degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTesibHOe
y4peKIeHHe BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PM3UKO-TEXHUYECCKUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKXKAEHO

JupexTop pu3TeX-IIKOJIBI
NPUKJIATHONH MATEMATHKH H
HH(OpPMATHKH

A.M. Paiiroponckuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)
10 JMCHMILIMHE: MamnHoe o0ydeHue

NporpaMMa acnupaHTypbl: MareMaTnka U MEXaHHKa

kadeapa MammMHHOTO 00y4eHHs U HH(PPOBON ryMaHUTAPUCTHKH

Kypc: 1

Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsbl: 0 yac.
naboparopHsbie 3ansaTus: 0 gac.

CamocrositensHas pabora: 48 dac.
Bcero gacos: 78, Bcero 3ad. ef.: 2

KonmuecTBo KOHTPOJIBHBIX padoT, 3a1aHui: 2

[Iporpammy cocraBui: P.I. Heitues, crapmuii mpenoiaBareib

[Iporpamma obcyxieHa Ha 3acejanuu Kadenpbl MAITHHHOTO 00y4ueHus u udposoi rymanutapuctuku 02.06.2023



AHHOTANMA

Kypc 3HakoMUT CTyIEHTOB C COBPEMEHHBIM COCTOSIHUEM MAIIMHHOTO OOY4YeHHS M HCKYyCCTBEHHOI'O
MHTEJJIEKTA: OT KJIACCHYECKHX aJITOPUTMOB 10 IIyOOKOTo OOy4YeHMs M IMOCIEIHUX NOCTHKCHHH B 00IacTH
HCKYCCTBEHHOTO HHTEJIEKTa. B pesynbrare CTyOeHTHl (OPMHUPYIOT YCTOWYMBYIO TEOPETHUECKYIO 0azy H
MPAaKTUYECKUE HABBIKY JUIsI JAbHEHIIIero pa3Butus B oomactu M.

1. lean u 3apa4un

]_le.]'lb AUCHUIIINHBI

- c(OpMHUpOBATH TEOPETHUECKUE U MPAKTHUECKHUE 3HAHUA B 00macTu 00y4eHHs MAallliH, COBPEMEHHBIX
METO/I0B BOCCTAHOBJIEHUSI 3aBUCUMOCTEH 10 AMIMPUUYECKUM JaHHBIM, BKJIIOYAs AUCKPUMHHAHTHBIN,
KJIACTEPHBIN U PErpEeCCUOHHBIN aHAJIH3.

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

2. IlepeyeHb IVIAHUPYEMBIX Pe3yJbTATOB 00y4eHHs 10 JUCHHUIINHE (MOXYJII0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI

3HATh:
- OCHOBHbIE IPUHIIUIIBI M TPOOJIEMATHKY TE€OPHH 00ydEHHS MAIIHH;
- OCHOBHBIE COBPEMEHHBIE METObI OOYUYECHHUH 10 MpeLeAeHTaM — KiIacCu(UKALMH, KIacTepU3aluu U
perpeccuu.
YMETb:
- (hopmann30BaTh MOCTAHOBKY NPUKJIAIHBIX 33/1a4 aHAJIN3a JaHHBIX;
- HCIOJIb30BaTh METO/bl OOYUEHUS 10 IpeLeleHTaM Ul PeLeHUs IPAKTUYECKUX 3a1ay;
- OLICHUBATbh TOYHOCTH 1 3PPEKTUBHOCTD MOIYUYECHHBIX PEIICHUI.
BJIaJICTh:

- OCHOBHBIMU NOHATUAMHU TCOPHUHU MAITMHHOTO O6yLICHI/I$I.

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

3.1. Paznensl qucuuiuiHbl (MOAYIS) U TPYAOEMKOCTH 110 BUIaM YUeOHBIX 3aHITHN

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

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora

BBenenne B MammHHOE — OOyueHHeE.
1 MeTpuueckie — ajJropuTMbI,  OILIEHKa 4 8
KadyecTBa Moese

2 JIunelinsle Monenu 6 8
3 HepeBbs u ancamOnu Mozeneit 6 8
4 PaGora c¢ mnpusnakamu. OrpaHuueHHs 6 3
MAaIIMHHOTO 00y4YeHHUs

5 Beenenue B iryOokoe oOyueHue 6 8
6 OO0yuenue 6e3 yuurens 2 8
Htoro gacos 30 48
IToaroTroBka K sK3aMeHy 0 yac.

Oobmas TpynoEMKOCTb 78 4ac., 2 3a4.ej.




3.2. CoxepxkaHue TUCHMILIMHBI (MOIYIIS), CTPYKTYPHPOBAHHOE IO TeMaM (pasJiesam)
Cemectp: 1 (Ocennwii)
1. BBenienne B MammHHOE 00yueHre. MeTpruuecKkre alropuT™MbI, OlIEHKA KadyecTBa Mojieieit

OCHOBHBIE [TOHATHS B MAIMHHOM 00yueHnH. O030p NpUIIOKEHNH MalmMHHOTO 00yueHus. OOyueHue
c yuuteneM u Oe3 yuuTens. 3amaduM: KiIacCU(UKALUS, perpeccHs, KilacTepu3alus, CHIKEHHE
Pa3MEpHOCTH.

Mertpuueckue anroputmbel. Mertox Ommwkaiimumx coceneil (kNN) B 3amaue kinaccupukanuu u
perpeccun. Knmacrepuzanus u anroputm k cpenaux (k means).

BaiiecoBckuit mogxon. [lonstue npaBmnononodus. HausHeli OaiiecoBckuil KiaccuhukaTop.
Otnoxennas BeiOOpka. Kpocc-Banmunanus. [lepeoOydyenne u HepooOydenue. [unepmnapamerpsl.

2. JInnennble MOIEITH

JIuneintnas perpeccus. MeTox HaWMMEHBIIMX KBaApaToOB. | pagueHTHBIA CIYCK M CTOXaCTHYECKHU
rpagveHTHBId  cmyck.  [lepeoOyuenme  momenedd.  Perymspuszammst  Tuxonosa.  Teopema
I'aycca-MapxkoBa. @yHKIIMK OTEPH B 3a7ja4€ PETPECCHH.

Jluneiinas knaccupukanus. llonstTue orcryma. @DyHKUMM TOTeph B 3ajade KIACCU(PHUKAIHH.
Jloructuueckas perpeccusi. Mero Haubombero npasrononodus. Jlorucruueckast GyHKIUS TOTEPb.
Oynkumu  Softmax, Sigmoid. MuorokiaccoBas kinaccudukauus. Perynspuzanus JIHHEHHBIX
KJ1accu(pHUKaToOpOB.

Mertonsl olleHKH KadecTBa kinaccuduranmu. Accuracy, Precision, Recall, ROC-AUC, PR-curve,
Confusion matrix.

Merton onopHbix BekTopoB (SVM). Teopema Kapyma-Kyna-Takepa. J[BoiictBeHHas 3anada. [lonsitue
onopHbIX BekTopoB. Kernel trick (mogmena sinpa). Perynspuzanus B SVM.

Merton tnaBabix kommoHeHT (PCA). Teopema Oxkapra-fura. SVD-paznoxkenue. 3aBUCHUMOCTh
00BSCHEHHOHN JANCIIEPCUH OT YUCIIA KOMIIOHEHT.

3. lepeBbs u aHCAMOIH MOJIEIeH

Cmemenne u paszbpoc. Bias-Variance decomposition. HeycroitunBocts Mogmenell MammHHOTO
o0yd4eHusI.

Pemaromee gepeBo. PexypcuBHas mnpoueaypa NOCTpoeHMs peliaroliero Jepesa. Kpurepuu
WH(POPMATUBHOCTH B 33jJade KIACCU(PHUKAUWU: SHTPONMIiHbIA, [KWHM; B 3amaue perpeccuu.
[Tepeobyuenue pemaronux aepesbeB. [IpyHunr. Perynspusanuns pemamonmx 1epeBbeB. AITOPUTMbI
nocrpoenust: ID3, C4.5, C5, CART. HeOunapusie pemaroniue aepeBbsi. CBA3b pelIaomuX 1epEeBbEB
U JIMHEWHBIX MOJEIIEH.

Byrcrpan. barrunr. Out-of-bag error. Meron ciyuwaiineix nmoxnpoctpancts (RSM). Cnyyaiinslii jgec
(Random Forest). Pazsutne mnen: Extremely Ranfomized Trees. CpaBuenne Random Forest u
Metpudeckux anroputMoB (KNN). Isolation Forest.

CrekuHT ¥ OJICHIVHT MOJIeNIeH MAIlIMHHOTO O0YYCHHS.
Byctunr. Ucropuueckas cripaBka, anroputMm AdaBoost. ['paguentnsiii 6yctunr (GBM).

4. Pabora ¢ npuzHakamu. OrpaHu4eHns] MAIIMHHOTO 00y4YeHUs



[poknsatue pasmeproctu. No Free Lunch Theorem, Wolpert (Teopema o OecratHbix 00enax).
[punnun “Garbage in — garbage out”.

Tunbel TpU3HAKOB: KOHTHHyallbHBbIE, OMHApHBIC, KareropuajbHble. Pabora ¢ pa3pekeHHBIMH
npusHakamu. PaboTta ¢ npomyckamu.

Pabora ¢ TekcToBeIMU TaHHBIMU. Meriok cioB (bag of words), TF-IDF.

Orenka 3HAYMMOCTH TIpU3HaKoB. Permutation importance, Partial-dependence plots, shap. Recursive
Feature Elimination. LARS.

5. BBeznenue B mirybokoe oOyueHue

Ucropnuecknii 3kckypce. MckyccTBeHHbIE HEMpOHHBIE ceTH. Maremarndeckas MOJENb HEHpoHa
Makkanoka-ITurrca. [Tepcentpon Pozenbnarra. [Ipobiema uckimodatoniero win (XOR problem).

OcHoBHBIE MOHATHS B I1yOokoM oOyuennu (Deep Learning). Meton obparHOro pacipoCTpaHEHHS
ommbku (backpropagation). ®@ynkuun aktuBanuu: Sigmoid, Tanh, ReLU, Leaky ReLU, ELU,
Softmax. [IomHOCBSI3HBIN CITOM.

I'papguenTHast onTUMHU3AIMS B ITyOOKOM 00ydeHHU. MeTo/ibl, OCHOBaHHBIE HA IPAJNEHTHOM CITyCKE:
Momentum, Nesterov Momentum, Adagrad, Adadelta, RMSprop, Adam, AdamW. Learning rate
decay. HauanbHas nHUIMAIM3AMS TAPAMETPOB HEMPOHHOM CETH.

Perynsipuzanuss B HeWpoHHBIX ceTsx. Batch normalization. Instance and layer normalization.
Dropout. Weight decay. AyrMeHTamust JaHHbIX.

Pexyppentubie Heliponnsie cetu. RNN. [Ipobnema 3aryxatomero rpamuenta (Vanishing gradient).
Mexaum3m namsitu B LSTM u GRU. PexkyppeHTHble HEHpOHHBIE CETH B aHajJM3€ TEKCTOB MU
MIOCJIEI0BATEILHOCTEM.

Ceeprounble HelpoHnble cetn. Omepamms cBepTku. CBeprouHbldi cioit (convolutional layer).
Hopmanuzanus nmanubix. Pooling layer. Ilpobpoc rpaguenta ¢ momouibio skip connections.
Uctopuueckuit 0030p apxuTekTyp U ux ocHOBHBIX cBoiicT: LeNet, AlexNet, VGGNet, GooglLeNet,
ResNet.

Kraccuueckue momxombl K BEKTOPHU3AIMU TEKCTOB. BEKTOpHOE MpeaCTaBlICHHE CIIOB C MTOMOIIBIO
HelpoHHbIX ceTeir. Word2Vec, GloVe.

CHmKeHHe Pa3MEpHOCTH C IOMOIIBI0 HEHPOHHBIX CETe. ABTOIHKOAEPHI B PAa3IMYHBIX 33/a4ax
(cHMWKEHHE pa3MEPHOCTH, (PHIBTPALIUS ITYMOB, TIOUCK AHOMAJIHK ).
6. Obyuenue 6e3 yunurens

Knacrepuzanus. Merpuueckuil monxon, amroputMm k-means. Hepapxuueckas KiacTepusanys.
Anroputm DBSCAN.

MeTtonsl CHWXKEHUS pPa3MEpPHOCTH. MHoromepHoe mkanupoBanue. Isomap. Locally Linear
Embedding. SNE, t-SNE.

4. Onucanue MaTepraIbHO-TEXHUYECKOH 0a3bl, HEOOX0AUMOI JIs1 OCYLIeCTBJICHUs 00pPa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MYJIbTUMEANAIIPOSKTOPOM U 3KPAHOM U JOCTYIIOM B HHTEPHET.



S.1lepeyeHb peKOMEHAYEMOi JIUTePaTyphl

OcHoBHas 1uTeparypa

1. Mamunanoe obyuenue [ Teker]/X. bpunk, k. Puaapac, M. @esepond, Real-World Machine
Learning, -CII6., ITutep, 2017

JomnonHurenbsHas auTeparypa

6. Ilepeuenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

1. https://ml-mipt.github.io — caliT ¢ onricaHneM Kypca U CChbUIKAMHU Ha JIOTIOTHUTEILHBIE PECypChI

2. http://www.machinelearning.ru — npodeccrnoHanbHbIii HTHPOPMATMOHHO-aHAIMTHYECKUN pecypc,
MOCBAIICHHBII MAaIIMHHOMY OOY4EHHIO, PACIIO3HABAHNIO 00Pa30B ¥ MHTEIUICKTYaJIbHOMY aHAJIN3Y

JTAHHBIX.
3. http://shad.yandex.ru — caift nrkois! aHanu3a NaHHEIX SIHIEKCA.

4.
http://www.machinelearning.ru/wiki/index.php?title=Mammunoe o0yuenne (xypc seknuii, K.B.Bop
OHIIOB)

7. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIEeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nekumoHHBIX 3aHATHIX HCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
MpEe3EHTAlUN.

B npouecce camocTosTeNbHOM PabOThl 00YUaIONIUXCs MPEIIONaraeTcsl HCIOIb30BaHUE TAaKUX
MPOrpaMMHBIX CpeACTB, kKak git, CLI (command-line interface), Jupyter Notebook u ap.

8. MeTonnueckne yKazaHus AJsi 00y4a0UIMXCS 0 OCBOEHUI0 TUCUUILTHHBI (MOLYJIs1)

VYeneniHoe ocBOoeHUE Kypca TpeOyeT HanpshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TPpUBEACHO MHMHUMAJIBbHO HeoOXoguMoe BpeMsi s paboThl CTyOeHTa HajJ TEMOHU.
CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— npopaboTKy yueOHOro Marepuasa (1o KOHCIIEKTaM JICKIMiA, y4eOHOW W HAyYHOU JINTEpaType);
— BBINIOJIHCHUE JOMAITHUX TCOPETUUSCKHUX 3aTaHHM.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

NporpaMma acnupaHTypbl: MareMaTnka U MEXaHHKa

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kadeapa MammMHHOTO 00y4YeHHs U HH(PPOBON ryMaHUTAPUCTHKH
Kypc: 1

Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

PaszpatGoTunk: P.I'" Heitues, cTapmmii npenoiaBaTeiib



1. Iloka3aTe, i OLleHNBAHUS KOMIIETEHIIHH
B pesynbrare uzydenus qucUIuinHb « MammmHHOE 00y4YeHHe» 00yJaronuics JOIDKEH:

3HAThb:

- OCHOBHbIE IPUHIUIIBI M TPOOJIEMATHKY TEOPUH 00yUEHHS MAIIHH;
- OCHOBHBIE COBPEMEHHBIE METOJbI OOYUYECHHUH 10 MpeLeAeHTaM — KiIacCu(UKALMH, KIacTepU3aluu U
perpeccuu.
yYMeThb:
- (popmann30BaTh MOCTAHOBKY NPUKJIAIHBIX 33/1a4 aHAJIN3a JaHHBIX;
- UCTIONIB30BaTh METO/IbI 00YUYEHHS 110 MPELeIeHTaM JUIs PELICHUs] TPAKTHUECKUX 3a/1a4;
- OLICHMBATh TOYHOCTH ¥ 3PPEKTUBHOCTD MOJTYUYECHHBIX PEIICHUI.
BJa/IeTh:
- OCHOBHBIMH MOHATUSIMU TEOPUH MALTHHHOTO 00YYEeHHUS.

2. IlepevyeHb TUNIOBBIX (IPUMEPHBIX) BOIMPOCOB, 3aJaHUIi, TeM JI MOATOTOBKH K TEKYIEMY KOHTPOJIIO

[TocTpoenue crucTeMbl MAIIMHHOTO MEPEBOAA
Peanmuzanus DQN ¢ mamsteio (experience replay buffer)
Peanmuzauusa metona Advantage Actor Critic B cpexne Atari
Krnaccudukanus n cermenTanus n300paxeHuit
[TocTpoenue reHepaTUBHBIX MOJEIEH

MPEYCHb BOMPOCOB IO TEOPMUHUMYMY.
[TocranoBka 3amau oOyueHus ¢ yunreneM (supervised learning).

3anaun oOydenus Oe3 yuutens. Ha3ares XoTs Obl 1Be.

Uro o3HauaeT cBOMCTBO 1.i.d.?

OcnoBHas uzest HauBHOTo baiiecoBckoro knaccudukaropa. B 4ém ero HauBHOCTH?
3anummure GOopMyIbl 1J1 MOACTH JTUHEWHOW PErpeccuy U JUIsl CPeTHEKBAAPATUIHON OLINOKH.

S =

3anumure GopMyiy Ul OJHOTO IIara TpaJueHTHOro ciycka. Kak MoguduupoBars rpaiueHTHBIA
CITYCK JIJIsl OY€Hb OOJIBIIION BBIOOPKHU?

7. Yto Takoe mpagonogodue, METOJ MaKCHMAaIBHOTO MpaBaononoous? SBmsercs nu mpapaonogooue
BEPOSITHOCTBIO?

8. Uro Takoe kpocc-Banmuganus? Ha uto BiuseT KoinyecTBo OJIOKOB B KpOcC-BaIUAALNAN?
9. Uro takoe nepeodyueHue n HegoobyueHne? Kak ux MOXHO A€TEKTHPOBATh?

10. Yem rumepmapameTpsl OTIMYAOTCA OT mapameTpoB? Uro sABHsSeTcss mNapaMeTrpaMu U
rureprapamMeTpamMmu B JMHEUHBIX MOJENAX U B PELIAIOIINX JEPEBbAX?

11. Yro Takoe perynspusanusi? Yem Ha npaktuke ominuaercs L1-perynspusamnus ot L27
12. YuureiBaercs iu kodduipent capura wOB perynsipuzarope? [Touemy?

13. Ilouemy nuHEHHBIE MOIETH PEKOMEHAYETCS MPUMEHATh K BBHIOOPKE C HOPMHUPOBAHHBIMU
3HAYCHUSIMH [TPU3HAKOB?

14. 3anummure dpopmyiy 1 IMHEWHOW MoAeNH Kiaccudukauud. Yto takoe orcryn?
15. Yro Takoe TOUHOCTH 1 NoAHOTA? [loyemMy Hy)KHO YyUHTHIBAaTh UX BMecTE?

16. B 3amaue OunHapHOW KiaccupuKamuu JOJS OJHOTO Kiacca cocTaBisioT 95% BeiOopku. Kakwue
METPHKH Pa3yMHO HCIIOJIB30BaTh ISl OLIEHKH paboThl Mozenn? mouemy?

17. Yro Takoe ROC-AUC? Kak noctpouts ROC-kpuByo?

18. 3amummure (QyHKIMOHAN JOTHCTHYECKOW perpeccuu. Kak OH CBsI3aH ¢ METOJOM MaKCHMyMa
rpaBaonooous?

19. N nest meToga OMOPHBIX BEKTOPOB (B ciiyyae pa3aeIuMOi BHIOOPKH).

20. OnumuTe XaJHbIH aJITOPUT MOOYUEHUS PEIIAIOLIero Aepena.

21. Ilouemy ¢ TOMOUIbIO PEIIAIOLIETO AEpeBa MOXKHO AOCTHYb HYJIEBOM OIIMOKM Ha OOydaromed
BBIOOpKE 0€3 MOBTOPSIONINXCS OOBEKTOB?

22. Ecnu B nUCT AepeBa Honaau 0ObEKThl Pa3HbIX KJIACCOB, TO KaKKe MpeJICKa3aHns Hy>KHO BbIJIaBaTh B
atoM jucte? [louemy?



23. Kakoe mpeackasaHue HYKHO BbIaBaThb B JIMCTE JiepeBa B 3aJau€ PErpeccHuH €ciId MbI
muHuMH3NpyeM MSE? a B cnyqae MAE?

24. Yro takoe bagging?

25. Uro Takoe cirydarHbIN Jiec? UeM OH OTIUYaeTcs OT OATTHHTA HAJ| PeIAIONTIME JIEPEBhIMU?

26. Kak B rpagueHTHOM OycTHHTE 00y4aroTcs 0a30BbIe aJrOpUTMBI?

27. 3auem Hy>xeH backprop, 4To Takoe Ipou3BOAHAS BEKTOPA 110 BEKTOPY?

28. Onumwure npuHOun padotel cBEproyHoro cios (CNN).

29. B ueM HeOOCTAaTKM TMOJHOCBSI3HBIX HEWPOHHBIX CeTEl Kakash MOTHBalUsl K HCIIOJIB30BaHHIO
CBEPTOUHBIX?

30. OnumrTe MPUHIMIT PaOOTHI 6a30BOTO peKyppeHTHOTO ciiosi (RNN).

31. Yro takoe dropout?

32. Kak dropout u batch normalization MEHSIFOT CBO€ MOBE/IEHHUE MTPH IKCILTyaTaIlH MOJIEIH (B PEKUME
inference)?

33. 3anumuTe NOCTaHOBKY 3aJa4l B METO/E IIaBHBIX KOMIIOHEHT.
34. Kak paboraer meron k-means?

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA ITPOMEKYTOYHOM aTTecTalluu
o0yvyarommxcst

1. 3amaun oOyueHuss mo mpeneneHtaMm. Supervised, unsupervised u semi-supervised oOyueHwue.
[TonsTus nepeodyuenus u ododmaromnieit criocoorocTr. CKONMB3sImui KOHTPOIH (cross-validation).

2. Metpuueckue anroputmbl kiaccupukanui. OO0OIEHHbI MeTpHYECKH KiTacCu(UKaTop, MOHSATHE
orcryna. Meron Ommxaiimux coceeir (kNN) u ero o6o0menus. [Togbop umcma k mo xpurepuro
CKOJB3simIero KoHTposst. Otoop stanoHHbIX 00bekToB. anroputM CTOJII. dyHKuMsS KOHKYpEHTHOTO
cxoactra (FRiS).

3. [MocTpoenne MeTpuk U oTOOp Npu3HakoB. CtaHgapTHBIE MeTpuKU. OTICHUBaHUE KAueCTBA METPUKH.
[Mpoxusatie pasmepHocTH. JXKaaHbIH anropuT™ 0TOOpa MPHU3HAKOB.

4. Jlornueckue 3akoHOMepHOCTH. CTarucTruueckuil kpurepuit uaopmaruaoctu I ¢ (¢, X 1): cmbicn u

CHOCOOBI BEIYMCIICHUS. DHTPONUIHBIN KPUTEPHA HHPOPMATUBHOCTH — HH()OPMAITMOHHBIN BBIUTPBHITII

IGain ¢ (¢, X 1 ). MHorokiaccoBble BapuaHThl KputepueB. Wuzaekc Gini. 3amaua nepebopa
99

KOHBIOHKIMH. “I'paeHTHBIN” anropuT™M CHHTE3a KOHBIOHKIMN M €ro 4YacTHBIE CIydau: XKaJHbIN
QITOPUTM, CTOXaCTUYECKHUH JTOKaJIbHBIN MOMCK, CTAOMIN3ALMS, PEIYKIIHA.

5. buHapuzanusi NPU3HAKOB, alTOPUTM BbLACTICHHUA HWHPOPMATHBHBIX 30H. Pemaromiye CHUCKH.
Pemrarome niepeBbsi: mpuHIUN paboTel. Pa3OueHune mpocTpaHCTBa OOBEKTOB Ha IMOJMHOXKECTBA,
BBIJICNIAEMBIE KOHBIOHKIMSAMHM TEPMHHAJIBHBIX BepmMH. Anroput™ ID3. Ilpe-npyHuHr u
noct-npyHuHr. RandomForest.

6. Jluneitnas xnaccudukanus. HenpepblBHbIE anmpOKCHUMAIUN MOPOroBOM (YHKUMHU moTepb. Meton
MUHHMU3AIUKA  alllPOKCUMHUPOBAHHOTO »mnOupuyeckoro pucka. SG, SAG. Cs3p MUHUMH3ALUU
aNMpOKCUMUPOBAHHOTO 3MIIMPUYECKOTO PHUCKA M MAaKCUMHU3ALMH COBMECTHOIO MPaBAONOJO0MS
naHHbIX W Mmoxpenu. Perymspuszamums (11, 12, elasticnet). BeposTHOCTHBIN CMBICT pErylsipH3aTOpPOB.
[Ipumeps! pa3nuuHbIX QYHKLIUN HOTEPh U KIaCCU(PUKATOPOB. DBPUCTHUECKUN BBIBOJ JOTHCTUYECKOM
(YHKIIMU TIOTEPB.

7. Meton omopHBIX BeKTOpOB. ONTHMH3AaLMOHHAS 3ajada C OTPaHUYCHHUSIMHU B BHJIC HEPAaBEHCTB H
oesycioBHas. Onopabie BekTophl. Kerneltrick. Onrtumuzanuonnas 3agada B S3VM u SVR. SVM u
Oecrpu3HaKOBOE MAlIMHHOE 00y4YeHre Ha puMepe saaep rpadoB u KiaccupuKanuy BepIinH rpada.

8. 3ajmaya CHMXKEHMs pPa3MEPHOCTH IIPOCTPAHCTBA IpU3HAKoB. Mies Merona INIABHBIX KOMIIOHEHT
(PCA). Ca3p PCA u cunrynspHoro pasioxeHusi Marpuilsl npusHakoB (SVD). Beruncnenne SVD B
MIPOCTPAHCTBAX BHICOKON Pa3MEPHOCTH METOIOM cToxXacThudeckoro rpaauenta (SG SVD).

9. MHoroMepHas JIMHElHas perpeccus. 'eoMeTpuuecknii ¥ aHAIMTUYECKUN BbIBOJ. Perymsapusanus B
3agaue perpeccun. Hemapamerpuueckas perpeccus. @opmyna Hanapas-Barcona. PerpeccuonHbie
JEPEBBA.

10. BaiiecoBckas xiaccupukanus u perpeccusi. @yHKIMOHAI pUcKa U (yHKIIMOHAJ CPEIHETro PHCKA.
OntumanbHbIi OaliecoBCKM Kiaccu(UKaTop U TeopeMa 0 MUHMMH3ALUK cpegHero pucka. HausHbIi
0aliecoBCKUi KilacCU(UKATOP.

11. BoccTraHOoBIEHHE IUIOTHOCTH: IapaMETPHUYECKU M HemapaMeTpHuecKuil mnoaxod. Meron
[Tap3eHoBckoro okHa. Ilapamerpuueckuil noaxoa Ha IpUMEpPe HOPMAJIbHOIO JUCKPUMUHAHTHOIO
aHanusa. JIunenHelii quckpumMuHaHT Ouniepa.



12. 3agaya NOpPOTrHO3MPOBAHUS BPEMEHHOTO psila, NPUMEpPHl 3a4ad. AJaNnTUBHBIC aJTOPUTMBI
[POTHO3UPOBAHMS:  SKCIOHEHUMAJbHOE  CINIaXKuBaHue, Monenu  bpayna,  Teiina-Beimxa,
Xonbra-Bunrepca. [lpenmyiiecTsa 1 HeJOCTATKU aJallTUBHBIX AJITOPUTMOB ITPOTHO3UPOBAHMUSL.

13. Mogenu ARMA, ARIMA, a Takxe perpecCHOHHbIE METOJbl PEIIeHHs 33Ja4i MPOTHO3UPOBAHUS
BpEeMEHHOro psaa. KoMmmosunuum aganTWBHBIX alrOPpUTMOB: ceiekuus, kommosunus, JIABP,
arperupyroui airopuTM.

14. 3anaua knactepuzanuu. ArrioMeparvBHas M AMBU3HOHHAs Kiactepuzanus. Anroputmsl k-Means,
k-Means++. Knactepuzanust ¢ nomompio EM-amroputma (6e3 BbiBoma M-miara). ®opmyna
Jlanca-Yunnssamca.

HpI/IMep JUIA OK3aMCHAlLIlMOHHOI'O Ounera u3s TPEX BOIIPOCOB:

1. Drambl nocTpoeHUs MOEIN: TPCHUPOBKA, BAIHIAINS, TECTHpOBaHUE. Polb kKaxkoro sTama.
[lepeobyuenue.

2. Perynspusarnus HeipoHHbIX cereil: Dropout, Batch Normalization. Pasauma B moBexpennu mpu
00y4eHHUU U MpeCKa3aHUH

3. Jlorucruueckas perpeccusi. DKBUBAJIEHTHOCTb PEILEHUH, MOJyYEHHBIX METOJOM MAaKCHUMAaJIbHOIO
MPaBIONOA00MS ¥ MUHUMH3ALNH JIOTUCTHUECKON (DYHKLIUHU TIOTEPh

Kpurepun oneHuBaHus
OTJIIMYHO
10 BcecTOpoHHHE, CHCTEMAaTH3HPOBAaHHbIEC, INTyOOKHE 3HAHUS y4eOHOH HporpaMMbl AUCLUIUIMHBI U
YMEHHE YBEPEHHO MNPUMEHATh MX HA MPAKTUKE IPH PEHICHWH KOHKPETHBIX 3a/ad, CBOOOTHOE H
MPaBWIbHOE 000CHOBaHNE MIPUHATHIX PELICHUIH;
9 cucremaruzupoBaHHbIE, NIyOOKHE 3HAHUS Yy4eOHOW MpPOrpaMMbl AUCUUILUIMHBL U YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 00O0CHOBAaHHE MPUHATHIX
pELICHMUI;
8 mryOokue 3HaHUS y4eOHOW MpPOrpaMMbl AMCUMIUIMHBI M YMEHUE NMPUMEHATh MX Ha MPAKTHKE MPH
peLIeHNN KOHKPETHBIX 3aJ1a4, IPaBHIbHOE 000CHOBAHUE MTPUHATHIX PEIICHHH;

XOpOLLO

7 TBEpAO 3HAET Marepuaj, IPaMOTHO M IO CYIIECTBY H3J1araer €ro, yMeeT IPUMEHSTh NOJIy4YEeHHbIE
3HAHMS HA MIPAKTHKE, HO JOITYCKAET B OTBETE WJIM B PEIIEHUH 337a4 HEKOTOPBIE HETOYHOCTH;

6 3HaeT marepuaj, rpPaMOTHO M3JIaraeT ero, yMeeT NPUMEHSTH MOJy4YeHHbIE 3HAHUS Ha MPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 33a4 HEKOTOPbIE HETOYHOCTH;

5 3HaeT OCHOBHOW MaTepual, IPaMOTHO M3/araeT €ro, ymMeer NPUMEHATh I10JyYCHHbIC 3HAaHUS Ha
MIPaKTUKE, HO AOITYCKAET B OTBETE WM B PEIICHUH 3a7]a4 HETOYHOCTH;

YIOBJIETBOPUTEIBHO
4 ¢parMeHTapHbIM, pa3pO3HEHHBIH XapakTep 3HAHWH, HEJOCTATOYHO NPaBUIbHBIE (OPMYIUPOBKU
0a30BBIX TOHATUH, HApyIIEHHs JIOTHYECKOH MOCIEOBAaTEIbHOCTH B H3JIOKEHUH HPOTrPaMMHOIO
Marepuaina, HO IIPH 3TOM OH BJIaJeeT OCHOBHBIMH pa3lesiaMu yueOHOH IporpaMmbl, HEOOXOOUMBIMHU
IS TaJibHeHIero o0y4eHns: 1 MOKeT MIPUMEHSTH IOJTyYeHHbIE 3HaHUS 110 00pa3ily B CTaHAAPTHON
CUTYyalluy;

3 xapakTep 3HaHUI JOCTAaTOYEH A JaTbHEHIIEro 0OydeHUsI U MOXKET IPUMEHSATH IOyYeHHbIC 3HAHUS
o oOpasiy B CTAaHJAPTHOW CUTYyalluu;

HEYIOBJIETBOPUTEILHO
2 He 3HaeT OoiblIeH YacTH OCHOBHOTO COJEpPXAHUS y4yeOHOW MpOrpaMMbl JTUCHUIUIMHBI, JOIyCKaeT
rpyobie OmMOKHM B (HOPMYIMPOBKaxX OCHOBHBIX MOHATUH AMCLUMIUIMHBI M HE YMEET IPaBHIBHO
UCII0JIb30BaTh [10JIyUYEHHbIE 3HAHUS IIPU PELIEHUH TUIIOBBIX MPAKTUUECKUX 3a/au.

1 He 3HaeT (HOPMYIMPOBOK OCHOBHBIX HMOHATUN IUCHMIUIMHBI U HE YMEET UCIIOIb30BaTh MOTy4YEHHbIE
3HAHUS IPU PELICHUH TUIIOBBIX IPAKTUYECKUX 3aa4.



4. MeTonnyeckue MaTepuaJbl, ONpeaesonue Npoueayphbl OleHUBAHNSA 3HAHMIN, YMEeHHI, HABBIKOB U
(W) onbITA AESATEJILHOCTH

3a nepBoe 3amanue oOyuarommiics nmoiay4aet ot 0 go 4 6amos, 3a Bropoe u Tpetbe — oT 0 10 3 6amioB
3a KaXJ10€ B 3aBUCHMOCTH OT IOJHOTHI NPeCTaBIeHHOro oTBera (pemenus). KonmnuecTBo HabpaHHBIX
0amioB OTpeeseT OIICHKY 3a g epeHIMpOBaHHBIN 3aueT.lIpn MIPOBECHUU
i depeHMpoBaHHOrO 3adera oOywaromieMmycs mnpenocrasigercss 30 MUHYT Ha MoAroToBKy. Ompoc
oOyyaromierocs o OuieTy He O0JHKEH NPEeBBIIATh ABYX aCTPOHOMHUYECKUX YacOB.

Bo Bpemss mnpoBenenus aunddepeHUIHpPOBAaHHOTO 3adeTra OOydalolIMecsi MOrYT IOJb30BaThCS
[IPOrpaMMOM TUCLUILIUHBIL.



