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1. [lesiu OCBOEHUSA AW CHUNIUHBI

[enpro n3yueHus: AUCIUTLTNHBI «CHCTeMa UCKYCCTBEHHOTO MHTEIUICKTa SBIISIeTCS (hOpMUPOBa-
HUE KOMIIETCHITUH B 00J1aCTH TIPUMEHEHHUSI HHTEIUICKTYaIbHBIX HHPOPMAIIMOHHBIX CUCTEM IS
penreHus mpodeccnoHabHBIX 3a/1a4.
3a1auu TUCIUILIHBL:
— O3HAKOMHTH C COBPEMEHHBIMU OOJIACTSMU MCCIIEAOBAHUS MO0 UCKYCCTBEHHOMY MHTEIUICK-
Ty U cepaMu MPIIOKESHHSI SKCIIEPTHBIX CHCTEM;
— TMO3HAKOMUTH C KOHIICTIIIUSMH, COCTABJISIFOIIMMH OCHOBY COBPEMEHHBIX CHCTEM HCKYC-
CTBEHHOT'O MHTEJIICKTA;
— WM3JIOKUTh TEXHWYECKHE TIOCTAHOBKM OCHOBHBIX 3a/1a4, PEHIaeMbIX CHCTEMaMH HCKYC-
CTBCHHOT'O MHTEIUICKTA;
— MO3HAKOMUTH C OCOOCHHOCTSIMH MPAKTUYSCKOTO HMCIIOH30BAHMS HHTEIUICKTYaIbHBIX WH-
(hopMaITMOHHBIX CUCTEM B 00J1aCTH MH(OPMAITMOHHONW O€301TaCHOCTH.

2. Mecto mucunniimibl B crpykrype OIIOII 6akanaBpuara
[uk1, K KOTOPOMY OTHOCHUTCS TUCIMIINHA:
B1.B.20 «Cuctema CKyCCTBEHHOTO UHTEJIEKTa)

3. Pe3yabTaThl 0CBOEHUS TUCUMIIMHBI (MoayJs) «CuctemMa UCKYCCTBEHHOTO MHTEIIIEK-
Ta»

[Ipouiecc u3yyeHUs MUCHUILUIMHBI HampaBlieH Ha ()OPMUPOBAHHE AIIEMEHTOB CIEIYIOIIMX
kommeteHiuii B coorBerctBum ¢ ®I'OC BO no nanHoMy HampaBJIeHHIO:

Kon mpogec-| HammenoBaHue npo- Kon, HanMeHOBaHHE HHIUKATOPA JOCTH/KEHHSA IPO-
CHOHAJILHOM | (PeccHoOHANBLHOI KOM- deccuonanbHON KOMIIETEHIIUN
KOMIIETEHIHY NETCHIHH
Crnoco6HocTh ucnonb30- [[IK — 13.1 3HaeT MeToabl pa3paboT- 3HATH:
BaTh 3HAHUC OCHOBHBIX  kif OPUTMHAIBHBIX aJITOPUTMOB U - METO/IbI pa3pabOTKH
IIK-13 METON10B I/ICKycCTBeHHOFO1'[pOl“p(slMMHI)IX peIHeHI/Iﬁ C UCIIOJIb- OPUTHHAJIBHBIX aJro-
MHTCILICKTA B TOCICLY= b yiem COBPEMEHHBIX TEXHOJIO- [ TMOB
roreit mpodeccrnonab- . p
HOM JIeSITeIIBHOCTH B Ka- | 10 VMeTh:
YECTBE HAYYHBIX COTPYI-
HUKOB, TIpero[aBarenei - [IPUMCHITE SHAHHA
o0pa3oBaTenbHBIX Opra- OCHOBHBIX METOJ0B
HU3aIUi BBICIIETO 00pa- MCKYCCTBEHHOI'O UH-
30BaHMUSI, UHKEHEPOB, TeuTeKTa B mpodec-
TexHojoros CHOHAILHOM 1€ TEIb-
HOCTHU
Baaners:
- COBPEMEHHBIMH TEX-
HOJIOTHUSIMU UCKYC-
CTBEHHOT'O MHTEJUICKTA
npu pazpaboTke mpo-
CPaMMHBIX pPEIeHUN
TIK-14 CnoocoOeH BBIIBUTH ecTe- IK-14.1. BJ'Ia,Z[CCT HaBBbIKaMH J1C- 3HaATh:
CTBEHHOHAYUHYIO Cyll]-  [KOMIIO3UIMH, (POPMAIIM3AINMK TIPO- |- METOIBI MOJETIUPO-
HOCTb IIPO6IIEM, BO3HHKA- [LIECCOB M OOBEKTOB /Ui MCIOJIb30-  [BaHUS M aHAJIHM3a
IOLINX B X07€ Ipodeccro- BaHUA HHTCUICKTYaIbHBIX IIPO- CIIOJKHBIX €CTECTBEH-
HAJILHOM JICSTEIbHOCTH B [[PAMMHBIX PELIEHUM HBIX U UICKYCCTBEHHBIX
00IacTH MOJICTHPOBAHUS CUCTEM




M aHaJIn3a CJIOXKHBIX €CTC-
CTBCHHBIX U UCKYCCTBCH-
HBIX CUCTCM

YMmeTh:

- pelaTh 3a7a4u, CBA-
BaHHBIC CO CJIOKHBIMU
©CTECTBCHHBIMH H HC-
KYCCTBEHHBIMU CHUCTE-
Ma

Baaners:

- HaBBIKAMU JICKOMIIO-
3uIHH, (popManu3aim
MPOIIECCOB U OOBEKTOB
IJTs1 KCTTOJTE30BaHUS
WHTEJUIEKTYaTbHBIX
MPOrPaMMHBIX pellie-
HUM

4. CTpyKTYypa M cojiep:KaHue JMCHHUIIIMHBI (MOAYJIsA)
4.1. CTpykTypa IMCHHILIHHBI (MOAYJIA)

OO01mmast Tpy10eMKOCTh TUCIUTUTHHBI COCTABIISICT 2 3a4STHRIX STUHUIL, /2 9acoB.

No Buael yueOHol padoThl, BKIIOYad ca-
n/n| HaumeHoBaHue pa3aesioB MOCTOSITEJILHYIO PaGoTy CTYIEHTOB U
¥ TeM AMCHUILTHHBI (Mo- | £ TPYA0eMKOCTh (B Yacax)

[>]
JyJ1st) s KonTakTHas CaMocTosITe b-
3 pa6ora Hasi padoTa

@opMBbI TEKYIIEr0 KOH-
TpoJs ycneBaemoctu (no
Heldenam cemecmpa)
®dopmMa IPOMeEKYTOYHOM
arrecrauuu (no cemecm-

pam)




CKOM CTaTUCTUKH, JIMHEHHOU anreOphl 1 MaTeMaTHYeCKOTO aHAIK3A. |
OcHoOBHBIE 3a7]aud CHUCTEM HMCKYCCTBEHHOTO HHTeJuiekTa. Kiaccuduka-
IUs1, KIacTepu3alus, perpeccus. THIIBI MAIIMHHOTO OOYYCHUS: C YIHUTE-
neMm, 0e3 y4uTens, C YaCTHYHBIM MPHUBJICUCHUEM YUUTENs, OOyUCHHE C
MIOJIKPETIIICHHEM.

Knaccuduxanus Ha npumepe anroputma K-Ommxaiimmx coceneir (KNN)
[OnmmmonansHO: BBICTpBIN TOMCK Ommkalmux cocenei.]. MeTtpuku
OllIeHKH Kiaccuukanuu: nmoiaHota, Tounocts, Fl, ROC, AUC. Banuna-
[IMOHHAsI U TecToBas BeIOOpKA. Kpocc-Banmmmanms. Pabora ¢ kareropu-
QJIBbHBIMU TIPU3HAKAMHU.

Perpeccus. Merpuku onenku perpeccun: MSE, MAE, R2 - koaddurm-
eHT JeTepMuHainuu. JInHeiHas perpeccus, MOJTMHOMUATBHAS PErPECCHs.
[epeobyuenue u perymnspusanusi, rpednesas perpeccus, LASSO, Elas-
ticNet.
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BBeieHre B HCKYCCTBEH- 28110 10| 8 8 8
HBIM MHTEJIJICKT U OCHOB-
HbI€ METO/Ibl MAITUHHOTO
o0y4eHust 11t paboThI ¢
TaOJIMYHBIMH JTAHHBIMU
2 |CucreMsl TiTy0OKOTO 51414146 6 6
oOyueHus
3 |OOyuenue c mogkperie- | 5 |12 4 | 4 | 4 4 4
HHUEM
Bceero 5 /5418 |18 | 18 18| * | 2 | 18
Kypcosas paboma (npo-
exm)
Iloozomoeka k sKk3ameny
OO0mast Tpy10EMKOCTb, B 57218 |18 | 18 18 2 | 18 | IIpomexyTo4Has aTTe-
gacax dopma
3auer *
3ayer ¢ OLEHKOI
DKx3aMeH
4.2. Conepxanue TMCUMILIAHBI (MOTYJISA)
Ne i/m | HammeHoBaHue MOAYJIsl, COiepPKaHue Yacel
1 «BBe/leHre B MCKYCCTBEHHbI HHTE/JIEKT U OCHOBHbIE METObI MAIIUH-
HOT'0 00yueHus JJisi padoThI ¢ TAOJMYHBIMH JAHHBIMID)
Jlekuun
1.1-1.5 | [OnmuoHanbHO: MaTeMAaTHYECKHH JHMKOE3 IO 3JeMEHTaM MaTeMaTHye- 10




Jluneitaple Moaenu ans knaccudukanuu. [leprentpoH, JorucTuyecKas
perpeccusi, MOJIHOCBSA3HbIC HEHPOHHBIE CETH, CTOXAaCTUUECKUM I'paJUeHT-
HBI CIYCK W OOpaTHOE paclpoCTpaHEHWE TpaaueHTa. Perymspusanus
JUHEHHBIX MOIeNIel Kilaccu(PuKauum.

Knacrepusanus, kK-means, k-means++, DBSCAN, arinomepaTiBHas Kja-
cTepusanusi. METpUKH OLEHKU KJIaCTepU3allnu.

ANTOPUTMBI, OCHOBAaHHBIC Ha MPUMEHEHHH DPEUIAOIINX JepeBbeB. Kpu-
TEepUU pa3AeNieHus y3ia: HHGOPMAIIMOHHBIN BBIMTPHILI, Kputepuil Jxu-
HU. AHCaMOJIH pelarouX AePEeBbEB: CIydalHbIN JIEC, TPalMEHTHBINA OY-
CTHHT.

Merton onopHbIx BekTOpoB. IIpsiMas u oOpartHas 3amauya. OnpeneneHue
OINOPHBIX BEKTOPOB. A NEpHBINA TPIOK.

HausHeril OaiiecoBckmii kinaccudukaTop. MeToapl OLEHKH pacipe/erne-
HUS Ipu3HakoB. EM-anroputm Ha nmpuMepe CMecH rayccua.

Mertonpl Oe3rpaJyeHTHON ONTHMHU3AIMU: CiydaiiHblid mouck, hillclimb,
OTKUT, TEHETUYECKUN aJITOPUTM.

JlabopaTropnbie padoThl

JIP1.1

MeTtobl paboTsl ¢ Tabauiamu B Python. Arperanus u Buzyanusanus
JnaHHbIX. [IpoBeieHne NepBUYHOrO aHaIN3a JAHHBIX.

JIP1.2

CIOJIb30BAHUE U CPAaBHEHHUE alrOpUTMOB Kinaccupukarmm: kNN,
pelanye AepeBbes U NX aHcaMOIH1, JIOTHCTHYECKAs PErpeccusl.

JIP1.3

Hcnonp30BaHue U OLlEHKA aJropuTMoB perpeccuu. Ilonbop onrtumans-
HBIX
apaMeTPOB PErPECCUU

JIP1.4

OntuMu3anMoOHHbIE 33a4u U uX peuieHus. [longbop rumepriapameTpos
QITOPUTMA C MOMOIIBI0 METOJI0OB ONTHMHU3AIIHH.

IIpakTuka

11P1.1

HpOFpaMMHO'aJ'IFOpI/ITMI/I‘IeCKOG OCBOCHHEC MaTcpHuaJia

CamocrosiTeibHas padora

CP1.1

[TpopaboTka yuyebHOr0o MaTepuana JeKIui

CP1.2

[ToarotoBka K 1a00paTopHbIM paboTam

CP1.3

IToaroroBka k py'6e)KHOMy KOHTPOJIIO

CP14

Jlpyrue BUJbI CaMOCTOSTENIbHOM pabOoThI

Cucrembl 1;1y00K0ro o0y4eHus

Jlexun

2.1-
2.3

Heiiponnsie cetu. yHKIMM OIMOKK HEHPOHHBIX ceTell 1 00yueHue ¢
IIOMOIIIBI0 OOpaTHOTO pacrpocTpaHeHus rpaaueHTa. [lonstue 03T4a M
AIOXH.

PaboTa ¢ u300pakeHUs MU C TIOMOIIBI0 HEHPOHHBIX ceTel. CBepTOUHbIE
HelpoHHble ceTH. Onepanun cBepTok, max-pooling. IlomymnsipHblie apxu-
TEKTYpbI CBEpTOUHBIX HelipoHHBIX ceTeit: AlexNet, VGG, Inception
(GoogleNet), ResNet. Tpauncheproe oOyueHue.

O6paboTtka TekcToB. PaboTa ¢ €CTECTBEHHBIM S3BIKOM C TIOMOIIBIO
HeHpoHHBIX ceTell. BekTopHble mpeactaBieHus s Tekcra: word2vec,
skipgram,

CBOW, fasttext. Pexyppentnsie neriponnsie cetu, LSTM, GRU.
Tpancdopmepst, BERT, GPT.

JlabopaTopHbie paboThl

JIP2.1

Knaccugukarus n3odpaxenuit 1 TpancgepHoe o0ydeHue.

JIP2.2

Pabora ¢ Tekcramu u ux BCKTOPHBIMHU IMPCACTABJICHUSIMHU TCKCTOB.

IIpakTuka

1P
2.1

HpOI‘paMMHO-aJII‘OpI/ITMI/I‘-ICCKOC OCBOCHHC MaTcpHualia

AN O




CamocrosiTeibHas padora

CP2.1 | [IpopaboTka yueOHOr0 MaTepuana JCKIHi

CP2.2 | [loaroroBka K 1aOOpaTOpHBIM paboTaM

CP2.3 | [loaroroBka Kk pyOeKHOMY KOHTPOITIO

R FRPINDNOO

CP2.4 | Jlpyrue Buabl CaMOCTOSITEILHOM pabOThHI

3 OO0y4yeHue ¢ NOJKPeNIeHueM
Jleknuu
3.1- ITonsTHA arenTa, cpeapl, COCTOSIHUSA, AEUCTBUM U Harpaisl. OyHKIHA
3.2 neHHoctu cocrosiHus (Valuefunction) m ¢yHkms kauecTBa JeHCTBHA 2
(Qfuntion).

OnTumMu3anust CTpaTeruy ¢ MOMOIIBI0 MaKCUMH3AIUU (DYHKIUH IEHHO-
cTH U KadecTBa. Q-o0y4eHue.

I'ny6okoe obyuenue ¢ noakpemicaueM. Deep Q-Networks, Actor-critic.
Hns yposus skcnepTHbiii: REINFORCE, A2C, PPO, DDPG.

Jlaboparopnbie padoThl

JIP3.1 | Ilpumenenne Q-Networks Jutst pemieHust TPOCTHIX OKPY>KEHHH.

IIpakTuKa

ITP 3.1 | [IporpaMMHO-aJIrOPUTMHYECKOE OCBOCHHE MaTepHasa

CamocTosrenbHas pabora

CP3.1 | [IpopaboTka yueOHOTO MaTepuaia JeKIHil

CP3.2 | IloaroroBka K JJaODOpaTOPHBIM paboTam

CP3.3 | [loaroroBka K pyO€KHOMY KOHTPOJIIO

el el el I SN I SN Y SN O SN SN

CP3.4 | JIpyrue Buabl CaMOCTOSITEIbHOM pabOTHI

5. O6pa3oBare/ibHbIe TEXHOJIOTHHU
B npouecce npenonaBanust Moyt UCIIONB3YIOTCS CIEAYIONME METOAbI, CPEACTBa U 00-
HOBJISIEMOE MPU HEOOXOMMOCTH IIpOrpaMMHOE obecriedeHre NH(HOPMALIMOHHBIX TEXHOJIOTUH:
— e-mail npenonaBarerns;
— DJIEKTPOHHBIE Y4eOHO-METOAMYECKHE MaTepuanbl A 00ecrnedeHnus CaMOCTOSTENbHON pa-
OOTBI CTY/IEHTOB;
— CITMCOK CcailToB B ceT «VHTEpHET» JUIsl TOMCKAa HAyYHO-TEXHHUYECKOW MH(POPMAIIIH 110 pa3-
JieJaM TUCLMILIAHBL;
— MaKeThl MPUKIIAJHBIX IPOrpamMmM, Harpumep, pytorch.

6. YuedHO-MeTOIHUYECKOE 0DecTedeHHe CAMOCTOSATEILHOI PadoThI CTY/1€HTOB.

Jlnst oOecrieyeHus: CaMOCTOSATENBHOM PadOThI CTYIGHTOB IO Moyito c(hopMUPOBaH METOAMYECKHIA
KOMILJIEKC, BKITFOYAFOIIII

B ce0s cieayrouie yueOHO-METOINYECKUEe MaTEPHAIIbI:

1. IIporpammMma kypca.

2. YuebHUKHU U yueOHbIe TocoOusl.

3. Criucok asipecoB calToB B MH(GOPMAITMOHHO-TEIIEKOMMYHUKAIMOHHOM ceTn «IHTepHEeTY» (naee
— ceTb «MHTEepHETY), comepKanx akTyalIbHyr0 HHpopmammio mo 61o0kam Momys.
bubnmorpaduyeckue cchuik Ha ydeOHbIE H3IaHuUs, BXOASIINE B METOAMYECKAN KOMILIEKC, TTPHBE-
JICHBI B TIEPEYHE OCHOBHOM U JIOTIOJIHUTEIBHOHN yueOHOH TUTepaTyphl, HEOOXOAMMOM /I OCBOCHUS
Monyns (paznen 7).

K nononHuTENbHBIM MaTepHazaM TaK)ke OTHOCUTCS NepeveHb pecypcoB ceTu «HTepHeT», peKo-
MEH/TyeMBIX JIJIsl CAMOCTOSTENIbHOW paboThI pu ocBoeHNH Moy (paznen 7). CTyAeHTHI OTy4aloT
JOCTYH K YKa3aHHBIM MaTepuaaM Ha epPBOM 3aHATHH 110 Moayitto.



7. Y4yeOHO-MeTOAMYECKOEe W MAaTEePHAIbHO-TEXHHYECKOe o0ecnevyeHHe THCHHUILIU-
HbI(MOY.JIs1)

7.1. Y4eOHas muTeparypa:

OcHoBHasi TUTepaTypa Mo MOIY.J1I0

1 MammnHoe o0yuenue. Hayka u HCKyCCTBO MOCTPOEHUS AITOPUTMOB, KOTOpPbIE U3BJICKa-
10T 3HaHuA u3 naHHbixX. [lerep ®@nax. JJIMK Ilpecc. 2015.

2. TI'mybGokoe oOyuenue. [Torpyxenue B Mup HelipoHHBIX ceteil Hukonenko Cepreit Urope-
Buy, Kagypun A. A. | Hukonenko Cepreii Uropesuy, Kagypun A. A.

3. O6yuenue c nogkperienrem / Carron Puuapn C, bapto Duapro I'., JIMK Ilpecc, 2020.

JlonmoiHUTEIbHBIE Y4eOHbIe MAaTEPHAJbI
1. OcHOBBI HCKYCCTBEHHOT'O HHTEIIIEKTa : yueOHoe nmocobue / E.B.boposckas, H. A. JlaBbiioBa.
4-¢ u3n.,onexktpoH. M.: JlabopaTopus 3uanuii, 2020. 130 c.
HckyccTBeHHBIN MHTEIUIEKT ¢ ipumepamu Ha Python. [ixomml Ipatuk. Bunbsime. 2019.
3. Tlpukmnagnoe MamuHHOE 00y4yeHue ¢ momoiiwio Scikit-Learn, Keras u TensorFlow: konrern-
[UW, WTHCTPYMEHTHI U TEXHHUKH ]IS CO3JIaHUS MHTEIUICKTYalIbHBIX CHCTEM , 2-¢ U3JIaHUE.
KeponOpenben. [{nanexktuka-Bunbsame. 2020.
Xenpuk bpunk, /[xo3ed Puuapae, Mapk @esepond «Mamuanoe o0ydenney, [Turep 2017.
Kak yuntcs mammna: PeBomroust B 001acTy HEHPOHHBIX CeTel U IIIyOoKoro odyudeHus. SH
Jlexyn. Anprimaa PRO. 2021.
6. I'pokaem riybokoe o6yuenue. Duapro Tpack. [Tutep. 2019.
7. O0yuenue ¢ moakperuicnueM Ha PyTorch. Coopuuk penentor. FOcu Jlro. [IMK Ilpecc.
2020.
8. https://spinningup.openai.com/en/latest/

N

o s

7.2. UHTEpHET-pecypChl

[TpuMepHBIil IepeyeHb PECYPCOB CETH KUHTEPHET», PEKOMEHYEMbIX IPU OCBOCHUH MOJIYJIS
1 Open Machine Learning Course (https://mlcourse.ai)
2. Baenenwue B MammuHOE 00y4yenue ot «Bioinformaticlnstitutex
(https://stepik.org/course/4852/promo )
3. Crenumanuzanusi MammHHOE 00y4eHUE U aHAIN3 JaHHBIX 0T «MOCKOBCKHUI (HU3UKO-
texHuueckuii mHCTHTYT» (https://ru.coursera.org/specializations/machine-learning-data-analysis)
4. Tlnardopma s npoBeneHus copeBHoBanuii mo DataScience( https://www.kaggle.com )

7.3. IlporpammHoe obecnieyeHue:
— Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
— Microsoft Windows server 2003, 2008, 2012, 2016
— Microsoft Office 2007, 2010, 2016
— Awntuupycuoe [10 Kaspersky endpoint security
— CnpaBouHo-1ipaBoBas cucrema “I'apanrt”

7.4. MaTtepuajJbHO-TeXHHYeCKOe o0ecnieyeHue
Onucanne MaTepuaIbHO-TEXHHYECKOH 0a3bl, HEOOXOAMMOM AJIs1 M3YUYEHUS MOIYJIA

[Tepeuens MaTepraIbHO-TEXHHUECKOTO oOectieueHus Moys
Ne n/m | Bup 3anstuit Bun u HaumeHoBaHUE 000PYAOBaHUS

1 |JlekumoHHble  |AyAUTOPUH C MYJIbTUMEAMUHBIMU CPEACTBAMH, CPEICTBAMU 3BYKO-
3aHATUA BOCIPOM3BEIEHUS 1 UMerolne BbIXo B ceTh «HTepHeT». [Tomere-
HUS JUTSI TPOBEICHUS ayAUTOPHBIX 3aHATUH, 000py10BaHHBIE yueOHOM



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/

2  |JlaGoparop- KoMmnproTepHslii K1acc ¢ KOMIUIEKCOM IIPOIPaMMHBIX CPEJCTB, M03BO-
HbIE pabOThI JSIOMIUX KKIOMY CTYICHTY pa3padarbiBaTh IPOrpaMMHbIE peain3a-
UM [TPAKTUYECKHX 33124 B XOJI€ BBITIOJIHEHUS JIAOOpaTOPHBIX padoT

3 |Camocrostens- |bubnuoreka, uMeromas paboune Mecta Ui CTyIeHTOB. AyIUTOPUH,
Has paboTa OCHAIIIEHHbIE KOMIIBIOTEPAMH C JOCTYIOM K ceTH « HTepHeT»

4  |IIpakTuka KoMnbroTepHslii Kj1acc ¢ KOMILUIEKCOM IIPOTPaMMHBIX CPEICTB, I103BO-
JSIFOIUX KaXKIOMY CTYJEHTY pa3paldaThIBaTh POrpaMMHBIE peain3a-
IIUH [TPAKTUYECKHX 33124 B XOJI€ BBITIOJIHEHUS JIAOOPaTOPHBIX paboT

6. OueHoYHBbIE cpeCcTBa IJISl TEKYlLIero KOHTPOJISA YCIeBAeMOCTH U NPOMEKYTOUHOI
aTTecTAlMHU M0 UTOTaM OCBOEHMS 1M CHUILIUHBI.

6.1. OIIUCAHHUE IMOKA3ATEJIEA U KPUTEPUEB OLIEHUBAHU S
KOMIIETEHIIUU HA PA3JIMYHbIX OTAITAX UX ®OPMUPOBAHUAA,
OINUMCAHUME HIKAJI OHEHUBAHUA

®onp ouenounbix cpeacts (POC) mpenycMaTpuBaeT clieayrolee:

— OIHCaHue KOMIUICKCA MoKa3aTeaeii — IECKPUITOPOB OCBOCHUS KOMITETSHITHI B BHJIC Pe-
3yJITATOB O0YUYECHHSI, KOTOPBIC CTYJACHT MOXET MPOACMOHCTPHPOBATH (

— (tabnuua 1). Jns KOHTPOIS JOCTUXKEHUS KAXKAO0T0 U3 HUX MPETyCMOTPEHBI OIEHOYHbBIC
CpEeICTBa B BUJIC BOIIPOCOB, 3a/IaHU U T.1I.;

— 0003HavYeHUE KPUTEPHEB — IIPABHJI IIPUHSITHS PEIICHUS 10 OLIEHKE JIOCTUTHYTHIX PE3YJIbTa-
TOB 00y4eHUs ¥ CHOPMUPOBAHHOCTH KOMIICTCHITHIA.

Hanpumep, B kauecTBe NIKabl OlleHUBaHus puHUMaeTcs 100-0anpHasi cucteMa C BBIJCIICHUEM

(rpagarueii) OLEHOK:

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

6.2. TUTIOBBIE KOHTPOJIbHBIE 3ATAHUS WJIM UHBIE MATEPHATBI,
HEOBXOJMMBIE J1J151 OEHKW 3HAHW, YMEHW 1 (MJTA) OTIBITA
JNESTEJIBLHOCTH, XAPAKTEPU3YIOIIUE DTAIBI ®OPMUPOBAHUS
KOMIETEHILUI B MPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI
MMPOTPAMMBI

BbimyckHMK, OCBOMBIIMI 00pa3oBaTelbHYIO MpOTpaMMy, JIOJDKEH 00J1a1aTh
npodeccnoHaTbHBIMU KOMITETEHIIUSMU 10 TEMaTHYECKUM MOJIYJISIM ITPOTPaMMBbI:

Kon HaumenoBanue PesynbraThl 00yueHus
TEMaTH4ECKOI0
MOJLYJISI




BBenenue B uckyc-
CTBCHHBII WHTEIUICKT
1 OCHOBHBIC METOJIbI
MAITMHHOTO O0YUICHHS
it paboTHI ¢ Ta0-
JMYHBIMU JIaHHBIMU

3HaHus:

— TEeOopeTHYecKHe OCHOBBI aHAIM3a JAHHBIX U MAIlIMHHOTO
o0yJeHus;

— crnenuuka paboThl ATTOPUTMOB MAIIMHHOTO 00Y4EHHS.

Ymenus:

- MPUMEHEHHE METOJIOB MAIIMHHOTO 00yUEHHsI, HOJArOTOBKA
JTAHHBIX U UHTEPIpPETAIHs PE3yIbTaTOB.

HaBbIkH (ONBIT J€eSITEJILHOCTH):

- HMHTepecyeTcs HOBBIMU TPEHIaMH B cBOel mpodeccuo-
HaJIbHON OTpaciiy, pacCMaTPUBAET UX C TOUKU 3PEHUS
MIPUMEHEHUS B CBOEH JEATEIbHOCTH;

- OLEHUBAET MPUMEHUMOCTb AJITOPUTMOB, BO3MOKHBIEPHUC-
KU ¥ TIOCJIEACTBUS OIIMOOK, HAXOJUT ONTHMAJIbHBICpEIIe-
HUs i pabouux 3a1a4

Cucremsbl [ITyOOKOTO
oOyueHus

3Hanus:

- [IPUHIMIIBI OOYYeHUs] U IPUMEHEHUS HEHPOHHBIX CETEH.

- apXUTEKTYpHI TITyOOKHUX HEHPOHHBIX CETEH, MPUMEHIEMBIX
B PELLIEHUY NPAKTHUYECKUX 3a/1a4
CBSI3aHHBIX C aHAJIM30M M300paKEHUHN U TEKCTOB;

Ymenus:

- HACTpoOIiKa HEOOXOJAUMOTO OKPYKEHUS JUIst paboThI ¢
HEHPOHHBIMU CETSAMMU.

- MpHUMEHEHHE U T000yYeHUEenpeao00yIeHHBIX
HEHPOHHBIX ceTel U3 IOCTYIHBIX ONOINOTEK

HaBbIkHU (ONBIT AeSITEJIbHOCTH):

- BJIAJICET HABBIKOM MPOBEACHMUSI ITOJIHOTO LUK
BBIYMCIIMTEIIBHOIO SKCIIEPUMEHTA, OTPAKEHHS XO/1a BbI-
IIOJIHEHUS IPOEKTA U MOITY4YECHHS PE3YJITaTOB B OTYETAX
U JOKYMEHTaLUH;

- BJAJEEeT HABBIKOM HCIIOJIb30BAHUs CYLIECTBYIOIIUX IIPO-
IrPaMMHBIX OMOJIMOTEK U MOJIEIeH, CO3AaHMsI TPOTPAMM-
HBIX pean3aluil r1yOoKuX HEMPOHHBIX ceTei




OOyuenue ¢ 3HaHuA:

HOJIKpEIICHUEM - TEOpPETUYECKHE OCHOBBI U AJITOPUTMBbI O0YUEHUS C MOJ1-
KpETUICHHEM;

- IpUMeHeHHe 00y4eHMs C MOAKPEIUIEHUEM Ul IpaKTuye-
CKHUX 3aJad.

YMenus:

- BBIOOp W peanu3aius aNropuTMOB 00yUSHHS C TIOAKPETI-
JICHUEM C YYeTOM clielu (UK 3a1a4u

- ajanTainys U HaCTPOHKa alrOPUTMOB OOYyUEHUS C MO
KPEIJICHUEM I10]1 OIIPEJCIICHHYIO CpeLy.

HaBbIkH (ONBIT J€eSITEJILHOCTH):

- HHTepecyeTcs HOBBIMHU TPEHJaMM B CBOEH mpodeccuo-
HAJIBHOM OTPaciii, pacCMaTPUBAET UX C TOUYKH 3PCHUS
IIPUMEHEHUS B CBOEH JEATEIbHOCTH;

- BIIAJICET HaBBIKOM HCIIOJIb30BAaHUS CYIIECTBYIONINX MPO-
IpaMMHBIX OMOIHOTEK U MOJieNell, Co3/1aHus MporpaMM-
HBIX pealln3aliii Ha OCHOBE AJITOPUTMOB OOYYEHUS C
MOJIKpEIJICHUEM

Cpencrsa Ayl OLCHKH Pa3IMYHbIX YPOBHEH (POPMUPOBAHUS KOMIIETEHIMN 1O KAaTErOpUsIM
«BHATh», «YMETb», «BIAAETh» O0ECIEUMBAIOT pEaU3alMl0 OCHOBHBIX MPUHIMIIOB KOHTPOJI,
TaKMX Kak OOBEKTUBHOCTb M HE3aBUCUMOCTb, MPAKTUKO-OPUEHTHUPOBAHHOCTDH, MEXJIUCIUILIH-
HapHOCTb.

C y4eToM 3TOro KOHTPOJIbHBIE BOIPOCH! (3a1aHus, 3a1a4n), sxoasmue B ®OC, mida pas-
JIMYHBIX KaTerOpUi U YpOBHEH OCBOEHHSI KOMIETEHIIUI MOTYT UMETh CJICAYIOLINNA BUJL.

3HATDH
IIpumepnr:

Tunsl 3a1a4 MalIMHHOTO O0YUYEHUS U KJIacChl AITOPUTMOB, K HUM MPUMEHSEMBIE.

2. OcHOBHBbIE HaIPaBJICHUS PA3BUTHS UCCIEIOBAHUN B 00JIACTH CUCTEM HUCKYCCTBEHHOTO

UHTEJUIEKTA.

3. Teoperndeckrue OCHOBBI AITOPUTMOB MAIIMHHOTO 00Y4EHUS!.



YMETD Ilpumepni:
[ToaroToBUTH NaHHBIE K UCIIOIB30BAHUIO AITOPUTMA MALTHHHOTO 00Y4EHUSI.
OneHnBaTh KAYECTBO PELIEHUH CUCTEM MAIIMHHOTO 00y4eHHMS.
3. AmanTHpoBaTh aNTOPUTMbI MAIIMHHOTO OOYYEHUS K PEIICHUIO TPAKTUYECKUX 3a/1a4.

BJAJAETD Ilpumepsi:

1 Merononorus pa3pabOTKH peUICHUH MAIIUHHOTO O0Y4EHUSI.
[TprMeprl MPaKTUYECKOr0 MPUMEHEHHS aDXUTEKTYP UCKYCCTBEHHOI'O MHTEIIICKTA.
3. Metoapl OHJIaliH TECTUPOBAHUS PELICHUH MAITUHHOTO 00Y4EHUSI.

N =

N

6.3. METOANYECKHE MATEPHUAJIBIL, ONPEJAEJIAIOUIAE ITPONENY PbI
OLNEHUBAHMS 3HAHUHW, YMEHUU U (WJIH) OIIBITA JESTEJIBHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIbBI ®OPMHUPOBAHUSA KOMIIETEHIIUA

[Tpumepsl (MakeTbl) METOAWYECKMX MaTEpUANIOB, OIPEIEIAIOUIMX IMPOLEAYpPhl OLIECHUBAHUS 3HA-
HUM, YMEHUH U (WJIM) OIIBITA JESATEbHOCTH

HaumenoBanue Kparkas xapakTepucTHKA OLEHOY- IIpeacrasiienue
OLICHOYHOI0 HOI'0 CpelCcTBa OLICHOYHOI0 CPeCTBA
cpeacTsa B doHge
Texkymui KOHTPOJIb CpencTBo poBEPKH OCBOEHUS Komriekts! OuiieToB
yCIIEBAEMOCTH YPOBHEH «3HATh», KYMETh) KOMIIE- (3a1anmii)

KommiekT OuseroB (mpuMepHbIi)
buner 1.
11 BaiiecoBckuii knaccugukarop. Onenka npusHakos (Gaussian, Bernoulli, Multinomial).
EM anroputm.
1.2 Knacrepuszarus. KMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
2.1 Aucam6u. Soft and Hard Voting. Bagging. Cay4aiinsrii jiec.
2.2 Metpuueckwuii knaccudukaropsl. KNN. WKNN.

buner 3.

3.1 Jluneiinas perpeccus. LASSO, LARS. CART.

3.2 epess pemennii. UahopmanroHHbIi BRIUTPHIL. OmnOKa K1acCHPHUKAINN, SHTPOTIHS,
kpurepuit Jxunu. [IpyHuHr.

buner 4.

41 TnoGameueiii mouck. Chydaiineiii mouck. Gridsearch. Cydaiinoe Omy»xa-
Hue.baliecoBckas onTUMHU3aIus.

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

buner 5.
51 AdaBoost. I'pagueHTHBIH OYCTHHT PEIIAIOIINX JIEPEBHEB.
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. [lepuentponPosentnarra. OOpaTHOe pacnpocTpaHEHHE TpaJueHTa.
®ynkun aktuBanun. Softmax.

buner 7.



7.1 Jloxanpubiii momck. HillClimb wu ero passoBugnoctn. Omxwur. ['eHeTHUecKuit
AITOPUTM.
7.2 MeTton onopHBIX BEKTOPOB. Sapa.

6.4. Ilepeyenn 1a00paTOPHBIX PadOT (MPUMeEPHDIIi)

O0mue pekoMeHIAUMH K J1a00paTOPHBIM padoTaM: JUId pa3HbIX YPOBHEH MOATOTOBKU CTY-
JICHTOB MO>KHO MCII0JIb30BaTh PAa3HYyI0 IIIyOMHY peanu3anuu pemenus. Tak, Ui CTyA€HTOB HeTeXHU-
YECKUX CIEUATLHOCTEH 3aJaHHe MOXKET 3aKJII0YaThCsl B IPUMEHEHUH TOTOBBIX METOJIOB U3 OUOIMO-
TEK WJIN 3aII0JJHEHUEM MPOIMTYCKOB B MPOrpaMMax, Te 0oJbllas 4acTh MOATOTOBIICHA PENO/IaBaTeNIeM.
JUis CTyIeHTOB TEXHUYECKUX CIIELMAIbHOCTEH 3ajaHne OyIeT 3aK/I0uaThCs B pealu3aliy alropuT-
MOB 0€3 HCII0JIb30BaHHSI TOTOBBIX PELICHUH.

JIP1.1 Metonsl pabotel ¢ Tabiuiamu B Python. Arperanus u Bu3yanu3anus gaHHbix. [Ipose-
JICHHE TIEpBUYHOTO aHAJIN3a JAHHBIX.

Llenu: u3ydeHne MeTo0B paboThl ¢ JaHHBIMU B Python m mpoBeneHue MepBHUYHOTO aHAIM3a
JTAHHBIX.

3ajanme: 3arpysure aaracet B pandasmaragpeiiM. BriBenure ocHOBHBIE ITapaMeTphI 1aTacera.
Onpenenure, CKOJIBKO B JaTaCETE CIIy4aeB OTCYTCTBUS MPU3HAKOB. Onpenennure, CKOJIbKO NPU3HAKOB
ABJISIIOTCS KaTeropuajbHbIMU. Busyanusupyiite pacnpenerneHue npu3HakoB o kiaccaM. Busyanusu-
pYHTE 3aBUCUMOCTb MEXAY NPU3HAKAMH.

JIP1.2 Vcnonb3oBaHue U cpaBHeHHE anroputMoB kiaccudukanuu: KNN, pemaromnye nepeBbs
¥ X aHCaMOJTH, JIOTUCTUYECKAsI PETPECcCHsl.

Llenu: npuMeHEeHNE U OLIEHKA AJIFTOPUTMOB KJIACCH(PHUKALIHH.

3amanue:

Paznenute naracer Ha oOyyaromMi U BaJUJALMOHHBIA C COXpPAaHEHUEM INPOIOPILUI KIacCOB.
Knaccuduiupyiite Touku u3 naracera ¢ momoinsio anroputMoB KNN, joructuyeckoit perpeccuw,
CART, cayuaiinoro neca, CatBoost. [Ton6epute nyumme nmapamerpsl alfOPUTMOB CIIOMOIIIBIO BaJU-
JAIMOHHOM BBIOOpKH. CpaBHUTE BpeMsl padOThl aAJITOPUTMOB U 3aBUCUMOCTH OT TIPEen0O0padOTKU JaH-
HBIX.

JIP1.3 Wcnonb30BaHue U OLIEHKA allTOPUTMOB perpeccuu. [1og0op onTUMaibHBIX MapamMeTpoB
perpeccun.

Llenu: u3ydeHue anropuTMOB PETPECCHH.

3amanue:

[TpumenuTe METO TMHEHHON perpeccuu AJs pelieHus 3a/1aun Ha natacere. JlobaBbTe B 1aTa-
CeT MOJMHOMHUAIIbHBIC TIPU3HaKH. [[00aBIsiiTe MPU3HAKY ITOKA HE YBUIHUTE NIepeoOydeHne Ha BTl 1a-
roHHomaaracere. [Ipumenure rpebHeByto perpeccuto 1 LASSO, uroOsl n36aBUTHCS OT mepeolyue-
HUSL.

JIP1.4 Ontumu3anMoHHble 3aa4u U ux pemenus. [logbop runepnapamMeTrpoB airopurMa c mno-
MOIIIBI0 METOJIOB ONITHMHU3AIHH

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

3amanue:

1 OnTUMU3UpYHTE JTUHY MaplipyTa B 337a4e KOMHBOSDKEPA C TOMOIIBIO aITOPUTMOB

hillclimb, omxura u renerndyeckoro anroputma. BeiBenuTe NoMyduBIIUIiCS YTh U €TO JJIHHY.

2. OnTuMHU3UpyHTE THIIEPIIApaMeTPhl AITOPUTMa MAIIMHHOTO 00y4YeHHs (Ha BHIOOP) ¢ TTOMOIIBIO

CITy4aifHOTO TIOMCKa, TIOMCKa 10 pererke, anropurMa hillclimb, renerndeckoro anropurma.

JIP2.1 Knaccuduxamms nzo0paxkeHuit 1 TpaHchepHoe o0ydeHHe.
[enu: n3ydeHnue METOI0B TIIyOOKOTO OOyUeHHMsI 1711 pabOThI ¢ N300paKECHUSIMH.
3amanue:



3arpy3uTe gaTaceT M CO3JalTe MUTEpaTop sl MOACIH TTyOOKOTO OOydeHUs. 3arpy3uTe Ipeno-
Oyuennyro Ha ImageNetcseprounyto cets (AlexNet, VGG umu ResNet) u no6assre k backbonemon-
HOCBSI3HBIM cI0M u1si 00ydeHus. OO0yunTe HEHPOHHYIO CETh Ha, BU3YAIM3UPOBaB Tpaduk (yHKIIUH
noTepb Ha OOydYarolled M BalMJAIMOHHON BBIOOpKe. Peannsyiite Moaynb NmpUMEHEHUs HEWPOHHOMH
CETH K JJaHHBIM, IPOBEPHTE Ka4eCTBO 00yUEHHUsI Ha TECTOBOM BBIOOPKE.

JIP2.2 Pabora ¢ TekcTaMu U MX BEKTOPHBIMH MpeacTaBieHusIME. [lenu:
U3y4YCHHE MOJIEJIe BEKTOPHOTO MPEICTABICHUS TEKCTOB. 3aJaHHeE:
CkauaiiTe npenodydeHHble BeKTOpa i cioBaps. C MOMOIIbIO JII000ro KiaccuukaTopa Ma-
mmmHHOTro 00yueHus (KNN, SVM, CatBoost) kinaccudunupyiite TeKCThI U3 gaTacera o CyMMe BEKTO-
poB cioB. Kiaccuduiupyiite Tekctsl ¢ momonisto LSTM cetu.

JIP3. 1 Tlpumenenne Q-Networks s perreHust poCThIX OKPYKEHHUH.

Lenu: n3ydyeHue npuMeHeHs1 00y4eHHUs ¢ MOAKPEIUICHUEM IS PEIICHHH 3a/1a4 KOHTPOJISL.
3ananue:

OOyuunTe MPOCTYIO MOJHOCBA3HYI0Q-ceTh /s pereHus okpyxenus LunarLander.

[Iponierypsl OlleHMBAaHUS 3HAHUN, YMEHUH, (DOPMBI M OPTaHU3AIMS TEKYIIETO KOHTPOJIS yCIIe-
BAaE€MOCTH U IPOMEKYTOUHON aTTeCTallui 00y4aroIuXxcs

Texkyumuii KOHTPOJIb YCIIEBAEMOCTH U IMPOMEKYTOUHAsI aTTECTALUs CTYIEHTOB BEJETCSI B COOT-
BeTcTBUHU C [loso’keHneM o TeKyleM KOHTPOJIEe YCIeBAaeMOCTH U ITPOMEXYTOUHOM aTTecTaluu odpa-
30BaTEJIBHON OpraHu3aluu

Texymmii KOHTPOJIb YCIIEBAEMOCTH

Monyne nenutces Ha aBa 67oka. Kax i 0J0K BKIIIOYAET B ce0s1 M3YUCHHUE 3aKOHUYEHHOTO Pa3-
nena, yactu Mogyas.

Texymuii KOHTPOJIb IO MO0 OCYIIIECTBISETCS M0 KalleHaapHOMY yueOHomy rpaduky. Cpo-
KU KOHTpOJIbHBIX Mepornpusituii (KM) u cpoku noaseeHust HTOroB o Moyio 0ToOpaxaroTcsi B pa-
0ounx yueOHBIX IUIaHax Ha ceMecTp. CTyAEHT JOKEH BBIIOJHUTH BCE KOHTPOJIbHBIE MEPOTIPUATHS,
npeaycMOTpeHHble MoJylieM K yKa3aHHOMY CPOKY, IOCJIE YEero MpernoAaBaTelb MPOCTaBIseT Oalliib-
HbI€ OLICHKM, HaOpaHHbIE CTYJEHTOM I10 pe3yjbTaTaM TEKYIIEro KOHTPOJI ycrneBaeMocTu no Moay-
JI1O.

KoHTponbHOE MeponpuaTHe CUUTAETCS BBIITOJIHEHHBIM, €CJIH 3@ HETO CTYIEHT MOJY4YMII OLICHKY
B 0ajulax He HM)KE€ MUHUMAJIbHOW OLIEHKH, YCTaHOBJIEHHOW IPOrpaMMOi MOJyJsl MO JaHHOMY Mepo-
HPUSITHIO.

CryneHThl, He cIaBIIME KOHTPOJIBHOE MEPONIPUATHE B YCTAHOBIEHHBIN CPOK, MPOJOJIKAIOT pa-
00TaTh HaJl HUM B COOTBETCTBHE C MOPSAIKOM, IPUHATHIM 00pa30BaTENIbHOIN OpraHu3aluen.

IIpomexxyTouHast aTTecTanus

DopMOI MPOMEKYTOUHON aTTECTALMK 110 MOYIIO SIBISIETCS 3a4eT.

OuenuBanue Moayins BeneTcst B cOOTBETCTBUM € [loojkeHneM o TekynieM KOHTpOJIE ycIleBa-
€MOCTHU U IIPOMEXKYTOUHOM aTTECTAllUU CTYJEHTOB 00pa30BaTEIbHON OpraHU3alllu.

Hanpumep, MeToAHKA OLIEHKH 110 PEHTHHTY

CTyneHT, BBIMOJHUBIINI BCce MPEAyCMOTPEHHbIE y4eOHBIM IJIAHOM 3aJaHUsl U CHABIIUH Bce
KOHTPOJIbHBIE MEPONPUATHS, [TOJIy4aeT UTOTOBYIO OLIEHKY 110 MOyIt0 3a CEMECTp B COOTBETCTBUU CO
CIEAYIOIIEH IIKAIOM:

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

PeifiTunr crynenTta mo Moaysiro 3a ceMecTp onpezenseTcst Kak cyMMa 0ajuioB, MOJIyYeHHBIX UM 3a BCE
6s10ku Motyiisa, 1 6aJToB 3a MPOMEXKYTOUYHYIO aTTeCcTauio. MakCHMaIbHOE KOJTUYECTBO 0alIoB 3a
Mopnynb B ceMecTpe ycTaHaBiauBaeTcsi paBHbIM 100
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CBeleHnsi 0 nepeyTBep:KIeHNH MPOrPaMMbI HA O4YepPeIHON y4eOHBbIH ro U perucTpauuu
M3MEHeHHnH’

VYuebubiii | Pemenue xaden- BHeceHnHble M3MEHEHUS [Tonnucs 3aB. Kaden-
roj pbI poit
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