AHHOTAILIMA PABOYEHA ITPOTI'PAMMBI JUCIUIIJIMHBI B1.B./1B.08.02
«IIporpaMmMHo-annmaparHoe odecrne4eHune UCIOJIb3yeMoe B OM3Hec-npoleccax
(nmpu nugpoBbIX TpaHchoOpMaALIUAX)>

ABTOP—COCTABUTEJIb: K.T.H. TONIEHT Kadenpbl CUCTEMHOTO aHalIn3a U HHPOPMATUKHI
Credanorckuii /[.B.

Kon u HaumeHoBaHMe HanpaBJieHUsI MOAT0oTOBKH, npoduus: 09.03.03 ITpuknagnas
uH(pOpMaTHKa, TPOPHIb « AHAIIN3 JAHHBIX)

Kpamudukanus BoINyCKHUKA: 0akaaBp

®opMbI 00y4eHHUsI: OUHast

HeJ’lPI H 3a1a94 JUCHUIIJIMHBI

[logroroBka oOywarommxcst K TNpOPEecCHOHATBHOW  NeATeNbHOCTH B OOJNAacTH  CBS3H,
MHGOPMAITMOHHBIX U KOMMYHUKAIMOHHBIX TEXHOJOTHH (B cdepe MpOoeKTHpPOBaHMS, pa3paboOTKH,
BHEJIPEHUS W DKCIUTyaTallid HHOOPMAIMOHHBIX CUCTEM, YIIPABJICHUS WX KU3HEHHBIM ITUKIIOM) H K
pellIeHnIo0  3ajad MPOEKTHOTO, TMPOU3BOJACTBEHHO — TEXHOJIOTUYECKOTO U HAY4HO-
MCCJIEJIOBATENBCKOTO THUIIOB. N3ydaemasi TUCIUIUIMHA TOTOBUT O0yYarOMIerocsl K BBITIOJTHEHHIO
00001eHHON TpynOoBOM (DYHKIMH: BBINOJHEHUE pabOT M YIpaBieHHE paboTaMU MO CO3JaHHIO
(Mmogudukanmuu) u  compoBoxaeHuo HMC, aBTOMATU3UPYIOMUX 3aa4d  OPraHU3aIMOHHOTO
ynpaBieHuss W OwusHec-mpouecchl (mpodeccuonanbpHbld  craHmapT 06.015 Choemuanuct mo
uHpopMarmoHHbIM cucteMaM (IIpuka3 Muntpyna Poccun 18.11.2014 r. Ne 8961, 3apeructpupoBan
B Muntoct Poccun24 nexadps 2014 . N 35361).

JucuumnnuHa « AHaTMTUKA U UHCTPYMEHTHI YIIpaBJIeHUs TaHHBIMWY MpelHa3HaYeHa /Ui OBJIaICHUs
MOJIETISIMA M METOJIaMU MHTEJUICKTYyaJIbHOTO aHalii3a JaHHBIX U MAIIMHHOTO OOy4YeHUs B 3aJadyax
noucka wHpoOpManuu, OoOpabOTKM W aHalW3a [JaHHBIX, a TakKe NPHOOPETCHUS HABBIKOB
uccienoBarens naHHbIX (data scientist) m pa3paboTumka MaTeMaTHUYECKUX MOjeJNel, METOJOB U
AITOPUTMOB aHAJIH3a JIaHHBIX.

B mporiecce 00ydenHus Mo JUCIUTUIMHE y 00ydarommxcst POPMUPYIOTCS CISAYIOMNE KOMITETEHIIUN:
OIIK-6. CnocobeHn aHanmu3upoBaTh U pa3pabaThiBaTh OPTaHU3ANHMOHHO-TEXHUYECKUE U
SKOHOMHUYECKHE TIPOIECCHl C MPUMEHEHHEM METOJOB CHCTEMHOTO aHaju3a W MaTeMaTHYE€CKOTO
monenupoBanus; [IK-2. crmocoOHOCTH pa3zpabarbiBaTh, BHEOPSITh W aJaNTUPOBATh MPUKIAJIHOE
nporpammHoe obecrnieuenue; [1K-3 cnocodbnocts npoextupoBath MC B cooTBeTCTBUU C ITpoduiem
MOJITOTOBKH T10 BHIaM 00eCIIeYeHus.

IL1an kypca

HaumenoBanue pasaena Conepxxanue pasjaeia
AUCHHUILIMHBI (3J1eMeHTa
Ne i/ MOJLYJIs1)
1 MaremaTnueckue o0bekThl | JIuHeliHas anrebpa M aHanu3 JaHHbIX. JIMHEHHbIE

M METOIbI B aHAJIM3€ JAHHBIX | IPOCTPAHCTBA, WX MPHUMEPHl W3 MAIIUHHOTO
oOyueHus (TpU3HAKK B KPEAUTOM CKOPHHTE,
BEKTOPHBIC TpEe/ICTaBICHUS TEKCTOB).
KomnmmHeapHoCcTh W JIMHEIHHAsE HE3aBHCUMOCTb.
CkansipHoe  TOpOM3BEACHHE, KOCHHYC  YIJa,
NpUMEpPbl UX MPUMEHEHHs. BEKTOphl M MaTpHIIbI,
omepany HaJg HUMH. MaTpudyHoe YMHOXEHHUE.

CucteMbl  nuHEHHBIX  ypaBHeHHH. OOparHas




Ne i/

HaumenoBanue pasaena
AUCIHHUILIMHBI (3J1eMeHTAa
MOJLYJIs1)

Conep:xanue pasnesa

Marpuna. MareMatuyecknid aHalvi3 W aHau3
JaHHBIX (HA IpUMeEpe NMapHOW JIMHEHHOH perpeccun
u MHK). [IpousBogHas u rpagueHT, UX CBOMCTBA U
uHTeprpeTanuu. Tumnbl (QyHKIUI: HENpepbIBHBIE,
paspeiBHbIE, Tnaakue. ['paaveHTHBIA  CIyCK.
Bemmyknble ¢yHKImu u uMX 0coboe MecTo B
ONTUMM3alMHA. Teopuss BEPOSATHOCTEM M aHAIN3
naHHbIX. Ciy4yailiHple BeNUYUHBL. JIUCKpeTHBIE M
HEINPEPBIBHBIE  pACIPENENCHUsl, WX CBOWCTBA.
IIpumepsl pacnpenelleHnd ¥ HMX BaXHOCTb B
aHaJIM3e JaHHBIX: OMHOMHUAIbHOE, IMyacCOHOBCKOE,
HOpPMAaJIBHOE, HKCIOHEHLUAIBHOE.
XapakTepUCTUKHU pacnpeneneHuii: cpenHee,
MeAMaHa, Jaucnepcus, KBaHTWiaM. Ilpumep wux
UCIIOJIB30BaHUsI INPU  TEHEPAllUd  IPU3HAKOB.
IlenTpanbHas IpeeibHas Teopema.
Maremarndeckasi CTaTUCTHKA W aHAJIU3 JAHHBIX.
OneHuBaHue MapaMeTpoOB pacmpezeneHuii. Meron
MaKCUMaJIbHOTO HpaBIoNoA00uUs. [Tpumep
UCIIOJIb30BAHUA: AHAJIU3 TEKCTOB W HAaWBHBIN
OaifecoBckuii  kiaccudukarop. JloBepurenabHble
MHTEPBAJIBL U OYTCTPAIIIUHI.

JluHeiiHasi perpeccusi u
KJaccupuranus

Jluneiinas perpeccus. Ksagparnunas ¢GyHKIUS
IOTEPh W MPEANOJOKEHHE O HOPMaJIbHOM
pacmpeneneHuyd  myma.  MeTtog  HaMMEHbLIUX
KBa/IpaToOB: AQHAJIUTUYECKOE peuieHue u
ONTUMHU3ALMOHHBIA  monaxon.  CroxacTuueckui
IPAaJIUEHTHBIA CHOyCK. TOHKOCTH TIpagueHTHOTO
CIyCKa: pa3Mep Iara, HadalbHOE NPHOIMKEHHUE,
HOPMUPOBKa npu3HakoB. [Ipobiema nepeoOydeHusl.
Perymsapusanus. JInnennas KJIaccu(uKarus.
AnnpokcuManusl JUCKPETHOW (yHKIMU MOTEpb.
OtcTy. ITpumepsl anIpOKCUMALINA, ux
0COOEHHOCTH. I'panueHnTHbIN CIIYCK,
perymsipuzanusi.  Knaccudukamuss W OLEHKH
IIPUHAJJIEKHOCTH KjaccaMm. KpeauTHBIN CKOpUHI.
Jloructuueckasi perpeccusi: oTKyzna Oepercsi Takas
GyHKIMS TOTephp M IOYEeMy OHa II03BOJISET
IpeJICKa3blBaTh ~ BEPOATHOCTH.  Makcumuzanus
3a30pa Kak IMpHUMEp peryyisipu3alud U yCTpaHEHUs
HEOJTHO3HAYHOCTHU PELIEHUS.




Ne i/

HaumenoBanue pasaena
AUCIHHUILIMHBI (3J1eMeHTAa
MOJLYJIs1)

Conep:xanue pasnesa

OuneHuBaHue Ka4yecTBA
aJIrOPUTMOB

Perpeccus: kBagpaTHyHble M a0CONIOTHBIE TOTEPH,
aOCONIOTHBIE  JIOTAPU(PMHUYECKUE  OTKIIOHEHHUSI.
[Tpumepsr ucnonszoBanus. Kiaccupukanus: 1o
BEPHBIX OTBETOB, €€ HENOCTaTKU. TOYHOCTh U
MOJTHOTa, WX OOBEAMHEHHE: apupMETHYECKOEe
cpenHee, MUHUMYM, rapMoHuudeckoe cpeanee (F-
Mepa). OLeHKM TNPUHAAISKHOCTH  KJlaccam:
momaan nox kKpuBbiMu. AUC-ROC, AUC-PRC,
ux cpoiictBa. OneHNBaHME KayecTBa aJIFOPUTMOB.
OtnoxeHHast BbIOOpKa, ee HemocTatku. OIleHka
MOJTHOTO ~ CKOJb3dlero  koHTtposs.  Kpocc-
BT AU Leave-one-out. [IpakTnueckue
ocobeHHOCTH Kpocc-Bamuaanuu. Crparudukanms.
[ToreHumanpHble  MpoONEeMbl ¢ pa3OueHuEM
3aBHCHMOM WJIM JUHAMHYECKON BHIOOPKHU.

Jlornueckne MeTOAbI

Jlornueckue MeToapl M UX HHTEPIPETUPYEMOCTb.
[Ipocreitmuii mpumep: crnucok pemieHuit. [Ipumep
pelaroniero Crnucka ajis  3aJaud  (QuiIbTpanuu
HEeKeNaTeIbHBIX COoOOIIeHu. JlepeBbsi perieHui.
[Ipobrema mMOCTpOEHHS ONTHUMAJIBHOTO JepeBa
pemieHnii. JKaaHbli anroput™M, OCHOBHBIE €O
napameTpbl. [locTpoeHne JAEpeBbEB  PELICHUM.
Kpurepuii BerBieHus. BpiOop onTumambHOrO
pa3buenuss B 3amadax perpeccur. CIOXHOCTH
BbIOOpa pa3OueHHss B 3ajaye KJIACCU(PHUKAINU.
[Ipumepsl KpuTEpUEB: SHTPONUNHBIA (TIPUPOCT
uHpopmanuu), JDOkuHM ©W HX MOTU(HKALUU.
Kpurepun 3aBepLICHUS IIOCTPOCHHMUS.
Perynsapuszanus u CTpuxKKa JEpEBbEB.

Kommno3uumnu ajaropurmon

VMeHbIICHHE  TUCTIEPCHH  TPU  YCPEIHEHUH
QITOPUTMOB ~ MeTooM  OyTrcTtpen.  bnenaunr
anmroputmoB.[TonsiTne cmemenuss u  pasbpoca
(wuTrocTpanus Ha IpPUMEpE JTUHEMHBIX METOAOB U
pelIaloIuX JIepeBbEB). YMeEHbILEHHE pa3dpoca ¢
nomouibto ycpennenus. Ciyuaiinelii jec. Onenka
out-of-bag.

Oco0eHHOCTH peasibHBIX
JAAHHBIX

Henomnora wu mnporuBopeunBocth. lllymer u
BBIOPOCHI B JaHHBIX. MeTOABI MOKMCKa BHIOPOCOB.
[Tporycku B TaHHBIX, METOABI MX BOCCTAHOBIICHHSI.
HecOanancupoBanHble BBIOOPKH: TPOOJIEMBI U
MeTonbl  OOphOBI. 3amada oTOOpa MPU3HAKOB,




HaumenoBanue pasaena
AUCIHHUILIMHBI (3J1eMeHTAa

Conep:xanue pasnesa

Ne n/m MOJYJIs1)
IIPUMEPBI NTOIXO0B.

7 AHaJIHU3 YaCTBIX MHOKECTB 3ajaya aHaiM3a HOTPEOUTEIBCKOW  KOP3UHBI.
NPU3HAKOB M ACCOUMATHUBHBIX [[onnepxka U JOCTOBEPHOCTh. YacTsle, 3aMKHYThIE
npasui ¥ MAaKCHMAJbHBIE YaCThIE MHOKECTBA. AJTOPHTM

Arnpuopu. Mepsl “UHTEPECHOCTH MPaBUI .
8 Kiacrepusauus 1aHHbIX [IpocTeie 3BpuCcTHYECKHME MOAXOAbl. AnroputMm K-

Means. IIpobiema ycTOHYMBOCTH pE€3yJIBTATOB U
BA>XXHOCThb FpaMOTHOI\/’I WHULMaJIN3alluu, aJllTOpUTM
K-Means++. Bpibop umcna kmactepoB. OreHka

Ka4yCCTBa KJIAaCTCpHU3alln.

@DopMbI TEKYILIET0 KOHTPOJISI IPOMEKYTOYHOM aTTecTalluu: SK3aMeH, 5 CeMEeCTp

Hﬂa}mpyeMble Pe3yJabTaThbl 06yqe}mﬂ o JTMCHMIIJINHE

«IIporpammHo-annaparTHoe odecreyeHne NCNOJIb3yeMoe B Ou3Hec-nponeccax (mpu unu@posbIx

TpaHchopManuax)»
HaumenoBanue Kox u naumenoBanue | HMuamkxaropsr OITK Jleckpuntopsl
KaTeropuu (rpyImnisl) OIIK BbIyCKHHMKA UHJUKATOPOB
OIIK
OCHOBHBIE SI3BIKU OIIK-6. Criocoben OIIK-6.1 OIIK-6.1.1

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

aHAJTM3UPOBATH U
pa3zpabaTbIiBaTh
OpTraHU3aIMOHHO-
TEXHUYCCKUC U
YKOHOMHUYECKHE
MPOIIECCHI

C IPUMEHEHHEM
METOJIOB CUCTEMHOTO
aHam3a u
MareMaTn4dcCKoro
MOJICTTUPOBAHHUS

3HaeT OCHOBEI
TEOPHUH CUCTEM U
CHCTEMHOTO

aHalIu3a, JUCKPETHON
MAaTE€MAaTUKH, TEOPUHU
BEPOSATHOCTEN U
MaTeMaTUIEeCKOM
CTAaTHCTUKHU, METOJIOB
ONTUMU3ALUH U
HCCIICAOBAHMS
onepanuii, HeYeTKUX
BBIYHCIICHHH,
MaTEeMaTUYECKOro U
HMUTAIMOHHOTO
MOJICIMPOBAHUS.

OIIK-6.2.

CnocobeH
MPUMEHSTH METOIbI
TEOPUHU CUCTEM U
CHUCTEMHOTO aHaJIn3a,
MaTeMaTHYECKOrO,

3HaeT OCHOBBI TEOPUH
CHCTEM M CUCTEMHOTO
aHalu3a, TUCKPETHOU
MaTeMaTHKHU, TEOPUHU
BEPOSATHOCTEHN U
MaTeMaTU4eCKOn
CTaTHCTHUKHU
OIIK-6.1.2

3HaeT METOAbI
ONTUMHU3ALINH 1
HUCCIICA0BaHMS
onepauuid, HEYETKUX
BBIYMCIICHHI,
MaTeMaTH4eCKOro 1
HMHUTAIIOHHOTO
MO/IETTUPOBAHMSL.
OIIK-6.2.1

YMeer npuMeHsTh
METO/Ibl TEOPHUU CUCTEM
u

CHCTEMHOTO aHaIu3a s
aBTOMATH3AINH 33]1a4
TIPUHSITUSL PENICHUM,




CTaTUCTUYECKOTO U aHaJn3a
MMUTALMOHHOTO MH(POPMALIMOHHBIX
MOJEIMPOBaHus 711 | mOTOKOB B IC
aBTomaru3auuu 3agad | OIIK-6.2.2
MIPUHATHUS PEIICHHUM, | YMEET NPUMEHSTh
aHaJn3a METO/bI
MH(GOPMAIIMOHHBIX MaTeMAaTH4ECKOro,
IIOTOKOB, pacyeTra CTaTUCTUYECKOTO U
HKOHOMMYECKOU MMUTAIMOHHOTO
3QPEKTUBHOCTU U MOJIEITMPOBAHMS JUISt
Ha/Ie)KHOCTH pacuera
MH(POPMAITMOHHBIX HYKOHOMMUYECKOU
CUCTEM U 3¢ (EeKTUBHOCTH U
TEXHOJIOTUH. HaJE)KHOCTH
MH(GOPMaITMOHHBIX
CUCTEM U TEXHOJIOTUH.
OIIK-6.3.1
OIIK-6.3. YMeeT BBITOIHATh
Cnocoben WH)XEHEPHBIE PACUYETHI
BBITIOJIHSTD OCHOBHBIX
WUH)XCHEPHBIE noKazaTesen
pacueThl OCHOBHBIX Pe3yIbTaTUBHOCTH
noka3zaTesen OIIK-6.3.2
pe3yIbTaTUBHOCTH Brnageer HaBbikamu
CO3/1aHus U WUH)XEHEPHBIX pacyeToOB
MIPUMEHEHUs OCHOBHBIX
MH(POPMAITMOHHBIX noKazaTenen
CUCTEM U 3¢ deTuBHOCTH U
TEXHOJIOTUH. pE3yIBTaTUBHOCTH
CO3/1aHus U
IIPUMEHEHUS
MH(GOPMaITMOHHBIX
CUCTEM U
TEXHOJIOTHUM.
Brimonuenue pador | [TK-2 I1K-2.1 IK-2.1.1
U yNIpaBJICHHE CoCcOOHOCTh Bnageer HaBbIKaMu 3HAeT NPUHLIKIIBI,
paboramu 1o pa3pabarbIBaTh, pa3paboTKu METO/Ibl U CTAHIAPThI
CO3/ITaHHIO BHEAPSTH U apxutektypsl 1C pa3paboTKu
(MomuduKkayn) u aZanTUpPOBaTh apxutekTypsl C
COIIPOBOXKICHUIO MPUKJIaTHOE I1IK-2.1.2
WH(POPMALMOHHBIX | IPOrPaMMHOE YMeeT npuMeHITh
CHUCTEM, obecreyeHne IIPUHIIMIIBI, METOIBI U
aBTOMAaTHU3UPYIOIINX CTaHJapTHI pa3paboOTKH
3a7a4n apxutektypsl 1C
OpraHU3aL[MOHHOTO
yIpaBJICHUS U [1K-2.2 I1K-2.2.1

OHM3HEC-TIPOIIECCHI

Bnaneer HaBbIKAMHU

3HaeT OCHOBHBIE




paszpaboTku 6a3 METOJIOJIOTHH B CPEICTBA
nmanaeix MC pa3paboTku 6a3 TaHHBIX
nC

I1K-2.2.2

Vmeer
npo¢eCcCHOHAIBEHO
BBITIOJHSATH pa3paboTKy
6a3 ganueix MIC

I1K-3 I1K-3.1 IK-3.1.1
CIIOCOOHOCTh YMeeT BBINOHATh 3HaeT OCHOBHBIE
npoextupoBats UC B | IPOCKTUPOBAHUE U METOJIOJIOTHH U CPEJICTBA
COOTBETCTBHH C nuzaitn UC MPOCKTUPOBAHUS U
npodueM nuzaiina C

I1K-3.1.2

IIOATOTOBKH 110 BHAAM Bnaneet HaBbIKAMU

MIPOEKTUPOBAHUS U
paspabotku au3arina MC

obecrieueHus

Ilepeyen» pexoMeHayeMoii y4eOHO#H JHUTEpaTypbl, HEOOXOAUMOW /IJIsi OCBOEHHSI
AUCHUTITHHBI.
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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