degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JI0BY30BCKOIi MOATOTOBKE

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: Mertonbl aHaM3a JAHHBIX U PACTIO3HABAHUS
10 HANPABJICHHUIO: Nudopmarnka u BIYUCIUTETbHAS TEXHUKA
npo¢uib NOArOTOBKHU: [IpuknagHas MateMaTuka 1 HHGOpMaTHKa

Ouzrex-mkona [Mpuknagnoit Maremaruku 1 MapopmaTiku
kadenpa nHQOPMATUKH U BBIYUCIUTEIHLHON MaTeMaTHKU

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (BeceHHUil) - DK3aMeH

AynutopHbIX yacoB: 120 Bcero, B TOM 4HCIIE:
nexun: 60 gac.
cemuHapsl: 30 gac.
nabopatopusbie 3anaTus: 30 yac.

Camocrostensnas padora: 120 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 270, Bcero 3ad. ef.: 6

[Iporpammy cocrasuin: B.B. Psi3aHoB, 1-p (hu3.-mMart. HayK, CTapIinid HaydYHBIA COTPYIHHK, Tpodeccop

[Iporpamma obcyxeHa Ha 3aceqannu Kadenpsl HHPOPMATUKK U BRIYUCIUTENbHON MateMaruku 17.03.2023



AHHOTANMA

B KypCC paCcCMaTrpuBaArOTCAd KIIIOUCBBIC INOHATHUA W COBPCMCHHBLIC MATCMATUYCCKUC MCTOAbI U aJITOPUTMBL
aHaJIn3a JaHHBbIX U paCllO3HABAHUS, @ TAKIKE UX MMPUIIOKCHUSA B pa3JIMIHbIX 00IacTaX.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- HU3y4YCHUC COBPEMCHHBIX I1OAXO0B, MOHeHCfI, AJITOPUTMOB aHaJIM3a JOaHHBIX W PCHICHHUA 3aJaq
pacnnio3HaBaHUs, KJ'IaCCI/I(l)I/IKaLII/II/I, HaXO0XICHUA 3aBUCUMOCTCH.

33]13‘[1/[ JAUCHUIIINHBI

- OcBoeHue CTYACHTaAMU 0a30BBIX 3HAHUKM B 00JACTH MCTOJOB aHa/in3a NAaHHBIX W PACIIO3HABAHUSA

(MAIP);

- IpHOOpeTeHNe TEOPETHUECKUX 3HAHWN B OOJIACTH aHAIW3a MPELEACHTHBIX TAHHBIX B YCIOBHAX MX
YaCTUYHOI MPOTHBOPEUYNBOCTH U HETIOIHOTHI;

- OKa3aHWE KOHCYJIbTaMd W TIOMOIIM CTYACHTaM B IPOBEACHUU COOCTBEHHBIX TEOPETUUYECKHX M
SKCTIEpUMEHTAILHBIX UcciieoBaHuii B oOmactn MAJIP;

- (dopMupoBaHHE HABBIKOB

npumeHennss MAJIP 1mpu  uccienroBaHUN

IKCIICPUMCHTAJIbHBIX,

CTaTUCTUYCCKUX HWJIM OKCIICPTHBIX JAaHHBIX IIPU BBINIOJIHCHUHU CTYACHTAMH BBIIIYCKHBIX pa60T Ha

CTCIICHb MarucTpa.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX

HAyYHBIX 3HAHWH B 00JIaCTH HH()OPMATHKU U
BBIYMCIIUTEIEHON TEXHUKU

OIIK-1.1 3maer w® cHocoOGH  HCIONB30BaTh B
mpoeCCUOHANBHON  JesATeNbHOCTH  (yHAaMeHTalbHbIC
HAyYHbIC 3HAHUS ¥ HOBBIC HAy4YHBIC MPUHIMITBI U METOJBI
WCCIICZIOBAHUM B 001aCTH MHPOPMATHKH M BEIYMCITUTEIBHOM
TEXHUKHU

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara U MPeACTaBUTh BHIBOIbI,
IPUMEHSS 3HAHUS U HaBBIKK B 00J1aCTH
MaTeMaTHKH, €CTECTBCHHBIX HayK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIlIK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(GOPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOTYKTOB

OIIK-4.2 Crniocoben MPUMEHSTh 3HAHHE
MH(QOPMAIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
peILeHus MOCTaBICHHON 3a1a4u, (OPMYJINPOBAHUSI BEIBOJOB
U OLICHKH TIOJIyYCHHBIX PE3yJIbTaToB

OIlK-4.4 CrnocobeH aHamu3upoBarh MNPOQPECCHOHAIBHYIO
MH(OpPMAINIO, BBICIATh B HEH TNIaBHOE, CTPYKTypHpPOBATh,
ohOpMIIATH M TPENCTaBIATH B BHAC AHAIUTHYECKUX
0030pOB ¢ 000CHOBaHHBIMH BBIBOJITAMH ¥ PEKOMEHIAIIHSIMHU

[1K-2 [TorumaeT 1 ciocobeH NPUMEHUTH B
Hay4HO-UCCJEN0BATEIbCKON U NPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHbIH
MaTeMaTHYEeCKHUH anmnapar U aJlfOPUTMBI,
COBpPEMEHHbIE
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE
TEXHOJIOTUH

I1K-2.1 3Haer OCHOBBI Hay4HO-UCCJIEI0BaTEIbCKON
JEeSITEeTLHOCTH B 001acTH MH()OPMAIIMOHHBIX TEXHOJOTHIA,
BIIAJICET 3HAHUEM OCHOB (PMI0CO(OUU U METOOJIOTHH HAYKH;
3HAHMEM METOJIOB HAayYHBIX HCCJIEIOBAaHUI M HAaBBIKAMU WX
MPOBEACHUS

[IK-2.2 YMmeeT nmpuUMEHATH MOMyYEHHBIE 3HAHUS B 00JacTu
(byHIaMEeHTaJIBHBIX HAYYHBIX OCHOB TEOPUH MH(POpMALNHU U
pemarb CTaHJapTHBIE 3a1a4n B COOCTBEHHOM
Hay4HO-UCCJIEA0BATEIbCKOM NesTEIbHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbI

3HATb.




YMETB:

- OyHaaMeHTaNbHbIe IOHATUS U METO/IBI TEOPHUH PACTIO3HABAHUS 110 MIPELeIEHTaM 1 aHalln3a JaHHBIX;
- COBPEMEHHBIE MpPOOJIEMBI aHalW3a JaHHBIX, TEOPUU paACHO3HABaHUS, KIACCHU(UKAIINU, ITOUCKA
3aBUCHUMOCTCIH;

- MpOTrpaMMHBIE CPEJICTBA PEIICHUS] OCHOBHBIX 3a]1ad aHaJIM3a JaHHBIX U KJIACCUPUKAIINH.

- Tlomp3oBaThCcsi CBOMMHM 3HAaHUSIMH JUIA  peIleHHS (QyHIAMEHTAIBHBIX, MPUKIATHBIX H
TEXHOJIOTMYECKHUX 3a/]a4 B Pa3JIMYHbIX IPEAMETHBIX 00IACTSX;

- JenaTh MpPaBWIBHBIC BBIBOIBI M3 COIOCTABJICHUS PE3YJbTATOB TEOPUU U DKCIECPHMEHTA, BBHIOWPATH
NPaBHJIBHO TTAPaMETPhl METO/IOB, a/JeKBaTHBIC Pa3MEPHOCTH 00YYaIOIINX BEIOOPOK;

- JlenaTh Ka4eCTBEHHBIC M KOJIMYECTBCHHBIC BBIBOIBI IPHU IEPEXOA€ K IMPEACITbHBIM YCIOBHSM B
M3ydYaeMbIX MpodIeMax;

- OCBanBaTh HOBBIC MPEIMETHBIC 00IACTH, TEOPETUICCKUE TTOXOABI U SKCIIEPUMEHTAIBHBIC METOIUKH;
- MIOJTy4YaTh ONTUMAJIbHBIC aJITOPUTMBI KIACCU(UKALMK U TIPABUIILHO OLICHUBATh CTENICHb MX TOYHOCTH
U JOCTOBEPHOCTH;

- paboTaTh Ha COBPEMEHHOM DKCIIEPUMEHTAIILHOM 000PY/I0BaHUY;

- IUIAHKUPOBATh ONTHMAJIBHOE TIPOBEACHUE 00YUEHUs 1O TPEIe/ICHTaM;

- 90 QeKTHBHO HCIOJIb30BaTh HH(POPMALMOHHBIE TEXHOJIOTHM W KOMIIBIOTEPHYIO TEXHHKY JUIs
TOCTIKCHUST HEOOXOIMMBIX TEOPETUICCKHUX U MPUKIIAJTHBIX PE3YJIBTAaTOB.

BJIAJIETh:

- HaBblkamu aHanmm3a OOJBIIOTO OOBEMa YACTHYHO MPOTHBOPEUMBBIX M HEMONHBIX MPU3HAKOBBIX
OIIMCaHUH;

- HaBbIKAMHU CaMOCTOSITEJILHOW pPabOThl B JIA0OpPAaTOPUH C HCIOIB30BAHUEM COBPEMEHHBIX
KOMIIBIOTEPHBIX TEXHOJIOTUI;

- KyJABTYpOH MOCTAHOBKM U IIAHWPOBAHHUA MOCIEAOBATEIbHOCTH PEIIeHUs 33Ja4 aHaIu3a JaHHBIX U
KJIacCU(DUKAIIHH;

- HaBbIKAMH TPaMOTHOW OOpabOTKM CTATUCTHYECKUX MHOTOMEPHBIX JIaHHBIX, O(OpMIICHHUS
PE3YNIBTATOB YUCICHHBIX PACUETOB U UX COMOCTABICHUS C TEOPETUUECCKUMU OLCHKAMU;

- MPAKTUKOM UCCIIEOBAHUS U PEIIeHHs TEOPETUYECKUX U MPUKIIAIHBIX 3a1a4;

- HaBBIKAMU aHaW3a PeajbHBIX 33/1a4 U3 Pa3IMYHBIX MPEIMETHBIX 00JacTel Ha YPOBHE OTAEIHHBIX
MIOJTXO/I0B ¥ KOJJIEKTUBAMHU aJTOPUTMOB.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJEHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOThI
pabora
OcHOBHBIE MIOHSATHUS. Mopnenu
1 pacno3HaBaHus, OCHOBAaHHBIE Ha 5 5 13
[IPUHLUIIE YACTUYHOM NpeLeIEHTHOCTH.
WndopmaruBHOCT MIPU3HAKOB u
2 JTaJ0HOB, METOJBI OLICHKHU 5 5 13
UH(POPMATUBHOCTH.
Jlornueckue 3aKOHOMEPHOCTH KJAacCOB,
3 UX IIOMCK U IPUMEHEHHE B 3aJadax 5 5 13
Kiaccu(ukanmu.
Mopaenu pacno3HaBaHusl, OCHOBaHHBIE Ha
4 MOCTPOCHUM  OWHAPHBIX  PEIIAONINX 5 5 13
J€PEBLEB.
AnroputMsl pacro3HaBaHus,
5 OCHOBaHHbIE Ha MOCTPOCHMH JIMHEWHBIX 5 5 13
U KYCOYHO-JIMHEHHBIX  pa3lelsioluX
MOBEPXHOCTEH




Mopnenu pacrio3HaBaHusl, OCHOBaHHbIE Ha
6 [IOCTPOECHNN HEIMHENHBIX Pa3AeiIIomnX 5 5 10
[IOBEPXHOCTEN
7 HetipoceTeBbie Moienu kiraccuuKaum 4 4
] ROC-anamu3 u  AUC- ontumalbHbIe ) 5
KIlaccu(pHUKaTOPBHIL.
9 CrarucTtuueckas Teopus paclio3HaBaHUs 2 2
10 |Anrebpandeckasi TeOpHs paclo3HABAHUS 4 4 15
1 Cucrema aHaJnza JAHHBIX u 4 4 15
KJ1acCU(PMKaLUU paCIIO3HOBAHUS
12 |KnacrepHsblil aHan3 4 4 15
13 Pemenne 3a1a4 KJIacTepHU3aLiu 4 4
KOJUIEKTUBaMU aJIrOPUTMOB
Knaccudukanus 00beKTOB C HEMOJTHBIMH
14  |nIpU3HAKOBBIMU OMHMCAHUSIMU, C OOJBIINM 4 4
YICJIOM KJIacCOB
15 Haxoxnenue } (YHKIMOHATBHBIX ) 5
3aBUCHUMOCTEHN 110 IIpeLeIeHTaM
Nroro yacos 60 30 30 120
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 270 yac., 6 3au.en.
4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjiesiam)

Cemectp: 1 (Ocennwii)

1. OcHOBHBIE TOHSTHS. Mogaenu pacnio3HaBaHus, OCHOBAHHBIC Ha JMPUHIMUIIC YaCTUYHOU
NpeuCaACHTHOCTH.

OcHOBHBIE OHATHS TEOPUH paclo3HaBaHU Mo npeneneHTam. [Ipu3nakoBsie onucanus, oOyJaromme
BBIOOPKH, KOMIIAKTHOCTb, 3aJayd pAaclO3HABAaHMs, KIACTEPHOrO aHajiu3a, BOCCTAHOBIICHUS
perpeccuii, IpPOrHO3WPOBAHUS, IOUCKA 3aKOHOMepHOCTEH. [IprMephl MpakTUYECKUX NMPUMEHEHUI.
CranpaptHast oOyuatomass uHpopmauus. DyHKIMOHAN KadecTBa pAaclo3HaBaHUS. 1eCTOBBIN
QJITOPUTM, AaJITOPUTMBI C TIPEICTABUTENBHBIMM HaOopamu. MoJIenu ajaropuTMOB BBIYMCICHUS
ouieHOK. D dexTrBHbIE (HOPMYIBI BHIYUCICHHUS OLICHOK.

2. HH(bOpMaTHBHOCTB IMPU3HAKOB U 3TAJIOHOB, MCTO/ bl OLICHKN I/IH(l)OpMaTI/IBHOCTI/I.

Paznuunble mOmXoABl W METOABI OIpEnesieHUs HHPOPMAaTHBHOCTH NPU3HAKOB M 3TAJIOHOB.
Bbruncnenne oneHok — uHpopMmatuBHOCTH. [loMck HMH(OPMATHBHBIX CHCTEM IPU3HAKOB Kak
JIUCKpETHasl ONTUMH3AlMOHHas 3amava. [IpuOnnKeHHBI MeToJ HaXOKICHHUS ONTHMaIbHOTO
[IPU3HAKOBOIO MOAIIPOCTPAHCTBA, OCHOBAHHBIA Ha IPUMEHEHUY JIOTHYECKUX KOPPEsLUil IPU3HAKOB
Y METOJIOB KJIaCTEpPU3aLUU

3. Jlormyeckue 3aKOHOMCPHOCTH KJIACCOB, X ITOUCK U IMIPUMCHCHUC B 3a/ja4ax KJIaCCI/I(bHKaHPII/I.

Jlormyeckne 3aKOHOMEPHOCTH KJIACCOB, JIOTMYECKHE OMNHMCAHWS KJIACCOB, MHUHUMAJbHBIE H
cokpauieHHble onucanus. IloctpoeHne pemaromux GyHKIUNA B MOJEIAX TOJIOCOBAHUS 110 CHCTEMaM
JIOTUYECKHUX 3aKOHOMEpHOCTeN. HaxoxkaeHne JOrmuecKkuX 3aKOHOMEPHOCTEN KJIACCOB KaK pPEIIEHUE
CIICLUAJIM3UPOBAHHBIX 33134 JUCKPETHOW onTthuMmu3auud. [IOMCK JIOTMYEeCKHX 3aKOHOMEPHOCTEH
KJIACCOB C YAaCTOTHBIM U CTaHAAPTHBIM KPUTEPHUSIMH KauyeCcTBa.

I'enernueckue anropuTmbl noucka. KpoccoBep, Myrtauus, omepatopsl oTOopa. leHeTnueckuit
QJITOPUTM IIOUCKA JIOTHYECKUX 3aKOHOMEPHOCTEH KJIacCOB.

4. Mozenu pacrio3HaBaHUs, OCHOBaHHbIE Ha IOCTPOCHUU OMHAPHBIX PEIIAIOIINX J1€PEBLEB.




bunapnsle pemaroniue aepesbs. [Ipu3HakoBbie npenukarsl. [IpeacraBienne pa3oneHns TMCKPETHOTO
EIMHUYHOrO KyOa B BHAE OMHApPHOTO DPELIAIOIIETO JAepeBa. AJTOPUTM IMOCTPOCHHS IOIYCTHUMOTO
pa3OueHus. ANTOPUTMBI TOCTPOSHHMS OMHApPHOTO pEIIAIOIIEro JepeBa 10 IpeleAeHTaM,
MPAaKTUYECKUE METOABI OOpe3aHusl 1ePEBbEB.

5. AJNTopuTMBI paclio3HaBaHUS, OCHOBaHHBICE HA TNOCTPOCHUHM JHUHEMHBIX W KyCOYHO-TTMHEHHBIX
Pa3IeNsIOIMX TOBEPXHOCTEN

MuHuMu3anys 3MIKMPUYECKOro pucka. [IpaBuiio mocrossHHOro npupaunieHusi, reopema HoBukosa.
ITouck MakcuMalnbHOM COBMECTHOW IOJICUCTEMBI CHUCTEMBI JIMHEHHBIX HepaBeHCTB. JIuHelHbIE U
KYCOYHO-JIMHEHHBIE pa3leisolIne MOBEpXHOCTH. JIMHelHas MamuHa. JIMHEWHBIA NUCKPUMUHAHT
Oumepa. MeToasl MOCTPOSHUS JIMHEHHBIX pazfensomux (QyHKOuA (pelakcaloHHbBIE METO/BI,
NCeBA000PAIIEHHs], METOIbI IMHEHHOTO IPOrpaMMHUpPOBaHUs). MeTox KOMUTETOB.

6. Monenu pacrio3HaBaHMs, OCHOBaHHbBIE Ha IOCTPOECHUHN HEJIMHEMHBIX Pa3IeIIAOLUX IOBEPXHOCTEN

[locTpoeHrne NOIMHOMMANBHBIX pa3fEAIOIIMX IIOBEPXHOCTEH, Iepexoll B  CHpPAMIIIIOLIEE
MPOCTPAHCTBO. MeTox MOTeHUMANbHBIX (PYyHKIMA, MpoLeaypa 00yuyeH!s] METo1a, METOI TPYIIIOBOTO
ydyera aprymMeHToB. MeTol ONOpHbIX BeKTOpoB. CBeneHue 3afaud IMOCTPOEHMs pa3lelisiolei
TUIEPINIOCKOCTH ¢ MaKCHUMaJIbHBIM 3a30pOM K 3aJade KBaJpaTUYHOTO Mporpammuposanus. Ciydait
JINHEWHOW HEpa3leIMMOCTH KJIacCOB. MeTOX ONOpPHBIX BEKTOPOB U CHPSMIIIIOLIEE NPU3HAKOBOE
npocTpancTBO. CBSA3b METO/A OTIOPHBIX BEKTOPOB M METOAA MOTEHIMAIBHBIX (DyHKIIMH.

Cemecrtp: 2 (Becennuit)
7. HeiipocereBble Monienu Kiaccu(huKaun

HeiipocereBble  anmroputmbl  pacrno3HaBaHud. OOmume  MOHATHS.  AJNTOpUTM  OOpaTHOTrO
pacnpoctpanenus ommnbOku. Cern KoxoneHa n Xomnduiapaa, anroputmbel oOydeHus Xi300a, ceTu
BCTPEYHOI'0 PaCIpOCTPaHEHHs, MyIbTUILTNKaTUBHbIE HEHPOHHbIE ceTH, TeopeMa Kommoroposa.

8. ROC-anamu3 u AUC- onTuMalibHbIe K1acCU(UKATOPHI.

Onpeneneane ROC-kpuBBIX Kak BBIOOP ONTHMAJbHBIX KiaccupukaropoB. OnpeneneHue TaOIULBI
CONPSKEHHOCTH, TOUKU oTcedenusi, omnOku I n Il pona, 4yBcTBUTENbHBIE U CHIEU(UUIHBIE TECTHI.
[Ipaktuyeckoe nocrpoenue u anaau3 ROC-KpUBBIX B MOJENAX KIaCCUPUKALHH.

9. CrarucTuyeckas TCOpUA paCliO3HaBaHUA

BaiiecoBckoe pematoniee npaBuio. baiiecoBckuil puck. Knaccudukaiiysi ¢ MUHIMAJIbHBIM YPOBHEM
omnbok. Knaccudukaropsl, pazgensromme (yHKIMM W TOBEPXHOCTH pemeHuid. BeposTHOCTH
omuOOK, cioy4yail HOPMAIbHOW TUIOTHOCTH, MaxallaHOOMCOBO pPAacCTOSHUE, JMCKPETHBIA CIydaii.
[TapameTprueckne W HeENmapaMEeTPUYECKUE CTATUCTUYECKHE METOABI pacro3HaBaHus. DyHkuus
pocTa, eMKOCTh MHOKECTBa (yHKIMHA. PaBHOMEpHasi CXOAMMOCTh YacTOT OMIMOOK K BEPOSTHOCTSIM.
IIpumeps! Mozenel paco3HaBaH!s OTPAHUYEHHON U HEOTPaHWYEHHONW EMKOCTH.

10. Anrebpanueckast TeOpHs paclio3HaBaHUs

CraHgapTHBIM PACMO3HAIOIMIKUN  alTOPUTM, PACIO3HAIONIMN OMEpaTop, pelaollee MpaBuio.
OcCHOBHBIEC TIOHATHUS M ONpEAETICHUs alredpanyeckoro noaxona B pacrno3HaBaHuu. KoppekrHocTh u
nonHoTta Moaeinel. Ilpencrasinenue alropuTMOB B BUJIE OIIEPAaTOPHBIX 110JMHOMOB. CyllecTBOBaHUE
KOPPEKTHBIX ~ aJTOPUTMOB. MeToasl TMOHWCKAa KOPPEKTHBIX — anropuTmoB. Omnepanuu  Hajg
paclo3HAIOMUMHU  aNropuTMamMu. JIorMyeckne KOppPEeKTOpBl, KOPPEKTOp MO  OOJBLIMHCTBY,
0alieCOBCKUI 1 MOTECHIMATIBLHBINA KOPPEKTOPHI aJITOPUTMOB

11. Cucrema ananmza JaHHBIX 1 KJIaCCI/I(l)I/IKaLII/II/I PaCcIIOo3HOBAHUA



Onucanne rpaduyeckoil 00omoukH. [JTaBHBIE OKHO M OCHOBHOE MeHI0. OKHO mpoekrta. MeTossl
pacmo3HaBaHusl U kinaccuukaumu. BBox n mpenoOpaboTka IaHHBIX, KOJMYECTBEHHBIE MPU3HAKH.
OOpaboTKka HOMHHAJIBHBIX NPHU3HAKOB M HEM3BECTHBIX 3HA4YCHUI. 3alaHMe OCHOBHOIO NPH3HAKA.
CrpyKTypa mporpamMmmsl.

12. KnactepHslil aHaIu3

3amaua kmacTepHoro ananusa. Mepsl mogoous. OyHKIMKM KpUTEPUEB LISl TPYIIUPOBKU: KPUTEPHIA
CYMMBI KBaJpaToB OMIMOOK, POJICTBEHHbIE KPUTEPUH MUHHUMYMa JUCTIEpCUUA. MaTpuIlbl U KpUTEPUHI
paccesHusa. Kpurepunm Kiacrepuzalnnu, OCHOBaHHbIE Ha Marpuuax paccesHus. Hekotopsle
IBPUCTUYECKHE AJITOPUTMBI (METOA K-CPEAHHUX, METOH pa3MBITBIX K-CpPeOHHX, (opeinb, METo.
K-9TaJIOHOB, aJIOPUTM B3aMMHOIO IIOIVIOLICHHMs). 3ajaya KJIACTepU3alUM B CTaTUCTUUYECKON
MOoCTaHOBKe. BoccTaHOBIEHHWE IUIOTHOCTEH KOMIIOHEHT II0 IIOTHOCTHM cMecu. MrepartmBHas
ONTHMHU3AIMA B KIACTEPHOM aHauu3e. MUHUMM3AIMS KPUTEpUS CYMMBI KBaJpaToB OLIMOOK.
Uepapxuyeckass rpynnupoBKa, JEHIPOrpaMMbl, arjioMEpaTUBHBIE U JICIMMbIE IMPOLEAYPHI.
Anroputmbl "Onmxkaimuii cocen”, "gameHWil cocen, xommpomucchl. [lomaroBas ontuMaibHas
uepapxuieckas rpynnupoBka. MHoromepHoe macmraOupoBanue. Pernienue 3agadm KinacTepusaluu
Kak [IOMCK MUHUMAaJIbHBIX NOKpbITUH. Kpurepun kauecTBa KiacTepu3alivii, OCHOBaHHbIE Ha OLICHKE
YCTOMUMBOCTH pemieHri. MeToasl BBIUMCICHUSI KpUTepueB. Mepbsl KOHLUEHTpPALUH, CPEeIHssI Mepa
BHYTPHUKJIACCOBOIO paccesHus. Kpurepuu kiacrepu3aldyd NP HEU3BECTHOM YHCIE KJIACTEPOB.
Pemienue 3amau knactepu3anuy Ipyu HEM3BECTHOM YHCIIE KIIACTEPOB

13. Pemcuue 3a1a4 KJIIaCTCpU3aliuu KOJUICKTUBAMU AJITOPUTMOB

Kiactepusanuss KOIJIEKTUBAMHM alNrOpUTMOB. KOMHUTETHBI CHHTE3 KOJUIEKTHBHBIX pPEIICHUN.
Pa3MbIThIe 1 KOHTpacTHBIE MAaTpPHULIbI OLICHOK. KpuTepun kayecTBa KOJUIEKTUBHBIX pelieHuil. Metonst
HaxOXJEHUS ONTUMAaJbHBIX KOJUIEKTMBHBIX pEIIEHHH 3a7ad KJIacTepHOro aHamu3a. Bugeo -
JIOTUYECKUH METOJl K1acTepU3aLluu.

14. Knaccuukanus oOBEKTOB C HEMOIHBIMU NPHU3HAKOBBIMU ONHCAHMUSAMH, C OOJBIIUM YHCIOM
KJIacCOB

CymecTByIolMe METOABl BOCCTAHOBICHHs 3HadeHMH Npu3HAKoB (marginalisation, imputation,
pEerpeccHOHHbIE M CTaTHCTHUYECKHE MeTofbl). [1oaxompl, OCHOBaHHBIE HA JIOKAJIBHOM OOYy4EHUH,
ONTUMH3ALMH 1 IPUMEHEHUH aJITOPUTMOB pacrlio3HaBaHUs. JJOCTOMHCTBA U HEJOCTATKU Pa3IMIHbBIX
METO/IOB.

CymecTByIoIMe NOAXOABI U PEeIIeHHs 3aad ¢ MHOTUMH Kiaccamu. [logxompl, ocHOBaHHBIE Ha
MOMApHOM DPAa3JeNIeHUH KJIAcCOB, IOAXON «OAWH MHpOTUB Bcex». CBeleHue 3amgaun K Habopy
TUXOTOMHUYECKUX Kiaccudukanuii u nogxoxy ECOC.

15. Haxoxnenne (pyHKIIMOHAIBHBIX 3aBUCUMOCTEH IO MPEIeACHTaM

3a/auu ¥ METOJ[bI BOCCTAHOBJICHUSI PETPECCUl, MapaMeTpUuecKhe U HermapaMeTPUIecKHe MOIXO/IbI
(MHEWHAsT W KyCOYHO-JIMHEWHAs, TOJMHOMHUAJbHAs, JIOTUCTHYECKAs pPETrpeccCuH, sJIEpPHOE
CIJIQKUBAHUE).

BoccranoBnenne GpyHKIMOHATIBHBIX 3aBUCUMOCTEH 10 Ipele/IeHTaM ¢ UCIIOJIb30BaHHEM JIOTUYECKUX
MOZEJIEN pacrio3HaBaHus. baileCOBCKOE BOCCTaHOBJICHUE, KAK IIOCTPOCHUE KOJUIEKTUBHBIX PELICHHI
3a1a4 pacro3HaBaHus. BoccTaHoBIeHHE KyCOYHO-TIOCTOSHHBIX (PYHKIHI MO MPELeACHTaM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMOM AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlCHHAs! MYJIbTUMEANA-TIPOEKTOPOM U SKPAHOM.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa



1. AiiBazsu C. A., Byxmradep B. M., Entokos U. C., Memankun JI.J1. [TpuknanHas craTucTuka:
Kjaccu(uKanus ¥ CHUKEeHUE pazMepHOCTH. — M.: @uHAHCH U cTaTHCTHKA, 1989.

JomnonHutenbsHas auTeparypa
1. N36pannsbie Hayunsie Tpynsl [ Texct]/1O. U. XKypasnes, -M., Maructp, 1998

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://www.machinelearning.org
http://www.machinelearning.ru
http://archive.ics.uci.edu/ml

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00pPa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

http://www.machinelearning.org
http://www.machinelearning.ru
http://archive.ics.uci.edu/ml

9. MeToauyeckue yKazaHus AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOXYJIs1)

CryaeHT, U3y4aronii Kypc METOAbl aHallu3a JaHHBIX M PACIIO3HABAHMS, JOJDKEH C OJHON CTOPOHHI,
OBJIAJIETh OOIIMM TOHATHHHBIM amnmapaTtoM, a C JIPYrodl CTOPOHBI, JOKEH HAyYHTHCS MPUMEHSTH
TEOPETUYECKHE 3HAHMSI Ha MTPaKTHKE.

B pesynbrare u3yueHus IUCHUIUIMHBI CTYACHT [OJDKEH 3HAaTh OCHOBHBIC OIpeNeeHHs, MOHATHUA,
aKCHOMBbI, METOJbI JJOKA3aTCIbCTB.

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHOM caMOCTOsATeNbHOM paboThl cTyfeHTa. B mporpamme
Kypca TpUBEACHO MHUHUMAJIbHO HeEoOXomuMmMoe Bpemsl Ui paldoThl CTyleHTa HaJ TEMOH.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHUE U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAaHHON JIUTEPATYPhI;

— mpopaboTKy ydeOHOro marepuaia (o y4yeOHOM M HaydyHOW JNHUTEpaType), MOArOTOBKY OTBETOB Ha
BOIIPOCHI, IPEIHA3HAUEHHBIX [UI1 CaMOCTOSITEIbHOIO M3YyHEHHUS, JI0Ka3aTelIbCTBO OTHAEIbHBIX
YTBEp>KJICHUH, CBOWCTB;

— MOATOTOBKY K UG dEpeHINPOBAHHOMY 3a4ETY, IK3aMEHY.

PykoBOACTBO W KOHTPOJNb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocymiecTBisieTcss B (opme
UHAUBUYaJIbHBIX KOHCYJIbTALUM.

[loxa3zarenem BiasieHUs: MaTepUAIOM CIIY>)KUT 3HaHUE Pa3IMYHbIX IOAXOA0B, AJITOPUTMOB M METOIOB, a
TaKKe yMeHHEe pemiath 3anadu. s dopMupoBaHUs YMEHHS MPUMEHSTh TEOPETHUECKUE 3HAHMUA Ha
MPaKTHKE CTYAEHTY HEOOXOJMMO pellaTh Kak MOKHO OOJIbINE 3a/1ad, B TOM YMCIIE NMPUKIAIHBIX 33134
kinaccupukauum  mo mpeuedeHtam. llpu  pemieHMM 3amad  Kaxkzpoe JeicTBUE  HEOOXOOMMO
apryMEeHTHPOBaTh, CChIJIAsICh HA U3BECTHBIC TEOPETHUECKUE CBEICHUS.

BaxHo 10oOWTHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHanus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAYyeT OOpamiarbesi 3a KOHCYJIbTAlUAMH K
MIpenoAaBaTesio.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa MHOOPMATUKU U BBIYUCIUTEIHLHON MaTeMaTHKU
Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH

PaszpatGoTunk: B.B. Psa3anoB, a-p ¢us.-mar. HayK, CTapIINi HAy4YHBIH COTPYIHUK, podeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTaTBLHBIX

HAy4HBIX 3HAHUH B 00J1aCTH HH(OPMATUKU U
BBIYUCIIUTEJILHON TEXHUKU

OIIK-1.1 3gaeT W cmocoOeH — HCIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS ¥ HOBBIC HAy4YHBIC MPUHIMITEI U METOJbI
rccienoBaHuil B 00macTi MHGOOPMATHKY U BEIYUCITUTEIIEHON
TEXHUKH

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSISl 3HAHUSI U HABBIKKA B 00JacTu
MaTeMaTHUKH, ECTECTBEHHBIX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIIK-4.1 Cnoco0eH NpUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I IOUCKA M U3YYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTrPAMMHBIX IIPOTYKTOB

OIlK-4.2 Crnocoben MPUMEHSTh 3HaHUE
MH(POPMAIIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
pelIeH s IOCTaBICHHON 3a1a4u, (POPMYIIMPOBAHNUS BEIBOJIOB
Y OIICHKH TIOJTyYSHHBIX PE3YJIbTaTOB

OIIK-4.4 CrocobeH aHamu3upoBaTh NPOQPECCHOHAIBHYIO
MH(OpPMALNIO, BBACIATh B HEH INIaBHOE, CTPYKTypHpPOBATh,
oopMIISITH W TPEACTaBIATH B BHAC AHAIUTHYECKHX
0030poB ¢ 000CHOBaHHBIMU BBIBOJIAMH U PEKOMEHIAIIUAMHU

[1K-2 [MorumMaeT 1 criocobeH MPUMEHUTH B
HAy4HO-HCCIICAOBATEILCKON U PUKIIATHON
JEATEIbHOCTH OCHOBHbIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHBIN
MaTeMaTHYEeCKH anmapar U aJropuTMBbl,
COBpPEMEHHBIE
MH()OPMALMOHHO-KOMMYHHUKAI[HOHHBIE
TEXHOJIOTHH

[IK-2.1 3naeT OCHOBBI  HAy4YHO-HCCIIEOBATEIHCKOM
JEATENILHOCTH B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHH,
BJIaJIe€T 3HAHUEM OCHOB (PHIIOCO(OUN U METOJIOIIOTHU HAYKH;
3HAHHEM METOJIOB HAyYHBIX MCCIIEOBAaHHMI M HABBIKAMH HX
MPOBEICHUS

[IK-2.2 YMeeT NpUMEHATH MONyYeHHBIE 3HAHUS B 00JacTh
($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUH WH(POpMALUU H
pemarb CTaHIApPTHBIE  3a/aud B COOCTBEHHOM
HAy4HO-HCCIIEA0BATEILCKOM eI TENbHOCTH

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «MCTOI[BI aHaJIn3a JaHHbIX U paCliIO3HABAHUI» O6y‘IaIOH_H/II\/’IC$I JOJDKCH:

3HAThb:

- OyHIaMeHTaJIbHbBIC IOHATHA U METOJbI TEOPUH PACIIO3HABAHUS 1O IPELEICHTaM U aHAJIN3a JaHHBIX;
- COBpEMEHHBbIE NpPOOJIEMbl aHalIM3a JaHHBIX, TEOPUM DPACHO3HABAHUSA, KiIAacCH(UKAIMM, TOHCKA

3aBUCUMOCTEM;

- IPOTPaMMHBIE CPEACTBA PELICHUS OCHOBHBIX 33/1a4 aHAJIM3a JaHHBIX U KJIaCCU(UKALINN.

yMeThb:

- Ilomwp30oBarecst  CBOMMH

3HaHUAMU

Ui pemieHuss  (QyHIAMEHTAJbHBIX, NPUKIAAHBIX U

TCXHOJIOTHYCCKUX 3ada4 B pa3JIMYHbIX NPCAMCTHBIX O6J'IaCT$IX;

- ACJIaTb INPaBHUJIbHBIC BBIBOAbI M3 COIIOCTABJICHUSA PE3YJIbTAaTOB TCOPUM U IKCIICPHUMCHTA, BBI6I/IpaTB
MNpaBHUJIbHO IMMApaMCTPbl METOAOB, aICKBATHLIC pa3MCPHOCTHU 06yqa10m1/1x BLI60pOK;

- JCJIaTb KaYC€CTBCHHBLIC MW KOJMYCCTBCHHBIC BBIBOABI IIPpU IEPEXOAC K MPEACIIbHBIM YCJIOBUSIM B

HU3y4acMbIX np06neMax;

- OCBaMBaThb HOBBIC IIPECAMCETHBIC 06HaCTI/I, TCOPCTUUCCKUC MOAXOABI U SKCICPUMEHTAJIbHBIC METOAUKHU
- IOJIY4aTb OIITUMAJIbBHBIC aJITOPUTMBI Knaccn(bmcaunn U IIPAaBUWJIBHO OLCHUBATH CTCIICHb UX TOYHOCTHU

1 JOCTOBEPHOCTH,

- paboTaTh Ha COBPEMEHHOM SKCIEPUMEHTAIILHOM 000PYI0BaHUY;

- IUIAHUPOBATh ONTHMAJIbHOE IPOBEACHUE 00y4EHHsI [0 IpeLe/ICHTaM;

- 3(QQEeKTUBHO HCHOJb30BaTh WH(POPMALMOHHBIE TEXHOJIOIMH M KOMIBIOTEPHYIO TEXHHMKY JUIS
TOCTHKEHUS! HEOOXOIMMBIX TEOPETUUECKHUX U MPHUKIIAJHBIX PE3yIbTaTOB.

BJA€Th:




- HaBeikamu ananmsa Oosbmioro o0beMa YaCTUYHO NPOTHBOPEUUBBIX M HETOJHBIX IMPH3HAKOBBIX
OIMCaHMIA;

- HaBBIKAMH CaMOCTOSITEJIbHOM paboThl B JabOparopuyd C HCIOJIB30BAaHUEM COBPEMEHHBIX
KOMITBIOTEPHBIX TEXHOJIOTHIA;

- KyJBbTYpOH TOCTAaHOBKH M ITAHUPOBAHUS TOCIIEAOBATEIIFHOCTH PEIICHMS 3a7a4 aHalln3a JaHHBIX U
Kiaccuukanuy;

- HaBBIKAMH TPaMOTHOH OOpaOOTKM CTAaTUCTUYECKUX MHOTOMEPHBIX JaHHBIX, OQOPMICHUS
pEe3yabTAaTOB YHCICHHBIX PACUYETOB M UX COIOCTABICHHUS C TECOPETHUECKUMH OLIEHKAMU;

- IPAKTHKOH UCCIICJOBAaHHS M PEIICHUS TEOPETUICCKUX U TMPHUKIIAIHBIX 33]1a4;

- HaBbIKAMH aHAJM3a PEaJIbHBIX 3aJad M3 Pa3IMYHBIX MPEIMETHBIX oOnacTell Ha ypOBHE OTICIIBHBIX
MIOIXOJI0B ¥ KOJUISKTHBAMH aJITOPUTMOB.

3. IlepeyeHb THNOBBIX (IPUMMEPHBIX) BOIIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yqe6H0r0 Marcpuajia MmpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHsATUA 110 TCMC ITPOULJIOTO 3aHATUA.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM JIJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

Wndopmanus npeacrapieHa B NpUKpeIsieHHOM Qaiise.

Kputepun onennBanus

Wndopmanus npeacrapieHa B NpUKpEIIeHHOM (Qaiise.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

WNudopmanus npeacrapieHa B IPUKPETICHHOM Qaiine.



3. IlepedyeHb THMOBBIX KOHTPOJBHBIX 3aJaHMil, MCHOJb3yeMBIX [JIsi OIEHKH 3HaHMIi,
YMeHUil, HABbIKOB

[lpomexxyrouHast —artecranus 1o gucuuiuiiae «MeToabl aHajaM3a [JaHHBIX H
PACIO3HABAHMSA» OCyIIecTBIsICTCs B (opme nuddepeHInpoBaHHOIO 3a4yeTa M JK3aMeHa.
3ayet NpoOBOIUTCS B yCTHOU (hopme.

IlepeyeHb KOHTPOJILHBIX BONPOCOB Jisl c1auM AU depeHIIMPOBAHHOIO 3a4€Ta 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 01101 1fK,
1 00 1| K 1 01001

2 011000
1 10 1 11101 1]K,
0 110 011101
2. HaiiTu MUHMMAJIBHBII IPECTABUTENBHBIN HA0OP KaXIOTO Klacca JJIsi TAOJIHIIbI

00y4eHUs:

a) 0)
0 11 1 11
1 0 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. BeruuciuTh Beca IPU3HAKOB X, X, (ONpezenseMble yepe3 TYIIMKOBBIE TECTHI) Ta0JIHI]

3agaud 1.

4. TlpuBectu npumep TaOIHILBI 00yUeHUs ¢ OMHAPHBIMU MPU3HAKAMHU, JUIsI KOTOPOIl BeC
IpU3HaKa X, paBeH Hyio. [IpuBecTr nmpuMep TaOaMLbI 00y4eHUs ¢ OMHAPHBIMU
IPU3HAKaMU, JUIsl KOTOPOHM BEC PU3HAKA X, PAaBEH €IUHMUIIE.

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

n
6. /lana cucreMa JIMHEWHBIX ypaBHEHUN Z :Zaijx i+ b, <0,i=12,...,m. ConocraBumi-
j=1
My HepaBeHCTBY OyieBy nepemennyio Y, €{0,1}, a Bceii cucreme - GyneBy
dynxmuio f(y,,Y,,....Y,) caexyromum oopazom. Ilycts Z(y) - mogcucrema

cHCTeMbl Z , COCTOSIIIAs M3 BCEX HEPABEHCTB, COOTBETCTBYIONIMX SAUMHHYHBIM
KOMIOHEHTaM Y .



£ (V) = 0, mnoxcucremaZ(y) coBMeCTHa,
(¥)= {1, nozacucTema Z(Y) HECOBMECTH.

K kaxomy kiaccy OyneBbix ¢pyHkuuit otHocutcst f(Y) M Kak oHa cBsi3aHa C 3a7auei
MOKCKA MAaKCUMAaJIbHONH COBMECTHOM MOJICUCTEMbI CUCTEMbI Z ?

7. IocTpoiite pemaroliee 1epeBo s TabIuIsl 00ydeHus a), 0) 3agauu 1).
[TocTpoiiTe pemaroiiee 1epeBo A1 TaHHBIX 3a1a4uu 12.

8. HailTu MakCcMMaJIbHYI0 COBMECTHYIO MOJICUCTEMY CUCTEMbI TUHEHHBIX

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

—-3x-y=>3 2X—4y >4
9. IlocTpouTh HEMPOHHYIO CETh C JIMHEHHBIMHU (DYHKIUSIMH COCTOSIHUH, pa3AeIIsSIONIyIO
\
1 I o

CJICAYIOIUC IBA KyIacca:

10. ITocTpouTh HEHPOHHYIO CETHC TMHEUHBIMU (DYHKLUSAMHU COCTOSTHUM, pa3IeIsoIyI0

CICOYIOMHUC ABa Kjacca:




11. Ha pucynke npuBeJeHbI IByMEpHbIE 00BEKThl 00yYeHHUS B CIIydae JBYX KIIAcCOB.
[IpuBecTr CUCOK JTOTMYECKUX 3aKOHOMEPHOCTEHN KJIACCOB CO CTaHJAPTHBIM KPUTEPUEM

41— ® ®© %k e
T e e %k %k
2 - % o *

T e % @ e

Ka4yecTBa.
12. Ha pucynke npuBeeHbI IByMEpHBIE 0OBEKThI 00yUSHHS B CIIydae IByX KIIacCOB.

HpI/IBeCTI/I CITMCOK JIOTHMYECKHUX BaKOHOMepHOCTeﬁ KJIaCCOB CO CTaHAAPTHBIM KPUTCPUEM

4 e e
3 - e *
2 - @ @ % %
T e % %

Ka4dycCCTBa.

13. a) [TokaxkuTe, 9TO PACCTOSHHE MEKIY rHITEpIuIocKocThio §(X) = W'X + W, =0 1 TouKoi

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

2
MHWHUMM3ALUHU H)‘( - )_(q ” .

b) HOKa)KI/ITe, YTO IPOCKIUA BEKTOPA X Ha THUIICPIITIOCKOCTD 3a4aCTCs BBIPAKCHHUEM

14. PaccMoTpuTe TMHEHHYIO MAIIMHY € Pa3AeIIOLUMU

dynxmmamu g, (X) = W'X + W, 1 =12,...|. TTokaxure, 4T0 06IACTH PEIICHHS SIBISFOTCS

BBIMYKIIBIMH.
15. Tlpennoxxure 00600IIEHNE HA CITy9ail MHOTHUX KJIACCOB METO/1a MOTEHITHATBHBIX ()YHKIIHH,
BKJTFOUaroIero | pasaensromux GyHKIMA; TPEUIOKUTE UTEPATUBHYIO MTPOLIEIYPY
KOPPEKIUU OIMIMUOOK JIJISl ONPEICICHUsS] Pa3IeNSIOMUX (QYHKIIHA.

16. PaccMOTPUM MHOKECTBO M3 CEMHU JBYMEPHBLIX BEKTOPOB
X =(L0),%; =(0),%; = (0,-1),%X; = (0,0), X =(0,2),%, = (0,-2),%; = (-2,0). Tomyctum,
4TO HEpBLIe ueThipe uMeroT MeTky K., a npyrue tpu — metky K, . Tloctpoiite
HOJIMHOMUAIBHYIO Pa3AeNSIoNyto (YHKIIMIO MUHUMAIBHON CTEIIEHH.



17. IlocTpoiiTe s MHOYKECTBA BEKTOPOB IPEABIIYLIEH 3aaul THIIEPIUIOCKOCTD,
pa3JIeIAIOIyI0 MaKCUMAJIbHOE YUCIIO 00beKTOB Ki1accoB K, ukK, .

18. HYCTB YCJIOBHBIC IINIOTHOCTH JIAA O,Z[HOMGpHOfI 3a/la4y U IBYX KJIACCOB 3aJdHbI

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

b ~a
1+(x a,j
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 a, =3,a, =5,b=1. Kak Bezner cebs

P(K, | X) mpu X — —00?+00?
19.Ilycte X ectb OmHapHsIii (0,1) BEeKTOp ¢ MHOTOMEPHBIM pactpeaeineHueM beprysum

P(x|8) = Hﬁixi 1-6)" ,rne 0 =(6,,6,,...,0,)" - Hen3BeCTHLIH NapaMeTPHUUECKHUIA
i=1

BEKTOP, a €, - eCTb BEPOATHOCTH TOTO, 4To X, =1. [TokaxuTe, 4TO OIIEHKA 10 MAKCHMYMY
m

2%

i=1

20. ITycts BeIOOpOUHOE cpeiHee M, U BbIOOpOUHAs KoBapualuoHHas Matpuua C, ams

HpaB,Z[OHO,Z[O6I/I$I I[J'Iﬂe_ C€CTh é =

3|+

e o o 1
MHOKECTBA N BBIGOPOK X;,X,,...,X, ONPEACISIOTCS BEIPAKCHUAMHA M, == > "X, , 1
nia

1 S0 .
C,=——> (X —m)(X —m,)".
n-1i=

HOKa)I(I/ITe, YTO BJIIMAHUC HA OTHU BCIINYHUHBI I[O68.BJ'I€HI/I$I HOBOM BLI60pKI/I )_(nJrl MOXHO

_ _ T
BBIPA3UTh PEKYPPEHTHbIMH popMyaamMu M, ,, =M, +—1 (X,,—M,) u
n+

n _1 1 — P — J— t

Cn+1 = n c:n + n +1(Xn+1 - mn)(xn+1 - mn) .

21. Beipaxkenwust u3 3agaun 20 MO3BOJISIOT BBOJUTH IMOMPABKU U OI[CHKH KOBAPHAIHOHHBIX
MaTpull. O,Z[HaKO HEPCIAKO MPEACTABIACT UHTCPEC 06paTHa}I KOBapuallMOHHas MaTpuia, a
ee o0palleHre OTHUMAET MHOTO BpeMeHH. J[0Ka3aB MaTpUYHOE TOKIAECTBO

ATRX AT

A+xx) = A" -
( ) 1+ X' A

IIOKaXXHUTE, 4YTO

C—l — n C—l _ Cr;l()_(n+l — mn)()_(m—l — mn)t Cr:l
n+l n _1 n nz _1

+ (Xn+l - mn)t Cn_l()_(n+1 - mn)

22. PaCCMOTpI/IM MHOXECTBO U3 CCMH ,Z[ByMepHLIX BeKTOpOB
X =(10),%, =(0,1),% =(0,-2),X; = (0,0),%X; =(0,2),%; =(0,-2), %} = (-2,0) . JomycTum,
4TO MepBbIe TPH UMEIOT MeTKY K, a npyrue uetsipe — MeTKy K, .

a) Hapucyiite rpanuily o0iacTei pelieHuiA, OIYIEHHYIO B PE3Y/IbTaTe MPHUMEHEHUS
npaBuiia 6mmkaiiiero cocena. (OHa T0DKHA COCTOSTH U3 AEBITH OTPE3KOB MPSMBIX. )



b) Haiinure cpennue 3HaYeHust BEIOOPOK M, u M, M HAPHUCYITE IPAHUILY PELICHHS,

COOTBETCTBYIOIIYIO Kilaccu(pukanuu X TpU MPUCBOSCHUH €My Kilacca CPEHEro 3HAYCHUS
Oymkaiiiieil BRIOOPKH.

23. Ilonb3ysch onpeaeneHueM MaTpHIlbl pa3dpoca MEXTy TpYyIIaMH, JaHHBIM IS CITydast
|

MHOTUX KJIacCoB: Sy = Zni (M, —m)(M, —M)", mokaxwure, 4TO
i=1
Sg = [(nlnz)/n](n_]l —m,)(m, —m,)", econ | =2.

24. TloctaHOBKa 3aJlaud pacro3HaBaHUs MO mpeneaeHTaMm. [Ipu3HakoBbIe OMUCAHUS W BHJIBI
MIPU3HAKOB. 3a7a4M KIacCH(PUKAIMKU ¢ yauTeseM (pacro3HaBaHus), Kiaccudukanuu 0e3
yuuTens (KJIacTEpHOIo aHaIN3a) U BOCCTAHOBIIEHUS PETPECCUi KaK CIEIMAIbHbIE 3a/1a4l
MHTEPIIOJISIINU.

25.3amaun  aHanM3a JAHHBIX M TIOMCKAa 3aKOHOMEpHOCTeH. I[Ipumepbl NpaKTHYECKHUX
MIPUMEHEHHUM.

26. TynmukoBbIe TeCThl K-3HAYHBIX TaOuuil oOydenus. CBeleHue 3a7a9d MOMCKA TYIMHUKOBBIX
TECTOB K MOWMCKY HEMPHUBOJIMMBIX MOKPBHITUI OuHapHOW MaTpuibl. CyllecTBOBaHHE
TYIIHKOBBIX TECTOB.

27. NadopMalimoHHble Beca MPU3HAKOB, OCHOBAHHBIC HAa BBIYMCICHUU TYIMUKOBBIX TECTOB.
TecTOBBIN arOPUTM PACIIO3HABAHMSL.

28. AnropuTMBbI pacro3HaBaHusl, OCHOBAHHbIE HA HAXOK/IEHUU U TOJIOCOBAHUU 1O CHCTEMaM
MPEACTaBUTEIBHBIX HAOOPOB KIacCOB. AJIrOpUTM pacroznaBanust «Kopay.

29. CToxacTHYECKHIl ~ aHaloOr TECTOBOTrO  ajaroputMa. Moaudukanus  aaropuTMoB
YACTUYHOMIMPELEICHTHOCTH/IJII ~ CIy4aeBBEIICCTBEHHO3HAUHBIX U CMEIIAHHBIX CHUCTEM
MPU3HAKOB.

30. AnropuTMBI pacrio3HaBaHUs, OCHOBaHHbIE Ha BbhIYMCICHHH OleHOK (ABO). Onopnbie
MHO>KECTBA aJITOPUTMOB, OCHOBHBIE 3Talbl BBIYUCICHUS OIEHOK, MPUMEPHI MoOJEei
ABO.

31. OdpdexTuBHBIE (GOPMYNIBI BBIYUCICHUS OICHOK JUJISI CHCTEM OINOPHBIX MHOKECTB
(UKCUPOBAHHONW MOITHOCTH U BCEX OMOPHBIX MHOXECTB.

32. OnTuMu3alys MHOTOIapaMETPUIECKUX MOJeNIel pacrio3HaBaHusI.

33. PenakcaliuoHHBIN aJTOPUTM PEIICHUS CHUCTEM JIMHEHHBIX HEPAaBEHCTB W METOIBI €ro
yckopeHus. [IpuMeHeHue penakcallMOHHOTO alropuTMa JUIsl MPUONIMKEHHOTO MOMCKA
MaKCHMaJIbHON COBMECTHOM MOJICUCTEMBI CUCTEMBI INHENHBIX HEPABEHCTB.

34. KoMOMHATOpHBIN alropuT™M MOUCKA MAaKCHUMAaJTbHOM COBMECTHOM MOJCUCTEMBI CUCTEMBI
JIMHENHBIX HEPABEHCTB.

35. UnhopMaTUBHOCTh MPHU3HAKOB W STANIOHOB. MeTOabl OIEHKH HH(POPMATUBHOCTH B
MOJENAX  YacTUYHOW  mpeneneHTHocTd.  CratucTudeckue, HWHOOPMAIMOHHBIE,
IBPUCTUYECKUE KPUTEPUU HHPOPMATHBHOCTH.

36. ITonck WHPOPMATUBHBIX CHUCTEM NPH3HAKOB KaK 3ajada JUCKPETHOW ONTHMH3AIUH.
[TpuOMMKEHHBI  anroOpuTM TMOWCKAa MHHHMMAIBHOTO TPU3HAKOBOTO TMPOCTPAHCTBA,
OCHOBAHHBIM Ha BBIYMCICHUM JIOTUYECKUX KOPPEISAIUMUA MPHU3HAKOB, OIICHKE
WH(OPMATUBHOCTH MPU3HAKOB U KJIacTepU3aIUU.

37.Jlornyeckne 3aKOHOMEPHOCTH KiaccoB. OmpereneHuss YaCTHYHOW  JIOTUYECKOM
3aKOHOMEPHOCTH, UHTEPBAJIA JJOTUYECKON 3aKOHOMEPHOCTH. [locTpoeHne MUHUMATBHOMN
JIOTUYECKOW 3aKOHOMEPHOCTH MHUHUMAJIBHOM CJIOKHOCTH SKBHUBAJICHTHOM 3aJaHHOU
MHUHUMAJIbHOW JIOTUYECKON 3aKOHOMEPHOCTH.

38. Jlormveckue OMMCaHMS KJIACCOB, MUHUMAJIbHBIC M COKPAIIICHHBIC OITUCAHMS.

39. MeToap1 06pabOTKH MHOKECTB JIOTHUECKUX 3aKOHOMEPHOCTEH KIIACCOB.

40. [ToctpoeHne pemaronux (YHKIHH B MOJEISIX TOJOCOBAHHS MO CHCTEMaM JIOTHYECKHX
3aKoHOMepHOCcTel. CriakMBaHHWe pemaromnX (YHKIUN, TOCTPOSHUE PEIIAIONIuX
GYHKIMI € MaKCUMalbHBIM «3a30pOM» MEXIy O0O0yJarolmMMH OOBEKTaMH pa3HbIX
KJIACCOB.



41.

42.

43.

44,
45.

46.

47.

48.

49.
50.

51.
52.
53.

54.

55.

56.

57.

58.

HaxoxzaeHne 1orn4eckux 3aKOHOMEPHOCTEN KJ1aCCOB ¢ YaCTOTHBIM KPUTEPUEM KauecTBa
KaK  pPEIIEHUE JIMHEHWHBIX 3aJad AUCKPETHOM ONTHMHU3ALMKA CO CICHUAIBHBIMU
CBOWCTBAMH MOHOTOHHOCTH MATpHIl KO3()(QHUINEHTOB OrpaHUYCHHA | IIeJIeBOU
GyHKIIHH.

[Tourck I0rM4ecKux 3aKOHOMEPHOCTEM KJIAaCCOB CO CTaHAAPTHBIM KPUTEPUEM KayecTBa.
Csenenue naHHOM 3aJa4y K CIIELIMAIBHBIM 3a/1a4aM IOMCKAa MaKCUMAJIBHBIX COBMECTHBIX
MOJICUCTEM CHUCTEM JIMHEHHBIX HEPABEHCTB IIPU JIMHEHHBIX OIPAaHUYEHUSIX OTHOCUTEIBHO
OMHApHBIX ITapaMETPOB.

I'enernueckue anropuTMbl IMOWCKA ONTHUMAIBHBIX pelieHui. OnepaTtopbl «KpOCCOBEP»,
myTanus, oroéopa. DyHKIMH KOIMPOBAHMS/IEKOIUPOBAHUS IHOJMHOXKECTB 3TaJOHOB
KJIACCOB, (DYHKITUU OLIEHKH MPUCIIOCA0INBAEMOCTH.

I'eneTnyeckuil aJIrOPUTM ITOMCKA JIOTHUECKUX 3aKOHOMEPHOCTEHN KJIaCCOB.

bunapnseie pematonue nepesbs. [IpusnakoBeie npenukarbl. CyliecTBOBaHHE OMHAPHOTO
pelIaroIero aepesa Ui 3aJaHHoON oOydaromeil BbeiOOpku. IlpeacraBienue pazOueHus
JUCKPETHOTO €IMHUYHOTO KyOa B BHJE OMHApPHOTO PEIIAIOLIETO JAepeBa. AJITOPUTM
HOCTPOCHUS JOIYCTUMOI'0 pa30reHuUs.

[IpakTryeckne MeETOABI TIOCTPOCHHS OWHAPHBIX pEMIAIOIIUX JEPEBBEB, CIIOCOOBI
o0Ope3aHus 1epeBbEB.

[IpaBuio nocrositHHOrO mpupaiieHusi, reopeMa HoBukosa. /[oka3zaresbCTBO KOHEUHOCTH
IIPAaBWJIa IOCTOSIHHOTO MIPUPALIECHUS JUIsl IMHEIHO Pa3AeIuMBbIX KIacCOB.

JIuHeliHble M KyCOYHO-JIMHEWHBIC pa3AciBIIOUIME ITOBEPXHOCTH. JIMHEWHas MalluHa.
Metonbl mOCTpOSHMs JIMHEHHBIX pazlessonmx (QyHKIu (penakcalluOHHbIE METOJbI,
METO/Ibl TMHEHHOI0 MPOrpaMMUpPOBaHUs). MeTo1 KOMUTETOB.

Metoa HaMMEHBLIMX KBAJAPATOB U I1CEBI000pALICHHS MAaTPULL.

JIuneinbiil nuckpuMuHanT @umepa. Onpenenenre TMHEHHOTo AUcKpuMuHaHTa duinepa
1 BeluuciieHne. Ciy4an HEOJHO3HAYHOCTH PEUICHUM U BBIpOKIAeHHOCTH. [IpakTnueckue
MOJIXO/IBI 10 MPUMEHEHUIO AUCKpUMUHaHTa duiiepa B ciiydasx BbIPOKIEHHOCTH.
Anroput™m « K -6nmkaliiux cocezieit», ero orpaHu4eHust U MHTEPIIPETaLUSL.

Metoa noTeHIMaNbHBIX (YHKIMNA U 00y4YEeHUE ajIropuTMa.

Meton TpynmoBOoro ydera aprymMeHTOB, OOIasi cXeMma IOCTPOECHHS MPU3HAKOBOTO
IIPOCTPAHCTBA B BUJIE MOJIMHOMOB OT UCXOAHBIX IPU3HAKOB.

VuusepcanpHas cucremMa «PACIIOSHABAHMWE» 11 MHTEIEKTyallbHOTO aHaIU3a
JAHHBIX, KJIACCU(PUKALMU U TPOrHO3MPOBAHMS: Ha3HAYEHUE, OCHOBHbBIE XapaKTEPUCTUKU
U QyHKIUH, HHTEpQeEiic.

OneHka TOYHOCTH QJITOPUTMOB pACIIO3HABAaHUS IO OOydaroliel BBHIOOPKE B pEKUME
CKOJIB3SIIETO KOHTPOJIS.

Meton  omopHbIX  BekTopoB. (CBeneHHe  3aladd  I[OCTPOEHMS  pasjelisolen
TUIEPITIOCKOCTH € MAakCUM@JIbHBIM  3a30pOM K  3aJade  KBaJApaTU4YHOIO
IIPOrPaMMHUPOBAHUS.

Meroxn OHOpHBIX BEKTOPOB B  Clydae JIMHEHHOM HEpPa3JeIMMOCTH  KJIACCOB.
Moaudukanyus oCHOBHOM ONTHUMM3ALIMOHHOM 3aJaud MeTo/la M €€ CBeJeHHe K 3ajaue
KBaJIpaTUYHOTO MPOTrpaMMHUPOBAHHUSL.

MeTo OnOpHBIX BEKTOPOB U CIPAMIISIOLIEE IPU3HAKOBOE MPOCTPAaHCTBO. CBs3b MeTOAA
OTIOPHBIX BEKTOPOB M METO/1a NOTEHUUATbHBIX (PYHKIINH.

IlepeyeHb KOHTPOJBHBIX BONPOCOB ISl CAAYM IK3aMeHa
B 10-om cemecTpe.

1 1 . o
Hcnonk3ys ycnoHble IOTHOCTH P(X | K;) = ————=,i=1,2 n1s ogHOMepHOH

)
b

3ala4i U IBYX KJIACCOB U I10JIarast alippoOpHbIC BEPOATHOCTHU PABHBIMH, ITOKAXKUTE, YTO



MMHHMAaJIbHASA BEPOSITHOCTH OILINOKHU OIIPEACIISICTCS BBIPAXKCHUEM
a, — ai‘

1 1
P(owubra) = = — = ct
(owubka) 5 ﬂcg 2

PaCCMOTpI/ITe 9TO BBIPAKCHUEC KaK (bYHKI_II/II-O BCINYMHBI

az_ai‘.
b

ITycte p(X| K;)~N(z, o%) 11 OAHOMEPHOI 3a/1a4H 1 JBYX KJIACCOB IIPH

P(K,) = P(K,) =1/2 . Ilokaxwure, 4YT0 MUHUMaJIbHasI BEPOSITHOCTh OIINOKU

1 5 2
onpejienseTcs BhIpaKeHueM P, = Tje 2w qy
T a
1 7 2 1 N 2
J‘e 1/2)u du < e (1/2)a .
N2 N?27ma

IToxaxure, 9yto P, cTpeMMTCS K HYIIO IIPU | y — M|/ o —> .

I'me a= | My — ,ul|/ 20 . PaccMoTpuTE HEPABEHCTBO

Mycts p(X | K,)~N(Z,o’l) anan-mepHoii 3aa4u 1 ABYX KIIACCOB
npu P(K,) = P(K,) =1/2. IlokaxuTe, 4TO MUHUMAJIbHas BEPOATHOCTh OLIMOKH
ONPEEIIAETCS BBIpAXKEHUEM

2
Wy,

1 0
o - L e
N2y
rae a=|, — |/ 20 Mycrs 1, =0 u i, = (44, f,...,41)' . VICTIONB3Yst HEPABEHCTBO W3
3a/1auM 2, TIOKAXKHUTE, 9TO P, CTPEMHUTCS K HYJIIO TIPH N —> o0 . BBIpasuTe cMbICI 9TOro

pe3yJibTarta ClIOBaMHu.

IIycTh KOMIOHEHTHI BekTopa X = (X, X,,...,X, ) TepHapnsi (1, 0 wu -1) ¢
BepoaTHOCTAMH Py = Pr(x =1|K;), q; =Pr(x, =0|K;), r, =Pr(x, = -1| K;), npuaem
KOMITOHEHTBI X; CTaTHCTUYECKH HE3aBUCHMBI JUIs Beex X u K .

HOKa)KI/ITC, YTO MOKHO IMOJTYYUTH PCIIArOIICE IMPaBUJIo C MHHUMAaJIbHON BEPOATHOCTBIO

ommOKH, MCTIONb3ys paszenstonme Gpynxuuu g;(X), npeacTapnsromue coboi
KBaJIpaTH4YHbIC (QYHKIIMM KOMIIOHEHT X; .

Ecnu muoxectBO BekTopoB X ={X,X,,...,X } pasneneno Ha | rpynn K, K,,...,K, , To

cpennee M, mua K, He onpenenexo, ecnu K, mycroe. B 9ToM citydae cymma KBaJpaToB

— 2
OIIMOOK COACPKUT TOJIBKO HEIMYCTBIC ITOAMHOXKECTBA ‘]e = Z ZMX —-m; || . C‘{I/ITaﬂ,

Hemycroe XeK;

yTo M > |, mokaxure, 4TO B pa3esieHUH, MUHUMU3HUPYIOLIEM J, , HET MyCThIX
MIOJIMHO>KECTB.

PaccmoTpum nepapxuyeckyro npouenypy rpyrninupoBKH, B KOTOPOI TPYIIIBI
00BEeTMHSAIOTCS TaK, YTOOBI IPUBECTH K HAUMEHBIIEMY YBEJINYECHUIO CYMMBbI KBa/IpaToB
omuO0K Ha Kax oM 1mare. Eciu rpynna K, conepkutn, oOBbEKTOB CO CPEAHUM M,



10.

11

12

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

22.
23.

IMOKAXXHUTEC, YTO HAUMCHBIICC YBCIIMUCHUC ITOJIYUACTCA OT CIIUAHUA ABYX I'PYIII, JJIA
nn il e |2

KOTOPBIX —Hml — mJH MHHUMAJIbHA.

n +n;
IToctpoiite u cpaBHUTE pe3yabTaThl HEPAPXUUECKOM Ki1acTepu3anuu Ha 4, 3, 2 kinacrepa
JUIS1 BBIOOPKU M3 5 0OBEKTOB , OMTUCHIBAEMBIX €AMHCTBEHHBIM ITPU3HAKOM
X =0,X, =1, X, =3,X, =4,X, =7 , ¥ ClIeIyIOIH1X MEPaX PaCCTOSHHUI:
doin (Ki, K;) = min [x-X],

XeK; X eK;
Ao (Ki, Kj) = max X=X

XeK; X eKj

(Ki,Kj):‘n_qi—n_'lj‘.

d mean

Pemmre 3anauy nuepapxuueckoil rpynnupoBKy (IpU yKa3aHHBIX B 3aja4e 7 Mepax
paccTosiHUs) Ha /1Ba KJ1acTepa Ui BBIOOPKUOIHOMEPHBIX 00BEKTOB!

X =0,x,=05x,=0.7,x, =1, X, =1.1, X, =1.5.

[IpuBenuTe mpuMep COBMANAOIMIMX PA3MbITOM M KOHTPACTHOM MaTpPUIL] OLICHOK.
IToxasaTb, 4yTo Mepa KoHueHTpanuu kiacrepuzanuu K ={K , K,,...K }umeer Bux

1 |
Z,0)=— Y
i=1

. IToxasaTs, yro Mepa koHneHTpanuu kiaacrepusanuu K ={K,, K,,...K }umeer Bun

Z—l (K) = %

|
. [Toka3zate, 4TO KpUTEpHIl KlIacTepH3aLun J; = z z (X—m)'S; (X—m) (rne S; -

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

HeiipocereBble anropuTmbl pacno3HaBaHusi. OOmuMe MOHATUSA. AKTHBAaLMOHHBIE
GyHKIIMH. ATTOpUTM 0OpPaTHOT'O PACTIPOCTPAHEHMSI OIIMOKH.

MybTUIIIMKATHBHBIE HEMPOHHBIE CETU U X 00yYEHHE.

Teopema Konmoroposa.

ROC-anamu3 u AUC- onTuMalibHble KJIACCH(PHUKATOPBI.

baiiecoBckoe pemaromiee  mpaBwio.  baiiecoBckuit  puck. Knaccudukanus ¢
MHUHHMAaJIbHBIM YPOBHEM OIIHOOK.

Knaccudukaropsl CMUHUMaNbHON OMIMOKOM, pasfenstomue (yHKIUH U TOBEPXHOCTH
pELIEHU.

BepositHocTH o100k, ciiydail HopManbHOU IUIOTHOCTU. bailecoBckuil kinaccugukarop ¢
MUHHMAaJIbHOHN OMIMOKOM A1 HOPMAJIbHO pacHpeeIeHHbBIX KIacCOB.

OyHKIMS pocTa, €MKOCTh MHOXecTBa (PyHKUMHA. PaBHOMEpHas CXOOUMOCTb YacTOT
OLIMOOK K BEPOSTHOCTAM P KOHEYHOM UucIie GyHKIUH.

PaBHOMEpHas CcXOIUMOCTh YAacTOT OLIMOOK K BEPOSATHOCTAM OHIMOOK MPH KOHEYHOU
€MKOCTH MHOXKECTBa (PYHKLIHUH.

[IpuMmepsl MozeNeN paciio3HaBaHUSI OTPAHUYEHHOW U HEOTPAHUYEHHON EMKOCTH.
CraHmapTHBI pacmoO3HAIOMIUKA  aITOPUTM, PACHO3HAIOIINK OmepaTop, pelIaroIiee
npaBuio. OCHOBHbIE TOHATUS M ONpENENeHUs anredpanvyeckoro IMojaxoja B
pacro3HaBaHUU.



24. KoppeKTHOCTb U MOJIHOTA MoJieNielt pacrio3HaBanus. [IpencraBieHnue anropuTMoB B BUJIE
OIEPATOPHBIX MOJIMHOMOB. CyIlleCTBOBAHUE KOPPEKTHBIX aJITOPUTMOB.

25. MeTo/1p TOMCKA KOPPEKTHBIX U KBa3UKOPPEKTHBIXAITOPUTMOB.

26. Onepanuuu HaJl PaCHO3HAOLUIMMHU aIropuT™MaMu. Jlornueckue KoppekTopbl, KOPPEKTOP 110
OOJIBIIMHCTBY, 0alieCOBCKUI U IOTEHIIMATBHBIA KOPPEKTOPHI allTOPUTMOB.

27. DBpUCTUYECKUE KOPPEKTOpbl HAJ paclO3HAIOIMMHU aIrOpUTMaMu (KOMHUTETHBIE,
00J1aCTH KOMIIETEHLIMH, ITa0IOHBI IPUHATHS PEIICHUN, TMHAMHYECKUI METO.T)

28. 3ajaya kjgacTepHOro aHanusa. Mepsl nogoous. @yHKIMKU KPUTEPUEB AJIS TPYIIIUPOBKHU:
KPUTEPHiA CyMMBI KBaIpaTOB OIINOOK, POJACTBEHHBIE KPUTECPUU MUHUMYMA IUCIICPCHH.

29. Matpuuel U KpuTepuu paccessHusa. Kpurepuu kiiactepusaliy, OCHOBaHHbIE HA MAaTpULIaX
paccesiHusL.

30. OBpucTuueckue anroputmsl (MeToz K -cpeanux, ¢popensb, MeTos K -3TajJoHOB, alrOPUTM
B3aMMHOI'O IIOTJIOLICHMUS).

31.3agaua kiIacTepu3alMM B CTATHCTUYECKOM INOcTaHOBKe. BoccraHOoBieHHE IUIOTHOCTEH
KOMIIOHEHT 110 IIJIOTHOCTU CMECH.

32. UtepaTuBHas ONTUMU3ALMSA B KIACTEPHOM aHajau3e. MUHUMM3ALMS KPUTEPUS CYMMBI
KBaJIpaToB OIINOOK.

33. JlucnepcuoHHbIH KpUTEpUil U pa3iMyHBIX Becax OOBEKTOB OOy4YeHMs, MUHUMH3ALMS
KPUTEPHSL.

34. Uepapxuueckass TIpyNIHUPOBKA, JI€HAPOTPaMMBI,  arjloMepaTUBHblE U JeJUMbIe
npoienypsl. Anroputmsl "onuxkanmmit cocen'”, "nanpHUi cocen', KOMIPOMUCCHI.

35. Ilomarosas ONTUMAJIbHAs uepapxudecKkas IpYIIUPOBKA. MHoromepHoe
MacITabupoBaHHE.

36. Pemenue 3aaun KiacTepru3aluy Kak MOMCK MUHUMAJIbHBIX TOKPBITHH.

37. HeiipoceteBbie cxembl camoobOydenusi. Cerm Koxonena m Xomnduibpaa, aliropuUTMEI
oOyuenus X»60a, ceTu BCTPEUHOTO PACIPOCTPaAHEHUS.

38. Kpurepuu kadecTBa KJIacTepu3aliiii, OCHOBAaHHbBIC HA OI[CHKE YCTOMYNBOCTH PEIICHUH.

39. Meronbl BBIYMCICHHUS KPUTEpHUEB KauecTBa INPU MUHUMM3ALUU JUCIIEPCHOHHOIO
KpUTEpHsl, B HEpPapXUUECKOW TPYNIUPOBKE M B AIrOpUTME « K- BHYTPUIPYIIOBBIX
CPEIHUXY.

40. Meron HeUeTKUX K - BHYTPUTPYIIIOBBIX CPETHUX.

41. Knacrepusanusi MHOXKECTB JIOTHYECKUX 3aKOHOMEPHOCTEH KIJIaCCOB.

42. Mepsl KOHIIGHTpAllMW, CpENHssA Mepa BHYTPHKIACCOBOTO paccesHus. Kpurtepuu
KJIacTEepU3alliu IpU HEU3BECTHOM YMCIIe KiacTepoB. Pemenue 3a1au kiactepusaluy npu
HEU3BECTHOM YHCIIE KJIACTEPOB.

43. Knacrepusanusi KOJJIEKTUBAMHM alroputMoB. KOMHUTETHBI CHHTE3 KOJUIEKTHBHBIX
peLeHui.

44, Pa3MbITble M KOHTpPAacTHbIE MaTpHUIlbl OLEHOK. Kpurepunm kadecTBa KOJUIEKTUBHBIX
peLeHui.

45, DKBUBAJICHTHOCTh 33J]ad MaKCUMM3allMd PACCTOSHUS XOMMHUHIAa OT MAaTpPHUIbl OLIEHOK
KOJIJICKTHBHOTO PEIICHHS JI0 CPETHEH Pa3MBITONH MaTPUIBl 1 MUHHUMHU3ALUN PACCTOSHHS
XOMMUHIa OT  MAaTpHIbl OLEHOK KOJUIEKTUBHOTO pEIIeHUs /0 MHOXECTBa BCeX
KOHTPACTHBIX MATPHIL.

46. KoMUTeTHBII CHHTE3 ONTHMAaJbHBIX KOJUIEKTHBHBIX pEIICHUI 3alaud KJIacTEepPHOTO
aHaM3a. DBPUCTHYECKUE METOBI HAXOXKJICHHUS ONTUMAIBHBIX KOJUIEKTUBHBIX PEIICHUHA
3a[a4 KJIacTEpPHOro aHanu3a. Buzeo - norundeckuii METO KJIacTepH3aliH.

47.3anaun pacno3HaBaHUS M KJIacTEpPU3alMU MPU HEMOJHOTE JaHHBIX. MeETOoJbl pelieHus
3aJa4 KjIaccu(UKaIUN HEMOJIHBIX JaHHBIX.

48. AlrOpUTMBI BOCCTAHOBJICHHSI HEW3BECTHBIX 3HAYCHHWU MPHU3HAKOB, OCHOBaHHBIC Ha
JIOKaJIbHOM O0Y4YE€HUH, ONTUMHU3ALUN U TPUMEHEHUN METO/I0B PAaCIIO3HABAHMUSL.

49, 3aaun ¥ METOJIbI BOCCTAHOBJICHUS PETPECCHIA, TapaMETPUIECKHAE U HeTlapaMeTPHUIECKHE
NOJX0/1bl (JIMHEHHAsI, NOJTMHOMHAIbHAS, SAEPHOE CTIIAXHBAHUE).



50. Haxoxnenue KYCOYHO-JIMHEWHBIX perpeccuii Ha 6aze JMHAMHYECKOT O
IIPOrPaMMUPOBAHUS U MOJIEJIEH PACIIO3HABAHHUS.

51. Jloructruueckas perpeccus 1 ee HaxoKJICHHE.

52. BoccraHoBieHHe (YHKIMOHAIBHBIX 3aBUCUMOCTEN IO MPELEAECHTaM C UCIOJIb30BaHUEM
MOJIEJIEN PACIIO3HABAHMSL.

53. bailecoBCckoe BOCCTAHOBJICHHME, KaK IIOCTPOCHME KOJUIEKTMBHBIX pEIICHUN 3aj1ad
pacriozHaBanusa. KoppeKTHOCTh 0alieCOBCKOT0 ajaropuTMa BOCCTAHOBJICHUS 3aBUCHMOCTH
1py 6a30BbIX KOPPEKTHBIX aJITOPUTMAX PaclO3HABaHUS.

54. JIuHelHbIii KOPPEKTOp M €ro KOPPEKTHOCTh HpU 0a30BBIX KOPPEKTHBIX AITOPHTMax
pacro3HaBaHHUs.

55. BoccTaHoBieHne  KyCOYHO-TIOCTOSHHBIX ~ (yHKUMH 1o  mpereneHraMm.  [lomck
ONTHMAJILHOTO YHUCJIa KOMIIOHEHT.

56. DddexTuBHOE TIEPEOOYUCHHE B PEKUME CKOJB3SIIEr0 KOHTPOJISI B MOJICTH BBIYHCICHUS
OLIEHOK JUIsl CMEXXHOM 10 0Oyuaroiel BBIOOpKe 3a/1a4M paclio3HaBaHMUs.

57. BoccTaHOBIEHHWE  KYCOYHO-TMHEHHBIX (YHKIMA B  €BKIMIOBOM IIPOCTPAHCTBE,
OCHOBaHHOE€ Ha OOBEIUHEHWH METOJa HAMMEHBIIMX KBaJgpaToB, JIUHAMHYECKOIO
IPOrpPaMMUPOBAHUS U MOJIENIH pacliO3HABaHUSL.

[Tpumeps! 6uteToB

buier Nel

1. MynbTUIITMKATUBHBIE HEUPOHHBIE CETU U UX 00yUYeHHeE.

2. BocctaHoBieHHE KYCOUHO-TIOCTOSIHHBIX (DYHKIIMIN IO Mpelie/IeHTaM.

buner Ne2

1. Teopema Konmoroposa.

2. baiiecoBckoe BOCCTaHOBIICHUE, KaK TTOCTPOCHUE KOJICKTUBHBIX PEIICHUH 3a1a4

pacrio3HaBaHusl.

4. Kputepuu oueHUBaHUs

Onenka «OTINYHO (10)» BBICTABJISIETCS CTYJEHTY, MIOKa3aBILIEMY
BCECTOPOHHME,CCTEMAaTU3UPOBaHHbIE, ITTyOOKHe 3HaHUA Y4eOHON MpOrpaMMbl AUCHUIUIMHBI U
YMEHUEYBEPEHHO TPUMEHSTh WX Ha MPAKTHKE MPH PEIIeHUH KOHKPETHBIX 3a/ad, CBOOOTHOE
UIPaBUIbHOE 000CHOBAHHE MPUHATHIX PEILICHHIA;

Ouenka «oTau4HO (9)» BBICTABISIETCS CTYACHTY, IMOKAa3aBLIEMY CHCTEMAaTH3HMPOBAHHbBIC,
r1yOOKHEe 3HAHUS y4eOHOU MporpaMMbl JUCIUIUIMHBI 1 YMEHUETIPUMEHSITh UX Ha MPAaKTUKE IpU
pelIeHNH KOHKPETHBIX 33]1a4, CBOOOIHOE UITPaBUIbHOE 0OOCHOBAHUE MPUHATHIX PEIICHUH;

Omnenka «oTH4YHO (8)» BBICTABIACTCS CTYICHTY, IMOKA3aBIIEMY CHCTEMAaTH3HMpPOBaHHEIC,
3HaHUA Y4eOHOU MmporpaMMbl AUCUUILIMHBI 1 YMEHUETTPUMEHSITh UX Ha MPaKTHUKE MPU PEeIIeHUN
KOHKPETHBIX 3a]1a4, IPaBUIbHOE 000CHOBAaHHE MPUHATHIX PEIICHU;

OI_ICHKa «XO0pOo1Io (7)» BBICTABJISICTCA CTYACHTY, C€CJIIM OH TBCPAO 3HACT MaATCpUAJl,
TpaMOTHO U MOCYIICCTBY H3JIara€t €ro, yMmMmecT IMPUMCHATH IOJYUCHHBIC 3HAHWA HA IMPAKTHKE,
HOJOIMYCKACT B OTBCTC UJIK B PCHICHUH 3a/1a4 HCKOTOPBIC HCTOYHOCTH,



Onenka «xopomo (6)» BBICTABISETCS CTYICHTY, €CIH OH TBEpAO 3HACT MaTepHal,
IPaMOTHO M3JIaraeT €ro, yMeeT NPUMEHATh MOJIyYCHHbIC 3HAHMs HA MPaKTHKE, HOJOIYCKAeT B
OTBETE WM B PEIICHUH 3a]]a4 HEKOTOPbIE HETOYHOCTH;

Ouenka «xopomo (5)» BBICTaBISICTCS CTYICHTY, €CIIM OH 3HAeT MaTepuas, TPaMOTHO
U3JaraeT ero, yMeer NpUMEHSTh 0Jy4eHHbIE 3HaHUS Ha IPAKTUKE, HOAOIYCKAeT B OTBETE WJIU B
pEIIEHNH 3a]]a4 HEKOTOPbIE HETOYHOCTH;

OuneHka  «yJOBJIETBOPUTENbHO  (4)»  BBICTABISAETCS  CTYIEHTY,  IIOKa3aBIIEMY
(bparMeHTapHbIA,pa3pO3HEHHbIN XapakTep 3HaHUM, HEJOCTATOYHO MpaBUIbHbIE (HOPMYIHUPOBKU
0a30BBIXIOHATUN,  HAapyLIEHUs  JIOTUYECKOW  IOCIEAOBAaTENbHOCTH B H3JI0KEHUU
IporpaMMHOroMarepuana, HO IpH 3TOM OH BIJIAJECET OCHOBHBIMHM paziesiaMu ydeOHOU
POTPaMMBI,HEOOXOAMMBIMU JUISl AajbHEHIIEr0 OOy4YeHHS M MOXET NMPUMEHSTH MOJTy4eHHBIC
3HaHUs 1000paslly B CTAaHIAPTHOW CUTYallUH;

OueHka  «ymoBieTBOpuTenbHO  (3)»  BBICTAaBISCTCS ~ CTYACHTY,  [OKa3aBIIEMY
(dparMeHTapHBIi ~ XapakTep  3HAHWH,  HEAOCTATOYHO  NpPaBUIbHBIE  (HOPMYITHUPOBKU
0a30BBIXIIOHATUI, HO HpPU HTOM OH BIAJAECET OCHOBHBIMHM  pa3jienaMu  ydeOHOU
IPOTPaMMBI,HEOOXOAMMBIMU JUTSI AaJbHEWIIEr0o OOYYeHHsS M MOXKET NPUMEHSTH IOJTy4eHHbIE
3HaHU 1000pa3lly B CTAaHJIAPTHOW CUTYallUH;

OneHka «HEyJIOBIETBOPUTEIbHO (2)» BBICTABISETCA CTYIEHTY, KOTOpBIH HE 3HaeT
00JbIIEH YaCTUOCHOBHOI'O COJIEP KAHUS yUEeOHOM MporpamMmbl IMCHUIUIMHBI, JOMYCKAeT IpyoObie
omMOKK  B(OPMYIUPOBKAX  OCHOBHBIX  MOHATMH  JMCUMIUIMHBI W HE  yYMEeT
HCII0JIb30BaThII0JIyUEHHBIE 3HAHUSI IIPH PELIEHUH TUIIOBBIX MPAKTUYECKUX 3a]1a4.

OmeHka «HeyJnoBIeTBOPUTENbHO (1)» BBICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET
OCHOBHOI'O COJIEp)KaHUsl Yy4eOHOH MporpaMmbl JAWCLUIUIMHBI, JOMYCKAaeT TIpyOble OIIMOKU
B(HOPMYITHPOBKAaX OCHOBHBIX MOHATHH JUCHUIUIMHBI U HE yMEET HCIIOJIb30BaTHIIONTYICHHBIC
3HAHMS [IPU PELIEHUH TUIIOBBIX MPAKTUYECKUX 3a]1a4.

5. Meroauyeckue MaTepHajbl, ONpeae/silOINe MNPOUEeAyPbl OLEHUBAHUS 3HAHMIA,
YMEHUIi1, HABbIKOB U (MJIM) ONbITA JeATeJIbHOCTH

Bo Bpems mnpoBeneHuss 3auera M 3K3aMeHa OOyd4aroludecsi MOTYT IOJIb30BaThCs
IporpaMMoOM  IUCLMIUIMHBEI, VIHTEpHETOM, CIpPaBOYHOM JIUTEPATypOH, BBIYMCIHUTEIBHON
TEXHUKOMU.

3a4er U dK3aMeH MMPOBOAATCA MYTEM OpPraHv3alu CIICHUAJIbHOI'0 Orpoca, MpoBOANMOTIO B
yCcTHOH (opme.



