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uHpOpMaTHKa, TPOPHIb « AHAIIN3 JAHHBIX»

Kpamudukanus BbINyCKHUKA: 0akaiaBp

®opMbI 00y4eHHUsI: OUHAas

]_Ie.]'llfl H 3aJa4Y41 JUCIHUIIJINHBI

[logroroBka oOydarommxcst K HpOPEecCHOHANBHOW  JNeATeNbHOCTH B OONAacTH  CBS3W,
MHGOPMAIIMOHHBIX U KOMMYHHUKAIMOHHBIX TEXHOJOTHH (B cdepe MpOoeKTHUpPOBaHMS, pa3pabOTKH,
BHE/IPEHUS M DKCIUTyaTallud WHOOPMAIMOHHBIX CUCTEM, YIIPABJICHUS WX KU3HEHHBIM IUKIIOM) H K
pelIeHno  3aaa4y MPOEKTHOTO, MPOU3BOACTBEHHO — TEXHOJIOTUYECKOrO U HAY4HO-
MCCJIEI0OBATEILCKOr0 TUIOB.  M3ydyaemasi MUCHMIUIMHA TOTOBUT OOYYaIOIIETOCS K BBIMOJIHEHUIO
000011eHHON TpyHOoBOW (DYHKIMH: BBINOJHEHUE padOT M YIpaBieHHE PabOoTaMU IO CO3JaHHI0
(Mmogudukanmuu) u  compoBoxaeHuto HMC, aBTOMATU3HUPYIOMUX 3aJa4d  OPraHU3alMOHHOTO
yopaBieHuss W OusHec-mpouecchl (mpodeccuoHanpHbli  craHmapt 06.015 Choemuanuct mo
uHopmarmonusiM cucreMam (IIpukas Muntpyzna Poccun 18.11.2014 1. Ne 896H, 3apeructpupoBan
B Muntoct Poccun 24 nexabps 2014 . N 35361).

JlucuuminHa «AHAJTMTHKA U UHCTPYMEHTHI YIIPaBJICHUS TAHHBIMUY TTPETHA3HAYCHA JUIS OBJIaICHUS
MOJISJISIMA M METO/IaMH MHTEJUIEKTYyaJTbHOTO aHalu3a JaHHBIX U MAIIMHHOTO OOy4YeHHs B 3aJiadyax
noucka wHpoOpManuu, oOpabOTKM W aHalW3a [aHHBIX, a Takke NPHOOPETCHUS HABBIKOB
uccienoBarens naHHbIX (data scientist) m pa3paboTuymka MaTeMaTHYECKUX MOjENeH, METOJOB U
AITOPUTMOB aHAJM3a JaHHBIX.

B mpouiecce 0OydenHwus Mo AUCHUTUIMHE y 00ydarommxcst POPMUPYIOTCS CIEAYIOMINE KOMITETCHIIUN:
OIIK-6. Cnocoben aHanmu3upoBaTh U pa3pabaThlBaTh OPTaHU3AIMOHHO-TEXHUYECKUE U
SKOHOMHUYECKHE TPOIECCHl C MPUMEHEHHEM METOJOB CHCTEMHOTO aHaju3a W MaTeMaTHYECKOTrO
monenupoBanus; [IK-2. crmocoOHOCTH pa3zpabarbiBaTh, BHEOPSITh W aJaNTUPOBATh MPUKIAJIHOE
nporpammHoe obecrneuenue; [1K-3 cnocodbnocts npoextupoBats C B cooTBeTCTBUU C ITpoduiem
MOJITOTOBKHU IO BHIaM 00eCIIeYeHUs.

IL1an kypca

HaumenoBanue pa3aesa Conepaxanue pasjena
AUCHHUILIMHBI (3J1eMeHTa
Ne n/m MOJLYJIs)
1 MaremaTnueckne 00bekThl | JIuHeliHas anrebpa M aHanu3 JaHHbIX. JIMHENHbIE

U MeTO/bl B aHAJIN3e JaHHBIX | IPOCTPAHCTBA, WX MPUMEPbl M3 MAIIUHHOTO
oOyueHuss (TpU3HAKH B KPEAUTOM CKOPHHTE,
BEKTOpPHBIE IpeCTaBICHUS TEKCTOB).
KomnuueapHocTs M JIMHEWHass HE3aBUCHUMOCTb.
CkansipHoe  TpOU3BEACHUE, KOCHHYC  YIUa,
MpUMEpBl X MPUMEHEHHs. BekTopbsl U MaTpHilbl,
omepalMd HajJ HUMH. MaTpuuHOE YMHOXXEHHE.
Cucrempl JUHEHHBIX  ypaBHeHWH. OOparHas

MaTpuiia. MaremMaTH4eCKMl aHajlu3 M aHaJIu3




Ne i/

HaumenoBanue pasaena
AUCIHHUILIMHBI (3J1eMeHTAa
MOJLYJIs1)

Conep:xanue pasnesa

JaHHBIX (HA IpUMepe MapHOW JIMHEWHOH perpeccun
u MHK). [IpousBogHas u rpagueHT, UX CBOMCTBA U
UHTEpHpeTanuu. Tunbl (YHKIWA: HENpephIBHBIE,
pa3peiBHbIE, Tnaakue. ['pagveHTHBIA  CIYCK.
Boemykiple ¢yHKIMM W HX 0co00€ MeCTO B
ONTHUMH3alUH. Teopuss BEPOATHOCTEM M aHAIN3
naHHbIX. CrydyailiHple BelIMUYUHBL. JIMCKpETHbIE U
HENPEPBIBHBIE  PACIPENEICHUs, WX CBOWCTBA.
[Ipumepsl pacrpeneneHnid M HMX BaXKHOCTh B
aHalu3e JaHHbIX: OMHOMHAJIBHOE, ITyacCOHOBCKOE,
HOPMAJIBHOE, JKCIIOHEHIINAJIBHOE.
XapaKTepUCTUKU pacnpeneneHui: cpenHee,
MeAMaHa, JOucnepcus, KBaHTWiaM. IIpumep wux
UCIIONB30BAaHUS. NPU  TEHEpAllUd  IPU3HAKOB.
IlenTpanbHas IpeeNbHas TeopeMa.
Maremarnueckasl CTaTUCTHKA W aHAJIU3 JIaHHBIX.
OueHuBaHKMe TMapaMeTpoB pacrpeaesneHuid. Meroj
MaKCUMaJIbHOTO MIPaBIONIOI00HS. [Ipumep
UCIIONB30BaHMs: aHAJIN3 TEKCTOB M HAWBHBIN
OaifecoBckuii  kiaccudukarop. JloBepurenbHbIe
MHTEPBaJIbl U OYTCTPIMIIUHI.

JIuneiinasi perpeccus u
KJaccupuranus

Jluneitnast perpeccus. Ksanmparnunas QyHKUIUSA
OTePp W MPEINOJOXKEHHWE O  HOPMaJbHOM
pacmpeneneHud  Imyma. MeToj  HaMMEHBIIMX
KBaJ[paToB: AHAIIMTUYECKOE peleHue u
ONTUMHU3AMOHHEIN  moaxon.  CTroXxacTHYECKUU
IPAJUEHTHBI CIyCK. TOHKOCTM T'paJuEHTHOIO
CIlyCKa: pa3Mep lara, HadajbHOE NpHOIMKEHHUE,
HOpPMHpPOBKa rpu3HakoB. [Ipobiema nepeoOyyeHus.
Perynsapusanust. JIuneiinas KIIaccU(pUKaIus.
ATmpoKcHMaIusl JUCKPETHOW (YHKIMU TOTEPb.
Orcry. ITpumepsl anmnpoOKCUMAaLHH, ux
0COOEHHOCTH. ['pagreHTHBII CITYCK,
perymspuzanus.  Krnaccudukanmss u  OLIEHKH
MPUHAIECKHOCTH KilaccaM. KpeauTHBIA CKOpUHI.
Jloructuueckasi perpeccus: oTKyzna Oepercsi Takas
GyHKIMS TOTepp H IOYEMy OHa II03BOJISIET
IIpEJICKa3blBaTh ~ BEPOATHOCTH.  Makcumuzanus
3a30pa Kak IMpHUMEp peryyisipu3alud U yCTpaHEHUs
HEOJTHO3HAYHOCTHU PELIEHUS.

OueHnBaHue Ka4ecTrBa

Perpeccusi: kBagpatndHbie W aOCONIOTHBIC TTOTEPH,
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HaumenoBanue pasaena
AUCIHHUILIMHBI (3J1eMeHTAa
MOJLYJIs1)

Conep:xanue pasnesa

aJITOPUTMOB

aOCONIOTHBIE  JIOTAPU(PMHUUYECKUE  OTKIOHEHHUSI.
[Tpumepsl ucnonb3oBanusd. Knaccudukanuus: noins
BEPHBIX OTBETOB, €€ HENOCTaTKU. TOYHOCTb U
MOJIHOTA, MX OObeAUHEHHE: apudmMeTnyeckoe
cpenHee, MUHUMYM, rapMoHuudeckoe cpeanee (F-
Mepa). OuLeHKH TNPUHAAIEKHOCTH  KJlaccam:
miomanu nox kpusbiMu. AUC-ROC, AUC-PRC,
nx cBoicTBa. OLIEHMBaHME KayeCTBa AJITOPUTMOB.
OtnoxenHast BbIOOpKa, ee HemocTaTku. OreHka
MOJTHOTO ~ CKOJb3dlero  koHtpons.  Kpocc-
BAJIMIALTHSL. Leave-one-out. [IpakTnueckue
ocoOeHHOCTH Kpocc-Banuaanuu. Ctpatudukanus.
[Torenmmanpapie  TpoOieMbl C  pa3OHMeHHuEeM
3aBHCHMOM WJIH JUHAMHYECKON BHIOOPKHU.

Jlornueckue MeTOALI

Jlornueckne MeToapl M UX HHTEPIPETUPYEMOCTb.
IIpocTenmmii npumep: cuucok pemeHuid. IIpumep
pelaromiero Chnucka s 3aJadd  (QuiIbTpanuu
HEeKeNaTeIbHBIX COOOIIeHu. JlepeBbsi perieHui.
[Ipobnema mOCTpOEHHS ONTUMAIBHOIO JepeBa
pemieHnii. JKaaHbIi anropuT™M, OCHOBHBIE €TO
napamerpsl. llocTpoeHne nepeBbeB  PELLICHHN.
Kpurepuii BerBienus. Bpibop onTumambHOTO
pa3buenuss B 3amadax perpeccur. ClOXHOCTH
BbIOOpa pa3OueHHss B 3ajade KIACCU(PHUKAIHM.
IIpumepsl KpUTEpUEB: SHTPONUIHBINA (IIPUPOCT
uHpopmanmu), JDkMHM ©W HX MOTU(UKAINU.
Kpurepun 3aBEPILUCHUS IIOCTPOCHMUS.
Perynsapuszanus u cTpuxKa JepeBbEB.

Komno3unuu anropurmon

VYMeHbIICHHE  JMCIIEPCUU  TPU  YCPSTHCHUHU
aTOPUTMOB ~ MeTOIoM ~ Oyrctpen.  BieHauHr
anroputMmoB.IToHsaTne cmemeHuss u  pasdpoca
(MUTIOCTpanusl Ha TPUMEPE JIMHEHHBIX METOIOB M
peILIaloNIUX JIePEeBbEB). YMEHbIIIEHHE pa3dpoca ¢
noMoneo ycpennenus. Cnydainbiii jec. OueHka
out-of-bag.

Oco0eHHOCTH peaibHbIX
JTAHHBIX

Hemomnora w mpotuBopeunBocth. Illymbr u
BBIOPOCHI B JaHHBIX. METOJbI MOMCKa BBHIOPOCOB.
[Tporycku B TaHHBIX, METOABI HX BOCCTAHOBIICHHSI.
HecbamancupoBanubie  BBIOOPKH: TMPOOJIEMBI H
MeTonbl  OoprOBbI. 3amaua oTOOpa MPU3HAKOB,
HPUMEPHI ITOJIXO/I0B.




HaumenoBanue pasaena
AUCIHHUILIMHBI (3J1eMeHTAa

Conep:xanue pasnesa

Ne i/ MOJLYJIs1)

7 AHAJIH3 YaCThIX MHOKECTB 3ajaya aHanM3a MOTPEOUTETHCKOW  KOP3UHHBI
NPU3HAKOB U ACCOUUATHUBHBIX [[onaep:kka U JOCTOBEPHOCTh. YacThie, 3aMKHYThIE
npaBui ¥ MaKCHMAJIbHBIE YaCThIE MHOYXKECTBA. AJITOPUTM

Anpuopu. Mepsbl “UHTEPECHOCTH TTPaBUIT .
8 Kiacrepusauus 1aHHbIX [IpocThie 3BpucTHYECKHE MOAXOAbl. AnroputMm K-

Means. IlpoGnema yCTOWYHMBOCTH pe3yJIbTaTOB H
BaXHOCTh I'DaMOTHOM WHMIIMAJIU3ALMH, aJITOPUTM
K-Means++. Bpibop umcna knactepoB. OrneHka
Ka4eCTBA KJIACTEPU3ALNH.

®opMBbI TeKyLIero KOHTPOJIsI IPOMEKYTOYHOM aTTecTallMM: SK3aMEH, 5 ceMecTp

IInanupyemble pe3yJbTaThbl 00y4eHHUs MO AUCHUILIMHE

«AHAJINTHKA " HHCTPYMEHTHI YIIPABJICHUA JAHHBIMW)>

HaumenoBanue Kon u HaumenoBanue Nupukaropsr OIIK Jeckpuntopsl
KaTeropuu (rpyImisl) OIIK BbIIyCKHHMKA UHJUKATOPOB
OIIK

OCHOBHBIE SI3BIKU OIIK-6. Criocoben OIIK-6.1 OIIK-6.1.1

IPOTrPaMMHUPOBAHHSI
1 paboThI ¢ 6azaMu
JIAHHBIX,
OTIepalMOHHbIE
CHCTEMBI U
000JI0UKH,
COBpPEMECHHBIC
MIPOrPaMMHBIE
cpenbl pa3paboTKu
MH(POPMALIMOHHBIX
CHCTEM M
TEXHOJIOTUI

aHAJTM3UPOBATH U
pa3zpabaTbiBaTh
OpraHU3aIMOHHO-
TEXHUYCCKUC U
YKOHOMHUYECKHE
MPOIIECCHI

C IPUMEHEHUEM
METOJIOB CUCTEMHOTO
aHam3a u
MareMaTn4dcCKoro
MOJICITUPOBAHHUS

3HaeT OCHOBBI TEOPUHU
CHUCTEM U CUCTEMHOT'O
aHaau3a, JUCKPETHOMN
MaTeMaTHKU, TEOPUU
BEPOSITHOCTEN U
MAaTeMaTH4eCKON
CTaTUCTUKH, METO/IOB
ONTUMU3ALNH U
UCCJIEI0BaHNUsA
onepauuid, HEYETKUX
BBIYMCIICHHH,
MaTeMaTH4eCKOro 1
MMUTALlHOHHOTO
MOJICJIUPOBAHMUS.

OIIK-6.2.

CriocobeH npuMeHsTh
METOJIbl TEOPHUU
CHUCTEM U CUCTEMHOI'O
aHanu3a,
MaTeMaTU4ECKOro,
CTATUCTUYECKOTO
HUMUTATUOHHOT'O
MOJICITUPOBAHUSL JJIsI

3HaeT OCHOBBI TEOPUHU
CHUCTEM U CUCTEMHOTO
aHaIu3a, JUCKPETHON
MaTeMaTHKH, TEOPUU
BEPOSITHOCTEN U
MaTeMaTH4ECKON
CTaTUCTUKH
OIIK-6.1.2

3HaeT METOOBI
ONTUMU3ALNH U
HCCIIEeI0BaHUs
onepauuid, HEYeTKUX
BBIYMCIICHH,
MaTeMaTHYECKOIro 1
MMUTaLlHUOHHOTO
MOJICTTUPOBAHMUS.
OIIK-6.2.1

YMmeer NIpUMeHsATh
METO/Ibl TEOPUHU CUCTEM
u

CHUCTEMHOTI'0 aHaJIN3a
JUTsl aBTOMaTU3aluN
3a]1a4 PUHATHS
peleHui, aHanusa
MHGOPMAIIMOHHBIX




aBTOMaTU3alluH1 3a1a4

notokoB B UC

npussaTHs pemennid, | OIIK-6.2.2
aHanusa Ymeer npuMeHATh
MH(POPMALIMOHHBIX METOBI
MIOTOKOB, pacyeTa MaTeMaTH4eCKOro,
9KOHOMHYECKOI CTaTUCTUYECKOTO U
s exTuBHOCTH U MMHTAIOHHOTO
HaJEKHOCTU MOJIEIIMPOBAHUS IS
MH(OPMAITMOHHBIX pacdera
CUCTEM U 9SKOHOMMYECKOU
TEXHOJIOTHM. 3¢ (eKTUBHOCTH U
Ha/Ie)KHOCTH
MH(GOPMAITMOHHBIX
CUCTEM U TEXHOJIOTUH.
OIIK-6.3. OIIK-6.3.1
CrniocoOeH BBITONHATD | YMEET BBIIOIHATD
UHXEHEPHBIE WH)KEHEPHBIE PacyeThl
pacueTbl OCHOBHBIX OCHOBHBIX
roKasareieun IoKasaresnein
Pe3yJIbTaTUBHOCTH pe3yIbTaTUBHOCTH
CO3/1aHus U OIIK-6.3.2
MIPUMEHEHUS Brnageer naBbikamu
MH(POPMALIMOHHBIX WH)XEHEPHBIX pacueTOB
CUCTEM U OCHOBHBIX
TEXHOJIOTHH. [oKasaresnein
s deTnBHOCTH U
pe3yIbTaTUBHOCTH
CO3/1aHUA U
IPUMEHEHUS
MH(GOPMAIIMOHHBIX
CUCTEM U
TEXHOJIOTHM.
Brimonuenue pador | [TK-2 IK-2.1 [K-2.1.1
Y yIPABJICHHUE CIOCOOHOCTH Buianeer HaBbikaMu 3HaeT NPUHLIMIIBL,
paboramu 1o pa3pabarbIBaTh, pa3paboTku METOABI U CTaHJAPTHI
CO3/TaHHIO BHEAPSTH U apxutektypsl UC pa3paboTKu
(MomuduKkayn) u aZanTUpPOBaTh apxutekTypsl C
COIIPOBOXKICHUIO MPUKJIaTHOE I[IK-2.1.2
WH(POPMALMOHHBIX | IPOrPaMMHOE YMeeT npuMeHsITh
CUCTEM, obecrnieueHue MPUHIUIIBI, METO/BI U
aBTOMAaTHU3UPYIOIINX CTaHJAPTHI pa3pabOTKH
3a7a4n apxutektypsl UC
OpraHU3al[MOHHOTO
yIpaBJICHUS U [1K-2.2 I1K-2.2.1

OHM3HEC-TIPOIIECCHI

Bnaneer HaBbIKaMu
pa3paboTku 6a3
nmauabeix MC

3HaeT OCHOBHbIE
METOJIOJIOTHH U
CpeacTBa pa3paboTKH




0a3 naguerx UC
I1K-2.2.2

Ymeer
npogeccuoHaIbHO
BBITNOJHSTH pa3paboTKy
6a3 mannbpix C

ITK-3 IK-3.1 IMK-3.1.1
CIIOCOOHOCTE VYMeer BBITONHITH 3HaeT OCHOBHEIE
npoektupoBats C B IIPOCKTUPOBAHUEC U METOIOJIOTHUA U
COOTBETCTBUH C ausaitn NC CpeAcTea
mpodumen MPOEKTHPOBAHNS 1
nuzanina UC
ITOJTOTOBKH I10 BUAM MK-3.1.2
oecreyeHHs Brnazeer HaBBIKAMHU

NPOCKTHPOBAHUS H
paspabotku au3zaitna 1C

Ilepeyenbr pexoMeHayeMoil Yy4eOHOW JUTepaTypbl, HeOOXOAUMOW /I OCBOEHMS
AUCHUTLIUHBI.
1. Mohammed J. Zaki, Wagner Meira Jr. Data Mining and Analysis. Fundamental Concepts

and Algorithms. Cambridge University Press, 2014
(http://www.dataminingbook.info/pmwiki.php/Main/BookDownload)
2. Boris Mirkin. Core Concepts in Data Analysis: Summarization, Correlation, Visualization.

2010 (http://www.hse.ru/data/2010/10/14/1223126254/Mirkin_ All.pdf)
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