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MuHHCTEPCTBO HAYKH U BBICIIEro odpa3oBanus Poccuun nmucemom ot 14.06.2023r.
Ne MH-5/179660 nipenocraBnset napopmario 06 00pa3oBaTEILHOM MOTYJIE «
CucreMbl UICKYCCTBEHHOI'O MHTEJIEKTay ISl BKIIIOUEHUS B 00pa3oBaTeIbHbIC
IPOrPaMMBI BBICIIIETO 00pa30BaHMS M IOMOJHUTEIbHBIE PO ECCHOHATbHBIC
IpOrpaMMmBbl, IIaHUpyeMbIe K peann3anuu B 2023/2024 yueOHOM To1y.

PaGouass mporpamMma JUCHUIUIMHBL (MOMAYJsl) TMPUHSATA HA YYEHOM COBETE

IOpUIUYECKOTO (haKyIbTeTa «25» ntons 2024r.

JlexaH ropuandeckoro (pakyapTeTa: bapkuaxoes M. M.



1. Ieau ocBOeHUST IMCUMILIIHHBI

Lenbro m3ydeHns: TUCIUATUTHHBI « CHCTEMBI UICKYCCTBEHHOTO MHTEIUIEKTay sIBIsieTcs (popMupoBaHue
KOMIIETEHIIMH B 00JIACTH MPUMEHEHHS HHTEJUIEKTYyalIbHBIX HH(OPMAIIMOHHBIX CUCTEM IS PELICHHUs
npohecCHOHANBHBIX 3a7ay.
3a1aun TUCUUIUINHBL:
— O3HaKOMHTH C COBPEMEHHBIMHU O0JACTSAMHU WCCIIEAOBAHUS TI0 MCKYCCTBEHHOMY WHTEIUICKTY W
cepaMu IPUIIOKEHUS! SKCIIEPTHBIX CUCTEM;
— TIO03HAKOMHUTHb C KOHIENIHUSAMH, COCTaBIISIONINMHU
UCKYCCTBEHHOT'O MHTEIJICKTA,
— M3JIOKUTHh TEXHUYECKHE TOCTAHOBKHA OCHOBHBIX 33]1a4, PEIIaeMbIX CHCTEMaMHU HCKYCCTBEHHOTO
UHTEIJICKTA,;
— TIO3HAKOMHTH C OCOOCHHOCTSMH TPAKTHYECKOTO  HCIIOJIH30BAHUS
UH(GOPMALIMOHHBIX CHCTEM B 00J1aCTH MHPOPMALIMOHHOM O€30MacHOCTH.

OCHOBY  COBPEMEHHBIX  CHCTEM

HWHTCIJICKTYAJIbHBIX

2. Mecrto mucuuniaunbl B crpykrype OIIOII 6akanaBpuara
[uki1, K KOTOPOMY OTHOCUTCS TUCHUILINHA:61.B. 18 «CHCTeMbI HCKYCCTBEHHOTO MHTEIITIEKTa»

3. Pe3yabTaThbl 0CBOCHUS AMCUHMIIMHBI (MOAYJIs1) «CHCTEMBI HCKYCCTBEHHOTIO MHTEIIEKTa)
[Ipouiecc wm3ydeHHs IUCHUIUIMHBI HampaBieH Ha (OPMHUPOBAHHME 3JIEMEHTOB CIEIYIOIMINX
xomnereHuMi B coorserctBun ¢ ®I'OC BO no 1aHHOMY HanpaBiIeHUIO:

Kon HanmeHoBaHue Ko, HanMeHOBaHHe HHINKATOPA 10CTHIKEH U
npogeccuoHa | mpodeccHOHATLHOIM npogecCHOHAIBLHOI KOMIIETEHIIHU
JIbHOI KOMIIeTeHIIUH
KOMIIETCHIIMHA
CrrocobeHn IIK- 6.1. ITouumaer 3HaTBL: MeTobl
HUCIOJIb30BATh 3HAHUC | MPUHUMIILI IOCTPOCHUS U pa3paboTku
IIK -6 OCHOBHBIX MCTOJJOB OCHOBHBIE METOILI CHCTEM OPUTMHAIIBHBIX
HCKYCCTBCHHOTO UCKYCCTBEHHOI'O MHTENJIEKTa 1 [HITOPUTMOB 1
MHTEJIIEKTA B NPUMEHSET UX [UIs pelerus  IPOTPAMMHEIX
TIocTIeAylomen 3aja4 mpoeCcCHOHALHON PCILICHIH €
npodeccruoHaIbHOM CSTETBHOCTI: MCIIOJIb30BaHUEM
JeSITeIbHOCTH B ’ COBPEMEHHBIX
Ka4eCcTBE HAyYHBIX [TEXHOJIOTHI
COTPYTHUKOB, IIK- 6.2. ccnenyet Ymerb: CTaBUThH
IIpernoJaBaTeseu HAIIPABJICHUS TIPUMEHEHHS 3ajayd U aJanTHPOBATH
o0pa3oBaTeNIbHbIX CHCTEM HCKYCCTBEHHOTO METOABI U aJrOPUTMBb]
OPTraHU3aIMi BBICIIETO | pyranmarrs juisp MAUIMHHOTO 00yueHus
obpasoBaHu, Pa3IMYHBIX MTPEAMETHBIX
HHXCHEPOB, obnacTeii;
TEXHOJIOTOB. IIK- 6.3. BriOupaer Biagers:
KOMIUIEKCBI METOJIOB U TIOCTAaHOBKOM 3a7a4 I10
WHCTPYMECHTAJIBHBIX cpejicTB  [AAAlTallny T
MCKYCCTBEHHOTO UHTEIIeKTa | OBCPHICHCTBOBAHMIO
JUISL pelIeHNUs IMCTO0B U aJITOPUTMOB
I pEHICHUS
npodecCHOHaNBHBIX 3a/1a4 B
. [KOMIUTeKca 3a1a4d
3aBUCHUMOCTH OT OCOOCHHOCTEN peMeTHOM 06aCTH
MpeAMETHOM 00JIaCTH.




4. CTpyKTypa U cojiepKaHue TUCUUILUITUHBI (MOTYJIsA)

4.1. CTpyKTYypa AUCHHUILINHBI (MOIYJIsl)

O6H_[aﬂ TPYAOCMKOCTb JUCHUIIIIMHBI COCTABJISICT 2 3a4ETHEIX CIAWHUII, 72 Jacos.
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Beenenue B HCKYCCTBEH-
HBI UHTEJJIEKT U OCHOB-
HbI€ METO/IbI AIIMHHOTO 1010 8 8
o0yueHus 17151 paboThI ¢
TaOTMIHBIMHI JTAHHBIMH
Cuctembl ri1y00KOT0 L 46 7
00yueHUs
OO0yuenue ¢ 4l a4 3
MOJIKPEIJIEHUEM
Bceero 18 | 18 | 18 18
Kypcosas paboma
(npoexm)
Toozomoska k sx3ameny
OO01mas Tpy10EMKOCTh, B TpomeskyTouHas
qacax ®dopma
72|18 | 18 | 18 o [Baer ~
3ayer ¢ OLIEHKOH
DK3aMeH
4.2. Conep:xanme TUCHHUILIAHBI (MOTYJIA)
(] HMEHOBaHNE MOAYJIfA, COMEPIKAHU bl
¢ HaumenoBanue Mo , coJiep;KaHue Yac
n/n

«BBeeHne B MCKYCCTBEHHBINI MHTE/IEKT M OCHOBHbIE METONbI
MAIIMHHOT0 00y4YeHus JJsl Pad0ThI C TAOTUYHBIMH JAHHBIMID)

Jleknun
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1.1-1.5

[OnnuoHanbHO: MaTeMaTHYECKUH JTMKOE3 10 JIeMeHTaM MaTeMaTHYeCKOn
CTaTUCTHKH, JTUHEHHOHN anreOpbl 1 MaTeMaTHYECKOTO aHaJIH3a. |

OcHOBHBIE 3aJla4M CHCTEM HCKYCCTBEHHOIO  MHTEJUIEKTA.
Knaccudukanus, xmacrepusanusi, perpeccus. TuUlbl MalIMHHOTIO
o0y4yeHMs: C yuuTeneM, Oe3 Yy4yuTelns, ¢ YaCTHYHBIM MPUBJICYCHHEM
YUUTEIS, 00y4YCHHUE C MOIKPETICHHEM.

Knaccudukanus Ha npumepe anropurMa k-Ommkaiimumx coceneit
(kKNN) [OnmronanbHO: BeICTphIi TOMCK ONvkaimux coceneit. |. MeTpuku
OLIGHKM KJaccHUUKaluu: TMonHoTa, To4yHOocTh, FI, ROC, AUC.
Bamupmanmonnass u tecroBas BeIOOpKa. Kpocc-Bamumanms. PabGorta ¢
KaTE€ropuaJIbHBIMU IPU3HAKAMU.

Perpeccusa. Metpuku ouenku perpeccun: MSE, MAE, R2 -
KodpduuueHT nerepmuHanuu. JlMHelHas perpeccus, MOJIMHOMHUATbHAS
perpeccusi. IlepeoOyuenne u perynspusanus, TIpeOHEBas perpeccus,
LASSO, ElasticNet.

Jluneiinple  Momenwm  ans  Kimaccudukammu.  [lepuenTtpow,
JIOTUCTHYECKAsl  perpeccusi,  IMOJHOCBS3HBIE  HEHPOHHBIE  CETH,
CTOXaCTMYECKUH TpaJUEHTHbIM CHYCK M OOpaTHOE paclpoCTpaHEHUE
rpaauvenTa. Perynapuszanus TMHEHHBIX Moienel KiacCu (KA.

Knacrepuzanus, k-means, k-means++, DBSCAN,
arJoMepaTHBHas KiacTepusanus. MeTpUKH OLICHKHU KJIaCTEpU3aLUu.

ANropUTMBI, OCHOBAHHbBIE HA IPUMEHEHUH PEIIAIONINX JEPEBHEB.
Kpurepuu pasnenenus ysia: MHPOPMALMOHHBIM BBIMIPHIL, KPUTEPH
JxuHu. AHCaMOIM pelarouinX A€peBbEB: CIy4Yal bl Jec, TpaJueHTHBIN
OyCTHUHT.

Meton omnopHbix BekTopoB. Ilpsimas u oOpaTHas 3ajaaya.
Onpenenenne ONOPHBIX BEKTOPOB. SIIEPHBIN TPIOK.

HauBHblii  OaifecoBckmii  kiaccupukatop. MeTOAbl  OLEHKH
pacnpeneneHus npusHakoB. EM-aJlroputm Ha mpuMepe cMecu rayCCHaH.

Metonpl 0e3rpaAMEHTHON ONTHUMM3AIMM: CIIy4alHbIA IOMCK,
hillclimb, oT)HUT, reHETUYECKHUI aJITOPUTM.

10

JlabopaTopHbie padoThI

P1.1

MeTtosl paboTsl ¢ Tabnuuamu B Python. Arperanus u Busyanu3sarus
naHHbIX. [IpoBeeHne nepBUYHOrO aHAIN3a JaHHBIX.

P1.2

Hcnonws3zoBanne u cpaBHEHUE aTOpUTMOB Kiaccudukarmu: kNN,
pelaoIre 1epeBbs U UX aHCaMOJIH, JIOTHCTUYECKasl perpeccus.

P1.3

Hcnonp3oBaHne W OIEHKAa  anroputMoB  perpeccud.  Ilogbop
ONITHMAJIBHBIX MTAPAMETPOB PETPECCUU

P1.4

OHTI/IMI/IBaI_[I/IOHHBIC 3aauu U UX PCUICHUA. HO)I60p runeprnapamMeTpoB
aJIropuTtMa € mIOMOIbIO METOAOB ONITUMU3ALIUH.

IIpakTuka

10

P1.1

IIporpaMMHO-aIrOPUTMHUECKOE OCBOCHHUE MaTepHaa

10

CamocrosiTesibHas pabora

P1.1

[IpopaboTka yuyeOHOTrO MaTepuaa JeKIui

P1.2

[ToaroroBka k 1a60paToOpHBIM paboTam




C [ToaroroBka kK pyOeXKHOMY KOHTPOIIIO
P1.3
C Jlpyrue BUAbl CaMOCTOSITENLHOM paboThI
P1.4
2 Jleknuun
2.1-2.3 Heiiponnsie cetu. @yHKIMM OIMTMOKN HEHPOHHBIX CeTEeH U O0yYECHHE C
MOMOIIBI0 OOPAaTHOTO pacmpocTpaHeHus rpaauenta. [lonsrue 63T4a U
SMOXHU.
PaboTa ¢ n300pakeHusMH ¢ TOMOIIbIO HEHPOHHBIX ceTeil. CBepTOUHbIE
HeWpoHHble cetu. Ormepanuu  CBEpTOK, max-pooling. [lomynspHbie
ApPXUTEKTYphl CBEPTOUHBIX HeHpOHHBIX ceTeil: AlexNet, VGG, Inception
(GooglLeNet), ResNet. Tpancheprnoe oOyueHue.
O6paboTtka TekcToB. PaboTa ¢ €CTECTBEHHBIM S3BIKOM C TIOMOIIBIO
HEUPOHHBIX ceTeil. BekTopHble mpencTaBieHus i Tekcra: word2vec,
skipgram,
CBOW, fasttext. PexyppenTasie Heiiponnbie cetu, LSTM, GRU.
Tpanchopmeps, BERT, GPT.
JlabopaTopHbie padoThI
JI Kinaccudukanms nzodpaxeHuit u TpanchepHoe 00yUIeHHE.
P2.1
JI Pabora ¢ TekcTaMu ¥ UX BEKTOPHBIMH NPEICTABICHUSIMU TEKCTOB.
P2.2
IIpakTuka
1P 2.1 [IporpaMMHO-aJITOPUTMUYECKOE OCBOCHUE MaTepHalla
CamocrosiTesibHas paboTa
C [TpopaboTka yuyeOHOTO MaTepuaia JIeKIui
P2.1
C [ToaroroBka k 1ab0paTopHbIM paboTam
P2.2
C [ToaroroBka kK pyOe)KHOMY KOHTPOIIO
P23
C Jlpyrue BUABI CAMOCTOSITEIILHOW PabOThI
P2.4
«O0y4eHune ¢ MOIKpPETICHUEM»
3 Jleknuu
3.1- 3.2 | [lonsaTus areHTa, Cpenbl, COCTOSHUSA, ACUCTBU U Harpaabl. OyHKIUsS
ueHHoctu cocrostHus (Valuefunction) u QyHKuMsi kauecTBa JEWUCTBUS
(Qfuntion).
OnTtuMuzanusi CTpaTerid C TOMOIIBI0  MaKCHUMHU3alUuu  (QyHKUuUi
LIEHHOCTH U KauyecTBa. Q-o0y4eHue.
I'my6oxoe ob6yuenue ¢ moakperiearnem. Deep Q-Networks, Actor-critic.
Jlns yposns skcneptHbIii: REINFORCE, A2C, PPO, DDPG.
JlaGopaTopHbie padoThI
JI [Tpumenenne Q-Networks Ui peneHns: MPOCTHIX OKPY>KEHHIA.
P3.1
IMpakTuka
11 IIporpaMMHO-aJITOPUTMUYECKOE OCBOCHUE MaTepHalla
P3
CamocrosiTenbHas pabora
C ITpopaboTka yueGHOro MaTrepuaia JeKuui

P3.1




C [ToaroroBka k 1a00paTopHBIM paboTam 1

C [ToaroroBka Kk py0e:XxHOMY KOHTPOJIIO
P3.3

C Jlpyrue BUABI CAMOCTOSITEIILHOW PabOThI
P34

5. O6pa3oBare/ibHbIE TEXHOJIOTHH
B mpomecce mnpenomaBaHust Momynsi MCTIONB3YIOTCS  CIEOYIONIME METOIBI, CPEACTBA U
0OHOBIIsIEMOE TPU HEOOXOAMMOCTH IPOTPAMMHOE 0OecTieueHHe HHPOPMAIIMOHHBIX TEXHOJIOTHHA:
— e-mail nmpenogaBarens;
— OJICKTPOHHBIC Y4EOHO-METOJMUECKUE MaTepUalIbl Uil 00CCIICYCHUsI CAMOCTOSTEILHONH pabOThI
CTYJICHTOB;
—  CIIMCOK CalTOB B ceTH «HTEpHET» /IS MOMCKA HAyYHO-TEXHUYECKOW HH(POPMAIIMHU TI0 pa3ienaM
JUCUMILIMHEIL
—  MaKeThl MPUKJIAHBIX IPOrpaMM, HarpuMep, pytorch.

6. YueOHO-MeTOIMYECKOE OOecneyeHHe CaMOCTOSATeIbHONH padoThl cTyaeHTOB. OneHoYHbIe
cpeacTBa IJIsl TEKYLIEro KOHTPOJISI yCIeBaeMOCTH, MPOMEXKYTOYHOIl aTTecTallMd MO HTOram
OCBOEHHS TUCIMIIIHHBI.

Jlnst obecnieueHus: caMOCTOSTENBHOM PAOOTHI CTYIEHTOB TI0 Moayto chOpMHUPOBAH METOINYECKHUMA
KOMIIJIEKC, BKIIOYAFOIIHI
B ce0s ciieayromue y4eOHO-MEeTOTMYECKUE MaTepHaIThI:

1. [Tporpamma kypca.

2. Y4eOHUKH ¥ yIeOHBIC TIOCOOMS.

3. Crucok azipecoB CAaiToOB B MH()OPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHON CETH
«MuTepuer» (nanee — cetb «MHTEpHETY), COACPIKAIINX AKTYyaTbHYI0 HHPOPMAITHIO 110 OI0KaM
Momymns.

bubnuorpaduyeckue CChUIKM Ha yueOHbIE U3aHUA, BXOASIIME B METOINYECKUI KOMIUIEKC, TPUBEICHBI B
nepeyHe OCHOBHOM U JIOTIONTHUTENBHON Y4eOHOM TuTepaTyphl, HEOOXOAMMOM /il OCBOeHUST Momyst
(paznen 7).

K nonomHuTensHBIM MaTepuanaM Takke OTHOCUTCS IEpeYeHb pecypcoB ceTh «IHTepHeT»,
PEKOMEHIYEeMBIX JIJIsl CAMOCTOSATENILHON paboThl pu ocBoeHnu Moyt (pazaen 7). CTyqeHThl TOTyqaioT
JOCTYM K YKa3aHHBIM MaTepHajlaM Ha IIEpBOM 3aHITUH 10 MoayIito.

7. YueOHO-MeTOAUYECKOE U MAaTEPUATbHO-TEXHUYECKOe o0ecnedeHne TUCIUTITUHbI(MOTYJI51)

7.1. Y4eOnas 1uteparypa:

OcHoBHasi TUTEpaTypa 110 MOAYJII0
1. MamunHoe 00yuenue. Hayka 1 MICKycCTBO MOCTPOEHHUSI ITOPUTMOB, KOTOPBIE U3BJIEKAIOT
3HaHus u3 JaHHbIX. [lerep @nax. JIMK Ilpecc. 2015.
2. I'myGoxoe o0yuenue. [lorpyxenue B Mup HelipoHHbIx ceteil Hukonenko Cepreit Uropesuu,
Kanypun A. A. | Hukonenko Cepreit Uropesuy, Kamgypun A. A.
3. O6yuenue ¢ nonkperienuem / Carron Puuapa C, bapro Dunpro I'., IMK Ilpecc, 2020.

JlonoJTHUTe IbHBIE YU4eOHbIe MaTepHaJIbl

1. OCHOBBI HCKYCCTBEHHOT'O UHTEIICKTA : yueOHoe mocobue / E.B.boposckas, H. A. [laBbiioBa. 4-¢
u31.,90eKTpoH. M.: Jlabopatopus 3nanwmii, 2020. 130 c.

2. HckyccTBeHHBIN HHTEIUIEKT ¢ mpumepamu Ha Python. [xommlIpatuk. Bunbsme. 2019.

3. IlpuknagHoe mammHHOE 00yueHue ¢ momotibio Scikit-Learn, Keras u TensorFlow: konmeniuwu,



w

~

L.
2

MHCTPYMEHTbl M TEXHHUKH JJisi CO3JaHUsl HUHTEJUIEKTYallbHbIX CHUCTEM , 2-€ U3JIaHue.
KeponOpenben. [Inanextuka-Bunbssame. 2020.

Xenpuk bpunk, Jlxxo3ed Puuapne, Mapk @esepoind «MamunHoe o0yuenuey, [Turep 2017.

Kax yuntcs Mmammna: PeBosrorus B 00671acTH HEUPOHHBIX ceTel U TiTyookoro oOydeHus. S JlekyH.
Anpnuna PRO. 2021.

I'pokaem rimy6okoe oOyuenwne. Duapro Tpack. [Tutep. 2019.

O6yuenue ¢ noakperienuem Ha PyTorch. Coopuuk penenrtos. FOcu JIro. IMK Ilpecc. 2020.
https://spinningup.openai.com/en/latest/

7.2. UnTepHeT-pecypcebl

[TpumepHBIi IepeYeHb PECYPCOB CETH «MHTEPHET», PEKOMEHYEMbIX TIPH OCBOCHHUU MOTYJIS
Open Machine Learning Course (https://mlcourse.ai)
BBenenue B mammHHOe 00y4eHue ot «Bioinformaticlnstitute»

(https://stepik.org/course/4852/promo )

3.

Cneunanmauﬂﬂ MamunHoe o6yquI/Ie K aHaJIM3 JaHHBIX OT «MOCKOBCKHI Q)HBHKO-TGXHI/I‘IGCKI/II;'I

uHctuty™ (https://ru.coursera.org/specializations/machine-learning-data-analysis)

7.3. IIporpammHoe odecriedeHue:

yHI/IBepCI/ITCT obecreueH HCO6XOZ{I/IMLIM KOMIIICKTOM JIMICH3MOHHOI'O 1 CBO60,I[HO pacrapocCTpansacMoro

MPOTPAaMMHOTO OOECTICUCHHS:

1. Microsoft Windows 10
2. Microsoft Windows 11
3. CrpaBouHo-TIpaBoBas cuctema «I'apanT»

MaTepHaJ’lBHO-TeXHH‘IeCKOC o0ecreueHue

Onucanne MaTepuaJIbHO-TEXHUYECKOH 0a3bl, HEOOXOAMMOM I U3yYeHUsSI MOLYJIst

HepequL MaTCpUaJIbHO-TCXHUYCCKOI'O o0ecrieueHNs MO,Z[y.]'IH

Ne n/m | Bun 3ansTuii Bun n HauMeHoBaHUE 000py10BaHUS
1 |JlexumoHHbIC Ayautopuu ¢ MyJbTUMEIUWHBIMU CPEACTBAMHU, CPEJICTBAMU
3aHATHUS 3BYKOBOCIIPOM3BEICHUS U MMEIOIINE BBIXO B c€Th « IHTEpHET».

[TomernieHust JUIst IPOBEACHUS ayAUTOPHBIX 3aHATHI, 000py10BaHHBIE

2 |JlabopatopHble |KOMIBbIOTEpHBIH KITaCC ¢ KOMIUIEKCOM IPOTPAaMMHBIX CPEZICTB,

paboThI MO3BOJISIONINX KaXI0MY CTYJIEHTY pa3padbaThiBaTh MPOrpaMMHbIE
pealn3anuy NPaKTUYECKUX 33/1a4 B XOJI€ BHITIOTHEHHS JTA00paTOPHBIX
paboT
3 CaMOCTOATCIbH | bHOJINOTEKa, NMCIOIIas pa00UINe MecTa UL CTy ICHTOB. Ay IATOPNH,
as pabota OCHAIIIEHHBIE KOMIIBIOTEPAMU € AOCTYNOM K ceTu « HTepHeT»
4  |IIpaktuka KomnproTepHbIil Kilacc ¢ KOMIIJIEKCOM TPOrPaMMHBIX CPEJICTB,

HO3BOJISIFOLIMX KaXKIOMY CTY/ICHTY pa3palaThiBaTh IPOrPaMMHBIE
pcain3anuu NpakKTUUCCKUX 3a1a4 B XOAC BBITTOJTHCHUS J'Ia60paTOpHBIX
pabot



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

®OH/I OUEHOYHBIX CPEACTB JIsA TIPOBEJEHUSA TEKYIIEI'O KOHTPOJIA
YCHIEBAEMOCTHA U TIPOMEXXYTOYHOM ATTECTAIIAU OBYYAIOIIIUXCSI
IO MOAYJIIO « CUCTEMbBI HCKYCCTBEHHOI'O HHTEJIVIEKTA»

OHI/ICAHI/IEMHOKAZ}ATEJIEI‘/'I N KPUTEPUEB OHIEHUBAHUWSA
KOMIIETEHIIMU HA PA3JIMYHBIX OTAITAX UX ®POPMUPOBAHUAA,
OIIMCAHHUE HIKAJI ONEHNUBAHUSA

®onp onieHouHbIx cpeAcTB (POC) npeaycmaTpuBaeT cleayrolee:

— ONHMCaHWe KOMIUIEKca MOKa3aTeJsiel — JECKPUIITOPOB OCBOCHUS KOMIIETCHIUH B BHJIE
pe3yIbTaTOB O0YUYEHUs, KOTOPBIE CTYACHT MOXET IIPOIEMOHCTPUPOBATH

— (tabmuma 1). [j1st KOHTPOJISI TOCTHXKEHUS KaXA0T0 U3 HUX TPETyCMOTPEHBI OIICHOYHBIE
CpeZCTBa B BUJI€ BOTIPOCOB, 3aJaHUN U T.1.;

— 0003Ha4YCHUE KPUTEPHEB — IIPABWII IPUHATHS PELICHHUS 110 OI[CHKE JOCTHTHYTHIX
pe3yIbTaToB 00y4YeHUS M CPOPMUPOBAHHOCTH KOMIIETCHITHIA.

Hanpumep, B kauecTBe mIKaibl OllcHUBaHUs puHUMaeTcs 100-6anbpHas cucTeMa ¢ BhIIeICHUEM

(rpanmanueit) OEHOK:

PeiiTunr Onenka Ha 3aueTe
85-100
71-84 3auer
60-70
0-59 Hezauetr

TUMOBBIE KOHTPOJILHBIE 3ATAHUSI UJIA UHBIE MATEPHAJIDI,
HEOBXOJUMBIE JIUIsSI OEHKY 3HAHMI, YMEHMI U (MJIN) ONBITA
JESITEJTbHOCTH, XAPAKTEPU3YIOIIUE DTAIbI ®OPMUPOBAHUS

KOMIIETEHIUI B MTPOLIECCE OCBOEHUSI OBPA30BATEJILHOI

MMPOTPAMMBbI

BBIHyCKHI/IK, OCBOMBIIINH O6p330BaTeJ'IBHYIO nporpammy, JOJIZKCH 06J'Ia,I[aTb
Hqu)CCCI/IOHaJH)HI)IMI/I KOMIICTCHUOUAMU 11O TCMATUYCCKUM MOAYJIAM IIPOrpaMMbl

Kon HanmenoBanme Pesynbrarel 00yueHust
TEMATHYECKOI0
MOJYJISI
Bgenenue B 3Hanusn:
HCKYCCTBEHHBIN — TEOPETUYECKHUE OCHOBBI aHAJIN3A IAHHBIX U MAIlTMHHOTO
UHTEJJIEKT U o0y4eHus;
OCHOBHBIE METO/IbI — cnenuduka paboThl AITOPUTMOB MAIIMHHOTO O00YYEHUs.
MAIIIMHHOTO O0yYIEHHS YMmenus:
INE | pa60TBI Y - IIPUMEHEHHUE METOJ0B MAIIMHHOI'O 06yquHﬂ, MMOAr0TOBKA
TaOJINYHBIMU JTAHHBIX U UHTEPIIPETALUSA PE3YIbTATOB.
JAHHBIMHA HaBbikH (ONIBIT AeSITEJILHOCTH):

- HMHTEpecyeTcs HOBBIMU TPEHAAMHU B CBOECH
npodecCHOHaIbHON OTPaCi, PACCMAaTPUBACT UX C TOUKU
3peHMsI TPUMEHEHHUS B CBOCH JESATEIILHOCTH,

- OLIEHHBAET MPUMEHUMOCTD AITOPUTMOB,

Bo3MoskHBIE PUCKH U TIOCIIEACTBUS OLTHOOK, HAXOAUT
OnTumalnbHbIe perieHus s pabodux 3a1a4




Cuctempl TI1yOOKOro
o0yueHust

3Hanusa:

MIPUHIUITEI O0yYEeHHUS ¥ IPUMEHEHUS] HEHPOHHBIX CETEH.
apPXUTEKTYPHI IITyOOKNX HEUPOHHBIX CEeTEH, MPUMEHIEMbIX
B PEIICHUU MPAKTUYCCKUX 3a]1a4

CBSI3aHHBIX C aHAIM30M H300paKeHUHN U TEKCTOB,;

YMmenus:

HACTpOIiKa HEOOX0AUMOT0 OKPY’KEHUS /17151 pabOThI C
HEHPOHHBIMU CETSAMMU.

MIPUMEHEHUE U 710 00yUYeHUe U TIPe]

00y4YEeHHBIX HEMPOHHBIX CETEH U3

JIOCTYTTHBIX OMOJIMOTEK

HaBbiku (ONIBIT 1eSITEJIbHOCTH):

BJIAJICET HABBIKOM MPOBEJICHHUS ITOJIHOTO [IUKJIA
BBIYHCIIUTEILHOIO DKCIIEPUMEHTA, OTPAXKCHUS X01a
BBIIIOJIHEHMS IIPOEKTA U ITOIYUYEHUs PE3yIbTaTOB B
OTYETaX U NOKyMECHTALUN;

BIIa/IC€T HABBIKOM HCIIOJIB30BAHMS CYIECTBYOIIMX
IIPOrpaMMHBIX OMOJIMOTEK U MOAETeH, CO3IaHMs
IIPOTPAMMHBIX pealin3aluil rTyO0OKINX HEHPOHHBIX CeTei

OO0yuenue ¢
MOJIKPEIUICHHEM

3Hanus:

TCOPECTUUCCKNEC OCHOBBI U AJITOPUTMBI 06yquI/1$1 C
MOAKPCIUICHUEM,

MMPUMCHCHUC O6quHI/ISI C MOAKPCIVICHUEM IJI
MPAKTUYCCKUX 3a1a4.

YmMmenus:

BBIOOp U peasin3alus aropuTMOB 00ydEHUs ¢
MOJIKPEIUIEHUEM C YYETOM CeLU(PUKH 3a]1a4u
ajlanTalys U HaCTpOIKa alNropuTMOB 00yUEHUs C
MOJIKPEIUIEHUEM T10]1 OTIPEIEIIEHHYIO Cpeay.

HaBbIkH (ONIBIT 1eATEJIbHOCTH):

MHTEpECyeTCsS HOBBIMH TPEHIaMHU B CBOCH
poeCCHOHATBLHON OTPaCIi, PACCMATPUBAET HX C TOUKU
3peHHs IPUMEHEHUS B CBOEH JI€ATEIIbHOCTH;

BJIaJICET HABBIKOM HCITOJIb30BAHHS CYIIECTBYOLTIX
MPOTPaMMHBIX OMOIMOTEK U MOJIEEH, CO3TaHUS
MIPOTPAMMHBIX peasTn3alliii Ha OCHOBE aJITOPUTMOB
00y4YeHHUs C MOAKpPEIUICHUEM




Cpencta Ui OIICHKH Pa3InYHBIX YpOBHEH (OOPMHUPOBAHHS KOMIIETEHIIUHI MO KaTEropusaM
«3HATh», «YMETb», «BIAJETHh» O00ECNEUUBAIOT pPEaTU3aLUI0 OCHOBHBIX MPHUHILIUIIOB KOHTPOJIA,

TaKHuX

KakKk 00BEKTHBHOCTD )51 HC3aBUCHUMOCTD, MMPAKTUKO-OPUCHTHPOBAHHOCTD,

MCKIUCHUIUINHAPHOCTD.

C yd4eTroM 3TOTO KOHTPOJBHBIE BOMPOCH! (3amaHus, 3amauun), Bxonsamme B DOOC, mis

Pa3INYHBIX KATETOPHUI M YPOBHEN OCBOCHHSI KOMIETEHIIMN MOTYT UMETh CIEAYOIIANA BUI.

3HATb

IIpumepsbi:

1. Tunsl 3a1a4 MAaIIMHHOTO OOYYEHHUS M KJIACChI aJITOPUTMOB, K HUM IPHUMEHSIEMBIE.

2. OcHOBHbIE HaIlpaBJICHUs PA3BUTHUS UCCIIEN0BAHUI B 00JJACTH CUCTEM UCKYCCTBEHHOTO
UHTEIJIEKTA.

3. Teoperndecknue OCHOBBI AITOPUTMOB MAIIMHHOTO O0yUYEHHSI.

YMETbH

IIpumepsr:

1. IloaroToBuTH JaHHBIE K UCIOIB30BAHUIO AJITOPUTMA MAILIMHHOTO O0YYEHUs..

2. OueHuBaTh KAYECTBO PELICHUN CUCTEM MALTMHHOTO O0Y4EHHUS.

3. AzanTupoBaTh AITOPUTMBI MAIIMHHOTO O0YUYEHUS K PELICHUIO TPAKTHYECKHX 3a/1a4.

BJIAJJETH

IIpumepsbi:

1.  Merononorus pa3paOOTKu pelIeHU MaIIMHHOTO 00y4€eHusl.

2. Ilpumepsl NpaKTUYECKOTO MIPUMEHEHUS APXUTEKTYP UCKYCCTBEHHOI'O UHTEIJICKTA.

3. Meronbl OHJAMH TECTUPOBAHUS PELICHUH MAIIMHHOTO 00y4eHHS.

METOAUYECKHE MATEPHAJIbI, ONPEJAEJISIIOINUE ITPOLENY PbI
OLNEHUBAHWA 3HAHUH, YMEHUU U (WJIH) ONIBITA TEATEJIbHOCTH,
XAPAKTEPHU3YIOIIUE 3TAIIbBI ®OPMHUPOBAHUA KOMIIETEHIINA

[Tpumepsl (MakeThl) METOJUYECKHX MaTEpUANIOB, OIpPEAESIONINX MPOLEAyPbl OLIEHUBAHUS
3HaHUH, YMEHHUI U (UJIU) OTIbITA AESITEIIbHOCTH

HaumeHnoBanue Kparkas xapakrepucTuka IIpeacraBiaenne
OLICHOYHOI'0 OLIEHOYHOI'0 CpeacTBa OLICHOYHOI'0 CPeICTBA
cpeacrsa B oHze
Texy1mii KOHTPOJIb CpencTBO MpOBEPKU OCBOCHUS KomrutexTs! OuneToB
yCIEBAEMOCTHU YPOBHEM «3HATBY, YMETb)» (3amanuit)

KommnuiekT 0us1eT0B (IpHMMepHbIii)
buner 1.
1.1  BaifecoBckuii knaccugpukarop. Onenka npuzHakos (Gaussian, Bernoulli,

Multinomial). EM anropurm.

12 Knacrepuzanus. kMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
2.1 Ancam6mu. Soft and Hard Voting. Bagging. CiyJaiinbrii nec.
2.2 Metpuueckuii knaccugpuxaropbl. KNN. WKNN.

buner 3.
3.1 Jluneitnas perpeccus. LASSO, LARS. CART.
32 JlepeBss perienuii. MHpopMamoHHblil BEIUTpsII. Ommnbdka kiaccupukanmy,

sHTponus, kpurepuid [xunu. [IpyHuHr.



buner 4.

3.1 TI'moGameubiii mouck. Ciy4waitabrii nouck. Gridsearch. CmyuaitHoe
omyxxnanue.baliecoBckas onTuMu3anus.

3.2 Jluneitnas perpeccus. [lonmuHomuanbHas perpeccus. [ peOHeBast perpeccusi.

buner 5.
5.1 AdaBoost. I'paarieHTHBIN OYCTHHT pEIIaloNInX IePEBbEB.
52 Knacrepuzamms. AgglomerativeClustering. MeTpuku KiacTepu3anum.

buner 6.

6.1. Onenka knaccudukanuu. I dexktuBHocTsh Mo [lapero. Precision-Recall 1 ROC kpuBsble.

AUC.

6.2 Heiiponnsie cetu. [leprientponPo3enbnarra. ObpaTHOE pacrnpocTpaHeHHE TPAIHEHTA.
OyHKIWMH akTHBaKH. Softmax.

buner 7.

7.1 Jloxameubiii momck. HillClimb wu ero pasHoBumHocTH. OTXKHr. ['eHeTHUECKHiA
AJITOPUTM.

7.2 Meton onopHBIX BEKTOPOB. A mpa.

Ilepedyenn 1adopaTopHbIX padoT (MPUMeEPHBIIi)

OO0mme pekoMeHIaLUM K J1a00paTOPHBIM padoTaM: Ui pa3HbIX YPOBHEH MOATOTOBKH
CTYZICHTOB MOKHO HCIOJIb30BaTh Pa3HYI0 IIIyOHHY peanu3aiuu pemenus. Tak, Ui CTyIeHTOB
HETEXHUYECKUX CIIEHUANIbHOCTEH 3a/laHue MOKET 3aKJIF0UaThCs B IPUMEHEHUH TOTOBBIX METOJI0B
U3 OUOJIMOTEK MM 3allOJTHEHUEM TPOITYCKOB B IPOrpaMMax, rzie 6osblias 4acTh MOATOTOBJIEHA
npenojasateneM. [l CTyA€HTOB TEXHUYECKHUX CIIEUAIbHOCTEH 3a/1aHie OyIeT 3aKII04aThCs B
peanu3aniy aropuTMOB 0€3 HCIIOIb30BaHNS TOTOBBIX PEILICHUH.

JIP1.1 Metoabl pabotsl ¢ Tabnauuamu B Python. Arperamus M Bu3yalu3anusl JaHHBIX.
[IpoBenenue nepBUYHOIO aHAIN3a JAHHBIX.

Ienu: nzydyenue MeTo10B paboThl ¢ JaHHBIMU B Python u npoBenenue nepBUUHOro aHanu3a
JTAaHHBIX.

3amanue: 3arpy3ute pgaraceT B pandaspatadpeiiM. BpiBeauTe OCHOBHBIE MapameTphbl
naraceta. OnpenenuTe, CKOJIbKO B JaTaceTe CIy4aeB OTCYTCTBUS NpU3HAKOB. OnpeaenuTe, CKOJIbKO
IIPU3HAKOB SBJIAIOTCS KaTErOpHalbHbIMU. Busyanusupyire pacrpeeiieHue IpU3HaKkoB 10 KIaccaM.
Busyanusupyiite 3aBUCHMOCTb MEKIy NPU3HAKAMH.

JIP1.2 Hcnonb3oBaHWe W CpaBHEHUE alroputMoB kiaccudukamuu: kNN, pemaromme
JIEPEBbS U UX aHCAMOJIM, JIOTUCTUYECKAS] PErpecCHsl.

[{enu: mpuMEHEHHE U OLIEHKA allTOPUTMOB KJIaCCU(PUKALIUH.

3anaHue:

Paznenure natacet Ha oOy4JaronIuii ¥ BaUIAIMOHHBIA C COXPAaHEHHEM TPOIOPIIMIA KIaCCOB.
Knaccudunupyiite Touku u3 garacera ¢ nomoibio anroputMoB kNN, jgoructudeckoit perpeccum,
CART, cnyuaiinoro jneca, CatBoost. [TogbGepure nydmme mapaMeTpbl alrOpUTMOB CIOMOIIBIO
BaJIMIallMOHHON BBIOOpKH. CpaBHUTE BpeMsl pabOTHI allTOPUTMOB M 3aBUCHMOCTH OT MPEeI00padoTKH
JTAHHBIX.

JIP1.3 Hcnonwp3oBaHWE W OIEHKAa aJIropuTMOB perpeccud. I[lombop onmTHUMambHBIX
apaMeTpPOB PETPECCUM.

[{enu: u3yueHue alNropuTMOB PErpeccuu.

3ananue:

[TpumenuTe MeTO TUHEIHON perpeccuu A petieHus 3a1a4u Ha aaracere. Jlo0aBbTe B
JaTaceT MOJMHOMHATBHBIC TIPU3HAKH. Jl00aBisiiTe MpU3HAKK MIOKA HE YBUIUTE MTEPeOOyUeHUE Ha
BajuaannoHHoMaatacere. [Ipumenure rpedueByto perpeccuro 1 LASSO, 4T00bI H30aBUTHCS OT
nepeoOyyeHuUs..

JIP1.4 OnTumMu3alioHHBIE 3a/1a4d U UX penieHus. [logbop rumepnapaMeTpoB alropuTMa



MOMOIIbI0 METO/I0B ONITUMHU3AIIHT

[enu: u3yyeHune aaropuTMOB PELICHHS ONTUMU3AIMOHHBIX 3a/1a4.

3anaHue:

1. OnTuMHU3UpPYHTE IIMHY MapIIpyTa B 3a7aue KOMUBOSDKEPA C MTOMOIIBIO aITOPUTMOB
hillclimb, oTkuTa ¥ TCHETHYECKOTO ATOPUTMA. BBIBETUTE MOTYIHBIIHNACS ITyTh U €T
JUIAHY.

2. OnTuMuU3MpyHTE THUNEpHapaMeTpbl ajlropuTMa MAIIMHHOTO OOydeHHus (Ha BBIOOp) C
MOMOIIBIO CIYYallHOrO TMOMCKAa, TOWCKa Mo pemierke, aiaroputMa hillclimb, reneruueckoro
aJropuTM™Ma.

JIP2.1 Knaccudukarws n3oopaxeHuii u TpanchepHoe oOyueHuHe.

[enu: nu3yyeHre METOI0B TITyOOKOT0 00yUueHus AJsi paboThI C U300PAKEHUSIMHU.

3anaHue:

3arpy3ure gataceT W CO3JaiTe UTEpaTrop AN MOJENU TIyOOoKoro oOydeHus. 3arpys3uTe
npenoOydennyto Ha ImageNetcBeprounyo cethb (AlexNet, VGG wunmu ResNet) m mo6aBpTe K
backbonenonHocBs3HbI cnoit ans oOydeHus. OOyuuTe HEHPOHHYIO CETh Ha, BU3yallM3MpPOBAB
rpadpuxk ¢yHKIUM noTeph Ha oOydarolied W BaluAallMOHHOW BbIOOpKe. Peanmusyiite moayib
NPUMEHEHHUs HEHPOHHOM CETH K JIaHHBIM, IPOBEPhTE Ka4yecTBO 00yUEHHUs HA TECTOBOI BHIOOPKE.

JIP2.2 Pa0oTa ¢ TEKCTaMU U UX BEKTOPHBIMU MPE/ICTaBICHUSIMH.
[enu: n3yyeHue MoJIesield BEKTOPHOTO MPEICTABICHUS TEKCTOB.
3anaHue:
CkauaiiTe npenodyueHHbIe BEKTOpa 171 cioBaps. C mMOMOIIbI0 T1000T0 Kiaccudukaropa
mamuHHOro o0yuenust (kNN, SVM, CatBoost) kiiaccuguuupyiite TEKCTbI U3 AaTaceTa o CyMMe
BEKTOpPOB cioB. Knaccuduupyiire tekctsl ¢ momouisio LSTM cern.

JIP3. 1 Ilpumenenue Q-Networks Ju1st pelieHUs IPOCTHIX OKPYKEHUH.

Llenu: u3ydeHue npuMeHeHus: 00y4eHUs C MOAKPEIICHUEM /ISl peIlieHUH 3a71a4 KOHTPOJIS.
3ananue:

OOyuunTe MPOCTYIO MOITHOCBA3HYI0Q-CEeTh A5 perieHus okpyxkenus LunarLander.

[Iponienypsl oLleHMBaHMSA 3HAHWMA, YMEHHMH, (POpPMBI M OpraHM3alUs TEKYIIEro KOHTPOJIS
yCIIEBAEMOCTH U ITPOMEKYTOUHOM aTTecTalK 00y4YaroIINXCs

Texymuii KOHTPOJIb YCIIEBAEMOCTH M IPOMEXYTOUHAsl aTTECTallUsl CTYIAEHTOB BENETCS B
cooTBeTcTBUH ¢ [Ios10’keHNEM 0 TEKYIEM KOHTPOJIE YCIIEBAEMOCTH M MIPOMEKYTOYHON aTTECTAlluK
o0pa3oBaTeNnbHON OpraHu3aluu

Texkyuuii KOHTPOJIb YCIIEBAEMOCTH

Mopaynb nenurcs Ha gBa Onoka. Kaxplid 610K BKIIOYaeT B ce0sl U3ydeHHE 3aKOHUEHHOI'O
pasznena, yactu MoayJs.

Texymumii KOHTPOJIb 0 MoOAYIII0 OCYLIECTBISETCA 110 KaJIEHAAPHOMY Y4eOHOMY TpaduKy.
Cpoxku KoHTpOIbHBIX Mepotpuatuii (KM) u cpoku moaBeieHust UTOroB 0 MoyIito 0ToOpaxaroTcs
B pabounx yuyeOHBIX IUIaHax Ha ceMmecTp. CTYyAEHT JOJDKEH BBINOJIHUTh BCE KOHTPOJIBHBIE
MEpOIPHUATHS, NPELYyCMOTpEeHHbIE MoaylleM K YKa3aHHOMY CPOKY, IIOCJIE€ 4Yero IpernoaaBaTeib
IpoCTaBisieT OalbHbIE OLIEHKH, HaOpaHHbIE CTYJEHTOM IO pe3yjibTaTaM TEKYLIEro KOHTPOJIs
ycreBaeMocTu o Moayio.

KoHTponbHOE MEpONpHUATHE CUHUTAETCS BBINOJHEHHBIM, €CIM 3a HEro CTYIEHT IOJIy4HII
OLIEHKY B Oaylax HE HI)KE MUHUMAJIbHOW OIIEHKH, YCTAHOBJIEHHOW MpPOrpaMMON MOIYJsS MO
JaHHOMY MEPOIPUATHIO.

CryneHThl, HE CIaBIIME KOHTPOJIBbHOE MEPOIIPUATHE B YCTAHOBJIEHHBIN CPOK, NMPOJIOJIKAIOT
paboTaTh HaJl HUM B COOTBETCTBHE C TOPSIIKOM, IPUHATHIM 00pa30BaTEIbHON OpraHU3aIleH.

IIpome:xxyTOUHAsI aTTECTALMS

DopMoii NPOMEKYTOUHOU arTecTauuy 0 MoayIto ABIIAETCS 3a4eT.

OnenuBanue Monyns BeneTcss B COOTBETCTBMM ¢ [lonoxkeHueM o TeKylleM KOHTpOJIe
yCIEBAaEMOCTH U MPOMEKYTOYHON aTTeCTAallMU CTYJJEHTOB 00pa30BaTeIbHON OpraHu3altu.

Hanpumep, MeTOAUKA OLIEHKH 10 PEHTHHTY

CryneHT, BBINOJIHUBIIMNA BCE MPETYCMOTPEHHbIE YU€OHBIM TJIAHOM 33JJaHMs U CAABILIUI BCe
KOHTPOJIBHBIE MEPOIPUSTHS, TOJIy4aeT UTOTOBYIO OLIEHKY 10 MOJTyJIro 3a CeMeCTp B COOTBETCTBUH
CO CHEAYIOLIEH IKAJION:



PeidTunr Ouenka Ha 3auere

85-100

71-84 3auer
60-70

0-59 Hezauer

Pelitunr crynenTa no Mogysto 3a ceMecTp onpeensercs Kak cyMMa 0ajuioB, MOTYYeHHBIX UM 3a
Bce O5oku Mofynsi, v 0aJioB 3a MPOMEKYTOUHYIO aTTeCTaIio. MakCcUMalbHOE KOTUYECTBO
6ayutoB 3a Monynb B ceMecTpe ycTaHaBiauBaeTcs paBHbIM 100



CBeleHnsi 0 mepeyTBep:aJAeHMH IMPOrpaMMbl HAa O4YepelHON Y4eOHbI Trog M
perucrpanuu u3MeHeHun

YueOHbIi Pemrenue Buecennnie m3sMeHeHus IToamuce 3aB.

roj Kadenpol kadenpoit
(Ne mpoToxkoia, nara)

IIporpamma omobpeHa Ha 3aceqanuu Kadeapsl

npoTokoin Ne OT « » 20 T.

3aBenyromas kadeapoit

[Iporpamma ogo6peHa YueOHO-METOANYECKUM COBETOM IOPHINIECKOTO

(baxyabpTeTa MPOTOKOI OT « » 20 T.

[Ipencenarens YueOHO-METOIUIECKOTO COBETA (haKyJIbTeTa




