degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

0 TUCHUILINHE: Brenenne B MamuHHOE 00yUeHUE
M0 HANPABJIEHUIO: [puknagHpie MaTeMaTHKa U (HU3NKa
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
®usrex-KJIacTep akaJIeMUYECKON U HAyYHON Kapbhepbl

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMbI IPOMEXKYTOUHOM arTecTanuu: 1 (ocenuuit) - JluddepeHpoBanHbiii 3a4eT

AynuTOpPHBIX YacoB: 45 BCero, B TOM YHCIIE:
nexuuu: 30 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: @./1. PatHuKkoB, KaHJ. QU3.-MarT. HAYK

[Iporpamma obcyxnena Ha 3aceqannn Ousrex-kiacTepa akageMHUuecKkor 1 HayqHol Kapeepbl 29.05.2020



AHHOTANMA

Mertonpl MamiMHHOTO OOY4YeHHsS TPOYHO BOLUIM B HAOOp HMHCTPYMEHTOB COBPEMEHHOTO (pH3MUecKoro
uccienoBanus. Kiaccmpukanuym THUIIOB HCCIEAYEeMBIX OOBEKTOB, MHOTOMEpHas perpeccusi, ObIcTpoe
000011IeHne TeHEPaTUBHBIX MOJIeell, MOHUTOPHHT KauecTBa JNAaHHBIX, MOWCK (U3NYECKHX W TEXHHUYECKHX
AHOMAJUil - HENOJHBIA TEPEeYeHb MPUIOKECHHA ITHUX METOJOB JUIsl TONYYCHHS (PU3UUECKUX PE3yIbTaTOB
BBICOUalIIero KadecTBa. B Kypce OyJayT paccCMOTpeHbI Oa3MCHBIC MPHHIUIBI ¥ METOAWKH MAIIWHHOTO
oOyueHus: 00001IeHHBIE MOoJed. THUTIOBBIE 3a/1auu; KiTacCu(PHUKAIs, perpecCusi, TONCK aHOMAJIHiA B JaHHBIX,
TPEHUPOBKA TCHEPATUBHBIX MOJIEJICH, aHAIN3 W300paKEeHHH, TOUCK ONTHMAIBHOTO YIpPaBJICHUS U Jp. OyayT
pPaccMOTpEHBI Ha MIPUMEPAX KOHKPETHBIX MMPUMEHEHHH B SACPHON (U3NKe U (PU3MKE BHICOKHUX dHEPruil. bymyT
MIPENCTaBIEHBI MOIXOAbI K PEIICHUIO0 33/1a4 C HCIIOJIb30BAHUEM JETEPMUHUCTHYECKUX M BEPOSTHOCTHBIX
METOJIOB, C HCIIOJIb30BAHHEM PENIAIINX JCPEBbEB, aHcaMOel, HeHpPOHHBIX ceTel. B xome ceMmHapcKux
3aHATUH U BBIONHEHHUS CAMOCTOSTENBHBIX pabOT CTYASHTHI HE TOJNBKO HM3y4yaT NpPUMEpPhl NPUMEHEHHS
METOJIOB MAIIIMHHOTO OOYYEeHHS K KOHKPETHBIM 3ajJadaM (PU3NYECKUX WCCIEAOBaHUNA, HO W HAydaTbCs
CO3HATENILHO BHIOMpATh HambOoyiee TOAXOAANIMA IO 3aJady TMOJXO0J, IOJIydaT NPAKTHUYECKUH HaBBIK
HacTpauBaHUS U ONTUMU3ALUU MOJICIICH, a TAKKE KOTMUYECTBEHHBIX OI[CHOK BIUSHUS UCIOJIB3YyEMbIX METOJIOB
Ha TOYHOCTh MOTYYaeMbIX (PU3UUECKHUX PE3yIbTATOB.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

00€CIIeYNTh BBCACHUC cnymaTeneﬁ B MMPpEAMCT MATCMATUYICCKOTr0 MOACIUPOBAHNA C HUCIIOJIB30BAHUCM
MCTOA0B MAalIWMHHOI'O 06y11eH1/1;[, IMOJIYYCHUC UMU NPAKTUUCCKUX HABLIKOB B 001aCTH MCTOJIB30BaHMS
METOA0OB MAIlIMHHOTO 06yquH${ JJI1 pCHICHUA pa3JIMYHbIX 3a4a4v.

33]13‘11/[ JAUCHUIIINHBI
* (O3HakoOMJICHHE C OCHOBAMU COBPCMCHHBIX IMOAXOA0B MAIlIMHHOTO 06yquH$[
° HOJ'IyLIeHI/Iﬂ TCOPCTUYUCCKUX U MPAKTUYCCKUX HABBIKOB PCUICHUA TUIIMYHBIX 3a1a4

° I/I3y‘I€HI/Ie CHGHI/I(I)I/ILIGCKI/IX ACIICKTOB HMCIIOJIB30BaHUA MalllMHHOI'O 06y‘leHI/I$I B HAYYHBIX
HUCCICOOBaHUAX

* [lony4eHue HaBBIKOB MMPAKTUUECKON pabOThI C MPOTPAMMHBIMU OHOIMOTEKAMHU CPEICTB MAIIMHHOTO
oOyueHus

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananuzupyet npoOJIEeMHYIO CUTYaLHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymiecTBisier TIOMCK BapHaHTOB  pELICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTeruto JOCTHKEHUS
[IOCTABJICHHON 1eJIM Kak I10CJIE0BaTeIbHOCTh IIaroB,
NpEeNBHUIA PE3YNbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE  HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUpyeMOI
JEATEIBHOCTH W Ha B3aUMOOTHOIIEHHUS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

YK-2.2 Crnocoben MIPOrHO3UPOBAThH pe3ynbTar
JEATEIbHOCTH U IUIAHUPOBATh MOCIIEA0BATEIIFHOCTh LIaroB
s AOCTIDKCHUS JaHHOro  pesynbrarta. Dopmupyer
VK-2 CriocoGeH ynpasiisiTh IPOEKTOM Ha BceX |IUIaH-TPaQUK peanus3alud TMPOEKTa B LEJIOM W IUIAH
dTamnax ero peajn3aluu KOHTPOJISI €T0 BBITTOTHEHUS

VYK-2.3 CniocobeH opranu3oBaTh 1 KOOPAMHUPOBATH paboTy
YYaCTHUKOB IpOeKTa, obecreunBarh paboTy KOMaHIbI
HEOOXOAMMBIMHU pECYpCaMH

OIIK-1 Bnaneer cuctemoit pynnamentansabix |OIMK-1.3 [TornMaeT MeXAUCIUTUIMHAPHBIC CBSA3U B OOJIACTH
Hay4HBIX 3HAHUN B 00JIACTH MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
(bU3MKO-MaTeMaTHUECKUX HAYK peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH




OIIK-3 Cnioco6en BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, [JIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHuns

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPHU PEIICHUN HOBBIX 3a]ay, PUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAyKH (TEXHUKN)

OrpaHUYCHHS PA3IHYHBIX MCTOAOB PCIICHMS OIIK-3.3 BrmageeT aHAJIMTHYECKUMHA W BBIYUCIUTEILHBIMU

METO/IaMH PEIICHUs, TOHUMAET U YYHUTHIBACT HA MPAKTHKE
I'PaHUIIbl IPUMEHUMOCTH MOJIy4YaeMbIX PEeLIeHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIIOTE3BI, CTPOUTH
pemarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MareMaTHUeCKUe MOAEIM Ui  ONHCAaHUS — H3y4aeMbIX
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3padoTaHHOU
M3y4aeMbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBbIE HAYUYHbIE PE3yJIbTaThl

[IK-3.1 Ilonumaer npuHOUNBI pPabOThl HCHOIB3YEMOIO

K3 C 5 6 00opynoBaHUs (crierManu3upOBaHHBIX MIAKETOB
-3 Cnocob6eH npodeccrnoHanbHO paboTaTh ¢ NPUKITAHBIX TIPOTPAMM)
HCCJICAOBATEIbCKUM U UCTIBITATEIbHBIM

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

obopynoBaHueM (MpruOOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAaHHBIMH TTAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)

B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HAThb!
coziepKaHue npeaMera Kypca «BBeeHne B MalmmHHOE 00y4YeHHE», COOTBETCTBYIOIIYIO TEPMUHOIOTHIO
U TOHATHHHBIA ammapar. [loHMMare JIOTHKY pa3IMYHBIX [OAXOIOB MAIIMHHOTO OOy4YEeHUS B
NPUMEHEHHH K Pa3IMyYHBIM THIAM 3anad. VIMeTh mpeicraBieHHE O CHWIBHBIX M CIa0BIX CTOpOHAaX
Pa3IMYHBIX MTOAXOIOB, TPAHUIIBI IPUMEHUMOCTH.

YMETh:
NEePeBOANTh MPAKTUYECKHE 3a/auydl HAy4YHOTO MCCIIEAOBAHMSA HAa CTaHJAPTHBIM S3bIK MAIIMHHOIO
o0yueHHs, TIEPEBOAUTH IIOJNyYCHHBIC PE3YJbTaTbl O00paTHO B (PU3MYECCKHN KOHTEKCT W OLICHHBAThH
TOYHOCTB TIOJIy4aeMbIX PEe3yJIbTaTOB.

BIIAJICTh!
croco0aMy pelieHns] TUMWYHBIX 3aJad C HCIOJb30BAaHHEM CTaHJIAPTHBIX MPOTPAMMHBIX ITaKETOB
CPEICTB U Cpell MAIMHHOTO O0y4eHUs.

4. Conep:xanue TUCUMILTUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAM Y4eOHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 MammnHoe ~ oOydeHHe,  CTaTHCTHKA, 6 3 9
JIMHEHHbIE METOIBI PETPECCUH
JluneriHbie  MeTONBI  KiaccHU(UKAIUH,
2 Ocobennoctu paboOTBl € peallbHBIMU 6 3 9
naHHbIMH, PaboTa ¢ npu3zHakamu
3 Pemarormmue JIEpEBBA, Kommo3umun 6 3 9
aJITOPUTMOB




Hevponnsle cetu OOyuenue  0e3

4 p : Y 8 4 12
YUHUTES

5 IIponBHHYTHIC METOJMKH: FCHEPATUBHBIC 4 ) 6
MOJIEJIHN, ITOMCKA aHOMAJIMH B JaHHBIX

Wtoro wacos 30 15 45

IMoaroroBka K SK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue IUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)
1. MamunHHOe 00ydeHue, CTaTUCTUKA, JINHEHHBIE METO/IBI PErpeccun

Henens 1. Mcropus ananusa ganubix. [locraHoBKY 3a1a4 B MalIMHHOM OOYYEHHUU: KJIACCHU(HUKALINSA,
perpeccus, paHXUpOBaHUe, KiacTepus3alus, JIaTeHTHble Monenu. Ilpumepsl 3agay. Bunasl naHHbIX.
[IpuzHaku.

Henens 2. MeTton MakCHMaJbHOTO MPaBIONONOOMS M ero cBorcrBa. CTaTHCTUYECKUE THIIOTE3bI H
CTaTHCTHYECKUE KPUTEPUH.

Jlemma Hevimana-ITupcona. Kpurepuu oTHOIIEHUS TPaBAoNofo0us. AHATUTHYECKOE U YUCIEHHOE
pewenue 3agauu MHK.

Henens 3. I'pagneHTHBIN CIIyCK, METO/IbI OlleHMBaHuUs rpagueHTa. OyHkunu noreps. Perynspuszanusi.
Mertonpsl  oneHuBaHUS 0000INAOLIEH CIHOCOOHOCTH, Kpocc-Bajaumanus. MeTpukn KadecTBa
perpeccuu.

2. Jluneunsle mMetonsl Kiaccupukanuu, OcoOCHHOCTH PadOThl ¢ pealbHBIMH JaHHbIMH, Pabota c
NpU3HAKaMU

HGI[CJ'ISI 4. AHHpOKCI/IMaL{I/IH OMITUPUYICCKOI'0O prUCKa. HepCCHTpOH. MeTO,I[ OIIOPHBIX BECKTOPOB.

Henens 5. 3amaua orieHMBaHUS BEPOSTHOCTEH, JIoTUCTHYECKass perpeccusi. O000mEHHbIC THHEHHBIE
MoJIeNi. MeTprKH KauecTBa B 3a/1auax Kiaccu(pukanmu.

Henens 6. Ilpomycku B nansbix. [IpenoOpabortka mpusnakoB. Yuctka naHHbIX. KareropuanbHbie
MpU3HaKH. Pa3pexeHHbIe TPU3HAKY.

MCTO,I[LI 0T60pa IMPU3HAKOB. MCTO,I[ TJIaBHBIX KOMIIOHCHT.
3. Pemafonme ACPCBbA, KOMHO3I/II_II/II/I aAJITOpUTMOB

Henenst 7. OOmun adroputM mocTpoeHus, Kputepuu nH(opMatuBHOCTH. KOHKpeTHbIE KpUTEpuu
IUIS KJTacCU(DMKAIMU U PETPECCH.

Henenss 8. ToHkocTH pemaronmx JepeBbeB: 00paboTKa MPOMYIIEHHBIX 3HAYEHWH, CTPHKKA,
peryssipuzanusi.

Henens 9. O6was naes bias-variance decomposition. barrusnr, Oyctunr. I'pagueHTHBIM OyCTUHT HaJ
peLIaoNMHU 1ePEBbAMH.

4. Heuponnsle cetu, O0yueHue 6e3 yuuTens

Henens 10. Crpykrypa HeWponHoW cetu. OOpaTHOe pacmpocTpaHeHue omuOku. [lodmHOCBSI3HBIC
HEHPOHHBIE CETH.

Henens 11. Metonp! perynsipuzanun. [IpuMeps! apXxutekTyp Kak Ha0OpoB KyOUKOB.
Henens 12. Céprounsle ceT. PexyppeHTHEIE ceTu.
Hepnens 13. 3agaua knactepuzanuu. K-Means, spectral clustering. ABTOKOIUPOBIIUKH.

5. HpO,I[BI/IHYTBIG MCTOAUKU: TCHCPATUBHLIC MOACIIN, ITIOUCKA aHOMaJIhi B JaHHBIX




Henena 14. IlpuHnumsl mOCTpOEHUS TE€HEPATHBHBIX Mojeseil. BapuaTuBHbIE aBTOKOAMPOBIIMKH,
COCTSI3aTeNIbHbIE TEHEPATUBHBIE CETH, HOPMAJIU3YIOIINE TIOTOKH.

Henens 15. IlocTaHOBKA M ITOIXOABI K 3a/1ade ITOMCKA aHOMAaJINi B JJaHHBIX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOXMMO AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

CeMuHaphbl: cTyneHTaM HeOOXOANMbI BEIYHMCIUTEIbHbBIE CPECTBA C IPEAYyCTAHOBICHHBIM
MPOrpaMMHBIM 00ecTIedeHNEM

* Python — gacTh ycTanoBku Anaconda

* Jupyter - yacTb ycTaHOBKH Anaconda

* Scikit-learn - yacTe ycTanoBku Anaconda

* Pytorch

» Tensorflow

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Deep learning, Goodfellow, 1., Bengio, Y., ISBN: 9780262035613, 2016
2. Pattern recognition and machine learning, Bishop, C. M., ISBN: 9780387310732, 2006

JomnonHurensHas aureparypa

1. An introduction to statistical learning : with applications in R, James G., Witten D., ISBN:
978-1-461-47137-0, 2013

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

* https://www.deeplearningbook.org/ - Deep learning, Goodfellow, 1., Bengio

http://users.isr.ist.utl.pt/~wurmd/Livros/school/Bishop%20-%20Pattern%20Recognition%20And%20
Machine%?20Learning%20-%20Springer%20%202006.pdf - Pattern recognition and machine learning,
Bishop, C. M.

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o JMCuMILIMHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha neximoHHbBIX ¥ CEMUHAPCKUX 3aHATHIX UCTIONB3YIOTCS MYIBTUMEANITHBIE TEXHOIOTUH, BKITIOUAs
JIEMOHCTPALUIO MPE3CHTALIUM.

» Python — gacth ycTanoBku Anaconda

» Jupyter - yacTh ycTaHOBKM Anaconda

* Scikit-learn - yacTe ycTaHoBku Anaconda
* Pytorch

» Tensorflow

9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJEeTh OOIIMM IMOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCIICHUS PA3JIMYHBIX 3a1a4.

VYenenrHoe ocBoeHue Kypca Tpedyer:

— MOCEIICHHUS BCEX 3aHATHH, IPEAYCMOTPEHHBIX YYeOHBIM TJIAHOM 10 AUCLUILINHE;
— BeJICHHsI KOHCIIEKTA 3aHITHI;

— HanpspKEHHON CaMOCTOSATENILHONW PaOOTHI CTY/ICHTA.



CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:
— YTEHHE PEKOMEHI0BaHHOM JINTEPATYPBbI;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSTENBHOTO U3yUEHUS;

— MOJITOTOBKY YTOYHSIIOIIKUX BOIIPOCOB MO U3YUYEHHOMY Marepuainy;
— pelIeHUE 3a]a4 U 3aJaHUH, OpejIaracMbIX CTyACHTaM Ha 3aHSITUSX;

— MOJITOTOBKY K BBIMOJIHEHUIO 3aJJaHUM TPOMEKYTOUYHOM aTTeCTallUU.

[Tokazarenem BrnajieHHUss MaTepyaIoM CIIY)XKHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMam
JTUCITUIUIMHBI ¥ PEeIIaTh TUITHYHbIE 331a4H.

BaxxHO moOWTHCS TTOHMMAaHHUS W3y9aeMOTO MaTepualia, a He MEXaHWYECKOTO ero 3anoMuHaHus. [lpum
3aTPYJHCHUN W3YYCHHUsS OTJAEIbHBIX TEM, BOMPOCOB, CIEAYyeT OOpamaTrhCsi 3a KOHCYJABTAIUSMH K
MPEIoIaBaTeIIIo.

Bo3MoxxeH mpOMEKYTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

®dusrex-KiIacTep akaJIeMUUeCKOl 1 HayqHOU Kapbepbl (DyHIamMeHTanbHbIe
B3aUMOJICHCTBHS U (PU3UKA IIEMEHTAPHBIX YACTHIIL)

Kypc: 1
KBaJIMpUKALUS: MarucTp

Cemectp, hopMbl IpOMEXKYyTOUHOH arTecTauuu: 1 (ocennuil) - JuddepennupoBannslii 3a4eT

Pa3zpatGoTunk: @./1. PatHuKkoB, KaHI. (pu3.-MaT. HAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

VYK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

YK-2.2 Crniocoben MIPOTHO3UPOBATH pe3yabTar
NEeSITEIbHOCTH U IUIAHUPOBAThH MOCIEJ0BAaTEIbHOCTD IIAaroB
0 JAOCTWXKEGHUS  JaHHOro  pesynerara. ®Dopmupyer

HJ'IaH—l"pa(l)I/IK pceajin3anun IIPOCKTa B INCJIOM U IUIAH
KOHTPOJIA €ro BBIIIOJIHCHUSA

VYK-2.3 CriocobeH opranu3oBaTh 1 KOOPAHMHUPOBATH paboTy
YYaCTHUKOB TPOCKTa, o0ecreunBaTth paboTy KOMaHJbI
HEOOXOIMMBIMHU pecypcamMu

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.3 [TonnMaeT MeXANCIUIIMHAPHBIC CBS3U B OOJIACTH
MareMaTuKy W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHun 3a1a4 NpoQeccCuOHaNbHON AEATENbHOCTH

OIIK-3 Cniocoben BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrPaHUYCHUS PA3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns

OIIK-3.2 CnocobOeH WHCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl NPHU PEIICHUN HOBBIX 3a]ad, NPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeIICHUN

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATH KAYECTBO pa3padoTaHHON
MOJENN

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKUM M UCTIBITATEIIbHBIM
obopynoBaHueM (MprubOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAaHHBIMH TAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO

00opynoBaHUs (crierManu3upOBaHHBIX MIAKETOB
MPUKIIAAHBIX TPOTPaMM)
[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHHMBaTH TOYHOCTh IOJyYEHHBIX
IKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrare u3ydeHus AUCIUTUIMHBL « BBeeHre B MalmHHOE 00y4YeHHE) 00yUYaromuics IO KeH:

3HATb:

coziepKaHue npeaMera Kypca «BBeeHne B MalmmHHOE 00y4YeHHE», COOTBETCTBYIOIIYIO TEPMUHOIOTHIO
U TIOHATHHHBIA ammapar. [loHMMare JIOTHKY pa3JIMYHBIX [OAXOIOB MAIIMHHOTO OOy4YEeHUS B
IPUMEHEHHH K Pa3IM4YHBIM THIAM 3anad. VIMeTh mpeicraBieHHE O CHIBHBIX M CIa0BIX CTOpOHAaX
Pa3IMYHBIX MTOAXO/I0B, TPAHUIIBI IPUMEHUMOCTH.




yMeThb:

MIEPEBOUTh NPAKTHUECKUE 3aJadyd HAy4YHOIO HCCIEIOBAaHUS HA CTAHAAPTHBIM S3bIK MaIIMHHOTO
o0yueHHs, MEepeBOANUTH IOJyYCHHBIE pPE3yJabTaTbl O0OpaTHO B (PU3MYECKHH KOHTEKCT M OLIEHHBATh

TOYHOCTD IOJYYAaCMbIX PC3YJILTATOB.

BJIaJeTh:
crioco0aMu pelieHus] TUMWYHBIX 33734 C HMCIOJIh30BAaHMEM CTaHJAPTHBIX IPOrPaMMHEIX ITAKETOB

CPEICTB U CpeJl MAIMHHOTO 00y4eHUs.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

He npenycmorpeno.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs POME:KYTOUHO aTTecTaluu
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Maremarnyeckue MOAEIH

CgoiicTBa

Tunst

Buner mjanHBIX

[IpaBronomobue Mmoaenu

MeTon MakcHUMaIbHOTO MPABIOIIOA00HS U €ro CBOMCTBA.
CrarucTuuecKue TMIIOTE3bl U CTATUCTUYECKUE KPUTEPHH.
Kputepun oTHOIIEHUS TpaBIONOa00OusI.

Jlemma Herimana-IIupcona (6e3 noka3areiabcTa).
MeTon HaMMEHBIINX KBaIPaToB

AHanuTtndeckoe pemenue 3agadan MHK.

EM anroputm

[Ipumep 1u1st Cynepno3uiuy rayCCuaHoB

O6o6maromas cnocoOHOCTb MOJIENN

MeTobl POBEPKH

[TocTanoBka GpopmManbHON 331341 MAIIMHHOTO 00y4YEHUs
ATNnpoKcHUManus SMIUPUIECKOTO PUCKa

JIuneitnas perpeccus

O0001IEHHBIE JIMHEWHBIE MOIEIN

MeToabl YUCIEHHON ONITHUMU3AIAU

Onenka KauecTBa MOAEIH

ROC, ROC AUC

OTt60p npusHakoB. MeTo[ IIaBHBIX KOMIIOHEHT.
Jlunelinas knaccupuKanus

MeTtoz ONOpHBIX BEKTOPOB

3a/:[aqa OLICHUBAHU BepOfITHOCTeI/f, JIOTUCTHUYCCKAA pCrpeCCcust

MeTpI/IKI/I Ka4y€CTBa B 3aJa4ax KJ'IaCCI/I(i)I/IKaLII/II/I.

OT60p " JCKOJUICHUApU3alud IMpUu3HaKoB. MCTOI[ TJIaBHBIX KOMITIOHCHT

CrpyKTypa HEHDOHHOH CETH.
OO0parHoe pacpoCTpaHEHHE OIIHOKH.
[TonHOCBSI3HBIE HEUPOHHBIE CETU
[IpenoOpaboTka qTaHHBIX
Hopmanuzanus

Jexoppensauus

Batch normalization

MeTozs! peryaspu3auu
BIIPHICKUBAHUE IITyMa

L1,L2,...

connection dropping

dropout



CéprouHble CETH
Apxutexrypa

padding, strides, pooling
penoO0yvYeHHbIC CETH
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ABTOKOUPOBIIUKHI

o

MIPUMCHCHUS

OOmuy anropuT™ MOCTPOEHUSI PELIAIOLINX EPEBHEB
KpUTEpUU UH(POPMATUBHOCTH
KonkperHble kpuTepun I KJIacCU(PUKALUIKI U PETPecCUH
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00paboTKa MPOIMYIIEHHBIX 3HAYCHUH,

Viydienne 00001aroIei CiocOOHOCTH PEIIAIONINX JICPEBHCB
CTpHIKKa

© O

peryasipuzanus

Ancam6iu Mozeneit
Barrunr, Oyctuar
AdaBoost
CIy4alHbIU Jec

© © O

['paguieHTHBIW OyCTUHT Ha/I PEIIAIONINMU JICPEBbIMU

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
HNPUHATHIX PELICHUAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO 8§ OamioB - BBICTABJIAE€TCA CTYIEHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HA MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBMIIBHOE 00OCHOBAHHE MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.

OHeHKa XOpouIo 7 0alI0B - BEICTABISACTCS CTYACHTY, €CJIK OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiara€t €ro, ymMeCcT NPUMCHATH IIOJTYUCHHBIC 3HAHWA Ha IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Ouenka xopoio 6 6ajioB - BBICTaBISACTCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HA MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPblE HETOYHOCTH.

OHeHKa XOpo1Io 5 0aIoB - BEICTABIAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTcpuall, rpaMOTHO
" IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OreHka yHIOBIECTBOPUTENBHO 4 Oaiia - BBICTAaBISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKTep 3HAHWI, HEIOCTaTOYHO IpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSATHH,
HapyUICHUS JOTUYECKOU IOCIIEIOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO Marepuala, HO TIPU STOM
OH OCBOWJI OCHOBHBIC Pa3zeibl y4eOHON HPOrpaMMbl, HEOOXOAUMBIE Ul NallbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTh TOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.

OreHKka yHIOBIECTBOPUTENBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (POpMyIHpOBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B W3JIOKEHUH IPOTPAMMHOTO Marepuania, ciabo
BJIaJICET OCHOBHBIMH pa3JiejaMH y4eOHOH MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBIECTBOPUTENBHO 2 0Oaluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUs Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIC 3HAHHS TIPH PEIICHUN
THIIOBBIX 33]1a4.



OueHka HEYNOBIETBOPUTENbHO | 0ayl - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a/1ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

HuddepennmupoBanHpiii 3a4€T NPOBOAUTCS B YCTHOH Qopme mo Oumneram. B kaxmom Ouiere
NPEACTaBICHO JBa TeopeTHdeckux Bompoca. [lpu mpoBemeHum 3au€ra  oOydaromemycs
npenocrasisiercs 30 MUHYT Ha IOATOTOBKY.



