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The review considers basic ideas of machine learning theory concerning generalization bounds and
learning algorithms grounds. Among them are: classical VC theory and structural risk minimization,
effective VC-dimension and data-dependent bounds, margin, ensembles of algorithms (weighted voting,
boosting and bagging), stability, cross-validation. A new combinatorial approach to proving non-
probabilistic generalization bounds is considered a little more detailed.

BBEOEHHE

Bompoc o kauecTBe aJropuTMOB, CHHTE3MPOBAHHBIX MO KOHEYHBIM BBIOOpPKAM IIperie-
JIEHTOB, SABJIseTCa (DyHIaMEHTAThHOU mpobiaeMoii Teopun obyuaeMbix cucreM (machine
learning theory).

B obmem caydae 3amadga obydeHus MO IperegeHTaM 3aKJ/JII04YaeTcss B TOM, YTOOBI 110
3a/IaHHOIl BBIOOPKE Map «0ObEKT-OTBET» BOCCTAHOBUTH (PYHKIMOHAJIBHYIO 3aBUCHMOCTH
MEKJIy OObeKTaMK U OTBETAMH, TO €CTh MOCTPOUTH aJTOPUTM, CIIOCOOHBIH BbIIABATD a/le-
KBaTHBIE OTBETHI HA IpeIbiaBasgeMble 00beKThl. Korma MHOXKECTBO JOMYCTUMBIX OTBETOB
KOHEYIHO, TOBOPAT 0 33/1a9aX KAGCCUPUKAUUU UAu Pacnodnasarus obpasos. Korma MHO-
KeCTBO AOIMyCTUMbBIX OTBETOB 66CKOH€“IHO, HallpuMep, dBJAACTCA MHO2KECTBOM ,ZLefICTBI/I—
TEJILHBIX YHUCeJ UM BEKTOPOB, TOBOPSAT O 33Ja9ax 60CCMaHO8AeHUs pezpeccuu. Korma
O0BEKTHI COOTBETCTBYIOT MOMEHTAM BPEMEHH, 8 OTBETHI XapaKTePHU3YIOT OyayIlee moBe-
JIeHUE TTPOIECCa UK sIBJIEHUS, TOBOPSAT O 337a49aX NPO2HO3UPOSUHUA.

BHa"II/ITeﬂbHBIﬁ OIIBIT peHieHud IPpUKJIAJHbIX 3ada4 TAKOI'O THUIIA 6bI.H HaKOIIJICH Y2Ke
K cepejune 60-x rogo XX Beka. BoJibliyio 1oyasspHOCTb HPUOOPEI 110/1X0/I, OCHOBAaH-
HBIIl Ha TOCTPOEHUU MOJEIN BOCCTAHABINBAEMON 3aBUCUMOCTH B BHJIE TTAPpAMETPUIECKOTO
cemeiicTBa aaropuTMoB. C MOMOIIBIO YHUCICHHON ONTHMU3AINU B ceMeiicTBe BHIOMpAJICS
AJITOPUTM, JOIYCKAIONINN HAMMeHbIIIee YUCJI0 OMUOOK Ha 3a1aHHO# 00ydalomeil BLIOOPKe.
[Iporie ToBOpsi, oCyIIecTBAsIach noaronka (fitting) mogenu mox BeIGOPKY. PYHKIHOHAIT
JaCTOThI OIMIMOOK HJIM CpeJIHeH OMMUOKH aJropuT™Ma Ha 00ydJaloleil BHIOOPKe IIPUHATO Ha-
3bIBATH IMIUPHIECKIM PUCKOM, a CaAM HMOJXOJ — MUHUMUIGUUET IMNUPULECKO20 PUCKE.

Ha mpakTuke mcciieioBaTesii CTOJKHYIUCH ¢ 3PEPHEKTOM, HA3BIBAEMBIM NepeodyeHu-
em uau nepenodzonkoti (overtraining, overfitting). Yem Gosbire y ajqropurma ¢BOOOTHBIX
nmapamMerpoB, TeM MEHBITero 4mucja OmubOK Ha 00YyYeHUH MOYKHO JIOOUTHCS MyTEM OITH-
vusanun. OTHAKO IO Mepe HapacTaHUSA CIOKHOCTH MOJIEIN «ONTHMAJJIbHBIEY AJITOPUTMBI
HaYUHAIOT CJHUIIKOM XOPOHIO IMOJACTPaMBAaTLCA 1OA KOHKPETHBLIC JaHHbIC, YJ/IaBJIHWBad HeE
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TOJIBKO 9ePTHI BOCCTAHABIMBAEMOI 3aBUCHMOCTH, HO W OIMUOKYW m3MepeHusi 00ydatomneit
BBIOOPKH, W TOTPEITHOCTb CaMoit Mojaean. B pe3yabrare yXyamaercs KadecTBO PabOTHI
ajropuTMa BHe obydatoleil BBIOOPKHU, WJIH, KaK TOBOPST, €r0 cnocoOHoCmb K 0000U,eHUN0
(generalization performance) .

N3 sroro nabdtoaenust ObLJI CjlejlaH BbIBO/I, 9TO JIJIsi BCAKON 3a/a4K CYIIECTBYeT OITH-
MAJIbHAS CJI0KHOCTH MOIEIH, TP KOTOPOR JOCTHTAETCS HAIIY UIllee Ka4eCTBO 000DIIeHNUS.
[TepBoIM hOPMATBEHBIM 0O0OCHOBAHHEM 3TOTO MPAKTUIECKOTO OMBITA CTAJIa CTATUCTAICCKAS
TEOPHsI BOCCTAHOBIEHHS 3aBUCHMOCTEH 0 IMINPUIECKAM JTaHHBIM, paspaborannas B. H.
Bamnukom u A. ¢l. Uepponenkucom B Komte 60-x — magase 70-x rozgos [1]-[2]-[3].

1. CTAUCTUYECKAST TEOPUSI BAITHUKA-HYEPBOHEHKNCA

B cratuctuueckoii Teopun mpeamnosiaraeTcs, 9TO Ha MHOXKECTBE O0BEKTOB CYIIECTBY-
erT HeKOTOpoe (HEM3BECTHOE) DACIpeiesieHne BepOATHOCTEl, 1 00ydaromas COBOKYITHOCTh
00'bEKTOB BLIOMPAETCS CJAYYANHO W HE3ABUCHMO B COOTBETCTBUU C JIAHHBIM PacIIpejiesie-
aueM. [Ipennonaraercd Takxke, 9TO aJArOPpUTM, MUHUMUSUDYIOMINI SMOIUPUIECKUIT PUCK,
UIIeTCs B HEKOTOPOM 3apaHee (puKCUpPOBAHHOM ceMeiicTBe aaropuTmMoB. OHO MOXKET CO-
JlepyKaTh MHOYKECTBO aJITOPUTMOB, JOCTABJILIONAX MUHUMYM SMITUPHYECKOMY DPHUCKY, OJI-
HAKO B CTATHCTHYECKOU TEOpUH Cocob MOCTPoeHust aJaropurma (Meroj] o6y deHus ) He pac-
CMATpUBaeTCd W MPeJINOJIaraeTcs, YTO B KadeCcTBe PelleHnus] MOKeT OBITh BBITAH JH000i
AJITOPUTM U3 ITOrO0 MHOXKECTBA.

O6obmaromnas CIIoCOOHOCTD OLpPEIeIsIeTCsd KaK BePOATHOCTh OMIMOKK HailiIeHHOTO aJl-
ropuT™a, 00 KaK 9acToTa ero OnmbOK Ha HEeW3BECTHOW KOHTPOJIHLHONW BHIOOPKE, TAKZKE
c/IydaiiHol, He3aBUCUMOI W OJMHAKOBO PaCIIpee/IEHHOM].

anee nocryaupyercst IpUHIAT pasHomephol cxodumocmuy (uniform convergence) ga-
cTOTHl OMuOOK. YT0oOBI 110 YacToTe OMMUOOK HAWJICHHOrO aJrOpUTMa Ha O0YYaIolNIei Bbl-
OOpKe MOYKHO OBLIO CYJIUTH O YacTOTe ero onmuboK Ha JI000M JApyroil BHIOOPKE, 3TU 4a-
CTOTHI JOJIZKHBI CTPEMUTBLCS JIPYT K JAPYTY ¢ POCTOM JIJIMHBI BHIOOPKH, NPUIEM OJTHOBDE-
MeHHO (PaBHOMEDHO) 10 BeeMy cemeiicrBy asroputmoB. OneHkn KadecrBa oOydeHust B
CTATUCTUYECKON TeOpHH SBISIOTCS, IO CYTH Jejia, OMEHKAMH CKOPOCTH 3TOU CXOIMMO-
ctu. VIMeHHO TPWHITUTT PABHOMEPHOM CXOJIUMOCTH U MPUBOIUT K BBEJIEHUIO CIEIUATbHON
MepBI CJIOYKHOCTH CeMelcTBa aJrOPUTMOB, HA3BIBAEMON EMKOCMDbI0 WIH Pa3MEPHOCTHIO
Bannuka-Yepponenkuca (VC-dimension).

[TonydeHne omeHOK éMKOCTH 71 KOHKPETHBIX CeMeNCTB aJTOPUTMOB SIBJISETCS OTAETb-
HOM, 3a9acTyio JOBOJBLHO TPYAHOH, 3aadeii. IIpakrudyecku cpasy ObLIO JIOKa3aHO, YTO
EMKOCTh ceMelicTBa JUHEITHBIX PeIIaoluX MPaBIJI PaBHA YUCTY CBOOOMTHBIX IMapaMeTpPOB
UJIN, 9TO TO K€ CAMOe, Pa3MEePHOCTH JIMTHEHHOTO MPOCTPAHCTBA, B KOTOPOM CTPOUTCSI Pa3-
JIEJISIIOIAsT THIEPILIOCKOCTD. OIeHKH éMKOCTH MOJIYIeHbl TaK:Ke /I HeffPOHHBIX ceTei
[30]-[26]-[54]-[67], perraomtux aepesbes [10], KOPPEKTHBIX aareOpamIecKUX 3aMBIKAHHIT
noamozesn ABO [15], komureTHbIX pemmaronux npaBui [65], 1 1pyrux cemeicrs.
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0630p no npobaeme Kavecmsa obyueHus aN20PUMMOB 7

OCHOBHBIM PE3yJIBTATOM CTATHCTHYECKONW TEOPUU ABJISIOTCS KOJMYEeCTBEHHBIE OIEHKH,
CBA3BIBAIOIINE HAJIEXKHOCTH AJTOPUTMOB C JANHOM 00yd4arorieil BBIOOPKU U CJIOZKHOCTBIO
ceMeficTBa. DTH ONEHKH MO3BOJISIOT 000CHOBATH METO, CMPYKMYPHOT MUHUMUSAGUUY PUC-
ka (CMP), HemmocpeicTBEHHO HANPABIEHHBI Ha BEIOOD MO/IEIH ONTHMAIBHON CJI0KHOCTH.
B CMP ¢ukcupyercs omupesesiénnas CTPYKTYPa BJIOKEHHBIX IMOICEMEHCTB pPa3IMIHON
CJOXKHOCTH, 3aTeM B KaxKJIOM TOJceMeiicTBe perraeTcsd 3ajada OOyYeHHs IO ITpere/TeH-
TaM, U W3 TOJYYEHHBIX AJITOPUTMOB BBIOMPAETCS TOT, JJI KOTOPOT'O OIEHKA KavecTBa
IpUHUMAET HAUTydlllee 3HATCHIE.

K coxanennro, onenkn Bamawka-YepBoHeHKHCA CUIBHO 3aBBINIEHBI, YTO MPUBOIAT K
TPeGOBAHMIO CJIMIIKOM JUTHHHBIX 0Oydaomux BHIOG0pok (10°—10° o6bexToB), a B MeTO-
Jie CTPYKTYPHON MUHUMHU3AIMA PUCKA — K YPE3MEPHOMY VIIPOIIEHUIO aJrOPUTMOB [55].
Hekoropseie cemeiicTBa UMeOT OECKOHEUHYIO €MKOCTh W HAXOJATCS 33 TDAHUIIAMH IPU-
MEHUMOCTHU TEOPUH, TeM HE MeHEee C WX TOMOINBIO YAAETCs PerraTh MPUKJIaIHbIe 33/ 1a9H,
U JIOBOJILHO YCHENTHO. B 9acTHOCTH. 9TO OTHOCHUTCS K METPUYECKHM METOaM, OCHOBAH-
HBIM Ha IBHOM XPaHEHHH OOydJalolnieil BEIOOPKHU, TAKUM KaK METOJ OJNKAMIIMX coceieil,
a Takzke K MeroJaMm ajarebpamdeckoro moaxona [12]-|6], rapantupyomum 6e30mmboaHOe
pacro3naBanue 3aJanHoil BiOopKu. Ha npakTuke KauecTBo 00y4eHUs MOYTH BCEr/1a OKa-
3bIBAETCS CYIIECTBEHHO JIYUIle, YeM MPe/ICKA3bIBACT CTATUCTHIECKAS TEOPHS.

[Ipuuuna 3aBBIMIEHHOCTH CTATHCTHYECKAX OIEHOK KPOETCs B WX CJUIIKOM OOJIbITOMH
obmuocTn. OHU OPUEHTUPOBAHBI HA «XYAIIAN CIydaily W He YIUTHIBAIOT TPEX BAYKHBIX
ocoOeHHOCTel caMoil 33/Tauu U MPOoIlecca MONCKa eé pelreHnsl, KOTOPble MOTYT OKa3bIBATh
pelrraioniee BIHAHAE HA KA9eCTBO OOy IeHUSI.

Bo-nepBrix, 3170 0cOBeHHOCTH pacipefiefeHns 00beKTOB B TPOoCcTpaHCcTBe. B qacTHOCTH,
OHH MOTYT JIe’KaTh B TOJMPOCTPAHCTBE MEHbINe!l Pa3MEPHOCTH. DTOT «BbIPOYKIEHHBIN»
caydail TOBOJIBHO PACIPOCTPAHEH, MOCKOJBKY B MPUKJIATHBIX 33Ja9aX HAJIUINe 3aBUCH-
MBIX WJINA HOYTH 3aBUCUMBIX IIPU3HAKOB SBJILIETCS CKOpee MPABUJIOM, YeM HUCKIIOUeHUEeM.

Bo-BTOphIX, 3TO 0COOEHHOCTH caMOil BOCCTaHABIWBaeMOi 3aBucuMocTh. OHa MOYKET
OBITH TIAIKO, CHMMETPUYHOTT, MOHOTOHHO M1 00/1a/1aTh JIPYTUMU CIIeIHaJIbHBIMI CBOIi-
CTBaMH, 9YTO PE3KO CYyzKaeT MPOCTPAHCTBO MOUCKA PEIeHUS .

B-rperbux, 310 ocobennoctn meTona o0ydenus. OH MOXKET TMOACTPANBATHCSA MO 33,712~
4y, 06pazys 3hdEeKTUBHOE TOACEMERCTBO AJITOPUTMOB, PEAIHHO TOJIYYaeMbIX B PE3Y/IbTa-
Te 00y4YeHns.

[TosiBilenne cTATUCTUYECKON TEOPUH BbI3BAJIO OOJIbIIOE KOJMYECTBO UCC/IeI0BaHuil, Ha-
IPAaBJICHHBIX HA YTOYHEHUE OIMEHOK KadecTBa. OIHAKO MPobIeMa TOTyIeHU TUCTeHHBIX
OIIEHOK, HEeIOCPEeICTBEHHO MTPUMEHUMBIX Ha MPAKTHKE, 0KAa3aJach BBI3BIBAIOIIE T'DY/IHOI,
U JI0 CUX TIOP OCTaéTCsl OTKPBITOM.

amee OyayT mepeducieHbl HEKOTOPbIE HAIIPABJIEHUs] COBDEMEHHBIX WCCJIEIOBAHUM 110
npobJieMaM 0O0CHOBaHHSI 0O0ydYaeMbIX aJTOPUTMOB H IIOJIYYEHUs OIEHOK KadecTBa oOyde-
Hud. Pasymeercs, mpempraraemas KiaaccU@UKAIWA BecbMa YCJIOBHA W He MpeTeHyeT Ha
HOJIHOTY.

«Taspiticokuli 8icHur tHpopmamuru 1 mamemamurus, Nl 2004
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2. DOOEKTUBHAS CJIOYKHOCTD

[TepBoe HampamjeHne CBA3aHO C MOHSATHEM Ifhexmusnoti caonchocmu. [pu permenmn
KOHKPEeTHOM 3a/a491 JaJeK0 He KayKJIbli aJrOPUTM U3 BLIOPAHHOTO CeMeicTBa MMeeT TITaH-
cbl OBITH TIOJIyYEHHBIM B pe3ysbrare obyuenus. Kak mpaBmio, peajbHO paboTaeT He BCE
ceMeiicTBO, a JuIrh HeOOoJIhIast ero 9acTh. JDToT (akT 6611 3ameden emié B. H. Banuukowm,
HPEJIOKUBIITUM HOHATHE 3D PEKTUBHON EMKOCTH BMECTE € aJITOPUTMOM €€ IPAKTUYECKOI0
m3mepenus [80]-[33]. DdderTuBHas EMKOCTD He TPEBOCXOAUT MOTHON EMKOCTH CeMeiHcTBa
U 3aBUCHT OT BBIOOpKU. OHa yYUTBHIBAET OCOOEHHOCTU HCXOIHOTO pacipeieaeHus: 00b-
eKTOB, HO He IPHHHMAaEeT BO BHEMaHHE OCOOEHHOCTEH BOCCTAHABIMBAEMON 3aBHCHMOCTH
U MeTofa oOyueHus. B naibHeilieM KOHIENIHs ONEHOK, 3aBHCSINUX OT JaHHBIX (data
dependent bounds), moayuniaa passutre Bo Muorux paborax |74|-[82]-[34]-[35]-[28].

K sToMy HampapeHHIO TPUMBIKAIOT TakzKe padborel B. JI. MarpocoBa, KOTOpBI Biep-
BBI€ IIOKA3aJ]l, YTO IIPH CIENHAJIBHOM BBIOOpE MeTO/a O0yYeHHS BO3MOXKHO O0ECIeInTh
KOPPEKTHOe paclio3HaBaHue JIF0O0H 3a1aHHO 00yJaloIeii BHIOOPKH, MOJIB3YACh MOIAMHO-
JKECTBOM aJITOPUTMOB orpanudennoil émxocrn [14]-[15]-[16]. TIpu sTom mocTpoenune aaro-
pUTMa MPOBOANTCS B asredpandeckoM paciupernn cemeiictsa ABO (anroputmos Bbrauc-
nenusi oreHokK)[12]. B ormume ot cragapTHOrO MOAXO/A, 3/€CH CYIMIECTBEHHO HCIOJb-
3YIOTCS CBOHCTBA MeTO[a OOyYeHWsI, HO HE YYHTHIBAIOTCS OCOOEHHOCTH PACIIPEIe/IeHUsI
00'bEKTOB U BOCCTAHAB/JIMBAEMOIl 3aBUCUMOCTH.

Crarbst [81] comepxkur ncropuaeckuit 0630p, OTPAXKAIONMA PONECC HOCTEIEHHO-
ro yrouneHus: oneHok Bamaunka—YepBonenkunca. OTMmedaeTrcs, 9TO HAWIydInas OIEHKA,
CIIpaBe/IJINBAast P CAMBIX OOIIUX Tpenoaokenusx, noaydena M. Tamarpangom [78]. Ha
e€ OCHOBE BBIBOJINTCSI HOBasl, HECKOJIBKO 0OJIee TOUHAS, OIEHKA, CIIPABEIJINBas IIPH HEKO-
TOPOM «Pa3YMHOM» OIPAHHYEHHH KJIACCA BEPOSITHOCTHBIX PACIPEIeTeHUl Ha MHOKECTBE
HCXOIHBIX OOBLEKTOB.

[Ipn mcmo/ib30BaHUU OIEHOK, 3aBUCAIIUX OT JAHHBIX, METOJ CTPYKTYPHOIl MUHIMU3a-
[UU PUCKA TPAHCGHOPMUPYETCA M IMPUBOIUT K IIOCTPOCHUIO CAMOOZPAUUNUBHOULUT AA20~
pummos (self bounding learning algorithms) [51]. 01 mcxommoro CMP omu ormwaiorcs
TEeM, 9TO CTPYKTypPa BJIOZKEHHBIX TOICEMENCTB He 337aéTcs 3apanee, a (popMmupyercs B
nporecce obydeHus. B 3TOM cirydae ONMEHKH KadeCcTBa YIUTHIBAOT BCE TPH THUIA OCOOEH-
HOCTeIi: pachpeieeHne 00beKTOB, CBOMICTBA BOCCTAHABIMBAECMOIl 3aBUCHUMOCTH U METOIA
O6y‘{eHI/IH. Pe3yﬂbTaTOM O6yquI/IH ABJIdeTCd HEe TOJIbKO CaM aJITOPpUTM, HO U JOCTATOYHO
TOYHAS OIEHKa ero 0000IIaIoeil CriocoOHOCTH.

HpI/IH]_[I/IH CaMOOI'PaHUYECHUA AJITOPUTMOB HPUMCHACTCA TaK2Ke JIJId O6OCHOBaHI/IH CTaH-
JAPTHBIX METOJOB MOCTPOEHUST PEITAOIIUX JepeBbeB [70]. DTu MeToIbl OCHOBAHBI HA AHA-
JIOTHYHOH CTpaTeruy B Xo/e MOCTPOEHHS aIrOPUTMA [0 00y Uaroleil BEIOOPKEe TPOUCXOIUT
OCIeJOBATE/IHHOE CYKEeHHe MMOACEMeRCTBa aIrOPUTMOB, I KOTOPOM BeJIeTCs ITOUCK Pellre-
nus [61].

«Taspuueckuti secmuukx ungpopmamuru u mamemamurus, Nl 2004
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3. Orcrvn (MARGIN)

Bropoe nampaBienne CBsI3aHO ¢ MOHATHEM OMCMYNa WM mapscy (margin) B 3a1a-
YaxX KJIACCU(PUKAINKA C IOPOTOBBIM PEIIAIONIMM HPAaBUIOM. HecKo/bKO ynporas, MOXKHO
CKa3aTh, ITO OTCTYI — ITO PACCTOSIHHE OT O0bEKTA 0 TPAHUILI KJIAaCCOB. Eean oObekT
OTHOCHUTCS aJrOPUTMOM K UyKOMY KJACCy, IO ero OTcTyn orpunareseH. dem 6ojibiie B
o0yuatoleit BbIGOpKe 00bEKTOB ¢ OOJIBIIUM OTCTYIIOM, TEM JIydIlle pa3e/isioTcs KJaccChl,
TeM HaJEXKHee MOXKeT OBITh Kiaaccuduranus. Vaes yTOUHeHNs OIEHOK KavueCcTBA 3aKJII0-
YaeTcs B TOM, YTOOBI CPABHUBATH BEPOITHOCTD OIMIUOKHU HE C YacTOTOH omuboOK Ha 0Oy Ue-
HUH, a C J0Jeil 00yJamux 00beKTOB, UMEIONINX OTPHUIIATEIbHBIH VI MAJIBIH MOTOMKHU-
TeJIbHBIHN oTcTyn. [Ipn 3TOM BeTMYMHA SMIUPUIECKOTO PUCKA UCKYCCTBEHHO 3aBBINIAETCS,
3aTO BEPOSATHOCTH OIMIUOKH CYIIECTBEHHO DOJIee TOYHO OINEHUBACTCS MO 00bEeKTaM, JAJIEKO
OTCTOSATIVM OT T'PAHUIIBI KJIACCOB.

[Tonxon, ocHOBAHHBIN HA TMOHATHH OTCTYIA, OKA3aJCd OCOOEHHO IIOJOTBOPHBIM IIPH
UCCJCJIOBAHUHT JIMTHEHHBIX TTOPOTOBBIX KJIACCU(DUKATOPOB, B YaCTHOCTH, MAITUH OMOPHBIX
BEKTOPOB (support vectors machines, SVM) [41]-[77] u mMeTo70B B3BENIEHHOIO TOJI0COBA-
HWA.

B pa6ore 1. Bapterra [29] Buepsbie 66110 moKazaHo, 910 3(PdEKTHBHAS CI0KHOCTH
BBIITYKJIONH KOMOMHAINN KJIACCH(DUKATOPOB paBHA HE CyMMAapHOI, U JlayKe He MaKCHMaJIb-
HOM (KakK paHee MPe/IIoJaraaoch), a Cpe/Heil B3BEIeHHON CI0KHOCTH OTAETbHBIX KJIaCCH-
dUKATOPOB, B3ATHIX C TEMU K€ BECAMH, C KOTOPbIMH OHU BXOJAT B KOMOMHaIMIO. HbIMI
CJIOBaMU, B3BEIIEHHOE MOJIOCOBAHNE He YBEJIMYUBACT CJIOXKHOCTD aJITOPUTMA, & JIUIIH CIIa-
JKUBaET IPOTrHO3bI 0a30BBIX KJIaccrprKaTopoB. BeITekaolme 0TComa OIeHKH 00001IIa-
el cmocCOOHOCTU CYIITECTBEHHO TOYHee KJIACCHIEeCKUX CJIOXKHOCTHBIX OINEHOK BamHHMKa-
YepBOMEHKHUCA, XOTS U OHU BCE €IIE CUJIBHO 3aBBINIeHbI (TpebyeMast ITuHa 00y YeH s uMe-
eT mopsagok 10* — 10%). DTOT pe3yabTaT 060CHOBBIBAECT Psi/l IBPUCTUUECKAX MPUEMOB, Ha-
IpaBJEHHBIX HA YMEHbIIEHNE BECOB IIPU HACTPOKe HEHPOHHBIX ceTeil, TAaKIX KakK «weight
decay» m «early stoppings. OH Takke M03BOJIsIeET 00OCHOBATH AJTOPUTMBI, UCIOJIb3YIO-
mpe MeTpuKy ((YHKIMIO PACCTOSTHUS) B MPOCTPAHCTBE O0HEKTOB, €CJIH TPEINOTIOKHTh,
9TO PA3/IeIA0NAs TOBEPXHOCTH MTPOXOINT HA JTOCTATOYHOM yIAJEHUH OT 00YYAIOIMNX 00b-
exToB [31].

PeSyﬂbTaTbI,HepBOHa‘IaﬂbHO IoJIy4YeHHbIe JIJId JIMHEHHBIX KOM6I/IH3J_[I/II'7I7 OKa3aJIuChb IIpu-
MEHHUMBI ¥ K 60jiee TMUPOKOMY KJIACCY aJropuTMOB. B dacTHOCTH, OMHAPHBIE PEIIaoIie
AepeBbid U JU3bIOHKTUBHBIE HOPDMAJIbHBIC CbOprI JAO0IIyCKaloT IIpeACTaB/iIeHuEe B BUJ/IC BbI-
1y KJI0it Kombunaruu OyseBbix dyHKIM ¢ HOPOroBeiM peraionum npasuiom [52]. Tex-
HHUKA OTCTYIIA MO3BOJISIET OIEHWBATL OOODIMAIONIYIO CIOCOOHOCTH U OoJee CJIOKHBIX aJl-
TOPUTMHUYECKUX KOMIO3UIINIA, TTPEICTABUMBIX B BUJIE MOPOTOBBIX BBITYKJIBIX KOMOWHAIH I
HaJI TOPOTOBBIMU BBITYKJIBIMU KOMOWHAIUAMEA. [IprMepamu TakKuX KOHCTPYKIUN sSBJIS-
I0TCS CUTMOU/IaThHBIE HefPOCeTH ¢ OTHUM CKPBITHIM YPOBHEM M B3BeNIeHHOE MOJIOCOBAHUE

«Taspiticokuli 8icHur tHpopmamuru 1 mamemamurus, Nl 2004
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pematonux jgepesbes [64]. st Becex aTHX caydaeB oreHKH 00o0Imaomieil crnocobHocTn
BBIPAYKAIOTCS d€Pe3 JI0JTI0 00YIAIOMNUX 00bEKTOB C MAJIbIM OTCTYIIOM.

HaI/I60ﬂe€ APKUM KOHCTPYKTHUBHBIM DE3YyJbTATOM JaHHOT'O IOAXOAa ABJAIOTCA METOAbI
O6yquI/IH, HallpaBJICHHbIC Ha ABHYIO MaKCHUMHU3aAIlUIO OTCTYIIA. OHI/I IMO3BOJIAIOT CTPOUTDH
aJrOPUTMBI € Jrydiieit 00001amIeil CrrocoOHOCTHIO, YTO MOATBEPKIACTCS TEOPEeTUuIECKHT
1 9KCIEPUMEHTAIBHO [63)].

C moHATHEM OTCTYIa TECHO CBsS3aHa €IIE OJHA Mepa CI0KHOCTH CceMeicTBa aj-
FOPUTMOB, ajibrepHaTHBHast (GyHKIuU pocrta — fat—pa3 wmeprocth (fat—shattering
dimension)[57]-[25]-[28].

4. KOMIO3UIIUNU AJITOPUTMOB

Tperbe HalpaB/ieHHe UCCIEI0BAHUI CBSI3aHO C TOHITUEM KOMIIO3UITUN aJIropuTMoB. Bo
MHOT'MX HHPUKJIQJIHBIX 3a/Ja4aX yﬂaéTCH HHOCTPOUTDHb HECKOJIBKO PAa3/JIMYHbIX aJI'OPUTMOB, HU
OJIMH U3 KOTOPBIX HE BOCCTAHABJIMUBAET UCKOMYIO 3aBHCUMOCTDH JOCTATOYHO XOpOmo. To-
/13 UMEeEeT CMBICT OOBEUHUTD ITH AJTOPUTMBI C MMOMOIIBIO KOPPEKTUPYIOIEH OTeparuu,
B HAJEXKJIe HA TO, YTO ONIUOKU OJHUX AJTOPUTMOB OV/IYT CKOMIIEHCHPOBAHBI JIPYTUMH,
U Ka4eCTBO KOMIIO3UIINN OKAXKETCs JIyUIle, YeM KarK/I0To u3 OA30BBIX AJTOPHTMOB B OT-
JIeTBHOCTH.

M3BecTHO HECKOIBKO aJbTEPHATUBHBIX CIIOCOOOB KOHCTPYUPOBAHUS AJTOPUTMHICCKUX
KOMIIO3HWITAIA.

Hawnbosee obimas Teopnust ajaropuTMHUYecKUX KOMIIO3UIUI pa3paboTaHa B a.a2edpaue-
CKOM MO0T0de K NOCMPOEHUIO KOPPEKMHLLT AA20PUMMOS, TIPEITOKEHHOM aKaIeMHKOM
PAH [O. 1. ZKypaBnéBbiM 1 akTHBHO pa3BHBaeMOM ero ydenukamu [12]-[11].

B merome JI. A. Pacrpuruaa npocTpancTBO 00bEKTOB pa3dmBaeTcs: Ha 001aCTH KOMITE-
TEHTHOCTH, U JIJisl KazKJ0# 00acTi cTpouTcs ¢Boil aaropurm [17].

B merone 6azeunza (bagging cokpaienne or «bootstrap aggregations ), mpe/yrokeHHOM
JI. Bpeitmenom [38]- [39]-40], mpousBoauTcs B3BemenHoe rotocoBanne DAa30BbIX AJITOPUT-
MOB, OOYUEHHBIX HA PA3IMYHBIX TOABBIOOPKAX JAHHBIX, JTHOO HA PA3TUIHBIX JACTIX MPH-
3HAKOBOTO ONUCAHUS OOBEKTOB. BBIJeIeHNe TOIMHOKECTB 00BEKTOB U/WIH TPHU3HAKOB
ITPOU3BOUTCS, KAK MPABUJIO, CAYIANHBIM 00Pa30M.

Meron 6ycmuneza (boosting), npenoxkenusiii P. @peitnom u 1. amupowm [50]-[47]-[73]
TaKzXKe SBJISEeTCS PA3HOBUIHOCTHIO B3BEIIEHHOI'O TI'OJOCOBAHUS, HO GA30BbIE aJITOPUTMBI
CTPOSTCH MOCIe0BATEIHLHO, U MPONECC YBEJNUCHUA PA3JIAINN MEXK Y HUMU YIIPABJIAETCS
JIETEPMUHUPOBAHHBIM 00Pa30M. A MMEHHO, JIJisd KaXKJ0ro 6a30BOr0 aJrOpUTMa, HAUMHAS
CO BTOPOrO, Beca OOyYalonuX OObEKTOB MEPECUUTHIBAIOTCH TaK, 4TOOBI OH TOYHEe Ha-
CTpamBaJjcd Ha TeX 00bEeKTaX, HA KOTODBIX 9allle ONMnOAIUCH BCE MPeAbIIynine 6a30Bbie
AJITOPUTMEBI. Beca AJITOPUTMOB TaK2K€ BbIYUCJIAIOTCA NCXOJA U3 YHCJIa JOIIYIIIEHHBIX UMHA
omubOoK.
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Nnes mocsieoBaTe/ibHON KOMIIEHCAIIUNA ONMMMOOK TPEJBIIYIIHX aJTOPUTMOB Pean30-
BaHA TAKyKe B ONTHMH3AIMOHHBIX (MPOOJIEMHO—ODHEHTHPOBAHHBIX) MeToJax ajareGpan-
geckoro noaxona [18]-[5]-[6]. B ornmune ot Gycruira, 31ech HCIOAB3YETCH HE BBILYKJIAS
KOMOWHAIUsI, a 0oJiee CJIOZKHAST KOPPEKTUPYIONIast Oleparus € BUIe HEeJUHEHHON MOHO-
TOHHON (PYHKIIMU JIOCTATOYHO ODIIEr0 BUJIA.

Obobmmaotmas cnocobHOCTh, OYCTUHTA HCCIeOBaHA, MOXKAMYi, Hanboee xopotro. Bo
MHOTHX CIy9asX 3KCIePUMEHTATHLHO HAOIIOMAEeTCS MOYTH HEeOTPpAHHYEHHOEe YIyITICHHEe
KavyecTBa OOYUYeHHUs IPU HAPAIMBAHUY YUC/Ia AITOPUTMOB B KoMrosunuu [48]. Bosee To-
ro, Ka9ecTBO HA TECTOBO BBHIOOPKE MOXKET HPOIOJIXKATH YIYVUIIATHCA JarKe MOCIe JTOCTH-
JKeHusi 6e30MuO0IHOr0 pacio3naBaHus odydaiomeil BHIOOPKH. DTH HAOJIOIEeHUA ITPOTHU-
BOpedaT HEIOCPEeJICTBEHHBIM BBIBOJAM CTATHCTUIECKONR TEOPHH, OCHOBAHHBIM Ha aHAJH3€
CJIOYKHOCTH.

Cy1miecTByeT HECKOIBKO 00bsicHennit (herHoMmenoB OyctuaTra. C 0HOI CTOPOHBI, OyCTHHT
AKTUBHO MaKCUMU3NUPYET OTCTYIIBL O6yanOH_[I/IX O6’beKTOB, n IpoJoJIzKaeT <«pPa3ABUTATDH
KJIACCHI» JIazKe TOCTe JOCTHKEHUsT 6e30TTHO0THOT0 PACIO3HABAHNS 00y JaroIieil BHIOOPKT
[72]. C xpyroit ¢cTOPOHBI, OYCTHHT CTPOUT BBIMYKJIYI0 KOMOMHAIMIO BEIECTBEHHO3HATHBIX
KJIacCHDUKATOPOB, KOTOPasi MPOsIBJIsieT CBOHCTBO crabusbHOCTH [46] (cM. HuKe).

Nmeercs MHOrO paboT 10 CPaBHUTENBHOMY aHa/u3y obobmiaromiei crocodbHocTu Oy-
cTHHra M OarrvHra. barruHr HalpaB/ieH HCKJAIOYUTEJNbHO Ha YMEHBIIEHHE Bapualull
(variance) mMojenn, B TO BpeMsl KaK OYCTHHI CHOCOOCTBYET YMEHLIICHWIO M BapHAIUH,
u emewsenua (bias) [49]. Dmmupuueckue uccaenoBanus [76] Ha 4 peaJbHBIX 3a1a9aX MO-
Ka3bIBAIOT, 9YTO OYCTHHI paboTaeT Jydille Ha OOJBIINX 00yYaloIHX BIOOPKAX, OATTUHT —
Ha MaJIbIX. [lpn yBetmdeHnn 1JIMHBI BRHIOOPKU OyCTHHI MOBBIIIAET Pa3HOOOpa3ue KJIACCH-
bUKaTOPOB aKTHBHee, YeM Oarrwur. Hakomer, OyCTHHI JIydille BOCIPOM3BOIUT I'DAHHUIIEI
KJIACCOB CJIOXKHOI (hOPMHI.

Paborer bapriaerra, @penga, Hlamupa u ap. pemuTenbHbIM 00pa30M H3MEHWIN IPeI-
CTaBJIEHWST O COOTHOIEHWN KA9eCTBA W CJAOXKHOCTH. Ecam panee cauTasioch, 9To s Ha-
,Z[é}KHOFO BOCCTAQHOBJIEHUA 3aBUCUMOCTH H€O6XO,ZLI/IMO OrpaHuYuBaTh CJIOZKHOCTH UCIIOJIb-
3yeMOT0 CeMeificTBa aarOPUTMOB, TO TeepPh UCCIEeI0BATEN TPUXOIAT K BBIBOMLY, UTO Ce-
MeHCTBO MOYKeT OBITh CKOJIb YI'OJTHO CJIOYKHBIM, OJIHAKO IEPBOCTEIIEHHYIO POJIb UTPaeT
MeMO0 0byueHUAs — TOT CIIOCOD, C TIOMOIILI0 KOTOPOTO HO 00y Yatomieil BHIOOPKE CTPOUTCS
aJropuT™M u3 BbiOpaHHOTO cemeiicTBa. [lo Bceil BuamMOCTH, HEKOTOPbIE PA3HOBHUIHOCTH
B3BE€HICHHOI'O I'OJIOCOBaHUA, TAKHNE KaK 6yCTI/IHF, ABJIAIOTCA «yJaYHbIMUK» METOJdaMH, CIIO-
COOHBIMH TTOICTPAUBATHCS IO KOHKPETHYIO 3a1ady.

5. CTABUJIBHOCTH METOIOA OBYYEHUA

Caietytoree, 1eTBEpTOe, HALPABJIEHHE UCCJIE0BAHUI CBSI3AHO C TIOHATHEM CMAOUALHO-
cmu (stability)[36]-[37]-|6]. Merox o6yuennst HaszbiBaeTcsi CTaOHIBHBIM, €CIH HEOOJbIINE
BapHualiun O6yanOHleI°4 BBI60pKI/I IpUBOALAT K HESHAYUTECJbHBIM U3MEHEHUAM ITOJIy1aeMOI'O
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asropurMa. CyImecTByOT pa3indHbie COCOObl (hOPMATBLHOTO ONpEeIeIeHNs CTabuIHHO-
cru, HampuMep, B pabore [60] BBoguTest 12 pasandHbIX ONpeIeJeHI 0 yCTaHABIHBAIOTCS
B3aUMOCBA3U MexKIy HuMu. Kax 1nmpaBuio, OIEHKN KauecTBa CTAOUILHLIX METOJIOB He 3a-
BHUCST OT CJIO)KHOCTHBIX XapaKTePUCTUK ceMmeiicTBa. B yacTHOCTH, TIOJyYeHbI OIEHKHU CTa-
OnIbHOCTH M 0000IIAIONIEeHl CIIOCOOHOCTH JIOKAJIbHBIX METOMOB THIIA OIMKAMIINX cOcemei
1 TOTeHIUATbHBIX byuKnmii [71]-[43]-[44]. DT MeToaB MUPOKO HCIOMB3YIOTCS GIarosa-
psI CBOEIl mpPOCTOTE, OJHAKO MOPOXKIAIT CeMEHCTBA aJrOPUTMOB OECKOHEYHOH EMKOCTH.
Jlokazana cTabWJIBHOCTH OYCTWHTA, MAIIWH ONOPHBIX BEKTOPOB, METOJI0B MUHWUMHU3AINN
SMOUPUIECKOTO PHCKA C peryaspusupyoineil mrpadHoit dyHKIMed, 1 HeKOTOPBIX JIPY-
rux. K coxanenuro, 4ucJeHHbIE OIEHKU TpeOyeMoi JJIHHBI O0y4eHWs s CTaOMIBbHBIX
METOJIOB TaKKe CUJIbHO 3aBBIIIEHBI, KAK CI0KHOCTHBIE, U JIAIOT TOJIHKO KadecTBEHHOe 00-
OCHOBaHHE COOTBETCTBYIONINX AJITOPUTMOB.

6. KOHLUEHTPALIUSI BEPOSITHOCTU

CoBpeMeHnHble UCCe0BaHus TAKUX CBOMCTB 00ydYaeMbIX aJropuTMOB, KakK dhdpeKTus-
Had CJI0KHOCTh, OTCTYI, KOMIO3UIINOHHAS CTPYKTYPa U CTAOWIBHOCTD, CYIIECTBEHHO OIU-
paroTcd Ha COBPEMEHHbI MaTeMaTu4eCKnl anmnapar, ONUCHIBAIOIIUN ABJIeHe KOHIEHTPa-
WU BEPOSITHOCTHOMN Mephl (measure concentration). B meppbix paborax Banuuka n Heppo-
HEHKHUCA JIJI 3TOM [eJIM UCIOJIb30BANCH KJIaCCHYeCKre HepaBeHcTBa Xédaunra u bepui-
Hefina. bosiee TouHble PE3yALTATH YIAECTCA MOJIYYaTh C MOMOIILIO HEPABEHCTB epHOBA
[42], meTona orpanuyaenubix pasnocreit Mak/Inapmuna [66] u n3onepuverpuvecknx Hepa-
serncrs Tanarpania [78]-[79]. BBomHoe n3noxkenne 3Tux MareMarndecKuX TEXHUK MOKHO
HaiiTu B 0030pax |27]-[62].

7. CKOJIb3AIINN KOHTPOJIb

Emgé oxxo namnpapsienue uccjie1oBaHmil CBSI3aHO € MCIIOIb30BAHUEM CKOJIB3AIIEr0 KOH-
Tpoutst (cross—validation) [45]-|59].

[Tponeaypa CKOJB3AIIEr0 KOHTPOJIS 3aKa0uaercs B caeayiomeMm. OUKCHpyeTcs: HEKO-
TOPOE MHOYKECTBO Pa3OHeHM UCXOTHON BHIOOPKY HA JBE IACTU: OOYUAIONIYI0 U KOHTPOJIh-
Hy10. /1 KayKa0ro pa30ueHns BRITIOJHSAETCS HACTPOWKA aJrOpUTMa MO 0Oy YaIoNel moj-
BBIOOPKE W BBIYUCJIAETCA YacTOTa €ro OMMUOOK Ha KOHTPOJbHONH moaBbibopke. OleHka
CKOJIB34IIEr0 KOHTPOJIS OMPEJIeSIAeTCs KAK CPeIHsIA 0 BCeM Pa3bUeHusIM 9acToTa OIMHO0K
Ha KoHTpoJsie. PAKTUIECKH, CKOJIB3ANIUN KOHTPOJIb HEOCPEJICTBEHHO H3MepseT 06001ma-
IOIYIO CIIOCOOHOCTH MeTOa 00ydeHus Ha 33 JaHHON KOHEYHON BBIOODKE.

B 3aBucumoctu ot crnocoba GoOpMHPOBaHWS MHOYXKECTBA pasOMeHnil pas3andaroT
HECKOJIBKO PA3HOBHIHOCTEH CKOJIB3SIIEro KOHTposIs [59)|:

ecJI MHOYKECTBO Pa30MeHnii OHOIIEMEHTHO, TOBOPST 00 OIEHKe KadecTBA HA OTIAE b~
HOll TecroBoii BHIGOPKe (hold—out estimate);
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€CJIM UCIOJb3YIOTCA BCe pas3OmeHus: ¢ KOHTPOJIbHON BLIOOPKOW e€JIMHUYHOMN JJTUHBI, TO-
BODST 00 OIEHKEe ¢ OJJHUM OT/essieMbiM 00bekToM (leave—one—out estimate);

eCJI UCHOJIb3YIOTCH BCe pa30MeHns ¢ KOHTPOJIbHOM BBIOOPKOH (DUKCHPOBAHHOI. HO He
00s13aTe/IbHO €JIMHUYHON, JIUTUHBI, TOBOPAT 00 OII€HKE MOJHOTO CKOJIB3SIIEro KOHTPOJIS
(complete cross—validation) |68];

ecJI TeHepupyeTcs CAydaiiHoe MOJAMHOXKECTBO Pa30HeHuil ¢ KOHTPOJIbHON BBIOOPKOI
(bUKCUPOBAHHOI JITMHBL, TOBOPAT 0 OyTcTpern-onenke (bootstrap estimate) ;

ecJI MHOYKECTBO pa30meHmit obpasyeTcs Kk HellepeceKaromUMHUCs KOHTPOJIbHBIMU BbI-
Gopkamu, roBopsaT 0 AKpaTHOM cKoJsb3smeM KouTpose (k—fold cross-validation).

Ha mpakTuke cKoab34muit KOHTPOIb TPUMEHsIeTCS JIMOO JIJIsi BBIOOpA MOJETH ajro-
putmoB (model selection) u3 meckoabKUX Momesneit-upeTerenToB [58], mbo st onru-
MU3AIUHA HeOOJIBIIOTO YUCIa MTAPAMeTPOB, ONPEeIeSIONX CTPYKTYPY aArOpUTMa, TaKuX,
KaK CTeleHb IMOJUHOMA WJIN KOJINYECTBO HEHPOHOB HA CKPBITOM YPOBHE HEHPOHHON ceTu.
Cunraercs, 9TO HACTPOKA 3HAYUTEIHLHONW JOIU MapaMeTpPOB MO CKOJIB3AIMEMY KOHTPO-
JII0 Jiatiiena cMmbicya. Korga KoHTposibHas BbIOOPKa CYIIECTBEHHO BOBJIEKAETCS B MPOIECC
O6y‘{eHI/IH, CKOJIBSHH[I/HU/I KOHTPOJIb HAYUHaET BblIaBaTh CMeH_[éHHyIO S3aHNZKeHHYIO OIEHKY
obobmiatoteit ciocoonoctu. Ilpudunnoii sBasgercd BCE TO e nepeodyydenne, KOTOpoe Mpu-
BOJIUT K 3aHUZKEHHOCTH SMIUPUIECKOro pucka [69]. I3BecTHO, 9T0 CKOMB3SIIA KOHTPOJIL
JIA6T HECMENEHHYIO ONEHKY BEPOSTHOCTU OIIMOKKM B TOM CJydae, KOIJ/ia OH HUCIOJIb3yeTCs
JIJIS TIPOBEPKU KAvecTBa 10 OKOHYaHUU obyueHus. OAHAKO /0 CUX HOP HET UCUYEPIbIBA-
IONIUX UCCJIEOBAHU, MOKA3BIBAIOIINX, B KAKON CTETeHW CKOJb3ANINN KOHTPOJTh MOYKET
HCTIOJIb30BAThCS HA CTAJUU OOYUeHUs.

WaTYyunus moackasplBaeT, YTO CKOTB3AINI KOHTPOIb JOIKeH XapaKTepu30BaTh 0600-
MIAIONIYIO CIIOCOOHOCTH AJTOPUTMAa JIVUIIE, YeM YacToTa OMIMOOK Ha obydenuu. Tem He
MeHee, 9TOT (akKT J0Jroe BpeMsd He yAaBaJoCh TO0Ka3aTbh. [loNBITKH mpeanpuHUMATICH
HeoHOKpaTHO [58]-[56]-[53], HO ObLIM HOMYYEHBI JIUIIL <«PAa3yMHBIE» BEPXHHE TDAHU-
bl (sanity—check bounds) st OTKJIOHEHMST CKOJIB3SIIEr0 KOHTPOJISI OT BEPOSITHOCTH
OmuOOK AJTOpUTMa. YKa3aHHbIE OIMEHKH JlayKe HEeCKOJbLKO XYyrKe, 4eM OIleHKH Bamnuka-
LIepBOHeHKI/Ica JJId OTKJIOHEHUA SMIMNPUYIECKOT'0 PHCKa U Tpe6yIOT JOIMOJTHUTEJIBHBIX
IPE/IOI0KEHT T 0 cTabHIBHOCTH MeToga o0y denus [56].

[TpuunHa 5TUX Heyaad aHAJIU3HPYeTCs B [32], rie BBOAATCS U CPABHUBAIOTCS J[BA AJlb-
TepPHATUBHBIX C1I0Cc0ba hopMasim3alum MOHATHS 0000IIaoNei cocobnocTu. [Tpu nmepsom
criocobe, 6yim3KOM K 110/1x01y Bannuka-YepBonenkuca, OleHIBACTCsI KA9eCTBO 0MJesbH020
aA20PUMMG, TIOJTYIEHHOTO B Pe3yJbTaTe 00yUeHUs. DTO MPUBOIUT K 3aBBIMIEHHBIM OIEH-
KaM, 3aBUCSIIAM OT éMKOCTHU ceMeiicTBa 1 TPeOYIONTINM JOTMOTHUTETbHBIX TPEII0T0KEeHU T
0 cTabuibHocTh Metosa obyuenus [56|. Ilpu Bropom cmocobe OleHHBAETCST KAYECTBO Me-
moda 0byuenus B megoM. OKa3bIBaeTCs, B 9TOM CJIyUae OlMeHKA OTKJIOHEHUs CKOJIB3SIIEro
KOHTPOJIS OT BEPOATHOCTH OMMOKH aaropuTMa, OOyYeHHOro Ha CJIy4YaiiHON BBIOOpDKe, He
3aBUCHT OT €MKOCTH ceMeicTBa, a TOJBKO OT JJIMHBI 00yUeHHd W KOHTpossg. C pocToMm
JUTHHBI 00enX BBIOOPOK yKa3aHHOe OTKJIOHEHWEe CTpeMuTcd K HyJo. /laHHBI pe3yabrar
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[IpoACHdeT IPUPOAY CKOJB3AIIEro KOHTPOJAd W HOKa3blBaeT, YTO 3aBbINICHHOCTL IIpedbl-
JIYIIUX OIEHOK CBsi3aHa C HEYAAa4HBIM BHIOOPOM MCXOHOIO (DYHKIIMOHAJIA KayecTBa.

OTCIO,ZLa BbITEKaeT Ba KHBINI BBIBOJ: TeOpUud KadeCTBa O6yquI/IH MOZKET OKa3aThCd BECh-
Ma, 9YBCTBUTENBHON K HMCXO/HONW aKCHOMaTHUKe, B YacTHOCTH, K (PpOPMAJIU3AIUNA CAMOTO
IIOHATUA Ka4deCTBaA O6y‘leHI/IH. BTOpOI';I BasKHbIN BBIBO/ 3aKJ/IIOYa€TCAd B TOM, 4YTO CKOJIb34d-
Ui KOHTPOJIb XapaKTepu3yeT 0000IIAIOIIYI0 CITIOCOOHOCTh METOIa He HAMHOIO XyZKe, YeM
BEPOSTHOCTDL OIInbOKY. Hanbosee TouHOe BHIPayKeHHE STH UJIEH HAILIH B KOMOMHATOPHOM
HOIX0/Ie K 00O0CHOBAHUIO 00YYAEMBIX aJITOPHTMOB.

8. KOMBUHATOPHBII MOIXO/T

Kombunaropusiit moaxos [4]-]9]-[8] Bosunk kak nombiTKa 60Jiee TOYHOTO MOCTPOEHHSI
craTucTu4Ieckoii Teopun Bamnnka-YepBoHeHKHCA, HAUNHASA C HCXOIHBIX €€ MOCTYJIATOB.
JI1st 9TOr0 MMeJIOCh JIBe OCHOBHBIE TIPE/ITOCHLIKH.

Bo-niepBbix, C/I02KMI0CH IOHUMAHIE TOTO, YTO HPUHIIAIT MUHUMUZAIANA IMITTPHUIECKOTO
pHCKa B 3apaHee 3aJJaHHOM CeMeicTBe aITOPUTMOB He JOCTATOYHO TOYHO OMUCHIBAET IIPO-
necc obydenus. Bo-mepBrIX, He BIOJIHE sICHO, TJe ITPOXOIUT I'paHuIa ceMeicTBa. Moxker
OKa3aTbecs Tak, 9T0 (GOPMAJILHO BBIIKCAHO OYEHBb IIHPOKOE CeMeHCTBO, HO Ha NMPAKTHKE
npoleaypa 06ydeHnus BbIIAET aJIrOPUTMBI JIUIIH U3 HeOOIbINOoi ero yacTu. Bo-BTophIX, /10-
CTaBJIATH MEHUMYM SMIIIPAICCKOMY PHCKY MOI'YT MHOT'H€ aJTOPUTMBI, OJITHAKO B KAUECTBE
peleHus Beerja BhiOupaeTcd TOJMbKO oJuH. KoHKpeTu3anus MeTo/1a ero mocTpoeHus, Bo3-
MOXKHO, TO3BOJIUT y4eCTh clenuduIeckue 0cCoOOEHHOCTH Ipolecca obydenud. B-TpeTbux,
JTaJIeKO He BCe MeTOJbl 00y TeHWs, XOPOIIO 3apPEKOMeH,10BaBIne cebs Ha TPAKTUKE, MUH-
MU3UPYIOT SMIUPUIECKN pUCK. B KadecTBe MPUMEPOB MOYKHO TTPUBECTH METO/IbI BHIOOPA
MOJIEJIH IO CKOJIB3SIINEMY KOHTDOJIO WK JAPYTHM BHEITHUM Kpurepusm [13], MeToapr pe-
IYJASPU3ANAN SMIUPAIECKOT0 PUCKA, METOABl SIBHOH MaKCHUMHU3AIUU OTCTYNA, OyCTHHT,
barruur, u T. 1.

B kxoMOuHaTOPHOM 110/1X0/1€ SIBHBIM 00pa30M BBOJIMTCS HOHSITHE METO/1a O0yUYeHHsT Kak
0oTOOpakeHusi, KOTOPOe KOHEYHON 00ydaronieil BLIOOPKE CTaBUT B COOTBETCTBUE HEKOTO-
phIil BIIOJIHE onpeaeéHHbIH agroputM. CeMeiicTBO aJrOpUTMOB CTAaHOBUTCS BTOPHIHOM
KOHCTPYKIIHEHi — 9TO BCe aJITOPUTMBI, KOTOPBIE MOLYT OBITH IMOJYyYEHbI B pe3y/bTare
HpUMEHEeHHUs JAHHOTO MeTOJa OOYUeHHs KO BCEBO3MOXKHBIM KOHEYHBIM BBIOOpKaM. -
HOBPEMEHHO MOSABJISAETCS BO3MOXKHOCTDH €IMHOOOPA3HO PacCMAaTPUBATD JIIOObIE METOJIbI, &
HE TOJIHKO MUHUMH3AIUIO SMIIMPAIECKOTO PHUCKA.

Bropoit npeanochlikoil ObLJI0 HOHMMAHHE TOTr0, YTO BEPOSATHOCTH OIMMOKK SIBJIA€TCH
HIOTETHYECKON BEJHYUHON, KOTOPYIO HEBO3MOXKHO BBIYHC/IUTH, a UHOT/IA JazKe U Olle-
HUTH, HATPUMEp, B CIyYae MAJIBIX BBIOOPOK. B TO e BpeMs, Ha MpakTuKe jr0bas obydae-
Masl CHCTeMa CTAJKHBAETCS TOJBKO ¢ KOHEYHBIME BBIOOPKaMM, Oy 1h TO 00ydaloIiine, KOH-
TPOJIbHbIE Win pabouynme COBOKYMHOCTH 0O0BEeKTOB. [loaroMmy 0600IIAIONTYI0 ClIOCOOHOCTH
AJITOPUTMOB T[€16CO00PA3HO XaPaKTePU30BATH NMEHHO OTHOCHTETHLHO KOHEUHBIX BHIOOPOK.
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KesarebHo TakzKe, 4To0bl (DYHKITMOHA KA4eCTBa MOXKHO OBLIO ¢ KOHTPOJIUPYEMOil TOY-
HOCTBIO U3MEPSTh HO MMEIONTUMCS IMIUPUYECKUM JIaHHbIM. Hakonerr, ncno/ib30BaHue ru-
HOTETHYECKUX BEPOATHOCTEH MOYKET IIPUBOJAUTH K JIMIITHUM ITPOMEKYTOYHBIM IIIaraM MpH
JIOKA3aTe/IbCTBE OIMEHOK M IMOHUZKATH UX TOYHOCTD.

B koMOuUHATOPHOM 1O/IX0/Ie KadecTBO 0OydeHus HO mperegentam (obobmamoommas crno-
COOHOCTh METOJ/Ia) XapakTepu3yercs: (pyHKIMOHAJAME MOJTHOTO CKOJB3SAIIEr0 KOHTPOJIS,
3aBUCSIIIIMHU TOJBKO OT MeTOIa O0YYeHHs U 33JIaHHON KoHeuHoil BhiOOpKu. Takue (pyHK-
IUOHAJIBI IIPEIIaraeTcs Ha3bIBaTh KOMOMHATOPHBIME, IOCKOJIBKY OHHU OIIPEIe/IsSIOTCd e-
pe3 MHOXKeCTBO BceX pa3dueHuil BEIOOPKH.

[Tonydyenbl BepXHHe OIEHKH KOMOMHATOPHBIX (PYHKIIMOHAJIOB, aHAJOTHYHBIE IO CBO-
eit ctpykrype cratuctudeckuM [9]. OHu OKa3bIBalOTCs azke 60jiee TOUHBIME, TOCKOJIBKY
BMECTO CJIO?KHOCTH BCEr'0 CeMeiCcTBa B HUX (PUTYPHPYET CJIOKHOCTD A0KAALHO20 nodce-
MeTicmea, COCTOSIIEro U3 aJrOPUTMOB, BBIJIABAEMBIX METOJOM OOyYeHUs B JIAHHON KOH-
KpeTHO! 3ajia4e.

KomMbunaropubie O1eHKH, B OTJIUYNE OT CTATHCTUYCCKUX, CITPABEJTUBDI JIJIS JTIIOOOTO Me-
Toja 0bydeHus U 1000 KOHEYHOH BBIOODKH, He 00d3aTe/bHO CAydaiiHoil, He3aBUCUMOII,
OJIMHAKOBO pacupeeénnoit. IIx goka3zareibcTBO MPOBOIUTCH UCKIIOYUTETHHO KOMOUHA-
TOPHBIME METOJIaMH W BOOOIIE HE ONMPAETCS Ha Teopuio BepodrHocreil. /lanubiit dakT
HPEJICTABJIAETCH BECbMa, HEOXKUIaHHbIM. [0 cux 10p BEeposSTHOCTHAS HPUPOJA 1PODJIEMbI
KavuecTBa 00yUEHUsT OCTABAIACh, MOKAJIYH, €IMHCTBEHHBIM MOCTYJIATOM CTAaTHCTHYECKOM
TEOpUHU, HUKOTIa He MoJABeprapimuMcs coMmHennio. Ho Bo3MoxkHa 1 apyras TOUKa 3peHus:
CaMo IMOHSITHE BEPOSITHOCTH COIEPXKUT «BCTPOCHHBIMY TPeJebHBIN Mepexol, IO3TOMY ero
HpUMEHEeHHe He BIOJIHE YMECTHO B JUCKPETHBIX 33aJadaX ¢ KOHETHBIMHU, 3a9aCTYIO MaJIbl-
MH, BEIOOPKaMH.

KoMOunaTopHBbIil IO/IX0/L HE OTBEPraeT, a YTOUYHAET CTATUCTHIYECKYIO Teopuio. Jliobas
KOMOMHATOpHAs ONEHKA JIEI'KO «IIPEBPAIAeTCsa» B BEPOATHOCTHYIO, €CJIM CHOBA HMPUHATD
CTAHAAPTHBIN HAOOP BEPOSITHOCTHBIX TMIIOTE3 U MPUMEHUTH ONEPAINI0 MaTeMaTHIeCKOTO
OYKUJTAHUS OJIHOBPEMEHHO K (DYHKIMOHAJIY U €ro oreHke. TakuMm obpa3oMm, MpHu nepexojie
OT CTATUCTUIECCKON TEOPUU K KOMOMHATOPHOI COOJIIONAETCH «ITPUHIIUIT COOTBETCTBUS .

B To xe Bpems, kKoMOMHATOpHAS MEPECTPOIKA AKCUOMATHKH TPUBOJIUT K CYIIECTBEH-
HOMY II€PECMOTPY MHOTHMX MOJIOKEHUH CTATUCTHYECKON TeOpUu.

1. CraHOBHUTCS TOJHOCTHIO OYEBHUIHON M30BITOYHOCTH TPEOOBAHMS PABHOMEDPHOIl CXO-
jumocTu. Ha npakruke BoccTaHaB/MBaeMas 3aBUCUMOCTD M METO/1, 00yueHus Bcerja puk-
CHpPOBAHBI, a 00ydvaloIasa BeIOOpKa — KoHeuHa. [loaToMy /ML KOHEUHAsS YacTh ceMeii-
CTBa MOKeT OBITH HMOJIYYeHa B pe3yJabTaTe O00YUeHHs, OCTAJIbHBIE AJTOPUTMBI OCTAIOTCS
He3a/IeiCTBOBAHHBIIH. PazyMmeercs:, HAHOOJIBIINI HHTEpPEC IMPEACTABILMIOT CUTYAIUU, KO-
718 CJI0?KHOCTD JIOKAJIBHOTO TOJICEMERCTBA OKA3bIBACTC CYIIECTBEHHO MEHbIIE CJI0KHOCTH
BCero ceMeicTBa. DToT 3pdeKT npeiaraeTcsa Ha3bIBATh A0KGAU3AUUET ceMeHcTBa aaro-
purmoB. CyimecrBoBanue 3pdeKTa JOKAIU3AIUI CHIMaeT UCKYCCTBEHHBIH 3aIIpeT Ha Hc-
OJTb30BAaHUE CJOKHBIX aJrOPUTMOB. BazKHO He CTOJIBKO OrpaHUYUTh EMKOCTH CeMeiicTBa,
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CKOJTBKO Pa3paboraTb MeTo; 1 00yUeHusI, CIIOCOOHBIH TOICTPANBATHCS 0T KOHKPETHBIE 3a-
JIavu, BCAKUI pa3 Mo-pa3HoMy JIOKaau3ys «pabouyio objiactby cemeiicta. [Ipn dpukcanun
BOCCTaHABIMBAEMON 3aBUCUMOCTH METOJI, 00y IeHUs JTOJKEH CTPOUTH AJTOPUTMBI, «ITOXO-
kuey Ha Heé. Torna He BayKHO, CKOJIBKO €IME «He IMOXOKUX» AJITOPUTMOB COJEPIKUTCSA B
cemeiicTBe. DTO CBOUCTBO MPE/IATACTCs HA3BIBATH A0KAAU3YIOUWET CNOCOOHOCTMbIO METOIA
obydennsi. OHO SBIFETCA BasKHON KOMIIOHEHTOH ero 0000IIaoIeil crmocoOHOCTH.

2. KoMOuHaTOPHBIH MOAX0/I TO3BOISIET O-HOBOMY B3IVISHYTH Ha MPOOJIEMY IIOCTPOCHUS
KOPPEKTHBIX aJITOPUTMOB (He JIOMYCKAIOMIUX OIMUO0K Ha ofydaromnieil BeiGopke). KoMmGuHa-
TOPHBIE OIEHKHU IMPEJICTABISIOTCS B BHJIE IIPOU3BEACHUS JOKAILHOU (DYHKIIUKA POCTa, KO-
TOpas MOKeT OBITH MHOTO MeHbIIe (hbYHKIIUU POCTA BCEIO CeMeHCTBa, U KOMOMHATOPHOTO
MHOKHUTEJIA, KOTOPBIH OBICTPO BO3PACTaeT IO Mepe YBEJIUUCHH YUCIa OIHO0K Ha 0Oyde-
Huu. O4eBHIHO, JIjId obeciiedeHnss KOPPEKTHOCTH HEOOXOIUMO YCJIOKHATH KOHCTPYKITHIO
asropuTMoB. COrIacHO CTATHCTHYECKONH TEOPUU ITO MPUBOIUT K 3HAUUTESHHOMY YBE/IH-
YeHUI0 (PYHKIIMM POCTa BCETO ceMeicTBa, Ha oHe KOTOPOro 3pdeKT yMeHbITeHus KOM-
OMHATOPHOTO MHOYKHUTE/IsT OCTAETCs He3aMeTHBbIM. OTCIO/a JIe1aeTCsl BBIBOJ, 9TO HE CJie-
JyeT no00mBaThCsa 6e30mub0IHON PadOTHL aJIropuTMa Ha odydaromneM marepuasie. C Toukn
3peHnst KOMOMHATOPHOTO TIOX0/Ia YCJIOKHEeHNe KOHCTPYKIUH aJrOPUTMa He 00s3aTe/b-
HO HPHUBOJHUT K CYIIECTBEHHOMY YBEJIUUYEHHUIO JIOKAJbHON (hyHKIMu pocrta. B sTom ciry-
Jae TpebOBaHMuEe; KOPPEKTHOCTH CTAHOBUTCS KPaHEe KeJATeJIbHBIM, MIOCKOJbKY OHO PE3KO
YMEHBIIIAeT KOMOMHATOPHBIN MHOKUTEIb., OTMETHM, 9TO KIS TMOCTPOEHHUST KOPPEKTHBIX
AJITOPUTMUYECKHX KOMIIO3UIIHIL SIBIsI€TCs MEHTPAJIBHOM B aIredpaniecKoM MoaxXo/1e K pac-
no3xaBanuio [12].

3. OTIMYUTeIbHON YepTOoii KOMOMHATOPHOIO MOIXO0JIA SIBJISETCS cOXpaHeHne KoMOnHa-
TOPHOI'0O MHOXKHUTEJIA B HCXOJTHOM, JIOCTATOYHO I'POMO3JIKOM, BUJIE. DJIeMeHTapHbIe pacué-
THI MIOKA3BIBAIOT, UTO €r0 IKCIOHEHITHAIbHbIE IPUOJIMKEHHS, IIPUHATHIE B CTATUCTHIECKOT
TEOPUHU, IPUBOJAT K OCJA0JIEHUIO ONEHKH B HECKOJIBKO pa3. COBpeMeHHbIE BHIYUCIUTE -
HbIE CPEJICTBA TTO3BOJIAIOT JOCTATOIHO D (HEKTUBHO PAOOTATH € UCXOTHON (DOPMYIIOI.

4. CymecTBeHHO TpaHCHOPMUPYETCST METOJ CTPYKTYPHONH MUHUMU3AIWE pUCKa. [lo-
CKOJIbKY KOMOWHATOpPHBIE (DYHKITHOHAIBI MOZKHO U3MEPSITH MO BBIOOPKE, MOSIBIASETCS BO3-
MOXKHOCTB BOOOIIE OTKA3aThCsI OT 3aBBIMNIEHHBIX BEPXHUX ONEHOK, W MePeiTH K HemoCpe/I-
CTBEHHOMY HCIOJIb30BAHUIO CKOIB3SIIEr0 KOHTPO/Isi. Ho 9T0 nMeHHO TO, 9TO mpejiarain
nenatb Bannuk u YepBoHEHKHC HA TPAKTUKE, IPaBia, 6€3 BUAUMOI CBsI3U C OCHOBHBIMUI
TeopeTHIeCKuME pesyibratamu |3]. B KoMOMHATOPHOM HOJXOJi€ TTOCTPOEHHE CTPYKTYPBI
BJIOYKEHHBIX TOJCEMEHCTB pa3IudHOil éMKOCTH TepsieT CMbICA. BmecTo 3TOoro mocrarod-
HO OpaTh KOHEYHBINH HAOOP METOJ0B OOYUEHHS U BHIOMPATDH U3 HUX JIYUIIHI 10 KPUTEPUIO
CKOJIB3SIIEero KOHTpoJist. HekoTopbie sMIupUIecKHe HCCJIeI0BAHNS MIOKA3BIBAIOT, 4TO JIaH-
Hasl TEXHUKA BBIOOpA MOJEJH AJTOPHTMOB BO MHOTHX CJOYYasdX HPEAINOYTUTE/IbHee ITPUH-
[UIOB CTPYKTYPHOU MUHUMU3AIUKM PHCKA U MHUHHUMAJIBHON [UIMHBI ONUCcaHds (minimum
description length), nanpaBieHHBIX Ha ABHYIO ONTHMH3ANUIO CIOKHOCTH [55].
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5. Ipennoxkennoe B paborax [80]-[33] monsarue 3ddekTuBHON EMKOCTH OCHOBAHO HA
IMOUPUIECKOM U3MepeHu: (DYHKIIMOHAIA PABHOMEDHOTO OTKJIOHEHUS JAaCTOTHI OMTHOOK
B JIBYX BBIOOpKaxX Jjid 3a/a4d KJjaccuduranuu. B KOMOMHATOPHOM MOAXO/AE 3TOT (DyHK-
[UOHAJ OYEBUIHBIM 00OpPa30M 3aMeHsieTCd Ha (PyHKIMOHA CKOJIB3AMEr0 KOHTPOJIS, UTO
HPUBOJANAT K BO3HHKHOBEHHIO HOBOIO IOHATHS JIOKAJBHOW agpexmueroti émrocmu. B
ormune oT 3pPeKTUBHON EMKOCTH 10 Bamuuky, JjokaabHas 3p(eKTuBHas EMKOCTD yUH-
THIBAET BCE OCOOEHHOCTH PACIpee/eHusT 0OBHEKTOB, BOCCTAHABINBAEMON 3aBUCAMOCTH U
MeTOJa OOYUeHHsI.

6. Ananu3 KOMOMHATOPHBIX OIMEHOK IO3BOJISIET HA3BATH TPH OCHOBHBIE MPUUWHDBI 3a-
BBLIIIEHHOCTH CJIO?KHOCTHBIX OINEHOK KauecTBa: MpeHebpexkenue 3(hdeKkToM JIOKAJIU3ANH,
HOIPENTHOCTD YKCIOHEHITHAIBHOTO TPUOINKEHUST KOMOMHATOPHOTO MHOYKUTEJIS U MOTPEIII-
HOCTD, CBS3aHHAS C CAMUM IIEPEX0/IOM OT Ka4ecTBa K CJI0KHOCTH. KoMOMHATOPHBIH aHAJIOT
onenoK Bamunka—YepBoHEHKNCA MO3BOJISIET YCTPAHUTH TOJMBKO TEPBbIE IBE MPUINHBHI.
B cuny Tperbheit mpuYMHBL JIIO0BIE CJI0KHOCTHBIE ONMEHKN KA9eCTBA O0YUEHUs SBJISIIOTCS
OPUHIUITHATHHO 3aBBITTEHHBIMI.

Jlauubrit (hakT MO3BOJISIET BBIABUHYTH HPEIIOJIOKEHNE, UTO MOJYIUTh MPHEMIeMble
YUCJEHHBIE OIMEHKN KAaYeCTBA BO3MOZKHO TOJILKO MPH SBHOM y4éTe anpuopHOil mHpopMa-
UU O BEIOOPKE M BOCCTAHAB/INBAECMON 3aBUCHMOCTH.

9. YHUBEPCAJIbHBIE OTPAHUYEHNS

OcHoBHas wjesd 3TOr0 HAIPABICHUA COCTOMT B TOM, YTO €CJIM METOJl O0y4YeHUs] CTPOUT
AJITOPUTMBI, B HEKOTOPOM CMBICJIE «COTJIACOBAHHBIE» C MMEIIeHcss ampuopHoit nHpOp-
Maret, To obobiainiasi CrrocOOHOCTh TAKOTO MeTO[a MOYKET OKa3aThbCs CYIIECTBEHHO
JIydiiie, 9eM B OOIIeM CJydae.

CoorercrBue obydatorieil BBIOOPKH (JOKaIbHOH WHMOPMAIMN) W AlpPHOPHBIX Orpa-
HUYeHni (yHuBepcaabHOil nHGOpPMAIUK) TOAPOOHO H3YYIAETCS B TEOPUH YHUBEPCATBHBIX
u jgokanbubix orpanmdenuit K. B. Pymakosa [19]-[22]-|20]-|21]-|23]-[11] ¢ mo3mimit Teo-
pun Kareropuit u ajaredpamveckoro mojaxoja K npobdseme pacio3nasBanus. Ajredpande-
CKasl TEOPHs TO3BOJIAET MIPOBEPATH HEIIPOTHBOPEUUBOCTD ITUX JABYX TUIIOB HH(MOPMAIIIH 1
KOHCTPYKTHBHO OIHKCHIBATH HEU3OBITOUHBIE KJIACCHI MOeeil aJrOpUTMOB, JOIYCKAIOIIHE
IOCTPOEHKEe KOPPEKTHBIX (He omrubatormuxcst Ha o0ydaorieii Beibopke) aaropurmon. -
HAKO OIleHKH 00001IaoIeil ciocoOHOCTH B IaAHHONK Teopun He paccMaTpuBaTces. Booobie,
npobJieMa BJIHSHUS alpUOPHOil HH(OPMAIUU HA Ka4eCTBO BOCCTAHOB/ICHUA 3aBUCUMOCTH
HpeJicTaB/IdgeTca Haubosee CJI0XKHOI U HauMeHee U3ydeHHOil.

KoMOunaTopHbIil 10/IX0/1 CYIIECTBEHHO 00/1er4aeT pa3BUTHE JAHHOIO HAIIPABICHHI, 110-
CKOJTBKY OTITa1aeT HEOOXOIUMOCTH COTJIACOBBIBATH AIIPUOPHY IO WHMOPMAINIO CO CBONHCTRA-
MU BEPOATHOCTHOH Mephbl.

B wactHOCTH, MOTyUeHa HE-BEPOSITHOCTHAS ONEHKA (DYHKIIMOHAJA CKOJIB3SIIEr0 KOH-
TPOJISI JJIs CJIy9asi, KOTJAa MCKOMash 3aBUCHMOCTH MOHOTOHHA WJIH MOYTH-MOHOTOHHA, U
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MeToj1; 00y UeHnsT CTPOUT TOJBKO MOHOTOHHBIE 0TOOpazkenus |7]-|9]. AnpuopHas nrdopma-
U BhipazkaeTcsd B popMe «Ipodusisi MOHOTOHHOCTH» BBIOOPKH, KOTOPbI XapaKTepu3yer
IJIOTHOCTH OTHOIICHUS MOPsKA BOJIM3M I'PAHUIBI KIaccoB. /laHHas oneHKa HUKOTIA He
IPEBBIIIALT €MHUIBI, He 3aBHCHT OT CJIOXKHOCTH CeMeficTBa (MMEIero, Kak W3BeCTHO,
OECKOHEYHYIO EMKOCTB), W SIBJSIETCS CYIIECTBEHHO 00Jiee TOYHON Ha MaJIbiX BHIOOPKAX,
qeM OICHKH, HOJMydeHmble panee [24]-[75].

Emé onna nHe—BeposaTHOCTHAS OIeHKA TOTyYeHa JIJIs METO/1a OJIUZKAMIITero cocena mpu
HAJIMIHUH allpUOPHON WHMOPMAIUK 0 KOMOAKTHOCTH KJIACCOB, BRIPayKeHHON B (hopMe «ITpo-
dbniig KoMImakKTHOCTH» BBIOODKHU. /laHHAA OlleHKA ABJSeTCS TOYHOM U BBHITEKAET HEMOCPE/I-
cTBeHHO u3 GopMys 3PDOEKTHBHOTO BBIYUCIEHUS TOJHOTO CKOJIB3SIIEr0 KOHTPOJIA JJIsd
MeTojia Gamzkaiimux cocesieii [68]. OHa Tak:Ke He 3aBHCHT OT CJOXKHOCTHBIX XapaKTepH-
CTUK ceMelicTBa, NMeMNero 6eCKOHETHYIO éMKOCTD.

B szaksodenne orMeruM, 9TO JIOMOJHEHWEM K JIAHHOMY 0030DYy SIBJSIETCS MEPUOIIH-
YeCKHU TOTMOJIHAEeMasi YaCTUYHO aHHOTHpOBaHHas Oubauorpacduyueckas 6aza MachLearn,
pa3MerénHas 1o ajpecy www.ccas.ru/fre

ABTop BBIpaKaeT ryOOKyt0 mpusnarenbHocTh akagemuky PAH 10. U. 7Kypasnény
3a OKa3bIBAEMYIO TO/IEPKKY u cBoemy Yunrentoo w4wi-kopp. PAH K. B. Pymnakosy 3a
HOCTOSIHHOE BHUMaHUe K paboTe U NEeHHbIE 3aMeYaHusl.

Pabora nojguepzkana Poceniickum dongom dyHmaMeHTaIbHBIX HCCIe0Banuii (1Ipoek-
o1 No 02-01-00325, Ne 01-07-90242) u PoHgIoM COeiicTBIS OTEIECTBEHHON HAYKE.
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