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BBEJIEHUE

C 1960-x rr. nHhopmMaLMOHHO-KOMMYHUKaLoHHble TexHonoruu (MKT)
noc/efioBaTe/IbHO 3BO/MOLMOHMPOBAIN OT MPOCTbIX CUCTEM 06PaboTKM
(halinoB 40 CNOXHbIX, MOLLHbIX CUCTEM yMpaBneHns 6a3amMu gaHHbIX (B).
VccnepoBaHus B 06nactvt B ¢ 1970-X Ir. CMeLanucb 0T paHHKUX Mepapxu-
YECKMX U ceTeBbIX 6a3 AaHHbIX K PefsiLMOHHLIM CUCTEMaM YMpaB/ieHus
6azamu gaHHbIX (CYB/), HCTPYMEHTaM MOJAENMPOBAHUS AaHHbIX, a TaKXKe
K BONpOCam WHAEKCUPOBaHWSA M OpraHv3auum faHHbixX. Mons3oBaTeny no-
NYYnUnn rMbKWiA 1 yaobHbIA MHTepdeic AoCTyNa K AaHHbIM C MOMOLLbHO
A3bIKOB 3anpocoB (Tvna SQL), nonb3oBaTe/bCkue MHTepdelickl, ynpase-
HWe TpaH3aKuMaMK 1 T. N. TexHonornsa 6a3 AaHHbIX, HAYMHAA C CepefyHbl
1980-x rr., xapakTepn3oBanacb Nonynsapusaluen, LWMPOKMM BHEAPEHNEM 1
KOHLEHTpaLMei nccnefoBaTelbCKMX YCUNIA Ha HOBbIE, BCe 60/1ee MOLLHbIE
CYB/[. 3htekTvBHbIE METOAbI OHMAliHOBOM 06PabOTKM TpaH3aKumid (on-
line transaction processing — OLTP) BHec/M 60nbLUOW BKMag B pa3BuTue
TEXHONOMUIA aHa/n3a [aHHbIX, KOTOpble OKOHYaTe/IbHO BbIAENMINCL B OT-
JenbHY0 HaYy4YHYH ANCUMNAUHY B Hadane XXI B.

C VHTeNneKTyanbHbIM aHaM3om fAaHHbliX (MAL) TecHO cBsi3aHbl ABa
aHrnoasbluHbIX TepmuHa — Knowledge Discovery in Databases (KDD) u
Data Mining. OHM pa3BMBAlOTCA B paMKax HarpaeneHus «Bu3Hec-
aHaIMTUKa» — 3TO WHCTPYMEHTHI, WCMO/Mb3yeMble ANS npeobpasoBaHus,
XpaHeHus, aHanmn3a, MOAeNMpPoBaHNs U [AOCTaBKM MHA(opMaLumn B Xole pa-
60Tbl Haf 3afa4amMu, CBA3AHHLIMU C NMPUHATUEM PeLLeHUi A Ha OCHOBE (ak-
TUYECKUX AaHHbIX. [1pU 3TOM C MOMOLLLIO 3TUX CPeSCTB LA, NPUHUMAK0-
e peLleHns, AO/MKHbI MPU WUCMO/Mb30BaHUM MNOAXOLALMX TEXHOOIMNIA
noflyyatb HYXHble CBEAEHWA U B HYXHoe Bpems. TepmuH «KDD», yT0
MOXHO NePeBeCTU KaK «06HapYXXeHWe 3HaHWA B 6a3aX AaHHbIX», BO3HVK B
KoHLe 1980-Xx rr. Ha OCHOBe KOHLENUWUW pa3BefoyHOro aHasmsa LaHHbIX,
npeanoXxeHHon k. Torokn B 1962 T.

Mog HUM NoapasymMeBaeTCA He KOHKPETHbLIA airoputM UM MatemaTu-
YecKWin annapar, a NocneAoBaTelbHOCTb AEWCTBUWIA, KOTOPYH HEOOXOAMMO
BbIMO/IHUTL ANS 0OHapY>KeHUS MOME3HOr0 3HaHusA. [aHHbIA nccnepoBa-
TeNbCKWIA MPOLECC He 3aBUCMT OT MPeAMETHON 06nacTu; 370 Habop aro-
MapHbIX ofepawuii, KOMOMHMPYS KOTOPbIE, MOXHO MOSTYYUTb HYXXHOE pe-
WweHne. KDD BK/O4aeT B cebsi aTanbl NMOArOTOBKM AaHHbIX, Bblbopa WH-
hopMaTUBHbIX MPU3HAKOB, O4MCTKM, MOCTPOEHUS Moened, NOCTOBPaboTKM



Y UHTEPNPeTaLumn NonyyYeHHbIX pe3ynbTaToB.

3a nocTpoeHne Mogeneit oTeevatoT meTogbl Data Mining — o6Hapy»ke-
HWe CbIpbIX [JaHHbIX PaHee HEW3BECTHbIX, HETPMBMANbHBIX, MPaKTUYECKN
MOME3HbIX U JOCTYMHbIX MHTEPNPeTaLWn 3HaHWA, HEOOXOAUMbIX ANS Npu-
HATWA peLLeHnid B pasnnyHbIX clepax YenoBeyeckoi aesTenbHocTu. Tep-
MWH 6b1s1 BBegeH I. Mateukum-LUanupo B 1989 r. AHramiickoe cnoBocoYe-
TaHue «Data Mining» He MOAY4YUIO YCTOABLUErOCH MepeBoda Ha PYCCKMiA
A3bIK. B nuTepatype ncnonb3yloTcs cneaytoLlve BapuaHTbl nepesBoga: fo-
6blya AaHHbIX, WUHTENNEKTYaNbHbIA aHann3 AaHHbIX, TAYOWUHHbIA aHanu3
[aHHbIX, MOCEeB WH(OpMaLuUK, W3BNEYEHWE [AAHHbLIX, WUHTENNEKTYalbHbIl
aHanu3 faHHbIX. HekoTopble nccnefoBatenn cUMTarOT HeygauHbIMU 60/1b-
LUMHCTBO BapuaHTOB NepeBofa («A06blua faHHbIX» — pa3Be 40ObIBAOT AaH-
Hble, & He 3HaHUA?; «MHTEeNNEKTYa/IbHbIN aHaIM3» — a YTO TOrja «HeuHTen-
NEKTyaslbHbI» aHann3?) 1 oNepupyroT NPSAMbIMU aHT/I053bIYHBIMW TEPMU-
Hamu.

MeTogbl VAL ¢ NOMOLLbIO aIrOPUTMOB MaLIMHHOIO 06yYeHUs nTepa-
TVBHO MOAOVPAOT MOAENb, B ONPEAENEHHOM CMbIC/IE HAUAYULLM 06pa3oM
ONVCbIBAIOLLYIO UCXOAHbIE AaHHble. B 3TOM CMbIC/e MalUMHHOE 0By4eHue
6/M3K0 K HermapameTpuyeckoin naeHTUMKauuW, KoTopas npegnonaraet,
YTO HY)XXKHO B XOA€ peLleHust onpesennTs MOAeNb M AaTb OLEHKY ee napa-
MeTpam. PeannsyeTcsi KOHCTPYKTMBHbBIA MOAXOA K MOCTPOEHWKO MOZesneil,
6asupyrowmiica Ha WHAYKTMBHOW TEOPUM M OMMPaOLLKiACa Ha UAEK BO3-
MOXHOCTU OMMUCaHWS JaHHbIX C MCMO/b30BaHWEM PSA0B MPUMWTMBOB Ha
OCHOBE WX CENEKLUM MO OMNpefeneHHbIM KpuTepuamM. B HacToslLee Bpems K
MeTOfaM HenapameTpUUecKoin NAEHTUNKALMN MOXHO OTHECTU 6OJbLUMH-
CTBO MeTog0B Data Mining.

Llenbto yuyebHON AMCUMNANHBI «TEXHOMOTMN UHTENNEKTYalbHOrO aHa-
NN3a JaHHbIX» ABMISAETCA U3yUeHWe MarncTpaHTamu TEOPETUYECKUX W npak-
TUYECKUX OCHOB (DOPMUPOBAHUA AHAIMTUYECKMX [aHHbIX MOCPESCTBOM
BbINO/IHEHWS OMepaumy OYULLEHUS NOKaNbHbIX 6a3 NpeanpuaTUs, npuve-
HEHWSI CTAaTUCTUYECKUX METOLOB U APYTUX CNOXHbLIX arOpuTMOB. 3afaun
y4ebHOV AUCUMNANHLI: BbipaboTaTb Y MarucTpaHTOB CMOCOBHOCTY Npume-
HATb MeToAbl MaTeMaTUKW, TEOPUM YMPaBNEHUS W CUCTEMHOIO aHa/n3a;
chopMMpoBaTb HaBbIKN MCMO/b30BAHNS aHIUTUYECKNX, BBIYUCINTENbHBIX
M CUCTEMHO-aHA/IMTUYECKMX METOLOB [N PelleHus NPUKNagHbIX 3adaq
CUCTEMHOIO aHanM3a 3KOHOMUYECKUX NPOLLECCOB.

YuebHas gucumMnavHa «TeXHON0MNN UHTENNEKTYa/IbHOro aHanmsa faH-
HbIX» ABNAETCHA roCYAapCTBEHHLIM KOMMOHEHTOM W BXOLMT B MOAY/b WH-
hopMaLMOHHBIX TEXHONOTUIA B 3KOHOMIMKe. OCBOEHME YUHeBHO ancumnam-



Hbl 6a3MPYyeTCA Ha KOMMNETEHLMSX, NPMOBPETEHHBIX paHee 06yYaroLLMMICS
MarucTpaHTaMy Npu U3yYeHUn AUCLMNINH «Bbiclias MaTeMaTuKka», «MH-
(hopmaTuKa», «IKOHOMETPUKA, 3IKOHOMMKO-MaTeMaTUyeckue MeToabl W
Mofenu». YuyebHas AMCLUMMIMHA ABNSETCS OCHOBOW M3YYeHWUs TakKuxX Awuc-
UMNAVH, Kak «[MporHo3npoBaHWe HauMOHa/IbHON 3KOHOMUKM», «OCHOBBI
MH(OPMALMOHHBIX TEXHOMOMUIA». B pesynbTaTe M3y4eHUs AUCLUNINHGI
MarucTpaHT [O/MKeH 3aKpenuTb U pasBWTb CreAyHoLyl0 NpodeccuoHanb-
HYI0 KOMMETEHLMIO, NPeayCMOTPEHHYO B y4ebHOM nnaHe M-25-01-9-19y
oT 27 mapTa 2019 r.: ¥YTK-5 — 6bITb CNOCOGHLIM OCYLLECTBASATL aHaN3
[AaHHbIX AN PeLleHWst  3KOHOMMWYECKMX, YMPaBMeHYeCKUX, Hay4Ho-
NCccnesoBaTeNbCKMX 3aaau.



1. METOJOJIO'HYECKHE OCHOBBI TEXHOJIOT U
N MOJAEJIEM HTHTEJVIEKTYAJIBHOT'O AHAJIM3A TAHHBIX

1.1. CyWwHOCTb MHTENNEKTYaIbHOTO aHa/in3a JaHHbIX B arpo3KOHOMMU-
YeCKMX UCC/Ief0BaHNAX.

1.2. OCHOBHbIe 33424 MHTEN/EKTYa/lbHOr0 aHan3a AaHHbIX Mo TUMam
MPOM3BOAMMOI MHOPMALWM.

1.3. Mopgenu NHTeNNeKTyaslbHOro aHanmsa LaHHbIX.

1.1. CymHoCTh HHTEJLIEKTYAJIbHOT0 AHATN3A JaHHBIX
B arpoO3KOHOMHUYECKHX MCCJIET0BAHUSIX

VIHTeNNeKTyanbHbIA aHanu3 gaHHbix (MAL) — vccnefoBaHne AaHHbIX,
Ncnonb3ytoLLlee MeTodbl UCKYCCTBEHHOIO MHTENNeKTa U OPUEHTUPOBAHHOE
Ha MpWaaHne CUCTEMe CBOWCTB MCKYCCTBEHHOIO MHTeNNekTa [14, 16, 25].

AHaNUTUK UMEET [eNo U ¢ AOKYMEHTaMW, U C TabIMYHbIMU 3HAYEHNSI-
MU, KOTOpbIe TakXKe NPUHATO Ha3blBaTb PaKTorpapuyecKumu.

Moa eaMHUYHBIM akToM (E) NPUHATO NOHUMATL OMUCaHWe HEKOTOPO-
ro cobbiTs. B (hopman3oBaHHOM BUe 418 3TOr0 NPUMEHSETCA CNeayto-
LL|as 3anuc:

Ex = {aj, t, Xy Xpr s X}y

rie & — uaeHTudukartop (Mmsi) o6bekTa;

t — BpeMsi U3MepeHus;

X; — 3Ha4YeHue i-i XapakTepucTMKN 06bekTa, i =1,..., m.

VIHTeNNeKTyanbHbIA aHan3 AaHHbIX BbICTYNaeTB KayecTBe UHCTPYMEH-
Ta NPUHATUSA ONTUMANbHBIX X03ANCTBEHHBIX PELLEHWiA. B HacTosLLee BpeMs
Mbl ABNSEMCS CBULETENAMMN aKTUBHOTO PasBUTUS TEXHOMOT W UHTENNEKTY-
anbHoro aHanusa fgaHHbix (MAL vnn Data Mining — usBneyveHne gaHHbIX),
NosiB/IeHVEe KOTOPOI CBA3aHO B MEpBYHO O4vepefb C HEeOOXOAMMOCTbLIO aHa-
NNTUYECKO 06paboTKMN CBEPXO0MbLLUMX 00BEMOB MH(OPMaLMK, HaKanu-
BAaeMOIi B COBPEMEHHbIX XpaHUAULLAX AaHHbIX. BO3MOXHOCTb MCMOMb30Ba-
HUA XOPOLLO U3BECTHbIX METOA0B MaTeMaTUYecKOoi CTaTUCTUKN U MaLLWH-
HOro obyueHna Ans pelleHWs 3a4ad Nogo6HOro poja OTKPbIIO HOBblE BO3-
MOXHOCTW Mepef aHaIMTUKaMW, WCCMefoBaTensmu, a Takke TeMM, KTO
MPUHUMAET PELLEHUs — MeHeXKepamu 1 PyKOBOAWTENsAMU. AHanUTUYeCKas
006paboTKa CBepX60/bLUMX 006bEMOB MHOPMALMN MOXET NPOBOAMTBLCS C
1cnosb30BaHMeM KOMOGUHMpoBaHUa mogeneid (puc. 1.1) [12, 23].
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Puc. 1.1. Kom6uH1poBaHve MOAENEi, MPOroH faHHbIX Yepes CUTO Mofeneit

B3avmocBsA3M Mexay arpo3KOHOMWUYECKUMU COOLITUAMU BbISBAKOTCA
cpeamn 60/bLUNMX 06BEMOB AaHHbIX: COCTOSIHUE OKPY>KAHOLLER Cpefbl; COCTO-
SHVE MOYBEHHOI0 MOKPOBA; COCTOSHME PACTEHUI U XXMBOTHbIX; COCTOSHME
MaTepuanbHO-TEXHUYECKON 6a3bl; 3KOHOMMYECKOe M (DMHAHCOBOE COCTOS-
Hue [12, 27, 44].

1.2. OcHoBHBIE 321291 HHTEJUIEKTYAJIHHOT0 aHAJIN3a TaHHBIX
M0 THIAM NPOU3BOAMMON HHpOPMAHK

3agaya KnaccurkaLmm 3aknYaeTcs B TOM, YTO AN8 KaXK4Oro BapuaH-
Ta OMNpeaenseTcs KaTeropus UM Knacc, KOTOPOMy OH MpUHagnexmT. B Ka-
yecTBe MpYMepa MOXHO MPUBECTU OLEHKY KPeaUTOCMOCO6HOCTM NOTEHLM-
aNbHOT0 3aeMLUMKA: Ha3HaYaeMble Knacchl 34ecb MOTYT ObITb «KpPeaUTOCHO-
CO6EH» N «HEKPeaUTOCnocobeH». HeobxoanMo OTMETUTb, YTO AS1s peLue-
HWS 3a4a4M HeOBXO0AMMO, YTOObI MHOXKECTBO KNaccoB Obl/I0 M3BECTHO 3apa-
Hee 1 6b1/10 6bl KOHEYHbLIM U CYETHBLIM [25].

MporHo3MpoBaHMe HOBbIX 3HAYEHWI arpO3KOHOMUYECKMX AaHHbIX UMe-
€T crefytoLve ocobeHHOCTH:

1. Mup arpapHOil 3KOHOMMWKW HacefieH arpornpojoBO/bCTBEHHBIMU CU-



ctemamy (AINC), sKcnayaTMpYOLWYMK NPOAYKTUBHbIE CBOWCTBA PacTeHWIA
W XXMBOTHbIX, UCMOJb3YIOLMMMN 3eMefbHbIE 1 NOTPE6AAIOLLMMU pacxoaye-
Mble pecypcbl, TPYA W 3HaHWS, BbIMYCKAIOWMMMN CEIbCKOXO3ANCTBEHHYHO
MPOAYKLMIO N NMPeAOCTaBNAOLMMMN YCIYTU, POPMUPYIOLLMMU COLMANTbHYH
cpegy Ha cene; AINC 06pa3yloT Bufbl, OTINYAIOLLMECS apeaioM pacnpo-
CTpaHeHUs, OpraH13aLoOHHONPaBOBbLIMI (hOpMamMK, CreLuanusaumein, pas-
MEpPOM ¥ APYrMU BaXKHbIMU NPU3HaKaMM.

2. YunTbIBAKOTCA MMEIOLLMECS TEHAEHLUMN (TPEeHAb!), CE30HHOCTb, ApYy-
rme yakTopbl.

3. MeToAMKa NPOrHo31poBaHMs OCHOBLIBAETCS Ha OfHOBPEMEHHOM MC-
No/b30BaHUM KOMM/EKca METOA0B: TPEHAOBOIO, afanT1BHOMO, KOppensuu-
OHHO-PErPeCCMOHHON0 M UMUTALMOHHOTO MOAENMPOBaHUs. ITO MO3BOANT
MONY4YMTb [OCTOBEPHbIE M MHOFOBapUaHTHbIe Pe3y/bTaThl.

1.3. Mopean HUHTEC/VIEKTYAJIBHOI'0 aHAJTU3a JaHHbIX

Komnnekc Mogeneii MHTENNeKTYabHOTO aHain3a fjaHHbIX, COCTaB/Iso-
LMX CTPYKTYPY y4e6HOro LyKna, NpeacTas/eH Ha puc. 1.2.

.)Rn‘}H(JMHF"!]H“HL’R!!P ”-‘:'!‘jpﬂ[.ﬂ”h‘:’ﬂhl’l"

modenu modenu

Modenu AccoyuamueHuie
Hevemuod no2uku Modeau

Tenemuyeciue
modeau

Puc. 1.2. YuebHblii KN Mofeneli MHTENNEeKTYyalbHOTO aHan3a AaHHbIX



Oxonomempuueckue mooenu.

Perpeccusi — OAMH 13 ABYX METOAO0B MPOrHO3MpoBaHus. [aHHbIli METOA
MCNONb3yeT MMEKLLMECA (paKTI/I‘-IECKVIe 3Ha4€HNA BE/IMYNH ON14 MPOrHO3U-
poBaHus 6yayLLMX Ha OCHOBaHWM TPEHALOB M MMEIOLLIECA CTaTUCTMKK [8].

Paznuune Mexay perpeccmeﬁ N BPEMEHHLIMWU pPAdaMN COCTOUT B TOM,
YTO BPEMEHHbIE pAAbl MPEACKa3bIBaAKOT 3HAYEHNA NEPEMEHHbBIX, 3aBUCALLNX
OT BpeMeHW. Bpems B faHHOM Cflyvae MOXeT CodepxaTb vepapxum (pabo-
yasi Heaens, KaneHjapHas Hefdens, Neproa, NpasaHuKKM, Ce30Hbl, UHTepPBabl
[ar).

Heiipocemeswvie moodenu.

HelipoceTeBble TEXHONOM MM B HACTOSILLIEE BPEMSI NPEAOCTaBASIOT LUMPO-
Kne BO3MOXXHOCTM N5 peLleHns 3a4ad NPOrHo3npoBaHmMs, 06paboTKM cur-
Ha/fl0B 1 pacno3HaBaHWs 06pa3oB. 10 CpaBHEHWIO C TPaAWLMOHHBIMW METO-
aamun MaTeMaTUYeCKoi CTaTUCTUKWN, K]'IaCCVICbI/IKaLI'VIVI n annpoKkcnumaumnm
3TN TexHonorum obecneunsatoT [OCTaTOYHO BbICOKOE Ka4deCTBO peUJEHI/II\/’I
npn MeHbLUNX 3aTpatax. OHM NO3BONSIOT BbISBNATL HENMMHEWNHbIE 3aKOHO-
MEPHOCTN B CUNbHO 3allyMJ/IEHHbIX HEOAHOPOAHbLIX AaHHbIX, Aak0T XOpOo-
LLine pesynbTathbl Npu 60/bLIOM yncne BXOAHbIX NapameTpoB U obecneun-
BAlOT afIEKBATHbIE PELLEHNS NMPU OTHOCUTE/IbHO He6GOMbLINX 06beMax AaH-
HbIX.

Accoyuamusnvie mooenu.

3agava accoumaTUBHOW MOAENN 3aKKOYAETCS B TOM, UTOObI ANt KaXXA0-
ro yCnosud, COCTOALLErr0 U3 NOAMHOXXECTBa 3HaYeHNiA BXOAHbIX NPU3HaKOB
3alaHHOr0 HabMroAeHMs, cPOPMMPOBATL CMEACTBME U3 Habopa JOCTYMHbIX
nepemMeHHbIX Kracca, TaKoe, yTOObI pe3ynbTUpPYyroLliee npaBnio MMeno Mak-
CUMa/IbHYHO MOAAEPXKKY UM [OCTOBEPHOCTb.

I'enemuueckue modenu.

"eHeTUYeCKU anropuTM NPeLCTaBnsieT cob0oM MeTofh, OTpaxaroLuii
€CTEeCTBEHHYKO 3BO/IIOLMIO METOA0B peLleHnA I'IpOﬁﬂEM, N B MEepBYyK o4e-
pefp 3aday ONTUMM3ALMKW. [eHETUYECKUe anropuTMbl — 3TO MpoLeaypsbl
NMONCKa, OCHOBaHHbIE HAa MEXaHM3MaX eCTECTBEHHOIO 0T6opa N Hacneposa-
HMA. B HUX MCMOJb3yeTCA SBOHPOLI,MOHHbIVI MNPUHUWMN BbDKMBaHNA Hanb6onee
I'IpI/ICI'IOCO6I'IeHHbIX ocobeil. OHM OTANYAKOTCS OT TPagMUNOHHbBIX METOA0B
onTnMmn3ay i HECKOJIbKUMIN 6a30BbIMW 3/1EMEHTaMMW. B 4aCTHOCTU, reHeTu-
YECKMe airoOpUTMbI BbIMOHAIOT cnegytowme gyHkumun (puc. 1.3).



006pabaThIBaOT He 3HaYeHWUsI MapaMeTPOB CaMoii 334, a UX 3aKOAMPOBaHHYHO
thopmy

OCYLLIECTBASIOT MOUCK PELLIEHNS UCXOAS He U3 eJUHCTBEHHOM TOUKM, & U3 UX
HEKOTOPOi nonynsauum

LOMOSHUTENBHYIO MHOPMALIUIO

UCMNO/b3YIOT TO/MBKO LIENEBYIO YHKLIMIO, @ HE ee NPOW3BOAHbIE, 60 VHYHO l

MPVMEHSIIOT BEPOSTHOCTHbIE, @ He AETEPMUHMPOBaHHBIE MPaBKna BbIGopa

(AT AL

Puc. 1.3. @YHKLMM FeHETUYECKMX aNTOPUTMOB B MHTENNEKTYa/IbHOM aHan3e JaHHbIX

Mooenu neuemkou 102uKu.

HeueTkas cuctema — 370 CUCTEMA, OCOBEHHOCTLIO OMMCaHWUSA KOTOPOIiA
ABNAETCA:

HeueTkas cneuudmkaL s napameTpos;

HeUeTKOE ONMCaHWe BXOAHbIX U BbIXOLHbIX NMepeMeHHbIX CUCTEMbI;

HeueTKoe onucaHue PYHKLUOHMPOBAHUA CUCTEMbI HA OCHOBE NPOAYK-
LMOHHBLIX «<ECJIN..., TO...» npasu.

HeueTKnin nornyeckuii BbIBOL — 3TO anmpoKCMMauusi 3aBUCMMOCTU
«BXO[bl...BbIXO4» HA OCHOBE JIMHIBUCTMYECKMX BbICKa3biBaHMiA TMNa «EC-
JIN...TO» 1 onepaumii Hag HEYETKMU MHOXECTBaMU.

2. MIPOLHECC UHTEJUIEKTYAJIBHOI'O AHAJIN3A JAHHBIX

2.1. OnpefeneHve 1 CYLLHOCTb NPOLIECCA MHTENNEKTYaNlbHOro aHanmnsa
[aHHBbIX.

2.2. VICTOYHWMKMN arpo3KOHOMUYECKUX JaHHbIX.

2.3. [ocTpoeHme CTPYKTYpbI arpO3KOHOMUYECKMX AaHHbIX.

2.1. OnpenesieHue U CYIHOCTH NMPOLECCAa HHTENIEKTYAILHOT0 aHAJIHN3A
JaHHBIX

VIHTennekTyanbHbliA aHanu3 aaHHbIX (Data Mining) — BbIUMCANTENbHbIA
npouecc 06HapY>XeHNS 3aKOHOMEPHOCTEN B 60/bLUMX 00bEMax AaHHbIX C
y4yacTMeM METO0B Ha NepeceyeHnn NCKYCCTBEHHOIO MHTENNEKTa, MalLWH-
HOro 06y4YeHus, CTaTUCTUKKM 1 6a3 AaHHbIX. O6Las Lenb npouecca NHTeN-
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NEKTYaNlbHOr0 aHan3a AaHHbIX — U3BNEYEHNE 3HaHWI U3 Habopa AaHHbIX 1
npeobpa3oBaHNEe UX B MOHATYIO A1 fa/bHEWLLIEro UCMO/b30BaHNs CTPYK-
Typy [33]. TepMuH ABASETCA MOAHLIM C/IOBOM, M UM 4acTo 3/10ynoTpe6ns-
0T Ans 0603Ha4eHNs M0G0 PopMbl 6OMLLLNX 06BEMOB AaHHbLIX UK 06pa-
60TKM MH(opmMaLmm (cbop, fobblua, XpaHeHWe, aHaIn3 U BbIYUCEHNE CTa-
TUCTUYECKNX XapaKTepUCTMK). [aHHbI TEPMUH TakXke accouumpyroT C
N0BOM KOMMbIOTEPHON CUCTEMOW MOAAEPXKKN MPUHATUS PELLEHWA, B TOM
YuCne WUCKYCCTBEHHOTO WHTENNEKTa, MALIMHHOMO 06y4yeHus U 6u3Hec-
aHa/MTUKN. ITOT TEPMUH CrefyeT UCNOMb3oBaTh B TeX CryvasX, Korga
MMeEeT MeCTO «0BHapy>KeHue Yero-Hubyab HOBOTO».

TpaguUMOHHO BbIAENAKOTCS CNeayloLwye aTanbl B NPOLEecce UHTEe/EeK-
TyanbHOr0 aHanu3a faHHbIX:

1. N3yyeHne npegMeTHO 06nactu, B pesynbTaTe Yero opMynmnpytoTcs
OCHOBHbIE Lie/IN aHam3a.

2. C6op AaHHbIX.

3. MNpepaBapuTensHas 06paboTKa AaHHbIX:

a) 0UMCTKA [JaHHbIX — UCKIOUYEHWE NPOTMBOPEUNIA U CAyYalHbIX «LUYy-
MOB» U3 UCXOAHbIX AaHHbIX;

6) MHTerpaums faHHbIX — 0ObeAWHEHME AaHHbIX W3 HECKO/IbKMUX BO3-
MOXHbIX UCTOYHMKOB B O4HOM XPaHUIULLE;

B) NpeobpasoBaHMe faHHbIX. Ha gjaHHOM 3Tane gaHHble npeobpasyroTcs
B (hopMy, NOAXOAALLYIO 4/ aHanm3a. YacTo NpUMEHSIOTCA arperaums gaH-
HbIX, OVCKPETM3aLmMs aTpMOyTOB, CXKaTue AaHHbIX U COKpalleHue pasvep-
HOCTW.

4. AHann3 faHHbIX. B pamMkax AaHHOro aTana NpUMEHAKTCS aropUTMbl
WHTENNEKTYaNIbHOM0 aHaM3a C LeSbio U3B/IeYEHUS NaTTEPHOB.

5. ViHTepnpeTaumsa HaligeHHbIX NaTTepHOB. [aHHbIA 3Tan MOXeT BKAtO-
yaTb BM3ya/M3aLMI0 M3BIEYEHHbIX MATTEPHOB, OMpefeneHre AeACTBUTENb-
HO NONEe3HbIX NaTTEPHOB HA OCHOBE HEKOTOPOI (hYHKLMM NOME3HOCTY.

6. Vicnonb3oBaHWe HOBbIX 3HAHWIA.

OpfHako MpOoLEeCC MHTENNEeKTYaNbHOMO aHanm3a LaHHbIX MOXET OTau-
yaTbCsl B 3aBMCMMOCTW OT TOrO, IaHHbIE KaKoi 061acTh YenioBeYeCKon aes-
TeNbHOCTW Mbl aHaM3Mpyem. MexoTpac/ieBoil CTaHAapTHbIA MPOLEece UH-
TeNNeKTyanbHOro aHanmsa gaHHblx (Crisp-DM) onpegensieT WecTb 3Tanos
(puc. 2.1).
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1. IToEEMaHHE
arpapHoTo 4. MogmemupoBaHHe

OH3HECA

5. Ouenka

3. ITogroToBEa

6. PazBepTEIEaHHE
IAHHEIX

Puc. 2.1. 3Tanbl UHTENNEKTYa/IbHOIO aHa/n3a AaHHbIX

Ha nepsoM, BTOPOM 1 TPeTbeM 3Tanax BbIMOHAETCSH OCMbIC/IEHME NO-
CTaB/IEHHOM 3afa4yn N YTOUHEHWE Lieneld, KoTopble A0/MKHbI 6biTb JOCTUr-
HyTbl MeTogamu Data Mining. BaxkHO npaBu/ibHO CHOPMYMPOBaTb LEn 1
BblOpaTh HEOOXOAMMbIE ANS UX LOCTMXKEHMS| METOABI, TaK Kak OT 3TOro0 3a-
BUCUT AanbHeliLuas 3(heKTUBHOCTb BCEro npoLecca.

UeTBepTblil 3Tan — 3TO, COGCTBEHHO, MpMMeHeHWe MeTodoB Data
Mining. CueHapuu 3TOr0 MPMMEHEHUS MOTYT ObITb CaMbIMI Pa3IMYHBIMU 1
BK/OUATb C/I0XKHYH KOMOMHALUMIO pasHbIX METOAOB, OCOGEHHO eciun uc-
Nonb3yemMble METOAbl MO3BONAKOT MPOAHIM3MPOBATL fAaHHblE C PasHbIX
TOYEK 3peHUs.

CnepaytoLuii 3Tan — NPOBEPKa MOCTPOEHHbIX Mofeneil. OueHb NPOCTOl
M 4acTO MCMO/b3yeMblii CNOCO6 3aK/oUaeTcsl B TOM, UYTO BCE UMEOLLMeCcs
[aHHble, KOTOpble HEOOXOAMMO aHaNM3MpPoBaTb, pa3duBaloTCs Ha ABe rpyn-
Mbl. Kak npaBuno, ofgHa U3 HUX 6oJbLUero pasMepa, Apyras — MeHbLUEro.
Ha 6onbLueld rpynne, NpUMeHss Te UK MHble MeTofbl Data Mining, nony-
YatoT MOJEeNM, a Ha MeHbLUE — NpPoBepsAtoT uX. Mo pasHuLe B TOYHOCTM
MeX/y TEeCTOBOW 1 06yyatoLLeil rpynnamy MOXHO CyauTb 06 afeKBaTHOCTU
MOCTPOEHHON MoAenu.
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MocnegHwWiA 3Tan — MHTePNpPEeTaLMs NOMYYeHHbIX MOZESEN YeNIOBEKOM B
LensiX UX UCMOMb30BaHUs 11 NPUHSATUS PeLLeHNiA, 1o6aBfeHUe MoMy4nB-
LIMXCS MPaBW/T U 3aBUCMMOCTe B 6a3bl 3HAHUIA U T. 4. JTOT 3Tan 4acTo
MoApasyMeBaeT MCMO/b30BaHWe METOM0B, HAXOAALIMXCS Ha CTbIKE TEXHO-
noruu Data Mining 1 TeXHONOTMK 3KCMEPTHBIX cUcTeM. OT TOF0, HaCKO/Ib-
KO 3(h(heKTMBHLIM OH 6YAeT, B 3HAUMTE/NLHON CTEMEHWU 3aBUCUT YCMeX pe-
LUEHMS MOCTaB/IEHHOM 3a4aun.

2.2. NcTOYHNKH arpOIKOHOMHYECKHX JAHHBIX

CBefeHus, NpeACcTaBNeHHbIE B OTHETHOCTU CENbCKOXO03AMCTBEHHbIX Op-
raHm3auuii, co3gatoT KOMM/IEKCHYIO W B3aMMOYBSI3aHHYIO KapTWUHY O fes-
TeNbHOCTW OpraHu3auuii cenbCKoro X03fCTBa, ee MacluTabax, Hanpas/e-
HUAX, 06 aKTUBax, KanmTane 1 0b6s3aTenbCTBax NpeanpuaTus. Bee aTn gaH-
Hble 06pasyoT 06LNPHYIO 6a3y A1 NPOBeAeHNs 3KOHOMUYECKOro, B TOM
ymcne (MHaHCOBOrO, aHa/In3a, OXBaTbIBAIOLLErO BCHO AEATENIbHOCTbL MCChe-
[yeMOii opraHmsaLymn 1 ee NCTOUHKKK [6, 12].

ViccnefoBaHue GyXrasTepckoil 0TYETHOCTH CeNbCKOX03SCTBEHHBIX Op-
raHm3auuii NO3BOINIO MO KaXAO0W (hopMe BbI4ENNUTb LieSb MPOBEAEHNS aHa-
N3a 1 OnpeaennTb NPOLEeAYpPbl, KOTOPble HEOOXOAMMO BLIMOAHUTL LN151 ee
LOCTMDKEHMS.,

VICTOYHMKM MOTYT BbITb Pa3sHOr0 XapakTepa, K OCHOBHbIM M3 HUX OTHO-
CATCA: UCTOYHMKMN YYETa; BHEYUETHbIE UCTOYHWKW; NIAHOBbIE N HOPMAaTUB-
Hble UCTOYHUKW; MPOYME UCTOYHUKW MH(OPMaUnn. Yuemmnvie ucmounuku
unpopmayuu BKIOUAKOT B Ce6s OYXranTepCcKyro U HanoroByr OTYETHOCTb
KOMMaHWK1, BHYTPEHHIOKD YMNpaBNeHYeCKyd OTYETHOCTb, [aHHble ornepa-
TUBHOFO y4eTa W OTAeNbHO BblGpaHHble AaHHble. [of eneyuemmvivu uc-
mounukamu VWHPOPMaLUM NOHUMAKOT faHHble, MOYYeHHbIE U3 ohuLMab-
HbIX [OKYMEHTOB: 3aKOHOB, HOPMaTWMBHO-MPAaBOBLIX aKTOB, [OrOBOPOB
COrNaleHnid, cyaebHbIX pewweHnid n T. n. VHdopmauus 13 [OKYMEHTOB
BHEBEJOMCTBEHHbIX PEBU3WIA, MPOBEAEHUS ayauTa, MaTepuasbl, MOyYeH-
Hbl€ B XOZi€ HaN0r0BbLIX MPOBEPOK, MaTepMasbl MEPUOANYECKUN MPOBOAUMBIX
COBELLAHWI PYKOBOACTBA KOMMaHWK, MaHOBbIE MCTOYHMKM BK/HOYAKOT B
cebs pasHoro pofa (YMHaHCOBbIE M/aHbl, GU3HEC-NIaHbl, MPOrHO3HbIE pac-
YeThbl.

Cuctema 3KOHOMMUYECKON MH(OpMaLmn — BaXKHas COCTaBHas YacTb XO-
3AMCTBEHHOINO PYKOBOACTBA — OCHOBA aHanm3a. VmeeTcs [BOsiKas CBfi3b
npegmeTa 3KOHOMUYECKOr0 aHann3a ¢ MHhopMaLme.

C 0AHOWA CTOPOHbI, aHann3 BbICTYNaeT Kak NOTPebuTenb MHopmauum, ¢
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[pYyroli — Kak ee UCTOYHMK. B nepepaboTaHHOM 1 0606LLEHHOM BUAE WH-
thopMaums 1Cnob3yeTcsa PYKOBOAUTENAMMU U CneuuaincTaMmn Ans npuHs-
TS YNpaBieHYeCcKNX peweHnid. Kpome TOro, NpeaMeT aHanmsa BbIMOMHSAET
TaKkXKe KOHTPO/IbHbIE U pPacrnopsguTe/ibHble PYHKLMM MO OTHOLIEHWIO K ca-
MOV MH(hOpMaLuK, BbI3bIBasi U3MEHEHME ee 00bEMA, COAEPIKAHNS, KauecTBa,
afipeca v Lenm ncrnonb3osaHus [43].

[lo HacToALLero BpeMeHM B PasBUTUK ABYX CMEXHbIX HayK — Oyxran-
TEPCKOro yyeTa M 9KOHOMUYECKOr0 aHanu3a — BeayLlas posib npuHagiexa-
Na ByxranTepckoMy y4yeTy. SKOHOMUCTaM-aHa/IMTUKaM MPUXOANI0Ch ByK-
Ba/IbHO «MOACTpamMBaTLCA» MNOA Te CBeAeHWs, KOTopble 3aknoyanm B cebe
pasnnuHble BUAbl YYETHON fOKyMeHTauun. CofepXxaHue aHanmsa BO MHO-
roM ONpesensanoch opraHusaumeli yyeTta, NPUMEHSEMbIMU B HEM (hopMamMm,
cyeTamm, BbIXOAHLIMW AaHHbIMW. OfHAKO B AENCTBUTENbLHOCTM [/laBHas
3afiada [BYX CMEXHbIX HayK 3ak/14aeTcs B onpefeneHnn nyTeid NoBbiLe-
HUA 3PHEKTUBHOCTY NPOU3BOACTBA HA OCHOBAHWUW MOArOTOBKY U U3Yy4eHMs
[aHHbIX O AeATeNlbHOCTU MPeanpuAaTUs, ¥ NPUOPUTET B €e PeLLeHnn npu-
Haf1eXNUT 3KOHOMMYECKOMY aHanm3y. ByxranTepckuid yyeT [O/DKEH Mo-
CTaBNATb MH(OPMaLMIO, HEOOXOAUMYIO ANA aHAIMTUYECKOW paboTbl, «noj-
CTpavBaTbCs» MPU 3TOM MOA HYXAbl aHanu3a. ITO MO3BOMUT HEe TOMbKO
yCrneLuHee BECTU aHa/IMTUYECKYHO paboTy, HO U U36exaTb NepeHachILLEHHO-
CTN YYETHbIX JOKYMEHTOB TEMU CBEAEHUAMU, KOTOPbIE UMEIOT 19 aHamn3a
BTOPOCTEMEHHOE 3HAYEeHME UM BOOOLLE HE MEKOT HMKAKOTO 3HAYEeHMS.

2.3. IlocTpoenne CTPYKTYPBI arpOIKOHOMUYECKHX JAHHBIX

Mpn NpPoeKTMpoBaHNM WNHHOPMALMOHHOA 6a3bl AaHHbIX HE0BX04MMO
pewwmnTb, Kakue atpubyTbl OyayT CNYXWUTb B KayecTBe NEepPBUYHOTO Koua
AN KaXKAO0W Tabnuupl, ecnm Takosble 6yayT. MepBuyHbIi Koy (PK) — aTo
YHUKaNbHBIA MAEHTU(PUKATOP ANA AaHHOro 06bekTa. C ero MoMOLUbHO Bbl
MOXEeTe Bbl6paTh AaHHble KOHKPETHOrO K/IMEHTa, JaXKe ec/in 3HaeTe TONbKO
370 3HayeHwe [3, 10].

ATpnOyTbI, BbIOpaHHbIE B KaYeCTBE NEPBUUHBIX K/HOUeN, JO/MKHbI ObITh
YHUKaNbHbIMU, HEU3MEHAEMbIMU U ANA HUX HE MOXET 6bITb 3aaH0 3Hauye-
Hve NULL (oHM He MOryT BbITb MYCTbIMW).

Tenepb, Korga faHHble NpeobpasoBaHbl B Tab/uLbl, HYXXHO MpoaHau-
31poBaTh CBA3N MeXAy HUMW. CNOXHOCTb 6asbl [aHHbIX Onpegensercs
KO/IMYECTBOM 3/IEMEHTOB, B3aWMOZENCTBYIOLLMX MEXAY [ABYMS CBS3aHHbI-
Mun Tabnuuamu. OnpegeneHne CNOXHOCTM NOMOraeT yoeauTscs B TOM, YTO
Bbl pa3fenunn AaHHble Ha Tabnuubl Hanbonee ahheKTUBHO.

Kaxablii 06beKT MOXeT ObITb B3aMMOCBSA3aH C APYrIM C MOMOLLBIO 0f-
HOrO W3 TPeX TUNOB CBA3N (puc. 2.2).
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Puc. 2.2. Bugpl cBs3eii Mexay o6bekTamm

Csaszb «00un-k-oonomy». Korfa CyLecTByeT TO/IbKO OAMH 3K3emmnnsap
00bekTa A Ans KaXAoro aksemnnsipa o6bekta B, To roBopsT, UTo Mexay
HUMU CYLLECTBYET CBA3b «OANH-K-OAHOMY» (4acTo 0603HavaeTcs 1:1).

Cés13b «00uH-K0-MHO2UMY. DT CBA3b BO3HWKAET TOrAa, KOrja 3anuch B
0fHOV Tabnmue cBA3aHa C HECKOMbKUMM 3anNuCcaMM B APYTOiA.

Cenzb «mnozue-ko-mnozumy. Korga HeCKoNbKO 06bEKTOB 0AHON Tabnu-
Lbl MOTYT ObITb CBSI3aHbl C HECKONbKMMMW 06beKTaMu Apyroid, TO roBOpsT,
YTO OHWM MMEIDT CBA3b «MHOTMEe-Ko-MHorum» (M:N).

Mocne npeABapUTENbHONO MPOEKTUPOBaHNSA 6a3bl JaHHbLIX MOXHO Mpu-
MEHWUTb Npasw/ia HopMa/M3aLmn, YTobbl y6eanTsCs, UTO Tabnuubl CTPYKTY-
PVpOBaHbl NPaBU/ILHO.

B TO e Bpemsi He BCe 6a3bl JaHHbIX HEOOXOAMMO HOPMaIM30BaTh.
B uenom 6asbl ¢ 06paboTKoli TpaH3akuuii B peanbHOM BpemeHn (OLTP)
[O/MKHbI 6bITb HOPMa/IM30BaHbI.

Basbl AaHHbIX C MHTEPaKTMBHON aHanUTWU4Yeckoin obpaboTkoii (OLAP)
MO3BO/IAIOLLME MPOLLE M BbICTPEe BbIMOMHATL aHa/M3 AaHHbIX, MOTYT ObITb
6onee ahheKTUBHLIMM C OMPEAENEHHON cTeneHblo AeHopManusauum. Oc-
HOBHbIM KpWUTEpPUEM 3/eCb SBNAETCA CKOPOCTb BblUMCNeHWA. Kaxaas dop-
Ma WM ypoBeHb HOPMaIM3auuM BK/IKOYAET NpaBw/a, CBA3aHHbIE C HUXHU-
MK hopMamu.
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3. OCHOBHBIE TEXHOJIOI'MUA UHTEJVIEKTYAJIBHOT'O
AHAJIN3A JAHHBIX

3.1. OnepatyBHbIi aHanu3 faHHbIX nocpeacTsoM OLAP-cucTeM.
3.2. MporHo3npoBaHune NokasaTesneil.
3.3. NIHTennekTyanbHbI aHanm3 TeKCTOBOW MHAopMaLun.

3.1. OnepaTuBHbIi aHATU3 JaHHBIX MocpeacTBOM OLAP-cucrem

Pa3paboTka, NOCTPOEHME U BHELPEHUE XPaHWUULL, AaHHbIX — 3TO [0pPO-
rocTosilas u TpyAoemMKas 3afjaya, Kotopas 3aBuCuUT:

- OT YPOBHA MH(OPMATU3ALIMN GU3HEC-MPOLLECCOB KOMMaHWK;

- 06beMa M CTPYKTYPbI JaHHbIX;

- Tpe60BaHUA K CKOPOCTM BbINO/IHEHUSA 3aMpoca;

- XapakTepa peLlaeMbIX aHAIMTUYECKMX 3aau.

CokpalLieHe CPOKOB MOCTPOEHUA MO UMEKLMMCS 3afaHuAM MOXHO
[OCTUYb NOCPeSCcTBOM pasnuyHbIX Tunos OLAP (puc. 3.1) [4, 13].

penaunoHHbIe
(ROLAP)

rmépuaHble
(HOLAP)

BUPTYa/lbHbIE
(VOLAP)

Puc. 3.1. Tunbl OLAP

PensiumMoHHble XpaHnnuwa AaHHbIX (PX[) MCnonb3ytoT KnacCMYecKyro
PensLUnoHHYI0 MOAENb, XapaKTePHYHO ANS OMepaTUBHbLIX PEruCTPUPYHOLLMX
OLTP-cuctem. [laHHble XpaHATCS B PeNIILMOHHbLIX Tabnunuyax, Ho 0bpasytoT
crneumanbHble CTPYKTYPbl, 3MYNMPYIOLLE MHOrOMepHOe MpefcTaB/eHune
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[aHHbIX. Takas TexHonorus o603HavaeTcs abopeBmaTypoii ROLAP —
Relational OLAP.

Ha norvyeckom ypoBHe pa3nMyatroT [Be CXeMbl MocTpoeHwsa PX[ —
«3BE3/ja» U «CHEXMHKa».

MOLAP — peanm3yeT MHOTOMepHOE MpeAcTaB/ieHne faHHbIX Ha (pr3n-
YECKOM YPOBHE B BWe MHOTOMEPHOTIO0 Ky6a.

OCHOBHOe Ha3HayeHWe MHOTOMEPHbIX XPaHUAWL, AaHHbIX (MXO) —
NoAJepXXKa CUCTEM, OPUEHTUPOBAHHLIX Ha aHAIMTUYECKYHD 00paboTKy
[aHHbIX, MOCKO/bKY Takue XpaHWUiuLa nyyLue CnpasistoTCA C BbINOSHEHN-
€M CJIOXHbIX HepersiaMmeHTMPOBaHHbIX 3arpoCoB.

MHoromepHas Mofefib AaHHbIX, Nexallas B 0CHOBE MOCTPOEHUS MHO-
FOMEpPHbIX XPaHWWLL, JaHHbIX, OMUPAETCA Ha KOHLIEMUMIO MHOTOMEpHbIX
Ky60B, 1nn runepky6os. OHU NpeACcTaBnAOT cO60I YyNopsaoUeHHble MHO-
rOMepHbIe MacCuBbl, KOTOpble TakXe 4acTo HasblBatoT OLAP-ky6amu (ab-
bpesnatypa OLAP pacwudposbiBaeTca Kak  On-Line  Analytical
Processing — onepaTuBHas aHaiMTUYeckas 06paboTka). TexHonorms OLAP
npescTaBnseT co6oli METOAUKY OMepaTUBHOIO W3BMIEYEHWUS! HYXXHON WH-
(hopMaumm 13 60MbLLIMX MACCUBOB JaHHbLIX U (DOPMUPOBAHNS COOTBETCTBY-
IOLLIMX OTHETOB.

Ecnn pgaHHble, noctynatouime ¢ OLTP-cucTem, MMetOT 60/bLLIOIA 061BEM,
BbICOKYIO CTereHb fJeTanusauuu, a 4na aHaimsa Ucrosb3yrTcs B OCHOBHOM
0606LLeHHble faHHble, TO MCMOMb3YIOT FMOPUAHbIE XPaHWIULLA AaHHbIX
(FXA).

["NaBHbIM NPUHUMMIOM NocTpoeHusa MX/[, aBngeTca 1o, Y4TO AeTaM3npo-
BaHHbIE AaHHble XPaHATCA B pensumoHHoli cTpyktype (ROLAP), koTopast
MO3BOJIAET XPaHUTb 6OMblUMe 06beMbl [JaHHbIX, & arperupoBaHHble — B
MHoromepHoin (MOLAP), no3BonstoLLeid yBeIMUNTb CKOPOCTb BbIMNOSHEHUSA
3anpocoB (MOCKO/bKY MPW BbINOHEHUN aHa/IMTUYECKMUX 3aNpPOCOB YXKE He
TpebyeTcs BblUNCNATL arperarbl).

Bupmyanvnvim xpanunuwem oannvix Ha3blBaeTCA CUCTEMA, KOTOPas pa-
60TaeT C paspo3HEeHHbIMU WMCTOYHWMKAMW [aHHbIX U 3MynupyeT paboty
06bIYHOIO XpaHWUIULLA JaHHbIX, U3BIeKas, Npeobpasysa U UHTErpupys LaH-
Hble HernocpeACcTBEHHO B NpoLecce BbINOMHeHUs 3anpoca [35, ¢. 156, 163,
168].

B ocHOBe MHOroMepHOro MpeacTaBfieHUa JaHHbLIX NEXUT UX pasgene-
HWe Ha fiBe Tpynnbl — U3MePEHUs 1 (DaKTbl. 3mMepeHns — 3To KaTeropuaib-
Hble aTPUBYTbI, HAMMEHOBAHUSA N CBOICTBA 0O6BHEKTOB, YYaCTBYHOLLMX B He-
KOTOpPOM 6u3Hec-npoLecce. 3HaYEHUAMU U3MEPEHUI ABNAKOTCA HaUMeHO-
BaHWS TOBApOB, Ha3BaHMs (HMPM-MOCTABLWMKOB W nokynatenei, ®. U. O.
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nofel, HasBaHUsi TOPOAOB W T. A. V13MepeHUs MOryT GbiTb U YNCNOBbIMM,
€C/IN KaKoli-nmbo KaTeropumn (HampumMep, HaMeHOBaHWI0 TOBapa) COOTBET-
CTBYET UWCNOBOI KO, HO B /060M C/lyyae 3TO AaHHbIE AVUCKPETHbIE, T. €.
MPUHUMAIOLLME 3HAUEHWUS M3 OrpaHUYeHHOro Habopa. V3MepeHUs Kaue-
CTBEHHO OMMCLIBAKOT UCCMEAYEMbII GU3HEC-NpoLiecC.

®aKTbl — 3T0 AaHHbIE, KOSIMYECTBEHHO OMUCHIBAKOLLME BU3HEC-MPOLIECC,
HEMpepbIBHbIE MO CBOEMY XapaKTepy, T. €. OHWM MOFYT MPUHUMaTbL GECKO-
HEYHOEe MHOXECTBO 3HaueHMiA. K HUM OTHOCSTCS: LieHa ToBapa Wau usgae-
NS, UX KOSIMYECTBO, CYyMMa MPOAAXK WW 3aKyrMoK, 3apniata COTPYAHWKOB,
CYMMa KpeamTa, CTPaxoBoe BO3HarpaxaeHue u T. [,

3.2. IIporno3upoBanue mokasarejei

CoBepLUEHCTBOBaHWE anropuTMOB MHTENNEKTYaIbHOrO aHam3a faHHbIX
No3BOMSET pellaTb 3a4ayun NPOrHO3HOW aHaNUTUKN 6onee 3(PEKTUBHBIMM
crnocobamu. AHcambnn mMopgeneii — OAHO M3 aKTMBHO Pa3BMBAtOLLIMXCS
HarpasneHuit, 0COBEHHO B TeX 3ajadvax, rAe MPOrHOCTMYecKas TOYHOCTb
60/ee BaXXHasA, YeM MHTEPNPETUPYEMOCTL MOLENN.

3afjlaya MPOrHo3MpoBaHus TPebyeT TWATENbHOIO UCCNEeA0BAHUA UCXOA-
HOro Habopa faHHbIX M METOLOB, MOAXOAALWMX AN aHanmn3a. OHa BK/IHOYa-
eT peLleHVe TaknMX nogs3agad, Kak Bbl6op MoAenu MporHo3MpoBaHuWs, aHa-
NIN3 TOYHOCTM NOCTPOEHHOrO NPOrHo3a. AHcamb6/eBble MOAENN NO3BONSAIOT
coyeTaTb NPOrHO3bl HECKO/bKMX 6a30BbIX MOAENEN C LE/bI0 YMEHbLLEHMNS
OWWMGOK NPOrHO3MpOoBaHMA 1 NOBbILLIEHNS 0606LLatoLLei CMOCOGHOCTY MO-
nenei [2, 7, 18].

MporHo3mpoBaHWe onpegenseT Havbonee o6LLMe NoKasaTen nepcnek-
TUBHOIO Pa3BUTUA, BbISIBMSET TEHAEHUMN U albTEPHATUBHbIE MYTU 3TOrO
pasBuTUA. MeToabl MaTeMaTUYeCKO CTaTUCTUKM MUCMOMb3YHTCA FMaBHbIM
06pa3oM /1 NPOBEPKM 3apaHee CHOPMYNMPOBaHHbLIX FMMOTE3, a TaKkke Ans
aHanm3a, COCTaB/SAKLLEr0 OCHOBY OMepaTNBHON aHa/IMTUYECKON 06paboTKN
JaHHbIX, YTO SBNSETCS HEeAOCTATOYHbIM YC/OBMEM ANS MOMHON OLEHKU
MPOrHo3npoBaHus. s 06paboTKM C€NaboCTPYKTYPUPOBaHHbIX AaHHbIX
HEOOXOAMMO MPUMEHEHME CMELMU(UYECKMX METOLOB WHTENNEKTYaNbHOIO
aHanm3a AaHHbIX.

OCHOBHOW Npo6/1eMOi MpY PeLLeHNI 3aa4n NPOrHO3MPOBaHUS ABSET-
€ MOyYeHMe Pa3yMHO TOYHbIX NPOrHO30B ANs 6yAyLIMX AaHHbIX NPU aHa-
Nn3e MMetoLLelica nHgopmauun. Ecnm MeTofbl MHTENNEKTYaIbHOTO aHanu-
3a [laHHbIX He 00ecneymBalOT [OCTATOYHOW TOYHOCTM MPOrHO3MPOBaHMUS,
3hheKTMBHOW anbTepHATMBOI MCMO/b30BAHNIO METOAOB NMPOrHO3MPOBAHNS
ABNSIETCS BHeAPeHWe aHcaMbnei Moaeneid.
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Mog, npoenosuposanuem 0BbIYHO MOHUMAETCA MOLENVMPOBaHWE Hernpe-
PbIBHbIX 3HA4YeHWIi, B OT/IMUME OT 3afayM Kiaccudmkauum, CBA3aHHON C
MONy4YeHNEM LUCKPETHBIX MPOrHO30B.

Habop AaHHbIX 00bIYHO COCTOWT M3 BEKTOPOB MPWU3HAKOB, FAe KaXablii
BEKTOpP MpeLcTaBnseT coboi onucaHue 06bekTa ¢ MCNoAb30BaHMeM Habopa
nokasareneil.

B Data Mining kateropvasbHble 1 4YMCNOBbIE BeNUYMHBLI 06pabaTbiBa-
tOTCA NPU NOMOLLY COOTBETCTBYIOLLMX anropuTMOB.

3aga4m KnaccurkaLmMm 1 NPOrHo3MpPoBaHWA CBOLAATCS K OMNPeAeneHnto
3HAYEHNs 3aBUCUMOW MEPeMEHHOI 0ObeKTa MO ero He3aBUCUMbIM Mepe-
MeHHbIM. Ecnn 3aBucrMas nepeMeHHast NPUHUMAET KONMYECTBEHHbIE 3Ha-
YeHWs, TO FOBOPAT O 3afadve MPOrHO3MPOBaHWUS, B MPOTUBHOM Cilyyae — O
3aflaye Knaccudukaumn. 3agada NPOrHO3MPOBaHUA MOXEeT cuMTaThCsd Of-
HOW 13 Hanbosee CNOXHbIX 3agay Data Mining, oHa TpebyeT TLlaTenbHOro
MCCNefoBaHNA MUCXOLHOIo Habopa [aHHbIX M METOAO0B, MOAXOAALLMX NS
aHanm3a. MNpu co3gaHnn anropuTMoB MaLLMHHOIO 00YyYeHNs pa3paboTyUnKm
CTa/IKMBAIOTCA C TakMMW MpobremMamu, KakK BblYMCAUTENbHbIE 3aTpaThl Ha
peann3aLmio aIropruTMa, HeCHOCTb NOCTPOEHHbIX MOAENel A Nob3osa-
Tens, a TaKKe HETOYHOCTb Pe3ynbTaToB. BOMBLIMHCTBO MccneaoBaTeneit
COCPes0TOYMBAOTCSA Ha MOBbLILIEHWN TOYHOCTM MPOrHO3MPOBaHUs, MO3TOMY
OLeHKa MOZENeit 4acTo pacCMaTpUBaeTCs UMEHHO C 3TOW TOUKW 3PEHMS.

AP PeKTNBHON aIbTEPHATMBOIN UCNOML30BAHWIO EANHCTBEHHOIO MeToAa
MPOrHO3UPOBaHUA ABNSETCA 06bEAMHEHNE MPOrHO30B M3 HECKOMbKUX pas-
HbIX mMogeneii. KoMOuHaUMsi HECKOMbKMX MPOrHO30B B 60/bLUOM KO/MYe-
CTBE C/lyyaeB CYLLECTBEHHO CHWXAaeT obLiMe OWWOKM NPOrHO3MPOBaHWS,
NpeBocxoAs OTAe/bHbIE KOMMOHEHTbI [30, 32].

3.3. UHTe/uIeKTYaIbHBIH aHAIN3 TEKCTOBOI NH(popManun

CoBpeMeHHble JOCTVXEHWUSA B 06/1aCTU MH(DOPMALMOHHBIX TEXHOMOrWi
MO3BO/IUAN 32 KOPOTKWIA MPOMEXYTOK BPEMEHM CKOMWUTb B XPaHUIMLLAX
[aHHbIX Pa3nNyHbIX OpraHmn3aumii 6oMbLune 06beMbl MHPOPMaLMK, KOTopas
COZEPXMT CKPbITYH MHOPMALMIO B BUAE 3HaHWIA, MO3TOMY 3afada aHanu-
TUYecKoi 06paboTKM 6O/bLIMX 06BEMOB MHOPMALIMKN CTAHOBUTCS BECbMaA
aKTya/lbHOM. LleHTpanbHOe MeCTO B MpoLeccax MHTENIEKTYallbHOTo aHanu-
3a eCTECTBEHHO-A3bIKOBOW WMH(OpMaLyM 3aHUMAIOT Cefytoline TeXHOMOo-
run; Data Mining, Text Mining n Semantic Web Ontology (s3blk OWL —
Ontology Web Language), 3agayeii KOTOpbIX SIBASETCS MOMyYeHWe paHee
HEM3BECTHbIX MO0 He BbISBMNEHHbIX 3HAHUIA N 3aKOHOMEPHOCTEN (PaKToB B
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60MbLUMX XPpaHWUAWLLAX [aHHbIX. VICTOYHMKaMW WCXOAHON WHhopmauun
A1 aHaIMTUYECKON 06paboTKN MOTYT SIBMATLCA 6asbl 3HAHWIA pasHbIX TU-
noB. Hanpumep, orpomMHeiiwas 6a3a 3HaHWiA Internet, xpaHuanwa AaHHbIX
pasfMYHbIX OpraHu3auuii. 3HaunTenbHas 4YacTb MHGOPMauMn B 3TUX UC-
TOYHMKaX NpeACcTaB/eHa B BUAE eCTECTBEHHbLIX TEKCTOB, MPOLIECC aHaMTW-
YecKoil 00paboTKM KOTOpbIX TpebyeT cO3f4aHMS NMPUHLMNNATBHO HOBbIX
mMofeneid, MeTOAMK N CUCTEM WHTENNEKTYa/IbHOr0 aHasm3a MHGopMaumu.
3afaya aHaIMTMYECKOl 06paboTKM eCTeCTBEHHbIX TEKCTOB SBNSETCSA AOCTa-
TOYHO C/I0XHOW ¥ B 06LLEM Crydae CBA3aHa C MOCTPOEHMEM CIOXKHBIX WH-
TeNnekTyanbHbIX MHAOpPMaLUMOoHHbIX cuctem (MKC). OgHako Heo6Xxoanmo
B35ITb BO BHUMaHWe TOT (pakT, YTO MH(OPMALMOHHO-aHA/IMTUYECKIME CTPYK-
TYPHbIE 3MEMEHTbI U KOMMOHEHTbI 06pa3oBaTeNlbHOro npouecca rymaHu-
TapHbIX BY30B He HYXJAlOTCA B W3B/JIEYEHWN BCEX 3aKOHOMEPHOCTEN U3
€CTECTBEHHbIX TEKCTOB B CUAY CMeUUMYHOCTU MO3HaBaTe/IbHON AesATeNb-
HOCTW CTyfeHTOB. BcneacTBue 4yero MOXHO cfenaTb BbIBOA O TOM, YTO
HEobX0AMMOCTb MOCTPOEHMS MOAENM eCTECTBEHHOIO TEKCTA, Pea/IM3YIOLLEN
rNy6VHHBIA CEMaHTUYECKWIA aHann3 TeKCcTa, He MMeeT cMbicna. MoaTomy
nepBoOYepeaHO 3aaadueiil MHTENIEKTYaIbHOTO aHanm3a TeKCTOBOW MHAop-
Mauuy B 6asax 3HaHWIA 3KCMEPTHONM CUCTEMbI SIBNSIETCS CO3[aHue YHUu-
LMpOBaHHOro hopmarta MeTasHaHWii [26, 28].

4. CTATUCTUYECKHUE METO/bI

4.1. [leCKpUNTUBHbIA aHanM3 1 ONNCaHNE UCXOAHBIX AaHHbIX.

4.2. AHanu3 cBaseld (KOPPensuMOHHbIA U PerpecCUoHHbIN, hakTOPHbI
W AUCMEPCUOHHBIN).

4.3. AHann3 BpeMeHHbIX PALO0B.

4.1. lecKpUNITHBHBIN aHAJW3 H ONMUCAHUE NCXOTHBIX JAHHBIX

JeckpunTtuBHble (OnucaTenbHble) CTaTUCTUKM SBAAKOTCA 6a30BbIM 1
Hanbonee 06WMM METOAOM aHanM3a [AaHHbIX. Hapsgy ¢ vactoTamu, ge-
CKPUMNTUBHBIA aHann3 MpegrnonaraeT pacyeT pPas/IMuHbIX OnmcaTeSbHbIX
cTtatucTMK. COOTBETCTBYS CBOEMY Ha3BaHWIO, OHW MPeAOCTaBAT OCHOB-
HY MH(OPMAaLMIO O MOMYYEHHbIX faHHbIX. YTOYHWM, MCMOSb30BaHWe
KOHKPETHOW CTaTUCTMKU 3aBUCMT OT TOFO, B KaKWX LUKanax npeacTaBieHa
ncxogHas MHhopmaums. HommHanbHas Lkaia MCrnonb3yeTca Ans ¢ukca-
LMN OOBEKTOB, HE MMEIOLLMX PaHXXMPOBaHHOIO nopsaka (Mon, MecTo Xu-
TenbCTBa, MpeAnoyMTaeMas Mapka u 1. 4.). Ansa nogobHoro poga maccua
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[aHHbIX HeNb3A paccumTaTh Kakue-nmbo 3HauMMble CTATUCTUYECKUE MOKa-
3aTenn, KpomMe Mofbl — Havbonee YacTo BCTPeYaroLLEerocs 3HaueHms nepe-
MeHHOW. HeckonbKo nydlle B NnaHe aHanmsa cUTyauus 06CTOUT C MOpAa-
KOBOWi LUKANOA. 34ecb CTaHOBMTCA BO3MOXHbIM, Hapsgy C MOAOW, pacueT
MefAuvaHbl — 3HAYeHWsi, pa3duBatOLLero BbIGOPKY Ha fBe paBHble 4acTu.
Hanbonee 6oratbiMy Ha BCe BO3MOXHble CTaTUCTUKM ABNSAKOTCA KOnYe-
CTBEHHbIE LUKa/bl, KOTOPble MPEeACTaBAAT COB0M pAfbl YMCIOBLIX 3HaYe-
HWIA, UMEIOLWNX paBHble MHTEPBA/bI MEXAY COOOW M MOAAAOLLMXCA U3Me-
peHuto. B faHHOM cyyae CTaHOBATCS LOCTYMNHbIMUW Chefytowye nHopmMa-
LIMOHHbIE Mepbl: CpefHee, pa3Max, CTaH4apTHOE OTK/IOHEHWe, CTaH4apTHas
owmnbKa cpefHero. KoHeuHo, A3bIK LMD ABNSETCSH LOBOSIBHO «CYXUM» W
[N MHOTUX BECbMa HEMOHATHBIM. 10 3TON NpUUYMHE [eCKPUNTUBHBINA aHa-
N3 AONOMHAETCA BM3yanu3aumeil JaHHbIX NyTeM MOCTPOEHMS Pas/iMyHbIX
Auarpamm u rpaukoB, Kak, HanpumMep, rMcTorpamMm, SIMHeHbIX, KPYroBbiX
WK TOYeYHbIX Anarpamm [1, 22].

Tabnuupbl CONPAXXEHHOCTN — 3TO CPELCTBO NPELCTaB/eHns pacnpesene-
HWA ABYX NepeMeHHbIX, NpefHasHauYeHHoe 418 UCCNefoBaHUSA CBA3N MEXAY
HUMW. TabanLbl CONPSXKEHHOCTU MOXHO PaccMaTpvBaTh Kak YacTHbIi Tvn
[ECKPUNTMBHOIO aHanmn3a. B HMX Takke ABMSeTCH BO3MOXHbIM NpeacTas-
NeHvie MHQopMauuM B BuAe abCoMOTHBIX U OTHOCUTE/bHLIX YacToT, rpa-
(hnyeckas Bu3yanu3aums B BUAe TUCTOrPaMM WM TOYEYUHBIX AMarpamMm.
Hanbonee adhheKTVBHO TabnnLbl CONPSHKEHHOCTM NPOSBAAIOT Cebs B onpe-
JeNeHny Hannuma B3aMMOCBA3N MeXY HOMUHANbHBIMW NePeMEHHbIMM.

[ns 6onee TOYHOrO BbIABNEHWUS HAMUMA CBA3WN MEXAY MepeMeHHbIMM
MCMNOMb3YIOT pasHble CTaTUCTUYeCKMe KpuTepun. Hambonee yacto npume-
HAIOTCA TaKe, Kak: Kputepuii xu-ksagpart (X°); KOS(hMLMEHT CONpPsKeH-
HOCTK; KpuTepuii nam6aa; KoagguumeHT R CnnpmMeHa; KpuTeprin Koppens-
umm MupcoHa n ap. [19, 20, 36, 42].

4.2. Anaau3 cBsi3eii (KOppeIsSIHMOHHBII H perpeccHOHHBII,
(aKTOPHBIN M THCIEPCHOHHBDIIH)

WccnenoBatens HepeaKo MHTepecyeT, KaK CBs3aHbl Mexay co6oii fBe
1NN BOsbLLEE KOSIMYECTBO NMEPeMEHHbIX B OAHOW W HECKONIbKUX U3yyae-
MbIX BbIGOPKax. Kopperayuonnvie céaszu — 3T0 BEPOSTHOCTHbIE U3MEHEHUS,
KOTOpble MOXHO M3y4aTb TOMbKO Ha MPeACTaBUTE/bHbIX BbIBOPKAX METO-
JlaM1 MaTeMaTUYeCKOW CTaTUCTMKN. KOppensiuyMoHHas CBS3b U KOPPensLm-
OHHasi 3aBMCMMOCTb 4acTO WCMO/b3YHOTCA KaK CUHOHWMbI. 3aBMCUMOCTb
MopasyMeBaeT BMMSHUE, CBSA3b — /IH06bIE COrMACOBaHHbIE U3MEHEHUS, KO-
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TOpble MOTYT 06bACHATLCA COTHAMM MPUUUH. KOppensuuoHHble CBA3W He
MOryT pacCMaTpmBaTbCA KaK CBUAETENNLCTBO I'Ipl/l‘-II/IHHO-CﬂE,Cl,CTBEHHOI\/’I 3a-
BMCUMOCTW, OHN CBUAETENLCTBYKOT INLIb O TOM, YTO U3MEHEHNAM OAHOIr0
NPu3HaKa, Kak npaswnio, CONyTCTBYKOT ONpeAeNeHHbIE N3SMEHEHUA APYTOro.
KOppenﬂLl,VlOHHaFl 3aBUCUMOCTb — 3TO M3MEHEHWA, KOTOPbIE BHOCAT 3Haye-
HUA O4HOro NpU3Haka B BEPOATHOCTb MOABNEHNA Pa3HbIX 3HaYeHUiA apyro-
ro npm3Haka.

Memoowi pezpeccuonnozo ananusa PacCUUTaHbl rNaBHbIM 06pPa3oM Ha
CNyyali yCTONUMBOr0 HOPMasbHOFO pacrpefeneHns, B KOTOPOM U3MEHEHNS
OT onbiTa K ONbITY NPOABNAKOTCA NULLb B BUAE HE3aBUCUMbIX NCMbITAHWUA.
BblfenaloTcs pasinuHble GopManbHble 3a4aun PerpeccUoHHOro aHanmsa.
OHU MOTYT BbITb NPOCTLIMW UMW CNOXKHBLIMK MO (hOPMY/IMPOBKaM, MaTeMa-
TUYECKUM cpeAcTBaM M TpydoemKkocTy [8, 9]. Mepeas 3afava — BbIABUTb
(i)aKT M3MEHYMBOCTU MU3yHaeMOro ABfieHUa npu onpepeneHHbIX, HO He BCe-
raa YeTKo (PUKCMPOBaHHbIX YCOBUSX. PaHee Mbl Y)Ke pellany aTy 3ajady ¢
MOMOLLBIK NMapaMeTpUYECKNX N HenapameTpuveCKnUX KPUTEPUEB. BTOpaFI
3afjada — BbIABUTb TEHAEHLUMIO KaK Nepnoanvyeckoe M3MeHEHME MpPU3Haka.
Cam no cebe aToT NPU3HaK MOXET ObITb 3aBUCUM WU HE 3aBUCKM OT nepe-
MEHHOVI-nyIOBVIH (OH MOXeT 3aBMUCeTb OT HEW3BECTHbIX WM HEKOHTPO/IN-
PYeMbIX UCCMefoBaTeNnemM ycnosuii). Ho aTo He BaXHO Ans paccmaTpuBae-
MOV 3a/]auu, KOTOopasi OrpaHNuYMBAeTCS NNLLb BbISIB/IEHUEM TEHAEHLMMN U ee
ocobeHHocTei [11].

Memoo oucnepcuonnozo ananusa BN CBA3aHHLIX BbIOGOPOK NPUMEHSET-
s B TeX CMyvasix, Korga uccneflyeTcsi BNMsSiHUE pasHbIX rpajaumii haktopa
WA PasHbIX YCMOBWIA Ha OAHY U Ty XK€ BbIBOPKY WCMbITYEMbIX [AaHHbIX.
Mpagauuii hakTopa JOMKHO ObITh He MeHee TpeX. MNaBHbIMU LENAMU pak-
mopno2o ananuza SBSAOTCA: COKPALLEHWe Ymcia NepeMeHHbIX (pesyKuus
JaHHbIX) W OnpeaeneHne CTPYKTYPbl B3aMMOCBS3ell Mexay nepeMeHHbIMM,
T. €. KnaccU(uKaLmsa nepeMeHHbIX. M03ToMy (hakTOPHbIK aHann3 UCrosb-
3yeTcA WK KakK MeTo/ COKpalleHUA AaHHbIX, W1 KaK METO[ K]'IaCCl/l(bl/IKa-
Lmn. ﬂ,ﬂﬂ BbISIBNIEHNS Hambonee 3Ha4YMMbIX q)aKTOpOB N, KakK cneactsue,
(haKTOPHOW CTPYKTYpbI, Hanbosiee ONpaBAaHHO NMPUMEHSITb Memod 21a6HbIX
KOMNOHEHMOB. CyTb [AaHHOro MeTofa COCTOUT B 3aMEHE KOPPETMPOBaHHbIX
KOMIMOHEHTOB HEKOPPENNPOBAHHbIMA CpaKTOpaMVI.

4.3. AHaJu3 BpeMeHHBIX PSiI0B

B oT/MuMe OT aHanmsa ciyyaiiHbixX BbIGOPOK, aHanM3 BpeMEeHHbIX PsiioB
OCHOBbIBAETCA Ha MPeAnofioXeHUn, YTo Moc/efoBaTe/lbHble 3HauYeHWs B
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thaiine gaHHbIX HabNOJAOTCSA Yepes paBHbIE MPOMEXYTKN BpeMeHu (Torga
KaK B ApYyrmx MeTofax Ham He BaXKHa M 4acTO He MHTEepecHa NpuBs3Ka
HabnoaeHnii Ko BpemeHn) [5]. CylLecTBYHOT ABe OCHOBHbIE LieNn aHamsa
BPEMEHHbIX PAJOB: OMpefefieHMe MpUpoabl psda WM MPOrHO3MpoBaHUe
(NpegckasaHue 6yayLIMX 3HAYEHWIA BPEMEHHOro psga Mo HaCTOAWMM W
NPOLU/bIM 3HadeHusaM). O6e 3aTu uenm TpebytoT, 4ToObl Mofenb psada 6bina
naeHTUULMpoBaHa 1, 6oee NN MeHee, hopManbHO onucaHa. Kak TonbKo
Mofenb onpegeneHa, Bbl MOXETE C e NMOMOLLbI0 MHTEPNPeTMpoBaTh pac-
CcMaTpuBaemMble faHHble (Harmpumep, MCMonb30BaTb B Balleil Teopun LS
MOHUMaHWS CE30HHOI0 M3MEHEHWS LIEH Ha TOBapbl, eC/N 3aHNMAEeTeCh 3KO-
HOMMKOM). Kak 1 60NbLUMHCTBO ApYrMx BUAOB aHanun3a, aHanu3 BpemeH-
HbIX PAJOB MPeAnosaraeT, YTo AaHHble COAepXaT CUCTEMATUYECKYHD CO-
CTaBnstoLLyto (06bIYHO BKIHOYAIOLLYHO HECKOMbKO KOMMOHEHT) U Ciyyaid-
HbI Wym (OWwMOKY), KOTOPbIA 3aTpyAHseT 06Hapy>eHue perynspHbIX
KOMMOHEHT. BOMbLUMHCTBO METOLOB MCCMEA0BaHWNA BPEMEHHbIX PSA0B
BK/IOUAET Pas/iMyHble CNOCo6bl hrabTpaLmMy WymMa, NO3BONAIOLLME YBUAETH
perynspHyto cocTasnstoLLyto 60/1ee OTHETANBO.

BOMbLUIMHCTBO perynspHbIX COCTaBAAMLWMX BPEMEHHBIX PSA0B NpUHag-
NeXWUT K ABYM K/accaM: OHW SIBNSOTCS MO0 TPEHAOM, NMM60 Ce30HHOI COo-
cTaBnsAwowWwein. Tpeno NpefcTaBnseT coboi 06LY cUCTEMATUYECKYH Nn-
HEMHYK WM HENMHEVHYIO KOMMOHEHTY, KOTOpas MOXET M3MEHATbCA BO
BpemeHu. Cesonnas cocmasnsiowas — 370 NEPUOANYECKM MOBTOPSIOLLAsACA
KommoHeHTa. O6a 3aTu BUAA PerynspHbIX KOMMOHEHT 4acTo MPUCYTCTBYHOT
B psfie OAHOBPEMEHHO. He CyLLecTBYeT «aBTOMATUYECKOro» cnocoba 06Ha-
PY>XeHUs TpeHAa BO BpeMeHHOM psige. OfHAKO eCiv TPeHS, SBNSETCS MOHO-
TOHHbIM (YCTOWYMBO BO3pacTaeT UM YCTOMUMBO YObIBAET), TO aHANN3NPO-
BaTb TaKoW psg 06bIYHO HETPYAHO. Ecnn BpemeHHble psdbl COAepXKaT 3Ha-
UMTENbHYIO OLUMOKY, TO MepBbIM LLArOM BbIAENeHUs TpeHAa SABMseTCS
crnaxmsaHve. [llepuognyeckas M Ce30HHas 3aBUCMMOCTb (CE30HHOCTb)
npeacTaBnseT cob60i Apyroin 06LLMiA TUN KOMMIOHEHT BPEMEHHOIO paga.

MeTogbl aHanM3a BPEMEHHBbIX PSA0B HEpeAKO AensT Ha ABa Knacca:
aHasM3 B YaCTOTHO 06M1acTV W aHanM3 BO BPEMEHHOIN o6nacTu. lMepBbiit
OCHOBbIBAETCA Ha CMEKTPa/IbHOM aHa/IM3e U C HeAaBHUX MOpP BENBIETHOM
aHanm3e, U MOXET pacCMaTpMBaTbCA B KQUECTBE HE UCMO/b3YHOLWMX MOAENN
METO/[OB aHann3a, XOPOLLO MOAXOAALMX AN UCCNEeA0BaHUIA Ha aTane pas-
BeaKN. MeTo/bl aHanM3a BO BPEMEHHOM 061aCTV TaKKe UMEKOT 6e3mogenb-
HOe MOLMHOXECTBO, COCTOSLLEe M3 KpPOCC-KOPPENsuMOHHOro aHamsa u
aBTOKOPPENALMOHHOTO aHan3a, HO UMEHHO 34€eCh MOABNAIOTCS HYaCTUUHO 1
MONHOCTBLIO OMNpejeneHHbIe MOAENM BPEMEHHbIX PALOB.
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5. HEUPOCETEBBIE MOJIEJIH

5.1. HelipoceTeBble MOAeNM MPOrpamMMHOrO W anmnapaTHoro McrosHe-
HUS.

5.2. HaxoxgaeHve Hawnyuliero npubamkeHns yHKUMKM, 3afaHHON Ko-
HEYHbIM HabO0POM BXOAHbIX 3HAUEHUIA.

5.3. Bugbl HeMpOHHbIX CeTeil.

5.1. HeiipoceTeBble MO/IeJIM MPOrPAMMHOI0
¥ AaNNAPaATHOIO UCTOJTHEHUS

HeiipoHHble cetn (Neural Networks) — 3To moaenun 61MoN0rMYecKux
HEePOHHbIX CeTeli MO3ra, B KOTOPbIX HEMPOHbI UMUTUPYIOTCS OTHOCUTESb-
HO MPOCTbIMK, 4YacTO OAHOTWMHLIMMK, 3/7eMeHTaMK (MCKYCCTBEHHLIMM
HelipoHamu). HellpoHHas ceTb MOXeT OblTb MpefcTaB/eHa HanpaBieHHbIM
rpajomM C B3BELUEHHbIMU CBA3AMMW, B KOTOPOM WCKYCCTBEHHblE HEMpPOHbI
ABNAIOTCS BepLUMHAMM, & CUHANTUYeCKMe CBA3W — AyramMu. HelipoHHble ce-
T LUMPOKO UCMONb3YHOTCA ANA PELeHNs pasHo0bpasHbIxX 3aaad [6].

Cpean ob6nacTeil NpMMeHeHWs HEMPOHHBLIX CeTeil — aBTOMaTM3aLWs
MPOLIECCOB  pacno3HaBaHWsi 006pa3oB, MNPOrHO3MpPOBaHWe, afanTUBHOE
yrpasfeHne, CO3haHne 3KCMEPTHbIX CUCTEM, OpraHM3aumst accoLmaTMBHON
namsTi, 06paboTKa aHaI0roBbIX M LNPOBbLIX CUTHAM0B, CUHTE3 U UAEHTK-
(huKaums 3NEeKTPOHHBIX Lieneid 1 CUCTeM.

C NOMOLLBI0 HEMPOHHLIX CETEA MOXHO, Hampumep, MNpeAcKasblBaThb
06bEMbI MPOAAK U3AENNiA, MOKa3aTenn GUPXKEBOTO PbIHKA, BbIMOHATL pac-
MO3HaBaHWE CUTHANIOB, KOHCTPYMPOBaTh CaMOOOYHatOLLMECS CUCTEMDI.

Mogenu HelipOHHbIX ceTeli MOryT ObITb MPOrPaMMHOIO M annapaTHoOro
MCcronHeHns. Mbl 6ygeM paccMaTpuBaTth CETY MEPBOro TUMa.

Ecnu BblpaXaTtbCs NPOCTbIM A3bIKOM, cioucmas netipounas cems NPef-
CTaBfseT o060 COBOKYMHOCTb HEWPOHOB, KOTOPble COCTAaBAAKT C/IOW.
B KaXgom crioe HelipoHbl MeXay COO0M HMKaK He CBfA3aHbl, HO CBSi3aHbI C
HepoHamy NpeabIayLLEro v creaytollero cnoes. VH(popmaumsa noctynaet
C MepBOro Ha BTOPOIA €0, CO BTOPOrO Ha TPETWIA U T. 4.

Cpeau 3agay Data Mining, pellaembIX C MOMOLLbK HEMPOHHLIX CETEN,
6ynem paccmatpusath cnefytolme (puc. 5.1) [45].

Knaccugpurayus (o6yuenue ¢ yuumenem). NpuMepsbl 3afa4 Knaccuguka-
LMK: pacrno3HaBaHWe TeKCTa, pacno3HaBaHve peuyu, MaeHTUuKauus uy-
HOCTW.

Ipoenosuposanue. [N HEMPOHHOW CeTW 3afava NPOrHO3MPOBaHUS MO-
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XKeT ObITb MOCTaBNEHA TakUM 06pPa3oOM: HailTV Haunydllee NPUGAVKeHue
(hYHKUMW, 38@aHHOI KOHEYHbIM HAabopOM BXOAHBIX 3Ha4eHui (0Byudarowmnx
npvmepoB). Hanpumep, HepPOHHbIE CETU MO3BO/IAKOT peLlaTh 3agady BOC-
CTaHOB/EHUS MPOMYLLEHHbIX 3HAYEHWIA.

Knacmepuszayus (o6yuenue 6e3 yuumens). [prMepom 3agayun Knactepu-
3aLMmM MOXET ObITb 33fla4a CKaTus MHAOPMALMU NYTEM YMEHbLLEHUA pas-
MEPHOCTM JaHHbIX. 3ajaun KnacTepu3aLmu pewaroTcs, Hanprmep, camoop-
raHmsyrowmmMmncs kaptamm KoxoHeHa.

/

Knaccugpurayus
(obyuenue ¢ yuumenem)

IIpoznosuposanue

Knacmepuzayus
(obyuenue be3 yuumens)

Puc. 5.1. 3afiaun UHTENNEKTYaIbHOMO aHan3a AaHHbIX C MOMOLLBbHO HEPOHHbIX CeTeld

5.2. HaxoxaeHue HAWJIyqlIero npuoamkeHusi GyHKuuu,
3aJlaHHO KOHEYHbIM HA00POM BXOJIHBIX 3HAYEHMIi

MalumHHoe 06yyeHne — 3TO MpoLece, B pe3ynbTate KOTOpPOro MaluvHa
(KomnbtoTep) crnocobHa MokasblBaTb MOBEAEHWE, KOTOPOE B Hee He 6blio
SBHO 3a/I0KEHO (3anporpaMmmnpoBaHo). B obuem ciydae 3agaqa 06yveHms
HEMPOHHOI CEeTW CBOAMUTCA K HAXOXAEHWI0 HEKOMN (DYHKUMOHaNbHOM 3aBu-
cumocTn Y = F(X), rae X — BXO4HOW, a Y — BbIXOAHOM BEKTOPLI. B 06Lem
Cnydae Takas 3agaqa, Mpy OrpaHUYeHHOM Habope BXOAHbIX JaHHbIX, MEET
6eCKOHEYHOe MHOXECTBO peLueHWid. [ns orpaHuyeHns NpocTpaHCcTBa no-
McKa Mpu 00y4YeHWM CTaBUTCS 3afadva MUHUMU3ALMW LIENEBOW (YHKLMN
OLUMGKN HEMPOHHOI CeTW, KOTOpass HaxoAMTCA MO METOAY HaMMeHbLUMX
KBagpaToB [25].
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TunoBble Npoueaypbl 06y4eHUs HEMPOHHbLIX CETe MOryT BbiTb NpUMe-
HeHbl 415 HacTpoilkn ANFIS-ceTu, Tak Kak B Hell UCMOMb3YHTCA TOMbKO
anddepeHumpyemble hyHKUUU. OBbIYHO MPUMEHSETCA KOMOMHaLuMA rpa-
[VEeHTHOrO Cnycka B Buie aaroputmMa 06paTHOro pacnpocTpaHeHns owwmn6-
KM N METOAa HavMeHbLUMX KBaApaToB. ANropuTM 06paTHOro pacrnpocTtpa-
HEHVS OLIMOKM HacTpamBaeT mapameTpbl aHTeAeHTOB Mpasun, T. e. (hyHK-
UM NpuHagnexHocT. MeToAOM HauMeHbLUMX KBajpaToB OLieHMBAOTCA
KO3(hPULMEHTbI 3aK/OUEHWNIA NMPaBW/, TaK KaK OHWN IMHEAHO CBSI3aHbI C Bbl-
X040oM ceTu. Kaxxpas ntepauus npouefypbl HACTPOMKM BbINOMHAETCS B [Ba
aTana. Ha nepsom 3Tane Ha BXOAbl NofaeTcs obyyarowas BbIGOpKa 1 Mo
HEBSI3KE MEX[Y >KenaeMblM U AeACTBUTE/NbHbIM NMOBEAEHNEM CETU UTepauy-
OHHbIM METOLOM HauMeHbLUMX KBaJPaTOB HAXOAATCA ONTUMasbHbIe napa-
METpPbI Y3/10B YeTBEPTOro €1od. Ha BTOPOM 3Tane ocTtaTouyHas HeBs3Ka re-
pefiaeTca ¢ BbIXO4A CETU Ha BXOAbl U METOAOM 06paTHOro pacrnpocTpaHe-
HWA OLUMOKM MOAUMLIMPYIOTCA NapameTpbl Y3108 MePBOro cod. Mpu 3Tom
HaliieHHble Ha MepBOM 3Tane Ko3h(pUUMEHTbI 3aKIOYeHWA NpaBua He ©3-
MeHSIOTCA. VTepalMoHHas npoueaypa HacTpPOWKM MpOAO/MKaeTCs, MoKa
HeBs3Ka MpeBbILUaeT 3apaHee YCTaHOB/IEHHOe 3HayeHwue. [ns HacTpoliku
(DYHKUMIA NPUHAAIEXXHOCTEN KpoOMe MeToJa 06paTHOro pacnpocTpaHeHus
OLWMOKM MOrYT UCMONb30BATbCA W APYrve anropuTtMbl ONTUMM3ALMUN,
HanpumMep MeTog JSleBeHbepra — MapksapAra.

Ewe ogHMM NpOCTbIM, HO 3((EKTNBHBIM METOAOM 06YYEHWUS HelpoH-
HOI CeTW, KOTOPbIN LUMPOKO MCNOMb3YeTCA U B APYTUX MOAENsX, ABNSETCA
METOoZ MaKCMManbHOro npaegonogobus. CyTb MeToda 3aKnoyaeTcs B Mak-
cvMmM3aLmM yHKUMK npasgonofobus. Kak npaswio, B KavecTBe [LaHHOWN
(OYHKUMKU 1cnonb3ytoT norapnm. OfHAaKo, He3aBUCMMO OT TOro, Kakas
BblbpaHa (PYHKLUMS, fanbHEWLINA anropuTM CBOAUTCA K METOAY rpajneHT-
HOro cnycka. Mo MHeHWIO aBTopa, HET HeoOXOAMMOCTM AeTasbHO OMNUCHI-
BaTb CaM MeTO[, TaK KaK OH AB/ISeTCA A0CTaTOYHO PacnpOoCTPaHeHHbLIM K
ero 1crnosb3oBaHne B HEMPOHHBIX CETAX HUYEM He OTAUYAETCA OT UCMOSb-
30BaHMA B APYTUX MOLENAX aHaM3a AaHHbIX.

5.3. Buabl HeiipOHHBIX ceTeil

Hetiponnas cemv Xongunoa (Hopfield network, HN) — 310 nonHocBs3-
Has HeMpoHHas CeTb C CUMMETPUYHOW MmaTpuueli cBsizein (puc. 5.2).
Bo BpeMsi nonyyeHnst BXOAHbIX AaHHbIX K&XAbIM y3en SBAsSeTCA BXOAOM, B
npouecce 06y4eHUst OH CTAHOBUTCS CKPbITbIM, & 3aTeM CTaHOBUTCS BbIXO-
nom. CeTb 06y4aeTcs TaK: 3HaYeHWs HEMPOHOB YCTaHaBMMBAKOTCA B COOT-
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BETCTBMM C XKENMaeMblM LLaBIOHOM, NOC/e Yero BbIYMCAAKOTCA Beca, KOTO-
pble B JafibHelLIeM He MeHsrTCs. Mocne TOoro Kak ceTb 06y4yumnach Ha of-
HOM W/IM HECKO/bKMX LIabnoHax, OHa Bcerga OyAeT CBOAUTLCA K O4HOMY U3
HUX (HO He Bcerga K xenaemomy). OHa CTabunmsnpyeTcs B 3aBUCUMOCTU OT
06LLEN «3HEPTUMN» U «TEMMNEPATYPbI» CETU. Y KaXAO0ro HelipoHa ecTb CBOA
MOPOr aKTWBaLMK, 3aBUCALLWIA OT TemMnepaTypsl, MPU NPOXOXAEHWUN KOTO-
pOro HeipoH MPUHUMAET OfHO W3 ABYX 3Ha4YeHWii (06bI4HO —1 nnm 1, nHo-
roa 0 unm 1).

. 1
+1 -1
g -1

Puc. 5.2. HelipoHHas ceTb Xondgunga

Camoopeanuszyowuecs kapmol Koxonerna — MOLHBIA camo06yyaroLuii-
CA MEeXaHW3M K/acTepu3aumm, Mo3BO/SOWMIA 0TO6pPasUTb pe3ynbTaTbl B
BMAE KOMMAKTHbIX U YAO0BHbIX ANs MHTepnpeTauum ABYMepHbIX KapT. daH-
HbIli 06PabOTUMK NCNOMb3YETCS A1 NMONCKA 3aKOHOMEPHOCTEN B 60MbLUNX
MaccuBax faHHbIX. ITO MO3BOMSET NMPOBOAWTL Pa3BEAOYHbIA aHaM3 fgaH-
HbIX, OT/IMYAIOLLMIACA OT KNacCUYeCKUX CTaTUCTUYECKMX MPOLeayp, B Xode
KOTOPbIX MPOBEPSIETCS HEKOTOPbIA HAbop BbIABUHYTLIX rnnoTes (puc. 5.3).
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Puc. 5.3. HelipoHHas ceTb KoxoHeHa

Hckycecmesennas nelipounas cemov Iamana, N3BECTHAA TaKXe Kak Simple
Recurrent Neural Network, cocTouT 13 Tpex Cnoes — BXof4HOro (pacnpeje-
nuTenbHOro) cnos (x,), ckpeitoro (h) v BbIXoAHOro (06pabarbiBaroLLMX)
cnoes (Y,). Mpn 3TOM CKPbITBIA CION MMeeT 06paTHYHO CBA3b CaM Ha Ccebst
(puc. 5.4).

y(t)

h(t) > |

x(t)

Puc. 5.4. HelipoHHas ceTb dnimaHa

28



Hckyccmeennas uetiponnas cemv Xommunea WCNONb3yeTCa AN pelle-
HMS 3adad  Knaccumkauum GUHApPHLIX BXOAHbIX BEKTOpoB (puc. 5.5).
B ocHoBe ee paboThl nexaT NpoLeaypbl, HanpaB/eHHbIE Ha BbIGOP B Kaue-
CTBE pELlEeHna 3afa4vun KﬂaCCVI(*)VIKaLI,I/II/I O4HOIro M3 3Ta/IOHHbLIX 06pa303,
Hambosnee 6/IM3KOr0 K NoAaHHOMY Ha BXOZ CETU 3allyMIEHHOMY BXOAHOMY
o6pa3y, N OTHeceHne [aHHOro 06pa3a K COOTBETCTBYHOLLEMY K/accy.
,ﬂ,I'IFI OLEHKN MEpbI 61130CTN K KaXXA0MYy KaCCy MCMOJIb3yeTCA KpVITepIAVI,
YUMTbIBAOLLMI PacCTOsiHUE X3MMUHIA — KOJIMYECTBO Pas/inyatoLLIMXcs ne-
PEMEHHLIX Y 3allyM/IEHHOI0 U 3TaJTOHHOI0 BXO4HbIX 06pa3OB.

O6paTHas CBsi3b

X1

2
X2 y

X; Y

Xn Ym

Puc. 5.5. HelipoHHas ceTb X3MMuHra

Beposmuocmuovie netiponnvie cemu (PNN). By HelApOHHbIX ceTeil ans
3afa4y Knaccumkaumm, rae nAOTHOCTb BEPOSTHOCTU MPUHAANEXHOCTM
Knaccam OLIeHMBAeTCs MOCPeACTBOM siAepHOI annpokcumauun (puc. 5.6).
OgvH ©3 BWAOB TaK HasbiBaeMblx 6GaitecoBbix ceTeil (Speckt, 1990;
Patterson, 1996; Bishop, 1995).

0606wenno-peepeccuonnas netiponnas cemv (GRNN). Bug HelipoHHO
CeTW, rae 4N19 perpeccum UCMosb3yeTcs AfepHas annpoKcMMauus.

Jlunetinvie cemu NO CBOEW CTPYKTYpe aHaNOMM4Hbl NepcenTpoHam u oT-
NINYAKOTCS UL PYHKUMER aKTusauun. [na NMHERHOW HEPOHHOW CeTu
1cnonb3yeTca Npasuno 0byyeHns Buapoy — Xodgda.
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Puc. 5.6. HelipoHHas ceTb PNN

6. METO/JIbI KJTACCU®HUKAIIMM: TEPEBO PEIIEHUI

6.1. [lepeBbs peLatoLmx NpaBusl, Knaccuukauum u perpeccum.

6.2. ANropuTMbl KOHCTPYMPOBaHWS AEPEBLER PELLEHMWIA.

6.3. OCHOBHble XapaKTepUCTUKM aIrOPUTMOB MOCTPOEHUSA [epeBbeB
peLUeHuiA.

6.1. /lepeBbs1 pemalomux NpaBui, KJiaccupuKanum u perpeccun

Pewatoee aepeso (Decision tree) — pelueHMe 3afaym 00y4YeHus ¢ yun-
Tenem, OCHOBaHHOE Ha TOM, Kak peLuaeT 3afaun NporHo3MpPOoBaHNS YerloBekK.
B o6Lem cnyyae — 310 k-M4HOe [iepeBo C peLuatoLLMm NpaBunamy B Henu-
CTOBbIX BeplMnHax (y3nax) M HEKOTOPbIM 3aK/IHOYEHNEM O LIENeBOin (yHK-
LMW B NINCTOBbIX BEPLUMHAX (NPOrHo3oMm). PeluatoLiee nNpaBuno — HeKOTO-
pas (yHKUMS OT 00beKTa, NO3BOMAIOLAS ONPefeNUTb, B KaKylo 13 Joyep-
HUX BEPLUMH HY>XHO MOMECTWUTb paccMaTpuBaeMblii 06bEKT. B fMCTOBbIX
BepLUMHAX MOTYT HaxOAMTbCsA pasHble 06bLEKTbI: Knacc, KOTOPbIii HYXHO
MpUCBOMUTL NoMasLLeMy Tyfa 06bekTy (B 3ajaye Knaccuukalum), BeposT-
HOCTW KnaccoB (B 3afiaye Kiaccuukaumu), HenocpefCcTBEHHO 3HayeHue
LeneBoi thyHKLMK (B 3a4ade perpeccun). Yalle BCEro Ha npakTuKe UCMofb-
3yI0TCA IBOMYHbIE peLlatoLme fepesbs [34].
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O6bIYHO AN MOCTPOEHMS [epeBa BblGUPaeTCs Lie/ioe CEMECTBO peLla-
OLMX NpaBwAa. YTobbl HaliTW cpean HUX ONTUMabHOE AS1 K&XKAOMO KOH-
KPETHOro y3na, TpebyeTcs BBECTW HEKOTOPbIA KPUTEPWIA ONTUMa/IbHOCTM.
[ns 3TOro BBOAAT HeKoTOpyto Mepy I(t) n3mMepeHusi TOro, HaCKOMbKO pas-
6pocaHbl 06LEKTHI (Perpeccus) UK NepemeLlaHbl Knacehl (Knaccugukaums)
B HEKOTOPOM y3ne t. 3Ta Mepa HasblBaeTcs KpUTepuemM MH(POPMATUBHOCTY.
[JepeBbs peweHnii (decision trees) OTHOCATCS K YNCAY CaMbIX MOMYNSPHbIX
N MOLLIHbIX MHCTPyMeHTOB Data Mining, no3sonstoWmx 3PphHeKTUBHO pe-
WaTh 3afayn Knaccugukaumm n perpeccun. B oTnnyme OT MeTOZOB, UC-
NONb3YIOLLMX CTATUCTUYECKUIA NOAXO0L, TakuX Kak Knaccugukartop baiieca,
NVHeliHas M NIOTUCTUYECKast Perpeccus, AepeBbs PeLleHWii OCHOBaHbl Ha
MalUVHHOM 00y4YeHWM W B GO/bLUMHCTBE C/ly4aeB He TPebylT Mpeanosno-
XXEHWIA 0 CTaTUCTMYECKOM pacnpefeneHnm 3Ha4yeHnin npu3Hakos. B ocHose
[lepeBbLEB PELLIEHWIA NiexaT peLuatoLyme npasuna suga «Ecnu..., To...», KOTO-
pble MOTYT 6bITb CHOPMYIMPOBaHbI Ha ECTECTBEHHOM A3blke. Mo3aTomy fe-
peBbs peLLeHnin ABNAIOTCA Hambosiee HarNAAHbLIMK U NErKO MHTEPNPeTUpy-
emMbIMy Mofensmu. B ocHoBe paboTbl AepeBbEB PeLLEHUid NeXWUT Mmpouecc
PEKYPCMBHOIO pasbueHns UCXOJHOr0 MHOXKECTBA HabNOAEHNI MK 06bek-
TOB Ha MOAMHOXECTBA, acCOLMMPOBaHHbIe C Knaccamu. Pa3breHve npows-
BOAMTCS C MOMOLLBIO PEeLLaloLMX MNpaBus, B KOTOPbLIX OCYLLECTBASETCH
MpoBepKa 3HayeHWUi aTpubyTOB MO 3aJaHHOMY YC/IOBUKO. Pexypcusnbimu
Ha3bIBAKOTCA /ITOPUTMbI, KOTOpble paboTaloT B MOLLArOBOM PEXUME, Mpu
3TOM Ha KaXX[OM MOCMeAyHoLEeM Luare UCMosb3yHTCS pesy/bTaTbl, Nosy-
YeHHble Ha NpegbIgYLLEM Luare.

6.2. AIropuTMBI KOHCTPYHPOBAHMSI /IEPEBbEB pelIeH il

KnaccutukaumoHHas mMogenb, NpefcTaBneHHas B BUAe AepeBa peLue-
HWIA, IBNAETCA WHTYUTUBHOW W YNpoLLaeT NOHWMaHWe peLuaemoid 3afgayu.
Pe3ynbTaT paboTbl afirOPUTMOB KOHCTPYMPOBaHWS [LEPEBbEB PELLEHWIA, B
OTNNYME, HANpPUMepP, OT HEMPOHHBIX CETE, NPeACTaBNAOLMX COBOM «uep-
Hble SALWMKM», NErKO WHTEPMPETMPYeTCs Monb30BaTeNleM. STO CBOMCTBO
[IEPEBLEB PELLEHWIA He TOMbKO BAXHO MPWU OTHECEHMW K OnpeaeneHHOMY
Knaccy HOBOro 06beKTa, HO M MOJIE3HO NPU UHTEpPMpEeTaLMM MOAENN Knac-
CUMKaLMN B LIENIOM.

[epeBo peLLeHnin MO3BONSET MOHATb U 0OBACHWUTL, NOYEMY KOHKPETHBbII
06BLEKT OTHOCMTCA! K TOMY WM MHOMY Knaccy. ANrOpUTM KOHCTPYWMPOBa-
HWS AepeBa pPeLleHuniA He TpebyeT OT No/b3oBaTeNns Bbibopa BXOAHbIX aTpu-
6yTOB (HE3aBMCHMMbIX MepPeMeHHbIX). Ha BXoA anroputma MOXHO nojaBaTb
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BCE CYLLECTBYHOLLME aTpMOyThl, a/IFOPUTM CaM BblOepeT Hanbosee 3Hauu-
Mble Cpeay HUX, 1 TOMbKO OHW 6YayT UCMOb30BaHbI /1 NOCTPOEHNS AepeBa.

B cpaBHeHWW, HanpuMep, C HeAPOHHBIMM CETAMU 3TO 3HAUMTENbHO 06-
NeryaeT Nosb30BaTesNto paboTy, MOCKO/bKY B HEMPOHHBIX CETAX BbIGOP KO-
NNYECTBa BXOAHbIX aTPUBYTOB CYLLECTBEHHO BAWSET Ha BPeMS 00y4eHMs.
To4YHOCTb MOZENEi, CO3AaHHbIX NPU MOMOLLM AEPEBLEB PELLEHWIA, CONOCTa-
BUMa C APYrMMM METOAaMU MOCTPOEHUSI KNacCU(MKALMOHHBIX MOAENeit
(cTaTmucTnueckue metofpl [38], HEMPOHHbIE CETH).

PaspaboTaH psig MacLUTabupyeMbiX anropuTMOB, KOTOpPble MOTYT ObITb
CMOMb30BaHbl AN1S MOCTPOEHNS JEPEBLEB PELUEHNSI Ha CBEPXOObLUMX ba-
3aX AaHHbIX; MaclTabypyemMoCTb 34eCb O3Ha4yaeT, YTO C POCTOM uwucna
NPUMEPOB MM 3anucein 6asbl 4aHHbIX BPEMS], 3aTPaUnBaEMOe Ha 00yYeHMe,
T. €. MOCTPOEHME AEPEBLEB PELLEHUIA, PaCTET SINHENHO.

CART (classification and regression trees) — aTo ab6peBuaTtypa, 0603Ha-
yatoLLas MeTofbl KnaccuMKaLmMm 1 perpeccum ¢ 1Cnosib3oBaHUEM Aepesa
peLleHnii. OTO MeToAMKa 00y4YeHMs, OCHOBaHHasi Ha [EPEBbSAX PeLUEHWA,
KOTOpas BO3BpalLLaeT KNacCUM(MKaLMOHHbIE WAN PErpecCUOHHbIe LepeBbs
(puc. 6.1).

Prere(xj = x}B) Prigne(xj = x’?)

* MRight=child >,

Puc. 6.1. lepeBo pewueHnin no anroputmy CART

ANroputM paspaboTaH B LE/sX MOCTPOEHUS TaK HasblBAEMbIX GUHap-
HbIX OEPEBLEB PELLEHWIA, T. €. TeX [JEPEBbEB, KKABIM Y3€/ KOTOPbIX Mpu
pa3BUeHUN «[aeT» TOMbKO ABYX MOTOMKOB. [py60 roBops, anroput™ aeii-
CTBYET MYTEM pa3fefieHUs Ha KaKAOM Luare MHOXECTBA MPUMEPOB POBHO
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Harnononam — no OAHOI BETBU MAYT Te NPUMEpPLI, B KOTOPbIX NPaBW/O Bbl-
nonHseTcs (NpaBblii MOTOMOK), MO APYroi — Te, B KOTOPbIX MPaBWI0 He
BbIMO/HAETCA (N1EBbLIA MNOTOMOK). TakuM 06pa3oM, B MPOLECCE «pOCTa» Ha
KaXXO0M Y3/ie fiepeBa asiropuTM NpoBOAUT nepebop Bcex aTpubyToB U Bbl-
61paeT 4na cnedyroLero pasbreHns TOT, KOTOPbIA MakCUMU3MPYET 3Haue-
HWe MoKasaTefsl, BbIYMCSEMOro MO MaTeMaTUYecKoin (hopMyfe 1 3aBuUCS-
Lero OT OTHOLUEHWA Yncna NPUMEPOB B MPaBOM W JIEBOM MOTOMKE K 06-
LLeMy yncny nNprUmMepos.

Aneopumm C4.5 CTPOUT KnaccumnkaTop B (hopMe AepeBa peLueHnin. Emy
HY)XHO nepegaTb Habop yXke KnacCu(ULMPOBaHHbLIX AaHHbIX. A YTO Takoe
Knaccugmkatop? KnaccuukaTop — 3T0 MHCTPYMEHT, NpMMeHsieMblid B Data
Mining, KOTOpbIi UCNOMb3yeT KnacCUUUMPOBaHHbIE AaHHbIE N Ha WX OC-
HOBaHWUW MbITaeTCA MPeLCcKasaTb, K KaKOMY KnacCy CTOUT OTHECTW HOBble
[aHHble. BoT otinuma C4.5 oT gpyrux CUCTEM, UCMOMb3YHOWMX AepeBbs
peLLeHwiA: Bo-nepBbiX, C4.5 Ucnonb3yeT NpUTOK MHA(opMauym nNpu cosga-
HWUW [iepeBa PeLLeHnii; BO-BTOPbIX, XOTA ApPYr1e CMCTEMbI TaKXKe NMPOpPeXu-
BalOT BETBU [epeBa peLleHmnii, C4.5 ncnonb3yeT 0AHONPOXOAHOE MPOPEXK-
BaHMe, YTOObI N36exaTb NepeobyyeHus. OTceueHMe BETBEW yyullaeT Mo-
[enb; B-TpeTbUuX, C4.5 MOXET paboTaTb C AUCKPETHLIMWU U HEMPEPbLIBHLIMM
3HaveHVsAMU. OH [enaeT 3TO, OrpaHUYMBas [Mana3oHbl W yCTaHaB/MBas
noporu aHHbIX, 06pallas HenpepbIBHbIE faHHbIE B AUCKPETHBIE.

6.3. OcHOBHBIE XapaKTEPUCTHKH AJTOPHTMOB
MOCTPOEHUSI iepeBbeB peleHuit

ID3. B 0CHOBe 3TOr0 afiropuTMa SIEXMUT NOHATUE UH(DOPMALMOHHOW 3H-
Tponuu, T. e. Mepbl HeONpeAeneHHOCTU uHdopmauuy (06paTHON Mepe WH-
(hopMaLMOHHOW NONE3HOCTU BENNUUHDI). s TOro 4Tobbl oNpeaenunTb cne-
oyrowmii atpubyT, He06X0AMMO NOACUUTATL SHTPOMUID BCEX HEMCMOJb30-
BaHHbIX NPW3HAKOB OTHOCUTENbHO TECTOBbIX 06pasLoB 1 BbIGpaTh TOT, ANA
KOTOPOr0 3HTPONWS MWHUMaNbHA. OTOT aTpubyT ¥ OyAeT cuMTaThbCs
Hanbosee Lien1ecoobpasHbIM NPU3HAKOM KiaccuguKkaLmun,

C4.5. 3T0T anropuTM — YCOBEpPLLEHCTBOBaHWE MpeaplayLlero MeToja,
MO3BOJIAtOLLIEE, B YaCTHOCTM, «yCeKaTb» BETBW AEPEBA, ECAIM OHO C/MLLIKOM
CW/IbHO «pa3pacTaeTcs», a Takke paboTaTb He TOMbKO C KaTeropuaibHbIMU
aTpubyTamu, HO 1 C YMCNOBbIMUW. B 06LLEM-TO, CaM anropuTM BbINOJHAETCS
No TOMY >Xe MPUHLMUMY, YTO W ero NpeALIeCcTBEHHUK; OT/IMYME COCTOUT B
BO3MOXXHOCTM Pa3bueHnst 061acT 3HaUYEeHUIA He3aBUCUMOW YMCOBON Me-
PEMEHHOI Ha HECKO/TbKO MHTEPBA/IOB, KX/l U3 KOTOPbIX OYAET ABASTLCA
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aTpubyTOM. B COOTBETCTBMM C 3TUM WUCXOAHOE MHOXECTBO [AenuTCs Ha
NOAMHOXECTBA. B KOHEYHOM cueTe, ecnn AepeBO MOMYYaeTcs C/ULLIKOM
60/bLUNM, BO3MOYXHA 06paTHas rpyrnnupoBKa — HECKONIbKMX Y3/10B B OAWH
nncT. Tpu 3TOM MOCKOMbKY Mepef NOCTPOEHVEM [epeBa OLmMbKa Kfaccu-
(h1Kaumm yXKe yUTEHa, OHa He YBE/IMUMBAETCA.

Cpeau npounx metogos Data Mining MeToA AepeBa NPUHATUS PeLeHNit
NMEET HECKO/TbKO I0CTOVHCTB:

— MPOCT B MOHUMaHWN 1 UHTepnpeTauun. Jlloan cnocobHbl MHTepnpe-
TUPOBATb Pe3ynbTaTbl MOMIENN flepeBa NPUHSATUS PELLIEHWIA NOCe KPaTKoro
00BSACHEHUS,

— He TpebyeT NOAroTOBKM fAaHHbIX. Mpoune TeXHUKKU TpebytoT HopMa-
N3aLMKn iaHHbIX, A06aBNeHNs MKTUBHBIX NEPEMEHHbIX, a TaKxe yaane-
HUS NPOMYLLEHHbIX JaHHBbIX;

— cnocobeH paboTaTh KaK C KaTeropuanbHbIMU, Tak U C MHTEPBASIbHBIMM
nepeMeHHbIMU.

7. KIACTEPHbBII AHAJIU3

7.1. ToHATME KnacTepa B UHTENNEKTYa/IbHOM aHan3e LaHHbIX.
7.2. MeToAbl KnacTepHOro aHanunsa.
7.3. ®aKTOpHbI aHanms.

7.1. IloHsiTHe KJIaCTepa B MHTEVIEKTYAJILHOM aHaJIU3e JaHHbIX

KnacTepmsayms — o4uH 13 K/IKOYEBbIX TUMOB 3aKOHOMEPHOCTENA, BbIsB-
NSEMbIX METOJAMMN MHTENNEKTYa/IbHOTO aHanm3a AaHHbIX. KnacTepuzaumio
B KOHTEKCTE MHTENIEKTYaNbHOr0 aHanm3a 00blYHO MOHMMAOT Kak pa3sfe-
NeHVie Leoro MHOXeCTBA Ha HEKOTOPOE KO/IMYeCTBO MOAMHOXECTB Mo 3a-
paHee HeW3BECTHbIM MpK3HaKaM, NMPUYeM OOBLEKTbI BHYTPU KaXKAOTO U3
KNacTepoB JOMKHbI ObiTb 6M3KM MeXAy C060/ MO OAHOMY UM HECKOJb-
KM MPpU3HaKaMm, LOCTYMNHLIM AN MHTepnpeTauun. MeToabl KacTepusauum
MOTYT 0Ka3aTbCsl MO/E3HbIMKA B CaMbIX PasHbIX OTPAC/AX 3KOHOMMKW.
B nepByto ouepedb peyb MAET 06 06/1acTSX MacCOBOro O6C/TY)XXMBAHUS.
BaHku, onepatopbl MOBWLHOW CBSA3M, CTPaxOBble OpraHuM3auuMM — MLLb
HEKOTOPbIE 3KOHOMMYECKME 06BLEKTBI, AN KOTOPbIX 00BEKTVBHOE paspene-
HWe MHOXeCTBa MOTEHLMANbHbLIX KAWEHTOB Ha Pa3yMHO Onpegensemble
rpynnbl MOXET NPMBECTU K CYLLLECTBEHHOMY MOMIOXWUTENIbHOMY pe3ynbTaTy.
O6beKkTamy CErMeHTaL MK MOTYT BbICTyMNaTb W APYrie 3KOHOMUYECKUE 00b-
€KTbl, HampvMep TOBapbl, KOHTPareHTbl, LEHHble BGymaru, TpaH3akuuu.
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MpocTellunM MeToAOM KiacTepusauum sBnseTca Busyanusauus. OfHako
OHa NPUMEHMMA LWL TOrAad, KOrAa YMCIO0 3HAYMMBIX 415 KiacTepusaumm
(haKTOpPOB OrpaHnyeHo. He cocTaBnseT 0coboro Tpyaa BblAEMUTL KAacTepsl
Ha [BYXMepHOVi AuarpamMmmMe; MHOTAa YAaeTca pas3risgeTb KnacTepbl Ha 06b-
eMHO TpexMepHON guarpamme. Ho yBenmueHune pasmMepHOCTM MpOCTpaH-
CTBa U3y4YaemblX 00pa3sLoB [enaeT BM3yaslbHble METOAbl HEBO3MOXHbLIMU,
4YTO NPUBOAWT K HEOOXOAMMOCTW WCMO/b30BaHUA WMHbLIX WHCTPYMEHTOB.
Llenblii psg Taknx MHCTPYMEHTOB KnacTepmsaumm 6bin paspaboTaH B pam-
Kax KOHLENUUW NHTeNeKTYa/IbHOro aHanmn3a AaHHbIX. Tak, B COCTaBe aHa-
nntuyeckoin nnatopmbl Deductor Studio komnaHum Basegroup Labs
npeAcTaB/ieHa Knactepusaums metogamu k-means, meTogamu g-means, a
TaKkXkKe HelipoceTeBbIMM METOAaMM Ha OCHOBE CaMOOPraHU3YIOLMXCS KapT
KoxoHeHa. BmecTe ¢ TeM Ha NpakTuke WHCTPYMEHTbI MHOTOMEPHOW Kna-
cTepu3aLmMy HaxoaAaT AOBO/IbHO OrpaHMYeHHoe npumeHeHve. OfgHa 13 npu-
YMH COCTOWT B TOM, YTO pasHble METO/bI KnacTepu3aLy 4acTo NpMBOAAT K
pasHbIM pe3ynbTaTaM Ha OfHMX U TeX e MaccuBax AaHHbIX. 3TO B HEKOTO-
poit Mepe nofpbiBaeT aBTOPUTET TEXHONOMMIA B FNla3ax NPaKTUKOB, He BCe-
rfa Crnoco6HbIX OLEHUTb pe3y/bTaTbl KNacTepm3aLym ¢ TOUKM 3peHUst Kade-
CTBa pasfeneHus.

OTCyTCTBME €4MHOI0 MOHMMAHMA CYLLHOCTW Kiactepa BO MHOTOM Bbl-
3BaHO HEOAHO3HAYHbIM N HEPEeLKO PacLUMPEHHBLIM ero NPUMEHEHVEM B pas-
NINYHBIX Haykax (Harmpumep, KnacTepbl Kak 3eMeHTbI KIacTePHON NoAnTu-
Ku), a Takke B MPaKTUKe MH(POPMALMOHHBLIX TEXHOMOMMA (KnacTepbl Kak
CUCTEMA KOMMBIOTEPOB MM KaK eAVHNLA XPaHEHMS AaHHbIX B HEKOTOPbIX
thalinosbIx cucTemax). PasHuLy B nmogxofax HeOOXOAMMO YUWUTbIBATb MpW
CMO/b30BaHUM MHCTPYMEHTOB MHTENIEKTYabHOMO aHanm3a JaHHbIX, Tak
Kak pe3ynbTaT MOXET OT/M4yatbCcA OT MPeACTaBleHWA Monb3oBaTens
[46, 49].

7.2. MeToAbI KJIACTEPHOTO aHAJIM3a

MeToabl KnacTepHOro aHanu3a MOXHO pas3feNiTb Ha [aBe rpynmbi:
epapxn4eckue n Heuepapxudeckme (puc. 7.1).

Kaxkaas 13 rpynn BK/OYaeT MHOXECTBO MOAXO/A0B U anroputmoB. Vc-
MoMb3ysl pPasnnuHble MeToAbl KNacTePHOrO aHanu3a, aHaIMTUK MOXET Mo-
NYYnTb Pas/IMUHbIEe PELUEHNS A1 OAHUX U TeX Xe AaHHbIX. ITO CUMTaeTcs
HOPMaJTbHbIM SIBNIEHMEM.
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1 MeTtobl KJIACTCPHOIo aHaJin3a ‘

sy

Hepapxuyeckne I1I. Mreparusubie
Y
[. ArtomepaTHBHbIC I1. JluBu3umHbIC .
® JIOHCKA CT'YILUCHHH;

o k-cpennnx

r

®  OJIMHOYHOMH CBA3M;

®  [I0JIHBIX CBA3CH;
®  Ccpe/Heii CBA3H,

* VYopua

Puc. 7.1. MeTogb! Knactepu3aumm

CyTb vepapXx14yeckoii KnacTepmsauun COCTOWT B MOCNeA0BaTeNbHOM
06bEAMHEHNN MEHBLUMX K/TacTEPOB B 60MbLUME WM Pa3feNieHnn 60bLINX
KNacTepoB Ha MeHbLUKE.

Korga Kaxfpblii 06beKT NpeAcTaBnsieT cob0iM OTAeNbHbIN KnacTep, pac-
CTOSIHWS MEXAY 3TUMMK 06bEKTaMM ONPEAENsOTCA BblopaHHON Mepoii. Bos-
HUKaeT CnejyroLwmii BONPOC — Kak OMpeaennTb PaccTOSHUS MeXay Knacrte-
pamu? CyLLecTBYHOT pasnyHble NpaBuia, HasblBaemble MeTogaMu 06beau-
HEHWS NN CBA3WU AN ABYX KNacTepoB.

Memoo 6nudicnezo coceda umu 0OUHOUHA C6573b. 3[ECb PacCTOAHME
MeXay [BYMs KnacTepamu OMpefensieTcs pacCTOsHWEM MeXay AByMS
Hanbonee 6AM3KUMKU O6beKTamu (6AVdKaALWIKMMKU COCeAAMM) B PasINUHbIX
Knactepax. JTOT MeTOf MO3BOMSET BbIAENMATb KacTepbl CKOMb YrOAHO
CNOXHOW (POPMbI MPW YCMIOBUK, UYTO PasnMyHble YacTW TakuMxX KiacTepoB
COefMHEHbI Lienoykamm 6M3KUX apyr K Apyry 31eMeHTOB.

B pe3ynbTate paboTbl 3TOr0 MeToda KiacTepbl MNPeACTaBAArTCA 4JINH-
HbIMU «LLENOYKaMmn» WM «BOMIOKHUCTBIMUY» K/acTepamMu, «CLEeneHHbIMM
BMECTE» TO/IbKO OTAE/bHbIMU 3/IEMEHTaMK, KOTOPbIe Cy4YaiiHO OKasa/uch
611Ke OCTanbHbIX APYT K Apyry (puc. 7.2).
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Puc. 7.2. MeTog 61vxHero cocesia

Memoo naubonee yoanennvlx cocedetl uiu NOIHASL C653b. 3LECb PACCTO-
AHUS MEXAY KnacTepamu OnpesenstoTcsd HanboblLUMM PacCTOAHUEM MeX-
Ly NtobbIMK ABYMS 06BbEKTaMM B pasnnyHbIX KnacTtepax (T. e. «Hambonee
YAaneHHbIMU coceasmMm»). [JaHHbIi METOZ4 XOPOLUO WCMO/b30BaTh TOrAa,
Korfja 06beKTbl AeACTBUTENIbHO MPOUCXOAAT M3 pPas/inuHbIX «poLy». Ecam
XKe KnacTepbl MMEIT B HEKOTOPOM poje YA/MHEHHYIO (DOpPMY UK UX ecTe-
CTBEHHBIA TN ABNAETCS «LEMnoYeyHbIM», TO 3TOT METOA He CreayeT Wc-
nonb3oBartb (puc. 7.3).

/

(

Puc. 7.3. MeTog gasibHero cocesia
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Memoo Bapoa (Ward's method). B kauecTee paccTosiHWsi MeXAy Kna-
cTepamy 6epeTcs MPMPOCT CyMMbl KBaApaTOB PAaCCTOSHWIA 0ObEKTOB A0
LIeHTPOB K/IacTepoB, NOMy4aeMblii B pesynbTaTe ux obbeamHenus (Ward,
1963). B otinuve OT ApYrux MeTOLOB KNaCTEPHOro aHanusa Ans OLEeHKU
PaccToAHWIA Mexay KnacTepamu 34ecb MCMOMb3yTCA MeTOAbl AucChepcu-
OHHOro aHanm3a. Ha Kaxaom Lare airoputma o06beAuHAOTCA Takue [sa
Knactepa, KOTOpble MPUBOAAT K MUHUMaTbHOMY YBEMYEHMIO LieNneBoi
(hYHKUMK, T. e. BHYTPUIPYNMOBOA CYyMMbl KBAApaTOB. STOT METOZ, Harnpas-
NeH Ha 06beanHeHVe 6IM3KO PacnoNiOKEHHbIX K/IAaCTEPOB W CO3aHue Kna-
CTepoB Maoro pasmepa (puc. 7.4).

Puc. 7.4. MeTtog Bapga

Memoo nesssewiennozo nonapnozo cpeonezo (METOf HEB3BELUEHHOr0
nonapHoro apuMeTU4eckoro cpefHero — unweighted pair-group method
using arithmetic averages, UPGMA).

B KayecTBe pacCcTosHMA MeXAy [ABYMS KnacTepamu 6epeTcs cpefHee
paccTosiHMe MeXAy BCeMMW mnapamyi 06LEKTOB B HUX. STOT MeTOf crefyet
1CMOMb30BaTh, €CNN 0ObEKTbI AENCTBUTENIbHO MPOUCXOAAT U3 PasNUYHbIX
«pOLL», B Clyyasx NMPUCYTCTBUSA K/TACTEPOB «LLEMOYHOro» TWUMa, Npu npes-
MOMOXEHWUWN HEPaBHbIX Pa3MepOoB K/1acTEPOB.

Memoo e36euwiennozo nonapro2o cpeonezo (MeTO[, B3BELUEHHOro no-
napHoOro apudgmeTnyeckoro cpepHero — weighted pair-group method using
arithmetic averages, WPGMA). 3T0T MeTOj, NOX0X Ha MeTO[ HeB3BELLEH-
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HOrO MONapHOro CpefHero, pasHuLa COCTOUT fILLb B TOM, YTO 34€eCb B Ka-
YecTBe BECOBOr0 KoaphuumeHTa MCMOMb3yeTcst pasmep Knactepa (4ncio
00BLEKTOB, COAEPXKaLLMXCS B KacTepe).

ATOT MeTOA PEKOMEHAYETCS MCMO/b30BaTh MMEHHO MPY HaMuMK Npeg-
MO/I0XKEHMSA O KfTacTepax pasHbIX pa3Mepos.

Hesszgewennulii yenmpouonwiii memoo (MeTO[, HEB3BELLEHHOro nonap-
HOTO LIEHTPOUAHOIO ycpeAHeHus — unweighted pair-group method using the
centroid average). B kauecTBe paccTosiHMS MeXAy [ABYMS KnacTepamu B
3TOM MeTOfe 6epeTcs PacCTOSHNE MEXAY UX LEEHTPaMM TSHKECTU.

Bssewennviti yenmpouonviii memoo (METOL B3BELUEHHOro MonapHoro
LieHTpongHoro ycpeaHeHns — weighted pair-group method using the
centroid average, WPGMC) (Sneath, Sokal, 1973). 3T0oT MeTOA MOXOX Ha
npeaplayLLniA, OTANYKE ero COCTOUT B TOM, UTO [/151 y4yeTa pasHULbl Mexay
pasmepamMu KnacTepoB (YMC/IOM 06BEKTOB B HUX) MCMO/Ib3YHOTCA Beca. ITOT
MeTO/, MPeAnoYTUTENbHO UCMO/b30BaTh B CYYasX, eC/iM UMEKTCA Npeano-
NOXEHWS OTHOCUTE/bHO CYLLECTBEHHBIX OTNYMIA B pa3mepax KiacTepos.

KpomMe nepapxuyeckmx MeTOAO0B KflacCU(hMKaLuM CyLLecTByeT rpynna
NTepaTMBHbLIX METOAOB K/TaCTEPHOr0 aHanm3a. CyLHOCTb UX 3aKNoUaeTcs B
TOM, 4YTO MNPOLECC KMACCUPMKALMU HaYMHAeTCs C 3aflaHnsi HEKOTOPbIX
Haya/ibHbIX YCM0BWIA (KONMYECTBO 06pasyeMbiX K/1acTepoB, MOPOr 3aBep-
LeHna mpouecca Knaccudmkaumm v T. 4.). Kak u B Mepapxmyeckom Kna-
CTEPHOM aHa/In3e, B MTEPATMBHBIX METOAAX CyLLEeCcTBYEeT npobneMa onpeje-
NEHUs ymcna Knactepos. B o6LwemM ciydae MX YMCNO MOXKET ObITb Hens-
BECTHO. He Bce nTepaTVBHbIE METOAb! TPEOYHOT NMepBOHAYa/IbLHOIO 3a4aHus
ymcna KnactepoB, HO MO3BOMSIOT, UCMOMb3YS HECKObKO arOpUTMOB, Me-
HAS IM60 YMCNO 06pa3yemblX KNacTepoB, MO0 YCTaHOBMEHHbIN Nopor 6u-
30CTW AN 06beanHeHNst 06BEKTOB B KacTepbl, 4O6MBATLCA HauMyuLLIero
pa3breHuns no 3aaBaeMoMy KPUTEPUIO KayecTBa.

K rpynne utepatuBHbIX METOA0B NPUHALNEXUT memoo k-cpeonux. Cy-
LLLeCTBYIOT ABe Moaudmkaumn Metoga k-cpepHux. Mepsas npegnonaraet
MEepPeCcYeT LiEHTPa TSHXKECTU KnacTepa Nnoc/ie KaXaoro M3MEHEeHMs ero cocrta-
Ba, BTOpas — NMWb MOC/e TOrO, Kak GyAeT 3aBepLUeH MPOCMOTP BCEX AaH-
HbIX. OQHUM U3 UTEPaTMBHbLIX METOAOB KiaccuuKaumu, He TpebyroLmx
3afjaHNA ymcna KNacTepoB, ABNSAETCA memod NOUCKa ceyujeHull. ,El,aHHbIVI
METOA TpebyeT BbIYMCNAEHNS MaTpWLbl PacCTOSIHWIA, 3aTeM BbIOMpaeTcA
06bLEKT, KOTOPLIA ABNSETCA NepBOHaYaibHbIM LIEHTPOM MEPBOro KiacTepa.
Bbl6op Takoro o6bekTa MOXKeT ObiTb MPOWM3BOMbHLIM, & MOXET OCHOBbI-
BaTbCs Ha NpeABapuTENbHOM aHaN3e TOYEK U MX OKPECTHOCTEN.

BblbpaHHas TOYka NPUHUMAETCH 3a LEHTP runepciepsb! 3a4aHHOro pa-
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auyca R. OnpefensieTcs COBOKYMHOCTb TOYEK, MOMAaBLUMX BHYTPb 3TOV
cthepbl, U 415 HUX BLIYUCIAHOTCS KOOPAWHATLI LEHTpa (BEKTOP CPeAHMX
3HauyeHuii npusHakoB). [anee paccMaTpuBaeTcs runepcdepa Takoro e
paguyca, HO C HOBbIM LIEHTPOM, U A/15 COBOKYMHOCTM MOMaBLUKX B Hee TO-
UEK OMSATb PaCCUUTLIBAETCS BEKTOP CPEAHMX 3HAUEHWI, KOTOPbIV NPUHMMa-
eTCS 32 HOBbI LEHTP chepbl, U T. 4. Korga ouepegHoii nepecyeT Koopau-
HaT LieHTpa cepbl MPUBOAUT K TaKOMY )Ke pesy/bTaTy, Kak Ha npeapiay-
LeM Luare, nepemMelleHre cepbl MPekpaLlaeTcs, a TOYKM, NonaBLUne B Hee,
06pasyroT KnacTep U 13 farnbHeiLero npoLecca KnacTepusaLmum NeKYa-
toTcs. [N BCeX 0CTaBLUMXCA TOUEK NPOLELYpbI MOBTOPSHOTCS.

7.3. @aKkTOpHBIHA aHAIN3

Mpy 06paboTke aHHbIX MOXET BO3HMKATb 33faya COBMeLLeHUs (ak-
TOPHOIO W K/NacTEPHOro aHanu3a. 3Ta 3afaya BO3HMKaeT 0ObIYHO B Tex
Cnyyasx, Korja cHavana ucxofHas WHgopmauus npeobpasyercs nyTem
BbleNleHna (aKTopoB, a 3aTeM Ha OCHOBe MPeobpasoBaHHbIX AaHHbIX NPo-
M3BOAMTCA MOUCK B M3Y4aeMOI COBOKYMHOCTU OTAENMMbIX ApYr OT Apyra
Knaccos. [pu nNpoBefieHUN CerMeHTUPOBaHNA aKTOPHbIA aHanu3 UCMosb-
3yeTca MNpeXxze BCEro Kak MeTof COKaTus AaHHbIX, T. €. COKpaLleHus 60/b-
LIOro KOMMYecTBa nepeMeHHbIX. NepemMeHHble, KOTopble MOryT 6biTb UC-
MO/b30BaHbl AN CErMEHTUPOBAHUS C NPUMEHEHWEM KNACTEPHOrO aHaunsa,
COKpALLAIOTCA 0 HEKOTOPOro OCHOBHOrO Habopa COCTaBHbIX MepeMeHHbIX
(thakTOpOB), KOTOPbIE 3aTEM U UCMOJL3YHOTCS MpPK KnacTepusaumun. Heob-
XOAMMOCTb TaKOro COKpaLLleHWsi CBA3aHa He TOJIbKO C XKenaHWem uccneso-
BaTeNs «YCKOPUTb» MPOLEAYPY KNACTEPHOro aHanu3a, Ho 1 C HEKOTOPbIMU
Ba)XXHbIMU COOBPaXKEHNAMM:

— €CNM B KNACTEePHbIA aHa/M3 BK/IKOYAKOTCH HECKONIbKO MepeMeHHbIX,
CBA3aHHbIX C OMWCAHWEM OAMHAKOBbIX WAN OAU3KUX XapakTepucTuK
(Hanpvmep, NapameTpoB TOBapa), TO 3TV XapaKTepUCTUKK MO/yyarT ro-
pa3go 60nbLUKi BeC. MOCKOMbKY pacCTOSHWSA BbIYUCIAIOTCA UCXOAA U3 pas-
HOCTEen Mexay HabNoAeHMSIMU NO KaXKAON NepeMeHHOR, TO HECKO/bKO
CBA3aHHbIX NEPEMEHHbIX OKaXYT 60sibLUee BMAHME Ha pe3ynbTaTsl. JocTa-
TOYHO OYEBU/HOM 3Ta CUTyaLMs CTAHOBUTCS NPW PACCMOTPEHWUW TUNOTETM-
YECKOro npumMepa, Korga B KIaCTEPHOM aHa/n3e Y4acTBYIOT [jBe COBep-
LUEHHO MAEHTWYHbIE NepeMeHHble. B 3TOM criyyae ABYKpaTHO ycuimBaeTcs
BO3eliCTBME M3MEPSEMO 3TUMU MEepPeMEHHbIMU XapaKTepUCTMKN Ha KO-
HEYHbIN pe3ynbTar;

— BKHON MPUYMHOW UCMONb30BaHMA (HaKTOPHOTO aHanv3a nepeg npo-
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BeJleHNEM KnacTepmsaLmny ABASETCA YeTKOCTb M NPOCTOTa UHTEpnpeTaLum.
ViccnegoBatento ropasgo MpoLue MOHSATb KNacTePHOe peLLeHne, OCHOBbLIBA-
tolleecs Ha aHanmse 5-6 (hakTOpPOB (EC/M Y HWUX MMEETCS OCMbIC/IEHHAs
WHTepnpeTauus), YemM peLleHune a1 50-60 nepeMeHHbIX.

Aneopumm BIRCH (Balanced Iterative Reducing and Clustering using
Hierarchies) npegnoxeH TbAHOM 3aHroM W ero konneramu. bnarogaps
06006LLIEHHbIM MPeACTaBIEHNAM KNacTepoB, CKOPOCTb KnacTepu3aumu yse-
NNYNBAETCS, anropuTM NpKn 3TOM 061aaaeT 60MbLLIMM MacLUTabMpOBaHNEM.
B aTom anroputme peann3oBaH ABYX3TanHbI MpOLECC KracTepusauumu.
B xofe nepsoro atana opMupyeTca npessapuTe/bHbIA Habop KnacTepos.
Ha BTOpOM 3Tane K BbISIBNIEHHbIM K/acTepam MPUMEHSIOTCA Apyrue anro-
PUTMbI KnacTepusauum, NpUrogHbie 4nsa paboTbl B ONEpPaTMBHON NamsaTu.
MOXHO NPUBECTM CNeAYIOLLYIO aHanornK, ONUCLIBAOLLYIO 3TOT a/iITOPUTM.
Ecnn kaxaplii afeMeHT JaHHbIX NpescTaBUTh cebe, Kak 6YCUHY, Nexallyto
Ha NOBEPXHOCTWN CTOMA, TO KAcTepbl OYCUH MOXHO «3aMEHWUTb» TEHHMUC-
HbIMW LIapuMKamu 1 nepeiTn K 6onee AeTaslbHOMY WM3Y4YeHWHO K1acTepoB
TEHHUCHbIX LIAaPUKOB. Yncno BYCUH MOXET 0Ka3aTbCA A0CTATOMHO BE/MKO,
0[JHaKO [MaMeTp TEHHUCHbIX LUAPUKOB MOXHO MojobpaTb Takum o06pasomM,
4yTO6bI HA BTOPOM 3Tarne MOXHO 6bl10, MPUMEHMB TPAAULMOHHbIE anropuT-
Mbl KfacTepusauumn, onpefennTs AeACTBUTENbHYHO CNOXHYH (opMy Kna-
cTepos (puc. 7.5).

\

3arpyska AaHHbIX B MaMsTh

\

Cxatue (YynnoTHEHME) AaHHbIX

"nobanbHas Knactepusaumna

YnydlueHme KnacTepos

Puc. 7.5. Anroputm BIRCH
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W3 puc. 7.5 cneayeT, 4To 3TOT a/lfOPUTM BK/OYAET creaytoLime asbl.

®a3a 1. 3arpy3ka JaHHBIX B nmamMsATh. [10CTPOEHWE HaYafbHOro Kna-
ctepHoro fgepesa (CF Tree) no gaHHbIM (nepBoe CKaHWpOBaHWe Habopa
[aHHbIX) B namMsTh. Mogadasbl OCHOBHOW (hasbl MPONCXOAAT ObICTPO, TOUHO,
MPaKTUYECKN HEeYyBCTBUTENIbHbI K MOPSAAKY. ANTOpUTM MOCTPOEHWS Ka-
ctepHoro fepesa (CF Tree):

KnacTepHblin 3neMeHT cocTouT K3 Tpoiku umcen (N, LS, SS), rae N —
KOMIMYeCTBO 3/1EMEHTOB BXOAHbIX AaHHbIX, BXOAAWMX B KnacTtep, LS — cym-
Ma 3/1EMEHTOB BXOLHbIX AaHHbIX, SS — cyMMa KBafpaToB 3/IEMEHTOB BXO[-
HbIX JaHHbIX.

KnacTepHoe [epeBO — 3TO B3BeLEHHO cbanaHCMpoBaHHOE [AepeBo ¢
[BYyMs napameTpamu: B — KoaghduumeHT passeTBeHNs, T — MOPOroeas Be-
nnurHa. Kaxxablii HeNMCTLEBO Y3eN fepeBa MMeeT He 6osiee yem B BXOX-
LeHnin y3nos cnegytowein opmbl: [CF;, Child], rge i =1, 2, ..., B; Child -
yKasaTe/lb Ha i-i1 4oYepHnii y3en.

Kaxxablii NMCTLEBO y3e/ UMEET CCbIKY Ha [Ba COCEAHMX y3na. Kna-
CTep, COCTOALWWMIA N3 3/IEMEHTOB NINCTLEBOIO Y3/a, JOMKEH YA0BNETBOPATH
CnefytoLemMy YCOBUIO: AnamMeTp WU paguyc MoyvyeHHOro Knactepa fos-
YKeH ObITb He 60/1ee MOPOroBoli BENNUMHLI T.

®a3za 2 (HeoOs3aTenbHast). CxxaTue (ynjoTHeHue) maHHbIX. CXatve
[aHHbIX [0 NpUeMeMbIX PasMepPOB C MOMOLLLHD NEPECTPOEHNS U YMEHb-
LLIEHWNS KNACTepPHOro fepeBa C YBe/IMYeHNEM NOPOroBOi BENUYNHLI T.

®a3a 3. I'1ob6anabHast Kiacrepusanus. [1pyMeHseTcs BblGpaHHbIN an-
rOpUTM KNnacTepu3aLmmn Ha IMCTbEBbLIX KOMIMOHEHTAaX KNacTepPHOro Aepesa.

®aza 4 (HeoOM3aTeNbHas)). YiydlleHHe KiacTepoB. lcnonb3yet
LIEHTPbI TSHXKECTU KNacTepoB, NonyyeHHble B (hase 3, Kak OCHOBBI. lMepepac-
npefenseT faHHble MeXay «6nmnskumu» knactepamu. [laHHas hasa rapaH-
TUpYeT nonajaHve 041HaKOBbIX AaHHbIX B OAWH KiacTep.

WaveCluster npegcTtaBnseT coboi anropuTM KnacTepmsalyum Ha OCHOBE
BO/IHOBbIX Mpeobpa3oBaHuii. B Havane paboTbl anroputMa AaHHble 0606-
LLAKOTCA NYTEM HA/IOXKEHWUS HA MPOCTPAHCTBO [aHHbIX MHOrOMepHOW pe-
WeTKN. Ha fanbHemwmx wwarax anroputma aHam3npytoTes He OTAeNbHble
TOYKW, a 0606LLEHHbIE XapaKTEPUCTUKM TOUEK, NMOMaBLUNX B OAHY AYeliky
pelweTkn. B pesynbTaTe Takoro 0606LeHVS HEOOXoaMMas MH(opMaLMS
yMeLLaeTcs B ONepaTMBHON NamaTh. Ha nocnegytowmx warax ans onpege-
NeHNs KNacTepoB a/iropuTM TMpYMeHseT BO/IHOBOE MpeobpasoBaHue K
0600LLEeHHbIM AaHHbIM. [naBHble ocobeHHocTM WaveCluster npusefeHbl
Huxe (puc. 7.6).
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C/IOXKHOCTb peannsauum

——|  aJropUT™M MOXeT 0GHaPYXXMBaTb KNacTepbl NMPOM3BONbHbIX OpM

—1 aIropnuT™M HeYyBCTBUTENEH K LUYyMam

—— aIropnuT™M NpUMEeHUM TO/IbKO K AaHHbIM HN3KOWA pa3mMepHOCTHU

Puc. 7.6. Anroputm WaveCluster

Aneopumm CLARA 6bin paspabotaH Kaufmann n Rousseeuw B 1990 r.
ON19 KnacTepu3aumy AaHHbIX B 60MblUnX 6a3ax faHHbIX. [aHHblli anroputm
CTPOUTCA B CTATUCTUYECKMX aHAIMTUYECKMX NaKeTax, HanpuMep Takux Kak
S+. V3noxum KpaTtko cytb anroputma. AnroputM CLARA u3sBfnekaet
MHOXECTBO 06pa3LoB 13 6a3bl JaHHbIX (puc. 7.7).

0,8

0,6

04

0,2

3 4 5 6 7 8 9 10

Puc. 7.7. Anroputm CLARA
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KnacTepmsaums NpUMeHSETC K KaX40My M3 00pasLoB, Ha BbIXoae an-
ropuTMa npegnaraeTcs nydlas Knactepmsaumns. Ana 601bwmnx 6a3 gaHHbIX
3TOT anroput™ 3ghekTBHee, Yem anroput™ PAM. SpheKTUBHOCTL anro-
puTMa 3aBMCUT OT BbIOPAHHOIO B KayecTBe 06pasua Habopa faHHbIX. Xo-
poLias KnacTepusaums Ha BblGpaHHOM Habope MOXET He [aTb XOpOLUYH
KnacTepusaLmio Ha BCeM MHOXECTBE AaHHbIX.

Aneopumm  Clarins  (Clustering Large Applications based upon
RANdomized Search) gopmynupyeT 3agady KnacTepusaumn Kak ciyvai-
HbI NoMCK B rpade. B pesynbTaTe paboTbl 3TOM0 anropmMTMa COBOKYMHOCTb
y310B rpaga NpeAcTaBsieT cob0i pa3brmeHne MHOXECTBA AaHHbIX Ha YNCO0
KNacTepoB, onpeesieHHOe Nob30BaTeNEM.

«KayecTBO» MOMyYeHHbIX KNacTepoB OnpesenseTcs npy NOMOLLM Kpu-
TepuasibHOW hyHKumn. Anroputm Clarins copTmpyeT BCe BO3MOXHbIe pas-
OMEHNS MHOXECTBa [aHHbIX B MOMCKaxX NpUeMsemMoro pelueHms. Mouck
peLUeHns 0CTaHaB/MBAeTCA B TOM Y3/e, rae AOCTUIaeTCs MUHUMYM Cpeau
npefonpeAeneHHOro Yncna IoKabHbIX MAHVMYMOB.

Cpeayn HOBbIX MaclUTabypyembIX afirOPUTMOB TakXKe MOXHO OTMETUTb
anzopumm CURE — anropuTM NepapXMyecKoii KnacTepusaunn n aizopumm
DBScan, rae noHaTue Knactepa (YOpMyIMPyeTcs ¢ UCMOMb30BaHMEM KOH-
uenuuu nnoTHocTy (density).

OcHoBHbIM HegocTaTkom anroputmos BIRCH, Clarins, CURE, DBScan
ABSETCA TO 0BCTOATENLCTBO, YTO OHW TPEOYHOT 3a4aHNs HEKOTOPbIX MOPO-
roB N/IOTHOCTY TOYEK, & 3TO He BCerfja npremnemMo. 3T orpaHudeHus oby-
C/OBMIEHbI TEM, YTO OMWCaHHbIE ATOPUTMbl OPVMEHTUPOBaHbI Ha CBEpX-
60/blne 6a3bl JaHHbIX W He MOTYT NOMb30BaTbCA GOMLLUMMU BbIYUCAU-
TeMbHbIMK pecypcamu. CyLecTBYeT psif CNOXHOCTEA, KOTOpble crefyet
npogymMaTth Nepes NPOBefeHNEM KlacTepusaLmu:

1) cnoXXHOCTb BbIGOpa XapaKTepUCTUK, Ha OCHOBE KOTOPbIX NPOBOAMUTCS
Knactepusauus. HeobaymaHHbI BbIGOp NPUBOAMT K HeafleKBaTHOMY pas-
OMEHNIO Ha KnacTepbl W, Kak CNefcTBMe, — K HEBEPHOMY PELLEHNIO 3aJauu;

2) CNOXHOCTb Bbl6Opa MeToAa Knactepuszauuu. 3TOT Bblbop Tpebyet
HEMOXOro 3HaHWsS METOAOB W MPEeANOCHIIOK MX UCNOMb30BaHMA. UT0ObI
npoBepuTb 3(PHeKTUBHOCTb KOHKPETHOrO METOAa B ONpefefieHHOW npeg-
MeTHOIA 06/acTu, LeecoobpasHo MPUMEHWUTb CReAyHLWYH Npoueaypy:
paccMaTpmBalOT HECKO/IbKO anpuopy pasfMuHbIX MexXgy coboii rpynn v
nepemMeLLnBatoT UX NpeAcTaBUTENe MeXAY CO00 CnyyaiHbIM 06pasoMm.

[Janee npoBognTCs KnacTepusaums 18 BOCCTAHOBMIEHUA WUCXOLHOMO
pa3breHns Ha KnacTepbl. [Jons coBMaieHWin 06bEKTOB B BbISBNEHHbIX U UC-
XO[HbIX Fpynnax saBnseTcs nokasatenem ahheKTMBHOCTY paboTbl METOAR;
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3) Npobnema BblGOpa umMcna KnacTepoB. ECAN HET HUKaKWMX CBeAeHWI
OTHOCWTENbHO BO3MOXHOFO YKCMa KNacTepoB, HEOGX0AMMO MPOBECTU Psf,
3KCMePUMEHTOB U, B pe3ynbTaTe Nepe6opa pasMUYHOIO YKcna KnacTepos,
BblOpaTh ONTUMaSIbHOE UX YMCHTO.

8. ACCOHUMATUBHBIE ITPABUJIA

8.1. AccoLmaTuBHbIE NpaBusIa B MHTENNEKTYa/lbHOM aHaIn3e JaHHbIX.
8.2. MeToAb! NoMcKa accoumaTBHbIX Npasul.
8.3. HeueTkune accoumaTtmBHble npasuna.

8.1. AccoumaTuBHbIE MPaBUJIA B HHTEJLUIEKTYaIbHOM
aHaj u3e JaHHBIX

B HacTosllee BpeMsi HabNtoAaeTCsA Nepen3dbITOK Tak HasblBaeMbIX He-
CTPYKTYPVPOBaHHbIX AaHHbIX, B KOTOPbIX KaXAas eguHULA XpaHeHMs He
MOXeT ObITb NpefcTaB/ieHa KOHEYHbIM YKC/IOM NPU3HAKOB (aTpMBYTOB).
Takve fAaHHble MOTYT COfepXXaTb, HampuMmep, WHGOpMauul0 0 ToBapax,
KyM/EHHbIX O4HUM MOKyNaTenem y NpeanpusaTus po3HUYHO TOProB/u.

B CBsA3M C 3TUM BO3HUMKAKOT 3a4auu:

— COKpaLLeHMs 06beMOB HECTPYKTYPUPOBAHHbIX JaHHbIX NyTeM yaane-
HUS M30bITOYHbIX TPaH3aKUWA, UCKNHOYEHME KOTOPbIX W3 AabHeliLlero
pacCMOTPEHUS He MOB/IMSIET HA KaYeCTBO CMHTE3MPYEMbIX MPaBu U Mofe-
neis;

— BbISIBNEHWS| MHTEPECHbIX NPaBW/, MO3BOMAIOLMX W3BMEKATb HOBbIE
3HaHWS Ha OCHOBE UMEIOLLIMXCS HECTPYKTYPUPOBAHHBIX AaHHbIX;

— NOCTPOEHUS MOfieNeil Ha OCHOBE 60/bLUMX MAcCUBOB HECTPYKTYpPUPO-
BaHHbIX [aHHbIX ANS PelleHVs NPaKTUYeCKMX 3aday MPOrHo3upoBaHus,
Knaccmmkaumum n Knactepusaumm aaHHbIX.

[ns 06paboTKy GOMbLUMX MACCUBOB HECTPYKTYPUPOBAHHBIX AaHHbIX U
peLleHns yKasaHHbIX 3adad LieflecoobpasHo MCnosb30BaTb METOAbI MOMCKA
accoLMaTUBHbIX MpaBW/, NO3BOSAIOLLME BbISBAATL HOBble 3aKOHOMEPHOCTH
BMAA «ECN YCNOBUE, TO AECTBUE» B MMEIOLLMXCA AaHHLIX U CUHTE3NPO-
BaTb Ha MX OCHOBE MHTEprpeTabeNbHble 6a3bl MPaBW/, MOHATHbLIE 3KCMep-
Tam B NpUKnafgHbix obnactax [21, 23, 53].

B HacTosilee BpemMs MpPefOXEHO LOCTATOYHO 60/bLUOE KOMNYECTBO
BUJOB acCcOLMaTUBHbLIX MPaBW/I, KaXAbli U3 KOTOPbIX LieNecoobpasHo npu-
MEHSATb AN peLleHns onpeaeneHHoro Knacca 3agad. MoaTomy akTyanbHbl-
MW SIBNAKOTCA 00630p U Knaccu(mKaLms accoumaTUBHbIX NpasBua Ans fanb-
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HelLLero nx NPUMEHEHNS C LieIbl0 PELLEHUs NMPaKTUYECKMX 3adady UHTeN-
NeKTyasbHOr0 aHan3a JaHHbIX.

MouCK accouMaTUBHBIX MPaBWA — 3TO METOA M3BNEYEHUS [JaHHbIX Ans
N3Yy4YeHUs KOPPENsALMA 1 B3aMMOCBSI3U MEXAY MepeMeHHbIMU B 6ase AaH-
HbIX. B Xofe pelueHns 3aga4m MovcKa accoLmaTMBHBIX MPaBu OTbICKMBaA-
tOTCA 3aKOHOMEPHOCTU MEXAY CBA3aHHbLIMI COOLITUAMM B Habope AaHHbIX.
CyTb 33fa4m 3aK/04aeTCs B ONPeLeNeHN YacTo BCTPeYatoLmnxcs Habopos
06bEKTOB B 6O/bLLIOM MHOXECTBE TaKuMX HabopoB.

[JaHHasa 3afaya SBNSETCS YaCTHbIM CMy4vaem 3afauum Knaccuukalmu.
MepBoHaYa/IbHO OHa pellanach MpU aHaiu3e TeHAEHUWIA B NMOBeAEHUM MO-
KynaTte/fieli B cynepmapkeTax. AHanv3y NoABepraavcb fJaHHble O COoBepLua-
eMbIX MMM MOKYMNKax, KOTOpble MOKYNaTenn CKNaAbiBalT B KOP3WHY. JTO
MOCAY>XXNN0 MPUYMHOI BTOPOr0 YacToO BCTPeYatoLLEerocs Ha3BaHMs — aHan3
PbIHOYHbIX KOP3UH.

Mpn aHanu3e 4acTo BbI3blBaeT MHTEPEC MOCMe0BaTeIbHOCTL MPOM3BO-
JAWMX cobbITUIA. MpK 06HapY>KeHUI 3aKOHOMEPHOCTER B TakMX Mocnefio-
BaTe/IbHOCTAX MOXHO C HEKOTOPOW Aoneli BepOATHOCTU NpefcKasbiBaTb
MosiIBNEHNE COObITUIA B OyAyLIeM, YTO MO3BOMSET NpUHMMATL Gonee npa-
BU/bHbIE PELLEHNS.

Takas 3afava fBNSETCA Pa3sHOBMAHOCTbIO 3afayn Mowcka accouuaTue-
HbIX MPaBUA W Ha3blBaeTCs aHaAM30M MOCNeA0BaTENbHOCTER. OCHOBHbIM
OT/IMYMEM 33fla4M aHanM3a Noc/efoBaTe/lbHOCTEl OT 3a4aym noucka acco-
LMaTVBHBIX MPaBW SBASETCA YCTAaHOBJIEHWE OTHOLLEHMS MOPSAKa Mexay
nccnefyeMbiMn Habopamu. [JaHHOE OTHOLLEHME MOXET ObITb OMpefeneHo
pasHbIMU crnocobamu. Mpun aHanmn3e NocneaoBaTeNbHOCTU COObITUIA, MpouC-
XO[AWMUX BO BPEMEHM, 0ObeKTaMM TakMX HAbGOPOB SBAAIOTCA COObITWS, a
OTHOLLEHWE MOpPSAKa COOTBETCTBYET XPOHO/OMMM NX NOSABNEHUS.

8.2. MeToabl MOKUCKA ACCOMMATHBHBIX npaBuJj

AccouuaTHMBHBIE PaBHJIa NPELCTABNAT COO0A MEXaHU3M HaxoXze-
HWS| IOTUYECKNX 3aKOHOMEPHOCTEN MeXAy CBA3aHHbIMU 371eMeHTamu (Co-
6bITUAMU NN 0OBEKTAMN).

BblgensoT Tpu BUAa NpaBu:

nonesnvle npasuna, COgepPXallve AeACTBUTENbHYIO MHOPMALMIO, KO-
Topas paHee Oblna HEU3BECTHA, HO UMEET NIOTNYECKOe 00BSCHEHNE;

mpueuanbhovle npasuaa, COLEPXalime AeNCTBUTENbHYO N NErko 06b-
ACHUMYIO MH(OPMaLMIO, OTPaXKAIOLLYIO U3BECTHbIE 3aKOHbI B UCCNeAyeMON
06/1aCcTK, U MO3TOMY He MPUHOCSLLME KaKOR-NM60 MoNb3bl;
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Henonamubvle npasuaa, COLEPXalLle NHPOPMALIMIO, KOTopas He MOXeT
6bITb 00bACHEeHa (Takue npasuia UM Nosy4vardT Ha OCHOBE aHOMAbHbIX
MCXOLHbIX AaHHBIX, UW OHWU COfepXaT rnyboKo CKPbITble 3aKOHOMEPHO-
CTHW, Y NO3TOMY ANS UHTEePrpeTaLnum HEMOHATHLIX NMPaBUA HYXXeH A0MNOSHU-
TeNbHbIA aHanu3). MonckK accouMaTMBHLIX MPaBwal 0ObIYHO BLIMOMHAKT B
[Ba aTana:

B Ny/ie UMEILMXCA NPU3HAKoB A HaxodAT Hanbosiee 4acTo BCTpeyato-
Lpecs KOMOMHALMKN 31eMEHTOB T;

13 3TUX HaleHHbIX Hanbosee 4YacTo BCTPeUatoLLMXCst HabopoB hopmu-
pYytOT accoLmaTmuBHble NpaBuna.

Aneopumm AIS. TlepBblii anroput™M NOUCKA accoOLMATUBHbLIX MpaBu,
HasbiBaBLUMiica AlS (npegnoxeHHblin Agrawal, Imielinski and Swami), 6bin
paspaboTaH COTPYAHUKaMW UCCNefoBaTeNbCKoro ueHTpa IBM Almaden B
1993 r. C 3Toi1 paboTbl HaYa/Cs MHTEPEC K accoLuaTMBHLIM MpaBuiam; Ha
cepemHy 90-X Ir. MPOLLIOro BeKa NpuLLenca NUK UccnefoBaTenbCKuX pa-
60T B 3TOIA 06/1aCTU, U C TeX NOP KaxX/blil rof MOsABASETC HECKO/MbKO HO-
BbIX aNroputmMoB. B anroputme AlS KaHAMAATbI MHOXECTBA HAboPOB reHe-
pVpYIOTCS M NOACUUTLIBAKOTCA «Ha NETY» BO BpPeMs CKaHMPOBaHMA 6asbl
[laHHbIX.

Aneopumm SETM. Co3faHue 3T0ro anroputMa 6bi10 MOTMBUPOBAHO
>KenaHMeM ucnosb3oBatb A3blK SQL A9 BbIYMCNEHUA 4acTo BCTpevaro-
wmxcs Habopos ToBapoB. Kak n anroputm AlS, SETM Takoke dopMupyeTt
KaHAWLATOB «Ha NIETY», OCHOBbIBAsACL Ha MpeobpasoBaHUAX 6a3bl AaHHbIX.
UT06bl MCNOMb30BaTh CTAHAAPTHYKO onepauuto o6befuHeHNs sA3blka SQL
Ans hopmmpoBaHust kaHangaTos, SETM oTaenseT opMmpoBaHue KaHaw-
[laToB OT Mx nogcyeta. Heygobeteo anroputmoB AlS n SETM — nsnuwHee
reHepmpoBaHue 1 MOACYET CIULIKOM MHOTMX KaHAWAATOB, KOTOpPbIE B pe-
3y/bTaTe He OKa3bIBAKOTCA 4aCTO BCTpevaroWwuMucsa. Ona ynydlleHus mx
paboTbl ObIT NPeANoXKeH anroputm Apriori.

Aneopumm Apriori. Ha NepBoMm Llare airopuMtMa MNOACUUTLIBAKOTCA
1-3neMeHTHble 4acTO BCTpevatoLluecs Habopbl. [n8 3Toro HeobxoLMMO
MPOWTUCL NO BCEMY HAbOPy AaHHLIX M MOACYMTATb AN HUX MOLAEPXKKY,
T. €., CKO/IbKO pa3 BCTpeyaetcs B 6ase. Crefgytolime warn 6yayT cOCTOATb
13 ABYX YaCTeil: reHepauuy NOTEHLMAILHO YacTo BCTpeYatoLLmxcs Habopos
3NemMeHTOB (KaHAMAATOB) WM MOACYeTa MOAAEPXKKUA [ANf  KaHAWAATOB
(puc. 8.1).
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B ocHOBe ero paboTbl IEXXNT BEPOSTHOCTHbIA MoacyeT HabopoB KaHAMAa-
TOB, OCYLUECTB/AEMbIN A1 COKPALEHUs YMcna NOACHMThIBAEMbIX KaHAMaa-
TOB Ha Ka&XXA0M 3Tane BbINOMHeHUsa anroputma Apriori. CokpalyeHune obec-
MeYMBaeTCs 3a CYET TOrO, YTO KaXAbli U3 k-31eMeHTHbIX HabopoB KaH4u-
[AaToB MOMMMO Llara COKpaWeHWs MpOXOAWT Liar XeluMpoBaHMs.
B anroputme Ha k-1 atane Bo Bpems Bblbopa KaHAyjaTa CO3L4aeTcs Tak
HasblBaeMasl xell-Tabnmua. Kaxpas 3anucb Xell-Tabnuubl SBASETCA CueT-
YMKOM BCeX NoAJepxek k-anemMeHTHbIX HAbopoB, KOTOpble COOTBETCTBYIOT
3TOM 3anncK B Xelw-Tabnuue. ANropuTM MCNOMb3YEeT 3Ty MHGOPMAaLMIO Ha
atane k gns cokpalleHns MHOXecTBa K-3n1eMeHTHbIX HabO0POB KaHAWMAATOB.
Mocne cokpalleHnst MOAMHOXECTBA, KaK 3TO MPOUCXOAWT B Apriori, anro-
pUTM MOXeT YyAaiuTb Habop KaHAMAATOB, €C/M ero 3HavyeHue B Xell-
Tabnmue MeHbLUE MOPOroBOr0 3HAYeHWs, YCTaHOB/IEHHOrO Ans obecneve-
HuS.

K Apyrum  ycOBepLUEHCTBOBaHHbIM  anropMTMaM  OTHOCATCSH
PARTITION, DIC, anroput™ BbIGOPOYHOr0 aHam3a.

Aneopumm PARTITION (A. Savasere, E. Omiecinski and S. Navathe,
1995). 3T0T anropuT™ pasdueHuns (pasfeneHns) 3aKUaeTcs B CKaHUpo-
BaHMW TPaH3aKLMOHHOM 6a3bl JaHHbIX MyTeM pasfefieHus ee Ha Herepece-
KatoLLMecs pasgenbl, KKAbI N3 KOTOPbIX MOXET YMECTUTLCS B OMepaTuB-
HOV MamsATh. Ha nepBoM Luare B KaXAOM W3 pa3fesioB npv MOMOLLM anro-
puTMa Apriori onpeaensatoTCca «10KabHbIE» YaCTO BCTPeyaroLLmecs Habopbl
JaHHbIX. Ha BTOPOM MoAcuMTbIBaeTCS NOAAEPKKa KaXK40oro Takoro Habopa
OTHOCMTE/IbHO BCel 6asbl AaHHbIX. Takum 006pa3om, Ha BTOpPOM 3Tare
onpegensieTcd MHOXECTBO BCEX MOTEHLMaNbHO BCTpevaloLmxcs Habopos
[lAHHBIX.

Anecopumm DIC, Dynamic Itemset Counting (S. Brin, R. Motwani,
J. Ullman and S. Tsur, 1997). AnroputMm pa3buBaeT 6a3y [JaHHbIX Ha He-
CKO/bKO O6/IOKOB, KaX[blii M3 KOTOPbIX OTMEYaeTcs TaK Ha3blBaeMbIMU
Haya/ibHbIMKW TOYKaMK (Start point), 1 3aTeM LMKINYECKN CKaHMpyeT 6asy
[aHHBIX.

8.3. Heuerkue acconnaTuBHbIE MPaBHIA

HeueTkune accoymatmeHble npasuna (fuzzy associative rules) — MHCTpY-
MEHT [N M3BNeYeHMs 13 6a3 [aHHbIX 3aKOHOMEPHOCTEN, KOTOpble POPMY-
NINPYIOTCA B BUAE NMHIBUCTUYECKMX BbICKa3blBaHWA. 34ecb BBEAEHbI Crie-
LManbHble MOHSATMS HEYETKOI TpaH3aKLMK, NOLAEPXKKN U [OCTOBEPHOCTU
HEUETKOro accouuaTMBHOro npasuna (puc. 8.2). Mmbpuamsaums MeTogoB
WHTENNEKTYalbHOW 06PaboTKM MH(OpMaLMn — [eBM3, MOA KOTOPbIM Npo-
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wm 90-e Ir. y 3anagHbIX 1 aMepyKaHCKMX uccnefosatenein. B pesynbrate
06beJUHEHNA HECKONbKUX TEXHONOIMIA UCKYCCTBEHHOIO WHTENEKTa Mo-
ABWJICA CNeLMabHbIA TEPMUH — «MSITKUE BbluMcieHMs» (soft computing),
KoTopbIi BBeN J1. 3aae B 1994 1.

OfZMH 13 caMblIX MPOCTbIX CNOCOBOB cAenatb anropuTM UHTeNNeKTyab-
HOr0 aHa/in3a accouuaTMBHbLIX NpaBus 60/iee «HEeYeTKUM» — BbIMONHUTb
«HapesKy» (cfenaTb TakK HasblBaemble anba-ceyeHms — alpha-cuts) B 3a-
[aHHbIX TouKax B AguanasoHe mexxay 0,0 1 1,0, rae afieMeHTbl CO 3HaYeHWEM
(OYHKLUUN NPUHALNEXHOCTUN BbIle YPOBHSA OTCEYEHUS CUUTAIOTCH «YeTKM-
MW» (4TO COOTBETCTBYET MOJIHON MPUHALMEXHOCTM), @ 3NEMEHTbI HIKe
YPOBHSA OTCEYEHMS CHUTAKOTCA 3N1eMeHTamy 6e3 NPUHALIEXHOCTU. Pe3y/b-
TaTOM SB/IAIOTCA YPOBHW [AOCTOBEPHOCTU A1 MPaBUA NPU Pas/INYHbIX 3Ha-
YEHMAX YPOBHA OTCEYEHWS. ITO OAMH U3 «CaMbIX HEYETKUX» METOLOB C
pesynbTaToM B BUAe [BYMEPHOro rpada, a He eiVHCTBEHHOro 3HauveHus
[LOCTOBEPHOCTMU.
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Puc. 8.2. ApXuTeKTypa CUCTEMbI HEYETKMX NpaBus

B 1998 r. rpynna uccnegoBateneii n3 Kutalickoro yHueepcuteTa [ToH-
koHra (Chinese University of Hong Kong), B Tom uncne Aga Bait-un (Ada
Wai-chee) u MeHb XoHb BoH (Man Hon Wong), paspabotany MeToauKy
[N MOMCKa HEYETKUX MHOXECTB B 3afaHHOM 6ase faHHbIX. HayuHbIl fo-
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Knag nop HasgaHuem «Finding Fuzzy Sets for the Mining of Fuzzy
Association Rules for Numerical Attributes» (IMOMCK HEYETKMX MHOXECTB C
LeNbH0 UHTENNEKTYaNbHOMO aHanM3a HeYeTKMX accoLMaTBHBIX Npasun ans
YMCNeHHbIX aTpMOYTOB), MPEACTaBASABLLWIA NX PaboTy, Obla HanMcaH cneuu-
anbHO A1 MeXAyHapogHoi koHpepeHumn «Intelligent Data Engineering
and Automated Learning Conference» (HTennekTyanbHas WHXeHepus
[laHHbIX 1 aBTOMAaTWU3MpOBaHHOe 06y4yeHue) B 1998 r. 3T1a paboTa npes-
CTaBNsSeT 0cobblii MHTEpEeC, NOCKO/bKY YCTpaHsieT TpeboBaHMe O Heo6Xo-
OVMOCTY 3apaHee 3HaTb 3HaYeHUs UK (DYHKLMWN HeYeTKOW MPUHALIeXHO-
CTW. HegocTaToK METOAMKM COCTOMT B TOM, YTO OHa MCMO/b3YeT LOBOMLHO
CNOXHBINA anropuTM Knactepusaunm, n3eecTHbIA kak CLARINS.

9. TEHETUYECKHME MO/JEJIN

9.1. lN'eHeTUKa 3KOHOMMYECKUX MPOLLECCOB.
9.2. OCHOBHbIE NOHATUA FTEHETUYECKNX aITOPUTMOB.
9.3. 3BOMOLMOHHOE MOAE/IMPOBaHME.

9.1. 'eHeTHKAa IKOHOMUYECKHX MPOLECCOB

PaccMOTpUM CTaTUKY, AVMHAMUKY W TEHETUKY 3KOHOMWUYECKMX MpoLec-
coB. TeueHMe XO3ANCTBEHHOW XM3HM CTPaHbl MPOHM3aHO 60MLLUMM KOMK-
YeCTBOM Pa3HOOOPa3HbIX 3KOHOMMUYECKMX MNPOLEecCoB. [TOCYAapCcTBEHHOE
perynupoBaHue 3KOHOMUKWN [O/MKHO ONUPATbCA Ha MOHUMaHWe U yMenoe
MCNo/b30BaHMe 3aKOHOMEPHOCTeN ee (hYHKLMOHMPOBaHMs [29].

OKOHOMUMKA MOXET paccMaTpMBaTbCA B TPEX paspes3ax — C TOUKU 3peHums
CTaTUKW, OUHAMUKN U TeHeTUKW. CTaThka packpbiBaeT CTPYKTYPY 3KOHO-
MWK, B3aUMOAEVCTBUE MEXAY OTAE/bHLIMU ee COCTaBHbIMU 3/IEMEHTaMV B
YC/IOBUSIX CPABHWUTE/IbHO M/1aBHOTO 3BOJIIOLMOHHOIO pasBuTua. [uHamuka
MOKa3blBaeT KaueCTBEHHbIE NepeMeHbl B 3KOHOMUKE NpuW nepexofe oT asbl
K (ha3e 3KOHOMWYECKOrO LKA WA NPy CMeHe LMK/OB. MeHeTMKa uccne-
[YeT NMPUYKHBI U NMOCNEACTBUA KaYeCTBEHHbLIX MEpPeMeH B 3KOHOMUKe, Me-
XaHW3Mbl HACNeACTBEHHOCTH, N3MEHUYMBOCTU M 0TOOpa B 3TOW cthepe obLLe-
cTBa. MOXHO BbIAENNTL HECKO/BKO OO6LLMX 3aKOHOMEPHOCTEN LMKINYHO-
reHeTUYECKOl AUHAMUKM 3KOHOMMUKM KaK LiefIOCTHOM M CNOXHOM Mo CTPyK-
Type cUCTeMbI. PbIHOYHaA 3KOHOMMWKA Pa3BMBAETCA HEpPaBHOMEPHO, LWK-
JINYHO, MOCNeA0BAaTENbHO, MPOXOAA uepe3 (asbl CTabWUILHOTO PasBUTKS,
Kpu3nca, Jenpeccum, 0XMBEHUS, NOAbEMA, a TaKXKe CpeHECPOUHbIX, f0N-
rocpoyHbix (KoHApaTbeBCKMX), CBEPXAONTOCPOUHbLIX (LMBUIN3ALMOHHBIX)
umknos (puc. 9.1).
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YPOBEHb
IKOHOMHYECKOW
AKTHBHOCTH

— L AKN Kutunna BOWHA 33 TeXHONOrM4Yeckoe nuaepcreo
uwkn )Kyrnﬂ;n W AOMHHWPOBAHWE B MHDOBOW IKOHOMWKE
unkn Kyaxeya

= 1K1 KOHApaTHEBA

Puc. 9.1. Tunbl 3KOHOMUYECKNX LIMK/IOB

MpefcTaBneHMs 0 BO3SMOXHOCTW NJlaHOMEPHO-PaBHOMEPHOW, GecKpu-
3UCHO 3KOHOMWYECKOI AMHAMMKL OKa3anucb MNNtO3neld. DKOHOMUKA ne-
PUOANYECKN NEPEXOAUT OT OAHOF0 OTHOCMTENLHO PaBHOBECHOIO, YCTORYM-
BOI0 COCTOSIHWS K pYroMy paBHOBECHOMY COCTOSIHWIO Yepe3 NepexofHblii
KPU3WCHBIV Mepuoj, XapaKTepusyloLWWIACS YCUNeHWEM HeYCTOMYMBOCTH,
CragoM MNPOW3BOACTBA, XaOTUYHBLIMK MEpeMeHaMU, NepecTPOKOi CTPYK-
TYpbl 3KOHOMUKK. TpW 3TOM HacnefCTBEHHOE FEHETNYECKOE PO 3KOHO-
MMWYECKOI CUCTEMBI (NN HAACUCTEMbI — MPW CMEHE CUCTEM) OYMLLAETCS OT
YCTapeBLUMX 3/1IEMEHTOB M 060raLlaeTcs AOMNOMHNUTENbHBIM COAEPXKaHUEM B
pesynbTaTe HacnefCTBEHHO U3MEHUMBOCTM, NO3BOJIAOLLEN afanTMpPOBaTb-
CSl K HOBbIM YCMOBMSIM pasBUTUS 06LLECTBA. ITU MOME3HbIE M3MEHEHUS
MPOMCXOAAT Ha OCHOBE 0THOPA — CTUXMIAHOTO UK CO3HaTeNbHOrO (LeneHa-
MpaBfeHHOr0) — 13 MHOYXKECTBA BO3MOXHbIX BapuaLuii.

DKOHOMMYECKAs 3BOMHOLMA — MPOLIECC CUCTEMHOrO MOPSAKA, KOTOPbINA
0XBaTbIBaeT BCE YPOBHMW (OT HaHO- A0 Mera-) MPOSBNIEHWIA N3MEHYMBOCTHU,
Hac/neiICTBEHHOCTW U HeoBpaTMOCTH. DTO NPOLIECC HEMPEPLIBHOIO M3Me-
HEHWSI CTEMEHW CMIOXHOCTU CYOBEKTOB U 0OBHEKTOB, MX (DYHKLWIA U CBA3EN,
MX OpraHM3aLyn U UHCTUTYLMW, CPEACTB U METOAOB MPUB/IEUYEHNS U3 Cpe-
Abl AN Npeobpa3oBaHUs B HOBble 06LLECTBEHHO MOME3HbIE U HEOOXOAMMbIE
thopmbl BeLLlecTBa 1 3Heprum [51].

9.2. OcHOBHBIE MOHATHS FeHETHYECKUX AJTOPUTMOB

Tenemuueckuti aneopumm NPEACTaBNSET COOG0A MeTOf, OTPaXKaroLmii
€CTECTBEHHYKO 3BO/IKOLUMIO  peLleHnsa |'|p06neM 3aga4y  onTtumMmsagunin.
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Mpvi ero onucaHWM UCNOMb3YHTCA OMpPeAeneHus, 3aMMCTBOBaHHbIE U3 re-
HeTUKKW. Hanpumep, roBopsi 0 NonynsumMmn ocobeid, B kavecTse 6a30BbIX MO-
HATWUIA MPUMEHSAKOTCA TeH, XPOMOCOMa, FeHOTUM, (JeHOTUN, annenb. Takke
MCMNO/b3YHOTCA COOTBETCTBYIOLME 3TUM TEPMUHAM OMNpeSeneHns U3 TeEXHU-
YECKOro JIEKCUKOHA, B 4aCTHOCTU LieMb, ABOWMYHAA MOCNef0BaTENbHOCTb,
CTpyKTYypa. Monynauma — aTO KOHEYHOE MHOXECTBO 0cobeit. Ocobu, BXO-
JAlve B Monynauuto, B FEHETUYECKUX a/lfOpUTMax MpeacTaBnsrTCs Xpo-
MOCOMaMM C 3aKOMPOBaHHbIMM B HUX MHOXECTBaMM NapaMeTpoB 3aJauu,
T. €. PELUeHWNIA, KOTOpble MHA4Ye Ha3biBaOTCA TOUKamMW B MPOCTPAHCTBE Mo-
ncKa.

XpomMocombl (LenoYKy UM KOAOBbIe MOC/eA0BATE/IbHOCTM) — 3TO YMO-
PSA0YEHHbIE NOCNef0BaTEIbHOCTY FeHOB. eH (TakXke Ha3blBaeMblii CBOIA-
CTBOM, 3HaKOM W/ JETEKTOPOM) — aTOMapHbIiA 31IEMEHT reHOTWNa, B YacT-
HOCTW XPOMOCOMbI. Kaxkfas XpomMocoma MOXeT KOAMPoBaTb TOIbKO OAUH
napameTp 3aga4n. Ho Tak Kak B O4HOM reHOTMMNEe MOXET BbITb HECKOMbKO
XPOMOCOM, TO OAMH FEHOTUM MOXET 3aKOAMPOBaTb HECKO/TbKO NMapameTpoB.
Hanpvmep, reHOTMN BKKOYAET B Cebs iBe XPOMOCOMbI, KaXKaas XpoMocoma
COCTOWUT W3 TPEX FeHOB, 3HAYMT, MEPBbIE TP FeHa FeHoTUMa KOAMPYHT
O[IMH NapameTp, a BTOpbIE TPY reHa — BTOpoii napameTp (puc. 9.2).

QOopMHPOBaHHE
HavamsHOM
nomny NALHA

ey
v
Texywas
Hossie nomny AU
XPOMD COMBI

IBOJTOLHH

Y

OntavansHoe
peiuenme

Puc. 9.2. l'eHeTnYecKuii anroputm
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OuyeHb BaXHbIM MOHATUEM B TEHETUYECKMX anropuTMax CyMTaeTcs
(hYHKUMS NpUCNOCcOBIEHHOCTH, MHAYe HasblBaeMas ¢yuxyueti oyenku. OHa
npeAcTaBnseT cobovi Mepy MPUCNOCO6IEHHOCTM JaHHOM 0cobu B nonyns-
UMK, 3Ta PYHKLUMA UTrpaeT BaXKHEALIYIO POfb, MOCKO/bKY MO3BOMSET OLe-
HWTb CTEMeHb MPMCMNOCOBIEHHOCTV KOHKPETHBIX OCOGEA B MONynisiumun u
BblbpaTb M3 HWMX Hambonee MPUCMOCO6/eHHble (MMetoLime HambosnbLune
3HaYeHNs PYHKUMM NPUCNOCOBNEHHOCTIN) B COOTBETCTBUMN C 3BO/OLIMOH-
HbIM MPUHLMUMOM «BbDKUBAHWUSA CUMbHEMLIMX» (flydlle BCEro npucnoco-
6rBLUMXCS). PYHKUMA NPMCMOCOBIEHHOCTM TaKKe MOJyynna CBoe Hasga-
HWe HeMoCPEeACTBEHHO M3 reHeTMKU. OHa OKasblBaeT CU/IbHOE BAMSHUE Ha
(hYHKUMOHMPOBaHUE FEHETUYECKUX aTOPUTMOB W AO/MKHA UMETb TOUHOE U
KOPpEKTHOE onpegeneHve. B 3afavax onTuMmnsaumm QyHKLUA Nprucnoco6-
NEHHOCTU, Kak Mpasu/io, ONTUMKU3MPYeTCS (TOYHEE roBOPS, MaKCUMU3MPY-
€TCA) 1 Ha3blBaeTCs LieNeBOi caHKLyed. B 3afavax MUHUMU3ALMK LieneBast
thyHKUMS npeobpasyeTca M npobnemMa CBOAMTCA K Makcumusaumu. B Teo-
pvuK ynpaeneHns (yHKUMS NPUCNOCOBAEHHOCTM MOXET NPUHUMATb BUA
(OYHKUMX MOFPeLIHOCT, a B TEOPUM WUFP — CTOMMOCTHON (YHKLMN.
Ha kaxgoin wTepaumy TeHeTUYECKOro anroputMa npucnocob/eHHOCTb
Ka)KA0N 0CoOM AaHHOW NOnynsuun OLEHMBAETCA NPU MOMOLLM (PYHKLMK
MPUCMOCO6/IEHHOCTU, N Ha 3TO OCHOBE CO3AaETCS Crefyrowas nonynauns
0cob6eid, COCTaBNAIOLLMNX MHOXECTBO MOTEHLMANbHbIX PELLEHWNIA NPOGIEMbI,
Hanpvmep, 3agadu oNnTMMU3aLmun.

9.3. DBoTIONIMOHHOE MOJIETHPOBAHHE

MoTpebHOCTL B MPOrHO3e W afleKBaTHOW OLEHKe MOCNefCTBUIA OCy-
LLLECTB/ISIEMbIX YEMIOBEKOM MeponpusaTuiAi (0COBEHHO HeraTuMBHbIX) NPKBO-
ONT K He06XOAMMOCTM MOLENMPOBAHUS AUHAMUKN M3MEHEHUS OCHOBHbIX
napameTpoB CUCTEMbI, JUHAMWUKU B3aUMOJENCTBUSA OTKPLITON CUCTEMBI C ee
OKpY>eHueM (pecypcbl, NOTEHL W&, YCNOBUS, TEXHOMOMMN U T. A.), C KOTO-
PbIM OCYLLECTB/ISETCSA OOMEH pecypcammn B YCNOBUAX BPaXKAEOHbIX, KOHKY-
PEHTHBIX, KOOMEPaTWMBHLIX WM e 6e3pasNyHbIX B3aVMOOTHOLLEHWIA.
30ecb HEOOXOAMMbBI CUCTEMHBIA NOAX04, 3D(hEeKTUBHbIE METOAbI U KpuTe-
PV OLIEHKWN afleKBaTHOCTU MOJENeid, KOTOpble HanpaBneHbl He TOMbKO (He
CTO/MIbKO) Ha MaKCUMM3aLMIO KPUTEPUEB TUMA «MNPUOBLIIb», «peHTabesb-
HOCTb», HO U Ha ONTMMM3aLMIO OTHOLLEHWIA C OKpYXKatoLLein cpeaoin. Ecnm
KpUTepuu NepBoro Tuna BaXKHbI, HANpuMep, 4N KPaTKo- 1 CPeaHecpOYHO-
ro MPOrHO3MPOBaHUA U TaKTUYECKOro afMWHWUCTPUPOBaHWUsA, TO BTOPOro
TMNa — 415 CpefHe- ¥ 4OITOCPOYHONO NMPOrHO3a, CTPATErnyeckKoro agMuHu-
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CTpupoBaHusA. Mpu 3TOM HeO06XOAMMO BbILEINTL U U3YUUTb LOCTATOHYHO
MOMIHYIO U MHKOPMATMBHYIO CUCTEMY MapamMeTPOB UCCIEAYEMOI CUCTEMBI U
€€ OKpY>XeHusl, pa3paboTaTb METOAMKY BBeAEHUA Mep MH(OPMaTUBHOCTU U
6/1M30CTU COCTOSHMIA CUCTEMBI. BaXKHO OTMETUTb, UTO NPU 3TOM HEKOTOpPbIE
KpUTEPUU M Mepbl MOTYT YacTO KOH(IMKTOBATL APYr ¢ ApyroM. MHorue
Takve CoLManbHO-3KOHOMUYECKNE CUCTEMbl MOXHO OMUCHIBATb C eAWNHBIX
NO3WLMIA, CpeacTBamMm M MeTOAaMM ejVHOM TeOPUM — 3BOJKOLIMOHHOIA.

Mpw 3BONIOLMOHHOM MOJENMPOBaHUM NPOLLECC MOLEIMPOBaHUA CNOX-
HOW COLMa/IbHO-3KOHOMWUYECKO CUCTEMbI CBOAWTCS K CO3AaHNI0 MOLENN ee
3BOMIIOLMN MAN K NOUCKY AOMYCTUMbIX COCTOSIHWIA CUCTEMbI, K Npoueaype
(anropnuTMy) OTCNEXMBAHWS MHOXECTBA JOMYCTUMbIX COCTOSHWA (Tpaek-
Topwuid) [31, 41, 55]. Mpun 3TOM aKTyanusnpytoTca Takue aTpudyTbl Guo-
NOTNYECKOW 3BOMIOLMOHHOW AMHAMUKM (HWXKe B CKOOKax MpuBedeHbl BO3-
MOXHblE COLMa/IbHO-3KOHOMUYECKME MHTEPNPeTaLmMmn aTux aTtpubyToB Ans
3BOJIIOLMOHHOIO MOJENUPOBaHNSA), Kak, Hanprmep, Ha puc. 9.3.

COOGIIECTRO

BHI0BOZ ITII']![(\{\GI}II e H pacipeisieHie B
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FIKOTOTHYSCKAA HIIIA
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Puc. 9.3. ATpnbyTbl 3BONIOLMOHHOTO MOAENPOBaHUS

M3 puc. 9.3 npeacTaB/eHbl Takve aTpubyTbl 3BOMIOLMOHHOTO MOAEM-
pOBaHUS, Kak:
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coobLecTBo (Kopropauus, KoprnopaTyBHble 00bEKTbI, CYObEKTbI, OKPY-
XeHue);

BUJOBOE pasHoOOpa3we 1 pacnpegencHne B 3KOIOrMYECKON HuLwe (TUMbI
pacnpefenieHns pecypcoB, CTPYKTYpa CBA3EN B aHHON Kopropauum);

aKonornyeckast HuWa (cepa BAMSAHMA U (YHKLMOHUPOBAHWS, 3BOJO-
LMK Ha pblHKe, B BU3HeCe);

POXAAEMOCTb M CMEPTHOCTb (NMPOM3BOACTBO U PaspyLUEHNE); USMEHUN-
BOCTb (3KOHOMMWYECKOI 06CTaHOBKM, PECYPCOB); KOHKYPEHTHbIE B3aUMOOT-
HOLLEeHMS1 (PbIHOYHbIE OTHOLLEHMS); NamsaTb (CMOCOGHOCTb K LMKIaM BOC-
MPOM3BOACTBA); ECTECTBEHHbI 0TOOP (LWTPathHble N MOOLLPUTENbHbIE Me-
pbi);

HacneACTBEHHOCTb (MPOM3BOACTBEHHbIE LMKbI U UX NPeabICTOpus); pe-
rynsums (MHBeCTULMK);

CaMOoOpraHm3auus 1 CTpeM/IeHMe CUCTEMbI B MPOLLECCE 3BOMHOLMMN MaK-
CUMU3MPOBATb KOHTAKT C OKPY>KEHMEM B LIENAX CamMoOpraHu3aLmm, Bo3epa-
Ta Ha TPaeKTOpPUIO YCTOMYMBOIO Pa3BUTUSA U Ap.

Mpwv nccnefoBaHMK 3BOMHOLMMN CUCTEMbI HEOOX0AMMA €€ AEKOMMO3ULMS
Ha NOACUCTEMBI C LieNblo 06ecneveHns cefyrowmx QyHkuuid (puc. 9.4).

~N
* 3(pheKTUBHOIO B3aMOAENCTBUSA C OKPY)XKEHNEM
A
J
I
* ONTUMa/ILHOTO 06MeHa ONpPeaEeNsoLLMU MaTepUaibHbIMU, 3HEPreTUYe-
CKUMM, UH(OPMALIMOHHBIMM, OPTaHU3aLIMOHHBIMI Pecypcamm ¢ Noacu-
B cTeMamut
J
I
* YNpaB/iieMOCTW CUCTEMbI, MAEHTU(MKALMM YNpaBAsitoLLeil NoacUCTEMBI
3heKTUBHbIX CBA3E C MOACUCTEMAaMM CUCTEMbI, 0BPATHO CBA3W
C
J

Puc. 9.4. ®YHKUMN LEKOMMO3ULUM CUCTEMbI 3BO/THOLIMOHHOMO MOAE/IMPOBaHNS

O[fHO U3 BaXHEMLLIMX 3KOHOMUYECKMX 3adad, peann3ytoLleit KoHLen-
LMK 3BOMIOLMOHHOIO MOAE/IMPOBAHMSA, SBASETCA TPaHCMOPTHas 3afjava.
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VimeeTcst Tpu ee moamukaumu; 3agadya MoHxa — KaHtoposuya (puc. 9.5);
3afayva OpjeHa; 3ataya XMYKoKa.

3anacbl — 10 3anacbl — 20 3anacbl — 30

MoTpebHocTn — 15 MoTtpe6HOCTM — 20 MoTpebHocTM — 25

Puc. 9.5. Mpumep pelueHns 3agaum MoHxa — KaHToposuya B Buge rpada

3a0aua Mouica — Ha 3alaHHOMN NNOLLAAN Pa3MELLLEHO MHOXeCTBO 06b-
eMOB TOBapoB (A4,, A, Aj;), KOTOPble HEOOXOAMMO MEpPeBe3TU Ha APYryto
3afjaHHyto nnowagb (B,, B,, By) C MUHUMU3ALIMEN TPAHCMOPTHLIX 3aTpar.

3adaua Opoena — pacnpefeneHne TOBapoB 33JaHO, M B HEKOTOPbIX
MecTax CrpoC NPeBbILAeT MNPeLIOXKEHNE, & B HEKOTOPbIX — HA060pOT.
Mpwv 3TOM 3afjaHa CTOMMOCTb NEPEBO30K eAnHULIbI MPoAyKTa. Heobxoaumo
MpU MUHUMaSIbHBIX 3aTpaTtax yA0BETBOPUTL CMPOC.

3aoaua Xuuxoxa — 38jaHO0 MHOXECTBO MOPTOB OTNPAB/IEHNSA U Ha3HaYe-
HuA. [laHa MaTpuua KoaM4ecTsa NepeBo3ok, Yncnia Kopabnei B KaXK4OM W3
MOPTOB Ha3Ha4YeHWs, KONNYECTBO TOBAPOB, HEOOXOAMMbIX B pa3HbIX NopTax
HasHayeHWsl. Hy>XHO HaiiTu nfaH MepeBO30K C MUHMMabHLIMN U3AEPXK-
Kamu.

10. HEYETKAS JIOTUKA

10.1. HeueTkas noruka, Kak 0606LeHme ApMCTOTENEBOI TIOTUKN.

10.2. HeyeTKue BbICKa3bIBAHUA U HEYETKME MOAE/IN CUCTEM.

10.3. MaTtemaTnyeckoe obecreyeHne CUCTEMbI OnepaTUBHON 06paboTKM
M UHTENNEKTYaNIbHOrO aHan3a aHHbIX, UCNOSb3YHOLEN HEUETKYIO NOTUKY.

10.1. Heuerkasi J10THKa, KaK 00001IeHHe APHCTOTEJIeBOIi JIOTHKH

HeueTkas norvika — 310 0606LLEHVe TPaAULIMOHHON APUCTOTENEBOIA No-
TMKW Ha CNyvaid, Korga UCTUHHOCTb PacCMaTpUBAaeTCs KakK NMUHIBUCTUYE-
CKas MepemMeHHas, NPUHUMALOLLANA 3HAUEHMS TUMA: «OYeHb UCTUHHO», «60-
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nee-MeHee UCTUHHO», «HE 0YeHb /IOXKHO» U T. M. YKa3aHHbIe SIMHIBUCTUYE-
CKUe 3HaUYeHUs NPeSCTaBNAOTCS HEUETKMMMN MHOXECTBAMMU.

Jlunzeucmuueckoti Ha3blBAETCS NEPEMEHHASs, MPUHMMAIOLLAA 3HAYEHUS
3 MHOXECTBA C/I0B WU C/IOBOCOYETAHUIA HEKOTOPOTrO eCTECTBEHHOIO W/
MCKYCCTBEHHOTO A3blKa. MHOXECTBO JOMYCTUMbIX 3HAUEHWI IMHIBUCTUYE-
CKOVi MepeMeHHO HasblBaeTCs mepm-mnoscecmeom (puc. 10.1).

0 T;ennm.ﬁ
1

He4eTkas noruka

FopAvMiA WAKW XonogHbiA

Bynesa noruka

Puc. 10.1. CpaBHeHWe YeTKOIA 1 HEUYETKOI TOTVKK

3afjlaHne 3HaYeHWUs MepeMeHHOl cnoBamu, 6e3 MCMosb30BaHWs uuncen,
4na yenoBeka 60/iee eCTeCTBEHHO. EXKeAHEBHO Mbl MPUHUMAEM PeLUeHNs Ha
OCHOBE JIMHIBUCTUYECKOW MH(OPMALIMN TUMA: «OYeHb BbICOKas Temnepary-
pa»; «ANuTeNbHas Noe3fKa»; «ObICTPbIA OTBET»; «KPAaCUBbIA OYKeT»; «rap-
MOHWYHBbIA BKyC» M T. N. TCUXONOrK YCTaHOBUAW, YTO B Ye/IOBEYECKOM
MO3re MouyTW BCSA 4MCnoBas MHGopMauus BepbanbHO NepekoaupyeTcs U
XPaHUTCA B BWAE JIMHIBUCTUYECKMX TepPMOB. IMOHSATWE NMHIBUCTUYECKOM
MEPEMEHHOI WUrpaeT BaXKHYKO PO/ib B HEYETKOM JIOFMYECKOM BbIBOZE W B
MPUHATUM peLeHNiA Ha OCHOBE NPUBAMKEHHBIX Paccy>aeHnin. ®opmMasnbHO,
NIMHIBMNCTUYECKAS NepeMeHHas OnpeaenseTcs cneaytow M 06pasom.

Omnpenenenne. Jlunzsucmuueckas nepemennas 3afaeTcsl MATEPKON

<x, T, U, G, M2, rge x — UMsi NepeMeHHoIA; 7' — TepM-MHOXECTBO, KaX/blii
3/1EMEHT KOTOpOro (TepM) NPeACTaB/sieTC KakK HeuyeTKoe MHOXECTBO Ha
YHUBepcasibHOM MHOXeCTBe; UG — CMHTaKCMYecKme npasuia, 4acTo B BUIE
rpamMMaTuKy, NnopoXjaloline Ha3eaHWs TepMoB; M — ceMaHTUYecKune npa-
BUNa, 3afarowye (YHKUMU NPUHaSIEXHOCTU HEYETKMX TepMOB, MOPOX-
JEHHbIX CUHTaKCUYeCKMMK npasunamu G.
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Heuerkue Jornyeckue onepamuu. BHayane KpaTko HaroMHMM OCHOB-
Hbl€ MOM0XeHUA 06bIYHON (6yneBoiA) NOrMKK. PaccmoTpum fABa yTBepXKae-
HUA A 1 B, Kaxgoe 13 KOTOPbIX MOXET ObITb UCTUHHBIM WU/ NOXHBIM, T. €.
MPUHMMaTL 3HaYeHMst «1» unn «0». [ng aTux ABYX YTBEPXAEHWIA BCEro

cyLlecTByeT 2% 18 pasnyHbIX JI0TMYECKMX OMepauuii, 13 KOTOpbIX
COAEpXKaTeNbHO MHTEPNPETMPYOTCA Anwb nate: U(A), TN (V), ucknto-
vatoulee NN (&), umnavkaums €) v 3KBUBANEHTHOCTb ().

B MHOrosHauyHol NOrMKe forMyeckvie ornepauyMm MOryT 6biTb 3afaHbl
Tabnmuamm UCTUHHOCTW. B HEYeTKOI Norvke KONMYECTBO BO3MOXHbIX 3Ha-
YeHUIA UCTUHHOCTU MOXET ObiTb BECKOHEUHbIM, CnefoBaTe/bHO, B 0OLLEM
Bude TabnMyHOe NpeAcTaBfieHne NOTMYECKMX Onepauuii HeBO3MOXHO. Op-
HaKo B TabsMyHOl (hopme MOXHO NPeAcTaBUTb HEYETKME IOrMYeckye one-
pauum AnA OrpaHWYeHHOro KOMMYECTBA MCTUHHOCTHBLIX 3HAYeHWid, Hanpu-
Mep 48 TepM-MHOXeCTBa {«MCTUHHO», «0YEHb UCTUHHO», «HEe UCTUHHOY,
«b0nee-MeHee NI0XKHO», «/TOXKHO»}.

B pesynbTaTe BbINOMHEHWS NOTMYECKMX OMepauunii 4acTo Monyvaercs
HEYeTKOe MHOXECTBO, KOTOPOE He 3KBMBA/IEHTHO HY OAHOMY W3 paHee BBe-
JEHHbIX HEeYeTKMX 3HAYeHW UCTMHHOCTW. B 3Tom cnyuvae Heo6xoammMo
Cpean HeuyeTKMX 3HaYeHuli UCTMHHOCTWM HaliTW Takoe, KOTOPOE COOTBET-
CTBYeT pe3y/bTaTy BbIMOSHEHWUS HEYETKOM SIOFMYECKON onepauuy B Mak-
CUMa/bHOI CTeneHn. JpyrmMm cnosamu, He06X0AMMO NPOBECTM TaK Hasbl-
BAaEMYIO Jsunceucmuyeckyro annpoxcumayuio, KOTOpas MOXET paccMaTpu-
BaTbCA KaK MPUBAMKEHME SMNUPUYECKOro pacnpeseneHns CcTaHdapTHbIMM
(hYHKLMAMMN CyYaiHbIX BEAUUMH.

Onpenenenue. Heuemxotl 6a3oil 3nanuti Ha3bIBAETCA COBOKYNHOCTL He-
YeTKMX NpaBun «Ecnun...TO», ONpeaenstowmX B3aMMOCBS3b MEXay BXoAa-
MW 1 BbIXOZaMU nccnefyemoro obbekta. O600LEHHbIN hopMaT HEYETKMX
npaswn Takoii: Ecim nocvlika npasuna, To 3aKio4enue npasud.

B y3KOM CMbIC/ie HEUeTKas orMka — 3To IOrMYecKoe NCUUCneHune, AB-
NsloLLeecs pacluvpeHMeM MHOFO3HaYHO NOTUKK. B ee LWIMPOKOM CMbiCe,
KOTOpbI CEerogHs ABnseTca Npeobnajatolym B UCMOMb30BAHUW, HeuemKast
J02uKa PaBHO3HAYHA TEOPUN HEYETKMX MHOXECTB. C 3TON TOUKM 3peHus,
HewemKas o2uka B Y3KOM CMbIC/E ABNISETCA Pa3fesioM HEYETKOMN OTUKK B
LUMPOKOM CMbIC/E.

HaBsepHoe, cambIM BNeYaT/IfIOWMM Y Ye/TIOBEYECKOTO UHTENEKTa AB/IA-
eTCA CNOCOBGHOCTb NPUHWUMATL NPaBW/ibHbIE PELUEHUA B YCNOBUAX HEMON-
HOIi 1 HeveTKoN nH(opmMaumm. MocTpoeHne Mogesneld NPUGAVKEHHBIX pas-
MbILLMIEHWIA YeNoBeKa M MCMOMb30BaHME WX B KOMMbIOTEPHLIX CUCTEMAaX
MpeLCcTaBsAeT B HACTOSALLEE BPEMS OfHY 13 BaXKHEMLLMX NPo6nem HayKu.
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10.2. HeyeTKHe BHICKA3BIBAHUSA U HEYETKHE MOIEH CHCTEM

HeueTKMMK BbICKa3biBaHUAMU OyAeM HasblBaTb BbICKa3blBaHWS Crefy-
lOLLIEro BMaa:

1. BbickasbiBaHue <b ecTb b™>, rge b — HaumeHOBaHWe NUHIBUCTUYE-
CKOI MepemeHHOl, b' — ee 3HaueHue, KOTOPOMY COOTBETCTBYET HEYeTKOe
MHOXECTBO Ha YHMBEPC/IbHOM MHOXECTBE X, Hanpumep, BbICKa3blBaHWE
<oasnenue Oonvuoe> NPEANONaraeT, YTo NIMHIBMUCTUYECKON MepeMeHHON
«Oasnenuey NPULAETCA 3HAYEHWE «boabuioe», ANA KOTOPOrO Ha YHUBEp-
Ca/IbHOM MHOXECTBe X MEepPeMEHHON «dasnenue» ONPELENeHO COOTBET-
CTBYIOLLIEE AHHOMY 3HAUYEHUIO «6oabuioe» HEYETKOe MHOXECTBO.

2. BbickasbiBaHue <b ecTb mb'>, rge m — MmogMguKaTop, KOTOPOMY CO-
0TBETCTBYIOT cnosa OYEHB, BOJIEE UJIH MEHEE, MHOI'O BOJIBLIIE
N ap., HanpuMep, <daeiaerue oueHv OoIbLULOE™S, <CKOPOCMb MHO20 0O/blLE
cpedHeu> W Ap.

3. CocTaBHble BbICKa3blBaHWs, 06pa3oBaHHble M3 MPUBEAEHHbLIX BbILLE
BbICKa3biBaHWI BMAOB 1 1 2 u cow3oB U, UJIU, ECJIU..., TO..., ECJIH,
TO..., UHAYE. J1OTMKO-TMHTBUCTUYECKME METO/bI OMUCAHNS CUCTEM OCHO-
BaHbl Ha TOM, 4YTO MOBeJEHME WUCCMEeLYeEMOV CMUCTEMbI OMUCHLIBAETCA Ha
€CTECTBEHHOM (MM BG/IM3KOM K ECTECTBEHHOMY) A3blke B TEPMUHAX SINHT-
BUCTUYECKMNX MEPEMEHHbIX. BXoAHble U BbIXOAHbIE MapameTpbl CUCTEMbI
paccMaTpuBalOTCA Kak SMHIBUCTUYECKME MepeMeHHble, a KayecTBEHHOE
onwvcaHve NpoLecca 3aaeTcs COBOKYMHOCTbIO BbICKa3blBaHWA CeaytoLLero
BUA:

L,: ecnn <A;> 10 <B,>,
L,: ecnn <A,> 10 <B,>,
L, ecnm <A> 10 <B,>,

roe <A>, i =1, 2, ..., k- coctaBHble HeYeTKWE BbICKa3bIBaHUA, OMNpese-

NeHHbIE Ha 3HaYEHUAX BXOAHbIX IMHTBUCTUYECKUX MepPeMeHHbIX, a <B>, i =

=1, 2, ..., k — BbICKa3blBaHA, ONPEJENEHHbIE Ha 3HAYEHWAX BbIXOAHbIX
JINHTBUCTUYECKMX MEPEMEHHBIX.

C nomoLLbto Npasui NpeobpasoBaHNs AU3LIOHKTUBHOM Y KOHBHOHKTYB-
HOVA ()OPM OMMCaHWe CUCTEMbI MOXHO MPUBECTU K TAKOMY BUAY:
L,: ecnn <A;> 10 <B,>,
L,: ecnn <A,> 10 <B,>,

Lk: ecnu <A > 10 <B,>,
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raoe A, A,..., A, — HeYeTKME MHOXECTBa, 3afaHHble Ha [eKapTOBOM
npou3BefieHMN X YHWMBEPCAIbHBIX MHOXECTB BXOLHbIX JIMHIBUCTUYECKMX
nepemeHHbIX, a By, B,,..., B, — HeueTKne MHOXeCTBa, 3afaHHble Ha AeKap-

TOBOM Mpou3BeAeHnN Y YHUBEPCAIbHBIX MHOXECTB BbIXOAHbLIX MHIBUCTHU-
YECKMX NePeMEHHbIX.

CosokynHocTb umnavkauuii {L,, L,,..., L.} oTpaxaeT (hyHKLMOHab-
HYH0 B3aMMOCBA3b BXOAHbIX U BbIXOAHbIX NEPEMEHHbIX U ABAETCA OCHOBOM
MOCTPOEHMS HEUETKOrO OTHOLWeHUA XRY, 3agaHHOro Ha npoussegeHun XY
YHUBEPCASIbHbIX MHOXECTB BXOAHbLIX W BbIXOAHbLIX NepeMeHHbIX. Eciv Ha
MHOXeCTBe X 33/laHO HEYETKOe MHOXECTBO A, TO KOMMO3ULMOHHOE MNpaBu-
no BbIBOAa B = A-R onpefensieT Ha Y HEYETKOE MHOXECTBO B ¢ (hyHKLMel
npuHagnexxHoctn mB(Y) =V, (MA(X) LmR(X, Y)).

Takum 06pa3omM, KOMMO3ULMOHHOE NPaBWsIo BbIBOAA B 3TOM C/yyae 3a-
[aeT 3aKOH (hYHKLMOHNPOBaHMA HEUETKON MOLENN CUCTEMDbI.

10.3. MatemaTH4yecKoe odecnieyeHHe CHCTEMBbI ONePATHBHOI
00padoOTKH U HHTENIEKTYaILHOT0 AaHAJIN3A JAHHBIX, HCIOJIb3YIoI el
HEYeTKYIO JIOTHKY

MatemaTtuueckas 6asza co3gaHus UHHoOpMaLUOoHHbIX cucteM (MIC) Ho-
BbIX MOKOMEHU/ hopmupyeTcs Ha OCHOBe 3((EKTUBHOIO COYeTaHus
HaKOMN/IeHHOWN CUCTEMbI 3HaHWIA C HOBbIMW MOAX0AamMy U napagurmMamu mc-
KyccTBeHHoro mHtennekta (M). Cpean HUX BaKHas posib NMPUHALNEXUT
MeToZaMm M Mogensm, obecneyvBatoLMM (OPManM3aLmMio U MHTErpauuto
3HaHWIA, MeXaH13M NOrMYeCKOro BbIBOAA, MOUCK PELUeHNI 1 Bblgavy npak-
TUYECKUX peKOMeHAaumnii. Hapsgy ¢ TpagMUMOHHLIMU METOAAMMN «UHYKEHE-
pUM 3HaHWIA 3A4eCb HaXOAWT MPUMEHEHME KOHLEMUUA «MSFKUX BblumMCie-
Huit» (puc. 10.2).

MpyHUMN hopmanmsaumm HeYeTKo MHopMaLMmn B MybTUNPOLLECCOp-
HOI BbIYNCANTENBHON Cpefe NO3BOMISET OCYLLECTBAATL Napane/bHble Le-
MOYKM HEYETKOro BbIBOAA B HEMPEPLIBHO M3MEHSIOLLMXCA YCMOBUAX AMHaA-
MWK/ 06bEKTA U BHELLHER cpedpl. cnonb3oBaHne 3Toro npuHumna B NC
NOAAEPXKKN NPUHATUS PELLEHN AaeT ciefytoLme NPeMMyLLEeCTBa:

OTKPbIBAET NEPCNEKTVBbI MPOrpaMMHOI peanm3aL i CMOXHbIX Mogenel
npeacTaBneHNs U 06paboTKM HEYETKOW CUCTEMbI 3HAHMWIA;
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DyHKLU MK
npuHag-
MEWHOCTH

- MawwHa ~

X dazzu- _':’ nevetkoro |7 Decdazan-
—>| ¢mkatop NOMMYECKOro dukaTop
BLIBOAA

HeveTkan
baza
3HEHMN

Puc. 10.2. KoHLEeNnums «MArkux» BbIYUCNEHNIA

obecneunBaeT (YHKLMOHMPOBaHME KOMMIEKCA B PEXMME peasbHOro
BPEMEHU M COKpALLAeT pacxodbl Ha pa3paboTKy anmnapaTHOro obecrneyeHus
MeXaHM13Ma HeYeTKOro BbIBOAA;

YCTpaHseT TPYAHOCTU peLleHns 3a4ay npu pacnapansie/iMBaHnm BblYnC-
NNTENbHOTO MpoLecca C CYLLECTBEHHON HEeperynsipHOCTbIO BbIYWC/EHNIA,
XapaKTepHO Ansa 3afay NOAAEPXKKW MPUHATUA PELLEHNI, peann3yeMblX Ha
6a3e MHTErpUpPoBaHHbLIX KOMMIEKCOB.

Heoepmunuposannocms 6v1860006. ['PakKTUYECKN BO BCEX CUCTEMAX UC-
KYCCTBEHHOIO MHTE/N/IEKTa 3HaHWS HaKan 1BaroTCs (pparMeHTapHO, U Hefb-
39 anpuopn onpeaennTb LENOYKY NOMMYECKUX BbIBOAOB, B KOTOPbIX OHU
6yayT Mcnonb3oBaTbes. MocnefoBaTenbHOCTb AENCTBUIA MPY MOMCKe peLLe-
HWS1 3apaHee He MOXKeT ObITb OMpeAeseHa, 1 Heo6XoaNUMO MeToA0M NPo6 K
OLUMOGOK BbIGPATb HEKYH LIEMOYKY BbIBOAOB, a B Clydae Heycrexa opraHu-
30BaThb Nepebop C BO3BpaTaMu ANs MOMCKa APYroii LENOYKM U T. 4.

Mnozosnaunocms. O MHOT03HAYHOCTW 3HAHWIA FOBOPAT TOrda, Korga
OAVH W TOT XXe 3/1eMEHT 3HaHW (NOHATKE, CUMBOJ, 3BYK, M3006paXKeHNE U
T.MN.) MOXeT 6bITb WHTEPNPETUPOBAH MO-pa3HOMY. MHOF03Ha4YHOCTb WMH-
TeprnpeTauum — 06bIYHOE SBEHWE MPW MOHUMAHNKN ECTECTBEHHBIX A3bIKOB U
pacno3HaBaHuW N3006paXkeHUiA 1 peun. HeHaaeXXHbIMK ABAAKTCS Te 3HaHWS,
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NpeacTaBUTb KOTOpble ABYMS 3HAYEHWUSIMW — UCTUHA WK NIOXb — HEBO3-
MOXHO MM TPYAHO. B COBPEMEHHOM (IM3MKE 1 TEXHUKE TaKyl HeHafex-
HOCTb MPEACTaBNAT BEPOSTHOCTbIO, MOAYMHAOLEACS 3akoHam Baiteca.
Ho npu 06paboTke 3HaHUIA 6bI10 Bbl HENOTMYHO UMETH /0 CO CTEeMeHbIo
HafeXHOCTU, NPUNMUCAHHON 3HAHMAM U3HAYalbHO, U MO3TOMY MPUMEHSIOT-
€A cneumuyeckrie MeTofbl paboTbl C HEHAAEXKHBIMY 3HAHUAMU.

Henonnoma 3nanuii. NOMHOCTBIO ONUCATH OKPY>XKAOLLNIA MUP UYPe3Bb-
yaiHo cnoxxHo. CoaepXkMoe 6asbl 3HaHWIA MO N6 NPeaMETHOR 061acTH
ABNSETCA HEMOHbLIM, MOCKO/bKY MOXHO (XOTS ¥ TPYAHO) NEpeyncnnTb Bee
BEPHbIe 3HAHWS B JaHHOI 061aCTW, HO HEBO3MOXHO MEPEYNCINTL U pasyM-
HO OnpefenuTb HeBepHbIe 3HaHWS. Mo3ToMy LienecoobpasHo B H6ase 3HaHWI
onpefenaTb TOMbKO 3aBEAOMO BepHble 3HaHWsl, a Mtobble YTBEPXKAEHWS,
KOTOpble He onpesesieHbl, OTHOCUTb K IOXKHbIM. 3TO Ha3bIBaeTCA rMnoTe3ol
3aKpbITOro Mupa.

Heuemxue 3xcnepmmuple cucmemut NPELCTABNAIOT 3HAHUA B (hopmMe He-
YETKMX MPOAYKLMIA 1 COBOKYMHOCTW SIMHIBUCTUYECKMX MepeMeHHbIX. Oc-
HOBY NpeACTaB/ieHNs NIMHIBUCTNYECKON MEPEMEHHOI COCTaBMseT TepM C
thyHKUMed npuHagneXxHocTn. Cnocob 06paboTkU 3HaHWA — 3TO BbIBOZ MO
HeuyeTKUM npoayKuusaM. OCOBGEHHOCTbH KOHKPETHOW HedeTkoi IC sABNs-
t0TCA CNOCO6bI U3BIEYEHNS (PYHKLMIA NPUHAANEXHOCTU, KOTOPbIe CBOASATCA
Mo K CTaTUCTUYECKUM METOAaMm MOCTPOEHWs M3 TUCTOrpammbl, Mbo K
BapuraHTam MeTOfa 3KCMEPTHbIX OLEHOK.

Msirkoi akcrepTHoi cuctemoin (3C) 6yaem HasblBaTb HeueTkyto 3C,
KoTopasi 06nafaeT cnegytoLmmm ocobeHHocTaMU (puc. 10.3).

Msirkas 3C ans n3BneyveHnst 3HaHUIA UCMONb3YeT CTaTUCTUYECKNE [aH-
Hble, KOTOPbIE MHTEPMNPETUPYET Kak 0byyatoLive BbIGOPKU AN HEYETKMX
HEepOHHbIX ceTeil. MsArkas 3C npeAcTaBnsieT 3HaHWS KakK COBOKYMHOCTb
JIMHIBMCTUYECKMX NepeMeHHbIX ((hYHKLMIA MPUHAAIEXHOCTUN), HEYETKMX
MPOAYKLMiA U 06YYeHHbIX HEMPOHHBIX CeTeld, PYHKLMIA CBEPTKM KpUTepres
MpW MHOTOKPUTEPUabHOM Bblibope. PefyKuMs MHOXECTBa HeYeTKMX Mpo-
OYKUMIA BbIMOHAETCSA C MOMOLLBHO FeHEeTUYECKUX anroputMoB. Msrkas 3C
COYeTaeT LWary BbiBOA MO HEYETKMM MPOAYKLUMSM C LuaraMu BbiBOAA Ha
6a3e OHTO/Or WA

Takum 06pa3oM, ecim MArKAMU HasblBalOT BbIYMCIEHNS, COYETAKOLLME
TEOPUIO HEYETKUX CUCTEM, HEMPOHHBIE CETU, BEPOSITHOCTHLIE PaCCy>KAEHNS
M TEHETUYECKME aTTOPUTMBbI 11 06/1afatoLLme CUHEPTMYECKUM 3D(hEKTOM, TO
MSAFKOA Ha3blBatoT SC, COYETaOLLyt0 MEPeYNCIEHHbIe TEOPUU Paan TOro
e ahheKTa B3aMMHOTO YCUIEHMSI.
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Puc. 10.3. Msrkas skcrnepTHas cuctema

11. TOKYMEHTAJIBHBIE THO®POPMAIIMOHHO-IIONCKOBBIE
CHUCTEMBI

11.1. JoKyMeHTanbHbIA MOUCK.
11.2. Bubanorpagunyeckuii Momck.

11.1. TokymMeHTAIBHBII MOUCK

JokymeHTANbHBIH HH(POPMAUMOHHBIN NOUCK, MOWUCK AOKYMEHTOB
(document retrieval) — Bug MHHOPMaLMOHHOIO NOMCKa, CBA3aHHbIA C Npo-
Lleccamm HaXoXeHUs 1 Bblfaun JOKYMEHTOB.

3afjava doKyMeHmanbHo20 UHGOPMAYUOHHO20 ROUCKA UAU OmboOpa 00-
xymenmos (O[1) CBOAUTCA K TOMY, YTOObI, HE MPOYUTLIBAS TEKCTOB MHOXeE-
CTBa AOKYMeHTOB (T;), MO KakMM-TO BHELUHUM OMWCaTENbHLIM MPU3HAKaM
BbI6MPATL U3 3TOr0 MHOXECTBA Takue JOoKyMeHTbl (D;), KOTOpbIe MO CMbiC-
Ny COOTBETCTBYIOT MH(opMaLmoHHOMY 3anpocy (C;). s 3Toro Kaxablit
[OKYMEHT CHabXaeTcs MOMCKOBbIM 06pa3oM — XxapakTepucTukoi (P;), B
KOTOPO#A KpaTKO M Of|HO3HAYHO BbIPAXKAETCA OCHOBHOE CMbIC/IOBOE COAEp-
aHne [OKyMeHTa. B Buae Takoi e KpaTKoi M OAHO3HAYHONW 3anmcu —
MOWCKOBOI0 NPeAnucaHns — JOMKeH BbITb CHOPMYIMPOBAH U MH(OPMALIM-
OHHbIA 3anpoc (puc. 11.1).
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Puc. 11.1. MNpoueaypa noucka 4OKYMEHTOB

Bnarofaps aTomy npouegypa WH(OPMALMOHHOIO MOMCKA MOXET 6bITb
cBefleHa K MPOCTOMY COMOCTaB/IEHUIO MOWCKOBBLIX 00pPa3oB LOKYMEHTOB C
3a/jaHHbIM MOMCKOBLIM NpeanucaHuem. Ecny novckoBblii 06pa3 OKYMeHTa B
YCTaHOB/EHHO CTENEHN COBMafaeT C NMOVWCKOBbLIM MPEANMUCaHNEM, TO CUMTa-
€TCA, YTO 3TOT JOKYMEHT OTBEYAET Ha MH(POPMALMOHHBIN 3anpoc [28].

Ecnu B doxymenmanvrom ungpopmayuonnom noucke 06paTHas CBA3b C
abOHEHTOM CNYXWUT AN YTOUYHEHWUS WHOPMAaLMOHHBLIX MOTPe6HOCTEN U
KOppeKummn 3anpoca A1 Nnoucka B CYLLUECTBYIOLLEM GaHKe [OKYMEHTOB, TO
obpaTHas cBA3b B (hakTorpadum, KpoMe KoppeKLumn 3anpoca, rnasHbIM 06-
pasoM [O/MKHA CNYXUTb AN8 YTOUHEHWS TEMaTUKK Npu opMMpoBaHun 6a3
JaHHbIX ADUTC. HeobxoaMmocTb B MOCTOSIHHON aKTyanmu3aumm (akTo-
rpanyeckoin MHOPMaLMN B OTHOLLEHUM CYLLECTBYIOLLUMX MH(OPMAaLOH-
HbIX MOTPEBHOCTEN ABNAETCA XapaKTePHbIM MPU3HAKOM (hakTorpamyeckmnx
unc.

OueBnAHO, YTO OMUCAHHBI METOA OOKYMEHMANbHO20 UHGOPMAUUOHHO-
20 noucka MOXET 6bITb MPUMEHEH KaK B OHOKOHTYPHbIX, TaK U B iBYXKOH-
TYPHbIX MH(OPMaLMOHHO-NOUCKOBLIX cucTemax (UMC), 1. e. 8 UMC ¢ op-
HUM UK ABYMS 3Y — aKTUBHbIM U NACCUBHbIM.

YenioBeK B CWTy OMPeAEeeHHOM OrpaHNYeHHOCTM CBOUX BO3MOXHOCTENA
6onee He MOXET, MOMb3yACb /Wb TPaAULMOHHBIMK  BUGINOTEYHO-
6mbamorpaMyeckMMm MeTogaMn U CpeacTBaMu, YAOBNETBOPUTENIBHO pe-
WaTth 3afa4y OoKyMeHmAanbHo20 UH@OpmMayuoHHo2o noucka. BO3HUKNA
0CTpas NpakTUyeckas noTpebHOCTb B CO34aHUN MaMHHBIX UMC, KoTopble
MOr/IN Obl 3HAYUTENBHO 3PPEKTUBHEE, YEM YENOBEK, BbINOMHATL (opMasib-
HO-/I0rMYEeCKME onepaLmMn MHHOPMALMOHHOTO MOUCKa.

HNudopmaunonnsiii mouck (Information retrieval) — npouecc noncka
HECTPYKTYPUPOBAHHOW AOKYMEHTaNbHON UHOPMaLUK, YA0BNETBOPSIOLLETN
NHOPMAaLMOHHbIE MOTPEBHOCTH, U HayKa 06 3TOM MOWCKE.

TepMUH «MHOPMAaLMOHHbIA MOUCK» OblN BNEPBble BBeAeH KenbBUHOM
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Mypom B 1948 r. B €ro AOKTOPCKOW Aucceptaumu, ony6/inMKoBaH M ymo-
Tpebnsetca B nuTepatype ¢ 1950 1.

Buapl novcka:

1) NONHOTEKCTOBLIA MOUCK — MOWCK MO BCEMY COAEPXUMOMY AOKYMEH-
Ta. [pvMep MOMHOTEKCTOBOrO MOMCKA — JIH060I WHTEPHET-MOUCKOBUK,
HanpuMep www.yandex.ru, www.google.com. Kak npasuio, NoiHOTEKCTO-
Bblii NOWCK [N YCKOPEHWSA NOWCKa MUCNOJb3yeT MNpeABapuTeibHO MOCTPo-
eHHble MHAEeKCbl. Hanbonee pacnpoCTpaHeHHON TeXHONOTUER 418 MHAEK-
COB MO/IHOTEKCTOBOIO NMOUCKA ABNAKTCA UHBEPTUPOBAHHbIE NHAEKCHI;

2) NOWCK N0 MeTafiaHHbIM — 3TO MOMCK MO HEKMM aTpubyTam AOKYMeH-
Ta, MOAJEPXXMBaeMbIM CUCTEMON: Ha3BaHWE [OKyMeHTa, faTa CO03faHus,
pa3mep, aBTop W T. 4. [puMep Noucka rno peksusnTam — Uaior rnoucka B
thaiinoBoii cucteme (Hanpumep, MS Windows);

3) NOUCK M306paXeHnin — MOUCK NO CoAepXaHuio n3obpaxeHus. MNouc-
KOBas CUCTEMa Pacro3HaeT cofepxaHue dortorpaduu (3arpyxeHa nosb3o-
Batenem unu gobasneH URL u3obpaxeHuns). B pesynbTaTax nouncka nosb-
30BaTe/lb NOSyYHaeT MOXOXKUe M300paXeHWs. Tak paboTaloT MOWCKOBble
cuctemsbl Polar Rose, Picollator n gp. (puc. 11.2).

Kpaynep

Crpanuub
WHTEpHETa

06paborumk
3anpoca

Panmuposanmne

Mupekcatop lNomckosan

MallnHa

HOPMBIIHBOBBHH bie
AOKYMEHTBI

Puc. 11.2. O6Las CTpYKTypa CUCTEMbI MH(POPMALIMOHHOTO NMoMcKa

Bubanorpaduueckuii mouck — UHPOPMALMOHHBIV MOWCK, OCYLLECTB-
NieMbIi Ha OCHOBaHWM 6MBANOrPaPUUECKNX JaHHbIX.

JOKyMEHTAABHBIA MOUCK — WH(OPMALMOHHbIA MOMCK, NPy KOTOPOM
00OBLEKTOM MOWCKa ABMAIOTCA JOKYMEHTbI; MPOLIECC MOMCKA B XpaHWuULLe
VH(OPMAaLOHHO-MOWCKOBOI CUCTEMbI NEPBUYHBIX JOKYMEHTOB U B 6a3e
JaHHbIX BTOPUYHbIX [JOKYMEHTOB, COOTBETCTBYIOLLMX 3arpocy Nnosb3oBare-
ns. CyluecTByeT fiBa BUAa [JOKYMeHTaNbHOro nomcka (puc. 11.3).
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Puc. 11.3. loKyMeHTabHbIA NOMCK

Ha puc. 11.3 npefcrasfieHbl Ba OCHOBHbIX BUAa JOKYMEHTaLHOrO Mno-
ncka:

1) 6ubnuomeunsviti, HaNPaBNEHHbIA HAa HaXOX/AEHWE MepPBUYHbIX AOKY-
MEHTOB;

2) 6ubnuozpaguueckuil, HaNPaB/IEHHbIA Ha HaxXOXAEHWEe CBeAeHW o
[LOKYMeHTax, MpeAcTaBNeHHbIX B BUAe 61banorpadmyeckmx 3anmuceil.

®dakrorpadpuueckuii MOUCK — NHPOPMALMOHHBI MOUCK, MPWU KOTOPOM
OTbICKMBAEMass MHMOPMaLMA MMeeT XapakTep KOHKPETHbIX (haKTUYeCKMX
CBeAeHWIA (B OT/IMUME OT AOKYMEHTASIbHOTO MOMCKA, MO3BOMAOLLErO NOYy-
YUTb CBEJEHUSA NULLIb 06 UCTOYHMKAX MHA(OPMaLLMK); NPoLece noucka hak-
TOB, COOTBETCTBYHOLLMX UH(OPMaLMOHHOMY 3anpocy (puc. 11.4).

Puc. 11.4. ®YHKLMOHaNbHas CXeMa (paKTo-aHaMTUUECKO NMPOrpaMMHOI CUCTEMbI

K takTorpadmyecknm AaHHbIM OTHOCATCH CBeLEeHUs, U3B/IeYeHHble U3
[OOKYMEHTOB KaK MepBUYHBIX, TaK ¥ BTOPUYHbLIX U NOJTyYaemble Hemnocpes-
CTBEHHO 13 UCTOYHUKOB MX BO3HWKHOBEHUS.

Pasnuuatot ABa Buga:
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1) doxymenmanvho-ghaxmoepaguueckuil, 3aKN0YAETCA B MOUCKE B [10-
KyMeHTax (pparMeHTOB TEKCTA, COAEPXKaLMX haKTbl;

2) paxmonozuneckuti (ONMCaHWe (PakToB), Npeanonaralowwmii co3gaHme
HOBbIX (haKTOrpatMyeckmx OMMCaHWin B NMPOLECCe MOMCKa MyTeM JOruye-
CKOVi NepepaboTKN HaliaeHHOI thakTorpaduyeckoi Hhopmauuu.

11.2. buéanorpadguyecKuii MOUCK

Brubnunorpadruecknii NOMCK — 3T0 MHPOPMALMOHHBIA NOUCK, T. €. 0TOOP
6mbnmorpanpyembix JOKYMEHTOB U3 YMC/A BbISBMEHHbLIX C LEbH MX No-
cnefytouleii bubnunorpagunyeckoin 06paboTkm (3anucu), ocyLLecTBISEMbIN
Ha 0CHOBaHWW 6V1GMOrpauUecknX faHHbIX (puc. 11.5).

B 6ubnuorpauu BbIAeNAOT TPU OCHOBHbIE Lenu MHPOPMaLUOHHOro
rnovcka:

1. Mounck HeobXoaUMbIX CBEAEHUIA 06 NCTOYHMKE WM YCTAHOBMIEHME €r0
HasMumusa B CMCTEMe APYrnX UCTOYHMKOB. BefeTtca nmyTeM pasbickaHus 616-
nvorpaduyeckoi UHpopmMauymmn 1 Gudanorpaduyeckmx nocobuii (MHhop-
MaLMOHHbIX M3AaHWiA), cneuuanbHO co3faBaemblX Ans 6onee apheKTUBHO-
ro NomcKa 1 NCcnonb3oBaHUS MHPOPMaLMK (NMTePaTypbl, KHUMK).

2. Mounck camyx MHAOPMAaLMOHHBIX UCTOYHWMKOB (LOKYMEHTOB U M3ja-
HWi1), B KOTOPbIX ECTb U/ MOXKET COAEPXKATbCA HYXKHas MH(opMaLs.

3. Mouck thaKTUYECKMX CBEAEHUIA, COfEPXaLLUXCS B IUTepaType, KHUre,
HarmpumMep, 06 NCTOPUYECKMX (haKTax M COObITUSX, O TEXHUYECKMX XapaK-
TepMCTMKaX MallWH M MPOLECCOB, O CBOCTBAX BELECTB U MaTepuanos, O
6rorpanyecknx JaHHbIX U3 XM3HW W AeSTeNbHOCTU NUcaTens, YUYeHoro
nT. M.

Hwuxe npuBeaeHbl MeTOAbI GUBAMOrpanyeckoro NoucKa.

Cmiomnoit meroa. pn cniowHoOM MeTofde «bubnuorpad ans ocy-
LLLeCTB/IEHNA MOCTAB/IEHHON 3adaun obcneayeT Cnniolb U 6e3 NPoMyCcKoB
BCE Ha/IMUME UMEIOLLMXCSA NOCOBUIA N UCTOYHWKOB...»

Bri6opounblii MeToa. Boniee paumoHanbHbIA U peanbHbIA NyTb NOMCKA
NTepaTypbl — BbIGOPOUHLIA METO, T. €. «OrPaHW4eHHO CrOLLHOW».
B nuTepaType ero 4acTo HasbIBalOT TAKXKE «3MU304NYECKUIA METOLY.

HuryntuBHblil MeTox. VIHAMBMAYaNbHbIA MOAXO4 K MOMCKY Heobxo-
OVMMbIX MCTOYHMKOB Ha OCHOBE NPEAMO/IOXEHNS NM60 6a30BbIX 3HAHWIA, C
YUYETOM KOHKpeTM3auunm Mo KakoMmy-nvbo Tuny (aBTOp NpOU3BEeAEHUI,
XXaHp, N3[aTensCTBO).
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Cxema novcka

1. Mowuck

— |

2. ®oHp 61bMoTeKN

3. BHeLUHKe pecypcbl

4. O6bEANHEHHBIN No-
CK BO BCEX pecypcax

\

5. DNeKTPOHHBbII 6. DNEKTPOHHbIe 616- 7. CBO6GOAHbIE
KaTanior 616mMoTeKM 5l MOTeuHble cACTEMBI Ly pecypcbl
Ha caiiTe (3BC) 1 6a3bl AaHHbIX
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12. MNomnckoBoiA 3anpoc: MeTafaHHble (Mo NOMCKa) 1 CUHTaKCKC 3anpoca (YcnoBums

nowuckKa, MOUCKOBbIE COHO3bI)

/\

13. Mowuck no 6mbnnorpaguyeckuM CBeAeHNAM

14. Mouck no Teme

)

v

\

15. MpocmoTp, aHanus, 0T60p HalaeHHOro

16. OdhopmneHve pe3ynbTaToB NouckKa

M\\

17. 3asBKa 616MoTEKAPIO

18. Cnncok
NUTepaTypsbl

19. bubnuorpagmueckve
CCbIKN

Puc. 11.5. Cxema 6mbnmorpagmueckoro noucka
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12. CACTEMBbI, OCHOBAHHBIE HA 3HAHUSIX

12.1. NOHATME UHTENNEKTYANIbHO CUCTEMBI.

12.2. VIHXXeHepws 3HaHWiA.

12.3. Vicnonb3oBaHWe CUCTEM, OCHOBaHHbLIX Ha 3HaHWAX, B OMTUMW3a-
UMM napaMeTpoB (DYHKLMOHMPOBaHNA OOGBLEKTOB M MPOLIECCOB arporpo-
MbILLISIEHHOrO NPOW3BOACTBA.

12.1. TloHATHE UHTENIEKTYAJbHOI CHCTEMBI

B 1950 r. 6puTaHCKMil MaTeMaTUK AnaH TbHOPUHT 0My6/IMKOBan B Xyp-
Hane «Mind» cBOK paboTy «BbluMCANTENbHAA MALLWHA W unmennexkm», B
KOTOpoIi onmcan TecT A1 NMPOBEPKM MPOrpaMMbl Ha MHTENIEKTYaIbHOCTb.
OH npeanoXunn NOMeCcTUTb UCCNefoBaTENs U NPOrpaMMy B pasHble KOMHa-
Tbl 1 JO Tex Mop, NoKa uccnefoBaTe/b He OMPeaennT, KTO 3a CTEHON — Ye-
NOBEK WNWN npozpamma, CYUTaTb MOBEEHME NPOrpaMmbl PasyMHbIM. JTO
OblI0 OfHO W3 MEPBbIX OMPEAENEHUIA  WUHTENNEKTYa/IbHOCTW, T. €.
A. TblOpVHT MPEANOXNN Has3blBaTb MHTENNEKTYa/lbHbIM TakKoe MOBeAeHME
nporpammbl, KOTopoe 6yaeT MOLENNPOBaTL pasyMHOE NOBEAEHNE YenioBekKa
(puc. 12.1).

1lepennoeKTHDOBaHHE
V1ouHerHe
Y
1 Waentudnurauns | | 2. Haxoxaenne 3. IIpoextnposanne | H. Popruporanne
XapaKTepHCTHK NOHATHHA 471 CTPYKTVPHI 414 IpaBHa 414
337129 ®| npeacraenenns [*| mpeacraemenna [ mpeactaBmeHmua
3HaHHAN 3HaHHHA 3HAHHH
[]
TpeGoeanua [Tonarusa Crpykrypa|5. Onerxa npaemna,
KOTOpEIC
OpTaHHIVIOT
3HaHHE —

Puc. 12.1. 3tanbl NPOEKTUPOBaHUSA CUCTEMbI UCKYCCTBEHHOIO MHTE/NEKTa

C Tex nop MosiBUI0CL MHOFO onpedenenuii uHmenIeKmyaibHblx CUCem
(UC) n uckyccmeennoeo umnmennexkma (HMH). Cam TepmuH HH (Al -
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Artificial Intelligence) 6611 npeanoxeH B 1956 r. Ha cemuHape B JapTMyT-
ckom konnemke (CLUA). MpriBegeM HEKOTOPbIE M3 3TUX OMpPeAEeseHuil.
. Miorep B cBoeli KHure onpefenseT «MH Kak 061acTb KOMMbIOTEPHBIX
HayK, 3aHUMAalOLLytOC UCCiefoBaHMEM U aBTOMaTu3aLmeidl pasyMHOro mno-
BefieHus» [14, 39, 40].

Aoanmuenas cucmema — 370 CUCTEMa, KOTOpPas COXPaHSET paboTocno-
COGHOCTb MNPV HenpeABUAEHHbLIX M3MEHEHMAX CBOWCTB YNPaBIsSieMOro 06b-
eKTa, Lenei ynpasnieHns Uan OKPY>XKatoLLei cpefbl NyTeM CMeHbl areopum-
ma Qpynkyuonuposanus, NPOrpamMmmMbl MOBEAEHWS WU NOUCKA ONTUM&Ib-
HbIX, B HEKOTOPbIX CNyYasix MPOCTo 3PMEKTUBHbIX, PELLEHNIA 1 COCTOSHUIA.
TpagyumMoHHo, Mo cnocoby afanTalum pasnuyaloT camMmoHacTpavBatoLLmecs,
CaM006yL|aP0L|J,V|eCF| n Ccamoopearusyrwuecs Cucmemal.

Mo ancopummom OYfeM MOHUMATL MOCNELOBATENbHOCTL 3afaHHbIX
[eNCTBWIA, KOTOPbIE OAHO3HAYHO OMpeseneHbl U BbIMOMHUMbI HA COBPEMEH-
Hbix 9BM 3a npremaeMoe Bpems 41 peLlaeMoi 3agaum.

Mog HC 6ypeM NOHWUMATb adanmueHyio cucmemy, M03BOMAIOLLYIO
CTPOUTL MPOrpammbl LieiecoobpasHoii AeATENIbHOCTM MO PELUeHMI0 NOCTaB-
NEHHbIX Nepes HUMK 3afa4 Ha OCHOBAHUW KOHKPETHOW CUTYaLuK, CKagbl-
BaOLLEliCS Ha JaHHbIi MOMEHT B OKPY>KatOLLLER MX cpefe.

Humennexmyanvnvie pobomomexnuueckue cucmemvt (MPC) cofepxar
MepeMeHHYH, HaCTpanBaeMyto MOZE/b BHELLHETO MUPa U peaslbHOM UCron-
HUTENbHOW cMCTeMbI C 06BEKTOM ynpasaeHus. Lienb v ynpasnstowye Bo3-
nelicTBusa hopmmpytoTcst B ZPC Ha 0CHOBe snanuti O BHELLHENW cpefe, 06b-
eKTe ynpaB/eHWs N Ha OCHOBE MOJAENNPOBaHWS CUTYauuii B peaslbHOW cu-
cTeMme.

O Kakux npu3Hakax UHTeNNeKTa YMeCTHO FOBOPUTb NMPUMEHUTENBHO K
unmennexkmyanvhvim cucmemam? UC QOMKHA YMeTb B Habope (hakToB pac-
MO3HaTb CYLLEeCTBEHHbIE, //C CMOCO6HLI U3 UMEIOLLMXCA (DAKTOB U 3HaHuil
cfenatb BbIBOAbl HE TO/IbKO C 1CMO/b30BaHNEM dedykyuu, HO 1 C MOMOLLbHO
aHanoruu, nHaykumm n 1. 4. Kpome T0ro, ZC [O/MKHbI ObITb CMOCOOHBI K
caMOoOLeHKe — 06nagaTb peduiekcueid, T. €. CpPeAcTBaMy A1 OLEHKU pe-
3yNbTaTOB COBCTBEHHOM paboThl. C MOMOLLBH MOACUCTEM 06bsACHEHUS HC
MOXeT OTBETWTb Ha BOMPOC, MOYeMy MOSTyYeH TOT WM MHOW pesynbTar.
HakoHew, ZC pomkHa ymeTb 0606LUaTh, YIaBn1Bas CXOLCTBO MEXY UMe-
toLMmucs haktamu.

12.2. MnskeHepusi 3HAHMIA

Huowcenepus 3nanuii NPeACTaBNAET COO60A COBOKYMHOCTb MOAeNel, me-
TOLOB U TEXHUYECKMX MPUEMOB, HALENEHHbIX HA CO3faHue CUCTEM, KOTO-
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pble NpefHasHayeHbl ANA peLueHns npo6sieM € WUCMOMb30BaHUEM 3HAHWIA.
PaKTUYECKN UHXEHEPWUS 3HAHWIA — 3TO Teopws, MeTOAONOMMNSA U TEXHOO-
rns, KOTOpPble OXBATbIBAIOT MeTOAbl J0ObIUM, aHanu3a, NpPeAcTaBfieHua U
06paboTky 3HaHUIA akenepTos [15, 17].

MpeacTaBneHWe 3HaHUIA, MX 06paboTKa M UCMOAb30BaHME, PacCcMaTpu-
BaeMble MPUMEHUTE/IbHO K KOHKPETHOW MpMKIafHON 0651acTv, ABAAKOTCS
NpeaMeTOM MHXEHepUU 3HaHWIA.

Ha BbICOKOM YpOBHE NPOLIECC MHXEHEPUM 3HAHWIA COCTOUT:

- N3 N3BEYEHNS 3HAHWIE — NPeobpa3oBaHNs CbipbIX 3HAHWUIA B OPraHn3o-
BaHHbIE;

- BHeZipeHMs 3HaHUiA — Npeobpa3oBaHns OpraHW30BaHHbIX 3HaHWUI B pe-
ann30BaHHble.

C 00M1aCTbl0 MHXEHEPUWN 3HAHWI TECHO CBA3aHO MOHATWE WCKYCCTBEH-
Horo uHtennekta (MA).

CyLLHOCTbIO WCKYCCTBEHHOrO WHTEN/IEKTa MOXHO CUMTATb Hay4HbIi
aHa/In3 U aBTOMATM3aLMIO UHTENIEKTYaIbHbIX (PYHKLUMIA YenioBeka. OfHako
4na 60nbLUMHCTBA NPo6/ieM 06LLas peasbHOCTb — TPYAHOCTb UX MalUUHHO-
ro sonsoueHus. Viccnegosanusa no N no3sonunu yTeepamTbCca BO MHe-
HUK, YTO NOANMHHO HEOBXOAMMBIM ANS peLleHns Npobnem ABNAIOTCA 3Ha-
HWA 3KCMepToB, T.e. eCAM Co3faTb CWUCTEMY, CMOCOGHYIO 3aroMuHaTb U
CMOMb30BaTh 3HAHMA IKCNEPTOB, TO OHA HalfeT NpPUMeHeHWe B NpaKkTnye-
CKOWA fiesTeNbHOCTN.

VIH>XeHepusa 3HaHWiA TeCHO CBA3aHa CO BCEM MPOLLECCOM pa3paboTKM UH-
TeNNeKTyanbHbIX WUHPOPMALMOHHBLIX CUCTEM B LE/IOM U 3KCMEPTHbIX CU-
cTem (3C) B YaCTHOCTM — OT BOSHUKHOBEHMWSA 3aMblCNa [0 ero peanusaumm u
COBEpLLEHCTBOBaHUSA (puc. 12.2).

B koHue 1960-x - Hayane 1970-x rr. nog PyKOBOACTBOM
3. deiirenbayma B CTaH(opackom yHusepcutete CLLUA 6bina cosgaHa
cuctema DENDRAL, a nosgHee — MYCIN. IMOCKO/bKY faHHbIE CUCTEMbI
HaKarn/MBatoT B MamsTV KOMMbIOTePa 3HaAHUA 3KCMEPTOB U UCMOSb3YIOT 3TH
3HaHWA 4019 peLleHns Npobnem, U3Bnekas nx Npum Heo6XoLMMOCTH 13 nams-
TW, TO OHWU MOMTYUW/N Ha3BaHMe 3KCMEPTHbIX, a Npogeccop 3. delireHbaym,
ABNAIOLLMIACA OfHAM W3 CO3LaTeneil IKCNepTHbIX CUCTEM, BbIABUHYN ANS
[AaHHOW 0611aCTM  TEXHUKWN Ha3BaHME «UHXKEHEPWSt 3HaHWii». CroBo
«engineering» B aHI/INACKOM A13blKe 03Ha4YaeT UCKYCHYI0 06paboTKy npes-
METOB, U306peTeHne Unu co3faHune Yero-nn6o. CneposaTensHo, paboTy Mo
OCHalLLIeHWI0 MporpamMM creunasibHbIMA 3KCMEPTHBIMU 3HAHWAMK 13 NPO-
671eMHOIA 06M1acTyW, BbIMOMHSAEMYHK YEe/TOBEKOM NGO KOMMbHOTEPOM (npo-
rpPaMMOoiA), TakKe MOXHO Ha3BaTb uwnoiceHepuen SHAHULL.
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Puic. 12.2. OHTONOMNM B MHXEHEPUW 3HAHWIA

12.3. Ucnoib30BaHUe CHCTEM, OCHOBAHHBIX HA 3HAHUSIX,
B ONTHMH3ANNHA apaMeTPOB (YHKIHOHHPOBAHNUS 00bEKTOB
H MPOIECCOB arpONMPOMBINLIIEHHOT0 MPOU3BOICTBA

CUCTEMHBI aHann3 Y MMUTALMOHHbIE MOJENN NOCEBOB 0GECMeYnBatoT
aNbTepHATMBHbI METOZ YNpaBfeHUs CebCKOXO3AMCTBEHHbIM NPOW3BOA-
CTBOM. MICno/b3ys MOAENN PasBUTHS U POCTa NOCEBOB, MOXKHO PaspaboTaTb
CLEHapuW yrpaB/eHWs, NPOBECTW aHaN13 CTPATernii ans OLEHKW BAWSIHUS
M3MEHEHUs! KMMaTa B Ce/IbCKOXO03ACTBEHHOM MPOM3BOACTBE U arpoTex-
HOMOTMYECKON afanTaumn. Mcxoas W3 3a4aHHbIX BXOAHLIX MapameTpoB,
cuCTeMbl  06ecrieumBaloT  paspaBoTKy W Bblgauyy  MHXXEHepHo-
TEXHO/MOrMYeCKOro MpoeKTa MOMyYeHUs YpoXKas Ha KOHKPEeTHOM Mofe,
(hopMupysl MOC/ef0BaTENlbHOE OMMCaHKWE BCEX TEXHOMOTMYECKUX MPOLec-
COB U onepaLmii Ans NofyYyeHs 3anfaHUPOBaHHOTO YPOXKas KybTyp.
JKCMEPTHbIE CUCTEMBI B CE/TbCKOM XO035CTBE OCYLLLECTBAAIOT:
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- NIaHMPOBaHWe NPOrpaMM arpoTeXHUYECKUX MEepPOnpUATUA ANA KOH-
KPeTHbIX MOMEN, Ha KOTOPbIX 6yAyT BbIpaLMBaThCA KYNbTYpbI;

- OMpefieNileHne MapaMeTpPOB YNpaBfeHUsl, CPOK MPOBEAEHMS Onepauuii,
NX XapaKTEPUCTUKM 1 YC/TOBMS BOCMPOU3BOLACTBA;

- KOPPeKLUMo MHHOPMaLMOHHOW 6a3bl NPOEKTMPOBAHWS COMAaCHO HO-
BbIM MPEACTaB/EHNSIM O TEXHOMO0TUM 06paboTKu;

- Bbla4y 000CHOBaHHbIX PEKOMEHAALNIA;

- aBTOMATM3aLMI0 CUCTEMbI OMEpPaTMBHOIO YNpaBfieHUs TEXHOMOorunye-
CKVM MpOLLECCOM BO3[€/bIBAHNS CENbCKOXO3ANCTBEHHbLIX KY/bTYp CUCTe-
Mamy SKOHOMUYECKNX PacyeToB.

MpyYMeHeHWe CUCTEM MO3BONSET YAYYLUWUTL, YCKOPUTL W YAELEeBUTb
MpoLLeCcC MPOEKTUPOBaHUA 1 06ecneunTb NoMyyYeHne peKoOMeHauniA, anek-
BaTHbIX CBOCTBAM KOHKPETHOr0 Nnocesa, Noss, 060pyA0BaHu.

Pa3paboTaHHble NPOrpaMMHbIE aNrOPUTMbI U NPOrPaMMHbIE KOMMIEKChI
Mo3BONAT:

- MPOEKTUPOBaTb TEXHO/IOTMI0 BbIPALLMBAHWA CEMbCKOXO3AMCTBEHHbIX
Ky/nbTYp B LiE/IOM U (hparMeHTapHo;

- NNaHMPOBaTb arpoNpPUEMbI Ha Pa3/IMYHbIA BPEMEHHOI Nepuos;

- obecneynTb pacyeTbl LECTBUTENILHO BO3MOXHOIO ypoXKas W 3aTpat
Ha ero nosny4eHue;

- YCTaHOBUTb HOPMbI 1 CPOKWN NPOBELEHNSA NOMNBOB;

- YNpaBAsTh PEXXUMOM MOAMUTKM MOYBbI.

MpuBedem Ans cpaBHeHWs ABe 3KCnepTHble cucteMbl DSSAT - cuctema
MOAAEPXKKN  arpoTEXHOMIOMMYECKNX PeLLeHWA, pa3paboTaHHas rpynmnol
CMeuVaMCcTOB-MHNLMATOPOB U3 TPEX aMepUKaHCKMX LTaToB: Pnopuaa,
MwuuuraH, aBaiin, 1 cuctema NOAAEPXKKM MPUHATASA PELLEHWIA NPW MPOU3-
BOACTBE CE/IbCKOXO3SIMCTBEHHOM NpogyKumMmn «eomup», KOTopas Havana
paboTy ¢ 80-X IT. 1 B HACTOsLLEe BPeMs ABNSETCA eAUHCTBEHHOW B Poccuii-
CcKoii defepalyn KoMNaHveld, KoTopas npegnaraet arponpoMbiLLIEHHbIM Y
OPYrvm NpesnpuaTuam paspaboTKy 1 «cAady nof Kaoyu» MHHOPMaLMOHHO-
aHa/IMTUYECKMX CUCTEM ANS 3PHEKTUBHOIO NPOU3BOACTBA.

DSSAT - cuctema MOAAEPXKKN arpOTEXHONOMMYECKMX PELUEHUIA.
HanpaBneHa Ha MPOBEPKY NPaBWILHOCTU PELUEHWA, KOTOpble NPUHUMAET
(hepmep: OT BbIBOpa KyNbTyp Ha pasHbIX yHacTKax 3eM/n K UCMOMb30BaHMWIO
pasfMYHbIX TEXHOJIOTWiA, BbIGOPA NPOMEXYTKOB BPEMEHW, MIaHUPOBAHUA
MOCEeBOB, MOMBA, UCMO/Nb30BaHWS YA0OPEHNIA.

Teomup — cUCTEMA NOAAEPXKKM NPUHATUA PELLEHWI NpW NPOU3BOACTBE
Ce/bCKOXO03AACTBEHHOM MpogyKumn. B 2004 r. Ha 32-m MexayHapogHOM
Ca/IOHe MHHOBaLUWA 1 n306peTeHwii B LLiBeliuapumn «"'eomup» npefcTasuna
CBOVi NpoeKT «CucTemMa NoAaepXKKN NPUHATMA peLleHnii MpK Npon3BoACTBe
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Ce/bCKOXO03AMCTBEHHOM NPOAYKUMU», CcTana noGeauTenem B pasfene
«Ce/bCKOe X03AMCTBO» U Oblna HarpaxaeHa 3010Toi Megansbio CanoHa.

[ns ynpaBneHns CenbCKOXO3AWCTBEHHLIM NPeANpUaTAEM, MPOU3BOAS-
WM NPOAYKUMIO pacTEHUEBOACTBA, HEOOX0AMMa 06bEKTUBHAA MHGOPMa-
LMS OTHOCUTENIBHO pa3mepa M COCTOSIHMS CebX03yroanii. bonbLuoi 06bem
MPOCTPAHCTBEHHOW W aTpUBYTUBHON WMH(OPMaLMM KayeCTBEHHO MOXKHO
o6pabaTbiBaTb U aHaNM3MPOBaTb TOMLKO MpY MOMOLLYM CMeLnanbHOro npo-
rpamMmMHOro 06ecneyeHns], yYUThIBAOLLLErO Kak NPOCTPaHCTBEHHYIO MPUBA3-
Ky, TaK 1 cneuuanbHble CBefeHWs 0 NoNsX.

Vimerouimecss B XO3AACTBE KapTorpaguyeckme MaTepuasnbl MOXHO
YCNOBHO PasfennTb Ha TPU Fpynnbl:

- 3eMeyCcTpouTeNbHble (NAaHbl BHYTPUXO3AWCTBEHHOIO 3eMJIeYCTPOii-
CTBA);

- TPYHTOBbIE (NMOYBEHHbIE KapTbl);

- arpOXMMUYECKNE WM arpoXMMMYEcKUe KapTorpaMMbl (COAEPXKaHWs
rymyca, nogsvxHoro gocgopa, noAsuxHoro kanus, pH) [27].

B nonHom BapwaHTe arpoHomMuyeckas MC fomkHa BK/IOYaTb MHOrO-
CMOMHYIO 3MEKTPOHHYHO KapTy X03fiACTBa U aTpubyTUBHYHO 6asy AaHHbIX
MCTOPUM NONENA, C YYETOM MPeABaAPUTESIbHBIX arpOTEXHUYECKUX MepOonpums-
TiA. KONmM4yecTBO TeMaTMYeCKUX CI0EB 3/IEKTPOHHON KapTbl 3aBUCUT OT
CNOXKHOCTM NaHAWATHO-3KOOMMYECKNX YCNOBUIA U YPOBHA MHTEHCU(IK-
Kalumu arpoTexHonoruii (onpegensieTca no napaMeTpaM YPOXanHOCTU W
06bem 3aTpaT Ha rektap). B o6Liem Buae 3neKTPOHHas KapTa nonei Aomk-
Ha BKOYaTb:

- Me3opesibed (C NokazoM mMe30qopM penbeda, POpM CKNOHOBY);

- KPYTW3HY CK/IOHOB;

- 3KCMO3MLMIO CK/IOHOB (TeM/ble, XO/IOAHbIE, HEMTPASTbHBIE);

- MUKpopenbed (C NOKa3oM KOHTYPOB C NpeobnafaHneM TeX UK UHbIX
thopM MMKpopenbeda, MMEKLLMUX arpOHOMUYECKOE 3HAYEHNE);

- MUKPOK/INMAT;

- YPOBEHb FPYHTOBbIX BOJ, UX MUHEPANN3aLMIo 1 COCTaB;

- NOYBO0OPA30BaTENbHBIE Y MOACTUIAIOLLME NOPOAbI;

- MUKPOCTPYKTYpPY NOYBEHHOI0 NOKPOBa (MOUBEHHAsA KapTa);

- COAepXKaHvie rymyca B Nnouse;

- 06ecneyYeHHOCTb MOABVXKHLIMK (DOPMaMK 3IEMEHTOB MUHEPaIbHOIO
NUTaHWUs PacTeHNii U MUKPO3NEMEHTaMMK;

- 3HayeHmne pH nous;

- (hm3nyecKme CBOICTBA NOYB;

- 3arpssHeHMs TSHKENbIMU MeTalaMi, PaguoHYyKIMgaMmm 1 ApyrumMu
TOKCUKaHTamu;
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- 3pPOAMPOBaHHOCTb MOYB, IPO3MOHHYHO OMacHOCTL W Apyrue Buibl Qu-
3MYeCKoli ferpafaumm (Onon3HW, cenu v T. n.);

- NepeyBAXHEHMS 1 3a00/1a4MBaHNS MOYB;

- PacTWTENbHbIV MOKPOB C OLEHKOW COCTOSHWUS MPUPOAHBIX KOPMOBbIX
yroauii;

- NIECHYIO PacTMTENbHOCTb C OLEHKOI COCTOSIHWS €CTECTBEHHbIX IECOB W
NECHBIX HaCaXXAEHWIA;

- pacnpegeneHvie NonesHbIX BUAOB XXMBOTHbIX, MTUL, MOME3HbIX 3HTO-
MO(aroB, OLEHKY NX TEPPUTOPUAILHOIO BIUSHUS;

- (hMTOCAHUTAPHOE COCTOSHWME MOCEBOB.

IIC ITanopama AT'PO npegHasHayeHa A/ KOMNIEKCHO aBTOMaTK3a-
LMK yrpaBeHns CeNbCKOXO03ANCTBEHHbIM MPeANPUATUEM B OTpac/n pacTe-
HWEeBOLCTBA W 06ecneuMBaeT peLUeHVe [BYX B3aVMOCBSA3aHHbIX 3ajau:
yrpaBneHne arpapHbIMyY TEXHONOTUAMU Y MOHUTOPUHT NOABMXKHBIX TEXHU-
YeCKUX CpefcTB KoMnaHum Ha ocHoee GPS/ITJTOHACC Hasuraumu.

OCHOBHblE (PyHKLMM NMPOrpamMmbi:

1. BefieHe HOpMaTUBHO-CNPaBOYHOW MH(opMauun. BegeHre nacnop-
TOB MO/IEN C MPUBA3KO K rogy ypoXkas.

2. O6LMe CBeeHMS 0 3eMefbHbIX Yrofgbax (napaMeTpbl NOAS; CBEAEHS
0 CeB006OPOTE; MEXaHUYECKWiAi COCTaB MOYB; arpOXMMMWYECKWUIA COCTaB
MOYB; CBEAEHMS O (IUTOCAHMTAPHOM COCTOSIHUK; NPMBA3KA K KapTe 3eMesib-
HbIX YrOLMWIA; NPYBSi3Ka K KapTe MHPPaCTPYKTYpPbl NPeanpUiTHs).

YnpaBneHue 3/1eKTPOHHOIN KapToi:

- COCTaBOM C/I0€B 3/71EKTPOHHON KapThl;

- COCTaBOM PacTpoB;

- COCTaBOM MaTpwL;

- MOAKOYEHME aTaca KapT.

Co30anue u pedakmupoganue 31eKmpOHHOL Kapmvl — CO30aHue KOHMY-
poe noset no u306pa9fcenuio Kapmbl Uil KOCMOCHUMKU. Pacuemwvt no Kap-
me. O6paboTKa HaBUraALMOHHBIX JaHHbIX N KOHTPO/Ib MEPEMELLEHWNIA aBTO-
TpaHcnopTa 1 cneynanbHON TeEXHWKK (BeAeHMe CNCKa 06bEKTOB MOHUTO-
PVHra; BU3yanmsauus nepemeLLeHnii 06beKTOB MOHUTOPWHIA Ha (DOHE Kap-
Thbl; B PXUME peaslbHOro BPEMEHU; B peXK1Me MPOKPYTKM UCTOPUK; pacyeT
N 0TOBPaXeHWEe MoKasaTeNein MOHUTOPUHIA; aHann3 nokasaTeneii MOHUTO-
pVHra Ha rpagmkax).

dopMUpoBaHME W aHaM3 COObITWIA, MPOMCXOAALNX C 0ObEKTAMM MO-
HWTOPUHTa, MO AaHHbIM 1 MOKa3aTeNaM: 4aT4YMKOB; B3aMHOIO Pacrosoxe-
HWSt 06LEKTOB MOHWUTOPUHIA; MapPLLPYTOB U FE030H.

MnaHMpoBaHMe 1 yYeT MepeMeLLeHNA aBTOTpPaHCNopTa 1 cneyyaibHo
TEXHUKW:
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- BEfleHMe peecTpa MapLUPYTOB U Fe030H;

- BEfIeHVe peecTpa MyHKTOB (TPaHCMOPTHbIX Y310B);

- NNaHWpOBaHMe paboT BOAMTENEN U MEXaHN3ATOPOB;

- aBTOMATW3MPOBaHHBINA YUET BbINOMHEHHBIX PaboT;

- CO3JaHue ¥ pefaKTMpOBaHWe KapTbl MapLIPYTOB W F€030H.

BcTpoeHHas nofcucTemMa ynpasneHus rpagyom Aopor:

- OMpefeneHne MUHUMATBHOTO MYTU MeXAY [ABYMS MPOW3BO/IbHbIMM
TOYKamu;

- onpegeneHne MUHUMANBHOTO MYTU MEXAY ABYMSA 06beKTaMu KapTbl;

- onpegeneHne MMHUMANBHOTO MYTU MeXAY 06beKTOM MOHUTOPUHIA W
yKa3aHHbIM 00bEKTOM KapTbl;

- onpegeneHne MUHUMANbHOTO MYTU MeXAY 06beKTOM MOHUTOPUHIA U
MYHKTOM Ha3Ha4eHUs — TPAaHCMOPTHBLIM Y3/10M.

O6paboTKa pe3ynbTaToB MOJEBLIX U3MEPEHWIA, AaHHbIX ANCTAHLMOHHO-
ro 30HAMPOBaHMSA N 06HOBMIEHUE KapThl 3eMeJTbHbIX YIOAMIA:

- UCMO/b30BaHKe BO3MOXHOCTel Google A1 06HOBEHMS KapTbl;

- 3arpyska faHHbIx 13 aiinos opmata SHAPE;

- 3arpyska flaHHbIX OT aBTOMW/IOTOB;

- pefakTpoBaHve KapTbl HA OCHOBE TPEKOB 06bEKTOB MOHUTOPUWHTA.

MMocTpoeHMe TeMaTUYeCKUX KapT OTAEe/bHbIX MOKasaTenel 3eMeNbHbIX
Yrofuii Ha OCHOBaHMMW CBEAEHWIA, NPeACTaBNEHHbIX B NacnopTax Nosei:

- aBTOMATMYECKOe CO3/aHune LiBETOBbIX KapTorpamm;

- aBTOMATMYECKOE CO3aHNe KapT YCI0BHbIX 3HAKOB;

- YNpas/ieHMe COCTaBOM 0TOOPaXKaeMbIX AaHHbIX.

MnaHnpoBaHMe M y4eT TEXHOOMMYECKUX OMepaumii B COOTBETCTBUM C
YCTaHOB/IEHHLIM CEBOOBOPOTOM:

- cocTaB/ieHMe 6a30BOIA TEXHOIOMMYECKOW KapTbl KY/bTYpbl;

- NPUBA3KA TEXHOOMMYECKON KapTbl K MOMSAM B COOTBETCTBUM C CEBO-
060poToMm;

- NTaHNPOBaHNE TEXHOMOTNYECKNX OMepaLii;

- aBTOMATM3MPOBAHHBINA YYET TEXHONOMMYECKNX ONepaLmii.

MnaH-(aKTHbIA aHaN3 TEXHOMOMMYECKNX OMNepaLyii;

- arpoTeXHUYECKNEe MePONPUATUS;

- BHECEHUE YA06peHNiA;

- BHECEHMWE MENMOPaHTOB;

- BHECEHME CPEACTB 3aLMTbl PACTEHWIA.

dopmMMpoBaHMe OTYETOB U CTATUCTUYECKMX CMPaBOK.

OTuyeTbl MO TEXHUKE: MapK TEXHWKU; MapK OObEKTOB MOHMUTOPWHIA;
MapK HaBeCHOro 060pyA0BaHuUs.
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OTu4eTbl NO BbIMNO/IHEHHLIM PaboTaM: ONepaTMBHBINA YYeT; PaKTuyeckKmne
paboTbl MexaHW3aTOpPOB; 06paboTaHHas MoLWadb; pacxof Tonamea 3a ne-
pvog, (aBTOMO6GUAN); pacxof Tonvea 3a nepuof (creumanbHas TeXHUKA);
M0/b30BaTENbCKUIA OTHET.

OTueTbl NO NONAM:

- nacnopT nons;

- CTPYKTYypa 3eMeflb 1 NaLLHW;

- Ba/10BOI1 CO0P KYNbTYp;

- YPOXKaliHOCTb N0 X03AICTBY;

- BbICEB CEMSH;

- BHECEHME CPESCTB 3aLUMTbl PACTEHMWIA;

- BHECEHMWE MENMOPaHTOB;

- BHECEHME YA00peHNiA;

- BbINO/THEHHbIE TEXHOMIOMMYECKME OMnepaLmun.

OTYeTbI N0 COOLITMAM 06BEKTOB MOHUTOPUHTA:

- BEfIeHWe PECYPCOB CUCTEMbI 1 pasrpaHUYeHne JocTyna;

- 06MeH AaHHbLIMM C BHELLHUMU NPOrpaMmamMu.

13. CTPYKTYPHBIA AHAJIN3 CUCTEM

13.1. ®YHKUMOHa/IbHO-CTPYKTYPHbIA aHann3 CUCTEM M ero 0CoGeHHO-
cTu.

13.2. cnosnb3oBaHWe CTPYKTYPHOrO aHanmsa CUCTEM B TEXHOJIOMMAX
WHTeNNeKTyabHOro aHannsa aHHbIX.

13.3. KOrHWUTVBHBIV aHa/IM3 N MOAENMPOBaHME CIOXKHbIX CUTYaLWA.

13.1. ®yHKIHOHAJIBLHO-CTPYKTYPHBIA AHAJIN3 CHCTEM
M €ro 0CO0EHHOCTH

B npouecce (QyHKUMOHANIbHO-CTPYKTYPHOTO aHain3a M3yvatoTcs anro-
PUTMbI (DYHKLIMOHMPOBAHKS M COCTaB Kak Camoil Uccieayemoli cUCcTeMbl,
TaK W ee MoACUCTEM W 3M1eMeHTOB. Llenb (yHKLUMOHAbHO-CTPYKTYPHOIO
aHa/IM3a 3aK/IHYaeTCs B ONPeAeNeHNN U YTOUHEHUMN CNeAYHOLWMX (haKTOpPOB:

* 3aKOHOMEPHOCTEN M anropuTMOB (hYHKLMOHNPOBAHKS CUCTEMbI B Lie-
NOM, ee NoACUCTEM 1 3/1EMEHTOB;

* B3aMMO/ECTBIIA 11 B3aUMOBNSHWIA MOACUCTEM U 3/IEMEHTOB;

* NMPOCTPAHCTBA COCTOSIHWI CUCTEMBI;

* COBOKYMHOCTW YNpPaB/IsieMbIX U HeYMNpaB/seMblX NapamMeTpoB CUCTEMbI;

* COCTaBa CUCTEMBI;
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* CBA3EN MeX Y nogcucTeMamy 1 3fieMeHTamu CUCTEMbI;

* CTPYKTYPHbIX CBOWCTB CUCTEMbI 11 €€ NOACUCTEM.

BbInonHeHWe 3TUX onepauuii JOMKHO 3aBepLuaTbCs BblpaboTKOM 3a-
K/t0UeHWs 06 ONMTUMaNbHOCTW anropuMTMOB (PYHKLMOHWUPOBAHNSA U CTPYK-
TYpbl CUCTEMbI U BbIPAbOTKO PEKOMEHAALMIA 1 MyTell COBEPLUEHCTBOBAHUS
cuctemsl (puc. 13.1).

[Ctpyxwpa cucremom]

[ 1 1
[ﬂeuoummmn | [Iaanua ] ICmea l
| Onpeaenexne u | DYHKLIMOHANBHO- L{ Paspabortxa
AGKOMNOIHLIUA CTPYKTYPHbIA MOAENH CHCTEMBI
obuwen uenw, aHanma
OCHOBHOM DyHKLIMM - g&v:;ypwﬁ
| Mopdonosnieckui
- Mﬂ.’“ aHanu3 — —
CHCTEMb! U3 CPeabs - NapaweTpiieckni
| FeneTmiecxwn omres
| Onucanve
BO3AGACTBYIOLNX i i L{ Ouennsanve
axropos {Ananus akanoros | ICTOML
- Onucanve Tengen- | |- Axanua
LA PAIBUTHA, He- IDDEKTHBHOCTH
OnpepeneHHoCTe!
{ ®opmmposarne
| [Onwucanme xax tpoﬁonm K CO3-
HOPHOTO ALHKAD [laBaemMoi cucTeme
| DYMKLUMOHANbLHAR,
KOMNOHEHTHAA K
CTPYXTYpHan
ACKOMNOIMLMA

Puc. 13.1. CTpyKTypa CUCTEMHOr0 aHansa

CTpyKTypa CuUCTeMbl ONMCLIBAET 06LLYIO ee KOH(Urypauuto. Pasgene-
HMe cucTeMbl Ha YacTu (6110KM) OCYLLECTBASETCA MCXOAA U3 Lienei uccne-
[l0BaHWs 1 Tpebyemoli AeTanm3aumum onmcaHms CTPYKTYPbI 1 BbIMOHAEMbIX
thyHKUMiIA. CTPYKTYpa cucTeMbl 06bIMHO M306paXKaeTcsa B BUAe TaK HasblBa-
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EMbIX CTPYKTYPHBIX CXeM 6n1arofaps X HarnsgHoCT U UHOPMAaTUBHOCTY.
OfHaKo 3TU CXeMbl NMPaKTUYECKN He NoAJatloTCs opmanmsauum, Y4To nos-
BOIM/IO Obl He TOMIbKO HarfsiAHO M306pasuTb CTPYKTYPY, HO M BbIMOHUTb
aHa/IMTUYEeCKMe UCCNefoBaHUs. VIHCTPYMEHTOM, 06ecrevmBatoLLuM peLue-
HWe MOC/MefHel YNOMAHYTON 3aayn, ABASETCS NPeACTaBleHne CTPYKTYp-
HOW CXeMbl B BJE COOTBETCTBYIOLLErO rpada. IT0 NO3BOMNT MUCMOb30BaThb
XOpOLLO Pa3BUTLINA annapaTt Teopun rpadioB 4/1s aHasm3a U OLEHKN CTPYK-
TYPHBIX CXEM.

CTPYKTYpHbIe CBOWCTBA CMCTEMbI OMPELENIAOTCA XapakTepoM OTHOLLe-
HUA Mexgy vacTamu (6nokamu) cmucTemsl. Mo 3TOMY NPU3HAKY CUCTEMbI
MoApasfensatoTca  Ha  MepapxuMyeckue, MHOTOCBSI3HblE,  CMELLAHHbIE.
B nepapxmyeckunx CTpyKTypax KOMMNOHEHTbI CUCTEMbI YNOPALOYEHbI MO CTe-
MEHN BaXHOCTW. Cpean HUX MMEKTCH CTPYKTYpPbl CTPOrOi M HECTPOroW
nepapxumn. CTPYKTypbl CTPOrOi 1epapxum UMELOT CregytoLLye 0CO6eHHOCTH:

* IMEETCS TO/IbKO OAWH [/aBHbIA YNPaBAsOLLMA KOMMOHEHT C YMC/IOM
CBA3€el He MeHee [BYX;

* VCMO/IHUTENbHbIE KOMMOHEHTbI UMEKT TOMbKO OfHY CBSA3b C KOMMO-
HEHTOM BbILLENEXALLErO YPOBHS U HE MeHee JBYX CBA3EN C KOMMNOHEHTamu
HWKHETO YPOBHS.

B CTpyKTypax HecTporow vepapxuu mMoryT UMeTb MecTO CBSA3U Yepes
OAVH WM HECKOMbKO YPOBHER mnepapxun. OCOGEHHOCTbIO MEPapPXUYECKNX
CTPYKTYp SBMISIETCS OTCYTCTBUE FOPU3OHTASIbHBIX CBA3EN Ha OAHOM YPOBHE
nepapxun, 4To, B 06LLEM-TO, SB/ISIETCA HEKOTOPOW abcTpakumein. B peanb-
HbIX MepapXUYecKnX cUCTEMax Takue CBA3W MPUCYTCTBYIOT. B Heunepapxu-
YeCKMX (MHOFOCBA3HBLIX) CTPYKTYpax KOMMOHEHTbI MOTYT 6bITb Kak 1Ucnos-
HWUTENbHbIMK, TaK W YNPaBAAIOLMMMI, MPUYEM KaXKAblA KOMIMOHEHT B3auMO-
JelicTByeT 6011€e YeM C OAHUM KOMMOHEHTOM.

Mo cTeneHn onpeaeneHHOCTW CBA3ell Mexay YacTtamu (6710kamm) cu-
CTEMbI 06bIYHO pa3nMyaloT AeTEPMUHMPOBAHHbIE, BEPOSTHOCTHbLIE U Xa0Tu-
YecKue CTPYKTYpbl. B AeTepMUHUPOBAHHBIX CTPYKTYpax CBA3b MeXay uva-
CTAMW CUCTEMbI OMNWCLIBAETCA OMNPeAeneHHbIMU PYHKLMOHATbHBIMU 3aBU-
CUMOCTSIMMU, B BEPOSITHOCTHBIX — Cy4YaliHbIMU BEIMYNHAMMN C U3BECTHLIMM
3aKOHaMun pacrpefefieHns BeposTHOCTEN. [119 XaoTUYeCKMX CTPYKTYp Xa-
PakTepHO OTCYTCTBME OrpaHUYEHWiA, YaCcTu CUCTEMbI CBA3bIBAIOTCA CyYaii-
HO 6€e3 YCTaHOB/EHHbIX 3aKOHOB pacnpefeneHns cny4aiHocTe.

13.2. Ucnoab30BaHNe CTPYKTYPHOIO0 aHAJIN3a CHCTEM B TEXHOJIOTHSX
HHTEJIEKTYaJIbHOr0 AHAJIN3a JaHHBIX

MpesMeTHO-OPNEHTMPOBAHHbIE aHA/IMTUYECKUE CUCTEMbI OYEHb PasHO-
06pasHbl. Hanbonee LWMPOKWIA NogKnacc Takux CUCTEM, MOyYMBLUNIA pac-
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MpoCTpaHeHWe B 06/1acTU WCCNeA0BaHUA (UHAHCOBLIX PbIHKOB, HOCUT
Ha3BaHMe «TEXHUYECKWIA aHanmn3». OH NpeacTaBnsieT coboii COBOKYMHOCTb
HECKONIbKUX [EeCSTKOB METOAOB MPOrHo3a AUHaMWKU LieH 1 Bbibopa onTu-
Ma/lbHOW CTPYKTYPbl WHBECTULMOHHOIO MOPT(ens, OCHOBaHHbIX Ha pas-
NNYHBIX 3MMMPUYECKUX MOAENSX AVHAMUKW PbIiHKA. 3TW METOAbl 4acTo
MCMO/b3YHOT HEC/OXHBIA CTAaTUCTUYECKWIA annapaT, HO MakCUMaslbHO y4u-
ThIBAKOT C/IOXKMBLUYHOCSA B CBOEl 06/1aCTH creuyudurKy (npotheccnoHabHbIN
A3bIK, CUCTEMbI Pa3NYHbIX UHAEKCOB U np.) [47, 48].

B pe3y/bTaTe Hay4YHbIX 3KCMEPUMEHTOB M KOMMbIOTEPHOTO MOZENMPO-
BaHMS MOCTOSIHHO HaKam/MBaloTCA 60/blUME 0ObEMbI [AaHHbIX, KOTOPbIE
OpraHu3ylTCA B 3M1EKTPOHHbIE UH(OPMALMOHHbIE PECYPCHI; 6a3bl U XpaHu-
VLA AaHHbIX, 3MEKTPOHHbIE WHOPMALMOHHBIE U BbIYUCINTENbHBIE CU-
CTEMbI, Hay4YHble LEHTPbI AaHHbIX. Takne MHHOPMaLMOHHbIE PeCypChl CTa-
HOBATCA MECTOM HaKOMEHWS, XPaHEeHUs, BepUMKaLn, N3BEYEHMS, HC-
MO/b30BaHUA U PacrmpOCTPaHeHMs NPOKECCUOHASTbHLIX U KOPMOPAaTUBHbIX
3HaHWA. DPEKTUBHOE PasBUTME HAayKWM WM BLICOKMX TEXHOMOTUIA TpebyeT
WHTEHCUBHOW 06paboTKM M aHanm3a (PyHAaMeHTa/lbHbIX 3HaHWIA, Hakom-
NEHHbIX B PasNNUHbIX UCCNEe0BATENIbCKMX OpraHM3aumsx, YTo NpMBOAWT K
NMOTPEBHOCTM B PasBUTUM WMHGOPMALMOHHBIX TEXHOMOTWMIA HAKOMAEHUs,
M3BNEYEHNS W aHanM3a NPegMeTHO-0PUEHTUPOBaHHBIX NPOGECCUOHANBbHbBIX
3HaHWA Ha OCHOBE PaspaboTKM YHMBEPCASIbHBLIX W CMELMann3npoBaHHbIX
mofeneii opraHusauuyM M NPeLcTaBfieHUs HayYHbIX [aHHbIX W 3HaHWli B
3MEKTPOHHBIX pecypcax.

Takum 06pasom, co3gaHne MHPOPMALMOHHBIX PecypcoB B MHTepHeTe,
npefHa3HaveHHbIX Ana c6opa, XpaHeHWs, BepuduKaLum, 3BeYeHns, pac-
MPOCTPaHeHWs 1 NPOU3BOACTBA HOBbIX MPOKECCUOHAMbHBIX 3HAHWIA B pas-
NINYHBIX NPeAMETHbIX 061acTsX, ABASETCA aKTyaNbHON HAy4HOW W Hay4HO-
MpaKTUYeCcKoii 3agayeil.

B HaymoHanbHom ctaHgapTe CLUA [3] TepMUH «NPOM3BOACTBO 3HAHMIA»
onpegenseTcs:

KakK pa3paboTka 1 obecneyeHne HOBbIX 3HaHWIA (JECD 1966:2);

06CTOATENLCTBA, NPV KOTOPLIX JOAN, TPYNMbl JIOLEA 1 OpraHu3aumm
YCMNELUHO reHepupyroT HOBble 3HaHWA 1 npakTukn (OECD 2000:39).

Mop npouzeoocmeom 3nanuti NOHUMAETCS W3BIEYEHME HOBbIX 3HAHWIA
13 IMAUPUYECKMX AaHHbIX B paMKax KOMMbIOTEPHOI CUCTEMbI C y4acTMEM
YefioBeKa 1 MCNosb3oBaHWeM MeTOS0B MPUKNaAHOr0 UCKYCCTBEHHOTO WH-
TennekTa (puc. 13.2).

81



AHAITMTHYCCKEHEC
HHCTPYMEHTDBI:

AabIk npocTBIX

NOBEPXHOCTHBIH 3aNpOCoB
i i
OneparuBHas
HETJIYOOKHI aHAIHMTHYCCKAS
| | obGpaGorka (OLAP)
CKPBITBIN Data Mining

\ J

Puc. 13.2. AHaIMTUYECKNE UHCTPYMEHTbI U3B/IEYEHWS 3HAHWUIA 1 YPOBHM aHam3a

C yueToM Tpeb6oBaHUA aHanm3a v NPOU3BOLCTBA 3HAHWI B NPOrpaMMHO-
TEXHONOTMYECKYI0 apXUTEKTYpY NpeaMETHO-OPUEHTUPOBAHHBIX CUCTEM
Hay4HOI 0CBEAOM/IEHHOCTY NMPEAbABNAIOTCS CeAYHOWMNE AONONHUTENbHbIE
MPOrpamMmMHbIe KOMMOHEHTBI:

1. KOMNOHEHT (hakTorpagmyecknx HayuHblix 6a3 AaHHbIX, COAEpPXKaLLMX
3KCMepUMEHTa/IbHbIE WM MOAENbHbIE AaHHbIE: (PyHAAMEHTa/IbHble KOH-
CTaHTbl, YNCMOBbIE W NIMHIBUCTUYECKME XapaKTEPUCTUKU XUMUYECKUX WU
(hM3NYECKMX MPOLIECCOB.

2. KOMMOHEHT NMHTENIEKTYaNIbHOrO aHannsa AaHHbIX. [10CKONbKY HOBble
WHCTPYMEHTbI Hay4HbIX MCCMefoBaHUIA 061aAal0T UCKIOUUTENbHON TOY-
HOCTbIO, YBE/IMYMBAIOTCA TOYHOCTb M KA4eCTBO (hakTorpamyeckmx paH-
HbIX. [N aHanm3a Taknx SaHHbIX C LieSbi0 HaXOXAEHNA TOHKMX 3heKTOB,
YMYLIEHHbIX B NpefplayLimX 1ccnefoBaHuax, TpebyeTcs Habop airoput-
MOB, MO3BO/IAOLLMIA NPOBOAWTL C/IOXHLIA aHa/IN3 AaHHbIX.

3. KOMMOHEHT Mpou3BOACTBA HOBbLIX 3HAaHWIA, KOTOPbLIA MO3BONSET
CTPOUTb MPOrHO3bl 3HAYEHUI (IUSUYECKMX WM XUMUYECKMX MPOLLECCOB U
OL|eHMBATb 3HauYeHWe PyHAAMEHTa/IbHBIX XapaKTepUCTUK MaTepuanoB. 3T0
C0o37aeT MPeAnoCbITKN AN BCTpauBaHWs B MPeAMETHO-OPMEHTMPOBAHHbIE
CUCTEMbI Hay4HO/ OCBEOMMIEHHOCTM 3M1EMEHTOB MPWKNAAHOIO MCKYC-
CTBEHHOI0 MHTE/NNEKTa, HaMpMMep 3KCNEPTHbLIX CUCTEM A5 MPOM3BOACTBA
HOBBbIX 3HaHWIA N UX COXPaHEHUS B CUCTEME.

4. KOMMOHEHT pacnpocTpaHeHnst NPOgeCCMOHa/IbHBIX 3HaHWI (AMCTaH-
LIMOHHOTO 06y4eHuns). Hanuumne Takoro KOMMOHEHTa B CUCTEME AeNaeT ee
6onee NpuBNEKaTeNbHON ANA MCMONb30BaHUA M PacnpocTpaHeHns npeg-
METHO-OPMEHTNPOBAHHBIX 3HAHWUIA, & TaKXKe CIY>KUT MPUBJIEYEHUIO 3aMHTe-
PECOBaHHOIO Kpyra NpotecCcUoHaNbHbIX MOMb30BaTeneil K Npou3BOACTBY
HOBBbIX 3HaHWIA.
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MpeaMeTHO-OPUEHTMPOBAHHbIE CUCTEMbI Hay4HOW OCBELOMJIEHHOCTU
MOTYT 6bITb CO3/aHbl B Hay4HbIX MPOEKTax MeHbLUero mMacwrtaba. Mpu xo-
POLUO OpPraHn30BaHHOW W CMPOEKTUPOBAHHOM CUCTEME MeTafaHHbIX OHU
NErko MoryT 6bITb MHTErpuMpOBaHbl B 60O/ee KPYMHble CUCTEMbI Hay4HO
OCBEIOMJIEHHOCTU C Y4YeTOM TeppuUTOpUaIbHOWA pacnpeaeneHHOCTV Mo-
cnegHux. Takue cuCTeMbl MOTYT CTaTb OCHOBOW Ans pa3paboTku MeToLOoB
NonyyeHns, aHann3a u 06paboTKM 3KCNEPTHON MHAOPMaLyn B Hay4HOM
feATenbHocTW. [na pa3paboTku 1 co3haHMsa NpeAMeTHO-OPUEHTUPOBAHHbIX
CUCTEM Hay4HOI OCBELOMJIEHHOCTU LieniecoobpasHo MCMob30BaTb TEXHO-
NOTUWN MYNbTUArEHTHBLIX CUCTEM. KOMMOHEHTOM Takoi CUCTEMbI CTAHOBUT-
CAl MIHTENNEKTYa/IbHbIA areHT, KOTOpPbIA MOXHO MPeAcTaBUTb B BMAe Be6-
NPUNOXEHUSs, HAENIEHHOTO UCKYCCTBEHHBLIM WHTEINIEKTOM W PAcnooXeH-
HOrO 3a HEKOTOPbLIM BHELUHUM MopTanoMm. Mpu 3TOM cam areHT opyeHTUpo-
BaH Ha 06pab0TKy Hay4HbIX JaHHbIX B Y3KOCMeLManu3“poBaHHOM pasjene
npeaMeTHON obnacTu. Mpy HanMuMU NPOTOKO/A B3aMMOLEACTBUS MexXay
TaKMMU areHTamm CUCTeMa Hay4yHOl OCBEOM/IEHHOCTU B LIEIOM CTPOUTCSA
Mo3TarnHo.

13.3. KorHUTHBHBII aHAJIN3 U MOJEJHPOBAHNE CJI0KHBIX CHTYAIHI

CNOXXHOCTW aHanm3a NPOLECCOB U NPUHATUA YNPaBNeHYeCKUX peLleHunit
B TaKMX 061aCTAX KaK 3KOHOMUKa, COLMOMOrns, 3Koora u T. n. 06ycnos-
NeHbl PALOM 0COBEHHOCTEN, MPUCYLLMX 3TUM 06/1aCTAM, & UMEHHO:

MHOr0aCrneKTHOCTBIO MPOUCXOMALMX B HUX MPOLIECCOB (3KOHOMMYe-
CKMX, COLMANbHbLIX U T. N.) U KX B3aMMOCBS3aHHOCTLIO; B CUJTY 3TOrO He-
BO3MOXHO BbIU/IEHEHWE W AeTa/lbHOe UCCNejOBaHWe OTAeNbHbIX ABMEHWUN —
BCE MPOUCXOAALLME B HUX SBMEHWA JOMKHbI PACCMATPUBATLCA B COBOKYM-
HOCTW;

OTCYTCTBMEM [OCTATOYHOM KONMMYECTBEHHON MH(OPMALMKN O AUHAMUKE
MPOLIECCOB, YTO BbIHY>XAAeT MePexoAnTb K Ka4yeCTBEHHOMY aHann3y Takux
MpOLIECCOB;

M3MEHUYMBOCTBIO XapakKTepa NpoLEeccoB BO BPeMeHU U T. 4. [54, 56].

B cuny ykasaHHbIX 0CO6eHHOCTEN 3KOHOMUYECKME, COLMabHBIE U TOMY
Nofo6HbIe CUCTEMbI HA3bIBAOTCA CNABOCTPYKTYPUPOBaHHbIMUW. [0O4 mexy-
weti cumyayueti NOHUMAETCA COCTOAHUE CNabOCTPYKTYPUPOBaHHOW cucTe-
Mbl B paccMaTpvBaeMblii MOMEHT BpemeHuW. Yucno (hakTopos B CUTyauum
MOXET U3MepsATLCA AeCATKaMU. V1 BCe OHW BIETEHbl B MayTUHY MEHS0-
LLMXCA BO BPEMEHW NPUYWH U CNEACTBUNA.

YBUAETb M 0CO3HATb NIOTUKY PasBUTUA COOLITUIA Ha TaKOM MHOrodak-
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TOPHOM Mofe KpaiiHe TPYAHO. A Befib NMOCTOAHHO NPUXOAWUTCH OTBeYaTb
(HepefKo — He3aMef/MTe/IbHO) Ha BOMPOCHI TUNa: «HTO HY>XHO cfenatb (Ha
Kakve (haKTopbl MOBMMATL), YTOObI YNYYLIWUTb COCTOSHWE CUTYaLUU?»,
«YT0 ByfeT C cuTyaumeil Yepes Takoe-TO BPeMsl, C/IM HUYEro He Npeanpu-
HUMaTb?», «Kakve 13 npegnprHUMaeMbiX MeponpuATHiA ByayT adtheKTns-
Hee B MfaHe JOCTVKEHWA NOCTaBNEHHON Lienn?» u np.

Ha Takve BOMPOCbI MOXHO YCMEWHO OTBETUTL, €CAW WCMOMb30BaTh
KOMMbIOTEPHbIE CPeACTBA MO3HaBaTebHOIO (KOrHUTUBHOIO) MOAEeNMpoBa-
HUA CcUTyaumii. Mofo6Hble CpescTBa B 3KOHOMWUYECKU Pa3BUTbIX CTpaHax
MPUMEHSAIOTCA Y)XKe AECATKM NIeT, Momoras NpeanpuaTUaM BbDKUTL U PasBuTb
6u3Hec, a BNlaCTAM roTOBMUTb XOPOLLUME HOPMATUBHbIE [IOKYMEHTbI [44].

Cneunduka nNpYMeHeHUs CpPefCcTB KOTHUTVBHOTO MOZENNPOBaHUA — B
X OPMEHTUPOBAHHOCTU Ha KOHKPETHbIE YC/OBUS PasBUTUS CUTYaLMK B TOM
WU WHOW CTpaHe, PervoHe, ropofe, ropofke, nocenke (NOAUTUYECKas U
3KOHOMMYECKas YCTOMYMBOCTb, MEHTaIbHOCTb HAceneHUs U BacTu, Xao-
TUYHOCTb MH(OPMALIMOHHON Chepbl, OTKPLITOCTb PbIHKA, NONHOTa HOpMa-
TVBHOI 6a3bl 1 Mp.).

VICXO4HbIM NOHATMEM B KOTHUTUBHOM MOZENIMPOBaHUM CNOXHbLIX CUTY-
aLunii SBNSETCA MOHATUE KOTHUTWMBHOM KapTbl CuTyauun. MNpu aHanmse KoH-
KpPeTHOM CUTyaLmu nonb3oBaTeb 06bIYHO 3HAET WK NpeanonaraeT, Kakue
M3MeHeHVs 6a3nCHbIX (DaKTOPOB ABMAKOTCS ANSA HEro XKenaTenbHbiMU. Pak-
TOpbl, NPeACTaBNAOLLME HAUBONbLLNIA MHTEPEC 41 NONMb30BaTeNs, Ha30BEM
LeneBbiMW. 3TO BbIXOAHbIE (haKTOPbl KOFHUTUBHOW KapTbl. KOrHWTvMBHas
KapTa HEKOTOPOI 3KOHOMMYECKOW CMTyauun npeacTaBieHa Ha puc. 13.3.
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KOrHuTMBHaa KapTa SKOHOMWYECKOW CUTyauuu MpeacTaBnseT co6oi
OPVIEHTUPOBAHHbII B3BELLEHHbIA Fpad), B KOTOPOM:

— BEPLUMHbI B3aMMHO OfHO3HA4YHO COOTBETCTBYHOT 6a3UCHbIM (hakTopam
CUTyauun, B TepMMHax KOTOPbIX OMMUCbIBAKOTCS MPOLECCHI B CUTYyaLWW.
MHO>XeCTBO MepBOHAYa/lbHO OTOBpPaHHLIX 6asnCHbLIX (aKTOPOB MOXET
6bITb BepnULMPOBAHO C NOMOLLLIO TexHonorum Data Mining, no3sonsto-
Leil OTOPOCUTL «M30bITOUHbIE» (DAKTOPbI, «CNAbo CBA3AHHbIE» C «AAPOM»
6a31CHbIX (HaKTOPOB;

— OMpeaenstoTCs HenocpeACTBEHHbIE B3aVMOCBA3WM MeXay (hakrtopamu
nyTeM PacCMOTPEHUS MPUYNHHO-CNEACTBEHHBIX LEMOYEK, OMUCHIBAOLLMX
pacrnpocTpaHeHVe BAWSHWUIA OT KaKAOro (aktopa Ha Apyrue hakTopbl.
CunTaercs, YTO (DaKTOPbl, BXOASALLME B MOCLUIKY «EC/N...» LEMOYKN «ec-
NW..., TO...», BINSAIOT Ha (haKkTopbl CEACTBUS «TO...» 3TON LENOUKM, NpUYem
3TO B/IUAHME MOXET ObITb MO0 yCUNMBAKOLWMM (MONOXKUTENBHBIM), 160
TOpMO3ALLMM (OTpULATENbHbIM), M60 NEPEMEHHOrO 3HaKa B 3aBUCUMOCTY
OT BO3MOXHbIX JOMO/HUTENbHBIX YCOBWIA.

KorHuTUBHasA KapTa 0TOOpaXaeT NWLlb PakT HaIMUWA BANAHWIA (HakTo-
pOB Apyr Ha gpyra. B Hell He 0TpaxaloTca HW AeTaNbHbIA XapakTep 3TUX
BUSHWIA, HU JUHAMMWKA N3MEHEHUS BIUSHWIA B 3aBUCUMOCTU OT M3MEHEHNS
CUTyauuW, HU BPEMEHHbIE M3MEHEHMSI caMUX (DAKTOPOB. YUeT BCeX 3TUX
06CTOATENBCTB TPEOYeT nepexoda Ha cnedytownii ypoBeHb CTPYKTYpu3a-
UMM MHopMaLum, 0TOBPAKEHHOW B KOFHUTUBHOI KapTe, T. €. K KOTHUTUB-
HOV Mogenun. Ha aToM ypoBHe Kaxxaas CBA3b MeXAy (pakTopamn KOFHUTMB-
HOW KapTbl pacKpbIBaeTCA [0 COOTBETCTBYIOLLErO YpaBHEHUSs, KOTOPOE MO-
XET COAepXaTb Kak KONMYEeCTBEHHble (M3MepsieMble) nepeMeHHble, TaK W
KauecTBeHHble (HeuamepseMble) nepeMeHHble. Mpu 3TOM KOMYECTBEHHbIE
nepeMeHHble BXOAAT eCTeCTBEHHLIM 06pa3oM B BUAE UX YMCMEHHBIX 3HaYe-
HWA. KaXoi >ke KauyecTBEHHO MepeMeHHON CTaBWTCA B COOTBETCTBME
COBOKYMHOCTb /IMHIBUCTUYECKUX MEPEMEHHbIX, OTOOpaXKatoLmMx pasiny-
Hble COCTOSIHUS 3TOl KayeCTBEHHOW MepeMeHHOI (HanpumMep, NoKynaTe/b-
CKWIA CNPOC MOXET ObiTb CMabbiM, YMEPEHHbIM, @KNOTaXHbIM U T.M.), a
KaK4OM NMHIBUCTUYECKOA MEPEMEHHON COOTBETCTBYET OMPeLeSeHHbI
YMCNOBON 3KBMBaNEHT Ha wkane [0,1]. Mo Mepe HaKOMMEHWSA 3HaHUA O
npoLeccax, NPOMCXOAAMUX B WCCNEAYEMOI CUTyauumn, CTaHOBUTCS BO3-
MOXHbIM 60/1ee AeTa/IbHO pacKpbIBaTh XapaKTep CBsi3eli Mexay hakTopamu.
306eCb CyLLEeCTBEHHYIO MOMOLLb MOXET OKasaTb WCMO/b30BaHUE MpoLesyp
Data Mining [50, 52].

3aja4a BbIpaboTKM peLLeHWn NO yrpaBieHWIo NpoLeccaMmn B CUTYyaLum
COCTOMT B TOM, 4TOObl 06ecneynTb >KenaTeslbHble W3MEHEHUs LeneBbiX
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(haKTOpPOB, UYTO W ABNAETCA LeNbto ynpasneHus. Llenb cuntaeTcs KOppPeKTHo
3aflaHHOI, eC/IN >XenaTesbHble M3MEHEHWS! OAHUX LEeNeBbiX (PaKTOpoB He
MPUBOAAT K HEeXXeNaTe lbHbIM U3MEHEHWSIM APYTUX LieNIeBbIX (DaKTOPOB.

B MCXOOHOM MHOXeCTBe 6asnCHbIX (haKTOPOB BbIAENAETCS COBOKYII-
HOCTb TaK Ha3blBaeMbIX YMPaBASHOWMX (HAaKTOPOB («BXOAHbIX» (PAKTOPOB
KOrHUTUBHOI MOAENN), Yyepe3 KOTopble MOAANTCS YNpaBnsiowme BO3Aei-
CTBMSI B MOAENb. Y NpaBnstoLLee BO3AENCTBIE CUMTAETCA COM/TaCOBaHHbLIM C
LIeNbo, €CMIN OHO HE BbI3bIBAET HEXeNaTe IbHbIX M3MEHEHUI HU B KAKOM W3
LieneBbIX (haKTOPOB.

Mpy KOPPEKTHO 3afaHHOM LieIn YNpasieHns 1 Npu HaIn4Ynm ynpass-
IOLMX BO3AENCTBMWIA, COrNMacoBaHHbIX C 3TOW LENbl, PELLUEHVE 3a4aym
ynpaBfieHWs1 He BbI3bIBAET OCOOLIX TPYAHOCTEW (faXke NPV HENMHERHOM
KOrHUTUBHOI MOAENN CUTYaLMN CO 3HAKOBbIMW MOCTOSAHHBIMW BAVUSHUSIMU
(hakTOpOB Apyr Ha Apyra). HaxoxaeHue ycnoBuii ana obecneveHmns Lene-
HarpaB/IeHHOrO MOBeAEeHMA B CUTYaLMN SIBMISIETCA BeCbMa HEMpPOCTOR 3afa-
yei, TpebytoLLEeN cneLmanbHOr0 pacCMOTPEHNS.

dopmanbHO KOrHUTVBHAA MOAENb CUTYaLuK, Kak U KOTHUTUBHasA KapTa,
MOXeT 6bITb MpeAcTaBneHa rpadom, OAHaKO Kaxpgas gyra B 3ToM rpade
MPeACTaBNAeT YXKe HEeKyl (PYHKLMOHa/IbHYI0 3aBUCHMOCTb MEXIy COOT-
BETCTBYHOLMMM 6a3UCHbIMMK (haKTOpPaMu, T. €. KOTHUTMBHAsA MOAENb CUTYa-
LMn npeacTaBnseTcs PyHKLUMOHaAIbHBLIM rpadom.

14. HEPCIIEKTUBHBIE METOJOJIOI'MU HCKYCCTBEHHOI'O
HHTEJJIEKTA

14.1. T1OHATWNE UCKYCCTBEHHOIO MHTE/N/EKTA.

14.2. MeTOAb! 1 CpefCcTBa UCKYCCTBEHHOIO UHTENNEKTA.

14.3. YcnoBus OCTMKEHWNA UHTENNEKTYaNbHOCTHU (rnnoTtesa Hbroanna —
CaiiMOoHa, TeCT ThbOpUHTa).

14.1. IlonsATHE HCKYCCTBEHHOTO HHTEJNIEKTA

WHTennekT (0T nart. intellectus — owlyuieHne, BocnpusaTue, pasyMeHue,
MOHUMaHWe, NOHATHE, PacCyfoK), MU YM, — KQ4eCTBO MCUXMKU, COCTOSLLEE
13 CNOCOBHOCTM NpUCNocabnmnBaThbCs K HOBbIM CUTyaLUsM, COCOBGHOCTM K
06YYeHMIO U 3aNOMUHAHWIO Ha OCHOBE OMbITa, MOHUMAaHWIO U MPUMEHEHUIO
abCTpaKTHbIX KOHLUEMNUMA 1 MUCMOMb30BaHMK CBOMX 3HaHWIA Ans ynpaene-
HUS1 OKpYXKatoLLel cpeaoit. IHTeNNeKT — 3To 06Lias Cnoco6HOCTb K NO3Ha-
HUIO U peLleHnto TPYAHOCTEN, KoTopas 00befMHSAET BCe NO3HaBaTe/lbHble
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CMOCOGHOCTYM YenoBeKa: OLLyLLeHUe, BOCNIPUATYE, NamsATb, NPeAcTaB/eHve,
MbILLIEHWE, BOOBpaxkeHue. B Havane 1980-X Ir. yyeHble B 061aCT TeopUm
BbluMcneHnii bapp n daireH6ayM NpeanoXuamn cnefytoliee onpeaeneHme
MCKYCCTBEHHOr 0 uHTennekta (MN):

«/ICKYCCTBEHHbIN MHTENNEKT — 3TO 06/1aCTb UH(POPMATUKM, KOTOpas 3a-
HUMaeTCs Pa3paboTKON UHTENNEKTYaNlbHbIX KOMMbIOTEPHbIX CUCTEM, T. €.
cucTeM, 06M1aat0LLMX BO3MOXHOCTAMM, KOTOPbIE Mbl TPAAWULMOHHO CBA3bI-
BAeM C Ye/I0BEYECKMM Pa3ymMoM, — MOHUMaHUe f3bika, 06yyeHue, crnocob-
HOCTb paccyatb, pellars Npo6aemMbl v T. 4.».

Mo3xe K I ctanu oTHOCUTL pAg a/irOPUTMOB M MPOrPaMMHBIX CUCTEM,
OT/IMYUTENIbHLIM CBONCTBOM KOTOPbIX ABASETCS TO, YTO OHU MOTYT peLuathb
HEKOTOpbIe 334a4m TaK, Kak 3TO fenan 6bl pasMbILLNAIOLWNA Hag UX peLue-
Huem YenoBek. OCHOBHble cBoiicTBa VIV — 3TO mOHMMaHwMe A3bika, 06yue-
HWe 1 CNOCOBHOCTb MbIC/IUTL W, YTO HEMaTOBaXKHO, AENCTBOBATb.

NN — KoMMNieKc poACTBEHHbIX TEXHOOMMA WM MPOLECCOB, pa3BMBalo-
LUMXCA KAYECTBEHHO U CTPEMUTENBHO, HaNpUMep:

06paboTKa TeKCTa Ha eCTECTBEHHOM fI3bIKE;

MaLLUVMHHOe 0BYyYeHUE;

3KCMepTHble CUCTEMBI;

BUPTYa/IbHbIE areHThl (4aT-60Tbl U BUPTYasibHble MOMOLLHUKN);

CUCTEMbI PEKOMEHAALNIA.

16 anpensa 2019 r. cTtano u3sectHo, 4Yto nogkomuTet ISO/IEC no cTaH-
fapTnsauuy B 061acTV MCKYCCTBEHHOTO WHTENIEKTa MoALepXKan npegsio-
XeHne TexHuueckoro komuteta «Knbep-msnmyeckme CUCTEMbI», CO3f4aH-
Horo Ha 6ase PBK, o paspaboTke crtaHgapta «Artificial intelligence.
Concepts and terminology» Ha pycckoM s3blke B [OMONHEHUE K 6a30BOV
aHrIACKO Bepcuun.

TepmuHonormueckuii ctaHgapt «Artificial intelligence. Concepts and
terminology» ABNseTCA OCHOBOMOMAraloWMM A/11 BCEro CeMeiicTBa Mexay-
HapOAHbIX HOPMATUBHO-TEXHUYECKUX LOKYMEHTOB B 06/1aCTU UCKYCCTBEH-
HOFO WHTennekTa. Kpome TEPMUHOB W OMpeAeneHwil, AaHHbIA SOKYMEHT
COAEPXXMT KOHLUEMTYyaslbHble MOAXOAbI M MPUHUMIbLI MOCTPOEHUS CUCTEM C
anemeHTaMu Al, onncaHne B3aMmocBsisu Al ¢ ApyruMun CKBO3HbIMW TEXHO-
normamm, a Takke 6a3oBble NPUHLUMMLI U PaMOYHbIE MOAX0AbI K HOpMaTUB-
HO-TEXHUYECKOMY PErYNNPOBaHNI0 UCKYCCTBEHHOTO UHTeNnekTa. Mo uTo-
ram sacefaHus npouabHoro nogkommteta ISO/IEC B [ly6nvHe 3KcnepTbl
ISO/IEC noagep>xanu npegnoXxeHve generaumm n3 Poccum o CUHXPOHHONA
paspaboTke TEPMMHOMOTNYECKOTO cTaHaapTa B cpepe Al He TONbKO Ha aH-
F/INACKOM, HO M Ha PYCCKOM s3blke. [LOKYMeHT 6bin yTBepXxaeH B 2021 T.
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B xope 3acegaHus skcnepTbl ISO/IEC Takke noggepxxanv paspaboTkKy npo-
eKTa MexpayHapogHoro pokymeHta Information Technology — Artificial
Intelligence (Al) — Overview of Computational Approaches for Al Systems,
B KOTOPOM Poccus BbicTynaeT B KauecTBe copefaktopa. JoKyMeHT npego-
CTaB/sfieT 0630p COBPEMEHHOIO COCTOAHWUSA CUCTEM UCKYCCTBEHHOMO WHTES-
NeKTa, ONUCbIBas OCHOBHbIE XapaKTepUCTUKM CUCTEM, anropuTMbl U NOAXO0-
Obl, @ TaKke NPUMepbl CreLMaIM3npoBaHHbIX NPUNoXeHWiA B obnactu Al.
Pa3paboTKOW 3TOro NpoeKTa AOKYMeHTa 3aliMeTCs creLmanbHO co3faHHas B
pamkax nogkomuTeTa pabodas rpynna 5 «BbluucnutencHble NOAxonsl v
BbIUMCNIUTENbHbIE XapPaKTePUCTUKN CUCTEM WCKYCCTBEHHOTO WHTE/IeKTa»
(SC 42 Working Group 5 «Computational approaches and computational
characteristics of Al systems»). VICKyCCTBEHHbII UHTENNEKT B LUMPOKOM
CMbIC/Ne AendT Ha YeTbipe obnactu (puc. 14.1).

ABTOMATU3VMPOBAHHbIN UHTENEKT — MOMOTaeT B PELLEHUM NPOCTbIX,
PYTUHHBIX 1 CTaHAAPTHbIX 3aa4

BcrnomoraTe/bHbIi MHTENNEKT — MOMOFAET /IFOAAM BbIMO/HATL 3a4aun GbICTpee
W fydile

PacLUMpeHHbI MHTENNEKT — MOMOTaeT NPUHUMATb NPaBU/IbHbIE PELLEHNS B
CNIOXHbIX U CTPECCOBBIX CUTYaLIUAX

ABTOHOMHbIIA UHTENNEKT — NOMOraeT aBTOMATU3MPOBAaTb NPUHATHE PELLEHWI
663 yyacTuns YenoBeka

L
TLT LT

Puc. 14.1. O6nacTh UCKYCCTBEHHOIO MHTENNIEKTA
14.2. MeToabl H cpencTBa HCKYCCTBEHHOT0 HHTEJLIEKTA

OCHOBHble MeToAbl (MOAXO0AbI) K UCMONb30BaHNIO CPEACTB UCKYCCTBEH-
HOr0 MHTeNNIeKTa NpeacTas/eHbl Ha puc. 14.2.

Jozuueckuii nooxoo. OCHOBOR AN NOrMYECKOro noaxofa cnyxar oyne-
Ba anrebpa M ee forMyeckue onepatopbl (B NEpBYHO OYepedb 3HAKOMbIV
Bcem onepatop IF «ECJIN»). CBoe fanbHelillee pa3suTue Bynesa anrebpa
noay4ymna B BUAE UCUMC/IEHUS NPeAUKaTOB, B KOTOPOM OHa paclLuMpeHa 3a
CYeT BBEAIEHVSI NPeAMETHbIX CUMBO/IOB, OTHOLLIEHWA MEXAY HUMW, KBAHTO-
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POB CyLLECTBOBaHUA 1 BCEOOLHOCTK. lMpaKTuueckn Kaxgas cuctema W,
MOCTPOEHHas Ha JIOTMYECKOM MNPUHLWMNE, NpeAcTaBnseT cob0i MalluHy
[loKaszaTenbcTBa TeopeM. Mpu 3TOM WMCXOAHblE AaHHble XpaHATCH B 6ase
[aHHbIX B BUJE aKCMOM, a npaswuia JIOrMYecKoro BbiBO4a — KaK OTHOLLEHUA
MeXxay HUMMU.

Jlormaeckmit CrpyxrypHbIH JBOMIONHOHHBIN Hmurranponnsii

OCHOBAH Ha 5
Bynesoit NOCTROCHME I_ YepHbIil
a..)'(lj:'eG e MO7le/THpOBaHHE HAUATBHO AIHK
P oc’:l !lpﬂ I MOIe/IH H
HEEBE‘-I&CI(OI‘O L
HCYHCIeH e e “KUTUPBIM OHA

MOXeT

npejuKaTos
H3MEHATLECA

HeYeTKad
JIOTHKa

i

Puc. 14.2. OCHOBHble METO/bI U CPeLCTBA NCKYCCTBEHHOIO UHTE//IEKTa

[ns 60MbLIMHCTBA NOrMYecKMX METOLOB XapakTepHa 60/bluas Tpyao-
EMKOCTb, MOCKO/IbKY BO BPeEMSI MOMCKa J0Ka3aTe/lbCTBa BO3MOXEH MOJHbINA
nepebop BapnaHTOB. [103TOMY AaHHbIA NOAX0A TpebyeT apdeKTUBHON pea-
N3aLMKN BbIYMCIIMTENBHOMO NpoLecca, U xopowas paboTta 06bIYHO rapaH-
TUPYETCA NPY CPaBHUTENIbHO HEHO0/LLLOM pasmepe 6a3bl AaHHbIX.

Memoovl camoopeanuzayuu u 38010YUOHHBIN N00X00. MOXHO OTMe-
TUTb CReLytoL e NPUHLMIBI CAMOOPraHM3aLMmM MaTeMaTNyYecKnx Mogeneii:

NPUHUMN  Heokonuamensvuvix pewenun (NpegnoxeH [. Fabopom
(1972) 1 3aKno4aeTca B HEOOXOAMMOCTM COXPaHEHNS AOCTaTOYHOW CBOGO-
[bl BbI6Opa HECKOMBbKMX NYULUNX PELUEHWI Ha KaXKAOM Luare caMoopraHu-
3auum);

NPUHUMN enewnezo dononnenus (6asnpyetca Ha Teopeme K. legens
(Harenb, HbtomeH, 1970) 1 3ak/1t04aeTcs B TOM, UTO TO/IbKO BHELUHWE Kpu-
TepuK, OCHOBaHHble Ha HOBOI WHKOPMaLMK, MO3BOMAKT CUHTE3UPOBATH
WCTUHHYIO MOfeNlb 06bEKTA, CKPbITYIO B 3allyM/IEHHbIX SKCMepUMeHTasb-
HbIX aHHbIX);
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NPUHUMN maccosoii cenexuuu (NPeanoxeH A. I'. VIBaXHEHKO 1 yKa3bl-
BaeT Haubosee LenecoobpasHblii NyTb NOCTENEHHOTO YC/IOXHEHUS CamMOoop-
raHm3yoLlelica Mogenu, ¢ TemM 4TOObl KpUTepuid ee KauyecTBa MPOXOAWN
yepes CBOI MUHUMYM).

[na BO3HWKHOBEHWS camoopraHusauyy Heo6XoAMMO UMETb UCXOAHYHO
CTPYKTYPY, MEXaHU3M CyyaliHbIX ee MyTauuii u Kputepun otbopa, bnaro-
[iapsa KOTOPOMY MyTauus OLEHMBAETCA C TOYKWM 3PeHUs MOSe3HOCTU 4JiA
YNYULLEHWA KayecTBa CUCTEMbI. TO ecTb Npu NOCTPOEHUN 3TNX cuctem NI
nccnefosarteNib 334aeT TOMbKO WCXOAHYHO OpraHv3auuio U CNmucoK nepe-
MEHHbIX, a TaKXe KpuUTepuu KayecTsa, hopManu3yroLiue Leb onTumm3a-
LMK, 1 MpaBuna, N0 KOTOPbIM MOZENb MOXET U3MEHATLCA (CamoopraHu3o-
BbIBATLCA WU/IN 3BOMOLMOHNPOBATL). MpryeM cama MoLeNlb MOXET NpuHaj-
neXxatb CaMbIM Pas/IMuHbIM TUNaM: NVHEAHas UK HenuHelHas perpeccus,
Habop NorMyecknx Npasun Uan Nbdas gpyras Mogens.

MOXHO BbIZeUTbL CNeaytoLLye NOAKIACChl CaMOOPraHU3YHOLWMXCA MO-
neneii:

MOLenu, peanunsytowue nosMHOMUabHbIE aropuTMbl, 0606LLEHNEM
KOTOPbIX ABU/CS Memoo epynnosozo ywema apymenmos (MI'VA);

MOZE/IN, OCHOBAHHbIE HA BEPOATHOCTHBLIX METOAaX caMoopraHusaLum n
rpaMmartuke KOHeUYHbIX CTOXaCTUYECKNX aBTOMATOB;

NCCNefoBaHNe CTPYKTYPbI C/IOXKHOA CUCTEMbI M peLLeHmne 3ada4 BocCTa-
HOBNEHNS! YPaBHEHUI ((PM3NYECKMX 3aKOHOB), OMUCHIBAKOLLMX PA3OMKHY-
ThIiA 06BEKT MO HEOGO/BLLOMY KO/IMHECTBY IKCMEPUMEHTA/IbHBIX TOYEK.

MpVHUMN MaccoBOW CeNeKLMK, NCMOb3YeMbIA B anroputmax MIYA,
Kak ¥ MHOrve fpyrue naen KubepHeTuKu, 3aMMCTBYET AeNCTBYIOLME NpK-
POAHbIE MEXAHW3MbI Y CXEMATUYECKM NOBTOPSET arpoTeXHNYECKNE METOAbI
CenekLUy pacTeHUA UM XKMBOTHBIX, Hanpumep:

BbICEBAETCH HEKOTOPOE KOMMYECTBO CEMSH W B pe3y/ibTare OfblieHus
06pasyroTCa CNOXHbIE HACNeACTBEHHbIE KOMOUHaLMN;

CeNeKLMOHePbl BbIGNPaOT HEKOTOPYHO YacTb PACTEHWI, Y KOTOPbIX WH-
TepecytoLlee NX CBOMCTBO BbIpaXXEHO 6O/bLLUE BCETO (3BPUCTUYECKNI KpU-
Tepuin);

CeMeHa 3TUX PacTeHWii cobmpatoT 1M CHOBa BbICEBAOT AN 06pa30BaHus
HOBBIX, €eLLe 60/1ee COXHbIX KOMOUHALWIA;

yepe3 HeCKO/IbKO MOKONEHNIA CeleKLUMA OCTaHaB/IMBAETCS, U ee pesy/ib-
TaT ABAAETCA ONTUMAbHBIM;

€C/IN Ype3MepHO NPOJOKATb CENEKLMIO, TO HACTYNUT «UHLLYXT» — Bbl-
POXAeHNe pacTeHwiA (T. e. CyLLECTBYeT ONTUMATbHOE YMC0 NOKOMEHWA 1
ONTUMa/IbHOE KONMYECTBO CEMSIH, OTOMPAEMbIX B KaXK40M U3 HUX).
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Deomoyuonnoe mooderuposanue (Porenb ¢ coasT., 1969; bykaToBa,
1979; bykaToBa C coaBT., 1991) npefcTaBnseT cob0li CYLIECTBEHHO YHU-
BepCa/lbHbIii CMOCO6 NOCTPOEHUS NPOrHO30B MaKpPOCOCTOSAHWUIA CUCTEMbI B
YCNOBWAX, KOrAa MoMHOCTLI0 OTCYTCTBYET arnoctepuopHas vHgopmauus, a
anpuopHble AaHHble 3a4at0T NWLLb NMPeAbICTOPUIO 3TUX COCTOAHMIA. ObLas
CXeMa anropuTma 3BOMOLMY BbITIAAUT Cnegyrowm obpasom (puc. 14.3).

1. HavasnbHasa nonynaums

J

A

r) 2. CkpelumBaHve 1 (Mnv) myTauus

v
v

3. Cenekums

4. ®dopmMmpoBaHMe HOBOTO MOKO/EHMA

[0CTUTHYT pesynbTaT

5. PesynbTupytoLasa nonynauus

Puc. 14.3. Anroputm 3sonouuu

Takum o6pasom, u3 puc. 14.3 cnefyeT, 4TO MPOLECC 3BOMOLMOHHOIO
MOZENMPOBaHNSA MPOTEKAET B HECKO/bKO 3TaroB;

3a/1aeTCA UCXOfHasA opraHmM3aums cmucTembl (B 3BOMHOLMOHHOM MOAEU-
pOBaHMM B 3TOM KayecTBe MOXET (hUrypupoBaTb, HampuMep, KOHEYHBIN
[eTePMUHMPOBaHHbIN aBToMaT Munu (Pactpurud, Mapkos, 1976; bykaTo-
Ba, 1979);

NPOBOAAT CyYailHble «MyTaLun», T. €. U3MEHSKOT CMyYaliHbiM 06pa3oM
TeKYLLMIA KOHEYHbI aBTOMAT;

0TOMPaOT ANs AanbHEMLero «pasBuTUs» Ty opraHusauuio (TOT aBTO-
MaT), KoTopas fBMSETCA «/yullieii» B CMbIC/Ie HEKOTOPOro Kputepus,
HampumMep MakCUMabHOW TOYHOCTW MpefcKasaHWs MOocneAoBaTe/lbHOCTU
3HaueHWn MaKpOCOCTOSHUI IKOCUCTEMBI.
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Kputepuii KauecTBa MOZENN B 3TOM C/lyyae Masio YeM OT/IMYaeTcs,
HarmpumMep, 0T MUHUMYMa CpefHeKBaapaTUUecKoi OWn6KK Ha obyyatoLLei
nocnegoBaTeNbHOCTM METOAa HauMeHbLUMX KBaapaToB (CO BCEMU BbITeKa-
lOLLMMK OTCloAa HegocTaTkamu). OfHako, B OT/IMYMe OT afanTaumu, B 3BO-
NIOLVOHHOM NPOrpamMMUpOBaHMK CTPYKTYpa peLuatoLLero yCcTpoicTea Mano
MeHSieTCA Npy nepexoge 0T OAHOW MyTauuu K APYTrOW, T. €. He MPOMCXOANT
nepepacnpefeneHns BepOATHOCTEW, KOTOpble 6bl 3aKpennsam MyTauuu,
NpuBeALLIME K YCrexy Ha npefplayliem ware. MoncK onTUMabHOR CTPYK-
TYpbl MPONCXOAMT B GOMbLUE/ CTENEHW CAy4YailHbIM W HelleneHanpas/eH-
HbIM, YTO 3aTArVMBAEeT MPOLLECC MOWCKa, HO 06ecreyrBaeT Haunyullee npu-
Cnocob/eHne K KOHKPETHBIM U3MEHSIOLLIMMCS YCNOBUAM.

Cmpykmyprvlii n00X00 u Hetipocemegoe moodenupogarue. 1104, cmpyk-
mypHbiM no0xo0om TOLAPa3yMEBAIOTCA MOMbITKA MOCTPOeHUs cuctem NN
nyTeM MOJENMPOBAHMA CTPYKTYPbl YenoBeyeckoro mosra. B nocnegHue
JecaTb et BneyaTnaeT (heHOMeH B3pbiBa MHTepeca K CTPYKTYPHbIM METO-
JaM camoopraHusauun — weipocemesomy Mmooeauposanuio, KOTOPOE
YCMELHO MPUMEHSIETCA B CaMbIX Pas/IMyHbIX 06nacTax — 6usHece, meau-
LMHe, TEXHUKe, reonioruun, uamke, T. e. Be3fe, re HY>KHO peLlaTb 3afayu
MPOrHO3MPOBaHWs, Krnaccuukauum wunm ynpaenenmst (Fopb6aHb, 1990,
1998; YoccepmeH, 1992; BacuibeB ¢ coasT., 1997). OnucaHbl U LLINPOKO
pacnpocTpaHATCA HepoceTeBble PaCLUMPEHMst K MOMYNsSPHbIM NakeTam
npuknagHeix nporpamm (IFopb6aHb, Poccnes, 1996; [psakoHoB, Kpyros,
2001), uTo [fenaeT Mpouecc NPOEKTUPOBAHUSA WHTENNEKTYaNIbHbIX CUCTEM
[OCTYMHbIM /IH060I OMOXO03AKe C NePCOHabHBIM KOMMbIOTEPOM [37].

CnocobHOCTb HEMPOHHOI CeTU K 06y4YeHWI0 BrepBble Gbina nccneaosa-
Ha K. Makkanokom 1 Y. IMNutTtoMm, Korga B 1943 r. Bbiwna ux pabota «Jlo-
FMYecKoe MCUUCNEHWe WAel, OTHOCALMXCA K HEPBHON [OeATENbHOCTU».
B Heli 6blfia NpescTaB/ieHa MoAe/ b HEMpPOHa 1 CHOPMYNPOBaHbI MPUHLM-
Mbl MOCTPOEHWSA UCKYCCTBEHHbIX HEMPOHHBIX CeTel.

KpynHbIiA TONYOK K PasBUTUIO HEMPOKMOGEPHETMKMN Aan aMepuKaHCKMWi
Heipogmanonor @. Po3eH61aTT, NpeanoXuBLLIMIA B 1962 r. CBOIO MOAENb
HEMPOHHOI ceTn — nepcenTpoH (Po3eH6naTT, 1965; MuHckuia, Meinepr,
1971). BocnpuHaTbI NepBOHaYasbHO € 6OMbLUMM 3HTY3KMa3MOM, Mepcen-
TPOH BCKOpe MOABEPrcs MHTEHCMBHBIM Hanajkam CO CTOPOHbI KPYMHbIX
Hay4HbIX aBTOPMTETOB. I XOTA NOAPO6HLIV aHaIM3 UX apryMeHTOB MoKa-
3bIBAET, YTO OHW OCNapvBa/Iv He COBCEM TOT MEPCENTPOH, KOTOpPbI npes-
naran Po3eHGMATT, KpynHble MUCCNeAoBaHWs MO HEMPOHHbIM CETAM Obln
CBEPHYTbI MOYTU Ha [ecATb NeT. U Korga B XypHane «Ycnexu husnyecknx
HayK» CTa/in MOSABAATLCA CTaTbW, CBA3AHHbIE C (DA30BLIMU MepexofaMu B
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HEMPOHHbLIX CUCTEMAX, KOPPEKTOPbI YNOPHO WCMNPaBAsAA B 3TUX CTaTbsAX
C/TOBO «HEMPOH» Ha CIOBO «HEATPOH™.

3HauUTeNbHYO PO/b B 06LLIEM MOAbEME MHTepeca K Heiponpobiemam
coirpana Teopus, npegnoxeHHas x. Xondungom (Hopfield, 1982). OHa
6yKBa/IbHO 3aBOPOXW/A Ha NPOAO/MKUTENIBHOE BPEMS (PU3NKOB-TEOPETMKOB.
M X0T#, € TOUKM 3pEHMSA HEPO-TEOPETUKOB 1 TEXHOJOrOB, 3Ta TeOpMs Maso
4TO Jana, BO30YXKAEHHbIE el aHanorMm n Kackagbl roN0BOKPYXXMTENbHbIX
BbIYMCEHWNI LOCTaBUIN HEMaIO SCTETUYECKMX PafoCcTeil aaentam Hayku.
Bonee Toro, No annMTepaLmmn «HempoH»-«HeTPOH» BO3HUKNO MOJHOE B Ty
nopy coyeTaHue «HelipoHHas 6omM6a» 1 HelipoceTeBble UCCNEfoBaHUS CTa-
v (hMHAHCMPOBATLCA B pamMKax MCCef0BaTeIbCKUX NMPOrpamm BCeX PoLoB
Boiick CLLUA. He MCKMHOYEHO, YTO Ha BOOPY)XXEHUUN KaKUX-TO CTPaH YXKe
MMEIOTCA HeMpOHHble CHapsfbl-kaMuKaase, 4eli HelipoCeTeBON «MHTeS-
NeKT» HanpaB/eH Ha YHUUTOXEHUE KaKUX-TO KOHKPETHbIX Lienei. ..

[pyroii BaXHblIii Knacc HEMPOHHBIX CUCTEM OblN BBEAEH HA paccCMOTpe-
Hue uHHOM T. KoxoHeHoM (1982). ¥ 3TOro Kacca KpacvMBoe Ha3BaHue:
«CaMOOPraHW3yoLLIMECs 0TOOPaKEHUS COCTOAAHUIA, COXPaHAIOLLME TOMOMO-
FMK CEHCOPHOro NpocTpaHcTBa». Teopus KoxoHeHa akTMBHO MCMONb3yeT
meopuio adanmusHeix cucmem, KOTOPYIO pa3BuBas Ha NPOTHKEHUN MHOMUX
net akagemmk PAH $A. 3. LibinknH (1968, 1984).

Becbma nonynspHa B HacTosALLEE BPEMS BO BCEM MUPE OLEHKA BO3MOX-
HOCTe 00y4aroLLMXCA CUCTEM, B YAaCTHOCTW HEMPOHHbIX CETei, OCHOBaH-
Has Ha meopuu pasmepnocmu, CO3LaHHON B 1966 r. COBETCKMMK MaTeMa-
Tukamu B. H. BanHukom n A. A. UepBoHeHKucom (1974). Ewe oanH Knacc
Heliponofo6HbIX Moenel NpeaCcTaBAsAtoT CeTM ¢ 06paTHLIM pacnpocTpaHe-
HMEM OLUMBOK, B PasBUTUM COBPEMEHHBLIX MOAUMDMKALMIA KOTOPLIX Begy-
Y0 ponib cbirpan npogeccop A. H. FopbaHb 1 BO3rnasnseMas UM KpacHo-
ApCcKas LIKoMa HelpoMH(opMaTMKN. BoMblUylo Hay4dHylo U Mmonynspusa-
TOPCKYH0 paboTy MpoBOAMT Poccuiickas accoumaumsi HeliponHQOpMaTKm
noA PyKoBoACTBOM npesungeHTa B. J1. lyHuHa-BapKoBCKoro.

B ocHoBe BCEro HeipoceTeBOro MOAXOAa NEXWUT MAES MOCTPOEHUS Bbl-
YMCNINTENBHOIO YCTPOIACTBA M3 6OMBLUOr0 4ncna napannensHo paboTato-
WX NPOCTbIX 3/IEMEHTOB — POPMa/IbHBIX HEPOHOB. TW HEMPOHbI (IYHK-
LMOHMPYIOT HE3aBMCKMO APYF OT fpyra v cBs3aHbl Mexzay cob60il 0fHOHa-
MpaBneHHbIMM KaHanamu nepefayun MHpopmaumn. FApoM HeipoceTeBbIX
MpeLCTaBeHNA ABSETCA UAes O TOM, YTO KaXAbl OTAEMbHbIA HelpoH
MOXHO MOZENMPOBaTh [AOBO/IbHO MPOCTbIMU (YHKLMAMM, @ BCS C/IOXKHOCTb
MO3ra, TMOKOCTb ero PYHKLMOHMPOBAHWA U ApYrue BaXHeNLIMe KavecTsa
OMpesenatoTea CBA3AMU MeXAy HelpoHamu. pefefibHbIM BblPaXKeHUEM
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3TOW TOUKW 3PEHUS MOXET CNYXWUTb NO3YHT: «cmpykmypa césaseil — 6ce,
CBOUCMBA INIEMEHMOB — HUUIOD.

Heiiponnvie cemu (HC) — 04eHb MOLLHbIA METOA MOAENMPOBaHUS, NO3-
BOMISIIOLLMIA BOCMPOM3BOANTL YPE3BbIYAHO CNOXKHbIE 3aBUCUMOCTW, Heau-
Hetinbie MO CBOA npupoge. Kak mpaBuno, HelipoHHas CeTb UCMOMb3yeTcs
TOrda, Korga Hem3BeCTHbI MPEANOOXKEHUA O BUAE CBA3E MeXAy BXo4amu
1 BbIXOZamu (XOTSI, KOHEYHO, OT Mo/b30BaTeNs TpebyeTcs Kakoin-To Habop
3BPUCTUYECKMX 3HaHWIA O TOM, Kak crefyeT oTbupatb M NOAroTaBnMBaTh
[aHHble, BbIOMPaTb HY)KHYIO apXUTEKTYpY CETW W WHTEPnpeTMpoBaThb pe-
3yNbTaThl).

14.3. YciioBuS T10CTHKEHUS HHTEIEKTYAJIBHOCTH
(runorte3a Hbrwasuia — Caiimona, Tect TolopuHra)

HecMoTps Ha 06unve MeTOA0B UCKYCCTBEHHOIO MHTENNEKTa, YacTb KO-
TOpbIX Obl/la PACCMOTPEHA BblLLE, TEOpWeli IBHO He OMpeseNieHo, YTO UMEH-
HO CcuuTaTb HeO6XOAUMBIMW W AOCTATOYHLIMW YCNOBMAMMU [OCTUXKEHMS
VHTENNEKTYalbHOCTW. Ha 3TOT cueT cyLecTBYeT paj, runoTes, Cpeam KoTo-
PbIX MOXHO BblAe/INTb CNEAYHOLVE.

I'unore3a Herodiana — Caiimona, (0OPMYy/IMPOBKA KOTOPOW BbITNSANT
cregyrowmm 06pa3om: (husnyeckass CUMBO/IMYECKaA CUCTEMA MMEET Heob-
XO4UMbIe M AOCTaTOYHbIE CPeLCTBa AN TOr0, YTOObl MPON3BOAUTL OCMbIC-
NeHHble gencTeus. Apyrummn cnoBamu, 6€3 CYMBOMIMYECKMX BbIYMCIEHNI
HEBO3MOXXHO BbIMO/IHATL OCMbIC/IEHHbIE AEWCTBMSA, @ CNOCOOHOCTL BbIMON-
HATb CMMBOJ/IMYECKME BbIYMCNEHWS BMOSIHE [OCTaTOYHA AN TOro, YTO6bI
ObITb CMOCOGHLIM BbIMO/HATL OCMbIC/IEHHbIE AeCTBMA. HesaBucumo oT
TOro, CrpaBeAnMBa Au 3Ta rurnoTesa, CUMBOMYECKME BbIYWUCIEHWS CTann
pealbHOCTbI0, M MOME3HOCTb 3TOM NapafurMbl 418 NPOrpaMMUPOBaHNS
TPYLHO OTpULATS.

AnneHom Hbtoannom v Fepbeptom CaiMOHOM 6bIN10 BbICKA3aHO Npes-
MoJSIOXKeHWe 0 TOM, YTO (PM3UYeCKMe CUMBOSbHbIe cucTembl (PSS) cnocob-
Hbl K MHTE/INEKTYa/IbHOMY MOBEAEHWIO, U UYTO WHTE/IEKTYa/IbHOE MoBeje-
HWe 00LLero xapakrepa TpebyeT (hM3MYECKO CUMBOMbHON cucTembl. Co-
rNacHo TaKOMy MNPeanosiOKEHNI0, AOMYCKAeTCs Haanyve OnpefesieHHoro
Tna cBa3u Mexay PSS 1 nHTennekToM (MHTeNeKTyanbHbIM NPOAYKTOM),
NPOABNAIOLLENCS B BULE PErYNAPHOCTU 1 3aKOHOMEPHOCTU (JOPMMPOBaHNS
onpeaeneHHbIX UHTeNEKTYabHbIX NPOLECCOB, IBMEHWIA 1 COObITUIA.

OCHOBaHWEM AN BbIABVKEHUS TaKOro MpeanosioKeHus SBWUAUCL pe-
3ynbTaTbl PaboTbl KOMMNbtOTEPHONM nporpammbl General Problem Solver
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(GPS) (bykBanbHO — O6WMIA pellaTenb 3adad), NonyyYeHHbIE B XOA€ €€ Bbl-
nofiHeHus. Pe3ynbTaTbl paboTbl GPS 6bl1M KBANUMULUPOBaHbI Kak (haKTbl
(smnmpuyeckue [OBOAbI, MOSTYUYEHHbIE B pe3y/bTaTe 3KCMEPUMEHTa, «UH-
TepcyObEKTMBHO» MOATBEPXKAAIOLLME MPOSBEHNE WHTE/NEKTa), 3anpoTo-
KOMIMPOBaHb! 1 NMOMOXEHbLI B OCHOBY psiAa NOATBEPXKAAIOLLMX HABMIOAEHWIA.
B uTore npeanosiokeHWe 0 TOM, YTO (hM3MYECKAs CUMBOSbHAS CUCTEMA
(PSS) 06nafaeT HeO6XOAUMbIMK M AOCTATOUHBLIMU CpeAcTBaMU ANs opra-
HM3aUMn 06LLE MHTENNEKTYaNnbHOW AeATENbHOCTY, MPUHANO (HOPMY Hayu-
HOW 3MMNMPUYECKOI rnnoTesbl, KOTOpas M3BeCTHa Kak MmnoTtesa Hbtoanna —
CaiiMoHa 0 (Pr3nNYECKOli CUMBOMBHOI CUCTEME.

Hbtoann n CailMOH OTMETWAIN, YTO HE CMOT/IM HAaTN HUKaKOTo cnocoba,
4yTO6bl MPOLEMOHCTPMPOBATL CBA3b MEXAY CMMBOJIbHLIMU CUCTEMAMU U
WHTENMEKTOM YWCTO JIOTUYECKUM MyTeM, MO3TOMY runoTesa npuobpena
AMNUPUYECKNIA XapaKTep, a He TeopeTnyeckuidi. Ho, ans TEOpeTMKOB Oue-
BUAHO, YTO B [EMCTBUTE/IBHOCTI OTCYTCTBME CMOCO6A TEOPETMYECKOTO [0-
KasaTenbCTBa 06YCNOBNEHO «(heHOMEHa/IbHOCTbIO» 3aBUCUMOI NepemeH-
HOW, TaK Kak B (h110CO(PMM N HayKe MOKa He pelleH BOMPOC O TOM, YTO
MMEHHO CUMTaTb UHTE/NNEKTOM.

W, BEPOATHO, MMEHHO 3TOT (haKT CTas rNaBHbIM NPENATCTBMEM ANs NPO-
BeJEHUA TEOPETMYECKOTO UCC/Ie0BaHMSA, KOTOPOE NPOBOANTCA C UCMO/Ib30-
BaHMEM TEXHO/OIMIA 1 hopMasibHbIX METOAOB TEOPETUYECKOIO MCCeA0Ba-
Hus. Hbtoann 1 CaliMOH 4O/MKHbI 6bI/IM NOHMMATb, YTO B pe3y/bTate Teope-
TUYECKOr0 WCCNES0BaHUA OXMAANOCh Gbl B MEPBYKO O4epedb LeOCTHOe
npeacTaBneHve (Teopms) O Lenoli 061acTu MHTENIEKTa, a BO BTOPYHO O4e-
pefib — NOATBEPX/EHNE NPeANONOXKEHNS 0 B3aMOCBA3N PSS 1 nHTeNneKTa
(Teopema), HO He Hao60poT.

Ho, Henb3s He OTMETUTb OObEKTUBHYH HOBU3HY U MPAKTUYECKYHD 3Ha-
ymmocTb (PSSH-NS). CnegyeT npusHaTb, 4To Hbtoanny n CaiMoHy ypaa-
NOCb HaWTW TO YAMBUTENIbHOE B M3BECTHOM, YBUAETb HEOYEBMHOE W MO-
CTaBWTb BOMPOC, Ha KOTOPbIN (Yxe 6osee Nosyseka) He MOTyT faTb OTBET.

TakKe CNOXKHO He cornacuTbes ¢ Tem, 4to PSSH-NS BO3HMKMA Kak OT-
BET Ha BbI30B OKPY)KatoLLEel peaslbHOCTH, KOTOpasi MOCTOSHHO CTaBWT Yesno-
BeKa /IMLOM K fiuly ¢ npobnemamu popmmpoBaHust (MOLENMPOBaHUA ©
MUMUTaLMKN) UCKYCCTBEHHOW WHTENNEKTYa/IbHOW AeATeNlbHOCTU (aBTOMATK-
3aLMMN MHTENNIEKTYabHOW AEATENBHOCTH).

'mnotesa Hbtoanna — CaliMoHa O (hM3NYECKOA CMMBOJIbHOM CUCTEME
(PSSH-NS) sBnsieTcs Hay4HOW 3MMAMPUYECKOA FMNOTE30/ (3MNUPUYECKIM
0006LeHreM), a He Teopemoil. PSSH-NS npoluna «KnacCuyeckuii nyTb
pasBUTUS IMMUPUYECKOA TMMOTe3bI» U, KaK Ntobas Apyras amnupuyeckas
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rmnoTesa (3MNMPUYECKOe MPeSMoNoXKeHVe), NOAIEXMUT 3KCNepuMeHTab-
HOI1 NPOBEPKE.

Tect ToiopuHra — MbIC/IEHHbIA 3KCMEPUMEHT, NPEANOXKEHHbIA B Kaye-
CTBE KPUTEPUS U KOHCTPYKTMBHOIO OMNpeAeneHus WHTENNeKTyalbHOCTU.
3a noutn 70 feT co BpeMeH MepBoii Ny6anKaumm npoLeaypa NpoXoXaeHUs
npeTepnesasa U3MeHeHUs, OfHaKO CyTb TecTa ThbiOpPWHIa OCTaeTCs Mpex-
Hei.

KpaTko ee MOXHO BbIpasWTb CrefyrowmMm 06pasom: eciu, obLasack ¢
Ye/IOBEKOM 1 MALUMHOW, 3KCMEPUMEHTATOP He CMOXKET ONpefennTb, KTO 13
HWX KTO, 3HAYWT, MALIWHOM TecT NpoigeH. VHbIMM cnoBamu, uaes Tecta
3aK/0YaeTca B TOM, YTO KOMMbIOTEP CBOMMMW OTBETaMMW [O/DKEH ybeanTb
cobecefHMKa (OH e Cyabs) B CBOeli Yesi0BeYHOCTU. M0 MHEHMO TbHOpPUH-
ra, 3T0 CBWAETENLCTBYET O CMOCOBHOCTM MCKYCCTBEHHOrO WHTEN/eKTa
MBIC/IUTL U [O/MKHO CTaTb OCHOBaHWEM /1 MPU3HAHUA ero pasyMHOCTM
(puc. 14.4).

Puc. 14.4. TecT TblopuHra

Tect AnaHa TblOpUHra ABAAETCA SMNUPUYECKUM. 3TO 3HAYUT, 4YTO OH
OCHOBaH Ha onbITe, HAbMOAEHNAX, JaHHbIX, MOMYYEHHbIX OMbITHBIM MyTeM.
Vges AaHHOrO TecTa BO3HMK/A U3 Ca/IOHHON WUrpbl (Mrpbl AN BEYEPUHOK
TOro BpemeHu) — Imitation Game (Mrpa B uMuTaLmio). B Heli yyacTBOBanm
KaK MUHUMYM TpY YenoBeKa: XEHLUMHA, MYyXUMHa U «cyfpsa» (ntoboro no-
na). MyXurHa ¥ >XeHLLMHA YXOAMN B pasHble KOMHATbI 1 0TTyda nepeja-
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B/l TPETLEMY UIPOKY 3anMCOYKW. MO HUM HYXXHO 6bII0 OMNpesennTb, B
KaKo/ KOMHaTe MpeACTaBUTENlb Kakoro mnosia HaxoguTcs. Mpu 3TOM OHW
CTapa/MCb 3amyTaTb «CY/bto»: XEHLLMHA MOF/ia BblaaBaTb Ce6sl 38 My>UU-
HY 1 Ha060pOT.

KoHeuHo, 4T06bl TECT COCTOANCA, CYbsA He JO/MKEH BUAETL CObeceHU-
Ka, C/bllaTb €ro roaoc U T. A. B NpoTMBHOM cryyae 3KCNEPUMEHT SBHO
OyaeT NpoBasieH, HO 3TO He BYAET CBA3AHO C MHTENNEKTYalbHbIMU BO3MOX-
HOCTAIMM MaluuHbl. Kak npaBmno, (opmoi 06LLEeHWS BblOMpaeTCs 3/eK-
TPOHHas nepenucka. B uM3HayanbHOM BepcuMM TeCTa 4YenoBeK 06LWancs c
[OBYMs CybGbekTamy — [pYrMM 4YeflOBEKOM M MalMHOW. YyTb nosxe
TbHOPUHT BUAOM3MEHWN NPOXoXaeHue — neped VI ctaBmnack 3apada yobe-
[OUTb B CBOEI pa3yMHOCTW psij, Cy/eld, KOTOpble, B CBOKO 04Yepefib, 06LIanmch
C HECKOMbKUMMW NIIOAbMM N HECKONbKMMU MaluMHaMu. OTO B TOM 4KCne
M03BO/ISET N36eXKaTb CyOLEKTMBHOCTM B OLIEHKAX M CHU3WUTb PUCK MPOCTOro
yrafblBaHus.

KonnyecTBO NOAOMbITHLIX MalWH W NtOJeiA B COBPEMEHHBIX BEPCUSX
TecTa pasHUTCS, Kak 1 Bpems ux obLieHns. Cyfbs MOXET roOBOPUTbL CO CBO-
MU BUPTYa/lbHbIMK COBGeCeHMKamMM, O YeM MOXKenaeT: BOMPOCHI TecTa
TblOpUHra He MMEKT OrpaHnyeHuid. [ns MawuHbl 3T0 NpeacTaBaseT fo-
MONIHWTENbHYIO CMOXHOCTb. YTO6bI BbINOMHWTL TakKoe 3afaHue, KOMMbHO-
TepHas NporpaMma J0/DKHa He MPOCTO MOHUMATb Ye/IOBEYECKMIA A3bIK, HO 1
[laBaTb €CTECTBEHHbIE OTBETHI MO CaMbIM Pa3HbIM TEMaM, OTAENAA BOKHYHO
MH(OPMaLMIO OT HECYLLECTBEHHOW ANS TOr0 WM MHOrO HanpasieHus be-
cegpl.

OfHMM M3 TNaBHbIX HEJOCTATKOB TeCcTa BUAWUTCSA TO, YTO (haKTUYECKM
nepes MalUWHOI CTaBMTCA 3afaya 3amnyTaTb, 06MaHyTb YenoBeka. oBOpUT
N1 3TO O TOM, YTO Mbl MOXXET MPU3HATb MbICASLLMMM 1 Pa3yMHbIMMW TO/bKO
Tex, KTO yMeeT 06MaHblBaTb M MaHWMynMpoBaTh? STOT BOMPOC, CKOpee,
NeXuT B 061acTu unocogun. Tem 60see YTO B TeOPMM NpoLUeALLINiA TecT
TblopyHra poboT [O/MKEH XOPOLIO UMUTUPOBAaTL, MOBTOPATL AEACTBUA Ye-
NOBEKa, a He 3amyThiBaTb CyAbl0. Ha MpakTuke e ¢ TeCTOM flydile Apyrux
CMPaBAANNCL «MaHWUMYNSTOPbI» — HANPUMEP, Te, KTO A0MycKan oneyaTku B
oTBeTax. MalluH fJaxke creumanbHO 3TOMy 06ydanu, 4Tobbl MX nepenncka
BbIrNA4eNa ecTecTBeHHee. Elle ofHa pacnpocTpaHeHHas Y/I0BKa KOMMbHO-
Tepa: yMon4aTh 0 YeM-Mb0, AaTb HEMO/HbIVA OTBET Ha BOMPOC WM COBCEM
cocnatbCsl Ha He3HaHue. VIHaye UCKYCCTBEHHbIN MHTENNEKT MOXHO BblYMC-
NATb MO TOMY, YTO OH «C/IMLLIKOM YMHbIA».

7 nioHA 2014 1. cynepkomnbiOTep No MMeH Eugene nonbiTanca BOCCO-
30aTb WHTENNeKT TpuHafuaTWIeTHero nogpoctka — EBreHus ycTMaHa.
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B TecTMpoBaHuM, OpraHM30BaHHOM LLIKOMOW CUCTEMHOW WHXeHepuu npu
YHuBepcuTeTe PeguHra (BennkobpuTaHus), y4acTBOBaIU MSATb CYNepKOM-
MblOTEPOB. VCTbITaHWe NPeACTaBAsNo co6oi ceputo NATUMUHYTHBIX MUCh-
MEHHbIX AWMaIoroB. Pa3paGoTumMKamM NporpaMmbl yaanock NoAroToBUTL 6o-
Ta KO BCEM BO3MOXXHbIM BOMPOCAM U faxke 06Yy4UnThb €ro cobrpaTb NprMepsi
avanoros uepes Twitter. Kpome TOro, MHXXEHepbl HaZeNIu repost ApKum
XapakTepoMm. MpUTBOPSSCb TPUHAALATUNETHAM Ma/bUiKOM, BUPTYa/lbHbI
«EBreHuii MycTMaH» He Bbl3blBasl COMHEHUIA y aKcnepToB. OHW NOBepUN B
TO, UTO MasbuMK MOXET He 3HaTb OTBETbI HA MHOTME BOMPOCHI, Befb Ypo-
BEHb 3HaHUIi Y cpefHero pebeHKa CYLLECTBEHHO HUXe, YeM Y B3POC/bIX.
Mpy 3TOM €ro NpaBUMbHbIE W TOUHbIE OTBETbI CMMCHIBAIN HA HEOObIUHYHO
3PYAMLMIO U HAUMTAHHOCTb. B TecTe yyacTBOBanu 25 «CKpbITbIX» Ntofel 1
MATb 4aT-60TOB. Kaxablil 13 30 cypaeii NpoBen Mo NsTb YaT-CeCCUMA, MbiTa-
fiCb OMPedennTb peasibHyH0 MPUPOAY cobeceaHuKa. [ns cpaBHeEHWS, B Tpa-
OVLMOHHOM €XXerofHOM KOHKYpCe MpPOrpamMM WMCKYCCTBEHHOTO MHTEN/EKTa
Ha npemuto JIE6Hepa y4acTBYIOT BCETO YETbIPE MPOrPaMMbl U YeTbIPE CKPbI-
ThbIX Ye/IoBeKa.

3AKJIIOYEHHE

CoBpeMeHHble MH(POPMaLMOHHbIE TEXHOIOMMKN NO3BONAOT 3PHPEKTUBHO
cobupatb M HakanmeaTb 60/bLLION 06BEM Pa3HOPOAHbLIX arpoO3KOHOMUYE-
CKMX AaHHbIX, FPaMOTHbI 1 BCECTOPOHHUIA aHaN3 KOTOPbIX SBMSETCA He-
06X0AMMbIM 47151 MPOBEAEHNS MOHOLEHHOMO MccnefoBaHns. CTaHhapTHbIe
MEeTOAbl MaTeMaTU4eCKOli U CTaTUCTUYECKOW 06paboTKM AaHHbIX Hepeako
He MO3BONAKT 0O6HAPYXXWUTb CYLLECTBYHOLME B LaHHbIX HETPUBMA/IbHbIE U
3apaHee HernpencKasyeMble 3aKOHOMEPHOCTW, [/ BbISIBNEHWUS KOTOPbIX
paspabartbiBaOTCH M UCNOMb3YIOTCA METOAbl UHTENNEKTYalbHOro aHanmsa
[aHHbIX. Takum 06pasoM, Hanmume 06s3aTeNlbHOro Kypca Mo UHTENNeKTy-
aNbHOMY aHafM3y faHHbIX MOMOXET PasBUTUIO HAYYHO-UCCeL0BATENbCKMX
KOMMETEHLMIA Y 06Yy4aroLMXCA MarucTpaHToB. [ NpuobpeTeHns HaBbl-
KOB B 06/1aCTK aHa/im3a fJaHHbIX 41 He U T-cneumanucToB pekoMeHAyeTcs
COCPefoTouUTECA Ha AEMOHCTpauuyM BO3MOXHOCTER WHTENEKTYalbHOro
aHasm3a AaHHbIX C MOMOLLbBI CYLUECTBYHOLMX MHCTPYMEHTOB (B pas/ivu-
HbIX npakTukax wucnons3oBannce Weka, SASTM Enterprise Miner,
HagcTpolikm Excel, Matlab n gp.).

VIHTennekTyaNbHbliA aHann3 [AaHHbIX SBASIETCS CUHTETUYECKON o6na-
CTbiO, Lie/lb KOTOPOI YacTO OrpaHNUMBAETCA HaXOXAeHWEeM B aBToMaTuye-
CKOM peXXnme 3aKOHOMepHOCTER (Moaeneli U OTHOLLIEHWIA), CKPbITLIX B 6a3e
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(MaccumBe) gaHHbIX, KOTOPbIE He BCerga MoryT ObiTb HaigeHbl 06LLEN3BECT-
HbIMU CTaTUCTUYECKUMM METOAAMU, XOTA WUCTOPUYECKM CIIOXKMIOCH Tak,
YTO MOLUHbIA apceHas MEeTOAOB MPWKNAAHOM CTaTUCTUKM CTal MepBbIM
HarnpaB/fIeHNEM Pa3BUTUS CPELCTB WHTEMNEKTYa/IbHOr0 aHasm3a AaHHbIX.
3HaUMMOCTb CTATUCTUYECKMX METOAOB A1 MHTENNEKTYalbHOIo aHanusa
[aHHbIX [OCTAaTOYMHO BenMKa. HecMoTps Ha TO, 4TO OHM pa3paboTaHbl B
pamMKax CTaTUCTUYECKOM Napagurmbl, 3TU METOAbl BCE XX CMOCOOHbI pe-
LUaTh YacTb 3afay UHTENNEKTYalbHOrO aHanm3a faHHbIX, HO OHW He MO03BO-
NAT TeHepupoBaTb HOBbIE TMMOTE3bl B aBTOMATU3MPOBAHHOM pEXMME.
Takum o6pas3om, (HOpMyNMpOBKa rmnoTe3 OCTaeTCsi NpeporaTuBoli mcce-
[oBaTeNst U MPOU3BOAMTCA «BPYYHYHO», G€3 MOMOLM MH(OPMALMOHHBIX
cUCTEM.

Knaccuyecknm MnpuvMepoM MNPUMEHEHWSt CTaTUCTUYECKUX METOAOB B
npouecce A/, ABnseTcs NpoBeAeHWe KNacTepHOro aHanmn3a, Korga uccne-
foBaTeb TO/bKO 3adaeT KiacCUuuMpylowe MNpuUsHaky, HO 3apaHee He
MOXXET NPEAMo/oXNTb HW COCTaB, HU 06beM KiacTepoB. Takvm 06pasom,
anpuopHble NPeAnoNoXeHWs UCCefoBaTeNs HeMOJ/HbI, paboyas runoTesa
He MOXeT 6bITb YeTKo cchopmynupoBaHa. bonee Toro, npu MpoBegeHWUU
KNacTepHOro aHanmsa NpuxXoamuTcs nepebuparb «BPYUHYHO» TUMOTE3bl O
KOMIM4YeCcTBe KacTepos.

XOTA npuknagHas ctaTMCTUKa M BXOAWT B MaTeMaTWYecKWil MHCTPY-
MEHTapuii MHTENNEKTYa/IbHOMO aHaIn3a AaHHbIX, HO OHa SIB/ISIETCS TOMbKO
YaCTblO 3TOr0 MHCTPyMeHTapus. B ocHoBy 6onblUMHCTBA MeTonoB VAL
MONOXeHa KOHLenuus wabnoHoB (MaTTepHOB) U 3aBUCUMOCTEN, OTpaXaro-
LMX MHOrOacrnekTHble B3aMMOOTHOLLUEHUS B AaHHbIX. MOMCK MaTTepHOB
MOXXET MPOM3BOANTLCS aBTOMATUYECKUMM METOLAMU, HE OrpaHUYeHHbIMU
paMKaMy anpuopHbIX MPEeLNoNoXKeHNA 0 CTPYKTYpe BbIOOPKM W BUAe pac-
npeaeneHnin 3HauYeHn aHann3npyemMblxX nokasarteseid (UTo asnseTcs 06s3a-
Te/lbHbIM B paMKaxX CTaTUCTUYECKON Napagurmel).

BaXKHOI 0CO6EHHOCTbIO MHTENNIEKTYANbHOMO aHanm3a faHHbIX ABSeTcA
TO, YTO OH M03BO/ISET 6O/IEe NMOMHO MCMO/b30BaTb CMOCOBHOCTY YENOBEKA,
0CBO6OX/as ero He TONbKO OT PYTUHHBIX BbIYMCIEHUI, HO JaXKe OT «py-
TUHHOW» (HOPMY/IMPOBKM TUMOTe3 (ECTECTBEHHO, MNPV HAIMUUN «CUTbHOM»
WHTENNEKTYaNbHOM CMCTEMbI, OCHALLEHHOW «XOPOLUMM» MaTeMaTUYeCKUM
annapartoMm, MO3BO/IAOLLMM peanv3oBaTb METOA0MOMMIO FreHepaumm 1 oT60-
pa Hambonee uHTepecHbIX runotes). OgHako NAL He peluaeT 3agayum 3a
aHa/IMTMKa, a BCEro INLb CAY>KUT MHCTPYMEHTOM, KOTOPbIV cnocobeTByeT
MOWCKY HETPUBUA/IbHBLIX PELUEHWI copepXaTenbHbIX 3a4ad. Ans Toro uTo-
6bl He NpothaHNpPOBaTb METOAbl WHTENNEKTYaNbHOr0 aHamsa faHHbIX, UX
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cregyeT MOHUMATb, 3HaTb JOCTOMHCTBA M HEAOCTATKW, rpaHnLbl NpUMeHe-
HUS KaXXA0ro n3 Hux. Kpome Toro, AL npegnonaraeT COBMECTHOE WC-
M0/b30BaHUE Pa3INYHbIX METOLOB W alfOPUTMOB NPW UCCNEA0BaHNN OfHO-
ro 1 TOro Ke COLManbHOro heHOMeHa, peaindys Takum CrocoboM MPUHLMM
TPUaHrynsuMM B NPOLECCE aHaIM3a 3MMMPUYECKMX [aHHbIX. B gaHHOM
KOHTEKCTe 0C060e 3HaueHne NprMobpeTatoT MaTeMaTMYeCcKme 3HaHUs, HaBbl-
K/ KOMMbIOTEPHOW peanu3aummn pas/nMyHbIX METOAOB aHa/iM3a AaHHbIX W
KOPPEKTHOI MHTepNpeTaLmMmn NoyyYeHHbIX pesynbTaToB.

B vHTENNeKTyabHOM aHann3e AaHHbIX 06CYXXKAat0T ABa OCHOBHbIX NOS-
X0[a U3BMIEYEHUS NPAKTUYECKN NOME3HbIX 3HAHUWA — dedykmusnuiti (Ha OC-
HOBE HEKOTOPOW anpuopu CHHOPMY/IMPOBAHHON rMnoTesbl, OT 0OLWEro K
YaCTHOMY) W unoykmuenwiti (HA OCHOBE W3BECTHbIX nammepnos, OT YaCTHO-
ro K obuemy).

[eayKTuBHbIA NOAXOA K MCCNefOBaHWI0 AaHHbIX MpeanonaraeT Hamu-
Yne HeKoTopoIi chopMyNMPOBaHHOI FMNOTE3bl, MOATBEPXKAEHUE U OMNpPO-
BEpXKEHME KOTOPOI MOCfe aHam3a AaHHbIX MO3BOSET MOMYYUTb HEKOTO-
pble YaCTHbIEe CBEAEHUS.

VIHAYKTUBHBIA NOAX0A K WCCMEf0BaHWUIO [aHHbIX MO3BOMSET ChopMmy-
NpoBaTh (CKOPPEKTMPOBATh CYLUECTBYHOLLYHO) FTUMOTE3Y U HaliTh ¢ ee Mo-
MOLLbH0 HOBbIE MYTN aHIUTUHECKUX PELLEHWIA.

[ns noucka 3Ha4YMMbIX 3aKOHOMEPHOCTEN Nopoii TpebyeTcs COBMECTHOE
nonepeMeHHoe MUCMO/b30BaHNe MHAYKTUBHOIO U AeAYKTMBHOIO MOAXOAOB,
Mpy KOTOPOM (hOpMUPYeTCA Takas cpefa, B KOTOPOW MOLENN He HYXXHO
ObITb MCKMOUNTENIBHO CTaTUYEeCKOW WM 3MMUPUYECKOin. BmecTo aTtoro,
MO/IeNlb HEMPEPbLIBHO TECTUPYETCA, MOANDMLIMPYETCS U YNYULLIAETCA 0 Tex
nop, Nnoka He ByJeT JOCTATOYHO YCOBEPLLEHCTBOBAHA.

BOITPOCHI Jis1 CAMOITIPOBEPKHA

1. Kakne TpeHabl WMHHOPMALMOHHO-KOMMYHUKALMOHHBIX TEXHO/OrWi
cnoco6cTBoBanm passutuio Data Mining?

2. MpueeguTe npumepbl NpuMeHeHus MetooB Data Mining ans pelue-
HUS NMPaKTUYECKMNX 3aad.

3. Kakvie 06nacTn 4enoBeyveckoii AesTeNlbHOCTU Hanbonee N HaMmeHee
NOAXOAAT 4N X aHanmsa metofamu Data Mining?

4. Yto noHmmaeTca nog Data Mining n Big Data? NMoyemy BO3HMKMA
Takas TepMUHONOrNA?

5. B yem cocTtouT CyTb MHAYKTUBHBLIX U AelyKTUBHbIX NoAxo40B B Data
Mining?
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6. KakoBbl OCHOBHbIe 3Tanbl MHTENNEKTYANIbHOIO aHanmn3a AaHHbIX?

7. Kakue knaccudmkaumm metogos Data Mining cyuiectsytoT? MNpuse-
[unTe nprMepsl.

8. B ueM 3ak/iouaeTcs npenasapuTensHas 06paboTka faHHbIX U KakoBa
ee uenb? Kakve noaxofbl Npy 3ToM NpUMeEHAOTCA?

9. B yem 3akntoyaeTca onTUMK3aLmMa NPU3HaKoOBOro npocTpaHcTea? Ka-
Kve MeToabl C TpaHcgopmaumeli u 6e3 TpaHcopMmauum MpOCTpPaHCTBa
NPUMEHSAIOT U B YeM MUX OTINYUNA?

10. B uem 3aknouaeTcss MeTod Knaccudmkaummn? Kakve nogxoapl ans
€ro peanu3aLum MoryT 6bITb UCNO/Mb30BaHbI 1 B YEM COCTOUT MX CYTb?

11. Y10 Takoe HEKOHTpoO/MpyeMas KiacCcuukaums U Kakue MeTogbl
NPUMEHSAIOT ANA ee peanusaummn?

12. B YeM 3aK/HOYaeTCA CyTb MeTOfa MalLMHbLI OMOPHbLIX BEKTOPOB U B
YyeM ero npevMyLLEECTBO nepes aHasoramu?

13. Kak paboTatoT fepeBbs NPUHATUSA pelleHnin? Kakme nx pasHOBUA-
HOCTW CyLLeCTBYIOT? KakoBbl Npefesbl NPUMEHUMOCTM 3TOro MeTofa?

14. Y70 Takoe perpeccus? Kakve noaxofbl NPUMEHAIOT 41 ee peanu-
3aummn?

15. Kak paboTatoT accoLmaTBHble anropuTMbl?

16. Kak paboTatoT a/irop1MTMbl NOCeA0BaTeNbHOM accoLmaLmmn?

17. YTo Takoe 0GHapy)XeHue aHOManuiA? MpuseanTe NpUMepbl NpUMe-
HeHWs 3TOro NoAXo4a U METO/bI ero peansauum.

18. Yto Takoe BM3yasm3auusa U KakmMe WHCTPYMEHTHbI ee peanvsauuun
CYLLEeCTBYHOT?

19. Kakune WHCTPYMEHTbI, MOLENN N TEXHOMOTUW CYLLECTBYIOT B HaCTO-
Alllee BpeMs N8 peanusaumy BbICOKONPOU3BOAUTENbHBIX BbIYUCIEHWIA?
Kakue kputepum ah(heKTUBHOCTY NPY 3TOM UCMOMb3YIOT?

20. MpwuBeguTe NpUMepbl KOMMEPYECKMX MHOTO(YHKLMOHAbHBLIX CU-
CTEM W CBOBOAHO PacrnpOCTPaHsSEMbIX PeLUeHUA, peann3ytoLmx UHCTPY-
MeHTapuii Data Mining. VIX cpaBHUTE/bHbIE XapaKTePUCTUKMN.

21. ApXuUTEKTYpbl U OCOBEHHOCTU (PYHKLMOHUPOBAHUA UHOPMALMOH-
HbIX CUCTEM, peanusytolmx Metofpl Data Mining Kak cepsuc.
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