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1. [lesiu OCBOEHUSA AW CHUNIUHBI

[enbro n3yueHus: AUCIUIITUHBI «CHUCTEMBI HCKYCCTBEHHOTO MHTEIICKTAY SBIISETCS
(dbopMHpOBaHKUE KOMIIETCHIIMU B 00JIACTH MPUMEHEHHS MHTEIUICKTYaIbHBIX WH(POPMAIIMOHHBIX
CUCTEM JTsI pelIeHUs MTPo(ecCHOHABHBIX 3a/1ad.

3a1auu TUCIUILIHBL:

— 03HAKOMUTH C COBPEMEHHBIMU OOJIACTSIMHU UCCIIEAOBAHUS 110 UCKYCCTBEHHOMY MHTEJUICKTY U
chepaMu MPUIIOKEHUS IKCIIEPTHBIX CUCTEM;

— TI03HAKOMHUTHb C KOHIEHIMSMH, COCTaBISIONIMMH OCHOBY COBPEMEHHBIX CHCTEM
MCKYCCTBEHHOT'O MHTEIIIEKTA;

—  MBJIOKUTh TEXHUYECKHWE IMOCTAHOBKM OCHOBHBIX  3a/1a4y, peEIIaeMbIX CHUCTEMaMH
HCKYCCTBEHHOT'O MHTEJICKTA,;

— TIO3HAKOMHTH C OCOOCHHOCTSMHU TIPAKTHUYECKOTO HCIIOJIb30BAHUS HWHTEIUICKTYIbHBIX
MH(OPMAIIMOHHBIX CHCTEM B 00J1acTH HHPOPMAITMOHHOM 0€30TaCHOCTH.

2. Mecto mucuuniimHbl B cTpykType OIIOII 6akanaBpuara
[{ukJ1, K KOTOPOMY OTHOCHUTCS TUCIMITIMHA: (KO JUCIUILTHHbI
b1.0.10.03 ocausaercst na 3 kypce (6 cemectp)

«CHCTEeMBI HCKYCCTBEHHOTO MHTEIIIICKTa

3. PesyabTaThl  OCBOEGHHMSI AUCHMIUIMHBI  (MoayJsi) «CucTeMBbl HCKYCCTBEHHOTO
WHTEIUJICKTa»
[Ipouiecc wW3y4yeHHs AUCHMIUIAHBI HampaBieH Ha (HOPMHUPOBAHHE DIIEMEHTOB CIEIYIOIIUX
komreteHiuil B coorBercTBuu ¢ GI'OC BO no nanHOMy HampaBJIeHUIO:

Kon HaumenoBaHue Kon, HaumMeHOBaHUe HHIUKATOPA 0CTHKEHUSA
npodeccuona npogeccuoHAIbLHOM npogeccuoHAJIbLHOM KOMIIETEH UM
LHOI KOMMeTEeHIHH
KOMIETEHIH
1|
CriocoOeH BBISIBUTH I1K-7.1.Bsi6upaer 3HATB: HapaBICHUS
CCTCCTBCHHOHAYYHYIO  [[IPOI'paMMHBIC HJlaT(I)OpMBI [Pa3BUTHS CUCTEM
nK-7 CYIITHOCTBH Hp06HeM, CUCTEM HCKYCCTBECHHOTO MCKYCCTBEHHOTO
POSHHKAIONIX B XONE  MHTEIIIEKTa; WHTEJIEKTa; METOIBI
npodeccuoHanbHOM
e TCIILHOCTH B ACKOMITOSHIIH
oGIacTH peraeMpIX 3a1a4 C
MOJICTTUPOBAHUS U MCTIOJIb30BaHUEM
AHAIIM3a CII0KHBIX MCKYCCTBEHHOTO
€CTECTBCHHBIX U HTEIUTEKTA;
MCKYCCTBCHHBIX CHCTCM. IMK-7.2.Y4actByer B |[YMeTh:
MPOBEICHUU OCYIIIECTBISATh
HKCIIEPUMEHTAIBLHOW TPOBEPKH  [TEKOMITO3HITHIO
paboTOCTIOCOOHOCTH CHCTEM [pelIaeMbIX 3a/ad ¢
MCKYCCTBEHHOTO HHTEIUIEKTA MCTIOIb30BaHUEM
MCKYCCTBEHHOTO
WHTEIUICKTA;

Baagern: HaBBIKAMU
ITEKOMIIO3HIINH,
(bopman3anum
MPOIIECCOB U




00BEKTOB IS
KCIIOIb30BaHUs
I/IHTGHJICKTyaHLHBIX
IMPOrpaMMHBIX
[pELIECHUI

I1K-8

o0JracTu

MOACIIMPOBAHUSA U
aHaJIM3a CJIOXXHBIX
CCTCCTBCHHBIX U

HMCKYCCTBCHHBIX CUCTCM.

Crioco0O€eH BBIIBUTH
€CTECTBEHHOHAYYHYIO
CYIIHOCTb ITpO0IIEM,
BO3HHMKAIOIINX B XOJI€
podeCCHOHATBHON
NIEeATEILHOCTH B

[1K- 8.1 Bianeer HaBbikamMu
IMEKOMIIO3UINH, (hopMaTu3aluu
MPOIIECCOB U OOBEKTOB ISt
MCIIOJIb30BaHUS
MHTEJJICKTYaTbHBIX
[MPOTPAMMHBIX PELICHUI

4. CTpyKTYypa M cojiep:KaHue JMCHHUIIIMHBI (MOAYJIsA)
4.1. CTpyKTypa JTUCHUILIMHBI (MOAYJISA)
OO01mmast TpyI0eMKOCTh TUCIUTUIHHBI COCTABIISICT 2 3a4CTHBIX SIUHUIL, /2 9acoB.

Ne Buabl yueOHoli padoThl, BkiI04Yasg| DopMbl TeKyIero
n/n CaMOCTOSITEJIbHYIO padoTy KOHTPOJIsA
CTYJAEHTOB U TPYA10E€MKOCThb (B ycneBaemMocTH (no
yacax) Heldenam cemecmpa)
KouraktHas |CamocrosiTesb ®opma
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O6yquI/Ie 4 4 4 3
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[loocomoska K 9K3ameny

OOmmast TpyJOEMKOCTb, B [TpomesxyTouHas
yacax Dopma
721181818 Bauer =
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3ayeT C OLEHKOHU

JK3aMEH

4.2. Conepxxanue TMCUMILITUHBI (MOTYJIs)

Ne i/

HaunmenoBaHmue MOAYJd, COONCPKAHUEC

Yacebl

1

«BBeueHne B HCKyCCTBeHHbIﬁ HHTCJIJIEKT M OCHOBHBIC METO/JAbI
MAaIIMHHOI'O oﬁyqe}mﬂ AJIs1 p360TbI ¢ Ta0JIMYHBLIMH JAHHBIMHM»

Jlexnun

10

1.1-15

[OnumoHanpHO: MaTeMaTUYECKUI nukoe3 o 3JIEMEHTaM
MaTEeMaTUYeCKOW CTATUCTUKH, JUHEHHOW anreOphl U MaTEeMaTHYECKOTO
aHajm3a. |

OcHOBHBIE 3a1auun cUCTEM HCKYCCTBEHHOTO WHTEJIJIEKTA.
Knaccudukanus, kmacrepuzanusi, perpeccus. THIBI MalIUHHOTO
oOydeHus: ¢ yuyuTeneM, 0e3 y4yuTelsd, C YaCTUYHBIM IPHUBICYECHUEM
yuuTensi, 00y4eHue ¢ MOIKPEIICHUEM.

Knaccugukaius va npumepe anroputma K-ommwkaiiimux coceaeit (KNN)
[OnuuonansHo: bbICTpRI ToOMCK Onmxkaiimux coceneil.]. Merpuku
OlleHKHM Kiaccuukanuu: TmojaHoTa, TouHocth, FI, ROC, AUC.
Banmpannonnas u TtecroBas BbliOOpka. Kpocc-Bammmanus. PabGota c
KaTeropuaibHbIMU MTPU3HAKAMHU.

Perpeccus. Metpuku onenku perpeccun: MSE, MAE, R2 -
kod(durment aerepMuHanuu. JluHelHas perpeccusi, MOJIUHOMHAIbHAS
perpeccusi. llepeoOyuenne u perynspuszanus, rpeOHeBas perpeccus,
LASSO, ElasticNet.

Jluneitaple Monenu g kinaccuukanuu. IlepuentpoH, noructuyeckas
perpeccus, TOJHOCBSI3HBIE  HEUPOHHBIE  CETH,  CTOXACTUYECKHI
TPaJUEHTHBIM CHOyCK © oOpaTHOE paclpoCTpaHEHUE TpaJHeHTa.
Perynsapuzanus TuHEHHBIX MOENIEH KTacCU(PUKAIIHH.

Knactepuszanus, k-means, k-means++, DBSCAN, armomepaTuBHas
KJactepusanus. MEeTpuKH OLIEHKH KJIaCTepHU3aIlnu.

AJNTOPUTMBI, OCHOBaHHbIE Ha MPUMEHEHUU PEIIAOIINX JIE€PEBHEB.
Kpurepun paznenenust ysna: WHQOPMAIMOHHBIN BBIMTPHIII, KPUTEPHUI
JUkuHu.  AHcamMOnM — pelaronMx — JepeBbeB:  ClydyailHbIl  Jiec,
rPaIUCHTHBIA OyCTUHT.

Meton omopHbIx BekTOpoB. [IpsiMas u oOpatHas 3amgaya. OmnpeneneHue
OTIOPHBIX BEKTOPOB. S I€PHBII TPIOK.

Hawusnpii OaiecoBCKHIt KIaccupUKaTop. Metonasl OIICHKU
pacnpeneneHus npu3HakoB. EM-anroputm Ha npuMepe cMecH rayCCHaH.

MeTtoapl Oe3rpaJiuCHTHON ONTUMU3AIMK: Cly4aiHblii mouck, hillclimb,
OT)KHT, TCHETHYECKUI aJITOPUTM.

10

JlabopaTopHbie paboThl

JIP1.1

Mertoab! paboTsl ¢ TabauiamMu B Python. Arperanus u Bu3yaiuzanus
JaHHbIX. [IpoBeieHnEe NEPBUYHOrO aHAIN3a JAHHBIX.

JIP1.2

CIOJIb30BAHUE U CPAaBHEHHUE aIrOpUTMOB Kinaccupukaruu: kNN,
pelIaroIue 1epeBbes U UX aHCaMOJIH, JOTHCTUYECKAs! PerpecCHsl.

JIP1.3

Hcnonp3oBaHne W  OLIEHKa  anroputmoB  perpeccun.  [loxbop
ONTHMAJTLHBIX




1apaMeTPOB PErPECCUU

JIP1.4 | OntumuzanuoHHble 3agaud U ux pemenus. [lonbop rumepmnapameTpoB 2
JITOPUTMA C MIOMOIIBIO METO/I0B ONITHMHU3ALIHH.
IpakTuka 10
I1P1.1 | [IporpaMMHO-aJIrOPUTMHYECKOE OCBOEHUE MaTepHalla 10
CamocrosiTeibHas padora 8
CP1.1 | [IpopaboTka yuyeOHOrO MaTepuaia JeKInun 2
CP1.2 | [loaroroBka k 1a60paTOpHBIM paboTam 4
CP1.3 | [loaroroBka K py0e:KHOMY KOHTPOITIO 1
CP1.4 | Jipyrue Bubl CaMOCTOSITEIbHON pabOThI 1
2 Jleknun 4
2.1- | Heiiponnsie cetn. @yHKIIUHN OMMOKN HEHPOHHBIX CceTel 1 00yueHue ¢ 4
2.3 MIOMOIIIBI0 00PaTHOTO pacmpocTpaHeHus rpaiauenrta. [lonsrtue O3Tua M
AIOXH.
PaboTa ¢ u300paXkeHUSAMHU C MMOMOIIBIO HEUPOHHBIX ceTell. CBepTOUHBIE
HelipoHHele cetd. Omnepauuu cBepTok, max-pooling. IlonmynspHsie
apXUTEKTYphI CBEpTOUHBIX HelpoHHBIX ceTeit: AlexNet, VGG, Inception
(GoogLeNet), ResNet. Tpancdeproe obydeHue.
OO6paboTka TekcTOB. PaboTa ¢ €cTeCTBEHHBIM S3BIKOM C IOMOILBIO
HEHpOHHBIX ceTeil. BekTopHble npezacraBieHus Uil Tekcra: word2vec,
skipgram,
CBOW, fasttext. Pexyppentnsie neliponnsie cetu, LSTM, GRU.
Tpancdopmepst, BERT, GPT.
JlaboparopHbie padoThl 6
JIP2.1 | Knaccudukanus n3o0paxxeHuid U TpanchepHoe o0ydeHue. 3
JIP2.2 | PaboTa c TeKCTaMU U MX BEKTOPHBIMU IPEJCTABICHUSIMHU TEKCTOB. 3
IIpakTHKa 4
1P IIporpaMMHO-AJITOPUTMHYECKOE OCBOEHUE MaTepHaia 4
2.1
CamocrosiTesibHas paGora 7
CP2.1 | [IpopaboTka yueOHOTO MaTepuaia JeKIHil 1
CP2.2 | [loaroroBka k J1abopaTopHbIM paboTam 4
CP2.3 | [TogroroBka Kk py0e>XHOMY KOHTPOJIIO 1
CP2.4 | Ipyrue BUJbI CaMOCTOSITEIbHON pabOTHI 1
«OO0yueHune ¢ MOAKPEIJIEHUEM»
3 Jlekuuu 4
3.1- | [lonsaTus areHTta, cpesibl, COCTOSIHUS, IEHCTBHUI U Harpaapl. OyHKIUs
3.2 neHHoctu coctosHusa (Valuefunction) m ¢yHKuMS KadyecTBa nelCTBUS
(Qfuntion).
OnTumuszanusi CTpaTerMd C IOMOLIBI0 MaKCHUMHU3alMM  (PYHKUIUN 4
[IEHHOCTH M KadecTBa. Q-o0ydeHue.
['myboxoe obyuenue ¢ nogkperuienuneM. Deep Q-Networks, Actor-critic.
[l yposus skcneptHblii: REINFORCE, A2C, PPO, DDPG.
JlabopaTopHbie paboThl 4
JIP3.1 | [Tpumenenue Q-Networks Juist perieHHsI MPOCTHIX OKPY>KEHHH. 4
IIpakTuKa 4
IIP | [IporpaMMHO-aJIrOpUTMHUYECKOE OCBOCHHE MaTepHaa 4
3.1
CamocrosiTeibHas padora 3
CP3.1 | IIpopabGoTka yueOHOT0 MaTepuaa JeKIun 1
CP3.2 | IloaroroBka K JJabOpaTOpHBIM paboTam 1
CP3.3 | [ToarotoBka K py0eKHOMY KOHTPOJIIO 0,5
CP3.4 | [Ipyrue BUIbI CAMOCTOSATENBbHOM paboThI 0,5




5. Oopa3oBaTejibHbIe TEXHOJIOTHH

B mnponecce mnpenomaBanust Moayns HCHONB3YIOTCS CIEAYIOIIME METOJbl, CpEACTBA U

0oOHOBIISIEMOE MPU HEOOXOAMMOCTH IIporpaMMHoe obecriedeHre nHHOPMalMOHHBIX TEXHOJIOTHIL:

— e-mail npenonaBarerns;

— DOJIGKTPOHHBIE Y4eOHO-METOAMYECKHE MaTepHajbl JUIsi OOECIEeYeHHsS CaMOCTOSTEIbHON
paboTHI CTYIEHTOB;

— CHOHCOK caiiToB B ceTn «VIHTepHET» A MOUCKA HaydHO-TEXHUYECKOW HHGOpManuu 1o
pazaenaM AUCHUILIUHBL,

— MaKeThl MPUKIATHBIX IPOTrpaMM, Harpumep, pytorch.

6. YueOHO-MeTOAMUYeCKOEe oOOecneyeHHe CaMOCTOSITeJIbHOW PpadoThl  CTY/JAEHTOB.
OueHouHble cpeacTBa [JIs  TEKYHIero KOHTPOJSI  yCNeBaeMOCTH,IIPOMEKYTOYHOM
aTTeCTAlMH 110 UTOraM OCBOECHHS JTUCIHHILINHLL.

Jliia obecriedeHnst caMOCTOSATENbHON pabOoThI CTYAEHTOB 1o Moayito cpopmupoBaH
METOIMYCCKHUI KOMILJICKC, BKIIOYAIOIIUI

B ce0s cneayrome y4eOHO-METONYECKHE MaTePHAIIbI:

1. IIporpamma kypca.

2. Y4eOHMKH U yueOHbIe TOcoOus.

3. Cucok aJpecoB CaiTOB B UHPOPMALIMOHHO-TEIIEKOMMYHUKAITMOHHON ceTu «HTepHEeT»
(manee

— ceTb «HTEepHETY), coAepKaIIUX aKTyaabHyI0 HHPOpMaIHIo o 6J1okaM Moys.
bubnmorpaduyeckue cChUIKM Ha y4eOHBIC H3AaHUS, BXOIAIINE B METOANYECKHIA KOMILIEKC,
MIPUBE/ICHBI B IEPEYHE OCHOBHOM U IOTIOJHUTEIBHON yUeOHOU TUTEepaTypbl, HEOOXOAUMOM st
ocBoeHust Monys (pazuen 7).

K nomonnutensHbIM MaTepragaM Tak:ke OTHOCUTCS MepeueHb pecypcoB ceTu «HTepHeTy,
PEKOMEHIYEMBIX JIJISl CAMOCTOSITENIbHOM paboThl pu ocBoeHnn Monyns (pasznen 7). CTyaeHTb
MOJTy4aroT JJOCTYI K YKa3aHHBIM MaTepHajiaM Ha IIepBOM 3aHATUH 110 Moayiio.

7. Y4eOHO-MeTOAUYECKOe " MaTepHAJIbHO-TEXHUYECKOe odecreyeHue
AUCHMILIMHBI(MOTYJIs1)

7.1. Y4eOnas qureparypa:

OcHoBHas TUTEpPaTypa N0 MOAYJII0

1 MammnHoe o0yuyenue. Hayka 1 HCKyCCTBO OCTPOEHUS AJITOPUTMOB, KOTOPbIE
U3BJIEKAlOT 3HaHus U3 naHHbIX. [lerep @nax. IMK Ilpecc. 2015.

2. TI'mybokoe obyuenwue. [lorpyxenne B Mup HelpoHHBIX cetell Hukomenko Cepreit
Uropesuny, Kanypun A. A. | Hukonenko Cepreit Uropesuy, Kagypun A. A.

3. OO6yuenue ¢ moxkperuienneM / Carron Puuapn C, bapro Duupro I'., IMK Ilpecc, 2020.

JonosHUTeIbHBIE y4eOHbIe MATePHAJIbI

1. OcHOBBI HCKYCCTBEHHOT'0 UHTEIIEKTa : yueOHoe nocobue / E.B.boposckas, H. A. JlaBbiioBa.
4-e u3z.,onexktpoH. M.: JlabopaTopus 3uanuit, 2020. 130 c.

2. HckyccTBeHHBIN MHTEIUIEKT ¢ mpuMepamu Ha Python. [xommlIpatuk. Bumbsme. 2019.

3. Ipuxmagnoe wmamuHHOE 00ydenue ¢ momormipio Scikit-Learn, Keras u TensorFlow:

KOHLENIMN, UHCTPYMEHTbl M TEXHUKH JUIS CO3/IaHUS MHTEUIEKTYaJIbHBIX CHUCTEM , 2-€

n3nanue. XKeponOpenbeH. /nanextuka-Bunesame. 2020.

Xenpuk bpunk, J[xo3ep Puuapne, Mapk ®esepond «MammuHHOoe 00yuenuey, [Turep 2017.

Kak yuntcs mammna: PeBosmonust B 001acTi HEHPOHHBIX ceTel U IriIyOokoro odydeHus. SIH

Jlexyn. Ansninaa PRO. 2021.
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6. I'poxaem rmy6okoe obyuenue. Dunpro Tpack. [Turep. 2019.

7. OO6yuenue ¢ noukperuieHueM Ha PyTorch. Coopuuk peuentoB. HOcu Jlo. JJMK Ilpecc.

2020.
8. https://spinningup.openai.com/en/latest/

7.2. UuTEepHET-pecypchl

[IpumepHBIil IEpedYeHb PECYPCOB CETH «UHTEPHET», PEKOMEHAYEMbBIX PU OCBOCHUH MOAYJIS
1. Open Machine Learning Course (https://mlcourse.ai)

2. Bsegenue B MammuHOe 00yueHue ot «Bioinformaticlnstitutex»

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

3. Crnenmanuzarus MammHHOEe 00ydeHHEe U aHAIU3 JaHHBIX OT «MOCKOBCKHUH (hHU3HKO-
texHuueckuid mHCTUTYT» (https://ru.coursera.org/specializations/machine-learning-data-analysis)

4. Tlnardopma s mpoBeaeHus copeBHoBanuii mo DataScience(

https://www.kaggle.com )

7.3. IlporpammHoe obecnieyeHue:

Microsoft Office 2007, 2010, 2016

7.4. MarepuajibHO-TeXHHYECKOe o0ecrieyeHue

Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
Microsoft Windows server 2003, 2008, 2012, 2016

Antuupycnoe I10 Kaspersky endpoint security
CnpaBoyHo-nipaBoBas cucteMa “I'apant”

Onucanue MaTepI/IaJILHO-TeXHI/I'leCKOﬁ 6331)1, HCOGXOHHMOﬁ AJIA H3YYCHHUSA MOAYJIHA

Aynutopust Ne403.

386132, Pecrrybnuka Muarymerus, r.o. ropox Ha3pass,
r.Haspans, Tep. ['aMyp3ueBckuil aAIMUHUCTPATUBHBIN
OKpYT, yi1. MaructpanbsHas, 1. 39«a» Aya. Ne403
ITnomans 62,2 Ve

Crienpanu3upoBaHHas yueOHass MeOelb JIJIst
00y4YaroIIUXCs U TPEToIaBaTesIst; TEXHUIECKHE
cpencTBa 00yueHus (KOMIBIOTEpHAS TEXHUKA,
JIOCKa, MYJIETHMEINIHOE 000PyI0BaHHE:
WHTEPaKTHBHAsI 0CKA, IIPOSKTOP); AOCTYIT K
HH()OPMAITMOHHO-TEJIEKOMMYHUKAIIMOHHOM CETH
HHTepHeT; y4eOHO-METOMYECKIE MaTEPHAIIbI.

Jiist caMmocToATeNbHON paboThl 00YyYaIOIINXCS.
Aynutopus Ne 116

386132, Pecriybnuka Uurymierus, r.0. ropon Hazpansb,
r.Haspans, Tep. ['aMyp3ueBckuil aAMUHUCTPATUBHBIN
OKpyT, yi. MaructpaneHasd, 1. 39«a» Ayz. Nell6.
ITnomans 36,2 M

Paboune mecTa 1u1st 00yqarommxcs,
TEXHHUYECKUE Cpe/ICTBA 00yUueHUs (HOYTOVK,
JI0CKa), IOCTYN K ceTn IHTEpHET, yueOHO-
METOAMYECKHE MaTEPUAITBI, DJICKTPOHHBIE
00pa3oBaTeIbHBIE PECYPCHL.

OIIMCAHME MMOKA3ATEJIEH 1 KPUTEPUEB OLIEHUBAHMUSI
KOMIIETEHIIUM HA PA3JIMUHBIX DTAITAX UX ®OPMUPOBAHMUSI,
OIMUCAHUME LHIKAJI OHEHUBAHUA

®onn oneHouHBIX cpeacTB (POC) nmpeaycMaTpuBaeT cleayroliee:

OIIMCaHHE KOMILIEKCA MoKAa3aTeJae — ACCKPHUIITOPOB OCBOCHUS KOMIIETCHIIUM B BUJIE

PE3YyJIbTATOB O6y‘-ICHI/I$I, KOTOPBIC CTYACHT MOXKET MMPOACMOHCTPHUPOBATH (

CpelCcTBa B BUJIE BOTIPOCOB, 3aJJaHU U T.].;

(tabmuua 1). s KOHTPOIISE JOCTHXKEHHUS KaXI0T0 U3 HUX MPETYCMOTPEHBI OLIEHOUHBIE

0003HaueHUE KPUTEPHUEB — IIPABUIT IPUHATHSA PEUHICHUS 110 OLIEHKE JOCTUTHYTBIX

pe3yNbTaToB 00y4YeHUs U cPOPMHUPOBAHHOCTH KOMIIETEHIIUH.
Hanpumep, B kauecTBe HIKaibl orleHHBaHus npuHuMaetcs 100-6anpHas cuctema ¢ BblIeIEHUEM

(rpamarueit) OlEHOK:



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/

PeliTunr Onenka Ha
3auere
85-100
71-84 3auer
60-70
0-59 He3auer

TUMOBBIE KOHTPOJILHBIE 3AIAHUSI UJIM UHBIE MATEPUAJIDI,
HEOBXOJMMBIE J1J151 OEHKW 3HAHW, YMEHWI 1 (MJTA) OIIBITA
JNESITEJILHOCTH, XAPAKTEPU3YIOIIUE DTAIbI ®OPMUPOBAHUS

KOMIETEHIUI B MPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI

BrinyckHUK,

OCBOMBIIMI  00pa3oBaTENbHYIO

ITPOI'PAMMBbI

mporpamMmmy, JOJDKEH 00danaTh

HpO(i)GCCI/IOHaJIBHI)IMI/I KOMIICTCHIHUAMMU 110 TCMATUYCCKHUM MOAYJISIM ITPOTpaMMBbI:

Kon |HaummenoBanue Pe3ynbrarsl 00yueHus
TEMAaTHYECKOIO
MOJYJISt
Beenenue B (3HaHmus:
UCKYCCTBEHHBIH — TEOPETUYECKME OCHOBBI aHAIM3a JAaHHBIX M MAaIIWHHOIO
WHTEIJUIEKT 151 o0y4eHus;
OCHOBHBIC METOIBI |—  crneuu¢puka paboThl AITOPUTMOB MAIIIMHHOTO O0YYEHHUSI.
MalIMHHOTO  OOY4YeHUS |YmeHus:
1A paboTh C |- m[pUMEHEHHE METOJ0B MAIIMHHOTO O0Y4YEeHMs], TIOATOTOBKA
TaOJIMYHBIMU JTAHHBIX U UHTEPIPETALUS PE3YIIHTATOB.
MaHHBIMH HaBbIku (ONBIT AeSITEJIbHOCTH):

HUHTEPECYETCS HOBBIMU TpEeHIaMU B CBOEH
npodeccnoHalbHOM OTpaciau, paccMaTpuBaeT UX C TOUKU
3peHus IPUMEHEHUS B CBOEH JESTEIbHOCTH;
OLICHUBAET MIPUMEHUMOCTh aJICOPUTMOB,
BO3MOKHBIEPUCKHM M TOCIEACTBHS OLIMOOK, HAaXOJUT
ONTUMAaJIbHBIEpELLIEHUS I padounx 3aaa4




Cucrempl TiIyOOKOrO  |3HAHMS:

oOyueHus - NPUHLHUIBI 00yYEeHUs U IPUMEHEHUs] HeHPOHHBIX CeTeH.

- ApXUTEKTYpbI INYOOKHX HEMPOHHBIX CETEH, IPUMEHSAEMBIX
B peuieHuun MIPAKTUYECKHUX 3a1a4
CBSI3aHHBIX C aHAJIM30M M300paKEHUIN U TEKCTOB;

Ymenus:

- HAcTpolika HEOOXOIMMOTO OKpYKEHHUs /s pabdoThl ¢
HEUPOHHBIMU CETSIMHU.

- IpUMEHEHUue U n000yueHuenpe100yueHHbIX
HEHPOHHBIX CETeH U3 TOCTYMHBIX OUOINOTEK

HaBbIkH (ONBIT J€eSITEJILHOCTH):

- BIAQJACET HABBIKOM  MPOBEIEHUSA  IOJHOIO  LHUKIJIA
BBIYHUCIIUTEIBHOTO  3KCIIEpUMEHTa, OTPAXEHMsI XoJa
BBIIIOJIHEHUSI TIPOEKTa U IOJY4YEHUS pPE3yJbTaTOB B
OTYeTax U JOKYMEHTALINH;

- BJAJEET HAaBBIKOM  HCIIOJIb30BAHMSI  CYIIECTBYIOLUX
MPOrpaMMHBIX ~ OMOMMOTEK W MOJEJCH, CO3JTaHHs
MIPOrPaMMHBIX peanu3alnii TTyOOKUX HEHPOHHBIX CeTel

OO6yuenue c 3HaHuA:
MOJIKPETUICHHEM - TEOPETUYECKHE OCHOBBI W QITOPUTMBI OOYYEHHUS C
MOJIKPEIUICHHEM;

- TmnpuMeHeHHue OOydeHHs C  TOJKPEIUICHHEM  JUIs
MIPaKTUYECKHX 3a]1au.

YMenus:

- BBIOOp ® peanu3alus alrOPUTMOB  OOydeHHsS C
MOAKPETUICHUEM C YIETOM CTIeIU(UKH 3aa4n

- amanTalUs M HACTPOWKa ajropuTMOB OOy4YeHHUS C
MOAKPETUICHUEM TIO/T OTIPEICTICHHYIO CPELy.

HaBbiku (ONBIT AeSITEJILHOCTH):

- WHTepecyeTrcs HOBBIMU TpeHAaMHI B cBoOEH
npodeccHoHaNbHOM OTpaciy, pacCMaTPUBAET UX C TOUKH
3peHUs IPUMEHEHUS B CBOEH JIEITEIILHOCTH;

- BIQJCET HABBIKOM UCIOJIb30BAaHUS  CYIIECTBYIOIIHUX
MpOrpaMMHBIX ~ OHWOJIMOTEK ¥ MoOJeNeHd, Co3daHus
MpPOrpaMMHBIX peaju3aliii Ha OCHOBE aJIrOPUTMOB
00yueHus C MOJKPENIEHUEM

CpencrBa Al OLUEHKH PpA3IMYHBIX YPOBHEH (OPMUpPOBaHUS KOMIIETCHIMH IO KaTeropusm
«GHATb», «YMETb», «BJIAZETH» OOECCIEUMBAIOT PEAIN3ALUI0 OCHOBHBIX NMPHUHIUIIOB KOHTPOJI,
TaKUX KaK 00BEKTUBHOCTh u HE3aBUCUMOCTb, [IPaKTUKO-OPUEHTUPOBAHHOCTb,
MEXIUCIUIIIINHAPHOCTb.
C ydeToM 3TOro KOHTPOJIbHbIE BOIPOCH! (3aJaHus, 3a1aun), Bxoasmue B POC, i pa3anyHbIX
KaTeropuil 1 YpOBHEN OCBOCHMS KOMIIETEHIINHA MOTYT UMETh CIEAYIOIINI BU/L.
3HATD Ilpumepsr:

1 Tumnsl 33124 MaIMHHOTO O0YYEHHS U KJIACCHI AITOPUTMOB, K HUM IIPUMEHSIEMBbIE.

2. OcHOBHBIE HAaNPaBJICHUS PA3BUTHUS UCCIEIOBAHUN B 00JIACTH CUCTEM UCKYCCTBEHHOTO
MHTEJIEKTA.
3. Teopernyeckue OCHOBBI AITOPUTMOB MAIIMHHOTO O0YUEHHUS.
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YMETD Ilpumepni:

1 TloAroToBUTH JaHHBIE K UCHOIB30BAHUIO AITOPUTMA MATHHHOTO 00y4eHUsI.

2. OneHuBaTh KAYECTBO PELICHUN CUCTEM MAIIMHHOIO O0y4EeHHUS.

3. AmanTHpoBaTh aJTOPUTMbI MAIIMHHOTO OOYYEHHS K PEIICHUIO IPAKTHYECKUX 3a/1a4.
BJAJAETD Ilpumepsbi:

1 Merononorus pa3pabOTKu peUIeHUH MAITUHHOTO 00y4eHusI.

2. Ilpumepbl NIpaKTUUECKOTO IPUMEHEHUS APXUTEKTYp UCKYCCTBEHHOI'O MHTEIJIEKTA.

3. Mertobl OHJIalH TECTHPOBAHUS PEHICHUH MAITMHHOTO 00y4eHUsI.

METOAUYECKHE MATEPUAJIbL, OHPEAEJAIOUIHUE ITIPOLUEILYPbI
OLNEHUBAHMS 3HAHUHW, YMEHUU U (WJIH) OIIBITA JESTEJIBHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIbBI ®OPMHUPOBAHUSA KOMIIETEHIIUA

[Tpumepsl (MakeThl) METOAMYECKUX MAaTEpPHANIOB, OMPEACISIONIUX MPOLEAYPhl OLICHUBAHUS
3HAHUHW, YMEHHI U (UJTU) OTIBITA IEITEIbHOCTH

HaumeHoBanme Kparkas xapakrepucruka IIpencraBienue
OIIEHOYHOT0 OLIEHOYHOT'0 Cpe/ICTBa OLIEHOYHOT0 CPe/ICTBA
cpeacTBa B doHze
Tekyiuii KOHTPOITb CpencTBo MpoOBEPKU OCBOCHHS Komruiektsl OuiieToB
yCIIEBAEMOCTH YPOBHEH «3HATb», KYMETb)» (3amanHuii)
KommniekT 01J1eTOB (MpUMeEPHBIi)
buner 1.
11 BaitecoBckuii knaccupukarop. Orenka npusnakos (Gaussian, Bernoulli, Multinomial).
EM anroputm.
12 Knacrepuszanus. KMeans, kMeans++, MeanShift, DBSCAN.
buner 2.
2.1 Aucam6mu. Soft and Hard Voting. Bagging. Ciny4aiinsrii jiec.
2.2 Metpuueckuii kiaaccuduraropsr. KNN. WKNN.
buner 3.
31 Jluneitnas perpeccus. LASSO, LARS. CART.
3.2 Hepebs pemenuil. UnpopmannonHslii BeMrpsIm. Ommbdka kiaccuukanum, SHTPOnus,

kpurepuit Jxuan. [IpyHUHT.

burer 4.
41 ['moGanbuelii mouck. Coyuaitaeiii mouck. Gridsearch. Coydaitnoe
oyxnanue.baliecoBckas onmTuMHU3aIus.
4.2 Jluneiinas perpeccus. [lonnnomuanbHas perpeccus. I'peGHeBast perpeccusi.
buner 5.
5.1 AdaBoost. I'pasneHTHBIH OYCTHHT PEMIAIONINX JIEPEBHEB.
5.2 Knacrepuszanus. AgglomerativeClustering. Merpuku kiiactepu3anu.
buner 6.
6.1. Ouenka kinaccudukarun. Ipdexkrusaocts mo [Tapero. Precision-Recall # ROC kpussie. AUC.
6.2 Heiiponnsie cetu. IlepuentponPo3zen6narra. OOpaTHOe pacrpoCTpaHEHHE TpaJHeHTa.

Oyukiuu aktuBamu. Softmax.

buner 7.
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71 Jlokaneubiii  momck. HillClimb u  ero pasuoBuanoctn. Omxwur. ['eHeTHueckuit
AITOPUTM.
7.2 MeTton onopHBIX BEKTOPOB. Smpa.

Ilepeyensb JadopaTOpHBIX padoT (MPUMEPHbIA)

O0mue pekoMeHIaIMNU K J1a00PaTOPHBIM padoTaM: JJIs pa3HbIX YPOBHEH MOATOTOBKH CTYJIEHTOB
MO>KHO HCIIOJIb30BATh Pa3HYI0 MTyOHMHY peanu3aiuu pemeHus. Tak, s CTYJeHTOB HETEXHUYECKUX
CIEIMAIbHOCTEH 3a/laHue MOXET 3aKIH0YaThCsl B IPUMEHEHUH F'OTOBBIX METOJ0B U3 OUOIMOTEK WK
3aroJIHEHHEM IPOITYCKOB B ITPOrpaMMax, rjie OobIas yacTh MOJArOTOBJIEHA MpernoaaBaTenem. s
CTYJCHTOB TEXHUYECKHX CIIELUATbHOCTEH 3ajaHre OyIeT 3aKI04YaThCs B peal3aliy alropuTMoB 0e3
HCIIOJIBb30BaHHUA I'OTOBBIX pemeHHﬁ.

JIP1.1 Meroas! pabotsl ¢ Tabiuuamu B Python. Arperauusi u Busyanuszauusi AaHHbiX. [IpoBeneHue
IIEPBUYHOIO aHAJIN3a JaHHbIX.

Llenu: n3yueHne MeToZ0B paboThI ¢ TaHHBIMU B PYthon u npoBe/ieHNe EPBUYHOTO aHATKM3a JaHHbIX.
3amanue: 3arpysure garacer B pandasparadpeiim. BbiBequTe OCHOBHBIC MapaMeTpbl garaceTa.
Onpenenure, CKONBKO B JaTACETE CIIy4aeB OTCYTCTBHS IMPU3HAKOB. OIpeesnTe, CKOJIbBKO IPU3HAKOB
ABIIIOTCA ~ KAaTErOpHalbHBIMU.  BusyanusupylTe pacnpelesieHue IPU3HAKOB 110 KJIACCaM.
Busyanusupyiite 3aBUCHMOCTb MEKy PU3HAKAMH.

JIP1.2 Ucnonws3oBanue u cpaBHeHue aaroputmoB kinaccugpukaimu: KNN, pemraronme nepeBbs U Mx
aHcamOJIu, TOTUCTHYECKAasi pErpeccHsl.

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

3amanue:

Paznenure naracer Ha oOydaromuii W BaJIMJAAIMOHHBIA C COXPAaHEHHEM MPOMOPIMMA KJIACCOB.
Knaccudunupyiite Touku u3 naracera ¢ nomorinpio anroputMoB KNN, morumctudeckoit perpeccun,
CART, cunydaiinoro neca, CatBoost. Ilombepure mydmme mapamMeTpbl aJTOPUTMOB CIIOMOIIBIO
BaIMJAIIMOHHON BBIOOPKH. CpaBHHUTE BpeMsl pabOThl aIrOPUTMOB M 3aBUCUMOCTh OT MpeaoopaboTKH
JTAHHBIX.

JIP1.3 Hcnonb3oBaHMEe W OLIEHKa alroputMoB perpeccuu. [logbop onTUManbHBIX MapaMETPOB
perpeccum.

[{enu: nzyueHue anropuTMOB PErPECCHH.

3anaHue:

[TpumeHnuTe MeTO JIMHEHHOM perpeccuu JUisl pelieHus 3aaun Ha aaracete. /lo0aBbTe B garacer
NOJMHOMHAIbHBIE TpU3HaKu. [lo6aBisiiTe MpU3HAKK [TOKa HE YBUIUTE NepeoOyyeHne Ha
BaymIarmonHomaaracere. [lpumenute rpedHeByro perpeccrto 1 LASSO, 9To0bI H30aBUTHCS OT
nepeoOyyeHHs.

JIP1.4 Ontumu3anmoHHbIe 3a/1a4u ¥ UX penreHus. [londop rumneprnapamMeTpoB alropuT™Ma ¢ HOMOIIBO
METOJIOB ONITHMHU3AIHH

Llenu: n3yyeHne aaropuTMOB PEIICHHs ONITUMH3AMOHHBIX 33/1a4.

3aganue:

1 OnTumMu3MpyiTe ATHMHY MapuIpyTa B 3a1a4e KOMHBOsDKEpa ¢ iomoribto anroputmos hillclimb,
OT)KHTA U TCHETHYECKOTO AIrOpUTMA. BBIBEINTE MOTYUMBIIUACS MYTh U €T0 JUTHHY.

2. OnTHMHU3UPYHTE THIIEpIapaMeTphl AITOPUTMa MAlIMHHOTO OOydeHHs (Ha BHIOOP) C TOMOIIBIO
CITy4aifHOTO TIOMCKa, TIOMCKa 10 perneTke, anropurMa hillclimb, renerndeckoro anropurma.

JIP2.1 Knaccudukanus n3o0pakeHuii 1 TpaHchepHoe o0ydeHue.
Llenu: n3yyeHne METOI0B TIIYOOKOTO 00yUeHus 7Sl paboThl C N300paKEHUSIMH.
3aganue:
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3arpy3uTe JaTtaceT W CO3JaiTe WTepaTop JUIsi MOJETH TIyOokKoro oOydeHus. 3arpysure
npenodydennyro Ha ImageNetcseprounyto cerb (AlexNet, VGG wunmmu ResNet) u mo6aBbre K
backbonemonuocBs3HbIi cioit s 00ydeHus. OOydnTe HEHPOHHYIO CETh HA, BU3YaJTU3UPOBaB rpaduk
¢yHKIMU TOTeph Ha oOydaromield M BaJMAALMOHHON BbIOOpKe. PeanusyiiTe MOIyiab HpUMEHEHUS
HEIPOHHOM CEeTH K JaHHBIM, IPOBEPHTE KAUECTBO OOYyUEHUS Ha TECTOBOI BHIOOPKE.

JIP2.2 PaGora ¢ TekcTaMy U MX BEKTOPHBIMH MpeacTaBiIcHUAMU. [lemm:

U3y4CHHE MOJIEJIe BEKTOPHOTO MPEICTABICHUS TEKCTOB. 3aJaHHeE:

CkauaiiTe npenoOydeHHble BEeKTOpa i cioBaps. C MOMOIIbIO JII000ro KiacCU(PHUKAaTOpa MAIMHHOTO
obyuenus (KNN, SVM, CatBoost) kinaccupuuupyite TEKCTbI U3 JaTacera o CyMMe BEKTOPOB CJIOB.
Knaccudumupyiite Tekctsl ¢ momorisio LSTM cern.

JIP3. 1 Ilpumenenne Q-Networks s perreHust poCcThIX OKPYKEHHUH.

Lenu: n3ydyenue npuMeHeHUs1 00y4EeHHUS C TOAKPEIUICHUEM I PEILICHUH 3a/1a4 KOHTPOJISL.
3ananue:

OOyuunTe MPOCTYIO MOJHOCBA3HYI0Q-ceTh /s perieHus okpyxenus LunarLander.

[lponienypsl OLIEHWBAaHUS 3HAHWW, yMEHHWH, (OPMBI M OpraHM3alUsl TEKYIIer0 KOHTPOJIS
YCIIEBAEMOCTH M MPOMEKYTOYHON aTTeCTAllUU 00yUJaIOLTUXCS

Texymuii KOHTPOJIb YCIEBAEMOCTH UM IPOMEXKYTOUHAs aTTecTalus CTYJIEHTOB BEAETCA B
cooTBeTcTBUU ¢ llomokeHneM O TeKyleM KOHTPOJIE YCIEBAEMOCTH M MPOMEKYTOUYHOMN aTTecTalllu
0o0pa30BaTesbHOI OpraHu3anuu

Texymmii KOHTPOJIb yCIIEBA€MOCTH

Mopynb nenutcs Ha aBa Oioka. Kaxaeiii 06510k BKIIFOUaeT B ce0si M3yuyeHHEe 3aKOHYEHHOTO pasjerna,
yactu Mopayis.

Texymuii KOHTPOJb MO0 MOIYNIO OCYIIECTBIIECTCS IO KajeHAapHOMY ydeOHoMmy rpaduky. Cpoku
KOHTpOJbHBIX Meporpuatuit (KM) u cpoku mnojBeieHuss UTOroB mo Mojymio oToOpaxaroTcs B
pabounx yueOHbIX M1aHax Ha cemecTp. CTyIEHT J0JIKEH BBIMOJIHUTD BCE KOHTPOJIbHBIE MEPOTIPUATHS,
IpEeyCMOTpEHHbIE MoayneM K yKa3aHHOMY CpPOKY, IOCIE€ 4Yero IpernoAaBareib IPOCTaBIISIET
OayIbHBIE OLIEHKH, HaOpaHHBIE CTYJIEHTOM IO pe3yslbTaTaM TEKYIIEro KOHTPOJS YCHEBAEMOCTHU IIO
Mopyio.

KoHTponbHOE MepornpusiTUe CUUTAETCS BBINOJHEHHBIM, €CIM 32 HEro CTYACHT IOJY4YWs OLIEHKY B
Oaulax He HMKE MHHHUMAIbHOM OIIEHKH, YCTAHOBJIIEHHOW IpOrpaMMOM MOIYyJs MO JaHHOMY
MEPOIPUSITHIO.

CryneHTsl, He caBIIMe KOHTPOJIbHOE MEPONPUATHE B YCTAHOBJIEHHBIM CPOK, MPOIODKAIOT paboTaTh
HaJ HUM B COOTBETCTBUE C MOPSJIKOM, IPUHATHIM 00pa30BaTEIbHON OpraHu3alyen.

IIpomexxyTouHast aTTecTanus

DopMOI MPOMEKYTOUHON aTTECTALMK 110 MOYIIO SIBISIETCS 3a4eT.

OuenuBanue Moayns BeaeTcsl B COOTBETCTBUM C [lon0keHnEM 0 TeKylIeEM KOHTPOJIE YCIIEBAEMOCTH U
MIPOMEKYTOUHOM aTTeCTallH CTYIEHTOB 00pa30BaTEIbHON OpraHU3aIiy.

HanpuMmep, MeToAMKA OLIEHKH 110 PEHTHHTY

CryneHT, BBIIOJHUBIIMM BCE NPEIyCMOTPEHHbIE Y4YEOHBIM IUTAHOM 3aJlaHusl W CHaBIIMH Bce
KOHTPOJIBHBIE MEPOIIPUSITHS, ITOJTy4a€T UTOTOBYIO OLIEHKY 110 Moyito 3a ceMecTp B COOTBETCTBUU CO
CIEAYIOUIEH IIKAIOM:

PeiiTunr Onenka Ha 3a4eTe
85-100
71-84 3auer
60-70
0-59 Hezauer
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Peiitunr crynenrta mo Momyiio 3a ceMecTp OIpeensieTcsl Kak cyMMa 0ajlioB, MOJTYYEHHBIX UM 32 BCE
650xu Monyns, u 6aJUI0B 32 MPOMEXKYTOUHYIO aTTEeCTalni0. MakcUMalbHOE KOJIMYECTBO OAJJIOB 32
Monyinb B ceMecTpe ycTaHaBiauBaeTcs: paBHbIM 100
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Ipunoxenune
®OH/I OHEHOYHBIX CPEJICTB
no gucuuniaude «KCUCTEMbBI UHCKYCCTBEHHOI'O UHTEJIVIEKTA»
(UHOeKC OUCYUNIUHBL NO Y4eOHOMY NAAHY, HAUMEHOB8AHUe OUCYUNTUHBL (MOOYI5))

KOMIIETEHIIUM HA PA3JIMUHBIX DTAITIAX UX ®OPMUPOBAHMWSI,
OINUCAHHME HIKAJI OHEHUBAHUSA

®onj oneHouHbIX cpeacTB (POC) nmpeaycMaTpuBaeT ciaeayrolee:

— OIMCaHUE KOMIUIEKCA MoKa3aTesell — 1ECKPUITOPOB OCBOCHUS KOMIIETEHIINI B BUJIE
pe3yIbTaTOB 00yUEHUs], KOTOPBIE CTYIEHT MOXKET IPOIEMOHCTPUPOBATH (

— (tabmnuua 1). Iy KOHTPOJISI JOCTHXKEHUS KaXI0r0 U3 HUX MPETyCMOTPEHbI OLIEHOUHbIE CPE/ICTBA
B BU/JIC BOIIPOCOB, 3aJaHUI U T.1.;

— o0003HaUYeHNE KpUTepHeB — IIPABIII IPUHSTHS PEILIEHUS IO OLIEHKE JTIOCTUTHYTHIX PE3YJIbTAaTOB
o0yudeHus u chOPMUPOBAHHOCTH KOMITETEHITHH.

Hamnpumep, B kauecTBe 1ikasibl olleHUBaHus npuHuMaercs 100-0anbHasi cucreMa ¢ BbIICICHUEM

(rpamammeii) oneHoK:

PeiiTuHTr Onenka Ha
3ayere
85-100
71-84 3auer
6070
0-59 Heszauer
Kon HaumeHoBaHue Kon, HanMeHOBaHUe HHIAUKATOPA JOCTHKEHHSA
npodeccuoHa npogdeccuoHaNbHOI npogeccuoHaIbLHON KOMIIEeTEHIIUN
LHOI KOMIIETEeHIINN
KOMITETEHIINH
MK 7 CriocOOHOCTb HUCIIOJIB30BATh I1K-7.1 3nate MeTOaBI pa3paboTKH
SHAHHE OCHOBHBIX MeTO0B| OPHTMHAIBHBIX aJITOPHTMOB M MPOTPAMMHBIX
HCKYCCTBCHHOIO HHTEILICRTA peuienyii ¢ UCTIOTL30BAHHEM COBPEMEHHBIX
. TEXHOJIOTUI
B MOCJIEYIOLIEN
mpodeccnoHanbHOM
NEATEIIbHOCTH B KAdyeCTBE
Hay4YHbIX COTPYJIHHUKOB,
MpenogaBaTesIen
00pazoBaTebHBIX
OpraHu3aui BBICIIIETO
o0pa3oBaHMs, HHKEHEPOB,
TEXHOJIOTOB.
K-8 CriocoO€H BBIIBUTH IIK-8.1. Bribupaer [3HATh: HaNpaBIICHHUS PA3BUTHUS
€CTECTBEHHOHAYYHYIO MPOrpaMMHBIE CHCTEM MUCKYCCTBEHHOT'O
CYLLHOCTb IpoGIIeM, IaTGOpMbl  CHCTEM |[MHTEILIEKTa; METOJIbI
BOSHIKAIOIIMX B XOJIE MCKYCCTBEHHOTO IMEKOMITO3HILIUH PEIIACMBIX
IpOhECCHOHATBHOI MHTEIUICKTA, 3a/1a4 C UCIOJIb30BAaHUEM




eITEILHOCTH B 00JIaCTH
MOJICTTUPOBAHUS U aHATN3a
CJI0’KHBIX €CTECTBEHHBIX U
MCKYCCTBECHHBIX CHCTEM.

MCKYCCTBCHHOT'O MHTCJJICKTA,

MPOBEICHIH
PKCIIEPUMEHTAIbHON
MPOBEPKH
[paboTOCIIOCOOHOCTH
cucTeM
MCKYCCTBEHHOTO
WHTEIJICKTa

IK-8.2.YuactByeT B

YMerh: OCYIIIECTBIIATH
IMEeKOMITO3HIIUIO pemraembIx
3ajady ¢  HWCIIOJb30BaHUEM

MCKYCCTBCHHOI'O MHTCJJICKTA,

Bnaners: HaBEIKaMU
ImexoMmo3uIuu, popMamu3anuy
MPOIIECCOB U OOBEKTOB TSI
MCTIOJB30BaHMUSI

MHTEIICKTya IbHBIX
MPOTPaMMHBIX PEIIEHUN

BrinyckHUK,

TUMOBBIE KOHTPOJILHBIE 3ATAHUSI NJIM UHBIE MATEPHUAJIDI,
HEOBXOJMMBIE J1J151 OEHKW 3HAHW, YMEHW 1 (MJTA) OIIBITA
JNESTEJILHOCTH, XAPAKTEPU3YIOIIUE DTAIBI ®OPMUPOBAHUS

KOMIETEHILUI B TPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI

OCBOMBIIIHM 06p330BaTeJleon

ITPOI'PAMMBbI

porpammy,

IOJDKEH 0011a1aTh

HpO(i)CCCI/IOHaJII)HI)IMI/I KOMIICTCHIUAMM 110 TEMATUICCKHUM MOAYJIAM IIPOTpaMMbI:

Kon HaunmenoBaHue Pe3ynbTaTel 06yquI/15{
TEMATHYECKOT' O
MOJIysa
BBenenue B 3HaHuA:
HCKyCCTBeHHBIP'I — TCOPCTUYCCKHUEC OCHOBBI aHAJIN3a JAHHBIX X MAallIMHHOTO

WHTEIUIEKT U
OCHOBHBIE€ METO/IbI
MAIIIMHHOTO O0YYeHHS
TSt pabOTHI €
TaOIMYHBIMHA
JIAHHBIMUA

00y4eHUs;

- Cl'IeLII/I(i)I/IKa pa6OTLI AJITOPUTMOB MAIITMHHOT'O 06yquI/151.

YMmenus:

- MPUMEHEHHE METOJ0B MAIIMHHOTO 00Y4EHHs, TOJArOTOBKA
JOAHHBIX U I/IHTepHpeTaHI/IH pesyanaTOB.

HaBbiku (ONBIT AeSITEJILHOCTH):

- I/IHTepeCyeTCﬂ HOBBIMH TpeHJIaMI/I B CBO€I>1
po(ecCHOHANTEHOM OTpAaciy, pacCMAaTPUBALET MX C TOUKU
3peHI/I${ HpI/IMeHeHI/ISI B CBOGI\/’I JACATCIIbHOCTH,

- OLICHUBAET IPUMEHUMOCTH AJITOPUTMOB,
BOSMO)KHBIepI/ICKI/I " IIOCJICACTBUA OHII/I6OK, HaAaxXoguT
ONTUMATbHBIEPEIICHUS U1 pabounx 3a1a4d
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Cucrembl ITyOOKOTO
oOydeHus

3HaHus:

NPUHLIUIB 00YYEHUS ¥ TPUMEHEHUS] HEHPOHHBIX CeTEH.
APXUTEKTYPHI TITyOOKUX HEHPOHHBIX CETEeH, MPUMEHSIEMbIX
B PELLEHUU NPAKTUYECKUX 3a/1a4

CBSI3aHHBIX C aHAJIM30M M300paKEHUN U TEKCTOB;

YMmeHnus:

HAacTpolKa HEOOXOIMMOTO OKPYKEHUs 1 paboThI ¢
HEUPOHHBIMU CETSIMHU.

IPUMEHEHHE U 1000ydYeHuenpe100yueHHbIX
HEHPOHHBIX CeTe U3 TOCTYMHBIX ONOINOTEK

HaBbiku (ONBIT AeSITEJIbHOCTH):

BII4JICET HABBIKOM IIPOBEICHMS IIOJHOTO LIUKJIIA
BBIUHCIIUTEIBHOIO SKCIIEPUMEHTA, OTPAKECHUS X011
BBIIIOJIHEHMS IPOEKTA U MTOJIYYEHUS PE3YJIBTATOB B
oTyYeTax U JOKYMEHTALWH;

BJIa/ICE€T HABBIKOM HCIIOJIB30BAHMS CYILECTBYIOLIUX
IPOTrpaMMHBIX OMOIMOTEK U MOJETICH, CO3IaHUs
IIPOrPaMMHBIX peaau3aluuil ITyO00KUX HEHPOHHBIX CeTel

OOyueHue ¢
HOJIKPETIIICHUEM

3HaHus:

TCOPECTUYCCKHEC OCHOBLI U aJITOPUTMBbI O6y‘ICHI/IH C
MOAKPCIIIICHUEM

IMPUMCHCHHC 06y‘IeHI/IH C IMOAKPCINICHUEM IJIA
MPAKTUYCCKUX 3aaa4v.

YMmeHnus:

BBIOOD U peanu3alys alropuTMOB OOyUEHHUS C
MOJKPEJICHUEM C YUeTOM Celn(PUKU 3a7auu
aJlanTanys U HaCTPOMKa aJropuTMOB 0OyU€eHus ¢
HNOJKPEIUICHUEM IOJ] ONIPEAETICHHYIO CPELy.

HaBbiku (ONBIT AeSITEJILHOCTH):

MHTEPECYETCs HOBBIMU TPEHAAMH B CBOEH
npodeccnoHaNbHOM 0Tpaciay, pacCMaTPUBAET X C TOUKHU
3peHusl IPUMEHEHUS B CBOEH J1€ATEIbHOCTH;

BJIJICET HABBIKOM HCIIOJIb30BAHUS CYIIIECTBYIOIINX
MPOrPaMMHBIX OMOIMOTEK U MOJIENEH, CO3TaHUS
MIPOTrpaMMHBIX peaTN3alliii Ha OCHOBE aJITOPUTMOB
00y4YeHUs ¢ IOJKPEIUICHUEM

16

CpenctBa 11l OILIEHKH pPA3IUYHBIX YpOBHEW (OPMHPOBAHUS KOMIIETEHLUH IO KaTeropusiM
«3HATBY», «YMEThY», «BJIAJIETh» 00ECINEUNBAIOT peaU3allMl0 OCHOBHBIX MPUHIUIIOB KOHTPOJIS, TaKUX

KaK 00bEKTUBHOCTDL U HE3aBUCUMOCTD, IMPAKTUKO-OPUCHTHUPOBAHHOCTDb, MEX AU CHUITIIMHAPHOCTD.

C yueroM 53TOro KOHTpPOJIbHBIE BOMpOCHl (3afaHusd, 3amauu), Bxomsaume B DPOC, nus
Pa3IMYHBIX KATETOPUI M YPOBHEW OCBOEHHSI KOMIIETEHIIMH MOTYT UMETh CJIETYIOIUI BH/I.

3HATD Ilpumepsnr:

4. Tunel 3aja4 MaIIMHHOTO 0OYYEHUS M KJIACChI AJITOPUTMOB, K HUM IIPHUMEHSEMBIE.
5. OcHOBHbIE HANPaBJICHUS PA3BUTHUS UCCIEIOBAHUN B OOJIACTH CUCTEM UCKYCCTBEHHOTO

HUHTCIIJIICKTA.

6. Teopernueckrue OCHOBBI AJITOPUTMOB MAIIUHHOTO OOYyUEHHUS.

YMETD Ilpumepni:



17

4. TloaroToBUTH aHHBIE K HUCIOJIB30BAHUIO AITOPUTMA MALTMHHOTO 00Y4EHUS.

OreHnBaTh KAYeCTBO PEIICHUN CUCTEM MAIIMHHOTO OOYyUCHHS.

6. ApmanTupoBaTh aAJATOPUTMbI MAIIMHHOIO OOYYEHHS K PELICHUIO IIPAKTHYECKUX 3a/1a4.
BJIAJIETD IIpumepsbr:

Mertonosnorus pa3paboTKH peleH!i MalllnHHOTO O0yYeHHUS.

IIpuMepsl IPAKTUYECKOTO PUMEHEHUS apXUTEKTYP UCKYCCTBEHHOI'O MHTEIIJIEKTA.

6. Meronbl OHJIAliH TECTUPOBAHUS PEIIEHUI MAIMHHOTO 00yYeHHUs.

o

[SLNF

METOAAYECKHUE MATEPUAJIBL, OIPEAEJIAIOMUE ITIPOIELYPbI
OIEHUBAHMUSA 3HAHUU, YMEHUU U (UJIN) OIIBITA JEATEJIBHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIbI ®OPMUPOBAHUS KOMIIETEHITAM

[Tpumepsl (MakeTbl) METOAMYECKUX MATEPUAJIOB, ONPEAEIAIOIIUX IMPOLEAYPhl OLICHUBAHUS
3HAHWM, yMEHUH U (UJIK) OTbITA AEATENbHOCTU

HaumeHoBaHme Kparkas xapakrepucruka IIpencraBienue
OLICHOYHOI0 OLIECHOYHOI'0 CpeICcTBA OLICHOYHOI'0 CPEeICTBA
cpeacTrsa B hoHzge
Texkylui KOHTPOIIb CpencTBo IpoOBEpKHU OCBOEHUS Komriekts! OmiieToB
yCIIEBAEMOCTH YPOBHEH «3HATb», KYMETb)» (3amanHuii)

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

buner 2.
2.3 Aucam6iu. Soft and Hard Voting. Bagging. Cay4aiinsrii jiec.
2.4 Metpuueckuii knaccudukaropsl. KNN. WKNN.

buner 3.

3.1 Jluneiinas perpeccus. LASSO, LARS. CART.

3.2 epess pemennii. UahopmanmoHHbIi BRIUTPHIL. OmnOKa K1acCH(PHUKAINN, SHTPOTIHS,
kpurepuit Jxkunu. [IpyHuHr.

buner 4.

4.1 TnoGanpubiii mouck. Coyuaitneiidi mouck. Gridsearch. Crydaiinoe
omyxnanue.baiiecoBckas onTUMU3aLus.

4.2 Jlunerinas perpeccus. [lommHOMHambHAsS perpeccus. [ peOHeBas perpeccus.

buner 5.
5.3 AdaBoost. I'pagreHTHBIH OYCTHHT PEIIAIOIINX JICPEBbEB.
5.4 Knacrepusanus. AgglomerativeClustering. Metpuku kiactepu3anu.

buner 6.

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

AUC.

6.2 Heiiponnsie ceru. [lepuentponPosentnarra. OOpaTHOe pacnpocTpaHEHHE TpaJueHTa.
®ynkiun aktuBanun. Softmax.

buner 7.
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7.1 Jloxanpubiii momck. HillClimb wu ero passoBugnoctn. Omxwur. ['eHeTHUecKuit
AITOPUTM.
7.2 MeTton onopHBIX BEKTOPOB. Sapa.

Ilepeyennb 1adopaTOpHBIX padoT (MpUMEPHDbI)

O0mue pekoMeHIAUMH K J1a00paTOPHBIM padoTaM: /Ui Pa3HbIX YPOBHEHN IOATOTOBKU
CTYZCHTOB MOKHO HCIIOJIb30BATh PAa3HYIO MIYOUHY peanu3aluy pemenus. Tak, A1 cTy1eHTOB
HETEXHUYECKUX CIIEUAIbHOCTEN 3a/1aHNE MOYKET 3aKJII0YaThCsl B IPUMEHEHUH T'OTOBBIX METOJI0B U3
OMOIMOTEK WM 3aMOJIHEHHEM IPOITYCKOB B IPOrpaMMax, rjie OoJbiiast YacTh MOJrOTOBJICHA
npenojasareneM. /s CTy1IeHTOB TEXHUUYECKHX CIIELUAIbHOCTEN 3a/1aHKe OyIeT 3aKI04aThCs B
peanu3alyy aropuTMOB 0€3 UCTIOIB30BAHUS TOTOBBIX PEIICHHIA.

JIP1.1 Meroapl pabotel ¢ Tabmuuamu B Python. Arperanmsi ¥ Bu3yainu3amus IaHHBIX.
[TpoBeneHue NepBUYHOIO aHAIN3A IaHHBIX.

Llenu: u3ydeHne MeTo0B paboThl ¢ JaHHBIMU B Python m mpoBeneHue mepBHYHOTO aHaIM3a
JTAHHBIX.

3ajanme: 3arpysure aaraceT B pandasmaradpeiiM. BeiBenute ocHOBHBIE TapaMeTphl 1aTaceTa.
Onpenenure, CKOJIBKO B JaTaceTe CIIy4aeB OTCYTCTBUS MPU3HAKOB. Onpenennure, CKOJIbKO NPU3HAKOB
ABJIIIOTCA ~ KaTeropuajbHbIMU. BusyanusupyiiTe pacopenelieHue IMPU3HAKOB [0 KjaccaM.
Buzyanusupyiite 3aBUCUMOCTb MEXAY NPU3HAKAMH.

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

Llenu: npuMeHEeHUE U OLIEHKA AJITOPUTMOB KJIACCH(PHUKALHH.

3amanue:

Paznenute naracer Ha oOydarolMii U BaJUJALMOHHBIA C COXpaHEHUEM IMPOIMOPLUIl KIacCOB.
Knaccuduiupyiite Touku u3 naracera ¢ nomoiibio anroputMoB KNN, joructuyeckoit perpeccuw,
CART, cnyuaitHoro neca, CatBoost. IlogOepure mydmme mnapaMeTpbl AJITOPUTMOB CIIOMOIIBIO
BaJIMIallMOHHON BbIOOpKH. CpaBHUTE BpeMsl pabOThl aIrOPUTMOB M 3aBUCUMOCTh OT MPeroOpadOTKU
JTAaHHBIX.

JIP1.3 Wcnonb30BaHNe U OLIEHKA aITOPUTMOB perpeccur. I1og0op onTUManbHBIX TapaMeTpoB
perpeccun.

Llenu: u3ydyeHue anropuTMOB PETrPECCHH.

3amanue:

[TpuMeHnuTe MeTO/ TMHEHHON perpeccuu A pelieHus 3a1aun Ha natacere. Jlo6aBbTe B
JaTaceT MOJIMHOMHUANBHBIC IpU3HAKK. J{00aBisiiiTe MPU3HAKHY TTOKa HE YBUIUTE TIEpeoOyIeHUE Ha
BanuannonHoMaaracere. [Ipumenure rpedHeByto perpeccuto 1 LASSO, yToOb1 n36aBUTHCS OT
nepeooy4eHus.

JIP1.4 Ontumu3zanuoHHBIE 3a7auu U UX pemeHus. [logbop rumepmapaMeTpoB ajiropurma c
TIOMOIIBIO METO/IOB ONITUMH3ALIUH

Llenu: n3yueHue aJropuTMOB PEIICHUS] ONITUMH3AIMOHHBIX 3a71a4.

3amanue:

1 OnTUMU3UpyHTE JJTUHY MaplIpyTa B 3a7a4e KOMUBOSDKEpa C TIOMOIIIBIO aJlTOPUTMOB

hillclimb, oxura u renerndeckoro anroput™a. BeiBeuTe NOMYyYUBIIUICS TYTh U €TI0 JUTHHY.

2. OnTuMH3UpYyiTe rUNepnapaMeTpsl aIropuTMa MalIMHHOTO o0yueHus (Ha BBIOOp) ¢ TIOMOIIIbIO

CITy4aifHOTO TIOMCKa, TIOMCKa 1o peretke, anropurma hillclimb, renerndeckoro anropurma.

JIP2.1 Knaccuduxamus nzo0paxkeHuit U TpanchepHoe o0ydeHHe.
[enu: n3ydeHue METOI0B TIIyOOKOTO OOYUEHHMS I paObOThI C H300paKEHUSIMH.
3amanue:
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3arpy3uTe gaTaceT M CO3JalTe HTEpaTrop s MOJAEIN TIYOOKOTO OOydeHHs. 3arpy3uTe
npenooydennyro Ha ImageNetcseprounyto cerb (AlexNet, VGG wumu ResNet) u mo6aBbre K
backbonemonrocBs3HbI cioit s 00ydenus. OOy4unTe HEHPOHHYIO CETh Ha, BU3YyaJHU3UpOBaB rpaduk
¢yHKIMU TOTeph Ha oOydaromield M BaJMAALMOHHON BbIOOpKe. PeanusyiiTe MOIyiab HpUMEHEHUS
HEIPOHHOM CeTH K JaHHBIM, IPOBEPHTE KAUECTBO OOYUEHUS HA TECTOBOM BHIOOPKE.

JIP2.2 PaGora ¢ TekcTaMy U MX BEKTOPHBIMH MpeacTaBiacHUsAMU. [lemn:
U3y4YCHHE MOJIEJIe BEKTOPHOTO MPECTABICHUS TEKCTOB. 3aJaHHeE:
CkauaiiTe npenoOydeHHble BeKTOpa 1Jis cioBaps. C moMOIIbIo J1000ro Kiaccudukaropa
marnuaHOro 00yueHust (KNN, SVM, CatBoost) kinaccuduuupyiite TEKCThI U3 aTacera o CyMMe
BEeKTOpOB ciioB. Kimaccudunupyiite TekcTsl ¢ momompio 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 /11s perieHus okpyxenus LunarLander.

[Tpouenypsl OllEHMBaHUS 3HAHUN, yMEHUH, (OPMBI U OpraHMU3alMs TEKYLIEro KOHTPOJISL
YCIIEBAEMOCTH U IIPOMEKYTOYHOI aTTeCTaluy 00y4YarOnIHXCst

TCKYH_II/If/'I KOHTpPOJIb YCIIECBACMOCTH MW IIPOMCKYTOYHAA aTTeCTalld CTYACHTOB BCACTCA B
cootBeTcTBUH C [lonokeHHEM O TEeKyIIeM KOHTPOJIE YCIIEBAeMOCTH M MPOMEXKYTOUYHOW aTTeCTaluu
o0pa3oBaTesbHOI OpraHu3anuu

Texkyumuii KOHTPOJIb yCIIEBAeMOCTH

Mopynes nenutcs Ha aBa Osioka. Kaxaplii OMOK BKIIIOYAeT B ceOsl M3ydeHUE 3aKOHYEHHOTO
paszzena, yactu Mosyss.

Texymuii KOHTpoOb MO MOAYTIO OCYIIECTBISETCS MO KaJICHIAPHOMY ydeOHOMY Tpaduky.
Cpoxu koHTposbHBIX MeponpusaTuii (KM) u cpoku nmoaBeIeHNUs UTOTOB 110 MOIyTi0 0TOOpaXKarTCs B
pabounx yueOHbIX M1aHax Ha cemecTp. CTyIEHT J0JKEH BBIMOIHUTH BCE KOHTPOJIbHBIE MEPOIIPUATHS,
mpelycMOTpeHHble MojyneM K yKa3aHHOMY CpOKY, MOCIe Yero mpernojaaBarelb MPOCTaBiIsIeT
62U'[J'[BHBI€ OILICHKH, Ha6paHHBI€ CTYIIGHTOM 110 pesynLTaTaM TCKYHIGFO KOHTpOJ'IfI ycneBaeMOCTI/I 110
Mopyito.

KOHTpOJ’IBHOe MepOHpI/ISITI/Ie CUHUTACTCA BBIIIOJIHEHHBIM, €CJIN 3a HETO CTYJICHT HOHy‘II/IJ'I OHGHKy
B Oamyax He HUXXE MHUHHUMAJIbHOW OIICHKH, YCTAaHOBIIEHHOW MpOTrpaMMON MOIyNs MO JIaHHOMY
MEPOIPUATHIO.

CTyneHThl, HE CHaBIIUE KOHTPOJIbHOE MEPOIPHUATHE B YCTAHOBIEHHBIH CPOK, MPOJOIDKAIOT
paboTaTh HaJl HUIM B COOTBETCTBUE C MOPSAKOM, IPUHITHIM 00pa30BaTeIbHON OpraHu3anueil.

IIpomesxkyTouHast arrecTanus

DopmMoii IPOMEKYTOUHOM arTecTauuu 1o Moaymto SBISIETCS 3a4eT.

OuenuBanne Monyns Benercss B coOTBeTCTBUM ¢ [lonokeHneM O TeKylieM KOHTpPOJIe
yCIIEBAEMOCTH M MPOMEKYTOYHON aTTeCTallii CTYJEHTOB 00pa30BaTEIbHON OpraHnu3aluu.

HanpuMmep, MeToAHKA OLIEHKH 110 PEHTHHTY

CTyneHT, BBINOJHUBIINI BCce MPEIyCMOTPEHHbIE y4eOHBIM IJIAHOM 3aJaHUsl U CHaBIIUH Bce
KOHTPOJIBHBIE MEPOIIPUATHS, TI0JIy4aeT UTOIOBYIO OLICHKY 110 MoayIro 3a ceMeCTp B COOTBETCTBUU CO
CIEAYIOUIEH IIKAIOM:

PeiiTunr Ounenka Ha 3a4yeTe
85-100
71-84 3auer
60-70
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| 059 | Hesager |

Pelitunr crynenTa mo Moayiio 3a ceMecTp onpezensercs Kak cymma 0ayuioB, OJYyYEHHBIX UM 3a BCE
65oxu Monyns, u 6aJUI0B 32 MPOMEXKYTOUHYIO aTTECTaln0. MaKCHUMaIbHOE KOJIWYECTBO OAIJIOB 32
Monyinb B ceMecTpe ycTaHaBiauBaeTcs: paBHbIM 100
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Pabouas mporpamma nucuuruinHbl «CHCTEMBbI HCKYCCTBEHHOr0 MHTEJVIEKTAa» COCTaBJICHA B
coorBercTBUU ¢ TpeOoBanusiMu PI'OC BO mno nampasienuto moaroroBku 03.03.02 Pdwuswmka,

YTBEPKACHHOTO MpHKa3oM MUHUCTEpCTBAa HAyKU U Bbicuiero odpaszoBanusi Poccuiickoit denepannn
oT «07» asrycra 2020 r. Ne 891

[Iporpammy cocraBunu:

K.IIe/Iar.HayK, CTapLInii penoaaBatens kadenapsl « M HpopMamonnsie cucTeMsl U TexHonorum» dapruesa
3.C.

[Tporpamma ogo0peHa Ha 3acenanuu kadenps! «MHPOpMaLMOHHbBIE CUCTEMBI U TEXHOJIOTHU»:

[Tpotoxon Ne 8 ot «27» anpens 2026 rona

[Tporpamma ogo0peHa YueOHO-METOAMUECKON KOMUCCUEH PU3MKO-MAaTEeMaTHIECKOro (hakyibTeTa
[Tpotoxoin Ne 6 ot «28» anpenst 2026 roaa.
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CgeeHusi 0 nepeyTrBep:KIeHUH NMPOrpPaMMbl HA O4YepeaHON y4eOHbIN roJ U pPerucTpauuu

U3MeHeHN
YueOHbIii Pemrenne xadenpot Buecennbie u3MEeHEHUS Tlonnuce 3aB.
Tox (Ne mpotokona, nara) Kadenpoi

2026-2027yr

IIpotoxon Nell ot
27.04.26r.

[Tponucansl UHAUKATOPHI TOCTHKECHUS

KOMIICTCHIIUH (3HAaTh, YMETh, BIIAJICTh).

@DoHJI OIICHOYHBIX CPEICTB YKa3aH Kak
MIPIJTIOJKEHUE
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[Ipunoxenue

®OH/I OLIEHOYHBIX CPEJACTB JUCHUIIAHBI (MOJIYJIST)

b51.0.10.03 CucrteMbl HCKYCCTBEHHOT0 HHTEJIJICKTA

Hal'lpaBJIeHI/Ie NOAT0OTOBKH

03.03.02 duszuka

HanpasJienHocTh (IpO(1JIb NOATOTOBKH)

MHuKPO03JIeKTPOHUKA

Kpaimnpukanus BeINyCKHUKA

bakanasp

®opma o0yueHus

Ounas

Marac, 2026

OIMUCAHME MMOKA3ATEJIENH 1 KPUTEPUEB OLIEHUBAHMUS
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KOMIIETEHIIUM HA PA3JIMUHBIX DTAITAX UX ®OPMUPOBAHMUSI,
OINUCAHHME HIKAJI OHUEHUBAHUA

®onn oneHouHBIX cpeacTB (POC) nmpeaycMaTpuBaeT cleayroliee:

— OIHMCaHue KOMIUIEKCA MoKa3aTeJeil — JECKpUITOPOB OCBOEHUSI KOMIIETEHIIUM B BUJIE
pe3yJIbTaTOB 00YUYEHUS, KOTOPBIE CTYAEHT MOKET IIPOAEMOHCTPUPOBATH (

— (tabmuua 1). s KOHTPOJIS JOCTHKEHUS KaXI0T0 U3 HUX MPETyCMOTPEHbI OLIEHOUHBIE
CpeICTBa B BUJI€ BOIIPOCOB, 3a1aHUM U T.1I.;

— 0003HauYeHUE KPUTEPHeB — IIPABHJI IPUHITHS PELICHHUS 110 OLIEHKE JOCTUTHYTHIX
pe3yabTaToB 00ydeHus: 1 ¢HOPMUPOBAHHOCTH KOMITETEHITHIA.

Hanpumep, B kauecTBe mikaibl olleHuBanus npuHumaercs 100-0anbpHast cucteMa ¢ BblJeJIeHHEM

(rpagarueit) OLEHOK:

PeliTunr Onenka Ha
3auere
85-100
71-84 3aueTr
60-70
0-59 Hesauer

TUMOBBIE KOHTPOJILHBIE 3AJAHUSI UJIU UHBIE MATEPHAJIBI,
HEOBXOJMMBIE /17151 OHEHKH 3HAHWA, YMEHWI U (WJIN) OTIBITA
JNESITEJILHOCTH, XAPAKTEPU3YIOIIUE DTAIBI ®OPMUPOBAHUS
KOMIETEHILU B TPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI
MMPOTPAMMBI

BLIHYCKHI/IK, OCBOMBIIHI O6p2130BaTeJ'IBHYIO nporpamMmmy, JOJIKCH O6J'Ia,Z[aTB
HpO(beCCI/IOHaIH)HI)IMI/I KOMIIETCHIHUAMU 110 TEMATUYCCKHUM MOJYJIAM IIPOrpaMMBbI:

Kox |HammenoBaHue P3ynbTatel 00yueHus
TEMaTUUYECKOTO
MOIYJIA
Bgenenue B |[3HaHnA:
HWCKYCCTBEHHBIN — TEOPETHYECKUE OCHOBBI aHaIM3a HJAHHBIX W MAIIMHHOTO
UHTEJUIEKT u 00yueHus;
OCHOBHBIC METOABI |-  crernuduKka paboThl AITOPUTMOB MAITUHHOTO O0yUYEHUSI.
MAIIMHHOTO  OOYYeHUS |VMeHus:
AT paboThI C |- mpUMEHEeHHE METOJ0B MAIIMHHOTO O0YYEHHUs, MOATOTOBKA
TaOJIMYHBIMH JIAHHBIX U UHTCPIPETANA PE3YIbTATOB.
AaHHBIMHA HaBbikHu (ONBIT AeSITEJILHOCTH):
- HMHTEpPECYeTCs HOBBIMU TpEeHAAMH B cBoeit

HpO(pCCCHOHaHBHOﬁ OTpaciii, paCcCMAaTprUBACT UX C TOYKHU
3pCHUA IPUMCHCHUS B cBOCH JACATCIBbHOCTH,

-  OLOCHHBACT MMPpUMCHUMOCTb AJITOPUTMOB,
BO3MOXHBICPUCKH W TIOCICACTBHUA 0HII/I60K, HaXoJuT
OINITUMAJIBHBICPCTIICHU A JJI pa60q1/1x 3aaad
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Cucrempl TiIyOOKOrO  |3HAHMS:

oOyueHus - NPUHLHUIBI 00yYEeHUs U IPUMEHEHUs] HeHPOHHBIX CeTeH.

- ApXUTEKTYpbI INYOOKHX HEMPOHHBIX CETEH, IPUMEHSAEMBIX
B peuieHuun MIPAKTUYECKHUX 3a1a4
CBSI3aHHBIX C aHAJIM30M M300paKEHUHN U TEKCTOB;

Ymenus:

- HAcTpolika HEOOXOIMMOTO OKpYKEHHUs /s pabdoThl ¢
HEUPOHHBIMU CETSIMHU.

- IpUMEHEHUue U n000yueHuenpe100yueHHbIX
HEHPOHHBIX CETeH U3 TOCTYMHBIX OUOINOTEK

HaBbIkH (ONBIT J€eSITEJILHOCTH):

- BIAQJACET HABBIKOM  MPOBEIEHUSA  IOJHOIO  LHUKIJIA
BBIYHUCIIUTEIBHOTO  3KCIIEpUMEHTa, OTPAXEHMsI XoJa
BBIIIOJIHEHUSI TIPOEKTa U IOJY4YEHUS pPE3yJbTaTOB B
OTYeTax U JOKYMEHTALINH;

- BJAJEET HAaBBIKOM  HCIIOJIb30BAHMSI  CYIIECTBYIOLUX
MPOrpaMMHBIX ~ OMOMMOTEK ©  MOJEJCH, CO3JTaHHs
MIPOrPaMMHBIX peanu3alnii TTyOOKUX HEHPOHHBIX CeTel

OO6yuenue c 3HaHuA:
MOJIKPETUICHHEM - TEOPETUYECKHE OCHOBBI W QITOPUTMBI OOYYEHHUS C
MOJIKPEIUICHHEM;

- TmpuMeHeHHue OOydeHHs C  TOJIKPEIUICHHEM  JUIs
MIPaKTUYECKHX 3a]1a4.

YMenus:

- BBIOOp ® peanu3alus AITOPUTMOB  OOyYeHHUS C
MOJIKPETIJICHHEM C YYETOM CHEIUPUKH 3a1a9H

- amanTalUs M HAcTpPOWKa aJIroOpuTMOB OOYy4YEHUS C
MOAKPETUICHHEM TIO/T ONIPEICTICHHYIO CPELy.

HaBbiku (ONBIT AeSITEJILHOCTH):

- WHTepecyeTrcs HOBBIMU TpeHAaMHI B cBoOEH
npodeccHoHaNbHOM OTpaciy, pacCMaTPUBAET MX C TOUKH
3peHUs IPUMEHEHUS B CBOEH JIEITEIILHOCTH;

- BIQJCET HABBIKOM HCIOJIb30BAaHUS  CYLIECTBYIOIINUX
MpOrpaMMHBIX ~ OMOJIMOTEK ¥ MoOJeJeHd, Cco3JdaHus
MPOrpaMMHBIX peaju3aliii Ha OCHOBE aJIrOPUTMOB
00yuYeHus C MOJKPENIEHUEM

CpencrBa A OLEHKM Ppa3IMYHBIX YPOBHEH (QOPMUpPOBAHUS KOMIIETEHIMH IO KaTeropusm
«3HaThb», «YMETbY», «BIAJETh)» 00ECIEUMBAIOT PEATU3ALNI0 OCHOBHBIX NMPUHLMUIIOB KOHTPOJIS,
TaKuX KaK 00BEKTUBHOCTh u HE3aBUCUMOCTD, [IPaKTUKO-OPUEHTUPOBAHHOCTb,
MEXIUCIUIIIINHAPHOCTb.
C ydeToM 3TOro KOHTPOJIbHbIE BONPOCH! (3a1aHus, 3a1aun), Bxoasmue B POC, i pa3anyHbIX
KaTeropuil U1 YpPOBHEN OCBOCHMSI KOMIIETEHIINN MOTYT UMETh CIEAYIOIINUNA BUI.
3HATD Ilpumepsnr:

7. Tumnbl 3a7a4 MaIIMHHOTO O0YYEHUS U KJIACChl aITOPUTMOB, K HUM IPUMEHSEMBIE.

8. OcHOBHbIE HAaNPaBJICHUS PA3BUTHUS UCCIEIOBAHUN B 00JIACTH CUCTEM UCKYCCTBEHHOTO
MHTEJIEKTA.
9. Teopernyeckrue OCHOBBI AITOPUTMOB MAIIMHHOTO O0Yy4EHHUS.
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YMETD IIpumepsbr:

7. TloaroroBUTH TaHHBIE K UCIIOIH30BAHUIO AITOPUTMA MAITUHHOTO 00YUYEHUSI.

8. OueHuBaTh KQ4ECTBO PEIICHUI CHCTEM MAITUHHOTO O0yUYeHUSI.

9. AnmantupoBaTh AITOPUTMBI MAIIMHHOTO OOYYEHHUSI K PEIICHUIO TPAKTUICCKUX 3a/1a4.
BJIAJETD IIpumepsr:

7. Metononorus pa3pabOTKH pelIeHUH MAITMHHOTO O0yYeHHUS.

8. IIpumepsl MPaKTUYECKOTO MPUMEHEHHS APXUTEKTYpP UCKYCCTBEHHOTO MHTEIICKTA.

9. Metobl OHIAlH TECTUPOBAHMS PEIICHU MAITMHHOTO 00YYCHHUSI.

METOAAYECKHUE MATEPUAJIBL, OIPEAEJIAIOMUE ITIPOUOELYPbI
OIEHUBAHMUSA 3HAHUU, YMEHUU U (UJIN) OIIBITA JEATEJIBHOCTH,
XAPAKTEPU3YIOIIHUE 3TAIIbI ®OPMUPOBAHUS KOMIIETEHITAM

[Ipumepsl (MakeTbl) METOAMYECKUX MATEPUANIOB, ONPEACINIAIOIINX IPOLETyphl OLICHUBAHUS
3HaHU, yMEeHUH U (UIK) OMbITA AEATEIbHOCTH

HaumeHoBaHnue Kparkas xapakrepucTuka IIpeacraBienne
OLIEHOYHOT0 OLICHOYHOT0 CpPe/ICTBA OLIEHOYHOI0 CPe/ICTBA
cpeacTBa B QoHje
Tekymmii KOHTPOJIb CpenctBo npoBepKU OCBOCHHUS Komriektsl OuiieToB
yCIIEBAEMOCTH YPOBHEH «3HATbY», KYMETb)» (3amanuii)
KommniekT 01J1eTOB (MpUMEPHBIi)
buner 1.
11 BaitecoBckuii kiaccudukarop. Onernka npusnakos (Gaussian, Bernoulli,
Multinomial). EM anroputm.
12 Knacrepuzanus. kMeans, kMeans++, MeanShift, DBSCAN.
buner 2.
2.5 Aucam6iu. Soft and Hard Voting. Bagging. Ciyuaiinsiii jiec.
2.6 Merpuueckuii kinaccudukaropsl. KNN.
WKNN.
buner 3.
31 Jluneitnas perpeccus. LASSO, LARS. CART.
3.2 [epesbst pemiennii. MTadopManmonusiii BeIUrpbiml. OniOka
Kkiaccuukanuy, sHTponus, kpurepuit Jpxunu. [IpyHuHr.
buner 4.
41 ['noGanbheiii mouck. Coyuaitaeiii mouck. Gridsearch. Crydaiinoe
omyxnanue.baliecoBckas onTUMU3ALMSL.
4.2 Jlunetinas perpeccus. [lomnnomuanbHas perpeccusi. ['pedHeBast
perpeccusi.
buner 5.
55 AdaBoost. I'pareHTHBIH OYCTHHT PEIIAIOIINX IEPEBhEB.
5.6 Knacrepuzanus. AgglomerativeClustering. Merpuku kinactepu3anum.
buner 6.

6.1. Ouenka kinaccudukarun. Ipdexkrusaocts o [Tapero. Precision-Recall u
ROC xpussie. AUC.

6.2 Hetiponnsie ceru. I[leprientponPo3entiarra. O6paTHOE pacpocTpaHeHre
rpanuenTta. @yHkiuu akTuBanuu. Softmax.
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buner 7.
71 Jlokanpueiii  momck. HillClimb wu  ero pasnoBumnoctn. OTXKwI.
I'eneTnueckuit
AJIITOPHUTM.
7.2 Merton onopHbIX BEKTOPOB. Sjpa.

Ilepeuyens J1abopaTopHBIX padoT (MpUMepPHbI)

O0mme pexoMeHIaLMH K J1a00pPaTOPHBIM padoTaM: [Uls pa3HbIX YPOBHEH MOATOTOBKU
CTY/IEHTOB MOKHO MCIIOJIb30BATh Pa3HYIO MIYOUHY peanu3aluy pemeHus. Tak, A1 CTy1eHTOB
HETEXHUYECKUX CIIEHUATBbHOCTEHN 3a1aHNE MOKET 3aKJII0YaThCsl B IPUMEHEHUH T'OTOBBIX
METOJ0B U3 OMOINOTEK WM 3all0JTHEHHEM MPOITYCKOB B IPOTrpaMMax, Iie 0oJblias yacTb
HOArOTOBJIEHA IIpenoaaBareieM. s CTyIeHTOB TEXHUYECKUX CIIELMaIbHOCTEN 3aqaHue OyaeT
3aKJII0YAThCs B peJIN3aluy aJITOPUTMOB 0€3 UCIIOIb30BaHUS TOTOBBIX PELICHUH.

JIP1.1 Mertoapl pabothl ¢ Tabnuiamu B Python. Arperanus W Bu3yaau3alus JIaHHbIX.
[IpoBenenune nepBUYHOrO aHaIU3a JAHHBIX.

[lenu: u3ydeHue MeTOJ0B pabOThI ¢ JaHHbBIMHA B Python u mpoBeneHue MEepBHYHOTO aHAIM3a
JTAaHHBIX.

3amanue: 3arpysute naracer B pandasmaradpeiim. BriBennTe OCHOBHBIC MapaMeTphbl JaTaceTa.
Ompenenure, CKOJBKO B JaTaceTe Cly4aeB OTCYTCTBHS MpHU3HAKOB. Ompenenurte, CKOJIbKO
MPU3HAKOB SABIIAIOTCS KaTerOpHaJIbHBIMU. BusyanusupyiTe paclpeneneHue MNpU3HaAKoB IO
Ki1accaM. Buzyanusupyite 3aBUCUMOCTb MEXIY PU3HAKAMM.

JIP1.2 Wcnonp3oBanue u cpaBHeHHe anroputMoB kinaccudukammu: KNN, pemraronime nepeBbs 1
uX aHcaMOJIu, JIOTUCTHYECKas perpeccusi.

Lenu: npuMeHEeHNE U OIICHKA AITOPUTMOB KJIACCHU(UKAIIHH.

3ananue:

Pazgenure maracer Ha oOydaroniuii ¥ BaJIMJALMOHHBIA C COXPAaHEHHEM MPOIOPIHI KJIACCOB.
Knaccupunupyiite Toukum u3 mgatacera ¢ mnomoinsio  amroputmMoB KNN, morucriueckoit
perpeccun, CART, ciyuaiinoro neca, CatBoost. [Tonbepure sydrme mapameTpsl aJrOpuTMOB
CIIOMOIIbIO BaJIMJIAIIMOHHOM BbIOOpKU. CpaBHHUTE BpeMs pabOThI aJTOPUTMOB M 3aBUCUMOCTH OT
pe100paboTKU JaHHbIX.

JIP1.3 Hcnonb3oBaHue U OLIEHKA aJrOPUTMOB perpeccuu. [logdop onTUMaibHBIX MapamMeTpoB
perpeccum.

[esnu: u3ydyeHue anropuTMOB PErPECCHH.

3amanue:

[IpumenuTe MeTo1 TMHENHOM perpeccuu JUIsl pelieHus 3a/1a4u Ha garacere. JJo0aBbTe B garacer
MOJIMHOMHAJIbHBIE pU3HaKu. [l06aBisiiTe MpU3HAKK [TOKa HE YBUIHUTE NIepeo0ydeHrne Ha
BayManoHHomjaracere. [lpumennte rpedueByro perpeccuro 1 LASSO, uToOb1 n30aBUTHCS OT
nepeoOyuyeHus..

JIP1.4 OnTuMu3anMoHHbIe 3a7aud ¥ ux peureHus. [logOop rumepmnapamerpoB ainropurMa c
MIOMOII[BIO METO/IOB ONITUMH3AIIUH

Lleny: n3yueHHe anropuTMOB PELICHUS ONITUMH3AIIMOHHBIX 3a/1a4.

3ananue:

1 OnTuMu3upyiTe INTMHY MapuipyTa B 3a7a4e KOMUBOsDKepa ¢ ToMolibko anroputmos hillclimb,
OT)KUTA ¥ TCHETHUYECKOTO AIrOpUTMa. BBIBEINTE MOTYUMBIIANCS MYTh U €T0 JTHHY.

2. Ontumu3HpyiiTe THIIEpIapaMeTphl AITOPUTMA MAITUHHOTO 00y4eHus (Ha BEIOOP) C TIOMOIIBIO
CIy4ailHOTO TOKMCKa, MOKMCKa 10 pemnieTke, anropurMa hillclimb, renernueckoro anropurma.

JIP2.1 Knaccuduxanus uso0paxkeHuit 1 TpaHcpepHoe 00yUeHHeE.
Lenu: n3yyeHne METO10B TIIYOOKOT0 00y4eHus 171l paboThl ¢ H300paKEHUSIMHU.
3agaHue:
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3arpy3uTe JaraceT M CO3JaiTe HTepaTrop Uil MOJAEIH TIyOOKOro oOydeHHs. 3arpysure
npenoOydyennyo Ha ImageNetcseprounyro cets (AlexNet, VGG mau ResNet) u mobassTe K
backbonenonHocBs3HbIi cioii st 00ydeHus. OOy4nTe HEWPOHHYIO CETh Ha, BU3yalU3UPOBAB
rpaduK (QYHKIMU MOTEPh HA OOydYaloOUIeH W BaJMJAIMOHHOW BBIOOpKE. Peanmsyiite mMomysb
NPUMCHEHHUS] HEHPOHHOH CETH K TaHHBIM, IPOBEPhTE KAYECTBO OOYUCHHUS HAa TECTOBOI BHIOOPKE.

JIP2.2 Pabora ¢ TeKkcTaMu M UX BEKTOPHBIMU IpeAcTaBIeHUsIMHU. Llenu:

n3y4deHue Mojieiell BEKTOPHOTO IPE/ICTABICHUS TEKCTOB. 3alaHue:

Ckayaiite npeno0y4eHHbIe BEKTOpa A ciaoBaps. C momMonipio Jr000ro kiaccupukaTopa
mamuaHoro ooyuenust (KNN, SVM, CatBoost) kinaccuduuupyiite TEKCTHI U3 1aTacera o CyMMe
BEKTOpOB cJ0B. Kimaccudumupyiite Tekctsl ¢ momonibio LSTM cetn.

JIP3. 1 Ilpumenenue Q-Networks st pemeHus poCcThIX OKPYKESHUI.

Lenu: n3yyeHue npuMeHeHHs1 OOyYeHUs ¢ TIOAKPEIIEHHEM JUTs pellieHHH 3a5a4 KOHTPOJIS.
3ananue:

OOyunTe MPOCTYIO MOJHOCBI3HYI0Q-CceTh /I pelieHus okpykenust LunarLander.

[Ipouenypsl oleHUBaHUS 3HAHWUW, yMEHUH, (OpPMBI U OpraHu3alUs TEKYIIEro KOHTPOJISL
YCIIEBAEMOCTH U MTPOMEKYTOUHON aTTECTAIIMU 00YJarOIUXCS

Texkymuil KOHTPOJb YCHEBAEMOCTH M IPOMEKYTOUHAs AaTTECTalUsl CTYIAEHTOB BEHETCS B
coorBeTcTBUM ¢ I[lojoKeHMEM O TEKYyIEM KOHTPOJIE YCIEBAEMOCTH M MPOMEXKYTOYHOU
aTTecTaluu o0pa3oBaTeNbHOI OpraHu3aluu

Texkymmii KOHTPOJIb yCIIEBAEMOCTH

Monyne nenutcs Ha aBa Onoka. Kaxkaplii Onok BkiItoyaer B ceOs M3y4YeHHE 3aKOHYEHHOTO
paszzaena, yactu Moaysi.

Texymmii KOHTPOJIb IO MO0 OCYIIECTBIISICTCS O KalleHAapHOMY ydeOHoMmy rpaduky. Cpoku
KOHTpOJbHBIX Meponpusatuii (KM) u cpoku noasenenus utoroB no Moayio oToOpakaroTcs B
pabounx y4eOHbIX IuTaHax Ha ceMecTp. CTYIEHT [OJDKEH BBIMOIHUTH BCE KOHTPOJIbHBIE
MEpOIPUATHS, MPETYCMOTPEHHbIE MOyJIeM K yKa3aHHOMY CpPOKY, IOCJI€ YEero MpernojaaBaTesb
MPOCTaBJIsIET OaJTbHBIE OLIEHKH, HAOpaHHBIE CTYJEHTOM MO pe3yiabTaTaM TEKYIIETO0 KOHTPOJIS
ycnesaemoctu 1o Moayiio.

KoHTponbHOE MeponpusiTHE CUNTAETCS BHITTOJIHEHHBIM, €CJIM 32 HETO CTYACHT MOJY4YnJ OLIEHKY B
Oaylax HE HWKE€ MUHUMAIBHOW OIEHKH, YCTAHOBJICHHOW MPOrpaMMOM MOIYJsS 1O JaHHOMY
MEPONPUSITHIO.

CryneHThl, HE CHAaBIIME KOHTPOJIHHOE MEPOIPHUATHE B YCTAHOBJICHHBIM CPOK, MPOJIOJDKAIOT
paboTaTh HaJl HUM B COOTBETCTBHE C TIOPSAKOM, IPUHITHIM 00pa30BaTeNbHOM OpraHu3aIuei.
IIpomeskyTouHasi aTTecTauus

Dopmoii MPOMEKYTOUHOU aTTeCTALMU IO MOIYIIO SBIISIETCS 3a4eT.

OuenuBanne Monynss BeaeTcss B COOTBETCTBUU ¢ [lonokeHneM O TEKylIeM KOHTPOJE
yCIIEBAEMOCTH ¥ POMEKYTOYHOM aTTeCTAIllMU CTYACHTOB 00pa3oBaTeNbHON OpraHu3aliu.
Hanpumep, MeToanKAa OlIeHKHU 1O PEHTHHTY

CTyneHT, BBHINOTHUBIINK BCE MPENYCMOTPEHHBbIE Y4eOHBIM IUTAHOM 3a/laHus W CAaBIIUN Bce
KOHTPOJIbHBIE MEpPONPUSTHS, IMOJy4aeT HWTOrOBYK) OIEHKY 1o Moaynio 3a ceMecTp B
COOTBETCTBHUU CO CIEAYIOLIEH [IKAJION:

PeddTunHr Onenka Ha 3a4eTe
85-100
71-84 3aueT
60-70
0-59 Hesauer

Peittunr cTynenta mo Moayiro 3a ceMecTp onpeesseTcss Kak Cymma 0aijioB, MOTyYEHHBIX UM
3a Bce 0510k Motynist, 1 0aiioB 3a IPOMEXYTOUHYIO aTTecTalio. MakCuMallbHOE KOTUYECTBO
6aioB 3a Moayib B ceMecTpe ycTaHaBiuBaeTcsi paBHbIM 100
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OHI/ICAHI/IEMHOKA?.ATEJIEI‘/'I N KPUTEPUEB OLIEHUBAHUSA
KOMIIETEHIUU HA PA3JIMYHbIX OTAITAX UX ®OPMUPOBAHMUAA,
OINMCAHUME HIKAJI OHEHUBAHUA

®ounn oneHouHbIx cpeacts (POC) nmpeaycMaTpuBaeT cleayoliee:

— OIHcaHue KOMILUIEKCa MoKa3aTeieil — JECKPUITOPOB OCBOEHHUSI KOMIIETSHIIU B BUJIE
PE3yNbTaTOB 00YUYEHUS, KOTOPBIE CTYACHT MOKET IPOAEMOHCTPUPOBATH (

— (tabnuua 1). [Ins KOHTPOIS AOCTUKEHHUS KAXKI0T0 U3 HUX MPEAYCMOTPEHBI OLIEHOYHbIE
CpEICTBa B BUJE BOIIPOCOB, 3a/1aHUM U T.[1.;

— o0003HaUYCHHE KPUTEePHeB — IIPABHIII IPUHATUS PEILICHUS MO OIIEHKE JOCTUTHYTHIX
pe3yNbTaToB 00y4YeHUs U cPOPMUPOBAHHOCTH KOMIIETEHIIUH.

Hanpumep, B kauecTBe HmIkaibl orieHuBanus npuHuMaetcs 100-6anpHas cuctema ¢ BhIICIIEHUEM

(rpagarueii) OLICHOK:

PeidTuHT Onenka Ha 3a4eTe
85-100
71-84 3auer
60-70
0-59 Hesauer

TUMOBBIE KOHTPOJILHBIE 3AJAHUSI UJIU UHBIE MATEPHAJIBI,
HEOBXOJMMBIE J1J151 OEHKW 3HAHW, YMEHWI 1 (MJTA) OTIBITA
JNESTEJILHOCTH, XAPAKTEPU3YIOIIUE DTAIBI ®OPMUPOBAHUS
KOMIETEHILU B TPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI
MMPOTPAMMBI

BLIHYCKHI/IK, OCBOMBIIHHN 06p330BaTeJ'ILHYIO nporpammy, JOJIZKCH O6J'Ia,I[aTB
HpO(beCCI/IOHaIH)HI)IMI/I KOMIIECTCHIHUAMMU 110 TEMATUYCCKHUM MOAYJISIM ITPOTpaMMBbI:

Kox |HammenoBaHue Pe3ynbTarel 00yueHus
TEMaTUUYECKOTO
MOIYJIA
Bgenenue B |[3HaHnA:
HWCKYCCTBEHHBIN — TEOPETHYECKUE OCHOBBI aHaIM3a HJAHHBIX W MAIIMHHOTO
UHTEJUIEKT u 00yueHus;
OCHOBHBIC METOABI |-  crnernuduka paboThl AITOPUTMOB MAITUHHOTO O0yUYEHUSI.
MAIIMHHOTO  OOYYeHUS |VMeHus:
AT paboThI C |- mpUMEHEeHHE METOJ0B MAIIMHHOTO O0YYEHHUs, MOATOTOBKA
TaOJIMYHBIMH JIAHHBIX U UHTCPIPETANA PE3YIbTATOB.
AaHHBIMHA HaBbikHu (ONBIT AeSITEJILHOCTH):
- HMHTEpPECYeTCs HOBBIMU TpEeHAAMH B cBoeit

HpO(pCCCHOHaHBHOﬁ OTpaciii, paCcCMAaTprUBACT UX C TOYKHU
3pCHUA IPUMCHCHH B CcBOCH JACATCIBbHOCTH,

-  OLOCHHBACT MMPUMCHUMOCTDb AJITOPUTMOB,
BO3MOXHBICPUCKH W TIOCICACTBHUA 0HII/I60K, HaXoJuT
OINITUMAJIBHBICPCTIICHU A JJI pa60q1/1x 3aaad
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Cucrempl TiIyOOKOrO  |3HAHMS:

oOyueHus - NPUHLHUIBI 00yYEeHUs U IPUMEHEHUs] HeHPOHHBIX CeTeH.

- ApXUTEKTYpbI INYOOKHX HEMPOHHBIX CETEH, IPUMEHSAEMBIX
B peuieHuun PaKTUYECKUX 3a1a4
CBSI3aHHBIX C aHAJIM30M M300paKEHUHN U TEKCTOB;

Ymenus:

- HAcTpolika HEOOXOIMMOTO OKpYKEHHUs /s pabdoThl ¢
HEUPOHHBIMU CETSIMHU.

- IpUMEHEHUue U n000yueHuenpe100yueHHbIX
HEHPOHHBIX CETeH U3 TOCTYMHBIX OUOINOTEK

HaBbIkH (ONBIT J€eSITEJILHOCTH):

- BIAJACET HABBIKOM  MPOBEIEHUA  IOJHOIO  LHKJIA
BBIYHUCIIUTEIBHOTO  3KCIIEpUMEHTa, OTPAXEHMsI XoJa
BBIIIOJIHEHUSI TIPOEKTa U IOJY4YEHUS pPE3yJbTaTOB B
OTYeTax U JOKYMEHTALINH;

- BJAJEET HAaBBIKOM  HCIIOJIb30BAHMSI  CYIIECTBYIOLUX
MPOrpaMMHBIX ~ OMOMMOTEK W MOJEJCH, CO3JTaHHs
MIPOrPaMMHBIX peanu3ainil TTyOOKUX HEMPOHHBIX ceTeit

OO6yuenue c 3HaHuA:
MOJIKPETUICHHEM - TEOPETUYECKHE OCHOBBI W QITOPUTMBI OOYYEHHUS C
MOJIKPEIUICHHEM;

- TmpuMeHeHHue OOydeHHs C  TOJIKPEIUICHHEM  JUIs
MIPaKTUYECKHX 3a]1a4.

YMenus:

- BBIOOp ® peanu3alus alrOPUTMOB  OOydeHHsS C
MOJIKPETIJICHAEM C YYETOM CIIeIU(UKH 321291

- amanTalUs M HAcTpPOWKa aJIroOpuTMOB OOYy4YEHUS C
MOAKPETUICHHEM TIO/T ONIPEICTICHHYIO CPELy.

HaBbiku (ONBIT AeSITEJILHOCTH):

- WHTepecyeTrcs HOBBIMU TpeHAaMHI B cBoOEH
npodeccHoHaNbHOM OTpaciy, pacCMaTPUBAET MX C TOUKH
3peHUs IPUMEHEHUS B CBOEH JIEITEIILHOCTH;

- BIAJCET HABBIKOM UCIOJIb30BAaHUS  CYLIECTBYIOIINUX
MpOrpaMMHBIX ~ OMOJIMOTEK ¥ MoOJeJeHd, Cco3JdaHus
MPOrpaMMHBIX peaju3aliii Ha OCHOBE aJIrOPUTMOB
00yuYeHus C MOJKPENIEHUEM

CpencrBa A OLEHKM Ppa3IMYHBIX YPOBHEH (QOPMUpPOBAHUS KOMIIETEHIMH IO KaTeropusm
«3HaTh», «YMETbY», «BIAJIETh)» O00ECHEUMBAIOT PEATU3ALUI0 OCHOBHBIX MPHUHIUIIOB KOHTPOJS,
TaKuX KaK 00BEKTUBHOCTh u HE3aBUCUMOCTD, [IPaKTUKO-OPUEHTUPOBAHHOCTb,
MEXIUCIUIIIINHAPHOCTb.
C ydeToM 3TOro KOHTPOJIbHbIE BONPOCH! (3a1aHus, 3a1aun), Bxoasmue B POC, i pa3anyHbIX
KaTeropuil 1 YpOBHEN OCBOCHMS KOMITETEHIIMM MOT'YT UMETh CIEAYIOIIMMI BUJ.
3HATD Ilpumepsnr:

10. Twumsl 33124 MaIIMHHOTO OOYUYEHHS U KJIACCHI aITOPUTMOB, K HUIM TIPUMEHSIEMEIE.

11. OcHOBHbIE HaNpaBJICHUS PA3BUTHUS UCCIIEIOBAHUN B 00JIACTH CUCTEM UCKYCCTBEHHOTO
MHTEJIEKTA.
12. Teopernueckue OCHOBBI AJITOPUTMOB MAIIMHHOTO OOYyUEHHUS.



YMETD IIpumepsbr:
10. TToaroToBUTH JaHHBIE K UCIIOJIB30BAHUIO AJITOPUTMA MAITMHHOTO OOYYCHHS.
11. OueHuBaTh KQ4ECTBO PEIICHUI CUCTEM MAITUHHOTO O0yUYCHHUSI.

12. AI[aHTI/IpOBaTB AJITOPUTMbI MAIIIMHHOI'O 06y‘leHI/I${ K PCIICHUIO ITPAKTUYCCKUX 3a1a4.

BJIAJETD IIpumepsr:
10. Metonomorus pa3pabOTKU PEIICHUH MAIIMHHOTO O0yYeHHUS.
11. [TpuMepsl MPAKTUIECKOTO MTPUMEHEHHS aPXUTEKTYP UCKYCCTBEHHOT'O WHTEIIJICKTA.
12. MeTo/pl OHJIAHH TECTUPOBAHUSI PEIICHUN MAIIIMHHOTO O0y4YeHUSI.

METOAUYECKHE MATEPUAJIbL, ONPEAEJAIOUIHUE ITIPOLUELYPbI
OLNEHUBAHMSA 3HAHUHW, YMEHUU U (WIH) OIIBITA JEATEJIBHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIbBI ®OPMHUPOBAHUSA KOMIIETEHIIUA

[Ipumepsl (MakeThl) METOAMYECKUX MAaTE€pPHANIOB, OMPEACIISIONIUX MPOLEIYPhl OLICHUBAHUS
3HaHUM, YMEHUM U (WJIM) ONBITA JIEATETbHOCTH
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HaumenoBanue Kparkas xapakrepucruka IIpeacrasiienue
OLICHOYHOI0 OLICHOYHOT'0 CPe/ICTBA OLICHOYHOI0 CPe/ICTBA
cpeacrsa B GoHe
Texymui KOHTPOJIb CpencTBo NpoOBEPKU OCBOEHMSI KommuiexTs! Onneros
yCIIEBAEMOCTH YPOBHEH «3HATBY», KYMETh» (3aanmii)
KommiekT OuseroB (mpuMepHbIi)
buner 1.
11 baitecoBckuii knaccudukarop. Ouenka npusznakos (Gaussian, Bernoulli,
Multinomial). EM anropurm.
12 Knacrepuzanus. kMeans, kMeans++, MeanShift, DBSCAN.
buner 2.
2.7 Aucam6imu. Soft and Hard Voting. Bagging. Cayuaiinsrii jiec.
2.8 Merpuueckwuii knaccudukaropsl. KNN.
WKNN.
buner 3.
31 JIuneitnas perpeccus. LASSO, LARS. CART.
3.2 HepeBbs pemenuil. Mudopmannonsslii Bemrpsim. Omubdka kinaccudukanuy,

sHTponus, kpurepuid /[xunu. [IpyHuHr.

buner 4.
41 I'nmobaneublii mouck. CnyuaitHeiii mouck. Gridsearch. Ciywaiinoe
onyxaanue.baiiecoBckasi onmTUMHU3aUs.
4.2 JIuneiinas perpeccusi. [lomuHomuanbHas perpeccus. [ peOHeBas perpeccusi.
buer 5.

5.7 AdaBoost. I'pasneHTHBINH OYCTHHT PENIAIONINX JI€PEBHEB.

5.8 Knacrepuzanus. AgglomerativeClustering. Merpuku kinactepu3anum.
buner 6.

6.1. Ouenka knaccudukanun. dddexkruaocts 1o [Tapero. Precision-Recall  ROC kpussie.
AUC.

6.2 Heiiponnsie ceru. IlepuentponPo3en6marra. OOpaTHOE pacpocTpaHEHHE TPaTueHTA.

®dynkiun aktuBauu. Softmax.

buner 7.
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71 Jlokanpubiit mouck. HillClimb u ero pasnoBumHoctu. Omxur. ['eHeTHyeckwuii
AJITOPHUTM.
7.2 Mertoa onopHbIX BEKTOPOB. SAapa.

Ilepeuyenn J1abopaTopHBIX padoT (MpUMepPHbI)

O0mme pexoMeHIaLMH K J1a00pPaTOPHBIM padoTaM: Ul pa3HbIX YPOBHEH MOATOTOBKU
CTY/IEHTOB MOKHO HCIOJIb30BATh Pa3HYIO MIYOUHY peanu3aluy pemeHus. Tak, A1 CTy1eHTOB
HETEXHUYECKUX CIIEHUATBbHOCTEHN 3a1aHNE MOKET 3aKJII0YaThCsl B IPUMEHEHUH I'OTOBBIX
METO0B U3 OMOIMOTEK WM 3alI0JTHEHHUEM MIPOITYCKOB B IIPOrpaMMax, rje 0oJiblias 4acTh
HOArOTOBJIEHA IpenoaaBaTenaeM. [ CTyIeHTOB TEXHUUECKUX CIIELMANbHOCTEN 3ajaHue OyaeT
3aKJII0YAThCs B peJIN3aluy aJITOPUTMOB 0€3 UCIIOJIb30BaHUS TOTOBBIX PELICHUH.

JIP1.1 Merompl paboTel ¢ Tabmuiamu B Python. Arperamuss ¥ BH3yalu3alusi JaHHBIX.
[IpoBeaeHue NEpBUYHOTO aHAIIM3A TAHHBIX.

[lenu: u3ydeHne MeTOJOB pabOThI ¢ JaHHbBIMA B Python u mpoBeneHue MEepBHYHOTO aHaIM3a
JaHHBIX.

3amanue: 3arpysute maracer B pandasmaradpeiiM. BriBeanTe OCHOBHBIC MapaMeTphbl JaTaceTa.
Ompenenure, CKOJBKO B JaTaceTe ClydaeB OTCYTCTBHS MpHU3HAKOB. Omnpenenure, CKOJIbKO
MPU3HAKOB SIBJISIIOTCS KAaTerOpHAbHBIMU. Bu3yanusupyiTe pachpeneieHue NPU3HAKOB TI0
Ki1accaM. Buzyanusupyite 3aBUCUMOCTb MEXIY IPU3HAKAMH.

JIP1.2 Wcnonp3oBanue u cpaBHeHHe aaroputMoB kinaccudukammu: KNN, perratomniye nepeBbs u
UX aHcaMOJIu, JIOTUCTUYECKas perpeccusi.

Lenu: npuMeHEeHNE U OIICHKA AITOPUTMOB KJIACCHU(UKAIHH.

3ananue:

Pazgenure maracer Ha oOydaroniuii ¥ BaJIMJALMOHHBIA C COXPAaHEHHEM MPOIOPIHMI KJIACCOB.
Knaccupunupyiite Toukum u3 pgatacera ¢ nomoinsio  anroputmMoB KNN, norucriueckoit
perpeccun, CART, cayuaiinoro neca, CatBoost. [Tonbepure nydrime mapamerpsl aaropuTMOB
CIIOMOIIbIO BaJIMJIAIIMOHHON BbIOOpKU. CpaBHHUTE BpeMs pabOThI aJTOPUTMOB M 3aBUCUMOCTH OT
pe1o0paboTKU JaHHbIX.

JIP1.3 Hcnonb3oBaHue U OLIEHKA aJrOPUTMOB perpeccuu. [logdop onTUMaibHBIX MapamMeTpoB
perpeccum.

[enu: u3ydyeHue aaropuTMOB PErpeCCHH.

3amanue:

[IpumenuTe MeTo1 TMHENHOM perpeccuu JUisl pelieHus 3a/1a4u Ha garacere. Jo0aBbTe B garacer
NOJIMHOMHAJIbHBIE MpU3HaKu. [l06aBisiiTe MpU3HAKK [TOKa HE YBUIHUTE Nlepeo0ydeHne Ha
BayManoHHomaracere. [ lpumennte rpedueByto perpeccuto 1 LASSO, uToOb1 n30aBUTHCS OT
nepeoOyuyeHusl.

JIP1.4 OntuMu3anMoHHbIe 337aud M ux pemieHus. [logOop rumepmnapamerpoB ainropurMa c
MIOMOIIBIO METOJIOB ONITUMH3AIIUH

Lleny: n3yueHHne anropuTMOB PELICHUS ONITUMH3AIMOHHBIX 33/1a4.

3ananue:

1 OnTuMu3upyiTe INTMHY MapuipyTa B 3a7a4e KOMUBOsSDKEpa ¢ momonibo anroputmos hillclimb,
OT)KUTA ¥ TCHETHYECKOTO AIrOpUTMa. BBIBEINTE MOTYUMBIIANCS MYTh U €r0 JTHHY.

2. Ontumu3HpYyiiTe THIIEpIIapaMETPhl AITOPUTMA MAITHHHOTO 00y4eHUsI (Ha BEIOOD) C IOMOIIBIO
CIy4ailHOTO TIOKMCKa, MOKMCKa 110 pemnieTke, anropurMa hillclimb, reneruueckoro anropurma.

JIP2.1 Knaccudukamnms n3o0pakeHnid u TpanchepHoe 00yUueHue.

Lenu: n3yyeHne METOA0B IITyOOKOro 00y4eHus s paboThl C H300paKEHUSIMH.

3ananue:

3arpy3uTe JataceT M CO3JaiTe uTepaTop UIA MOJENU TIyOOKOro oOydeHus. 3arpysute
npenoOydennyo Ha ImageNetcseprounyio cets (AlexNet, VGG uan ResNet) u mobaBsTe K
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backbonemonHocBs3HbIi cioii mast 00ydeHus. OOy4nTe HEWPOHHYIO CETh Ha, BU3yalN3UPOBAB
rpaduk QyHKIHMH TOTEeph Ha OOydarouieil W BalWJAMOHHOW BBIOOpKE. Peanmmsyiite MOIyIh
OPUMEHEHHS] HSHPOHHOM CETH K JIaHHBIM, IIPOBEPHTE Ka4ECTBO OOYUCHHS Ha TECTOBOU BBIOOPKE.

JIP2.2 Pabora ¢ TeKkcTaMu M UX BEKTOPHBIMU IpeAcTaBIeHUsIMHU. Llenn:

u3y4deHue Mojieiell BEKTOPHOTO IPE/ICTAaBICHHS TEKCTOB. 3a1aHue:

Ckayaiite npeno0y4eHHbIe BEKTOpa A5 ciaoBaps. C momonipio Jr000ro kiaccupukaTopa
mamuaHoro ooyuenust (KNN, SVM, CatBoost) kinaccuduuupyiite TEKCTHI U3 1aTacera o CyMMe
BEKTOpOB cJ0B. Kimaccudumupyiite Tekctsl ¢ momonibio LSTM cetn.

JIP3. 1 Ilpumenenue Q-Networks st pemeHus mpoCcThIX OKPYKESHUI.

enu: n3ydyeHue npuMeHeHust 00y4eHHUs C MOJIKPEIJICHUEM [T PELICHUH 3a/1a4 KOHTPOJISL.
3ajgaHue:

OOyuuTe MPOCTYIO MOTHOCBA3HYI0Q-ceTh I pemeHus okpy:kenus LunarLander.

[Iponienypsl OLIEHMBAaHUS 3HaHWUN, yMEHHH, (OpPMBI W OpraHu3anys TEKYILEro KOHTPOJISA
YCIEBAEMOCTHU U MPOMEKYTOYHON aTTeCTallUN 00yUYaOLUXCsl

Texymuii KOHTpPOJIb YCIIEBAEMOCTH M IPOMEKYTOYHAs aTTECTallUsl CTYIEHTOB BENETCS B
coorBeTcTBUM C [lonOKeHMEM O TEKylleM KOHTPOJIE YCIEBAEMOCTH MW IIPOMEKYTOYHOMU
aTTecTaluu o0pa3oBaTeIbHON OpraHU3allu

Texkymmii KOHTPOJIb yCIIEBAEMOCTH

Monayne nenutcs Ha aa Onoka. Kaxaplii Giok BKiIOYaeT B ce0s M3y4EHHE 3aKOHYEHHOTO
paszzaena, yactu Moaysi.

Tekymuil KOHTPOJIB IO MO0 OCYILIECTBIAETCS 10 KaleHAapHOMYy yuyeOHoMY rpapuky. Cpoku
KOHTPOJBHBIX Meponpusatiii (KM) u cpoku moaBeneHusi UTOTOB 1o Moayiio 0TOOpaskaroTcs B
pabouux y4eOHbIX IUTaHaX Ha ceMecTp. CTyIeHT JOJDKEH BBINOJIHUTh BCE KOHTPOJIBHBIE
MEpONPHUATHS, IPEAYCMOTPEHHBIE MOlyJIeM K YKa3aHHOMY CPOKY, IIOCJIE 4YEero MpernojaBaTeib
IIPOCTABISCT OaJUIbHBIE OLIEHKU, HAOpaHHbIE CTYIEHTOM IO PE3yJIbTaTaM TEKYLIero KOHTPOJISA
ycnesaemoctu 1o Moayio.

KoHTpoibpHOE MEPONIPUATHE CUUTAETCS BBIIOJIHEHHBIM, €CIIU 3@ HETO CTYIEHT IOJyYuJI OLICHKY B
Oamtax He HU)KE MUHUMAJIbHON OLEHKH, YCTAaHOBJIEHHOW IpOrpaMMoi MoAyls IO AaHHOMY
MEPOIPHUSATHIO.

CryneHThl, HE CHIaBIIME KOHTPOJIBHOE MEPOIPHUSATHE B YCTAaHOBJIEHHBIH CPOK, MPOAOKAIOT
paloTaTh HaJl HUIM B COOTBETCTBHE C TOPSIIKOM, IPUHATHIM 00pa30BaTEIbHOW OpraHu3aIuei.
IIpome:xxyTouHas aTTecTanus

DopMoOi1 MPOMEKYTOUHOU aTTECTALMK 110 MOyIIIO ABIISETCS 3a4€T.

OnenuBanue Mopynst Benercss B COOTBETCTBHM ¢ IlookeHHeM O TeKylleM KOHTpOJIe
YCIIEBAaEMOCTH U IPOMEKYTOUHON aTTeCTalluK CTYAECHTOB 00pa3oBaTeIbHOI OpraHu3aluu.
Hanpumep, MeToaAMKA OLIEHKHU 110 PEHTHHTY

CTyneHT, BBINOJIHUBIIMM BCE NMPEAyCMOTPEHHBbIE YUEOHBIM IUIAHOM 3aJlaHusl M CAABLIMM Bce
KOHTPOJIBHBIE MEpPONPUATHS, IOIY4aeT HWTOTOBYIO OLIEHKYy 1o Monaymo 3a ceMmectp B
COOTBETCTBHUU CO CIEAYIOLICH IIKAION:

PeddTunHr Onenka Ha 3a4eTe
85-100
71-84 3aueT
60-70
0-59 Hesauer

Peittunr cTynenta mo Moayiro 3a ceMecTp onpeenseTcss Kak cymma 0aijioB, MOTyYeHHBIX UM
3a Bce 0510k Moynist, 1 0aiioB 3a IPOMEXYTOUHYIO aTTecTalio. MakCUMallbHOE KOTUYECTBO
OaimoB 3a Moayib B ceMecTpe ycTaHaBiuBaeTcst paBHbIM 100



