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1.1 Begenue

bnarogaps MamuHHOMY OOYy4YeHHIO TIPOTPaMMHCT HE 00s3aH  IHCATh
WHCTPYKIIMH, YYUTHIBAIOIINE BCE BO3MOYKHBIC TIPOOJIEMBI M COJICPIKAIINE BCE PEIICHHUS.
BmecTo 3TOro B OTACIBHYIO MPOTPAMMY 3aKjIa/IbIBAIOT QJTOPUTM CaMOCTOSTEIBLHOTO
HAXOXJICHUS PEIICHUN IMyTEM KOMIIEKCHOTO MCTIOIb30BaHUS CTATHCTHUECKUX JIAHHBIX,
U3 KOTOPBIX BBIBOISTCS 3aKOHOMEPHOCTH M Ha OCHOBE KOTOPBIX JICIIAFOTCS MPOTHO3BI.

TexHOMOrUs MaIMHHOTO O00y4YeHHUs Ha OCHOBE aHaju3a JaHHBIX OepET HAaYaslo B
1950 rony, xorjga Havyanu pa3zpadarbiBaTh NEPBBIC MPOTPAMMBI JIJISl UTPHI B IIAIIKH. 3a
NPOIICAIINE SCATUICTHI OOIINI MPUHIIMI HE M3MEHUJICS. 3aT0 OJ1aroiapsi B3pbIBHOMY
POCTY BBIYHCITUTEIIBHBIX MOITHOCTEH KOMITBIOTEPOB MHOT'OKPATHO YCIIOXHUJIUCH
3aKOHOMEPHOCTH M TIPOTHO3BI, CO3JaBacMbIc MMH, M PACHIMPUIICA Kpyr IMpoOjeM u
3ajJlay, pemaeMbIX ¢ UCIMOJIb30BAHUEM MAIIMHHOTO 00YUYEeHUS.

UtoObl 3alyCTUTh MPOIIECC MAIIMHHOTO OO0y4YeHue, JJIs Hayaida HeoOXOIUMO
3arpy3uTh B KommbioTep JlaraceT(HeKOTOpoe KOJUYECTBO HMCXOAHBIX HaHHBIX), Ha
KOTOPBIX aJTOPUTM OYIEeT YUuThcs 0OpabaThiBaTh 3ampochl. Hampumep, MoryT ObITh
dotorpadun codbak U KOTOB, HA KOTOPBIX YK€ €CTh METKH, 0003HAYAIOIIHNE K KOMY OHU
otHocsiTcs. [locme mporiecca 0OydeHwus, mporpaMMa yKe€ caMa CMOXKET pacro3HaBaTh
cobaK ¥ KOTOB Ha HOBBIX M300pakeHUsAX Oe3 comeprkaHuss MeTok. IIporecc oOydeHus
NPOJOJKAETCS M TOCJE BBIJAHHBIX IPOTHO30B, 4YeM OoJybllle JaHHBIX MBI
NPOaHATN3UPOBAIM MPOTPAMMOM, TeM Oojiee TOYHO OHAa PACIO3HAET HYKHBIC
U300pakeHUsI.

bnaromapss MammHHOMY OOYYEHHMIO KOMIIBIOTEPHI YYaTCsi paclio3HaBaTh Ha
doTorpadusx u puCyHKax HE TOJBKO JIMIIA, HO U TEH3aKU, MPEIMETHI, TEKCT U MUQPHI.
Yro kacaercs TEKCTa, TO M 37eCh HE OOOWTHUCH 0€3 MAaIMHHOTO OOydeHHs: (PyHKIUs
MIPOBEPKH TPAMMATHUKHU CefYac MPUCYTCTBYET B JIIOOOM TEKCTOBOM PEIAKTOPE U JAXKE B
teneonax. [IpudeM yuuThiBaeTcst HE TOIBKO HAMMUCAHUE CIIOB, HO M KOHTEKCT, OTTEHKH
CMBICIIa U JPYTH€ TOHKHE JIMHTBUCTUYECKHE acCMeKThl. boriee Toro, yxke CyliecTBYeT
mporpaMmMHoOe oOecreueHue, CrocoOHOe 0e3 ydJacTHsl 4YeJOBeKa MHCcaTh HOBOCTHBIC
CTaThbM (Ha TEMY SKOHOMHUKH U, K TIPUMEPY, CIIOPTA).

MamuHHOe 00y4YeHHe 4acTo pacCMaTpUBAETCs KakK 4acTh C(hephl HCKYCCTBEHHOTO
uHTeIUekTa. MccnenoBanus B 00JaCTH MAIIMHHOTO OOYYEHHsI BO3HUKINA Ha OCHOBE
HAyYHBIX HCCIEAOBAaHWN B 3TOM OOJACTH, HO B KOHTEKCTE MPHJIOKEHUS METOJIOB
MalMHHOTO OOyYeHHS K HayKe O JIaHHBIX IIOJIe3Hee paccMaTpUBaTh MAIIHHHOE
00y4YeHHE KaK CPEICTBO CO30aHUs MOOeell OAHHBIX.

MamuHHOe 00yueHne 3aHUMAETCS TIOCTPOCHUEM MaTeMaTHYEeCKUX MOJENEH IS



UCCIIEIOBAHUS JTaHHBIX. 3a/laud «OOyYeHHS» HAUUHAIOTCSA C TMOSBICHHEM Y OJTHX
MOJICNIE  HaAcmpaueaeMvlx Nnapamempos, KOTOpPblE MOXKHO HPHUCIOCOOUTH ISt
OTpa)KeHUsI HAOJII0JaeMbIX JJAHHBIX, TAKUM 00pa3oMm, mporpamMmma kKak Obl oOydaeTcsi Ha
naHHbIX. Kak TOabKO 3TU MoJenu o0ydaTcs Ha UMEIOIIMXCS TaHHBIX HAOIIOJICHUM, UX
MOXHO OyJET UCIOJIb30BaTh JJIsl MpEeACKa3aHusi U MOHUMAHUS Pa3IUYHBIX aCIEKTOB
JTAHHBIX HOBBIX HAOJIOICHUM.

1.2 Tunsl 32124 MAIIMHHOTO 00Y4YeHH S

Bce 3amaum, pemaembie ¢ momomb0 ML, OTHOCATCS K OJHOM H3 CIEAYIOLIMX
KaTErOpHUU.

1)3agaua perpeccum — MNPOTHO3 HAa OCHOBE BBIOOPKH OOBEKTOB C Pa3IUYHBIMU
npusHakamMu. Ha BbIXOJle JOJMKHO MOJYyYHUThCS BellecTBEHHOe uucio (2, 35, 76.454 u
ap.), K TpuUMepy IIeHa KBapTUPhl, CTOMMOCTh LIEHHOH OyMaru 1o TMpOIIEeCTBUU
NOJIYTO/a, OKUIAEMBIM JOXOJ] Mara3uHa Ha CIEIYIOIIMM Mecsl, KauyeCTBO BHHA IPHU
CJIETIOM TE€CTUPOBAHUH.

2)3apaua kiaaccupukanum — MoJyyeHUE KaTeropuajbHOTO OTBETa HA OCHOBE Habopa
npu3HakoB. MiMeeT KOHEUHOE KOJIMYECTBO OTBETOB (Kak MpaBuio, B popMaTe «aa» WiH
«HET»): €CTh JI1 Ha (GOTOrpaduu KOT, SABISETCS JTU NU300paKEHHE YETTOBEUECKUM JIUIIOM,
OOJIEH JIM MalUEeHT PaKOM.

3)3agaua KJIacTepU3alMU — PACIPEACICHUE NAHHBIX HA TPYMIIBI: PAa3[EICHUE BCEX
KJIMEHTOB MOOWJIBHOTO OIllepaTopa IO YPOBHIO IUIATEKECITOCOOHOCTH, OTHECEHHE
KOCMUYECKHUX O0BEKTOB K TOW MIJIM MHOW KaTeropuw (IjiaHeTa, 38E€3/1a, 4€pHas IpIpa U T.

I.).

4)3anaua yMeHbIIEHHS] PA3MEPHOCTH — CBEJACHHE OOJIBIIOTO YHUCAa TMPU3HAKOB K
MeHbIIeMy (00bIYHO 2—3) 11 ya00CTBa MX MOCIEAYIOIIEH BU3yaIu3auu (Harpumep,
CXKaTHUE JTaHHBIX).

5)3agaya BbIIBJICHUS AHOMAJMN — OT/IEJICHHE aHOMAJIMKA OT CTAHJAPTHBIX CIy4YaeB.
Ha mepBbIii B3 oOHA COBMAgaeT ¢ 3adadeld KilacCUPUKAIMHU, HO €CTh OJHO
CYILIECTBEHHOE OTJIMYME: aHOMAJIUU — SIBIICHUE PEIKOe, U 00y4YaloIUX MPUMEpPOB, Ha
KOTOPBIX MOXXHO HAaTacKaTh MAIIMHHO OOYYaIOIIyIOCS MOJENb Ha BBISBICHHUE TAKUX
00BEKTOB, THO0 UCYE3a0IIe MaJI0, TUOO MPOCTO HET, TOITOMY METOJIbI KIaCCU(PUKAIINH
3nech He pabotatorT. Ha mpakTuke Takoill 3amauyeid sIBISIETCS, HAPUMED, BBISIBICHUE
MONICHHHYECKHUX JECHCTBUN ¢ OAHKOBCKUMH KapTaMH.

1.3 OcHOBHBIE BUIbI MAIIMHHOI0 O0yUYeHH s



OcHOBHass Macca 3aJay, pelmaeMblX MpPU TOMOIIM METOJOB MAIIUHHOTO
oOydeHHMs, OTHOCUTCA K JBYM pa3HbIM BuJaM: oOydeHHE C yuuTenem (supervised
learning) nu60 6e3 Hero (unsupervised learning). OpHaKO 3TUM yduTelIeM BOBCE HE
00s13aTeNbHO SIBIISIETCS CaM  MPOTPAaMMUCT, KOTOPBIM CTOUT HaJ KOMIIBIOTEPOM U
KOHTPOJIUPYET Ka)X/I0e JCWCTBHE B MporpaMMme. «YUHWTEelIby» B TEPMHUHAX MAITUHHOTO
0Oy4eHHMsI — 3TO CaMO BMEIIATEIbCTBO YEJIOBEKA B Ipoliecc 00padboTKu HH(pOpMaIUu.

B o00oux Bumax oOyueHUs MAaIIMHE MPEAOCTABIAIOTCS HMCXOIHBIC JaHHBIC,
KOTOpBbIE €M MPEACTOUT MPOAHATMU3UPOBATH U HAUTU 3aKOHOMEPHOCTHU. Paznuuue numb
B TOM, YTO TpHU OOyYEHUH C YUUTEIEM €CTh psJ THUIOTE3, KOTOpPhIE HEOOXOAMMO
ONPOBEPTHYTh WIU TOATBEPAUTh. DTy pa3HUIly JIETKO TMOHSATh Ha TpHUMEpax.

MammHHOe o0y4eHue ¢ yuuTeiemM

Mawunnoe obyuenue ¢ yyumenem WM KoOHmpoaupyemoe oOyuenue (Supervised
learning) — BKJIOYAaET MOJACIMPOBAHHE TMPU3HAKOB JAHHBIX U COOTBETCTBYIOIIHMX
JTaHHBIM MeTOK. [locie BpIOOpa MOen ee MOYKHO UCTIONB30BATh JIJIsl PHCBOCHUST METOK
HOBBIM, HEHW3BECTHHIM  paHee maHHBIM. OHO pasfensercs Jnganee Ha 3adaqu
Kraccughuxayuu 1 3a0ayu peepeccuu. llpu kmaccudukauu METKU MPEACTABISIOT COO00M
JMCKPETHBIC KATETOPHH, & TIPU PETPECCHN OHU SIBIISTFOTCS HEMPEPHIBHBIMY BETHIHHAMH.

[Ipeamnosioxkum, B HaIlIEM PACIIOPSKEHUU OKA3aJIMCh CBEJICHUS O JIECSITH ThICSIYax
MOCKOBCKHUX KBapTHUP: IUIOIIA/b, 3TAXK, pPaiiOH, HAJIMYUE WIU OTCYTCTBUE MAPKOBKU Y
JI0OMa, pacCTOSTHUE OT METPO, IIeHa KBapTUPHI U T. 1. Ham HE00X01uMo co31aTh MOJIEb,
NPE/ICKa3bIBAIONIYI0 PBIHOYHYIO CTOMMOCTb KBapTHpPbl IO €€ mapaMmeTpaM. ITO
UJCTbHBIN MPUMEp MAIIMHHOTO OOYYEHHS C yUUTEJIEeM: Y Hac €CTh UCXOHBIC JaHHBIC
(KOIMYECTBO KBapTUP U MX CBOWCTBA, KOTOPBIE HA3bIBAIOTCS MPHU3HAKAMM) U TOTOBBIM
OTBET M0 Ka)J0W U3 KBapTUp — €€ CTOUMOCTb. [IporpamMme mpejcTouT pemnTh 3a1aqy
perpeccumu.

Emé npumep u3 npakTUKU: TOATBEPAUTH UM ONPOBEPTHYTh HAJIMUKE paKa y MalMeHTa,
3Hasi BCE €ro MEIMIIMHCKHE MOKa3aTeNH. BBISICHUTDH, SIBIAETCS JU BXOMSIIEE MUCHMO
CrlaMoM, TIPOaHAJIM3UPOBAB €ro TEKCT. JTO Bc€ 3a7aud Ha KIACCHU(PUKAIHUIO.

MammHHOe o0yueHue 0e3 yuuTeJis

Mawunnoe obyuenue 6e3 yuumens (unsupervised learning) — BkirO9aer
MOJICIMPOBaHUE TMPU3HAKOB Ha0Opa JaHHBIX 0€3 KaKUX-THOO METOK U OMUCHIBAETCS
dpazoit «IlycTs HaOOp MaHHBIX TOBOPUT caM 3a ceOs». ITH MOJETH BKIIOYAIOT TaKHe
3amgaun, Kak kracmepusayus (clustering) m nonuoicenue pasmeprnocmu (dimensionality
reduction). AnTopHTMBI KIacTepHU3allMU CIYXaT IS BBIJICICHUS OTACIbHBIX TPYIII
JIaHHBIX, B TO BPeMs KaK aJrOPUTMbI MOHKEHUS Pa3MEPHOCTH MPEAHA3HAUCHBI TS TTOUCKA
0oJee CKATHIX MPEACTABICHUN TaHHBIX.

B cayuae oOyuenHus 0e3 yuutelns, KOrJa TOTOBBIX «IPABUIBHBIX OTBETOB)
CUCTEME HE IpEeaOoCTaBlIeHO, BCE oOcToMT emEé uHTepecHee. Hampumep, y Hac ectb
nHpopMalMs O BeCe U POCTE KAKOrO-TO KOJIMYECTBA JIIOJIEH, W 3TU JJaHHbIE HYKHO



pacmpeAenuTh Mo TpEM Tpymmam, A KaxAod M3 KOTOPBIX MPEACTOUT MOIIUThH
pyOalllku MNOIXOASIIMX pa3MepoB. DTO 3aJada Kilacrtepusaluu. B 3ToMm ciydae
NPEICTOUT pa3fesiuTh Bce TaHHBIC HA 3 KiacTepa (HO, KaK MpaBUJI0, TAKOTO CTPOTOro M
€IMHCTBEHHO BO3MOYKHOTO JICIICHUS HET).

Ecnu B34Th Ipyryto CUTyaluio, Korjaa Kaxaplii 13 00beKTOB B BEIOOpKE 00s1a1aeT
COTHEH pa3NUYHBIX MPU3HAKOB, TO OCHOBHOW TPYAHOCTHIO OyneT rpadudeckoe
otoOpakeHne Takoil BHIOOPKHU. [10ATOMY KOJIMYECTBO MPHU3HAKOB YMEHBIIAOT 10 JBYX
Wi TPEX, U CTAHOBUTCS BO3MOXKHBIM BH3yalTU3UPOBATh MX Ha IMJIOCKOCTH uiau B 3D.
JT0 — 337a4a yMEHBIICHHs pa3MEPHOCTH.

Kpome TOro, CymiecTByIOT TaK Ha3bIBa€MbIE METO/BI YACTHYHOTO OOYUYCHHS
(semi-supervised learning), pacnonararpmmecss TPUMEPHO TOCEPEIUHE MEKIY
MallUHHBIM ~ OOy4YCHHEM C YYUTEJIeM W MAIIWHHBIM OOydeHHeM 0e3 yuuTess

1.4 OcHOBHBIC AJITOPUTMBI MO,Z[GHGI;'I MallIMHHOTI'O O6yquI/I$I

1. lepeBo npuHATHS pelieHuii

OT0 METOJ MOIJCPKKH TPUHSATUS PEIICHH, OCHOBAaHHBIM Ha HCIOJb30BAHHUH
JIpEeBOBUIHOrO rpada: MOJEIM NPHUHITHS pPEIICHUH, KOTOpas YYMUTHIBAET UX
NOTEHIIUATIbHBIE MOCNIEICTBUS (C pacyETOM BEPOATHOCTH HACTYIUICHHS TOTO MJIM UHOTO
coObITHS), 3D PEKTUBHOCTD, PECYPCO3ATPATHOCTD.

JUiss OU3HEC-TIPOLIECCOB 3TO JEPEBO CKIIAJBIBAETCS U3 MUHUMAJIBHOTO 4YHCIIA
BOIPOCOB,  MPEIINOJAraloIlUX OJHO3HAUHBIM  OTBET —  «la» MWIU  «HET».
[TocnenoBarenbHO AaB OTBETHl HAa BCE ITH BOIPOCHI, MbI MPUXOAUM K IPAaBUIBHOMY
BbIOOpY. MeTo10/10rHYecKue NMPEUMYIIECTBa IepeBa MPUHATHS pElIEHU — B TOM, UTO
OHO CTPYKTYpPUPYET ¥ CUCTEMATU3UPYET MPOOIEMY, @ UTOTOBOE PELICHUE TPUHUMAETCS
Ha OCHOBE JIOTUYECKHUX BBIBOJIOB.

2. HauBHas OaiiecoBckasi Kiaccupurkanus

HauBHabie OaiiecoBckue KiaacCU(PUKATOPbI OTHOCATCS K CEMEHCTBY IPOCTBIX
BEPOATHOCTHBIX KJiacCu(UKATOpOB W OepyT Hauajgo W3 Teopembl baifeca, koropas
NPUMEHHUTENBHO K JAaHHOMY CIy4dal0 paccMaTpuBaeT (YyHKIMU KaK HE3aBUCHUMBbIE (ITO
Ha3bIBAETCSl CTPOTUM, WJIM HAUBHBIM, IIpeAnojoxenueM). Ha mpakTrke ucnoyib3yeTcs: B
CJIEIYIONINX 00JIaCTAX MAITUHHOTO OOYUCHHUS:

. ONpPEAEIECHUE CllaMa, TPUXOASIIEr0 Ha AJIEKTPOHHYIO MTOYTY;

. aBTOMaTHYECKasi MPHUBSI3Ka HOBOCTHBIX CTATEH K TEMAaTHUYECKUM PyOpHUKaM;
. BBISIBJICHUE YMOLMOHAIIBHON OKPACKU TEKCTA;

. pacrno3HaBaHue JUI] ¥ IPYTUX NATTEPHOB HA N300PaKEHUSIX.

3. MeToa HauMeHbIIUX KBAIPATOB

Bcem, KTO XOTh HEMHOr0O H3y4Yall CTAaTUCTHUKY, 3HAKOMO TMOHSTHE JIMHEHHOU
perpeccun. K Bapuantam e€ peain3aiiuyd OTHOCSTCS U HAaUMEHbIINE KBajapaThl. OObIYHO
C IMOMOIIBK JMHEMHOM PErpecCMH PEelIAloT 3aJadd IO IOJATOHKE MPSMOM, KOTOpas
MNPOXOJAUT YE€pe3 MHOXKECTBO TOYEK. BOT kak 3TO nAenaercss ¢ MOMOIIBI0 METOoJa
HAUMEHBIIINX KBaJPATOB: IMMPOBECTH MPSAMYIO, U3BMEPUTH PACCTOSIHUE OT HEE JO KKIOU



U3 TOYEK (TOYKU U JIMHUIO COCAUHSIOT BEPTHKAIBHBIMU OTPE3KaMH), MOJYyUMBIIYIOCS
CyYMMYy IIEPEHECTH HaBepX. B pe3ynbTare Ta KpuBas, B KOTOPOU CymMMa pPacCTOSHUU
OyJeT HauMEeHbILIEH, U €CTh MCKOMas (3Ta JHMHMS MPOUIET yepe3 TOUKU C HOPMAaJbHO
pacnpeenEéHHBIM OTKJIIOHEHUEM OT UCTUHHOTO 3HAUEHUS).

JluneitHast (QyHKIUS OOBIYHO HCIOJNB3YETCS MpPU MOAOOpPE JAHHBIX JJIs
MalIMHHOrO 00YYEeHUs], @ METOJ] HAMMEHbIIINX KBAJAPAaTOB — JJI CBEJAEHUS K MUHUMYMY
IIOI'PEIIHOCTEN IIyTeM co3/1aHus METPUKHU OLLINOOK.

4. JlorucTu4eckas perpeccus

Jloructuueckass perpeccusi — OTO CHOCOO OMNpEeJeNeHHUs] 3aBUCUMOCTH  MEXY
NEPEMEHHBIMH, OJIHA W3 KOTOPBIX KATErOpUallbHO 3aBHCUMA, a JIPYrue HE3aBUCHMBL.
Jlst 9TOro mpUMEHSETCs JIOTUCTHYecKass (QYHKIUS (aKKYMYJISITUBHOE JIOTUCTHYECKOE
pacnpenenenue). [IpakTnueckoe 3HaY€HUE JOTUCTUYECKOM PErpeccur 3aKirovaeTcs B
TOM, YTO OHAa SIBJISIETCS MOIIHBIM CTAaTHCTUYECKHUM METOJIOM IpeJCKa3aHusl COOBITHH,
KOTOPBIA BKJIIOYACT B ce0s OJHY WJIM HECKOJBKO HE3aBUCHUMBIX MEPEMEHHBIX. ITO
BOCTPEOOBAHO B CJIEIYIOLIUX CUTYaIUsAX:

. KPEAUTHBIA CKOPHHT;

. 3aMepbl YCIEUTHOCTH MPOBOIUMBIX PEKIAMHBIX KaMITaHHH;
. IPOTHO3 NPUOBLIN C OIPEIEIEHHOTO TOBAPA;

. OLICHKA BEPOATHOCTHU 3€MJICTPSICEHUS B KOHKPETHYIO J1aTy.

5. MeToa onopHbIX BeKTOPOB (SVM)

OTo uenblii HAOOp aNroOpuTMOB, HEOOXOAMMBIX [UJISi peUIeHHUS 3ajlad  Ha
KJIacCU(UKAINIO U PErPECCUOHHBIN aHau3. Mcxons U3 TOro 4ro 00beKT, HAXOAAIIUNCS
B N-MepHOM NIpPOCTPAHCTBE, OTHOCUTCS K OJHOMY M3 JBYX KJIACCOB, METOJ OIIOPHBIX
BEKTOPOB CTPOMUT THIEPINIOCKOCTh ¢ MepHOCThIO (N — 1), 4ToOBI BCe OOBEKTHI
OKa3aJiuCh B OJTHOM W3 ABYyX rpynil. Ha Oymare 3To MOXHO M300pa3uTh Tak: €CTh TOYKU
IBYX Pa3HbIX BHUJIOB, U UX MOXHO JMHEWHO pa3zaenutb. Kpome cemapaiuu TOYEK,
JAHHBIH METOJI TEeHEePUPYET THIEPIUIOCKOCTh TaKUM oOO0pa3oM, 4YTOObI OHa Oblia
MaKCUMajJbHO  yJaJjeHa OT caMOW  OJM3KOM  TOYKHM  KaXJOW  TPYIIIHI.

SVM wu ero Momudukanmue TIOMOTAlOT peIIaTh TaKWe CIIOXKHBIC 3aJadd
MamuHHOrO 00yueHusi, kak crutaicuar J[HK, ompenenenue mona yenoBeka IO
doTorpadum, BHIBOJ peKIaMHBIX OAHHEPOB HA CAWTHI.

6. MeTon ancamoJieit

On OazupyeTcs Ha anropuTMax MAIIMHHOTO OOYy4YeHHUs, TEHEPUPYIOIIHNX
MHOXECTBO KJIaCCU(HUKATOPOB U Pa3JENAIONIMX BCE 00OBEKTH M3 BHOBb MOCTYMNAIOLIUX
JAHHBIX HAa OCHOBE MX YCPEIHEHUS WM HMTOTOB TroJIocOBaHUs. V3HayaabHO METO.
aHcamOJield ObUT YaCTHBIM ClTydyaeM 0aileCOBCKOTO YCPEIHEHHMs], HO 3aTEM YCIOKHUIICS U
00pOC TOTIOTHUTENHHBIMH aJITOPUTMAMHU:



. oyctunr (boosting) — mnpeoOpazyer ciabble MOJEIU B CHJIbHBIC
nocpeacTBOM (popMHupoBaHUs aHCAaMOJIsT KiIacCU(DUKATOPOB (C MAaTEMaTUYECKOW TOUKHU
3pEHHUSI ITO SIBISETCS YIYUYIIAIOIMIUM TIEPECECUECHUEM );

. Oorrunr (bagging) — coOupaeT ycinoKHEHHBIE KIACCU(PUKATOPHI, TIPU ITOM
napasuiesibHO 00yuas 0a30Bble (yaydllaroliee 00beIMHEHUE);

. KOPPEKTUPOBAaHUE OIMTUOOK BEIXOJAHOTO KOAHUPOBAHHS.
Meton ancam6ieit — Oojee MOIIHBIA HHCTPYMEHT [0 CPaBHEHUIO C OTJIEIbHO
CTOSIITUMH MOJEIISIMUA TTPOTHO3UPOBAHMSI, IOCKOJIBKY:

. OH CBOJIUT K MUHUMYMY BIIHMSIHHE CITy4aifHOCTEH, YCpeIHsIsl OMINOKN
Ka)/10r0 6a30BOT0 KIaCCHU(PUKATOPA;

. YMEHBIIAET JUCIEPCHIO, TIOCKOJBKY HECKOJIBKO Ppa3HBIX MOJEJeH,

UCXOJIAIINX M3 Pa3HbIX TUIOTE3, UMEIOT OOJIbIIIE IIAHCOB MPUUTU K MPABUILHOMY
pe3ysbTaTy, 4eM OJ[HA OTJEIBHO B3STas;

. UCKJIFOYAeT BBIXOJ 32 PaMKH MHOXECTBA: €CIIM arperupoBaHHas TUIOTE3a
OKa3bIBaCTCSI BHE MHOXKeCTBa 0a30BbIX THUIIOTE3, TO Ha 2JTane (HopMUpPOBaHUS
KOMOWHHMPOBAHHOM THUIMOTE3bl OHO pACIIUPSAETCS TMPU TIOMOIIA TOTO WM HHOTO
croco0a, ¥ TUIoTe3a y>Ke BXOJIUT B HETO.

7. ANrOpuTMBI KJIACTEPU3ALNH

Knactepuzanus 3akirodaercs B pacHpesieIeHMM MHOXECTBA OOBEKTOB IO
KaTeropusM TaK, 4TOObI B KaXJOH KaTeropuu — KjacTepe — oKa3ajiuch Hauboisee
CX0’KHE MEX1y COOON AJIEMEHTHI.

KHaCTepI/ISI/IPOBaTL 00BEKTHI MOKHO 10 Pa3HbIM aJITOPUTMAM. an_Ie BCCI'0 UCITIOJIBb3YIOT

() (3% 01117 (N
. Ha OCHOBE ILICHTPA TSHKECTH TPCYTOJIbHUKA;
. Ha 0a3e MOIKIIYCHUS;
. COKpAILICHHUST Pa3MEPHOCTH;
. IUIOTHOCTH (OCHOBaHHBIC HA MPOCTPAHCTBEHHOW KJIACTEPHU3AIINHN);
. BEPOSTHOCTHBIC,
. MAaITMHHOE 00YYCHUE, B TOM YHCJIC HCHPOHHBIC CCTH.

ANTOpUTMBI  KJACTEpU3AIlMM  HCIONB3YIOTCS B Owonoruu  (MccleqoBaHUE
B3aUMOJICHCTBUS T€HOB B TEHOME, HACUMTHIBAIOLIEM /10 HECKOJIBKUX THICSY AJIEMEHTOB),
comuosioruu (00paboTKa pe3yabTaTOB COIMOJOTHYECKUX HWCCIAEAOBAHUI METOJA0OM
Yopaa, Ha BBIXOAE AAOIIMM KJIACTEPbl C MUHHUMAJIbHOM JUCIEPCHEN U NPUMEPHO
OJIMHAKOBOTO pa3zmepa) 51 UH(OPMAITMOHHBIX TEXHOJIOTUSIX.

8. MeToa riaBHbIX KoMnoHeHT (PCA)

MeTton rnaBHbIX KOMMOHEHT, win PCA, npenctaBiseTr coOOM CTaTUCTHYECKYIO
omepalyi IO OPTOTOHAJIBHOMY IPeoO0pa3oBaHMIO, KOTOpas HMEET CBOEH I1IeNIbI0
MepeBo;1 HAOMIOJICHUH 32 MEPEMEHHBIMHU, KOTOPhIE MOTYT OBITh KaK-TO B3aWMOCBSI3aHbI
MEXay coOoii, B HaOOp TIJaBHBIX KOMIIOHEHT — 3HA4Y€HHH, KOTOpbIE JHUHEHMHO HE
KOPPEJIUPOBAHBI.



[IpakTnueckue 3amaun, B KOTOpeIX mnpumeHsercs PCA, — Bugyanuzamus wu
OOJIBIIMHCTBO MPOLIEAYP CXKATHUS, YIPOIICHUS, MUHUMHU3AIMKU JAHHBIX JJISI TOTO, YTOOBI
obserunTh mpoiiecc oOyueHus. OQHAKO METOJ TJIABHBIX KOMIIOHEHT HE TOAMTCS IS
CUTyallui, KOorja UCXOJIHbIE JaHHbIE c1a00 yMmopsigoueHbl (TO €CTh BCE KOMITOHEHTHI
METOJla XapaKTEepPU3YIOTCA BBICOKOM mgucriepcueii). Tak dYTOo €ro MnpuUMEHUMOCTH
onpejensieTcsl TeM, HACKOJIBKO XOpOILIO H3y4YeHa M OINUCaHa MpeaMeTHas oO0JacTb.

9. CuHIyJIIpHOE pa3Jio:KeHue

B nuneitHo#l anrebpe cuHryssipHoe pasziokenue, win SVD, onpezaensercs: kak
pa3jIokKEHUE NOPSMOYTOJBbHOM  MATpHUIIbI, COCTOSIIENM M3 KOMIUIEKCHBIX  WJIH
BEUIECTBEHHBIX uuces. Tak, mMaTpuily M pa3MepHOCTbIO [m*n] MOXHO Ppa3ioKHUTh
TakuM obOpazom, yto M = UXV, rne U u V OyayT yHUTapHbBIMU MaTpHllaMH, a X —
JTUaroHajJbLHOM.

OnHMM W3 4YacTHBIX CJIY4YaeB CHHTYJSIDHOTO PpAa3JIOKEHUS SIBISETCA METON
IJIABHBIX KOMHOHEHT. (Camble TMEpBbIE TEXHOJIOTMM KOMIIBIOTEPHOIO  3pEHUS
paspabatsiBanuch Ha ocHoBe SVD u PCA u pabotanu cieayrounmum o0pa3oM: BHayaie
muna (WM Apyrue TNaTTepHbI, KOTOPbIE MPEACTOSIO0 HAWTH) TPEACTABISUIA B BHUJIE
CyMMbl Oa3MCHBIX KOMIIOHEHT, 3aTEM YyMEHbBIIAIW WX Pa3MEPHOCTb, IOCJIE YEro
NPOU3BOJIUIN HMX COMOCTaBICHHE C HU300pakeHUAMH u3 BbIOOpKU. COBpeMEHHBIE
QITOPUTMBI  CUHTYJISIPHOTO  pa3JIOKEHUST B  MAIIMHHOM OOYYEHHUH, KOHEYHO,
3HAYUTEIIBHO CJI0KHEE U U3OLIPEHHEE, YEM UX IPEALIECTBEHHUKH, HO CYyTh UX B LIEJIOM
HEM U3MEHMIIACH.

10. Ananu3 He3aBUCUMBIX KOMIIOHEHT (ICA)

DTO OAWH M3 CTATUCTHYECKUX METOJIOB, KOTOPBIA BBISBISET CKPBITHIE (PAKTOPHI,
OKa3bIBAIONINE BIMSHUE HA CIydaiiHble BeMWuuHBI, curHaimel U mp. ICA dopmupyer
TOPOXKAAOIIYI0 MOJEh ISl 0a3 MHOTO(GAKTOPHBIX JaHHBIX. [lepeMeHHbIe B MOJEIH
COJIEp’KaT HEKOTOPBIE CKPBIThIC TEpEMEHHBIC, NMPUYEM HET HUKAaKOH WH(MOpMamuu o
NpaBWJIaX WX CMEIIUBAHHS. OJTH CKPBIThIE TIEPEMEHHBIC SIBISIOTCS HE3aBHUCHUMBIMU
KOMIIOHEHTaMH BBIOOPKH U CUMTAIOTCSI HETaYCCOBCKMMHE CUTHAJIAMH.

B oriawume oT aHanm3a TVIABHBIX KOMIIOHEHT, KOTOPBIM CBS3aH C JaHHBIM
METOJOM, aHaJIu3 HE3aBHUCUMBIX KOMIIOHEHT Oojee 3(ddekTuBeH, 0COOCHHO B TeX
CIIy4asiX, Korja KJIaCCHYEeCKHe MOAXOAbl OKa3bIBAIOTCS OeccuiabHbl. OH OOHApYyKUBaeT
CKPBITBIE TIPUYUHBI SIBICHWH W Onaromaps 3TOMY HAmIEN MIMUPOKOE MPUMEHEHUE B
CaMBbIX Pa3JIMYHBIX 00JACTSIX — OT ACTPOHOMHH M MEIMIIMHBI O PAaClO3HABAHUS PEUH,
ABTOMATHUYECKOTO TECTUPOBAHMUS M aHANIM3a JUHAMUKHA (UHAHCOBBIX ITOKa3aTeNCH.

1.5 Ilpumepbl TpUMEHEHNS B PEAIBHOM KU3HU

Hpumep 1. Ilnarnocruka 3adoj1eBaHuH

[larueHTH B JAHHOM cCllydae SIBISIOTCS OOBEKTaMH, a TPU3HAKAMU — BCE
HaOMIOMarOmMiecss y HUX CHMITOMBI, aHaMHE3, pe3ylbTaThl aHAJIU30B, YKe
npeanpuHsTeie  JieueOHble  Mepbl  (akThyecku  BCs  UCTOpUs  OOJIe3HH,
dbopmanu3zoBaHHas U pa3OuTasi Ha OT/IeNIbHbIE KpuTepun). HekoTopble mpU3HAKK — MOJI,



HaJM4YMU€ WIA OTCYTCTBHE T'OJJOBHOM OOJM, Kalllisl, CHIIIA U MHBIE — PACCMATPHUBAIOTCS
Kak OmHapHble. OLEHKa TSHKECTH COCTOSIHUSA (KpaliHe TsKENoe, CpeaHel TSHKECTH U JIp.)
ABJIAETCS MOPSAKOBBIM IPU3HAKOM, & MHOTHME JIpyrue — KOJIMYECTBEHHBIMU: O0BEM
JEKapCTBEHHOI'O  IIpenapaTra, ypOBEHb TIE€MOINIOOMHAa B KpPOBM, IIOKa3aTelu
apTepHaIBLHOTO JABJIEHMS U IyJbca, Bo3pacT, Bec. CoOpaB MH(pOpMALUIO O COCTOSHUU
MalMEeHTa, COJIEPHKAILYI0O MHOTO TAKMX MPU3HAKOB, MOXHO 3arpy3uTh €€ B KOMIIBIOTEDP U
C MOMOIIBIO MPOTrPaMMBbI, CIIOCOOHON K MAIIMHHOMY OOYY€HHUIO, PEIIUTh CIIECTYIONINe
3aJ1a4u:

. npoBecTu qudepeHInanbHy0 TMarHOCTUKY (OIpeieieHue BUia
3a00JIeBaHMS );

. BBIOpATh HAaM0O0JIee ONTUMAIIBHYIO CTPATETHIO JICUCHUS;

. CIIPOTHO3UPOBATH Pa3BUTHE OOJIE3HU, €€ JJIUTEIBHOCTh U UCXO/;

. MIPOCUUTATh PUCK BO3MOKHBIX OCJIOKHEHHUH;

. BBISIBUTH CUHJPOMBI — HA0OPHl CUMIITOMOB, COMYTCTBYIOIIUE JAHHOMY

3a00JIEBAaHUIO WA HAPYLICHHUIO.

Hu oaun Bpau He cmocoben oOpaboTaTh BeCh MAacCHB HH(OpPMAIUU IO KaXIOMY
NalMEeHTy MTHOBEHHO, OOOOIIMTH OOJBIIOE KOJIUYECTBO APYTHMX MOJOOHBIX HUCTOpPUN
0one3HH M cpa3y ke BbIIATh 4€TKuil pe3ynbrar. [loaToMy MammHHOE 00y4YeHue
CTAHOBUTCS U1 Bpauyeil HE3aMEHUMBIM ITOMOIITHUKOM.

Ipumep 2. Ilouck MecT 3ajieraHus MOJIE3HbIX HCKOMAEeMbIX

B ponm mnpuszHakoB 37€Ch BBICTYMAIOT CBEACHHS, TOOBIThIE TPU TOMOIIU
re0JIOTUYECKON pa3BeIKU: HAIMYUE HA TEPPUTOPUU MECTHOCTH KAKUX-ITMOO mopoxa (u
3TO0 OyneT MPU3HAKOM OMHAPHOTO THUIA), UX (PU3MYECKHEe U XUMHUYECKHE CBOMCTBA
(KOTOpBIE PACKIIAIBIBAIOTCS HA PsJl KOJIMYECTBEHHBIX M KAYECTBEHHBIX IMPHU3HAKOB).

Jlns oOydvaromield BRIOOpKH OepyTcs 2 BUa TMPEIEISHTOB: PalOHBI, TJe TOYHO
IPUCYTCTBYIOT MECTOPOXKJICHUS TIOJIE3HBIX HCKOMAEMBbIX, M palOHbI C TMOXOXKUMHU
XapaKTePUCTUKAMU, TJie 3TH MCKOIaeMble He ObLIM OOHapykeHbl. Ho mo0brya peakux
MOJIE3HBIX HCKOMAEMbIX HMMEET CBOIO CIENU(PHUKY: BO MHOTHX CIydasiX KOJHMYECTBO
NPU3HAKOB 3HAYUTENBHO TNPEBBIIIAET YUCIO OOBEKTOB, W METOJbI TPAJAUIIMOHHOMN
CTAaTHCTHKU IUIOXO TMOAXOASAT M Takux cutryanuil. [losTomy mnpu MammHHOM
OoOy4eHHMH aKIEHT JeNlaeTCsi Ha OOHapy)KeHHE 3aKOHOMEPHOCTEH B YK€ COOpaHHOM
MaccuBe JIaHHBIX. J{Jig 9TOTO ompeAenstoTcss HeOobIe U Hanboiee nHHOPMATUBHEIC
COBOKYITHOCTH TIPU3HAKOB, KOTOpPHIE MAaKCHMAaJbHO IIOKa3aTEIbHBI JUISI OTBETa Ha
BOIIPOC MCCIIEJOBAHUS — €CTh B YKA3aHHOW MECTHOCTH TO WJIM WHOE MCKOMAEeMOE WIIH
HET. MOXHO TPOBECTH AHAJIOTHUIO C MEIULHMHON: Y MECTOPOXICHUN TOMXKE MOXKHO
BBISIBUTH CBOM CHHIPOMBI. [[eHHOCTh TpPUMEHEHUS MAIIUHHOTO OOYYEeHUS B DTOU
0o0JacTH 3aKIIOYaeTcss B TOM, 4YTO TIOJYyYCHHBIE pPE3yJabTaThl HE TOJIBKO HOCST
MPAKTUYECKUNA XapaKTep, HO W NPEACTABIAKOT CEPbE3HBIM HAay4YHbIM HMHTEpEC s
re0JIOTOB u reo(pr3UKOB.

IMIpumep 3. OuneHka HAAEKHOCTH W IUIATEKECHOCOOHOCTH KAHIAUIATOB HA
MmoJiy4eHue KpeauToB



C »TOit 3a7aueli exXeJHEBHO CTAJIKMBAIOTCA BCe OAHKH, 3aHUMAIOUINECs BbIauei
kpeauToB. HeoOxoaumocTh B aBTOMaTU3alMKM 3TOrO IMpoliecca Ha3pesia J1aBHO, elié B
1960-1970-e ronpl, korna B CHIA u npyrux cTpaHax Haydajics OyM KpeAMTHBIX KapT.

JIvua, 3anpammuBaromue y 0anka 3aéM, — 3TO OOBEKTHI, a BOT MPU3HAKU OyAyT
OTJIMYATBCS B 3aBHCHUMOCTH OT TOTrO, (U3WYECKOE O3TO JUI0 WM FOPUIUIECKOE.
[Tpu3HaKoBOE ONMMCaHWE YACTHOTO JIMIIA, MPETEHAYIOIETO Ha KPEeauT, (OpMUPYETCS Ha
OCHOBE JAaHHBIX AaHKETHI, KOTOPYIO OHO 3amojHSET. 3aTeM aHKeTa JOMOJHSIETCS
HEKOTOPBIMU JIPYTUMH CBEJCHHSIMH O TMOTCHIMATHHOM KJIMEHTE, KOTOpble OaHK
MOJTyJaeT MO0 CBOMM KaHaimaM. YacTh U3 HUX OTHOCATCSA K OMHApHBIM MpHU3HAKaM (IO,
Hajgu4yue TeaeOHHOro HoMeEpa), IPyrue — K MOpsIKOBbIM (00pa3oBaHue, TOHKHOCTS),
OOJNBIIMHCTBO JK€ SBISIIOTCS KOJMYECTBEHHBIMH (BENMYMHA 3aiiMa, o0Imas cymma
3aJJ0OJDKEHHOCTEW MO JpyruM OaHKaM, BO3pAacT, KOJUYECTBO WICHOB CEMbH, JTOXOJ,
TPYAOBOH CTaX) WM HOMUHAJIBHBIMH (MM, Ha3BaHUE (QUPMBI-paboTOmATENS,
npodeccust, apec).

JUis MammHHOTO OOYYeHHsI COCTaBIICTCS BBIOOpKA, B KOTOPYIO BXOMST
KPEIUTOIIOTYYaTeN, Ybsi KPEIUTHAS WMCTOpPHUS M3BeCTHA. Bce 3aéMIIMKH mensaTcs Ha

KJIaCChI, B HpOCTCﬁIHCM ciIydac HX 2 - «XOPOHIHncCH 3a€MIIMKH U (IIIIOXHUEC», H
IMMOJIOKUTCIIBbHOC PCIICHHUEC O BbIAAYC KpCAUTa IMPHUHUMACTCA TOJBKO B IIOJb3Y
«XOpOomux».

bonee cnoxHbI alropuT™M MaIIMHHOTO OOYYEHHs, Ha3bIBA€MbI KpEIUTHBIM
CKOPHHI'OM, TMPeayCMaTpUBAET HAYUCICHUE KAKIOMY 3aEMIIUKY YCIOBHBIX OQJIJIOB 3a
Kbl MPU3HAK, U PEUICHUE O MPEJOCTaBICHUHN KpeAauTa OyJIeT 3aBUCETh OT CyMMBbI
HaOpaHHbIX 0amioB. Bo Bpemsi MalmuHHOTO OOYyYeHHsI CUCTEMbl KPEUTHOTO CKOPUHTA
BHAYaJle HA3HAYalOT HEKOTOPOE KOJUYECTBO OallioB KaXKIOMY IMpPHU3HAKY, a 3aTeM
ONpENENAI0T YCIOBUS BbIAAUM 3ailMa (CpOK, NPOLEHTHYIO CTaBKy M OCTaJbHBIE
napaMeTphl, KOTOpbIE OTpa)KarTcs B KPeAUTHOM noroope). Ho cyimecTByeT Takxke u
JIPYTroi aNropuT™M O0yUeHUs CUCTEMbI — Ha OCHOBE MPEIICICHTOB.

Pe3rome

MBI paccMOTpenu HECKOIBKO MPOCTHIX MPUMEPOB OCHOBHBIX BUJOB METOJOB MAaIlIUH-
HOTO 00Yy4YeHUS.

MBsI paccmoTpenu:

- 00yyeHue ¢ yuumenem — MOJEIH JIJIs IPEICKa3aHusl METOK Ha OCHOBE MapKHPOBaH-
HBIX 00YYaroNnX JaHHBIX;

- K1accuguxayuo — MOJEIH JIJIs TPeIcKa3aHusd METOK U3 IBYX HIIM 00Jiee OTAETbHBIX
KaTeropuil;

- peepeccuio — MOJIEIIN I MPEICKA3aHNs HENPEPBIBHBIX METOK;

- 00yyeHue be3 yuumes — MOJEIH JIJISl PACTIO3HAHMS CTPYKTYPhl HEMapPKHUPOBAHHBIX
JAHHBIX;

- KIacmepuzayuro — MOJEIU IS BBISIBIICHUS U PACIIO3HAHUA B JAHHBIX OTAECIBHBIX
IpyHIL;

-NOHUdICEeHUe pa3ZMepHOCmY — MOJAENN JUISl BBISIBJICHHS U PACIIO3HAHUS HU3KOpAa3Mep-
HOW CTPYKTYPBI B BBICOKOPAa3MEPHBIX JTAHHBIX.






