®enepanbHOe roCy1apCTBEHHOE ABTOHOMHOE 00pa3oBaTeibHOe
yupeskaeHue BbICIIero 00pa3oBaHus
«MockoBckHil (PU3UKO-TEXHHYECKUH HHCTUTYT
(rocynapcTBeHHbI YHHBEPCY s €T)»

«YTBEP/XKIAIO
fipepexTep HO yueOHOM padoTe
% O8Y30BCKCIl IOATOTOBKE

_____ A.A. BopoHnos
PaGouas nporpaMMa quCHUNJIMHBI (MO 17}
10 JMCIHHUILIHHE: MeTo/bp1 aHAMH3a TaHHBIX U PACIIO3HABAHUS
10 HANPABJIEHUIO: [Tpuknagaeie MaTemMaTHKa U (pU3UKa (MarucTparypa)
npo¢uib NOArOTOBKH: YrpaBieHnue TeXHOIOTUIECKUMU MPOCKTaMHU
(baKynpTeT pagUOTEXHUKN U KUOCPHETHKH
kadeapa nHGOPMATHKHU U BEIYUCIUTETLHON MaTEMaTHKH
Kypc: 1
KBaJIM (UK u: MarucrTp
CemecTtpbl, GOpMBI IPOMEKYTOUYHOH aTTECTAINH:
1(Ocennuii) - luddepeHmpoBaHHbIi 3a4eT
2(Becennwuit) - Dx3ameH
AynutopHbIX yacoB: 90 Bcero, B TOM 4YucIIe:
nexuuu: 30 yac.
MpaKTUYECKHE U ceMUHapckue 3auarus: 30 gac.
nabopatopHsble 3anaTus: 30 gac.
CamocrosrenbHas padota: 105 gac.
[ToaroroBka k sk3aMeny: 30 yac.
Bcero yacos: 225, Bcero 3a4. ef.: 5
IIporpammy cocraBumi: B.B. Ps3anoB, n-p ¢us.-maT. HayK, CTapiInii HAy4YHBIH COTPYAHHK, Ipodeccop
IIporpamma o0cy:kaeHa Ha 3acelaHUU Kadeapbl
2 ¢espans 2018 r.
COI'NTACOBAHO:
3aBeyromnuit kadenpoit N.b. ITetpor
HauvanpHuK yueOHOTO ynpaBieHus // 4 N.P. I'apaiimnza
1]"/
) 1
/A
Jlexan ¢axynbrera C.H. I'apuues



1. Henu u 3apaun

eab AMCHUIIUHBI

HU3Y4YCHUC COBPEMCHHBIX IIO0AXOJ0B, Moneneﬁ, AJIrOPUTMOB aHaIM3a JaHHBIX H PEIICHUA 3aJad
paciio3HaBaHUs, KJ'IaCCI/I(i)I/IKaHI/II/I, HaXO0XJICHUA 3aBHCHMOCTCH.

33}13'{[/1 AUCIUITIJINHBI
° OCBOCHHUCCTYACHTAMU 0a30BBIX 3HAHHMK B 00JACTH MCTOAOB aHa/In3a NAHHBIX W pPaCllO3HABAHHUA
(MAZIP);
° HpHOGpeTeHI/IC TCOPCTUICCKUX 3HAaHUH B 00JIaCTH aHaIU3a MPCUCACHTHBIX JaHHBIX B YCIOBHAX HUX
YaCTHUHOMU MNPOTUBOPCUNBOCTU U HCIIOJIHOTHI,

*  OKa3aHHWE KOHCYJbTAllMid W TMOMOIIM CTYJEHTaM B MPOBEICHUH COOCTBEHHBIX TCOPETHUECKUX U
IKCIIEPUMEHTATBHBIX HcclieaoBanuil B o0mactu MAJIP;

. dbopmupoBanre HaBbIKOB mpuMeHeHus MAJIP mpu uCClIenoBaHMM SKCIEPUMEHTAIBHBIX,
CTAaTUCTUYECKUX WM HKCIEPTHBIX JAHHBIX NP BBINOJHEHUHM CTYJIEHTaMH BBIMYCKHBIX paboOT Ha
CTENEeHb MarucTpa.

2. MecTo qucuunJInHbI (MOAYJsl) B CTPYKTYpe 00pa3oBaTe/ibHOI MPOrpamMMbl

JanHast TucuuIuIinHa OTHOCUTCS K BapuatuBHoM yactu OOIL.

JucuumnuHa « MeToIpl aHaMM3a TaHHBIX U paclio3HaBaHU) 0a3upyeTcs Ha TUCIUTUIMHAX
Anrebpa;
MareMaTH4YeCKUM aHaIu3;
Bricmias matemaruka.

3. llepeyeHb IVIAHUPYEMBIX Pe3YJIbTATOB 00y4eHH S MO AUCHUILIHHE (MOAYJII0), COOTHECEHHBIX €
IUVIAHUPYEMbIMU Pe3yJibTATAMH 0CBOEHHs 00pa30BaTeIbHOM MPOrpaMMBbl

OcBoeHMe TUCIUILTMHBI HAIIPaBJIEHO HAa (JOPMUPOBAHHE CIIEIYIOMINX OOIIEKYIbTYPHBIX,

oOmenpodecCHOHATBHBIX B MPOGECCHOHATBHBIX KOMITETCHITHN:
TOTOBHOCTb PYKOBOJUTH KOJIJIEKTUBOM B cdepe cBoeil mpodeCcCHOHAIbHON NeSTENIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAS COIMAIbHBIC, STHUYECKUE, KOH(pecCHOHambHbIE U KyIbTypHBIC paznuuus (OI1K-2);
CIIOCOOHOCTh HCMOJIb30BaTh Ha MpaKTUKE YIIIyOleHHble (DyHAaMEHTalbHbIE 3HAHUS, MOJyYEHHBIE B
00J1aCTH €CTECTBEHHBIX U TYMaHUTAPHBIX HAYK, M BJIaJICHUEM HaydHbIM MHpOBo33peHueM (OI1K-3);
CIIOCOOHOCTh TPUMEHSATh Ha MPAKTUKE YMEHHS M HaBBIKM B OpraHHU3al[Md MCCIEA0BATENbCKUX U
MPOEKTHBIX paboT, CHOCOOHOCTHIO CAMOCTOATEIBHO OPraHU30BBIBATH M IMPOBOJAUTH HAy4YHBIE
UCCIIEIOBAHMSI U BHEIPATh UX Pe3yJIbTaThl B KaueCTBE UJeHA WJIM PYKOBOAMTENS Majoro KOJJIEKTHUBA
(IIK-3);
CIIOCOOHOCTH MpodeccHOHANBEHO paboTaTh C MCCIEAOBATEIBCKUM U HCIBITATEILHBIM 000pYIOBaHUEM,
npubopaMu ¥ YCTAaHOBKAMH B U30PAaHHOMN MPEAMETHON 00JACTH B COOTBETCTBUU C LEISIMH MTPOTPAMMBI
crienraIu3upoBaHHON noarotoBku maructpa (I1K-4).

B pe3yabTaTe OCBOCHUA TUCHUITIIMHBI oﬁyqammnecsl HOJIZKHBbI

3HATb:



U dbyHIaMEHTAlIbHBIE TOHSATHUS W METOJbI TEOPUM PACIIO3HABAHMS IO TPELEICHTAM M aHajIn3a
JIAHHBIX;

U COBPEMEHHBIC TPOOJIEMbI aHAIM3a JAHHBIX, TEOPUU PACIO3HABAHUS, KIACCU(PUKAIIUHU, MMOUCKA
3aBHCHUMOCTEI;

U METOJIbI W TOAXOJbl PEIICHUs MPAKTUYECKUX 3a7ad aHauu3a JaHHBIX U Kiaccuduxanmm
KOJIJIEKTUBAMU aJITOPUTMOB;

'] mporpaMMHBIE CpEACTBA PEIICHUS OCHOBHBIX 33J1a4 aHAJIH3a JaHHBIX U KIacCH(DHUKAITIH.

yMeTb:

0 MOJb30BATbCA CBOMMHU 3HAHWSIMM U pelieHus (QyHAaMEHTAJIbHBIX, MPUKIAJAHBIX U
TEXHOJIOTUYECKUX 3a]a4 B PA3JIUYHBIX MPEIMETHBIX 00IaCTsX;

'] nmenaTh MpaBUJIBHBIC BBIBOJBI 3 COMOCTABICHHS PE3YJIbTaTOB TEOPUU M HKCIIEPHUMEHTA, BEIOUPATh
NPaBUJIBHO MapaMeTpbl METOJIOB, aJIEKBATHBIE Pa3MEPHOCTH 00YUYaIOIINX BEIOOPOK;

'] nenaTh KaueCTBEHHbIE M KOJIMYECTBEHHBIC BBIBOJABI MPHU MEpPeXoje K MpPeJeNbHbIM YCIOBUSAM B
U3y4aeMbIX MpobdiIemMax;

0 OCBaMBaTh HOBBIE IpPEIMETHbIE O0JACTH, TEOPETUUYECKHUE MOIXOAbl M SKCIEpPUMEHTAIbHbIC
METOMKH;

] mosiydaTh ONTHUMAJIbHBIE AJNTOPUTMBI KJIACCH(PUKALMK W TMPaBHIBHO OLEHHMBATH CTENEHb HX
TOYHOCTH U JOCTOBEPHOCTH;

"] paboTaTh Ha COBPEMEHHOM IKCIIEPUMEHTAIBLHOM 000pyI0OBaHUU;

'] TUIaHUPOBATh ONTHUMAIILHOE MPOBEACHUE O0YUEHUS 10 MpeLeICHTaM;

1 a¢ddexkTuBHO HCMONB30BaTh MH()OPMAIIMOHHBIC TEXHOJOTHH M KOMITBIOTEPHYIO TEXHHKY JUIS
JTOCTIKEHHSI HEOOXOAUMBIX TEOPETHUECKUX U MPUKIATHBIX PE3YIbTATOB.

BJAaA€CTh:

'] HaBBIKAMH aHaNu3a OOJBIIOr0 00bEMa YAaCTUYHO MPOTHBOPEUYHMBBIX M HETIOJIHBIX MPHU3HAKOBBIX
OIIMCaHU;

O HABBIKAMHU CaMOCTOSITEIBHON paboThl B JIA0OPATOPUU C HCIIOJIB30BAHHEM COBPEMEHHBIX
KOMITBIOTEPHBIX TEXHOJIOTHUH;

'] KyJbTYpOU MOCTAaHOBKY U TUIAHUPOBAHUS TOCTIEAOBATEIHPHOCTH PEIICHUS 3a/1a4 aHalln3a TaHHBIX U
KITacCUUKALINN;

O HABBIKAMU TPAMOTHON OOpabOTKM CTaTHCTHUYECKUX MHOTOMEPHBIX JAaHHBIX, O(GOPMIICHHS
PE3yJIbTaTOB YMCICHHBIX PACUETOB M UX COMOCTABICHUS C TEOPETUICCKUMHU OI[EHKAMU;

'] MpaKTUKOM MCCIEAOBAaHUS U PEUICHHS TEOPETUICCKUX U IPUKIIATHBIX 3a7a4;

"] HaBBIKAMH aHAJIM3a PEANBHBIX 33/1a4 U3 PA3IMYHBIX MPEJAMETHBIX 00JIacTell Ha YPOBHE OTIEIBbHBIX
MOJIXOJIOB ¥ KOJUIGKTHBAMH aJITOPUTMOB.

4. Conep:xxaHue TUCHHUILIHHBI (MOYJIf1), CTPYKTYPHUPOBAHHOE 10 TeMaM (pa3jieiaM) ¢ YKa3aHueM
OTBe/ICHHOI0 HA HUX KOJIMYeCTBA aKAa/IeMHUYeCKHUX YACOB U BUAOB YUeOHbIX 3aHATHH

4.1. Paznmensl IUCIUTIITUHBI (MOYJIsI) U TPYJO€MKOCTH TI0 BHIaM YUCOHBIX 3aHATHNA

Bunibl yueOHBIX 3aHATHH, BKIIOYAst CAMOCTOSTEIBHYIO
paboty
Ne Tema (pa3aen) TUCIUILTHHEL IlpaxTiec- 3ananus,
KHE Jlabopar. Camocr.
Jlekuuun KYpCOBBIE
CEMHHApCKHE | paboThI 6 paboTta
3aHATUA pabOTBl
OcHOBHBIE TIOHSTHSL. Monenu
1 pacro3HaBaHus, OCHOBAHHBIE Ha 5 5 5
MPUHIIAIIEC YACTUYHOU MPELeICHTHOCTH.
NudopmaTtuBHOCTD MIPU3HAKOB u
2 9TaJIOHOB, METOIEI OLICHKU 5 5 5
WH()OPMATUBHOCTH.




Jlornueckre 3aKOHOMEpPHOCTHU KJIacCOB,
3 MX TIOMCK M TPUMEHEHHE B 3aJayax 5 5 5
KJaccuuKaum.
Mopenu pacrio3HaBaHusi, OCHOBaHHBIE HA
4 NOCTPOCHUH  OMHAPHBIX  PEIIAIOLINX 5 5 5
JIEPEBBHEB.
AJTOpUTMBI pacrno3HaBaHMUs,
5 OCHOBaHHbIE Ha MOCTPOCHUM JTUHEHHBIX 5 5 5
U KyCOYHO-JTMHEMHBIX  pa3Jesiomux
MMOBEPXHOCTEH.
Monenu pacrio3HaBaHUs, OCHOBaHHbIE Ha
6 MIOCTPOEHUU HEJIIMHEHHBIX Pa3aesIONInX 5 5 5
MTOBEPXHOCTEH.
7 HetiipocereBbie Moenu KinaccuuKaIiim. 4
3 ROC-ananmuz u AUC- ontumanbHbIe )
KJIaCCU(PUKATOPHI.
9 CraTuctuueckas Teopus pacrno3HaBaHUS. 2
10 |Anrebpamnueckasi TeOpusi paclo3HaBaHUSI. 4 25
1 Cucrema again3a IAHHBIX u 4 75
knaccudukanuu PACITOSHABAHUE.
12 |KnactepHslil aHaIU3. 4 25
13 Pemienue 3a1a4 KJIaCTepU3aALNU 4
KOJUIEKTUBAMHU aJITOPUTMOB.
Knaccudukanus 00beKTOB ¢ HETIOJHBIMU
14  |npu3HaAKOBBIMHU ONMCAHUSAMU, c 4
OOJIBIITUM YHCIIOM KJIACCOB.
15 Haxo;xz[eHHeu (GyHKIIMOHATIBHBIX )
3aBHCHMOCTEH 110 MpereeHTaM.
Wroro yacos 30 30 30 105
[ToaroTroBka Kk sK3aMeHy 30 ygac.
Oo6mas Tpya0EMKOCTh 225 yac., 5 3au.eq.

4.2. CopepxaHue JUCIUTUIMHBI (MOAYJIsS), CTPYKTYPHPOBAHHOE IO TeMaM (paszesiam)
Cemectp: 1 (Ocennmuii)

1. OcHoBHble TOHATHS. Mozenn pacro3HaBaHMs, OCHOBaHHbIE Ha MPUHIMUIE YaCTUYHON
IPELEICHTHOCTH.

OcCHOBHBIE IOHSATHS TEOPUH PACTIO3HABAHUS 110 TperieieHTaM. [Ipu3HakoBbie onucanus, o0yJaromue
BBIOOPKH, KOMIAKTHOCTb, 3aJjaud paclo3HaBaHMs, KJIACTEPHOTO aHAlM3a, BOCCTAHOBIICHUS
perpeccuii, IMPOTHO3UPOBAHUsA, MOUCKA 3aKOHOMEpPHOCTEU. [IpuMephl IIpakTUYECKUX MPUMEHEHUM.
CranpmaptHass oOyuvaromas uHpopmanusa. DyHKIMOHAN KadecTBa paclo3HaBaHMA. |eCTOBBIM
QITOPUTM, QJITOPUTMBI C MPEACTABUTEIBHBIMA HabopaMu. Mojenu aaropuTMOB BBIYMCICHUS
otieHOK. D dexTruBHBIE (HOPMYIIBI BEIYUCICHHS OLICHOK.

2. UnpopMaTUBHOCTH MPU3HAKOB M STAIOHOB, METO/IbI OLIEHKU MH(POPMATUBHOCTH.




Paznuunbple TOAXOABI M METOJBI OINpeneNeHus HH(POPMATUBHOCTH TPU3HAKOB M ITAJIOHOB.
Boruncnenne oueHok — umHpopmatuBHOCTU. [lonck HH(POPMATHUBHBIX CHCTEM NPU3HAKOB Kak
JTUCKpeTHass ONTHUMHU3AlMOHHAs 3aaada. [IpuOmmKeHHbI MeTOJ HaXOXKACHUS ONTUMAJIbHOTO
IIPU3HAKOBOI'O IOAIPOCTPAHCTBA, OCHOBAHHBIM HAa IIPUMEHEHHMM JIOTUYECKHUX KOppeIsiuuin
IIPU3HAKOB U METOJIOB KJIACTEPU3ALIUH.

3. Jloruueckue 3aKOHOMCPHOCTH KJIACCOB, UX MTOUCK U ITPUMCHCHHUC B 3aa4ax KHaCCI/I(bI/IKaI_[I/II/I.

Jlormueckre 3aKOHOMEpPHOCTH KJIACCOB, JIOTMYECKHE OINMCAaHUS KJIAcCOB, MHUHUMAJbHbIE U
cokpaieHHble onucanus. [locrpoenne pemaromux QyHKIMA B MOJENAX FOJOCOBAaHUS O CHCTEMaM
JIOTUYECKUX 3aKOHOMEpHOCTEN. Haxok1eHre TOrM4ecKruX 3aKOHOMEPHOCTEN KIIACCOB KaK PEIICHUE
CHEIMATM3UPOBAHHBIX 3a/lad TUCKPETHOM onTuMu3auuu. [IoMck JOrmueckux 3aKOHOMEpPHOCTEH
KJIACCOB C YaCTOTHBIM U CTAHJAPTHBIM KPUTEPHUSIMH KaueCTBa.

['enetndeckue anropuTmbl moucka. KpoccoBep, MyTtarus, omepartopsl oTOopa. [ eHetmueckuit
QJITOPUTM TOUCKA JIOTHYECKUX 3aKOHOMEPHOCTEH KIIaCCOB.

4. Mopenu pacrio3HaBaHUs, OCHOBaHHBIE HA TIOCTPOEHUU OMHAPHBIX PEIIAIOIINX I€PEBHEB.

bunapupie pemaromue nepeBbs. llpusnakoBele mpeaukatel. IlpeacraBienue  pazOueHuHs
JMCKPETHOTO €IMHUYHOTO Ky0a B BUAEC OWHAPHOTO PEIIAIONIEr0 JAepeBa. AJNTOPUTM MOCTPOCHHS
JOMyCTUMOTO  pa3OueHus. AJTOPUTMBI TIOCTPOCHHS OMHApPHOTO pEeIIAloIIero JepeBa IO
npereeHTaM, IPaKTHYeCKUe METOIbI 00pe3aHtsl IePEBhEB.

5. AJITOpUTMBI pacrno3HaBaHUs, OCHOBAHHBIE HAa TMOCTPOCHUHM JIMHEWMHBIX U KYCOYHO-JIMHEHHBIX
pa3aeNSAIOMIMX MOBEPXHOCTEM.

MuHuMHU3anMsg SMIUPUYECKOro pucka. [IpaBuio mocTosHHOro mpupaiieHus, reopema HoBukosa.
ITouck MakcMManbHOM COBMECTHOM ITOACUCTEMBI CHUCTEMBI JIMHEWHBIX HEPAaBEHCTB. JIMHENHbIE U
KYCOYHO-JIMHEHHBIE PA3fesIolue MMOBEpXHOCTHU. JIMHeHas MamnHa. JIMHEWHBI AUCKPUMUHAHT
Oumiepa. MeToApl MOCTPOCHUS JTHHEWHBIX pa3IeisiomuXx (QYHKIMHA (peTakcalMoOHHBIE METObI,
TNICEB/I000pAIIEHUs], METO/IbI JINHEHHOTO MPOrpaMMHUPOBaHus). MeTo] KOMUTETOB.

6. Mogenn pacro3HaBaHHsS, OCHOBAHHBbIE Ha TIOCTPOCHHWU HEJIMHEHWHBIX Pa3AeISIOIINX
MMOBEPXHOCTEH.

[TocTpoeHre MOJMHOMHANBHBIX pa3feNsAloluX T[OBEPXHOCTEH, TMepexoa B  CHpAMISIONIee
MPOCTPAHCTBO. MeTo ] MOTEHIMANBHBIX (QYHKIIHH, Mpolenypa 00ydeHHsl MeToia, METO TPYMIIOBOTO
ydyeTa apryMeHTOB. MeTos OmOpHBIX BEKTOpOB. CBeAEHUE 3aJaud MOCTPOEHUS pa3aeiarolei
TUMEPIUVIOCKOCTH ¢ MaKCUMaJIbHBIM 3a30pOM K 3a/lade KBaJpaTUYHOTO mporpammupoBanus. Ciydaii
JIMHEWMHON HEepa3eTMMOCTH KJIacCcoB. MeTOJ OMOPHBIX BEKTOPOB M CHPSAMIISIONIEE MPU3HAKOBOE
npocTpancTBO. CBSA3b METO/1a OMIOPHBIX BEKTOPOB U METO/1a MOTEHIMATbHBIX (DYHKIIHH.

Cemectp: 2 (Becennuii)
7. HeitpoceTeBbie Mo KilacCU(DHUKaITUN.

HetipoceteBbie  anropuTmbl  pacno3HaBanusi.  OOmme  MOHATHSI.  AJTOPUTM  OOpaTHOTO
pacripoctpanenus omuoOku. Cetn Koxonena m Xomduibaa, anropuTtMbl oOydeHuss X300a, ceTu
BCTPEYHOI'0 pacIpOCTpaHeHus, MyJIbTHILNIMKaTUBHbIE HEUPOHHBIE ceTH, Teopema Koamoroposa.

8. ROC-ananmuz u AUC- onTumanbHbIe KJIacCU(PUKATOPHI.



Onpenenenne ROC-kpuBBIX Kak BBIOOP ONTUMATIbHBIX KiaccudukaTtopoB. OnpeneneHrue TabIUIIBI
COTPSKEHHOCTH, TOUKU oTceyeHus:, omuOku | u II poxa, yyBcTBUTENBHBIE U clieUU(UYHBIE TECTHI
[TpakTuueckoe moctpoenre u aHann3 ROC-KpHUBBIX B MOJEISIX KJIaCCU(PUKAIINH.

9. CraTuctuueckas Teopus pacrno3HaBaHUS.

BaitecoBckoe pematomee npaBuiio. baiiecoBckmii puck. Kimaccudukanus ¢ MUHUMaIbHBIM YPOBHEM
ommbOok. Krnaccuduxatopsl, pasnpenstomuye (yHKIMA W TOBEPXHOCTH pemieHud. BepostHocTH
OomMOO0K, Ciaydaid HOPMAaJbHOW IUJIOTHOCTH, MaxXxaJlaHOOMCOBO PAacCCTOSTHUE, JHUCKPETHBIA Ciydai.
[TapameTpuueckre M HeMapaMeTPUUYECKHE CTATUCTUUYECKHE METOJbl pacro3HaBaHus. DyHKUIUS
pocTta, eMKOCTh MHOXKeCTBa (hyHKIUH. PaBHOMEpHAasi CXOIMMOCTh YacTOT OLIMOOK K BEPOSITHOCTSIM.
[Ipumepsl MoiEIel paciio3HaBaHUsl OTPAHUYEHHON M HEOTPAHUYEHHON €MKOCTH.

10. AnrebGpanueckasi TeOpUs pacrio3HaABaHHUS.

CrangapTHBI  pAacHO3HAIONIMKA  aJTOPUTM, PACIO3HAIONIMK OMNepaTop, pEIIaloliee MPaBUIIoO.
OcHOBHbIE TMOHATHUS U ONPEJENICHUs alreOpandyeckoro moaxoja B pacrno3HaBaHuu. KoppekTHOCTh 1
nojiHOTa Mojeneil. [IpencraBienue anropuTMOB B BHJIE ONEPATOPHBIX MOJUHOMOB. CylllecCTBOBaHHE
KOPPEKTHBIX alropuTMOB. MeTonbl TOUCKAa KOPPEKTHBIX anroputmoB. Ormepanuu  Haj
pacmo3HalOMMMU  alropuTMamMu. Jlormdeckue KOpPPEKTOPBL, KOPPEKTOp MO OOJBIIMHCTBY,
0aileCOBCKMI U TTOTEHITUATBHBIA KOPPEKTOPHI aJITOPUTMOB.

11. Cucrema ananuza nanubix 1 knaccudukanuu PACITOSHABAHUE.

Onucanne rpadudeckoid o0omouku. ['J1aBHBIE OKHO M OCHOBHOE MeHIO. OKHO mpoekta. MeTomabl
pacnio3HaBaHus u Kiaccupukanud. BBox u mpemnodpaboTka JaHHBIX, KOJTHMYECTBEHHBIC MPHU3HAKH.
OO0paboTka HOMUHATBHBIX TMPHU3HAKOB M HEU3BECTHHIX 3HAYCHUU. 3a/laHue OCHOBHOTO IPHU3HAKA.
CrtpyKTypa nporpammsl.

12. KnactepHblil aHanus.

3anaua KjacTepHOro anaiauza. Mepbl mogobus. OyHKIMU KPUTEPUEB [UIS TPYNIUPOBKH: KpUTEPUI
CYMMBI KBaJ[paTOB OUIMOOK, POACTBEHHBIC KPUTEPUN MUHUMYyMa JHcIepcud. MaTpullsl U KpUTEPUU
paccesHus. Kpurepuum kinacrepusanuy, OCHOBaHHBIE Ha MaTpulax paccesHus. Hekoropele
IBPUCTHUYECKUE AITOPUTMBI (METOJ K-CPEJHHMX, METOJ Pa3MBIThIX K-CpeIHHX, (openb, MEeTo]
K-9TAJIOHOB, QJITOPUTM B3aUMHOIO IIOIJIOIIEHUs). 3ajaya KJIacTepu3alMd B CTATUCTHUYECKON
IIOCTAaHOBKE. BOCCTaHOBIIEHHME IUIOTHOCTEM KOMIIOHEHT IO IUIOTHOCTH cMecu. MrepaTuBHas
ONTUMH3AIMA B KJIACTEPHOM aHauu3e. MUHMMM3aLUMsS KpUTEpHUSs CYMMBI KBaJpaTOB OIIHOOK.
Hepapxuueckass TIpyHNIHUpPOBKA, JEHIPOTrpaMMBbI, arjlOMEpPaTUBHBIE U JEIMMBIE IPOLELYPHI.
Anroputmbl "Onmwkaimuii cocen”, "manmpHui cocen’, komrpomucchl. IlomaroBas ontuManbHas
uepapxuueckas rpynmnupoBka. MHoromepHoe MaciutabupoBanue. Perenue 3aqaun KiacTepu3aluu
KaK IOMCK MUHMMAaJIbHBIX NOKpbITHH. KpuTepun kadecTBa KilacTepu3alnuii, OCHOBaHHbIE Ha OLIEHKE
YCTOMYMBOCTU pelieHUuN. MeTonbl BBIYMCICHHUS KPUTEpUEB. Mepbl KOHLIEHTpALUU, CPpeAHss Mepa
BHYTPUKJIACCOBOIO paccesHus. Kpurepunm KiacTepus3allid IpPU HEU3BECTHOM YMHCIE KIIACTEPOB.
Pewenne 3anau kiracTepu3aluy IpU HEU3BECTHOM UYHUCIIE KIACTEPOB.

13. Pemenue 3aiay knacTepu3anuy KOJUIEKTUBAMH aJlTOPUTMOB.

Knacrepuzamusi KoJUIEKTUBaAaMU alropuTMOB. KOMHMTETHBIA CHHTE3 KOJJIEKTUBHBIX PEIICHHIA.
Pa3mbiThie W KOHTpacTHBIE MAaTpHUIl OIEHOK. KpuTepuum KauecTBa KOJUICKTUBHBIX PEIICHUH.
MeTopl HaX0X/IEHUS ONITUMAJIBHBIX KOJUIEKTHBHBIX PEIICHUH 3a/1a4u KJIacTepHOro aHainu3a. Bugeo -
JIOTUYECKUA METOJ] KJIaCTEPH3aIlUH.

14. Knaccudukanuss oObEKTOB C HEMOJHBIMU TPU3HAKOBBIMH ONUCAHHUSIMU, C OOJBIIMM YHUCIOM
KJIACCOB.



Cy1miecTByIolye METOJbl BOCCTAHOBJICHHUS 3HA4YeHW mpu3HakoB ( marginalisation, imputatior
PETPECCHOHHBIE M CTaTUCTHYEeCKHe MeToabl). [1oaxoapl, OCHOBaHHBIE Ha JIOKAIEHOM OOYYCHHH,
ONTUMU3AIMH ¥ IPUMEHEHUN aJTOPUTMOB pacrio3HaBaHUs. JJOCTOMHCTBA M HEIOCTATKU PAa3IMIHBIX
METO/IOB.

CymiecTByrone MoAXOAbI IS PEIIeHHus 3aad ¢ MHOTUMH Kiaccamu. [loaxossl, OCHOBaHHBIE Ha
MOMAPHOM pa3/IeTICHUH KJIACCOB, TOIXOJA «OIWMH TPOTUB Bcex». CBemeHue 3amadn K Habopy
TUXOTOMHYECKUX Kiaccupukanmii v moaxony ECOC.

15. HaxoxxneHue (pyHKIMOHATIBHBIX 3aBUCUMOCTEH MO MPEeLeACHTaM.

3ajaun U METOJIbl BOCCTAHOBJICHUS! PErPECCUld, MapaMeTPUUECKUE U HeNapaMeTPUUECKHUE TOJIXO0 b
(MHeMHass W  KYCOYHO-JMHENHas, IOJIMHOMHAJIbHAS, JIOTUCTHUYECKAash PErpeccuu, siiepHOe
CTUTQ)KUBAHHUE).

BoccTranoBneHne (pyHKIIMOHANIBHBIX 3aBUCUMOCTEHN MO MPEEACHTaM C UCIIOIb30BaHUEM JIOTHUECKUX
MoOJieJIel pacro3HaBaHus. baileCOBCKOE€ BOCCTAaHOBJIEHHE, KaK MOCTPOCHUE KOJUIEKTUBHBIX PEIICHUM
3aJa4 pacrno3HaBaHus. BoccTaHOBIEHNE KYCOUHO-TIOCTOSIHHBIX (DYHKIIMM MO Mperie/IeHTaM.

5. Onucanue MaTepruaIbHO-TeXHNYECKOH 0a3bl, HEOOX0AMMOM ISl OCYLIeCTBJICHUsI 00Pa30BaTEIbLHOIO0
npouecca no JMCUMILVInHe (MOIYJII0)

VYuyeOHast ay TUTOpHs, OCHAIEHHAs] MyJIbTUMEIUA-IIPOSKTOPOM U SKPAHOM.

6. IlepeyeHb OCHOBHOM M IONOJTHUTEJIbHOM JIUTEPATYPbI, HEOOXOAMMOI /1J151 OCBOCHUS TUCIUIIIHHbBI
(MomyJist)

OcHoBHas nuTeparypa
1. MaTemaTiu4eckrie OCHOBBI MAaIlTMHHOTO 00y4YeHust U mporHo3uposanus [Tekcr] / B. B. Boiorus ;
Mock. ¢u3.-TexH. uH-T (Toc. yH-T), JIab. CTpYKTYpHBIX METOIOB aHAJIW3a TAHHBIX B TIPE/ICKa3aTeILHOM
moaenupoBanuu (ITpeMoJla6), Uu-T mpobaem nepenaun nadopmaruu um. A. A. Xapkesuda PAH -
M.MIITHMO,2013

2. DneMeHThl MaTeMaTHIeCKOOH Teopuu MaHHOro ooydenus [Tekct] / B. B. Betorun ; M-Bo
oOpa3oBanus u Hayku Poc. @enepanun, Mock. gus.-rexH. uH-T (Toc. YH-T), MH-T npobiem nepenadun
uHpopmanuu uM. A. A. Xapkesnua PAH - M.M®THU : UTITIU PAH,2010

JlononHuTenpHas IMTeparypa
l.

7. IlepeyeHb yueOHO-MeTOAMYECKOTr0 o0ecnedeH s AJIsl CAMOCTOAATEILHOM padoThl 00y4arommxcst o
AUCHUILINHE (MOIYJIIO)

1. Little,R.J.A.,Rubin D.B.: Statistical Analysis with Missing Data. Wiley, NewY ork(1987)

2. Hardle, W.: Applied nonparametric regression. Cambridge University Press, Cambridge(1990)
3. Hloncko#i B.W. , bamra A.W. JIuckpeTHble MOJETN IPUHITHUS PEUICHUNA MPU HETIOJIHOU
undopmaruu. —Cumdpeponosns: TaBpus, 1992. — 166 c.

4. ok B., Camoitnenko A., DataMining: yue6nsIit kypc — CII6: ITurep, 2001. — 368 c.

5. Yoccepmen @., HeiipokomnberoTepHas Texuuka, M.,Mup, 1992.

8. Ilepeuennb pecypcoB HH(OPMALMOHHO-TEJIeKOMMYHUKANIMOHHOI ceTn "UHTepHeT', HE00X0AMMBIX
JJIS1 OCBOCHM S TUCHUNIMHBI (MOIYJISA)

http://www.machinelearning.org
http://www.machinelearning.ru



http://archive.ics.uci.edu/ml

9. MeToauuecKkue YKazaHnusda AJis oﬁyqamnmxca 0 OCBOCHHIO JUCHMUIIJIMHBI

CryneHT, n3ydaromuid Kypc METO/bl aHalIM3a JaHHBIX M PaclO3HABAHMSI, JTOJDKEH C OJHOW CTOPOHBI,
OBJIA/IETh OOLIUM MOHATUHHBIM ammapaTtoM, a C JAPYroi CTOPOHBI, JOJDKEH HAayYUThCS MPUMEHSTDH
TEOPETUYECKUE 3HAHUS HA IIPAKTUKE.

B pesynbrare u3ydeHus IUCLUIUIMHBI CTYACHT JOJDKEH 3HATH OCHOBHBIE OIPEICIICHUS, IOHATUSA,
AKCHOMBI, METO/IbI I0KA3aTENIbCTB.

YcnenrHoe ocBoeHHE Kypca TpeOyeT HanpsHKEHHOM caMOCTOSTEIbHOM paboThl cTyneHTa. B mporpamme
Kypca TpUBEICHO MUHUMAJIbHO HEOOXoauMoe BpeMs s paboThl CTyAEHTa HaJ TEMOW.
CamocrosTenbHas paboTa BKIIOYACT B CeO:

— YTEHHE U KOHCIIEKTUPOBAaHUE PEKOMEHIOBAHHOM JIUTEPATYPHI,

— TpopaboTKy ydeOHOro MaTepuana (MO KOHCIEKTaM JIEKIMH, y4yeOHOW M HayyHOW JIHTeparype),
IIOATOTOBKY OTBETOB HAa BONIPOCHI, IPEJHA3HAYEHHBIX [UII CaMOCTOATEIBHOIO  H3Y4YE€HUs,
JI0KA3aTeJIbCTBO OTACIBHBIX YTBEPKACHUM, CBOUCTB;

— pelleHue 3a1a4, IPeAJIaraéMbIX CTyIeHTaM Ha MPAaKTUYECKUX 3aHATUSAX;

— MOATOTOBKY K MPAKTHYECKUM 3aHATUAM, TU(PPEPEeHIIMPOBAHHOMY 3aU€Ty U SK3aMEHY.

PykoBOICTBO W KOHTPOJbh 3a CAMOCTOSITENTBHOW paboTOil CTyJIeHTa OCYIIECTBIsiETCS B (Qopme
MHAVBUAYAIbHBIX KOHCYJIbTALIUH.

ITokaszaTenem BIaJcHUS MaTEPUAIOM CIIYKUT 3HAaHHE PA3JIMYHBIX MOJXO00B, aJITOPUTMOB U METOJOB, a
TaKke yMeHue pemath 3afaud. s ¢hopMupoBaHMS yMEHHUS NPUMEHSTHh TEOPETUYECKHE 3HAHUS Ha
NPAaKTUKE CTYAEHTY HEOOXOIUMO pelaTh Kak MOKHO OoJiblie 3ajad, B TOM YHUCIIE NMPHUKIAIHBIX 33134
Kknaccuukanuu o mpeueaeHtaMm. llpum  pemieHuMM 3amad  KaXaoe JIGHCTBHE  HEOOXOIUMO
apryMEHTUPOBATh, CChIIASICH HA U3BECTHBIE TEOPETUUECKUE CBEICHUS.

BaxHo 10OMTbCS NOHMMaHMSA M3y4aeMOIo MaTepualla, a Heé MEXaHMYECKOro ero 3anoMuHaHud. [Ipu
3aTPYAHEHUM W3YyYEHUS OTIENbHBIX TEM, BOIPOCOB, CIEIyeT OOpaIlaTbCsi 3a KOHCYIbTALUSAMHM K
JIEKTOPY WJIM MPENOJABATENI0, BEAYIIEMY IIPAKTHYECKUAE 3aHATHUS.

10. ®oHx OLIEHOYHBIX CPEACTB sl MPOBEACHUSA MPOMEKYTOYHOM aTTeCTAIUN 10 UTOraM 00y4eHUs

[Tpunoxenue



IMPUJIO)KEHUE

POHJ OHEHOYHBIX CPEJICTB
JIJISI MPOBEIEHUS ITIPOMEXYTOYHOM ATTECTAIIUA OBYUYAIOIINXCA

MO INCHUIIJINHE
10 HANPAaBJIEHUIO: [Ipuknagaeie MaTemMaTHKa U (pU3UKa (MarucTparypa)
npoduib NOArOTOBKM: YrpapieHrue TeXHOIOTUIECKUMU MPOCKTaMHU

@akynbTeT paAUOTEXHUKH U KHOCPHETUKU

kadeapa nHGOPMATHKU U BEIYUCIUTEILHON MaTeMaTHK
Kypc: 1
KBaJIM(pUKanus: MarucTp

CemecTtpbl, GOPMBI IPOMEKYTOUYHOHN aTTECTAINH:
1(Ocennuii) - luddepeHmpoBaHHbIi 3a4eT

2(Becennwuit) - Dx3ameH

Pa3padoruuk: B.B. Ps3anoB, a1-p ¢pus.-mart. Hayk, cTapiiuii HayuyHBI COTPYIHUK, podeccop



1. Komnerenuun, (popmupyembie B pouecce U3y4eHus AUCHUTNITHHBI

OcBoeHHE JUCIUILTUHBI HAIPABICHO Ha (OPMHPOBAHHE y OOYYAIOIIETOCS CICAYIONIMX OOIICKYIbTYPHBIX
(OK), obmemnpodeccuonansubix (OIIK) u mpodeccnonansubix (I1K) kommereHuii:

TOTOBHOCTb PYKOBOJUTH KOJIJIEKTUBOM B cdepe cBoeil mpodecCHOHaIbHON NeSTENIbHOCTH, TOJIEPAHTHO
BOCITPUHUMAS COIMAIbHBIC, STHUYECKHE, KOH(pecCHOHambHbIE U KyIbTypHBIC paznuuus (OI1K-2);
CIIOCOOHOCTh HCMOJIBb30BaTh Ha MpaKTUKE YIIIyOJleHHble (DyHAaMEHTalIbHbIE 3HAHUS, MOJyYEHHBIE B
00J1aCTH €CTECTBEHHBIX U TYMaHUTAPHBIX HAYK, M BJIaJICHUEM HaydHbIM MHpOBo33peHueM (OI1K-3);
CIIOCOOHOCTh TPUMEHSATh Ha TMPAKTUKE YMEHHS M HaBBIKM B OpPraHU3al[Md MCCIEA0BATENbCKUX U
MPOEKTHBIX paboT, CHOCOOHOCTHIO CAMOCTOATEIBHO OPraHM30BBIBATH M IMPOBOJAUTH HAy4YHBIE
UCCJIEIOBAHMS U BHEIPATh WX Pe3yJIbTaThl B KaueCTBE YJjeHA WJIM PYKOBOAMUTENS Majoro KOJJIEKTHUBA
(I1K-3);

CIOCOOHOCTH MpodeccHOHANBHO paboTaTh C MCCIEAOBATEIBCKUM U HCIBITATEILHBIM 000pYIOBaHUEM,
npubopaMu ¥ YCTAaHOBKAMH B U30PAaHHOM MPEAMETHON 00JIACTH B COOTBETCTBUU C LEISIMH MIPOTPAMMBI
crienuaIu3upoBaHHON noarotoBku maructpa (I1K-4).

2. Iloxa3aTe)iu OlIECHUBAHUSA KOMIIETCHITHIA

B pesynbrare u3ydeHus AUCHUILTUHBI « MeTOIbI aHaINM3a JaHHBIX M Paclio3HaBaHUA» 00YyJalOLIUCs JOIKEH:

3HATh:
1 ¢dyHIamMeHTaNbHbIC MOHATUS W METOJbl TEOPHHM pPACIO3HABaHMA IO MPELEJCHTAM M aHaIu3a
JAHHBIX;
'] coBpeMeHHble IPOOJEMbl aHaAM3a JNAHHBIX, TEOPUHU PACIIO3HABAHMSA, KJIACCH(HKAIINU, MOHMCKA
3aBHCHUMOCTEI;
0 METOABl W TMOIXOABI PELICHHS MPAKTHUECKUX 3a/ad aHajiu3a JaHHBIX M KiIacCU(UKAIUH
KOJIJICKTUBAMU aJITOPUTMOB;
"] mporpaMMHBIE CPECTBA PELICHUsI OCHOBHBIX 3aj[ay aHaJIM3a JaHHbBIX U KJIacCH(UKAILIUU.

yMeThb:
0 MOJIb30BATbCA CBOMMHU 3HAHWSMM JUIS  pelieHus (QyHAaMEHTAJIbHBIX, MPUKIAJAHBIX U
TEXHOJIOTUYECKUX 3a]a4 B PA3JIUYHBIX MPEIMETHBIX 00IaCTSIX;
'] nmenaTh MpaBUJIBHBIC BBIBOJBI 3 COMOCTABICHHS PE3YJIbTaTOB TEOPUU M HKCIIEPHUMEHTA, BEIOUPATh
MPaBUJIBHO MapaMeTpbl METOJIOB, aJIEKBATHBIE PAa3MEPHOCTH 00YUaIOIINX BEIOOPOK;
'] nmenaTh KaueCTBEHHbIE M KOJIMYECTBEHHBIC BBIBOJBI MPHU MEpeXoje K MpPeJeNbHbIM YCIOBUSAM B
U3y4aeMbIX MpobiIemMax;
0 OCBaMBaTh HOBBIE IpPEIMETHbIE O0JACTH, TEOPETUUYECKHUE MOIXOAbl M SKCIEpPUMEHTAIbHbIC
METOMKH;
] moniydaTh ONTHUMAJIbHBIE AJNTOPUTMBI KJIACCH(PUKALMK W TPABHIBHO OLEHHMBATH CTENEHb HX
TOYHOCTH U JOCTOBEPHOCTH;
"] paboTaTh Ha COBPEMEHHOM IKCIIEPUMEHTAIBHOM 000pyI0BaHUH;
'] TUIaHUPOBATh ONTHUMAIILHOE MPOBEACHUE O0YUEHUS 10 MpeLeICHTaM;
1 a¢pdexkTuBHO HCMONB30BaTh MH(POPMAIIMOHHBIC TEXHOJOTHH M KOMITBIOTEPHYIO TEXHHKY JUIS
JTOCTIKEHHSI HEOOXOAUMBIX TEOPETHUECKUX U MPUKIATHBIX PE3YIbTATOB.

BJAaA€CTh:



'] HaBBIKAMH aHaiu3a OOJBIIOro 00bEMa YACTUYHO MPOTHUBOPEUMBBIX M HETMOJIHBIX MPHU3HAKOBBIX
OITHICAaHU;

O HaBbIKAMHU CaMOCTOSITEJIbHOM paboThl B J1a0OpAaTOPUU C HCIIOJIb30BAHUEM COBPEMEHHBIX
KOMITBIOTEPHBIX TEXHOJIOTHUH;

'] KyJbTYpOU MOCTAaHOBKH U IUIAHUPOBAHUS MOCIEA0BATEIHHOCTH PEIIEHUS 3a/1a4 aHallu3a TaHHBIX U
KJ1accuukanuu;

O HaBbIKAMU TPAaMOTHON OOpabOTKM CTAaTUCTUYECKUX MHOTOMEPHBIX MJAHHBIX, O(QOPMIICHHUS
PE3yJIbTaTOB YMCICHHBIX PACUETOB U UX COMOCTABICHUS C TEOPETUUECKUMH OLEHKAMU;

| MpakTUKOM MCCIEAOBaHUS U PEUICHHS TEOPETUYECKUX U MPUKIIATHBIX 3a7a4;

| HaBBIKAMM aHAJIM3a PEANBHBIX 33/1a4 U3 PAa3IMYHBIX MMPEJAMETHBIX 00JlacTell Ha YPOBHE OTIEJIbHBIX
MOJIXOJIOB M KOJUIEKTUBAMH aJITOPUTMOB.



3. IlepeyeHb THMOBBIX KOHTPOJBHBIX 3aJaHMil, MCHOJb3yeMBIX [Jsi OIeHKH 3HAHMIi,
YMeHUii, HABbIKOB

[lpomexxyrounast —arrecranuss 1o jgucuuiuiiae «MeToabl aHajaM3a [JaHHBIX H
PACIO3HABAHMSA» OCylIecTBIsAeTCs B (opme muddepeHINpOBaHHOIO 3a4yeTa M JK3aMeHa.
3ayeT mpoOBOIUTCA B yCTHOU (hopme.

IlepeyeHb KOHTPOJILHBIX BONPOCOB ISl cA1auM AU depeHIMPOBAHHOIO 3a4€eTa B
9-om cemecTpe.
1. HaiiTu MUHUMAIIBHBIN TECT /ISl TAOIUIBI OOYUCHUS:

a) 6)
0 001
0 101
1 00 0| K
1110 ! 011001
0 100 011011 K,
1 00 1| K 101001

2 011000
1 10 1 111011]K,
0 110 011101
2. HaiiTu MUHUMANBHBIN MPEACTaBUTEIBHBIA HAOOP KaXKIOTO Kiacca sl TaOIUIIbI

00y4eHus:

a) 0)
0 11 1 11
10 0]k, 0 0 0] K,
1 10 0 10
1 01 1 0O
1 1 1]K, 1 1 0]K,
0 01 0 11

3. BeramciuTh Beca MpU3HAKOB X, X; (OmpernensieMble yepes TYIHKOBBIC TECThI) TaOJIHI

3agaud 1.

4. TlpuBectu nmpumep TalOIHIBI O0yYeHUS C OMHAPHBIMU MPU3HAKAMHU, JIsI KOTOPOil BeC
NpU3HaKa X, paBeH Hymo. [IpuBectu nmpumep Tabauibl 00ydeHUs ¢ OMHAPHBIMU
IIPU3HAKaMHU, 111 KOTOPOM BEC MPU3HAKA X; PABEH €AMHMUIIE.

5. JlnuHa MUHUMAJIBHOTO TECTa MEHBIIIE JJIMHBl MUHUMAJIBHOTO MPEJICTABUTEIBHOTO
Habopa. BepHo 11 310 yTBepKIeHUE?

n
6. JlaHa cucrema JTUHEWHBIX YpaBHEHUH Z ! Zaijx i+ b, <0,i=12,...,m. ComocraBumi-
=l
My HepaBeHCTBY OyneBy nepemennyo Y; € {0,1}, a Bceii cucteme - OyseBy
dyukuuto f(y,,Y,,...,Y,) caexyromum odopazom. [lycts Z(Y) - moacucrema

cucTeMbl Z , COCTOSIIIAs M3 BCEX HEPABEHCTB, COOTBETCTBYIONIMX SANHIUYHBIM
KOMIIOHEHTaM Y .



£ (V) = 0, moxcucrema Z(Y) COBMECTHA,
()= {1, noacucrema Z(Y) HeCOBMECTH a.

K kakomy kiaccy OyneBbix ¢pyHkuuii orHocutcst f(Y) M Kak oHa cBsi3aHa C 3a7auei
MOUCKA MAaKCUMAaJIbHONH COBMECTHOM MOJICUCTEMbI CUCTEMBbI Z ?

7. IlocTpoiite permatomiee AepeBo AJis TaOuibl 00yueHus a), 0) 3agauu 1).
[TocTpoiiTe pemaroiee 1epeBo A TaHHBIX 3a1a4u 12.

8. HailTu MakCcMMaJIbHYI0 COBMECTHYIO MOJICUCTEMY CUCTEMbI TUHEHHBIX

HEPABEHCTB:
2X+3y >6 —-X+Yy=>2
5x—-2y >10 X+2y>-2
a) 0
-X+y>-5 -3X—-y=>6

-3x—-y=>3 2X—4y >4

9. IlocTpouTh HEMPOHHYIO CETh C JIMHEHHBIMU (PYHKIIUSAMH COCTOSIHUN, Pa3IeIISIONIYI0

CJICAYIOIMUC JIBA Kylacca:

10. ITocTpouTh HEHPOHHYIO CETHC TMHEUHBIMU (PYHKLUSAMHU COCTOSTHUM, pa3eIIIOLIyI0

CICOYIOMHUC ABa Kjacca:




11. Ha pucynke npuBeieHbI IByMEpHBbIE 0OBEKTHl 00yUCHHS B CIIydae IBYX KIJIacCOB.
[TpuBeCTH CIIUCOK JIOTHYECKUX 3aKOHOMEPHOCTEH KJIACCOB CO CTaHAAPTHBIM KPUTEPUEM

4+~ @ ® %k o
3T e e ok
2 * o %

T e % o e

Ka4yecTBa.
12. Ha pucyHke npuBeIeHbI IByMEpHBIE 00BEKTHI 00yUSHHS B CIIydae IBYX KIIacCOB.

HpI/IBCCTI/I CIIMCOK JTJOTHYCCKHNX 3aKOHOMepHOCTeI>'I KJIaCCOB CO CTaHAAPTHBIM KPHUTCPHEM

4— o o
3 - o *
2 - @ @ % %
1 @ X %

KadcCTBa.

13. a) Tokaxute, YTO PACCTOAHME MEKITY THIEPITIOCKOCThI0 J(X) = W'X +W,=0 u Toukoit

X npu Hamuuuu orpanudenns §(X,) =0 Moxer ObITh cieNaHO PaBHBIM |g()_()|/ ||W|| yTeM

2
MHWHUMM3ALUHU H)‘( — )_(qH .

b) HOKa)KI/ITe, YTO IPOCKIUA BEKTOPA X Ha THUIICPIITIOCKOCTD 3a4aCTCS BBIPAKCHHUEM

14. PaccMoTpuTe TMHEHHYIO MAIIMHY € Pa3AeIIOLIIMU

dyrkmamu g; (X) = V_vit)_( +W,,i =12,..., . Tlokaxure, 4T0 06IaCTH PELICHHUS SIBISIOTCSI

BBIMTYKITBIMH.
15. Tlpennoxxute 0600IIEHNE HA CITy9ail MHOTHUX KJIACCOB METO/1a MOTEHITUATBHBIX ()YHKIIHH,
BKJItOYaromero | pasaensronmx GyHKIMA; IPEAI0KATE UTEPATUBHYIO TIPOLELYPY
KOPPEKIUU OIMIMNOOK JIJISl ONPEICICHUS Pa3AeNSIOMUX (YHKIIHA.

16. PaccMOTprM MHOKECTBO U3 CEMU JIBYMEPHBIX BEKTOPOB
X =(10),%; =(0,1),%; = (0,-1),%; = (0,0), % =(0,2),%; = (0,-2),%; =(-2,0) . Jomyctum,
4TO MepBbIe YeThipe uMeroT MeTKy K, , a npyrue tpu — metky K, . IToctpoiite
MOJIMHOMHAIIEHYIO Pa3IEISIFONIYI0 (DYHKIUIO MUHUMATBHON CTETICHU.



17. IlocTpoiiTe AJist MHOKECTBA BEKTOPOB MPEABIAYILEH 3aa4i THIIEPILIOCKOCTb,
pa3AessIoIly0 MaKCUMalbHOe Yicio 00bekToB KiaccoB K, u K, .

18. HYCTB YCJIOBHBIC INIOTHOCTH JJISA OI[HOMepHOI\/'I 3aJla4y U IBYX KJIACCOB 3aJdHbI

pacnpenenennem Komm: p(x|K;) = i-;,i =12.

pus) —a Y
1+[x a,)
b
Cuwnras, uro P(K,) = P(K,), nokaxure, uro P(K, | X) = P(K, | X) npu

x=@1/2)(a, +a,).

Habpocaiite rpadux P(K, | X) mis cnyuas @, =3,a, =5,b=1. Kak Bezner cebs

P(K, | X) mpu X — —0?+007?
19. Ilycte X ecth Ounapusiii (0,1) BEKTOp ¢ MHOTOMEPHBIM pacrpezeneHueM bepaymu

P(x|60)= H@ixi 1-6)"" ,rne 6 =(6,,6,,...,0,)' - Hen3BeCTHMII NapaMeTPUUYECKHUii
i=1

BEKTOp, a 6, - €CTh BEPOSATHOCTH TOTO, 4TO X; = 1. [Tokaxkure, 4TO OIIEHKA I10 MAKCHMYMY
m

2%

i=1

20. ITycTts BeIOOpOYHOE cpeiHee M, U BEIOOpOYHAs KOBapHallMoHHas Matpuna C, s

HpaB,HOHOI[O6I/I$I AJIA 9_ CCTb é =

3|+

e o o R
MHOeCTBa N BBIOOPOK X;,X,,..., X, ONMPEACISIOTCS BRIpOKSHUSIMA M, = —ZXk , 1
N

1 G0 e
C:n = Z(Xk _mn)(xk _mn)t'
n-1i=

HOKa)I(I/ITe, YTO BJIIMAHUC HA OTHU BCIIMYHUHBI ,Z[O63BJ'I€HI/I}I HOBOM BBI60pKI/I )_(n+1 MOXHO

_ _ 1,
BBIPA3UTh PEKYPPEHTHBIMH (opMyamMu M., =M, +—1 (X.,,—m,) u
n+

Cn+1 = nTlCn + ﬁ ()_(n+l - mn)()_(m—l - mn )t :

21. Beipakenus u3 3a1aun 20 TO3BOJISIIOT BBOIUTH ITOMPABKH U OIIEHKH KOBAPHUAIIMOHHBIX
MaTpull. OHHaKO HEPCAKO NPCACTABIACT UHTEPCC O6paTHa$I KOBapualiuOHHas MaTpulia, a
ee oOpalleHre OTHUMAET MHOTO BpeMeHH. Jl0Ka3aB MaTPUYHOE TOKIECTBO

AT'XX AT

(A+)_()_(t 7l:A71—?
1+X A™X

IIOKaXXHTE, 4TO

C—l — n C—l_ Cn_l()_(ml_mn)()_(nﬂ_rﬁn)t(jn_l
" n-1l " n’-1

+ (Xn+1 - mn)t(jn_l()_(ml - mn)

22. PaccMOTpPUM MHOXECTBO U3 CEMU JIBYMEPHBIX BEKTOPOB
% =(10),%;, =(01),%X; = (0,-1),%, = (0,0),% = (0,2), % = (0,-2),%; = (-2,0) . lomycTum,
9TO MepBbIe TpH uMeroT MeTky K., a npyrue getsipe — MeTky K, .

a) Hapucyiite rpanuily 00acTei pemicHHA, MOTYYEHHYIO B PE3YJIbTAaTe TPUMEHCHHS
npaBuiia 6mukaiiiero cocena. (OHa TOJDKHA COCTOSTh U3 IEBITH OTPE3KOB MPSIMBIX. )



b) Haiigure cpennue 3HaYeHUst BBIOOPOK M, M M, M HAPUCYHTE IPaHUILY PELICHHS,

COOTBETCTBYIOIIYIO Kilaccu(ukanuu X Tpu MPUCBOSHUH €My KJlacca CPEJHEro 3HAYCHUS
Oymkaiiiieil BRIOOPKH.

23. ITonw3ysce onpeaeneHueM MaTPHUIIbI pPa3dpoca MeX Iy TPYIIaMH, JaHHBIM IS CITydast
!

MHOTHX KJIACCOB: Sy = Zni (M, —m)(M, —M)", noKaxkure, 4TO
i=1
Sg = [(nlnz)/n](n_H —m,) (M, —m,)", ecm | =2.

24. TlocTaHoBKa 33/1a4¥l paclo3HaBaHUs IO MpeneaeHTaM. [Ipu3HaKoBble OMUCAHUS U BHJIBI
MIPU3HAKOB. 3aja4M KiIacCH(PUKAIMKU ¢ yauTeseM (pacro3HaBaHus), Kiaccudukanuu 06e3
yuuTens (KJIacTEpHOI0 aHAJIM3a) U BOCCTAHOBJIEHUS PETPECCU KaK CIEIMAIbHBIE 3a/1a4l
HHTEPIIOJISILINU.

25.3amaun aHanM3a JAHHBIX W TIOMCKa 3aKOHOMepHocTei. IlpuMepsl mpakTHYeCKuX
MIPUMEHEHUM.

26. TynmukoBbIe TeCThI K-3HAYHBIX TaOymil oOydenus. CBeleHue 3a7a9d MOMCKA TYITHKOBBIX
TECTOB K MOWMCKY HEMPHUBOJIMUMBIX MOKPBITUI OuHapHOW MaTpuibl. CylecTBOBaHHE
TYIMUKOBBIX TECTOB.

27. NadopMalimoHHble Beca MPU3HAKOB, OCHOBAHHBIC HA BBIYMCIIEHUU TYMUKOBBIX TECTOB.
TecToBBIN arOPUTM PACTIO3HABAHMSL.

28. AnropuTMBbI pacro3HaBaHusl, OCHOBAHHBIE Ha HAXOXKJIEHUU U TOJIOCOBAHUU 10 CUCTEMaM
IIPEJICTaBUTENIbLHBIX HAOOPOB KJIACCOB. AJITOpUTM pacno3HaBaHus «Kopay.

29. CtoxacTU4eCKHil aHaJor TeCTOBOro anroputma. Moaudukanus aaropuTMOB YaCTUYHON
IPELEIEHTHOCTH /JIsl CJIy4yaeB BEUIECTBEHHO3HAYHBIX U CMEIIAHHBIX CUCTEM IIPU3HAKOB.

30. Aroput™Mbl pacro3HaBaHMs, OCHOBaHHbIE Ha BbluucieHHH oueHoK (ABO). Onopusbie
MHO’KECTBa aJITOPUTMOB, OCHOBHBIE 3Tallbl BBIYUCIIEHHS OLEHOK, IPUMEphl Mojenei
ABO.

31. DddexTuBHBIE (GOPMYIBI BBIYUCICHUS OICHOK JUIS CHCTEM OIOPHBIX MHOXKECTB
(bUKCHPOBAaHHON MOITHOCTH M BCEX OTMOPHBIX MHOKECTB.

32. OnTuMu3aIys MHOTOITAPAMETPUYECKIX MOJIEIIEH pacrio3HaBaHMs.

33. PenakcaniuoHHbBII alTOPUTM PEIICHUS CUCTEM JIMHEHHBIX HEPaBEHCTB U METOHBI €ro
yckopeHus. [IpuMeHeHue penakcalMOHHOTO alropuTMa JUisl MPUOJIMKEHHOIO MOMCKa
MaKCUMaJbHOM COBMECTHOW MOACUCTEMBI CUCTEMBI JIMHEHHBIX HEPABEHCTB.

34. KoMOMHATOPHBIN alrOpUTM IMOUCKA MAaKCHMAJIbHOW COBMECTHOM TOJCUCTEMBI CUCTEMBI
JTMHEHHBIX HEPABEHCTB.

35. Uu(hopMaTUBHOCTh TPU3HAKOB W JSTAJIOHOB. METOABI OICHKH WH()OPMATUBHOCTH B
MOJIETSIX ~ 4YacTHMYHOW  mperieneHTHOcTH.  CraTtuctuueckue,  WHQPOPMAIMOHHEIE,
ABPUCTUYECKHUE KPUTEPUU NHPOPMATHBHOCTH.

36. ITonck WHGOPMATUBHBIX CHUCTEM NPHU3HAKOB KaK 3ajada JUCKPETHON ONMTHMH3AIUH.
[IpuOm>keHHBI  aITOPUTM TIOMCKa MHWHHUMAJIBHOTO TPU3HAKOBOTO IPOCTPAHCTBA,
OCHOBAHHBIM Ha BBIYMCICHUM JIOTUYECKUX KOPPEISUMHA MPHU3HAKOB, OILICHKE
MH(OPMATUBHOCTH MTPU3HAKOB U KJIaCTEPU3aLUH.

37.Jlorudeckre 3aKOHOMEPHOCTH  kiaccoB. OrmpeneneHuss YaCTHYHOM  JIOTUYECKOM
3aKOHOMEPHOCTH, MHTEpBAJIa JJOTUYECKON 3aKOHOMEpHOCTH. [locTpoeHre MUHMMaIbHON
JIOTUYECKONW 3aKOHOMEPHOCTH MHMHHUMAJIbHOW CIIO)KHOCTH SKBUBAJICHTHOM 3a/laHHOMU
MHUHUMAJIbHOW JIOTUYECKOM 3aKOHOMEPHOCTH.

38. Jlornueckue onucaHusl KIACCOB, MUHUMAJIbHBIE M COKPAIIIEHHBIE OMTUCAHMSL.

39. Metoasr 06pabOTKH MHOXKECTB JIOTHYECKUX 3aKOHOMEPHOCTEH KJIaCCOB.

40. IToctpoenne pemaronyux (yHKIHMH B MOJEISAX TOJOCOBAHMS IO CUCTEMaM JIOTHYECKHX
3akoHOMepHOcTel. CriakuBaHue pemammuX (QYHKIUH, TOCTPOSCHUE pEMIAIIINX
GYHKIMH C MaKCUMaJIbHBIM «3a30pOM» MEXIy OOydYalolMMU OOBEKTaMHU pa3HBIX
KJIACCOB.



41. HaxoxaeHHe JJOTHYECKUX 3aKOHOMEPHOCTEHN KJIACCOB C YaCTOTHBIM KPUTEPUEM KauecTBa
KaK  pEIIEHUE JIMHEHWHBIX 3aJad AUCKPETHOM ONTHMHU3ALMU CO CIECLUAIBbHBIMU
CBOWCTBAMH MOHOTOHHOCTH MATpHIl KO3(PUIMEHTOB OrpaHUYCHHA H IIeJCBOU
GyHKIIHH.

42. TIouCK JOTMYECKHX 3aKOHOMEPHOCTEH KJIACCOB CO CTAHAAPTHBIM KPUTEPUEM KadyecTBa.
Csenenue naHHOM 3aJa4y K CIIELIMAIBHBIM 3a/1a4aM IOMCKAa MAaKCUMAJIbHBIX COBMECTHBIX
MOJICUCTEM CHCTEM JINHEHHBIX HEPABEHCTB IIPU JIMHEHHBIX OIPaHUYEHUSIX OTHOCUTEIBHO
OMHApHBIX TapaMETPOB.

43. T'eHeTHYECKHE AITOPUTMBI MMOMCKA ONTUMANBHBIX pemeHuil. OnepaTopsl «KpOCCOBEPY,
MmyTanusi, oroopa. DyHKIMH KOIMPOBAHMS/IEKOJUPOBAHUS IHOJMHOXKECTB 3TaJOHOB
KJIACCOB, (DYHKITUU OLIEHKH MPUCIIOCA0INBAEMOCTH.

44, I'eHeTUYECKUH alNrOPUTM IIOUCKA JIOTHYECKUX 3aKOHOMEPHOCTEN KIIaCCOB.

45. bunapusie pematonire aepesbs. [IpusnakoBeie npeaukarsl. CymecTBOBaHHE OMHAPHOTO
pelIarolero jaepesa Ui 3aJaHHON oOydaromieil BeiOOpku. IlpeacraBienue pazOueHus
JUCKPETHOTO €IMHUYHOIO KyOa B BHJI€ OMHApHOIO pEIIAIOIIEro JepeBa. AJITOPUTM
HOCTPOCHUS JOIYCTUMOI0 pa30MeHuUs.

46. IlpakTidyeckue METOAbl TIOCTPOCHUS OWHApHBIX pPEHIAOIIUX JEPEeBBEB, CIIOCOOBI
o0Ope3aHus 1epeBbEB.

47. IIpaBmiio moCTOSTHHOTO NpupalleHus, Teopema HoBukosa. Jloka3aTenbCTBO KOHEUHOCTH
IIPAaBWJIa IOCTOSIHHOTO MIPUPALIEHUS JUIsl IMHEMHO Pa3AeIuMBbIX KIacCOB.

48. JluneitHple M KyCOYHO-JMHEWHBIC pa3/eisiolnue NOBEepXHOCTH. JIuHeiHas MammHa.
Metoabl mOCTpOSHMSI JMHEHHBIX pazlessonmx (QyHKIUN (penakcalluOHHbIE METOJbI,
METO/Ibl TUHEHHOI0 IpOrpaMMUpOBaHusi). MeTo KOMUTETOB.

49. MeTros1 HaMMEHBIINUX KBaJIPAaTOB U MCEBA0OOPAIICHUS MaTPHILL.

50. JIuneiinpnii qmuckpumuHanT @ummepa. OnpeneneHue TMHEHHOTO JUCKpuMIHaHTa Dunrepa
1 BelunciieHne. Cily4an HEOJHO3HAYHOCTH PEIICHUH U BBIPOXKACHHOCTH. [IpakTuueckue
MOJIXO/IBI 10 MPUMEHEHHIO AUCKpUMUHaHTa duiiepa B ciiydasx BbIPOKIEHHOCTH.

51. Anroput™m «K -Ommxalmx cocesieii, ero orpaHuueHus U HHTEPIPETaIHs.

52. MeTo MOTeHIMANBHBIX QYHKIIUH 1 00y4eHHE alrOpUTMa.

53. Metoa rpynmoBOro y4yera apryMeHTOB, oOIIas cXemMa IOCTPOEHHs MPHU3HAKOBOTO
IIPOCTPAHCTBA B BUJIE MMOJMHOMOB OT UCXOAHBIX IPU3HAKOB.

54. YuuepcanbHast cucremMa «PACIIOBHABAHUE» 11 uHTENIEKTyalbHOTO aHajau3a
JAHHBIX, KJIACCU(PUKALIMU ¥ TPOTHO3UPOBAHUS: Ha3HAUYEHUE, OCHOBHBIE XapaKTEPUCTUKU
U QyHKIUY, HHTEpQeEiic.

55. OnieHKa TOYHOCTH QJITOPUTMOB pAcClO3HaBaHUs IO OOydaromied BBHIOOPKE B pEXUME
CKOJIB3SIETO KOHTPOJIS.

56. Meron  omopHBIX  BeKTOpoB. CBelmeHHe 3aJa4ydl  TOCTPOCHHS  pPa3eIISIONIeH
TUIEPIJIOCKOCTH € MakCUMaJbHBIM  3a30pOM K  3ajade  KBaJApaTU4YHOIO
IIPOrpaMMHUPOBAHUS.

57.MeTon ONOpPHBIX BEKTOPOB B CiIy4yae JIMHEWHON Hepa3ZeluMOCTH  KJIacCoB.
Moudukaiysi OCHOBHOW ONTUMH3AIIMOHHON 3a/laud METOAA U ee CBEACHUE K 3ajaye
KBaJIpaTUYHOTO NMPOTrPaMMHUPOBAHMUSI.

58. MeTo1 OMOPHBIX BEKTOPOB U CHIPSAMIISIOLIEE MPU3HAKOBOE MPOCTPaHCTBO. CBsI3b METOIa
OTIOPHBIX BEKTOPOB M METO/1a NOTEHUUATbHBIX (PYHKIINH.

IlepevyeHb KOHTPOJILHBIX BOMPOCOB /JIsl CAA4YH IK3aMeHAa
B 10-om cemecTpe.

1 1 . o
1. Hcnone3ys ycnosusle mioTHOCTH P(X | K;) =—————,i =12 111 ongnoMepHOii

pq0) 1+(x_ai)
b

3ala4i 1 IBYX KJIACCOB W I10JIarast alippOpHbIC BEPOATHOCTHU PABHBIMU, ITOKAXKUTE, YTO




MHHUMaAJIbHAaA BCPOATHOCTD OIIIHOKHU OMpCACIIAACTCS BBIPAKCHHUEM

1 1 |a-9
P OKa) = = ——ctg|-2 :
(owubka) 5 ﬂcg 2 ‘

PaCCMOTpI/ITe 9TO BBIPAXKCHUE KaK (byHKI_II/IIO BCJIIMYMHBI

az_a1‘.
b

Hycts p(x| K;)~N(z,0°) w1 oqHOMEpHO# 3a1a4H U IBYX KIACCOB TIPU

P(K,) =P(K,) =1/2 . [lokaxure, 4T0 MUHHMAaJIbHAsI BEPOSITHOCTb OIIUOKH

2
OmnpeeNseTcs BhIpakenueM P, = e ™2%qy |

)
)

2 1 2
Tne a=|u, — 4|/ 20 . PaccMoTpHTE HEPABEHCTBO WAy < W

——¢€

L]ie
Ver Jema

[Tokaxwure, 4yro P, CTpEMUTCS K HYIIO IpU | M, — ,ul|/ o — ©.

Hycrs p(X | K,)~N(#,0°1) mwis n-mepHoii 3a1a4u U ABYX KJIaCCOB
npu P(K,) = P(K,) =1/2. Ilokaxute, 4TO MUHUMaJbHasi BEPOSTHOCTD OIINOKH
OIIpPEAENAETCSA BEIPAKECHUEM

2
—(1/2)u dU ,

1 o0
pe e

21 5
rie a=|m, — |/ 20 . Mycrs 1, =0 n 1, = (i, p,..., 1) . VICTIONB3ysi HEPABEHCTBO W3
3a/1auM 2, TIOKAXKHUTE, 9TO P, CTPEMHUTCS K HYJIIO TIPH N —> 00 . BBIpasuTe cMbICI 5TOro

pe3yJsibTarta clIoBaMHu.

ITycTh KOMIOHEHTHI BeKTOpa X = (X, X,,..., X, )' TepHaphs (1, 0 wn -1) ¢
BeposTHOCTAMH [ = Pr(x; =1| K;), g; =Pr(x, =0|K;), r; =Pr(x =-1| K;), npugem
KOMIIOHEHTBI X; CTaTHCTUYECKH HE3aBUCHMBI JUls Beex X u K .

HOKa)KI/ITC, 4YTO MOKHO IMOJTYYUTH PCIIArOIICE IIpaBUJIO C MUHUMAaJbHOU BCPOATHOCTBIO

ommbKH, MCTIONb3ys paszenstonme Gpynxkuuu g;(X), npeacrapnsromue coboi
KBaJpaTU4HbIe (YHKIIMHA KOMIIOHEHT X; .

Ecnu mHO)ecTBO BekTopoB X ={X,X,,..., X, } pazneneno na | rpymn K, K,,...,K, , 10

cpennee M, ans K; He onpeneneHo, ecnu K; mycroe. B 3ToM cirydae cymma KBaipaTos

— 2
OIIMOOK COACPIKUT TOJIBKO HEITYCTBIC ITIOAMHOKECTBA ‘]e = Z Z”X —-m, ” . C‘{I/ITa}I,

HenycroeXeK;
K;

4To M > |, MOKaxKuTe, YTO B pa3/eleHNH, MUHUMU3UPYIOIEM J, , HET MYCThIX
MIOJIMHO>KECTB.

PaccmoTpum nepapxuyeckyro nmpouenypy rpyninupoBKH, B KOTOPOU TPYIIIIBI
00BETMHSIOTCS TaK, YTOOBI IPUBECTH K HAUMEHBIIEMY YBEJIIMYECHUIO CYMMBI KBaJPaTOB
omuO0K Ha KaxaoM 1are. Eciu rpynna K, comepur N, 00bEKTOB €O CpeAHUM M,



10.

11
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13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.

MOKAXXHUTEC, YTO HAUMCHBIUICC YBCIIMYCHUC MMOJIYIACTCA OT CJIIMAHUA ABYX I'PYIII, JJIA

ninj H

N +n;

2
KOTOPBIX mi — mj H MHUHHMAaJIbHA.

[Toctpoiite u cpaBHUTE pe3yabTaThl HEPAPXUUECKON KilacTepu3aluu Ha 4, 3, 2 kiacrepa
JU1s BBIOOPKU U3 5 00BEKTOB , ONMCHIBAEMBIX €IMHCTBEHHBIM IPU3HAKOM
X =0,X, =1,X;=3,X, =4,% =7 , 4 CIIEAYIOLINX MEPAX PACCTOSHHUS:
din (K, Ki)= min [X-X]
min ( I J) XeKi,X'eKJ | '

do (Ki, K;) = max XX

XeK;,X EKJ-

d mean

(K, K;) = |m, —m|.

Pemmre 3anauy nepapxuueckoil rpynnupoBKy (MpU yKa3aHHBIX B 33ja4e 7 Mepax
paccTosiHUs) Ha JIBa KJlacTepa /Ui BBIOOPKUOIHOMEPHBIX OOBEKTOB!

X =0,%x,=0.5x,=0.7,x, =1, x, =1.1, X, =1.5.

[IpuBenuTe mpuMep COBMANAIOIMIMX PA3MbITOM U KOHTPACTHOM MaTpPHL] OLICHOK.
ITokazaTb, 4tTo Mepa koHueHrpauuy kiacrepuzammn K ={K,, K,,...K }umeer Bux

1 |
Z,(K)= FZ n’
i=1

. IToka3ats, 4ro Mepa konueHnTpauun knacrepusanun K ={K, K,,...K }umeer Bun

Z—l (K) = :Il-

|
. [Tokazatsp, 4To KpUTEpUil KIactepu3auu J; = Z Z (X—m)'S;H(X—m) (rme S; -

i=1 XeK;
O6H_[a§1 MaTpuna paCCCfIHI/IH) HWHBApUAHTCH K HCBBIPOXKICHHBIM JIMHEHHBIM
HpeO6pa3OBaHI/I${M JAaHHBbIX.

HeiipocereBble anropuTmbl pacno3HaBaHusi. OOmme MOHATUSA. AKTHBAaLMOHHBIE
GyHKIIMH. ATTOpUTM 0OpPaTHOTO PACTIPOCTPAHEHMSI OIIMOKH.

MynbTUIIIIMKATUBHBIE HEMPOHHBIE CETU U X 00yYEHHE.

Teopema Konmmoroposa.

ROC-anamu3 u AUC- onTumalibHble KJIaCCH(PHUKATOPHI.

baiiecoBckoe pematomee mpaBwio.  bailecoBckuit  puck. Knaccubpukanms ¢
MHUHHMAaJIbHBIM YPOBHEM OIIHOOK.

Knaccudukaropsl CMUHUMaNbHON OMIMOKOMN, pasfenstomue (YHKIUH U TOBEPXHOCTH
peLICHU.

BepositHocTH o100k, ciiydail HopManbHOU IIOTHOCTU. bailecoBckuil kiaccugukarop ¢
MUHHMAaJIbHOM OIIMOKOM 111 HOPMAJIbHO paclpeeIeHHbBIX KIacCOB.

OyHKIMS poCTa, €MKOCTh MHOXecTBa (PyHKuMHA. PaBHOMepHas CXOJUMOCTb YacTOT
OLIMOOK K BEPOSITHOCTAM IPU KOHEYHOM UucIie GYHKIUH.

PaBHOMEpHas CXOAMMOCTb YacTOT OWIMOOK K BEPOSATHOCTSM OIIMOOK IMpPH KOHEYHOH
€MKOCTH MHOXKECTBA (PYHKIIUH.

[Tpumepsl MoiEenEN pactio3HAaBaHUSI OTPAHUYEHHON U HEOTPAHUYEHHON €MKOCTH.
CrangapTHbI pAacHO3HAIONIMKA  aJTOPUTM, PACIO3HAIONIMK  OMNepaTop, pellarolee
npaBuio. OCHOBHBIE TOHATUS M ONpPENEICHUs anreOpanvyeckoro Iojaxoja B
pacro3HABaHUH.



24. KoppeKTHOCTh U MOJTHOTA MOJeNel pacnio3HaBanus. [lpeacraBienne aropuTMoB B BUJIE
OIEPATOPHBIX MOJIMHOMOB. CyIlleCTBOBAaHNE KOPPEKTHBIX aJITOPUTMOB.

25. MeTo/1pI TOMCKA KOPPEKTHBIX M KBa3UKOPPEKTHBIX aJlTOPUTMOB.

26. Onepanuuu HaJl paCHO3HAOLUIMMHU aIropuT™MaMu. Jlornueckue KoppeKkTopbl, KOPPEKTOP 110
OOJIBIIMHCTBY, 0alieCOBCKUI U IOTEHIIMATBHBIN KOPPEKTOPHI AITOPUTMOB.

27. DOBpUCTUYECKUE KOPPEKTOpPBbl HAJ pPAclO3HAIOIUMHU aIrOpUTMaMu (KOMMTETHBIE,
00J1aCTH KOMITETEHIINH, A0JIOHBI MPUHSTHS PEIICHUN, IMHAMUYECKUNA METO/)

28. 3ajaya KjIacTepHOro aHanusa. Mepsl nogoous. OyHKUMKM KpUTEPUEB AJISl TPYIIIUPOBKU:
KPUTEPHIA CyMMBI KBaIpaTOB OIMNOOK, POJACTBEHHBIE KPUTECPUU MUHUMYMA TUCIICPCHH.

29. Matpulbl U KpuTepuu paccesiHusd. Kpurepuu kiiactepu3aiiy, OCHOBaHHbIE HA MaTpHLIaxX
paccesiHusL.

30. OBpucTruueckue anroputmsl (MeTos K -cpeanux, ¢opeinb, MeTo] K -3TajJoHOB, allTOPUTM
B3aMMHOTI'O IIOTJIOLICHHUS).

31.3agaya kiactepu3alMM B CTATHCTUYECKOH IMOcTaHOBKe. BoccTaHOBIEHHE MIOTHOCTEH
KOMIIOHEHT 110 IIJIOTHOCTU CMECH.

32. UtepaTtBHas ONTUMHU3ALMS B KIACTEPHOM aHajau3e. MUHUMM3ALMS KPUTEPUS CYMMBI
KBaJIpaToB OIINOOK.

33. JlucnepcuoHHbIH KpUTEpUil IpU pa3iMyHBIX Becax OOBEKTOB OOy4YeHMs, MUHUMH3ALMS
KpUTEPHUSL.

34. Uepapxuueckass TIpyNIUpPOBKA, JIEHAPOIpPaMMbl, arjiOMEpaTUBHbIE M  JAEIHMbIE
npoienypsl. Anroputmsl "onmxkanmmii cocen'”, "nanpHU cocen', KOMIPOMUCCHI.

35. Ilomarosas OINTUMAJIbHAs uepapxuyecKkas IPYyNIUPOBKA. MuoromepHoe
MacITabupoBaHHE.

36. Pemenue 3aaun KiacTepru3aliuy Kak MOMCK MUHUMAJIbHBIX TOKPBITHH.

37. HeiipoceteBbie cxembl camooOydenus. Cerm KoxoneHa m Xomduibaa, alropUTMEI
o0yueHust X»60a, CeTH BCTPEYHOI'O pacpOCTPAHEHUS.

38. Kpurepun kadyecTBa KiIacTepu3alinii, OCHOBaHHBIE Ha OI[EHKE YCTOHYMBOCTH PEIICHUH.

39. Meronbl BBIYMCICHHUS KPUTEpHUEB KauecTBa NPU MUHUMM3ALUU JUCIIEPCHOHHOTO
KpUTEpHsI, B HEpPapXHUECKOW TPYNIUPOBKE M B aIrOpUTME «K - BHYTPUIpYIOBBIX
CPEIHUXY.

40. Meron HeueTKUX K - BHYTPUTPYIIIOBBIX CPETHUX.

41. Knacrepuzaiusi MHOXKECTB JIOTHYECKUX 3aKOHOMEPHOCTEN KIIacCOB.

42. Mepsl KOHIIGHTpAllMH, CpenHsss Mepa BHYTPHKIACCOBOTO paccesHus. Kputepun
KJIACTEpU3ALIMN ITPY HEU3BECTHOM YHCIIE KJIacTepoB. Pemenne 3ai1au kiaacTepusalnuy npu
HEU3BECTHOM YHCIIE KJIACTEPOB.

43. Knacrepuzanusi KOJJIEKTUBAMHM alropuTMoB. KOMUTETHBIM CHHTE3 KOJUIEKTUBHBIX
peLIeHM.

44, Pa3MbITble M KOHTpPAacTHble MaTpHIlbl OLEHOK. Kpurepunm kadecTBa KOJJIEKTUBHBIX
pELIeHM.

45. DKBUBAJICHTHOCTh 33J]ad MaKCHUMM3allUM PACCTOSHUS XOMMHHIa OT MaTpHUIlbl OIEHOK
KOJUIEKTUBHOT'O PELIeHMsI IO CpeIHEN pa3MbITON MAaTPHUIbl 1 MUHUMHU3ALUNA PACCTOSIHUS
X3MMHMHIA OT  MAaTpHIbl OIIEHOK KOJIJIEKTUBHOTO PEIIEHUS O MHOXECTBA BCEX
KOHTPACTHBIX MaTPHIL.

46. KoMUTeTHBIII CHHTE3 ONTHMAIbHBIX KOJUIEKTHBHBIX pEIICHUI 3ajJaud KJIacTEpPHOTO
aHaJIM3a. DBPUCTUYECKUE METObl HAXO0XJICHUS ONTHUMAJIBHBIX KOJJIEKTUBHBIX pelIeHUi
3a/1a4 KJIaCTEpPHOro aHayu3a. Buzieo - 10ruuecknii MeTo 1 KJIaCTEpU3aLNN.

47.3agaun pacro3HaBaHUs U KJIAcTEPU3aLMU MPU HEMOJHOTE JaHHBIX. MeTonbl peleHus
3a[a4 KjIaccu(UKAIUN HEMOJIHBIX JaHHBIX.

48. AnropuTMBl BOCCTAQHOBJICHHMSI HEU3BECTHBIX 3HAYEHMH IPHU3HAKOB, OCHOBAaHHBIE Ha
JIOKaJIbHOM O0Y4YE€HUH, ONTUMHU3AINHN U IPUMEHEHUU METO/IOB PACIIO3HABAHMS.

49. 3agaun 1 METO/Ibl BOCCTAHOBJIEHUS PETPECCHi, TapaMEeTPUUECKHUE U HelapaMeTpUUECKHe
NOAXO0/bI (JIMHEIHAS, MOJTMHOMHUAIIBHAS, SIIEPHOE CTIIAXKUBAHHKE).



50. Haxoxnenue KYCOUHO-IMHEMHBIX ~ perpeccui Ha 6aze JUHAMHYECKOT O
IIPOrPaMMUPOBAHUS U MOJEJIEH PACIIO3HABAHHUS.

51. Jloructuueckas perpeccus u ee HaxoKJICHHE.

52. BoccraHoBieHHe (YHKIMOHAIBHBIX 3aBUCUMOCTEN IO MPELEAECHTaM C UCIIO0JIb30BaHUEM
MOJIEJIEN PACIIO3HABAHMSL.

53. bailecoBCkoe BOCCTAHOBJICHME, KaK IIOCTPOCHME KOJUIEKTMBHBIX pEIIeHUH 3aj1ad
pacno3HaBanusl. KoppekTHOCTh 6alieCOBCKOIO ajJropuTMa BOCCTAHOBJIEHUS 3aBUCUMOCTH
1py 6a30BbIX KOPPEKTHBIX aJITOPUTMAX PaclO3HAaBaHUS.

54. JIuHeiHbIii KOPPEKTOp MW €ro KOPPEKTHOCTh NpU 0a30BBIX KOPPEKTHBIX AJITOPUTMAxX
pacro3HaBaHHUs.

55. BoccTaHoBieHHE  KYCOYHO-TIOCTOSHHBIX ~— (QyHKUMH 1o  mpeneneHtram.  Ilouck
ONTHUMAJILHOTO YHMCJIa KOMIIOHEHT.

56. DddexTuBHOE TIEPEOOYICHHE B PEIKUME CKOJIB3SIIIET0 KOHTPOJISI B MOJICTH BBIYHCIICHUS
OLIEHOK JUIsl CMEXXHOM 10 oOyuaroliel BBIOOpKe 3a/1a4M paclio3HaBaHMUs.

57. BoccTaHOBIEHHE KYCOYHO-TMHEHHBIX (DYHKIMIA B  EBKIMIOBOM IIPOCTPAHCTBE,
OCHOBaHHOE€ Ha OOBEIMHEHWH METOJa HAMMEHBIIMX KBaJpaTOB, JIUHAMHYECKOI'O
IPOrpPaMMUPOBAHUS U MOJIENIH pacliO3HABaHUSL.

4. Kputepuu oueHUBaHUs

Onenka «ortiuuHo (10)» BbICTaBisieTcs CTYIEHTY, I10Ka3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTU3MpPOBaHHbIC, INIyOOKHE 3HaHMS Y4eOHON MporpamMMmbl AMCHUUIUIMHBI U yMEHHUE
YBEPEHHO MPUMEHATh HX HA MPAKTUKE IPU PELIEHUMM KOHKPETHBIX 3ajad, CBOOOJHOE U
IPaBUIbHOE 0OOCHOBAHUE IPUHATHIX PEILICHUIA;

Ouenka «oTau4HO (9)» BBICTABISIETCS CTYACHTY, IMOKAa3aBLIEMY CHCTEMAaTH3MPOBAHHbBIC,
r1yOOKHe 3HaHMsI y4eOHOM MporpaMMbl AUCHUILIIMHBI U YMEHNE MPUMEHATh UX HA IPAKTUKE MpU
peLIeHNH KOHKPETHBIX 3a/1a4, CBOOOHOE U MPABUILHOE 00OCHOBAHUE MPUHATHIX PEIICHUH;

OLIGHKa «OTJIIUYHO (8)» BBICTABJIACTCA CTYACHTY, IOKAa3aBIICMY CHUCTECMATH3UPOBAHHLIC,
3HaHUuA y‘I€6HOI\/'I nporpamMmbl JUCHUILIMHBI U YMCHUC IIPUMEHATH UX HA MPAKTUKE IPHU PCILICHUN
KOHKPCETHBIX 3a/1a4, IIPaBHUIILHOC 000CHOBaHUE MMPUHATBIX peHleHI/IfI;

OLIGHKa «XO0pOo1Io (7)» BBICTABJISICTCA CTYACHTY, €CJIIM OH TBEPAO 3HACT MATCpUaAJl,
TpaMOTHO U IO CYHICCTBY M3JIaracTt €ro, yMmecT NPpUMCHATH IMOJTYYCHHBIC 3HAHWA HA IIPAKTHKE, HO
AOIMYCKACT B OTBCTC UJIM B PCHICHUH 3a1a4 HCKOTOPBIC HECTOYHOCTH,

OI_[CHKa «XO0pOo1Io (6))) BBICTABJIACTCA CTYACHTY, CCJIIM OH TBCPAO 3HACT MaATCpUall,
TpaMOTHO H3Jara€t €ro, yMe€T nNpuMEHATH IMMOJYYCHHBIC 3HAHWA Ha IPAKTUKE, HO OOIYCKACT B
OTBCTC WJIN B PCUHICHUH 3aa41 HCKOTOPBLIC HCTOYHOCTH,

OI_ICHKa «XO0pOoI1Io (5))) BBICTABJIAACTCA CTYHACHTY, €CJIM OH 3HACT MATCpUall, 'paMOTHO
H3jaract €ro, yMmecT NnNpuMCEHATH IMOJTYYCHHBIC 3HAHUA HA MPAKTHUKE, HO AOITYCKACT B OTBETC WUJIN
B pCHICHUU 3a/1a4 HCKOTOPBIC HCTOUHOCTH,

OneHka  «yJIOBIETBOpPHUTENHHO  (4)»  BBICTABISETCS  CTYAEHTY,  IIOKa3aBIIEeMY
(dbparMeHTapHbIH, pa3pO3HEHHBIM XapaKkTep 3HaHUH, HEJOCTATOYHO MPaBUIIbHBIE (OPMYITUPOBKH
0a30BBIX MOHATHI, HAPYIICHUS JOTHYECKOHN MMOCIeIOBATEIFHOCTYA B H3JI0KCHHH MTPOTPAMMHOTO
MaTepuana, HO TpU OSTOM OH BIAJEeT OCHOBHBIMU pa3lielaMH Yy4eOHOW Mporpammsl,
HEOOXOMUMBIMU JIs1 AalbHEHIIET0 OOYYeHHUS W MOXKET MPUMEHSTh MOJTYYCHHBIE 3HAHUS I10
o0pa3ily B cTaHAapTHOM CUTYyallNH;



OmeHka  «yZOBICTBOPHUTENBHO  (3)»  BBICTABISIETCS  CTYACHTY,  IOKa3aBIIEMY
(dparMeHTapHBIi XapakTep 3HAHWH, HEIOCTAaTOYHO IPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX
NOHATUH, HO TMpPHU O3TOM OH BJAJCeT OCHOBHBIMHM pasfelaMH y4eOHOW MpOrpaMmsl,
HEOOXOIMMBIMH ISl JaJbHEWIIero oOyd4eHHS M MOXKET HPUMEHSATH IMOJTYYEHHbIC 3HAHHS I10
o0pa3lly B CTaHAapTHOM CUTYyallUH;

OueHKka «HEYAOBJIETBOPUTEILHO (2)» BBICTABISETCA CTYIEHTY, KOTOpBI HE 3HaeT
0o0JIbIIIeH YaCTH OCHOBHOTO COZIep KaHMsI Y4eOHOM MporpaMMbl JUCIUIUIMHEL, TOYCKaeT rpyObie
OomuOKd B (OPMYTUPOBKAX OCHOBHBIX TOHATHUH IUCIHHMILUIMHBI M HE YMEET HCIOIh30BaTh
MOJTy4YEHHBIEC 3HAHUS [P PEIICHUH TUIIOBBIX MPAKTUYECKUX 3a]1a4.

OueHka «HEYIOBICTBOPUTENHHO (1)» BBICTABIISICTCS CTYICHTY, KOTOPBIA HE 3HAET
OCHOBHOT'O COJIep)KaHUsl Y4eOHOM MporpamMmbl JIUCLUUIUIMHBI, JONYCKAaeT rpyOble OMMOKH B
(bopMynIHpPOBKaX OCHOBHBIX IMOHATUN JMCLUUIUIMHBI U HE YMEET HCIOJb30BaTh IMOTy4YEHHbIE
3HAHMS [IPU PELICHUU TUIIOBBIX PAKTUYECKUX 33]1a4.

5. MeToauyeckue MaTepHaJibl, ONpeAessiiOline MPOUeAyPbl OlEeHHMBAHUS 3HAHMM,
YMEHHUI, HABBIKOB H (MJIH) ONBITA AeATeIbHOCTH

Bo Bpems mpoBeaeHus 3adyera M IK3aMeHa OOydaroumMecs MOTYT I10JIb30BaThCs
IIPpOrpaMMoOM  ITHUCLMIUIMHBEI, VIHTEpHETOM, CHpPaBOYHOM JINTEPATypO, BBIYUCIUTEIBHON
TEXHUKOH.

3aueT u SK3aMeH MPOBOJAATCA IMyTEM OpPraHHU3aIUH CHEIHATBLHOTO OMPOoCca, IPOBOJUMOTO B
yCTHOM (opme.



