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1. lean u 3agaun

eab AMCHUIIUHBI

HU3YUYCHUC COBPEMCHHBLIX IIOAXOOO0B, MOI[GJ'IGI\/'I, AJITOPUTMOB aHAJIM3a OAaHHBIX W PCIICHUA 3ajayd
paciio3HaBaHUs, KJ'IaCCI/I(i)I/IKaHI/II/I, HaXO0XJICHUA 3aBHCHMOCTCH.

33}13'{[/1 AUCIUITIJINHBI
¢* OCBOCHUCCTYACHTAMH 0a30BbIX 3HAHUN B 00JIACTH MCTOAOB aHAJIM3a NAHHBIX U PACTIO3HABAHU A
(MAZIP);
° HpI/IO6peTeHI/Ie TCOPCTUICCKUX 3HAaHUK B 00JIaCTH aHaIN3a MNPCUCACHTHBIX JaHHBIX B YCIOBUAX UX
YaCTHUHOMU MNPOTUBOPCUNBOCTU U HCIIOJIHOTHI,

* OKa3aHWE KOHCYJbTAI[Mi W MOMOIIU CTYJCHTaM B MPOBEICHUN COOCTBEHHBIX TEOPETUYECKUX U
IKCIIEPUMEHTATBHBIX HcclieaoBanuil B o0mactu MAJIP;

. dbopmupoBaHre HaBBIKOB mNpuMeHeHus MAJIP mpu uCCIeIOBaHMHM SKCIIEPUMEHTATbHBIX,
CTaTUCTUYECKUX WJIM SKCIEPTHHIX IAHHBIX IMPH BHIOJHEHUHM CTYJEHTAMHU BBITYCKHBIX pabOT Ha
CTENEeHb MarucTpa.

2. MecTo TUCUMILUTHHBI (MOYJISAA) B CTPYKTYpe 00pa30BaTe/JIbHOM NMPOrpaMMBbl

JanHast TucuuIuIinHa OTHOCUTCS K BapuatuBHoM yactu OOIL.

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

3. Ilepevyens NJIaHMPYyeMBbIX Pe3yJIbTATOB 00y4eHHS MO JMCUMUILINHE (MOIYJ/II0), COOTHECEHHBIX C
IUVIAHUPYEMbIMU Pe3yJibTATAMH 0CBOEHHs 00pa30BaTeIbHOM MPOrpaMMBbl

OcBoeHMe TUCIUILTMHBI HAIIPaBJIEHO HAa (JOPMUPOBAHHE CIIEIYIOMINX OOIIEKYIbTYPHBIX,

oOmenpodecCHOHATBHBIX B MPOGECCHOHATBHBIX KOMITETCHITHN:
TOTOBHOCTb PYKOBOJHUTH KOJUIEKTUBOM B cpepe cBoei npodeccruoHalbHON 1eATeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAS COIMAIbHBIC, STHUYECKUE, KOH(pecCHOHambHbIE U KyIbTypHBIC paznuuus (OI1K-2);
CIIOCOOHOCTh HMCMOJIb30BaTh Ha MpaKTUKE yIiayOsieHHble (yHIaMEHTaJIbHbIE 3HAHUs, MOJYYECHHbBIE B
00J1aCTH €CTECTBEHHBIX U TYMaHUTAPHBIX HAYK, M BJIaJICHUEM HaydHbIM MHpOBo33peHueM (OI1K-3);
CIIOCOOHOCTh NPUMEHATh HA NPAKTHKE YMEHHS W HABBIKM B OpraHU3alMd HMCCIEAOBATEIbCKUX H
IMPOEKTHBIX paboT, CIOCOOHOCTHIO CAMOCTOSITENILHO OpPraHM30BbIBATH M MPOBOAUTH HAyYHbBIE
UCCJIEIOBAHMSI U BHEPSTH UX PE3yJIbTaThl B KAUECTBE WiICHA WM PYKOBOJUTENSI MAJIOTO KOJUIEKTHBA
(IIK-3);
CIIOCOOHOCTH MTPO(EeCCHOHATEHO Pad0TaTh ¢ UCCIEAOBATEIHCKUM U UCIIBITATEIHHBIM 000PYIOBAHHEM,
npubopaMu U YCTAHOBKAaMU B U30paHHOM MPEAMETHOIN 00J1aCTH B COOTBETCTBUU C LIETISIMH MTPOTPAMMBI
crienraIu3upoBaHHON noarotoBku maructpa (I1K-4).

B pe3yabTaTe OCBOCHUA TUCHUITIIMHBI oﬁyqammnecsl HOJIZKHBbI

3HATb:



1 ¢dyHaaMeHTaNIbHBIC MOHATHS W METOJbI TEOPUH PACIIO3HABAHUS IO TpPEIEeICHTAM W aHajIn3a
JIAHHBIX;

] coBpeMeHHbIE MPOOIEMBI aHAIM3Aa JAHHBIX, TEOPUU PACIO3HABAHUS, KJIacCU(UKAIMH, TTOUCKA
3aBHCHUMOCTEI;

U METOJBI M TOAXOABl PEHICHHs] MPAKTUYECKUX 3aJa4 aHaIW3a JaHHBIX WU KIACCHU(PHUKAIUU
KOJIJIEKTUBAMU aJITOPUTMOB;

"] mporpamMMHBIE CPEJICTBA PEUICHHsI OCHOBHBIX 33/1a4 aHaN3a JAHHBIX U KJIaCCH(PHUKAIUH.

yMeTb:

0 MOJIb30BATbCS CBOMMM 3HAHUSAMH IS peuleHdss (PyHIaMEHTalIbHbIX, HPUKIAJHBIX U
TEXHOJIOTUYECKUX 3a]a4 B PA3JIUYHBIX MPEIMETHBIX 00IaCTsX;

'] nmenarts MpaBWIIbHBIEC BBIBOJBI M3 COMOCTABJICHUS PE3yJIbTATOB TEOPUHU M SKCIIEPUMEHTA, BBIOMPAThH
NPaBUJIBHO MapaMeTpbl METOJIOB, aJIEKBATHBIE Pa3MEPHOCTH 00YUYaIOIINX BEIOOPOK;

'] genaTh KaueCTBEHHbIE M KOJMYECTBEHHBIC BBIBOABI MPU MEPEXO0J]e K MPeIeIbHbIM YCIOBUSM B
U3y4aeMbIX MpobdiIemMax;

'] ocBauBaThb HOBBIC IPEIMETHbIC OOJIACTH, TEOPETUYECKHE IOAXOJbl U IKCHEPUMEHTAIbHbIC
METOMKH;

] mony4aTb ONTHUMAaJbHBIE AJTOPUTMBI KJIACCU(PHUKAIMKA M MPABUIBHO OICHMBATH CTENEHb HX
TOYHOCTH U JOCTOBEPHOCTH;

'] paboTaTh Ha COBPEMEHHOM 3KCIIEPUMEHTAILHOM 000PYA0BaHHUH;

'] mIaHMpOBaTH ONTHMAJIBHOE MPOBEACHUE O0YUYCHHS MO MIPELEACHTaM;

1 >¢¢eKTUBHO HCIOIB30BaTh MH()OPMAIIMOHHBIC TEXHOJOTHH M KOMIBIOTEPHYIO TEXHUKY JUIs
JTOCTIKEHHSI HEOOXOAUMBIX TEOPETHUECKUX U MPUKIATHBIX PE3YIbTATOB.

BJAaA€CTh:

"] HaBBIKAMH aHaIM3a OOJBIIOr0 00bEMa YAaCTHMYHO MPOTHBOPEUMBHIX M HETIOJHBIX MPU3HAKOBBIX
OIIMCaHU;

O HABBIKAMHU CaMOCTOSITEIBHONH paboThl B 1a0OpaTopuu C HUCIOJIB30BAHHEM COBPEMEHHBIX
KOMITBIOTEPHBIX TEXHOJIOTHUH;

"] KyJbTypOH MOCTAHOBKH W TUTAHUPOBAHMSI TIOCTIEIOBATEIHPHOCTH PEIICHUS 3a/1a4 aHallM3a TaHHBIX
1 KJIacCU(PUKAIUY;

O HABBIKAMU TPaMOTHOH 0OpabOTKM CTATUCTHUYECKUX MHOTOMEPHBIX IaHHBIX, O(OpMIICHUS
PE3yJIbTaTOB YMCICHHBIX PACUETOB M UX COMOCTABICHUS C TEOPETUICCKUMHU OI[EHKAMU;

"] TpaKTHKOW MUCCIIEOBAHMS U PEIICHUS TCOPETHUSCKUX U MPUKIIAIHBIX 33]1a4;

O HABBIKAMHU aHAJIM3a pPEaTbHBIX 33Ja4 M3 pa3jMYHbIX MPEAMETHBIX O0JIacTell Ha ypOBHE
OTJENBHBIX MMOJXO0/IOB M KOJUICKTHBAMH aJITOPUTMOB.

4. Conepxxkanue IMCHUIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 110 TeMaM (pa3aesiamMm) ¢ yKazaHueM
OTBe/ICHHOI0 HA HUX KOJIMYeCTBA aKAa/IeMHUYeCKHUX YACOB U BUAOB YUeOHbIX 3aHATHH

4.1. Pazenbl TUCIMIUIMHBI (MOYJISI) U TPYIOEMKOCTH TI0 BUAAM YUEOHBIX 3aHITHI

BI/II[I:I y‘ICGHBIX 33H$ITPII>'I, BKJIIO4Yast CaMOCTOATCIIbHYTO

paboty
Ne Tema (pa3gen) AMCHUILIHHBL TpaxTudec- Bananus,
KHE Jlabopar. Camocr.
Jlekuuun KYpCOBBIE
CEMHHApCKHE | pabOoThI 6 paboTta
3aHATUA pa OTBI
OcHoBHBIE TIOHSTHSL. Monenu
1 pacro3HaBaHus, OCHOBAHHBIE Ha 10 13
MPUHIIAIIC YaCTUYHOU MPELeICHTHOCTH.
NudopmaTtuBHOCTD MIPU3HAKOB u
2 9TaJOHOB, METOJIBI OIICHKH 10 13
WH()OPMATUBHOCTH.




Jlornueckue 3aKOHOMEPHOCTH KJIacCOB,
3 MX TTOMCK M IPUMEHEHHE B 3a7a4ax 10 13
KJaccuuKaum.
Mogenu pacno3HaBaHUs, OCHOBAHHBIC
4 Ha MMOCTPOEHUH OMHAPHBIX PELIArOIINX 10 13
JIEPEBBHEB.
AJTOpUTMBI pacrno3HaBaHMUs,
5 OCHOBaHHbIE Ha MOCTPOEHHHU JTUHEHHBIX 10 13
U KyCOYHO-JIMHEWHBIX Pa3AesIonnX
MTOBEPXHOCTEU
Mopnenu pacrno3HaBaHusl, OCHOBAHHBIE
6 Ha MOCTPOEHUHU HEJIMHENHBIX 10 10
pa3aeNAIoMMX MOBEPXHOCTEHN
7 HetipocereBbie Moenu kiaccupuKanuu 4
] ROC-ananu3 u AUC- ontumasnbsHbIe )
KJIacCU(UKATOPBI.
9 CratucTtuueckas Teopusi paclo3HaBaHUs 2
10  |AnreGpandeckas TeOpUs pacliO3HaBaHUS 4 25
1 Cucrema aHaIM3a TAHHBIX u 4 ’5
knaccudukanuu PACIIO3HABAHUE
12 |KnacrtepHslil aHanu3 4 25
13 Penrenue 3a71a4 KJIaCTepU3aLNU 4
KOJUJIEKTUBAMHU aJITOPUTMOB
Knaccudukanus 00BEKTOB C
14 |HCTMOTHBIMH MPU3HAKOBBIMU 4
OMMCAHUSAMH, C OOJIBLIINM YHCIOM
KJIaCCOB
15 Haxo;xz[eHHeu (GyHKIIMOHATIBHBIX )
3aBHCHMOCTEH 10 MpereaeHTam
Wroro yacos 90 150
[ToaroTtoBka K sK3aMeHY 30 yac.
O6mmas Tpya0EMKOCTh 270 gac., 6 3au.ex.

4.2.

Coneprkanue TUCIUILTAHBI (MOIYJIS), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)

Cemectp: 1 (Ocennmuii)

1. OcHoBHbIE NIOHATUA. MOJENN pacro3HaBaHNs, OCHOBAaHHBIE HA IIPUHLUIIE YACTUYHON
IPELEICHTHOCTH.

OcHOBHbIE TIOHATHA TEOPUM paclO3HaBaHMA MO npeueacHTaMm. [Ipu3HakoBble oOmuUcaHus,
oOyvaromue BBIOOPKH, KOMIIAKTHOCTb, 3a/laud  pPACHO3HAaBaHUS, KIACTEPHOTO aHAJN3a,
BOCCTAHOBJICHUSI  PErPECCHIA, IIPOTHO3UPOBAHUsA, IIOMCKA 3aKOHOMepHOocTed. IIpumepsr
NpakTUYeCKUX NpuMeHeHuil. CranmapTHas oOywatomas uHpopmanus. DyHKIMOHAT KadyecTBa
pacro3HaBaHus. TecTOBBI ANTOPUTM, AJITOPUTMBI C MPEACTABUTENBbHBIMU Habopamu. Moaenn
QITOPUTMOB BBIYUCIICHUS OLEHOK. D((heKTuBHBIC (POPMYITBI BHIYUCICHUS OLIEHOK.

2. UHpopMaTUBHOCTH MPU3HAKOB U TAJOHOB, METOABI OLIEHKH UH(OPMATUBHOCTH.



Paznuunbple MOAXOABI M METOJBI OIpeneNeHuss HH(POPMATUBHOCTH TNPU3HAKOB M STAJIOHOB.
Boruncnenue oueHok — uHpopmatuBHOCTU. Ilonck HH(OPMATHBHBIX CHCTEM NPU3HAKOB Kak
JTUCKpeTHass ONTUMH3AIMOHHAs 3agada. [IpuOIMKeHHBI METOJ HaxXO0XIEHHUS ONTHMAIbHOTO
IIPU3HAKOBOIO IOANPOCTPAHCTBA, OCHOBAHHBIM HA NPUMEHEHUU JIOTUYECKHUX KOPPEIALUMI
IIPU3HAKOB U METOJ0B KJIACTEPU3ALUU

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

Jlornueckne 3aKOHOMEPHOCTH KJIACCOB, JIOTHYECKHE OIMCAHUs KJIACCOB, MHUHHUMAJIbHBIC H
cokpaimieHHble omucaHus. [locTpoeHue pemaronux (QYHKIUHA B MOJEISX TOJIOCOBAHUSA TIO
CHCTeMaM JIOTHYECKUX 3aKOHOMepHOcTel. HaxokJieHne JOrmuecKkMx 3aKOHOMEPHOCTEH KIIAaCCOB
KaK pelIeHHe CICIHATM3UPOBAHHBIX 3a/lad JTUCKPETHOW onTuMu3anuu. [louck mormueckux
3aKOHOMEPHOCTEH KJIACCOB C YaCTOTHBIM M CTAHIAPTHBIM KPUTEPUSIMHU KaueCTBa.

['eneTnueckue anroputmbl TMoucka. Kpoccomep, myrtamus, omepaTopsl oTOopa. ['eHeTmueckuit
AJTOPUTM TIOUCKA JIOTHYECKUX 3aKOHOMEPHOCTEH KJIaCCOB.

4. Mopenu pacrio3HaBaHUs, OCHOBaHHbBIE HA MOCTPOCHUH OMHAPHBIX PEIIAIONINX JEPEBbEB.

bunapubeie pemrarone  aepeBbs. llpusHakoBble mnpenukathl. [IpencraBneHue  pazOueHus
JMCKPETHOTO €MHUYHOTO KyOa B BHJE OMHAPHOIO PEINAIOIIETO JepeBa. AJTOPUTM MOCTPOCHHS
JIOMyCTUMOTO  pa3OMeHus. AJNTOPUTMBI TOCTPOEHUS OHMHAPHOIO pEIIAIoUIero JepeBa o
npereieHTaM, IPaKTHYeCKUe METOIbI 00pe3aHHsl IePEBhEB.

5. AJTOpUTMBI pacrno3HaBaHUs, OCHOBAHHBIC HA IMOCTPOCHUU JMHEUHBIX U KyCOYHO-JIMHEHHBIX
pa3aeNnAIoMMX MOBEPXHOCTEHN

MuHuMHM3anusg  SMIMPUYECKOro pucka. I[IpaBuiao MOCTOSHHOrO IpuUpalleHus, TeopeMa
Hosuxosa. Ilouck mMakCHMMaJIbHOM COBMECTHOW IIOJCHUCTEMBI CHUCTEMBI JUHEHHBIX HEPABEHCTB.
JIuHeliHble U KyCOYHO-JIMHEMHBIE PA3LCIAIONIUE MOBEpXHOCTH. JIMHEeHas MamnHa. JIMHEHHBIN
TUCKpuMUHAHT ~ Dumepa. MeToasl  MOCTPOEHUS  JMHEHHBIX — Pa3lIensionmx  (QyHKUIUH
(penakcaiOHHBIE METOIbI, TICEBI000pAILEH s, METOIbI IMHEHHOT0 MporpaMMHpoBanus). Meton
KOMHUTETOB.

6. Mopenu pacrno3HaBaHUs, OCHOBaHHbIE Ha IIOCTPOCHUU HEIMHEHHBIX pPa3JessitouxX
MTOBEPXHOCTEN

[TocTpoeHre TOIMHOMUATBHBIX paA3JENSIONIUX T[OBEPXHOCTEH, Mepexol B CHpAMISIONIee
IPOCTPAHCTBO. MeTo[ TNOTEHUUANbHBIX (QYHKIHHA, Mpoueaypa O0OydeHHS METOoAa, METOA
IPYyNIOBOrO Yy4yeTa apryMeHTOB. MeToa OMOpHbIX BeKTOpoB. CBeleHHE 3aJaud MOCTPOEHUs
pazfensiomeld TUNEepIUIOCKOCTH €  MAaKCUMalbHBIM — 3a30pOM K 3ajJade  KBaJpaTHUYHOTO
nporpammupoBanus. Ciydaid JMHEHHONW HEpa3IeIUMOCTH KJIacCOB. MeTo/a OMOPHBIX BEKTOPOB U
CHpSIMJISIONIEE TPU3HAKOBOE MPOCTpaHCTBO. CBsI3b METOAa OMNOPHBIX BEKTOPOB M MeETOJa
MOTEHUUATbHBIX (PYHKINH.

Cemectp: 2 (Becennuii)
7. HelipoceTeBbie MOIEH KiIacCUpUKAITIT

HetipoceteBbie  anmroputmbl — pacrio3HaBaHus. OOIMe TOHATHA.  AJTOPUTM  OOpaTHOTO
pacnipoctpanenus omuoOku. Cetn Koxonena n Xonduibna, anroputMbel o0ydeHus X300a, ceTu
BCTPEYHOr'0 pacIpOCTpaHeHus, MyJIbTHILNIMKAaTUBHbBIE HEUPOHHBIE ceTH, Teopema Koamoroposa.



8. ROC-anamu3 u AUC- onTumanbHbIe KJIacCHU(PUKATOPHI.

Onpenenenne ROC-kpuBBIX KaK BRIOOP ONTHUMAIBHBIX KiIacCU(PUKATOPOB. OmnpeesieHne TaOIuIlbl
COTIPSIKEHHOCTH, TOUKU oTcedeHus, ommOku | u Il poxa, uyBcTBUTENbHBIE U CHIEU(UYHBIE TECTHI.
[TpakTrueckoe moctpoenre u aHainn3 ROC-KpUBBIX B MOJIEIAX KIIacCHU(DHUKAITUH.

9. CrarucTuyeckas TeOpHsi paCliO3HaABaHUS

baitecoBckoe pematomee nmpasuiio. baiiecoBckmii puck. Kimaccudukamnus ¢ MUHUMaIbHBIM YPOBHEM
ommbok. Krnaccudukartopsl, pasaenstonme (QyHKIIMH W TOBEPXHOCTH pemieHud. BepostHocTn
omuOO0K, CIydali HOPMajabHOM IUIOTHOCTH, MaxajlaHOOHWCOBO PAaCCTOSHUE, JUCKPETHBIA CIydau.
[TapameTpuueckre U HemapaMEeTPUUYECKUE CTATUCTHUYECKHE METOJbl pacro3HaBaHus. DyHKIUS
pocTta, eMKOCTh MHOKeCTBa (PyHKIMNA. PaBHOMEpHas CXOAMMOCTh 4YacTOT OIIMOOK K BEPOSITHOCTSIM.
[Ipumepsl Moieel paciio3HaBaHUsl OTPAHUYEHHON M HEOTPAHUYEHHON €MKOCTH.

10. AnreGpandeckasi TeOpHsl paclio3HaBaHUS

CrangapTHBI pacCMO3HAIOMIMK  AJITOPUTM, PACIO3HAIOIIMI  OMEepaTop, penlarollee MPaBHIIO.
OcHOBHbBIE TIOHATHUS U OIpeAeTeHHs anreOpanueckoro noaxoja B pacrnosHaBaHuu. KoppekTHoCTh
u mnonHoTa Moaeneil. IIpeacraBneHue anropuTMOB B BHJAE OMNEPATOPHBIX IMOJUHOMOB.
Cy1iecTBOBaHHE KOPPEKTHBIX alrOpUTMOB. MeTOIbl OMCKa KOPPEKTHBIX alropuTMoB. Onepanuu
HaJ PAcCMO3HAIOIIMMHU aNropuTMaMu. Jlornyeckue KOpPPEeKTOphl, KOPPEKTOp MO OOJBIIMHCTBY,
0aileCOBCKMI U MOTEHITUATBHBIN KOPPEKTOPHI aJITOPUTMOB

11. Cucrema ananuza nansaeix u knaccudukanun PACIIO3HABAHUE

Onucanne rpaduyeckoit 0000uku. ['TaBHBIE OKHO M OCHOBHOE MeHI0. OKHO mpoekTa. MeTomabl
pacnio3HaBaHus  Kiaccupukanuu. BBoa u mpenodpaboTka JaHHBIX, KOJTMYECTBEHHBIC IPU3HAKHY.
O0paboTka HOMUHATHHBIX MPU3HAKOB M HEM3BECTHHIX 3HAYCHUU. 3a/laHue OCHOBHOTO IMPHU3HAKA.
CrpyKTypa nporpammsl.

12. KnacrepHslii aHamu3

3amaua KIacTepHOro aHanusa. Mepsl monoousi. @yHKIUN KPUTEPUEB [T TPYIITUPOBKHU: KPUTEPUNA
CYMMBI KBaJpaTOB OIIMOOK, POJCTBEHHbIE KPUTEPHUM MHMHHMYMa JUCHEPCHH. MaTpuisl H
KpuTepun paccesHusd. Kputepunm KiacTepus3ally, OCHOBAaHHBIE Ha MAaTpPULIAX pacCesHUs.
HexoTtopele 3BpuCTHYECKHE alTOPUTMBI (METOJ] K-CPEIHHUX, METO/ PAa3MBIThIX K-CPETHHX, (hOpeb,
METO/]] K-3TaJIOHOB, aJITOPUTM B3aUMHOIO IOIJIOIIEHHU). 3a/1a4a KIacTepU3alui B CTAaTUCTHUECKON
IIOCTaHOBKE. BoccTaHOBIEHME IIIIOTHOCTEH KOMIIOHEHT II0 IUIOTHOCTH cMecu. MrepaTuBHas
ONTUMH3AIMA B KJIACTEPHOM aHanu3e. MUHHMM3aLUMs KpUTEpUs CYMMBI KBaJpaTOB OIIHMOOK.
Hepapxuueckass TpynnupoBKa, ACHAPOIPAMMBI, arjlOMEpPaTUBHBIE U JEIUMBIE IIPOLELYPHI.
Anroputmbl "Ommkaiimuii cocen”, "nmanpHHA cocen, kommpomucchl. [lomaroBas ontuManbHas
uepapxuueckas TpynnupoBka. MHoOroMepHoe MacirabupoBanue. Perienne 3a1a4n KiacTepu3aiu
KaK IIOMCK MUHUMAaJIbHBIX NOKpbITUI. KpuTepun kauecTBa KiacTepu3alnii, OCHOBaHHbIE Ha OLIEHKE
YCTOMYMBOCTH pelieHUuN. MeTonbl BEIYMCIICHHUsT KPUTEPUEB. Mepbl KOHLIEHTpALUU, CPpEeAHss Mepa
BHYTPUKJIACCOBOIO paccesHus. Kpurepuu kinacrepusaluy MpU HEU3BECTHOM 4YHCIIE KIIACTEPOB.
Pewenne 3amau kiracTepu3aluy IpU HEU3BECTHOM YHCIIE KIIACTEPOB

13. Pemenue 3aga4 KjIacTepu3aluy KOJUIEKTUBAMHU alITOPUTMOB

Knacrepuzanusi KOJJIEKTUBAMHU alITrOpUTMOB. KOMHMTETHBI CHHTE3 KOJJIEKTUBHBIX PEIICHUM.
Pa3mbiThIe W KOHTpAacTHBIE MAaTPHUIbI OIEHOK. KpuTepuu kauecTBa KOJUICKTUBHBIX PEIICHUH.
MeTopl HaXOXKIEHUSI ONTUMATBHBIX KOJUICKTUBHBIX PEIICHUH 3a/1a4u KJIaCTepHOro aHayim3a. Buaeo
- JIOTHYECKUI METO]T KJIaCTePU3AIIHH.



14. Knaccudukanus 00beKTOB C HEMOIHBIMH MTPU3HAKOBBIMU ONUCAHUSIMHU, C OOJIBIIUM YUCIIOM
KJIACCOB

CymiecTByIone MeTOAbl BOCCTAHOBJIEHHUS 3HAYCHHWM Npu3HAKoB (marginalisation, imputation,
PETPECCHOHHBIC M CTATUCTHUYECKHE MeTOo/bl). [10/1X0/1bI, OCHOBaHHBIC Ha JIOKAIILHOM OOYYCHHH,
ONTUMH3AIMA W TPUMEHCHHH QJITOPUTMOB pacro3HaBaHUs. J[OCTOMHCTBA ¥ HEIOCTATKH
pa3IMYHBIX METOIOB.

Cy1iecTByronMe MOAXOABI sl PEIISHUs 3a1a4 ¢ MHOTUMHU Kiaccamu. [1oaxo/abl, OCHOBaHHbBIE Ha
MOMIAPHOM pPa3AeNICHUN KJIACCOB, MOAXOJ «OAMH TPOTUB Bcex». CBeneHHMe 3amaduud K Habopy
TUXOTOMHUYECKUX Kiaccupukanuii u nogxoxy ECOC.

15. Haxoxnenue (GpyHKIIMOHATBHBIX 3aBUCUMOCTEH 110 MpeLeeHTaM

3ajaun U METO/Ibl BOCCTAHOBJICHHS PErPeCcCUid, MapaMeTpUUEeCKUe U HETTApaMETPUUECKUE TTOXO/IbI
(TmHEHAS ¥ KYyCOYHO-TTMHEIHAS, TOJIMHOMHUANIbHAS, JIOTHCTUYECKAsl perpPeCcCuy, siIepHOe
CTUTQ)KUBAHHUE).

BoccranoBnenne (QyHKIIMOHAJIBHBIX 3aBUCHMOCTEH IO TMpELEJeHTaM C HCIOJIb30BaHHEM
JIOTUYECKUX MOJEJEeH pacno3HaBaHus. ballecOBCKOE BOCCTAHOBIEHHE, KaK IIOCTPOCHHUE
KOJIJIGKTMBHBIX PEIICHHH 33/1a4 pacro3HaBaHusl. BoccTaHOBIEHNE KYyCOYHO-TIOCTOSHHBIX (DYHKIIMN
I10 MPELEICHTaM.

5. Onucanue MaTepuaJIbHO-TEXHUYECKOH 0a3bl, HEOOXOAUMOI IJIsl OCYLIECTBJIEHUS
00pa30BaTeJILHOIO NMpouecca no JMCHunIanHe (Mo1yJ10)

VY4yeOHast aytuTOopusi, OCHAIICHHAs MYJIbTUMEINA-IPOEKTOPOM U SKPAHOM.

6. [lepeyeHb OCHOBHOI ¥ IONOJTHUTEIbHOM JIUTEPATYPbl, HEOOXOAUMOI 115l 0CBOCHUS TUCHHUILINHBI
(Moxys)

OcHoBHast TuTepaTypa

1. XKypasnes FO.U. N36pannbie Hayunbie Tpyabl. — M.: "Maructp", 1998, 420 c.

2. A.C.buprokos, B.B.Psa3anos, A.C.I1ImakoB. Pemenue 3agad Ki1acTepHOTO aHAJIN3a KOJJIEKTUBAMU
anropuTMoB. JKypHas BRIYUCIUTEIHPHOM MaTEeMAaTHKU U MaTeMaTudeckon ¢usuku, T.48, 2008, N 1,
ctp. 176-192.

3. XKypasnes O. U., Ps3anoB B. B., Cenrko O. B. Pacno3naBanue». MaremaTuueckue MeTOIbI.
[Tporpammuast cuctema. I[Ipaktuueckue npumeHenus. — M.: @azuc, 2006.

4. H.B.KoBmos, B.JI.Moucees, B.B.Psi3aHoB. ANropuTMBbI MOUCKA JJOTHYECKUX 3aKOHOMEPHOCTEN B
3aiauax pacroszHaBaHus. JKypHai BEIYUCIUTEIFHON MaTeMaTHKA U MaTeMaTudeckon ¢pusukm, T.48,
2008, N 2, ctp. 329-344.

5. B. B. Pazanos, 0. 1. Tkaues, BoccranoBiieHue 3aBUCHMOCTEH Ha OCHOBE 0alieCOBCKOM
KOPPEKILIHUU KOJJIEKTUBOB alNropuTMoB kinaccudukanmu// XKypHai BEIYUCIUTEIHHON MaTEMaTUKH U
MareMmatnueckor pusuku, Vol. 50, No. 9, 2010.

6. Hastie, T., Tibshirani R., Friedman J.The Elements of Statistical Learning: Data Mining, Inference,
and Prediction. — 2nd ed. — Springer-Verlag, 2009. — 746 p.

JlononHuTenbHas TUTEpaTypa



1. Aiazsn C. A., Byxmrabep B. M., EntokoB U. C., Memankun JI.J[. [lpukiagHas cratucTuka:
KJaccu(uKaIus U CHIDKEHHE pa3MepHOCTH. — M.: @UHAHCH U cTaTHCTHKA, 1989.

2. Vapnik, V. :The Nature of Statistical Learning Theory. Springer-Verlag (1995).

3. Exeromnuk "PacniozHaBanue, Kiaccu(uKaIys, MporHo3 (MaTeMaTu4eckue METOIbl U UX
npumenenue)", — M.: "Hayka", Beimn.1 (1988), 2 (1989), 3 (1990).

4. Kypasnes }0.11. N36pannsie Hayunbie Tpyasl. — M.: "Maructp”, 1998, 420 c.

5. 3aropyiiko H.I'. [Ipuknaanbie MeTop! aHaIM3a JaHHBIX U 3HaHUH. HoBocuOupck, MHCTUTYT
mateMaTtuku uM. C.JI.Coboxea CO PAH, 1999, 268 c.

6. Duda R.O., Hart P.E., Stork D.G. Pattern classification, 2nd Edition. Wiley-Interscience, 2001. -
738 pages.

7. llepeyeHb y4eOHO-METOAUYECKOT0 00ecevyeH sl AJIs1 CAMOCTOATEIbLHON padoThl 00yYAKOIIUXCS 110
JUCHUIINHE (MOIYJII0)

1. Little,R.J.A.,Rubin D.B.: Statistical Analysis with Missing Data. Wiley, NewY ork(1987)
2. Hardle, W.: Applied nonparametric regression. Cambridge University Press, Cambridge(1990)

3. Honckoii B.1. , bamra A.W. JluckpeTHble MOAENIN IPUHSITHS PELLIEHUH IPU HENOJIHOM
uHpopmanuu. —Cumdeponoins: TaBpus, 1992. — 166 c.

4. ok B., Camoiinenko A., DataMining: yueonsiii kypc — CI16: TTutep, 2001. — 368 c.
5. Yoccepmen @., HelipokomnbiorepHas TexHuka, M.,Mup, 1992.

8. Ilepeuenn pecypcoB HH(POPMAIMOHHO-TEJIEKOMMYHUKANMOHHOM ceTH ""UHTepHeT", HE00X0AUMBIX
JUISL OCBOEHMSI AUCUMUIJIMHBI (MOXYJIs1)

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

9. IlepeyeHb MH(POPMAITMOHHBIX TEXHOJIOT Ui, HCIIOJIb3YeMbIX MPU OCYLIECTBJICHUU
00pa30BaTeJILHOIO NMpouecca no JMCHUIINHEe (MOYJII0), BKJIIOYasi lepedyeHb MPOrpaMMHOTI0
o0ecrieyeHUus1 1 UHGPOPMAINUOHHBIX CIIPABOYHBIX CHCTEM (MPH HEOOXOAMMOCTH)

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

10. MeToauyeckne yKazaHus JJs 00y4AKIIHUXCSH M0 OCBOEHUIO TUCIHILIMHBI

CryneHT, U3y4aroluuii Kypc METO/Ibl aHaJIM3a JaHHBIX U PacllO3HABaHUs, TOJKEH C OJHOW CTOPOHBI,
OBJIA/IETh OOIIMM MOHATHWHBIM amnmapaToM, a ¢ JAPYrod CTOPOHBI, JOJDKEH HAYYHMTHCS MPUMEHSTH
TEOPETUYECKUE 3HAHUS HA IIPAKTUKE.

B pesynbrare u3ydeHus NUCLUILIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE OINPENCIICHUS, MOHATUSA,
AKCHOMBI, METO/IbI I0KA3aTENIbCTB.

YcnemHoe OCBOeHHE Kypca TpeOyeT HampsoKEHHOM CaMOCTOSATENbHONW paboThl CTyaeHTa. B
nporpamMMe Kypca MpUBEACHO MUHUMAIBLHO HEO0X0AMMOE BpeMs Uil paboThl CTyJIEHTa Haja TEMOM.
CamocrosTenbHas paboTa BKIIOYAET B CeO:

— YTEHHE U KOHCIIEKTUPOBAHUE PEKOMEHIOBAHHON JIUTEPATYPHI;

— mpopaboTKy y4yeOHOro marepuana (10 KOHCIEKTaM JICKLIWH, y4eOHOW M Hay4HOU JuTepaType),
MOJArOTOBKY OTBETOB Ha BOINPOCHL, MpEIHA3HAUYEHHBIX JUISI CAMOCTOSTEIBHOTO H3y4YeHUS,
JI0KA3aTeJIbCTBO OTACIBHBIX YTBEPKACHUM, CBOWCTB;

— PCUICHUC 3aaa4, IMPpCajIaracMbIX CTYACHTAM HAIIPAKTHUYCCKUX 3aHATHUAX]
— NOATOTOBKY K NPAKTUYCCKHUM 3aHATUAM, 3aqéTy.



PykoBOICTBO W KOHTPOJbL 3a CaMOCTOSITENLHOW pPa0OTON CTyneHTa OcCyllecTBIsieTcs B (opme
WHIUBUYaJIbHBIX KOHCYJIbTALlAMN.

[Tokazarenem BilaIeHUS] MATEPUAJIOM CIIY’KUT 3HAHUE PA3JIMYHBIX [TOAX0/I0B, AIITOPUTMOB U METOJOB,
a TaKkXKe yMEHHE periarh 3afgaud. s GopMupoBaHusi yMEHUS TPUMEHSATh TEOPETUYECKUE 3HAHUS HA
MIPAKTUKE CTYJCHTY HEOOXOMMO pellaTh Kak MOKHO OOJIbINE 33/1a4, B TOM YKCJIE MPUKIAIHBIX 33129
KIaccupuKamu 1o TnpeueneHTam. Ilpu pemieHuu 3amgad  Kaxkaoe JEHCTBHE HEOOXOAUMO
apryMEHTUPOBATH, CChLIASACH HA U3BECTHBIE TEOPETUUECKUE CBEACHUS.

Baxxno n1oOWThHCS MOHMMaHUSI U3y4yaeMOro Marepuasa, a He MEXaHHYEeCKOro ero 3anomMuHanud. [lpu
3aTpyJHEHUN M3Y4YEHHUS OTAENbHBIX TEM, BONPOCOB, CJIEAyeT O0OpaliaTrbcs 3a KOHCYJIbTAllUsIMU K
JIEKTOPY WJIM IPENOJaBATENI0, BEYIIEMY IPAKTUUECKUE 3aHATHS.

11. ®oHa OLEHOYHBIX CPEACTB JJIsl MIPOBeIeHUs POMEKYTOYHOM ATTECTALMU M0 UTOraM 00y4YeHu st

[Tpunoxenue



IMPUJIO)KEHUE

®OH/J OHEHOYHbLIX CPEJICTB
JIJISI TIPOBEIEHUS TPOMEXKYTOYHOM ATTECTAIIUA OBYYAIOIINXCSA

O AUCIUIIJINHE
10 HANPAaBJIEHUIO: [Ipuknaguaeie MaTemMaTHKa U (pU3UKa (MarucTparypa)
npoduib NOArOTOBKM: Marematnueckre U HHPOPMAIIMOHHBIE TEXHOJIOTUI

@axkynbTET yIpaBICHUS U IPUKIATHOU MAaTEMATUKU
kadeapa nHGOPMATHKU U BEIYUCIUTEILHOW MaTeMaTH
Kypc: 1

KBaJIM(pUKanus: MarucTp

CemecTtpbl, GOPMBI IPOMEKYTOUYHOHN aTTECTAINH:
1(Ocennmit) - AnddepeHnpoBaHHBIN 3a4eT

2(Becennuii) - Dx3ameH

Pa3padoruuk: B.B. Ps3aHoB, a-p ¢us.-mar. HayK, CTapiInil HAyYHBIH COTPYIHUK,
npodeccop



1. Komnerenunu, gopmMupyembie B mponecce M3y4eHHus IMCUUILIHHBI

OcBoeHHUE NUCIUILTUHBI HAMPABICHO Ha (OPMHUPOBAHUE Y OOYHYAIOMICTOCS CICAYIOIINX OOIIEKYIbTYPHBIX
(OK), obmenpodeccuonansubix (OIIK) u mpodeccuonansubix (I1K) koMmmereHmii:

TOTOBHOCTH PYKOBOJHUTH KOJUIEKTUBOM B cpepe cBoei npodeccruoHalbHOM 1eATeIbHOCTH, TOJIEPAHTHO
BOCITPUHUMAS COIMAIbHBIC, STHUYECKHE, KOH(pecCHOHambHbIE U KyIbTypHBIC paznuuus (OI1K-2);
CIIOCOOHOCTh HMCMOJIb30BaTh Ha MpaKTUKE yIiayOsieHHble (yHIaMEHTaJIbHbIE 3HAHUs, MOJYYCHHbBIE B
00J1aCTH €CTECTBEHHBIX U TYMaHUTAPHBIX HAYK, M BJIaJICHUEM HaydHbIM MHpOBo33peHueM (OI1K-3);
CIIOCOOHOCTh NPUMEHATh HA NPAKTHKE YMEHHS W HABBIKM B OpraHU3allMd HMCCIEAOBATEIbCKUX H
MPOEKTHBIX paboT, CIOCOOHOCTHIO CAMOCTOSITENILHO OpPraHM30BBIBATH M MPOBOAUTH HAYyYHbBIE
UCCJIEIOBAHMSI U BHEPSTH UX PE3yJIbTaThl B KAUECTBE WiCHA WM PYKOBOJUTENSI MAJIOTO KOJUIEKTHBA
(IIK-3);

CIOCOOHOCTH MTPO(EeCCHOHATEHO Pad0TaTh ¢ UCCIEAOBATEIHCKUM U UCIIBITATEIHHBIM 000PYIOBAaHHEM,
npubopaMu U YCTAHOBKAMU B U30PaHHOM MPEAMETHOMN 00J1aCTH B COOTBETCTBUU C LIEISIMH MPOTPAMMBbI
crienuaIu3upoBaHHON noarotoBku maructpa (I1K-4).

2. Iloka3aTe Iy OeHNBAHNUSA KOMIIETEHIIHIA

B pesynbrate u3yueHus: AMCUUIUIMHBI «MeTo/Ibl aHaIN3a JaHHbBIX U paclo3HaBaHUs) 00ydaromuiics
JOJDKEH:

3HATh:
'l ¢dysaaMeHTalbHBIE MOHATHS U METOJbl TEOPUHM PACIIO3HABAHHUS IO MpEleIeHTaM W aHajiu3a
JAHHBIX;
'] coBpeMeHHbIE MPOOJIEMBbl aHAJIW3a JAaHHBIX, TEOPUU pPACIO3HABAHUS, KiIaccH(UKAIMM, TTOUCKA
3aBHCHMOCTEI;
O METOJIbl M TOJXOAbl pPEUIeHHs] MPaKTUYECKHX 3ajady aHaliu3a JaHHBIX U KIacCHU(PHUKAIUU
KOJUJIEKTUBAMHU aJTOPUTMOB;
| mporpamMMHbIE CPEJICTBA PEUICHHs] OCHOBHBIX 3a/1a4 aHaJIN3a JaHHbBIX U KJIaCCU(PHUKAIUH.

yMeThb:
O MOJIb30BAThCS CBOMMHU 3HAHUSMH JJI1 penieHus (GyHIaMEHTAIbHbIX, MPUKIAJHBIX H
TEXHOJOTHYECKHX 3314 B Pa3IMYHBIX IPEIMETHBIX 00JIaCTsX;
| penaTh MpaBUIIbHBIE BBIBOJIBI U3 COMOCTABIICHUS PE3YIbTATOB TEOPUH U IKCIIEPUMEHTA, BHIOMPATH
MPaBWJIbHO MapaMeTpbl METOOB, aJICKBaTHbIE PA3MEPHOCTH 00YyYaroIINX BEIOOPOK;
'] ;enatb KaueCTBEHHbIE U KOJMYECTBEHHBIE BBIBOJBI MPHU MEPEX0J€ K MPEAETbHBIM YCIOBHSIM B
M3y4aeMbIX MpobiiemMax;
O OocBalBaTh HOBBIE IPEAMETHBIE OO0JACTH, TEOPETHYECKHE MOIXOAbl U SKCIEPUMEHTAIIbHBIE
METOJIUKH;
'] monyd4aTh ONTHMAaJbHBIE AITOPUTMBI KIACCU(UKALUMU M IMPaBWIBHO OLEHUBATH CTENEHb HUX
TOYHOCTH U JOCTOBEPHOCTH;
'] paboTaTh Ha COBPEMEHHOM 3KCIIEPUMEHTATHFHOM 000pY0BaHHH;
| TUIaHUPOBATh ONTHUMAJIBHOE MPOBEACHUE 00YUESHHUSI 110 MpPELeACHTaM;
"l 2]QdexTuBHO UCHOIB30BaTh MH(YOPMALMOHHBIE TEXHOJOTUH U KOMIBIOTEPHYIO TEXHUKY IS
JOCTUKEHHSI HEOOXOIMMBIX TEOPETHUECKUX U MPUKIIAJHBIX PE3YJIbTaTOB.

BJAJACTh:



'] HaBBIKAMH aHaIHM3a OOJIBIIOTO 00bEMa YACTHYHO MPOTHBOPEUYUBHIX M HEMOJIHBIX MPHU3HAKOBBIX
OITHICAaHU;

O HaBBIKAMH CaMOCTOSITEIbHOM pPaboThl B JabOpaTOpUU C HCIOIH30BAHMEM COBPEMEHHBIX
KOMIThIOTEPHBIX TEXHOJIOTHIA;

'] KyJbTypOW MOCTAaHOBKH U TUIAHUPOBAHUS TOCIEI0OBATSIPHOCTH PEIICHUS 3a7a4 aHAIM3a JaHHbIX
U Kiaccuukanum;

O HaBBIKAMH TPAMOTHON OOpaOOTKM CTAaTHCTHYECKHMX MHOTOMEPHBIX JaHHBIX, O()OPMIICHHS
PEe3yIBTATOB YHCICHHBIX PACYETOB M UX COTIOCTABIICHUS C TEOPETHUCCKUMU OIICHKAMU;

] TIpaKTUKOM MCCIEOBAHUS U PEIICHUS TCOPETUUYECCKUX M MPUKIIATHBIX 3a/1a4;

O HaBBIKAMHU aHaJIM3a pPEAJbHBIX 3a/lad M3 Pa3IUYHBIX TMPEIMETHBIX 00JacTeil Ha YPOBHE
OTJICTTLHBIX MOAXO0B M KOJIJIEKTUBAMU JITOPUTMOB.



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

[lpomexxyrounast —arrecranuss 1o jgucuuiuiiae «MeToabl aHajaM3a [JaHHBIX H
pacno3HaBaHUA» ocymecTBiuiercs B QopMe anpdepeHIUpPOBAaHHOTO 3ayera. 3adeT
IPOBOJIUTCS B YyCTHOHU (opMme.

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

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

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

00y4eHus:

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

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

3agaud 1.

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

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

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

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



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

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

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

8. HailTu MakCcMMaJIbHYI0 COBMECTHYIO MOJICUCTEMY CUCTEMbI TUHEHHBIX

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

-3x—-y=>3 2X—4y >4

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

CJICAYIOIMUC JIBA Kylacca:

10. ITocTpouTh HEHPOHHYIO CETHC TMHEUHBIMU (PYHKLUSAMHU COCTOSTHUM, pa3eIIIOLIyI0

CICOYIOMHUC ABa Kjacca:




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

4+~ @ ® %k o
3T e e ok
2 * o %

T e % o e

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

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

4— o o
3 - o *
2 - @ @ % %
1 @ X %

KadcCTBa.

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

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

2
MHWHUMM3ALUHU H)‘( — )_(qH .

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

14. PaccMoTpuTe TMHEHHYIO MAIIMHY € Pa3AeIIOLIIMU

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

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

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



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

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

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

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

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

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

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

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

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

2%

i=1

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

HpaB,HOHOI[O6I/I$I AJIA 9_ CCTb é =

3|+

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

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

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

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

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

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

AT'XX AT

(A+)_()_(t 7l:A71—?
1+X A™X

IIOKaXXHTE, 4TO

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

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

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

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



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

COOTBETCTBYIOIYIO KJacCU(PUKAUU X MPU MIPUCBOCHUU €MY KJlacca CPEAHET0 3HaUCHUs
Oymkaiiiieil BRIOOPKH.
23. ITonw3ysce onpeaeneHueM MaTPHUIIbI pPa3dpoca MeX Iy TPYIIaMH, JaHHBIM IS CITydast
|
MHOTHX KJIACCOB: Sy = Zni (M, —m)(M, —M)", noKaxkure, 4TO
i=1
Sg = [(nlnz)/n](n_H —m,) (M, —m,)", ecm | =2.

24. TloctaHOBKa 3a/laud pacrio3HaBaHUs MO mpeneaeHTaMm. [Ipu3HakoBbIe OMUCAHUS W BHJIBI
MIPU3HAKOB. 3aja4M KiIacCH(PUKAIMKU ¢ yauTeseM (pacro3HaBaHus), Kiaccudukanuu 06e3
yuuTens (KJIacTEpHOI0 aHAJIM3a) U BOCCTAHOBJIEHUS PETPECCU KaK CIEIMAIbHBIE 3a/1a4l
HHTEPIIOJISILINU.

25.3amaun  aHanM3a JAHHBIX M TIOMCKAa 3aKOHOMEPHOCTeH. [IpuMepbl NpaKTHYECKHUX
MIPUMEHEHUM.

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

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

28. AnropuTMBbI pacro3HaBaHusl, OCHOBAHHBIE Ha HAXOXKJIEHUU U TOJIOCOBAHUU 10 CUCTEMaM
MPEACTABUTEIBHBIX HAOOPOB KIacCOB. AJIropuT™M pacro3znaBanus «Kopay.

29. CToxacTHYECKHil ~ aHalor TECTOBOrO  anroputma. Moaudukamus  aaropuTMoB
YAaCTUYHOMIPELIEIEHTHOCTH Il CJIy4aeB BEIIECTBEHHO3HAYHBIX M CMEIIAHHBIX CHUCTEM
MPU3HAKOB.

30. AropUTMBI pacliO3HAaBaHMs, OCHOBAaHHBIC Ha BbMMCIcHWH OIeHOK (ABO). OnopHbie
MHO’KECTBa aJITOPUTMOB, OCHOBHBIE 3Tallbl BBIYUCICHHUS OIEHOK, MPUMEphl Mojelnei
ABO.

31. D¢ dextuBHBIe (OPMYNIBl BBIYHCICHHUS OLIGHOK JJSI CHCTEM OINOPHBIX MHOKECTB
(UKCUPOBAHHOW MOITHOCTH U BCEX OMOPHBIX MHOXECTB.

32. OnTuMu3alys MHOTOIApaMETPUIECKUX MOJENIel pacrio3HaBaHusI.

33. PenakcaruoHHBIN aJTOPUTM PEIICHUS CHUCTEM JIMHEHHBIX HEPAaBEHCTB M METOJNBI €Tro
yckopeHus. [IpuMeHeHue penakcallMOHHOTO alropuTMa JUisl MPUOIMKEHHOTO MOMCKa
MaKCHMaJIbHON COBMECTHOM MOJACUCTEMBI CUCTEMBI INHENHBIX HEPABEHCTB.

34. KoMOMHATOpHBIN alropuT™M MOUCKA MAaKCUMAaJbHOM COBMECTHOW MOJCUCTEMBI CUCTEMBI
JIMHENHBIX HEPABEHCTB.

35. Un(hopMaTUBHOCTh TPHU3HAKOB W OSTAJIOHOB. METOABI OIICHKHM HWH(OPMATUBHOCTH B
MOJENAX  YaCTUYHOW  mpeneneHTHocTd.  Craructudeckue,  WHGOPMAIHOHHBIC,
IBPUCTUYECKUE KPUTEPUU HHPOPMATUBHOCTH.

36. ITonck WHPOPMATUBHBIX CHUCTEM NPH3HAKOB KaK 3ajada JUCKPETHOH ONTHMH3AITUH.
[TpuOMMKEHHBI  aNrOpUTM TMOWCKAa MHHHMMAIBHOTO TPHU3HAKOBOTO TMPOCTPAHCTBA,
OCHOBaHHBI Ha BBIYMCICHUM JIOTUYECKUX KOPPEIAIMHA TPHU3HAKOB, OIICHKE
WH(OPMATUBHOCTH MIPU3HAKOB U KJIaCTEPU3AIUH.

37.Jlornyeckne 3aKOHOMEPHOCTH KiaccoB. OmpeneneHuss YaCTHYHOW  JIOTUYECKOM
3aKOHOMEPHOCTH, UHTEPBAJIA JJOTUYECKON 3aKOHOMEpPHOCTH. [locTpoeHne MUHUMAIBHOM
JIOTUYECKOW 3aKOHOMEPHOCTH MHUHUMAJIBHOM CJIOKHOCTH SKBHUBAJICHTHON 3aJaHHON
MHUHUMAJIbHOW JIOTUYECKON 3aKOHOMEPHOCTH.

38. Jlornueckue onrcaHusl KJIaCCOB, MUHUMAaJIbHBIE U COKpAIllEHHbIE OMUCAHMSL.

39. MeToet 06pabOTKH MHOXKECTB JIOTHYECKHX 3aKOHOMEPHOCTEH KIIACCOB.

40. TToctpoenue pemaronux (QyHKIIUHA B MOJEISAX TOJOCOBAHUS MO CHCTEMaM JIOTHYECKHX
3aKoHOMepHOCTeH. CriakMBaHHWe pemaromuX (YHKIUH, [TOCTPOSCHUE PEIIAIoNIuX
GYHKIMA ¢ MaKCHUMAaJbHBIM «3a30pOM» MEXIy OOyJaromuMu OOBEKTaMH pPa3HBIX
KJIACCOB.



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

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

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

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

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

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

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

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

49. MeTros1 HaMMEHBIINUX KBaJIPAaTOB U MCEBA0OOPAIICHUS MaTPHILL.

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

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

52. MeTo MOTeHIMANBHBIX QYHKIIUH 1 00y4eHHE alrOpUTMa.

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

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

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

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

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

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

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

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

pq0) 1+(x_ai)
b

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




MHHUMaAJIbHAaA BCPOATHOCTD OIIIHOKHU OMpCACIIAACTCS BBIPAKCHHUEM

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

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

az_a1‘.
b

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

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

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

)
)

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

——¢€

L]ie
Ver Jema

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

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

2
—(1/2)u dU ,

1 o0
pe e

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

pe3yJsibTarta clIoBaMHu.

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

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

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

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

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

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

HenycroeXeK;
K;

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

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



10.

11

12

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

22.
23.

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

ninj H

N +n;

2
KOTOPBIX mi — mj H MHUHHMAaJIbHA.

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

do (Ki, K;) = max XX

XeK;,X EKJ-

d mean

(K, K;) = |m, —m|.

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

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

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

1 |
Z,(K)= FZ n’
i=1

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

Z—l (K) = :Il-

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

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

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

MynbTUIIIIMKATUBHBIE HEMPOHHBIE CETU U X 00yYEHHE.

Teopema Konmmoroposa.

ROC-anamu3 u AUC- onTumalibHble KJIaCCH(PHUKATOPHI.

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

Knaccudukaropsl CMUHUMaNbHON OMIMOKOMN, pasfenstomue (YHKIUH U TOBEPXHOCTH
peLICHU.

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

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

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

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



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

25. MeTo/1pI TOMCKA KOPPEKTHBIX U KBa3UKOPPEKTHBIXAITOPUTMOB.

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

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

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

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

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

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

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

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

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

35. Ilomarosas OINTUMAJIbHAs uepapxuieckas IPYyNIUPOBKA. MHoromepHoe
MacITabupoBaHHE.

36. Pemenue 3aaun KiacTepru3aliuy Kak MOMCK MUHUMAJIbHBIX TOKPBITHH.

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

38. Kpurepun kadyecTBa KJ1acTepu3alinii, OCHOBaHHBIE HA OI[EHKE YCTOHYMBOCTH PEIICHUH.

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

40. Meron HeueTKUX K - BHYTPUTPYIIIOBBIX CPETHUX.

41. Knacrepuzaiusi MHOXKECTB JIOTHYECKUX 3aKOHOMEPHOCTEN KIIacCOB.

42. Mepsl KOHIIGHTpAllMH, CpenHsss Mepa BHYTPHKIACCOBOTO paccesHus. Kputepun
KJIACTEpU3ALIMY ITPY HEU3BECTHOM YHCIIE KIacTepoB. Pelenune 3aaau KiacTepu3alnnun npu
HEU3BECTHOM YHCIIE KJIACTEPOB.

43. Knacrepuzanusi KOJJIEKTUBAMHM alropuTMoB. KOMUTETHBIM CHHTE3 KOJUIEKTUBHBIX
peLIeHM.

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

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

46. KoMUTeTHBIII CHHTE3 ONTHMAIbHBIX KOJUIEKTHBHBIX pEIICHUI 3ajJaud KJIacTEpPHOTO
aHa/IM3a. DBPUCTUYECKUE METObl HAXO0XICHUS ONTHUMAJIBHBIX KOJJIEKTUBHBIX PelIeHUi
3a/1a4 KJIaCTEpPHOro aHayu3a. Buzieo - 10ruuecknii MeTo 1 KJIaCTEpU3aLNN.

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

48. AnropuTMBl BOCCTAQHOBJICHHMSI HEU3BECTHBIX 3HAYEHMH IPU3HAKOB, OCHOBAaHHBIE Ha
JIOKaJIbHOM O0Y4YE€HUH, ONTUMHU3AINHN U IPUMEHEHUU METO/IOB PACIIO3HABAHMS.

49. 3agaun 1 METO/Ibl BOCCTAHOBJIEHUS PETPECCHi, TapaMEeTPUUECKHUE U HelapaMeTpUUECKHe
NOX0/bl (JIMHEWHAs, TOJIMHOMUANIbHASL, IAEPHOE CIIIaKUBAHUE).



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

51. Jloructuueckas perpeccus u ee HaxoKJICHHE.

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

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

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

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

56. DddexTuBHOE TIEPEOOYICHHE B PEIKUME CKOJIB3SIIIET0 KOHTPOJISI B MOJICTH BBIYHCIICHUS
OLIEHOK JUIsl CMEXXHOM 1o oOyuaroniel BBIOOpKe 3a1a4K pacrio3HaBaHMs.

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

4. Kputepuu oueHUBaHUs

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

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

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

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

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

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

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



OmeHka  «yZOBICTBOPHUTENBHO  (3)»  BBICTABISIETCS  CTYACHTY,  IOKa3aBIIEMY
(dparMeHTapHbli  XapakTep  3HAHMH,  HEAOCTATOYHO  HpPaBUWIbHbIE  (HOPMYIUPOBKU
0a30BBIXIIOHATUI, HO TPHU HTOM OH BIAJACET OCHOBHBIMU  pazfelaMu  y4eOHOM
IPOTrpaMMbIL,HEOOXOAMMBIMU JUIsl AajJbHEUIIEro OOy4eHHs M MOXKET NPUMEHSATh IMOJy4eHHbIE
3HaHMs 1000pa3Ly B CTAaHAAPTHOM CUTYaLlUU;

OueHKka «HEYAOBJIETBOPUTEILHO (2)» BBICTABISETCA CTYIEHTY, KOTOpBI HE 3HaeT
00JIbIIIeH YaCTHOCHOBHOTO COJIEpKaHUs Y4EOHOH MpOorpaMMbl JUCIUIUIMHEL, JOMYyCKaeT TpyObie
OomuOKM  BPOPMYIUPOBKAX  OCHOBHBIX  TOHATHH  JUCHMIUIMHBI W HE  yMeEeT
MCIIOJIb30BATHIIOyYEHHBIE 3HAHUSI IIPH PEIICHUH TUIIOBBIX MPAKTUYECKUX 3a]1a4.

OmeHka «HEyI0BIeTBOPUTENbHO (1)» BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HAeT
OCHOBHOTO COJIEp)KaHUSI Y4eOHOH MporpaMMbl JWUCHUIUIAHBI, JOMYCKAeT TpyOble OIIMOKH
B(OpPMYIHpPOBKAX OCHOBHBIX MOHSATHH IJUCIMIUIMHBI M HE yYMEET MCIOJb30BATHIIOTYYCHHbBIE
3HAHMS [IPU PELICHUU TUIIOBBIX PAKTUYECKUX 33]1a4.

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

Bo Bpems mpoBeaeHus 3adeta M SK3aMeHa OOydyarolMecs MOTYT I10JIb30BaThCs
IIpOrpaMMoOM  THUCLMIUIMHBEI, IIHTEpHETOM, CHpPaBOYHOM JINTEPATypO, BBIYUCIUTEIBHON
TEXHUKOH.

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



