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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JUCHHUIIMHE: MamuaHoe 00ydeHue
10 HANPABJIEHUIO: [Ipuxnagnas MmareMaruka U HH(oOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: ATI360: ITepenoBsle METOABI HCKYCCTBEHHOTO MHTEIIEKTA

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa MammMHHOTO 00y4YeHHs U HH(PPOBOH ryMaHUTAPUCTHKH

Kypc: 2
KBAJM(PUKAIMA: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
3 (ocennuit) - JluddepeHnmpoBaHHbIi 3a4eT

4 (Becennwuii) - /luddepeHpoBaHHbIi 3a4eT

AynutopHbIX yacoB: 120 Bcero, B TOM 4ucCIe:
nexuuu: 60 yac.
cemuHapsl: 60 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 60 gac.

Bcero gacos: 180, Bcero 3au. en.: 4

[Iporpammy cocrasuin: P.I'. Heiliues, crapmuii npenogaBareib

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl MAITMHHOTO 00y4yeHus u nudpoBoi rymanutapuctuku 12.02.2024



AHHOTANMA

Kypc 3HakoMUT CTYOEHTOB C COBPEMEHHBIM COCTOSHHEM MAIIMHHOTO OOy4YeHUs] W HMCKYCCTBEHHOIO
MHTEIJIEKTA: OT KJIACCHMYECKHX AJTOPUTMOB J0 IIIyOOKOro oOy4eHHs M MOCIEAHUX JOCTHKEHHH B 00lacTu
HCKYCCTBEHHOTO HHTeIUIeKTa. B pesynbrare crygeHThl (GOpPMUPYIOT YCTOHMUMBYIO TEOPETHYECKYIO 0asy W
MPAaKTUYECKUE HABBIKY JUIsI JAbHEHIIIero pa3Butus B oomactu M.

1. lean u 3apa4un
Heab qucUMMIMHBI
- c(hopMHpOBATH TEOPETHUECKHUE U MPAKTUICCKUEC 3HAHUS B 001acTH 00ydYeHUS MallliH, COBPEMEHHBIX

METO/I0B BOCCTAHOBJIEHUSI 3aBUCHUMOCTEH 1O AMIUPUUYECKUM JIaHHBIM, BKJIIOYAs AUCKPUMHHAHTHBIN,
KJIACTEPHBIN U PErpEeCCUOHHBIN aHAJIH3.

3agauM AUCUMIIHHBI
- IPaBUJIBHO (POPMYIIMPOBATh 33a4y B TEPMUHAX MALTHHHOTO O0YUYCHHUS;
- OBJIaZICTh HABBIKAMHU MPAKTUYECKOTO PELICHNS 3aa4 MHTEIJICKTYaIbHOTO aHalIM3a JaHHBIX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHeTeHL[I/Iﬁi

Ko 1 HanmMeHOBaHKE KOMIIETEHIINH WNnaukaTtopsl AOCTHKEHHUS] KOMIIETCHIIUN
OIIK-2 Cnocoben ucnonb3oBarh copemernsie |OITK-2.1 CriocobeH  NpPUMEHSTb  COBPEMEHHBIC
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYHMCIIMTENIBHYIO TEXHUKY U CEpBHCHI ceTu VIHTepHeT B

MpOrpaMMHBIE CPENICTBA IIPH PEeLIeHUH 3a1ad  |obnactu (cdepe) npodeccHoHaNbHON AesITeTbHOCTH
poheCCUOHATBHOM JIeTENILHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAIIMOHHOW OE30TIaCHOCTH

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

3HATh:
- OCHOBHbIE IPUHIIUIIBI M TPOOJIEMATHKY TE€OPHH 00ydEHHS MAIIHH;
- OCHOBHBIE COBPEMEHHBIE METO/bI 00yUEHHH 10 MpeleeHTaM — KJacCHU(PHUKaLNK, KIaCTepU3aluU 1
perpeccuu.
YMETb:
- (hopmann30BaTh MOCTAHOBKY NPUKJIAIHBIX 33/1a4 aHAJIN3a JaHHBIX;
- HCIOJIb30BATh METO/bl OOYUEHUS 110 IpeLeleHTaM Ul PeLeHUs IPAKTUYECKUX 3a/ay;
- OLICHUBATbh TOYHOCTH 1 3PPEKTUBHOCTD MOIYUYECHHBIX PEIICHUI.
BJIaJICTh:

- OCHOBHBIMHU NOHATUAMU TCOPHUU MAITMHHOTO O6y‘IeHPIH.

4. Conep:xanue JUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO paboTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora

Beenenne B MammHHOE — OOyueHHE.
1 MeTpuueckie  ajJroOpuTMbI,  OILIEHKa 10 10 10
KadyecTBa Moese

JInHenHbIe MOJEITH 10 10 10

3 JlepeBbst U aHCaMOIH MoJienen 10 10 10




4 Pabora ¢ mnpuznakamu. OrpaHHyeHHS 10 10 10
MAIIIMHHOTO O0Yy4CHUS

5 Bgenenue B ryOokoe o0ydeHwme 10 10 10

6 OO0yuenne 0e3 yaurens 10 10 10

Hroro yacos 60 60 60

[MoaroroBka k sK3aMeHy 0 gac.

Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 3 (Ocennuii)
1. BBengenue B MammHHOE 00yueHre. MeTpruuecKkue alnropuTMBbl, OLIEHKA KadyecTBa MoJieseit

OcHOBHBIE MTOHATHS B MAaIMHHOM 00y4deHnr. O030p MpHIIoKEeHUH MaIIMHHOTO 00y4eHusi. OOydyeHue
c yuureneM M 0e3 yuuTens. 3ajaud: KIAacCH(HKalUWs, PErpeccus, KiIacTepu3alusi, CHUKCHHE
pa3sMepHOCTH.

Mertpuieckre anroputmbl. Metox Ommkaiimux coceneir (kKNN) B 3amaue kiaccupukanuvd u
perpeccun. Knacrepuzauus u anroputm k cpenaux (k means).

BaitecoBckuit moaxoz. [lonsitue npaBaonono6us. HanBaeIl OaliecoBckuii kiraccudurarop.
OTtnoxennas BeiOopka. Kpocc-sanmunanus. [lepeoOyduenne n HegooOydenue. [ unepmnapamerpsl.

2. JInnelHbBIE MOAEIU

JIuneiinas perpeccus. MeTton HauMMEHbIIMX KBaApaToB. ['paguMEHTHBIM CIyCK M CTOXaCTUYECKUI
rpagueHTHeId  cmyck.  IlepeoOyuenme  mopmeneid.  Perymspusaums  TuxonoBa.  Teopema
l'aycca-MapxkoBa. @yHKIIMU OTEPH B 3a7a4€ PETPECCHUMU.

Jluneiinas xnaccudpukamus. I[lonstue orcryna. DyHKIUM MOTeph B 3ajade Kiaccuukamuu.
Jloructuyeckas perpeccusi. Meto HaubombIero npasrononodus. Jlorucruueckast GyHKIUS TOTEPE.
Oynknuu  Softmax, Sigmoid. MuorokiaccoBast kinaccudukanus. Perymspuzanms JTHHEHHBIX
KJ1accu(pUKaToOpoB.

MeTtonpl omeHKH KadecTBa Kiaccudukanuu. Accuracy, Precision, Recall, ROC-AUC, PR-curve,
Confusion matrix.

Merton onopHbIX BekTopoB (SVM). Teopema Kapyma-Kyna-Takepa. JIBoticTBenHas 3aqa4a. [lonstue
onopHbIX BekTopoB. Kernel trick (moamena sinpa). Perynspuzaunus B8 SVM.

Merton tnaBHbix komnoHeHT (PCA). Teopema Oxkapra-fAnra. SVD-pasznoxkenue. 3aBUCUMOCThb
OOBSCHEHHOH TUCTIEPCUH OT YMCJIa KOMIIOHEHT.

3. lepeBbs u aHCcamMOnu Mozeneit

CwMmemienne u paszbpoc. Bias-Variance decomposition. HeyctoitunBocTh Mojneneld MalldHHOTO
oOyueHwusl.

Pematomee nepeBo. PexkypcuBHas mpolenypa NOCTPOEHHMS pemampmero aepesa. Kpurepun
WH(POPMATUBHOCTA B 3ajlade KIacCH(PHUKAIMU: DSHTPONMUKHBINA, JI)KWHHM; B 3agade perpeccum.
[lepeoOyuenue pemaromux nepeBbeB. [IpyHunr. Perynspusanus pemarommx qepeBbeB. AJIrOpUTMbL
noctpoenust: ID3, C4.5, C5, CART. He6unapusie pemaroiue jaepeBbs. CBsA3b pPelIatoNInX JIePEBbEB
U JINHEHHBIX MOJEIIeH.




Byrcrpan. Barrunr. Out-of-bag error. Meton ciyuaiinsix noanpoctpancts (RSM). Cryuaiinslii jec
(Random Forest). Pazsutne wmaen: Extremely Ranfomized Trees. CpaBuenue Random Forest n
MeTrpudeckux anroputMoB (KNN). Isolation Forest.

CrekuHT ¥ OJICHIVHT MOJIeNIeH MAIIMHHOTO O0YYCHHS.

Byctunr. Ucropuueckas cripaBka, anroput™m AdaBoost. ['paguentnsiii 6ycrunr (GBM).
Cemectp: 4 (Becennuii)

4. Pabora ¢ npuzHakamu. OrpaHU4eHNs] MAIIMHHOTO 00y4YeHUs

[Ipoxmstue pasmepnoctu. No Free Lunch Theorem, Wolpert (Teopema o GecruratHbix o0enax).
[Mpuanun “Garbage in — garbage out”.

Tunbsl NpU3HAKOB: KOHTHUHYyallbHblE, OWHApHBIE, KaTeropuanbHble. PaboTa ¢ pa3pekeHHBIMHU
npusHakamu. Pabora ¢ mpomyckamu.

PabGora c TekcToBeIMU gaHHBIMU. Memiok cioB (bag of words), TF-IDF.

Onenka 3Ha4MMOCTH Ipu3HaKoB. Permutation importance, Partial-dependence plots, shap. Recursive
Feature Elimination. LARS.

5. BBeznenue B nirybokoe oOyueHue

Hcropuuecknii 3kckype. McKyccTBEHHbIE HEMpOHHBIE ceTH. Maremarndeckas MOJAENb HEWpOHa
Makxkanoka-IIurrca. [lepcentpon Pozen6narra. [Ipobiema uckimrodatomero win (XOR problem).

OcHoBHbIe MOHATHSA B TiyOookoM oOydenun (Deep Learning). Metox oOpaTHOTO pacnpocTpaHEHHUs
omnbku (backpropagation). ®@ynkuuu aktuBaumu: Sigmoid, Tanh, ReLU, Leaky ReLU, ELU,
Softmax. [TonHOCBSA3HBII CIO1.

I'pagrieHTHAs ONTUMHU3AIUS B TIIyOOKOM 00y4YeHHH. METOMbl, OCHOBAHHBIC Ha TPAJUCHTHOM CITyCKE:
Momentum, Nesterov Momentum, Adagrad, Adadelta, RMSprop, Adam, AdamW. Learning rate
decay. HauanpHas uHUIMATM3AIMS TAPAMETPOB HEMPOHHOM CETH.

Perynspuzauuss B HelipoHHBIX ceTsx. Batch normalization. Instance and layer normalization.
Dropout. Weight decay. AyrmMeHTarst JaHHBIX.

Pexyppentnrie Heliponnsie cetu. RNN. IIpobnema 3aryxatomero rpaguenta (Vanishing gradient).
Mexannsm mamsaté B LSTM u GRU. PekyppeHTHble HEMpOHHBIE CETH B aHAJIM3€ TEKCTOB W
MOCJIEI0BAaTEIbHOCTEH.

Ceeprounsle HelpoHHble ceTH. Omepauus cBepTkd. Ceprounbiii cnoil (convolutional layer).
Hopmamuzanust nanubix. Pooling layer. IlpoOpoc rpaamenta ¢ momombto skip connections.
Uctopuueckuit 0030p apxuTekTyp U ux ocHOBHbIX cBoiicT: LeNet, AlexNet, VGGNet, GoogLeNet,
ResNet.

Kiaccuueckue moaxosibl K BEKTOPH3AIMU TEKCTOB. BEKTOpHOE MpENCTaBICHUE CIOB C MOMOIIIBIO
HelipoHHEIX ceTel. Word2Vec, GloVe.

CHuXeHHE pa3MEpHOCTH C IMOMOILBI0O HEHMPOHHBIX ceTed. ABTOIHKOAEPHI B Pa3IMYHBIX 3afadax
(cHMXeHUEe pa3MEePHOCTH, (GUITBTPAIIUS IIyMOB, IIOMCK aHOMAITHA ).

6. O0yuenwuie 6e3 yuurens



Knacrepuzamnusi. Merpuueckuit mogaxos, anroputM k-means. HMepapxuueckass KiacTepU3aliusl.
Anroputm DBSCAN.

Metonpsl CHWXXKEHHSI pa3MepHOCTH. MHoromepHoe wmkanupoBaHue. Isomap. Locally Linear
Embedding. SNE, t-SNE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHS 00pa30BaTEILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

VYueOHast ayTuTOpHs, OCHAIICHHAS! MYJIFTUMEAHAIIPOECKTOPOM M SKPAHOM U AOCTYIIOM B MHTEPHET.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

Mammnnoe oOydenue [Texcr]/X. bpunk, x. Puuapac, M. ®esepond, Real-World Machine Learning,
-CII6., ITurep, 2017

JomnonHurensHas aureparypa

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUS] JUCUMILIUHBI (MOLYJIs1)

1. https://ml-mipt.github.io — caliT ¢ onrcanneM Kypca U CCbUIKAMU Ha JIOTIOIHUTEIIbHBIE PECypPChI

2. http://www.machinelearning.ru — npodeccruoHanbHbI HHPOPMAITMOHHO-aHATUTHYECKHUI pecypc,
MOCBSIICHHBII MAIIMHHOMY O0Y4eHHIO, PACIIO3HABAHUIO 00Pa30B M HHTEIUICKTYaJIbHOMY aHAIIU3Y
JaHHBIX.

3. http://shad.yandex.ru — caliT mkonbl aHaau3a JaHHBIX SIHIEKCA.

4.
http://www.machinelearning.ru/wiki/index.php?title=Mammunnoe o0Oyuenue (kypc_ seknuii, K.B.Bop
OHIIOB)

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTALUN.

B nporiecce camocTosSTeNbHOM PabOThI 00YYarOLIHXCs TPEIIONAraeTCs UCTIOb30BaHUE TAaKUX
MPOrpaMMHBIX Cpe/cTB, kKak git, CLI (command-line interface), Jupyter Notebook u ap.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIIAACTh OOIIMM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

YcnemHoe 0CBOCHNE JUCIUILIMHEI TPEOYyeT:

- TIOCEIIEHUS CTYJIEHTOM BCEX BUJIOB ayIUTOPHBIX 3aHSATHUH;

- BEJICHUS KOHCIIEKTA B XOJ€ JICKIIMOHHBIX 3aHATUH;

- KQYECTBEHHOW CaMOCTOSTEILHOM ITOATOTOBKY K IIPAKTHYECKUM 3aHSATHUSAM, aKTUBHOW paOOTHI HA HUX;
- aKTUBHOM CaMOCTOSATEIHLHOU U ayTUTOPHOU pabOTHI CTY/IEHTA;

- CBOGBPEMEHHOM C/1auy MPETIOIaBaTEIN0 3aJaHHi 110 ayANTOPHBIM BUAaM padoT.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: ATI360: ITepenoBsle METOABI HCKYCCTBEHHOTO MHTEIIEKTA
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa MammMHHOTO 00y4YeHHs U HH(PPOBON ryMaHUTAPUCTHKH

Kypc: 2

kBaTuuKkanus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
3 (ocennuit) - JluddepeHupoBaHHbIi 3a4eT

4 (Becennwuii) - /luddepeHpoBaHHbIi 3a4eT

PaszpatGoTunk: P.I'" Heitues, cTapmmii npenoiaBaTeib



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-2 Cnocoben ucnonb3oBarh coBpemeHnbie |OITK-2.1 CrocobeH  TMPUMEHSITH  COBPEMEHHBIC
WH(POPMALIMOHHBIE TEXHOJIOTHH U BBIUMCIIUTENBHYIO TEXHUKY M CEpPBHUCHI ceTh VHTepHeT B

MPOrpaMMHBIE CPEJICTBA MPY PellicHUH 33ja4  |o0iactu (cdepe) npodeccHoHaNBHON NesITeThHOCTH
npodecCHOHAIBHON IS TeIBHOCTH, COOTIoas
TpeboBaHus WHPOPMAIIMOHHON 0€30MacHOCTH

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare n3ydeHus AUCIUTUIMHBL «MalmHHOEe 00yUueHHe» 00yUaroNHiCs JOKCH:

3HATb:

- OCHOBHBIE PUHITUIIBI U TIPOOJIEMATHKY TEOPUU OOYUSHUS MAIIIVH;
- OCHOBHBIE COBPEMEHHBIC METOJIbl O0yUEHHUH TI0 Tpelie/lecHTaM — KIacCH(PHUKAINK, KIaCTepU3aliU 1
perpeccuu.
yMeTh:
- (hopManmzoBaTh MOCTAHOBKY MPUKIIAIHBIX 33/1a4 aHAJIN3a JTaHHBIX;
- HCTIOJIB30BaTh METOABI 00YUEHUS TI0 MPETIe/ICHTaM JIJISI PEIISHUS TPAKTHIESCKUX 3a]1a4;
- OIICHUBATh TOYHOCTH ¥ PPEKTUBHOCTD MOJTYICHHBIX PEIICHUH.
BJIAJIeTh:
- OCHOBHBIMH MTOHATHSIMU TEOPUHU MAITMHHOTO 00YYCHHUS.

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

[MocranoBka 3a1a4 o0yuenus ¢ yuuresnem (supervised learning).

3anauu oOydenus 6e3 yuutens. Ha3Bars XoTs ObI JBe.

Yro o3Hauaet cBOMCTBO i.i.d.?

OcHoBHas uzest HauBHOTO baiiecoBckoro knaccudukaropa. B 4ém ero HauBHOCTB?

3anummre GOpPMYIbI U1 MOJISIIN JIMHEU HOU PETPECCUH U [T CPEIHEKBAIPATUYHOHN OIINOKH.

AN

Sanummre GopMyiy JUIs OIHOTO Iara rpajueHTHoro crnycka. Kak MoauduimpoBars rpaJueHTHBINA
CITYCK JIJIsl O4eHB OOJIBIITIOW BHIOOPKH?

7. Yto Takoe mpamomnopobue, METOJ MaKCUMAJIBHOTO MpaBaonogobusi? Ssisercs n npasmponogodue
BEPOATHOCTHIO?

8. Uro Takoe kpocc-Banmuanus? Ha uto BiuseT Konn4ecTBo OJIOKOB B KpOCC-BIHAAINN?
9. Uro takoe nepeodyucHre U Heoo0yueHrne? Kak ux MOXHO JIeTEKTHPOBATh?

10. Yem rumepmapameTpbl OTIAYAIOTCA OT mapameTpoB? Uro sBisieTcss mapaMeTpamMu H
rUnepnapamMeTpamMmu B JUHEHHBIX MOJIEJISAX U B PEIIAIOIINX JICPEBbAX?

11. Yto Takoe perynspuzaunsi? Yem Ha npaktuke otnuyaercs L1-perynspuzanus ot L2?
12. YuursiBaercs nmu ko3 dunuent capura w0B perynsipuzarope? [louemy?

13. Tloyemy nHMHEWHBIE MOJAEIH PEKOMEHAYETCS NPUMEHITh K BBIOOPKE C HOPMHPOBAHHBIMU
3HAYEHUSMH MPU3HAKOB?

14. 3anumure dhopmyity JUist THHEW HOW MoieNH Kiaccudukanuu. Yto Takoe orctymn?
15. Yto Takoe ToyHOCTH U nosHOTa? [loueMy HyHO y4UTHIBaTh UX BMECTe?

16. B 3amaue OGuHapHON KiaccupUKaluU JOJS OJHOTO Kiacca cocTaBisioT 95% BeiOopku. Kakue
METPHUKH Pa3yMHO HCIIOJIL30BATh ISl OLICHKH paObOThI MozeH? ouemy?

17. Yo Takoe ROC-AUC? Kak noctpouts ROC-kpuByro?

18. 3anummre QyHKIHMOHAN JOTHCTHUECKOoperpeccuu. Kak OH CBsi3aH ¢ METOJOM MaKCMMyMa
MPaBIONO00uS ?

19. Unes MmeTo/ia OMOPHBIX BEKTOPOB (B cliyyae pa3ieIrMOi BHIOOPKH).

20. OnumuTe )aJHBIH ATOPUT MOOYUEHUS PENIAONIero Aepena.

21. TloueMy c TOMOIIBIO PEIIAIOIIETO JEepPeBa MOXHO JIOCTHYL HyJieBOMIOKH Ha 0O0ydaromieu
BBIOOpKE 0€3 MOBTOPSIOLINXCS 0OBEKTOB?




22. Ecnu B HCT iepeBa momnaiu 00beKThl Pa3HBIX KJIACCOB, TO KaKUe MPEACKa3aHMs HYKHO BbIIaBaTh B
atoM jucte? [louemy?

23. Kakoe mpeicka3aHue HY)KHO BBHIJaBaTh B JIUCTE JepeBa B 3a/Jade PErpeccud €CId  MbI
munnMuszupyem MSE? a B ciiyuae MAE?

24. Yro takoe bagging?

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaroumuxcst

3 cemectp:

1. 3amaun oOydenus 1o mnpenereHTaMm. Supervised, unsupervised u semi-supervised oOyueHwue.
[Monsarus nepeoOyuenus u odbodmaroniel cnocoonoct. CkoNb3sMIUNA KOHTPOIb (cross-validation).

2. Merpuueckue anroputMbl kinaccupukanyu. O000MEHHBI METPUIECKIH KIaccu(DUKaTOp, TOHSITHE
orcryna. Metox Ommxaiimmx coceneit (KNN) u ero o6oOmenwus. [lombop uncia k mo kputeputro
CKOJIB3SIIEro KoHTposst. OToop 3TanoHHBIX 00bekTOB. anroputM CTOJII. OyHKIUS KOHKYPEHTHOTO
cxoxctsa (FRiS).

3. IlocTpoenune MeTpuk u 0TO0p npu3HakoB. CTaHgapTHRIE METPUKH. OICHUBaHKE Ka4eCTBA METPHKH.
[poknsTre pazmepHocTH. XKaHbIH anropuT™M 0TOOPA MPU3HAKOB.

4. Jlornueckue 3akoHOMepHOCTH. CTaTucTriYecKuil kpurepuid nHpopmatiuBHocTH [ ¢ (¢, X 1): cMbIct u

CIIOCOOBI BEIYUCIICHUS. DHTPOIUIHBIA KpUTEPHiA HH)OPMAaTHBHOCTH — WH(POPMAIIMOHHBIA BBIMTPHIIIT

IGain ¢ (¢,X 1 ). MuoroknaccoBsle BapuaHThl KputepueB. HWumekc Gini. 3amaya nepebopa
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KOHBIOHKIUU. “I'paAMEHTHBIN” aaropuTM CHUHTE3a KOHBIOHKIMI M €ro YacTHbIE CIIy4yau: >KaJHbII
QITOPHUTM, CTOXaCTUYECKHI JIOKAJIHHBIN MMONCK, CTAOMIU3AIHS, PEIYKIIHS.

5. bunapumzanus NpHU3HAKOB, aJITOPUTM BBIJICNCHUS HH(MOPMATHBHBIX 30H. Pemiaromue CHHCKH.
Pemaromne nepeBbs: mpuHUun padotel. Pa3OumeHue mpocTpaHcTBa OOBEKTOB Ha IMOAMHOXKECTBA,
BBIJCNISICMbIEe  KOHBIOHKIMSMH TEpMHHAIbHBIX BepminH. Amnroputm ID3. Ilpe-npyHunr u
noct-npyHuHr. RandomForest.

6. Jluneiinas xinaccudukanms. HempepriBHbIC anmpoKcUMalid MOPOroBod (GpyHKIMH MoTeph. MeTon
MUHUMH3AIHUK allpPOKCUMUPOBAHHOTO smnupuueckoro pucka. SG, SAG. CBs3p MHUHUMH3ALHU
anmpoKCUMUPOBAHHOTO AMITUPUYECKOTO pPHCKA M MAKCUMM3ALUM COBMECTHOTO IPaBIONOR00HS
naHHbIX U moxenu. Perymspuzanums (11, 12, elasticnet). BeposSTHOCTHBIN CMBICT PEryJIsIpH3aTOpPOB.
[TpumMepsl pa3nuUHbIX GYHKIUH MOTEPh W KIACCH(PHUKATOPOB. IBPUCTUUYCCKUI BBIBOJ| JIOTUCTHUYECKON
(YHKLINU TIOTEPB.

7. Meton omnopHbIX BeKTOpoB. ONTHMH3ALMOHHAS 3ajada C OIPAaHMYCHUSMH B BHJE HEPaBEHCTB U
oe3ycnoHas. Omopaele BekTophl. Kerneltrick. Ontumu3zanuonnas 3anada B8 S3VM u SVR. SVM u
Oecrpr3HaKoBOE MalIMHHOE 00y4YeHrEe Ha TpuMepe saep rpadoB U KiaccupUKauy BepiinH rpada.

8. 3amaya CHWXEHHSA Pa3MEPHOCTH MPOCTPAHCTBA NPU3HAKOB. Mess mMeroda MIaBHBIX KOMIIOHEHT
(PCA). Casa3p PCA u cunrymsipHoro pasznioxkeHusi Marpuibl npusHakoB (SVD). Berancnenne SVD B
MPOCTPAHCTBAX BBHICOKOM pa3MEPHOCTH METOIOM cToxacTuueckoro rpaguenra (SG SVD).

9. MHuoromepHas nuHelHas perpeccus. [eoMeTpudeckuil 1 aHaTUTUYECKUH BhIBOA. Perymspuzanus B
3amaue perpeccun. Hemapamerpuueckas perpeccus. @opmyna Hanapas-Barcona. Perpeccronnbie
JIePEBbA.

10. BaitecoBckas knaccudukanus u perpeccusi. PyHKIHOHAN prUcka U (GYHKLUMOHAJT CPEIHEr0 pUCKa.
OntuManbHbIN OaliecoBckuil KiIaccu(UKaTop W TeopeMa O MUHUMH3AINUN CPEHero pucka. HauBHBIM
0aliecOBCKUIl KilacCU(pHUKATOP.

4 cemecTp:

1. BoccraHoBneHue IUIOTHOCTH: TapaMeTpUYECKH W HemapaMmeTpudeckuid moaxon. Merox
[TapzeHoBckoro okHa. Ilapamerpudecknii moaxol Ha NpUMEpEe HOPMAJIBHOTO JHUCKPUMHUHAHTHOTO
aHanu3a. JIunelHslil quckpuMuHanT Ouiepa.

2. 3ajaya TPOTHO3UPOBAHMSA BPEMEHHOIO psifa, NpUMEpPHl 3a4ad. AJanTHBHBIE alTOPUTMBI
[IPOTHO3UPOBAHMS:  JKCIOHEHIMAJIbHOE  CHIaXWBaHue, Moxaenu  bpayna,  Teina-Beimxka,
Xonsra-Bunrtepca. [IpenMyiecTBa 1 HEAOCTATKH aJANTHBHBIX AJITOPUTMOB TPOrHO3UPOBAHUS.

3. Mogenu ARMA, ARIMA, a Taxxke perpecCHOHHbIE METOBI PELIEHUS 3aJadyd MPOTHO3UPOBAHUS
BpeMeHHOro psna. Kommo3ummm amanTUBHBIX a@JITOPUTMOB: cedekuus, kommnosunus, JIABP,
arperupyrouui airopuTM.



4. 3amaga Kkimactepusanyi. ATTIIOMEpaTHBHAS W JWBU3MOHHAS KilacTepu3anus. Anroputmsl k-Means,
k-Means++. Kunacrepuzanust ¢ mnomomnipto EM-anroputma (6e3 BbiBogja M-mara). ®opmyna
Jlanca-Yunnesamca.

. Uto Takoe cnyyanHbld 1ec? Yem OH OTAMYAETCS OT O3TTHHIA Ha/l PEIIAIOIINMH I€PEBbSIMH?
. Kax B rpanuentnom Oyctunre oOy4arorcs 6a3oBble ajJrOpUTMBbI?
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7. 3auem HyxeH backprop, 4To Takoe IpOU3BOAHAS BEKTOPA M0 BEKTOPY?
8. Omnummre npuHImn padotsl cBEpToUHOTO cios (CNN).

9

B dem HemocTaTkM MONHOCBSI3HBIX HEWPOHHBIX CETEH Kakas MOTHBAIMA K HCIOJb30BAHHUIO
CBEPTOUHBIX?

10. Onummure npuHIHKI PabOTHI 6a30BOTO peKyppeHTHOTO ciiosi (RNN).
11. Yro Takoe dropout?

12. Kak dropout u batch normalization MEHSIFOT CBO€ MOBEICHHE TIPU DKCILTyaTalluyd MOJAETH (B PeKUME
inference)?

13. 3anummTe NOCTaHOBKY 3aJa4l B METO/E IIaBHBIX KOMIIOHEHT.
14. Kak paboraer meron k-means?

Kputepun onennBanus

Onenka "Ommuno" (10) - MOTHOCTBEIO W BOBpEeMs pEUICHBI Bce 3ajadn  0e3  OIMIMOOK.
[TponeMoHCTpHUPOBAaH IPAaMOTHBIH MOAXO K PELICHUIO 3314, PeaTn30BaHbl ONITUMAIILHBIC aJITOPHTMBI,
KoJl 0()OpMIICH B €ITMHOM YJI000YHTAEMOM CTHIIE.

Onenka "Otnuuno" (9) - TONHOCTBIO M BOBpPEMS pEIICHBI Bce 3aiayd  0e3  OIIHOOK.
[IponeMoHCTpHpPOBaH TPAMOTHBIHN MOIXO/ K PELICHUIO 33134, Peajru30BaHbl ONITUMAIIBHBIEC AITOPUTMBL.

Onenka "Otaumuno" (8) - TMONHOCTBIO M BOBpPEMsl pELICHbl BCcE 3adaud  0e3  OIIMOOK.
[IponeMOHCTpHUpPOBaH I'PaMOTHBIN NOAXO/ K PELICHHUIO 3a]1a4.

Onenka "Xopomio" (7) - MOTHOCTBIO PellieHbl Bce 3a1auu. JlomyieHbl HeCylieCTBEHHbIE ONTHOKH.

Onenka "Xopoio" (6) -NOTHOCTHIO PEMIeHO OOJIBIIMHCTBO 3a7a4. B HEKOTOPHIX 3a/1a4ax JOMYIICHBI U
He HCTIpaBiieHbl OIIMOKH, JINOO HEKOTOPHIE 3a/1a4i PELICHBI YACTUYHO.

Ornenka "Xopormio" (5) - MONHOCTRIO PEIIeHO JIBE TPETH 3a/1ad. B HEKOTOPHIX 3a7a4ax JOMYIIEHBI U HE
MCIIPABJICHBI OMKOKH, THOO0 HEKOTOPBIC 33/]a4i PEIICHbI YaCTUYHO.

Onenka "VYioBiaeTBopuTenbHO" (4) - MONHOCTBIO penieHo Ooliee TONOBUHBI 3a1ad. B ocTambHBIX
3aJayax JOMYLICHBI U HE HUCIIPABICHBI OMIMOKM, THO0 HEKOTOPBIE 3aa4H PELICHBI YACTHYHO.

Onenka "YnoBneTBopuTeNnbHO" (3) - MOTHOCTHIO PEIICHO OOJIee ITOJIOBUHBI 3a/1a4.
Onenka "HeynoeneTBoputenpHO" (2) - pemieHo MEeHee TTOJIOBIUHBI 3a]1ad.
Onenka "HeynoenerBopurensHo" (1) - He pelieHO HU OHOU 3a]1auu.

5. MeTonuueckne MaTepuaIbl, ONpeIeJsONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBIKOB U
(Wy1M) oNbITA AESITEILHOCTH

JuddepeHMpoBaHHBIA 3a4€T MOXKET MPOBOJUTHCA IO WTOTaM TEKyLIeH YCIEeBaeMOCTH W CHa4H
3aJaHuil M APYTMX BUAOB PabOT, MPEIyCMOTPEHHBIX MPOrpaMMON IUCHUIUIMHBI U (WJIH) IIyTeM
OpraHu3aluy CIIENUAILHOTO OIIPOCca, MPOBOAUMOTO B YCTHOU M (MJIM) MUCbMEHHOH (opMme.

[Ipu npoBeaeHuu ycTHoro audepeHIMpoBaHHOrO 3a4eTa oodydatoniemycs npenoctasisercs 30 MUHYT
Ha 1oAroToBKy. Onpoc o0yyaronierocsi He J0JKEH MPEBbIIIATh OHOTO ACTPOHOMUYECKOT0 Yaca.

Bo Bpems mpoBenenus auddepeHUMPOBAHHOIO 3auyeTa OOydarolmuecs MOTYT —I0JIb30BaTbCs

POrpaMMON AUCUUIUIMHBI, & TAKXKE CIPABOYHOM JIMTEPATypOil, KOHCIIEKTAMH JIEKIUH WIH APYTrUMU
MaTepHagaMu.



