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1. TEJHW A 3AJAYM JUCOATIIVHBI

Hean

[lenpro Kypca SBISICTCS W3Y4YEHHUE COBPEMEHHBIX ITOAXOIOB, MOJENCH, aJrOpUTMOB aHa-
JIn3a OAHHBIX H peIJ_IeHI/ISI 3a1a4 paCHO3HaBaHI/I$I, KJIaCCI/I(i)I/IKaI_[I/II/I, HaXO0XICHUA 3aBHCHMOCTCfI.

3agaun:

3aaun AUCIUILTUHBL: H3yYeHHUE CYITHOCTH U POJIM aHan3a HH(opMaIum; 03HaKoMIIeHUE Oa-
KaJIaBpOB C OCHOBHBIMH CPEJICTBAMHU M METOJIaMH aHAJIM3a IAaHHBIX MTPU UCCIICIOBAHUH CIIOKHBIX CH-
CTEM. 3HAKOMCTBO C OCHOBHBIMH TCXHOJIOTUAMU aHAJIN3a JaHHBIX, (bOpMHpOBaHI/Ie yMeHI/Iﬁ 1 HaBBbI-
KOB B 00JIACTH TIOJICPKKU TIPUHSITHS PEIICHUH B OPraHU3allMKi C TPUMEHEHUEM COBPEMEHHBIX Me-
TOJOB U CPEJICTB aHAIN3a JAHHBIX.

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOII BO

2.1. YuebHas quCUUIUIMHA (MOYJIb) OTHOCUTCS K YAaCTH NMPOrpaMMbl, POPMHUPYEMON ydacT-
HUKaMH 00pa30BaTeIbHBIX OTHOLICHUH, M U3y4aeTcs Ha TPEThbEeM Kypce.

2.2. JIns u3y4yeHus JaHHON y4eOHON TUCIMITIIMHBI (MOIYJIs1) HEOOXOIUMBI 3HAHHS, YMEHUS U
HaBbIKH, cHOPMHUPOBAHHbBIE TUCHUIUIMHAMU «MaTemaTuueckuii ananus», «Anredpa», «[Iporpammu-
pOBaHHE».

2.3. 3HaHus, yMEHMS U HaBBIKU, (POPMUPYEMBIE B IPOLIECCE OCBOECHUS AUCLUIIIINHBI, UCTIONb-
3YIOTCSI IIPU BBINOJIHEHUH HAay4YHO-UCCIIEI0BATENbCKUX PadOT, Ul pEeLIeHUs NPUKIAJHBIX 3a/1a4 U
BBITMIOJIHEHUS! BBIITYCKHOM KBaJIM(PUKAIIMOHHOM pabOTHI.

3. TPEBOBAHWUIS K PE3YJIBTATAM OCBOEHUS JUCHUIIJIMHBI

[Iporecc ocBOeHUS NUCIUILIIMHBI HANPaBJeH Ha (POPMHUPOBAHUE KOMIIETCHIIUH (3JIEMCHTOB
cnenyromux kommnereHui) B cootBeTcTBr ¢ I'OC BO mo cooTBeTcTBYIOLIEMY HANpaBICHUIO

IIOATrOTOBKH.

Ilepeyenn nuIaHNpyeMbIX pe3yJIbTATOB 00y4YeHHS M0 JUCHUILINHE (MOAYJIIO),
COOTHECEHHBIX ¢ HHAMKATOPAMH JOCTH/KCHUSI KOMIIETCHIIUH

JUTb IO HAYYHBIM PYKOBOJ-
CTBOM JIOKQJIbHBIE MCCIIENI0-
BaHUS Ha OCHOBE CYIIECTBY-
IOLINX METO/I0B B KOHKPET-
HOM obOnactu npodeccuo-
HAJIbHOW J€ATeNbHOCTH, NPH-
HUMATh Y4aCTHUC B HAYUYHBIX
JMCKYCCHSIX, BBICTYNATh C
COOOIIEHUSIMU U JOKJIAJaMU,
YCTHOT'O, TUCHBMEHHOTO U
BUPTYaJIbHOTO (pa3MellleHne
B UH(OPMALIMOHHBIX CETSX)
Xapakxrepa, IpeaCTaBIIATh
MaTepHalibl COOCTBEHHBIX HC-
CJIEIOBAaHHI; IPOBOJIUTH
KOPPEKTYpY, peAaKTHPOBa-
Hue, pedheprupoBaHue padorT.

Cnoco0OeH MpoOBOAUTH TOJ
Hay4YHBIM PyKOBOJCTBOM HC-
CJIEZIOBaHUS HA OCHOBE CYIIle-
CTBYIOIIIMX METOJOB B 00Jia-
cTu npodecCuoHaIbHOM aes-
TEIBLHOCTH

Nuauxkaropsl
Komnerennus . PesynbTaTnl 00y4eHus
KOMIeTeH Ui
[TK-2 Crioco6HOCTH MPOBO- NIK nk23 3HaeT METOJbI M MOJIXO/IbI pele-

HUSA IPAKTUYCCKUX 3a1aY aHaIn3a
JaHHBbIX U Knaccn(bnxaunn KOM-
IMMO3UNUsAMU aJITOPUTMOB.

VMeeT noap30BaThCs CBOMMU 3Ha-
HUSMU JJIs perieHust GpyHaameH-
TaJbHBIX, MPUKIATHBIX U TEXHO-
JIOTUYECKHUX 3aJa4 B Pa3IUYHBIX
MpEeAMETHBIX 00JIacTAX; JeaTh
MpaBUJIbHBIE BBIBOJIBI M3 COIO-
CTaBJICHUS PE3YyJIbTATOB TEOPUH U
IKCIIEPUMEHTa, BBIOUPATH TIpa-
BWJIBHO TapaMeTphl METOIOB,
aJIeKBaTHBIC pa3MEpHOCTU O0yuUa-
FOIIHUX BEIOOPOK.




Bnageer HaBblkamMu — aHanu3a
00JIBIIIOTO 00BEMA YaCTUYHO MPO-
TUBOPEUYUBBIX U HETOIHBIX TPHU-
3HAKOBBIX OIMCAHHI; HABBIKAMU
IrpaMOTHON 00pabOTKU CTaTHCTH-
YECKHMX MHOTOMEPHBIX JIaHHBIX,
oopMIICHHUS PE3yIbTATOB YHC-
JICHHBIX PAac4eTOB M UX COTIOCTaB-
JICHHUSI ¢ TCOPETHYECKUMHU OIICH-
KaMU; TPAKTUKOW HMCCIICIOBAHHS
Y PEIICHUS TEOPETUUCCKUX U TIPU-
KJIQJIHBIX 3a]la4; HAaBBIKAMH aHa-
JM3a pearbHBIX 3a/1a4 U3 pa3Iud-
HBIX TPEIMETHBIX O0JIacTeil Ha
YPOBHE OTJIENBHBIX IMOAXOJIOB U
KOJUICKTUBAMH JITOPUTMOB.

IIK-5 CnocoGHocTh  cOOH-
paTh, 00pabaThIBaTh U HHTEP-
MPETHPOBATh  IKCIICPUMEH-
TaJbHbIC JaHHbIE, HEOOXOU-
MBI€ JJII IPOSKTHOU U TIPOH3-
BOJICTBEHHO-TEXHOJIOTHYE-

CKOH JeSITEJIbHOCTH, CII0C00-
HOCTh K pPa3pabOTKe HOBBIX
QITOPUTMUYECKUX, METOIH-
YECKUX U TEXHOJOTMYECKUX
peuieHu B KOHKPETHOU
chepe mpodeccnoHaTbHOMN
NEeSATEIILHOCTH, B TOM YHCJIC C
MPUMEHEHUEM  TEXHOJOTHM
MCKYCCTBEHHOT'O MHTEJUICKTA

MK nks.1

Cnocoben cobupath, o0pa-
0aTbIBaTh W HWHTEPIPETUPO-
BaTb  DKCIICPUMEHTAJIbLHBIC
JIaHHbIE, HEOOXOMMMBIC JIJIs
MPOCKTHOM W  MPOM3BOJI-
CTBEHHO-TEXHOJIOTHYCCKOM
JIeITeIIbHOCTH

3HaeT COBpPEMEHHBIE MPOOIEMBI
aHaIM3a JAaHHBIX, TEOPUH PaCIIO-
3HaBaHMUs, KJ'IaCCI/I(l)I/IKaHI/II/I, I10-
UCKa 3aBHCUMOCTEH; METOIbl U
moAXOAbl pCHICHUS IMTPAKTHYCCKUX
3a7a4y aHanM3a JaHHBIX U KJIACCH-
(bHKaIII/II/I KOMITO3MIIUAMU aJIl'O-
PHUTMOB; NPOrpaMMHBIE CPEICTBa
pelIeHusl OCHOBHBIX 3aJay aHa-
JM3a JaHHBIX U KJIACCU(PHUKALINY.

YMeer nenath NpaBUIbHBIC BbI-
BOJIBI M3 COTIOCTABIICHHUS PE3YyJIb-
TATOB TEOPUU M DKCIIEPHUMEHTA,
BBIOMpATh MPABUIIBHO TTapaMeTphl
METOJIOB, a/ICKBaTHbIE pa3MepHO-
CTH 00yYarIIMX BEIOOPOK; MOJTY-
4aTh ONTHUMAJbHBIC AalNTOPUTMBI
KinaccupuKalud ¥ MPaBHIBHO
OLCHUBATH CTCIICHb UX TOYHOCTU
U JOCTOBEPHOCTH.

Bnageer HaBbIKaMuU I'pPaMOTHOM
00pabOTKH CTATUCTHYECKUX MHO-
TOMEpHBIX JTaHHBIX, o(opmIIeHuUs
pe3yJIbTaTOB YHCJICHHBIX pacye-
TOB U UX COMOCTAaBIIEHHUS C TEOpe-
THUYECKUMH OIICHKaMH; TPAKTH-
KOW HCCIEOBaHUSI U PEIICHUS
TEOPETHUYECKUX W TPHUKIATHBIX
3a/1a4y; HaBbIKAMU aHaJIN3a pealb-
HBIX 3a7a4 U3 Pa3IMYHBIX TPeI-
METHBIX 00JacTell Ha ypOBHE OT-
JIEeJIbHBIX ITOAXOJ0B M KOJJICKTHU-
BAMH AJITOPUTMOB.




WK 1ixs 3

CrnocobeH NpUMEHSTh Me-
TOJbI HCKYCCTBEHHOTO HH-
TEJJICKTa TIPU PEIICHUH TH-
MOBBIX 3a/1a4 B Tpodeccro-
HaJBHOM 00MacTH

YMeeT n01630BaThCs CBOUMU 3Ha-
HUSIMH JUJIs1 pemeHus QyHaaMeH-
TaJbHBIX, MPUKIAJHBIX U TEXHO-
JIOTUYECKHUX 3a7a4 B Pa3TUIHBIX
MpeaIMETHBIX obnactax; 3ddex-
THBHO HCIIOJIh30BaTh HH(pOpMa-
LIMOHHBIE TEXHOJIOTUU U KOMIIBIO-
TEPHYI0 TEXHUKY JIS JOCTHIKE-
HUS HEOOXOAMMBIX TEOpeTHYe-
CKHX M IPUKJIATHBIX PE3YyIbTATOB.

Brnageer HaBblkaMM — aHaIM3a
00JIBIIOr0 00BEMa YACTHYHO MTPO-
TUBOPEUYUBBIX U HEMOJHBIX MpHU-
3HAKOBBIX OIMCAaHWUW; MPAKTUKON
HCCIIEIOBaHUS U PELIECHUs] Teope-
TUYECKUX W TPUKIAJHBIX 3a]ad;
HaBBIKAMHU aHAJIN3a PEATbHBIX 3a-
a4 U3 Pa3NUYHBIX MPEIMETHBIX
obnacTell Ha ypOBHE OTACIBbHBIX
MOJIXO0/IOB U KOJJIEKTUBAMU allr0-
PUTMOB.

[IK-3 CmnocoOHOCTh TIOHH-
MaTh U NPUMEHSITh B HAYYHO-
HCCIEA0BATEIBCKOM W TIpH-
KJIaJHOM JEsATEIbHOCTH CO-
BPEMEHHBI MaTEMATUYECKHI
anmnapar, TEOpETUYECKHE OC-
HOBBI HH()OPMATUKH

MK k3.1
CnocobeH moOHUMAaTh COBpE-
MEHHBIN MaTeEMaTUUYECKUN

ammapaT M TEOPETUYECKHE
OCHOBBI HTHPOPMATHUKU

3HaeT COBpPEMEHHBIE MPOOIEMBI
aHaIM3a JTAaHHBIX, TEOPUH PacCIIo-
3HaBaHMUs, KJ'IaCCI/I(l)I/IKaHI/II/I, I10-
UCKa 3aBHCHUMOCTEH; METObl M
moAXOAbl pCHICHUS ITPAKTHYCCKUX
3a7a4y aHaNM3a JaHHBIX U KJIACCH-
(bHKaIII/II/I KOJJICKTUBaAMH  aJII'o-
PUTMOB; IIPOrPaMMHBIE CPEICTBA
pelieHusl OCHOBHBIX 3aJay aHa-
JM3a JaHHBIX U KJIACCU(UKALIUU.

WK ks .2

Cnoco0eH  OpUMEHATH B
HAy4YHO-HCCIIEI0BATENbCKON
Y TIPUKJIAJTHON JeSITeIbHOCTU
COBPEMEHHBI MaTeMaTHue-
CKMI1 anmapar

Bnageer HaBblIKaMu I'paMOTHOM
00pabOTKH CTATUCTHYECKUX MHO-
TOMEPHBIX JaHHBIX, oopmIIeHUs
pe3yJIbTaTOB YHCJICHHBIX pacye-
TOB U UX COMOCTAaBIIEHHUS C TEOpe-
TAUYECKUMH OIICHKaMH; TPaKTH-
KOW HCCIEOBAaHUSl U PEIICHHS
TEOPETUUECKUX U TPHUKIATHBIX
3ajau.

NJIK 1ix3 3

CriocobeH  NpUMEHATH B
Hay4YHO-UCCIEA0BATEIbCKON
Y TIPUKJIATHON JIeSITeTBHOCTH
TEOPETHYECKHE OCHOBBI HH-
dbopmatuku

VYMeeT noab30BaThCs CBOUMH 3Ha-
HUSMU s perneHust GpyHaamMeH-
TaJbHBIX, MPUKIATHBIX U TEXHO-
JIOTUYECKHUX 3aJad B Pa3IUYHBIX
MpeIMETHBIX o0nacTax; 3Pdek-
TUBHO HCIIOJIb30BaTh WH(pOpMa-
[IMOHHBIE TEXHOJIOTHH W KOMIILIO-
TEPHYI0 TEXHUKY Mg JOCTHXKE-
HUSIT HEOOXOIUMBIX TEOopeTHye-
CKMX M IPUKJIAAHBIX PE3YJIbTATOB.




4. COIEPKXAHHUE U CTPYKTYPA JUCIUIIJINHBI

O0BeM TUCHMITIIMHBI COCTABISIET 5 3a4eTHbIX enuHull, 180 gacoB, B TOM yucie 35 4acoB Ha KOHTPOJIb, MPAKTUYECKas MOATOTOBKA
dopma NpOMEKYyTOUHON aTTeCTalluu: 6 CEMECTP - IK3AMEH.

4.1. COJIEP)KAHUE JUCIHHUILINHBI, CTPYKTYPUPOBAHHOE 110 TEMAM, C YKA3AHUEM BHUJIOB YYEBHBIX 3AHATHIA
N OTBEJAEHHOI'O HA HUX KOJIMYECTBA AKAJEMHUYECKHUX YACOB

Buapl yueOHoI padoThl, BKIIOYAs CAMOCTOS-
TeJbHYI0 Pa00Ty 00y4alOIMXCHA U TPYA0eM-
o KOCTh (B yacax) ®OpMBbI TeKy-
No 5 | KonrakTHas pa6ora npenoxasa- é + 1ero KOH-
I /;1 Pa3nes IuCHUIIMHBI/ TEMBI % TeJIs ¢ 00Y4AIOIMMHCS S = 2 |Tpoas ycmeBae-
&} Cemunap- § L§ §. MocTH
Jlexumn ckue (npak- | Konrposs | 2 :- H
THYecKHe | o0yuenusi | = s =
3aHATHSA) o
1 |OcHOBHBIE IOHATHS aHAIHM3a JAHHBIX. 2 [TIpoBepka oT-
YETOB 110 Ja-
O0paTopHBIM
pabotam
2 |JIuneliHas perpeccus. 6 8 1 15 IIposepka ot-
YETOB M0 JIa-
60paTOpHBIM
pabotam
3 |Jlorucruyeckas perpeccusi. 2 2 1 15 IIposepka ot-
YETOB MO Ja-
60paTOpHBIM
pabotam




Perynsipuzanus.

15

[IpoBepka oT-
YETOB I10 Jia-
OopaTOpHBIM
paboram

MeTtpuku kinaccuuKaiuu.

[IpoBepka oT-
YETOB I10 Jia-
OOpaTOpHBIM
paboram

Merton k Onuxaiiuux coceneu.

IIpoBepka oT-
YeTOB 110 J1abo-
paToOpHBIM pa-
ooTaM

Meroa OIOpHBIX BEKTOPOB.

IIpoBepka oT-
YeTOB 110 J1a0o-
paToOpHBIM pa-
ooTaM

JlepeBbst perieHuii.

IIpoBepka oT-
YETOB 110 J1a00-
paTOpHBIM pa-
6otam

KOMHO3I/II_II/II/I JACPCBLCB.

IIposepka oT-
4eToB 10 Jabo-
paToOpHBIM pa-
6otam

10

PGKOMCHI[aTeJ'II)HI)IG CHUCTCMBI.

15

IIpoBepka oT-
YEeTOB 10 J1a00-
paTOpHBIM pa-
ooTaM

11

Heliponnsie cetn.

11

IIpoBepka oT-
YETOB 110 J1a00-
paTOpHBIM pa-
ooTaM




12 [IlonroToBka K 3K3aMeHY.

35

HToro yacos

32

32

10 106

4.2. TNIAH BHEAYJIUTOPHON CAMOCTOSTEJIBHOM PABOTHI OBYUAIOIUXCS IO JUCIUILIANHE

CamocTosTesibHasi padoTa 00y4aronuxcs

YuyeoHO-MeTON M-

Ce- 3arparel | OneHO4HOe cpef- |YecKkoe odecneye-
Ha3zpanmue pa3nena, TeMbl Bun camocrtosi- {Cpoku BbI-
MecTp . BpeMeHH CTBO HHE CaMOCTOsI-
TECJIBbHOU paﬁOTI)I nNOoJIHCHUuA w
(uac.) TeJbLHOUH padoThI
omamHsAs pa-  |Martepuansl
Brmoserme )610Ta ’ K capHa mniaT
6  |Jluneitnas perpeccus. MPaKTUYECKON 01.03 15 yp
a0OTHI popme HOC
P DOMIC
Jloructuueckas perpeccus. Brinosinenue Homamuss pa-  |Martepuaibl
MPaKTUYECKON 6ota Kypca Ha Iiat-
6 P 01.04 15 P
paboThI dopme MOC
DOMIC
Perynsipuzanus. Brinosninenue Homamuss pa-  |Martepuaibl
MPaKTUYECKON 6ota Kypca Ha Iiat-
6 P 01.04 15 P
paboThI dbopme MOC
DOMIC
PexomenpnarenbHbIe CUCTEMBI. Brinonnenue Homamnss pa-  |Marepuansl
MPaKTUYECKON 6ora Kypca Ha Iuiat-
6 P 01.05 15 P
paboTsI dopme MOC
DOMIC
Heliponnsie cetu. Beinonnenue Homamnss pa-  |Marepuainst
MPaKTUYECKON 6ota Kypca Ha 1iat-
6 P 01.06 1 P
paboTsI dhopme NOC
DOMIC
6  [[loaroroBka K 3K3aMeHY. 14.06 35
O06m1ast TPyA0EMKOCTh CAMOCTOSITEILHOM paOOTHI 1O TUCIMIUIMHE (Jac) 106
W3 HUX 00beM caMOCTOSATENBHON Pa0OTHI C UCIIOIB30BAHUEM JIEKTPOHHOTO 00y4eHHUs U AUCTaH- 106

IIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHI (4ac)




4.3. COJEPXAHUE YYEBHOI'O MATEPUAJIA

1. OCHOBHBIE OHATHUS aHAJIN3A JaHHBIX.
Beenenne. 3anaum aHanuza ganHbIX. OCHOBHBIC OHATHS aHAIM3a JaHHBIX. Perpeccus u kinaccudukamnus. Ocnossl Python.
2. JluneitHas perpeccusi.
JIuneitnas perpeccus. ['unoresa u ¢pynkuus noreps. I'paguentusiii cmyck. Busyanusanus. bubnuorexa Matplotlib.
3. Jloructuueckas perpeccus.
3anava knaccupukanym. Jloructuueckas perpeccus. ['umnore3a n pynkuus noteps. bubmmorexku Numpy, Pandas.
4. Perynspusanusi.
CwMmermenue Mozieneld MammHHOTO 00y4yenus. Pazdopoc mozeneit mammmaHOro 00ydeHus. Kommpomuce Mexay cMenieHneM 1 pa3opocoM.
HenooGyuenue u nepeodyuenue. Perynspuszarus.
5. Metpuku Ki1accupUKaIHH.
Tounocts, nonHota, F-mepa. AUC-ROC.
6. Metox k Ommkaifmmx coceneit.
Merton k 6mmxkaiimux coceneii. OcHoBHBIC mapaMeTpbl. Meton k Onrkaifiux coceneld B scikit-learn.
7. Meron ONOPHBIX BEKTOPOB.
Mertoa onopHbIX BeKTOpoB. OCHOBHBIE MapaMeTpbl. MeTo OOPHBIX BEKTOPOB B scikit-learn.
8. [lepeBbs perieHuit.
JlepeBbs pemienuil. OcHOBHBIE TapameTpsl. [lepeBbs pemenuit B scikit-learn.
9. Kommnosuuuu gepeBbeB.
Komnosunun nepesneB pemenuii. barrunr. Ciy4aiiHblii jec.
10. PexomeHnnarenbHbIE CUCTEMBI.
3aJa4uy U IpUMeEphl PEKOMEHIaTENbHBIX CUCTEM. PEKOMEHIaTENIbHBIE CUCTEMBI HA OCHOBE KOHTEHTA. AcCcolMaTUBHBIE NTpaBuia. CoBMecTHas
¢unbTpanus. PekomeHnaTenbHble CUCTEMbI BTOPOTO MOKOJIeHUsI. KOHTEKCTHO-3aBUCHMBbIE PEKOMEH1aTENbHbIE CUCTEMBI.
11. HelipoHHsle ceTH.
Mopens Heiipona. [lepcentpon. JIunetinpiit HelipoH. OyHKIIMK aKTHBAIMK. MeTo1 00paTHOTO pacnpocTpaHeHus omuOku. budnmuorexa
TensorFlow. Pacnio3naBanue o6pa3oB. CBepTOUHbIE HEHPOHHBIE CeTH. PeKyppeHTHbIE HEHPOHHBIE CETH.
4.3.1. IlepeyeHb ceMUHAPCKHUX, IPAKTHYECKUX 3aHATHII U J1a00PATOPHBIX padoT
Ne | Ne pazpena m| HammeHoOBaHHe CEeMHHAPOB, MPAKTHYECKUX M JIA00PATOPHBIX pa- TpynoemkocTh Ouenovnble
/H TEeMbI 0ot (uac.) cpeacrsa




Bcero N3 nux Dopmupyemble
JacoB |IIPpaKTUve- KOMIIETCHIINU (I/IH—
cKast JHKATOPBI)*
noAro-
TOBKA
2 3 4 5 6 7
2 JIuneiiHast perpeccusi ¢ 0THOM MEPEMEHHOM. 2 2 Otuer no naboparop-|I1IK-2 (MAK nk23),
HOI paboTe IK-3 (MK k3.1,
NJK k3.2,
NIK rxs3), TIK-5
MAK ks 1,
WK 1ks.3)
2 Busyanuszanus. 2 2 Otyet mo na6oparop-|I1K-2 (MK nk2.3),
HOM paboTe K-3 (MK k3.1,
WK nks.2,
WK 1k33), TIK-5
(MK nks.1,
WK 1ks.3)
2 Jluneitnas perpeccus B scikit-learn. 1 1 Otuet mo na6oparop-|I1K-2 (MK nk2.3),
HOU paboTe K-3 (MK k3.1,
MK nks.2,
WK 1k33), TIK-5
MAK ns.1,
NIK ks.3)
2 JIuHelHas perpeccusi ¢ HECKOJIbKUMU IIEPEMEHHBIMHU. 2 2 Oruer no naboparop-I1K-2 (MK nk23),
HOU paboTe K-3 (MK k3.1,
MK nks.2,
WK rk33), TIK-5
(MAK nks.1,
NIK nks.3)
2 Jlunelinass perpeccusi ¢ HECKOJbKMMHM IE€peMEHHbIMH B scikit- 1 1 Otuer mo naboparop-|I1K-2 (MK nk2.3),

learn.

HOU paboTe

IIK-3 (MAK nk3.1,
MK k3.2,
WNAK nks3), [K-5




(MIOK ks 1,
NJK nks.3)

6 Jloructuueckas perpeccus. Oruer no na6oparop-(TIK-2 (MAK mk2.3),
HO¥ paboTe IMK-3 (MK nxs.1,
MK k3.2,
MUK nk33), IIK-5
(MAK mxs.1,
NJIK r1ixs.3)
7 Jloructuueckas perpeccus ¢ perynspusanueii B scikit-learn. Otyer no maboparop-(ITIK-2 (MK nx2.3),
HO¥ paboTe IK-3 (MK nxs.1,
MK k3.2,
WNIK nxs3), TIK-5
(MK mxs.1,
MK 1iks.3)
8 Meron k OimmkalInx coceei. Otuer no nadoparop-|I1K-2 (MK mk2.3),
HO¥ paboTe IK-3 (MK nxs.1,
MK nks3.2,
WK nxs3), TIK-5
(MAK s 1,
MK 1iks.3)
9 [Tox6op mapameTpos it MeToma KNN. Otuer mo naboparop-|[1K-2 (MK mk2.3),
HOU pabote IK-3 (MAK k3.1,
MK k3.2,
WNIK nxs3), TIK-5
(MK mxs.1,
MK 1iks.3)
10 MeTo]1 OTIOPHBIX BEKTOPOB. Otuet mo na6oparop-|I1K-2 (MK nk2.3),

HOI1 paboTe

IIK-3 (MK k3.1,
MK nks.2,

WNJK nxs3), TIK-5
(MK mxs.1,

WK nks3)

11

JlepeBbs peleHmil.

Otyet mo nabopartop-
HOI1 paboTe

IIK-2 (MK nk2.3),
IIK-3 (MK k3.1,




MK k3.2,
WK mx33), IIK-5

(MAK mxs.1,
NJIK r1iks.3)
12 8 Busyanu3zanus nepeBbeB peleHui. Otuer no naboparop-|I1K-2 (MK nk223),
HO¥ paboTe IMK-3 (MK nxs.1,
MK k3.2,
NIK nk33), IIK-5
(MAK mxs.1,
WK 1iks.3)
13 9 CrnyuaitHblii jec. Otuer no naboparop-|I1K-2 (MK nk223),
HO¥ paboTe I[K-3 (MK nxs.1,
MK k3.2,
WNIK rxs3), TIK-5
(MAK mxs.1,
WK 1iks.3)
14 10 [Touck accounaTuBHBIX TPaBUIL. Otuer no nadoparop-|I1K-2 (MAK mk2.3),
HO¥ paboTe IK-3 (MK nxs.1,
MK nks3.2,
WNIK nxs3), TIK-5
(MK mxs.1,
MK 1iks.3)
15 10 Meron ko1abopaTuBHON (PUITBTPAIHH. Otuer no maboparop-|I1K-2 (MAK nk23),
HOU pabote IK-3 (MAK k3.1,
MK nks3.2,
WNIK nxs3), TIK-5
(MK mxs.1,
MK 1iks.3)
16 11 Anroput™M 00y4deHUs TIepCenTPOHA. Otyet mo naboparop-|I1K-2 (MK nk2.3),

HOI1 paboTe

IIK-3 (MK k3.1,
MK nks3.2,

WK rxs3), TIK-5
(MK mxs.1,

WK nks3)




17 11 TensorFlow playground. 2 2 Oruer nmo naboparop-|IIK-2 (MK nx23),
HO¥ paboTe IMK-3 (MK nks.1,
MK k3.2,
NIK nk33), IIK-5
(MAK mxs.1,
NJIK r1iks.3)
18 11 IMonrocBsA3Has ceth B TensorFlow. 2 2 Oruer mo naboparop-1IK-2 (MAK nk23),
HOM paboTe IMK-3 (MK nks.1,
MK k3.2,
WK rxs3), TIK-5
(MAK mxs.1,
WK 1iks.3)
Bcero 32 32

4.3.2. Ilepevyerb TeM (BONPOCOB), BHIHOCUMbIX HA CAMOCTOSITEIbHOE H3YUeHHe CTYJIeHTAMH B PaMKaxX caMocTosiTe/ibHO# padoTsl (CP)

Tema 3ananue dopmupyembie
KOMIIeTeHIINH

o Pemmts 3agaun 1J1s1 cCaMOCTOSATEILHOTO BBIIOJIHEHUS T1IK-2 T1IK-3,
Jluneitnas perpeccus. ’
T1K-5

Jloructuueckas perpeccusi. Pemmte 3agaun 111 CaMOCTOATEIBHOTO BBITTOJTHEHHS TIK-2, TIK-3,
TIK-5

Perynspuzanus. Pemmuts 3agaun 11 caMOCTOSATEIIFHOT'O BBITIOTHEHHUS TIK-2, TIK-3,
TIK-5

PexoMenmaTensHBIE CHCTEMBI. PemmuTs 3a1aun 11 CaMOCTOSATEIIFHOTO BEITIOTHEHHUS T1K-2, TIK-3,
TIK-5

Heiiponnsie cetu. PemmuTs 3a1aun 11 CaMOCTOSATEIIFHOTO BEITIOTHEHHS T1K-2, TIK-3,
T1K-5

4.4. METOJUYECKHUE YKA3ZAHUA IO OPTAHU3AIIMUA CAMOCTOATEJBbHOM PABOTHI CTYJIEHTOB

Mertoandeckue peKOMEHAAINH 10 OPTaHU3aIlui CaMOCTOATEILHON PabOThI CTYACHTOB NOCTYIHBI Ha cTpaHulle Kypca B MOC [Jomuk.

4.5. IPUMEPHAS TEMATUKA KYPCOBBIX PABOT (ITPOEKTOB)




He npenycmoTtpeno.



5. YYEBHO-METOJWYECKOE U UH®OPMAIIMOHHOE OBECHEYEHUE
JUCHUILIMHBI (MOLYJIS)

a) OCHOBHAas JIUTepaTypa

1. I'pac, JIxo0an. Data Science. Hayka o nanubix ¢ Hyns [Tekcer] : yue6. moco6ue / 1. I'pac. -
CIIG. : BXB - Iletepbypr, 2019. - 336 c. ; 23 cm. - ISBN 978-5-9775-3758-2 (30 5k3.).

2. HunbkoBckuit, . A. MeToapl aHanu3a 3HaHUN U TaHHBIX [DJIEKTPOHHBIN pecypc] : yd.-
meroand. mocobue / M. A. IminbkoBckuit .— HoBocubupck : M3a-so HI'TY, 2010 .— 68 ¢. — —
Pexxum noctyna: 9bC «PykoHT».

3. UybOykoBa, Upuna AnekcanapoBna. Data Mining [Tekcr] : yue6. mocobue / . A. UyOy-
KoBa. - M. : UnTepueT-YH-T uHpopM. TexHonoruii : bunom. J1a6. 3nanwmii, 2006. - 382 c. (9 3k3.)

4. Canpsikul, O. H. UHTeIIeK Ty alIbHBIN aHAIM3 JaHHBIX : yueOHoe mocodue / O. H. Camnpsi-
kuH. — Camapa : Camapckuii yausepcutet, 2020. — 80 c. — ISBN 978-5-7883-1563-8. — Tekcr :
AJICKTPOHHBIN /l Jlanb : AJIEKTPOHHO-OMOIMOTEYHAS cucTeMa. — URL:
https://e.lanbook.com/book/188906 (nata obpamenwus: 05.05.2022). — Pexum moctyna: sl aBTO-
pH3. IOJIb30BaTENECH.

0) 10MOJIHUTEIbHASA JINTepaTypa

1. JTrorep, Jxopmx @. MckyccTBeHHbIN MHTEIUEKT [ TeKcT] : cTparerun u MeToAbl peleHHs
cnoxHbIX mpodnem / [1.®. Jlrorep. - 4-e [Mmexa.] uza. - M. : Buibsamc, 2003. - 863 c. (4 9k3.)

B) CIIMCOK aBTOPCKHUX METOAUYECKUX Pa3padoToK:

Martepuaisl kypca, ormyonukoBanHbie B MOC « DOMIC.

r) 06a3bl JAaHHBIX, HH(POPMAIHOHHO-CIIPABOYHbIE  MOMCKOBbIE CHCTEMbI

Google Colaboratory https://colab.research.google.com/

6. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYEHUME JUCHUIIIMHBI

6.1. YYHEBHO-JJABOPATOPHOE OBOPYJIOBAHHE:

Jlnist mpoBeIeHNs JIEKLIMOHHBIX 3aHATUH HE00X0AMMa ayIUTOPHs C MPE3eHTALMOHHBIM 000-
pyJOoBaHHEM, J1JIsl IPOBEICHUS JJaOOPaTOPHBIX 3aHATUN HeoOXoauMa ayautopus Ha 25-30 pabouunx
MecT (B 3aBUCHMOCTH OT YUCIIEHHOCTH Y4eOHOU rpymibl), 000py10BaHHAs JOCKOM, Mpe3eHTaluoH-
HOW TEXHUKOH, KOMITbIOTEPAMH.

6.2. MIPO'PAMMHOE OBECIIEYEHHUE:
1. Bpaysep.
2. Python 3.
3. Anaconda.

6.3.TEXHUYECKHE U DJIEKTPOHHBIE CPEJICTBA:
NOC DOMIC, npe3eHTallMOHHOE 000PYIOBaHUE, MEPCOHATBHBIH KOMIBIOTEP C BO3MOXKHO-
CTBIO JIEMOHCTpalluu npe3eHTauuii B popmare pdf.

7. OBPA3OBATEJIBHBIE TEXHOJIOI'NHU

ITpu peanu3anuu JaHHOTO Kypca UCIIOJIb3YIOTCS CIEeAy e 00pa30BaTeIbHbIE TEXHOIOTUU:
TEXHOJIOTUU TPAJAULMOHHOTO OOYyYEHUs, UTPOBbIE TEXHOJOTHH, TEXHOJIOTUU MPOOIEMHOr0 00yde-
HUS, TEXHOJIOTUU O0y4YEHUs B COTPYTHUYECTBE, TEXHOJIOTMH KOHTEKCTHOTO O0yUYeHUs, THTEPAKTUB-
HbI€ TEXHOJIOTUH, TEXHOJIOTUU TUCTAaHIIMOHHOT'O 00y4eHUs, aKTUBHBIE M1€1arOrMueCKhe TEXHOJIOT HH.

8. OHEHOYHBIE MATEPHUAJIBI JIUISI TEKYIHIEI'O KOHTPOJIA U
MPOMEXYTOYHOM ATTECTAILIUA
8.1. OHEHOYHBIE MATEPHUAJIBI VIS BXOAHOI'O KOHTPOJIA

Bxonanoit KOHTPOJIb 00ecneynBaeTCs BHIIIOJHEHUEM yqe6H0r0 I1aHa 1o NMpeACCTBYOIUM
JUCILHITIIMHAM.



Bxo1HOI KOHTPOJIb HE MPETYCMOTPEH B BUJIE OTACIBHBIX MEPOIPUATHMN.

8.2. OINEHOYHBIE MATEPHAJIbI TEKYIIET'O KOHTPOJISA

OrneHOUHBIE MaTepuaNbl MPECTAaBICHB B BHAE JaO0OpaTOpHBIX paboT. Bce 3amanus no-

ctynHbl Ha ctpanulle kypca B MOC Jlomuk. Mmeetcs 20 mabopaTopHbIX padoT, Kak1as U3 KOTOPBIX
COJICPKHUT HAOOP MOCIIEIOBATELHO BIMTOTHAEMBIX 3a1aHui. OLeHKa 3a BHIIOTHEHUE 1a00paTOPHBIX
paboT BBICTABISAETCS MPOMOPIIMOHATBHO YHCTY BBHIIIOJTHEHHBIX 3aJaHUN

B kauectBe mpumMepa janee MpUBOIUTCS (parMeHT M3 33JaHui 1abOpaTOpHOU PabOTHI IO

teme “CiyvaiiHbiii nec”

Ilpouumatime nabop Oaumnvix Wine Quality Data.csv. Hszmenume xameeopuio npusHaxa
"color" ¢ kauecmeennoll na konuuecmeenuyro. (Buecmo "red","white" mpedyemcs zanucamo
0, 1). Omo moowcHo coenamsv ¢ ucnoavzosanuem kiacca LabelEncoder unu nodvim opyaum
cnocobom. Buvigeoume cymmy 3HAYEeHUl 8 9MoMm cmoabye
print(wine['color'].sum())

IIpasunvroiii omeem:4898

Hanee mvl 6ydem cmpoums MoOenb npedCcKa3anus Kaiecmaea 8uHd no 8cem OCMalbHbIM NPpU-
snaxkam. Ilosmomy mpebyemcs vioenumo npusnax "quality” 6 omoenvuyro nepemennyio 'y, a
U3 6cex 0OCMAlbHbIX co30amov mabauyy X. /s nposepku 8vigedume CHUCOK UMEH 8CeX CMOJI0-
yos

print(x.columns)

Pabeiime nabop Oamnvix Ha oOyuarowylo u mecmogor 6blOOPKY NPU HOMOWU Memood
X_train,x_test,y_train,y_test = train_test_split(x,y,random_state=42,test_size=0.5)
Buviseoume KOAUYeCcmao 3anuceti 8 Kax#cooti sblOopKe.
Ipasunvroiii omeem:3248 3249

Cnedyrowue wazu nompedyemcs noemopums 6 yuxie 6 paz ¢ U3MeHeHuem napa-
Mempa n_estimators. 3uauenus napamempa ciedyem 3samo u3 cnucka [1,5,20,50,100,200].
Ilocmpotime moOens Kraccugpuxayuu Memooom Cay4atiHo2o ieca ¢ 3a0aHHbIM 3HaAYeHUueM na-
pamempa n_estimators. Hatioume npedckasannvle sHauyeHus 01s oOyuaioujeti u mecmogoll
evibopku. Ilocuumatime sHauenue mempuku accuracy_score. Bvigeoume pesynrbmam.
Ilocuumaiime  Konuyecmeo  paznuyHbIX  3HAYeHUll 8  pazHocmu y_test-y_test_pred.
30ecwb y_test_prev — npeockazanHvle 3HAYEHUsI 8 MeCmOoBol 8bloopKe. Bviseoume konuue-
CMB0 3HayeHull O0Jisl KOMOPbLX PA3HOCMb DONbULe eOUHUYbI O MOOYIIIO.

Bvigeoume cmonbuamyto ouazpammy ¢ 803MOACHIMU PAZHOCMIAMU U UX KOTUYECIEOM, KAK
NOKA3aHO 8 npumepe

8.3. OIHEHOYHBIE MATEPHAJIbBI TIPOMEXYTOYHOI'O KOHTPOJISA

Hrorosas CyMMa IEPBUIHBIX 0ajoB CKJIaaAbIBACTCA U3 6EUIJIOB, ITOJIYUCHHBIX 3a BBITTIOJIHCHUC

naboparopHbIx padoT (20 paboT ¢ MakCUMalbHOM OIeHKOM B 3 Oanna) u 6amioB, MOTYyYEHHBIX HA
sKk3amene (MakcumyMm 30 GaioB).

JUist TOCTUKEHUSI COOTBETCTBUA C OallbHO-peHTHHIOBOM cuctemoil MI'Y nepBuuHbIe Gaibl

MEPECUYUTHIBAIOTCS B aTTECTAIIMOHHBIE OaUThl TI0 popMmyiie 3*max(x,20)+0.5*max(x-20,20), rue x —
nepBUYHbIE Oabl 3a Kypc. Jlanee oleHKa BHICTABIISIETCS B COOTBETCTBUU C 0aTbHO-PEHTHHIOBOM
cucremoit UI'Y (80 6amioB — otnuyno, 70 6amioB — xopoio, 60 6a7I0B — yA0BIETBOPUTEIHHO).

1.

IIpumepHbIe BOMPOCHI K IK3aMeHY:

33.,[1&‘-13 perpeccumn. HapHa;I 1 MHO>KECTBCHHAA pErpeCCusl.



XN

14.
15.
16.

17

20.

21.

22.

23.
24.
25.
26.
27.
28.

29.
30.
31.
32.

33.

34.
35.
36.
37.
38.

39.
40.
41.
42.
43.
44.

['padpuaeckoe npeacTaBiaeHne 3a1a4u TAPHOU PETPECCHUH.

MeTto1 HaUMEHBIIKX KBAAPaTOB Kak 3a/a4a onTUMHU3auuu. OyHKIUSA TOTEPb.
['padmyeckoe mpencTaBieHe METO/1a HAMMEHBIIIUX KBaPATOB.

Br1Bo pOpMyITBI THHEHHOW MHOKECTBEHHOM PETPECCHH.

Peanuzanus meroza predict B 3ajaue perpeccuu.

Mertpuku kauectBa. Koo duuueHT nerepmuHaum.

3amava OMHApHOW KiIacCU(PUKAIIHH.

Curmounsia u ee CBOMCTBA.

. Mcnionb30BaHue cUrMOUbI B 3a/1aue OMHApHO Kiaccudukanuu.
11.
12.
13.

['paduueckoe npeacTaBiIeHne JIMHEHHON OMHApHON KIacCU(UKAIIK C ABYMS IPU3HAKAMH.
MeTo MaKCMMaIbHOTO TPaBAOIIOI00MS KaK 3a7a4a ONTHMHU3ALHIH.

BriBon hopmyiiel morapuMudeckoil GyHKIMH MOTEPh U3 METOJIa MAKCUMAIILHOTO MPaBJIo-
moxoous.

Peanmu3zanus metonoB predict u predict proba B 3amade OuHapHOU KiaccuUKaIim.
Marpuna oueHku kadecTBa OMHapHOH Kinaccudukanuy. OmmOKy MepBoro U BTOPOro poja.
Mertpuku KayecTBa: accuracy, sensitivity, specificity.

. ROC - kpusas. IToctpoenne ROC - kpuBoil.
18.
19.

Mertpuku kauectBa. ROC-AUC

MacmrabupoBanue npusHakoB. Buasl macmrabupoBanus. Cranaaprusanus. opmMyisl s
CTaHIapTU3aLUH IPU3HAKOB.

[Tpuem nepexosa K mpocTpaHcTBaM OoJbLIeH pa3MepHOCTH. Pacipenue npocTpaHCcTBa Npu-
3HaKOB MHOT'OWIEHAMHU.

[TpoGaembl MaImHHOTO 00yUYeHUsI: T10Xasi 00yCIOBIEHHOCTb, MyJIbTUKOJUIMHEAPHOCTh U Tie-
peoOydeHue.

Perynapuszanus. Bunel perynspusanuu. Jlob6aBineHue peryispusalvy B 3a7a4d ONTUMH3a-
U,

['paduyeckoe mpencrasienue perynspuszanuu L1 u L2.

Lensb perynspuzauuu. BiausHue perynspuzannonHoro napamerpa C Ha napameTpbl MOJEIH.
Merton rpaiueHTHOrO ciiycka ¢ (PUMKCUPOBAHHBIM LIArOM.

BriBoa (popMyIibl BEIUKCIEHMS TpaiueHTa sl QYHKIMH TOTEPb.

BeiBo popMyIibl BEIUMCIIEHUS TpalueHTa s JIorapu(Muieckoil pyHKIUN OTeps.

MeTto HarcKOpeHIero rpaiMeHTHOTO cilycKa. Pemenue 3a1aun oAHOMEPHON ONTUMHU3ALUU
METOJIOM 30JI0TOTO CEUEHHUSI.

MeTton conpsiKEHHbIX IPATUEHTOB.

Merton k-6nmmxaiimux coceneil. Obuee onrcanue

Buasl MeTpuk B anroputme k-Ommxaiimmx coceei.

Bri6op mapamertpa k B anropurme k-6imxaimmx coceel U ero BIUsHUE Ha nepeo0yyeHue
MOJIETH.

I'paduueckoe npeacTaBiIeHne METOIa OIIOPHBIX BEKTOPOB B Cllyyae JMHEHHOW pa3/ienuMo-
CTH.

MeTo/ ONTOpHBIX BEKTOPOB, KaK 3a1aya ontumusanuu. Ciydail TMHEMHON pa3IeIMMOCTH.
MeTo/ OIOpHBIX BEKTOPOB, Kak 3aj1a4ya ontuMuzaunu. Ciaydail TuHeHON Hepa3ieIMMOCTH.
JIBolicTBeHHbIE KOA(PPUIMEHTHI B METO/IE€ ONTOPHBIX BEKTOPOB, UX CMBICI I METOAA.
dopmyna s peanuzauu MeToia predict B METO/Ie OTIOPHBIX BEKTOPOB.

Onpenenenue siepHOi GYyHKIIMU B METOJIE OTIOPHBIX BEKTOPOB. [IpuBecT mpuMep HETPUBU-
anbHOU (YHKIIUH, KOTOpas OyJeT siiepHON MO ONPEEIICHHUIO.

dopmyna paauanbHO 0a3uCHON YHKINH.

dopmysa MOTMHOMUAIBHOM SAepHON QyHKINU.

JIBonuHoe pematoniee aepeBo. OO1iee onvucaHue.

dopmyna METPUKH gini impurity.

dopmya METPUKH SHTPOIIHH.

dopmyra BEIYMCIEHUS CyMMapHOH gini impurity Juist 1epeBa



45. ANTOpUTM TTOCTPOEHHUS TBOMYHOTO pelIaroniero aepesa. Kpurepuii s pazouenus ysna

46. Metoabl 60pbOBI ¢ TepeoOyueHreM Uil JBOUYHOTO PEHIAIOIIETO JIepeBa: OrpaHUYCHUE TITy-
OMHBI, OTPaHUYCHHE 1O KOJTUYECTBY 00Pa3I0B, OTpaHMYEHUE M0 YMEHBILIEHUIO impurity.

47. Cnyuaitasrii gec. O01iee onucanue.

48. [Touemy ciayyaitHbli Jiec, Kak IPaBHUIIO, TO3BOJISIET JOOUTHCS OoJiee BRICOKOTO KauecTBa 00y-
YEHMsI, YEM CITydaliHOE JepeBO?

49. Cnyuaiinblii n1ec. Anroput™ ais metoza predict.

50. Kakue n3 MeTo10B Kiaccu(ukanun TpeOyroT CTaHapTU3AUH TPU3HAKOB U TIOYeMYy ?

Pij@gmxn:
c 3 JOIIEHT Kasumupos A.C.

\(ﬁﬂrygﬂ;)l\ (3aHMMaemast TOJKHOCTB) (®.1.0.)
‘Q OIICHT Kupnuenko Korcrautud JIMUTpUEBUY
(moamucek) (3aHMMaemast TOJMIKHOCTB) (®.1.0.)

IIporpamma coctaBiieHa B cooTBeTcTBUU ¢ TpeboBanusmu PI'OC BO no HanpaBieHUIO M0A-
roroBku 02.03.02 «PyngamenTansHas nHpopMaTuka U WHGOPMAIIMOHHBIE TEXHOJIOTHI» (YPOBEHb
OakanaBpuaTa), yTBEpXKIAECHHBINH npukazoM MuHuctepcTBa oOpa3oBanus U Hayku Poccuiickoit ®e-
nepauuu ot 23 aBrycta 2017 r. N 808, 3apeructpupoBanHbslii B Muntocte Poccun «14» ceHTs0ps

2017 r. Ne 48185 ¢ u3BMEHEHHUSAMU M TOTIOJHEHUSMH C H3MCHEHHSMU U JOTIOJTHEHUSMHU OT: 26 HOSOps
2020 1., 8 peBpans 2021 r.

[TporpamMma paccMoTpeHa Ha 3acefannu Kadeapsl anredpandeckux 1 HHPOPMAITUOHHBIX CH-
ctem UMUT UI'Y «04» anpens 2023 r.

. o
[Tpotokomn Ne 9 3aB. kadenpoii o

Hacmoswas npoepamma ne modicem dvims 8ocnpouszsedena Hu 8 Kakou ghopme bes npeosa-
PUMENbHO20 RUCbMEHHO20 PA3PeUeHUs Kagheopvl-paspabomuuxa npocpammol.



