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 TUCHHILJIMHE: Metons!l aHaJIM3a JaHHBIX U PaClIO3HABAHUS
110 HANPABJICHUIO: SnepHble pU3MKa U TEXHOJIOTHH
NpopuJIb NOArOTOBKHU: SAnepnas puznka, YTC n KoMIbloTepHbIe METOBI B (prznke

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
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 obcyxaeHa Ha 3aceqannu Kadenpsl THPOPMATHKH U BRIYUCIUTeNsHONU Maremaruku 04.06.2020



AHHOTANMA

B KypCC paCCMarpuBarOTCA KIIIOYCBLIC TIMOHATHA WU COBPCMCHHBLIC MATCMATUYCCKUC MCTOJAbI WU aJITOPUTMBbIL
aHaJIn3a JaHHBbIX U paCllO3HABAHUS, @ TAKIKE UX MMPUIIOKCHUSA B pa3JIMIHbIX 00IacTaX.

1. lean u 3apa4n

].le.]'ll) AUCHUIIINHBI
HN3Yy4YCHHUEC COBPCMCHHBIX IIOAXOI0B, Mo;:[eneﬁ, AJITOPUTMOB aHAJIM3a JAaHHBIX W PCHICHHUA 3alad
pacnnio3HaBaHUs, KHaCCI/I(l)I/IKaL[I/II/I, HaXO0XICHUA 3aBUCUMOCTCH.

3agaum AUCUMIIHHBI
* OCBOCHHE CTyIeHTamMH 0a30BbIX 3HAHWH B 00JACTH METOJOB aHaIW3a JAHHBIX M PACIIO3HABAHUS
(MALIP);
* TpHOOpETEeHHE TEOPETUIECKUX 3HAHUH B 00JIACTH aHAJIN3a MPELEICHTHBIX JaHHBIX B YCIOBUSIX MX
YaCTUYHOI MPOTHBOPEUYNBOCTH U HETIOIHOTHI;
*  OKa3aHWE KOHCYNbTAllMii W MOMOIIM CTYIEHTaM B HPOBEICHHUH COOCTBEHHBIX TEOPETHUYECKHUX H
SKCTIEpUMEHTAILHBIX UcciieoBaHuii B oOmactn MAJIP;

° (bOpMI/IpOBaHI/Ie HAaBbBIKOB IMPUMCHCHUS MAI[P opu  HCCICIOBAHUU OSKCIICPUMCHTAJIbHBIX,
CTaTUCTUYCCKUX HWJIM OKCIICPTHBIX JAHHBIX IIPHU BBIIIOJIHCHUHU 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-1.1 NmeeT npeacTaBiIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoel
npodecCuoHaTbHON e TENBHOCTH

OIIK-1.2 CrnocobeH cocTaBiATh OO TuTaH paboTHI MO
3aJaHHOW TeMe, TMpeJlaraTb METOAbl WCCICIOBaHHS U
OIIK-1 Criocoben ¢popMynupoBaTh LENH U CHOCOOBI 00OpaboTku PE3YNBTaTOB, IIPOBOIUTH
3aj1a4d UCCIIEA0BAHNUS, BEIOUPATh KPUTCPUH MCCIIEIOBAaHHS 110 COIIACOBAHHOMY C PYKOBOIUTEJIEM ILIaHY,
OLICHKU, BBISBIIAITH IIPHOPUTETHI PEIICHHS 33124 |IPECTABIATH ITOJIY4YCHHBIC PE3YIbTaThI

OIIK-1.3 Brnameer cHCTEeMaTHYeCKUMU 3HAHUSAMHU TIO
HAIPABJICHUIO JICATCIBHOCTH; YIITyOICHHBIMH 3HAHUSIMH TI0
BBIOpaHHOH  HANpaBIEHHOCTH TOATOTOBKH, 0a30BBIMU
HaBBIKAMH MPOBENICHHsI HAyYHO- MCCIEIO0BATEIILCKUX PaboT
10 IPEIJIOKEHHON TEME

OIIK-2.1 CnocobeH NpUMEHATh 3HAHUST W HABBIKU TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,

OIIK-2 CriocobeH npuMeHSITh COBpEMEHHbBIE
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

METOAbI UCCIICAOBAHNA, OCHHUBATh U

. OIIK-2.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MIPEACTAaBIATH PE3YIbTAThl BEINTOIHEHHON

MPOBCACHUA HAYYHOI'O UCCICAOBAHUS, IPUMCHATH 3HAHUSA B

pabotbl o
oOsactTi Mpo(eCCHOHANBHON NESTENbHOCTH HJISl PEICHUs
MOCTaBIICHHON 3ajaud, (OPMYIUPOBaHMSI BBIBOJOB U
OLIGHKHU TIOJTYYE€HHBIX Pe3yIbTaToOB
OIIK-3 CriocobeH ohopMIIATh PEe3yIIBTaThI OIIK-3.1 Bnameer mpodeccHoHATBHOW TEPMUHOIIOTHEH,
Hay4HO-UCCIEN0BATEIBCKOMN AESITENBHOCTH B HCIIONB3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
BUJIE CTaTeH, IOKJIa0B, HAyYHBIX OTYETOB U nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
MPE3eHTAINH C UCTIOIH30BAHUEM CUCTEM W3IIOKEHUST Pe3yabTaTOB HAyYHOW JCSITEIHHOCTH B paMKax

KOMITBIOTEPHON BEPCTKU M MAKETOB OPUCHBIX  |MpodecCHOHAIEHON KOMMYHUKAIINU
porpaMm

[IK-1 CnocobeH k co3nanuto Teopetnueckux U |[IK-1.3 Bnageer HaBbikamu paboOTBl C¢ COBPEMEHHBIMU
MaTeMaTHYECKUX MOJIeIeil B 00IacTy sIEpHON | pacueTHBIMU IPOrPAaMMHBIMU CPEICTBAMHU
(U3MKH U TEXHOJIOTUI




[1K-2 T'oToB mpumensTs MeTonbl uccnenoBanus ([1K-2.3 Brnaneer HaBBIKaMU WCTIONIb30BaHUs
U pacyeTa MpoLeccoB, IPOUCXOASIINX B WH(POPMALIMOHHBIX TEXHOJIOIMHA M IaKEeTOB MPHKIAIHBIX
COBPEMEHHBIX (PU3NYECKHUX YCTAaHOBKAX U [IpOrpamMM IpU MPOEKTUPOBAHUM U pacyeTe yCTPOUCTB WU
yCTpoiicTBax B 001aCTH sIEpHOH pU3HKH 1 00beKTOB (YCTaHOBOK, MarepuajoB, MpHOOpPOB) B CBOEH
TEXHOJIOTUI MpeMETHOM 0bmacTu

[MK-3 CriocobeH 00beKTHBHO OICHUTD [IK-3.1 3HaeT coBpeMEHHBII YpOBEHb Pa3BUTHS HAyKU U
MpeyIaraeMoe peleHue ik MpoeKT Mo TEXHOJIOTUH, MpodecCHOHaNbHbIE MPOOJeMBl B  CBOEH
OTHOILIEHUIO K COBPEMEHHOMY MUPOBOMY IpeIMETHOH o0acTu

YPOBHIO, MIOATOTOBUTH SKCIIEPTHOE 3aKIIIOUEHHIE

3. IlepevyeHpb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)

B PE3IYIBTATC OCBOCHUA JUCIUTIIIMHBI O6y‘{aIOH_II/I€C$I JOJI>KHBI

3HATH!
[0  dyHOaMeHTaNbHbIC MOHSTHS W METOJbl TCOPHU PACIO3HABAHWS MO TpEILEJACHTAM M aHaIn3a
JIAHHBIX;
[J  coBpeMeHHbIe TpoOIeMbl aHalM3a JIAaHHBIX, TEOPUW PACIIO3HABAHMSI, KIACCU(PUKAINH, ITOUCKA
3aBUCUMOCTEM;
0 METO/BI W TOAXOABl pPEIICHHUs NPaKTUYeCKUX 3a/lad aHajiu3a JaHHBIX W KJIACCU(PHUKAIMH
KOJUICKTUBAMH aJITOPUTMOB;
[J mporpaMMHBIE CpeICTBa PEIICHNs OCHOBHBIX 33/1a4 aHallu3a JJaHHBIX U Kiaccu(pukanuu.

YMETh:
O MOJIb30BaThCSl CBOMMH 3HAHUSAMH I pEIIeHUs (PYyHIAMEHTAIBHBIX, MPUKIAJHBIX H
TEXHOJIOTUYECKHX 33/1a4 B PA3IMYHBIX IPEAMETHBIX 00IacTsX;
(] nmenarh NMpaBWIBHBIC BHIBOABI U3 COIOCTABICHUS PE3YJAbTaTOB TEOPHH W IKCIICPUMEHTA, BRIOUPATH
MPAaBUIILHO TIApaMETPhl METO/IOB, aJIEKBATHBIE PA3MEPHOCTH 00YYaIOIUX BEIOOPOK;
[J  jenaTh Ka4eCTBEHHBIC W KOJIWYCCTBEHHBIC BBIBOJABI IPH TEPEXOJle K MPEACIBHBIM YCIOBUSM B
M3ydYaeMbIX MpoodIeMax;
O OCBaWBaTh HOBBIC IPEIAMETHBIE O0NACTH, TEOPETUYCCKUE TIOAXOABl W DKCIICPUMEHTAIBHBIE
METOIHKY;
O MOJIy4aTh ONTUMAJbHBIC AITOPUTMBI KIAaCCH(PUKAIIMN W TPAaBWILHO OIICHUBATH CTEICHb WX
TOYHOCTH U JOCTOBEPHOCTH;
[1 paboTarh Ha COBPEMEHHOM JKCIIEPUMEHTAIBHOM 000PYI0BaHUY;
[J TIaHUPOBAThH ONTHUMAILHOE TIPOBE/IeHHE 00YUSHHS 110 MPELIeACHTaM;
O 3¢ (exTHBHO MCTHONIK30BaTh WH(GOPMAIMOHHBIE TEXHOJOTHH W KOMIBIOTEPHYIO TEXHUKY IS
JOCTHKEHUSI HEOOXOTUMBIX TEOPETHUECKUX U PUKIIAJHBIX PE3yIbTaTOB.

BIIAJICTh:

[l HaBBIKAMH aHaIW3a OOJBIIOrO O00BEMa YACTHYHO MPOTHBOPEUYMBHIX M HEMOJHBIX MPH3HAKOBBIX
OITMCaHMIA;

0 HaBBIKAMH CaMOCTOSITEIBHOW pPa0OTHl B JIAOOpAaTOpHH C WCIIOIB30BAaHHEM COBPEMEHHBIX
KOMITbIOTEPHBIX TEXHOJIOTHIA;

[]  KynabTypoH MOCTaHOBKH M IUIAHUPOBAHUS MOCICAOBATEIILHOCTH PEIICHHS 3a1a4 aHAIN3a JaHHBIX
Knaccuukanuy;

0 HaBBIKAMH TPAaMOTHOW OOpPaOOTKHM CTAaTHCTUYECKUX MHOTOMEPHBIX IaHHBIX, O(OpMIICHHS
pEe3yabTaTOB YHCICHHBIX PACUETOB M UX COIOCTABICHUS C TECOPETHUECKUMHU OLIEHKAMU;

[] MpaKTUKOM UCCIETOBAHHS U PEIICHUS TEOPETUICCKUX U MPHUKIIAJTHBIX 33]1a4;

[l HaBBIKAMM aHAJIM3a peajbHbIX 3a]a4d U3 PA3IUUHBIX MPEIMETHBIX 00JacTeil Ha ypOBHE OTIEIbHBIX
MIOIXOJI0B ¥ KOJUISKTHBAMH AJITOPUTMOB.

4. Conep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Moavrrom (Contuancr TTaAAnar naAnTLT




JAVINLKIXL

—vviriaap o

Jiavvpal. pavvios

pabora

OCHOBHEBIE IIOHATHSA. MO)ICJ'H/I
pacno3HaBaHus, OCHOBaHHBIC Ha
MPpUHOUIIC YaCTUYHOM MNpeUCACHTHOCTH.

13

HudopmaruBHOCTH HPU3HAKOB 14
ATAJIOHOB, METOIbI OLICHKHU
WH(POPMATUBHOCTH.

13

Jlorndeckue 3aKOHOMEPHOCTH KJacCOB,
WX TIONCK W TMpPHMEHEHHE B 3a7a4ax
KJIacCU(DUKAIINY.

13

Monenu pacno3HaBaHUs, OCHOBaHHBIC Ha
MOCTPOCHUM  OMHAPHBIX  PEIIAIOIINX
JIePEBHEB.

13

ANTOpUTMBL pacro3HaBaHus,
OCHOBaHHbBIE Ha IOCTPOECHUU JIMHEHWHBIX
U KyCOYHO-JIMHEWHBIX  pa3AeiAroIuxX
[IOBEPXHOCTEN

13

Mopnenu pacro3HaBaHusl, OCHOBaHHbIE Ha
[IOCTPOECHNN HEIMHENHBIX Pa3AeiIomnX
[IOBEPXHOCTEN

10

HetipoceTeBbie Moienu KiraccuuKaum

ROC-aganmu3z u  AUC- ontuMaibHBIE
KI1accu(pHUKaTOPBHI.

9

Craructudeckasi TeOpHs PacO3HABAHUS

10

Anrebpanueckast TOpHs pacIio3HaBaHUS

15

11

Cucrema aHanu3a JIAaHHBIX u
knaccuduxannn PACIIO3HABAHUE

15

12

Kitacrepnslit ananus

15

13

Pemenne 3aaa4 KJIIaCTCpu3alun
KOJUICKTUBaAMHU aJITOPUTMOB

B N S I OS2 B NS I N

N N S BN S B S A I

14

Knaccudukanus oObeKTOB ¢ HETTOTHBIMHU
MPU3HAKOBBIMHU ONHMCAHUSIMH, C OOJIBIINM
YHCIIOM KJIACCOB

15

Haxoxnenue (YHKIMOHATBHBIX
3aBUCHMOCTEH MO MpeleIeHTaM

2

Wtoro wacos

60

30

30

120

HO,I[FOTOBKa K 3K3aMCHY

30 gac.

OO01mas TpynoEMKOCTh

270 gac., 6 3au.ef.

4.2.

Coneprxanue TUCIUIUIAHBI (MOl ), CTPYKTYPUPOBAHHOE MO TeMaM (pasiernam)

Cemecrtp: 1 (Ocennuii)

1. OcHoBHblE TOHATHSA. Moaenu paclo3HaBaHUS,

NpeuCcaACHTHOCTH.

OCHOBAaHHbIC Ha NPUHIOHIIC YaCTUYHOM

OcHOBHBIE OHATHS TEOPUH paclo3HaBaHUs 110 mpeneneHTam. [Ipu3HakoBele onucanus, oOyJaronme
BBIOOPKH, KOMIIAKTHOCTb, 3aJadyd pAclO3HAaBaHUs, KIACTEPHOIO aHaju3a, BOCCTAHOBJICHUS
perpeccuii, IPOTHO3MPOBAHU, IIOUCKA 3aKOHOMEpPHOCTEH. IIpumepsl NpakTUYECKUX NPUMEHEHHM.
CranpaptHass oOydatomias wuHpopmanusa. OyHKIMOHANT KadecTBa paclo3HaBaHUs. 1ecTOBBIN
QJITOPUTM, AQJTOPUTMBI C NPEACTABUTEIBHBIMH Habopamu. Moaenu aaropuTMOB BBIUYHCICHHUS
ouieHOK. D deKTrBHbBIE (HOPMYITBI BHIYUCICHNUS OLICHOK.

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



PaznuuHbie MOMXOABI M METOABI OMpeNeieHUsT WH(OPMATUBHOCTA MPH3HAKOB W OTAJIIOHOB.
Borunciienne onenoxk — umH(opmatuBHOCTH. [loMCK WH(POPMATHBHBIX CHCTEM MPU3HAKOB Kak
JCKpETHAsl ONTUMH3AIMOHHAs 3ajada. [IpUONMKEHHBI METOJI HAXOXJICHUS ONTHMAaIbHOTO
MPU3HAKOBOTO MNOAIPOCTPAHCTBA, OCHOBAHHBIN HA IPUMEHEHHUHU JIOTHUECKUX KOPPEIALUI MTPU3HAKOB
¥ METOZIOB KJIaCTEPHU3AIUU

3. Jlorndyeckue 3aKOHOMEPHOCTH KJIACCOB, X MTOUCK M IPUMEHEHHE B 33/1a4aX KIacCH(pUKaIIH.

Jlornueckue 3aKOHOMEPHOCTH KJIACCOB, JIOTMYECKUE OIMCAHMUS KJIacCOB, MHHUMAJbHBIE U
cokpaiieHHble onucanus. [locTpoenne pemaommx QyHKIUA B MOJIENIAX TOJIOCOBaHUS MO CHCTEMaM
JIOTUYECKUX 3aKkoHOMepHocTel. HaxoxieHue 1ornyeckux 3akOHOMEPHOCTEN KJ1acCOB Kak pelleHHUe
CHEUAIN3UPOBAHHBIX 3aJad AMCKPETHON ONTUMHU3AaLMH. [IOMCK JIOTMUECKMX 3aKOHOMEPHOCTEH
KJIACCOB C YAaCTOTHBIM U CTaHJAPTHBIM KPUTEPHUSIMH KauecTBa.

lenernveckre anropuTMmbl moucka. KpoccoBep, Myrtanus, omepatopsl oroopa. [eHeTHdeckwii
aJTOPUTM TIOHCKA JOTHYECKUX 3aKOHOMEPHOCTEHN KIIacCOB.

4. MOI[CJ'II/I paciio3HaBaHUA, OCHOBAHHLIC HA IMTOCTPOCHUHN 6I/IHapHBIX pemaromux ICpCBLCB.

Bunapusie pemaromue aepesss. [IpuznakoBeie npeaukarsl. [Ipeacrapnenne pa3oueHus: TMCKPETHOTO
eIMHUYHOTO Ky0a B BUAE OMHApHOIO pEIIAIOIIEro JepeBa. AJTOPUTM IOCTPOEHUS JOIyCTUMOTO
pa3OueHusi. ANTOPUTMBI TOCTPOCHUS OMHAPHOTO pELIAIoIIero JepeBa MO MpeleleHTaM,
MPaKTHYECKUE METObI 00pe3aHUs 1ePEBLEB.

5. ANropuTMmbl paclio3HaBaHMs, OCHOBAaHHBbIE Ha IIOCTPOCHUM JIMHEHHBIX M KyCOUHO-JIMHEHHBIX
Pa3IENIOMMX TOBEPXHOCTEN

MuHUMH3aIHS SMIMPUIECKOTO pUcKa. [IpaBHIO MOCTOSHHOrO mpupameHus, tTeopemMa HoBukoBa.
[Tonck mMakCUMasIbHOM COBMECTHOM ITOJICHCTEMBI CHUCTEMbI JIMHEHHBIX HEpPaBEHCTB. JIMHEWHbIE U
KYCOYHO-JIUHEHHBIE pa3lesiolue MOBepXHOCTH. JIuHelHas MamuHa. JIMHEHHBIA AUCKPUMHUHAHT
Oumepa. MeTopl MOCTPOSHUS JTHMHEHHBIX PA3JCIAIOMUX (QYHKIUN (penakcalliOHHbIE METOIHl,
MICEBA000OPALICHNS, METObI JIMHEHHOTO MPOTrPaMMHUPOBaHH). MeTo1 KOMUTETOB.

6. MO,I[GJ'II/I pacno3HaBaHuA, OCHOBAHHBIC HA TIOCTPOCHUN HEJIMHEHHBIX pasaciAroIIuXx HOBerHOCTCﬁ

[locTpoeHrne TONMHOMHMAIBHBIX Ppa3lEISIIOIINX ITOBEPXHOCTEH, TEpPEXol B  CHPAMISIONIEE
MPOCTPaHCTBO. MeToA MOTEHIMAIbHBIX (DYHKIMH, poLeaypa 00ydeHns: MeToa, METO/ TPYyNIIOBOTO
ydera aprymMeHToB. MeTol OMNOpHBIX BeKTOpoB. CBeneHHE 3afadd IMOCTPOCHHS pPa3lelisiouei
TUIEPINIOCKOCTH ¢ MAaKCUMAaJIbHBIM 3a30pOM K 3a/laue KBaJpaTU4YHOIo nporpaMmmupoBanus. Ciyyait
JIMHEHHOW Hepa3felMMOCTH KJIaccoB. MeTon OMOpPHBIX BEKTOPOB M CIPSMIIIONIEE NPU3HAKOBOE
npocTpancTBO. CBsI3b METO/Ia OTIOPHBIX BEKTOPOB U METOAA MOTEHIINAIBHBIX (yHKINIA.

Cemecrtp: 2 (Becennuit)
7. HeiipocereBble MoJieNn Kilaccu(hUKaIuH

HeiipocereBble  anroputmbl  pacrno3HaBaHus. OOmme  moHATHS.  Anroput™M  00OpaTHOTO
pacnpoctpanenust ommbOku. Cern Koxonena u Xomdwibaa, anropuTMmbl oOydeHust X300a, ceTw
BCTPEYHOT'O PacIpOCTPaHEHHsI, MyJIbTUILTUKATHBHBIC HEHPOHHBIE ceTH, Teopema Kommoroposa.

8. ROC-ananu3 u AUC- ontumaiibHble K1acCU(UKATOPHI.

Onpenenerane ROC-KpHUBBIX Kak BbIOOp ONTHUMANBHBIX Kiaccudukatopos. OmnpelneneHue TaOIUIlbl
COIPSDKEHHOCTH, TOYKU oTcedeHusi, ommbOku I u I pona, yyBcTBUTENBHBIE U CHIEUU()UIHBIE TECTHI.
[TpakTrueckoe nmocrpoenue u aHaau3 ROC-KpUBBIX B MOJEINAX KIACCHU(PUKAIIH.



9. Crartuctudeckasi TEOpHs paclio3HaBaHUS

baiiecoBckoe pemaroniee npasmio. baiiecoBckuii puck. Kimaccudukanust ¢ MUHIMAJIBHBIM YPOBHEM
ommbok. Knaccuduraropsl, pazmensiromue (QyHKIMH ¥ TOBEPXHOCTH pelieHuid. BepostHocTH
OmIMOOK, CIy4all HOPMAaJbHOW IUIOTHOCTH, MaxajJaHOOMCOBO pacCTOSHHE, TUCKPETHBIA CIydau.
[Tapamerpuyeckne M HeNapaMETPHUUYECKHE CTATHCTHYECKHE METOAbl pacro3HaBaHusA. QDyHKIHA
pocTa, eMKOCTh MHOXKECTBa (DYHKIMIA. PaBHOMEpHas CXOAMMOCTh YacTOT OUIMOOK K BEPOSTHOCTSIM.
[Iprumepbl Monenell pacio3HaBaHUsI OTPAHUYEHHON U HEOTPAaHUYEHHON €MKOCTH.

10. Anrebpandeckast TeOpHs paclio3HaBaHUs

CraHmapTHBIH pacHO3HAIOUIMA  allTOPUTM, PACHO3HAIOUIUI OIeparop, peliapee paBuio.
OcCHOBHbIE NOHATHS U ONpeJeNIeHUs aIredpanyecKoro moaxoaa B pacrno3HaBaHuU. KOppeKTHOCTh U
nonHoTa Mozenei. [IpencraBneHne anropuTMOB B BUZE ONEPAaTOPHBIX MOIMHOMOB. CyIliecTBOBaHHE
KOPPEKTHBIX ~ aJropuTMoB. MeTonsl IOMCKAa KOPPEKTHBIX ajroputmoB. Onepanuu  Haj
pacmo3HalomMMK  anroputMamu. Jlormueckue KOPpPEKTOPBI, KOPPEKTOp MO  OOJBILWHCTBY,
0alieCOBCKUI1 U IOTEHIIMATLHBIN KOPPEKTOPHI aJITOPUTMOB

11. Cucrema ananmsa gansbix 1 knaccudukanuu PACTIOSHABAHUE

Onucanne rpaduyeckoit 00omouku. [aBHbIE OKHO W OCHOBHOe MeHI0. OKHO mpoekra. Metos
pacmo3HaBaHusl U Kiaccuukauuu. Bong u mpenoOpaboTka JaHHBIX, KOJIMYECTBEHHBIC MPHU3HAKH.
OOpaboTKka HOMHHAJIBHBIX NPHU3HAKOB M HEM3BECTHBIX 3HA4YCHUH. 3ajaHMe OCHOBHOIO NPH3HAKA.
CrpyKTypa mporpamMmmsl.

12. KnactepHslil aHaIu3

3amaua kmacTepHoro ananusa. Mepsl mogoous. OyHKIMKM KpUTEPUEB LISl TPYIIUPOBKU: KPUTEPHMA
CYMMBI KBaJpaToB OMIMOOK, POJICTBEHHbIE KPUTEPUH MUHUMYMa JUCIIEPCHUA. MaTpulbl U KpUTEPUHI
paccesHusa. Kpurepun kiacrepusalMy, OCHOBAaHHblE Ha Marpuuax paccesHus. Hekoropsie
IBPUCTUYECKHE AITOPUTMBI (METOA K-CPEOHHMX, METOI Ppa3MBITBIX K-CpeOHHX, (openb, Meron
K-9TaJIOHOB, QJIOPUTM B3aUMHOIO IONIOLICHMs). 3ajadya KilacTepu3allud B CTaTUCTUYECKOM
MoCTaHOBKe. BoccTaHOBIEHHWE IUIOTHOCTEH KOMIIOHEHT II0 IJIOTHOCTHM cMecu. MrepartuBHas
ONTHMHU3AIM B KIACTEPHOM aHaiu3e. MHUHUMH3aLUS KPUTEPHUsS CYMMBI KBaJpaToB OIIHOOK.
Uepapxuyeckass rpynnupoBKa, JOEHIPOrpaMMbl, arioMEpaTUBHBIE U JAEIUMbIE MPOLEAYPHI.
Anroputmbl "Ommxaimuii cocen”, "naneHuil cocen”, xommnpomucchl. [lomaroBas onTUManbHAs
uepapxuieckasl rpynnupoBka. MHoromepHoe macmraOupoBanue. Pernienue 3agadm KinacTepusaluu
Kak [IOMCK MUHUMAaJIbHBIX NMOKpbITUH. Kpurepun kauecTBa KiacTepu3aluii, OCHOBaHHbIC Ha OLIEHKE
YCTOMYMBOCTH pelieHri. MeTonpl BBIUMCICHUST KpUTEpUEeB. Mepbl KOHLIEHTPALUHU, CPENHss Mepa
BHYTPHUKJIACCOBOIO paccesHus. Kpurepuu kiacrepusallMd IpU HEU3BECTHOM 4YHCIE KIIACTEPOB.
Pemienue 3amau knactepu3anuy Ipyu HEM3BECTHOM YHCIIE KIIACTEPOB

13. Pemcuue 3a1a4 KJIIaCTCpU3allu KOJUICKTUBAMU AJITOPUTMOB

Kiactepusanuss KOJIJIEKTUBAMU  alrOpUTMOB. KOMHUTETHBIH CHHTE3 KOJUIEKTHUBHBIX PpEIICHHM.
Pa3MbITble 1 KOHTpacTHBIE MaTpULbI OLIEHOK. KpuTepuu kauecTBa KOJJIEKTUBHBIX PEIICHUNA. MeTozbl
HAXOXJICHUS! ONTHMAJbHBIX KOJUIGKTUBHBIX PEIICHUH 3ajady KJIacTEpHOro aHanu3a. Bugeo -
JIOTUYECKUH METOJl K1acTepU3aLuu.

14. Knaccudukarnus oOBEKTOB C HETOJHBIMH IPU3HAKOBBIMHM OMHCAHUSMH, C OOJBIIMM YHCIOM
KJIacCOB

CymecTBylole METOABl BOCCTAHOBJICHHs 3HAYeHWH Mpu3HaKoB (marginalisation, imputation,
pPEerpecCHOHHbIE M CTAaTHCTHUECKHEe MeTonsl). Ilomxoapl, OCHOBaHHbIE HA JIOKAaJbHOM OOYy4YeHUH,
ONTUMH3ALMH U IPUMEHEHHH aJITOPUTMOB pacro3HaBaHus. JJOCTOMHCTBA M HEZOCTATKH PAa3IUYHBIX
METO/IOB.

CyiecTByIoMe NOAXOABI UIsl PEIIeHUs 33Jad ¢ MHOTMMHU Kiaccamu. lloaxonbl, OCHOBaHHBIE Ha
MOMIAPHOM  PA3JeNeHUN KJIAcCOB, IOAXOA «OOWH MPOTHB Bcex». CBemeHHe 3amaud K Habopy
TUXOTOMHYECKUX Kiaccubukanuii u nogxoxy ECOC.



15. Haxoxxaenne GpyHKIIMOHATIBHBIX 3aBUCUMOCTEH 110 TIpere/ieHTam

3amaunr ¥ METOABl BOCCTAHOBIICHUS PErPECCHM, MapaMeTPUUYECKUe W HelapaMeTPUICCKUE TOXO/IbI
(TMHeWiHAassT W KyCOYHO-JIMHCWHAs, T[OJIMHOMHUANIBHAS, JIOTUCTUYECKAs PETrpeccHd, sIIEPHOE
CIJIAKVBaHUE).

BoccranoBnenne (hyHKIIMOHAIBHBIX 3aBUCMOCTEH 110 MPELEeIeHTaM C UCTI0JIb30BAaHUEM JIOTHYECKUX
MoJieel pacnio3HaBaHus. baliecoBCKkOe BOCCTAHOBIIEHHE, KaK MTOCTPOECHNE KOJUIEKTUBHBIX PEIICHHUN
3aj1a4 pacro3HaBaHus. BoccTaHOBIEHNE KyCOUHO-TIOCTOSHHBIX (DYHKIHI IO MPeLeAeHTaM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEIHLHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

VYueOHast ayTuTOpHs, OCHALICHHAS! MYJIBTHMEANA-IIPOEKTOPOM U DKPAHOM.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. AiiBazsu C. A., Byxmra6ep B. M., Entokos U. C., Memankun JI. /1. [IpuknagHas craTucTuka:
KiaccuuKanus U CHUXKeHHe pasMepHocTH. — M.: @HuHAHCH U cTaTHCThKA, 1989.

JlononHuTEIbHAS IUTEPATypa
1. N30pannsbie HayuHble Tpynbl [ Texct]/FO. U. XKypasnes, -M., Maructp, 1998

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

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

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOIYJII0), BKJII0OYasl lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

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

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0 0OCBOCHMIO JTHCHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, U3y4aroluii Kypc METOAbl aHAIM3a JaHHBIX W PAaclO3HABaHMA, TOJDKEH C OIHOW CTOPOHBI,
OBJaJeTh OOLIMM MOHSATUHHBIM ammapaToM, a C APYToil CTOPOHBI, JOKEH HAyYUThCS NPUMEHSTH
TEOPETUYECKHE 3HAHMS HA ITPAKTHKE.

B pesynbrate u3ydeHWs IUCLUIUIMHBI CTYAEHT JOJDKEH 3HAaTh OCHOBHBIE OIIPENEIECHMs, MOHATHA,
aKCHOMBI, METO/IbI I0Ka3aTEIIbCTB.

VYenenrHoe 0cBoeHHE Kypca TpeOyeT HapspKEHHOW caMOCTOsTENbHOM paboThl cTyaeHTa. B mporpamme
Kypca MpUBEIEHO MHHHMAJIbHO HeoOXoauMoe BpeMs Ui paboThl CTyAEHTa Haja TEMOM.
CamocrosiTenbHas padoTa BKIIIOYAET B ceOs:

— YTEHUE U KOHCIIEKTHPOBAaHUE PEKOMEH/I0BAHHOM JIUTEPATYPHI;

— mpopaboTKy ydeOHOro marepuana (Imo y4eOHON M HaydHOW JHMTEparype), TMOATOTOBKY OTBETOB Ha
BOINPOCHI, TPEJHA3HAUYCHHBIX JUII CAMOCTOSTEIBHOTO H3Yy4YeHHMs, JI0Ka3aTeJIbCTBO OTACIBHBIX
YTBEPKIECHUMN, CBOICTB;

— MOJATOTOBKY K UG GEpEeHITUPOBAHHOMY 3a4ETY, SK3aMEHY.



PykoBOJACTBO W KOHTPOJIb 32 CaMOCTOATENBHOM pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
WHIUBUAYaIbHBIX KOHCYIBTAllHN.

ITokazarenem BiIageHUsI MaTEPUAIIOM CITY’KUT 3HAHHUE Pa3JINYHBIX MTOJXO/I0B, AITOPUTMOB U METOJOB, a
TaKXkKe yMEeHue pemarb 3agadd. s GopMupoBaHUs yMEHHsS HNPUMEHATh TEOPETHUECKHE 3HAHMS Ha
MPAKTUKE CTYACHTY HEOOXOAMMO pelaTh Kak MOXHO OOJblIe 3aJady, B TOM YKCJIE MPUKIAIHBIX 3a7ad
KIaccupuKamuu 1o mpeueneHram. Ilpm  pemeHum 3amad Kaxzaoe JAEHCTBHE  HEOOXOAMMO
apryMeHTHpOBATh, CChIIASCh HA U3BECTHBIE TEOPETUUECKNE CBEACHMS.

BaxxHo noOuThCcA MOHMMaHMS M3y4aeMOTo MaTepHaja, a He MEXaHHYECKOTo ero 3anoMuHaHus. [Ipu
3aTPyOHCHUN H3YYCHHUS OTAEIBHBIX TEM, BOIPOCOB, CIEAYEeT OOpalaThCs 3a KOHCYJABTAUSMH K
[IPENoJaBaTeo.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH

npopuJib NOArOTOBKHU: Snepuas duzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
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 Cnocoben hopMynupoBarh eI U
3aj1a4M MCCIICAOBAHNUS, BEIOUPATh KPUTEPUH
OLICHKH, BBISBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.1 NmeeT npeacTaBieHre 0 COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTU4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-1.2 Cnocoben cocraBiATh oOWIMil TiaH paboTHI MO
3aJJaHHOW TeMe, TMpelaraTb METOAbl HCCIEIOBaHMUSA U
CH0COObI 00paboTku PE3YyNBTaTOB, MPOBOAMTD
HCCIIEOBAaHMS IO COITIACOBAHHOMY C PYKOBOJIUTEJIEM IIaHY,
MPE/ICTABIISATH OTYYCHHBIC PE3YIbTaThI

OIIK-1.3 BnaazmeeT CHCTEMAaTHYECKHMMHU 3HAHMSIMH IO
HATPaBJICHUIO JCSITEIbHOCTH; YIIIyOJICHHBIMUA 3HAHUSIMH T10
BBIOPaHHOW  HAmpaBIEHHOCTH IOJATOTOBKH, 0a30BBIMU
HABBIKAMHU MPOBEACHUSI HAYYHO- HCCIIEIOBATENILCKUX PaboT
10 IPEAJIOKEHHON TeME

OIIK-2 CriocobeH npuMeHSTh COBPEMEHHbBIE
METO/Ibl HCCIICIOBAHUS, OLIEHUBATh U
MPECTABISATH PE3YIBTAThl BHIIOJTHEHHOM
paboThI

OIIK-2.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIOJIb30BAaHHIO MH()OpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX TPOTrPAMMHBIX NTPOILYKTOB

OIIK-2.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO MCCIICIOBAHUS, IIPUMEHSTh 3HAHUS B
obyactTi MPOo(eCCUOHANBHON JEATENFHOCTH NSl PEIICHUS

MOCTABICHHOM 3amaud, (opMyTUpoBaHUSI BBHIBOAOB U
OLICHKU IOJTYYCHHBIX PE3yJIbTaTOB
OIIK-3 CriocobeH opopMIISTh Pe3yIIbTaThI OIIK-3.1 Bmageer npodeccHOHANBHON TEPMUHOIOTHEH,

Hay4YHO-HCCIIE0BATEIbCKON AESITEIBHOCTH B
BUJIE CTaTEH, IOK/IA10B, HAyUYHBIX OTYETOB U
MIPE3EHTALMI C UCIONb30BAHUEM CHCTEM
KOMITBIOTEPHON BEPCTKU M MTAKETOB O(PHUCHBIX
porpamMmm

HCIIONIB3yEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
auTepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
W3JIOKEHUS PE3YNBTaTOB HAYyYHOW JESATENBHOCTH B pPaMKax
npodeccuoHaIbHONH KOMMYHUKAIUU

[MK-1 Crioco0eH K cO31aHUI0 TEOPETHIECKUX U
MaTeMaTH4ecKuxX Mojieliell B 001acTu siIepHOi
(DUBKKH U TEXHOJIOTUH

[K-1.3 Brnameer HaBbIKamMu pabOTHI C COBPEMEHHBIMU
PacyeTHBIMH [IPOTPAMMHBIMHU CPEICTBAMHU

[TK-2 T'0TOB NpUMEHSITH METO/IbI UCCIICTOBAHUSA
U pacyeTa MpoIeCCOB, MPOUCXOIAIIUX B
COBPEMEHHBIX (DM3UYECKUX YCTAaHOBKAaX U
yCTpo#cTBaxX B 00IaCTH sIepHOH PU3HKH 1
TEXHOJIOTHH

I1IK-2.3 Bmageer HaBbIKAMU HMCIOJb30BaHUS
WH(POPMAIIMOHHBIX TEXHOJIOTMHA W IAKEeTOB MPHUKIIAIHBIX
MPOTPaMM TIPU MPOSKTHPOBAHUH M PACUETE YCTPONCTB WIH
00beKTOB (YCTaHOBOK, MarepuajoB, NMpuOOpOB) B CBoel
MPEIMETHOM 00JIacTH

I1K-3 CnocobOeH 00bEKTUBHO OLIEHUTH
npearaeMoe pelieHrue Win MPOEKT 110
OTHOIICHHIO K COBPEMECHHOMY MHUPOBOMY
YPOBHIO, TIOJITOTOBUTH IKCIIEPTHOE 3AKIIFOUCHHE

[IK-3.1 3HaeT coBpeMEHHBI YPOBEHb Pa3BUTHS HAayKH U
TEXHOJIOTUH, MpodecCHOHANbHBIE TMPOOJIeMbl B  CBOEH
MpEeaMETHOM obnacTu

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare u3ydeHus AUCIUTUIMHBL « MeTO/IbI aHaIHM3a JJAHHBIX U PaCIIO3HABAHMS 00YyJaOIUIiCs TOIKEH:

3HATb:

[ (I)YH,Z[aMeHTaJ'ILHBIe HOOHATUA W MCTOABI TCOPHUU paCIO3HABAHHUA I10 MNPCHCACHTAM W aHalln3a

JIAHHBIX;
[0 coBpeMeHHbIE MPOOJIEMBI aHAIM3a JAaHHBIX, TEOPUU PACIIO3HABAHUS, KJIacCU(DHUKAINK, TTOWCKA
3aBUCHMOCTCH;

O METOJbI W TIONXOMABI PEIICHHUS NPAKTHYCSCKUX 3a]ad aHalli3a JaHHBIX W KiIacCH(pUKAIIN

KOJUICKTUBaAMHU aJITOPUTMOB;

[ nporpaMMHBIC CPCACTBA PCUICHUA OCHOBHBIX 3a/1a4 aHAJIN3a JAHHBIX U KJ'IaCCI/I(bI/IKaI_II/II/I.

yMeTh:




0 MOJIB30BAaThCSl CBOMMH 3HAHWSIMUA JUUIsl  PEIICHUS (YHIAMEHTAIBHBIX, TNPHKIAJHBIX U
TEXHOJIOTMYECKHUX 3a/]]a4 B Pa3JIMYHbIX IIPEAMETHBIX 00IaCTSX;

[]  nmenarbh MpaBWIILHBIC BBIBOJIBI M3 COMOCTABICHUS PE3YJIbTAaTOB TEOPUHU U DKCIICPHUMEHTA, BHIOUPATH
NPaBHJIBHO TTAPaMETPhl METO/IOB, a/JeKBaTHBIC Pa3MEPHOCTH O0YYaIOIINX BEIOOPOK;

[]  nenarh Ka4eCTBEHHBIC W KOJIMYECTBEHHBIC BBIBOIBI IPHU ITEPEXOIC K INPEICIbHBIM YCIOBUSM B
M3ydYaeMbIX MpoodIeMax;

0 OCBaMBaTh HOBBIC TIPEIMETHBIC O0JACTH, TEOPETUUECKUE TIOAXOABI U IKCIICPUMEHTAIbHBIC
METO/IUKH;

[]  moxydarb ONTHUMAJbHBIC AITOPUTMBI KJIACCH(UKAIMKM W TPABWIFHO OIICHUBATH CTENCHb HX
TOYHOCTH M JOCTOBEPHOCTH;

[l paboraTh Ha COBPEMEHHOM IKCIIEPUMEHTAIILHOM 000pYI0BaHHH;

[l mIaHUPOBaTh ONTUMAJIBHOE NPOBEACHHE 00yYEHHS 110 PELEICHTaM;

[l addexkTuBHO HUCHOIB30BaTh HH(OPMAIIOHHBIE TEXHOJOTMH W KOMIIBIOTEPHYIO TEXHHKY IS
JTOCTH)KEHHUS] HEOOXOIMMBIX TEOPETHYECKUX M IPHKIIATHBIX PE3Y/IbTaTOB.

BJIA/I€Th:
[0  HaBBIKAMH aHaJM3a OOJBIIOT0 00hEMa YACTUYHO MPOTUBOPEUMBBHIX W HEMOJIHBIX MPU3HAKOBBIX
OIMCaHMIA;

O HaBBIKAMH CaMOCTOSTEILHOW pa0OTHl B JIa0OpaTopwH C WCHOJIL30BAHUEM COBPEMEHHBIX

KOMITBIOTEPHBIX TEXHOJIOTHH;

[} KynabTypoH MOCTaHOBKH M IUIAHUPOBAHUS MOCICAOBATEIILHOCTH PEIICHHS 3a1a4 aHAIN3a JaHHBIX
Kiaccuukanuy;

0 HaBBIKAMH TPAaMOTHOW OOpPaOOTKHM CTATHCTUYECKUX MHOTOMEPHBIX IaHHBIX, O(OpMIICHHS
PE3yJIbTaTOB YHCICHHBIX PACYETOB M UX COMOCTABICHUS C TEOPETHYSCKUMH OLICHKAMHU;

[] MpaKTUKOH UCCIETOBAHHS U PEIICHUS TEOPETUICCKUX U MPHUKIIAIHBIX 33]1a4;

[l HaBBIKAMHM aHaIM3a PeajJbHBIX 3a]a4 M3 Pa3IMuHbIX MPEIMETHBIX 00JacTell Ha YPOBHE OTIEIBHBIX
MIOIXOJI0B ¥ KOJUISKTHBAMH aJITOPUTMOB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0



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 011011 K
1 00 1| K 101001

2 011000
1 10 1 11101 1K,
0 110 011101
2. Haiitn MUHUMANBHBIN IPEICTaBUTENIBHbIN HAOOP KaXI0T0 KiIacca A7l TaOJIULIbI

00y4eHUs:

a) 0)
0 11 1 11
10 0K 0 0 0] K,
1 10 0 10
1 01 1 00
1 11K, 1 1 0]K,
0 01 0 11

3. BeluncauTh Beca IPU3HAKOB X, X; (OIpenesnsemMble Yepe3 TyNUKOBbIE TECThI) TaOIHIL

3agaud 1.

4. TlpuBectu npumep TaOIHILBI 00yUeHUs ¢ OMHAPHBIMU MPU3HAKAMHU, JUIsI KOTOPOIl BeC
IpU3HaKa X, paBeH Hyio. [IpuBectr nmpuMep TaOauLbI 00y4eHUs ¢ OMHAPHBIMU
IPU3HAKaMU, JUIsl KOTOPOHM BeC MIPU3HAKA X, PAaBEH €IUHMUIIC.

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

n
6. JlaHa cucrema JIMHEHHBIX ypaBHEHUH Z ! Za
j=1

My HepaBeHCTBY OyneBy nepemennyto Y; € {0,1}, a Bceii cucreme - OyineBy

iXi +b, <0,i=12,...,m. Conocraumi-

byukmuo f(y,,Y,,..,Y,) crenyomnmm odpazom. [Tycts Z(y) - moacucrema

cucteMsl Z , COCTOSIIAs U3 BCEX HEPABEHCTB, COOTBETCTBYIOLINX SMHUYHBIM
KOMITOHEHTaM Y .



_ 0, moncucrema Z(y) coBMecCTHa,
f(y)= {

1, mnoncucrema Z(Y)HecoBMECTHA.
K kakomy knaccy OyneBbix GpyHkiuii otHocutes f(y) u kak oHa cBsi3aHa ¢ 3a1a4ei
MOVCKA MAKCUMAIILHON COBMECTHOMU TMOJICUCTEMBI 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—2y2106 X+2y>-2
—-X+y>-5 -3X—y>6
-3x—-y=>3 2X—4y >4

a

9. IlocTpouTh HEMPOHHYIO CETh C JIMHEHHBIMHU (DYHKIUSIMH COCTOSIHUH, pa3AeIIsSIONIyIO

\
1 I (]

CJICAYIOHUC IBA KJIacca:

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) [TokakuTe, 4TO PACCTOSHHE MEXY THIIEPIIOCKOCcThI0 J(X) = W'X + W, =0 1 TouKoii

X npu Hamruuy orpanundenns §(X,) =0 moxer ObITh cIENaHO PaBHBIM |g()_()|/ ||W|| yTeM

2
MHWHUMM3ALUHU H)‘( — )_(qH .

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

14. PaccMoTpuTe TMHEHHYIO MAIIMHY € Pa3AeIIOLUMU

dynkmusavu g; (X) = W' X+ W, i =1,2,..., |. [TokaxwuTe, 4T0 061aCTH PENICHHS SBIISIOTCS

BBIMTYKITBIMH.
15. Tlpennoxxure 00600IIEHNE HA CITy9ail MHOTHUX KJIACCOB METO/1a MOTEHITHATBHBIX ()YHKIIHH,
BKJItOYarommero | pasaensronmx GyHKIMN; MPEII0KUTE HTEPATUBHYIO TIPOLIELYPY
KOPPEKIUU OIMIMUOOK JIJISl ONPEICICHUsS] Pa3IeNSIOMUX (QYHKIIHA.

16. PaccMOTpHUM MHOXKECTBO M3 CEMH JJBYMEPHBIX BEKTOPOB
X =(10),%, =(01),%; =(0,-1),%x; = (0,0),% =(0,2),%X; = (0,-2),%; = (—2,0) . JomycTum,
uTO nepBbIe YeThipe uMetoT MeTKy K, a npyrue tpu — metky K, . [Toctpoiite
NOJMHOMHUAIBHYIO Pa3/esIoNylo (yHKIMIO MUHUMAIBHOI CTENEeHH!.



17. IlocTpoiiTe s MHOYKECTBA BEKTOPOB IPEABIIYLIEH 3aaul THIIEPIUIOCKOCTD,
pa3lIeIAIoIyI0 MaKCUMAJIbHOE YUCIIO0 00beKTOB Ki1accoB K, ukK, .

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

ER Sy
1+(x—aiJ
b
Cuawras, uro P(K,) = P(K,), nokaxute, 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

pacnpenenennem Komm: p(x|K;) =

P(K, | X) mpu X — —00?400?
19.Ilycte X ectb OmHapHbIii (0,1) BEeKTOp ¢ MHOTOMEPHBIM pactpeaeineHueM beprysum

P(x|68) = H@ixi 1-6)7", rue 0 =(6,,0,,..,0)" - Hen3BeCTHBII MApaMETPUIECKHiT
i=1

BCKTOp, a 9| - €CTb BEPOATHOCTH TOT'O, UTO Xi =1. HOKa)KI/ITe, 4TO OLCHKA 10 MAKCUMYMY
m

2%

i=1

20. ITycts BeIOOpOUHOE cpeanee M, U BBIOOpOYHAsi KoBapualroHHas Matpuna C, amns

HpaB,Z[OHO,Z[O6I/I$I I[J'Iﬂé C€CTb é =

3|+

oo o I
MHOX€ECTBa N BBIOOPOK X;,X,,..., X, OHPEACISIOTCS BBIPOKCHUSAMU M = —ZXK , U
N=

1 S, -
C,=——> (X —M)(% —M,)".
n-1=5

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

_ _ 1,
BBIPA3UTh PEKYPPEHTHBIMH (opMynamu M., =M. + —l(xn+1 —-m) u
n+

Cn+1 = nTlcn + n_]-;-l ()_(n+l - mn)()_(n+1 - mn )t :

21. Bolpaskenus u3 3a1aun 20 MO3BOJISIOT BBOANUTH ITOMPABKH U OIIEHKH KOBAPHAIIMOHHBIX
MaTpull. O,Z[HaKO HEPCIAKO MPEACTABIACT UHTCPEC 06paTHa}I KOBapuallMOHHas MaTpuia, a
ee oOpalleHre OTHUMAET MHOTO BpeMeHH. J0Ka3aB MATPUYHOE TOKIECTBO

ATRX AT

Arxx)t=at 2221
( ) 1+ X'A?X

IIOKaXXHUTE, 4TO

ot N e G = M) (% —My)' G
n+l n—l n n2 _1

+ (Xn+1 - mn)t Cr:l()_(ml - mn)

22. PaccMOTpUM MHOKECTBO M3 CEMU JIBYMEPHBIX BEKTOPOB
X' = (10), %} = (01), % = (0,-1), X} = (0,0), % = (0,2), % = (0-2), % = (~2,0).. [Tonyeru,
4TO HEepBbIe TpU UMET MeTKy K, a npyrue yersipe — MeTky K, .

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



b) Haiinure cpenune 3HadeHus BEIOOPOK M, m M, W HAPUCYHTE TPAHUILY PEILICHHUS,

COOTBETCTBYIOIIYIO Kilaccu(pukanuu X Tpu MPUCBOSHUH €My Kjlacca CPEIHEro 3HAYCHUS
Oymkaiiiieil BRIOOPKH.

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

MHOTHX KJIACCOB: Sp = Zni (M, —m)(M, —M)", nokaxwure, 4TO
i1
S, =[(n,n,)/n](m, —m,)(m, —m,)", ecom 1 =2.

24. TlocTaHoBKa 33/1a4Ml paclo3HaBaHUs IO MpeneaeHTaM. [Ipu3HaKoBble OMUCAHUS U BHJIBI
MIPU3HAKOB. 3a7a4M KIacCH(PUKAIMKU ¢ yauTeseM (pacro3HaBaHus), Kiaccudukanuu 0e3
yuuTens (KJIacTEpHOIo aHaIN3a) U BOCCTAHOBIIEHUS PETPECCUi KaK CIEIMAIbHbIE 3a/1a4l
UHTEPIOJISILINN.

25.3amaun aHanM3a JAHHBIX W TIOMCKa 3aKOHOMepHocTeil. IIpumMepbl mpakTHYeCKHX
MIPUMEHEHHUM.

26. TynukoBbIe TECTHI K-3HAUHBIX TaOmuI 00ydeHus. CBeneHUe 3a/1aui MOUCKA TYIMHKOBBIX
TECTOB K MOWUCKY HENPHUBOIAMMBIX HOKPHITUH OuHapHOW MaTpuipbl. CyliecTBOBaHHE
TYIHUKOBBIX TECTOB.

27. InpopmManmoHHble Beca IPU3HAKOB, OCHOBAHHbIE HA BBIYMCICHUU TYIMHMKOBBIX TECTOB.
TecTOBBIN arOPUTM PACIIO3HABAHMSL.

28. AnropuTMbl pacrio3HaBaHMsl, OCHOBaHHbIE HA HAXOKIEHUU U FOJIOCOBAHUU 110 CHCTEMaM
IIPEJICTaBUTENIbHBIX HAOOPOB KJIACCOB. AJITOPUTM pacro3HaBaHus «Kopay.

29. CTOoXacTUYeCKUi  aHAJIOr  TECTOBOro  ajnroputMma. Moaugukanus — aJropurMoB
YaCTUYHOMNPEUEACHTHOCTUUISI  CIyYaeBBEUIECTBEHHO3HAYHBIX U CMEIIAHHBIX CHUCTEM
IPU3HAKOB.

30. AnropuTMBI pacrio3HaBaHUs, OCHOBaHHbIE Ha BbhIYMCICHHH OleHOK (ABO). Onopnbie
MHOX€ECTBa AJITOPUTMOB, OCHOBHBIE 3Talbl BBIYMCICHMS OLCHOK, IpPUMEphbl Mojenen
ABO.

31. D¢ dextuBHbIe (OPMYIBl BBIYMCICHHUS OLIEHOK JJISi CHCTEM OINOPHBIX MHOKECTB
(uKCHPOBaHHON MOLTHOCTH M BCEX OIMOPHBIX MHOXKECTB.

32. OnTuMu3aus MHOTOIMapaMeTPUYECKUX MOJIeNeil pacrio3HaBaHMsL.

33. PenakcaliiOHHBIN aJTOPUTM pEIICHUS] CHCTEM JHHEHHBIX HEPABEHCTB M METOIBI €ro
yckopeHus. [IpumeHeHue penakcaloHHOTO aJropuTMa JUlsl MPUOIMKEHHOTO IOHMCKa
MaKCUMaJIbHOW COBMECTHOMU MOACUCTEMBI CHCTEMBI JIMHENHBIX HEPABEHCTB.

34. KoMOMHaTOpHBINA alrOpUTM MOUCKAa MaKCHUMaJIbHOH COBMECTHOM MOJCHCTEMBI CUCTEMBI
JIMHENHBIX HEPABEHCTB.

35. IHpOpMaTUBHOCTh NPU3HAKOB M ATAJOHOB. MeTOJbl OIIEHKHM HH()OPMATHUBHOCTH B
MOJIEISIX ~ YacTMYHOM  mpeneneHTHocTH.  CraTtuctudeckue,  HHGPOPMALMOHHBIE,
IBPUCTHUECKUE KPUTEPUU UHOOPMATUBHOCTH.

36. TTouck MHPOPMATUBHBIX CHCTEM TNPU3HAKOB KaK 3ajada JUCKPETHOH ONTHMH3AIINU.
[TpubnuKeHHbI aNropuT™M MOMCKAa MHUHUMAJIbHOIO MPU3HAKOBOI'O IPOCTPAHCTBA,
OCHOBaHHBI HAa BBIUMCICHUM JIOTMYECKUX  KOPPESIUl  IPHU3HAKOB, OIIEHKE
UH(POPMATUBHOCTHU MPU3HAKOB U KJIACTEPU3ALINU.

37.Jlornyeckne 3aKOHOMEPHOCTH KiaccoB. OmpereneHuss YaCTHYHOW  JIOTUYECKOM
3aKOHOMEPHOCTH, HHTEPBAJIA JIOTHYECKOW 3aKOHOMEPHOCTH. [locTpoeHre MUHUMaNbHON
JIOTUYECKON 3aKOHOMEPHOCTH MHMHHUMAJIBHOW CII0)KHOCTH 3KBHBAJICHTHOM 3a/JlaHHOU
MUHHUMAJIBHON JIOTUYECKON 3aKOHOMEPHOCTH.

38. Jlornveckue onvcaHus KJIaccoB, MUHUMAIIbHBIC M COKPAIIEHHBIC OITUCAHMS.

39. Meroibl 00pabOTKM MHOXECTB JIOTHYECKHX 3aKOHOMEPHOCTEH KIJIacCOoB.

40. TTocTpoeHne pemaromux (QYHKIHA B MOJAEISIX TOJOCOBAHUS 10 CHCTEMaM JIOTHYECKUX
3akoHOMepHOCTeH. CriakuBaHHe pelalonmXx (YHKIUN, [TOCTPOEHHE pPEeLIarouX
GYHKIMI € MaKCUMalbHBIM «3a30pOM» MEXIy O0O0yJarolmMMH OOBEKTaMH pa3HbIX
KJIACCOB.



41. HaxoxaeHHe JJOTHYECKUX 3aKOHOMEPHOCTEN KJIaCCOB C YaCTOTHBIM KPUTEPUEM KauecTBa
KaK  pPEIIEHUE JIMHEHWHBIX 3aJad AUCKPETHOM ONTHMHU3ALMKA CO CICHUAIBHBIMU
CBOWCTBAMH MOHOTOHHOCTH MATpHIl KO3()(QHUINEHTOB OrpaHUYCHHA | IIeJIeBOU
GyHKIIHH.

42. TIoucK JTOTMYEeCKHX 3aKOHOMEPHOCTEH KIIACCOB CO CTAaHAAPTHBIM KPUTEPUEM KayecTBa.
Csenenue naHHOM 3aJa4y K CIIELIMAIBHBIM 3a/1a4aM IOMCKAa MaKCUMAJIBHBIX COBMECTHBIX
MOJICUCTEM CHUCTEM JIMHEHHBIX HEPABEHCTB IIPU JIMHEHHBIX OIPAaHUYEHUSIX OTHOCUTEIBHO
OMHApHBIX ITapaMETPOB.

43. T'eHeTHYECKHE ANTOPUTMBI MMOMCKA ONTUMAIIBHBIX pemeHui. OnepaTopbl «KpOCCOBEPY,
myTanus, oroéopa. DyHKIMH KOIMPOBAHMS/IEKOIUPOBAHUS IHOJMHOXKECTB 3TaJOHOB
KJIACCOB, (DYHKITUU OLIEHKH MPUCIIOCA0INBAEMOCTH.

44, I'eHeTUYECKHUH alNrOPUTM IIOUCKA JIOTHYECKUX 3aKOHOMEPHOCTEH KIIacCOB.

45. bunapnsle pewmatonive aepeBbs. [IpusHakoBbie npeaukarel. CyliecTBOBaHHE OMHAPHOTO
pelIaroIero aepesa Ui 3aJaHHoON oOydaromeil BbeiOOpku. IlpeacraBienue pazOueHus
JUCKPETHOTO €IMHUYHOTO KyOa B BHJE OMHApPHOTO PEIIAIOLIETO JAepeBa. AJITOPUTM
HOCTPOCHUS JOIYCTUMOI'0 pa30reHuUs.

46. IlpakTiyeckue METOAbl TIOCTPOCHUS OWHApHBIX pPEHIAIOIIUX JePEBBEB, CIIOCOOBI
o0Ope3aHus 1epeBbEB.

47. IlpaBmiio noctositHHOTO npupaleHus, reopema HoBukosa. Jloka3aTenbCTBO KOHEUHOCTH
IIPAaBWJIa IOCTOSIHHOTO MIPUPALIECHUS JUIsl IMHEIHO Pa3AeIuMBbIX KIacCOB.

48. JIuneitHple M KyCOYHO-TMHEWHBIC pa3Aessiolne MOBepXHOCTU. JInHeiiHas MammHa.
Metonbl mOCTpOSHMs JIMHEHHBIX pazlessonmx (QyHKIu (penakcalluOHHbIE METOJbI,
METO/Ibl TMHEHHOI0 MPOrpaMMUpPOBaHUs). MeTo1 KOMUTETOB.

49. MeTro1 HaMMEHBIINX KBAJIPATOB U MCEBA0OOPAIICHNS MATPHIL.

50. JIuneiinpnii quckpumuHanT Oumiepa. OnpeneneHne TMHEHHOTO AUCKpUMHUHAHTa Duiepa
1 BeluuciieHne. Ciy4an HEOJHO3HAYHOCTH PEUICHUM U BBIpOKIAeHHOCTH. [IpakTnueckue
MOJIXO/IBI 10 MPUMEHEHUIO AUCKpUMUHaHTa duiiepa B ciiydasx BbIPOKIEHHOCTH.

51. Anroputm « K -Onmmkaiiimx coceieii», ero OorpaHUYeHUS U MHTEPIPETAIIS.

52. MeTo MOTeHIUANBHBIX QYHKIUH 1 00y4eHHE alropuTMA.

53. Metoa rpynmoBoro y4era apryMeHTOB, oOOIIas cXemMa IOCTPOEHHs MPU3HAKOBOTO
IIPOCTPAHCTBA B BUJIE MOJIMHOMOB OT UCXOAHBIX IPU3HAKOB.

54. YuusepcanbHast cucremMa «PACIIOBHABAHUWE» 11 uHTENIeKTyalbHOTO aHajau3a
JAHHBIX, KJIACCU(PUKALMU U TPOrHO3MPOBAHMS: Ha3HAYEHUE, OCHOBHbBIE XapaKTEPUCTUKU
U QyHKIUH, HHTEpQeEiic.

55. OnieHKa TOYHOCTH QJITOPUTMOB pACIIO3HABaHUS IO OOydarolield BBIOOPKE B pEKUME
CKOJIB3SIIETO KOHTPOJIS.

56. Meron  omopHBIX  BeKTOpoB. CBemeHHe 3aJayll  TOCTPOCHHS  Pa3IeISIONICH
TUIEPITIOCKOCTH € MAakCUM@JIbHBIM  3a30pOM K  3aJade  KBaJApaTU4YHOIO
IIPOrPaMMHUPOBAHUS.

S57.MeTon ONOpPHBIX BEKTOPOB B CiIy4yae JIMHEWHOH Hepa3ZeluMOCTH  KJIacCOB.
Moudukaiysi OCHOBHOW ONTUMH3AIIMOHHON 3a/laud METOAa U ee CBEACHHE K 3ajaye
KBaJIpaTUYHOTO MPOTrPaMMHPOBAHHUSI.

58. MeTo 1 OMOPHBIX BEKTOPOB U CIPSAMIISIOLIEE MPU3HAKOBOE MPOCTPaHCTBO. CBA3b MeTO1a
OTIOPHBIX BEKTOPOB M METO/1a NOTEHUUATbHBIX (PYHKIINH.

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

1 1 .
1. Ucnonesys ycnosusle motHocT P(X|K.)=——"——i=12 11 ogHOMEpHOH

2
b 1+(x_aij
b

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




MHHUMaAJIbHAaA BEPOATHOCTD OIINOKHU OMpCACIISICTCA BIPAKCHHUEM

P(owubxa) = % — ictg‘%‘ .
Vs

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

az_a1‘.
b

Hycts p(x| K;)~N(,0°) mwis oqHOMEpHO 3a1a4u U IBYX KIIACCOB TIPU

P(K,) = P(K,) =1/2 . IlokaxuTe, 4T0 MUHUMaJIbHAs BEPOSTHOCTb OLINOKU

2
OmnpeneNseTcs BhIpakenueM P, = e ™2 du ,

o
72

I'ne a= | 1y — ,ul|/ 20 . PaccMoTpuTe HEPABEHCTBO !

2z

[Tokaxwure, yro P, cTpeMUTCs K HYIIO IpU | y — ,L11|/ o —> 0.

% _ 2 1 _ 2
J'e W'y < = g W2
4 2ma

Hycts p(X| K,)~N(#,0°1) nusn-mepHoii 3a1auu i ABYX KJIacCOB
npu P(K,) = P(K,) =1/2. IlokaxxuTe, 4TO MUHUMaJbHasl BEPOSTHOCTD OLINOKH
OIIPEIEAETCSA BEIPAKECHUEM

2
-2 g ’

P =]

Vor s,
rae a= ||/72 - ,L_tl”/ZO' Tyers 1, =0 ug, = (1, ..., 1£)" . VICTIONB3ys HEPABEHCTBO U3
3a/1a4M 2, MOKAKHUTE, YTO P, CTPEMUTCS K HYJIIO IIPU N —> o . BEIpa3uTe cMBICH 3TOT0
pe3yJsbTara CJIOBaMH.

ITycTh KOMIOHEHTHI BeKTOpa X = (X, X, ..., X, )" TepHapssI (1, 0w -1) ¢
BepositHOCTsIMH Py = Pr(x; =1 K;), q;; = Pr(x, =0 K;), r; = Pr(x, = -1| K,), npuuem
KOMIIOHEHTBI X; CTaTHCTMYECKU HE3aBUCUMBI s Beex X u K.

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

OLIMOKH, UCTIONIB3Ysl Pa3IENAoIue GyHKIMU J; (X) , mpencrasnsronre coboi
KBaJIpaTU4HbIe (YHKIIMU KOMIIOHEHT X; .

Ecnu muox)ecTBO BekTopoB X ={X,X,,..., X, } pasnmeneno Ha | rpynn K, K,,...,K, , To

cpeanee M, ans K, He ompenenexo, ecan K; mycroe. B 3ToM ciiyuae cymma KBaJpaToB

2
OIIMOOK COACPIKUT TOJIbKO HEIMYCTBIC ITOJAMHOXKCCTBA ‘]e = Z Z”X - mi ” . C‘-II/ITaH,

HenycroeXeK;
I<I

yro M > |, mokaxure, 4TO B pazesieHUN, MUHUMU3UPYIOLIEM J, , HET MyCThIX
IMOJIMHOYKECTB.

PaccmoTpum nepapxudeckyro mporenypy rpynimupoBKH, B KOTOPOM TPYIIIBI
00BEAMHSIFOTCS TaK, YTOOBI MPUBECTH K HAUMEHBIIEMY YBETMYCHUIO CYMMBI KBaJ[paTOB
omnOoK Ha kaxaoM mare. Ecnu rpynna K, cogepkutn, o0bEKTOB 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

ninj H

ni+nj

2
m — mJH MHHUMAJIbHA.

KOTOPBIX :

IToctpoiite u cpaBHUTE pe3yabTaThl HEPAPXUUECKOM Ki1acTepu3anuu Ha 4, 3, 2 kinacrepa
JUIS1 BBIOOPKU M3 5 0OBEKTOB , OMTUCHIBAEMBIX €AMHCTBEHHBIM ITPU3HAKOM
X =0,X,=1X%X,=3,X, =4,X, =7 , ¥ CIeAYIOIUX MEpPax pacCTOSHHUS:
d. (K,K)= min [X-X],
min ( : J) ieKi,i‘eKj| |
Ao (Ki K;) = max |x—x]

XeK; X eK;

(K, K;) =|m, —m;|.

dmean

Pemmre 3anauy nuepapxuueckoil rpynnupoBKy (IpU yKa3aHHBIX B 3aja4e 7 Mepax
paccTosiHUs) Ha JIBa KJlacTepa /Ui BBIOOPKUOIHOMEPHBIX OOBEKTOB!

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

[IpuBenuTe mpuMep COBMANAOIMIMX PA3MbITOM M KOHTPACTHOM MaTpPUIL] OLICHOK.
I[Tokasats, 4o Mepa koHueHTpauun kiacrepusanun K ={K, K,,...K }umeer Bug

1 |
Z,(K)= oy Z n’
i=1

. ITokasats, 4o Mepa koHueHnTpauun kiacrepusaunn K ={K , K,,...K, } umeer Bun

Z—l (K) = :Il-

|
. [oka3zaTb, 4TO KpUTEPUIl KIIacTepU3aUK J; = z z (Xx—-m)'S;(Xx—m) (re 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
peLICHU.

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 -3TajloHOB, 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 NPU MUHUMM3ALUU JUCIIEPCHOHHOTO
KpUTEpHsl, B HEpapXHUECKOW TPYNIUPOBKE M B AIrOpuTMEe « K- BHYTPUIPYIOBBIX
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 MaTPUII 1 MUHIUMHU3AIUN PACCTOSHHS
XOMMUHTa OT  MAaTpHIbl OLEHOK KOJUIEKTUBHOIO pEIIeHUs J0 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 BOCCTaHOBIICHHUE, KaK TTOCTPOCHNE KOJJICKTUBHBIX 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,
r1yOoKHe 3HaHUS y4eOHON MporpaMMbl JUCIUIUIMHBI 1 YMEHUETIPUMEHITh UX Ha MPaKTUKE TpU
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
OCHOBHOT'O COJIEp)KaHUsl Y4eOHOH MporpaMMbl JAUCHUIUIMHBI, JOMYyCKAaeT TIpyOble OIIMOKU
B(OpMyYIMpPOBKAaX OCHOBHBIX MOHATHH IJUCHMIUIMHBI U HE YMEET HCIO0JIb30BATHIIOIYUYEHHBIE
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.



