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1. Ilean ocBOEHMSI AUCHHUILINHDBI

[enbro n3ydeHus: AUCHUTTHHBL « CUCTEMBI HICKYCCTBEHHOTO MHTEIIEKTa SBIISIETCS (JOPMUPOBAHUE
KOMIICTEHIIMH B 00JIACTH MPUMEHEHUS HHTEIUICKTYaIbHBIX HH()OPMAIIMOHHBIX CUCTEM JIJISl PEIICHUS
npodecCHOHaIBHBIX 3aj1a4.

3anaun TUCHUTUTAHBL:

— O03HAaKOMHUTH C COBPEMEHHBIMH OOJIACTSIMU HCCIEAOBAHUS [0 HMCKYCCTBEHHOMY HWHTEIIICKTY U
cepamMu IPUIIOKEHHSI SKCIIEPTHBIX CUCTEM;

— IMO3HAKOMHUTH C KOHIEHIIMSIMH, COCTABJISIONIUMH OCHOBY COBPEMEHHBIX CHCTEM HCKYCCTBEHHOTO
WHTEIICKTA;

— W3JI0KHUTh TEXHHYECKUE IMOCTAHOBKH OCHOBHBIX 3aJla4, PEHIAEMBIX CHCTEMAaMH HCKYCCTBEHHOTO
WHTEIICKTA;

— TI0O3HAKOMHUTh C OCOOCHHOCTSIMH  TMPAKTUYECKOTO  HCIOJIb30BAHUS  WHTEIUICKTYallbHBIX
WH(pOPMAIMOHHBIX CUCTEM B 00J1acTH MH(POPMAITMOHHOM 0€30MacHOCTH.

2. Mecto nucuunjuHbl B cTpykType OIIOII 6akanaBpuara
[{uki, K KOTOPOMY OTHOCUTCS AUCLIUILIIMHA:
b1.0/1. «CucteMbl HICKyCCTBEHHOT'O MHTEIIJIEKTa

3. Pe3yabTaThl 0CBOEHUS TUCHUILTHHBI (MO1YJIs1) «CUCTEMBI ICKYCCTBEHHOTO MHTEIIIICKTA)
[Tpouecc u3yueHus: IMCIUIUIMHEI HAIIPaBJIeH Ha (JOPMHUPOBAHUE IJIEMEHTOB CJIETYIOIINX KOMIIETCHIIUH
B cootBeTcTBUU ¢ PI'OC BO 1o qaHHOMY HarpaBieHUIO:

KOI[ HaumeHnoBaHnue KO}J, HAUMEHOBAaHUEC HHIAUKATOPA JOCTHKCHUS

npogeccuonan MPodeccHOHATbHON npo¢ecCHOHAIBbHON KOMIIeTEHINH

LHOI KOMIIETEHIIMH

KOMIICTCHIINU

IIK-9 Crocoben K- 9.1. TTonumaer npunnunsl| 3HaTH: MeTob!
MCIIOTIb30BATE  SHAHHUC | 1ocTpOCHUS U OCHOBHBIC paspaboTku
OCHOBHBIX MCTOAOB | \reTonpl CHCTEM OPUTMHAIBHBIX AITOPUTMOB
MCKYyCCTBCHHOTO VICKYCCTBEHHOTO MHTEJUIEKTA U | M TIPOrPaMMHBIX
MHTCILICKTa o B OPUMCHSCT UX JJIS PCLHICHUA peIeHuii ¢
rocyeyromei .
MpOGhECCHOHATBHOI 3a71a4 IpoQecCHOHAIBHOM HCTIOJIb30BaHUCM
e TeTbHOCTH p | ACATCILHOCTH, COBPEMCHHLIX
KayecTBe HAYYHBIX SexHOTOrP
COTpYAHUKOE, K- 9.2. Hccnenyer | YMeTh: CTaBUTh 33/1a9H
nperofasareseii HANPaBJICHHS  TpUMeHeHus | Y aAalTHPOBATH METOMbI U
06pa30oBaATENHHBIX cucTeM MCKYCCTBEHHOro | &ITOPHTMbI MALMHHOIO
OpraHU3aIMil BBICIIETO | MHTEIJIEKTa IE 00yueHms
00pa3oBaHus, Pa3IMYIHBIX MPEIMETHBIX
WH)XEHEPOB, obJacrei;
TEXHOJIOTOB. K- 9.3. BriOupaer Biragers: MoCTaHOBKOIA
KOMIIIEKCHI METOI0B U 3ajad

UHCTPYMEHTAJbHBIX CPE/ICTB 110 ajanTatn Wil

MICKYCCTBEHHOTO MHTEJNEKTa | COooP HCHCTBOBAMHIO
METOJ0B
JUISL peLIeHus
" aJITOPUTMOB JJId
npodeccuoHaNbHbIX 337a4 B F——

MpeIMETHOM 00J1acTH. OGIACTH

3aBHUCHMOCTH OT OCOOCHHOCTEH KOMILIEKCa 3a/1a4 HpeHMeTHTﬁ




CnocoOeH BBISIBUTh
CCTECTBCHHOHAYYHYIO
IIK-10 CYILIHOCTb ITpO0JIEM,
BO3HHKAIOIIMX B XOZE
npodeccnoHaTbHOMI
NEATENLHOCTH B
oOJ1acTu
MOJICIIHPOBAHUS U
AHAIIM3a CJI0KHBIX
€CTECTBEHHBIX U

IK-10.1.BeiOupaeT nporpaMMHbIC
mIaThopMbI CHUCTEM
MCKYCCTBEHHOT'O MHTEJICKTA;

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

IMK-10.2.YyacTByeT B IpOBEJACHUN
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. CTpyKTYypa H cojiep:KaHue JUCHUIIUHDBI (MOIYJIs1)
4.1. CTpyKTypa JUCHUNIHHBI (MOIYJIA)
OO61mas Tpy0eMKOCTh AUCHUILINHBI COCTABIISET 2 3a4ETHBIX €IUHUIL], /2 YacOB.

Ne
n/n

Buael yueOHoli padoThl, BKIIOYAsA
€aMOCTOSATEIbHYIO Pa00Ty CTYICHTOB H

TPYA0€MKOCThH (B Yacax)

KOHTPOJISI yCIIeBAEMOCTH

®opmMa MPOMEeKYTOYHOM

DopMbI TEKYLIET0

(no neoenam cemecmpa)

KonTakTHas CamocrosiTeqibHA aTTecTauuy (no
padora s1 padora cemecmpan)
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OOyueHue alala 3

CIIOAKPEIUIEHUEM

Bcero 18 | 18 | 18 18

\Kypcosas paboma (npoexm)

[lodzomogxa x sK3ameny

OO0mass TPyoOEMKOCTh, B [MpomexyTouHast

gacax Dopma

72 |18 | 18 | 18 5 Sy

3aueT ¢ oLeHKOH
OK3aMeH

4.2. Conep:xaHue JMCUMILINHBI (MOTYJIs1)

MaTEMaTHYECKOT0 aHaIn3a. |

OcHoBHbBIE 33a]a4¥ CHCTEM HCKYCCTBEHHOIO HHTEJUIEKTA.
Knaccudukanus, kmacrepusanusi, perpeccus. THUIBI MalIMHHOTO
o0yuyeHHMs: ¢ yuuTenem, 0e3 yUUTessl, C YaCTHUHBIM NIPUBIICUEHUEM
yuuTess, 00ydeHHe ¢ IOIKPEIICHUEM.

Knaccudukanuss Ha mnpumepe anroputma K-Onmvxaimmx
cocemeir (KNN) [OnmuonansHo: BBICTPBI TOMCK  OMMKAUIIIMX
coceziell.]. MeTpuKH OLIEHKH KJacCU(UKAIUK: MTOJTHOTA, TOYHOCTD,
FI, ROC, AUC. BanupamnuonHas u TecTtoBas BbIOOpKa. Kpocc-
Banuanus. Pabota ¢ kaTreropuaabHbIMHU IPU3HAKAMHU.

Perpeccus. Metpuku onenku perpeccun: MSE, MAE, R2 -
KO3 PULIHEHT JETEPMUHALINH. JIuneiinas perpeccusl,
noJIMHOMMaNbHAst perpeccus. llepeoOydyeHne U peryssipu3anus,
rpebHeBas perpeccust, LASSO, ElasticNet.

Jluneitnble Mmopzenu i kinaccudukauuu. llepuentpos,
JIOTUCTUYECKAsd PpErpeccusi, IOJHOCBA3HBIE HEHPOHHBIE CETH,
CTOXACTUYECKHUI IPaJUEHTHBIN CITyCK U 00paTHOE pacIpOCTpaHEHHE
rpaaveHTa. Perynspuzanus IMHEHHBIX MoJieNel KilacCu(pUKaIunu.

Knacrepusarus, k-means, k-means++, DBSCAN,
arJioMepaTHBHAas KjlacTepu3alys. MeTpuKky OLEHKU KJIaCTEpU3aLNH.

ANTOPUTMBI, OCHOBAaHHBIE Ha TMPUMEHEHMH PpEHIAIOIINX
nepeBbeB. Kpurepunm pasznmenenuss ysna:  HMH(DOpMAIMOHHBIN
BBIMTPBILI, KpuTepui JKMHU. AHCaMOIu pelaroluX JIepeBbEB:
CJIy4aiiHbIH JIeC, TpaJiueHTHBIN OyCTHHT.

Meton onopubix BekTopoB. [Ipsimas m oOparHas 3anaya.
OnpeneneHne ONOPHBIX BEKTOPOB. S epHBIN TPIOK.

Ne HauMeHoOBaHuUe MoAyJIf, COAepKAaHUE Yacsl
n/m
«BBeJeHHEe B MCKYCCTBEHHbIH UHTE/LJIEKT U OCHOBHbIE
1 MeTOo/Jbl MAIMHHOTO OGy4YeHHUsl AJIsl paGoThbl C TAGJIMYHBIMH
JaHHBIMH»
Jlekuyn 10
1.1- [OnuuoHanbHO: MaTeMAaTUYECKUH JHKOEe3 MO 3JIeMEHTaM 10
15 MaTeMaTH4YECKON CTaTUCTHUKH, JMHEHHOMN anreopsl u




HauBHblil OaitecoBckmii kinaccudukaTop. MeToasl OLIEHKH
pacnpeneneHusi npusHakoB. EM-anroputM Ha mnpuMepe cmecu
rayccHuas.

Meroap! 6e3rpaIueHTHON ONTUMHU3AIMH: CITyYaliHbIN MTOUCK,
hillclimb, oTxur, reHeTHYECKHUil aJITOPUTM.

JlabopaTopHblie padoThI

(=<}

JIP1.1

Meroasl paboTel ¢ Tabnumamu B Python. Arperamus wu
BU3YyaIIU3aIUS
naHHbIX. [IpoBe/icHre IEPBUYHOTO aHAIN3A JaHHBIX.

N

JIP1.2

CIOJIb30BAaHUE U CpPaBHEHHE aJTOPUTMOB KIIACCH(HKAIINU:
KNN,

pemaronme JepeBbes M MX aHCaMOJH, JIOTUCTHYECKas
perpeccusi.

JIP1.3

Hcnonp3oBaHne U OlEHKa alropuTMoB perpeccuu. [Tombop
ONITUMATTBHBIX
apaMeTPOB PErpeccuu

JIP1.4

OntuMu3anMoHHBIe 3amayd U ux pemeHus. I[logbop
TUTIEPIAPAMETPOB AJITOPUTMA C TOMOIIBI0 METOJJOB ONITHMHU3AIINH.

IIpakTHKa

I1P1.1

IIporpaMMHO-aIrOpUTMHUYECKOE OCBOCHHE MaTepHuala

CamocrosiTesibHasA padora

CP1.1

[IpopaboTka yuebHOro MaTepuana JeKIun

CP1.2

[ToaroroBka k J1ab0paTopHBIM paboTam

CP1.3

IToaroroBska k pY6e)KHOMy KOHTPOJIIO

CP14

Jlpyrue BUbpl CaMOCTOSITENBHON pabOThI

Jlekuu

2.1-
2.3

Heiiponnsie cetu. OyHKIMU OMMUOKA HEUPOHHBIX ceTed U
o0yueHue ¢

MTOMOIIBI0 00PaTHOTO paclpocTpaHeHus rpaaueHTa. [lonstue
03Tya U SMOXHU.

Pabora ¢ n300pa’keHUsIMU C MOMOUIbI0 HEHPOHHBIX CETEH.
Ceeprounble HelpoHHble ceTn. Omnepanuu CBepTOK, max-pooling.
IlonynspHbIE apXUTEKTypbl CBEPTOYHBIX HEHWPOHHBIX CETEM:
AlexNet, VGG, Inception

(GoogLeNet), ResNet. Tpancdepnoe obyueHue.

Oo6pabotka TekcToB. PaboTa ¢ €CTECTBEHHBIM S3BIKOM C
IIOMOLIbI0 HEWPOHHBIX ceTel. BeKTOpHBIE NpEeACTaBICHUS s
TekcTa: word2vec, skipgram,

CBOW, fasttext. PexyppenTHble HelipoHHble cetu, LSTM,
GRU.

Tpanchopmeps, BERT, GPT.

JlabopaTopHblie padoThI

(=)}

JIP2.1

Knaccudukanus nzobpaxenuii u TpanchepHoe o0ydeHue.

w

JIP2.2

Pabora ¢ TexkcTamMm M uUX BCKTOPHBIMH TIPCACTAaBJICHUAMU
TCKCTOB.

IIpakTHKa

NS

P
2.1

IIporpaMMHO-aIrOpUTMHUYECKOE OCBOCHHE MaTepHaia

NS

CamocrositesibHas padora

CP2.1

[TpopaboTka yaeOHOTO MaTepuaia JEeKIi

CP2.2

[ToaroroBka K 1a00paTopHBIM paboTam

CP2.3

[ToaroroBka K pyOexHOMY KOHTPOJIIO

YNNI




CP2.4 Jlpyrue BUIbl CaMOCTOSTENILHOM PabOThI 1
«O0yyeHue C MoAKpEIICHUEM»
3 Jleknuu 4
3.1- [lonsiTus areHTta, cpeibl, COCTOSIHUS, ACHCTBUIM U HArpaJbl.
3.2 DOyHKIUA
neHHoctu cocrosiaust (Valuefunction) u ¢yHkius xayectra
nericteus (Qfuntion).
OnTumuzanusi CTpAaTerMd C TMOMOINBI0 MaKCUMH3alUU 4
(byHKIMH IEHHOCTH U KayecTBa. Q-o0yueHue.
I'nybokoe oOyuenue ¢ noakperieauem. Deep Q-Networks,
Actor-critic.
s yposust skcnieptHblii: REINFORCE, A2C, PPO, DDPG.
JlaGopaTopHbie paboThbI 4
JIP3.1 [Ipumenenne  Q-Networks  mns  pemeHHss  TPOCTHIX 4
OKPYKEHHUM.
IIpakTukKa 4
P [IporpaMMHO-aNTOPUTMHYECKOE OCBOCHHE MaTepHaa 4
3.1
CamocrosiTesibHas padora 3
CP3.1 [TpopaboTka yuebHOro MaTepuasa JeKIun 1
CP3.2 IToaroroBka K J1abopaTopHBIM paboTam 1
CP3.3 [TonroToBka K pyOe:KHOMY KOHTPOJIIO 0,5
CP3.4 Jlpyrue BUbpl CaMOCTOSITENBHON pabOThI 0,5

5. O6pa3zoBare/ibHbIE TEXHOJIOTHHI

B mponecce nperogaBaHud MOI[y.]'ISI HCIOJIB3YIOTCA CICAYIOMINC METOABI, CPECACTBA U 00HOBIIIEMOE npu

HEOOXOAMMOCTH ITPOrPaMMHOE obecrieueHre HH(GOPMAIIMOHHBIX TEXHOJIOTHI:
— e-mail npenonasarens;

— DJIEKTPOHHBIE Y4€OHO-METOJMYECKHE MaTepuaibl Il 00eCIEeUeHUsT CaMOCTOSTEIIbHOW pPaboThI
CTYZEHTOB;
— CIHCOK caiiToB B ceTH «HTEepHET» I MOUCKA HAYYHO-TEXHUYECKOW MH(POPMAIIMH IO pa3enam

JUCLIUIUINHBI;
—  MaKeThl NPUKJIaIHBIX IPOTrpaMM, Harpumep, pytorch.

6. YueOHO-MeTOIUYeCKOE OOecreyeHne CaMOCTOATEILHOM padoThl cTyaeHToB. OleHOYHbIe
cpeAcTBa JJs TEKYIIero KOHTPOJS YCHEeBaeMOCTH,IIPOMEKYTOYHOH aTTeCTAHH 1O HTOram

0CBOCHUA NUCHUIIJIMHBI.

Jnist obGecriedeHnst CaMOCTOSATENIbHONW PabOThI CTYAEHTOB 110 Moyto c(OpMUPOBAH METOAUYECKHHA
KOMIIJIEKC, BKITFOUAFOIITHI

B ce0s creayromme yueOHO-MeTOJMUECKUE MaTeprabl:
1. IIporpamma Kypca.

2. YueOHUKH U ydeOHBIE TOCOOHS.

3. Cniucok aapecoB caliTOB B MHPOPMAIIMOHHO-TEJIEKOMMYHUKAIIMOHHON ceTn «HTepHeT» (nanee
— ceTb «MHTEpHETY), cCoaepKalUX aKTyalbHYI0 HHPOpMaIuio o 61okamM Momyss.

bubnuorpaduueckue cCbUIKM Ha y4eOHbIE N3/1aHuUs, BXOISIINE B METOJUYECKII KOMILIIEKC,
NPUBE/ICHBI B IEPEYHE OCHOBHOMN U JIOMIOJHUTEIBHON yueOHOM JInTepaTypbl, HEOOXOAUMOM IS

ocBoeHust Monyns (pasznen 7).




K nonosHUTENbHBIM MaTepHallaM TaK)Ke OTHOCUTCS IEpeueHb pecypcoB cetu «IHTepHeT,
PEKOMEHTyEMBIX ISl CAMOCTOSTEILHOM paboThI TIpu ocBoeHnH Moy (pa3aen 7). CTyneHThl
IIOJIy4aroT JOCTYII K YKa3aHHBIM MaTepHUajlaM Ha IIEPBOM 3aHATUU 110 Moayito.

7. Y4eOHO-METOAMYECKOoe " MaTepuaJIbHO-TeXHUYECKOe obecneueHmne
AUCHHILIMHBI(MO/YJIs1)

7.1. YueOHas qureparypa:

OcHoBHas JUTEpaTypa 110 MOAYJII0

1 Mammnnoe oOyuenue. Hayka u HCKyCCTBO MMOCTPOEHHS ITOPUTMOB, KOTOPBIE U3BJICKAIOT
3HaHud u3 gaHubix. [lerep @nax. MK Ilpecc. 2015.

2. TI'myGokoe oOyuenwue. [Torpyxenue B Mup HelipoHHBIX ceteit Hukonenko Cepreit Mropesuy,
Kanypun A. A. | Huxonenko Cepreit Uropesuy, Kagypun A. A.

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

JlonoJiHUTe/IbHBbIE Y4eOHbIe MaTepuaJibl

1. OcHOBBI UCKYCCTBEHHOTO MHTEIJIEKTA : yueOHoe nocobue / E.B.bopoBckas, H. A. JlaBbiioBa. 4-¢
u3.,90ekTpoH. M.: Jlaboparopus 3uanwuii, 2020. 130 c.

2. HckyccTBeHHBIM HHTEIUIEKT ¢ puMepamu Ha Python. [bxommlIpatuk. Buassme. 2019.

3. IpuxmagHoe mamuHHOE 00ydeHue ¢ momonibio Scikit-Learn, Keras u TensorFlow: xonmemnimm,
UHCTPYMEHTBl M TEXHUKH JJIs CO3JaHUS HHTEUIEKTyaJlbHBIX CHCTeM , 2-€ U3JaHHe.
KepouOpenben. nanextuka-Bunbsme. 2020.

4. Xenpuk bpunk, [I)xozed Puuapne, Mapk @epepoind «MammmaHoe odoydueruey, [Tutep 2017.

Kak yunrcs mammaa: PeBosmoius B 001acTit HEHPOHHBIX ceTel U Tiry0okoro oOydenus. SH JlekyH.
Anpermaa PRO. 2021.

6. I'poxaem rmybokoe ooyuenue. Duupto Tpack. [Tutep. 2019.

OOyuenue ¢ nogakperaearem Ha PyTorch. Coopuuk perenrroB. FOcu JTro. JIMK Ilpecc. 2020.

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

o

~

7.2. UHTEpHET-pecypChl

[TpuMepHBIil IepeYeHb PECYPCOB CETH «MHTEPHET», PEKOMEHIYEMBIX PU OCBOCHUH MOJTYJISI
1 Open Machine Learning Course (https://mlcourse.ai)
2. Beenenwue B MammuHOE 00yuenue ot «Bioinformaticlnstitute»
(https://stepik.org/course/4852/promo )
3. Crenumanuzanust MammHHOE 00y4eHUE U aHAIHU3 JaHHBIX 0T «MOCKOBCKHI (PU3UKO-
texHuueckuid mHCTHTYT» (https://ru.coursera.org/specializations/machine-learning-data-analysis)
4. Tlnardopma s npoBeneHus copeBHoBanuii mo DataScience( https://www.kaggle.com )

7.3. IIporpammHoe obecnieyeHue:

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

7.4. MaTepuajbHO-TeXHHYECKOe o0ecneyeHue
Onucanne MaTepuaIbHO-TeXHUYeCKOil 0a3bl, He00X0AMMOIi 111 U3YUEeHHUS MOTYJIsl

[Tepeuens MaTepraIbHO-TEXHUYECKOTO oOectieueHus Moys


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/

Ne ni/r1| Bun 3ansTuii Bun u HaumeHoBaHuEe 000PYIOBaHUS

1 [JlexumouHEBIE Ayautopun ¢ MYJbTUMEIUWHBIMH  CPEICTBAMH, CpPEICTBAMHU
3aHATHUSA 3BYKOBOCIIPOU3BEJCHUSI M HMEIOIIME BBIXOJ B ceTb «MHTepHET».
[Tomermenust 1utsi MpOBEJICHUS ayAUTOPHBIX 3aHATHH, 000pYAOBaHHBIC
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ONMCAHUE IMOKA3ATEJIEM U KPUTEPUEB OLIEHUBAHMUSI
KOMIIETEHIIUM HA PA3JIMYHBIX DTAIIAX X ®OPMUPOBAHMUSI,
OINUCAHHME HIKAJI OHEHUBAHUA

®onn oneHouHbBIX cpeactB (POC) nmpeaycMaTprBaeT CleayroIee:

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

— (tabnuua 1). Ins KOHTPOIS JOCTUKEHUS KAXKAO0T0 U3 HUX MPETYyCMOTPEHBI OLIEHOYHbIE
CpeICTBa B BUJIE€ BOIIPOCOB, 3a1aHUM U T.11.;

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

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

(rpagarueit) OLIEHOK:

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

TUMOBBIE KOHTPOJILHBIE 3AIAHUSI NJIM UHBIE MATEPHAJIBI,
HEOBXOJWMBIE /17151 OHEHKH 3HAHWIA, YMEHWI U (WJIN) OTIBITA
JNESTEJIBLHOCTH, XAPAKTEPHU3VIOIIUE DTAMBI ®OPMUPOBAHUS

KOMIETEHILUI B MPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI

MPOTPAMMBI

BbimyckHMK, OCBOMBHIMH 00pa3oBaTeNbHYI0 HpOrpaMMy, JOJDKEH 00JanaTh
npodeccnoHaTbHBIMU KOMITIETEHIIUSMU 10 TEMATHUECKUM MOJYJISIM ITPOTPAMMBI:

Kox |HammenoBaHue P3ynpTaTel o0yueHus
TEMaTUUYECKOTO
MOZYJIS
Bsenenue B |3HaHHA:
HCKYCCTBEHHBIN — TEOPETHYECKUE OCHOBBI aHaIW3a HAAHHBIX U MAIIMHHOI'O
MHTEJUIEKT u 00y4eHus;
OCHOBHBIC MCTOABI |— cneuH(bHKa pa60TBI aJITOPUTMOB MAaIIIMHHOT'O o6yquI/1;1.
MAIIMHHOTO  OOYYeHUS |YmeHus:
AT paboThI C |- m[pUMEHEHHE METOJOB MAIIMHHOTO O0YYEeHHUSI, TOATOTOBKA
TaOJIMYHBIMH JJAaHHBIX W MHTEPIpETAIUsA pe3yJIbTaTOB.
AaHHBIMHA HaBbIKkH (ONIBIT J€eSITEJILHOCTH):
- HMHTEpecyeTcs HOBBIMU TpEeHAAMH B cBoOeit

HpO(pCCCHOHaHBHOﬁ OTpaciii, pacCMAaTprUBACT UX C TOYKHU
3pCHUA IPUMCHCHUS B CcBOCH JACATCIBHOCTH,

- OLOCHHBACT MNPUMCHUMOCTDb AJITOPUTMOB,
BO3MOXHBICPUCKH W TIOCICACTBHUA OI_I_II/I6OK, HaXoJauT
OINITUMAJIBHBICPCIICHU A T pa60q1/1x 3aaa4




CucreMbl  TITyOOKOTO
o0ydeHus

3Hanug:

YMmenuns:

HaBbiku (ONbIT AeSITEJIbHOCTH):

IIPUHLUIIBI 0OY4YEHUS ¥ IPUMEHEHUS HEHPOHHBIX CETEH.
aApPXUTEKTYPBhI TTTyOOKNX HEHPOHHBIX CETEH, MPUMEHIEMbIX
B pelieHnn IIPAKTUYECKHUX 3a1a4y
CBSI3aHHBIX C aHAJIM30M M300paKEHUN U TEKCTOB;

HacTpoKa HEOOXOIUMOIO OKpYXEeHHs A paboThl ¢
HEUPOHHBIMU CETIMHU.

IIPUMEHEHHE U J1000y4eHnenpe100y4eHHbIX
HEHPOHHBIX CeTel U3 TOCTYIHbBIX ONOINOTEK

BJIAJICET  HABBIKOM  IIPOBEJCHMS  IIOJHOIO  LMKJIA
BBIYHUCIIUTEIBHOTO  JKCIIEPUMEHTAa, OTPAXEHHs XoJa
BBIIIOJIHEHUSI TIPOEKTAa M IIOJYYEHUs pPE3yJbTaTOB B
OTYeTax U JOKyMEHTALWH;

BIIQJICET HABBIKOM  MWCIOJBb30BaHUS  CYLIECTBYIOIIMX
IpOrpaMMHBIX  OuOIMOTEK M Mojened, Cco3AaHus
IIPOrpaMMHBIX peaau3aluuii rTyOOKUX HEHPOHHBIX CeTel

OO0yuenue c
MOJIKPETUICHHEM

3Hanud:

YMmenus:

HaBbiku (ONBIT AeSITEJILHOCTH):

TCOPCTUYCCKHUEC OCHOBBI U aAJIIrOPHUTMBbI O6y‘leHI/I${ C
MMOAKPCIIICHUEM

MIPUMCHCHUC O6y‘ICHI/I$I C IMOAKPCIIIICHUEM HJIA
IMPAKTUYCCKHUX 3aad.

BHIOOD W  peanu3anys aIroOpuTMOB  OOydYeHUs C
MOJIKPEIJICHUEM C YUEeTOM CHelM(PUKH 3a1aun

ajanrtanus W HacTpoiKa anropurMoB oOOydeHHs C
MOJIKPEIUIEHUEM I10J] ONIPEIEIIEHHYIO CpENy.

HUHTEpECYyeTCst HOBBIMU TpeHAaMHU B cBOEH
npodeccnoHalbHOM OTpaciay, paccCMaTPUBAET UX C TOUKH
3pEHHUs IPUMEHEHUS B CBOEH J1€ATENIbHOCTH;

BIIQJICET HABBIKOM  HCIIOJIb30BAaHUS  CYIIECTBYIOIIHNX
MPOrpaMMHBIX ~ OMOMMOTEK W MOJENel, CO3JAaHus
MPOTPAMMHBIX ~ peaju3aliii Ha OCHOBE aJTOPUTMOB
00y4YeHUsI C TIOJKPETIIEHUEM

CpencTBa /17151 OLIEHKU pa3IMYHbIX YPOBHEHN (POpMUPOBaHNS KOMIIETEHLIUH MO KATETOPHSIM «3HAThY,
«YMETBY, «BIAJIETh» 00ECMEUNBAIOT PEeaTU3allii0 OCHOBHBIX MPHUHIIMIIOB KOHTPOJS, TaKUX Kak
00BEKTUBHOCTH U HE3aBUCUMOCTD, ITPAKTUKO-OPUCHTUPOBAHHOCTDb, MEXIUCHUIIIIMHAPHOCTD.

C y4yeToM 3TOro KOHTPOJIbHBIE BOMPOCH (3a1aHus, 3aaaun), Bxoasamue B POC, nns pa3audHbIX
KaTEeropuili 1 ypoOBHE OCBOEHHUSI KOMIIETEHIIMA MOTYT UMETh CIICAYIOIIUN BHU/I.

3HATD IIpumepsr:

1 Twunsl 33124 MalIMHHOTO 00YUYEHHSI U KJIAcChl AITOPUTMOB, K HUM IIPUMEHSIEMBIE.
2. OcHOBHbIEC HAaNPaBJICHUS PA3BUTHS UCCIEIOBAHUN B O0JIACTH CUCTEM UCKYCCTBEHHOTO

HUHTCIIJICKTA.

3. Teopernyeckue OCHOBBI AITOPUTMOB MAIIMHHOTO O0Y4EHHUS.



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 UCKYCCTBEHHOTO MHTEIICKTA.

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
3ayere
85-100
71-84 3aueT
60-70
0-59 Hesauer

TUMOBBIE KOHTPOJILHBIE 3ATAHUSI NJIN UHBIE MATEPHAJIBI,
HEOBXOJWMBIE /17151 OHEHKH 3HAHWA, YMEHWI U (WJIN) OTIBITA
JNESTEJIBLHOCTH, XAPAKTEPU3VIOIIUE DTAMBI ®OPMUPOBAHUS
KOMIETEHILUI B TIPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI
IMPOTPAMMBI

BbimyckHMK, OCBOMBIIMIA 00pa3oBaTeldbHYI MporpaMMy, JIOJDKEH 00J1aaaTh
npodeccnoHaTbHBIMU KOMIIETEHIIUSMU 10 TEMATHUECKUM MOJYJISIM ITPOTPAMMBI:

Koxn |HaumenoBanue PesynbraTsl 00y4yeHus

TEMAaTHYECKOTO
MOAYJIs




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 OOYYCHHS, TIOJITOTOBKA
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;

- OLECHMBAET 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 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 YUETOM CIelU(DUKH 3a1a91

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 peaju3aliii Ha OCHOBE aJTrOPUTMOB
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. Tunsr 3aaa4 MallIMHHOT'O 06yquI/151 " KJIACChI aJITOPUTMOB, K HUM IIPUMCHSCMBIC.

HWHTCIIJIICKTA.

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

6. Teopernyeckne OCHOBBI AITOPUTMOB MAIIMHHOTO OOYYEHHUSI.



YMETD Ilpumepsni:

4. TlonroToBUTH IaHHBIE K UCIOJIB30BAHUIO AITOPUTMA MALTMHHOTO O0Yy4EHUSI.

5. OueHuBaTh Kau€CTBO PEIICHUH CHCTEM MAIIMHHOIO O0Y4YEHUs.

6. AmanTHpoBaTh aAITOPUTMBI MAIIMHHOTO OOYYEHHS K PELICHUIO TPAKTHUECKUX 3a/1a4.
BJAJETD Ilpumepsbi:

4. Metoponorus pa3paboTKH peleHH MAaIIMHHOTO 00YYCHHUS.

5. IIpumepsl NpakTHUECKOro MPUMEHEHHS APXUTEKTYP UCKYCCTBEHHOI'O MHTEIICKTA.

6. Meronbl OHJIAIiH TECTUPOBAHUS PEIICHUI MAIIMHHOTO O0yUYEHHS.

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.
burner 2.
2.3 Aucam6iu. Soft and Hard Voting. Bagging. Ciy4aiinslii jiec.
2.4 Metpuueckuii knaccudukaropbl. KNN.
WKNN.
buner 3.
31 JIuneitnas perpeccus. LASSO, LARS. CART.
3.2 HepeBbs pemenuil. Mupopmannonsslii Bemrpsi. Omubdka knaccudukanmy,

sHTponusl, kpurepuid /[xunu. [IpyHuHr.

buner 4.
41 I'moGanpubi mouck. CiywaitHeiii mouck. Gridsearch. Cayuaiinoe
onyxnanue.baliecoBckast OmTUMH3AITUS.
4.2 JIuneitnas perpeccus. [lonnHoMuanbHas perpeccus. I'peGHeBast perpeccusi.
buer 5.

5.3 AdaBoost. I'pajreHTHBIH OYCTHHT PEIIAOIINX IEPEBhEB.

5.4 Knacrepuszauus. AgglomerativeClustering. Merpuku kinactepu3anum.
buner 6.

6.1. Ouenka knaccudukaruu. dddexkrunocts 1o [lapero. Precision-Recall 1 ROC kpussie.
AUC.

6.2 Hetiponnsie ceru. IlepuentponPo3en6marra. O6paTHOE pacnpocTpaHEHHE IPaIueHTA.
®dyukiun aktuBaiuu. Softmax.

buner 7.



71 Jlokanpubiii mouck. HillClimb u ero pasumoBumnoctu. Omxwur. I'eHeTHYecKwHii
AJITOPUTM.
1.2 Metoa onopHBIX BEKTOPOB. SAapa.

Ilepeuennb J1adopaTOPHBIX padoT (MIPUMEPHDbI)

O01mme pekoMeHAAIMHU K J1a00paTOPHBIM padoTaM: JJisl pa3HbIX YPOBHEH MOATOTOBKHU
CTYJEHTOB MO>KHO MCIIOJIh30BaTh PA3HYIO TIyOUHY peain3anuu penieHus. Tak, st CTy/IeHTOB
HETEXHUYECKUX CIIEHUATbHOCTEH 3aJaHe MOKET 3aKIII0YaThCsl B IPUMEHEHUH T'OTOBBIX
METOJIOB M3 OMOIMOTEK WIIH 3aM0OJTHEHHEM MTPOITYCKOB B MPOTpaMMax, e 00JbInasi 9acTh
MOJIFOTOBJIEHA MpenoaBaTenieM. [t cTy1IeHTOB TEXHUYECKHUX CelUaIbHOCTeH 3a1anue Oyner
3aKJIFOYATHCS B PEATU3allii AITOPUTMOB 0€3 UCTIOIB30BaHUS TOTOBBIX PEIICHUH.

JIP1.1 Metoap! paboTsl ¢ Tabaunamu B Python. Arperarust u Busyanusanus 1aHHbix. [Ipoeenue
NIEPBUYHOIO aHAJIM3a JIAaHHbIX.

Llenu: u3ydeHue MeToJ0B paboThl ¢ JaHHbBIMEA B PythOn w mpoBeneHue MepBHYHOTO aHaIM3a
JTAHHBIX.

3amanue: 3arpysure naracer B pandasmaradpeiiMm. BriBenure OCHOBHBIE IMapameTphl JaTaceTa.
Omnpenenure, CKOJBKO B J1aTaceTe CIy4yaeB OTCYTCTBUS NIpHU3HAKOB. OIIpenenuTe, CKOJIBKO
IIPU3HAKOB SIBJISIIOTCS KaTeropuajibHbIMU. BusyanusupyiiTe pacrpeneneHue NpU3HAKOB II0
KJ1accaM. Busyanusupyiite 3aBUCMMOCTb MEX]y ITPU3HAKAMHU.

JIP1.2 Ucnonp3oBanue 1 cpaBHeHUe anroputMoB kiaccudukarmu: KNN, pemratoriue nepeBbs u
UX aHCaMOJIH, JIOTUCTHYECKAs pErpeccusl.

Lenu: npuMeHeHre U OIIEHKA aITOPUTMOB KJIaCCU(PHUKALUH.

3ananue:

PaznenuTe natacer Ha oOyvaromMii M BaJIMJALIMOHHBIMN ¢ COXpaHEHHEM IPOIMOPIHH KJIacCOB.
Krnaccuduuupyiite TOUkH U3 1aTaceTa ¢ momorsio aroputMoB KNN, oructudeckoii perpeccu,
CART, cnyuaiinoro seca, CatBoost. IlogOepure mydmme mapameTpsl alfOPUTMOB CHOMOIIBIO
BaJIMAaLMOHHONW BbIOOpKU. CpaBHUTE BpeMsi pabOThl aJIrOPUTMOB M 3aBUCUMOCTH OT
npenoOpaboTKU TaHHBIX.

JIP1.3 Mcnonb30BaHKe M OLIEHKA alrOpUTMOB perpeccuu. [1og0op onTUManbHBIX MapaMeTpoB
perpeccuu.

[enu: u3ydeHue aaropuTMOB PETrPECCHH.

3aganue:

[TpumenuTe MeToa TMHEHHON perpeccuu i pelleHus 3a1a4n Ha jgatacere. /lobaBbTe B garacer
MOJTMHOMHUANTbHBIE TIpU3HaKH. [|00aBIsiiTe MPU3HAKK ITOKA HE YBUIUTE NIepeoOyUyeHne Ha
BanuganMoHHomaaracere. [lpumenute rpedneByto perpeccuto u LASSO, yToOb1 n30aBUTHCS OT
nepeoOydeHus.

JIP1.4 OnTtuMmu3anMoOHHBIE 3a7a4dl U WX pemieHus. [logbop rumepmapaMeTpoB aiaropuTMma c
MIOMOIIIBI0 METOIOB ONITUMH3AIINU

[enu: n3ydeHrne aNropuTMOB PEIICHHS] ONTHMU3AIMOHHBIX 3a/1a4.

3aganue:

1 OnTuMu3upyiiTe [UIMHY MapiipyTa B 3a7a4e KOMHBOsDKEpa ¢ TToMolibio anroputmos hillclimb,
OTXHIra U TeHETUYECKOr0 aIrOpUT™Ma. BrIBeIMTE NOTYUYUBILUICS My Th U €T0 JJIUHY.

2. OnTUMU3HPYHTE THIIEPIIApaMeTPhl AITOPUTMA MAIIMHHOTO 00y4YeHHUs (Ha BHIOOP) C TTOMOIIBIO
CITy4allHOTO TTOKMCKa, TIOKMCKa 110 pemerke, anropurMa hillclimb, renernueckoro anropurma.

JIP2.1 Knaccuduxanms nzo0paxkeHuit 1 TpaHcPepHOe 00yUeHHE.

Henu: n3yueHne METo0B ITyOOKOTO 00YyUYEeHUS AJ1 paOOTHI C H300paKEHUSIMH.

3amaunue:

3arpy3ure JnaraceT W CO3JaiTe HWTepaTop ISl MOJETH TIIyOOKOoro oOydeHus. 3arpys3ure
npenooyuyennyto Ha ImageNetceeprounyio ceth (AlexNet, VGG unu ResNet) u mobGaBeTe K



backbonenosnHocBs3HbIN cinoii it 00ydeHus. O0y4ynTe HEHPOHHYIO CETh Ha, BU3yalU3HPOBAB
rpaduK (GYHKIMU MOTEPh Ha OOydYaroLled W BaJUAAMOHHOW BhIOOpKe. Peammsyiite Momyinb
PUMEHEHUS] HEHPOHHOI CeTH K JTaHHBIM, IPOBEPHTE KAYECTBO OOYUCHHUS HAa TECTOBOI BEIOOPKE.

JIP2.2 Pabota ¢ TeKCTaMH ¥ MX BEKTOPHBIMH NpeAcTaBiIeHusIME. [lenu:

U3y4EHUE MOJIENIEN BEKTOPHOTO MIPEICTABIEHUS TEKCTOB. 3aJaHUE:

CkauaiiTe npe1o0y4eHHbIe BeKTOpa 1Jis ciioBaps. C MOMOIIbIO JIF000T0 KiaccuukaTopa
mamaHOro ooyuenust (KNN, SVM, CatBoost) kinaccuduuupyiite TEKCThI U3 gaTacera o CyMMe
BeKTOpOB ciioB. Kimaccudunupyiite Tekctsl ¢ nomompio LSTM cetn.

JIP3. 1 Ilpumencune Q-Networks mst pereHust mpoCcThIX OKPYKEHHUIA.

[enu: n3yyeHne npuMeHeHust 00yUeHHUS C MOIKPETICHUEM [T PEIICHUH 3a/1a9 KOHTPOJISL.
3ananue:

OOyunTe MPOCTYIO MOJHOCBA3HYI0Q-ceTh s pemeHust okpyxenus LunarLander.

[Iponienypsl OICHWBAaHUS 3HAHWW, YMEHHH, (OPMBI W OpraHU3alUs TEKYIIErO0 KOHTPOJISA
yCIIEBAEMOCTH U IPOMEKYTOUHON aTTecTalMy 00y4aroImuxcs

Texyumuii KOHTpPOJIb YCIIEBAEMOCTH M IPOMEXKYTOUHAs AaTTECTallUsl CTYACHTOB BEHETCS B
coorBeTcTBUM ¢ [lomokeHHMEM O TeKyllleM KOHTpOJIe YCIIEBAEMOCTH U IPOMEXYTOUYHOM
aTTecTaluu o0pa3oBaTebHON OpraHu3aluuu

Texkyuuii KOHTPOJIb yCIIeBa€MOCTH

Mopynb nenutcs Ha n1Ba 61oka. Kaxk il 6710k BKITFOUaeT B ce0s M3yUeHUE 3aKOHYEHHOTO pa3ena,
yactu Monys.

Texymmii KOHTpPOIb IO MO0 OCYIIECTBIISIETCS O KaJleHAapHOMY yueOHoMy rpaduky. Cpoku
KOHTpOJbHBIX Meponpusatiii (KM) u cpoku noaseneHust UTOroB nmo Mojyo oToOpakaroTcs B
pabounx y4yeOHbIX IuTaHax Ha cemecTp. CTyAEHT [OJKEH BBIIOJHUTh BCE KOHTPOJIbHBIE
MEPOIPUATHS, NPELYCMOTPEHHbIE MOIyIEM K yKa3aHHOMY CpPOKY, IOCJE YEro MpenojaBareb
MPOCTaBJISIET OaJJIbHBIE OLIEHKH, HaOpaHHBIE CTYJEHTOM IO pe3yJibTaTaM TEKYIIEro KOHTPOJIS
ycrneBaeMocTd o Monyio.

KoHTponbHOE MeponpusTHe CUYUTAETCS BBIMOJIHEHHBIM, €CIIH 3@ HETO CTY/IEHT MOJY4Yn OLEHKY B
Oayulax He HW)KE€ MHUHUMAJIbHOW OIIEHKH, YCTaHOBJICHHOM NpOrpaMMoi MOJIyJsl MO JaHHOMY
MEPOIPUSITHIO.

CryneHTbl, HE cIaBIIME KOHTPOJIbHOE MEpOINpPHUSATHE B YCTAHOBJIEHHBIH CPOK, MPOAOIKAIOT
paboTaTh HaJl HUM B COOTBETCTBUE C MOPSAKOM, IPUHSITHIM 00pa30BaTeIbHON OpraHu3anuei.
IIpoMeskyTouHas aTTecTanust

PopMOil MPOMEKYTOUHON aTTECTALMH 110 MOTyIIIO SIBIISIETCS 3a4€T.

OnenuBanne Mopyns Benercss B COOTBETCTBMM ¢ Ilosio)keHMEM O TEKyIleM KOHTpOJIE
YCIEBAaEMOCTHU U MPOMEKYTOYHON aTTeCTallUU CTYJIEHTOB 00pa30BaTeNIbHON OpraHu3aluu.
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 CIEAYIONIEH IIKAIOM:

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

Peiitunr crynenta mo MoJysiro 3a ceMecTp onpezenseTcs Kak CyMMa 0ajuioB, MOJTy4YEeHHBIX UM
3a Bce 0110ku Mopyist, 1 0asioB 3a IPOMEKYTOUHYIO aTTecTaluio. MakcuMaabHOE KOJIMYECTBO
6am1oB 3a Moyns B ceMecTpe ycTaHaBiauBaercs: paBHbIM 100



OHI/ICAHI/IEMHOKASATEJIEI?I N KPUTEPUEB OLIEHUBAHMUSA
KOMIIETEHIIUUA HA PA3JIMYHbIX OTAITAX UX ®POPMUPOBAHUA,
OIIMCAHUME HIKAJI OHEHUBAHUA

®onn oneHouHbIX cpeactB (POC) nmpeaycMaTpuBaeT cleayoliee:

— OIHMCaHue KOMIUIEKCA MoKa3aTeJieil — JECKPUIITOPOB OCBOEHUSI KOMIIETEHIIUM B BUJIE
pe3yJIbTaTOB 00Y4YEHUs, KOTOPBIE CTYAEHT MOXKET IPOJAEMOHCTPUPOBATH (

— (tabmuua 1). [y KOHTPOIIS TOCTHKEHUS KAXJI0T0 U3 HUX IPEAYCMOTPEHBI OLIEHOYHbIE
CpEICTBa B BUJIE BOIIPOCOB, 3a/1aHUM U T.[1.;

— 0003HauYeHHE KPUTEPHeB — MIPABIJI PUHATHS PELICHUS MO OLIEHKE JOCTUTHYTHIX
pe3yJabTaToOB 00y4eHUs U C(hOPMUPOBAHHOCTH KOMIIETEHIIHH.

Hanpumep, B kauecTBe mikaisl olleHuBaHus puHuMaercs 100-0anbHast cucteMa C BbIIEJIEHUEM

(rpagarueii) OLEHOK:

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

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

BrimtyckHuK, oOCBOMBINHME 00pa3oBaTeIbHYI0 NPOrpaMMy, JOJDKEH o001anarh
npodeccrnoHaTbHBIMU KOMITETEHITUSMU 10 TEMATHUYECKUM MOJIYJISIM IIPOTPAMMBI:

Kon |HaummenoBanue Pe3ynbTaTsl 00yueHus
TEMaTU4YECKOro
MOAYJIS
Brenenue B (3HaHmus:
HCKYCCTBEHHBIN — TEOpPETHUYECKHE OCHOBBI AHAIM3a JAHHBIX M MAIIMHHOTO
WHTEJUIEKT 3 oOy4eHus;
OCHOBHBIC METOIBI |—  creuu¢uka paboThl AITOPUTMOB MAIIIMHHOTO O0YYEHHSI.
MAIlIMHHOTO ~ OOYy4YeHUS |y meHmus:
It paboThI C |- mNpUMEHEHHE METOJ0B MAIIMHHOIO 00yUYeHHs, HOArOTOBKA
TabIMIHBIMH JAHHBIX YU UHTEpIpPETALUA pe3yIbTaTOB.
JaHHBIMA HaBbIku (ONBIT AeSITEJILHOCTH):
- UHTepecyercs HOBBIMU TpeHAAMHU B cBOEH

po(heCCHOHATTLHON OTPACIIH, PACCMATPUBACT UX C TOYKH
3pCHUA TPUMCHCHHS B cBOEH ACATCIbHOCTH,

- OIICHHUBAaeT MPUMEHUMOCTb JITOPUTMOB,
BO3MOXHBICPUCKH W TOCJIICACTBUA OI_HI/I60K, HaxXoguT
ONITHMAJTbHBICPEIICHUS IS pa00YMX 3a/1a4




CucreMbl  TITyOOKOTO
o0ydeHus

3Hanug:

YMmenuns:

HaBbiku (ONbIT AeSITEJIbHOCTH):

IIPUHLUIIBI 0OY4YEHUS ¥ IPUMEHEHUS HEHPOHHBIX CETEH.
aApPXUTEKTYPBhI TTTyOOKNX HEHPOHHBIX CETEH, MPUMEHIEMbIX
B pelieHnn IIPAKTUYECKHUX 3a1a4y
CBSI3aHHBIX C aHAJIM30M M300paKEHUN U TEKCTOB;

HacTpoKa HEOOXOIUMOIO OKpYXEeHHs A paboThl ¢
HEUPOHHBIMU CETIMHU.

IIPUMEHEHHE U J1000y4eHnenpe100y4eHHbIX
HEHPOHHBIX CeTel U3 TOCTYIHbBIX ONOINOTEK

BJIAJICET  HABBIKOM  IIPOBEJCHMS  IIOJHOIO  LMKJIA
BBIYHUCIIUTEIBHOTO  JKCIIEPUMEHTAa, OTPAXEHHs XoJa
BBIIIOJIHEHUSI TIPOEKTAa M IIOJYYEHUs pPE3yJbTaTOB B
OTYeTax U JOKyMEHTALWH;

BIIQJICET HABBIKOM  MWCIOJBb30BaHUS  CYLIECTBYIOIIMX
IpOrpaMMHBIX  OuOIMOTEK M Mojened, Cco3AaHus
IIPOrpaMMHBIX peaau3aluuii rTyOOKUX HEHPOHHBIX CeTel

OO0yuenue c
MOJIKPETUICHHEM

3Hanud:

YMmenus:

HaBbiku (ONBIT AeSITEJILHOCTH):

TCOPCTUYCCKHUEC OCHOBBI U aAJIIrOPHUTMBbI O6y‘leHI/I${ C
MMOAKPCIIICHUEM

MIPUMCHCHUC O6y‘ICHI/I$I C IMOAKPCIIIICHUEM HJIA
IMPAKTUYCCKHUX 3aad.

BHIOOD W  peanu3anys aIroOpuTMOB  OOydYeHUs C
MOJIKPEIJICHUEM C YUEeTOM CHelM(PUKH 3a1aun

ajanrtanus W HacTpoiKa anropurMoB oOOydeHHs C
MOJIKPEIUIEHUEM I10J] ONIPEIEIIEHHYIO CpENy.

HUHTEpECYyeTCst HOBBIMU TpeHAaMHU B cBOEH
npodeccnoHalbHOM OTpaciay, paccCMaTPUBAET UX C TOUKH
3pEHHUs IPUMEHEHUS B CBOEH J1€ATENIbHOCTH;

BIIQJICET HABBIKOM  HCIIOJIb30BAaHUS  CYIIECTBYIOIIHNX
MPOrpaMMHBIX ~ OMOMMOTEK W MOJENel, CO3JAaHus
MPOTPAMMHBIX ~ peaju3aliii Ha OCHOBE aJTOPUTMOB
00y4YeHUsI C TIOJKPETIIEHUEM

CpencTBa /17151 OLIEHKU pa3IMYHbIX YPOBHEHN (POpMUPOBaHNS KOMIIETEHLIUH MO KATETOPHSIM «3HAThY,
«YMETBY, «BIAJIETh» 00ECMEUNBAIOT PEeaTU3allii0 OCHOBHBIX MPHUHIIMIIOB KOHTPOJS, TaKUX Kak
00BEKTUBHOCTH U HE3aBUCUMOCTD, ITPAKTUKO-OPUCHTUPOBAHHOCTDb, MEXIUCHUIIIIMHAPHOCTD.

C y4yeToM 3TOro KOHTPOJIbHBIE BOMPOCH (3a1aHus, 3aaaun), Bxoasamue B POC, nns pa3audHbIX
KaTEeropuili 1 ypoOBHE OCBOEHHUSI KOMIIETEHIIMA MOTYT UMETh CIICAYIOIIUN BHU/I.

3HATD IIpumepsr:

7. Tunsl 3a7a4 MAlIMHHOTO 00YYEHUS U KJIACChl aJITOPUTMOB, K HUM ITPUMEHSIEMBIE.
8. OcHOBHbIC HAaNPaBJICHUS PA3BUTHS UCCIEIOBAHUN B O0JIACTH CUCTEM HUCKYCCTBEHHOTO

HUHTCIIJICKTA.

9. Teopernyeckrue OCHOBBI AITOPUTMOB MAIIMHHOTO OO0Y4EHHUS.



YMETD Ilpumepni:

7. TloaroToBUTH NaHHBIE K UCMIOIB30BAHUIO AITOPUTMA MAITHHHOTO 00y4eHUSI.

8. OneHuBaTh KAYECTBO PELICHUN CUCTEM MAIIMHHOIO 00y4EHHUS.

9. ApmanTHpoBaTh aJTOPUTMBI MAIIMHHOTO OOYYEHHS K PEIICHUIO IPAKTUYECKUX 3a/1a4.
BJAJAETD Ilpumepsbi:

7. Metononorus pa3paboTKH peleHH MAaIIMHHOTO O0YYEeHHUS.

8. IlpuMmepsl NpakTUUECKOTO NPUMEHEHUS apXUTEKTYp UCKYCCTBEHHOTO MHTEIJICKTA.

9. Mertoabl OHJIAHH TECTUPOBAHUS PEIICHUI MAIIMHHOTO 00yUYeHHUSI.

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

[Tpumepbl (MakeTbl) METOAMYECKMX MaTEpUAJIOB, OIPECIAIOUIMX 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.
2.5 Aucam6mu. Soft and Hard Voting. Bagging. Ciyuaiinsrii jiec.
2.6 Metpuueckwuii 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.

55 AdaBoost. I'pagneHTHBIH OYCTHHT PEHIArONINX JIePEBHEB.

5.6 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



