPH BHIOOPE JTUHTBUCTUYECKOTO 3HAUYEHUS JJIsT O0HEKTA,
nMeroIero “dusndeckoe” 3HAUECHNE MPU3HAKA Up. DTH TPYIHOCTH BO3paCTa-
0T (Ug) n JOCTUTAKT MaKCHUMAJBHOI'O 3Ha4YeHud IMpu OINUCaHUKN O6”beKTOB,
uMmeromux “dpusndeckoe’ 3HaUYEHHE MMPU3HAKA Uy: s TAKUX O00OBEKTOB 00a
JIMHTBUCTUIECKUX 3HAYCHUST OJUHAKOBO IOIXO/IAT.

Ecyim Mbl paccMOTpUM 3HAYCHUS MOJUHTEIPAJIBHON (DYyHKINN
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n(se,u) =1— (Mz’; (u) — K (u))

B 9THUX TOYKaX, Mbl MOK€M yBHIETH, YTO

0 =n(sg, us) = n(se, ur) < n(se, uz) < (s, us) < (s, ug) = 1.

Takum obpasom, 3uadenue unrerpana ( 2.6) Mbl 1eHCTBATEIBHO MOKEM
MHTEPIPETUPOBATE KAK CPEJIHHION CTEIEeHb TPYIHOCTEH OMUCAHUS TeT0Be-
KOM peasIbHBIX 00BbEKTOB (cHTyalmit) B paMkax coorsercrsyiomiero IIOCII.

Pacemorpum mekoropsie coiicta dyukiuonana ( 2.6). dus sroro pac-
CMOTPHM CJIE/IYIOTIHe MOJAMHOXKecTBa L:

L - MHOZKECTBO KYCOYHO - JTUHeHHbIX (byHKIHI 03 L, KOTOpHIe ABASIOTCS
JUHEHHBIMH HA MHOYKECTBE HEONPEICTeHHOCTH

U={ueclU: Vj(1<j<t)0< p;(u) <1},

L - MHOXKecTBO QyHKIUN U3 L, aBAdIOMHIXCA KyCOUHO-TUHetHbIMET Ha U
(Brutiouas U).
— o =
Teopema 2 [lycmov s, € Gi(L). Tozda £(s;) = 307> 2de d = |U]|.
JloKa3aTeabCTBO TEOPEMBI IPUBEICHO B IpUIoKeHun A.3.

Teopema 3 ITycmv s, € Gy(L). Tozda

d

g(st) = Cmv

2de d = |Ul|,c < 1, c = Const.

JlokazaTeabCTBO TEOPEMBI JOCTATOYHO OYEBHJIHO.

Tak kak m0b6ast s; € Gy(L) MoxKeT OBITH CO CKOJIb YTOTHO DOJIBINOH TOU-
HOCTBIO AITPOKCAMUPOBAHA COBOKYIHOCTBIO HEUETKHX MHOMKECTB W3 S; €
Gi(L), To coornomenne ( 2.7) cnpaBemiupo Ajsi Beex s; € Gy(L).

Ilycth ¢ HEeKOTOpas B3aMMHO-OJHO3HAYHAsA (DYHKIMS, OIpPeIeIeHHAs Ha
U. Dra dynknus uHAyKnupyer mpeobpasoBamme nekoropoit s; € Gy(L),
oupe/ieJIeHHON Ha yHuBepcajibHom muoxkecrse U B ¢(s;), oupejejeHHoN Ha
yHEBEpCaJIbHOM MHOKecTBe U, 1116
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U=gU)=A{u": v =gu), ueU}.

DT0 mpeobpa3zoBaHe MOYKHO ONPEIEJUTh CJEIYIOMHM 00Pa30M:
g(s;) ectb MHOKecTBO byHKUMT npunaiexuoctu {p)(u'), ..., uy(u)},
rie pi(u') = pi(g(u) = pi(g~ (W) = pi(w),  py(u) € s, 1 < j <t

Crexyromuii mpuMep WLTIOCTPUPYET JAHHOE OIpe/IeIeHHe.

IIpumep 2 ITycmo s, € Gy(L), U - ynusepcym sy u g - pacmasicenue (corca-
mue) yrueepcyma U. B amom cayuae g(s;) ecmv cosokynnocmo dynkyud
NPUHAONEHCHOCTIU, NOAYUEHHAA U3 S; MAKUM HCE PACTMAHCERUEM (COHCAMU-
em).

Teopema 4 [lycmo s, € Gy(L), U - ynusepcym s;, g - HEKOMOPAA AUHETHAA
63auMHO0-00103HauHaA ynkyus na U u €(sy) # 0. Toada £(s¢) = £(g(s¢t))-

JlokazaTeabCTBO T€OPEMBI IPUBEIEHO B MpUJIOKeHun A.4.

DTO CBOIICTBO 03HAYAET, UTO UEJIOBEK OMUCHIBAET PA3HOTHITHBIE O0bEKTHI
B PaMKaX HEKOTOPOTOCEMAHTHIECKOr0 IIPOCTPAHCTBA, ¢ PABHBIMHI TPY/IHOCTSI-
MH, eCJIu (pU3nIecKre mapaMerpbl OObEKTOB OJHOIO THUIA MOXKHO IOJIYIUTh
13 IapaMeTpoB OOBEKTOB IPYTOro TUIA HEKOTOPHIM JIMHEHHBIM Ipeodbpaso-
BauueMm. Hanpumep, nenosib3ysi MHOXKECTBO TePMOB { BBICOKHIA, CpeHuUiT, HU3-
KU} MBI OIIHCHIBAEM JOJIEHH, T€PEBbs, 3aHUsI C OJUHAKOBBIMHA TPYIHOCTSIMU;
HCIOJIb3YsT MHOYKECTBO 3HadYeHuil {ov9eHb GJn3Ko, 6JH3KO, He OJIM3KO, naje-
KO} MBI OIHCBIBAEM DACCTOSHUS MeKJIy MOJEKYJAMH, YIUIAMU B TOPOJE,
ropoJaMu Ha KapTe U T.II. ¢ OJUHAKOBBIMH TPYIHOCTSIMHU.

CrerleHb HEYETKOCTU OJHOIO MHOXKECTBa, WHAyunupoBanuas &(S;) MO-
aer 6bITb onpejgesjieHa KakK CTEIICeHb HEYIeTKOCTHU TpHBI/I&JIbHOfI COBOKYITHOCTH
HEYETKUX MHOYKECTB, ONPeJeJIEHHOI OJITHUM MHOXKEeCTBOM ,u(u):

1
W) = 7 / (1 [20(us) — 1)) (2.8)

He tpymuo gokasath, uto ( 2.8) obiagaer BceMH CBONCTBAMHU CTEHCHH
HEYETKOCTH MHOXKECTBA, U3JIOKEHHBIME B [18].
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I'taBa 3

Ilouck mo HedyeTKuM 3amnpocaM B
HeueTKNX 0a3ax JJaHHbIX

B nmanHOM pasmesie paccMaTpUBAIOTCS HEKOTOPBIE BOITPOCH IPUJIOKEHUH Teo-
pUN HEUYeTKUX MHOXKECTB B MH(MDOPMAIMOHHBIX cHcTeMax. B 9acTHOCTH, pac-
CMaTPHUBAETCS MPOIECC MOoncKa nudopmanu B 0a3zax JaHHbIX, /I KOTOPBIX
UCTOYHUKOM WHMOpMAIUn gBasieTcs 4deaoBek. Omnpenessiiorcst TapaMeTphl
KadyecTBa Moucka WHMOPMAIMA B TaKuX 0a3ax JAHHBIX (CpeTHHEe WHIHBH-
NyajbHbIe TOTepH WHMOPMAIMY W NIYMbI) U YCTAHABIMBACTCA WX CBI3b CO
CTeNEeHbI0 HEYETKOCTH COOTBETCTBYIONINX CEMAHTHYECKHUX TTpOocTpaHcTB. Ha
OCHOBE TAKOM CBs13U (DOPMYIUPYETCs] METOINKA BHIOOPA ONTUMAIBHOTO C TOY-
KW 3peHus KadecTBa Moucka uadopmarun onucannsg o6bLeKToB. PaccMmarpu-
BAIOTCS TAKKe BONIPOCHI MOCTpoeHus uHTepdeiica K (0ObIYHBIM) 6a3aMm JTaH-
HBIX, TO3BOJISIONIETO BBOJIUTD U ONPEIeTATh TOHATHS MOJIb30BaTE s, a TAKKe
OCYTIECTBJIATH 10 HUM TTOUCK HWH(MDOPMAIUH.

3.1 JImarsucrmueckme 6a3bI JAHHBIX

PacemorpuM cieyiomntyio mogens (Puc. 3.1).

Habatotast 06bekThl IpeiMeTHO 001aCTH CUCTEeMbBI, Y€JI0BEK OIHICHhIBAET
ux g 0a3bl JaHHbIX. [IycTh deoBeKk - MCTOYHWK WHAOPMAINKA HE MOYKET
[I0JIB30BATHCS H3MEPHUTEJIbHBIMI IPUOOPAMH, TO €CTh OIUCAHIHEe OOBEKTA eCTh
HaOOp JUHTBUCTUYECKUX 3HAUYEHUN OIpeIe/IeHHBIX XapaKTepUCTUK UJIM IIPH-
3HaKOB. Takue onucanus odpazyor 6a3y JaHHbIX MHMOPMAIMOHHON cucre-
MBL.

25
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4 =~ ~
= —
AN VAN
lNpenmeTHas MCToOUHKMK OnucaHue basa lMonb3oBaTtensb
obnacTtb UHdpopMaL MK obbeKTa AaHHbIX 6asbl AaHHbIX

Puc. 3.1: Moxgeas THHIBACTHYECKOH 0a3bl TaHHBIX.

[Tosib30BaTe/IIMU CUCTEMbI SBJISIETCS TaKzKe HEKOTOPOE MHOYKECTBO JIIO-
neit. Perrasg cBon maHMOpMAITHOHHBIE 331441, TIOJb30BATEIN HCIOIL3YIOT 6a3y
JIAHHBIX KaK WHMOPMAITMOHHYIO MOJIEb TpeaMeTHOl obaactu. [Ipu atom ka-
YeCTBO pellleHns TAaKUX 3a/1a9 BO MHOTOM 3aBUCHUT OT aJeKBATHOCTH WHQOD-
MAIUOHHON Mojiesin (TO ecTh Ga3bl JAHHBIX) MPEJIMETHONU 0DJACTH B HPE]i-
CTaBJICHUYM KOHKPETHOro moJib3oBare/isi. CopepzKare/ibHOl nnrepiperamueii
TaKOW AJICKBATHOCTH SBJISETCS CTEIeHb COIJIACOBAHUS MHEHUH MCTOYHHKA
nH(GOPMAIMH U TOJTH30BATE/ IS OTHOCUTEIHHO 3HAYEHU N XaPAKTePUCTUK JIMHT -
BUCTUYECKHAX OMUCAHUH 00BEKTOB.

[lepBoiit BOpoc, KOTOPBIM BO3HHKAET IPU AHAIUA3E MOJIEJH IPH IIpHBE-
JICHHOM BBIIIIE COAePrKATeTbHON HHTEPIPEeTANH aeKBATHOCTH, MOKET ObITh
copMyJIMpPOBaH cjieytonum oopa3om. MoXKHO Jin, yIuThIBas HEKOTOPbIE 3a-
KOHBI M MOJIE/IU BOCIIPUATHUS Y€TOBEKOM O0bEKTOB PeabHOro Mupa, chopmy-
JINPOBATH TAKOE MPABUJIO BHIOOPA MHOXKECTBA, 3HAYEHUI KATECTBEHHOTO MTPH-
3HaKa, YTO Y€JOBEK OYIET HUCIBITHIBATH MHHHUMAJLHO BO3MOYKHYIO HEOIpe-
JIEIEHHOCTD TIPH ONMHUCAHUU KOHKPETHOr'0 00beKTa B paMKaX JAHHOIO MHO-
»xecTBa 3HadeHuil npusnakal pyroit popmympoBKOil ITOro 2Ke BOIpoca
MOXKeT OBITh cjeayoliasd. MoKHO Jin NMPeII0KUTh TaKoe MPaBUIO BbIOOPA
MHOXKeCTBa 3HAUYEHUl Ka4eCTBEHHOI'O MPU3HAKA, B PAMKAaX KOTOPOI'O pa3Hble
JIIO/IA OYJIYT OIMUCHIBATH OOBEKTHI ¢ HAMMEHBIIIEH CTEIeHbI0 PacCcorIacoBaH-
HocTu? 3aMeTuM, YTO OTBET Ha ITOT BOIIPOC €CTh W OH IMOJy4YeH HAMH HpPH
U3y4deHuu CBOMCTB CTelleHU HEeYeTKOCTU IOJIHbBIX OpPTOI'OHaAJIbHBIX CEMaHTH1e-
ckux mpoctparcTs ( 2.3). He MeHee BaKHBIM sIBJISIETCS BONPOC TPAKTHYE-
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CKOI0 MCIOJIb30BaHUs MOJTYYEHHOIO Pe3y/IbTraTa, a MMEHHO: €CJIH Mbl OyaeMm
OIINUCHIBATH O6'beKTbI C MIHUMAaJIbHOHN CTeIleHbIO HeOoInpeaeJIeHHOCTH, 9TO 9TO
JIaCT B ILJaHe IOBBIIIEHUs KadecTBa IOHCKa mHOpMAIul B 6a3ax JTaHHBIX !
Ecau ncmosib3oBaHne ONTHMAJIBHOIO MHOYKECTBA 3HAYEHHIT He OKA3bIBAaeT Cy-
[IECTBEHHOTO BJINAHNAS Ha MOBBINIEHHE KAaYeCTBa IOMCKA HHMOPMAIMH, TO
€ro UCIoJIb30BaHue HEe UMeeT IIPAaKTU1IeCKOro CMbICJIa. OTBGT Ha 3TOT BOIIPOC
naerca B 3.2. TaMm ke NPUBOANTCA METOIMKA BHIOOPA ONTUMAJIBHOIO MHOYKE-
CTBa 3HAUYEHUN KadeCTBEHHOI'O npu3HaKa C TOYKH 3PpEHUA KadeCTBa IMOUCKaA
nH(MOPMAIIMA B JUHTBUCTHYECKUX 0a3aX JAHHBIX. BayKHBIM 11 HpaKTHYe-
CKOI'O HCIIOJb30BAHUS TaKKe SIBASETCS H3ydeHHe MpoOaeMbl YCTOWIHBOCTH
HOJ’Iy‘IeHHOI’?‘I METOIHUKH. ECJII/I MaJible U3MCEHEHUA HMCXOAHbIX JaHHbIX MOI'YT
OKa3aTh CYNIeCTBEHHOE BJINSHUE HA PEe3yIbTaThl, MOJIyYaeMble Ha OCHOBE Me-
TOAUKH, TO €€ MpaKTHYeCKOe HCIOJIb30BaHNe (dBJIACTCA BECbMa COMHUTEJIb-
HBIM. JTa 1mpobjeMa paccMaTpuBaeTcs B 3.3.1.

3.2 Ilorepu madopManum 1 OIyMbl

[Ipu 3a1a9 noncka UHGOPMAIUH T10JIH30BATEIb 3a1aeT CUCTEMe HEKOTOPBIH
3ampoc, HanpuMep: "Buraarh onncaHus BceX 00bEeKTOB, 3HAUEHHE ITPU3HAKA
"Pasmepnl” koTopbix paBuo "Masienbkuit””. MoryT ObTb 60J1€€ CJI0)KHbIE 3a-
MPOCHI, COCTOLAIINE U3 KOMOMHAIMI 37IeMEHTAPHBIX 3AIIPOCOB, AHAJOTHYHBIX
npusesennomy, u csazok 7, "MJIN”, "HE”. B orBer Ha 3amnpoc u3 06a3bl
JIAHHBIX BBIJIAETCS HEKOTOPOE KOJUYIECTBO ONMUCAHUI 00BEKTOB, €My VIOBJIE-
TBOpdoIuX. IIpenrcraBuM Tenepb, YTO MOJIb30BATE/Ib HUMEET BO3MOMKHOCTD
AHAJTM3UPOBATH HE TOJTHKO JIMHTBUCTUYECKIE OMUCAHUS OOHEKTOB, HO M CAMHU
00bekThl. [Ipu 3TOM MOTYT BO3HHUKHYTH CJIEJIYIOIINE CUTYaIUN:

- 9aCTh BBIJAHHBIX Ha 3aIPOC 00BEKTOB MOJIb30BATENb MOKET IIOCUUTATH
HE COOTBETCTBYIOIMUMHE 3ALPOCY. ITO T€ OOBEKTHI, KOTOPHIE OMUCAHBI UCTOY-
HUKOM MH(pOpPMAIUK KaK "MaJeHbKHe , & C TOUKH 3PEHUS TO0JIb30BATE/IS OHU
TAKOBBIMHU He sIBISIOTCS (a sBsiorcs, Hanpumep, “cpenuaumu’). Takue omu-
caHug OyeM Ha3bIBATh WH(MOPMALIMOHHBLIM LLYMOM;

- ecii Obl 110/IB30BATEIb MOT' TIPOCMOTPETH BCE OOLEKTHI, ONMUCAHUS KOTO-
PBIX XPaHATCA B CHCTEMe, OH, BO3MOXKHO, HaIeJ Obl TaKue O0beKThI, KOTO-
phle, IO ero MHEHHUIO, COOTBETCBYIOT 3aIIPOCy, HO He OBLIM BBIIAHbI CUCTEMOI.
9TO0 Te 00BEKThI, KOTOPBIE ONMMMCAHBI HCTOTHUKOM KaK, HAIPUMED, "CpeIHnii”,
HO C TOYKH 3DEHUsI M0JIb30BATE/Isl OHU SIBJISIOTCS "MaJsieHbKuMu' . Takue oru-
caHus Oy/ieM Ha3bIBATH NOTEPU MHOPMaLNN.
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[Hogcunraem oObeMbl OTEph MHGPOPMALUKU U UH(OPMAIMOHHBIX TITYMOB.
[Mycte 1(04),...,1(0,) - ommcanust 06bertoB Oy, ..., Oy, XPAHAMIXCSI

B cucreme. [(0;)(j = 1,...,q) - HabOp 3HAdYeHHil KAIECTBEHHBIX NPHU3HA-
KoB. PaccMorpuM HekoTopblil nmpu3Hak. OH HMeeT MHOMKECTBO 3HAYCHUI
X = {ay,...,a;}. Maremarndeckoii MOJEJIbI0 MHOXKECTBA 3HAYCHHN Kade-

CTBEHHOT'O IIpHU3HaKa ABJIAeTCA COBOKYIIHOCTD beHKHI/Iﬁ NpUHaAJEeZKHOCTH
s € Gy(L). Bynem obo3nadaTh smemMeHTapHbI 3ampoc "BeiaaTh omucaHus
00'bEKTOB, IMEIONINX 3HAUeHNe Ipu3HaKa, pasHoe a;” depe3 (I(0) = a;).

PaccMorpuMm gacTHbIM caydail ¢ = 2.

Paccmorpum HekoTopyio Touky uw* € U. Bpeaem ciemytoriue obo3Have-
HUA:

N(u*) - Koau4aecTBO OnucaHuii 0GbEKTOB B 6a3e JAHHBIX CHCTEMbI, HMe-
1onux bU3MUECKOe 3HAYCHHE PU3HAKA, PABHOE U*;

NF - kommgecTso nmoab3oBaTeseit nHGOPMAIMOHHON CUCTEMBI.

Torpa N, (u*) = fig, (w*)N(u*) - KonmuvecTBo onucanuii 06beKTOB B Gasze
JIAHHBIX, UMEIOMHUX (DU3MUECKOe 3HAYEHUIl NPH3HAKA u*, U ONUCAHHBIX HC-
TOYHHKOM HHMOPMAINYT KaK a1;

Noy (W) = gy (u*)N(u*) - KoHIecTBO OnmMcanuii 0OHLEKTOB B Oase maH-
HBIX, UMEIONUX (PU3NUecKoe 3HAYCHUH TPU3HAKA U*, U OMUCAHHBIX UCTOYHU-
KOM MH(OPMAIMH KaK (o}

NE(u*) = po,(W*)NF - konmdecrso momb3oBaresell CHCTEMbI, CUUTAIO-
IUX, YTO U* €CTh aq;

NE(u*) = o, (W*)N'* - KOHuECTBO MOJIB30BATEIIEH CHCTEMBI, CHNUTAIONIIX
u* as.

Bamernm, 4To, Tak Kak s; € Go(L), To

Na1 (u*> + Na2 (u*) = Hay (U’*)N(U*) + Hay (u*)N<u*) = N(u*),

NaEl (u*) + NaE2 (u*) = o, (W)NF + g, (W )N¥ = N,

[Tpu 3ampoce (I(O) = a;) Buigaercs N, (u*) onucanuit, mveromux du-
3uueckoe 3uadenne npusnaka u*. Ipu srom NZ (u*) nosbsosareseit mecyr
norepu B obbeme N,,(u*) omucanmit. 1o omucamus Tex 0OBLEKTOB B Hase
JTAHHBIX, KOTOPble HMEIOT (DU3utdecKoe 3HaUeHne MPU3HAKa U* M OIMHCAHBI HC-
Tounnkom uudopmanuu Kax az. Ocrasmmecs N2 (u*) mosb3osaredeii nveror
nHGOPMAIMOHHBIH 1yM B 06beme BoaaBiuxcs N, (u*) omucannii 06HeKTOB.
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Takum obpazom, cpejHue UHAUBU/IyaJIbHbIE TOTEPH HH(POPMAIUN, BO3HU-
KAIOIHe TPU MOUCKE IO JAHHOMY 3allpocy JIsi 00beKTOB, UMEIONuX (hu3u-
JecKoe 3HaUeHne MPU3HAaKa, paBHOe u*

pur (1) = <15 NE ()N (w)

Cpe,ZLHI/Ie MHAUBUAYaJbHbBIEe HIYMBI B 3TOM CJIy4dae

1

= e (N E ()N G). (3.1)

1 1

Vo, (01) = 75 Nag (WIN () = <5 e

Kak Buano u3 gopmysn ( 3.1) u ( 3.2),

(W)NPpy ()N (). (32)

Pay (u*) = Yo (u*)
D10 ABIETCS CJAEACTBHEM TOTO, 4T0 S; € G5(L), a TakKe TOro, 4TO MBI
B paMKaX HCCJeyeMoil Mofjesan He pa3iamdaeM (DYHKIUH IPUHALTEKHOCTH
HCTOYHUKa MHQOpMauu 1 noab3osaresd. llocaennee Oyner uzydeno namu
B paMKax paciupenus moqean (pasgen 3.3.1).
Cpeane nHMBH/yaJbHbIE TOTEPH HH(MOPMAIINI U 1Ty Mbl, BO3SHIKAIOIIIEe
DY ITOMCKE MO JAHHOMY 3ampocy [t BeexX 00bekToB @4, (U) u U, (U) coot-
BETCTBEHHO, OIIPeIeIAI0TCS KaK

D, (U) = ﬁ /U o (1), (3.3)

¥, (U) = ﬁ / Y (). (3.4)

He tpynno BumeTs, 9To

Doy (U) = W, (U) = ,17‘ / oy (0)y () N () (3.5)

[ToBropsisi npuBeieHHbIe paccyKenus st 3anpoca (I(O) = ag), mouy-
UMM, 9TO U B 9TOM CJIy4ae CPeJHUE MHANBHya bHble ToTepn nHMOPMAIUH 1
myMbl paBubl ApyT Apyry (P, (U) = ¥, (U)) u pasus npasoii gactu ( 3.5).

PaccMOTpuM Tenephb Bee MHOYKECTBO 3HAYCHU{T MOMCKOBOTO TPH3HAKA X =
{a1,as}. Cpeanne HHIAUBUIYATbHBIE TTOTEPH HHGOPMAIMH U IIIYMBI TIPH TIO-
ucke urdopmanuu 10 Hemy (Px(U) u Uy (U) coOTBETCTBEHHO) €CTECTBEHHO
OIIPEJICJIATH KaK
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Px(U) = p1Po, (U) + p2®,,(U), (3.6)

qJX(U) - pllpal(U) + p2\Ija2(U)v (37)

rie p;(i = 1,2) - BepOSTHOCTH 3ampoca 110 i - 3HAYEHUIO MPU3HAKA.
[Toncrasnstst ( 3.5) B ( 3.6), ( 3.7) ¢ y4eTOM C/I€TAHHOTO BBIIIE 3aMEYAHUS
autst 3anpoca (I(O) = ag) 1 09€BHHOTO COOTHOIICHUS Py +Po = 1, Oy daeM:

x(U) = Ux(U) = ﬁ / by (0)y () N (10) (3.8)

llosryaenHbBIE PE3YIBTATHI JOBOJIBHO €CTECTBEHHO 00OOIAIOTCA Ha CJIydai
t> 2.

eificTBUTesibHO, B 9TOM cjy4dae 00/1aCTb MHTErPUPOAHUS MOXKHO IIpeji-
CTABUTHB BU/IE

U=U,UU;UUU...UU_1, Uy, (3.9)

rae U = [Wj—1.p, Ujr1,0)(J = 2, ..., 6 Uo.p = Uy 1, Upy1,, = Up,R) - MOAMHOIKE-
ctBo U, Ha KOTOPOM [l (1) = 1, m, B cuy cBoiicTsa oproronambHocT Ga(L)
fa, (u) = OVi # j.

Ui—1; = [, uj—1,r|(j = 2,...,t) - mommuOoKecTBO U, Ha KOTOpoM 0 <
fa;—, (), pa; (1) < 15 g, (u) = 0 gt i 7 j — 1,4 # j.

Pacemrpum sanpoc (I(0) = a;)(1 < j <t). B srom cirydae Ha KagecTBO
IMOUCKa HYZKHBIX O6'beKTOB OKa3bIBalOT BJIUAHKUE COCEJHUE 3HAUCHUD IIPU3HA-
ka: jepoe (j — 1) w mpasoe (j + 1). st cpennux noreph nHbOpMANuN u
IIYMOB, TAKUM 00Pa30M, CIPABEIIHBO:

®,,(U) = &2 (U) + 23+ (), (3.10)

U, (U) = W1 (U) + W (U), (3.11)

rjue
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| N 1
BU) = VR ) = / e, (W)t ()N () du =

= L e N @ (313

[Tepsoe u Bropoe paBercTBa B ( 3.12); ( 3.13) MOXKHO MOJIYYIUTh, TOBTOPHUB
paccyxkienus Boiojga dbopmyast ( 3.8), canras mis (3.12) j = 2w s ( 3.13)
j = 1. Hocaennue coornomenus B ( 3.12), ( 3.13) caeayior u3 onpe/jeaeHuit
MHOZKECTB Uj—l,j n Uj,j+1~

B 3TOM CiIydae MareMaTHYecKoe OKHAAHUe CPEIHHX HHIAMBUILYATHHBIX
norepb nHdopManun 1 THGOPMANMOHHLIX IyMOB, BO3HUKAIONIMX IPH MOUC-
Ke HHMOPMAIUK [0 JAHHOMY NPU3HAKY, OY/yT paBHBI COOTBETCTBEHHO

ox(U) = ij@aj(U% (3.14)
Ux(U) = ijqfaj(U), (3.15)

rJe p; - BEPOATHOCTL (YACTOTA) 3AIPOCA MO j - 3HAYCHHUIO IPH3HAKA X,

t
Zj:l pj = 1.
BamMeTuMm, 4TO A1 KpaiiHuX 3Ha4veHuil ) = 1u j =1

Do, (U) = @51 (U) = Vo, (U) = V3 (U) =

1
= m - ﬂal(U)NQQ(U)N(U,)dU,

@, (U) = ®571(U) =V, (U) = ¥5~(U) =
1

= L e @ ()N ()
|U| Ui_1,t

[Mogcrasnsga ( 3.10) - ( 3.13) B ( 3.14), ( 3.15) ¢ yIeTOM CAEJAHHOIO
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3aMeYaHnsd, MOJYIUM:

Dx(U) = Ux(U) = pﬁ [ s s )N )+
= Sonr([ @ 0N @+

= ) [ (N

Uj,j+1

<.
Il
-

(3.16)

Tenepb MbI MOYKeM MPUCTYIUTH K U3YUYEHUIO OCHOBHOTO BOIIPOCA, IAHHOTO
pasjiesia: CBA3U CTEIEHU HEYEeTKOCTH HPU3HAKA C 0ObEMOM CPEeJIHUX MH/UBU-
JYAJIbHBIX TOTEPHh MH(MOPMAIUN U TITYMOB.

3.3 Metoauka BbIOOpa ONTUMAJBLHOTO MHOXKE-
CTBa 3HAUYEHU KaveCTBEHHbIX IMPU3HAKOB

PaccmorpuMm 4gacTHbli ciaydail t = 2.

Teopema 5 ITycmv sy € Go(L); £(s¢) - emenenv newemxocmu sy; ®x(U),
Ux(U) - cpedrue undusudyasvroie nomepu UHGOPMAUUL & WYMBL, B03HUKG-
0ULUE NPU NOUCKE UHPOPMAUUL N0 NPUSHAKY € MHONMCECTNEOM 3Hauerull X,
modeavio Komopozo asasemcs si. Ilyemo, dasee, N(U) - wucao obsexmos,
ONUCAHUA KOMOPHLL TPAHAMCA 6 0a3€ JaHHBLT CUCEMDL, UMENUUT dusue-
CKOE BHAUEHUE NPUSHAKG, PAGHOE U, ecmb Koncmanwma. Tozda

N
O (U)=Vx(U) = 35(52),]\[ = Const.
JoxazaTtensctso. Tak Kax sy € Gy(L), To bGYHKIUT TPUHAIIEKHOCTH
3)

fay (W) ¥ pla, (1) mMeror Bug ((A.2) u (A.3) coorBercTBEHHO.
Torga, nogcrasnss ( A.2) u ( A.3) B ( 3.8), nomygaem:
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_ ’_(1” o %(am )W) N(w)du.  (3.17)

[To ycnosuto Teopemsr N(u) = N = Const, nosromy:

Dx(U) =¥x(U)

u2r,

N UIR
(I)X<U):\Ifx(U) = W 3 (—u2+U(ﬂ2L+ﬂ13)
Uugr,
—HlRﬂgL)du =
N ud |ur (G +7 )uQ iR
- d2’U| [_ 3 U2y, + U2 U1R U2l
o U1Rr
—UjRU2LU| ] =
uzr,

= MQLM [_Q(ﬂ?}z - ﬂ%L)
+3(Uar, + Urr) (Ui g — Uzp) —
— 6 gl (Ui g — HQL)] =
_ N [—2@1 o 2T, + 3 pliar, + 3T —
622U
—3Uy; — U Rlls;, — 6 gllar, + 6U1 RS, | =

N (g —T2r)®>  Nd® Nd

= = = 3.18
62| 60| 6]U] (3.18)
CpasHuBas 1oJyunBiieecs Beipaxkenue ¢ ( A.4), nosydaem:
N d N
Ox(U)=Ux(U) =2 (L) =2 3.19
€(0) = vx(0) = 5 (557 ) = 340 (3.19)

Teopema MOTHOCTHIO TOKA3AHA.
DTOT pe3yabTaT JOBOJBHO MPOCTO 0000IIaeTCs Ha caydaii t > 2.

Teopema 6 Ilycmv s, € Gi(L) u 0a Hee 6bNOARAIOMCA YCAOSUA MEOPEMDL
5. Ilycmo, danee, 0aa Noab3068AMEAA 3HAMEHUA NPUSHAKA NPEOCNABAAIOM,
00UNHGKOBBIT UHMEPEC, O eCMb BEPOATIHOCTY 3ANPOCO8 NO KANHCIOMY 3HA-
weHu npudnara pasko. Tozda

Oy (U)=Vx(U) = %f(st),]\f = Const.



34

HoxkazarenabcTBo. Tak kak 1o yciaosuo Teopembl N(u) = N = Const,
( 3.16) MOXKHO TIepenucaTh CJIeLYIOMUM 06pa3oM:

P (V) = |U|Z P @ @20)

O6oznaunm |U; j+1| = dj j41, 1, anamornaso ( 3.18) u3 ( 3.20) momywaem:

1 d t—1
Oy (U ““ = 3.21

t—1
rne D = ijl djjt1 = Z] 11Uj j+1| - momuocTs mopmuOxecTBa B U, Ha

KOTOPOM g, (u) # 1Vj(1 < j < t). Cpasnusag ( 3.16) u ( 3.21), nomydaem
caenyoriee 00606menue ( 3.19):

By (U) = Uy (U) = %Vg(st). (3.22)

TeopeMa TOJTHOCTBIO JTOKAa3aHA.
[Tonydyennnie B TeopemMax 5, 6 pe3ysbTaThbl MOXKHO OOODIIHUTD 11 KJacca

Gi(L).

Teopema 7 I[lycmov sy € Ga(L), N(u) = N = Const. Tozda
Ox(U) = Ux(U) = c{(s2),

ede ¢ - Koncmanma, 3asucawas moavko om N.

HoxkazarenbcTBo. Tak Kax so € Ga(L), 0 Vu € Upy, (0) = 1 — f1g,(w).
[Tostomy ( 3.8) MOKHO HeperucaTh CJIeAYIOMUM 00pa3oM:

1
Bx(U) = Wx(U) = i / oy ()1 = i () N ()l (3.23)
Pacemorpum yausepeym U (puc. 3.2).

Zlcno, uTo HA OTpe3Kax [Uir,Uar| U [Uig, Uer] Px(U) = Ux(U) = &(st) =
0. Takum obpazom, HEOOXOUMO CPABHUTH UHTETPAJIBI

o 0= 0 = sty
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7
A La1(U) Haz(U)

12

| >
Uy Ua'(112)  Tig U

Puc. 3.2: I'paduaeckoe nzobpazkenne sy € Go(L)

ﬁ / N s () (1 — oy () .

e fuix(u), piz(u) omaceBaroTes dbopmytamu (2.5).

O6s1acTh UHTEIPUPOBAHUS - OTPE30K [Usr, Uig| MOKHO IIPEJCTABUTD CJIe-
JIYIOIIIUM 00pa3oM:

as Tar] = oz i ()] U i (3), (3.24)

PaccMoTpuM mepBbiii 0Tpe3oK mpaBoil yactu ( 3.24).

Tax xak sy € Ga(L), To Ha 3TOM OTpe3Ke i (u) = fla, (u) T pigz(u) =
fha, (1)

O6o3naunm depes3 &(sz) " sHavenue dyHKnoHaga £(sg) Ha OTpe3Ke
b

a’
[a,b] (TO ecTh 3HAYEHHE COOTBETCTBYIOIIEr0 MHTErpaia Jiisd u € [a,b]). Ana-
Jorudubie 00o3HaueHus Oyjem ucuosub3obarb u st Px (U), Ux(U). Torya,
C YUETOM BBIIIECKA3AHHOIO, MOZKEM HAMMCATH:
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1 Ngll(%)

§(s2) = (1 = (paig () = gz (w)))du =

ozt ()] U] Ja,,
1 pay (3)
- & / (1= (1o (1) — prag (1))t =
UL,
1 pay (1)
- & / (1= tan (1) — (1 1y () =
uar,

2 pay (1)
- / (1~ ptay (0))du, (3.25)
uzr,

®x(U) = Ux(U)

[62117“;11 (%)]
N pay (3)

= m - Mal(u)(l_ﬂm(u))du' (326)

[E2L 7M¢;11 (%)]

Pacemorpum pasuocts Oy (U)

—&(s2)

[H2L7M§11 (%)]

[EQL 7“511 (%)] ‘

Xz ™ S
1 fa) (%)
= i T @)1 = gy ) -
|U| Uy,
pay (3)
- 2/ (1 — pa, (u))dul. (3.27)
u2r,

B maremaTndeckoM aHa/M3e M3BeCTHA IepBasg (popMysia cpejHero 3Ha-

denust B 0000mentoi opme [11]. Ee cyTh B ciegyiomem. nycth dbyHKIHA

f@

HHn

) n g(z) wHTErpUPYEMBI Ha OTpe3Ke |a,b|, u mycts m u M - TouHbIe Tpa-
f(z) na [a,b]. Ilycts, kpome Toro, byukmus g(x) > 0 (mwm g(z) < 0)

Ha BceM oTpeske [a,b]. Torga naiinercs Takoe umcso @, yaoBaeTBOpsIOIiee
HepasencTBaM m < 0 < M, aro

/abf(ac)g(x)dx = G/Gbg(ac)dac (3.28)
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B wactHocTn, ecin f(x) HenpepsiBHa Ha [a, b], TO HA 3TOM OTpe3Ky CyIe-
CTBYET TaKOe YUCJ0 T*, 9TO

b b
/ f(@)g(x)dz = f(z) / g(z)dz (3.29)

[Tocnennee BbIpazkKeHnue u ecTh IepBas opMmy/ia CpejHero 3Ha4YeHUus B
06061IeHHOI dopMme.
— —1/1
Tax KaK fiq, (u) WenpepwBHa Ha [Usr, fig, (5)] 1 (1 — g, (1)) > 0 7a sTOM
OTpe3Ke, TO MOKHO PUMeHUTH ( 3.29) K epBoMy HHTerpasly B MpaBoii 4acTu

(3.27).

Ox(U) —&(s2) =

[EQLvﬂr;ll(%)]

@arpal()]

—1,1
1 . Haq (E)
= g [Ny [ 0= @)
‘ | U2
pay (3)
2 [ ()] =
uar,
2 u'(;ll(%) N N
[ 0w Sl -1] @)
U3 moceqHero cOOTHOIEHNS TOMYIaeM:
D (V) oy (0 (52 (331)
= —Ugq Uu S .
x (2L pay (3)] 2 Hea 2 (2L pay (3)]
O6o3Ha4YNM
N .
@ = 5 Ha (u"), (3.32)
e u* € [Uar, 115, (3)]-
Torma ( 3.31) MOXKHO HepemucaTh CIeIYIONUM 00PA3OM:
D (U =c&(s . 3.33
YO nan = O (3:33)

Pacemorpum Bropoit orpesok npasoii wactu ( 3.24). OueBu/iHO, HA HTOM
OTpesKe i (U) = fla,(u) 1 piz(u) = fla, (). HosTOMY
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&(s2) ol Mmal ](1]| Tir (1 — (ftay (1) = pta, (w)))du =
= ’é| UiR (1 - ((1 - ,ual(u)) — Mal(u)))du _
- NQJ 1/, o m (w)du, (3.34)

l
(3)

[ToBropsist paccyzKIeHust JJist OTPE3Ka [Uay,, u;ll(%)], HOJIY IUM:

Ox(U) —&(s2)

.L"al ul R]

[uay (3)1R]

1 UILR
= m N/ th :ua1( ))du—2/ ) Mm(u)du] -
(3 fray (3)
1 U1 R

UIR
- 7 N(l — Hay (u ))/ Hay (u)du - / Mal(u)du] =
U] ) nat (3)

— S0 =1] [ (wa -

‘U‘ /"01 5
[Nu (")) 1} (s2) (3.35)
= | =(1 = pg, (u")) — s : :
2 fas N et (2 as)
Takum obpaszomM,
N
o = —(1— pa,(w))E(s =
x( >[ua1<$>um1 3 (1= e ())8(s2) (1)1 5]
— etls , 3.36
2 (52) (1)) (3:36)
riue
N * * — 1 —
Co = _(1 - ,ual(u ))7u € [Mall(_)7ulR]' (337)

2 2

O6o3nauum vepes fi(u), fo(u) caepyronue QyHKIMU, OLPE/IEJIEHHbIE HA
[Usr, UrR)] :
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U/2L7 Nal (%)

|
filw) € gt (1) mas)

{
U, g, '(3)]

0,
u) =
ro={ o Ll
Cymmupyst ( 3.31) u ( 3.37) ¢ yuerom ( 3.24), nosydaem:

cu
el
€ [y
€l

N UIR
A fay (W) (1 = pa, (w))du =
uar
—1,1
N Haq (5)
= m B ual(u)(l_ﬂm(u))du
UL,
N U1R
+W fhay () (1 — fig, (w))du =
pa) (%)
1 pa) (%) 1 UiR
= Clm U(SQ,U)dU+Cz|U‘ 0 77(52>U)du—
uar “al (3)
1 UIR
= o) fi(u)n(sz, u du+m/ fa(u)n(s2, u)du =
uarg,
1 ULR
= 1+ Alnte e (3.38)
uar

[Mpumensst k npasoit yactu ( 3.38) dopmyay ( 3.28) (He TPYIHO BHIETH,
9TO YCJIOBUS TPUMEHeHUsT 3TOH (hOPMYJIBI BBIIIOJHSAIOTCS ), TTOTY YaeM:

N ULR
o 00 = = g [t (3.39)
uzr,

HOCHG,ZLHGG BbIpazK€eHHe MOXKHO IIepellncaTb KaK

(I)X(U) = \I’X(U) = 636(82)7 (340)
I7e C3 - HEKOTOpast KOHCTAHTA.
N <I/Ii (<3.§2), (13.37) caenyer, uro § < ¢ <
4 =93 =7
Teopema mokazana.
[Tocsieauii pe3ysibrar, aHajorudHo reopeme 6, obodiaercs Ha cJiydai
t > 2. JleficTBUTEILHO, CIIPABEIINBA CJAEAYIOMIAS TEOPEMA.

< < %, MO3TOMY W

vl
==
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Teopema 8 ITycmv s, € Gy(L), N(u) = N = Const u eeposmnocmu 3a-
nPocos no Kaxicoomy sHauenuo npustakra paehsi. Tozda

C
Ox(U) =Vx(U) = Zé(st),
206 C - He%OmOpaﬂ KOHcmCLHmaq SGSUCﬂwaﬂ moavkKo om N

HokazarenbcTBo. st chopMyTMpOBAHHBIX YCI0BHUIT cripaBeuBa (hop-
mydia ( 3.20) st Px(U) u Wx(U):

(I)X(U) |U| Z/ ,ua] ,ua3+1( )d

Ucnonb3ys pasduenue ( refproof: 317), MOKHO HANUCATH AHAJOTHYHOE
BbIpazKenue u st E(Sq):

Badukcupyem mexotopsiit momep j(1 < j <t —1). Ha ocnoBanuu Teope-
Mol ( 7), CHpaBeIHBO CICAYIONEe PABEHCTBO:

N / 1
771 Ha; (U)[Laj (’LL)CZ’LL = C-—/ 77(5 ,u)du,
U Uj.j+1 o ! U] Ujj+1 t

rJe ¢; - HeKOTOpas KOHCTaHTa, 3aBUCAIIAs TOJIBKO OT V.
Takum obpaszom,

t—1

oy 1
— P, (W) fa;,, (w)du = c»—/ n(se, u)du
> ), s 250 ., "

J,J+1

YMHOXKas MOcJe/lHee PABEHCTBO Ha + , TTOJTY IAM:

H’CLJ l’LaJ+1 du = t’U| Z / Sta

JJ+1

o

O6oznaunm vepes f(u) caemyrontyo GyHKIHIO, ONpenenernyo Ha U:

JJ+1
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. Cj, UEUjJ.:,_l(lSjSt—l)
f(“)_{o, welU(1<j<t)

Torma nocsienH00 GOPMYITY MOXKHO HEPENUCATH CJAEAYIONIIM 00pa30M:

Dx(U) = Ux(U) = % / £ (w)(se, w)du

[pumensist kK mpaBoit actu nocsaeaneii dbopmynsr ( 3.28) (He TpyaHO BH-
JeTh, 94TO YCJIOBHsSI IPUMEHUMOCTH STOH (DOPMYJIBI BBITOTHSIIOTCS ) , TIOJTY 4AeM:

Oy (U)=Vx(U) = %C/Un(st,u)du = %f(st)

TO 1 .

Tak xak % <c¢ < %,

Teopema mokazana.

Takum 00pa3oM, YMEHbIIEHAE CTeIIeHH HeYeTKOCTU HA (v IIPOIEHTOB IIPU
(pUKCHPOBAHHOM YHCJIe 3HAYEHHUI TMOMCKOBOI XapaKTepPUCTHKHU IMPUBOIUT K
TaKOMY K€ COKPAIIEHHUIO CPeIHUX MHIUBUIYAILHBIX TOTeph HHMOPMAIUKA U
IIyMOB. yMeHleeHI/Ie 2Ke CTelleHru He4YeTKOCTHU IIpu OAHOBPEMEHHOM YBeEJIU-
YEeHWHU YHUCJa 3HAYEHNH XapaKTePUCTUKH Je/aeT 3Ty 3aBUCUMOCTD eIre 0oJiee

CHJIBHOI.

=z

<c<

|z

Ha ocHoBe Teopem JaHHOTO pazjesa MOXKHO IIPEIIOKUTDH CJIETYIOILY IO
METOJIUKY BBIOOpa MHOXKECTBA 3HAYCHUI KadeCcTBEHHOTO IIPU3HAKA.

1. @opmupytoTcd Bce BO3MOKHBIE MHOYKECTBA 3HAUEHUIT IPU3HAKA.

2. Kaxkmoe MHOYKECTBO 3HAUYEHNIT MPU3HAKA MPEJICTABISETCS B BHIE T10JI-
HOT'O OPTOTOHAJBLHOTO CEMAHTUYECKOTO IMMPOCTPAHCTBA.

3. g KaxKa10T0 MHOXKeCTBa 3HAYUEHWI BRIUUC/IAETCS CTelleHb HeYeTKOCTH
[HOCIL

4. B xadecTBe ONTHUMAaJIbHOIO MHOXKECTBA 3HAYEHUU, 0DECIeUHBAIONIETO
MaKCHMAIbHOE KaueCTBO MOUCKA WH(MOPMAIIUH TI0 STOMY IIPU3HAKY, BHIOHpa-
€TCd TO MHOZKECTBO, JJId KOTOPOI'O OTHOINEHHE CTEeIIeHU HECYEeTKOCTU K YUCJIY
3HaYEHUIT IpU3HaKa MUHUMaJIBHO.

[Ipu nmoncke nnopMaImu 10 COBOKYITHOCTHU MTPUZHAKOB HEOOXOIIMO 0000-
IUTH MOJYYeHHBIE Pe3yabTaThl. MOXKHO MOKa3aTh ! , YTO B CJIy4ae JBYX
IOUCKOBBIX XapakTepuctuk X' u X2, comep:Kalmux t; H to 3HAUEHHII COOT-
BETCTBEHHO,

! TTokazaTe bCTBO JAHHOTO PABEHCTBA He MPUBOJUTCA B CIUTY €rO IPOMO3IKOCTIH.



42

1 1
Oy x2(ULU?) = E¢X2(U2)+5®X1(Ul)—

1 1 2
— Néxl(U VB2 (U?). (3.41)

[Ipumensist K mMpaBoii YacTu JAHHOTO PABEHCTBa TeopeMy ( 8), MOIydnMm,
4TO IPU BBIIOJHEHUU YCJIOBUI 3TON TeopeMbl

¢ c
CI)Xl,XQ(Ula U?) = #5(552) + P i 5(5%1) -
1l2 1l2

€(s1,)€(s5,), (3.42)

C1C2
tito N
I7e C1, Cy - HEKOTOpPbIe KOHCTAHTDI, 3aBUCSIIIE TOJBKO OT N, 5,}1 u 3%2 - TIpe/I-
crassienne MHOxKecTB 3Hadenuil X' u X? B suge ITOCIL.

Takum obpazoMm, 9T0ObBI MUHUMH3HPOBATDH IIOTEPH MHMOPMAIUU U IIIY-
MBI, BO3HHMKAIOIIHE MPH MOuCKe HHAMOPMAIWKE 10 JBYM 3aJaHHBIM TpU3HA-
KaM, HEOOXOAMMO TaK BLIOMPATh MHOMKECTBA, 3HadeHuil npusnakos X! u X2,
9TOOBI

1
E [015(332) + 025(51511) - 035(51}1)5(5?2)} — min.

BroJjiHe 04eBUIHO, YTO MOTIYT CYIIECTBOBATH KOHKPETHBLIC CUTYAIlUH, KO-
I3 MHOZKeCTBa 3Hadenui mpu3nakos X ! u X2, oNTEMaJIbHBIE ¢ TOUKH 3PeHA
IOCJIETHEr0 KPUTEPHUs (TO €CTh COBMECTHOTO TOUCKA) MOTYT HE COBNAJIATD ¢
MHOZKECTBAMHU 3HAYCHU, OITUMA/ILHBIX ¢ TOUYKH 3PEHK IOUCKA 110 KazK10-
My 3HAYCHHUIO IIpU3HAKa B OTAeabHOCTH. OKOHYATeNbHBIH BLIOOD MHOXKECTB
SHAYEHWI 3aBUCAT OT KOHKPETHOH 331241 (B 9aCTHOCTH, OT BEPOSITHOCTH 32~
IIPOCOB IO NIEPBOMY M BTOPOMY HPHU3HAKY, 110 UX COBOKYINHOCTH M T.II.).

3.3.1 VYcToluymBOCTh METOAWKWN BHIOOPA ONMTMMAJIBHOTO
MHOXKeCTBa 3Ha4YeHU

OpnuM U3 OrpaHryeHuil METOAUKHU BHIOOPA ONTHMAJILHOIO MHOXKECTBA 3HA-
YeHH KAYeCTBeHHBIX IPU3HAKOB (pasien 3.3), CYIIEeCTBEHHO HCHOIb3YeMbIX
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[pU ee aHaJIM3e, IBJISETCS PEJINOJI0KeHne 00 OJIMHAKOBOCTH (PYHKIUIT Ipu-
HadJEe2KHOCTHU HCIIOJIb3YEMbIX JIMHI'BUCTUYECCKHUX HNOHATHUN Y UCTOYHHUKA WH-
dopMmanuu u m0JIb30BaTEIsI CACTEMBI. VIHTYUTUBHO ICHO, 9TO (DYHKITUHU IIPHU-
HAJIJIEXKHOCTH Y BeeX JoJeil He MOTYT ObITh IMOJHOCTBIO OJUHAKOBBIMU. JlaH-
HBIH Te3MC MOXKHO IPOMLIIOCTPUPOBATD CAEAYIOMUME TPAMEPAMH.

Ec/iu monpocuTh OEeHUTH BO3PACT IOHOIIY H IMOXKHJIOIO YeJI0BEeKa, TO, CKO-
pee BCero, ux OIMEeHKH OyIyT pasJIndaThes: s MOJIOIOTO denoBeka 50 JerT -
9TO CTAPOCTb, JIJIS TOXKIIOTO - 3pesibiit Bo3pacT. To ke camoe MozkeT HADJIIO-
AaThCd IPpHU ONEHKEe POCTa HU3KUM M BBICOKHM Y€JIOBEKOM: beHK]_[I/H/I IIpuHaI-
JIEZKHOCTH COOTBETCTBYIONIUX JIMHTBUCTHYECKUX TIOHATUH y MEPBOrO OyayT
CIIBUHYTHI BJI€BO, Y BTOPOTO - BIPABO OTHOCHTENBHO ApYT apyra. llomoGHbie
CUTYaIlNH TABHO OBLIN 3aMeYeHbl U JarKe IMOCTIYZKHIIM OCHOBON CIOYKeTa PsIa
JE€TEeKTHUBOB.

Bojee cio:kHOe B3amMOIeHCTBHE MEXKIy CEMAHTHKONW OIMHAKOBBIX Tep-
MHHOB MOKeT HabJII0AAThCsl y JIOJACH Pa3HBIX HAIMOHAJIBHOCTEH (IIPOKUBA-
OIMUX B Pa3JIMIHbIX I'€OKJIUMATHUICCKUX SOHaX) B CHUJIy NpUHIOUIIQ JIMHI'BU-
CTHUYIECKOM JAOMOJIHUTEJIbHOCTU - OAHOT'O M3 NMPUHIOUIIOB NCUXOJHWHIBHCTHKHA
[5]. Tak, Hanpumep, KUTeJan KpaifHero cesepa (3CKUMOCHI, YYKYH) pas/Irda-
0T HECKOJBKO OTTEHKOB CHETa, COOTBETCTBYIOIIMX €I0 COCTOSHHIO, (DHHHBI
IMEIOT HeCKOJIbKO HAa3BaHMIA JIsI CHHErO IBeTa.

s oTpazkeHus: MepeducaeHHbIX (hakTopoB OyaeM cYUTaTh, 9TO HYHK-
IIIN TPUHAIIEKHOCTeHl MCTOUYHNKA MH(MOPMAINN U IIOIB30BATEIs HE COBIIA-
Jal0T, & MOT'YT HaXOJAUTbHCA B HeKOTOpOﬁ 110J1I0CE IMUPUHDBI (5, TO €CTb 3aJaHbl
¢ HEeKOTOPOit "TounocTsio” § (puc. 3.3).

Bripasum ocHOBHBIe mapaMerpbl (0 u ), HEOOXOIMMBIE /I AHATH3A
Mozienn, Kak (pyHKIuu oT §. J[1st 3TOr0 BOCIOIB3YeMCsS 3J1eMeHTaPHBIMA CO-
OTHOIIEHUSIMA U3 TPUTOHOMETPHH.

O6o3Ha4UnM depe3 (v yroJ HAKIOHA [ig, (1) B ToUKe Uy, (puc. 3.3). Torma
tana = é, e d = U1 — Uzr. PaccMorpum 6osiee mojapoOHO TpeyrobHUK
ABC, tne ZBAC = «, |BC| =2, |CD| =4, |AC| = & (puc. 3.4).

_ IBC| _ &
3 AABC crnenyer, aTo tan a = Aol = 5
Sy _ 1

Takum obpaszom, § = g» U, CIeJloBaTe/IbHO,

51 = 6xd. (3.43)

Boeipasum o uepe3 6 u d. C nomMompbio mpoCTERINUX TPUTOHOMETPUICCKUX
coornomennit us ACDB u AADC, noayuaewm, uto 6%(1 + d?) = §3d>.
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==
u

F 3
v

O

Puc. 3.3: I'paduaeckoe nzobparkenne HyHKINH TPUHAIEKHOCTH B 0 — MO-
JIeJIN.

A C

Puc. 3.4: Aranus 6— monenn.



45

T
HarR(U™)
Har-(U™)
Ha2 (U™)
Ha2®(u”) >
u
Puc. 3.5: Anayms 60— mosuesn.
13 mocieHero paBeHCTBa HOJLY YAeM:
52
WIn
)
09 = c_lv 1+ d?. (3.44)

Bcenomunast coorHomenne 01 = dod, Oy daeM:

5 = 0v/1+ 2. (3.45)

Nmes Boipazkennst mias 0y 1 01 (( 3.44) u ( 3.45) COOTBETCTBEHHO) MOXKHO
OICHUTH CPETHUE WHINBHIYAIbHBIE TOTePH HHGMOPMAIMA U ITYMBI JJIsT OTH-
canHOil MoJiesm (Byj1eM HA3bIBATD €€ 0 - MOJIEJIb), & TAKKE CTeleHb HEUYeTKO-
ctu coorBaTCcTBYyOMEero [TOCTI.

ITorepu mapoOp™MaNNMN U MIYyMBI B 0 - MOJIEIN

PaccMoTpuM aHAJIOMMYIHO pasfienay 3.2 npocreiimuii coydait t = 2 (puc. 3.5).
Paccmorpum, Tak ke Kak U B pazjie/ie 3.2 HEKOTOPYIO TOYKY

01 01

* —_ —_—
uy € (U2p + 5, WR — &
1 2L T MR T

u 3aupoc (I(O) = a1). B sTom cayuae
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PE N () < Ny (uf) <l (u])N (u)
PN () < Noy(uf) < ()N ()
pl NT < NE(u) <l (u)N®
P GNT < NE@) < ik, (u})NF. (3.46)

B ( 3.46) wepes N¥| N(u}) anamoruano 3.2 0603HAMEHBI UHCJI0 TOIB30-
BaTeseil 1 9uca0 00 beKTOB B H6a3e JAHHBIX CUCTEMbI, UMEIOIINX (pu3maeckoe
3HaueHHe Ipu3HaKa, papHoe ul; pl (u), pl(uf) (i = 1,2) - seBas u npabas
rpannia GYHKIUHA TPUHATTCKHOCTH [, (u) (puc. 3.5).

[ToBrOpuB paccyxk/eHus pasjea 3.2, mojydaem:

1 * * * * 1 * * *
_NEM51 (Ul)NEMc}Z(%)N(%) < q, (u7) < _NEMi(%)NEMaLQ(%)N(%)
(3.47)

1 * * * * 1 * * *
ﬁ”i (%)NEHaLl (W) N (u7) < g, (u7) < ﬁﬂsg(ul)NEﬂiWﬂN(%)

(3.48)

PaccmorpuMm ToUKy

N 01 o1
Uy € (U, — —, U2, +

2 2

Ha srom orpeske pff (uj) = 1, pl (u3) = 0, mosromy u3 ( 3.47), ( 3.48)
HEIIOCPE/ICTBEHHO T10JIyYaeM:

0 < @a, (u3) < prg, (us) N (u3), (3.49)
0 < thuy (u3) < pug, ()N (153). (3.50)
AHaJIOrn4HO J115
‘e |mn— 2 mp 4+ O
Up — —, U —
'LL3 1R 27 1R 2

(pg, (u5) = 0, pig, (uz) = 1)
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0 < @a, (u5) < prgt (uf) N (u3), (3.51)

0 < hay (u5) < pilf (u) N (u3). (3.52)

[ToBTOpUB paccyzxaeHust BbBoAa (bopMyJibl ( 3.3), MbI CMOYKEM [OCTPOUTH

ka0 (P, (U)) u Bepxuiowo (P4, (U)) onenkn P, (U):

—ai

91

L[meme R
Qm(U) - m 5 :U’al (u):uag (U)N(U)du, (353)
UL+
o 1 HQL"F% .
50 = gl N
UL —>5"

2Lt 5 UIR— 5
(3.54)
Ananornuno maa U, (U)
A
0, ) = 7 [, e ot 0N (3.55)
UL+
o 1 U2L+%1
a0 = [, N (3.50)
UL — 5

|
UIR— 5 I UIR+ 5" R
o [ bl N @du s [l )N )],

Cpasrusas ( 3.53) u ( 3.55) momyuaem, aro @, (U) = ¥, (U); ( 3.54) u
(13.56) - uro ®,, (U) = ¥, (V).

Bbruucinm sepxuue u nuzkuue onenku O, (U) u @q, (U) gust N(u) = N =
Const.
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1

1 UIR— 5
%) = 07,4

u2r,

QU=
7N
IS
|
N
|

[\

h

_|_
no | S
~__
~_

X

ma= 5 5
—/ quu+(ﬂ1R—§+ﬂ2L+§l)x

ﬂm—% ﬂlR_%
udu — (62L+é> (ﬂm—é>/ du| =
EQL"F% 2 2 EQL"‘%
Nof oL 8N e
2u|| 3\ \"ET LT
— 61 _ 51
+ ulR—E + U2L+E X
5 2 5 2
(10 3) - (%)) -
) ) ) )
wr3) (o053 (e 5) - () |-

LN (Y (B N8
—oea2lul \\'' 2 9 ) ) T ed|U|

C yuerom ( 3.44), ( 3.45) u3 ( 3.57) HENOCPEJACTBEHHO MOTYYAEM:

X

VR

1
X_
2

gl

(3.57)

CN([@-0VTFB) Nd(1-SVTHE)  Nd(1-6)°
B 6d2|U| B 6|U| - 6|U]

(3.58)
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1

Ul

A S| 5
/ 2—<u—(ﬂ2L+—1))Ndu+
T~ d 2

2

_ 51

“irTa ] _ 01 1 _ 01
L i (0= (et 3)) 3 ((n-g) - o) s

ﬁlR-i-%l 1
L7 8) e
ﬂlR*%1 d 2
91

N/51d+ N et ) ¢
Era— zZaz —_ u u —_—
diU| Jy PIU| Sy 4 T

) ) )

2 2N 1 N[ pmes3
- dy = — 2452 — 2du —
Tao) Jy VYT aore” T e / e
_ 5,
5 5 UIR— 5
—(<ﬂ13+—1>+<ﬂ2L——1>>/ udu +
2 ﬂzL-i-%l
5\ [TER
1 2
(ﬂlR“‘El)/ S du|=
Upr+3-
V(N (Y
3 UIR 9 Uar, 5
U —ﬁ X
2L
X u —é 2— u —i—é 2 +
IR~ 2L+ 5

N&? N
du|  @?|U|

()




+ | U2r — ) (a + a X
UaL 9 U1R 5
X u —ﬁ — | _|_ﬁ _
UIR 9 UgJ, 5 =
N(;% N 51 3 51 3
_ 9 e (= o1 B
dlU|  6a2|U| ((UlR 2) Uar, + 5
0 )
-3 ((ﬂlRJr 51) - (mL - 51)) X

N&2 N . .
=~ |2 (8T = 1) — t —t

d|U| 6d2]U|[ (s ) =3 (s+1)(s )+
6 (s + 61) (L= 81) (s = )] =
N&? N
dU| ~ 622U

65t (s — 1) + 6 (s — t) (td; — s6; — 5%)} _

[2(33—253)—3(5—4—15) (s =) +

N&? N
o]~ ooy (¢~ o)~ 0 =)t =s =) =
AT S )
AU~ eau|\"*F Ty TRET Y
b )

—60, (E2L + 51 —Uig + é) X

5 b

X (EQL—i-?l—ﬂlR‘i‘?l_dl)] =
N&? N
N&  N(d—06)"  6Nds (d—6&)
d|U| 6d2|U]| 6d2|U]|
N
((d = 61)” + 6d0y (d — 61)) - (3.59)

642|U]
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[Ipu BeIBOzE ( 3.59) HCIOIB3OBAINCH 3AMEHDI IIEPEMEHHBIX

A A
Z=U UaL, 5 Y = | LR 5 U

51 51

SzﬂlR_E,t:ﬂ2L+§~

u 0b603HaYeHUS

Benomunast coornomenue d; = ddy, ( 3.59) MOKHO mepenucarh CJemyio-
M 00pa3oM:

_ N
@, (U) = ] (@ (1 — 62)° + 6d°03 + 6d° (1 — o) 6,) =
_ % (1= 62)* + 682+ 6 (1 — 6)62) . (3.60)

13 ( 3.58) camemyer, uTo

_ Ndb
d,,(U) = 2,,(U) +|T\2(62+ 1—0y) =2, (U)+

Nddy

T (3.61)

Anasmsupyst 3aupoc (I(0) = ag) u3 ( 3.46) nosyunm:

Pay (U7) > 57z gy (uf) N pig, (ui) N (u7)

Pas (uf) < wmpl, (W) NFpl (u)N (u}),

(3.62)

Vay (u7) > w7z g, (uf) N pgh, (up) N (u)

Vay (u7) <z pigs, (uf) N pig, (u) N (u).

(3.63)

N o _ 01
Uy € UQL—E,UQL—I—E

nosyanm ciaemnytoniue anasora ( 3.49), ( 3.50):
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0 < @a,(uz) < prg, (u5) N (u3), (3.64)
0 < ta, (u3) < pig, (u5) N (u3). (3.65)
AmnaJsiornaso s
e lmn— 2 e+ O
Ug UlR B y U1R 9
0 < ay (u5) < g (u5) N (u3), (3.66)
0 < hay (u5) < pgh (u3) N (u3). (3.67)

YunreiBag mosnyio ananorndnocts dopmya ( 3.47) - (1 3.52) u ( 3.62)
- ( 3.67) momyuaem, uro P, (U), @, (U), V., (U), ¥, (U) paBHbl TpaBbIM

—a?2 ) —a3
gactsam opmyi ( 3.53) - ( 3.56) cooTBETCTBEHHO.

Ananornuno ( 3.6) u ( 3.7), oneHKE OTEPh WHMOOPMAIMA U TIYMOB TIPH
LOUCKE 10 JIAHHOMY HPU3HAKY OYAyT PaBHbI:

Q) = p12,,(U) + p22,,(U),

D(U) = p1®a, (U) + p2P, (U),

Y(U) =m¥,, (U) +p¥,,U),

W(U> = plam (U) + p2$a2 (U)a

riae p; (p2) - BEPOSTHOCTH 3aIpoca 10 TEePBOMY (BTOPOMY) 3HAYEHUIO TPH-
3Haka. Tak Kak p; + pe = 1, TO U3 1OCJEHUX COOTHOIICHUN U PABEHCTB

Qal (U) = QGQ(U) = gaq (U) = EG&(U)

6al (U) = 6(12((]) = Eal (U) = Etm(U)
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[OJIy UM, YTO BEPXHUE OLNEHKH CPEJTHUX WHIUBU/YAJIbHBIX TOTEph nH(pOpMa-
UK W IIYMOB paBHBI paBoii wactu ( 3.53), a ux HUKHHE ONEHKHU - PABOI
qactu ( 3.53).

Nmest pesynbrarel Borancaennii ( 3.53), (1 3.54), MmoxkHO cdOpMyINpPOBATH
U CYUTATh JOKA3aHHBIMU CJIE/IVIONIHE TeOPEMBI.

Teopema 9 Ilycmv y nac ecmv 0dun nouckoswulll npusnax, umerowull dea
BHAUEHUA, U PYHKUUU NPUHAOAEHCHOCTIU UCTNOYHUKG UHPOPMAYUL U NONb-
306aMeENA 6 KAHCOOT MOUKe YHUBEPCYMA OMAUNGIOMCA HE DOAbULE, “YeM HA
da. Tozda npu N(u) = N = Const nustcrnue oyenky cpednus unousudyasv-
HHLT NOMEPD UHPOPMAUUL U UYMOS, B0ZHUKGIOULUE NPU NOUCKE UHBOPMALUY
no 0GHHOMY NPUSHAKY

a() = ww) =~

Teopema 10 ITycmov swnoanaromes ycaosus meopemo. 9. Toeda seprrue
OUEHKY CPEOHUT UHOUBUIYAADHBLT NOTEPL UHPOPMAUUY U ULYMOSE, 03HUKI-
oULUE NPU NOUCKE UHPOPMAUUY 10 OGHHOMY NPUSHAKY

B(U) = T(v) = 4 <61‘[;| %) ]Tgf

CaencrBue 1 Ilycmov svnoanaromea ycaosus meopemsv, 9. Tozda

_ Ndb,
OU) =2(U) + W’
_ Ndb,

JlaHHbIe pe3yabTaThl JOBOJIBHO JIErKO 00600aioTes Ha ciaydail 6o/iee IByX
SHAYEHHIl TOMCKOBOI XapakTepucTuku (puc. 3.6).

Teopema 11 Ilycmov y Hac ecmvb 0dun nouckoswvili npusHak, umerousud t
3Haenul, U OYHKUUL NPUHAOAEHCHOCTIU UCTNOYHUKE UHPOPMAUUY U N0AD-
306amens 6 KancAoTl Mouke YHUBEPCYMA OMAUNAIOMCA HE DOALUE, “HeM Ha
0. Tozda npu N(u) = N = Const u pasnol 6eposmHocmu 3anpocos no
KGHCOOMY 3HAYEHUIN NPUSHAKE HUNCHUE OUEHKU CPEOHUT UHOUSUIYAALHBIT
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'

XY 7.

Puc. 3.6: Aranus §— moznenn.

nOMePsL UHPOPMAUUY U WYMOS, 803HUKGOULUE NPU NOUCKE UHPHOPMAUUY MO
JaHHOMY NPUSHAKY

2de D=3y djjn.

JlokazaTeabCTBO. AHAJIOIMYHO JJOKA3ATEJILCTBY TeopeMbl ( 6), npejicra-
BuM yHEBepcyM U cieytonum obpasom (puc. 3.6)
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_ _ ) _ 01 _ )
U = [t U,r = |TiL, Usr — —lu Ugr, — —1,U2L +2lu
2 2 2
ula IRV IY U IS Y NS
— . Up — — - —= —
i 2L 9 1R B U1R 9 , U1R 9
__ (51 — 51 _ (51 _ (51
U _UjL—E,UjL+§ U UjL—i-E,Uj_LR—? U
[ o _ 0y _ o _ 9
U Uj—1,r — 5 Ui-LR + 5 U |Uj—1,r + o5 WitL T Yy U
[ 0 _ 0 _ 01 _ 01
U | Ujt1,L — 5 WL + 5} U |Ujq1,0 + 5 LR T S U
[ 0 _ 0 _ 0 _ 01
U_ujR_gaujR‘i‘? u...u utL—?,UtL—f—E U
ulz LI %y e NI Y
_tL 5 U-LR = 5 t=LR = 5o Ui-LR T
[ o1 _
U ut_17R+ E,UtR . (368)

Badurcupyem Hekoropsiii Homep j(1 < j < ) u HOCTPOMM OIEHKH
@aj (U)7 g0,7' (U)
“Ananornuno ( 3.10), ( 3.11) npejicrasum 2, (U), ¥, (U) B creaytomem
BUJIE:
®,,(U) =257 (U) + 25+ (U),

—aj —4j

V,,(U) = g (U) + ¥er (U).

Omnupasich Ha J0Ka3aTeIbCTBO TeopeMbl ( 9) He TPY/JIHO MOKA3aTh, Y4TO

1 ﬂj—l,R—%1

O (U) = = pa (Wl (w)N (u)du,
J |U| ﬂjLJr%l J J
s _9
U+ () = L TR R L N(uwd
—=a; ( )_ lua-_H (U)[I,a(U) (U) u,
! |U‘ ﬂjL+% ! !

Vet (U) = 2571(U),
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Vo (U) = 2q+ (U).

Taxum oOpa3oM, IpK YCJAOBUU PABHON BEPOSITHOCTH 3aPOCOB

QU) = Y(U) =
- (@W) * Z (25 @)+ 2 (V) +@3;1<U>> -

t—1

gz Ndjj1 (1 =02)° _ ND(1-6,)°
t 4 6|U] 3tU]

(3.69)

t—1
rae D = Zj:l djjyr-
TeopeMma mokazana.

Teopema 12 [lycmwv svinoansromes yeaosus meopemu, 11. Tozda eepxrue
OUEHKU CPEOHUT UHIUBUIYAAOHBLL NOMEPD UHPOPMAUUY U WYMOS, BO3HUKA-
UWUE NPU NOUCKE UHPOPMAUUL N0 OGHHOMY NPUSHAKY

_ _ ND(1—-146,)% 2ND¢,
O(U)=T(U) = :
(U) =) 3t|U] tU|

JdokazaTeanbCTBO MOJTHOCTHIO aHAJOTHIHO JI0KA3aTETbCTBY TEOpeMbl 6.

CaenctBue 2 [lycmov svnosnaomes ycaosua meopemwv, 11. Tozda

— 2N Do,
D(U) =D ST
(1) = 2(U) +
— 2N Do,
v =V .
() = (W) + =7

CremeHbL HEYETKOCTH B ) - MOIEJIN

[Mocrponm o6o6merne dopmyast ( 2.6) aist caygas d— mogenu. st 3roro
paccMoTpuM HeKoTOpyio Touky u € U (puc. 3.3). JocTaTouHO OYE€BUJIHO,
YTO YTO HUZKHHE U BEPXHHUE ONEHKHU JJIsl CTEIIeHN HedeTKOCTH B Touke V(l;) u
7(ly) Oyayr pocturarbes upu HYHKIUAX HPUHAIEKHOCTH, UMEIOLIUX U300~
pazkeHHBIi Ha puc. 3.7 u 3.8 Buj coorBeTcTBeHHO (Ha puc. 3.7 m3o6pazkeHa
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H oA

Puc. 3.7: Huxxuue onenxu v(ly) B 0— Momeu.

HoA

Puc. 3.8: Bepxuue onenku 7(l;) B — MOJeIH.

naunbosiee GJIM3Kasd K XapaKTePUCTUUIECKONH (DYHKIMS MPUHAJIICKHOCTH; HA
puc. 3.8 - maubosee 6auskas Kk byuknun u(u) = 0.5Vu € U dyuknus npu-
HAJIJIEXKHOCTH U3 JIAHHON 06JIacTH).

g dopmasimsanun 3anucu TakuX GYHKINANA BBeIEeM CJIIYIOIINe Be/lh-
IUHBI:

q={R, L}, (3.70)
_ | R, ecmq=L,
7= { L, ecmq=R, (3.71)

+_

~ ﬂjL + ﬂj_l R 51 ﬂjL + ﬂj_l R 51
R L At bk S e R et bk 3.72
| L Tt ! (3.72)
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Torna

e w) =1 = (pf () = s (w)) (3.73)

roe

e (u) = maxi<jicy {57 (w), 115 (u) } (3.74)

m@uy:{1‘<ﬁﬂ?g*%“”)’ufégy (3.75)

Ananornuno ( 2.6) HEXKHHE W BepxXHUE ONEHKH V(l;) UMEIOT CJIey il
BII:

1
i) = 7 [ nit (3.76)

_—i_uu
WM_WUML”@’ﬁi' (3.77)

Teopema 13 ITycmo dynxuyuu npunadiescrocmeti UCTOYHUKG UHBOPMa-
YU U TOALZOGATNENL PASAUNAIOMCA 6 Karncdot movke yHusepcyma me 6oab-
we, uem na 9y u ly € Go(L). Tozda

d(1—d,)°
2|U]

d (1 +26,)

wh) = 3101

73(12) =

HokazareabcTBo. Kak sujgHo u3 puc. 3.7 u dopmya ( 3.73), ( 3.74), MmoxkHO
upeacraButh V(ly), AHAJOIMIHO JOKA3ATEBCTBY TEOPEMbL D, CJEILYIONIUM
obpazowm:
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91

UIR**
Z(lg) = |U|/ 12, |U| 5 _(lg,u)du:

Ur+ 5

- T (“(H(ﬂ”i)‘“}‘
. [u_(u2L+g)D)du:

2 E2L+* 4 Tor,+3
= —/ du+— Q(U—EQL)dU,—

O] Sy © 0T Sy
2 @L—i—g
AU Jryy s (700
2 [(d & : d &\
- m <§—§)+2/621 zdz—(d+51) (5—5)] =
2 [/d o 1 (& 82
- ar|(z-3) a-ammzg(5-5)] -
- 2 I d 51 d (51 d 51 -
- aml(a-3)em+ (5+9) (5-3)] -
_ 2 [fd e\ (d a\]_ 2 (d=d)
CdUu\2 2/)\2 2/)| aqUu 4
d(1—0d,)°
_ 20 3.78

[Tpu BoiBoze ( 3.78) MCMOAB30BAIACH 3aMEHA TIEPEMEHHBIX 2 = U — Uy; U
coornomenne d; = ddy ( 3.43).

Ananornyno Berauciaenuto v(ly), upegcrasum U(ly) caeayomnumM o6pa3oM:
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urr+5
= [,

“2L+“1R

|U‘ ’lLQL*f
9 [HSTESY (1 51
U] Sy 1 g|\rT g )T
U +E1R
1 (51 2 2L2
1 {u <U2L 2)})) U+ U] wume_y U
_ d o

9 Uar+5+5 Iy Uor+5— 5 ) p
_d\U] /uQL—‘521 u+/u2L_521 (u — Tap) du —
T +3-% 2§
- (d—6)du| + —— =
/mgl ' U] 2
d_ 9

2 | d a2 dl 6
= ld=+2 dz—(d—01)=| + — =
aol |2 " /62 ] R
2 [d d(d 5 d &
= 12 d=d-68)+=(=-9¢ L= 4L
aur 2! 0+5(3-0)|+ m=am*
d ds d
= ——— (14 25,) (3.79)

[Tpu BeiBoze ( 3.79) HCHOIB30BATACH 3aMEHA IEPEMEHHBIX U COOTHOIICHUE
TeopeMma mokazana.

CaencrBue 3 [Tycms swnosnsaromen ycrosus meopemo, 9. Tozda

o) =w(w) = )

lokazaTeTbCTBO HEMOCPEICTBEHHO caeyeT u3 TeopeM 9 m 13.

CaenctBue 4 [Tycmov sunoansromesn ycrosus meopemov, 9. Tozda
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N (665 + (1 — 65)°)

W)= FW0) = =gy )

Jloka3aTeTbCTBO HEMOCPEICTBEHHO caeayeT u3 TeopeM 10 mw 13.
Tepema 13 j10BoJibHO JierKO 0000IIaeTCs Ha Cciry4dail boJiee JIByX 3HaAYCHUI
MpHU3HAKA.

Teopema 14 ITycmo pynkuuu npUHGOAEHCHOCTIU UCTMOYHUKE UHPOPMAUUL
U NOABIOBAMENS PA3AUNAIOMCA 6 KaHCIOT Mouke YHUBEPCYMG He Dosee, uem

na 8y u ly € Go(L). Tozda
D(1—14,)?
U

D (1 4 26,)
201

v(ly) =

v(l) =
0 D—Ztild-- diiin = Uem — Us
eve V= ) i1 Qjj+1; Gjj+1 = UjR — Ujt1,L-
JlokazaTebCTBO aHAJOTHYO0 JOKA3ATEJILCTBY TeOpeMbl  13.
CaencrBue 5 Ilycmo svinoanaromesn yeaosus meopemuv, 11. Tozda

() =¥(U) = t(12+N2(52) [

(1—6,)°
3

+ 209 | (1)

JokazaTenbcTBO cieayer w3 TeopeM 12 u 14.

CaencrBue 6 [lycmsv swnoanaromes ycaosus meopemo, 11. Tozda

a(U) = $(V) = T (1= &) (k).

JoxkazarenncTBo ciaepyer u3 Teopem 11w 14.
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I'maBa 4

Ilouck mo HedyeTkKuM 3amnpocaM B
JeTKUX 0a3ax JaHHBIX

PacemorpuM yacTHbIil caydaii curyanuu 4 (tabauna 1.2), a iMeHHO corydai,
KOr/ia Mbl hOPMYJTHpPYEM HEUETKHe 3alpOochl K YeTKOl 6a3e JaHHBIX (CHTya-
st 3 B Tabsume 1.2).

DTa CHTyAIWs SBJSIETCS JOBOJBHO pacnpocTpanennoii. /leiicrBure/ibHO,
HaKOILJIeHHBbIe Oa3bl JAaHHBIX, COJEp:Kallie KOHKPETHYIO HMH(OPMAINO IO
Pa3JIMIHbBIM O0bEKTaM SBJIAIOTCSA I[MOBCEJIHEBHBIM HHCTPYMEHTOM B pabdore
MHOTHX Kareropuit cremuaauctoB. [Ipu obmenun ¢ 6a3aMu JaHHBIX HEOOXO-
MO hOPMYJIHPOBATH 3aIIPOC Ha “s3bIKe”, MOHATHOM 3TOH Oa3e JaHHBIX. AO-
CTparupy4dacb 0T KOHKPETHbIX IIOUCKOBLIX CpeACTB, Mbl MO2KEM YyTBCP2KIAATD,
9TO TEPM 3alpoca TOJKEH COJepzKaTh KaK MHHHMYM Ha3BaHHEe aTpudyTa
W OrpaHWYeHHUs] HA ero 3HadeHWs (WHadYe 3ampoc OymeT MPOCTO He TOHS-
TeH JIJisi TIOMCKOBBIX CPEJCTB 0a3bl JIAHHBIX). YKa3aHHOe OIpaHUYeHHe Ha
"cBOOOLY TMOJIB30BATE T IPU (POPMYIUPOBAHUU 3AITPOCOB JIJIST MHOTHX KOH-
KPETHBIX CUTYyalluil HE sIBJSIETCH CJIMIIKOM KecTKuM. Korja rakoit 1moaxo
HE JOCTABJISIET HEYJA00CTB MOJb30BaTe 0! MOXKHO BBIIEAUTDH CJEAYIONINe
XapaKTePUCTHKH WHMOPMAIMOHHONH CPeIbl, KOTJIa 9TO YI00HO:

e [losp30oBareib UIET KoHKPeMH OOBEKT: OH TOYHO 3HAET 3HAYEHUS
IPU3HAKOB HMHTEPECYIONIero ero oobekra. Ecinm Takoro oobekTa HeT,
HOMCK IPEeKPaIaeTcs.

e [losp30BaTesb UMET OOBLEKTHI, NOTOHCUE HA KOHKPEMHbIT O0BEKT: OH
TOYHO 3HAET 3HAYEHMS HPU3HAKOB MHTEPECYIOIUX ero o0beKToB. K-
Jin Takue OObLEKTHl He HAlJIeHbl, M0JIH30BATEIb MOXKET ~PACIHIUPUTD’
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OTpaHMYEHHS HA 3HAYECHHS MHTEPECYIOIHUX ero Mpu3HaKoB. 1lpu 3ToM
0a3a JlaHHBIX JOJXKHA OBITH JIOCTATOYHO "MaJeHbKOW , YTOObI He3HAUN-
TeJIbHOE TAKOe PaCHIUpeHre He MPUBOJMIO K BbIade OOJIBIIOr0 YHCIa
OIMUCAHUM 0OBEKTOB, KOTOPBIE MIPHUIAETCS 00pabaTbiBaTh "BPYyUYHYIO .

Jlannbie TpeboBannsa K HHGMOPMAIMOHHON Cpefe BBHIIOJHSIIOTCS, HAIPHU-
Mep, B CHTYyalUsaX, KOIJa TEXHOJIO X04eT y3HATh HaJlM4He Ha CKJa/Je KOH-
KDETHBIX jeTajieil WM BellecTB; KOrja B 0a3e JIAHHBIX HINETCS BJIaJleJIel]
KOHKPETHOI'O aBTOMOOMJISI TN a/Ipec IIPOZKUBAHHUA KOHKPETHOTO YeI0BeKa U
T.11. VIHBIMU CJTOBaMH, JIMHIBHCTHYECKAs MOJETh HOTb30BaTe /s SKBUBAJICHT-
HA JIMHTBUCTHYECKOMY 00eCIeIeHNI0 0OA3bl JIAHHBIX: BCE 3AIIPOCHI MOJIb30Ba-
TeJsIsl OJIHO3HAYHO BBIPAYKAIOTCS HA SI3bIKE IIOMCKOBBIX CPEJICTB UCIIOJIb3yeMO
0a3bl JaHHObIX.

Kaxk ObITh B cuTyanusx, KOrja THHIBHCTHYIECKas MOJIeJIb I0Ib30BaTe I I
JVHTBHCTAYeCKAd MOJIeIb Oa3bl JAaHHBIX pa3indatoTcs ! IpuBeseM HECKOIBKO
PUMEPOB (MOXKeT ObITH "OBITOBBIX”) TAKOU CHUTYAIIUH.

IMpumep 3 ITycmo y nac ecmsv 6a3a daHHHIE NO ABMOMOOUAAM, COOEPIHCA-
WaAA CACOYOULYI UHPOPMAUUIO:

1. Mapxa;

2. lewna;

3. Tod swnycka.

Muwv. zomum nodobpams asmomobuss 0rs cebs. B pamkaxr mpaduyuon-
HOT METHON02UL NOUCKE Mbl OANHCHBL YKA3AMb UHMEPECYOULYIO HAC MaAp-
Ky (Mapru, ceasannvie onepamopom “usu’), ueny (duanazon uyew), 200 6ovi-
nycka (duanazon 20006 evnycka). Ilpu smom Ham ewdaromes me u mosvko
me ONUCAHUA, KOMOPbLE YO0BAEMBOPAIOM, 3G0GHHLM 02PaAHUYEHUAM. Bnoame
B03MOIICHA CUMYAUUA, Ko20a Haubosee NOOTOAUWUT HAM A8MOMOOUAL 1O
HEKOMOPOMY NAPAMEMPY AEHCUM, 30 NPEJEAAGMU CHOPMYMUPOBAHHBIL 02PGHU-
wenull (Hanpumep, 00PoNHCcE HA HECKOABKO Muicay pybael), U e2o onucanue,
ecmecmeenno, He svdaemcs. Ilonwmku pacwupums Juanasor noucka npu
docmamouro “naomnott” base dannwvix Mo2ym npusecmu ¥ wvdave HONLULO-
20 JONOAHUMENDHO20 YUCAL ONUCGHUT (UnPOpMaAyUOHKLId WyMm), Komopvie
npudemca obpabamuieams “spyunyro”.

Hawm orce neobxodum nemessiii, KamdopTabeabHbBI, HE OUeHb CTapblil 46-
Mmomobub U HE OU9eHDb JIOPOroil, IPeCTUKHBIM, JJ0BOJILHO HOBBIM, aBTOMO-
OMJIb JIJI MOE3IKHU 10 TOpoay u m.n. Kax "o0sacnums” 6aze dannvr marozo
MUNaG NOHAMUAL noavdosamenn? Kak ocywecmesasms no Hum nouck undop-
mauuu?
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OnmcepiBaeMass HUKE TEXHOJIOTHS MO3BOJIsIET (DOPMATH30BAHHO OIIpeIe-
JIATH TAKOT'O POJa MOHSTHS MOJIH30BATEIS U IPOU3BOAUTH 110 HUM OUCK WH-
dopmarun B "00bI4HBIX” O6a3aX JTAHHBIX.

4.1 Omnucanme HEYETKOrO JIMHI'BUCTUYECKOTO NH-
Tepdeiica
Heuerknii sunrsucrudeckuii unrepdeiic (HJI) umeer 3 6rroka:
e 0J10K (bopMaIM3aIny TOHSITHI TTOJIH30BATEIST;
e 0JIOK 1oMCKa uH(OpMaIuu;

e OJIOK aHAJII3a pe3yJIbTaTOB IIOHCKA.

4.2 DbJaok dopmasu3anum HTOHATHIA MOJIH30Ba-
TeJad

Baox dopmanuzauuy nonamuti nosvaosamens MO3BOJIET BBECTH HOBBIN MMO-
WCKOBBINl TPU3HAK W MHOYXKECTBO ero 3uHadvenumit. Hampumep, K paccmarpu-
BaeMoii B npumepe 3 6aze JIaHHBIX MOXKHO BBecTH npusHak Kamdopra-
OeJIbHOCTD €O 3HaYeHusIMH ~Kamdopradeabublii” "cpemneit kadpopradeabHo-

” o =),

cru”’, "mago kamdoprabenbHblil’; npusHak 'llena” co 3HadeHusgMu 1oporoi”,
“cpenHeil croumocTu’, “nerieBblit’; npusHak “Hasznadenue” co 3HAUYEHHUSIMH
"I TOE3/I0K TI0 TOPOY”, "I MOe3/I0K 3a ropod’, "yHuBepcaa | T.II.

Janee, Mbl J10JI2KHBI "00bCHUTEL  0a3e JaHHbIX 'CMBICJT BBEJIEHHbBIX I10-
HATHUIT - 3HAYeHnil TOMCKOBOrO mpu3Haka. B coorsercrun ¢ 3azxe [10], mox
CMBICJIOM HEKOTOPOTO MOHSATHUS TIOHUMAETCSA €ro 00beM, TO €CTh MHOYKECTBO
peabHBIX O0'bEKTOB C YKa3aHUEM CTEIeH! X HPUHAIJICKHOCTH K IHOHATHIO.
Jpyrumu cooBaMu, 3aJaHHe CMBIC/IA TOHSTHSA SKBHBAJEHTHO 3aJaHUI0 €0
dyuknun npuHaie:kaocTu. 1Ipu 310M B KadecTBe yHUBEPCAJIHLHOTO MHOXKE-
CTBa BBICTYIAET MHOYKECTBO 3HAYEHUI HEKOTOPOTO aTpudyTa 6a3bl JAHHBIX
(momen). TIpomoskas paccMOTpeHHe TpHMepa 3, B KadecTBe YHUBEPCYMa
npu3Haka "KamdoprabeabHOCTh” I10KHO OBITH BCe MHOXKECTBO MapOK aB-
TOMODMJIell, KOTOpoe ecTh B Hallleil 0a3e JAHHBIX; B KadecTBe YHHBEPCYMa
npusnaka “llena” - orpe3oK 0T MUHUMAJIbHON IIeHbl B 0a3€e JAHHBIX JI0 MaK-
CUMAJIBHON TIEHHI.
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CymiecTByeT MHOTO Pa3InIHbIX METOI0B 3a0auus (PyHKIUH TPUHA,TEK-
noctu. Kiraccuduranusa Takux METOJ0B U MX KPaTKuil 0030p MPHUBEJICHBI B
npuioxkeraun B. BooGiie roBops, BIOOP TOTO HJIM UHOI'O METOJIa 3aBUCHT OT
3aJ1a9M, CYIIECTBYIONEeH cuTyanuu (HampuMep, HAJTHIUA IKCIEPTOB) U JIPY-
rux mapamMeTpoB. B paspaboranubix B xone BoinosHeHus HVP makerax Obi-
JI MCIOJIL30BaHbl ITPOCTEMIINE TaKue MeTO/Ibl - HEIOCPEJICTBEHHOE 3a/IaHue
GYHKIMI TpHHAITIEIKHOCTH.

OrmeruM, 9T0 pU MOCTPOeHUE (DYHKIMH MPUHA/IEKHOCTH Mbl MOZKEM,
[PHU BBITIOTHEHUN HEKOTOPBIX YCJIOBHUI, MOCTPOUTH ONMTUMAJIHLHOE MHOYKECTBO
3HaYEeHU{ TPU3HAKA C TOYKM 3PEHUs MOJIb30BaTE/Id - MHOYXKECTBO, B PaMKax
KOTOPOT'O HEOIPEIeJIEHHOCTD IIPH (POPMHUPOBAHIY 3AIIPOca OYIeT MUHUMAIb-
Ha 2.

Wrax, Beixoa 6si0ka popMaan3anny MOHATUN I0b30BaTe I - HabOp 3HAa-
YeHU# TPU3HAKA ¢ yKaszaHueM (pYHKIHI IPUHAJIIe2KHOCTH, UM COOTBETCTBY-
IONUAX. DTH (PYHKIUU ITPUHALIEKHOCTH ONpeIe/eHbl Ha JTOMEHaX COOTBET-
CTBYIONIMX aTpubyTOB 6a3bl JaHHbIX.

4.3 bJaok nmomcka mHDOpPMaNUN

Baox noucka ungopmayuy no Hevemrum 3anpocam peausyeT CIaeayIOTInii
AJTOPUTM MOUCKA WHPOPMAIMH IO HEYETKUM MOHATUSM TOTb30BATES.

1. Beibupaercsa neppas 3anuch B 0a3e JTaHHBIX.

2. Bepercs nepbIit MOUCKOBBIT Tpu3HaK, cHOPMYIUPOBAHHBIN B 3alpoce,
U ero 3Ha4YeHUe.

3. Ilo npusnaky BbIOMpaeTCsi COOTBETCTBYIONIUH aTpubyT Oa3bl JaHHBIX.

4. Boruucjisercs 3nadenue (QyHKIUU TPUHAJJIEZKHOCTH, COOTBETCTBYIO-
el 3Ha9eHnIo IPU3HaKa, B TOYKE, COOTBETCTBYIOINIEH 3HAYECHUIO aHATU3UPY-
eMoro aTpubyTa B aHAJIU3UPyeMoii 3anucu 0a3bl jannbix. [losydennoe 3na-
JeHne (OYHKIUHA TPUHAITEZKHOCTH 3alIOMIHAETCS.

5. bepetca caeayionuii TOMCKOBBIN TPU3HAK U MOBTOPAIOTCS Maru 3 u 4.
[loBTOpEeHNE MPOUCXOAUT A0 TeX IOp, IMOKA He KOHYAIOTCI IIOUCKOBBIE IIPH-
3HaKu. B pesysbrare Mbl nMeeM HAOOp 3HAUEHUN PYHKINN TPUHAIIEKHOCTH
3HAYEHUl aTpUOYTOB aHAJIU3NPYEMON 3aMUCU HEYETKOMY 3aIpPOCy.

6. Ha 6aze mosydeHHOrO B pe3ysIbTaTe BBHINOJHEHUd Imara b Habopa 3Ha-
YeHUil BRIYUCIsIeTCs 0000IIeHHAs OlleHKA TPUHAIEKHOCTH aHATU3UPYeMOil
3anucu 3anpocy. llponejypa Takoro BblYMC/IEHUS MOYKET OLUPAThCS HA W3-
JIO?KEHHBIE B pasjiesie 1 HACTOAIIEro oTdera pe3yabraThl. B wacTHocTH, 31O
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MOZKET MUHHUMAaJIbHOE 3HAYeHWe U3 YKA3aHHOTO HAOOpa, IPOU3Be/IeHue 3jie-
MeHTOB Habopa u T.1. [loayduennoe o600OIIEHHOE 3HAUEHHE 3aITOMUHAETCS B
paboduem 1oJie 6a3bl JAHHBIX.

7. Beibupaercst ciieayionasi 3anuch B 6a3e JTaHHBIX W MOBTOPSETCS IIMAT
2. IloBTOpEHUE MPOUCXOAUT IO TeX TMOP, MOKa He mepebepyTcs Bee 3alucH B
baze JJaHHObIX.

Takum oOpazoM, pe3yabTaT MOUCKA MO HEYETKOMY 3aIpOoCy - YIOPSI0Yn-
BaHmue 3a1uceil B 6a3e JAHHBIX 10 CTEIIEHU HX COOTBETCTBHUS JAHHOMY 3aIIPOCy
ot 1 (mostmoe coorBercrBue) o 0 (MOTHOE HECOOTBETCTBHUE).

4.4 DBJokK aHaJu3a pe3yJbTaTOB IOUCKA

Baox ananusa pesysvmamos noucka IpeHa3sHadeH I YTOTHEHUS Pe3yib-
TaToB IHoucka uHdopmanuu. Jlomyckasa neompeiaeaeHnocTsh Ha Bxomge HJIN,
MBI JIOJIZKHBI TIPEIOCTABUTE CPEJICTBA ee "CHATHSI IS KOHKPETHOrO IOJIb30-
Baresist Ha "Bbixojie”. QyHKIUN NPUHAJIEZKHOCTH, TIOCTPOEHHbIE B 0J10Ke (hop-
MaJIN3aINH, OTPaKaloT JMO0 0000ITEHHOe MHEHUE YKCIEePTOB, JIMOO MHEHUE
KaKOTO-JIM00 IKCIEePTa B 3aBHCHMOCTH OT BBIOPAHHOIO MeTOa MOCTPOEHUS
dyHKIUI npuHaUIeKHOCTH. Ec/in MHEHRE TOIb30BaTe/Id B MHEHHE SKCIIePTa
(3KCIIEPTOB) He COBMAIAIOT, HEOOXOAMUMO MPEJOCTABATH MEXAHU3M ~“MHIUBHU-
ayanusanun’ HYHKIUH TPUHAJIEZKHOCTH. DTOT MEXaHU3M YCTPOEH CJIeTyI0-
M 00pa3oM.

Ecan mosn30BaTesib HE yIOBJIETBOPEH PE3yJIBTATOM TMOUCKA, OH MOXKET
chOpMYIUPOBATH KOPPEKIUIO 3alpoca M0 KOHKPETHOMY IPU3HAKY B BHJIE
HampaBaeHns Moaudukannn 1 Moaudukaropa. Hampapiaenue Mmogudukanun
YKa3blBaeT MOJIOC Hpu3Haka (Haupumep, “memesse”; “nopozxke”, npecTuxk-
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Hee”, "MeHee mpecTHzKHOE” W T.1.), MoguduKaTop - ero “cuiay” (Hampumep,
"ayre”, "caerka”, "sHaanrenbro” u ap.). [lo wanpasrennio Mmogudukanmum Boi-
YUCgeTcs HapaBjeHne cABUra bYHKIHH MPUHAITEKHOCTH UCHOTb3YEeMbBIX
HOHATHH, 0 MoAuMUKATOPY - THar casura. llar cipura MoKeT BEIYUCTATHCS
Pa3HbIMU CIIOCODAMU, U ITOT BOIPOC TPEOyET OT/Ie/IbHOIO UCCiejoBanus. B
PeAJTM30BAHHBIX &JITOPUTMAX MAKETa STOT HAT 3aBUCHT OT KOJIMYECTBA 00 bEK-
TOB, HAXOJIAIIUXCSA MEJK/Y CYIIECTBYIONIEH TOYKONW M KOHIIOM YHUBEPCYMA.
Ecnn takux o6 beKTOB MHOTO - IIAI' BEHIOMPAETCs JOCTATOYHO OOJIBIINM, €CIN
MaJIO - JOCTATOYHO MAaJIEHbKHM.

[Tosiyuennbie B pesysbrare Mojudukanum (HYHKIUU HPUHAIJIEKHOCTH
CHOBA IOJAI0TCA Ha BXO/1 010Ka moucka uagopmaruu. Takum 006pa3oM, 1moJib-
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30BaTE/Ib MOXKET "YTOUHATH Pe3yJIbTaThl OUCKA MH(pOpPMAIUN.
Nrax, HJIN no3Bosier:

® B BOJUTH MTOJIB30BATEIO TIOHATHS, HE COAEPIKAIINECS B OMMUCAHUAX 00h-
eKTOB 0a3bl JTaHHBIX;

® OIpeJIe/IsITh 'CMBICT BBEJEHHBIX MOHITHIT KaK HEUETKUX MOIMHOYKECTB
JIOMEHOB aTpuOyTOB 0a3bl JAHHBIX;

® OCYIIECTBJIATH IMOUCK I/IHCbOpMaL[I/II/I IO BBEACHHBIM IMOHATUAM; PE3YJb-
TaT MOUCKa - YIIOPAJO0YUBaHUE 3amuceil 6a3nl JaHHBIX ITO CTECIIEHU HUX
COOTBETCTBHA 3alIPpOCY IIOJIb30BaTeEJId;

® YTOYHSITH Pe3y/AbTaThl MONCKA WHMOPMAIHN 33 cUeT yKa3aHWs HAlpPaB-
JIeHHS MOJIMPUKAIUIT U MOJIM(PUKATOPA CMBIC/Ia HCIIOJIb3YEMbIX ITOH-
THUA.

B pesyabraTe mosb3oBaTeNb IMOAYyYaeT JHHIBUCTUYIECKYIO O0OJOUYKY’
6a3bl JanHbiX. Hajuume pas3uyHbIX KJACCOB I0JIb30BaTe/eil, UMEeOInX
pazjinvyuble (QYHKIUE NPUHAIIEKHOCTH, TTO3BOJISET CO3/1aBaTh W XPAHUTH
HECKOJIbKO TaKuX 000J09eK OXHON M Toil »Ke 0a3bl JAHHBIX, WJIN HECKOJIhb-
KO PAa3JIMYHBIX "B3IVISIOB’ HA OJHY M TY 2Ke HH(MOPMAIHIO. DTOT IOIXOJ
MO3BOJIUT 3HAYUTETHHO MOBBICHTH 3B DEKTHBHOCTH MCHOJIB30BAHUS CYIIE-
crByfomux 6a3 JaHHbIX (CM. BBEeJEHUE K IyiaBe 2, pazjuesn 4).



IIpunoxxenue A

JlokazareabcTBa TeopeM

A.1 Jloka3aTeabCTBO JeMMbI 1

HamoMmanM omnpeesenne paccTOSHHS.

Omnpenenenne 1 [Tycmv V' - nexomopoe muooscecmeo. d(x,y) - paccTosiHme
¢V, ecauVr,y,z €V :

Jlnsa oKazaTeabCTBa, JIeMMbl HeOOXOAMMO IIPOBEPUTH BBHIIOJTHECHHE aKCH-
oM paccrosiuus (ompegenenne 1).
Tak kak p(f;, i) - METPHKA, TO BBINOJTHEHHE TIEPBBIX JBYX aKCHOM JIis
( 2.2) oueBuaHO. IIpOBEPUM BBHIMOJTHEHHE AKCHOM 3, 4.
3.d(sy,s;) =0 Vi(1<j<t) plup;)=0s
S Vi(l<j<t) = [ < 8¢ = 8.
t

t
4. d(sy, 8;) = le(uj, 1) < Zl[P(Mj»M}/) + p(i, 1)) =
J= J=

t t
= 52 Pl 1) + 32 o0 1) = (s, 50) + (s} 57).
= ]:

J
A.2 Jloka3zaTeabCTBO Teopembl 1
1. Bemonnenue akcrmombl Al oueBraHoO.

69



70

2. O6ozradnM uepes 1(s;, u) noguaTerpasibuyio dbyukmmio B ( 2.4) B stom
ciydae:

£(s0) =0 & VueUn(s,u) =0 YueU w:(u) = puz(u) =1
SVueUF(A <j<t): p(u) =1, p(u) =0 Vi#j.

3. AHaJOrMYHO YHKTY 2,

£(s0) =1 & VueUn(s,u)=1&VYueU px(u) — pg(u) =0

2
SYuelU Hil,iQ(l <yt < t) :
i (w) = iy (u) = maxy<j<y pj(u).

4. PaccMoTpuM IPOU3BOJIBHLIE St, Sy € Gy(L).

(se) &) & Joo Fluis (uh) — s (uh))du! <
< ﬁ Joo FQud (W?) = p (u?))du® <
o o b (u1) — g ()t >
> e U2 2) — 1 ()
& o Jor(1— (b (') — gy ()t <
< ﬁ 2 (_1 — (i (v?) — H%(UQ)))dUQ =
& Jon | (1= g (wh)) + (pi (uh) = 0) | dut <
< o (U 12 (02) + (2 (62) — 0)| du?
And ﬁ fUl (hzlf (u') — ,u%(ul) +
1 1

[\
E|H

N
b

(V)
—~

>=
SN
=
(3%

N ~—
|

=
R
=
Do

N =
+

B saHHBIX npeobpa3oBaHuAX BTOpasg SKBUBAJEHTHOCTH SBJISETCS CJEJ-
crueM onpejesnenns byHkiun f (TpeboBanne F'2), TpeThst 5KBUBATIEHTHOCTh
- cieacrue HepasencTsa 0 < pg(u) — pg(u) <1 Vu € U, 3amena 1 n 0 5a
h ¢ cOOTBETCTBYIOIMUMY HHJEKCAMHU (HOCTETHssST IKBUBAIEHTHOCTD) - CJIe]I-
crpue onpejenennit b ( 2.3) u pix(u), pis(w) (2.5). Hocieanee nepaseHcTBO
MBI MOYKEM MEPEHUCATDH CJELYONUM 0OPa30M.
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Ha1(U) ta2(U)

— ~— =
Uz Uir u

Puc. A.1: I'padmueckoe n3obpazkenne sy € Go(L).

rae d(h, u) = [, [h(w) — p(u)|du mepa B L.

[TocsieiHee HEPABEHCTBO €CTh paccTosiHne Mexkity s; u §; (Jlemma 1).

Mrak, npu BHIIOJHEHUH YCJOBHII TEOPEMBI CYIECTBYET Mepa, JIJisd KOTO-
poi B

(1) < E(s}), ecan plsi, &) < plsy, ).

A.3 Jloka3aTeabCTBO TEOpPEMBI 2

Pacemorpum npocreiinmit cayqait t = 2 (Puc. A.1).

Badukcupyem aBe TOUKH:

Usy, - JieBasi HEHYJIeBas TPAHUIA [ig, (u) T

Uy g - UpaBasi HEHyJIeBasl TPAHUIA [iq, (U).

Buauenne naTerpasa ( 2.6) He paBHO HYJIIO TOJBKO Ha OTPE3Ke [Uar, UiR)-
Takum obpaspm,

1
o) = / (1= s (1) — pusy (1)) dus =
1 U1R
= 0 (1= (i (w) — g (u)))du. (A1)

Wcnosb3ys npocreitime GopMyJibl 3JieMeHTAPHON I€OMeTPUN, Mbl MOZKEM
HAINCATDb:
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1, eciin u < Ugy,

o, (1) = é(ﬂm —u), ecan Uy, <u<TUpg (A.2)
0, €Can U > UlR
0, ecm u < Uy,

fay(u) = ¢ S(u—Tor), ecmmUs, <u<TUg (A.3)
1, ecau U > UiR

rae d= ﬂlR — Uay,-
[Moacrasass ((A.2), ( A.3) B ( 2.6) n BcmomuHast ( 2.5), MBI MOYKEM Halld-
caTh:

€(s2) = b7 Sy (1 = i 1) = g () u =
= e [ 2 (1 (g () — pug ()

uzr

(= (i () — pig ()| =

2

L(@1p+TaL) _ -
|U’fﬂ22§uw “2L)(ulR+U2L_2U)dU:%:ﬁ.

g nokasaTelbeTBa TEOpeMbl B 00ImIeM ciaydae t > 2 Mbl JOJIZKHBL II0-
BTOPHUTDH HAIIH PACCYKICHNS I BCeX obsacTell HEONpeIeIeHHOCTH [U;
;1] (2<j <)

A.4 Jloka3aTeabCTBO Teopembl 4

PaccMorpuM mpocTeiimuii ciyuail ¢ = 2 (CMOTPH JOKA3ATEIBCTBO TEOPEMBbI
2). Eciu sy € Go(L), To, B crity OPTOrOHAIBHOCTH,

fay (u) = 1 — pig,(u) Vu €U

Takum obpaszom,
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§(s2) = g S (1= (i () = puig () =
= [ R (i (1) — oy ()t
w%m%w%mwk

|w

= F S (1= pray(w) — pran ()t
f;;llf(%)(l o ((1 — Hay (u)) — Hay (u)))du] =

+E

= = f:u'al( Lhay (0 du+f;;f(%)ua1(u)du]

u2r,

IToBTOpssa HaHObIe PACCYKIACHUA IS 8, = St ), Mbl MOZK€M HAIINCaTb:
t )

9(pay (3)) 9(w1R)
[ e [T i wae| 4
g

9(Tar) (a) (3

N 2
) = o

[TponsBojs 3ameny nepemenHbIx v = g(u), MbI MOzKeM nepernucath ( A.5)
CJEJIYIONIM 00pa30M:

Eh) = iy [ S i, (g o)) g )+
e e (g))dg ()| =

= i [ () (w)dut
[ty oy () (u)d

(A.6)

[Mociennee coorHomenne B ( A.6) sBIAeTCA CIEACTBHEM OIDEIETCHHUSI

9(st).
PaBerctBo £(s2) = £(g(s2)) IKBUBAJIEHTHO PABEHCTBY

LR o -
[ful;a;( :uaz ( du—i—f IR :ua1( )g’(u)du
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Pasencrso (A.7) MBI MOZXKEM IEPEIUCATH KaK
pat (3) 1
Tr faz (1) <m \9 )du+
u 1 .
+f ,1{% ),ual <m — U)|> du =0

Ecan g(u) - nuneitnasg dynkuus, o g(u) = ku + a, vae k, a HeKOTOpbIe

(A.8)

koncTanTh. 3nauenne ¢ (u) = k = 22=900) vy, 4y € U, n, B wacTaocTH,
U —uUl
U
g (u) = “"(IJ')'. Ucnoap3ys mocaenee paBeHCTBO, MBI MOYKEM HAIHCATH:
R A
Ul 1g(U)]

Takum obpazom, (A.8) crnpaseuBo.

JIna jokasaTesibCcTBa TEOPEeMbl B O0IIeM cjydae t > 2 Mbl JIOJIZKHBI T0-
BTOPHUTD HAIIH PACCYKIEHNS I BCeX obsacTell HeOUpeIeIeHHOCTH (U,
ujr] (255 <),

Teopema Jokazana.



IIpnnoxxenne B

Meto bl tocTpoenns PyHKIINI
IIPUHA/IJIEKHOCTI

[Ipu paspaborke cucrem 00pabOTKM He4YeTKON wundopManum HeOOXOIUMO
KakKuM-1u060 00pa3om 3ajaBaTh (PYHKINUHA MPUHA/JIEKHOCTH HCIOJIb3YeMbIX
nousgTuit. Boobie roBopsi, 3TOT BOMPOC HAXOMUTCSA 3a MPEIETaMU TEOPHH
HEYeTKNX MHOZKECTB U 0OJIbIIIe OTHOCUTCS K TEOPUHU IKCIEPTHOTO OIEHUBA-
HUs U MeTO/I0B 00paboTKH dKciepTHOI nHudopManu. OaHaKo, 6€3 KpaTKoro
0030pa TaKUX MEeTOJIOB TTPEJICTABICHNE O TEOPUU HEUETKIX MHOYKECTB, U, OCO-
OEHHO ee TPUKJIAJIHLIX ACIeKTax, He OyJAeT JOCTaTOYHO HOoJHbIM. [loaromy
NPUBOJIMMBIIT B JJAHHOI Tj1aBe 0030p MMeeT CBOEH Ie/IbI0 COCTAaBUTH 0O0IIee
IpeJICTaBIeHre O MeTOJaX MOCTPOeHnud (DYHKIWI TPUHAMIEKHOCTH, H, TPH
HEOOXOJUMOCTH, YKA3aTh JTUTEPATYPY, KOTOPas MOYKeT TIOMOYb IIPH PeleHI
JTAHHO! TTPOOIeMBbI B KOHKPETHBIX CUTYAIUsX.

CytecTByeT ps/i METOIOB TIOCTPOEeHU (DYHKITHIT TPUHAIEKHOCTH HeveT-
KOT'0 MHOXKeCTBa. MOYKHO TPeIIOKUTh CAEIYIONIYI0 KIACCHMUKAIIIO TaKIX
MEeTOJIOB.

B.1 Kaaccndmnkamumsa MmeTogoB mocTpoeHnd PyHK-
U NPAHAIJIECKHOCTH

[To xapakTepy u3MepeHuii MeTo/bl MOCTPOCHUSA (DYHKIMI TPUHAICZKHOCTH
MOKHO pa30UTh Ha MPSIMbIe U KOCBEHHBIE.

[IpsimMble METOJIbI OLPEJEJIAIOTCH T€M, YTO JKCIIEPT HEIOCPEJICTBEHHO 3a-
JlaeT IIpaBUJIA ONpeJie/IeHIs 3HAYCHUIT (PYHKITUH PUHAIJIEZKHOCTH , XapaK-

)
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Tepusyioiee MoHsaTHe A. DT 3HAYECHUs COTVIACYIOTCS C €r0 MPEIITOITeHUSIMI
Ha MHOXKecTBe 00bekToB U cjeaytonumM odpa3oM:

1) st mo6bIx uq, ug € Upa(ur) < pa(ug) TOrIa 1 TOJBKO TOT/A, KOLIA Us
npenouTHTebHee U1, T.e. B OOJIBbIIeH CTelleHn XapaKTepu3yeTcs TOHATHeM
A;

2) jgrst o0bIX Uy, us € U pa(uy) = pa(ug) Torga u TobKO TONIA, KOTAA
U1 U Uy OA3PA3INIHBI OTHOCUTEIHHO MOHATHS A.

B kavecTBe MPUMEPOB MPSMBIX METOI0B MOYKHO MPUBECTH HETTOCPEICTBEH-
Hoe 3ajanue (PYHKIUNE MPUHAIICKHOCTH TabJunei, hpopMy/ioil, mpuMepoM
[52], [59], [62]. K mpsMbIM MeTOmAM MOXKHO TaK¥kKe OTHECTH METOJIBI, OCHO-
BAHHBIE HA BEPOSITHOCTHON TPAKTOBKE (DYHKIUIT HpUHAIIEKHOCTH fia(U) =
P(A|u), T.e. BepogTHOCTH TOTO, 9TO 00BEKT u € U Gyner OTHECEH K MHOKe-
CTBY, KOTOpPO€ XapakTepu3yer moHsitue A.

B KocBeHHBIX MeTOmax 3HadeHUs (DYHKIWH MPUHAIIEKHOCTH BbIOHpA-
I0TCA TaKUM 00Pa30M, 9TOOBI VIOBIECTBOPATEH 3apaHee chOPMYIAPOBAHHBIM
ycaoBugM. ndopmaliys or 9KCHEPTOB ABJILETCH TOJBKO UCXOIHONR MHGOP-
Marnueit Jits jranabueiineit oopadborku. Jlonoanuresbuble yCJI0BUS MOTYT Ha-
JIATAThCSI KAK HA BUJ MOJIyIaeMOil WHMOpPMAINN, TaK U HA, MPOTEJIYPY TaTb-
Heiiimeit ee obpadborku. [IpumepamMu JOMOJTHUTEILHBIX YCJIOBUI MOTYT CJIy-
JKATH CJIeIYIONTHE:

- (byHKIINS TPUHAIEKHOCTH JOJIKHA OTPAZKATH OJTM30CTh K 3apaHee Bbl-
JIeJIEHHOMY STAJIOHY;

- 00beKTH MHOXKeCTBa [ ABISIOTCS TOYKAMH B TAPAMETPUUECKOM TIPO-
crpancTse [58];

- Pe3yJIbTATOM MPOIEAYPbl 00PAOOTKHU JIOXKHA OBITH (PYHKIUS TPUHAI-
JIeZKHOCTH, YIOBJIETBOPSIONIAS YCIOBUSAM HHTEPBAIbHOI TKAIBL [8];

- IIPY MONAPHOM CPaBHEHUU OO'BEKTOB, €CJU OJUH M3 HUX OIEHUBAETCS B
« pa3 cuiibHee, YeM JPYyToil, TO BTOPOil 00beKT omnenuBaercs B fracla pa3s
cuJIbHee, 4eM mepBbiii [55];

- TIPU OTIPeJIeJIEeHUH CTeleHN TPUHA/JIEXKHOCTH MHOYKECTBO HCCIIeTYEeMBIX
00BEKTOB JOJIZKHO COJIEPZKATh, MO KpaiiHeil Mepe, /Ba 00beKTa, YUCIEHHBIE
npejacTaBienust Koropbix #a uarepsaje [0,1] paBast 0 1 1 cooTBeTCTBEHHO
[59].

Bribop Tex mim WHBIX METOJIOB JUKTYETCS YCIOBUSIMI KOHKPETHOH 3a/1a-
qu. O61Ire peKOMEeHJAINHA 10 UX UCIOJIb30BAHUIO MOTYT OBITH ChOPMYIUPO-
BaHbI CJIEIYIONUM 00pa30M.

Ecaun rapantupyercst, 9T0 B JIaHHON 33/1a9€ IKCHEPTH PA0OTAIOT KaK Ha-
JIEZKHBIE U TTPABUJIBHBIE "U3MEPHUTEIN ; TO UX MOYKHO CIIPAIIUBATh HEIOCPE/I-
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CTBEHHO O 3HAYCHHAX HIPHUHAZKACZKHOCTHU (HpHMbIe MeTOfZLbI)7 ecJIn TaKoro
yTBeEPKJAaTh HEJIb3d, TO 60ﬂee IIOAXOAAINNMHA ABJAIOTCA KOCBEHHBIEC METO-
nbl. KocBennbie MeTosibl 0oJiee TPYAOEMKH, YeM IpsAMbie, HO 6ojiee CTOMKH
10 OTHOIIEHUIO K UCKAXKEHUAM B OTBETaX.

CBoiicTBO "M3MEPUMOCTH TOHATHI TaKyKe MOXKET OBITh CYIIEeCTBEHHBIM
Ipu BBIOOpE MeToa HocTpoeHus DYHKIUN TPUHALIEKHOCTH. Kak mpaBuio,
IpsIMbI€ METOJIBl UCIOJIb3YIOTCS sl OTMMCAHUS TOHATHH, KOTOPbIe XapaKTe-
pPU3YIOTCS U3MEPUMbIME CBOMCTBAMM, TAKUMHU KaK BbICOTA, POCT, O0'bEM H T.II.
B srom ciay4dae yaob6HO HemocpecTBeHHOe 3a/aHue 3HAUYeHWH CTeneHu TpH-
HaJJIEXKHOCTH. Ecam Mbl paccMoTpuM GoJiee CJIOKHOE TOoHsATHE (HampuMmep,
"Kpacora’), TO OKaXKeTCsl, 4TO MPAKTHIECKH He CYIIECTBYET YHUBEPCATbHBIX
9JIEMEHTAPHBIX U3MEPUMBIX CBOMCTB, OIMUCHLIBAIOIINX JaHHOE MOoHsATHE. B Ta-
KX CJjydadX HCIIOJIb3YIOTCA TOJIbKO PaHI'OBbIC HU3MEpeHUud IIPU IIOIIapHOM
CpaBHEHUN OOHEKTOB.

CDyHK]_[I/IH IIPpUHA/JIC2KHOCTH MOZKET OTpPazKaTb KaK MHEHHuE OAHOI'0 3IKC-
nepTa, TaKk 1 MHEeHHe I'PYIILI 9KCIIEPTOB. CJIe,ZLOBaTeJIbHO, BO3MOZKHBI 9Y€THI-
pe rpynnbl MEeTOJ0B: IIPpAMBbI€e 1 KOCBEHHBIC JIJId OJHOI'O 9KCIIePpTa U IIPAMbBIC
1 KOCBEHHBIE JIJISI TPYIIIBI SKCIEPTOB.

B.2 IIpsamble MmeToAbl AJisd OJHOI'O 3KCIEPTa

[IpsiMble METOIBI JIst OJHOTO SKCHEPTa, MPEJJIATAIONINE HENOCPeICTBEeH-
HOe HA3HAYCHWE CTEMEeHH MPUHAIICKHOCTH MM HA3HAUYCHHE AHAJIATHICCKOMH
dyukmm, comagaromeil ¢ YHKIUEH MPUHAIIEKHOCTH, 0OCYZKIAIOTCA B
52}, [59], [62], [32].

B [59]| anasmsupyerca npemioxkennsit Ocrymom [48] meTon cemanT-
YECKHUX ,ZLHq)(bepeHHI/IaJIOB JAJidd OIIMCaHuA IMOHATHUA ITOCPEACTBOM HEYETKOI'O
MHOZKECTBA XapaKTepu3yommx ero cBoicTs. CyTh 3TOr0 METO/Ia 3aKIH0IaeT-
CA B CJIEIYIOIEM:

1) ompegessiercst CIUCOK CBOMCTB, 110 KOTOPHIM ONEHUBAETCHA MOHATHE
(0bBexT);

2) mig KazxKA0ro cBoicTBa hOPMUPYETCS MOJISIPHAS MIKAJIA;

3) Juisi KazKJI0f MIKAJIbI OIEHUBACTCS, KAK CUIBHO ONUCHIBAEMOE MOHSTHE
(06beKT) 0b6aaeT MOJOKUTETBHBIM CBOHCTBOM;

4) dbopmupyercs npoduiib MOHATUS KAK COBOKYIHOCTH OIEHOK 10 IKa-
JIAM.



78

ITpumep 4 B sadaue pacnoswasanua auy (Ppomopeaduil) moocro evide-
AUMD CACOYIOULUE ULKANDL:

Hassanue (uma) wraavs | Ionroca wkanv
x1 | evicoma aba nuskull (ysxudl) - wupokud
Ty | npoduav Hoca eopbamuiti - KYpHoCcoLl
T3 | daumna noca Kopomxutll - dAuHHBLT
x4 | paspes ena3 y3Kue - wupoxue
x5 | usem ena3 MEMHBIE - CEEMADLE
Zg | popma nodbopodra 0CMPOKOHEUHBIT - KEAOPATVHBLL
x7 | moawguna 2yb MOKKUE - MOACTIBIE
Tg | usem Auua memnoe (cmyenoe) - ceemaoe (beaoe)
Tg | OuEPMaHUE AUYG 08GAVHOE - K6A0pAMHOE

Taxum obpazom, Kascdomy auyy (Pomoepadun) mve mostcem nocmasumo
8 COOMBEMCMEUE HEYETKOE NOOMHOHCECTNBO YHUBEPCAADHOZ0 MHOHCECTNEA,

U= {xlv To,T3,T4,Ts5,Te, L7, T8, xQ}

B [52], [57] mpuBoamTes caeayomas Moiesb MOCTpoeHns pyHKIUi mTpu-
Ha1exKHOCTH. [lycTs K - mokpbiTe yHuBepcyMa U, T.e. COBOKYITHOCTH OOBIY-
HBIX TOAMHOXKeCTB { Ay, -, A} Takux, 4T0:

1)A; € UVi(l1 <1i < s);

2)A; #Vi(1 <i < s);

A N---NA,=U.

[Iycts B C U. Torna B MoxkKeT paccMaTpUBaThCd KaK HeYeTKOe TTOIMHO-
KecTtBO K ¢ dyHKIHEH TpUHAIIKHOCTH

_ANB
pp(A;) = m,
rie |A;| - 9ucsio 37eMeHTOB (MOIIHOCTH) MHOKECTBA A;.
IIpumep 5 lHyemv U = {1,---,9}, Ay = {1,3,5}, 4, = {3,6,9}, A3 =
{2,4,8}, Ay = {1,3,7}, A5 = {2,3,8}, B = {2,3,5,8,9}. Toeda up(A;) =
{1/3,1/3,1/3,1/7,3/5}.

B.3 KocBeHnHble MeTO/Ibl JIJisd OJJHOI'O IKCIIEPTA

Kax ormedasocs sbie (pazzgesa B.1), B npakTuke 9aro HMEIOT MECTO CJLy-
9an, KOrJa He CYIIEeCTBYeT 3JEMEHTAPHLIX H3MEPUMBIX CBOHCTB, 4epe3 KOTO-
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pble OLPEAEIAIOTCS HHTEPECYIONIe HAC MOHATUS (HAIPUMED, HOHATHS ~HH-
TeJUIEKTYAJIbHOCTR )y "Kpacora” u T.11.). B Takux cjiydasix TPYAHO TPOPaHIKH-
pOBaTh CTeleHb MPOSIBICHUS CBOHCTBA Y aHATU3UPYEMbIX 00bEKTOB (HATIDH-
Mep, B mporeaype Ocryna - pasgen B.2). B momoBHbIX crydasix HCHOJIb3YIOT
IPOIEIyPy MApHOTO CPBHEHHST OOHEKTOB.

Unest manuoro Merona, npeaiokennoro Caaru B [56], 3akioodaercs B
crenayiomeM. Eciu Obl 3HAYEHHs] CTENEHH TPUHAIEXKHOCTH HEKOTOPOTO I0-
uarug S Ha yausepcyme U = {uy, -+, u, } 6butn usBectust (pg(u;) = w;, i =
1,2,-++ ,n), TO pe3yAbTaT HAPHBIX CPABHEHHI MOXKHO OBLIO OBl IIPEICTABUTh
marpuneii oruomenuit A = (a;;), vae a; = fracww;,i,j = 1,2,--- n.
Eciu nmanHble OTHOIIEHHS] M3BECTHBI TOYHO, TO IOJYYaeTcs COOTHOIIEHUe
Aw = nw, toe w = (wy, - ,w,),n - COOCTBEHHOE 3HAUEHHE MATPHUIILI A,
10 KOTOPOMY MOZKHO BOCCTAHOBHUTH BEKTOp w. Tak Kak OTHOIIEHUs] CpaBHE-
HUS (;; B PEAJIBHOM CJIydae He TOUHbL (KaK I JI00ble IMIIPHIeCKHe TaHHbIE),
TO MbI JIOJIZKHBI BBIUUCUTH OINEHKY JIIs w. DTa OIEHKA BBIYUCISIETCS MPU
CEIYIONIIX TTPE 00 KEeHUSIX:

Da; = 1(1 < i < n), T.e. 1060if 06BEKT MAKCHMAIBLHO IOXOXK CaM Ha
ceds;

2)a;; = %(1 < 4,7 < mn), T.e. €N OIUH U3 OOBEKTOB OIEHUBALTCS B (v

pa3 cuiibHee, YeM JIPYToi, TO BTOPOil 0OBLEKT OIEHUBACTCS B é pa3 cuibHee,
9eM IEePBBIN.
B sTom ciayuae

n
Clij'll}j .
E :n(2:1a2>"'7n>7
- w;
J=1
rjie n - HanboIbiliee COOCTBEHHOE 3HaYeHne A, a apyrue coOCTBEHHBIE 3HAYE-
Hus A paBubl (), TaK Kak

n n

i=1 i=1
B obiem ciydae smnupudeckas mkana w = (wy, -+ ,W,) TOIKHA Y10
BJIETBOPSATH 33J1a9e Ha MONCK COOCTBEHHOTO 3HAYeHUS AW = Apay, THE Amax
- HauboJbIIee cobcTBerHOE 3HaYeHne A. CiaegoBaTebHO, 33,1894 CBOIATCI K
OMCKY BEKTOPA W, KOTOPBIH YIOBIETBOPIET YPABHEHUIO Aw = A w. Yem
bosiee OMKe A K 9UCILY 1, T€M 00Jiee BEPHBIM SIBJISIeTCS pe3yJsbrar. Tak
KaK M3BECTHO, YTO 3a1a4a Aw = A\, W HMeeT eIMHCTBEHHOE PEINeHne, TO
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3HAYEHHs] KOOPAMHAT HAHOOJIBIIEro cOOCTBEHHOTO BEKTOPA, JIEJI€HHBIE Ha UX
cyMMy, Oy/lyT HCKOMBIMH CTENeHSIMU TPUHAIIeKHOCTH.

B [55] omuceiBaeTcst mpuMeHeHe TAHHOTO METOMA JIJIsT AHAJIN3A CIOKHBIX
CBOWCTB, KOTOPBIE MPEJICTABISIIOTCS KaK WepapXudecKkas CHCTeMa.

B [34] mpemmaraercss MeTo[; HAMMEHBITUX KBAJAPATOB JJIs MOJIYYEHUST
3HaYeHUH (DYHKIUKM TPUHAIEKHOCTH 110 MaTpuile OGMHAPHBIX OTHOIIEHHH
A = (aj;). UckoMble 3HaUEHUs MOJTYyHAIOTCA KaK pelleHue ONTHMU3AIMOH-
HOH 3a1a4u:

[ = ZZ(aijwj - wi)Q — min,Zwi =1, w; > o.

Numoctpupyercsa GJIM30CTH ONEHOK OTHOCUTEIbHBIX CTeleHeil MpuHa/I-
JIEZKHOCTH, MOJTYYEeHHBIX JTAHHBIMU METOIaMHU.

B [3] upemyaraercst mporeaypa nmocrpoenus GyHKIU MTPUHAIIEZKHOCTH,
B KOTOPOH HCIOJIb3YeTCd MaTPHIA IApHBIX CPaBHEHUN ¢ HemoJHO#H HHMOP-
Manuei (To ecTh JOMYCKAETCsI, YTO HEKOTOPBIE €€ 3JeMEHTHI OTCYTCTBYIOT).
Paccmarpusaerca nonsrue ”S”, xoropoe spisiercs dpyHkuueil nupuHaiieK-

HOCcTH Ha MHOKecTBe 0ObekToB A = {aj,---,a,}. Ilpennonaraercs, 4ro
B A mmeerca mBa o0bekTa a’ m al, Takmx, uTo a! - WMpeasLHBIH TpecTa-
BHTEJIb TeX OOBEKTOB, KOTOpble npuHamitexkar "S” (to ects pg(a') = 1)

u a’ - uaeaJbHBI TIpejicTaBUTeb TeX 00bLeKTOB, KOTOpble He HpHUHaJIe-

xkar "S” (1o ecrb pg(a’) = 0). Dkcuepry npejyiaraercs 11pOPaHAKUPOBATH
CTeneHb Pasjndusg 00BEKTOB B KaykJ0H mape 00beKTOB MO IMPHHAIIEKHO-
cru K noustuio ”S”. B pesyabrare ¢popMupyeTcs MaTpuiia mapHbIX cpaBHe-
HUI, KOTOpas 33/1a€T MOPSJIOK Map 00bEeKTOB MO CTENEHN PA3JIHIhsl B Mapax.
Jlastee mocpecTBOM METOI0B HEMETPHUIECKOTO INKATHPOBAHUS BBITHCIISIOT-
cs B (HaKTOpHOM (METPHUECKOM) MpOCTpaHcTBe X KOODAMHATHI 1 TOUEK
' = {xt, -2 }i = 1,2,--- ,n), nopsaox paccrosuuii d(z’,r’) mexy
KOTOPBIMH COBIIIACT WJIH MaKCUMAJIHHO OJN30K K MOPAIKY JEMEHTOB MaT-
PHIIBI TAPHBIX CpaBHEHWH. /{0Ka3bIBAETCSI, UTO /IJ1sl TIOJTY YeHHBIX PACCTOAHUI
UMEIOT MECTO CJIeIYIONIe YTBePK ICHHS:

1) ecim 0OBEKTHL @; U @ Hepa3IuduMsbl, 10 d;; = d(a;, a;) = 0;

2) eC/M CTeleHb PA3INIHst OObEKTOB a; H @; OOJIbIIe, YeM CTEIHDb PA3JIn-
qnud 00BbEKTOB a; U Ak, TO d;j > dik;

3) ec/Im CTeleHb pa3ndus 0OBEKTOB @; U G; COBIAJAET CO CTENMHBIO Pa3-
aunans 00beKTOB a; U A, T0 d;j = di.

Hajtee upeanosiaraercs, 4T0 CTeleHb PA3/Mdus JABYX OOBbEKTOB a; U Qj
10 OTHOIIEeHUIO K noHsTuto ”S” Gyner nponopiuonajibHa pa3HOCTH 3HAYEHU I
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GYHKIUN TPUHA/JIEZKHOCTH Ha 3TUX 00BEKTAaX, TO eCThb

|d1; — dij| = |ps(a;) — ps(aj)],

rae - HeKOTOPas KOHCTAHTA.
PaccmarpuBas B kKadecTBe 00beKTa a; 00BHEKTHI A
OJIy9aeM:

Y ¢ a' coorBeTCTBEHHO,

c(dio — dvj) = ps(ay), cdiy =1 — ps(a;).

13 maHHBIX ypaBHEHWI HENOCPEICTBEHHO CJeyeT, ITO

dig — dy;

a;) = 20 "N g .
Iu‘S( ]) dlj dlo

TakuM 06pa3oM, dbYHKINA IPUHATEKHOCTH OUPEIEISeTCst [0 PACCTOs-
HUSIM B IIPOCTPAHCTBE MPU3HAKOB X ™.

B [58] omuceiBaeTcst obmuit MeTOT BADPHPOBAHHST IPOTOTHIIOB IS IIO-
JIydeHUs YUCJCHHOIO 3Ha4YeHusi (PYHKIWMI MTPUHAIIEKHOCTH. DTOT ITOIXO
HCIoIb3yercd B [33] mas pacnosmasBamnus 06pas3os.

)

B.4 Ilpsmble MeTOABI AJi I'PYNNObI 3KCIEPTOB

[TpsiMble METOBI JJIst TPYIIIBI IKCIEPTOB OOBEIUHAIOT BCE METOJBI, Pa3pa-
GoraHHbIe B paMKax 06paboTku sKcrneprHoil nadopmanuu (manpumep, |[15])
IPUMEHUTEJBHO K KOHKPETHOMY BOIIPOCY - ONPEIEICHUIO 3Hadenunii hyHKIuii
IPUHAIEKHOCTH. Jl0CTATOUHO MOTHBIH 0030p BCEX TaKUX METOJ0B TpedyeT
BBEJICHHsI MHOTUX CIIEINMDUICCKAX U He HYKHBIX Jajee HOHATHH U MOITOMY
3aHEMaeT CJAUIIKOM MHOTO MecTa. B To ke Bpemsi, BHIGOD KOHKPETHOTO Me-
TO/IA 3ABUCHUT OT PEIIaeMOil 33/a4u, 109TOMY Ie/IeCO00PA3HO OrPAHMIUTHCS
IPUCAHUEM OJHOTO M3 HUX, HJJIIOCTPHPYIONEM OCHOBHBIC UJEH ITO TPYIIbI
METO/IOB.

OpHoit w3 mHTEpHpeTanuii MOHITHs (DYHKIUS TPUHAIEKHOCTH  SBJIsI-
ercs TaK Ha3blBaeMas BeposTHOCTHas mHTeprnperanus [52]. B [4] omucana
CIeYIONIAas MEeTOINKA ONEHKH 3HAYCHUH (hYHKINU MPUHATEKHOCTH, Oa3H-
PYIOIIAsCS Ha TAKOH WHTEPIIPETAIUH.

[Tpu mocTpoernn (byHKIMA MPUHATIEKHOCTH HEKOTOPOTo MoHATH A Ha
yuausepcyme U paceMarpuBaercsi He TOJIbKO CAMO HOHSITHE, HO U €10 JIOIOJIHe-
aue B U, oboznagaemoe —A. Cymma 3HadeHnit (pyHKIUH TPUHAIICKHOCTEH
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HPOW3BOJIBHOIO 3jeMenta v € U K cucreme Takwx MOHSTHN OyaeT paBHA
equnnie. Jlamee sxcrepram mpe/raraeTcsi OIEHUTh B IPOIEHTaX (WJn B ApY-
IUX €JIMHUIAX) CTeleHb MPOsiBIeHnsT Kaxkaoro mouatusa (A u —A) B JaHHOI
Touke u € U. PazpaboranHble B paMKaX TEOPHH KCIEPTHBIX OMPOCOB MeTO-
JIBI TIO3BOJISIIOT ONEHUTH KAYECTBO TAKUX OIEHOK (OIEHKA COTIACOBAHHOCTH,
TOYHOCTH U T.IL.).

OHAaKO, B HEKOTOPBIX CAydYasix MHEHHME JKCIepTa OYeHb TPYIHO BbIpa-
3UTH B TPOIEHTAX, MOITOMY 0o0Jiee MPUEMJIUMBIM CIIOCODOM OIEeHKU (DyHK-
MU TIPUHAJIEZKHOCTH MOXKET OBITh MeTO[| OIpOca, MpeJIoKeHHbIH B [22].
OnenuBaemoe 3HadeHne u € U mpeabaBisgercs OOJBIIOMY YHUCIY SKCHEP-
toB. Kaxkipiii 3xcuepT umeer ouH rojioc. OH JI02KEeH OHO3ZHATHO OTBETUTH
HA BOMPOC O NMPUHAIEIKHOCTH U K Kjaaccy A m —A, T.e. BOBMOXKHBI TOJBKO
oreerhl "a, u npunagrexnt A”) "la, u npunagrexnt —A” (orBeTs Tama
"He 3nat0”, "3aTpyIHAIOCH OTBETUTH  He JOMYCKAIOTCs). 3HAUYeHHEe (DYHKIHH
NPUHAJIEXKHOCTH BBIYUCTIAeTC TI0 hopMmyie

nA
pa(u) = W
IJI€ 1 - 9UCJI0 IKCIEPTOB, YIABCTBOBABIIUX B IKCIEPUMEHTE, 14 - YUCIO IKC-
nepToB, orBeTuBmmux: Jla, u mpuHamIe:kur A”.

B.5 KocBenHble MeTOABI JIJid TPYyNIbl 3KCHEP-
TOB

B [28] mpemaraercst MmeTos onpeesiennst GyHKINE TPUHAIJIEKHOCTH HA OC-
HOBE UHTEPBAJIbHBIX OLEHOK. [lycTb y HAC ecTh m kciepToB (m > 1) u Bblje-
JIHBI N IPU3HAKOB OlleHuBaeMoro nousarus S. [lycrs unrepsas [z, x;Z] oTpa-
JKaeT MHEHHe {— 10 9KCIepTa 0 3HaYeHnn j— ro npusHaka (i = 1,--- ,m;j =
1,---,n). Torga noJaHBIM OMHCAHHEM AHAJU3UPYEMOIO MOHATHS i— SKCIEp-
TOM $IBJISIETCS THIepIapaJsie/enuIes

@i = [mliaxlli] X X [xm?m;u]

DTa nadOpMAIs 00pabaTHIBAETCS CJIEIYIOMIM 00Pa30M.

1) PaccmaTpuBast JIJist KazKJ0r0 MPU3HAKA j BCE MHTEPBAJIBI, TPEJIOKEH-
HbIe HKCIEePTAME, HAXOIUM CBA3HOE MOKPBITHE UX O0beINHEHUsI, COCTOMIIEee
U3 HeEllepeCeKaloUuXCd HHTEPBAJIOB, KOHLOHAMH KOTOPBIX ABJAIOTCA TOJIBKO
KOHIIbI MCXOJHBIX HMHTEPBAJIOB!:
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[, )G =1, -,k =1,--- ,m; —1).

2) ObGpasyeM Ha OCHOBE TOJIYUYEHHBIX TOKPBITHII HellepeCeKarouecs Ii-
neprapaJiie e uTe Ibl

Ty = [T, Thp) X -+ X [T, T

3) Borancasiem giist © € Ty, dyHknum

n_J 0, mpu T,NO;# 0
¢l($){1, npu 1, NO; =0

4) Tlomaraem HoMep mreparuu | = 1.
5) Brogum kosddunumentn komnerenraoctn X, = L (i =1,--- m).

6) Beraucasiem [ - npubauzkenne GyHKINE TPUHAIEKHOCTH 10 GhopMyJie

m
l l
fiz) = E oi(x) N, x € Ty
i=1
7) Borunciasem (byHKIMOHAT PACCONIACOBAHUS MHEHUsS (— 3KCIepra ¢
MHEHHEM SKCIEePTHOTO cOBeTa Ha [— uTepanuu 1mo hopMmyie

=" [fiw) (@)’ i=1,- m.

€Ty,

8) Borumcisiem A =77 4

9) IpucsamBaem [ = [ + 1.
A

10) Berancasem A = ST

i

11) Ecmn max [N — \| < ¢, o cunraem pg(z) = f!(x). Vnaue Bosppa-
maeMcs K mary 6).

B [12] npemiaraercs coremyronuii MeTom JJist IPYIIBL SKcnepToB. Kazx-
netit skcept Ei(i = 1,--- ,m) Beigensier u3 U MHOXKECTBO 97€MEHTOB (),
COOTBETCTBYIOIUX, 110 ero MHeHHwo, noustuio S. Jlajgee paccmarpuBaercs
nogmuoxectso U 5 Q = J | Q;. Kaxupim 5KCIepTOM DaHKHPYIOTCS BCe
97eMeHThI () MO CTemeHW COOTBETCTBUsI TOHSATHIO S. DKCIEPT MOXKET WHC-
[0JIb30BATh OTHOIIEHHUsT SKBUBAJIEHTHOCTH (=) wim nopsiaka (-, > ). Ilpes-
[OJIATACTCS TAKZKE, 9TO YKCHEPTHI MOTYT MOCTABUTH KOIGDDHUIMETHBI CTEIICHN
IPEAHOYTEHHS] 7Y TePeJT JIEMEHTAMU B YIIOPSIOYEHHON TOCJI€0BATEIbHOCTH,
YCUIMBasg WM OCaab/Isis OTHOIEHUE MpeAnodTeHus. s Kazjoro Takoro
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YIOPSJIOYUBAHU, JTAHHOTO ¢— 3KCHEPTOM, BBOJIUTCS PACCTOSHUE MEYK/LY €ro
37eMeHTaMHU C TOPSIKOBBIMH HOMEpaMHU 7" H S CAeAYIONIM 00Pa3oM.

1) BuIuncagercst pacCTOAHUE MEXKLY COCEJHUMHU FJEMEHTAMY TEeMOUKH M0
dopmy.ie

upu  g; > gj+1
mpn  q; = g+, (1 <5 <Q));
opum  q; = gj+1

p(5, @jv1) =

O~ =

2) Bolumcosiercss paccTosiHie MeXK/ly HMePBBIM 3JIEMEHTOM YIIOPSI049nBa~
HUASA U S— 3JIEMEHTOM 110 (popMy.Jie

s—1

po=pldi —a2) = Y 7p(a, 45)(2 < j < |Q)):;

j=r

3) Borauciasercs paccrosiaue MeKIy I M S dJeMeHTaMu 110 hopMyJre

p(qr,q2) = p(di, qs) — p(a1, 4r) = Py — P
HOC.HG,ZLHHH paBHOCTb HOK&SBIB&GT, HACKOJIBKO HpeﬂHOQTHTeﬂbHee QT II0

CPaBHEHUIO C (s C TOUYKM 3peHus F;.

Jajiee npejioiaraercs, 4o pasnoctb Mexky secamu ¢(q') — ¢(q') npo-
MOPIMOHAILHA PA3HOCTH Py U p,. Lpu r = s + 1 moaydaeM peKyppenTHYIO

dbopmyty

¢(Qé+1) - ¢(Q;) = C(pi-i—l - P;)

Takum 06pa3oMm, 3a1a9a CBOJAUTCS K OIPE/IeIeHIIO BECa IIePBOI0 3JIeMeHTa
®(q}). Ha ocrose Beex ¢(qL)(i = 1,--+ ,m) 1yisi g, OUpejesisieTcss 3HaAYeHIe

m

olar) = — " o).

i=1

[Tocsiejiee u ecTh CreleHb HPUHAICAKHOCTH djieMenTa u € U HedeTKoMy
MHOKECTBY S.
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HA
S(u; a, B, 7)

_

o B Y u

Puc. B.1: I'padpuyeckoe uzodbpazkenne s— GpyHKIHH.

B.6 Ilapamerpuveckoe 3aganue (pyHKIUA Ipu-
HA/AJ€2KHOCTU

OmuceiBaemblie HuzKe COCObI 3aaunsT (DYHKINAH TPUHATEKHOCTH HE SBJIsI-
F0TCsI, COOCTBEHHO, METOIAMU UX TIOCTPOEHUST. DTO HEKOTOPHIE CIIOCOOBI MPE/I-
crapieHns (PYHKIOUI OPHHAIC;KHOCTH, OTPAXKAIONME WHTYHIUIO U OIBIT
VUEHBIX M WHKCHEPOB, HCIIOIL3YIONINX JAHHBIH alllapar.

B [9] mpemtaraercs ciemyrolee nmapaMerprdeckoe 3ajianue QyHKIHii
npuHaIeKHOCTH. BBoggarcsa npa tuna dyrkmmii: s— GyHKnun 1 71— QyHK-
AN, TJIe

0 g u <
2
9 (L:g) g o <u < g3,
Sty =4 V), (B-1)
1-2(22) am B< u<y,
1 I U > .
S(u;y — B,y —5,7) ana u<y
A ; : ) = B.2
m(w; B,7) { S(u;%7+§,7+5) JUId U > Y. (B.2)

(Puc. B.1 m B.2 coorBecTBeHHO).

[TapameTpsl JaHHBIX (POPMYJT MOTYT "BBIYUCIATHCS OJHUM U3 ONHUCAH-
HBIX BbIIle MeTo10B. Takoe mpeicraBienne HYHKINI TPUHAITEZKHOCTH OKa-
3aJI0Ch YAOOHBIM IS pelieHusl psijia 3334 (Hampumep, apudMeTHuecKue
ollepalMi Ha/l HEYETKUMHM YMCJIAMH MOYKHO BbIPA3UThb KAaK Ollepaluud HaJl
JAHHBIME TIADAMETPAMHE ), OJJHAKO, HE HOJIYYHII0 OOJIBIIOTO UCMOIH30BAHNS B
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H g

:
By B Py u

Puc. B.2: T'padudeckoe nzobpazxkenue m— GHyHKIUN.

oA

L(u) R(u)

:
a_ a' a" agr u

Puc. B.3: I'paduaeckoe n3obpazkenne dbyHkmun npuHaiexuaocrn (L — R)—
THUIIA.

npuaoxkeHuax. IlocienHee cBI3aHO ¢ HEONPABAAHHON ITPMO3IKOCTBIO JTAHHO-
ro HpeJCTaBJICHHUsS, TPYJAHOCTAME XpaHeHUs H 00pabOTKM MOJ00HBIX (DYHK-
Uil B KOMOBIOTEPAX M CIEIUAJTH3NPOBAHHBIX AIMMAPATHBIX CPEICTBAX.

[Toz:ke ObLJIO MPeIoKEeHO allPOKCUMUPOBATH MMO00HBIe "T/IaBHBIE  Ta-
pamerpudecre GYHKIUH KyCOYHO - JinHEHHBIMI GyHKIusIMU (BDyHKIMIMHI
npunajieknocra (L — R)— Tuna - puc. B.3).

DTO 0Ka3aJI0Ch IPe3BbIYAiHO VIOOHBIM /I XpaHeHUus 1 0OpabOTKHU U I10-
CJTYKUJIO OCHOBOI 71T CO3/IaHMS PA3BUTHUSI CHEINATH3NPOBAHHBIX AlllIapATHO-
IPOIPAMMHBIX CPeICTB 00paboTKN HevdeTKol nudopmanun (Hanpumep, [54],
[30], [53], [39]. Bamernm, uTo COOTBETCTBYIOIIHE MapaMeTPhl MOT'YT OIMpe-
JIeJIAThCA OJHUM U3 ONMMCAHHBIX BBIIIE METOJ0B IMOCTPOeHUs (PYHKIUN IIpH-
HaIJIEZKHOCTH.

B 3akJ/r0ueHune npuBeeM NpUMepPhl HaPpAMEeTPUIECKOI0 3a/laHs KOHKPeT-
HbIX byHKIM npuHaiekaocTa |14].
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IMpumep 6 Dynxuyuu npunadirescrocmu ymeepoicderus BeNMUMHA U Mana .

1 npu 0<u<a;
UM(U)Z{O npu U > a.
2) u(u) =e* k>0
3) p(u) = e k>0
1—au® npu 0<u< L
P =1, oy Ly
e S U
5) p(u) = 1+}m2,k‘ > 1.
1 npu
6) p(u) = ¢ 3 —gsingZ (u—42)  npu
0 npu
1 npu 0<u<a;
6) pu) =4 =% npu a<u<b
0 npu b <

IIpumep 7 Dynruyuu npunadiescrocmu ymeepocderus BenmdmHa u 6onb-

Las

1) ulu) = {
2) p(u) =

3) p(u) =

4) p(u) =

6) p(u) =

6) p(u) =

0 npu 0<u<a;
1 npu u>a.
0 npu 0<u<a;
1 — e ku=a)  ppy a < u, o > 0.
0 npu 0<u<a
" k> 0.
1 — e Hu=a)® npu a<u,
0 npu 0<u<a;
b(u—a)k  npu a<u§00*a—0—ég;
1 npu c < u.
0 npuy  0<u<a;
k(u—a)? <
1+k(u—a)? npu a=
0 npu 0 <u<a;
T+ising (u—2) nmpu a<u<b;
1 npu b<u
0 npu 0 <u<a;
e npu a < u<b;
1 npu b<u

{

{

|
5)u<u>={ Yoy

|

|
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IIpeameTHbIil yKa3aTeab

banxaitnmasg cOBOKyIHOCTEH XapaKTe- QopMasim3alys MOHATAN TOTb30-
puctudeckux pyuknuit 15 BaTessd 51
Nudopmarmonnbie mymbl 24 [lomHoe opToOroHAJBHOE CeMaHTHYe-
Bepxugs onenka mH(OpMaIuoH- CKoOe 1mpocTpancTso 14

HBIX TITYMOB B § - Mojean 36
Huxuaa onenka mHMOpPMAIMOH-
HBIX IIyMOB B 0 - Mojenn 36

[Horepu undopmarun 24
Bepxwusist onenka morepb nHOOP-
Malmu B 0 - Mojenn 36
JIunrBucrudeckasi mojesib H0 Huxusia onenka norepb undOp-

Malun B 0 - mojgenn 36
JInHrBUCTHYECKas nepeMeHHas 9

Bazosbie Tepmunbt 10
Moauduxaropsr 10

CeMaHTHYECKOE IIPOCTPAHCTBO 11
Hopwmagabuocts 13
[TomroTra 14
JImarBucTudeckne 6a3bl JAHHBIX 21 Oproronanabnocth 14

Metroauka BbibOpa onTuManbuoro muo- Cpefa noncka napopmanmn 6
ZKeCTBa 3HAYCHUN KayeCTBEH-

Crenens neuerkoctn [TOCII 15
HOTO mpu3Haka 31

AKCHOMBI CTeleHH HeYeTKOCTH

Hewerkwuit 3ampoc 7 [TOCII 15
WNureprperanus creneHu Heder-
Heuerkas 6a3a ganubix 7 xoctn TTOCTI 17

Teopema cyrecrBoBanust 16

Heuerkas nepemennas 9
Bepxuss oneHKa CTeNeHW HedeT-

Heuerkuii JUHTBUCTHYECKUN HHTEP- KocTH B 0 - Mogenn 45
deiic 51 Hukusas onenka cTeneHn HederT-
BJiok anam3a pe3yibTaToB IOUC- KocTH B 0 - Mojesn 45
Ka
53 Yerkasa 6a3a JaHHBIX 7
Biiok 1noucka wundopmanuu 1o
HEYETKUM 3aIpocam H2 Yerkuii 3amnpoc 6
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