MUWHHUCTEPCTBO HAYKH Y BBICIIEI'O OBPA3OBAHMUSI
POCCHUMCKOM ®EJEPAIINN
®EJEPAJBHOE I'OCYJAPCTBEHHOE BIOJKETHOE OBPA3OBATEJIbHOE
YYPEKJIEHUE BBICIHIEI'O OBPA3OBAHUS
«AHT'YIICKWH TOCYJIAPCTBEHHBIA YHUBEPCUTET»

®U3NKO-MATEMATHYECKHAN ®AKYJIBTET

KA®EJIPA «MareMaTHYeCKHH aHAJIU3»

COI'JIACOBAHA YTBEPXK/IAIO
PykoBoaurens 06pa3oBaTenbHON TPOrpaMMBI Jexan ¢pu3nko-MaTeMaTHYECKOro GaKyibTera
/mpod. N.A.Tankuen /B.C. Kyns0yxeB
oT «17» mast 2024r. oT «22» mast 2024r.

PABOYASA ITPOI'PAMMA JTUCHUIITINHBI

CucremMbl HCKYCCTBCHHOI'0 MHTCJIJICKTA

HanpaB.neHne NnoAroTOBKH

44.03.05. Ilegarornueckoe o0pa3oBaHue ¢ AByMs npoduaaMmu

HOAIrOTOBKH

HanpagJisieHHOCTH (PO UL MOATOTOBKH)

«MaremaTuka». « Mudbopmaruka

KBanuduxarms BbIITyCKHUKA

BAKAJIABP

dopma 00yueHust

Ounas

Marac, 2024r



1. Ileau ocBOEHHUS THCIUIIINHBI

Llenbro n3ydeHus AUCHMIUTMHBI « CHCTEMBI HCKYCCTBEHHOTO MHTEIICKTA) SBIISACTCS
(dopMHIpOBaHNE KOMIIETCHIIMU B 00JIACTH MTPUMEHEHUS UHTEIUICKTYabHBIX WH(OPMAIIMOHHBIX
CHCTEM JJIS peleHns MPO(ECCHOHANBHBIX 3a7a4.
3anauy JUCLUIUINHBIL:
— O3HAKOMHTH C COBPEMEHHBIMH OOJACTSIMHM HCCIICJOBAHUS IO HCKYCCTBEHHOMY
MHTEJUIEKTY U cepaMy MPHIIOKEHHUS SKCIEPTHBIX CUCTEM;
— TIO3HAKOMHUTH C KOHLEMIHMSIMH, COCTABISIONIMMH OCHOBY COBPEMEHHBIX CHCTEM
UCKYCCTBEHHOTO MHTEJIICKTA;
— W3JIOKUTh TEXHWYECKHE TIIOCTAHOBKM OCHOBHBIX 3aJad, pEIIacMbIX CHCTEMaMH
UCKYCCTBEHHOTO MHTEJIICKTA;
— TI03HAKOMHUTHh C OCOOCHHOCTSIMU TPAKTHYECKOTO HCIIOJIb30BAHUS HMHTEIUICKTYAIbHBIX
MH(POPMALMOHHBIX CHCTEM B 0071acTH MHPOPMAIITMOHHOM OE30MaCHOCTH.

2. Mecto nucuunjuibl B crpykrype OIIOII 6akanaBpuara
[{ukJy, K KOTOPOMY OTHOCUTCS AUCLUIIIINHA:
b1.0/l. «CucteMbl HCKyCCTBEHHOT'O MUHTEIIIIEKTa)

3. PesyabTaThl  OCBOEHMSI JMCHMILIMHBI (Moayhasi) «CHCTeMBl HMCKYCCTBEHHOTO
WHTEJUICKTa

[Tpouecc m3ydeHusl AUCHMILTAHBI HAMpaBieH Ha (HOPMHUPOBAHHE DJIEMEHTOB CIETYIOIINX
komrieteHnuit B cootBercTBrM ¢ ®I'OC BO mo nanHOMy HampaBJIeHHIO:

KO)] HaumeHnoBaHue KOI[, HAUMEHOBAaHUEC HHIAUKATOPA JOCTHKCHUS
npodeccuona| MpodeccHoHaILHOI npodeccuoHATbHOI KOMIIETEHIIUN
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KOTOPOii | Ka4yeCcTBe HAyUYHBIX X OO
00pa3oBaTeIbHBIX HAIpaBJICHUA  [PUMCHCHHS ;?T?E;H Sﬂgﬁpﬁiﬁ
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4. CTpyKTypa H cojiep:KaHue TUCIHUIITTUHBI (MOTYJIs1)
4.1. CTpyKTypa QM CHUIIMHBI (MO1YJIs1)
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4.2. Copep:xanue TUCUMILIMHBI (MOXYJIS)

Ne n/m

HauMmeHoOBaHue MOAyJIA, COAEpPKAHUE

Yachl

1

«BBegenue B HCKYCCTBEHHblﬁ HHTEJ/IVICKT MU OCHOBHBIE METO/AbI
MAIlIMHHOI'O Oﬁy‘IEHHH A paGOTbI C TAaGJIUYHBIMU AAHHBIMH»

Jlekuuun

10

1.1-1.5

[OnmuoHanbHoO: MaTeMaTU4YeCKuin nuk0e3 o 3JIEMEHTaM
MaTEeMaTHYeCKON CTATUCTHKH, JUHEHHON anreOpbl U MaTeMaTU4YecKOro
aHanusza. |

OcHoBHbIE 3a/1a4u CUCTEM HCKYCCTBEHHOTO MHTEJJICKTA.
Knaccudukanus, xmacrepuzaiusi, perpeccus. THUIBI  MaIIMHHOTO
oOydeHus: ¢ yuuTeneM, Oe3 yduTeNs, ¢ YaCTUYHBIM MPHUBJICUYCHUEM
yuuTensi, 00y4eHue ¢ MOJKPEIIICHUEM.

Knaccudukarus va npumepe anroputma K-ommkaitmux coceaeir (KNN)
[OnmmonansHo: BEICTpBIA TOMCK  ONMMKAMIIUX cocenei.|. MeTpuku
OLleHKH Kiaccupukamuu: monHora, TouyHocth, FI, ROC, AUC.
Bamupnanmonnass u TtecroBas BbiOOpka. Kpocc-Bammmanus. Pabora ¢
KaTeropuaibHBIMU MPU3HAKAMH.

Perpeccus. Metpuku onenku perpeccun: MSE, MAE, R2 -
kodddunmeHT aerepmuHanuu. JIMHEWHas perpeccus, MOJUHOMHATbHAS
perpeccusi. IlepeoOyuenne u perynspuzainus, rpeOHeBas perpeccus,
LASSO, ElasticNet.

Jluneitnpie Mmopenu ans kiaccudukanuu. [lepuentpoHn, norucTuyeckas
perpeccusi, MOJIHOCBSI3HBIE  HEHPOHHBIE  CE€TH, CTOXACTHUYECKUU
TPAaUEeHTHBIM CIIyCK M O0OpaTHOE pacHpoCTpaHEHHE TpajaueHTa.
Perynsapusanys THHEHHBIX MOJIENIeH KIIaCCH(PUKAITUUH.

Knacrepuzanus, k-means, k-means++, DBSCAN, arjomepatuBHast
KJIactepusanus. MeTpUKH OLIEHKHU KIIACTEPHU3aIlUU.

ANTOpUTMBI, OCHOBaHHbIE Ha NPUMEHEHHHM pEIIAIOLIUX JEpPEBHEB.
Kpurepun pazpenenust yzna: WHOOPMAIMOHHBIM BBIUTPHIII, KPUTEPUMA
Jxuau.  AHcaMOlM — pelmIalmuX — JepeBbeB:  CIy4alHBIH  Jec,
TpaJIMeHTHBIA OyCTHUHT.

MeTton onopHbIX BekTOpoB. [Ipsimas u obpaTtHas 3amada. OnpeneneHue
ONOPHBIX BEKTOPOB. S IEpHBIN TPIOK.

Hausneprit OaiiecoBCKHit KJ1acCUpUKATOP. MeTtonapl OIIEHKH
pacnpeneneHus npu3HakoB. EM-anropurm Ha mpumepe CMeCH rayCCHaH.

Meroapl Ge3rpaHeHTHON ONTHMHU3AIMK: CilydaiHelid mowuck, hillclimb,
OT)KUT, TCHETUUECKHUI aJITOPUTM.

10

JlabopaTopHbie padoThl

R

JIP1.1

Mertoab! paboThl ¢ Tabaunamu B Python. Arperanust v Bu3yanu3arus
naHHbIX. [IpoBeieHNe NEpBUYHOrO aHAIN3a IaHHBIX.

N

JIP1.2

CIOJIb30BAHUE U CPAaBHEHHE aITOPUTMOB Kinaccuukarmu: kNN,
pelaroIye 1epeBbes U MX aHcaMOJIU, JJOTHCTUYECKasl PerpeccHsl.

JIP1.3

Hcnonp3oBaHue U OLEHKAa  alropuTtMoB  perpeccuu.  [lonbop
ONITUMAJHLHBIX
[1aPaMETPOB PETPECCUH

JIP1.4

OHTI/IMI/I3a]_[I/IOHHLIe 3alauyi U UX PCHICHUS. HOI[60p TUnCpIriapaMeTpoB
AJITOpHUTMa C IMMOMOIIBIKO METOJJOB OIITUMH3AlIVIN.

IIpakTHKa

10

I1P1.1

[TporpaMMHO-aIrOPUTMHUYECKOE OCBOCHHE MaTepHala

10

CamocrosiTesibHast padoTa

CP1.1

[TpopaboTka yueOHOTO MaTepuaia JEeKIHi




CP1.2 | IlogroroBka k 1a00paToOpHBIM paboTam 4
CP1.3 | IloaroroBka kK pyOeKHOMY KOHTPOJIIO 1
CP1.4 | JIpyrue Bubl CaMOCTOSATEIBHONU PaObOTHI 1
2 Jlekuuu 4
2.1- | Heiiponnsie cetu. OyHKIMM OMIMOKM HEHPOHHBIX ceTeil 1 00yueHue ¢ 4
2.3 MOMOIIIbI0 OOPaTHOTO pacmpocTpaHeHusl rpaaueHTa. llonsTue 63T4a u
SIOXHU.
PaboTa ¢ n300pakeHUsIMH C TIOMOIIBIO HEHPOHHBIX ceTel. CBEPTOUYHBIC
HelpoHHble ceTu. Omepamuu cBepToK, max-pooling. IlomynspHbie
apXUTEKTYphl CBEpPTOYHBIX HEHPOHHBIX ceTeil: AlexNet, VGG, Inception
(GoogLeNet), ResNet. Tpancheproe oOyueHue.
OO6pabotka TekcToB. PaboTa C €CTECTBEHHBIM S3BIKOM C ITOMOIIBIO
HEHpOHHBIX ceTell. BekTopHble mpeacraBieHus i Tekcra: word2vec,
skipgram,
CBOW, fasttext. Pexyppentnsie neriponnsie cetu, LSTM, GRU.
Tpanchopmeps, BERT, GPT.
JlaGopaTopHble padoThbI 6
JIP2.1 | Knaccudukanus n3o0paxeHnuit u TpanchepHoe o0ydeHuHe. 3
JIP2.2 | PaboTa ¢ TeKCTaMU M X BEKTOPHBIMHU IPEACTABICHUSMHU TEKCTOB. 3
IpakTHKa 4
1P [IporpaMMHO-aJITOPUTMHYECKOE OCBOEHUE MaTepHraia 4
2.1
CamocrosiTesibHas padoTa 7
CP2.1 | [IpopaboTka yueOHOrO MaTepraa JSKIUn 1
CP2.2 | IloaroToBka K 1a0OpaTOpHBIM paboTam 4
CP2.3 | TloaroroBka K pyOo€KHOMY KOHTPOJIIO 1
CP2.4 | Jlpyrue BUaBI CAaMOCTOSITEIBHONW PaOOTHI 1
«OO0yueHue ¢ NoAKpEnICHUEM»
3 Jlekuuu 4
3.1- [TonsTus arenra, cpeapl, COCTOSHUSA, AeUCTBUN U Harpaapl. OyHKIH
3.2 neHHoctu coctosHus (Valuefunction) u ¢yHKIUS KauecTBa ACHCTBUS
(Qfuntion).
OnTtuMuzanusi CTpaTerud C TOMOIIBI0 MaKCHUMHU3aLUUU  (QyHKIMHA 4
LIEHHOCTH U KadecTBa. Q-o0ydeHue.
I'ny6okoe oby4enue ¢ moakperuieHrueM. Deep Q-Networks, Actor-critic.
st yposust skenieptHblii: REINFORCE, A2C, PPO, DDPG.
JlaGopaTopHble paboThbI 4
JIP3.1 | Ilpumenenue Q-Networks 11s perieHust mpoCThIX OKPYKESHHI. 4
IIpakTHKa 4
1P IIporpaMMHO-aJITOPUTMHUECKOE OCBOEHUE MaTepHraia 4
3.1
CamocrosTenbHas pabora 3
CP3.1 | [IpopaboTka yueOHOro MaTepuasa JIEKIUH 1
CP3.2 | [loaroroBka K J1ab0paTOpHBIM paboTam 1
CP3.3 | [loaroroBka K pyOeKHOMY KOHTPOJIIO 0,5
CP3.4 | [Ipyrue BUIbI CAMOCTOSITEILHON pabOThHI 0,5

5. Oo6pa3oBare/ibHbIE TEXHOJIOTHHI




B nponecce npenopaBaHus Moayns HCHONB3YIOTCS CIEIYIOIIME METOIbl, CPEICTBA U
0OHOBIIsIEMOE TTPU HEOOXOAMMOCTH IPOTpaMMHOE o0ecrieyeHre HHPOPMALMOHHBIX TEXHOIOTUHA:
— e-mail npenogaBarens;
— DJEKTPOHHbIE Y4YEOHO-METOAMYECKHE MaTepuanbl Jisi O0eCHeYeHHs CaMOCTOSITEIbHOM
paboThI CTYICHTOB;
— CIHCOK caiToB B cetu «MHTEepHET» I MOMCKa HAyYHO-TEXHUYECKOH HH(pOpMAIMU T10
paszenaM AMCLUUIUINHBL;
—  MaKeThl IPUKJIAJHBIX IPOrpamMM, Harpumep, pytorch.

6. YueOHO-MeTOAUUYeCKOe ofecreyeHHe CaMOCTOATEIbHOH padoThl  CTY/IEHTOB.
OuneHoyHble cpeAcTBa ISl TEKYIIEro KOHTPOJS  YyCHeBaeMOCTH,IPOMEKYTOYHOI
aTTecTAllMU N0 UTOraM OCBOEHUS THCIUIIMHBI.

Jlns obecriedeHus CaMOCTOATENIbHOM PaboThI CTYAEHTOB 110 Moayito chopMUpOBaH METOIUYECKHHA
KOMIUIEKC, BKIIFOUAIOIUH

B ce0sl cieayronie yae0HO-MeTOIMYECKIEe MaTePHaIbl:

1. ITporpamma Kypca.

2. YueOHUKHU U yueOHble ocoOusl.

3. Cnmcok azpecoB caliTOB B MH(OPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHOH ceTH «VHTepHeT» (naee
— ceTb «/HTEpHET»), CoEepKAILNX AKTyaIbHYI0 HH(OpMAIHIO 1o 6;10kamM Momysst.
bubnuorpaduueckue ccblIKM Ha yuyeOHbIE N3aHuUs, BXOIAIIUE B METOJUUECKUI KOMILIEKC,
IPUBEJCHBI B IIEPEUHE OCHOBHOM U JOMOJIHUTEIbHON ydeOHOH TuTepaTyphl, HEOOXOAUMON IS
ocBoeHust Moyt (pazaen 7).

K nonomHuTenbHBIM MaTepuagaM Takke OTHOCUTCS NepedeHb pecypcoB ceTu «VHTepHeT»,
PEKOMEHYEMBbIX JUIsl CAMOCTOSATEIbHON paboThl pu ocBoeHur Moayis (paszaen 7). CTyaeHThI
HOJIYy4aroT AOCTYH K YKa3aHHbIM MaTepuallaM Ha IIepBOM 3aHATUU 110 Moayito.

7. YueOHO-MeTOAMYECKOE u MaTepHaJIbHO-TeXHUYECKOoe ol0ecrieyenue
AMCUUIIMHBI(MOAYJIs1)

7.1. Y4eOnasi auTeparypa:

OcHoBHas TUTEpaTypa 1Mo MOAYJII0

1 MammnHoe o0yuenue. Hayka 1 HCKyCCTBO OCTPOEHUS allTOPUTMOB, KOTOpBIE
M3BJIEKAIOT 3HaHMs U3 naHHbIX. [lerep dnax. IMK Ilpecc. 2015.

2. T'myGokoe oOydenue. [lorpyxxenue B Mup HelipoHHBIX ceteid Hukomenko Cepreit
Uropesuy, Kagypun A. A. | Hukonenko Cepreii Uropesny, Kagypun A. A.

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

JlonoiHUTe/IbHBIE y4eOHble MATepPHAJIbI
1. OcHOBBI UCKYCCTBEHHOTO UHTEIIEKTa : yueOHoe nocobue / E.B.boposckas, H. A.
HaBbiioBa. 4-¢ u3a.,3nektpoH. M.: Jlaboparopus 3uanuii, 2020. 130 c.
HckyccTBeHHBIN HHTEIUIEKT ¢ puMepamu Ha Python. Jixomml Ipatuk. Bumbsive. 2019.
3. IlpuxmagHoe wmamuHHOe 00yuenue ¢ momoinbio Scikit-Learn, Keras u TensorFlow:
KOHIICTIIIUM, WHCTPYMEHTBHl M TEXHUKH JUIl CO3/IaHUS HMHTEJUICKTYalIbHBIX CHCTEM , 2-€
m3nanue. KeponOpenbeH. J(nanexktuka-Bunbsame. 2020.
Xenpuk bpunk, J[xo3edp Puuapae, Mapk desepond «Mammunaoe oOyuenue», [Turep 2017.
5. Kak yuurcs mammna: PeBosronust B 00s1acTi HEMPOHHBIX ceTeil U riy0okoro ooydenus. S
Jlexyn. Ansninaa PRO. 2021.
6. I'pokaem rimybokoe o0yuenue. Duupro Tpack. [Tutep. 2019.
7. OOyuenue c¢ noakperienuem Ha PyTorch. Coopuuk penentoB. KOcu Jlro. JIMK Ilpecc.
2020.

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

7.2. UaTepHeT-pecypchl

[IprMepHBIi IepeYeHb PECYPCOB CETH «HHTEPHET», PEKOMEH/YEMBIX ITPU OCBOCHUH MOJLYJIS
1. Open Machine Learning Course (https://mlcourse.ai)
2. Bsenenue B MammuHoe 00yuenue ot «Bioinformaticlnstitute»
(https://stepik.org/course/4852/promo )
3. Crenuanu3zanus ManmHHOe 00yYeHHE U aHATH3 TaHHBIX OT «MOCKOBCKHN (PU3HKO-
texHuueckuid mHCTHTYT» (https://ru.coursera.org/specializations/machine-learning-data-analysis)
4. Tlnardopma s npoBeacHus copeBHoBanuii mo DataScience( https://www.kaggle.com )

7.3. IIporpaMmmHoOe obecnevyeHme:
— Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
Microsoft Windows server 2003, 2008, 2012, 2016
Microsoft Office 2007, 2010, 2016
— Awnrusupyctoe [10 Kaspersky endpoint security
— CunpaBouHo-nipaBoBas cuctema “I'apant”

7.4. MaTepuajbHO-TeXHH4YeCKOe o0ecrieyeHne
Onucanue MaTepuaJIbLHO-TEXHUYECKOI 0a3bl, HEOOXOTUMOMIJIS U3YHYEHHUSI MOTYJIsI

HepequL MaTCpUuaJIbHO-TCXHUYCCKOI'O obecrieueHus MOIIYJ'IH

Ne ni/mt | Bup 3ansiTuit Bun u HameHoBaHuE 000py10BaHUS

1 |JlekunoHHbIE Ayauropun ¢ MyJIbTUMEIUMHBIMUA CPEACTBAMU, CPEICTBAMU
3aHATUSA 3BYKOBOCIIPOU3BEICHUS U UMEIOLLNE BBIXO B ceThb «AHTEpHETY.
[Tomemnienus A1 NpoOBEACHUS ayJUTOPHBIX 3aHATHI, 000pyJOBaHHbIE

2 |Jlaboparoprbl |KOMITBIOTEPHBIH KJIaCC ¢ KOMITJIEKCOM IPOTPAMMHBIX CPEJICTB,
e paboTbI MIO3BOJISIIOLIMX KAXKIOMY CTYIEHTY pa3padarblBaTh MPOrpaMMHbIE
pean3anuy MpaKTHUYEeCKUX 3a7a4 B XO/I€ BBIITOJIHEHUS 1a00paTOPHBIX

nalam

3 |CamocrositensH |bubnmoreka, nMeromias pabo4yre MecTa IJisi CTyIGHTOB. AYJUTOPHH,
ast pabota OCHAIIICHHBIE KOMIIBIOTEPAMH C JOCTYIIOM K ceTH «HTEpHET»

4  |IIpaktuka KommnbrorepHslii K1acc ¢ KOMIUIEKCOM IMPOTPaMMHBIX CPEJICTB,
MIO3BOJISIIOLIMX KAXIOMY CTYIEHTY pa3padaThlBaTh MPOrpaMMHbIE
pean3alnuy MpaKTHYECKUX 3a7a4 B XO/I€ BBIITOJIHEHUS 1a00paTOPHBIX

nalRnm
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Pabouas nporpaMmma AUCHHUIINIMHBI & » CoCTaBJIcCHaAa B COOTBCTCTBUM C

tpeboBanusiMu GI'OC BO no HampaBiieHHIO MOJATOTOBKU , YTBEPKJIEHHOI'O
npuka3oM MuHucTtepcTBa oOpa3zoBaHMs U Hayku Poccuiickoit @enepanuu oT « »
r.Ne .
IIporpammy cocraBuiI:
/ /
[Tporpamma ogoOpena Ha 3aceganuu Kadeapol
[TpoTokom Ne OT « » 20  roma
3aB. xadeapoit /
(moamuce) (®.1.0.)
[Tporpamma oy100peHa YueOHO-METOANUYECKHM COBETOM
(akynbTeTa/MHCTHTYTA
poTOKOJI Ne 0T« » 20 ropa
[Tpencenarens YueOHO-METOAMUECKOTO coBEeTa (aKyabTeTa / /
(moamuck) (®.1.0.)

[Tporpamma paccMOTpeHa Ha 3aceJaHuu Y Ye0HO-METOAMYECKOTO COBETa YHUBEPCUTETA

pOTOKOJ Ne OT « » 20 T

[Tpencenarens YueOHO-METOUYECKOTO COBETA YHUBEPCUTETA / /
(moxmuCh) (®.1.0))




CBeneHusi 0 nmnepeyTBep:KIeHUM MNPOrpaMMbl HAa oO4YepeaHOH Y4YeOHbI Tox M
perucTpanuu u3MeHeHuit

YyeOHbIil Penrenue BHecennble usMeHeHUs IToamuce 3aB.

roJ Kadenpsl kadempoit
(Ne mporokosa, nmata)




®OH/JI OHEHOYHbLIX CPEACTB AJIsA ITPOBEAEHUA TEKYIIEI'O KOHTPOJIA
YCIEBAEMOCTH U IPOMEXYTOYHOM ATTECTALIUU OBYYAIOIIIUXCS
IO MOAYJIIO « CUCTEMbBI HCKYCCTBEHHOI'O UHTEJIVIEKTA»



ONMCAHUE IMOKA3ATEJIEM U KPUTEPUEB OLIEHUBAHMUSI
KOMIIETEHIIUM HA PA3JIMYHBIX DTAIIAX X ®OPMUPOBAHMSI,
OINUCAHHME HIKAJI OHEHUBAHUA

®onn oneHouHbBIX cpeactB (POC) nmpeaycMaTprBaeT CleayroIee:

— OIHCaHue KOMIUIEKCa MoKa3aTeJieil — JECKPUIITOPOB OCBOEHUSI KOMIIETSHIINI B BUJIE
PE3yJIBTaTOB O0yUYEHUS, KOTOPHIE CTYACHT MOXKET IIPOJAEMOHCTPUPOBATH (

— (tabnuua 1). Ins KOHTPOJIS JOCTHKEHUS KaXA0T0 U3 HUX MPEyCMOTPEHBI OLIEHOYHbBIE
CpeICTBa B BUJIE€ BOIIPOCOB, 3a1aHUM U T.11.;

— o0003HaUeHUE KpPUTEepHeB — IPABIII IPUHATHS PEILICHUS 0 OLIEHKE IOCTUTHYTHIX
pe3yNIbTaToOB 00yUYeHUs U CPOPMUPOBAHHOCTH KOMIICTCHITHHA.

Hanpumep, B kauecTBe mikaibl olieHuBanus npuHuMaercs 100-0anbHas cucteMa ¢ BblJeJIEHHEM

(rpagarueit) OLIEHOK:

PeiiTunr Omnenka Ha 3a4eTe
85-100
71-84 3aueTr
60-70
0-59 Heszauger

TUINOBBIE KOHTPOJILHBIE 3AIAHUS NJIV WHBIE MATEPUAJTBI,
HEOBXO/JUMBIE JJ151 OEHKHU 3HAHMIA, YMEHU U (MJIN) ONIBITA
NEATEJBbHOCTH, XAPAKTEPHA3VIOIIUE DTAIIBI ®OPMUAPOBAHUS

KOMITETEHLIUI B MPOLIECCE OCBOEHHUSI OBPA30OBATEJBHOM

IMTPOTPAMMEI

BreimyckHuk, oOcBOMBIIMI 00pa3oBaTelbHYI0 MpPOrpaMMy, JIOJDKEH o00anath
npodeccrnoHaTbHBIMI KOMITETEHITUSMU 10 TEMATHUYECKUM MOJIYJISIM IIPOTPAMMBI:

Kon HanmenoBanue PesynbraTsl 00yueHus
TEMaTUYECKOT O
MO JISt
Brenenue B 3uanus:
HUCKYCCTBEHHBIN — TEOPETUYECKME OCHOBBI aHAJIM3a TAHHBIX U MAIIMHHOTO
WHTEJUIEKT U oOy4eHus;
OCHOBHBIE METO/bI — crnenuduka paboThl AITOPUTMOB MAITUHHOTO O0yUYEHUSI.
MAITMHHOTO 00YYEHHST YMeHus:
INE | pa60TBI Y - TpPUMEHEHHE METOJI0B MAIIMHHOTO O0YyYEHHUsI, TOJArOTOBKA
TabIMIHBIMH JAHHBIX U UHTEpIpPETALUA pe3yIbTaTOB.
JaHHBIMA HaBbIku (ONBIT AeSITEJILHOCTH):

- UHTEpecyeTcs HOBBIMU TPEHAaMH B CBOEH
npodeccnoHanbHOM 0Tpaciay, pacCMaTPUBAET X C TOUKH
3pEHUs IPUMEHEHUS B CBOEH JI€ITENbHOCTH;

- OLEHHUBAET MPUMEHUMOCTb aJITOPUTMOB,
BO3MOYKHBICPHUCKH U TTOCIIEACTBHUS OMTHOOK, HAXOAHUT
ONTUMAaJIbHBIEpEILICHUS AJIs pabounx 3aaa4




CucremsblI TyOOKOro 3nanus:

o0yueHHS - NPUHLUUIBI O0YYEHHUs U IPUMEHEHUSI HEHPOHHBIX CETEH.

- apXHUTEKTYpbI IITyOOKHX HEMPOHHBIX CETEH, MPUMEHSIEMBIX
B PEILIEHUH IPAKTUYECKUX 3a/1a4
CBSI3aHHBIX C aHAJIM30M U300paKEHUN U TEKCTOB;

Ymenus:

- HacTpoiiKka HEOOXOJUMOTO OKPY>KEHHUS Ui paboThI C
HEUPOHHBIMH CETSMH.

- MpUMEHEHUE U J000yUYeHHenpea00yYeHHbIX
HEHPOHHBIX CeTel U3 TOCTYIHbBIX ONOINOTEK

HaBbiku (ONbIT AeSITEJIbHOCTH):

- BJIAJICET HABBIKOM MPOBEACHMUS IIOJIHOTO LKA
BBIYMCIIUTENIBHOTO SKCIIEPUMEHTA, OTPAKEHUS XO1a
BBIIIOJIHEHUS IPOEKTA U MOJIy4YEHHUs PE3YJIbTAaTOB B
OTuYeTax M JIOKYMEHTALIUH;

- BJIQJICET HABBIKOM HCIOJIb30BAHUS CYIIECTBYIOIINX
MPOrpaMMHBIX OMOTHMOTEK U MOJIeJIeH, CO3aaHMUs
IIPOrpaMMHBIX peaau3aluuil rTyO0OKUX HEHPOHHBIX CeTel

OO6yuenue ¢ 3HaHus:
MOJIKPETUICHHEM - TEOPETUYECKHE OCHOBBI U aJITOPUTMBI OOYUCHUS C
MOJIKPETIIICHHEM;

- [pUMeHeHHe 00yUeHHsI C OJAKPEIICHUEM JUIs
MIPAaKTHUYECKUX 3a/1a4.

Ymenus:

- BBIOOp U peanu3aius alrOpUTMOB 00YUYEeHHUS C
MOJIKPETJICHUEM C YUEeTOM CHeln(UKU 3aauu

- aJanTanus ¥ HacTpPOMKa alrOpuTMOB OOYUYEHHUS C
MOAKPEIUIEHUEM IO OIIPEIETICHHYIO CPELy.

HaBbIku (ONBIT AeSITEJIbHOCTH):

- HMHTEpeCyeTCs HOBBIMHU TPEHIAMHM B CBOEH
npodeccnoHalbHOM 0Tpaciau, paccMaTpUBAET UX C TOUKU
3peHus IPUMEHEHUS B CBOEH JESTEIBHOCTH;

- BIAJCET HABBIKOM MCIOJIb30BaHUs CYIIECTBYOIIMNX
MIPOrpaMMHBIX OMOJIMOTEK U MOZETEeH, CO31aHus
MIPOTPaMMHBIX pean3allii HA OCHOBE AJITOPUTMOB
00y4YeHHUs C MOAKPEIIEHUEM

CpencTBa a5 OLIEHKU pa3iIMyHbIX YPOBHEH (POpMUPOBAHMS KOMIIETEHIIUN 110 KaTETOPUSIM
«3HATh», «YMETbY», «BIAJECTb» OOECIECUMBAIOT PEATNU3ALUI0 OCHOBHBIX HPUHIMIIOB KOHTPOJI,
TaKUX KaK 00BEKTUBHOCTD u HE3aBUCHMOCTb, MPAKTUKO-OPHUEHTUPOBAHHOCTH,
MEXIUCLHUIIIIMHAPHOCTb.

C yderoM 3TOr0 KOHTPOJIbHBIE BOMPOCHI (3amaHusi, 3amayu), Bxomsmme B POC, mist
Pa3JIMYHBIX KATETOPUM U YPOBHEN OCBOCHHS KOMIIETCHIIUI MOTYT UMETh CIIEAYIOIINUNA BUI.

3HATD
IIpumepsr:
Tunel 3a1a4 MalIMHHOTO O0YYEHHUS U KJIACCHl AJITOPUTMOB, K HUM ITPUMEHSIEMBIE.
2. OcHOBHbIEC HAaNPaBJICHUS PA3BUTHS UCCIEIOBAHUN B O0JIACTH CUCTEM HUCKYCCTBEHHOTO
MHTEJJIEKTA.
3. Teopernyeckrue OCHOBBI AITOPUTMOB MAIIMHHOTO OOY4EHHUS.

=



YMETD Ilpumepni:

1 TloAroToBUTH JaHHbIE K UCIOJIH30BAHUIO AITOPUTMA MAIIMHHOTO O0yUYeHHUS.
OueHnBaTh KaueCTBO PEILICHUI CUCTEM MAITMHHOTO O0yUYEHHUSI.
3. AmanTHpoBaTh aNTrOPUTMbI MAITMHHOTO OOYYEHUS K PEIICHHUIO MTPAKTUYECKUX 3a/1ad.

BJAJAETD Ilpumepsbi:
MeTtomonorus pa3paboTKH pelIeHI MaITMHHOTO 00yYeHUSI.
[IpuMmepsl IPaKTUUECKOTO MPUMEHEHHS apXUTEKTYP UCKYCCTBEHHOI'O MHTEJUICKTA.
3. Metoapl OHJIaliH TECTUPOBAHUS PEUICHUH MALTMHHOTO 00y4eHUsI.

N

N =

METOAUYECKHE MATEPUAJIbL, ONPEAEJISIOIIUE HIPOLELY PbI
OLNEHUBAHWA 3HAHUHW, YMEHUU U (WIH) OIIBITA JESTEJIBHOCTH,
XAPAKTEPHU3YIOIIUE 3TAIIbBI ®OPMHUPOBAHUA KOMIIETEHIITUA

[Tpumepbl (MakeTbl) METOAMYECKMX MaTEpUAJIOB, OIPECIAIOUIMX MPOLEAYPbl OLIEHUBAHUS
3HaHWUW, YMEHUH U (MJIM) ONIbITA AESITEIbHOCTH

HaumenoBanue Kparkasi xapakrepucTuka IIpeacrasiienue
OLICHOYHOI0 OLICHOYHOI'0 CPEACTBA OLICHOYHOI0 CpPeCTBA
cpeacTsa B doHe
Texkymuii KOHTPOJIb CpencTBo MpoBEPKH OCBOEHUS Komriekts! OuiieToB
yCIIEBAEMOCTH YPOBHEH «3HATh)», KYMETH» (3a1anmii)

KommuiekT 0ui1eToB (MpuMepHbIii)
buner 1.
11 BaiiecoBckuii kiaccugukarop. Onenka npusnakos (Gaussian, Bernoulli,
Multinomial). EM anropurm.
1.2 Knacrepuszamus. KMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
2.1 Aucam6mu. Soft and Hard Voting. Bagging. Cayuaiinbiii jiec.
2.2 Metpuueckuii knaccudukaropsl. KNN. WKNN.

buner 3.

3.1 Jluneiinas perpeccus. LASSO, LARS. CART.

3.2 epess pemenuii. UadopmannoHHslil BeIUTpbiir. Omudka kiaccudukanmy,
sHTponus, kpurepuid lxunu. IIpyHuHr.

buner 4.

4.1 TnoGanpubii nouck. Cyuaitaeiid mouck. Gridsearch. Cyuaiinoe
6nmyxxnanue.baifecoBckas onTUMU3aLus.

4.2 Jlunerinas perpeccus. [lomnHoMuansHas perpeccus. ['peOHeBast perpeccus.

buner 5.
51 AdaBoost. I'pagueHTHBIH OYyCTHHT PEIIAIOIINX IEPEBBEB.
5.2 Knacrepusanus. AgglomerativeClustering. Metpuku kiactepu3anu.

buner 6.

6.1. Ouenka knaccudukanuu. IpdexkruBHocTh N0 [Tapero. Precision-Recall u ROC kpussie.

AUC.

6.2 Heiiponnsie ceru. I[lepuentponPosenOmnarra. OOpaTHOe pacnpoCTpaHEHHE TpajueHTa.
Oyukimu akTuBaimu. Softmax.



buner 7.

7.1 Jloxanbubiit momck. HIllClimb wu ero pasnoBumnoctn. Omxkur. [eHeTmyeckuii
AJITOPUTM.

7.2 MeTo OnOpHBIX BEKTOPOB. S apa.

Ilepedenn 1a0opaTopHBIX padoT (MpUMePHBbIii)

O0mume pekoMeHIaAUMH K J1a00paTOPHBIM padoTaM: /Ui Pa3HbIX YPOBHEH IOATOTOBKU
CTYZCHTOB MO>KHO HCIOJIb30BATh PAa3HYIO IIIyOUHY peanu3aluy peieHus. Tak, A1 CTyIeHTOB
HETEXHUYECKUX CIIEHUAIbHOCTEN 3a/1aHue MOYKET 3aKJII0YaThCsl B IPUMEHEHUH F'OTOBBIX METOJIOB
n3 OUOJINOTEK MM 3allOJTHEHUEM MPOITYCKOB B IIpOrpaMMax, rje 0oJibliasi 4acTh HOArOTOBIIEHA
npenojasareneM. /s CTyIeHTOB TEXHUYECKHX CIICIHAIbHOCTEH 3a/1aHKe OyAeT 3aKII04aThCs B
peanu3alyy aropuTMOB 0€3 UCIIO0Ib30BaHUS TOTOBBIX PELLICHUM.

JIP1.1 Metoasl pabotel ¢ Tabmuuamu B Python. Arperamuss v Bu3yaau3anus JaHHBIX.
[IpoBeneHNE MEPBUYHOTO aHANIN3A TaHHBIX.

[lenu: uzydeHne MeTo0B paboTHI ¢ JaHHBIMU B Python u mpoBeneHue MepBHYHOrO aHAIK3a
JIaHHEBIX.

3aganue: 3arpys3ure garacer B pandasmatadpeiiM. BeiBeauTe OCHOBHBIE IapaMeTphbl
nataceta. Onpenenure, CKOIbKO B JaTaceTe CIy4aeB OTCYTCTBUS NMPU3HAKOB. ONpeaenuTe, CKOIbKO
MIPU3HAKOB SIBJIAIOTCS KaTeropualibHbIMU. BU3yanusupyiite pacnpeaeieHue Npru3HaKkoB M0 KaccaM.
Busyanusupyiite 3aBUCUMOCTb MEKy IPU3HAKAMH.

JIP1.2 Hcnonws3oBanue u cpaBHeHue anroputmoB kiaccudukanuu: KNN, perrarorime
JEPEBbs U X aHCAaMOJIU, JTIOTHCTUYECKAsl PETPECCH.

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

3amanHue:

Paznenute naracer Ha 00y4aromuii ¥ BAIUJAIMOHHBIN C COXpPAaHEHUEM TIPOITOPIIHI KJIACCOB.
Knaccudunupyiite Touku u3 aaracera ¢ nmomouipto anroputMoB KNN, noructuyeckoii perpeccud,
CART, cayuaitHoro neca, CatBoost. TlogOepute iydmme mapaMeTpbl alrOPUTMOB CIOMOIIBIO
BAIUJAIMOHHON BbIOOpKH. CpaBHUTE BpeMs paOOThl AITOPUTMOB U 3aBUCHUMOCTb  OT
npeoOpaboTKU JaHHBIX.

JIP1.3 Hcnonp3oBaHHME U OlLIEHKa anroputMoB perpeccuu. [logbop onTuMambHBIX
apaMeTpPOB PETPECCHH.

[{enu: n3yvyeHue alropuTMOB PErPECCUM.

3ananue:

[TpumenuTe MeTO1 IMHEWHOM perpeccuu JUisl pelieHns 3a1auu Ha fgaracere. JJo0aBbTe B
JlaTaceT MOoJIMHOMUANbHBIE IPpU3HaKU. Jl00aBsiiTe MpU3HaKy MOKa HE YBUIUTE NepeoOydeHue Ha
BayMIarmonHomaaracere. [lpumenute rpedHeByr0 perpeccrto 1 LASSO, 9ToObI H30aBUTHCS OT
nepeoOyyeHHs.

JIP1.4 OntumusanuoHHble 331a4u U UX pemieHus. [logdop rumepnapamMeTpoB anropuTMa
TIOMOIIBIO METOJIOB ONITUMH3AIIUH

Lleny: n3yueHne anropuTMOB PELICHUS ONTUMH3AIMOHHBIX 3a/1a4.

3aganue:

1 OnTumMu3upyiiTe JUIMHY MapuipyTa B 3a7a4e KOMHUBOsDKepa ¢ TOMOIIbio anroputMos hill-

climb, omkura u remeTHyecKoro aropuT™Ma. BeiBeInTe NOTYYHBIIUICS MYTh U €T0 JJIHHY.

2. OntummsupyiiTe TUIEepHapaMeTpbl alropuTMa MAIIMHHOTO O0ydeHHst (Ha BBIOOp) C

MOMOIIIBIO CJIyYaifHOTO TOMCKa, TOWCKa Mo perretke, amroputma hillclimb, reneruueckoro
aITOpUTMA.



JIP2.1 Knaccudukanus n3o0paxeHnid u TpanchepHoe oOyueHue.

Llenu: n3yyeHne METOA0B TITyOOKOTro 00y4eHus sl paboThl C H300paKEHUSIMH.

3agadue:

3arpy3uTe JaTaceT M CO3JaiTe WUTEpaTop MJIS MOJENU TIIyOOKOro oOydeHHs. 3arpy3ute
npenooydyennyro Ha ImageNetcseprounyio cets (AlexNet, VGG unu ResNet) u nobasste k back-
bonenonHocBsA3HBIN cnoi s 00ydyenusi. OOy4nuTe HEHPOHHYIO CETh Ha, BU3yalIU3UPOBaB rpaduk
(GyHKIMU 1OTEeph Ha OoOyuarolleld M BaluJAlMOHHON BblOOpke. Peanusyiite MOayib NpUMEHEHHUs
HEHPOHHOMN CEeTH K TaHHBIM, IIPOBEPHTE Ka4eCTBO O0YUYECHHUSI HA TECTOBOM BBHIOOPKE.

JIP2.2 PaboTa c TeKCTaMu M UX BEKTOPHBIMH NPEACTABICHUSIMH.
Lenu: nzydyenue Mojenell BEKTOPHOTO MPEICTaBICHUS TEKCTOB.
3anaHue:
CkauaiiTe npenoOy4eHHbIe BEeKTOpa 1iis cioBaps. C moMoIIbio J11000ro kiaccudukaropa
marmuHHOro 00yueHust (KNN, SVM, CatBoost) kinaccuduiiupyiite TeKCThI U3 1aTaceTa Mo CyMMe
BEeKTOpOB ciioB. Kimaccudunupyiire TekcThl ¢ momompio LSTM ceTwn.

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

Lenu: n3ydyenue npuMeHeHUs1 00y4eHUS C TIOKPEIICHUEM I PEIICHHH 3a/1a4 KOHTPOJISL.
3ananue:

OOyuunTe MPOCTYIO MOJHOCBA3HYI0Q-ceTh /s perieHus okpyxenus LunarLander.

[Tponerypsl OlleHWBAaHUS 3HAHWN, yMEHWH, (OPMBI M OpPraHU3aIMs TEKYIIETO KOHTPOJISI
yCIIEBAEMOCTH U IIPOMEKYTOUHOM aTTecTaly 00yJyaroIuxcs

Texymuii KOHTPOJb yCIIEBAEMOCTH U IMPOMEXKYTOUHAs aTTECTalUsl CTYJIEHTOB BEAETCS B
cooTBeTcTBUM C [lonokeHneM o TeKyIeM KOHTPOJIE YCIIEBAEMOCTH U IPOMEKYTOUHON aTTeCTalluu
o0pa3oBaTesIbHOI OpraHu3anuu

Texymuii KOHTPOJIb yCIIeBA€MOCTH

Mopnynp nenurcs Ha 1Ba Oyoka. Kaxapii 010k BKItOyaeT B ceOs M3yUEHHE 3aKOHUEHHOIO
paszznena, yactu Moayis.

Texkymuii KOHTPOJIb 0 MOIYJI0 OCYIIECTBIISIETCS MO KaJeHAapHOMY ydeOHOMY Tpaduky.
Cpoku koHTponpHBIX Meponpustuii (KM) wu cpoku mnonaseneHuss HTOroB mno Mogymto
OTOOpaXaroTcsi B pabounmx ydeOHbIX ImIaHax Ha cemecTp. CTyACHT MOKEH BBIMOJHUTH BCE
KOHTPOJIBHBIE MEpOINPUATHUS, NPEAYCMOTpEHHbIE MoayleM K YKa3aHHOMY CpOKY, IIOCJIE YEro
npenoaaBaTesb MPOCTaBiIsieT OalsIbHbIE OLEHKH, HAOpaHHBIE CTYJIEHTOM I10 pe3yJbTaTaM TEKYLIETro
KOHTpOJISL ycrieBaeMocTu 1o Monyio.

KoHTponbHOE MeponpuaTHe CUHUTAETCSl BBINOJHEHHBIM, €CJIM 3a HEro CTYJEHT IOJIyYHII
OLIEHKY B Oajlax HEe HI)KE MUHUMAJIbHOM OLIEHKH, YCTAaHOBJIEHHOM MpPOTrpamMMOil MOIyis 1O
JTAHHOMY MEpOTIPUSTHIO.

CryzneHThl, HE CIaBIIUME KOHTPOJIBHOE MEPONPUITHE B YCTAHOBJIEHHBIN CPOK, MIPOJOJKAOT
paboTaTh HaJl HUIM B COOTBETCTBHUE C MOPSAKOM, IPUHITHIM 00pa30BaTeIbHON OpraHu3anueil.

IIpomesxkyTouHast arrecTauus

DopMOI NPOMEKYTOUHON aTTECTALMU 110 MO0 SIBISIETCS 3a4eT.

OuenuBanue Monynst Benercs B cOOTBETCTBUM C [losiokeHMEM O TEKyLIEM KOHTpOJE
YCHEeBaeMOCTH U MPOMEKYTOYHON aTTeCTallui CTYJIEHTOB 00pa30BaTEIbHON OpraHnu3alllu.

HanpuMmep, MeToAHKA OLIEHKH 110 PEHTHHTY

CtTyzeHT, BBIIOJHUBIIMM BCE MPEAyCMOTPEHHbIE Y4eOHBIM TJIAHOM 3aJ]aHMsI M CIaBIIUI BCe
KOHTPOJIBHBIE MEPOIPUSTHS, NTOJY4aeT UTOTOBYIO OLIEHKY 110 MOyIII0 3a CEMECTP B COOTBETCTBUHU
CO CJIeAYIONIEN MIKAJION:

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




| 0-59 | Heszauer
PefiTunr crynenTa mo MoayJito 3a ceMecTp OIpeesiseTcst Kak cyMMma 0ajlioB, MOTy4EeHHBIX UM 32
Bce 010k Mogyist, 1 0asioB 3a IPOMEKYTOUHYIO aTTecTaluio. MakcuMalbHOE KOJIMYECTBO
6aiutoB 3a Moayiib B ceMecTpe ycTaHaBiuBaeTcsi paBHbIM 100




