MUHHUCTEPCTBO HAYKHU U BBICIIEI'O OBPA3OBAHMUS
POCCUMCKOM ®EJEPALIIU
®EJEPAJIBHOE TOCYJAPCTBEHHOE BIOJ’KETHOE OBPA3OBATEJILHOE
YYPEKJIEHUE BHICIIEI'O OBPA3OBAHUS
«MHT'YHICKUMA TOCYJJAPCTBEHHBIIA YHUBEPCUTET»

®U3NKO-MATEMATHYECKHUI ®AKYJIBTET

KA®EJIPA_ ®U3UKA

COI'JTACOBAHO YTBEPX/JIAIO
PykoBonuTens 06pazoBaTenbHON IPOrpaMMBl JlexaH (pU3HKO-MaTEeMaTUYeCcKOro (paKyabTeTa
/_Hanbruesa M. A. /_Mainbcaros M.X.
or« 27 »__04  2026T. or «_ 28 » _04 2026T.

PABOYAS TIPOTPAMMA JUCLUIIIUHBI (MOIY.JIST)

51.0.10.03 CucremMbl HCKYCCTBEHHOT0 HHTEJJIEKTA
(unoexc oucyuniunvl no yueOHOMY NIAAHY, HAUMEHOBAHUE OUCYUNIUHBL (MOOYIIS))

Hanpagiaenue noaroroBkm (6axanaspuam)

03.03.02 ®duszuka

(x00, HaumeHoBaHUE)

Hal'[paBJIeHHOCTL

dusuka

(Haumenosanue nPoPuiis, MasucmepcKol NPOSPAMMbL, CHEYUATUZAYUU)

KBannpukanus BeINyCKHUKA — Oakanasp

®opma o0yueHHust ounas

(ounas, saounas, ouno-zaounas)

Marac, 2026



1. [lesiu OCBOEHUSA AU CHUILIHHBI

[enbro n3yueHus: AUCIUIITUHBI «CHUCTEMBI HCKYCCTBEHHOTO MHTEIICKTAY SBIISETCS
(dbopMHpOBaHNUE KOMIIETCHIIMU B O0JIACTH MTPUMEHEHHS HHTEIUICKTYaIbHBIX HH()OPMAIIHOHHBIX
CUCTEM JTsI pelIeHUs MTPo(ecCHOHABHBIX 3a/1ad.

3a1auu TUCIUILIHBL:

— 03HAKOMUTH C COBPEMEHHBIMU OOJIACTSIMHU UCCIIEAOBAHUS 110 UCKYCCTBEHHOMY MHTEJUICKTY U
chepaMu MPUIIOKEHUS IKCIIEPTHBIX CUCTEM;

— TIO3HAaKOMHUTHb C KOHIENIHSMH, COCTaBJSIIOIIMMH OCHOBY COBPEMEHHBIX CHUCTEM
MCKYCCTBEHHOT'O MHTEIIIEKTA;

—  MBJIOKUTh TEXHUYECKHWE IMOCTAHOBKM OCHOBHBIX  3a/1a4y, peEIIaeMbIX CHUCTEMaMH
HCKYCCTBEHHOT'O MHTEJICKTA;

— TIO3HAKOMHTH C OCOOCHHOCTSMHU TPAKTHYECKOTO WCIIOJIb30BAHUS HWHTEIUICKTYaTbHBIX
MH(POPMAIMOHHBIX CHCTEM B 00J1aCTH HHPOPMAIIMOHHOH 0€30MacHOCTH.

2. Mecto mucuuniimHbl B cTpykType OIIOII 6akanaBpuara
[uki, K KOTOPOMY OTHOCUTCS JUCIMILTNHA!
Bb1.OJ. «Cuctembl HCKYCCTBEHHOI'O MHTEILJIEKTa

3. Pe3yabTaThl 0OCBOEHHMSI JUCHMIUVIMHBI (Moayas)) «CHCTEMBI HCKYCCTBEHHOTO
UHTEJJIEKTa
[Ipouecc w3ydeHHs] IOUCHMIUIMHBI HampaBieH Ha (OPMHUPOBAHHE DJIEMEHTOB CIIEIYIOIIUX
koMmmereHmi B coorsercTBur ¢ @I'OC BO 1o naHHOMY HanpaBlIEHUIO:

Konx HaumenoBaHnue Koa, HauMeHOBaHHMe HHAUKATOPA A0CTHKEHHS
npodeccuona npogeccHOHAIbLHOM npogecCHOHAIbHOM KOMITETEHIINT
ILHOI KOMIIeTeHIHH
KOMIIeTeHIH
1
CniocoOeH BBISIBUTh ITK-7.1.Boibupaer 3HATB: HaPaBICHUS
CCTCCTBCHHOHAYUYHYIO [[IPOTpaMMHBIC HJ‘[aT(i)OpMI)I pa3sBUTHUS CUCTEM
K-7 CYIIHOCTB TIPOOJIEM, cHCTEM UCKYCCTBEHHOTIO |yckycCTBEHHOTO
POSHHMKAIONIIX B XONE  MHTEILIEKTa; MHTEJUIEKTa; METOJIBI
MpodecCHOHATbHON ’
NesITeIbHOCTH B ACKOMIOSHIMH
06IacTH peraeMbIX 3a7au C
MOJICITUPOBAHUS U MCTIOJIb30BaHUEM
QHAITN3a CIIOKHBIX MCKYCCTBEHHOTO
€CTECTBEHHBIX U MHTEILTEKTA,
MCKYCCTBCHHBIX CHCTOM. [TK_7 2 VuactByer B [YMeTh:
MPOBEICHUT OCYIIECTBIIATh
HKCIIEPUMEHTAIBHON TPOBEPKH |[IEKOMITO3ULIHIO
PaboTOCTIOCOOHOCTH CHCTEM [peIlaeMbIX 3aJad C
MCKYCCTBEHHOT'O MHTEIICKTa MCTIOJIb30BaHUEM
MCKYCCTBEHHOI'O
MHTEJUICKTA;

Biagerb: HaBLIKAMU
TIEKOMITO3UIIAH,
(hopManu3anun
MPOLIECCOB U
00BEKTOB IS




MCIIOJIb30BAHMS
MHTEJUIEKTYyAJIbHBIX
MPOIrpaMMHBIX
[pELIECHUI

I1K-8

CriocoOCH BBISIBUTH
€CTECTBCHHOHAYYHYIO
CYIIIHOCTB TIPO0JIEM,
BO3HUKAIOIIUX B XO/I€
npoQeCcCHOHATHLHON
eI TEIILHOCTH B
o0nactu
MOJICTTUPOBAHUS U
AHAITN3a CIOMXKHBIX
€CTCCTBCHHBIX U
MCKYCCTBEHHBIX CUCTEM.

I1K- 8.1 Bnageet HaBrIKaMu
eKOMITO3UIINH, (POPMATTU3AIIH
MPOLIECCOB U OOBEKTOB AJIsA
MCIIO0JIH30BaAHUS
MHTEJJICKTYaTbHBIX
[MPOTPAMMHBIX PELICHUI

4. CTpyKTYypa M cojiep:KaHue TUCHHUIIIMHBI (MOIYJIfA)

4.1. CTpyKTypa JTUCHUNJIMHBI (MOIYJIA)

OO61ast TpyA0€MKOCTh TUCHUIUIHHBI COCTaBISIET 2 3a4ETHBIX eTUHUIL, /2 4acoB.

No Buabl yueOHoil padoThl, BKI04Yass| DopMbl TeKylero
n/n CaMOCTOSITEJILHYIO PadoTy KOHTPOJIs
CTYAEHTOB U TPYI0eMKOCTb (B ycneBaeMocTH (no
yacax) Helenam cemecmpa)
KonrakTHass |CamocTosiTe/lb dopma
pabora Has padoTa NMPOMEKYTOYHOM
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CHUS
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Kypcosas paboma
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[lo0comoska K 9K3ameHy

OOmmast TpyJOEMKOCTb, B [TpomesxyTouHas
yacax Dopma
721181818 Bauer =
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3ayeT C OLEHKOHU

JK3aMEH

4.2. Conepxxanue TMCUMILITUHBI (MOTYJIs)

Ne i/

HanmeHoBaHMe MOYJIs1, CO/IEPKAHME

Yacebl

1

«BBenenue B HCKyCCTBEHHbIﬁ HHTCJIJIEKT M OCHOBHBIC METOJAbI
MAaIIMHHOI'O 06yqe1mﬂ AJIs1 paﬁoTI)I ¢ TA0JMYHBIMU JAAHHBIMHN)>

Jleknun

10

1.1-15

[OnumoHanpHO: MaTeMaTUYECKUI nukoe3 o 3JIEMEHTaM
MaTEeMAaTHYECKON CTATUCTHKH, JUHEHHOW anreOphl M MaTeMaTHYeCKOTO
aHajm3a. |

OcHoBHbIE 3a1a4u cucTeM HCKYCCTBEHHOTO MHTEJUIEKTA.
Knaccudukanus, kmacrepusanusi, perpeccus. Tumbl MaIIMHHOTO
oOydeHus: ¢ yuyuTeneM, 0e3 y4yuTelsd, C YaCTUYHBIM IPHUBICYECHUEM
yuuTensi, 00y4eHue ¢ MOIKPEIICHUEM.

Knaccudukarus Ha npumepe anroputMma K-ommwkaiimux coceneir (KNN)
[OnnuonaneHO: bBeICTpeI MoMck Omkalmumx coceneit.]. MeTtpuku
OlIEHKM Kiaccuukanuu: TmojaHoTa, TouHocth, FI, ROC, AUC.
Banmmannonnas u TtectoBas BbiOOpka. Kpocc-Bammmanus. Pabota ¢
KaTerOpUaAIbHBIMU ITPU3HAKAMMU.

Perpeccus. Metpuku onenku perpeccun: MSE, MAE, R2 -
K03 uIMeHT neTepMUHaluu. JInHelHas perpeccus, NOJUHOMHAIbHAS
perpeccusi. IlepeoOyueHue u perynspuzainus, rpeOHeBas perpeccus,
LASSO, ElasticNet.

Jluneitaple Monenu g kinaccuukanuu. IlepuentpoH, noructuyeckas
perpeccus, TOJHOCBSI3HBIE  HEUPOHHBIE  CETH,  CTOXACTUYECKHI
TPAJAMEHTHBIH CIyCK M OOpaTHOE paclpoCTpaHEHHWE TIpajueHTa.
Perynsipuzanus mTuHEHHBIX MoIeNel Kilaccu(PUKaIunug.

Knacrepuszanus, Kk-means, k-means++, DBSCAN, armomeparuBHas
KJIacTepu3anus. MeTpuKH OLIEHKH KJIAaCTEpHU3aLUu.

ANTOpUTMBI, OCHOBAaHHBIE Ha IIPUMEHEHUM PpELIAIOIIUX JECPEBBLEB.
Kputepuu pasnenenust y3na: MHQOPMAIIMOHHBIM BBIUTPHILI, KPUTEPHIl
JUoxkuau.  AHcamMOnM  pemialouIMx — JIepeBbEB:  CIydallHBIA  Jiec,
TPaIMCHTHBIA OyCTHHT.

Meton omnopHbIX BekTopoB. [Ipsimas u oOpaTHas 3amada. OmnpenesneHue
OTIOPHBIX BEKTOPOB. S I€PHBII TPIOK.

Hawusnpii OaiecoBCKHIt KIaccupUKaTop. Metonasl OIICHKH
pacnpeneneHus npu3HakoB. EM-anroputm Ha npuMepe cMecH rayCCHaH.

Metoapl Oe3rpaJiuCHTHON ONTUMU3AIMK: Cly4aiHblii mouck, hillclimb,
OT)KHT, TCHETUYECKUI aJITOPUTM.

10

JlabopaTopHbie paboThl

JIP1.1

Mertoas! paboTsl ¢ Tabaumamu B Python. Arperaius u Buzyanu3amus
JnaHHbIX. [IpoBeieHre NEPBUYHOTO aHAIN3A JAHHBIX.

JIP1.2

CIOJIb30BAHUE U CPABHEHHUE aIrOpUTMOB Kinaccupukarmm: kNN,
pEeLIAIoNINe IEPEBhest U UX aHCAaMOJIN, JJOTHCTHYECKas! pETPecCHs.

JIP1.3

Hcnonp3oBaHne W OIEHKA  aJrOpUTMOB  perpeccuu.  [lombop
ONTUMAJIbHBIX




napaMeTpOB PErpeccuu

JIP1.4 | Ontumu3anoHHble 3agaun U ux pemenus. [logbop rumepmapameTrpoB 2
JITOPUTMA C MIOMOIIBIO METO/I0B ONITHMHU3ALIHH.
IpakTuka 10
I1P1.1 | [IporpaMMHO-aJIrOPUTMHYECKOE OCBOEHUE MaTepHalla 10
CamocrosiTeibHas padora 8
CP1.1 | [IpopaboTka yuyeOHOrO MaTepuana JeKIui 2
CP1.2 | [loaroroBka k 1a60paTOpHBIM paboTam 4
CP1.3 | [loaroroBka K py0e:KHOMY KOHTPOITIO 1
CP1.4 | Jipyrue Bubl CaMOCTOSITEIbHON pabOThI 1
2 Jleknun 4
2.1- | Heiiponnsie cetn. @yHKIIUHN OMMOKN HEHPOHHBIX CETel 1 00yueHHe ¢ 4
2.3 MOMOIIbI0 OOpPaTHOTO pacupocTpaHeHus: rpaaueHrta. llonarue 63tya u
AIOXHU.
PaboTa ¢ u300paXkeHUSAMHU C MMOMOIIBIO HEUPOHHBIX ceTell. CBepTOUHBIE
HelipoHHele cetd. Omnepauuu cBepTok, max-pooling. IlonmynspHsie
apXUTEKTYphI CBEpTOUHBIX HelpoHHBIX ceTeit: AlexNet, VGG, Inception
(GoogLeNet), ResNet. Tpancdeproe ooydenue.
OO6paboTka TekcTOB. PaboTa ¢ €cTeCTBEHHBIM $I3bIKOM C IIOMOIIBIO
HEHpOHHBIX ceTeil. BekTopHble npezacraBieHus Uil Tekcra: word2vec,
skipgram,
CBOW, fasttext. Pexyppentnsie neliponnsie cetu, LSTM, GRU.
Tpanchopmepsr, BERT, GPT.
Jlaboparopubie padoThl 6
JIP2.1 | Knaccudukanus nzo0paxkenuii u tpanchepHoe oOydeHue. 3
JIP2.2 | PaboTa c TeKCTaMU U MX BEKTOPHBIMU NPEJCTABIECHUSIMHU TEKCTOB. 3
IIpakTHKa 4
1P IIporpaMMHO-aJITOPUTMHYECKOE OCBOEHUE MaTEpHaIa 4
2.1
CamocrosiTesibHas paGora 7
CP2.1 | [IpopaboTka yueOHOTO MaTepuaia JeKIHil 1
CP2.2 | [loaroroBka k J1abopaTopHbIM paboTam 4
CP2.3 | [TogroroBka K py0eKHOMY KOHTPOJIIO 1
CP2.4 | [Ipyrue BUJIbl CaMOCTOSITEIHLHON PabOTHI 1
«OO0yueHune ¢ MOAKPErJIEHUEM
3 Jlekuumn 4
3.1- | [lonsaTus areHTta, cpebl, COCTOSIHUS, IEHCTBHIA U Harpaabl. OyHKIUS
3.2 neHHoctu coctosHusa (Valuefunction) m ¢yHkums kauecTBa AeHCTBHS
(Qfuntion).
OnTumuzanusi CTpaTerMd C IOMOLIBI0 MaKCHUMH3alMH  (PyHKUIUN 4
[IEHHOCTH M KadecTBa. Q-o0ydeHwue.
['myboxoe obyuenue ¢ nogkperuienuneM. Deep Q-Networks, Actor-critic.
Jnsa yposus skcneptHblil: REINFORCE, A2C, PPO, DDPG.
JlabopaTopHbie paboThl 4
JIP3.1 | ITpumenenue Q-Networks Juist perieHHsI TPOCTHIX OKPY>KEHHH. 4
IIpakTuka 4
1P IIporpaMMHO-aJITOPUTMHUYECKOE OCBOECHUE MaTepHraia 4
3.1
CamocTosiTe1bHasi paboTa 3
CP3.1 | IIpopabGoTtka yueOHOTO MaTepuana JeKIun 1
CP3.2 | IloaroroBka K JJabOpaTOpHBIM paboTam 1
CP3.3 | IloaroroBka K pyOeKHOMY KOHTPOJIIO 0,5
CP3.4 | [Ipyrue BUJIbI CAMOCTOSATENBHOM paboThI 0,5




5. Oopa3oBaTejibHbIe TEXHOJIOTHH

B nponecce mnpenopaBanuss Moayis HMCHONB3YIOTCS CIENYIOIIME METOJbl, CpPEACTBA U

OOHOBJISIEMOE MPU HEOOXOJUMOCTH IIPOrpaMMHOE obecriedeHre HH()OPMALIMOHHBIX TEXHOJIOTHUIA:

— e-mail npenonaBarerns;

— DOJIGKTPOHHBIE Y4eOHO-METOAMYECKHE MaTepHajbl JUIsi OOECIEeYeHHsS CaMOCTOSTEIbHON
paboTHI CTYIEHTOB;

— CHOHCOK caiiToB B ceTH «VIHTepHET» A MOUCKA HAyYHO-TEXHUYECKOW HHGOpManuu 1o
pazaenaM AUCHUILIUHBL,

— MaKeThl MPUKIATHBIX IPOTrpaMM, Harpumep, pytorch.

6. YueOHO-MeTOAMYeCKOe o0ecneyeHHe CAMOCTOSITEIbHOIl padoTbl  CTYJAEHTOB.
OueHouHble cpeacTBa /JIsl  TEKYHIero KOHTPOJSI  yCIeBAeMOCTH,IIPOMEKYTOYHOM
aTTeCTalMH 110 UTOraM OCBOCHHS TUCIHUILINHLL.

Jliia obecriedeHnst caMOCTOSATENbHON pabOoThI CTYAEHTOB 1o Moayito cpopmupoBaH
METOIMYCCKHUI KOMILJICKC, BKIIOYAIOIIUI

B ce0s cneayrome y4eOHO-METONYECKHE MaTePHAIIbI:

1. IIporpamma kypca.

2. Y4eOHMKH U yueOHbIe TOcoOus.

3. Ciucok aJpecoB CaiTOB B MHPOPMALIMOHHO-TEIIEKOMMYHUKAITMOHHOM ceTu «HTepHEeT»
(mamee

— ceTb «MHTEpHETY), CoAepKALIMX aKTyaJIbHYIO0 HH(OpMAIHIO 110 O1o0kaM Moyis.
bubmmorpaduyeckre cChUIKM Ha y4eOHBIC H3TaHUs, BXOIAIINE B METOANICCKHI KOMILIEKC,
MIPUBEJICHBI B IEPEYHE OCHOBHOW U JIOTIOJIHUTENHHON Y4eOHON IUTepaTypbl, HEOOXOIUMON s
ocBoeHust Monyst (paznen 7).

K nonosHUTENBHBIM MaTepuaiaM TaKkke OTHOCUTCS MepeYeHb pecypcoB ceTH «HTepHeT»,
PEKOMEHIYEMBIX JIJISl CAMOCTOSITENIbHOM paboThl pu ocBoeHnn Monyns (pasznen 7). CTyaeHTb
MOJTyYaroT JOCTYI K YKa3aHHBIM MaTepuajliaM Ha IIEpBOM 3aHATUU 10 Moayio.

7. Y4eOHO-MeTOAUYECKOe " MaTepHAJIbHO-TEXHUYECKOe odecreyeHue
AUCHMILIMHBI(MOYJIs1)

7.1. Y4eOHas muTeparypa:

OcHoBHasi TUTepaTypa mo MOIY.J1I0

1 MammunaHOe 00y4yeHne. Hayka u HCKycCTBO MTOCTPOSHHS aJITOPUTMOB, KOTOPBIE
U3BJIEKAIOT 3HaHMs U3 faHHbIX. [lerep @nax. [IMK Ilpecc. 2015.

2. TI'myGokoe obyuenwue. [lorpyxenne B Mup HelpoHHBIX cetell Hukomnenko Cepreit
Uropesuy, Kagypun A. A. | Hukonenko Cepreit Uropesuy, Kagypun A. A.

3. OO6yuenue ¢ moxkperuienneM / Carron Puuapn C, bapro Duupro I'., IMK Ilpecc, 2020.

JonmosiHUTEIbHBIE Y4eOHbIe MATEPHUAJIbI

1. OcHOBBI HCKYCCTBEHHOT'O UHTEIIEKTa : yueOHoe nmocobue / E.B.boposckas, H. A. JlaBbiioBa.
4-¢ u3n.,onexktpoH. M.: JlabopaTopus 3uanuit, 2020. 130 c.

2. HckyccTBeHHBIN MHTEIUIEKT ¢ ipuMepamu Ha Python. [ixommlIpatuk. Bunbsime. 2019.

3. IpukmagHoe wmamuHHOE 00ydeHue ¢ momormibio Scikit-Learn, Keras u TensorFlow:

KOHIICTIIMY, MHCTPYMEHTHl W TEXHUKU IJIi CO3JAHHUS HMHTEIJICKTYAJIbHBIX CHCTEM , 2-€

m3nanue. XKepouOpenbeH. J(nanektuka-Bunbsme. 2020.

Xenpuk bpunk, J[xo3ep Puuapae, Mapk ®esepond «MammaHoe 06yuenuey, [Tutep 2017.

Kak yuutcs mammna: PeBomonusi B 007acTi HEHPOHHBIX CeTel U TIybokoro oOyueHus. SH

Jlexyn. Ansninaa PRO. 2021.

o s



6. I'pokaem rirybokoe oOydenue. Duapro Tpack. [Tutep. 2019.

7. OO6yuenue ¢ nmoukperuieHueM Ha PyTorch. Coopuuk peuentos. HOcu Jlro. JIMK Ilpecc.
2020.
8. https://spinningup.openai.com/en/latest/

7.2. UuTEepHET-pecypchl

[IpumepHBIil IEpedYeHb PECYPCOB CETH «UHTEPHET», PEKOMEHAYEMbBIX PU OCBOCHUH MOAYJIS
1. Open Machine Learning Course (https://mlcourse.ai)
2. Beenenue B mMammHHOe o0ydenue ot «Bioinformaticinstitutex
(https://stepik.org/course/4852/promo )
3. Cnenuanuzauusa MammHHOe 00y4eHHe U aHAINU3 TaHHBIX 0T «MOCKOBCKHI (QPU3UKO-
texuuueckuii mHCTHTYT» (https://ru.coursera.org/specializations/machine-learning-data-analysis)
4. Tlnardopma s mpoBeaeHus copeBHoBanuii mo DataScience(
https://www.kaggle.com )

7.3. IlporpammHoe obecnieyeHue:

— Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
Microsoft Windows server 2003, 2008, 2012, 2016
Microsoft Office 2007, 2010, 2016
— Awntusupycuoe [10 Kaspersky endpoint security
CrnpaBouHo-nipaBoBas cucreMa “I'apant”

7.4. MaTtepuanbHO-TeXHHYECKOe o0ecnevyeHue
Onucanue MaTepuATbLHO-TEXHUYECKOI 0a3bl, HEOOXOAUMOIi /151 U3YUeHHsT MOAYJIst

Aynuropus Ne403. Crennanu3upoBaHHas yuyeOHas MeOenb A

386132, Pecnnybnuka Murymerus, r.o0. ropoj oOyuaroluxcs U mpenojaBares;

Ha3spans, r.Haspans, tep. ['amyp3ueBckuit TEXHUYECKHE CPEeICTBA O0YUEeHHUs

aJIMMHHUCTPaTUBHBIN OKpYT, yi. MaructpanbHasi, |(KOMIbIOTEpHAs TEXHUKA, J10CKa,

1. 39«a» Aya. Ne403 MYyITbTUMEAUIHOE 000PYyTI0BaHHE:

[nomans 62,2 M2 WHTEPAaKTUBHAs I0CKa, IPOEKTOP); TOCTYI K
MH(POPMAIIMOHHO-TEIEKOMMYHUKAITUOHHON
cetu MHTEpHET; yueOHO-METOJMUECKUe
MaTepUaIbl.

OIIMCAHME MOKA3ATEJIEN 1 KPUTEPUEB OIIEHUBAHUA
KOMIIETEHIIUM HA PA3JIMUHBIX DTAITIAX UX ®OPMUPOBAHMUSI,
OIMUCAHUME LHIKAJI OHEHUBAHUA

®onn oneHouHBIX cpeacTB (POC) nmpeaycMaTpuBaeT cleayroliee:

— OIKCaHue KOMIUIEKCA MoKa3aTeseil — JECKPUITOPOB OCBOEHUSI KOMIIETEHIINM B BUJIE
pe3yabTaTOB 00Y4EHUs, KOTOPBIE CTYACHT MOXKET IPOIEMOHCTPUPOBATH (

— (tabmuua 1). I KOHTPOJIS JOCTHKEHUS KaXI0T0 U3 HUX MPETyCMOTPEHBI OLIEHOUHBIE
CpeICTBa B BUJE BOIIPOCOB, 3a1aHUM U T.1.;

— 0003HaUYeHNE KPUTEPHeB — IIPABHJII MPUHATHS PELICHUS IO OLIEHKE JOCTUTHYTHIX
pe3yabTaToB 00y4eHus: U cHOPMUPOBAHHOCTH KOMIIETEHIIH.

Hamnpumep, B kauecTBe mikaibl onieHuBaHus npuauMaetcs 100-6anpHas cucrema ¢ BhlIeICHUEM

(rpamanueit) OLEHOK:

\ PediTuHr \ Ounenka Ha \



https://spinningup.openai.com/en/latest/
https://mlcourse.ai/
https://stepik.org/course/4852/promo
https://ru.coursera.org/specializations/machine-learning-data-
https://www.kaggle.com/

3auerte
85-100
71-84 3auer
60-70
0-59 He3auyer

THIHOBbIE KOHTPOJIbHBIE 3ATAHUS NJIA HHBIE MATEPUAJIBI,
HEOBXOJIMMBIE JIUIs1 OHEHKHW 3HAHUU, YMEHUU U (UJIN) OIIBITA
AEATEJIBHOCTH, XAPAKTEPU3YIOIIUE OTAIIbI ®OPMUPOBAHUA

BrinyckHUK,

KOMIIETEHIIUM B ITIPOIIECCE OCBOEHUS OBPA3OBATEJBLHOM

OCBOMBIIIHH 06p330BaTeJ'ILHYIO

ITPOI'PAMMBbI

nporpammy, JOJIZKCH O6J'Ia,I[aTB

HpO(i)GCCI/IOHaJIBHI)IMI/I KOMIICTCHIHUAMMU 110 TCMATUYCCKHUM MOAYJISIM ITPOTpaMMBbI:

Koxg |HaumenoBanue PesynbpraThl 00y4yeHus
TEMAaTHYECKOIO
MOZYJIs
BBenenune B |3HaHMA:
UCKYCCTBEHHBIM — TEOpPETHUYECKHE OCHOBBI AHAIM3a JAHHBIX M MAIIWHHOIO
UHTEJUIEKT u oOyueHus;
OCHOBHBIC ~ MCTOIBI |— creuuguka paboThl AITOPUTMOB MALIMHHOTO O0y4EHMSI.
MAIIMHHOTO  OOY4YeHUS |YmeHus:
AIA paboTs C |- mNpUMEHEHHE METOJOB MAIIMHHOTO 00Y4Y€HHUs, TOATOTOBKA
TaOJIMYHBIMH JAHHBIX U UHTCPIPETALUA PE3yIbTaTOB.
MaHHBIMH HaBbIkHu (ONBIT AeSITEJIbHOCTH):

HMHTEpeCyeTcs HOBBIMU TpeHAaMHU B cBoOEH
npodeccnoHalbHOM 0Tpaciay, paccMaTpuBaeT UX C TOYKU
3pEHHUs IPUMEHEHUS B CBOEH JI€ATEIbHOCTH;
OIICHUBAET MIPUMEHUMOCTH QITOPUTMOB,
BO3MOXXHBIEPUCKH W TIOCIEACTBHS OIIMOOK, HAXOIUT
ONTUMAJILHBICPEIICHUS IS padounX 3a1a4d




Cucrempl TiIyOOKOrO  |3HAHMS:

oOyueHus - NPUHLHUIBI 00yYEeHUs U IPUMEHEHUs] HeHPOHHBIX CeTeH.

- ApXUTEKTYpbI [NIYOOKUX HEMPOHHBIX CETEH, IPUMEHSEMBIX
B peuieHuun MIPAKTUYECKHUX 3a1a4
CBSI3aHHBIX C aHAJIM30M M300paKEHUHN U TEKCTOB;

Ymenus:

- HacTpoWiKka HEOOXOIUMOTO OKPYXKEHUsS IJs padoTHl ¢
HEUPOHHBIMU CETSIMHU.

- IpUMEHEHUue U n000yueHnenpe100yueHHbIX
HEHPOHHBIX CETeH U3 TOCTYMHBIX OUOINOTEK

HaBbIkH (ONBIT J€eSITEJILHOCTH):

- BIAQJACET HABBIKOM  MPOBEACHUSA  IMOJHOIO0  LHUKIA
BBIYHUCIUTENIBHOTO  3KCIIEpUMEHTa, OTpPaXEHHsI Xoja
BBIIIOJIHEHUSI TIPOEKTa U IMOJYYEHUS pPE3yJbTaTOB B
oTyeTax U JOKYMEHTAlUH;

- BJAJEET HAaBBIKOM  HCIIOJIb30BAHMSI  CYIIECTBYIOLUX
MPOrpaMMHBIX ~ OMOMMOTEK W MOJEJCH, CO3JTaHHs
MIPOrPaMMHBIX peanu3alnii TTyOOKUX HEHPOHHBIX CeTel

OO6yuenue c 3HaHuA:
MOJIKPETUICHHEM - TEOpPETHYECKHE OCHOBBI W QITOPUTMBI OOYYEHHUS C
MOJIKPETIICHUEM;

- TpuUMEHeHHWe Oo0ydeHHus C  TMOAKPEeIUICHHEM  JIs
MPaKTUYECKUX 3a/1a4.

Ymenua:

- BBIOOp ® peanmu3alus alrOPUTMOB OOydYeHHsS C
MOAKPETUICHUEM C YIETOM CTIeIU(UKH 3aa4n

- amanTalUs M HACcTpOWKa alroOpuTMOB OOy4YEHUS C
MOAKPETUICHUEM TIO/T OTIPEICTICHHYIO CPELy.

HaBbiku (ONBIT AeSITEJILHOCTH):

- WHTepecyeTrcs HOBBIMH TpeHAaMHI B cBoeH
npodeccHoHaABLHOM OTpaciy, pacCMaTPUBAET MX C TOUKH
3pEHUs IPUMEHEHUS B CBOCH JIEITEILHOCTH;

- BIAJCET HABBIKOM HCIOJIb30BAaHUS  CYLIECTBYIOIIUX
MpOTpaMMHBIX ~ OMOJIMOTEK ¥ MoOJeJeH, Co3gaHus
MpPOrpaMMHBIX peaju3allii Ha OCHOBE alrOpPUTMOB
0o0yueHus C MOJKPEIIEHUEM

CpenctBa Ansi OIEHKH Pa3UYHBIX YpPOBHEW (GOPMHPOBAHMS KOMIIETCHIIMH IO KaTerOpUsM
«3HAThb», «YMETbY», «BIAJETh)» 00ECIEUNBAIOT PEATU3ALNI0 OCHOBHBIX MPUHLMUIIOB KOHTPOJIS,
TaKHX KaK 00BEKTUBHOCTD u HE3aBUCUMOCTb, IIPAKTUKO-OPUEHTUPOBAHHOCTD,
MEXIUCUUTITMHAPHOCTb.
C y4eroM 3TOro KOHTPOJIbHBIE BOMPOCH! (3alanusl, 3a1aun), Bxoasimue B ®OC, nis pa3nuuHbIx
KaTEropuii 1 ypoOBHEW OCBOEHHUSI KOMIIETEHIIMA MOTYT UMETh CJICTYIOIINN BUI.
3HATD Ilpumepsr:

1 Tumnsl 33124 MAIIMHHOTO O0YYEHHS U KJIACCHI AITOPUTMOB, K HUM IIPUMEHSIEMBbIE.

2. OcHOBHbIEC HAaNPaBJICHUS PA3BUTHS UCCIEIOBAHUN B O0JIACTH CUCTEM UCKYCCTBEHHOTO
MHTEJJIEKTA.
3. Teopernyeckue OCHOBHI AITOPUTMOB MAIIIMHHOTO O0Y4EHUSI.



YMETD Ilpumepsbr:

1 TloaroroBUTh JaHHBIE K UCIIOJIB30BAHUIO AJITOPUTMA MAITMHHOTO OOYYCHHS.

2. OueHUBaTh KQ4eCTBO PEIICHUI CHCTEM MAITUHHOTO O0yUYSHHUSI.

3. AjanTtupoBaTh AITOPUTMBI MAIIIMHHOTO OOYYECHHS K PEIICHUIO MPAKTUYECKUX 3a]1ad.
BJIAJETD IIpumepsr:

1 Merogonorus pa3pabOTKU PEHICHUH MAIIMHHOTO O0yYeHHUS.

2. Tlpumepsl MpaKTUYECKOTO MPUMEHEHHS APXUTEKTYP UCKYCCTBEHHOTO MHTEIICKTA.

3. MeTo/1bl OHJIaliH TECTUPOBAHUS PEIICHU MAIIMHHOTO 00YUYEHUSI.

METOAAYECKHUE MATEPUAJIBL, OIPEAEJIAIOMUE ITIPOLOELYPbI
OLNEHUBAHMA 3HAHUH, YMEHUU H (MJIH) ONIBITA JESTEJIBHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIbBI ®OPMUPOBAHUSA KOMIIETEHIIUA

[Ipumepsl (MakeTbl) METOAMYECKUX MATEPUAJIOB, ONPEAEISIOIIUX MPOLEAYPhl OLICHUBAHUS
3HaHU, yMEeHUH U (UIK) OMbITA AEATEIbHOCTH

HaumenoBanue Kparkas xapakrepucruka IIpeacrasiienue
OLICHOYHOI0 OLICHOYHOT'0 CPe/ICTBA OLICHOYHOI0 CPe/ICTBA
cpeacrsa B GoHe
Texymui KOHTPOJIb CpencTBo NpoOBEPKU OCBOEHMSI KommuiexTs! Onneros
yCIIEBa€MOCTH YPOBHEH «3HATHY, KYMETh» (3aanmii)
KommuiekT OusieroB (MpuMepHbIi)
buner 1.
11 baitecoBckuii kinaccudukarop. Ouenka nmpuszHakos (Gaussian, Bernoulli,
Multinomial). EM anroputm.
12 Knacrepuzanus. kMeans, kMeans++, MeanShift, DBSCAN.
buner 2.
2.1 Aucam6mu. Soft and Hard Voting. Bagging. Cayuaiinsiii jiec.
2.2 Metpuueckwuii knaccudukaropbl. KNN.
WKNN.
buner 3.
31 JIuneitnas perpeccus. LASSO, LARS. CART.
3.2 JepeBbs pemenuil. Mupopmannonsslii Bemrpsim. Ommbdka knaccudukanuy,

sHTponusl, kpurepuid /[xunu. [IpyHuHr.

buiner 4.
41 I'moGanbubii mouck. Ciydaitueiii mouck. Gridsearch. Coyuwaiinoe
oy anue.baliecoBckast onmTUMH3aIUs.
4.2 JIuneitnas perpeccus. [lonmmHoMuansHas perpeccus. I’ pebHeBas perpeccusi.
buner 5.

5.1 AdaBoost. I'pagneHTHBINM OYCTHHT PEIAIONINX JI€PEBHEB.

5.2 Knacrepusanus. AgglomerativeClustering. Metpuku KiacTepu3aliyu.
buner 6.

6.1. Ouenka kaaccudukaruu. dddexkrunocts 1o [lapero. Precision-Recall u ROC kpussie.
AUC.

6.2 Hetiponnsie ceru. IlepuentponPo3en6marra. O6paTHOE pacnpocTpaHEHHE TPaIueHTA.
Oyukiun aktuBauu. Softmax.



buer 7.

71 Jlokanpubiii mouck. HillClimb u ero pasumoBumnoctu. Omxwur. I'eHeTHYecKwHii
AJITOPUTM.
1.2 Metoa onopHBIX BEKTOPOB. SAapa.

Ilepeuennb J1adopaTOPHBIX padoT (MPUMEPHbI)

O01mme pekoMeHAAIMHU K J1a00paTOPHBIM padoTaM: JJisl pa3HbIX YPOBHEH MOATOTOBKHU
CTYACHTOB MOXHO HCIIOJIB30BATh PA3HYIO I‘JIy6HHy pcain3danu pCUICHUA. TaK, AJid CTYACHTOB
HETEXHUYECKUX CIIEHUATbHOCTEH 3aJaHe MOKET 3aKII0YaThCsl B PUMEHEHUH TOTOBBIX
METOJIOB M3 OMOIMOTEK WIIH 3a0JTHECHHEM MTPOITYCKOB B MPOTrpaMMax, rae OoJbInas 9acTh
MOJIFOTOBJICHA MpenoaBaTesieM. [ cTy/IeHTOB TEXHUYECKUX CHEIMaIbHOCTEH 3a1anue Oyner
3aKJII0YAThCS B peaIM3allii aJTOPUTMOB O€3 UCIIOJIb30BAHHUS TOTOBBIX PEIICHUH.

JIP1.1 Metonbl pabotel ¢ Tabmuuamu B Python. Arperanms W Bu3yanu3anus JIaHHBIX.
IIpoBeeHue NepBUUHOrO aHATN3a IaHHBIX.

Llenu: u3yueHue MeTOJ0OB paboThl ¢ JaHHbIMEA B Python u mpoBeneHue mepBHYHOTO aHaiM3a
JTAHHBIX.

3amanue: 3arpysure naracer B pandasmaradpeiiMm. BriBenuTe OCHOBHBIE IMapameTpsl JaTaceTa.
Omnpenenure, CKOJBKO B J1aTaceTe CIy4yaeB OTCYTCTBHS NpU3HAKOB. OIpenenuTe, CKOJIBKO
IIPU3HAKOB SIBJISIIOTCS KaTeropualibHBIMU. BusyanusupyiTe pacrpeneneHue NpU3HAKOB II0
KJ1accaM. Busyanusupyiite 3aBUCMOCTb MEX]y TPU3HAKAMHU.

JIP1.2 Ucnonp3oBanue u cpaBHeHUE anroputMoB kiaccudukarmu: KNN, pemraroriue nepeBbs u
UX aHCaMOJIH, IOTUCTHYECKAs peTrpeccusl.

Lenu: npuMeHeHne U OIIEHKA AITOPUTMOB KJIaCCU(PHUKALUH.

3ananue:

PaznenuTe natacer Ha oOydaromMii M BaJIMJALMOHHBIM ¢ COXpaHEHHEM IPOMOPIHH KJIACCOB.
Knaccudpuiupyiite TOukdM u3 jgaraceta ¢ momoribio aaroputMoB KNN, moructrueckoit
perpeccun, CART, cayuaiinoro neca, CatBoost. ITonbepure nyurive nmapamerpsl aaropuTMOB
CTIOMOIIBIO BaJTHIAIIMOHHON BBIOOpKH. CpaBHHUTE BpeMs padOTHI aJITOPUTMOB H 3aBUCHMOCTH OT
npenoopaboTKU JaHHBIX.

JIP1.3 Mcnonb30BaHKe M OLIEHKA alrOPUTMOB perpeccuu. [1og0op onTUMaNbHBIX MapaMeTpoB
perpeccunu.

Lenu: u3ydyeHue aaropuTMOB PETPECCHH.

3aganue:

[TpumenuTe MeToa TMHEHHON perpeccuu i pelIieHus 3a1a4n Ha jgatacere. /lobaBbTe B garacer
MOJTMHOMHUANTbHBIE TIPU3HaKH. [|00aBIsiiTe MPU3HAKK ITOKa HE YBUIHUTE NIepeoOydeHne Ha
BanuganMoHHomaaracere. [lpumenute rpedneByto perpeccuto 1 LASSO, yToOb1 n30aBUTHCS OT
nepeoOydeHus.

JIP1.4 OnTtuMmu3anMoOHHBIE 3a7a4d U WX pemeHus. [logbop rumepmapaMeTpoB ajaropuTMma c
MIOMOIIIBIO METOIOB ONITUMH3AIINU

[enu: n3ydeHne alrOPUTMOB PEIICHHS ONTHMU3AIMOHHBIX 3a/1a4.

3amaunue:

1 Ontumu3upyiiTe JIHHY MapIIpyTa B 3aJjaue KOMHBOsKEpa ¢ moMoinsio arropurMos hillclimb,
OT)KUTA U TCHETUYECKOTO aNropuT™Ma. BhIBEIMTE MOMTYUYHUBIIUICS MYTh U €T0 JTHHY.

2. OnTUMU3HPYITE THIIEPIIApaMETPhI AITOPUTMA MAIIMHHOTO 00y4YeHHUs (Ha BHIOOP) C TTIOMOIIBIO
CIy4ailHOTO TTOKMCKa, TMIOKMCKa 110 pemerke, anropurMa hillclimb, renernaeckoro anropurma.

JIP2.1 Knaccuduxanus nzo0paxkeHuit 1 TpaHcPepHOE 00yUIeHHE.
Lenu: n3yyeHne METOA0B TITyOOKOTr0 00y4YeHus sl paboOThl C H300paKEHUSIMH.
3ananue:



3arpy3ute JnaraceT M CO3/JaiTe HTeparop AN MOAETH IiIyOokoro oOyuyeHHs. 3arpy3urte
npenoOydyennyo Ha ImageNetcseprounyro cets (AlexNet, VGG mau ResNet) u mobassTe K
backbonenonHocBs3HbIi cioii st 00ydeHus. OOy4nTe HEWPOHHYIO CETh Ha, BU3yalU3UPOBAB
rpaduK (QYHKIMU MOTEPh HA OOydYaloOUIeH W BaJMJAIMOHHOW BBIOOpKE. Peanmsyiite mMomysb
NPUMCHEHHUS] HEHPOHHOI CETH K JaHHBIM, IPOBEPhTE KAYECTBO OOYUCHHUS Ha TECTOBOI BHIOOPKE.

JIP2.2 Pabora ¢ TeKkcTaMu M UX BEKTOPHBIMU IpeAcTaBIeHUsIMHU. Llenu:

n3y4deHue Mojieiell BEKTOPHOTO IPEICTaBICHHS TEKCTOB. 3alaHue:

Ckayaiite npeno0y4eHHbIe BEKTOpa A ciaoBaps. C momMonipio Jr000ro kiaccupukaTopa
mamuaHoro ooyuenust (KNN, SVM, CatBoost) kinaccuduuupyiite TEKCTI U3 1aTacera o CyMMe
BEKTOpOB cJ0B. Kimaccudumupyiite Tekctsl ¢ momonibio LSTM cetn.

JIP3. 1 Ilpumenenue Q-Networks st pemeHus mpoCcThIX OKPYKESHUI.

Lenu: n3ydeHue npuMeHeHNs1 0Oy4eHUs ¢ TIOAKPEIUIEHHEM JUTs PeIleHUH 3a1a4 KOHTPOJIS.
3ananue:

OOyunTe MPOCTYIO MOJHOCBI3HYI0Q-CceTh /I pelieHus okpykenust LunarLander.

[Iponenypsl OLIEHMBAaHUS 3HAHWUN, yMEHHH, (OpPMBI W OpraHu3anys TEKYILEro KOHTPOJISA
YCIEBAEMOCTHU U MPOMEKYTOYHON aTTeCTallui 00y4YaroLUXCsl

Texymuii KOHTpPOJIb YCIIEBAEMOCTH M IPOMEKYTOYHAs aTTECTallMsl CTYAEHTOB BENETCA B
coorBercTBUM C [lonokeHMEM O TEKylleM KOHTPOJIE YCIEBAEMOCTH MW IIPOMEKYTOYHOMU
aTTecTalluu o0pa3oBaTeIbHON OpraHU3allu

Texkyummii KOHTPOJIb yCIIEBAEMOCTH

Monayne nenutcs Ha aa Onoka. Kaxaplii Giok BKiIouaer B ce0sl M3yd4E€HHE 3aKOHYEHHOTO
paszzaena, yactu Monayssi.

Tekymuilt KOHTPOJIB O MOJYJIO OCYILIECTBISETCS 10 KaleHAapHOMYy yuyeOHoMY rpaduky. Cpoku
KOHTpObHBIX Meponpusatuii (KM) u cpoku noaseneHus uToroB no Moyt oTOOpaXkaroTcs B
pabounx y4eOHBIX IUTaHaX Ha ceMecTp. CTyIeHT JOJDKEH BBINOJIHUTh BCE KOHTPOJIBHBIE
MEpONPHUATHS, IPEAYCMOTPEHHBbIE MOlyJIeM K YKa3aHHOMY CPOKY, IOCJIE Yero MpernojaBaTeib
IIPOCTABISCT OaJUIbHBIE OLIEHKH, HaOpaHHbIE CTYJEHTOM IO Pe3yJbTaTaM TEeKYIIero KOHTPOJISA
ycnesaemoctu 1o Moayiio.

KoHTpoibHOE MEPONIPUATHE CUUTAETCS BBIIIOJIHEHHBIM, €CIIU 3@ HETO CTYIEHT IOJIy4uI OLICHKY B
Oamiax He HU)KE MUHUMAJIbHON OLEHKH, YCTAaHOBJIEHHOW IpOrpaMMoil MoAyls MO JAaHHOMY
MEPOIPHUSATHIO.

CryneHTsl, HE CHaBIIME KOHTPOJIBHOE MEPOIPHUATHE B YCTAHOBJIEHHBIM CPOK, IPOJOJIKAIOT
paboTaTh HaJl HUIM B COOTBETCTBHE C MOPSIIKOM, IPHUHATHIM 00pa30BaTEIbHOW OpraHu3aIuei.
IIpomeskyTouyHasi aTrecTanus

DopMOi1 MPOMEKYTOUHOU aTTECTALMU 110 MOyIIIO SABIISIETCS 3a4€T.

OuenuBanne Mopayns Benercss B COOTBETCTBUM C [lonokeHMEM O TEKylleM KOHTpOJe
YCIIEBAEMOCTH U IPOMEKYTOUHON aTTECTAllUU CTYA€HTOB 00pa30BaTEIbHOM OpraHU3alny.
Hanpumep, MeToaMKA OLIEHKHU 110 PEHTHHTY

CTyneHT, BBINOJIHUBIINM BCE NMPETyCMOTPEHHBbIE YUEOHBIM IUIAHOM 3aJlaHUs M CAABIIMHA Bce
KOHTPOJIBHBIE MEpPONPUATHS, IOIy4aeT HWTOTOBYIO OLEHKYy 1o Monaymwo 3a cemectp B
COOTBETCTBHUU CO CIEAYIOLIEH [IKAJION:

PeddTunr Onenka Ha 3a4eTe
85-100
71-84 3auer
60-70
0-59 Heszauger

Peiitunr crynenta no Mojystro 3a ceMecTp onpezenseTcs Kak CyMMa 0auioB, MOJTy4YEeHHBIX UM
3a Bce 0110k Mopyis, 1 0asioB 3a IPOMEKYTOUHYIO aTTecTalio. MakcuMaabHOE KOJINYECTBO
6am1oB 3a Monynbs B ceMecTpe ycTaHaBiauBaercs: paBHbIM 100



®OH/I OHEHOYHBIX CPEJICTB
no pucoumianae «KCUCTEMbBI UCKYCCTBEHHOI'O UHTEJJVIEKTA»
(uHOeKC OUCYUNTIUHBL RO YYeOHOMY NIAHY, HAUMEHOBAHUE OUCYUNIUNHBL (MOOYIs))

KOMIIETEHIIUM HA PA3JIMYHBIX DTAIIAX UX ®OPMUPOBAHUAI,
OINMCAHUME HIKAJI OHEHUBAHUA

®ounn oneHouHbIX cpeactB (POC) npeaycMaTpuBaeT cleayoliee:

OIMCaHHEe KOMILIEKCca MoKa3aTeJsiel — JECKpUITOPOB OCBOCHUSI KOMIIETCHIIUN B BUJIE
pe3yabTaTOB 00Y4EHUs, KOTOPBIE CTYAEHT MOXKET IPOJIEMOHCTPUPOBATH (

(tabnuua 1). [y KOHTPOIISI JOCTUKEHUS KaX10r0 U3 HUX MIPETYCMOTPEHBI OLICHOUYHbIE
CpezAcTBa B BUJIE BOIIPOCOB, 3aJJaHUN U T.J.;

0003HaYCHNE KPUTePUeB — IPABUII IPUHATHS PEILICHHs 10 OLIEHKE JOCTUTHYTHIX
pe3yabTaToB 00y4eHus U c(hOPMUPOBAHHOCTH KOMITETEHIIHH.

Hanpumep, B kauecTBe 1ikaibl olleHuBaHus npuHuMaercs 100-0anbHast cucteMa ¢ BbIICIIEHUEM
(rpagarueit) OLEHOK:

PeiiTuHr Ouenka Ha
3ayere
85-100
71-84 3auer
60-70
0-59 Hesauer
Kon HanmenoBanue Kon, HanmMeHOBaHUe HHIUKATOPA JOCTHKEHUSA
npodeccuona npogeccCHOHATBLHOM npo¢ecCHOHAIBbHON KOMIIEeTEHIINH
LHOI KOMIeTeHIINH
KOMIIeTEeHIINH
11K 7 CriocoOHOCTh HCMOJIb30BaTh, I1K-7.1 3Hate MeToabl pa3paboTKu
BHAHHE OCHOBHBIX MeTozoB OPHIMHAIBHBIX AITOPHUTMOB M NPOrPaMMHBIX
PELIEHNI C UCITOIb30BAaHUEM COBPEMEHHBIX
MCKYCCTBEHHOT'O MHTEJUIEKTA)| .
. TEXHOJOTHI
B MOCTEAYIOIIEH
MpodecCHOHATbHON
EATEIbHOCTH B KayeCTBE
Hay4YHBIX COTPYJIHHKOB,
[peroaaBaresnein
00pa3oBaTeNbHBIX
OpraHu3aun BBICILIETO,
o0pa3oBaHMs, WHKEHEPOB,
TEXHOJIOTOB.
K-8 CrocoOeH BBISIBUTH IMK-8.1. BeiOupaer [3HaTh: HaNpaBICHHS Pa3BUTHI
€CTECTBEHHOHAYUHYIO MpOrpaMMHBIE CHCTEM HCKYCCTBEHHOTO
CYLHOCTD IIPoGIIeM, miaTGopMbl  CHCTEM |[MHTEIICKTa; METOJIbI
BO3HHKAIOIIUX B XOIE MCKYCCTBEHHOTO NTEKOMITO3HMIINH PEIIACMbIX
o MHTEIUICKTA; 3ajad ¢ UCIOJIb30BaHHEM
npodeccCHoHaANBHOM
MCKYCCTBCHHOT'O HHTEIIJICKTA,
eI TEIILHOCTH B 00JIACTH




MOACIIMPOBAHUA U aHAJIN3a
CJIIOJKHBIX €CTCCTBCHHBIX U
HMCKYCCTBCHHBIX CUCTCM.

IMK-8.2.YuacTByeT B
[POBEICHUH
PKCIIEPUMEHTAIBHOU
MPOBEPKH
[paboTOCTIOCOOHOCTH
CHCTEM
MCKYCCTBEHHOTO
MHTEJUIEKTa

'YMeTh: OCYLLIECTBIISTH|
EKOMITO3ULIUI0 pelaeMsbIx
3ajad ¢  MCHOJIb30BAaHHEM

IMCKYCCTBECHHOI'O MHTCIIJICKTA,

BiameThb: HaBBIKAMU
IMEKOMITO3HUIINH, (hopMaTH3ainu
MPOIIECCOB U OOBEKTOB JIJIs
MCTIOTB30BaAHMS
WHTEIUICKTYaIbHBIX
MPOrPaMMHBIX PEIICHUH

BrIntyCcKHUK,

THUITIOBBIE KOHTPOJIBHBIE 3ATAHUA NI UHBIE MATEPHUAJIBI,

HEOBXO/IUMBIE 151 OIEHKHW 3HAHUI, YMEHUW 1 (MJIX) OIIBITA
JAEATEJIBHOCTH, XAPAKTEPU3YIOIIUE OTAIIbI ®OPMUPOBAHUA

KOMIIETEHIIUM B TPOIIECCE OCBOEHMSI OBPA3OBATEJILHOM
ITPOI'PAMMBbI

OCBOMBLIMHA 00pa30BaTENbHYIO

Iporpammy,

NOJDKEH 00Jagars

HpO(bCCCHOHaHBHBIMH KOMIICTCHIUAMU 110 TEMATUYCCKHUM MOAYJISIM ITPOTPaMMBI:

Kon HaumenoBanue PesynbTarel 00yueHus
TEMATUUYECKOTO
MOYJIst
BBenenue B 3Hanud:
HUCKYCCTBEHHBIN — TEOpPETHUYECKHE OCHOBBI aHAJIN3a JAHHBIX U MALTUHHOTO

WHTEJUIEKT U
OCHOBHBIE METO/IbI —
MAITUHHOTO 00YYEHHS VYMeHust:
111 pabOTHI € -
TaOJIUYHBIMU
JTAHHBIMA

o0y4eHus;
crnenrpuka paboThl AITOPUTMOB MAIITMHHOTO O0YYEHHUSI.

MIPUMEHEHUE METOIOB MAIlIMHHOTO 00Y4YEHHsI, MOArOTOBKA

JTAHHBIX U UHTEPIPETALUS PE3YIIHTATOB.

HaBbIku (ONBIT AeSITEJILHOCTH):

- HMHTEPECYETCS HOBBIMU TPEHIAMU B CBOEH
npodeccnoHanbHOM 0Tpaciay, pacCMaTPUBAET UX C TOUKH
3pEHUS] IPUMEHEHHS B CBOEH JEATEIbHOCTH;

- OLIEHMBAET MPUMEHUMOCTH AITOPUTMOB,

BO3MOXKHBIEPUCKH U TOCIIEACTBHUS OLTHOOK, HAXOAUT

ONTUMAJILHBICPEIICHUS IS padounX 3a1a4d




Cucrembl [TyOOKOIo 3HaHuA:

oOyueHus - NPUHLHUIBI 00yYEeHUs U IPUMEHEHUs] HeHPOHHBIX CeTeH.

- apXUTEKTYpHI TITyOOKHUX HEHPOHHBIX CETeH, MPUMEHIEMBIX
B PELICHUU NPAKTUYECKUX 33]1a4
CBSI3aHHBIX C aHAJIM30M M300paKEHUIN U TEKCTOB;

Ymenus:

- HacCTpoiiKa He0OXOAUMOTO OKPYKEHUS JUIst paboThI ¢
HEUPOHHBIMU CETSIMHU.

- [pHUMEHEHHE U 1000y4eHHnenpeao0yIeHHbIX
HEHPOHHBIX CETeH U3 TOCTYMHBIX OUOINOTEK

HaBbIkH (ONIBIT J€SITEJILHOCTH):

- BIAJEET HABBIKOM MPOBEJICHHUS ITOJHOTO UK
BBIYHCIIUTENIHOTO SKCIIEPUMEHTA, OTPAXKEHUS X0/1a
BBIITOJIHEHUS TIPOEKTA U MOJIYYEHUs PE3yIbTaTOB B
oTyeTax U JOKYMEHTAlUH;

- BJaJIeeT HABBIKOM HCIOJIb30BAHUS CYILIECTBYOLINX
MIPOrPaMMHBIX OMOTMOTEK U MOJICIICH, CO3TaHMSI
MIPOrPaMMHBIX peanu3alnii TTyOOKUX HEHPOHHBIX CeTel

OObyuenue ¢ 3HanuA:
MOJIKPETUICHHEM - TEOpPETUYECKHE OCHOBBI M aJITOPUTMBI OOYUEHUS C
MOJIKPETIICHUEM;

- TpUMEHEHHEe 00YYEeHUS C TOJIKPETUICHUEM JIJIs
MPaKTUYECKUX 3a/1a4.

Ymenua:

- BBIOOp U peanusaliys alrOpuTMOB 00ydeHUs C
MOAKPETUICHUEM C YIETOM CTIeIU(UKH 3aa4n

- aJanTaius ¥ HacTpOHKa alrOpUTMOB OOYUYEHHS C
MOAKPETUICHUEM TIO/T OTIPEICTICHHYIO CPELy.

HaBbiku (ONBIT AeSITEJILHOCTH):

- UWHTEpecyeTcs HOBBIMHU TPEHAAMH B CBOEH
npodeccnoHaNbHOM 0Tpaciau, pacCMaTPUBAET UX C TOYKU
3pEHUs IPUMEHEHUS B CBOCH JIEITEILHOCTH;

- BJIAJEET HAaBBIKOM HCIOJIb30BaHUs CYILIECTBYIOIMINX
MIPOTPAMMHBIX OMOIHOTEK M MOJIEICH, CO3TaHmsI
MPOrpaMMHBIX pealn3aliii HA OCHOBE aJITOPUTMOB
0o0yueHus C MOJKPEIIEHUEM

CpencTBa a7 OLIEHKH Pa3IMYHBIX YPOBHEH (HOPMUPOBAHHSI KOMIIETEHIIUN 110 KaTETOPUSIM
«3HATh», KYMETh», «BIAJIETh» O00CCIEUMBAIOT PEATU3AINI0 OCHOBHBIX IPHUHIIUIIOB KOHTPOJIS,
TaKUX KaK 00BEKTUBHOCTD u HE3aBHCHUMOCTb, MPAKTHUKO-OPHUEHTUPOBAHHOCTH,
MEXIUCUUTITMHAPHOCTb.

C yderoM 3TOro KOHTPOJIbHBIE BOMPOCHI (3amanus, 3anauu), Bxoasmme B POC, mis
Pa3IMYHBIX KaTETOPHU U YPOBHEW OCBOEHHUS KOMIIETEHIIMA MOTYT UMETh CICIYIOIIUI BU/I.

3HATDH
IIpumepni:
4. Tunbl 3324 MalTMHHOTO O0YYEHUS U KIACChl AITOPUTMOB, K HUM IIPUMEHSEMEIE.
5. OcHOBHBIE HaNpaBJICHUS PA3BUTHS UCCIIEOBAHHUM B 00JIACTH CUCTEM UCKYCCTBEHHOTO

WHTEJIEKTA.

6. Teopernyeckre OCHOBBI AITOPUTMOB MAIITUHHOTO O0yUYEHUSI.
YMETD IIpumepsnr:



[ToaroTOBUTH NaHHBIE K MCIIOJIB30BAHHUIO AJITOPUTMA MAIIMHHOTO O0YYEHUSI.
OrneHuBaTh KaYeCTBO PELICHUH CUCTEM MAIIMHHOIO O0yYeHHUS.
AanTUpoBaTh aNTOPUTMbI MAIIMHHOTO O0YYEHUS K PEIICHUIO IPAKTHYECKUX 3a/1a4.
BJIAJETDH
IIpumepsr:
4. Metopnonorus pa3pabOoTKU pelIeHUil MallIMHHOTO 00y4YeHMSL.
[IpuMepsl IPAaKTUYECKOT0 MPUMEHEHHUS aPXUTEKTYP UCKYCCTBEHHOI'O HHTEIUIEKTA.
6. Metoabl OHJIalH TECTUPOBAHUS PEIIEHUI MAILIMHHOTO O0yUYEeHMS.

o o1~

ol

METOAAYECKHUE MATEPUAJIBL, OIPEAEJAIOIMUE ITIPOIELYPbI
OLEHUBAHMA 3HAHUH, YMEHUU U (MIH) OIIBITA JTESTEJABHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIbBI ®OPMUPOBAHUSA KOMIIETEHIIUA

[Ipumepsl (MakeTbl) METOAMYECKUX MATEPUAJIOB, ONPEAEISIOIIUX MPOLEAYPbl OLICHUBAHUS
3HaHU, yMEeHUH U (MUIK) OMbITA AEATEIbHOCTH

HaumeHoBaHnue Kparkas xapakrepucTuka IIpeacraBienne
OLICHOYHOI'0 OLICHOYHOI'0 CPeACTBA OLICHOYHOI'0 CPEICTBA
cpeacrBa B GoHae
Texymuii KOHTpOJIb CpencTBo NpOBEPKH OCBOEHMS Komriektsl OuiieToB
yCIIEBAEMOCTH YPOBHEH «3HATbY», KYMETb)» (3amanuii)

KommuiekT OusieroB (MpuMepHbIi)
buner 1.
11 BaitecoBckuii knaccugpukarop. Onenka npusHakos (Gaussian, Bernoulli,
Multinomial). EM anroputm.
1.2 Knmacrepuszarus. KMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
2.3 Ancam6mu. Soft and Hard Voting. Bagging. Ciy4aiinblii jiec.
2.4 Merpuueckwuii knaccuduraropsl. KNN. WKNN.

buner 3.

3.1 Jluneitnas perpeccusi. LASSO, LARS. CART.

3.2 NlepeBss pemenuii. Uadopmannonsslii Berpeir. Ommodka kiaccudukanmy,
sHTponus, kpurepuid lxunu. [IpyHuHr.

buner 4.

41 Tnobanpubiii mouck. Chyuaitnenid mouck. Gridsearch. Cnyuaitnoe
6myxnanue.baliecoBckast onTUMU3ALUS.

4.2 Jluneiinas perpeccus. [lomnaomMuansHas perpeccus. [ peOHeBas perpeccusl.

buner S.
5.3 AdaBoost. ['pagueHTHBIN OyCTHHT PEIIAIOIINX ICPEBbEB.
5.4 Knacrepuszamus. AgglomerativeClustering. Merpuku KiacTepU3aIHH.

buner 6.

6.1. Onenka knaccudukarnmu. dddexkruBHocTb 10 [Tapero. Precision-Recall u ROC

kpusbie. AUC.

6.2 Heiiponnsie cetu. IlepuentponPo3en6narra. ObpaTtHoe pacnpocTpaHeHUE I'paJueHTa.
Oyukiun aktuBaun. Softmax.

buner 7.



7.1 Jlokanpubiii mouck. HillClimb wu ero pasnoBumnoctu. Omxwur. ['eHeTmyeckuii
AJITOPHUTM.
7.2 MeTo1 OOPHBIX BEKTOPOB. S pa.

Ilepeuens J1abopaTOpHBIX padoT (MPUMepPHBbI)

O0mume pexoMeHIaLMH K J1a00paTOPHBIM padoTaM: Ul pa3HbIX YPOBHEH MOATOTOBKU
CTY/IEHTOB MOKHO HCIOJIb30BATh Pa3HYIO MIYOUHY peanu3aluy pemeHus. Tak, A1 CTy1eHTOB
HETEXHUYECKUX CIIEHUATBbHOCTEHN 3a1aHNE MOKET 3aKJII0YaThCsl B IPUMEHEHUH I'OTOBBIX
METO0B U3 OMOIMOTEK WM 3alI0JTHEHHUEM MIPOITYCKOB B IIPOrpaMMax, rje 0oJiblias 4acTh
HOArOTOBJIEHA IpenoaaBaTenaeM. [ CTyIeHTOB TEXHUUECKUX CIIELMANbHOCTEN 3ajaHue OyaeT
3aKJII0YAThCs B peIN3aluy aJITOPUTMOB 0€3 UCIIOIb30BaHUS TOTOBBIX PELICHUH.

JIP1.1 Meroasl pabotel ¢ Tabiuuamu B Python. Arperanus v BU3yanu3aiusi JaHHBIX.
[IpoBenenune nepBUYHOrO aHaIM3a TAHHBIX.

Ilenu: m3yueHune MeTOmOB paboThl ¢ AaHHbIMH B Python u mpoBemeHue nepBHYHOIO
aHaJIW3a JAaHHBIX.

3amanue: 3arpysutre gatacer B pandasgaradpeiim. BoiBemuTe OCHOBHBIC IapaMeTphbl
nataceta. Ompeaenurte, CKOJIBKO B JaTaceTe CiIydaeB OTCYTCTBUs Npu3HakoB. Ompepenure,
CKOJIbKO IIPU3HAKOB SIBJISIOTCA KaTeropualibHbIMU. Bu3yanusupyiite pacnpeneneHue npu3HaKkoB
o KJ1accaMm. Buzyanuszupynre 3aBUCUMOCTb MEXAY MPU3HAKAMH.

JIP1.2 Hcnonb3oBanue u cpaBHeHHEe anroputMmoB kiaccupukammm: KNN, pemrarorime
JIepeBbs U UX aHCaMOJIH, JIOTUCTHYECKAs! perpeccusl.

[enu: mpuMeHeHre 1 OIIeHKa aJTOPUTMOB KIIacCU(DUKAIUH.

3amanue:

Paznmenure maracer Ha oOyyaromuid W BaIMIAANMOHHBIA C COXpaHEHHEM IPOTIOPLUI
kiaccoB. Knaccudumupyiite Toukn u3 naracera ¢ nmomotpsio anroputmMoB KNN, orucriueckoit
perpeccun, CART, ciyuaiinoro neca, CatBoost. [Tonbepure nydmme mapameTpsl aJroOpuTMOB
CIIOMOIIbIO BaIMJAIIMOHHOM BbIOOpKU. CpaBHHUTE BpeMs paObOThl aITOPUTMOB U 3aBUCUMOCTH OT
pe1o0paboTKU JaHHbIX.

JIP1.3 Hcnonp3oBaHHWE U OIEHKAa alropuTtMoB perpeccuu. I[logdop onTuMaIbHBIX
NapaMeTPOB PETPECCUH.

[enu: u3ydyeHue anropuTMOB pErpeccHH.

3amanue:

[IpumenuTe MeTo1 TMHEHHOM perpeccuu JUlsl pelieHus 3a1auu Ha garacere. J[o0aBbTe B
JaTaceT MOJUHOMHUANIbHBIE IPU3HAKU. J{00aBsiiTe MpU3HAKU MOKA HE YBUIUTE NepeodyueHune
Ha BaymIanonHomaatacere. [Ipumennte rpedreByro perpeccuto u LASSO, uTo0s! n30aBUTHCS
OT NIepeo0yUeHHsI.

JIP1.4 OntuMu3alMoHHbIe 33/1a4 U UX perneHus. [1og0op runepnapamMeTpoB airopuTMa ¢
MIOMOIIBIO METO/IOB ONTUMHU3AINN

Llenu: u3yueHne alropuTMOB PEIICHUS ONTUMU3AIIMOHHBIX 33/1a4.

3anaHue:

1 OnTuMU3UpyHTE JTHHY MapiipyTa B 3a7a4e KOMHBOSDKEPA ¢ IOMOIIBIO AITOPUTMOB

hillclimb, omkura u reneTrueckoro anropurMa. BelBenuTe MOTYYHUBIIHIACS YTh U €TI0

TUTHHY.

2. OnTuMHU3UpYHTE THUIEpHapaMeTphl aJrOpUTMa MAIIMHHOTO OoOydeHus (Ha BBIOOpP) ¢

MOMOIIBIO CITy4allHOTO TOWCKa, MoHcKa 1o pemerke, anroputMma hillclimb, renermueckoro
aIrOpUT™Ma.

JIP2.1 Knaccudukamnms n3odpaxeHuid u TpanchepHoe o0yUueHue.
Lenu: n3yyeHne METOA0B TITyOOKOTro 00y4YeHus sl pabOThl C H300paKEHUSIMH.
3ananue:



3arpy3uTte gaTtaceT M CO3JaiTe uTepaTop ULl MOAETH TIIyOOKOoro oOyueHHs. 3arpy3uTe
npenoOydyennyro Ha ImageNetcseprounyro cets (AlexNet, VGG mau ResNet) u mobassTe K
backbonenonHocBs3HbIi cioii st 00ydeHus. OOy4nTe HEWPOHHYIO CETh Ha, BU3yalU3UPOBAB
rpaduK (QYHKIMU MOTEPh HA OOydYaloOUIeH W BaJMJAIMOHHOW BBIOOpKE. Peanmsyiite mMomysb
NPUMCHEHHUS] HEHPOHHOI CETH K JaHHBIM, IPOBEPhTE KAYECTBO OOYUCHHUS HA TECTOBOI BEIOOPKE.

JIP2.2 Pabora ¢ TeKCTaMu U UX BEKTOPHBIMU MPEACTABICHUSIMH.
[enu: nzydyenue Mojenell BEKTOPHOTO MPEICTaBICHUS TEKCTOB.
3anaHue:
CkauaiiTe npeioOydeHHble BeKTOpa 1is cioBapst. C MOMOIIbIO JIF000T0 KilacCupuKaTopa
mamuaHOro ooyuenust (KNN, SVM, CatBoost) kinaccuduuupyiite TeKCThI U3 1aTacera o CyMMme
BEeKTOPOB cioB. Knaccudunupyiite Tekctsl ¢ nomoirsio LSTM cern.

JIP3. 1 Tlpumenenue Q-Networks mist pemieHuns mpoCcThIX OKPYKEHHI.

[enu: n3ydeHne npuMeHeHus 00yICHUS C MTOIKPEIUICHUEM JUTS PEIICHUH 3a/1a4 KOHTPOJISL.
3ananue:

OOyuuTe MPOCTYIO MOIHOCBA3HYI0Q-ceTh st pemeHust okpykenus LunarLander.

[Ipouenyps! onieHUBaHUS 3HAHUM, YMEHUI, (OPMBI U OpraHU3aLUs TEKYLIErO0 KOHTPOJIS
YCIIEBaEMOCTH U IIPOMEKYTOUHON aTTecTalMy 00yYaroIuXcs

Texymuil KOHTPOJIb YCIIEBAEMOCTH U IIPOMEKYTOUYHAsL aTTECTAllUsl CTYIEHTOB BEIETCS B
cooTBeTcTBUM ¢ [lonokeHHMEM O TEKylleM KOHTpPOJIE YCIEBAEMOCTH M IPOMEKYTOYHOMN
aTTecTalluy 00pa30BaTEIbHON OpraHU3alH

Texkymmii KOHTPOJIb yCIIEBAEMOCTH

Monynp nenutcs Ha 1Ba O10ka. Kaxxapiil 6710k BKIIIOYaeT B ce0sl M3yuyeHUe 3aKOHYEHHOTO
paszzaena, yactu Moayis.

Texymuii KOHTPOJIb IO MOy IO OCYIIECTBIISIETCS 110 KAJIGHJApHOMY yuyeOHOMY rpaduky.
Cpoku KoHTponbHBIX Meponpuatuii (KM) u cpoku mnoaBeneHHss HMTOroB 1o Momyimio
oToOpakaroTcsi B pabouymx ydeOHbIX IIaHax Ha ceMmecTp. CTyHEHT JOJDKEH BBHITIOJIHUTH BCE
KOHTPOJIbHBIE MEpOIPUATHS, NPEIyCMOTpeHHble MoJyieM K YKa3aHHOMY CpPOKY, MOCJE Yero
MperoiaBaTeNlb TPOCTaBIsIeT OaUIbHBIE OIICHKH, HAaOpaHHBIE CTYAGHTOM IO pe3yibTaTam
TEKYIIEro KOHTPOJIS ycreBaeMOoCTH 1o Moysto.

KoHTponsHOE MEponpusTHE CYMTACTCS BBITOJHEHHBIM, €CIIH 32 HETO CTYJICHT IOYYHII
OLIEHKY B Oajylax He HI)Ke MUHHMAJbHOM OLIEHKH, YCTaHOBJIGHHOW MpPOrpamMMoOil MOAYNs IO
TaHHOMY MEPOTPHSTHIO.

CrTyneHTbl, HE CIaBIIME KOHTPOJBHOE MEpPONPHUSATHE B YCTAaHOBJICHHBIH CpOK,
MPOIOJDKAIOT PadOTaTh HAJl HUM B COOTBETCTBHE C TOPSAKOM, HMPUHSATHIM 00pa30BaTEIbHOM
OpraHu3aluen.

IIpomeskyTouHasi arrecTauus

DopMoii MPOMEKYTOUHOM aTTeCTAIMU IO MOIyIIO SBJISIETCS 3a4eT.

OuenuBanne Monynst Benercss B COOTBETCTBUM ¢ [lonokeHueM O TeKylleM KOHTpPOJe
YCIIEBAEMOCTH U MTPOMEKYTOUYHON aTTECTAIIMU CTYICHTOB 00pa30BaTeIbHON OpraHu3aIliy.

Hanpumep, MeTOAUKA OLIEHKH 10 PEHTHHTY

CTyneHT, BBIOJHUBIIUN BCE MPEAYCMOTPEHHBIC YUSOHBIM TUTAHOM 3aJ[aHMs U CIAABIIHIA
BCE KOHTPOJIbHBIE MEPONPUSATHS, MOJYy4aeT WTOTOBYIHO OIEHKY mo Mopaymo 3a cemecTp B
COOTBETCTBHUU CO CIEAYIOLIEH [IKAJION:

PelitTunr OuneHKa HA 3a4eTe
85-100 Jauer
71-84




60-70
0-59 Heszauer

Pelitunr crynenta no Moyiio 3a ceMecTp onpeensercs Kak cyMMa 0ajuioB, HOTy4YEeHHBIX UM
3a Bce 0110ku Moayrs, 1 0aiyioB 32 IPOMEKYTOUHYIO aTTecTaluio. MakCUMaabHOE KOJTUYECTBO
O6ayoB 3a Moayib B ceMecTpe ycTaHaBiIuBaeTcsl paBHbIM 100



®OH/I OLIEHOYHBIX CPEJCTB JUCLHMUIIIUHBI (MOIY.JIST)

ONMCAHME MOKA3ATEJIEM U KPUTEPUEB OLIEHUBAHMUSI
KOMIIETEHIIUM HA PA3JIMUHBIX DTAIIAX X ®OPMUPOBAHMSI,
OINUCAHHME HIKAJI OHEHUBAHUA

®onn oneHouHBIX cpeacTB (POC) nmpeaycMaTpuBaeT cleayroliee:

onMCcaHue KOMIUJIEKCa MoKa3aTeeil — IeCKPUITOPOB OCBOCHUSI KOMIIETEHIIUNA B BUJIE
PE3yNbTaTOB 00YUYEHUS, KOTOPBIE CTYACHT MOKET IPOAEMOHCTPUPOBATH (

(tabmuua 1). 1y KOHTPOJISI JOCTUXKEHUS KaXI0r0 U3 HUX MPEIyCMOTPEHBI OLIEHOUHBIE
CpEICTBa B BUJIE€ BOIIPOCOB, 3a/1aHUM U T.[1.;

0003HaYCHNE KPUTEPHEB — IIPABIII IPUHSITUS PEIICHUS MO OIICHKE JOCTUTHYTHIX
pe3yNnbTaToB 00y4YeHUS U cPOPMUPOBAHHOCTH KOMIIETCHIIUH.

Hanpumep, B kauecTBe 1ikaisl olleHuBaHus npuHuMaercs 100-0anbHast cucteMa C BbIIEIIEHUEM
(rpagarueii) OLEHOK:

PedTHHT Omnenka Ha
3auere
85-100
71-84 3auer
60-70
0-59 Hezauer

THUITIOBBIE KOHTPOJIBHBIE 3ATAHUSA NI UHBIE MATEPHUAJIBI,
HEOBXO/JMMBIE JIJIs1 ONEHKHW 3HAHWI, YMEHUH U (MJIN) ONIBITA
JAEATEJIBHOCTH, XAPAKTEPU3YIOIIUE 3TAIIbI ®OPMUPOBAHUA

KOMIIETEHIIUM B MTPOIIECCE OCBOEHUS OBPA30OBATEJBHOM

ITPOI'PAMMBbI

BrinyckHUK, OCBOMBIIMI OOpa3oBaTENbHYIO MporpamMmy, JOJDKEH oO0Janarh
npodeccrnoHaTbHBIMI KOMITETEHITUSMU 10 TEMATHUECKUM MOJYJISIM IIPOTPAMMBI:

Kon

HanmenoBanue P3ynbTarsl o0yueHus
TEMaTU4YECKOIro
MOZYJIS




Beenenue B (3HaHus:

UCKYCCTBEHHBIH — TEOPETUYECKME OCHOBBI aHAIM3a JAHHBIX M MAIIUHHOIO
WHTEIUIEKT u o0yJeHus;

OCHOBHBIC ~ MCTOABI |— crenuduka paboThl AITOPUTMOB MALLTMHHOTO O0yYEHUSI.
MAIIMHHOTO ~ OOYYeHUS |y veHMS:

AL paboThI C |- mpUMEHEHHE METOJOB MAIIMHHOTO OOYYEHHUS, MOATOTOBKA
TaOIMYHBIMH JAHHBIX U UHTEPIIPETALUS PE3YIbTATOB.

JaHHBIMH HaBbIkH (ONIBIT J€SITEJILHOCTH):

- HHTEpECyercs HOBBIMU TPEHIaMU B cBOEH
npodeccCHoHATLHOM OTpaciy, pacCMAaTPUBAET UX C TOYKU
3pEHUs IPUMEHEHUS B CBOCH JIEATEIIbHOCTH;

- OLICHMBaET IIPUMEHUMOCTD aJIrOPUTMOB,
BO3MOJKHBIEPUCKH U TIOCTEACTBUS OIIMOOK, HAXOIUT
ONTUMAaJIbHBIEPEIICHUS A pabounx 3aaa4

Cucrembl TITyOOKOTO  [3HAHHSA:
oOyueHus - NPUHLHUIBI 00yYEeHUs U IPUMEHEHUs] HeHPOHHBIX CeTeH.

- ApPXUTEKTYpPHI INIyOOKHX HEHPOHHBIX CETEH, TPUMEHSIEMbIX
B peuieHuun MPaKTUYECKUX 3a1a4
CBSI3aHHBIX C aHAJIM30M M300paKEHUHN U TEKCTOB;

Ymenus:

- HACTpoWKa HEOOXOIMMOTO OKPYKEHHsI IJsi paboThl ¢
HEUPOHHBIMH CETSIMHU.

- IpUMEHEHHue " J1000y4YeHHenpea00yuyeHHbIX
HEHPOHHBIX CETEeH U3 TOCTYMHBIX OUOIHOTEK

HaBbIkHU (ONBIT AeSITEJIbHOCTH):

- BIQJACET HABBIKOM  TMPOBEACHUSA  IMOJHOIO0  LHUKIJIA
BBIYHUCIUTENIBHOTO  3KCIIEpUMEHTa, OTpPaXKeHHsl Xoja
BBIIIOJIHEHUSI TPOEKTa U TMONYYEHHUS pPE3yJbTaTOB B
OoTuYeTax M JOKYMEHTAIHH;

- BJAJEeT HAaBBIKOM  HCIIOJIB30BAHMSI  CYIIECTBYIOLIUX
MPOTPAaMMHBIX ~ OMOMMOTEK W MOJENEH, CO3JTaHHs
MIPOrPaMMHBIX peau3ainii TTyOOKUX HEHPOHHBIX CETel




OOyuenue c 3HaHus:

HOJIKpEIIICHUEM - TEOpPETUYECKHE OCHOBbl U QJITOPUTMbI OOYYEHHUS C
MOJIKPETIICHHEM;

- I[puUMeHeHHe OOydeHMss ¢  IOJKpEIJIeHHeM Ul
MPAKTUYECKHX 33/1a4.

YMenus:

- BBIOOp W pealu3auus AIrOPUTMOB  OOydYeHHsS C
MOJIKPEIJICHUEM C YUETOM CHelU(DUKU 3aauu

- ajanTanUs W HACTpOHKa ajlropuTMOB OOY4YEeHHS C
MOJKPEIUIEHUEM 10]] OIIPEAETICHHYIO CPeLy.

HaBbIkH (ONIBIT 1€SITEJILHOCTH):

- HHTepecyeTcs HOBBIMU TpeHIaMu B cBOeH
poeCCHOHATTBHON OTPACIIH, PACCMATPHUBAET MX C TOYKH
3peHUs] IPUMEHEHUS B CBOEH JI€ATEIIbHOCTH;

- BIQJCET HABBIKOM HCIOJB30BAaHHUSA  CYIIECTBYIOIINX
IPOrpaMMHBIX ~ OMOMMOTEK M MOAENeH, co3aaHus
MPOrpaMMHBIX peaI3alliii Ha OCHOBE aJTOPUTMOB
00y4eHHUs C MOAKPEIIEHUEM

CpencrBa ansi OUEHKH pA3IMYHBIX YPOBHEH (OPMUPOBAHUS KOMIICTCHIIMH I10 KaTErOpUsSM
«BHATh», «YMEThY», «BIAJCTh)» O00ECIEUMBAIOT pPEATH3AIMI0 OCHOBHBIX MPUHILMUIIOB KOHTPOJIS,
TaKuX KaK 00BEKTUBHOCTh " HE3aBUCUMOCTb, MPAKTUKO-OPHUEHTUPOBAHHOCTD,
MEXIUCIUIIIIMHAPHOCTb.
C yderom 3TOTr0 KOHTPOJIBHBIE BOMPOCH (3a1anusi, 3a1a4un), Bxoasmue B ®OC, nmist pa3IndHbIX
KaTeropuil 1 ypoBHE OCBOCHMSI KOMIETEHIIMIA MOTYT UMETh CIEAYIOINUNA BUI.
3HATD Ilpumepsnri:

7. Tumbl 33724 MAaIIMHHOTO O0yYEHUS U KJIacChl allTOPUTMOB, K HUM IIPUMEHSEMEIE.

8. OcHOBHBIE HAaNPaBJICHUS PA3BUTHS UCCIIEIOBAHUN B O0JIACTH CUCTEM UCKYCCTBEHHOTO
MHTEJUIEKTA.
9. Teopernyeckne OCHOBBI AITOPUTMOB MAIIMHHOTO OOYUEHHUSI.



YMETD Ilpumepsbr:

7. TloaroroBUTH TaHHBIE K UCIIOIH30BAHUIO AITOPUTMA MAITUHHOTO 00YUYEHUSI.

8. OueHuBaTh KQ4E€CTBO PEIICHUI CHCTEM MAITUHHOTO O0yUYeHUSI.

9. AnmantupoBaTh AITOPUTMBI MAIIMHHOTO OOYYEHHUSI K PEIICHUIO TPAKTUICCKUX 3a/1a4.
BJIAJETD IIpumepsr:

7. Metononorus pa3pabOTKH pelIeHUH MAITMHHOTO O0yYeHHUS.

8. IIpumepsl MPaKTUYECKOTO MPUMEHEHHS APXUTEKTYpP UCKYCCTBEHHOTO MHTEIICKTA.

9. Metoabl OHIAlH TECTUPOBAHMS PEIICHUH MAITUHHOTO O0Y4YCHHMS.

METOAAYECKHUE MATEPUAJIBL, OIPEAEJIAIOMUE ITIPOLOELYPbI
OLNEHUBAHMA 3HAHUH, YMEHUU H (MJIH) ONIBITA JESTEJIBHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIbBI ®OPMUPOBAHUSA KOMIIETEHIIUA

[Ipumepsl (MakeTbl) METOAMYECKUX MATE€pPUANIOB, OMNPEICISIOIINX IPOLETYpPhl OLICHUBAHUS
3HaHU, yMEeHUH U (UIK) OMbITA AEATEIbHOCTH

HaumeHoBaHnue Kparkas xapakrepucTuka IIpeacraBienne
OLIEHOYHOT0 OLICHOYHOT0 CpPe/ICTBA OLIEHOYHOI0 CPe/ICTBA
cpeacTBa B QoHje
Texymmii KOHTPOJIb CpencTBo mpoOBEPKHU OCBOSHHSI KommnekTs! Ouneros
yCIIEBAEMOCTH YPOBHEH «3HATbY», KYMETb)» (3amanuii)
KommiekT OuseroB (mpuMepHbIi)
buner 1.
11 BaitecoBckuii kimaccudukarop. Onerka nmpusHakos (Gaussian, Bernoulli,
Multinomial). EM anroputm.
1.2 Krnacrepuszanus. KMeans, kMeans++, MeanShift, DBSCAN.
buner 2.
2.5 Aucam6iu. Soft and Hard Voting. Bagging. Ciyuaiinsiii jiec.
2.6 Merpuueckuii kinaccudukaropsl. KNN.
WKNN.
buter 3.
31 Jluneitnas perpeccus. LASSO, LARS. CART.
3.2 Jepesbst pemiennii. Mudopmanmonusiii BeUrpsIml. OniOka
Kiaccuukanuu, sHTponus, kputepuit Jpxunu. [IpyHuHr.
buner 4.
41 ['moGanbueii mouck. Coyuaitaenii mouck. Gridsearch. Crydaiinoe
omyxnanue.baliecoBckast ONTUMU3AIMSL.
4.2 Jlunetinas perpeccus. [lommaomuansHas perpeccusi. [ pedHeBas
perpeccusi.
buner 5.
55 AdaBoost. I'pagneHTHBINM OYCTHHT PEIAIONINX JI€PEBHEB.
5.6 Knacrepusanus. AgglomerativeClustering. Metpuku KiacTepu3aliyu.
buner 6.

6.1. Ouenka kinaccudukarun. Ipdexkruaocts o [Tapero. Precision-Recall u
ROC xpussie. AUC.

6.2 Hetiponnsie cetu. [leprientponPo3entiarra. O6paTHOE pacipocTpaHeHre
rpaguenta. OyHKIMK akTHBanu. Softmax.



bumner 7.
71 Jlokanpueiii  momck. HillClimb wu  ero pasnoBumnoctn. OTXKwI.
I'eneTnueckuit
AJIITOPHUTM.
7.2 Merton onopHbIX BEKTOPOB. Sjpa.

Ilepeuyens 1abopaTopHBIX padoT (MPUMeEPHBI)

O0mme pexoMeHIaLMH K J1a00pPaTOPHBIM padoTaM: [Uls pa3HbIX YPOBHEH MOATOTOBKU
CTY/IEHTOB MOKHO MCIIOJIb30BATh Pa3HYIO MIYOUHY peanu3aluy pemeHus. Tak, A1 CTy1eHTOB
HETEXHUYECKUX CIIEHUATBbHOCTEHN 3a1aHNE MOKET 3aKJII0YaThCsl B IPUMEHEHUH T'OTOBBIX
METO/0B U3 OUOJIMOTEK WM 3alI0JTHEHHUEM MPOITYCKOB B IPOrpaMMax, e 0oJiblias 4acTh
MOJArOTOBJIEHA IIpenojaBaTeneM. s CTyJeHTOB TEXHUYECKUX CIeLUaIbHOCTEN 3a1anue Oyaer
3aKJII0YAThCs B peIN3aluy aJITOPUTMOB 0€3 UCIIOIb30BaHUS TOTOBBIX PELICHUH.

JIP1.1 Mertoapl pabothl ¢ Tabnuiamu B Python. Arperanus W Bu3yaau3alus JIaHHbIX.
[IpoBenenune nepBUYHOrO aHaIM3a JAHHBIX.

[lenu: u3ydeHue MeTOJ0B pabOThI ¢ JaHHbBIMH B Python u mpoBeneHue MepBHYHOTO aHAIM3a
JTAaHHBIX.

3amanue: 3arpysute naracer B pandasmaradpeiim. BriBennTe OCHOBHBIC MapaMeTphbl JaTaceTa.
Ompenenure, CKOJBKO B JaTaceTe ClydaeB OTCYTCTBHS MpHU3HAKOB. Omnpenenure, CKOJIbKO
MPU3HAKOB ABIIAIOTCS KaTErOpHaJIbHBIMU. Busyanusupyiite paclpeneneHue MNpU3HaKoB II0
Ki1accaM. Buzyanusupyiite 3aBUCUMOCTb MEXIY MPU3HAKAMH.

JIP1.2 Wcnons3oBanue u cpaBHeHHE airoputMoB kiaccudukarmu: KNN, pemratomnime nepeBbs u
UX aHCaMOJId, IOTUCTUYECKAs perpeccusl.

enu: mpuMeHeHre 1 OIICHKa aITOPUTMOB KJIaCCU(UKAIUH.

3amanue:

Pazgenure maracer Ha oOydaroniuii ¥ BaJMJAIMOHHBIA C COXPAaHEHHEM MPOIOPIHI KIIACCOB.
Knaccupunupyiite Toukum u3 mgatacera ¢ mnomoinsio  amroputmMoB KNN, morucriueckoit
perpeccun, CART, cayuaiinoro neca, CatBoost. [Tonbepure sydrnme mapameTpsl aJroOpuTMOB
CIIOMOIIbIO BaJIMJIAIIMOHHOM BbIOOpKU. CpaBHHUTE BpeMs pabOThI aJTOPUTMOB M 3aBUCUMOCTH OT
pe100paboTKU JaHHbIX.

JIP1.3 Ucnonb3oBaHue U OLEHKA aJrOpUTMOB perpeccuu. [logdop onTuMaibHBIX MapamMeTpoB
perpeccumu.

[enu: u3ydyeHue anropuTMOB PErpeccHH.

3amanue:

[IpumenuTe MeTo1 TMHEHHOM perpeccuu JUisl pelieHus 3a1auu Ha garacere. JoO0aBbTe B garacer
MOJIMHOMHAIbHBIE TpU3HaKu. [lo6aBisiiTe MpU3HAKK [TOKa HE YBUIHUTE Nlepeo0ydeHne Ha
BayMIanmoHHoMaracere. [[pumenute rpedHeByto perpeccuto 1 LASSO, 9yTo0b1 n30aBUTHCS OT
nepeoOyyeHus..

JIP1.4 OnTuMu3anMoHHbIe 3a7aud ¥ ux peureHus. [logOop rumepmnapamerpoB ainropurMa c
MIOMOII[BIO METO/IOB ONITUMH3AIIUH

Llenu: n3yueHHne anropuTMOB PELICHUS ONITUMH3AIMOHHBIX 33/1a4.

3ananue:

1 OnTuMu3upyiTe JJIMHY MapuipyTa B 3a7a4e KOMUBOsDKepa ¢ momonibio anroputmos hillclimb,
OT)KHTA ¥ TEHETHYECKOTO ANTOpUTMa. BBIBEINTE MOTYUYNBIINICS TYTh U €T0 JUTHHY.

2. OnTUMH3HpYITE TUIIEpHIapaMeTphl AITOPUTMA MAIIMHHOTO 00y4YeHus (Ha BHIOOP) C MOMOIIIBIO
CITy4aifHOTO TIOMCKa, moKcka 1o pemerke, anropurMa hillclimb, renernueckoro anropurma.

JIP2.1 Knaccudukamnms n300pakeHuid u TpanchepHoe o0yUueHue.
Lenu: n3yyeHne METOA0B TITyOOKOTr0 00y4YeHus sl paboOThl C H300paKEHUSIMH.
3ananue:



3arpy3ute JnaraceT M CO3/JaiTe HTeparop AN MOAETH IiIyOokoro oOyuyeHHs. 3arpy3urte
npenoOydyennyo Ha ImageNetcseprounyro cets (AlexNet, VGG mau ResNet) u mobassTe K
backbonenonHocBs3HbIi cioii st 00ydeHus. OOy4nTe HEWPOHHYIO CETh Ha, BU3yalU3UPOBAB
rpaduK (QYHKIMU MOTEPh HA OOydYaloOUIeH W BaJMJAIMOHHOW BBIOOpKE. Peanmsyiite mMomysb
NPUMCHEHHUS] HEHPOHHO CETH K JaHHBIM, IPOBEPhTE KAYECTBO OOYUYCHHUS Ha TECTOBOI BHIOOPKE.

JIP2.2 Pabora ¢ TeKkcTaMu M UX BEKTOPHBIMU IpeAcTaBIeHUsIMHU. Llenu:

n3y4deHue Mojieiell BEKTOPHOTO IPEICTaBICHHS TEKCTOB. 3alaHue:

Ckayaiite npeno0y4eHHbIe BEKTOpa A ciaoBaps. C momMonipio Jr000ro kiaccupukaTopa
mamuaHoro ooyuenust (KNN, SVM, CatBoost) kinaccuduuupyiite TEKCTI U3 1aTacera o CyMMe
BEKTOpOB cJ0B. Kimaccudumupyiite Tekctsl ¢ momonibio LSTM cetn.

JIP3. 1 Ilpumenenue Q-Networks st pemeHus mpoCcThIX OKPYKESHUI.

Lenu: n3ydeHue npuMeHeHNs1 0Oy4eHUs ¢ TIOAKPEIUIEHHEM JUTs PeIleHUH 3a1a4 KOHTPOJIS.
3ananue:

OOyunTe MPOCTYIO MOJHOCBI3HYI0Q-CceTh /I pelieHus okpykenust LunarLander.

[Iponenypsl OLIEHMBAaHUS 3HAHWUN, yMEHHH, (OpPMBI W OpraHu3anys TEKYILEro KOHTPOJISA
YCIEBAEMOCTHU U MPOMEKYTOYHON aTTeCTallui 00y4YaroLUXCsl

Texymuii KOHTpPOJIb YCIIEBAEMOCTH M IIPOMEKYTOYHAs aTTECTallUsl CTYIEHTOB BENETCS B
coorBercTBUM C [lonokeHMEM O TEKylleM KOHTPOJIE YCIEBAEMOCTH MW IIPOMEKYTOYHOMU
aTTecTalluu o0pa3oBaTeIbHON OpraHU3allu

Texkyummii KOHTPOJIb yCIIEBAEMOCTH

Monayne nenutcs Ha aa Onoka. Kaxaplii OGox BKiIoYaer B ce0s M3y4eHHE 3aKOHYEHHOTO
paszzaena, yactu Monayssi.

Tekymuilt KOHTPOJIB O MOJYJIO OCYILIECTBISETCS 10 KaleHAapHOMYy yuyeOHoMY rpaduky. Cpoku
KOHTpObHBIX Meponpusatuii (KM) u cpoku noaseneHus uToroB no Moyt oTOOpaXkaroTcs B
pabounx y4eOHBIX IUTaHaX Ha ceMecTp. CTyIeHT JOJDKEH BBINOJHUTh BCE KOHTPOJIBHBIE
MEpONPHUATHS, IPEAYCMOTPEHHBbIE MOlyJIeM K YKa3aHHOMY CPOKY, IOCJIE Yero MpernojaBaTeib
IIPOCTABISCT OaJUIbHBIE OLIEHKH, HaOpaHHbIE CTYJEHTOM IO Pe3yJbTaTaM TEeKYIIero KOHTPOJISA
ycnesaemoctu 1o Moayiio.

KoHTpoibHOE MEPONIPUATHE CUUTAETCS BBIIOJIHEHHBIM, €CIIU 3@ HETO CTYAEHT IOJyYuII OLICHKY B
Oamiax He HU)KE MUHUMAJIbHON OLEHKH, YCTAaHOBJIEHHOW IpOrpaMMoil MoAyls MO JAaHHOMY
MEPOIPHUSATHIO.

CryneHTsl, HE CHaBIIME KOHTPOJIBHOE MEPOIPHUATHE B YCTAHOBJIEHHBIM CPOK, IPOJOJIKAIOT
paboTaTh HaJl HUIM B COOTBETCTBHE C MOPSIIKOM, IPUHATHIM 00pa30BaTEIbHOW OpraHu3aIuei.
IIpomeskyTouyHasi aTrecTanus

DopMOi1 MPOMEKYTOUHOU aTTECTALMU 110 MOyIIIO SABIISIETCS 3a4€T.

OuenuBanne Mopayns Benercss B COOTBETCTBUM C [lonokeHMEM O TEKylleM KOHTpOJe
YCIIEBAEMOCTH U IPOMEKYTOUHON aTTECTAllUU CTYAEHTOB 00pa30BaTeIbHOM OpraHu3aluy.
Hanpumep, MeToaMKA OLIEHKHU 110 PEHTHHTY

CTyneHT, BBINOJIHUBIINM BCE NMPETyCMOTPEHHBbIE YUEOHBIM IUIAHOM 3aJlaHUs M CAABIIMHA Bce
KOHTPOJIBHBIE MEpPONPUATHS, IOIy4aeT HWTOTOBYIO OLEHKYy 1o Monaymwo 3a cemectp B
COOTBETCTBHUU CO CIEAYIOLIEH [IKAJION:

PeddTunr Onenka Ha 3a4eTe
85-100
71-84 3aueT
60-70
0-59 Hezauer

Pelitunr crynenta no Mosyiio 3a ceMecTp onpeensercs Kak cyMMa 0ajuioB, HOJTy4YEeHHBIX UM
3a Bce 0s1oku Motynist, 1 0aiioB 3a IPOMEXKYTOUHYIO aTTeCTalio. MakCUMallbHOE KOJTMYECTBO
OayoB 3a Moayib B ceMecTpe ycTaHaBiuBaeTcst paBHbIM 100



OHI/ICAHI/IEMHOKA3ATEJIEI?I N KPUTEPUEB OLIEHUBAHUSA
KOMIIETEHIUU HA PA3JIMYHbIX OTAITAX UX ®OPMUPOBAHMUAA,
OINMCAHUME HIKAJI OHEHUBAHUA

®ounn oneHouHbIx cpeacts (POC) nmpeaycMaTpuBaeT cleayoliee:

OIMCaHUE KOMITIEKca MoKa3aTeJiell — JECKPUIITOPOB OCBOCHUSI KOMIIETEHIINH B BU/IE
PE3yNIbTaToOB 00y4YeHHUsI, KOTOPBIE CTYIEHT MOXKET IPOJEMOHCTPUPOBATH (

(Tabnuua 1). 1 KOHTPOIISL JOCTUKEHUS KaX10T0 U3 HUX [IPELYCMOTPEHBI OLIEHOUHBIE
CpPEICTBA B BHJIE BOIIPOCOB, 331aHUH U T.1.;

0003HaUYeHNE KPUTEPUEB — IIPABIJI IPUHATHS PEIICHHS 1O OL[EHKE JOCTUTHYTHIX
pe3ynbTaToB 00y4eHHs M CHOPMHUPOBAHHOCTH KOMITETCHIINH.

Hanpumep, B kauecTBe 1ikaibl olleHuBaHus npuHuMaercs 100-0anbHast cucteMa C BbIIEIEHUEM
(rpagarueii) OlEHOK:

PeidTuHr Onenka Ha 3aueTe
85-100
71-84 3aueTr
60-70
0-59 Hesauer

TUMOBBIE KOHTPOJILHBIE 3AJAHUSI UJIU UHBIE MATEPHAJIBI,
HEOBXOJMMBIE J1J151 OEHKW 3HAHW, YMEHW 1 (MJTA) OTIBITA
JNESTEJIBLHOCTH, XAPAKTEPU3YIOIIUE DTAIBI ®OPMUPOBAHUS
KOMIETEHILUI B MPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI
MPOTPAMMBI

BbimyckHMK, OCBOMBIIMIA 00pa3oBaTelbHYIO IpOrpaMMy, JIOJDKEH 00J1alaTh
npodeccnoHaTbHBIMU KOMITIETEHIIUSIMU 10 TEMATHUECKUM MOJYJISIM ITPOTPAMMBI:

Kox |HammenoBaHue Pe3ynbTarel 00yueHus
TEMaTUUYECKOTO
MOIYJIA
BBenenue B |(3HaHHA:
HCKYCCTBEHHBII — TEOPETHYECKUE OCHOBBI aHaIM3a JAHHBIX W MAIIMHHOTO
MHTEJUIEKT u 00yueHus;
OCHOBHBIC METOABI |-  crernuduka paboThl AITOPUTMOB MAITUHHOTO O0yUEHUSI.
MAIIMHHOTO  OOY4eHUS |YVmeHus:
AT paboThI C |- m[pUMEHEHHE METOJ0B MAIIMHHOTO O0YYEeHHsI, TOATOTOBKA
TaOJIMYHBIMU JAHHBIX U UHTCPIPETANA PE3YIbTATOB.
AaHHBIMHA HaBbikHu (ONBIT AeSITEJILHOCTH):
- HMHTEpPECYeTCs HOBBIMU TpEeHAAMH B cBoeit

npoeCCUOHATBHON OTPACIH, PACCMATPUBAET UX C TOUKU
3pEHUs IPUMEHEHUS B CBOEH JEATEIbHOCTH;

- OLEHHUBaeT IIPUMEHUMOCTh aJITOPUTMOB,
BO3MOJKHBIEPUCKM M TIOCIEACTBHS OLIMOOK, HaXOJUT
ONTHUMAJIbHBICPEIICHHUS IS pabourX 3a/1a4




Cucrempl TiIyOOKOrO  |3HAHMS:

oOyueHus - NPUHLHUIBI 00yYEeHUs U IPUMEHEHUs] HeHPOHHBIX CeTeH.

- ApXUTEKTYpbI [NIYOOKUX HEMPOHHBIX CETEH, IPUMEHSEMBIX
B peuieHuun MIPAKTUYECKHUX 3a1a4
CBSI3aHHBIX C aHAJIM30M M300paKEHUIN U TEKCTOB;

Ymenus:

- HAcTpolika HEOOXOIMMOTO OKpYKEHHUs /s pabdoThl ¢
HEUPOHHBIMU CETSIMHU.

- IpUMEHEHUue U n000yueHnenpe100yueHHbIX
HEHPOHHBIX CETeH U3 TOCTYMHBIX OUOINOTEK

HaBbIkH (ONBIT J€eSITEJILHOCTH):

- BIAQJACET HABBIKOM  MPOBEACHUSA  IMOJHOIO0  LHUKIA
BBIYHUCIUTENIBHOTO  3KCIIEpUMEHTa, OTpPaXEHHsI Xoja
BBIIIOJIHEHUSI TIPOEKTa U IMOJYYEHUS pPE3yJbTaTOB B
oTyeTax U JOKYMEHTAlUH;

- BJAJEET HAaBBIKOM  HCIIOJIb30BAHMSI  CYIIECTBYIOLUX
MPOrpaMMHBIX ~ OMOMMOTEK W MOJEJCH, CO3JTaHHs
MIPOrPaMMHBIX peanu3alnii TTyOOKUX HEHPOHHBIX CeTel

OO6yuenue c 3HaHuA:
MOJIKPETUICHHEM - TEOPETUYECKHE OCHOBBI W QITOPUTMBI OOYYEHHUS C
MOJIKPEIUICHHEM;

- TmpuMeHeHHue OOydeHHs C  TOJIKPEIUICHHEM  JUIs
MPaKTUYECKUX 3a/1ay.

Ymenua:

- BBIOOp ® peanmu3alus alrOPUTMOB OOydYeHHsS C
MOAKPETUICHUEM C YIETOM CTIeIU(UKH 3aa4n

- amanTalUs M HACTpPOWKa ajropuTMOB OOy4YeHHUS C
MOAKPETUICHUEM TIO/T OTIPEICIICHHYIO CpPELy.

HaBbiku (ONBIT AeSITEJILHOCTH):

- WHTepecyeTrcs HOBBIMH TpeHAaMHI B cBoeH
npodeccHoHaNbHOM OTpaciy, pacCMaTPUBAET MX C TOUKH
3peHUs IPUMEHEHUS B CBOEH JIEITEIILHOCTH;

- BIQJACET HABBIKOM HCIOJIb30BAHUS  CYIIECTBYIOIIHUX
MpOTpaMMHBIX ~ OMOJIMOTEK ¥ MoJeJeH, Co3daHus
MPOrpaMMHBIX peaju3allii Ha OCHOBE alrOpPUTMOB
0o0yueHus C MOJKPEIIEHUEM

CpencrBa Al OLUEHKH PpA3IMYHBIX YPOBHEH (GOPMUpPOBAHUS KOMIIETCHIMH IO KaTEeropusm
«3HATh», «YMETbY», «BIAJETh)» 00ECIEUMBAIOT pPEANTU3AINI0 OCHOBHBIX MPHUHIIUIIOB KOHTPOJIS,
TaKUX  Kak  OOBEKTMBHOCTb M  HE3aBUCHUMOCTD, IIPAKTUKO-OPUEHTUPOBAHHOCTD,
MEXIUCHUTITMHAPHOCTb.
C ydeToM 3TOro KOHTPOJIbHbIE BONPOCH! (3a1aHus, 3a1aun), Bxoasmue B POC, i pa3anyHbIX
KaTEropuil 1 ypoBHEW OCBOEHHUS KOMIIETCHIIUIA MOTYT UMETh CIICTYIOIINN BH/I.
3HATD Ilpumepsr:

10. Tumnsl 33124 MaIIMHHOTO O0YUYEHHSI U KJIAaCChl aITOPUTMOB, K HUM IIPUMEHSIEMBIE.

11. OcHOBHBIE HaNpPaBJICHUS PA3BUTHUS UCCIEIOBAHUN B 00JIACTH CUCTEM UCKYCCTBEHHOTO
MHTEJJIEKTA.
12. Teoperuueckue OCHOBBI AITOPUTMOB MAITMHHOTO O0yUYCHHUS.



YMETD Ilpumepst:

10. TToAroTOBUTH JAaHHBIE K UCIOIB30BAHUIO AITOPUTMA MATMHHOTO 00y4eHUsI.

11. OneHMBaTh KAYECTBO PEMICHU CUCTEM MallTHHHOTO O0y4YEHUSI.

12. AnanTupoBaTh aIrOPUTMBI MAIIMHHOTO OOYUEHHS K PELICHUIO TIPAKTHUECKUX 3a/1a4.
BJAJAETD Ilpumepsbi:

10. Merononorus pa3pabOTKH PEeUICHUH MAIIMHHOTO O0Y4EHUSI.

11. Tlpumepsl MPAKTUYECKOIO IPUMEHEHUS apXUTEKTYp UCKYCCTBEHHOIO HHTEIIEKTA.

12. Meronbl OHNIAIH TECTUPOBAHUS PEIICHUI MAIIMHHOTO O0YUYCHHS.

METOAAYECKHUE MATEPUAJIBL, OIPEAEJIAIOMUE ITIPOIELYPbI
OIEHUBAHMUSA 3HAHUU, YMEHUU U (UJIN) OIIBITA JEATEJIBHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIbBI ®OPMUPOBAHUS KOMITIETEHIIAN

[Tpumepsl (MakeTbl) METOAMYECKUX MATEpPUAJIOB, ONPEACIAIOLUX MPOLEAYPbl OLIEHUBAHUS
3HaHWUM, yMEHUI U (UJI1) OIbITA AEATEIbHOCTH

HaumeHoBaHme Kparkas xapakrepucruka IIpencraBienue
OIIEHOYHOT0 OLIEHOYHOT'0 Cpe/ICTBA OLIEHOYHOT0 CPe/ICTBA
cpeacTBa B doHze
Tekyiuii KOHTPOITb CpencTBo MpoBEpKU OCBOCHHS Komruiektsl OuiieToB
yCIIEBAEMOCTH YPOBHEH «3HATb», KYMETb)» (3amanHuii)
KommniekT 01J1eTOB (MpUMEPHBIi)
buner 1.
11 BaiiecoBckuii kinaccudukarop. Onenka nmpusnakos (Gaussian, Bernoulli, Multinomial).
EM anroputm.
12 Knacrepuszanus. KMeans, kMeans++, MeanShift, DBSCAN.
buner 2.
2.7 Aucam6mu. Soft and Hard Voting. Bagging. Ciny4aiinsiii jiec.
2.8 Merpuueckuii kiaaccudukaropsr. KNN. WKNN.
buner 3.
31 Jluneitnas perpeccus. LASSO, LARS. CART.
3.2 Hepebs pemenuil. UubopmannonHslii BerpsIm. Ommbdka kiaccuuKanum, SHTPOnus,

kpurepuit Jxuan. [IpyHUHT.

burner 4.
4.1 I'moGanbubiii mouck. CnyuaitHeiii mouck. Gridsearch. CuyuaiiHoe
Omyxnanue.baliecoBckas onmTUMHU3aIns.
4.2 Jluneiinas perpeccus. [lonnHomuanbHas perpeccus. ' peOHeBas perpeccusi.
buner 5.
5.7 AdaBoost. I'pasineHTHBIH OYCTHHT PEMIAIONINX JIePEBHEB.
5.8 Knacrepuszanus. AgglomerativeClustering. Merpuku kiiactepu3anuu.
buner 6.
6.1. Ouenka kinaccudukarun. Ipdexrusaocts mo [Tapero. Precision-Recall  ROC kpussie. AUC.
6.2 Heiiponnsie ceru. IlepuentponPo3entOnarra. OOpaTHOe pacnpocCTpaHEHHE TIpaJUeHTa.

Oyukimu aktuBanuu. Softmax.

buner 7.
71 Jlokanpubiii  mouck. HIllClimb wu ero pasHoBugnoctn. Omxur. ['eHeTHueckuit
AITOPUTM.



7.2 MeToa onopHBIX BEKTOPOB. Sapa.

Ilepedyensb JadopaTOpHBIX padoT (MPUMEPHDbI)

O0mue pekoMeHIaUMH K J1a00paTOPHBIM padoTaM: JUid pa3HbIX YPOBHEH IOATOTOBKU CTYJEHTOB
MOYKHO HCII0JIb30BaTh pa3Hyo INyOuHY peanu3anuu pemeHus. Tak, A1 cTyJeHTOB HETeXHUYECKUX
CHENHATBHOCTEN 33JaHNE MOXKET 3aKTF0UaThCS B MPUMEHEHHH TOTOBBIX METO/I0B M3 OMOIMOTEK M
3aIl0JIHEHHEM MPOITYCKOB B IPOrpaMMax, e 00JiblIas 4acTh HOAr0TOBIIEHA IIpenogaBareieM. Jis
CTY/ICHTOB TEXHHUYECKHX CIICIHATILHOCTEHN 3a/1aHie OY/IeT 3aKII0UaThCs B peai3aliy alrOpUTMOB 0e3
MCII0JIb30BaHUs TOTOBBIX PEIIECHU.

JIP1.1 Meroas! pabotsl ¢ Tabiuuamu B Python. Arperauusi u Busyanuszauusi AaHHbiX. [IpoBenenue
IIEPBUYHOIO aHAJIN3A JaHHbIX.

Llenu: n3yueHune MeTo0B paboThI ¢ TaHHBIMU B Python u npoBe/ieHne MEpBUYHOTO aHAIHM3a JaHHbIX.
3amanme: 3arpysure garacer B pandasmaradpeiim. BriBequTe OCHOBHBIC IMapamMeTpbl JaraceTa.
Onpenenure, CKONBKO B JaTACETE CIIy4aeB OTCYTCTBHS IMPU3HAKOB. OIpeesnTe, CKOJIbBKO IPU3HAKOB
ABIIIOTCA ~ KAaTErOpHalbHBIMU.  BusyanusupylTe pacnpelesieHue IPU3HAKOB 110 KJIACCaM.
Busyanusupyiite 3aBUCHMOCTb MEKy PU3HAKAMH.

JIP1.2 Ucnonws3oBanue u cpaBHeHue aaroputmoB kinaccugpukaimu: KNN, pemaronme nepeBbs U Mx
aHcamOJIu, TOTUCTHYECKAasi pErpeccusl.

[{enu: mpuMEHEHHE U OLIEHKA aJITOPUTMOB KJIaCCU(PHUKALUH.

3amanue:

Paznenure naracer Ha oOyyaromuii W BaJIMJAAIMOHHBIA C COXPAaHEHHEM MPOMOPIMMA KJIACCOB.
Knaccuduiupyiite Toukd u3 jmaracera ¢ momolnbio anroputMoB KNN, joructiueckoil perpeccud,
CART, cuydaiinoro neca, CatBoost. Ilombepure nydmme mapaMeTpbl aJTOPUTMOB CIOMOIIBIO
BaIMJAIIMOHHON BBIOOPKH. CpaBHHMTE BpeMsl pabOThl alrOPUTMOB M 3aBUCUMOCTh OT MpenoopaboTKu
JTAHHBIX.

JIP1.3 Hcnonb3oBaHWe W OLIEHKa alroputMoB perpeccuu. [logbop onTUManbHBIX MapaMETPOB
perpeccum.

[{enu: nzyueHue aropuTMOB PErPECCHH.

3anaHue:

[TpumeHnuTe MeTO JIMHEHHOM perpeccuu Jisl pelieHus 3aaun Ha aaracete. /lo0aBbTe B garacer
NOJMHOMHAJIbHBIE TpU3HaKH. [lo6aBisiiTe MpU3HAKK [TOKa HE YBUIUTE NepeoOyyeHne Ha
BaymaarmonHomaaracere. [lpumenute rpedHeByro perpeccrto 1 LASSO, 9To0ObI H30aBUTHCS OT
nepeoOyyeHHs.

JIP1.4 Ontumu3anmoHHbIe 3a/1a4u ¥ UX penreHus. [lonbop rumneprnapaMeTpoB alropuT™Ma ¢ HOMOIIBO
METOJIOB ONITHMHU3AIHH

Llenu: n3yyeHne aaropuTMOB PEIICHHs ONITUMH3AMOHHBIX 33/1a4.

3aganue:

1 OnTuMu3upyiTe ITMHY MapuipyTa B 3a7a4e KOMHBOsDKEpa ¢ moMonibio anroputmos hillclimb,
OT)KHTA U TCHETHYECKOTO AIrOpUTMA. BBIBEINTE MOTYUMBIINACS MYTh U €T0 JUTHHY.

2. OnTHMHU3UPYHTE THIIEpHIapaMeTpbl AITOPUTMa MAlIMHHOTO OOydeHHs (Ha BHIOOP) C TOMOIIBIO
CITy4aifHOTO TIOMCKa, TIOMCKa 10 pereTke, anropurMa hillclimb, renernueckoro anropurMma.

JIP2.1 Knaccudukanus nzobpaxkenuii u TpanchepHoe o0ydeHune.

Llenu: n3yyeHne METO10B TIIyOOKOTO 00y4eHus sl paboThl C H300paKEHUSIMH.

3aganue:

3arpy3uTe JaraceT M CO3JaiiTe UTepaTop IS MOJENIM TIyOOKoro oOydeHus. 3arpysure
npenobydyennyo Ha ImageNetcseprounyio cers (AlexNet, VGG umm ResNet) m mo6aBbTe K
backbonenonnocBs3Hebl cioli At 00ydeHust. OOyuuTe HEMPOHHYIO CETh Ha, BU3YalIM3UPOBaB Ipaduk



(GYyHKIIMM TOTEph Ha OOydYaromied W BalMIAIMOHHOW BbIOOpKe. PeanmusyiiTe Momynb NpPUMEHEHHs
HEHPOHHOM CEeTH K TaHHBIM, IPOBEPHTE Ka4eCTBO 00yUEHHUsI Ha TECTOBOM BBIOOPKE.

JIP2.2 PaboTa ¢ TeKCTaMu M UX BEKTOPHBIMH IIpecTaBieHusMu. Llemu:

U3y4eHUe MoJeliell BEKTOPHOIO IIPECTaBIIEHUS TEKCTOB. 3aaHHe:

CkauaiiTe npenoOydeHHbIe BeKTOpa Aiis ciioBaps. C MOMOIIBIO JTH000T0 Kiaccu(prkaTopa MaTMmHHOTO
obyuenus (KNN, SVM, CatBoost) knaccupuupyiite TEKCThI M3 JaTaceTa 10 CyMME BEKTOPOB CJIOB.
Knaccudumupyiite Tekctsl ¢ momoinisio LSTM cern.

JIP3. 1 Ilpumenenune Q-Networks st pemeHus mpoCcThiX OKPYKESHUH.

Lenu: u3yveHue npuMeHeHHUs 00y4YeHUs C MOJIKPEIICHUEM I PELIeHUH 3a/1a4 KOHTPOJISAL.
3anaHue:

OOyuuTe MPOCTYIO MOJHOCBA3HYI0Q-ceTh 11 pemenus okpykenus LunarLander.

[Tponienypsl OLICHUBAaHUS 3HaHWH, yMeHWH, (opMbl M oOpraHM3alus TEKYLUIEro KOHTPOJIs
YCIIEBAEMOCTH H MTPOMEKYTOUHOM aTTECTAIIMH 00yJarOIINXCsI

Texkymuii KOHTpOJIb YCIEBAEMOCTH M IIPOMEXKYTOUYHAsi aTTeCTallUs CTYIEHTOB BENETCA B
cootBeTcTBUM C [l0N0KEHHEM O TEKyIlleM KOHTPOJIE YCIIEBAEMOCTH M IPOMEXKYTOYHOW aTTECTalluU
0o0pa3oBaTebHON OpraHu3aiu

Texkyumuii KOHTPOJIb yCIIEBAEeMOCTH

Monyne nenutcst Ha aBa Onoka. Kaxelil 610K BKIIIOYaeT B ce0sl M3ydyeHHE 3aKOHYEHHOI'O pasjena,
yactu Mojyns.

Tekymuil KOHTpoJab MO MOy OCYLIECTBIAETCS M0 KajeHJapHoMy ydeOHOMy rpaduky. Cpoku
KOHTposbHbIX Meponpustuil (KM) u cpoku noaseneHuss UTOroB no Moayno oToOpa)xaroTcsi B
pabouux y4yeOHBIX IU1aHaX Ha cemecTp. CTyIEeHT J10JIKEH BBINOJIHUTH BCE KOHTPOJIbHBIE MEPOIIPUSATHS,
IIPeAyCMOTpEHHbIE MoaylleM K YKa3aHHOMY CpOKY, IIOCJIE Yero IIPernoJaBareilb IPOCTaBISAET
OayulbHBbIE OLIEHKH, HaOpaHHBIE CTYJIEHTOM IO pe3yJibTaTaM TEeKYLIero KOHTPOJS YCHEeBaeMOCTH IO
Monynro.

KoHTponbHOE MEpONpHUATHE CUUTAETCS BBIIOJHEHHBIM, €CIM 3a HETO CTYACHT IOJY4YWJ OLIEHKY B
Oamiax He HM)KE€ MMHHUMAJIbHOM OLIEHKH, YCTaHOBJIEHHOW MporpaMMmMoid MOAYJS IO JaHHOMY
MEPOIPHUATHIO.

CryneHTsl, HE c/1aBlIME KOHTPOJIbHOE MEPOINPUSATHE B YCTAHOBIEHHBIA CPOK, MPOJOJKAIOT paboTaTh
HaJl HUM B COOTBETCTBUE C MOPSAAKOM, IIPUHATHIM 00pa30BaTEIbHOM OpraHn3anuei.

IIpome:kyTouHas arrecranus

DopMOH IPOMEKYTOUHOU aTTECTALMU 110 MOIyIIIO SBISAETCS 3a4eT.

OuenuBanue Mojyns BeeTcst B COOTBETCTBHH ¢ [lo0keHneM 0 TeKyIeM KOHTPOJIE yCIIEBAEMOCTH U
IPOMEXYTOUHOU aTTeCTalluM CTYAEHTOB 00pa30BaTeIbHOI OpraHu3aluy.

HanpuMmep, MeToAMKA OLIEHKH 110 PEHTHHTY

CryneHT, BBINOJHUBLIMKA BCE MPEIyCMOTPEHHBIE YYEOHBIM IUIAHOM 3aJaHMs M CHABIIUI Bce
KOHTPOJIBHBIE MEPONIPHSTHS, TIOJIy4aeT UTOTOBYIO OLIEHKY IT0 MOayIro 3a ceMecTp B COOTBETCTBUH CO
CIIEYIOLIEN IIKAJION:

PeiiTunr Onenka Ha 3a4eTe
85-100
71-84 3aueTr
60-70
0-59 Hesauer

Pelitunr crynenTa no Moayiio 3a ceMecTp onpezensercs Kak cymma 0auioB, OJYyYEHHBIX UM 3a BCE
61oxu Mojynsi, 1 0aJIoB 3a MPOMEKYTOUHYIO aTTeCcTaliin. MakcuMalbHOE KOTUYEeCTBO 0aslioB 3a
Monyinb B ceMecTpe ycTaHaBiauBaeTcss paBHbIM 100
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