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1. Ileau ocBOEHHUS THCIUIINHBI

Llenpro n3ydeHus AUCHUIUTMHBI « CHCTEMBI HICKYCCTBEHHOTO MHTEIICKTa) SBJISIETCS (HOPMHUPOBAHHE
KOMIIETEHIIMH B 00JIACTH MPUMEHEHUS HHTEIUIEKTYaTIbHBIX HH()OPMAIIMOHHBIX CUCTEM JIJISl pEIICHUS
npodeccHoHaIbHBIX 3a/1ad.

3anauy JUCLUIUINHBIL:

— O3HaKOMHUTb C COBPEMEHHBIMH OOJACTSMHM HCCIEAOBAaHMS II0 HCKYCCTBEHHOMY HHTEIUIEKTY |
cdepamMu IPUIIOKEHHST SKCIIEPTHBIX CUCTEM;

— IO3HAKOMHUTH C KOHLEHIMSIMH, COCTABIISIONIUMH OCHOBY COBPEMEHHBIX CHCTEM HCKYCCTBEHHOTO
UHTEIJICKTA;

— U3JI0KHUTh TEXHHUUYECKHE IMOCTAaHOBKH OCHOBHBIX 3aJla4, PEIIAEMBIX CHCTEMAaMH HCKYCCTBEHHOTO
UHTEIJICKTA;

— IIO03HAKOMHTb C  OCOOCHHOCTSIMH  IPAaKTHYECKOTO  HCIIOJIB30BAHUS  MHTEIUIEKTYaJIbHBIX
UH(POPMALMOHHBIX CHCTEM B 00JacTH HHPOPMALIMOHHOM OE30MaCHOCTH.

2. Mecto nucuunjuibl B ctpykrype OIIOII 6akanaBpuara
[{ukJy, K KOTOPOMY OTHOCUTCSI AUCLIUIIIINHA:
b1.0/I. «CucteMbl HCKyCCTBEHHOI'O MHTEIIJIEKTa

3. Pe3yabTaThl 0CBOEHHS TUCHUILTUHBI (MO1YJIs1) «CUCTEMBbI HICKYCCTBEHHOTO MHTEIIIICKTa
[Tporniecc u3yueHus: TUCIUTUTHHBI HAITPABJICH HAa (OPMHUPOBAHUE JIEMEHTOB CIICTYIOIIMX KOMIICTCHIIUI
B cootBeTcTBUU ¢ PI'OC BO 1no jaHHOMY HarpaBJieHUIO:

Konx HaunmenoBanne Kon, HanmMeHoBaHHe HHANKATOPA JOCTHKEHHSA

npodeccuonan MpodeccHoHATLHOIM npogecCHOHAIBbHON KOMIIETEeHIINH

LHOM KOMIECTCHIIUH

KOMIICTCHINH

IK-5 CriocobeH IIK- 5.1. TTonumaer npuniuner| 3HaTH: MeTo 5]
MCTIOJIb30BATh  3HAHME | ocTPOCHMS H OCHOBHBIC pa3paboTku
OCHOBHBIX ~ METOJOB | \ioroner crcreM OPHUTHHAIBHBIX
MCKYyCCTBCHHOTO MCKYCCTBEHHOTO UHTEJUIEKTA U | AITOPUTMOB
Eggﬁgg;e/g;eﬁ ® | npumenser ux ans perieHHs M TIPOrPaMMHBIX
. 3aja4 rnpodeccruoHalIbHON pelieHuii ¢
Mpo(beccuoHanLHok JIESATEIILHOCTH, HCIIOJIb30BAaHNEM
NESATEIBHOCTH B ’
KauecTBe Hay4YHBIX COBPCMCHHBIX
COTpY/THUKOB, TEXHOJIOTHI
npernoaapaTeneii IK- 5.2. Hccnenyer | YMerb: CTaBUTH
00pa30BaTENbHBIX HanpaBICHUA  mpuMeHeHus | S3aAaif
OpraHM3aluil BBICIIETO | CHCTEM WCKYCCTBeHHOro | M aAalTpoBath
0Opa3zoBaHwUs, HHTEJIIEKTa s | METOARH
WHKCHEPOB, pa3sIMYHBIX MpPEeIMETHBIX ;2;05;;3?2
T€XHOJIOI'OB. O6J'IaCTeI/I; o6yqup1;[
IIK-5.3. Bribupaer BaiaseThb: MoCcTaHOBKOI
KOMILIEKCHI METOI0B U 3anad

10 afaIlTalliy WINA
COBEpIIICHCTBOBAHUIO METO/IDB
158 aHFOpI/ITMOB JJIA peIlIeHI/ISI
KOMILIEKCa 3a71a4 MPeIMETHOH
obacTH.

UHCTPYMEHTAIILHBIX CPEICTB
HCKYCCTBEHHOT'O MHTEIIICKTA
JUTSL PEUICHUS
poeCCHOHAIIBHBIX 33]1a4 B
3aBHUCHMOCTH OT OCOOCHHOCTEH
MIPEAMETHOM 00JIaCTH.




CnocoOeH BBISIBUTh
CCTECTBCHHOHAYYHYIO
IIK-6 CYILIHOCTb ITpO0JIEM,
BO3HHKAIOIIMX B XOZE
npodeccnoHaTbHOMI
NEATENLHOCTH B
oOJ1acTu
MOJICIIHPOBAHUS U
AHAIIM3a CJI0KHBIX
€CTECTBEHHBIX U

IK-6.1.Beioupaer mnporpaMMHbIC
mIaThopMbI CHUCTEM
MCKYCCTBEHHOT'O MHTEJICKTA;

3HATh: HalpaBJICHU
Pa3BUTHS CHCTEM
MCKYCCTBCHHOTO MHTCILICKTA;
IMETOIBI IEKOMITO3UIINU
pelaeMbIX 3a/1a4 C
MCTIOTb30BaHHEM
MCKYCCTBEHHOTO WHTEIICKTA;

IMK-6.2.Y4acTByeT B NpOBEICHUU
PKCIIEPUMEHTATBHON TPOBEPKH
[paboTOCTIOCOOHOCTH CHCTEM

MCKYCCTBCHHBIX CUCTCM. ICKYCCTBEHHOI'O MHTEIIEKTA

Ymern: OCYILECTBJISTH|
IMEKOMIIO3ULIMIO  PEIIaeMBbIX|
Bagad ¢ HCHOJIb30BaHUEM
MCKYCCTBEHHOT'O MHTEIJICKTA;

BiaageTh: HaBBIKAMHU
ITEeKOMITO3HIIHH,
(hopmanH3aIuy IpOoIECCOB
0O0BEKTOB JIJIsI HCIIOJIb30BaHUS
MHTCIIJICKTYaJIbHBIX

MPOrpaMMHBIX PELICHUN

4. CTpyKTypa H cojiep:KaHue JUCHUIIUHDBI (MOIYJIs1)
4.1. CTpyKTypa JTUCHUNIHHBI (MOXYJIA)
OO61mas TpyA0eMKOCTh AUCHUIIIINHBI COCTABIISET 2 3aYETHBIX €IUHUIL], /2 YacOB.

Ne Buasbl yueOHoii padoThl, BKiIOYAs @opMblI TeKYLIET0
n/n CaMOCTOSITEILHYIO Pa0OTy CTYIEHTOB H | KOHTPOJISI YCIIEBA€MOCTH
TPY/10eMKOCTb (B 4acax) (no neoensam cemecmpa)
®opmMa IPOMEKYTOYHOMI
KonTakTHas CamocTosiTe1bHA aTTecTauuy (no
pa6ora s1 padoTra cemecmpanm)
Q
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Benenue
BPICI(yCCTBCHHLIfIPIHTCJ'IHC
KT 10(10| 8 8
MOCHOBHBICMCTOJbIMAIIIN
HHOTOO0YyYeHHs
4
CucteMbIray6oKkoroo0yu 4 | 6 7
eHUSA
O0yueHue alala 3
CIIOAKPCIVICHUCM
Bcero 18 | 18 | 18 18




\Kypcosas paboma (npoexm)

lloocomoska Kk 3K3aMeHy

OOmast TpyJOeMKOCTh, B TMpomeskyToUHas
Jacax CI)OpMa
72|18 | 18 | 18 Bauor =
18

3adeT ¢ OLIEHKOM

DK3aMeH

4.2. Conep:xanue TMCUMILIUHBI (MO1YJIs1)

Nen/m

HanMmeHoOBaHue MoAyJiAd, COAEepKAHHE

Yacel

1

((BBE,Z[EHI/IB B HCKYCCTBGHHbIﬁ HHTEJ/IVIEKT U OCHOBHBIE€E METO/bI
MAIIUHHOT O 06y‘-IEHI/IH AJIA paGOTbI C TAGJIMYHBIMH AAHHBIMH»

JIeKuu

10

1.1-15

[OnmmonanbHO: MaTeMaTHYECKUI JTMKOE3 110 3JIEMEHTaM MaTeMaTHICCKOU
CTaTHCTUKH, TUHEHHOMN anreOpbl U MAaTEMAaTUYECKOTO aHau3a. |
OcHoBHbIE 3a/1auu CUCTEM HCKYCCTBEHHOT'O UHTEIJICKTA.
Knaccudukanus, kinacrepuszanusi, perpeccus. THIBI MaIIMHHOTO
oOydeHus: ¢ yuduTenem, 0e3 yduTens, ¢ YaCTUYHBIM MPHUBJICUYCHUEM
yuuTessi, 00y4eHHe ¢ IOIKPEIICHUEM.

Knaccudukarus Ha npumepe anroputma K-ommkaitmux coceneir (KNN)
[OnuuonansHo: BeICTpBIN MoOMCK Ommkamux coceneit.]. MeTtpuku
OllEHKKM Kiaccuukanuu: 1mojaHoTa, TouHocth, FI, ROC, AUC.
Bamupnanmonnass u tecroBas BeiOOpka. Kpocc-Bammmanms. PabGorta ¢
KaTeropualbHbIMH MPU3HAKAMH.

Perpeccus. Metpuku onienku perpeccun: MSE, MAE, R2 - ko dutment
nerepMuHanuu. JIuHelHas perpeccus, MOJIMHOMUANbHAs perpeccus.
[Tepeobyuenne wu perymsipusamusi, rpeOHeBas perpeccusi, LASSO,
ElasticNet.

Jlunetinbie Monenu mia kinaccudukanuu. [lepuentpoH, JorucTuyeckas
perpeccus,  TOJHOCBSI3HbIE  HEHPOHHBIE  CETH,  CTOXaCTUYECKUH
TPaJUEHTHBIM CHycK M oOpaTHOE paclpoCTpaHEHUE TIpaJHeHTa.
Perynspuzanus TMHEHHBIX MOIeNeN KiIaccu(pUKauUH.

Knacrepuszanus, Kk-means, k-means++, DBSCAN, armomeparuBHas
KJacTepusanus. MeTpUKH OLIEHKH KJIacTepHU3alliu.

ANTOPUTMBI, OCHOBAaHHBIE Ha TPUMEHEHWH pEIIAIONINX JIEPEBHEB.
Kpurepun pazneneHust ys3na: MHPOPMALMOHHBIA BBIUTPHILI, KPUTEPHil
Jlxunn. AHcaMmOIM pemaronux AepeBbeB: CIIydaHbIH Jiec, FpaJueHTHbII
OyCTHHT.

Meton onopHbIx BekTOpoB. [IpsiMas u oOpatHas 3agauya. OmnpeneneHue
OTIOPHBIX BEKTOPOB. SIAEpHBII TPIOK.

HawnBHblii OaiiecoBCKU KJ1acCUpUKaTop. Meronsl OLICHKH
pacripeniesieHus npu3HakoB. EM-anroputM Ha mpuMepe CMeCH rayccHuas.
Mertoapl Ge3rpaJMeHTHON ONTUMU3AIMKU: CiydaiHbeiid mouck, hillclimb,
OTXHT, TEHETUYECKHH aIrOPUTM.

10

JlaGopaTopHble padoThbI

=<}

JIP1.1

Metoas! paboTsl ¢ Tabnuuamu B Python. Arperanus u Busyaau3anus
naHHbIX. [IpoBesieHne NepBUYHOrO aHaIn3a JaHHBIX.

JIP1.2

CIOJIb30BAaHUE U CPaBHEHHUE alropuTMOB Kiaccuukaruu: KNN,




pemiaromme ACPCBLEA U UX chaM6JII/I, JIOTUCTUYCCKAA PErpecCusl.

JIP1.3 | VMcronb30BaHKE U OI[EHKA aITOPUTMOB perpeccuu. [1on6op onTuManbHbIX 2
IapaMeTPOB PErPECCUU
JIP1.4 | OntumuzanuoHHble 3agaud U ux pemenus. [lonbop rumepmnapameTpoB 2
ITOPUTMA C MIOMOIIBIO METO/I0B ONITHMHU3ALIHH.
IIpakTHKa 10
I1P1.1 | [IporpaMMHO-aJIrOPUTMHYECKOE OCBOEHUE MaTepHalla 10
CamocrosiTeibHast padoTa 8
CP1.1 | IIpopaboTka yueOHOr0o MaTepuasa JCKIUM 2
CP1.2 | [loaroroBka k 1a60OpaTOpHBEIM paboTamM 4
CP1.3 | IloarotoBka K pyO€:KHOMY KOHTPOJIIO 1
CP1.4 | Jlpyrue Buabl CaMOCTOSITEIHHOM pabOTHI 1
2 Jlekuuu 4
2.1- | Heiiponnsie cetn. @yHKIIUN OMMOKN HEHPOHHBIX CETel M 00ydeHue ¢ 4
2.3 | moMompl0 00OpaTHOrO pacHpocTpaHeHus: rpaaueHrta. lloHsTHEe 03T4a M
AIOXHU.
Pabora ¢ n300pakeHUsIMU C OMOILIbIO HEHPOHHBIX ceTel. CBepTOUHbIE
Heliponnele cetn. Omnepamuu CcBepTOK, max-pooling. Ilomynspabie
ApXHUTEKTYpPhI CBEPTOUHBIX HEHpOHHBIX ceTeii: AlexNet, VGG, Inception
(GoogLeNet), ResNet. Tpancdeproe ooyuenue.
OO6paboTka TekcTOB. PaboTa ¢ ecTeCTBEHHBIM S3bIKOM C IOMOILBIO
HEHpOHHBIX ceTell. BekTopHble npezacTaBieHus Uil Tekcra: word2vec,
skipgram,
CBOW, fasttext. Pexyppentusie neiiponnsie cet, LSTM, GRU.
Tpanchopmepsr, BERT, GPT.
JlaGoparopHble padoThI 6
JIP2.1 | Knaccuduxkanus n3obpaxkeHuid u TpanchepHoe o0yueHue. 3
JIP2.2 | PaboTa ¢ TeKCTaMH M UX BEKTOPHBIMU MPEACTABICHUSIMHU TEKCTOB. 3
IlpakTHKa 4
1P IIporpaMMHO-aJITOPUTMHUYECKOE OCBOEHUE MaTepHraia 4
2.1
CamocrositenbHas padoTa 7
CP2.1 | IIpopaboTka yueOHOTO MaTepuaa JeKIun 1
CP2.2 | IloaroroBka K JJaOOpaTOpHBIM paboTam 4
CP2.3 | IloaroroBka K pyOeXHOMY KOHTPOJIIO 1
CP2.4 | [Ipyrue BUIIbI CaMOCTOSITEIbHON PabOTHI 1
«O0yyeHue ¢ MoAKperIeHueM»
3 Jleknun 4
3.1- ITonsiTHs areHTa, cpeapl, COCTOAHUS, JEUCTBUN U Harpaabl. OyHKIHS
3.2 neHHoctu coctosHusa (Valuefunction) m ¢yHkuug KadecTBa AelCTBUA
(Qfuntion).
OnTuMu3anus CTpaTeruy ¢ HOMOIIBI0 MAKCUMU3ALUU (PYHKIUH IEHHOCTH 4
u KadecTBa. Q-o0yueHue.
I'nmy6okoe o0yuenue ¢ monkperuienuem. Deep Q-Networks, Actor-critic.
[ yposns skcneptHbiii: REINFORCE, A2C, PPO, DDPG.
JlabopaTopHbie padoThl 4
JIP3.1 | Ilpumenenue Q-Networks nist peneHnst mpOCThIX OKPY>KEHHH. 4
IIpakTHKa 4
1P [IporpaMMHO-aJITOPUTMHUECKOE OCBOEHUE MaTepHraia 4
3.1
CamocrosiTenbHas padoTa 3




CP3.1 | IIpopaboTtka yueOHOTO MaTepuaa JeKIUn 1
CP3.2 | IloaroroBka K JlabOopaTOpHBIM paboTam 1
CP3.3 | IloaroroBka K pyOeXHOMY KOHTPOJIIO 0,5
CP3.4 | [Ipyrue BHIIbI CaMOCTOSITEIHLHON PabOTHI 0,5

5. Oo6pa3oBare/ibHbIE TEXHOJIOTHHI

B npouecce npenogaBanus Mo tyist ICHIOAB3YIOTCS CIEAYIOLINE METOIbI, CPEJICTBA M OOHOBIISIEMOE IIPU
HEO0OXO0JUMOCTH IIPOrpaMMHOE obecriedeHre HHHOPMALIMOHHBIX TEXHOJIOTUH:

e-mail mpenogaBaresis;

JJIEKTPOHHBIE YYEOHO-METOIUYECKUE MAaTepHalibl Ui OOECICUCHUSI CaMOCTOSTEIbHOW pabOThI
CTY/ICHTOB;

CIIMCOK CalTOB B ceTu «MIHTepHET Ul MOKMCKA HAy4YHO-TEXHHUYSCKON HHMDOPMALIUK 110 pa3aeiiam
JVCLIUIIJIMHEIL

HaKeThl MPUKJIATHBIX POrpaMmM, Harpumep, pytorch.

6. YueOHO-MeTOIMYECKOEe OOecrieueHHe CaMOCTOSITeIbHOI padoThl cTyl1eHTOB. O1neHOYHbIe

cpeacrea AJdd TEKYLWIEro KOHTPOJIHA yCHeBaeMOCTH,HpOMe)l(yTOqHOﬁ arrecralm 1o uUToram
OCBOCHMHA NTUCHUIIJIMHBI.

Jliist obGecriedeHust caMOCTOATENbHOM PaboThl CTYAEHTOB 110 Moay:o chopMUpOBAH METOAUYECKUN
KOMILJIEKC, BKITIOYAFOIIHMI

B ce0sl cieayronie yaueOHO-MeTOIMYECKIEe MaTePHaIbl:

1. Ilporpamma Kypca.

2. Y4eOHUKHY U y4eOHBIC TTOCOOMS.

3. Cnucok azpecoB caiiToB B MH()OpMALMOHHO-TEIEKOMMYHUKAIMOHHOH ceTu «VHTepHeT» (nanee

— ceTb «MHTEepHEeT»), ColepKALIMX aKTyallbHYI0 HHbOpMaIHio 1o 61okam Momyis.

bubnnorpaduueckue cchlIKM Ha yuyeOHbIE H3aHUs, BXOIAIINE B METOJUUECKUI KOMILIEKC, IPUBEICHBI B
HepevyHe OCHOBHOW U JIOTIOJIHUTEIBHOM yueOHO IuTepaTypsl, HEOOXOAUMOM 11t OCBOCHUsI Moy st
(pazmen 7).

K nononHuTeNBHBIM MaTepUaiaM TaKkke OTHOCUTCS IepeueHb pecypcoB ceTH «VHTepHeT»,
PEKOMEH/TyEeMBbIX JIJIsl CAMOCTOATENIbHONW paboTh! ipu ocBoeHur Moyt (pasnen 7). CTyAeHTHI MOIy4aroT
JOCTYTI K YKa3aHHBIM MaTepuajiaM Ha IepBOM 3aHATUH 110 Moyro.

7. Y4eOHO-METOANYECKOE Hu MaTEPUHAJIBHO-TEXHHYECCKOEC o0ecrneuyeHue

AUCHHMILIMHBI(MO/YJIS)

7.1. YueOHas iuTeparypa:

OcHoBHas JUTepaTypa no MoayJio

1

2.

3.

Marmmnaoe obyuenne. Hayka n MCKyCCTBO MOCTPOEHHS aITOPUTMOB, KOTOPBIE U3BJIEKAIOT
3HaHus u3 gaHHeIx. [lerep @nax. MK Ilpecc. 2015.

['my6okoe oOyuenue. [Torpyxenue B Mup HelipoHHbIX ceTelt Hukonenko Cepreit Mropesuy,
Kanypun A. A. | Hukonenko Cepreii Uropesuy, Kanypun A. A.

O6yuenue ¢ noakperienueM / Carron Puuapy C, bapro Duapro I'., JIMK Ilpecc, 2020.

JlonoJTHUTeIbHBIE y4eOHbIe MATePHAJIbI

1

2.
3.

OCHOBBI HCKYCCTBEHHOTO UHTEJUIEKTa : yueOHoe nocodue / E.B.boposckas, H. A. /laBbiioBa. 4-¢
u311.,97eKTpoH. M.: JIabopartopus 3Hanuit, 2020. 130 c.

HckyccTBeHHBIN HHTEIUTEKT ¢ ipuMepamu Ha Python. Jlxomml Ipatuk. Bumbsive. 2019.
[puknagaoe MammHHOEe 00y4yeHue ¢ momouibio Scikit-Learn, Keras u TensorFlow: xonnenmmm,
UHCTPYMEHTBl W TEXHUKU [UId CO3JAHUSA MHTEIUIEKTyaJlbHBIX CHCTEM , 2-€ MH3/1aHue.



KepouOpenben. Inanextuka-Bunpsame. 2020.
Xenpuk bpunk, /[xo3ed Puuapne, Mapk ®esepond «Mamuuanoe ooyuenue», [Turep 2017.

e

5. Kak yunrcs mammHa: PeBomronus B 061acTu HEMPOHHBIX ceTel u rirybokoro oOyueHus. S1H JlekyH.

Anerimaa PRO. 2021.
6. I'pokaem rmybokoe oOyuenue. Dunapro Tpack. [Tutep. 2019.
O6yuenue ¢ noakperiearem Ha PyTorch. Coopuuk penenros. FOcu JIro. JIMK Ilpecc. 2020.
8. https://spinningup.openai.com/en/latest/

~

7.2. UnTepHeET-pecypchl

IIpuMepHBIii IEpeYeHb PECYPCOB CETH «MHTEPHET», PEKOMEHIyEMBIX IIPU OCBOCHUH MOIYJIS
1 Open Machine Learning Course (https://mlcourse.ai)
2. Bsenenue B MammuHOe o0yuenue ot «Bioinformaticlnstitute»
(https://stepik.org/course/4852/promo )
3. Crnenmanu3zanus MammHHOe 00y4YeHHEe U aHAIN3 JaHHBIX 0T «MOCKOBCKUHN (PU3UKO-
texundyeckuit mHCTUTYT» (https://ru.coursera.org/specializations/machine-learning-data-analysis)
4. Tlnardopma s mpoBenacHus copeBHoBanuii mo DataScience( https://www.kaggle.com )

7.3. IIporpaMmmHoOe obecnevyeHne:

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

7.4. MaTepuajbHO-TeXHHYECKOe o0ecneuyeHue
Onucanue MaTepuaJIbLHO-TEXHUYECKO 0a3bl, HEOOXOAUMOM 1JIA U3YyUYEHHUS] MOTYJIS

[lepeuenb MaTepuanbHO-TEXHUYECKOT0 obecnieueHnss Moayiis
Ne n/n1 | Bun 3anstuit Bun u HanmeHoBaHuEe 000py10BaHUS

1 [JlexunoHHbIE Ayautopun ¢ MYJBTHUMEIWWHBIMUA  CPEACTBAMH, CpPEIACTBAMH
3aHATUSA 3BYKOBOCIIPDOU3BEIACHUS M HMEIOIIME BBIXOX B ceTb «lHTEpHET».
[Tomemienus Ay NpOBEACHUS ayAUTOPHBIX 3aHITUH, 000pYyI0BaHHBIE

2 |JlaGoparopubl |KOMIBIOTEpHBI KJIacCC € KOMIUIEKCOM MPOTPAaMMHBIX CpEJACTB,
e paboThI MO3BOJISIIOLIMX KXJIOMY CTYJIEHTYy pa3pabaTblBaTh IPOTrpaMMHbIE
pean3alnyy NpakTUYECKUX 3a]a4 B XO0JI€ BBIIOJHEHUS Ja00PaTOPHBIX

nalam

3 |CamocrosrensH |bubnmorteka, uMeromnias paboune MecTa ISl CTYJEHTOB. AyTUTOPHH,
ast pabora OCHAIIICHHBIE KOMIIBIOTEPAMH C JOCTYIIOM K ceTH «HTEpHET»

4 |IIpaxTuka KoMmnbroTepHelii KjacC ¢ KOMIUIEKCOM NPOTPAMMHBIX CpEICTB,
MO3BOJISIIOIIMX KXJIOMY CTYJIEHTY pa3pabaTblBaTh MpPOTrpaMMHbIE
pean3alyy MpakTUYECKUX 3a]ad B X0JI€ BBIIOJHEHUS J1a00PaTOPHBIX

nalnm



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/

Pabouas nporpamma aucuuiuinHbl «CHCTEMbI HCKYCCTBEHHOT0 MHTEJJIEKTA»
cocraBiieHa B cOOTBeTCTBUM ¢ TpeboBaHussMu @I'OC BO no HanpaBiaeHHIO TOATOTOBKU
01.03.01 «Maremartuka», yTBEpKIECHHOIO MpHUKa3oM MuUHUCTepCTBa OOpa30BaHUS U
Hayku Poccutickort @eaepannm ot «19» centsopst 2017 r. Ne 926(pen.8.02.2021).

[IporpamMmmy cocTaBuiIu:
K.men..nayk, crapmmii npenonaBatens kadeapbl «MHpoOpMalMOHHBIE CHUCTEMBI U
texHonorun» Papruena 3.C.

[Iporpamma omgoOpena Ha 3acemaHuu kadenapsl «MHPOpMaIMOHHBIE CHCTEMBI U
TEXHOJIOTUW»

[TpoTokon Ne 6 ot «03» mapra 2025 roga

[Iporpamma ogoOpeHa YueOHO-METOJUYECKUM COBETOM (DU3MKO - MAaTEMaTHYECKOTO
dakynpTeTa

[TIporokos No7 ot «13» maprta 2025 rona
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ONMCAHUE IMOKA3ATEJIEM U KPUTEPUEB OLIEHUBAHMUSI
KOMIIETEHIIUM HA PA3JIMYHBIX 3TAIIAX UX ®OPMUPOBAHMUSI,
OINUCAHHME HIKAJI OHEHUBAHUA

®onn oneHouHbBIX cpeactB (POC) nmpeaycMaTpuBaeT CleayroIee:

OIMCaHUE KOMITJIEKCa MoKAa3aTeliel — JECKPUIITOPOB OCBOCHHS KOMITCTEHIIMI B BHIC
pe3yabTaTOB 00YUYEHUs, KOTOPBIE CTYACHT MOXKET IPOJIEMOHCTPUPOBATH (

(Tabnuua 1). 1 KOHTPOIIS JOCTUKEHUS KaX10T0 U3 HUX IIPELyCMOTPEHBI OLIEHOUHBIE
CpEICTBAa B BHJIE BOIPOCOB, 331aHUH U T.]1.;

0003HaueHNe KPUTEPUEB — MIPABUJI IPUHATHS PEIICHHS 1O OL[EHKE JOCTUTHYTHIX
pe3yabTaToOB 00y4YeHUs M CHOPMUPOBAHHOCTH KOMITETEHITHIA.

Hanpumep, B kauecTBe IIKajbl OlleHUBaHUs pruHUMaeTcs 100-0anbpHas cucTeMa C BhIICIICHUEM
(rpamarueit) OLIEHOK:

PeliTHHT Onenka Ha
3ayere
85-100
71-84 3aueT
60-70
0-59 Hesauger

TUMOBBIE KOHTPOJILHBIE 3ATAHUSI NJIM UHBIE MATEPHAJIBI,
HEOBXOJMMBIE /151 ONEHKW 3HAHW, YMEHW 1 (MJTA) OTIBITA
JNESTEJIBLHOCTH, XAPAKTEPU3YIOIIUE DTATIBI ®OPMUPOBAHUS
KOMIETEHILUI B TPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI
MPOTPAMMBI

BbimyckHMK, OCBOMBHIMH 00pa3oBaTeNbHYI0 HpOrpaMMy, JIOJDKEH 00JanaTh
npodeccnoHaTbHBIMU KOMITIETEHIIUSIMU 10 TEMAaTHUECKUM MOJYJISIM ITPOTPAMMBI:

Koxn |HaumenoBanue P3ynbraThl 00yueHHs

TEMAaTHIECKOTO
MOAYJIS




Bsenenue B |3Hanuda:

HCKYCCTBEHHBIN — TEOPETUYECKHME OCHOBBI aHAIM3a JAHHBIX M MAalIUHHOIO
MHTEJUIEKT u 00yueHus;

OCHOBHBIC ~ METOABI |— crenuduka paboThl aITOPUTMOB MALTMHHOTO O0yYEHUSI.
MAallIMHHOTO ~ OOYYeHUS |YMeHHSH:

JIIS paboThI C |- TpUMEHEHHE METOJIOB MAIIMHHOTO 0O0YYEHHS, TIOITOTOBKA
TabJINYHBIMA JTaHHBIX ¥ MHTEpIpeTalusa pe3yIbTaToOB.

JaHHBIMA HaBbiku (ONbIT AeSITEJIbHOCTH):

- HHTEpecyeTcs HOBBIMU TPEHIaMH1 B cBOEH
po¢eCCUOHAIBHONW OTPACIIU, PAaCCMATPUBAET UX C TOUYKH
3pEHUS] TPUMEHEHHS B CBOEH JEATEIbHOCTH;

- OIICHHUBAET MIPUMEHUMOCTD aJITOPUTMOB,
BO3MOJKHBICPHCKH U TIOCIEACTBHSI OLIMOOK, HaXOIUT
ONTUMAJILHBICPEIICHUS AJI1 pabounX 3a71a4

Cucrembl TIyOOKOro  (3HAHHUSA:
o0ydeHus - TPUHLUIBI 00YYEeHUs U TPUMEHEHUSI HEHPOHHBIX CETEH.

- apXUTEKTYphl INTyOOKUX HEHPOHHBIX CEeTEeH, MPUMEHSIEMbIX
B pelieHuu MIPAKTUYECKUX 3a/1a4
CBSI3aHHBIX C aHAJIM30M U300paXKEHUI U TEKCTOB,;

Ymenus:

- HacTpoiika HEoOXOIMMOIO OKpYXKEHHMs I paboTsl ¢
HEUPOHHBIMH CETSIMH.

- IpUMEHEHUue u J000y4deHnenpe100yueHHbIX
HEHPOHHBIX CETeW U3 TOCTYIHBIX OMOINOTEK

HaBbiku (ONBIT AeSITEJILHOCTH):

- BIQACET HABBIKOM  MPOBEICHUA  IOJHOIO  LHKJIA
BBIYHUCIIUTEIBHOTO  JKCIIEPUMEHTA, OTPAXEHHsI XOoJa
BBIITOJIHEHUSI TIPOEKTA M IIOJYYEHUs pPE3yJIbTaTOB B
OTYeTax U JTOKyMEHTAIWH;

- BJAJEET HAaBBIKOM  HCIIOJIB30BAHMS  CYIIECTBYIOIIMX
IpOrpaMMHBIX  OuOIMOTEK M Mojened, Co3AaHus
MIPOrpaMMHBIX peaau3aluuii TTyOOKUX HEHPOHHBIX CeTel




OO0yueHnue c
MOAKPCINICHUEM

3Hanug:

YMmenuns:

HaBbiku (ONBIT AeSITEJIbHOCTH):

TEOPETUYECKHE OCHOBBI W QJITOPHUTMBI OOYyYEHHUS C
MOJIKPETIICHUEM;

npuMeHeHne  oOydueHHs ¢  TOJKPEIJICHHeM  JUIs
IIPAKTUYECKHX 3a/1a4.

BHIOOD W  peanu3anys aJropuTMOB  OOy4YeHUs C
MOJIKPETIJICHHEM C YYETOM CHEIUPUKH 3a1a4H

aJanTtanus W HAacTpoiKa anropurMoB oOOydeHHs C
MIOJIKPEIUIEHUEM 0] OIIPEEIIEHHYIO Cpeay.

UHTEpECyeTCs HOBBIMU TpeH1aMu B CBOEM
npodeccnoHaNbHOM OTpaciay, paccMaTpUBAET UX C TOUKH
3peHus IPUMEHEHUS B CBOEH JESITEIbHOCTH;

BIIJICET HABBIKOM  HCIIOJIb30BAHUS  CYIIECTBYIOLIUX
MPOrpaMMHBIX ~ OMOMMOTEK W MOJENEH, CO3JIaHUS
MPOrpaMMHBIX pealu3aliii Ha OCHOBE alrOPUTMOB
00y4eHus C MOJKPEIIEHUEM

CpencTBa A7 OLIEHKU Pa3IMYHbIX YPOBHEH (hOpMUPOBAHUS KOMIIETEHIIUH MO KATETOPHSIM «3HAThH,
«YMETBY, «BJIAJICTh» 00CCIECUHBAIOT PEATU3AIMI0 OCHOBHBIX MPHHIIMIIOB KOHTPOJIS, TAKUX KaK
O0BEKTUBHOCTh U HE3aBUCUMOCTb, IPAKTUKO-OPUEHTUPOBAHHOCTh, MEXKIUCIIUILITHHAPHOCTD.

C yderom 3TOro KOHTPOJIBHBIE BOMPOCH (3a1anusl, 3a1a4un), Bxoasmue B ®OC, nmist pa3iuuHbIX
KaTeropuil 1 ypoBHEH OCBOCHHSI KOMIETEHIIUIA MOTYT UMETh CIEAYIOIIHUMI BUIL.

3HATD Ilpumepsni:

1 Tunsr 3aaa4 MallIMHHOT'O 06yquI/151 H KJIACChI AJITOPUTMOB, K HUM IIPUMCHSACMBIC.

HWHTCIIJIICKTA.

2. OcHOBHBIE HAaNPABJICHUS PA3BUTHS UCCIIEIOBAHUN B O0JIACTH CUCTEM UCKYCCTBEHHOTO

3. Teopernyeckne OCHOBHI AITOPUTMOB MAIIMHHOTO OOYYEHHUS.



YMETD Ilpumepsni:

1 TloAroToBUTH JaHHBIE K MCIOIB30BAHUIO AITOPUTMA MAIIMHHOTO O0yUYeHHUS.

2. OrneHuBaTh KAYeCTBO PELICHUH CUCTEM MAIIMHHOTO 00y4EeHMsL.

3. AmanTHpoBaTh aNTOPUTMbI MAIIMHHOTO OOYYEHUS K PEIICHHUIO TPAKTUIECKUX 3aj1ad.
BJAJETD Ilpumepsbi:

1 Merononorus pa3pabOTKU PEeUICHUN MAITUHHOTO O0y4EHUSI.

2. Ilpumepsl MIPaKTUYECKOTO IPUMEHEHUS aPXUTEKTYP UCKYCCTBEHHOI'O MHTEIJICKTA.

3. Metoapl OHJIaliH TECTUPOBAHUS PEIICHUH MALTMHHOTO 00y4eHUsI.

METOAUYECKHE MATEPUAJIbL, ONPEAEJISIOIIUE HIPOLELY PbI
OLNEHUBAHMS 3HAHUHW, YMEHUU U (WJIH) OIIBITA JESTEJIBHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIbBI ®OPMUPOBAHUA KOMIIETEHIIUA

[Tpumepbl (MakeTbl) METOAMYECKHX MAaTEpUalIOB, OIPENENISIOUMX MPOLEAYPbl OLCHUBAHUS
3HAHWUW, YMEHUH U (UJIM) ONbITA 1€ATEIbHOCTU

HaumenoBanue Kparkas xapakrepucTuka IIpeacrasiienue
OLICHOYHOI0 OLICHOYHOT'0 CPe/ICTBA OLICHOYHOI0 CPEe/ICTBA
cpeacrsa B oHae
Texymuii KOHTPOJIb CpencTBo NpoOBEPKU OCBOEHMSI KommuiexTs! Onneros
yCIIEBAEMOCTH YPOBHEH «3HATh», KYMETh» (3aanuii)
KommiekT OusieToB (mpuMepHbIi)
buner 1.
11 baitecoBckuii kiaccudukarop. Ouenka nmpusHakos (Gaussian, Bernoulli,
Multinomial). EM anroputm.
12 Knacrepuzanus. kMeans, kMeans++, MeanShift, DBSCAN.
buner 2.
2.1 Aucam6iu. Soft and Hard Voting. Bagging. Cay4aiinslii jiec.
2.2 Metpuueckuii knaccudukaropbl. KNN.
WKNN.
buner 3.
31 Jluneitnas perpeccus. LASSO, LARS. CART.
3.2 Hepebs pemenuii. UnpopmannoHsslil BeIMrpsIi. Omubdka
KJaccuukauuu, sHTponus, kpurepuit Jxkunu. [IpyHunr.
buiner 4.
41 ['moGanbueiii mouck. Crydaitneiii mouck. Gridsearch. CoyuaitHoe
onyxnanue.baliecoBckast OMTUMH3AITUS.
4.2 Jluneiinas perpeccusi. [lonnnomuansHas perpeccus. ' peOneBas
perpeccus.
buner 5.
51 AdaBoost. I'pagreHTHBIH OYyCTHHT PEIIAIOIINX ISPEBBEB.
5.2 Knacrepusanus. AgglomerativeClustering. MeTpuku KiacTepU3aliviH.
buner 6.

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

6.2 Heiiponnsie cetn. [leprientpornPo3endnarra. O6paTHOE pacnpocTpaHeHue
rpaguenta. OyHKIMK aKTHBaIu. Softmax.



buner 7.
71  Jloxaneueii  momck. HillClimb wu ero pasnoBumHOcTH. OTXKMUT.
['eneTnueckuit
QITOPHUTM.
7.2 MeTtoa onopHBIX BEKTOPOB. Sapa.

Ilepeuennb J1adopaTOPHBIX padoT (MIpUMEPHbI)

O01mme pekoMeHAAIMHU K J1a00paTOPHBIM padoTaM: JJisl pa3HbIX YPOBHEH MOATOTOBKHU
CTYJEHTOB MO>KHO MCIIOJIh30BaTh PA3HYIO TIIyOUHY pean3anuu penieHus. Tak, it CTy/IeHTOB
HETEXHUYECKUX CIIEHUATbHOCTEH 3aJaHe MOKET 3aKII0YaThCsl B IPUMEHEHUH TOTOBBIX
METOJIOB M3 OMOIMOTEK WIIH 3a0JTHECHUEM MTPOITYCKOB B MPOTpaMMax, e 00JIbInas 4acTh
MOJTOTOBJIEHA MpenoaBaTeneM. [t cTy1IeHTOB TEXHUYECKHUX CHelUaIbHOCTEH 3a1anue Oyner
3aKJII0YAThCS B peaIM3allii aJTOPUTMOB O€3 UCIIOJIb30BAHMUS TOTOBBIX PEIICHUH.

JIP1.1 Metozp! paboTsl ¢ Tabaunamu B Python. Arperaiust u Busyanusanus 1anubix. [Ipoeenue
NEPBUYHOIO aHAJIM3a JIAaHHbIX.

Llenu: mu3ydeHue MeToJ0B paboThl ¢ JaHHbBIMEA B PythOn w mpoBeneHue MepBHYHOTO aHaIM3a
JAHHBIX.

3amanue: 3arpysure naracer B pandasmaradpeiiMm. BriBenure OCHOBHBIE IMapameTpsl JaTaceTa.
Onpenenure, CKOJBKO B J1aTaceTe CIy4yaeB OTCYTCTBUS NIpHU3HAKOB. OIIpenenuTe, CKOJIBKO
IIPU3HAKOB SIBJISIIOTCS KaTeropyuajibHbIMU. Busyanusupyiite pacrpeneneHue NpU3HAKOB II0
KJ1accaM. Busyanusupyiite 3aBUCMMOCTb MEX]y TPU3HAKAMHU.

JIP1.2 Ucnonp3oBanue u cpaBHeHUE anroputMoB kinaccudukarmu: KNN, pemratoriue nepeBbs u
UX aHCaMOJIH, JIOTUCTHYECKAs pErpeccusl.

Ienu: npuMeHeHre U OLIEHKA aITOPUTMOB KJIACCU(PHUKALUH.

3ananue:

PaznenuTe natacer Ha oOyvaromMii M BaJIMJALIMOHHBIM ¢ COXpaHEHHEM IPOIMOPIHH KIIacCOB.
Krnaccuduuupyiite ToUukH U3 1aTaceta ¢ momorrsio aroputMoB KNN, oructudeckoii perpeccu,
CART, cnyuaiinoro seca, CatBoost. Ilogbepure mydmme mapameTpsl alrfOPUTMOB CHOMOIIBIO
BaJIUAALMOHHONW BbIOOpKU. CpaBHUTE BpeMsi pabOThl aJIrOPUTMOB M 3aBUCUMOCTH OT
npenoOpaboTKU TaHHBIX.

JIP1.3 Hcnonb30BaHHe M OLIEHKA alrOpUTMOB perpeccuu. [1og0op onTUManbHBIX MapaMeTpoB
perpeccuu.

Lenu: u3ydeHue aaropuTMOB PETPECCHH.

3ananue:

[TpumenuTe MeToa TMHEHHON perpeccuu i pellieHus 3a1a4n Ha jgatacere. /lobaBbTe B garacer
MOJTMHOMHUANIbHBIE TIpU3HaKH. [|00aBIsiiTe MPU3HAKK ITOKA HE YBUIUTE NIepeoOyUyeHrne Ha
BanuanMoHHomaaracere. [lpumenute rpedneByto perpeccuto u LASSO, uyToOb1 n30aBUTHCS OT
nepeoOydeHus..

JIP1.4 OnTtuMmu3anMoOHHBIE 3a7a4dl U WX pemeHus. [logbop rumepmapaMeTpoB aiaropuTMma c
MIOMOIIIBI0 METOIOB ONITUMH3AINU

[enun: n3ydeHre aNropuTMOB PEIICHHS] ONTHMU3AIMOHHBIX 3a/1a4.

3amaunue:

1 OntumusupyiiTe AITHHY MapIIpyTa B 3aaue KOMHBOsKEpa ¢ moMoIisio arropurmos hillclimb,
OT)KUTA U TCHETUYECKOTO aropuT™Ma. BeIBeIUTE OMYUUBIITUICS MMyTh U €TO0 JUTHHY.

2. OnTUMU3HPYHTE THIIEPIIApaMeTPhl AITOPUTMA MAIIMHHOTO 00y4YeHHUs (Ha BHIOOP) C TTOMOIIBIO
CITy4allHOTO TTOKMCKa, TIOKMCKa 10 pemerke, anropurMa hillclimb, renernueckoro anropurma.

JIP2.1 Knaccuduxanus nzo0paxkeHuit 1 TpaHchepHOe 00yUeHHE.
enu: n3yuenne METo0B ITyOOKOTO 00YyUYEeHUS AJ1 paOOTHI C H300paKEHUSIMH.
3amaunue:



3arpy3ure gaTtaceT M CO3JaiiTe WTepaTtop IS MOAETH TIIyOOKOro oOydeHHs. 3arpysute
npenooyyennyto Ha ImageNetcseprounyio ceth (AlexNet, VGG uau ResNet) u mobGaBbTe K
backbonenosHocBs3HbIA citol it 00yueHus. O0y4ynTe HEHPOHHYIO CETh Ha, BU3yaIU3HPOBAB
rpaduK (GYHKIMU MOTEPh Ha OOydYaroLled W BaJUAALMOHHOW BbIOOpKe. Peammsyiite Momynb
PUMEHEHUS! HEHPOHHOI CeTH K TaHHBIM, IPOBEPHTE KAYECTBO OOYUCHHUS HAa TECTOBOI BEIOOPKE.

JIP2.2 PaboTa ¢ TeKCTaMu U MX BEKTOPHBIMH NpeAcTaBiIeHusIMH. [lenu:

U3y4EHHE MOJIENIEN BEKTOPHOTO MIPEJICTABIEHUS TEKCTOB. 3aJaHUE:

CkauaiiTe npeioOy4eHHbIe BeKTOpa 1Jis cioBaps. C MOMOIIbIO JIF000To KiaccuukaTopa
mammaHOro ooyuenust (KNN, SVM, CatBoost) kinaccuduuupyiite TEKCThI U3 gaTacera o CyMMe
BeKTOpOB ciioB. Kimaccudunupyiite Tekctsl ¢ momompbio LSTM cetn.

JIP3. 1 Tlpumenenue Q-Networks mist pemeHuns mpocThiX OKPYKEHUI.

[enu: n3ydyeHne npuMeHeHusI 00yUYSHHUS C ITOIKPEIUICHUEM JUTS PEIICHUH 3a/1a9 KOHTPOJISL.
3ananue:

OOyuunTe MPOCTYIO MOJHOCBA3HYI0Q-ceTh s pemeHust okpyxenus LunarLander.

[Iponienypsl OICHWBAaHUS 3HAHWW, YMEHHH, (HOPMBI W OpraHU3alUs TEKYIIETO0 KOHTPOJISA
yCIIEBAEMOCTH U IPOMEKYTOUHON aTTeCTaluy 00yJaroImuxcs

Texymuii KOHTpOJIb YCIIEBAEMOCTH M IPOMEXKYTOYHAs aTTECTAallUs CTYJIEHTOB BENETCS B
coorBeTcTBUM ¢ [lomokeHHMEM O TeKyllleM KOHTpOJIE YCIEBAeMOCTH U IPOMEXYTOUHOM
aTTectaluu o0pa3oBaTebHON OpraHu3aluuu

Texkyuuii KOHTPOJIb yCIIeBa€MOCTH

Monyns nenutcst Ha 1Ba 6moka. Kaxkiplil 6710k BKITFOUaeT B ce0s M3yUueHUe 3aKOHYSHHOTO pa3ena,
yactu Moayns.

Texymmii KOHTpPOIb IO MO0 OCYIIECTBIISIETCS O KaJleHAapHOMY yueOHoMy rpaduky. Cpoku
KOHTpOJbHBIX Meponpusatiii (KM) u cpoku noaseneHust UTOroB no Mojyno oToOpakaroTcs B
pabounx y4yeOHbIX IuTaHax Ha ceMecTp. CTyAEHT [OJDKEH BBIIOJHUTh BCE KOHTPOJIbHBIE
MEPOIPUATHS, NPELYCMOTPEHHbIE MOIyIEM K YKa3aHHOMY CPOKY, IOCJE YEro MpenojaBareb
MPOCTaBJISIET OaJJIbHBIE OLIEHKH, HaOpaHHbIE CTYJEHTOM IO pe3yJibTaTaM TEKYIIero KOHTPOJIS
ycneBaeMocTd o Monyio.

KoHnTponbHOE MeponpusTHe CUYUTAETCS BBITOJIHEHHBIM, €CJIH 3@ HETO CTYIEHT MOJY4Yn OLEHKY B
Oayulax He HW)KE€ MHUHUMAJIbHOW OLIEHKH, YCTAaHOBJICHHOM NpOrpaMMoil MOJIyJsl MO JaHHOMY
MEPOIPUSITHIO.

CryneHTbl, HE cIaBIIME KOHTPOJIbHOE MEpOINPHUATHE B YCTAHOBJIEHHBIH CPOK, MPOAOIKAIOT
paboTaTh HaJl HUM B COOTBETCTBHE C TOPSAAKOM, IPUHATHIM 00pa30BaTeIbHOM OpraHu3anuei.
IIpoMeskyTouHas aTTecTauust

PopMOil MPOMEKYTOUHON aTTECTALMH 110 MOTyIIIO SIBIISIETCS 3a4€T.

OnenuBanue Mopyns Benercss B COOTBETCTBMM ¢ Ilosio)keHMEM O TEKyIleM KOHTpOJIE
YCIEBAEMOCTHU U MPOMEKYTOUHON aTTeCTallUU CTYJJEHTOB 00pa30BaTeIbHOM OpraHu3alum.
Hanpumep, MeToaMKa OLIEHKH 110 PEHTHHTY

CryneHT, BBINOJHUBLIMKM BCe MPEAyCMOTpPEHHbIE Y4eOHBIM IUIAHOM 3a/laHus M CAABIIUN Bce
KOHTPOJIbHBIE MEPOIPUSTHS, IOJIy4aeT MTOTOBYK OIEHKY 1o Moaymo 3a ceMecTp B
COOTBETCTBHUU CO CIEAYIOUIEH IIKAIOM:

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

Peiitunr crynenta mo MoJysiro 3a ceMecTp onpezenseTcs Kak CyMMa 0ajuioB, MOJTy4YEeHHBIX UM
3a Bce 0110k Mopyist, 1 0aisioB 3a IPOMEKYTOUHYIO aTTecTaluio. MakcuMalbHOE KOJIMYECTBO
6amtoB 3a Moyns B ceMecTpe ycTaHaBiauBaercsi paBHbIM 100






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

®onn oneHouHbBIX cpeacTB (POC) npeaycMaTprBaeT CleayroIiee:

OIMCaHUE KOMITJIEKCa MoKAa3aTeliel — JECKPUIITOPOB OCBOCHHS KOMITCTEHIIH B BHIC
pe3yabTaTOB 00YUYEHUs1, KOTOPBIE CTYACHT MOXKET IPOIEMOHCTPUPOBATH (

(Tabnuua 1). 1 KOHTPOIISL JOCTUKEHUS KaX10T0 U3 HUX [IPELyCMOTPEHBI OLIEHOUHBIE
CpPEICTBAa B BHJIC BOIPOCOB, 331aHUH U T.].;

0003HaUeHNEe KPUTEPHEB — MPABUJI IPUHATHS PEIICHHS 1O OL[EHKE JOCTUTHYTHIX
pe3yabTaToOB 00y4YeHUs: M CHOPMUPOBAHHOCTH KOMITETEHITHIA.

Hanpumep, B kauecTBe Kbl ollcHUBaHus npuHuMaeTcs 100-0abHas cuctema ¢ BhIIeICHUEM
(rpagarueit) OLIEHOK:

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

TUIOBBIE KOHTPOJILHBIE 3AIAHUS NJIV WHBIE MATEPUAJTBI,
HEOBXO/JUMBIE JJI51 OLIEHKHU 3HAHWI, YMEHUIA U (MJIN) OTIBITA
NEATEJBbHOCTH, XAPAKTEPHA3VIOIIUE DTAIIBI ®OPMUAPOBAHUS
KOMITETEHLIUI B MPOLIECCE OCBOEHHUSI OBPA30BATEJBHOM
IMTPOTPAMMEI

BrimmyckHuk, ocBOWBINHMI 00pa3oBaTelbHYI0 MpPOrpaMMy, JIOJDKEH o00ianath
npodeccrnoHaTbHBIMI KOMITETEHITUSIMU 10 TEMATHUYECKUM MOJIYJISIM IIPOTPAMMBI:

Kon |HammenoBanue Pe3ynbTaTsl 00yueHus

TEMATUYECKOT'O
MOIYJIsSt




Bsenenue B |3Hanuda:

HCKYCCTBEHHBIN — TEOPETUYECKHME OCHOBBI aHAIM3a JAHHBIX M MAalIUHHOIO
MHTEJUIEKT u 00yueHus;

OCHOBHBIC ~ METOABI |— crenuduka paboThl aITOPUTMOB MALTMHHOTO O0YYEHHUSI.
MAallIMHHOTO ~ OOYYeHUS |YMeHHSH:

JIIS paboThI C |- TpUMEHEHHE METOJIOB MAIIMHHOTO 0O0YYEHHS, TIOITOTOBKA
TabJINYHBIMA JTaHHBIX ¥ MHTEpIpeTalusa pe3yIbTaToOB.

JaHHBIMA HaBbiku (ONbIT AeSITEJIbHOCTH):

- HHTEpecyeTcs HOBBIMU TPEHIaMH1 B cBOEH
po¢eCCUOHAIBHONW OTPACIIU, PAaCCMATPUBAET UX C TOUYKH
3pEHUS] TPUMEHEHHS B CBOEH JEATEIbHOCTH;

- OIICHHUBAET MIPUMEHUMOCTD aJITOPUTMOB,
BO3MOJKHBICPHCKH U TIOCIEACTBHSI OLIMOOK, HaXOIUT
ONTUMAJILHBICPEIICHUS AJI1 pabounX 3a71a4

Cucrembl TIyOOKOro  (3HAHHUSA:
o0ydeHus - TPUHLUIBI 00YYEeHUs U TPUMEHEHUSI HEHPOHHBIX CETEH.

- apXUTEKTYphl INTyOOKUX HEHPOHHBIX CEeTEeH, MPUMEHSIEMbIX
B pelieHuu MIPAKTUYECKUX 3a/1a4
CBSI3aHHBIX C aHAJIM30M U300paXKEHUI U TEKCTOB,;

Ymenus:

- HacTpoika HEoOXOIUMOIO OKpYXEeHHMs A paboThl ¢
HEUPOHHBIMH CETSMH.

- IpUMEHEHUue u J000y4deHnenpe100yueHHbIX
HEHPOHHBIX CETeW U3 TOCTYIHBIX OMOINOTEK

HaBbiku (ONBIT AeSITEJILHOCTH):

- BIQACET HABBIKOM  MPOBEICHUA  IOJHOIO  LHKJIA
BBIYHUCIIUTEIBHOTO  JKCIIEPUMEHTA, OTPAXEHHsI XOoJa
BBIITOJIHEHUSI TIPOEKTA M IIOJYYEHUs pPE3yJIbTaTOB B
OTYeTax U JTOKyMEHTAIWH;

- BJAJEET HAaBBIKOM  HCIIOJIB30BAHMS  CYIIECTBYIOIIMX
IpOrpaMMHBIX  OuOIMOTEK M Mojened, Co3AaHus
MIPOrpaMMHBIX peaau3aluuii TTyOOKUX HEHPOHHBIX CeTel




OO0yueHnue c
MOAKPCINICHUEM

3Hanug:

YMmenuns:

HaBbiku (ONBIT AeSITEJIbHOCTH):

TEOPETUYECKHE OCHOBBI W QJITOPHUTMBI OOYyYEHHUS C
MOJIKPETIICHUEM;

npuMeHeHne  oOydueHHs ¢  TOJKPEIJICHHeM  JUIs
IIPAKTUYECKHX 3a/1a4.

BHIOOD W  peanu3anys aJropuTMOB  OOy4YeHUs C
MOJIKPETIJICHHEM C YYETOM CHEIUPUKH 3a1a4H

aJanTtanus W HAacTpoiKa anropurMoB oOOydeHHs C
MIOJIKPEIUIEHUEM 0] OIIPEEIIEHHYIO Cpeay.

UHTEpECyeTCs HOBBIMU TpeH1aMu B CBOEM
npodeccnoHaNbHOM OTpaciay, paccMaTpUBAET UX C TOUKH
3peHus IPUMEHEHUS B CBOEH JESITEIbHOCTH;

BIIJICET HABBIKOM  HCIIOJIb30BAHUS  CYIIECTBYIOLIUX
MPOrpaMMHBIX ~ OMOMMOTEK W MOJENEH, CO3JIaHUS
MPOrpaMMHBIX pealu3alliii Ha OCHOBE AalFOPUTMOB
00y4eHus C MOJKPEIIEHUEM

CpencTBa A7 OLIEHKU Pa3IMYHbIX YPOBHEH (hOpMUPOBAHUS KOMIIETEHIIUH MO KATETOPHSIM «3HAThH,
«YMETBY, «BJIAJICTh» 00CCIECUHBAIOT PEATU3AIMI0 OCHOBHBIX MPHHIIMIIOB KOHTPOJIS, TAKUX KaK
O0BEKTUBHOCTh U HE3aBUCUMOCTb, IPAKTUKO-OPUEHTUPOBAHHOCTh, MEXKIUCIIUILITHHAPHOCTD.

C yderom 3TOro KOHTPOJIBHBIE BOMPOCH (3a1anusl, 3a1a4un), Bxoasmue B ®OC, nmist pa3iuuHbIX
KaTeropuil 1 ypoBHEH OCBOCHHSI KOMIETEHIIUIA MOTYT UMETh CIEAYIOIIHUMI BUIL.

3HATD Ilpumepsni:

4, Tunsl 3aaa4 MallIMHHOT'O 06yquI/151 " KJIACChI AJITOPUTMOB, K HUM IIPUMCHSACMBIC.

HWHTCIIJIICKTA.

5. OcHoBHBIE HaITpaBJICHUA pa3BUTUSA I/ICCJ'IGI[OBaHI/Iﬁ B 00JIaCTU CHCTEM HCKYCCTBECHHOI'O

6. Teopernyeckne OCHOBBI AITOPUTMOB MAIIMHHOTO OOYYEHHUSI.



YMETD Ilpumepni:

4. TloAroTOBUTH JaHHBIE K HCIIOJIb30BAHHIO aJITOPUTMA MAIIUHHOTO O0YYEHHSI.

5. OneHuBaTh KAYECTBO PELICHUN CUCTEM MAIIMHHOI'O 00y4EHHUS.

6. AmanTHpOBaTh AJTOPUTMBI MAIIMHHOTO OOYYEHHS K PEIICHUIO IPAKTUYECKUX 3a/1a4.
BJAJAETD Ilpumepsbi:

4. Metoponorus pa3paboTKu peleHuil MallIMHHOTO 00yYeHHS.

5. Ilpumepsl NpakTUUECKOTO NPUMEHEHUS aPXUTEKTYpP UCKYCCTBEHHOI'O MHTEIIIEKTA.

6. Metobl OHJIAlH TECTUPOBAHUS PEIICHUI MAIIMHHOTO 00yYeHHUSI.

METOAUYECKHE MATEPUAJIbL, ONPEAEJAIOIIHUE ITPOLELYPbI
OLNEHUBAHWA 3HAHUHW, YMEHUU U (WIH) OIIBITA JESTEJIBHOCTH,
XAPAKTEPU3YIOINUE 3TAIIBI ®OPMHUPOBAHUA KOMIIETEHLIUU

[Tpumepbl (MakeTbl) METOAMYECKMX MAaTEpUAJIOB, OIPECIAIOUINX MPOLEAYPbl OLIEHUBAHUS
3HaHWUW, YMEHUH U (MJIM) OIbITA AEATEIbHOCTU

HaumeHoBaHme Kpartkas xapakrepuctuka IIpencraBienue
OIIEHOYHOT0 OLICHOYHOT'0 CpeICTBA OLIEHOYHOT 0 CPe/ICTBA
cpeacTBa B oHje
Texyumii KOHTPOJIb CpencTBo MpoBEpKU OCBOCHHS Komruiektsl OuiieToB
YCIIEBAEMOCTH YPOBHEH «3HATBY, KYMETh) (3agaHuii)
KomnuiexkT Onj1eToB (MpUMepHbIii)
buner 1.
11 BaiiecoBckuii kiaaccudukarop. Onenka npusHakos (Gaussian, Bernoulli,
Multinomial). EM anropurm.
12 Knacrepuszanus. KMeans, kMeans++, MeanShift, DBSCAN.
buner 2.
2.3 Aucam6mu. Soft and Hard Voting. Bagging. Ciyuaiinsrii jiec.
2.4 Metpuueckuii knaccuduraropbl. KNN.
WKNN.
buner 3.
31 Jluneitnas perpeccus. LASSO, LARS. CART.
3.2 JepeBbs pemenuii. UnpopmannonHslil Berpsimm. Omubdka kiaccudukanmy,

sHTponus, kpurepuid /[xunu. [IpyHuHr.

burner 4.
4.1 I'moGanpublii mouck. Cnydaitaeiii mouck. Gridsearch. CiywaiiHoe
oyxnanue.baiiecoBckas OMTHMHU3AIINS.
4.2 Jluneiinas perpeccus. [lonnnomuanbHas perpeccus. I'peOHeBast perpeccusi.
buner 5.

5.3 AdaBoost. I'pasneHTHBIH OYCTHHT PEHIAIONINX JIePEBHEB.

5.4 Knacrepuszanus. AgglomerativeClustering. Merpuku kiactepu3anuu.
buner 6.

6.1. Onenka kinaccudukarum. Ipdexrusrocts mo [Tapero. Precision-Recall  ROC kpussie.
AUC.

6.2 Hetiponnsie cetu. [leprientponPo3en6narra. O0paTtHoe pacipoCTpaHEHUE TPaIUEHTA.
Oynkuuu aktuBaiuu. Softmax.



buner 7.

71 Jlokaneubiii mouck. HillClimb u ero pasuoBumnoctn. OTkur. I'eHeTHUYCCKHIA
AIITOPUTM.
7.2 MeTto onopHBIX BEeKTOPOB. Smpa.

Ilepedyennb J1adopaTOpHBIX padoT (MPUMEPHbIA)

O0mume pekoMeHIAUMH K J1a00paTOPHBIM padoTaM: /Ui Pa3HbIX YPOBHEHN IOATOTOBKU
CTYZCHTOB MO>KHO HCIOJIb30BATh PAa3HYIO IIIyOUHY peanu3aluy peimeHus. Tak, A1 CTyIeHTOB
HETEXHUYECKUX CIIEUAIbHOCTEN 3a/1aHue MOKET 3aKJII04YaThCsl B IPUMEHEHUH F'OTOBBIX
METO/I0B 13 OMOJIMOTEK WIN 3aII0JHEHUEM NIPOITYCKOB B IPOrpaMMax, rie 0ojbiias 4acTb
HOATOTOBJIEHA IIpenojaBareneM. st CTyJeHTOB TEXHUYECKUX CIIEHUAIbHOCTEN 3a1anue Oyaer
3aKJII0YAThCs B pealln3alliy aJrOpUTMOB 0€3 HCII0Ib30BAHUS TOTOBBIX PEIICHU.

JIP1.1 Merombl paboTel ¢ Tabmumamu B Python. Arperanus u Bu3yanu3anus HTaHHBIX.
[IpoBenieHre NEPBUYHOIO aHAIN3A TAHHBIX.

[lenu: u3yuyeHre METOMOB paboThl ¢ HaHHBIMH B Python u mpoBeneHue mepBHYHOrO aHain3a
JTaHHBIX.

3aganue: 3arpysure jgaraceT B pandasgaradpeiiM. BeiBeanTe OCHOBHBIE IMapaMeTphl AaTaceTa.
Ormpenenure, CKOJBKO B JaTaceTe CIydaeB OTCYTCTBUS NpuU3HAKOB. Orpenenurte, CKOJIBKO
MPU3HAKOB SIBJISIIOTCS KaTeropuajibHbIMU. Buzyanusupyiite pacrnpeneneHue MNpU3HaKoB I10
KJ1accaM. Buzyanusupyite 3aBUCUMOCTb MEXIY NPU3HAKAMH.

JIP1.2 Wcnonp3oBanue u cpaBHeHHE anroputMoB kiaccudukanuu: KNN, pemnaromue nepesbs u
UX aHCaMOJIU, JIOTUCTUYECKAs! Perpeccusl.

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

3ananue:

Paznenute maracer Ha oOydYarOmIMil ¥ BaTUJAIMOHHBIA C COXPAaHEHHEM IMPOMOPIIUN KIIACCOB.
Knaccuduuupyiite Touku u3 aatacera ¢ momoiipto anroputmoB KNN, noructudeckoii perpeccun,
CART, cinyqaiinoro neca, CatBoost. [TogOepure Jrydiue mapameTpbl aJITOPUTMOB CIOMOIIBIO
BAIUJAIMOHHON BBIOOpPKH. CpaBHHMTE BpeMs pabOThl AITOPUTMOB M 3aBHCUMOCTH OT
npeoOpadboOTKU JaHHBIX.

JIP1.3 Hcnonb3oBaHue M OIEHKA aJropuTMOB perpeccuu. Ilonbop onTUManbHBIX MapaMeTpoB
perpeccum.

[{enu: n3ydeHue alropuTMOB PErPECCHH.

3anaHue:

[TpumeHnuTe MeTO JIMHEHHOM perpeccuu Jisl pelieHus 3aaun Ha aaracete. /lo0aBbTe B garacer
NOJMHOMHAJIbHBIE TpU3HaKu. [lo6aBisiiTe MpU3HAKK [TOKa HE YBUIUTE NepeoOyyeHHne Ha
BaMIannoHHoMaaracere. [Ipumenure rpedHeByto perpeccuto 1 LASSO, 94To0b1 n36aBUTHCS OT
nepeoOyyeHHs.

JIP1.4 OnTtumuzanuoHHBIE 3ama4u U uX pemieHus. [logbop rumepmapameTpoB aaroputMa ¢
TIOMOIIBIO METOJIOB ONITUMH3ALIUH

Llenu: n3yueHune aaropuTMOB PEIICHHS ONTUMH3AIMOHHBIX 33/1a4.

3ananue:

1 OnTuMu3MpyiiTe JUTMHY MapiipyTa B 3a7a4e KOMHBOsDKEpa ¢ ToMoriibko anroputmos hillclimb,
OT)KHTA ¥ TEHETHYECKOTO aIrOPUTMa. BrIBENTE MOTYYMBIIMICS My Th U €r0 JUTUHY.

2. OnTuMu3MpyHTe TUnepnapaMeTphl aIropuTMa MalllmHHOTO 00y4YeHHs (Ha BEIOOP) C TIOMOIIIbIO
CITy4aifHOTO TIOMCKa, TIOMCKa 1o pererke, anropurma hillclimb, renernueckoro anropurma.



JIP2.1 Knaccudukanus n3o0pakeHnid 1 TpanchepHoe o0yueHue.

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

3agadue:

3arpy3uTe JaraceT W CO3JaiTe HUTeparop A MOJAEIH TIIyOoKoro oOydeHus. 3arpysure
npenobydyennyo Ha ImageNetcseprounyio cetr (AlexNet, VGG umu ResNet) u no6aBbre K
backbonenonnocBs3Hbi cinoit st 00ydeHus. OO0y4nTe HEHPOHHYIO CETh HA, BH3YalIM3UPOBAB
rpaduk (YHKIUM TOTEph Ha OOydYaromed W BalMJalMOHHOM BbIOOpKe. Peammsyiite mMomyib
NPUMEHEHUS] HEHPOHHOM CETH K JaHHBIM, ITPOBEPHTE KAUYeCTBO 00yUEHHS Ha TECTOBOW BBIOOPKE.

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

U3y4eHHEe MOJIEIICH BEKTOPHOTO MPECTABICHUSI TEKCTOB. 3aJaHHe:

CkauaiiTe npenoOy4eHHbIe BeKTOpa 1iist ciioBaps. C MOMOIIBIO JIF000Tro Kiaccudukaropa
marmmuaaoro ooydenust (KNN, SVM, CatBoost) kinaccuduiiupyiite TEKCThI U3 1aTaceTa o CyMMe
BEKTOpOB ci1oB. Kitaccuduuupyiite Tekctsl ¢ momorpbio LSTM cetn.

JIP3. 1 Ilpumenenune Q-Networks s perieHus mpocThix OKPYKEHHUH.

Lenu: u3ydyeHue npuMeHeHus 00yUYeHHUs C MTOJIKPEIICHUEM IS PELIeHUH 3a1au KOHTPOJIA.
3ananue:

OO0yuuTe MPOCTYIO MOJHOCBA3HYI0Q-CeTh I pelieHus okpyxenus LunarLander.

[Tponienypsl OLIEHUMBAaHMS 3HAHUM, yMEHUH, (GOPMBI M OpraHM3alUs TEKYIIEro KOHTPOJISL
yCIIEBaEMOCTH H ITPOMEKYTOYHOM aTTeCTAIIH 00yJarOIIUXCs

Texymuii KOHTPOJIb YCIIEBAEMOCTH M IIPOMEXYTOUYHAsl aTTeCTalus CTYJEHTOB BEIETCS B
coorBercTBUM C [lojokeHMEM O TEKyleM KOHTPOJIE YCIIEBAEMOCTH M IIPOMEKYTOYHOH
aTTecTalMyu oOpa3oBaTeIbHONW OpraHU3alu

Texkyumuii KOHTPOJIb yCIIEeBAEMOCTH

Monynb nenutcst Ha 1Ba 6510ka. Kaskaplii 010K BKIItOUaeT B ce0sl U3yUeHHEe 3aKOHUEHHOT'0 pa3iena,
yactu Moyns.

Tekymuilt KOHTPOJIb IO MOIYIIO OCYIIECTBIISIETCS M0 KaJleHaJapHOMY yueOHoMy rpaduky. Cpoku
KOHTpOosIbHBIX Mepornpusatiii (KM) u cpoku nonaseneHust uToro nmo Moaynio oroOpaxaroTcs B
pabouux y4eOHBIX IUlaHaX Ha cemecTp. CTYJIEHT [OJKEH BBIIOJHUTH BCE KOHTPOJIbHBIE
MEPOIIPUATHS, IPELYCMOTPEHHbIE MOyJIeM K YKa3aHHOMY CpPOKY, IIOCJIE 4YEero MpernojaBaTeib
IpOCTaBisieT OajIbHBIE OLICHKH, HaOpaHHBIE CTYJIEHTOM IO pe3yjbTaTaM TEKYLIEro KOHTPOJISI
ycreBaeMocT o Moyto.

KoHTponbHOE MEpONIPUATHE CUNTAETCS BHIIIOJHEHHBIM, €CJIU 332 HETO CTYAEHT NOJy4ns OLIEHKY B
Oamax He HM)KE MUHHMAaJIbHOM OIIEHKH, YCTAHOBJIEHHOH IMpPOrpaMMOil MOAYJsSl MO JaHHOMY
MEPOIPHUATHIO.

CryzneHTbl, HE CHIaBLIME KOHTPOJBHOE MEPONPUSITHE B YCTAHOBIIEHHBIM CpPOK, MPOJOJIKAIOT
paboTaTh HaJl HUM B COOTBETCTBHE C IMOPSIKOM, IPUHATHIM 00pa30BaTEeIbHON OpraHU3aIHei.
IIpome:kyTouHas aTrecranus

DopMoH IPOMEKYTOYHOU aTTECTALMU 110 MO0 SBIISETCS 3a4eT.

OuenuBanue Mopayns Benerca B cooTBeTCTBUM ¢ [lojokeHHeM O TEKylleM KOHTpOJie
yCIIEBaEMOCTH M MTPOMEKYTOUHOM aTTeCcTallM CTYJCHTOB 00pa30BaTeIbHOI OpraHu3aluy.
HanpuMmep, MeToAMKA OLIEHKH 110 PEHTHHTY

CryneHT, BBINOJIHMBIIMM BCE NMPEAyCMOTPEHHBbIE y4eOHBIM IJIAHOM 3aJjaHMs U CHOAaBIIUH Bce
KOHTPOJIBHBIE MEpONPHUTHS, ITOJy4aeT HWTOTOBYIO OLEHKY 1o Moaymo 3a cemecTtp B
COOTBETCTBUU CO CIEAYIOLIEH IKAIOM:

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




Pefitunr crynenta no Moayiio 3a ceMecTp onpezensercs Kak cymMma 0ajuioB, HOJyUYE€HHBIX UM
3a Bce Osioku Motyiist, 1 6ayuioB 32 MPOMEXKYTOUHYIO aTTecTaluioo. MakcuManbHOE KOJIUYECTBO
6ayu1oB 32 Moy B ceMecTpe ycTaHaBIMBaeTcsi paBHbIM 100



