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[Ipenuciosue

Busyanm3zanust qaHHBIX — 3a7a49a, ¢ KOTOPOH CTAJKMBAETCS B CBOCH paboTe
moboit uccnenosarens. K 3agade BU3yanu3anuy JaHHBIX CBOJUTCS MpoOiema
MpEeACTaBICHUSL B HATJSIHON (GopMe MaHHBIX SKCIEPUMEHTA WIH PE3YJIbTaTOB
TEOPETUUECKOTO UCCleNoBaHus. TpagulluOHHbIE HHCTPYMEHTHI B 3TOM 00JacTH
— rpadUKu U AUArpaMMbl — IUIOXO CHPABIISIIOTCA C 3a7adyeil BU3yaln3alluH,
KOTJla BO3HMKAEeT HEOOXOAMMOCTh M300pa3uTh 0ojiee TpeX B3aUMOCBSI3aHHBIX
BEJIUYUH.

C npyroii CTOPOHBI, CYIIECTBYET MOIIHEHIINA WHCTPYMEHT H300paXKCHUS
uH(popMaluu, MPUBSI3aHHON K reorpaduueckoil ceTke KOOpAUHAT. DTO OYECHBb
OvicTpo pasBuBatomuiicss cerogHs apceHan [UC-texnonoruii (I'HC -
reouHpopMaliioHHble cucTeMbl). K cokalleHHio, Kak TOJIbKO HCYe€3aeT
MOJIOKKA ISl M300pakeHus] THGOPMAITMOHHBIX CJIOEB — reorpaduyeckas kapTa
— Bce Metobl ['IC ocTatotcest He y JIel.

B xHure nocrasneHa u 10 HEKOTOPOH CTETIEHU pellleHa 3a/1a4a MOCTPOCHUS
TaKOW MOJIOKKH ISl HpouU38016H020 Habopa naHHbIX. C MOMOIIBI0 HEE MOYKHO
BU3yaJM3UPOBAaTh  JIaHHBIE,  OJHOBPEMEHHO  HAHOCA Ha  TOIJIOXKKY
COMPOBOXIAIONIYI0  WHQOpMAIMio  (TOANUCH,  AaHHOTAIMH,  aTpUOYTHI,
nHpopMaMOHHBIE packpacku). [lommokka, Has3bIBaeMasi Kapmou OAaHHbIX,
CIIY>)KUT 3aMEHOUN reorpaduvecKoil KapTe TaM, IJie €€ MPOCTO HE CYIIECTBYET.
[TpuHIMNHATEHOE OTANYHE B CJICIYIOIMIEM: Ha TeorpaduIecKoi KapTe COCEIHIE
00BEKTBI 00JIaIal0T OMM3KUMHU TeorpaUUYeCKUMH KOOpJAMHATAMH, Ha KapTe
AHHBIX OJIN3KHUE 00BEKTHI 00JIANAIOT OIUSKUMU CEOUCTEAMIU.

Xopotield 0COOEHHOCTBIO TMpeJIaraéMbIX METOJOB IOCTPOSHUSI KapT
JAHHBIX  SIBJIIETCS TO, 4YTO JaHHBIE MOTYT COJEpXaThb npobenvl —
OTCYTCTBYIOIIIME WJIM HEJIOCTOBEPHBIC 3HAUCHUSI OTICIBHBIX MPU3HAKOB. Takue
TOYKHU JJAHHBIX TaK)K€ MOTYT HAHOCUTHCS Ha KapTy.

[ToMuMoO posiv MOMIOKKU JUIsi HAHECEHUs HH(POPMAIMM, KapTa CIYXKHUT
uHopmMayuonHol Modenvio NaHHBIX. Takas MOJENIb MOXET pellaTh BaKHYIO
3a/1a4y 3arloJIHCHUsI B JAaHHBIX MPOOENoB. DJTa CHOCOOHOCTH MOXKET OBITh
UCIIOIB30BaHA ISl NPABO0N000OH020 TIPOTHO3UPOBAHUS TTOBEACHUSI CUCTEMBI B
3a/1aBa€MbIX UCCIIEOBATEIIEM YCIOBUSIX.

KHura cocTouT u3 Tpex OTHOCUTENBHO HE3aBUCUMBIX TJIAB.

B nepeoii enase wznoxeHue caenaHo MaKCUMAaJIbHO JIOCTYITHBIM. 3]1€Ch
quTaTelh HE HaWIeT HU OJHOHM (OpMYNBI, 3aTO OOHAPYKUT OOJIBIIOE
KOJIMYECTBO WJLTIOCTpaunil. L{enb mepBoM raBbl — JaTh YMTATEIIO HArJISAIHOE
npeacTaBiIcHUEe 00 UCITOIB3YEMbIX B IAHHOW 00JIACTH MOHATHSAX U TIPHEMax.

Bmopas enaéa conep>XUT MaTeMaTUYECKOE H3JI0KCHUE aITOPUTMOB U
METOJIOB BU3yaJIM3allMU. 37€Ch YTOUYHSIOTCA TOHSTHS, BBEJCHHBIE B TEPBOMH



riaBe. Lleras BTOpOit riaBel — CHAOAUTH YUTATENST BCEM HEOOXOIUMBIM ISl TOTO,
9TOOBI HAYaTh CaMOCTOATEIBHYIO TBOPYECKYIO JEATEIHHOCTh B 0O0JacTH
BU3yaJIU3alUU JaHHBIX.

Tpemvss 2na6a HAUMHAETCA C  KPATKOTO  OIMUCAHHUS  MPOTPAMMBI
BU3yanu3anuu JaaHHeIX ViDa Expert, B co3laHuM KOTOpPOMl s MpUHUMAI
HernocpeacTBeHHoe ydacthe. C MOMOIIBIO 3TOW HporpaMMbl OBLIO CHETAHO
OOJBIIMHCTBO UCIIOJIB3YEMBIX B KHUTE WTOcTpanuil. [locne aToro mpueaeHo
HECKOJIBKO XapaKTEPHBIX HNPUMEPOB BU3YAIHM3alMHU, C KOTOPBIMU S UMEN JI€JI0
Ha MPAKTHUKE.

B cozmanuu 3TOM KHMTM Tak WIM WHAYEe MPUHUMAIIO Y4acTHE OOJIbIIIOE
KOJIMYECTBO Jrojieil. Bcem uM st oueHn OnarogapeH. @akKTHUECKUM COABTOPOM
SBJIIETCS MOW HACTaBHHUK IO HAayKe M HE TOJBKO — JOKTOp (HU3.-MaT. HayK,
npodeccop Anekcannp HukonaeBuu ['opbanb. be3 ero xuBeliero ydactus
BEPOSITHOCTh HAIMCAHUS 3TOM KHHUTH ObUIa OBl paBHA HYJIO. S BEIpakaro emy
IYOOKYI0 MPHU3HATEILHOCTh 3a MOCTAHOBKY 3a/iad, T€HEpUpOBaHUE HJCH, 3a
oOcyxJieHue TEeKCTa BO BpeMsl BCTPEY M Ha CEMHHApax, a TaKKe 3a MOMOIIb B
m3aanuu kHUru. OrpomMHoe cracu0o MoeMy koJuiere Anekcannpy IluteHko, c
KOTOPHIM MBI TECHEHUIIMM 00pa3oM COTPYOHUYAIU BO BpeMs pabOTHI
MPaKTHYECKU IO BceM IMpoekTam. Bmecte ¢ AnekcaHapoM Mbl Hamucaiu
KOMIIbIOTEpHYIO nporpamMmy ViDa Expert, B KOTOpoil peann30BaHbl MOYTH BCE
MpenyoKeHHble B KHHUre wuaeu. S OmaromapeH kaHauaaty Qus.-maT. HayK
EBrennto  MowuceeBuuy  Mupkecy —  NOpU3HAHHOMY  aBTOPUTETY B
HelponHpopMaTHKe, C YbCH MOMOIIBI0 KHUTA cliejlaHa Oojice YuTabeIbHONH U
WCITPABJICHO OOJIBIIIOE KOJTUIECTBO HETOUHOCTEH.

Anapen 3UHOBBEB
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I'maBa 1. Mope uHdpopmaluy 1 OKeaH JaHHBIX

1.1. Bo3HuKHOBeHHE U MPeACTABJEHNE TAHHBIX

1.1.1. TaOuubl JaHHBIX.

JIro6oe mpakTUYeCKOoe UCCIIeIOBaHNE Ha HAYaTbHOM JTare BKIIOYAET B ceOs
CTaauIo cobupanus dannsix. Ecu uiccmenoBarens pa3padaThiBaeT COBEPIICHHO
HEOOXKHUTYIO 00J1acTh, TO OH CKJIIOHEH MOHMMAThH IMOJ JAaHHBIMH MPAKTUYECKU
BCE, YTO €My yaaercs 3adUKCUpOBaTh Oojee-MeHee CoAepKaTeIbHOro U Ooee-
MeHee 0OBEKTUBHOTO B UCCIIEyeMOU cucTemMe (pa3yMeeTcsi, COep:KaTeIbHOTO
1 00BEKTUBHOTO C TOUYKHU 3PEHHS €r0 CaMoi O0Ie METOI0IOTHH).

Tem He MeHee, Taxke ecli MEPBOMPOXOCI] OEPEKHO KOIICKIIMOHUPYET BCE,
YTO TMOMajaeTcss TOJ PYyKy, OH BBIHYXKIEH KakuM-Tubo obOpa3zom
CHUCTeMaTH3UpOBaTh coOpanHoe. Hambomee pacmpocTpaHeH ClETYIOIINN
MOIXO/I.

Kak mpaBuio, nccnenoBaresb BBIACIAECT B CUCTEME OOBEKTHI, CXOMIHBIE IO
NPUPOIE U IO CBOEMY YCMOTPEHHUIO HAJEISET BCIO COBOKYIMHOCTh TaKHX
00BEKTOB HAOOPOM CBOMCTB, C TIOMOIIBIO KOTOPBIX OH HAMEPEBAETCS OTINYAThH
OJTHM OOBEKTHI OT APYTHX TOH e MpHupojbsl. B ob6o3HaueHMM Takoro Habopa
CBOWCTB WJIM NPU3HAKO8 OOBEKTA COCTOUT MEPBBIN MIAr K TOMY, YTOOBI IPUAAThH
WCCIICZIOBAHUIO OIpPENIEICHHOE HampaBleHWe, M TOCJIe TaKoro BbIOOpA
HCCIIEZIOBATENb yXKe CIIOCOOCH OTBEYATh HAa OJIMH CYIIECTBEHHBIN IS MOMCKA
BOINIPOC — OOUHAKOBbL U 084 BCMPEYEHHBIX SGNEeHU WML OHU KAK-MO
omauyaiomes Opye om opyea’?l

B namm 3a7aun HU B KO€# Mepe HE BXOAWUT OCTIapUBaTh YHUBEPCATHLHOCTD
TaKoro MeToj1a — 60sIee Toro, ¢ IPYruMu MbI paboTaTh U He OyaeM. [ maBHOE
— 3TO TO, YTO B pe3yJbTaTe BOZHUKACT CPENICTBO VIS MPEACTABICHUS U
XpaHeHus: COOpaHHBIX TAHHBIX — mabuya danueix. B nanbHeuieM Mbl
OyaeM cuuTaTh OHATHS JaHHBIX M TAOJIHMIIBI CHHOHUMAaMH, CUUTAsI, 9TO BCE
coOpaHHBIE MaTepUAIIBI UCCIIE0OBATENb XPAHUT B BH/IE TaOJIHII.

o< Pasymeercs, TabuIa TaHHBIX MOXKET COJEPXKATh JaHHBIE HE 00
HCCIIeTyeMbIX OTACIBHBIX 00BEKTaX WU SBICHUSX, & JAHHBIE O
COCTOSTHUH OJTHOTO M TOTO K€ 00BEKTa, HO B Pa3HBIX CUTYaIHAX
WJIM B pa3Hble MOMEHTHI BpeMeHH. Torna cieayer roBOpUTh O
pa3IMYuK B COCTOSTHHH OJTHOTO U TOTO ke 00BhekTa. 3<



Bbynem mpeacTaBisTh, COTIacHO TPATUITUSAM U COOOpaKEHUSIM yA00CTBa, YTO
KaXXJIOM CTpOKE TaOIUIIbI COOTBETCTBYET ONPEICICHHBIN O0BEKT UITH SBJICHUC
M3y4aeMOM CUCTEMBI, a B CTOJIOIaX TaOIHUITbI PA3MEIIAIOTCS 3HAYCHHS WITH

METKHU MPU3HAKOB. B pe3ynpTaTe moiaydaeTcst Ta0InIia TUTIA «00beKm-
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3< MBI HAMEPEHHO OCTaBJISIEM B CTOPOHE BOMIPOC O TOM, HACKOIBKO
001110 Takoe mpejicTaBlieHne JaHHbIX. OJIHAKO MPUBEIEM MPUMED,
r7Ie OTHOIICHUSI MEXy MOHATUSIMU O0OBEKTA U MPU3HAKA 00bEKTa
HECKOJIbKO 3amyThiBatoTcs. [IpocTeiiium npuMepom siBsieTcs
TabJInIIa Pe3yabTaTOB COPEBHOBAHMMA, TPOBEICHHBIX TIO
OJIMMITUHCKOU CUCTEME «KAXKIbI UTPAET C KAKAbIM». Vin
npuMep TabIuIl, BCTPEYAIOIINXCS TIPH YUI€TEe MUTPAITMOHHBIX
MOTOKOB HaceJleHus. B cTpokax Takoit TaOIHIIBI CTOAT CTPAHEI, a B
CTONOIAaX — T€ K€ CTPaHbl, HO UTPAIOIIIKE POJIH IIEHTPOB
nMmurpainuu. Ha nepecedeHnn COOTBETCTBYIOLIEH CTPOKHU U
CTOJIOIAa — YUCIIO UMMUTPAHTOB.

OnuuM U3 coco0OB BCE-TaKW MPEJICTABUTH TAKUE TaOIHIBI B
BUJIE «OOBEKT-TIPU3HAK» COCTOMT B TOM, 4YTOOBI CUHTATh
00BEKTOM HE OTICNBHYIO CTPaHy, a SIBIICHUE MUTPAIIUU U3 CTPAHBI
A B cTpany B. OquH 13 IpU3HaKOB TAKOTO SIBJIEHUS — KOJIUYECTBO



WMMUTPAHTOB H T.NM. TaOnuia B 3TOM cllydae «BBITSHETCS» TIO
BEPTHKAJIIU H MIPEJICTAHET B HE COBCEM ITPUBBIYHOM BHJIE. 5<

Xapakmephvie npumepol

[TpuBenemM HECKOJIBKO MPUMEPOB W TIOCTapaeMcs cliejaTh HeOOIbIIOW 00630p
CIOCOOOB MPEACTABUTHh UMEIOIINECS JaHHBIE B BUC TAOJIHII.

% Ipumep 1. Dxonomuueckas mabnuya.

B xypHaie «DKcnepT» eKeroHo MmyoJuKyOTCs TaOJIUIIBI SKOHOMHUYECKIX
TOKA3aTeJICH JUIS IBYXCOT CaMBIX KPYITHBIX Npennpusatiii Poccun. B uncie
TAKUX MOKA3aTEJIEN YKa3bIBAKOTCS BAJIOBBIN TOIOBOM JOXO/I, BEIPAXKCHHBIN B
pyOJIsIX U AOJUTapax Mo CPEeaHETOA0BOMY KypCy, TEMIT pOCTa MPEAPHUATHS,
ero OamaHcoBasi MPUOBLIB 10 M TTOCIIE HAJIOTOOOJIOKEHHSI, & TAKKE YUCIIO
paboTaromux U HEKOTOPBIE MMPOU3BOIHBIE XaPAKTEPUCTUKH, OOIIETIPUHSTHIE B
HKOHOMHMKE, TUTIA IPOMU3BOTUTEIILHOCTH peaAnpusaTus. Kpome sToro, ykazana
TEeppUTOpHATIBLHAS M OTpacieBasi MPUHAJIC)KHOCTh NMpeAnpuaTrs. HaganpHbIii
(dbparMeHT TabIUIBI IPUBEACH Ha puC. 1.



1999

1998 KomnaHnus Pern| Otpacnb | Ob6be |Tem| O6be |banaH| MNpub | Konuy | MNpowu
OH M n M |coBasl| binb | €CTBO |3BOOU
peanu| poc |peanu| npub [nocne| paboT |TenbH
3auum| Ta |3auMu| binb |Harmor | alwm | ocTb

B | (%) B 3a |oobn| x3a |Tpyda
1998 1998 | 1998 | oxeH | 1998 | (TbIC.
r. r. r. |masa| r. |pyb./u
(MnH (MnH | (MnH | 1998 | (TbIC. | en.)
py6.)* gonn.)| py6.) | . yern.)
* * %%k (MHH
py6.)
1| 1PAO «E?C ONEKTPOIHE |, 0000 1| 0.0 | 223495 | 215343 | 16045.6 | 697.8 | 313.6
Poccun» preTuka
2| 2|0AO HedTAHasA n
«[asnpom»* HedTerasos
as 171295.0| 23.4 | 17496.9 |-22147.0(-30119.0| 278.4 | 615.3
NPOMBbILLMEH
HOCTb
3| 3|HedTanas HedTAHasA n
KOMMaHus HedTerasos
«JTYKonn»* as 81660.0 | 52.28341.2|2032.0| 573.0 | 102.0 | 800.6
NPOMBILLIIEH
HOCTb
4 Bawkunpckas Baw [HedpTAHas n
TOnnuBHaa Knpu |HedTerason
KoMnaHusa™ 4 as 33081.8 |—9.1|3379.1|1228.3| 517.2 | 104.8 | 315.7
NPOMBILLIIEH
HOCTb
5| 4|Cubupcko- HedTsHasa u
[anbHeBOCTOYHA HedTerasos
A HeQpTAHas as 31361.8 | 0.9 |3203.5 80.0 |392.0
KoMMaHus NPOMBILLIIEH
(«CngaHko»)***** HOCTb

*

Puc. 1. Tabnuia S5KOHOMHYECKHUX TTOKa3aTeNe KpyMHeHIIUX mpeaAnpustiii Poccun.

B panmpHelmeM MBI ITO3HAKOMHUMCSI C 3TOW TaOMHIlEH MOOJIIKE, a cerdyac

ClIelyeT OTMETUTh HEKOTOPbIE XapaKTepHbIE OCOOEHHOCTH  JIaHHBIX,
MPEICTAaBICHHBIX B ATON TabIuUIIE:

Q

a

OonbIIass 4acTh TMPU3HAKOB TAOIHIIBI WU3MEPSETCS YHCIOM — 3HAauYCHUEM
COOTBETCTBYIOIIECTO ITOKA3aTelisl; BCE KOJUYCCTBCHHBIC MPU3HAKH  MOTYT
NPUHUMATH JTIOOBIC BEIICCTBCHHBIC 3HAYCHHS B OMPECIICHHOM JHAIa3oHE;
MBIl MOXXEM CpPaBHHTH JIBa TPEANPHUATHS IO 3HAYCHUIO TOTO WA HHOTO
npu3Haka (HampuMmep, OTMETHTh, 4To Temm pocta ['a3llpoma Gonbine, yem
EDBC);

JAHHBIC HenonHbl — 3HAYCHHUS HEKOTOPHIX IPH3HAKOB HEHM3BECTHBI HIIN
HEJOCTOBEPHBI 110 TEM HIIM MHBIM IIPUYHHAM;



0 OOWMH W3 TPHU3HAKOB (BAJIOBBIH O00BEM TIPOM3BOJACTBA) [JII Pa3HBIX
NpEeANPUITHI NPUHUMAET 3HaYEHUs, OTIINYAIOIIHUECS Ha MTOPSIKU.

0O HEKOTOpble TMpHU3HAKK (HampuMmep, MPUHAUIEKHOCTh K OTpaciv) He
ABJISIIOTCSA YUCIOBBIMHU 110 CMBICITY (MX 3HAUEHUS SIBJISFOTCS JIMIIb METKAMH);

% Ipumep 2. Meouyunckas mabruya

B KpacHosipcke 1 He TOJIBKO B HEM BeChMa IMOMYJISIPHON IS anpoOaIun
Pa3TUYHBIX METO/IOB aHAIM3a TaHHBIX SIBJISIETCS TaK Ha3bIBaeMas TabauIa
ociioxHeHnr nHpapkTa Muokapaa. boiee moapoOHO 0 HElt OyaeT cka3zaHo B
TpeTheit rmaBe. HekoTopelie nccnemoBaresy, mpoOOBaBIINE CBOM CHIIBI Ha
3TOMU TabIuUIe, YTBEPHKIAIOT, YTO OHA COJICPYKUT OOJBITMHCTBO XapaKTEPHBIX
TPYAHOCTEN U TIOJIBOJAHBIX KaMHEH, KOTOPbIE BCTPEYAIOTCS IIPU aHAIHM3E
Ta0JIUL peasbHbIX (HE MOJENIbHBIX) JAHHBIX. YHUCIIO MPU3HAKOB B MOJIHOM
BapuaHTe Tabuuibl — 128, mo3TOMy NpUBEIEM Ha PUC. 2 HECKOJIBKO CTPOK
TaOJIAIIBI C TEMU IPU3HAKAMU, YTO BOIIUTH HA HKpaH KOMITHIOTEPA.

FIO AGE [SEX |INF aMaM  |STENDK_ &N [FE_STEMOK |iBS POST |
1 B3 0 1] 1] 1] 1]
2_ K.azaHues B K. 51 1 1] B 2 1
3_ Bukynos B.1. a3 1 ] ] ] ]
4_ Beictpos .11, 55 1 0 0 0 0
5_ BonpkuHa M.C. g9 1] ] ] ] 2
E_ Bacunees B.I' a7 1 1] 1] 1] 1]
.'-"_ WenkoeHMkoE B.C. 51 1 1 1 1 1
8_ Mpoxopoe Bk, B3 1 0 0 0 0
EI_ MoTelmumHH MoA, 71 1 1 1 1 2
L Koznoea H.H. 45 a 1l 1 2 1
L K.oHowkuH BT, 50 1 1 1 1 2
12 |PocTos H.A. 53 1 1] 1] 1] 1]
13 |Bocrpukos B.C. 43 1 ] ] ] ]

Puc. 2. Tabnuua ocnoxHeHnd HH(apKTa MHOKap/a.

Kak u B NpCaAbIAYIIEM CIIYUAC OTMCTHUM XaPAKTCPHBIC YCPTHI TAKOT'O Ha6opa
JaHHBIX.

o Oousiblliasi 4YacTh MPU3HAKOB — 3TO OMHAPHO 3aKOJUPOBAHHBIE OTBETHl Ha
BOIIPOCHI, TO €CTh E€AWUHHUIIA COOTBETCTBYET OTBETY «Ja», HOJIb — «HET»;
KpOME 3TOr0, BCTPEYAIOTCS TaKUE MPU3HAKU, KOTOPHIE XOTh M NMPUHUMAIOT
LEJIOYMCIICHHbIE 3HAYEHUS W3 ONPENIEJIEHHOTO Juana3oHa, HO HE HUMEeT
OONBIIOTO CMBICTA CpPaBHUBATh JBYX IMAIIMCHTOB 10 BEIWYMHE TaKHUX



MIPU3HAKOB, TO €CTh CAMO YHCJIOBOE 3HAYEHHE — ATO TOXKE BCETO JIUIITh METKA
OTBETa Ha BONPOC (KOTJa OTBETOB «a» U «HET» - HEJOCTATOUHO).

% Ipumep 3. Hdannvie monumopunaa

HccitenoBareiib MOKET 110 CYTH HMETh JIEJI0 C OJTHUM U TEM K€ 00BEKTOM,
HaOMIoZasl ero pas3lM4HbIC COCTOSHHS. BecbMa TONYJISPHBIM  OOBEKTOM
HaOIIOJIEHUs SBISIETCS OMpka MEeHHBIX Oymar. Ero cocrosHue MOXeT OBITh
OXapaKTePU30BaHO HECKOJBKHMH JICCATKAMH Pa3JMYHBIX IapamMeTpoB —
(DUHAHCOBBIX HWHIAMKATOPOB, KOTOPBIE HW3MEHSIOTCS €XCIHEBHO WM JaXKe
€)KEMUHYTHO.

Ha pwuc. 3 m3oOpaxkeHa tabiuia, riae MOKa3aHO HECKOJIBKO COCTOSTHUI
donmoBoro peiHka CIIA, kaxaoe U3 KOTOPHIX XapaKTEpU3yeTCsl 3HAUYCHUEM U
MOCJICTHUM HM3MCHCHHEM IIECTH OCHOBHBIX (PMHAHCOBBIX WHAMKATOpPOB. boiee
noapoOHas TabIuIa BKITIOYAST 3HAYCHUS HECKOIBKUX COTEH MHJICKCOB.

Dow 30 S&P 500 Nasdaq AMEX Nyse

Date Time Industrials Index Composite Composite Composite
Value |Change| Value |Change| Value |Change| Value |Change| Value |Change
21.07.2000 6.50PM|10733.56| -110.31| 1480.19| -15.38| 4094.45| -90.11| 927.64| -12.14| 655.38 -4.81
22.07.2000 6.50PM|10628.51| -105.05| 1470.16] -10.03| 4014.14| -80.31| 917.58| -10.06| 650.35 -5.03
23.07.2000 6.50PM|10514.29| -114.22| 1465.01 -5.15 4004.02] -10.12| 918.62 +1.04] 648.15 -2.20

Puc. 3. Tabnuna ocHoBHBIX GoHAOBBIX HHIEKCOB CLIIA.

% Ipumep 4. Yacmommuwiii anaiusz mexcmosou 6azvl OAHHbIX

B cnydae, ecnu mpeAMETOM HCCIENOBAaHUS SIBISIETCS HEKOTOpas
COBOKYITHOCTH TEKCTOB (HAIpUMEP, BCE CTAThH, ONTyOJIMKOBAaHHBIC B JKypHaJE 3a
JIECATH JIET), TO COJIepKaHNe (€CTECTBEHHO, HE CMBICIIOBOE, a (DOPMAITBLHOE) ITHUX
TEKCTOB MOXKHO TPEJICTABUTH B BUJEC YACTOTHOMN TaOIHIIHI.

Jlnst  cocTaBieHUs TakoW TaONMMIBI CHayaja MPOBOJIUTCA TOJHBIN
YaCTOTHBIA aHAJU3 BCEM TEKCTOBOM 0a3bl M HAXOJATCS HamboJee YacTo
ynotpebisieMble cioBa (Kak MpaBWIO, MPU YAaCTOTHOM AaHAIU3€ WTHOPHPYIOT
pa3IuyHbIE BapUaHThl HAMMKMCAHUS CJIOB, TO €CTh UX OKOHYAHHUS U T.J., a TAKKE
BBIOPACHIBAIOT 3aBEOMO OeccojepKaTelIbHbIe, HO YacTO YIOTPEOIsIEMBbIC
cloBa-CBsI3KM). B pe3ynbTate cocTaBisieTcsd CIOBapb M3  HEKOTOPOIO
(dbukcupoBaHHOr0o Habopa HamboJee YacTo YIOTPEOJIEMBIX CIIOB BO BCEH
COBOKYITHOCTH TEKCTOB. JTOT CJOBapb W WrpaeT pojib Habopa NPU3HAKOB,
XapaKTEPU3YIOMINX KK OTACIBbHBIN TeKCT u3 0a3bl. Kaxkaplil Mpu3HAK — 3TO



OTJENIBHOE CIIOBO U3 CJIOBapsl, €ro 3Ha4eHHE Il KOHKPETHOTO TEKCTa — YUCIIO,
OTIMCHIBAIOIIEE CKOJIBKO Pa3 JaHHOE CIIOBO OBLIO BCTPEUYCHO B TEKCTE.

Ha puc.4 mpuBoamtcs mpocTas dYacToTHas TaOnuIa, TA€ B KadecTBe
00BEKTOB BHIOpaHBI pa3feiibl dTOM KHUTH, KOTOPHIC OMHCHIBAIOTCS YaCTOTAMHU
HEKOTOPBIX CaMbIX PACIIPOCTPAHEHHBIX B TEKCTE KHUTH CIIOB.

B kauectBe xapakTepHOW OCOOEHHOCTH JAaHHOW TaOJHIIBI yKaKeM
() (91 4% 10 11 (STeK

O ecCJM TeKCToBas 0a3a 0YeHb HEOJHOPOHA MO COJIEpkKaHUIO (Hampumep, 6aza
n3 Bcex crareii UseNet), To s TOro, 4ToObl MOKHO OBIJIO OXBATHTH BCE
TeMbl, YaCTOTHBIM CIOBaph JODKEH COJEpKaTh JOCTATOYHO MHOTO
cinoBoopM; HEOOXOAUMOE YHCIIO CTOJOIIOB B YACTOTHOW TaOJIMIIE MOXKET
BBIPACTH JI0 THICSYH; MPU ITOM CaMa YacTOTHAas TaOJMIIa OKaKETCS OYCHD
pa3peKeHHON — Oy/IeT CoaepKaTh OOJIBIIOE KOJTUICCTBO HYJICH.

TekeT AaHH TOYK KapT | momen | ceTkK Tabn | Busyan
Mupkec E.M. HelipokomnbloTep. | 0.006558| 0.000822| 0.000249| 0.000000| 0.014876| 0.003212| 0.000000

MpoekT cTaHgapTa.
Fop6aHb A.H. [leMoH JapBuHa 0.001367| 0.000481| 0.000751| 0.009319| 0.000154| 0.000058| 0.000019

Busyanunsauus gaHHbix. [naea 1 | 0.025356| 0.003356| 0.010938| 0.007644| 0.003356| 0.004164| 0.001678
Busyanusauus gaHHbix. [naea 2 | 0.017673| 0.004564| 0.004467| 0.004273| 0.011750| 0.000777| 0.001457
Busyanusauusa gaHHbix. [nasa 3 | 0.020914| 0.000775| 0.018203| 0.000387| 0.003098| 0.009295| 0.003486

Puc. 4. YacToTHBI aHANM3 COEpKAHUS TJIaB dTON KHUTH
Ha GOHE IBYX APYTUX KHHUT.

[IpenosxkeHHBIH CIMOCOO COCTABJICHUS YAaCTOTHBIX TaOJIHIl JOCTATOYHO
ITUPOKO TPHUMEHSCTCS JIJII aBTOMATHU3WPOBAHHOTO COCTABJIICHHS KaTajora
TEKCTOBBIX 0a3. [103HAKOMUTBLCS C MPUMEHEHUSMHU TaKOTO IOJX0Ja MOXKHO B
Nurepuere (http://websom.hut.fi) u B padotax [7,22,45,77].

% Ipumep 5. Ilpoecnosuposanue nosedenus epemennozo psioa

[Ipeamonoxum, 4TO PE3ylbTaTOM HEKOTOPHIX HAOIIOACHHWHA SBISCTCS
BPEMEHHOW psif — MHPOPMAIUS O COCTOSHHUU KaKOTO-TO SIBICHUS (Hampumep,
Kypca posuiapa Ha toprax MMBDB) B pa3Hbie MOMEHTHI BpeMeHH. MOXkKHO
MOCTaBUTh 337a4y IMPOTHO3MPOBAHUS MOBEJACHUS BPEMEHHOIO psla, TO €CTh
MpeIcKa3aHusl 3HAUYCHUs KaKWX-TO BEJTUYHMH B Oydylue MOMEHTHI BpeMeHu. B
ATOM HalpaBJI€HUU CYHIECTBYIOT JIBa MOJIXO0/IA.

B nmepBoM mpeanosiaraercsi, 4To 3HAYEHUE BEIMYMHBI 3aBUCUT TJIABHBIM
00pa3oM OT HEKOTOPHIX CTOPOHHUX (PAKTOPOB W 3ajJaya MpeJICKa3aHUs B 3TOM
Cly4ae CBOAMUTCS K BBISIBICHUIO 3aBUCUMOCTHU IMPOTHO3UPYEMOM BEIUYMUHBI OT



apyrux ¢akTtopoB. s Takoro moaxoaa yaoOHO MPENCTaBIsATh BPEMEHHOUW PsijT
B E€CTECTBEHHOM BHJE, TO €CTh BBHIOMpaTh B KaueCTBE NPU3HAKOB BpPEMS
HaOJIIO/ICHNS, YWCICHHOE 3HAYCHHE NPOTHO3MPYEMOW BEIWYMHBI, 3HAYCHUS
OCTaJbHBIX (PAaKTOPOB, PEAMOIOKUTEITHFHO UMEIOIINX OTHOIIIEHHUE K JICTY.

Btopoit moaxon mpeamosiaracT, 4To 3HAYCHHE KaKOW-TMOO BEITUYMHBI
MOXHO TIpeJIcKa3aTh, €CJIM 3HAaTh €€ MOBEJCHHUE B NMPOLUIOM. B 3TOM cirydae
n3ydaeMblii 00BEKT — 3TO (PakT TOTO, YTO MPOTHO3UpYEMasi BeIUYMHA TPUHSIIA
ONPEACIICHHOE 3HAYEHHUE BMECTE C ONPEACICHHON MPEAbICTOPUEN N3MEHEHHUS
BEJIMYUHBI B TTPOIILIOM.

PaccMoTpuM B KauecTBE KOHKPETHOrO TpHUMEPA, KaK MOXKHO
npeoOpazoBaTh MPOCTYIO TAOIUIlYy U3MEHEHHs Kypca JoJuiapa Juisi MPUMEHEHUS
MOCJIEIHETO W3 YIMOMSHYTHIX MOAXOA0B. B KkadecTBe mNpuU3HAKOB BbIOEpPEM
3HaQYEHHE CaMOro Kypca, a TakKe 3HauyeHUs Kypca 3a IOCIEIHUE n JHEH.
dparMeHT Takou TaOIUIBI MPUBEICH HA pHUC. 5.

a Ta6J'II/II_Ia NMCCT XapaKTepHBIﬁ BUJ: 3HAUCHHA IIPHU3HAKOB CMCHIAIOTCA B
Ka)X 01 HOCJ'ICZ[YIOH.[GIZ CTPOKC Ha OAHY IMO3HUIINIO BITPABO.

N1 w2 Iuz qm4 ns [ne N7 nm

1745[111197 5838 583 589 583 583 583 5889
1746121197 5899 583 589 ERI 589 HEI 589
1747131197 58005 5839 5898 583 589 HRI 589
1748[1411-57 58005 59005 5899 EA%S 589 HRI 589
1743151197 59015 59005 59005 5833 5898 583 589
1750[16-11-97 58015 59015 59005 59005 5899  HRIE 589
1751[17-11-97 59015 59015 59015 59005 59005 5839 5898
1752[18-11-57 5803 59015 59015 59015 59005 59005 5.899
1753[19-11-97 5905 5903 59015 59M5 59015 59005 5900
1754|20411-57 59085 5905 5803 G595 GA0I5 5905 5.800
1755|21-11.97 59085 59065 5905 5903 GA015 59015 5801
1756|2217 59105 59005 59065 5905 5903 59015 5901
1757|2311-97 59105 59105 59085 659065 5905 5903 54901
1758|24-11-57 59105 59105 59105 59085 59065 5905 5803
1759|25-11-97 6412 59105 55105 59105 59085 59065 5.905
1760|26-11-97 5914 5912 53105 59105 59105 59085 5906
1761|2711-97 5416 5914 5512 59105 59105 59105 5908

1762)28-11-87 5917 5316 5914 5312 5905 5905 5910
17ezl7a4187 Rata Rair RaolR RaOid Foi?  ROinE Rain

Puc. 5. Tabnuna naMenenuit Kypca jomiapa.



300n02us wikan Nnpu3HaAKoe

B BrImeonucaHHbIX TpUMEpax OOBEKTHI HCCIICIOBAHUS OIHCHIBAIHCH
MpU3HAKaMH, KOTOPBIE OTIMYAIUCH APYr OT Apyra JOMYCTHMBIMH Habopammu
3HaueHWil. OnuieM pa3iauyHble THUIbl  WKAL  HNPU3HAKOE  COTJIACHO
OOIIETIPUHATHIM OIPEICTCHHSIM:

0 HenpepvléHas IKajla — MPHU3HAK B ITOW INKaJle MOXKET MPHHUMATH JH000€
BEILIECTBEHHOE 3HAYEHHUE; pa3yMeeTcsl, HEKOTOpble TMPU3HAKA MOTYT
MIPUHUMATh, HAIIPUMED, TOJIBKO MOJIOKUTEIbHBIE 3HAYEHUS, TO €CTh JIEKATh
B OTIPEJICIICHHOM JIOITyCTUMOM OUANA30HE;

QO OuckpemHvle TIKaAbl — MPUMEHSIOTCS B TOM Ciy4ae, €CIM TPU3HAK HE
SBJSETCS TIO CMBICIY 3a/J1a4d BEIIECTBEHHBIM YHMCIIOM; 3JE€Ch €CTh JBa
CYILIECTBEHHO Pa3HbIX BAPUAHTA:

¢ HOMUHAbHbIE TIKAIBl — MPUMEHAIOTCS, €CIU LEJI0E YHUCIO He
SBIISICTCS BBIPAKCHHEM KaKOW-TMOO MEphl, a CIYKUT MPOCTO METKOU
BapHaHTa OTBETa HA BOIPOC; B CIy4ae €CJU JOMYCTUMBIMU BapUaHTAMHU
OTBETA SIBJIIOTCS TOJIBKO «Jla» U «HET», IIKaJIa Ha3bIBACTCA OUHAPHOU U
MpU3HAK OpuHUMAET 3HaueHue 1 win 0 ;

¢ NopsAOKo8ble WIH OpPOUHANbHbIe IIKAJIbl — MPUMEHSIOTCS, €CIU
LEJI0€ YKCIIO OTPakaeT CTENEHb MPOSBICHUS OMNPEIEICHHOTO KadyecTBa
(HampuMep, CTENEeHb YBEPEHHOCTU B OTBETE); MOPSAJKOBAs IIKajJa MOXKET
U3MEHATHCA a) OT OJHOW MPOTUBOIOJOXHOCTH 1O JAPYroM W TOrja
JOMYCTUMbIE 3HAYEHUs PACMOJIAratoTCd CUMMETPUYHO OTHOCHUTEIBHO
HYJIS — TOYKA HEONPEJEICHHOCTH; 0) OT TOYKH OTCYTCTBHUS KauyecTBa 0
TOYKH HAWBBICHIETO €ro MPOSIBIICHUS — U TOTJAa €CTECTBEHHO MPHUIABATh
MPU3HAKY TOJIBKO MOJIOKUTEIbHBIE 3HAUCHUSI.

< OTHOCHTEIHHO HOMHUHAIBHBIX TIPU3HAKOB MOXKHO CICIaTh
cienyrollee 3amedanne — B nutepartype [1,19,34] Bcrpeuatorcs
pEeKOMEHIallnK pa3OMBaTh JIOOYI0 HOMHUHAIBHYIO IIKajdy Ha
HECKOJIbKO OWHApPHBIX, B COOTBETCTBUU C TPHUCYTCTBHEM WA
OTCYTCTBHEM KaKOT0-TH00 BapHaHTa oTBeTa <

UccnenoBatens MOMKEH MPEXKIAE BCETO YETKO MPEACTABIATh B KAKUX
IIKajax U3MEPSAIOTCS T€ WIM UHbIC MPU3HAKU. THUI MIKaJbl MOXET OBITh Ba)KCH
JUI. OTBETa Ha BOIIPOC HCCIEHOBATENS: eciu 08a AGAEHUS OMAUYAIOMCH, MO
HACKONILKO CUNBHO!

Bri0op mikainbl ocymiecTBiseTcss He GOpMalIbHBIM 00pa3oM, a TOJIBKO IO
CMBICITY 3a7a4y¥. B mpumepe ¢ SKOHOMHUYECKOW TaOJUIIeH YHCIIO pabOTarONINX
Ha MPEATNPHUATAN MOXKET U3MEPSITHCS IEIBIM YUCIIOM (€CIIH BHIOpaTh B KA4eCTBE



CAVHUIIBI U3MEPEHUs TOYHOE YHUCIO JIIOJCH), OJHAKO MPHU3HAK IO CMBICITY BCE
PaBHO M3MeEpSIETCs] B HEMPEPHIBHON IIKaie (TakK, €CIu U3MEPSTh B THICAYAX, TO
MpU3HAK HauYHET MPUHUMATH ApoOHbIe 3HadeHUs). C Ipyrod CTOPOHBI, MOXKHO
MPEBPATUTH ITOT MPU3HAK B OPJIWHAIBHBIN, €CITU Pa30UTh BCE MPEANPHUATHS TIO
KaTeropusiM OTHOCUTENbHO 4ymciia pabotHukoB (0 - manoe, 1 - cpennee, 2 -
KpYITHOE, 3 - CBEPXKPYITHOE MPEANPUITHE U T.I1.).

Hexomopuie npeosapumenvhbvie 661600061

Wtak, mpeaMeToM HaIero MCCiaeoBaHusl OyAyT MPEXe BCETO TAOIHUIIBI
JaHHBIX, TIOJYYCHHBIX B pe3yJabTaTe HAOIMIOACHHS 32 HM3y4aeMOW CHCTEMOM
00BeKTOB WM siBIeHHEeM. Emie pa3 oTMeTmm, 4To caMo 1o ceOe MOoCTpoeHue
TaOJIMIBI  MpEArojaraeT, 4YTO HWCCIICIOBAaHUIO  3aJaHO  OMPEACIICHHOC
HaIpaBJICHHUE, a 00 00JIaCTH MCCIICIOBAHUS UMEETCS KaKOe-TO MPEeABAPUTEIHLHOE
npeacraBieHue. TakuM oOpa3oM, y)Ke Ha dTare coOMpaHHs JaHHBIX JIEIacTCs
MIEPBBIN IIar K abCTparupoBaHWIO OT KOHKPETHOM JIEHCTBUTEIBHOCTH, KOT/Ia U3
OCCKOHEYHOTO  4YHCJa CIIOCOOOB  OMHCHIBATH  OOBEKTHI  HCCIICIOBaHUS
BBIOMpAETCS OJIMH, XapaKTEepPU3yeMbIdH BHIOOPOM HaOoOpa MPU3HAKOB, C
MTOMOIIBI0 KOTOPOTO OOBEKTHI OTACISIOTCS IPYT OT ApYyra.

3a coOmpaHneM JaHHBIX CIEAYyeT MX aHalln3, KOHEYHAas 1e7b KOTOPOTo —
M3BJICUCHHUE ONPENCIICHHOTO poja uxgopmayuu, wid, 6onee o010, 3HaHUL W3
TaOJIUIIBL.

Kak BugHO W3 mpUMeEpoB, Ha TMPaKTUKE B TaONHMIIAX THMA «OOBEKT-
MPU3HAK» YHCIIO 00BEKTOB (CTPOK TAOJIHUIBI) OOBIYHO M3MEPSETCS THICSYaMHU, a
YUCJIO TIPU3HAKOB (CTOJOIOB TAOJMUIIBI) — COTHAMH. ECTECTBEHHO, dYTO
BOCIIPHUSITHE TAKOTO MAacCHBa JAaHHBIX BEChbMa 3aTPYIAHEHO, a CIEJOBATEIhHO,
3aTpyaHEH W aHanu3. ['paduku WM quarpaMMbl CITIOCOOHBI HATIISITHO MOKA3aTh
OTHOIICHHS JIMIIb MEXKAY ABYMSI-TpEMSI TMpPH3HAKAMU, OCTABIISISI OCTaJIbHBIC
KOJIMYECTBEHHBIC XApPAaKTEPUCTHKU 3a TpeeTaMH BHUMAHUS HCCIEIOBATEINS.
Takum oOpazom, yem OoJiee TPHU3HAKOB COJNEPKUT TaOIWIA, TEM, C OJHOU
CTOPOHBI TIOJTHEE OIMCHIBAIOTCS OOBEKTHI HMCCIEAOBAHUSA, a C JIPYrOd — TeM
TpyJIHEE U3BJIEKATh U3 TAOJUIIBI HEOOXOAUMYIO HH(DOPMAIIHFO.

W3nokeHHBIE pdajiee METONbl M HUACH OyIyT HaIpaBJICHBI TJIAaBHBIM
oOpa3oM Ha TO, YTOOBI CO3/IaTh y HCCIEIOBATENII HEKOTOPBIN IEIOCTHBIN
HaTJISAIHBIA 00pa3 JaHHBIX, C TOMOIILI0 KOTOPOT'O OH MOT OBl OPHEHTHPOBATHCS
B O€CKOHEUHBIX MOJSX YUCEI, COOPAaHHBIX B OOJIBIINX TaOIHIIAX.

Bonee Toro, B CBSI3M C OCHOBHOM TEMOH W3JIOKEHHUS HaM OyayT
HEWHTEPECHBI TAOJUIBI C YHCIOM CTOJIOIIOB MEHEE YETHIPEX, MOCKOJBKY IS
TakuxX TaOMUIl BHOJMHE JS(PPEKTHBHO MOTYT TPUMEHSATHCS TPAJIUIIMOHHBIS
METO/IbI PEJICTABICHUS JaHHBIX.



1.1.2. IlpencraBieHne JaHHBIX B aOCTPAKTHOM BHJIC.

[lepBpIM 1IaromMm Ha TYTH K CO3J@aHHUIO HArJISAHOTO 00Opas3a JaHHBIX
SIBJISICTCSI TIPEJICTABIIEHHE OOBEKTOB (CTPOK TAOJIMIIBI) B BHJIC TE€OMETPHUICCKUX
o6pa3zoB. [Ipu 3TOM clieyeT y4ecTh HECKOJIBKO BO3MOXKHBIX OOCTOSTEIbCTB:

0 3HAYCHUS MPU3HAKOB, KaK MPaBUJIO, U3BECTHBI HE a0COIIOTHO JOCTOBEPHO, a
C HEKOTOPOUW KOHEYHOU mMOYHOCmbI0; Pa3yMeeTcs, 3T0 3aMEYaHUe YMECTHO B
CJy4yae IPUMEHEHUS HETPEPBIBHBIX LKA IPU3HAKOB;

Q i1 3HAYECHUM HEKOTOPBIX MPU3HAKOB MOTYT JOMYCKAThCS OMPEICIICHHBIE
OTKJIOHEHMSI, BEIMYMHBI KOTOPBIX YCTAHABIMBAIOTCS 3JPABBIM CMBICIOM U
3a/lauaMM MCCIIEIOBAHUS; B 3TOM CIlydae rOBOPST, UTO JAHHBIE U3MEPEHBI C
OTIPEICIICHHBIM 00NYCKOM;

< He CIleAyeT CMEIIMBATh MOHITHS JOMYCKa ¥ TOYHOCTH; TOYHOCTD —
3TO OTKJIOHGHHE OT HEKOTOPOTO «HCTHUHHOTO» 3HAYCHUS,
ompeaensIeMoe BO3MOXKHOCTSIMH  W3MEPHUTEIIBHON — ammaparyphl,
METOIMKOW OKCIIEPUMEHTA HM T.J., TO €CTh BHCIIHUMH
O0OBEKTUBHBIMU TPHYUHAMH; JOMYCK — 3TO TaKOe OTKJIOHEHHE,
KOTOPBIM  HCCJICJIOBATEIb HAMEPEHHO IMPEHEOperaer, MOCKOIbKY
OHO HE UIpaeT 3HAYUMOM pOJIKM B €ro 3ajaue, B Ipejaeiax 3TOro
OTKJIOHEHHSI MCCJIENOBATEIb CYWUTAET JIIOObIE JBa 3HAYEHMS
MpHU3HAKa COBIAAIONIMMH; €CTCCTBCHHO, YTO 3HAUCHHUE OIYCKa,
BOOOIIIE TOBOPSI, HE MOXKET ObITh MEHBIIIE TOYHOCTH <

o wuHbopMmanus 00 OTHENbHBIX OOBEKTaX MOXET OBITh U3BECTHA HE
TOJTHOCTHIO, B ATOM CJIy4ae TOBOPST O JAHHBIX, COJIEPKAIIUX 1pobebl; IPU
9TOM, Kak TMPaBWIO, HAa HEJOCTAIOIINE WU HEJOCTOBEPHBIE 3HAUYCHUS
MIPU3HAKOB MOYKHO HAJIOKUTh HEKOTOPBIE allpUOPHBIE OTPAHUYCHUSL.

YnoMmsiHyThIE 00CTOSITEILCTBA TTPUBOIAT K TOMY, YTO OTICIBHBIA OOBEKT
U3 UCCIIEAyeMOI COBOKYITHOCTH JTAHHBIX MOKET OBITh MPEACTABIIEH C MMOMOIIBIO
OJIHOTO M3 CJIEIYIONINX T€OMETPHUYECKHX 00pa3oB B HEKOTOPOM aOCTPaKTHOM
npocrpancTse R” ( m — uncino npu3HakoB 00bEKTA):

MOYKOU — B CIIy4ae €CiIM 00BEKT XapaKTepU3yeTcss HAOOPOM JUCKPETHBIX
MPU3HAKOB, WM CUUTAETCS, YTO BCE €ro MPU3HAKU U3BECTHBI C aOCOITIOTHOU
TOYHOCTBIO; KOOPJIMHATaMH TOYKH SBIISIIOTCS 3HAYEHHS COOTBETCTBYIOLIUX
IIPU3HAKOB;



M-MEPHOU cqhepotl WIN SANUNCOUOOM — €CITH 3a1a€TCS TOTPEITHOCTD (WITH
JOMYCTIMOE OTKJIOHEHHUE) TOJIOKECHHSI 00BEKTa B aOCTPAKTHOM MPOCTPAHCTBE
JAHHBIX OTHOCUTEIHHO TUIIOTETUYECKOTO TOUYHOTO MOJIOKEHUS;

M-MEPHBIM NapaiieienunedomM — €eCIH TIOTPEIIHOCTh (W JOMYCK)
3a/IaI0TCS OTAEIBHO JJISl KaXKJA0r0 U3 IPU3HAKOB;

ompe3Kom NPSAMOU, NapaAJIEIIbHOW OJTHOM U3 KOOPAUHATHBIX OCEU — €CIIH
OJIH U3 IIPU3HAKOB HEU3BECTEH, @ OCTAJIbHBIE U3BECTHBI TOYHO; JUIMHA OTPE3Ka
OTpa)kaeT alpUOPHBIM JOIYCTUMBIM JHANA30H, B KOTOPOM MOYKET HaXOAUTHCA
MPOMYLIEHHOE 3HAYEHUE;

KYCKOM k-MEPHOM niocKocmu, €Ciii MpOIyILIEeHbl k 3HauYeHUN U3 Habopa
MPU3HAKOB O0BEKTA;

KYCKOM Kk-MEpPHOTO C/10si HEKOTOPOW TOJIIUHBI — €ClIu k 3HaYeHUI
MPU3HAKOB B Ha0Ope NPOMYIIEHBI, a OCTAIbHBIE H3BECTHHI C HEKOTOPOM
TOYHOCTBIO, IPU 3TOM TOJIIIMHA CJIOSl OTPAXaeT 3HAUYEHHWE TOYHOCTHU (WJIU
JIOITYCKa).

[Tocne comocTaBiaeHNs KaKIOMY U3 00BEKTOB T€OMETPHUECKOT0 00pasa B
a0CTpPAaKTHOM MHOTOMEPHOM TPOCTPAHCTBE JJAHHBIX BO3HHMKACT OO0JIAKO U3
TCOMETPUYECCKHX OOBEKTOB, KOTOPOE W OTPaXaeT CTPYKTYpPY HCCIEAYEMOTO
Ha0bopa MaHHBIX. M3ydas 3T0 00JIako, MBI, TEM CaMbIM OyleM H3ydaTh CaMH
JTaHHBIC.

OnHako, I TOTO, 9TOOBI TOBOPUTH O TEOMETPUYCCKHX OTHOIICHHUSX
BHYTpH oOOJlaka JaHHBIX, CJIEIyeT PEIIUTh BaXXHBIH BOIPOC O BBIOOPE
MOJIXOISIIEH Mempuxu i IpocTpaHcTBa. He ompeaenuBImch B 3TOM BOIIpOCe,
WCCIICZIOBATE)Ib HE MOXKET OTBETHTH Ha BOIPOC O TOM, HACKOAbKO CUILHO NO
c8OUM CBOUICMBAM O00UH 00vekm omauyaemcs om Opyeoeo. OT ymadyHOTO
BBIOOpa METPUKH YaCTO 3aBUCUT HACKOJIBKO FeOMETpHUIecKast MeTadopa JaHHBIX
COOTBETCTBYET CTPYKTYPE CAMUX JIaHHBIX.

Bo BTOpO#i TI1aBe HaMU OyIyT PacCMOTPEHBI KOHKPETHBIC (OPMYJIIBI ISt
pacdera pacCTOSIHMSI MEXAy IBYMS OOBEKTaMH IS HEKOTOPBIX HamOoJjee
pacnpoCTpaHCHHBIX BapUaHTOB BBIOOpAa METPUKH. 371eCh KE OTPaHUIUMCS
CJICIYIOITMMH Ka4eCTBCHHBIMH 3aMCYaHUSIMHU:

QO JOCTaTOYHO OYEBHJHO TPEOOBAaHUE TOrO, YTOOBI PACCTOSHUE MEXKIY
00BEKTaMHU HE 3aBHCEJIO OT TOTO, MEPSIEM JIH MBI €T0 OT IEPBOTO 00BEKTA JI0
BTOPOT'O WJIA OT BTOPOTO K IEPBOMY;

Q JJi IpaBUjia BBIYUCICHUS! PACCTOSHUMN JOJDKHO BBIMOJHITHCS «HEPABEHCTBO
TpEyroJibHUKa» (pUc. 6), CMBICII KOTOPOTO COCTOMT B TOM, YTO PACCTOSHUE
MEXIy IBYMS OOBEKTaMH JIODKHO BBIYHCIATHCS B KAKOM-TO CMBICIIE 10
KpaT4yaulller JTUHNUY;



O B Ciy4dae €CIu TPU3HAKH OOBEKTAa NPUHUMAIOT IUCKPETHBIE HaOOPHI
3HAUYEHWH,  MPaBWIO  BBIUYUCICHHUS  PACCTOSHUS  JTOJDKHO  OBITH
COOTBETCTBYIOITUM 00pa3oM MOAUGHUIIMPOBAHO IS TOTO, YTOOBI JIydIle
COOTBETCTBOBATH CHENU(PUKE TAKUX ITKAJ MPU3HAKOB — TaK JIJIST TOPSIKOBBIX
MPU3HAKOB YacTO NMPUMEHSETCS TaK Ha3blBaeMas rOpoJICKasi METPUKa, a JIs
OMHApHBIX — paccTosiHue XAIMMUHTa (puc. 7a u 70)
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Puc. 6. HepaBenctaa Puc. 7a. T'opoackas Puc. 76. Paccrosiaue
TPEYroJIbHUKA METpUKa X3MMUHra

1.2. Urpsol ¢ fanabiMu. O0psIbI M PUTYAJIBI.
1.2.1. [ToueMy Bce Tak HECEPHE3HO?

[Todyemy wurpsl, 0OpsABI U PUTYAIBI, @ HE IPOCTO METOABI aHaym3a? Peub
MOMIET O JOCTATOYHO CEPhE3HBIX BEMIaX, U O BIOJHE PAOOTAMOIIUX METOJAX
paboTtel ¢ gaHHBIMU. OHAKO 3a MpeaeaMu 1000 METOI0JIOTHH JICKHUT OITBIT
UCCIIeIOBATEINS, KOTOPBIA TPYIHO WJIM HEBO3MOXXHO (popman3oBath. [IpounTtas
YU4EOHMK 10 MAaTEeMAaTHYeCKOW  CTATUCTHKE, MOXKHO YSACHUTH  ce0e
METOJIOJIOTHYECKAE OCHOBBI aHaJM3a JAaHHBIX, HO Ha TMPAKTHKE BCEr/Ia
OKXETCS, YTO KPOME TOTO, UTO «HAJO JIeJIaTh, IOTOMY YTO 3TO OIPABIaHHO»
€CTh €IIe TO, YTO «OOBIYHO JENAr0T, HE OCOOEHHO 3aIyMbIBasCh». CioBaMu
TICUXOJIOTOB — «HA KaKJIbIM MOJIC3HBIA COBET HY)KHO €III¢ THICSYa O TOM, KaK ero
BBITIOJTHUATE».

DTO M COCTaBISACT OCHOBY «0OOpsIIOB» oOpamieHus ¢ JaHHbIMH. OOpsia —
9TO OJHOBPEMEHHO JCHCTBHS, OINpPAaBIAHHBIE C TOYKH 3PCHHUS CTPOTOM
METOJIOJIOTHH W TO, YTO HKCCIEeNOBaTeNb JIeNaeT, He OCOOEHHO 3a7aBascCh
CTPOTHM JI0Ka3aTeIbCTBOM HEOOXOAMMOCTH CBOMX AeHCTBHE. OOpsa COCTOMT
U3 psAga «puUTyanoB» (OOWH U3 PHUTYyaloB — OOpalleHue K CTPOTHM
METOIMYECKUM TPHHIUIIAM W TEPMHUHAM), MHOXXECTBO OOpSJIOB 00pa3yroT
(dbopmManbHBIC U HeOpMaTbHBIC TTPABUIIA UTPHI C TAaHHBIMHU.

Cutyarus 3Ta HE SBJISICTCS CHCHU(MUIHON I IPUKIIAIHON CTaTUCTHKH.
B ¢wusuke, Hampumep, MpakTHYECKH HEBO3MOXHO (HOPMaIM30BaTh CITIOCOOBI



COOTHECEHHS PEATbHOMY OOBEKTY €Tr0 TEOPETHYECKOW MOJENH, B YeM OOBIYHO
COCTOUT CIIO)KHOCTh M3y4JalomuX (PU3NKy — 00IIIMEe IPUHIIAITEI N3BECTHBI, HO KaK
«BCTaBUTb» B YPaBHEHMS [IaHHOE PEAJIbHOE SIBJIEHWE — BCE ATO OCTAETCs 3a
pamkamu. Jlins Toro, ytoObl HaOpaThCsAd HEPOPMATBLHOTO OIBITA YYAIIHACS
pemraet OOJBIIOE YHCIIO CTAaHAAPTHBIX 3a/1a4, C MTOMOIIBI0 KOTOPBIX OH YSICHSIET
KaK MOKHO BOIUIOTUTH T€ WJIM UHBIE TEOPETUUECKUE TPUHIIUTIBL.

[IpuBenem nmpumep. UTo nenaeT uccienoBaTeilb B IEPBYIO OYEPEb, €CIU
B PYKH €My IOIaJiaeT HEKOTOPbI HA0Op TOUEK NaHHbIX? OTBET MPaKTUUYECKU
OUEBHJICH — CYHMTAaeT cpeaHee apuPMETUUECKOe KOOpPJAUHAT STUX TOYEK HU
JTUCTIepCUI0 — pa3dpoc 0koio cpenHero (0o, Oosiee 00110, KOBAPUALTUOHHYIO
Marpuily). TeM caMbIM BBIYUCIAIOTCA JOCTATOYHBIE CTATUCTUKU HOPMAJIBHOTO
pactpenenenus. MccienoBarenp, Kak MPaBUIIO, OCO3HAET, YTO PACIPEIEICHUE
pealbHBIX JaHHBIX MOKET OKa3aTbCsl JAJIEKUM OT HOPMAJIbHOTO M CpeaHee
3HaUEHUE TOYEK OOJaKka MOXKET HAXOIUTHhCS BOBCE BHE 0O0JIACTH CKOIUICHHS
TAHHBIX, HO JIETIAET 3TO OTYACTU MOTOMY, YTO «TaK MOJIOKEHO», OTIACTH YTOOBI
MpeACTaBUTh ce0e JTaHHBIE «B MEPBOM MpUOMBKeHUn». MccnenoBaTenb MOXKET
ompaBaaTh ceds TeM, 4YTO, KaKk U B (PU3UKE, C TOUKH 3PEHUS «YIIaJIEHHOTO
HaOoaTeNs », 00JIAKO JAHHBIX BBINISIIUT KaK CKOIUICHHME TOUYEK OKOJIO UX
cpennero 3HadeHus. OHM TPUMEPHO 3aHUMAIOT 00JIACTh, COOTBETCTBYIOIIYIO
Mo 00beMy MIapy € PaIUyCOM, PaBHBIM MPUOIHM3UTEIHBHO KBAaIPATHOMY KOPHIO
W3 JIUCTIepcHH (TOYKH, BBIMAJAIONIME W3 ITOM oOmacTh OyayT MPaKTHYECKH
HE3aMETHBI U1 YAAJICHHOTO HaOmronarens). B panbHelem ucciemoBaTenb
MOXXET OTOpOCHTH THIIOTE3y O HOPMaJbHOM  pAaCIpeAelicHUH  Kak
HEpEATUCTUYHYIO, HO, TEM HE MEHEE, NCCIEA0BaHUs JaHHBIX HAYMHAIOTCS C HEe.
[ToTroMy 4TO TakoOBO NpPEANHCAHHE PUTyalla, MUMEIOLIETO CBOIO HCTOPUIO H
OCHOBaHHE.

Jpyroii mpumep: naHa Ttabnuma yucen 3x3 ¢ OJHUM MPOIYIICHHBIM
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TaKOr0 THIIA COCTABJISIOT OOJBIIYI0O YacThb TECTOB Ha ompexaencHue [Q —
kodddunmenTa ymMcTBeHHOTo pa3BuTHs). [lepBoe, MOYTH TOACO3HATENBHOE,
MPEANONIOKEHUE — OLEHKa paBHa eauHuue. Pa3zymeercs, dYro 3TO
MPEANONI0KEHUE HE BBIJCPKUBACT HUKAKOW KPUTUKU C TOYKU 3pEeHUs O0sIee Win
MEHEE CTPOrol METOAOJOTHH. [[1s CTAaTUCTUYECKOTrO JO0Ka3aTeabCTBa 3TOU
TUIIOTE3bl JAHHBIX SIBHO HE J0CTaTO4YHO. OAHAKO, 3TO 3HAYEHHE SBISAECTCS
npaBaononooHeiM.  [loaTomMy, ecnmM  HET  HUKAKUX  JIOTIOJIHUTEIIBHBIX
cooOpakeHUH, HO MPOMYIIIEHHOE 3HAYEHHE HEOOXOJIMMO KaK-TO BOCCTAHOBUTH,
TO pPa3yMHO MPEANOJI0XKUThb, YTO OLIEHKA pPaBHA HE HYJIO, U HE ThICSYE, a
MMEHHO €IMHULIE, YTO TOXKE COCTaBIAET YacTh putyana. C Ipyroil CTOpOHbI, 3TO
3HAUYEHHUE BOBCE HE ABIACTCS HEOOXOTUMBIM.



WTak, NprMEHEHWE KaXKIOrO METOJa Ha MPAKTHKE COMPOBOXKIACTCS
ONPENEICHHBIM  PUTYyaJOM,  BKIIOYAIOMIETO  JICHCTBHS C  JaHHBIMH,
HEOOXOAMMOCTh (M JOCTATOYHOCTH) KOTOPBIX HEBO3MOXKHO CTPOTO BBIBECTH U3
caMoro Metoja. BakHyl0 dYacTh pHTyalda COCTABIISIOT «3aKIMHAHUS» —
YCTOMYHBEIC CIIOBECHBIC (POPMYITUPOBKH, KOTOPHIMH COTIPOBOXKIACTCS PUTYAIL.

3aKkIMHAHUS MOYKHO Pa3/IeIUTh HAa PEKIaMHBIEC («3TOT METOJ] JIeNaeT YTo-
TO, YTO HE JCNAIOT JPYTHUe») U TEXHOJOTHYCCKUE («MBI CIIEIalld 3TO, MMOTOMY
YTO O5TO BBITEKACT OTCIOJA»). PekilaMHbBIC 3aKIMHAHUS, BPOJIE «HCHPOCETH
MOTYT BCE», «METO/] TJIABHBIX KOMITOHEHT MaKCUMAJIbHO COXPaHSIET CTPYKTYPY
pacCTOSHUS MEXIy TOYKAMHM JaHHBIX» HIH «CaMOOPTaHM3YIOIIHECS KapThl
KoxoHeHa COXpaHSAIOT TOIMOJIOTHYECKHE OCOOCHHOCTH Habopa JaHHBIX»
SBJITFOTCS. 3(P(PEKTUBHBIM CPEJCTBOM BBIJCIUTH METOJ CPEIU aHAIOTHYHBIX U
MPOJBHUraTh €ro Ha KOH(MEPCHIUsX, JaBas OOCIIaHWs €ro MOTCHIUAIBHBIM
noJyib3oBaTessiM. OT yaadqHoi (OPMYITHUPOBKH PEKIAMHOTO 3aKITMHAHHUS MOXET
3aBHCETh CyAb0a MeTojga. B pekiaMHBIX 3aKIMHAHUSAX, KaK IMPaBUIO, HET
npsaMoro oOMaHa, HO K TaKUM 3aKJIMHAHUSAM BCETAA CIEIYyeT OTHOCHTHCS
OCTOPOXHO, TIIOCKOJIbKY BBIMIOJHCHHE OOCIIaHWs BCEr/Ia COMPOBOXKIACTCS
OTpe/ICICHHBIMU OTOBOpKamH. Jlydie OBITh 3apaHee B Kypce YCIOBUHN
MPUMEHEHUS METOJa, YEeM BBUICHATH HMX CaMOCTOSTEIIBHO, Ha CBOEM
«TI€YATTLHOM OITBITE».

TexHoNOrMYeCKNEe 3aKIWHAHWS TPHU3BAHBI CO3/IaTh y CIYIIATENS WM
YUTATENS BICYATIICHWE TOTO, YTO HCCIEAOBATeNIb HA CBOEM IIYTH CTpPOTO
CJIEIyeT JIOTUYECKH OTIPaBIaHHBIM METOJIOJIOTHYCCKAM yCTaHOBKAaM. XOTs, Kak
MIPABHJIO, PEATbHBIA ITyTh MCCIICAOBAHUS OKA3bIBACTCS CIUIIKOM H3BHIUCTHIM,
9TOOBI pacCKas3blBaTh O HEM B MOAPOOHOCTSIX. TEXHOJOTHYECKHE 3aKIMHAHHS
MOJIC3HBI, TIOTOMY YTO OHH «CHPSMJISIFOT» 3TOT MyTh, HO U K HUM HEOOXOJIUMO
OTHOCUTBCS C OCTOPOXKHOCTBIO. BO-TIepBBIX, CyIECTBEHHAs 4YacTh TaKHX
3aKIIMHAHUHA JIeNaeTcs «3aJHUM YHUCIOM» (pa3 3TO CpaboTanio — 3HAYUT ITO
BEPHO), a BO-BTOPBIX, OHHM MOTYT CKpaJbIBaTh HEKOTOPBIC CYIICCTBCHHBIC
JeTald WCCIICIOBaHUS. XapakTepHas CHTyallMsi B CTaTUCTHKE, Korjma 0e3
TEXHOJIOTUYECKUX 3aKIMHAHUN HE OOOUTHCH: ATO 00pabOTKa «aHOMAaJIBHBIX
HaOII0IeHN» — 00BEKTOB M3 HabOpa JaHHBIX, KOTOPHIE HU KaKUM 00pa3oM He
VKJIQJIBIBAIOTCS B TIOCTPOCHHYIO MOJICNb. Takue JaHHBIC JTMOO YTOYHSIOTCS,
TM00 «PEMOHTHPYIOTCS» (TOXKE II0 OINPEACICHHOMY PHUTYaly CO CBOUMH
3aKIIMHAHMUSIMHA), JIMOO MPOCTO YHHUYTOXKAIOTCS (IO PUTYyaldy BBIBOJIA U3 WIPHI
«HETOCTOBEPHBIX» HAOJIOICHUT ). HeocroposxHoe oOpareHne C
TEXHOJIOTUYCCKUMU 3aKITMHAHUSIMH MOJKET JISTKO TOJOpPBAaTh y TOJH30BATENS
noBepue K MeTony. HaBepHska MMEHHO OHO CTaji0 NPUYMHON TOSIBICHHS
MHEHHS O TOM, YTO «E€CTh TPH BHUJA JDKH: JIOKb, HArasi JIOKb U CTATHCTUKA».
Ecnn wccnemoBarens He KelmaeT, 4ToObI €ro MeTOoJl 3apadoTall MPOTHUB HETO



caMoro, OH JIOJDKEH C BeJIWYaHIIed akKypaTHOCTBIO (OpMyIHpoOBaTh
TEXHOJIOTUYECKUE 3aKINHAHUS.

MpbI HE TpEeTEeHAYyeM Ha TO, YTO B 3TOW KHUTE YUTATENIb HAUAET SICHOEC U
MoAPOOHOE OMMCaHUE BCETO Habopa pUTYaJIOB, HEOOXOIUMBIX ISl IPUMEHCHHS
M3JI0KEHHBIX METOJOB, U TEKCThl 3aKJIMHAHUN, XOTS MPHU KEIAHUH OH MOXKET
W3BJIEYb U TO, U Apyroe. Llenb HecKoMbKuX mocieqHuX ab3ames — npeaynpeanTh
HEUCKYIIIEHHOTO YATATENSA, C YeM OH HEU30EKHO CTOJIKHETCS Ha MPAKTUKE, YETO
HE0O0X0UMO omnacatbes. YuraTenb NpeIynpekieH — U MbI CIIeyeM JalblIie.

1.2.2. O mpoucxoxJ1eHun JIAHHBIX .

MOo’KHO CKa3aTh, 4YTO B BEIOPAHHOW CHCTEME MPU3HAKOB TAOJIMIA TAHHBIX
COJICP)KUT OIMHUCAaHWE OOBEKTOB WM (YHKIIMOHUPOBAHUS CHCTEMBI C
MaKCUMAaJbHO BO3MOXXHOM TOJHOTOM. TeM He MeHee, WCCIIEI0BATEIIO
TpeOyeTcsl He CTOJIBKO TOJHOE 3HAHWE BCETrO MaccuBa WH(OOpPMAIIUH, CKOJIBKO
OTIPENICIICHHOTO Pojia «CYXOH 0cTaToK». [l TOro, 4yToOBI JeIaTh BHIBOJBI, OH
JOJKEH UMETh BO3MOXXHOCTHh KaK TO TPEJCTaBUTh ceO¢ JaHHBIC: YTO B HUX
Oojee, a YTO MEHEE CYIIECTBEHHO, KaKHEC TEHICHIIMM B HHUX IMPUCYTCTBYIOT.
Torma oH Oymer crocoOeH coep)KaTeIbHO O HUX PacCyKJaTh, CPAaBHUBATH C
JIPYTUMH CHUCTEMaMH OOBCKTOB (BO3MOXHO, OTBICKHBAsl MPH 3TOM ITOJIC3HBIC
aHaJIOTHH), JCNIaTh MPaBIOINOJA00HBIC TPEICKa3aHusI O BO3MOXKHBIX KadyecTBax
HOBBIX 00BEKTOB, KOTOPBIE MOTYT TIOSIBUTHCS B CUCTEME.

Tabmumy maHHBIX MOXXHO BOCIPHUHHUMATH KaK TIPAIMOE OIHCAHHE
(dbparMeHTa JEHCTBUTEIBHOCTH — «TaKOW, KaK OHa ecTh». [[is TOro, 4TOOBI
W3BJICYb IIOJIB3Y W3 ATOTO OINHCAHWSA (HalpuMep, CO3/1aTh MaTEeMaTHYECKYHO
TEOPHUIO 3TOTO (PparMeHTa), HMCCICIOBATeNIb JOJDKEH HCIOJIb30BaTh METOJ
MIPE/ICTaBIICHUS JICHCTBUTEIBHOCTH B (hopme, yIOOHOW IJIsi ONEPUPOBAHUS H
OCMBICIICHHS. Takold METOJ, JaBHO 3aKPEHUBIIHMICSI B €CTCCTBCHHBIX HayKax,
HasbIBaeTCs Mmoodenuposanuem. Co3TaHUE MOJIEICH NCHCTBUTEILHOCTH CITY)KHT
00s13aTEeTbHBIM MTPOMEKYTOYHBIM 3BEHOM B CBSI3BIBAHHH TCOPUU C TIOJIOKCHUEM
BEIIEH «KaK OHO €CThb». AOCTpakTHas TEOpPUS HE MOXKET OIUCHIBATH
NEHCTBUTEIILHOCTh HAIPsMYIO, OHa JIMIIb YyKa3bIBa€T Ha ONpEICIICHHBIC
OTHOIICHHUS MEXKIY aOCTpPaKTHBIMH OOBEKTaMH B aOCTPAKTHOM MHpE
(HampuMep, TeOpHs YTBEPXKIACT, YTO KOMMYTATOP ABYX OINPEACICHHBIX MAaTPHIL
BCETJla paBeH 4HuCiIy). B Momenu peanusyercs crmocod MHTEPIPETANA TCOPHH,
TO €CTh CIIOCOO COIOCTABJICHHUS PEaIbHBIM 00beKTaM abcTpakTHBIX. O/HA U Ta
KE TEOpUsS MOXKET POXKIATh pPa3HbIC MOJEIH, OTHOCSIIMECS K COBEPIICHHO

!B 3aronoBok paszelra BEIHECEHO HepedpasupoBaHHoe HasBaHue pabotst U. Japeuna
«O npoucxokIeHUH BUIOB». OmpeieNicHHast aHAJIOTHS 37IeCh YMECTHA, TeM 0oJiee UTO YacTh
Matepuana B3sata u3 kauru A.H. T'opOans «/{emon [lapBuna» [8].



pa3IUYHBIM (pparMeHTaM JICHCTBUTEIHLHOCTH. boee Toro, ogHa U Ta e TEOpHst
MOXET POXKAATh pa3HbIC MOJICIH OJTHOTO U TOTO K€ 0OBEKTA.

Takum 006pa3om, MOJIEIb — MPOMEXKYTOYHBIA MIAr Ha MYTH OT MPSIMOTO
OTMCaHUs JICHCTBUTEILHOCTH K €€ a0cTpakTHOMY omnucanuio. [Ipu pemreHnn
MOCTABJICHHOM 3aJa4Ml UCCIE0BATEIb HEOAHOKPATHO MPOXOJIUT 3TOT MyTh Kak
B OJTHOM, TaK ¥ B JPYrOM HAaIlpaBIICHUH.

N3 Bcero MHOXecTBa (YHKIUM, KOTOPhIE MOTYT BBIMOJHATH MOJEIH,
MOXHO BBIICIUTh JIBE OCHOBHBIX. Bo-TepBBIX, MOJAENIb CIYXHUT YIOOHOM
3aMEHON OOBEKTOB JIEUCTBUTEIIBHOCTH, CBOCOOPA3HBIM «aKKyMYJISITOPOM
3HaHU» 00 oObekre. C TOMOLIBIO MOJETM MOXHO HMUTHUPOBATH
(YHKIIMOHMPOBAHUE CUCTEMBI M IPOTHO3UPOBATH €€ MOBEICHUE B AMITUPUUYECKU
HEJIOCTYITHBIX YCIOBUAX, TO €CTh TaK WM MHAYE PACHIUPSITH MOJTYICHHBIHN OIBIT.
Bo-BTOpBIX, MO/IETI MOTYT UTPAaTh CMBICIO00PA3YIONIYIO POJIb, TO €CTh JIaBaTh
TOTYOK K POXKJICHHUIO HOBBIX CMBICIIOB, MIOHATHH, TEPMHUHOB B CUCTEME HAYYHOTO
3HaHUS, KOTOpPBIE MOTYT OBITh WCIOJB30BaHBI JIJII KA4eCTBEHHO HOBOTO
OmMHCaHus U3y4aeMoro parmeHTa AeCTBUTEILHOCTH.

Kakoe w™ecto 3aHMMaroT modenu OaHHbIX BO BCEM MHOT000pa3uu
BCTpeyaromuxcsi B Hayke mozeneit? B [8] uznoxkena knaccuduxanus mMojeneit
no 8-mu TunaM. OHa, B CBOIO oOuepellb, OCHOBAaHAa Ha MPEII0KECHHON
P.ITaitepciom  kmaccudukanum Mojeneii B coBpeMeHHOW (usuke. bymem
CUMTATh, YTO aHAJOTMYHOE IIOJIOKEHHE BEIIEeH HaOII0gaeTCss BO BCeX 00JIacTIxX
€CTECTBEHHOHAYYHOI'O 3HAHMUS.

[lepeuncnum mnpemIoKeHHbIE BOCEMb THUMOB Mozenen. K kaxaomy u3
Ha3BaHUU TpUjIaraeTcs KpaTkas XapaKTepUCTHKA, OITHCBIBAIONIAS
METOJIOJIOTUYECKYI0  TO3UIMI0  HCcefoBaTens  (3aMeTHM, 4YTO  OTH
XapaKTEPUCTUKU — IPUMEP CBOETO POJia TEXHOJIOTHYECKUX 3aKIMHAHUM).

1. 'mnoTe3a (Takoe MOTJI0 ObI OBITH).

2. deHoMeHOoIoTnYecKas MOJIeib (BeJeM cebsi, Kak €clid Obl).

3. IIpubnmxenue (4TO-TO CYUTAEM OUYEHb MAJIBIM WJIM OYEHBb OOJIBIITUM).

4. YaporieHue (OnmycTUM JJisl ICHOCTH HEKOTOPBIE JIETalN).

5. DBpucTHUeckass MoJzeib (KOJIMYECTBEHHOTO TMOATBEP)KICHUS HET, HO
MOJIENTb CIIOCOOCTBYET O0JIee TITyOOKOMY TPOHMKHOBEHHIO B CYTh JIETIa).

6. AHaTOTHS (YITEM TOJIBKO HEKOTOPBIC OCOOCHHOCTH).

7. MBICIEHHBIN SKCIEPUMEHT (TJIABHOE COCTOUT B OINPOBEPKEHUU
BO3MOXKHOCTH).

8. JlemMoHCTpanusi BO3MOXXHOCTU (TJIaBHOE — TI0Ka3aTh BHYTPEHHIOKO
HETPOTUBOPEUNBOCTH BO3MOKHOCTH).



Tenepp mMmokaxkeM Kakhe MOJEIM M3 ITOI0 «300MapKa» B OCHOBHOM
HACEeJISAI0T MUP MPUKIJIATHON CTaTUCTUKH. bosbias 4acTh y4eOHUKOB 3all0JHEHA
MOJEJISIMU IIEpBOro Tuna. IIpy 3TOM CyIEeCTBYIOT IBa OCHOBHBIX BapHAHTA!

1. Mooenu, ocHosannvie Ha eunomeze 0  CMAMUCMUYECKOM
NPOUCXOHCOEHUU OAHHBIX.

Orta runoresa noApa3syMeBaeT, YTO HaOOp JaHHBIX SBISETCS BHIOOPKOM U3
OECKOHEUHOU eceHepanvHoll CcO80KYNHOCMU OOBEKTOB, UbE paclpeelieHue
MOJYUHSETCS OINpeNeICHHOMY BEpOSITHOCTHOMY 3akoHy. bonee Toro, aTa
BBIOOpKA JOJKHA OBITh CPOPMUPOBAHA HE3ABUCUMBIM CAVHUAUHBIM BBHIOOPOM
00BEKTOB reHepaibHON COBOKYMHOCTH. [IpuHsATHE 3TOM rUmoTe3sl (B peaybHbIX
CUTyallMsiX BeCbMa CUJIBHOW) JaeT BO3MOXKHOCTb CO CIIOKOHHOW COBECTBIO
OPUMEHATh K JAaHHBIM TEOPETHKO-BEPOSITHOCTHBIE IMOAXOMAbI, TO €CTh
(akTU4YEeCKH MOJEIbI0 TaKOoro Habopa JaHHBIX SBJSIETCS BCA TeHepalbHas
COBOKYITHOCTbH (JJaHHBIE JIOTIOJHSIOTCS 10 OECKOHEYHOTO 4ucia 0OBEKTOB) C €€
3aKOHOM pPACIIpEACICHUS.

PeanpHas mnpakTUKa OSKCIUTyaTalldd 3TOM THIOTE3bl, KaK IPaBUio,
OPUBOJUT K TOMY, UTO HCCIEAOBATENI0 NPUXOAUTCA mpuberarb K
OMNPEENIEHHOT0 pojia JIYyKaBCcTBY. Jleno B TOM, UTO JUIsl TOTO, YTOObI UMETH IO-
HACTOSIIIIEMY «CIIOKOMHYIO COBECTb», KOPPEKTHOCTH IPUHATHS (C XOpOIIEH
JOCTOBEPHOCTBIO) THUIOTE3bl TpeOyeTcss CTPOro AoKa3aTh (IO OMpeAEICHHOMY
pUTYyaily, KOTOPBIN MMOJAPOOHO OMMCAH B pa3jieie MaTeMaTHUECKOW CTaTUCTUKU O
MpOBEpKe  CcTaTHCTUYeCKUX  rumore3).  «[Ipokmarmem»  GONBIIMHCTBA
CTaTUCTHYECKUX HCCIENOBaHUM (B MeIuIuHe, OHOJOTHH, 3KOHOMHKE,
THJIPOJIOTHHU U TIP.) SIBJIAETCS TO OOCTOSITENBCTBO, YTO CTPOTOro JJ0KA3aTeIbCTBA
IIPOBECTU HE yaaercs (Kak MPaBUIIO, IPOCTO HETOCTATOYHO JAHHBIX), U CTEIICHb
JOCTOBEPHOCTHU TUIIOTE3bI MOKET BbI3bIBaTh cCOMHEHUE. HO MOCKOIBKY B pyKax
UCCJEIOBATENsl 4acTO IMPOCTO HE OKAa3bIBA€TCA JAPYTUX HHCTPYMEHTOB, OH
BBIHYKJICH BCE PAaBHO NMPUHUMATh MAJIOJIOCTOBEPHYIO TMIIOTE3y. DTO NPUBOAUT
€ro K CO3JaHui0 Mojenu Tuna 2 (peHOMEHOJOrudeckass MOJENb), KOoTopas
OTJIMYAETCS OT MEPBOM MO CYTH JMILb Pa3HOM CTENEHBIO JOCTOBEPHOCTH.

2. Mooenu, ocHogannvie Ha eunomese O NOPOHCOEHUU OAHHBIX
OUHAMUYECKUM 3AKOHOM.

CornacHo 001elt ycTaHOBKE 3aKOHBI PUPOIbI AEISATCS Ha OUHAMUYECKUe
u  cmamucmuyeckue. CUHUTAETCA, YTO IEPBBIE BBINOIHIKOTCA CO BCEH
HEOOXOAMMOCTBIO  (Coep)KaT  JeTePMHHHUPOBAHHBIE  IpaBUJa), BTOpbIE
BBINIOJIHAIOTCSA JIMIIb «B CpPEIHEM». BOJBIIMHCTBO 3aKOHOB B MPHUPOAE HE
ABJIAIOTCS. HM YUCTO JMHAMHYECKMMHM, HH UYHMCTO CTaTUCTUYECKUMH.
«Jlyuymmmu» B CBO€ KJIacce MPeICTaBUTENSIMU JUHAMHYECKUX 3aKOHOB MO>KHO
Ha3BaTh 3aKOHBl HEOECHOM MEXaHMKH (MMEHHO TI03TOMY IOJOKCHHS
KOCMHUYECKUX O00BeKTOB B COJIHEYHOW cHCTeME MOTYT OBbIThb BBIYMCIIEHBI C
OONBIION TOYHOCTBIO W TPAKTUYECKHM U3 TEPBbIX MPUHIUIOB), s



CTATUCTUYECKUX 3aKOHOB B KAaYECTBE XOPOUIEr0 MpUMeEpa MOKHO YyKa3aTh Ha
3aKOH pacrnpeneneHus BEPOSITHOCTH MOSIBJICHUSA AJIEKTPOHA B
KBAaHTOBOMEXaHUYECKOIN MOJIENIM aTOMa BOJAOPO/IA.

MoxHO caenaTh NPEANONOKEHUE O TOM, 4YTO JaHHbIE HMMEIOT He
CTATUCTUYECKYIO MPUPONY, a MOJYUYEHbl KaK PEe3yNbTaT JIETEPMUHUPOBAHHOIO
(YHKIIMOHUPOBAHUS OTPENIETICHHON CHUCTEMbI, HO, BO3MOXKHO, C HAJOXXEHHUEM
pasnmuuHOTO pojia (IyKkTyanuid, KOTOpbIE, B CBOIO O4Yepellb, MOTYT OBITh
OMHMCaHbl  CTATUCTUYECKMMM  3aKOHaMH. BbIOOp  KOHKpEeTHOro  BHjA
JTMHAMUYECKOT0 3aKOHA OCYIIECTBIISIETCS. UCXOSl U3 alPUOPHBIX COOOPaKeHHUI,
MOJIOXKEHUW JPYruX TEOpUW, WHTYUIIMU HUCCIENOBATENsI W T.N. JTOT 3aKOH
MOXET HE€ HOCUTh Ha ce0e HHUKAKUX CIEJOB (PU3MUYECKOTO OCMBICICHUS
MEXaHU3MOB CHUCTE€Mbl (HallpUMEpP, HCCIEAOBATENb  PEIIAET: JaHHBIC
pacIpe/ieNIeHbl «I0 3aKOHY Mapa0oJibl» MPU HATUIUH ITyMa, KOTOPBIA HMMEET
HOPMaJIbHOE pACHpEEICHUE C AUCHEPCHEN, KOTOPYI0 MOKHO OLIEHUTh U3
WMEIOILIMXCS IAaHHBIX ).

3ayacTyro, IpUHUMAs TUIIOTE3y O IMHAMUYECKOM 3aKOHE, UCCIIEI0BATEb
HE B COCTOSIHMU JaXX€ OLECHUTH €€ JOCTOBEPHOCTh. [l03TOMY moutu Bce Takue
MOJIEIM  OKa3bIBAIOTCS OJKe KO BTOpoMmy Tumy ((heHOMEHOJOThYecKast
MOJICIb).

Urak, cymectBeHHas 4aCcTh MOJIEJICW MPUKIIAIHON CTATUCTUKE OCHOBaHA
Ha TE€X WIM HHBIX THUIOTE3aX O TMPUPOJIE€ TMPOUCXOKIEHUS JTaHHBIX:
JTAHAMHUYECKOM W craTucTuyeckoM. M Ta, W napyras TUIoTe3a 3acTaBiIAET
MCCIeA0BaTeNsl 10raAbIBaThCS O TOM, YTO CTOUT 3a JAHHBIMH, UTO UX MOPOAMIIO,
1 KaKOBBI CBOMCTBA 3TOr0 «HEUYTO». B pe3ynbpTare ucciienoBaTeib NPUBSA3bIBACT
CBOU JJaHHBIE K TEM CYIIECTBYIOLIUM MOJIEIbHBIM CUCTEMAM, CBOMCTBA KOTOPBIX
€My JIy4Ille BCETO U3BECTHBI. MOXKHO J1 6€3 3TOr0 000HTHUCH?

AIbTEpHATUBOW MPOU3BOJCTBY TMIIOTE3 SIBJISIETCS ONMKUCAHUE JJAHHBIX «KaK
ecThb». B mpuHIMNe, UCClen0oBaTellb MOXKET MPEJCTaBIsATh ceOe, UTO JaHHBIC
MOPOXKJIEHbl HEKOTOPOM CHUCTEMOM (MHOTIAa 3Ty CHCTEMY MOXHO Jaxe
«TOWIYNATh PyKaMu»: HapUMep, KOHTEUHEP JIsi XPAHCHHS MPOMBIIIICHHBIX
OTXOJIOB, Kak B crTaThe [44]), HO OH HMCXOIHUT W3 TOrO, YTO BHYTPEHHEE
YCTPOMCTBO 3TOM CHUCTEMBI €My HEHM3BECTHO H3-3a BBICOKOW CJIIO0KHOCTH U
MHOTOKOMIOHEHTHOCTH. EMy mpollle onuchiBaTh CaMu JaHHBIE, OTPaKArOLIUe
paboTy CUCTEMBI B T€X WJIM MHBIX YCIOBHAX, YEM CO3/1aBaTh €€ TUHAMUYECKYIO
MoJIeNb. Tako# THIT MOJIECH MOXKET OBITh Ha3BaH UHGDOPMAYUOHHBIMU.

OCHOBHBIM TPUHITUIIOM HWH(OPMAIMOHHOTO MOJEIUPOBAHUS SIBJISCTCS
MPUHIUI «YEPHOTO AIIMKa» — MOJCIHPYETCd HE BHYTPEHHEE, a BHEIIHEE
(YHKIIMOHUPOBAHUE CUCTEMBI. Takue MoJIeNu 1o o0IIel KiaccuuKkauu MOryT
OBITh OTHECeHHBI K 4 Tumy (ympoiernue). [Ipu sTom ymporieHrne HE0OX0aUMO
MOHUMATh CIIEAYIOMKUM 00pa30oM: HCCIEAOBATEIh MOHWMAET MPHU CO3TAHHUH
MOJIETI, YTO peaJbHas CHCTeMa Ka4eCTBEHHO OoJiee CJIOXKHA, YeM JIo0as



M3BECTHASI TEOPETHYECKasi MOJEIb, U JUIsl TOTO, YTOOBI KaK-TO YXBaTHUTh ATO
KaueCTBO CIIO)KHOCTH, OH OMUCHIBAECT CUCTEMY TaK, KaK OHa MPOSBIISIET CeOs IS
BHEITHETO HabOmromaTens. B KakoM-To cMbIcie HMCClenoBaTelh COTIANaeTcs ¢
TeM, 4TO HaOOp MaHHBIX O CHCTEME M caMma CHUCTeMa IKBHUBAJICHTHBI, YIPOIIas
MIPU 3TOM, Pa3yMEETCsl, PEabHOE MOJIO0KEHUE JIE.

B cmocobe moctpoeHuss HWHGOPMAIIMOHHBIX MOJENEH €eCTh CBOM
MpEeUMYyIIeCTBa M HEAOCTaTKH. HECOMHEHHBIM MPEUMYIIECTBOM SIBIISCTCS
MPUHIMIIAATIbHAS. BO3MOXKHOCTh MOJICTTUPOBAHUS (MIPUYEM HE HAYKOEMKOTO
MOJICIMPOBAHUSI) CKOJIb YTOJTHO CJIOXKHBIX cucteM. HemoctaTkamu SIBISIOTCS
HU3KasE «OOBSICHUMOCTB» PE3YJIbTATOB, BBIJIABAEMBIX MOJEIbIO, W MPHUBSI3KA
MOJIEIM K KOHKPETHOM CHCTeMe (Y4acTo OBIBAET, YTO ONBIT, HAKOIUICHHBIA Ha
OJIHOM O0BEKTE, B BEIOPAHHOW CHCTEME IPU3HAKOB-CBOMCTB Oy/I€T HEaIeKBaTECH
OTIBITY, HAKOIUICHHOMY Ha JAPYTOM, BIIOJHE aHAIOTUYHOM OOBEKTE).

o< VYnoMHHaHUS 3aCIy)KHBAaeT MPHUTOJHOCTh HH(DOPMAITMOHHBIX
MoOJeNIel ISl KOJHMYECTBEHHO TOYHBIX OIIEHOK IPOTHO3UPYEMBIX
siBJICHUN. V3Ha4aibHO, MH(POPMAITMOHHAST MOJICNIb CTPOUTCS UMEHHO C
I[EIbI0 TOYHOTO HJIA TOYTH TOYHOTO OIHMCAHUS JEHCTBUTEIBHOCTH, TO
€CTh 3a/1aBaeMoro Habopa JaHHBIX. BMecTe ¢ TeM mH(pOpManuoHHAs
MOJICNTh JOJDKHA 001aJaTh TpeacKa3aTeIbHBIMA  (000OIIArOIIIMHE)
CIIOCOOHOCTSIMU IS TOTO, 9YTOOBI MMETH BO3MOKHOCTH TPABIOIOJ00HO
MPOTHO3UPOBATh CBOICTBA HOBBIX, HE YYaCTBOBABIINX B HACTPOIKE
Mozaenu O0O0BeKTOB. OTIEIbHBIM HAIMPABICHUEM SIBIISIOTCS METOIBI
aBTOMATHYECKOTO M3BJICUCHHUS 3HAHUHN U3 WH(HOPMAIIMOHHBIX MOJCIICH.
Mopnenu, TOABEPTHYTHIE MOAOOHBIM TMpOIEIypaM, MOTYT OBITh
OTHECEHBI B pa3psia IBpUCTHUYECKUX Mojened (tum S5). OHM MOryT
o0namath  XyANIUMH  CIIOCOOHOCTAMH K  KOJMYECTBEHHBIM
MPEICKa3aHUsAM 33 CUYCT YBEIHYCHUS «OOBSICHUMOCTH» IOTy4aeMBIX
pe3yabTatoB. [logpoOHee 00 3TOM MOYKHO MO3HAKOMUTECS B [48] 3<

B ymomsnyrtoit pabGorte [44] mnpemsaraeTcs CieAyromias THUIOJOTHS
WH()OPMAIIMOHHBIX MOJIEJIECH 10 MX IMPeIHA3HAYEHUIO:

MonenupoBaHue OTKJIMKA CUCTEMBI HA BHEIITHEE BO3/ICHCTBUE

Knaccudukamnmsi BHyTpEeHHHX COCTOSTHUIN CHCTEMBI

[Iporno3 IMHAMUYECKOTO U3MEHEHUS CUCTEMBI

OueHka  MOJHOTHI  ONUCAHUSL  CHUCTEMBI W CpPaBHUTEJIbHAS

uH(}OpMaIMOHHAS 3HAUUMOCTh ITAPAMETPOB CUCTEMBI

o OnTuMuzanus mapameTpoB CUCTEMbl MO OTHOIICHUIO K 3aJaHHOM
11eIeBON QYHKIIUH

0 AJanTUBHOE YNpaBJICHUE CUCTEMOM

0O 0O 0O D



[Ipennaraembie B 3TOM KHHTE CIOCOOBI MOCTPOEHUS HWH(DOPMAITMOHHBIX
MOJICJIE MOTYT TPHMEHSTHCS JUIsI JI000M W3 IOCTABIICHHBIX BBIIIE ICIICH —
JOCTAaTOYHO JIMIIb pa3paboTaTh COOTBETCTBYIONIMH pUTyall Ha 0a3e
npemyiaraeMoro metoja. OJHAKo, IIaBHOM WENbI0 CO3/aHHsl JABYMEPHBIX
MH(POPMAIIMOHHBIX MOJIENCH SBIsSETCS

o Busyanuzanuss MHOrOMEpHOU CTPYKTYpPbI JaHHBIX

[Ipecnenys 3Ty menb, Mbl, C OJTHOH CTOPOHBI, OIPAaHUYMBAEM METOJ B
TOYHOCTH  (XOTS HaMH  TPEJIararoTCs H  CIOCOOBI  MPaKTUYCCKU
HEOTPAaHUYCHHOTO YBEJIIMYCHUS TOYHOCTH OIMCaHUsA), C JAPYrod — Jaem
BO3MOKHOCTB MICCIIEJIOBATEIIIO CO3AaTh ce0e HArJIsAIHbIN 00pa3 Habopa TaHHBIX,
C IOMOIIBIO KOTOPOTO OH CMOKET aHAIM3HPOBATH UX CTPYKTYPY, MPAKTHICCKA
He mpuoerasi K CTOpOHHUM METOIaM.

Wtak, Hameid OCHOBHOW IIENbIO SBJISCTCS CO3MaHUC JBYMEPHBIX
nH(popMaMOHHBIX Mozeield. Ho mnpexknme Bcero maauM KpaTKuid  0030p
TpPaJIMIIMOHHBIX METOJIOB aHAIK3a JAaHHBIX, KIIACCH(PHUIIMPYS ITH METOIBI 110 TEM
BOTIPOCaM, Ha KOTOPBIC OHU MOT'YT JIaTh COACPIKATEIIbHBIN OTBET.

1.2.3. Borpockl KOTOpBIE MBI CTAaBUM, TJIs/IS HA JaHHBIE. ..

Kak yxe yrmoMuHaIOCh, OCHOBHAs II€JIh aHAJIN3a JAHHBIX — H3BJICUCHHC
u3 HuX wHpopmanuu. To, B KakoM BuUje OyaeT MpeacTaBiIcHAa H3BJICUCHHAS
nHpOpMaNUsg — 3aBHCHUT TJIAaBHBIM 00pa3oM OT ABYX OOCTOATENBCTB — a) OT
3aJa4 W IeNeld ucclefoBaHus; 0) OT XapakTepa M KayecTBa TEX MPOLEAYp
W3BJICUCHUS HMH(OpPMAIIMU, KOTOpPhIE HCCICNOBaTelh HMMEET B  CBOEM
pPactopsKCHUH.

< B oTnuuue OT HEONPENCNICHHOTO, WHTYHUTUBHO MOCTHIAaeMOTO
MOHATHS JAHHBIX, TEPMUH UHGOPpMAYUs, cO0epIHCAACa 8 OAHHBIX
OmpeleNieH HeCcKoJIbKo TouHee. CylecTByeT JBa OCHOBHBIX
MOIX0/1a K MOHATHIO HHPOpMAITHH.
[TepBbiii u3 HUX cBsizaH ¢ uMeHeM K.IlIeHHOHA W JIEKUT B OCHOBE
pasnena kuOepHEeTUKH — Teopun MHPopManuu. CoriaacHO 3TOMY
MOJAXO0/ly, KOJMYECTBO HH(MOpMALMKM coAepxkalieecs B OJHOM
cliydalHOM o0OBbekTe (COOBITUH, BEIMYMHE) OTHOCHUTEIBHO
Ipyroro CIIy4alHOTO 00BEKTa MOXET OBbITh H3MEPEHO
HOJIOKHUTENBHBIM  unciioM. Ilycte & — cioyyaiiHas BelWYMHA,
MPUHUMAIOIIAS 3HAYEHUS X, X7 ... X, C BEPOSITHOCTAMU P, P ... Pns
a M — ciaydaiiHas BeJIM4HMHA, IPUHUMAIONIAs 3HAYEHUS V), V7 ... V, C



BEPOSITHOCTSMH (;, (2 ... ¢n. TOTIa KOIMYECTBO HH(OPMAIIUH,
coJieprKareecst B £ OTHOCHTEJIEHO M paBHO
IEm =Y, p;logs(p;/ pig;) » Pj — BEPOSTHOCTb COBMELCHUS
2y

cobbitnii & = x; u M = y. B cuydae, ecnmu § u M — BenmmuMHbI
neszasucumeie, To I(& 1) = 0. Umeer mecto Hepaenctso I(& 1) <
I(n,n), npudemM paBEHCTBO JOCTUTAECTCS TOJBKO B CIIydae, €CIv 1)
SBIISIETCS TOUHOM (yHKIHeit ot & (Hanpumep, M = £2).

C moustieM HMH(OPMALUKM TECHO CBS3aHO TOHATHE SHMPONUU
CIy4aliHOW BeJMUYMHBL. Tak sHTponus &, Mo ONpeeeHnI0 paBHa

H($)=1(,8) =% p;logy(1/ p;). CMbicn 3HTpONHE — CpenHee
J

YUCJIO JIBOMYHBIX 3HAKOB, HEOOXOIUMOE ISl pa3iuucHHS (VUK
3alUCH, KOAUPOBAHHUSI) BO3MOXHBIX 3HAYCHHM CIy4alHOU
BEJIMYUHEIL.

Bropoit moaxon Kk TOHATHIO HH(pOpMalUM CYIIECTBYET B
MAaTEMaTUYE€CKON CTAaTUCTUKE, B TEOPUU CTATHCTUYECKUX OLICHOK,
nu npemioxkeH P.Oumepom. B pganHOM NOAXOJAE BBOJIUTCS
MOHSITUE O0OCMAMOYHLIX cmamucmuk — Habopa (YHKIHE OT
JNAHHBIX, C TTOMOIIBI0 KOTOPBIX MOXHO MOJHOCTHIO BOCCTAHOBHUTH
XapakTep HMCXOAHOIO PACHPENCICHUS JaHHBIX B IPOCTPAHCTBE.
Tak, 9 HOPMAJIBHOTO pacHpeaeICHUus JIOCTaTOYHBIMU
CTATUCTUKAMH  SIBISIOTCS  CcpeaHee  apudMeTmdeckoe U
BBIOOpOYHAs qucIiepcus. B craTncTUke TOBOPSAT, YTO 3HAHHME ATHX
BEJIMYWH JACT IMOJTHYI HWH(POPMAIHMIO O PACHpEICIICHHH JaHHBIX
(TO eCTh SIBJISICTCS 150: JIAKOHUYIHBIM OIMMCAHHEM).
COOTBETCTBEHHO, 3HAaHUWE HE IMOJIHOTO Habopa TOCTaTOYHBIX
CTaTUCTUK JAeT YaCTUYHYIO (HENOoJHyH0) WHGOPMAIUI0 O
pacrnpesieieHHH JaHHbBIX, U KOJIMYECTBO ATON MH(OpMAIIUU MOKET
OBITh BBIPAKEHO HEKOTOpoW Mepoil. Hamomuum, dYTOo s

CTaTUCTHYCCKUX HoaxXoa0B CYHICCTBCHHO IPUHATUC
cmamucmu4eckoul cunomesbl 0 HaJIU4YHUH ZeHepaJZbHOZZ
COB0OKynHocmu, HOZI“IHHGHHOIZ ONpCACIICHHOMY

cmamucmud4eCcKomy 3aKORy . K

PazymHO mpeanonioxkuTh, UYTO HMHTYUTHBHO TMOJ  HUH(pOpMAIHEH
MCCIEN0BaTENb IOAPAa3yMEBAET HEKOTOPOE ONMCAHUE JAHHBIX, KOTOpPOE IIO
CBOEH JUIMHE, MO KpailHEH Mepe, HE MPEBOCXOAUT MPOCTOE NMEPEUUCIECHUE TEX
3HAQYECHHM, KOTOpPOE MPUHUMAIOT MPHU3HAKU OOBEKTOB. TO €cTh B KadecTBe
KOHEYHOTO pe3ylibTaTa MPUMEHEHHS TEXHOJIOTHA W3BJICUCHUS WH(OpMaImm
MCCIIEIOBATENb KEJIAET MOIYYUTh MO BO3MOXHOCTHU JIAKOHUUHOE, HAAAOHOEe T



noJjiesHoe OIIMCAaHUEC JaHHBIX. I/ITaK, OJWH H3 OCHOBHBIX TC3UMCOB HAIICIO
N3JI0XKCHUSA —

v AHanW3 TaHHBIX —
DTO HaAIJIAAHOE, JAaKOHUYHOE U II0JIE3HOE UX OMHCAHUE v’

[ToripoOyeM TepeYnCIUTh OCHOBHBIE MOMCHTHI OONICTIPUHSATHIX Ha
CeTOJHS TEXHOJIOTMH aHalm3a MJaHHBIX. [l 3Toro cdopmynupyem psia
BOIIPOCOB, KOTOpBIE HCCIEIOBATENbh TPAIUIMOHHO 3aJaeT cebe BO BpeMs
MPUMCHCHHS TIPOICAYp aHalu3a, W M3 OTBETOB Ha KOTOpPBIE TOCTEIEHHO
CKJIQ/IBIBACTCSl YIIOMSHYTOE BBINIC ONMHCAHWE JaHHBIX. [lociemoBareabHOCTH
TaKHX BOIPOCOB COCTAaBIISCT OMPEACICHHBIA PUTYall, B KOTOPOM HCITOJIb3YIOTCS
HUCTOPUYCCKH YCTOSBIIUECS TEPMUHBI U (DOPMYITHPOBKH («3aKIMHAHUS» ).
OOIIHOCTH sI3BIKA TTO3BOJISICT Pa3HBIM MCCIICOBATENISIM CPAaBHUBATH PE3YIbTaThI
CBOETO aHAJIIN3a.

Wrak, mpoaHaJM3UpOBaB HAOOp JAaHHBIX, UCCIEIAOBATENb JIOJDKCH
OBITh TOTOB OTBETHTH Ha CIICIYIOITHE OOIINE BOIIPOCHI:

o Cmoum au umo-Hubyob 3a OAHHLIMU U KAK OHO YCIMPOEHO ?

B ocHoBe momamisroniero OONBIIMHCTBA METOJOB MaTEeMaTHYECKON
CTaTHCTHUKH JISKHUT THUIIOTE3a O TOM, YTO HAOOp JaHHBIX MPEACTABIISCT U3 CEOs
HE3aBUCUMYIO 6b100pK) U3 HEKOEH reHepallbHOM COBOKYITHOCTH — OECKOHEYHOIO
Habopa TOYEK, IUIOTHOCTh pACIpeCieHUss KOTOPhIX CTPOTrO TOJYMHEHA
ompezeneHHoMy 3akoHy. OTBET Ha 3aJaHHBINA BOMPOC MOPa3yMEBACT YKa3aHUE
Ha BHUJ 3aKOHOMEPHOCTH, COOTBETCTBYIOIICH TE€HEPATbHOW COBOKYITHOCTH H
MpaBAONOI00HYI0 OIEHKY ee¢ mapamMeTpoB. COOTBETCTBYIOIIHE TEXHOJIOTHH
COCTaBIISIIOT OCHOBY TAapaMETPUUECKUX METOIOB TEOPUU CTATUCTHYECKHX
OIICHOK. 3HaHHWE BCEX HEOOXOJMMBIX IMapaMeTPOB (JIOCTATOYHBIX CTATHCTHK)
JaeT TOJIHYI0 WH(POPMAIMI0 0 HA0Ope NMAaHHBIX B CIydae MPUHSATHS OCHOBHOM
CTaTHCTHYECKOHN THUITOTE3HbI.

JIpyTuM BUJOM THIOTE3bI SBISCTCS MPEINOIOKCHHE O JUHAMHYCSCKOM
3aKOHE MMOPOKICHUS JaHHBIX.

OpHako wuccnenoBaTeNib BOJICH TOJIBEPTHYTH COMHEHHUIO Pa3yMHOCTh
TUTOTE3 O CYIIECTBOBAHWU TEHEPATHHOW COBOKYITHOCTH WJIH TUHAMHUYCCKUX
3aKOHOB M BOBCE OTKa3aThCSl OT HUX, YTBEPXKIas, 4TO 3a JaHHBIMU HE CTOUT
HUYEero, Kpome HHX camux. COOTBETCTBYIOMIAS KOHIICTIIHS MOXET OBITh
Ha3BaHa THUIIOTE30H 00 asmoungopmamusnocmu Habopa AaHHBIX. B 3TOM
ClIydae WCCIeoBaTeIh 3aHUMAETCS NPSIMBIM ONMHCAaHWEM CaMoro oobJaka
TAHHBIX W IPUMEHSIET JIJISl 3TOTO COOTBETCTBYIOIINE TEXHOIOTHH.

CBoe0Opa3HbBIM KOMIIPOMHCCOM MEXIY MPOTHBONOCTABICHHBIMH BHIIIIC
MOAXO0JIaMU  SIBJIICTCS TPHUMCHCHHE HEMapaMETPUUYCCKUX CTATHUCTUYCCKUX



MeToA0B. B 3TOM ciydae mo npexHeMy MpeAnosiaraeTcsi HaIM4rue TeHepaIbHON
COBOKYITHOCTH, HO CUHTAETCS, UYTO €€ OCOOEHHOCTH HE MOTYT OBITh ONMUCAHBI
MPOCTHIMH (HOPMYJIaMH C Pa3yMHBIM KOJMYECTBOM MapaMeTpoB. B aTom ciydae
C TOMOINBIO Ha0bopa MaHHBIX B KaXJOH TOYKE MPOCTPAHCTBA OIEHUBACTCS
IJIOTHOCTh PAacHpeieNieHusl TOYEK — CO3/1aeTCs HEMapaMeTpUyecKas MOJENb
r€HEepaJbHOW COBOKYNHOCTH. IHaue MOXHO CKa3aTb, 4YTO IUIOTHOCTH
pacIpeneseHusl TOYEK T'€HEPATbHONM COBOKYIMHOCTH OLIEHMBAETCS C IMOMOILBIO
oOuwmx (opmyi, B KOTOpbIE B KaUeCTBE MapaMeTPOB BXOAMUT cpa3y Bechb HAOOp
JAHHBIX (a HE OTHEIbHBIE CTATUCTUKH, U3 HUX OOpazoBaHHBIE). CylIeCcTBYET
HECKOJIBKO MOAXOJO0B Il TAKOTO OLIEHUBAHUS — CO CBOMMHU JIOCTOMHCTBAMH U
HEJIOCTaTKaMU, U O HUX BKpaTIle OyJeT yIIOMUHATHCS BO BTOPOH TJIaBe.

o Bo3modcHO 1w nocmpoumv HA MHONCECm8e OAHHbIX CKOJIbKO-TUOO
PA3YMHYIO (ecmecmeenHyo, NOJe3HYI0) CUcmem)y OmHOULeHU ?

371ech Mbl, PEKIE BCETO, MOAPa3yMEBAEM IIPUMEHEHHUE BCETO CEMENCTBA
METOJIOB, CBSI3aHHBIX C  KJIdccugpuxayueu, KiACMEPHbIM AHAIUZOM,
makcoHomueli TaHHbIX U T.JI.

Pemenne 3agau  knaccupuKanMyd  COCTaBISIOT OCHOBHYKO  II€Nb
NPUMEHEHHs] METOJOB TEOPHUH  pacro3HaBaHus o0pa3oB. B 3amade
Kiaccugurayuu ¢ yyumeiem OTHOIICHHSI Ha CHUCTEME OOBEKTOB 3a/laHbI
W3HAYAIbHO, TpeOyeTCsl JKCTPANoOJMpOBaTh JTH OTHOIICHHWS Ha  BCE
MPOCTPAHCTBO JAHHBIX — OTHECTH KaXKJIyI0 M3 TOUEK MPOCTPAHCTBA JTAHHBIX K
OTIPE/ICIIECHHOMY KJIACCy TP TOMOIIU KAACCUDUKAYUOHHO20 WA Peuanuezo
MpaBWwia, TOCTPOGHHOTO TPHU TOMOIIM Ha0opa JaHHBIX (WM €ro
MOAMHOKECTBA), B KOTOPOM KaXJOW TOUYKE 3apaHee COIMOCTaBJIEHa MeETKa
kiacca. B aTom ciiydae Te maHHble, KilacCu(PUKalus KOTOPHIX 3apaHee U3BECTHA,
Ha3BIBAIOTCA 00yuanwum MHodcecmeom (3adaunuxom). Kax mnpasuiio, Tou
uH(opMaluet, KoTopasi U3BJIEKACTCS U3 JAHHBIX B JAHHOM IOAXOJIE SBIISICTCS
yKa3aHue Ha BUJ pemiaromeid (pyHKIUU, WM BUJ PEIIAIONIUX MOBEPXHOCTEH,
OTAEIISIONINX MPOCTPAHCTBEHHO OJMH KJIACC OT JIPYroro.

[lpu knaccugurxayuu 6e3 yuumens pa3OueHHUE MHOXKECTBA Ha KJIACCh
OCYUIECTBIISIETCS B PE3YJIbTATE PELICHUS 33Ja4d Ha ONTUMH3ALUI0 HEKOTOPOIO
KpuTepust (Harpumep, KpUTepus OJIM30CTH TOUYEK, TPHHAJICKANTUX KAKIOMY U3
KJIACCOB K UX YeHmpouody — «TUIMHUYHOMY IIPEJICTaBUTEI0» Kiacca). B atom
clly4ae BO3MOYKHBI JIBa BapUaHTa, KOT1a

a) YMCJIO KJIACCOB M3BECTHO 3apaHee, M TOrJa WU3BICYCHHOW M3 JTaHHBIX
uHopManueir gBISIETCS pa3z0MEHUE MHOXKECTBA JAaHHBIX Ha 3aIaHHOE YHCIIO
KJIACCOB AKBUBAJIECHTHOCTH, TMOJIOXKEHHUS IIEHTPOUJIOB B MPOCTPAHCTBE JAHHBIX,
Mepbl OJMM30CTH TOYEK OJHOTO Kilacca K WX IEHTPOHIY, MEPHl YAAJICHHOCTH
OJIHOTO KJIacca OT APYroro u T.1.;



0) YHCIO KJIAacCOB 3apaHee HEHW3BECTHO, M TOrJa K W3BICYCHHOM
nHpOpManuu T00aBIAETCS KOJIMYECTBO KJIACCOB (KJIACTEPOB JIAHHBIX, TOUCK
CTYILIEHUS), U, B KOHEYHOM MUTOTE, JAHHBIC OMUCHIBAIOTCS KaK uepapxusi KJIacCoB
SKBUBAJICHTHOCTH (HaIpuMep, BCE JaHHBIC Pa30MBAIOTCAd Ha TPU Kjacca, B
Ka)XJIOM M3 HAX €CTh CBOE pa30MeHNEe Ha MOAKIACCHI M TaK JIajiee).

o Kakoea agppexmuenas pasmepHocms MHONHCECMBA OAHHBIX ?

W3Bneuenne uHdopmaiuu npu OTBETE Ha JaHHBIA BOIPOC, KaK MPaBUIIO,
BEJIETCA B JIBYX HAIIPaBICHUSX (BIOPOYEM, HE BIIOJIHE HE3aBUCUMBIX APYT OT
Ipyra): a) MOUCK MHOrooOpasusi MEHbLIEH pa3MEpHOCTH, BIOKEHHOTO B
IIPOCTPAHCTBO JIaHHBIX, BIOJb KOTOPOrO JaHHBIE PACIOIAratOTCsS JOCTATOYHO
TeCHO; ©0) BbLAENEHUE TPYNIbl Hauboree UHDOPMAMUBHBIX NPUSHAKOG, C
MOMOIIBI0 KOTOPBIX C 33JaHHOW TOYHOCTHIO MOYKHO OBLIIO ObI BOCCTaHOBHTH
3HAYEHHS OCTAIIbHBIX, U ONPENIEIICHUE 3aBUCUMOCTEN, CBA3BIBAIOIINX TPU3HAKH.

EcTtecTBeHHBIM KpHUTEpPHEM TIPH MTOUCKE MHOTO00PA3US, MOOeaUpyoueco
WIN  annpokcumupyloujeco JAaHHbIE, SBIAETCA TpeOOBaHME MHUHUMU3ALNU
CPEIIHEro pacCTOSHUS OT TOYKU JAAHHBIX O OJM>KalIied TOYKH MHOrooOpasus.
Ha npakTuke ogHOro Takoro TpeOOBaHHUS OKAa3bIBA€TCS HEJOCTATOYHO (€CIH
MUHHUMH3HPOBATH TOJIBKO YKA3aHHYIO BEIMYUHY, TO TIOJydEHHOE MHOT000Opa3ue
MOXET 00J1alaTh COBEPIICHHO HENpUEeMJIEMbIMU CBOWcTBamMu). Hampumep,
MHOTOOOpa3ne MOXKET TMPEACTaBISATh W3 ceOsi JIOMaHHYI0 B TIPOM3BOJIHLHOM
MOPSIIKE COEAUHSIONIYIO BCE TOUKH JAHHBIX — TOT/Ia CPEAHEE PACCTOSIHUE PABHO
HYIIIO.

[Ipn aHanmusze «HOMEHKJIATYpPbl» MPU3HAKOB CYIIECTBYIOT HECKOIBKO
MOAXO/OB.

Bo-nepBeix, 3T0 aHanu3 sHauumocmu TOW WIM WHOW TPYNIbI MIPU3HAKOB
OTHOCHUTEIIbHO OmpeieleHHoro kputepus. Kpurepuit popmupyercss ucxons u3
3a/1aBa€MOr0 «pyKamMHu» BUAA 3aBUCUMOCTH, KOTOpast OyIeT CBS3bIBaTh OIHU
MPU3HAKU C JPYrUMHU (Hampumep, JUHEMHas CBA3b). 3ajadya COCTOUT B TOM,
YTOOBl YKa3aTh MUHUMAJbHBIA MOAHAOOpP MPHU3HAKOB, C MOMOIIbIO KOTOPOTO,
WCIIONB3YSl IPU3HAKU KaK HE3aBUCUMBIE IIEPEMEHHBIC, C YKa3aHHOW TOYHOCTHIO
MOXXHO OBLIO OBl BOCCTAHOBHTH 3HAYCHHS JAPYTUX NMPHU3HAKOB TMPHU 33JaHHOM
BHJIC 3aBHCUMOCTH. [IpocTeimmii u3 crocoO60B — MOJHBIN Tepedop codeTaHui
MPU3HAKOB — HEMPHUEMIJIEM C TOUKH 3PEHHS BBIYMCIUTENBHBIX 3aTpaT YKe Ui
Ta0NMIl C HECKOJbKHMH JECATKAMH CTOJOIOB, IMOATOMY IS OIpEAeTCHUI
TaKoro MnoaHadopa CyIeCTBYET JIOBOJIBHO OOLIMPHBINA apCeHaT IBPUCTUUYECKUX
MIPUEMOB.

Ecniu ykazan nogHabop HamOojee 3HAUYMMBIX HPHU3HAKOB, TO MEHEE
3HAYMMBIC TPU3HAKK MOTYT OBITH BOOOINE yHaJeHBI M3 PACCMOTPEHHS, Kak
JUIICHHBIE HHPOPMATUBHOW Harpy3KH (OJHAKO, €CIM HE CKa3aHO SBHO, BCETIa



HY)KHO MBICIICHHO J00aBJIsTh — «B Tepeneiax 3aJaHHOW TOYHOCTH WIIH
JTOITYCKa» ).

Jlpyro#i moaxom JEXHAT B OCHOBE METOAOB (DAKMOPHO20 AHATU3A.
[Ipu3zHaku OOBEKTOB B ATOM CcCllydae MPEACTABISIOTCS B BUAC KOMOMHAIIHIA
(IMHEWHBIX WX JPYTMX) MEHBIIEr0 YHUCIa JPYIUX, HENOCPEICTBEHHO HE
U3MEpPSEMBbIX  (CKPBITBIX, JIATEHTHBIX)  (akTopoB. DakTopbl  OOBIYHO
KOHCTPYHMPYIOTCSI TaK, YTOObI OHU OKa3aJuCh B3aUMHO HEKOPPEIUPOBAHHBIMHU.
Yucno GpakTopoB ¢ HOMOIIBIO KOTOPBIX YAAETCSl CBECTU MOTPEIIHOCTh ONUCAHUS
— OCTaTOK, K MPUEMJIEMOMY YPOBHIO U ABJISIETCS 3(DPEKTUBHONU Pa3sMEPHOCTHIO
IIPOCTPAHCTBA B 3TOM MOJECIIH.

B urore, cnenays Tomy miaHy, KOTOPbIM HAOpOCaH B OTMEUEHHBIX OOIIHUX
BOIIpOCaXx, HCCIIEN0BATEND OMUCHIBAET  PacCMAaTpUBaEMble  JIAHHBIE
(paccka3bpIBacT 0 HUX) B TEPMHUHAX TOrO WJIM MHOTO moaxoaa. B pesymprare y
HETO CKJIAJIBIBACTCS] HEKOTOPOE BHYTPEHHE MPEACTABIEHUE O CTPYKType Habopa
JAHHBIX M O 3aBUCUMOCTAX, MPUCYIIUX JaHHBIM. [Ipudem, u 3TO CylecTBEHHO
JUIS. HAILETO W3JI0KEHUS, CIEIyeT OTMETUTb, YTO TOYHBIE KOJWYECTBEHHBIC
XapaKTePUCTUKHU, W3BICUCHHBIE C TIOMONIBIO Pa3HBIX MOAXOJOB, UIPAIOT
BTOPOCTEIIEHHYIO POJIb IO CPAaBHEHHIO C BO3HHUKAIOIIUM  KAaYECTBEHHBIM
MpencTaBiIeHueM 0 Habope AaHHBIX. He CTONbKO KOHKPETHBIE YHCia, CKOJIBKO
HaTJIAIHBIA 00pa3 MO3BOJIMT MCCIIEAOBATEIIO MPUCTYIUTh Ha CIEAYIOIIEM dTare
K CO3JaHHUIO0 TEOPETHYECKOW Mojenr, 0000IIaroneii 0COOEHHOCTH U3ydaeMOit
CHUCTEMBI ¥ O0OJaJarolieid CHOCOOHOCTHI0O K TIPOTHO3Y KAYECTBEHHBIX U
KOJIMYECTBEHHBIX XapPaKTEPUCTHK JJIi HOBBIX OOBEKTOB, TOSBISIOMUXCS B
CUCTEME.

1.2.4. ...1 OTBETHI, KOTOPHIE MBI MOYKEM MOJYUUTb.
PaBHOMEpHOE M HOpMAJIBHOE pacipeieNeHUs

CrouT yaenuTh BHUMAaHWE JBYM CaMbIM MPOCTHIM, TPAJAUIMOHHBIM H
TIIATEILHEHIITUM 00pa30M M3YYEHHBIM MOJIEISIM JIaHHBIX — PaBHOMEPHOMY U
HOPMAQJIBHOMY pachpefeneHusiM. TpylHO TMEepeolueHUTh WX poib IS
COBPEMEHHOTO COCTOSIHHSI TIPAKTHYECKH JIFOOOW W3 HayK, MMEIOIIEH NIeJ0 CO
CTAaTHCTUYECKUMHU OIICHKaMH, /i€ JTHOO0 OFHO, JINOO JPYroe BBICTYMAIOT B POJIU
uian 0a30BBIX MOJAENEH, WM HAYadbHBIX NPUOIMKEHUH, WIH TPEICITbHBIX
CIIy4aes.

Jlyist Toro, yToObI M30€XKaTh MyTaHUIII, Cpa3y oOpaTUM BHMMaHHUE Ha TO,
YTO MOHATHE 8b100pKU U pacnpedeneHus CYyIIeCTBEHHO OTInYHbl. HezaBucumas
BBIOOpKa W3 TEHEPaJbHOW COBOKYITHOCTH — 3TO KOHEYHOE MHOKECTBO TOYEK
TaHHBIX, IOTYYCHHBIX B PE3yIbTaTe CIIY4allHOTO BEIOOpA TOYEK M3 TeHEpaTbHOU
COBOKYITHOCTH. PacnpeneneHne — 53TO 3aKOH COIIOCTABICHUS  KaXKIOU



OECKOHEYHO MaJIOi 00JIaCTH TMPOCTPAHCTBA BEPOSTHOCTU TMOSIBICHHUS B HEMH
TOYKM JIaHHBIX. BBIOOpKa TMCKpETHA, a pacrpeieneHue, Kak MpaBuio, KyCOYHO-
HETPEPBIBHO.

MoXHO cKa3aTh, YTO PAaBHOMEPHOE pacIpelelieHHe BBIPAKACT HJCIO
PaBHOBO3MOJKHOCTH HCXO/IOB B CITy4ae€ HENPEPHIBHBIX CITYYaiHBIX BEJIUYHH.
Torma BepoOSTHOCTD TPUHATHS  CIy4allHOM  BENMYMHONW  3HAYCHHS B
MPOU3BOJBHOM TOUKe (pa30BOro oObEeMa Be3Je OJMHAKOBA M 0OpaTHO
MPOMOPIOHAIbHA BEIMYHHE 00BeMa.

< HemnpepblBHOE PaBHOMEPHOE paclpeelicHHe MOXHO MOIYYUTh
U3 JUCKPETHOIO, HANpUMeEp, CleayrlmuM obpazoMm. Bosbmem

OCCKOHEYHBIM HaOOp Cay4aWHbIX BelMWYuH Z;, Z, ... Z,,
npuHuMaronmx 3HadeHus 0 u 1 ¢ BeposaTHOCTBIO V2. Eciu Mbl
MMOCTPOUM HETPEPHIBHYIO CIy4alHYIO BEJIMYMHY

X =Yz 2" (paktruecku (opMmylia JAeT CHOCOO IPENCTaBICHUSL
i=1

yucina w3 jguanazona [0,1] B ngBomuHOM Qopme), TO ee
pacmipeziesienre OyaeT paBHOMEpHbIM Ha otpeske [0,1].

Jlpyroii mpumep paBHOMEPHOTO pacHpeielieHuss — €cliu U3
MPOU3BOJIBHBIX ~ HE3aBUCHUMBIX  HEMPEPBIBHBIX  CIy4alHBIX
BenuuuH X, X; ... X, obpazoBath cymmy s, =X; + X5 ... + X,
TO B TIpefielie n —> oo JApoOHasi yacTh §, OylIeT pacmpeesrcHa
paBHOMEpHO Ha oTtpeske [0,1).8<

JlommyctrM, WCCIEOBAaTeNh pPEIMIA, 4YTO JaHHBIE B TPOCTPAHCTBE
pacmpeielieHbl  paBHOMEPHO (TO €CTh, HANpUMEp, SBISIOTCS BBIOOPKOW W3
reHepaIbHOW COBOKYITHOCTA C PaBHOMEPHBIM 3aKOHOM pacHpeleieHus). ITO
COOTBETCTBYET CHTYAIIMH, KOTJIa «BCE BO3MOXKHO» — TO €CTh B CHCTEME MOXKET
CYIIECTBOBaTh OOBEKT WM SBJICHUE C JIIOOBIM W3 JOMYCTUMBIX HAOOpPOM
CBOICTB C PaBHOW BEPOSITHOCTHIO.

Kakum oOpa3zoMm Toraa ucciaeaoBaTelib MOKET ONMKUCATh CBOU JIaHHBIE — TO
€CTh KaKOBBI OYAyT €ro OTBEThl Ha 3a/JaHHbIC BhIIIe Bompockl? Hamo ckasars,
YTO OTBETHI 3TU OYAYT MAKCUMAJIbHO (M3 BCEX BO3MOXKHBIX MOJEINEH) OCTHBI.
To ecTb, ecnu maHHBIE pacHpelleNieHbl B MPOCTPAHCTBE PAaBHOMEPHO, TO B
oOJake MaHHBIX HENb3s BBIACIUTh HUKAKON €CTECTBEHHOW CTPYKTYPHI (HET HU
KJIACTEPOB, HA TOYEK CTYIIEHUS), B O0JIaKe HET BBIICICHHBIX HAIPABICHUH, H
s deKkTHBHAS Pa3MEPHOCTh MHOKECTBA JAHHBIX COBIMATAET C Pa3MEPHOCTHIO
MPOCTPAHCTBA, TO €CTh HET HUKAKUX 3HAYUMBIX CBSI3€M MEXIy MpU3HAKAMHU
00bekToB. TakuMm 00pa3oM, paBHOMEPHOE pacmlpejiesieHrue SBISETCS HauMEHee
E€MKHUM C TOYKH 3PEHHS CoJiepKalieiicss B HeM HH(popMaIuu.



< C momompio MPOCTOrO pacyera MOXHO TI0Ka3aTh, YTO
PaBHOMEpPHOE pacHpe/ieieHUe COOTBETCTBYET MAaKCHMAJIbHOU
SHTPOINUU CITYYAWHON BEIIMYUHBI.
B CTaTUCTHYECKOMN busuke MaKCUMYM SHTPONUHU
MPOCTPAHCTBEHHOT'O PACIPEECICHUS MOJIEKYJT COOTBETCTBYET
pPaBHOBECHOMY (YCTOMYHMBOMY) COCTOSIHUIO CHCTEMBI. <

Ecnu nns  wMonmenn  paBHOMEPHOTO — pACHpPEICIICHUST  XapaKTEPHO
«OTCYTCTBUE» UWH(MOpMAIMM B HAOOpe IaHHBIX, TO MOJEIb HOPMAJIBLHOIO
pacripesiefieHusi SIBJII€TCS MPOCTEUINMM CllydaeM, KOTjia B Habope JaHHBIX
coiepxkutcs uHpopMaius, cCHOPMHUPOBABIIASIICS «CTUXHHUHO», TO €CTh €CIH
uccueayeMas cucteMa OOBEKTOB HAXOAMWTCS IOJ BO3JACHCTBHEM OOJIBIIOTO
qHClia HE3aBUCHUMBIX CIydalHBIX (AKTOPOB, KaXKI0€ W3 KOTOPBIX H3MEHSET
CBOMCTBa-MIPU3HAKN OOBEKTOB B OMPEACIICHHOM HAMpaBIE€HUH, HO CPEIU ITHX
(haKTOpOB HEJIB3S BBIJICIUTH «TJIABHOTO», YbE€ BO3JCHCTBHE HAa CHUCTEMY OBLIO
Obl HECOIMOCTaBMMO MO MacIiTaly B CPaBHEHHU C CYMMOM BCEX OCTaJbHBIX
BO3JICUCTBUHN (TO €CTh JEUCTBHE JIIOOOT0 (hakTopa MOXKET OBITh MOJHOCTBHIO
CKOMITIEHCHPOBAHO JINOO APYTrUM, JIHOO0 CYMMON HECKOJILKUX (PAaKTOPOB).

< Tepmun nHopmanvhoe pacnpeoenenue ool BBeaeH K. ITupconom.
Opnako cam BUJ ¥ CBOWMCTBa pachpeaeneHus MOoAPOOHO
n3ydyanuch, HauumHasg C laycca. Ha ceromHsimHuil AeHb
HOPMAJIbHOE pacIipe/ielieHUe SBISETCS HanOOoJIee TEOPETUIECKU
W3YYEHHOM W TMPAKTHYECKU IPUMEHSIEMOW CTaTHCTUYECKOU
Mozenblo. OHAa BO3HHMKAET B KaUE€CTBE OCHOBHOW B OIPOMHOM
KOJINYECTBE €CTECTBEHHOHAYYHBIX TPUIOKECHUM.
HopmanbsHoe pacnpeneneHue MOXKET OBITh MOJYYEHO Kak
npezesl JTUCKPETHOrO0 OWHOMHUAIBLHOTO pachpeliefieHus Mpu
OonblioM  KojuyecTBe — uchbITaHuil.  COOTBETCTBYIOIIUI
pe3ynbTaT oopMIiieH B BUlie meopemuvl Myaspa-Jlannaca.
[TonHOE TeopeTHueckoe MCCIENOBAaHUE UCKIIOYUTEIbHONW POJIU
HOPMAJILHOTO paclpeaeNieHus: ObUTI0 3aKOHYEHO TOJIBKO B
TPUALIATHIN TOaX ABaAaToro crojeTtus. OOOCHOBaHUE TaKOU
UCKIIIOYUTENIBHOCTA JAETCS B MpeOoelbHbIX meopemax Teopuu
BEPOSITHOCTEH.  YTBEPKICHUE UECHTPAIBHOW  MPEACITbHOU
TEOpPEMBI COCTOUT B TOM, YTO I MOCHeAoBaTEeNbHOCTH X;, X
... X, HE3aBHUCHUMBIX CIIyYalHBIX BEJIMYMH OTKIIOHCHHE CYMMBI
s, =X; + X5 ...+ X, OT cCBOero MaTeMaTHYECKOTO OKHJaHUA
M(s,))=M(X;)+M(X5)+...+M(X,) TOIUUHSETCS HOPMAIBHOMY
3aKOHY pacopeiesieHuss B IpeAele n — oo . YCIoBuUs
MPUMEHEHUSI UEHTPAIbHOW NPEACIbHON TEOpPEMBbl JAIOTCS B



meopeme Jlanynosa (OCHOBHOW BBIBOJI TEOPEMBI — CpEIU
rnocieaoBarebHOCTH X7, X5 ... X, HE JOJIKHO OBITh BEJIHYUH,
UMEIONMUX OOJIBITUX 3HAYEHWH MOMEHTOB IO CPaBHEHHUIO C
oOmelt qucnepcueit CyMMEI ).

NHTepecHOl 0COOEHHOCTBIO HOPMAJIBHOTO paclpeeicHus
SIBJSIETCS] TO, YTO CyMMa HOPMaJIbHO PACHpPEICIICHHBIX BEIUYHUH
TaKXke pacmpenenaeHa HopMmaiabHO. [l paBHOMEPHOTO
pacrnpeeNieHusl aHAJIOTUYHOTO YTBEPKICHHS CHIENIaTh HEIb34.
CyMMa HECKOJIBKMX PaBHOMEPHO PaCIpE/ICICHHbIX BEJIUYUH HE
SBJSICTCSI PAaBHOMEPHO pACHpPENENICHHON, HO pachpeicieHue
Tako CyMMBI OBICTPO CTPEMUTCS K HOPMAJIbHOMY IMpHU
YBEJIUYCHUH YHCIIA CllaraeMbIX. o<

JlomycTrM, 94TO 0071aK0 0OBEKTOB «ITOX0XKE» Ha BEIOOPKY U3 TeHEPaTbHOM
COBOKYIHOCTH,  IMOJYMHEHHOM  3aKOHYy  HOPMAJIbHOTO  pacHpeaesieHus
(YTOYHEHUIO TIOHSATHSl «IOXOXKE» TIOCBSINIEHA JHUTEpaTypa IO TPOBEPKE
CTATUCTUYECKUX TUNOTE3, Hanpumep [4,29], 31ech Mbl He OyneM BIaBaThCS B
TOHKOCTH 3TOM cepbhe3Hoi Hayku). [lonmpoOyeM AaTh onucaHue pacnpeneaeHus
TOYEK JAaHHBIX B MpOCTpaHCTBEe. [laHHBIC MpeACTaBIAIOT cO00 ONMH KiacTep,
UMEIOT OJIHY TOYKY CTYIICHUS (YHUMOOANbHASL NIOMHOCMb) B TOYKE CPEITHETO
apuMeTHIECKOT0 3HAYCHHH BCEeX MpH3HAKOB. UeM ONFKe K ATOW TOYKE, TeM
BBIIIIE TUIOTHOCTH pacrpeaciicHns o0bekToB. boiee 60% Bcex 00BEKTOB
HaxoJSITCS B 00JIACTH, MPEJICTABIIAIONICH COO0H AIUIAIICON/T, IIEHTPUPOBAHHBINA B
TOYKE CTYIICHHSI C OCSIMHU, PaBHBIMH COOCTBEHHBIM 3HAUYCHUSM TaK HA3HIBAEMOM
KOBapHAIMOHHON MaTpHIbl (1uncoud pacceauus, NoapoOHee 00 3TOM BO
BTOPO I11aBe, CM. pUcC. 8).

OOpatumcst Teneps K aHanusy 3¢ dexTuBHON pasmepHocTH. Illpexnae
BCEro, OTBETUM Ha CIEAYIOUIUN BOMPOC: umo u3 cebs npedcmasisem JuHus, 0
KOMOpoU cpeonee KeAOpama pacCmosiHus Om Hee 00 MOYeK OAHHbIX
MUHUMATILHO'!

Cpazy cneayer OTMETUTh — €CIM Mbl HE HaKJIAJIbIBaéM HHKAKUX

Puc. 8a. /IBymepHOE€ HOpMaJIbHOE Puc. 86. MckaxxeHus, BO3HUKAIOIINE TTPH
Pacnpenenenue Touex. MPOELUPOBAHHH.
I, II — rmaBHEIE KOMIIOHEHTEI, d — peanbpHOE paccTosiHHE,
3 — JIUIMIICOU]] pacCesHUs S — PacCTOSHHE MEXY IPOEKLIUAMU

1)s=d; 2)s<<d;3)s=0



JOTIOJTHUTEIbHBIX OTPAHUYECHHUN HA peryn;IpHOCTb2 ATOW JIMHWUH, TO MOJOMIET
mro0asi JIoMaHasi, COSAMHSIONIas TOYKM JAaHHBIX B IPOU3BOJIBHOM TOPSIKE.
[Toctymum wHave u moTpeOyeMm, dYTOOBI dTa JIMHHUS ObUIA MaKCHMAaJIbHO
PETYISIPHOM, ITyCTh 3TO OyAeT mpsimast.

Ha3oBeM Takyro npsiMyro nepBou U3 2nasusix komnonenm. OHa MPOXOAUT
yepe3 IEHTp oO0Jaka U OPUEHTUPYETCS BJOJIb HAWOOJNbIIEH BBITSHYTOCTH
(Oucnepcuu) obnaka JaHHBIX (CM. pucC. 8a). DTO HampaBliEHHWE COBIAJAET C
HarpaBJieHHuEeM HauOOJIbIIEH 1O JJIMHE OCU AJUIUIICOUIA PACCESTHUS.

3HaueHHUsI KOOPJMHAT BEKTOpA, 3aJal0IIEro HalpaBICHUE IEPBOM U3
IJIaBHBIX KOMIIOHEHT, SIBJISIFOTCA KOJIMYECTBEHHBIMH MEpamMy 3HAYMMOCTHU
MpU3HAKOB. YeM MEHbIIIE 3HAUYEHUE COOTBETCTBYIOIIEH KOOPIMHATHI, TEM MEHEE
3HAYUM U WH()OPMATUBEH MPU3HAK. DTOT KE BEKTOP SABISICTCS (PAKTOPOM JIst
MpocTeiieid oaHo(aKTOpHON Mojaenu Habopa MaHHBIX C pacHpecIICHHEM,
«IOX0KUM» Ha HOpMaJibHOE. B 3TOM cMbICIie 3HaHHWE KOOPAMHAT 3TOTO BEKTOpa
SBJISICTCSL CaMOW CYIIECTBEHHOM JOJied W3BICYCHHOW U3 Habopa JTaHHBIX
uHopMaluu, npuueM TeMm Oojiee CYIIIECTBEHHOW, YyeM JJMHHee Ooblnas u3
OCEH DJIUIMIICOUJIa PACCEsHHSl IO CPaBHEHUIO C OcCTalbHbIMH. llepBas wu3
TJIABHBIX KOMIIOHEHT IMO3BOJISET MPUOIUKEHHO BOCCTAHOBUTH 3HAYEHUS BCEX
MPU3HAKOB, €CJIM U3BECTHO 3HAUYEHUE TOJIBKO OJIHOTO U3 HUX.

Ecaim TOYHOCTH Takoro MOJETUPOBAHUS JAHHBIX  OKa3bIBaeTCA
HEJIOCTATOYHOM, TO OIpENENseTCs HalpaBJI€HUE BTOPOM U3 TJIABHBIX
KOMIIOHEHT. M3 BEKTOpPOB, COOTBETCTBYIOIIMX KaXK/I0M TOYKE JAHHBIX BBIYTEM
BEKTOP OPTOTOHAJIBHOW MPOEKIMH TOYKH Ha MEPBYIO TJIABHYIO KOMIIOHEHTY.
Ha3oBeM HOBBII TIONYy4deHHBIH HAa0Op BEKTOPOB MHOMCECMBOM NEPBblX
ocmamxkog. I1ocTpouM B 3TOM MHOKECTBE IEPBYIO INIABHYKO KOMIIOHEHTY. Ee
HAMNpPABJICHUE OKAXKETCS HAIPABICHUEM BTOPON TJIABHOM KOMIIOHEHTHI sl
HMCXOJHOTO MHOXECTBAa. IJTO OyAeT TmpsMas, MPOXOASIIas uYepe3 IEHTP
pacnpenenieHusl, NEPHEeHAUKYIIPHO K TMEPBOM M3 TIJIABHBIX KOMIIOHEHT,
COBIAJIAIONIAA C HANpPaBICHUEM BTOPOM M3 TJIABHBIX IOJIYOCEHW 3JUIMIICOUAA
paccesHusl.

Ha monyueHHbIe 1Ba BEKTOpa MOXKHO HATSHYTh HJIOCKOCHb HEPBLIX 08YX
enasHvlx komnowenm. Cpeanm BCeX IUIOCKOCTEH dTa IIJIOCKOCTh 00JIagaeT
CBOWCTBOM MUHUMYMA CYMMbl K8AOPAMO8 pPACCMOSHUL Om Hee 00 MOUYeK
Ooannvix. C TIOMOIIBIO HEE MOXKHO a) IMOCTPOUTH ABYX(PAKTOPHYIO MOJIEIb
TaHHBIX; 0) BOCCTAHOBHTH 3HAYEHUS TNPU3HAKOB OOBEKTa, €CIU H3BECTHBI
3HAQUYEHHUS O0QYX TMPHU3HAKOB, B) TMPOCTBIM 00pa30M  BU3YAIUZUPOBATND
MHOTOMEpHBIE JaHHBIC, CIIPOCHUPOBAB KAXKIYI0 TOUYKY JAHHBIX OPTOTOHAJIBLHO
Ha IUIOCKOCTh MEPBBIX JABYX IMTABHBIX KOMIIOHEHT.

* Ec ©b1 MBI IMEITH JIENIO C pacrpe/eaeHineM (0eCKOHEYHBIM YHUCIOM TOYEK), TO HE
MPUIIIOCH OBl HAKJIAIBIBATh HUKAKUX OIPAaHUMYCHUH — B COOTBETCTBYIOIIEH ITOCTAHOBKE
3a71a91 MBI OBl U TaK MOJYYHIH PETYIISPHYIO KPUBYIO.



OcTaHOBHMCSI HECKOJIBKO TOJApOOHEe Ha TMOCIETHEM MOMEHTE.
[Ipouiemypa OpPTOTOHATBLHOTO MPOCHMPOBAHUS TOYKM HA IIOCKOCTh 3a7acT
OTOOpaKCHWE M3 HCXOIHOTO IPOCTPAHCTBA OOJNBIIONW pasMepHOcTH R" B
MPOCTPAHCTBO R’, TO €CTh CONOCTABISACT KAKAOH TOUYKE HCXOIHOTO
MPOCTPAHCTBA JABE KOOPAMWHATHI Ha MockocTh. Cpenu BceX 0TOOpakeHHA THTIA
OpPTOTOHAJIBHOTO MPOCLUPOBAHUS HA WIOCKUL IKPAH Takoe 0ToOpakeHue Oyner
ONTUMAJILHBIM IO OTHOIICHUIO K COXPAHECHUIO CTPYKTYPhI PACCTOSHUN MEKITY
TOYKAaMH B HCXOAHOM TpOCTpaHCTBe. Ecimm ke OBl MBI HMEIH JIeJI0 C
OCCKOHEUHBIM YHUCJIOM OOBEKTOB TCHEPAIbHONH COBOKYITHOCTH, IOJIYMHCHHOU
HOPMAJIBHOMY 3aKOHY paclpeielieHus, TO Takoe OToOpakeHHe ObU1o Obl
OIITHMAIIBHBIM CPEIH TIO0BIX 0TOOpakeHuit u3 R” B R,

3/1ech MBI BIIEPBBIC KacacMcCsli OCHOBHOTO BOIIPOCA HAIIETO W3JIOKCHUS —
3ayem e HYHCHO 8U3YAIU3Uposams oannvie? Jlemo B ToM, 94TO ObUIO OBI OYEHB
MOJIE3HO MMETh BO3MOXHOCTH TPEJCTaBUTh MHOTOMEPHOE OOJaKO ITaHHBIX B
BH/JIC HATJISATHOW JABYMEPHOW KapTUHKH, TO €CTh CHU3UTh PAa3MEPHOCTHh O0JIaKka
70 ABYX M3MEPCHHA, HO TaKUM 00pa3oM, YTOOBI Ha MOJIYYCHHOM H300pakeHUN
HEKOTOPBHIM ONTUMATBHBIM 00pa30oM OBLIM BUIHBI OCHOBHBIE 3aKOHOMEPHOCTH,
npucymye Ha0Opy JMJaHHBIX: €ro KJIacTepHas CTPYKTypa, H3HAYAIBHOC
pasJeNieHne NaHHBIX Ha KJIAacChl (€CIM TaKOBOE HWMEETCs), CYIIECTBOBAHHE
Pa3TUYHBIX 3aBUCHUMOCTEH MEXIy NMpU3HAKaMH W Tak nainee. BooOrmie, eciu
MCCIIeIOBATENh OYAET UMETh BOBMOXHOCTh XOTh KaK-TO HATJISITHO MPEICTABUTH
cebe MHOroMepHOe OOJAaKO JaHHBIX, MHOTHE 3a7add aHainu3a (TO €CTh B
KOHEYHOM  WTOT€ —  ONWCAaHUS  JIaHHBIX) pEHIaloTCs C  TOMOIIH
HEIMOCPEJCTBEHHOTO 3pUTEIHLHOTO BOCIIPHSITHS KAPTUHBI MHOXKECTBA OOHEKTOB.

Wrak, Hanbosee mpruemMIIeMbIM CITOCOOOM BH3yaJIM3UPOBATh HAOOP TOUEK
JTaHHBIX, YbE pACIPEACICHUE «IIOXOXKE» Ha BBIOOPKY €3 HOPMAJILHOM
TCHEPaIbHOW COBOKYITHOCTH, SIBJISCTCS OPTOTOHAJIBLHOE MPOCIMPOBAHUE Ha
MJIOCKOCTh TIEPBBIX ABYX TJIABHBIX KOMITOHEHT. [LIIOCKOCTH TpPOSKTUPOBAHHS
SBJIICTCS, TIO0 CYTH IUIOCKHM JIBYMEPHBIM «3KpPaHOM», PAaCIOJIOKCHHBIM B
MPOCTPAHCTBE TaKUM 00pa3oM, 4YTOOBI 00ECICYUTh «KAPTUHKY» JaHHBIX C
HaUMEHBIITMMH UCKKCHUSIMH. Takasi IpoeKIus OyeT ONTUMaIbHa (CpeIr BCeX
OPTOTOHAJIBHBIX TPOGKIMA Ha pa3Hble JIBYMEPHBIE JKpaHb) B Tpex
OTHOIICHHSIX:

1) Munumanvna cymma K8adpamos paccmoauuii om mouexk OAHHbIX 00
npoekyuti Ha TUIOCKOCTh TIEPBBIX TJIABHBIX KOMIIOHEHT, TO €CTh JKpaH
Pacroso’KeH MaKCUMAaJIbHO OJIM3KO TI0 OTHOIICHHIO K 00JIaKy TOYEK.

2) Munumanvra cymma UCKAN’CeHUNl PACCMOIHUL MeHcdy 8cemu napamu
moyeKk u3 001aKa OAHHLIX TIOCIE TMPOCLUPOBAHUS TOYEK HA IUIOCKOCTD.
[ToscauMm 510 mOApOoOHEee. Bo3zpMmeMm 10OyI0 Tapy TOYEK B HCXOTHOM
MpoCTpaHcTBe. MeXIy HMMH €CTh Kakoe-TO HeHyJeBoe paccrostHue. [locie
MPOCUUPOBAHMS KAKIOM W3 TOYEK HA TUIOCKOCTh TJIABHBIX KOMITOHEHT



PACCTOSTHHE MEXKIY MPOCKITUIMHU OYIEeT y’Ke UHBIM (CM. pUC. 80) — B HEKOTOPHIX
CIIy4astX OHO MOXKET JaKe OKa3aThCsl HYJIEBBIM — ISl Pa3HBIX TOYEK MPOCKINN
MOTYT COBIIACTh, €CJIM OHM JI€KAT Ha OJHOW MPAMOH, MNEPHECHIAMKYIIPHON
MJIOCKOCTH TPOENHUpOBaHUs. MOXXKHO BBECTH MEpPY HCKaKEHHUS PACCTOSTHHS
MEXAy TOYKAMH TIOCJE TPOCHUpPOBaHUSA (HApUMEpP, OTHOCHUTEIBHYIO
MOTPEIIHOCTh). YTBEPKAACTCS UYTO MPU MCMIOIB30BAHUU ILIOCKOCTH TEPBBIX
IBYX TJIABHBIX KOMIIOHCHT CyMMa JTHX HCKOKCHHUW JTOCTHTAaeT MUHUMYyMa
(pazymeeTcsi, €Ciid TOYEK JOCTaTOYHO MHOTO).

3) Munumanvha cymma UCKaxiCceHuti pacCmostull Mexcoy 8cemu mouKamu
OAHHBIX U UX <YEHMPOM MANCECMU», A MAKHCEe CYMMA UCKANCEHUU Y2l08
MedHcoy 8eKmopamu, COeOUHAIOWUMU MOYKU U «yeHmp msdcecmu». B cimydae
HOPMAJIBHOTO PpACTpEEiICHUs] LEHTP TSKECTH paCHpe/IeNieHHus COBMAAACT C
TOYKOW CTYIIEHUS — TECOMETPHUYECKHM IICHTPOM pacCTpeieNieHus W CPETHUM
apuMeTHIECKIM 3HAYEHUI TTPU3HAKOB BCEX OOBEKTOB.

% Hpumep. Ilpoeyuposanue oannvix na niockocmv I-oit u 2-oii
2/1A6HBIX KOMNOHEHM.

Ha puc. 9 nokazana mpoekiusi 4eTblpeXMepHOro o01aKa TOYEK JaHHBIX,
COOTBETCTBYIOIIEH peaqbHONW TaOiauIle NTaHHBIX, COOpaHHBIX B pe3yJabTare
U3MepeHHs OOTAHWYECKHX KIACCHU(PHUKAIMOHHBIX MPU3HAKOB TPEX pPa3lIUYHBIX
BUJIOB I[BETKa HpHca. OTa 0a3a JaHHBIX TPAJUIMOHHO HCIIOJIb3YeTCs B
JUTEpaType B KaUeCTBE WUTIOCTPALIUN TP UCTIBITAHUN PA3IMYHBIX aJITOPUTMOB
aHanu3a JaHHbIX. B Tabnuue npeacrasieno mo 50 pe3ynbTaToB U3MEpEHUN s
KaX/10r0 BHJa IIBeTKa. B kadecTBe KOOpAMHAT YETHIPEXMEPHOIO MPOCTPAHCTBA
UCIIOJIb30BAJIMCh JUIMHA W UIIMpPUHA JIETEeCTKa I[IBETKa, M JJUMHA M IIHpUHA
YalieaucThKa 1BeTKa. M3 pucyHKa BHJIHO, YTO, MCHOJb3yS METOJ IJIaBHBIX
KOMITOHEHT, MOKHO YBEPEHHO OTAENUTh Kiacc Iris-setosa OT ABYX JpYyrux
KJIacCoOB, B TO Bpems Kak kiacchl Iris-versicolor u Iris-virginica ocrtaroTcs
nepeMeIaHHbIMH.



Qlris - setosa [ lIris-versicolor A lIris-virginica

Puc. 9. HpO@HHpOBaHHC Ha IUIOCKOCTDb NEPBBIX ABYX I'IaBHBIX KOMIIOHCHT.

Bo3nukaer ecTecTBEHHBIN BONPOC — a Kak OOCTOUT JEN0 ¢ Habopamu
JAHHBIX, KOTOPBIE HE MOTYT CUHMTAThCS BBIOOpDKAMU U3 TEHEpaIbHOMN
COBOKYITHOCTH C HOpPMaJbHBIM pactpezacneanem? IlepeuncieHHbie CBOWCTBA
TJIOCKOCTH TJIABHBIX KOMITOHEHT COXPAHSIOTCS IS 1pou3eoibHo2o obJaka
TOYCK MPHU YCIOBUH, YTO PACCMATPHBACTCS BHU3yaHm3anus (TIPOCIIHMPOBAHNC)
TOJIBKO TIPH TIOMOIIU ABYMEPHBIX JUHEUHbIX MHOTO00pa3wil (pa3IudHbIM
o0pa3oM  OpPUEHTUPOBAHHBIX B  TMPOCTPAHCTBE  IJIOCKOCTEH-IKPAHOB).
PazymeeTcs, MOKET HAUTHCH TaKO€ KpugoauHelinoe TBYyMEPHOE MHOTO00Opasue,
C TIOMOIIBIO KOTOPOTO OYACT BO3MOXKHO JOOWTHCS €Ie MCHBIINX 3HAYCHHMA
MePEUYHNCIICHHBIX KpuTepueB. CrocoObl IOCTPOCHUSI TaKUX ONMUMATbHBIX
MHO2000pa3uti N COCTABIISIIOT OCHOBY HAIIETO U3JIOKEHUSI.

B cBoeM paccMOTpeHHMHM MBI TIOYTH TIOJHOCTBIO OTPaHUIMBAECMCS
JIBYMEpPHBIM CJy4aeM, Kak HauOoyiee €eCTEeCTBEHHBIM JJI BU3yallM3alluu.
[ToHATHO, YTO METOJ TJABHBIX KOMIIOHEHT II03BOJIIET TOCTPOUTH TpEX-,
YyeThlpex- U Oosee (akTopHbIe MOJENTH, W, BOOOIIE, BBHIOpaTh k TJIABHBIX
KOMITOHEHT, UCITIOJIb30BaHUE KOTOPHIX B KauecTBE (hakTOPOB oOecrieurBaio Obl
HEOOXOJUMYI0 TOUHOCTh OMHMCAHUs JaHHBIX. Torja MOXKHO CKa3aTh, 4TO HaOOP
TaHHBIX sBisieTcs 3PdeKTUBHO k-MepHBIM. Pazymeercs, Haubosiee UHTEPECHBI
Clly4au, KOT/ia k CyIlIeCTBEHHO MEHBIIIE pa3MEPHOCTH MPOCTPAHCTRA.

HexoTtopsie BbIBOIBI
Ntak, Mbl KaYE€CTBEHHO PACCMOTPEIM OCHOBHYIO MOJI€JIb MHOTOMEPHOTO

CTaTUCTUYECKOIO  aHaliu3a  JaHHbIX —  MHOTOMEpPHOE  HOpPMAalbHOE
pacnpenenenue. B kauecTBe onTUMaIbHBIX (PAaKTOPOB, OMUCHIBAIOIINX JTaHHEIC,



B OTOW MOJICJTH BBICTYIAIOT JIMHCHHBIC KOMOWHAIMM MPU3HAKOB, 3aJIafOIINEC B
MPOCTPAHCTBE HAIMPABJICHUS, BAOJIb KOTOPHIX JUCIIEPCUS JAHHBIX MaKCUMaJlbHa.
[IpocToTa 1 M3y4eHHOCTh TAKOW MOJICNIH CBsI3aHA KaK pa3 C €€ JUHEeUHOCMbIO.

Mo>KHO cKa3aTh, YTO HOpMAJILHOE pacipeeieHue BO3HUKAET BCAKUHN pas,
KOTJla CO3/Ia€TCsl CTaTHUCTHYECKass MOJENb JauHeuHou cucmemsl. [10CKOJIBKY
TOYHBIE HAYKHA XOPOLIO YMEIOT CHPABIATHCS MOYTH HCKIIOUHUTEIBHO TOJBKO C
TaKUMH MPOCTHIMUA CUCTEMaMU, TO JIETKO MOHATH MOMYJISIPHOCTh HOPMAJIbHOTO
pacripezenenus B GpU3NKe, XUMUU, OMOJIOTUU U TakK Jlajee.

Kak MBI yxe ynoMuHanu, TpaguUMOHHBIM TIEPBBIM IIIarOM B
CTAaTUCTHUYECKOM HCCJICOBAHUH SIBJIICTCS OI[CHKA MAaTEeMaTHUCCKOTO OKHUJIAaHHUS
u oOmei aucriepcun Juisi Habopa MaHHBIX (B MHOTOMEPHOM Ciiy4ae —
KOBapUallMOHHOW MaTpullbl, TO €CTh MO CYTH m JUCHEPCUH, Tae m -—
pPa3MEpHOCTh TPOCTPAHCTBA). ITU BEIWYUHBI SBJISIOTCA J1OCTaTOYHBIMU
CTaTUCTUKAMU  HOPMAJIBHOTO  pacOpelesieHus, TO €CTh NEpPBBIM U
TPAIUITMOHHBIM IIIarOM SIBJISIETCS TIPEJACTAaBICHUE HaOOpa /JaHHBIX B BHUIE
MPOCTEUIIECH JIMHEHHON MOJEIH.

Ecnu oGnako Touek siBisieTcsl sIBHO Oojiee CIOKHBIM, HalpuMeEp, UMEET
Oonee OJIHOM TOYKHM CTYIIEHUS, TO €ro B MEPBOM NPHUOIMIKEHUU MOKHO
MOJICTTUPOBATh IMPOCTPAHCTBEHHBIM HAJIOKEHHUEM HECKOJIBKHUX HOPMaJIbHBIX
BBIOOPOK, ISl KOKJION U3 KOTOPBIX OIPECIICHa CBOSI KOBapUAIIMOHHAS MaTPHIIA
u HaOOp TJIABHBIX KOMIIOHEHT. EcCiM cumMTaTh KaXIyl0 H3 TOYEK JIAHHBIX
BEPIIMHON CBOEM HOPMAJIbHOM «IIIATIOYKW» PACHIPENCNICHUs, TO B pe3yJibTaTe
TaKOTO0 HaJOXXEHHWS BO3HMKAET CaMbIii MPOCTONM W3 HEMapaMeTPUIECKUX
CIIocO0OB OIICHUBAHMSI TUIOTHOCTH PACIIPEICIICHUS TeHEPATbHONH COBOKYITHOCTH.

C npyroit CTOpOHBI, 32 UCKJIHOYEHUEM MOJICIbHBIX TECTOBBIX IMPUMEPOB,
MPAKTUYECKU BCE PEAIbHBIE TAHHBIE 110 CBOEU CTPYKTYPE OKa3bIBAIOTCS BEChbMa
JAJeKd OT HOPMAJIbHBIX BBIOOPOK, TOYHO TaK K€ KaK peaybHble (PU3NUECKUE
CHUCTEMBI IIOYTH BCErla OTHIOAb HE JIMHEHHBI.

B cBsa3u ¢ 3TUM 0COOBI HMHTEpEC MPEACTABISIOT MPUHIIUITUATILHO
HEJTMHEWHbIE  CIOCOOBI  MOJETUPOBAHUS W BHU3yalU3alldd  JIaHHBIX,
MO3BOJISIIOIINE TOCTPOUTH A(PGHEKTUBHYIO TEXHOJOTUIO aHaM3a PEabHBIX
TaOJUI[ JaHHBIX.

Jlnst Hadayia B TPaJAMIMAX TOCTPOCHUS (PU3NUECKHX MOJICICH MPUPOIBI
paccMOTPUM BO3MOJKHBIE TMOJIYMEPHI — Majble OTKJIOHEHHUS OT JIMHEHHOIO
(HOpPMAJIBHOTO) CITyYas.



1.2.5. KBa3winHeHbIe TT0IX0IbI

Bpitie MBI y)k€ yIOMHUHAIM, YTO MOJCIUPOBAaHME (M BU3YyaIM3alIlus)
JTaHHBIX C TIOMOIIBIO JIMHEWHBIX (DAKTOPOB SIBIISCTCS ONTUMAIBHBIMU JIMIID B
cirydae OJHM3KOTO K HOpMaJbHOW BBIOOpKE oOjaka To4uek JaHHBIX. Ecim 31O He
Tak, TO €CTh HOPMAJbHOE paclpeie/icHne HHUKAaKUM 00pa3oM HE MOXKET
SIBJIATBCS MOJICTBIO JIAHHBIX, TO I MX MOJCIUPOBAaHHS HEOOXOIUMO, Kak
MUHUMYM, TIPOSICHATD CICAYIONTNE MOMCHTHI:

1. BwiOpaTh KpuTepuii ONTUMAIBHOCTH, COTJIACHO KOTOPOMY OyAeT
pemaTbes 3a7a4a MOCTPOSHUST MOCIUPYIOIIET0 MHOT000pasus, U, COOCTBEHHO,
pa3paboTaTh CIOCOO MOCTPOEHHUS ATOTO MHOTO00Opa3us.

2. Onpenenuth CcHoco0, C TOMOIIBIO KOTOPOTO TOYKH JIAHHBIX U3
UCXOJHOTO  MpOCTpaHCTBa OyAyT TMEpPEeHOCUTbCS Ha  MOJCNHPYIOIIee
MHOTOOOpasue. B ciydae, eciu ONTUMaJIBHBIM MHOTOOOpa3ueM  SIBISICTCS
MJIOCKOCTh, TaKOW TPOOJIEeMBI HET — HauOOJIee eCTECTBEHHBIM SIBISICTCS
OpPTOTOHAIBHOE MPOCTIMPOBAHUE HA MIIOCKOCTb.

< Ha camoM Jiejic ¥ B 3TOM Cllydae BO3HUKAET PsIJI BOIPOCOB.
B MHOroMepHoM mNpOCTpPaHCTBE I BIIOKECHHOW JBYMEPHOU
TJIOCKOCTH BEKTOP HOPMaJIM OMpenesieH HeoaHo3HauHo. [lof
OPTOTOHAJIGHBIM ~ TIPOSKTHPOBAHHEM  OOBIYHO  IOHUMAIOT
MIPOCKTUPOBAHUE B OJIFKAMIITYIO TOYKY IUIOCKOCTH, OJTHAKO JIJIS
pPa3IMYHBIX METPUK TakKas TOYKa, BOOOIIE TOBOPS, MOXKET ObITh
pazHoii. B wacTtHOCTHM, 11 OOBIYHOM  EBKJIMAOBOM U
B3BECILIEHHON E€BKJIMJIOBON METPUKUA OPTOTOHAJIbHBIE MPOCKIUU
HE COBHANAIOT. 3<

CmMmech rayCCOBbBIX KOMIIOHCHT

Bo-miepBbIX, OJIMH HW3 OYEBUIHBIX CIOCOOOB OOOOIICHUS JHUHEHWHBIX
MOJIETICH SIBIISIETCSl TIPEICTaBICHUE OOIIETO paclpeiesieHus TaHHBIX B BHJIC
B3BEIICHHOW CYMMBI HOPMAIBHBIX paclpenesieHU, TOJDKHBIM 00pa3oM
«CIIUTBIX» JAPYr C JPYyroMm, s KaXJAOro W3 KOTOPHIX ONTUMAJIbHBIM
MOJICIUPYIOIIUM ~ MHOTOOOpa3ueM  SIBJIA€TCS  JIMHEWHOE  MHOTooOpasue,
HaTSHYTOE Ha HECKOJbKO COOCTBEHHBIX BEKTOPOB KOBAPHUAIIMOHHOW MATPHUIIBI
COOTBETCTBYIOIICH HOPMaJIbHOW KOMIOHEHTHI CMeCH. M3 OTIENbHBIX KYCKOB
ATUX TIUIOCKOCTEd MOYKHO TaK WM HMHA4Y€ CHIUTh TJABHYIO MOBEPXHOCTb.



CornmacHO  KpUTEpUIO  ONTUMAIBHOCTH  ONpENENsIeTCS COCTaB  Habopa
HOPMAaJIbHBIX KOMIIOHEHT, KO (UITUEHTHI CMECH, YCIOBHSI CITUBKH U T.JI.

OdeBuAHO, YTO YeM OOJbIIe HOPMAJTBHBIX KOMIIOHEHT OYIEeT B CMECH,
TEM, C OJTHOM CTOPOHBI, 00JIee KPUBOJIMHECHHOM OyIeT OJydeHHAs B pe3yiIbTaTe
CIIMBKHM TMOBEPXHOCTh. B mpenenbHOM ciayyae Kaxaas TOYKA JaHHBIX MOYXET
HCMOJIb30BATHCSl KaK MPEICTABUTEIb CBOEH HOPMAaJIbHONM KOMIIOHEHTHI (3TOT
ciy4all MOKET ObITh MCIOJIb30BaH Il HEMapaMeTPUUECKUX OIICHOK IIOTHOCTH
pacnpenenenusi). C Ipyroi CTOPOHBI, YEM MEHBIIE TOUEK ONPEICTSIOT KaXKIyIO
HOPMAJIbHYIO KOMIIOHEHTY, TEM MEHEE SICEH CMBICII BBIUUCICHUS COOCTBEHHBIX
BEKTOPOB COOTBETCTBYIOIIEH KOBapUAlMOHHOW MaTpullbl (B YIOMSIHYTOM
MpeAeIbHOM ClIydae BOOOIIE HU O KaKUX COOCTBEHHBIX BEKTOpaX peud HE UJET,
COOTBETCTBYIOIIUE JUCIIEPCUU JTUOO MOJAratoTCs paBHbIMU 33JJAHHON BEJIMYUHE
«OKHa», JTNOO MPUMEHSIOTCS KaKre-I1M00 BapUAHTHI UX OIEHKH I10 TIOJI0KCHHUIO
cocenen).

B uenoMm, mnoaxol, OCHOBaHHBII Ha MOCTPOCHHH ONTHUMAIBHOTO
MHOT'000pa3us ¢ UCTIOIb30BaHUEM MOJEIIM CMECH HOPMAJIBHBIX pacrpe/eieHul,
SBJISIETCS. BEChbMa BBIUMCIUTENBHO TpyJdoeMKUM. Kpome COOCTBEHHO peElIeHUs
poOJIeMbl MOCTPOCHUSI MOJICIUPYIOIIETO MHOTO00pa3usi HEOOXOAUMO pPEIIaTh
3a/auy pa3OnMeHus MHOYKECTBA JAHHBIX HA KOMIIAKTHBIE TIOJMHOKECTBA, TO €CTh
pemarh, (GaKTHYECKH, 3aJady KIAaCTEPHOTO aHajau3a, M, TaKuM o0pa3om,
CTaHOBHTCS MOHATHO KEJIAHWE TTOJIONTH K MPOOJIeMe C HHBIX MO3UIINH.

CrnaxeHHbIC KBa3HINHCHHBIC Pa3BCPTKHU JaAHHBIX

[Tocne Toro, kak MOCTpOEHa MepBast U3 IIaBHBIX KOMIIOHEHT, y Hac, MOCIIe
NPUMEHEHHs] ONepaluu IPOCKTUPOBAHUS KaXJIOH W3 TOYEK Ha NpIMYIO,
COOTBETCTBYIOIIYIO  TJIABHOM  KOMIIOHEHTE, TMOSBISIETCS  BO3MOXHOCTb
COMOCTaBUTh KaXJOW U3 TOYEK JIAHHBIX ONPEACIICHHOE YMCIO — KOOPAUHATY.
JIOCTaTOYHO TOJNBKO MPOU3BOJIBHBIM 00pa3oM BbIOpaTh Ha MPSMOM Haydajo
orcuera, cM. puc. 10). ITockonbKy nocie mpoenupoBaHys BCEe TOUKH JIEKAT Ha
OJIHOM mMpsMOH, TO OHM OKa3bIBAIOTCS YHOpsAAOUYEHHBIMH. B pesynbrare
MOSIBJIAETCS. BO3MOKHOCTH IIOCJIEOBATENIbHO COEAMHUTH COCETHHE TOUKH
JAHHBIX OTPE3KAMHU U B pe3yJIbTaTe MOIYYUTh OJHOMEPHYIO Pa3BEpPTKY JaHHBIX,
TO €CTh TaKO€ OJIHOMEPHOE MHOT000pasue, KOTOpoe MPOXOAUT Yepe3 BCe TOUKH
JAHHBIX COTJIACHO BBIOPAaHHOMY CIIOCOOY YHOPSIIOUMBAHUS TaHHBIX.

< CyIIecTBYIOT APYTrUe CHOCOOBI YIOPSIOYUBAHUS TOYCK
JMAHHBIX TakuM o00pa3oM, 4TOOBI OJIM3KHE B TPOCTPAHCTBE
TOYKH OKa3aJluCh COCEISIMH Ha TOJyYeHHOH pa3BepTKe.
Hanpumep, MOXHO  yNOMSHYTH  MemooO  a0anmueHouU



paszeepmku, B KOTOPOM TOYKH JAHHBIX YIOPSIOYUBAIOTCS
COTJIaCHO clieiyronieMy anroputmy [19].

1. Haitn TOYKYy JaHHBIX X;, JUII KOTOPOM CYMMapHOE
paccTosiHUE 10 OCTAIbHBIX OOBEKTOB MaKCHMalbHO, TO €CThb
ds(x;)= max. DT0 OyzeT rmepBas TOYKa B pa3BEPTKE.

2. U3 eme He BOLICANIMX B Pa3BEPTKy TOUEK HAUTH TaKyrO
TOYKYy  Xj, Ui KOTOPOM  BBINOJIHAETCS  YCJIOBHUE

[dg”(xj)/M]ﬁ
d(z,xj

NPEABIYIIEM [uare, dyf (x;) — CYMMapHOE PACCTOSHHE OT

)=max, rac¢ z — TOYKa, IMOJYUYCHHAas Ha

o0bekTa Xj 10 ero M Ommkaitimux coceneit, M u f — mapameTpsr
MeTo/a. JTa TOUKa OyeT CIeAyIoeH B pa3BePTKeE.

3. Ilar 2 mnoBTopsieTcs 10 TE€X IOp, IMOKa BCE TOYKU HE
OKa)XYyTCsl B pa3BEPTKE.

[Ipumep mpumMeHeHUs METOAa AJalTUBHOM PAa3BEPTKU CM. HaA
puc. 11. <
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Puc. 10. CrnaxxeHHble KBa3WIMHEWHBIE PAa3BEPTKU
a) JlaHHBIC MOTYT OBITH YIOPSJIOUCHBI OJHOMEPHON KOOPIWHATON C TIOMOIIBIO MPOU3BOILHO
OPUEHTUPOBAHHOW B MPOCTPAHCTBE MNPSMOW W OPTOTOHAIBLHOTO TNPOCIUPOBAHHS Ha HEe.
OnTUMaTbHBIM HAIMPABJICHUEM TIPSMOM SIBIIICTCS HAPABJICHNE ITEPBOU TJIABHOW KOMITOHCHTHI.
0) Pe3ynpTaToM Takoro ymopsioYMBaHHUS MOKET CTaTh pa3BEepTKa JaHHBIX, KOTOpas CIYKUT
CBOCOOPA3HOIN MOJIENBIO TAaHHBIX.
B) Pa3BepTka MOXkeT OBITH CrUIaKeHa TE€M HWIJIM MHBIM METOJIOM W B pe3yibTare MOJydaeTcs
rIajKas MoJIelb JaHHBIX, 00jamaromnas 00001aromeii crnocoOHOCTEIO.
r) CriaxuBaHue MOXET OBITh CAENaHO OoJice pajUKalIbHBIM — B peE3ylbTaTe W3 JaHHBIX
W3BIIEKACTCS «TJaBHASI KPUBasi», C TOMOIIbIO KOTOPOW MOYXHO COKPATHUTh OMHUCAHUE JAHHBIX U
MOCTPOUTH OJJHOMEPHYIO MOJIEh JAHHBIX, OTPAKAIOIIYIO TJIaBHbIE OCOOEHHOCTH, MPUCYIHE
JIAHHBIM 0€3 yJeTa CIIyJalHbIX IITYMOB.

[IpenmyiiecTBaMu TakoW pa3BEepPTKU SBIAETCS TO, YTO HCYE3AET
npobjieMa MPOEIUPOBAHUS JAHHBIX Ha TMOJYYEHHOE MHOTro0o0Opa3ue — TOUKH
JAHHBIX M Tak eMy npuHamiexar. Kpome TOro, 4ro JaHHbIE OKa3bIBAIOTCS
VIOPSOUYEHHBIMHA, W3 HUX MOXKHO H3BJIeYb WHPOpMAILMIO, HAIpUMEp, O
B3aMMHOM PAaCCTOSIHUU MEXAY COCEIHMMH TOYKAMH, HAIpPaBJIECHUU OTPE3KOB,



COCTMHSIONINX COCETHME TOYKH U KOTOPYIO MOKHO Trpad)UuecKu OTOOPa3UTh C
TTOMOIIIBIO PA3HOTO POJIa JUATPAMM.

OpmHako, MpakTHYecKas MOJIC3HOCTh TAKOTO MHOTO000paswsi, Kak MOJIENH
JAHHBIX, HAXOJUTCS T10J] BOIPOCOM. Bo-TIepBBIX, KaK y)K€ OTMEUYCHO, JaHHBIC
MOT'YT OBITH 3aJIaHbl C JIOIYCKOM FJIM MOTPENTHOCTBIO, M, COOTBETCTBEHHO, HX
MOJIOKEHWE B TPOCTPAHCTBE OIPEACICHO HE TOYHO. BO-BTOpBIX, JaHHBIE
BOOOIIIE MOTYT COJiepkKaTh MPOOETbl — U TOT/Ia MHOTOOOpa3re OKa3bIBACTCS HE
onpeneneHo. M, HakoHel, camMbiM OOJIBIIIUM HEIOCTATKOM SIBJISIETCS TO, YTO
Takas MOJECNIb JaHHBIX HE OTCICKHBACT OOIIeH menoenyuu (WIH 3aKOHA),
colepalierocs B JaHHBIX, KpOM€ TOM, 4YTO 3aK/loueHa B CIrocobe
ynopsnounBanus. Eciau qaHHble «3allyMIIEHBI» — @ UMEHHO 3TO XapaKTEPHO ISt
peanbHBIX HAOOPOB JIaHHBIX — TO TIOJy4YEHHAasl JIOMAaHHasi OTCJIEKHBAET BCE
cimydaliHble (DIYKTyalud — TaKMM 00pa3oM, JUTMHA ONHUCAHMS JAaHHBIX B TaKOU
MOJICIM HE COKpAalaeTCs — JUI 3aJIaHus TIOJIOKCHHS BEPIIMH JIOMAHHOMN
HEOOXOIUMO TO € KOJIUYECTBO HWH(POPMAIMSA, YTO W JUIS OINHCAHHUS BCEX
KOOPJAWHAT TOYEK JJAHHBIX.
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BooOmie, BO3HHMKIIAs cUTyalMsi JIOCTaTOYHO XapaktepHa. [lpu
IIOCTPOCHUH MOJIEIN JAaHHBIX HCCIEAOBATENI0 BCErAa NPUXOAUTCS HUCKAThH
KOMIIPOMHUCC MEXKIY TOYHOCTBIO MPEACTABICHUS JAHHBIX U  0006warowell
cnocobHocmvio mooenu. Y BEINIUBasl YUCIIO 33/1aBAEMbIX ITapaMETPOB MOEIH,
MO>KHO JIOOMTHCSI CKOJIb YTOJHO MajOi MOTPEIIHOCTH OMMCAHUS TeX JaHHBIX,
KOTOpble OBUIM HUCHOJB30BaHbl Il MOCTpoeHus Moxaenu. OJHako, Ielb
CO3/IaHUs TAaKOM MOJENHU — 0000WeHIue HeKOMOopo2o «Onvlma», HAaKOIJICHHOTO B



TaHHBIX; TP TOM HE JOCTHTAeTCsA. DTO 3HAUUT, YTO LIS JIFOOOTO OOBEKTa,
KOTOpBHIM HE OBUT HCIONB30BAaH TPU CO3JAHUU MOJIEIH, IOTPEUTHOCTh €ro
OTIMCAaHUS MOXET OBITh BeChMa BeNHKa. boyiee moapoOHO MBI OCTAaHOBUMCSI Ha
3TOM MOMEHTE B CJIEAYIOLIEM pa3Jieie.

Tem He MeHee, MOXHO YIy4IIUTh OOOONIAOIIYI0 CIIOCOOHOCTH
MOJYYCHHON BBIIIE PA3BEPTKH, €CIU CIIAJUTh I[OJIYYCHHYK JIOMaHHYIO.
HexoTopble KOHKpETHBIE BAapUAHTHI CTIAXKUBAHUS PACCMOTPEHBI BO BTOPOM
riaBe. 3/1eCh HaM Ba)KHEE MOJAYEPKHYTh, YTO MPU UCIOIb30BAHUH CIIIAKUBAHUS
BO3HUKAET, KAK MHUHUMYM, OJIMH IMAapaMeTp, KOTOPBIN SABISETCS PEryIITOPOM
TUTA «TOYHOCTh-OOIIHOCTh». YeM Oojiee TOYHOW MO OTHONICHUIO K OMUCAHUIO
WCXOJHBIX JAHHBIX MbI JIeJlaéM Hallly MOJIedh — TeM OO0JbIllee KOJIUYECTBO
nmapaMeTpoB HEOOXOJIMMO 3aJaBath Uil omnucanus wmojenu. [IpenenbHblit
cly4yall — TMOJy4YeHHbIE Bbllle pa3BepTku. C  JIpyroil CTOPOHBI, YBEIUUYUBAs
OOITHOCTh MOJENH, MBI CHHKAEM KOJMYECTBO HEOOXOMMMBIX ISl ONHCAHUS
MOJIEJIM TTapaMETPOB 32 CUET CHHKEHHSI TOUHOCTU OMMCAHUS UCXOHBIX TaHHBIX
U TOJIy4yaeM B Mpejelie JIMHEHHOE MOJINPOCTPAHCTBO, HATSIHYTOE HA TIJIABHBIE
KOMITOHEHTBI.

Nrtak, criaxeHHble JUHEHHBIE Pa3BEPTKU, KOTOPHIE MOTYT OBITh
MOJIOKEHBI B OCHOBY IOCTPOEHUS KBA3WJIMHEHHBIX OJHOMEPHBIX MOJEneil
TaHHBIX, BO3HUKAIOT B PE3YNIbTaTe KOHKYPEHIIMU IBYX (PaKTOPOB — CTPEMIICHHS
OmHCcaTh WCXOJHBIC JaHHBIE KaK MOXXHO TOYHEE M CJeliaTh Mojneih Ooiee
IJIaJKOM, COKpalass Mph 3TOM JUIMHY ONMUCaHus Mopaenv. KBa3suIMHEHHOCTh
MOX0/Ia 3aKJIFOYAeTCs B TOM, YTO OH CYIIECTBEHHBIM OOPa3oM HCIIOIb3YET
MOCTPOEHHYIO TMHEWHYIO MOJIENb IAHHBIX, U HA/ICTPAUBAETCS HAJl HEW.

KBazumHeitHbIe MOIeIM MOTYT OBITH TIOCTPOCHBI U B IBYMEPHOM CITy4ae,
HAJICTPaWBasACh HAJl TUIOCKOCTBIO JBYX IE€PBBIX IJIaBHBIX KOMIIOHEHT. Toraa
Ka)kJasi TOYKa MOociie MPOEKTUPOBAHUS HA TIIOCKOCTH MOJYYAET ABE KOOPAUHATHI
U JIaHHbIE, €CTECTBEHHO, YK€ HE OYIyT YIOPSI0UYCHBI B MIPSMOM CMBICIIE CIIOBA.
TeM He MeHee, B34B 32 OCHOBY JBYMEPHBIE KOOPJMHATBhI KaXJIO0W M3 TOYEK
MOXHO TOCTPOUTH CIJIQKEHHYIO JBYMEPHYIO MOBEPXHOCTh, (popMa KOTOPOii
OyJeT Kak-TO OTpakaTh OTKJIIOHEHUS PaCIpeACIICHHs] TaHHBIX OT HOPMAJIHHOTO.

1.2.6. CyliiecTBEHHO HEJIMHEHHBIE CIy4dan

Ponb JMHEHHBIX METONOB B CTAaTHCTUKE BechMa BenMKka. CyliecTByeT
oOumii penent — eciad JMHEWHBIM MeToA paboTaeT XOpOoLIO U pemiaer
IIOCTABJICHHBIE 3aJa4d — TO €ro M CJIEAYyeT MCIOJIb30BaTh, AK€ €CIA HET
CTATUCTUYECKUA OINpPaBIAAHHBIX IMOCBUIOK JUIsl €ro npumeHeHus. OgHako, 4acTto
cuTyanusi ObIBaeT OOpaTHOM, M TOrJa 3ajJada HCCIENOBAaTeNsl — OINUCHIBATH
JaHHbIE «TaK, KaK OHH €CTb», 0€3 HCHOJb30BAHUA JOMOJHUTEIbHBIX
MIPENTIONIOKEHUN O XapaKTeEpe UX paclpeieeHMs.



HccnenoBatenb IOMKEH, MPEXIE BCETO, CHOPMYIHPOBATH KPHUTEPUI
ONTUMAJLHOCTH, KOTOPOMY JOJDKHA YAOBIETBOPSTH MOJENIb TaHHBIX. Takon
KpHUTEpUH JOJDKEH 00J1a71aTh CICIYIONUMHA CBOMCTBAMMU:

1. OH gomKeH OBITh KOMIIPOMHUCCHBIM IO OTHOIICHHUIO K KOHKYPEHITUH
MEXK/Ty TOUHOCTBIO ONMHMCAHUS U 0000MmaroIIe criocoOHOCTRI0 Mojienu. [1o Beeit
BUJIUMOCTH, KPUTEPHHA JOJDKCH COJCpXKaTh TMapaMeTphl, IO3BOJIIONIAC B
3aBUCHUMOCTH OT YCJIOBUH 3aJ]a4M YBEJIMUNBATH TO WU IPYro€ CBOKCTBO.

2. XKenatenbHO, YTOOBI KPUTEPHUI OBLI TaKUM, YTOOBI JIJIT HOPMAJILHOTO
pacnpe/ielieHusl JaHHBIX JIJI HETO HAWIydIIeH MOJCNBIO SBISUIMCH JTMHCHHBIC
MHOTOOOpa3us, HATSHYThIE Ha TJABHBIC KOMIIOHEHTBL. ITO ITO3BOJHUT
CpaBHMBATh TPEHMYIIECTBA TAaKOTO MOJCIUPOBAHUS TI0 CPaBHEHUIO C
TpaJMIIMOHHBIMA METO/IaMH.

3amauy TMOCTPOCHUS MOJEIN JAaHHBIX MOXKHO C(HOPMYIHpPOBATH Kak
3a/laqy amnmpoKCHUMAaIi MHOTOMEpPHOTro Habopa TOYEK JaHHBIX OoJjiee WIH
MEHEe TJAJKUMHU  TIOBEPXHOCTSMH,  BJIOXKCHHBIMA B  MHOTOMEpPHOE
MPOCTPAHCTBO.

< Annpokcumayuei B caMOM OOIIEM  OIpPEICICHUN
HA3bIBACTCS METOJ, 3aKITIOYAIOIIMICS B 3aMEHE CJIOKHBIX
00BEKTOB IPYTUMH, 00JIee MPOCTHIMHU. B 3TOM CMBICTIE CIIOXKHOE
MHOTOMEPHOE MHOXECTBO TOYEK MaHHBIX 3aMeHseTcsi Ooiee
MPOCTBIM M PETYISIPHBIM OOBEKTOM — MHOT000pa3veM WIn
CEeTKOW, JII1  ONHCAaHWS KOTOPOM TpeOyeTcs  MCHBIIE
uHpopmanun. <

1.2.7. HelipoceTeBble MOJIENIN TAHHBIX

B nHameM W310X€HMM TpPU  TOCTPOCHUU  ANMPOKCUMHUPYIOIINX
MOBEPXHOCTEW MBI MPEANIOYUTAEM TOBOPUTH Ha «SA3BIKE T€OMETpUn». 1O ecCTh,
M0 BO3MOXKHOCTH, SIBHO MPEJACTABISITh ce0€ pa3MEIleHUe annpoOKCUMUPYIOIICH
MOBEPXHOCTU B MHOTOMEPHOM MpocTpaHCTBE. OJIHAKO, CTOUT OTMETHUTh, UTO
BIIOJJHE BO3MOKHO BECTH MH3JI0KEHHE M Ha JAPYroM SI3bIKE€ — HalpuMmep,
HEHUPOCETEBOM, KOTOPBIN CTall B MOCJIEAHHUE NECIATUIICTHSI OYCHb IOIMYJIApeH. B
Halll 337]a4d HE BXOJUT U3JI0KEHHUE METOJIOB HEMPOCETEBOr0 aHAIN3a TAHHbIX,
OJIHAaKO, TIOYEPKHEM, YTO KaK pe3yabTaT paboThl HEHPOCETH TaK WM MHAue
MOXET OBbITh MPEACTABICH T€OMETPUYECKH, TaK U MPAKTHUUECKH JIIOOOU U3
aJITOPUTMOB, MPUBEICHHBIX B 3TON KHUT'E MOXET OBITh €CTECTBEHHBIM 00pa3oM
«TepeBe/ICH» Ha HeMpoceTeBOM A3bIK. Tak, HampuUMep, Crocod MOCTPOCHUS KapT
KoxoHeHa, 0 KOTOpbIX pe€4yb MOWIET HWXKE, TPAJAUIMOHHO H3JIaraercs C
MOMOIIbIO ONMKMCAHUs COOTBETCTBYIOIIEH HEUPOCETEBOW apXUTEKTYphl. 3ajgaya
CHW)KCHHSI Pa3MEpPHOCTH JIaHHBIX MOXKET OBITh OMHCaHa KaK C MOMOIIBIO



HarJAIHBIX ~ 00pa30B  KPHWBOJWHEHHBIX  TOBEPXHOCTEH, BJIOKEHHBIX B
MHOTOMEPHOE MPOCTPAHCTBO, TaK U C MOMOIIBI0 ONMMCAHUS TAKOW HEHPOCETH, B
KOTOPOH YHCIIO BXOJOB PaBHO pPa3MEPHOCTH MPOCTPAHCTBA, a KOJIMYECTBO
BBIXOJIOB PABHO Pa3MEPHOCTH MOJCIUPYIONIET0 MHOTOOOpa3usl.

< bBoree HHTEPECHO PACCMOTPETh HEUPOCETh «C Y3KUM
ropiaom» (cM. puc. 12). B Hell 4nciao BBIXOZOB PaBHO YHUCIIO
BXOJIOB, HO CE€Th COIEP>KUT BHYTPEHHHMH CIIOH C HEOOJIbIIUM
qyuciioM HelpoHoB. CeTb 00ydaeTcs Ha BOCHpPOU3BEICHUE
BXOJIOB — TO €CThb OTBET HEHPOCETH CUMUTAETCS MPaBUIIbHBIM,
KOI'/la 3HAQUEHUsI CUTHAJIOB Ha Ka)JOM BBIXOJE COBHAAAET CO
3HaYE€HUEM Ha COOTBETCTBYIOLEM eMmy Bxojae. Eciu ynaercs
0o0y4YHTh TaKyl HEHpOCETh, TO OHA CIIOCOOHA pemaTh 3aJady
COKpAIlIEHUSI Pa3MEpPHOCTH — U TOTJAAa CHUTHaJI HEOOXOIMMO
CHUMAaTh C HEHPOHOB «ropja» CETH, W 3a/ady MPOCIMPOBAHUI
JaHHBIX, HE BOILEJIIMX B 33JaUHUK, B IPOCTPAHCTBO MEHbILIEH
pasMepHOCTH. <

Puc. 12. Apxurektypa HEHpPOHHON CETH C y3KUM TOPIIOM.
Ha Bxonx Tako# ceTu mogaroTcsi MpUMeEphl U3 3aadHuKa. Tpedyemble 3HaUeHUS Ha BBIXOC
JOJDKHBl MaKCHMAaJIbHO TOYHO BOCCTAHAaBJIMBAaTh 3HAUYEHUs Ha BXoJax (ceTb oOydaeTcs
pemaTh 3amady x; =%, i = 1 .. d ). Takum 00pa3oM B IEHTPAJIHHOM CIJIO€ MPOUCXOIUT

c)KaTue HHPOpPMaIUH.

Tem He MeHee, BO3MOXKHOCTh IEPEBOJa AITOPUTMOB HA HEUPOCETBYIO
OCHOBY SIBJISIETCS OYE€Hb LIEHHOM, OCKOJIBKY B CIy4ae PeajbHOTO MPUMEHEHUS
QITOPUTMOB Ha TMPAKTHUKE, HEUPOCETEBOM MOAXOJ IMO3BOJSET MOJyd4aTh
BBICOKOO(D(EKTUBHBIE  MapaJUieNbHBIC  APXUTEKTYphl  TMPU  amlmapaTHOM
peanu3alyy aAIlrOpUTMOB B YCTPOMCTBAX.

Jlis Hac OyayT BaKHBI HEKOTOPBIE MOHATHS, XapaKTePHBIC JIJIST ONTMCAHUS
(YHKIIMOHMPOBAHMS HEUPOCETEBBIX Mojened. Tak, mis o0ydeHus HelpoceTen
BaKEH TOMCK KOMIIPOMHCCA MEXIY BETUYMHOW OWUOKU 0OVUeHus W OuuOKu



oboowenus. Ilom TepBOW  ToApasyMeBaeTCsS  CpPEHSS  IOTPEIIHOCTH
BOCITPOM3BENICHUS CETHIO TE€X TAHHBIX, KOTOpPbIC OBLIM HCIIOJIB30BAHBI IS €€
oOydeHus (HampuMep, MPOIEHT CIIy4aeB C MPaBWIHLHBIM PACIO3HAHHEM Kiacca
JUTSL ICXOTHOTO Habopa maHHbIX). Kak mpaBuio, ecnu oOydaromnias BEIOOpKa HE
SBJIICTCS TMPOTUBOPEYMBOM, C TIOMOIIBIO YBEIMUYEHUS YHCIAa HEHPOHOB U
CHUHANTUYECKUX CBA3CH MOXHO JOOUTHCA CKOJb YrOJHO MaJioi OMIMOKU
oOyuyenust. Jlns  omeHkd omuOku  0000IIeHUsT HEOOXOAMMO  UMETh
TECTUPYIOLIYIO BBIOOPKY, TO €CTh HA0OP «IIPOBEPOUYHBIX 3aJaHUI», KOTOPHIC HE
OBUIM WCIOJIB30BaHbI i oOydueHus. Kak mpaBuiio, €ciii MCXOJHBIX JTaHHBIX
JOCTAaTOYHO MHOTO, TO YacThb M3 HHUX MOXET OBITh yAaJeHa U3 IMpolecca
oOydyeHHs U HCIOJNb30BaThCA JUIsl OLEHKM oOoOmarone crnocooHoCTH
HEWpOCETH.

B HeiipoceTeBBIX MOAXO0JAaX PETYIATOPOM THIIA «TOYHOCTH-OOIIHOCTH>
SBJISICTCS YHUCIIO HEWPOHOB W CHHANTHYECKUX CBS3€H CETH, YHCIO CIIOCB
HEUPOCETH WU BpeMs OOydIeHUS (IS MMUKIMYECKUX CETEH ), BU HEJTMHEHHOCTH
XapaKTePUCTHUECKOM GyHKIUN. Kak MPaBUJIO, UCCIIeIOBATEIb
OKCIIEPUMEHTHPYET C ATHUMH TapaMeTpaMH C IENbI0 JOOUTHCS MPUEMIICMBIX
pe3yNbTaToB. Ycnex NpUMEeHEeHUs HellpoceTeil U cBoeoOpa3Hblil «HeHpoOym», ¢
HUMH CBSI3aHHBIM, C OJHOW CTOPOHBI, BBI3BAH TEM OOCTOSTEIHCTBOM, YTO
HEHWpPOCETEBbIE APXUTEKTYPhI MO3BOJISIIOT MONIYYaTh MHGOPMAIMOHHBIE MOJIECIN
U «XOPOIIUMHU» aNMpPOKCUMAIIMOHHBIMUA CBOMCTBAMH — @ UMEHHO, B OTJINYUE OT
JABHO W3BECTHBIX HWHTEPIOJSAIMOHHBIX (OPMYI, HEHPOCETH C XOpOIIeH
TOYHOCTBIO ONMUCHIBAIO JaHHBIE B MECTaX HX CKOIUICHHA W  TJIAIKO
WHTEPIIONUPYIOT WX B MECTaX WX pa3peKeHus, a, ¢ APYrod CTOPOHBI, C
BBICOKOA()(DEKTUBHBIMA TIPUEMaMH OOY4YEHHUsS HeWpoceTedl (TakuMH, Kak
BBIUMCIICHUE TPAIMEHTOB C MIOMOIIBI0 00paTHOTO ()YHKIIMOHUPOBAHHUS U T.1I.)

1.2.8. ®usukanucrckue uUrpel ¢  jgaHHeIMH.  [IpeoOpa3oBanus
MIPOCTPAHCTBA JIaHHBIX.

BooOmie roBopsi, CMBICI pacCTOSHHS MEXAYy JBYMS TOYKaMH B
MPOCTPAHCTBE TPHU3HAKOB BEChMa YCJIOBEH. 3a PEIKUMH WCKIIOYCHUSIMH,
paccTossHHE HE WMEET HHUKAKoro (U3MYEeCKOro CMBICTIA, KpPOME MEphI
paznmuueHuss o06bekToB. C OJHOM CTOPOHBI, ATO CO37aeT MpoldiieMy BbIOOpa
MOAXONAIIEH METPHKH, C JPYrod — MaHUMYJIUpys OTUM BBIOOPOM,
WCCIICZIOBATENIb UMEET BO3MOXKHOCTH JIOOMBATHCS OMNPENEICHHBIX «3((HEKTOB»
HaJ| TPEJCTABICHUEM O00JIaKa JAHHBIX C IEJBI0 TOTYCPKHYTh T€ WM WHBIC
0COOEHHOCTHU UX CTPYKTYPHI.

Hagnewm ¢ Toro, uro mpemoOpaboTka TaHHBIX MOXKET pacCMaTpPUBATHCS Ha
S3BIKE ~ M3MEHEHUS  METPHKH  TPOCTPAHCTBA  MpHU3HAKOB. JIWHEWHbIE
npeoOpa3oBaHusl  3HAYEGHWW  TPU3HAKOB  (HAMpUMeEp, HOPMHPOBKA Ha



CPEIHEKBA/IPATUYHOE OTKJIOHEHUE, MHTEpBAI) MPUBOAAT K PA3TUYHBIM
JUHEHWHBIM MeTpukKaM. YacTo okaspIBaeTCs, YTO HAOOp 3HAYCHHI OTACIBHBIX
MPU3HAKOB TOJIE3HO MOABEPTHYTH HEIMHEHHOMY MpeoO0pa3oBaHui0 (Hampumep,
€CJIM 3HAYeHUs NPHU3HAKA OTJIMYAIOTCS Ha MOPSIKHU, TO JOTUYHO MPUMEHUTH
KaKo#-1M00 BapuaHT JIOrapupMHUUIECKOTo Mpeodpa3oBaHus).

VY aauHo BbIOpaHHOE NpeoOpa3oBaHKME MPOCTPAHCTBA MPU3HAKOB BOOOIIE
MOXET HEIMHEWHYI0 3ajlauyy paclo3HaBaHUsI OOpa3oB CBECTU K JIMHEHHOM
(HammpuMep, B cllyda€ pacOpelelieHUsi JaHHBIX, PACHOJIOKEHHBIX BJOJIb
MOBEPXHOCTEM KOHIEHTpuueckux cdep). Paszymeercs, kpaiiHe TpPyJIHO
«yrajgaTh» MOAXOAdAIIee MpeoOpazoBaHue O€3 MpeABapUTEIHLHOTO aHaIu3a
CTPYKTYphl JaHHBIX, HO €CJIM TaKOW «pa3BeAOUYHBIN» aHAIN3 YKaXKET Ha
CYIIIECTBOBAaHUE OINPEICIICHHBIX 3aBUCUMOCTEN B MPOCTPAHCTBE MPU3HAKOB, TO
3aaunl KiIacCU(PUKAIMKM, CHIDKEHHUS Pa3MEPHOCTH MOTYT OBITh CYIIECTBEHHO
YIPOILLEHBI.

PaccmoTpuM HeKOTOpBIE MJEU, BO3HUKAIOUIUME B 3TOM HarpasiieHuu. Bee
OHM MOTYT OBITh pEaJM30BaHbl KaK BapUaHTHI B Mpollecce MNperoopadoTKu
JAHHBIX TIEpE]] UX BU3yAIU3aLINEH.

['paBuTHpYIOIIME TaHHBIE

Ecau nate Bomio ¢anTasmm, TO Ha mpeoOpa3oBaHUE IPOCTPAHCTBA
MPU3HAKOB, KOTOPOE, B KOHEYHOM HTOT€, MPUBOAUT K TOMY, UYTO MEHSIOTCS
PACCTOSIHUS MEXIY OOBEKTaMH B TMPOCTPAHCTBE, MOXKHO IOCMOTPETh C MHBIX
MO3UIIMH, W TIPEIIOIIOKHUTh, YTO 3TU PACCTOSHUS MEHSIOTCS HE W3-3a BBIOOpa
METPHKH, a BCIEACTBHE TOT0, YTO CaMW TOYKH JaHHBIX 0O0JIaJaroT
MOJBMXKHOCTBIO. Pazymeercs, HET HYXIbl HHTEPIPETUPOBATH KOHKPETHHIC
TPAEKTOPUU JBUKEHUS TOUEK JTAHHBIX, HHTEPEC MPEJICTABISAET TOJBKO UX HOBOE
pacroyio’keHue, B KOTOpPOM OyleT JIOCTUTaThCi MHHUMYM Kakoro-inbo
(G yHKIIMOHANIa OT KOOPJUHAT MOJIOKEHUN TOUEK.

[TepBoe, 4TO MPUXOIUT B TOJOBY — 3TO OMpPEEIECHHBIM 00pa3oM 3a/1aTh
3aKOH B3aWMOJICVCTBUSI YaCTUI-TOYEK JpPyr € APYroM, yKaszaB, HaIlpuMep,
KaKoH-1M00 MEeHTPaTbHO-CHMMETPHYHBIN (XOTS U HE 0053aTEIIbHO) MOTEHITHAT
B3aUMOJeCTBUA. TOUKM JaHHBIX B TAKOM IMOAXOIE MOTYT KaK OTTAJIKUBATHCS,
TaK W MPUTITUBATHCA JPYr K JIPYry, UM MOKHO NPHUIHCHIBATH PA3IUYHYIO
«Maccy», TO €CTbh HEKOTOPbIE€ TOYKHM MOTYT CUHUTATHCS «BECOMEE» APYIHX.
B3aumopeiictBue MeXIy 4YacTUIIAaMH MOXKET OBbITh JaIbHOJEHCTBYIOIUM (110
TUNy TPABUTALMU) UM UMETh OMPEACIICHHBIN paanyc (M0 TUILY SIAECPHBIX CHUI).
YacTuisl MOTYT B3aMMOJICHCTBOBATh BBHIOOPOYHO (HAIPUMEP, €CIHM 3aJ]aHHO
pa3OmeHue MHOXKECTBa TOYEK Ha TMOAMHOXKECTBA, TO TOYKA MOXKET
B3aMMO/ICVICTBOBATh CUJIBHEE C TOYKAMH, MPUHAJICKAINMMHU €€ K€ Kiaccy). B
T000M Ccllydae KpUTEpPHH ONTUMAIbHOCTH KOH(HUTyparuu TOYEK — BEIWYMHA



SHEPTUU WX B3aUMOJICUCTBUS, TO €CTh IMOCJE KaXKIOTO MEPEMEIIECHUS YaCTHIL
CyMMapHasi SHEPTHs X B3aMMOJICHCTBUS JOHKHA CTAHOBUTHCSI MEHBIIIE.

PaccmoTpumM,  Hampumep, o00JaKo  TOYEK, TPABUTHUPYIOIUX B
MHOTOMEPHOM TPOCTPAHCTBE MPU3HAKOB. DHEPIHsl WX B3aUMOJCUCTBUS PaBHA
HYJII0 B Tpenene OECKOHEYHOTO pPa3HECEHWS TOYEK W CTAaHOBUTCS
OTPHIIATEIBHON U OECKOHEUHOW B Cllydae, €ClIM BCE TOYKH COOpaInch BMECTE.
Takum o00pa3oM, o00nako ToueK OyIeT CTPEMHUTBHCS «KOJJIAIICUPOBATH.
Pasymeercs, ecnu Bce TOUKM OKaXyTCsi COOpaHHBIMH BMECTE, TO OyAeT
noTepsiHa Beskast HHGOpMaIus O IEPBOHAYATBHON CTPYKTYpE JaHHBIX, TIOATOMY
napajuielbHO C TpaBHTaluedl HeoOXoanmMo BBecTH 3(PQPEKT, MPUBOMALINA K
«pa3beranuio» TOUYEK JpPYyr OT japyra. Takum o0pa3oMm, MBI TOIy4aeM
cBOcOOpa3Hyr «BceneHHyo JaHHBIX», B KOTOPOH KOHKYPUPYIOT JBa MpoIiecca
— C OJHOW CTOPOHBI, KaKIas WX TOYEK AaHHBIX CTPEMHTCS TMPHUTIHYTHCA K
OJM3NIeKAIUM TOYKaM — U 3TO MPUBOANUT K COOMPAHHIO TAHHBIX B «CTYCTKH» -
KJIacTepbl, a C JAPYrold — MPOUCXOJUT «pacuupeHue Bcenennoi». Takas
KOHKYpEHIIMSI TIPUBOJIUT B pe3yibTaTe K TOMY, YTO JaHHBIE aBTOMATUYECCKH
coOMparoTcss B KOMIAKTHBIC, OTAEICHHBIE APYr OT JApyra B MpPOCTPAHCTBE
TPYNIIUPOBKH, HO TPHU STOM COXpaHseTcs MHQPOpPMAalUs O MEepBOHAYATBHON
CTPYKTYpE 3TUX rpynmupoBOK. CKOPOCTH KOHKYPUPYIOIIUX MPOIIECCOB JOIKHBI
OBITH OTpENEICHHBIM 00pa3oM MMOa00paHbl, YTOOBI, HANMpPUMEp, CPETHSS
MJIOTHOCTH JAHHBIX OCTABAJIACh TTOCTOSTHHOM.

KoHkpeTHbie BapuaHTBI peaqn3alui MpeIIoKEHHBIX UACH MPUBEICHBI B
pazaene 2.1.7.

Jlanee, MOXHO YCTPOWTH TaK, 4yTOOBI JaHHBIE B3aWMOJCHCTBOBAIU HE
Ipyr ¢ JIpyroM, a ¢ MHOrooOpa3ueM, ONpeAesieHHbIM 00pa3oM BIIO)KEHHOM B
MPOCTPAHCTBO MpU3HAKOB. TakuM oOpa3oM, €Cclu Mbl, HalpuMep, Pa3MeCcTHM
Cpeau NaHHBIX ABYMEPHYIO MOBEPXHOCTb, TO C MOMOIIBI) TaKOW MPOLEHAYPHI
MOYKHO 3aCTaBUTh TOYKY JAHHBIX MEPEMENIAThCS K TOUKE MOBEPXHOCTU JI0 TEX
MOp, NOKa OHA HE OKAXKETCSl B HENMOCPEACTBEHHOM OJIM30CTH OT MHOTOOOpa3usl.

U, nakoHern, MOXeT OKa3aThCs TaK, YTO 0OJIee MHTEPECHBIM OYJET 3a/1aTh
JUIsL TOYEK NOTEHIMal OTTAJIKHWBAHUS, a Mapalie]bHO 3alyCKaTh MPOIECC
«CKAMaHUS» BceeneHHON maHHBIX. Eciu CKOpOCTH A3THX TPOIECCOB OymyT
MOAOTHAHBI JJI COXPAHEHUsS CPEIHEW IUIOTHOCTH, TO B pE3yJlbTaTe TOUYKH
JTaHHBIX OoJiee WM MEHEe PaBHOMEPHO 3allOJNHSIT JOCTYIHBIA MM BHAdaie
00BEM MPOCTPAHCTBA.

Henuneiinbie npeodpa3oBaHus MPOCTPAHCTBA PU3HAKOB.

H3noxeHHasl BBIIIC HACS MOXKET OBITH paccMaTpuBaThCAd B HCCKOJIBKO
WHOM BHJE. Tak MBI MOXEM 3aJaBaTbCs ICJIbIO HCKOTOPBIM PETYIAPHBIM



CcriocoO0OM PAaBHOMEPHO paclpeAeiIuTh JAHHBIE B HCXOAHOM JIOCTYIIHOM WM
o0beMe IPOCTPaHCTBA TaK, YTOOBI COCEHUE NAHHBIE OCTABAJIHCH COCETHUMHU.
JUis 3Tol 1enu HeoOXOAMMO TeM WM HMHBIM 00pa3oM OLIEHUTh IUIOTHOCTD
JaHHBIX (HampuMep, JIOObBIM W3 HeMapaMeTPUYecKUX CIOCcOO0B) U B TeX
o0macTsix, TIZA€ JTa IUIOTHOCTh BBICOKA «C)XXAaTh KOOPAMHATHYIO CETKY»
IPOCTPAHCTBA, a IJe, HA00OPOT, JAHHBIE PACIOJIOKEHBI PENKO, «PACTIHYThb»
KOOpAMHATHBIE TUHUU (cM. puc.13)

oao)

Puc. 13. IIpeo6pa3oBanusi AByMEPHOTO MIPOCTPAHCTBA IPU3HAKOB.
a) UCXOJIHOE pacIpe/eNICHHEe TOYEK JaHHBIX
0) KoOpIMHATHAs CeTKa JUIsl METPUKH, B KOTOPOI TaHHBIE pacIipeesieHbl 0ojiee paBHOMEPTHO
B) KOOpJIMHATHAS CETKA ISl METPUKH, B KOTOPOH MOAYEPKHYTA KJIaCTepPHAs CTPYKTypa JTaHHBIX

B pesynbTaTte, NMaHHbIC HAHECCHHBIC HA HOBYIO KOOPIWHATHYIO CETKY
OyIyT pacroJOXKEHBI TOYTH PABHOMEPHO (32 HCKIFOYCHUEM, MOXET OBITh,
T'PAHUYHBIX 00IacTeHt).

DT0T K€ THm mTpeoOpa3oBaHUS MOXHO TPUMEHUTH B O0OpaTHOM
HaNpPAaBJICHUH, W TOTJIa OOJIACTH C IUIOTHBIM Pa3MENICHUEM JIaHHBIX OKaKYTCS
eme Oojiee IUIOTHBIMH, W HaoOopor. Takum oOpa3oM, MBI MOIydaeM
CBOCOOPA3HBIA PETYISITOP «KOHTPACTHOCTH» KIACTEPHOH CTPYKTYPHI JaHHBIX,
«TIOBOpAuUMBas» 3TOT PErYJSITOP B Ty WIH WHYIO CTOPOHY, MBI MOXXEM WIIU
MMOAYEPKHYTH KIACTEPHOE pa3OMEeHNE JaHHBIX, TU00, HA00OPOT, Pa3MBIBAThH €TO.
CooOTBETCTBYIOIIME MAaTEMAaTHUECKHUE BBIKJIAIKU TIPUBEICHBI B pa3zene 2.1.5.

Cy1iecTBYIOT MpeoOpa3oBaHus MPOCTPAHCTBA MPUZHAKOB, JJISI KOTOPBIX
KPUTEPUEM  ONTUMAIBHOCTH  SABJISIETCA MAKCHUMyM CYMMBI  KBaJpaTOB



K03((DULIMEHTOB JUHEHHON KOppeNsUuU JJIs HEKOTOPOH TpyMIbl MPU3HAKOB.
Takoe npeoOpa3zoBaHUE MOKET NIPUMEHSATHCS B IBYX CIIydasiX:

1. Ilpu ucnosb30BaHNM HOMHHAJIBHBIX M TMOPSAKOBBIX INKAJ YHCIIOBBIC
METKH IIIKaJbl, NMPUCBAaWBAaCMbIe TEM WM WHBIM IPU3HAKAM, MOTYT OBIThH
BBIOpaHBI C OOJIBIIION CTEIEHBI0 IMPOW3BOJIA, TMOCKOIBKY CMBICIOBYIO POJIb
UTpaeT HE BEIIMYMHA WHTEpPBaja MEKIY 3HAUCHUSMH METOK, a TOJBKO HX
nopsAoK ciepoBanus. TakuM oOpa3zom, m000€ MOHOTOHHOE MPEoOpa3oBaHUE
OCTaBJISICT 3TOT TMOPSAAOK HEM3MEHHBIM. BbiOOp (yHKIMH mpeobpa3zoBaHUs
9acTO OCYIIECTBIISACTCS TaKUM O0Opa3oM, 4TOOBI KOHEYHBIC HAOOPHI YMCIIOBBIX
METOK OOECTeUNBAIA MAaKCUMATbHYIO CTENICHbD JIUHEUHOU 3aBUCUMOCTH MEXTY
BBIOpaHHBIMH TIpHU3HaKaMu. [Iporieaypbl TaKOTo THITA Ha3BIBAIOTCS OYUPPOBKOLL
W TpeAHAa3HAYCHBI JUIS TIPUBEICHUS TMPU3HAKOB BCEX THIIOB K CIUHOU
HEIPEPHIBHOW KOJIUYCCTBCHHOM IIIKaJIC.

2. Jlaxxe IUIsl HENIPEPBIBHBIX KOJIMYCCTBEHHBIX IINKAJ TMPU3HAKOB MOXHO
momnpo0OoOBaTh 3a7aThCsl OMPEICICHHBIM CEMEMCTBOM MPeoOpa30BaHUM IIKAJIBI
MpU3HaKa W OICHUTh TMapaMeTpbl CEMEWCTBA TaKHWe, YTOOBI TPU3HAKU ITOCIIC
peoOpa3oBaHMs 3aBHCEITH IPYT OT Jpyra MaKCUMaIIbHO JTUHEWHO. JTO, KaK yKe
yKa3bIBaJOCh, MOXKET TMPUBECTH K CYIICCTBEHHOMY YIPOIICHHUIO 3ajad
pacrio3HaBaHUsI 00pa30B M KiIacCU(UKAIIH.

JIokanbHbBIE CTaTUCTUKU

B cBs3M ¢ TeMoOl HAIIero M3JI0XKECHUS MOXKHO YIIOMSHYTh OTHOCHTEIIBHO
HOBBIM TIOJXOJ K aHAJM3y MHOTOMEPHBIX JaHHBIX, CBS3aHHBIN C MOCTPOCHHEM
TaK HAa3bIBAEMBIX JIOKAIbHbIX cmamucmuk. B OCHOBE 3TOro moaxoja JIEKHT
UJes O TOM, 4TO MpeoOpa3oBaHUE MPOCTPAHCTBA MPU3HAKOB MOXHO MOCTPOHTH
TakuM  00pa3oM, 4YTOOBI  yIOBJICTBOPUTH  ONPEIACICHHOMY  KPUTCPHIO
ONTUMAJILHOCTH HE JIJIs1 BCETO HAOOpa JMaHHBIX, a JIMIIb ISl €r0 €AMHCTBCHHON
Toukd. Takum o0Opa3oM B METOJaX, CBS3aHHBIX C IMOCTPOCHHEM JIOKAJIbHBIX
CTaTHCTHK paccMaTpUBacTCs HAOOpP MaHHBIX «C TOYKH 3pPEHHUS» OIHOTO U3
00BEKTOB.



Kak nmpaBwmio, ynoOHO MOMECTUTHh HA4ajio KOOPAMHAT B Ty TOYKY, TJIE
HaXOJUTCS DITOT «0a30BbIi» 00BekT. [lociae 3TOoro MoXXHO, Hampumep,
aHaJIM3UPOBATh JAMArpaMMbl PaCIpEAesICHUs] PacCTOSSHUNA OT TOYEK JTaHHBIX 0
Hauajla KoopauHat. M3 Buaa 3TUX auarpaMm, HampuMep, MOXHO YBHJIETH,
MPUHAUICKUT JIM TOYKA JAHHBIX KpaHUM o0nacTsM oOJjlaka JTaHHBIX WIH
HaXOJUTCS BHYTpH Hee (cM. puc. 14)

Ecau MHOXECTBO JaHHBIX WM3HAYAJIbHO Pa30MTO Ha KIACCHI, TO TaKUM
o0pa3oM MOKHO TMpEACTaBUTh cebe Kak TOYKM TOTO WJIM HWHOTO Kiacca
PacCITOJIOKEHBI OTHOCUTEIBHO «0a30BOW» TOUKH (puc. 14)

[IpuBenennbie Ha puc. 14 guarpaMmbl TOCTPOEHBI, HUCXOAS U3
MPEANONI0XKEHUS, YTO B 00OMX BapHaHTaX BbIOOpa 0A30BOM TOYKH, PACCTOSHHE
OT HEE JI0 OCTAIBHBIX MU3MEPACTCA C MOMOIIBI0 OJHOM M TOW K€ E€BKIUIOBOU
MeTpuku. OJHAKO, MOXHO TOCTPOUTH IJisi KaxJAOW M3 BBIOPAHHBIX TOYEK
JTAHHBIX CBOK) <«JIOKAJIbHYIO» METPHUKY, YJIOBIETBOPSIONIYIO OMpPEICTICHHOMY
KpuTepuro. B pa3HbIX 3a1auax 3TOT KpUTEPHA BHIOMPAETCS TI0-Pa3HOMY.

B 3agayax  mocTpoeHuss — KIACCU(DUIMPYIOIIUX  Ppa3AeIIsSIFOIINX
MOBEPXHOCTEM MOKHO TIOCTaBUTh CHEAYIOIIMM 0o0pa3oM: HaWTH Takoe
npeoOpa3oBaHNe METPUKH, B KOTOPOM OTHOIIEHWE CYMMBI PACCTOSHUN OT
06a30BOro o0BeKTa 710 OOBEKTOB CBOErO ke Kjlacca K CyMME pPacCTOSHUM 0
00BEKTOB APYTUX KIACCOB MUHUMAITBHHO.

3< IlycTh x* KOOPAMHATBI BHIOPAHHOTO B KAYEeCTBE OA30BOTO
o
00BeKTa, Wy — MHOXKECTBO OOBEKTOB €ro kmacca, dy(x,x') —
k i .
paccTosHUE OT X 10 X', H3MEPEHHOE B METPHKE, IOCTPOECHHOM
k
IUISL «0a30BOTO OOBEKTA» X .
Tornma ymoMsIHYTBHIM  KpUTEPUN  BBINJISIAUT  CIICIYIOIIUM
de (-xk’xi)
obpasom: ; _ xicox o<
Sd, (x*,x")
X; €O,

B pesynbrare mpuMEHEHHsS TaKOro IMOJXOJa MoydaeTcss N JIOKAJIbHBIX
MeTpuk (N — d#clio 00BEKTOB). B Kakmoll W3 HUX MOXHO TOCTPOHUTH
KJIACCH(PUITUPYIOIIYIO Pa3eAIoONIyI0 IMOBEPXHOCTh (WiH, Oojee 0010, cBoe
KJIaCCUPUITUPYIOIIEE MPABUIIO), U TOIYUUTh KOJLIeKMus peuaowux npasui (N
KJ1acCU(UKATOPOB, KXKIBIN U3 KOTOPHIX MPOU3BOANUT Paclio3HABaHUE 00Pa30B C



TOYKA 3pEHUs OJHOTO OO0BEKTa) W TMPUMEHSATh K OTOMY KOJUICKTUBY
COOTBETCTBYIOIIUE METO/IbI (HAIPUMED, PA3IUYHBIC BAPUAHTHI «TOJTOCOBAHUS»).

B cnyuae ananusa CTpyKTypbl MHOTOMEPHBIX JaHHBIX MOYHO, HAallpUMeED,
BBHIOpAaTh B KadecTBE JIOKAJIbHOM MeTpuky Maxananobuca. B pesynbrarte ¢
TOYKHA 3pEeHHUS JH000M «0a30BO» TOUKM paclpenesieHue JTaHHBIX OyaeT
BBITJISIIETh HOPMAJTBHBIM ¥ U30TPOITHBIM (TO €CTh JaHHBIE OYIYT PacOI0KEHBI
BHYTPU MHOTOMEPHOTO IlIapa ¢ pajnycoM, PaBHBIM JUCIIEPCUU, KOTOpas OyaeT
paBHa €IMHUIIC BO BCEX HAMPABIICHUSIX).

Cnenyer OTMETUTh, YTO MOCJE TOTO, KaK JJIs KaKJIOHM TOYKH JAHHBIX
MOCTPOCHA HEKOTOpasi JOKajdbHAs METPHUKA, BO3HUKAECT MPOOJIeMa HU3MEPECHUS
paccTosiHUs MEXJYy OOBEKTaMH, TIOCKOJIbKY pacCTOSIHUE, W3MEPEHHOE B
JIOKAJIPHOW METPHKE OJHOTO OOBEKTa HE OyIeT COBNAAATh C PACCTOSHUEM,
U3MEPEHHBIM B JIOKAJIbHOM METpPUKE Jpyroro oObekTa (OyayT HapylmaThes
yCIIOBHSI HE3aBUCUMOCTHU DPACCTOSIHUS OT HAMNpPAaBJICHUS HU3MEpPEHUs — oT 1-ro
o0BeKTa Ko 2-oMy WM HAa000POT, a TaKkKe BOZMOKHO HApPYIICHWE HEPABEHCTBA
TpeyroibHuka). s mpeoosieHust 3TOM TPYIHOCTH Ha OCHOBE HMCXOAHBIX N
JIOKaJBHBIX METPUK KOHCTPYUPYETCS] HEKOTOpasi HOBasi, 00IIast sl BCEX TO YEK
JAHHBIX METPUKA, B KOTOPOW B HEKOTOPOW CTENECHH OYIyT MPHUCYIIH CBOWCTBA
JOKadbHbIX. Pa3iauuHble BapuaHThl MOCTPOEHHUS TaKUX OOOOIIEHHBIX METPUK
paccMoTpeHsl B pazaene 2.1.8.
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Puc. 14. TlocTpoeHre TOKaTbHBIX CTATUCTHK
a) HWCXOJHOE pacCTpeeICHNe [aHHBIX; TOYKA WCXOJHO pas3JeleHbl Ha [[Ba IOYTH
HEMEPEKPHIBAIOIINXCS KJlacca; KBAJAPaTOM W TPEYTrOJHHUKOM BBIJCICHBI TOYKHA Ha
TpaHuIle U B IEHTpe 00J1aKa COOTBETCTBEHHO;
0),B) JauarpaMMbl pacmlpeiesicHUs PacCTOSHUI OT BBIACIEHHBIX OOBEKTOB JI0 BCEX
OCTaNbHBIX (IO OCH X — PAacCcTOSHUS 0 0OOBEKTOB, TI0 Y — UX KOJHMYECTBO); Ha MEPBOM
JuarpaMMe MOXKHO BBICTUTH JBE BEPIIMHBI JHarpamMMbl, COOTBETCTBYIOIIHUE JIBYM
TOYKaM CTYIIeHUsI B 00JlaKke JaHHBIX;
r),J1) JUarpammbl pacrpeielieHusi PacCTOSHUN OT BBIICTICHHBIX OOBEKTOB 70 OOBEKTOB
JIByX KJIaCCOB; M3 TEPBOM auarpaMmbl BHJIHO, YTO C TOMOIINBIO CTATUCTUKH OOBEKTA,
MOMEUEHHOTO KBaJpaToOM, MOXHO TOCTPOHUTH pa3Jeisaioiee KiIacChl NMPaBHWIIO, a s
TPEYTOJIbHUKA — HET.



1.3. /lanHble B BUJle KAPTUHKH
1.3.1. 3agava BU3yanu3alu JaHHBIX

B atoM pasmene Hame#d menpio SBISETCS J1aTh 0030p TeX METOOB,
KOTOPBI€ B HACTOSIIIIEE BPEMS UCIIOJIB3YIOTCS JIJIi BU3YAIHHOTO MPEACTABICHUS
cpa3y Bcell CTPYKTYphl MHOTOMEpPHOrO Habopa naHHbIX. [l BU3yanuzanuu
MOT'YT OBITh UCIOJIB30BaHKI 1-, 2- U 3-MepHBIC TPOCTPAHCTBA OTOOPAKEHUM, HO
MBI B CBOE€M PACCMOTPEHHH MPAKTUYECKU LETUKOM OrPAHHUYHUMCSI CIOCOOOM
BU3yaJIM3allMd C TOMOIIBI0 2-MEPHBIX MOBEPXHOCTEH, MOCKOJIbKY HMEHHO B
TaKOM BHJI€ YEJIOBEK BOCIPUHHUMAET TE€OMETPUUYECKHE CTPYKTYphl Haunbosee
€CTECTBEHHO U OTHOIIEHUS MEXKTy 00BEKTaMH BBITJISISAT HanOoJiee HarJIsITHO.

[lon eusyanuzauueii Oannplx MBI TIOHUMAeM TaKOW CHOCOO
npPeoOCmaeieHus MHO20MEPHO20 PACHPeOeeHUA OAHHBIX HA O08YMEPHOU
nJI0CKOCMU, NPU KOMOPOM, RO KpaliHell mepe, KA4eCMmEEeHHO OMPAX}CeHbl
OCHOGHblE 3AKOHOMEPHOCMU, NPUCYU{UE UCXOOHOMY DACHPEOeTIeHUI0 — €20
KlacmepHas cmpyKkmypa, Mmonoao2udecKue o0cobeHHocmu, 6HympeHHue
3A8UCUMOCHIU MeXHCOY NPUSHAKAMU, UHPOPMAUUA O PACNONOHCEHUU OAHHBIX
6 Uucxo0Hom npocmpancmee ¥ T.1. B KadecTBe OCHOBHBIX MPUMEHEHHM
METOJIOB BU3YAIH3aIlU MOKHO YKa3aTh CIEAYIOIINE:

a) HaTJISTHOE MPEJICTABIICHUE T€OMETPHIECKON MeTadOphl JaHHBIX;

0) TaKOHWMYHOE OINKMCAHNE BHYTPCHHHX 3aKOHOMEPHOCTEH, 3aKITFOYECHHBIX
B HaOOpE JTaHHBIX;

B) c)kaTve WH(pOpMAIH, 3aKTFIOYCHHON B TaHHBIX;

') BOCCTAHOBJICHHUE NMPOOEIIOB B JAHHBIX;

) pelleHue 3aJad TPOTHO3a U TOCTPOCHUSI  PErpeCCHOHHBIX
3aBUCUMOCTEN MEXy MPU3HAKAMH.

Mpbl  KpaTKO paccCMOTPUM  TPAJUIMOHHBIE METOJbI, PEIIAIOIINe
MOCTABJICHHYIO 337[a4y HETOCPEICTBEHHBIM U HECKOJIBKO IPOMO3IKUM 00pa3zom
— 3TO yeneHanpasienHoe npoeyuposanue HAHHBIX W MHO2OMEPHOe
wKanuposanue. 3aTeM oOpaTUMCS K OYEHBb MOMYJISPHOMY B IMOCIIETHEE BpeMs
croco0y BU3yalM3allii C TOMOIIBI0 camMoopraHusyrommxcsa kapT KoxoneHa.
['maBa Oynmer 3aBepiieHa PacCMOTPEHHEM HOBOTO MOAXO0Ma, pa3paboTaHHOTO
rpynnoii  «He#ipokomm»  Ha  6aze  MHctuTyra — BelumcnurtenbHOro
MonenupoBanus r.KpacHosipcka 1 HA3BaHHOTO MeTOIOM YNIPYIMX KapT.

1.3.2. MeToapl 1LieE€HANPaBIECHHOIO MPOEUUPOBAaHUS B MPOCTPAHCTBA
MaJIoll pa3MEpPHOCTH



OnuH U3 croco0OB MOCTaBHUTH 3aJady IMPEICTABICHUS HAHHBIX B BHUIE
ABYMEPHOW KapTHUHKH 3aKIIOYAETCS B CIIECAYIOIIEM: HAWTH TaKOe OTOOpakeHUe
(cmoco0 TpoenupoBaHUS) W3 HMCXOJHOTO IPOCTPAHCTBA HA JIBYMEPHYIO
TUIOCKOCTh, KOTOpPOE OBl ONTHMH3HPOBANO 3aIaHHBIA KPUTEPUH KadecTBa —
HEKOTOPBIH (PYHKIIMOHAT OT KOOPJMHAT TOYEK NAHHBIX JI0 U MOCJE MPOLEAYpHI
mpoerupoBanus. Takas MOCTAaHOBKA 3aqadd JIGKUT B OCHOBE COBOKYITHOCTH
MOJIXO0JI0B, OOBEANHAEMBIX I10JI HA3BaHUEM YeNeHanpasieHnoe npoeyuposanue
(B 3apyOexHOU nuTepaType — projecting pursuit) B MNPOCTPAHCTBO Majon
pPa3sMEpHOCTH.

MOHO BBIJICTUTH JBa BApUAHTA PEUICHUS dTOHN 3a1a4H:

1. Bug otobpaxenus U W3BECTEH 3apaHee U SBISICTCS, KaK IPaBUIIO,
JUHEHHBIM OTOOpaXEHHEM Ha TUIOCKOCTh. ONTUMHU3HPYEMBIH (YHKIIMOHAT B
TAaHHOM CITydae Ha3bIBACTCS NPOEKYUOHHbIM uHOekcom u obo3Hadaercs Q(U,X),
mox X TIOHMMAaeTcs BEeCh Ha0Op MHOTOMEPHBIX JaHHBIX, () 3aBUCUT OT
nmapaMeTpoB OTOOpakeHus. B 3aBUCHMMOCTH OT TMOCTaBJICHHOW 3aJladydl MOTYT
OBITh UCTIOJIB30BAHbBI CIACAYIONINE MPOSKIIMOHHBIC UHEKCHI:

a) WHICKC, MUHUMH3HPYIOIINH PAacCTOSHUE OT TOYEK MAHHBIX JIO X
NPOCKIMH — U 3TO JAeT KIACCHYECKUI METO]| CHHKECHUSI pa3MEPHOCTH C
MIOMOIIBIO TJIABHBIX KOMITOHEHT;

0) MHIEKCH, MAKCUMHU3UPYIOIINE PACCTOSHUS MEXIy KiacTepaMu (OauH
U3 BApUAHTOB TaKUX HMHJEKCOB MAaKCHUMHU3HPYET SHTPOIHUI0 KOHEYHOTO
JABYMEPHOTO pacIpe/ieIeHus TaHHBIX );

B) MHJIEKCHI, MAKCUMAJIBHO Pa3leSIONINe 3apaHee 3aJaHHbIe KIIACChl JUIs
MOCTPOSHHS TMHEHHOTO KIIacCU(PUKATOPA;

I) UWHACKCHI, HWCIONB3YIOIIMECS JJI  BBIICICHUS  AHOMANbHLIX
HabmoOenuti, NajleKo OTCTOSILUX OT OCHOBHOM Macchl pacrpeaeneHus
TOYEK JaHHBIX;

1) WHIACKCHI, BBIICIAIONINE HEIHMHEHHBIE CTPYKTYphl B MHOTOMEPHBIX
TaHHBIX.

SBHBIN BUJ ATUX MPOCKIIMOHHBIX MHACKCOB MPHUBEACH B JUTEPATYpE IO
MPUKJIATHON CTaTUCTUKE [2].

2. Bun oroOpaxeHus 3apaHee HEU3BECTECH. Torja ONTUMU3UPYEMBIi
Kputepuit  siBnsiercs  (QyHkiued or Habopa JABYMEPHBIX  KOOpAMHAT,
MPUNHCAHHOM KaXJOW TOYKE MaHHBIX. 3aJadyedl B OSTOM CIydae SBISAETCS
Ha3HAYMTh KaXJIOW M3 TOYECK HMCXOAHOro Habopa JaHHBIX Mapy KOOpJAWHAT
TaKuM 00pa30M, 4TOOBI MHHUMHU3HPOBATHh (PYHKITMOHAJ, OIMHUCHIBAIOIINN «MEpY
HMCKa)XCHUS» CTPYKTYPHI JAHHBIX.



OpHrM W3 caMbIX TOMYJSIPHBIX SIBISCTCS (PYHKIIMOHAM, SBIISIOIIANCS
aHaJoOroM cTpecca B MHOIOMEPHOM IIKAIMPOBAHUM M OMUCHIBAIOIIMA MeEpy
MCKaXEHUS B3aUMHBIX pACCTOSSHUM MEXKIy TOYKAMH B HCXOJHOM U
PE3YIBTUPYIONIEM MTPOCTPAHCTBE OTOOPAKEHUSI.

OcTtaHoBHMCS 37€Ch HA OJTHOM Ba)KHOM JUJIsl HAIIETO U3JI0)KEHUS MOMEHTE.
B pasznene, nocBsieHHOM KBa3WJIMHEWHBIM MOJIEISIM MBI YK€ CTaJIKUBAIUCH C
CUTyaIlMel, KOTJla KaKJIOW TOYKE JaHHBIX MOXKHO ObLJIO OBl MPUIKCATH [IBE
KOOpAMHATHI (METOJA TJIABHOM IUIOCKOCTH). OJTO IIO3BOJIAET IOCTPOUTH B
MPOCTPAHCTBE JAHHBIX IJ1aJIKOE MHOrooOpas3ue, KOTopoe 00JaaaeT CBONCTBOM
000011aTh 3aKJIFOYCHHYIO B JAHHBIX MHGOPMAIIUIO U CIYKUTh JJIS JIJAKOHUYHOTO
OTIMCAHUS, CKATHUS MHPOPMAITUU WIIH JJIsl BOCCTAHOBJICHHSI POOETIOB B JAHHBIX.
CoBeplIEHHO aHAJIOTMYHO HaJ METOJIOM IMPOCILUPOBAHKUS B IMPOCTPAHCTBO
MEHbBIIIEH Pa3MEPHOCTH MOXHO HAJACTPOUTh MPOLEAYPY IMOCTPOCHHUS
MOJICTTUPYIOLIEH JIBYyMEPHONW TOBEPXHOCTH, BJIOXEHHOM B MHOTOMEpPHOE
IIPOCTPAHCTBO MTPU3HAKOB.

1.3.3. MHOromepHoe IIKaJupOBaHUE

WNuorna ncxomnast nHpopMalusi ObIBaeT W3HAYAIBHO MPEACTABICHA HE B
BHJIC TaONUIBI THMA «OOBEKT-IPH3HAK», a B BHJC KBaJIpPaTHOW TaOIUIIBI
yIaJeHHOCTEeH 0OBEKTOB JIpyr OT apyra. Ha mepecedennn i-o0il CTPOKU U j-0TO
CTONOIAa B TaKOM TaOIUIIE CTOUT OIICHKA PACCTOSHUHN OT i-TO /0 j-TO 0OBEKTa.
Taxoit Bum mpencraBieHUS HHPOPMAIMH XapaKTEPEH I TCUXOJIOTHICCKHIX
UCCNeIOBAaHUM, KOT/Ia YEeJOBEKY IMpesiaraeTcs OIEHUBATh CXOJICTBO WU
pasnuuue B HEKOTOPO cUCTeME OOBEKTOB MU TTOHSITHUH.

Takum 00pa3oM, M3HAYATBLHO KaXJIOMY OOBEKTY HE COIOCTaBIISCTCS
HUKAKOW KOOpJWHATHI B MHOTOMEPHOM MPOCTPAHCTBE M MPEJCTABUTHh TaKYIO
uHpopMalUi0 B BHJE T€OMETpUUECKOW MeTadophl 3aTPyAHUTENIBHO. 3ajaya
MHO2OMEPHO20 WKAIUPOBAHUS 3AKIIIOYAETCSI B TOM, UYTOOBI CKOHCTPYHPOBATH
pacnpe/ielieHre JaHHBIX B MPOCTPAHCTBE TaKUM 00pa3oM, 4TOOBI pacCTOSHUS
MEXAYy OOBEKTaMH B COOTBETCTBOBAIM MCXOAHO 33JaHHBIM B MAaTpPHIIC
ynaneHHoCcTel.  Bo3HHKaromme  KOOpAWMHATHBIE  OCH  MOTYT  OBITh
WHTEPIPETUPOBAHbI KaK HEKOTOpPHIE HESBHBIC (PAKTOPHI, 3HAYCHHS KOTOPBIX
OTIPENIETISIOT pa3Inuus 00BEKTOB MEXK Ty coO0i. Ecii monbITaThCs COMOCTAaBUTh
KaKJIOMYy OOBEKTY Tapy KOOpAMHAT, TO B Pe3ylbTaTe Mbl MOJYYUM CIIOCOO
BU3yaJIM3aIlUU JaHHBIX.

PaznuyatorT n1Ba OCHOBHBIX aNTOPUTMa MHOTOMEPHOTO IIKAJIMPOBAHUS —
METPHYECKUA ¥ HEMETPUIECKUH, XOTSI CaMH BBIYMCIUTEIbHBIC TPOIEAYPHI ATHX
aJTOPUTMOB NIPAKTUYECKU HE oTinuaroTcs [4,14,43].



1. B oOcHOBe Mmempuyecko2o0 MHO2OMEPHO20 WKATUPOBAHUS JTIEHKUT
JIOMYIIIEHHE O TOM, YTO PACCTOSHHUS B TaOJUIE yIaJeHHOCTEH COOTBETCTBYIOT
PEATBHBIM PACCTOSHUSAM MEXIY OOBEKTaMU B KOHCTPYUPYEMOM IMPOCTPAHCTBE
MIPU3HAKOB.

B nuHeiiHOM MeToJie METPUYECKOTO MIKATUPOBAHUS MPUMEHSETCS METOJ
TJIABHBIX KOMIIOHEHT, HO HE K HCXOJHON MATpHUIIE pPACCTOSHHM, a K Tak
Ha3bIBAEMOUN  08aAdHCObI YEHMPUPOBAHHOU Mampuye, B KOTOPOH cpeaHee
3HAQYEHHE 4YuCel B JIIOOOW CTPOKE M CTOJOIE paBHO HYIO. J[BaxkIbl
LIEHTPUpPOBaHHAs MaTpulla OJHO3HAYHO BbIUUCIsAETCS 1O ucxomgHou. Ilocne
3TOr0 CYIIECTBYET BO3MOXKHOCTH OMNPEACIUTh Pa3MEPHOCTh MPOCTPAHCTBA,
00ecreunBaroero moyHoe BOCIPOU3BEICHUE MATPUIIbl yIaJeHHOCTEH, JIU00
onpenenuTh 3(PQPEKTUBHYI0 Pa3MEPHOCTh KOHCTPYUPYEMOTO MPOCTPAHCTBA
MPU3HAKOB, KOTOpas 00ECTeUUT BOCIPOM3BEICHUE MATPHIIHI YIAJIEHHOCTEH C
3aJaHHON TOYHOCTBIO.

B HemMHEWHBIX METOJAaX PasMEPHOCTh MPOCTPAHCTBA  3aJaCTCS
W3HAYaJIbHO W C T[OMOIIbIO TPAAUCHTHBIX METOJIOB  ONTUMU3UPYETCS
(yHKIIMOHAT  KayecTBa, OMKCHIBAIONIMNA  MEpPYy  HMCKOKEHHS  MaTPHILBI
yIaJIeHHOCTeH. DTOT (PYHKIIMOHAJ, Ha3bIBAEMBIN cmpeccom, yKe YIOMHUHAJICS
HaMH{ B MPEIbIAYIIEM pa3/iesie U Mbl BEpDHEMCS K HEMY MO3KeE.

2. B nemempuueckom mMHo20MepHOM WKATUPOBAHUY TIPENITIONATAETCS, YTO
YIaJeHHOCTh OOBEKTOB M3MepeHa B OPAMHAIBHON IIKale, TO €CTh BAKHBI HE
CTOJIKO CaMH YHCJIEHHbIE 3HAYEHHUS IMOMApPHBIX PACCTOSIHUI, CKOJIBKO HX
paHroBblii mopsgok. Ilpouenypbl HEMETPUYECKOrO MIKAIUPOBAHUS CTPOSIT
TaKyl0 T€OMETPHUYECKYI0 KOHQUTYpAIMI0 TOYEK B (-MEPHOM MPOCTPAHCTBE,
9TOOBI PAHTOBBIE TOPSAJKH PACCTOSHHA COBIAIH, IO BO3MOXXHOCTH, C
PAHTOBBIMHM  TIOPSIIKAMU  MCXOJHBIX paccTOsiHUM. /[l OlLIeHKHM KadecTBa
BBIOpPAHHBIX PAHTOBBIX KOOPJMHAT MPUMEHSETCS BCE TOT e KPUTEPHIL cTpecca.

AHAJIOTUYHO TPAJUIUOHHOMY (DAKTOPHOMY aHaJIN3y, B MHOTOMEpPHOM
IIKAJIMPOBAHUU CYIIIECTBYET HEOJHO3HAYHOCTh BEIOOpPA KOOPIMHAT, CBSI3aHHAS C
T€M, 4YTO KOOPAMHATHYIO CHUCTEMY B IMOJYYEHHOM IPOCTPAHCTBE MOXKHO
MPOU3BOJIBHBIM 00Pa30M MOBEPHYTh — PACCTOSHUS MEKIY 0ObEKTaMH TIPU STOM
He 3MeHstoTcs. Kak mpaBuito, TOBOPOT OCYIIECTBIISIIOT TAKUM 00pa3oM, YTOOBI
au00 TONydeHHBIE KOOPIWHATHBIE OCH WMEITH MAaKCUMalIbHO HAaTJSIHYIO
WHTEPIpPETANio, JIMOO 3HAYCHUS ONPENCICHHBIX IPU3HAKOB OKa3aJINCh
MAaKCUMaJIbHO CKOPPEITUPOBAHBI.

1.3.4. BnoxeHHbIE TOBEPXHOCTU

I/ITaK, B OCHOBC MCTOAOB MCJICHAIIPABICHHOIO IIPOCHUPOBAHUA U
MHOI'OMCPHOI'O MMKAJIUPOBAHWUA JICKUT HACA OINTHMH3allHM HCKOTOPOro



GyHKIIMOHANA, KOTOPBIA 3aBUCUT OT HAYAIBHOTO TIOJIOKCHHS TOYEK B
MPOCTPAHCTBE M KOHEYHOTO PACIOJIOKECHUS TOYEK HAa BYMEPHOW IUIOCKOCTH.
Breibupas paznudnbie Buabl (YHKIIMOHAIOB, MOXXHO CTPOUTH pPa3iIHyYHBIC
MPOCKIMHM JTaHHBIX, Ha KOTOPHIX OyAyT NOMYEPKHYTHI TE€ WJIA HHBIE UX
0CcoOeHHOCTH. B 11emomM Tako#l Moaxon SIBISIETCS JOCTATOYHO MPO3PAYHBIM U
SICHBIM, HO TIPH €T0 MPAKTHYECKOM HCITOJIb30BAHWH BO3HHMKAIOT OTNPE/ICICHHbBIC
TPYIHOCTH.

Bo-nepBpIx, 3amada ONTHMH3AIMM HEIMHEWHOW (YHKITUM SBJISCTCS
TPYIHOU caMa 1o ceOe. B ymoMsSHYThIX METO/IaX HMCIIONIB3YIOTCS, KaK MPAaBHIIO,
TPaIUEHTHBIC TPOIEAYPhI, TpeOyromue OOJNBIINX BBIYUCIUTEIBHBIX 3aTparT,
KOTOPBIC PACTYT MPOMOPIIMOHAIEHO KBAJAPATy OT YMCJIa TOYCK JNaHHBIX (HYXHO
BBIYHCIISATH BCE TOMAPHBIC PACCTOSHUS B IMPOCTPAHCTBE OTOOpakeHUi). DTO
JeaeT  BechbMa  3aTPYJHUTENBHONW  MPAKTUYECKYIO)  pEaM3alfio  dTUX
ANTOPUTMOB TS TaOJIHII TaHHBIX, COJIEPXKAITUX OO0JNIBIIOE (TTOPsIIKA HECKOIBKIX
TBICSIY) YUCIIO CTPOK.

Bo-BTOpBIX, OKa3bIBaeTCs, YTO BBIpA3UTEIbHAS KapTHHA MHOTOMEPHOTO
pacnpeielicHusl JaHHBIX, W300pakCHHas Ha JABYMEPHOW KapTHHKE eIIe He
pelaeT BCEX BOIPOCOB, KOTOPHIE MOXKET IOCTaBUTH ce0e HCCIeI0BaTENb.
3amaHuMBa WAesT HAHOCHUTh HAa JBYMEPHYIO KapTy HE TOJBKO CaMU TOYKHU
JIaHHBIX, HO M Pa3HOOOpa3Hyl0 WH(OOPMAIHIO, COMYTCTBYIONIYIO TAHHBIM —
HalpuMep, OTOOpakaTh TaK WM WHA4Ye IOJIOKCHHE TOYEK B HCXOTHOM
MPOCTPAHCTBE, IUIOTHOCTH PAa3IMYHBIX TOJMHOXXECTB, APYTHE HEMPEPHIBHO
pacnpe/ielIeHHbIC BEIMYMHBI, 3aIaHHbIC B HCXOIHOM MPOCTPAHCTBE MPHU3HAKOB.
Bce 310 moaTankuBaeT K MBICTH MCIIOJB30BaTh KaK MOYKHO TOJTHEE TOT «(OH»,
Ha KOTOPBIM HAHOCSTCS JaHHBIC, a TAaKKe BHUJ CaMUX TOYEK JaHHBIX IS
O0TOOpaKeHUE Pa3TMIHON KOJIMUYSCTBEHHOUW M aTTpHOYTUBHOU WH()OPMAIIHH.

Hakownerr, mociie Toro, Kak TJaHHbIC HAHECCHBI HAa JIBYMEPHYIO TJIOCKOCTB,
XOTEJI0Ch ObI, YTOOBI MOSBUIACH BO3MOXHOCTH DPACIIOJNIONKHUTh Ha JBYMEPHOU
IJIOCKOCTH T€ JaHHBIC, KOTOPhIC HE YYaCTBOBAJIU B HACTPOMKE OTOOpaKCHUSI.
D10 TO3BONMUIO ObI, C OJHOW CTOPOHBI, MCIIOJIH30BATh MOJYUYECHHYIO KapTHHY
JUTSL TIOCTPOCHUSI PA3JIMYHOTO POJIa AKCICPTHBIX CHCTEM W PEIIaTh 3aJladyu
pacno3HaBaHusi 00pa3oB, C APYrod — MCIOIB30BaTh €€ JJII BOCCTAHOBIICHUS
JAHHBIX ¢ TTpoOeTIaMHu.

Takum 00pa3oM MOXHO TIOJOWTH K WJAECE HCIOJB30BAHUS  JUIS
BU3yaJW3alldd  JaHHBIX W  W3BJIEYCHHWs  WHGOpPMAMU  HEKOTOPOTO
BCIIOMOTATEIBHOTO O0BCKTa, KOTOPBIM B JaJbHEHWIIEM MBI OyJdeM Ha3bIBaTh
Kapmou. JTOT OOBEKT TMpPEICTaBIsAeT W3 ce0s OrpaHUYCHHOE JIBYMEpPHOE
HEJTMHEHHOE MHOT000pa3ue, BIOKCHHOE B MHOTOMEPHOE TIPOCTPAHCTBO JAHHBIX
TakuM o00pa3oM, dYTOOBI CIIY)KHUTh MOJICTBI0O JaHHBIX, TO €CTh (opMa u
pPAcIoONIOKEHWE  TaKOro  MHOTO000pa3usi  JOJDKHA  OTpaXkaTh  OCHOBHBIE
OCOOCHHOCTH pacIipeieTICHUs] MHOYKECTBA TOUYEK JaHHBIX.



[IpocToii mpumep KapThl aHHBIX — IUIOCKOCTh NEPBBIX JABYX TIJIABHBIX
KOMIIOHEHT. Kak Mbl yXe€ yINOMHHAIIA, CPEIHd BCEX JIBYMEPHBIX IIOCKOCTEM,
BJIO)KEHHBIX B IIPOCTPAHCTBO OHA CIYKUT ONTHUMAIbHBIM 3KPaHOM, HA KOTOPOM
MOXXHO OTOOpa3uTh OCHOBHBIC 3aKOHOMEPHOCTH, TIPUCYIIHE JaHHBIM. B
KadecTBE JPYyrou, eme Oosiee MPoCcTol (HO HE ONTUMAIBHOM) KapThl MOXHO
UCIIOb30BaTh JIOOYI0 KOOPJIWHATHYIO IUIOCKOCTh JIOOBIX JABYX BBIOPAHHBIX
KOOpJAMHAT.

< Cpeau pa3IUYHBIX MPOEKIMK HA Maphl KOOPIUHATHBIX OCCH
HauOosiee HMHPOPMATUBHBIMM OyAyT Te€, TJI€ B KadyecTBe
KOOpPAMHAT BBIOUpAIOTCS HauboJee 3HAuYMMble [MPU3HAKH,
HarpuMmep, Te, KOTOpPble UMEIOT HAauOOJBIIUN BEC B BEKTOPE,
3aJ1al0IEeM HarpaBiCHUE TIEPBOM TJIaBHOM KOMITOHEHTBL. <

O6o0menneM crocoba TPEACTABIATh JaHHBIC C IOMOIIBI0 METoaa
TJIABHBIX KOMIIOHGHT OyJeT CIIydaid, Korja KapTa MOXET HMETh JI0OYIO
HEJIMHCHHYIO (hOpMY, HE HCTOJB3YS B IPOIECCe TMOCTPOCHUS KapThl HUKAKUX
TUIIOTE3 O pachlpeiesiecHud JaHHBIX. Ha myTu co3gaHus TakoW HEITWHEHHOU
MOJICJTH JJAHHBIX HEOOXOIMMO OTBETHUTh Ha CJICIYIOIINE BOIPOCHL:

1. Kak onucheiBaTh pacnoyioKeHUE KapThl B MPOCTPaHCTBE?

Jlnist TOro, 4ToOBl OMUCHIBATH B MHOTOMEPHOM MPOCTPAHCTBE BIOXKEHHOE
JBYMEPHOE MHOT000pa3ue, UCIOJIB3YIOT 0OBIYHO BEKTOp-QYHKIHIO r = F(i,V)
OT JIBYX KOOPJAMHAT U, V, KOTOPbIE HA3BIBAIOTCS 6HYMpeHHUMU KOOPIUHATAMU
WIH TapaMeTpaMu. JIMHUM, BIOJIb KOTOPHIX OJHA M3 BHYTPEHHHUX KOOpPIUHAT
MPUHAMAET TIOCTOSTHHOE 3HAYEHHE, 3aJaf0T Ha MOBEPXHOCTH BHYTPEHHIOO
KOOpAMHATHYIO CeTKy. TakuMm oOpa3om, r00as TOYKa Ha MOBEPXHOCTH
3aJaeTcsd, C OJHOW CTOPOHBI, TOJBKO JBYMsI BHYTPEHHUMH KOOpAMHATAMH
(MMEHHO MO3TOMY Pa3MEPHOCTh MHOrooOpasus, 3alaBaeMoro (opmysnout r =
r(u,v) paBHa MO MOCTPOCHUIO IBYM), & C APYrOl CTOPOHBI, OYAYy4YH TOUYKOU B M-
MEPHOM MPOCTPAHCTBE MMEET m 3HAYCHUH KOOPAMHAT B HCXOJHOM
MPOCTPAHCTBE.
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Puc. 15. Bua nocTpoeHHO# KapThl C TOUKHU 3pEHUS PA3THUHBIX
JBYMEPHBIX IIOCKOCTENH-3KPAHOB.

Ha npoekuusix nokasaHbl TOUKU IaHHBIX, COOTBETCTBYIOIME YIOMUHABILEHCS 0a3e TaHHBIX
II0 LIBETKaM Hpuca.
a) BUJ IOCTPOEHHON CETKU Ha KOOPJIMHATHOM IIOCKOCTHU «JUIMHA JIENECTKA — IHUPHUHA
JIeNeCTKa»;
0) BUJ KapThl, JUI1 KOTOPOM MPUMEHEHA POLeAypa KyCOUYHO-THHEHHOW WHTEPIIONISLNAN
MEXAY y3JaMu;
B) BUI KanThbl B KOODIUHATAX «IIMDWHA JICTIECTKA — ITMDUHA YAIIETUCTHKA»

JUIs  BBIYMCIIUTENBHBIX TIPOIEAYpP Topa3no yaoOHee MPOU3BOAUTH
omepanuu He ¢ CaMUM MHOTOOOpa3ueM, a C €ro TOYEYHOW aIMpOKCHUMAIIHEH,
3a/1aBaeMOi C MOMOIIBIO CETKU Y3JI0B (YIOOHO, €CIM B ATHX y3JIaX 3HAYCHHUS
BHYTPEHHUX KOOPJMHAT TPUHUMAIOT I1ieJible 3HadeHus). Jis onucanus
MOJIOKEHHUS TPSIMOYTOJIbBHOW CETKU Y3JI0B B MPOCTPAHCTBE JOCTATOYHO M P -q
yucen, TI€ m — pa3MEpHOCTb NPOCTPAHCTBA, a P M ( — YHUCIO Y3JIOB
MPSIMOYTOJIBHOM CETKH 0 BEPTHKAIU U TOPU3OHTaIU. ECiau 4ucio y3/10B CeTKH
ropas/io MEHbIIIE YKCIIa TOYECK JAHHBIX, TO UCIOJIb3YsS TAKYIO CETKY B KaueCTBE
MOJICIM JIaHHBIX, MOXKHO TOJIYYHTh CXaTHe HHGOpMAIUHU, 3aKIIOYCHHOU B



JaHHBIX, C TOYHOCTBIO, 3aBUCAIICH OT croco0a TIOCTPOSHUS KapThl H
OCOOCHHOCTSIMU CTPYKTYPHI TaHHBIX.

WN3navabHO KapTa MOXKET OBITh 3aJaHa C TIOMOIIBIO  IIOCKOM
PABHOMEPHOM CETKH Y3JIOB, KaK-TO pa3MEUIEHHBIX B MPOCTPAHCTBE MPU3HAKOB.
[log neilicTBMEM TeX WM WHBIX BBIYMCIHUTENBHBIX MPOLEAYpP KapTa MOXKET
WCKPUBIIATHLCS, IPUIIETasi K IAaHHBIM U OTpaXkasi 0COOCHHOCTU UX CTPYKTYPHI.

[Tocne Toro, kak mojiyueHa TOYEYHAs AMMPOKCUMAIIUS MHOTO00pasus,
JUIsl TOTO, YTOOBI BOCCTAHOBUTH KAapTy HYKHO BOCIOJB30BAThCS MOAXOSAIICH
MPOUEAYpPO HHTEPHOJALNUU MEXAy Yy3i1amu. CamMblM OpOCTBIM BapHaHTOM
WHTEPINOJALUU  ABISETCS  KYCOYHO-JIMHEHHass wuHTepnonsuus. s ee
MOCTPOEHUSI H3HAYaJIbHO HA CETKE peanu3yercss TOT WM HHOM BapUaHT
TPUAHTYJISILMM, B PE3YJbTATE YETO KapTa COCTOUT U3 OTACIBHBIX TPEYrOJIbHBIX
KYCKOB ITJIOCKOCTEM.

Ha puc.15 noka3zaHo, kKak MOXKET BBIMISAETh IOCTPOCHHAS KapTa ¢ TOUYKU
3pEHHS] PANMMYHBIX IUIOCKMX JBYMEPHBIX SKpPaHOB, pAaCIOJIOKEHHBIX B
MPOCTPAHCTBE — Pa3HBIX KOOPJMWHATHBIX IUIOCKOCTEH MU TUIOCKOCTH TJIABHBIX
KOMITOHEHT.

2. Kakum 00pa3oM cOnOCTaBUTh KaK0M TOYKE TAaHHBIX TOUKY Ha KapTe?

[Tocne Toro, kak MHOTOOOpa3ue MOCTPOEHO, JJISl BH3yalu3allid JTaHHBIX
HEO0OXOIMMO YKa3aTh MPAaBUJIO, C MOMOIIBIO KOTOPOTO JaHHBIE M3 MUCXOIHOTO
MPOCTPAHCTBA MPU3HAKOB NEpPEHOCITCs Ha Kaptry. [Ipeanonaraercs, 4to JiuHa
BEKTOpa TiepeHoca He OyaeT CIWIIKOM BEJIHMKa, TIOCKOIbKY KapTa
anIMpOKCUMHUPYET JIaHHbIE U JOCTATOYHO IJIOTHO B CPEHEM K HUM MPUJIETAET.

[Ipocreiimim  ciocoOOM MepeHoca WU Hpoeyupo8aHus  SBISETCS
COTIOCTABJICHHE KaXJIOM TOUKE JIAaHHBIX OJIM>KalIero ysna cetku. Takoi crocob
nake He TpeOyeT JOOMpEeNeNIeHUs CEeTKH O MHOrooOpasus W pa3OuBaeT Bce
MHOXECTBO JAHHBIX HAa pXg MOAMHOXECTB — MAKCOHO8, BHYTPU KaXKJIOTO W3
HUX OJIMDKaWIIUM SIBJISIETCS. OJIMH U TOT K€ y3€ll KapThl. B HEKOTOPBIX 3a/1auax
Takol Croco0 MPOEKTUPOBAHUS SIBISETCS MPUEMIIEMBIM, OJHAKO, OH HE JaeT
HEMPEPBIBHOTO  OTOOpa)XE€HUsT NPOCTPAHCTBA JaHHBIX HA  JIByMEpPHOE
MHOT000pa3ue — Mpu mepexojie OT y3ia K Y31y QYHKIUS O0TOOpaKeHUs UMEET
paspplB — M T[OATOMY TaKO€ IPOCKTUPOBAHUE HA3BIBAECTCS K)YCOYHO-
NOCMOSIHHBIM.

Jlpyroii uaeeid, KOTopasi MOXKET OBITh MPUMEHEHA IMPH MPOCIUPOBAHUH,
SBJIIETCS COIMOCTABIIEHWE TOYKE JAHHBIX Oaudicatiuieli moyky Ha Kapre (a He
Oommxkaiimmero ysna!). B ciydae riagkoro MHOTooOpasvs HaxOXKJICHHE TaKOM
TOYKH MOXET OBIThb CBS3aHO C OINPEACICHHBIMA  BBIYUCIUTEIBHBIMU
TPYAHOCTSIMM, B CJIy4Yae >X€ YHNOMSHYTOW JIMHEWMHON HWHTEPHONSLUUU MEXKIY
y3JaMy JIOCTATOYHO MPOCTO ONMKANIIYI0 TOYKY MHOT00Opasusi ONpeeiauTh



JT0CTATOYHO TTPpocTO. COOTBETCTBYIOIIUM aIrOPUTM IPUBENICH B pazjene 2.5.6, a
3/1eCh YKa)K€M, UTO ONMDKAMIIeH TOUKOW KapThl MOXKET OKa3aThCs TOYKA BHYTPH
TPEYroJLHOTO KyCKa MIOCKOCTH, 00pa3yIoIIero epaksb KapThl MW TOYKA BHYTPH
OTpe3Ka, COCTUHSIONIETO JIBa COCEAHHMX Y3Jia, 00pasylomero pedpo KapThl, a
TaKKe OJIKaWIeld TOYKONM MOXKET OKaszaThCs y3el (6epuiuna) KapThl.
COOTBETCTBEHHO, B Cly4yae KYyCOUYHO-JIMHEWHOTO MHOr000pa3usi MPOCTPAHCTBO
BOKpPYT' KapThl pa30MBaeTcs Ha OOJACTH, JJISI KOTOPBIX OJMKaWIel sBISETCS
y3eJ, peOpo WU IpaHb MOCTPOSHHOM KapThl. Takol croco0 MpoelupOBaHUS
OKa3bIBACTCS KYCOUHO-JIMHEHHBIM.

Jlnst mpoenupoBaHusT MHOTOMEPHBIX JAHHBIX Ha JBYMEPHYIO KYCOUYHO-
JUHEWHYI0 TIOBEPXHOCTh MOTYT NPUMEHSTHCA JAPYTHE CIOCOObl KYCOUYHO-
JMHEWHOTO MPOCIMPOBAHMS, HAMPUMEp, IIEHTpalIbHOE MpoenupoBanue. LleHTp
MPOSKIIMH OTPENEISAETCS C TOMOIIBI0 KOOPAWHAT OJFKAWUIIETO y3J1a CETKH H
MPWIETAIONINX K HEMY COCECH, TO eCTh IS Ka)XJI0r0 TaKCOHA JaHHBIX OydeT
HAWJECH CBOM LICHTP MPOEKINH.

B03MOXHO mMOCTpOE€HHE KYCOUHO-TJIAIKOTO IPOEKTOpa C IMOMOIIBIO
MOCTPOCHUSI B KaXJIOM Yy3J€ KapThl HEKOTOPOro JABYMEpHas TJIajaKas
MMOBEPXHOCTh, AMIMPOKCUMHUPYIOIIAs B OKPECTHOCTU Yy3ina Kapty. Haubonee
MPOCT CIIydaid TOCTPOCHHSI MOBEPXHOCTH BTOPOTO TOPSIAKA, OJHAKO, B ITOM
ClIydae HE YHAaeTCsl CIIMTh IMMOCTPOSHHBIE KYCKH TMOBEPXHOCTEH U B PE3yiIbTaTe
MMOCTPOCHHOE MHOTO00pa3ue OyAeT BBITIISIETh KaK «Ialbe-Malle» — Ha KayKIbId
W3 Yy3JI0B TPUKIEUBACTCS TMOBEPXHOCTh BTOPOTO TMOPSANIKA C BEPIIMHON WIH
CEIIJIOBOM TOYKOU B y3JI€.

Ha puc.16 cpaBHUBarOTCs 1Ba criocoda MpoeIUpoBaHus — B OV KaATITHI
y3ed W B OMKaWIIylo TOYKY KapTel. Ha Hem jke moka3zaHa KapTa B CBOUX
BHYTPEHHUX KOOpJIMHATaxX (pa3BepHyTass Ha IUIOCKOCTH) U PACIHOJIOKECHHUE
TOYEK, MOJIYYCHHBIX B PE3yJIbTaTe 3TUX CIIOCOOOB MPOCIIUPOBAHUSI.

Nrak, Ha MOCTPOECHHOMN KapTe MOXKHO Pa3MECTUTh TOUKH JaHHBIX. Kpome
3TOro, KapTa cama 1o cebe o0JafaeT psIoM CBOWCTB: NIpujieras K JaHHBIM,
KapTa B OJHUX OOJIACTSAX MPOCTPAHCTBA CKUMAETCS, B IPYTUX PACTATUBACTCS, U
9TO 3aJIa€T Ha KapTe IBYMEPHYIO METPUKY, Pa3HbIC TOYKU KapThl UMEIOT Pa3HbIC
KOOpJWHATHl B TPOCTPAHCTBE, KapTa IO-pa3HOMY TMpUJIETaeT K JaHHBIM B
pa3HbIX oOjacTax W T.a. TakuMm oOpa3om, KapTa cama Mo cebe CIIyKHuT
HOCHUTEJIEM pa3HooOpa3HON HH(OpMAITHH.

Tenepp MBI 00paTMMCS K KOHKPETHBIM CIIOCO0AM  ITOCTPOCHHMS
MOJICTUPYIOLIUX KapT.



1.4. Camoopranmsywinuecsi Kaptbl KoxoHeHa 1 X NPUIOKEHUS

ToriBo KOXOHEH mOpemIoKUI HEUPOCETEBYIO  ApXUTEKTYpPy A
aBTOMAaTHYECKOW Kiactepusanuu (kimaccudukanuu 0e3 yduTens), B KOTOPOM
YYUTBIBAETCS MHGPOpPMAIUS O B3aUMHOM PAacCIOJIOKEHUU HEHUPOHOB, KOTOPHIC
obpasytor pemerky. CUTHal B Takyl HEHpOCeTh MOCTYyMaeT cpa3dy Ha Bce
HEUpPOHBI, a BeCa COOTBETCTBYIOIIUX CHUHAIICOB HWHTEPHPETUPYIOTCS KaK
KOOPJAMHATHI MOJOKEHUS y371a U BBIXOJHON CUTHAN (POpMUPYETCS IO TIPUHITUTTY
«1mobeuTeNnh 3a0upaeT BCe» - TO €CTh HEHYJIEBOW BBIXOJHOM CHUTHAT HMMEET
HEWpoH, Omkailmii (B CMBICIE BECOB CHHAINCOB) K IMOJaBa€MOMY Ha BXOJ]
o0bekTy.. B mporecce oOydeHHs Beca CHHANCOB HACTPAaUBAIOTCS TaKUM
o0pa3oM, 4YTOOBI y3Jbl PEIIETKH «pacHoJiaraiuCh» B MeECTax JIOKaJbHBIX
CTYIICHHA JJaHHBIX, TO €CTh OMNHUCHIBAIIM KJIACTEPHYIO CTPYKTypy oOJaka
NAHHBIX, C JAPYrOd CTOPOHBI, CBSI3M MEXAY HEUPOHAMHU COOTBETCTBYIOT
OTHOILLEHUSM  COCEACTBA MEXKJYy COOTBETCTBYIOIIMMU  KJIACTEpaMH B
MPOCTPAHCTBE MPU3HAKOB.
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Puc. 16. CpaBHeHHE cCIOCOOOB MPOCIMPOBAHHS JAHHBIX B OMIMKAWIIHIA y3e 1 ONKalIIyro
TOYKY KapThl (0a3a JaHHBIX 1O IIBETKAM HpHUCA).

a),0) NpOEKTUPOBaHKE B OMMKANIINI y3€l1, Ha pa3BepTKE YCIOBHO U300paKeHO KOJIMYECTBO
TOYEK TOI'0 WJIM MHOI'O KJlacca, MOMAaBIINX B y3€J1; BUIHO, YTO B YETHIPEX y3JaX MOCIE
IIPOEKTUPOBAHUS OKa3bIBAIOTCSI TOUKHU Pa3HBIX KJIACCOB;

B),I') IPOEKTHUPOBAHUE B OJIMKANIIYIO TOUKY, Ha Pa3BepTKE BUJHO, YTO pas/iesieHHe Ha
KJIaCChl MOKHO CZ€aTh 00Jiee YETKUM (a TaKXKe BBIIEINUTh «ACTUHHBIX» PEHEraTOB KJIacca).



HecmoTtps Ha TO, uTO camoopranu3ytomuecs: kapTel Koxonena (COK uiu
SOM - Self-Organizing Maps unu SOFM - Self-Organizing Feature Maps)
W3HAYAJIbHO OBUIM OIMHMCAaHBl HAa HEHUPOCETEBOM sI3bIKEe, HaM OyAeT ymoOHO
paccMaTpuBaTh TaKWe KapThl KaK JBYMEPHBIE CETKH Y3JI0B, Pa3MEIICHHBIX B
MHOTOMEPHOM MPOCTPAHCTBE, HE MpHOeras K HEWPOCETEBOH TEPMHUHOJIOTHH.
Tem He MeHee, clieyeT Aep>KaTh B yMe TO, YTO, €CIU KOTAa-HUOYb aJITOPUTM
SOM Oyzner BOIUIOMIATHCS HA amnmapaTHOM YpOBHE, TO [JIs peaau3aluu
BBICOKOA()(DEKTUBHBIX MapaJUICIbHBIX CXEM BBIYUCICHUN HYXHO OyAeT
BCIIOMHHTH O U3HAYAJILHON HEHPOCETEBOM apXUTEKTYpE.

Nrak, wuznawanbHo SOM mpencraBisieT U3 ceOsS CETKYy U3  Y3JIOB,
COCIMHEHHBIN Mexay coboi cBsizsiMu. KOXOHEH paccMarpuBall JBa BapuaHTa
COCIMHEHUS Y3JI0B — B MIPSIMOYTOJIBHYIO U TeKCAroHaJIbHYIO CETKY (cM. puc. 17)
— OTJIMYKE COCTOUT B TOM, YTO B MIPSIMOYTOJIbHOM CETKE KaXK/IbIH y3€ll COSAMHEH
C 4-Ms COCETHMMH, a B TEKCAarOHAJIBHOW — ¢ 6-10 OMmKalimuMu y3naMu. Takum
oOpa3om, [Is IBYX TaKUX CETOK Mporiecc moctpoernss SOM oTirdaercs JIHIIb B
TOM MeCTe, TJIe iepeduparoTcs OnrKaiime K JaHHOMY Y31y COCEIH.

VAV aVuVaVaVay.
eV VaWala
aNaVaVaValulalinb
O 0 W0 W0 0

Puc. 17. JIBa BapuaHTa pacnoioxeHus y3noB cetku SOM.
a) MPSIMOYTOJIbHAS CeTKa — KaXK/IbIH y3eJ (KpoMe KpaeBbIX) uMeeT 4 ONmKaiImmx cocena
0) rekcaroHaJIbHasl CeTKa — KaXAbli y3el (KpoMe KpaeBbIX) UMeeT 6 ONKallmx cocenei

P\ PP P

a) 0)

HauanpHoe mosiokeHue CeTKH BhIOMpaeTcs MPOU3BOJBHBIM 00pa3zoMm. A
aBTopckom makere SOM_PAK mnpemiaratorcsi BapuaHThl — CIIy4alHOTO
HAYaJIbHOTO PACIIOJIOKCHHSI Y3JI0B B MPOCTPAHCTBE M BAPUAHT PACIIOIOKCHHUS
y3JI0B B TUTOCKOCTH.

[Tociie 3TOTO Y37BI HAYMHAIOT MEPEMEIIATHCS B MPOCTPAHCTBE COTIACHO
CJIEIIOIIEMY aJITOPUTMY:

1. Cny4aitHbiM 00pa3oM BBIOMpPAETCS TOUKA JIAHHBIX X.
2. Onpenensiercs ommxaimmii K x y3en xaptsl r; (BMU — Best Matching
Unit).



3. DTOT y3en mnepeMelaeTcs Ha 3aJlaHHbIM IIar Mo HAaNpaBJICHUIO K X.
OpHako, OH TiepeMeniaeTcsi HE OJWH, a YBJEKaeT 3a COo0OH orpenerecHHOe
KOJIMYECTBO OJIMDKAUIIINX Y3JI0B U3 HEKOTOPOH OKPECTHOCTH Ha Kapte. [loscHum
CKa3aHHOE: €CJIH PaanyC OKPECTHOCTH paBeH 1, TO BMECTE ¢ OIMKAUIIIUM y3JI0M
rj TIO HANpPaBICHHIO K X JBUralTca 4 €ro cocega Io KapTe B Clydae
NPsIMOYTOJILHOU CEeTKU U 6 cocenielt B Cilydyae reKCaroHaabHOU CETKU.

B Hactpoiike kapThl pa3nuuaroT JBa dTana — 3Tam rpyooit (ordering) n
9Tan TOHKOM (fine-tuning) HacTpoiiku. Ha mepBom 3Tare BoIOUparOTCS OOJIBIITNE
3HAQYEHHS] OKPECTHOCTEH U JBMIKEHUE Y3JIOB HOCUT KOJIJIEKTUBHBIM XapakTep — B
pe3yibTaTe KapTa «paclpaBlIeTCsi» U TPyObIM 00pa3oM OTPaKaeT CTPYKTYpY
JAHHBIX; Ha JTale TOHKOM HACTPOWKM paJuyC OKPECTHOCTH paBeH 1-2 u
HACTPAaMBAIOTCS YK€ UHAUBHUYaJIbHbBIE MOJIOKEHUS y3JI0B.

O xapakTepe ABIKEHHUS CJEMAYeT 3aMETUTh CIEIyIoIIee: OOBIYHO OH
HACTpaWBaeTCs TaK, YTOOBI BO BCEM W3 BCEX ABUTAIOIIMXCS Y3JI0B Hambosee
CHJIBHO CMEIIAETCS ICHTPAJIBbHBIN — OMMKaWIMil K TOYKE JaHHBIX — Y3€l, a
OCTaJIbHBIE MCHBITHIBAIOT TEM MEHBLINE CMEIICHUS], YEM JIajIbIlle OHU OT LEHTpa
y371a (cM. puc. 18)

DTO COOTBETCTBYET TaK HA3bIBAEMBIM 3aTyXaOIUM (DYHKLIHSIM COCEICTBA
(neighborhood function). Ecnu 3To He Tak M BCE COCEIU U3 OKPYKEHUS
WCIIBITBIBAIOT PaBHBIC CMEMICHHsI, TO Takass (YHKIIHS COCEICTBA HA3bIBACTCS
my3bippkoBoii  (bubble) W nmnms Hee XapakTepHO OOJBINEE YHCIO aKTOB
nepeMeIeHus Ay 00ydeHHs 1 MEHee TTIaKasi CeTKa.

Kpome sToro, BeanmurHa CMENIEHUS] PABHOMEPHO 3aTyXaeT CO BPEMEHEM,
TO €CTh OHA BEJIHMKA B Hadaje KaKOro M3 dTAanoB 0OydeHUs U OJM3Ka K HYJIIO B
KOHIIE.

4. Anroput™m NOBTOpSIETCS OINpEAeNIEHHOEe 4YHciIo TakToB. Ha mepBom
JTare YUCJIO TaKTOB BHIOMpAETCS MOpPSIKA THICAY, HA BTOPOM — JIECSATKA THICSY
(MOHSITHO, YTO YKCIIO IIarOB MOXET CHJIbHO H3MEHSThCS B 3aBUCUMOCTH OT
3aJa4n).

OTMeTHM, YTO MPEUIOKEHHBIN AITOPUTM HE HCIOJb3yeT SBHO HUKAKOTO
KpUTEpUs ONTHUMHU3ANMH. XOTSA SICHO, 4YTO, IO KpaiHer wMepe, OyaeT
YMEHBIIIATHCS CPETHEE PACCTOSHUE OT Ka)XJAOW TOYKU JAHHBIX O OJIKAHIIEero
y3na kapTel. CpemaHuii kBaapaT Takoro paccrosiuus B makete SOM_PAK
CIYyXUT KpHUTEpPUEM KayecTBa IOCTPOEHHOW KapThl. B 3TOM makere, Kak
MIPABUJIO, CTPOUTCSI HECKOJIBKO JIECATKOB KapT, U3 KOTOPBIX BHIOMPACTCS JIydIast
COTJIACHO YIIOMSHYTOMY KPUTEPHUIO.

B pesynbrare neicTBUs alropuTMa CTPOUTCS KapTa, TO €CTh JABYMEpHas
CETKa Y3JIOB, pa3MEICHHBIX B MHOTOMEPHOM MpocTpaHcTBe. s Toro, 4To0sh!
M300pa3uTh UX MOJOKEHNE UCTIONB3YIOTCS pa3iudHble cpeacTBa. OMHO U3 HUX —
TaKo€ pacKpallliBaHUE KapThl, KOTJIa IBET OTPAXKAET PACCTOSHHUE MEXIY y3I1aMHu



(cM. puc.19) Y3ip1 MOTYT TIpH 3TOM MapKUPOBATHCS, €CIM B UCXOTHOM Habope
JAHHBIX MMEIOTCA XapaKTEepPHbIE TOYKHU JAHHBIX C MPUCBOCHHBIMU METKaMH —
TOT/Ia 3Ta METKa CTABUTCS Ha y3eI, OJMKaNIIIi K JaHHOW TOYKe.

Kpome Toro, cetka y310B MOXKeT ObITh pacKpalleHa COTJIacHO 3HaYEHUIO
TOTO WJIM WHOTO MPU3HAKA, TPUYEM ATO MOXKET OBITh MPHU3HAK, KOTOPHIA HE
WCIIOIB30BAJICS MPU O0YUYCHUH B KQUeCTBE KOOPAMHATHI MPOCTPAHCTBA (CM. pHC.
20)

[TonynspHbIM ~ cIOCOOOM  M300paKEHUSI CaMUX JAHHBIX  SIBIISIFOTCS
nuarpaMmbl XMHTOHA, KOTJa Ha KaXXJIOM Yy3Jie CETKH M300pakaeTcsl KBajpar,
pasMep KOTOpPOro MPOMOPIMOHATIEH YMUCIY TOYEK JaHHBIX, OMMKaWIUX K
JAHHOMY Y31y, @ OTTEHOK COOTBETCTBYET 3HAUYEHHUIO COOTBETCTBYIOILETO
oToOpakaeMoro nmpu3Haka (cM. puc. 21).

Ecimm paccmarpuBath camoopranusymoomyrocs kapty KoxonHeHa kak
TOYECUHYIO AlPOKCUMAIIUI0 HEKOTOPOTO MHOT000pa3usi, TO CIEayeT OTMETUTh
cinenyromiee. Ecnu cuurtarh, 4TO y3/bl KapThl COOTBETCTBYIOT PaBHOMEPHOM
CEeTKE 3HAYEHUW BHYTPEHHUX KOOPJAUHAT MHOTO00Opa3usi, TO BHYTPEHHSS
METpPHKa TAKOTO MHOTOO0Pa3usl XapaKTepU3yeTCsl CHIIBHON HEPaBHOMEPHOCTHIO,
— B MECTaX CKOIUICHHS JTAaHHBIX OKa3bIBAETCS MHOTO Y3JI0B, U TaM MHOT000pa3ue
MOJIYyYaeTCsl «CKOMKAHHBbIM», a B MeECTaX, IJIE JaHHbIE OTCYTCTBYIOT Y3JIOB
KpaiHe MaJIo, U TaM MHOT000pa3ne pacTIHyTo (CM. puc. 26). DTo 03HaYaeT, 4TOo
Mocjie TOro, Kak MHOTooOpasme OyJIeT «pachpaBiICeHO» Ha JIBYMEPHOM
MJIOCKOCTH W HW300paXEHO B PAaBHOMEPHOW CETKE BHYTPEHHHX KOOpIWHAT,
TOYKH JTaHHBIX, IEPEHECEHHBIC Ha KapTy, OKaXXYTCS PACIONIOKEHBI Ha Hel Oosee
WM MeHee paBHOMEpHO. Bropoe 3ameuanue Kkacaercs caMoro cmocoba
MepeHoca TO4YeK U3 MPOCTPAHCTBA HA KapTy. [10CKOJIbKY KaXKI0M TOYKE TaHHBIX
COTIOCTABJISIETCSl OMMDKAMIIMKM y3ed KapThl, TO, KaK YK€ YINOMHUHAJIOCh, TaKOU
BUJI IPOEKTUPOBAHMUSI SIBIISETCS KYCOUHO-TIOCTOSIHHBIM. DTO TMPUBOAUT K TOMY,
YTO CPeAHUI KBaJIpaT pPacCTOSHUS OT TOYKU JAHHBIX JI0 €€ MPOCKIMU Ha KapTe
CUJILHO 3aBUCHUT OT KOJMYECTBA y3JIOB B CETKE.

[Tpumeps! npumenenust SOM.

% 1. Kaprorpaduposanue KOJUICKIUI TEKCTOB.

[Ipunuunel npeacTaBieHus OOJBIIOTO KOJWYECTBA TEKCTOB B BUJE
YaCTOTHBIX TaONHI] ObLIM paccMOTpeHbl B pazzene 1.1. Busyanuszanus takux

tabaur; ¢ nomonislo SOM ucrnonb3yercs B HTepHETe 1Isi aBTOMATHYECKOTO
YIOPSTIOYMBAHMS OONBIIMX KOJUICKIIUHA TEKCTOB.



[Ipoekr WebSOM  Bm3yasm3upyeT TEKCTOBYIO HWH(popMamumo w3
HECKOJIbKMX MWUIMOHOB crated rpymnn HoBocted UseNet. IlonydeHHass B
pe3ynbTare KapTa mokasaHa Ha puc.22a ¥ MO3BOJSET OPUCHTHPOBATHCS B MOPE
nHpopManMK, COOpaHHON B JTUX CTaThsIX MO TeMaThkaMm. B oTimume oOT
MPOCTOrO0  KaTajora, TaKOW CHoco0 TpeacTaBlieHHs pyoOpuk oOnamaet
HaTJISTHOCTBIO U OTIPEICICHHOW aCCOIMAaTUBHON HEMPEPBHIBHOCTHIO — CMEKHBIC
TEMBI 3aHUMAIOT Ha KapTe CMEKHBIC MTO3UITHH.

['pymmoit  TepexoBa Obula TpEANPUHATA AHAIOTUYHAS  MOMBITKA
BU3YyaJIM3allMd  TEMAaTUYECKOTO  COJCpXKaHWs  CTaTed M TE3HCOB,
ONMyOJIMKOBAHHBIX 32 HECKOJBKO JIET Ha POCCHUUCKUX KOHQPEPEHIHIX TI0
HelipouHpopmaruke. B pesynbrare Obl1 co3maH ynoOHbIM uHTepderc (cMm.
puc.220), MO3BONAIONIMN TOJIB30BATENI0 MO 33JaHHOMY KIIOUY WIA aBTOPY
MOJIYYUTh BHU3YAJIbHYK) KApTUHKY (AuarpamMmy XHWHTOHA) PpacHpeaciieHUs
WHTEpecyromiel ero nadopMmaluy B 6aze ctaTeil 1 OBICTPO COPUEHTHUPOBATHCS B
OOJIBIIIOM KOJIMYECTBE MyOTMKAIIHA.

% 2. Packpacka reorpau4ecKoil KapThl [0 SKOHOMUYECKOU «CX0KECTH»

B Wntepnere (http://www.cis.hut.fi/nnrc/worldmap.html) ects npumep
ucnoip3oBanuss  SOM 118 MOCTPOEHUSI ~ HEKOETro  KOMIUIEKCHOTO
SKOHOMHYECKOTO  TOKa3aTelisd, IO KOTOpPOMY  pacKpamieHa  OOBIYHAsS
reorpaduueckas kapra. B pesynbprare CTaHbI CO CXOJHOW 3KOHOMHYECKOM

cUTyaluei m300pakeHbl Ha KapTe I[BETaMH, OJIM3KUMH TI0 CIEKTPY. (CM. pHC.
23)

% 3. AHanu3 OCHOBHBIX SKOHOMHYECKHX TIIOKa3aTeled KpYNHEHIIMX
POCCUNCKHX MPEATIPUITHH.

[ITymckum C.A., KoukunbiM A.H. mpoananmsupoBaHa yIOMsSHYTas B
pazmene 1.1 Tabnuiia OCHOBHBIX JKOHOMHUYECKHUX TMoKazatenet st 200
KpynHemux npeanpuatuil Poccun. [ng Buzyanuzanuu ObLTHM MCHOIb30BaHBI
camoopranusyrouiyecs: kKaptsl KoxoHeHa u fuarpaMMbl XHHTOHA.

% 4. Ananus GoHI0BOTO PHIHKA

Ha puc.24 npuBenen npumep aHalivza COCTOSIHUS (DOHOBOTO PBIHKA C
MTOMOIIIBIO0 CAMOOPTAHU3YIOIINXCS KapT, MTO3BOJISIONIUM OJJHOBPEMEHHO OLICHUTh
COCTOSIHME pBIHKAa MPOJaX IO HECKOJBKUM TOKazaTelsiM (aBTOpPOM
ucnonp3oBaiuch Muaekc pensatuBHoi cuibl (RSI), CreneHb W3MEHUYMBOCTH
uensl (Price ROC), Unaukatop Bunesamca (William's, %R), Uaaekc 11eHOBBIX
muanazoHoB  (CCI), Ocommistop "Pamaboy" (Rainbow Oscillator) wu



CrammaptHas  ommbka  (Standard  Error) ).  ABTopel  mpumepa
(http://www.com2com.ru/dav/index.htm) cuuTaroT, YTO TAaKOU ITOAXOJ SIBISIETCS
3¢ PEKTUBHBIM CPEJACTBOM IOMOINM TPH TPUHATHW pemeHuHd Ha (HOHIOBOM
PBIHKE («IIPOJaBaTh/TIOKYIIaTh» ).

B nuteparype [51,57,59,61,63,69,77] npuBeneHo OoJbllIOe KOJUYECTBO
nyoauKanuid, B KOTOPBIX cooOmraercs, uYro SOM mpumeHsieTcs Ui
ABTOMATHUYECKOH KJIacCCU(PUKAUKA HW300paKCHUM, CKATHUS H300paKCHHUIH,
aHaJIM3a BPEMEHHBIX PSJIOB, 3371a4 aCCOIIMATHBHOTO MOUCKA U T.I.

Co Bpemenu coznanus aroput™ SOM  ObUT MOABEPTHYT TIIATEILHOMY
TeOpeTUUEeCKOMY HuccienoBanuto. B murepatype [60,62,64,71] omnucano
00JBIIOE KOMMYECTBO MOIUGHUKANN TMEPBOHAYATHHOTO aJTOPUTMA, KPATKUAN
0030p 3TUX uAeH caenad B paszaene 2.4. B ocHoBHOM, Moau(HUKAIIIN TPUBOIST
K TOMY, YTO 3ajJilaBaeMasi «pyKaMu» B MEPBOHAYAILHOM BapUAHTE AJITOPUTMA
BEJIMYMHA PaJyca COCEACTBA OIPECISICTCS U HACTPAUBACTCS aBTOMATUUYECKH
C TOMOINBI0 TE€X WIM HMHBIX SBPUCTUYECKUX IPUEMOB, B pe3yJbTaTe 4YEro
CaMOOPTaHU3YIONINECST KapThl MPUOOPETAIOT T€ WJIM WHBIC IOMOJHHUTEIHHBIC
CBOMCTBA (PETYJISIPHOCTH, TOUHOCTH U T.II.).

1.5. Ynpyrue kapTsbl

MHOTOYHCICHHBIE  TPUMEPHl  HUCIOJIB30BaHus  mueonorun  SOM
MMOKA3bIBAIOT, YTO BHU3yaJM3allus JAHHBIX TIPH TIOMOIIM BJIOKCHHBIX B
MHOTOMEpPHOE MPOCTPAHCTBO JIBYMEPHBIX CETOK JOCTATOYHO A(PEeKTUBHA KaK
CPEJICTBO aHAIM3a CTPYKTYPhl MHOTOMEPHOT'O 00JIaKa TaHHbBIX.

Eme pa3 momuepkHeM «TEXHOJOTUYECKHE» OCOOECHHOCTH MPUMEHEHUS
STOU UJICOJIOTHH:

1) B HacTpoiike ceTM HE HCHOJb3YEeTCS ONTHUMH3aLUs KaKoro-indo
¢yHkuMoHana. EauMHCTBEHHOE, 4Yero MOXKHO OXHUAATh —3TO YMEHBLICHHE
CPEIHET0 pacCTOSIHUA OT TOYKM JaHHBIX A0 Onwmkaiiero K Hel y3na cetku. C
OJTHOM CTOpPOHBI, TEHAEHIMUS K TAaKOMY YMEHBIICHHIO 3aJI0)KEHa B CAMOM
QITOPUTME MOCTPOEHUS KapThl, C APYrol CTOPOHBI YTBEPXKAATh JOCTUTAET JIN
MOCTPOCHHAsI CeTKa B JEUCTBUTEIBHOCTU XOTSA OBl JIOKAJIBHOIO MHUHUMYyMa
CpeHEeKBaIPATUYHOMN OIMOKU HAaBEPHSAKA HEIb3sl.

2) [IpoexkTrpoBaHUE JAHHBIX OCYLIECTBISETCS B OJIMKANUIINN y3€T KapThl,
TakuM 0Opa3oM, AITOT y3€d SBISAETCA MNPEICTABUTEIEM CBOETO JIOKAIBHOTO
MUHHU-KJIAaCTePa JIAHHBIX.



3) VY3ael NOCTPOEHHOW KapThl paclpeleieHbl B IMPOCTPAHCTBE
HepaBHOMepHO. Ecnm B oOmake MaHHBIX €CTh CTYHICHHUS, TO B HHUX OKaXETCA
OoJpIlle y37I0B, Y€M B CBOOOJIHBIX OT TOYEK OOJACTAX IMPOCTpaHCTBA. Takum
o0pa3oM, cCaMOOpTaHU3YIOMIAsICS KapTa OCYIIECTBISIET COKpAIICHUE OMUCAHUS
MHO>KE€CTBA TOYEK JAHHBIX C IIOMOIIBIO 3aMEHBI JIOKAIBHBIX CTYIIEHUH B 00JIaKe
JaHHBIX HAa HECKOJBKO «Yy3JIOB-TIPEACTABUTEIICH», KOJIMYECTBO KOTOPBIX
MPOMOPLMOHAIBHO pa3MepaM CryIeHUs (IuHeliHoe 8eKMopHoe K8aHmMOosaHue -
LVQ) u OgHOBpEMEHHO CBS3bIBAET 3TH Y3JIbl B JBYMEPHYIO CETKY, YTO
MO3BOJISICT PACIOJIOKUTh WX HA IUIOCKOCTH JUIsi BHU3YaJIbHOTO —aHaJIM3a
OTHOIIICHUI U PACCTOSTHUN MEXKTY CTYIICHUSMHU.

Hamu npennmaraercss wuHas TEXHOJOTHUS TOCTPOCHHUS  BJIOKEHHBIX
MHOT'000pa3nii, KOTOpPhIe MBI Oy/leM Ha3bIBaTh ynpyeumu Kapmamu. 3amady
MTOCTPOCHUSI BJIOKEHHOTO MHOT000pasus, B oTiauure or SOM, MBI IMOCTaBHM
KaK ONTHUMHU3AIIMOHHYI0, YTO COOTBETCTBYET OOIIEH METOI0JIOTHICCKOM
YCTAHOBKE B TMPUKIATHOM cTaTUCTUKE (cM., Hampumep,[3,4]). To ectp
MOCTPOCHHAsT KapTa OyAeT pelieHueM 3aJayd Ha ONTUMU3AIUI0 33JaHHOTO
(G yHKIIMOHAJIa OT B3aUMHOTO PACIIOI0KEHUS KapThl U JAHHBIX.

B mnpuHmmme, B KadecTBE KPUTEPHS ONTHMAIBHOCTH MOT OBl OBITh
WCIIOTB30BaH JTIO00M W3 YIMOMSHYTBIX IPOCKIIMOHHBIX WHICKCOB W3 METOJOB
LIEJICHANPABICHHOTO MPOCIUPOBAHUA (HAIPUMEP, KPUTEPUM CTpeECca), OJHAKO,
Kak Mbl Y)K€ yKa3bIBajH, BO-TIEPBBIX, Takas MMOCTaHOBKA 3aJayd IO CYILIECTBY
HeJMHEHHA U e¢ IPUMEHCHHUE TPeOYEeT MCTOMb30BaHUS TPATUEHTHBIX MTPOIIECITYD
ONTUMHU3AIMH, YTO camMoO IO ceOe COCTaBIseT MpoodsieMy sl OOJBIIOro
KOJINYECTBA TOYEK; BO-BTOPBIX, KaK MbI YK€ YIMOMHHAJIW, KapTa Kak TaKoBas
CTPOUTCS YK€ TOCJE PEIICHHsS 3aJayd ONTHUMHU3AlMU, U €€ PACIOJIOXKECHUE B
MPOCTPAHCTBE OKA3bIBAECTCS CWJIBHO HEOJHO3HAYHBIM, TaK KaK OJHU U TE XKe
pe3yiabTaThl MPOCIHUPOBAHUS MOTYT OBITh TOJYYEHBl C HCIOIH30BAHHEM
pa3IUYHBIX KapT.

[TonmpoOyem cdhopmynupoBaTh TaKOW KpUTEpUNA ONTUMAIBLHOCTH, B
KOTOPBI OBbl BXOAWJIM HE HAYalbHbIE M KOHEUYHBIE TMOJOXKEHHS TOYEK (10 U
Mocje MPOCHMPOBaHUS HA KapTy), a TOJOXKEHHUS CaMUX Y3JI0B KapThl B
MPOCTPAHCTBE OTHOCUTEIBHO JIaHHBIX. Torja CyIIECTBEHHO CHU3HUTCS
pPa3MEpHOCTh 3aJlauyd ONTHUMHU3AIMU — C pa3MepHOCcTH mN B cilydae 3ajaad
LIeJICHANPAaBJIEHHOTO TMpOEHUpOBaHUs 10 mpqg (p, g — YHUCIO Y3JI0B
MPSMOYTOJIbHOM CETKM 10 TOPU30HTAIM W BEpPTHUKAIU, M — Pa3MEPHOCTh
npocTpancTBa, N — uucio Touek). Kpome Toro, Buja (yHKIIMOHAa MOXKHO
nmonpoOoBaTh CAENaTh KBAAPATUYHBIM TIO MOJOKEHUIO KOOPJUHAT Y3JIOB KapThl
JUISL TOTO, YTOOBI B pe3yibTaTe pelIaTh CUCTEMY JIMHCWHBIX YPaBHCHHH IS
HaXO0XJECHUSI MUHUMYMa KPUTEPHsL.



SIcHO, 4TO B KpUTEpUU JOJKHO BXOJIUTHh CPEIHEE PACCTOSHUE OT TOYKH
TaHHBIX A0 OMIKaWIIero y3ia KapTbl. Mbl JOMKHB MUHUMHU3UPOBATH €r0 IS
TOTO, 4TOOBI KapTa MojaenupoBana ganHbie. C OJHOW CTOPOHBI, TAKOW KPUTEPHI
B Clly4ae HOPMaJIbHOT'O Paclpe/ieNIeHUs 3aCTaBUT BCE Y3JIbl KAPTHI PA3MECTUTHCS
B IUIOCKOCTM TIEPBBIX [BYX TJIABHBIX KOMIIOHEHT, W, TaKuUM 00pa3om,
MOCTPOCHHAS KapTa MOXKET CIYXUTh 0000IIEHHEM METO/a TJIaBHBIX KOMIIOHEHT

C npyroil CTOpPOHBI, €Clii B KadeCTBE MEpbl JUIMHBI BBIOpAaTh OOBIYHOE
€BKJIMJOBO pPAacCTOSHUE, TO 3Ta 4YacTb KPUTEpUS ONTHUMAJIbHOCTH Oyner
KBaJIpaTU4HA [0 KOOPAWHATaM IOJIOKEHUS y3JI0B, YTO BEChMA JKEJIaTENIbHO.

OpHako MUHUMHU3HUPOBATh YKa3aHHbBIM KPUTEPUN MOXXHO OECKOHEUYHBIM
YHICIIOM CIOCO0O0B, CTPOSI B TOM YHCII€ M TaKU€ KapThl, y3JIbI KOTOPHIX OYyIyT
COBEPLIEHHO HEYMOPSI0YEHBI. B CaMOOPTaHU3YIOIIUXCS KapTax
YHOPSIIOYMBAHUE JOCTUTaeTCd 3a CYET TOTO, YTO MEXKIY Y3JaMU CYIIECTBYIOT
CBS3M WM K&XKIBIA Yy3€J, JBUTAsICh B TPOCTPAHCTBE, MOITSATHBACT 3a COOOU
coceneil. Ha ocHOBaHMHM 3TOTO COOOpaXEHUS MOXHO JIOOABUTHh B KPUTCPHA
TpeboBaHUE yIPYrocTH KapThl. YTo 3T0 03HaUaeT?

BooOpazum cebe yrpyryio IByMEPHYIO IOBEPXHOCTb — HalpuMep, KYyCOK
yOpyroi ImacTMHKU. Takas IUIacTMHA TPU  Pa3IUYHBIX JAePopManusax
CTPEMUTBCS BOCCTAaHOBHTH CBOIO MEpBOHadanbHYyl0 (opmy. Omnako,
nehopMUPOBATh TUTACTUHY MOXKHO JIBYMSI CIIOCOOaMU — PaCcTATUBAS €€ «BIOJb»
U W3rudas «momepek» (cM. puc.25) — W B OAHOM CiIydae OHA CTPEMHTHCS
COXpaHWTh CBOIO JJIMHY, B JPYyroM — CBOIO IUIOCKyI0 ¢Gopmy. Hazosem
BO3HUKAIOMME TMpH JaedhopMammsx CHWIBI B TUIACTUKE YIOPYTrOCTHIO TIO
OTHONICHHIO K PACTSHKEHUIO U YIIPYTOCTHIO TI0 OTHOIICHHIO K M3THOY.

Teneps, ecam Mbl moTpeOyeM, YTOOBI Halla ceTka oOJiajgaga OO0OMMH
STUMH CBOICTBaMH, TO B MUHUMU3UPYEMBbIIl KpUTEpUid HEOOXOAUMO T0OAaBUTH
Mepy CYMMapHOT'O PacTsKEHUSI CETKU U Mepy CyMMapHOro usrubda. Takue mepsl
B CaMOM HPOCTOM BapUaAHTE OINUCAHUS YIPYTUX CHJI TAKKE OKa3bIBAIOTCS
KBaIPaTUYHBIMU [0 OTHOIIEHHIO K KOOPAMHATAM IOJOXEHHUS Y3J0B CETKU B
MPOCTPAHCTBE.

CkiagpiBasi BMECT€ BCE TpPU YINOMSHYTBIE Mepbl (CpeAHMHd KBajapaT
paccTosiHUs 10 y3J7a M JIBE MEpbI YIPYrOCTH) C ONPENEICHHBIMU BECAMH, MBI
rmorydaeM OOIIMA KpUTEpHi, Ojaromapss KOTOPOMY CeTKa, C OJIHOH CTOPOHHBI,
OyoeT TpUTITUBATbCI K TOYKAM JIAHHBIX, C JPYrod — CTPEMHUTHCS
MUHHUMH3HPOBATh CBOE PACTSHKCHHE M MPUHATH MAKCUMAJIBHO TIIANKyI0 (Gopmy
(cratp Ooisiee perynspHoi). KOHKpeTHbII BUJ PacCMOTPEHHOIO KPHUTEpHUS U
QJITOPUTM €ro0 MUHUMH3ALMU OJIPOOHO PacCCMOTPEHBI B paszzene 2.5.

VY [NOCTpOEHHOW CETKH OCTArOTCS HEONPEJCICHHBIMHU JBa MapamMeTpa —
BeCa CYMMbl — OHH MOTYT OBITh HHTEPIPETHUPOBAHBI KaK KOA(DPHUIIMEHTHI
VIOPYTOCTH CETKU IO OTHOIICHHWIO K PacTsDKeHHIO M m3rndy. Mx mpuxomutcs
3a/1aBaTh «pyKaMH», HO MOKHO TNOCTPOUTh M TaKyl MPOUEAYPY HACTPOUKH



ATHX MapaMeTpoB, YTOOBI CeTKa MpHHATA *enaeMblii BuA. C OAHON CTOPOHBI,
yeM OoJiee ympyra ceTka, TeM Oojiee TJIaJIKyl0 MOJENb JTaHHBIX OHa COOOM
IIPENCTABISAET, HO W TEM XYK€ OHA OIHMCHIBAET MaJble OTKIOHEHHS OT
IIPEAIIOIAraeMoro 3aK0Ha; C Ipyroi — 4eM MeHee yIpyra ceTka, TeM OHa TOYHEe
ONMCHIBAET JAHHBIEC, HO NP ATOM BOCIIPOHU3BOJAATCA M BCE CIydalHbIE IIYMBI,
KOTOpble OOBIYHO NPHUCYIIM pPEAJTbHBIM JaHHBIM, IPH 3TOM YXYIIIAE€TCA
CIOCOOHOCTh MOJIETH K 00001IEHUI0 HH(OpMALUU.

Camoii npocToit uaee HacTpOHKH KO3((OUIIMEHTOB YIPYrOCTH SIBISETCS
MOCJIEIOBATENIbHOE MX YMEHbBILIEHHWE OT OOJIbIIMX 3HAYEHUH K MallbIM J0 TeX
nop, Moka He OyaeT NOCTUrHyTa HeoOxoauMmass TO4YHOCTh. [lpm Oosbiimx
3HAUEHUAX KOA()(PUIMEHTOB YIPYroCTH Y3Jbl KapThl MPAKTUYECKU HAXOASATCS B
OJIHOM TIOCKOCTH, U 3TO OYJET IUIOCKOCTh IJIAaBHBIX KOMIIOHEHT, Ha KOTOPOH,
KCTaTH, UX MOKHO M3HAUYaIbHO U pa3MecTuTh. Jlanee kapra OyaeT npruodperaTsb
KPUBOJMHEHHYIO (OPMY, allPOKCUMUPYS pacHpeesieHUue JTaHHbIX.

Yro OyneT, eciiy ynpyrocTh KapThl CTaHET paBHa Hymo? PaccmoTpum Te
TOYKH, KOTOPBIE OKPYXAIOT ONpPEEICHHBIN y3€1 KapThl U HAXOIATCS ONMKE K
HEMY, YeM K JIF0ObIM Ipyrum y3iam. Kak u npexsne, Ha30BeM MHOXKECTBO TaKUX
TOYEK MAKCOHOM JAHHOTO y3ia. Eciii TakCOH He CONIEP>KUT HU OJAHOU TOUKH, TO
y3€J OCTaHETCSl Ha MECTE, €CIM TAKCOH COCTOUT M3 E€IMHCTBEHHOW TOYKH, TO
y3€J1 IEPEMECTUTCS B HEE, €CIIN TAKCOH COCTOUT U3 HECKOJIBKHX TOYEK, TO Y3€Il
Pa3MECTUTCS B TOUKE CPEAHETO 3HAYECHHs BCEX KOOPAMHAT TOYEK TAKCOHA (CM.
puc.256) B 3TOM cMBICIe KapTa ¢ HYJIEBOW YIPYrOCTHIO CXOXKa € KapTOi
KoxoHeHa — TONOKEHHs €€ Y3J0B COBIAJAlOT C LEHTPAMH JIOKAJIBHBIX
crymenuil. OgHako, ynpyras KapTa B CHIIy crioco0a MOCTPOSHUS OTJINYAETCs OT
CaMOOPIaHM3YIOIIENHCs KapThl — TaK YHUCIO Y3JI0B, pa3MEIIEHHBIX B 00JIacTIX
CTYIICHMsI TaHHBIX HEe Oy/AeT MPONOPLHOHAIBHO MOIIHOCTH cryuieHui. Jleno B
TOM, YTO HEKOTOpPHIM Yy3jJaM Bcerja OyAeT «3HEpPreTUYECKd BBITOJHO»
PaCIOJIOKUTECA B MPOCTPAHCTBE MEXKIY CrYLIEHUSIMU — U, TaKuM 00pazom,
CeTKa OKaxeTcss Ooyiee-MeHEe PABHOMEpPHOW, a HE Tak CHJIBHO
nedopMupoBaHHOM, Kak B ciydae SOM.

Tax Kak y3J1bl CETKH MPUTITUBAIOTCS HE TOJIBKO K TOUKAM JaHHBIX, HO U K
OpYr JApPYyry, TO HEKOTOPBIE aHHbIE MOTYT pAacCIONAraTbCsi B IPOCTPAHCTBE
MEXIy Yy3Jl1aM{, Ha CPaBHUTEIBHO OOJBIIOM yhaneHuu oT Hux. Otcrona
CJIEZlyeT, YTO MpOoLeaAypa MPOEHUpPOBaHUS JAaHHBIX B ONMKaMIIUil y3ed ceTKd
MOJKET JaBaTh OOJIbIINE 3HAUEHUS OIIMOKH, 10 CpaBHEHUIO ¢ KOXOHEHOBCKUMHU
kaptamu. TakuMm oOpa3oMm, Ajsl YOPYIHuX KapT OCOOCHHO aKTyajJbHO CTAHOBHUTCS
UCIIOJIb30BAHUE KYCOUHO-JIMHEHHBIX METOIOB IMPOCKTHUPOBAHUS, — HalpUMEp,
MPOEKTUpPOBaHUE B Omrpkaiinyto Touky (He y3ein!!) kapTtel. Ho, kak yxe ObLIO
CKa3aHO, JJs O3TOro HEoOXOIMMO HHTEPHOJIMPOBATH MHOrooOpasue B
IIPOMEXYTKaX MEXKIYy Yy3JaMH, HalpuMep, 3TO MOXKHO CHAENaTh KyCOYHO-



JUHEHHBIM CITOCOOOM, CIENIaB «TPaHEHYIO» KapTy (cM. puc.26), AIs KOTOpOi
HaWTH ONMDKAMIIYIO TOYKY JTOCTATOYHO MPOCTO.

1.6. KaprorpajgupoBanue JaHHbIX

ITocne Toro, kak kKapra HOCTPOEHA, U TOYKH JAHHBIX IEPEHECEHBI W3
MPOCTPAHCTBA NPU3HAKOB HA MOBEPXHOCTb KapThl, MOKHO IOJIb30BATHCS €€
W3HAYAJIbHOW JIBYMEPHOCTBIO, DacIpaBUB €€ CKIaAKA U Pa3BEpPHYB Ha
miaockocTu. Temepp Kaxkaas TOYKa JaHHBIX HMEET JBE€ KOOPAMHATHI BO
BHYTPEHHEN CUCTEME KOOPAUHAT Ha KapTe.

[1n0ckyr0 KapTy MOXKHO H300pa3uTh IByMs cnocobamu (cM. puc.26). B
MEePBOM  MOXHO TOMBITATHCS MAKCHUMaJIbHO BOCIPOM3BECTH TE€ PACCTOSHUS
MEXAY y3JIaMd, KOTOpbIe OBUTH B UCXOAHOM MPOCTPAHCTBE, MOTYIUB MIPH STOM
IBYMEPHYIO KPUBOIUHEUHYI0 KOOpOuHamuyto cemky. [IoHATHO, 4TO clenaTh 3TO
COBCeM 0e3 HMCKa)XCHHWI HE YIACTCs, MOCKOJBKY MCXOIHAs CETKa BIIOKCHA B
MHOTOMEPHOE MPOCTPAHCTBO (paclpaBUTh CETKYy 0€3 MCKaKCHUH Heb3s
MMEHHO Ha IJIOCKOCTH, HW3BECTHO, YTO B €BKJIMJIOBO TPEXMEPHOE IMPOCTPAHCTBO
MOXHO BJIOKUTH JIBYMEPHYIO MOBEPXHOCTh C MPOU3BOJILHOW MeTpukoil). Bo
BTOPOM MOXHO H300pa)xkaTh MPOCKIMH MAaHHBIX B WCXOJHBIX BHYTPEHHUX
KOoOpAWHATaX. lorma — «pa3BepHyTas»  KapTa  MPOCTO  HMEET  BHUJT
MPSMOYTOJIbHUKA.

Takum 00pa3oMm, MBI TIOJIYYHMM CBOCOOpaA3HYIO IOJJIOKKY, KOTOpas
chopMupyeTcss TpU TMOMOIIM JAHHBIX TIOJ] BIUSHUEM JBYX KOHKYPHPYIOIIHX
TEHJICHLIIMM — CTPEMJICHHH Y3JIOB MPUTAHYTHCSA K JAHHBIM, M CTPEMJICHUU K
MUHUMAJIBbHOMY PACTSDKEHUIO M M3TH0y ceTku. Ha 3To# monamoskke Mbl MOXKEM
n3o0paxarh paznuuHyro uHpopManuio. C TOMOIIBIO JIMHUNA YPOBHS W
pPa3IUYHBIX PACKpACOK MOXHO M300pakaTh 3HAYEHUS TEX WIM HHBIX
MHTEPECYIOUINX MCCIIeoBaTeNs BEJIUYUH U 00bekToB. Kaxaplii U3 cnocoOoB
packpackd TMpeACTaHEeT B KOHEUYHOM BUJE KaK UHDOpMAyuoHHblll COl,
SIBJISIOIIMNACS aHAJIOTOM CJIOsI B CTaBIIMX TpaauimoHHbiMu ['MC-TexHomorusx
(TUC - eceoungpopmayuonnvie cucmemsvt — CpPEACTBA KOMIBIOTEPHOIO
nmpeAcTaBiIcHUss WH(pOpManuM, TPUBSI3aHHOW K reorpaduyeckoil kapre).
Pa3nuiia cocTouT NHIIb B TOM, 9TO BMECTO OOBIYHOW reorpadudecKorl KapThbl
UCIIONIB3YIOTCA  TIOJUIOKKAa — JBYMEPHOE MHOTrooOpas3we, BIIO)KCHHOE B
MHOTOMEPHOE TPOCTPAHCTBO JaHHBIX. [[0g00HO TOMy, Kak Ha reorpadudecKou
KapTe PsIOM OKa3bIBAIOTCS OOBEKTHI ¢ OJM3KMMU 3HAYCHUSIMU TeorpapuiecKux
KOOpPJMHAT, TaK U HAa IOCTPOCHHOM MOJUI0KKE PSIZIOM PacIoyiaratoTcsi 0OBEKTHI €
OJIM3KUMU 3HAYEHUSIMU MPU3HAKOB B UCXOAHOM MPOCTPAHCTBE. DTO MO3BOJISIET
«OIUH K OJHOMY» TMPHUMEHSTh BeCch Oorareimmii apcenan cpeacts [IC. B
pesynbrate juisi npuMeHeHust [ MIC-TeXHONOTUI OTKPBIBAETCS 803MONCHOCHIb
Kapmoepaguposanus 0aHHbIX NPOU3BOILHOU NPUPOObL, TIPEIICTABICHHON B BUJIC



tabaur. OkoHYaTeNbHBIA pe3ynbTaT npuMmeHeHus [ C-uaeonormm — ariac
TEMaTUYECKUX PACKPACOK, JNAIOIIUX IPEACTABICHUE O BHYTPEHHEW CTPYKTYpe
JAHHBIX.

Kakue packpacku — nHGOpMaIOHHBIE CIIOM — MOTYT OBITh BKJIIOUYEHHI B
9TOT atiac? Wnu, ApyruMu cioBaMH, YTO MOXHO M300pa3UTh Ha MOCTPOECHHON
Kapre?

Bo-niepBbIX, MOXHO U300pa3uTh camu OauHvle. JlaHHbIE MOXHO
M300paXkaTh TOYKaMHU, OJIHAKO, 3((HEKTUBHO UMETh BO3MOXKHOCTh OTOOPaXKaTh B
MecTax MPOEKIU TOYEK JaHHBIX pPa3HOOOPAa3HYI0 CBSI3aHHYI0 C HHUMH
uHpopmanuio. i «yBeTUUYeHHUsS Pa3MEPHOCTU» TOUYEK JAHHBIX MOTYT OBITh
MCIIOJIb30BAHBI CIIEIYIOIINE TPUEMBI:

a) UCIOJIb30BaHUE I[BETa, pa3Mepa U (OpPMBbI Uil U300paKEHUsT TOYEK
JaHHBIX; 3TO JAET BO3MOYKHOCTh OTpPa)kaTb TPHU JONOJIHHUTEIBHBIX HU3MEPEHMS,
CBSI3aHHBIX C TOYKAMU: [BET MW pa3Mep TMO3BOJIAIOT  H300paxarhb
KOJIMYECTBEHHBIE (HEMpPEpBIBHBIE) IIKalbl, (OopMa — HOMHUHAJIbHBIE IIKAJIBI
MPU3HAKOB;

0) KCIOJIb30BAHKME CIIOKHBIX HM300paKEHUN — HANpUMEpP, TOUKY MOKHO
M300paXkaTh KPYroBOM JAMarpaMMod, Ha KOTOPOM LIBETaMH H300paKe€HO
COOTHOILIEHUE MEXIy 3HAYEHUSMU KOOPJAMHAT IIPU3HAKOB, a pa3Mep OTpa)kaeT
a0COJTIOTHBIC BEIMYMHBI KOOpAUHAT (cM. puc. 27)

Bo-BTOpBIX, HAa KapTe C TOMOIIBIO JTUHHHA YPOBHS MOXKHO H300pakaTh
3HAYCHHS JI000T0 (YHKIMOHAIA, 33JaHHOTO B NPOCTPAHCTBE IPHU3HAKOB.
EcrecTBeHHO, 3TN 3HAYCHUsS OYIYT BBIYHCIISATHCS B TOYKAX PA3MEIICHUS CaMOM
KapThl. B KauecTBe Takux ()YHKIIMOHAIIOB MOYKHO HCITIOJB30BaTh CIICAYIOIIHE
BCJTUYHHBI:

a) 3HAYCHHS KOOPAMHATHI KaKOTO-TUOO MPHU3HAKA — 3TO CaMbId MPOCTOMH
TUIl pacKpackd, KOTOPHIH TIO3BOJIICT BBIACIMTh Ha KapTe o00JacTH C
OTIpE/ICICHHBIM 3HAYCHHEM TOTO WJIM WHOTO TMPHU3HAKAa M pa3MEIICHUE B HHX
TOYEK JAHHBIX; IOHATHO, YTO TaKHX PAaCKpacok OyaeT CTOJbKO, CKOJIBKO
MPU3HAKOB OBLJIO B HMCXOJHOM TIPOCTPAHCTBE, TO €CTh YHCIO PACKpPacok IO
MPU3HAKAM PaBHO Pa3MEPHOCTH MPOCTPAHCTBA MAHHBIX, H JIUIS CIy4ast BHICOKOM
pa3MEpHOCTH HCCIEA0BATeNIb MOXET TIPOCTO 3amyTaTbCsi B OOJIBIIOM
KOJIMYECTBE KapTUHOK. JIJis TOro, dYTOOBI MPEIOCTaBUTH HCCIEIOBATEIIO
HanboJiee coaepKaTeabHble 1 HH)OPMATUBHBIE PACKPACKH, HEOOXOIUMO UMETh
BO3MOXXHOCTB TIPEIBAPUTEIIBHOTO 0TOOpA PU3HAKOB 10 WX 3HAYUMOCTH;

0) mpocThie PYHKIMH OT Mapbl MPU3HAKOB — HAIIPUMEp, UX Pa3HOCTh WU
OTHOIIICHHE;, CMBIC] TaKUX PACKpPACOK MOMKET 3aKII04YaThCsS B TOM, YTOOBI
CPaBHUThH PACKPAaCKH 1O 3HAYCHUSM HECKOJIBKUX IPU3HAKOB; HAIPUMEpP, CCIH
pacKpackd IO 3HAYCHUSAM KOOPJIWHAT JBYX MPH3HAKOB CXOXH, TO 3TO
yKa3blBaeT Ha WX CHIBHYIO CKOpPEUIMPOBAHHOCTh;, M HA00OpOT, CpaBHEHHE



PacKpacoK TMO3BOJISIET BBIICIUTH T€ OOJACTH MPOCTPAHCTBA W TOYKH JAHHBIX,
JUTS1 KOTOPBIX KOPPENSIIIUOHHAS 3aBUCUMOCTh HapyIIaeTcs;

B) CJIOXHBIC (DYHKIMOHAIBI OT KOOPAWHAT TIPU3HAKOB — HAINPUMEp, B
KOKIOM TOYKE KapThl KAKUM-JIMOO HEMapaMeTPHYECKHM CIOCOOOM MOXKHO
OLIEHUTh MHOTOMEPHYIO TUIOTHOCTh pacrpeiesieHus: JaHHbIX. [Ipu 3ToM MOKHO
M300paXkaTh PACKpacKy, OTPAXKAIOLIYIO paclpeiesieHne Kak BCero ooJaka
JTAHHBIX, TAK U KAKOTO-TMOO €ro MOoJMHOKECTBA, WU 0oJiee COJepKaTEeIbHYIO
PacCKpacKy Mo OTHOCUTEIbHOM IIOTHOCTH MOJMHOXKECTBA, PABHOU OTHOIIICHUIO
3HAYEHMS TUIOTHOCTH MOJIMHOKECTBA K OOIIEH TNIOTHOCTH BCETO MHOXKECTBA;

< CMBICIT BBIYUCIICHUSI OTHOCHUTEIIBHOM IMJIOTHOCTH MOIMHOXECTBA
3akmouaeTcs B chenyroonieM. Ecnu B kakoi-nmubo  oGnactu
MPOCTPAHCTBA COACPIKUTCS MAJIO TOUEK KAaKOTO-TO KIIAcca, 3TO €IIe HEe
O3HAYaeT, YTO I 3TOM 00JACTH BOOOIIE BEPOSTHOCTH TOSBICHUS
TOYEK OTOrO0 Kjacca Maja, — BO3MOXHO, 4YTO B OOydJaromem
MHOXECTBE TaKXK€ HaXOJWIOCh Majo JaHHBIX M3 3TOW OO0JacTH.
['oBopst 0 «manol» WM «OOJBIION» IUIOTHOCTU IOAMHOXECTBA B
Kakoi-mu0o TOYKe, BCErja HEOOXOIWMO YKa3blBaTh, C 4YE€M I3Ta
IJIOTHOCTh CpaBHUBAETCA. o<

C npyroil CTOpPOHBI, MJIOTHOCTh NAHHBIX M HMX MOJMHOYKECTB MOXHO
paccuuThIBaTh YK€ B JBYMEPHOM IIPOCTPAHCTBE CaMOMl KapThl — TaKylO
MJIOTHOCTh MOYKHO Ha3BaTh IByMEPHOM.

I) Ha KapTe B BHJE HENPEPBHIBHBIX PACKPACOK MOXKHO H300pakaThb
CBOICTBa caMO¥ KapThl; HAMpUMEp, IIBETOM MOXHO H300pa3uTh OOJACTH €e
HauOOJIBIIIETO PACTSHKEHUSI M CIKATHUSI B UICXOJHOM MPOCTPAHCTBE; B YACTHOCTH,
MOXHO HM300pa3UTh 3HAYCHUS METPUUECKUX KOAI(PPUIIMEHTOB HA MOBEPXHOCTH
KapThl (MIOHATHO, YTO B ClIy4ya€ KYCOYHO-JIMHEHHOW KapThl 3TH 3HAYCHUS
MOCTOSIHHBI B IIPEieNIax OJJHOM IJIOCKOW TpaHu KapThl);

1) Ha KapTe MOXHO H300pakaTh pa3HOOOpa3HbIE MO PACKPACOK,
WUTIOCTPUPYIOIINE B3aWMHBIE CBOMCTBA KapThl M JIAHHBIX, OTPaXKarolue
CIIOCOOHOCTH MOCTPOCHHOW KapThl CIY’KUTh MOJIENIBIO JTAHHBIX; OJJHA W3 TaKHX
pPacKpacok — paccTOSIHUE OT TOYKH KapThl B HMCXOJHOM IPOCTPAHCTBE
MIPU3HAKOB 10 OV KaWIIeH TOYKHM JTAaHHBIX; TaK Ha KapTe MOXKHO YBHUIETH 1)
HACKOJIbKO CHJIBHO Y3JIbl KapThl yJaJ€Hbl JIPYyr OT JIpyra U OT CKOIUICHHI
JAHHBIX U 2) Te O0JAcCTU MPOCTPAHCTBA, IJ€ KapTa HEIUIOTHO MpWIEeraeT K
JAHHBIM U, CJIEIOBATE€IbHO, HE MOXKET CIYKUTh B 3THX OO0JIACTSIX XOpOIIeH
MO/IETIbI0 MHOXECTBA TOYEK.

Jpyroil BapuaHT paCKpaCKhd TIOMOXET HCCIEAOBATENO OLICHUTD,
HAaCKOJIBKO XOPOILIO COXPAHSIOTCS OTHOIIEHHS COCEICTBA MOCIIE MPOCLIMPOBAHUS
TOYEK JaHHBIX Ha KapTy. Jlemo B ToM, YTO II000€ TPOEKTUPOBAHHE B



MPOCTPAHCTBO MEHBUIEH PA3MEPHOCTU UYPEBATO UBMEHEHUEM MONOJ02UYECKUX
ocobeHHocmeli WCXOTHOTO MHOXKECTBA — JAJICKUE TOYKH B MHOTOMEPHOM
MPOCTPAHCTBE MOTYT OKa3aThCsl OJM3KUMHU Ha ABYMEPHOW KapTe, U, HA00OpOT,
TOYKH, ONM3KHWE B MCXOJHOM TPOCTPAHCTBE MOTYT OKa3aThCsA Pa3HECEHBI Ha
KapTe Ha Jaliekue paccTosiHus (cM. puc. 28). Takue HECOOTBETCTBHUS MOXKHO
Ha3BaThb UCKANCEHUAMU CMPYKMYPbl OAHHBIX.

Puc. 27. Vicionp3oBanre BuAa TOUYEK-MPOCKIMNA JAHHBIX JJI YBEINYCHUS
«Pa3MEpPHOCTH» TOUYEK JTAHHBIX.
Ha pucynke n300pakeHbI IPOCSKIIMN TOYEK JaHHBIX /ISl BU3YyaJIN3aIlliH 0a3bl JaHHBIX

«Upuc». Kaxnas Touka JaHHBIX MIPEICTaBICHA B BUAC KPYrOBOM quarpammbl. YepHbIil
[BET N300pakaeT 3HaUCHNE NPU3HAKA «/IJTHHA JIETIECTKa», TEMHO-CEPhIi — «IIMPUHA

JICTICCTKa», CBCTJ’IO-CepHﬁ — «JIMHA YallICJIMCTUKa», OeIbIi — «IAPUHA YallCIUCTUKA».

OnuH U3 crmoco00B HATISAAHO W300pa3UTh, KAKMM O0pa3oM HCKaKaeTCs
CTPYKTypa [JaHHBIX IIOCJI€ MPOEUUPOBAHUS HAa JABYMEPHYIO IOBEPXHOCTH
3aKJII0YaeTcs B cieAyroleM. B kaxaoil Touke KapThl BBIYUCISIETCS MHOXKECTBO
K1 Gmmkaiimmx K JaHHOW TOYKE COCETHUX TOYEK B MCXOTHOM IPOCTPAHCTBE H
MHOXecTBO K2 Onmxalmx cocesieid B IBYMEPHOM MPOCTPAHCTBE KApThI MOCIE
npoeuupoBanuss. MomiHocts miepeceuenuss K1 m K2 (umcno coBmaparommx
TOYEK) MOXET CIYXUThb MEpPON COXPAHEHUs OTHOILICHHUM COCEICTBA MEXIY
TOYKaMH JaHHBIX TOCIE€ MX MPOeUUpOBaHUs. YeM MEHbIIE 3TO YHUCIO, TEM
XyXe TEPeNatoTcs TOTOJOTUYECKHE OCOOCHHOCTH HCCIIEyeMOT0 MHOXKECTBA
00bekToB. C TTOMOIIBIO TAKUX PACKPACOK MCCIIEIOBATENb MOXKET BBIJCIUTH TE



o0JacTl TPOCTPAHCTBA, B KOTOPHIX KapTa B YIOMSHYTOM CMBICIE IUIOXO
OTpakaeT CTPYKTYpY JaHHBIX. OTO O3HA4aeT, YTO B Takux OOJacTIX
MOJENMPOBAHUE M BHU3yaJU3alus JAaHHBIX C TOMOUIBIO  JIBYMEPHBIX
MOBEPXHOCTEH HE UMEET OOJIBIIIOTO CMBICIA.

< HekoTopsIMH aBTOpaMHU CIIEIHAIBHO HCCIIEA0BAIaCh CIOCOOHOCTH
kapT KoxoHeHa K OTpaKEHUIO TOMOJOTUYECKOM CTPYKTYpbl HCXOIAHOTO
MHOXECTBa JaHHbIX. Hampumep, B [64] mnpemnaraercs s OICHUBAHUS
KauecTBa MOCTPOCHUS CAaMOOPTaHU3YIOMIEHCS KapThl MCIOJb30BaTh Hapsy C
MSE (Mean Square Error — cpenHekBagpatudHas omMOKa) €me M Tak
Ha3bIBAEMYIO monocpaguueckyro owubky. Bpluucisercs oHa ClEeIyIOIIUM
obpazom: JIJjist Kak10 TOUKM JTaHHBIX HAXOJUTCS OJIMKAWIIIUN y3€s Ha KapTe T
W BTOpOH mo Onm3ocTH — y3ena r,. Ecim Ha kapTe 3TM 1Ba y3lia SBISIOTCS
CMEXKHBIMHU, TO Takas TOYKa MPOIYCKAETCs, €CIM HET — TO CYUTAETCS, YTO
MIPOCKIIHS TAKOW TOYKHU Heycmouyuea — Py HEOOIbIIIOM U3MEHEHUH KapThl WIH
TOJIOKEHUS TOYKU TIEpEMEICHUE €€ MPOSKIIMU Ha KapTe MOXKET MPOU30NTH
ckaukoM. OTHOCUTEIBHOE YHCIO TAKUX HEYCTOMYMBBIX TOYEK M Ha3bIBACTCS
tonorpaduueckoit omuOKon. [[ns KaxkaoW M3 HEYCTOMYMBBIX TOYEK MOXKHO
OLICHUTh «MEPY HEYCTOMUYNBOCTU» — BBIICHUB, HACKOJIBKO JAJIEKO OTCTOAT APYT
OT Jipyra y3jbl 11 U 1. [locTpouB rucrorpaMmy pacnpeesieHusi HeyCTOMYMBBIX
TOYEK MO0 «MEpe HEYCTOWYMBOCTHU», MOJYyYaeM H300paKEHUE TaK Ha3bIBAEMOM
@yHuxyuu monozpaguueckou ouudOKu. <

Puc. 28. NckaxkeHust CTpYKTYpBbI JAHHBIX IPU MIPOSLUPOBAHUH HA KAPTY.
a) 1 - jmanmekue TOYKM B MPOCTPAHCTBE MOTYT OKa3zaThcs Ha KapTe psiaoM (IUIOXoe paspeleHue); 2 —
ONIM3KHE TOYKM MOTYT OKa3aThCs PAa3HECEHHBIMH Ha KapTe Ha OOJIBIIOE PAcCTOSHUE (MCKaKEHHE
TOIOJIOTHH JIaHHBIX);

0) uCKa)kKeHHE TOTOJIOTHH IIPHU MPOCLUPOBAHUU: TOJICTAsI TUHUS — OJHOMEPHAsI KapTa Ha
TUIOCKOCTH, €CJIM TOYKA JAHHBIX HAXOJANUTCS B 3aKpallleHHON 00JIaCTH, TO OHA OKAXKETCS
HeycToiunBoi — onmxkaiimuit (BMU) u BTopoii o 6mmzoctu (BMU2) y3en kapThl He
SIBIISTIOTCSI CMEKHBIMU, MG POii 0003HaUEHA CTETIEHh HEYCTOMYMBOCTH — HACKOJIBKO JTAJICKU
oKazasuch Jpyr ot apyra y3nst BMU u BMU2; Ha kapTuHY 001acTeil HEyCTOWINBOCTH
TOHKUMH JINHUSAMY HAHECEHBI IPaHuUllbl siueek BopoHoro.



1.7. MyabTUKAPTHPOBAHHE M BOCCTAHOBJICHHE JAHHBIX

MpI y)ke MoJ9epKUBalIv, 9TO TPU CO3AAHUH MOJIEIIH JaHHBIX HEOOXOIMMO
HAaUTA KOMIIPOMHMCC MEXAY JBYMs CBOMCTBAMM MOJEIA — CBOWCTBOM
BOCIIPOU3BOUTh UCXOAHBIE TAHHBIE C BBICOKOW TOUHOCTBHIO M CBOMCTBOM MMETh
0000MIaloNyl0  CIOCOOHOCTh, TO €CTh OTpaxaTh HE CiIy4allHble, a
CYILIECTBEHHBIC XapaKTEPUCTUKU HAOOpa JTaHHBIX, YTO MO3BOJISIET UCIIOIL30BATh
MOJIENb JJIsl T€X JAHHBIX, KOTOPbIE HE y4yacTBOBaJIW B HACTpoiike monenud. Ha
A3BIKE YIPYTUX KapT 3TO 03HAYAET, 4TO, C OJIHON CTOPOHBI, KapTa JOJKHA OBITh
JIOCTAaTOYHO «MSTKOM», YTOObI OJM3KO TpWiIeratb K TOYKaM JIaHHBIX U
anIpOKCUMMUPOBATh MX C JIOCTaTOYHOM TOYHOCTBIO, C JIPYroi, KapTa JIOJKHA
OBITH YIIPYTo#, YTOOBI OBITH TIAJKON U HE alMpPOKCUMUPOBATH CIIyYalHbIN IITyM
(HO mOpu 3TOM CHHXKAETCS TOYHOCTh amnmpokcumanuu). Ecim  kapra
UCIIONB3YETCS HE TOJIBKO JUISI BU3yallM3allMu JTAHHBIX, HO W ISl MOCTPOCHHS
PErPECCHOHHBIX 3aBUCUMOCTEH OJHMX NPU3HAKOB OT JAPYTHX, WIH JUIs
MPOTHO3UPOBAaHUS  (MpEeACKa3aHusi  3HAYCHW  MPU3HAKOB), WM  JUIA
BOCCTAHOBJICHUS TPOOEIOB B JIAHHBIX, O YE€M peub IMOWJET HUXKE, TO BeChMma
MEPCTIEKTUBHON MOXET OKa3aThCsl MPUMEHEHUE TaKOTO IMpUEMa: MO JaHHBIM
COCTaBIISIIOTCS HECKOAbKO KapT, KaxJas U3 KOTOPBIX HMMEET JO0CTaTOYHO
TJIAJKYI0 TIOBEPXHOCTh, HO TEpBasi U3 HUX KapTorpadupyer u anmpoKCHMHUPYET
caMU JiaHHbIE, BTOPasi — OTKJIOHEHHUsI OT MEpPBOM MOJIENU, TO €CTh MHOKECTBO
BEKTOPOB, KOTOPbIE HAUMHAIOTCA B TOUYKAX JaHHBIX M 3aKaHUMBAIOTCS B TOUKAX
COOTBETCTBYIOUIMX MPOEKIMA JaHHBIX Ha MEPBYIO KapTy. OTHU OTKJIOHEHHS
HMEIOT JIBE COCTABJISAIOIINE — CIAYYaWHBIM IIyM U HETOYHOCTH MEPBOM MOJIEIIH.
Jmg mocTpoeHHus TpeTbed KapThl HCHOJB3YIOTCS OTKJIOHEHHS OT MPOCKIIHMN
MEePBBIX OTKIIOHEHUH U TaK JaJiee.

PaccmotrpuM uyTth moapoOHee, kak OyJeT BBINISACTh KapTa IMEPBBIX
oTkioHeHuil. Eciu OONBIIMHCTBO TOYEK BCE-TaKU Oojiee-MEeHee aJIeKBaTHO
OTHCBIBAIOTCS TIEPBOM KapTOM, TO OOJbIllas 4acTh JAHHBIX OYJET TATOTETh K
HYJIIO HOBBIX KOOPAWHAT (B MPOCTPAHCTBE OTKIIOHEHMI). Ecnu Bce OTKIIOHEHUS
MOTYT OBITh OTHECEHBI Ha CYET CIy4allHOTO IlIymMa, TO 3aKOH pacHpelelIeHUs
OTKJIOHEHWH OyameT OJM30K K HOPMaJbHOMY (9TO, HAmpWMep, YacTo
MIPEATONIAraeTCs B TPAIUIIMOHHOM (haKTOPHOM aHAIIN3E).

B  pesynbraTe nOpuUMEHEHUS ~ OPOUEAYPHl  MYIbMUKAPMUPOBAHUS
MOJIB30BATENh TMOJIy9aeT Ha0Op KapT — 6udo6 IaHHBIX, KOTOPBIE MOXHO
0003HAUUTh CJIEIYIOMUM 00pa3oM: «BUJ JAHHBIX», «BUJ MEPBBIX OCTATKOB»,
«BHJI BTOPBIX OCTAaTKOB» M Tak jaainee. Ha puc.29 mokasan nmpumep Takoro
MYJIbTUKAPTUPOBAHUSL.

Kakoif cMmbICI HMMeeT NOCTPOCHHE HECKOJbKUX KapT? Bo-mepBbIx,
MOJIb30BATENb MMEET BO3MOJKHOCTH BBIJEIUTh Ha KapTe€ «aHOMAJIbHbBIC»
OOBEKTHI, KOTOphIE IIJIOXO OMNHCHIBAIOTCS C TIOMOMIIBIO MOJEIH U



MPOaHATM3UPOBATh U3 PACIIOIOKEHUE B MPOCTPAHCTBE OCTATKOB C IOMOIIBIO
WH(POPMAIIMOHHBIX PacKpacok. Bo-BTOPBIX, MCIIOJIb30BaHUE HECKOJIBKUX KapT
MO3BOJISICT CYIIECTBEHHO YBEIUYUTh TOYHOCTh OITUCAHHS JAHHBIX, HE JIeast IPH
9TOM KapTy JaHHBIX CIIHMIIKOM «HEpOBHOW». Takum 00pa3oM, MbI, C OJHOM
CTOPOHBI, IOJIy4aeM XOpPOIIYI0 TOYHOCTh OITMCAHHS JAaHHBIX, C JPYrou —
XOpOIIYI0 00O0OIIAOIIYI0 CIIOCOOHOCTh TMOCTPOCHHOW MOJENH, TOCKOJIBKY
MOJICITUPYIONTUE MHOTOOOPA3Us MOTYT OBITH CJCNIAHbI IOCTATOYHO TJIATKUMHU.
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Puc. 29. Ilpumep MynbTUKapTHpOBaHUA JaHHBIX (0a3a Iris)

Kapta BTOpBIX OCTaTKOB
Kapta nannsix

Kapra nepBbeIx ocTaTkoB
M2

w/ >

M2-(M1-71) M3

J1=M1+M2+M3

Puc. 30. BoccTtaHOBIEHHE TAHHBIX C MOMOIIBIO HECKOJIBKUX KapT

WHpIMU CITOBaMH, MBI 10 OTACIBHOCTH CO3JAaeM TJIAJAKYI0 MOJEIbh CaMUX
JAHHBIX, 3aT€M TTJKYI0 MOJENb OMEeX U Tak jnainee. [Ipu sToM, B oTiinyme OT
CTaHIapTHOTO (DaKTOPHOTO aHAIW3a, HE JeNaeTcs HUKAKUX alpHOPHBIX
MPENCTaBICHUN O TPUPOJE M CTPYKTYpE OTKJIOHEHUH OT MOJEIH — OHH
OIHCBIBAIOTCS «KaK €CTh».

[ToBeimieHne  oOoOmaromeld  COCOOHOCTH  MOJENH  OTKPBIBAET
BO3MOXHOCTh TPaBAOIOJA00HOTO BOCCTAaHOBIEGHUS MPOCKIHMA JaHHBIX. Ha
puc.30 moka3zaHO KakuM oOpa3oMm BekTop JaHHbIX JI1, conepkamuit



MPOIMYIICHHbIE  3HAYEHWS  NPHU3HAKOB  MOXXET  OBITh  BOCCTAHOBJICH
MOCJIEI0BATEIBHOCTRI0O MOJICTUPYIONIUX BekTopoB M1, M2, M3 ..., koropas
CTPOUTCS TI0 TOCIENOBATEIHHOCTH KapT. 371€Ch CYIIECTBEHHYIO POJIb HTPAET TO
00CTOSITENTECTBO, YTO MBI MOYKEM TTpOenrpoBaTh BekTop 1 Ha kKapTy, HECMOTps
Ha TO, YTO OH COJICPXKUT IMPOIYIICHHbIC 3HAYCHUS TPHU3HAKOB.

1.8. Oco0eHHOCTH U OTpaHMYEeHMS MOX0/1a
1.8.1. DxcTpanossuus 1 HUHTEPIOIALNS KapThl

[locTpoeHHast kapTa, B OTIMYHE OT IUIOCKOCTH TEPBBIX TIABHBIX
KOMITOHEHT, TPEACTaBIsACT CcO000N oepanuuennoe wmHOTOOOpasue. Ero
OTPaHWYEHHOCTh CBS3aHA C CAMHM CIIOCOOOM TIOCTPOEHHUS (HaM ObLIO OBl
TPYJIHO ONEpPUPOBATH ¢ OecKOHEUHOU ceTkoi). [lockonbKy KapTa cTpeMuTCs
paCIONIOKUTBCS KaK MOXHO IUIOTHEE K JJaHHBIM, B pe3yabTaTe OHa
MPECTABISET COO0M KyCOK KPHBOJIMHEWHOW MOBEPXHOCTH, PACTIONOKEHHBIN
6Hympu 00J1aKa TOUYEK TaHHBIX.

N3-3a 3TO OCOOCHHOCTH KapThl HEHW30EKHO BO3HHUKAIOT KpPACBBIC
sbdextei. Ha puc.31 BuaHO, 9TO mOCIE MPOCHMPOBAHUS MHOTO TOYEK
OKa3bIBAIOTCSA PACIIONIOKEHHBIMA Ha TpPaHUIE KapThl H3-32 TOTO, YTO
OJMKaWIIMMKA TOYKAaMU KapThI JIJIST TOYEK, JIeXkKaIMX Ha nepudepun odnaka
TaHHBIX, OYAYT TPAaHUYHBIC Y3JIbI U peOpa. ITO CYMIECTBEHHO HCKAXXAaeT BUJI
TakuxX TepuPepuiHbIX CTPYKTYp TOCIE€ MPOCHUPOBAHMUS Ha KapTy -—
CO3/aeTcsl JIOKHOE BIEUYATIEHWE, YTO JaHHbIe TPYNIUPYIOTCS B
nepudepuiHbIX 001aCTsIX.

B cB3M Cc 3TUM 3aMeuaHHWEM K TEXHOJOTHHM TOCTPOCHHUS KapThl
KenmaTenbHO OBUIO OBl 100aBUTH Pa3IUYHBIE CHOCOOBI SKCTPAONIALUN
KapThl Ha OKPECTHOCTh TaKUM 00pa3oM, YTOOBI CBECTH K MHUHUMYMY
He)XenaTenbHbIe KpaeBble (P PeKThl (KapTa JT0JDKHA YaCTMYHO BBIXOJIUTH 32
TIpeesbl TPYNIUPOBAHUS JaHHBIX ).

Camblif TIPOCTOM CITOCOO AKCTPAIOIAIUN — JIMHEWHBIN, KOT/Ia KapTta
MPOJIOJIKACTCS 32 CBOW TPEIENbl BIOJIh HAMPABICHUH, KOTOPHIE 3a1at0TCS
pebpamMu, PUJIETAIOIINMHU K KpasiM KapTh.

bonee wuHTEpeCHBIMH MOTYT OKa3aTbCsd HEJIWHEHHBIE CIIOCOOBI
SKCTpamosAauu. Hampumep, UIsi SKCTPAmoOJSIMH MOXHO HCIIOJIB30BaTh
aByMepHyto ¢opmyny Kaprmemana. OpnHako, Ui HeEe CYIIECTBEHHBIM
SBIISICTCS BOMPOC O TPAHWYHBIX YCIOBUSIX — O (opme moBeneHus
AKCTPATIOIUPYEMOM MMOBEPXHOCTH BIATH OT KapThl. J[Ba MPOCTHIX BapuaHTa
— B TIEPBOM B KauyeCTBE AaCHMIITOTHYECKOTO YCJIOBHS MCIOIB3YEeTCS



MJIOCKOCTh TEPBBIX TJIABHBIX KOMIIOHEHT, BO BTOPOM — JIOBOJBHO
CBOCOOpa3HBIA CMOCOO COCIMMHEHMS TPAaHWUIlI KapThl B OJHOH TOYKE —
HaIpuMep, B KaKOW-TH00 YAAJICHHON TOYKE WA B TOYKE CPEAHETO 3HAUCHUS
KOOpAMHAT TOYEK JAHHBIX. B mociegHeM cilydae KapTa «3aMbIKaeTCs», TO
€CTh BCE TpaHUYHbIE TOYKA KapThl MBICIEHHO CKJIEHBAIOTCS, 4YTO B
HEKOTOPBIX CUTYAIUSIX MOXKET UMETh (PU3NYECKUIN CMBICTI.

Ha puc.31 mokaszanbl pa3Hble CHOCOOBI 3KCTPAIOJALMUA KapThl Ha
OKPECTHOCTh U MIOJIy4a€MbI€ B PE3YJIbTaTE MPOEKIUU TOUYEK TAHHBIX.

Heob6xomumocTh B WHTEPNOJISALNI KapThl (mo6aBieHUN
JOMOJIHUTEIBHBIX Yy3J0B B aNMNPOKCUMUPYIOIIYIO CETKY) BO3HUKA€T B
cilydyae, KOIJla KapTa NpelcTaBisieT H3 ce0d KYCOYHO-JIMHEHHOE
MHOTo00paszue. Jleno B TOM, 4TO ISl CHJIBHO «yTJI0BATOM» KapThl pa3Mephl
obJacTell MPOCTPAHCTBA, IS KOTOPBIX OJIMKANIIICH TOYKOW KapThl SBISICTCS
y3€Jl, BEJIMKA U MHOTHE TOYKH MTPOECKTUPYIOTCS B pe3yibTaTe B 3TOT y3€l, B
pe3ysbTare 4ero yxyJamaeTrcs pa3pemaromnas CliocOOHOCTh KapThl — TOUYKH
U3 YINOMSHYTBIX 00JIacCTe CIMBAIOTCA B OJHY MpoeKiuio. Pazpemiaroniyro
CIIOCOOHOCTh MOKHO TOBBICUTh, CJENaB KapTy OoJiee TIaakod, BBEAS B
MIPOMEXYTKH JIOTIOJTHUTEIIBHBIC Y3IbI.

Taxxe MOXKHO BBIZICIIUTH JIBa CIIOCOOA MHTEPIIONISIINNA — JIMHEHHBIHA, B
pe3ynbTrare KOTOpPOTO  TPEYroJbHUKH, OO0pa3ylmue TpaHu  KapThbl
pa30MBalOTCAd HAa HECKOJIBKO MAJICHBKUX TPEYTOJIHHUKOB M HEIMHEHHBIC, B
pe3yibTaTe MNPHUMEHEHUS KOTOPbIX HOBBIE Y3JIbI pacCIoiaraloTcsi Ha
HEJIMHEWHOM TOBEPXHOCTH, TIIOJYYCHHOM B pE3YyJbTare MNPUMECHEHHS
Pa3IUYHBIX WHTEPIONSIIHOHHBIX (GopMyna. M B 3TOM ciiydae Xoporiue
pe3yNbTaThl TOKa3bIBaeT MpPUMEHEHUEe AByMepHOW ¢opmynsl Kaprmemana.
Nutepnionsiiust ¢ ucnonb3oBanueM Gopmyn Kapiemana, moMuMo Mmpodero,
SIBJISIETCSI B HEKOTOPOM POJAE ONTUMAIIBHOM.

Ha pwuc.31 mnoka3anel BapuaHThl  CrIQXKHUBaHUS  KApThl U
PE3YJIBTUPYIOIINE BUIBI CIIPOCHUPOBAHHBIX JIAHHBIX.

1.8.2. KauecTBO BU3yanu3alny U CI0KHbBIE PACTIPEIEICHUS JaHHbIX

[ToHSATHO, YTO TMpEACTaBIEHWE [AHHBIX C IMOMOIIBI0 BIOKEHHBIX
IBYMEPHBIX KapT TEM aJeKBaTHEE OTPAKAET pealbHbIE CTPYKTYPHI,
coJiep Kaliecss B JIaHHBIX, yeM Oyke 3¢ (EKTUBHAS pa3MEpHOCTh OOJaka
JTaHHBIX K IBYM. B 3TOM CMEBICIIE XYK€ BCEro KapTorpadupyroTcs TaHHBIE,
pacnpe/ielicHie KOTOPBIX OJIM3KO K PaBHOMEPHOMY.

He Takx mpocTto JaTh KOJWUYECTBCHHBIE OIEGHKH  KadyecTBa
KapTorpadupoBanus naHHbIX. OHA W3 OIICHOK OYEBHUIHA — ATO CpEIHEe
paccTossHWe OT TOYKHM JaHHBIX 10 Ommkaimero k Hed y3na (MSE).
YTOUHEHHBIM BapHAHTOM JTOW OIEHKH SIBIISICTCS CpEIHEE PACCTOSHUE OT



TOYKA JaHHBIX JO ee¢ Tmpoekuuu (HazoBemM ee¢ MSPE), dro Oonee
€CTECTBEHHO B CJTydae HEKYyCOYHO-TIOCTOSHHBIX CIIOCOOOB MPOCITUPOBAHUS.

Btopas orenka xapakTepu3yeT YCTOMYMBOCTH MPOCLMPOBAHUS 10
OTHOIICHUIO K MajJbIM W3MCHCHHUSAM TIOJOXKCEHHUS TOYKH JaHHBIX B
MPOCTPAHCTBE TMPU3HAKOB. BbIllle MbI YK€ BBOJWIA  BEJIUYHUHY,
XapaKTEePU3YIOIIYI0 3Ty YCTOWYUBOCTH — 3TO Tomorpaduyeckas omudka
(TE).

TpeTpi0 OLIECHKY MOXHO TMOJIYYUTb, BBICHSS pa3iuyus B JIBYX
cruckax — M Omwkalmux cocened Uisi KaJAoW TOYKH B TPOCTPAHCTBE
MPU3HAKOB U M OMKaWuX cocelieil B ABYMEPHOM IPOCTPAHCTBE KapThI.
D yHKIMS 3aBUCUMOCTH CPEIHETO YUCIIa PA3JINYUM B JIBYX TAKUX CIIUCKAX OT
M naetr mnpencTtaBiIE€HHE O COXPAHEHUHM OTHOILICHHN COCEACTBA MEXIY

TOYKaMH TIOCJIE TpOeUpoBaHus Ha Kapty. OO03HAYMM 3Ty OICHKY uepes
NRE (Neighborhood Relation Error).



0)

B)

Puc. 18. Unmoctpanust pabotsl anroputma SOM
a),0) pe3yJIbTaT AeUCTBUS OJTHOW UTEPALNHU B CIIydae OJTHOMEPHOU CETKHU Y3JIOB;
R) NERVITLTAT MEUCTRUS OTHOW UTENATINU R CTIVUAae TRVMEeNnH0l CeTKU VRTTOR

Iset Iset . . vers Ivers Ivers Ivers . Ivir o= =2 ¢ _vers o (R O virg
Iset Iset Isetl Mfe W o  lvers lvers o o lvers et tset 1set IS R versh e o ey
Iset Iset Isetl e 'vers Ivers Ivers Ivers . Ivir4 vers  Ivers Ivers Ivers e Ivirg

Iset  Iset Iset] . . Ivers Ivers . .

. . o lers Ivers e . Wvig

T

Ivirg

Iset Iset 0 Ivers . Ivers . Ivers  Ivir

Iset  Iset . Ivers Ivers Ivers Ivirg . Ivirg Ivers Ivers Ivers lvirg . Ivirg
Iset Iset Ivers Ivers Ivirg . Ivirg  Ivirg Ivers  Ivers  lvirg . Ivilg  Ivirg
Ivers lvers . 0 . . Ivirg Ivers. . . . . Ivirg
. . . lvirg  Ivirg Ivirg lvirg Ivir . lvilg  Ivig  Ilvirg  Ivirg Ivirg

-Aki ki xersA riﬁgAlvliAlwiAlwiAng a) e lvers Ivers Ivers Ivers Iirg Ivirg  Ivirg  lvirg  Ivirg 6)

Puc. 19. Buzyanuszanus qanusix B Bujae U-MaTpHIIbL.

ToukamMu M MeTKaMH 00O3HAY€HB! Y3/bl, METKH IOKAa3bIBAIOT TOYKH KaKOro Kijacca
OKa3aInCh B y31e. OTTCHOK sUEHKH, pacIONOKEHHON MEXKAY ABYMs y3JIaMH, OTpa’kaetr
paccTosiHHE MEXAy Y3JaMM B HCXOJHOM IpOCTpaHCTBE. boijee TeMHbI OTTEHOK
COOTBETCTBYET 0OJbIIEMY paccTOAHNIO0. OTTEHOK CaMOT0 y3J1a BEIUUCIISIETCA ¢ TOMOIIBIO
ycpenHenust. M3 packpacku MOKHO CAenaTh BBIBOJ O TOM, 4TO Kiacc Iris-setosa xopoio
MPOCTPAHCTBEHHO OTAEJICH OT JIBYX JPYTUX KJIacCOB.

a) cmy4yal rekcaroHajJbHOW CeTKH; 0) cilyuaid IpIMOYTOJIbHOM CETKH.
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Puc. 20. IlpencraBnenue 3Ha4eHUI NPU3HAKOB C TOMOIIBIO
packpacok. bosiee TeMHbII OTTEHOK COOTBETCTBYET MEHBIIMM 3HAUEHUSIM

r[pmHaKa.
a7 gﬂH 24

70 o5

.
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6.0 22

L]

JJIMHA 9YalllCJIMCTHUKA IHUpHUHA YalllCJIMCTHKA

Puc. 21. Buzyanuzanus JaHHBIX C IOMOUIBIO JUarpaMM XHHTOHA.
YewMm 00
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Puc. 22. ITpumeps! npumenenust SOM utst kapTorpagupoBaHus OOIBIINX TEKCTOBBIX
KOJIJIEKITUMN.

a) Ilpoext WebSOM - kaptorpadupoBanue conaepkanus Oojee MOIyTOpa MUILITHOHOB
cratreii UseNet. Ha pucyHke TokazaHa KapTa «BEpPXHETO YPOBHsI» — CBOEOOpPa3HBIN
JIBYMEpHBIN KaTajor cTareil, B KOTOPOM CTaTbH, OJU3KUE MO TEMAaTHKE PACIIOJIOKEHbI MO
BO3MOXXHOCTH B ONM3KHX oOnacTsx. MeTku 0003Ha4ar0T Hamboyee 4acTo ymoTpeOumoe
CJIOBO B JaHHOW 00jacTu TeMaTWdeckoil kapTel. L[BeT oTpaskaeT HACBHIILIEHHOCTb TOH WU
UHON Tembl cTaThsaMU. llleaKHYB 10 cOOTBETCTBYIOIIEH 00IACTH, MOXKHO MOJIyYUTh KapTy
OoJsiee HU3KOI'O YpPOBHS, Ie HHGOpMaLUs NpeacTaBieHa 0oee MoIpoOHO Ui BEIOpaHHON
TeMbl. TakuM 00pa3oM, MOKHO A0OpaThes O KapThl CaMOr0 HU3KOTO YPOBHS, IJI€ MOXKHO
y)ke OylneT MpocMaTpuBaTh COJEpXkaHUE OTIENbHBIX craTeil. Takoe mocTpoeHue KapT
HA3BIBAETCS «<UEPAPXUUECKAM».

6) IIpoekr ConfWeb - Busyanuzaumss B BuIe AMarpaMMbl XHWHTOHA COJEPKaHUS
HECKOJIbKMX COTE€H CTared W TEe3UCOB [OKJIAJOB, IPEACTAaBICHHbIX HA POCCHUMCKHUX
KOHpepeHIHAX TO0 HehponH(pOpMATHKE 3a HECKONBKO JIeT. VI3HagalbHO CTaThH
MPEJICTABJICHBI B BUJIC OJTHOLBETHOM AuarpamMbl XUHTOHA. B pexunme noucka «Ilo aBTopy»
MOJICBEYUBAIOTCSL T€ KBaJApaThl, KOTOPbIE OTOOPaXKAIOT TE€ KJacTephl JaHHBIX, B KOTOPBIX
¢burypupyetr uMsi aBTOpa, aBas CBOCOOPa3HYI0 «KapTHHY MHTEPECOB» aBTopa. B pexmme
moucka «[lo accoumanmusiM» mOACBEYMBAETCS TOT KBaJapar, B KJIACTEPE KOTOPOIO
COIepXKHUTCS BBEJeHHOE ClIoBO. LllenkHyB mo io0oMy KBaapary, B IpaBOM (ppeimMe MOKHO
MOJYYMTh 3ar0JIOBKU M aBTOPOB CTaTeH, BOILEALIMX B KJIacTep.
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Puc. 23. Packpacka reorpaduueckoi kapTsl ¢ ToMoIibpio SOM.
a) Kapra Koxonena, moctpoeHHast 10 HECKOJIBKUM JIECATKaM SKOHOMUYECKUX U COLMAIBHBIX
nokaszarenei pasHeix cTpad (mo crpanam CHI' y cosmateneit xapThl JaHHBIX HE OBLIO).
[MTocne mocTpoeHns TekcaroHabHas ceTKa He ObUTa OKpallleHa, Ha Hee ObUTH JIUIb HAHECEHBI
METKH CTpaH, IpUYEeM CTpaHbl, OKa3aBLIMECS pPsAOM Ha Kapre 00JaJalT CXOJHBIMU
nokaszareasiMi. 3ateM Ha kapTy KoxoHeHa ObUT HaJlO)KEH ABYMEpHBIN IIBETHOH CIEKTp (Ha
pPHUCYHKE HET BO3MOXKHOCTH IOKa3aTh LIBETHYIO PACKPacKy), B pe3yJIbTaTe 4ero Kax/ bl y3el

NOJTy4nJI CBOH LBCT, IIpUYEM COCCIHUC Y3JIbl TOJTYHYUIIN OIU3KHE T10 CIICKTpPY LBECTA.
6) L[Bera y3110B OBUIM HCIIOJIB30BAHBI ISl PACKPACKH MHPOBOM KaPThI IO «IIOX0KECTH» MOKa3aTeeH.



Puc. 24. Tlpumenenune texnonorun SOM nist ananusza
COCTOSIHUS (POH/IOBOTO PHIHKA.

a) Kapra Koxonena, mocTpoeHHass MO €XECYTOYHBIM 3HAYCHUSM OCHOBHBIX
rmokasareseil (POHIOBOTO PHIHKA 32 HEKOTOPBIM MPOMEKYTOK BpeMeHH. CBETIBIM
[BETOM HM300pa’kKE€HBI Y3IIbI, PACIIOJIOKEHHBIE OJIMKe K IEHTPY MHOTOMEPHOTO
o0aka JaHHBIX, TEMHBIM — «HepudepuiiHbie» y3iabl. 3HaUKH «b», «s», «out»
0003Ha4Yal0T COCTOSIHUS PbIHKA, B KOTOPBIX HpEIouTUTENbHEE Mokymnka (buy),
npofaxa (sell) m Oe3gelicTBUEe COOTBETCTBEHHO. B y3max, rie OJHOBpEMEHHO
HaXOJATCs 3HAUKU «b» U «S» BO3MOXKHA U MOKYIIKA, U Ipojaxa. Takum obpazom,
Ha KapTy HAaHECEH HEKOTOPBIN «OMBIT» MOKYIIOK U TPOIaxK.

6) Packpacka Heckonbko HMHass. CBETIbIM 0003HAUEHBI Y3IIbl, PACHOJIOKEHHBIE
OnvpKe K CryleHusM JaHHbIX. CTpenakamMu n300pa’keHbl COCTOSHUS pbIHKA 3a 11
nocienoBaresbHblx  AHeH. Kpyxkkamu oOTMeueHbl JAHHM, KOTJa HHBECTOPOM
COBEpILIAINCh CAENKU. TakuM o00pa3oM, MHBECTOpP MOXET MIHOBEHHO
COIIOCTAaBIIATh CBOIO JEATEIbHOCTh C HAKOIUIEHHBIM ONBITOM PBIHKA, NPUHUMAas
OoJiee onepaTUBHbIE PELLICHHUS.

a) vV 0)

Puc. 25.

a) CWJIbI, pacTATMBAIOLIME YIPYIylO0 IUIACTUHY; O) CWIIBL, H3rHOaroIue YIpyryro
TUTACTHHY; B) OAHOMEPHBIHN CiTydaid aOCOTIOTHO MATKOM KapThl — KAXK/IBINA y3€J KapThl
pacrioyiaraeTcsi B LIEHTPE <«TaKCOHa», MYHKTUPOM H300pa)KeHbl I'PAaHUILIBI 30H, B
nepefenax KOTOPBIX TOUYKU SIBIAIOTCA OMKaHIMMM K JaHHOMY Y31y — Tak
Ha3bIBAEMBIX Aueexk Boporozo.



Puc. 26. Unnroctpanuu kK paboTe MeToAa YIPYTUX KapT.
a),0) KycOUHO-JIMHEHHBIHN crioco0 goomnpeaeneHus KapThl 10 MHOrooOpasus («rpaHeHas»
KapTa);
B),T') KapTa, MOCTPOEHHAs B pe3ynbTare padoThl anroputMa SOM u pe3ynbTHPYIOIIHE
MPOEKIUN AAHHBIX; BUHO, YTO CETKA CHJIHO PACTSIHYTa B CEpeIMHE, I'/ie IaHHbIX HET, B
pe3yibTaTe NPOeKLUH paclolaraloTcs Ha kapre 0oJjiee paBHOMEPHO, Y€M B UCXOJAHOM
MPOCTPaHCTBE (KJIAaCTEepHAsk CTPYKTYpa «CMa3bIBACTCS»);
€),’) yIpyras KapTa ¢ OTHOCUTEJIbHO OOJIbIINMH 3HAYEHUSIMH KO3 PULIHEHTOB
yIPYTOCTH, BUIHO, UTO CETKa 0oJiee paBHOMEpHasl, B pe3yJIbTaTe NPOEKIUU PACIOI0KEHBI
Oosiee aJIeKBaTHO; HAa MPOEKIMAX BUJCH HEJAOCTATOK YIPYToi KapThl — MHOTO IPOEKIMH
OKa3aJIMCh Ha Kpato KapTel (00 3TOM noapoOHee B pasaene 1.8.1);
1),K) yIpyras KapTa ¢ OTHOCHTEIIFHO MaJIBIMU 3HAYECHUSIMUA KO3(P(PHUIIMEHTOB yIPYyTrOCTH;
11),3),JT) COOTBETCTBYIOIIHE KPUBOJIMHENHBIE pa3BEPTKU KapThl (MAKCUMAaIbHO
COXPAHSIOTCS PACCTOSHUS MEXK/Ty y3JIaMH B HCXOHOM IPOCTPAHCTBE).
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Puc. 31. DxcTpanonsauus KapThl Ha OKPECTHOCTb U MHTEPIIOJSALMS KapThl

a) MCXOJIHO MOCTPOCHHAsI KapTa pacrojaracrcs «BHYTpHU» O0JIaKa JaHHBIX, TPAHUYHBIC TOYKU
MIPOELUPYIOTCS Ha KpaiiHue pedpa;

0) sKcTpamossnus o AByMepHOM ¢(opmyne KaprnemaHa ¢ rpaHMYHBIM YCIOBHEM — Y3JIbI
CXOJATCS K LIEHTPY 00J1aKa JaHHBIX;

B) JIMHEIHAs SKCTPANOAus;

r), 1) MpUMep HEIMHCWHOW WHTEPHOSAIUN T) — HCXOAHAS KapTa, 1) — IOCIe MPUMEHEHUS
MNpOLEAYPbl HHTENOJISILIUY, KApTa B PE3YJIbTATE UMEET JIyUIIEe pa3peLICHUE.



I'nmaBa 2. [1inerenue u 3akuabIBaHNE ceTeil 1 HEBOI0B
2.1. IIpeno6paboTka TaHHBIX

Cpenu m mpHU3HAKOB (KOTOpHIE MHAUYE MOTYT HA3BIBATBCS HEPEeMEHHBIMUL)
MOTYT OBITh INPU3HAKH, U3MEPSEMbIC B KOJUYCCTBCHHOH, HOMWHAIBHOW WIH
MOPSIKOBOM IKanax. B camMoMm mpocToM cilydae BCe NMPH3HAKUA H3MEPSIFOTCS B
OHOM W TOH »>Ke IIKaje, HO B peajJbHBIX CHUTYyalHsIX, KaK MPaBUIIO,
UCITOJIb3YIOTCS HECKOJIBKO THITOB IITKAJ H3MEPECHHUS TPU3HAKOB.

[lepen mpuMEHEHHMEM K JMAaHHBIM PAa3IMYHBIX AJITOPUTMOB aHAIN3a HX
CTPYKTYphl BCerJa BO3HHMKACT HEOOXOIUMOCTh MPUMCHCHHS Pa3IMYHbIX
croco0oB  mpeAoOpaboTKH, KOTOopas B 3a7adye BU3yalIM3allUd JTAHHBIX
3aKIII0YaeTCs B OYyUpposKe, HOPMUPOBKe N 8blOOpE MEMPUKU.

2.1.1. O0o3HaueHUA

Jl1st Toro, 4yTOOBI MOCHEAYIOIIee U3NI0KEHUE ObLUTO 0oJiee SICHBIM, BBEIAEM
cucTteMy 0003HaYEHUM, KOTOPOH OyaeM MpUIepKUBAaThCS HA TMPOTHKEHUH BCEH
MOCJIEAYIOIIEH TJIaBHI.

Xi, Y; — COBOKYITHOCTb KOOPJAMHAT i-Oi TOYKH JAHHBIX (PaInyC-BEKTOD);

X;-Y; mm (X;,Y;)— ckansgpHOoe mpou3BeieHrue BekTopa X; U Y;

(X;)* — «KBapaT BEKTOpa» — CyMMa KBaJPaTOB €ro KOOPAMHAT (YHCIIO);

X;; — 3HAYEHUE j-0i KOOPJHMHATHI i-0if TOUKH 00BEKTa (YUCII0);

€, M — obo3HayeHus -0 KOOPAMHATHI MPOCTPAHCTBA JAaHHBIX (KaK
MEHSIONIEHCS BEJIMYMHEI);

M — Pa3MEPHOCTh MPOCTPAHCTBA IAHHBIX;

\X , N — 4nciio 00bEKTOB;

0; — «JienbTa-cUMBOJI» KpoHekkepa: .
0.=0, i#]

2.1.2. OnudpoBKa TUCKPETHBIX IIKaJ

HOZI OI.IH(I)pOBKOﬁ, KaK IIpaBUJIO, MOAPA3YMCBACTCA ITPUBCACHNUC BCCX THUIIOB
IMPU3HAKOB K OI[HOﬁ KOJWYCCTBECHHOM IITKaJIE.

B camoM mpocTom citydae IUXOTOMHYECKOW IIKANbl, TO €CTh KOTAA MPH3HAK MOXKET
NPUHUMATh 3HAUEHMs «Jla» WIH «HEeT», HeT OOJbIION pa3HMIBI Kakue uucia OyayT
MPUITUCAHBl TIOJIOKUTEILHOMY WM OTpHLIATEIbHOMY OTBeTy. CaMble pacnpoCTpaHEHHBIE
BapUaAHThI: OTBETY «Ja» MPUIUCBIBAIOT YUCIIO 1, 0TBETY «HeT» — a1bo —1, m1bo 0.

B ciydae nopsiiKOBBIX IKaJl, Kak IpaBUIIo, MOPSAAOK CIEOBAaHUs Ipajaluii MpU3HaKa
OTpa’kaeT CTENEHb YCUJIEHUS] WU OCJIa0JIeHHs] TOr0 MM MHOTO KayecTBa. YUCIIOBbIE METKU



MpU3HAKa B 3TOM CJIy4ae NMPUCBAaNBAIOTCS TAKUM 00pa30M, YTOOBI PACCTOSIHUS MEKIY JBYMS
OTMETKaMH WHTYUTHBHO COOTBETCTBOBAN PA3HHUIIE MEXKTY COOTBETCTBYIOIIMMHY TPATAIASIMA
(HanmpuMep, eCiIM MPHU3HAK MMEET KTy <«IUI0XO0-HUKaK-XOPOIIOo», TO JIOTUYHO MPHUITACATH
rpamammsim - mMetku  —1;0;1, a BOT B CJIy4Yae MIKaJdbl «MaJbli-CPEAHUN-KPYITHBIN-
CBEPXKPYIHEIl» 0o0lleeé YMECTHBIM MOMET OKa3aTbCS MCIOJIb30BaTh JIOTapu(PMUUECKHUe
metkH, T.€. 0.1;1;10;100). He urpaet Gonbiioro 3HaueHus] BHIOOpP «Hadalla OTCUETa» IIKAJIbI
MpU3HAKa, HO MCHUXOJOTHYECKH yio0HEee U3MEPSITh B YMCIOBOH IIKaje ¢ OTPHUIATEIHHBIMU U
MOJIOKUTEIBHBIMA YHCJIOBBIMH METKaMH Ka4eCTBO, MEHSIOUIEECS OT MPOTUBOMOJI0XKHOCTH K
MPOTUBOMOJIOXKHOCTH (KaK «IIJIOXO-XOPOIIO»), a B MIKAJIAX ¢ «a0CONIOTHBIM HYJIEM» H3MEPATh
MOCTETIEHHOE HapacTaHWe KaKoro-110o0 KauecTBa (KaK «OTCYTCTBHE-4YaCTHYHOE MPUCYTCTBHUE-
MIOJIHOE MIPUCYTCTBUE).

Boapmieii c¢BOOOMOM M MareMaTHYECKHM OCMBICICHHEM 00JIajaeT
nporeaypa ouu@poBKM HOMHHAIBHBIX MIKaJI. B 3T0 ciydae, kak mpaBuiio, He
WrpaeT poJiu TMOPSAOK CIENOBAaHUSA M PACCTOSHUS MEXAY TpajalusiMu
MPU3HAKOB.

3< XO0Ts BO3MOXHBI ¥ HCKITIOYCHHUS — JUIs IPUMEPa BO3bMEM
npu3Hak «OTpacib MPOMBIIUICHHOCTH». 3HAUYCHUS TIPU3HAKA
«I[BETHASI METAILTYPTHUs» U «4ePHAsE METAJUTYPTHs» TICHXOJIOTUIECKU
BOCIPUHUMAIOTCS OJIMKE, YeM «He(TAHAS MPOMBIILICHHOCTb» H
«IUIIEBast IPOMBIIUICHHOCTD», XOTS MPU3HAK, 0003HAYAIOIINI
MPUHAISKHOCTD TPSNPUITHS K ONIPEICICHHONW OTPACIIH HEb3s
Ha3BaTh MOPSAKOBEIM. JIJIs1 yOpsSAOYMBaHUS 3HAYCHHUI IIIKAJTBI
MpHU3HAKA MOYKHO IT0JIb30BATHCS METOIaMU MHOTOMEPHOTO
IIKAJIMPOBAHUS ¥ B KOHEYHOM CUYETE BO3MOKHO, UTO IMPU3HAKY OyIyT
OTBEYaTh HE OJ[HA, @ HECKOJIBKO YHCJIOBBIX METOK, €CITU TIOCTPOCHHOE
«TIPOCTPAHCTBO BOCIIPHUATHS» OKAXETCS 3OPEKTUBHO IBYMEPHBIM. <

CB000/1a B BEIOOPE YUCIIOBBIX METOK JIJISI HOMHHAJIBHBIX TITKAT JAeT
BO3MOKHOCTh UCKYCCTBEHHO YITPOCTUTH CTPYKTYPY HAOOpa JaHHBIX,
HaIrpuMep, T0OUTHCS TOTO, YTOOBI KBl MPU3HAKOB OBUTH MAaKCUMAaJILHO
CKOPPEITUPOBAHBI APYT ¢ ApyroM. [1omyIsspHBIM METOOM SIBIISICTCS
MaKkcUMU3aIus GyHKInonana Q, rie

m
Q*=Yr7,

i<j
rie r; — KOOQQUIUEHT TMHEHHONW KOPPEISALMU MEXKIY I-bIM H j-bIM
HpI/ISHaKOM, m — 4YHUCJI0 HpI/IBHaKOB, CpeI[I/I KOTOpI)IX €CTb KaK HOMUHAJIBHBIC,
TaK U KOJIMYCCTBCHHBIC. I[OHYCTI/IM, YTO HOMHUHAJIbHBIM HpI/I3HaKOB Y)Ke 6I>IJ'II/I
KaKUM-TO 00pa30M IPUCBOSHBI YNCIOBBIC METKH. Toraa

2 2 A2 2
Q" =0y +0,+05,



r7ie B Q; BXOJAT KO GUITUCHTHI KOPPEISIIIANA MKy HOMHHATBHBIMH
pU3HAKaMU, TIOJJISKAITIMH Ol poBKe, B Q; » — KOADDUITUEHTHI
KOPPEISAIIUU MEXKITY HOMUHAIBHBIMA M KOJTMYECTBEHHBIMH MPU3HAKaMHu, a O,
— 9acTh QYHKIIHOHAJIA, COCTOSIIAS U3 KO3 HUITHEHTOB KOPPEISAIIUN MEKITY
KOJIMYCCTBEHHBIMU NpHU3HAKaMU. [1ocieTHsS He 3aBUCUT OT OITU(PPOBKH U
ONTHMM3ALUK HA CAMOM JieNie TOAIexkuT GyHkiuonan Q , rae

~2 2 0
Q=07 +0;,
Hycts X" — HaGOp HOMHHATBHEIX IPU3HAKOB, TIOUIEKALINX OlHppoBKe, X

— Ha6op KOJIMYCCTBCHHBIX ITPU3HAKOB, C;C— YUCJIOBAasA MCTKaA, MIPUCBOCHHAA k-

O KaTE€rOpHH i-T0O HOMUHAJIBLHOTO TIpru3HaKka. N(i,j) — MaTpuna
CONPSHKEHHOCTH MEKTY i-bIM U j-bIM HOMUHAIBHBIMU IMPU3HAKAMHU, B
Ka4eCTBE OLIEHKU KOTOPOW MOKHO B3ATh YMCIIA My(i,j) OATHOBPEMEHHOTO
MOSIBJICHUS JUIS [-TO IPU3HAKa KaTeropuu k, a i j-ro Mpu3HaKa — KaTeropuu
l, pix — 4acToTa MOSBIEHUSA k-0l Tpajaliuy IpU3HaKa i, KOTOPbIA UMEET /;

rpagauuit, P=diag(p; ;;p;2...pii); HAKOHEL, ¢,/ — CpeaHEe 3HAYCHHE

o g 2 . o
KOJIHYECTBEHHOr0 Ipu3HaKa j (je X'”) Ha Tex 06bEKTaxX, Y KOTOPBIX i-blif
HOMUHAJIBHBIN MPU3HAK UMEET KaTErOpHIO K.

Torpa rpagueHT QyHKIIMOHAIA

00 _ kL ;|
- =2 a;;C, TAe
dc;  j=l
I |
i _ LR . m_m . —im_.im . X(l)
agy = 2 22 g meiciyng, i (mi)+ 2 ¢¢c; p;py. €X',
me x (1) i =lir=1 mex ()
m#i
k=1..li.

[Ipu sTOM mpeamonaraeTcsi, 4TO BCE JaHHbIC (BKIIOYAas HOMHUHAJIbHBIE
MPU3HAKK) MPEABAPUTEIBLHO HOPMHPOBAHbl HAa EAUHUYHYIO JUCIEPCUI0 U
LEHTPUPOBaHbI. [{711 HOMHUHATBHBIX MPU3HAKOB 3TO O3HAYAET, UTO

N . N . ,
>cl@)=0, iZ(c]g (i))? =1 st Beex j, k; N — unciio 06beKTOB; cl(i)-
=1 N iz
3HAYCHHE YHCIOBOM METKH I i-TO 00BbeKTa. BBIMOTHEHUS ATHUX YCIOBHI
BCETJIa MOYKHO JIOOUTHCS JIMHEHHBIM IMPE0Opa30BaHUECM.

3Has rpaaumeHT (yHKUMOHANA () MOKHO BOCIONB30BATHCA JIIOOBIM M3

MCTOAOB FpaHHeHTHOﬁ OIITUMM3all1H. I[JI}I KOJIMYCCTBCHHBIX HIKaJl 3HAYCHUA
IIPU3HAKOB B PE3YJIbTATC HC MCHANOTCA, a4 3HAYCHUA MCTOK HOMHWHAJIIBHBIX
IPU3HAKOB HA3HAYAKOTCA KATCTOPUAM TAKHUM O6p3.30M, yTOOBl OHHM OBUIM
MAaKCUMAJIBHO CKOPCIUIMPOBAHBI JApyr C AOPYroM U C KOJUYCCTBCHHBIMH
MNpU3HaKaM, YTO MNPUBOAUT K CHHXCHUIO 3(1)(1)6KTPIBHOI>1 PasMCPHOCTH



MPOCTPAHCTBA JAHHBIX (YaCTh MPU3HAKOB CTAHOBUTCSI CTATUCTUYECKU JTUHEHHO
3aBUCHUMA OT JPYTHX).

2.1.3. HopmupoBKa JaHHBIX

Ilocne ToOro, kak BCE€ TMPU3HAKKA OKAa3bIBAIOTCS ONMCAaHHBIMU B
KOJIMYECTBEHHOM IIKaJe, UX OOBIYHO YeHmpupyom u HOpMUpyom.

[lepBpIM mIaroM B CTATUCTHYECKOW OOpabOTKE AAHHBIX, Kak IpaBuUIIO,
ABJISIETCS HAXOXKICHHWE TOYKM CPEAHET0 3HAYEHHsS BCEX IPU3HAKOB —
reOMETPUUECKOr0 IEHTpa MHOTOMEpPHOTO o00Jiaka ToueK JaHHbIX. OOBIYHO
yI0OHO CABUHYTH BCE TOUYKU JAHHBIX HA OJIMH U TOT K€ BEKTOP TaKUM 00pa3om,
YTOOBI LEHTP 00J1aKa OKa3aJCcsl B Ha4Uaje KOOPAUHAT.

Jlanee ciaexyeT HOPMUPOBKA — TO €CTh JIEJIEHUE BCEX 3HAYEHUN MPU3HAKOB
Ha OMNpENeJICHHOE YHCIO TaKuM 00pa3oM, 4YTOObI 3HAYEHHUS TPU3HAKOB
Monajaiv B COMOCTaBUMBIE 110 BEJIMYMHE UHTEPBAJIbI. B KauecTBe Takoro yucia
0OBIYHO BBIOMpPAETCS OAMH U3 XAPAKMEPHLIX MACUMAab08.

B MHOrOMepHOM 00Jiake JaHHBIX CYIECTBYET HECKOJIbKO MacmTaboB. Bo-
NEPBBIX, ATO KBAJPATHbI KOpEeHb M3 O0OIIel aucnepcuu oOyiaka JaHHBIX,
Ha3bIBAEMBIN CPETHEKBAAPATUYHBIM OTKIOHEHHEM:

1 X o2 o 1Y
o= -2X;-X)", X=_"2X;.
N5 N 5

HamomauMm, 49to 3aech u nmajee OonbmiuMu OykBamMu X; 0003HAYAIOTCS
BEKTOpa JIaHHBIX, @ MAJICHBKUMH — X;;: j-as KOOPAMUHATA i-I'0 BEKTOPA.

B cnyuae, ecnu BhIOOpKa MOYKET CUMTATHCS TOTYYEHHOW M3 HOPMAIBHOTO
pacnpe/ielieHus, TO B IIape ¢ MEHTPOM B X PaJMyCOM O HaXOJMUTCS OKOJIO JIBYX
TpeTel OT Ynciia TOUSK JaHHBIX.

CymecTByeT MacmTad, XapaKTepU3YIOIMHUK MaKCHUMaJIbHBIA pa30poc B
oOJake TaHHBIX

R=max|X; - X|.
i=1..N

HopmupoBka Bcex MpU3HAKOB Ha R MPHBOAWT K TOMY, YTO Bce 0OIaKo
JAHHBIX OKa3bIBACTCS 3aKIFOYCHO B IIAp SAWMHUIHOTO PaJINyca.

Ecnmu B kauecTBe macmitaba BBIOpaHBI G WM R, TO COOTBETCTBYIOIIUE
dhopmyel peoOpaboTKH (HOPMHUPOBKH Ha «CIUHUYHYIO TUCIIEPCHIO» M «HA
CIMHUYHBIH [1ap») UMEIOT BH/I:

X.i:X,-—X, Xi:Xi—X

o R
rie X, X, — HOBBIE ¥ CTapble 3HAYEHHUS] BEKTOPOB MPU3HAKOB.

b

C nomoripio MaciiTada o, Kak MPaBUIIo, OTPEEISIOTCS MOHSITHS KacTepa
Y CTyIIeHus B o0nake naHHbIX. [IpuBeneM atu onpenencHus (cm. [4]).



Knacmep — rpynna Touek G Takas, 4YTO CpeIHUM KBajpar
BHYTPUTPYIIIOBOTO PACCTOSIHUSL 10 IIEHTpa TPYIIbl MEHbIIE CpPEIHEro

52 2
paccTosiHUS 0 OOIIEro LEHTPa B MCXOTHOM Habope 00BEKTOB, T.e. d; <O,

1 a1
X;eG N xeG
Ceyu/{eﬂue - rpymnma TOYCK G Takasi, 4TO MaKCHUMaIbHBII KBaJapar

72 2
paccTosHus Touek u3 G /10 IeHTpa TPYIITB MEHBIIE O -, T.€. dGmax <O, THE

ineG l

< K coxayieHuro, TaKue ONpe/Ie/ICHHs HE BCETIa COOTBETCTBYIOT
WHTYUTUBHBIM IIPEACTABICHUAM O KIACTEPAX U CTYLIEHUAX —
HaIpuMep, KOTJa CrylleHHue MpeICTaBIseT U3 ce0s CUIbHO
BBITSIHYTOE 00JIAKO TOYCK. <

Kpome Toro, ecnu amanazoHbl 3HAYEHWM JUIsI Pa3HbIX MPU3HAKOB OYEHBb
CHWJIBHO OTJIMYAIOTCS APYr OT APYra, TO pPa3yMHO JUISl Ka)JOro W3 MPU3HAKOB
MPUMEHSITh COOCTBEHHBIN MacmiTad. [[ist Ka)xa0ro u3 mpu3HAKOB MOKHO BBECTU
CBOE CPEAHEKBAIPATUYHOE OTKIOHEHHE U pa3dpoc:

L %( )?, X 71% R
O, = X —X; ,Xj: xij, .:max‘x..—x.,
TN Y Nig ’ v

i=1..N

rle X; — 3HaueHWe j-ro IpU3HaKa Ha i-oM oObekTe. Kak pesynsbrar,

nony4aeM (GOpMyibl JUISi HOPMUPOBKM Ha «EAMHUYHYIO JIUCIIEPCUIO IS
KQ)KJIOTO U3 MPU3HAKOB» U «HA SAMHUYHBIA KyO»:

X — X X — X
~ l ~ 1

1
o / R;

DT HOPMHUPOBKH HE SIBISIOTCS «H30TPOIMHBIMU», TO €CTh OHU COKHUMAIOT
00JaK0 JaHHBIX B HEKOTOPBIX HANPABIEHUSIX CHIIbHEE, B HEKOTOPBIX — MEHBIIIE,
YTO B HEKOTOPBIX CIIydasiX SIBJISIETCS JKEJIaTeNbHbIM, @ B HEKOTOPBIX — HapyIIaeT
CTPYKTYpPY JaHHBIX (B3aUMHBIX paccTosiHuil). Takas HOpMHpPOBKa (haKTUUYECKU
SKBUBAJICHTHA BHIOOPY B3BEIICHHOW E€BKJIMJOBOW METPUKH, O KOTOPOH peub
MOUAET HIKE.

Hakonen, crnenyer ynomMsiHyTh, YTO C KaXIbIM W3 KOJWYECTBEHHBIX
MPU3HAKOB MOTYT OBITH CBSI3aHBI €llle JABa MacuTada — 3T0 TOYHOCTb U JOIYCK
(em pazgen 1.1), ¢ MOMOIIBIO KOTOPBIX TaKKe€ MOXKHO «00e3pa3MepHUTh»

3HAYCHMH: OTUX IIPU3HAKOB.



2.1.4. Boi0op MeTpuKH 1JIs1 NPOCTPAHCTBA IaHHBIX

JItobasi HOPMHPOBKA JAaHHBIX MPHBOAUT K TOMY, YTO HM3MCHSIOTCS
B3aMMHBIC PACCTOSIHHAS MEXKy TOYKAMH JTAaHHBIX. ITO MOKHO MCTOJKOBATh Kak
BBIOOp METPHUKH WHOM 10 CPAaBHEHHIO ¢ OOBIYHON €BKIIMI0BOM. BEIOOp MeTpUKH
SIBJIICTCS. BAYKHBIM MOMEHTOM B JIF0O0OM METO/IMKE aHaN3a CTPYKTYPHI JTaHHBIX.

CHauana BBeIEM TMOHATHS Mampuybl C643u TPU3HAKOB U Mampuybsl
paccmoanuii MeXIy 0OObEKTaMHU.

Marpuiia cBsi3u — KBaipaTHasi CAMMETPUYECKAs MaTpULla pa3MepaMu mxm
THTIA <«IPU3HAK-TIPU3HAK», TJI€ HA TICPECCUCHHH [-OW CTPOKH j-Or0 CTOJIOIA
CTOUT MEpa «B3aUMOCBSI3aHHOCTW» I-T0 U j-ro mpu3Haka. CaMoil MOMmyJsipHON
MEpOH CBSI3M KOJMYECTBEHHBIX MPU3HAKOB SIBISIETCS KOYPPHUITMEHT KOPPEISIINN
[Tupcona, KOTOPHIN BEIUUCIIACTCS 11O (HOpMyJIe

T ki 1

N
= e sy= Y (g —x)( —X ).
J [ J l y J
Skijj N_1i=1

B PE3YJIbTATC ManPII.[eﬁ CBA3U CTAHOBUTCA KOPPEIAYUORHAA Mampuya

I’ll I’lm

m mm

< B cinyyae mpuMeHEHHS TOPSAKOBBIX U HOMHUHAJIBHBIX IIKAJT MOTYT
MPUMEHATBCS APYTHE MEphl CBS3M Takue Kak Kod(pUIMeHT
PaHTOBOM  KOPpENSAIMM  JUIS  BBIYMCICHUS  CBSI3U  MEXKAY
MOPSIKOBEIMU MPU3HAKAMH WM OUCEPHATBHBIN KO3 (OUIIUEHT
KOPpEJSIUU, TPUMCHSICMBIA 1T  HW3MEPCHHSI CBS3M  MEXKIY
MOPSIKOBBIM M KOJIMYCCTBCHHBIM TpH3HAKOM. [101po0HBIN aHaIHM3
3TUX K03 dunreHToB npuseaeH B [28] 3<

Marpuna paccTosHuUM — KBaJpaTHas MaTpuua pasMmepamu NXN Tuna
«00BEKT-00BEKT», T/IC Ha MEPECCUCHUH i-OM CTPOKHU j-OTO CTOJIOIA CTOWT Mepa
YAUICHHOCTH MEXK]TY i-bIM U j-bIM OOBEKTOM:



A Toro, 4toObl BENUYUHBl d; UMENU CMBICI PAcCTOSHUI MeExXIy
00BbEeKTaMH B MHOTOMEPHOM MPOCTPAHCTBE, HEOOXOIUMO, YTOOBI TSI BCEX 1, j =
1...N BBITIOJHSUTACH TPEOOBAHUS:

1. MakcumanbHOE CXOACTBO 00BEKTA C caMUM Co00#: d;; = min d;.
j=1.N

2. TpeboBanue cummerpun: d;j = d; .
3. BhInonHeHne HepaBeHCTBA TPEYroJbHUKA: d;; < dy + djj .

Ecam BBemeHHas Mepa YHAJIGHHOCTH MEXIy OOBEKTaMH TaKOBa, YTO
BBITIOJTHSIETCS ATO YCJIOBHS, TO Oy/IeM Ha3bIBaTh D MaTpUIlEH PacCTOSHHUIA.

< JlaHHBbIE MOT'YT OBITh HCXOJHO 33JIaHbl B BUJIC MATPHUIIbI CBA3H HJIH
ynaneHHocted. Toraa BO3HMKAaeT 3ajaya 1O 3aJaHHOW MAaTpHIIe
BOCCTAHOBHTH B KAKOM-JIHOO CMBICIIC MCXOHOE MHOXKECTBO TOUYCK
JTAHHBIX TaKUM 00pa3oM, YTOOBI JUIsi HEr0 MaTpHIla CBA3aHHOCTH
WIM  yAaJeHHOCTEH WMeNd 3aJaHHbli  BHJI  (TOYHO WK
MPUOIMKEHHO). 3<

[IpaBuo BBIYMCICHUSI PACCTOSHUS MEKIY OOBEKTaMH MOXKET CHIIBHO
BUJIOW3MEHATHCS B 3aBUCHUMOCTH OT crienuduku 3anaun. Ecnu takoe mpaBuiio
3a/1aH0, TO TOBOPAT, YTO B IIPOCTPAHCTBE IPU3HAKOB BBEJEHA METpPHKA.
PaccmoTpuM paznuyHbie mpaBHiIa U3MEPECHUST PACCTOSHHM:

I. Keaopamuunvie mempuxu:

Jlnst  kiacca  KBaJpAaTHMYHBIX METPUK KBAaApaT PACCTOSHHUS MEXKIY
oObeKTaMU  SIBJSIETCSl KBaJpaTUyHOW (OpMOM OT pa3HOCTEW 3HAYEHUH HX
KOOpAMHAT:

_ T

dy=(X; =X ) G(X; - X ).

rae G — cMuMMeTpUYHas MOJIOKUTEIBHO OINpEACIICHHAs MaTpHIIA.
B kxadectBe MaTpuiipl G pa3MepaMu mxn MOKHO BBIOpaTh

a) CAMHUYHYIO MaTpumy G = E, B PE3YJIbTATC YCTO II0JIy4acM 00BIYHOEC
CBKIIMIOBO PpACCTOAHUC

“ 2
d; = 2 (g — X))
k=1

6) mumaroHaneHyto matpunty G = diag(g;,g2...8x), B pe3yabTaTe MOIYIHM
B3BEIICHHYIO €BIIUIOBY METPUKY

i 2
dij: zgk(xik_xjk) ;
k=1



B) MaTpHIly, 00paTHYIO KogapuayuonHou mampuye G = st
Sll cee SlN

1 N
S: Sij , T Sij Ii_Z(xkl—)T[)(xkj—)Tj),
N-1a

Sn1 o e SAN
9TO AT MAXAIAHOOUCOBY MEMPUK).

C KxoBapHamMOHHOW MaTpUIIEH CBSI3aHO TOHSTHE JJLIUNCOUOA PACCESHUS
obOnmaka Touek. OcCsSMH DJUIMIICOWIA PACCESHUS SIBISIIOTCS HAIPaBICHUS
COOCTBEHHBIX BEKTOpPOB S (TIOCKOJBKY S-CHMMETpWUYHas MaTpuia, TO
COOCTBEHHBIE BEKTOpa 00pa3yroT MOJHYIO OPTOTOHAJIBHYIO CHCTEMY BEKTOPOB),
JUTMHBI ~ OCEl  BBIOMPAIOTCS  PAaBHBIMH  3HAYEHHUSM  COOTBETCTBYIOIIMX
COOCTBEHHBIX YHCEII.

Oco0OeHHOCThIO MaxaJTaHOOMCOBOM METPUKH SIBISIETCS TO, YTO B HEH
AJUIAINICOUJT PACCESHUS TOYEK JIaHHBIX SBIIETCS IIApOM C EIUHUYHBIM
paguycoM.

OCHOBHBIM MPEUMYIIECTBOM HCIIOJb30BAHUS KBAJAPATHUYHBIX METPUK
SBJISIETCSL TOT (PAKT, UTO MPOU3BOJHASL OT KBaJipaTa pacCTOSHUSA, U3MEPEHHOTO B
TaKOW METpUKE SBISICTCS JUHEHHON (yHKIMEW OT KOOpAMHAT OOBEKTOB, UTO
MOXeET OBITh UCIOJIB30BAHO MPHU PEIICHUH PA3IMYHBIX 3a/1a4u (Hampumep, 3ajiau
ONTHUMMU3ALINHN).

II. Cneyuanvnvie 6udvr mempuxu:

a) 20poocKas Mempuka WA paccTossHue MUHKOBCKOTO:

m
d; = Zlk(X,-,Xj),
k=1
NPUMEHSCTCS  JUII  W3MEPCHHS  PAacCTOSHHUM  MEXAy OOBEKTaMH,
OIMCBhIBa€MbIMU B MOPSAKOBOM mmikane; [i(X;,X;) — pa3HUIIa B HOMEpax rpajauit
10 k-OMy IIPU3HAKY Y CPaBHUBAEMbIX O0BEKTOB ¢ BeKTOpaMu X; U Xj;
0) PaccrossHue XsoMMuHTa

m
dij = Z‘xik _xjk‘
k=1

yaiie BCero NpUMEHSAETCs JJI1 U3MEPEHUS] PACCTOSIHUSL MEXAY OOBbEKTaMu,
ONMMCHIBAEMBIMH B JUXOTOMHUYECKOW mikaie. Tornma paccrosHue X3MMHHIa —
YHCJIO HECOBMAJAIOUINX 3HAUYEHUIN MPU3HAKOB B PACCMAaTPUBAEMOM i-OM U j-OM
00BeKTax.

B) paccrostnue Konmoroposa



1/
p p

m
dy = Z‘xik _xjk‘
k=1

SBJIICTCS 000OIIEHNEM EBKJIMIOBOM MeTpukH. Tak, mpu p = 1 momydaem
METpHKY X3MMHHTA, IPU p = 2 — €BKIMIOBY METPUKY, TIPH p = o — METPUKY
«TI0 MAKCUMYMY MOJTYJISI»:

d;j = max ‘xik _xjk‘

{k=1..m}

Bce »atn  merpukm JOTYCKAIOT TpPHUBHAIBHOE OOOOIICHHE, €ClH
MPOU3BOJIUTE CYMMHUPOBAaHHE C BeCaMH M TOTJa TMOJydaeM B3BEIICHHYIO
TOPOJICKYIO, B3BEIICHHYI0O X3MMHUHTOBY U B3BEIICHHYIO MeTpuKy Kosmoropoga.
Beca mpusHakoB moaOMparOTCs WM C IOMOIIBIO TMPOCTBIX 3BPUCTUUCCKUX
METOJIOB, WJIM HACTPAMBAIOTCS C TIOMOIIBIO CIEIUATBHBIX Mpoueayp (cwm.,
Hanpumep, [4]).

III. Pumanosa mempuxa

PumanoBa Merpuka siBisieTcsi 0000mIeHMEM KBaJpPAaTHYHONW METPUKH B
ClIy4ae TOYEYHOTO MPOCTpaHCTBA. B HeW 3amaercss KBaapaTHUHOE PACCTOSHUE
MEXKTy 0ECKOHEUYHO OJIM3KUMH TOYKAMU

ds = /_Zgijdfidfj )
[2%)

rne  d§;,dg;— OecKoHeYHO Malble MpUpANICHHUS KOOPIHMHAT, gj

METPUYECKUI TeH30p. 3HaueHHUs g; 3aBUCAT OT TOUKU MPOCTPAHCTBA, B KOTOPO
U3MEpSICTCS PACCTOSHUE MEXAy OCCKOHEUYHO OMW3KMMH TOo4ykaMu. Torma
pPacCTOSIHHE MEXKIYy OOBCKTAaMH H3MEPSETCS C IOMOIIBI0 HMHTErpaja 1o
TPacKTOPUU U, BOOOIIIE TOBOPSI, 3aBUCUT OT BBIOOpA TPACKTOPUH, COCTUHSIOMICH
JIBa 00BEKTA

dy (L) = {ds.
L

Ecau mbl mpeanonaraem, 4To pacCTOSTHUS U3MEPAIOTCSA MO KpaTdauliemy
MyTH, TO CPEAW BCEX TPACKTOpWUH L BeIOMpaeTCs Ta, MPH HCIOIH30BAHHUH
KOTOPOW PacCTOSTHUE OKA3bIBAECTCSI HAMMEHBIITUM

dij = il}f dij (L).

Takas TpaekTopus Ha3bIBACTCAd 2e00e3UYyecKoll W WUIPAET  POJib,
aHAJIOTUYHYIO IPSIMOI B €BKJIMJIOBOM ITPOCTPAHCTBE.
[IpuBeneM HECKONIBKO MPOCTHIX BUJOB PUMAHOBBIX METPUK

a) g =diag(f1(§), f2(82)ses [ (), THE fi(E), (O, fi(O) -

MOHOTOHHBIC (PyHKIIMU OHOTO aprymeHTa. [lo cymecTBy Takas METpUKa MOXKET



OBITH MpeoOpa3oBaHa B €BKIIMJIOBY HEIMHEHHBIM MPEe0Opa3oBaHUEM KOOPIAMHAT
ll _ _1 .
Gi =1 (&):
0) KOH(pOPMHO-TIJIOCKAsT METPHUKA

8ij = Y(G1562-Sm )0,

rae o; — cuMBoJI KpoHekkepa.

B o6riem ciydae 3Ta METpHKa HE MOXKET OBbITh MPEBpAIllCHA B €BKJIHIOBY
cpa3y BO BCEM TPOCTPAHCTBE HHUKAKUM HEIHMHEHHBIM MpPeoOpa3oBaHUEM
KoopauHat. Ee CMBICI COCTOMT B TOM, YTO MAacHITad, ¢ MOMOIIBIO KOTOPOTO
U3MEPSIOTCS PACCTOSIHUS, MEHSIETCS] OT TOYKH K TOYKE MPOCTPAHCTBA.

2.1.5. Hactpoiika METpUKH

HpI/I HUCIIOJIb30BAHMH B3BCIICHHBIX MCTPUK OCTANOTCA HCOIPCACICHHBIMH
BC€Ca IMPHU3HAKOB. I/IHOI‘I[B. YCIIOBUA 3aJavu IMO3BOJIAIOT BBIACIUTH TC IMPU3HAKH,
KOTOPBIC ABJIAIOTCA «0oJjiee 3HAYMMBIMU» npun HU3MCPCHUN paCCTOHHI/Iﬁ u
Ha3HAYUThL JIsI  9TUX  TPU3HAKOB  3HAYCHHA  BCCOB. Ecim  Hukakux
JOIIOJTHUTCIIBHBIX COO6pEDKCHPII>i HCT, TO AJIA HaCTpOﬁKH BCCOB MOTI'YT OBITH
HCIIOJIb30BAHBI HCKOTOPBIC CIICHIUAJIBHBIC ITPHUCMBI. HpI/IBeZIeM IMPUMCPHI:

1) AganTuBHBIE KBaAPATUUHBIE METPUKH:

PaccmoTrpuM MeTpuky

dy=(X; =X G(X; - X ).

d;; — pacCTOSIHHE MEXY I-bIM H j-bIM OOBEKTOM.

[Tomoxum, uro det G = 1. Takoii BBIOOp HE NENaeT pPe3ylbTaThl MEHEe
OoOIIMMH, HO €ro HCIIOJIB30BaHHWE IO3BOJIAET HE pPAacCMaTpPUBATh PEIICHUSA,
OTIMYAIOIIMECS JAPYyr OT Jpyra TOJBKO TPEeoOpa3oBaHUEM TOMOTETUU
(paBHOMEpPHBIM pAcTsDKEHHEM 10 BceM ocsiM). JlomyctuM, yTo Ha Habope
00BEKTOB YK€ CYHIECTBYET OIpe/eieHHas CUCTEMa OTHOUIEHHMH — OOBEKTHI
pa3butel Ha k  Hemepecekaloluxcs  KiaccoB. BBemem  marpuny
BHYTPHUKIIACCOBOTO pazbpoca W:

1 & T
W=—3% XX, -X,)X,—-X,) ,

i=lx; x,ex;

rae T — obOo3HaueHHE Olepalryd TPaHCHOHMpOBaHUs, K; — 0003HaueHue
MHO>XX€CTBa 00BEKTOB, MPUHAICKALIUX i-OMY KJaccy.



1 v o

Ecmm BeiOpate G = oW ', Ol — Y4HUCIOBOW MHOXKHUTEIh, TO MUHUMAIBHON

(cpenu Bcex KBaJpaTHYHBIX METPHK) OKAa3bIBACTCS BEIMYMHA BHYTPUKIACCOBOTO
paszbpoca

k
w=Y Yd*X,.X,),

i=lx, x,ek;
Tac d 2 (Xl s Xm ) — KBaJpat paCCTOAHUA MEXKIY [-B5IM ¥ m-bIM 06T)GKTOM,

9TO TPUBOAUT K TOMY, HYTO KJIAcChl OKAa3bIBAIOTCS MAaKCHUMAaJIbHO
KOMITaKTHBIMH [4].

Ecnu pazbuenune Ha Kiacchl He 33JJaHHO M3HAYAJIBHO, TO BO3MOYKHA TaKast
HAaCTpOWKa METPHKH, MPH KOTOPOH MaHHBIE OyAyT pa3OWTHI Ha k KJIacTepoOB
«Hanbosee KOHTPACTHO». MITepaliMOHHBIN alTOPUTM COCTOUT U3 IBYX (a3:

®asza 1. Ilpu duxcupoBanHoii Merpuke G TpoM3BOAMTCS pazOHEHHE
MHOXXE€CTBA JAHHBIX Ha Kk KJIACTEPOB TEM HJIM WHBIM CIIOCOOOM (CM, Hampumep,
[1,30]). Uncro kmacTepoB 3a7aeTcsl B Havaie paboThl U Jajiee He MCHSICTCS.

@®aza 2. Ilo mnosydeHHOM KJIacCU(PHUKAMU CTPOMTCS  MaTpHla
BHYTPHKJIaccoBOro pazdpoca W u Beomutcs Merpuka G = (WD),

[llarm anropuT™Ma MOBTOPSAIOTCS N0 TE€X MOp, IOKa OTHOCUTENIbHbBIE
M3MEHEHHUS 3HaU€HUM 3J1IeMEeHTOB G HE CTaHyT MEHbLIE 33JJaHHOT0 YHCTIa €.

[Ipn wucnonb30BaHUM B3BEIICHHOW EBKIUIOBOM METPUKU BBIYUCICHUE
BECOB MOXET ObITh ympouieHo. B kauecTBe MX 3Hau€HUN MOXHO BBIOpaTh

8k :aw,:kl, rne Wi — k-blii JOMaroHanpHbI SneMeHT Martpunbl W, o —

HOPMHPYIOIIMH MHOXHTENb (Hampumep, npu & = [ [ wy, momydaeM paBeHCTBO
k

detG"=1).
2) Ucnonp30BaHNe 9aCTHYHO-00 yIarOIIHX BEIOOPOK

Yactnyao oOyudaromas Beioopka (UOB) — MHOXeCTBO map OOBEKTOB,
OTHOCHUTEIIbHO KOTOPBIX M3BECTHO, YTO OHU MPHHAJICKAT OJHOMY Kjaccy [4].
EcTtecTBeHHO cunTaTh Takue 0OBEKTHI OJTU3KIMH.

BBenem ananor MaTpuisl BHyTpUKIIaccoBoro pasopoca st HOB:

1 Mo
W=— > (X;—X,)(Xy; = X5)" . (Xyi, X2 — i-ast mapa u3 YOB).
Nyop =1

4OB

Ecm W HCBBIPOXKICHA, TO OINTUMAIBHYIO MCTPUKY IIOJIY4YHUM, BBI6I/Ipa$I

G=aW™' toeo— HOPMUPYIOIIAN MHOKUTEb.
3agady MOKHO YIPOCTUTh, UCIIOJIb3Ys B3BELIEHHYIO €BKIUJOBY METPUKY U
BbIOMpast



. -1 -1 -1
G =O,’-dl6lg(W11 » W2 ""’Wmm)’ a:HWii :
i

3) MakcuMmu3anust KOppeJsiiui.

PaccMoTpuM pruMaHOBY MeTpuKy. MOXKHO MONBITaTbcs MOA00paTh BUT
byHkuui fi(x) TakuMm oOpa3oM, 4yTOObI MPU3HAKK OKa3aIUCh MaKCHUMAaJIbHO
CKOppenupoBaHbl. B kadectBe  kpuTepus, 1O KOTOPOMY  HILETCA
npeobpa3zoBaHKe, MOXKHO HCIIOJIb30BATh BEINYUHY

m
0’ = Zryz , Ij — KO3(QOUIMEHT KOPpEISLHMH MEXKAY I-bIM M j-bIM
i<j
IIPU3HAKOM.
@OyHKIMU MOTYT OBITH BBIOpAaHBI U3 HEKOTOPOIO CeMecTBA MOHOTOHHBIX
npeoOpa3oBaHuii, Hanpumep, npeodbpazoBanusi bokca-Kokca [4]:

i) =% -0/e;, o #0

1

nuu O6ojiee obmiee AByXIapaMeTpPUIECKOe CEMEHCTBO

fi)=%-B)la;, o #0
fi)y=In(x-p4;), a; =0

Torna Q=0(a, B, ,055,....¢,,, 5,,)1 Kputepuii Q  MOXeT ObITH
MaKCHMH3HPOBAH II0 apamerpam O, Py, k=1...m.

4) KonTpactupoBaHue CTPYyKTYpbI JaHHBIX

PaccmoTpuMm Takoil BapuaHT pUMaHOBOM METPUKH, B KOTOPOM IIJIOTHOCTh
JAHHBIX OKa3aach ObI MOYTH PABHOMEPHOU MM, HA00OPOT, CTPYKTYpa
CTYIIIEHUH OKa3ajgach Obl 00JIee KOHTPACTHOM.

DOneMeHT 00beMa pUMaHOBa MPOCTPAHCTBA BBIUUCISIETCS 110 (OpMYyIie
dv =.||gldx'dx? ...dx" , TE \g\ — ONPEIEIUTENDb MAaTPULIBI METPUYECKOTO

TEH30pa.



OueHrM HOPMUPOBAHHYIO HA OJIHY TOUKY IJIOTHOCTh PACIPEACIICHUS TaHHBIX
B MCXOJTHOM IMIPOCTPAHCTBE C MOMOIIBIO0 KAKOW-TMO0 HeTapaMeTpHIeCcKoi
oueHku. Hampumep, nmycrb

N n X.—

xi~
ZHK ST R

‘X\G” i=1j=1 o

p(x) =

rae K(x) — HekoTopas QyHKIUS, yIOBICTBOPSIONIAs YCIOBHIO jK (x)dx=1,

— 00

1 2 .
Hanpumep K(x) = —exp(—x“), © - paanyc «00JaCTH BIUSHHS», KOTOPBIN

Iz

SIBIIICTCS CBOOOHBIM MTAPAMETPOM I MOKET OBITh OIEHEH METOIaMHU
HEMapaMeTpUUYECKON CTAaTUCTHKH.

JlonmycTtuM, B HOBOM MPOCTPAHCTBE TUIOTHOCTh pacmipeiesieHus Oyer
IOCTOsIHHA: P = p,. Harmpumep, MoxxHO BBIOpATh p, =1/V , TA€ V — HCXOAHBIN
00beM (pa30BOTO MPOCTPAHCTBA TAHHBIX (KOTOPBIN, OYEBUIHO, KOHCUCH).

HOJIO)I(I/IM, 4TO MCTpHUKA IIPOCTPAHCTBA UMECCT KOH(I)OPMHO—HJIOCKI/Iﬁ BHU:

2 _ i J
ds” =y(x)Y o dx'dx’,
i
rae ¥(x)- KoHGOPMHBIN MHOKUTENb, 3aBUCSIIUN OT TOYKHU X. [[71s1 TOTO,
YTOOBI IVIOTHOCTH TAHHBIX B HOBOM IIPOCTPAHCTBE CTajia MOCTOSHHON (MOXET
OBITH 32 HCKIIOUEHUEM IPAaHUIHBIX 00J1acTei), HEOOX0IMMO BBIOpAThH
2/n

Po

O

C npyroit CTOpOHBI, BEIOHpast
a
o =[22] a0
Po
MoJlydaeM METPUKY, B KOTOPOH CTyIICHHS JJaHHBIX BBITJISAIAAT TEM OoJiee

KOHTPACTHO, 4eM OoJbllie mapameTp O. Mambie pacCTOSHHSI MEXIYy TOYKaMU
JTAHHBIX B TAKOW METPUKE CTAHOBSTCS €II[€ MEHbIIIE, OOJBIITNE — OOJIbIIIE.

2.1.6. Beruncnenue paccTOsIHUM JJIs JAaHHBIX ¢ ITpoOenaMu



OtnenpHBIC 3HAYEHUS KOOPJIWHAT TOYEK JAHHBIX MOTYT OKa3aThCs JIMOO
HEJIOCTOBEPHBIMH, JIMOO BOOOIIE HEU3BECTHBIMH, M TOTJa OOBEKT B
MHOTOMEPHOM TIPOCTPAHCTBE HAJO0 MPEACTABISATH HE TOYKOW, a MPSIMOU WIIH
TUTNIEPIUIOCKOCTRIO, TapalUICIbHOW KOOpPAWMHATHBIM ocsM. Kak u3MepsaTh
paccTosTHUS MEXAy 00bEeKTaMU B TAaKOM cirydae?

bynem  BBIMHCIAT, TakWe pPACCTOSHUS KaK  PACCTOSHUS — MEXIY
COOTBETCTBYIOIIIMMH T€OMETPUUYCCKUMHU OOpa3aMu (MEXKIY TOYKOW M TPSMOM,
TOYKOW M TUTIOCKOCTBIO, IPSIMOW U MPSIMOU | T.11.) B pe3ynbrare moryaum o4eHb
MPOCTOC  MPaBWJIO  BBIYMCICHHWS  PACCTOSHUNM  MEXIYy OOBEKTaMH  C
MPOMYIIEHHBIMU 3HAYEHUSIMU TIPU3HAKOB — PACCMOSAHUSL BbIYUCTISIIOMCS 8 MOM
nOONpoCmMpancmee, 8 KOmopom 3HAYEHUs. KOOPOUHAmM ) 00beKmMOo8 U36eCHIHbl
nonnocmoio. VIHBIMH CJIOBaMH, TIPU MOJICYETE CYMM B (OpMYysIaX BBIYUCICHHS
PAcCTOSHUM Te caraeMble, KOTOPhIE HE MOTYT OBITh BBIYMCIICHBI H3-3a TOTO, YTO
OT/ICJIbHBIC 3HAUCHUS MMPU3HAKOB HEU3BECTHBHI, IIPOCTO MPOMYCKAIOTCS.

[Tokaxem, 4To 3T0 Tak. JlomycTuM, OOBEKT UMEET CICIYIOIINE 3HAYCHUS
MPU3HAKOB

X =(1:626k1> @ Gt om) -

3HaukoM @ MBI 0003HAYMIIM HEM3BECTHOE 3HaueHWe mpusHaka &. ITycTsb
X(k) obo3Hauaet, 4T0 y 00BbeKkTa X HEU3BECTHO 3HAUECHHME Kk-Oro MpHU3HAKA, a
X’(k) 0603Ha9aET ClIeAYIOLIMIT HAGOP PU3HAKOB:

XOk) = (.65 &k 10,6 i1 Em) s

TO €CTh k-0€ 3HaUECHHE NMPU3HAKA 3aMEHEHO HYJIEM.

Torma reomerpudeckuii o0Opa3, KOTOPBI MOYKHO COIIOCTaBHTh OOBEKTY
X(k) — npsmast

X =x%k)+ e,t, Tlie ey — EIMHUYHBIA OPT k-0l KOOPAMHATHOM OCH.

[lycth 3HaueHuss NpU3HAKOB OOBEKTAa Y H3BECTHBI MOJHOCTHIO. Toraa
HaleM KparJaiiee paccrosnue Mexny X u Y =(1,,7m,..1,,):

d
. (X-Y))=0 = (X-Y)e, =0 = 1=Ye, =7,.
t
9TO 03HA4acT, 4YTO IIPHU BEIYHUCICHHUH PACCTOSAHHUA HCU3BCCTHOC 3HAYCHUC k-

ro npu3Haka y X Heo0X0IMMO 3aMEHHUTh 3HaUeHHEeM k-To npusHaka Y. Ho Torma
2 0 2 0 0 2
(X-Y) =x°(k)-1)> -1, =X (k) -Y"(k))*,

TO €CThb HpI/I BBIUUCIICHUU paCCTOHHI/Iﬁ MOXHO HpOCTO HpI/IpaBHHTB K HyJHO

3HaueHue k-ro mpuszHaka o0bekToB X u Y. Torma, Hampumep, B cliydae
€BKJIMJIOBA PACCTOSTHUS MOTydaeM (POPMYITy I BBIYUCIICHUS PACCTOSIHUS

d(X,Y)=




Paccmorpum, uto Oyaet, ecimm y o0ObekTa Y HEM3BECTHO 3HAUYCHUE [-0TO
npu3Haka. Torma

Y=Y0(l)+e,s,

d Al
dt((X_Y) )_0 (X—Y)ek=0:> ~Y (e +1-6ys=0

= 0
4{x-vp)=0 (X=Y)e; =0 " | XOk)e, + 1 —s5=0

ds
Ecm k#1, 10 t=1, 5 =cf, Y NPUXOAUM K TOW K€ CUTYyallu, 4TO U B

ciydsae ¢ Toukol u  mpsmod. Ecmm  k=Il, T0 t=s5 u

2
(x - Y)2 = (X Yk)-v O(k)) U BHOBb MBI IIPOCTO IPOITYCKAEM HEU3BECTHOE

3HAYEHUE MPU3HAKA.

CoBeplieHHO aHAJIOTMYHO OOCTOUT JIeJI0 B 00IIeM ciydae, korga u X, u Y
coAepKaT IPOU3BOJIBHOE YHUCIIO MPOMYIICHHBIX PU3HAKOB.

Tenepp BepHEMCS K cCly4daro, Korja y Y U3BECTHbl BCE 3HA4YCHUSA
MPU3HAKOB, a JyIsi X HEM3BECTHO 3HAYCHUE k-TO MPU3HAKa, HO U3BECTHO, YTO OHO
JICKUT B AMana3zoHe [a,b;] (00BEKT MPEACTaBISACTCS OTPE3KOM mpsimoii). Torma
MPaBWJIO BBIYMCIEHUS PACCTOSHUS MEXAY X W Y OKakeTcs CIeAYIOIIUM: €Cu
N €lay,b, ], TO Kak U mpexae MpoIyCKaeM 3HAYEHUE IIPU3HAKA, MHAYE, €CIIU

M, <a,, To momaraeM &, =a,, a ecam 1), >a;, 10 &, =b, W cuuTaem
paccrosiHue.

2.1.6. I'paBuTHpYIOLINE TAHHBIE

[Tponenypsl mpenoOpabOTKU MaHHBIX MOTYT 3aKIIOYaThCAd HE TOJBKO B
HOPMHPOBKE JaHHBIX W BBHIOOPE METPUKH, HO ¥ B IIEJCHAMPaBICHHOM
M3MEHEHUU PACCTOSTHUN MEXIy TOYKaMH JJis MOAYEPKHBAHUS OIPEACIICHHBIX
0COOCHHOCTEH CTPYKTYPHI 001aKa TOYCK.

PaccmorpuM nipeioxkeHHbIN B TiiaBe | BapuaHT npeoOpa3oBaHUsI TaHHBIX
Kak o0yaka rpaBUTHPYIOIUX ToueK. [IpumnuineM kaxaoi Touke X; «Mmaccy» m;.
«Tunu4Hble TMPEACTaBUTEIU» KJIACCOB, HANPUMEP, MOTYT HUMETb OOJBIIYIO
Maccy 10 CpaBHEHUIO € APYIrMMU. B caMOM MpOCTOM ciiydae BCE MacChl paBHBI.

BbyneM wucnonb30BaTh €BKIMAOBY METPUKY MJISI U3MEPEHHS] PACCTOSIHUI
MEKy TOYKaMHU, TOT1a

[Xi = X=X = X )7

BBenem norennman B3auMoaeicTBus MeXy Toukamu X; 1 X;. Paccmorpum
MPOCTOM CiIy4all LEHTPAIbHBIX CWJI W MPEANOJI0XKUM, YTO MOTEHUUAT HE
3aBUCHUT OT HOMEPOB TOYEK I U J:

)

P(X;, X ;) =(Pqu —X;




@ (r) — moTeHIMaNbHAas (QYHKIHS, 3aBUCAIIAS TOJIBKO OT PACCTOSHUS

Me)KI[y TOUKaAMMN. TOI‘Z[a 3Hep1“I/I$I B33.I/IMOII€f/iCTBI/I$I HapBI TOUYCK
)51 CYMMapHaﬂ BHGpFI/IH

U= ; Smmip X, ~ X,

i#]
Torga q )
U 1 o\X-X,| -
a)(k_zgjmimj)Q—ij(%x,-—Xj)—ijk(Xi‘Xﬂ)‘
_mki;'{mi HXi—XjH (Xk Xi)

BYI[CM CUUTAaTh, 4YTO JICTKAasd 4YaCTUlla ABUKCTCA B BSI3KOU cpeac, Tak 4To
HUHEPIUS IBMKCHHS TaCUTCS cpefioi. Toraa ypaBHEHHE JIBH)KCHUS OKa3bIBACTCS
MIEPBOTO TOPSIIKA:

X, U
o dX,

Hpome BCCIr'0 peuiatb 3TO YPABHCHUC II0 CXCMC 317IJIepa, qTO Ha4acT

CJIEAYIOIIYIO UTEPALIMOHHYIO (HDOPMYITY:

oU
XM =x"-"=Ar
X
[Ilar At qomKeH OBITH JOCTATOYHO MaJl, YTOOBI OOECIIEUNTh aIEKBATHOCTH

peLeHus.

Tenepp BcrloMHHMM, 4YTO Halla BceneHHas JaHHBIX JOJDKHA pa3lyBaThes,
4TOOBI 00ECIEYUTh MOCTOSHHYIO IUIOTHOCTh AaHHBIX. DTOro 3¢ @exra MOKHO
JOCTUTHYTh MPOCTOW NEPEHOPMHPOBKOM JTAaHHBIX Ha MEPBOHAYAIBHBIA OOBEM.
JIIst 3TOrO Hy’KHO BBIYHCIIHTH HOBBIH (ha3oBblii o0beM nanubiXx V'™ — o6bem
MPSAMOYTOJIBHOTO IapajuleieNuIlela CO CTOPOHAMH, DPAaBHBIMHM JHANa30HAM
3HAQYeHW NpU3HAKOB. Torma mojydyaeM OKOHYATENbHBIA HTEpPallMOHHBII
ANTOPUTM:

[ar 1. JIBu>keHue 4acTuil

X" =x"- g;l(]A’

[Iar 2. [TeperopMupoBKa.

Ha sTom mare MoHO NpeIOKUTh Ba BAPUAHTA:

1) wm3oTpomHbI (paclIMpeHUE NPOUCXOAUT OJWHAKOBO BO  BCEX
HAIPaBJICHUAX ):

i



1/m
¢ (0)
(X (1+1) ) _|V x (4D

, The V9 _ qaganpaeii 00beM ITAHHBIX.
! V(t+1) !

B 3TOM BapmaHTE BO3MOYKHO «CXJIANbIBAaHWE» BCEIEHHON NaHHBIX BIOJIb
KAaKOTO-TO HalpaBlieHUusd (mapajuielenunesi MOXET HadaTb HEOTPaHUYEHHO
BBITSTUBATHCS ).

2) HEWU30TPOIHBbIN (paclIMpEeHHE TMPOUCXOAUT TaK, 4YTOOBI COXPaHATh
dhopmy ncxoaHOTO (ha3oBOro 0Obema)

’ 0
( (t+1)) _ A ae
Xik T A+ Xik s
Ay

rae A(,f)— JMara3oH U3MEHEHUS 3HAaUCHUN k-T0 TpU3HaKa Ha I11are f.

TeHepb PaACCMOTPpUM HCKOTOPBIC BaAPHUAHTBI IMMOTCHIHUAIBHBIX (IJYHKI_[I/II/I

@r):

1) HPIOTOHOBCKHMI MOTEHIIUAI O€3 CUHTYJISIPHOCTH

o
o) =—"
r+é&

Ecnmn o < 0, TO naHHBIE TNPUTATHUBAIOTCS WM HUX KJIAcTE€pHAas CTPYKTypa
CTaHOBUTCA O0Jiee KOHTPACTHOM, mpu O > 0 — OTTAIIKUBAIOTCS U pacIipe/ieliCHHE
CTAaHOBUTCA Oojice pPaBHOMEPHBIM (HO OTHOIICHHSI COCEICTBA TIPH DITOM
HapylIIaloTCsl HE CJIMIIKOM CHUJIBHO) . Perymsipusyronias mocTossHHas e’ HYy)KHa
JUIS TOTO, 4YTOOBI TOYKM JaHHBIX HE WCHBITHBIBAIH CIIMIIKOM CHJIBHBIX
repeMenieHui (3a BpeMeHa ropsiaka Ar) Boausu r = 0.

2) noTeHIMaN ACPHBIX CUII

o(r) = aexp(—rzl 1) .
r+é&

CMBICT TIOCTOSSHHON 7y — 3(PGEKTHUBHBIN paauyc B3aWMOJCUCTBHUS: Ha
paccTosHUAX OOJIbIlle 7y TOYKUA JIAHHBIX MPAKTUYECKU «HE 3aMEYaroT» APYT

npyTa.
3) HUCTIOJIb30BAHUC APYTUX CTCIICHHbBIX 3aBHCHMOCTeﬁ

r- +&
m—1
TaK, AJIs1 MHOTOMEPHOI'O HbIOTOHOBCKOI'O ITIOTCHIIMAJIA ﬂ = T .

2.1.8. JlokanpHBIE CTATUCTUKU



PaccmoTpuM BKpaTiie MIEH0 JOKATBHBIX CTATUCTHK, KOTOPAs TOXKE MOXKET
OBITh WCIIOJIB30BaHA MPU 00pabOTKE JaHHBIX Iepe]] MPUMEHEHHEM IPOIEIYD

BHU3YyaJU3allNN.
Bribepem k-b1it 00BEKT, KOTOPBINA OyIeT UTrpaTh posib 0azoBoro. Ilepeiaem
K HOBOM BEKTOPHOM MEPEMEHHOW r’ = r — r; , WIH, YTO TOXKE CaMO€ —

OTueHTpI/IpyeM JAHHBIC TaK, LITO6I)I k-BIﬁ 06’BCKT OKas3aJICsa B HaA4YaJIC KOOpL[I/IHaTi
Xp =Xp—Xk,p=1...N.
TeHepb BBCACM KBaL[paTI/ILIHyIO MeTpI/IKy
2 ’ ’N ’ ’ ’ T
di (X, X;)=(X,-X ;)G (X, -X)",
Gk — TIOJOZKHUTCIIBHO OHpe[[eJIeHHaH CI/IMMeTpI/ILIHaﬂ ManI/I]_[a. Ee
(k) s
KO3(I)¢)I/H_[I/ICHTBI glj MOFYT 6BITI) HaCTpoeHBI nu3 paSJII/I‘{HBIX 0006pa>KeHI/II/I.

[TpuBemem 1Ba caMbIX MTPOCTHIX:
1) OnTuMu3anus pasneneHus KJIaCCOB. KoaddurmenTsr

gi(jk )HaCTpaI/IBa}OTC;[ W3 YCIIOBUS MUHUMYMa (PyHKIIOHATA

/’
2.di (0,X;)
Xiew
— i k : N
2.d; (0,X;)
Xigwg
MpUHAJIe)KAT 00BEKT X;.
Takum oOpa3oM, 0OBEKTBI TOTO K€ Kilacca, 4TO M X;, OKa3bIBAIOTCS B
pesynbTaTe OMMKe K HavJaly KoOpAauHAT (rae HaxoauTcs X)), YeM Bce
OCTaJIbHBIE OOBEKTHI.
2) Hopmanu3zanus pacrpeaeaeHust

min, rAe w; — KIacC, K KOTOPOMY H3HA4aJIbHO

Matpuua Gy :Wk_l, rie
1 m ’ N\T
Wk:*ZXi(Xi) .
N o
Ecim marpumia W, HeBbIpoxaeHa, TO Gy CYIIECTBYET W B PE3YyIbTaTe

pacrpesieneHuie BEKTOPOB X | «C TOYKHU 3peHus» X ; OYIET BBITISIETh TIOX0KUM

Ha HOPMAJIBHOE.
JInst pemieHuss ymoMsiHYTBIX 3ajlad MOXHO YHpocTuTh Gy, BBIOpaB ee
JIMAaroHaJIbHOW (METPUKA OKAXKETCS B3BEIICHHON €BKIUO0BOM):

2 2
di (X, X)) =2 wi (X, —=x3)7, wy, 20,
i

Torna, Hampumep, A HOpPMaIU3alUMM PACIPENEICHUS MOXHO BBIOpaTh
-1 - .
wy; = (W, )l.l. ,rae (W, )l.l.— i-bI JUArOHAIIBHBIN di1eMEHT W.

[TocTpoeHHOE MPOCTPAHCTBO MPU3HAKOB MOKHO aHAIM3UPOBATh (U
BHU3YyaJM3MPOBATh) JIIOOBIMH METOJIaMH aHajlu3a MHOTOMEPHBIX JaHHBIX. B
pe3yNibTaTe MBI MOJIYYHM ONKMCaHNe Habopa JaHHBIX «C TOYKU 3PCHHS» 00BEKTa



Xi. Ctpost N Takux MPOCTPaHCTB (M mosiydas N ONMUCaHMI) U CpaBHUBAs X
MEXIy COOOW, MOXXHO CJIelaTh IOJIE3HBIE BBIBOABI 00 CTPYKTypE IaHHBIX.
Pazymeercs, mmst addexTuBHOrO cpaBHeHUST N pPe3ylbTaToB 00pabOTKH
HE0OXOIMMO KaKMM-TO 00pa3oM aBTOMATH3WPOBATH 3TOT MPOIECC, BbIIaBas
YK€ «CYXOH OCTaTOK» Pe3ybTaTOB CPAaBHEHHUS.

Jlpyroii cmoco® COCTOMT B KOHCTPYUPOBAaHHUH HOBOTO MPOCTPAHCTBA,
KOTOpPOE  OMNpPEACICHHBIM  00pa3oM  «0000maer» BCe  MOCTPOCHHBIC
npoctpanctsa. Jlomyctum, nocrpoenst N Metpuk d; (X;,X’), k=1...N. Torna

MOYKHO 3allUCaTh TaKyl0 MaTPUIly yIaJICHHOCTEH:

dl(Xl’Xl) dl(Xl’XN)

D: dk(Xk’Xl) dk(Xk’XN) ’

dy(Xy. X)) o dy(Xy. Xy)

r7ie Ha IEPECEUCHUH i-OU CTPOKHU U j-TO CTOJIOIA CTOUT PACCTOSHUE MEXKY i-bIM
U j-bIM OOBEKTOM B METPUKE, TOCTPOEHHOU isl i-TO0 00bekTa. [1ocKombKy Jyist
pa3IUYHBIX OOBEKTOB OyIyT TOCTPOEHBI pa3IUYHbIe METPUKH, TO JUIs
AJIEMEHTOB MAaTpPUIlbl D MOTYT HE BBINIOJHITHCS YCIOBUS CUMMETPUYHOCTH
(di(Xi,Xj) idj(Xj,Xl-)) M HEPABEHCTBA TPEYTrOJbHUKA (di(Xl-,Xj)MO)KeT

ObiTh Oonbite d;(X;,X;)+d(X;,X;)). [lostoMmy Takasi MaTpuia HC MOXET

HANPSIMYIO CIIY)KUTh MaTPULIEH PACCTOSTHUM.
[TormpoOyem ycTpaHUTh yKa3aHHbIE HapyIIEHWs, BBOJS HOBBIN KIAacC Tak
Ha3bIBACMBIX d'”-METPHK:

d (XX )=a sle(dy).p(d ;)1+b, k=1...N,

rie di, dj — DIIEMEHTBHI i-OU U j-OM CTPOK MATpHIbl D; ¢((Xx) — MOHOTOHHA
¢byHkuus, Hampumep, @(x) = x uam @x) = rank(x) — nmpeoOpasoBaHHE K
MTOPSAKOBOM 1IKaje; s|...,...] — Mepa moo0us IBYX MOCIIeI0BaTeIbHOCTEH; a, b
— KOHCTaHTBI, 3HaYEHUS KOTOPBIX MOJAOHUPAIOTCS C IEJIbI0 MAacCIITaOMPOBAHUS U
BBITIOJTHEHUS METPUYECKOM AaKCHUOMBI HEPaBEHCTBA TpeyroJibHUKa. Toraa
paccTrosiHie MEXay OObEKTaMH B d” METPUKE HMMEET SICHBIH CMBICI — 3TO
paznuuue IBYyX IMOCISAOBATEIIFHOCTEH YMCENT — BCEX PAaCCTOSHUM 10 00BeKTa X;
B METPUKE d; M BCEX DPACCTOSAHUH 10 oObekTa X; B MeTpuke d;. J[lpyrumu
CJIOBaMU — 3TO Mepa CXOJCTBA JIBYX MPEJICTABICHUM JAaHHBIX — C TOUKH 3PECHUS
oobekra X; u X;.

B kauecTBe KOHKpPETHBIX BapHUaHTOB d(s)—MeTpI/IK MOTYT  OBIThH
HCITOJIb30BaHbI:



d"““-merpuxka:
N

49X, X )= Yledy) —pd )f
k=1

OCHOBaHa Ha TIPOCTOM  EBKIWJAOBOM  Qopmyrne Uil  CpaBHCHHS
nocienoBarenbHOCTe. OHa aBTOMAaTHYECKHM OOECTICUMBAET  BBHITIOJTHEHHE
YCJIOBHUSI CHMMETPUYHOCTA U HEPABEHCTBA TPEYTrOJIbHUKA, OHAKO HUBEIHPYET
HEKOTOPBIE BasKHbIE OCOOCHHOCTH PANOB (dj) 1 ¢ djy.).

d(s)—MeTpI/IKa, OCHOBAHHas HAa CTAHAAPTHBIX MCPaX CBA3U:

— s ..
d(S)(Xi’Xj) — 711’
2
rIe B KauecTBE §;;, MOKHO BbIOpaTh ko3 uuneHt koppeisinun ITupcona

(uTo obecrieunBaeT yYCIOBHE CHUMMETPUU, HO BO3MOXKHBI HE3HAUYHMTEIHHBIC
HapyIICHUS] HEPABEHCTBA TPEYTOIbHUKA) WK KO3 durmeHT cBsi3u T-Kenmpamna
MEK/Ty pPAaHTOBBIMU MpU3HAKaMu (00ECIIeYnBAET BBITIOJIHEHUE BCEX YCIOBUM).

[Tocne Toro, kak ucciaenoBaTeNb OCTAHOBUTCA HA TOM WJIM MHOM BapUaHTE
d® merpuku, mMatpuna D npeobGpasyerTcs TakuM 06pa3oM, uToObI OHA MOIJIA
CIY)XUTb MAaTPULEH paCCTOSHUN JJI1 HEKOTOPOro pacHpeleseHuss TOUYeK
naHHbIX. [locne 3TOro MOXHO NPUMEHATH T€ METOAbl aHANW3a JIaHHBIX, B
KOTOPBIX HUCXOJHOM MH(pOpManuel CIyKUT MaTpulla pacCTOSHUN (Hampumep,
METObl METPUYECKOTO IIKAIUPOBAHNUSA).

2.2. JInHeHBIN aHAJIN3 JaHHBIX

Tenepp mnepereM K KpPaTKOMY OIMCAaHHUIO TPAAUIHOHHBIX JIMHEWMHBIX
METOAOB aHajiu3a, KOTOpPbIE TaK WJIM HHAY€ MOXKHO MCHOJb30BaTh IS
BU3yaJIM3allUU CTPYKTYPbI JAHHBIX.

Cuauvana BeimuiieM ¢GOpPMYJIbl, KOTOPBIMU OIMCHIBACTCS CydaiiHas
BEJIMYMHA (BEKTOp), MOAYMHEHHAasT MHOTOMEPHOMY HOPMAJbHOMY 3aKOHY
pacnpenenenus. [[10THOCTh BEpOATHOCTH B 3TOM CIIy4ae paBHA
1

z)"'?/detT

3nech MX — maTeMaTHu4eckoe oxuganue X, 2 — KoBapualmoHHas MaTpHIla

p(X)= Cexp(—;(X ~mMx)'y N (x —MX)), C=

Y=M((X -MX)X -MX)T).



Bemnunna MX u koBapuallMOHHAs MaTpHIA OICHUBAIOTCSA C IOMOIIBIO
JTAHHBIX BHIOOPKHU:

1 1 X r
MX~—YX,,E=S=— (X, -MX)X, -MX)" .
N; i N1 = ) )

— 1l
2.2.1. Mero/ ri1aBHBIX KOMIIOHEHT

Kak yxe ynomuHanoch, 1elb aHaau3a JaHHBIX — H3BJICYCHUE
collep)Kamuxcsi B HUX HHQOpMaImu. 3ajgada CHUKCHHUS Pa3MEpHOCTH Habopa
JAHHBIX — ONHMCAHUE KaXJOW TOYKH JAHHBIX C IMOMOIIbI) BEJIWYHMH, YHUCIIO
KOTOPBIX MEHBILIE pPa3sMEPHOCTH MPOCTPAHCTBA W KOTOPBIE  SIBISIOTCS
(GYHKIIUSAMA UCXOTHBIX KOOPAMHAT

M =F. (.5 ,....8,) . k=1..m" ,m’ <m.

Oyukiun Fj, 3amai0T otobpakerne F U3 wcxomHOro mpoctpaHctBa R B
npocTpaHcTBO R”. DTO 0TOOpaXKEHHE IOMKHO BHIOMPATHCS TAKMM 0Opa3’oM,
4TOOBI HAa Ha0Ope JaHHBIX X MaKCHUMHU3HPOBATh ONpPE/IECICHHBIN KPUTEPUH, KaK-
TO OTPAXKAIOLIUN KOJUYECTBO COXPAaHSIEMOM MpU 3TOM MpeoOpa3oBaHUU
uHpopmanuu. BeiOupas oroOpaxenne F U3 ONpPENENCHHOrO  Kjacca
OTOOpaX€HUN W KpUTEpHl coxpaHeHus HHPopManuu J, MOXKHO IMOJIy4aThb
pa3IUYHbIE METOBI COKPALLEHUS PA3MEPHOCTH IPOCTPAHCTBA MPU3HAKOB.

B mertoze riaBHBIX KOMIIOHEHT [’ — HEKOTOPOE JTMHENHOE OPTOrOHAJIBHOE
HOPMHUPOBaHHOE OTOOPaKEHHE, T.€.

1 N
Fk(§1’§2"“’§m):clk(§l_ﬂl)+'“+cmk(§m_ﬂm)’ rae /ujzﬁzxij_
i=1

cpenHue 1o HaOOpy JaHHBIX 3HAY€HHMs NPU3HAKOB, a Ha KOd()QUIUEHTH cj;
HAaKJIa/IbIBAIOTCS YCIOBHUS

m m
S =1, Yegey =0,ij=1..m i#j.
k=1

k=l
Bun xpurepus J :
D& +..+DE

rie D — BeIYMCIIEHUE JUCTIEPCUN CITyYaifHOW BETMYUHBI.

CornacHO 3TOMY KpUTEpHIO, KOJIMYECTBO COXpPAaHEHHOW HH(pOpMauu
pPaBHO J10JI€ «OOBSACHEHHOI» C MOMOIIbIO HOBBIX MPU3HAKOB 7). .. )y JUCTIEPCHH
MCXOJHBIX MPU3HAKOB.

Ilepeou 2nasHoti KOMNOHeHmMOU HA3BIBAIOT TaKyld HOPMHPOBAHHO-
LUEHTPUPOBAHHYIO JIMHEWHYI0 KOMOWHAIMIO MCXOJHBIX IPU3HAKOB, KOTOPAs



CpeIr BCEeX MPOYMX HOPMHUPOBAHHO-IIEHTPUPOBAHHBIX JTMHEHHBIX KOMOWHAIIAN
obnamaeT Ha JAaHHOM HaOOpEe TAaHHBIX HAMOOJIBIICH TUCTICPCUEH.

Pemnm 3amauy HaxoXIeHUS NEPBOM TJIABHOW KOMITOHEHTHI. st 3TOrO
HEOOXOUMO PEIINTh 3a/1a9y

D([,X) — max,
h
rae [,— BEKTOp-CTpOKa pPa3MEpPHOCTU m, IHPU YCIOBUU HOPMUPOBKHU

llllT =1. BexTop /; MO>XHO IPEICTABIATh KaK €IMHUYHBIA BEKTOP IPOCTPAHCTBA
JaHHBIX, Toraa (I, X;)l; — To4Ka MpoeKuuu BeKropa X;Ha BEKTOD /.

[TomokuM, 94TO CHCTEMA BEKTOPOB JaHHBIX SBJISCTCS LIEHTPUPOBAHHOM, T.€.
E(X)=X =0 Torga

DL, X)=ELX)* =EXXT 1Dy =, E(xx Dl =817,
rie S — KoBapHallMOHHas MaTpUIa Habopa JaHHBIX X.
Baenem dynxuuto Jlaurpamxka (I, A) =1,SI] — ([l -1), Torna

90 _asiT —2417 =0,
el
u

(S —ADI] =0,
TO €CTh llT — COOCTBEHHBI BEKTOp KOBapHWAIlMOHHOW Matpuibl. Ho

D, X) :llSllT = A, 3HauuT JUIA TOro, 4yToOBl D(/,X)I0CTHTaNO0 MaKCHMyMa,
HY)XKHO BBIOpaTh MaKCHMaJIbHOEC COOCTBEHHOE 3HaueHuWe. HopMupoBaHHBII
COOCTBEHHBIM BEKTOP, OTBEYAIONIUH ATOMY 3HAYCHUIO M 33J1aCT HAIMpPAaBIICHHUE
MIEPBOM ITABHOW KOMIIOHCHTHI B TIPOCTPAHCTBE.

k-oti enaenoii komnonenmotui (k = 2...m) Ha3bIBa€TCs TaKasi HOPMUPOBAHHO-
IICHTPUPOBaHHAs JIMHEHHAss KOMOWHAIMS WCXOJHBIX IPU3HAKOB, KOTOpas HE
KoppenmpoBaHa ¢ k-1 mpeapiaynuMu riIaBHBIMA KOMIIOHEHTaAMH U CPEIH BCEX
MPOYUX  HOPMHPOBAHHO-IICHTPUPOBAHHBIX  JIMHEHHBIX KOMOWHAITMH, HE
KOPPEJIMPOBAHHBIX C MPEABIAYIIUMHA k-1 TJIaBHBIMH KOMITOHEHTaMH OOJaaacT
Ha JaHHOM HaOope JaHHBIX HAKOOJIBIIEH TUCIICPCUCH.

MOKHO MOKa3aTh, 4TO k-asi IJaBHAs KOMIIOHEHTA 3aJaeTCs COOCTBEHHBLIM
BEKTOPOM KOBapHAaIlMOHHOW MAaTPHIIB JaHHBIX, KOTOPBIH COOTBETCTBYET k-OMY
10 BEJIMYMHE COOCTBEHHOMY 3HAYCHHUIO.

3aMeTHM, YTO pCIICHUE 3aJa4d HAaxXOXKJCHHS TJIaBHBIX KOMIIOHCHT HE
SIBJISCTCS WHBAapUAHTHBIM OTHOCHTEIBLHO CMEHBI MAacHITaboOB Yy pa3HBIX
npu3HaKoB. [loaToMy mepen mpuMeHEeHHEeM MeTO/a JTaHHBIe HOPMHPYIOTCS Tak,
9TOOBI BCE MIPU3HAKU OBLIM M3MEPEHBI B COTIOCTABUMBIX MacIITa0ax.



Ha m’ rnaBHBIX KOMIIOHEHT MOYXHO HATSHYTh MOJMNPOCTPAHCTBO Pa3MEPHOCTH
m’. JIerko MOHSATh, YTO CyMMa KBaJpaTOB PACCTOSIHUKM OT TOYEK IJAHHBIX 10
3TOrO MOJNPOCTPAHCTBA PaBHA YMHOKEHHOW Ha N (YHCIIO TOYEK) OCTATOYHOU
TUCTIEPCUH, «HE OOBSICHEHHOW» C MOMOIIBI0 7’ TIaBHBIX KOMIIOHEHT, TO €CTh
NWD¢, . +...+DE V=N, +..+4,), tne A, ,....,A4, — HAUMCHBIIIHE TIO
BeJIMYMHE COOCTBeHHbIC 3HaueHHs. OTCIOJa CTAaHOBUTCS TOHATHBIM Ba)KHOE
AKCTPEMAJIBHOE CBOMCTBO YKa3aHHOTO MOJIIIPOCTPAHCTBA:

Ceoticmeo 1. Cymma xeaopamoe paccmosiHuil Om UCXOOHbIX MOYeK-
Habmooenuti X ,,..., X 00 npocmpancmea, HAmMAHYmMO20 HA M’ 2lABHLIX

KOMHOHEHM HAUMEHbULAsL CPedu 8cex Opyeux NOOnpoCMpaHcme pasmepHocmu
m’, NOJIYUEHHBIX C NOMOWbIO NPOU3BOTILHOU JIUHEUHO-He3aA8UCUMOL CUCTNeMbL U3
m’ 8eKmopos.

VYkaxkeM eme /Ba dKCTPEMalIbHBIX CBOMCTBA MOAMPOCTPAHCTBA TIABHBIX
KOMITOHEHT.

3amaguM paBUIIO MIEPEX0/1a K MEHBIIIEMY YUCITY IEPEMEHHBIX C TIOMOIIBHIO
JUHEWHOTO MpeoOpa3oBaHus:

m
Zij = 2 CuXy »j=1..m’,i=1...N, nm
k=1

Z =CX,

311ECh X;; — k-asi KOOpAMHATA BEKTOPA JaHHBIX X, Z;; — j-as KOOpAUHATA i-OU
TOYKM NaHHBIX B HEKOTOPOM MONPOCTPAHCTBE MEHbINeH pasMepHOCTH R
MoxHo paccmarpuBaTth 3TH ()OPMYNBl KaK IPOEKLHI0 TOYEK JaHHBIX W3
FCXO/IHOTO TIPOCTPAHCTBA B R™ .

PaccMoTpuM BeTUYHMHBL

N N 5
M=ZZ(X['_XJ') ’
i=1 j=1

Y N N 5
O =X2(Z-Z;).
i=1j=1
Nx cMmbicT — cyMMma KBaJIpaTOB PACCTOSHUN MEXAYy BCEBO3MOKHBIMHU
rmapaMu 0OBEKTOB B UCXOTHOM ITPOCTPAHCTBE U B R™ . BBeeM B KauecTBe MephbI
HCKa)XCHHSI CYMMBI KBaJIPATOB MOMAPHBIX PACCTOSHUN MEXIY TOYKaMH JTaHHBIX
BesmmunHy M-M(C). MoxHo nokazaTs [4], 4To

M —M(L)=min{M —M(C)} = N*(Apy; + ..+ 4,),
C

rie L — wmaTtpuia, 3ajaronias OpPOEKIMI0 TOYEK JaHHBIX B
MOANPOCTPAHCTBO, HATSIHYTOE Ha M’ TJIABHBIX KOMIIOHEHT. OTCIo/a caeayeT

Ceoticmeo 2. Cpedu 6cex NOONpOCMpancme pasmepHocmu m’
NOJYYEHHBIX U3 UCXOOHO20 NPOCMPAHCMBA OAHHBIX C NOMOWBIO NPOU3BOTLHOSO
JIUHEUH020 Nnpeobpa308aHUs UCXOOHBIX KOOpOUHam, 6 MNOoONpOCMpancmee,



HAMAHYMOM HA nepevle m’ 2lA8HbIX KOMHIOHEHM HAUMEHEe UCKANCACMCS CYMMA
K8ao0pamos pacCmosaiuil Mexcoy 8Ce803MONCHbIMU NAPAMU PACCMAMPUBAEMBIX
MOYex.

Hakonern, BBeieM Mepy UCKaXEHUsI PACCTOSHUM O Hayana KOOPAMHAT U YIJIOB
MEXKIy MPSMBIMU, COEIUHSIONIMMHU BCEBO3MOKHBIE IMapbl TOYEK C HAYaJIOM

koopuHar. O6osnaunm ee |[H — H(C)|, rae
H ={h[j}a h,'j =(X,',Xj),
H(C)={h;(O)}, h;(C)=(Z:,Z,),
a rmoJj HAH— eBKJIM0Ba HOpMa MaTpullbl A. OKa3bIBaeTCs, YTO

|H-H(L)|=min|H - H(C)|=N>(App sy +..+ 43,).
C

To ecTh cripaBeUIMBO

Ceoticmeo 3. Cpedu 6cex noOnpocmpawcme pasmepHocmu m’
NOJYYEHHBIX U3 UCXOOHO20 NPOCMPAHCMBA OAHHBIX C NOMOWbIO NPOUIBOTLHOSO
JIUHENIH020 NpPeodpa306anus UCXOOHbIX KOOPOUHAmM, 6 NOONpoOCmpancmae,
HAMAHYMOM HA nepevle m’ 2NA6HbIX KOMHOHEHM HAUMeHee UCKAXCAIomes
paccmosHus, om moyek 00 HA4anad KOOpOUHAM, 4 MaKdxHce Yeibl MeHcoy
NPAMbIMU,  COCOUHSAIOWUMY — BCEBO3MOJNCHBIE NAPLL  MOYEeK C  HAYAIOM
Koopouuam.

Hakonen, = oTmeTruMm,  4YTO  yKa3aHHOe  BHauyaje  TpeOOBaHHE
«UEHTPUPOBAHHOCTU» JAHHBIX HE SIBJISETCS NMPUHIMNHAIbHBIM. Eciiu B 1aHHBIX
HET 1poOeroB, TO TEOMETPUYECKHII IEeHTp o0Jaka TOYeK OIpeJeieH
onHO3HaYHO. OTiInYus B POpMYyIUPOBKaxX CBOMCTB 1-3 OyneT auiib B TOM, YTO
BMECTO JIMHEHHOT0 MOANPOCTPAHCTBA, HATAHYTOIO Ha IJIABHBbIE KOMIIOHEHTBI
HaJ0 paccMaTpuBaTh JMHEIHOE MHOrooOpas3ue, MOCTPOCHHOE Ha TEepPBbIX
IJIABHBIX KOMIIOHEHTAX U MPOXOJSIIIEE YEPE3 TOUKY I€OMETPUUECKOTO LIEHTPA.

2.2.2. UTepallMOHHBINA AJITOPUTM HAXOXKJICHUS IIIaBHBIX KOMIIOHEHT

Ucnonb3ys skctpeManbHoe CBOWCTBO 1 MOANPOCTPAHCTB, HATSHYTHIX Ha
IJIaBHbIE KOMIIOHEHTBI, MOXHO TMPEJIOKUTh HTEPAUUOHHBIA  AITOPUTM
HAaXOXJEHHUs TEepBOMl riaaBHOM KoMIOHEHTHl (cp. ¢ [41,53]). bynem wuckarh
MPSMYIO B IPOCTPAHCTBE JAHHBIX, 33JITaHHYI0 TApPaMETPUUYECKUM YPABHEHUEM

y=at+b,

TaKyl, 4TO CyMMa KBaJpaTOB PACCTOSIHAM OT TOYEK JAHHBIX A0 ATOW MPAMOMN
MHUHHMaJIbHA. JTa CyMMa, paBHas

N
0= (X, —at; —b)*
i=l1



SABJISIETCS. KPUTEPUEM, KOTOPHIA MOXXHO MHMHHMMH3UPOBAaTH C IMOMOILBIO
CIEIYIOIIEN MMPOCTOM MPOLIEAYPHI:

3agaaumcs IpOU3BOJIbHBIMH BeKTOpamu a u b. [lanee urepauus airopurma
COCTOHUT U3 JIBYX IIaroB:

Illae 1. Tlpu 3amaHHBIX BeKTOpax a u b onpenensercs vadop {z;},i=1...V:

th =-2(X, —at, —-b)a=-2(X, —b)a—2a’, =0,

l 2
a

Illae 2. Tlpu 3amanHOM Habope {#;} ONMpeAeNSIOTCS HOBBIC KOOPIUHATHI
BEKTOpOB a u b:

N
da i=1

20 N
% _ 55 (X, —ar, ~b) =0
op - 22 (Xi—ali=b)

N, N N
ay t7 +b)t;, => X1,
i=1 -1 =l

N N
atr, +bN=> X,
i=1 i=1
YTO JAeT m CHUCTEM JIMHEHMHBIX YpaBHEHWN 2X2 sl ONpENEIEHUs BCEX

KOMIIOHEHT BEKTOPOB a u b.

lIposeprxa na ocmanog. ANTOPUTM OCTAHABIMBAETCA, Koraa — < £, TIe

AQ — W3MEHEHHUE BeIMUMHBI () 3a UTEpalluio, a £ — MaJlasi BEJIMYUHA.

[IpenmymecTBO  Takoro cmoco0a HAaXOXKJACHHS IIEPBOH  TJIaBHOM
KOMITOHEHTBI COCTOMT B TOM, YTO OH JIETKO 00OOIIaeTcss Ha Ciydail, Koraa
HEKOTOpbIEC JaHHBIE COJIEpXkKAT HEMOJHbIE 3HaueHus. Penent mpoct — ecnu B
COOTBETCTBYIOLIE CYMME BCTPEYAETCS] HEU3BECTHOE 3HAYECHHE, TO TAKOE
cinaraeMoe mpomyckaercs. Toraa, eclii HEMOJHBIX JIaHHBIX HET, To b maer

N
BEKTOP CPEIHEro 3HayeHus Bcex KoopauHat: b=—> X., nHaue — HEKOTOPBII
i=1
«3(h(HEeKTUBHBIIN» BEKTOp CpeAHEr0. BeKTop a B ciiyuae MOTHBIX JaHHBIX 33/1aeT
HalpaBJiEHUE TEPBOM TIJIABHOM KOMIIOHEHTHI, B CJIy4a€ HEMOJHbIX —
«3(PeKTUBHYIO» MIEPBYIO TJIABHYIO KOMIIOHCHTY.
Jlis Toro, 4TOOBI HAWTH BTOPYIO TJIABHYIO KOMIIOHEHTY, MOCTYIIAOT

CIIETYIOLIIM 00pa3oM:



1. PaccumTbIBacTCS MHOXECTBO BEKTOPOB IEPBBIX OCTaTKOB X :
X/=X,;—at;—b. DT0 MHOXKECTBO JI©KUT B MPOCTPAHCTBE, OPTOTOHAIHLHOM

NEpBOM IJIABHOM KOMIIOHEHTE, pa3MEpPHOCTBIO Ha E€IAWHMILY MEHbILE
Pa3MEepHOCTH UCXOAHOIO TPOCTPAHCTBA JAHHBIX.

2. JIns HOBOrO MHOXECTBAa BEKTOPOB PAaCCUUTHIBACTCS IE€pBasi IIaBHAs
KoMIoHeHTa. OHa U OyJeT BTOpOH IJIaBHOM KOMIOHEHTOM MCXOAHOro Habopa
JAHHBIX.

JUIsi HaxOXXIEHHUsS TPEThEH IJIABHOM KOMIIOHEHTBI MILETCS MHOXECTBO
BTOPBIX OCTaTKOB M JUIsl HETO OIPENENSAETCS IepBas INIaBHAsi KOMIIOHEHTA, U T.JI.

2.2.3. Monenu nTuHEeHHOTo (paKTOPHOTO aHAJIA3a

HamomHaMM, 9TO METO/T TIIaBHBIX KOMIIOHEHT MOXKET OBITh C(HOPMYITUPOBAH
KaKk 3a7ada onTuMmu3auuu  (QyHKIuMOHana J KayecTBa  «COXPaHEHHS»
uH(pOpMALIMK TIPU 33JaHHOM OTOOpaXeHHH F U3 MCXOAHOTO MPOCTPAHCTBA B
MPOCTPAHCTBO MEHbLIEH pa3MepHOCTH. B MeToje riaBHBIX KOMIIOHEHT B
KadecTBe PyHKIMOHANA J BBICTYIAET J0JIs «O0OBSICHEHHONW» C TTIOMOIIbIO HOBBIX
KOOpPJMHAT TUCIIEPCHH.

B Mopmenu @QakTtopHOro aHamu3za KaxAOMy BEKTOpY JaHHBIX X;
COMOCTaBJIsIeTCs] HA0OP U3 M’ 3HAYEHUH (PaKTOpOB yil yeues ylm‘ :

1

m
— k J o= ’
Xi—M;=2qyy; tu',j=1...m’ nm
k=1

X, -X=QY,+U,
rae [ ;— CpeliHee 3HAYCHUE j-TO NMPH3HAKA, X;;
ro 00beKTa, ¢; — «Harpy3ku» (GakTopoB, i — ocraToyHas CiydaifHas
KOMIIOHCHTA. HpI/I 9TOM BBIITOJIHAKOTCA YCIIOBUA:

Ey* =0, Eu* =0, Dy* =1,
1

— 3HA4YE€HUE j-T0 TIPU3HAKA IS i-

w oy, y™, u',...,.u™ NOMapHO HEKOPPETUPOBAHEL.

B xagectBe F BbIOMpaeTcs JTUHEHHOE MpPeoOpa3oBaHWE KOOPAWHAT TaKOE,
YTOOBI BBITIONHSIJIMCH 9TH YCIIOBUS, U TOCTUTAI MaKCUMyMa (hYHKITMOHAI

2
J(F)=1-|Ry —Rg|",
rae Ry — KOppensuuoHHas MaTpMLa HUCXOAHBIX IPU3HAKOB, Ry —
KOPPEJAIMOHHAS MaTPUIA «IIPOEKIMIT» B MPOCTpaHCTBO (akrtopoB X; = QY;,
HAH — €BKJIMJ0BA HOPMa MATPHUIIBI A.

[Toscaum  BblkIaaku. Martpuna Harpy3ok (@ pa3mepamud  m’Xm
OCYIIECTBIIICT JUHEHHOE OTOOpakeHHe W3 TMPOCTpaHCTBa  (AKTOPOB
(pa3mepHOCTH m’) B HCXOJHOE MPOCTPAHCTBO (pa3sMepHOCTH m). B pesynbrare



MMOoJIy9acTCAa MHOKCCTBO JaHHBIX Xi = QYZ , KOTOPOC COBIIAAACT CO MHOKCCTBOM

UCXOJHBIX JAHHBIX C TOYHOCTBIO [0 CIy4allHOH KOMIOHeHTHl U. 310
MHOXECTBO JIE)KAT B HEKOTOPOM IOJIPOCTPAHCTBE pPa3MEPHOCTH m’,
HaTSAHYTOM Ha m’ cToJOnoB MaTpuubl (. Matpuna Q W HCXOIHBI HabOp

1

(dakTopoB yil,...,yl-'" , i = 1...N BblOMpaoTCcs TakuM 00pa3oM, 4YTOOBI

KOPPEISLMOHHAs  Marpuna Habopa JaHHBIX X MAKCUMalbHO  TOYHO
BOCIIPOU3BOJIMIA KOPPESIMOHHYI0 MaTpUIly HCXOAHOTO Habopa JaHHBIX.
Takum o0pa3oM, KpUTEpUEM KOJUYECTBA «COXPAHEHHOW» HH(pOpMaIUU
ABJISACTCA 37eCh OOBSCHEHHWE HE ITUCIEPCHU TPU3HAKOB, a WX B3aWMHOM
CKOpPPEIUPOBAHHOCTH.

UTto KacaeTcst «1ryMOBOMH» KOMIIOHEHTHI U, TO 0OBIYHO TOJIaraloT, 4TO OHa
HE 3aBUCHUT OT paclpeelCHNs JaHHBIX U MTOJYMHEHA M-MEPHOMY HOPMAJIbHOMY
pacmpesiesieHUI0 C HYJIEBBIM CpPEIHMM 3HaueHHEM. Torga KoBapHUallMOHHAs
Marpuia pacnpenenenus U uMeeT TuaroHaabHbIA BU:

V=EWUU"), V =diag(v,,..v,,,), v; =Du".

Ecmu HCXOIHOE pacpeneneHue IAHHBIX IpeanoiiaracTcs
[EHTPUPOBAHHLIM, TO €TI0 KOBapHallMOHHAs MaTpUIa
S=00" +v

Pewenuem 3a0auu gpaxmopnoco ananuza HazpBawT mapy marpui (Q,V),
YAOBJIETBOPSIONIYIO 3TOMY yCIOBUIO. OUEBUAHO, YTO €CIIU OJHO TAKOE PEIICHUE
CYIIECTBYET, TO OAHOBpPEMEHHO pemeHueM sBiuserca (QC,V), rae C -
MPOU3BOJILHOE OPTOTOHATBHOE MpeoOpa3oBaHue (TOBOPOT BEKTOPOB-CTOJIOIIOB
Matpuilbl Q). [lo 3Toil M ApyruM MpUYMHAM pelieHue 3aaadud (PakTOpPHOTrO
aHaju3a SIBJISICTCS HEOJHO3HAYHBIM, MOATOMY JUJIsl €€ PEHICHHS HeoOXO0JaUMO
BBIOpATh KaKue-Tu00 JAOMOTHUTEIBHBIC TPEATION0KEHUS O CBOMCTBAX MATPHUIIBI
Q. HezaBUCMMO OT 3THUX MPEIINOJI0KEHUN HUTEPAIMOHHBIA METOJ PELICHUS
3aJ1a4¥ BBITJISIIUT CJICTYIOIIAM 00pazoM.

0
Buauase 3ajaetcst HyleBoe npubmkenne matpumst V=V,
Ilar 1. [Tonyuaem Hys1eBoe npubmImKeHue Matpuisl ¥= 00", t.e. ¥ =S
V7
IIar 2. C nomompio ¥ onpenensem Hynesoe npudmmkenne MaTpuis Q.
ANTOpUTM MPOJOIHKAETCS 10 MOTy4eHHUs] HEOOXOIUMON TOYHOCTH.

JlonoJIHUTEIbHBIE  MPEAMNOJIOKEHUSI O  CTPYKType  MaTpuibl  Q
MCHONB3YIOTCs A peann3anuu [lara 2 anroputma. PaccMoTpuMm Ba yCIIOBUS:

1) QTQ — JWaroHajibHas MaTpula, IMPUYEM JAUATOHAJIBHBIE SJIEMEHTHI
Pa3IUYHBI ¥ YIOPSIIOYEHBI B IOPSJIKE YOBIBAaHUS.

Torga



A=0"0=diag(A..A,;), 4> >.> A,
Y0=00"0=40,

TO €CThb m’ CTOJNOLOB ;...q, MaTpulbl ( YyIOBIECTBOPSAIOT YpaBHEHHUIM
Yq; — A;q; =0 Ha coOcTBeHHBIE 3HaUeHUs] MaTpULbl #. COOCTBEHHBIE BEKTOPA

MaTpuIlpl ¥, OTBEYAIOIIHE MIEPBHIM /7’ 110 BETMYNHE COOCTBEHHBIM 3HAYCHHSIM H
COCTaBST O4YepeHOE MPUOTUKEHUE MATPUIILI HATPY30K Q.

2) Q'VQ - puaroHanbHas MaTpHIA, HPUYEM [HATOHAIBHBIC SICMEHTHI
Pa3TUYHBI ¥ YIOPSIOYCHBI B MOPSIIKE YOBIBAHMSI.

Torma

A=0"VQ =diag(A4..A,), 4> >.>4,,
Yo=v"'00"vo=Av~'Q,

TO €CTb m’ CTOJOUOB (j...q, MaTpulbl ( YIOBIETBOPSAIOT YpPaBHEHUIM

Wq, —Av;'q; =0 Ha 0600meHHbIC COOGCTBEHHBIC 3HAYCHWS MATPHIBI .

O600meHHbIe COOCTBEHHBIC BEKTOpA MaTPHIhl ¥, OTBEYAOIINE IIEPBBIM /1’ TIO
BETMYMHE OOOOIIEHHBIM COOCTBEHHBIM 3HAYCHHUSIM COCTABJISIOT OYEPEIHOE
NpUOIMKEHHE MaTPUILIbI HAarpy30k Q.

[Tonsenem HekoTophie utoru. [lo 1anHHOMY HAOOpY JAAHHBIX, UCIIOJIB3YS METOJ
TJIABHBIX KOMIIOHEHT WJIM METOJbl (PAKTOPHOTO aHain3a, MOXHO MOCTPOUTH
JIUHEWHBIE MOJeNTU JaHHBIX. DAKTUUECKH 3TH METOJbI CTPOST CIEIHMaIbHOE
JUHEHHOE MHOTO00pa3ne MEHBINEH pa3MEpPHOCTH, Ha KOTOPOE IMPOCIUPYIOTCS
WCXOJHBIE JTaHHbIE. DTO MOJANPOCTPAHCTBO OKA3BIBAETCS B HEKOTOPOM CMBICTIE
ONTUMAIBHBIM CpPEAM BCEX JPYIrUX JIMHEWHBIX MHOTro00Opa3uil TOW IKe
pasMepHocTd. B cinydae MeToga TIaBHBIX KOMIIOHEHT ONTHMAIbHOCTH
3aKIII0YaeTCd B TOM, 4YTO MPOEKIMH JIaHHBIX MaKCHUMAaJIbHO BOCIPOU3BOISAT
JUCTIEPCUIO HCXOJHBIX JIaHHBIX. B ciiydae MeTo/0B (DakTOpHOTrO aHamu3a
3HAYEHUS MPU3HAKOB MPOCKLIHNI MAaKCUMaJIbHO MOX0KH HA UCXOJHBIC 3HAUYCHUS
MPU3HAKOB B CMBICIIE B3aUMHOM Koppesiiuu. ClaeayeT 3aMeTUuTh, 4YTO B CIIyYae,
KOTJla OCTaTOYHBIC JTUCIEPCUM (CYMMAapHBIE PACCTOSHHS JI0 TOCTPOCHHOTO
MTOANPOCTPAHCTBA) HEBEIMKHA, 00a METOJIa JAOT CXOJHBIC PE3yJabTaThl (3TO
CTAHOBUTCS OCOOCHHO TIOHSITHO, €CIIM PAcCCMOTPETh yClIOBHE 1 Ha CTPYKTYpy
MaTpuibl Q).



2.3. MoaeanpoBaHue JaHHBIX C MTOMOIIbIO HEJTHHEHHBIX
MHOroo0pa3uu

[TonmpocTpaHCTBO, HATSHYTO€ Ha m’ TJIABHBIX KOMIIOHEHT o0Jiajaer
CBOMCTBOM «MHWHMMYMa OCTaTOYHOM JUCIEPCUHU» — CPEIHUMA KBaapar
paccTosiHUs OT TOYEK JAHHBIX 10 3TOr0 MOANPOCTPAHCTBA MUHHMMAJIEH CpPEIU
BCEX APYIUX JIMHEWHBIX MOIIPOCTPAHCTB Pa3MEPHOCTH 11 .

KaxxeTcst nmepciekTHBHOW Hi€s] TOCTPOEHUS «TJIABHBIX MOBEPXHOCTEW» —
HEJIMHEHHBIX MHOT000pa3uii, 00JIaJaloluX TeM K€ ONTUMaIbHBIM CBOMCTBOM.
B nuteparype MOXKHO BCTPETUTH paboThI [58,66,67], B KOTOPBIX CTPOSTCS TaKHe
IIOBEPXHOCTH C MWCHOJb30BAaHUEM, HANpPUMEpP, METOJA MAaKCUMaJIbHOIO
MpaBAOINOA00US.

Ecim  Buag  mapaMeTpuyecKOM  3aBUCMMOCTH  KOOPJAMHAT  TOYEK
MHOT000pa3usi HEU3BECTeH (HET AamnpHOPHBIX COOOPAXEHUH O CTPYKType
JIaHHBIX), TO  3ajJadya IOCTPOEHHS  HEOIPAaHWYEHHOI'O  HEJIUHEHHOIo
MHOT000Opa3usi, TO €CTh BBIYMCICHUE KOOPAMHAT KaXJAOW H3 €ro TOYEK,
ABJISIETCS BECbMa TPYAOEMKOM C TOYKH 3PEHMS BBIYUCICHUN.

Mgl ¢ camoro Hayana OyzieM ciIeA0BaTh IMMyTH, HA KOTOPOM MOJENIUPYIoLee
MHOTroo0Opasue OyaeT mpeanoaaraThCsi OrpaHUUYEHHBIM U 337a€TCsl B KOHEUHOM
quciae CBOUMX Touek. JIpyrumu crnoBamu, Mbl OyleM CTPOUTb MOUEUH)IO
AnnpoKCUMayuio MHO2000pasus.

JlommycThM, 9TO MBI UMEEM Pa3MEIEHHYIO B IPOCTPAHCTBE JAHHBIX CEMKY
Y3106, Ha KOTOPYIO U OyJeT HaTATUBaTbCS UCKOMOE MHOroobpasue. [[ns aroro
BBOJUTCS OIPEEIEHHAs MPOLENYPA UHMEPNOAAYUY MEXKTY Y3TIaMHU.

Cpa3zy 3ameTuMm, 4YTO 3aJaHds OJHUX TOJBKO IIOJIOXKEHUM Y3JI0B B
MPOCTPAHCTBE JAHHBIX HEAOCTATOYHO JJII BOCCTAHOBJIEHHSI MHOT00Opa3usi. Ml
JOJIKHBI, KPOME TOT0, 00J1a1aTh UH(OPMAIIHE O TOM, KaKue y3JIbl SIBJISIOTCS Ha
HEeM coceOnumu. To ecTh Ha KOHEYHOM MHOKECTBE Y3JIOB JIOJKHBI OBITh
BBEJICHbl omHowieHusi coceocmea. Jg n3naraemoro Huwxe anroputmMa SOM
(Self-Organizing Maps — camoopranusytomiuecs: kKaptel KoxoneHa) Heo0X0aumo
3HaTh HE TOJIBKO KAaKue€ Y3JIbl SBJISIIOTCA COCEIHMMH, HO TaKKe U KaKHe
ABIIFOTCS 6MOPbLIMU COCEISIMU, MpembuMu COCEISIMH U T.JI.

Paccmorpum, Hampumep AByMepHOe MHOroobOpasue. bynem cuurarth, uTo
Y3761 00pa3yloT NPSMOYTOJIbHYIO WIIM TEKCAaroHAJNBbHYIO CEeTKy (cM. puc.17).
Torna oTHOILIEHHUS COCENCTBA ONPEAEISIOTCS €CTECTBEHHBIM 00pa3oM — MOKHO
CUMTaTh, YTO KaXKIbIM y3€l (KpOME KpalHHX) Ha MPSAMOYTOJIBHOW CETKE MMEET
YETBIPE MEPBBIX, BOCEMb BTOPBIX U T.[. COCEAEH, HA T€KCATOHAIBHON — IIECTh
NEepBBIX, JBEHAIIaTh BTOPbIX U T.J. cocened. Eciau MHOrooOpasue sBisercs
TPEXMEPHBIM, a CeTKa MPSIMOYTOJIBHOM, TO KaXIbl y3€]1  HMEeT,
COOTBETCTBEHHO, IIECTh IIEPBBIX COCENEH, U T. 1.



PaccmorpuM  aBa  anropuTMa = MOCTPOCHHMS CETKM —  AlITOPUTM
camoopeanusyrowuxcsa kapm Koxonena (SOM) m ero momudukanuy, a Takxke
aITOPUTM MOCTPOEHUS YHPY2UX CEMOK.

2.4. Aaroputm SOM u ero Mmoaudukanumn

Camoopranusyromuecs KapThl Koxonena (SOM) — 3TO
MOJAU(PUIMPOBAHHBIA AJITOPUTM JUHELHO20 EKMOPHO20 KEAHMOBAHUS OAHHbIX,
TO €CTh mpeJcTaBiieHusi N TOUEK JaHHBIX C MOMOIIbIO MEHBIIIETO YUCIa TOYEK-
obpastoB (samples). Kaxapiii u3 0o0pa3oB MNpEJCTaBIICT U 3aMEHSET COOOM
JIOKaJbHOE CTYIICHUE JaHHbIX. B pe3ynbrare TakoW 3aMeHbl JaHHBIC
MPEACTABISAIOTCS € ONPENSNICHHOM  OMMOKOM  anmpoKCUMAalluh — —
CpEIHEKBAIPATHYHOTO PACCTOSHUS OT TOYKH JAHHBIX 10 OJMDKAWIIEro K Heu
obpasma:

1N 2
MSE = NZ(Xi_yBMU(Xi)) s
i=1

riae ypyy (X;)— Ommkaiimil kK Touke JaHHBIX X; oOpasel.

«3romunkoi» metoga SOM okazanoch TO, 4TO TMoJiydaeMasl MPHU €ro
MPUMEHEHHH CUCTeMa Y3J10B (00pa3IoB) OKa3bIBAETCS ONpPEIEICHHBIM 00pa3oM
yInopsiioueHa. Y37bl MOTYT OBbITh IPEJACTABJICHBI B BHJE MPAMOYTOJIBHON WIIH
rekcaroHanbHoOM ceTku. CoceHue Ha 3TOM CETKE Y3Jbl B pE3yJIbTaTe JEHCTBUS
anroputMa SOM 0OKa3bIBAIOTCS COCEAHUMH B IPOCTPAHCTBE NAHHBIX, YTO JAET
MocCJie pa3MeIleHUsl TOUEK JaHHBIX MO OMMKaNIIUM y371aM B CiIydae ABYMEpPHOM
WJIY TPEXMEPHOM CETKH BO3MOKHOCTh BU3yaJIM3UPOBATh IAHHBIC.

OnuieM ncxXoHbIM BapuaHT anropurma SOM.

1. Cerka y370B HMHULMAIU3UPYETCS — pa3MellaeTcsi B IMPOCTPAHCTBE
naHHbIX. [IpocTelmyM BapuaHTOM SIBISIETCSl ClydallHOE PacrojoKEHUE Y3JIO0B,
IpYroi BapUaHT — pa3MEIEHUE CETKU B MPOCTPAHCTBE, HATAHYTOM Ha TJIaBHbIE
KOMITOHEHTHI. CyIlecTBYIOT U Apyrue, 6osee win MeHee d()PEeKTUBHBIE CXEMBI
WHUIManu3anuu (cM., Hanpumep, [70]).

2. BoiOupaercs ciydaifHbIM 00pa3oM WU O MOPSAJKY TOYKA JaHHBIX X;.

3. Cpenu Bcex Y3JIOB CETKM BbIOMpaeTcss Ommkalmumid k Touke X;.
O603HaunM ero paauyc BekTop depes yzyy (BMU — Best Matching Unit).

4. Bce y31bl CETKH IBUTAIOTCS IO HAMIPABJICHHIO K X; IO MPaBUITY:

(y;)=y; +h(r(yj’yBMU)’t)(Xi —-y;).j=1..p,



IZie p — KOJIMYECTBO Y3JIOB, h(X,?)— Tak Ha3bIBaeMmasi QyHKyus coceocmea

(neighborhood function), r(y;,y;) — paccTosiHue MEXIYy y3JIaMU y; U y,, HO HE B
MPOCTPAHCTBE JAHHBIX, a COIJaCHO BBEJCHHBIM Ha CETKE OTHOILIECHUSM
cocencTBa (TO €CTh, €CIIM y; W Y, SBISAIOTCS OJMKAWIIUMHU COCEISIMH, TO
r(y;,y2)=1, eciiut BTOpbIMH, TO 1(y;,y2)=2, ¥ T.J.), t — HOMEp UTEpALIHH.

5. lllaru 2-4 anropuTMa MOBTOPSIIOTCA A0 TEX MOP, MoKa Jnbo He Oynuer
JIOCTUTHYTa OTpeJeleHHas TOYHOCTh, WM TaK, YTOObl KaXKJas TOYKa JaHHBIX
HECKOJIbKO pa3 MOy4yacTBOBaJla B MpOLIECCE€ afanTaluu y3JoB (TO ecTb kN
UTEpaluii, TJIe kK — YUCII0 MOPSIKA HECKOIBKUX €IUHUIT).

OyHKIUs cocencTra h(x,t) BeIOUpaETCs TAKUM 00pa3oM, YTOOBI IOCTUTATh

MakcumymMa npd x=0 W MOHOTOHHO cIagaTh ¢ poctoM x. HaumOonee
MOMYJISIPHBIMU SIBIITFOTCSI TAYCCOB BUJ (DYHKIIMK COCEACTBA M TaK Ha3bIBacMas
bubble-function.
I"ayccoB Bua GpyHKITUN:
2
her) = atyexp| — % |,
26%(1)

Bubble-function:
a(t),x < o(t)

MED=90 " vsom)

3necs ot) — memn o0OydeHus, O(f) — paduyc 3axeama coceoell
(neighborhood width). B wu3nauansHOM Bapuante SOM 3Tu (QyHKIUU HE
3aBUCAT OT YCJIOBUW OOyYEGHHs] W TPOCTO MOHOTOHHO YMEHBIIAIOTCA OT
HEKOTOPOT0 HAYaJIbHOT'O 3HAYCHUS 10 HYJISI, HAIPUMeEp, 110 JIMHCHHOMY 3aKOHY:

o(t) = aO(l_t/niter) >

o(t)=o0,(1-t/n;,,),

TJIC Mo, — YUCIIO UTEPALANA, O — YUCIIO TTOPSIAKA ISCATHIX WU COTBIX, Oy —
YUCJIO MOPSIIKA HECKOJIBKUX €IUHUII.

OO6cynuM, 4TO MPOUCXOJUT B pe3yibTaTe KaXKI0M UTEpallMy aJirTOpUTMA.
Boinbiie BCero WUCHBITBIBAET CMEIIEHUE Yy3€d Yygyy. OH caBuraercs B
HaIpaBJICHUH BBIOPAHHON TOYKW JTAHHBIX Ha BENWUHUHY (f). OCTaIbHBIC Y3IIbI
WCTBITHIBAIOT TEM MEHBIINE CMEIICHUS, YeM OHM JIAJIBIIE OT Ygyy B YKA3aHHOM
BBIIIIE «CETOYHOM» CMBICJIE. 3AMETHBIE CMEIICHUS UCIIBITHIBAIOT Y3JIbl, KOTOPBIE
SABJISIIOTCS JUISL Ypyy COcelsiMu mopsiaka o(f). Tak kak QyHkiuu oft) u o(t)
yOBIBAIOT CO BPEMEHEM, TO M TEMIT OOYUYEHHUS M YHCIIO Y3JIOB, YYaCTBYIOIIUX B
KOJIJICKTUBHOM JIBIOKCHHH, YMEHBIIIACTCHI. B pe3yibTaTe ceTkKa
MOIU(MUIIUPYETCS BCE MEHBIIIE U MEHBIIIE U B KOHEUHOM CUETE «3aCThIBACT.

OOBIYHO HACTPOUKY CETKH IIPOU3BOIAT B JIBA dTara:



Oram 1. Ordering. Ha aTom 3Tane o0srdHO BeIOMpaercs & = 0.1, ny., = N,
Op — BEIOMPAETCS TaK, 9YTOOBI B IBMDKCHUH YIaCTBOBAJIO O0JICE TIOJIOBUHBI y3JIOB.

Oran 2. Fine-tuning. Ha 3Tom 3Tane o0suHO BeiOUpaercsa o = 0.01, nj,, =
10N, o) — BeIOUpaeTcs Tak, 4TOObI B BMXKEHUU Yy4acTBOBAIO 2-3 y3Ja.

Anroputm SOM ofecrieunBaeT CiIydailHOE JBHKCHHE Y3JI0B TaKHM
o0pa3om, 9TO CpelHee pacCTOSHUE OT TOYKH JAaHHBIX 10 ONvKaimiero K Hen
y371a MOCTOSIHHO yMeHbIIaeTcs. [Ipu 3ToM y3ibl yHopsiAOYMBAIOTCS COTJIACHO
BBEJCHHBIM Ha CHUCTEME Y3JIOB OTHOUIEHUsIM cocencTBa. llomydeHHas cerka
y3JI0B B pe3yabTaTe CTAHOBUTCS 0OoJiee WM MEHEe TIIaaKoH, IprudeM Tem Oolee
TJIAJIKOM, YeM OOJIbIITNE 3HAUYCHUS O(f) y4aCTBOBAJIM B HACTPOMKE.

Co BpemeHH cBoero co3manus s anroputMa SOM ObUIO TIPEIIIOKEHO
MHOXECTBO MOJU(DUKAIINN, TPECIETYIONINX T€ WK UHBIC 1. Moaudukamu
aJIrOpUTMa OCYIIECTBIISIIUCH IByMsI OCHOBHBIMU TEXHUYECKUMU MIPUEMaMU:

a) U3BMEHEHHE HaIpaBJICHUS ABUKECHUS Y3JI0B — KOTa y3€J1 OMUMO TOTO,
YTO JIBUTAETCS MO HAMPABJICHUIO K TOYKE JAHHBIX, CMEUIAETCS €IIE U B IPYTrOM,
BBIOMPAEMOM M3 T€X WJIM UHBIX COOOpaKEHUM, HAIIPABICHUU;

0) HacTpolika pajguyca 3axBara COCe/ICH — Korja BeJIUIrHa O(f) CTAHOBUTCS
Pa3HOM ISl pa3HBIX YCJIOBHM, B KOTOPBIX HAXOAUTCS BEIOPAHHBIHN Y3€IT Y.

Henpto Momudukanuii  SBISIOCH YCKOpEHHE paboThl  aIropuTMa,
VIy4YlIEeHUE TOYHOCTH AaNIpOKCMMalWd TpHU 3aJaHHOM YHCJIE  Y3JIO0B,
JTAHAMHUYECKOE (MO XOJy HACTPOWKH) W3MECHEHHE YMCIa Y3JIOB, YJIYUYIICHHE
TJIAIKOCTH WJIU PETYISIPHOCTH CETKHU.

OcTaHOBHUMCSI TUTITH HA HECKOJIBKUX XapaKTEPHBIX MOIUDUKAITHISIX.

Aneopumm Batch SOM [65]

Unes »srToit mMomudukanum — OCYIIECTBIATH JBIKEHHE Y3JIOB HE
MOOAMHOYKE, a pa3oMm, 3a OoAuH TakT. llocinegoBaTenbHOCTH IEUCTBUN —
CIIENYIOIIAs:

1. CeTka y3710B HHULIUATU3UPYETCHL.

2. Bce MHOKECTBO JaHHBIX pa30WBaeTcs Ha MOJMHOXecTBa K, i = 1...p, p

— gucno y3noB. s ToYeKk W3 MOAMHOXECTBa K; OMIMKaWIIMM y3JI0M CETKH
ABIseTCA y3en y;. Ha3zoBeM Takoe NOAMHOXKECTBO maxkcoHom ys3na y;. B
pe3ysibTare BCE TOUKU JaHHBIX PACIPEEISIOTCS «I10 OMMKalIuM y31am».

1
3. BBIYHCIISAIOTCSI IIEHTPBI TAKCOHOB @; = — > X ; .

n; Xiek;
4. TTonmo)KeHUe KaxI0ro y3ia MOIJU(PpUIUPYETCS 110 IPABHUITY
i =0; &,



rie @;— CpelHee LIEHTPOB TAaKCOHOB Y3JIOB-TIEPBBIX COCElEH, £ — HEKOTOPBIil

napameTp NopsiJKa JECAThIX €IUHULBI. TakuM 00pa3oM COCETHUE Y3IIbl «TSAHYT»
HacTpauBaeMblil y3enm K cebe. B pesynprare ceTka CTaHOBUTCS Oolee
pEryJspHOM.

5. Illaru 2-4 mOBTOPSAOTCS ONPENEIEHHOE KOJNYECTBO Pa3.

Aneopumm pecynsapuzayuu SOM [60]

WNnes stoii mMomudukanum — caenath CETKy OoJiee TIAaKoH, JTOKaIbHO
CIPSIMHUTH CJHIIKOM OONbIiie €€ W3TUOBL. [l 3TOr0 BBOAWUTCS TIOHATHE

o 1
«HUACATIBbHOC TIIOJIOKCHHUC Y3JIa» — OJd OAJHOMCPHOM CCTKHM 3TO TOYKa yj

OPTOTOHAJILHOM MPOCKIINU y3J1a Ha MPSIMYI0, COCTHHSIONTYIO JBA COCETHUX y3JIa
(cm. puc.32a)

JleficTBue anropuTMa BIIOJHE aHAJOTWUYHO cTaHAapTHoMy SOM, 3a
UCKIIFOYEHUEM TOTO, UYTO MPABUJIO HACTPONKU y3Jia B Clydae MPSIMOYTOJIbHOMN
CETKH TETepPb UMEET BU/]I

()Y =y, +h(r (X, =y )+EOGF =y ) +EOGT - y)),
rac y},yjz — OPTOTOHAJIBHBIC IPOCKIHNN Ha MNPAMBIC, COCAUHAROIINC

BEPXHETO M HHUXKHEr0, JIEBOTO M IPABOr0 COCEIEH COOTBETCTBEHHO, h(f) —

(GyHKIMS, MOHOTOHHO YOBIBAaIOIIAass C HOMEpPOM HTepauuu. Takum oOpazom,
KpOME TOI0, YTO y3€J CMELIAETCS B HAIPaBICHUU TOYKU JAHHBIX, OH TAKXKE

UCTIBITBIBAET CMEIIEHHUE B CTOPOHY TOYEK j)'} u yf, YTO MPUBOAUT K

YAaCTUYHOMY CTIPSIMIICHUIO JIMHUU, COSUHSIONICH TPU COCETHUX Yy3Jia U K Oojee
IJIaJIKOU CETKE.

Anzopumm Density Tracking SOM [62]

Wnes sroit mogudukanuu (moxosxkeit Ha Batch SOM) — cnenath Tak, 4T00BI
B 00JIaCTSIX CKOIUICHHS JaHHBIX OKa3aJloch OOJbINE Y3JIOB, 4eM B OoJjee
«pa3peKECHHBIX» 00JIaCTAX:

1. CeTka y3710B HHUIIHAJIA3UPYETCS.

2. Kak u B anroputme Batch SOM, Bce MHOKECTBO JTaHHBIX pa30MBacTCS
Ha ogMHOXecTBa K, i = 1...p, p — uucno y3ioB. JJig Todek U3 MOAMHOXKECTBA
K; OvoKaiIaM y3JI0M CETKH SBIISCTCS Y3 ;.

3. Beraucnsrores EHTPBI TAKCOHOB W; = i Z Xi 5

n; XieK;
4. PaccunThIBaeTCSA KOJMYECTBO TOUCK JAaHHBIX B Ka>XXIOM TaKCOHE€.
5. IlonoxeHue KaXXI0ro ysia MOI[I/I(I)I/II_[I/IpyeTCH 110 IIpaBUITy



rac a)J— HeHTp OJHOIo M3 COCCOAHUX TAKCOHOB, B KOTOpOM COIlep}KI/ITCﬂ

MaKCUMAJIBHOE (Cpeay BCEX COCENEH) KOJIUYECTBO TOYEK, £ — HEKOTOPBIN
napaMeTp MOpsaKa JECATHIX EIUHUIIBI. Y3el CMeIIaeTcss B CTOpPOHY Oosee
«BECOMOT0» COC€Zla, B OKPECTHOCTH KOTOPOTO COJEPXKUTCA OoJibliiee
KOJIMYECTBO TOUYEK JIAHHBIX.

6. [1laru 2-5 MOBTOPSIFOTCS ONPEICIICHHOE KOJIUYECTBO Pas3.

Aneopumm Adaptive SOM (AdSOM)

B paGote [64] aBTOpBI yKa3bIBalOT Ha OOIIYIO MPOOJIEMY, BOZHUKAIOILYIO
MpU  MOJEIUPOBAHUM MHOTOMEPHOTO MHOXKECTBA TOYEK C IOMOIIBIO
MHOT000pa3uii MeHbIlnell pasmepHocTd. [[nsi TOro, 4ToOBl BOCIPOU3BECTH
OCOOCHHOCTM  MHOTOMEPHOIO  MHOXECTBa,  MHOr0OOpasue  CTPEMHTCA
«CBEpPHYTHCS», 00pa3oBaTh OOJBIIOE KOJWYECTBO CKIAAOK. [Ipm 3TOM dHacTh
M3ruO0B MHOTO00pa3usi 00YCIIOBIICHA CaMOM CTPYKTYPOM TOYEK JaHHBIX, YaCTh
— TeM OOCTOATEIBCTBOM, YTO Pa3MEPHOCTh MHOTO00pa3wsi HE COOTBETCTBYET
Pa3MEpPHOCTH MHOXeCTBa (cM. puc.320).

B cnysae SOM 53710 o03Ha4aer, 4YTO I HEKOTOPHIX TOYEK JAaHHBIX
OJMDKaWIIAKA y3€1 CeTKM W BTOPOM IO OJM30CTH HE SBISIIOTCS COCEISIMU Ha
ceTke. TakWe TOYKM Ha3BIBAIOTCS Heycmouuusvimu. OTHOIICHHE YHWCITa
HEYCTOMYMBBIX TOYEK K  OOImEeMy KOJHUYECTBY TOYEK  HA3bIBACTCS
monozpaguieckou ouudOKo KapTUPOBAHHUSL.

Puc. 32. a) Mmmoctpanus K anropurmy peryisipusaimu SOM. Touka y; —

NPOEKIHSA Ha MPSIMYTO,

COEMHSIIONIYIO JIBA COCEAHUX Y3Ia.

0) Unmoctpanus k anropurmy Adaptive SOM. Yacts uzrn6os SOM mHoroo0pasust
00YCIIOBIICHA CaMOM CTPYKTYpPOH TOYEK JAHHBIX, YACTh — TEM OOCTOSTEIbCTBOM,
KpHBasi CTPEMHTCS allIPOKCUMUPOBATH MHOXKECTBO OOJIBIICH Pa3MEPHOCTH.
Bonbmiast 4acTe TOUEK B MIAPOBOM CKOTUICHHH CTIPaBa OKAXKYTCS HEYCMOUYUBLIMU.



Momudukarmuss AAdSOM cBOIUT BENMYMHY TONOTpauuecKor OImmOKu
MPAKTUYECKU K HYJIIO 3@ CUET JIOKAJTbHOW HACTPOMKH paJyca 3axBaTa COCEIIECH.
B pesynbrare KapTra OKa3bIBaeTCI MEHEE «H30THYTOW», YTO TPHUBOJIUT K
HECKOJIPKO XY/IIECH TOYHOCTH anmpOKCUMAIMK (Takas KepTBa HEM30e)KHA — ITO
1 COCTABJISIET CYTh JTUJIEMMBI «PETyISIPHOCTh-TOUHOCTD).

Hactpoitka paamyca 3axBata cocefeil NPOUBBOAUTCS  CIEAYIOIIUM
obpazomM:

1. B anmroputMe AdSOM s Kaxaoro W3 y3J0B Y, HA3HAYAETCSA CBOM
cOOCTBEHHBIN paguyc 3aBaTa coceneil o;. Jlamee, kak u B crangaptHoMm SOM
BBIOMpAeTCs TOUKa aHHbIX X;. [lJisl Hee onpeAesitoTes 0ga OMmKamx y3ia y;
u y;. Ecin 3Tu y31bl ABIAIOTCA NMEPBBIMU COCEASMH, TO TOYKA — yCTOMYMBA, U
JUIsl Hee MPOM3BOJUTCA OOBIUHASI Tpolleypa ABMXKeHUs y3noB. Eciau Her, TO
MIPOU3BOIUTCS HACTPOMKA BCEX BEITUUYUH O} CIEIYIOIIUM 00pa3oM:

r(viny)s maxir(ye, v b b rviy )
O =41y y)=s, s<r(y,y;), s=min{r(yk,y,-),r(yi,yk)}

1, wWHa4e

rne r(y,yj) — YHUOMSHYTOE BBINIE «CETOYHOE» paccTosHue. HHbIMH
CJIOBaMHM, paJuyC 3axBaTa COCEJeld pPaBEH CETOYHOMY PACCTOSIHUIO MEXIY
y3JIaMU y; U y; JUIA BCEX Y3JIOB, HAXOMALIMXCSA HA CETKE MEKIYy HUMU U JTMHEWHO
cragaet 40 1 BHe 00JIaCTH UX «BIIUSIHUSI».

2. Bpems ot BpemeHu (Kaxible n,. WUTEpalluil) 3HAUYCHHUS BCEX Oy
MEePECUUTHIBAIOTCS:

(c,) =(c,)”,
rae f< 1 — elie oMH mapamMeTp METO/a.

Hepapxuueckue ancopummor SOM

B nekoropeix pabdotax [52,63,71] ceTka mpenmnonaraercst «pacTyiiei», To
€CTh KOJIMYECTBO Y3JI0B BpEMs OT BpEMEHU MEHSIETCSI.

Camplii TMPOCTON aNTOPUTM — KOJUYECTBO Y3JIOB YABAWUBACTCS TIOCHE
OKOHYAHHUSI TIpOIleccCa HACTPOWKH, €CIM B pe3yabTaTe HE JOCTUTHYTa
HeoOxomuMasi TOYHOCTh. HOBBIE y3ITbI TOMEIIAIOTCS B IPOMEXYTKH MEXKIY YKe
HAaCTPOEHHBIMH Y3JIaMH M CETKa IOHACTPAUBACTCSI.

bonee rubOkuii MeTON — BBIUMCICHHE «PaCTSHKCHHU» pedep CETKH BIOJb
OTIIEBHBIX CTPOK M CTOJOIOB ceTKH. B ToM psiny (BepTUKAIbHOM WIN
TOPU30HTAIBHOM), TJI€ CYMMapHO€ PacTsLKEHHE OKa3anoch HauboJbIInM, pedpa



NEeNSATC — TOCEpEeUMHE BCTABISIIOTCA HOBbIe y3ibl. (CeTka BHOBbB
noHactpauBaeTcs. McciemoBatenp HaOmomaeT 3a TrpaduKkoM W3MEHEHHS
OIMOKY ammpoOKCUMAIlNN, M OCTAaHABIMBAET MpoIlecc AeleHus pedep Korma
rpaduK OMMOKK BBIMIET Ha «IUIATO» — CBOK TOJOTYI0 4acTh. KoamdecTBo
y3JI0B CETKH, KOTOpOE OTBEYACT Hayally IOJOTOoW dYacTh rpaduka OIHMOKH
CUUTAETCS «IPABWIbHBIM» (111 JTAHHOTO YPOBHS TOYHOCTH).

Cnenaem HekoTopble BbIBOABL Iloutm BO Bcex momudpukanusx SOM
BBO/JISITCS ITapaMETPhbI, C MOMOILBIO KOTOPBIX CETKa JIeNaeTcsi 0oJiee perysspHoi
— Oonee rnagkoil wnu Oosiee paBHOMEPHOM, WM JIydlle COOTBETCTBYIOLICH
JIOKAJIIbHOM CTPYKTYpe JaHHBIX. BMecTe ¢ TeM HU B OJIHON Moau(UKAIIMN HET
yKa3aHus Ha BUJ MEpbl ONTUMAIBHOCTH MOCTPOEHHOMN ceTKH. B ciemyromem
pasziene Mbl SIBHO BBEAEM TaKyl0 Mepy, B PE3yJabTaTe ONTHMHU3ALMH KOTOPOH
MOJIYYHUTCS AI20PUMM HOCMPOEHUs YpYy2ux cemok. B anroputme nosBarcs aBa
napaMeTpa — OAMH OYJET SIBHO «PETyINPOBaTh» INIaJJKOCTh MOCTPOSHHON CETKH,
IPYTroi — €€ pPABHOMEPHOCTb.

ChHavana MBI PacCMOTPUM CIIy4ail JABYMEPHOW MNPAMOYTOJIBHOM CETKH.
3aTeM NpPUBEAEM AITOPUTM IOCTPOEHHUS IPOU3BOJIBHOM YIPYrol CETKH H
PaccMOTPUM pa3IUYHbIE CIIOCOOBI €€ HACTPOUKH.

2.5. Aroputm nocTpoeHust ynpyrux cerox
2.5.1. IlpsimoyroJyibHast ceTka

PaccmoTpuM JIByMEpHYIO HPSIMOYTOJIbHYIO CETKY Y3J0B, B KOTOPOH p
Y3JIOB 110 TOPU3OHTAlM, ¢ Y3IOB IO BepTUKalIu. llepeHymepyem ys3ibl JTOH
CEeTKH C IOMOIIBI0 IBYX uHAEkcoB — y’, i=1...p, j=1...q. CeTka H0DKHA
00Ja1aTh CIeIYIOIUMHA CBOMCTBAMMU:

1) Csoticmeo b6auzocmu k mouxkam oannwix. CeTKa TOJDKHA OBITh B KAKOM-
TO CMBICIIC aHAJOTMYHA TIUIOCKOCTU TEPBBIX JBYX TJIABHBIX KOMIIOHEHT —
ONTUMAIBHOM B CMBICIIE MUHUMYMa CPEIHETO KBajpaTa PacCTOSHUS OT TOUYEK
TaHHBIX 10 ONMMDKAMINEro y3iia MpH OMpeneieHHBIX OrPaHUYCHUSIX Ha CBOMCTBA
CETKH.

2) Ceoticmeo ynpyeocmu no OMHOULEHUIO K PACMANCEHUI0. ITO CBOWCTBO
710 HEKOTOPOH CTETeHN 00ECTICUHUT PABHOMEPHOCHb CETKHU.

3) Ceoiicmeo ynpyeocmu no omuouieHuro K uzeudy. ITO CBOUCTBO IO
HEKOTOPOM CTETIEHHU 00ECTICUUT 21a0KOCHb PE3yITUPYIOIIETO MHOT000pa3usl.

Kak u B anroputme Batch SOM pa3oObeM Bce MHOKECTBO AaHHBIX X Ha
pXq noamuoxecTB K (i = 1...p, j = 1...q) (TaKCOHOB), B NpeneNax Kaxaoro u3
KOTOPBIX TOYKH ITOAMHOXKECTBA OKA3bIBAIOTCS ONIKE K Y31y CETKH Y’, deM K



KaKOMY-HHOYIb ApyroMy y3iry. O003HAYUM 3TO OOCTOATEIHCTBO CIICTYIOIIUM
obpazom

.. 2
Ky ={xe X|y7 4 - min
i,j

B kadectBe Mephl OJIM30CTH CETKH K TOYKAaM JTAaHHBIX BHIOEPEM BEIHMUUHY
CpelHero (Ha OJIHY TOYKY JaHHBIX) KBaJpaTa pacCTOSHUSA OT TOYKH M0
OJIMKaMIIero y3ja CeTKH.

Kaxnapii y3en ceTkn (KpoMe TpaHWYHBIX) MMEET YETBIPEX COCEIEH, C
KOTOPBIMH OH COCAHMHSETCS «peOpom». Uem Oombie cpemssisi (Ha OOUH y3€m)
JUIMHa pebpa, TeM CHIIbHEE CeTKa «pacTAHyTa», MOATOMY MBI JIOJDKHBI II0
BO3MOXHOCTH ~ MHUHHMHU3HpPOBATh 3Ty BeNWYWHY. TakuM oOpa3oMm, B
MUHUMHU3HPYEMBIH  (QYHKIIMOHAT  JOJDKHBI ~ BOWTH ~ Pa3HOCTH  MEXIY
MOJIOKEHUSIMH COCETHUX y3710B. CTEreHb H30THYTOCTH ONPEIEIUM C TOMOILBIO
TOYEYHOM OIECHKHA BEJIWYMHBI BTOPOM TMPOWU3BOJHOM (C TOMOIIBIO TakK
Ha3bIBAEMBIX GMOpbIX pasHocmeti). B pe3ynbrare NOIy4YuM CIEAYIOIIMMA
(GyHKIMOHAJT «Ka4ueCTBa» MOCTPOCHHOMN CETKH:

D, .D D
D="14+21"2 443 - min
X pqg " pq

rae | X

- 94iCIT0 ToueK B X; A, W - KO3 OUIUEHTHI YIPYTrOCTH, OTBEYAIOIINE 32

PACTSKCHUC U U30THYTOCTH CTCKHU COOTBCTCTBCHHO, D], DZ, D3 — CJlaracMsnic,
OTBCHArOIIME 3a CBOMCTBA CCTKHU, UMCHHO:

j XpeKkijj

— SIBJISIETCS] MEPOU OJTM30CTH PACTIOIOKEHUS Y3II0B

CETKHU K JaHHBIM. 311€Chb K;; ~TOJIMHOKECTBA TOYEK U3 X, JUIS KOTOPBIX Y3€JI
cetku y’ sBisercs OmmkaimmM ( maxcomnst ),
pql . o2 opla o
Dy =Y Xy =y Ty -y
i=1 j=1 i=1 j=1
p gl . .
Dy =Y ¥ 2y7 -yt -yt
i=1j=2
M30THYTOCTH (KPUBU3HBI) CETKH.
OTMeTMM, 4YTO TpaHUIBl CYMMHUPOBaHUS BBIOpaHbI Tak, YTOOBI B
¢dbyakuuonane D, pedpo HE BXOJUJIO B CYMMY JBaX/Ibl.
ITycTe MeTpuKa SBJISETCS €BKIMIOBOM. B sToM ciydae Qynkumonan D

ABJICTCA KBAAPATHYHBIM 110 TIOJIOKCHUSAM Y3JIOB ylj, 9TO 3HA4YUT, 4YTO IIpH

2
‘ — Mepa PacTSIHYTOCTH CETKH;

2 By i i)
+ 222y =y -y —Mepa
i=2 j=1



3alaHHOM pa30MEeHMHM MHOXXECTBA TOYEK JJAHHBIX Ha TaKCOHBI IS €ro
MUHUMHU3AIMA ~ TOTPEOyeTCsl PEemUTh CHCTeMY JIMHEHHBIX  YpaBHEHHU
pasMmepamu pgXpq. CrenoBaTenbHO, 3Q()EKTHBHBIM METOJIOM MHHHMH3AIUN
¢dbyHKMoHaNa D OKaXKeTCs TaKOH allrOPUTM:

[Iar 0. VY31bl ceTkM TaK WM MHA4Y€ pacCMoJiaraloTcs B MPOCTPAHCTBE
JIAaHHBIX.

[Tar 1. ITpu 3a1aHHBIX TTOJIOKEHUSX Y3JIOB CETKU MPOU3BOAUTCS pa3OueHUe
MHOJKECTBA JJaHHBIX Ha TAKCOHBI — IIOJIMHOKECTBA Kj; .

[IIar 2. Tlpu 3agaHHOM pa3OMEHUHM MHO>KECTBA TOYEK JIAHHBIX HA TaKCOHBI
MPOU3BOJUTCS MUHUMU3ALUsI PyHKIIMOHANa D.

[ITaru 1 u 2 NOBTOPAIOTCS A0 TeX MOp Noka GyHKIHUOHAT D HE MepecTaHeT
WU3MEHATHCA (B Mpeaenax 3alaHHON TOYHOCTH). [Ipouecc cxoauTcs, moCKoJIbKY
Ha Ka)XJIOM 3Tarie MUHUMU3AINK BeIMUMHA D, 0O4eBHIHO, OYACT YMEHBIIATHCS,
BMECTE C TEM OHa OTpaHMYE€Ha CHU3Y HYyJieM (BeauuyuHa D HEOTpUIaTEIbHA).
Bboniee Toro, oH CXOmUTCS 3a KOHEUHOE YHUCJIO IIIaroB, IMOCKOJbKY 4YHCIIO
BApHUAHTOB Pa30MEHMsI TOUCK JIAHHBIX HA TAKCOHBI KOHEYHO (XOTS M MOYKET OBIThH
BECbMa BEJIMKO).

Beimumem siBHO K03 (PUIIHEHTH MaTPHUIIBI CHCTEMBI IMHEHHBIX YpaBHEHHM,
KOTOPYIO HEOOXOAMMO peliaTh Ha KaXJA0W UTepallui allfTOPUTMAa MUHUMU3AIUY.
[TpuBOIMMBIE HUKE BBIKIAJKH BEChbMa MPOCTHI, XOTS U TPOMO3IKH.

Henocpencteennoe nuddepeHpoBaHue 1aer:

1 oD (=2) , k- 2[ (=D k-1, (+1) k+1,1 +Cl(+2) k+2,1

5 =a, "y ra T gyt Y yoor
2 aykl
_ k-2 —
+b]£[ Z)y b( 1) k,l 1 b(-i-l) k,[+1 b(+2) kJI+2 ZX
xeKp
rac

ag? =" “a- 612)1—=6;,),
pPq

A 2
aiV =" (5, -1+ (S, -11-5,)),
Pq Pq



n A
Ay :)?+m[4_5k,1 — 0., — 014 —5z,q]+
+7

pq|+1=6,,)10-6,)+(1-6,,.)A=6; ,)=2(01-6; ,)1-J;;)

A 2
alth =25, -+ 5, -1D1-6,,),
Pq Pq
i = 1-5,)1-5,).
Pq
-2 _ M
by~ = (1= )= 6;),
Pq
_ A 2
bzgz V= — (O =D +i(5k,2 —D(A=51),
Pq pq
A 2
bV =28, ~ D+ (S, -DA-6, ),
pq pq

b =Fa-s,,.)0-8,,),
pPq

IJe 7y — YHCIO DJIEMEHTOB B TakcoHe Kj;, oO; — cumBoa Kpomekepa,
MHOXHUTenu Buga (1-J;) BBeOeHBI aId TOro, 4YTOOBI Y4eCTh «KpaeBbIe
a¢dexto». Ecnu naAekcs &,/ pu ykl HE COOTBETCTBYIOT HUKAKOMY Y3J1y CETKH,
TO TOT MHOXKHUTETh aBTOMAaTHICCKHA OOPATUT ITO ClIaracMoe B HOJIb.

YpaBHeHust a—D =0, k=l...p, [=l...q naloT m CHCTEM JIMHEWUHBIX
d ykl
ypaBHECHUH (IO OJJHOW HA KaXIYI0 U3 71 KOMIIOHEHT BEKTOPOB ykl).
«BpITstHeM» HaGop Y B ommH cronberr. B pe3ynbTaTe BEKTOP HEH3BECTHBIX
Oyner

X= (V1150 Vigs Yo1oe Yo, g Y p=t) 1Y (p=1)q Y p.i-> Yp.g)

Cuctema umeer Bua Ax=b, TIie s-as KOMIIOHEHTa BEKTOpa CBOOOHBIX
YJIEHOB paBHA

ol s—1 ) s—1 .

b= Yx, i=|—|+1, j=s—|—]|q , [...] — oneparms B3ATHS LIEITOH

qaCTHu 4uciia.



ay,i=k,j=1
a,(dl) i=k—-1,j=1
(+1) P il N Y
ay Li=k+1,j=1 q
(=2)
a,i=k=2,j=1 - o—1
a}({;rz) i=k+2,j=1 / q 1
Ay = ) , TIe |
by “i=k,j=1-2 k= =1 +1
b( D=k, j=1-1 9
r—1
bV i=k, j=1+1 l=t—|—q
q
b(+2) i=k,j=1+2
0, else

Takum O6p3.30M, MaTpula CUCTECMbI UMECT BUJT

TO €CTh B HEH €CThb ISATh «OCHTPAJIILHBIX>» U YCTBIPEC «IIO0OOYHBIC» JUuaroHaiu. Ha
MNPOTAKCHUHN Bcel pa6OTBI AJIropuTMa 3HAYCHU 3JICMCHTOB MATPHUIIBI OCTAKOTCH
HCU3MCHHBIMH, U3MCHAIOTCA JIMIIb KOMIIOHCHTBI BCKTOpPA b (KOTOPBIG 3aBUCAT
OT crocoba p3.36I/IeHI/I$I MHOKCCTBA TOUYCK JaHHBIX Ha TaKCOHBI).

2.5.2. HenpsimoyroJjibHble CETKHU

VYrpyras ceTka BOBCE HE 00s3aTENIbHO JIOJKHA OBITh MPsIMOYToJibHOU. B
HEKOTOPBIX CIy4dasiX, HampuMep, MOXKET OKa3aTbCsl Pa3yMHbIM HIPUMEHEHUE
FeKCarOHAILHOM CETKHU (CM. puc.17). [l reKcaroHaJIbHOM CETKM KaKJas TOYKa
MMEET HE JIBa, a TP «IIPABBIX HIDKHUX COCEla» M TPH «pedpa )KeCTKOCTH». Bujy
dbyHKIHOHANOB D), D3 B 3TOM Ciydae IPUHUMAET BH/I;



D, =35y -y

i=1j=1

P q-1 .. . .
£y X Doy

+zzH yrh

\ +

2 5

2 p-l ¢ .. L
ij i+1,j+1
Y Y -y
i=1  j=1

i=2  j=1
j_He‘lem Jj—uemn.
D 2yl “Lj it
3= Z Z yY -y +
i=2j=1

f: qz_: (Zyij it yi,j+12 +H2yij i yi+1,j+12)+

i=2  j=2
2)

Jj—Heuem.

+z Z (Zy yi+1,j+1H H2 it _ yitlil
=2 j=2

Jj—uemn.

Brruncnenue npou3BOAHBIX B 3TOM ClIy4ae NPUBOJIUT K TPOMO3IKUM
BBIPKEHUSIM, TIOOTOMY pacCMOTPUM 00001IIeHEe METOIa Ha CITydai

IIPOU3BOJILHOM IBYMEPHOM CETKH.

Tenepb Oyaem ONMMCHIBATH CETKY, SIBHO yKa3bIBas Ha CIIOCO0 COCTMHEHUS

Y3JI0B | MIPABUIIO 00pa30BaHUs «pedep KECTKOCTH».

ITonoxkuM, YTO CETKa COCTOMT M3 p Y3JIOB, KaXIOMYy COOTBETCTBYET
paauyc-ekTop )', i = 1...p. HeKkoTophle Y37l COEMMHSAIOTCS MEXTy coOoit
pebpamu ynpyroctd E' — ux KoiuuecTBO s mTyk. Tpu y3iaa Morytr oopa3oBath
pebpo xectkoctH R — mycth ux Oyzer r mryk. Kaxmoe u3 s pebep ynpyroctu
MOKET UMETh BEC W;, @ KAKA0€ U3 pedep KeCTKOCTH — Bec V;. Torga odmmii Bua
(GyHKIIMOHAJIa UMEET BU

D =iD1 Jrl(/lD2 +uDy),
p

X
=% xh'-xf.

i=1 X;eK;



S i i P
D, =>w(Em-E@) .
i=1
r . . . o
Dy =3, (Rl (3)+R'(2)—-2R' (1)) ,
i=1
rze uepes E'(1) 0603HaueH paamyc BEKTOp Hayana i-ro pedpa ynpyrocTy,
a uepe3 E'(2) — xonen, ganee R'(2), R'(3) — kpaiinue Touyku pedpa KECTKOCTH,
R'(1) — 1ieHTpabHBbIiA y3e i-ro pedpa KeCTKOCTH.
Beenem o6o3HaueHmE

Lx=y
A(x,y) =

O,x#y
Torna nuddepenuupoBanue gaet

=n.y.— X.,
2 a J yJ Xl';Kj l
10D, _ ¢ i i i j i j
*4=ZW,-(E (HD-E (2))[A(E M, y")—AE (2),y1)],
29y) 4
roq . VAR B,y )+ AR (2), y7) -

20y’ g —2A(R' (1), y’)
O6o03HauUM

AEY = AE' (1), y/) = AE' (2),y7),
AR = AR\ (3), y7) + A(R' (2), y/) = 2A(R' (1), y/),

TOrAa
19Dy _ & (i i i _
2 3y Elw,(E (- E'@ME
3w 3y AE (1), yOAET 3w, 3y A (2), Y )AET =
i=l k=1 i=1 k=1
14 p
=kZ_:1 ZiWAEUAElk zykejk;
LIDs _ ¢ (RI3)+ Ri(2)— 2RI (AR =
20y i
r p
=szzyk(A(R (3), Y + AR (2), y*) = 2A(R' (1), y ))ARU _
i=l k=1
P r
zzykzvl UARzk Zyr
k=1 i=1



N r
_ ij A ik _ i A pik
THe €y = lel-AE AE™, ry = ZIV’AR AR" . B pe3ynbTare moxydaeM CUCTEMY
1= 1=

YpaBHCHUH
p n.o,
lLD=Zyk ok +ﬂejk+’urjk _ L 2.X;=0,j=1...p.
20y k=21 X p P X XieK

OTtcroga moiy4aeM CHCTEMY JIMHEWHBIX YPaBHCHHHA ISl HAXOXKICHUS
OJIHOT'O M3 KOMIIOHEHTOB BEKTOPOB HOJIOKEHUI Y3108 {y'}:

p |
Zajky =— XX,
k=1 ‘X‘XZEKJ
no, A
jYjk H .
aj = t—ep+—rp,j=1...p (*)
X" op
[Tosichum  eme pa3 — BUJI YPaBHCHHH OJMHAKOB JUIA KakKIOTO U3

KOMITOHEHTOB BEKTOPOB y'. bojiee TOro, 31eMeHThI MaTPUIIbI ¢;; OAUHAKOBBI IS
BCEX KOMIIOHEHTOB — HEOOXOJUMO JIHMIIb CYMMHPOBATh COOTBETCTBYIOIIME
KOMIIOHEHTBI BEKTOPOB X; B PABOM YacTH ypaBHEHHUS.

Kpome Toro, eciu 3HaueHus kodpduimeHToB A, 4 HE MEHSIOTCS, U
croco0 COEMHEHNUS y3JI0B B CETKE HEM3MEHEH, TO B BHIPAKCHUHU IS SJIEMEHTOB
MaTpulBl @; MEHSETCs JIMIIb IIEPBOE CIIaraeéMoe, CBS3aHHOE C Pa30HeHHEM
MHO>KECTBA TOUEK JaHHbIX HA TAKCOHBI.

2.5.3. IIpuMeHeHue CI0XKHBIX CETOK

OTMeTuM, YTO C MOMOILIBIK MPEUIOKEHHOTO BBIIIE AJTOPUTMA MOXKHO
CTPOUTHh OJHOMEpHBIE, JBYMEPHBIC, BOOOIIE 7-MEpPHBIE CETKH, HEOOXOIMMO
JUIIb TPaBUIBHO pPa30UTh CETKY Ha Y3Jbl, pedpa ympyroctu u pebpa
XKeCTKoCcTH. J[s 1meneit Busyanmsaruu 0ojiee MOIXOIAT TBYMEpPHBIE YIIPyTHe
CETKH, ITOCKOJIBKY UX MOYKHO «pa3BEPHYTh» Ha ITIOCKOCTH.

[IpennoxxeHHBII  CIOCOO  TIOCTPOCHUS  HEMPSMOYIOJBHBIX  CETOK
MO3BOJISIET CTPOUTH 3aMKHYThIE CETKM (Hampumep, CchEepuuecKne WiIH
TOpOUIaIbHBIE). [{151 3TUX CETOK CYIIECTBYET HEKOTOPAsI CIOKHOCTb, CBSI3aHHAS
C OTOOpaXCHHEM WM «pa3BOpadyMBaHUEM» UX Ha TUIOCKOCTh. Kak pesymbTar,
TaKUe CETKU JJal0T Pa3BEPTKHU, B KOTOPBIX I'PAHULIBI «CKIEEHBI» APYT C IPYTrOM.

bonee mose3HBIM MOXET OKa3aThCsl MPUMEHEHHE CIOCOOOB HACTPOWKHU
CEeTKHM, KOTOpPbIE OCHOBAaHbl Ha PETYJIMPOBAHUM JIOKAJIBHOW TIJIAJIKOCTH H
pPaBHOMEPHOCTH. B anroputme ympyrux KapT mapamMerpbl Mmertoma A, U
PETYJIMPYIOT PABHOMEPHOCTh U TNIAJIKOCTh CETKU B IIEJIOM, a C IIOMOIIBIO BECOB



OTIIETBHBIX pedep @}, V; MOKHO PETyJIMpPOBaTh JOKAJIbHBIE CBOWCTBA CETKH,
«TTOATOHSS» €€ TIOJT JIOKAJIBHBIC «ICTaTU»PACTIPEICIICHHS TaHHBIX.

[IpuBeneM HeEKOTOpbIE COOOpaXKEHUs, KOTOpPhIE MOTYT OBITh 37€Ch
WCMOJIb30BaHbl. Bce alropuTMbel wu3naratorcs Uil ciaydas MpsIMOYTOJIbHOM
CETKH.

1) AganTUBHBIN POCT CETKU

Wnewn, nexamuye B OCHOBE HEpapXHUeCKuX anroputMoB SOM wmoryt
MIPUMEHATHCS U I HACTPOMKHU YIPYrOU CETKHU.

Jljis TOro, 4ToOBbI pacCUUTaTh CYMMAapHbIE «HATSKEHUS» B BEPTHKAIBHOM
WJIM TOPU30HTAIBHOM Psily peOep yIpyrocT, HY)KHO PacCUMTaTh BEIMUNHBI

e = YwlE@-EOf,
EieGk
rae Gy — OJMHOXKECTBO pedep yImpyrocTH, KOTOphIe 00pa3yloT BepTUKAIbHBIN
WM TOPU3OHTAIBHBIA psif. TOT psim, UIsi KOTOPOTO BEIWYMHA HATSDKCHUS
OKa3ajach HaMOOJBIIEH, EMUTCS HOBBIMH Y3JIaMH IIOTOJIaM, BEca W; TIPU 3TOM
MIPUCBAUBAIOTCS HOBBIM OOpa30BaHHBIM peOpaM Te ke, UTO ObLIU y UCXOJAHOTO
nensiierocst peopa (cm. puc.32).

2) AnanTrBHas HACTPOWKA CTPYKTYPBI CETKH

[Tocne HACTPOMKHN CETKA MOYKHO YBEIMYMBATH TOYHOCTD AIMPOKCUMAIINHU
CJIEIYIOIIMM 00pa3oM (pacCMOTPUM CiTydail MPsSIMOYTOJIbHOM CETKH):

1. PaccunTteIBaeTCSA YMCI0 TOUYEK B KAaXKJOM TaKCOHE;

2. Jlma Kaxaoro W3 KBAgpaTOB CETKH BBIYMCISIETCS CyMMapHOE
KOJINYE€CTBO TOUEK B TAKCOHAX €r0 BEPIINH;

3. Tor xBazgpar, AJii KOTOPOTO YHUCIO TOYEK OKa3ajioCh HAMOOIBILINM,
nenutcs Ha 4 yactu (cM. puc.33); nmpu 3TOM Beca BHOBb 00pa30BaBIIUXCS pedep
YOPYTOCTH YBEIUYHMBAIOTCS BJIBOE (TOCKOJBKY J/JIMHA pedpa YMEHbIAETCS
BJIBO€, TO BABOE JIOJKHA YBEITMUUTHCA U €r0 KECTKOCTD).

3) AnanTvBHas HaCTPOWKA BECOB

CymiecTByeT crocod NepecTpOuTh CETKYy TaKhuM 0O0pa3oM, dYTOOBI e
CTpYKTYpa  OCTaBajach TMpEeXKHEH, a IUIOTHOCTh  Yy3JIOB  OKa3aiach
MPUOJIM3UTEIHHO MTPOMOPIIMOHAIBHA TUIOTHOCTH JaHHBIX B OKPECTHOCTH 3TOTO
y3J1a. DTOTO MOKHO JJIOCTUTHYTb, JIeJasi CETKY MEHEe paBHOMEPHOM.

1. PaccuuThiBaeTCs YMCIIO TOYCK B KAXKIOM TaKCOHE;



2. Jns kaxmoro u3 pedep YNpyrocTd CETKH BBIYHCISCTCS CyMMapHOE
KOJIMYECTBO TOYCK B TAKCOHAX €T0 BEPIIUH;

3. Hamee Bce Beca pebep yIpyrocTd TEPECUUTHIBAIOTCS, HAIPHMED,
CIICTYIOINUM 00pa3oM:

w;)) =ow,, a=n;/n

TZIe 1; — YUCIIO0 TOYEK B TAKCOHE i-TO Y3Ia, M, — CPEAHEE YUCIIO TOYCK B
TaKCOHE.

B pesynaprare Te pedpa, B OKPECTHOCTH KOTOPBIX IUIOTHOCTH JAHHBIX
HW)KE CPEITHETO, CTAHOBATCS «MSTUYEe» W YIUTMHSFIOTCS, TJIC BBIIIC — CTAHOBSTCS
«KecT4e» ¥ YKOpayMBarOTCs. B KOHIIC KOHIIOB JaHHBIC JOJDKHBI OBITh
pacrpe/iesiCHbI 110 TAKCOHaM 0oJiee WTH MEHEe PaBHOMEPHO.

aver ?

4) YMeHbIIICHUE TOITOTpapuIeCcKOi OmOKH

MOHO MOCTaBUThH IEIbI0O YMEHBIIICHHE TOMOrPaPUUecKoil OImMMUOKN U
HacTpaumBaTh IIAJKOCTh CETKH TaKUM O0pa3oM, YTOOBI MCUE3JIM HEYCTOWYMBBIC
TOYKH (CM. BbIlIe onucanue airoputMa AdSOM):

1. PaccuuThiBaeTCsi 4YHCIO TOYEK B KaXIOM TAaKCOHE, IPU ITOM
MOJCYUTHIBACTCSL BEIMYMHA «HECYCTOWYMBOCTH» y3Ja — OTHOCHUTEIIbHAs J10JIs
HEYCTOMYHMBBIX TOYEK B TAKCOHE;

2. BeiOupaercs y3en y; ¢ caMoii OOJIBIITON BETUIMHOW HEYCTOMYUBOCTH;

3. Ilo ouepenu BHIOMpAIOTCS HEYCTOWUYMBHIE TOYKH TaKCOHA Y3Ia,
BBIOPAHHOTO Ha NPEABIAYIIEM MHIATE, AT KaKIOH BBIIONHAETCSA NPOLENypa
repecyera BeCOB pebep KECTKOCTH R’ CIIEAYIONMM 00pa3oM:

3.1. JIna xaxmoii w3 BHIOPAHHBIX TOYEK PACCUUTHIBACTCS BTOPOM IIO

OJIM30CTH y3€7 CETKH —Y,; B CHJIY ONPEICIICHUsI HEYCTOMYMBBIX TOYEK OH

HE SIBJISIETCS] COCEJIHUM;

3.2. Ot y371a y; 10 y, «IPOKIIAILIBACTCS» KpaTYyalIuii MapImpyT U3 pedep

KECTKOCTH — TO €CTh WIIYTCA pedpa >KeCTKOCTH, C MOMOIIBI0 KOTOPBIX

MOHO COEIMHHMTH J[Ba y3Jia, M JUIsl KaXKI0ro M3 BOLICALIMX B MapIIpyT

pedep Bec yBeITMUNBaCTCS:

(v;) =v, +am,

r7e & — mapaMerp, n — JUIMHa Mapuipyra (KOJIU4ecTBO pedep HKECTKOCTH,

BOILEAIINX B MapUIPyT);

4. Ilna Bcex pedep JKEeCTKOCTH, IEHTPAIbHBIE Y3JIbI KOTOPBIX O0IaIatoT
HYe801 BETNYNHON HEYCTOMYMBOCTH BEC YMEHBIIAETCS:

0 =vi-a;

5. CeTka qoHACTpanBaeTCs;



6. IIpomecc moBTOpsieTCS A0 TeX TMOp, TMOKa JHOO BEIMYMHA
Tororpauueckoi OmMUOKH HE JOCTUTHET JOMYCTHUMOTO YPOBHS, JTUOO YHCIIO
UTEpaIiii He caTHeT OO0JIbIIIE HEKOTOPOTO 3aJaHHOTO YHUCIIA.

a) aJaNTUBHBIA POCT CETKU
[ ) [ )

L] o
[ 1% LJ
L p
L]
o o o L]
L] L] L]
o
o o
o L4
L] L]
L[]
L] L]
o
(= L J O

0) AmanTuBHAs HACTPOHKA CTPYKTYPHI CETKH
Puc. 33. Mmmroctpanun K paboTe anropuTMOB aIalTHBHOTO W3MEHEHUS
CTPYKTYPBI CETKH
a) KUPHBIM BBIJEJICH TOT Pl pedep, KOTOphIE OKa3aInch Hanboee pacTIHyThI
B IIPOCTPAHCTBE JAHHBIX;
0) KBaapaT, B OKPECTHOCTHU BEPIIUH KOTOPOTO IUNIOTHOCTh Y3JI0B HanOOJIbIIAs,
JEJINTCS Ha YETHIPE YaCTH, MOCIIE TOHACTPOUKH CETKH MPOLECC MPOI0JIKACTCS.

2.5.4. Hactpoiika cetku “online”

[locne Toro, kak ceTka HaCTpOEHa Ha OMPEJEICHHOM «0a30BOM» Habope
JTAHHBIX, MOXKET TOTPeOOBATHCA «JIO0OOYYUTh» CETKY Ha HOBBIX JIaHHBIX,
KOTOpbIE TMOCTYNAIOT JWHAMHUYECKH. PaccMOTpuM, Kak MOXKHO JTOHACTPOWTH
CEeTKy Ha OJHOM TMpUMEpe, KOTOPHIH HE BXOIWI B HMCXOAHOE OOydJaromiee
MHO>KECTBO.

B dopmyne (*) paznmena 2.5.2 MOXKHO 3aMETUTh, UTO OT CaMHUX JIAaHHBIX B
MaTpHIE CUCTEMBI JHHEHHBIX YPAaBHEHHMH 3aBHCHT JIHMIIb MEPBOE CIAracMoe —

n;/ X \51-1-, rae n; — 4UCIO0 TOYeK JAHHBIX B TAKCOHE y3nma y. B cronbue
CBOOOJHBIX YICHOB CTOST BENMYMHBI Y X;,— CyMMa BEKTOPOB JaHHBIX,
XieK;

MIPUHAISKAINX TaKCOHY K.

DTO 3HAYUT, YTO I OJHO3HAYHOTO MOCTPOCHHS CETKH MOXKHO YKa3aTh
HE BeCh HA0Op JAaHHBIX, a TOJIBKO €r0 YaCTOTHBIA «CJIIOBAPh» — HA0OP BEKTOPOB-
«00pas3IoB» M0 YHCITY Y3JIOB B CETKE M KOJIHMYECTBO TOUCK JIAHHBIX B KaKIOM



takcoHe. C Apyroil CTOpOHBI, JTHOO0E PACIIONOKEHHE CETKH B MPOCTPAHCTBE
JAHHBIX 33/1a€T ONPEACIICHHBIN CI0BaPb.

PaccmoTpuM 11Ba BapuaHTa JOHACTPOUKHU CETKHU:

1. Bcsa ungopmayus o OanHbIX HeOOCMYNHA, OOCMYNeH Jullb Cl08APb
OaHHbIX, TOT/Ia BHOBBH IOCTYMUBINAS TOYKA JAHHBIX X  CJeTKa KOPPEKTHUPYET
CJIOBaph — YBEJIUYHMBAET YACTOTY 7, TOTO «00Opasiia», KOTOPhIA OKa3ajics K HEl
OmkaiiM (0003HAUYMM €T0 X;) ¥ CABUTAET caM 3TOT 00pa3ell Ha BEKTOP
Ax, = Kox

n, +1

Torna u3MeHsAIOTCS U MaTpHUIAa CUCTEMBI, U BEKTOP CBOOOJHBIX UJICHOB.
Bun moBoit cuctembl (A+AA)(y+Ay)=(b+Ab), Torma mns HaXOKIEHUS
nonpaBku Ay umeeM (A + AA)Ay = Ab — AAy .

ITornpaBka AA MaTpuIlbl CHUCTEMbl HMMEET €IUHCTBEHHBIM HEHYJICBOM
aneMmeHT 1/N Ha nepeceueHuu k-ro cronbdua u k-oi cTpoku (N — YUCIO TOYEK
JaHHBIX), TONpaBka Ab cTonb1a CBOOOJHBIX YWIEHOB — BEKTOP C €AUHCTBEHHBIM
Axy (ng +1)+x;

N
HaXOXJACHHUSI HOBBIX IOJIOKEHUM Y3JI0B HYKHO HaWTH Mallyl0 MOIpaBKy Ay,
KOTOpAs SIBIISIETCS PELIEHUEM CUCTEMBbI

D 1 Ax, (n, +1)+x, —y )
Z(aij +N51151k)Ay, = k k k k 5jk’] = lp,
i=1

HCHYJICBBIM k-bIM QJICMCHTOM, PAaBHBIM . Takum 06p3.30M, JIIsL

N
TI€ p — YUCJIO Y3JIOB.
MOXHO pelNTh 3Ty CUCTEMY ISl KaXJOM M3 KOMIIOHEHT BEKTOPOB M

’

TIOMyYNTh HOBBIE MONOXKEHHS BeeX y31oB (y;) = y; +Ay,. OmHako jgemiesne ¢

TOYKU 3PEHHUS BBIYUCICHUN HANTH NPUOIMKEHHOE pEIICHHUE W CUUTATh, YTO
CMEIIAeTCs TONBKO OJWH, ONVDKAWIIUK K X' y3€l, a OCTaIbHBIE OCTAIOTCS Ha
Mmecte, To ecth Ay, = Ay;0; . Torna nomydaeMm cxemy mepecdera CeTKd s

BHOBb HOCTYHI/IBIJ_Ieﬁ TOYKH JaHHBIX X’

a) Haxoaum Gmrpkaiiimii y3en yy.

7 / /7
X +xn
6) [epecunThiBacM coBaph (x; ) = x;, +Ax;, = = TkCk (n,) =n, +1.
n +1
’ ayN+x’
B) PaccunThIBaEM HOBOE MOJIOKEHHE Y3112 ( yk) =y, +Ay, = Tk .
akkN+1

’

r) [lepecunteiBaeM KodQOULIMERTH MaTpHIbL (a,, ) = a,, + %\,

1) YBenuuuBaeM N: N=N+ 1.



2. Bca ungpopmayus o oammvix docmynna. Torma cxema mepecdeTa
MTOJIOKCHHUH Y3JI0OB CETKH OCTAETCS TaKOW e KaK M B MPEIBIIYIIEM CIydae, HO B
pacdeT MOYKHO BKIIFOUWTH IIAT, YYUTHIBAIOIINNA TepepacueT cIoBaps C y4eTOM
W3MEHHBIIIETOCS TOJIOKEHHS y37a (TaK Kak IMOJIOKEHHE y3Ja M3MEHHIIOCh, TO
OKPYKAIOIIHE €T0 JAHHBIE MOTYT «IIEPECKOYUTH» C OJHOTO HA JPYTOM TaKCOH).
JloGaBnsiem mmar

e) Yuer «mepeckokoB». [lepebupaem Bce TOUkM B TakcoHe K; U CpaBHUBaEeM
paccTosiHUE 10 OJIMKalIIero y3iia ¢ pacCTOSTHUEM 0 y3Ja-OnmKaiiiiero cocena
(B mpocTpaHCTBE MaHHBIX). Ecim y3enm-coceln okazalicsi Tenepb s TOYKH
OJIMKaMIIM, TO OHA «IIEPECKAKUBAECT» B €ro TakCoH. Takxe nepedupaeM TOUKU
B TaKCOHE y3na-cocena. Eciu teneps /i TOUKK OKa3ajics OMuxKaumMm y3eln yy,
TO OHA «IIEPECKAKUBAET» B TAKCOH Kj.

2.5.5. JloomnpeneneHue CETKA 10 MHOTOOOpasus

Hcnonb3ys ceTKy y3JI0B, MOKHO NOCTPOUTH HA €€ OCHOBE HEMPEPHIBHOE
MHOrooOpazue. [lnst 3TOoro mNOAXOAUT JIFOOOW  METOJ, B  KOTOPOM
BOCCTaHABJIMBACTCSI MHOTO00Opa3re M0 KOHEYHOMY YMCITY 33/IaHHBIX TOYEK.

dopManbHO 3aJada CTaBUTCA CIEAYIOMUAM oOpa3oM. TpeOyercs
BOCCTaHOBHTH BEKTOP (PYHKIIHIO 7 = 7(i,V) TIO 3HAYCHUSIM B KOHEYHOM YHCIIE €€
touek {y; = r(u;,v;), i = 1...p}. Ilapa uncen u;, v; — IpuUNMcbIBAEMbIC 3apaHee
KOKIOMY Y311y GHYmMpeHHUe KOOpOuHamyl Ha IBYMEPHON KapTe.

PaccmoTpuM cambiil TpOCTOM Ciy4ald MOCTPOEHUSI KYCOYHO-JTUHEHHOTO
MHOT000pa3usl. JUis ~ aTOrO  JOBYMEpHas ~ CeTKa  MPEIBApUTEILHO
mpuanayiupyemcsi — IS0 BCErO MHOXECTBA Y3JI0B YKa3bIBAa€TCA IPABUIIO
00BEIMHEHUS UX B MPEY2OTbHUKU.

3aganuM BHYTPEHHHUE KOOPAMHATHI TOYKHM KapThl u, vV B 0O0JacTu
onpeneneHus BekTop GyHkuuu r(u,v). Toraa, ucrnonb3ys 3ajJaHHOE TPABUIIO
TPUAHTYJSILUMI, MOKHO ONPEAEIIUTh TOT TPEYTOJIbHUK, KOTOPOMY HPUHAJICHKHUT
BbIOpaHHasi Touka (OH OyneT Omkaiimum). J[omycTum, 4To 3TOT TPEYroJbHUK
o0pa3zoBaH y3j1aMu C HOMEPAMH i;, i, i3. MOXHO ONPEICITUTh OTHOCUTEIHHBIC
KOOPIUHATHI @, [/ TOYKM OTHOCHTENIBLHO 3THX y310B. Hanmpumep, onpeaeanm ux
TakK:

ul_|Ha N Upp —Up N Uiz —Uj
v Vil Vio =Vil Vi3 Vil

TOI‘I[B. HMCCM CUCTCMY JIMHEHHBIX ypaBHeHI/Iﬁ JJI OIPEACIICHUA (&, ﬂl

a{”iz —”i1j+ IB(”B _uil] _ (” _uil]’
Vio = Vi1 Viz Vi V=V

pCUInB KOTOPYIO, Haﬁl{eM HCKOMOC 3HAYCHUC BCKTOP—(I)YHKL[I/II/IZ



ru,v) =y, + oy, =y )+ By — yir)-

[TocTpoeHre TakKOro KyCOYHO-JIMHEHHOTO MHOT0OOpasus HanmMeHee
TPYIOEMKO C TOYKU 3pEHHS] BblUMCIeHUNA. OJIHaKO, MOXHO HCIOJb30BaTh M
0oJee M30MIPEHHBIC TEXHUKN — HAIIPpUMeEp, MHOTOMEpHYIO opmyny Kapremana
[5].

B pesynbraTe MBI onyyaeMm riaJkyr0 HOBEPXHOCTb, MPOXOISIIYI0 Yepe3
BCE y3JIbl IOCTPOEHHOW CETKH.

2.5.6. IIpoenupoBaHue TaHHBIX Ha TOCTPOCHHYIO KapTy

Kak MBI yXe yka3pIBalli, alTOPUTM MTOCTPOCHHS KapThl HE TPEIOoIaraet
ee nByMepHOCTH. C MOMOIIBIO OJTHOTO M TOTO K€ aJITOPUTMA MOKHO CTPOUTH
CETKH Pa3IUYHON Pa3MEPHOCTH — OTJIWYUE OYyAET JUIIb B CIOCOO0E COCTUHEHUS
y3JI0B B peOpa >KECTKOCTH W YOpYyroctu. Bmecte ¢ Tem, CeTKH pa3HOM
Pa3MEpPHOCTH UMEIOT PA3IMYHYIO «CIICIIHATU3AIIAIO» !

a) ooHOMepHble cemKu — HauOoliee MOAXOA[IIME KaHIUAATHI s
PELICHUS 3a/1a4 HeTUHEH020 PaKmOpPHO2O AHANU3A;

0) 0symepnvle cemku ynoOHEe BCErO HCIONb30BaATh IUISl 8U3VAIUIAYUU
OAHHbIX;

B) mpexmepHble cemku 3aAal0T HEKOTOpoe 3(PGPEKTHBHOE TPEXMEpPHOE
MPOCTPAHCTBO, MPUTOHOE I PEIICHUs 3a7ad BU3YaIH3alliu aHHBIX, KOTJa
IBYX U3MEpPEHUN HenocTaTouHo. Hanmpumep, Takast cuTyalrusi CKIabIBaeTCs pu
BHU3YIH3AITUHN 810CEHUL 8peMeHHbIX psdos (CM. paszieln 2.6).

T) m-MEpHBIE CETKA MOTYT MCIHOJB30BaThCA UIs1  3(PPEKTUBHOTO
K8AHMOBAHUSL OAHHBIX, TO €CTh CKaTUS WH(DOPMAIIHH.

Hawuboustee mpocToii criocod rmepeHoca TOUYKH JIaHHBIX U3 IMMPOCTPAHCTBA Ha
MOCTPOCHHYIO KapTy — KYCOUHO-NOCMOSIHHOE Npoeyuposanue, KOTjaa KaxIou
TOYKE JIAHHBIX COTIOCTABJIACTCS Oaudcaviwiutl yzen kapmol. J|Jis Takoro crocoda
MPOCIMPOBAHUS JaKe HE 00sA3aTEIbHO JIOONPEICIATh CETKY Y3J0B JIO
MHOT'000pa3us.

bonee wHTEpEeCHBI KYyCOYHO-HEIOCTOSIHHBIC CITOCOOBI TPOCITUPOBAHUS.
Hampumep, ecnu 1mo ceTke y3710B CTPOUTCS KYCOYHO-JTMHEHHOE MHOTooOpasue,
TO MOYKHO TPEIJIOKHUTh €CTECTBEHHBIN CIIOCO0 npoeyuposanuss 8 OIUNCAuULyIo
MOYKY Kapmal.

HauneM ¢ omHOMEpHBIX ceTOK. BBegeM MOHATHE paccmosanus om mouku
00 ompe3ka. Bynem onpenensTh ero cIeayonmmM 00pa3oM.



1. BeimoaHuM OpTOTOHAIBHOE MTPOCHUPOBAHUE HA TIPSMYIO, COAEPKAILILYIO
oTpe3ok. Ecnu mpoekuus NpuHaiieskKuT OTPE3KyY, TO HICKOMOE PacCTOSIHUE — ATO
paccTosiHue 70 MPOEKIUU.

2. lHaue WCKOMOE PacCTOSIHUE — 3TO PACCTOSIHUE 10 OMIKaWIIero KoHIa
OTpe3Ka.

Paccmosinue 0o mpeyeonvnuka HaliieM Tak:

1. DBpimonHUM  OPTOrOHAJIBHOE MPOELHUPOBAHME HAa  IJIOCKOCTb,
COJIEPXKAIIYI0  TpPEyroibHUK. Eciaum  Toyka  NOpoeKuMd  MPUHAJICKUT
TPEYroJIbHUKY, TO HCKOMOE PAaCCTOSIHUE — 3TO PACCTOSIHUE A0 MPOEKIIUH.

2. Wuaye wucKOMOE€ pacCTOSTHUE — 3TO pPACCTOSHUE N0 Onmxaifmen
CTOPOHBI TPEYTOJIbHUKA (KaXk/1asi U3 KOTOPBIX MPEACTaBISET COOOM OTPE30K).

Paccmosinue 0o mempasopa Haiinem tax:

1. BBINOJIHUM OPTOTOHAIBHOE MPOCIMPOBAHUE B TPEXMEPHOE JIMHEUHOE
MHOTooOpasue, cojaepxailee Terpa’ap. Ecin Touka mpoekuuu NpUHAAIEKUT
TETPa’Apy, TO HCKOMOE PACCTOSIHUE — 3TO PACCTOSHUE 10 MPOEKIIMH.

2. WHaye wHcKOMOE pacCTOSTHUE — 3TO pPACCTOSHUE N0 Onmxaifmen
CTOPOHBI TeTpadpa (Kax1as u3 KOTOPBIX MPEACTaBIsAET COO0H TPEYTOJbHHK).

[Ipomomwkas aHAJIOTMYHO, MOXXHO HAWTH pacCTOSHHUE 10 J000To k-
MEpPHOTO CUMILIEKCA.

OnHoMepHas KyCOYHO-JIMHEHHAsi KapTa COCTOMT W3 OTpe3koB. [loaTomy
OJbKaifIasi TOUYka TaKOW KapThl — ATO OJvKaiias Touka OJuKanIero orpeska
nomaHoi. COOTBETCTBEHHO, OJvKaWImas TOYKa JBYMEPHOH KapThl — 3TO
Omkaifias Touka OJIMKalIlero TpeyroabHuKa, u T.1.

[TpoekTop B OimKaiiIiyl0 TOYKY TOCTPOSHHOTO MHOTOOOpa3usl MOHSITEH U
uJiesl €ro HEeM3MEHHA I KapT pa3Hou pazmepHocTU. OIHAKO, IS HEKOTOPBIX
1ened OH MOXKET OKa3aThCsl CIMIIKOM TPyObIM (CYIIECTBYIOT IeJble O0JacTH
MPOCTPAHCTBA, M3 KOTOPBIX TOUKU MPOEUUPYIOTCS B OAWH y3en). B cmyuae
OJIHOMEPHBIX CETOK BO3MOYKHO NPUMEHEHUE aIrOpUTMa LEHTPAIBLHOIO
npoerpoBanus [41]. B aTom anropuTMe 1EHTp MPOSIUPOBAHUS BHIOMPACTCS B
MepPEeCeUeHU IBYX TEPICHINKYIAPOB K pedpam, KOTOPBIC MPUIIETAIOT K Y37y,
OnmKaiieMy K TOUKe JaHHBIX.

2.6. MoaesimpoBaHue BJI0KeHHIT BpeMEHHBIX PAI0B

['ecomerpuueckyro  metadopy obOlaka TOYeK B~ MHOTOMEPHOM
MPOCTPAHCTBE MOXKHO COMOCTaBHTh HE TOJBKO JAHHBIM, HW3HAYAIBLHO



MPEICTAaBICHHBIM B BUJIE TAOJUIIBI «OOBEKT-MIPU3HAK», HO U BPEMEHHOMY PSTY.
ITo psiny 3Hauenuit z;, t=1,2..., M MEHSIOIIEICS BEIUUYUHBI MBI MOKEM CIEIaTh
€ro d-mepnoe 6noxceHue, TIe Kaxaas TOYKAa COOTBETCTBYET KYCKY psiaa U3 d
MOCJICIOBATEIIbHBIX AIEMEHTOB: X; = (T, Zksls ---» Zkid-1)- 1AKAM 00pazom,
BPEMEHHOMY PSIy COMOCTABISETCS TaONMIla, B KOTOPOW TMepBasi CTpoKa — 3TO
nepBble d 3HAUEHUU psAna, BTopas — d 3HAYECHUN psifja, HAYWHAsl CO BTOPOro, B
TpeThel — d-OKHO CIIBUTAETCS €IlIe Ha OJHY MO3UITUIO U T.J. (Oy[eM Ha3bIBaTh d-
OKHOM «paMKy» IIHPUHBI d, B KOTOPOU MBI pacCMaTpUBaEM KycoK psia). Takou
Croco0 MpeCcCTaBICHUs BPEMEHHOTO Psiia Ha3bIBaeTCs Gr1odceHuem no Taxkkency
[20].

CooTBeTcTByIOIIasl  MOCIEIOBATEIIBHOCTh  TOYEK B d-MEPHOM
MPOCTPAHCTBE OINMUILET ONPEACICHHYI0 TpaeKkToputo. HMHTepecHO, 4TO 3Ta
TPAEKTOPUSI MOXKET LIEJIMKOM JIEKaTh B HEKOTOPOM k-MEPHOM MOJNPOCTPAHCTBE
(k < d), unu HE CIIMIIIKOM CHJIBHO BBIXOJIUTH 32 €T0 Mpeiesibl (HaXOAUTHCS B HEM
B IIpeJienax 3aJJaHHOM TOYHOCTH).

bynem HazbIBaTh npocmpancmeom 61024cenus d-MepHOe IPOCTPAHCTBO, B
KOTOpOE€ BIJIOKEHa TpaekTopus. Kaxmas Touyka 3TOro MOpOCTPAHCTBA
COOTBETCTBYET BBIPE3aHHON OKHOM IIOCIIEOBATEIIbHOCTH 3HAUYEHUW psiaa
mHO d. HazoBeM Takyro mocienoBatesbHOCTh nammeprom. COBOKYITHOCTh
MaTTEPHOB — ATO BCE BO3MOKHBIE BApUAHTHI MOBEJECHUS BPEMEHHOIO psiAa Ha
OTpe3Kax BPEMEHU B d DIIEMEHTOB.

Ha pwuc.34 npuBeneHo 4 mpumepa HaAOOPOB MATTEPHOB ISl MPOCTBIX
(G YHKIIMOHABHBIX BPEMEHHBIX PSJIOB, © COOTBETCTBYIONINE MM TPACKTOPUU B
MHOTOMEPHOM TMPOCTpaHCTBE. M3 PUCYHKOB BHAHO, YTO MPHU JIOOOW [JIHHE
Hape3Ku d (0HaKo OOJBIIICH BBOAMMOM HIDKE pazmeprocmu psoa no Taxkewncy)
M are JUCKpeTu3aluu Af TpaeKkTOpHsi OKa3bIBA€TCS BJIOXKEHHOW B
MOJIMPOCTPAHCTBO MEHBIIEH pa3MEpHOCTU. Tak, MOCTOAHHBIN BPEMEHHON P
OKa3aJCsi HYJIb-MEPHBIM (B MPOCTPAHCTBE BIIOKEHUS €My COOTBETCTBYET
eauHcTBeHHas Touka Xy = (C,C...C), C = const ), TMHENUHBIN Pl — OTHOMEPHBIN
(B MPOCTPAHCTBE BIIOKEHUSI OH MPEACTABIICH MPSIMOM, HE MPOXOASIIEH uepes
Hayajgo KOOpPAMHAT U MapajuiebHOM JMArOHAMM X;= X;=...=X;), (QYHKIHI
CHHYyCa TMOPOXKIAeT <«IBYMEPHBII» BPEMEHHOW psii, a CHHYC CO BTOPOM
TapPMOHUKOM OKa3aJICsl YETHIPEXMEPHBIM.

JIerko moHATH modemMy 3TO Tak. PaccMoTrpum JmHeWHbIN psag. Eciu Ham
M3BECTHA TIEpBasi TOYKa MaTTepHA (MU, BOOOIE, OHA JIF00ast TOYKa), TO 3TOT
MaTTepH OJHO3HAYHO WACHTU(MUIIMPYETCSs ¥ BOCCTaHaBIHMBAaeTCs. HVHbIMH
CIOBaMH, Ui TOTO, YTOOBI ONPENEIUTh IOBEACHUE JIMHEWHOTO psija Ha
Ommxkaiimme d 1maroB, IOCTaTOYHO 3HATH OJHO-CIWHCTBEHHOE HAdaIbHOE
3HaueHue narrepHa. st cuHyca 9T0 He Tak. 37ech B HaOOpe MaTTEPHOB €CTh
HHUCXO/JISIINE, BOCXOSIINE U «IKCTPEMAIIbHBIE» MATTEPHbI (KOTOPBIE TAKKE
BHauajie MO0 BO3pACTalOT, JUOO YOBIBAIOT), MOATOMY JJisl OAHO3HAYHOTO



BOCCTAHOBJICHUS MTaTTEPHA HEOOXOAMMBI IBE €T0 TOYKU. B mociennem nmpumepe
€CTh JIBa BHJA BOCXOMSIIMX M JBa BHJIa HUCXOJSUIMX NATTEPHOB, 3TO H
MPUBOAUT K TOMY, 4YTO TPACKTOPUS UEIUKOM JIEKUT B YETHIPEXMEPHOM
JIMHEWHOM MOANPOCTPAHCTBE (3aMETHM, UYTO YaCTh TPAEKTOPUHU OKa3alach, TEM

HE MEHee, IJIOCKOM).

Puc.34. UnmrocTpaiuu K BIOKEHUIO BPEMEHHBIX PsIIOB 10 TakkeHCy
1 pao epaguxos. IIpocTbie PyHKIIMOHATBHBIE PSAIbI, TOCTPOCHHBIE HA OCHOBE (PYHKIIUIA:
1. f(H=0 2. flo=t. 3. f{t)=sin(t). 4. fit)=sin(t)+0.8sin(2t).
2 pao epaghuxos. CeMecTBO NATTEPHOB, TOCTPOCHHBIX 10 COOTBETCTBYIOIIUM PSAIAAM.
1. IlarTepu equncTBeHEH; 2. CeMEHCTBO MATEPHOB «OTHOMEPHO»;
3. CeMelCTBO MATTEPHOB «IBYMEpHO»; 4. CeMEHCTBO MATTEPHOB «OJTHOMEPHO».
3 pao epagukos. TpaekTopuu BIOXKEHUH psagoB B 10-mepHOE TPOCTPAHCTBO B
MPOCTPAHCTBE, HATSIHYTOM Ha 3 IIepBbIE IIaBHbIE KOMIIOHEHTHI
1. Tpaextopust — Touka; 2. Tpaekropus — npsimasi;
3. Tpaektopust — smuturc; 4. Tpaektopus — «4eTbipexmepHas» durypa Jluccaxy.



JlobGaBiieane Oenoro mrymMa K GyHKIIMOHAIBLHOMY DSy CHHYCA MPUBOIUT
K TOMY, YTO OH OCTaeTCi ABYMEPHBIM JUIIb MpuOIu3uTensHo. JloGaBieHme
JMHEWHOTO TPEHJAa MOXET MPUBECTH K TOMY, YTO Psii CTAHET OJHOMEPHBIM
(ecii pyHKIMS B pe3ysIbTaTe CTaHET MOHOTOHHOMW ), MJTH YBEIIMUUT PAa3MEPHOCTH
psana. BooOme, nro0as MOHOTOHHAs (YHKIUS TOPOXKIAET OJHOMEPHBII
BPEMEHHOM Ps/I.

3ajadyy NOpPOTHO3UPOBAHUS BPEMEHHOTO psia MOXHO TOCTaBUTh
CIeAyIomuUM o0pa3oM: Mo m ToukaM (m < d) uIeHTUPUIIUPOBaTh TATTEPH psiaa
U JaTh NPOTHO3 Ha d-m 3HadyeHud Breped. Eciam HyxeH Oonee riyOokwmii
MPOTHO3, TO JJIsi BHIOOpA CIEAYIOMIETO MaTTepHa MOXHO BOCIOJIB30BATHCS M
MOCIENHUMH  TOYKaMHM  mpenbiaymiero. Takum — oOpazoM, psig Oyaer
«KOHCTPYUPOBAThCS» U3 3aJJaHHOT0 Habopa naTTepHoB. ONpaBIaHHOCTh TAKOTO
MOAXO0Ja OCHOBBIBAETCSI HA MPEIOIO0KEHUH O TOM, YTO HAalJIECHHOE CEMENCTBO
MaTTEPHOB MOBEACHUS SIBJIAETCS XapaKTEPHBIM JJIs JAHHOTO BPEMEHHOTO psija.
C nfOpyroii CTOPOHBI, «BHE3AIHOE» TIOSABJACHHE NPHUHIUIMAILHO HOBBIX
MaTTePHOB CBUICTEIBCTBYET O pa3ziiajikaX B MOBEJCHUU Psijia, CMEHE PEXKHUMA,
YTO TOXKE MOXKET 0Ka3aThCs MOJIe3HON HHpOpMaIueH.

CKOJIBKO K€ TOYEK HYXHO B3STh JUIsI TOTO, YTOOBI MPHU BHITOJTHEHUU
YKa3aHHOT'O MPEANOI0KEHUSI OJTHO3HAYHO BOCCTAHOBUTH nartepH? OTBET Ha
STOT BONPOC 3aBUCUT OT TOro, KakoBa 3(eKTuBHAS Pa3MEPHOCTh CEMENCTBa
MaTTEPHOB, T.€. CKOJIBKO MAaTTEPHOB B CPEAHEM MPOXOJIUT YEpE3 E-OKPECTHOCTh
BBIOPAHHOM TOYKH B OKHE. DTO YMCIIO U ONPENCITUT Pa3MEPHOCTh BPEMEHHOTO
psana no TakkeHcy.

OmuH u3 cnocoboB HaWTH S(PPEKTUBHYIO Pa3MEpPHOCTb JIMHEWHOIO
MPOCTPAHCTBA, B KOTOPOM HAXOJUTCA TPACKTOpUsl psAJa B MPOCTPAHCTBE
BJIOKCHHM — WCIOJIb30BAHME METOJA IJIaBHBIX KOMIIOHEHT. JleHCTBUTENBHO,
nepBasi TJlaBHas KOMIIOHEHTA B MPOCTPAHCTBE BIIOKEHUHN JTa€T ONTHUMAJILHOE B
CMBICTIE CpEIHEKBAIPATUYHOTO paccrosiHus MEXTY naTTepHaMH,
NPUOIMKEHHOE OIMUCAaHUE 3aJJaHHOTO BPEMEHHOTO psiia €  TOMOIIBIO
«OJTHOMEpPHOTro» psina. Jpyrumu cioBamu, HaOOp MATTEPHOB PEATLHOTO psijia
3aMEHsIeTCSl Ha OJHOMAapaMETPUUYECKOE CEMENUCTBO MOOETUPYIOWUX NAMMEPHOS.
B d-oxHe marTepHbl 3TOro ceMelcTBA HE IepecekarTcs. B cmyuae
WCIIOB30BAHMS TIJIOCKOCTH TIEPBBIX JBYX TJIaBHBIX KOMIIOHEHT TOJydyaeM
JIBYXMapaMEeTPUUECKOE MOJEIUPYIOIIEE CEMEMCTBO U T.1.

PaccmorpuM  mogpoOHee ciiydail  «OJHOMEPHOT0»  MOJICTUPOBAHUSI.
JlommyctM, ypaBHEHME TI€pBOM TIJIaBHOM KOMIIOHEHTHI B IIPOCTPAHCTBE
BJIOKEHUU UMeEET BUJ

X=X, +Yt,
BHCCB X() — TO4YKa TIIPOCTpAHCTBA BJIO)KGHPIﬁ, COOTBCTCTBYIOIIIAA
TCOMCTPUUCCKOMY ICHTPY TPACKTOPHUU psaa. B d-oxne ei COOTBCTCTBYCT

Yle =1, t — nmapamerp.




«yCpenHeHHbIi» marTepH X,. BekTopy TIJIaBHOW KOMIIOHEHTHI Y; B d-OKHE
COOTBETCTBYET «HECMEIIEHHBII» marTepH-o6pasen Y. B pesynbrare peaabHblii

narrepH X, 3aMeHsETCS Ha MOJIEIbHBIH
X =Xo+1 (X, —Xo. 1),
cKoOKaMu 0003HAUCHO CTAHJIAPTHOE CKATSIPHOE MTPOU3BEICHHE.
COBEpIICHHO aHAIOTMYHO TIPOMCXOTUT MOJICIIMPOBAHNE C TOMOIIBIO
JBYMEPHOTO psijia 1mo hopmyrie
X, =Xg+Y (X, - X, Y)+Y (X, — Xy.Y,),
r/ie Y, — BEKTOP BTOPOW INIABHOW KOMIIOHCHTHI B IIPOCTPAHCTBE BIOKEHUH.
Bynem Temeps paccMaTpuBaTh CPeIHIOIO TOUKY MATTEPHA KaK «TEKYIIIYIO»

TOYKy psaa. Torma T—l NIEPBBIX 3HAYECHUU B OKHE (IIPEATIONO0KNM, 4TO d —

HEUYETHOE) COOTBETCTBYET «IIPONLIOMY» TOUYKH, a o —1 nocnegHux 3HaYEHUN

«OymymeMy». MeToa CrIaKMBaHHWS BPEMEHHBIX PSAJOB € TOMOIIBIO
«CKOJIB3SILIETO CPEIHEr0» 3aKIF0YAeTCsl B 3aMEHE TEKYILEro 3HaY€HUs pslia Ha
Cpe/Hee MO BCeM TOYKaM M3 d-okHa. C TOYKHU 3pEHHUs U3JI0KEHHOTO BBILIE 3TO
COOTBETCTBYET MPOEIUPOBAHUIO B NPOCTPAHCTBE BJIOKEHHM HA €AMHUYHBIN
I 1 1

dd T d

COOTBETCTBYET «OJIHOMEPHOMY MOJICIIUPOBAHUIO» psAna. Y BekTopa Y
KOMIIOHEHTBl HE€ pPaBHBI M O3TO 3aJlaeT JPyroi cmocod ¢GuiabTpanuu psaa.
Bripouem, ecii BpeMEHHOM psJ JOCTATOYHO TVIAAKWM M IIAr JAUCKPETU3ALNHU

Man, 10 Y =Y, .

BCKTOp € COBIaJarOMMMH KOMIIOHCHTaAMU ch =( ), TO €CTb

2.7. MyabTUKaApPTHPOBaHHE

MoxeT oka3aTbCs TaK, YTO TOYHOCTh MOJICTUPOBAHUS JIAHHBIX C
MTOMOIIBIO0 JBYMEPHOTO MHOTO00pa3usi, BJIOKEHHOTO B MPOCTPAHCTBO OOJIBIIICH
Pa3MEpPHOCTA OKaXXETCSI HENOCTATOYHO XOpolieil. TOYHOCTh MOAEIHpPOBAHUS
MOXHO MOBBIIIATH C TOMOIIBIO TAKUX TPUEMOB:

a) YBEJIMYEHHUE YUCIIa Y3II0B;

0) yMCHBIIICHUE YIIPYroi SHEPTHH KapThl (KapTa HAaUMHACT 00JIee TIOTHO
MPUIIETaTh K TaHHBIM).

N B TOM, U B JIpyroM ciiydae KapTa CTAHOBUTCS MEHEE TIJIaJKOW, 4TO
MPUBOJUT K YXYAIICHHUIO € 0000IIaronmx crnocooHocTer (cM. pasaen 1.2).

Uness MynbTUKapTUPOBAHUS WM  UMEPAYUOHHO20 MOOEIUPOBAHUS
COCTOUT B TOM, YTOOBI OMHMCHIBATH JAHHBIC IMOCIECIOBATEIBHOCTHIO KapT s
pa3HbIX HAOOPOB JAHHBIX.



Ilepsass kapma oOmMHUCHIBAET caMO OOJAKO TOYEK B HCXOIHOM
MPOCTPAHCTBE JAAHHBIX.

Bmopas xapma onvceiBaeT OMMOKHA ONMKMCAHUS JTAHHBIX MEPBOH KapTOM.
HaGop maHHBIX, Ha KOTOpPOM OHa CTPOHUTCS — BEKTOpa IEPBHIX OCTATKOB,
MOJIyYEHHbIE BBIYUTAHUEM W3 PaTUyC-BEKTOPOB HMCXOJHBIX JaHHBIX pajuyc-
BEKTOPOB UX IPOEKIMI Ha KapTe.

Tpemwsi kapma ONUCHIBAE€T BTOPbIE OCTATKU U T.1.

MonenupoBanue JaHHBIX C HOMOIIbIO Habopa KapT MOXHO Ha3BaTh
HETMHEHWHBIM (aKTOPHBIM aHAIM30M JaHHBIX. KapTy JaHHBIX MOXXHO Ha3BaTh
HenuHeuHbIM hakmopom (OTHOMEPHBIM, IBYMEPHBIM, TPEXMEPHBIM H T.11.).

['maBHasg oOTIMYUTENbHAs OCOOEHHOCTh MOJAXO0Ja OT TPAJAULUOHHOIO
(aKTOpPHOIO aHalM3a — €ro HeJIMHEHHOCTh, TO €CTh JUHEIHAsT MOJIENb JTaHHbIX
X; =Qy; +U 3aMeHseTCs Ha HEIMHENHYIO:

X, =F(u;,v;)+A,;,
TJI€ U;, V; — BHYTPEHHUE KOOPJAMHATHI TOUKU X; HAa KapTe (paccMaTpuBaem
JIBYMEpHBIN ciydaii), F' — BekTop-pyHknusa. OctaTkd A; , B CBOIO OYepe/b,

. - 1
OIKCBIBAIOTCA CIEAYIONICH HEIMHEHMHON Monenblo: A; = F) (I/til,vil)+A(l-)I/I TaK
nanee.

CKOJbKO KapT TIOHAMOOWUTCS, 4YTOOBI OINMUCATh JaHHBICE C HYJICBOH
omunOKo#? PaccMoTpuM ciTy4ail TOJHBIX TaHHBIX U IYCTh B Ka4eCTBE (PaKTOPOB
BBICTYIIAIOT HAIMPABJICHUS TJABHBIX KOMIIOHEHT. ['apaHTHpyeTcs, 4To OImOKa
OTMCAHUS CTAaHET HYJICBOM, €CITM MCIIOJIh30BATh /11 TUHEHHBIX ()aKTOPOB, TIE 11 —
Pa3MepHOCTh MPOCTPAHCTBA. DTO OUEBUIHO, MTOCKOJIBKY TOTJa MOJCIUPOBAHUC
CBOJMTCS K 3aMEHE KOOPJMHATHOW CUCTEMBI. BEeKTOpa MepBBIX OCTATKOB JICKAT
B JIMHEWHOM MHOT000Opa3uu pa3sMEepHOCTH m-1, OPTOTOHAIBHOM IIEPBOMY
(dbakTOopy, BEKTOpa BTOPBIX OCTAaTKOB o00Opa3yloT o01ako 3(QEKTUBHOM
pa3MepHOCTH m-2 U T.1.

Curyanust MEHSIETCS, €CJIM HCIIONB3YIOTCS HEeMMHEHHbIE (hakTopsl. B aTOM
CJIy4ae BEKTOpa MEPBBIX, BTOPBIX, TPETHUX OCTATKOB YK€ HE JISKAT B JIMHEHHBIX
MHOT000pa3usx MEHbBIICH Pa3MEPHOCTH — OHHU, BOOOIIE TOBOPS, MO MPEKHEMY
oOpa3yroT m-MepHOe oOpa3oBaHHe. B 3TOM cMbICIIE HHKAaKO€ KOJIUYECTBO
(aKkTOpOB HE TapaHTUPYeT HYJICBOW OIMIMOKA MOJCTUPOBAHUS, MOXHO JIHIIb
rapaHTUPOBAaTh MOHOTOHHOE YOBIBAHHME TUCIICPCHU 00JIaKa OCTAaTKOB C POCTOM
gucna ¢akropoB. HenmuHelHbIE (akTOphl UMEET CMBICT HCIIOJIB30BATh TOJIBKO
€CJIM OHU OOCCIICUYMBAIOT MEHBIIYI0 OCTATOYHYIO JUCIICPCHIO, YeM JIMHEHHBIC
s gucina ¢GakTopoB, MeHbmero m. COOTBETCTBEHHO, HE HMEET CMbICia
HCIIOJTB30BaTh OOJIBIIE /71 HETMHEWHBIX (PaKTOPOB.



2.8. UnopmaninoHHOE MOIeTHPOBAHME C IOMOIIBIO YIIPYTHX KApT

JlomycTuM, HCCIe0BaTeNb MOCTPOUT MO JAaHHBIM KapTy CaMuX JaHHBIX,
KapTy OCTaTKOB, KapTy BTOPBIX OCTaTKOB M T.A. — Bcero s kapT. Hazosem
MOCJIEI0BATENBbHOCTD TAKUX KAPT UHPOPMAYUOHHOU MOOENbIO OAHHBIX.

[loguepkHeM OTIWYME TOCTPOCHHOM MOJEAM OT TPaJAULMOHHBIX
HelpoceTeBbIX HH(POPMAIIMOHHBIX MOJEIEN, OMMCAHHBIX, HaNlpuMep, B [44], rae
00pa3oM MOJIEH SBJISCTCS «UEPHBIN SIIUK» C p BXOJIAMHU U M-p BbIXOJAaMH (CM.
puc. 35a). 3aMeTuM, YTO Ha BXOJ HEHPOCETH HE MOTYT IOJIaBAThCsl «IIPOOEITbI»
— OHH JOJDKHBI OBITh YK€ ONpeAeIEHHBIM 00pa30M 3aIrl0JIHEHBI.

[Ipu MoaenupoBaHUM JAHHBIX C MOMOIIBI0O MHOT000pa3uil Ha BXOJl MOJIETH
MOJIaeTCsl ~ BEKTOp  IMPOCTPAHCTBA X, a HA  BBIXOJE  CHUMAaeTcCs

«CMOJIETTUPOBAHHbI» BEKTOP TOTO K€ MPOCTPAHCTBA X (HammpuMmep, TOYKa
MpoeKIMK Ha KapTe). Cxema HalmoMHHAET HEHPOCETEBYIO apXUTEKTYPY «y3KOe
ropjo», OJHAKO CYIIECTBEHHOE OTJIMYME 3aKII04YaeTcs B TOM, YTO Cpeau
KOMIOHEHT x',x°,x°...x" BEKTOpa X MOTYT OBITh <«IIyCTbIE» 3HAYCHHS, a Ha
BBIXO/I€ 3TH 3HAYEHUS OKAXKYTCS 3alI0OJITHEHHBIMU (BOCCTAHOBJIECHHBIMHU).

Taxum oOpaszoM, HccieoBaTE b MOKET B paMKaX OJTHOM U TOH e MOJICIH
MIPOM3BOJIBHO Pa3/IeJINTh MHOKECTBO MMPU3HAKOB HA «BXOJHBIE» U «BBIXOJHBIC.
[TomaBass Ha BXOJ BEKTOpP, B KOTOPOM 3aIlOJHEHBI BXOJHBIE KOMIIOHEHTHI
BEKTOPA, B BBIXOJHBIE OCTABJIEHBI «IIYCTBIMH», Ha BBIXOJE MOXHO CHSTh
BOCCTaHOBJICHHbBIC 3HAYEHHUSI BBIXOJIHBIX TPU3HAKOB.

Bxonusie Brixonnbie Bxonnoit CMozenupoBaHHbIi
napaMeTpbl 3HAUYECHUS BEKTOP BCKTOD
X| —p < X, —p —» X,
2 ~
_553__?) ______ P X; —p| ympyrue [—P X3
x. mmmm= Kaptel | T
X, — > Ko X — —>x,
a) 0)

Puc. 35. /IBa Tuma nHhOpMaIlmoHHBIX MOJIEICH.
a) «cTaHAapTHas» HEMpoceTeBas CXxeMa MOACIHPOBAHUS;
0) MOJIETTMPOBaHKNE JAaHHBIX C MOMOIIBI0 MHOT000pa3uil.

910 OTKPBLIBACT BO3MOKHOCTH IJIA BBIABJICHUS B3aMMOCBSI3CH MPU3HAKOB, PCHICHUA
3aa4 MPOrHo3upoBaHUuA U NOCTPOCHUA PETPCCCHOHHBIX 3aBUCHUMOCTCH MCKAY NpU3HAKaMU.



C momormipio HHOOPMAITMOHHOW MOJENI HA0Op JaHHBIX OIUCHIBACTCS C
OTIPENICTICHHOMN ouiuOKol 0OyHUenus:

1y -

rae X; — BEKTOp 3HAaYEHWH MNPU3HAKOB I-T0 OO0BEKTa B HMCXOJHOM Habope
JNaHHBIX, X ; — CMOJICIMPOBAHHBIA BEKTOP, N — UHCIIO TOYEK B HAOOpe JaHHBIX.

B cnyuae, korga uccienoBaTellb OrpaHUYUBAETCS OJHOM KapToil, BeauuuHa Err,
COBIMaaeT BBeACHHOUN paHee BennunHod MSPE. EcrecTtBeHHO 0XuaaTh, 4TO C
yBEJIMYCHUEM YHCIIa KapT, ommOka oOydeHHs OyJeT yMEHbIIAThCs. Y A00HO
MOJIb30BaThCs 0€3pa3MEepHON BETMYMHON

Err,

err, = ,
o

rie G — KOPEHb M3 CPEJHETO KBaJpaTa PacCTOSHUSA JAaHHBIX JO MX CPEIHETO
3Ha4YCHUS (CPETHEKBAAPATUUHOE OTKIOHECHHUE).

Uuciio kapt BeIOMpaETCs TaKMM 00pa3oM, 4TOOBI BBITIONHSUIOCH YCIIOBHE
err; < €, TIe € — donycmumas OmHocumenvuas ouudoka ooyuenus. Bemunna (1-
€)-100% Ha3bIBaeTCS MOUHOCMbIO MOOENUPOBAHUSL.

YBenuuuBas 4MCIO KapT, MOXKHO JOOUTHCS CKOJIb YTOJHO MAJIOH OIUOKU
onucaHusi oOydarnieil BHIOOPKU. DTO OOCTOSTEIBCTBO MOXHO HCIIOIb30BATh
Uil 3ajaud cokatus uH@opmanuu. OJHAKO KadecTBO MOJCIH B OOJbIIEH
CTETICHU XapaKTEPU3YETCS BETMIMHOMN ouuOKu 0000uenus:

1 s iy

Erry= |—>(X{® -X%{¥) |

g i=l

re X'®; — BexTop 3HAYeHMiI NPU3HAKOB i-TO OOBEKTA mecmupyioujel

gvibopru, X l-(g ) COOTBETCTBYIOIIUM CMOJEIMPOBAHHBIA BEKTOp, N, — YHMCIIO

TOYEK B TecTupyromed BoiOOpke. Tectupyromas BbIOOpKAa OOBIYHO
dbopmupyeTcs ¢ TIOMOMIBIO CIIY4allHOTO YIAJICHHWS W3 Tpolecca HACTPONKH
MOJICIH OIPENEICHHOTO TMPOIEHTa MPUMEPOB, KOTOpPBIE B JaJbHEHIIEM H
dopmupyroT N, Tectupyromux mnpumepoB. [IoHATHO, 4TO ueM OoJblIe 3TOT
MOPOIEHT, TeM TOYHEE OIICHKA BEIMYUHBI OMIMOKH OOOOIICHUs, MEHBIIIE
MPUMEPOB OCTAeTCs Ui HACTPOWKH camMoi Mojenu. Bemem Oe3paszmepHyio
BEJIMYMHY OLIMOKU 0000LIECHUS:

Errg

err, =
§ o



Ecmn 3mauenme (l-erry)-100% npocturaer 80-90%, To MonemupoBaHne
MOXHO CUHMTATh YCIICIIHBIM, MOCKOJIbKY TaKOBa TOYHOCTH MPOTHO3a XOPOIIETO
JKCIIepTa.

PaccmoTpuM BO3MOKHBIE 33/1a4, KOTOPBIE MOKHO PEIIaTh C MTOMOIIBIO
MH(POPMAITMOHHBIX MOJIEJICH, ITOCTPOCHHBIX C TIOMOIIBIO METO/IAa YIIPYTHX KapT:

1. Buzyanuzauus qaHHBIX.

OCHOBHOW OCOOEHHOCTBIO M TPEUMYIIECTBOM MOCTPOCHHS O8YMEPHBIX
WHOOPMAIIMOHHBIX ~ MOJEICH  SBISETCS  BO3MOXKHOCTH  HArJISIHOTO
MIPE/ICTABIICHUS TaHHBIX W OIIMOOK ONMHMCAHUS JaHHBIX MOelbto. JIrobas u3 s
MOCTPOCHHBIX KapT TO3BOJISICT BHU3YAJIbHO aHAJIM3HPOBATH paCHpPEICICHHC
caMUX JaHHBIX WM TOTPEITHOCTCH OTTUCAHMSI.

2. I'pynmupoBanue 0ObEKTOB.

C moMombI0 KapThl MOXKHO MTPOU3BOIUTE pa30MeHNe 00HEKTOB Ha TPYIIIHI.
3TO MOXKHO JIeNIaTh BU3YAJIbHO, OIICHUBAsI KOMITAKTHOCTh U (POPMY MMEFOIIIMXCS
B Habope crymeHuid NaHHBIX. Eciu JeneHre Ha TPYNIbl HENb3s MPOU3BECTH
YETKO WJIM HE UMEET CMBICIIA, TO MOYKHO HCIIOJIb30BATh CIEAYIOMINA TpUeM (cCp.
¢ mpumepoM u3 ). Ha kapTry HakianblBaeTcss JABYMEPHBIM HENPEPBIBHBINA
LBETHOW cHeKTp. B pesynbrare kaknas TOUKa IMOJY4YaeT ONPENEIICHHBIN LIBET,
IpUYEeM TOYKH, COCEIHHE Ha KapTe, MoiydaroT Onuskue nsera. IlomyueHHbie
[BETA MOXHO HCIIOJIb30BaTh, HANPUMEpP, €CIM TOYKM JAHHBIX MOYHO
pacnoyokuTh Ha Treorpaduueckoil kapre. Torga cXoaHble MO 3HAYECHUIO
MPU3HAKOB TOYKH Ha KapTe OyIyT HMETh OJM3KHE I[BETA.

3. OueHKa 3HaUMMOCTHU TPU3HAKOB.

B HaGope JaHHBIX MOI'YT OKa3aThCs XyOIMPYIOLIME APYT APyra (CHILHO
CKOPPEIMPOBAHHbIE) NPU3HAKA WM LIyMsINUe IPU3HAKH, HE Hecylue B cede
HMKaKOW CYIIECTBEHHOM MH(pOpManMu I Lelel MOAeIupoBaHus. Baemem
HOHATHE 3HAYUMOCTH i-OT0 IPU3HAKA HA j-OM OOBEKTE

XA, X ;)= ‘errt —err?)

@)

b

rae err,’ - omMOKa OOyueHUs MOJNy4YeHHas MpU 3aMEHE i-T0 MpHU3HaKa Y j-ro

o0BeKTa Ha HEKOTOpOE TMpPEAOIpeNeCHHOEe 3Ha4deHHe (B KadeCTBE TaKOTO

3HAQUYEHHUS] MOJKET HCIIOJIb30BATHCS CpPEJHEE 3HAUECHHE IMPU3HAKA, <«IIYCTOE»
3Ha4YEHHE WX HOJIb). HazoBeM Takyro 3ameHy «(dukcanuei» nmpu3Haka.



Ecam B pesynmpraTe «dukcamuu» omuOka OOydeHHs] W3MEHWIACh HE
CJIMIIIKOM CHJIBHO, TO TaKOW MPHU3HAK JUIS JTaHHOTO OOBEKTa MOKHO CUUTATh
MaJIO3HAYHMBIM.

3HAYUMOCTb i-T'0 TIPU3HAKA OTIPEICITUM KaK

1 X X
Zi_NjZZIZ(l, ])

BBeneMm Takke MOHSATHE 3HAUYMMOCTH HaOopa M3 k NPU3HAKOB HA j-OM
puMepe

in i — (i1i g )

Xy iy, X ;) = ler#, —err, 127

rae err12-%) . penpumna OmMOKH 0GYdYCHHS, MOTYYCHHAs TIPH 3aMEHE y j-TO

00BbeKTa TMPU3HAKOB C HOMEpPAMHU i;,i>...I; Ha TPEIAONPEIACICHHOEC 3HAYCHHE.
Torpa 3HauMMOCTh HabOpa U3 k MPU3HAKOB OMPEACIIUM KaK

N
X iy ) = 1 2 Xy, X ;)
N o
3HaUYMMOCTh TMpPH3HAKa MOXET ObITh Majla B JIBYX Ciydasx. Bo-mepBbix,
MPU3HAK JEHCTBUTEIBHO MOXKET OKa3aThCs MaJIOMH(OPMATUBHBIM. BO-BTOpPBIX,
OH MOXET OBbITh 3aBUCHUM OT OCTaJbHBIX MPU3HAKOB. ManouH(popmMaTHUBHBIN
NpU3HAK HE HMeeT OOJIIIOr0 CMbICIAa  MCHOJb30BaTh B 3ajayax
MH(OPMALIMOHHOTO MOJEIMPOBAHMS, TOT/Ia KaK C 3aBHCHUMBIMU IMpHU3HAKAMU
cutyauusi Oosiee cioxkHa. [lycThb HECKOJIBKO NMPU3HAKOB OOpa3yloT TpyIily, B
KOTOpPO#l 3HAY€HHUs KaXIOro MOTYT OBbITh BOCCTAaHOBJIEHBI C OIpEAEICHHOM
TOYHOCTBIO MPH UCIIOJIB30BAaHUU 3HAYECHUM JPYrUX MPU3HAKOB U3 Tpynmbl. [Ipu
aHaJIu3€ MPU3HAKOB O3TOM TPYIIBI OKAaXETCA, YTO 3HAYUMOCTH KaXKIO0ro
OTJAENBHOrO Nnpu3Haka mMana. OJIHaKo, €ciii OAWH WJIM HECKOJIbKO MPU3HAKOB B
rpynmne OyayT «3apUKCHPOBAHBI», TO 3HAYMMOCTH OCTAJIBHBIX MOTYT PE3KO
BO3PACTH.
BBesnem noHATHE 3HAYMMOCTH MPU3HAKA [ HA j-OM OOBEKTE MpPH YCIOBUU

YTO TPU3HAKU i},i5...I; (PUKCUPOBAHBI Xy (i, X j\iliz...ik) U COOTBETCTBYIOLIYIO

1 N
YCJIOBHYIO 3HAYUMOCTb [-I0 IPU3HAKA J ¢ (i\iliz...ik) = N x5, Xj\iliQ...ik ).
j=1

4. OT60p pHU3HAKOB

B pamkax moctpoeHHON WHGOPMAIMOHHOM MOJEIM MOXKHO  PEIIaTh
3a/1aqy BBIJICTICHUSI CPEIU BCEX MPHU3HAKOB TPYMIBI Harboiee nHHOPMATUBHBIX
HE3aBUCHUMBIX MPU3HAKOB. Pelienne 3Toil 3a1aun UMEET NMPUKIIAHOE 3HAUCHHE,
HO MOXET TMOoTpeboBaTh OOJIBIIOTO KOJMYECTBA BbIYUCICHUH. B  3TOM
HAMNpaBJIE€HUU CYIIECTBYIOT CIEAYIOLINE NOAXOAbI [4]:



a) NoJAHbIL nepebop couyemanull TPUMEHUM JIMIIL B Cllydae HEOONBIINX
pa3MepHOCTEH, TaK Kak TpedyeT C,]; OLICHOK 3HaYUMOCTH;

0) MemoOobl nociedosamenbHo20 OPMUPOBAHUSL 2PYNNbL, KOTNIA U3 TPYIIIHI
MOCIICZIOBATENILHO ~ YAAISIOTCA WM  JOOABISIOTCS OJWH WA HECKOJBKO
IIPU3HAKOB 10 OINPEACIEHHOMY KPUTEPUIO;

B) cmoxacmuyiecKkue mMemoobvl, KOTJa rpynna GopMupyeTcsi caydyailHO U B
3aBUCUMOCTH OT OLEHKM 3HaYUMOCTH BEPOATHOCTH MOCIEIYIOIIET0 BbIOOpa
MIPU3HAKOB, BXOIAIIMX B IPYNIy YBEJIMUMBACTCS WIM YMEHBILIAETCS;

T) Memoovl YeleHanpasleHHo20 NOUCKd, TO3BOJIAIOIMINE OTOPOCUTH
3aBEJOMO HEIIPUEMIIEMBIE COUYETaHUs IPU3HAKOB.

[IpeioxkuM  anropuT™M  IOCJHEAOBATEIBHOIO  YMEHBUIEHUS  TPYIIIBI
IIPU3HAKOB, OCHOBAHHBII HA UCIOJIb30BAHUU IIOHATHS YCIIOBHOM 3HAYMMOCTH )s.

1. N3 Bcex mnpu3HAKOB (PUKCHPYETCS TOT, Ybig 3HAYUMOCTH (i)
MuHUMaIbHA. [IycTh 3TO OymeT nmpu3HaK i;.

2. PaccunteiBarorcs 3Ha4eHUs X (ili;).

3. dukcupyeTcs NPU3HAK iz, JJI KOTOPOTO BEIUYMHA )y (i2li;) HammeHnbpmas.

4. PaccunteiBaroTcs 3HaYeHUA Yy (ili;iz) 1 T.1.

5. Ilpouecc moBTOpsieTCs OO TEX IMOp, MOKa B TPYIIE HE OCTAHETCA
3a/IaHHOE YHUCJIO 71 TIPU3HAKOB.

Jlpyroii kjacc 3ajad CBSI3aH C pa30MEHUEM BCEX MPHU3HAKOB Ha TPYIIIIBI
S;...8) B mpememax KaxIOW M3 KOTOPOM NPU3HAKH  OKa3bIBAKOTCS
KOppEJIMPOBAaHbIMU, A MpPHU3HAKW, MPUHAJISKAIINE Pa3HbIM  TPYIIaM
OTHOCHUTEIBHO HECKOPPEINPOBAHBI. Jns JIMHEVHBIX Mozenen
COOTBETCTBYIOUIMH METOJl HOCHT Ha3BaHUE Memood IKCMPeManlbHblX
epynnuposox [4].

JInst BBISIBJICHUSI TPYIIT B3aMMOCBSI3aHHBIX IMPU3HAKOB MOXKET OKa3aTbCs
MIOJIC3HOW BU3YATHM3AIUs MPAHCNOHUPOBAHHOU 3a0ayu, KOTIa TabIuIa JaHHBIX
TPAHCTIOHUPYETCS W TPU3HAKA HAYMHAIOT WTPATh POJIb HOMEPOB OOBEKTOB B
HOBOM TIPOCTPAHCTBE, a HOMeEpa OBIBIINX OOBEKTOB — Ha3BaHUSA HOBBIX
npu3HakoB. Kaxngas Touka nmnpu TakOd BU3YAIM3alUMU  COOTBETCTBYET
OTpeIeJICHHOMY MPU3HAKY, OJIM3KKE TOYKA COOTBETCTBYIOT CKOPPEIUPOBAHHBIM
npusHakaM. [Ipu Takom mpencTaBICHWH NPU3HAKOB HCCIEIOBATEIIb MOMXKET
MPOU3BECTH pa3OMEeHHE Ha TPYIIbl C IOMOIIBI0 BHU3YaJIbHOTO aHau3a
pacrpeneseHts TOUeK Ha KapTe.

5. BoccraHoBiieHUE MTPONYIIEHHBIX 3HAYECHU B JJAHHBIX.

JIro0o¥i TOYKe MpOCTpaHCTBA MPU3HAKOB B WH(POPMAIMOHHONW MOJIEIH
COIOCTABIISICTCS TOYKA  MOJCIHUPYIOIIET0 MHOTOOOpasus B HCXOJHOM



MPOCTPAHCTBE, MPOCTPAHCTBE MEPBBIX OCTATKOB, BTOPBIX OCTAaTKOB U T.n. B
KOHEYHOM HTOre MpU HAIMYUU S KapT Toyke X HCXOJHOIO IMPOCTPaHCTBA
COTIOCTABJISIETCS] TOUKA

~

rae Py (X) — oneparop npoeuupoBaHus B IPOCTPAHCTBE I-bIX OCTaTKOB, M —
UCXOJHAs KapTa JaHHBIX, M; — KapTa OCTaTKOB, M, — KapTa BTOPBIX OCTATKOB U
T.1., X; —ocratku: X =X — Py, ,(X), X, =X, =Py, (X)u .5

BaxHo TO, 4TrO0 ecnM BEKTOp X COAEPIKUT IIPOINYIICHHBIE 3HAYCHHS
IPU3HAKOB, TO B PE3YJILTHPYIOIIEM BEKTOpe X BCE PaBHO OYIyT M3BECTHBI BCE

KOMIIOHEHTBI. 3HavyeHUS COOTBETCTBYIOIINX KOMIIOHEHT X MOKHO
MCITOJIB30BaTh ISl BOCCTAHOBJICHHUS MPOoOEIoB B X WM TPOTHO3a HaMEPEHHO
MPOMYIIEHHBIX 3HAYEHUH.

6. [Iporuo3upoBanue 3HAYEHUM OTJCIbHBIX TPU3HAKOB.

Tot ¢akT, yTo MH(POPMaLIMOHHAS MOJIENb ITO3BOJISET MPABIONOA0OHBIM
00pa3oM BOCCTaHOBUThH OTCYTCTBYIOIIME KOMIIOHEHTHI BEKTOPa
IIPOCTPAHCTBA, 1a€T BO3MOYKHOCTb UCITOJIB30BATh €€ JUIsl IPOrHO3UPOBaHUS
3HaYEHUH OTIENIbHBIX MPU3HAKOB N0 HH(pOpMaLK (BOZMOKHO HEMOJIHOM),
COJIEpKALIEHCS B JPYTUX NPU3HAKAX.

Pazgenrm BCIO COBOKYNHOCTh NPHU3HAKOB HA HpocHO3Upyemvie W
ungopmayuonnvie. 3amaBasi 3HAYCHUS YaCTH MH()OPMAIMOHHBIX MPU3HAKOB B
BEKTOpe X, a OCTaJbHbIC CUMTAasi HEU3BECTHBIMH, 3HAUYECHUSI MPOTHOZHPYEMBIX

MPU3HAKOB MOXKHO B3STh M3 BekTopa X . UeM O6ojblliee  YHCIO
WH()OPMAIIMOHHBIX MPU3HAKOB OYyJIET W3BECTHO, TEM 0Oo0Jiee MPaBIONOA00HBIM
OyJeT mMporHo3.

PaccmoTpuM B KadecTBe NpuMepa TaOJNHIy JJaHHBIX SKOJIOTHYECKUX
u3MepeHnid. JlomycTUM, dYTO 3HA4YEHWs BPEIHBIX BBIOPOCOB Pa3IMYHBIX
XAMHYECKUX BEIIECTB M3MEPSUINCh B Pa3HBIX TOYKAX, KaIas M3 KOTOPBIX
UMEEeT JBE KOOPJMHATHI Ha reorpaduueckorl kapre. Kaxkmomy H3MEepeHHIO
COOTBETCTBYIOT OKPY’KaroIasi TeMIepaTypa BO3ayXa, JaBJICHHUE, BPEMs CYTOK,
HalpaBJICHUEC BETpa H JIPYTUE XapaKTCPUCTUKH. Takum oOpa3oMm, OTH
XapaKTepUCTUKH, a TaKkKe reorpaduueckue KOOPJAMHATHI MOTYT UTPaTh POJIb
WH()OPMAIIMOHHBIX TIPU3HAKOB, a W3MEPCHHBIC 3HAYCHHS BBIOPOCOB — POJIb
MPOTHO3UPYEMBIX BEIWYUH. MOXKHO IMOJIy4UTh MH(GOPMAIMOHHYIO PACKPACKY
reorpa)u4eckoil KapThl, BOCCTAHABJIHMBAas 3HAYCHUS BBIOPOCOB TOJIBKO TIO
reorpad)M4ecKuM KOOpJIUHATAM, CUHMTAas 3HAUCHUS JPYTrUX HHQPOPMAIMOHHBIX
MPU3HAKOB HEU3BECTHBIMH. OTH 3HAYCHUsS OyAyT BOCCTaHABIMBATHCS
HEKOTOPBIM ITPaBIONOI00HBIM 00pa30M, MPUYEM IS KaXKJ0W TOYKH OHHM OYTyT
pa3HBIMHU, COOTBETCTBYS TEM YCIIOBHSIM, B KOTOPBIX OBUTH ITPOBEJICHBI peabHbIC



n3Mmepenus. MccienoBaTtenb MOXKET «3a7aTh» TEMIEPATYPY, U KapTa BEIOPOCOB
HECKOJIBKO BHIOM3MEHUTCS. Jlajiee MOKHO YTOUHATH JABJICHUE, BPEMS CYTOK U
Ipyrue 3HadeHus WH()OPMAIMOHHBIX TMPU3HAKOB, IMOJyYas MpU dToM Oosee
MPaBAONOM00HbIE TPOTHO3Bl W COOTBETCTBYIOIIME WM PACKPACKH KapThI.
3amaBasi BpEMEHHOH psAJl M3MEHEHHWS 3HAUYCHUH WH(POPMAIMOHHBIX MPU3HAKOB
HCCIE0BATENb MOJIYYUT BO3MOKHOCTh MOJCIUPOBATh JUHAMUYECKYIO KapTUHY
W3MEHEHUs 3HA4YeHU MPOTHO3UPYEMBIX TMPHU3HAKOB. TakuM 00paszowm,
UCCIe0BaTeNb TOJy4aeT MHCTPYMEHT JJIi MOJICIUPOBAHUS COCTABIISIONINX
9KOJIOTUYECKOU OOCTAHOBKH B 3aBUCHMOCTHU OT OKPYKAIOIINX YCIOBUH, IPUYEM
TeM 0oJiee PeATMCTUYHOTO MOJICIUPOBAHUS, YeM 00BN 00beM HHGOpMAITUT
00 PKOJIOTUUECKUX U3MEPEHUSX UMEETCS B €0 PACIIOPSHKECHUU.

PaboTy Takoil mporHO3UpYIOIEH CUCTEMBI MOXXHO CPABHHUTH C DKCIIEPTOM,
KOTOPBIA T10 HETMOJHON WH(GOpMAIMU, HMEIOMEHCS B €ro pacropshKeHUH,
«BCTIOMHUHAET» HamOOJee MOXOXKHE CIydal M3 CBOETO OIbBITAa U KOPPEKTUPYET
CBOM BBIBOJBI COOOpa3HO HOBBIM ycioBusM. [lpm 3TOM dYem Oosbime
uHpopManuu momagaeT B PYKM TaKOrO DOKCIEpTa, TEM TOYHEe U
MpaBAoI0100HEe 0Ka3bIBAETCS €r0 MIPOrHO3.

C nomornipl0o MHPOPMAIIMOHHONW MOJENU HCCIEA0BATEIb MOXET TakKXKe
pemarbh 0OpaTHYIO 3a/1ayy MPOTHO3UPOBAHMS — TaK, HAPUMEpP, MOJEIHPOBAThH
YCIIOBUSA, TIPH KOTOPHIX 3HAYCHHE BHIOPOCOB MOYKET MPEBBIIIATH OMPEICICHHBIN
mopor. O0 OCOOEHHOCTSX TPSIMOM M OOpaTHOW 3amadyv HMHGOPMAIMOHHOTO
MOJICITMPOBAHUS MOYKHO TIOJIpOOHEE MPOYHTATh B [44].

7. IlocTpoeHnE perpecCUOHHBIX 3aBUCUMOCTEN

3ajaya MOCTPOCHUSI PETPECCUOHHBIX 3aBUCUMOCTEN OJHUX MPHU3HAKOB OT
JIpYruX BO MHOTOM IMOJ00HA 3ajade MPOTHO3UPOBAaHUs 3HaUeHUM. Paznmuume
COCTOUT JHIIbL B TOM, YTO 3HAYCHUS BCeX HMH(POPMAIMOHHBIX IPU3HAKOB
CUUTAIOTCA U3BECTHBIMU. BCSI COBOKYITHOCTh MPU3HAKOB JAEIUTCS HA BXOJHBIE U
BBIXOAHBIE. CUUTAETCS, YTO 3HAYCHHUS BBIXOIHBIX MTPU3HAKOB MOXXHO BBIYUCIUTH
C 3aJaHHOM TOYHOCTBIO &, IO 3HAYECHUSM BXOIHBIX NMPHU3HAKOB. OTIEIBHOU

3a7a4yeil SBISETCS BBISICHEHHE BOMpPOCa O TOM, HACKOJIBKO MPaBOMEPHO
MPEIOI0KEHHEe O CYIIECTBOBAaHHWE 3aBUCUMOCTH MEXAY BXOJHBIMH U
BBIXOJIHBIMU TIpU3Hakamu. WM3BecTeH wmeton (puTyan) aHamuza TaOIUIIbI
JAHHBIX, TTO3BOJISIOIIMI OLIEHUTh ONIPaBIaHHOCTh TAKOW TUIOTE3bI [35].
Pazo6bem Tabmuiy Ha aBe yactd (cM. puc.36) — cieBa Crpynmupyem
BXOJHBIC MPU3HAKK (MX HAOOP MOKHO CPOPMHUPOBATH YIOMSHYTBIMH METOAaMHU
oTOopa HamboJiee 3HAUMMBIX MPU3HAKOB), a CIpaBa — BBIXOJHBIC. 3aqaauMcs
OTIpEICTICHHON TOYHOCTHRIO €. Tereps co31aauM I8¢ HHPOPMAITMOHHBIEC MOJICIIN
olHa OyJEeT ONHUCHIBATH BCIO TaOJWIly JAHHBIX C 3aJlaHHOW TOYHOCTBIO H
colepxaTh §; KapT, BTopas OyAeT MOCTpOeHa TOJBKO MO HaOOpy BXOJHBIX



MIPU3HAKOB M OIMHUCHIBATH C TOYHOCTHIO € JIEBYIO YacTh TAOJIUILBI M COJEPKATD S,
kapT. Ecnu ymncio kapt B nepBoil 1 BO BTOPOM MoJenu OyAeT NPUOIU3UTEIHHO
pPaBHBIM, T.€. §; = S, TO MOXHO CUUTaTh, YTO B BBIXOJHBIX INPU3HAKAX HE
COJICPXKUTCS JOTMOJTHUTEIbHON MHPOpMALMU, KPOME TOM, YTO COAEPHKHUTCS BO
BXOJIHBIX.

~— i J

Bxonnbie Brixognbie

Puc.36. Jlenenne TaOnuibl Ha BXOAHBIC M BBIXOJHBIC MPU3HAKH. MOXKHO
CPaBHUTPH YHCIIO (HPAaKTOPOB, HEOOXOTUMBIX ISl OTIMCAHUS BCECH TaOJIUIBI, U
TOJIBKO €€ YacTH W3 BXOJHBIX MPHU3HAKOB. EcCiiM KONMMYEcTBO (hakTOpOB
0Ka3aJI0Ch OJIMHAKOBO — 3aBUCUMOCTD JICHCTBUTEIBHO CYIIECTBYET.



I'naBa 3. HaBurauusi mo kapram
3.1. Onucanue nporpammsl ViDa Expert 1.0
3.1.1. BHyTpeHHss CTpYKTYypa OObEKTOB.

[Iporpamma ViDa Expert nmeer BHYTPEHHIOI HepapXui0 OOBEKTOB.
HekoTtopble M3 HHX COOTBETCTBYIOT T€M OOBEKTaM, C KOTOPHIMH OIEPHUPYET
UCCIIeIOBaTeNIb Ha MPAKTHKE, ApYrHe OOBEKThI SBJISIOTCA KOHTEWHEpamH,
COJICPXKALUMU U YIOPSI0YMBAIOIIMMHU OOBEKTHl HUCCIAEA0BAHUSA. 3HAKOMCTBO C
BHYTPEHHEW CTPYKTypoH OOBEKTOB HEOOXOJMMO  MOJIb30BATENI0  JUIS
OCMBICJIICHHOTO HMCIOJIb30BaHMs mporpammbl. Ha puc. 36 u3o0paxeHsl camu
O0OBEKThI CUCTEMbI M OTHOLIEHUS MEX,y HUMHU.

[IPOEKT
CIHHEHAPUU 2 |
CLIEHAPUI 1 TTAHEDIE 3 |
TABJIMLIA 2
JIAHHBIE 2 I
TABJINLIA 1
JIAHHBIE 1
<P .
<« oo o
. o . : ° . KAPTA 1
| 2 CJIOM 1 /@D
|| . KAPTA 2
— CJION 2

Puc.37. Bayrpennss ctpykrypa 00bekToB nporpamMbl ViDa Expert

OO0BexToM-KOHTeHEpoM BepxHero ypoBHs siBisiercs [IPOEKT, koTopslii conepxut B
ce6e meckonsko CLIEHAPUEB. CLIEHAPUI — 5T0 COBOKYIHOCTE ONpEIEICHHBIM 06pa3oM
HACTPOEHHBIX HAOOPOB MaHHBIX M KapT. Kaxkaplil crieHapuii Kak 00BEKT-KOHTEHHEP COIACPKHT
B ceOe Habop 00bekTOB TABJIMIIA 1 Habop o0bekToB JIAHHBIE.

O6bext Ttuma TABJIMIIA mpeaHa3HadeH JUisi XpaHEHUS WMCXOMHOM
tabauaHoM nHpopManuu. B mporpamme ViDa Expert peannzoBano Tpu ciocoda
3aM0JTHATH TaOIMITy JJAHHBIX — Yepe3 cTaHaapTHoIe daiinbl 0a3 manabx (Paradox
nu DBase), yepe3 TtekcroBble (aitibl 0a3 JaHHBIX, W C IOMOIIBIO TakK



Ha3bpIBacMOTO vet-(aiina (BHyTpeHHHA (opMaT TaOIMYHBIX JAHHBIX CHCTEMBI
ViDa).

3arpy3uB TabJIWIy JaHHBIX, ITOJIH30BaTEIb Ha OcHOBE 00bekTa TABJIMIIA,
BBIOMpas HEOOXOIUMBIC YHCIIOBBIC TOJISI M yKa3bIBas CIOCOO MX HOPMHPOBKH,
co3maet o0bekT JIAHHBIE, KOTOpBI COMEpPKUT YHCIOBOM MAacCHB BCEX
3HaueHUN BBIOpaHHBIX Mpu3HakoB. B  nansneitmem o0vext JIAHHBIE
coxpansieT cBsi3b ¢ 00bekToM TABJIMLIA, Ha OCHOBE KOTOPOTO OH OBLT CO3/1aH.
Ucnonw3ys oqun u ToT ke 00bekT TABJIUIIA, MoxHO co3naBaTh pa3inuyHbIC
oowvexthl THHa JIAHHBIE, BbIOMpast pa3Hble HaOOpbl CTPOK, MPU3HAKOB U
CIOCOOBI UX HOPMHUPOBKHU.

Ha ocnoBe o6Obekta JIAHHBIE mnons3oBarens co3gaeT pa3iudHbIM
obpazom HacTpoeHHble 00bekThl TuUna KAPTA, koTopele B paibHeiiiem
XpaHATCS B HEM Kak B 00bekTe-kKoHTelHepe. O0bekThl THIIa KAPTA conmepxkar
BCIO HEOOXOMMYIO MH(GOPMAIIHIO O TTOJIOKEHUH Y3JI0B CETKH B IPOCTPAHCTBE H
0 croco0e ee T0ompeIeICHUS 10 MHOT000pa3usl.

Jlng BU3yanu3auuu AaHHbIX HAa ocHOBe oObekTta KAPTA co3maercs HaGop
00bekToB Tuma CJIOM. OOBeKkT Tuma Cioi COJIEPXKUT BCIO HEOOXOIUMYIO
MH(OpPMALIHIO 111 OTPUCOBKYU Ha 3KpaHe UH(POPMALMOHHOTO CIOA.

B nmporpamme ViDa Expert 1.0 Bctpoeno 4 Bujaa cioes, 31o: Ciioil Touek
nanubix, Crolt cetku, Ciioit packpacok, Cioit 00BEKTOB.

Kasxapiit CJIOM nmeer xapakrepuctuky «Bum». B mporpamme ViDa
Expert 1.0 peanuzoBano 4 Bapuanta Buios: 310

1) B HAa KOOPIMHATHBIE TIJIOCKOCTH;

2) BAJ Ha IJIOCKOCTH INIAaBHBIX KOMIIOHEHT;

3) BUJ BO BHYTPEHHUX KOOpAMHATAX KapThl (IIpOCTast pa3BEPTKA KAPTHI);

4) BUA BO BHYTPEHHMX KOOpJMHATaxX KapThl (HEIMHENHas pa3BepTKa
KapThl).

B 3-em BapmanTe KaprTa MpencTaeT B BHJE PAaBHOMEPHOW CETKU Y3JIOB,
TOYKH JJAHHBIX Pa3MEIIeHbl B COOTBETCTBUH C MX MPOCKIIUAMH Ha KapTy. B 4-om
— BHJIC KapTa U300pakaeTcs B BUJIC KPUBOIMHEHHOM ceTkru. OTIENbHBIN TUaIor
MO3BOJISIET HACTPAUBATh KPUBOIMHEHHYIO Pa3BEPTKY HECKOJIBKUMHU CIIOCOOAMM:
a) Tak, 4TOObI PacCTOSHWE MEXIY y3JIaMH CETKH Ha IUIOCKOCTH KaK MOYHO
TOYHEEC COOTBETCTBOBAJIM PACCTOSHUIO MEXIy y3JaMH B  HCXOIHOM
mpocTpaHCcTBe; 0) Tak, 4TOOBl KPUBOJMHEHHAs pa3BepTKa COOTBETCTBOBAIA
OTpEeNIEHHON pacKkpacke; HampuMep, yToObl KOOpJAMHATHAs ceTka Oblia Oosee
«TyCTOI» B CBETJBIX 00JACTSIX PAaCKpacKu M Oosee «pa3peKeHHONW» B TEMHBIX
o0mnacTsx.



Kapra MoxkeT OBITh pa3imuuHbIM 00pa3oM packpalieHa. 3a BapHaHT
packpackd OTBe4aeT CBOWMCTBO «Tum packpackm» Crost packpacok. B
nporpamme ViDa Expert 1.0 peanuszoBano 9 BapuanToB Packpacok:

1) packpacka 1o 3HaYCHHUIO BEIOPAHHOTO MPU3HAKA;

2) packpacka 1o JByMEpPHOU IIOTHOCTH;

3) packpacka o JByMEpPHOU INIOTHOCTH BBIIEJIEHHOTO ITOJIMHOKECTBA;

4) packpacka IO OTHOCHUTEJIBHOW JABYMEPHOW IUIOTHOCTH BBIIEIEHHOTO
ITOAMHOKECTBA;

5) packpacka o MHOTOMEPHOH MIIOTHOCTH;

6) packpacka o0 MHOTOMEPHOH MIIOTHOCTHU BBIIEJIEHHOTO MOJIMHOKECTBA;

7) packpacka Mo OTHOCUTEIbHOW MHOTOMEPHOMW IIOTHOCTH BBIJEIEHHOTO
MOAMHOKECTBA;

9) packpacka IO pPacCTOSHHUIO OT TOYKM KapThl MO ONMKAWIIeH TOYKH
JAHHBIX;

3.1.2. Paznuynble BapuaHThl paboThl ¢ nporpammoit ViDa Expert

OcHOBHBIE UEOJIOTHYECKUE MTPUHITUIIBEI paboThl B mporpamme ViDa Expert
— 3TO

a) MIPUHIUN «KPACHON KHOITKW»;
0) MPUHIIUIT «TOPYAITIUX XBOCTHKOB CMBICTIA».

Yro 310 03HaUaeT?

[IpuHIUN «KpacHOW KHOMKH» COCTOMT B TOM, YTOOBI TMOJIb30BATEIb
HaXXKMMaJl MUHUMAJIbHOE KOJIMYECTBO KHOMOK (KJIABUI) [JIsl TOJYYEHHUsS
«PSAI0OBOTO pe3yibTaTa», TO €CTh PE3ysibTaTa, HE YYUTHIBAIOIIETO KOHKPETHHIC
OCOOGHHOCTH 3aJjayM, HO CIY)Kalllero HayajloM Jis JalibHeuIei paboThl.
CoryacHO 93TOMY TPHUHIIMIY T[OJb30BaTeNlb JODKEH HMETh BO3MOXKHOCTD
MOJYYUTh pE3yJAbTaT, HE BIaJes BCEMHU TOHKOCTSIMU METOJIOB HACTPOUKH.
NHBIMH clTOBaMHM, BC€ YK€ JOJDKHO OBITh MaKCHUMaJIbHO HACTPOSHO JUIS
MOTYIEHUS PE3yNIbTaTa, KOTOPBIA ObI KaK-TO YIOBJICTBOPHII ITOJIB30BATENIS, HE
KENaKolmero WM HE HWMEIONIETO BPEMEHM BHUKATh B JeTald PabOTHI
nporpaMMebl. JKenaTenpHO e1me, 4ToOBl ATOT pPe3yJbTaT OBLI B HEKOTOPOM
OTHOIICHUH «HETUTOXUM» (ITYCTh HE ONTUMAJIBHBIM).

[IpuHIIUIT «XBOCTUKOB CMBICIIa» 3aKII0YaeTCs B TOM, YTOOBI, TEM HE MEHEE,
MOJIb30BaTeNb BHUJEN, YTO 3a «KPACHOM KHOIKOM» CTOWUT LENbIii MaccuB
Pa3HOOOpPA3HBIX  HACTPOCK,  «PBIYAXKKOB», C  KOTOPBIMA OH  MOXET
AKCIICPUMEHTUPOBATh W BHJIOM3MEHATh pe3ynbrar. Ilomb3oBarens JAOJKEH



OIYIIaTh, YTO OH COBEpIIAET He OC3yMHBIC JECHCTBUS M MPH KEJTAHUU MOXKET
TOOHUTHCS ONITUMAIIBHOTO Pe3yiIbTaTa.

3.

1.3. HexoTopsie TUMIOBBIE 33/1a4u

OnumeM TUNOBBIE 3alaud, KOTOPBIE MOJb30BATEIb MOXKET pelmaTrb C
nomolsko mporpamMmsl ViDa Expert.

Co3nanue 3aJjauyHKa ¥ JIMHEWHBIN aHaJIn3 JTaHHBIX

[S—=Y

OTKpBITh HOBBIM NPOEKT (ITYHKT Hosbiu B MEHIO [Ipoexm).

. 1o6aBuTh HOBBIH crieHapuit (MyHKT /Job6asumsb B MmeHI0 Cyenapuii)

Jlo6aBuTs HOBYIO Tabmuity (myHKT Jlobasums mabauyy B MEHIO

Cyenapuri)

OTtMeTnuTh B TAONHWIIE TOJS-TIPU3HAKK I aHAJIW3a W BHIOpATh CIOCOO

HOPMHUPOBKHU.

4.1.I0pu xenaHuM MOJIB30BATENb MOXET C MOMOIIbIO Auanora «Beioop
O00BEKTOB M3 TaOJIMLB» BHIOpATh OTAEIBHBIE CTPOKU-OOBEKTHI U3
TaOJIMIIBI ¥ yKa3aTh IIBETa PACKPACKH, C TTOMOIIBI0 KOTOPBIX OyIeT
3a/1aBaThCs M3HAYAIBHOE JCJICHNE TOYEK Ha KIAcCCHI.

Jlo6aBuTH HOBBIN HA0Op MAaHHBIX (MYHKT JJobasumsb 3a0auiuk B MEHIO

Jlanmovle)

C nomompto quanora «JIMHelHas CTaTUCTUKa» MPOBECTH MPOCTEUIINI

aHaAJIN3 TaHHBIX.

[Ipn HEOOXOAMMOCTH COXpaHWUTh HAOOp MaHHBIX (MyHKT Coxpanumo

OanHvle B MeHIO /lannvie). B daiine ved coxpaHstoTcsi BIOpaHHbIE OIS

U BapuaHTbl HOPMHUPOBKU. B nanbHelimem ¢aitn ved MOXeT OBITH

OTKpPHIT B caMOM Hadaie pabotel mnporpammbl ([lyHKT 3aepyzums

Ooannvle B MeHIO [Ipoexm). TaOnuiia aBTOMaTHYECKH COXpPAHSAETCS B

OJIHOUMEHHOM (paiiyie ¢ paclIupeHueM ver.

ABTOMAaTHUYECKOE CO3/IaHHE KapThl M IPOCTast BU3yalH3alus

1. 3arpy3uTh JaHHBIC WX CO3AATh 33/IaYHUK.
2. Co3gaTh KapTy ¢ MOMOIIbIO KHOTIKH “See It!”.
3. Jlanee naHHbIE U KapTy MOKHO PAaCCMAaTPUBATh B Pa3HBIX MIPOCTPAHCTBAX:

3.1. TpexmepHble JUHEHHBIC TMOJNPOCTPAHCTBA, HATAHYThIE Ha
oTHeNbHbIE KoopauHaTHbie ocu (Bun Ha niockocms koopounam).

3.2. TpexmepHble JUHEWHBIC TOANPOCTPAHCTBA, HATSIHYTHIC HA TJIaBHBIC
koMmnioHeHThl (Bun Ha 2nasnvie komnonenmet).



3.3. JIByMepHO€ MPOCTPaHCTBO KapThl (€CJIM KapTa AByMEpHas, BUI Bo
BHYMPEHHUX KOOPOUHAMAX).
3.4. TpexmepHOe MPOCTPAHCTBO KapThl (€CIM KapTa TpeXMeEpHas, BHU]
Bo enympennux koopounamax).
4. KapTy MOXHO pacKparinBaTh, BEIOMpasi pacKpacku B okHe «Packpacka».
5. Toukn BO Bcex BHUJAX AaBTOMATUYECKH CHA0XAIOTCA BCILIBIBAIOIIEH
aHHoTanuen. TekcT aHHOTAIlMU 3aJaeTCs TMOJIEM TaOJMIlbI, 33a/1aBaeMOM B
crucke «[lone-meTka» B manenu Ob6vekmol.

KnacrepHsbiil anHanus ¢ BU3yaibHBIM KOHTPOJIEM

1. 3arpy3uTh AaHHBIC UK CO3/ATh 33/IaYHUK.

2. Co3gaTh KapTy ¢ MOMOIIbIO KHOTIKH “See It!”.

3.B ngumanore ‘“Anamu3 JlaHHBIX” MPOBECTH KJIACTEPHBIA aHasu3,
pE3yNIbTaThl KOTOPOTO CHHXPOHHO OTOOpakatoTcs TpaduyecKu H B
tabnune. Pesynprar kimaccudukaiud MOXKHO 3allOMHUTH B TaOJHIE C
MIOMOIIIBIO KHOIIKU «Homepa 6 mabauyy».

AHHOTHpOBaHI/Ie TOYCK JaHHBIX

1. 3arpy3uTh JaHHbBIC WU CO3/1aTh 3a/Ia4YHHUK.

2. Co3pgaTh KapTy ¢ MOMOIIBIO KHOTIKK “See It!”.

3. B nuamore ‘“AHHOTUpOBAaHWE JaHHBIX® TMPOU3BECTH AHHOTHPOBAHHUE
TaHHBIX.

3.2. [IpuMeHeHNEe METOA0OB BU3YAJIN3ANMHU JAHHBIX K
KapTorpagupoBaHuI0 IKOHOMHUYECKHX TAOTHUIL

B kauectBe mpumepa NPUMEHEHUs] TEXHOJOTUM BHU3YyalU3allUU JaHHBIX
HaMy ObLIa TPEANPHUHATA TIOMBITKA MPUMEHUTh METOIbI BHU3YaIH3AINH
MPOU3BOJBHBIX JIAaHHBIX K KapTorpaupoBaHWIO TaOJMIBI KPYITHEUITUX
POCCUICKHX MPEAnpUATUH, B3ATOM U3 )xypHasia «Ikcrnepr-200» [50]. daitnbr
WUCXOJTHBIX JIAHHBIX OBLIM TIONYy4YEHBI C OQHUIIMAIBHOTO caiiTa >KypHaia
http://www.expert.com.

Ncxomnass Ttabmuma cojaepkaida wHGOpMAIMoO 00 HSKOHOMHUYECKOM
MOJIOKCHHUH JIBYXCTa KPYITHEHIIUX POCCUHUCKUX MPEANPUITAN, PAHKUPOBAHHYIO
B MOpPSIKE YOBIBaHUSI BaJIOBOTO 00beMa MPOM3BOJICTBA MPOAYKIINU. M3HauambHO
Ta0auIa cojepkaia CIEAYIONIUNE MONS-IPU3HAKK (4acTh U3 HUX SBISIETCS
HE3aBUCUMBIMU TIPU3HAKAMH, 9aCTh PACCUUTHIBACTCS T10 SIBHBIM (pOopMymnam):

1) Ha3Banwue npeanpusitus;



2) PernoH MeCTOHaXOXICHUS PEAIPUSATHUS;

3) Otpacib, K KOTOPOH OTHOCUTCS MPEANPUSITHE;

4) BanoBblil 00beM MPOU3BOACTBA MPOAYKINHU B 1998 romy;

5) Bamnogsrit 06beM pon3BocTBa IpoAyKIHH B 1997 rony;

6) Temrbl pocTa IpeANPUATHS

7) BanoBelii o0bem mnpousBojcTBa B 1998 TOMy, BBIpAKEHHBIA B
JIOJIJTAPOBOM SKBUBAJICHTE;

8) banancoBas npuObLIb NPEIIPUSITHS;

9) TlpuObulh NPEANPUATHS MTOCIIE HATTOTOOOI0KEHNS,;

10) [IpuOBUIBHOCTE PEANPUSITHS;
11) Yucno paboTarolux Ha NpeanpusTHH;
12) [Ipon3BOAUTENBHOCTD TPY/A.

Mymckum C.A. [49] yxke Obula TpeAnpuHsATa TOMBITKA BH3yaTU3alldd
TaOIUIBI TIPEANPHUITHI, B3ATOH M3 KypHana «JkcmepT» 3a 1997 roa. B aroit
paboTe OBUIM HCIIOJNB30BAHBI TPATUIUMOHHBIE CAMOOPTAHU3YIOUIUECS KapThl
Koxonena u auarpammsl XuHToHa. Tam ke ObUIO MPEATIOKEHO UCIOJIb30BaTh B
KauecTBE KOOPJWHAT TMPOCTPAHCTBA JIAHHBIX  OTHOIICHUS  HEKOTOPHIX
HE3aBUCUMBIX MPU3HAKOB W3 TaONMUIBl. BBUIO MpemiokeHO dYeThIpe TaKuX
KOOPINHATHI.

Hamu 6b1510 pemieno pacmupuTh TPOCTPAHCTBO UCXOAHBIX TAHHBIX €IIIe
OJIHUM WU3MEpPEHUEM, B PE3yJIbTaTe YeTO ObLT MOIYYeH CIeayouuii Habop
HE3aBUCHMBIX MPU3HAKOB:

N | O6oznauenue 3HayeHue
MpHU3HaKa
1| LG_VO1998 Jlorapudm BanoBoro o6bemMa MPOU3BOICTBA MPOLYKITUU
B 1998 rony
2 TEMP Banosslii 00beM npou3BoicTBa TpoayKiu B 1998 romy /

Banosblii 00beM MPOX3BOJICTBA MPOAYKIUHU B 1997 rony

3 | PROFIT_BAL banancoas npuObLTs ipeAnpuaTys /
Banosblii 00beM MPOX3BOJICTBA MPOAYKIUHN B 1998 romy

4 | PROFIT_NAL [TpuGbLT IpeINPUATHS TOCIIE HAIOTOOOI0XKEeHNS /
Banossiii 00bem npousBocTBa npoayKuuu B 1998 romy

5 | PRODUCTIV [TpuGbLTH IpeINPUATHS TIOCIIE HAIOTOOOIOKEeHNUS /
Yucno paboTaonmx Ha NpeAnpHUsITUI




B pesynprare Opia cocTaBieHa TabIMIIa U3 JBYXCOT 3aIUCEH C MATHIO
noysiMu. YacTh 3amuceit cosiepikaiia HermoIHy0 HHOPMAITHO (IT0 OTAETbHBIM
npu3HaKaM WH(OpPMAIHs OTCYTCTBOBANIA).

xi—M
JlanHble OBLIM MpEABAPUTEILHO HOPMHUPOBAHBI IO popmyre x; = th[ L j,

~D
rae X;,x;, M, D — HoBoe, CTapoe 3HAUYCHHUS MTPU3HAKA, CPEIHEE 3HAUCHHUEC U
JCIIEPCHS TTPU3HAKA COOTBETCTBEHHO.

Kapra, ¢ momoIsto KOTOpOil OCYIIECTBISIACh BU3yalu3alys MHO)KECTBA
JaHHBIX, ObLJIa TIOCTPOCHA TI0 aJITOPUTMY TTOCTPOCHUS YIIPYTUX KapT.
[TepBonavanibHas ceTka coaepxana 10 y3moB no Beptukanu u 10 mo
ropusoHTaU. [ HaX0KIEHUS JTOKATBHOTO MUHIMYMa () yHKIIMOHAIIA
IPUMEHSIJICS METO/I oTxura. [lapameTpsl L ¥ A MEJICHHO (TaK YTOOBI pH
Ka)XJIOM U3MEHEHUU KapTa ycreBajia NepeuTy B OJIU3IIeKaAIIUN JTOKATbHBIN
MUHHMYM) MEHSUIHCD OT 3HadeHnidi =5, A =5 tou=0.1, A =0.1.

ITociie mocTpoeHus ynpyroi KapTsl JaHHBIE U3 IPOCTPAHCTBA IPU3HAKOB
ObUIN CIIPOELIMPOBAHBI HA KapTy € TIOMOILBIO MIPOLEAYPhl HAX 0K ICHUS
Osmkailiiel TOUKH KapThl B ClIyyae KyCOYHO-TUHEHHONW HHTEPIIONISILINH
MEXIY Y3JIaMHU.

B xauecTBe WiuTtOCTpanuy aHaaM3a SKOHOMUYECKUX JAHHBIX HUKE
MPUBEJEHBI PACKPACKU MOJIYYE€HHOUN KapThl 10 KOOPAUHATHBIM TOJISIM, a
TAKKE CJIOM PaCCUUTAHHOW TJIOTHOCTH JIAHHBIX B TOUKax KapThl. Ha
packpackax OOJBIIMMHU TOYKaMH C HOMEpaMu BbIZIeJICHA TPyIa
NPEANPUITHH, MPUHAJIC)KAIINX He()TEra30BOM MPOMBIIIICHHOCTH. Takoe
BBIJICJICHUE MO3BOJISIET MPOAHATIM3UPOBATh MECTO TOW WIIM MHOM OTpaciIu
MPOMBILUIEHHOCTH CPEU APYTUX MPEATPUSITHIH.

1) Packpacka mo npusHakam

Ha pucynke 38a nzo6paxxeno 3Hauenue npusHaka LG_VO1998 B Toukax
kapThl. [Ipu 3TOM OoJiee CBETIIBIM y4acTKaM COOTBETCTBYIOT O0siee BHICOKUE
nokasaresiv npusHaka. CaMblil SpKUi IIBET COOTBETCTBYET nepBuiM 10%
IPEANPUATHI C CaMbIM OOJIBIITUM BaJIOBBIM 00BEMOM Mpou3BoaACTBA. Jliis
npuMepa KpyKKaMmu ¢ IudpamMu BBIICICHBI PEAIpHUITHS He(TerazoBoit
IPOMBIIITIEHHOCTH. [{1dpaM cOOTBETCTBYIOT ClIeNyIOIINE Ha3BAHUS
MPEANPUATHIA:

1 — OAO «I"aznpom»; 2 — Hedrsnas komnanus «JIYKoiun»; 3 —
Bamkupckast TorumBHast kommanus; 4 — HedrsHas koMmmanus
«CyprytHedTteras»; 5 — TromeHnckast HeTsiHas kommanus; 6 — «TatnedTh»; 7
— Hedrsnas xommanus «CiiaBHedTh»; 8 — HedrsiHas kommanus «PocHepTh»;



9 — OpenbOyprckas HedTsiHas komnanus «OHako»; 10 - LleaTpansHas
torutuBHas komnanus; 11 — Hedrsaras kommanus «KomuTOK».

Pucynok 386 uzobpaxaet packpacky no nokazareiato TEMP. Kak Bunno u3
pucynka 380, 001acTh KpYIHEHIINX OPEANPUITHI HE IepeceKaeTcs ¢
o0nacThi0 HanboIee BHICOKUX TEMITOB pocTa. B mpaBoM HMKHEM yTi1y KapThl,
HaIlpUMep, pacloJIararoTcsl NPEeAIPHUATHS MAIIEBOW IPOMBIIUIEHHOCTH,
[[BETHON METAJUTYPTUU U APYrHe ObICTPO pa3BUBAOIIUECS OTPACIIH.

Ha pucynkax 38, 38r, 381 noka3aHsl pacCKpackH I10 ITpU3HAKAM
PROFIT_BAL, PROFIT_NAL, PRODUCTIV. O1u packpacku CX0XH, 4TO
yKa3bIBaeT Ha KOPPEIALUIO MOCIEIHUX TPEX MpU3HAKOB. BMecTe ¢ 3Tum
pas3nuyMs B pacKpacke MO3BOJISIIOT BBIACIHUTD MPEANPUATHUS, KOTOPbIE
BBINA/IAI0T U3 KOPPEISILIUOHHON 3aBUCUMOCTH.

2) Packpacka 1o mjioTHOCTH JJaHHBIX

Ha pucynkax 38e),38x),383) nokazaHa packpacka KapThl MO INIOTHOCTH
JTAHHBIX, OIEHEHHOH C TIOMOIIBIO KaKOW-TM00 HeImapaMeTPUIECKON OIICHKH.
CymiectByeT aBa crioco0a OIEHUTH IIIOTHOCTH IAHHBIX. BO-TIepBBIX, MOKHO
paccMaTpuBaTh IByMEPHOE paclpeie]IeHue ToUueK Ha KapTe. Bo-BTOpbIX,
MOHO PacCYUTATh IUIOTHOCTh TOUYEK B UCXOJIHOM N-MEPHOM MPOCTPAHCTBE,
U n300pakaTh Ha KapTe 3HAYEHUS STOM MIIOTHOCTH B TOUKAX PACIIOJIOKEHUS
kapThl. Ha pucynkax n3o0paxxeHo npuMeHeHue nepBoro crnocobda. bonee
TEMHBIM y4acTKaM COOTBETCTBYIOT 00Jiee BHICOKHE 3HAYCHHS TUIOTHOCTH.

Pucynok 38¢) n3o0paxaeT AByMEpHOE pacipeiesieHHe OOIIeH MITOTHOCTH
naHHbIX. Ha pucyHke 38x) — pacnpejieiieHre MI0THOCTH MPEAPUITHI
HedTerazoBoi MPOMBINIIICHHOCTH. PucyHok 383) oTpaskaet ynoOHYO 11t
OIICHOK OTHOCHUTEJIbHYIO IJIOTHOCTh MPEANPUsSTUN HedTera3oBoit
MPOMBIIIUIEHHOCTH (TO €CTh OTHOIIEHUE MEPBBIX JBYX MIIOTHOCTEN).

Ha pucynke 381) oTpak€HO pacCTOsIHUE OT KaKJI0W U3 TOYEK KapThl J10
OJvbkalIell TOYKU JaHHBIX. boee TEeMHBIM y9acTKaM COOTBETCTBYIOT
OonbIme paccTosiHUSA. BUIHO, 9TO B 11€JI0M TaHHBIE TOCTATOYHO TUIOTHO
MPWIETAIOT K KapTe, 32 UCKIIIOYEHUEM y4acTKa B JIEBOM BEPXHEM YIITY
(BmpoueM, TOUKH JAHHBIX TaM OTCYTCTBYIOT M TEMHBIN IIBET YKa3bIBAET HA TO,
YTO TOYKHU B JIEBOM BEPXHEM YIIIy KapThl PACIOI0KEHBI B MHOTOMEPHOM
IIPOCTPAHCTBE TOCTATOYHO AAJIEKO OT OCHOBHOI'O MacCHBAa JAHHBIX).

bernpiil B3rIsiA Ha PUCYHKM TO3BOJISIET CHENIaTh, HAlPUMEpP, TAKUE BBIBOJBI.
[Mpennpusituss HedTEra3oBoil MPOMBINIICHHOCTH SBJSIOTCS JIUJAEpaMU  TIO
o0beMy BaJOBOIO MPOM3BOACTBA, HO TeMIIbl pocTa d3TOH 00JacTu
MPOMBIIUIEHHOCTA HEBEJIMKU [0 CPAaBHEHUIO, HANpUMEp, C MHIIEBON



MpPOMBINITIEHHOCTRI0.  [Ipenmpusitusi  HeTEerazoBoil  MPOMBIIUICHHOCTH
pacmajaloTcsi Ha JIBE€ TPYIIbl, KOTOPbIE CYIIECTBEHHO OTIMYAIOTCA 10
NpUOBUTBHOCTH TPOM3BOJACTBA. B 1emom, Habop TakuX pPHCYHKOB MOTYT
CIIY>)KUTh YIOOHBIM CPEICTBOM aHAIM3a JIJISl CIICIIHAIMCTOB B MAKPOAIKOHOMHKE.

3.3. HeiiponndgopMmaTuka — HayKa Wi paHTacTuka?

Honpo6yeM OTBCTHUTD Ha 3TOT  BOIIPOC C IIOMOIIBIO npuema
KapTor pa(bI/IPOBaHI/IH TCKCTOBBIX KOJIJIGKI_[I/Iﬁ Ha OCHOBC IIPCACTABJICHUS TCKCTOB
B BUJC YACMONIHbIX CJZO@Clper.

[To 50-Tm TekcTam, MPEACTABISIIONINX COOON HAydHBIC CTAThH, TOKJIAIbI
KOH(pEepeHIMi uW KHUTH OBUT cocTaBieH cioBaph u3 800 Hambomee
ynoTpeOiasieMbIX CJIOB. AHAJNOTHYHBIN cioBapb oO0beMoM 700 cioB ObLI
COCTAaBJICH JIJIs KOJUICKIIUU (PAaHTACTUUECKUX MPOU3BEICHUN Pa3TUYHBIX aBTOPOB
1 kaHpoB. [IOCKOJIbKY B PYCCKOM SI3bIKE€ OJTHO U TO K€ CIIOBO MOXET OBITh
MPEACTaBICHO B HECKOJIBKUX (opMax, TO JJIs MIACHTH(DHUKAIIMNA KOPHS Opauch
JUIIH TIEpBBIE 3Hayamme OYKBHI CioBa. B ciioBapwm HE BKIIOYAINCH CIIOBa-
CBSI3KM M HE3HAUallue cjioBa (MECTOMMEHHs, OOIICYNOTPEeOUTENbHbBIE CIOBa U

ap.).
Jlanee o6a cioBapst ObutH 00BeaUHEHBI. [10CKOIBKY CIIOBapU OKa3alMCh
YaCTUYHO TMEPEKPHIBAIOIIUMUCS, B PE3YIHTHPYIOMIEM CIIOBape okaszaioch 1375

cioB. CroBa ObUTH TPOHYMEPOBAHKI B ali(haBUTHOM TIOPSIIKE.
Jliis Toro, 9TOOBI MPEACTAaBUTh TEKCT B BHUJE MHOTOMEPHOTO BEKTOpPa €My

COTIOCTABJISIICS HA0Op YacToT wi:”%\,, i = 1...1375, tme n; — 4wuciIo

BCTPETHBIIHXCS (HOPM i-0TO CIIOBa U3 cioBaps, N — o0Iree 4ncio CIOB B TEKCTE.
B pesynbpraTe Obuta momydeHa tabmumna w3 1376 cronOoB (MEpBBIA W3 HUX
coJleprKajl Ha3BaHHUE TEKCTa, OCTATBLHBIE — YaCTOTHI), B KOTOPYIO OBUTH 3aHECEHBI
4acTOTHBIE cioBapu 113 TekCcTOB, B KOTOphie BONUIA (haHTACTHUCCKHE
npousBenenus C.Jlema, P.Kemssuwl, C.Kunra, A.AsumoBa, A.Knapka,
P.bpanbepu, K.byneraesa u np., kaura A.H.I'op6anst «/lemon JlapBuna», kaura
E.M.Mwupkeca «Heunpokommnsrorep. [Ipoekr crangapra», HEKOTOpPbIE Hay4YHBIE
CTaTbU KPAaCHOSIPCKOW TIpyINIbl ucciaenoBarene «HeWpokomm», Te3UCHI
JOKJIaJIOB, TpPEJCTaBIEHHbIX Ha KoHdepeHImu «Heitpoundpopmaruka u ee
npunoxenus - 2000», npoBoausiuetics B r.Kpacuospcke B oktsaope 2000 roza,
TJIaBBI 3TON KHUTU U HEKOTOPbIE JPYTUE TEKCTHI.

Ha puc.39a) npuBeneH Buj MoJIyd4eHHOTO MHOTOMEPHOTO 00Jlaka TOUYEK Ha
MJIOCKOCTh MEPBBIX JBYX TJIABHBIX KOMIOHEHT. Kak BUAHO, 4YaCTOTHBIE CIOBapH
(haHTaCTUUECKUX W HAYYHBIX TEKCTOB XOPOIIO Pa3lEstoTCs BIOJIL MEPBOM
IJIAaBHOM KOMIIOHEHTHI. PaccMOTpuM Te TpHU3HAKUA, KOTOPHIE OKa3alHuCh
HanOoJee 3HAYUMBIMHU U1 TAKOTO Pa3JeNeHHus. DTH TPU3HAKU-CIOBOPOPMBI



BOIIUIM B BEKTOP TMEPBOM TJaBHOW KOMIIOHEHTHI C HaWOOJBIIMMH TIO
aOCOJTIOTHOW BelMunHE BecaMu. [IepBBIi JeCATOK TaKuX CIIOBO(OPM MOKa3aH B
tabn.1. HaoGopoT, Te mpu3HaKW, KOTOpHIC HWMEIOT OJIM3KHE K HYJIIO Beca,
OKa3aJMCh HE3HAYUMBIMU JIJIS1 Pa3AeTICHUsI.

Jls 6oee moipoOHOTO aHaM3a TEKCTOB 10 HA0OPY JaHHBIX ObLIa

IIOCTPOEHA KapTa. JlaHHbIE CIpOEMPOBaHHBIE HA KapTYy, IOKa3aHbl HA
pucyske 396). BugHo, 4To TEKCTHI B TOM U JpYroi Ipymie pacnaaaroTcs Ha
MOATPYIIBI. AHAIN3 HA3BAHUM TEKCTOB, BXOIAIINX B MTOATPYIIIBI TO3BOJISET

MIPOM3BECTH KIACCU(PHUKAITNIO TEKCTOB CICIYIOIIMM 00pa3oM:

1. ®anTacTHKa ryMaHUTAPHOM HAPABICHHOCTH;

2. danTacTUKa TEXHUYECKON HAINPaBJICHHOCTH;

3. buonornueckue U MEIUIIMHCKUE PUIIOKEHUS HEHPOCETEH;

4,5. Texunueckre MpUEMBI O CO3/ITaHUI0 HEMPOCETEN;

6. MonenupoBanue MaHHBIX (B 3Ty MOATPYNNY BXOJUT U dTa KHUTA —
00bekThl «I'maBa 1», «I'maBa 2», «I'11aBa 3»).

Ota knaccuuKalys He 0XBATHIBAET TAKUX BBIICISAIOIINXCS TEKCTOB, KAKUMU
sBisitotrest kKHUru ALH. TopOanst «Jlemon JlapBuna», C.Jlema «Cymma

TEXHOJIOTHi1» U HEKOTOPBIX JPYTHUX.

Ha mnpumepe kaprorpagupoBaHusi KOJJIEKIMH TEKCTOB PacCMOTPUM
BO3MOHOCTU aBTOMAaTUYECKOT0 aHHomuposanus Touek NaHHbIX. Ha puc.390)
MOKa3aH CaMblil MNpPOCTOM CcHoco0 AaHHOTUPOBAHUSA JAHHBIX — Ha TOYKH
MOBEIIEHbI HAa3BaHUSl TEX IPU3HAKOB, 3HAYEHHUS KOTOPBIX OKAa3alUCh IS
JaHHOTO OOBEKTa MaKCUMaNTbHBIMH. B Hamem ciaydae 3TO O3HA4aeT, YTO
COOTBETCTBYIOIIME CIOBO(GOPMBI OKazaluCh B TEKCTE HamMOOIee YacTo
BCTPEYAIOLIUMHUCS.

Jpyroit crnoco0 aHHOTHPOBAaHUS COCTOUT B BBIACICHUU Ui JaHHOTO
o0BbeKTa TeX MPU3HAKOB, 3HAYCHUSI KOTOPHIX HAUMEHEE BEPOSITHBI 110 aHCAMOJIIO
o0bekToB. IlosicHuM, 4TO 3TO O3HayaeT Ha Hamem npumepe. s kaxaoro
MpU3HAKa-CIOBA MOXET OBITh IOCTPOCHA THCTOTpaMMa pacHpeIeICHUS
3HAUEHUH TI0 BCeM OOBEKTaM. B HEKOTOpHIX HHTEpBaIaX THCTOTPAMMBI



OKaXkeTCsl OONBIIOE KOJMYECTBO OOBEKTOB, B HEKOTOPHIX — Majioe. Beioepem
00BEKT (WJIM TOYKY TPOCTPAHCTBA MPHU3HAKOB) JJII aHHOTHpOBaHUs. Kaxmomy
W3 KOHKPETHBIX 3HAYCHHWU TMPHU3HAKOB Y BBIOPAHHOTO OOBEKTa MOXKHO
COTIOCTaBUTh BEPOSITHOCTh €r0 TMOSABICHUS (B31B €€ U3 MOCTPOEHHOU MO BCEM
o0BeKTaM THCTOTpaMMbl). Eciii BEpOSTHOCTh OKaXKETCS BBICOKA, TO JTO
3HAaYECHHE NPU3HAKA SBISIETCS B HEKOTOPOM pOJE «TUIHYHBIM» I JAHHOMU
cucTteMbl 00bEeKTOB. Eciii BEpOATHOCTh Majla — 3HAUUT TaKUe 3HAUYCHUS TIPU3HAK
MPUHUMAET JIMIIh Ha HEOOJBIIOM KOJIMYECTBE OOBEKTOB, TO €CTh BHIOPAHHBII
O0OBEKT MO JJAaHHOMY MPU3HAKY SBISETCS «HETUITHYHBIM.

Tabn.1. CnoBa-nipu3Haku, caMble 3HAUUMBbIE M CaMble MaJIO3HAYUMBbIE 151
pazzienieHnst TEKCTOB Ha Hay4dHble (HeHponHpopMaTuKa) U (paHTaCTUUECKUE

Croga, obnanaromnye Croga, obnanatomiye CroBa ¢ GJIM3KMMU K HYJIIO
OTpHLIATENILHBIMHU BECAMU HOJIOXKUTEIbHBIMU BECaMU BECaMU
CnoBo Bec CJIOBO BEC CJIOBO BEC
BEpH -0.09101 WCIIONb3 0.076008 unean | 0.00129
YYBCTB -0.08864 OCHOB 0.073729 mpoct | 0.000917
100p -0.08147 3a/au 0.068003 pe3k | 0.000833
3eMIl -0.07893 JIaHH 0.065691 napanokc | 0.000689
JOJT -0.07666 HEHpo 0.064884 Beicka3 | 0.000601
CTpaHH -0.07657 onpezen 0.063517 kuciuot | 0.000266
XOJIO]T -0.0736 (hyHKI 0.057877 pemont | 0.00017
TPYIOH -0.07148 aHaJIn 0.057309 koHCTp | 0.000062
CTpax -0.06715 MOZEeN 0.056592 | oxpectnoct | -0.00004
OCTOPOXKH -0.0666 napameTp 0.055749 Bompoc | -0.00019
COMHEH -0.0665 cer 0.053742 rpy6 | -0.00043
MBICIT -0.06584 pe3yib 0.053426 ckobk | -0.00052
qyxK -0.06563 00yu 0.052626 | chopmymup | -0.00079
310 -0.06536 AITOPUTM 0.052238 muteH | -0.00083
yxKac -0.0644 pelieH 0.051107 Bpaxn | -0.00102
TpeBOT -0.06423 BEIOOD 0.050932 ceuget | -0.00112

B ciryyae TEKCTOBBIX KOJUIEKIIM MAIOBEPOSITHBIN MTPU3HAK — 3TO TO CJIOBO,
KOTOPOE€ OTJIMYAET JAaHHBIA TEKCT OT OCTAIbHBIX. Tak, Hampumep, CIOBO
«JJaHHBIC» MOXKET CTa0WJIBHO YacTO YHOTPEOISATHCS BO BCEX TEKCTaxX MO
Helipounpopmatuke. Iloatomy, uHpOpMaMs O TOM, YTO B TEKCTE€ 4YacTO
yHOTPEOSIOTCS CIIOBA «aHAIM3», «JaHHbIE» HHUKAaK HE BBIJIETSECT €ro Cpeau
OCTaJbHBIX TeKCTOB. WHdopmamus xe 0 TOM, YTO CJIOBO «JIUM(OIUT»
0Ka3aJIOCh MAJIOBEPOSITHBIM B JAHHOM TEKCTE JIJIsi JAHHOTO aHCaMmOJisi TeKCTOB,
omnpezesieHHbIM 00pa3oM ero xapakrepusyer. HaoGopoT, ecinu MajaoBepOsITHBIM
OKa3aJIoCh CJIOBO «JIaHHBIE», TO W 3TO O3HAYAET, UYTO TEKCT «BBIMNAJACT» M3
oO1meli HarpaBJIEHHOCTH COOpaHUs TEKCTOB 10 HEHPOMHGOPMATHKE.



B cnydae ecnm KOJUIEKIHSI TEKCTOB MCXOJIHO Pa3HOPOJHA, KaK B HaIIeM
pUMepe — TOTJA TOKE UMEET CMBICT BBIICIATh MAJIOBEPOSTHBIC MPU3HAKH, HO
BEPOSITHOCTH JIy4IlIE PACCUUTHIBATh MO OOBEKTaM TOTO Kiacca, B KOTOPBIU
BXOJIUT OOBEKT.

Ha puc.40a) mpencraBieH cmoco0 aHHOTHPOBAHUS TEKCTOB  IIO
MaJIOBEPOSITHBIM CIIOBAM.

Hctounuk wuHOM wuHGpOpMALMU O HCCIEAYEMONl CHUCTEME TEKCTOB —
BU3yaJIM3allisl TPAaHCIOHMPOBAHHOW 3aJadyM, ONMCaHHas B paszgene 2.8 (cMm.
puc.400). B aTom citydae poJib 00bEKTOB UTPAIOT CJIOBA M3 YACTOTHOIO CJIOBApS,
a MPU3HAKOB — TEKCThl. ECIM Ha MJIOCKOCTU MEPBBIX INIABHBIX KOMIIOHEHT J1Ba
CJIOBAa OKa3aJHUCh PSAIOM, TO ATO MO3BOJIAET NPEANOJIOXKHUTh, YTO HA JaHHOU
COBOKYITHOCTH TEKCTOB OHU KOPPEIUPYIOT, TO €CTh IPUMEPHO OJMHAKOBO YaCTO
BCTPEYAIOTCS B OJHUX TEKCTaX M OJAMHAKOBO peako — B npyrux. Ecmm cioBa
OKa3aJIiCh CHJIBHO PA3HECEHBI (Ha TPOTUBOMOJIOKHBIX «IOJIOCAX» KapThl) ITO
yKa3bIBaeT Ha OOpPaTHYIO0 KOPPEISIIHIO — €CIIM OJHO CIIOBO BCTPEUYAETCS 4acToO B
KaKOM-JTMOO TEKCTe, TO JAPYroe B 3TOM TEKCT€ BCTPEUYAETCs, CKOPEe BCEro,

penKo.
AHHOTHpPOBaHUE TI0 MAJIOBEPOSTHHIM MPU3HAKaM MPUMEHUMO M 37eCch. B
JAHHOM ClIydae MAaJIOBEPOSITHBI TPHU3HAK — TEKCT — BBIACISICTCS IS

AHHOTHPYEMOTO CJI0Ba. JTO O3HAYaeT, YTO CpPEAu BHIOPAHHBIX TEKCTOB
MaJIOBEpPOSITHO BCTPETUTD 3a/IaHHOE CJIOBO MMEHHO B YKa3aHHOM TEKCTE.

MoskeT ToKa3aThCsl, YTO TMOCTABJICHHBIM B 3arojioBKE BONPOC HE WMEET
OOJIBIIIOTO «HAYYHOTO» W MPAKTHYECKOTO 3HadeHWs. OJHaKo, Ha TpHMEpE
KapTorpaupoBaHUs TEKCTOBBIX KOJUICKIIMHA JTEMOHCTPUPYIOTCS METOIBI,
NpUMEHUMBIC ISl 3amad Oosee cepbe3HbIX HayK. lIpuMep uCmosib30BaHUS
YaCTOTHBIX CJIOBApeil — ananuz ceHemuyeckux nocieoosamenvbHocmeti. B atom
clly4ae TEeKCT — MOCIeA0BaTeIbHOCTh «OyKB» reHeTndeckoro andasuta A, C, G,
T. IlocnenoBarenbHble OYKBBI MOXKHO OOBEIUHSTH B CJIOBA Pa3HOM JJIUHBI.
Takum 00pa3oM, reHeTUYECKUI TEKCT MOKHO MPEJICTABIATh B BUE YACTOTHOTO
cioBaps. ['eHeTnyeckoMy KOOy KaK10M OTAEIbHOW 0COOU COMOCTABISETCS CBOU
YaCTOTHBIA cJIOBaph. CpaBHEHUE U BU3YaIM3allUsl TC€HETUYECKUX YaCTOTHBIX
cloBape BHYTpH BBIOOPKM OCOOCH OJHOTO BHJA, a TaKXKE CpaBHCHHE
TeHETHYECKUX YaCTOTHBIX CJIOBapeld 0coO€il pasHBIX BHIOB MOXKET CIYKUTh
MCTOYHUKOM IIEHHOW MH(OPMAIIMH TSI CTICIIUATMCTOB B 9TOM 00JIaCTH.

[TpuBenem npuMep. ITo 1800 peabHBIM T€HETUYECKUM
MOCJIEI0BATENILHOCTIM OaKTepuid, MpuHaANIexKaIux cemeiicteam Proteobacteria,
Firmicutes, Acidobacterium, Aerobic bacillus, Cyanobacteria Obl1a cocTaBieHa
Ta0JauIla 4acTOT BCTPEUAIOIIUXCS B TEKCTE CJIOB JJIMHBI 1, 2 U 3 (CHUHIJIETHI,
OymieTel U Tpurwietel). Ha puc.4la) mokazaH BapwaHT KapTorpadupoBaHHs
tabmmpl. Ha kapTe Toukamu pa3sHOW (OPMBI BBIIEICHBI TPH OTIACIBHBIX POAa
Oakrepuii (Proteobacteria a-sd, Proteobacteria b-sd, Firmicutes Actinomycetes).



Bunno, uro Omomormueckas kimaccuukamuss B MHOTOMEPHOM IPOCTPAHCTBE
YaCTOTHBIX CJIOBapeil 3a/1aeT HOCTATOYHO KOMMAKTHBIE U OTIEJIECHHBIE APYT OT
JpyTa rPYNIUPOBKH OOHEKTOB.

3.4. Buzyaausupyem BbIOOPBI

AHHOTHpPOBaHHE TIOJIE3HO HE TOJBKO [JisI YacTOTHBIX cioBapeil. Ha
puc.42a) moka3zaHa KapTa BHIOOPOB aMEPUKAHCKUX MPE3UJEHTOB, MOCTPOCHHAS
Ha OCHOBE M3BeCTHOM Tabiuiel [12,56,68]. B Tabnuiie comep:karcst OTBETHI Ha
12 BompocoB, pacmudpoBka 0003HaYEHUI KOTOPHIX IpUBEJeHA Ha pucyHke. Ha
KapTe SIBHO BBIAEISAIOTCS BbIOOpHI 1880 ronma, momajaromue B 00JacTh, TIe
npeobnagaoT 00bEKThI MPOTUBOMONIOKHOTO Kiacca. B cBoem knacce (mobena
TpaBsIel mapTun) s BeIoopoB 1880 roja okazannch KpaitHE MaJOBEPOSTHBI
srHaueHust mpu3HakoB CONC (bbira cepvbesnas KOHKYpeHyus npu 8bl08UNCEHUU
om npassawet napmuu?) u PREZ (Kanouoam om npassweti napmuu Obwin
npe3udeHmom 6 200 bloopog?). JIeMCTBUTENBHO, Cpeau BCexX moles mpaBsiiei
naptuu npuzHak CONC Obl1 paBeH euHuUlE TOJABKO A5 BbIoopoB 1880 roxa. C
JPYro¥l CTOPOHBI, STOT MPU3HAK OKA3BIBAETCS BEChMa 3HAUUMBIM JIJISl PEIICHUS
BOIIpoca o 1modejie Ha BEIOOpax.

UroOsl  MOATBEPAMTH  TOCIEOHEE  YTBEPXKIEHHUE,  PacCMOTPUM
TPAaHCIIOHUPOBaHHYIO 3amady (puc. 420). B r1pynmy BH3yaIH3UPYEMBIX
INPHU3HAKOB BKIIOYEHO 10je «OTBET», B KOTOPOM COIEPIKUTCS PE3yIbTaT
BBIOOPOB. BuHO, uTO TIpu3HaK, HanboOJIee CBA3AHHBIN C PE3yIbTaTOM BBEIOOPOB
— CONC. C apyroif CTOpOHBI, TPU3HAKOM, HanOoJiee yaajieHHbIM OT «OTBeT»
sBisieTcss mpu3Hak PREZ, 4ro MOXXeT yka3plBaTh Ha OOpaTHYIO KOPPEISIIHIO.
[Mpuznaku DEPR, O_HERO, MIST, THIRD, CHANGES, WAVE o0pa3ytoT
TPYIIY B3aUMOCBSI3aHHBIX MTPU3HAKOB.

3.5. Ocnoxuenust HH(bapKTa-MMOKapna3

Wudapkt Muokapia — pacpoCTpaHEHHOE B TpO3HOe 3aboneBanue. bypHoe
pacrpocTpaHEeHUE 3TOro 3a0O0JIeBaHMs 3a TOCICIHUE TIOJBEKA CIENIalo €ro
OJTHOM M3 HamboJsIee OCTPBIX MPOOIEM COBPEMEHHON MEIUITUHBI.

3aboneBaeMOCcTh HMHGAPKTOM MHOKap/ia OCTAaeTCS BBICOKOM BO BCEX
ctpaHax. OcoOEHHO 3TO KacaeTcsi TOPOJCKOTO HACEJCHHs] BBICOKOPa3BHTHIX
CTpaH, WCHBITHIBAIOIICTO CTPEMUTCIIBHBIH PUTM COBPEMEHHOW JKU3HH U
MOJIBEPTAIOIIETOCS XPOHUYECKOMY BO3JCUCTBUIO CTPECCOBBIX  (HaKTOPOB,
HEpETyJIIPHOTO M HE Bceraa coamancupoBanHoro nutanus. B CIIA exerogHo
okoJ10 1,5 MUJTMOHOB YenoBeK 3a0071eBat0T HHPAPKTOM MHUOKap/a.

* Onucanue CUTYaIy ¢ OCIIOXHCHUSIMA nH(apkTa Muokapaa B3sto u3 [40,54,55].



Hecmorpss Ha TO, 4dro BHEAPEHHWE  COBPEMEHHBIX  JIEYEOHO-
NpOPUIAKTUYECKAX MEPOMPHUATUNH HECKOJBKO CHHU3WIO CMEPTHOCTh OT
WH(PAPKTOB, OHA TPOJOJKAET OCTABATHCS JIOBOJIBHO BBICOKOW. Oxomno 15-20%
OOJIBHBIX OCTPHIM WH(APKTOM MHOKAp/a IMOrHOar0T Ha JOTOCIUTAILHOM 3Tarle,
eme 15% B OonpHHUIE, T.e. 00mAas JETaILHOCTH TPH OCTPOM HH(DAPKTE
muokapaa 30-35%.

Teuenue 3aboneBaHus y NAMEHTOB C MH(APKTOM MHUOKap/a pasziIudHo.
NudapkT Muokapaa MOXKeT MpOTeKaTh 0€3 OCI0KHEHHUM WA ¢ OCIOKHEHUSIMHU
HE YXYAIIAIIINMEI JT0JATOCPOUYHBIN MPOrHO3. B ToXke BpeMsi OKOJIO MOJOBUHBI
MAIMEHTOB B OCTPBIN U MOIOCTPHINA MEPUOBI UMEIOT OCJIONKHEHUS, IPUBOISAIIUE
K YXYAIICHUIO TEUCHUS 3a00JIeBaHUs U JaxKe JeTalbHOMY Hcxoay. [IpeaBuaets
pPa3BUTHE ITUX OCIOKHEHHUM MOXET HE BCET/a J1a>Ke OMBITHBIN CIIEIIUAUCT.

Jliis penienns 3a1a9u IPOrHO3UPOBAHUS OCTIOKHEHUH WH(papKTa MHOKap/a
C TENbI0 CBOEBPEMEHHOTO TMPOBEACHUS HEOOXOAMMBIX MPOPUIAKTHICCKIX
MEpONPHATHI  COTPYJIHUKAMU Kadeapbl BHYTPCHHHX Oose3Heir Ne 1
KpacHosipckoli rocynapCTBEHHOM MEIUIIMHCKON akajaemMuu Oblia coOpaHa
undopmanus o TedyeHuu 3adoneBanus y 1700 6onbHbIX HHGAPKTOM MUOKAp/A,
npoxoauBmux Jsedenne B 1989-1995 romax B Kapaumomoruueckom IEHTpe
ropoackoit OGompHHMIBI Ne 20 r.Kpachosipcka. HMuapopmamms monydeHa u3
HCTOpHI OOJIC3HM MAITMEHTOB M CKOHIICHTPHUpOBaHA B 128 IMOJIAX 3JIEKTPOHHOMN
Tabmmipl. ba3a MaHHBIX COJEPKUT CBEICHUS O JAaHHBIX aHaMHE3a KaKIOTo
OOJILHOTO, KIIMHUKE HACTOSIIETO nHpapkTa MHOKap/ia,
ANEKTpOKapANOTpaUIeCcKux, J1abOpaTOPHBIX IMOKA3aATENAX, JIEKAPCTBEHHOM
Tepanmuid W OCOOCHHOCTAX TEYCHUs 3a00JIeBaHUS B TICPBBIC JTHH HH(apKTa
MHOKap/a.

B pesynpraTre monyumnace Oonbinas Tabnuia, aHaiu3 HMHQOpMaluUd B
KOTOpOl HMeEeT, ¢ OJHOM CTOPOHBI, MPAKTUYECKOE 3HAaYeHHE, C IPYrod —
JTaHHBIE B HEM HMMEIOT BEChbMa CIIOKHYIO CTPYKTypy. [lo yTBepxkIeHusM
HEKOTOpBIX CIEUUAINCTOB B oOnactu HelpouHdopmaTuku: «KpacHospckas
Ta0JauIa 1O OCIOXKHEHUSM HUH(papKTa MHUOKApJa COACPKUT TOYTH BCE
W3BECTHBIE CIIOKHOCTH, C KOTOPBIMU MOET CTOJIKHYTHhCSI MCCJIEI0BATENb MPHU
aHaJu3e peallbHbIX JaHHBIX. JI0OOW MeToj aHanu3a, NPETCHAYIOMUN Ha
MPaKTUIECKOE TPUMEHEHHE, TOJKEH OBITh allpOOMPOBAH M HA 3TOM TaOIHIIE.».

Ha puc.42 npuBeneH mpumep BH3YaTbHOTO MPEICTaBICHUS TaOIUIBI 110
oclioHeHUussM uWH(papkTa Muokapjaa. Ha pwuc. ??? a) mpuBencHa OIeHKa
IJIOTHOCTH pacnpeseneHus oObeKToB. IloCKoiabKy B TaOiMile COAEPKHUTCA
0OJIBIIIOE KOJMYECTBO MPU3HAKOB, HEOOXOIMMO MPOBECTH MpPEABAPUTEIbHBIN
aHaJIu3 TMPU3HAKOB HA 3HAYMMOCTh [UJII TOTO, YTOOBI MPEJOCTaBUTH
MOJTH30BATENI0 HanOoJIee 3HAYMMbIC TTPU3HAKN. BBUT MPOBEIEH caMblii MPOCTOM
aHaJIu3 MPU3HAKOB HA 3HAYMMOCTD C TOMOIIBIO TIEPBO IJIaBHOM KOMITIOHEHTHI, U
Ha puc.4206)-421) mMoka3aHbl pacKpacKd MO HECKOJIBKHM TMpH3HAKAM, KOTOPBIC



UMEIOT HauOOJIbIIHE 1O a0COMIOTHOW BEJIMYWMHE Beca B BEKTOPE TJIABHBIX
KoMroHeHT. Ha puc.42¢) OonbIuME TPeyroJIbHUKaMUA 0003HAYEHBI JICTAITBHBIC
MCXOJIBI 3200JICBaHMSL.

[TonpoOHBI aHamM3 TaONHIBI IO OCIOKHEHHSIM HH(pApPKTa MHOKapaa
TpeOyeT OTAEIBLHOTO M BeChMa OOIIMPHOrOo uccienoBanus. MHpopMamoHHbIe
packpackd M TPUMCHCHHE METOJIOB BHU3yalM3allii MOTYT HWIPaTh B 3TOM
MCCIICIOBAHUYU BCIIOMOTATEIILHYIO POJIh HIUTFOCTPATUBHOTO MaTepHaja K APyruM
METOJIaM, a TAK)KE HMCIOT CAMOCTOSTEIbHYIO IICHHOCTb.
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Puc. 41. Kapra BbIOOpOB aMepuKaHCKHUX MPE3UACHTOB. PoMOaMu OTMEYEHBI BBIOODHI,
Ha KOTOpBIX 100ey oepskaia npassias napTHs, TPeyrolbHUKaMu — 00e b

OIMO3ULINY.
a) aHHOTaluUs 10 TOy BEIOOPOB;

0) aHHOTaLM 10 IByM CaMbIM MaJOBEPOSITHBIM IIPU3HAKaM B CBOEM KJIacce;
B) KapTorpadupoBaHie TPAaHCIIOHUPOBAHHOM 3a/1auu (OIM3KHE MPU3HAKU —

KOppEJIUpPOBaHBbI);
Pacmm¢poBka Ha3BaHUH NPU3HAKOB:

MORE!1 |[IpaBsmas naptus Obuia y BIacTu 0oJiee OJHOTO rojaa?

MORESOQ |[IpaBsmas naptus nonyquiaa 6omnbire S0% Ha mpouuibix BeIOOpax?

THIRD B roa BbI00pOB 0blIa aKTUBHA TPEThs NapTHA?

CONC Brlna cepbe3Has KOHKYPEHIUS TIPU BBIIBM)KEHUH OT NpaBsiei maptun?

PREZ Kanguaar ot npagsinield napTuu ObUT TPE3UACHTOM B 0]l BRLIOOPOB?)

DEPR BbL1 i To/1 BEIOOPOB BpeMEHEM CITajia Wil JIenpeccuu’?

VAL2_1 |bbu1 a1 poCT CpeTHEr0 HAIIMOHAIBHOTO BAJOBOIrO MPOAYKTa HA TYIITY
Hacenenus >2,1%

CHANGES |ITpou3Ben au npassiyi IPe3USHT CYIIECTBEHHBIE H3MEHEHHUS B OJUTHKE?

WAVE  |Bo Bpems npasieHus ObUTH CYHIECTBEHHbIE COMAIbHBIE BOJIHEHHUS?

MIST AJMUHHCTpAIYS MPaBsIeH NapTHY BHHOBHA B CEPhE3HON ONIMOKE WU CKaHae?

R_HERO |Kauguaat npaBsiiiei mapTHH — HAIMMOHATBHBIA TEPOi?

O_HERO |Kanauaat onno3uuroHHON NapTUH — HALTMOHAIBHBIN repoi?
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Puc.41a. KaprorpadupoBanue 0a3bl YaCTOTHBIX CIIOBAapell FTeHETHYECKUX MOCIIeJ0BAaTeIbHOCTEH. BobumMu Toukamu
TpeX pa3HbIX (JOPM OTMEUEHBI TPU OTACIBbHBIX poja OakTepuil. VI3 pucyHka BUIHO, YTO B MPOCTPAHCTBE YaCTOTHBIX
cioBapeii Ouosiornyeckas Kiaccudukarys 3aaet 0ojee Wik MeHee KOMIAKTHbIE IPYIIHPOBKH 00bEKTOB.
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Puc.416. Busyanuzanus TpaHCIIOHMPOBAHHON 3a7a4M A TaONHMIBI TEHETHYECKUX YacTOTHBIX ciioBapeil. Bimskue
MIPU3HAKHU OTBEYAIOT B3aUMOCBS3aHHBIM CJIOBAM B T€HETHYECKOM TEKCTE.
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