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BBEJEHHUE

Ananmutnueckas tuatrdpopma DEDUCTOR cocroutr u3 cieayromux AT
xommoHenTroB: Deductor Studio, Deductor Warehouse, Deductor Viewer,
Deductor Studio u Deductor Client.

Deductor Warehouse — mHoromepHoe KpocciuiaTGOpMEHHOE XpaHHIIUIIE
JaHHBIX, AaKKyMYJHpYIOIIee BCIO HEOOXOIMMYIO I aHaju3a TpPeIMETHOM
obmactu wHpopMaruio. Mcnonp30BaHUE EIWHOTO XPAHWJIWINA ITO3BOJISCT
o0ecrevnTh HENMPOTUBOPEYMBOCTh JAHHBIX, WX IEHTPAIM30BAHHOEC XpaHCHHE
aBTOMATHUYECKU O0ECreYrBaeT BCIO HEOOXOIMMYIO MOJIEPKKY MPOIecca aHaIu3a
JTaHHBIX.

Deductor Studio — »To mnporpaMma, MpeaHA3HAYCHHAs IS aHAIM3a
uHGOpPMAIMK W3 PA3TMYHBIX WCTOYHMKOB MaHHBIX. OHa peanm3yer (yHKIHHA
UMIopTa, 00paOOTKH, BU3yanM3allMu U HKcmopra naHHbIX. Deductor Studio
MOKET (YHKITMOHUPOBATH U O€3 XPaHUIIHINA TaHHBIX.

Deductor Academic Studio mpemHa3HayeH TOJIBKO JJIsi 0Opa30BaTEIbHBIX
nenen. Mcronp3oBaHue NAHHOM BEPCUM B KOMMEPYECKMX LIEJSAX 3alpeuieHo.
Jlnst  KoMMepueckoro mnpuMeHeHus HeobOxoaumo mnpuobpectu  Deductor
Professional unu Enterprise. JlanHyi0 BepcHi0O MOXXHO O€CIJIATHO TMOJYYUTh Ha
3JIEKTPOHHOM pecypce http://www.basegroup.ru

Deductor Viewer — 5310 oOneryennas Bepcusi Deductor  Studio,
npenHa3HayeHHas i oToOpakenusi moctpoeHHbx B Deductor Studio oTyeTos.
Ona He BKIIOYAeT B ce0S MEXaHMW3MOB CO3JIaHUS CIICHApHEeB, HO o00OJamaer
MOJIHOIIEHHBIMU ~ BO3MOXKHOCTSIMM TI0 HMX BBIMOJHEHUIO W  BHU3yaJM3alllH
pe3yIbTaTOB.

Deductor Server — cepBep yAalieHHOW aHAIMTHYECKOW 00paboTku. OH
MO3BOJISICT BBHINIOJNHATH HA CEPBEPE OINEpallid «IpPOTOHA» JaHHBIX depes
CYIIECTBYIOIIME CIICHapuK W TmepeoOydenue Moxeneit. Deductor Server
OpPUEHTHPOBAaH Ha O0O0pabOTKy OoJbIIUX OOBEMOB JaHHBIX U paboOTy B
TEPPUTOPUAIBHO-PACTIPEACIEHHON CUCTEME.




JlabopaTopHnas patora 1

AHAJIH3 NPU3HAKOB M OLICHKA UX HHPOPMATHBHOCTH

HeJII) paﬁon: O3HAKOMUTBCA C BO3MOXHOCTIAMHU AHAJIUTHUUYCCKOI'O ITaKETa
Deductor Academic.
IIporpamma padoTbI

1. BBINONHATHL UMIIOPT JaHHBIX B IIPOrPAMMHBIN KOMILIEKC

Deductor.

2. BBINOJHUTE 3a1aHKE [0 IPEIBAPUTENLHOM MAPIUANLHOM 00paboTKe
JTAHHBIX.

3. BbINOJHUTH 3a[aHKe IO MPEABAPUTENLHON 00pabOTKE IMyTeM yAaleHUs
aHOMaAJIMH B JJaHHBIX.

4. BBINOJHUTH 3aJaHKE IO TPEIBAPUTEILHON 00paboTKe ImyTeM
CTJIKMBAHMSI TAHHBIX METOJIOM CIIEKTPaIbHOM 00pabOTKH.

S. BBINOJIHUTE 3a/1aHKE 0 yIaJCHKE IIYMOB Ha 9Tale MpeABapUTEIbHOM
00paboTKE JTaHHBIX.

6. O3HaKOMHUTBCS C BO3MOKHOCTMU aBTOMAaTHYECKOIO aHaIn3a KauecTBa
UMIIOPTUPYEMBIX JaHHBIX.

MeTtoanueckue yka3aHusi 10 BbINOJTHEHUIO Ppad0ThI

1.1 Amnopr ganubix B nporpaMMusblii komiuieke Deductor Academic

NMnopT IaHHBIX ABJISETCS OTHPABHOW TOYKOW aHanu3a JNaHHbIX. MiMmoprt B
Deductor MoeT OCYImIECTBISTBCS W3 MOIMYJISIPHBIX  (OPMATOB  XPaHCHHUS
JMaHHBIX, TakuX kak Excel, Access, MS SQL, Oracle, TekctoBblii (haiiia v IpovHX.
Kpome toro, mmeercsi yHMBEpCAIbHBINA JOCTYN K JIOOOMY HCTOYHUKY JaHHBIX
nocpeactBoM ADO wmmu ODBC (Tonpko B KOMMEPUYECKOW BepcUH, B
OecIIaTHOM BEpCHUH BO3MOXKEH UMIOPT U3 *.txt, *.csv u *.ded).

WMropT naHHBIX M3 TEKCTOBOro (aila ¢ pa3iesuTelsiMU OCYIIECTBIISIETCS
yTeM BbI30Ba MacTepa ummnopra Ha nanenu «Cuenapum» (puc. 1.1).

Deductor Studio Academic (Hosw#) - [CrapTogas cTpanuual =

2l a8 6 RED k-0

.‘4; BaseGroup Labs

Puc. 1.1. - Ilaneas cueHapuu

[Tocne 3amycka MacTepa UMIOPTa YKaKeM TUI UMIopTa « TekcToBbIil (ailm»
U TIepeueM K HaCTpPOMKe umnopra (puc. 1.2-3). Vkaxem wums ¢aina, u3



KOTOPOTO HEOOXOAMMO TIONy4YWTh JaHHble. B OKHE mpocMOTpa, BBHIOPAHHOTO
¢aiina MOKHO YBUJIETh COJIEpKaHNE TaHHOTO daiina.

Macrep uMnoprta

HazgaHue | QnucaHue
= 9P afnm QaHHBIX

et T ercrosoi dakin [Direct]
Deductar Data deaiin Mranopt v Deductor D ata dadin

¢ Hazan | Hanee » | | OTrEHa |

Puc. 1.2 - Macrtep umnopra

Jlanee mepeiimeM K HacTpoiike mapamerpoB mmmopta (puc. 1.4). Ha srtoit
CTpaHMLE MacTepa IMPEIOCTABISAECTCA BO3MOXKHOCTh yKa3aTh, C KAKOW CTPOKHU
cienyeT HayaTb MMIIOPT, yKa3aTh TO, YTO MEPBas CTPOKA SIBISAETCS 3arOJOBKOM,
BO3MOKHOCTb JOOABUTh MEPBUYHBIN KIIOY. YKa3aTh, YTO SBISETCS CHMBOJIOM-
paszenureneM CTONOIOB, a TakKe yKa3aThb OTPAHUYHUTENb CTPOK, pPa3IeiIUTENhb
Henod M JpOOHOM 4YacTW BEIIECTBEHHOIO YHCIA, Pa3/iesiuTelb KOMIIOHEHTOB
JaThl ¥ ee opmar.



Hrnopr Tekcroeoro daina

Y amure MrA TeKCTOEOrO dakina gnA HMNOPTa

Mraa thalina |I::"~U gerghidmintD esktoph T estData (3] bt

K.ooupoBka |.-‘-‘-.NSI [afindoms] W | MNepsan cTpoka ABNAETCA Sar0A0EKOM

MpocraoTp BRIGpaHHOMD Gaking Hauare MMnopT co cTpoku: 1 j

ApzyMeEHm CuHyc AHoMaau Boaruue wyMe CpEgr A
0 0.0107e6982 0.096101077 —0.0z

L02 019998667 0.0199938667 0.121877199 =0.0%

.04 ,0399893324 0.039989334 —0,126413455 0,08z

.06 059964006 0.059964006 —0.097298964 —0.0z

.na 0.079914694 0.084816585 0.141709041

.1 .099833417 0.099833417 —0,07416128

12 L119712207 0.119712207 0,.202327993

.14 .139543115 0,.139543115%5 —0.008298541

.16 159318207

S I s s o s s s

Hacrpofika ¢OpHaToE HMNOPTa UE ¢afiina
Yiamume napaterpel MMNopTa s eating

' FOpMET MCKOGHE AAHHEL
(®) C pasenirenati [SHa4eHIs Nonel OTAENATCA CNeUHanEHBIMA CHMEDNANH)

() %P MK CHPOBAHHO WHPHHE! [N0AA HMET SA13HHYKD WHPHHY]

— Pazgenurenu  MNpeacTaeneHe SHa4YeHMH

OrpaHudMTENE CTROK. Heriha Noe Mycro

|tlue | |fa|se | |?

U enoit W gpodHoR yacTeld dMcna

— Popmatel
K.orMRoHEHTOE AaTE! Narel |dd.MM.yyyy

K.omMnoHeHTOE BpEteEHK Bpereri |h:mm

| < Hazan, || Hanee » | | OrtaeHa |

Puc. 1.4 - [TapameTpsl uMnopra

B nanHOM cityyae mapaMeTpbl IO YMOJYaHUIO Ha 3TOW CTPAHULIE MacTepa
YCTaHOBJIEHBI IIPABUJIBHO, & UMEHHO: HayaThb MUMIIOPT C MEPBOW CTPOKH, NEepBas
CTpOKa SBJIIETCS 3aroJIOBKOM, pa3AeiuTesIeM MEXKIY CTOJOIaMH SIBISETCS 3HaK
TalyJIAUU, pa3AesuTeNIeM MeJIol U ApOoOHOM yacTel sBisercs 3amnsaras. [anee
nepeiieM K HacTpoWKe CBOMCTB mosei (puc. 1.5).
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lNapaMeTpe HMNOPTa $afNa C pasAcAHTENAMH

HEa#MTE CHMBDN-PaS0EMMTENE CTONSLOE M APYrHE BCAOMOrSTENEHEIE
N&PAMETPE! MRNORT

EHMBDJ’ICIM'I:IES.IJ.E.I'IWE-'.I'IEM AENAETCA

(®) ClmE0N TAGYNALMHM () Npotien () Touka

() Touka ¢ sanAToi () 3anaraa () Dpyroi

[] CumTaTe nocneaoBaTENsHEIE PASLEAHTENH OOHWM

Bonewe CpeaHue M aneie

LUYrAE LUYrAE LUYrE
1] 1] 02010766332 10961 M 077 10235542974
0,02 3,019338667 0.019338667 012187719393 1072822833 1065166442
0,04 1,033323334 0,039389234 0,12641 2455 1 082251695 1,053345344
0,06 J,053364006 0,059364006 0097298964 1039127734 1060371183
003 1.073314634 1.034316535 0,141703041 0,032523579
0.1 1,093333417 1,093833417 |-0,074161 23 | 002437307 0,052322573

Puc. 1.5 - [lapameTpsl pa3aennresei

ApryraeHT CuHycC AHOMANMHM

Ha sTom mare macrepa mpemOCTaBIsSETCS BO3MOXXHOCTh HACTPOUTH HMH,
Ha3BaHUE (METKY), pa3Mep, TUIl JAaHHBIX, BUJ JAHHBIX M HazHaueHue (puc 1.6).
Hekoropsle cBoiicTBa (Hampumep, THUN JIaHHBIX) MOXHO 3aJaBaTh IS
BBbIJICJICHHOTO Habopa ctosluoB. Bua naHHbIX ompenensieT — KOHEYHBIA JIM 3TO
Ha0op (IUCKpEeTHBIC) WM OCCKOHEYHBIN (HempephiBHBIC). Ha3znaueHnue cronbiioB
OTpeNeNsieT XapaKTep WX HCIOIb30BaHUS B alropuTMax o0OpaboTku (mpu
UMITOPTE MOKHO OCTAaBUTh 3HAUEHUE MO yMoyuaHuio). HeoOxomumo yOemnuthbes,
YTO B JAHHOM Cjy4yae THUIl JaHHBIX Yy BCE CTOJOLIOB BBICTABIEH Kak
BEIICCTBCHHBIN, TaK Kak B O0oJiee CTaphIX BEPCHUAX THII ONPEIACISIICS IO
NEpBOM CTPOKE, a B JIEMO-TIpUMEpe CTONOIB «AprymeHT», «CHHYC» H
«AHOMaNMMM» UMEIOT B MEPBOU CTpOoKe 3HaueHue «0», 4TO MOTJIO MPUBOAUTH K
HEMPaBUILHOMY OTPEACIICHUIO TUTIA JaHHBIX.



HWmnopr TekcroBoro paina
Yk ammMTe napareTpel cTONGUOE

-:-.E=.|'_".||:|r|:|r-.-1|3p-r|' Mraa CTD.I'IﬁLla | CoL
9.0 CriHyc
9.0 AHora MM

MeTk.a cTondua |.-’-'«|:|rgmer-rr

9.0 BonblKe Wwyrsl
9.0 CpegHue Wwyrel

Tun AaHHE |!I.l] BewecTEEHHEL

9.0 M aneie wymel Bug aaHHER | == HenpepsIEHEIA

HazHaueH1e |ﬁ MHpoprauHoHHoE

| < Hasaa ” Hanee » | | OreHa

Puc. 1.6 - [lapameTtpsI cT0/10110B

Jlanee ocCTajaoCh TOJBKO BBIMOJHUTH HUMIIOPT JAHHBIX, Ha)KaB HA KHOIKY
«IIyck» Ha crnenmyromeM mare macrepa ummopra (puc. 1.7). Ilocne wummopta
JAHHBIX Ha CIEAYIOIIeM Iare macTepa HEoOXOAMMO BBIOpaTh CIIOCOO
otobOpaxkenust nanHbiX (puc. 1.8). B manHoM cnydae cambiM HH(POPMATUBHBIM
SIBJISIETCS THarpaMma, BEIOepeM ee.

WmnopT Texcroeoro Paina
3anyck NPoLECca MMNOPTE AHHEX HE TEKCTOEDMD $aling

HazeaHue ApoLecca

HenewHoe SaEepEHKHE

|_||:IIZILI.EHT EbINONHEHWA TEEYWErD NpoUScca

BpetA BbINoAHEHMA 000000 = Myck | Il MNayza |

| < Hazag || Hanee » | | OrraeHa |

Puc. 1.7 - Umnopr ¢aiina



Onpegenenve cnocofios orolpaxeHus
Bridepure cnocod oToSpaseHun QaHHE:

HazeaHue I OnucaHue

2] TatGauunbe aannuie
. Tatnua OrofpatasT AaHHBIE B BHAE T0MMULEI
[T Cratwcruka OTo0paasT CTATUCTHYECKME 0aHHEIE BEISOPEM
= |7 IpatduEu
|7 Duarpatdtaa OTofpakasT gaHHBIE B BUOAE AMArPatibl
[~ TMuctorparma OTofpakasT AaHHEIE B BMOE MMCTOrpatarsl
[T Duarpamma pasme... Juarpasma pasmelweHia 0fberToE B NDOCTRaHCTER
[T MuoromepHas aua.. DTOSPEHEET AaHHBIE B BMAE MHOMOMEPHOR AMarpardrel
I_ Duarpatma ceazell 0TOOpakasT CEASM MENAY 3 NEMEHT a4 HAB0Pa 4aHHEIX
=[] OLAP ananus
[™ Kus MHororMepHOE OTOGPEKEHME [KPOCC-TA0AMUE W KPOCC-OMarpartaa)
= D6wmue
[ Ceenetma CEE0EHHA 0 NaDaMETDay

| < Hazag || Hanee > | | OTreHa

Puc. 1.8 - Cnoco6 orodpaxeHus

Ot Ttoro, kakue crocoObl OTOOpakeHUs OyJIyT BBHIOpaHBI Ha 3TOM OJTare,
3aBHCIT TIOCIEAYIONIME Iaru wmacrtepa. B JgaHHOM cioydae HE0OXO0IUMO
HACTPOUTH, KaKHW€ CTOJIOIBI JUarpaMMbl CIEAyeT OTOOpa)kaTh M KaK MMEHHO.
Bri6epem st orobpakenus nose «CUHYCy» u tun aguarpammsl «JIuauny» (puc.
1.9).

Hacrpofika ctonGuoE aA4arpamMmo
HacTpolika pasniyHel: NapameTpos CTONAULOE AMarpatdtisl

MeTka cTontua | Tun gaHHE:R | Ueer
[] ApryrieHT 9.0 Bew ecTEEHHEIN
CuHyc 9.0 B ew ecTBEHHEI
[] &roranid 9.0 BewecTEEHHEIG
[] Bonswme wyme 9.0 Bew acTEEHHEIN
[] CpeaHue wyre 9.0 Bew acTEEHHEIN
[] Maneie wyre 9.0 Bew ecTEEHHRIN

Tun ‘tﬁ MM (%] | Mognucu no # |,-'1'n.|:|rl:|me|-rr

(] Bnaverma no ¥

| < Hazag || Hanee » | | Ortrena |

Puc. 1.9 - Hacrtpoiika cTo1010B
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Ha nocnennem miare mactepa HEOOXOAMMO yKa3aTh Ha3BaHHME BETKHU B
nepese cueHapueB. Hamumiem B mose 3aroioBka okHa «MMmopt mpumepa i
JEMOHCTpalMK MpenoopaboTku JaHHBIX» W HaxmeMm «[oroBo» (puc. 1.10). Ha
3TOM paboTa MacTepa MMIOPTa 3aKaHYMBaeTcs. Temepb B JepeBe ClEHAPHUEB
NOSIBUTCSI HOBBIA y3€l C HEOOXOAWMBIMH JaHHBIMH. B T1aBHOM OKHE
IPOrpaMMbl MPEACTABICHbI BCE BHIOPAHHBIE OTOOPaXKEHMSI TaHHBIX ATOro y3ia. B
JAHHOM cllyd4ae ToJbKO jauarpamma. llpumeuanue: ang  oToOpakeHUs
nuarpammbl B 3D-Bujie, HE0OXOUMO Ha)KaTh KHOIIKY

«3-X MEpHBI BHI» B JIEBOM BEPXHEM yTily naHenu «Jluarpamma». A nis

IPOCMOTpa JAPYrod JuarpaMMbl, Ha)XaTh Ha 3HAYOK JyIbl «OTOOpakaTh MO
(puc. 1.11).

YcnewHoe sagepuleHHe
Brce roToeo onA patoTel

Kria

TextFile

MeTia

WrnopT npitepa AnA AeMOoHCTPELMH NPenofpatoTEH 4aHHER

OnucaHwe

{ Hazan |

Puc. 1.10 — 3aBepiieHue umMnopra
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Waiin [paska Bwa MsBpannoe Cepenc Okno ] _ &%

De-H & B a4t ERe 4 REM @B

CuyeHapu ? - Xl | Ouarpardra 2 -0 x|l

ElEER ] B X (] %1 [ B2 - i - | @ - T | |-

= {8 Cuenapi
HrnopT npiMepa 08 AEMOHCTRALMA NPEA:

0008018028 04 05 06 07078 09 1108118 13 14 15 16 1,7 1,8 19 2208 22 23 24 25 26 27 28 29
ADryMeHT

Puc. 1.11 - Jluarpamma cunyca
1.2 lIpeasapurennHasi napuuaibLHasi 06padoTKa

Yacto ucxonHble JaHHbIE I aHAJIU3a HE TOJATCS, a KayecTBO JaHHbIX
BJIMSIET HAa KauyeCTBO PE3YJbTaTOB, IO3TOMY BOIPOC IMOATOTOBKH JAHHBIX IS
HOCJIEAYIOLIET0 aHaIn3a SBJSAETCS OYeHb BaXHBbIM. OOBIUHO

«ChIpbIe» JaHHbIE COJIEPXKAT B ce0€ pa3IMyuHbIe LIyMbl, 32 KOTOPBIMHU TPYJIHO
yBUETh OOLIyI0 KapTUHY, a TaKXe AaHOMaJIMU — BIMSIHHE cly4yaiiHo, J100
PEAKO MPOUCXOAUBIIMX COOBITUH. OUYEBUIHO, YTO BIUSHUE 3TUX (PAKTOPOB Ha
o0IIyr0 MoOAENlb HEOOXOJMMO MHUHHMH3UPOBATH, T.K. MOJEJb, YYHUTHIBAIOIIAS
UX, TIOJYYUTCS HEaJeKBaTHOM.

[Mapuumanbhas npenobpaborka CITY’KUT s BOCCTAHOBJICHUS
OPONYIIEHHBIX  JaHHBIX, PEJAKTUPOBAHUS  aHOMAIBHBIX  3HAYCHUH W
CHEKTpajIbHOU 00paboTKe AaHHBIX (HAMpPUMEp, CriaXHBaHUs AaHHBIX). MIMEHHO
ATOT MIAT YacTO MPOBOIMUTCS B MIEPBYIO OYEPEIb.

Paccmotpum npumeHenne oOpabOTKM Ha MpUMepe JaHHBIX U3 ¢aiina

«TestData.txt». OH cOep>XHUT TaOIHILY CO CICTYIONTUMU TOJISIMHU:

«API'YMEHT» — aprymenr, «CMHYC» — 3HaueHusi cuHyca apryMeHTa
(mexotopsie 3HaueHus myctoie), «KAHOMAJIMN» — cunyc ¢ BeIOpocamu,

«bOJIBIIME IITYMbI» — 3nauenus cuHyca ¢ O0JIbIITUMHU ITyMaMH,

«CPEJJHUME LIIYMBbI» — 3HaueHus CHHyCa CO CPEIHUMH IIIyMaMHu,

«MAJIBIE LITYMBI» — 3HaueHusi cuHyca ¢ MajabIMu InymMmamu. Bce naHHbie
MOKHO yBUJIETDb Ha IHArpaMMe MOCIIE UMIIOPTa U3 TEKCTOBOIO daiina.



Yacto ObIBaeT Tak, YTO B CTOJIOLE HEKOTOPHIE JTaHHBIE OTCYTCTBYIOT B CHIY
KaKuX-TMOO MPUYMH (JJAHHBIE HE W3BECTHBI, JIMOO WX 3a0bUTM BHECTH W T.IL).
OObIYHO W3—3a JTOro MPHUILIOCH OBl yOpaTh u3 00paOOTKM BCE CTPOKH,
KOTOpBIE CoJepkaT mpomyuieHHble aanHbie. Ho mexanm3mbel Deductor Studio
MO3BOJIAIOT PELIUTh ATy mpobiiemy. OAUH W3 IIaroB MapuuaibHOM 00pabOTKU
Kak pa3 OTBEYacT 3a BOCCTAHOBJICHUE IPOIYILIECHHBIX 3Ha4eHUW. Ecinu nanHbIe
yHOpSAIOYEHbl (HampuMmep, IO BPEMEHHU), TO PEKOMEHIYeTCs B KauecTBe
BOCCTAHOBJICHMSI TPOIYUIEHHBIX 3HAYEHHH HCIONb30BaTh ANIPOKCUMALHUIO.
AnroputM caMm noaOepeT 3HayeHHe, KOTOpOE€ JIOJDKHO CTOATh Ha MECTe
IPONYIIEHHOI0 3HAUEHUs, OCHOBBIBAsCh Ha OJiM3NexallluxX JAaHHbIX. Ecimu ke
JaHHbIE HE YTIOPSIOYEHBI, TO CJEAYET HCIOJIb30BaTh PEXUM MaKCHUMAJIbHOTO
paBroONoa00us, KOI/la ajJrOpUTM MOJCTABIISET BMECTO IMPOIYIIEHHBIX JaHHbBIX
Haunbosiee BEpOsATHbIEC 3HAUEHHUs, OCHOBBIBAsICh HA BCEIl BEIOOPKE.

Jlnst neMoHcCTpanuu BOCIOJIB3YEMCS MAacTEpOM 3allOJIHEHHUS IPOIYCKOB.
HmmioptupoBas (aiti MOKHO YBUIETh, UTO B CTOJIOIE

«CHUHYC» conepxarcst mycTble 3HadeHus. Ha nuarpamme BblII€ BHJHO,
YTO HEKOTOpbIE 3HAUEHUS CHHyca mpomymieHsl. Jlng manmpHeimeidr oOpaboTKu
HEOOXOMMO W3 BOCCTaHOBUThb. JlJI1 3TOro cieayer 3amyCTUTh MacTep
3anonHeHus: nponyckoB. Ha pwuc.1.12 nokazansl pa3iu4HbIE BapUaHTHI
CTOJIOLOB: C TMPOMYUIEHHBIMU JAHHBIMHU; C aHOMalIusIMHU (BbIOpocamm); c
OOJBIIMMH IIYMaMH; CO CPEAHUMH LIyMamH; ¢ MaJbIMHU IIyMaMHu.

Jlia 3amycka Macrepa HEOOXOAMMO BBIIECIUT HYXHBIH CLUEHapuil u
Haxate F7, nau0o mnpaBplii KIMK 1O HEOOXOJMMOMY CLEHAPUIO OTKpPOET
KOHTEKCTHOE MEHIO, IJIe TaK e MOXHO BblOpaTh MacTep 00paboTku. Ilockonbky
JaHHbIE B HCXOJHOM HaOOpe YIOpSAJOYEHBbl, Ha CIEIYIOIIEM LIare macrepa
00pabOTKM TIOCTaBUM TaJIOUKy — «00pabaThiBaTh KakK YyMOPSJOYEHHBINH HAOOP»
(puc. 1.13).
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MacTep oGpaGoTkH

HazeaHue | OrucaHue

= DYHCTEa AaHHHX
¥ FPuneTpauma P UNETPALMA CTPOE TaM. .
n K.auecTED QaHHE:R QueHka KaYecTES AaHHERR
AMNOAHEHKE MPOMYCKOE AHEHME MPOMYLL EHH
hih PegasTpoBaHHe BLISpOCOE PegakTvposaHie BeiGpoco...
E@ JySmikatel 4 NpOTHEOREYMA BriREnEHME QYSNMEATOE 1 ...
. CrekTpaneHan obpadoTk.a D&patioTk.a ynopagoueHHEL. ..
== K.oppenauuoHHEIR aHanME HeTpaHeHWe HESHAYAWMY ..
£212 P AKTOPHEIR aHEMS MOHMKEHHE PAZMEPHOCTH ...
= TpaHCPopHMaUHA AaHHLX
‘f HacTpolika Hatdopa oaHHB M 3tEHEHME NAPAMETPOE H...
%l COpTHpOEK.a COpTHPOEK.a AaHHER:
[E] Oarta W BpemA MNpeofpasoEaHa AaThl W E...
{E Mynmupoeka [ pYNNMPOEK.a 4aHHER

a
# 7 JarieHa gaHHe JarieHa AaHHBE O TaAnULE W
¥

| Danee » | | OTraeHa

Pucynok 1.13 - Macrep 00padoTku
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JanoaHenue NponYyueHHBIE AaHHBIX

Ofwwre HACTpoRkKH HAA0PA 4aHHEX

Menonezoeate WHPOPRSLHID Y303 OUEHKH KE3YSCTES A3HHES

(fpataThBaTE Kak YynopALoYEHHER Hatop

M akcHrManEHD AONYCTUMEIR NPOLEHT NPOMNYLWEHHEE 43HHBIX 50

| < Hazan || Danee » | | OTreHa |

Puc. 1.14 - Macrep 3ano/iHeHHs IPONYCKOB

Jlanee ciemyeT BmIOpaTh HEOOXOIWMBIN CTONOEI W METON 3allOJTHCHHS, B
JaHHOM ciyyae wuHTepniossinust (puc. 1.14). Ilepeiias Ha crpaHuiy 3amycka
nporecca 0OpabOTKH, BBIMONHIEM €€, HakKaB Ha MyCK, U Jajiee BBHIOMpAaEeM THII
BU3yalu3aluil OOpa0OTaHHBIX JaHHBIX (Kak B mpumepe ummoprta) (puc. 1.15).
[Tocne BeInmoaHEHUS nporecca 00padOTKU HA AuarpaMMme BHJIHO, YTO MPOMYCKH
B JIAHHBIX MCUE3JIM, YTO U OBLIO HEOOXOIUMO ciaenatsh (puc. 1.16).

JanoaHeHue nponyuweHHbIX AaHHBIK

Hactpoiika otaensHels nones [YnopRLoYEHHEF HAG0P LaHHEIR]

ﬂ AprymeHT T UM AaHHER | BewecTBEHHEIN
& Ciruc

Bu aaHHbx | HenpeprIgHeIi
ﬂ AHOME MM
O Eonswe wyne HazHaveHue
e CpeaHue wyrsl
O Mancie wyre Bridop MeTona oSpatoTkM AponyLEHHE: 0aHHER:

|¢ Hononessyemos

WHTepnoaHpoBaTe

OnucaHue MeToaa

BMEeCTD NponyWeHHEN: BaHHE!: SYOYT BCTABATECH
IHAYEHHA, NOAYYEHHEIE HHTEPMONALHER HCXOIHOMD
BPEMEHHOMD PALA [TONBKD 407 BELLeCTEEHHEIR

HEMPEPEIEHEX AaHHEX B YNoPALOYSHHER HaS0pax]

| < Hazan || Hanee » | | OTrEHA |

Puc. 1.15 - HacTpoiiku MacTepa 3amoJIHeHNsI IPOINYCKOB
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i ®aiin  [paska Bua Msbpannoe Cepenc Okne I [-1=]x]
DSl & =2 s BRe| & 20 @ k-0
BBl Cueriap 2 = x| [ Avarpanma 70X
FE a8F|Tes X RN NS TN I
=8l Cuenapum
(=(2] Texcrosem daiin [C:\sers\ddmin\Desktop!
iy 3anaenme nRonYWEr ek Aars Cury

BENpAERREE, NEENENNEE

n,wls I
4

0
00,06 0,16 0,26 0,36 0,46 0,56 0,66 0,76 0,85 0,96 1,06 1,16 1,26 1,35 1,46 1,56 1,66 1,76 1,86 1,96 2,06 2,16 2,26 2,36 2,46 2,56 2,66 2,76 2,36
AprymenT

Puc.1.16 - 3ano/iHeHHe MPOMYCKOB METOI0M HHTEPIOJIALNA

1.3 Yaanenne anoma/iuii Ha dTane npeaodpaéoTKH JAHHBIX

AHOManMM BCTPEYAIOTCA B «CBIPBIX» JaHHBIX He pexe mymoB. Ilo
CYLIECTBY, OHHM BOOOIIE HE JOJDKHBI OKa3blBaTh HHUKAKOTO BIHMSHHUS Ha
pesyapTar. Ecim XK€ OHM IPUCYTCTBYIOT IIpU TIOCTPOCHMHM MOJEIH, TO
OKa3bIBAlOT HAa Hee BechbMa OOJIbIIOE BIMAHME M MX MPEIBAPUTEIBHO
HEOOXOAMMO yCTpaHUTh. Takke OHHM TOPTAT CTATUCTUYECKYID KapTUHY
pacnpenenenus AaHHbIX. K mpuMmepy, BOT Kak BBIVISIAAT  JT@HHbIE C
aHOMaJIMSIMU, a TAaK)Ke TUCTOrpaMMa Ux pacnpezenenus (puc. 1.17).

— : : ¥ :
0-MO1 2000-M10 2001-M08 2002-M06 2003-M04 2004-M — — s e — —_
Aata(log + Mecauw) 17354 . 8,16488€6 2,32999€E7 : 3 ,08675E7

Puc. 1.17 -I'ucrorpaMmma ¢ aHOMaJIUSIMHU

O4eBUIHO, YTO aHOMAJIMHM HE II03BOJISIIOT ONPEIEIUTh, KAK XapakTep
CaMUX JAaHHBIX, TAaK U CTaTHCTUYECKY KapTuhy. [locne ycTpaneHus aHoMaini

T€ K€ JJAHHbIE MPEJICTABISIOTCS KaK IOKa3aHo Ha puc. 1.18
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Aara (Mog + Mecaw) 62523 829233 1,56265E6 : 1,92936€E6

Puc. 1.18 - I'ucrorpamma 0e3 anomaJani
CnemyeT OTKpBITh MacTep oOpabOTKM U BbIOpaTh pelaKTUPOBaHUE

BbIOpocoB  (puc. 1.19). IloctaButh ramouky - «OOpabaTbiBaTh Kak
yHOpsI0YE€HHBIN Ha0O0p naHHbIX» (puc. 1.20).

MacTep oGpatoTKH

HazeaHue | OrucaHue
=) OuMCTEa fLaHHBR

T FunsTpauma P UNETPAUWA CTROK TAtNMLE! N0 YoA0BUD
a F.auecTe0 naHHE DueHka ka4eCTES LaHHENX
Al 3&N0NHEHWE NPONYCK O 3anoAHEHUE NPONYLLEHHE! LAHHE
“THROESHWE BEIGpOCOE  PegakTHpoEaHHE EBIGPOCOE W 3KCTREMANEHENX SHAUYEHWH
EE OuSnukate |4 npoTHeEopedra  BeiABAeHWe aySnukaTos 1 NPOTHEOREYMI
CnekTpantHan ofpatoTka OfpatioTka YynopAgoYEHHB AaHHEE C MCN0NE30BaHUEM Py,
222 K.oppenauMoHHEIR aHaNKs HoTpaHeHHe HEEHAYAWHS PaKTOpOE
2 P AKTOPHBIN BHAMMS MOHUKEHHE PESMEPHOCTI BXOAHE 4aHHELX
= TpaHCpOopMauMa faHHbLIX
&£ HacTpolika Hatiopa aaHHelk  MSMEHEHWE NAPaMETPOE MCTOUHMKS LaHHER
%l CopTupoBka CopTUpoER.a aaHHE !X
[ Oara v spema MNpentpasosaHHMA AT M BREREHI
{E rpynupceka [ PYMNMPOEE.S BAHHE:X
'.';'f_;-"B 3atieHa 4 aHHER 3atieHa AaHHBIX N0 Tab nuuLE

4 Hazan | Hanee » ‘ | OrreHa

Puc. 1.19 - Macrtep penakTupoBaHusi BbIOPOCOB
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PepakTHpOEAHHE BHOPOCOE H 3KCTPEMANEHBE SHAYEHHA
O8WwmHe HAacTpoiMKkK HAtoPa AaHHEIY

Henonezosate HHPOPFILHID Y303 OLEHKH KAYECTEa 0aHHEI

DdpafiaTeEBaTE Kak YNOpALOYEHHEI HAG0P LaHHEIX

— MeTog Onp&asNeHHA BblﬁpDCDB W 3KCTPEMANEHEIE SHIYEHHEA

(®) CTaHAaPTHOE OTKADHEHUE OT CREIHErD

DA BblﬁpDCDB HaA FKCTPEMANEHEIE SHIYEHHEA

() MHTEpKEARTHAEHAA WHPHHA

InA erifpocoe NnA 3KCTREMANEHEX SHAYEHHEA 30 j

| < Hazan || Hanee » | | OrraeHa |

Puc. 1.20 - HacTpoiiku MacTepa peJaKTUPOBAHUS BLIOPOCOB

Ha cnenytomem mare (puc. 1.21) HeoOxoaumo BbIOpaTh Ha3HAUYCHUE
«Mcnonp3yeMoe» TONMBKO M  HEoOXoauMoro croyidna maHHbX. U
BBICTAaBUTH OOJIBIIIYIO CTEIEHb IMOJABJICHUS, TaK KaK BBIOPOCHI CYIICCTBEHHBI.
J1JIs1 MHOXKECTBEHHOT'O BBIJICIICHUS CTOJIOIOB MOYKHO HCIIOJIb30BaTh Kiapuiny Shift

u Ctrl.

PegakTupoBaHue BHIGPOCOB M 3KCTPEMAABHBIX SHAYEHHRA
HacTpolika oTaeneHel: Noned [YynopagoueHHE HAG0P AaHHEIX]

O sprymert TN aaHHER | BewecTEeHHEI
ﬂ Cityc Blan naHHER HenpepeBHer

AHORMANAM

o HasHaueHue o Mcnonesyeros
ﬂ BonbwMe WYkl
O Crenhue wyre
B M aneie wyre

— MeTon ofpatoTkW 3KCTREMANEHEL ZHAYEHAR

CrnakuesTt.,

CreneHs nogaenedua | Bonbwan

 MeTog, ofpatoTka BRISpOCOE

Crnamueare..

CreneHs nogasneHys | Bonbwas

| < Hazan ” Hanee » | | OrreHa |

Puc. 1.21 - HacTpoiiku oTAeJbHBIX N0JIeil MacTepa peIaKTHPOBAHUSA
BbBIOPOCOB

Jlanee naxxatb kHONIKY «Ilycky» W BBIOpaTh NaHHBIE JJIT OTOOpaKEHHS Kak
B IIpebIAyIIMX MyHKTaX. [locie BeImoiHeHus mpoiecca o0paboTKH Ha JuarpaMMe
18



BHUJIHO, 4YTO BBIOPOCHI HCYE3JIM, OCTAJIMCh JHIIL HEOOIbIINE BO3MYIICHHUS,
KOTOPBIC JIETKO CIJIaAUTh MPHU MTOMOIIM CIEKTpalibHOM 00paboTku (puc. 1.22).

i Oain [paeka Bug Wsbpawnoe Cepenc Okno 7 _
De-W@:oe s B8e d Ram s[5 I
CugHapuu ? - X‘ Luarpara 2 .0 X
EEIEE R R DB R NS TR
=8 Cuenapum

MMNopT NpUMepa 418 AEMOHCTRALMM P&t

Syl 3anoAHEHME NPONYWEHHE: AaHHE CuHL
ik PenakTipoeaHie BEISPOCOE M 3KCTREMA

LHOMEMI

00,06 0,16 0,26 0,36 0,45 0,56 0,66 0,76 0,86 0,96 1,06 1,16 1,26 1,36 1,46 1,56 1,65 1,76 1,86 1,96 2,06 2,16 2,26 2,35 2,46 2,56 2,66 2,76 2,86
ApPryMeHT

Puc. 1.22 - /lnarpamma nocJjie yaajeHuss aHOMAJIUH

1.4 CriiaskuBaHust JaHHBIX METOOM CIIEKTPAJIBLHOI 06paGoTKH

CrinaxxuBaHue TaHHBIX NMPUMEHSIETCS U1 YJaJIeHUs LIyMOB U3 HCXOJHOTO
Habopa, a TakXKe JIJIS BBIJCJICHUS TEHACHIINH, KOTOpas TPYAHO BUIAHA B UCXOJAHOM
Hatope. Ilmardpopma Deductor Studio mpemiaraer  HECKOJbKO  BHJIOB
CHEKTpaJbHOW 00pabOTKM: CriaXMBaHWE [AHHBIX IyTEM YKa3aHUS TMOJIOCHI
MPOITYCKAaHMsI, BRIUMTAHUE IIyMa MyTeM YKa3aHWs CTENEHW BBIUUTAHUA IIyMa U
BEUBIIET TpeoOpa30BaHUE ITyTEM YyKa3aHWS TIIyOWHBI PA3OKEHUS W TOPSAIKA
BEUBIIETA.

Jlmst  BeIOOpa cmocoba  BeiBiaeT mpeoOpa3oBaHWs OTKPBITH — MacTep
00paboTku aiis ciieHapus «PemakTrupoBaHue BHIOPOCOB U AKCTPEMAIbHBIX

3HaYeHi». B mactepe cnemyet BHIOpaTh MyHKT «CHEKTpajibHast 00paboTKay
(puc. 1.23)
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Macrep o6paBoTKH

HazBaHue | OnucaHue
= OYMCTEa AAHHBIX

F Punetpayma P UNETPaLMA CTPOK TalnMuel N0 YSAoBHID

n K.a4ecTen oaHHeIX OueHKa KaYECTES AaHHEIR

I JENOAHEHME NPONYCKOE  3aN0AHEHHE NPONYWEHHER LEHHEL

Sith PEnakTHpoBaHUE BRISPOE. .. PE0aKTMPOBAHWE BEISPOCOE M SKCTPEMA. .

EB Jy6nmeate! U NpoTHEOpE... BrimensHWe nydikkaTos W NPOTHEDPEYME
paneHad ofpadorka  JOpafoTka ynopALOYEHHENX LEHHEIR C H...

22 K.oppenauMonHEld 3HaMM3 Y oTPaHEHME HESHAYAW MY PakTopos

22 P akTOpHLIN aHaHs [MOHH#EHHE PASMEPHOCTH EXOOHEIY A3H. .

= TpaHcPpopmMauMa gaHHbIK

£% HacTpoitka Hatiopa aaHHbR W SMEHEHUE NAPAMETPOE HOTOHHMKA AaH. .

%l CopTupoeka CopTHROBKA LaHHEX

[ Dara W Epema MNpecfpasosaHuA AaTEl M4 BPEMEHI

{E pynnupoek.a [ PYNMHPOBKa 03HHBIX

-
'?f_;n Jar4eHa AaHHER JaMEHE AAHHER N0 TI0MMLE

< Hazan | Nanee > | | OTrieHa

Puc. 1.23 - MacTtep 00padoTku

B wmactepe cmekTpanbHON 00pabOTKHM HEOOXOAMMO BBIOpATh Ha3HAUCHHUE,
UCTIOJIb3yeMoe JUIsl CTONIONA «AHOMaJMM», U B KaueCTBE METOJA CriaKHBaHHS
JTAHHBIX BBIOpaTh BEUBIIET npeoOpa3zoBanue (puc. 1.24).

CnekrpancHan ofpatoTka
HacTpolika oTaenkHER Noned

© sprymerr TuN gaHHsR | EewecTEeHHER
° CuHyC

o BHOMAn
O tonsunie wyrs  CrnamueaH9e oaHHE:
B CpenHue wyre () Pypee-npeotipasoeaHme
ﬁ t anbie wyras Monoca MponyckaHWA

HazHaveH1e |¢ Menoneayerioe

(®) BefisneT-npenfpasosaHue
[ nySHa pasnoxeHHa

MNopAnok BERENETA

 BemuTaHue wyra
() Fypee-npeotpasoeaHie
CTENEHE BBIMWTaHWA Wytia | Manas

| < Hazan || Hanee » | | OTreHa

Puc. 1.24 - MacTep cnekTpajbHOil 00padoTKH
Janee BoIOpaTh BU3yanu3anuio «J{uarpammay u ctomnoerr

«Anomanumy. [Tociae 0OpaboTK MOXKHO YOEIUThCS Ha AMarpaMme B
OTCYTCTBHUU BBIOPOCOB (puc. 1.25).
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Qaiin  [Opaeka Bua WsGpannoe Cepenc QOkno 7 - & %
DS-H & Ba B a mEmet-0
CugHapiiu ? v Xl | Ouarparma 70X
FE AT T X I ER NS LT A
=80 CueHapum

(= 2] HMnopT npuvepa a7 AEMOHCTRAWHH Npeat

Al 3EN0AHEHHE NDOMYLEHHEX AaHHERCHHL 0,98

=ik

AKTHPOESHHE ERIOPOCOE H 3KCTPEMa 0,96
CrexTpansHan ofpatiorka [P unsTpa

AHOMARIA

00,06 0,16 0,26 0,36 0,46 0,56 0,66 0,76 0,86 0,96 1,06 1,16 1,26 1,36 1,46 1,56 1,66 1,76 1,86 1,96 2,06 2,16 2,26 2,36 2 46 2,56 2,66 2,76 2,86
AprymenT

Puc. 1.25 - JluarpaMmma mocJjie npuMeHEeHHs CNIEKTPAJIbHOI 00padoTKH

1.5¥Ynanenne urymoB Ha 3Tame npeaBapuTe/IbHOM 00padoTKe JaAHHBIX

[[lymbpl B JaHHBIX HE TOJBKO CKPBIBAIOT OONIYH0 TEHJEHIINIO, HO U
MPOSIBIISIIOT ce0s MPU MOCTPOCHUU MOJENIM MporHo3a. M3-3a HUX MOJeinb MOXKET
MOJIYYUTHCSI C IIIOXUMU 0000IIAIOIIMMHU KAYECTBAMM.

B npumepe no napumansHoit 00paboTke ecTh 3 cToj01a ¢ myMaMu:

«bOJIBHINE IIYMBbI», « CPEJHUE ITYMbI», u « MAJIBIE LITYMBI» -

COOTBETCTBEHHO CHMHYC C OOJBIIMMH, CPEIHUMH U MajbIMU LIyMaMu. SICHO,
YTO NJIs1 JajdbHEHIe paboThl C JAaHHBIMU OTH IIyMbl HEOOXOIUMO YCTPAHHTD.
CrnektpanbHas 00paboTKa MO3BOJIAET CAENIATh 3TO C MOMOIIBIO YKa3aHUs IS ITUX
noJjieii B KadecTBe Tuma 00paboTku «Brrunranue mrymay. Hactpoiiku obmamarot
ompeAeneHHoW TuOKocThi0. Tak, CylecTByeT OoJbIIas, CpemHsis W Manas
CTENEeHb  BBIYMTAHUS  IIyMa. AHAJIUTUK MOXET 10J00paTh  CTENEHb,
YCTPaUBAIOLIYIO €TO0.

B wmacrepe cnekrpanbHOii 00paboTku (puc. 1.26) mo ouepenu BbIOpaTh
nojs «bOJIBIIWE ITYMBbI», « CPEJHUE LITYMBI» u

«MAJIBIE IITYMBbI», 3anats Tun o6paboTku «Berantanue myma» u

yKa3aTh CTENEHb MOJABICHUS — «OOJbIIAS, «CPEAHAS» U «Majash
COOTBETCTBEHHO. B HEKOTOPBIX Cydasx HEIUIOXHE PEe3yJbTAThl YJAICHUS IIYMOB
JaeT BeuBJeT npeodpazoBanue. [I0BHICHTH KAUeCTBO CIIIAXKHBAHUS IIYMOB TaKUM
CrocobOM  MOXKHO, IyTeM TOoA0Opa  YJIOBIETBOPUTEIBHBIX  IapaMeTpOB
00padotku (puc. 1.27). 2



CnekrpancHan obpaborka
HacTpolika oTaensHe noned

B ApryragHT Tun naHHe | Bew ecTEEHHEE
o CuHuC

HazHaueHue | HMenonezyeroe
ﬂ AHoranu ¢ -
& BONBLME Wyts)
J CpegHHe wyte () Pypee-npeotpasoEaHie
¢ M ankie wyrdel [Manoca npanyckaHWa

(") BetieneT-npentpasosaHie
[ nyfiuHa pasno#eHUa

=
[MopAgok EefiEnsTa j

— BeMUTaHME Wyta
(@) Pypre-npeofpasoEaHHe
CTeneHs BoMMTaHMA WYk

— CrnamueaHqe gaHHE!

|5III

v

| < Hazan H Nanee » | ‘ OTrEHa |

Puc. 1.26 - HacTpoiiku MacTepa crieKTpajabHOi 00padoTKH

[5] ®aiin Dpasca Bua Wsbparmoe Cepsac Oxmo 7
DE-d @ en dat@ee d BEmlek-0

Bl Cuenopan ? v x| [ uarparma
EEIEE RIS B EE N N

= f&] Cuerapum
2 [£] Texcroseni daiin [C:A\UserstAdmintDeskiop,
= B, KavecTeo aanmeis (prymenT, Curyc, An
il 3AMOAHEHAS: IPOMULLBHHB A3HHbIx(
NEKTpakbHas o6patiTka (PHkTRa
HTHROBEHHE BEISPOCOE H SKCTRE:E
] CrexrpansHas odpatiorka [Punstpa
CrexTpansHas afipatioTea [Punstpauys

00,05 0,16 0,26 0,36 0,46 0,56 0,66 0,76 0,86 0,96 1,06 1,16 1,26 1,36 1,46 1,56 1,66 1,76 1,86 1,96 2,06 2,16 2,26 2,36 2,46 2,56 2,66 2,76 2,86
AprymenT

Puc 1.27 - luarpaMmma nocJjie npMMEeHEHHUs CIEKTPAJIbHOH 00padoTKH

1.6 Bo3moxkHocTH ABTOMATHYECKOT0 aHaJIM3a KadyecTBa
HMIIOPTHPYEMBbIX JaHHBbIX B Deductor Academic

B macrepe 00paboTku BHIOpAaTh MyHKT «Ka4ue€CTBO JaHHBIX» (puc. 1.28).
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OueHKa KauyecTEa AaHHBIX
OnpegeneHu9e NPONYLLEHHEIX LAHHEL, BRIGPOCOE W 3 KCTPEMANEHELK
FHAYEHHA

OfpataTelBaTk Kak YNOpALOYEHHER Hatop

M SK.CHMANEHD ONYCTHMEIR NPOLEHT NPONYCKOE

 MeTog onpegeneHHA BblﬁpUCDB H IKCTPEMANEHEX FHAYEHH

(@) CTEHISPTHOE OTKAOHEHME OT CREIHErD

Britpocs FKCTPEMANEHEIE SHAYEHWA

() MHTEPKEAPTHALHEA WDHHE

Britpoce: 15 j FKCTREMANEHEIE SHAYEHWA

| <Hasan || Nanee > | | OTreHa |

Puc. 1.28 - Macrep kadyecTBa TaHHBIX

[locne anamm3a Mactep JaeT peKOMeHAanuu K oOpaboTKe IaHHBIX W
BO3MO>KHOCTh aBTOMAaTH4eCKOro wucrpaniienus (puc. 1.29). Caegyer OTMETUTB,
YTO AaBTOMATHUYECKUE HCIPABIEHUE [AJeKO HE BCErjaa JaerT KellaeMble

pe3yabTtarsl (puc. 1.30).

Gailn [Opaera Bua [bépawwoe Cepeme Qwwo 1
DE @8 ve M A0 d ssmek- 0
B Cuemscras ? - x| 1e8x
FE oRP | TR X Alv|drmbeil s g @i J
= [ Cursiapuas [ Besipoe FeTEb AR
=@t : W | Cromew | Tnpsses: | Boena S Il | Mo
BL Y vueceno awens Apryane, D, ocmanas, Foneo Hedcrone Kowoo | Deficrome Foreo Dedceim
ah Tantiveres MEOnEnen e Do) 1 | prpawr S8Bomect.. = Hopep Y rcnen |
[ Comrpamans edpaiarnn [P pcaes] 2 [ 90BeatT., = Henpep., 21| Memepnomgse... §  Crassisar 053%  Motaodos..
i Sl PaasTipoete Berocon W IKCTREHARMN 3¢ o 3 Seceannm L0 Emmecy == Hegep 5 Craxsumar 09130 | Mgmiodin
[ Commprmn ctpuatiorn [Sums pacsn] 4 Gomwse .. 9.0 Bomecr.. = Henpep... 5 Crosmear. 03400 Moeaodpa...
B Crerrpansmsa odpadomra [Fumrawe] 5 | Commmu. 8.0Bsmect. = Hepep. 7 Crassmar. 0507 | Mpsotos..
5 Mamwus |90 Bomecr.. = Hemeo... [ D920 | Meeacdpa..
:
< >

Puc. 1.29 - Pe3yabTaThl MacTepa KauecTBa 10 00pad0TKU JAHHBIX
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Deductor Studio Academic (Hoebii) - [KauecTeo aaHHbix (AprymeHT, CuHyc, AHomanuu, boabiume wymsl, Cpeatue Wymbl, Mansie Wwymeb)]

- x

DE~-W &
Cuenapuu

BR siin [Opaska Bwa VsGpanmoe Cepenc Owwo 2
BB 4 REO @k-B

2 » x| | Duera kavecrea aamsi

00X

FE 20T Tk X
= &I Cuerapin
=[E] Texcrom

aitn [C:\Users\édmin\Desklop! TestDat,

[ Crektpanenan ofpadoTka [ aeTpawis)

&l |

he

1
2
3
4
5
3

Croageu

Bonswme
Cpentiie w
Mansie wy

M AT

Mponycis Beipocst

TunaanHen: | BHa AaHH:

9.0 Bewect. == Herpep.
9.0 Beweor... | = Henpep.

W 9.0Beweer.. = Herpep..

9.0 Beweer., | = Henpep...
9.0Bewerr.. = Herpep.
8.0Bsweot. | = Herpep

eiicTave

aaaaaa
B

Puc. 1.30 - BeiBoa MmacTepa nocJje BceX BHECEHHbIX HAMU U3MEHEHU i

«['psA3HBIC JaHHBIE» MPEACTABIAIOT COOONW OUYEHb OOJBIIYI0 MPOOIEMY.
DakTUYECKH OHU MOTYT CBECTH Ha HET BCE YCWJIMS 0 aHAINU3y AaHHbIX. [Ipuuem,
peub HUIET HE O pa3oBOM omepauud, a O IOCTOAHHOW padoTe B 3TOM
HampaBieHuU. YucTo He Tam, re He COpsT, a TaM, I/ie YOUparoT.

OrnvcaHHbIe BBIINIE BapUaHThl pelIeHUs] NpoOJjIeM He eauHCTBeHHbIe. EcThb
€lle J0CTaTOYHO MHOI'0 METOJ0B OOpaOOTKM, HauMHAasi OT SKCHEPTHBIX CUCTEM
M 3aKaHYMBasT  HEUPOCETIMHU. ['maBHOE,  CyMeTh  IpaMOTHO  HWMHU
BOCIOJIb30BaThCsl. OO0sA3aTENIBHO HYXKHO YYUTHIBATH TO, YTO METOJABI OYUCTKU
CWIbHO TMpuUBs3aHbl K TnpeaMmeTHod obmactu. OT cdepbl  AeATENBHOCTU
OpraHM3alid U HAa3HAYEHUs XpaHWIUIIA JAHHBIX 3aBUCHUT IpaKTU4YeCKH Bce. To,
YTO JUIsl OJTHUX SIBJISIETCS] IIIyMOM JJIS JPYTUX O4Y€Hb lieHHas uHdopmanusa. Ecim
y Hac Oyner ampuopHas uH(oOpMalus o 3aaade, TO Ka4eCTBO OYMCTKH JAHHBIX
MO>KHO YBEJIMYUTD Ha MOPSIKHU.

1.73ananue na caMmocTosITE/ILHYIO padoTy

CrenepupoBaTh COOCTBEHHBI Ha0Op [aHHBIX IPOBECTH €ro aHAIU3 H
BBITIOJIHUTH TPEo0paObOTKy JaHHBIX. JlaHHBIE CreHEPHPOBATH B DIEKTPOHHON
tabnuie ¢ nmomombo MS Excel ¢ ucronszoBanrem GopMmysr 1 aBTO3aIrOITHEHHIA.
l'oToBEIil (aitn HEOOXOAUMO COXpaHHUTH B opmare

«*.csv» (MS-DOS) u npu ummnopte B Deductor, BeiOpath B KauecTBe
paznenuTens « Touka ¢ 3arsTomn.

Conep:xkanue oT4éTa

1. Omnucanue npeameTHOM 00IaCTH
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Zamrymiiénnsie 1anHbie (90-100 BEeKTOPOB pa3MepHOCTHIO HE MeHee 4)
CkoppeKTUpOBaHHBIE JaHHBIE
Kpatkwuii mopsimox 06paboTku

ARl N

BriBogsl

KoHTpoJibHBIC BONIPOCHI

Jlnst wero ciy>kut nporpamma Deductor Academic?
3aueM HyX)Ha TpeT00padOTKa TaHHBIX ?

Uro Takoe mapuuanpHas npegoopadborka?

Uro Takoe BEUBIET?

Kakue nannbie MOXKHO UMIIOPTUPOBATH B IpOrpammy ?

ARl e

JlaGoparopHnasi padora 2

ba3oBbie MeTOABI HHTC/UICKTYAJIbHOI'0 aHAJIHU3a JAHHBIX

[TpogomKUTEILHOCTS pabOTHI — 8 Yac.
Ilean paGoThl: 03HAKOMHUTHCS C BO3MOKHOCTSMHU KIACCH(PHMKAIIMK JAaHHBIX C
MMOMOILBI0 aHaIuTUYECKOro nakera Deductor Academic.

IIporpamma padoTbI

1. BEII1OJIHUTE KHaCCI/I(l)I/IKaHI/IIO JAHHBIX C UCIIOJI30BAHUEM aJIrOpUTMA (-
mean.

2. Brimonauts KHaCCI/I(i)I/IKaI_II/IIO HaHHBIX C UCIIOJIBb30BAHUCM aJITOpUTMaA K-
mean.

3. BbINONHATH KIACCH(DUKALMIO JAHHBIX C MCMOJB30BAHHEM HEWPOHHOM CETH.
Metoanueckue yKa3aHusi 110 BHINIOJTHEHUIO PadoThI

3amaya pa3z0MEHUsT MHOXXECTBA OOBEKTOB WM HAOJIOJEHHWHA HA alpUOpPHO
3aJlaHHbIE TPYIIbI, Ha3bIBAEMbIE KJIACCaMHU, BHYTPHU KaXXJIOH U3 KOTOPBIX OHH
OpEeANnonaraloTcsl MOXOXKUMHU  Jpyr Ha  Jpyra, HMEIOLUMU [PUMEPHO
OJIMHAKOBBIE CBOMCTBA W mMpu3Haku. [Ipum 3TOM pelieHue mosydaercst Ha OCHOBE
aHaJli3a 3Ha4YeHU aTpuOyTOB (MMPU3HAKOB).

Knaccudukanus sBisieTcs oaHOM W3 BaxkHeWmux 3amad Data Mining. Ona
IPUMEHSAETCS B MAapKETHHIE IPU OLIEHKE KPEeIAUTOCIOCOOHOCTH 3aE€MIHUKOB,
OIpe/ENEHUN JIOAJIBbHOCTH KJIMEHTOB, PAacllO3HaBaHUU OOpa30B, MEIUIIMHCKON
JUarHOCTMKE M MHOTMX JApYTUX MpUWIOKEHUsIX. EciM aHamuTHKy H3BECTHBI

CBOIiCTBA OOBEKTOB KaXXa0ro Kjacca, To, Korga HOBOC Ha6J'IIOI[eHI/Ie OTHOCHUTCA K
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OIPEJICJIEHHOMY KJIAcCy, JaHHbIC CBOWMCTBA ABTOMATHYECKH PACIPOCTPAHSIOTCS U
Ha HETO.

Ecau yucno KilaccoB OrpaHMuY€HO JIByMsi, TO HMMEET MECTO OuHapHas
KJaccuduKaIus, K KOTOpOil MOTYT OBITh CBEJICHBI MHOTHE 00JIeE CJIOKHBIC 3a[auH.
Hanpumep, BMecTOo omnpeneneHus TakKuX CTEINEHEW KPEAUTHOTO PHUCKA, Kak
«Bbicokuity, «Cpegnuit» wim «Huskuii», MOXKHO HCHOJIB30BaTh BCErO JBE -
«Borgate» unn «OTKa3arby.

Hus  wrmaccupukanmm B Data  Mining  ucnonb3yeTcst  MHOXKECTBO
Pa3IMYHBIX MOJEJEH: HEUPOHHBIE CETH, NEPEBbS PELICHWN, MAIIMHBI ONOPHBIX
BEKTOPOB, MeToN Kk-OmmkalImmx coceneid, aaropuTMbl MOKPHITHS W Ap., TpH
MOCTPOCHUU KOTOPBIX MPUMEHSETCA OOy4YEHUE C YUYUTEJEM, KOrJa BBIXOJHAs
nepeMeHHasi (MeTKa Kjacca) 3ajaHa JJisg Kaxaoro HaOmoaeHus. DopmanbHO
Kjaccuukanus TpOU3BOAUTCS HAa OCHOBE pa30MEHUs MPOCTPAHCTBA MPU3HAKOB
Ha oOyacTd, B TOpelnenax KaxJAod M3 KOTOPbIX MHOTOMEpPHBIE BEKTOPBI
paccMaTpHUBaIOTCA Kak WACHTHYHbIE. MHBIMU cllOBaMH, €ciii OOBEKT momnall B
00J1aCTh MPOCTPAHCTBA, ACCOIMUPOBAHHYIO C ONPEACIICHHBIM KJIACCOM, OH K HEMY
Y OTHOCHTCS.

Paccmotpum  knaccudukanuio gaHHbix Ha npumepe HWpuco Ouiiepa.
Upucet @umepa - 310 HA0Op MAaHHBIX Uil 3aMayd  KJIacCH(PUKAINHA, HA
npumepe kotoporo Ponanbn @umiep B 1936 rogy nmpoieMOHCTpUpPOBAT pabOTy
pa3pabOTaHHOTO UM METOJa AMCKPUMHUHAHTHOTO aHaiu3a. JTOT HA0Op JaHHBIX
CTal YyXe€ KIacCUYeCKHMM, M YacTO HCHOJb3yeTcs B JMUTeparype s
WUTIOCTpallMid ~ paboThl  PAa3IMYHBIX  CTATUCTUYECKUX alrOpUTMOB. HpucCh
duiiepa cocTtoiIT U3 JMaHHbIX 0 150 sx3emmuisipax umpuca, mo S50 3K3eMILIAPOB
u3 Tpéx BuAoB - HMpuc merunucteii (Iris setosa), Upuc suprunckuii (Iris
virginica) u Hpuc pasnousetnsiii (Iris versicolor). [Ins kaxmoro sk3emiuisipa
U3MEPSIIUCh YEThIPE XapaKTEPUCTUKHU (B CAHTUMETpax):

— umHa vamenarcTuka (anri. sepal length);

— mMpHuHa Jamenuctuka (anri. sepal width);

— uHa steriectka (anri. petal length);

— mupuHa JienecTka (anri. petal width).

Ha ocHoBaHumu 3TOro HaOopa HaHHBIX TPeOyeTcsi MOCTPOUTH IMPABHUIIO
KJIaccu(UKaIMK, OIPEIEIIAIoNIee BUA PACTCHHS 1O JaHHBIM HM3MEPEHHA. DTO

3a/71a9a MHOTOKJIACCOBOHM KJIacCM(HUKAIIUM, TaK KaK HMEETCs TPpU Kilacca - TPH
BHUJIa UPHUCA.

2.1 Knaccnq)mcauml JAHHBIX C HCITOJIB30BaAaHUEM AJITOPUTMA «g-meany

Nmnoptupyem B mnporpammy naanneie u3  (aitnma «Upuckrtxty. s
Hayvajga monpodyeM MpOBECTH KIACCHU(PHUKAIMI0 HPUCOB, BCTPOCHHBIM METOJIOM
Kimactepusanuu  g-mean (puc. 2.1). HWaTepecHO TO, uYTrOo 0O0y4YeHue OyaeT
IPOXOJUTH O€3 YUUTEJIs, T.€. BBIXOJHbBIE JaHHbIE HE OYyT YKa3aHBbI.
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Dziin [paska Bupy MsGpannoe Cepemc Okno

De-B 8 28 s | ERe a4 a0y~ 0

Bl Cuerapin ? vXHTaﬁnHua ?OX
BE e Tk X SRR AR 14150 RN

g @uer—mpw JAkHa HaWeaHeTHES | Wl HpHHa YaWwenMeT kA | NauHa nenectra | LUkpHHa nenecTrk.a Knace 2
- pe 51 35 14 02 lis-setasa
44 3 1.4 0.2 Iris-setoza
4.7 3.2 1.3 0.2 Iris-setoza
45 31 15 0.2 Iris-setoza
5 36 1.4 0.2 Iris-setoza
54 39 1.7 0.4 Iris-setoza
45 34 1.4 0.3 Iris-setoza
5 34 15 0.2 Iris-setoza
44 29 1.4 0.2 Iris-setoza

[T T T T T T TT=

Puc. 2.1 - UMnopTtupoBaHHbIe JaHHbIE

bonee toro, He OyayT make ykKa3zaHO KOJMYECTBO KIJIACTEPOB, HA KOTOPOE
HEOOXOAMMO  pa3AeIuTh JaHHYI BBIOOPKY, MpoBepuM 3(PPEKTUBHOCTD
BCTPOCHHOW CHCTEMBI KJIaCTepU3aIK, I 3TOr0 HEOOXOIMMO BHIOpATh B
Mactepe 00paboOTOK MYyHKT KjacTepuzamus (puc. 2.2).

Mactep o6pa6oTKM

HazgaHue I OrkcaHue I

P OprMPOEAHMA PEMPESEHT ATHEHOMD MOARHD. .

B Pazfieie HA MHO..  PastueHie Ha OBYHIWEs W TECTOBOE MHOKE...

H CkonbsAwes okHo T paHChOpMAanMa 4aHHBE CEONBSALLMM OFHOM

vz KoHEuHbIE Knacohl  [TOHM#EHME PASHOOGPASHA YHUKANEHEE SHaY...
= Data Mining

fon SETOROpPEnALMa PacyeT BIGOpOYHON AETOROPPEAALMM CTONGLOE

é AccouMateHele np... [NoMcK aCCoUMaTHEHER SaEMCMMMOCTEEN

% | apra Koxonera CardonpraHWEYIWLL SACA KapTa KosoHeHa

TEQUZaLMA K.NacTepUSaLMA ANrOpUTrOr k-MEans W g-..

% EM knacTepuzauma  K.AacTepu3auda anropuThord Expectation-bd ax...

Eh Knactepuzauma tp...  KnacTepuzaums TpaHsakumi anropuriom CL..

{7): NuHelHaA perpeccuya MNocTpoeHME NMHERHOEN FMOOLE N4

{H- NorucTyeck.an per... MNocTpogHKe SHMHAPHORE NOFMCTWYECK O MOLEM

W Nepesn pelueHUE MocTpoeHHE AEPEBa PEEHUI aaropuTom C..

< Hazan, | Danee » | | OTrieHa |

Puc. 2.2 - Macrep kj1acTepusanumn
Ha cnenyromem 1rare (puc. 2.3) co cronbua «Kmace» ybepem

Ha3HAYEHUE BBIXOJIHOE W TMOCTAaBUM HWH(OpMalMOHHOE, Ternepb 00yueHue OyaeT
MPOUCXOUT 0€3 yuUuTessl.
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Hacrpofixa HasHaYeHWA cTonbwos
JanaliTe HasHAYEHWA MCROOHE CTONGU0E 0aHHER

MﬂnHHa MELUEHCTHES Mria cTongua | COLS
".| WupHHa vaWweMCTHES

'ﬁ HuHa nenecTra
".|LIJH|:|HHa NENECTEA HasHaueHue |ﬁ MHPOprMaLMOHHDE

Tun naHHE: | CTookoEbId

B K.nacc Bug gaHHER | JucKpETHEIG

 YHMHKANEHEIE SHAYEHWA
K.on-B0 YHKKANEHBR SHAYEHME 3

Iriz-zetoza
I rig-vergicolor
Irig-virginica

HacTpolika HOpMan|saumk9. .

| < Hazan || Danee » | | OTraeHa

Puc. 2.3 - HacTpoiika MacTepa KiIacTepu3anuu

Janee cienyer HACTpOUThH MapamMeTpbl OOy4YeHUs, B JIAHHOM KOHKPETHOM
cilyyae, rmapaMeTpbl 0 YMOJYaHHUIO OTJIMYHO MOAXOAAT (puc. 2.4).

PasfiMeHue McxoaHoOro Haﬁnpa A3HHBIX Ha NOAMHOKECTEBQ

HEIIL“TDDHTE DaSﬁMBHHE HCROOHOMD MHORECTES A3HHER HS Dﬁ':l'-IaH:ILLlEB 3]
TECTOEDS MHOKECTES

Cnocog PasneneHHA HCKOQHOMD MHOKECTES 0AHHEBE EHHHBMHD

CTongey gna Pas0eieHHE HCROQHOMD MHOKECTES

Fazmep
B npoueHTax | B cTpokax
Ofyyamow es 95,00 142 | MNo BospacTaHum
TecTopoe 5,00 2 | Mo BospacTaHun
MTOro: 100,00 150

MHo#ecTED MopAgok COpTHPOBEM

K.omuecTen crpok [Bcera) 150

| ¢ Hazag H Hanee » | ‘ OTreHa ‘

Puc. 2.4 - HacTpoiika napameTpoB 00y4eHus

Ha cnemyromem mare wacrepa HE0oOXOAMMO BBIOpATh  aNTOPUTM
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kinactepusauud. Ha u Tak 3apaHee H3BECTHO, YTO KOJHYECTBO KJIACTEPOB
JOJDKHO PaBHATBCA  «3», HO TPOTECTHUPYEM BO3MOXKHOCTH IPOTrpamMMbl U
NpeIoCTaBUM €l caMoil BbIOpaTh KOJIMYECTBO KJIACTEpOB. IJTO Tak ke Oyzder
I0JIE3HO, €CJIM HE M3BECTHO HAa KAaKoe KOJIMYECTBO TIPYHN cienyeT pa3OuBaTh
BBIOOPKY (pHC. 2.5).

HacTtpofixa napaMeTpoB KAacTEpHIaUHH
HEa#HTE NapaMETPBl KNACT EPMSaLMM

(®) ABTOMATHYECKM ONPEefENMTE KOAHYECTBD KNAcTepos [g-means)

HpoBeHE SHAMMMOCTH, & 0.1 W

Her Sonelwe ypoBeHE SHAYMMOCTH, TEr G0NbWe K1acTepos GyneT
CTEHENHPOESHD MPM KASCTEPMEALMM,

() PUKCHpOBaHHOE KOAMYECTBO KnacTepos [k-means]

F.onudecTED KASCTEROE 7 ﬁ

K.a#nan CTPOYES HCRXOOHOro H-EIﬁDI:IEI OaHHEI ﬁ':l.IJ.ET OTHECEHA K
O0HOMY M3 ENAcTEpOE, KONWMECTED KOTOPBER ONpeaemdeTCh Bhille.

| < Hazan || DNanee » | | OTtdeHa

Puc. 2.5 - Boi0op anropurma Kjiactepu3zanumn

Cnenyromuili mar macrepa mpeajaraeT 3alyCTHThb Ipolecc OOydeHHsS MU
HaOmogaTh B mporecce OOydeHHs BETUYMHY OMIMOKH, a TakXKe TMPOICHT
pacniozHaHHbIX npuMmepoB. [lapamerp «Yacrora OOHOBIEHHS» OTBEYAeT 3a TO,

yepe3 Kakoe KOJMYECTBO 310X 0Oy4YeHMs] BBIBOJUTCS JaHHas WH(popmauus (puc.
2.6).
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K.nacrepMsauma Hatopa AaHHbLIX
Janyck NpoLECca KAaCTEPHEaLMHM

Ofyyamiles MHOKECTED TecToene MHOKECTED

= [+] Makcuransras owutka 4.92E-01 B [+] Makcuransras owutka 4 ME-M
= [+] Cpeanaa owwbka 1.92E-M [=] [+ Cpeanasa owtka 2 BEE-M

PacnozHaHo [%) 0352 FacnosHado (3] no0.00

HazgeaHue TEEYWErD NpoUecca

QAyyeHHe saEEpLWEHD

|_||:IEILLEHT EbINONHEHHA TELKYW ErD NpoUEecca Dlj':l'-IEHHFl

o | M HALMANHEHMpOESTE NEpED, OAYYEHMER
Bpema ofyseHHA 00:00:00 n Il Mayza | M Cron |

| < Hasan || Hanee > | | OTrdEHa |

Puc. 2.6 - O0yuenue ceTn

[Tocne oOydenust ceTu, B KauecTBE BHU3yalIH3aTopoB BbiOepem: «CBsi3u
kiactepoBy; «[Ipodunu kmactepoBy; «Matpuily cpaBHeHUs»; «UTo-ecnm» (puc.
2.7).

OnpeneneHye cnocobos oToOpaxeHHa
Bridepure cnocod oToSpaseHuA 0aHHEx

HazeaHue | JnucaHmHe
= [+ Data Mining

ﬂ CEAZM KNSCTEROE OToSpa#aeT CEASM MEKAY KASCTEPARM

[¥ Yroeca AHAAMS NOCTPOSHHOMN MOLEAM N0 NPHHLMAY YTO-2CAM
[+ Marpuua cpaeHeHua M aTphua NonapHOro cpaEHEHMA OEbEKTOE
[+ Mpoduau knacTepos WooneioBaHHe NpofMAei KNACTEpoE
= TabGauuHuie paHHbE
|_ OayyatowmiE Hatop  DAyyamwes W TECTOBOE MHOKECTES
[T Tatmua OTo8pakasT 4aHHEIE B BMLE TA0AMLE
I_ CTaTucTIHE S OTofpamaeT CTATHMCTUYECKME AaHHEIE BhIGOPKM
= Ipapuru
I_ Duarparraa OTofpaaeT A&HHEIE B BHLE QUarpardtel
[T Muctorpata DToSpaxaeT AaHHEIE B BULE THCTOMPARME

I Muarnakikss naskas Muiarmakikds AaskicaUIA AFL SETAS & ARACTASUATES

| ¢ Hazap || Hanee > | | OTraeHa

Puc. 2.7 - Busyanu3anusi JaHHbIX

30



Kak BugHo u3 puc. 2.8 NOpUIOKEHHE BEPHO NEPEHAECIHIO KOJIMYECTBO
IPYII, TaKX€ 3J€Ch MOXHO YBHUJIETbh HA CKOJIbBKO 3HAa4UM TOT WA HHOU
napameTp, /il IPUCBOEHHUSI IBETKY TOT'O UM HHOTO BUA.

’. ®ain [paeka Bwa MsbpanHoe Cepsmc QOwno I ’T"E‘m
DS -E @2 s @ d a8 m|ey- @
B8 Cueniapuu ? - xl ‘ Cenzu knacTepos Xl Yro-scad Xl Marpuua cpasteHua X TPOPHAW kN3CTEpoE X‘ -
FE A 8T er&X @ vm B s E-
=] Mpuce ‘1 |2 o = ‘ 3
' ® Knactepraauda [N = 3) o naserue
1 Cpeaves 1418032787
51 (40,7%) 50 (33,3%) 39 ( 26,0%) 1 Cramaaprhoe otkn 027234053936
$ Crannapthas owws 0.03486563938
by
IM |
® 9.0 Wipna T Makcumym 2
e 10002 i | | E e e
. o | | =2 Cuviria keaapaTos 12711
3] Kon-Bo nueTbix SHave. . 1)
9.0 inira
nenectka
SHEUMMOCTE 100,0% 100,0% 100.0%
[ 9.0 Wipura
HELIENHCTHK
& SHAUWMOCTE 100,0% 100,0% IFE%
[# 9.0 A
LELIENMCTIK
e SHEHMMOCTE 38.8% 100,022 100.0%
< >

Puc. 2.8 - IIpodpunin kiacrepos

Ha wmatpune cpaBuenuss (puc. 2.9) BugHO, dYTO OOJNBIIE BCEX OT
OCTaJIbHBIX OTIHYACTCS «KJIacTep 2» (eMy COOTBETCTBYET «iris-setosay).

,. Qaitin  [paska Bug MsGpandoe Cepeuc Owwo 7

DE-F/@s2e i @R 4/ 2ED|@%k-(0

B Cuerapn ? X| | CBfaw KNacTepas X| Uroecw X Marpua cpasHerua X| TIpou M KAacTepaE X|

| él ® EI | Ff Ff E! X m "‘ |HH>KHMHn0por: Bepitii nopor: | q}' i"| E| W‘ S
i 0 1

= 880 Cuetapam 7
B- Mpucel 60 54%

8 K nacrepusapia (N = 3] 50.54%- 34.61%

34,61% | 100,00%

Puc. 2.9 - Marpuna cpaBHeHUs

Busyanuzatop «Uto-ecau» (puc. 2.10) mO3BOJUT MPOBECTH IKCHEPUMEHT,
BBeNs JIIOObIE 3HAYCHHS MapameTpoB. Eciu ke HaxkaTh KHOMKY «3arpy3wTh
JAHHBIE» W3 MUCXOJHOW BBIOOPKH, TO MOXKHO 3aMETUTh HETOYHOCTHU OIPECICHHS

KJIACTCPOB HN3-3a CXOKHX HapaMeTpOl%&IBGTKOB.



®, Oaiin Mpaexa Bua MsBpawroe Cepenc Oxwo 2
De-d &8 '8 s Bee a2l et~ 0

?'XHCM pos X Yro 3<|Ma|'pma X|I", K P
FE 0P| 2eeX 8@« «[SwnfL >0l d ulx E-
Mone ]M
= Digy Broreie

9.0 [mumia yawenmct... 69

9.0 Wupsma vawenuc... 3.1

9.0 Neia nenectra 4.9

9.0 Wupsna nenectra 1.5
E%Pm

12 Homep knactepa 0

9.0 Paccrommue aou...

55 21 =1 e v sl R A Sl S e Ea s 1

b | |t | k| |t | |t | | |t || |t | | | | | | | | k| |t | b

| B3 i b e =

~

Puc. 2.10 - UuctpymenTt «Uto-Ecam»

2.2 Kaaccudukaus 1aHHBIX ¢ IOMOIILIO HEMPOHHON ceTH

Tenepr omnpoOyem mNpoBecTH KiIacCU(PUKAIMIO HPUCOB TIPU MOMOIIHU
00BIYHOM HEHpOHHOU ceTu. BxoaHbie nanHbie OpaTh U3 ¢aiina

«UpuchL.tXt», TOIBKO B JaHHOM cilyyae oOyudeHue OyIeT MPOUCXOIUTh C
yuuteneM. MMmoptupyem JaHHBIC 35 B MacTepe 00pabOTOK BHIOEpEM ITYHKT



HerpoceTs (puc. 2.11).

MacTtep o6paGoTku

HazeaHme | JnucaHue |
=l Data Mining ~

06 ABTOKOPPENALMA PacyeT BRIG0pOYHON SETOKOPPENALMM CTONGLOE

@ ACCOUMATHEHEIE Np... [10MCK SCCOUMATHEHEIY SEBMCHMOCTEM

o K.apTa K.oxoHeHa CamMoopraHWayow aAcA KapTa KosoHeHs

8, ¥ nacTepusauma K.NacTepHEaLka anropHTom k-means WM g-..

_Q. EM knacTepusauma  KnacTepuzauWA anropuTrdom Espectation-tam...

k.nacTepusaumA Tp... KNacTepuzauWa TpaHSakUMA anropuTiom CL...

£ MiHelinan perpeccua MNocTpoeHWE NHMHERHON MOLENH

{H- NorvctyueckaA per... [NocTpoeHWe BUHAPHON AOMMCTHYSCKON MOLEM

W# Nepeeo pelwsHuil MocTpoeHWe QePEEa PELIEHWE NMOpMTHONM L.
MHOrocnoiHaA HeRpoHHaA ceTe

8 Nekormnosyuna ep...  JekomMnosHuMa BpeMeHHOr0 pAda Ha CES0HH...

= Npouee

E EKDHI'IT I-IDHMEHEHME FOQENH K HOERIM OaHHEIM

{ﬂ [pynnoeas oopador... [pUMEHEHHE MOZENM K FPYNME LaHHE

4 Hazag | HNanee > | | OTrieHa

Puc. 2.11 - Macrep o6padoTok

VYcTaHOBMM B KaueCTBE BBIXOJHOIO 3HAYEHHUs MapaMmeTp Kiacc. B kadectse
HOpManu3aropa g Beixoga «Kmace» HeoOXOAMMO YCTaHOBUTH — ITYHKT
«Y HUKaJIbHBIE 3HAUEHUS.

Ilpumeuanue. YHVKaNbHbIE 3HAYEHUS WCHOJB3YIOTCS IS JTUCKPETHBIX
3Ha4YeHUU. TaKUMU SIBJISIOTCS CTPOKH, YMCJIA WIM JaThl, 3aJaHHBIE JIUCKPETHO.
UroObl TpHUBECTH HEMpEephIBHBIE YHCIA B AMCKPETHBIC, MOXKHO, HaIpHMeEp,
BOCIIOJIb30BaThCsl 00pabOTKOM

«KBantoBanuey». Tak cnemyer mnocTynaTh JUisi BEIWYUH, JUIsI KOTOPBIX
MO>KHO 33J]aTh OTHOILIEHUE MOPAJIKA, TO €CTh, €CIU JUISl JBYX JIFOOBIX AUCKPETHBIX
3HAUYEHUH MOXKHO YyKa3aTh, Kakoe OoJibllle, a Kakoe MeHble. Torma Bce
3Ha4YCHUsI HEOOXOIUMO PACIIOJIOXKHUTh B TMOpPSAAKE Bo3pactanus (puc. 2.12-2.13).
Jlanee OHM HYMEPYIOTCSl MO MOPSAKY, M 3HAYEHHUS 3aMEHSIIOTCS UX MOPSAKOBBIM
HOMEPOM
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Hacrpofixa HasHayeHHA cTonbuoe
Janafme HaFHAYEHMA MCXOHE!E CTOASULOE AaHHER

".| HnuHa yawenHeTHES Mra cTonbua | COLS

'm WHpHHE YaWEAMCTHES TET BT | S———
'.I Hnuna nenectra

Pign Wiipra nenectra Haznauerie |') BemogHoe

') K.nacc Bug gaHHbR | JuckpeTHEIA

 YHWKANEHEIE SHAYEHKA
K.on-B0 YHHEANEHEIR SHAHEHMEA

Irig-zetoza
Irig-werzsicalar
[riz-wirginica

HacTpokika HopranSauMu9. .

< Hasan || Danee » | | OTtieHa

Puc. 2.12 - Hazuauyenue BX0/10B U BBLIX0/10B

ko
MeTka crontua | FuH. | M akc. | Hopranuzarop |1*2*3 YHUK ANEHEIE ZHAYEHUA

EI-" BrooHee
[ Dauma vawenicTika . A
1 WiptHa YawenMcT Ik 2 4.4
=2 Nama nenectra 6.3
{7, WeipkHa nenectk.a 2 253 JHUEANEHEIE SHAYEHHA | Koneo | 2l
" BbrogHeE Iriz-setosa 50 zl
5 K nace I Iris-versicalar a0 .

Inz-virginica T

4

[Mpe0fpasoEaHKE YHHUEANEHE!: SHAYEHUN B WX MHILEKCE.

I'IapaMEprl HOPr3NHSaUL M4 | Fucmrpamma|

| n i

— lNapareTpel AHHESHOMD NPE0dpas0EaHUA

MpuBECTI K gHanasoHy

MHHHMHM AKHan3s0Ha

M-EIKCHM':IM AHanaz0Ha

Puc. 2.13 - Hactpoiika HOpMaIu3anun

Crenyromum marom yKa3ngaeM napameTpbl 00yuenus (puc. 2.14).



PaztueHue HCHXOAHOrO Haﬁupa AdHHBX Ha NoAMHOKECTEQ

HaCTI:IEII::ﬂ'E DaSﬁHEHHE HCKOLHOM D MHOGKECTES 0aHHB HA I:Iﬁ':l'-IEIHIILLI,EE K
TECTOEQE MHOKECTES

Cnocof PazgeneHHa HCXoQHOrD MHOHKECTES 0AHHER EJ'I':I'-IEII:IHI:I

Crondey ona PasgeneHA HEXoaHOrD MHOHKECTES

Pasriep
B npoueHTax | B crpokax
[ Ayyatow ee 95,00 142 | o eospacTaHum
TecToe0e 5,00 2 | Mo eozpacTaHuo
MTOMD: 100,00 150

MHmtecTED MNopAaok. copTHROBKM

K.onuuecten crpok, [Bcera) 150

| < Hazan || DNanee » | | OTtieHa |

Puc. 2.14 - IlapameTpsnl 00y4eHus

KonudecTBo HEMPOHOB MEPBOTO CI0s IKCIEPUMEHTAILHO ObUIO BBHICTABJICHO B
3HayeHue 5 (puc. 2.15).

Crpykrypa HeRpoOHHOR CETH

— HelipoHel B cnoas T AKTHBALMOHHSA PYHELMA

EROQHOM; T dyHt | Currdouna

CEPbTbIY CAOSE: K purhaHa 1,000 j

BbIXOOHOM

Cnoii HelipoHe! | Curmouga

1 5 ————T— T
e ochooopooojoaadooadonodaos

4
1
1
1

1 1 1 1 1 '
fr==Tr=-=Tr-=TTrTTTTrTTTAac -
1 1 1 1 1 1
- L L __1l___1___1

1 ] ] 1 1

[ SR e e a—

[ (S NS DU R -

A
e
m -
@ -

| ¢ Hazan || Danee » | | OTreHa

Puc. 2.15 - IlapameTpsbl 00y4eHust
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Jlanee Be1OMpaem anroputMm odyudenus (puc. 2.16).

HacTpofka npouecca o6yyeHdna HEAPOHHOA CETH
Bribop anropuTrda M 3agaHWe NapateTpoE 0GY4eHHA

 ANropuTH — MNapareTpel

(") Back - Propagation War cnycka

DyueHue & pesiive "oHai". Kopperuma B cnyyae MEMEHEHWA 3HAKA FpAgHEHTHON
(SIS ottt Partes) NOIEE === COCTABMANILEN DLMEKM 008 AaHHOMD BeCa
KAAOrD NPMMERS OBY4AHLLEND MHOKECTEA. 281AET BEAMHMHY CNEAYIOLLES KOPDEKLMA

BECA.
(®) Resilient Propagation [RPROF]

DayueHme B pesurae "ogpnaiii',

F.OppEEUMA BECOE NPOMEEONWTCH NOCIE B cnyyae coxpaHeHA 3HaK.a rpanMEHTHOMA
NPETEABAEHUA BCER MPMMEPOE 0SY4aLLETD COCTAEAAILER OWKEKM 007 LAHHOMD BEca
MHOKECTES. Y4MTEIBAETCA TONGKD SHAK, 330AET BRAHYMHY CSIYWEH KOPDeKLMA
FPaAMEHTa NO Kamkaary Becy, BECa.

| ¢ Hazag H HNanee > ‘ ‘ OTreHa

Puc. 2.16 - Aaropurm o0yueHus

Ha cnenytomem mare (puc. 2.17) ycraHaBiMBaeM 3Ha4€HUE MOTPEIIHOCTH U
KOJIM4YECTBO 310X o0yudenus. U 3amyckaem oOyuenue cetu (puc. 2.18).

Hacrpofika napaMeTrpoB OCTAaHOBKM OGY4EHMA

Heamure yonoewa npekpaweHda otydeHua. 0ogueHue Gyaet
OCTAHOENEHD NP BEINOAHEHUM QOHOMD M3 Yo A0S,

C4MTaTh NPMMER PACAOSHAHHBIM, BCAM OWHEKE MEHBLUE ||l|:||:|5

Mo gocTUREHKID 3 N0EH | 100000

— O8yyamlee MHOKECTED

[] Cpeagran owtka mMeHswwe
[ MakcuransHan owmdka MeHewwe

[] Pacnosnano npurepos [%]

— TecToBDE MMHOMECTED

[ ] Cpeanaa owmtka MeHswe
[ ] MakcuransHan owmeka MeHewwe

[] Pacnosnano npumepos [%]

| < Hazan || Hanee = | | OTreHa |

Puc. 2.17 - YeraHOBKa MOTPEIHOCTH U YHCJIA 310X 00y4YeHH s
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OGyyeHHe HEAPOHHOA CETH
3anyck npouecca oSyYeHMA HEAPOHHOM CeTH

~ Dlﬁ':l'-IaH:ILLI,E!E FMHOHECTED TECTOEDE MHOMECTED Anoxa

B [¥] Makc. owmtka 275E-06 | | B ¥ Make. owmtka 2.15E-07 100000
= [¥] Cpean. oumtica 11307 | | [+]Cpean. owmtka 8 57E-02 Bpera nfyueHua
FacnosHano [3] 100,00 PacnosHaHo [%) 100.00 00:00:54

Tern oBHOENEHMA

1,00E-05 -

1,00E-06 J2-

1
'
1

| ¢ Hazan H Hanee > | ‘ OTreHa

Puc. 2.18 - O0y4enne ceTun

Kak Bumgno u3 puc. 2.18, cetb oOyuanach J0Jblie, HO ajga 0ojee TOYHBIC
pe3ynbTarhl. B KauecTtBe BU3yanm3aTopoB BelOMpaem «I'pad HelpoceTn», naiee
nyHKT «Tabmuna conpsbkenusi» u «Uro-Ecnny» (puc. 2.19).

OnpeneneHue cnocobos oToGpaXeHHA
BrifepWTE cNocoS oTOSpa#EHMA QaHHER

HazEaHue | OnucaHue
= [+ Data Mining
Ed Tpat HefipoceTH Orofpa#asT HERPOHHYI CETE B BHMOE Tpada

[+ Tafnuua conpase... PesynsTaThl NOCTPOSHMA MOLEM B BHLE TAGAML! COMPEHKEHHDCTH
[¢ Yro-ecau AHANKWE NOCTPOEHHON MOGEN MO NPHUHLAMY YTO-EC
= TatinuuHble naHHbIE
I_ Ooyyatowme Hadop  Ooyyaowes W TECTOBOE MHOMECTES
[T Tatinua OTofpaiasT AaHHEIE B BHLE TABAHUE
I_ CrarucTuka OrofipakasT CTATMCTHYECKME AaHHEIE EBIGODKL
= Fpaduku
I_ Nuarpatdraa OToSpa#kasT QaHHEIE B BWIE AMArpatdtdgl
I_ [McTorparama JTofpa#asT QaHHEIE B BHOE MMCTONParark
[T Duarparia pasme... JWarpamia pasmelleHUA ofbekTos B NpOCTAHCTES

T hduArckaamru=sa aos MrAfim s asT AasuuL e B SUA S LAUAEAkASEUAT A SEE S AL

| < Hasan || Hanee >

Puc. 2.19 — Buzyaauzatopsl

37



Ha rpade neiipoceTn BuaHO, KaK BBITIAIUT oOy4ueHHas ceTh (puc. 2.20).

Deductor Studio Academic (Hosuii) - [HeipoceTs [4 x 5 x 1]] - B
¥ Oaiin Mpaska Bng MsGpanroe Cepanc Owro 7
0D&-d BRe 4 RS0 @0
B Cusnapim ? - X‘ Tpag Heripoceti X | Tafniua conpaientoctd X | Yroecnd X M
BT EERX
= §&H Cuenapin

= ] Vpucer

&, Knacrepuzauns [N = 3)
2 Hetpocete [ 5% 1]

Nruna vawencTiea

WnpnHa vawenucTHea

Dnuna nenectra

Wiphna nenecta

Puc. 2.20 - I'pa¢ HeiipoceTn

Huarpamma comnpsikeHHOCTH (puc. 2.21) moka3bIiBaeT, Kak paclpeeIinch
BXOJHbIC 3HaUeHUs1. Ha Hell BUAHO 4TO ceTh 00yumsiach abCOIIOTHO TOYHO.

Deductor Studio Academic (Hoswi#) - [Helpocets [4 x 5 x 111 = =
39 ®aiin  Mpaska Bua MsBpamwnoe Cepeuc Owkno 7
DE-d &

BB @ a4 280 -6

? - Xl Mpat Hempocery X Tatikua conpaweHrocTl X | Yroecom X

=T e e -

80 Cuenapun

-
Knacc v @ - - b3 "ﬁ =
=8l Cusrapuu KnaccupuumposaHn
= Wpucer P arTHIECKK lris-setasa Iris-versicolor Iris-virginica Wrora

&, Knacrepusauma (M = 3) Iris-setosa 50 50
2 Heifpooers [4 x5 1 1] Iris-versicolor 50 50

Iris-virginica | = 50

e | @ - o

Puc. 2.21 - luarpaMmma cONpszKeHHOCTH

Yb6enuMmcst B BICKa3aHHOM BBIIIE 3aKIIOUEHUN B3MVIIHYB Ha Tabmuiy «Yro-
Ecimn» (puc. 2.22). Jlaxxe npu BBOJE 3HAYEHUU OTCYTCTBYIOIIMX B BBIOOpKE,
CeTh BEPHO pearupyeT Ha Hux. Jlajiee MOKHO OIATh HaXaTh Ha

KHOIIKY «3arpy3uTh JIaHHbIE U3 UCXOJHON BBIOOPKW» YTOOBI yOEIUTHCS B
IPaBUJIBHOCTH PACIIO3HABAHUS PE3YIIbTATOB.
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39 Maiin [paeka Buwg MWsBpannce Cepewc Oxno 7 ’T"E“?'
DE-HI S 2aléar @ d:ames-|B

Bl Cuerapun ? - X‘ ‘ Mpa® HePpoOCETH Xl Tafinua conpakerHooTy X Hro-ecau X| -
FE AP (TTeX @« [ wmfe > m[CF A E-
=& Cuenapin Mone | 3HaveHHE

= [E] Mpsice = Pigy Broniie
- 3 Knacepusauma [N = 3) H
3§> Hedpocete [4 254 1]

9.0 LmHa vawenmer... 512
9.0 WupHHa Yawenme... 3556
9.0 Lomha nenectra  1.4664
H 9.0 WupHHa nenecTra  [IRERlEES
El " BbimonHeie
ab Knacc Inig-setosa

LXEEEEE A L)

Knacc Knace OUT

0.2 Iris-setosa lriz-setoza
0.1 Iris-setosa lriz-setoza
0.2 Iris-setosa lriz-setoza
0.2 Iris-setosa lriz-setoza
0.3 Iris-setosa lriz-setoza
0.3 Iris-setosa lriz-setoza
0.2 Iris-setosa lriz-setoza
0.5 Iris-setosa lriz-setoza
0.4 Iris-setosa lriz-setoza
0.3 Iris-setosa lriz-setoza
0.2 Iris-setosa lriz-setoza
0.2 Iris-setosa lriz-setoza
0.2 Iris-setosa lriz-setoza
0.2 Iris-setosa lriz-setoza
1.4 Iris-versicolor Irig-werzicolor
1.5 Iris-versicolor Irig-wergicolor
1.5 Iris-versicolor Irig-wergicolor
1.3 Iris-versicolor Irig-wergicolor
1.5 Iris-versicolor Irig-wergicolor
1.3 Iris-versicolor Irig-wergicolor
1. Iris-versicolor Irig-wergicolor

1 | Irig-versicolor Irig-wergicolor
1.3 Iris-versicolor Irig-wergicolor
1.4 Iris-versicolor Irig-wergicolor

1 | Irig-versicolor Irig-wergicolor
1.5 Iris-versicolor Irig-wergicolor

1 | Irig-versicolor Irig-wergicolor

4.7 Iriz-wersicolor Irig-wersicolor

.2 Y Y O

L

Ok | | OTmMeHa

Puc. 2.22 - UuctpymenT «Uro-Ecam»

JlanHbIil TIpUMEp TOKa3all, Kak MOXXHO OOYYHTh CE€Th C Y4YuTeleM. bbui
M3y4eH HOBBIM HMHCTpyMEHT «Helpocers» u caemaHo NPEaIonaokXEeHUe, 4yTo
oOydyeHue c yuutenem Oosiee OS(PPEKTUBHO, XOTA W 3aHUMAET OOJBIIHMA
MIPOMEKYTOK BPEMEHH.

[Ipumep mokazan mpocToTy W ynoOcTtBo mpumeHeHus «Hedpocersy miis
knaccudukanuu Mpucos dumepa. Mactep npeniaraet mypoKue BO3MOKHOCTH
[0 HACTPOWKE IMpolecca o6yquH513.9 ITocne oOydeHusi cetd cTaqd BHUAHBI €€



JIOCTOMHCTBA ISl aHanmm3a. Takxke ObUIM MPOJAEMOHCTPUPOBAHBI IIUPOKHE
BO3MOXXHOCTH BU3YQJIM3allMM IIPOCTPOEHHOW ceTu. Bce 310 roBopur o
3¢ (HEKTUBHOCTH WHCTPYMEHTA

«HenpoceTpy.
2.33ananusn

1. Crenepuposarn JAHHBIE IS KJIacCH(pHUKAIIH, POBECTH
KJIacCU(pHUKAIUIO ABYMs criocobamu (MHCTpyMeHT «Kiactepusanusy» u

«He¥ponHas ceThb»), CACIATh BBIBOBI 110 3P(HEKTUBHOCTH ITHUX JABYX
CIT0CO00B.

2. TIpoBeCcTH OKCIIEPUMEHT 110 HW3MEHEHHIO I1apaMeTpOB  OOydYeHHs
HEelpoceTH, M cenaTh BBIBOABI MO 3(PQPEeKTUBHOCTH Tporecca OoOydeHHUs MpH
Pa3HOM KOJIMYECTBE HEMPOHOB.

KoHTposibHbIE BOMPOCHI

1. s gero ciryskat anroputMbl g-mean u k-mean?

2. Kakue anropurMsl 00ydeHHs HEMPOHHOM CETH IIPEAIAraeT IPOrPaMMHBINA
komriuiekc Deductor Academic?

3. Buem ux ornuune?
4. Yro Takoe 00ydeHHE C yuuTenem?
9. Yro takoe o0y4enue 6e3 yuurens?

JlabopaTopHnas padora 3

IIpuMeHeHne HHTEJIEKTYAJIbHOI0 AHAJIN3A IaHHBIX B 32/1a4aX
MOAIEPKKU NPUHATHS pPeleHui

Ilean paGoThl: OCBOMTHL METOIBI U CPEACTBA IMPOTHO3MPOBAHUS B IMAKETE
Deductor AcademiC mpu HHTCIIICKTyalbHOM aHajJM3¢ JaHHBIX B 3agadax
HOIACPIKKY IPUHITHS PEIICHHH.

IIporpamma padoTbI

1. BHIIOIHATH IpUMEP TPOTHO3UPOBAHKS C IIOMOLIBLI0 HEWPOHHBIX CETEN B
nakere Deductor Academic.
2. BHINOIHATE HPUMEP MPOTHO3UPOBAHHUS C TIOMOIIBI0 BPEMEHHBIX PSJIOB B
nakete Deductor Academic.
3. BHINOJIHUTH MPOTHO3MPOBAHUE C TIOMOIIBIO HEHPOHHBIX CETEH W
BPEMEHHBIX PsAJIOB Ha JJAHHBIX COTVIACHO MHMBUIYaJIbHOMY 33JJaHUIO.
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MeToauveckue yKa3aHus 110 BbINOJIHEHUIO padoThI

OcHoBHOe HampaBienue mnporpammbl  Deductor Studo -  ananus,
MPOTHO3UPOBaHUE, KiaccubUKalg | KiacTepu3anus JaHHbX. IIporpamma
MPEIOCTABJISICT CIEAYIOIIME MEXAHU3Mbl aHAJIU3a: HEUPOHHBIE CETH, JIMHECHUHBIN
PETPECCUOHHBIA aHAJIN3, TOCTPOCHUE JIEPEBBEB PEIICHUM, CAMOOPTaHU3YIOIIUECS
kapTel KoXxOHeHa, MPOTHO3UPOBAHME BPEMEHHOrO psifa, OOHapy>KEHHE
nyOnukatoB W npotuBopeunid. HeilpoceTn — MexaHU3M, KOTOpPBIA HCHOJB3YIOT
JUTsI TIPOTHO3UPOBAHUS W pEIICHUA 3a1ad kinaccudukanuu. OHU TPUMEHSIOTCS B
OCHOBHOM TaM, TJ€ CYIIECTBYET HEJIMHEHHBIE 3aBUCUMOCTH pe3yJbTaTa OT
BXOJHBIX (DAKTOPOB.

3.1IIporuo3upoBaHue yMHOKEHHS C IOMOIILIO HEHPOHHBIX CeTei

PaccMoTpuM nmporHo3upoBaHue ¢ MOMOIIBK) HEMPOHHBIX CETEM Ha NpUMeEpe
MPOTHO3UPOBAHUS PE3yJIbTaTa YMHOXKEHUS IBYX uuces — (aili

«IIpousBenenue.txty. B HeM coaepxuTcs Tabmuia co CIACAYIOIUMU
nojisimu: «KAPIT'YMEHT1», «KAPI'YMEHT2» — MHOXUTENH,

«TPONU3BEJEHUE» — wux mnpousBeneHue. Ilpuyem mnpousBencHue
HEKOTOPBIX YHCEJ MPOIYyHIeHO B oOOydJaromiel BbIOOpKe, Hampumep, 7x7=49.
NmnoptrupoBaB maHHbIe U3 (aitina, MOKHO IMOCMOTPETh pe3yJIbTaT YMHOMEHHS,
UCIIOJIb3YsI TAOJINILY.

[IycTh HEOOXOAUMO MOCTPOUTH MOJIENIb MPOTHO3a YMHOXKEHUS, MoJaBasi Ha
BXOJI KOTOPOM JBa MHOXMWTEJS MOJy4aTh Ha BBIXOJI€ MX MpousBeneHue. s
ATOTO HEOOXOJIMMO, HAXOMSICh Ha Y3Ji€ MMIOpPTA, OTKPHITH MacTep 00paboTKw,
nokasaHHbli Ha puc. 3.1. B Hem BbIOpaTh B KauecTBE OOpaOOTKHM HEUPOHHYIO
CeTb W IMEpelTH K CcleaywIlleMy Imary macrepa. Ha BTopoMm miare mactepa
HEO0XO0IUMO YCTAaHOBUTH Ha3HayeHue moJiei «API'YMEHT1» u
«API'YMEHT?2» xak BXOJHEBIC, a OJI¢

«ITPOU3BEJEHUNE)» — kak BEIXOJHOE U 3aJaTh THUII JJAHHBIX KaK

«ensrity (puc. 3.2).
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MacTep oG6paboTKH

H azEaH1e | OnmcaH9e |
= Data Mining ~

foo AETORKOpPEnaLMa FacyeT BeIGOpOYHON AETOEOPPENALMM CTONGL0E

@ AccouMateHele np... [oMcK aCCOUMaATHEHEIR SaEMCMMMOCTERN

2 | apra Koxonena [ amoopraHKayow aqcA kapta koxoneqHa

8. K nacTepusaumA K.NacTEpMIAUMA ANrOpUTrOr k-MEans Wmd g-..

Q. Eb knacTepuzauMa  K.nacTepy3auda anropuTior Expectation-bd ax...

Bl Knactepuzauma Tp...  KnacTepuzaums TpaHsakumi anropuriom CL..

{71 NunefHan perpeccua MocTpoeHKME NMHERHOMN MOZENM

{H- NorkcTyeckan per... MNocTpogHKe SHMHAPHORN NOFMCTWHECK M MOLEM

W NepeEn pelweHuE MocTpoeHME AEPEES PEWEHWA 3ArOpUTOM L.
+ HelfipoceTe MHorocnofinaa HERpoHHaA ceTe

8 Jekornozuuma ep..  [JEkorMOOSHULMA BEPEMEHHOMD PAGE HE CESO0HH...

= Mpovyee
& Crpurr MpUrEHEHME MOLENM K HOEBIM AaHHEIM

{ﬂ Mpynnoean obpator... MNpUMEHEHME MOGENM K TPYNNE GaHHE!

£ Hazan, | Danee » | | OTtieHa

Puc. 3.1 - Macrep o0padoTku

Ha cnepyromem mare mnpemiaraercsi HACTPOUTh pPa30MEHUE HCXOIHOTO
MHOKECTBA JaHHBIX Ha OOydJaroliee ¥ TECTOBOE. 31eCh HEOOXOIMMO yKas3aTb
croco0 pa30oMeHusT UCXOTHOTO MHOXKECTBA JTAHHBIX

«CryuaiiHO» ¥ MOCTaBUTh oOydJaroiiee MHOXeCTBO pasmepom 100 %, Tak
KaK BbIOOpKa cIUIKoM Maja (puc. 3.3).

Janee HeoOXoaUMO yKa3zaThb (DYHKLUHMIO aKTUBALIMM, KOJMYECTBO CKPBITHIX
CIIOEB, M KOJIMYECTBO HEWPOHOB B cnoe. JlaHHble HE0OX0auMO MOAOUPATH
HKCIIEPUMEHTAIBHO, TaK KaK OOJBIIOE KOJWYECTBO HEUPOHOB M CIIOEB, MOXKET
CWJIBHO 3aMEJIUTh TPOIECC OOydYeHHs. OMIUPUYECKH OBLUTA BBICTABICHBI
HACTPOMKH, IOKa3aHHbIE HA pucC. 3.4.
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Hacrpoixa HasHauyeHwid cTonduose

3analiTe HasHAYEHMS MCHOOHE!R CTONOUOE 0aHHE

M.&prgmet—rﬂ
M.-’-‘-.prgMEHTE

EHHE

Mraa cTonbua
Tun gaHHe
HazHaveHu1e

Bua naHHe
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P HLRAY R
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CpegHee
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| COL3

| Ll eneii

"} BrixogHoe

| HenpepeEHeI

5|

1796078431 37255

CTaHnapTHOR oTKA. 19,140916501 751

| ¢ Hazan || Hanee > | | OTreHa

Puc. 3.2 - Macrep HelipoceTn

PastiMeHHe MCXOAHOro HAtopa AAHHBIX HA NOAMHOXECTEA

HaCTpUl:iTE paSﬁHBHHB HEHOOQHOMD MHOKECTES 03HHBIX HA oﬁguanou.lee H

TECTOEOE MHOKECTES

Crnoco6 PazgeneHHA MCROqHOMD MHOXKECTES 4aHHEIR

CayualiHo

ETDJ'IﬁEU. A4 PAZLENEHME HCEOOQHOr O MHOKECTES

MuoxecTeo

Pazrep

D yyanwes
Tectosos
uTaro:

MNopAgoK COPTHPOEKM

B npoueHTas B cTpokax

1 102 | Mo BospacTaHHn
0 ' [No BospacTaHdmn

102

KoamyecTeo cTpok [Boera) 102

| < Hazan || JDanee > | | OtreHa |

Puc. 3.3 - HacTpoiiku nmapamerpoB 00y4eHHust
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CrpykTypa HEAPOHHOM CETH

CKPBITBIX CAOEE K,
PYTHEHA

EblHOgHOM

Cnoii HedipoHe |

 HefpoHeI B cnoAx — | [ AKTHBALMOHHAA PYHKLMA

EROHON: TN YHELHK | Currdomaa

Curmouga

1 5

| < Hazan || Nanee > | | OTrieHa

Puc. 3.4 - CtpykTypa HelipOHHOM ceTH

Crnenyromuid mar npejjaraeT BbIOpaTh aaropuT™M OOYUYEHHUSI U €ro

napameTpsl (puc. 3.5).

Hacrpofika npouecca ofyyeHHa HERPOHHOR CETH

BriGOp anropuTia W 3a0aHHE NapamMeETpoE 0GY4eHus

 AAFOpMTH

() Back - Propagation
OéyyeHue B pestutae "oHAaAH". Koppekuma
EECOE MPOMIEOLHTCA NOCNE MPELEAENEHHA
KAHAOMD NPHMEPE DOYYSIIWLErD MHOHECTES,

(®) Resilient Propagation [RPROF)

DdyyeHie B pestine "o dnaiin',
K.0ppekumMa BEC0E NPOMZE0AMTCA NOCAE
MPEAEABNEHMA BCEX NPMMEP0E OBY4aMLLErD
MHOKECTES. YYMTBIBAETCR TONBKD SHAK
rPENHEHTa N0 Ka#L0MY BECY.

Mapar4eTpel

War cnycka

B ciydas M3MEHEHHA 3HaKA MPAIMEHTHOR
COCTAEAADWEH OWHEKIM 419 A3HHOM BECa
BALAET BEAMUMHY CAELUHILLEN KOPPEKLMY
BECA.

War nogteria

B cnyyae cospaHeHMA SHaka rpagueHTHON
COCTSENAWEN OWHEKK 01A 4aHHOMD BECa
3ANAET BEAHYHHY CAEBAYOLEN KOPPEKLM
BECA.

| < Hazag || Hanee » | | OTreHa

Puc. 3.5 - Auropurm o0yueHus

Jlanee HacTpouM YCIOBUS OCTaHOBKU oOOydeHusi (puc. 3.6).

IIycth

OpUMEP CYUTAEM pACIO3HAHHBIM, eciu omubOka Menbiie 0,005. Takxke

yKa)X€M yCJIOBHE OCTaHOBKU 00yueHus npu goctuxenuu snoxu 100000.
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Hacrpofika napaMerpos ocTaHOBKH oGYueHHA

Y amure yonoeua npekpaweHHa obyyerua. 0oyyeHue GyaeT
OCTSHOENEHT MPH BEINGNHEHHM BIHOMD WS YCAoEME,

CuMraTe NPHER PACA0OSHIHHEIM, SCAH OWHEKS MEHBLE

Mo QOCTHAEHMID SN0

 O6yYMNaI0W ee MHOKECTED

[[] Cpeanan owweka MeHbwe

[ MakcumaneHan owwtka merbwe

["] PacnosHamo npumepos [%)

 TecTOEDE MHOMECTED

[] Cpeanan owntka meHewe

[] MakcumansHan owrdka merbwe

["] PacnosHano npuepos (%)

| < Hazag || Hanee | | OTreHa |

Puc. 3.6 - HacTpoiika napamMeTpoB OCTAHOBKH 00y4eHM s

Cnenyrommii mar wmactepa (puc. 3.7) mpejuiaraeT 3amyCTUTh MPOIIECC
oOyueHusi ¥ HaOMOJaTh B Mpolecce OOy4YeHHs BEIMUYMHY OIINMOKH, a TaKxKe
IOPOLEHT pacro3HaHHBIX mpumMepoB. [lapameTrp «HacTtora 0OHOBICHHUS» OTBEYACT
32 TO, 4Yepe3 Kakoe KOJMYECTBO OIMOX OOydYeHHUS BBIBOJUTCS JaHHAs
uH(popmarus.

06yyeHHe HEAPOHHOA CETH
Janyck npouecca oSy4eHHA HERPOHHON CETH

— Dfyyaowee MHO%eCTBD — | [ | ECTOBOE MHOMKECTED

= [+] Mare. owwbka 3.26E-04 = [#] takc. owtika
[ [+] Cpean. owmbka 134605  |B¥ICpean owmeka | B pera ofyyeHuA
PacnosHaHo [3) 100,00 PacnozHaHo [%] 00:00:40

T ern oGHOENEHKA

1,00E-01 -

1,00E-02 §

1,006-03 }:

1,006-04 1

20 000 40 000 &0 000 &0 000

| < Hazan || Hanee > | | OTreHa

Puc. 3.7 - O0yuenue cetu

[Tocne oOydeHus: ceTH, B Ka4eCTBE BU3YaJIM3aTOPOB BBHIOEPEM BapHaHTHI,
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nokazanuele Ha puc. 3.8: «J/luarpamma», «J/luarpamma paccesHus», «I'pad
HerpoceTny, «HTo-ecmm».

OnpeaeneHue cnocofoB oToGpakeHHA
Brifepure cnocod oToSpaeHHa 4aHHE R

H azeaHue | QrcaHme
= [v Data Mini

ETH OTofpamasT HEHpOHHYD CETE B BMAE rpada
|7 Huarparma pacce... OToSpPaKasT QHarpamiy oTEAOHEHHA NPOrHOSMPYEMBI: SHIYEHMA OT pean...
|7 Yro-ecu AHANME NOCTROEHHOMN MOLENM NO NPHHLMNY YTo-2C0u9

= [ TatauuHbie paHHbIE

[T Dfysarowmi natop  DSy4a0Wes M TECTOBOE MHOKECTES
[~ Tatimiua OrofpaasT AaHHEIE B BHLE TAOAMUE
[~ Cramuctuka OToSpamasT CTATHOTHYECKME QaHHEIE BEIGOPKM
= [ Ipagpuku
|7 Duarpararaa OTo0pamasT 4aHHEIE B BYLE QHarpattel
[™ Mucrorpardsa OTo8pamasT AaHHEIE B BULE FTHCTOMPAErREL
[ Duarparma pasme... [Marpamiia pastelsHUA OfBEKTOE B NPOCTRAHCTES

I hduArmkiamusm A MrAfn s 20T A SUULIS B CLAG RAUAEARASALAR ALISER Skak AL

Puc. 3.8 - Buzyaausanusi 1aHHbIX

Pe3ynbrarel HarisgHO BUJHBI Ha Juarpamme paccesiuus (puc. 3.9),
KOTOpasi TIOKa3bIBa€T pAaCCEIHHE MPOTHO3UPYEMBIX JIaHHBIX OTHOCHUTEJIHHO
stanioHHbIX. [lo nuarpaMme MOXHO CyAHWTb, YTO CE€Th O0y4Y€Ha HEIOCTaTOYHO
XOpOIIIo, MU3-32 MAJIOTO 0Obema oOydvarouieil BIOOpKH. Takke MOXHO CpPaBHHUTH
STAJIOHHBIE JaHHBIE C TMPOTHO3UPYEMBIMH, BHIOpPAB Ha OOBIYHOW JAMAarpamme JiBa
nonst — « I TPOU3BEJJEHUE» u

«ITPOU3BEJAEHUE OUT». Ecnu wMacmTabupoBaTth JuarpaMmy U
BKIIFOUUTH OTOOpaXEHHE METOK, TO MOXHO YBHJETh JTOCTaTOYHO OOJBIIYIO
omuOKy (puc. 3.10), HO Ha 1eNM PTOTO 3a/IaHUsI OHA CKa3bIBAThCA HE OyeT.

Buzyanuzarop «Yrto-eciam» MO3BOJIUT MPOBECTH SKCIEPUMEHT, BBE.S
mobeie 3Hauenuss MHoxkutTenein APIYMEHT1 u API'YMEHT2 u paccuuras
pesynbTar uX TnpousBencHus. [lompoOyeM BBeCTH apryMeHTBI, KOTOpHIE
OTCYTCTBYIOT B oOydaromieii BeiOopke, Hanpumep, 7x7. Kak BugHo Ha puc. 3.11
ceTb OOydYeHa [JOCTaTOYHO TOYHO, TaK KaK IIOJIy4eH BEpHBI pe3ysbTart,
HECMOTpPS Ha TO, YTO CETh HUKOTJA HE BUJENa TaKyl0 KOMOMHAILIMIO apIYMEHTOB.
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Puc. 3.9 - I-[narpaMMa paccesiHUA
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Puc. 3.10 - CpaBHeHuHe 3TAJIOHHBIX JAHHBIX € POTHO3HPYEMbIMU
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xgaﬁn Mpaeka Bng MWsbpannoe Cepeuc Okno 2

DE-H S R b [Eeeasam k-0

CueHapiu 7 X ‘ ['pad HeipoceTH X| Iuarpaniva pacceaika X Hro-ecam X| Nuarpara X‘

B a0 CEEX BB« [ wuts > n[0|E ML E-

E&H Cuetapum Nane | 3HaueHue

Mpouznenenue B'm BrogHeie

35 Hefpocete 22 5% 1] 12 Agrymer]

12 Apryment2
9W> BeloaHee
12 MpavzseaeHie 49

Puc. 3.11 - Hucrpyment «Uto-Ecam»

[anee BBeneM B OkHO «YUrto-Ecnm» aprymMeHTBl, KOTOpBIE KaK CIEAYET W3
auarpaMmbl M AMarpaMMbl paccenBaHus Oonbiiyro omuOky. Kak Bugum 1o
IIPOU3BEJICHUIO, TaHHbIE JUarpaMMbl BEPHU OTHOCUTENBHO OIIUOKH.

39 ®aiin [lpaeka Bug Gpannoe Cepemc Owro 2 mmm
DE-H 8 e n . B8 & REM &k 7
CueHapmu P X | [path HefipaceTy X| Duarpanita paccears X HTO0EC0M X| Duarparita X| A
FE &8P ¥TeX @F < «[eefsr v @8 AE-
B- Cuenapim MNane ‘ 3HENEHHE |
E}- MponzgeasHme 9".1 BvoaHble
:---12 AprytieHt2 9
B'D BbiroaHei
12 Mpouseegerve 80

Puc. 3.12 - Omun0ku nNporHo3upoBaHus

Bun moctpoeHHOM ceTH MOKHO TOCMOTPETh, BRIOPAB BU3yalIN3aTOP

«I"pad neriponnoui cetu» (puc. 3.13).

JlaHHBIA mpuMep TOKa3ajd, KaK MOXHO TIOCTPOUTh MOJENIb IPOTHO3a,
UCTIONB3ysl HEHPOHHYIO ceTh. [IpmMep Imokasan, YTo I TOCTPOCHHS HET
HEOOXOJMMOCTH B CTPOTOM MaTeMaTWYCCKOW crenu(uKay MOJEIH, 4YTO
OCOOCHHO IIEHHO TIpH aHajuu3e IUIoX0 (GOpMaIM3yeMbIX TIPOIeccoB. A
OONBIMMHCTBO OWM3HEC 3amad IUIoXO (opMamu3yeTcs. OJTO O3Ha4daeT, 4TO
HAJIMYKME JIOCTATOYHO PA3BUTHIX M YIOOHBIX MHCTPYMEHTAIBHBIX MPOTPAMMHBIX
CPEIICTB IO3BOJISICT AHATUTHKY IPU IOCTPOCHHH MOJCIN IMPOTHO3HPYEMOTO
npolecca pyKoOBOJCTBOBAThCS TAKUMHU MOHIATHSIMHM, KaK OIBIT U HHTYHIIHSL.

Hactpoliku MacTepa MO3BOJISIFOT YBUACTh HIMPOKKE Bo3MoxkHOcTH Deductor
Studio kacareibHO CTPYKTYpbl CETH, CHOCOOOB OOydYeHUS W T.I. AHAIUTUKY
NIPEIOCTABIISETCS IMUPOKUE BO3MOXKHOCTHU TI0 HACTPOHKE

HOpMaJI3allui CTOJIONOB, pa30MEHUs JaHHBIX Ha OOydYarollee U TEeCTOBOE
MHOYKECTBO, OIPEACIICHUS] CTPYKTYPhI CETH, KOJIMYECTBA CJIOEB M HEUPOHOB B
Ka)KJIOM CJI0€, BBIOOpE (DYHKITMM aKTUBAIIMK U €€ ITapaMeTPOB, BEIOOPE pa3IMUHBIX

QITOPUTMOB O0yUEHHUSI U HACTPOUKH UX MapaMeTPOB.
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?& @aiin  Opaska Buwg VsGpannoe Cepeuc Owwo ?
DE-H ER e & REM @Ex-E
B&8 Cuenapim ? - X| Ipat neipoceT X | Ouarpamsa paccesrua X | Yro-ecow X | Ouarpamma X
2 & ¥R X
= {8 Cusrapiu
= % MpousgeneHae
?9 HetipoceTs [2 x5 1]

ApryteHT

AprymeHT2

Deductor Studio Academic (Hoewli) - [HelpoceTts [2x 5 x 1]] = =

Puc. 3.13 - I'pad HelipoHHOM ceTH

Bce 9TO mMO3BOJIIET MOCTPOUTH MOJIEb, OINMCHIBAIOLIYIO MPAKTUUYECKU
JT00BIe 3aKOHOMEPHOCTH. Takke ObUIO MOKa3aHO, KaK MOXKHO CIPOTHO3UPOBATH
pe3ynbTar, BBEIs JIFOObIE 3HAUCHUS BXOJIHBIX (haKTOPOB, MCIIONB3YS BU3YaIU3aTOP
«Yro-ecnm». KauecTBO NMOATrOTOBKM AAHHBIX Ui MOJEIH, A TaKXe KayeCTBO
caMOM MOJIeNId AHAJIUTUK MOXET OLEHUTh Pa3HbIMH CHOCOOAMH: MOCMOTPETH
JarpaMMy pacCesiHUsl, MPOBECTH PAN IKCHEPUMEHTOB IIpu mnomomu «Yro-
€CJIN», MOCTPOUTH TUCTOIPAMMY pACHpPEICIICHHS OITUOKH U T.II.

3.2 HpOFHO3I/IpOBaHI/Ie JAaHHBIX HA OCHOBC BPCMECHHOTI'O psAaa

[IporHo3upoBaHue pe3yiabTara Ha  ONpEACIEHHOE BpeMs  BIEpe[,
OCHOBBIBaSICh HAa JAHHBIX 3a IMpOUIeAlIee BpeMs — 3ajada, BCTPEUAIOINASACS
JIOBOJIbHO 4acTo (K mpuMepy, nepen OOJIbIIMHCTBOM TOPrOBBIX (UPM CTOUT
3a/laya ONTUMU3AIMU CKJIQJCKUX 3alacoB, JJs PEIIEHUS KOTOpOoW TpelyeTcs
3HATh, YEr0 U CKOJBKO JOJDKHO OBITh MPOJAHO 4Yepe3 HEeAeNto, W T.IL; 3ajada
IpeCcKa3aHusi CTOMMOCTH aKIU Kakoro-HUOylb MPEANpUsATUS Yyepe3 JeHb U T.1.
U Jpyrue moaoOHeie Bompockl). Deductor Studio mnpemraraer s 3TOrO
uHCTpyMeHT «IIpornozupoBanue.

ITporno3upoBaHue MOSABISAETCS B CIUMCKE MacTepa 00OpabOTKU TOJBKO MOCIIE
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MOCTPOCHUST KaKOK-ITMO0 MOJENN MPOTHO3a: HEHPOCEeTH, TUHEHHON perpeccun u
T.A. [IpOorHO3MpOBaTE Ha HECKOJBKO IIAroB BIIEPE] HMEET CMBICI TOJIBKO
BpEMEHHOW psij (K MpuUMeEpy, €Cld €CTh JaHHBIE IO HEACIbHBIM CyMMam
IPOJaX 3a ONPENEICHHBIM MEPHOJ, MOXHO CIIPOTHO3MPOBATH CYMMY IIPOJAX Ha
nBe Heaenu Brepen). [lockosibKy pu MOCTPOCHUH MOJAENIH IPOrHO3a HEOOXOIUMO
YUYHUTBIBaTh MHOTO (DaKTOpPOB (3aBUCHUMOCTh pe3yjbTara OT JAHHBIX JE€Hb, JIBa,
TPHU, YETbIPE Ha3aja), TO METOJMKa MMeeT cBOoM ocoOeHHOcTH. llokaxem ee Ha
npuMepe.

Y aHalMTHKAa HMMEKTCS JaHHBIE O MECSYHOM KOJUYECTBE IIPOJAHHOIO
TOBapa 3a HECKOJbKO JieT. EMy HEo0X0auMO, OCHOBBIBAsICh HAa JTHUX JAHHBIX,
CKa3aTb, Kakoe KOJMYECTBO TOBapa OyJeT MpOJaHO uyepe3 HEAEIIO U Yepes3 JIBE.
Hcxonmubie qanHbie 1o mpoaaxkaM HaxoasTcs B (aiine «IIpogaxu.txty Beimomnum
UMIOPT JaHHBIX U3 Qaiina (puc. 3.14).

[Tociie uMmopTa AaHHBIX BOCIOJIB3yEMCSl AUArpaMMOM JUIsl UX MPOCMOTpA.
Ha wneit BumHO, 4TO JaHHBIE COAEpXKAT aHOMaIuH (BBIOPOCHI) W IIYyMBI, 3a
KOTOPBIMU TPYAHO pasriIsaeTh TEHJEHLHIO. [ToaTOoMy nepen
IPOrHO3UPOBAHUEM HEOOXOAMMO YyNaJuTh AHOMAJUU M CIIAAUTh JaHHBIE.
Cnenarb 3TO MOXHO IPH MOMOILIM CHEKTPaIbHOM 00pabOTKH. 3amyCTUM MacTep
o0pabotku (puc. 3.15), BeiOepeM B kadecTBE 0OpaOOTKH AAHHBIX CIEKTPAIBHYIO
00paboTKy M mepeineM Ha ciaeAyomuii mar macrepa. Clieayronuil mar oTBe4aeT
3a yJnajeHue aHOMajui W3 UCXOJHOro Habopa. Beibepem moisie ansa oOpaboTKu
«KOJIMYECTBO» u ykaxkem IS HEro BbIYMTAHUE IIyMa (CTENEHb BHIYMTAHUS
— Masasi).
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Maiin [Npaska Bwa s6pannoe Cepenc OkHo 2 mF‘m
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Puc. 3.14 - Ilnmarpamma npoaax

Ha cnenyromem mare 3anyctTum 00pabOTKy, HAXKaB Ha «IIyCK» U MOCMOTPUM
MOJIy4YeHHbIH pe3ynbTat (puc. 3.16). BuaHo, 4to naHHbIEe CriaguiInuch, aHOMAIIUU
U IyMbl ucuednu. Takke BUJIHA TeHAeHUUs. Tenepb nepes aHAaJIUTUKOM BCTAET
BOIIPOC, a Kak, COOCTBEHHO, NPOrHO3UPOBATH BpeMEeHHOW psa. Bo Bcex
OPEeabIAYIIUX MPUMEPAX Mbl CTAIKUBAJIUCh C CUTyallMed, KOrja €CTh BXOIHbBIC
CTOJIOIBI - (AKTOPBl U €CTh BBIXOJHBIE CTOJIOIBI — pe3ysibTaT. B naHHOM ciydae
cTos0er] OAHH.

CtpouTh TporHo3 Ha OyAyllee HEOOXOIUMO, OCHOBBIBASCh Ha JIAHHBIX
npouuiblx — nepuonoB. Ilpenmonaraercs, 4YTO — KOJMYECTBO MPOAAX  Ha
CJIENYIOIIMNA MECSIl 3aBUCUT OT KOJMYECTBA MPOAaX 3a MPEAbIAYIINE MECSIbI.
BxogusiMu (dakTopamu s MoAeld MOTYT OBbITh MPOAaXH 3a TEKYIIHM
Mecsll, TPOJAXKH 32 MECALl paHee U T.1., a Pe3yJbTaTOM JOKHBI OBITh MPOAAKH
3a CIeAYIOIUA Mecsll. 3/1ech SBHO HEOOXOAMMO TpaHC(HOpPMUPOBATH JAHHBIE K
CKOJIB3SILEMY OKHY.
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CnexrpanbHan obpatiorka
HacTpofka oTaeneHe: nonen
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Puc. 3.15 - Boi0op cnekTpanabHoii 00padoTKu
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Puc. 3.16 - Pe3yabTaT cieKTpaJbHOI 00padoTKHN

3amyctum  macTep 0o0paboTkm, BbIOEpEM B KadecTBe 0OpaboTumka
CKOJIB3SIIIIEE OKHO M MepeiieM Ha Cleayromui mar. beuio perieHo CTpouTh
MPOTHO3 Ha HEJNEIII0 BIEPE]l, OCHOBBIBAACH HA JaHHBIX 3a 12, 11 mecsdies Hazan,
JIBa Mecsia Hazan v Mecsi Hazan. [losTroMy HeoOXoaumo, Ha3HAYUB TIOJIE
«KOJIMYECTBO» wucnons3yembiM, BbIOpaTh riayOuny mnorpyxenusi 12. Toraa
JaHHBIE TPAHCHOPMUPYIOTCS K CKOJIB3SIIIIEMY OKHY

TaK, YTO AHAJUTUKY OyayT JOCTYIHBI Bce TpeOyembie (aKToOpbl s
MOCTPOEHUS porHosa (puc. 3.17). s
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ﬂ Dara [Mog + Mecaw) Mra cTontua | coLz
o Komecten

THN A3HHEI | B ewecTeeHHEIA

HasHaueHue “ HCI‘IDJ’IbSHEMDE

[ ySHa norpuskeHus
[opUZOHT NpOrHoOSMpOBaHMA

D OCTaENATE HENOAHBIE SaMMCH

Puc. 3.17 - CxoJabp3sinee OKHO

[TpocMoTpeTh MOMy4YEHHBIC AAaHHBIE MOXHO B BHjE Tabmumpl. Kak BuAHO,
Tenepb B Ka4e€CTBE BXOAHBIX (PaKTOPOB MOYKHO MCHOJIb30BATh
«KOJIMYECTBO - 12», «KKOJIMYECTBO - 11» - n1anHbI€ 10 KOTUYECTBY

12 u 11 wMecsueB Hazaj (OTHOCUTEIBHO MPOTHO3UPYEMOIO Mecsla) Hu
ocTajibHble HeoOXxoauMbie (akTopsl. B KauecTBe pesyinbTaTa MporHoza OyJieH
ykazas ctonoer «KOJIMYECTBO».

[lepelimemM HEMOCPEACTBEHHO K CaMOMy IIOCTPOCHHUIO MOJEIM MPOTHO3A.
Otkpoem Mactep 00paOOTKM U BbhIOEpEM B HEM HEWpPOHHYIO ceTh (puc. 3.19).
Ha BTopom miare mactepa, COIrJIaCHO ¢ MPUHATHIM paHee PEUICHUSIM, YCTaHOBUM
B kadyecTBe BXOAHBIX N0 « KOJIMYECTBO-12y,

«KOJIMYECTBO-11», «KOJIMYECTBO-2» u «kKOJIMYECTBO-1», a B

kadectBe BbixogHOrO - «KOJIMYECTBO». OctanbHble MOJsg clelaeM
UH(OPMAIMOHHBIMHU.
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#F ©aiin [paska Bug Uhbpannoe Cepemc Qrno 2 [=[=]x]

D@E-W| @ &fBR|an B@| 6 BEM ek-0

CugHapkin ? ¥ Xl | Tatmua ?~0 X‘
|é.1|§||?§?§%ix @-|v§,v|nq 1738 DH‘@-
=/ B8] Cuerapiu Dara (Fon + Mecau) ‘ Konuectso-12 | Konmyecteo-11 | Kommectso-10 KammecTeod Konmectso-8 Komectea?
MparHespoeHie AaHHb: »|2001-M01 1194171.83239344 1046415579363 932540,696708433 B76A11.482345926 B05363,954167957 953101.93596506
nexTpanshas ofpatorka (Puastp| || 2001.M02 1046415.57493634 . 932948,696708493 | 976811,482945926 686353.954197957 953101,935969064 1054236,3732398
#F Cronszawes okko (KonwsecTeo | || 2001-M03 932948596700433  B76811,462945326| 996363,954187957 953101,935969064 105423637 323942 1159298,7860906
| |2001-H04 876811.482945926  B96363,954197957 | 953101,335969064 1054236,37323962 1153296, 79609065 1238890,9835942
| |2001-H05 886363,954197957  953101,935963064 | 1054236,37323982 1159298,78009065 1236990,98353425 1273087.8261603
|| 2001-H08 953101,935969064 . 1054236,37323982| 1159296,78609065 1239890,96359425 1273087 22616098 1257101 55622
|| 2001 M07 1054236,37323962  1159299,78903065 | 1239990,99359425 1273067 82816098 | 1257101 558226 1202536,1519630
| |2001-+08 1153298,78809065  1238690,98359425 | 1273087,82616098  1257101,558226 1202596,15186909  1134279,956860
| |2001-+09 1230990.98359425 1273097,628165098 1257101556226 1202596,15196009 | 1134278,9568601 1052741,4411635
| 2001410 1273067.82816098  1257101.550226| 1202596,15186909  1134274,9568601 1082741,44116953 1075589,0335627
LR 1257101,5509226 1202506,15196909 | 1134278.9568601 1082741.44116953 1075589,03356277 1129367 5394012
NEEH 1202596.15196909  1134278,9560601 | 1082741.44116953 1075589,03358277 1129387 53940122 1244722,3969295
|| 2002401 1134279,9568601 | 1092741.44116953 | 1075599.03359277 1129307 59940122 1244722 39982956 1405760,3172439
|| 2002402 1082741.44116953  1075589,03350277 | 1129387.59940122 1244722,39992958 1405780,31724392 1584579.5621014
| |2002403 1075569.03350277 1129367 53940122 1244722,39602956 1405780,31724392 1584573.,562101 44 1748648,5719580
|| 2002404 1129367.59940122 . 1244722,39392958 | 1405780,31724992 1584579 56210144 1748648,97195808 1869977,7519502
|| 200205 1244722,39882958  1405780,31724992| 1584579.,56210144 1749548,97195608 1969977,75195024 1332635,0621505
|| 200208 1405780.31724992  1594579,56210144 | 1748646,97195006 1869377,75195024 1932695,06215055  1937300,270379
|| 200207 1564579.56210144 1748648,97195808 1869977.75195024 1932695,06215055 | 1937300,27033798 1300246,0096717
|| 200208 1749648,97195908  1869977,75195024| 1932695,06215055 1937300,2703798 1900246.00967173  1948399,227148
|| 2002409 1869977.75195024 . 1932695,06215055 | 1937300,2703796 1900246,00967173 | 1849998,2271489 1513984,0030084
| |2002410 1932695.06215055  1937300,2703798 | 1900246,00967173 1848998,2271489 1913954,00300846 1319722,9742805
| |2002M11 1937300,2703798 | 1900246,00967173 ) 1848998,2271489 1613984,00300846 1919722 97428057 1677663,9930959
| 2002412 1900246.00967173 1946998,2271489 | 1913984,00300946 1819722,97428057 1977663,89309595 1352808,2696916
|| 200301 1848999,2271469 | 1913994.00300846 | 1819722,97429057 1677669,89309596 1962008, 26969165 2114965,3487891
| |2003m02 1813984.00300946  1819722,97428057 | 1877660,89309596 19820808,26969165 2114966,94675914 2244486,7816240
| |2003+03 1819722,97420057  1877669,69309596 | 1962008,26969165 2114366,34870914 2244486,79162409 2340625,323410
|| 200304 1877669.89309556  1952608,26969165 | 2114966,94678914 2244486,75162409 | 2340625,9234105  2380712,169856
|| 200305 1982808,26969165  2114966,94870914 | 2244486.,78162409 2340625,9234106 | 2360312,1638561 2354751,1417670
|| 200308 2114966,94070914 | 2244486,78162409 | 2340625,9234106  2380312,1698561 2354751,14176706 2272008,3343001
|| 200307 2244486,78162409  2340625,9234106|  2380712,1698561 2354751,14176706 2272008,39430011 2154826,3205665
|| 200308 2340625,9234106|  2390312,1698561 | 2354751.14176706 2272008,39430011 2154828, 32256653 2034307322097
|| 200309 2390312,1698561 | 2354751,14176706 | 2272008,39430011 2154828,32256653 2034307 33220975 1941217.7175032
| 200310 2354751,14176706  2272008,33430011 | 2154826,32256653 2034307,33220075 1941217.71750321 1897446,5863368
| |2003M11 2272008,39430011 | 2154626,32256653 | 2034307,33220975 1941217,71750321 1997446,58633045 1909980,9564287
| |2003m12 2154826,32256653 2034307,33220975 | 1941217.71750321 1897446 58633695 1909990,95842872 1969145,3008973
< > | € >
!

Puc. 3.18 - Tadauna cKoJb3411ero 0KHa

Hacrpoiika HasHayeHWA cTtonfuos
3anaiiTe HasHaYeHMA MCKOQHEI CTONGLOE GaHHER

B Konuyecreo-10 Mraa cTondua | CcoL?
B F.onuiecTen-3
ﬁ F.onuiecTen-3
O Konweecten 7 HazHaqenue ’@ EbixogHoe
© Konmecreo Big naHHEX | HenpepsiEHEIR
ﬁ F.omyecten-5
ﬁ F.onyecten-4
O Konecteo-3 P HLRayr 1075589,03353277
'ﬁ KonuyecTeo-2
".| Komnuecteo-1 M ar.curayra 238031 2.1693561
.E;y KonuecTeo
<

Tun gaHHe!: | BelwecTEEHHBI

— CTatucTuka

Cpeares 1864843 52386291

CTaHoapTHOE oTk. 254553 479266148

HacTpokika HOpManUsaumm. .

¢ Hasan OTraeHa

Puc. 3.19 - Hactpoiiku MacTepa cieKTpajabHOi 00padoTKn

OcTaBuB OCTaJIbHbIC napaMeTpbl IOCTPOCHUA MOACIIN 110 YMOJIYaHHIO, TOJBKO
KOJHNYCCTBO HCprOHOB CKPBITOT'O CJIOA ITOCTABUM PAaBHBIM 5

(puc. 3.20), oOyuuMm HeHp@ceTh (CM. TPUMEP «IPOTHO3ZUPOBAHUE



YMHOXEHHUS C TOMONIbI0 HelpoHHOW cetu») (puc. 3.21). Ilocne moctpoenus
MOJIENH JUIsl IPOCMOTpPa KayecTBa OOy4YEHUsS MPEJCTABUM IOJyYEHHBIE JlaHHBIC
B BUJE JAMarpaMMbl W JAUarpaMMbl paccesHus. B Macrepe HacTpoilku
JrarpamMmbl BeIOepeM 117151 0TOOpaXkeHUs oIS
«KOJIMHECTBO» u «kKOJIMYECTBO_OUT» - peansHoe 1
CIPOTHO3UPOBAHHOE 3HaueHue. Pesynpratom Oyner aABa rpaduka,
MOKa3aHHbIE Ha puc.3.22.

Crpykrypa HEAPOHHOH CETH

 HedpoHel B cnoAs — | [ AKTHBALHOHHAA PYHKLWA

EROHOR: Tun PyHELMM | Currdomaa

CHABThIY CADEE: ﬂ K purhsHa

EEIX00HOM

Cnoii HetipoHe! | Curmonga
1 5

| < Hazag ” Danee » | | OTeHa

Puc. 3.20 - HacTpoiiku HeiipoceTH

Hacrpofira cronfuos aAMarpamMme
HacTpolika pasauMuHeIR NapaMETpos CTONGL0E AUArPattdbl

Metra cTonfua | TN gaHHE | Ueer |
[ Konuyecteo-6 9.0 BewecTEEHHEIA
[ Konuuecteo5 9.0 BewecTBEHHBIR
[ Kenuuecteo-4 9.0 B el scTBEHHEIR
[ Komsectso-3 9.0 B el ecTEEHHBIA
[ Konmuecteo-2 9.0 BewecTEeHHEIN
[] Kanuuecteo-1 9.0 B el ecTBEHHEIR
KoudecTen 9.0 BewecTeeHHBR
Komuecteo_OUT 9.0 B ew ecTEEHHEI
[1 Kanudectea_ERR 9.0 BewecTBEHHBIR v

OO0 EOEEO

Tun |i’,@ TTHHMKH w | Mognucu no = | Hara [Mog + Mecau) w |

[ Zrayerma no ¥

| < Hazan || Nanee » | | OTreHa |

Puc. 3.21 - O0y4eHne HeilpOHHOM ceTH
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%> aiin Npaska Bug Vabparvoe Cey
De-8 & =86

goe_2 1=l
B@|ld REmai-0

T80 Cuerapun 2 » X| | Fpag weiipocent % | fuarpavia paccesn X | Uroecw X Ouarparias X -
FE &80 [T eX SULE-GHE-|Q-GE%E-| s @
= Cuerapin

= (2] Nporroavposariie nanHer
= [ Criextpansian uipataria [Puietp
250 Cransenwee oxHo [Kommecteo ESTVED

3 Heiipocers [4 155 1] 2300 000
2250 000

2200 000
2150 000
2100 000
2050 000
2000 000
1950 000
1900 000
1850 000
1300 000
1750 000
1700 000
1650 000
1600 000
1550 000
1500 000
1450 000
1400 000
1350 000
1300 000
1250 000

2001-M01 2001-M04  2001-MO8  2001-W12  2002-M04  2002-M08  2002M12  2003-M04  2003-M08  2003-M12
Lata (Fog + Mecau)

¥ O Komwscrss [ [ Konwsscrso_out |

Puc. 3.22 - CpaBHeHHe 3TaJJOHHBIX JAHHBIX C IPOrHO30M

Jlnarpamma paccestHus 00j1ee HarJIsIHO TIOKa3bIBaeT KA4eCTBO 00ydeHus (puc.
3.23).

2 Qaiin [Mpaska Bua VisBparkoe Cey

DE-WH & & 2R 6

Qkro 2 [ [=]x]
Bela a0 @0

T8l Cueriapn 2 v X| | Tpanneipocern X Duarpania paccema X | Uroeomt X | Musrpamis X | -
FE e vreX SHLE-E-E-Q-% | owealE 3 5] m-
= Cuerapin
= [£] Nporosuposariie aaHHbs ST
2[5 Crierrpansnan tpatiora [Puntp
=0 Cronsamuee ko [Kenecton 2600000 -
% Heripacers [4 153 1] DETDETT heollcommommmessssassammesns
2ENETT becbocsonsacosanssonsancsansas

23000004 oo /‘.
2200000 b “/
2100000 f -

2000000 --t-----coeii r'
1300 0004 -- - j‘

1300 000 4 - -

17000004 --

16800000 F--F---------ooe T /
1500000 f--

1400000 -+ s

13000004 --F------mmmme T

12000004 --5------- ol

1100000 4 - gt --cmm e

1000000 §--

‘900 000 f -

800000} --

1075589,03358277 1405780,31724992 1887779,19080717 1932695,06215055 2167719,87964394

Puc. 3.23 - Jluarpamma paccesiHusi
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Heiipocerp oOydeHa, Temepp OCTalIOCh CaMO€ TJaBHOE — IIOCTPOHTh
TpeOyeMbiii TporHo3. Jljis 3Toro oTkpbiBaeM mactep oopabotku (puc. 3.24) u
BbIOMpaeM MOSBUBIIUICS Tenepb 00paboTInK

«IIpornosupoBanuey». Ha BTOpoM Tmare macrepa mpejiaraeTcs HAaCTPOUTH
CBSI3U CTOJIOIIOB JIJIsI TMPOTHO3MPOBAHUS BPEMEHHOTO psifa — OTKyJda Oparhb
JaHHBIE JJISI CTOJOIA MPU OuYepeaHOM Iiare nporHosa (puc. 3.25). Mactep cam
BEPHO HACTPOMJI BCE MEPEXObl, MOATOMY OCTACTCS TOJBKO YKa3aTh TOPH3OHT
pOrHo3a (Ha CKOJIBKO BIEpea OyJeM MPOrHO3UPOBATh) PAaBHBIM TPEM, a TaKKe,
JUTSl  HATrJISTHOCTH, HEOOXOJAMMO J00aBUTh K IPOTHO3Y HCXOJHBIC JaHHBIC,
YCTaHOBHUB B MaCTEPE COOTBETCTBYIOIMINNA (IIaKOK.

[locne »Toro HeoOXOAMMO B  KayecTBE BHU3yalW3aTopa BBIOPATH
qUarpaMMy TPOTHO3a, KOTOpas MOSBISETCS TOJBKO TIOCIE MPOTHO3UPOBAHUS
BPEMEHHOTO psifa. B Macrtepe HACTPOWKH CTOJOIOB JauarpaMMbl TMPOTHO3A
HEOOXOMMMO yKaszaTh B KadecTBe oroOpaxkaemoro ctoioer] « KOJIMYECTBO.
Tenepp aHAIUTHK MOXKET JaTh OTBET HA BOMPOC, KAKOE KOJUYECTBO TOBApPOB
OyZeT mpomaHo B CIEAYIONMEM MeCsAlle M Jake aBa Mecsama cmycts (puc 3.26).
MacmTabupoBaB pe3yiabTaT ¥ BKJIIOYHB METKH, MOXXHO YBHIETh pPaCcUCTHBIC
3HauyeHue Ha 3 mecsaia Brepen (puc.3.27).

MacTtep o6paGoTKH

HazeaHue I OnuMcaHue |

60 AETOROPPENALKA Pacyer BeISopoMHOR SETOKOPPENALMK CTOAGLOE

@ ACCDLLMBTMBHI:IE np... Mowcrk ACCOUMATHEHEIX SAEMCHMOCTER

& Kapra KoxoHena CamoopraHWzyiowanca kapra KosoHeHa
’. K. nacTepyaauma F.nacTepusauma anropuTron k-means WK g-...
_Q. EM knacrepuzauma  KnacTepusauqa anropuTron Expectation-tdax. .
Bl Knactepuzauna Tp...  KNaCTEPH3AUMA TREHSSKLHA 3nropuTion CL...
7= NMunefiHan perpeccyA MocTPOEHHE AHHERHOMN MOGE M
- MorHcTHyeck.aq per... [ocTpoeHKe GHHAPHON NOMHCTHYECKOR MOGE
W Nepeso pelweHMi MocTposHUE QEPEES PELWEHME ANTOpKTROM C...
3§> Heiipocete MHoroCAoiHaA HelipoHHaA ceTe
2 Nerornosuusa Bp..  JEROMNOSHULMA BPEMEHHOND PAGS HE CESOHH...
& Mporrozuposadve  MpOrHOSMPOBAHME BREMEHHOND pALE

= Mpovee
8 Crpurr TpHMEHEHME MOLENM K HOBEIM 4aHHEIM

{E [punnoean ofpator... MpHMEHEHKME MOLETH K FpYnne 0&HHE:

Puc. 3.24 - Mactep nporHo3upoBaHust

0 pRaa Hactpofa cronfiuon auarparms nporwosa
pod npor o peaa HACTDOR.S PASAASES NAPAMSTDOR CTORGUON BHArPAME NPOMHIE
Cronen Mpst criepericed ware SpaTE SHavEHIA U3 Merra crontiza Tun gaveas: Lger A T
) Nars Foa + Mecau) FKomeectoo T 9.0 BewecTeeres =] 3
Py Komeiecteo 12 Py Kommecteo11 ] Komeecroot 9.0 Bruiecroere a
By Komeecreo11 O Fonrecteo 10 L] KomeecteoS 9.0 BewecTeermbd L] =
@ Komeectoo 10 © Konwectsod Fomeecrso-d 9.0 Bewecteernd L] g
© Konnectsod © Konnecreod Komrecrso-3 9.0 BeuecTesian o o
© Koneecrsot © Konecreo? L3 Konsectoo2 20 Bomiscromensi =
o 7 Ok 00 L] Kosmeectes-1 9.0 Beuecteered -]
K ; ¥ Komnecteo 9.0 Brwecteerees o
o € O w05 [ War npormosa 12 Ueness [
O Eommecten s O Konnecteod v
o 4 B Konmecrso3 T | Miwsss = MogrscunoX | fara Moa + Mecau) =
op 3 sl 12 [ DoGasnare none "War npornosa”™ -
r i clticod E| [¥] Mcxmares garemse L] Jnaretsna no X
< Hazaq [ Danes > | < Haam | Danee > | Omaera

Puc. 3.25 - 1\%2710Tep MPOTrHO3UPOBAHUA



@) aiin Cepsuc  Okno 2 [=]&]x]
DS -H &S =@ s [Ee a4 e @s-0
WEHAPHA ? - X‘ ‘ Dyarpana nporHosa ?-A X|

EOT | rrex (B LE-E-Q-E%K-| o @

Mpaska Bua VsGpanrioe

2350 000
2300 000
2250 000
2 200 000
2150 000
2100000 |
2050000 |
2000 000
1os0000 |
1000004 |
1 850 000
1 800 000
1750 000
1700 000
1 650 000
1600 000
1550 000
1500 000
1 450 000
1 400 000
1350 000
1300 000
1250 000
1200 000

@) Nporros [ropusar 3]

KomuqecTeo

2001-M01  2001-MOS  2001-M08  2002-MO1  2002-M05  2002-M0S  2003-M01  2003-MO5  2003-M0S  2004-MO1  2004-M02
Aara (Fog + Mecau)

Puc. 3.26 - PacueTHble 3HaUeHHe HA 3 MecsILla BIepe

@ Gaiin Opaeka Bng Wsbpanroe Okro 7 m’?‘m
DE-& @& L@ @& BEm k-0

CueHapH1 ? - Xl ‘ Iuarparirda NpoarHoEs Xl Tatnua X‘ -
EE 8 TEeX SULE-GE-Q-BR%E- 5 @

Cuerapuu

MporHoZUPOE aHKWE AaHHEIX
CrexTpansHan ofpatorka [PHAETpEUHA) 1880000}----
Croneaawee ok [KoaecTeo [12:0] 1870000 - -

22 Hefipocers [4 45 1 1] AT e 1 855 452,580

* @ Nporos [ropusor: 3]
1850000 ----

1240000 }----
18300004----
1820000 ----
1810000 4----
18000004----
1790000 ----

17800004 ----
&

B 1770000 f----
§17EDDDD
2 4750000 4--
1740000 §--
1730000 4 --
1720000 §--
1710000 §--
1700000 §----
1680000 1---- -
1620000 - !
1670000 §----
1660000 § -
1650000 -
1640000 4

2003-M11 2003-M12 2004-M01 2004-M02 2004-M02 2004-M02 2004-M02
Aata (Fop + Mecau)

Puc. 3.27. Pe3yabTaThl MacTepa NpOrH03MpOBaAHNS

ITocne 3aBCPIICHUS aHAJIN3a &aHHBIe MOJXHO 3JKCIIOPTHPOBATL. Tak kak



JaHHAs BEepCHs SBJsIETCS OecIuiaTHOM Iyt 00pa30oBaTEIbHBIX IIEJECH, TO JaHHBIC
MOXXHO BBITPY3UTh JIMOO B TEKCTOBBIA (haiiyi, MO0 B COOCTBEHHBIM MPOEKT
nporpamMmMmbl ¢ pactmpenneM «*.ded». Macrtep skcropra MMeEET TOYHO TaKHUe
KEe HACTPOMKH, KaK M MacTep HuMIoOpTa. boiee TOro, eciy 3KCHOPT JaHHBIX
COBEPIIUTH B TEKCTOBBIA (aj, TO Jajiee JaHHBIE MOXKHO CKOIHPOBATh B (ailn
TabmuyHOoro mporeccopa Excel, n mocrarouno koMmpopTHO ¢ HUMHU pabOTaTh.

JaHHblii TmpuMep moKasan, kak ¢ mnomouipto  Deductor  Studio
IPOTHO3UPOBAaTh BpeMeHHOW psA. [lpu pemieHnn 3amadud OBLTM TPUMEHEHBI
MEXaHU3Mbl OYHCTKH J@HHBIX OT IIIyMOB, aHOMAJWH, KOTOPBIE OOCCIICUMIIN
KaueCTBO MOCTPOCHUSI MOJIENIM MPOTrHO3a Jajieeé U COOTBETCTBEHHO JOCTOBEPHBIN
pe3ysibTaT camMoro MPOTHO3WPOBAHUS KOJMYECTBA NPOJAX HAa TpU Mecsla
Briepen. Takke ObLT  MPOJEMOHCTPUPOBAH  TPUHLHUII  [POTHO3UPOBAHUS
BPEMEHHOTO psifla — MMIIOPT, BBISIBICHHE CE30HHOCTH, OYUCTKA, CIIIaKWBAaHHE,
IOCTPOEHHE MOJENH MPOrHO3a U COOCTBEHHO MOCTPOCHHUE MPOrHO3a BPEMEHHOIO
psina, a TakyKe SKCIOPT pe3yJIbTaTOB BO BHEITHUH (aii.

3.33axanne Ha CAMOCTOATEIBHYIO PadoOTy

[TomyunTh OT mpemojaBaTeNsi BapWAHT 3aJaHUS IS MPOTHO3UPOBAHMUS
(M3MeHeHHe Kypca BalltoT, TpadUK CHHYCOHJBI, MPOTHO3MPOBAHWE CYMMBI HIIH
Pa3HOCTH YUCEI U JIP.).

KoHTpo/ibHbIE BOMPOCHI

Yro Takoe BpeMeHHOM pAn?
B xakue ¢opmatbl MOKHO IKCIIOPTHUPOBAT JaHHbIE
Deductor Academic?

Yro Takoe oOydaromiasi 1 TeCTOBasi BHIOOpKa?
Kakue nHCTpyMEHTBI MOXKHO UCITOJIb30BaTh
MPOTHO3UPOBAHUS ?
5. J1ns1 yero ciry>kKUT guarpamma paccessHus?

JlabopaTopHas pabdora 4

HeiipoceTeBble TEXHOJI0TMM B HHTEJIEKTYAJIbHOM aHAJIN3€ JAHHBIX
Hean padoThI: U3YYUTh KJIACTEPU3ALIUIO C MOMOIIBIO
camoopranusytomuxcsi kapt Koxonena B anamutmueckom makere Deductor

Academic.

Hp%gpaMMa padoTbI



1. TIpousBecTd MMIIOPT JAHHBIX U3 IOATOTOBJIEHHOIO (aiia.

2. C nomompro Kaprel KoxoHeHa BBINOIHUTH KIACTEPU3ALMUIO HA JAHHBIX
KOHTPOJIbHOTO IPUMeEpa.

3. BbInojHUThH 3amauy KJIACTEPU3ALIUIO TUTSI JTaHHBIX o
WHIMBUY AIBHOMY 33/IaHHIO.

MeToauveckue ykazaHus 0 BbITOJTHEHUIO Pa00ThI
4.1 O01mme NOHATHS 0 caMoopraHusyomuxcsa kaprax Koxonena

Camoopranusytoniascs kapra Koxonena (anri. Self-organizing map - SOM)
— COpeBHOBAaTelbHAsi HEWpPOHHAas ceTb C oOydeHueM 0e3  yuuTedns,
BBIIOJIHAIOIIAS ~ 3aJady  BU3yalIM3auMu W kiacrepuszauuu. HMpes ceru
npemioxeHa ¢uHckuM  yu€HpiM  T. Koxonenom. SBmsercss meToaom
IPOELUPOBAHUS MHOIOMEPHOIO IPOCTPAHCTBA B MPOCTPAHCTBO cC Ooiee
HU3KOM pa3sMEpHOCThIO (Yalle BCEro, ABYMEPHOE), MPUMEHSAETCS TaKXKe s
penieHus 3a1a4 MOJAEIMPOBAHNS, TPOTHO3UPOBAHUS U IP.

Camoopranusympomascsd Kapra COCTOUT W3 KOMIIOHEHTOB, HAa3bIBa€MbIX
y3JlaMd WIM HelpoHaMu. WX KOIMYecTBO 3aa€rcs aHaauTUKOM. Kaxnaplid w3
y3JIOB OIIMCHIBACTCA ABYMs BEKTOpaMu. I1epBbIil — T. H. BEKTOp Beca M, UMEIOLIUN
TaKyl0 € pPa3MEpHOCTb, YTO M BXOJHBIE JaHHble. Bropoii — Bekrop I,
IPEICTaBISIIOIIMI cO00I KOOpAMHATHI y3/1a Ha kapre. OObIYHO

y3JIbl PacCHoJIaraloT B BEPIIMHAX PEryJSIPHOM PELETKM € KBaJgpaTHBIMU
WIH IIECTUYTOJIbHBIMU STYEHKAMH.

Camoopranusyromasicss kaprta KoxoHeHa SBISIETCS  Pa3HOBUIAHOCTBHIO
HeillpoHHOW cetu. OHa NpUMEHsETCs, KOrja HEoOXOOUMO pEeIIUTh 3aaavy
KJIACTEPU3aLMU, T.€. paCIHpENCNIUTh JAaHHbIE II0 HECKOJIbKHM KJIACTEPAM.
Anroput™M  ompenensieT  pacHoJIOKEHHE ~— KJIACTEpOB B MHOTOMEPHOM
npoctpaHcTBe (GakTopoB. Mcxoaubie manHble OyAYT OTHOCUTHCSA K KaKOMY-THOO
KJIACTEPY B 3aBUCUMOCTH OT pacCTOSHUSA 10 Hero. MHOromepHoe MpoCTPaHCTBO
TPYAHO IJIsl MpeAcTaBieHHUs B TrpaduyeckoM Bujie. MexXaHU3M K€ MOCTPOCHHUS
kapThl KoxoHeHa mO03BOJSET OTOOpa3UTh MHOTOMEpPHOE IPOCTPAHCTBO B
JBYMEPHOM, KOTOpoe 0ojee yI0O0HO U sl BU3yalW3aluu, U JUIsl HHTEpIIpETAluu
pPE3yJBTAaTOB AHAIUTUKOM. Take ¢ IOMOIIBIO IMOCTPOEHHOM KapThl KoxoHeHa
MO>XXHO PElINTh M 3ajladyy MPOTHO3MpPOBaHUA. B 3ToM cilydae pesyspTupyrolee
nojie (To, KOTOpoe HEOOXOJMMO CIPOTHO3UPOBAaTh) B IMOCTPOECHUU KAPTHI HE
yuactByet. Ilocne knacrepusanuu, UCHONb3ys AuarpamMmy «UTo-eciam», MOMKHO
IPOBECTH HKCIEPUMEHT. AJITOPUTM OIpPEAENAeT TOYKY MPOCTPAHCTBA, TIJIE
pacIoJIOKEHbl BBEJICHHBIE [UI IPOTHO3a JaHHBIE M K KakoMy KiacTepy
IPUHAICKUT JaHHAsg TOYKA, WM MOJCYUTBIBAECT CPEIHEE IO PEe3yJbTUPYIOLEMY
IOJII0 BCEX TOYEK 3TOT0 KJacTepa, 4To W OyJeT pe3yibTaroM HporHosa (s
JUCKPETHBIX JIaHHBIX PE3YyJbTaTOM IPOTrHO3a SBIISETCS 3HAUEHME, OOJIbIIE BCETO

BCTpEYAIOIIIEECs] B PE3YyJIbTUPYIOIIEM I0JIE BCEX AUEEK KIacTepa).
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4.2. llpuMep KJIacTepu3anum JAHHbBIX

Paccmotpum MEXaHU3M KJIacTepU3aluu nyTeM MOCTPOCHUS
CaMOOPraHU3YIOIICUCS KapThl, OCHOBBIBASACh HA TUIHUYHBIX XapPaKTEPUCTUKAX
uBeTKoB. Mcxoanas tabnuiia Haxomutcs B (aitie nmpumepoB «Upuckltxty. Ona
COZIEPKUT CIEAYIOIIHNE MapaMeTphl I[BETOB:

«JJJIMHA HATTEJIMCTUKAY», « ILIMPUHA YAIIEJIMCTUKA»,

«JIJINMHA JIEIIECTKA», « HLIMPUHA JIEIIECTKA», «KJIACC

[IBETKA». 3agaua cocTOMT B TOM, YTOOBI OIpPEACIUTH IO PA3TUIYHBIM
napaMeTpaM IIBeTKa ero kiacc. Ilpeamosaraercsi, 4To IIBETHI OJIHOTO KJacca
MMEIOT CXOXKH€ TMapaMeTpbl, IMOATOMY OHH JOJDKHBI HAaXOJUThCA B OJHOM
KJIacTepe.

Jlnst Hadanma HEOOXOAWMMO HMMIOPTHUPOBATH NaHHbIE U3 (Qaitma (puc. 4.1).
[Tocne aToro 3amycTuM, MacTep 00pabOTKU U BeIOEpEM U3

cniucka merona oopadotku «Kaprta Koxonena» (puc. 4.2). Ha BTopom miare
MacTtepa HAaCTPOMM Ha3HAaueHHS CTOJOIOB (puc.4.3). YKaxeMm cTOJOIY

«KJIACC IUBETKA» nHa3znaueHue «BbIXx0aHON», a OCTaJIbHBIM —

«BxonHoiy. T.e. Ha OCHOBE TaHHBIX O LIBETKE Oy1€M OTHOCUTH €r0 K TOMY
WJIM THOMY KJIaccy.

Deductor Studio Academic (Hoswlii) - [KapTa KoxoHena] = G
Dain [lpaska Bwug MsBpannoe Cepenc Owno 2 - & =
D-W} & | ERe 4 mEM@L-0

&R Cuenapim 2w X| Tatinuua ?2 A X|
FE s®3| BXxB- | E Ers T 14180 | X

= u.eHapuu TLMHE YaWEMHETHE S | W MpMHE HaWEHCTHES | LiHa nenectka | WupMHa EnecTka Knaco | ]
Kapra Koxoreria 51 35 14 02 lis-setosa
449 i} 14 0.2 Iris-zetosa
47 32 13 0.2 Iris-zetosa
46 A 15 0.2 Iris-zetosa
5 36 14 0.2 Iris-zetosa
54 24 1.7 0.4 Iris-setosa
46 34 14 0,3 Iris-setosa
5 34 15 0.2 Iris-setosa
44 24 14 0.2 Iris-setosa
44 a1 15 01 | Iris-setosa
54 a7 15 0.2 Iris-setosa
48 34 16 0.2 Iris-setosa
48 3 14 01 | Iris-setosa
43 3 11 01 | Iris-setosa
58 4 12 0.2 Iris-setosa
57 44 15 0.4 Iris-setosa
54 24 13 0.4 Iris-setosa
51 35 14 0,3 Iris-setosa
57 a8 1.7 0,3 Iris-setosa

Puc. 4.1 - UMnopTupoBaHHbIe JaHHbIE

Y Y Y I .
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MacTep o6paGoTku

HasgaHue | OnmcaH9e
CeépTka cTonduoe  Co3naHue nnockol Tadnuukbl W3 cEOoHORA

CarannuHr P OptMPOESHMA PEMNPESEHT ATHEHOMD NOARHO. .

LB Pastietie HA MHO..  PastdeHie Ha O0YHIIWES M TECTOB0E MHOKE, .

#f CronbsAwee okHo T pEHCPOPMALKA 0aHHER CKOMBSALMHM OKHOM

vza KoHeuwHble knacckl  TTOHU#EHME PASHOOGPSSMA YHMKANEHE SHaY...
= Data Mining

o800 AET OKOpPENALMA FacueT BeIGOpoYHON GETOKOPPENALMK CTONOLOE

é ACCOUMATHEHEIE NP... [TOMCK SCCOUMATHEHEIX SSEMCHMMOCTER

Car00pr aHHsYiLW aaca KapTa KoxoHeHa

8., KnacTepusaumra K.NacTepMSaULMA aNrOpHTrOr k-means WM g-..

_,.';_:'. EM knactepusaumra  Knactepuzauia anropureor Expectation-tasx. ..

F.nactepuzaumra Tp... KnacTepuzauka TpaHsakumi anropuTror CL...

{7): NuHeldHaA perpecckA MNocTpoeHKE NMHERHDEN FO0EN

{H- NorkcTyeckan per... MNocTpogHKe SMHAPHOE N0rMCTMYECK DR FMOLETM

W Nepeso peweHui MocTposHWE AEpEEa PEWEHWA 3AropMTrOrM T W

£ Hazan, | DNanee » | | OTt4eHa

Puc. 4.2 - Macrep o0padorku «Kapra Koxonena»

HacTpofika HagHaYeHWR cTonGnoB
3analiTe HAZHAYEHMA HCROQHER CTONGLOE OaHHER

"'| [ iHa YalenHcTHES Mraa cTondua | COLS
WMpMHE YaLe AT HES

Pigy Dvria nenectr.a

"'| WwpkHa nenecTra Hashauerie "’ BrixoaHoe

Enacc

THN aaHHER | CTpokoEbId

Bua paHHe | WcKDETHE

— HHUKANEHEIE SHAYEHMA
F.on-eo YHME 3NEHEE SHAYEHME

[rig-zetoza
[rig-verzicolor
[rig-wirginica

HacTpolika Hopramdzaumm. ..

| < Hasan H Hanee > ‘ | OrragHa |

Puc. 4.3. Hactpoiiku macrepa kapt Koxonena

Ha TperpeM miare mactepa HEOOXOOUMO HACTPOUTh CHOCOO pa3leseHus
UCXOJHOI'0 MHOXECTBA JAHHBIX HAa TECTOBOE U O0ydHarollee, a TaKkKe KOJIUYECTBO
IPUMEPOB B TOM U JIPYIOM MHOXECTBE. YKaK€M, UYTO JAAHHBIE 0OOMX MHOXKECTB
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OepyTcs ciy4aiiHBIM 00pa3zoM, 3a/laluM pa3Mep TECTOBOI'O MHOXECTBA PaBHBIM
JeCSITH IMpUMepaM, IMyTeM H3MEHEHHus 3HauyeHus ctoibua «Pa3mep B cTpokax»
ctpoku «TectoBoe MHOXKECTBO» (puc. 4.4).

Craenyrommii mar mpenjgaraeT HAaCTPOUTh MapaMeTphbl KapThl (KOIUYECTBO
saeek Mo X U mo Y, ux (opmy) um mapamerpsl oOydeHHs (Croco0 HadaabHON
UHUIMATN3alud, TUN (QYHKIMA COCEACTBAa, MEpEeMEIIMBATh JIK CTPOKH
o0ydaromero MHOXKECTBA M KOJIMYECTBO JIOX, Yepe3 KOTOpble HE0OXOIUMO
nepeMeluBaHue). 3HauyeHus 0 YMOJIYaHUIO BIOJIHE MOAXOIAT (puc. 4.5).

Ha msatom mare mactepa HE0OXOJUMO HACTPOUTH MapaMETPbl OCTAHOBKHU
oOyuenusi. OcTaBUM napameTphl 10 yMoT4aHuto (puc. 4.6).

Ha miectrom mmiare HacTpauWBarOTCS OCTAJIbHBIC IapamMeTpbl OOYYCHHS —
croco®d HaYanbHOW WHUIMAIW3AINWNA, TUN (QYHKIMH COCEICTBA U TaKXKe
napaMeTpsbl KJacTepu3alMi — aBTOMaTHYECKOe OINpeesieHue YKciia KJIacTepoB ¢
COOTBETCTBYIOILIMM YPOBHEM 3HAUMMOCTH JIMOO (PUKCUPOBAHHOE KOJIUYECTBO
KJIACTEPOB IPEIOCTABIISAETCS BO3MOXHOCTh HACTPOUTh HMHTEPBAIbI OOYUYCHHUS.
Kaxxapiii uHTEpBaN 3a4a€TCA KOJMYECTBOM TOX, PAIUYCOM OOYUYEHUS U CKOPOCTHIO
o0yueHusi. YkaxeMm (PUKCHpOBAHHOE KOJIMYECTBO KJIACTEPOB, PaBHOE TpeM (pHC.
4.7).

PazfveHHe HCXOAHOI O Haﬁupa AdHHBX Ha NOAMHOXECTEA

HaCTDva'fFE DaSﬁHEHHE‘! MCHOQHOMD MHOHKECTES 0aHHEIR HA l:llj':l'-IaH:ILIJ,EE 2]
TECTOEDE MHOKECTES

Cnocod PazaeneH-dA HCROQHOrD MHOHKECTES OaHHBIR EJ'I':I'-IEIHHEI

Cronfey gna PazgeneHHA MCHOOHOMD MHOHECTES

Pasrep

M HOKECTED MNopALok COPTHPOBKM

B npoueHTax | B cTpokas
Dayyanwes 93,33 140 | Mo sozpacTaHuo

TecTosoe 667 Mo BospacT aHM0

MTaro: 100,00 150

K.onuyecTeo cTpok [Bcera) 150
< Hasag OTraeHa

Puc.4.4 - HacTpoiiku TeCTOBOro M 00y4aroiero MHOKeCcTBa
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Hacrtpoiika napamerpoe kapTe KoxoHeHa
HekaHTe sHaYEHHA NapateTpoE kapTel KokoHeHa

— MapameTpel KapTel — Bug raptel

Pazriep no ocu9 16 ﬁ

Pasmep no ocu 'y 12 ﬁ

K.on-eo Aueek 192

P opra Aa4esk | WecTuyroneHee

| { Hazan || Nanee » | | OTrEHA |

Puc. 4.5 - HacTpoiiku 3Ha4YeHHUs NapaMeTPOB KapT

HacTpofika napaMeTpoE OCTAaHOBEH 0OYYEHHA

e amTe yocnosHA NpekpalleHHA ooyyeHKA, 0oyyeHue GyneTt
OCTAHOENEHD MNP BEINOAHEHMM OGHOMD 1S YCNOBME,

CuyuTate APKED PACN0OSHAHHEIM, ECH OLUMAKS MEHBLIE

| Mo gocTHREHMID 3 N0KM

— DOyyakoles MHOKECTED

[ ] CpegHan owmtka meHews
[ ] MakcuransHan owmtka mMeHewws

[ ] PacnosHaHo npumepos [%]

— TecToBDE MHOMECTED

[ ] CpegHan owmtka meHews
[ ] MakcuransHan owmtka mMeHewws

[ ] PacnosHaHo npumepos [%]

| ¢ Hazan || Danee » | | OTreHa |

Puc.4.6 - Hacrpoiiku mapaMeTpoB 0CTAHOBKH 00y4eHMs
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Hacrtpoiika napamerpos ofyueHua KapTw KoxoHeHa
HKa#KTE SHIYEHWA NAPAMETPOE DOYYEHHA KapTE K.oxoHEHA

Cnocod HavaneHoH MHWLMaNMSalKK KapTel WMz cofcTEEHHEIY BEKTOROE

K.onu4ecTED 3Nox, YEPES KOTOPOE HEOSRAOLHMMD NEPEMEUMESTE CTPOKM 20

— CropocTe oSyyeHMA — Paguyc ogyyeHuA

B Havane ofiyyeH1s 0.2 v B Havane ofiyyeHm1s

B koHue ofydeHma 0005 W B koHue ofydeHma 01

P UHELMA COCEACTES ||:T':|I'IEH'-IEITE|F|

— K.nactepuzauma

I:l AETOMATHYECKM ONpegENMTE KONMYECTED KNACTEP0E

HDDBEHb SHAUMMOCTH, 2 - EPHKCHI:IEIBEIHHDE KON-E0 ENACTEPOE IS j

| ¢ Hazan || Hanee > | | OTraeHa |

Puc. 4.7 - HacTpoiiku napamerpoB o0y4enusi kaptsl Koxonena

Ha cenpmom miare mpezuaraercs 3amyCTUTh caM Ipolecc oOydeHus: (puc.
4.8). Bo Bpemsi 00y4yeHHS MOXXHO IOCMOTPETh KOJIMYECTBO PACIO3HAHHBIX
OpUMEPOB W TEKylIMe 3Ha4YeHHs OIMOOK. 31ech HEoOXOaUMO HaXXaTh Ha
KHOIIKY TIyCK | JJO’KJIaThCS 3aBEPIEHUS TIpoiiecca 00padoTKH.

MocTpoenve kapTw KoxoHeHa
Janyck. Npouecca NoCTROEHWA KapTel KoxoHeHa

— O8yyamwee MHoKecTBD — | [ | 2CTOEDE MHOMECTED T

= [v] Makc. owmtka B14E-02 | | B [ Make. owntka 2 50E-0 =
[=] [+] CpeaH. owutka 1.27E-02 [ [+] Cpean. ounitica 942E-02 Bpema ofydeHu1A
PacnosHaHo (%) 9286 PacnosHaHo [X) 1000 00:00:01

Tern 06HOENEHHA

u B

1,00E-01 e e oo s [ Pectapr
o B Oyex

Il Mayza

100 150 200 250 300 350 400 450 I Cron

| < Hazan || Hanee » | | OtreHa |

Puc. 4.86-5 IIpouecc 00yuenust



[Tocne »3TOro HEOOXOAMMO B  CIHCKE  BU3yaJM3aTOPOB  BBIOpATh
nosBuBIytocsi Temepp «Kapry Koxonena» mans mpocMoTpa  pe3yJbTaToB
KJIaCTepu3allii, a Takke BHU3yanusarop «UTo-ecnm» UIsi TMPOTHO3UPOBAHUS
KJ1acca 1igetka (puc. 4.9).

Hanee, B macTtepe HacTpoilku oToOpakeHus: kapThl KoxoHeHa HEOOXOAMMO
yKazarb, 4YTOObI OTOOpaKaJluChb BCE TMOJsS, TAKXKE CIEIyeT YCTaHOBUTD
KOJIMYECTBO KJIACTEPOB PaBHBIM TPEM M MOCTABUTH (DIaKOK

«I"panuribl kactepoy (puc. 4.10).

OnpeaeneHue cnocoGos oTobpaxeHHa
Brifepure cnocod oTo0pamkeHUa LaHHEL

HazgaHue | OnucaHue
= [¥ Data Mining
|_ CBASM KNacTEpOE OTofpakasT CEASM MEXKLY KAACTEPSMM

[¥ KapraKoxoHena Caroopranusyow aaca kapra KoxoHeHa

[T Tafimvua conpasme... PesynbTaTsl NOCTROSHWA MOAEN B BHLE TA6MUL COMPAKEHHOCTI
[¥ HYro-ecau AHAMMS NOCTPOEHHO FMOGENM N0 MPUHLHNY YTO-EC M

[T Marpuua cpasherMA MaTpHua NonapHorD cpaEHEHMA OfbEKTOR

[T Npogund knactepos MocnenosaHiue NpodHael KNacTepos

= TaGaHuHbie gaHHbIE
[T Oysawowui natop  0GydaiILee 1 TECTOBOE MHOKECTES

[T Tatimua OTofpaasT AaHHRIE B BHLE TaGMHUbI
[T Cramucrika OTo0paxasT CTETMCTHMYECKME LAHHEIE BEISDPEM
= |_ IpadukH

T Musarnararaa Mrafin e aaT nauuL e © CHAG ALEFNEkARAL

Puc. 4.9 - Cnoco0 oTo0paxeHus1 JTaHHbIX
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HacTpofrka orofipaxeHdi KapTe KoXxoHeHa

BrigepeTe HEOOXOOHMEIE OTOODAKEHMA KADTE F.OXOHEHE W HACTPORTE Wy
napareTpel

CrMcor gonycTumels: oT 00pa#keHui KapTel

- ¥] BrogHele cTonbus! Cnocof packpalMEHKA AYeEk,
E I auHa YawenuCTHES A Ueerias namirpa
L HpKHa YawenHeTHE S
¥l OnuHa nenecTr.a [] CraasueaHue useTOE KapTEl
- [¥] WupuHa nenectka
EI . BrrogHEE cTondue [ Mpatmue Aueerk:
- ] Knace [ paHULEI KISCTERDE
EI |:| CrneumxansHee
i [#] MaTpuua pacocToAHMi Fazrdep A4EKM MO Yraon4aHKe (9.
[ Matpuua owKrEoK, KESHTOESHWA 15 j
i [] M&TPHLA NAOTHOCTH NONALAHHA =
: k.nacTepel
. ] Mpoekuma CamraHa

Puc. 4.10 - Hacrpoiika oTo0OpaxkeHUus KJIACTEPOB

[lociie »TOr0 MOXHO YBHUJETh TIOJy4YE€HHbIE pe3yibTarhl (puc. 4.11).
KauecTtBo Kiactepuzanuu MOXKHO OLEHUTh, mnpocMoTpeB Kapty «KIJIACC
LIBETKA». Ha Heii  BugHOo, 4YTO  OOJIBIIMHCTBO  I[BETOB  OBLIU
KJ1accu(pUIIMPOBaHbI MPABUIIBHO. 3aMETHM, YTO BCE IIBETHI Kilacca Setosa

Honaji B OJMH KJIacTtep. OTO TOBOPUT O 3HAYUTCIILHOM OTJIMYUH
apaMeTpoB I[BETOB 3TOr0 Kiacca OT APYrux. SIBHOE pasinuyue HaOIrogaeTcs
10 JUIMHE W IIMpHHE Jjenectka. To, 4To vacth mpumepos Virginica momana B
kiaacc Versicolo u Hao0OpOT TOBOPUT O MEHBIIEM pa3IMYMK STHX KiaccoB. Ha
KapTax, B OTJMuYKe OT Set0Sa He BUIAHBI PEe3KHE OTIIMYHS MapaMeTPOB IIBETOB ATHX
JIBYX KJIacCOB. DTHUM Kak pa3 M OOBACHIETCS «IPOHHMKHOBEHHE» HEKOTOPOMH
4acTH MPUMEPOB B JIPYrOM KIIACTED.
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LiMprHa ualeancTuKa B

[nMHa YalenncTmka

a

P o

3.2 4,333330374

P

0
D 5,63357515

[
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2

=

AnmHa nenectka

lUnprHa nenectka

o |

r‘"\.ﬁ"
T !| T
1,499906E52 3,95 B3 0,399548644 1.3 2h
Knacc 2 | Matpuua paccrosnmii B
o . o

T
Irig-zetoza Irig-wersicolor

Knacrepbl
I
I

Paccmorpum  moctpoennyro Tabauity «Uto-Ecnmu». B BepxHed uactm
Ta0JIMIIBI OTOOPAXKAIOTCS BXOHBIE OIS, 4 B HJKHEW — BBIXOJHBIE U PacyeTHBHIE.
N3MeHsis 3HaueHUsT BXOAHBIX IMOJIE€H, IMOJb30BaTENb JA€T KOMaHIy Ha
BBINIOJIHEHHE pacyeTa W HaOMIOJaeT 3a pacCUYUTAHHBIMHM 3HAYEHUSIMU BBIXOJIOB
HEUPOHHOM CETH WX AEPEBA PELICHUM.

PacyeTHple 10N OTIMYAKOTCS OT BBIXOJHBIX TEM, UYTO OHU HE
CYIIIECTBYIOT B MCXOJTHOM Ha0Ope JAaHHBIX M OBLIM CO3/IaHBI B X0Ji€ 00pabOTKH.
Takumu nossiMu SABIISIOTCS, Hanpumep, «Homep suerikm»y nim

«Howmep kimactepay.

Kaxnoe mone Tabuuibl «6181T0-ECJIH» MPEACTABICHO  CHEAYIOUIUMU

I
- 1

 p— T —1
Iniz-virginica | 0401631444111 ) 3707203095  0.7270130523

1

Puc. 4.11 - Kapra Koxonena



aTpudyTaMu:

— «Tum» — yKa3pIBaeTCsd 3HAYOK, COOTBETCTBYIOIIMN THUIY JdaHHBIX
T10JIs;

— «llone» — ums BXOAHOI'O MJIX BBIXOJHOI'O ITI0JIA,

— «3HaueHue» — yKa3bIBaeTCs TEKyIllee 3HaUeHUE MOJIS.

C mnomompto kHOmKH «[loka3aTh CTAaTUCTHUKY» chpaBa OT TaOJIUILBI
MOKHO BBIBECTH CTATHCTHKY IO BBIICICHHOMY TOJ0. /(715 HEMPEphIBHBIX IMOJICH
B HEM 0TOOpakaeTcs cieayroias nHpopManus:

- ((MI/IHI/IMyM)) — MHHHUMAJIbHOC 3HAYCHHC I10JI5 B BBI60pKe;
- ((MaKCI/IMYM)) — MAaKCHUMaJIbHOC 3HAa4YCHHUC I10JIA B BBI60pKe;
- «CpezLHee» — CpCaHCC I10 BBI60pKe 3HA4YCHHUC I10JIA,

— «CTaHIapTHOE OTKJ» — CPEIHECKBAJAPATUYCCKOC OTKJIOHCHWE 3HAYCHUH
TIOJISE TIO BEIOOPKE.

3HaHHWE JHMala30Ha BXOAHBIX JaHHBIX (MUHHMyMa W MaKCHMyMa), Ha
KOTOPOM CTPOWJIACh MOJICINb, ITO3BOJIAT ONPEICIIUTh O00JACTh YCTOWYHUBOCTH
cuctembl. O4YeBHIIHO, YTO, €CJIM IOJaTh HAa BXOJ 3HAYCHUS, CYIIECTBEHHO
BBIXOJSIIME 3a JHMANa3OH, TapaHTUPOBATh IPABUIIBHYIO PEAKIMI0 CHCTEMBI
HEJIb3S, U JOCTOBEPHOCTh IOJYYCHHBIX JIAHHBIX MOXET OBITh CHIDKeHA. Ecim
3HAYCHUE, TPUCBOCHHOE IIOJII0, BBIXOJWUT 3a TPAHUIBI JHANA30HA, 3TO IMOJIE
OKpAIIIMBAETCS B KPACHBIM LIBET.

JInst TMCKPETHBIX MTOJIEN CTATUCTUKA COIACPIKHUT:
— «3Ha4YeHUs» — CIIUCOK YHUKAIbHBIX 3HAYCHMUIA;
— «Kon-Bo» — 4yuCi0 BXOKIEHUH 3HAaU€HMSI B BEIOOPKY;

— «HWroroas mHpopMarus» — oOINee YMCIO YHHKAIBHBIX 3HAUYCHUN B
BBIOOpKE.

i AUCKPETHBIX 3HAYEHWH Ha BXOJl MOXKHO IOAAaBaTh TOJIBKO 3HAYCHHS,
MIPE/ICTaBIICHHBIE B 3TOM CITHCKE.

B tabnuiie monp30BaTeh MOKET MEHSTH JIMIIB COACPKHUMOE CTOJIOIA
«3HaueHuey». ITO OCYIIECTBIACTCS HECKOJIBKIUMU CIIOCO0AMH:

— HCIIOCPCACTBCHHO BBCCTH AAHHBIC C KIIaBHATYPHI;

— 3alOJHUTH 3alUCSIMM M3 TEKylled BBIOOPKM (MpU 3TOM BBOJATCS
3aIlMCH LEIMKOM U 3aII0JIHAIOTCS OAHOBPEMEHHO BCE NOJIA);

— BbIOpaTh 3HAYEHUS U3 CTATUCTUKH, HAXOJIAIICHUCS CIIpaBa OT TAOIMIIbI.

YToObl BBECTH 3HAYEHHUSI BXOJIOB C KJIABHATYPhI, HYXKHO BbIOpATh SUYEUKY
«3Ha4YeHue» Uil COOTBETCTBYIOLIErO IOJIA, U TOJIBKO IOTOM BBOJAUTH JTaHHBIE.
YtoObl BOWUTH B PEKUAM PEIAKTUPOBAHMS, TOCTATOYHO HAmNedararh J000M
CHMBOJI C KJIaBUATypel B ToMm uucie «Entery nmbo aBaxiabl "KIUKHYTH'"
MBIIIKOM MO COOTBETCTBYIOIIEH siueilike. J[MCKpeTHble 3HauY€HUsI BbIOMpAIOTCS U3
BBINAJAIONIET0 CIHCKAa JUMOO0 IMyTeM IMKIMYECKOro nepedopa B CIEICTBUU
nBoiHOro  "knuka' — mblmkod. s mepexona K OPEAbIAYIIMM  WIIU
MOCHEYIOIMM ~ CTPOKAM ~ MCHOJIb3YIOTCS  KIABMIIM €O cTpenkamu. Ecim



BBCJACHHBIC BaMH 3HAYCHHUS BBIXOJAT 3a JHMANa30oH 3HAYCHUW BBIOOPKH,
COOTBETCTBYIOIAsl CTPOKAa TaOJWIIBI BBIJACISAETCS KpacHbIM IBeTOM. Ecnw,
HaXoJIsICh Ha sTYeHKe, HaXaTh  KJIABHUIILY "Del", TO 3HaYCHUE
COOTBETCTBYIOIIETO BXOJHOTO MOJSl OYyJET OUYHUILEHO.

Jns aBTomMaTuueckoro BBoja B Tabmuiy «Uto-Ecnu» 3anuceit u3 Tekyien
BBIOOPKU UCTIONB3YIOTCS KHOIIKY HAa TAHEJIW HUHCTPYMEHTOB:

— IlepBas 3ammuce (Ctrl+PgUp) — mo3Bomsier BBIOpaTh i 3arpy3kud B
Tabnuiy «Uro-Ecnuy nepByto 3anuch BEIOOPKH;

— Ilpenpiaymas 3amuck (PgUp) — mo3BossieT 3arpy3uTh MNPEIbIAYIIYIO
3aIUCh;

— 3arpy3uTh 3alKCh — 3arpy»aeT TEKYyIIyI0 3alUCh B COOTBETCTBYIOIIHE
BXOJIHbIE 110JI Ta0IUIBI «YUTO-Eciny;

— 3arpy3uTh U3 UCXOJIHON BHIOOPKH — BBIBOAUT HA DKPaH MOJAIBHOE OKHO
¢ TabnuIIeH, U3 KOTOPOM MOYKHO 3arpy3uTh HEOOXOIUMYIO 3aMKCh;

Kak BumHo wu3 Ttabmunel «Yro, ecnu» (puc. 4.12), naxe naHHbIC
OTCYTCTBYIOILIME B U3HAYAIBHOU BEIOOPKE OMPENIEISIOTCS KOPPEKTHO.

GQEEH Mpaeka Bug WsbpawHoe Cepenc OwkHo 7

DE-JH & a4 B8 & HEm edt-|0
B

? » X || KapraKoxoseda X Hro-ecow X|

B 4 <[ 71| R s > o | O] [A] -

=8l Cuerapum Mone | ZHaueHUe Mapamerp | Snauerme

= 2] Kapra Koronera E".‘I ExnaHbie I Murrayna
8 Caroopranvayowsaca kapra [16; 15 9.0 LLnuHa vawenicTika 3 T Makeurym
-9.0 WHpHHA YaWEAHCTHES 38746 -I- CpenHes
-9,0 Wupkha nensctra 0,345
B'D BrioaHsie
b Knace liiz-setosa
E'D PacuetHee
12 Homep auefiku 43
: -90.0 PaccTonHqe 40 LeHTRa Auebiki 0.1169715456671322
+12 Homep knacTepa 2
* 9.0 Paccrostie 00 ueHTpa knactepa  0,162008332142713

44
3,054

9.0 Nanna nenecTra 1.56 1 Crarmaprhos ok, 0.4335343114

Puc. 4.12 - Taoanua «Uro-Ecanm»

Jlanuplii mpumep Mokaszan o00JacTh HPUMEHEHUS CaMOOPraHU3YIOLIUXCS
KapT. V3HayalnbHO HMEIOCh MHOIOMEpPHOE (YETBIPEXMEPHOE) MPOCTPAHCTBO

70




BXOJHBIX (DaKTOPOB. AJITOPUTM MPEICTABHII €r0 B JBYMEPHOM BHJE, KOTOPOE
ynoOHee aHalIu3upoBaTh. Takke HCXOIHBIE JaHHbIE OBLIM OTHECEHbI K TpeM
KJacTepaM, IO THUIy IBeTKa — «Setosa», «Versicoloy», «Virginica». OcHOBHBIM
BU3YaJIM3aTOPOM II0CJE MOCTpOeHus sBisieTcss «CaMOOpraHu3yromascs KapTay.
3/1ech B MEPBYIO o4Yepeab CIeAyeT OOpaTUTh BHUMAHHE HA MATpUIly PACCTOSHUM
u npoekuuto Cammona. Ha HHMX SIBHO BUAHBI PAacCTOSIHUA MEXAY OTIACIbHBIMU
sYeMKaMu KapThl, T.€. YETKUE TPAHULIBI PA3JTUYHBIX CKOIUICHUH JaHHBIX.
Mactep npenoctaBisieT MUPOKUNA HAOOpP HACTPOMKKM MapamMeTpoB OOyYEHHS:
HACTpOWKa HOpMalM3aluy CTOJOIOB, HACTpoOiKa pa3OMEeHHs] Ha TECTOBOE U
oOyyaroriee MHOKECTBO, HACTPONKa YCIOBUM OCTAaHOBKM OOYyuY€HHs, HAaCTpOWKa
napamMeTpoB KapThl M THapamMeTpoB OOyYeHHs, HACTpOilKa HWHTEPBAJIOB
oOyuenust. uHboOpMalMs O 3ajade, TO KAYECTBO OUMCTKU JIaHHBIX MOYKHO
YBEIIMYUTh Ha MOPSAIKH.

4.3 3agaHne HA CAMOCTOSAITEILHYI0O PA0OTy

[TonmyunTs OT mpenojaBaTenss BapHaHT 3aJaHUs Ha KJIACTepU3ALMH
(knaccudukayss TOMUAOPOB MO JAMAMETPY IUIOJA, BeCy IUI0JA, KOJIMYECTBY
IUIOJIOB HA KYCTE, BBICOTE KyCTa, WIM 3a/laya KilacCU(UKALMKU MPU3BIBHUKOB IO
KaTeropusM Ha OCHOBE UX MapaMeTpoB U Ap.).

Pemuts 3a1auy npu nomoiuu kapt Koxonena.

KonTposibHbIE BOIPOCHI

1. Yro rakoe kapra Koxonena?
2. Yto peniaror 3a/1auu KiacTepu3aruu’?
3. s uero ciayxut tabauna «4ro-Ecam»?

KoHTpoJIbHBIE BOMPOCHI IPOMEKYTOYHOM aTTecTAlIUM (10 UTOramM
U3y4YeHHUs Kypca)

1. JlanHble U MOJENH MX MIPEACTABICHHUS.

2. Cucremsl nioiepku npuusaTus pemienuii (CIIITP).

3. Poub 1 MECTO MHTEJLIEKTYaIBHOrO aHaau3a qanubix B CITIIP.
4. 3amaun MAJ.

5. AureGpa marpuil.

6.

@yHKIMHA MHOTUX ITIEPEMEHHBIX.

7. HeobXxomuMble U OCTATOYHbIE YCIOBUS CYIIECTBOBAHHS SKCTPEMYMOB
IPUMEHHUTENBHO K KBaJIpaTUYHBIM (popmMam.

8. TwIIbI KA.
9. JlomyctrMble IpeoOpa3oBaHus B IIKaIaX.
10.TIpoBepka HCTUHHOCTH yTBEP3K ICHHIA.



11.Crartucrrueckas BEIGOpKA.

12. Yucnossie XxapaKTEpUCTUKH PACTIPEIEIICHHUIA.

13. KoMIuieKCcHBIE YKCia U UX TIPUMEHEHUE IPY BU3YATU3aL[N
MHOTOMEPHBIX JIAHHBIX.

14.Metonb! 1 anropuT™Mbl OLUPPOBKU IPapUKOB

15.Metoas! u anropurMel 06pabOTKH M300paXKEHUI

16.TIpocTeie U COKHBIE IPU3HAKU U CIIOCOOBI IIIEHKH HHYOPMATUBHOCTH

17. Anropurmel morcka cucteM HH(POPMATHBHBIX IPU3HAKOB.

18. Marpuiia 00beKT-NPHU3HAK M €€ CTATHCTHYECKHE XaPAKTEPUCTUKH.

19.TIpo6nema cxxatust TaHHBIX

20.Pa3HOTHITHBIE JaHHBIE U METOJIBI KX 0OPAOOTKH

21.3amaua noucka JIOrMIECKUX 3aKOHOMEPHOCTEH

22.Metopl Knaccu()UKALMK U TPOTHO3UPOBAHKS

23.3a1a4u KJIaCTEPHOrO aHAIN3a

24 . HepapxuuecKre 1 HTEPATUBHBIE METO/IbI KJIACTEPH3ALIUH

25.0co06eHHOCTH KIIACTEPH3AIMI B KAYECTBEHHBIX KOJINYECTBEHHBIX IIKAJIAX

26.Kiacrepusaliys JaHHBIX [10 MATPUIE OOBEKT-TIPU3HAK.

277. Knacrepusanys JaHHbIX 110 MATPHIIE MATPHIIE CBS3H.

28.Ha3HaueHue KOMIOHEHTHOTO U ()aKTOPHOI'O aHAIIK3A.

29.Cx0CcTBO ¥ pa3inunue KOMIOHEHTHOTO U (JAaKTOPHOT'O aHAJIN3A.

30. ITpumeHeHrEe KOMIIOHEHTHOTO U (haKTOPHOTO aHanm3a K 3axadam AL

31.Merozabl pactio3HaBaHust 00PA30B C YUUTENEM U O€3 YUUTEIS.

32.3a1auu IPUHATHS PEIIEHHIA.

33.Metox aHanu3a uepapxuii.

34 Mopubukanuy METOa aHAIKM3a HEPAPXUIA B MHTEPECAX pean3aliiu
MHTEIUIEKTYaIbHBIX I10CKA30K II0JIb30BATENSM.

35. OcHOBHBIE IOHATHS KOTHUTUBHOTO MOJIEIMPOBAHUS

36.Uncrpymenransubie cpeacrsa MAJ] npuMenurensho 3agavam CITTIP

3’7.Hanpasienus pazsutus MA ]

39.KpaTkas uctopus HEHPOKOMIILIOTHHIA.

40.3amaun MAJT Ha OCHOBE HCKYCCTBEHHBIX HEHPOHHBIX CETEM.

41.MecTo HEMPOHHBIX CETEN CPEIM APYTUX METOIOB PELIEHHS 3a1ay

42 . NudopMalmoHHbIH OAX0/1 K MOJAETHPOBAHKIO HEWPOHA.

43 . Buonoruueckuii oAXo 1 K MOJEIMPOBAHUIO HEHPOHA.

44. CtpyKTypa UCKYCCTBEHHOM HEMPOHHBIE CETH.

45.CrpykTypa IBYXKPOBHEBOIO IEPCENTPOHA, MHOIOYPOBHEBOIO
nepcentpona (MCII).

46.0c0o0eHHOCTH CTPYKTYPhI HEMPOHHBIX CETEW U €€ BIUSHUE HA CBOWCTBA

CCTH.
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477 . Anroput™ pemenus 3a1a4 ¢ momomso MCIT,
48. Knaccuukanus 3a1a4, peraeMpix ¢ nomoinso MCIL.

49.TlocranoBka 3a1a4 pacrno3HaBaHus, alPOKCHMAIIMH, TIPOTHO3UPOBAHHUSI.
[Ipumeps! 3aay.

50. Tomonoruu HERPOHHBIX CETEH.
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