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1. Ilean ocBOEHMSI AUCHUILINHDBI

Lenbro n3ydeHus: AUCIUTITHHBI «CHCTEMBI HCKYCCTBEHHOTO MHTEIUICKTa SIBISETCS OPMHUPO-
BaHHME KOMIIETCHITUU B 00JIACTH MIPUMEHEHHUS HHTEUICKTYaJIbHBIX HH(OPMAIIMOHHBIX CUCTEM
JUTSI pelIeHUs TPO(eCcCHOHANTBHBIX 3a/1ad.

3amauyn TUCHMITINHEIL:

— O3HAKOMHWTH C COBPEMEHHBIMH OOJIACTSIMHU MCCIICIOBAHUS 110 UCKYCCTBEHHOMY WHTEIUICK-
Ty U chepamu TPUIIOKESHHS IKCIICPTHBIX CUCTEM;
— MO3HAKOMUTH C KOHIICTIIIUSMH, COCTABISIONIUMH OCHOBY COBPEMEHHBIX CHUCTEM HCKYC-
CTBEHHOT'O MHTEJIICKTA;
— M3JIOKUTh TEXHUYECKHUE TOCTAHOBKM OCHOBHBIX 3ajad, PEIIacMbIX CHCTEMAaMU HCKYC-
CTBEHHOT'O MHTEJIICKTA;
— TIO3HAKOMHUTH C OCOOCHHOCTSIMH MPAKTUYCCKOTO MCIIOJIb30BAHMS WHTECIUICKTYAJIbHBIX MH-
(GhOpMaIIMOHHBIX CUCTEM B 001aCTH MH(OPMAITMOHHONW O€301TaCHOCTH.

2. Mecto nucuunmHbl B cTpykType OIIOII 6akanaBpuara
[{uki, K KOTOPOMY OTHOCUTCS AUCLIUIIIIMHA:
b1.0/1. «CucteMbl HICKyCCTBEHHOT'O MHTEILIIEKTa

3. Pe3yJIbTaTbI OCBOCHHUSA JUCHUIIJIHHBI (MO}]yJ’lﬂ) «CHucreMbl HCKYCCTBEHHOI0 MHTEJI-

JICKTa»

[Ipomecc M3ydeHUs MUCIUIUIMHBI HampaBlieH Ha (OPMHPOBAHUE IIEMEHTOB CIICIYIOIIHX
koMmrereHuii B coorBerctBur ¢ ®I'OC BO no naHHOMY HanpaBlIeHUIO:

Kon npodec-| HaumenoBanue mpo- Kon, HamMeHoOBaHHE HHIUKATOPA TOCTHKEHHS MPO-
cuoHaJpbHoii | (eccuoHaIbLHOM KOM- (eccnonaIbHOM KOMIIETEHIIUM
KOMIIETeHIINH| neTreHunu
Cnoco6en ucnonszo- | HK- 1.1. [Tonumaer npunimns: 3BHaTh, MeTos! pas-
BaTh 3HAHME OCHOBHBIX | 110cTpOEHHS M OCHOBHBIE METO- [PAOOTKH OpHTHHAITH-
IIK METOHOB UCKYCCTBEH- HBIX aJITOPUTMOB U

HOT'O MHTEJUIEKTA B 10~
cienyroien mpodec-
CHOHAJILHOU JesATelNb-
HOCTH B KaUeCTBE
HAyYHBIX COTPYIHU-
KOB, IIperogaBaTenei
00pa3oBaTeNbHBIX Op-
TraHU3alii BBHICIIETO
o0pa3oBaHMsl, UHKEHE-
POB, TEXHOJIOTOB.

JIbI CHCTEM MCKYCCTBEHHOTO
WHTEJUICKTA U TIPUMEHSIET UX
JUTsl pelIeHus 3a1a4 rnpodeccu-
OHAJIBLHOM JIEITEIHLHOCTH;

MPOrPaMMHBIX pellie-
HHI ¢ UCHOJIb30BAaHUEM
COBPEMEHHBIX TEXHO-
UTOTHI

K- 1.2. Uccnexyer Hampas-
JICHUA NPpUMCHCHUSA CHCTEM
HCKYCCTBEHHOTO HMHTEJUIEKTA

JUISL pa3InYHBIX MPEAMETHBIX
o0JacTen;

'YMeTb: CTaBUTH 3a/1a-|
U1 MU aJalTUPOBATh
MCTOJbl W aJIT'OPUTMBI
MAIlIMHHOI'O 06yquI/m

K- 1. 3.
TIJICKCBI METOJI0OB M HHCTPYMEH-

Bri6upaet xom-

TaJBHBIX CPEJICTB UCKYCCTBCH-
HOT'O UHTEJUICKTA JIUISl PeIICHHUSI
npoeCCUOHATILHBIX 3a/1a4 B
3aBHCHMOCTH OT OCOOEHHOCTEH
MpeAMETHOM 00IacTH.

BaageTnb: mocTaHOB-
KO 3a7a4 110 ajaIiTa-
U UJIIN COBepIHeH-
CTBOBAHHUIO METOA0OB U
QITOPUTMOB ISl perie-
HWS KOMIIJICKCA 3a1a4
MpeIMeTHON 001acTi




4. CTpyKTypa U cojepkaHue AUCHUIIMHBI (Moayjas) CHcTeMbl HCKYCCTBEHHOIO MH-
TeJlJIeKTa
4.1. CTpykrypa AucuunauHbl (Moayas) CHcTeMbl HCKYCCTBEHHOT0 HHTE/LIEKTA

OO0mmas TpyA0€MKOCTh JUCIUIUIMHBI COCTABIISIET 2 3a4E€THBIX CIMHMII, /2 4acOB.

Ne Bujibl yueGHoii paGoThl, BKiIK0Yasi ca- | DopMbI TEKYIIEr0 KOH-
n/n MOCTOSITEJILHYIO PAGOTY CTYAEHTOB H | TPOJIsl ycnieBaeMocTH (no
TPYA0eMKOCTh (B Yacax) Hedenam cemecmpa)
K C DopMa IPOMeEKYTOYHOM
OHTaKTHasI AMOCTOSTENb- | o rocranum (1o cemecm-
padora Has padoTa pam)
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4.2. Conepxanue TMCUMILIUHBI (MoayJis1) CHCTeMbl HCKYCCTBEHHOI0 MHTEJLIEKTA

Ne n/m | HammeHOBaHue MOOYJIsl, COEP:KaHAE Yacsl
1 «BBeeHHEe B HCKYCCTBEHHbIl HHTEJIEKT H OCHOBHbIE METO/AbI MAIIINH-
HOT0 00y4eHNs i padoThl ¢ TAOJIMYHBIMHU JAHHBIMUD)
Jlexkuun 10
1.1-1.5 | [OnuuoHanbHO: MaTeMaTHUYECKHH JIMKOE3 IO 3dJIeMeHTaM MaTeMaThdye- 10
CKOI CTaTUCTHUKH, JIMHEHHOW anredpbl 1 MaTeMaTHUeCKOro aHalln3a. |
OcHoBHbIE 337]auu CHUCTEM HCKYCCTBEHHOro MHTeiekra. Knaccuduka-
WS, KJIacTepu3aIysi, perpeccus. TUIIbI MAIIMHHOTO OOYYCHHUS: C YUHUTE-
neMm, 0e3 yuuTels, ¢ YaCTUYHBIM MPUBJICUCHUEM YUHUTENs, 00ydeHHe ¢
MIOJIKPETIIIEHUEM.
Knaccudukanus va npumepe anroputMma K-ommkaitmux coceaeir (KNN)
[OnuumonansHo: BEICTpBIA TOMCK OnMukalmux coceneit.|. MeTrpuku
OLIEHKH Kiaccu(UKaluu: moiaHoTa, TouHocts, FlI, ROC, AUC. Bamuaa-
IIMOHHAST U TecToBas BeIOOpka. Kpocc-Bamumanums. Pabora ¢ kareropu-
QJIbHBIMU MPU3HAKAMH.
Perpeccus. Merpuku ouenku perpeccun: MSE, MAE, R2 - koaddumm-
eHT JeTepMuHanuu. JInHeliHas perpeccusi, MOIMHOMUAIbHASL PETPECCUS.
[TepeoOyuenre u perymspusanms, rpedHeBas perpeccusi, LASSO, Elas-
ticNet.
Jluneitapie Moaenu ais kinaccudukanuu. [leprentpoH, JorucTudeckas
perpeccusi, IOJTHOCBA3HbIE HEUPOHHBIE CETH, CTOXaCTUYECKHM IpaJHeHT-
HBI cHyck M oOpaTHOE paclpocTpaHE€HUE TpaaueHTa. Perymspuzanus
JTUHEHHBIX MOIeTIel KilacCu(UKAIUMUU.
Knacrepuzanus, k-means, k-means++, DBSCAN, ariomepatuBHast Kia-
crepu3anus. MeTpuKy OLEHKH KJIacTepu3alliu.
ANTOPUTMBI, OCHOBAaHHBIE HAa MPUMEHEHUU pEelIaoNuX JepeBbeB. Kpu-
TepUH pa3feNieHus y3na: HHGOPMAIMOHHBIN BBIUTPHIII, KpUTepuit JKu-
HU. AHCaMOJM peNIaroINX IEPEBbEB: CIIYyYalHBIN Jiec, TPaIUCHTHBIN OY-
CTHHT.
Meton onopHbIx BekTOpoB. [Ipsimas u obpaTtHas 3anada. OnpeneneHue
OMOPHBIX BEKTOPOB. S I€pHBIN TPIOK.
Haupnerii 6aitecoBckuii kmaccuduraTop. MeTo bl OIICHKH pacripesiesie-
HUs npu3HakoB. EM-anroputM Ha npuMepe CMECH TaycCHaH.
Metoabl Oe3rpaJueHTHON ONTUMU3AIMK: ClydaiHbiii mouck, hillclimb,
OT)KUT, TCHETUYECKUI aITOPUTM.
JlaGopaTopHble paboThI 8
JIP1.1 | Metonsl paboTsl ¢ Tabaumamu B Python. Arperamus u Busyanuzanus 2
naHHbIX. [IpoBeieHNE MEPBUYHOTO aHATN3a JTAHHBIX.
JIP1.2 | cronb30BaHME U CpaBHEHHUE aITOpUTMOB Kiaccupuranuu: kNN, 2
penaonre AepeBbess U NX aHCaMOIIU, IOTUCTHYECKAst PErPECCHsL.
JIP1.3 | Mcnonb3oBaHue U OlLlIEHKa aIrOpUTMOB perpeccud. [loabop onTumansb- 2
HBIX
apaMeTPOB PErpeccun
JIP1.4 | OntuMuzanvoHHbIEe 3aa4u U uX pemeHus. [lonbop rumepmnapamerpos 2
aJIropuTMa C MOMONILI0 METOAOB ONTUMH3AIUH.
IlpakTuka 10
ITP1.1 | IIporpaMMHO-aIrOpUTMHUYECKOE OCBOEHHE MaTepHaa 10
CamocrosiTesbHast padoTa 8
CP1.1 | IlpopaboTka yueOHOr0 MaTeprasa JCKIun 2
CP1.2 | IloaroToBka K 1a00paTopHBIM paboTam 4
CP1.3 | IloaroroBka kK pyOeKHOMY KOHTPOJIIO 1
CP1.4 | JIpyrue BuIbI CAaMOCTOSATEIHHONU PaObOTHI 1
2 Jlekuuu 4




2.1- | Heiiponnsie cetu. OyHKIMM OMMOKH HEHPOHHBIX ceTel 1 00yueHHe ¢ 4
2.3 MOMOIIIbI0 OOPAaTHOTO pacrlpocTpaHeHus rpaaueHTa. IlonsTue 63T4a u
SIOXHU.
Pabora ¢ n300paxeHUsAMHU C OMOIIBI0 HEHPOHHBIX ceTei. CBepTOUHbIE
HeiiponHble cetn. Onepanun cBepTokK, max-pooling. [lomymnspHbie apxu-
TEKTYphI CBEpTOUYHBIX HeHpOHHBIX ceTeil: AlexNet, VGG, Inception
(GoogLeNet), ResNet. Tpancheproe oOyueHue.
OO6pabotka TekcToB. PaboTa C €CTECTBEHHBIM SA3BIKOM C ITOMOILBIO
HEHWPOHHBIX ceTeil. BekTopHble mpeacTaBieHUs s Tekcta: word2vec,
skipgram,
CBOW, fasttext. Pexyppentnsie Heliponnsie ceti, LSTM, GRU.
Tpancdopmepsi, BERT, GPT.
JlabopaTopHbie paboThl 6
JIP2.1 | Knaccuduxkarus n3odpaxeHuii u TpanchepHoe oOyueHue. 3
JIP2.2 | PaboTa ¢ TeKCTaMU M UX BEKTOPHBIMHU IPEACTABICHUSIMHU TEKCTOB. 3
IIpakTHKa 4
1P [IporpaMMHO-aJITOPUTMHYECKOE OCBOEHUE MaTepraia 4
2.1
CamocrosiTesibHas padora 7
CP2.1 | [IpopaboTka yuebHOro MaTepuaia JeKIun 1
CP2.2 | [loaroroBka K 1a60paToOpHBIM paboTaMm 4
CP2.3 | [loaroroBka K pyOe:KHOMY KOHTPOJIIO 1
CP2.4 | [Ipyrue BUJbl CAMOCTOSITEILHON pabOThI 1
«O0yueHue ¢ MoJKperIeHueM»
3 Jlexkuuu 4
3.1- [TonsTHA arenTa, cpelbl, COCTOSIHUSA, ACMCTBUN U Harpaapl. OyHKIH
3.2 neHHoctu coctosHusa (Valuefunction) u ¢QyHKIUS KauecTBa AEUCTBUS
(Qfuntion).
OnTuMu3zaus CTpaTeruu ¢ MOMOIIBI0 MaKCUMM3AaLUU (QYHKIMHA IIEHHO- 4
CTH U KauecTBa. Q-o0yueHue.
I'mybokoe o0yuenue ¢ moakperienneM. Deep Q-Networks, Actor-critic.
Jlia yposns 3kcneptHbiii: REINFORCE, A2C, PPO, DDPG.
JlabopaTopHbie padoThl 4
JIP3.1 | Ilpumenenue Q-Networks nist pemenust npoCThIX OKPY>KEHUIM. 4
IIpakTuka 4
1P IIporpaMMHO-aJITOPUTMHUECKOE OCBOEHUE MaTepHraia 4
3.1
CamocrosTenbHas pabora 3
CP3.1 | [IpopaboTka yueOHOro MaTepuasa JEeKIui 1
CP3.2 | [loaroroBka K J1a00paTOPHBIM paboTam 1
CP3.3 | [loaroroBka K pyOe:;KkHOMY KOHTPOJIIO 0,5
CP3.4 | llpyrue BUIbI CAMOCTOSITENILHON pabOThHI 0,5

5. O6pa3oBare/jibHbIE TEXHOJIOTHHI
B npouecce npenogaBanust Moayns MCIONB3YIOTCS CIEAYIOIIME METOJbI, CPEACTBA U 00-
HOBJISIEMOE MPU HEOOXOAMMOCTH MporpaMmMHoe obecrieueHre HHGHOPMallMOHHBIX TEXHOJIOTHI:
— e-mail npenogasarens;
— D2JIEKTPOHHbIE y4eOHO-METOAMUYECKHE MaTepHalbl A 00eCHeueHHs] CaMOCTOSATEIIbHOW pa-
OOTHI CTY/IEHTOB;
—  CIIUCOK CalTOB B ceTu «VHTepHEeT» AJ NOKUCKAa HAyYHO-TEXHUYECKOM MH(OpMaIMK 110 pas3-
JieniaM TUCIUILTUHEI;
—  TaKeThl NPUKIAJHBIX IPOrpaMm, Harpumep, pytorch.



6. YueOHO-MeTOIMUYECKOE ODeclieuyeHHe CaMOCTOAITELHONH padoThl cTydeHTOB. Oue-
HOYHBbIE CPeACTBA /UIA TEKYLIero KOHTPOJs YyCIeBaeMOCTH,IIPOMEKYTOYHOH aTTecTauuu
10 UTOraM OCBOEHUS IMCUMILIUHBI.

Jia obecriedeHns caMOCTOSITENbHOM paboThl CTYAEHTOB 0 Moyiio chOpMUPOBAaH METOIUUYECKHIA
KOMIIJIEKC, BKIIOYAIOIIUI

B ce0s cieayrone yueOHO-METOINISCKUE MaTEPHAITbI:

1. IIporpamma Kypca.

2. Y4eOHUKH U y4eOHBIC TTOCOOHS.

3. Cnmcok azpecoB callToB B HH)OPMAIIMOHHO-TEIEKOMMYHHUKAIIMOHHOM ceTH «/HTepHeT» (nanee
— cetb «HTEpHETY), ColepKAIINX aKTyaIbHYI0 HH(OpMaIHIo 1Mo 6iokam Moyss.
bubnuorpaduueckue cChIIKM Ha y4eOHBIE H3/1aHUs, BXOASIINE B METOANYECKUN KOMITJIEKC, IPUBE-
JICHBI B TIEpEYHE OCHOBHOM M JIOTIOJIHUTEIIBHON YIeOHOM TUTepaTyphl, HEOOXOAMMOH /Il OCBOSHUS
Monyns (paznen 7).

K nononHuTeNnbHBIM MaTepHraiaM TakKe OTHOCUTCS MepeueHb pecypcoB cetu «MHTepHET», peKo-
MEHIYEMBIX JIJIsl CAMOCTOSATEIBHON paboThl pu ocBoeHnu Moayns (pasaen 7). CTyAeHTHI OJIydatoT
JOCTYT K YKa3aHHBIM MaTepHualiaM Ha IMepBOM 3aHsITUH 110 Mo TyIio.

7. Y4eOHO-MeTOAMYeCKOe W MAaTepHAJLHO-TEXHHYeCKOe olecreyeHue TUCHUILIU-
HBI(MOYJIs1)

7.1. YueOHas JiuTeparypa:

OcHoBHasl 1UTEpaTypa 1o MOIY.I10

1 Mammanoe oOy4yenne. Hayka u HCKyCCTBO ITOCTPOSHHS AJITOPUTMOB, KOTOpPBIE U3BJIEKa-
10T 3HaHus U3 AaHHbIX. [letep dnax. [IMK Ilpecc. 2015.

2. TI'myGokoe obyuenwue. [Torpyxenue B Mup HelipoHHBIX ceteit Hukomnenko Cepreit rope-
Bu4, Kagypun A. A. | Hukonenko Cepreit Uropesuy, Kagypun A. A.

3. O6yuenue ¢ noakperuiennem / Carron Puuapn C, bapto Dunpro I'., JIMK Ilpecc, 2020.

JlonoIHUTeIbHBIE y4eOHbIe MaTepHaJIbl

1. OcHOBBI HCKYCCTBEHHOTO MHTEIJIeKTa : yueOHoe rnocodue / E.B.boposckas, H. A. JlaBbi0-

Ba. 4-¢ u3a.,nnexTpoH. M.: JlabopaTtopus 3nanuii, 2020. 130 c.

HckyccTBeHHBIN HHTEIUIEKT ¢ ipuMepamu Ha Python. ixomml Ipatuk. Busbsame. 2019.

3. TpuknagHoe mamuHHOE 00ydeHHe ¢ momomibio Scikit-Learn, Keras u TensorFlow: koH-
LENI1H, THCTPYMEHTBI U TEXHUKH Ul CO3JaHUS MHTEIUIEKTYalIbHBIX CUCTEM , 2-€ U3JaHHE.
KepouOpenben. nanextuka-Bunssame. 2020.

4. Xenpuk bpunk, J[xo3ed Puuapne, Mapk ®esepond «MammmnHoe 00yuenuey, [Tutep 2017.

5. Kak yunrcs mammna: PeBomronust B 007acTi HEHPOHHBIX CeTed W TIyOOKOro oOydeHus. SH
Jlexyn. Ansinaa PRO. 2021.

6. I'pokaem rimybokoe oOyuenue. Duupro Tpack. [Tutep. 2019.

7. OOyuenue c¢ moakpericarneM Ha PyTorch. Coopuuk penenrtos. HOcu Jlro. JIMK Ilpecc.
2020.

8. https://spinningup.openai.com/en/latest/

N

7.2. UuTepHeT-pecypchbl

[IpuMmepHBIii IepedeHb PECYPCOB CETH «MHTEPHET», PEKOMEHIYEMBIX IIPH OCBOCHUN MOIYJIS
1. Open Machine Learning Course (https://mlcourse.ai)
2. Beenenue B mammHHOe o0y4enue ot «Bioinformaticlnstitute»
(https://stepik.org/course/4852/promo )
3. Crnenmanuzarus MammHHOE 00ydeHHe U aHAIHU3 JaHHBIX OT «MOCKOBCKHUI (hHU3UKO-
texHrnueckuid mHCTHTYT» (https://ru.coursera.org/specializations/machine-learning-data-analysis)
4. Tlnardopma s mpoBeneHus copeBHoBanuii mo DataScience( https://www.kaggle.com )

7.3. IIporpaMmmHoOe obecnevyeHme:


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/

Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10

— Microsoft Windows server 2003, 2008, 2012, 2016
— Microsoft Office 2007, 2010, 2016

— Amnrusupycnoe 10 Kaspersky endpoint security

— CnpaBouHo-TipaBoBas cucrema “I'apant”

7.4. MaTepunajbHO-TeXHHYeCKOe o0ecrieyeHne
Onucanue MaTepuaJIbLHO-TEXHUYECKOI 0a3bl, HEOOXOAUMOMIJIS U3YYEHHUSI MOTYJIS

[lepeuenb MaTepHaTbHO-TEXHUYECKOT0 obecnieueHuss Moayis

Ne /i1 | Bun 3apstuii Bun u HaumeHoBaHUE 000pyA0BaHUS
1 |JlexuuoHHsble Aynuropuu ¢ MyJIbTUMEIUWHBIMU CPEICTBAMU, CPEICTBAMH 3BYKO-
3aHATUSA BOCIIPOM3BENICHUS U UMeronne BbIXo ] B ceTh «MHTepHeT». [lomente-
HUS JJI IPOBEICHUS ayJUTOPHBIX 3aHATHI, 000py10BaHHbIE yueOHOM
2  |JlaGoparop- KommnbrorepHslii K1acc ¢ KOMIUIEKCOM IPOTPAMMHBIX CPEICTB, 1103BO-
HbIE paOOTHI JSIOMIMX KKJIOMY CTYIEHTY pa3padaTbiBaTh MPOrpaMMHbIE peann3a-
[IUY IPAKTHYECKUX 3a7a4d B XOJI€ BHIIIOJTHEHHUS JTA0OPATOPHBIX paboT
3 |Camocrositens- |bubmmoreka, nMeromnias paboune MecTa Ui CTYACHTOB. AyIUTOPHH,
Has paboTa OCHAILIEHHbIE KOMITBIOTEPAMHU C IOCTYIOM K ceTu «HTepHeT»
4  (IlpakTuka KomnbroTepHbIi KJIacC ¢ KOMIUIEKCOM MTPOTPAMMHBIX CPEJICTB, ITO3BO-

JSIOMIMX KOKJIOMY CTYIEHTY pa3padaTbiBaTh MPOrpaMMHbIE peann3a-
MY TIPAKTHYECKUX 33124 B XOJC BBITIOJHEHUS JJA0OPATOPHBIX padoT




Pabouvas nporpamma IUCIUILTUHBI « » COCTaBJICHA B COOTBETCTBUU C TPEOOBAHU-
savu @I'OC BO 1o HanpaBiaeHUIO MOATOTOBKU , YTBEPAKIECHHOTO TTpuKa3oM MuHuU-
cTepcTBa oOpa3oBaHus 1 Hayku Poccuiickoil @enepanuu oT «  » r.Ne .

IIporpammy cocraBuiI:

/ /
[Tporpamma omoOpena Ha 3aceannu Kadeapbl
[TpoToxom Ne 0T « » 20 roma
3aB. xadeapoit /
(moamucp) (©.1.0.)
[Iporpamma ono6peHa Y4ueOHO-METOUISCKUM COBETOM dakynbTe-
Ta/UHCTUTYTA
MPOTOKOI Ne 0T« » 20 roma
[Ipencenarens YueOHO-METOIUYECKOTO COBETa (haKyabTeTa / /
(Toamuch) (®.1.0.)

[Iporpamma paccMOTpeHa Ha 3aceJaHuu Y Ye0HO-METOAMYECKOr0 COBETa YHUBEPCUTETA

poTOKOJ Ne OT « » 20 T

[Ipencenarens Y4eOHO-METOAMYECKOTO COBETAa YHUBEPCUTETA / /
(moamuce) (®.1.0))




CaejleHns 0 nepeyTBepKAeHNMH MPOrpaMMbl Ha OUYepelHOoil y4eOHbIH roJ U perucrpa-
MU U3MEHEeHu

YueOHbIi
rox

Pemenue xaden-
pBI

(Ne mporoxkora, mata)

BHecennble M3MeHeHU

[Moamuck 3aB. kaden-
pou




POH/J OHEHOYHbLIX CPEACTB AJIs1 IPOBEJEHUSA TEKYIIEI'O KOHTPOJIA
YCHEBAEMOCTHU U TIPOMEXYTOUYHOM ATTECTAIIUU OBYYAIOIIUXCS
IO MOAYJIIO « CUCTEMbBI HCKYCCTBEHHOI'O UHTEJIVIEKTA»



OHI/ICAHI/IEMHOKA?.ATEJIEI‘/'I N KPUTEPUEB OLIEHUBAHUSA
KOMIIETEHIUU HA PA3JIMYHbIX OTAITAX UX ®OPMUPOBAHMUAA,
OINMCAHUME HIKAJI OHEHUBAHUA

®onn oneHouHbIx cpeacts (POC) nmpeaycMaTpuBaeT cieayoliee:

— oIHcaHue KOMIUIEKca MoKa3aTeeil — IECKpUITOPOB OCBOCHUS KOMIIETEHIIUI B BUJIE pe-
3yJlbTaTOB O0yUEHUs, KOTOPbIE CTYACHT MOXKET IPOJAEMOHCTPUPOBATH (

— (tabnuua 1). [Ins KOHTPOIS AOCTUXKEHHUS KAXKI0T0 U3 HUX MPEAYCMOTPEHBI OLEHOYHbIE
CpezAcTBa B BHJIE BOIIPOCOB, 3aJJaHUN U T.J.;

— o00o03HaUYCHHE KpUTEepPHeB — IPABIII IPUHATHS PEILICHUS MO OIICHKE JOCTUTHYTHIX Pe3yJbTa-
TOB 00y4YeHUs! U CPOPMUPOBAHHOCTH KOMIETEHIIUH.

Hanpuwmep, B kauecTBe mIKaibl orieHnBanus npuHuMaetcs 100-6anpHas cuctema ¢ BhIICIIEHUEM

(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 MpOrpaMMy, JIOJDKEH 00J1al1aTh
npodeccnoHaTbHBIMU KOMITETEHIIUSIMU 110 TEMaTHYECKUM MOJIYJISIM ITPOrPaMMBbI:

Kon HaumenoBanue PesynbTarel 00yueHus
TEMaTHIECKOTO
MOJYJISt
Beenenue B uckyc- 3HaHuA:
CTBEHHBIM MHTEUIEKT |— TEOpETUYECKHE OCHOBBI aHAIN3a JAHHBIX ¥ MAIIMHHOTO
Y OCHOBHBIE METO/IBI 00yueHus;
MAIINHHOTO O0y{eHHsI — crnenu@uka paboTsl AITOPUTMOB MAIIMHHOTO O0Y4EHMS.
i paboTHI ¢ Tad- YMeHus:
JMYIHBIMH JTaHHBIMU - [IPUMEHCHHE METOJ0B MAIlIMHHOI'O 06yquI/1${, MOArOTOBKA

JAHHBIX U UHTEPIPETAIHs PE3yIbTaTOB.

HaBbIkH (ONBIT JeSITEJILHOCTH):

- HMHTepecyeTcs HOBBIMHU TPEHIaMH B CBOSH Ipodeccro-
HaJIBHOW OTPACIii, pACCMaTPUBAET UX C TOUKU 3PCHUS
MIPUMEHEHUS B CBOCH JICSITEIBHOCTH,

- OLIEHWBAET MPUMEHUMOCTbH aJITOPUTMOB, BO3MOKHBICPHUC-
KH Y TIOCJICAICTBHUS OIMOOK, HAXOAWT ONTUMAIbHBICPEIIIe-
HUs 171 pabounx 3aaa4




CucTeMbl TITyOOKOTO
oOy4eHus

3HAHUA:

MIPUHIUIBI 00YYeHHs ¥ IPUMEHEHUS HEHPOHHBIX CETEH.
ApXHUTEKTYpPHI IITyOOKUX HEUPOHHBIX CETEH, MPUMEHIEMBIX
B PELICHUU PAKTUYECKUX 3a]1a4

CBSI3aHHBIX C aHAJIM30M M300paKEHUHN U TEKCTOB;

Ymenuns:

HACTpOWKa HEOOXOAUMOTO OKPYKEHUS [Tt paboThI ¢
HEHPOHHBIMHU CETSIMH.

MPUMEHEHHE U I000y4YeHUENpea00yIeHHBIX
HEHPOHHBIX CETEH M3 JTOCTYIMHBIX ONOINOTEK

HaBbIkH (ONBIT J€eSITEJILHOCTH):

BJIa/I€€T HABBIKOM IPOBEICHHUS MTOJIHOTO IIUKIIA
BBIYHUCIUTENBHOTO SKCIIEPUMEHTA, OTPAXKEHUS X0/1a BbI-
TIOJIHEHUS IPOEKTA U MOIYYCHUS PE3YJIbTaTOB B OTYETAX
Y TOKyMEHTAIUH;

BJIaJI€ET HABBIKOM HCIIOJIb30BAHUS CYILIECTBYIOIIUX MPO-

IpPaMMHBIX OMOIHOTEK U MOJIeNel, CO3/1aHus TIPOTpaMM-
HBIX peanu3anuil rTy00KuX HEHPOHHBIX CeTei

OObyuenue ¢
MOJIKPETUICHHEM

3Hanug:

TCOPECTUUCCKHUE OCHOBBI U aJITOPUTMBbI O6yT~ICHI/Ifl C 11011~
KPCIUICHUECM;

IIPUMCHCHUC O6y‘ICHI/I$I C MOAKPCIINICHUEM JJIA ITPAKTUYC-
CKHUX 3aaay.

YMmenus:

BBIOOp M peanu3aliysi aaropuTMOB 00YUYEHHUs C MOAKpen-
JIEHUEM C y4eTOM clienu(UKH 3a1a41

ajlanTanys U HacTpoiika aJropuTMOB 00yUYEeHHS ¢ TIOJ-
KPEIJICHUEM I10]1 OIIPEJCIICHHYIO CPELy.

HaBbikHu (ONBIT AeSITEJILHOCTH):

MHTEpeCyeTcs HOBBIMU TPEHIaMu B CBOEH mpogdeccuo-
HaJIbHOU OTpaciii, pacCMaTPUBAET UX C TOUKU 3PEHHUS
MIPUMEHEHUS B CBOEH /EATEIbHOCTH;

BJIa/IEET HABBIKOM HCITIOJIB30BAHUS CYILIECTBYIOIIMUX IIPO-
IrpaMMHBIX OMOJTMOTEK U MOJIeeH, CO3AaHUsI TPOTPAMM-
HBIX pealln3aliii Ha OCHOBE AJITOPUTMOB 00YUEHUS C
MOJIKPETIJICHUEM

CpC,Z[CTBa AJIs1 OLICHKH PAa3JIMYHbIX ypOBHCfI (I)OpMPIpOBaHI/IH KOMIIETEHITUIM I10 KaTer OopHuAM
«3HAaTb», «YME€Tb», «BJIAACTH» 00ecrneynBaroT peain3anuo OCHOBHBIX IMPUHIIUIIOB KOHTPOJIA,
TaKUX KaK OOBEKTHBHOCTH U HE3aBUCUMOCTD, IMPAKTHKO-OPUCHTUPOBAHHOCTb, MCKIAUCIUILIN-

HApHOCTb.

C y4eToM 3TOro KOHTPOJIBHBIE BOIPOCH! (3a1aHus, 3a1a4yn), Bxoasmue B ®OC, mia pas-
JINYHBIX KaTErOpU U YPOBHENH OCBOCHHS KOMIIETEHIIMI MOTYT UMETh CIEAYIOIIUNA BUL.

3HATH
IIpumepni:

=

Twurnsl 3aJa4 MallIMHHOT'O 06yqu1/1;1 1 KJIaCChI aAJITOPUTMOB, K HUM NIPUMCHACMBIC.

2. OcHOBHBIE HaNpaBJICHUS PA3BUTHS UCCIIEOBAHHUM B 00JIACTH CUCTEM UCKYCCTBEHHOTO

HUHTCIJICKTA.

3. Teopernyeckrne OCHOBBI AJITOPUTMOB MAIIIMHHOTO O0yYEHUSI.




YMETD Ilpumepsr:
1 TloaroToBUTH JaHHBIE K UCIOJIb30BAHUIO AITOPUTMA MALIMHHOTO O0OyUYEeHHUS.
OreHnBaTh KAYeCTBO PELICHUH CUCTEM MAIIMHHOTO OOYyUCHHS.
3. AnanTupoBaTrh alrOPUTMbI MAIMHHOIO OOYYEHUS K PEIICHUIO IPAKTUYECKUX 3ajiau.
BJIAJETD IIpumepsbr:
1 Merononorus pa3paboTKU pelIeHUH MAIIMHHOIO 00y4€EHUs.
IIpuMepsl IPaKTUYECKOrO PUMEHEHHS apXUTEKTYP HCKYCCTBEHHOT'O UHTEIUICKTA.
3. Mertoabl OHJIalH TECTUPOBAHUS PELICHUH MALIMHHOTO 00y4eHHUs.

N

N

METOIAYECKHE MATEPUAJIBL, ONPEAEJAIOIIUE ITPOONELYPbI
OIEHUBAHMUS 3HAHUU, YMEHUU U (UJIN) OIIBITA JEATEJIBHOCTH,
XAPAKTEPU3YIOIIHUE 3TAIIbI ®OPMUPOBAHUS KOMIIETEHITAM

[Tpumepsl (MakeTbl) METOAMYECKUX MATEpPUAJIOB, ONPEACIAIOLIUX MPOLEAYPbl OLIEHUBAHUS
3HAHUM, yMEHUH U (UJIK) OTbITA AEATEIbHOCTH

HaunmenoBanmne Kpartkasi xapakTepucTHKA OLIeHOY- IIpeacrasienue
OLICHOYHOI'0 HOI'0 CpeCTBa OLICHOYHOI0 CPEACTBA
cpeacrsa B hoHzge
Texymmii KOHTPOJIb CpencTBo IpoOBEpKHU OCBOEHUS KomriekTs! OmiieToB
yCIIEBAEMOCTHU YPOBHEH «3HAThY», KYMETh)» KOMIIE- (3amanHuii)

KommnuiexkT Ouj1eToB (IpUMepPHbIii)
buner 1.
11 baiiecoBckuii kaaccupukatop. Onenka npusnakos (Gaussian, Bernoulli,
Multinomial). EM anropurm.
1.2 Knacrepusarus. kMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
2.1 Aucam6imu. Soft and Hard Voting. Bagging. Cnyuaiinsiii jiec.
2.2 Merpuueckuii kinaccudukaropsl. KNN. WKNN.

buner 3.

3.1 Jluneitnas perpeccust. LASSO, LARS. CART.

3.2 lepeBbs pemenuil. UndopmannoHHbIi BeIUTpbIl. Omudka kiaccuukamnuu, SHTpo-
nus, kpurepuil JLxkuan. [IpyHuHT.

burner 4.

41 TnoGanpubiii mouck. Ciydaiineii mouck. Gridsearch. Cnydaiinoe Omy»xna-
Hue.baliecoBckas ONITUMU3AIIISL.

4.2 Jluneiinas perpeccus. [lonnnomuanbHas perpeccus. I'peOHeBast perpeccusi.

burer 5.
5.1 AdaBoost. I'pagneHTHBINH OYCTHHT PENIAIONINX JI€PEBHEB.
5.2 Knacrepuzanus. AgglomerativeClustering. Merpuku kinactepu3anum.

burner 6.

6.1. Onenka knaccudukanun. ddpdexkruaocts 1o [lapero. Precision-Recall  ROC kpussie.

AUC.

6.2 Hetiponnsie cern. [lepuentpornPo3zenOnarra. OOpaTHOE paclpoCTpaHEHHE TPaIUCHTA.
Oyukimy aktuBanuu. Softmax.



buner 7.

7.1 Jloxanpubiii momck. HillClimb u ero pasmoBumnoctn. Omkur. ['eHeTHyeckuii
QITOPHUTM.

7.2 MeTtop onopHBIX BEKTOPOB. fapa.

Ilepedyennb J1adopaTOpHBIX padoT (MIPUMEPHbIA)

O01mue pekoMeHAaIUN K JIA00PATOPHBIM padoTaM: /1JI Pa3HbIX YPOBHEHN MOATOTOBKU
CTYACHTOB MOXHO MCITIOJIB30BAaTh PA3HYIO FJIy6I/IHy pcaim3anuu peuICHHUA. TaK, AJI1 CTYACHTOB HEC-
TEXHUUYECKUX CIIEMATbHOCTEHN 3ajaHie MOXKET 3aKJII0UaThCSl B IPUMEHEHUHU TOTOBBIX METO/IOB U3
OMOIMOTEK WM 3aMIOJIHEHUEM IPOITYCKOB B IPOTpaMMax, rie O0JiblIas 4acTh MOArOTOBJIEHA ITpe-
nojiaBatesieM. J[js cTy/IeHTOB TeXHUYECKUX CIelHaIbHOCTeH 3a1aHue OyIeT 3aKI0uaThCs B peau-
3aIiH aJITOPUTMOB 0€3 HCITOJIb30BAHMSI TOTOBBIX PEIICHHIM.

JIP1.1 Metoasl paboThl ¢ TabauimamMu B Python. Arperanus v Busyaiau3aius JaHHbiX. [Ipo-
BeJICHHE NMEPBUYHOTO aHAIIM3a JaHHBIX.

[lenu: uzyueHre MeTO10B pabOTHI ¢ JaHHBIMU B Python u mpoBeneHre MepBHYHOIO aHATH3a
JAHHBIX.

3amanue: 3arpy3ure aataceT B pandasparadpeiim. BeiBenuTe OCHOBHBIC TapaMeTphl 1aTace-
ta. OnpenenuTe, CKOJIbKO B 1aTACETE CIIy4aeB OTCYTCTBUSA NMPU3HAKOB. ONpenenure, CKOJIbKO Mpu-
3HAKOB SIBISIIOTCS KaTeropualbHbIMHU. Busyanusupyiite pacripeielieHne MPU3HAKOB IO KJIACCaM.
Busyanusupyiite 3aBUCUMOCTb MEXAY IPU3HAKAMHU.

JIP1.2 Ucnonb3oBanue u cpapHeHue anroputMoB kiaccudukanun: KNN, pemaromnme nepe-
Bbsl M X aHCAMOJIH, JTOTUCTUYECKAs! PEerpeCCHsl.

Llenu: npuMeHEHUE U OLIEHKA AJITOPUTMOB KJIACCU(PUKALIUH.

3amanue:

Paznenute naracer Ha oOy4aromuil ¥ BaJUIAMOHHBINA C COXpaHEHUEM MPOMOPIMA KIIACCOB.
Knaccuduimpyiite Toukn u3 naracera ¢ nmomoinsio aaroputMoB KNN, jgoructudeckoi perpeccum,
CART, cayuaiinoro neca, CatBoost. IlogOepure nyumine napameTpsl alrOPUTMOB CIIOMOIILBIO Ba-
IuAauMoOHHON BeIOOpKH. CpaBHUTE BpeMsi paOOThl aITOPUTMOB U 3aBUCHMOCTh OT MperoOpaboTKu
JTAaHHBIX.

JIP1.3 Wcnonb30BaHNe U OLIEHKA alrOPUTMOB perpeccud. [log0op onTuManbHBIX MapameT-
POB perpeccuy.

Llenu: u3ydyeHue anropuTMOB PETrPECCHH.

3amanue:

[TpumeHnuTe METO/ TMHEHHON perpeccui IJis pelieHus 3a1a4n Ha jatacere. JlobaBbTe B 1a-
TaceT NOJMHOMHUAIIbHBIE TPpU3HaKH. J[00aBIsiiTe MPU3HAKK ITOKA HE YBUIUTE NIepeoOyUyeHne Ha Ba-
munanoHHomaatacete. Ilpumenure rpedHeByto perpeccuio 1 LASSO, utoOsl n30aBUTHCS OT Iepe-
00yJeHUsI.

JIP1.4 OntumuzarnmonHsie 3a1a4n U ux pemenus. [logdbop runepnapamMeTpoB aJropuTMa c
TIOMOIIBIO METO/IOB ONITUMH3ALIUH

Llenu: n3yueHue aJropuTMOB PEIICHHS ONTUMH3AIIMOHHBIX 3a/1a4.

3amanue:

1 OnTuMHU3UpyHTE IIMHY MapIIpyTa B 3aJjaue KOMHBOsDKEpa ¢ oMoIbio anroputmos hill-

climb, omxura u reneTHyeckoro anroputMa. BelBenTe MOTYYMBIIMACS TYTh U €T0 JUTUHY.

2. OnTuMU3HpyHTe TUNeprapaMeTpsl alrOPUTMa MAIIMHHOTO o0y4yeHHus (Ha BhIOOp) C IOMO-

IIBIO CITy4alfHOTO TTOKCKa, MMOKCKa 10 pemerke, anropurMa hillclimb, renernueckoro anropurma.

JIP2.1 Knaccudukamms nzo0paxkeHnuii U TpanchepHoe oOyueHue.



Llenu: n3yyeHne METOI0B TIIyOOKOTO 00y4eHus A7l paboThl C N300paKEHUSIMH.

3aganue:

3arpy3uTe naTaceT W CO3JaliTe UTepaTop AN MOJENU TIIyOOKOro oOydeHus. 3arpysuTe
npenooydyennyro Ha ImageNetcseprounyro cets (AlexNet, VGG unu ResNet) u nobasste k back-
bonenonHoCBA3HBIN cnoit s 00y4deHusi. O0y4nTe HEHPOHHYIO CETh HA, BU3yaIIM3UPOBAB IpapuK
GyHKIMM TOTEeph Ha OOydaromed W BaJlUJAIMOHHOW BBIOOpKE. Peanmusyiite Momynabp NmMpUMEHEHHS
HEHPOHHOM CEeTH K TaHHBIM, IIPOBEPHTE KAa4eCTBO OOYUECHHUS HA TECTOBOI BBHIOOPKE.

JIP2.2 PaboTa c TeKCTaMu M UX BEKTOPHBIMH Ipe/cTaBiIeHusIMH. Lle-
JIM: U3y4eHHE MOJIeNiel BEKTOPHOTO MPEICTaBICHUs TEKCTOB. 3a/1a-
HHE:
CkauaiiTe npenodydeHHbIe BeKTOpa Aiis cioBaps. C moMoIbio 1000ro kiaccuduxkaropa Ma-
mmmHHOoro 00yuenus (KNN, SVM, CatBoost) kinaccuduimpyiiTe TeKCThI U3 AaTacera Mo CyMMe BeK-
TopoB cioB. Knaccupunupyiite Tekctsl ¢ momorisio LSTM certn.

JIP3. 1 Ilpumenenne Q-Networks st perieHus mpoCThIX OKPYKEHHUH.

Lenu: n3ydyenue npuMeHeHs1 00y4eHHUs C OAKPEIICHUEM IS PEIICHHH 3a/1a4 KOHTPOJISL.
3ananue:

OOyuunTe MPOCTYIO MOJHOCBA3HYI0Q-ceTh /1S pereHus okpyxenus LunarLander.

[Iponerypsl OleHMBAaHUS 3HAHWK, YMEHUH, (OPMBI M OpPraHU3aAIMs TEKYIIETO KOHTPOJIS
yCIIEBaEMOCTH U IIPOMEKYTOUHON aTTeCTalMy 00y4YaroIuXCs

Texkyumuii KOHTPOJIb YCIIEBAEMOCTH U ITPOMEXKYTOUHAs aTTECTalMsI CTYIEHTOB BEJIETCS B CO-
orBeTcTBUU C [loso’keHMEM O TEKyllleM KOHTPOJIE yCIIEBAEMOCTH U IPOMEXYTOYHOM aTTECTALUU
o0pa3oBaTesbHOI OpraHu3anuu

Texymmii KOHTPOJIb yCIIEBAEMOCTH

Mopnyne nenurcs Ha 1Ba Oyoka. Kaxnapiii 0710k BKItoyaeT B ceOs M3ydeHHE 3aKOHUEHHOIO
paszzena, yactu Moayis.

Texymuii KOHTPOJb 0 MOIYII0 OCYIIECTBIISIETCS MO KaJeHAapHOMY yueOHOMY TpaduKy.
Cpoku KoHTposbHBIX Meponpusthii (KM) u cpoku mojasezieHus UTOroB o MoJiyito 0ToOpaxxaroT-
csl B paboumnx y4eOHbIX MaHax Ha ceMecTp. CTYAEHT 0JKEH BBIIOJIHUTH BCE KOHTPOJIbHBIE MEPO-
IPUSTHS, IPEAYCMOTPEHHBIE MOyJIeEM K yKa3aHHOMY CPOKY, ITOCJIE YETO IPENoAaBaTesb IpoCTaB-
nseT OaibHbIE OLICHKH, HAOpaHHbBIE CTYAEHTOM I10 pe3yjibTaTaM TEKYIIEro KOHTPOJsS yCIeBaeMo-
¢ty 1o Moayito.

KoHTponbHOE MeponpusaTHe CUMUTAETCS BBINOJHEHHBIM, €CJIM 33 HEro CTYAEHT MOJIyYHJI
OLIEHKY B Oaijax He HWX€ MUHUMAJIbHOW OLIEHKH, YCTAaHOBJIEHHOW MPOrpaMMOil Moyl Mo JaH-
HOMY MEpONPUATHIO.

CryneHThl, HE CIaBIIME KOHTPOJIbHOE MEPONPUATHE B YCTAHOBIIEHHBIM CPOK, IIPOJOKAIOT
paboTaTh HaJl HUIM B COOTBETCTBHUE C MOPSAKOM, IPUHATHIM 00pa30BaTeIbHON OpraHu3anueil.

IIpomexxyTouHast aTTecTanus

DopMOI MPOMEKYTOUHON aTTECTALMK 110 MOYIIIO SIBISIETCS 3a4eT.

OuenuBanue Moy Benercss B COOTBETCTBHM ¢ [1osi0)keHnEM 0 TEKyIleM KOHTpOJIE ycIie-
BAa€MOCTH U IPOMEKYTOUHOM aTTeCTalllM CTyI€HTOB 00pa30BaTeIbHON OpraHU3alIiH.

HanpuMmep, MeToAMKA OLIEHKH 110 PEHTHHIY

CTyneHT, BBIIOJHUBIINN BCE MPEAYCMOTPEHHBIE YUeOHBIM IJIAHOM 33JaHUS U CIIaBLINIl BCe
KOHTPOJIBHBIE MEPOIPUSTHS, ITOJy4aeT UTOTOBYIO OLIEHKY 110 MOJysIt0 3a CEMECTP B COOTBETCTBUU
CO CJIeAYIOIIEN IKAJIOU:

PeiiTunr Onenka Ha 3a4eTe
85-100
71-84 3auer
60-70
0-59 He3zauer




PefiTunr crynenTa mo Moysro 3a ceMecTp OnpeenseTcst Kak cyMMa 0ajuioB, MOJIyYeHHBIX UM 32
Bce Os10ku Moyiist, u 6ajioB 3a MPOMEXKYTOYHYIO aTTecTaluio. MakcuMaIbHOE KOJTUYECTBO Oai-
70B 3a Moaynb B ceMecTpe ycTaHaBinBaercs paBHbIM 100



