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Conep:xanue

1. [lepeveHb IUIAaHUPYEMBIX PE3YJIBTATOB OOYYEHUS IO JHCUUIUIMHE (MOMYJIO), COOTHECCHHBIX C INTAHHPYEMBIMH
pesynbsratamu ocsoerus OITOIT BO

2. Mecro nucuuruivnel (Moayins) B ctpykrype OITOIT BO

3. O6beM AMCUUILIAHBI (MOZYIS) B 3a4YETHHIX CIWUHHUIIAX C YKa3aHWEM KOJMYECTBA YacOB, BBINCICHHBIX Ha
KOHTaKTHYI0 pa0oTy 0Oydaromuxcsi ¢ mpernojanatesieM (M0 BUAAM yd4eOHBIX 3aHSATHII) M HAa CAMOCTOATEIbHYIO paboTy
oOyJaromuxcs

4. Conep:xaHue IUCIHMIDIMHEI (MOIYIS), CTPYKTYPHPOBAaHHOE O TeMaM (pa3zenaM) C yKa3aHHeM OTBEISCHHOTO Ha
HHUX KOJMYECTBA aKaJlEeMUUECKUX YacOB M BUJOB YUeOHBIX 3aHATHH

4.1. CTpyKTypa ¥ TeMaTHYECKHH IUIaH KOHTAKTHOM U CaMOCTOSITEJILHOM paboThI 10 JUCIUILIHHE (MOIYIIIO)

4.2. CogeprkaHue OUCIUTUIAHBI (MOIYIIN)

5. IlepedeHs yueOHO-METOAMYECKOTO OOECTIEUCHHUS I CaMOCTOSATENFHON PabOTHl OOYJArOUIMXCS IO AUCIUTUINHE
(Momym0)

6. ®oHJI OLICHOYHBIX CPEJICTB MO TUCIUIUIUHE (MOIYJIIIO)

7. IlepedeHs uTEepaTyphl, HEOOXOTUMOH ISl OCBOCHUS TUCIIUIUTHHBL (MOIYIIS)

8. IlepeueHb pecypcoB HHPOPMAIIMOHHO-TEICKOMMYHHUKAIIMOHHOHN ceTH "MHTepHeT", HeOOXOAUMBIX IS OCBOCHHS
JUCIUTUTAHBI (MOIYIIN)

9. MeToanueckue ykazaHus AJsl 00y4aronnXxcs 110 OCBOCHUIO TUCHUILTHHBI (MOJYJIS)

10. IMepeuens HHOPMAIMOHHBIX TEXHOJIOTHI, HCIIOIb3YEMbIX MTPU OCYIICCTBICHUH 00pa30BaTEILHOTO MPOLECcca 110
JMCUUIUIAHE (MOJYJI0), BKJIIOYAsl MepeYeHb MPOrpaMMHOT0 obOecrieueHrss U HHOOPMAIMOHHBIX CIPABOYHBIX CHCTEM (IpU
HEO0OXOTUMOCTH)

11. OnucaHre MaTepUaTbHO-TEXHUYCCKON 0a3bl, HEOOXOAMMOM IIJIsl OCYIICCTBICHHS 00pa30BaTEIBHOTO Ipoliecca
10 JUCIUIUTHHE (MOIYITIO)

12. CpezcrtBa ajanTaiiuu MpernoiaBaHisl JUCIUAIUIAHBI (MOYJIs) K MOTPEOHOCTAM 00YYaIOIIUXCS HHBAUIOB U JIHIL C
OTpaHUYECHHBIMH BO3MOXXHOCTSMU 3[IOPOBBS

13. Ilpunoxxenue Nel. @OHJT OLIEHOUHBIX CPEJICTB
14. TIpunoxenue Ne2. IlepedeHs 1uTepaTypbl, HEOOXOAUMOMN AJIs1 OCBOCHUS JUCIUILUIMHBI (MOIYIIS)

15. Tlpumoxxenne Ne3. IlepedeHr MHPOPMAIMOHHBIX TEXHOJOTHH, HCHOIB3YEMBIX UIS OCBOCHHS ITUCIIHILIHHBI
(MozyJ1s), BKIIFOUasi IepeueHb MPOrpaMMHOI0 00eceYeHus 1 MH(POPMAIIMOHHBIX CIIPABOYHBIX CHCTEM



[Iporpammy aucumIuinHbl pazpadotain(a)(u) noueHt, K.H. AHucumoBa J.C. (kadenpa MaTeMaTukyd U HPUKIAJAHON
nH}pOpMaTHKH, OTAEIEHIE MaTEMAaTHKH U €CTECTBEHHBIX HayK, EnaOyxckuii uHCTHTYT KDVY)

1. IlepeyeHbp mNIAaHHMPYeMBIX pe3yJbTATOB O0y4YeHHS 1O JUCHMILIMHE (MOIYJII0), COOTHECEHHBIX C
IUIAHUPYeMbIMH pe3yabsTaTamu ocsoenust OIIOII BO

OOyuarommiicsi, OCBOUBIINK AUCIUILTHHY (MOIYIIB), JOJDKCH 001aaTh CIEAYIOIIMMA KOMITCTCHITHSIMU:

Iugp Pacmingposka
KOMIIETeHIIUH npuodperaeMoii KOMIeTEHIMHA
[1K-2 CriocoOeH pa3pabarbiBaTh, OTJIAKUBATh, BHEAPSATH M CONPOBOXIATh NPOrpaMMHOE OOecreueHue Me-

IXaTPOHHBIX U pOGOTOTeXHI/I‘{eCKI/IX CHCTEM

IIK-2.1  [BHath ciocoOBI pa3pabOTKH, OTIAKU M COMPOBOKIACHUS IIPOIPAMMHOTO 00ECIICUCHHUS IS
MEXAaTPOHHBIX U pO6OTOTeXHI/I‘~IeCKI/IX CHUCTEM

[K-2.2 'YMeTh pa3pabaTbiBaTh, OTJIaKHBATh U COIPOBOXKAATH MIPOrpaMMHOE oOecrieueHHe Uil MEXaTpOHHBIX H
[POOOTOTEXHUYECKUX CUCTEM

[IK-2.2 |[Bnamets HaBbIKaMHM pa3pabOTKH, OTJIAAKA W COINPOBOXKICHUS MPOTPAaMMHOTO OOECTIeUeHHs [UIs
MEXaTPOHHBIX U POOOTOTEXHUIECKHX CHCTEM

OOy4arouuiicsi, OCBOUBIIMNIT JUCIUIUIMHY (MOJYJIb):

JlomkeH 3HaTh:
- KJIacChl 331a4 B MEXaTPOHHBIX H POOOTOTEXHUYECKUX CUCTEMax, PEHIAeMbIX C MOMOIIBIO AJITOPUTMOB MAIIMHHOTO
00yUeHMS.

JoixeH ymeTb:
- NPHUMEHATh ANTOPUTMBI MAIIMHHOTO OOY4eHHs INpH pa3paboTKe, OTIaJKe M COIPOBOXKICHWH HPOrPaMMHOTO
oOecrieueHust 111 MEXaTPOHHBIX U POOOTOTEXHUIECKUX CHCTEM

JlomxeH BIaieTh:
- CIIOCOOHOCTBIO PEANM30BBIBATh AJITOPUTMBI MAIIMHHOIO OOYYeHHs IpHU pa3paboTKe, OTIAAKE U CONPOBOXKICHHH
IpOrpaMMHOTO 06ecnequH${ JJIA MEXaTPpOHHBIX U pO6OTOTeXHI/I'-IeCKI/IX CHUCTEM.

2. Mecro qucuuminnsl (moayJs) B crpykrype OIIOII BO

Hannast gucnumivmHa (Moaynb) BiirodeHa B biok 1 "ucnummuaer (mogynu)" bB1.B.JIB.02.02 ocHoBHOI
npodeccroHaIbHO 00pa3oBaTensHON mporpammbl 15.03.06 «Mexatponuka u poboToTexHHKa» (PU3NUECKHE OCHOBBI
MEXaTPOHUKH ¥ POOOTOTEXHHWKH) M OTHOCHUTCS K ITUCHHIUIMHAM TIO BEIOOpY, 4acTH, (HOPMHUPYEMOW yUaCTHHKAMH
00pa30BaTEeNFHBIX OTHONICHHH.

OcBauBaercs Ha 2 Kypce B 4 cemecTpe.

3. O0beM AUCHMILUIMHBI (MOAYJISI) B 3a4eTHBIX €IMHHMIAX C YKA3aHMEM KOJMYeCTBa 4YacoB, BbIJAeJIEeHHBIX HA
KOHTAKTHYI0O pafoTy o0y4alomuxcsi ¢ mpenojaBarejeM (0 BHAAM Y4YeOHBIX 3aHAATHI) H HA CAMOCTOSITEIbHYIO
padoTy o0y4arommxcs

OO6m1ast TPyAOEeMKOCTh TUCIMIUIMHEI COCTaBIAeT 4 3adeTHBIX(bIe) enuHnI(bl) Ha 144 gaca(oB).

KonrakTtHast pabdora - 52 uaca(oB), B ToM uucie Jekinuu - 24 yaca(oB), mpaktudeckue 3aHsTtus - 0 uvaca(os),
nabopaTopHbie paboThI - 28 yaca(oB), KOHTPOIb CAMOCTOSITENEHOU PaboTHI - 0 yaca(oB).

CamocrositenbHas pabota - 92 yaca(oB).
KonTtpoms (3auér / 3x3amen) - 0 yaca(oB).

d)opMa MMPOMEIKYTOUHOI'O KOHTPOJIA AUCHUIIIIMHBL: 3a4Y€T B 4 CeMECTpE.



4. Copep:kaHue JUCHMILIMHBI (MOAYJIfl), CTPYKTYPHPOBaHHOe IO TemaMm (pa3gejlaM) ¢ YKa3aHHEM
OTBeCHHOI0 HA HAX KOJINYeCTBA aKaJeMHU4YeCKHX YacOB U BH/I0B YUYeOHBIX 3aHSAT Ui

4.1 CTpyKTYypa M TeMaTHYeCKHUi IVIAH KOHTAKTHON U CaMOCTOSITeIbHOM PadoThI 0 AUCHUILINHE (MOAYJII0)
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1. [Tema 1. OcHOBHBIC IOHATHS MAIIMHHOTO OOYYCHUS 4 4 0 6 22
2. [Tema 2. Knacrepusanus 4 8 0 10 24
3. [Tema 3. MeTo/1 ONTOPHBIX BEKTOPOB 4 4 0 6 22
4. |Tema 4. lepeBps penieHuit 4 8 0 6 24
Hroro: 144 gaca 24 0 28 92

4.2 Copep:xkanue TUCHUNIMHBI (MOTYJIs1)
Tema 1. OcHOBHbBIE OHSATHS MALUIMHHOTO 00y4eHust

[Toustne MamuHHOrO O0yueHus. OOIas MOCTaHOBKA 33aqadd 00ydeHus mo mpereneHTaM. Croco0bsl MaldHHOTO
00yueHwus. 3a7a49u, peiaeMble ¢ IOMOIIBI0 MAITMHHOTO O0YYCHUS.

Tema 2. Knacrepuzauus

IMousitue knacrepusanuu. [locTaHoBKa 3a1aun KiacTepusanun. Metoasl Kiactepusaiun. Metoa K-means. Metox k-
MeauaH. JIMCKpUMUHAHTHBIN aHaIu3. [ eHeTUUeCKUil alrOpuT™.

Tema 3. MeT0/1 ONIOPHBIX BEKTOPOB

OOyuenne ¢ yunteneM. 3ajada kiaccudukammu. 3agada perpeccun. Paznensromas runeprutockocts. [Ipumenenne
METO/1a OTIOPHBIX BEKTOPOB B 3a/1aue KJIAaCCU(PHUKAIUH.

Tema 4. JlepeBbsi penieHuii
[Monstue nepesa pemenuii. Tumonorus nepeBbeB. OOyUueHNEe JepeBa pelICHHH.

5. IlepedyeHb Y4eOHO-MeTOAUYECKOIO oOOecnedeHMs ISl CAMOCTOSITeNbHON padoThl o0ydaroluxcst IO
JUCHUILIHHE (MOAYJII0)

CamocrosTenbHass paboTa OOYYaIOIIMXCSl BBIMOJMHSETCS IO 3aQaHUI0 M TPH METOJUYECKOM PYKOBOJCTBE
mpernofasaTens, HO 0e3 ero HemocpeacTBeHHoro yuactus. CamocrosrtenpHas paboTa MOApaslelsieTcss Ha
CaMOCTOATENIFHYIO0 PabOTy Ha ayJUTOPHBIX 3aHATHSIX M Ha BHEAYJUTOPHYIO CAaMOCTOSATENbHYIO paboTy. CaMocTosITeabHAS
pabora oOy4aronMxcs BKIIOYAET KaK ITOJIHOCTBIO CAMOCTOSITEIIbHOE OCBOGHHE OTHEIBHBIX TeM (Pa3JesioB) JTHUCIUILINHEL,
TaKk W nmpopaboTKy TeM (pa3fernoB), OCBaUBAEMBIX BO BpeMs ayIMTOpPHOW paboTsl. Bo Bpemst camocTosTenbHOM paboThI
oOydJaromuecss 4YUTAlT M KOHCHEKTUPYIOT y4eOHYIO, HaydHYI0 M CIHpPaBOYHYIO JIMTEpaTypy, BBINOJIHSIOT 3aJlaHusl,
HarpaBsJIeHHbIE Ha 3aKpelyieHne 3HaHUM M OTpabOTKy YMEHHI M HaBBIKOB, TOTOBATCS K TEKYIIEMY M HPOMEXYTOUYHOMY
KOHTPOJIIO 10 JUCLUIIINHE.

OpraHu3zanys caMOCTOATEIbHONW paboThl 00YJAIOIIUXCS PETIIAMEHTHPYETCS HOpPMAaTUBHBIMH JIOKYMEHTaMH, y4eOHO-
METOIMUECKOI JIUTepaTypol M 3JIEKTPOHHBIMU 00pa30BaTeIbHBIMH PECYpPCaMHU, BKIIIOYAS:

Ilopsimox opraHu3alii W OCYIIECTBICHHS 00pa30BaTENbHONW AEATENHHOCTH 1O 00pa3oBaTEIBHBIM IpOrpaMMaM
BEICIIIETO O00pa3oBaHWS — MporpaMMmaM OakajlaBpuaTa, NpOTpaMMaM CIEHHAINTEeTa, MPOTrpaMMaM MarucTpaTypsl
(yTBepxIeHHBIN mprkazoM MHUHHCTEpCTBA HayKH M BBICIIEro oOpasoBaHust Poccuiickoit @exepanmu ot 6 ampens 2021
rona Ne 245)

[Nopsitok opraHM3alii M OCYIIECTBICHHS 00pa30BaTENbHOM JESTENLHOCTH 10 00pa3oBaTeNIbHBIM IPOrpaMMmaM
BBICIIEro 00pa3oBaHMsl - MporpaMMmaM OakajaBpuaTa, IporpaMMaM CIHENWalNTeTa, NporpaMMaM MarucTpaTypsl
(yTBepykeH mpukazoM MuHHcTepcTBa 00pa3oBaHus U Hayku Poccuiickoit @eneparmn ot S anpens 2017 roga Ne301)

IIucemo MunancrepcrBa obpasoBanust Poccmiickoit @enepammu Nel4-55-996un/15 ot 27 mHos6ps 2002 1. "O6
AKTHUBU3AIMH CAMOCTOSITEILHON pabOThI CTYICHTOB BBICIITUX YI€OHBIX 3aBEJCHUN"

YcraB q)ez[epanbﬂoro rocyiapCTBEHHOI'O AaBTOHOMHOT'O OGpaSOBaTeHLHOFO YUPCIKACHU "KazaHckuit



(ITpuBomxckuii) penepanbHbI yHUBEpCUTET"

[lpaBmwia BHYTpeHHEro pacnopsaka (QexepanbHOrO TOCYHApCTBEHHOTO aBTOHOMHOTO — 00pa30BaTeNbHOTO
YUpeXIeHUs BBICIIEro npodeccronansHoro odpasosanus "Kazanckuii (IIpuBomkckuit) penepansupiil yHuBepcuTeT"

JlokansHble HOpMaTHBHBIE akThl Kasanckoro (IIpuBomkckoro) deaepanbHOTO yHHBEPCUTETA

6. ®oH/1 OLIEHOYHBIX CPECTB MO JUCHUILINHE (MOLYJIIO)

@DOoHIl OLEHOYHBIX CPEACTB IO IUCHUIUIMHE (MOAYIIO) BKJIIOYAET OLCHOYHBIC MaTepHaibl, HAIPAaBICHHBIC Ha
MIPOBEPKY OCBOCHUS KOMIIETCHIMH, B TOM 4YHCJIE 3HAHWH, YMEHHH M HaBBIKOB. DOHJ OLEHOYHBIX CPEACTB BKIIOYACT
OLIEHOYHBIE CPEJICTBA TEKYIIEr0 KOHTPOJIS M OLICHOYHBIE CPECTBA IPOMEKYTOUHOH aTTECTAIIH.

B (oHze O1IeHOYHBIX CPENICTB COAEPKUTCS CIEAYIOIast HHPOPMAIHS:

- COOTBETCTBUE KOMIICTEHIIMH IUIaHUPYEMBIM pe3yJibTaTaM 00y4eHHs 10 TUCIUILTHHE (MOJYJII0);
- KpUTEPUH OLIEHUBAHHS COPMUPOBAHHOCTH KOMIIETCHIIHH;

- MeXaHMU3M (OPMHUPOBaHHS OLEHKHU 110 JUCLUIIIHHE (MOAYJIIO);

- ONMCAHUE MOPSIKa IPUMEHEHHS U MPOLEAYPHI OLICHUBAHMSA JUIS K&KIOTO OLIEHOYHOTO CPEICTBA;
- KpUTEPHUH OLICHUBAHUS JUI KaXJIOTO OLIEHOYHOTO CPEICTBA;

- CONlepXKaHUE OIICHOYHBIX CPEICTB, BKJIIOYas TPEOOBAaHUS, NPCABABISICMBIC K JCHCTBHAM OOYYAOIIHXCSH,
JIEMOHCTPUPYEMBIM pe3yibTaTaM, 3aJlaHusl Pa3INYHbIX TUIIOB.

®DOoHZ OIIEHOYHBIX CPECTB MO OUCHUIUTHHE HaxoanuTcs B [Ipmoxernn 1 k mporpaMMe TUCIUIDTHHBL (MOIYITIO).

7. llepeyeHb JUTEPATYPbl, HEOOXOAMMOM JJIsl OCBOEHUS JUCUMIIMHBI (MOIYJI51)

OcBoeHHE IHCUUIUIMHBI (MOIYJIs) MPEANojaracT M3y4eHHe OCHOBHOM M JOIOJHUTENBHOH y4eOHOIl JuTeparypebl.
JIuteparypa MokeT OBITH JOCTYIIHA 00yYarOIIAMCS B OTHOM U3 JIBYX BapHAHTOB (JINOO B 000HX U3 HUX):

- B JJIGKTPOHHOM BHJE€ - Yepe3 JJICKTPOHHbIC OHOIMOTCYHBIC CHCTEMBI HAa OCHOBAHUHU 3aKIIOUCHHBIX KOV
JIOTOBOPOB C TIPaBo00IaaTeNsIMy;

- B IeyaTHOM Buze - B Hayunoit 6ubmmoreke EmaOyxckoro uacturyra KOVY. Obydaromiecs moiay4anT yueOHYO
JUTEepaTypy Ha abOHEMEHTe II0 YHTAaTeJIbCKMM OWIeTaM B COOTBETCTBHM C TpaBHJIaMH IOJb30BaHuS Haywnoit
OuOINOTEKOH.

DJeKTpOHHBIC U3AAaHKS JIOCTYIHBI IUCTAHIIMOHHO M3 JII00OH TOYKM MpU BBEACHUH OOYYaronIMMCs CBOETO JIOTHHA U
mapoyii OT JUYHOTO KaOwHeTa B cucreMe "ONeKTpoHHBIH yHuBepcuteT'. [IpH HCIIONB30BAaHWM ITIEYATHBIX H3IAHUHA
O6nbnoTeuyHbI (GOHI JOJDKEH OBITh YKOMIUIEKTOBAH MMM M3 pacuera He MeHee 0,25 sK3eMIUIipa KaXJI0ro W3 W3JaHuH
OCHOBHOH M JIOTIOJHUTEIBHON JINTEpaTyphl Ha KaXJIOro OOYYaloIIerocs W3 YHCIJA JIMIL, OJHOBPEMEHHO OCBAaMBAIOLINX
JAHHYIO TUCHUIUINHY.

[lepeyeHb OCHOBHOM M JONONHHUTEIBHON Y4eOHOH JUTepaTypbl, HEOOXOJUMOH Il OCBOCHHS JUCLUIUIHHEI
(Monynsi), Haxoautes B [Ipunoxxenun 2 k paboyeil nporpamMme TUCHUIUIMHBL. OH HOAJICKUT OOHOBICHHUIO IIPU M3MEHEHUH
ycioBuil fjoroBopoB KOV ¢ npaBooOnamaTessiMu 3J1EKTPOHHBIX H3IAHUA M NPU M3MEHEHUWH KOMILUICKTOBaHUS (HOHIIOB
Hayunoii 6ubnmortexu Enadysxckoro nHcturyta KOVY.

8. Ilepeuenr pecypcoB HH(POPMAIUMOHHO-TEJIEKOMMYHUKANMOHHOI cetu  "WUHTepHet',
HEO0XOAMMBIX JIJISl OCBOEHMS M CUMILIUHBI (MOTYJIA)

[IpoekTUpOBaHKE CHCTEM HCKYCCTBEHHOTO MHTEIUIEKTA - Nttps://www.intuit.ru/studies/courses/1122/167/info
MarmnHoe 06y4uenue (kype jaekuuii, K.B.Boponuos) - https://edu.mmcs.sfedu.ru/mod/url/view.php?id=22249

BBezienue B MalimHHOE 00yU€eHHeE: TIOJIHOE PYKOBOICTBO - https://www.machinelearningmastery.ru/machine-learning-
introduction-a-comprehensive-guide-af6712cf68a3/

9. MeToanyeckne yKa3aHus JJis1 00y4AIOUIHUXCS 10 OCBOEHHIO TUCHUTIINHBI (MOLYJIs1)

Bupg pabor MeTtoanyecKue peKOMeHIANUH

JIEKIUU Jlex1inoHHbIE 3aHATUSA NPOBOASTCSA C UCTIOIb30BAHUEM MHTEPAKTUBHBIX TEXHOJIOTUH U MPE ANIOJIArat0T
AKTHUBHOE Y4acTHE CTYJEHTOB. i1 MOATOTOBKHU K 3aHATHUSIM PEKOMEHIYETCSI BBIIEATh B MaTepualle
IpoOJIeMHBIE BOTIPOCHI, 3aTparuBaeMble MPENojaBaTeieM B JIEKIINH, U TPYIIIHPOBATH HH(POPMAITHIO
BOKpYT HUX. JKesaTenbHO BEIIEIATh B UCIIOIB3YEMOH JINTEPATYPE IOCTAHOBKHY BOIIPOCOB, HA KOTOPbIE
pa3HBIMHU aBTOpaM MOTYT OBITH JaHbI pa3IWYHbIC OTBETHL. Ha OCHOBaHMM ITOCTAHOBKH TaKUX BOIIPOCOB
cienyeT coouparh apryMeHTHI B MTOJIB3Y PA3IMYHBIX BAPUAHTOB PEIICHHS TOCTABICHHBIX MPOOIIEM.



https://www.intuit.ru/studies/courses/1122/167/info
https://edu.mmcs.sfedu.ru/mod/url/view.php?id=22249
https://www.machinelearningmastery.ru/machine-learning-introduction-a-comprehensive-guide-af6712cf68a3/
https://www.machinelearningmastery.ru/machine-learning-introduction-a-comprehensive-guide-af6712cf68a3/

Bupn pabor MeTtoanyecKue peKOMeHIANUH

nabopatopHsle | JlTabopaTopHble 3aHITHS - 3TO OJJHA M3 Pa3HOBUIHOCTEH MTPAKTHYECKOTO 3aHSTHUS, SBIISIOIIAsCS

paboTe1 a¢dexTHBHOM PopMoi yaeOHBIX 3aHATUH B OpraHU3alliy BBICIIEro oOpa3oBanus. JlabopaTopHbie
3aHATHS IMEIOT BBIPAXKEHHYIO CIICIU(HUKY B 3aBUCHMOCTH OT yI€OHOW ANCIMIUINHEI, yIITyOIsIoT U
3aKpEIUIAIOT TeOpEeTHIECKNE 3HaH!USL. Ha 3THX 3aHATHIX CTYJEHTHI OCBANBAIOT KOHKPETHBIC METO/IBI
N3y4YEeHUS JUCIUIINHBI, 00yJaroTCs 9KCIIEPUMEHTAIBHBIM CII0CO00aM aHaIN3a, YMEHHUIO paboTaTh ¢
pudopaMy ¥ COBPEMEHHBIM 000pynoBaHueM. JlabopaTopHbIe 3aHATHS AAIOT HATTISATHOE MIPEACTABICHUE
00 M3y4aeMbIX SBICHUSX M IpoleccaX, CTYACHTH OCBANBAIOT IOCTAHOBKY U BEJCHNE SKCIIEPUMEHTA,
ydarcsi yMEHHUIO HaO0/1aTh, OLIEHUBATH MOJTYYEHHBIE Pe3yJIbTaThl, A€IaTh BEIBOABI M 00001meHus. OT4ér
10 UTOTaM BBINIOJIHEHHBIX JJa0OPAaTOPHBIX Pa0OT BHIMOJHACTCS Ha JINCTaxX Oesoit Oymaru ¢popmara A4 B
MIeYaTHOM WJIM pyKOnHCcHOM Buje. [1pu opopmiieHnn oT4€éTa HCIONIB3yeTCs CKBO3HAS HyMEepaLus
CTpaHUI], CUUTasl TUTYJIBHBIHN JUCT epBOU cTpaHuLeil. Homep cTpaHuIbl HAa TUTYIBHOM JINCTE HE
craBuTcsa. Homepa cTpaHuIbl cTaBATCS 10 LEHTPY BBEpXY. [Ipu odopmiieHnu oT4éra B IeYaTHOM BHJIE
KeJaTeThbHO COOM0aTh CleAyIomue TpedoBanus. [ 3ar0J0BKOB: Oy KUPHEIH mpudT, 14 1T,
LEHTPUPOBAHHBIN. [[71s1 OCHOBHOTO TeKcTa: HeXHUPHBIN mpudt, 14 T, BeIpaBHUBaHME 1O mupuHE. Bo
Bcex ciydasx tan mpugTa - Times New Roman, orctym a63arma 1.25 cM, TOTYTOPHBI MEXITyCTPOIHBIH
unTepBail. [lomns: neBoe - 3 oM, mpasoe - 1 cM, BepxHee U HIKHEE - 2 cM. OTUeT TOJDKEH COAepkKaTh
cienyromntre eMeHThl: 1) TUTYIBHBIH TUCT ¢ 00s3aTeTbHBIM YKa3aHHeM BapuaHTa; 2) Llens paboTsr; 3)
3amanue; 4) OcHOBHas 4acTh; 5) BeBox

CaMOCTOA- CamocrosTenpHas pa60Ta CTYACHTOB IIO ,I[PII[aKTPI‘IeCKOﬁ CYTH IIPCACTABJIACT €000 KOMILIEKC YCJIOBI/Iﬁ
TCIbHAasA pa60Ta 06yqu1/m, OPraHrn3yCMbIX IPCTIOAABATCIICM U HAIIPABJICHHBIX HA CAMOIIOATOTOBKY YyHaIllIUXCA. VuebHas
ACATCIbHOCTb IPOTCKACT 0e3 HCMOCPCACTBCHHOTO YHAaCTH: MMPCTIOAaBATCIIA U 3aKJIHOYACTCA B
npopa60TKe JICKIMOHHOI'O MaTepHraja, IOATOTOBKE K J'Ia60paTOpHBIM 3aHATHUAM; U3YUCHUU yqe6H0171
JIMTEPATYPBI U3 OCHOBHOI'O U JOMOJHUTEIIBHOI'O CITMCKA.

3a4er 3ayer sBisieTcst HOPMOIT OLIEHKH Ka4eCTBa OCBOSHHS CTYCHTOM 00pa30BaTENbHOM MPOTPAMMBI 110
qucuumuHe. [1o pe3ynabTataM 3aueTa CTyA€HTY BBICTABISETCS OLEHKa "3a4TeH0" WM ""He 3a4TeHO".
3adgeT MOXKET MPOBOIUTHCA B (hOpMe YCTHOTO OTpoca 1o Omneram (Borpocam) wii 0e3 OMIIeToB, ¢
IIpeABapPUTENHHON MOATOTOBKOH MITH 0€3 MOATOTOBKH, 10 ycMOTpeHHIo Kadeapsl. [IpenonasaTens
MOXKET IPOCTAaBUTH 3a4eT 0e3 orpoca Wil co0ece0BaHUs TEM CTYACHTaM, KOTOPbIE aKTHBHO
y4acTBOBAJIN Ha JIJAOOPATOPHBIX 3aHATHSX.

10. IlepeyeHb MH(OPMALNMOHHBIX TEXHOJOIHH, HCHOJb3yeMbIX NPH OCYLIECTBJIEHHH 00pPa30BaTeIbLHOIO
npouecca mo JMCUHUILIMHE (MOIYJI0), BKJIOYAsl NepeyeHb NMPOrpaMMHOro ofecnevyeHuss ¥ MHGOPMALMOHHBIX
CIPABOYHBIX cHCTeM (MPU HEOOXOAUMOCTH)

Ilepeyenp MHGOPMAIMOHHBIX TEXHOJOTHH, MCIOIB3YEMbIX MPU OCYIIECTBICHHH 00pa30BaTENBHOIO Ipolecca Io
JUCUMIUIMHE (MOAYJII0), BKIIIOYAasi MEpedYeHb MPOTrpaMMHOro obecrieueHuss U MH()OPMALMOHHBIX CIIPaBOYHBIX CHUCTEM,
npencrasieH B [punoxenun 3 k pabodeit mporpamMmme TUCHUTUINHBL (MOAYJIS).

11. Onucanue MaTepUAJbLHO-TEXHUYECKOI 0a3bl, HeOOXOAMMOWN /sl OCYHIECTBJIEHHS 00pa30BaTeJLHOIO
npoiuecca no AMCUUIIMHE (MOAYJII0)

MatepuanbHO-TeXHIYECKOe obecriedeHrne 00pa3oBaTeIbHOTO MpoIlecca Mo TUCIHIUTHHE (MOIYII0) BKIFOYACT B
ce0s cieyIonre KOMIIOHEHTBI:
YueOHas ayuTOpHUs Iyl IPOBEACHUS YICOHBIX 3aHATHH JICKIIMOHHOTO THIA, CEMHHAPCKOTO THIIA, TPYIIIIOBBIX U
WHANBUAYAIBHBIX KOHCYJIBTAINH, TEKYIIIETO KOHTPOJISI ¥ IPOMEXKYTOUHOH aTrTecTaru Ne 61
Kommnext mebenu ans npenonasatenst — | mMT., mocajgodHble Mecta il oOydarommuxcss — 30 mT., OJHOMECTHBIC
CTOJBI — 12 MWIT., KOMOBIOTEPHBIE CTONBI — 18§ mIT., KOMIBIOTEPH! — 19 MIT., HHTepaKTHUBHAS MMaHENb — | mIT., MeIoBast T0CKa
HACTEeHHas — | IIT., BBIXO/A B MHTEPHET, BHYTPHUBY30BCKass KOMITBIOTEPHAS CETh, JOCTYI B JIEKTPOHHYIO WHPOPMAIIHOHHO-
00pazoBaTeNbHYIO CPEy.

[Momemenune st camocrositensHON paboTst Ne 10

[ocamounsle MecTa aist Hob30oBareseil — 28 IMT., METAJUIMYECKHE JBYCTOPOHHUE CTeJUIaKH At KHur — 11 mr.,
KHYDKHBIH KA OTKPBITHIN — 5 MIT., IpoeKTop — 1 mT., HOyTOYKH A mojb3oBareneit — 11 mr., mkad xatanoxHbIi — 8
mT., mKad Uit ogexasl — 1 wT., kcepoke — 1 mr., padounii cton 6nbnrorekaps — 1 wT., KoMnbloTep ondarorekaps — 1
IIT., BeIlaJka JuIl OAEXKIsl — | INT., kamo3u pyloHHble «Omera» c ¢oronedyarslo — 4 INT., CTEHJ HACTCHHBIH
(ObpoHnpoBaHHOE CTEKJO) — 4 IIT., MKad-BUTPUHA BCTPOCHHBIH B apKy — 2 IIT., MKad-BUTPUHA CTEKISHHBIA — 2 T,
CTeJUIaX TPYOUaThI ¢ NEPEBSIHHBIMY MOJKAMH — 2 IIT., pabounii cTon s nHBanuaoB u aur ¢ OB3 — 2 mr., cron CHU-1
pabounii Ui MHBAINA0B-KOJISICOYHUKOB — | IIT., KOMIIbIOTEP— 2 INT., HAYIIHUKH — 2 HIT., YCTPOUCTBO «I OBOpsII[ast KHUTa
(Tudnorneep) — 2 WIT., BUACOYBEIUYNUTENb — 2 IIT., PAJAXOKIAcC — | IIT., TOPTATUBHBIA TaKTHIbHBIA auciuied - 1 mr.,



CKaHUpyrolasa 4yuTaroiias MaluHa - 1 mT., CKaHep — 1 miT., Be6-KaMepa -1 IOT., BBIXOJA B UHTCPHET, BHYTPUBY30BCKas
KOMIBIOTEPHAs CETh, JOCTYII B 3JICKTPOHHYIO I/IH(l)OpMaIII/IOHHO-06pa30BaTeJ'ILHyIO cpeay.

12. CpencrBa agantanuy NpenoJaBaHUs JMCHUIVIMHBI K MOTPEOHOCTAM 00y4YarolIuXcsi HHBAJIUAOB U JHUI €
OrpaHUYeHHBIMHU BO3MOKHOCTSIMH 30POBbS

IIpu HEOOXOMUMOCTH B 00pa30BATENLHOM TIPOIECCE MPHUMEHSIOTCS CIAEAYIOIIME METOABl W TEXHOJIOTHH,
oberyaroniye BOCIPHUATHE WHPOPMAIMU OOYUYAIOIUMHUCS MHBAIUIAMHM U JIUIIAMH C OTPAaHMYEHHBIMH BO3MOKHOCTSIMH
3JI0POBBSI:

- CO3JaHU€ TEKCTOBOM BEpCcUn JI000r0 HETEKCTOBOTO KOHTEHTA JJI1 €ro  BO3MOXXHOI'O HpeO6pa30BaHI/IH B
AJIbTCPHATHUBHBIC (bOpMI)I, y[[O6HI>Ie JJI pa3InYHbIX HOJ'II)SOBaTeJ'Ieﬁ;

- CO3JIaHME KOHTEHTa, KOTOPBIH MOXKHO IPEICTaBUTHh B PA3IMYHBIX BHAAX 0€3 MOTEPH NAHHBIX HIH CTPYKTYPBHI,
MIPEAYCMOTPETh BO3MOXKHOCTH MAacIITa0MpOBaHMS TEKCTa W M300paxeHHM 03 MoTepHM KadecTBa, INPEAYCMOTPETh
JOCTYITHOCTb yTIPABJICHHUSI KOHTCHTOM C KIIaBUAaTypHI;

- CO3/1aHME BO3MOKHOCTEH [UT 00yJa0INXCsl BOCOPUHUMATh OJHY H Ty K€ HH()OpPMALUIO U3 pa3HbIX HCTOYHUKOB -
HampuMep, TaK, YTOOBI JIMIA ¢ HapyMICHWSIMH ClIyXa MOJydalnd WH)OpMAanuio BH3YyallbHO, C HAPYIICHUSIMH 3pEHHA -
ayAnalbHo;

- TIpUMEHEHHE MPOTPaMMHBIX CpPEICTB, OOECIEYMBAIOUIMX BO3MOXKHOCTh OCBOCHMS HABBIKOB H YMEHHH,
(dbopMHpYyEeMBIX AMCIMIUIMHOM, 3a CYET aJbTEPHATUBHBIX CIIOCOOOB, B TOM WYHCJIE BUPTYAIbHBIX JlabopaTtopuii u
CUMYJIALIUOHHBIX TEXHOJIOTU;

- OpPUMEHCHHE JUCTAHIIMOHHBIX OO0pa30BaTEIbHBIX TEXHOJIOTHUH Ui mepenaud WHGOpPMAIMK, OpPTraHU3aIUH
Pa3IMYHBIX (POPM HHTCPAKTUBHOW KOHTAKTHOW pPabOTHI 0OYYArOIIErocs C MPErojaBaTelieM, B TOM 4YHCJIC BEOWHApOB,
KOTOPBIC MOTYT OBITh HCIIOJB30BaHBI Ui MPOBEACHUS BUPTYaJIbHBIX JICKI[UA C BO3MOXKHOCTHIO B3aUMOJICHCTBHUS BCEX
YYACTHUKOB JHUCTAHIIMOHHOTO OOYUYCHHS, MPOBEACHUS CEMHUHAPOB, BBHICTYIUICHHS C JOKJIAJaMH M 3aIUThI BBHIIOTHEHHBIX
paboT, NpoBeeHUs TPCHUHTOB, OPTaHU3aI[UN KOJIJIEKTUBHOM paboThI;

- TpUMEHEHWe MNCTAHIHOHHBIX OOpa3oBaTeIbHBIX TEXHOJOTHH [UIi opraHu3anmuu (opM TEKyIero u
MIPOMEKYTOYHOTO KOHTPOJIS;

- YBEIMYCHHE MPOJOJDKUTEIBPHOCTH CHAYd OOYyYaloIVMCS HWHBAIUIOM WM JIMLIOM C OTrpPaHHYCHHBIMH
BO3MOHOCTSIMH 37I0POBBS JOPM MPOMEIKYTOYHOH aTTECTALMHU T10 OTHOIICHUIO K YCTAHOBJICHHON MPOJODKHTEIBHOCTH MX
ClIauu:

- TIPOJOJKUTENHLHOCTH Cllauu 3a4éTa WM dK3aMeHa, IPOBOJMMOro B NMUCbMEHHOH (opme, - He Oosee uem Ha 90
MUHYT;

- NPOAOJDKUTEIHHOCTH IOJTOTOBKH OOYy4arolerocsi K OTBETY Ha 3a4éTe WJIM dK3aMEHe, NMPOBOJMMOM B YCTHOM
¢dopme, - He Oosiee yem Ha 20 MUHYT;

- IPOJIOJDKUTENBHOCTH BBICTYIUICHUS] 00yUaroIerocs Ipy 3alliTe KypcoBoi paboThl - He OoJiee 4eM Ha 15 MHUHYT.

orpaMMa COCTaBJIEHa B COOTBETCTBHU C TPeOOBaHHSIMHU M y4eOHbIM IUIAHOM [0 HAIPABJICHHUIO
II 6 oIrocC BO 6

15.03.06 «MexaTtpoHHKa M pPOOOTOTEXHHKa» W NPOPII0 MOArOTOBKH "MHU3MYECKHE OCHOBBI MEXAaTPOHHUKH U
POOOTOTEXHUKH".
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1. CooTBeTcTBHE KOMIETEHIIMIT IUIAHUPYEMbIM pe3yJibTaTaM 00yueHHsl 0 JHCHUILTHHE (MOYJII0)

Kox m HamMeHoBaHHe

NHaukaTopbl AOCTHKEHUS KOMIIeTeHUMM

OuneHoyHble cpeacTsa TeKyIlero

KOMIIETEeHIIHH AJIS1 JAHHOM M CIHUIITHHBI KOHTPOJISI M IPOMEKYTOUYHOI aTTecTalHH
[IK-2 Cnocoben 3HaTh KJIACCHl 3aJad B MeEXaTpOHHBIX H | Tekyliuii KOHTPOJIb:

pa3pabartbIBath, POOOTOTEXHUIECKHUX CHUCTEMaX, pemaeMbIX ¢ | PedepaT mo temam

OTJIaKMBATh, BHEAPATH U | MOMOIIBIO AITOPUTMOB ManrHHOTO | Tema 1. OCHOBHBIC OHSATHS MAIIMHHOTO
COTIPOBOXKIATH o0OyueHus o0ydeHus

pOrpaMMHOE Tema 2. Kinactepuzanus

obecrieueHne Me- | YMeTh NpUMEHATh alropuTMbl MammHHOro | Tema 3. MeTon OnOpHBIX BEKTOPOB
XaTPOHHBIX u | oOyyeHnss mnpu paspaborke, ommaake u | Tema 4. JlepeBbs perieHuit
POOOTOTEXHUYECKIX COIIPOBOXKICHUH MIPOrPaMMHOTO

CHCTEM obecrieueHnst  Juii  MexaTpoHHbIX M | JlaDoparopHbie paboThI O TEMaM

POOOTOTEXHUUECKHX CUCTEM
Bnanete  cnocoOHOCTBIO — PEaTM30BBHIBATH
QITOPUTMBl  MAIIMHHOTO OOYdYEHHWsS TpH
pa3paboTke, OTIagKe M CONPOBOXKICHUH
MPOTPaMMHOTO obecrieueHns TUIs
MEXaTPOHHBIX U POOOTOTEXHUIECKIX CHCTEM

Tema 1. OCHOBHBIE TOHATUS MAITHHHOTO
o0ydeHus

Tema 2. Knacrepuzanus

Tema 3. MeTo ONOpHBIX BEKTOPOB
Tewma 4. JlepeBbs pereHuit

TGCTI/IpOBaHI/Ie 10 TEMaM

00yueHus
Tema 2. Knacrepuzarus

Tema 1. OcHOBHBIE TTOHATHS MAITUHHOIO

Tema 3. MeTo/1 ONTOPHBIX BEKTOPOB
Tema 4. [lepeBbst penieHui

IIpomexyTounas arrecranms:

3auém
2. Kpurepuu oueHnBaHusi c(pOPMHUPOBAHHOCTH KOMIIETEeHIHU A
Komner 3auTeHo He 3auTeHo
CeHLUSA Boicoknii ypoBenb | Cpennuii ypoBenb | Huskmii ypoBenb | Huxe mnoporosoro
(OTIUYHO) (xopomuo) (Y10BJIETBOPUTEIBHO) YPOBHS
(86-100 6a.;10B) (71-85 6anno.) (56-70 6a10B) (HeyaoBJIETBOpUTE
JILHO)
(0-55 6ajI0B)
1IK-2 3HaeT Kiacchl 3ajad B | 3HaeT KJacchl 3ajad B | 3HaeT Kiacchl 3agad B | He 3Haer kmaccel
MEXaTPOHHBIX u MEXAaTPOHHBIX n MEXATPOHHBIX u 3a1a4 B
POOOTOTEXHUIECKHUX POOOTOTEXHUYECKHX POOOTOTEXHUYIECKHUX MEXaTPOHHBIX 51
CHCTEMaX, peImaeMbIX C | CHCTeMaX, pelOIaeMBIX C | CHCTeMaX, peIIaeMBbIX C | POOOTOTEXHUYECKUX
TTOMOIIBIO ITOPUTMOB | TIOMOIIBIO ANTOPUTMOB | TIOMOIIBIO ANTOPUTMOB | CHCTEMaX,
MAaIIAHHOTO O0yUICHUS MAaIInHHOTO o0y4YeHHs, | MaIIHHHOTO o0y4eHwus, | pemaeMbIxX c
JIOTTyCcKasi HE3HAYHTENBHBIC | HOMyCcKas THITUYHBIE | TIOMOIIBIO
OIMOKH B PACCYKACHUAX W | OMIMOKA B PACCYXICHHSIX | alTOPUTMOB
BbIBOJ1aX " BbIBOAAX MAalIMHHOI'O
0o0y4eHusl.
YMeeT npuMeHsTh YMmeer NPUMEHSATh | YMeeT npumeHaTs | He yMeer
AJITOPUTMbI MAallTUHHOT O AJITOPUTMBI MAaIlMHHOT O AJITOPUTMBI MAIIMHHOT' O MPpUMCHATH
00y4eHHs IpU oOydeHuss mpu paspaboTke, | oOydeHus npu pa3paboTKe, | aITOPUTMBI
pa3paboTke, OTIAIKE U OTJIaJIKe U COIMPOBOXKICHUU | OTIAIKE U | MaOIMHHOTO
COMPOBOXKJICHUU IPOrpaMMHOTO COIPOBOXKICHUH 00y4eHus pu
IIPOrPaMMHOTO obecrieueHus JUIs | IPOrpaMMHOIO pa3paboTke,
obecrieueHust 11st MEXaTPOHHBIX U | obecrie4eHUs JUI | OTJIamKe u
MEXaTPOHHBIX U POOOTOTEXHUYECKUX MEXaTPOHHBIX U | CONPOBOXIICHUU
POOOTOTEXHUUECKHUX CHCTEM, JIOIyCKast | poOOTOTEXHHMYECKUX MIPOTrPaMMHOTO
CHUCTEM HE3HAUYHTEILHBIE OITHOKH. CHUCTEM, JO0ITyCKas obecrneueHus JJIsL
THUIIMYHBIE OIINOKHU MEXATPOHHBIX n
POOOTOTEXHUUYECKUX
CHCTEM




Bianeer ciocoOHOCTEIO
peaTn30BBIBATH
AJITOPUTMBI MAIIIMHHOTO
o0y4eHust npu
pa3paboTke, OTJIAKE U
COTMPOBOXKICHUU
MPOTrPaMMHOTO
obecneueHus aiis
MEXaTPOHHBIX U
POOOTOTEXHUIECKHUX
CHCTEM

Biageer crtocoOHOCTEBIO
pean30BBIBATH AJITOPUTMBI
MAIIMHHOTO O0YYEHUS PU
pa3paboTke, OTIAIKE U
COTIPOBOXKICHUU
MPOTPaAaMMHOTO
obecreueHus Iy
MEXaTPOHHBIX U
POOOTOTEXHUIECKUX
CHCTEM, JIOIyCKas
HE3HAYUTENbHBIE OMINOKH

Baaneer cnocoOHOCTBIO
peann3oBhIBATH
QJITOPUTMBI MAIITMHHOTO
o0yueHus pu pazpaboTke,
OTJIAJIKE U
COIIPOBOKICHUHU
MIPOrPaMMHOTO
obecrieueHust st
MEXaTPOHHBIX U
POOOTOTEXHUIECKUX
CHCTEM, JOIycKas
THIUYHBIE OLTHOKH

He Bimageet
CIOCOOHOCTBIO
pean30BBIBaTh
ITOPUTMBI
MAaIIMHHOTO
o0y4eHHs npu
paspaboTke,
OTNaAKE U
COIPOBOXKICHUH
MIPOTPaMMHOTO
obecrieueHus IS
MEXaTPOHHBIX 1
POOOTOTEXHUIECKUX
CHCTEM

3. Pacnipenesienne oneHOK 3a GOPMBI TEKYIEr0 KOHTPOJISI H MPOMEKYTOUHYIO ATTeCTALHIO

4 cemectp:

Texylmuii KOHTPOJIb!

Pedepar

Tema 1. OCHOBHBIE TIOHATHSI MAIIMHHOTO O0YYEeHUS
Tema 2. Knactepuzauus

Tema 3. MeTo OOpHBIX BEKTOPOB

Tema 4. JlepeBbs pelieHuit

MakcumanbHOe KonmdecTBo 6amios o bPC - 10.

JlabopaTopHbie pabOThI

Tema 1. OCHOBHBIE TIOHATHSA MAIIMHHOTO 00Yy4EHUs
Tema 2. Knacrepuzarus

Tema 3. MeTon OIOPHBIX BEKTOPOB

Tema 4. [lepeBbst pemeHUH

MaxkcumanbpHoe komdectBo Oamnos mo bPC - 20.

TectupoBanue

Tema 1. OCHOBHBIE TIOHATHS MAITUHHOTO OOYICHUS
Tema 2. Knacrepuzauus

Tema 3. MeToJ ONTOpHBIX BEKTOPOB

Tema 4. [lepeBbst pemieHUH

MakcumansHoe konuuectBo 6amios o BPC - 20.

Uroro 10+20+20= 50 6amioB

I[Ipome:xyTouHasi aTTecTamus - 3a4et- 50 6ayios.

[MpomexyrouHasi aTTecTanus IPOBOAMTCS II0OCIE 3aBEpIICHHS W3Yy4YEHUS JUCUMIUIMHBI WIM €€ 4acTH B (opMme,
orpeensieMol y4eOHBIM IUTaHOM 00pPAa30BaTENbHOM NPOrpaMMBI C ILENBIO0 OLEHHUTH PaboTy O0Oydaromierocsi, CTENeHb
YCBOGHUSI TEOPETHIECKNX 3HAHUH, yPOBEHb CHOPMUPOBAHHOCTH KOMITETEHIHH.
[Ipenopxasarenb, MPUHUMAIOIINH 3a4eT 00ECIIEUNBAET CIIyYalHOE paclpeseeHHe BapHaHTOB 3aU€THBIX 3aaHUN MEXIy
oOydJalomuMucs C IOMOIIbI0 OWJICTOB W/WIM C IIPUMEHEHHEM KOMIIBIOTEPHBIX TEXHOJIOTMH; BIIpaBe 3a1aBaTh
obygaromeMycs JONOTHUTEIbHBIE BOIPOCH U 1aBaTh JOMOJHUTEIBHBIE 3aJaHNs TIOMHUMO TeX, KOTOpbIe YKa3aHbI B Omere.
3auet npoBoauTCs 1Mo OmreTaM. B kaxmom Omiere OIeHOYHBIE CPEACTBA OJHOTO BHA: YCTHBIM MIIM MUCHBMEHHBIN OTBET Ha

BOIIPOC.
VY CTHBIN WM THCHMEHHBIN OTBET — 50 0aylIoB.
Hroro 50 6amios.

OO611ee KOJIMYECTBO OAIIOB IO AUCIUTUIMHE 33 TEKYIIUHA KOHTPOJIb U IPOMEXYTOUHYI0 artectanuio: 50+50=100 Gamios.

CooTBeTcTBHE 0AJIJIOB U OLIEHOK:
s 3auera:

56-100 — 3aureno




0-55 — He 3auTeHO

4. OueHoOYHbIe CPeICTBA, MOPSIAOK UX NPHMEHEeHHs U KPUTEPHH OLleHMBAHUS
4.1. OueHo4HbIE CPeICTBA TEKYIIEro KOHTPOJIS

4.1.1. Pegepar

Tema 1. OCHOBHBIE TIOHATHS MAIIUHHOTO O0YIEHUS

Tema 2. Knacrepuzanus

Tema 3. MeToa ONOPHBIX BEKTOPOB

Tema 4. [lepeBbst pereHui

4.1.1.1. Ilopsipox npoBeeHNs.

OOyyaromyecst CaMOCTOSTEIbHO NMUIIYT pabOTy Ha 3alaHHYIO TEMY M CIAIOT NPEIOAABATENI0 B MINCbMEHHOM BH/IE.
B pabote mpousBomutcs 0030p MaTepuaiia B ONpENeNEHHON TeMaTHYecKOW oOnacTh Iub0 mpeayaraeTcs COOCTBEHHOE
pELICHHE ONpeenéHHON TEOPETHYECKONH WM TPAaKTHYeCKOi mpodiemsl. OneHMBaIOTCS MNpopadOTKa HCTOYHUKOB,
W3JI0KEHUE Mareprana, (OpMyIHpOBKAa BBIBOJIOB, COONIONIEHWE TpPEOOBaHHHA K CTPYKType M O(QOPMIICHHIO DPaOOTHI,
CBOEBPEMEHHOCTD BBINIOJTHEHHA. B cirydae myOmmaHOI 3auThl pedepara OIEHUBAIOTCS TAKKE OPATOPCKHE CIIOCOOHOCTH

TpeboBanus K pedepaty

ITpu opopmiennn Tekcra pedepaTa ciienyeT NPUIACPKUBATHCS CIEAYIONUX apaMeTPOB:

mmoJist: IeBoe — 35 MM, mpaBoe — 15 MM, BepxHee — 25 MM, HIDKHEe — 25 MM;

OpucHTalUA CTPpAHUIIbI: KHWKHa,

mpudt: TimesNewRoman;

Kerib: 14 1t (ITyHKTOB);

KpacHast CTpoka: 1 mm;

MEXIYCTPOUHBII HHTEPBA: IOIyTOPHBIH;

BBIPAaBHUBAHNE OCHOBHOT'O TEKCTa U CHOCOK: TI0 IIMPHHE.

Wnmroctpanun B BUAE PHCYHKOB, (POTOCHHMKOB, CXEM M T.I. MOTYT paclojaraTtbCsi OPTaHWYHO C TEKCTOM
(BO3MOXHO OJIIDKE K MIUTIOCTPHPYEMOI 4acTH) JIMOO HA OTAENBHBIX JICTaX. B m000M ciydae BBIMTONHSECTCS HyMeparus
(ckBO3HAs [UIA BCEX Pa3lesioB), KOTOpas pacmonaraercs BBepxy. IloaprcyHOUHYI0 HyMepalnuio W HaJIIHCh PacIoyaraTh
BHU3Y.

3akaHuMBaeTCs IOSICHUTENbHAs 3amucka OuOianorpaMyeckuM CHHCKOM HCTOYHHUKOB, K KOTOPBIM OOpalaics
CTYZICHT BO BpeMsl paboThl Haj pa3pabaThiBaeMOil TEMO.

O0beM  MH()OPMAIIMOHHO-TEXHOJOTMYECKOW  JIOKYMEHTAllMM HE  perjiaMeHTUpyeTcs — OH  JHUKTYeTCs
JOCTAaTOYHOCTBIO JJId MPAKTHYCCKOTO HNPUMEHCHUA. KapTO‘-IKI/I 3aJaHusd JIJid CaMOKOHTPOJIA (eCJ'II/I TAaKOBBI I/IMCIOTCSI)
BKJIAIBIBAIOTCA B IIPO3padHblie (haiiiibl.

Pedepar 1o cBoeMy CTpyKTYpPHOMY COZEPKaHUIO TOJDKEH COJIEPKaTh CIICAYIONINE 3JIEMEHTHI:

- TUTYJIBHBIH JIUCT;

- collepKaHMe;

- BBEJICHHE;

- 0a30BOE HOHSTHS;

- MCTOpHUYECKas CrpaBKa (0OCOOEHHOCTH 3apOXK/ICHUS M Pa3BUTHSI, OCHOBOIIOJIOKHUKH H T.11.);

- knaccudukanys (Buasl, GOpMBI U T.11.);

- o0liee ¥ 4aCTHOE MOJIOKEHUSI [0 IPUMEHEHHIO B y4eOHO-BOCIIUTATEILHOM ITPOLIECCE;

- TJIoCccapuii;

- CITMCOK HCITIOJIb30BAHHBIX UCTOYHHUKOB

- IIPWIOKEHUs
4.1.1.2 Kpurepuu oueHuBaHus

9-10 6a/10B CTABHUTCH, €CJIN 00yYAIOLIHIICS:

TeMmy packpbil TOJNHOCTHIO. IIpoZeMOHCTPHpOBaN TNPEBOCXOAHOE BiaJeHHe MarepuaioM. Vcmonmb3oBan
HaJUIeXKalllue UCTOYHMKU B HY)XHOM KosimuecTBe. CTpyKTypa pabOThl COOTBETCTBYET IOCTaBJICHHBIM 3anadaM. CTerneHb
CaMOCTOSITEIIbHOCTH pabOThI BBICOKAS.

7-8 6a1J10B CTABUTCSI, €CJTH 00yUaIOIHICs:

Temy B OCHOBHOM packpblil. IIpoJeMOHCTpHpOBANI XOpolllee BiajeHHe MarepuaioMm. Mcronabp30Ban Hajiekamne
ucrouHuku. CTpykTypa paboThl B OCHOBHOM COOTBETCTBYET IOCTaBJICHHbIM 3aja4aM. CTerneHb CaMOCTOSTEIbHOCTH
paboThI cpemHss.

5-6 0aJ1J10B cTAaBUTCS, €I 00yyarommiics:

Temy packpsun ciabo. IIpoaeMoHCTpUpOBaN Y/IOBIETBOPUTEIbHOE BIAJeHHE MaTepHaioM. VCroiib30BaHHbIC
HWCTOYHUKH U CTPYKTypa pabOThl YaCTUIHO COOTBETCTBYIOT MOCTABJICHHBIM 3a7adaM. CTeneHb CaMOCTOSITETLHOCTHA PabOTHI
HU3Kasl.

0-4 6aas10B cTAaBUTCS, €CJIH 00yJarOmuiics:

Temy He packpbul. [IposeMOHCTpHpOBal HEYJOBIETBOPUTEIBHOE BIAJEHUE MaTepualioM. lIcrosb30BaHHbBIE
HCTOYHMKHM HeJocTaTouHbl. CTPYKTypa paboThl HE COOTBETCTBYET NOCTABJICHHBIM 3a1a4aM. PaboTa HecaMoCTOsATENbHA.



4.1.1.3. Conep:xanne OleHOYHOTO CpeacTBA

BekTopHBIE IpeACTaBICHUS TEKCTOB U rpadoB.
AnanTUBHBIE CHCTEMbI IPOTHO3UPOBAHHSL.
I'eHeTHYECKHE aNTOPUTMBI.

Henuneiinas perpeccust.

ITouck acconMaTUBHBIX NPaBUIL
Camoopranu3yromuuecs kaptel KoxoHeHa.
MHoromMepHast THHEeWHast perpeccus
OOy4enue 6e3 yuurens.

MerTo/pl TOHM)KEHHS Pa3MEPHOCTH.

0. Hepapxuueckue METObI KJIaCTepU3aLINH.

1. Data Science.

12. T'paaueHTHBIH CIyCK.

13. TlepeoOyuenue momeny.

14. Jloructudeckasi perpeccus.

15. Ausropurm AdaBoost.

16. MeToxapl MPOTHO3UPOBAHHUS.

17. MammHHOe 00y4eHue B 00pabOTKe TEKCTOB.
18. MamuHHOEe 00y4eHHUE B TPAHCIIOPTE.

RBPoOoo~No WD E

4.1.2. JlabopaTopHble padoThI

Tema 1. OCHOBHBIE TIOHATHSI MAIIMHHOTO O0YYEeHUs
Tewma 2. Knacrepuzauus

Tema 3. MeTo OOpHBIX BEKTOPOB

Tema 4. JlepeBbs peleHuit

4.1.2.1. Ilopsiaox mpoBeIeHHA.

B aymuropun, ocHamEHHON COOTBETCTBYIOIIMM OOOpYINOBaHWEM, OOyYaroUIMecs] MPOBOIAT yUeOHBIE SKCIIEPUMEHTHI U
TPEHUPYIOTCSI B NMPUMEHEHHUH INPaKTHKO-OPHEHTHUPOBAHHBIX TeXHOJIOTHH. OIEHHMBAIOTCS 3HAHHWE MaTepuala M yMEHHe
IIPUMEHSTH €ro Ha IPaKTUKe, YMEHHUS U HAaBBIKH 110 paboTe ¢ 000pyI0BaHHEM B COOTBETCTBYIOLICH NMpeIMEeTHOM 001acTH.
JlabopatopHble pabOTHI IPOBOASTCS IMPETOaBaTeNIeM COTJIACHO pa3pabOTaHHOMY M YTBEpXKJICHHOMY Ha Kadeape
paboueit mporpamme. Kaxxnas mabopaTopHo-TipakTHdeckas paboTa BBIIIOJHAETCS TI0 ONMPEAeNeHHOW TeMe MPOrpaMMEbI B
COOTBETCTBUH C 33][aHUEM.
Ilepen BeIMOIHEHHEM KaXKAOH paboThI CTynEHTHI-0aKataBphl JOIDKHBI IPOopaboTaTh COOTBETCTBYIOUIMHA MaTepHal,
UCTIONB3Ysl KOHCTIEKTHl TEOPETUUECKHX 3aHATHH, IEPHOANIECKUE N31aHN, YI1eOHO-METOANIECKHE TIOCOONs U yUeOHUKN
Ha xaxmoMm 3aHATHM CTYAEHTHI BBIIOJNHSIOT pabOTy B COOTBETCTBHM C €€ COJECpP)KaHHEM M METOAMYECKUMHU
YKa3aHUSIMH.
ITo okoHUaHWM 3aHATHI CTYAEHTHI OOPMIIIOT OTUET 110 KaXJ10i paboTe, coOIIo1ast CIEeAYIONLYI0 GopMy:
HaunmenoBanne temsr;
Lens paboThI;
3ajianue U cojiep>kaHue BBITIOJIHEHHOW paboThl,
ITnceMenHbIE OTBETHI HA KOHTPOJIbHBIC BOIIPOCHI.
BriBoBI IO MIpoenaHHoIl padorTe.
CHHCOK UCHOJIBL30BAHHBIX HCTOYHHKOB.

4.1.2.2 Kputepuu oneHUBaHUS

18-20 6ann0B craBuTcs, eciu 00y4arOMMIiC:

IIpaBuibHO BBINOJHWI Bce 3afaHud. IIpogeMOHCTpUpOBall BBICOKMH YPOBEHb BiaJeHUs MaTepuasioM. IIposBiieHsbl
MIPEBOCXO/IHBIE CIIOCOOHOCTH MPUMEHSTh 3HAHHUS 1 YMEHUS K BBITIOJTHEHHIO KOHKPETHBIX 3a/IaHUH.

14-17 6annos craBuTcs, eciu 00yYarommiics:

[TpaBuibHO BBIMONHWI OOJNBLIYIO 4YacTh 3agaHuil. [IpuCyTCTBYIOT He3HauuTesbHble OomMOKH. IIpomemoHCTpHpOBaH
XOpOIIMH YPOBEHb BIIaJieHHs MarepuaioM. [IposBieHBl cpenHHe CIIOCOOHOCTH NPHMEHATh 3HAHWS M yMEHHS K
BBITOJIHEHHIO KOHKPETHBIX 3a/1aHU.

11-13 6ans0B craBuTCs, €CJIM 00yYAOIMIACS:

3amaHus  BBIONHII Oojee dYeM  HamojioBuHY. IlpucyTcTByroT cepbE3Hble ommOku. [IpomemMoHCTpHpOBaH
YAOBJIETBOPUTEIHHBIN YPOBEHB BIaeHU MaTepraaoM. [IposiBieHsl HU3KHE CIIOCOOHOCTH IMPUMEHATH 3HAHUS U YMEHHUS K
BBITTOJTHEHHIO KOHKPETHBIX 3a/IaHHUH.

0-10 6ansi0B craBuTCS, €CaAM 00yHAKOUIMIiCS



3amaHus BBIIOJMHWI MEHEe UYeM HamoloBHHY. [IpogeMOHCTpHpOBaH HEYAOBICTBOPUTENBHBI yPOBEHb BIIAJCHUS

MaTtepuasoM. [IposBIeHB HEZOCTaTOYHBIC CIOCOOHOCTH NPUMEHATh 3HAHUSA M YMEHHS K BBIIOTHEHUIO KOHKPETHBIX
3aJaHuH.

4.1.2.3. Conep:kaHue OLIEHOYHOI'0 CPeICTBA

JlaGopatopnas padota 1. [IpexBapurenbHast 00padoTKa JaHHBIX
3anaHue

O3HAKOMHTHCS ¢ BO3MOXKHOCTSIMH aHATUTHYECKOTo akeTa Deductor, BBIOTHUB MPUBEAEHHBIC HIKE 3a/IaHUS.
HNMmopt gaHHBIX

VIMnopT JaHHBIX SIBIISIETCS OTIIPABHOM TOYKOM aHanm3a gaHHBIX. MmopT B Deductor MOXeT ocyIecTBIAThCS U3
MONYJIAPHBIX (opMaToB XpaHEHHs AaHHBIX, Takux Kak Excel, Access, MS SQL, Oracle, TekcToBblii (aiin u npodunx.
Kpome Toro, nmeercst yHUBEpCalbHBIN JOCTYII K JIIOOOMY HCTOUYHHUKY JaHHBIX rocpenactsoM ADO umn ODBC.

Deductor Studio Professional (Hosbii)

®ain MNpaexa Bua OxHo ?
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VIMIopT JaHHBIX U3 TEKCTOBOTO (paiija ¢ pa3aequTe s MU OCYIIECTBIISCTCS MyTEM BBI30Ba MAacTepa MMITOPTA HA MaHEH
«CueHapum.

BusHec-npunoxeHue
&, 1C:Npeanpusitue 7.7  Unnopt aanHbix u3 1C:Mpeanpusatua 7.7

= Basbl ganHbIx
) Basaaarmmi HacTpoeHHLIi UCTOYHUK A3HHBIX
= MpsamMoii gocTyn K Painam
Bl Text (Direct) Texcrosoi ®aiin ¢ pasaenurensmu (nps
[T DBase (Direct) Tatnuua 8 popmare DBase (npamoit aoc. .,
= Mexamuam MS ADD
[2€] MS Excel Microsoft Excel (ADD)
MS Access Microsoft Access (AD0)
DBase (ADO) Ta6auus 8 popmare DBase (ADO)
_aj Text (AD0) Texcrosoi ®aiin ¢ paaaenurensmu [AD0)
ADD ucTouHMK ADO apadisep 40CTYNA K AaHHBIM

[Tocrne 3amycka MacTepa UMITOPTa YKA)XKEM THIT UMITOpTa ““TeKCTOBBIH (aiii ¢ pa3aenuTeNssMu’ 1 HeperieM K HacTpOiKe
uMrnopTa. YkaxeMm ums aitsia, 13 KOTOPOro HEOOXOANMO TIOJTYYHTh JJaHHBIE (TIPUMEp UL apLuuaibHOi 00padboTkn). B
OKHE IIPOCMOTpa BEIOPAHHOTO (haiiiia MOXKHO YBUAETH COJIEP)KaHHe JJAaHHOTO (aia.



MacTtep vmnopTa - Text {(Direct) (Z w3 7) = |DL§]
Mmnoprt Texcrosoro ¢anna
YKamuTE UMA TEKCTOBOMO PANMNA ANA UMNOPTA

Uma daiina ID:\SS\Proiecls\Deductoc\S amples\TestForPPP.txt :j
MpocmoTp BeiBpaHHoro aina
ApryMeHT AHoManuu Bonbwwe wyvbl  Cpearme wymsl  Manbie wyr & |
0 0 0 0.010766982 0,096101077 -0,035542974
0,02 0,019998667 0,0193398667 0,121877199 -0,072822839 0,0651664¢
0,04 0,039989334 0.039983334 -0,126413455 0,0822516395 0.0538453¢
0,06 0,059964006 0,059964006 -0,097298964 -0,039127784 0,0609711¢
0,08 0,0799146%4 0.084816585 0,141709041 0,092523579
01 0,099833417 0,099833417 0,07416128 0,02437307 0.0528225;.
012 0119712207 0119712207 0,202327333 0,124838473 014734831
014 0,139543115 0139543115 -0,006238541 0,126864534 0.17489237
0,16 0,159318207 0,159318207 0,33294777 0,085238625 0,1455756¢
018 0,179029573 0,179029573 0,279505602 0,085723008 0,1345083¢
02 0,1986639331 0.198669331 0.258280061 0277157184 0.1768275: =
«| | »

< Hasag I Nanee > I Otmena |

Jlanee nepeiiiemM Kk HacTpoiike mapameTpoB umnopra. Ha 3Toil crpanuiie Mactepa mpeaocTaBisieTcss BO3MOKHOCTh yKa3aTh,
C KaKO# CTPOKH CJIeIyeT HaYaTh UMIIOPT, YKa3aTh, TO, 4TO MEPBast CTPOKA SBISICTCS 3ar0JIOBKOM, BO3MOXHOCTH 100aBUTH
MEPBUYHBIN KITI0Y. YKa3aTh, YTO SBISCTCS CUMBOJIOM-Pa3CIUTEIeM CTOIOIOB, a TAKXKE yKa3aTh OTPAHUYHTENb CTPOK,
paszenuTeNb HeIoi U IpoOHON YacTH BEIIECTBEHHOTO YHCIIA, PAa3/IeNIUTENIb KOMIIOHEHTOB JIaThl U ee (opmar.



Mactep umnopra - Text (Direct) (3us 7) =10] x|

Umnopr Texcrosoro ¢anna
Yramure napamMeTpbl UMNOPTa TEKCTOBOr0 Paina m
Hayare uMNopT co CTPoKK I1 Evl [V MNepeas cTpoka ABNRETCA 3ar0N0BKOM

[T NoSaeure nepsusHbIt KMoy

 CumMBonOM-pasnenurensm ABNSETCH
& Cumeon Tadynsumu " Mpoten " Towa

(" Touka c 3ansaTo (" 3ansran " Npyroi I—

[T CuMrare NocNenoBaTensHbie pa3aenurend oaHUM

OrpaHuyiTens cTpok I_
Pasaenurens uenoi U ApoGHoi yacTedt wcna l_
Paanenurens KOMNOHEHTOB AaTbI [_ Popmar aarl [ddMM.yppy =]
Pa3genuTent KOMNOHEHTOB BPEMEeHH r Popmar epemerst  [hmm |

B nanHOM ciydae mapamMeTphl 10 YMOJIYaHHUIO Ha 3TOM CTpaHMIIE MacTepa yCTaHOBJIEHBI IPABUIIBHO, @ UMEHHO: HA4aTh
HMIIOPT C TIEPBOH CTPOKH, IIepBasi CTPOKA SBIIICTCS 3ar0JIOBKOM, pa3AelITeIeM MEKIY CTOJIOIIaMU SBIISIETCS 3HAK
TaOyJIALNH, pa3IeIUTENEeM IIeTION 1 qpOOHON YacTei sABisieTcs 3ansaras. Jlanee mepeiiemM K HaCTpOWKe CBOUCTB ITOJICH.

Ha sToMm mrare MacTtepa npeocTaBisieTcsl BO3MOXKHOCTh HACTPOHUTH UMsI, Ha3BaHHE (METKY), pa3Mep, THIT JaHHBIX, BUJ
JIaHHBIX ¥ Ha3HaueHue. HekoTopele cBOWCTBA (HampuMep, TUM TaHHBIX) MOXHO 3aJ1aBaTh JJIsl BBIIEJICHHOTO Habopa
cToNnO1IOB. Bua naHHBIX onpenesnsieT — KOHEUHbIH J1 3T0 Habop (AMCKPETHbIE) WM OECKOHEYHBIH (HENPEePBIBHbIE).
Hasznavenue cTos010B oIpeaesseT XapakTep UX HCIO0JIb30BaHUs B alITOPUTMaX 00pabOTKH (IIPH UMIIOPTE MOXKHO
OCTaBHUTb 3HaYEHHE 110 YMOJIYAHUIO).

AprymexT Wms cronbua ICUU
9.0 Cunyc
9.0 AHonamu Merxa cTonbua |Aprynen
9.0 bonbume wyms! Tun aaHHbIx 9.0 BewecTeenHbit :j
9.0 Cpegrue wyme
9.0 Mansie wymbi Bua aaHHbIx - HenpepsisHsii L,
HasHauerue |© Wrpopmauvonroe |

JI71st mpaBUIBHOTO UMIIOPTA TAHHBIX HEOOXOAMMO U3MEHHUTH THIT JAHHBIX Y TEPBBIX TpeX cTon01moB («<APTYMEHTY,
«CNHYC», kAHOMAJINW»). Ty 1aHHBIX IO YMOTYAaHUIO HEBEPHBIH, TIOCKOJIBKY ITPOrpaMMa OTIPENeseT ero,




OCHOBBIBAsICh Ha 3HAUCHUX IIEPBOH CTPOKH JaHHBIX. B MTaHHOM ciIydae TaM HaXOAATCS HYJIH — Ienble yncna. [Toatomy
IIpoTrpaMMa OTIPEIENINIIA, 9TO CTOIOET] CONEPIKHUT IEJIOUNCIICHHBIC 3HAYCHHS.

BBIZ[eJ'II/IM UX C TOMOIIBIO MBI U YKaXEM UM THUII JaHHBIX — «BGH.ICCTBCHHHﬁ». I[anee OCTaJIOCh TOJBKO BBIITIOJIHUTH
UMIOPT AaHHBIX, HA’KaB HAa KHOIIKY ((HYCK)) Ha CJICAYIOIIEM IIare MmacTtepa uMIiopTra.

[Mocne UMNOpTa JaHHBIX HA CICIYIOIIEM IIare MacTepa HeOOX0JMMO BRIOPATh CIIOCO0 0TOOpaKeHUs NaHHBIX. B 1aHHOM
cilydae caMbIM HH(OPMATHUBHBIM SIBJISICTCS TUArpaMMa, BEIOEpEM ee.

| ¥ TatinuuHbie aaHHbie

[T Tabmuua Orofpaxaer aaHHbie B BUAE TabAMubI

[T Crarucruka Drofpakaer CTATUCTUYECKUE AaHHBIE BbIGOPKM

M Auarpamma Orofpaxaer AaHHLIE B BUAS AUArPAMMB

[T Tucrorpamma Orofipaxasr gaHHLIE B BUAE MUCTOrPaMMbl
= OLAP aHanus

[T Kyb MHoromepHoe oTofpakeHue [Kpocc-Tatnuua U Kpocc-auarpammal
=~ Mpoyee

[T Onucanue Ceeaenus 0 napamerpax

Or Toro, Kakue crocoObl 0ToOpaXkeHust OyayT BEIOPAHBI HA TOM JTAlle, 3aBUCST MOCIESAYIOLINE ATy MacTepa. B nannomM
cllydae HeoOXOJMMO HACTPOUTD, KAKHE CTOJIOIIBI AUATPAMMBI CIIEyeT 0TOOpaXaTh  KaK HMEHHO.

Mactep vmnopTa - Text (Direct) {7 u3 8) - =|:]|_>£|
Hacrpo#ika cronbuos auarpaMmmsi —
HacTpoika pasmuHeix NAPaMETPOB CTONGLOB AUarPaMMbI " I I
MeTxa cTonfua | Tun aanron |Ueer | 4
U Aprymenr 9.0 BewecreserHbilt [m] 4
[ o0 G cuicTeerbt o
L AHoManuu 9.0 BewecrsenHbit o +
|| Bonblume wymel 9.0 BewecTeerHbiit o
| CpeaHue wymbi 9.0 BewecTeeHHbi (]
L Maneie wyme: 9.0 BewecTeerHbit O *
Tun IE HenpepbisHbie MM ZI Moanucu no X IApfgmem El
I~ 3navermanoX | =
< Hazan II DNanee > Ormena |




Bribepem mist otobpakenus none «CMHYCy» u tun auarpammsl «JInHAY.
Ha nocnexneM 1mare MacTepa He0OX0IMMO yKa3aTh Ha3BaHHE BETKH B JICPEBE CLICHAPUEB.

Hanwumem B mosie 3aroioBka okHa «IMImopT npumMepa i IeMOHCTPAIUH MapIHaibHON 00paboTKm» U HakMeM «[ 0TOBOY.
Ha stom paboTta MacTepa UMIIOpTa 3aKaHYMBAETCS. Tereps B IepeBe CIICHAPUEB TOSBUTCS HOBBIN y3€J ¢ HEOOXOTUMBIMHU
JAaHHBIMH. B TTIaBHOM OKHE MPOrpaMMBbI IIPEICTABICHBI BCE BRIOPAHHBIC 0TOOPaXKEHHS JaHHBIX 3TOTO y3la. B manHOM
Cllydae TOJIBKO JuarpaMma.

F4 Deductor Studio Professional (Hosbii) - [Texcrossi dain (D:
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Texkcrosbmt @aiin [D:ASS\Projects\

[Tpumeps! npenoObpabOTKH JaHHBIX

Yacro ucxomHbIe TaHHBIC TS aHATN3a HE TOAATCS, a KAYeCTBO JAHHBIX BIMSACT HA KAYECTBO PE3YNILTATOB. TaK 4TO BOIIPOC
MTOJITOTOBKH JaHHBIX JUIS TIOCIETYIONIETO aHAIN3a SBIISIETCS OYeHb BaKHBIM. OOBIYHO «CHIPBICY JIaHHBIE COICPIKAT B cebe
Ppas3yIMyuHbIe IYMBbI, 32 KOTOPBIMU TPYAHO YBU/IETh OOIIYIO0 KapTHHY, & TAK)KE aHOMAIIUK — BIMSHUE CITy4aiiHO, 100 peiko
MIPOUCXOJUBIIHNX COOBITHI. OUEBHUIHO, YTO BIUSHUE 3TUX (PAKTOPOB HA OOIIYIO MOJIENb HE0OX0IMMO MUHUMHU3HPOBATb, T.
K. MOJI€JIb, YUUTBIBAIOIIAS MX, TIOJYYHTCS HEAIEKBATHOM.

[MaprmansHas npenoOpadboTka

[MapumaneHas npe1oOpaboTKa CITyKUT I BOCCTAHOBJICHHUS MPOITYIICHHBIX TaHHBIX, PEAAKTHPOBAHUS aHOMAIbHBIX
3HAYCHUH U CIICKTPAIBLHOW 00pabOTKe JaHHBIX (HAPUMEp, CTIaKUBAHUS JAaHHBIX ). IMEHHO 3TOT IIar 9acTo MPOBOJUTCS B
MEPBYIO OYEpEb.

Wcxonnbie naHHbIE



mycteie), KAHOMAJIN» — curyc ¢ Betdopocamu, «bOJIBIIIVE HIYMBI» — 3Hauenuns cuHyca ¢ OOIBIIMH ITyMaMH,
«CPEJJHUE IYMBI» — 3Hauenus cunyca co cpenaumu mrymamu, «MAJIBIE ITYMBI» — 3HaueHus ciHyca ¢ MalbIMU
mymamu. Bce manHbIe MOXHO YBHIETh Ha TUarpaMMe II0CIIe MMIIOPTa M3 TEKCTOBOTO (haiina.

PaccmoTtpum npumeneHue o6paboTku Ha mpuMmepe JaHHbIX U3 daitna «TestForPPP. txt». OH comepxuT Tabauiy co
cnenytortmu nosivu: «KAPIYMEHT» — apryment, «CHHYCy — 3HaueHns cuHyca apryMeHTa (HeKOTOpbIe 3HAYCHHUS

YacTo OBIBaET TakK, YTO B CTOJIOIE HEKOTOPBIE JTAHHBIE OTCYTCTBYIOT B CHIIY KaKHX JIMOO NPUYMH (JaHHBIC HE N3BECTHBI,
100 UX 3a0BIIH BHECTH U T. 11.). OOBIYHO H3—3a 3TOTO NMPHUIUIOCH OBl yOpaTh U3 00pabOTKH BCE CTPOKHU, KOTOPHIE
cozeprkar npomymeHHsle fanabe. Ho Mmexanusmel Deductor Studio mo3BosstroT pemnTs 3Ty npobiaemy. OauH U3 maros
napiyanbHON 00pabOTKH KakK pa3 OTBEYaeT 3a BOCCTAHOBJICHHUE MPOIYIIEHHBIX 3HaYeHUH. Ecin naHHbIe yrnopsioYeHsl

a) Cronber ¢ npoIynIeHHBIMU JTAHHBIMU
0) CronOer ¢ aHOMaUsAMH (BEIOpOCaMm)
B) Ctonbery ¢ 60IbIIIMH IITyMaMH

r) Cronber co CpeTHUMU ITyMaMHu

1) Crosbert ¢ MaJbIMK IIyMaMH
BoccraHoBiieHHE MPOMYIICHHBIX JaHHbBIX



(mampuMmep, TI0 BpeMEHH), TO PEKOMEHAYETCS B KaUeCTBE BOCCTaHOBIICHHS MPOIYIIEHHBIX 3HAYCHNH HCIIOIB30BATh
aTNMPOKCUMAIINIO. ANTOPUTM caM MoA0epeT 3HaueHue, KOTOPOe JOIDKHO CTOSATh Ha MECTE TPOITYIEHHOTO 3HAYCHHS,
OCHOBBIBAsICh Ha ONTM3NIEKAIUX JaHHBIX. ECIN jke naHHBIe HE YIIOPSAA0YEHBI, TO CIIEAYET UCIIOIB30BaTh PEKUM
MaKCHMAaJIbHOTO TPaBAOTOA00HS, KOTAA aITOPUTM IOACTaBIISIET BMECTO MPOMYIIICHHBIX TaHHBIX HanOoIee BepOSATHBIE
3HAYCHUS, OCHOBBIBASCH Ha BCeil BEIOOPKE.

JAnst nIeMOHCTpanuy BOCIIONb3YeMCsl MaCTepOM MapiuaibHoi 00paboTku. MmopTipoBas ¢aiiil MOXKHO YBUIETb, YTO B
cronbue «CUHYC» conepkarcs mycthle 3HaueHHs. Ha nuarpamme Bbllie BUIHO, 4TO HEKOTOpPBIE 3HAYCHHSI CHHYCa
npomyuieHsl. [ nanpHelmei 00paboTku He00X0IMMO U3 BOCCTaHOBUTD. [IjIst 3TOTO CieqyeT 3aIyCTUTh MacTep
MapIyatbHONH 00paObOTKH.

= O4McTEE AaHHB

M E SHHE, PEQAETHROBSHH

2512 PakTOpHLIA aHams  [0saOKEHIE DEIMEDHOCTIH BXOAHEIX d...
222 KoppenauMoHHEE 2. YoTpasetiie HESHAYALWMY BaKTopoR

B OyGnmearel W npar.,, BemeneHue aybnukaros ¥ NPOTHBORE, .,
¥ PuneTpauLA P UMETRSUMA CTROK TaAMUE Mo Ucno. .,

= TpaHCPOpaLMHa §aHHER
.69 HacTpolika Hadopa ... M amenetise NapareTpoB MCTOYHUES ...

ITockonbKy naHHBIE B HCXOJHOM HabOpe yropsioYeHBl, Ha CIEeIYIOIIEM Iare Mactepa 0OpabOTKH BBIJEIHM I10JIe
«CHHYC» u ykaxkeM Ui Hero TUI 00paboTku «Anmpokcumanusny. Tak Kak B JTaHHOM cirydae OOJbIlie HH9ero He
TpebyeTcsi, TO OCTATbHBIE TApaMeTpbl 00PadOTKH OCTABIIEM OTKIIIOUYEeHHBIMU. [lepelist Ha cTpaHHMITy 3aIrycKa rmpolecca
00paboTKH, BHITIOIHSIEM €€, HAKaB Ha ITyCK, U Jajee BRIONpaeM THIT BU3yallu3anni 00paboTaHHbIX JaHHBIX (KaK B IpUMeEpe
HMIIOPTA).
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PBKDMBHU.HETGH HMEMANEABATE AR
YNOpPA4OYEHHEIE MO BREMEHMH 0aHHEM

{" MakcumansHoe Npapgonooodue

[MogcTaenAeT Hakbones BEQOATHLE 3HAUEHIMA BMECTD
NponylEeHHBRE 0aHHbEE. PEKEIMEHE'@E?CG onga
HEYNopAaOoHEHHERE 0aHHBR.

IMocre BBIMONHEHUS MTpollecca 00paboTKU Ha AUarpaMmme BUHO, YTO MPOMYCKU B JAHHBIX UCUYE3IIH, YTO U OBLIO
HEOOXOIUMO CJIEIATh.
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VY nanenue aHoMaIuu

AHOMaNMH BCTPEYAIOTCS B «CBHIPBIX» TAaHHBIX HE peske mryMoB. [1o cymecTBy oHM BOOOIIIE HE JOKHBI OKAa3hIBaTh
HUKAKOTO BIISHUA Ha pe3yabTaT. Eciy ke OHM MPUCYTCTBYIOT MPH MOCTPOCHUH MOJICIH, TO OKa3hIBAIOT HA HEee BEChMa
Oonpmioe BrusHEE. T. €. MpeaBapUTeIFHO MX HEOOXOIMMO YCTPaHUTh. TakKe OHH MOPTST CTATUCTHICCKYIO KapTUHY
pacupenenenus naHHbIX. K mpuMepy, BOT Kak BRITIAIAT JaHHBIC C aHOMAIHAMH, a TAKKe THCTOTpaMMa MX paclpeleIeHuUs:

001 2000-M10 2001 -M0G  2002-MDS  2003-M04  2004-h
Hata (Mag + Macaw)

O‘IGBI/I,Z[HO, YTO aHOMAJIMU HE MMO3BOJIAIOT OIIPEACIIUTDE KaK XapaKTEp CaMUX JaHHBIX, TaK U CTATUCTUYECKYIO KapTHUHY.
Ilocie YCTpaHCHUA aHOMAaJIHI Te JKe JaHHBIC NMPEACTABIAIOTCA B CIICAYIONIEM BHUIE:

...........................

[y

J-MOT  2000-M11 2001-M0S 2002-MO7 2003-M05 =1
NaTa (Fog + MecAL) 62523 : 829233 1 562656 : 1 92936E6

DTOT mpUMep ellle pa3 NoYECPKUBACT HEOOXOMMOCTh IPOBEACHUS MMAaPIHUATEHON 00pa0OTKU JaHHBIX ITEPEl aHATH30M.
Bepnemcs k npumepy ¢ yaanerneM anomanui u3 noiast «AHOMAJINW» nMnopTHpoBaHHOH TaOIHUITHL.
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¥ FPeoakTHpoDanHe anomMansHoi SHasersed

B macTepe mapunansHOU perodpadoTku Ha TpeTheM mare Beioupaem mose «KAHOMAJIMIN» u yka3siBaeM eMy THIT
00paboTku «Y 1aneHusl aHOMaNBHBIX SIBICHUN», cTeleHb noaasieHus «bonpmrasy. Tak kak 0osplie HUKaKuX 00paboToK
He TUIaHUPOBAJIOCH, TO TIEPEXOAMM Ha IIar 3aIrycka rnpoiecca 00padotku u HaxxumaeM «Ilyck». Ilocne BbInoaHeHUS
nporecca 00pabOTKH Ha JUarpaMMe BHIHO, YTO BBIOPOCHI HCUE3JIH, OCTAINCH JIMIIb HEOOIbIINE BO3MYIIEHHSI, KOTOPhIE
JIETKO CTIIaJNTh MPY TIOMOILY CHEKTPajIbHON 00paboTKH.
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CnekrpasbHas 00paboTKa.

JlaHHBIC, KaK MBI BUIUM H3 MPEIBIAYIIETO IpUMepa, ObIBaeT He0OX0AUMO criaanTh. CriiaXuBaHUEe TaHHBIX TPUMEHICTCS
JUTSL yAaJISHUs! IIIyMOB U3 UCXOJIHOTO Habopa, (4To OyJIeT MpoAeMOHCTPUPOBAHO MO3THEE) a TAKXKE ISl BHIJICICHUS
TEHJIEHIIUH, TPYAHO BUIAUMOM B UcxoaHoM Habope. [Tnatdopma Deductor Studio mpeasiaraet HECKOIBKO BUIOB
CIICKTPAIbHOM 00Pa0OTKHU: CTIaKUBAHKE JAHHBIX MyTEM YKa3aHUS MOJIOCH MPOITYCKAHMUS, BHIYUTAHUE [IIyMa ITyTeM
yKa3aHMsI CTCIICHU BBIYUTAHUS [IIyMa U BEHBJIET MpeoOpa3oBaHue MyTeM yKa3aHHs TJIyOHHBI Pa3JIoKEHUs U MOPSIKa
BeiliBiera.

[IpogeMoHCTpHPYEM TaKO# METO CIIEKTPaTbHON 00pabOTKH, KaK BEHBIET MpeoOpa3oBanue. It 3TOTO MPOIOIIKIM
paboTy ¢ JaHHBIMH, TOJYYEHHBIMH B IIpebIAyIleM npumepe. Kak BUaHO Ha pUCYHKe, aHOMAaJIMU ObUIN YCTPaHEHbI, OJJHAKO
HeOoJTbIIIe BO3MYIIECHNUS OCTanuch. CriaanM MX MPH IOMOIIH MapIuaiIbHOW 00paboTku. [t 3TOro mocie yaaieHus
aHOMaJIMi BHOBB 3aIlyCTHM MacTep NapuuaibHoi 00paboTku. B Hem Ha yeTBepToM miare Beioepem moje «AHOMAJINI»
U yKakeM eMy Tuir 00paboTku «BeiiBier mpeobpazoBaHue» ¢ mapaMeTpamu 1Mo yMOJYaHHIo (TITyOrHa pa3ioxKeHus 3,
TIOPSZIOK BeHBIeTa 6).
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Tax kak OoJibllle HUYETO HE IIaHMPOBAJIOCH, TO IIEPEeHeM C Iary 3amycka mpouecca 00paboTKH U BBIIOJIIHUM ee. B
Ka4yeCcTBE BU3yaaH3aTopa yKaxkem quarpammy. ITocie 06paboTKH MOXKHO YOSTUTHCS Ha JUAarpaMMe B OTCYTCTBUHU
BBIOPOCOB U CPaBHHUTH PE3yNbTaT C 3TATOHHBIM 3HaueHHEeM cunyca (cronber; «CUHYCy»). Ha pucyHke kpacHbIi (TeMHBIH)
rpaduK — 3HAYCHUS

CcuHyca, JKEJITBIN (CBGTHLIﬁ) — 3HA4YCHUA CTJIAKECHHOT'O CUHYCA MOCJIC YCTPAHCHUS aHOMaJIuH.
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VY naneHue mymoB

H_[yMBI B JaHHBIX HEC TOJIbKO CKPBIBAIOT O6IIIyIO TCHACHUHWIO, HO U TPOABJIAIOT cebs Ipu NOCTPOCHUU MOJICIIN IPOTrHO3a.
W3-3a HUX MOJETb MOXKET TIOJIYYUTHCA C TIIIOXUMHU O606H_Ia}OH_H/IMI/I Ka4yCCTBaMH.

B mpumepe no napipanbHOH 00padoTKe, Kak OBLIO IMOKa3aHo paHee, ecTh 3 croibma ¢ mrymamu: «bOJIBIIWE IITYMbIy,
«CPEJJHUE IIYMbI», u «MAJIBIE ILIYMBI» - cOOTBETCTBEHHO CHHYC ¢ OOIBIINMH, CPEHUMH U MAJIBIMHU LTyMaMu.
ScHo, uTo JUIs ManpHelIel paboThl C JTAHHBIMM 3TH ITYMBbI HEOOXOAMMO YCTPaHUTh.

CrektpanbHas 00paboTKa, Kak TOBOPWIIOCH paHee, MMO3BOJISET CAENATh 3TO C TIOMOIIBIO YKa3aHUs IS ATHX TOJeH B
KauecTBe Tuma 00paboTku «Beruantanue nryma». Hactpoiiku o6sagatoT onpeaeneHHoi rTiokocThio. Tak, cyrecTByeT
OounpIas, CpeaHSS U Majiast CTETIeHb BRIYUTAHUS ITyMa. AHAIUTHK MOXET I0Z00paTh CTETeHb, YCTPANBAIOIIYIO €T0.



YI[aHCHI/IC 60III>IHI/IX, MaJIbIX U CPEAHUX MIYMOB.

Takum o6pa3om, B MacTepe napuuaibHoil 00paboTKK Ha YeTBEpTOM Iiare BeioepeM ro ouepenu nons «bOJIBIIINE
TYMbI», «CPEAHUE IIIYMBI» u « MAJIBIE IITYMBbI» , 3agagum tun 00paboTkn «Brrautanue myma» u yKakeM
CTETICHb TO/IABICHHS — «OONBIIAs), «CPEAHSS» U «Mallash COOTBETCTBEHHO.

ITocne BeIMONTHEHNS 00PAOOTKH Ha AUATPAMME MOXHO MPOCMOTPETH MOIYYCHHBIE PE3YIIbTATHI.
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CrnaxuBaHue OOJBIINX, MAJIBIX U CPEAHUX IIIYMOB

B HCKOTOPBIX ClIy4asiX HCIJIOXUEC PE3YJIbTAThl YAAJICHU IIYMOB AacT BEHBIIET npeo6pa3013aH1/Ie. HOKa)KCM, KaKHne
PE3YJIbTAThI MOKA3bIBACT HA O3TUX K€ JAaHHBIX 3TOT BU cneKTpaanoﬁ 06p360TKI/I.

B mactepe mapumnansHoit 06padoTku Beioepem moist «bOJIBIIWE HTYMBbly, «CPEJHUE IITYMBbI» u «MAJIBIE
LTYMBbI», ykaxxem Tun obpabotku «BeiiBreT npeobpa3zoBaHne), OCTABHUB MMapaMeTphl 00pabOTKH IO YMOTIaHUIO
(rry6OuHa pa3noxeHus — 3, MopsIoK BeiiBiera — 6).

Ha nuarpaMme MOKHO yOeaUThCS B TOM, YTO JJaHHbIE criafuiich. CHHUIA TpaduK — CriiaKeHHbIe OOJIBIUE HIYMBI,
KpaCHI;IfI — CTJIAXKCHHBIC CPEAHUE U JKEJITBIN — CrJIaKEHHBIE MaJible HTYMBI. TToBBICHTBL KAa4YECTBO CriIaKUBAHMS IIyMmOB
TaKUM CIIOCOOOM MOXKHO, ITyTEM MMOI00pa yIOBJICTBOPUTEILHBIX TAPAMETPOB 00PabOTKH.

S LR 1

. - - - . - Fy - , £ oF - . -

O -

001 0305070811 131517 192214238 25 2.8
ADryseHT

@DaKTOpPHBINA aHAIHU3

DaKTOPHBIN aHATN3 CIYXHUT IS IOHIDKEHHUS Pa3MEPHOCTH ITPOCTPAHCTBA BXOAHBIX (akTopoB. O6paboTKy MOXKHO
BBITTOJTHATH KaK B aBTOMAaTHYECKOM PEeXUMe (C yKa3aHHEM ITopora 3HAaYMMOCTH), TaK M CAMOCTOSITEEHO (OCHOBBIBAsICh Ha
3HAUEHMSAX MaTPHIBl 3HAYUMOCTH).



Hcxomgnelie nanHbIe

PaccmoTrpum npumenenune o0paboTku Ha nmpuMepe qaHHbIX u3 (aiina «TestForCPP. txt»y. OH comepKuT TabIuIly co
cnenyrommu nosivu: «KAPITYMEHT» — apryment, «®AKTOP1», «®AKTOP2y, « ®AKTOP3» — BX0o1HBIC 3HAUCHUS,
«PE3VJIBTAT1», «<PE3YJIbTAT2)» — BEIXOAHBIE 3HAYEHHS.

00,30,711,31,7 2232 733.33,744,347553576
AR RASHT

a) Bxognsie akropsr
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0) Boixos1

[oHnxeHue pa3MEePHOCTH MPOCTPAHCTBA BXOAHBIX (haKTOPOB
B macrtepe gakxropuoro ananmsa 3agaauM «DAKTOP1y», « DAKTOP2y», «DAKTOP3» BXOAHBIMU MOJISIMH,
«PE3VIJIbTAT1», «PE3VJIbTAT2» - BeixoaHbIMHY, a nI0JIe KAPT'YMEHT) — HenpuroaHbIM.

ﬂ APrYREHT
.'I P akropl
Py P akrop2
.‘ P akropd

..| Pesynerarl
'f} Pesynerar?

Crnenyronuii mar npeajgaraet 3amyCTHTh MPOLIECC TOHMKEHHS pa3MEPHOCTH MTPOCTPAHCTBA BXOHBIX (akTopoB. [Tocne
3aBEpIIEHIS MpoIiecca Ha CIEAYIOIIEM IIare mpeiaraeTcst BRIOpaTh, Kakue U3 MOJyYeHHBIX B pe3ynbTaTe 00padoTKu
(hakTOpBI OCTABUTH JIIS AalIbHEHIIIeH paboThl. DTO JeNIaeTcsl MyTeM yKa3zaHusl HE0OXO0AMMOT0 MOpora 3HAYMMOCTH (TI0
YMOITYaHUIO TIOPOT 3HAYMMOCTH paBeH 90%, He Oy/ieM ero MEeHSITD).


https://pandia.ru/text/category/analiz_faktornij/

r.I'IEIBHbIE E.OrMOOHEHT I I:DﬁCTBEHHDE BKHEI,IJ, B pE3YNeTAT EHMMGDHHH
3Ha4YEeHKE BEN30
JHaqeHue 1 2.000 GE.66 % BE.66 %
3HaueHue 2 | 1,000 | 33.34 % 100,00 %
[] 3Hauerme 3 | 0,000 | 00,00 %
Mopor aHauMmocTH [3] IHU II . ,=

Tenepb HEOOXOIMMO MEPEHTH Ha CIIEAYIONIMIA AT ¥ BEIOPATh CII0CO0 BU3YallU3alUu: MPOCMOTPHUM Pe3yJIbTaThl Ha
quarpamme.
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a) Ucxonusre BxomubIe (akTopsl 0) [lonydeHHbIE BXOTHBIE (haKTOPEIL.

[Mocne 06paboTKH B HAOOPE JaHHBIX BMECTO TPEX MCXO/HBIX BXOJHBIX T0JIEH MOSBUIINCH JiBa HOBBIX NOIsl — «DakTopl» u
«DakTop2» — 3TO Pe3yJIbTAT MOHWKEHHS pazMepHOCTH (ObUTO 3 BXOAHBIX (hakTopa, crano 2). Ha nuarpamme BUIHO, 4TO
«Daxrop2» — 6mu30k K noso «DAKTOP3», cienoBarensHo, «Paktopl» — 3To npeodpazoBanHble hakTopbl «DAKTOP1»
n «DAKTOP2y.

KoppensiuuonHslii ananus

KoppensiuoHHbI aHaIn3 TPUMEHSETCS JJIsT OIICHKH 3aBUCHMOCTH BBIXOAHBIX MMOJICH JAHHBIX OT BXOAHBIX (DAKTOPOB H
yCTpaHEHUs He3Havyanmx GpakTopoB. [IpHHIUI KOPPEIAIIMOHHOTO aHaJIi3a COCTOUT B TIOUCKE TAKUX 3HAYCHHI, KOTOPBIC B
HAMMEHBIIICH CTEIICHH KOPPEIUPOBAHHEI (B3aUMOCBSI3aHbI) C BEIXOJIHBIM pe3yJIbTaToM. Takue (hakTopbl MOTYT OBITH
HCKJIFOUCHBI U3 PE3yIbTHPYIOMIET0 Habopa JaHHBIX MIPAKTUIECKH 0e3 motepu noje3Hoi nadopmarmu. Kpurepuem
MIPUHATHSL pelIeHus 00 UCKITFOUCHHH SBIISIETCS TOPOT 3HAYUMOCTH. Ecii Koppensius (CTerneHb B3anMO3aBUCHMOCTH)
MEXIy BXOJHBIM U BBIXOJIHBIM (PAKTOPaAMHU MEHbIIIE TIOPOTa 3HAYMMOCTH, TO COOTBETCTBYIONIUH (paKkTOp OTOpACKIBAETCS
KaK HEe3Ha4Jallui.

WcxonaHpie naHHbIE



PaccmoTtpum npumenenne 06paboTKH Ha puMmepe naHHbIX 3 Qaiina «TestForCPP. txt». O conepxut Tadaumy co
cnenyrommu noisivu: «KAPI'YMEHT» — apryment, « ®AKTOP1», « DAKTOP2», «® AKTOP3» — BxoaHBIC 3HAUCHUS,
«PE3VYJIbTAT 1», «PE3YJIbTAT2» — BEIXOJHEIC 3HAYCHHA. B JTaHHOM IpuMepe onpeaeM CTETIEHb BIUSHIS BXOIHBIX
¢axTopoB Ha oauH u3 BEIX00B — «PE3YJIBTAT2» 1 ocTaBUM TOJBKO 3HAYMMEIE (DaKTOPHI.
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a) Bxomnrie dakropsr 6) Berxosr

YcrpaHeHne He3HaYalIMX BXOAHBIX (PaKTOPOB

B macrepe koppensiuuonnoro ananuza 3agaguM «OAKTOP1», « DAKTOP2y, «®AKTOP3» BXOJHBIMU MOJIIMH,
«PE3VYJIBTAT2» - Beixoaubmi, a ot «KAPIYMEHT» u «PE3YJIBTAT 1» — unbopMaIiMOHHBIM.

O forpenr
'ﬁ P axTopl
Py 2 awcrop2
" P axropd

ﬂ Pesynerar]
.f> Pesynerar?

Cremyronyii mar npejjiaraeT 3aiyCTUTh MPoIecc KOPPEAIMOHHOTO aHanu3a. [loce 3aBepiieHys mporecca Ha
CJIEYIOIIEM II1are Mpe/iaraeTcs BeIOpaTh, Kakue PakToOpbl OCTABUTH IS AajbHe e paboTel. DTO nenaetcs oo
BPYYHYIO, OCHOBBIBAACh HAa 3HAYCHUAX MATPHUIIBI KOBapHALIUH, JTHOO ITyTeM YKa3aHUS IIOPOTa 3HAUNMOCTH (110 yMOJTYaHUIO
mopor 3HauuMocTH paBeH 0.05). 3 paccunTaHHOM MaTPHUIIEI KOBapHALIUH BUIHO, 9TO BeIXoHOE mmosie «PE3YJIBTAT2»
Hanpsamyro 3aBucuT oT moiist «DAKTOP2» (BooOie, 3HaueHMe kK03 Punmenra, pasHoe 1.000 TOBOPHUT O TOM, YTO ITH HOJS
WJICHTHYHBI), U B MEHBIIIEH CTENEHH OT OCTAIBHBIX (hakTOpoB. B naHHOM ciydae 6e3 motepu rnoje3Hoi nHGopManuu
MOKHO UCKJIIOUUTH U3 AanbHemero paccmorpenus «®axropl» u «Daxrtop3».



KDFIFIEHHLI,HH C BbIXOQHBINM NOunaedid

BxopHeE NonsA

Fesynetard
[] FakTopl 0773
™ Paxrop2 | 1,000
[ ] Paxrop3 | 0,773

" PyyHO[ BRIGOp HEAHAYALLWY PAKTOROR

{* ABTOMETHHECKME BLIGOp HE3HAYALMY PAKTOROE B COOTBETCTEME © NOPOraM 3HAYMMOCTH
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Mopor aHa4HMOCTH 083

Tenepb HE0OXOIMMO MEPEHTH Ha CIIEAYIOIIMIT [IaTr U BEIOpaTh CIIOCO0 BU3Yyaln3aluy: IPOCMOTPUM Pe3yJIbTaThl Ha
JauarpaMme (Hanmpumep, MOXKHO yOeqUThCsI B MIeHTUUHOCTH oieit «DakTop2» u «Pe3ynbrar2y). Takum obpazom,
KOPPEJSLUOHHBINA aHAJIN3 TI03BOJIMII IPOAHATU3UPOBATh BIMSHUE BXOJHBIX (PAKTOPOB HA pe3ysbTaT U UCKIIOYUTh
He3Havamue GakTopsl U3 JaTbHEHIIEr0 aHaIN3a.

Tpanchopmarust FaHHBIX

YacTb NpUMepoB, BXOISIINX B IPYIITy TpaHC(HOPMAIHs JaHHBIX TI0Ka3bIBaCT, KaK C MOMOLIbI0 HHCTpyMeHTOB Deductor
Studio MOXHO TOOUTHCS TEX WIIM MHBIX IPOMEKYTOUYHBIX 3a]a4, Kacaroluxcs cOopa aHaATUTHIECKOH HHPOPMAIHH, THO0
pa30ueHns JaHHBIX Ha KaKHUe-THOO0 TPYIIIBI 10 ONPENECICHHBIM KPUTEPHAM.

Pa30Ouenne naHHBIX Ha TPYIIITHI

YacTo [u1s TPOBE/ICHNS aHAIN3a WM TIOCTPOCHHMS MOJISIIN ITPOTHO3a IIPUXOANTCS pa30MBaTh JaHHBIE HA TPYIIIBI, HCXO
13 OTIpeJIeNIeHHBIX KpUTEepHEB. B mepBoM ciydae Takass HEOOXOIUMOCTh BOSHUKAET, €CIIN aHAJTUTHUK KeJaeT IPOCMOTPETb,
K IpuMepy, HH(OpMaLUIO He 110 BCel COBOKYITHOCTH JJAHHBIX, a M0 ONPE/IEICHHBIM TpyIaM (Harpumep, Kakylo CyMMy
KpenuTa OepyT Ha Te WM UHbIE [eTH, JIN00 KPeaUTOphI TOT0 MM MHOTO Bo3pacTta). Bo Bropom cirydae (mporHo3npoBaHue)
AHAINTHKY HEOOXOMMO yUUTHIBATh TOT (DAKT, UTO ONpeeTICHHbBIE TPYIIIHI (B JaHHOM CIIydae TPYIIbl KPEIUTOPOB) BEAYT
ce0st 110 pa3HOMY, ¥ UTO MOJIEJIb POTHO3a, HOCTPOSHHAs Ha BCEX JIAHHBIX HE OyJIeT YUUTHIBaTh HIOAHCOB, BO3HUKAIOIINX B
9THX Tpynnax. T. e. JIydie NoCTPOUTh HECKOJIBKO MOAENEH NMPOTHO3a, HAllPHMeEp, B 3aBUCHMOCTH OT CyMMOBOH I'PYIIIIBI
KpeIuTa M CTPOUTH IMPOTHO3 HA HUX, HEXKEJIN MIOCTPOUTH OHY MOJIENb MPOTrHO3a. VcXo1s U3 3TOTo U HE TOJBKO, B
Deductor Studio npenocTasisiercst MMpOKHi HAOOP MHCTPYMEHTOB, TEM MJIM HHBIM CIIOCOOOM TO3BOJISIONINE pa30nuBaTh
HCXOJIHBIE IaHHBIE HA TPYIIIBI, TPYIIIMPOBATH JIFOOBIM CIIOCOOOM BCEBO3MOKHBIE TOKA3aTENHU | T. II.

PaccmotpuM pazbueHne JaHHBIX Ha TPYMIEI HA IPUMEpEe JaHHBIX 110 PUCKaM KpeAUTOBaHUS (pu3mueckux Juil (DPaiin
«Credit. txt»). UaTepecyronme Hac ctonoupi: «CYMMA KPEJIUTA», « JATA KPEAUTOBAHUW S», «[IEJIb
KPEAUTOBAHUA» u «BO3PACT».

[Moce umMnopTa JaHHBIX U3 TEKCTOBOTO (aiina Hanbdoaee NHOOPMATUBHO POCMOTPETH JAHHBIE MOXHO C TIOMOIIBIO
Bm3yanmu3atopa «Ky6», Beiopas B kauectBe m3mepenuii crondusl «BOSPACT» u «IIEJIb KPEJJUTOBAHU Y, a B
kagectBe ¢akTa — cronoery «CYMMA KPEJMTA». OcranbHbie CTONOIB! YCTAHOBUTH KaK HETIPUTO/IHBIE.



1, Uens kpeauroparia
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CrarucTiHyeckas MHPOPMALMA HEQOCTYNHA

Ha cnenyromem mmare HacTpoiiku ky0a cienyet ykazats usmepenue «L{IEJIb KPEAWUTOBAHUS» kak nu3mepenue B
cpokax, a usmepenue «BO3PACT» kak usmepenue B cToJI01aX, IEPETAUIUB UX C MOMOIIBIO MBIIITH B COOTBETCTBYIOIUE

OKHa 13 00JIaCTH TOCTYIHBIX H3MEPEHHH.

JBeTuRHEIE HAMEREHIAS HMarmepeHqa B eTanGuas |
% | Bozpacr
i
<
s
e’ et o =y -Iﬁr Ilz
HMamepeHya B cCTpokax &+ anT | Arperauua |
Uens kpegHTOBaHKHA [w] Cymirmia kpegMTa = Cyrima

B HTOI'C, HA KPOCC JUuarpaMmme (OI[Ha 13 3aKJIaJ0K BU3Yyalin3aTopa I(y6) MOKHO TPOCMOTPETh UCXOAHBIC TaHHBIC.

e KPEAWT DEQHHA

v

Bospact «

MHoe

Onnata 2a odpascaaque

Onnara yeaur (Meg., opu9n. M T.0.]

I'Inngnr;a H PEMOHT HELBMMMMOCTI

[lokunka ToRapa

Typnoeagku, paasnsusHiae W T.N

MToro

13 20 21
17000001 &s50000
17500,00( 23 500,00
78 000,00 13 000,00
46 500,00 73500,00] 76 500,00
30 500,00
174 500.00) 138 500.00)127 500,00

PaszOucHue natel (1o HemeIsIM)

PazbueHne naThl CITyKHUT AT aHATM3a BCEBO3MOXKHBIX MIOKa3aTelIeH 3a ONpeeIeHHbIN eproa (IeHb, HEAENs, MECSIII,

kBapTai, rof). CyTh pa3OueHHS 3aKIFOYaeTCs B TOM, YTO Ha OCHOBE CTOJIONA ¢ nH(popMaImei o gate GopMupyercs Apyrou

CTOJ'I6GII, B KOTOPOM YKa3bIBACTCA, K KAKOMY 3aJaHHOMY MHTCPBAJly BDEMCHU MMPUHAJICIKUT CTPOKaA JaHHBIX. Tun
HUHTEpBaJia 3a4aC€TCAd aHAJIUTUKOM, UCXOA U3 TOT'O, YTO OH XOYECT MOJYUYUTh — JAaHHBIC 3a I'0O, KBapTajl, MECAL, HEJCJIIO,

JACHDb WJIK Cpas3y IO BCEM MHTEPBAJIaM.



ITycth HaM HEOOXOUMO TIOJTYIHUTh JAHHBIE TI0 CyMMaM B3STHIX KPeIUTOB 10 HexelsM (B daiine «Credit. txt» comepx utcst
nHpopmanus 3a nepsbie ABe Hexenu 2003 rona).

st aToro B mactepe 00pabotku «Jlata m Bpems» Ha Bropom mrare Beibepem none «IATA KPEJJUTOBAHUW S»
UCIIONIb3yEMBIM, B ITOSIBUBIICHCS MOCIIE 3TOT0 TalbJMIle HacTpOeK BhIOepeM Ha3HaYEeHUE

@ Cyrira kpeauTa a| WA crontua | COL4
g CToMMocTE KpeauTa Twun gaHHb | DNara/Bpema

Cpok kpeguTa

Thle— HazaHaueHme |\/ HMcnoneayermoe j
@ Lenb kpenuTopatia Pastiverus | Oara | Ywcao | Crpokal«
g Konuuecteo Foa + Keapran ] O
S Bospacr Fon + Mecsy L L
-4 Mon Moa +Heaens 0 vl
-4 Odpazoearme Moo + Jers O [
- :amHan COBETBEHHOCTE Foa O O

BaPTHPa K.eapran ] 0l

@ Mnowank keapTHpLI Mecaw I O
? Cnocof npuofpeTeHyd codcTe. - L s ] 1 LI
1] | [E [~ DOfpatarbiears aarsno (S0 8607

«Hcnonp3yemoe» B cronbdie «Crpoka» Hanpotus cTpoku «I'ox + Hexmens». Bosblie HUKakne HaCTPOMKK HE OHAN00STCS,
M03TOMY IepeiiieM aajnee K BEIOOPY ThIa BU3yanu3anuu. BeiOepem B kauecTBe Bu3yanu3atopoB «Tadmumy» u «Ky6»,
MOCTABUB FAJIOYKH B COOTBETCTBYIOIIMX MO3UIMAX. B MacTepe HacTpoliku noeii Kyba BbIOepeM B KauecTBE U3MEPEHUS
nosiBUBIIHU#Cs mocie 0opadotku cronden «JATA KPEJUTOBAHUA YWStr (I'ox + Henens)» u cronoen «I{EJIb
KPEAUTOBAHII», a B kauectBe akta — «CYMMA KPEJIUTA». OcTanbHble MOJIs CACIaeM HEUCIOIb3yEMbIMHU.

Ha cnenyromem mare mepeHeceM OJHO H3MEPEHHE U3 00JIACTH «IOCTYITHBIX» B 00JIACTh «/3MepeHHs B CTPOKAX», a PYroe
— B o0macthb «/3MepeHns B crondmaxy. Takum 00pa3om, Ha Kpocc AHarpaMMe UMEeM CYMMBI B3SITBIX KPEIUTOB 110
HezelsiM (32 TIepBBIe IBE HEJIENU T0/1a) B pa3pese Ielieil KpeAuTOBaHus.

Nara kpeaurosatua [[on + Hepena)] =

Uom rpommosorn IR

WHos w 137000,00] 495 000,00
Onnara 2a ofpazosasue 62000,00f 31200000( 37400000
Onnara yonur [Meg., opHa. MT.0.] 110500,00f 191 000,00) 3071 500,00
MEKYAKAE M PEMOHT HELBMMWMOCTH 404 000,00 S38000,00f 942 000,00
[Mokyrka Topapa G642 000,00 643500,00] 1285500,00
T UpNOEA0KM, DA3BNEYSHMA M T.IL 35500000 11350000{ 14900000
Mroro 1612 000,00) 13535000,00) 3547 000,00

B tabnwie ¢ nanHbIME BUAHO, 9TO HOBoE nosie - « JATA KPEJJUTOBAHUSA YWStr (lox + Henenst)» cogepxut
OJIMHAKOBBIEC 3HAYCHHUS (J1aTa Havala HelleNn) UL CTPOK, KOTOPBIE MOMAJaroT B OJHY U Ty )K€ HeJeJo (J1aTa Hadaja
HE/IeTH WM HOMEp HeJleNH C Hadyajia roja).



Cpok kpeguTa I,[l,aTa KPELMTOBaHHA Iﬂara EDENMTOBaHMA ||.|,E:.l1b KPEQMHTOBaHMA
24 05.01.2003 20034101 Mokynka ToBapa

12 05.01.2003 20030

a0 05.01.2003 200301

36 06.01.2003 2003-w02

12 06.01.2003 2003w02
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E

Maokynka Topapa

Mroe

Mokynka v PERFOHT HELBMAMMOCTI
Onnara aa ofipasoBaHye

MHoe

Mokynka Tosapa

KsanToBanue BO3pacTa KpE€AUTOPOB Ha 5 HUHTEPBAJIOB

YacTo aHaIUTUKY HEOOXOIMMO OTHECTH HEIPEPHIBHBIC TaHHBIE (HAIpUMeEp, KOJIMYECTBO MPOJIakK) K KAKOMY-ITH00
KOHEYHOMY Habopy (HampuMmep, BCIO COBOKYITHOCTD JJaHHBIX O KOJMYECTBE IPOIak HEOOXOIMMO pa3OUTh Ha 5 WHTEPBAJIOB
—ot 0 1o 100, ot 100 10 200 © T. 1., ¥ OTHECTH KaXKAYIO 3aIIICh UCXOTHOTO Habopa K KAKOMY — TO KOHKPETHOMY
WHTEpBAJy) Ul aHAJIHM3a WK QUIBTPAlMU HCXOAs MIMEHHO U3 9THX MHTepBanoB. [yt atoro B Deductor Studio
TNPUMEHSCTCS] HHCTPYMEHT KBaHTOBAHUS (WM JIUCKPETU3ALUH).

KBaHTOBaHME NpeHa3HAYCHO IS TpeoOpa3oBaHKs HEIIPEPHIBHBIX JAaHHBIX B TUCKpeTHBIE. [IpeoOpazoBaHie MOXKeET
MIPOXOJIMTH KaK M0 MHTEepBaJaM (laHHbIE pa30MBAIOTCS Ha 3aJJaHHOE KOJIMYECTBO MHTEPBAJIOB OJIMHAKOBOM JUIMHBI), TaK U
0 KBAaHTWJISIM (JIaHHbIE Pa30MBAIOTCS HA MHTEPBAJIBI PA3HOM JUIMHBI TaK, YTOOBI B KaX/IOM HHTEpBaJe HAXOAHIIOCh
OJIMHAKOBOE KOJIMYECTBO JaHHBIX). B KauecTBe 3HaUeHUIl pe3yabTUPYIONIEro Habopa JaHHBIX MOTYT BBICTYHATh HOMEP
HHTEpBaJIa, HUXKHS WIK BEpXHs IpaHUIIa HHTEpBajla, CeperHa HHTepBaja, 1100 MeTKa MHTepBaia (3HaUYCHUS
oTIpefeIsieMble AaHATUTHKOM).

[IpumMepoM HCTIONIB30BaHUS TaHHOTO HHCTPYMEHTA MOXKET CITYXKHUTh pa30HeHNE JaHHBIX O BO3PACTe KPEIUTOPOB Ha 5
uaTepBasoB (10 30 ner, ot 30 o 40, ot 40 mo 50, ot 50 mo 60, cTapmre 60 ner).

I/ICXO}:[HI)IC JaHHBIC paCcupeaACIATCA IO MATU UHTCPBAJIaM UMEHHO TaK, IMTOCKOJIbKY, COTJIACHO CTaTUCTUKE, MUHHUMAJIbHOC
3HaueHHe BO3pacTa Kpeauropa 19, a MakcumansHoe 69 jieT. OTo He0OX0AUMO aHAIUTHKY UISl OLIEHKH KPEIUTOPCKON
AKTUBHOCTH PA3HBIX BO3PACTHBIX T'PYIII, C UEJIBIO MMPUHATUA PECIICHUA O CTUMYJIMPOBAHUU KPCAUTOPOB B I'pyIIax ¢
HHU3KOH aKTUBHOCTBIO (HAIIPUMEp, YMEHBIICHHE CTOMMOCTHU KPEIHTA I 3THX IPYIIN) U, OBITh MOXET, YBEIUYCHUE
NpUOBUTH B BO3PACTHBIX IPYIIAX KPEIUTOPOB € BEICOKUM PUCKOM (IIyTEM MPEIUIOKESHHS JOTIOTHUTENBHBIX TIATHBIX
yeayr). [IpudeM aHaTUTHK XKelaeT BUACTh JaHHBIE B pa3pese M0 HellelsiM (I03TOMY MPOJOKAM paboTy Ha ITOCIEIHUX
NOJyYEHHBIX JaHHBIX IPEIBIIYIIEro IPUMepa).

BOCHOJ’IBSyeMCﬂ MaCcTCpOM KBAHTOBAHUS.

© Cyrira kpeavma 4| Wmmcrontua | COL7
B CToMmMocTE KpegMTa Tuan garno i L enbii
© Crox kpeaura Hasnauerme |\/ Menonkayemos j
B Hara kpeaHToBaHKHA
g ﬁaTa kpeaHToeankA [Mog + Hea - ||_|';| pr—— :I
2k KPEAWMTOBaHWA
© Konuuecteo Wrrepsanos 5 s
Sraverme ]Ma‘ma HHTEpEana :_l
ﬂ Man
© 06pazopatie Bua parsmm ] vo NUcKpeTHBIEN l‘
© YacThan coficTeernocTe g
O keapripa TFi RS |
© Nrowane keapTipe: +|  MHaxcimm :
<] | L|_I Crammagmaoe omhn. |
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B Hewm BrIOepeM Ha3zHadeHHE MO «Bo3pacTy HCTIONB3yeMBIM, YKakeM criocob pa3duenus «Ilo maTEpBamaM», 3a1a1uM
KOJIMYECTBO WHTEPBAJIOB paBHOE 5, B KaUeCTBE 3HAUCHUS BEIOEpeM «MeTKy HHTepBaIay.

Ha cnenmyromem mare Mactepa onpeaeiuM caMi METKH COOTBETCTBEHHO BO3pacTa KpenuTopos: «ao 30 met», «ot 30 mo 40
JIeT» U T. 1.

CTondukl ' WMHTepBans! [MameHEHEI]
M ram | |r"||-|'I'E|:IEIE|FH.'.I-Bi N | [ paHMlLa | heTka
12 Boapact 5 _ 1]
o] 23 Mo 30 fer
] 39 Ot 30 go 40 ner
2| 43 Ot 4000 50 ner
3l 53 Ot 5000 60 ner
4/ 1000 | Crapwe 60 ner

ITocne 0OpaboTku BeIOEpEM B KauecTBe criocoba otobpaxenus «Kyoy. B mactepe ykaxxem «CYMMA KPEJIUTA» B
kauectBe ¢akra, «<BO3PACT» u none «IATA KPEJJUTOBAHUS (I'ox + Henens)» B kauecTBe H3MEPEHHUS, OCTAIbHBIC
TI0JIA YKaKEM HCUCTIOJIb3YCMbIMU.

Hanee mepeneceMm «BO3PACT» u3 moctymHbeIx m3Mepennii B «V3zMeperns B ctpokax», a «JATA KPEAUTOBAHUA (T'ox
+ Henenst)» B «M3mepenns B cronduax». Ha kxpocc nuarpamme Teneps BUAHA HHPOPMAIHS O TOM, KAKHE CyMMBI KPEIUTOB
OepyT KpeUTOPHI ONpPEJICNICHHBIX BO3PACTHBIX TPYIII B pa3pe3e 10 HeJeIsM.

Nara epeaurosatua [[on + Hepena)] =

200301 [2003w02  [Wroro
Tlo 30 ner 795 000,00 | 1516 500,00
Ot 30,00 40 ner 375 000,00 433000,00| &74 000,00
O7 40,2050 ner 19500000] 36250000 557 500,00
07 60 a0 60 ner 7300000]  21800000| 257 000,00
CTapwe B0 net 241 500,00 BO0B00,00( 302 000,00
Virara 161200000 193500000] 3547 000,00

Teneps aHaNUTHK, IOJyYUB TAKHE JaHHBIE, MOXKET 1aTh PEKOMEHAIUH O CHIKEHUU CTOMMOCTH KpeauTa JJIs JIUL, CTaplie
50 ner, 1100 O MPUMEHEHNN KaKUX — HUOY/Ib IpYTUX Mep, CIIOCOOHBIX MPHUBIIEYb OOJIbIIEE KOINYECTBO KPEAUTOPOB ITHX
rpymi, 1u00 Mep, HalpaBJIeHHBIX Ha TO, YTOOBI KPEAUTOPHI Opasil KPEAHUT Ha OOJIBIINE CyMMBI.

OunbTpanus JaHHBIX

[Toutn Beera NCXOAHBIN HAOOP AAHHBIX, WIIM HAOOP TAHHBIX MOCKIE 0OPA0OTKHM aHATUTUKY HEOOXOIUMO OT(QUIBTPOBATH.
OunbTpanms OpIBacT HeoOXoauMa I pa3OneHus JaHHBIX Ha KaKue JIN00 TPyl (HanpuMep, TOBapHbIE TPYIIIBI) IS
noceayronei 00paboTKM WM aHaIn3a JaHHBIX yXKe OTIENIbHO M0 KXol rpymme. Takxke HEKOTOpbIE JTaHHBIE MOTY HE
TIOJIXOIUTh, WIIK HA000POT, MOJIXOIUTH JUIS AaTbHEHIIEro aHaJiu3a B CHIIy HaKJIaJbIBAEMBIX YCJIOBUI (Harpumep, €ciii Ha
KakoM — 00 3Tare 00paboTKH JaHHBIX OBUIN BBISBJICHBI IPOTHBOPEYMBEIE 3AIIMCH, TO HX HEOOXOINMO HCKIIIOUUTD U3
nocneayronei 0o0padboTkn). 31ech ToXKe BO3HUKAET HEOOX0AMMOCTh (DHUIIBTPALIIH.



dunbTparys Mo3BoJsieT U3 6a30BOro Habopa JaHHBIX MOJYYUTh HA0OP AaHHBIX, YIOBICTBOPSIONIUN OIpeIeICHHbIM
aHaymtukoM ycnosusiM. B Deductor Studio Mexanu3m nmocTpoeHust yclaoBuid GUIBTPALMK IPOCT JJIs MOHUMAaHus. B oxHe
MacTepa MOXKHO OTIPENIeNUTh HECKOIBKO 3JIeMeHTapHbIX yenoBuit ¢usTparn (<I[IOJIE> <OTHOIEHUE>
<3HAYEHMUE>), nocrexoBaTenpHO CBSI3aHHBIX JIorrnaeckumMu oneparisivu (M, UIIN).

PaccMoTtpumM cutyanuio, Koraa aHaIMTHKY HEOOXO0AMMO CIIPOTHO3UPOBATh KPEAUTOCIIOCOOHOCTD MOTEHIUAIBHOTO
kpenuropa. [Ipennonaraercs, 4To KpeIUTOpHI, OepyIIre CyMMBI pa3HOTO JHana3oHa BeayT ce0sl Mo-pasHoMY,
CJeJ0BaTeNIbHO, MOJIENN IPOTHO3a TOJIKHBI CBOM JUIA Kax a0l rpynnsl. T. e. 1y1g ganpHeNIero NocTpoeHus Moaenen
MIPOTHO32a KPEITUTOCTIOCOOHOCTH OTIPEJIEIICHHBIX aHAJTMTUKOM KaTeropuid Heo0X0AMMO HCIOIB30BaTh (PHIbTPALIHIO.

OmnpepennM, 171 IpAEMeEpa TPYIITY KPEAUTOPOB, B3IBIINX Kpeaut Meree 10000 py0. Bocnons3yemcst naHHBIMUT
IpeAbIIyIIero npumepa. s aToro, HaXoIsICh Ha y3Jie UMITOPTa AaHHBIX M3 TEKCTOBOTO (aiiia, 3aImycTUM MacTep
o0OpaboTku. B HeM B kauecTBe MeToa 00paboTku BeiOepeM ¢uibTpanuto. Ha BTopom mrare mactepa MOXHO BUJIETb OJJHO
HEONPEIEICHHOE YCIIOBHE (PriIbTpanyy (Ipy HE0OXOIMMOCTH UX MOXKHO J00aBIIATh WIN YAATIATH COOTBETCTBYIOIIIMHU
KHOIKamM# Ha (opme). Ilockoabky He0OX0aUMMO OTGIIBTPOBATE AAHHBIE TOJIBKO MO KPEAUTOPAM, B3SBIIMX KPEIUT MCHEE
10000, To B rpade «ms mons» Beibupaem moire «CYMMA KPEAUTAY, B rpade «YcmoBue» BEIONpaeM 3HAK MEHBIIE, B
rpade «3HaueHue» numem «10000y.

Onepauuxa | WMrmA nonA Ycnosus JHaveHue
12 Cymma KpEAMTE € 10000

Bornbie HUKaKUX yCIOBHH He TpeOyeTcs, T03TOMY NEPEXOANM Ha CIEIYIOMNH IIar MacTepa ! 3aIlycKaeM IIPOIecc
¢unbTpanun. [Tocne BeIoTHEHHST 00paO0TKH MOXKHO MaHHUITYJIUPOBATH YK€ TOJBKO C JAHHBIMU 110 KPEIUTOpaM
BBIOPAaHHOTO KPEAWTHOTO AWAIa30HA. B MpaBMIIBHOCTH BBIMIOIIHEHHOHN OTIEpaliié MOKHO JIETKO yOEIUTHCS, BBIOpaB B
Ka4eCTBE BU3YAIN3aINH JJAaHHBIX CTATUCTUKY M MPOCMOTPEB 3HAYECHHUSI MUHUMAJIBHOTO M MaKCUMAaIBHOTO 3HAYCHUS OIS
«CYMMA KPEJIUTA».

|
Moo [E M [T Marcw |
1|12 Cymmakpeaura | 2000
2 |12 Croumocts kpea... | 400 1800
3 | 12 Cpok kpegura , & B
4 Dara kpeguroea... , 0012003 11.01.2003
Kanpkynsatop

WHoraa Bo3HMKaeT HE0OOXO0IMMOCTh Ha KaKoM-JT00 3Tare 00paboTKN TaHHBIX MOJXYYUTh Ha UX OCHOBE HOBBIE
(mpon3BoaHbIe) NaHHBIE. BO3MOXKHO, aHATUTHUKY TPeOYyeTCs! BBIYUCIHUTE MPOLIEHTHOE OTKJIOHEHHE 3HAYSHHUS OJJHOTO TT0JIS
OTHOCHTEJFHO JIPYTOro, 00 IOACUYNTATh CyMMY, Pa3HOCTB IIOJICH, TIOJIyYUTh HA OCHOBE JaHHBIX ITOKA3aTellb U yXKe eTo
UCIIONIB30BATh IS JalbHEHIeH 00paboTKH, B 3aBUCUMOCTH OT 3HAYEHUS MOJIeH BHIYMCIIUTE T€ WM MHBIE BhIpaKeHHs. B
Deductor Studio Takyro BO3MOXXHOCTb HpeiocTaBisieT HHCTpYMEHT «Kanbkyisitopy». OH 1MO3BOJISIET CO3/1aBaTh HOBBIE OJIS,
BBIUUCIIAIONINE 33JJaHHbIE aHAJTUTUKOM BbIpaXeHHUs. T. €. KalbKyJIATOp CITYXKUT JJIS TIOITy4€HUs IPOU3BOAHBIX JaHHBIX HA
OCHOBE MMEIOIIMXCSI B ICXOAHOM Habope. MacTep npeaocTaBisieT MNUPOKUid Habop (yHKIMH pa3IndyHOTro HanpasieHus. B
MacTepe MpeZCTaBlIeH CIIMCOK HOBBIX BBIPAXKEHUMH, T1e 100aBIISIOTCS HE00X0IMMbIEe aHAINTHKY BBIPasKeHHUS, CITUCOK
JOCTYIHBIX (DYHKIMH C KPaTKUM ONFCAHUEM KaXXI0H, CICOK JOCTYIHBIX ONEPaIiii M TAK)Ke CIIHCOK TOCTYITHBIX
cTOJI0II0B, KOTOPEIE MOKHO 33A€HCTBOBATH P CO3AaHUH BBHIPAKCHHUS.

3ameuanne: Peamm3oBannsiit B Deductor Studio KOHCTpYKTOp BBIpaXKeHUH MPH MOCTPOSHUH UCTIONB3yeT He MeTKH (CymMa,
Komuuectro, LleHa...), a uMeHa noneld TaOIHIbL, 3aJaHHBIC B ICTOYHHKE MaHHBIX (Summ, Count, Price...). [Ipu umnopre B
HEKOTOPBIX CITydasiX (Hamp. U3 TEKCTOBOTO (paiiiia) MOXKHO 3a/1aTh KaK METKH, TaK ¥ IMEHA HMITOPTHPYEMBIX moJiei. B
cnenyrouieM npumepe metkamu sBisoTes «KAPTYMEHT 1», «cAPTYMEHT2», «KAPTYMEHT3», a umenamu
cootBeTcTBeHHO «COL1», «COL2», «COL3». [Ipu sxenaHnu Kak METKH, TaK U HMEHA IOJIeH MOKHO U3MEHUTH Ha Oojice
WHPOPMATUBHBIE, HCIIONB3Yst 00paboTunk «HacTpoiika Habopa TaHHBIX.


https://pandia.ru/text/category/kreditosposobnostmz/

Hcxomgnelie nanHbIe

PaccMoTpuM npuMeHeHHe Ha IpuMepe TaHHBIX u3 Qaiina «Calculate. txt». B Hem conepkutest Tabauna ¢ HOIIMH
«APTYMEHT 1», «KAPTYMEHT2», «<APT'YMEHT3» — Hab0op aprymMeHTOB.

Jnst Hadasia HeoOXOJMMO UMITIOPTHPOBATh JAaHHBIN (aila B mporpamMMy. [yt mpocMOTpa NCXOJHBIX JaHHBIX B JAHHOM
cirydae yqoOHee NCTIONb30BaTh Busyannu3aTop «Tabmumay.
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[TycTh HEOOX0AMMO Ha OCHOBE apIyMEHTOB pacCcUMTaTh HEKOTOpble MaTeMaTHyeckue GpyHkiuu. [lycts 310 OyayT nBe
¢ynkiuu ogHoro aprymenta (APITYMEHT3), onna ¢yHKuIuMs OT ABYX apryMeHTOB, OJlHa KyCOUHO-3aJaHHas (DyHKLUS 1
¢byHKIWMs, ToKa3bIBaoias otHocutenbHoe otkiaoHeHue (APITYMEHTI + 1 or APTYMEHT?2 + 1). [Ipeanonaraercs, 4to
BCE 3TU (PYHKITUH OYIyT HCIIOIB30BATHCS JJIsI MOCICAYIOIIEH 00pabOTKH.

®yukuun FI(APTYMEHT3), F2(APTYMEHT3)

Paccunraem 3Hauenue ¢pynkumii SIN ( APTYMEHT 3 * APTYMEHT 3)* LN ( APTYMEHT 3+1)*EXP (- APTYMEHT
3/10) u 10*SIN( APT'YMEHT 3 * APT'YMEHT 3/100)/ ( APTYMEHT 3+1)*EXP(- APTYMEHT 3/10).

J11s 3TOr0, HaXOsICh Ha y3Je UIMIIOPTA, 3allyCTUM MacTep 00paboTku. BribepeM B kauecTBe 00pabOTUHKaA KAIBKYIATOP.
Ha Bropom miare mMacrepa B CIIMCKE BBIPDaXKEHUIT B TIEpBOii cTpoke B rpade «Ha3BaHue BhIpaKeHUs» BMECTO HAAIUCH
«Bripaxenney HarmieMm F1(API'YMEHT3). B none penakropa BeIpakeHHs (B BepXHeEil yacTu Mactepa) HanumeM «SIN
(COL3 * COL3)* LN (COL3+1)*EXP (-COL3/10)».

HaapaHue Beipa#eHyUs ] 4 |SIN (COL3 * COL3)* LN (COL3+1]*EX;|
9.0 FyHkuma F1[AprymedT3] 1 P [—COL3F10)

+

-

-

= =l

~ Onepaum9
Mma eTonbua I MeTra crontua | e
12 COLT (=] ]|
12 COLZ ApryraerT2 =1 x| « 3 | 2= 3=
12 £0L3 Aprypacrd and| or | not| sor| trug|false
Fe Pyrruus

Takum 006pa3zom, MBI CO3/IaJTM HOBBIH CTOJIOET], 3a1amu emy HazBanue «F1(APT'YMEHT3)» u Takke onpeaenim, Kakue
3Ha4YeHus OyayT MPUHUMATH 3aIFCH ATOTO 1oJis. Ha 3ToM co31aHne BEIYUCISIEMOTO 3HAYCHNSI OKOHUEHO, TI03TOMY
MePEeXOIMM Ha CIISAYIOIINHI IIar MacTepa, e MpeaiaraeTcsl BeiopaTh crmocod otobpakeHus qaHHBIX. CaMbIM
nHGOPMATUBHBIM B JaHHOM CITydae SBJSETCS AuarpaMMa, KOTOpYIO U clieayeT BeIOpats. [lanee, BEIOpaB B macTepe
HACTPOEK AuarpaMMbl B KadecTBe oTobpaskaemoro nons «F1(APT'YMEHT3)», B kauecTBe Tuma rpaduka «JImanny, B
KavecTBe noamnuced no ocu X 3HaueHus moist KAPI'YMEHT3» MoxHO yBuIeTh rpadMK BEIYUCICHHON (QyHKINH.
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ApryseHT3

Cnoxnas ¢pynkuus F2(APT'YMEHT3) otnuuaercst Tosipko BuaoM dynkuuu («10*SIN(COL3 *
COL3/100)/(COL3+1)*EXP(-COL3/10)»).
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ApryseHT3

Oynkius ot aByx aprymentos F3(API'YMEHT1; APT'YMEHT?2)

JanHast pyHKIMS HHTEpECHa TEM, YTO JUIS €€ IPOCMOTpa B TPEX U3MEPEHHAX MOXHO HCIIOJIb30BaTh BU3yanuzaTop «Kyo».
3anaaum Ha3BaHue BeipakeHus «F3 (APTYMEHT1; APTYMEHT2)», B moJie BBIYUCISEMOTO BBIPAXXECHUS HAMTUIIIEM
«COL1*COL1/100 — COL2*COL2/100». Beibepem Buzyanuzarop «Ky6» u Hactpoum ero Tak, uro «APIT'YMEHT1 u
«APT'YMEHT2» siBrsiimuce 661 m3mepenusmu, F3 (APTYMEHT1; APTYMEHT?2) — pakrtom, a kKAPTYMEHT3» —
HEHCIIONIB3yEMBbIM.

Briopas «APTYMEHT 1» usmepenuem B cronbdiax, a «KAPI'YMEHT2y» — usmepeHusiM B CTpOKax mepeiiieM K mMpocMoTpy
Kpocc-nnarpammer. s Gojiee HaTrIsAHOTO MIPOCMOTPA YCTAHOBUM THII JUAarpaMMBI «obmacTiny. Terneps MOKHO
ITOCMOTPETH BEIYUCICHHYIO (QYHKIIUIO B 0OBEMHOM BHJIE.
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Brrancnenne otknonenuss APIT'YMEHT1+1 ot APTYMEHT2+1

[MokaxxeM npuMep NPUMEHEHUsI OJTHOI U3 BCTPOCHHBIX (DYHKIMH — BEIYHCIICHHE JI0JICBOTO OTKJIOHEHHUS O/IHOTO apryMeHTa
ot apyroro (RELDEV). Cincox Bcex BCTpOSHHBIX ()YHKIHN BMECTE C OIIICAaHUEM MOKHO TOCMOTPETh B MacTepe HaXKaB
Ha KHOTIKY «DYHKIII».

3anaB B kauecTse Beruucisiemoro BelpakeHuss RELDEV(COLI + 1; COL2 + 1) MoHO Ha AuarpaMMme yBHJCTh JaHHOE
OTKJIOHEHHUE.

14711162227 33384449 55606671 77828893 99
ApryseHT3

[Mpumep KycouHO-3a/1laHHON QYHKIIHH.

[Tycts dynkius npuanmaet 3HadeHns SQRT(API'YMEHT3/50) (kBagpaTHslil kKopens) npu 3HaueHusx APIYMEHT3 or
0 no 50 u 3nauenusst APTYMEHT3*API'YMEHT3/2500 nipu octanpHbIX. [ BEIYUCIEHUS TOJOOHON (QYHKIINU
HEoOX0AMMO BOCIIOJIb30BaThcs UMetoleiics B Hannunu pyakuueid IFF(apymenrl; aprymenT2; apryment3), koTopas
TI03BOJISIET B 3aBUCUMOCTH OT JIOTHYECKOTO 3HAUEHHSI IIEPBOTO apryMEHTa NOJIYYUTh BTOPOH MM TPETHH apryMeHT.
CorlacHO IpuUMepYy, €CIIM 3HAaUE€HHE apryMeHTa OoJblie Hyns U MeHblIe 50 HeoOX0ANMO MOJTyYHUTh BEIpayKeHNE
SQRT(API'YMEHT3/50), 8 mpotnBHOM cityuae — Belpaskenne APTYMEHT3*API'YMEHT3/250. Takum o6pa3om, B rose
MOCTPOEHHs BEIpaxkeHust Heobxoanmo Hanmcath «IFF((COL3 > 0) AND (COL3 < 50); SQRT(COL3/50);
COL3*COL3/2500)». Cnena 310 B MacTepe 00paboTkn «KaapKynsaTopy», U BEIOpaB Aaniee Bu3yanusatop «/luarpamman, u
TaKke BHIOPAaB B MacTepe HACTPOWKHU TUarpaMMBI MOJIE€ CO 3HAYCHHSIMHU KYCOYHO-3aJ[aHHOM (DYHKIIUH, MOKHO TIOCMOTPETh
Ha TpeOyeMBbIii pe3yibTarT.



AprysmeHT3

I'pynnupoBka gaHHbBIX

CII0KHO JIeNaTh BBIBOJIBI HA OCHOBE HEOOpaOOTaHHOM MEPBUYHON MHPOPMAITHH. AHATUTHKY [UIS IPUHSATHS PEIICHUS
MMOYTH BCEr/ia Hy>KHA cBOIHAs HH(popMaius. COBOKYITHbIC JaHHBIC HAMHOT'O OoJice HH(GOPMATUBHBI, TEM O0JIee, ECITH X
MOYKHO IMOJIYYHTh B pa3nuuHbiX pazpes3ax. B Deductor Studio npeaycMoTpeH HHCTPYMEHT, pealu3yonmii c00p CBOAHON
uHpopManuu — «[pynmupoBka». [pynmupoBka mo3BossieT 00beIHHATD 3aUCH 10 TIOJISAM - H3MEPEHHAM U arperupys
JIaHHBIE B TIOMAX-(haKTaxX JUls JATbHEHIIIET0 aHATH3A.

HcxonHele naHHbIe

JomycTum, 9TO y aHAINTHKA MMEETCsl CTAaTUCTHKA 110 OaHKaM Poccunu 3a onpenenennsiit nepuoa. OHa HaxoauTes B (aiiie
«banks. txt». [lepen HUM CTOUT 3a7a4a BBISBICHHS PsiJia TOPOJIOB, B KOTOPBIX MPUOBLIL OaHKOB camasi 0oJIbIIast st
UCIIONIb30BaHKA TUX JAHHBIX B JajbHeimeM. /i 5TOoro aHalMTHK T0JDKEH 00paTUTh BHUMAaHKE Ha CICAYIOIINE OIS
Tabmuipl u3 daiina: «KBAHKY, «©UIIUAJIbL», «TOPO/», «[IPUBbLJIby. T. e. undopmarius o Ha3BaHHH OaHKA, TOPOJIE, B
KOTOPOM OH HaxoauTcs ((uarans! 0aHKa MOTYT HaXOAUTHCS B Pa3sHBIX TOPO/AX — CIEI0BATEIbHO, IT0 OHOMY U TOMY XKe
0aHKy MOXET ObITh HECKOJILKO 3aMKceil ¢ JaHHBIMU 0 Pa3HBIM rOpojiaM) ¥ NpUObLIb OaHKa.

HCHO, YTO JJId pCHICHUA IIOCTaBJICHHON 3aJa4u ICPBbIM JICIIOM H606XOHI/IMO HalTH CYMMApHYIO HpI/I6BIJ'IB BceX OAHKOB B
KaXXJ10M ropoJae. Z[JI?I 9TOTO U HGO6XOZ[I/IMa TpynmnupoBKa.

Jlnst Hauaua cieyeT UMIIOPTUPOBATH JIAHHBIE 110 OaHKaM M3 TEKCTOBOTO (aiiia. [IpocMoTpeTs HCXOIHYI0 HHPOPMALIHIO
MOYKHO B BHJIE Ky0a, I'/ie 110 CTpokaM OyIyT Ha3BaHuUs OAHKOB, a 10 CcToNOIaM — ropojia. C MOMOIIBIO BU3yaliu3aropa
«Ky0» Taxke MOXKHO MOJTY4UTh TpeOyeMyto HH(OpMalio, BEIOpaB B kauecTBe u3MepeHus none «I'OPO/]», a B kauecTBe
¢axra «[TPUBbIJIb». Ho Ham HEOOX0AMMO MONYYHTh STH AaHHbIE JJIsI OCIEAYIoel 00paboTKu, Clle0BaTeNIbHO,
HE00XO0IMMO CIeNaTh aHAIOTHYHYIO IPYIITUPOBKY.

I'pynnuposka no ropojgam

Haxopscs B y31e nMnopTa, 3amycTuM Mactep o06pabotkn. Beibepem B kauecTBe 00pabOTKH TPYNITUPOBKY JaHHBIX. Ha
BTOPOM IIIare Mactepa yctaHoBuM HazHadeHue moyist «["OPO/» kak usmepenne, a HazHaueHue noms «[IPUBbLUIby kak
¢axt. B xauectBe pynkunu arperaunu y nons «[IPUBbIJIby» cnenyer ykasats Cymmy.
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Taxum o6pa3om, nociie 00pabOTKH NOTyYNM CyMMapHBIE JaHHbIE MO IIPHOBUIN BceX OAaHKOB MO KayKAOMY ropoxay. Mx
MOYKHO IIPOCMOTPETb, UCIOIb3Ys Tabnuiry. Tenepb aHaINTHKY MOKHO BBINOJHATH CICAYIOMINH 3Tarm 00pabOTKN TaHHBIX.

[Mopog MNpHo eIk I
l Cankr-Merepdypr 128038

B nanue ocTok 17152
: Bunu pa 30144
o E karepuntypr 125126
| K.azaHe B8 576
L K.pacHonap 26 991

[Ipeobpa3oBaHue JaHHBIX K CKOJIB3AIIEMY OKHY

Korpa TpebyeTcs IporHo3upoBaTh BPEMEHHOH psiji, TeM OoJiee, €ClTi HAIUIIO €ro MEPUOANIHOCTh (CE30HHOCTh), TO
JIy4IIero pe3ysibTaTa MOKHO JOOUTHCS, yYUThIBAs 3Ha4eHUsI (JaKTOPOB HE TOJBKO B JAHHBIH MOMEHT BPEMEHH, HO H,
HarpHuMep, 3a aHaJIOTUYHBIH [Tepro/] Mpouuioro roja. Takyr BO3MOKHOCTh MOXKHO TOJIYYHUTh IOCIE TpaHCHOpMaIK
JAHHBIX K CKOJB3sIIeMy OKHY. To eCTh, HampuMep, IPU CE30HHOCTHU MPOJaXK C MEPHOAOM 12 MecsueB, I
MIPOTHO3UPOBAHMS KOJIMYECTBA MPOAAXK Ha MECAII BIIEpE] MOKHO B KA4eCTBE BXOTHOTO (paKTopa yKazaTh HE TOIBKO
3HAYCHUE KOJMYECTBA MPOIaXK 3a MPEIBIAYIINN MeCsAIl, HO U 3a 12 MecsIeB Ha3al.

O0paboTKa co3/aeT HOBBIE CTOJIOLBI ITyTEM CIIBUra JAHHBIX UCXOAHOTO CTOJIOLA BHU3 U BBEpX (TIIyOHHA ITOTrpYKeHHUS,
TOPHU30HT MIPOTHO34).

WcxonaHeie naHHbIE

[TponemoHcTpUpyeM caM IMPUHIKI TpaHc(OpManny JaHHBIX, UCHIONB3Ys AaHHbIe n3 daina «Sliding. txt». B Hem Bcero 2
moist — «KAPI'YMEHT» - apryment (Bpems), «®YHKILIMS» — Bpemennoii psa. mmoptupyem nanHble U3 aiina
(He00X0AMMO yKa3aTh THI MOJICH — BEIIECTBEHHBIN) M IOCTPOUM JHArpaMMy.


https://pandia.ru/text/category/vremennoj_ryad/
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AprysieHT

[IpeoOpa3oBaHKe CKONB3AMIMM OKHOM

B mactepe npeobpazoBanus ykaxeM HazHaueHHe cTonona « ©YHKIM S» ncnonb3yemMpIM, YCTaHOBHM JIJIS HETO TIIYOHHY
norpyxeHus 12.

© tprymen Mri cTonbua | caLz
Tun gaHHBIR | BewecTeeHHEIR
HazaHaueHHe IJ Menonsayemos j
[ nybiHa Norpymerms 12 =

["opu3oHT MporHoaMpoBaHKA IEI vl

[T DcTasnaTs HEMOAHLIE 33MHMCH

[Mocne TparchopManuy ObLTH MOTyYeHBI HOBBIE cTONONEI — «DYHKIUA - 12», ... «@YHKLUA - 2», « ©YHKIUA - 1»
Ha ocHOBe cronbma «® YKL A». Ecnu Ha iuarpamMMe HOCMOTPETh HECKOJIBKO TaKHX CTOJIOLIOB, TO BUAHO, UTO TaHHEIC B
HUX CIBHHYTHI OTHOCHTEJIEHO YT APYTa.
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ADryseHT

Hactpotiika Habopa TaHHBIX

Hactpotika Habopa TaHHBIX TPUMEHSIETCS, KOTIa HEOOXOAMMO H3MEHUTh UMSI, METKY, pa3Mep, TUIL, BUJ U Ha3HAUCHHE
moJielt TeKyIer TabauIlpl JAHHBIX TS 0oJiee yI00HOTO abHEHIIEro NCTIOIb30BaHUSI.

3ameuanue: [lanHbIi 00pabOTUMK aHAJIOTWYEH LIary MacTepa HaCTPOWKH IOJIeH PU UMIIOPTE AaHHBIX B IIPOTpaMMy,
PaccCMOTPEHHOMY BBIIIIE.



Hcxomgnelie nanHbIe

IIpogeMoHCTpUPYEM UCTIOIB30BAHUE HACTPOUKY MOJIeH, UCIIOIb3Ys AaHHBIE, TOJy4YEHHbIE [T0CIIe KBAHTOBAHUS BO3pacTa
KpPEIUTOPOB HAa MHTEPBAIBI U3 IpuMepa Beiie. [lycTh He0OX04MMO U3MEHUTH METKY moiist «/lata kpenntoBanus (I'ox +
Henens)» Ha Gonee nHGOPMATHBHYIO METKY IPH MTOJTOTOBKE OTYETHOCTH - «['0x 1 Henens kpeanToBaHus». [lycTs Takxke,
JUTSL TATTbHEHINETO MCTIONb30BaHUA HEOOX0IMMO YCTaHOBHUTH pa3zmep noist «Llens kpennToBarns» 30 CHMBOIIOB U
HEOOXOANMO HCIOIb30BaTh moie «CpoK KpeauTay Kak JUCKPETHOE.

BbrlnosHeHUE HACTPOUKH

B mactepe HacTpoiiku Beigenum cronbern «/lara kpenuroBanus (I'ox + Henmens)» u ykaxem emy HOBYIO MeTKy. [logoOHBIE
JeUCTBUS 110 U3MEHEHHIO TPOU3BEIEM U C APYTUMHU MOJISIMHU.
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TMocie HaCTPOMKH MOJIeH, TTOMYIEHHBIN OTUET, IPEACTABICHHBIN B BUIE KPOCC-TA0MUIIBI, OYIET BBINISAETE CIEAYIONINM
o0Opa3zoM:

=
2003401 B 700,00 202 000,00
12 244 500,000 176 500,00 421 000,00
18 48000,00( 249 000,00 297 000,00
24 195 500,00 185 500,00
30 151 000,00 151 000,00
36 223 000,00 229 000,00
42 58 500,00 58 500,00
48 56 000,00 58 000,00
Hroro 487 000,000 112500000( 161200000
2003 w02 G 183 500,00 25 500,00 209 000,00
12 10300000 37350000 482 500,00
CnusHue

O6paboTunk "CiustHne" npeHa3HaueH Uit 00beTMHEHHS ABYX TaOJIHIl 10 HECKOJIBKUM OJMHAKOBBIM OJsiM. OO0paboTunk
MIpUMEHSEeTCs, HallpuMep, s 100aBIeHUs B TaOIUITy C JAHHBIMHE O MTPOAAYKaX JaHHBIX IO OCTATKaM 3a Te K& MecsIa.
PasnmuaroT 1Be TabuMIE: MCX0qHAS U IpucoeanHseMast. K ucxomHoit Tabimiie 100aBIISIFOTCS HOBBIE MOJIS, 3HAYCHUS
KOTOpPBIX OepyTcs U3 mpucoenuHsieMoi Tabauisl. KolmaecTBo CTpOK HCXOAHON TaOIHIIBI OCTAETCS HEHM3MEHHBIM.



Hcxonnelie nanHbIE

[TponemMoHCTpUpPYEM HCHIOJIB30BaHUE CIUSHMUS, UCIIOJNB3YsI AaHHBIE 110 MpoAaxkaM U octatkaMm (dainsr «TradeSales. txt» u
«TradeRest. txt» cooTBeTcTBeHHO). J[06aBUM K TaHHBIM II0 MPOJaXkaM JaHHEIE 1O ocTaTKaM. [l 3Toro cHadana
HMIOPTHPYEM TaHHEIEC U3 (aiiia, copepikalero JaHHbIe 110 PoJakaM, a 3aTeM 3aIlyCTUM MacTep 00paboTKH U BEIOepeM
o06pabotunk «CoausaneY.

BeInonHeHue causHus

B macrtepe crnusiHus cHavana HeoOXOAMMO BBIOPATh HCTOYHUK JAHHBIX IS CIHSHUA. JlaHHbIC ATy aHAJOTUYHBI IIaram
MacTepa UMIOpTa JaHHbIX. Tak 4To HMIOPTHPYEM JaHHBIC U3 TeKCTOBOrO (aiina ¢ ocratkamu «TradeRest. txt». Janee
HEO00XO0/IMMO YCTAHOBUTB CBSA3b MEXAY HAOOpaMH JaHHBIX, @ IMEHHO, YKa3aTh COOTBETCTBHE HMIIOPTUPYEMOTO OIS
HUMEIOIIEMYCsI MO0 (M3MEPEHHUE - [Tl CBSI3H ABYX TaOJIHII) U yKa3aTh, KAKHE HOBBIC MOJIs JOOABUTD MPH CIUSHUU ((DaKT C
yKa3aHueM crioco0a arperamum).

M rMNopTHpYEMOE NONE Haznauerue ' [Moned&rperpoBars |
ab Oara (Moo + Mecaw) 17, Wamepere Iara [Foa + Mecau)
9.0 Ocrarok [konquecTen] 'CF‘acr = Cyraraa

[Mocne ykazaHusi mapaMeTpoB IOJiei, Kak MOKa3aHO Ha PUCYHKE BbIIIE, HEOOXOIMMO NEepeiiTh Ha CIeIYIOMMI Iar Mactepa
1 3allyCTUTb IPOUECC CIUAHUAA. HOJ’Iy‘IeHHI)Ie PE3YIbTAThI, MPCACTABJICHHBIC B BUJC AUAIrpaMMBbI 6y,[[yT BBITJIAACTH
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Kak BUIHO, TP MOMOIIM CIMSIHUSA yIAJIOCh 00BETUHUTE 00BEM IIPOIaXK C 00bEMOM OCTATKOB.

BrisBnenue 1y0MKaTOB U MPOTUBOPEUHI

BriBaroT cuTyanuu, korjaa npobdaemMa HeOUHIIEHHBIX TAHHBIX HE MO3BOJISIET MOCTPOUTH XOPOIIYIO MOIENb
MIPOTHO3UPOBaHKA BoobmIe. Takoe IpouCXoanT, ecin B Habope TaHHBIX JJIS MPOTHO3a COAEPIKATCS CTPOKH C
OJIMHAKOBBIMH BXOJIHBIMH (haKTOpaMHu, HO Pa3HBIMH BBIXOJHBIMH. B Takol CHTyalnnu HETIOHITHO, KAKOE Pe3yIbTHPYIOIICEe
3HaYEHUE BEPHOE — HAJIULO NPOTUBOpeUre. Eciu npoTUBOpEUHBbBIE HCIIONB30BATh JUIsl IOCTPOEHUS] MOJENIH MIPOrHO3a, TO
MOJIENIb OKaXKeTCs HealekBaTHOU. [103ToMy MPOTHBOPEYUBHIC JaHHBIC, Yallle BCETO, JIyUIlle BOOOIIE HCKITIOYHTD 13
HCXOJHOW BBIOOPKHU. Takxke B JAHHBIX MOTYT BCTPEYATHCS 3AIKCH C OJIMHAKOBBIMY BXOAHBIMH (DaKTOPaMH U OJHMHAKOBBIMU
BEIXOJIHBIMH, T. €. IyOiauKatel. Takum 00pa3oM, TaHHBIE HECYT H30BITOYHOCTE. [IprcyTCcTBHE TyOIUKAaTOB B
AHATM3UPYEMBIX JAHHBIX MOYKHO PacCMaTPUBATh KakK CIIOCOO MOBBIIICHUS «3HAYUMOCTHY TyOIHupyromencs nHpopMaIny.
WHorna oHn gaxke HeOOXOAMMBI, HAPUMED, €CJIU TIPH MMOCTPOSCHUH MOJICTTH HYKHO 0CO00 BBIIEITUTh HEKOTOPhIE HAOOPHI
3HaueHuil. Ho Bce paBHO, BKIIIOUEHKE B BHIOOPKY AyOnupyroieid HHPOPMAITUHU T0JDKHO MTPOUCXOUTh OCO3HAHHO: B
OONBIIMHCTBE CIy9YaeB AyOIUKATH B JaHHBIX SBJSIOTCS CIEACTBHEM OMIMOOK IIPH MOATOTOBKE JaHHBIX.



Tak nnu nHaYe, BOSHUKAET 3a/1ada BBISABICHUS TyOauKkaToB U npotuBopeunii. B Deductor Studio mys aBTomMaTuzanuu
3TOT0 MpoLecca €CTh COOTBETCTBYIOMINN HHCTPYMEHT — 00paboTka «/IyOnuKaThl U IPOTHBOPEUHSD).

CyTtb 00pabOTKH COCTOUT B TOM, UTO OIIPENEIAIOTCS BXOIHBIC ((PaKTOPBI) ¥ BEIXOIHBIE (PE3yIBTATHI) OIS AJNTOPUTM
UILET BO BCEM HaOOpe 3aIuCH, I KOTOPBIX OJJMHAKOBBIM BXOJHBIM MOJISIM COOTBETCTBYIOT OJJHHAKOBBIE (JyOJIMKATHI) WIN
pasHble (IpOTHBOPEYNs) BEIXOIHBIE oI Ha ocHOBaHMY 3TOI HHpOpMaNny CO31Aar0TCs 1BA JOMOIHUTEIBHBIX
Jorundeckux moist — «Jlyonukar» u «lIporuBopeurey, MpUHUMAIOIINE 3HAUCHHUS IIPAB/A» WIH «I0XKb». B
JIOTIIOJIHUTENBHBIE YHCIIOBBIe MoJst «['pymnma gy0nnkaToB» U« pyIina NpoTUBOPEUHiD» 3aIMCHIBAIOTCS HOMEDP TPYIIITBI
JQyOJIMKaTOB M IPYIIIBI TPOTUBOPEYHH, B KOTOPBIE MTOTIA/IaeT AaHHasl 3anuch. Eciy 3anuch He ABisieTcst AyOauKaToOM WK
MIPOTUBOPEYHEM, TO COOTBETCTBYIOLIEE TT0JIe OyIET IyCThIM.

HcxongHelie naHHBIE

PaccMoTpuM MexaHU3M BBISIBIICHHS AYOJIMKATOB U MPOTUBOPEUNil HA IpuMepe AaHHbIX (aiina «MultTable. txt». B Hem
HAXOJIUTCS TAOJUIIa YMHOKEHUS IBYX LIEJIBIX apTyMEHTOB B nuamna3oHe oT 1 1o 10. Tabmuma uMeeT YeTsipe MO
«APT'YMEHT1», cKAPTYMEHT2» — aprymentsl, « [ IPOU3BEAEHUE», « TPOU3BEAEHUE C ITPOTUBOPEUMSAMUN»
— TMPOU3BEICHUE apIYMEHTOB, CO/ieprKallee NpoTuBopeyns. JlaHHbIe IOATOTOBIEHBI CIEAYIONIMM 00pa3oM: CHavajIa HaeT
100 ctpoxk Tabmuisl ymHOXKeHUs (0T 1*1 mo 10*10), mpuyem B nosie «I[IPOU3BEJIEHUE C TIPOTUBOPEUMSMN B
HEKOTOPBIX CTPOKAX COJIEpKATCA HEBEpHBIN pe3ynbTaT yMHOKeHUs (Hanpumep, «KAPITYMEHT 1» = 1, «<AP'YMEHT2»=5,
«TPOU3BEJEHHUE» = 5, «ITPOU3BEJEHUE C [TIPOTUBOPEUMAMUN» = 10). Cnenyrommue 50 cTpok AyOIUpyIOT
nepssie 50, npudem 3HaueHus noist «[IPOU3BEJJEHUE C ITPOTUBOPEUYMAMM» conepsxaT BEpHBIN pe3ynbTar
yMHOXKeHHs. Takum 00pa3oM, TaHHBIC COEPIKAT PSIT CTPOK C OJJUHAKOBBIMU BXOJAHBIMH 3HAYCHUSIMH, HO PA3HBIMH
BEIXOJHBIMHU H CTPOKH C OJJMHAKOBBIMH BXOJHBIMU M BEIXOJTHBIMU 3HAYCHHUSMH. T. €. IPUCYTCTBYIOT TyOIHKATHl U
npoTtuBopednst. OcTaeTcst TOMBKO OOHAPYKUTH HX.

HmmopTupyeM naHHbIE U3 TEKCTOBOTO (haiiyia 1 TOCMOTPHUM HX B BHJIE TaOIHIIBI.
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IMouck ny0mMKaToB U MPOTUBOPEUHIA

JJis BBIABIICHUS TyOJIMKATOB ¥ MIPOTHBOPEUYHH 3aITyCTUM MacTep 00padoTKu. B Hem BrIOepeM THIr 00padoTku «JyOmuKaTs
U IPOTHBOPEUUSI.

Ha BTOpOM mare macrepa HEOOXOAMMO HACTPOUTH Ha3HAYCHHUE TTONICH. B TaHHOM cily4ae BXOIHBIMU IOJISIMU SIBIISTFOTCS
«API'YMEHT 1» u «KAPI'YMEHT?2», a Beixogusim «[ IPOU3BEJAEHUE C [TPOTUBOPEUYMSAMN .
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Ha cnenyromem mare HeoOX0aMMO 3aIyCTHTE TIporiecc 00padotku. Iloce 3aBepiieHns BEIABICHUS TyOITUKATOB U
NPOTHBOPEYHI IPOCMOTPUM PE3yJIbTaT B BUJE TAOIHIIBL.

.ﬁprgmamﬂ.ﬁprgmamzl MNpouvaBsgeHHE I I'Ipu:lTMBu:upauMal .D._Hlﬁnumaﬂ "pynna NpoTHeOpSYHE Irpgnna .u._HGanaTcual
Id 1 1 1|Falze Trus 1
i 1 2 2 Falze True 2
0] 1 3 3|Falze True 3
|| 1 4 4 |Falze True 4
|| 1 =] 5 True Falze 1

1 E E|Falze True 5
: 1 7 7 Falze True [
1 B H Falze True 7
7 1 g 3 False True g
]| 1 10 10/ True False 2
H z 1 2 False True E]

B deTbIpex HOBBIX CTOJIOLAX KaK pa3 M HAXOAUTCS MHTepecylolas Hac HHGOpMaLus: KaKne 3alliUCH SBIISTIOTCS
IQyOnuKaTaMu, Kakue — MPOTHBOPEUHMSIMH, K KaKOW rpyrre JyOJrMKaToB WU IPOTUBOPEYUHA OTHOCATCS. AHAIUTHK MOXKET
TaKke OTPHUIBTPOBATH JAaHHBIC B TAOJIHIIE JJIsl TIPOCMOTPA TOJIBKO AyOJIMKAaTOB MM TOJIBKO MpoTHBOpeurii. [lokaxem, kak
3TO MOHO czieath. HakaB Ha KHONIKY (DMIIbTpanyy TabIHIb, OSBUTCS MAaCTEP HACTPOCK YCIOBHHA (GHIBTPa
(ananmorn4HbIA 00paboTUNKy «DPUIBTPALU», PACCMOTPEHHOTO PaHee).
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)_IJ'IH IpoCMOTpPa TOJIBKO I[y6J'II/IKaTOB HCO6XO,Z[I/IMO 3a/1aTb yCJIOBUC «I[y6.]'II/IKaT HCTHUHA

Ilocie BBOJa yCJIOBUA HCOGXOHI/IMO HaXXaTb Ha KHOIIKY «Ox» u B Ta6J'[I/IIIC 6yHyT TOJIBKO Hy6J’II/IKaTLI.



.&prgMEl—rrﬂﬂprgMEHTE] [MporaBensHMUE |ﬂpmmﬂpﬂmlﬂgﬁma1| [ punna MpoTHBOPEYMEA |Fpgnna .U.':IﬁnHKaTDEI;
1 1 Faks True 1

1 2 2 False True e

1 3 3 False True 3

1 4 4 |Fake Tee 4

1 B & Fake True A

AHaJIOTHYHO OT(l)I/IJ'ILpreM TOJIBKO IPOTHUBOPEYMS.
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L] 8| True Falze 1
10 10 True Falge 2
5 5| True Falze 1
10 10 True Falze 2

IIpumeps! aHanu3a AaHHBIX

OcHoBHoe HanpasieHue nporpamMmsl Deductor Studo — aHanu3, mporHo3upoBaHue, KilacCU(pUKALUs U KJIaCTepU3arHs
naHHbIX. [Ipeapinymiye npuMepsl B OCHOBHOM KacajlMCh TOJIBKO MOJATNOTOBKHU JaHHBIX ISl IOCIEAYIOIIETO aHaIu3a.
IIporpamma npeocTaBisieT ClenyIINe MEXaHU3Mbl aHAJIW3a: HEHPOHHbBIE CETH, JIMHEHHBIM perpecCHOHHBIN aHaIn3,
MIOCTPOEHHE JAEPEBbEB PEIICHUI, caMOOpraHu3yromuecs kaptel KoxoHeHa, NporHo3upoBaHue BPEMEHHOTO P,
oOHapyXeHHe TyOJIMKATOB U IPOTHBOPEUHIA.

PaCCMOTpI/IM TIPUHIUIT pa6OTI>I KaXA0T0 U3 3TUX MEXAHU3MOB Ha MOCICAYIOIUX IPpUMEPaAX.

HpOFHOBI/IpOBaHI/Ie YMHOKCHUA C IOMOLIBIO HeﬁpOHHHX cereit

HeﬁpOCCTH — MCXaHU3M, KOTOpLIﬁ HCHOJIB3YIOT IJId MPOTrHO3UPOBAHUA U PCHICHUS 3a1a1 Knaccn(bnxam/m. Onn
MPUMCEHAKOTCA B OCHOBHOM TaM, I'’/I¢ CYIIECTBYCT HEJIMHEHHBIC 3aBUCHMOCTH pe3yiibTaTta OT BXOJAHBIX q)aKTOpOB.

WcxonaHbie naHHbIE

PaccMOTpUM IPOTHO3UPOBAHKE C MOMOIIBIO HEHPOHHBIX CETEeH Ha IPUMEPE IPOTHO3UPOBAHHS PE3yJIbTaTa YMHOKEHHS
JBYX uncen — daitn «multi. txty

B Hewm copeprkutcs Tabnumna co cnexyromumu moismu: «APTYMEHT 1y, kKAPTYMEHT2» — MHOX#HTENH,
«[TPOU3BEJEHUE» — ux npousBeaeHue.

HmnopTrpoBaB gaHHBIE U3 (paiiina, MOXKHO IIOCMOTPETh Pe3yIbTaT YMHOXEHHUS, HCIIONIB3YsI TaOJIHILy.
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IIporuo3upoBanue pe3ysibTaTa YMHOXKEHUS


https://pandia.ru/text/category/regressiya/
https://pandia.ru/text/category/derevo_reshenij/

[IycTh HEOOXOMMO MOCTPOUTH MOJIEIB MIPOTHO3a YMHOXKEHUS, TTOJJaBasi HA BXOJ KOTOPOH JIBa MHOXKHTEJIS TIOJIy4aTh Ha
BBIXOJIC MX Tpou3BeaeHHe. )i 5TOr0 He0OX0IMMO, HAXOSICh Ha y3JIe UMITOPTa, OTKPBITh MacTep 00paboTku. B HemM
BEIOpATh B KauecTBe 00pabOTKH HEHPOHHYIO CETh U EPEHTH K ClleAyIoIeMy mary Macrepa. Ha Bropom mrare mactepa
Heo0XonuMo ycTaHOBUTH HazHaueHue moneit «KAPTYMEHT 1» u «KAPTYMEHT2» kak BXoJHbIe, a 1moJe
«ITPOU3BEJIEHHME» — kxak BbIXOHOE.

M.ﬁ.prymem1 Hra cTontua | COL1
Pign&prymert2 Tun maHHE | Uenew
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Bua gaHHbm | HenpepeieHiii

CraryeTyra

LRy | 1]

[ TP | 10

CpeaHee | 5.260625

m CTaHoapTHoE oTkA. | 3.2124863204961 7
HacTpoiika HoprMand3atMi9. .

Ha cnenyromem 1mare npejjiaraetcsi HACTPOUThH pa30UEHNE HCXOIHOTO MHOKECTBA JaHHBIX HA 00yyarolee TeCTOBOE 1
BaJIMAAIMOHHOE. 3/1eCh HEOOXOAMMO TOJIBKO yKa3aTh CII0c00 pa3OMEeHUs HCXOTHOTO MHOXKECTBA AaHHBIX «CiydaifHOY.

Crnocof pasgensHWe HCHOMHOrD MHDHECTEAE 0aHHE R ] Cmpsatino j
MHomecTEn i EE216E Mopanok COPTHROBKM
i | Brpouswrax | Berpokas | - :
[v] Oéyamowes 95,00 | 61 Mo poapacTaHuic
[+] Tecromoe 5,00 3  [No eo3pacTaHuo
[] BanugaumosHoe 0,00 0 [os0o3pacTaHun
MTOro: 100,00 | 64

Ha CJICAYIOLICM HIare H606XO,I[I/IMO YKa3aTb KOJUYIECTBO HCﬁpOHOB B CKPBITOM CJIOC — 1, OCTaAJIBHOC MOXXHO OCTaBHUTH 110
YMOJIYaHUIO.
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T A NFOpMTEA

i~ Back - Propagation

Oay4eHHe B pemke 'oHnaiH". Eoppesuma
BECOB NPOM3BOAMTCA NACAS NPENBASNEHHA
KEMOOrD MPHMEDS OEYMSILLErD MHOXECTES,

¥ Fesilent Propagation (RPROP)

O dy4eHue B pERMME appnabiH',
K.oppekLMA BECOB NPOMIBOAMTCA NOCne
MPEATEABNEHMA BCES MpMMEDOD 0OYYERLWETD
MHOHECTBEA. H'—IHTI:IEEIE’TCH TOMEED AHIE
rPAgMEHT A Mo EaH00rY BECY.

— lNapameTpr
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B CNY4aE MamMEHEHMA 3HaKka rpa.IJ.HEHTHDI;I
COCTaSENA0WER OLLKEKMA 0N8 0aHHOro Beca
BE0IET BEAMYMHY CAEAYIOWEN KODPEKLMWM

Beca.
|‘I,2

B cnyuse COXPAHEHMA 3HAKE FpadUEHTHOMN
COCTSENAIOWER DWHOKK 409 4aHHOMD BECA
3ENAET BENUIMHY CABAYOLLEN KODPEK LM
BECA

lllar crycka

lar nogeema

Crenyromyii mwar npeiaracT HaCTPOUTh YCIOBUSI OCTAHOBKH OOydIEHUs. YKaXKeM, UTO CIEIYeT CUUTATh IPUMED
pacIio3HaHHBIM, ecyii omrOka MeHbiIe 0.005, 1 Takke ykakeM yCIOBHE OCTAHOBKH OOYYEHHSI PH JOCTHXCHUH STIOXH

10000.

Cuirare ApMrED PACA03HAHHEIM, ECAH OLUMGES FEHBLIE

p [0 ODCTHKEHMID 3 N0MM

||1|35

|1 oo

— Dfyyawee MHOKECTBO

[~ CpeoHas oWwMEKa mMeHswe
[T MakcumancHaa owWEKS MEHbLE

[T PacnoadaHo npurepas (%)

— TecToBoE MHOKECTED
[~ CpeaHAs owMEka MEHBLIE

[T MakcumansHadA owutka MeHbLLE

[T PacnosHado npueiepos (3]

I 3]

Crenyromyii mar MacTepa npeajaraeT 3alyCTHTh Ipoliecc 00ydeHns 1 HaOIIoAaTh B Ipoliecce 00ydeHNs BETHIHHY
OIIMOKY, a TaK)Ke MPOLEHT Paclo3HaHHBIX NpuMepoB. [Tapamerp «Hactora 0OHOBIEHMS» OTBEYALT 3a TO, Yepe3 Kakoe

KOJIMYECTBO 30X 00yUeHHUs BHIBOAUTCS AaHHAsT HH)OPMAILIHSL.

— J&yyatowes MHoMeCTED

=W Makc oumdka | 149602
= W CpeaH. owwbka 2?1EE|3
PacnoadaHo [%] """"""" 1 EII.'.IEIEI

= TecTonoe rHoMeCTED
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[Tocne oOyueHHs ceTH, B Ka4eCTBE BH3yann3aTopoB BeioepeM uarpammy, Auarpammy paccestaus, I'pad weiipocetn, Uto-
€CITH.

= [# Data Mining

[ Mpat HetipoceTs
v Yro-ecow AHEMAI NOCTPOEHHDNA MOGETM N0 MPHHLMIY YTO-ECAM

[T Ofyuaowsi vadop  Dfyyaowes, TECTOBOE W BANMIALMOHHOS MHOMECTES
¥ Duarparra pacce... OTofpamast aMarpamy oTKAOHEHKA NPOrHOSHMDYSMBI SHEYEHKA ..,
= 7 TatnuuHee gaHHme

I Tatmaua OroSpamasT AaHHEE B BUAE TaGAMLE
[T Crarucruka OrolpamasT CTaTHOTHYECKHE aHHEIE BeiSopr
¥ Duarpacaeaa OrofipasasT 0aHHBIE B BUMOE AMArDakikiR
I TucTorparea CrofpamasT gaHHBIE B BI40E MHCTOrDatiisl
=T OL&P aHamds
I kys MuororepHoe oTofpakeHHe [Kpoco-Tadmala K Kpocc-0Marpatdrda)

PeSyJ’ILTaTI)I HarjaaJHO BUJAHBI HA JUarpaMMe pacCeaHursa, KOTopas MOKa3bIBA€T PACCECAHNUEC IMMPOTHOZUPYCMBIX JaHHBIX
OTHOCHUTCJIBHO 3TaJIOHHBIX.
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048121624 303642 3036 70 80 890 10

Taxoke MOKHO CPaBHHUTB 3TAJIOHHBIE JIAHHBIE C IIPOrHO3UPYEMBIMH, BEIOPAB Ha OOBIYHOI iMarpaMme JiBa HoJis —
«[TPOU3BEJIEHUE» u «ITPOU3BEJEHUE OUT».

ApryseHT 1

Busyanuzatop «UTo-ecim» MO3BOJIUT MPOBECTH DKCIIEPUMEHT, BBEIs JItoObIe 3HaueHust MHOkuTened APITYMEHTI1 u
APTI'YMEHT?2 u paccuuTaB pe3yabTaT UX IPOU3BECHHUS.



Mpat Hefpocery  HTo-ecaq | Juarparara pacceanua | Jnarpardrda

@] [ 1wss| R > || A

Mane | 3raverie || ['Mapamerp | 3HaveHue |
= gy Broarre 1 Mururayr a
12 AprymenT] T Makcuym 10
12 AprymerT2 1] I Cpegnee 5.2656
:.b e 1 CrannaprHos oTe. 32125
E----12 MpoMzEEIEHHUE 2

Bun mocTpoeHHO# ceTH MOXKHO ITOCMOTPETh, BEIOpaB BuzyanmsaTop “I'pad ueitponHoii cetn”.

AprymeHtl -

AprynEHT 2

BriBoasl

JlaHHBIN mpuMep MoKa3all, Kak MOKHO TIOCTPOUTH MOJIENb MIPOTHO3a, UCTIOJB3Ys HEHPOHHYIO ceTh. [IpumMep mokasai, uTo
JUTS IOCTPOCHUS HET HEOOXOJUMOCTH B CTPOTOH MaTeMAaTHIECKOH CIIeIU(pUKAIIIHA MOJEIH, YTO OCOOSHHO IIEHHO TpH
aHaU3e IJI0X0 (POPMAII3YEMBIX MPOIECCOB. A OONBIIMHCTBO OM3HEC 33134 ITI0X0 (GOpMaIH3yeTcs. DTO 03HAYACT, UTO
HaJM4ure JOCTATOYHO PAa3BUTHIX M YAOOHBIX HHCTPYMEHTAIBHBIX MPOTPAMMHBIX CPEJICTB MO3BOJIECT aHAIUTUKY TIPH
MIOCTPOSHUH MOJIETTH MPOTHO3UPYEMOTO MPOIIecca PYKOBOACTBOBATLCS TAKUMHU MOHATUSAMH, KaK OTIBIT U HHTYHUIIHSL.

HacTpoiiku MacTepa HO3BOJIAIOT YBUICTh HIMPOKKE BO3MOxHOCTH Deductor Studio xacaTesIbHO CTPYKTYpBI CETH, CIIOCOOO0B
00y4eHUs U T. A. AHAJIMTHKY NPEIOCTABIISETCS ITHPOKUE BOZMOKHOCTH IO HACTPOMKE HOPMAITH3AI[MH CTOJIOLOB,
pa30ueHHMs JaHHBIX Ha 00yYarollee U TECTOBOS MHOXKECTBO, ONPENIENICHHS CTPYKTYPBI CETH, KOJIMYECTBA CJIOEB M HEHPOHOB
B Ka)JIOM CJIO€, BEIOOpE (DYHKLIUH aKTUBALMHK H €€ MapaMeTPOB, BEIOOPE Pa3IMYHbIX aITOPUTMOB O0YYCHHUS U HACTPOUKH
UX mapaMeTpoB. Bce 3To mo3BossieT MOCTPOUTh MOJICITh OMUCHIBAIOLIYIO PAKTHYECKH JIF00ObIe 3aKOHOMepHOCTH. Takke
OBLIO OKa3aHO, KaK MOXKHO CIIPOTHO3MPOBATH PE3yJIbTaT, BBEIS JO0bIC 3HAYCHHS BXOIHBIX (PAKTOPOB, HCIIOIB3YSI
BU3yaIn3aTop «Yrto-ecnny. HOHS{THO, YTO dTall HOCTPOCHUA MOAECJIN CTOUT Ha 3aBEPIHAIOIINX IMO3UIUAX aHAINU3a JaHHBIX
)44

nepea T€M, Kak €ro nNpoBeCTH, HeO6XOHI/IMO JOJIKHBIM o6pa30M IOATIOTOBHUTH JAHHBIC, UTO IMO3BOJIACT CACTIATH I_HI/IpOKI/Iﬁ
Habop uaCcTpyMeHTOB Deductor Studio. KauecTBo moAroTOBKYM TaHHBIX JJIS MOJAETIH, a TAK)Ke Ka4eCTBO CAMOM MOJIeNn
AHAJUTHK MOKET OIIEHUTH Pa3HBIMHU CIIOCOOAaMU: TOCMOTPETH JUarpaMMy PACCEesTHUSA, IIPOBECTH PSI SKCIIEPUMEHTOB IIPH
oMoty «YTo-ecimy, TOCTPOUTH THCTOTPAMMY PACTIpEICICHUS OIIMOKH | T. II.

JlabopaTopHasi pa6ora 2 KilacTepu3zauus ¢ moMoubIo caMmoopranusyiomeiics kaprol Koxonena

Camoopranunzytomasics kapta KoxoHeHa sBIsieTcsl pa3HOBHIHOCTHIO HEHPOHHOI ceTn. OHa mpUMeHsieTcs, KoTaa
HEOOXOAMMO PEIIUTh 3a/1a4y KlacTepU3aliy, T. €. PACIpeIeNUTh JaHHbIE 10 HECKOIBKUM KilacTepaM. AJITOPUTM
OIIpEAEIAET PACHOJIOKEHNE KJIACTEPOB B MHOTOMEPHOM ITpocTpaHcTBe (pakTopoB. VicxoHbIe 1aHHBIE Oy IyT OTHOCUTBCS K
KaKoOMY-JIM0O0 KJIacTepy B 3aBHCUMOCTH OT PACCTOSIHHUS 10 Hero. MHOroMepHOe IPOCTPaHCTBO TPYAHO IS IIPEACTAaBICHUS
B rpaduueckoM BHe. MexaHU3M ke MocTpoeHust KapThl KoxoHeHa 1o3BossieT 0ToOpa3uTh MHOTOMEPHOE ITPOCTPAHCTBO B
JBYMEPHOM, KOTOpoe Oojiee yI100HO M [T BU3yalU3aliy U [UII HHTEPIPETANHN PE3yIbTaTOB aHAJTUTHKOM.

Taxxe ¢ MOMOIIBIO MOCTPOCHHON KapThl KOXOHEHa MOKHO PEeIINTh U 33/1a4y IPOrHO3upoBaHud. B aToMm ciyuae
pe3yIbpTHpYIomIee moe (To, KOTOpoe HeOOXOAMMO CIIPOTHO3UPOBATE) B TIOCTPOSHUH KapThl HE ydacTByeT. [locme
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KIIACTEPHU3ALUH UCTIONb3Ys Auarpammy «UTo-eciim MOKHO POBECTH SKCHEPHMEHT. AJTOPUTM OINPENEISAET TOUKY
MIPOCTPAHCTBA, TJI€ PACIIOJIOKCHBI BBEICHHBIE AT IPOTHO3a JaHHBIE, 3aTEM OMPEEICT, K KAKOMY KJIaCTepy NPUHAIIICKUT
JaHHas TOYKa M MOACYUTHIBAECT CPETHEE 110 PE3YNBTHPYIOIIEMY ITOJII0 BCEX TOUEK 3TOT0 KJIacTepa, ITo U OyaeT
PE3yNBTaTOM IPOTHO3a (U ANCKPETHBIX JaHHBIX PE3YJIbTATOM IIPOTHO3A SBIISETCS 3HAUECHHUE, OOJIBIIIE BCETO
BCTPEUAOLIEECS B PE3YJIBTHPYIOIIEM MOJIE BCEX SAUEEK KJIACTEPa).

WcxoaHple naHHBIC

PaccmoTprM MexaHH3M KIIaCTEPH3aLNH ITyTeM TOCTPOCHHUS CaMOOPTaHU3YIOMICHCS KapThl, OCHOBBIBASICh HA THITMIHBIX
XapaKTePUCTHKAX BETKOB. VcxomHas Tabnuna Haxoautes B daiine «lris. txt». OHa COASPKUT CIACTYIONIUE MAPAMETPHI
usetoB: «/JJINMHA YAIIEJIMCTUKAY, « TINPUHA YAIHEJIMCTUKAY, «/ JJINMHA JIEITECTKA», «ILINPUHA
JIETIECTKA», «KJIACC LIBETKA. 3ama4a cOCTOUT B TOM, YTOOBI OTPEACIHUTH 10 Pa3THYHBIM TAPAMETPaM I[BETKA €ro
knacc. [IpeanonaraeTcs, 4To UBETHI OHOTO KJacca UMEIOT CXOXKHUE MapaMeTPhl, MO3TOMY OHH JOJIKHBI HAXOAUTHCS B
OJTHOM KJIacTepe.

Knacrepuzauus upucos

s Hagana HeoOXOAMMO UMITOPTHPOBATH NaHHEIE U3 (aiina. [Tocme sToro 3amycTim, MacTep 00OpabOTKH U BEIOEpEM K3
crcka Metoq oopadotku «Kapra Koxonena». Ha BTopom mare Mactepa HaCTpOUM Ha3HAYCHHS CTOJIOIOB. YKakeM
cronbiy «KJIACC IIBETKA» Ha3zHaueHue «BbIX0aHOIY, a OcTalbHBIM — «BXomHoM». T. €. Ha OCHOBE JaHHBIX O IIBETKE
Oy/ieM OTHOCHUTB €r0 K TOMY WJIH HHOMY KJIaccy.

.ﬁ ILAMHE YaWeaHCTIHE S

"'| WupKHa YaWeNMCTHKAS
DAuHa nenecTra
WipuHa nenectra

.f> F.nacc ueetra

Ha TPETHEM HIare Macrepa H606XOI[I/IMO HACTPOUTH croco6 pa3acsaCeHus HCXOAHOI'0 MHOKECTBA JaHHBIX HA TCCTOBOC U
06yqar0mee, a TaKXXC KOJIMYECTBO NPUMEPOB B TOM U IPYTOM MHOKECTBEC. yKa)KCM, YTO JAaHHBIC 000HX MHOXKECTB 6prTC$[
CHy‘iaﬁHHM 06p330M, 3aJaluM pasMep TECTOBOI'O MHOXKECTBA PABHBIM JACCATHU NpUMEpPaAM, ITYTEM U3MCHCHUA 3HAYCHUA
CTOJ'I6]_Ia «PaSMep B CTPOKax» CTPOKH «TecToBOE MHOXKECTBO.

Crieayrolyii war npejyiaraeT HaCTPOUTh MapaMeTpbl KapThl (KOJIMYECTBO stueek 1o X U 1o Y, ux GpopMy) U mapameTpbl
o0y4enust (crioco0d HavyanbHOW MHULIMAIU3AINH, THIT QYHKIIMU COCE/ICTBA, TIEPEMEIINBATh JIM CTPOKH 00y4aroLero
MHOXKECTBa M KOJIMYECTBO 3II0X, Yepe3 KOTOPbIe HEOOXOANMO TIepeMeIIUBaHue). 3HAYCHHUS 110 YMOJIYAHUIO BIIOJIHE
MTOJIXO/IAT.

— [NapareTpel EapTel — Bua kapTel
Pastep no ocH X 16 =
Pasrep no ocu 't 12 =
Kon-eo ausek [ 192

Fopria Aueek. ILUECTH':]FDHI:HI:IE b |

Ha nsroMm mare MacTepa HCO6XOHI/IMO HACTpOUTH NMapaMETPbl OCTAHOBKU 06y‘l€HI/I$I. OctaBuM napaMeTphbl IO YMOJIYaHUTO.
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— Dfyyaowee MHOMECTEO
[~ CpegHss owwEka mMeHbile |

[T MakcumansHan owbka mMeHswe |
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[~ PacnosHado npumepos [2) |l]

— TECTOBOE MHOKECTED
[~ CpeoHss owuika MeHbLWE I

[T MakcurMansHaa owKbka MeHbLLE I

[~ PacnozaHado npmepos (5] IEI j

Ha mectom mare HacTpauBaroTCs OCTANIbHBIC TApaMeTPhl 00YUICHHUS — ClI0c00 HaYaIbHOW MHHUITHAN3AIIH, THIT (YHKIIUH
COCEeCTBA M TAKXKE MapaMeTphl KJIACTEPH3aUU — aBTOMATHICCKOE OMPECIICHHE YHCIIa KIacTePOB C COOTBETCTBYIOIIUM
YPOBHEM 3HAYUMOCTH JTUOO (PUKCHPOBAHHOE KOJHMYECTBO KIIACTEPOB MPEIOCTABISACTCS BO3MOXKHOCTh HACTPOUTH
UHTepBaIbl 00yueHust. KaxIplii HHTEpBa 3a1aeTCsI KOJIMIECTBOM 310X, PATHMYCOM 00YYCHHUS M CKOPOCTHIO O0YUYCHHS.
VYkaxxeM (PUKCHPOBAHHOE KOJIMYECTBO KJIACTEPOB, PABHOE TPEM.

Crocod HaYaneHOH MHMEHAHISUHA K aDTE M= cofCTREHHENR BEKTOROE __‘:j

[V EonuyecTeo snox. YSpes KOTopos Heotuanke-s0 NEPEMEIMBATE CTRORMA 20 T
= CKOpOCTE OOUHEHKA i~ Pamsic noyseHiHs

B Hauane ofy4eHHs 0.3 » B Hauane ofyueris 4 -

B KoHLE DbYHeHMA 0,005 * E B xomus ofuseHiua 0.1 *

P UHKUWA COCRACTEA IE:rgnaHua-raﬂ j

[ K.I'IEI:!TEI'_'IL'IGEILI.L'IH

r ABTOMITUYECK ORPESENHMTE KONMYECTBS KNaCTEN0B

HposeHs SHAYMMOCTI, & 1 b E T L CHDDBAHHDE KOM-B0 KNACTEROB I3 v;

Ha cenpMoM miare npejsiaraeTcs 3alyCTUTh caM mpoiece ooyuenus. Bo BpeMst 00yueHHs MOXKHO TTOCMOTPETh KOJIMYECTBO
PAacIO3HAHHBIX [TPUMEPOB M TEKYIIUE 3HAUEHHS OUIMOOK. 3/1eCh HEOOX0AMMO HAXKATh HA KHOIIKY MYCK M J0KIAThCS
3aBepIIeHHs poiiecca 06paboTKH.
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Ilocne aToro HGO6XO,I[I/IMO B CIIMCKC BU3YyaJIM3aTOPOB BLI6paTI> NOABUBLIYIOCA TCIICPb «KapTy Koxonenay I IPOCMOTpPA
PE3YJIBbTATOB KJIACTCPU3allH, a TAKKE BU3YyaIU3aTOP «Yto-ecnuy nis IIPOTHO3MPOBAHUS KJIaCcCa IBCTKaA.

= ¥ Data Mining
[ Faprak

[T Yro-ecau AHANWA NOCTPOERHHON MOAEMM MO APMHLLKMAY YTO0-BCAM

[T Ofyvaiowmé Hatop  Ofydariues, TECTOBOE W BANWLALHOHHOE MHOKECTBA

[T Tadnuua conpamen,,, PE3ynsTaTel NOCTPOSHMA MOLENM B BMAE TAEAHLE! CONPAMEHHOCTH
# [ TatnMuHele 0aHHEIE
[ OLAP aHanuz
[T Npouee

Hanee, B MacTepe HacTpOWKH 0TOOpaskeHnst KapThl KoxoHeHa HE0OX0IMMO yKa3aTh, YTOOBI OTOOpaKaIMCh BCE MO,
TaKKe cIIeyeT yCTAaHOBUThH KOJIMYECTBO KJIACTEPOB PABHBIM TPEM M IOCTaBHUTH (PIiaskoK «[ paHHUIIBI KIIaCTEPOBY.

CriMcok gonycTHrels oT0OpaseHHiA KapTel

- ] BxagHee cTonfuk Cnocof packpakBaHiHa AYEEK.

T AuHa YaWenMcTIE.a IEE UperHan nanuTpa j
Il MpKHa YalenHCTIES
InuHa nenecTka
IlvpKHa nenecTra

[=- #] BreMogHelE cToNGUEI

¥| K.naco LBETHA [T Fpanvubl Ayees

= [£] CneuxaneHelE v [paHMubl knacTepos
' b aTpuLa pacocTonAHKE

[ Marpuua owmSor KBAHTOBaHMA .
Pasrep AYeiki No yronyaHum [ndee. ]
[] Marpuua nnoTHoOCTIM NonagaHKyA

K.nacTepe |1 B vl

----- MNpoekura CarraoHa

[T CrnamWeaHqe LBETOE KapThl

ITocne 3TOro MoxxHO YBUACTD INOJTYYCHHBIC PE3YyJIbTAThI.
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Knacrepel

KauecTBo kiacrepusanny MoOXHO oneHHUTH, mpocMotpeB kapTy «KJTACC IIBETKA». Ha Heit BuaHO, 9TO OOIBIIMHCTBO
I[BETOB OBUIN KJIACCU(HUIIUPOBAHBI IPABMIEHO. 3aMETHM, YTO BCE LIBETHI Kilacca Setosa Iorany B OUH KiacTep. JTo
TOBOPHT O 3HAYHUTEILHOM OTJIIMYMH MTapaMeTPOB [[BETOB ITOTO Kiacca OT ApYTux. SIBHOE pazinndue HabIr01aeTcs 1Mo JTHHE
W IHUpHHE JenecTka. To, 4To yacTs npuMepoB Virginica nonaia B kiiace Versicolo 1 HA060POT TOBOPUT O MEHBIIIEM
pa3iuyuM 3THX KiaccoB. Ha kaprax, B oTiiname ot Setosa He BUIHBI pe3Kre OTINYHA TapaMeTPOB I[BETOB 3THX JBYX
KJIacCOB. DTUM Kak pa3 1 00bSCHSETCS «ITPOHUKHOBEHHE)» HEKOTOPO 4acTH MPUMEPOB B JPYroil KiacTep.

BriBoas!

JlaHHbI# IpuMep 1mokasaj o0acTh IPHUMEHEHHUsI CAMOOPTaHU3YIOLIMXCS KapT. M3Ha4aibHO MMEIOCh MHOTOMEPHOE
("eTrIpexXMepHOEe) MPOCTPAHCTBO BXOJHBIX ()aKTOPOB. AITOPUTM MPEICTABHII €r0 B IBYMEPHOM BHUJIE, KOTOpPOE yIo0Hee
aHaM3UpoBaTh. Taxke HCXOIHBIC TaHHBIC OBLIM OTHECCHBI K TPEM KJIacTepaM, [0 TUITY IBeTKa — «Setosay, «Versicoloy,
«Virginica». OCHOBHBIM BH3YQJIU3aTOPOM TIOCIIC TIOCTPOCHUS siBIsieTcst «CaMOOpTraHU3yroIIascs KapTay. 31eCh B IEPBYIO
odepes ciaeyeT OOpaTHTh BHUMAHUE HAa MATPHILY PAcCTOSTHUHN U mpoekiio CamMoHa. Ha HUX SIBHO BHIHBI paCCTOSTHHS
MEXITy OTJCIBHBIMU STYCHKAMHE KapThI, T. €. YeTKUE TPAHHIIBI PAa3INYHBIX CKOIUICHUH TaHHBIX. MacTep IpeIocTaBiseT
IIMPOKUH HAOOp HACTPOMKH MMapaMeTpoB 0OydeHHSI: HAaCTPOHKa HOPMAJIM3AINN CTOJIOIIOB, HACTPOWKa pa3OnueHms Ha
TECTOBOE M 00yUarolee MHOKECTBO, HACTPOHKA YCIOBUI OCTAaHOBKH 00yYeHUsI, HACTPOWKA MapaMeTpoB KapThl U
rapaMeTpoB 00yUeHHs, HACTPOIKa HHTEPBAJIOB O0YICHNSI.

JlaGopaTopnas pa6ora 3. MalIMHbI ONOPHBIX BEKTOPOB
Llens paboTsl: O3HAKOMUTBCS C AITOPUTMOM KJIACCH(DUKALUMK C IOMOIIBIO MAIIH OIIOPHBEIX BEKTOPOB.

ITocTanoBka 3amaun



YacTo B airopuTMax MaIllMHHOTO 00y4YeHUsI BO3HUKAET HEOOXOAMMOCTh KitaccuuimupoBaTh naHHbie. Kax bt 00beKT
JAHHBIX MPEACTaBIIEH KaKk BEKTOP (TOYKA) B P-MEPHOM MPOCTPAHCTBE (TIOCIeN0BaTENbHOCTRpUNCEN). Kaxmas u3 aTux
TOYEK MTPUHAICKHUT TOJIBKO OJHOMY UX JIBYX KiiaccoB. Hac uHTepecyeT, MOXKeM JTH Mbl Pa3feiIuTh TOYKH
THITEPILIOCKOCTRIO Pa3MepHOCTHIO "p—1". DTO THIMMYHEIN cirydail THHEHHON pa3aemmMoCcTH. TaKkuX THIePIUIOCKOCTEH
MOXeT ObITh MHOTO. [103TOMY BITOJIHE €CTECTBEHHO MOJIAraTh, 4YTO MAKCUMH3AIHS 3a30pa MEKY KilaccaMu
crocoOCTByeT OoJiee yBepeHHOH Kiaccupukanuu. To ecTh MOKEM JI MBI HATH TaKyIO THIIEPIUIOCKOCTE, YTOOBI
paccTosiHHE OT Hee 0 OJvkaiiiel Touky ObLII0 MaKCUMaJIBHBIM. DTO OBl 03HAYAJIO, YTO PACCTOSTHUE MEXKIY ABYMS
OMKaWIINMK TOYKaMHU, JISKAIIMMH 0 pa3Hble CTOPOHBI THIIEPINIOCKOCTH, MaKCUManbHO. Eciin Takas
THIIEPINIOCKOCTh CYLIECTBYET, TO OHA HAac Oy/JeT MHTEPEeCOBATh OOJIbIIE BCEr0, OHA HA3bIBACTCS ONTHMAIILHOM
paszielnsoeii THIepIIOCKOCTBIO, @ COOTBETCTBYIOIINH el IMHEHHBIN KiacCu(UKaTOp HAa3bIBACTCSl ONTUMAIIBHO
Ppa3eNIoImUM KIacCH(PUKaTOPOM.
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Puc. 1Heckonpko Ki1accuGUIMPYIOMUX pa3AeisIonX NpsMbIX (THepruiockocteit). Ho Tonbko onHa gocturaer
ONTUMAJILHOTO Pa3/ENIEHHs.

dopManbHOE ONUCAHUE 3a4a4U

Mer nojgara€Mm, 410 TOYKM UMCKOT BU::

{(xla ':1)! (X?! C?)! R (Xﬂ: ':n)}

rJe cinpuHIMaeT 3HadeHne | uim —1, B 3aBHCHMOCTH OT TOTO, KAKOMY KJIACCY MPHMHAIIEKHT Touka 2ai, Kaxoe i
STOP-MEPHBIN BEIIECTBCHHBIA BEKTOP, 0OBIYHO HOPMalN30BaHHBIN 3HaueHUsMH [0,1] wmu [-1,1]. Eciir Touku He OymyT
HOPMaJIN30BaHBI, TO TOYKA C OOJIBIINMH OTKJIOHEHUSIMU OT CPEAHUX 3HAYCHUH KOOPMHAT TOUYEK CIHIIKOM CHIIBHO
MIOBJIMSICT Ha Kiaccu(ukaTop. MBI MOXKEM paccMaTpuBaTh 3TO, KaK y4eOHYIO KOJJIEKINIO, B KOTOPOH JUTS KaXKI0TO
9JIEMEHTA yXe 33/1aH KJlacC, K KOTOPOMY OH IPHHA/IEXKHUT. MBI XOTHM, YTOOBI aJITOPUTM METO/ja OTIOPHBIX BEKTOPOB
KJIacCU(UIIIPOBA UX TAaKUM ke 00pa3oM. JIst 3TOro Mbl CTPOUM Pa3AEIAOIIYI0 THIIEPINIOCKOCTh, KOTOpast UMEET
BH;

OnTuMainpHas pasaeiaronias THnepIIoOCKOCTh JJId METOAa OMIOPHBIX BEKTOPOB, IIOCTPOCHHAA HA TOYKAX M3 JIBYX
KknaccoB. bawxkaiimme k napaiyI€JIbHbIM THIIEPILUIOCKOCTAM TOYKHU HA3BIBAOTCA OMOPHBIMU BEKTOPAMU.

w-x—b=0.



BekTop W- neprieHANKYISAp K pa3IessIoneid runepruiockocTi. [lapaMmeTpb3aBUCHT OT KpaTIallero pacCTOSTHHS
THIIEPIDIOCKOCTH JI0 Havyajla KoopAauHaT. Eciii mapameTpbpaBeH HYITIO, THIEPIUIOCKOCTH MTPOXOANT Yepe3 Hadano
KOOPJAMHAT, YTO OTPAHUYHBACT PEIICHIE.

Tak kak Hac UHTEpecyeT ONTUMAJIbHOE pa3JiesieHHe, HaC UHTEPECYIOT ONIOPHBIE BEKTOPa U IMIIEPIIIOCKOCTU
MapaJuIeNbHbIC ONTUMAIBHON M ONMKaHIINe K OOPHBIM BEKTOPaM IBYX Ki1accoB. MOXKHO MOKa3aTk, YTO 3TH
MapauIeNbHbIE THIIEPIUIOCKOCTH MOT'YT OBITH ONUCAHBI CIECAYIOIUMH YPABHEHUSAM (C TOYHOCTBIO 10 HOPMHUPOBKH).

w-x—b=1,
w-x—b=-1.

Ecmu yqe6Has{ KOJIJICKI M JIMHEHHO pazaeirma, ToO Mbl MOXKEM BI)I6paTI) TUNEPIUIOCKOCTHU TaKUM 06pa30M, YTOOBI
MEXKIYy HUMU HE JICKajla HU OJIHa TOUKa 06yqa10111e171 BLIGOpKI/I 1 3aTEM MAaKCUMHU3NUPOBATH PACCTOAHUEC MECKIY

runepruiockocTsMy. LupuHy monocs! MeX Iy HUIMH JIETKO HAUTH U3 COOOpaXEHUH TeOMEeTPHH, OHA paBHA "w " [1].,

TaKkuM 00pa3oM Hallla 3a/1a4a MUHUMHU3HPOBATh W | YToObl HCKITIOYHUTH BCE TOUKHU U3 MOJIOCHI, Mbl TOJKHBI
yOeAUTHCS st BCEX1, UTO

w-x;5—-b>1, =1
w-x;—b< -1, g =-1

3T0 MOXKeT OBbITh TAKKE 3aIIUCAHO B BUJE:
cglw-x;—b)>1, 1<i<n. (1)
Crnyyall TuHEHHON pa3aeIuMOCTH

Hp06neMa NOCTPOCHUA OITHMAaJIbHOM pa3z[enﬂfomel71 TUHEPIIIIOCKOCTH CBOAUTCA K MUHUMHU3AUU | | ||,

(1). Oro 3amaua KBaAPATUYHON ONTUMHU3AINH, KOTOPAst UMEET BU:

IIPU YCIIOBUH

|w||?* — min
gw-x3—b) =1, 1<i<n.

ITo Teopeme Kyna-Takkepa 3Ta 3a/1aua SKBUBaJICHTHA ABOMCTBEHHON 3a/1aue IMONCKA CEIIIOBON TOUKH (DyHKIIUH
Jlarpanxa

L(w,b; A) = 2[[w[]* = X, Ai(e((w-x;) — b) — 1) — min,, , max, (2)
A>0 1<i<n
e;’t: (/"L]__,...

A ! )Lﬂ )— BEKTOP JIBOMCTBEHHBIX [IEPEMEHHBIX.

CaezneM 3Ty 3a/1a4y K 3KBHBAJICHTHOM 3a7jaue KBAAPATUIHOTO MMPOTPAMMHUPOBAHUS, COJIEPKAITYIO TOIBKO
JIBOIICTBEHHBIE [IEPEMEHHBIE:

—L(A) = =3 M+ 5200 Z?:l Aidjcici(Xs - X5) — min,
A 20, I<i<n (3)
?:1 /-'\itf'.;' =10

JlomycTuM MBI pEIIIIN JaHHYIO 33/1a4y, Toraa W1 bmosxo naiiti o (dopmynam:



n
W = Z A Ci Xy
i=1

b=w-x—-¢, MN>0

B utore AJITOPUTM KJ'IaCCI/I(i)I/IKaHI/II/I MOKET OBITE 3aIIiCaH B BUAC:

a(x) = sign Z)qr:,-x[ x—b|(4)
i=1

OO0pariM BHIMaHHE, YTO CyMMHPOBaHHE HIET HE 110 BCeil BEIOOPKE, a TOJIBKO [0 ONTOPHBIM BEKTOpaM, AT

KOTOPBIX /\!LI' ?é D

Cryyait nuHeiiHO# Hepa3IenuMocTu

I[J'ISI TOrO, YTOOBI aAJIrOPpUTM MOTI' pa6OTaTL B CJIy4ae, €CJIk KJIAaCChbl JIMHCHHO HEPA3ACIUMBI, ITO3BOJMM €My NOIMYCKATh

omnOKH Ha y4eOHOH KoJieKuuy. Benem HabOp JOMONMHUTENBEHBIX IEPEMEHHBIX &* — ©, XapaKTepHU3YIOIIIX

BEJIMYMHY OIINOKK HAa 00BEKTax Xi, 1 E t E T Bosbmem 3a OTIPABHYIO TOUKY (2), CMSATYMM OTPaHUUCHUS
HEpaBEHCTBA, TaK JK€ BBEJIEM B MUHUMH3HPYEMbIH (HYHKIIHOHAT MTpad 3a CyMMapHYIO OIIHOKY:

%”W”E | GZ?—l 6:' —* minm.h.{;
Gw-x3—b)>21-¢&, 1<i<n
& =0, 1<i<n

Koadpunuenr C - mapamerp HaCTPOHKH METO/ja, KOTOPBIH MO3BOJISIET PETryJIMPOBATh OTHOIICHHE MEXKTY
MaKCHUMH3aIMel IUPHUHBI Pa3IeNAoNnIel MOJ0Ck U MUHUMH3AIe CyMMapHOH ONTHOKH.

Amnaoruyno, o Teopeme Kyna-Takkepa cBoAUM 3a1a4y K IOUCKY CEIJIOBOM TOYKH (PyHKInu Jlarpamxa:

(Lw,b,&5 A 1) = Hwl? — S0, Ma(w-xi) — 1) = S0, &(h + 75 — C) — mi
E20,A=20n20, 1<1<n

/\'Li:[] .
) C@{W'Xi—b}zl—fi, IEEEH
=
| &=

Ilo ananorumn CBCAEM OTYy 3a/1a4y K SKBHMBAJICHTHOM:

—L(\) = =3 M+ 5 20 Z?:l AiAg€ici(X; - X;) — min,
0<MN<C, 1<i<n
?:1 /"Liﬂg' =10

1<i1<n

=<

Ha mpakTrKke a7t TOCTPOEHHS MallMHbI OMOPHBIX BEKTOPOB pEIIaloT MIMEHHO 3Ty 3ajady, a He (3), Tak Kak
rapaHTHPOBATh JIMHEHHYIO pa3ieMMOCTb TOUEK Ha JIBa Kjlacca B 00IIeM citydae He MPEe/ICTaBIsEeTCS. BO3SMOXKHBIM.
OTOT BapHaHT aJIrTOPUTMa Ha3bIBAIOT AJITOPUTMOM C MSTKUM 3a30poM (soft-margin SVM), Toraa kak B JIMHEIHHO
pa3aeauMoM citydae ToBopsT o xéctkoM 3asope (hard-margin SVM).



st anroput™a kiaccuukanuy coxpansercs ¢popmyia (4), ¢ TOH IUIIb pa3HULEH, YTO Terepb HEHYJIEBEIMU -:"ti
001a1a10T HE TOJIBKO OIOPHBIE OOBEKTHI, HO ¥ OOBEKTHI-HAPYLINTENH. B onpenenéHHOM cMbIcie 3TO HEJOCTATOK,
MIOCKOJIbKY HAapYIIUTEISIMH YaCTO OKa3bIBAIOTCS IIYMOBBIE BBIOPOCHI, M IIOCTPOCHHOE HA HUX pPellarolee MpaBmiIo, 1o
CYTH JIe71a, OIIUPACTCA Ha IITyM.

KOHCTaHTy C 00BI4YHO BLI6I/IpaIOT IO KPUTCPHUIO CKOJIB3AIECTO KOHTPOJIA. 9710 prZ[OéMKI/Iﬁ CHOCO6, TaK KakK 3aavy
NMPUXOAUTCH pCUIaTh 3aHOBO ITPU KaKAOM 3HAUYCHUU C.

Ecnu ecth ocHOBaHUS noJjiaraTtb, 4YTo BI)I60pKa MOYTH JUHEHHO pazaeinnma, 1 Juilb 06’beKTLI-BLI6pOCI>I
KJIaCCI/I(l)I/IIII/Ipy}OTC)I HEBCPHO, TO MOKHO IPUMCHUTH (bHHLTpaHI/IIO BI:I6pOCOB. Cuauana 3aaa4a peuacTcda npu

HekoTopoM C, M U3 BEIOOPKH yaaysieTcst HeOobImas 101 00BeKTOB, IMEIOIINX HANOOIBITYIO BETHINHY OIIHOKT gi.
[ocne sTOTO 33Ma9a pemaeTcs 3aHOBO 10 YCEUEHHOH BEIOOpKE. BO3MOXKHO, MpUAETCS poAeTaTh HECKOIBKO TaKUX
UTEpALi, II0Ka OCTABIINECs] 0OBEKTHI HE OKAXYTCS JIMHEWHO pa3aeInMbIMH.

Snpa

ANTOpUTM NOCTPOCHUSI ONTUMAIILHON pa3Aelisitollel THIEPIUIOCKOCTH, peioxkeHHbIN B 1963 rogy Bnagumupom
Bamankom — anroputm nuHEHHON Kitaccudpukammu. Onuaako B 1992 rony bepaxapn Bocep, M3abens ['yiton n
Banuauk npeuiokuny crocob co3naHus HeMMHEHHOTo Kiaccu(rKaTopa, B OCHOBE KOTOPOTO JISKUT MEPEXO]] OT
CKJIIPHBIX MPOMU3BEACHUN K MPOM3BOJIBHBIM sIIpaM, Tak HasbiBaeMbli kernel trick (TpezioskeHHBIH BIIEpBbIC

M. A. Aiizepmanom, 3. M. bposepmanom u JI. B. Po3oHoepoM aist MeToja MOTEHIIMATBHBIX (DYHKINHH ), TIO3BOJISFOIIUHA
CTPOUTh HEJIMHEHHBIE PA3ACIUTENN. Pe3yIbTUPYIOLIUI aITOPUTM KpaliHEe NOX0K Ha aJlTOPUTM JIMHEHHON
KiaccudUKaIuy, ¢ TOH JIMIIb PA3HULICH, YTO KaXKA0€ CKAISIPHOE MPOU3BEICHHE B TPUBEAEHHBIX BbIIIE (hopMynax
3aMeHsIeTCsl HelIMHeHHOU QyHKIMeH sapa (CKaJIspHbIM NPOU3BEACHHEM B IPOCTPAHCTBE C OOJIBbILEH pa3MepHOCTEI0). B
3TOM MIPOCTPAHCTBE YK€ MOXKET CYIIECTBOBATh ONTHMaJbHAs Pa3/IeNAIoNiasi TUIepINIOCKOCTh. Tak Kak pa3MepHOCTh
MOJTy4aeMOro IPOCTPAHCTBA MOXKET OBITh OOJIbIIE PA3MEPHOCTU UCXOIHOTO, TO IPe00pa30BaHue, CONOCTABIIIONIEE
CKaJISIpHBIE TPOM3BENICHNUS, OyA€T HEIMHEHHBIM, a 3HAUUT (DYHKIHS, COOTBETCTBYIOIAs B UCXOAHOM IPOCTPAHCTBE
ONTUMAJIHON pa3feNaoniel THIePIUIOCKOCTH, OyIeT Takke HeTUHEeHHOI.

CTOUT OTMETHUTH, YTO €CIU UCXOAHOE MPOCTPAHCTBO UMEET JOCTATOUHO BBICOKYIO Pa3MEPHOCTh, TO MOYKHO HAJesAThCA,
YTO B HEM BBIOOPKA OKaKETCS IMHEHHO Pa3/IenuMOH.

PaccmoTpum Hanbosiee pacpoCTpaHEHHBIE SPa:

P rd
IMonmHOMHUANLHOE (OTHOPOJHOE): ;CI:X_, X :] — IIK "X :]

Eix,x) = (x-x'+1)°

[NomrHOMUATBEHOE (HEOTHOPOIHOE):

Pannanpuas 6a3ucHas QyHKIUS: k (X.‘ Xf) - EXP( = | |X - Xf ||2 ), sty > 0

=X

k(x,x") = exp oo

Pannanbuas 6asuchas gynkuus [aycca:

f i
Curmounzn: JEC[:X_, X ) - t-ﬂl'lh(h-)( "X+ C), i noytu Bcex Kk >0uc<0
IIpumep

3arpy3uTe qaHHBIC U3 BCTpOoeHHOU 0a3bl maHHBIX MATLAB mis kinaccudeckoli 3amaun KiIacCu(QUKAUU HPHCOB
®umepa. B/] cogepxut 150 npumMepos ¢ 5 npusHaKamMu

load fisheriris

Co3paiite nepemenHyto data, B KoTopoii B 1 cronbue xpansarcs m3mepenns sepal length , Bo 2 - sepal width g 150
HPHUCOB.



data = [meas(:,1), meas(:,2)];

W3 BekTopa species, co3liaiiTe HOBBIA BEKTOP-CTOIOEI] groups, YToObI KJIacCU(pUIMPOBATh AaHHBIE B JIBE TPYIIIBI:
Setosa u non-Setosa.

groups = ismember(species,'setosa’);

Hayran BeiOepute oOydaromiee 1 TECTOBOE MHOKECTBA.

[train, test] = crossvalind(‘holdOut',groups);

cp = classperf(groups);

OO0yuure SVM — kimaccupUKTOp, NCTIONB3Ys JIMHEHHYI0 (QYHKIMIO sipa 1 0TOOpasuTe CrpylnupOBaHHbIE JJaHHBIE.

svmStruct = svmtrain(data(train,:),groups(train),'showplot',true);
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Jlo6aBbTe 3aroyioBOK K rpaduky, ucmos3ys nose svmStruct.KernelFunction B kauecTBe 3HaUCHUS.
title(sprintf('Kernel Function: %s',...
func2str(svmStruct.KernelFunction)),...

‘interpreter’,'none’);
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Hcnonw3yiite ¢pynkuuro svmelassify aist knaccudukanum TeCTOBOro MHOXKECTBA.

classes = svmclassify(svmsStruct,data(test,:),'showplot’,true);
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Brraucnure TOYHOCTH Knaccn(bmcaunn.
classperf(cp,classes,test);
cp.CorrectRate

ans =




0.9867

Hcnone3yiite one-norm, hard margin support vector machine kmaccupukaTop Ui U3MCHEHHUS CBONCTBA boxconstraint.
figure

svmsStruct = svmtrain(data(train,:),groups(train),...

'showplot' true,'boxconstraint’,1e6);
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3amanue:
BrimonnuTe npuMep, OMMCaHHBIN B TabopaTopHOU paboTe

CpaBHHTE aITOPUTMBI KJIACCU(PHUKAIMH C TOMOLIBIO PaJnaIbHO-0a3UCHBIX ceTel, kKapT KoxoHeHa 1 MalMHbl OTTOPHBIX
BEKTOPOB

JladopaTopHas pa6ora 4
IHocTpoeHue U ONITHMHU3ALMSA IAPAMETPOB epeBbeB PellieHU B aHAIuTHYecKol miaTdopme Deductor

Lens paboTsl. M3ydenns npomecca MoCTPOSHHSI, ONTUMH3AIMA 1 OIICHKH 3 (PEKTHBHOCTH AEPEBHEB PEIICHUN B
aHanmuTHIeckoM npritoxkeHnn Deductor Studio.

Teoperuueckast yactb. Hapsiny ¢ HEMpOHHBIMU CETSAMHU JEPEBbsI PEILICHUN SIBIISIOTCS €111 OJHOM MOMYJIIPHON TEXHOJIOTHEN
Data Mining, miMpoKo MCIOIb3yeMOH ISl peIeHUs 3a1a4 YUCICHHOTO Mpeicka3aHus U kiaccupukanuu. Tak ke, Kak u
HEHPOHHBIE CETH, IEPEBbsS PELICHUH SBISIOTCS MOJCISIMH, CTPOSAIIMMUCS Ha OCHOBE 00yueHns ¢ yunurteneM. Ho ctpykrypa
HX CYIIECTBEHHO OTIM4aeTcs. JlepeBrs pereHuil mpeacTaBisoT co00i APEeBOBUIHBIE HEPAPXUIECKHIE CTPYKTYPEI,
COCTOSIIITNE U3 PeHIafonuX npaBui Buaa «Ecnn...o...». B ocHOBe pabOTHI epeBheB PEIICHHH JIEKUT MPOIIECe
PEKYypPCHBHOTO pa30MEHUsI HCXOIHOTO MHOKECTBA HAOIIOIEHUH MiIH 00BEKTOB Ha MTOIMHOKECTBA, ACCOIUIPOBAHHEBIE C
Kiaccamu. PazOorueHne npou3BOJUTCS C TIOMOILBIO PEIIAIONINX MPABHII, B KOTOPBIX OCYIIECTBISIETCS TPOBEPKa 3HAUCHHH



aTpuOyTOB 1O 33JaHHOMY YCIIOBHIO. PeKypCHBHBIMI Ha3bIBAIOTCS alTOPUTMBI, KOTOPBIE HAa KaXIOM MOCIETYIONEM I1are
HCTIONB3YIOTCS pPe3yNIbTAaThl, MOIYYCHHBIC Ha MIPEIBIAYIIEM.

JlepeBbsi peleHnit COCTOST N3 0OBEKTOB 2-X TUIIOB — Y3JIOB U JIMCThEB. B y371ax pacnonaraioTcs npaBuia, a B JIUCTBSIX —
pe3ynbTar, T.e. HabJII0AEHHs HCXOAHOTO Habopa TaHHBIX, UIMEIOIINX OJANHAKOBYIO IIEpEMEHHYI0 Kitacca. Takum o0pa3zoM,
Ka)XXJbIH JIUCT B A€PEBE CBA3aH (MM, KaK YaCTO TOBOPAT B JIUTEPATyPE — ACCOLIMUPOBAH) C ONPEIEICHHBIM KJIACCOM.
[Ipumep cTPyKTYpHI IepeBa perIeH il MpeacTaBiIeH Ha puc. 1.
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Puc. 1. JlepeBo pemennii, Ast KIacCH()UKAMN YPOBHS YPO)KaHHOCTH HA OCHOBE JaHHBIX arpOXHMMHYECKOT0 00CIETOBaHUS
MOYB.

JlaHHOE JepPEeBO PEIICHUH pelaeT 3aauy KiacCu(BUKAIIUK 110 YPOKaHHOCTH (BBICOKAS, CPEIHSS, HU3KAs) 3eMEIbHBIX
YYaCTKOB Ha OCHOBE JTAHHBIX arpOXMMUYECKOIr0 00CIICIOBAHMUS TI0YB IO COEPIKAHMIO a30Ta, Kanust U Gocdopa (B mr/100
r.). BusyanbHO y37bI M JIUCTBS B IEPEBE XOPOIIO PA3IUUUMBIL: B y371aX YKa3bIBAKOTCS MPAaBUIIA, Pa30HBAIOIINE
coJieprKalliecs: B HeM HAaOJIOICHUS, U IPOU3BONTCS albHEHIIIee BETBICHHE. B TUCThAX MPABUIT HET, OHU [TOMEYAIOTCS
METKO# Ki1acca, 00beKThl KOTOPOTrO TOMAIH B JaHHBIN JTUCT. KpoMe 3TOro, BETBJICHHE B JIMCTHSIX HE POU3BOIUTCS U OHH
3aKaHYMBAIOT COOOI BETBb JiepeBa (II03TOMY UX MHOT/IA HA3bIBAIOT TEPMHUHAIBHBIMHE y3JIaMH).

OOpaTtuTe BHUMaHHE, YTO JIEPEBO PEIICHUH SIBISIETCS TMHEHHBIM KJIaCCH(HUKATOPOM, T.€. IPOM3BOAUT pa3OneHne 00bEeKTOB
B MHOTOMEPHOM IIPOCTPAHCTBE MPU3HAKOB INIOCKOCTSAMHU. J[JI1 ABYMEPHOTO CIIydast 3TO HOSICHSAETCS pucC. 2.
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Pucynox 2. JlepeBo pelieHuii Kak JHHEHHbIH KiaccupuKarop.

[TycTs mpsAMOYTOIBHIKN 0003HAYAIOT YIACTKN C HU3KOH YPOKafHOCTBIO, KPYTH — CO CPeIHEH, a TPEYTOIbHUKH — C
BBICOKOH. PacmonoskeHre 00beKTOB Ha PUCYHKE Ka4eCTBEHHO OTPAaXKaeT UX PACIOJI0KEHHE B TPOCTPAHCTBE PU3HAKOB.
MBI pa3enuiy THHUSMHE IIPOCTPAHCTBO HA TPH MTOJIMHOMKECTBA U aCCOIIMMUPOBANH UX C KiaccaMmu: 1- «Bpicokasy, 2 —
«Cpenasasa» u 3 — «Huskas». D1r ke mogMHOKecTBa Oy IyT COOTBETCTBOBAThH M TPEM HCXoaaM Kiaccubukammm. O0patute
BHHUMAaHHE, YTO BO BCEX 3-X IMOJMHOXKECTBAX UMEIOTCS HEPAaCIIO3HAHHBIE IPHMEPHI, T.€. IPUMEPHI, OIABIIHE B
MIOJIMHOXECTBA, ACCOLIUMPOBAHHBIE C IPYTUM KJIACCOM.

TeopeTndecku, arOPUTM MOXKET T€HEPUPOBATh HOBBIE pa3OUEeHMS 10 TE€X TOP, Bce MPUMEPHI He OYIyT pacIO3HAHBI
npaBmwIbHO. OTHAKO 3TO MPUBOINT K YCIOKHEHHIO JIepeBa: OOJIBIIIOE YHCIO BETBICHUH YCIOXKHSET €T0 CTPYKTYPY U
YXYJIIAET €ro UHTEPIPETAIMIO M0Ib30BaTesieM. [leicTBUTENIbHO, IPU UCTIOIB30BaHUN HEHPOHHBIX CETEell aHAIUTHKA
HMHTEPECYET TOJIBKO PEAKLUS MOJIENIN Ha OINIPEIEIEHHOE BXOJHOE BO3ECICTBUE, a caMa CTPYKTypa CETU U 3HAUECHHUs €€
BECOB HUKAKOM CMBICIIOBOW Harpy3KH He HECYT. B To e Bpems, paBuiia B ICPEBhSIX PEIICHUH (GOPMUPYIOTCS
MIPAKTUIECKH Ha €CTECTBEHHOM S3BIKE, UTO JieNIacT O0BICHSIONIYI0 CIIOCOOHOCTh OYeHb BRICOKOI. VIHBIMU cli0BamH,
OOJIBIION MHTEPEC MPEACTABIIIOT HE TOJIBKO CAaMH JICPEBBsI, KAK MOJICIH, JICIAOIIIe MIPeCKa3aHus, HO U IIPaBHJIa,
aBTOMaTHYECKH (DOPMUpPYEMEBIE NP UX OCTpoeHUU. HampumMep, mepBoe mpaBuiIo B IepeBe PEIICHUH Ha



puc. Asom < 5,35 , bopmupyromtue nuct «Huskas», yka3pIBaeT, YT0 HU3KOE COJIEPKAHUE a30Ta B IIOUBE CBA3aHO C
HU3KOI yposkaitHOCThIO. Takum oOpa3oM, mpaBmiia, W3BJICUCHHBIE U3 JIEPEBREB PEIICHIH, IMEIOT COOCTBEHHYIO IIEHHOCTH C
TOYKH 3pEHUS IPHHATHS YIpaBlIeHIECKHX pereHui. [1oaToMy ecnu 1epeBo pelmeHnii 0Ka3bIBaeTCsl CITUIIKOM CIIOKHBIM U
COJEP>KUT MHOTO TIPaBHJI, TO pa30MpPaThCsl B HUX CTAHOBUTCS CIOXKEHHE U O0BSCHSIONIAst CIIOCOOHOCTDh MOZIEIH MaaeT.

Taxum 06pa3om, BOIIPOC O TOM, KOT/Ia CIEAYET OCTAHOBHUTH POCT AE€PEBA PEIICHHUH, 3TO KOMIIPOMHUCC MEKTY TOYHOCTHIO 1
0OBSCHSIONIEH CIIOCOOHOCTBIO MOZIENH, @ TAKXKE BBIYHCINTEIBHBIMH 3aTPATaMH, CBI3aHHBIMU C €€ IOCTPOCHHUEM 1
ucronabp3oBaHueM. Ha nmpakTuke, orpaHUueHNE POCTa, HIIH, KaK 9aCTO TOBOPST, YIPOILECHUE, JEPEBA OCYIIECTBISIETCS
COOTBETCTBYIOIIMMH HACTPOWKAaMH aJIrTOpUTMa 00ydeHus. VIcTionb3ytoTes ABa MOAX0Aa:

1. Otceuenne BeTBei (cTpmkka). CHadgaIa CTPOHUTCS TOJTHOE JEPEeBO, paclo3HaoIIee Bee MpuMepsl. Kak npasmiio, oHO
MOJTy94aeTCsl CIUIIKOM CJIOKHBIM U TPYJHO HHTEPIPETUPYEMBIM. 3aTeM IIPOM3BOJUTCS aBTOMATHYECKOE yIajeHHe Y3JI0B H
JIMCTHEB, IMEIOLINX MaTy0 3HAYUMOCTb, T.€. TeX, B KOTOPBIE [TONAJIO0 JIUIIbL HeGOIBIIOe KOJINYECTBO IpUuMepoB. [1oHATHO,
YTO pelIarollie IPaBuiia, OTHOCSAIIMECS K OYCHb Y3KOMY KPYTy HaOJIOJCHUM, IPAKTHYSCKU HE UMEIOT LIEHHOCTH.
Haobopor, nmpaBuiia, HO3BOJISIONINE KIaCCH(OUIMPOBATH OOJIBIIOE YMCIO HAOIIOICHNH, SBISIOTCS HanOoJiee 3HAYNMBIMH.
B kauecTBe mapameTpa OTCEYECHUS BETBEH MOXKHO HCIIOIB30BATh MOKA3aTelb, HA3bIBAEMbIH JOCTOBEPHOCTHIO:

Ck = NHepar_'n/Nk

k

N oo
e - HOMep y371a, = HePUC" - gycI0 HEpPAaCHO3HAHHBIX IPHUMEPOB B y3ii€, 00IIee YHNCI0 IPUMEPOB, PACTIPEICICHHBIX

s K i y3ein. OH omnpezessieTcs Kak OTHOILICHNE YKCiIa HEMPAaBUIIBHO PACcliO3HAHHBIX IPUMEPOB B JIMCTE K OOLIEMY YHCITY
npumepoB. Cie10BaTeIbHO, YeM MEHBIIIE YUCIIO OMIMOOK B JIMCTE, TEM BBIILIE JOCTOBEPHOCTH NpaBuia. [loatomy,
ONPEJEIINB IOPOTOBbI YPOBEHB JOCTOBEPHOCTH, MOKHO 3aCTaBUTh aJITOPUTM OTCEUYb BCE JIUCThS, JOCTOBEPHOCTh B
KOTOPBIX HMXKE 33JJaHHOTO MOpOra.

2. Pannss octaHoBKa. B KOHEUHBIX y37aX JiepeBa, Kak MpaBuilo, OKa3bIBaeTCa Mallo mpuMepoB. [IpaBuna, B Takux y3max
HMECIOT HU3KYIO 3HAYUMOCTh M OOBSICHSIONIYIO CLIOCOOHOCTh. [109TOMY, 3a71aB MUHMMAJIBHO TOMYCTUMOE KOJUYECTBO
MIPUMEPOB B y3JI€ JepeBa, MOKHO OTPaHUIUTh €r0 POCT, 3aIPETHB CO3/1aBaTh HOBBIC Y3IIBL.

O0a moaxo/1a UMEIOT CBOM NPEUMYIIEeCTBa U HepocTaTki. OTceueHne BeTBel TpeOyeT JOMOIHUTENBHBIX BPEMEHHBIX
3aTpar Ha MOCTPOECHHE TIOJTHOTO JepeBa. PaHH:SI 0CTaHOBKA SKOHOMHT BPeMs M BBIYUCIIMTENbHBIC 3aTPAThl, HO MOXKET
MIPUBECTH K TOMY, YTO NMOTEHIMAILHO HHTEPECHBIC PaBHJIa MOTYT OBITh IPOCTOI HE HaMICHBI.

3ameuanue. AJTOPUTM MTOCTPOCHUS IEPEBbEB pellieHui, peann3oBanubiii B AT Deductor, mo3BossieT peniats TOIbKO
3a/1au KJIaCCHU(HUKAIINH, [T03TOMY BBIXOHAS MIEPEMEHHAsI MOKET OBbITh TOJIBKO JUCKPETHOM (METKa Kiacca).

Tabnuna conpspxkeHHocTH. {715t OBICTPOI M 3D PEKTUBHOI OLIEHKH HAJIS)KHOCTH Ki1acCH(UKAIIMH C TIOMOIIBIO JiepeBa
peIIeHu ABIsIeTCS TabInIa CONPSHKEHHOCTH, KOTOPast SBJISIETCS aHAIOTOM JUarpaMMBbl PAcCesTHUA IS 3a/1a4H
knaccupukauu. [Ipumep TabIMIBI CONPSHKEHHOCTH MPECTaBIICH B Tabuie 1.

F.naccuduuMpoEaHn
P akTHYSCHKM Bricokan Huzran Cpeanan Mrora

Bricokan m 8

Huskan m an

CpeaHan 18
12 14

MToro a0 55

quﬁKH, PpacCmoJIOKECHHBIC HA TJIaBHOM JAuaroHaJm Ta6J'[I/ILH:.I 1 CTOAIIHNE HA NEPECCUCHUN OTHOMMEHHBIX CTPOK U CTOJ'[6LIOB
COZCPIKAT YUCJIO IPUMEPOB, PACIIO3HAHHBIX MJISA JAHHOI'O KJj1acCa IMpaBUJIBHO. HaHpI/IMep, yucno 30 Ha MEPECCUCHNN
CTOJ'I6L[a " CTPOKHU «Hwuskasy» YKa3bIBac€T, 4TO 30 MMpUMEPOB, (baKTI/I‘lCCKI/I HMCHOIIUX KJIaccC «Huzkas» KHaCCI/I(i)I/IIII/IPOBaHI)I
COOTBETCTBYIOIIUM 06pa30M. JIro0oe umcio B ﬂ‘leﬁKe, paCHOJ’IO)KGHHOﬁ BHE IJIaBHOM JAvaroHajau, T.€. Ha NIEPECCYCHUN
Pa3HOUMEHHBIX CTPOKH U CTOJ'I6Ha, IMOKa3bIBAIOT YUCJIO HEPABUJILHO PACIIO3HAHHBIX NPUMEPOB JJI1 JaHHOI'O Kjlacca.
HaanMep, YHUCJIO 4, PpacmioJIOKCHHOC B sTYeHKe Ha NepeceyCHu CTPOKU ((CpC,HHHH» u CTOJ'IGIIEI ((BLICOKaH», YKa3bIBacT Ha
TO, 4TO 4 npumepa, (baKTI/ILICCKI/I HUMCIOIIUX KJ1acC «CPGHHSIH», ObLIN OIIMO0YHO pacrio3HaHbl ACPEBOM KaK UMCHOIIUEC
Kiacc «BeIcokasy.

HOpHHOK BBITIOJTHCHHU A pa6OTBI.



1. 3anyctuTh ananuTHyeckoe npuioxkenue Deductor Studio 1 3arpy3uTh HaOOp AaHHBIX 110 YKa3aHUIO MIPENOAABATEIS.

2. OtkpoITh Mactep 00paboTku u B pa3zaene Data Mining B criucke JOCTYIHBIX METOIOB 00paO0TKK BBIOPATh IYHKT
«JlepeBo peuieHui».

3. Ha 2-m mare Macrepa 00paOOTKH yCTaHOBHTH Ha3HAYCHHUE 0JIe HA0Opa TaHHBIX.

Mactep obpaboTkW - flepeso peweHHid (2 us T)

HacTpohka HasHavyeHHA cTonbuos
3a0aATE HASHEYEHMA HCXOHBIE CTOASLOE 13HHEIX

¥ M nona Wit cronbua | coLa

K Nrowage, ra Tun aaHHe | B elwecTEEHHEIN

.ﬁ kucnorhocTe, pH

Bigy &zar, rar/100r HasHauerie

’ﬁ Famii, war 1000 B AaHHE | e mep——

’ﬁ Focaop, wr/100r Crarwerica

HKir %

K Cp. yron el WHMEAY 0.4

XK YpokaliHooTe

B, UpasmaiinosTs [knacc] M atcurn 16
CpegHee 4 46964285714286

CTaHOapTHOE otk 28897888971 0665
< Hazan | Nanee > I OTraeHa |

HacTpalika HOPMANUSaWHA. ..

Pucynok 3. Hactpolika Ha3HaueHUsI TTOJIEH.

4. Ha 3-M miare ycTaHOBUTB pa3Mepbl 00y4Jaromero u rectoBoro MuoxectB 90% u 10% cooTBeTcTBEHHO, cllocod oTOopa —
ciy4aitHo (puc. 4).

MacTep obpaboTkw - flepeso peweHqd (3 13 1)

Pastuenue HcxogHOro HAGopa AaHHBIX HA NOAMHOXECTEA

HacTpoime pastMeHME MCXOOHOMD MHOXECTES ASHHEIX Ha 0SYYSIOWEE H
TECTOB0E MHOMECTES

Crocof pasaensHua MCROAHOM D MHOKECTES AaHHEIH CnyuaiHo j
MHoxecTeo g MopAooK COPTHROEKM =
B npoueHTax | B crpokax gl
0 Syyarauze 50 | TNo BospacT aHwk
Tectoeoe £ Mo eospacTaHuio 1+
WTOro: 56 Il

K.omuuecteo crpok [Bcera] 56
< Hazan | Nanee > I Otrera |

Pucynok 4. HacTpoiika pasMepoB 00y4Jaromero # TeCTOBOTO MHOKECTB.
5. Ha 4-m mare Macrtepa HaCTpOUTB IapaMeTpsl 00y4YeHNs JiepeBa pelIeHHH:

- mapaMeTphl paHHEl OCTaHOBKHM: MHHUMAaJIbHOE KOJMYECTBO IPUMEPOB B y3JIe, IPH KOTOPOM OyJeT CO31aH HOBBIH y3em —
2, pnaxxok «CTpOUTH J1epeBo ¢ Ooee TOCTOBEPHBIMU IPaBUIaMH B yliepO KOMIAKTHOCTH» - YCTAaHOBHUTB;

- OTCEYCHUC Yy3JIOB ACpPCBa — OTKIIFOYHNTD, C6pOCI/IB COOTBCTCTByIOIIII/Iﬁ (bﬂa)KOK B paszaeiie HapaMC’I‘pH OTCCUYCHUS.

Takum 06pa3oM, MBI HACTPOWIIM AJITOPUTM OOYUIEHHS Ha ITOCTPOCHHE «ITOJTHOTO» JepeBa, coJiepKaliee MakKCHMaIbHOE
YHCIIO TIPaBHUIL



6. Ha 5-M mrare 3amycTuTh niporiecc 00y4IeHHs U TPOKOHTPOIMPOBATH €r0 Pe3yabTaThl (puc. 5): 3aUKCHPOBATH MPOIICHT
pacno3HaHHBIX IPUMEPOB Ha 00YUAIOIIEM M TECTOBOM MHOXECTBE, C/IENaTh BBIBOJ O pe3yjIbTaTax 00y4eHHS;
3a(h)UKCHPOBATh YMCIIO MPABHJI U Y3JIOB B TOCTPOSHHOM JiepeBe. Temin 0OHOBICHUS YCTAHOBUT PaBHBIM 1.

MacTep obpabioTku - flepeso pewenui (5 13 7) ] =3

MNocTpoeHue aepeBa peweHUn
3anycTHTe NPOLECT NOCTPOSHKUA AEPEES PELLEHMI

— Pacnpegeneno, wr. —— | [ PacnosHano, ¥ ———— Koneoysnoe

[ Pacnoztano Ofgyaioies mMH-E0 98.00
K.on-e0 mpaeun

[ Hepacnosnaro TectoBoe MH-BO 83,33 ’—El

Bpera ofiy4eH1a

w0 ] 00:00:00

Tern oSHOENEHHA
3] MU S S

R [100 =
L i = Myck |

e " Mayza |

=] Crom |
< Hazan | Danee > I OTteHa |

Pucynox 5. 3ammryck nporecca 00y4deHNsI 1 KOHTPOJIb €T0 Pe3yJIbTaTOB.

7. Ha 6-m mare Mactepa 00paboTKu BEIOpaTh criocoOsl Bu3yanm3arun: lepeBo peniennit, O0ywaromuii Habop, [Ipasmia,
Tabnuia conpsHKeHHOCTH.

8. 1o BHeUIHEMY BUJY JiepeBa PEIICHUI BU3YaIbHO OLIEHUTH €0 CIIOKHOCTh U HHTEPIPETUPYEMOCTh. CXeMaTHIHO
3apUCOBATh IIOJIYYEHHOE JEPEBO PEIEHUN U AT KaXKAO0ro y3i1a 3aHMKCHPOBAaTh YUCIIO IIPUMEPOB KaXJOTo Kiacca,

nomnasuiee B Hero. JIist 3TOro BBIAEIUTH Y3l MIETYKOM MBILIH U HIEJKHYTh [0 KHOTKE | 3, B pe3yJIbTaTe uero BHU3y
OTKPOETCS CITUCOK IOTIABIINX B JIAHHBIN y3ell 00beKTOB. CenaTh BHIBOA, KAKOE€ U3 MPaBHJI SIBISIETCS CaMbIM

3¢ PEKTUBHBIM (TO, KOTOPOE PACIPEIEIUT B Y3€JI HAnOOJIbIIIee YHCIIO NPUMEPOB OHOTO Kilacca). [To Tabnmie
COTIPSHKEHHOCTHU ONPEISNTUTh XapaKTep OMHOKH.

9. Ilo npaBunam, U3BJICYEHHBIM U3 JIepeBa penleHni (Bkiuaaka «lIpaBunay B BepXHEH 9acTH OKHA), CIIENaTh BEIBOJ O
BIIMSIHAU T€X WJIM UHBIX [TOKa3aTelel Ha yposKallHOCTb, HAIPUMeEp, KaKas ypOKallHOCTb CBsi3aHa C HU3KOM KHCIOTHOCTBIO,
a KaKasi — C BBICOKHU COJIepXKAaHNEM KaJlis U T.JI.).

10. ITo Tabnuie CONPSKEHHOCTH ONIPEACINTh, CKOJIBKO OMIMOOK KIIACCU(HKALINH JTOIYCTHIIAa MOJIENb U B YEM OHH
3aKJIIOYAIOTCSL.

11. TTocTpoUTh 3aBUCUMOCTh YHCIIA PACTIO3HAHHBIX IPUMEPOB U Y3JIOB JIePEBa OT MUHUMAJBLHO JOMYCTHMOTO YHCIIa
MIPUMEPOB B y3j1€. J{JIs1 3TOr0 MOBTOPUTH MYHKTHI 5 -7, U3MEHSSI MUHUMAJIBHO JOMYCTHMOE YUCIIO IPUMEPOB B y3J1€ OT 2 110
10 ¥ KaXXabIi pa3 pEruCTPUPYS YUCIO NPABUIBHO U HE MTPABUIBHO PACIIO3HAHHBIX IPUMEPOB. Pe3ysbTaThl CBECTH B
TaOIUITY BUIA:

MuHuMansHO pomyctumoe tHEIO | 5 | 2|l 4 l5 6171819 10
npumMepoB Nmin

Kommuectso y3noB B nepese, K

IIpaBunbHO pacO3HAHHBIX
npumepoB, Npaci

HenpaBnibHO pacno3HaHHBIX
npuMepoB NHepach

OtHocuTeNbHas OmHNOKa
pacniozHaBanust NHepacn/N




o rpadukam caenaTh BEIBOJ] O BIMSHUA MUHUMAIBHO JOITYCTUMOIO YHCIIA IPUMEPOB B Y3JI¢ HA KOJMYECTBO Y3JIOB B
JiepeBe U OMHMOKY pacIio3HABAHHS.

4.1.3 TectupoBaHme

Tema 1. OCHOBHBIE TIOHATHSI MAIIMHHOTO 00yYEeHUs
Tewma 2. Knacrepuzanus

Tema 3. MeTo ONIOpHBIX BEKTOPOB

Tema 4. [lepeBbs permeHuid

4.1.3.1. Ilopsinok npoBeJeHUS U NPOLEAYPA OLICHUBAHHUS

TectupoBaHue NPOXOJUT B NHUCHMEHHOH ()OpME WIM C HCIHOJIB30BAHUEM KOMIIBIOTEPHBIX CpeacTB. OOydarouiuiics
MOJy4aeT OINpeleNEHHOE KOJMYECTBO TECTOBBIX 3aiaHuil. Ha BbInonHeHne BhlAenseTcs (QUKCUpOBaHHOE BpeMs B
3aBUCHMOCTH OT KoJjHu4ecTBa 3afaHuil. OleHKa BBICTAaBISETCS B 3aBUCHMOCTH OT IPOILEHTa IPAaBHJIBHO BBHINOJHEHHBIX
3ajanuii. Hmke npuBeeHsl IpUMEpHBIE 3a/1aHusl.

4.1.3.2. Kputepuu oueHUBaHUSA
18-20 6a110B cTaBHUTCS, €CJIU Y 00y4aIOLIErocs:
86% TpaBHIBHBIX OTBETOB H OoJIEE.
14-17 6ann0B cTaBUTCS, €CJIU Y 00y4AIOIIEr0Cs:
Ot 71% no 85 % npaBUIbHBIX OTBETOB.
11-13 6an10B CTABUTCS, €CJIU Yy 00y4YaloIIerocsi:
Ot 56% no 70% npaBUILHBIX OTBETOB.
0-10 6a/110B CTABHTCS, €CJIN Y 00YUYAIOLIETOCS
55% npaBUIBHBIX OTBETOB U MECHEE.

4.1.3.3. Conep:kaHue OLleHOYHOTO CPeICTBA

Bapuant 1

1. Yro takoe MamuHHOE 00yueHUE?
a) [IporpamMupoBaHie KOMIBIOTEPA JUIsl BHITIOJIHEHHSI KOHKPETHBIX 3a/1a4.
0) Hanucanue aaroputmMoB, KOTOpbIE MOTYT CaMH Ce0sl yITy4IIaTh.
B) Pa3paboTka anropuTMOB, MO3BOIITIONINX KOMITBIOTEpAM YIUTHCS HA TAHHBIX.
r) Co3gaHne HCKYCCTBEHHOT'O HHTEIUICKTA, CIIOCOOHOTO MBICITUTH KaK YEIIOBEK.
2. Uro sBrsieTCS OCHOBHOM 3a/1a4yell B MAITUHHOM OOydeHUH?
a) Co3maHue CIOXKHBIX aITOPUTMOB.
0) Pa3paboTka HOBBIX SI3BIKOB IIPOTPaMMHUPOBAHUS.
B) [TocTpoenue moeseit, CmocoOHBIX JIenaTh MpeIcKa3aHusl.
r) AHanu3 0ombIINX 00BEMOB JaHHBIX.
3. Uro Takoe KoHTpoJHpyeMoe oOyuenue (Supervised learning)?
a) OOyuenue Mojienu 6e3 UCTIOIb30BaHUS TIOMEUSHHBIX JTAHHBIX.
6) OOyueHre MOJIe)TH Ha JAHHBIX C U3BECTHBIMH METKAMH.
B) OOyueHne MOJIeNTH IyTeM HOJKPEILICHHUS.
r) OOydJeHre MOJIENIN ITyTeM CaMOOPTaHN3aIlIH.
4. Yro Takoe HEKOHTpoMpyeMoe ooyuenue (unsupervised learning)?
a) OOydJeHue MOJIC)TH Ha JAHHBIX C N3BECTHHIMU METKaAMH.
6) OOyuenne Moaenu 0e3 UCTIONB30BaHS TOMEYCHHBIX TaHHBIX.
B) OOyueHHne MO/IeNN ITyTEM MOKPEIUICHHUSI.
r) OGy4eHre MOAENH IIyTeM UMHUTAIMH Y€JI0OBEYECKOTO TIOBEJICHHUSI.
5. Uro takoe obyueHue ¢ noakperuienueM (reinforcement learning)?
a) OOyueHune MOJIeNH yTeM MPOoOd U OMIMOOK, ¢ UCTIOJIBL30BaHNEM BO3HATPAKICHUH.
6) O0y4yeHre MOJIeNTN Ha IAHHBIX C U3BECTHBIMU METKaMHU.
B) OOydeHne Moaenu 6e3 HCIIO0Ib30BaHNS TOMEYCHHBIX JaHHBIX.
r) O0yueHue MOJIeNI ITyTeM aHAJIN3a KOPPEeTsIni.
6. Uro Takoe MeTpuKa TOYHOCTH (accuracy)?
a) CpenHee 3HauUeHHE OINOKN MOJEIH.
6) /1o npaBUIbHO KIacCU(PUIIMPOBAHHBIX 00Pa3IIOB.
B) Bpems oOyuenus mozenu.
r) CII0’)KHOCTH MOJIEIIH.
7. Yro Takoe npennsuoH (precision)?
a) JloJist MpaBUIIBHO MPE/ICKAa3aHHbIX MOJIOKHUTEIBHBIX PE3YJIbTATOB.
6) Jlos1s paBUIIbHO MPEACKA3aHHBIX OTPHULIATEIBHBIX PE3YJIbTATOB.



B) Jlonist BCeX MOJIOKHUTEIBHBIX PE3YJIbTATOB.

r) JloJst Bcex OTpHLIATEIbHBIX PE3YJIbTATOB.

Uro takoe pekodn (recall)?

a) JloJst MpaBUIIBHO MPECKAa3aHHbIX MOJIOKHUTEIBHBIX PE3yIbTATOB.

6) JloJ1st ipaBUIIBHO MPEACKA3aHHBIX OTPHULIATEIBHBIX PE3YJIbTATOB M3 BCEX OTPHUIIATEIBHBIX.

B) Jlons Bcex MOJIOKUTEIBHBIX PE3YJIBbTATOB U3 BCEX MPABHUIIBHO MPEICKA3aHHBIX MOJI0KUTEIbHBIX.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

r) Jlomst Bcex OTpHLATEIbHBIX PE3YJIbTATOB.

UYro takoe F1-mepa?

a) CpenHee 3HaUCHUE PELIU3UOH U PEKOIL.

6) 'apmoHHMYeckoe cpenHee NPEnu3UOH U PEKOJL.
B) [Ipou3BeneHue Nperu3uoH 1 PEKoJl.

r) CymMa npenu3noH 1 peKod.

Uro takoe nepeobyuenne (overfitting)?

a) MoJens CIUIIKOM XOPOIIo 0000ImIaeT JaHHBIE.
6) Mogenb m1oxo 0000IIaeT JaHHbIC.

B) Mozens He oOydaeTcs.

r) Moznens 00ydaeTcst CIIUIIKOM OBICTPO.

Uro takoe HenooOydeHue (underfitting)?

a) Mopens CIMIIKOM XOpOIlIo 0000IIaeT JaHHEIE.
6) Mozenb m10Xx0 00001aeT JaHHBIC.

B) Moaens He 00y4aeTcs.

r) Mozens 00yyaercst CIUIIKOM OBICTpO.

Yro Takoe mepekpecTHas mposepka (cross-validation)?
a) Merox orieHKH 00001aromei CnocOOHOCTH MOJICITH.
6) Merton 00y4eHUST MOIETIH.

B) MeTo onTHMU3aIui.

r) MeTox perymisipu3ariim.

Just gero ucnosb3yercs MeToa k-6mmkaiiux coceneit (k-NN)?
a) Kmaccugukamnms u perpeccusl.

6) Tonbko KnaccupuKanus.

B) Tonbko perpeccus.

r) Knacrepuzanus.

UYro takoe pemiaroiee aepeso (decision tree)?

a) ANTropuTM KJIacCU(PHUKAIMK U PETPECCHHL.

0) AJITOPUTM KJIACTEPHU3ALIHH.

B) MeTo onTHMHU3aIUH.

r) Merton perynsapusamnny.

Uro takoe cirydaiiHbli ec (random forest)?

a) AHCaMOJTb perIaonIiX IePEeBHEB.

0) OnuH pemaromuii 1epeBo.

B) MeToJ1 onTHMHU3aIuH.

r) Merton perynspusanuu.

UTto Takoe MeTo/1 OTIOPHBIX BEKTOPOB (SVM)?

a) ANTropuTM KJIacCU(PHUKAIIMK U PETPECCUHL.

0) AJITOpPUTM KJIACTEPHU3ALIHH.

B) MeTo onTHUMHU3aIIH.

r) MeTon peryispu3aiuy.

UYro Takoe rpaJMeHTHbIH OyCTHHT?

a) MeTox mocTpoeHust aHcaMOJIel MOIeIeH.

0) Mero onTHMH3ALINH.

B) Meton perynspusanuu.

') AJITOPUTM KJIacCU(PHKAIIH.

Uro Takoe pynkuus moreps (loss function)?

a) M3mepsieT Ka4ecTBO MOJIEIH.

0) OmpenensieT apXuTeKTypy MOJIEIIH.

B) Ompenienser CKOpOCTh 00yUEHHS.

r) Onpenensietr pa3Mep JTaHHBIX.

Urto Takoe runeprapameTpsi?

a) [TapaMeTpsl, KOTOPBIC HACTPAUBAIOTCS BO BPEMs OOYUCHUSI.
0) [TapameTpsl, KOTOPBIC YCTAHABIMBAIOTCS 10 OOYUCHHUS.
B) BXoaHbIe naHHBIE 1)1 MOJIEITH.

r) BeIXo1HBIC TaHHBIC MOJICITH.



20. Yro takoe perpeccus?
a) Ilpencka3anue KaTeropuaIbHbIX IIEPEMEHHBIX.
6) IIpenckazanne HEMPEPHIBHBIX ITEPEMEHHBIX.
B) Kitactepusanus naHHBIX.
r) Paznenenne naHHBIX Ha KJIAcCHI.

OtBernl: 1-8, 2-B, 3-0, 4-0, 5-a, 6-0, 7-a, 8-a, 9-0, 10-6, 11-0, 12-a, 13-a, 14-a, 15-a, 16-a, 17-a, 18-a, 19-6, 20-6
Bapmnanr 2

1. Yro takoe MeTox rnaBHbIX KoMnoHeHT (PCA)?
a) Merox kinaccudukaumu.
6) Merton perpeccun.
B) MeTon yMEHbIIECHHSI pa3MEPHOCTH.
r) MeTox KiacTepHu3aluH.
2. Uro takoe t-SNE?
a) Metox kmaccu(puKaIim.
0) Meron BU3yaIH3aliy TaHHBIX BEICOKOW Pa3MEPHOCTH.
B) MeTo1 yMCHBIIICHHS Pa3MEPHOCTH.
r) Meron KiacTepu3aum.
3. Uro Takoe HOpMAaTU3aIHsI JaHHBIX?
a) [IpeoOpazoBanue qaHHBIX B Auana3zoH ot 0 jo 1.
0) Ynanenue BBIOPOCOB U3 TaHHBIX.
B) I[IpeoOpa3zoBanue JaHHBIX K HOPMAJIBHOMY PaclpeeIeHHUIO.
r) Bee BrImenepedncieHHoe.
4. Y10 Takoe cTaHAapTHU3AIUSI JaHHBIX?
a) [IpeoOpa3oBaHue MaHHBIX K HOPMAJIbHOMY PacHpeAeIICHHIO C HYJIEBBIM CPESIHUM U SIMHUIHOMN TUCTIepCHEH.
0) VY nanenue BEIOPOCOB U3 JAHHBIX.
B) [IpeoOpazoBanue naHHBIX B Auana3oH ot 0 mo 1.
r) Bee BrImenepeuncienaoe.
5. Yro Takoe BrIOpOCHI (outliers)?
a) Touku TaHHBIX, KOTOPBIE HAXOIATCS JAJICKO OT APYTHX TOYEK.
6) Touku NaHHBIX, KOTOPBIE IPHHAIJIEKAT K JPYroMy Kiaccy.
B) TouKM JaHHBIX, KOTOPbIE HMEIOT HU3KOE 3HAYCHHE.
r) Toukn [aHHBIX, KOTOPbIE UMEIOT BHICOKOE 3HAUCHHE.
6. Jlust 4ero MCrob3yercst peryispusanus?
a) YckopeHwue mpolecca o0ydeHusl.
0) IIpenoTBparieHue nepeodyIeHHs.
B) YBeIHUYCHIE TOYHOCTH MOJICITH.
r') YMCHBIIICHHE Pa3MEPHOCTH TaHHBIX.
7. Uro takoe L1-perymspuzarus?
a) loGaBmnser k QyHKIMU TIOTEPh CYMMY a0COJFOTHBIX 3HAUEHUH BECOB.
0) obaBisieT K GyHKIUHU ITOTEPh CYMMY KBaJpaTOB BECOB.
B) YaiseT HEKOTOpHIE Beca 13 MOIECTH.
r) Hopmanusyer Beca monenu.
8. Uro Takoe L2-perymnspuzaius?
a) JIobaBnsieT K QYHKIMH MTOTEPh CyMMY aOCOJIFOTHBIX 3HAYEHUH BECOB.
6) obaBisieT K GyHKINHU ITOTEPh CYMMY KBaJIpaToB BECOB.
B) YjaiseT HeKOTOpbIe Beca U3 MOJIEITH.
r) Hopmanusyer Beca Mmozenu.
9. Uro takoe paHgoMHBIN TouCK (random search)?
a) MeTo/ onTUMH3AIHY TUTICPIIAPaMETPOB.
0) Merox 00y4eHUST MOICTIH.
B) MeToll yMEHbIIECHHSI pa3MEPHOCTH.
r) Meron KiacTepu3aium.
10. Yro takoe Grid Search?
a) MeToz OnTHMHU3AIIMKU THIIEPIIapaMETPOB.
6) MeTo 00y4ueHUsT MOJIEIH.
B) MeToll yMEHbILIEHHSI pa3MEPHOCTH.
r) Merton kiacTepu3aium.
11. Yro Takoe OaliecoBCKas ONTUMU3ANUS?
a) MeTo/ onTUMH3AIUY TUTICPIIAPAMETPOB.



6) Metom oOydeHUsT MOJIEIIH.
B) MeTon yMEHBIICHNS pa3MEPHOCTH.
r) Merton KiacTepu3aum.
12. Yro Takoe HemapaMeTPUIECKIE MOJICITH?
a) Mopnenu, KOTOpBIE HE JENArOT IMPEION0KCHNHN O paclpeieIeHNN TaHHBIX.
6) Mopaenu, KOTOpBIE AETAI0T MPEIIOIOKEHHUS O PACHIPENIEICHUN TaHHBIX.
B) Mojenu, KOTopble UCIIONb3YIOT HEHPOHHBIE CETH.
r) Moieny, KOTOpBIE UCTIONB3YIOT PEIatONIe ASPEBbSI.
13. Yro Takoe napamMeTpu4ecKue MoJean?
a) Mogzenu, KOTOpbIe HE JIeNaroT IPEINOoNI0KEHNH O paclpe/ieIeHUH TaHHBIX.
6) Monenu, KOTOpBIE AETAI0T MPEIOJIOKEHHUS O PACIPEEIICHUN TaHHBIX.
B) Mojenu, KOTopble UCIIONb3YIOT HEHPOHHBIE CETH.
r) Mozenu, KOTOPBIE NCTIONIB3YIOT PEIIAIOIIIE AEPEBBI.
14. Yro Takoe omeHka BeposiTHOCTH (probability estimation)?
a) Ilpenckasanue BepOSTHOCTH NPHHAAICKHOCTH 00BEKTA K KIIaccy.
6) IIpenckasanne 3HAYCHUSI HENPEPHIBHOM IIEPEeMEHHOM.
B) Knacrepusanus jaHHBIX.
r) Pa3nenenne naHHBIX Ha KIACCHI.
15. Yro takoe metpuxa AUC-ROC?
a) Uzmepsier momans nox kpusoit ROC.
0) M3MepsieT TOYHOCTH MOJIEITH.
B) M3MepsieT NoNMHOTY MOAEIH.
r) U3mepser F1-mepy.
16. Yro Takoe kpuBas ROC?
a) 'paduk, orobpakarommuii 3aBucuMocts Mexxay TPR u FPR.
0) I'paduk, oToOpaxkaromuii 3aBUCUMOCTb MEKAY TOYHOCTHIO U ITOTHOTOM.
B) ['pacdmk, oToOpaxaromuii 3aBHCUMOCTh MEXIY OIIHOKON M BpeMEHEM O0YUCHUS.
r) I'padmk, oToOpaskaroniii 3aBUCUMOCTD MEXy KOJHMYECTBOM JJaHHBIX U TOYHOCTBIO.
17. Yo Takoe reHepaTHBHBIE MOAECIN?
a) Mogzenu, KOTopble FeHEPUPYIOT HOBBIE JIaHHBIE.
0) Monenu, koTopble KIacCUDUIUPYIOT JaHHbIE.
B) Mojenu, KOTOpble PeIaloT 3a1a41 PEerpeccHy.
r) MoJienu, KOTopble yMEHBILIAIOT Pa3MEPHOCTh JTAHHBIX.
18. Yro Takoe TUCKPUMUHATUBHBIC MOAEIN?
a) Moyienu, KOTOpbIe Pa3IMYaroT KJIacChl JaHHbBIX.
6) Mopeny, KOTOpble TeHepUPYIOT HOBBIE JaHHBIE.
B) Mozenu, KOTopble PeIaloT 3a1a41 PEerpeccHy.
r) Moienu, KOTOpble yMEHBIIAOT Pa3MEPHOCTh TaHHBIX.
19. Yro takoe metox MoHnTe-Kapmo?
a) MeToz YHCIIeHHOTO MHTETPHPOBAHUSL.
0) MeToJ1 ONITHMHU3AIINH.
B) MeToll yMEHbIIEHHsI pa3MEPHOCTH.
r) Merton kinacTepu3aii.
20. Yo Takoe bootstrap?
a) MeTox MOBTOPHOM BEIOOPKH C BO3BPAILIICHHUEM.
0) MeTox TOBTOpHO# BBIOOPKH O€3 BO3BpAILEHHUSI.
B) MeTox onTHMH3AIHNH.
r) MeTox yMEeHBIIEHHUs Pa3MEPHOCTH.

OtBernl: 1-8, 2-0, 3-1, 4-a, 5-a, 6-0, 7-a, 8-0, 9-a, 10-a, 11-a, 12-a, 13-0, 14-a, 15-a, 16-a, 17-a, 18-a, 19-a, 20-a

4.2. OueHOYHbIE CPEICTBA MPOMEKYTOUYHOMH aTTeCTAMI

[To gucnumIuinHE MPEeIyCMOTPEH 3adeT. 3adeT MPOXOAWT 1o Ommeram. B kaxmom Omiere ABa TEOPETHYECKHX BOMPOCA.
3adeT MPOBOIUTCA B YCTHOH, NHCBMEHHON WM KOMIBIOTEpHOH (opme. OreHHBaeTCs BiIaJeHHE MaTepHaOM, €ro
CHCTEMHOE OCBOEHHE, CIOCOOHOCTh MPUMEHSTh HY)KHbIC 3HAHMS, HABBIKK U YMEHUsI [IPU aHAIIU3e MPOOIEMHBIX CUTYaIUH.

4.2.1. YcTHBIH MIIM NHCbMEHHBIN 0TBET Ha BONPOC

4.2.1.1. Ilopsaaok npoBeaeHuUsl.

VYCTHBIA WM MHUCBMEHHBIA OTBET Ha BONPOC HANpaBi€H Ha MPOBEPKY 3HAHUN OCHOBHBIX Pa3lieloOB IO JUCUUIUIMHE
«MamvuHHOe 00y4YeHHUEY.

4.2.1.2. Kputepuu oueHuBaHHs.

43-50 6a/1JI0B CTAaBUTCS, €CJTH 00ydaAIOIIUiiCs:



B oTBeTe KauecTBEHHO pacKphLI cojaepikaHue TeMbl. OTBET XOpOIIO CTPYKTypHUpoBaH. [IpekpacHO OCBOEH MOHSATHHHBIN
anmapart. [IpoeMOHCTpHpOBaH BEICOKHN YpOBEHb MOHMMaHUS Matepuaia. IIpeBocxomHoe ymeHue (GOpMyIHpOBATE CBOU
MBICTIH, OOCYXKIaTh TUCKYCCHOHHBIE ITOJIOKEHHS.
36-42 6a/1J10B CTABUTCS, €CJIH 00yYaIONIHiics:
OCHOBHBIE BOTIPOCH TeMBI packpbll. CTPYKTypa OTBETa B LIEJIOM a/IeKBaTHA TeMe. XOPOIIO OCBOCH MOHATHHHBIN anmapar.
[IpogeMoHCTPUPOBAaH XOPOIIHH YPOBEHb IMOHMMAaHHS MaTephana. Xopolree yMeHue (opMyaHMpoBaTh CBOHM MBICHH,
00CyXaTh TUCKYCCHOHHBIE MOJI0KEHHSI.
28-35 pansioB cTaBUTCSH, €CJIH 00yYAKOIIHIiCA:
Temy uactmyHo packpbul. OTBeT cnabo CTPYKTypupoBaH. I[IOHATHMIHBIN ammapaT OCBOCH 4YacTH4YHO. [loHMMaHue
OTJICNILHBIX MOJIOKCHHUI M3 MaTepualia 1Mo TeMe. Y IOBJICTBOPUTEIBHOC YMEHUE (DOPMYIUPOBATH CBOU MBICIH, 00CYKAATh
JIUCKYCCHOHHBIC TTOJIOKCHHUSL.
0-27 6aJUI0B CTaBHTCH, €CJIH 00yJAKOIIHIAC:
Temy He packpbul. [IoHATHIHBIN ammapaT OCBOSH HEYIOBJIETBOpUTENbHO. IloHMMaHne MaTepuana (pparMeHTapHOE HIIH
oTcyrcTByeT. Heymenue GpopMynnpoBaTh CBOM MBICIH, OOCYKIATh JUCKYCCHOHHBIE TTOJI0KEHUS .
4.2.1.3. OueHo4HbIe cpeCTBA.
Bonpocs! 1/151 yCTHOr0 HJIM MHCHMEHHOT0 0TBeTa
[orATHEe MaIMHHOTO O0YUICHHUS.
OO01m1ast mocTaHOBKA 3aJa9d OOYYICHHUS 110 MPETeICHTAM.
Crnoco0bl MaIIMHHOTO 00YUYEeHHSI.
3aja4u, pernaeMpie ¢ TOMOIIBIO MAIIMHHOTO O0YUCSHHSI.
[TonsATHE KITacTepU3aLUy.
ITocraHoBKa 3a1a4y KJIaCTepHU3aLMU.
Meroas! KilacTepu3alum.
Merton k-means.
Meron k-mennan.
0. JucKpUMWHAHTHEIA aHATN3.
1. T'eHeTHYECKUIA aNTOPUTM.
12. OGyd4eHune ¢ yauTenIeM.
13. 3apmava kIaccupUKaIHH.
14. 3apmaua perpeccum.
15. Paznensiromias runepriocKoCTh.
16. Mertoz OMOPHBIX BEKTOPOB.
17. TlpumeHeHHE METO/Ia OTIOPHBIX BEKTOPOB B 3a/1aue KJIACCU(PHUKALIMH.
18. Ilonsitue nepeBa pelieHuit.
19. Tunosorus AepeBHEB.
20. OOyueHwme aepeBa pemICHHN.
Kpatkue oTBeTHI

RBoo~NokrwdE

1. ITonsATHe MAIIMHHOTO 00y4yeHMsl. MamiHHOE 00ydeHHEe — 3TO pa3/iel UCKYCCTBEHHOTO MHTEeIeKkTa. OHO MO3BOJISET
KOMITBIOTEPAaM YUHTHCS Ha JaHHBIX 0€3 IBHOTO POrPaMMHUPOBAHHS. AJTOPUTMBI MAIIMHHOTO OOYYEHHS CTPOSIT MOJIETIH Ha
OCHOBE JIaHHBIX. DTH MOJICIIN UCIIOIB3YIOTCS JUIS MPEeICKa3aHui WK MIPUHATHS pelleHnid. MammHHoe 00ydeHne HaXOauT
IIPUMEHEHNE BO MHOTHMX oOnacTsx. I[Ipumepsl: pacno3HaBaHuEe H300paKeHUH, 00pabOTKa eCTECTBEHHOIO S3BIKA.
MammuHHOe oOydueHHe ObIBaeT ¢ yuurteneMm, Oe3 ydurens M ¢ nojkpervieHneM. OOydueHHE C yYHTEIEM HCHONb3YET
pa3medeHHble naHHble. OOydeHwe Oe3 yuHuTeNns BBIABIIET CTPYKTYphl B Hepa3MEUEeHHBIX MAaHHbIX. OOydeHHe ¢
MOJIKPETIJICHHEM OCHOBAaHO HAa CHCTEME BO3HArpaxkiaeHui. MammHHOe oO0ydeHHe WIpaeT BaKHYI0 POJIb B Pa3sBUTHU
COBPEMEHHBIX TEXHOJIOTHUH. AJTOPUTMBI MAIIMHHOTO OOY4YeHHsS IOCTOSIHHO COBEpIICHCTBYIOTCS. OOBEM MAaHHBIX JUIS
00ydeHHs UrpaeT KIFYeBYI0 posib. KauecTBo MaHHBIX TakKe BaXXHO IS YCIEHIHOTO o0ydeHus. MammHHOe 00y4eHne —
9TO MOITHBIM HHCTPYMEHT ISl aHAIHM3a JAHHBIX M IPUHATHS PeIICHUH.

2. O0mas MOCTAaHOBKA 3aa4i 00yueHus no npemneaeHTam. O0ydeHue 1o MpereeHTaM OCHOBaHO Ha BBIOOPKE JaHHBIX.
Ota BHIOOPKA COAECPKHUT MPUMEPHI BXOJHBIX JAHHBIX W COOTBETCTBYIOIIUX MM BBIXOAOB. Llenb 0OydeHHMsS — MOCTPOHTH
MOJieNb, KOTOpasi 0000ImaeT 3TH MpuMepbl. Mojens AODKHA YMEThb JefaTh NPaBHIIBHBIC NPEICKA3aHUs Ul HOBBIX,
HEBUJIUMBIX paHee NMaHHBIX. KadecTBO Mozenu oneHmBaeTcs Mo e€ cmocoOHocTH 0000mare. [lepeobydenue — 3To
CUTyalus, KOTJa MOJIeNb CIUIIKOM XOPOIINO 3aloMHHAEeT oOydaromue naHHble. HemooOydeHne — 3TO cHTyarus, Koraa
MOJIeNIb HE CTOCOOHA YJIOBHTH 3aKOHOMEPHOCTH B JaHHBIX. BBIOOP MOIXOIAIICH MOIENM — BaKHBIA 3Tall OOy4YeHWUS.
CH0XHOCTB MOJICITH JTOJDKHA COOTBETCTBOBATH CIIOKHOCTHU 3aaa4r. KOJMMYECTBO JaHHBIX UL OOYUYCHHUS TAKKe BIUSACT Ha
KayecTBO Mojend. HeoOxomumo OanaHCHpPOBATh MEXAY CIIOKHOCTBIO MOJCTH M OOBEMOM JaHHBIX. MeToJsl
peryIspH3aliu [MOMOTAIOT TPEAOTBPATHTh IHepeodydeHne. Kpocc-Bamumanuss HCIONB3YeTCs JUIS OLICHKH KadecTBa
Mozenu. O0ydeHune 10 Ipere/IecHTaM — OCHOBA MHOTHX aJITOPHTMOB MAIIMHHOTO O0YYCHUSI.



3. Cnoco0bl MAIIMHHOTO 00y4YeHUsi. MammHHOE OOyYeHHE AETUTCS Ha OOydeHHe ¢ y4duTeleM, O0e3 YUYHUTEensl U C
nogkperieaneM. OOydeHHE ¢ y4YWTEeNeM HCIIONb3yeT pa3MEdYeHHbIC NaHHBIE. [Ipumepsl: Kmaccupukanus, perpeccus.
OOyuenne Oe3 yuuTenss paboTaeT ¢ HEPa3MEUCHHBIMH INaHHBIMH. [IpHMephl: KiacTepu3alus, CHIDKECHHE pPa3MEepHOCTH.
OOyueHne ¢ MOAKPEIUIEHHEM OCHOBAHO Ha CHCTEME BO3HATPAKICHHUN. ATEHT yUHTCS B3aMMOAEHCTBOBAThH C OKPYKAIOIIEeH
cpemoii. Berbop Metona oOydeHus 3aBUCUT OT 3afadd U JaHHBIX. OOyueHne ¢ yuuTeneM TpeOyeT HAINYHS pPa3MEYCHHBIX
naaHeIX. OOydeHne 0e3 yUuTeNns MOKeT UCTIOIBb30BaThCs IS MOUCKA CTPYKTYPHI B NaHHBIX. OO0yUeHNE ¢ TTOAKpEIUICHHEM
MOJAXOIUT sl 3ajad YIpaBJICHHS M POOOTOTeXHUKH. CymecTBYIOT KOMOWHHMpOBaHHBIE MeToAbl o0yuenus. [lomy-
o0y4eHHe HCIIOJIb3yeT KaK pa3MedyeHHble, TaK M Hepa3MedeHHbIC NaHHble. AKTHBHOE O0O0y4YeHHE IMO3BOJISIET aITOPUTMY
BBIOMpATh NaHHBIE U pa3MeTKH. BriOop MeToaa 00yueHHs: — BaKHBII Tal peleHus 3ajaui MalllHHHOTO 00y4YeHusI.

4. 3amavyu, pemaemMble ¢ MOMOIIBI0 MALIMHHOrO oO0y4yeHHsi. MammHHOe OOy4YeHHWE TPHUMEHSETCS IS PEHICHUS
pa3Hoo0Opa3HbIX 3aaa4. Kiaccudukanus — oTHeCEHHEe 0OBEKTOB K KaTteropusM. Perpeccust — nmpeackazaHue HeNpepbIBHBIX
3HaueHud. Kilacrepuzanmss — rpynmupoBka 0OBEKTOB IO cX0ACTBY. CHMIKEHHE Pa3sMEPHOCTH — yMEHBLICHHE 4YHCiIa
NIPU3HAKOB JIaHHBIX. PacniozHaBanue o0pa3oB — uaeHTH UKL 00BEKTOB Ha M300pakeHHsaX. OOpaboTka ecTeCTBEHHOTO
s3pIKa — aHaJW3 W MOHMMaHWe Tekcra. [IporHo3upoBaHue — mpejckaszaHue OyAyIIuMX 3Ha4YeHWil. PexoMmMeHIaTenbHbIC
CUCTEMBI — MPEIOKESHUE TOBApOB WM yciayr. MammHHOe 00y4eHHe HCIONb3YeTCsl B MEANIMHE, (PMHAHCAX, MApKETHHTE.
Pemenne kaxxiod 3amaun TpeOyeT BHIOOpa MOAXOAIIET0 alropuTMa. KadecTBO JaHHBIX — KITIOYEBOH (akTop ycmexa.
OneHka KayecTBa MOJENHN — BaXHBIH 3Tarn. MallMHHOE 00y4eHHEe IOMOraeT aBTOMAaTH3UPOBATh CIIOMKHBIC MPOLIECCHI.

5. IlonsiTHe Kkn1acTepu3anuu. Kiactepusanus — 3To 3afa4a MalIMHHOTO 00y4eHHs Oe3 yuurens. Llenb kinactepusanuu —
pa3zenuTh JaHHble Ha pynibl (kiaactepsl). OOBEKTH BHYTPH KilacTepa JOJDKHBI OBITh CXOKH IpyT ¢ ApyroM. OOBEKTHI u3
pa3HBIX KJIAcCTEpOB JOJDKHBI OBITh pa3iauyHbl. KiacTepusalus HCHONB3yeTCs s aHalW3a JAHHBIX M BBIABICHUA
CTPYKTYphl. Kiactepsl MOTyT IIpeACTaBIsATH COOOM Tpynmbl CXOXHX KIHMEHTOB. Kitactepmsamusi HpUMEHsSETCS B
MapKeTHHTe, OMOJIOTHH, MEIULHE. Pe3ynpTaThl KIacTepu3allii MOTYT OBITh MCIIOJIB30BAHBI IS JajbHEHIIETO aHaIn3a.
Knactepuzaiust — 3To MOIIHBIN HMHCTPYMEHT IJIs MICCIICAOBAHMUS JaHHBIX. BrIO0p MeTona KilacTepu3anuy 3aBUCUT OT THIIA
JaHHBIX U 3a7a4d. OLEHKa KauecTBa KJIACTePU3AIN — BaXKHBIH 3TaIl.

6. IToctanoBka 3agaum KJjacTepu3aluu. 3aJada KIacTepU3alliil — pa3OUTh MaHHBIC Ha Tpymmbl. Kaxkmslii kiactep
JOJDKEH COZIepKaTh CX0XkHe 00BeKThl. OOBEKTH U3 PA3HBIX KIACTEPOB MOJDKHBI OBITH pa3indHbl. HeoOXoanMo ompeneanTts
YHCIO KJacTepoB. BEIOOp METPHKH CXOICTBAa — BaXKHBIM 3Tam. MeTpuKa CXOICTBA ONpENeisieT, HACKOIBKO OIU3KH
00BEKTH APYr K Apyry. EBKIMIOBO paccTOSHHE — paclpOoCTpaHCHHAs METpPHKa CXOICTBa. KOCHHYCHOE paccTosHHe
HCTIONB3YeTCsI UIS TeKCTOBBIX JaHHBIX. KadecTBO KiIacTepu3aIliy OIICHUBACTCS C TIOMOIIBIO Pa3JIMYHBIX METPHK. 3ajada
KJIacTepH3alluk MOXET ObITh CPOpMYIIMpOBaHA Kak 3ajada onTuMH3auuu. Llenb — MUHUMH3UPOBATh BHYTPUKIIACTEPHOE
paccTosiHiEe M MaKCUMHU3UPOBATh MEXKIACTEPHOE PACCTOSHUE.

7. Metoabl kiacrepuzanmu. CyliecTBYyeT MHOXKECTBO METOJOB KiacTepuzanuu. K-means — mnonyisipHbId METOJ,
OCHOBaHHBIN Ha pa3JelICHIH JaHHBIX Ha k kimactepoB. Mepapxudeckas kimactepuzanus cTpout aeHaporpammy. DBSCAN —
METOJI, OCHOBaHHBIM Ha MJIOTHOCTH JaHHBIX. ANroputM EM — BeposSTHOCTHBIH MeTox KiacTepusanuu. Beibop merona
3aBHCHT OT THINA IaHHBIX M 3amaud. K-means sddexTuBeH ans OonplInx MaHHBIX. Mepapxudeckas KiIacTepH3alys
MO3BOJISIET BU3YAIM3UPOBaTh CTPYKTYpy naHHbix. DBSCAN xopomio paboTaeT ¢ JaHHBIMH, COJEPXKAlIMMH I[IyM.
AnroputM EM Moxker yuuteiBaTh (opMy KiacTepoB. Kaxaplii MeTon MMeEeT CBOM NPEHMYILIECTBA M HEJOCTATKH.
Heo6xonnmo BbIOMpaTh METOI, MOAXOASIINH 1T KOHKPETHOH 3a/1a4H.

8. Mertoa k-means. K-means — sto amroput™m kmactepusaimu. OH pa30uBaeT JaHHBIE Ha Kk KiacTepoB. ANTOpUTM
HUTCPATUBHO NEPEMEIIACT LECHTPHI KJIaCTEPOB. Hem) — MHUHUMU3UPOBATHL CYMMY KBaJpaToB paCCTOﬂHHfI OT TOYEK a0
LIEHTPOB WX KiactepoB. K-means — mpocroii u 3¢dexruBHbiii anroputM. OH padoTaeT Xopomio Ha 0oJblIuX Habopax
JaHHBIX. BBI60p HaYaJIbHbIX HEHTPOB KIACTEPOB BaAXKCH. PasHbple HayaJibHBIE LHEHTPBI MOTYT NPUBECTH K pPa3HbBIM
pe3ynbTataM. AJITOPUTM MOXKET 3aCTPATh B JIOKAIbHOM MHUHUMYMe. CyIIEeCTBYIOT METOABI JUIsl BEIOOpa ONTHMAIBLHOTO K.
MertoJ JIOKTS — OJIMH M3 TaKuX MeTonoB. K-means uyBcTBHTENEeH K BhIOpocam. K-means mpearosnaraer, 4To KiacTepsl
nmeror cdepudeckyro Gopmy. AnropurM He paboOTaeT XOPOIIO € KiacTepaMu CIOXHOW ¢opmbl. K-means mmpoko
UCTIONB3yeTCs Ha MPAKTHKE.

9. Merox k-memman. K-meanan — ato Bapumanusi k-means. OH HCIIONB3yeT MeAWaHy BMECTO CpPEIHEro 3Ha4YeHUs JUIs
oTIpeJieTIeHHsI IIGHTPOB KilacTepoB. K-MeauaH MeHee 4yBCTBUTENEH K BEIOpocam, yeM k-means. AIroput™M MUHUMH3HPYET
CyMMY pacCTOSHMH OT TOYeK /0 HEeHTpoB KiactepoB. K-meaman Oosiee ycroiunmB K BbIOpocam, uem k-means.
BrruncnnrenbHas cinoxHOCTh k-MeanaH Beile, 4eM y k-means. K-mennaH moxxomuT Ui TaHHBIX C HECHMMETPHUYHBIM
pacripeseneHreM. AJTOPUTM MOJKET HCIIONIb30BAThCs ISl KJIACTEpU3allMU JIaHHBIX C IpoIyckamu. K-menmaH MeHee
nonyssapeH, yeM k-means. K-menuan moxer ObiTh 3ddexTnBHee k-means B HEKOTOPBIX 3ajadax. Beioop k BaxkeH s
000HX aITOPUTMOB.



10. JuCKpUMHHAHTHBIA aHaJu3. [[UCKpUMHHAHTHBIA aHAJIN3 — 3TO MeToJ Kinaccupukarmu. OH HAXOIUT JTWHEHHBIS
KOMOHMHAIMN TPH3HAKOB, KOTOPBIC HAWIYYIINM 00pa3oM Pa3AeifioT Kiacchl. JJMCKpUMHWHAHTHBIN aHAIW3 MPEATOJIaract,
YTO JaHHBIE HOPMaJIBHO pacmpenencHbl. CymecTBYIOT pa3iW4HbIe BUABl JUCKPUMHHAHTHOTO aHamW3a. JIMHEHHBIH
TucKpuMUHAHTHBIN aHamm3 (LDA) — ogmH W3 caMbIX paclpocTpaHEHHBIX. KBaapaTWdHBIN AUCKPIMHUHAHTHBIM aHAJIN3
(QDA) — npyro#t BuI IUCKPUMHHAHTHOTO aHamm3a. LDA mpeamonaraer, 4To KOBapHAIlMOHHBIE MATPHUIIBI KJIACCOB
omumHakoBbl. QDA TmoO3BOISIET KilaccaM HMETh pa3Hble KOBApHALMOHHBIE MAaTpUIbl. JMCKPUMHWHAHTHBIN aHAIH3
UCTONb3yeTCsl Al CHIDKEHMsS] Pa3MEpPHOCTH JaHHBIX. MeEToA MOXeT HCHOJIb30BaThCS U BHU3YaJIM3allUM JaHHBIX.
JIMCKpUMHUHAHTHBIN aHAJIM3 MOXKET OBITh (D (EKTUBHBIM METOIOM Ki1acCH(UKALINY.

11. T'eneTuyeckmii anropuT™. ' eHETHYECKHAN aNTOPUTM — ATO METOJ ONTHMH3AINH, BIOXHOBJICHHBIH 3BOMonnei. OH
WCTIONB3YeT MOHATHS MOIMYIAIUN, XPOMOCOM M MyTallMid. ANTOPUTM HUTEPATHBHO YIYYIIAeT IMOMYJIIIHI0 PEIICHHH.
XPpOMOCOMBI MPEJCTABIAIOT COOON peleHus 3aaund. MyTaluu BHOCAT CIy4ailHble U3MEHEHUSI B XpOMOCOMBI. Celexius
BBIOMpACT JIy4IlMe PEIICHUsS sl CIEAYIOIIEro mokojeHus. KpoccoBep KOMOMHHUPYET XPOMOCOMBI IS CO3JaHUS HOBBIX
peuieHuid. ['eHeTHYECKIE AITOPUTMBI MOTYT PEIIATh CJIOXKHBIC 3a7a4d onTuMu3anuu. OHU MOTYT HAaXOJIUTh IJI00ATBHBIH
ONTUMYM. AJITOPUTMBI MOTYT OBITh BBIYHCIMTEIBHO 3aTPaTHBIMU. BBIOOD MapaMeTpoB TEHETHUECKOTO AITOPUTMA BaXKEH.

12. Obyuyenne ¢ yumredaem. OOYy4eHHE C YUYHTEIEM HCIOJNB3YeT pPAa3MCUCHHBIC MaHHBIC I OOYYCHHS MOJCIH.
PasmeucHHbIe MaHHBIC conepkaT mapbl "BXon-Beixod'. Llemp oOyueHHMs — MOCTPOUTH MOJEIb, KOTOpas MPaBUIILHO
MPEJCKa3bIBaCT BBHIXOJ MO 3aJaHHOMY BXony. [IpuMepsl 3amau OOydeHHsI C y4YHTENEeM: KiIacCH(DHKAIHs, PErpeccus.
AJNTOPUTMBI O0YYCHHS ¢ YYUTEICM HACTPaUBAIOT MapaMeTPhl MOJCIH Ha OCHOBE 00yYaroIuXx JaHHbIX. KauecTBo Momenu
OLICHMBAETCSl HA TECTOBBIX JIaHHBIX, KOTOPBIE HE UCIIOJIB30BAIUCH I 00yueHus. [lepeoOyueHne — 3To cuTyauusi, Koraa
MOJIC/Ib CJIMIIIKOM XOpOIIO '"3amoMuHaeT" oOydaroliue JaHHbBIC W IUIOXO 0000ImmacT Ha HOBbIC. HemooOyueHne — 31O
CUTYyaIl¥s, KOTJIa MOJENb HEAOCTATOYHO CIJIOKHA, YTOOBI YJIOBHUTh 3aKOHOMEPHOCTH B NAHHBIX. BBIOOp MOIXOIAIIEro
anroputMa OOyYCHHS C YYWTEIIEM 3aBUCHT OT 3aJaddl M THIA JaHHBIX. [IpUMepsl anropuTMOB: JMHEHHAS PETPeccHs,
JIOTHCTUYECKAs PErpeccHs, ACPEeBbs PEIICHHUH, METOJ] OMOPHBIX BEKTOPOB. BakHO MpaBWIBHO pa3feluTh JaHHBIC Ha
00yJaromyro M TECTOBYIO BEIOOpKH. Kpocc-Bammmarus HUCHOIB3yeTCs IUIA 0ojiee Halle)KHOW OICHKHM KadecTBAa MOIECIIH.
Perymsapusanms momoraer IpenoTBpaTuTh IepeoOydeHue. [weprmapaMeTpsl anropuTMa HYXXKHO HACTPAWBaTh JUIS
JOCTHKCHUS Hannquei/i MMPOU3BOAUTCIILHOCTH. O6yquI/Ie C YUUTCJIEM — OJIMH U3 CaMbIX PACIPOCTPAaHCHHBIX THUIIOB
MAaIIMHHOTO O0YYCHUS.

13. 3apaua xkinaccudukanun. 3a1a4a Kiaccu(HUKAIMU 3aKII0YASTCS B OTHECEHHH 00bEKTOB K OINPE/ICIEHHBIM KaTeropusm
win knaccam. [lpumepsl 3amau kinaccuUKalMU: paclio3HaBaHWE H300paXKEHUH, (QUIBTpalUs claMa, MeIUIMHCKAs
JIMarHOCTHKA. AJITOPUTMBI KJIacCH(UKAIIMU CTPOST MOJIEINH, KOTOPbIE MPECKa3bIBAIOT KJIACC 0OBEKTa MO ero MpU3HaKaM.
[Mpumeps! anroputmoB Kiaccudukanuu: k-Ommkalimmx coceneif, HauBHBIA 0alleCOBCKHMN KiIacCH(UKATOp, AEPEBbS
pelIeHuid, HeHpOHHBIe ceTH. METpHUKH KadecTBa KIACCH(PUKAIMK BKIIOYAIOT TOYHOCTH, monHOTY, F-Mepy u AUC-ROC.
To4yHOCTH — HOJIS TPABHUIIBHO KIACCHU(PUIIMPOBAHHBIX OOBEKTOB CpPEOH BCEX OOBEKTOB, OTHECEHHBIX K JJAHHOMY KJaccy.
[MonHOTAa — 107 MPaBMIIBHO KIIaCCH(UIIMPOBAHHBIX OOBEKTOB JTAHHOTO KJlacca CPEeAM BCeX OOBEKTOB ATOro Kiacca. F-
Mepa — TapMOHHYECKOe cpefHee Mexnay TouHocTeio u momHoTo. AUC-ROC — mmomane mon kpuoir ROC,
XapaKTepU3yeT CMOCOOHOCTh MOJIEIH Pa3iInyaTh KIAacchl. BBIOOp METpHMKM KadecTBa 3aBHCHUT OT KOHKPETHOW 3aJaudl U
TpeboBaHuii k Mojenu. Kiaccsl MoryT ObITh OMHAapHBIMH (JIBa Kjlacca) WJIM MHOTOKJIACCOBBIMM (0Oojiee IBYX KIIAacCOB).
Hebananc Ki1accoB MOXET 3aTpyAHHUTh OOydeHue Mojeian. Meroasl OOpbOBl ¢ HeOaJaHCOM KIIaCCOB BKIIIOYAIOT
oversampling u undersampling. Kitaccudukanus — 0jjHa U3 OCHOBHBIX 3a/1a4 MAIlIMHHOTO 00yUYCHHUS.

14. 3apaua perpeccun. 3ajgadya perpeccHy 3aKIIOYAeTCS B ITPEJCKa3aHWM HENpPEephIBHOTO 3HaueHMs. lIpumMepsl 3amad
perpeccuu: MPOTHO3MPOBAHME I€H HAa HEABWKHUMOCTh, IPOTHO3MPOBAHHE CIpOCa Ha TOBAphbl, NPOTHO3MPOBAHHE
TeMIepaTypbl. AJITOPUTMBI PETPECCUU CTPOSAT MOJIENH, KOTOPBIE CBA3BIBAIOT BXOJHBIE MPU3HAKU C IEJIEBOM NEPEMEHHOM.
Jlunelinast perpeccusi — OIWH W3 CaMBIX HPOCTBIX M PACHPOCTPAHEHHBIX ANTOPUTMOB perpeccuu. IlommHOMUAmBHAS
perpeccus MO3BOJISIET MOJIENMPOBATh HENMHEHHBIE 3aBucuMocTH. PerymsapusoBannas perpeccust (Ridge, Lasso) momoraer
MIPEeJOTBPATUTH MepeodydeHue. [lepeBbsl penieHnii U CIy4yaiHbIA Jiec TakKe MOTYT HCIIONB30BaThCs IS PELICHHS 3aj1ad
perpeccun. HelipoHHbIE ceTH MOTYT amIpOKCUMHPOBATh CJIOXHBIE HEIMHEHHBIE 3aBUCHUMOCTH. METpHUKH KauecTBa
perpeccuu BKIIOYAIOT cpeqHekBaaparudeckyto omunoky (MSE), cpentioro abcomorhyto ommoky (MAE) u xoaddurment
nerepmuHaimu (R*2). MSE — cpenHuii KBaapat pasHHUIBI MEXIy NPEACKa3aHHBIMU M (pakTHUeCKUMU 3HaueHUsIMH. MAE
— cpenHee aOCOJIIOTHOE 3HAUCHHE Pa3sHMIBI MEXIY NpelCKa3aHHBIMH M (DAaKTHYECKHMH 3HaueHHMsIMH. R™2 — nons
JIMCIIEPCHU 1IEJIEBON NIEPEMEHHOM, 0OBsICHEHHAs! MOJIeNbI0. BrIOOp MeTpuKy KauecTBa 3aBUCHT OT KOHKPETHOW 3a/1aud U
TpeboBaHnii k Mojenu. Perpeccuss — BakHas 3ajJada MamIMHHOTO OOYYEHHs C IIUPOKHM CIEKTPOM INPUMEHEHHI.

15. Pazgensonias runepiiockocTb. Pazaenstonias runepriiiockocTb UCMONIb3YETCS IS pa3/iesieHHs JaHHBIX Ha KJIacChl.
B nBymMEpHOM NpOCTpPaHCTBE TMIEPIIOCKOCTh SBISIETCA MPSIMOW. B TpexmMepHOM NpOCTpaHCTBE I'MIEPIIOCKOCTh — 3TO
IJIOCKOCTh. B MHOTOMEPHBIX MPOCTPAHCTBAX THIEPIUIOCKOCTh — ATO MOJANPOCTPAHCTBO MEHBIIEH pa3mepHocTH. Llens —
HaﬁTH FI/IHepHHOCKOCTB, KOTOpaﬂ MAaKCHUMAJIBHO pa311en;1eT KJIACCHBI. OHTI/IMaJ'[BHaH FI/IHepHHOCKOCTB MaKCI/IMI/ISI/IpyeT
paccTosiHre 10 OMKaWIIIX TOYeK JaHHBIX. DTO PacCTOSTHHE Ha3BIBAaeTCs 3a30poM (margin). Touky naHHBIX, Omrpkaiimme K
TUNEPIUIOCKOCTH, HA3bIBAIOTCS OMOPHBIMU BEKTOpaMU. | MIEPIIOCKOCTh ONPEAEIseTCs] BEKTOPOM BECOB U CMEIICHUEM.



JluHeliHO pa3fenuMble DaHHBIE MOTYT OBITh HMICAIBHO paslelieHbl THIePINIOCKOCThbIOo. [ HeNMMHEHHO pa3lenuMbIX
JaHHBIX HCIOJIB3YIOTCS sApoBble (yHKIMU. SlnpoBble (yHKIMM OTOOpaXKalOT IaHHBIE B IIPOCTPAHCTBO OoJbLIEH
pa3MepHOCTH. B 3TOM mpocTpaHCTBE NaHHBIE MOTYT CTaTh JIMHEHHO pa3felUMBIMH. Pasznensiomas rHIepriockocTb —
OCHOBA METOJa OTIOPHBIX BEKTOPOB. BEIOOD SAApoBO# QYHKITNH BaxeH I 3PPEKTHBHOCTH METO/IA.

16. MeTtoa omopHBIX BEKTOPOB. MeTon OmMOpHBEIX BekTopoB (SVM) — 3T0 anropuT™M MammHHOTO oO0ydeHHs. SVM
UCTIONb3yeTcs Al Kiaccuukamuum u perpeccud. SVM HaxOAWT ONTHUMANBHYIO pa3elLIOUIYI0 THIIEPIUIOCKOCTb.
OnruManbHasi THUIEPIUIOCKOCTh MaKCHMHU3HPYET 3a30p MeXIy kiaaccamu. OIOpHBIE BEKTOPBHI — 3TO TOYKH JAHHBIX,
OmKaiie K THIePIUIOCKOCTH. SVM yCcTOWYHB K mepeoOydeHuro Oiarogapst MaKCUMHU3aNNH 3a30pa. SnpoBeie GyHKIIUN
mo3BoIIOT SVM  paboTaTh ¢ HETMHEWHO pa3IeNdMBIMH JMaHHBIMH. llomymspHble sApOBBIE (YHKIWW: IJHHEWHOE,
MTOJIMHOMHAIIFHOE, TayccoBO. BrIOOp sapoBoii GyHKIMM 3aBUCHT OT 3afgadd W JaHHBIX. SVM s¢dexTuBeH ans 3amad ¢
BBICOKOI pa3MepHOCThI0. SVM MOeT ObITh BBIYMCIMTEIBHO 3aTPAaTHBIM JUI OONBIIMX HAO0OpOB JAaHHBIX. CyIIEeCTBYIOT
pasnuuHble peanuzauu SVM. SVM — MOIIHBIA M YHHBEPCAJIBHBIH aIrOPUTM MallMHHOTO 00ydeHHs. SVM mmpoko
UCTIONB3YEeTCsI B Pa3IMYHBIX 00JIaCTAX.

17. IlpuMeHeHne MeTO/Ia OMIOPHBIX BEKTOPOB B 3ajaue kiaaccupuxanuu. SVM > PekTrBHO KIacCHPUIUpPyeT TaHHBIE
IIyTeM MOCTPOCHUS pa3felsioell THIepIUIOCKOCTH. [MIepmiocKkocTs pasfeinseT AaHHbBIE Ha pasHble Kiacchl. SVM
CTpEeMHUTCS MaKCHMH3HMPOBATh 3a30p MeXAy Kinaccamu. OTOpHBIE BEKTOPHI UIPAlOT KIIOYEBYIO POJIb B ONpEACICHUU
THIIEPIUIOCKOCTH. SIapoBble (QyHKIMU MO3BOIIOT SVM KiaccupuuupoBaTh HENMHEWHO pasnenuMble JaHHble. SVM
MOXeET 00padaThIBaTh JaHHBIE C OOJBLIMM KOJIMYECTBOM NpH3HAKOB. SVM ycTOHUMB K mepeo0ydeHuro, 0COOEHHO MpU
HCIOJIB30BAHUN PETYJISApU3aluu. BI)I60p MOAXOAAIECTO sAApa BaXCH A JOCTHKCHUA xopomeﬁ MMPOU3BOAUTCIIbHOCTH.
[Mapamerp C KOHTpONHPYET OalaHC MEXAYy MAaKCHUMH3AIHMCH 3a30pa U MHHUMH3alMeH ommbok kinaccupukanuu. SVM
UCTIONB3YeTCS B PAa3MMYHBIX NPHIOKCHUAX, TAKHX KaK paclio3HaBaHWE H300pakeHWMil M Tekcta. SVM MoxeT ObITh
UCTIONB30BaH Ul OMHAPHOM M MHOTOKJIACCOBOH Kiaccupukanni. SVM MoxkeT ObITh KOMOMHHPOBAH C IPYTHMH METOAAMH
MAaIIMHHOTO 00y4eHns1. SVM — MOIIHBIN HHCTPYMEHT IS pEILICHUS 3aa4 KJIacCU(PHUKAIIH.

18. IlousiTne nepeBa pemeHuii. [lepeBo pemieHNI — 3TO APEeBOBHIHASA CTPYKTypa. OHO HCTONB3yeTCs Ui TPHHATHA
PpeIIeHNA WK TpencKa3anuii. JlepeBo COCTOMT U3 y310B, BeTBEH M JIHCTheB. Kaskplil y3en npeacTaBisieT co0oi MPOBEPKY
3HAYEHMS NpHU3HaKa. BEeTBH COOTBETCTBYIOT BO3ZMOXHBIM HCXOJaM MPOBEPKHU. JIUCThS PEACTABIAIOT COO0H peImeHus nin
npeackaszanus. JlepeBbsi pElICHHH JIeTKO WHTepnpeTHpoBath. OHM MOTYT 00pabaThiBaTh KakK KaTETOPHAIBHBIE, TaK H
YHCIIOBBIC MIPU3HAKK. J[epeBbs peeHni MOTYT OBITh MCIIOIB30BaHbl Il KiIaccHu(pUKauy 1 perpeccuu. JlepeBbs pereHui
MOTYT TiepeoOydarThCsl, €CIM He HMPUMEHSTh METOABI peryispusannu. [IpuMepsl METOROB peryisipu3alvu: OrpaHUYCHHUE
rIyOMHBI JepeBa, OTPaHUYCHHE MHHMMAJIBHOTO 4YHCla O00BEKTOB B jucTe. CiydaliHBIN Jlec — 3TO aHCaMOJb JE€pPEBHEB
pemeHui. JlepeBbs penieHnit — oMy IIPHBIA METO MAaIIMHHOTO O0YYeHNS.

19. Tunonorusi AepeBbeB. [lepeBbs PEUICHUI — 3TO YHUBEPCAIbHBIC CTPYKTYpPbI, TPUMEHSEMbIE B PA3IMYHBIX 3a/1a4ax
MalmnHHOTO 00y4eHus. OHM MOTYT OBITh KJIacCH(pHUIMPOBAHBI MO HECKOJILKUM Npu3HakaM. OCHOBHOE paslelieHHue — Ha
KJaccU(UKAIlMOHHBIE W DPErpecCUOHHBbIe nepeBbs. KiaccudukalMoHHBIE AEpeBbsl MPEACKA3bIBAIOT KaTEerOpHalbHYIO
NepeMeHHYI0, OTpe/elsisi Kiacc 00bekTa. PerpeccHOHHbIE JIepeBbsi, HAPOTHUB, MPEJCKAa3bIBAIOT HEMPEPHIBHOE 3HAUEHHE,
HalpuMep, LEeHy WU Temieparypy. [Ipyroil BasKHbIM acIEeKT TUIIOJIOIMM — CTPYKTypa JAepeBa. buHapHble aepeBbs Ha
Ka)JIOM y3JIe IMEIOT TOJIBKO JIBa TIOTOMKa, NPE/ICTABIISIONIMX JIBA BO3MOXHBIX MCX0/1a IIPOBEPKH yCIOBHI. MHOrOMEpHbIE
JIepEBbs JIOMYCKAIOT OoJjiee JIBYX MOTOMKOB, YTO MOXKET OBITh MOJIE3HO NPH paboOTe C KaTeropHajbHBIMHU IMPU3HAKAMH,
HMMEIOLIMMH MHOXECTBO 3HaueHWi. Pa3nuuHble anropuTMbl MOCTPOSHHUS JIEPEBHEB HCIONB3YIOT Pa3Hble KPUTEPHUU IS
BEIOOpA HAWITy4IIeTro pas3neneHus naHHbIX B kKaxaoM y3ine. CART (Classification and Regression Trees) — omuH u3 cambIX
TIOMYJIAPHBIX JITOPUTMOB, MCIIOJIB3YIONMH nHAEKC JDKMHU WM JUCTIEPCHIO ISl M3MEpEeHHs KadecTBa paszienenus. [D3
(Iterative Dichotomiser 3) mpuMmeHsieT HHQOPMAIIMOHHBIN BBIMTPHIII, OCHOBAHHBIA Ha SHTPOIHH, U BEIOOpa aTpuOyTa
paznenenus. C4.5, sBusromuiicss ycoBepiueHcTBoBaHHeM [D3, ucronb3yeT oTHomIeHHEe WH()OPMANMOHHOTO BBIUTPHIIIA,
4TOOBI y4eCTh BO3MOXKHOE CMEILICHUE B MOJIb3Y aTpHOYTOB ¢ GonbinuM uuciom 3HaueHuit. CHAID (Chi-squared Automatic
Interaction Detection) mpuMeHsSE€T KpPUTEPH XHU-KBaIpaT Ui BBHIOOpA MPU3HAKOB, YTO JIENAET €r0 MOIXOISIIUM IS
aHaJIM3a KaTeropuajJbHbIX JaHHbBIX.

20. O6yuenne nepeBa pemenmii. OOyueHHE IepeBa PENICHUII — 3TO MPOIECC MOCTPOCHUS JEepPeBa Ha OCHOBE JAaHHBIX.
Llens oOydeHHMs — co3laTh JIepeBO, KOTOPOE XOpOLIO 000OHIaeT AaHHbBIE. AJITOPUTMBI OOY4YeHHMsSI JiepeBa pELIeHUH
PEKYPCUBHO pa3/iesisiOT JaHHbIe Ha MOJAMHOXECTBA. Pa3lesieHe MpOMCXOJUT Ha OCHOBE 3HA4YCHUs Npu3Haka. Kpurepuii
paszeneHus BHIOMpAeTCsl TakK, YTOOBI MaKCHMU3HPOBATh OJHOPOIHOCTH IOJAMHOXECTB. [IpMepsl KpUTEPHEB: SHTPOIHS,
napekc JDxman. [Iporecc pasmeneHus NMpoAoDKaeTcs A0 TeX MOop, MOKa He OyIeT AOCTHIHYT KPHUTEPHH OCTAaHOBKH.
Kputepnn oCTaHOBKH: JOCTHKEHNE MAaKCHUMAaJIbHOH TTyOWHBI, MUHMMAJIBHOE YHCIO 0O0BEKTOB B y3ie. OOydeHue nepepa
peleHnii MOKeT OBITh KAQJHBIM AITOPUTMOM. Perysspuzanuisi WCIOJB3YeTCs IS TMPEAOTBPAIEHUS MEepeoOydeHHUs.
Pruning — aTo MeTox perynspu3amnny, KOTOPBIi ylanseT HeHYKHbIe BETBH JepeBa.
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