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AHHOTANMA
MammHHoe oOyueHne — oO0JIacTh HayKH, OOBEIWHSIONIAs TEOPUIO0 BEPOSTHOCTEH, MaTeMaTHYECKYIO
CTAaTHCTHUKY, MH)XCHEPHBII MMOIXOM K PEUICHUIO CIOKHBIX 3a1ad, MOAXOIbl 00paOOTKH TaHHBIX, UCKYCCTBO
IPOrpaMMHPOBAHMA U MHOTHE Apyrue 0a3oBble NUCLUIUIMHBL 3a MOCJIEIHNE HECKOIBKO JIET MHOTHE 3a/1auH
HayK 0 3emuie ObUIM PEIICHbI ¢ MPUMEHEHHEM MAaIIMHHOTO OOydYeHHs HaMHOTo 0oJiee YCHENIHO, HEeKEIH C
MPUMEHEHHEM KJIACCHYECKHUX MeToA0B 110 3Toro. C Apyroil CTopoHsl, B pyHIaMEHTAIbHBIX HAayKaX MPAKTHUKa
NPUMEHEHHSI MAIIMHHOTO OOYYEeHHsl CTaJKHBAaeTCS CO BIOJHE OOBSICHUMBIM aKaJEMHUYECKHM CKETICHCOM,
CBSI3aHHBIM C TOHIKCHHOW HHTEPIIPETHPYEMOCTBIO MOJTy4aeMbIX pe3ylbTaToB. B mpemmaraemoMm Kypce
paccMarpuBalOTCS ~ BONPOCHI  NPUMEHMMOCTH ~ METOIOB ~ MAIIMHHOTO  OOydYeHHs B Pa3IHYHBIX
UCCIIEIOBAaTENbCKUX M HMHXCHEPHBIX 33/auaX HayK O 3emile, a TakKXke BONPOCHl HMHTEpHpeTaluH,
JTOCTOBEPHOCTH U HEOTIPEJCIICHHOCTEH PEe3yIbTaTOB.
B HacrosmieM Kypce paccMarpuBaiOTCsi 0a30BbIE IMOHATHS MAIIMHHOTO OOYYEHHS, paccMaTpHBAIOTCS
Haubollee YacTo MPUMEHSEMbIC AITOPUTMBI KIACCOB «OOy4YEHHE C YUHUTEIEeM» U «00ydeHHe 0e3 yduTelsD).
Oco0oe BHIMaHHE YIENsSeTCS OLEHKE JOCTOBEPHOCTH TOJyJaeMbIX PEIICHUH U OIICHKE HEOIPeAeICHHOCTEH
Kak IapaMeTpoB oOydaeMbIX MoJEJel, TaK W almpoKCHMaluil LeNeBbIX MepeMeHHBIX. V3ydeHne MeTonoB
Kjacca «0oOydeHHE C Y4HTeleM» Ha4MHAeTCs C OJHOM W3 HamOoliee HM3YYEHHBIX MOJEIeH — JIMHEWHOU
perpeccun. Ha ocHOBe 3T0i1 Mozienu n3y4aroTcsi BCe OCHOBHBIE CBOMCTBA, MPUCYIIHME OONBIIMHCTBY METO/IOB,
Y TIO/IXO/IbI TIOBBIICHUS] TOYHOCTH M JJOCTOBEPHOCTH pelleHHid: 00001Iaromas criocoOHOCTh, NepeodydeHrne U
Heso00y4yeHue, MOAX0Abl MOPOXKAECHHS U 0TOOpa MPU3HAKOB, MOJXO/bl OLIEHKH KauecTBa MOJEJel B 3a/1adax
perpeccun u kinaccudukammu. Ocoboe MeCTo B Kypce 3aHMMaeT KOMILIEKC BOIMPOCOB, MOCBSIIEHHBIX
HCKYCCTBEHHBIM HEWPOHHBIM CETSIM M UX MPUMEHEHHMIO B 3a7auax 00pabOTKM M aHaNW3a JaHHBIX Pa3IHYHON
npuposl. M3yueHne MeTomoB Kiacca «oOydeHne 0e3 yduTelsD» BKITIoYaeT B ce0sl Kak Kiaccuueckue (MeToa
IVIaBHBIX KOMIIOHEHT, CTaTUCTUYECKHE METOAbI KIAcTepU3alMM), TaK U COBPEMEHHBIE METOIbI NOHMCKA H
aHaJM3a CTPYKTYPHI TAaHHBIX (HEHPOCETEBbIC aBTOKOJMPOBIIMKH U TOPOKIAFOIINE MOICIH).
Kypc ¢opmupyer coBpeMeHHOE NMOHWMaHWE HAyYHOW NESATEIBHOCTH KaK TAKOBOMW, BKIIFOYAs IMOCTAHOBKY M
MPOBEPKY TUIOTE3, IOCTAHOBKY 3a/au aHann3a JaHHbIX. Kypc Takxke OyneT moseseH mpH pa3paboTKe HOBBIX
CIIOCOOOB HATYPHBIX HAOIIOICHUI, PU MPOBEACHUH U3MEPEHHI M 00pabOTKe pe3yJabTaToB SKCIEPHMEHTA B
HayKax o 3emuie.

1. lean u 3apa4un

]_le.]'lb AUCHUIIINHBI

* (opmupoBaHre 0a30BBIX 3HAHMH O MaTeMAaTHMYECKMX OCHOBAX M OOIIMX MPHUHIMIIAX COBPEMEHHBIX
METO/I0OB MAIIMHHOTO 00y4YeHHs B IPUMEHEHHH K 3aJa4aM HayK o 3emJic;

®* OCBOCHHC 06H_IerI/IH$[TBIX MCTOAUK ITPUMCHCHUA MCTOJ0B MAlIIMHHOT'O 06yquH${.

33]13‘[]([ JAUCHUIIINHBI

. JaTh CTyACHTaM 3HaHMSA 00 OONmMX MareMaTHYeCKUX IPHHIMIIAX COBPEMEHHBIX METOJ0B
MAaIIMHHOTO O0y4eHUS;

. Hay4YUTh CTYJCHTOB CaMOCTOSATEIbHO (OPMYyIHpOBaTh 3adady, IUIAHUPOBAaTh YWCICHHBIN
HKCIIEPUMEHT, BBIOMpAaTh MOAXOMAIINN MeTox pemeHus U 3(p(EeKTHBHO ero peaan30BbIBaTh B BHIC
MPOrpaMMBbl, a TAKXKE aHAIM3UPOBATh PE3YNBTAThl U OLIEHUBATh KAU€CTBO MOTyYaeMbIX MOZCTICH;

° BLIpa6OTaTB Y CTYACHTOB HAaBBIKH 3(1)(1)€KTI/IBHOF0 IMPUMCHCHUA MCTOAOB MAIIMHHOI'O OGyLIGHI/ISI C
HCIIOJIb30BAHUEM JOCTYITHBIX SA3bIKOB IIPOrpaMMUPOBAHUA U CPEI UCIIOJHCHHS IPOrPaMMHOI0O KOJa,

*  BBIPa0OTaTh y CTYACHTOB HABBIK QJalTallMH CYIIECTBYIONIMX METOJOB MAIIMHHOTO OOy4YEHHS C
Y4eTOM Crienu(PUKH 3a71a49 ¥ ¢ UCIIOJIb30BAaHUEM PE3yIhTaTOB HOBEHIIIHX Ty OJIMKAIIHIA;

° BLIpa6OTaTI> Y CTYACHTOB HAaBBIK BHU3YAJIbHOTO MPCACTABJICHUA HOAHHBIX, NPCACTABICHUSA
MMPOMEIKYTOUHBIX U KOHCYHBIX PE3YJIbTATOB UCCJICAOBAHMS.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

VYK-1.1 AnanusupyeT 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS 10 PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK, saaan
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Kpl/l'l‘l/l"lCCKl/ll/l dHdJIN3 U CUHTC3 l/lH(pUpM'dLll/ll/l,
MIPUMEHSITh CUCTEMHBIN MOAXO ISl pelIeHUs
IOCTaBJIICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CYXKICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHWBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-2 CnocobeH ucronbp30BaTh COBPEMEHHbBIE
MH(OPMAIIMOHHBIC TEXHOJIOTHU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IS TeTBHOCTH, COOITIOas
TpeboBaHus HHPOPMAIIMOHHON 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHEBIE
BBIYMCIIMTENIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B
obmactu (cdepe) mpodeccrHoHaTbHON AeATSIIEHOCTH

OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIICHHBIC
MaTeMaTH4ecKue METOAbl W MPHUKIAJHOE MPOrpaMMHOE
obecrieueHMe I PEUIEHWs  HAay4yHBIX  337ad = B

npodeccruoHanbHOM 00IacTH

[1K-2 CnocoGen aHanu3upoBaTh MOTyYCHHBIC B
X07Ie HayYHO-HCCIIEI0BATEIBCKON pabOThI
JAHHBIE U JIeTIaTh HayYHbIE BHIBOJIBI
(3aKTrOueHMS)

[IK-2.1 Bnameer MerogaMu CTaTHCTHYECKOW 0OpabOTKH U
aHaIM3a HayYHbIX JaHHBIX

[IK-2.2 YMeer HaxOOUTh  KIIIOUEBLIC
OTIPECIIAIONINE H3y4yaeMoe SIBICHUE,
YHUCIICHHBIE OIICHKH I10 MOPS/IKY BETHYUHBI

napameTpbl,
U TPOU3BOIUTH

[1K-2.3 Cnioco0eH npencTaBiATh HayYHbIE YTBEPKACHUS, HX
000CHOBaHMS M JI0Ka3aTeNbCTBA, HAYYHbIE MPOOIEMBI M HX

pelleHHs] SICHO W TOYHO B TEPMHMHAX, MOHSATHBIX JUIS
mpoeCCUOHANIBHON ayTuTOpUU, B MHUCHMEHHOH M YCTHOW

dhopme

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaTh:

YMETb:

* OCHOBHBIC NTOHATHS U MaTEMaTH4YECKUE IPUHIUIBI COBPEMEHHBIX METOZ0B MAIIMHHOTO 00y4EHHUS;

* THWIIBI 3124, pelIaeMble C MPUMEHEHHUEM METOA0B MAIIMHHOTO 00yUYeHMS,;

* Haubosee pacHpoCTpaHEHHbIE MOJIENIN MAIIMHHOTO 00y4eHusl, 001aCTH UX IPUMEHEHHS, OCHOBHbIC
MIPEUMYIIECTBA U HEJOCTATKH;

* OCHOBHBIC ITOKA3aTEIM KauecTBAa MOAETECH MAIIMHHOIO OOy4YeHHs B 33/Jadax Pa3IMyHOTO THUIA, UX
MPEUMYILIECTBA, HEJOCTATKH, OTPAaHUYEHUSI MPUMEHHMOCTH M XapaKTEepHbIC 3HAUCHUS, TOCTUTAEMBIE
110 pe3yJIbTaTaM COBPEMEHHBIX MCCIIEIOBAHUH.

OIPEACIUTh THI 3a/la4¥l C TOYKM 3PEHUS MAIIMHHOTO OOydeHUs, C(OpPMYIHpOBAaTh 3a/1ady B
TEpPMHUHAX METOJOB MAIIMHHOTO OOy4YeHHs, ONUCATh WCXOJHBIC JAHHBIC M LEJEBble NEPEMCHHBIC,
nofpo0paTh TOIXOMSIIMIA TUI MOIEIH, CQOPMYIUPOBaTH M OOOCHOBaTh METPHKH KayecTBa
MOJIy4aeMOTr'0 PEeIICHNUS;

* peaJM30BBIBaTh B BHUJE NMPOTPaMMBbI LENb 0OPaOOTKH JaHHBIX M TPEHUPOBKH MOJEIH MAIIMHHOTO
00y4eHUsI B paMKaX pEILeHUs TOCTaBICHHOM 3a/1auH;

*  WICHTU(UIMPOBATH SBICHUS HEJOOOYYEHHS W TMEepeoOydeHUs U PAa3IUYHBIX THIIOB 3a/1a4d M IS
Pa3IMYHBIX KOHKPETHBIX BUJIOB MOJIEJICH MAIIMHHOTO 00Y4€HHsI, PYKOBOJCTBYSICh METPUKAMH KauecTBa
pelmieHnsT M JUArHOCTUYECKUMH TIOKa3aTesiMU Ipolecca OOy4YeHWs; NPUHUMATh MEpBI IS
KynupoBaHus 3QPeKToB HeJOOOyUeHHS U TIEpEeOOyICHUST;

* TPOBOAMTH MCCIICIOBAHUE YYBCTBUTEILHOCTH MOCITH K 3HAYCHUSM THITEPIIapaMETPOB;

* MPOBOXUTH ONTUMHU3ALMIO THUIIEPIIAPAMETPOB;

* HCCIIIOBATh UCXOIHBIC TAHHBIC B aCIIEKTE CPOPMYIIMPOBAHHON 3a/1a4H;

OLICHUBATh I'PAHUIIBI IPUMEHUMOCTH ¥ BO3MOXKHBIE IPUUUHBI CMEIIIEHHOCTH MOJyYEHHOTO PEILICHUS.

BJIAJIETD:

4. Con

HaBBIKAMH CAMOCTOSATENIFHON peajn3aluy aJIrOpUTMOB MAIIMHHOTO OOy4YEeHHs 0 Marepuajiam
COBPEMEHHBIX UCCIICI0BAHHMN, H3I0OKEHHBIX B HAYYHBIX CTAThAX;

- HaBBIKaMH aJIalTalliU CYIIECTBYIONINX AJITOPUTMOB MAIIMHHOTO OOYYEHUS C YY€TOM OCOOCHHOCTEMH
chopMyIIMpPOBaHHOH 3a/1a4H;

HaBBIKAMH ONTHUMH3ALUH IPOIECCOB MPEeA0OpabOTKM HMCXOAHBIX NAHHBIX M IMOCTOOPaOOTKH
PE3yJIbTaTOB YHCICHHBIX IKCIIEPHMEHTOB.

ep:KaHue THCHHILUIMHBI (MOYJIs1), CTPYKTYPHPOBAaHHOE 110 TeMaM (pa3jesaM) ¢ yKa3zaHHeM

OTBECACHHOI'0O HA HUX KOJHYECTBA aKaJeMHUIECCKUX YaCOB U BU/10B yqeﬁﬂmx 3aHATHH




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

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Bgenenne 2 2 2
) Knaccudukanms 3amau  uw  MeETOHOB 4 4 4
MAaIIMHHOTO OOY4EHUs
3 TexHuueckue cpeacTBa aHaIu3a JaHHBIX 4 4 4
4 Jluneiinas perpeccus W NIPHUHLUIIBL 4 4 4
MAaIIMHHOTO OOY4eHUs
5 O61mas cxema peteHus 3a7a4 4 4 4
MAaIIMHHOTO OOY4eHUs
6 3anaun knaccuduranuu u 4 4 4
JIOTUCTUYECKAs PETPECCHS
OnTtuMuzanusi  Moneneld  MallMHHOTO
7 oOy4eHus u HACTpOIKa 4 4 4
TUIIEPIIapaMeTPOB
8 MeTtoz OnOpHBIX BEKTOPOB 4 4 4
9 JepeBbs penieHuit 4 4 4
10 (Kommo3uuuu u ancamonu 4 4 4
11 HckyccTBeHHBIE HEHPOHHBIE CETH 4 4 5
12 TexHuueckue cpencTsa 4 4 5
KOHCTpyHupoBaHus u o0yuenus: MHC
13 CBepTouHBIE HEUPOHHBIE CETH 4 5 4
14 |PexyppeHTHBIE HEHPOHHBIE CETU 4 5 4
15  |3amaun Tuna «obyueHue O€3 yUUTEIsD) 6 4 4
Hroro yacos 60 60 60
IToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.

4.2. Cogpep:kaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 7 (OceHnuii)
1. Beenenue

MammHHOe O0O0ydyeHHe U HWCKYyCCTBEHHBIH HHTEJUIeKT. Fcropuueckuii 0030p, HavdallbHBIC
OIIpEAEIICHUs, B3aUMOCBA3b MOHATHH. OO030p SI3BIKOB IPOrPaMMMPOBAHUS M HMHCTPYMEHTOB ISt
MPOBEICHUS HCCIIEIOBAHNI C MPUMEHEHHUEM METOAO0M MAaIIMHHOTO o0y4eHus. O030p COBPEMEHHBIX
MNPUIIOKEHUN B aKaJIEMUYECKON HAyKe U B TEXHUKE.

MammHHOe 00yueHHe Kak crioco0 BBISBICHHS HESIBHBIX 3aKOHOMEPHOCTEH B JAaHHBIX.
MammHHOe 00yueHHe Kak crioco0 perieHus 3a7a4 Ha OCHOBE HaTyPHbIX JaHHBIX.
MammHHOe 00yueHHe Kak croco0 anmpoKCHMalty paclpeaeeHns JaHHbIX.

2. Knaccudukanus 3a1a4 1 METOJ0OB MAITMHHOTO OOYYEHUS




Turbl 3a1a4 MaIIMHHOTO O0y4YeHUs: «00ydeHHE C YUUTEIeM», «00yUueHue 0e3 yuuTes», «o0ydeHue ¢
YACTHUYHBIM IIPUBJICUEHHEM YUMTENs» W Op. 3ajaun kiaccupukaumu u perpeccuu. Ilpumeps! B
3aJayax HaykK o 3emiie.

Kparkuii 0630p MeTon0B 00yueHus «c yunrenem». JInHeiiHas perpeccus, JOruCTUIECKas perpeccus,
HaWBHBIA OaliecOBCKMI Kiaccudukarop, meron K Ommwkalmmx coceneld, periarmue JepeBbs,
KOMITO3UIIMOHHBIE METO/BI, METO OMOPHBIX BEKTOPOB, HCKYCCTBEHHbIE HEHpOHHBIE ceTH. [Ipumepsl
B 3a/1a4ax HayK o 3emie.

Kparkuit 0630p MeTonoB 00yueHust «6e3 ydnTemns». MeTox IIaBHBIX KOMIOHEHT U JPyTHUe METOJbI
COKpAIlIeHUs] pa3MepHOCTH. Metoapl Kimactepusauuu: meron K cpenHux; mMeron MoIennpoBaHUs
rayccoBOM CMecH; arjoMepaThBHas M TWBHU3MBHas uepapxuueckas kiacrepusauus; DBSCAN u
HDBSCAN. Metoasl oOHapyskeHusi aHoMannid. HelipoceTeBble aBTOKOAMPOBIIUKHU. | eHepaTuBHBIC
cocTs3arenbHble ceTU. Ilpumepsl B 3a1auax Hayk o 3eMIle.

3. TexHUYECKHE CPEACTBA aHATN3a JaHHBIX

Python kak s3bIK mporpaMMHpOBaHHMS Ul aHAIW3a AaHHBIX. JMHAMMYecKas TUMHM3ALUSA U IHOJIHAs
uHTpocnekuus. IlapagurmMel mporpamMupoBaHus, peanu3oBaHHble B Python. OcobGennoctu
MHOTOIIOTOKOBOM  00paboTkM  JNaHHBIX. bubmnoreku o0pabOTKM JaHHBIX W OUOIUOTEKH
BH3yalu3aluun JaHHbIX. CnenuanbHbele OMOIMOTeKH UI 3a1a4d Hayk o 3emiie Basemap u NetCDF4.
bubnuoreka ananu3za 1ByMepHbIX JgaHHBIX OpenCV.

WuctpymenTapuii A 06paboTKH, BU3yalnn3alliy U aHaJIn3a JJaHHBIX ¢ UCTIOIb30BaHueM Python.
UntepaktuBHas cpena paspaborku JetBrains PyCharm. Kiuenr-cepBepHas MHTEpakTHBHAs cpena
UCTIONTHEHUS KoJa U Bu3yanusaimu Jupyter. OCOOEHHOCTH HCIOJIHEHUS IporpamMM B cpene Jupyter.
ITocTpoenne nokyMeHTOB B cpene Jupyter ¢ mpuMeHeHueM pasmeTku u LaTeX.

4. JluneiHas perpeccust U NPUHIUIIBI MAITMHHOTO 00yYeHHS

BeposiTHOCTHas mocTtaHoBKa 3aaun 00yuyeHHs 1o npeueaeHTaMm. CTaTUCTUYECKUE OCHOBBI MOJEIN
TUHENHHOW perpeccur. BapuaHTsl pemienns 3aiaqun TuHEHHON perpeccun. OrpaHdyeHus TMHEWHON
perpeccun. IlpoGiema MyIBTUKOIIMHEAPHOCTH NPU3HAKOB. leHepauuss u OTOOp TNPHU3HAKOB,
CIPSIMIIAIOIINE TTPOCTpaHCcTBa. OHOCIONHBIN MEPLETTPOH.

[TpuHnMnel MamumHHOTO 00y4deHuss B mpuMmepax. [IpuHIMI OIM30CTH TOXOKUX COOBITHH B
MpOCTpaHCTBE NpeacTaBieHud. llpuHnun ontuMusauuu ¢GyHKIMOHANA NOTephb. Perymspuzanus
Mojened.  PasmenMocTh W OTAGNMMOCTh  COOBITMH B 3ajadaXx  KJIACCHU(HUKAIIHU.
WnTepnperupyeMocTs Mojieneid MalmHHOTo 00yueHust. [IpruHIMN KOMITO3UIIMK aNTOPUTMOB.

5. Obmias cxema pemieHus 3a1a4 MallnHHOTO O0Y4YeHUs

Omnpenenenue THMNA 3aJa4dl U MOCTaHOBKA 3aaaud. VccnenoBanue win/u (pOpMHUpPOBAHHE MAacCCHBa
UCXOIHBIX JAaHHBIX, BU3yaJlW3alMs AAaHHBIX. AJanTtanys ajiropuTMOB MAIIMHHOTO OOy4eHHs Hu
QITOPUTMOB KX HACTPOWKH TmoJ chopmynupoBaHHyo 3amady. lIpemoOpabOoTka HmaHHBIX IS
BBIOpaHHBIX anroputMoB. Ontumusanus (oOydenue) moxeneit. OneHKa KadyecTBa W ONTUMH3AIIMS
runeprnapamerpos. [IpuMeHeHre MoJeNT 1 MOCTPOCHUE BBIBOJIOB 110 PE3YJIBTATaM.

6. 3a/:[aq1/1 Knaccn(’pnxaunn " JIOTUCTUYCCKAs pCrpeCCuid

[Tpumepsl 3amau  kinaccudukauu B Haykax o 3emie. CTaTUCTHYECKHE OCHOBBI MOJEIH
JIOTUCTHYECKON perpeccnd. DOpMyIupOBKa MOJENH JIOTHCTHUYECKOM PErpeccHH M JIOTUCTHYECKas
¢bynkua ommbku. OOyueHHe MOJENu JOTHCTHYecKol perpeccuu. OrpaHMYEHHS JOTMCTHYECKOM
perpeccun. IlpoOnemMa MyJIBTHKOJUIMHEAPHOCTH TMPHU3HAKOB, TIeHepaluss U OTOOp TNPHU3HAKOB,
cpsMIIsTEIoIMe TpoctpaHcTBa. OMHOCIOWHBIN MEPIENTPOH ¢ MPOU3BOILHON (DYHKIIMEH aKTHBAIlUU.
Buapr GpyHKUMM aKkTHBaLINU.

7. OnTuMu3anust MOziee MaIIMHHOTO O0Y4EHUs M HACTPOMKa TUIIepIapaMeTpoB



@®opmynupoBKa 3amayd ONTUMHU3alMU. lIpuMepbl ONTHMMHU3AIMOHHBIX 3a7ad. 3ajada BbIITYKJIOTO
nporpammupoBanus. OOmiasi 3ajada HEJIMHEHHOTO mporpamMmupoBaHus. [loHatue naHgmadra
¢bynknuu moteps. [Ipobraembl HeBbIMyKIIOTO NaHAmapTa QYHKIUN MTOTEPh U METOJBI ONITUMH3AIIVH,
pemarone 3Ty mnpoOiemy. ['pamueHTHbIE METOABI ONTHMHU3AIMK IEPBOTO W BTOPOTO MOPSJIKA.
Monudukauy rpalueHTHBIX METOJI0B ONTHMHU3AIMHU TIEPBOTO MOPSIIKA.

SIBnenne nepeoOydenus u HenooOydeHus moneneil. [lonstie VC-pa3MepHOCTH, CIIOKHOCTh MOJICIIH.
bananc wmexmy cmemennmeM W pazbpocom. Hactpoiika runepnapamerpoB wmoxenu. [lomxon
CKOJIB3SIIIEr0 KOHTPOJs. CTpaTeruy CKOMB3SIIEr0 KOHTPOJIS.

8. MeTon onopHBIX BEKTOPOB

JluneiiHo paznenuMasi BHIOOpKA U pa3jiessiionias TuIepruiockocTh. [eomeTprudeckast HHTEpIpETaIyst
3a7aud. Mojenb JMHEHHOr0o MeTofa ONOPHBIX BEKTOpOoB. MDYHKIHUSA MOTEPh METOAA OINOPHBIX
BEKTOpOB. BapuwaHThl onTHMu3alusi Mojaelel B MeEToAE OMOPHBIX BekTopoB. [IpobGiema
HEpa3aeIMMOCTH BBIOOPKH. Sapa u cnpsamiisiiomine npoctpancTsa. [Ipumepsr sinep. MeTon onopHbIX
BEKTOPOB KakK JIBYCJIOWHBIA IEpUENTPOH. MeETOI OMOpPHBIX BEKTOPOB B 3aJ1a4aX BOCCTAHOBIICHUS
pErpecCHH.

Cemectp: 8 (Becennuii)
9. lepeBbs penieHuit

B3anmuas  unpopmarus, HHGOPMAIMOHHAs  JHTPOIMS,  KPOCC-3HTPONHMS,  JUBEPICHLIUS
Kynb6axa-Jleiibnepa v NpUHLKI ONTUMHU3ALUK NpaBAonoaoous. MeTol HaMMEHBLINX KBaJIpaToB B
3aJjauax JIMHEHHON perpeccuy Kak YacTHBIN Cly4aid MPUHIUIIA MAKCUMH3AIHN TPaBAOTIOA00MS.
Anroput™bl TIocTpoeHusi pemanomux gepeBbeB ID3 u C4.5. Pemaromue nepeBbs B 3amadax
KJIacCCHU(PMKALIUN ¥ BOCCTAHOBJICHUS PErPECCUH.

10. Kommo3unuu u aacaMoOm

KomuTeTsl M KOMNO3UIMHU anropuTMoB. byrcrpanm m Oarrunr. Cnydaiinele seca. ['paaueHTHBIC
METaalIropuTMbl. ByCTHHT Haj TPOM3BONBHBIM cemercTBoM anropuTmoB. AdaBoost. XGBoost,
LightGBM u CatBoost B 3a1auax kiaccu(uKamnuy 1 perpecCcry.

11. UckyccTBeHHBIE HEHPOHHBIE CETH

Hcropuueckuii 0030p pa3BUTHA MCKYCCTBEHHOTO HHTENJIeKTa. «Bocxopsmiee» M «HHCXOASAIIEE»
HanpasieHusi. KOHHEKTUBU3M U IPUHLIKIT aCCOLIMATUBHOCTH.

[lepuentpon. Bapuantel opHocnoiHOoTo mepuentpoHa. CrmocoObl  00yudeHHs MEpIenTpoHa.
UckyccTBeHHass HEHpoHHas CeTh KaKk YHHBEPCAJIbHBIA  anmpokcumarop. MHOrocioiHsIi
HEPLENTPOH.

Anroputmel  oO0ydenuss MHC. Anroputm oOparHoro pacmpoctpaHeHus ommOku. Jlanamadr
¢ynknuu norepb. Cxomumocts o0ydenuss MHC. Perymspuszanuu u 3Bpuctiku ontummsanun MHC.
[Naxetnas Hopmanu3zanus. [IpopexxuBanue.

[TepeoOyuenue, HenooOydeHne u obobmatomnas cnocoonocts MHC.

12. Texanueckue cpeacTsa KoHCTpyrupoBaHus u o0ydenus MHC

O0630p cpencTts U OMOMMOTEK JJIsi MPOTPaMMHON peall3alii MCKYCCTBEHHBIX HEHPOHHBIX CETeH.
Numpy, Keras, Tensorflow, Theano, PyTorch.

Peanuzanus MHOTOCTIOWHOTO TIEPIENITPOHA M TIPOIEAYPhl onTUMHU3anuu. OcoOEHHOCTH BBEIYUCICHUI
Ha rpadudeckux comnporeccopax. OpraHmzanus TOPOXKICHHS OOYYalOIMUX JaHHBIX W IIEMU
BBIYHCIIEHUH Tiporecca ontumuzanmu MHC.

13. CBepTouHbIC HEHPOHHBIE CETH

Kparkuii nctopuueckuit 0030p. Koraurpon n Heokoruutpon, LeNet u Oosnee mo3aHne apXUTEKTypHI.
XapakTepHsle 3a7a4yH, perraembie CHC.



[TpyHIMI JIOKATEHOCTH TPU3HAKOB. [IpHHIMIT OLIEHKH KOppessiiuu ¢ madinoHoM. [TpuHoum oommx
mapamMeTpoB.  MaremaTMuecKMe  OCHOBBI ~ CBEPTOYHBIX  HEHWpOHHBIX  ceredl.  OOparHoe
pacnpocTpaHeHue rpagveHTa (QyHKIuM 1nortepb. PenentuBHoe mnose. CyOmuckperusanus.
CoenuHenus OBICTPOTO JOCTYTIA.

Cgoiictea CHC.

Bung 3agayq, pemmaemsle ¢ npumenenneM MHC u CHC. CoBpemennsie apxutektypsl CHC.
14. PekyppeHTHbIE HEHPOHHBIE CETU

Kparkuit  ucropuyeckuii  0030p. IlpuHnun  snokanpHOCTHM — mpu3HakoB.  Koauposanue
nocnenosarensHocte. One-hot, Word2Vec, Glo Ve, fastText.

PexyppenTHbie HelipoHHBIE ceTu: ocHOBHBIC MpUHIUNBL. LSTM, aBynanpasnenusiii LSTM, GRU.
Tumne! 3ana4, pemaembie PHC. Kiaccudukanust u perpeccus, mOpoxJIeHUE OCIE0BATeILHOCTH Ha
0aze 1mocea0BaTeIbLHOCTH.

15. 3apaun Tuna «obyueHue 6€3 yUuTesn

3anaua cokpaieHus: pazmepHocTd. Meros maBHbIX KOMIIOHEHT. t-SNE. CamooOyyaromuecs: KapThl
Koxonena. HeiipoceTeBoil aBTOKOAMPOBIIMK U €70 Pa3HOBUIAHOCTH.

3anava knacrepusanuu. [loctanoBka 3amaun. Mepa Gu30cTé COOBITHI M IPOKIISITHE PAa3MEPHOCTH B
3a/1a4ax KIacTepU3alHH.

Buger anropurmoB kmactepusauuu. I[padoBeie u sBpuctnueckue anroputmsl. DBSCAN u
HDBSCAN. Craructryeckue alnropuTMbl. MeToa paszneneHus rayccoBoii cmecu, meton K cpeaHux.
Uepapxuueckne anroputMbel. Meron Jlanca-YunesMca. Bapmanmm werona Jlanca-YumbsaMmca.
CpoiicTBa HepapXUueCKUX aJTOPUTMOB.

HefipoceTeBble TeHepaTuBHBIE Mojiend. [IpHHIMO W CTAaTHCTUYECKHE OCHOBBI TCHEPATHBHBIX
coctsasarenbHBIX ceTeii. DCGAN, LSGAN, WGAN.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0XMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

yudeOHas ayTUTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIBTUMEAUHHBIM 000py10BaHHEM (IIPOCKTOP,
3BYKOBasi CHCTEMa), HHTEPAKTUBHAS JIOCKA.

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. MammnarOe o0yuenue [ Texct]/X. bpunk, [Ix. Puuapnc, M. ®@esepond, Real-World Machine
Learning, -CII6., [Tutep, 2017
1. @nax I1. «MammuHOE 00yuenne. Hayka U MCKyCCTBO IOCTPOCHUS AlITOPUTMOB, KOTOPBIE H3BICKAIOT
3HaHms U3 naHHbIX.» / @nax I1. M.: JIMK Ilpecc, 2015. - 400 c.
2. 'yndennoy 4., benmxuo U., Kypems A. «[itybokoe o0yuenue.» / M.: JIMK Tlpecc, 2017. - 652 c.
3. Huxonenxko C. U., Kagypun A. A., Apxanrensckas E. O. «I'my6okoe oOyuenne.» / CII6.: [Tutep.
2019. - 480 c.

JlomonHuTenpHAs IUTEpaTypa
1. Hastie T., Tibshirani R., Friedman J. «The Elements of Statistical Learning: Data Mining, Inference,
and Prediction, Second Edition» / T. Hastie, R. Tibshirani, J. Friedman, 2-¢ u3n., New York:
Springer-Verlag, 2009.
2. Bishop C. «Pattern Recognition and Machine Learning» / C. Bishop, New York: Springer-Verlag,
2006.

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

http://lib.mipt.ru/ — snexTponnas 6udnuorexka dOusrexa
http://benran.ru —6ubnmnoTeKa MO €CTECTBEHHBIM HaykaM Poccuiickoil akajemMun Hayk.



http://mldes.ru/ - BeO-caiiT aBTOpa Kypca, MOCBSIIEHHBIA 3TOMY Kypcy

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

WnTepaktuBHas cpena pazpadorku nporpamm PyCharm (mpousBogurens JetBrains, Bepcus classroom)
3wk nporpammupoBanus Python 3, xineHT-cepBepHas cpeia UCIIONHEHUS Kona Jupyter

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

OCHOBHOI ymnop Kypca clelaH Ha NPHOOpPETeHHE MPAKTHYSCKUX HABBIKOB NMPUMEHEHHS METONOB
MAaIIMHHOTO OOy4YeHHUs B peajbHBIX 3ajJadax reo(H3MKH IPU YCIOBUU IOHUMAHUS MaTeMaTHYeCKUX
OCHOBaHHI1 THX METOIOB. BOJIBIIMHCTBO paccMaTpHBaeMbIX TEM CONPOBOXKIAIOTCS MIPUMEpPaMH 33]1ad,
pa3OupaemMbIMH Ha ceMHHapax. Kpome Toro, B mporecce u3yueHHs Kypca CTy[JeHTaM Ha OCHOBaHHMHU
TOJYYEHHBIX 3HAHWHA TpeIyIaraeTcsl BBINOJIHUTH PAJ 3aJaHUil 1O aHalM3y JaHHBIX — Kak
CHUHTETHYECKHX, TaK W TIOJYYEHHBIX B XOJ€ PA3IMYHBIX SKCHEIULUUI W SKCHepuMEHTOB. Jlims
3aKpEIUICHUS TOJYYaeMbIX 3HAHMH M HAaBBIKOB CTYICHTHI MONYYalOT KaK TEOPETUYECKHEe, TaK H
MPaKTHYECKUE JOMAIIHUE 3aJaHus.

ITo wTory ocBOEHHMsI Kypca CTyACHTaM IpejjiaracTcs BBIOTHUTH KYpCOBYIO paboty. TeMy KypcoBoit
paboThI CTYINEHT BBHIOMpPACT, PyKOBOACTBYSCH COOCTBEHHBIMU MHTEPECaMU B reo()M3HUKe MM BHIOMpAET
U3 IpeUIOKEHHbIX IpernojaBareieM. s yTOYHEHHS TEMbl IPOBOAMUTCA KOHCYNbTAlUs C
MIpenoAaBaTesieM.

YcnemHoe OCBOGHHE Kypca BO3MOXKHO JIMIIh TPU YCJIOBHH OOJBIIONW CaMOCTOSTENBHONW pPaOOTHI
CTYJZICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— pelIeHHe 3a4a4 1P BBIOJIHEHUH JIOMAITHUX 3a/IaHHUH;

— YTEHHUE PEKOMEH/I0BaHHOM JINTEPATYPBbI;

— npopaboTKy yueOHOro Marepuaia (1o KOHCIIEKTaM, yueOHOHM U HayYHOU JIUTEpaType);

— CaMOCTOATENIFHOE OCBOCHHE COBPEMEHHBIX METOZ0B MAIIMHHOTO 00y4eHHMs, HEe 3aTPOHYTHIX B Kypce,
Ha OCHOBE IPEIOKEHHOT0 Y4eOHOro MaTepuania.

PyKoBOACTBO M KOHTPOJIb 32 CAMOCTOSITENILHON paOOTON CTy[IEHTa OCYIIECTBISIETCA aHAJIN30M HUTOTOB
JIOMAIIIHUX 33JJaHHid, KypCOBOH paboThI, a TaKkKe UHIAWBUAYAIbHBIX KOHCYJIBTAIINH.

ITokazareneM BiajieHUs MaTepUasoM CIy)KUT yMEHHE CTaBUTh U pemars 3aga4uu. /s popmupoBaHus
YMEHHUS IPUMEHSTH 3HAHUS Ha MIPAKTUKE CTYACHTY HEOOXOANMO pelaTh Kak MOKHO OOJIbLIe 3a/1a4.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: T'eokocMuyecKkre HAyKU U TEXHOJIOTUU
dusTex-urkona ApokocMuueckux TexHomoruit
kadempa TepMOTHAPOMEXaHUKH OKeaHa

Kypc: 4

KBaJupuKaAnus: OaxanaBp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
7 (oceHHui) - 3a4eT

8 (Becennnii) - JluddepennupoBanubliii 3aueT

PaszpatGoTunk: M.A. KpyuHULKUH, KaH[. TEXH. HAYK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-2 CnocobeH ucronb30BaTh COBPEMEHHbBIE
MH(OPMAIIMOHHBIE TEXHOJIOTHU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIOas
TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTEIBHYIO TEXHUKY WM CEpBUCHI ceTH VHTepHeT B
obmactu (cdepe) mpodeccrnoHaTbHON AeATEIIEHOCTH

OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
MaTeMaTH4ecKue METOAbl W MNPHUKIAJHOE MPOrpaMMHOE
obecrieueHMe I PEUIEHWs  HAay4yHBIX  337ad = B

npodeccruoHanbHOM 00IacTH

[1K-2 CnocoGen aHanu3upoBaTh MOTyYCHHBIC B
X0ZIe HayYHO-HUCCIIEI0BATEIBCKON pabOThI
JAHHBIE U JIeTIaTh HayYHbIE BHIBOJIBI
(3aKTrOueHMS)

[IK-2.1 Bnameer MerogaMu CTaTHCTHYECKOW OOpabOTKH U
aHaJIM3a HayYHbIX JaHHBIX

[IK-2.2 VYMmeer HaxOIUTh
OTIPECIIAIONINE H3y4yaeMoe SIBIICHUE,
YHUCIICHHBIE OIICHKH I10 MOPS/IKY BETHYHHBI

KJIIOYEBbIE  IapaMeTpbl,
U TPOU3BOIUTH

[1K-2.3 Cnioco0eH npencTaBiATh HayYHbIE YTBEPKACHUS, HX
000CHOBaHMS M JI0Ka3aTeNbCTBA, HAYYHbIE NMPOOIEMBI M MX
pelieHUs] SCHO M TOYHO B TEPMUHAX, MOHATHBIX IS
mpoeCCUOHAIBHON ayTuTOpUH, B MHUCHMEHHOH M YCTHOW

dhopme

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pE3YIbTATC N3YUYCHUA JUCIIUITIINHBL «MamuHHOE 06yquI/Ie B HayKax O 3emiie» 06yqafomm710;1 JOJIKCH:

3HAThb:

* OCHOBHBIC NTOHATHS U MaTEMaTH4ECKUE IPUHIUIIBI COBPEMEHHBIX METOZ0B MAIIMHHOTO 00y4EHHUS;
* THIIBI 32124, peIIaeMble C MPUMEHEHHUEM METOAO0B MAIIMHHOTO 00yUYeHMS;
* Haubosee pacHpoCTpaHEHHbIE MOJIENIN MAIIMHHOTO 00y4eHusl, 001aCTH UX IPUMEHEHHS, OCHOBHbIC

npeuMyuIicCTBa U HECAOCTATKU,

* OCHOBHBIC ITOKA3aTEIM KauecTBa MOAEICH MAIIMHHOIO OOy4YeHHs B 33/Jadax Pa3IMyHOTO THUIA, UX
MPEUMYILIECTBA, HEJOCTATKH, OTPAaHUYEHUSI MPUMEHHMOCTH M XapaKTEepHbIC 3HAUCHUS, TOCTUTAEMBIE
110 pe3yJIbTaTaM COBPEMEHHBIX MCCIIEIOBAHUH.

yMeThb:




*  ONpPEACIHTH THI 33Ja4¥ C TOYKM 3PEHUS MAIIMHHOTO OOydeHUs, C(OpPMYJIHpOBAaTh 3a/ady B

TEpPMHUHAX METOJOB MAIIMHHOTO OOydYeHHMs, ONUCATh WCXOJHBIC JAHHBIC M LEJEBbIe NEPEMCHHBIC,

nofoOpaTh TOIXOASIIMKA TUI MOIEIH, CQOPMYIUPOBaTH M OOOCHOBaTh METPHKH KayecTBa

HOJIy4aeMOTr'0 PEeIICHNUS;

* peaJH30BBIBaTh B BHUJE NMPOTPAaMMBbI LEeNb 0OPaOOTKH AHHBIX M TPEHUPOBKH MOJEIH MAIIMHHOTO

00y4eHUsI B paMKaX peIleHUs TOCTaBICHHOM 3a1auH;

*  WISHTU(UIMPOBATH SBICHUS HEJOOOYYEHHS W TMEepeoOydeHUs U PAa3IUYHBIX THIIOB 3a/1a4d U IS

Pa3IMYHBIX KOHKPETHBIX BUJIOB MOJIEJICH MAIIMHHOTO 00Y4€HHsI, PYKOBOJCTBYSICh METPUKAMH KauecTBa

pelmieHnsT M JUArHOCTUYECKUMH TIOKa3aTesiMU Ipolecca OOy4YeHWs; NPUHUMATh MEpBI IS

KynupoBaHus 3QPeKToB HeJOOOyUeHHS U TIEpEeOOyICHUST;

* TPOBOAMTH MCCIICIOBAHUE YYBCTBUTEILHOCTH MOACTH K 3HAYCHUSM THITEPIIAPaMETPOB;

* MPOBOIUTH ONTUMHU3ALMIO THUIIEPIIAPAMETPOB;

* HCCIICIOBATh UCXOIHBIC TAHHBIC B aCMIEKTE CPOPMYIMPOBAHHON 3a/1a4H;

* OIIGHMBATh IPAHHIBI IPUMEHUMOCTHU U BO3MOYKHbIE TIPHYMHBI CMEIICHHOCTH TTOJy4YE€HHOTO PELICHHUS.
BJIaJIeTh:

- HaBBIKAMH CaMOCTOSITEIIPHOM pealn3ali aJTOPUTMOB MAIIMHHOTO OOYYeHHs MO MaTepHajiaM

COBPEMEHHBIX UCCIICA0BAHHMN, N3JI0KEHHBIX B HAYYHBIX CTAThAX;

- HaBBIKaMH aJIalTalliU CYIIECTBYIONINX AJITOPUTMOB MAIIMHHOTO OOYYEHUS C YY€TOM OCOOCHHOCTEH

chopMyIIMpPOBAaHHOH 3a/1a4H;

- HaBBIKAMH ONTHUMH3ALUH IPOIECCOB MPEA0OpabOTKM HMCXOAHBIX NAaHHBIX M IMOCTOOPAaOOTKH

PE3yJIbTaTOB YHCICHHBIX IKCIIEPHMEHTOB.

3. IlepeyeHb THNOBLIX (IIPMMEPHBIX) BONPOCOB, 32/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

Texymumii KOHTPOIb OCYIIECTBISIETCS. B hOpME JIOMAIITHUX 3aJJaHUH 110 KaXJI0H TeMe.

Kaxxnoe nomaiiHee 3a1aHne OLEHUBAETCS CONIACHO YKa3aHHOMY Becy. B paMKkax Ka)koro JIoMalrHero
3aJaHusl NIpejyUlararoTcsl 3a/1auu, KaxKaas U3 KOTOPhIX OLIEHUBAETCs COIACHO YKAa3aHHOMY KOJIMYECTBY
6amnoB. CymMMapHOE KOJIM4eCcTBO OaiyioB 3a Kaxkioe nomamiHee 3amanue - 100. Kpome Ttoro, mis
CTYAEHTOB, XEJaoUMX Oojiee NIyOOKO OCBOWUTH MaTepual, MpelaraloTcsi ONLIUOHAIBHBIC 3aJadH.
CyMMapHOE KOJIMYEeCTBO 0ajuIOB MO AOMAIIHEMY 33JaHHI0 C YUYETOM Beca 3TOr0 JOMAIIHETO 3aJaHus
UJET B OOIIUI 3a4eT 32 CEeMEeCTp.

3a OcCeHHMII CeMEeCTp MaKCHMajbHOE KOJIMYECTBO B3BEUICHHBIX OamioB — 500 06e3 yuera
OIIMOHAJBHBIX 3a/laHUH. YCIIOBUE MOTydeHHs 3aueTa — Habop He MeHee 350 B3BELIEHHBIX 0aJIoB 3a
CeMecTp.

3a BeceHHMI ceMecTp MaKCHUMalbHOE KOIMYeCcTBO B3BemeHHBIX OammoB — 800 06e3 ydera

OTLIMOHAJILHBIX 3aJaHUl. YCIOBHE JoMycKa K IudepeHIMpoBaHHOMY 3a4eTy — Habop He MeHnee 600
B3BEIICHHBIX OAJIOB 332 CEMECTP.

Jomarinee 3aganue o teme «Knaccuguxanus 3agad 1 METO0B MAIIMHHOTO O0yUeHHS»

Bec = 0.4

1. (100 6anmoB) OnpeAenuTh TN 3a/1a41 MAITUHHOTO 00YUYESHHS [T IPEJIOKEHHBIX TIPoOIeM.
Jlomarnee 3aaHue 1o TeMe « TeXHu4eckne cpeicTBa aHaIn3a JaHHbIX)

Bec = 0.6

1. (20 6amnoB) YcTaHOBUTH KOMIUIEKT IPOrPAMMHOTO 00ECIICYeHHSI U AOTIOJTHUTEIBHBIX OMOIMOTEK Ha
JoMalHui/padounii komibtotep. [IpoBepuTh PYHKIIMOHATBHOCTh HHTEPAKTUBHON CPEJIbl HCIIOTHEHHUS
kona Jupyter;

2. (20 6amnoB) Ilo mpennoxeHHON TeTpaake-IIa0IOHY MPOBEPUTH (YHKUIHOHAIBHOCTH OMONMHOTEK
Basemap, NetCDF4 u OpenCV;

3. (40 OammoB) Hcmomb3ysl TeTpajKy-IIaOlioH, 3aloNHUATH HeAOoCTaronme (parMeHThl Koja B
MPEUIOKEHHBIX 3a7adax 1 MPOBEPUTH KOPPEKTHOCTH UCTIOTHEHUEM.

4. (20 6amnoB) OGopMHUTH OTHYET O BBHIMOJHEHHBIX NMPOBEPKAX W 3aJaHHUSX B BHUIE TETpPauku (OTHON
WJIM HECKOJBKHX) Jupyter ¢ UCTIONb30BaHUEM STYEEK pa3METKH U ¢ mpuMeHenneM LaTeX;

JHomarHee 3ananue 1o teme «JInHelHas perpeccus U MPUHIMITEI MAITMHHOTO 00YYCHUS
Bec = 1.5



1. (50 6anmoB) Pemmth 3amauy oreHkw Oamia oOIIed OONAYHOCTH TO MPEIOKEHHBIM JIaHHBIM C
WCIOJIBb30BaHUEM MOJENIN JIMHEHHON perpeccuu. Peanmuzanusi JTUHEHHOM perpeccud MOXET OBITh
HalMcaHa ¢ UCHoIb30BaHueM Onbnmorexy Numpy. BapuaHTsl roTOBBIX peanu3annii Mojaenu (Hamp., 13
nakeTa scikit-learn) B 3ToM 3aaHNK UCTIONIB30BATh 3alpeLIaeTCs.

2. (OnumonansHO, +30 0ayioB) pemuTh 3a7ady KiIacCU(pHUKAIMKA PYKONUCHBIX HUGp U3 Habopa
maHHeix MNIST Meromom perpeccHu € HCIONB30BAHMEM MOJENH OJHOCIONHOIO MeplenTpoHa.
Bapuantel roToBbIX peanu3anuii Mozxenu (Hamp., U3 nakera scikit-learn) B 3ToM 3aaHIM UCIIOIB30BATH
3amperaercs.

3. (20 OamnoB) Wcmonmb3yst TeTpaaKy-mabioH, 3aloONHUATh HENOCTAIONME YYacTKH Kojla B
NPEATIOKEHHBIX 3a/1a4aX BU3yaJlU3aliy TaHHBIX.

4. (30 6amnoB) IIpokoMMEHTHPOBaThH IMOJYYCHHBIE PE3YJIbTaThl B BUAE OTYETa, O(GOPMIIEHHOTO C
[IPUMEHEHUEM SYEEK PAa3METKU U ¢ ucnonb3zoBanueMm LaTeX.

JlomariiHee 3a1aHue 10 TeMe «3aaui KIACCU(PUKAIIMY U JIOTUCTHYECKAS PETPECCHSI»
Bec=1.0

1. (60 GamnoB) Pemmurth 3amady kmaccupuUKalvu ONTHYECKHX CHUMKOB HEOOCBOAA B OTHOIICHWUH
cocrosiHusl nucka CoJHIA € HCHONB30BAHMEM MOJEIH JIOTHCTHYECKOM perpeccun. Peanmzarms
JIOTUCTUYECKOM perpeccu MoXeT OBbIThb HalucaHa C WCIOJIb30BaHHEM OuOmMoTekd Numpy.
bubnuoreky scikit-learn u apyrue BapHaHTBl TOTOBBIX pealM3alliii MOJAEIH B JTOM 33JaHUH
UCIIOJIBb30BAaTh 3aMPEIIaeTCsl.

2. (OmnuuonanbHo, +40 0aymuioB) pemMTh 3a1ady OLEHKH Oajuia oOmieil o0JayHOCTH B IMOIAXOZE
KJIacCCU(UKALMK C HCIOJIB30BAHUEM MOJIEIH OIHOCIOHHOIO MepHentpoHa. BapuaHThl TOTOBBIX
peanuzauuii Mmozpenu (Harp., U3 nakera scikit-learn) B 3ToM 3a1aHUU HCIIONB30BATh 3aIPEIIACTCS.

3. (40 6amnoB) IIpokoMMEeHTHPOBaTh MOJYYEHHbIE PE3YJIbTaThl B BUAE OT4YETa, O(GOPMIIEHHOTO C
[IPUMEHEHUEM SYEEK PAa3METKU U ¢ ucrnonb3zoBanueMm LaTeX.

HomaiiHee 3aganue 1o reme «MeTos OIOPHBIX BEKTOPOBY
Bec = 1.5

1. (70 6amioB) Peann3oBaTh caMOCTOSTENILHO METOJ OMOPHBIX BEKTOPOB. PelUTh ¢ MOMOIIBIO ATOH
MOJIEJIN OAHY W3 MPEIIOKEHHBIX 3a/1a4 KI1acCU(UKALIIH:

OLIEHKH Oajuia oOIel 00JIaYHOCTH Ha CHUMKE HEOOCBOIA
ompezeneHus cocTosHus arcka CoiHIla Ha CHUMKE He0OCBOa
OTIpeIeNIeHNs PYKOIHCHBIX udp u3 Habopa naHHbEIX MNIST
OmHapHO KiTaccuuKayy Me30UKIOHOB FOX)HOTO TToyIapus

o a0 o

KJ1acCcU(hUKaLMU COCTOSHUM CTPaTOC(EepPHOro MOJISIPHOTO BUXPS

Bapuantel rotoBhIX peanmzanmii Moaenu SVM (mamp., u3 makera scikit-learn) B oTOM 3amaHUH
UCTIONIB30BaTh 3alpPeIaeTcs.

2. (OmumonanwsHo, +40 OamnoB) PemmThs 3amady kinaccupUKalMu PyKOMUCHBIX IUp U3 Habopa
naaabix MNIST ¢ npumenennem monenu SVM. Paspemaercs ucnons3oBate SVM ¢ saapom. B stom
3aJJaHUM  pa3pelaeTcss KCIOoIb30BaTh TOTOBBIE pealu3allMd  MOJENIW, HampuMep, Oubinnorexy
scikit-learn.

3. (30 6amnoB) IIpokoMMEHTHPOBATh MOJYYECHHbIE PE3YJIbTaThl B BUAE OT4YETa, O(QOPMIIGHHOTO C
[IPUMEHEHUEM SYEEK PAa3METKHU U ¢ ucrnonb3zoBanueMm LaTeX.

Homainee 3aganue 1o teme «/lepeBbs peleHnin

Bec = 0.5

1. (40 GannoB) Hcmonmb3ys TeTpaaKy-IIaOIOH, PEIINTh MNPENJIOKEHHBIE TEOPETHUYECKHE 3aJayM.
Odopmuth pemieHne B BHAE OT4YeTa, O(GOPMIICHHOTO € IPUMEHEHHEM S4YeeK pa3MeTKu U ¢
ucnons3oanuem LaTeX.

(60 6annoB) Pemuts 3anauy (Ha BEIOOD):

OIICHKH 0asita o01mel 00IaYHOCTH HAa CHUMKE HE0OCBO/Ia B TIOJXO/IE KIacCH(PUKAITTN
ompezeNeHus cocTossHus arcka CoiHIla Ha CHUMKE HeDOCBOIa B MOAXO0/E KiTacCu()UKAIHH
oTpeIeNIeHNs PYKOIHCHBIX up u3 Habopa naHHbEIX MNIST

OmHapHON KiTaccupuKayy Me30IUKIOHOB FOX)HOTO Ty Iapus

L S S i

KJ1acCcU(hUKaLMU COCTOSHUM CTPaTOC(epHOro MONISIPHOTO BUXPS



C HCHOJB30BAaHHMCM MCTOAAa pPCIIAOIIUX JACPCBLCB. HCCJ’IGI{OB&TB HOOJIyUYCHHYHO MOZACJIbL Ha
YYBCTBUTCIBHOCTh K 0COOEHHOCTSIM JaHHBIX. I/ICCHG,Z[OBaTB MOJC/Ib Ha YYBCTBUTCIBHOCTH K
SHAQUCHUAM TUIICPIIApaMETPOB. HaCTpOI/ITL TUurneprnapamMmeTpsl.

[IpokoMMeHTHPOBATh MOTYYEHHBIE PE3YJbTaThl B BHJE OTYETa, O(POPMIICHHOTO C IPUMEHEHHEM SYEEK
pa3MeTku U ¢ ucrionb3zoBanueM LaTeX.

Homarnee 3aganue no teme «Komnosumuu u ancamO6iim»

Bec = 0.8

(65 6annoB) Pemuts 3aauy (Ha BEIOOD):

OIleHKH Oauta o01iel 00JIauHOCTH HAa CHUMKE He0OCBO/Ia B TIOAXO0JIE KiTacCU(UKAIIH
ompeneneHus cocrosHus aucka CoaHIla Ha CHUMKe He00CBOIa B OAXO0/IE Kilaccu(pUKauu
oTpeJieNieHns] pyKOTMCHBIX 1udp n3 Habopa naHHbeix MNIST

/o o -

OMHapHOU KITacCU(pHUKAIIMYA ME30IMKIOHOB KOKHOTO moymapust

e. Kiaccu(UKaIluu COCTOSTHUM CTpaToc(epHOro MoJISIPHOTO BUXPS

C MCIIOJIb30BaHUEM OJTHOTO M3 KOMITO3MIIMOHHBIX METOIOB Ha 0a3e pelralonmumx JIepeBseB. VccnenoBars
MOJTYYEHHYI0 MOJeNIb Ha YYBCTBHTEJIBHOCTh K OCOOEHHOCTAM JaHHbIX. MccimemoBarh Monens Ha
qyBCTBUTEIILHOCTh K 3HAUCHUSIM TUIIEepIiapaMeTpoB. HacTpouTs runeprnapaMeTpsi.

2. (35 6amoB) IIpoKOMMEHTHPOBATh TOJNyYCHHBIC PE3YNIbTAaThl B BUJAE OTYETa, OPOPMIIEHHOTO C
[IPUMEHEHUEM SYEEK PAa3METKU U ¢ ucrnonb3zoBanueMm LaTeX.

Homaiunee 3aganue 1o teme «ICKyCCTBEHHBIE HEHPOHHBIE CET)

Bec =2.0

1. (65 GamnoB) PeanuzoBare camocTosiTeNIbHO MHOTOCHOMHBIA mepuentpon (MLP) c¢ oOyuenuem
METO/IOM 00paTHOTO pacipocTpaHeHus onmOku 1 L2-perymnsipuzanueii BecoB. C HCIIONb30BAHUEM ITOM
peanu3anuy pemuTh OJHY M3 MPEIJIOKEHHBIX 33/ad KiaccupUKaluu Wi perpeccud. Peanmszanus
MLP moxeT ObITh HalMcaHa C MCIOJIb30BaHUEM OHONMMOTekH Numpy WIH JAPYTHX HHU3KOYPOBHEBBIX
MareMarnyeckux OuOnnoTek. BapmaHTHI rOTOBBIX pealin3aliii MOAEIH U €€ KOMIOHEHT (Hamp., W3
nakeToB keras, tensorflow, pytorch etc.) B 3ToM 3ajaHuM UCTIONIB30BaTh 3aMpeniaeTcs.

2. (35 6amoB) IIpOKOMMEHTHPOBATh IOJyYCHHBIE PE3YJbTaThl B BUAE OTYETa, OQOPMIIEHHOTO C
MIPUMEHEHHNEM SIUEEK Pa3METKH U ¢ ucrnonb3oBanueMm LaTeX.

HomamHee 3aganue mo teme « TexHnueckue cpeacTBa KOHCTpyrupoBanus U o0yuenust MTHC»

Bec = 0.7

1. (60 GamnoB) PemuTh OmHY W3 MNpeIOKEHHBIX 3a1ad KiacCU()UKAUM HIM PErPeccHH C
npumenenreM MLP. HccienoBath Mopenb Ha UYyBCTBHTENBHOCTH K OCOOCHHOCTSIM —JIAHHBIX.
UccnenoBarb Mojenb Ha 4YyBCTBUTENIBHOCTh K 3HAUYCHHUSIM runeprnapaMmerpoB. ONTUMH3UPOBATh
runepnapamerpsl. B aTom 3aganum paspeniaercsi UCIOIb30BaTh ONOIMOTEKN MOCTPOCHHS M 00ydeHHS
HHC.

2. (40 6amnoB) IIpokoMMEHTHPOBaTH IMOJYYCHHBIE PE3YJbTaThl B BUAE OTYETa, O(GOPMIIEHHOTO C
MIPUMEHEHUEM SYEEK PAa3METKU U ¢ ucrnonb3zoBanueMm LaTeX.

JomarnHee 3aganue mo TeMe «CBepTOUHbIE HEMPOHHBIE CETH

Bec=1.3

1. (30 OGamnoB) Ha 6a3e mnpemiokeHHOW TeTpaJKH-IIa0IOHA BBHITIONHUTL 3a/IaHUE, 3arlOJHUB
HEJIOCTAIOIINE YIACTKH KOJIa:

a. CaMOCTOSATEIIFHO Peain30BaTh ONEPAINIO TUCKPETHOW CBEPTKH;

b. nopoOparh siipa  CBEPTKH, BBHINOJHSIOIIME ONEpalMy JAETEKTOpa TPaHUI], IOBBILICHUS
KOHTPAaCTHOCTH HW300pakeHHss © 1pod. [IpoBeputh (PyHKIMOHANIBHOCT, Ha IPOU3BOJIBHOM
H300paKeHNH;

2. (50 6annoB) PeannzoBarh CBEPTOUHYIO HEHPOHHYIO CETh OJJHOW M3 MPE/UIOKEHHBIX apXUTEKTyp. C
NPUMEHEHHEM PeaIn30BaHHOMN CETH PEUINTh OHY U3 MPEUIOKESHHBIX 3a/1a4:

a. oueHka Oamna oOmed o0Ma4HOCTH TO NIMPOKOYTONBHBIM ONTHUYECKUM CHUMKAM BHJIUMOU
noinycdepsl HebocBozma. JlomyckaeTcs pelmieHHe B TOIXOAE  KiacCH(UKAIMU, PEerpeccuw,
YIOPSAI0UYECHHON PErpeccun u mpod.

b. ompenenenue coctosiHus aucka CoiHIA MO IIUPOKOYTOJIBHBIM ONTHYECKHMM CHHMKaM BUIUMOM
noirycdepsl HeOOCBOAA,



C. I(J'IaCCI/I(bI/IKaLII/I}I I AOCTCKTUPOBAHUC TIOJIAPHBIX Me30MacCIITa0HBIX OUKJIOHOB II0 JaHHBIM
CITYTHHUKOBBIX MO3auK B I/IH(l)paKpaCHOM 1 MUKPOBOJIHOBOM JHAIIa30Hax;

d. cermeHTaus pyKOMHMCHBIX U(PP B CAHTETUYECKH MMOPOXKICHHBIX H300paKEHUSX HAa OCHOBE Habopa
magaeix MNIST.

3. (20 6amnoB) IIpokoMMeHTHPOBaTh MOMYYCHHBIC PE3YJbTaThl B BUJE OTYETa, O(GOPMIIEHHOTO C
MpPUMEHEHHEM STUeeK Pa3METKH U ¢ ucronab3oBanneM LaTeX.

Jomarninee 3aganue 1o teme «PekyppeHTHbIe HeHPOHHBIC CETHY

Bec = 0.7

1. (70 6amnoB) C nmpuMeHEHUEM PEKypPEHTHBIX HEHPOHHBIX CETEeH PEIIUTh OTHY M3 MPEIOKESHHBIX
3ajad:

a. oleHka Oamna oOmed o00MaYHOCTH MO NIMPOKOYTONBHBIM ONTHUYECKUM CHUMKAM BHJIUMOU
noycdepsl HeOOCBOA C YIETOM BPEMEHHOTO PsiZia CHUMKOB;

b. ompenenenue coctosHus aucka CoJHIA 1O IMUPOKOYTOJEHBIM ONTHYECKHMM CHHMKaM BUIUMOMN
nonycdepsl HeOOCBOAA C YIETOM BPEMEHHOTO PsiJia CHUMKOB;

C. TPOTHO3 TOTOKOB MPUXOASAIICH KOPOTKOBOJHOBOI W JJIMHHOBOJIHOBOW pajJuallMy HAJ OKEAaHOM C
3a7aHHON 3a0J1arOBPEMEHHOCTBI0 Ha OCHOBAHMH JIAHHBIX INUPOKOYTOJNBHBIX ONTHYECKUX CHUMKOB
BUIMMOH TToirycepbl HeOOCBO/IA C YYETOM BPEMEHHOTO psijla CHUMKOB.

2. (30 6amnoB) IIpokoMMEHTHPOBaThH IMOJYYCHHBIE PE3YJbTaThl B BUAE OTYETa, O(GOPMIIEHHOTO C
[IPUMEHEHUEM SYEEK PA3METKU U ¢ ucrnonb3zoBanueMm LaTeX.

JlomariiHee 3aj1aHue 10 TeMe «3aqaqu TUIa «o0ydeHre 6e3 yuauTens
Bec =2.0

1. (40 6anno) Ucnonb3yst TeTpaaky-mabdioH, 3aMoIHUTh HeJocTatonye GparMeHTsl IporpaMMHOTO
KOJIa JIJIsl BBITTOJTHEHUS TPAKTUYECKUX 3aaHUI:

a. CaMOCTOsTEeNIbHAs pealii3alrsi METOJa IIABHBIX KOMIIOHEHT Ha IPEJIOKEHHBIX CHHTETHYECKUX
JaHHBIX WIN PEaJbHBIX YKCIECAUIMOHHBIX JaHHBIX;

b. BH3yanu3anus JaHHBIX B [IABHBIX KOMIIOHEHTaX

c. nmpumeHenue meroza t-SNE juis BU3yanu3auuu JaHHbIX;

d. npumenenue camooOyuaronuxcsi Kapt KoxoHeHa J1si BU3yalln3anuy JaHHBIX

2. (25 OamnoB) PeanuzoBaTh OOWH W3 BapUAHTOB HEHWPOCETEBOTO AaBTOKOAUPOBIIMKA C
UCIIONIb30BaHHEM BBICOKOYPOBHEBBIX OMOIMoTeK KoHCTpyupoBanus u ooyuenus MHC. C npumenennem
ABTOKOAMPOBLIMKA UCCIEA0BATh OJUH U3 HAOOPOB AaHHBIX, IPEIJIOKEHHBIX HA BBIOOD:

a. JaHHbIe pyKonucHbIX udpp MNIST;

b. mmpokoyroiabHbIE CHUMKH BUAUMOM nonychepsl HeO0CBOAA;

c. TeopU3UIECKHE MOJIsl, ONUCHIBAIOIINE COCTOSHUE CTPATOC(EPHOTrO MOIAPHOTO BUXPS;

3. (25 6annoB) Pemmts 3amauy kinacrepuzanuy (OMIUOHAIBHO C IPUMEHEHHEM aBTOKOAMPOBILIUKA, CM.
3ajaHue 2) B OHOM M3 3a]1a4, MPeJIOKEHHBIX Ha BBIOOP:

a. PyKOMUCHBIX IUdp n3 Habopa ganHbx MNIST;

b. kmacTepu3zanus MIMPOKOYTOIBHBIX ONTHYECKHNX CHUMKOB BUJMMOM Nomycdepsl HeO0CBOAA;

C. KJIAaCTEPH3aLMUs COCTOSHUM CTPAaTOCHEPHOTo HOISIPHOTO BUXPS;

d.  kmacrepuzanus KpPyHHOMACIITAaOHBIX YCIOBUI LUPKYISLUU aTMOC(Ephl, COMPOBOXKAAIOIINX
3apOoKIEHHUE MOJSIPHOTO ME30MAaCIITA0HOTO IIMKIIOHA.

4. (10 6annoB) IIpokoMMEHTHPOBaTH IMOJYYCHHBIE PE3YJIbTaThl B BUAE OTYETa, O(GOPMIIEHHOTO C
MPUMEHEHUEM SYEEK PAa3METKHU U ¢ ucrnonb3zoBanneMm LaTeX.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[lpomexyToynast — arrecranmss 1o jaucuuiuimHe  «MammHHOe — OOydeHHME Al PEIIeHHUs
MCCIIeIOBATEIbCKAX M WH)KEHEPHBIX 33J1a4 B HayKaxX O 3eMiie» MPOBOAUTCS B (popMe 3auéTa B OCEHHEM
ceMecTpe ¥ B Buje quddepeHIIMpOBaHHOTO 3a4éTa (YCTHOTO) B BECEHHEM.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

JUns mpakTUYecKuX 3ajaHuil Aud(epeHnHpoBaHHOTO 3adyeTa IOJATOTOBIEHBI CIEAYIOIHE HaOOpHI
JaHHBIX:



. IIMPOKOYTOJIbHBIE CHUMKHM BHIUMOI monycdepsl HeOocBoma ¢ 3apaHee pPacCUYMTaHHBIMH
CTaTHCTHYECKUMH XapaKTEPUCTHKAMH, OHOBPEMEHHBIMH ITOKAa3aHUSMH HAOIIOAATENs] OTHOCUTEIBHO
BU3yaJbHO OIICHUBAEMBIX METEOPOITHMUECKUX XapaKTEPUCTHK, a TaKXKe OJHOBPEMEHHBIMH
MOKa3aHUsIMU paauoMeTpoB. [lo 1maHHBIM, COOpaHHBIM aBTOPOM Kypca B psie OKCICIUIHUH B
AtnantudeckoM u MHauiickoM okeaHax;

* JaHHBIE reO(QHU3MUYECKUX IOJEH, ONUCHIBAIONINE COCTOSIHUE CTPATOC(epHOro MOJSPHOTO BUXPS B
suMHMN nnepuoy. 1o nanaeM peananuza JRA-55 ¢ 1959r. no H.B.

* JaHHbIC Teo(pU3MUECKUX TIONeH U CITyTHUKOBBIX Mo3auk (npenocraBienbl AMSRC, USA) KOxHoro
NOJNyIIapusi C YaCTUYHOM pa3METKOW, Kacarolleics BpPEMEHH, pACHOIOKEHUS M pa3MepoB
Me30MacIITa0HbIX IUKIOHOB KOXHOTO OKeaHa;

* TyOJIMYHO JOCTYIHBIH HAOOp JaHHBIX pyKOMHCHBIX idp MNIST.

DK3AMEHALIMOHHBIN BUJIET Ne 1

1. Teopus: MamuaHOe 00y4eHNE W MCKYCCTBEHHBIH MHTEJUIEKT: OCHOBHBIC MOHSTHS, ONPEACICHHUS,
OCHOBHBbIE HcTOpHUeckrue coObiThsi. CoOBpeMeHHBbIE JOCTHXEHHs B mnpwiokeHmsx MO u UMN.
Cospemennsie gocutkenus MO u U B reodusuke.

2. IlpaxTuka: Peanuzanusi MOHMKAIOLUIETO HEHPOCETEBOrO aBTOKOAMPOBIIMKA. OOyueHHe Ha JaHHBIX
MNIST. Buzyanuzarusi CKpbITHIX IPEICTaBICHUN ¢ UCTIOIb30BaHNEM t-SNE.
DK3AMEHAILIMOHHBIN BUJIET Ne 2

1. Teopus: Knaccudukamnus 3agqaa MO ¢ npumepamu 3aiad reopu3uKH.

2. Ilpaktuka: Pemenue 3amaum kinaccupuKaluv PyKONMCHBIX Lu(p u3 Habopa ganHbix MNIST
METOJIOM OIIOPHBIX BEKTOPOB (OIIMOHAJIBHO) C IpeIBAPUTEIbHBIM OOydYeHHEM HEHpPOCEeTEeBOro
reHeparopa MNpU3HaKoB C IPUMEHEHUEM TOHMKAIOIIETO aBTOKOJUPOBIIHKA.

SK3AMEHALIMOHHbIN BUJIET Ne 3

1.  Teopus: JluneilHas perpeccuss Kak CTaTUCTHYeCKas Mojenb. JIMHeEHHas perpeccus Kak
OJJHOCJIOMHBIN IEPLENTPOH.

2. Ilpakruka: Knacrepusamnus JaHHBIX - Ha BEIOOP U3 IPEUIOKEHHBIX BapuaHTOB. Bribop merona — Ha
BBIOOD CTyIEHTA.

SK3AMEHALIMOHHBIN BUJIET Ne 4

1. Teopusa: IlpunHuunel MammHHOTO oOydeHusi. OOmias cxema pemieHusl 3aJad OOydeHHus: 1o
IIpeLeACHTaM.

2. Ilpakruka: [ToctaHOBKa M pemieHHe 3a1auyl Kiaccu(HUKALUK M0 IpeiaraéMbiM HabopaM JaHHBIX.
Br16op Habopa gaHHBIX 1 METO/a — HA BBIOOP CTYZEHTA.

SK3AMEHALIMOHHbIN BUJIET Ne 5

1. Teopus: Jloructuueckasi perpeccus Kak CTaTUCTHUEcKas Mozenb. Jlornctuueckas perpeccus Kak
OJJHOCJIOMHBIN IEPLENTPOH.

2. Ilpaktuka: Knaccuduxamust coCTOSHHM CTparoc(epHOro MONSPHOTO BHUXPS C HPUMEHEHHEM
CBEPTOYHOM HEHPOHHOH ceTH.

SK3AMEHALIMOHHBIN BUJIET Ne 6

1. Teopusa: Meroast ontummuzauuyd B MO. Jlanamadrt ¢pyHkunm noreps. MeToasl IepBoro # BTOPOro
HOPSAAKOB.

2. llpakrtuka: HMccnenoBanue u BU3yalIM3alllds XapaKTEPUCTUK CTaTUCTUUYECKUX IHPU3HAKOB JAHHBIX
LIMPOKOYTOJIBHBIX CHUMKOB BUANMOM Moychepsl HeOoCBOAA.

SK3AMEHAILIMOHHbIN BUJIET Ne 7

1. Teopus: IlepeoOyuenne u HemooOydenue wmopeneir MO. Cwmemenme u pasdpoc. [lomxombr
OanaHCHpOBaHUsI CMEUICHHS U pazopoca.

2. IlpaxTuka: Busyanuszanus JaHHBIX, OMMCBHIBAIOIINX COCTOSHUE CTPATOC(EpPHOro MOISPHOTO BUXPS,
¢ npumenenueM t-SNE u camoopranmsyrommxcs kapt KoxoneHa.

SK3AMEHALIMOHHBIN BUJIET Ne 8

1. Teopusi: MeTon OHOpHBIX BEKTOPOB. MeTOn OMOPHBIX BEKTOPOB C SAPOM. MeETol ONOPHBIX
BEKTOPOB KaK JIBYCJIOHHBIN IEPLENTPOH.

2. Ilpakruka: I[ToctaHOBKa M pemieHHe 3a1auyl Kiaccu(HUKALUK M0 IpeIaraéMbiM HabopaM JaHHBIX.
Bribop HaGopa nmaHHBIX M MeToma — Ha BbIOOp cryreHTa. (ONLUMOHAIBHO) C TMpenBapUTEIbHBIM
o0yueHHeM HEHpOCEeTeBOro IeHepaTopa MPHU3HAKOB C MPUMEHEHHEM IOHMKAIOUIETO BapHALMOHHOTO
ABTOKOAMPOBIIMKA.

SK3AMEHALIMOHHBIN BUJIET Ne 9

1. Teopus: [lepeBps pemennii. KOMIO3UIIMOHHBIE AITOPUTMBI HA OCHOBE JIEPEBBEB PEIICHUN.



2. Ilpakruka: [TocTaHOBKa M pelIeHUE 3aa4ll KJIACTEPU3AIMH IO MpeiaraeMbiM HabopaMm JaHHBIX.
Breibop HaOopa maHHBIX W MeTola — Ha BBIOOp CTylAeHTa. Buiyanmzanusi pe3ynbTaroB (MpH
HEOOXOAMMOCTH) C IPUMEHEHUEM METOJIOB COKPAIIICHUS pa3MEPHOCTH.

BK3AMEHALIMOHHBIN BUJIET Ne 10

1. Teopus: HckyccTBeHHBbIE HEMpoHHBIE ceTH. MaTtemarndeckas MOJENb MCKYCCTBEHHOTO HelpoHa.
OnHocnoiHbIi nepuentpoH. Muorocnolineid nepuentpon. O6yuenne MHC meromom obOparHoro
pacnpoctpaHenus omuoku. O6obmaromas cnocoOHOCTh U MeToIbI peryispusaru MHC.

2. Ilpaxruka: [TocraHOBKa W peUIeHWE 3ajJaud OLEHKH Oayia oOImieil OONaYyHOCTH IO JaHHBIM
IIMPOKOYTOIBHBIX ONTUYECKUX CHUMKOB BHIMMOI noiycgepsl HebocBona. MeTo — KOMITO3UIIMOHHBIN
Ha 0ase JepeBbEB PEIICHUH, Ha BBIOOP.

SK3AMEHALIMOHHBIN BUJIET Ne 11

3. Teopus: Caeprounsie HelipoHHble ceTu. llpunnumel, nexamme B ocHoBe CHC. Omeparus
JMCKPETHON ofHOMepHON U AByMepHoH cBepTku. OcHoBHBIE 610k CHC. CoBpeMeHHbIE apXUTEKTYPbI
CHC. 3agaumn, pemaemsie ¢ npumeneauem CHC.

4. [Ilpaxrtuka: HMccienoBaHue cuHTETHUECKOro Habopa naHHbIX. llocTaHOBKa M pelIeHHe 3aaadu
KJIaCTepU3allMd Ha 3TOM Habope NaHHBIX. AHAIN3 PEIIEHHs M CBOWCTB MOJNydyeHHOW Mozaenu. Bua
MOJIEJIN — Ha BBIOOP CTYIEHTA.

BK3AMEHALIMOHHbIN BUJIET Ne 12

5. Teopust: 3amada cokpalieHusi pa3MEpHOCTH. MeToJ IJIaBHBIX KOMIIOHEHT KakK CTaTHCTHYECKas
Mojenb. CamooOyyaromuecs: kapTel Koxonena. [ToHmkaronmii HelpoceTeBoi aBTOKOMPOBIIHUK.

6. Ilpaktuka: IlocraHoBka M pemieHHE 3aJaud KiIacCU(UKAIMM HA CHHTETHYECKHX JAaHHBIX C
M3BECTHBIMHU CBOMCTBaMH. AHAJIN3 peUIeHUS M CBOICTB MONXy4YeHHOW Mojend. Buj momenu —
MHOTOCJIOMHBIN EPIEOTPOH.

SK3AMEHALIMOHHBIN BUJIET Ne 13

7. Teopusi: 3agmaya knactepuzanud. Buapl MeronoB kiactepu3auuud. OTOenbHBIE METOIBI
KJIaCTEpPU3aLUH.

8. Ilpaxtuka: [TocTaHOBKA M pelIEHUE 3a7]a4ul BOCCTAHOBIICHUS PETPECCUU HAa CUHTETHUYECKHUX JaHHBIX
C W3BECTHBIMH CBOICTBaMH. AHalHM3 peIIeHHs W CBOWCTB NOJy4YeHHOW Momenu. Bua momenm —
MHOTOCJIOMHBIN NEPIEOTPOH.

Kputepun onennBanus
OLICHKA «OTJINYHO (10)» BBICTaBIISIETCS CTYZICHTY, MTOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, NIyOOKHE 3HAHMA Y4eOHOW NPOrpaMMBbl JUCLUIUIMHBI TPH  BBINOJIHEHUN
KypCOBOH PabOThI, AOMAIIHUX 3aJaHHid, OTBETE 3K3aMEHALMOHHOTO OMJIETa U OTBETE Ha BOIPOCHI IO
[IporpaMme JUCLMITIMHBI;

oLeHKa «OoTIHYHO (9)» BBICTABISIETCS CTYOCHTY, IOKa3aBILIEMY CHUCTEMAaTH3HPOBAHHBIE, TIIyOOKHE
3HaHMA Y4eOHOM IporpaMMbl AUCIUILIMHEI IIPH BBIIIOJIHEHHH KYPCOBOH pabOThI, JOMAIIHUX 3aaHUH,
OTBETE DK3aMEHAIIMOHHOTO OMJIeTa U OTBETE Ha BOIIPOCHI MO MIPOrpaMMe JUCLUILIMHEI,

OLICHKA «OTAMYHO (8)» BBICTABISIETCS CTYAEHTY, IOKAa3aBIIEMYy CHCTEMAaTH3HMPOBAHHbIC, 3HAHMA
y4eOHON MpOrpaMMbl JUCUUIUIMHBI TP BBIMOJIHEHUH KypCOBOH paOOThI, TOMAIIHUX 3aJlaHUH, OTBETE
9K3aMEHAIIMOHHOTO OMIeTa U OTBETE Ha BOIPOCHI 110 IPOTrpaMMe JUCHUIIIHHEL,

OLIEHKA «XOpoIo (7)» BBICTABIAETCS CTYIEHTY, €CJIM OH TBEpAO 3HAET Marephall K3aMEHAIIMOHHOTO
Ousera, rpaMOTHO U MO CYIIECTBY HM3JaraeT €ro, JAEMOHCTPHPYET YMEHHE NPUMEHATH MOJIY4YCHHBIC
3HAHMWA HA MPAKTUKE NPU BBINOJIHEHHHM KypCOBOW paldOTHl M JOMAIIHUX 3aJaHUi, HO JOIYCKaeT B
OTBETE WJIH B PEILICHUH 3a]a4 HEKOTOPbIE HETOUHOCTH;

OIIEHKa «XOpoIIo (6)» BBICTABISAETCS CTYIEHTY, €CIM OH 3HAaeT Marepuas dK3aMEHAI[MOHHOTO OuieTa,
10 CYIIECTBY M3JIaraeT €ro, IeMOHCTPHUPYET YMEHHE MPUMEHATH NIOTyUYeHHbIE 3HAHHS Ha MPAKTUKE MIPH
BBITIOJTHEHUU KYPCOBOW pa0OTHI M JIOMAIITHUX 33/IaHH, HO JOMYCKAET B OTBETE WJIM B PEIICHUU 3a/1a4
MHOTO HETOYHOCTEH;

OLIEHKa «XOpOILO (5)» BBICTABISETCS CTYACHTY, €CIIM OH 3HACT MaTepHall IK3aMEHALMOHHOTO OHMJeTa,
U3JIaraeT ero, IEMOHCTPUPYET YMEHUE IPUMEHSATH [10JIy4YE€HHbIE 3HAaHVsI HAa IPAKTUKE IIPU BBIIIOJHEHUN
KypCOBOH pabOTHI M IOMAIIHUX 3a/IaHUH, HE IOMYCKAeT B OTBETE rPyObIX OLIHOOK;



OLICHKA «YJIOBJIETBOPHUTEIBHO (4)» BBICTABISIETCS CTYACHTY, €CIIM BO BpeMs OTBETa IK3aMEHAIIMOHHOTO
Ousnera, MpU BBHIIOJIHEHUH KypcoBOM pa®OThl M JOMAIIHUX 3aJaHUN OH MOKa3ayl (parMeHTapHBIMH,
XapakTep 3HAHWH, HEAOCTATOYHO MpPABWIbHBIC (OPMYIUPOBKM 0A30BBIX HOHATHUH, HO NMPH TOM OH
BJIaJIe€T OCHOBHBIMHU pa3ieliaMy y4eOHOM MporpaMmbl, HEOOXOAMMBIMHU IS AalIbHEHIIEro 00yYeHHs;

OLICHKA «Y/IOBJIETBOPUTENHHO (3)» BBICTABISIETCS CTYACHTY, €CIIM BO BpeMs OTBETA IK3aMEHAIIMOHHOTO
Ounera, NpU BBIIOJIHEHWH KypCOBOW pabOTHl M JAOMAIIHMX 3aJaHUil OH IOKa3ajl pa3pO3HEHHBIN
XapakTep 3HAHUM, HEZOCTATOYHO IPaBHJIbHbIE (OPMYIUPOBKM O0a30BBIX MOHSATHUH, HapylleHHE
JIOTUYECKON IMOCIE0BATEILHOCTH B M3JIOKEHUU MPOrPaMMHOTO MaTepHalia, HO IIPU 3TOM OH BIIAJEET
OCHOBHBIMHU pa3zieiaMu y4eOHOH MporpaMmbl, HEOOXOAUMBIMHU AJIsl JaJIbHEHIIEro 00y4eHns: 1 MOXKET
MPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3ly B CTAHJAPTHON CUTYyalluy;

OLICHKA «HEYIOBIETBOPUTENHHO (2-1)» BBICTAaBISETCS CTYAEHTY, €CIIM BO BpeMs OTBeTa
9K3aMEHAIIMOHHOTO OHJeTa, OH IOKa3aJ, YTO HEe 3HaeT OoJblIeld YacTH OCHOBHOTO COJEp KaHHS
y4eOHOH NpOorpaMMbl JUCHMIUIMHBI, JOIyCKaeT TpyOble OMmMOKH B (GOPMYIHUPOBKAX OCHOBHBIX
HNOHATUN IUCLMIUIMHBI U HE YMEET HUCIOJIb30BaTh IOJIYYECHHbIE 3HAHMWs IIPU PELICHUH THUIIOBBIX
MPAaKTUYECKUX 3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

OueHka 3a NPOMEXYTOUHYIO aTTECTALMIO B BUJAE 3a4€Ta BBICTABISIETCS MO Pe3yJabTaTaM TEKYIIEro
KOHTPOJIS yCIIEBAeMOCTH.

ITpu mpoBenennu yctHoro auddepenpoBaHHoro 3auéra odyyaromemycs npenocrasisercs 60 MUHYT
Ha moAroToBKy. Ompoc oOydaromerocst mo OWeTy He IOJDKeH MPEBBINIATh JIBYX aCTPOHOMHYECKUX
9acoB.

Bo Bpems mnpoBeneHus IU(GPepeHIUPOBAHHOIO 3a4éTa NPU IOATOTOBKE OTBETOB Ha OWIICTHI,
oOyuaromuecs: MOTYT IOJb30BaThCsl MPOrpaMMOM JUCLUIUIMHBI, KOHCIEKTaMH M Jr000# Jpyroit
JIUTEPaTypou.

Bo Bpems mpoBenenus auddepeHnrpoBaHHOrO 3au€Ta MpU OTBETE OOYYArOMIErocsi Ha BOIPOCHI IO
OWiIeTy WM 1O MporpamMMe TUCHUIUTMHBI, OH HE MOXKET IT0JIb30BaThCsl KOHCIIEKTAMU U JII000H Apyroi
JINTEPATYpPOM.



