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1. Ileau ocBOEHHUS U CIUIIINHBI

L{enpro u3ydeHust AUCHUTLIMHBI «CHCTEMBI HCKYCCTBEHHOTO MHTEIUICKTa» ABJSCTCS GOpMHUpPOBa-
HUE KOMIICTCHIIMU B 00J1aCTH IPUMEHECHUS WHTEIICKTYaIbHBIX HHPOPMAITMOHHBIX CUCTEM IS
perreHus mpo(ecCHOHABHBIX 3a/ad.
3amaun JUCHUILIMHBL:
— 03HAKOMHTH C COBPEMEHHBIMU 00J1aCTSIMH UCCIICIOBAHMS 110 HCKYCCTBEHHOMY HHTEJUICKTY
U cepaMu MPHUIIOKEHUS YIKCIIEPTHBIX CUCTEM;
— IMO3HAKOMHUTH C KOHIICTIIIHSIMH, COCTABIISIONIMMH OCHOBY COBPEMEHHBIX CHCTEM HCKYC-
CTBEHHOI'0 MHTEJUIEKTA;
— U3JI0KUTh TEXHUYSCKUE TOCTAHOBKH OCHOBHBIX 33]1a4, PEIIAeMbIX CUCTEMAaMH UCKYCCTBEH-
HOI'0 MHTEJUIEKTA;
— MO3HAKOMUTH ¢ OCOOCHHOCTSMHU MPAKTHYECKOTO MCIOIb30BAHUSI MHTEIUICKTYaTbHBIX HH-

(opMaMOHHBIX CHCTEM B 00J1aCTH HH(POPMALIMOHHOMN O€30MacHOCTH.

2. Mecto nucunnyimibl B crpykrype OIIOII 6akanaBpuara
[{ukJy, K KOTOPOMY OTHOCUTCS AUCLIUILIIMHA:
b1.0/l. «CucteMbl HCKyCCTBEHHOI'O UHTEIIJIEKTa

3. Pe3yJII>TaTLI OCBOCHUA AUCIHHUILIMHBI (MOIlyJIﬂ) «CucreMsl HCKYCCTBCHHOI'O HMHTCII-

JICKTa»

[Tponiecc n3ydeHus MUCLMIUIMHBI HAMpaBlieH Ha (POPMHUPOBAHUE HIIEMEHTOB CIETYIOLINX
xomneTeHuit B coorserctBuu ¢ ®I'OC BO no nanHOMY HanpaBiIeHUIO:

HOT'O MHTEJJIEKTA B 10~
crenyromel mpodeccu-
OHAJILHOM JIesITEIHHO-
CTU B KaUeCTBE Hay4-

TOJbI CUCTEM UCKYCCTBEHHOIO
MHTEJUIEKTa U IPUMEHSET UX
JUTSI pelIeHus 3a1ad npodeccu-
OHAJIBHOM JIeITEILHOCTH;

Kon mpogec-| HaumeHoBaHue mpo- Kon, HanMeHOBaHHe HHIMKATOPA JOCTHKEHHS TPO-
CHOHAILHOH | (PeCCHOHAIBHOMI KOM- (eccHoHATBHON KOMIIETEHIMH
KOMIIETeHIH neTeHunu
Croco0eH UCHomIb30- IK- 1.1. [Tonumaer npunimns! BHaTh. MeTos! pa3pa-
BaTh 3HAHUE OCHOBHBIX | [1ocTpOEHHS M OCHOBHBIE Me-  [0OTKH OPUIHHAIIBHBIX
IIK-1 METOJI0B HCKYCCTBEH- QIITOPUTMOB H TIPO-

FPaMMHBIX PEIIECHUH C
MCII0JIb30BaHUEM CO-
BPEMEHHBIX TEXHOJIO-

THH
HBIX COTPYIHUKOB
0 eno;[g])szTeneﬁ 0’6 a K- 1.2. Uccnenyer HanpaB- [YMeTb: CTaBUTh 32+
P P JICHUS TMpPUMEHEHHs cucteM (@91 W alalTHPpOBAThH
30BaTEIbHBIX OPTaHU- METOTE! W aTTOpHTME]

3a1uil BBICIIEro 00pa-
30BaHUs, UHXECHEPOB,
TEXHOJIOTOB.

UCKYCCTBEHHOTO HMHTEJUICKTA
JJIA paS.]'H/I‘-IHI)IX Hpe}IMeTHBIX
o0uacTeii;

MAIIUHHOTO 00yUYeHHS

IIK- 1. 3.
TIJICKCHI METOJI0B U HHCTPYMEH-

Bribupaer xom-

TAJIBHBIX CPEJICTB HCKYCCTBEH-
HOT'O MHTEJUICKTA JIJISI PeIICHHSI
npodecCHOHATBHBIX 33]a4 B 3a-
BUCUMOCTH OT 0COOEHHOCTEH
MpeIMETHOW 00JIacTH.

Biagernb: IoCTaHOB-
KO 3a7a4 110 ajaIiTa-
ITAW WJIA COBEPIIICH-
CTBOBAHHUIO METOJIOB 1
AJTOPUTMOB IS pete-
HHUSI KOMILICKCA 3a1a4
MpeaMeTHOM 001acTu




4. CTpyKTypa M coiep:KaHHe JMCHHILIMHBI (MOLYJIs)

4.1. CTpyKTypa QM CHUIIMHBI (MOAYJIs1)

OO01mast TpyA0€MKOCTh JUCIUTIIMHBI COCTABIISCT 2 3a4ETHBIX SIUHUI], /2 YacoB.

n/n

Buabl yueGHoii padoThl, BKJIIOYAs ca-
MOCTOSITEIbHYIO padoTy CTY1EeHTOB U
TPYA0eMKOCTh (B Yacax)

DopMbI TEKYLIET0 KOH-
TpoJs ycreBaeMmoctH (1o
Helenam cemecmpa)
®DopmMa IPOMeKYTOUHOM

KonrakTHas CamocrosiTenb- arTecrauuu (o cemecm-
padora Has padoTa pam)
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BeeneHnue B HCKyCCTBEH-
HBIM MHTEJIJICKT U OCHOB-
HbIE METOJBI MAILTUHHOT'O 10 /10 8 8
oOyueHus i1t paboThl ¢
TaOJIMYHBIMH TaHHBIMU
- 4
Cuctemsl TIIyOOKOT0 00y 4 6 7
YEHUA
OOy4eHue ¢ moJaKperie- 44 4 3
HUEM
Bcero 18 | 18 | 18 18
Kypcosas paboma (npo-
exm)
ITloozomoska k sx3amery
OO6mmas TpyI0eMKOCTh, B [pomexxyToUyHast aTTe-
gacax dopma
72 118 | 18 | 18
3auer *
18 -
3auer ¢ OLUEHKOMI
DK3aMeH

4.2. Copep:xanue TUCUMILIMHBI (MOXYJIS)

CKOM CTaTUCTHUKH, TMHEHHOU aireOpbl M MaTeMaTHYECKOr0 aHaIN3a. |

Ne n/m | HammeHoBaHue MOYJIsl, CO/IeP:KaHuUe Yacsl
1 «BBeeHUe B HCKYCCTBEHHbII HHTEJIEKT M OCHOBHBIE METOIbI MALIIHH-
HOT0 00y4YeHHsI JJIsl PA6OThI C TAOJTHIHBIMH TAHHBIMH
Jlexkunn 10
1.1-1.5 | [OnmuoHanbHO: MaTEMaTHYECKHM JTUKOE3 10 AJIeMEHTaM MaTeMaTHye- 10




OcHoBHBbIE 33]a4l CUCTEM HCKYCCTBEHHOT0 MHTeJuIeKkTa. Kiaccuduka-
s, KJlacTepu3anus, perpeccus. TUibl MaIIMHHOTO OOYYEHHUs: C yUuTe-
nem, 6e3 yuuTens, ¢ YaCTUYHBIM IPUBIICYCHUEM YUUTENs], 00yUeHHE C
HOJKPETIIICHUEM.

Knaccugukarus Ha npumepe anroputma K-ommkaiimmux cocenei (KNN)
[OnmonansHO: BeICTpEIi OKCK Ommkalmmx coceeit. |. MeTpuku
OLIEHKH Kjaccu(uKaIiu: mojaHora, Tounocts, FI, ROC, AUC. Bamuna-
IIMOHHAs U TecToBast BeIOOpKa. Kpocc-Banunanus. Pabora ¢ kareropu-
AIbHBIMU TIPU3HAKAMH.

Perpeccus. Merpuku onienku perpeccun: MSE, MAE, R2 - ko3¢ duru-
eHT JleTepMHUHaLuU. JIuHeliHas perpeccusi, MOJIMHOMUAIbHAS pEerpeccus.
[TepeoOyuenue u peryisipusaiysi, rpedHeBast perpeccusi, LASSO, Elastic-
Net.

Jluneitable MoaeH T Kiaccupukanuu. [leprenTpoH, TorucTuaeckas
perpeccus, IOJTHOCBA3HbIE HEUPOHHBIE CETH, CTOXaCTUYECKUH TpalueHT-
HBII CITyCK U 00paTHOE pacipoCcTpaHeHHe rpaaneHTa. Perymspusanms
JUHEWHBIX MoJieJiel Kiaccu(uKaluum.

Knacrepusanus, k-means, k-means++, DBSCAN, artomepatruBHas Kia-
crepu3anysi. MEeTpHKH OIEHKH KJIaCTePH3aIHH.

ANTOPUTMBI, OCHOBaHHbBIE Ha TPUMEHEHHUH PEIIalouX aepeBbeB. Kpu-
TEPUU pa3feNeHus y3/1a: UHPOPMALMOHHBIA BEIMTPHII, KPUTEPUI
Jxuau. AHcamOIu petaronyx AepeBbeB: CIydYaiiHbIl jec, TpaAueHT-
HBI OyCTHUHT.

Meton onopHbIX BekTopoB. [Ipsmas u oOpatHas 3anava. OnpeneneHue
OIIOPHBIX BEKTOPOB. S I€PHBII TPIOK.

HaugHblii OaitecoBckuil kitaccudukarop. MeTo/ bl OLIEHKH pacipesene-
HUS IpU3HAKOB. EM-ajiropuT™ Ha mpuMepe CMECH rayCCHaH.

Merto/1p1 Oe3rpaIUeHTHON ONTUMH3ANKK: CiTydaiHbIi mouck, hillclimb,
OTXKHT, TEHETUYECKHUH aJTOPUTM.

JlaboparopHbie padoThl 8
JIP1.1 | Metonb! paboTsl ¢ Tabauamu B Python. Arperanus u Buszyanuzanus 2
JaHHbIX. [IpoBeieHnEe NEPBUYHOrO aHAIN3a JAHHBIX.
JIP1.2 | cronp30oBaHME U cpaBHEHUE anropuTMoB kiaccudukanuu: kNN, 2
pelIarIre 1epeBbes U UX aHCaMOJIH, JJOTHCTHYECKasi perpeccusl.
JIP1.3 | Mcnonbp30oBaHMe U OIIEHKA aIrOpUTMOB perpeccuu. [logbop ontumans- 2
HBIX
1apaMeTPOB PErPECCUU
JIP1.4 | OntuMu3anuoHHBIE 3324 U uX pemieHus. [logdop runepmnapamerpos 2
JITOPUTMA C IIOMOIIBIO METO/I0B ONITHMHU3ALIHH.
IlpakTuka 10
ITP1.1 | IIporpaMMHO-aIrOpUTMHUYECKOE OCBOCHHE MaTepHaa 10
CamocrosiTeibHas pabora 8
CP1.1 | IIpopaboTka yueOHOTO MaTepuasa JCKIUM 2
CP1.2 | IloarotoBka K Ja00paTOpHBIM paboTaMm 4
CP1.3 | IloaroroBka K pyOeKHOMY KOHTPOJIIO 1
CP1.4 | JIpyrue BuIbI CAaMOCTOATEIBHON PabOThI 1
2 Jlekuuu 4
2.1- | Heiiponnsie cetu. OyHKIINH OIMOKN HEHPOHHBIX CeTel 1 00yueHue ¢ 4
2.3 MOMOIIBI0 00PAaTHOTO pacHpocTpaHeHus rpagueHra. [lonstue 6314a u

OIIOXH.




PaGoTa ¢ n300paxxeHusIMH ¢ TIOMOIIbIO HEHPOHHBIX ceTeil. CBepTOUHbBIE
HeliponHsle cetu. Onepanuu cBepToK, max-pooling. [lomymnsapHsie apxu-
TEKTYpHI CBEpTOUYHBIX HelipoHHbIX ceTeit: AlexNet, VGG, Inception
(GoogLeNet), ResNet. Tpancheproe oOyueHHeE.
O0paboTka TekcToB. PaboTa ¢ eCTECTBEHHBIM SI3BIKOM C ITOMOIIBIO
HEHpPOHHBIX ceTell. BekTopHble npecTaBieHus A Tekcra: word2vec,
skipgram,
CBOW, fasttext. Pekyppentnsie Heliponnsle cetu, LSTM, GRU.
Tpancdhopmepsr, BERT, GPT.
JlaGopaTtopHblie padoThbI 6
JIP2.1 | Knaccudukanus nzo0pakeHnii 1 TpaHchepHoe o0ydeHue. 3
JIP2.2 | Paborta ¢ TekcTaMu M MX BEKTOPHBIMH MPEACTABICHUSIMHU TEKCTOB. 3
IIpakTuka 4
1P [IporpaMMHO-aNrOPUTMHUYECKOE OCBOEHHUE MaTepuaa 4
2.1
CamocrosiTesibHas padora 7
CP2.1 | [IpopaboTka yueOHOr0o MaTepuana JEeKIHi 1
CP2.2 | [loaroroBka K 1a00OpaTOpHBIM paboTaM 4
CP2.3 | IloaroroBka K pyOeKHOMY KOHTPOJIIO 1
CP2.4 | [Ipyrue BUJbl CAaMOCTOSITEILHON pabOThI 1
«OO0yueHune ¢ MOAKPETIICHUEM)
3 Jlekuun 4
3.1- IToHsTHS areHTa, cpeapl, COCTOSAHUSA, NeUCTBUN U Harpaasl. DyHKIHs
3.2 neHHoctu cocrostaus (Valuefunction) n pyHKIus KauecTBa NeHCTBHS
(Qfuntion).
OnTumu3anus CTpaTeruy ¢ IOMOIIbI0 MAKCUMHU3aUU (PYHKIIMH LIEHHO- 4
CTHU U KauecTBa. Q-o0yueHue.
I'ny6okoe oOyduenue ¢ noakperiearneM. Deep Q-Networks, Actor-critic.
Jns yposust skcnieptHbiii: REINFORCE, A2C, PPO, DDPG.
Jlaboparopubie padoThl 4
JIP3.1 | Ilpumenenue Q-Networks Ju1st pelieHHs TPOCTHIX OKPY>KEHHH. 4
IIpakTuKa 4
1P IIporpaMMHO-aJITOPUTMHYECKOE OCBOEHUE MaTEpHaIa 4
3.1
CamocrosiTenpHas paboTta 3
CP3.1 | [IpopaboTka yueOHOTO MaTepraia JEeKIHi 1
CP3.2 | [loaroroBka K JlabopaTOpHBIM paboTaM 1
CP3.3 | [loaroroBka K pyOeKHOMY KOHTPOJIIO 0,5
CP3.4 | JIpyrue BuaBl CaMOCTOSITEIHHOM pabOTHI 0,5

5. Oopa3oBaTe/ibHbIE TEXHOJIOTHHU
B npouecce npenonaBanust Mogysist MCHONB3YIOTCS CIEIYIOIUE METObI, CPEICTBA U OOHOB-
JsieMoe MpH HeoOXOAMMOCTH IPOTrpaMMHOE o0ecrieyeHre NHPOPMALIMOHHBIX TEXHOJIOTHH:
— e-mail npenogaBarens;
— DJEKTPOHHbIE y4yeOHO-METOIMUYECKUE MaTepHalbl sl 00eCIeUeHUs] CaMOCTOATENbHOM pa-
OOTBI CTYJICHTOB;
—  CIIMCOK CalTOB B ceTu «MHTEpHET» AJIs MOUCKA HAyYHO-TEXHUYECKOH MH(OpMAIMH 10 pa3-
JieJIaM JUCLIUILINHBL,
— TaKeThl NPUKJIAJHBIX IPOrpamMM, Harpumep, pytorch.



6. YueOHO-MeTOoqHYeCKOE 00ecTieueHne CAaMOCTOATEIbHOMH padoThl cTyAeHTOB. O1eHo4-
Hble CPeACTBA JIfl TEKYILIero KOHTPOJS YCIIeBA€eMOCTH,IIPOMEKYTOUYHON ATTeCTAlUN 1O
HTOraM OCBOECHHUS AUCHHMILIHHBI.

Jliis obecriedeHus CaMOCTOSITENILHOW paboThl CTYACHTOB 10 Moyimio c(hOpMHUPOBaH METOTUICCKHIA
KOMIIICKC, BKITFOYAIOIINIA

B ce0s cieayrone yueOHO-METOINISCKUE MaTePHAITBI:

1. IIporpamma Kypca.

2. Y4ueOHUKHU U yueOHbIE TOCOOUS.

3. Criucok azfpecoB caiiToB B MH(GOPMAITMOHHO-TEJIEKOMMYHHUKAIIMOHHOH ceTn «HTepHeT (nanee
— ceTb «VHTEepHETY), coepKaIUX aKTyaJIbHYI0 HHPOpMaIHIo 1o 6J1okam Moays.
bubnuorpaduueckue cChlIKM Ha ydeOHbIC U3/1aHUs, BXOSIINE B METOAMYECKHI KOMILJIEKC, TPHUBe-
JICHBI B IIEPEYHE OCHOBHOM U JIOTIOIHUTEIHHON Y4eOHOH IMTepaTyphl, HEOOXOIUMOH JIIsl OCBOCHHS
Monymns (pasznen 7).

K nonoigHuTENEHBIM MaTepHataM Takke OTHOCUTCS IIepedeHb pecypcoB ceTu «HTepHeT», peKko-
MEH/IyeMBIX JUIsl CAMOCTOSTENIbHON paboThl pu ocBoeHNH Moy (pazaen 7). CTyAeHTHI IOTy4atoT
JOCTYT K YKa3aHHBIM MaTepualiaM Ha IMepBOM 3aHsITUH 110 Mo TyIio.

7. YueOHO-MeTOAUYECKOE M MAaTepUAJIbHO-TEXHHYECKOe olecreyeHue UCHH-
IVTHHBI(MOYJIA)

7.1. YueOHas iuTepaTypa:

OcHoBHasl TUTEPaTypa 110 MOLYJII0

1 Mammnnoe oOy4yenne. Hayka U HCKycCTBO ITOCTPOSHUS AJITOPUTMOB, KOTOPBIE U3BJIE-
KaroT 3Hanus u3 gaHHbIX. [letep @nax. [IMK Ilpecc. 2015.

2. TI'my6okoe obyuenue. [Torpyxenue B Mup HelipoHHbIx ceteit Hukonenko Cepreit rope-
Buy, Kanypun A. A. | Hukonenxo Cepreit Uropesuy, Kanypun A. A.

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

Jlono/IHUTeIbHbIe y4eOHble MaTepHaJibl
1. OcHOBBI UCKYCCTBEHHOTO MHTEIJIEKTA : yueOHoe mocodue / E.B.boposckas, H. A. JlaBsi-
JoBa. 4-e u3f.,2ekTpoH. M.: JlTaboparopus 3Hanui, 2020. 130 c.
HckyccTBEeHHBIN HHTEIUTEKT ¢ ipuMepamu Ha Python. Jlxomml Ipatuk. Bumbsive. 2019.
3. ITpuknagnoe mammHHOE 00y4deHue ¢ nomonipto Scikit-Learn, Keras u TensorFlow: konmen-
LMY, HHCTPYMEHTBI U TEXHUKH JIJISl CO3[JaHUSI MHTEIEKTYaJIbHbIX CUCTEM , 2-€ u3aanue. JKe-
poHOpenbeH. Jnanexktuka-Bunbssame. 2020.
Xenpuk bpunk, /[xo3ed Puuapae, Mapk ®esepond «Mammaaoe o0yuerney, [Turep 2017.
5. Kak yuurcs mammna: PeBomonus B 0071acTH HEMPOHHBIX ceTel U ryOokoro oOydeHus. SH
Jlexyn. Ansnimaa PRO. 2021.
6. I'poxaem rmy6okoe obyuenue. Dunpro Tpack. [Turep. 2019.
Oo0yuenue ¢ mogakperuienneM Ha PyTorch. Coopuuk perientos. FOcu JTro. JIMK Tlpecc. 2020.
8. https://spinningup.openai.com/en/latest/

]

e

~

7.2. UHTEpHET-pecypchl

IIpuMepHBIii IEpeYeHb PECYPCOB CETH «MHTEPHET», PEKOMEHIYEMBIX IIPY OCBOCHUU MOAYJIS
1. Open Machine Learning Course (https://mlcourse.ai)
2. Bseznenue B MammHHOe 00yueHue ot «Bioinformaticlnstitute»
(https://stepik.org/course/4852/promo )



https://spinningup.openai.com/en/latest/
https://mlcourse.ai/
https://stepik.org/course/4852/promo

3. Crnenmanuzanus MammHHOoe 00ydeHHe U aHaIu3 JaHHBIX OT «MOCKOBCKUHN (PU3UKO-TEXHH-
yeckuii uactuty™ (https://ru.coursera.org/specializations/machine-learning-data-analysis)

4. Tlnardopma aist npoBeneHus copeBHoBaHui o DataScience( https://www.kaggle.com )

7.3. IIporpammHoe obecnieueHue:
— Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
— Microsoft Windows server 2003, 2008, 2012, 2016
— Microsoft Office 2007, 2010, 2016
— Awnrtusupycuoe 10 Kaspersky endpoint security
— CunpaBouHo-npaBoBas cuctema “I'apant”

7.4. MaTepuajibHO-TeXHHYeCKOe o0ecneyeHue
Onucanne MaTepuaILHO-TEXHUYECKOI 06a3bl, HEOOXOTMMOIIIS U3yUYeHUs] MOTYJIS

[lepeuenp MaTepraIbHO-TEXHUUECKOTO oOecnieueHus Moyis

Ne /11 | Bup 3ansaruii

Bun n HaumeHoBaHue O60py,Z[OBaHI/I${

1 |JlexkumoHHEBIE
3aHATUA

Ay,I[I/ITOpI/II/I C MyanHMeﬂHﬁHLIMH cpeacrBamMu, CpeaCTBaMu 3BYKO-

BOCIHIPOU3BCACHNA U UMCIOIIUC BBIXO B CCTh «I/IHTepHeT». ITomere-

HUA JJIA IPOBEACHUA ayJUTOPHBIX BaHﬂTHﬁ, O60pyI[OBaHHLIC y‘le6H0fI
~ _

2 |JlaGoparop-
HbI€ pa0OTHI

KoMIbroTepHslii KJ1acC ¢ KOMIUIEKCOM ITPOIrPaMMHBIX CPEICTB, II03BO-
JSTFOIMX KKAOMY CTYJCHTY pa3padaTbIBaTh MPOrpaMMHBIE peain3a-
LIUY NTPAKTUYECKUX 3a7a4 B X0JI€ BHIIIOJIHEHHUS JTa00OPaTOPHBIX paboT

3 |CaMmocrosTens-
Hast paboTa

bubnuoreka, nmeromas padoune Mecra JUIsl CTyJ€HTOB. AyIUTOPHH,
OCHAIIICHHbIE KOMIIBIOTEPAMH C JIOCTYIOM K ceTH «HTepHeT»

4  |[IpakTuka

KoMIbproTepHslii KJ1acC ¢ KOMIUIEKCOM ITPOIPaMMHBIX CPEJCTB, II03BO-
JSIFOIIMX KaKIOMY CTYAEHTY pa3padaTbiBaTh IPOrpaMMHbIE peann3a-
LIUY NTPAKTUYECKUX 3a7a4 B X0JI€ BHIIIOJIHEHHUS J1Ta0OPaTOPHBIX paboT



https://ru.coursera.org/specializations/machine-learning-data-
https://www.kaggle.com/

Pabouas nmporpamma AucIUNINHBI «CHCTEMBI HICKYCCTBEHHOTO MHTEIUICKTa» COCTABIEHA B COOT-
BercTBHUH ¢ TpeboBanusmMu OPI'OC BO no nanpasnenuro noaroroku _40.03.01 , YTBEp-

JAEHHOT O Nnpuka3oM MuHucTepcTBa 00pazoBaHus U Hayku Poccuiickoit denepanuu oT «  »
r. Ne .

[TporpamMMy cocTaBHUII
Dapruesa 3vapbusa CyaraurupeesHa / /

[Tporpamma omoOpena Ha 3acenannu kKadeapsl  HMHDOPMAIMOHHBIC CHCTEMBI U TEXHOJIOTUI
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POH/I OHEHOYHbLIX CPEACTB AJIS1 IPOBEJEHUSA TEKYIIEI'O KOHTPOJIA
YCIHEBAEMOCTH U IPOMEXYTOYHOM ATTECTAILIUU OB YYAIOIIIUXCSI
IO MOAYJIIO « CUCTEMbBI HCKYCCTBEHHOI'O UHTEJIVIEKTA»



OHI/ICAHI/IEMHOKA?.ATEJIEI‘/'I N KPUTEPUEB OLIEHUBAHUSA
KOMIIETEHIIUU HA PA3/IMYHbIX OTAITAX UX ®POPMUPOBAHUA,
OINMCAHUME HIKAJI OHEHUBAHUA

®ounn oneHouHbIx cpeacts (POC) nmpeaycMaTpuBaeT cleayoliee:

— OIHCaHue KOMIUIEKca MoKa3aTeeil — JECKpUITOPOB OCBOCHUSI KOMIIETEHIIUH B BUJIE pe-
3yJlbTaTOB O0yUEHUs, KOTOPbIE CTYACHT MOXKET IPOJEMOHCTPUPOBATH (

— (tabnuua 1). [Ins KOHTPOIS JOCTUKEHUS KAXKAO0T0 U3 HUX MPETyCMOTPEHBI OLEHOYHbIE
CpEICTBa B BUJE BOIIPOCOB, 3a/1aHUM U T.[1.;

— o00o03HauYeHUE KpUTepHeB — IIPABIII IPUHATHS PEIICHUS IO OLICHKE TOCTUTHYTHIX Pe3yJbTa-
TOB 00y4YeHUsl ¥ CPOPMUPOBAHHOCTH KOMIIETEHIIUH.

Hanpuwmep, B kauecTBe HmIkanbl orieHuBanus npuHuMaetcs 100-6anpHas cuctema ¢ BelIeIeHUEM
(rpagarueii) OLICHOK:

PeliTUHT OneHka Ha 3aueTe
85-100
71-84 3aueTr
60-70
0-59 Hesauger

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

KOMIETEHILU B TPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI

MMPOTPAMMBI

BbimyckHMK, OCBOMBIIMIA 00pa3oBaTeldbHYIO MpOrpaMMy, JIOJDKEH 00J1a1aTh
npodeccnoHaTbHBIMU KOMIIETEHIIUSIMU 10 TEMAaTHUECKUM MOAYJISIM MPOTrPaMMBbl:

Kon HaumenoBanue PesynbTarel 00yueHus
TEMaTUYECKOTO
MOJYJISt
Beenenue B uckyc- 3Hanusa:
CTBEHHBIA MHTEUIEKT |— TEOpETHYECKHE OCHOBBI aHAIN3A JAHHBIX ¥ MAIIMHHOTO
1 OCHOBHBIE METO/IBI 00yueHus;
MAIINHHOTO O0y{eHHSI — crnenu@uka paboTsl AITOPUTMOB MAIIMHHOTO O0Y4EHMS.
i paboThI ¢ Tad- YMeHus:
JIMYHBIMH JaHHBIMH - NPUMEHCEHHE METOJ0B MAIlIMHHOI'O 06yquI/1${, IMOATOTOBKA

JAHHBIX U MHTEPIpETAIHsl pe3yJbTaToOB.

Hagbiky (ONBIT 1eATEJBHOCTH):

- HMHTepecyeTcsl HOBBIMU TPEHIaMH B cBOel mpodeccro-
HaJIbHOU OTpaciii, pacCMaTPUBAET UX C TOUKU 3PEHHUS
MIPUMEHEHUS B CBOEH JEATEIbHOCTH;

- OLEHUBAET IPUMEHUMOCTD AJITOPUTMOB, BO3MOXHbIE-
PHUCKH U TIOCIECTBHSI OIIMOOK, HAXOIUT ONTUMANIbHbIEpe-
HIeHus 171 pabounx 3a1a4




CucTeMbl TITyOOKOro
oOy4eHus

3HAHUA:

MIPUHIUIBI 00YUEHHs U IPUMEHEHUS] HEHPOHHBIX CETEH.
ApXHUTEKTYpPHI IITyOOKUX HEUPOHHBIX CETEH, TPUMEHIEMBIX
B PELICHUU NPAKTUYECKUX 33]1a4

CBSI3aHHBIX C aHAJIM30M M300paKEHUMN U TEKCTOB;

Ymenuns:

HACTpOWKa HEOOXOAUMOTO OKPYKEHUS JUIst paboThI ¢
HEHPOHHBIMHU CETSIMH.

MPUMEHEHHE U 1I000y4YeHUEeNnpea00yIeHHBIX
HEHPOHHBIX CETEH N3 JTOCTYITHBIX OMOINOTEK

HaBbIkH (ONBIT 1€SITEJILHOCTH):

BJIa/IC€T HABBIKOM IIPOBEICHHUS MOJHOTO 1IUKIIA
BBIYHUCIIUTEIBHOTO 3KCIIEPUMEHTA, OTPAXKEHHS X0/1a BbI-
TIOJIHEHUS IPOEKTA U MOTY4YCHUS PE3YJIbTaTOB B OTYETAX
Y TOKyMEHTAIUH;

BJIaJICET HABBIKOM HCIIOJIb30BAaHUS CYILIECTBYIOIIUX MPO-
IPaMMHBIX OMOJIMOTEK U MOJIENIEH, CO3AaHuUs IPOTPAMM-
HBIX peanu3aluil TTy0OKUX HEUPOHHBIX CeTe

OObyuenue ¢
MOJIKPETUICHHEM

3Hanud:

TCOPCTUUCCKHUEC OCHOBBI U aJITOPUTMBL O6y‘~ICHI/I$I C I1oa-
KPCILVICHUEM

IIPUMCHCHUC O6y‘ICHI/I$[ C MOAKPCIIICHHUEM JJIA ITPAKTHUYC-
CKHX 3aaa4.

YMmenus:

BBIOOp M peanu3aiys aaropuTMOB 00y4eHHs ¢ MOAKpeI-
JIEHUEM C YYETOM clieln(UKH 3a1a9u

ajlanTanys U HacTpoiika aJropuTMOB 00yUYEeHHS ¢ TIOJ-
KPEIJICHUEM I10]1 OIIPEJCIICHHYIO CPEy.

HaBbIku (ONBIT AeSITEJILHOCTH):

HMHTEpECyeTCsl HOBBIMM TPEH/IaMHU B CBOEH npodeccuo-
HaJIbHON OTpacili, pacCMaTPUBAET UX C TOUKU 3PEHHUS
MIPUMEHEHUS B CBOEH EATEIbHOCTH;

BJIa/IEET HABBIKOM HCIIOJIB30BAHUS CYLECTBYIOIIUX IIPO-
IrpaMMHBIX OMOJIMOTEK U MOJIENeH, CO3AaHUsI TPOTPAMM-
HBIX peajln3aliii Ha OCHOBE aJITOPUTMOB 00YUEHUS C
MOJIKPETIIICHUEM

CpC,Z[CTBa AJIs1 OLICHKH PAa3JIMYHbIX ypOBHCfI (I)OpMPIpOBaHI/IH KOMIIETEHITUH I10 KaTCropusiaM
«3HAaTb», KYMECTb», «BJIAACTH» o0ecreynBaroT pcann3anuio OCHOBHBIX ITPUHIIUIIOB KOHTPOJIA, Ta-
KHX KaK OOBEKTUBHOCTH U HE3aBUCUMOCTD, INPAKTUKO-OPUCHTUPOBAHHOCTDb, MCKIAUCHUIIIIMHAPD-

HOCTB.

C y4eToM 3TOro KOHTPOJIbHBIE BOIPOCH! (3a7aHus, 3a1aun), sxosamme B POC, nis pas-
JIMYHBIX KAaTETOPHUI U YPOBHEW OCBOEHHUS KOMIIETEHIIUI MOTYT UMETh CJICYIOIIUN BH/I.

3HATb Ipu-
Mepbl:

=

Tunel 3aga4 MallIMHHOTO 06y‘-IeHI/I$I " KJIACChI aJITOPUTMOB, K HUM ITPUMCHACMBIC.

2. OcHOBHBIE HAaNPaBJICHUS PA3BUTHS UCCIICTIOBAHUN B O0JIACTH CUCTEM UCKYCCTBEHHOTO

HWHTCILJICKTA.

3. Teopernyeckrue OCHOBBI AJITOPUTMOB MAITMHHOTO O0yUYEHHUSI.




YMETD Ilpumepsr:
1 TloaroToBUTH JaHHBIE K UCIOJIb30BAHUIO AITOPUTMA MALIMHHOTO O0OyUYEeHHUS.
OrneHnBaTh KAYECTBO PEIICHUN CHCTEM MAIIMHHOTO OOYyUSHHS.
3. AnanTupoBaTrh alrOPUTMbI MAIMHHOIO OOYYEHUS K PEIIEHUIO IPAKTUYECKUX 3ajiad.
BJIAJETD IIpumepsbr:
1 Merononorus pa3paboTKU peLIeHUH MAIIMHHOIO 00y4EHUsl.
IIpuMepsl IPaKTUYECKOrO IIPUMEHEHUS apXUTEKTYP UCKYCCTBEHHOI'O MHTEJUICKTA.
3. Mertoabl OHJIalH TECTUPOBAHUS PELICHUH MALIMHHOTO 00y4eHHUs.

N

N

METOIAYECKHUE MATEPUAJIBL, ONPEAEJAIOIIUE ITPOONELYPBI
OIEHUBAHMUS 3HAHUU, YMEHUU U (UJIN) OIIBITA JEATEJIBHOCTH,
XAPAKTEPU3YIOIIHUE 3TAIIbI ®OPMUPOBAHUS KOMIIETEHITAM

[Tpumeprl (MakeTbl) METOAMYECKUX MATEPUAIIOB, OMNPEICINIAIOIINX IPOLELYpPhl OLIECHUBAHMs 3HA-
HUH, yMeHU U (WUIK) OMbITA AEATEIbHOCTU

HaunmenoBanmne Kpartkasi xapakTepucTHKA OLIeHOY- IIpeacrasienue
OLICHOYHOI'0 HOI'0 CpeCTBa OLICHOYHOI'0 CPEACTBA
cpeacrsa B hoHzge
Texymmii KOHTpOJIb CpencTBo IpOBEPKHU OCBOEHUS Komriekts! OniieToB
yCIIEBAEMOCTH YPOBHEH «3HATbY», KYMETh)» KOMIIe- (3amanuii)

KommnuiekT Ouj1eToB (IpUMepPHbIii)
burer 1.
11 BaitecoBckuit knaccudukarop. Onenka npusHakos (Gaussian, Bernoulli, Multino-
mial). EM anropurm.
1.2 Knacrepusarus. kMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
2.1 Aucam6imu. Soft and Hard Voting. Bagging. Cnyuaiinsiii jiec.
2.2 Merpuueckuii kinaccudukaropsl. KNN. WKNN.

buner 3.

3.1 Jluneitnas perpeccust. LASSO, LARS. CART.

3.2 lepeBsbs pemenuit. UndopmannoHHblil BeIUTpbIml. Omudka kiaccu@ukamnuu, 3HTpo-
nus, kpurepuil JLxuan. [IpyHuHT.

buner 4.

4.1 TnoGameubii nouck. Ciywaitneiii mouck. Gridsearch. CnyuaitHoe Onyxnanue.baii-
€COBCKasl OTITUMH3AITHSL.

4.2 Jluneiinas perpeccus. [lonnnomuanbHas perpeccus. I'peOHeBast perpeccusi.

burer 5.
5.1 AdaBoost. I'pagneHTHBINH OYCTHHT PEHIAIONINX JI€PEBHEB.
5.2 Knacrepuzanus. AgglomerativeClustering. Merpuku kinactepu3anum.

burner 6.

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

AUC.

6.2 Heiiponnsie ceru. IleprientpornPo3enonarra. OOpaTHOE pacnmpocTpaHEHHWE TpaIdeHTa.
Oyukimu aktuBanuu. Softmax.



buner 7.

7.1 Jloxanpubiii momck. HillClimb u ero pasmoBumnoctn. Omkur. ['eHeTHyeckuii
QITOPHUTM.

7.2 MeTtop onopHBIX BEKTOPOB. Sapa.

Ilepeyennb 1adopaTOpPHBIX padoT (MPUMEPHDbI)

O01mue pekoMeHAaIUN K JIA00PATOPHBIM padoTaM: /1Ji Pa3HbIX YPOBHEH MOATOTOBKU
CTYACHTOB MOXHO MCITIOJIB30BATh PA3HYIO FJIy6I/IHy pcain3anuu pCuICHHUA. TaK, AJIL CTYACHTOB HE-
TEXHUUYECKUX CIEMATbHOCTEN 3ajaHie MOXKET 3aKJII0UaThCs B IPUMEHEHUHU TOTOBBIX METO/IOB U3
OMOIMOTEK WM 3aII0JIHEHHEM IPOITYCKOB B ITPOrpaMMax, r/ie OoJbIIast YacTh MOJrOTOBJIECHA MPETIo-
naBaTenieM. [[iist CTyIeHTOB TEXHUYECKHX CIeUaIbHOCTEH 3a1aHue OyIeT 3aKI04YaThCsl B peainsa-
ouu aJIrOpuTMOB 0€3 HUCII0JIb30BaHUs TOTOBBIX pGH_IGHI/If/'I.

JIP1.1 Metoasl paboTsl ¢ Tabauiiamu B Python. Arperamust 1 Bu3yanu3aius AaHHbix. [1po-
BEJICHUE [TIEPBUYHOT0 aHAIN3a JaHHBIX.

[lenu: uzyueHre MeTo10B pabOTHI ¢ JaHHBIMU B Python u mpoBeneHre MepBUYHOTO aHATK3a
JTAHHBIX.

3ananue: 3arpysute aaracet B pandasmatadpeiim. BoiBeaure oCHOBHBIC MapaMeTphl Jata-
ceta. Onpenenure, CKOJIbKO B 1aTaceTe CIy4aeB OTCYTCTBUS IPU3HAKOB. Onpeaennure, CKOIbKO Mpu-
3HAKOB SBIIFOTCS KaTeropuaibHbIMU. Bu3yanusupyiite pacupeaesieHie Npu3HaKkoB 1o KiaccaMm. Bu-
3yalu3UpyUTe 3aBUCUMOCTb MEK/Y IIPU3HAKAMH.

JIP1.2 Ucnonb3oBanue u cpapHeHue anroputmoB kiaccupukanun: KNN, pemaromnme nepe-
Bbs U UX aHCaMOJIU, JIOTUCTUYECKAsl perpeccusl.

Llenu: npuMeHEeHNe U OLIEHKA AITOPUTMOB KJIACCHU(PHUKAIHH.

3amanue:

Paznenute naracer Ha oOy4aromuii ¥ BaJTMIALMOHHBINA C COXpaHEHUEM MPOITOPIU KJIaCCOB.
Knaccuduimpyiite Toukn u3 naracera ¢ nmomoinsko anroputMoB KNN, jJoructudeckoit perpeccum,
CART, cnyuaiinoro neca, CatBoost. ITogbepure nydime napaMeTpbl aITOPUTMOB CITIOMOIIIBIO BaJIH-
JAIMOHHOM BhIOOpKH. CpaBHUTE BpeMSs padOTHI aITOPUTMOB M 3aBUCUMOCTH OT NMPeo0paboTKH JaH-
HBIX.

JIP1.3 Wcnonb30BaHNe U OLIEHKA alTOPUTMOB perpeccuu. [1og0op onTUManbHBIX Mapamer-
POB perpeccuy.

Llenu: u3ydeHue alropuTMOB PETPECCHH.

3ananue:

[TpuMeHnuTe METO TMHEHHON perpeccu AJs pelieHus 3a1a4M Ha natacere. JlobaBbTe B j1a-
TaceT NOJMHOMHUAIIbHBIC TPpU3HaKH. J[00aBsiiTe MPU3HAKY ITOKA HE YBUIUTE NIepeoOyUyeHrne Ha Ba-
munanoHHomaatacete. Ilpumenure rpedueByto perpeccuo u LASSO, uto6sl n30aBUTHCS OT Iepe-
00yJeHUsI.

JIP1.4 OntuMu3anyoHHbIe 33/1a4u U UX peulenus. [londop runeprnapamMeTpoB airopurMa c mno-
MOIIIBI0 METOJIOB ONITHMHU3AIHH

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

3amanue:

1 OnTuMH3UpYHTE IJIMHY MapIIpyTa B 3aJjaue KOMHBOsDKEpa ¢ oMoIbio arroputmos hill-

climb, omxura u remeTHyeckoro aropuTMa. BeiBeuTe MOTYYIMBIIMICS MYTh U €T0 JJTUHY.

2. OnTUMHU3HPYITE TUTIEPTIAPAMETPHI AITOPUTMA MAIITUHHOTO 00y4YeHUs (Ha BBIOOP) C ITOMOIIIBIO

CITy4aifHOTO TIOMCKa, TIOMCKa 1o peterke, anropurMa hillclimb, renerndeckoro anropurma.

JIP2.1 Knaccuduxamms nzo0pakeHuit 1 TpanchepHoe o0ydeHue.



Llenu: n3yyeHne METO10B TIIYOOKOTO 00y4eHus 75l paboThl C N300paKEHUSIMH.

3aganue:

3arpy3ure gataceT U CO3AalTe UTEPATOP ISl MOJEIIU TITyOOKOTO 00yUYeHHs. 3arpy3uTe mpeo-
Oyuennyro Ha ImageNetceeprounyio cerb (AlexNet, VGG wmmu ResNet) u mo6asbre k back-
bonenonHocBsA3HBIN cnoit s 00y4deHusi. O0y4nuTe HEHPOHHYIO CETh Ha, BU3yAIIM3UPOBAB IpapuK
byHKIIMM 10Teph Ha oOywaroleil U BaluJallMOHHON BbIOOpKe. PeanmusyiiTe Moaynb MpUMEHEHUs
HEHPOHHOMN CETH K TaHHBIM, IIPOBEPHTE KAYeCTBO OOYUCHHUS HA TECTOBOI BBHIOOPKE.

JIP2.2 PaboTa c TeKCTaMu M UX BEKTOPHBIMU MPEACTABICHUSIMH.
[enu: nzydeHue Mojieniell BEKTOPHOTO MPeICTaBICHUs TEKCTOB. 3a/1a-
HHE:
CkauaiiTe npenodydeHHble BeKTopa i cioBapsi. C moMolibo Jiro0oro kiaccudpukaTopa Ma-
mmmHHOoro 00yuenus (KNN, SVM, CatBoost) knaccuduimpyiite TeKCThI U3 AaTaceTa Mo CyMMe BEK-
TopoB cioB. Kinaccudunupyiite Tekctsl ¢ momoribio LSTM cetn.

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

Lenu: n3ydyenue npuMeHeHUs1 00Y4YEeHHUS C TIOAKPEIICHUEM I PEIICHHUH 3a/1a4 KOHTPOJISL.
3ananue:

OOyuunTe MPOCTYIO MOJHOCBA3HYI0Q-ceTh /11s perieHus okpyxenus LunarLander.

[Tporneypsl OLIEHNBaHUS 3HAHHA, YMEHUH, (POPMBI M OPTaHU3AIHSI TEKYIIEr0 KOHTPOJIS ycIie-
BAaE€MOCTH U IPOMEKYTOUHON aTTecTalMy 00yJaroIuxcst

Texkyumuii KOHTPOJIb YCIIEBAEMOCTH U IPOMEKYTOUHAsl aTTECTALUsI CTYJEHTOB BEJIETCS B CO-
oTBeTcTBHH C Ilo0kKeHneM 0 TeKyleM KOHTPOJIEe YCIIEBAEMOCTH U IIPOMEXYTOYHOMN aTTecTaluu 00-
pa30oBaTeIbHONM OpPraHu3aluu

Tekymuili KOHTPOJIb yCIIEBAEMOCTH

Mopyns nenutcs Ha nBa 61oka. Kaxkapril 6710k BKITIFOUAET B ce0sl M3YUSHHE 3aKOHUEHHOTO pa3-
nena, yactu Moyas.

Texyumii KoHTposib 0 MoOnyI0 OCYIIECTBISIETCS IO KaJIeHJIapHOMY y4eOHOMY TpaduKy.
Cpoku kKoHTpobHBIX MeponpusTuii (KM) u cpoku noaseneHust U'TOroB no Moayimo oToopaxarTcs
B pa0ounx y4eOHbIX I1aHax Ha ceMecTp. CTy/IEeHT AOKEH BBIIOJIHUTH BCE KOHTPOJIbHBIE MEPOIIPHU-
ATHsA, IPEAYCMOTpEHHbIE MOlyJIeM K yKa3aHHOMY CPOKY, ITOCJIE€ YEro MPENOoJaBaTeNb MPOCTABIISAET
OayIbHBIE OLIEHKH, HAOpaHHbIE CTYJEHTOM I10 pe3yJibTaTaM TEKYHIEro KOHTPOJIsS YCIEeBAaEMOCTH 10
Mopyito.

KoHTponbHOE MeponpusTie CUUTAETCS BBINOJIHEHHBIM, €CJIM 3a HEro CTYJACHT IOIY4HI
OLIEHKY B 0aju1aX He HUKe MUHUMAaJIbHON OIIEHKH, yCTAaHOBJIEHHOM MpOorpaMMoi MOyJIsl IO TAHHOMY
MEPOIPUSITHIO.

CryneHThl, HE CIaBIIUME KOHTPOJIbHOE MEPOIPHUITHE B YCTAHOBIIEHHBIN CPOK, MPOJOJIKAIOT
paboTaTh HaJl HUIM B COOTBETCTBUE C MOPSAKOM, IPUHITHIM 00pa30BaTeIbHON OpraHu3aueil.

IIpomexxyTouHast aTTecTanus

DopMOI NPOMEKYTOUHON aTTECTALIMH 110 MOYIIO SIBISIETCS 3a4eT.

OuenuBanue Monyns Benercss B COOTBETCTBHM ¢ [1osi0)keHHEM 0 TEKyIleM KOHTpOJIE ycIe-
BAa€MOCTH U IPOMEKYTOUHOM aTTeCTalllM CTY/IEHTOB 00pa30BaTeIbHON OpraHU3aliH.

Hanpumep, MeToAHKA OLIEHKH 110 PEHTHHTY

CTyneHT, BBIIOJHUBIIMK BCE MPEAYCMOTPEHHBIE YU€OHBIM IJIAHOM 33JaHUs U CIIaBLINI Bce
KOHTPOJIbHBIE MEPOIPUSITHS, ITOIY4aEeT UTOTOBYIO OLIEHKY 110 MoayIo 3a ceMecTp B COOTBETCTBUU
CO CJIeAYIOIIEH MIKAJION:

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




PefiTunr crynenTa mo Moaysro 3a ceMecTp OnpeenseTcst Kak cymMmma 0ajiioB, MOJIyYeHHBIX UM 32
Bce 010ku Moyiist, u 6ajioB 3a MPOMEXKYTOYHYIO aTTeCTaIuio. MakCuMaIbHOE KOJIMYECTBO Oall-
70B 32 Moayib B ceMecTpe ycranapiuBaeTcs: paBHbiM 100



