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Pabouas nporpamma aucuumiinHel «CUCTEMBbl HCKYCCTBEHHOTO MHTEJUIEKTa» COCTABJIEHA B
cootBercTBUM ¢  TpeboBanusamu DOI'OCBO 1o HampaBiICHUIO  IMOATOTOBKH 09.03.02
«HpopMallMOHHBIE CHUCTEMBl M TEXHOJOTHUU», YTBEPXKICHHOIO MpUKa3oM MUHHUCTEpCTBa
oOpasoBanus u Hayku Poccuiickoit @enepamnmu ot «9» ceHTsiopst 2017 r. Ne 926.

[TporpaMMy cocTaBwIIM: CTapimii TpernonaBarensb kadenpsl «HGMOpMaMOHHBIE CHCTEMBI U
TexHosorum» Myp3adbexkosa M. .

[Iporpamma onobpena Ha 3acenanuu kadeaps! «MHbopMalnOHHbIE CUCTEMBI U TEXHOJIOTHUN

[IpoTokon Ne 9 ot «20» mas 2024 rona

[Tporpamma ogo6peHa YueOHO-METOJHUECKUM COBETOM (H3UKO-MATEMAaTHUECKOro (haKyabTeTa

[Iporokosn Ne 9 ot «22» mas 2024 rona



1. [lesin OCBOEHUS TUCHMILIUHBI

Llenbro n3ydeHus AUCHUIUTMHBI «CHUCTEMBI HCKYCCTBEHHOTO MHTEIICKTa) SBIISETCS
(dbopMupoBaHrE KOMIIETCHIIMU B 00JIaCTH NPUMEHEHNS HHTEIUIEKTYaIbHBIX HH(POPMAIIHOHHBIX
CHCTEM JUIsl perieHusI MPo(eCCHOHABHBIX 3a/1a4.
3aa4n AUCHUIIINHBL
— O3HAaKOMUTb C COBPCMCHHBIMU obmacTIMu HUCCIICAOBAaHUA TII0 HCKYCCTBCHHOMY
UHTEIJIEKTY U chepaMu MPUI0KEHHS IKCIIEPTHBIX CHCTEM;
— IIO3HAKOMHUTHL C KOHLCIIHUAMH, COCTABJISIFOIIMMHU OCHOBY COBPCMCHHBIX CHCTCM
HCKYCCTBEHHOT'O MHTEJUICKTA;
— M3IOXWUTh TEXHHYECKHE IIOCTAHOBKM OCHOBHBIX 3a/1a4, pEHIAEMbIX CHCTEMaMH
HCKYCCTBEHHOT'O MHTEJUICKTA;
— IIO3HAKOMHTE C OCOOEHHOCTIMU MPAKTUYCCKOI'0 UCITOJIb30BAHUA NHTCIUICKTYAJIbHBIX
MH(POPMALMOHHBIX CHCTEM B 007acTH HHPOPMAITMOHHOM O€30MaCHOCTH.

2. Mecrto aucuuminnsl B ctpykrype OIIOII 6akanaBpuara
[uk1, K KOTOPOMY OTHOCHUTCS TUCIMIINHA:
Bb1.0. «CucreMbl HICKYCCTBEHHOI'O UHTEJIIIEKTa»

3. PesyabTaTsl OCBOEHHMS] IUCUMIUIMHBI (Moayasi) «CHCTEMBI HUCKYCCTBEHHOTO
HHTEJICKTAa

[Ipouecc n3yueHus: AUCUUILTUHBI HATIPaBIIeH Ha (OPMHUPOBAHUE DTIEMEHTOB CIIETYIOIINX
kommnereHuil B coorsercTBur ¢ ®I'OC BO 1o nanHOMY HanpaBJIeHUIO:

Koa HaunmeHnoBanue Kon, HauMeHOBaHNe HHAMKATOPA 10CTUKEHUS
npodeccuona| MNpodeccHoHaTLHOI npo¢ecCHOHAIBbHON KOMIIeTEHINH
JILHOM KOMIIETEHIINH
KOMIIETEHIINH
CniocoOeH BBISIBUTH IK-2.1.BeiGupaer 3HaTh: HalpaBICHUS
€CTECTBEHHOHAY4YHYyIO0 | HMPOTrPaMMHEBIC wIaThOPMBI  |pa3BUTHS CUCTEM
IIK-11 CYIIIHOCTB TIPOOJIEM, CHCTEM MCKYCCTBCHHOTO  |yjcKycCTBEHHOTO
BO3HHUKAOOIUX B XOJ€ MHTCJIICKTA, MHTEIJIEKTA; METOIbI
npodecCuOHATIbLHON TeKOMITO3HITIH
ACATCIIBHOCTH B peliaeMbIX 3a/1a4 ¢
obmactu MICITOJIb30BAHUEM
MOZICTPOBAHUS 1 MCKYCCTBEHHOT'O
aHaJIM3a CI0XKHBIX HTeNeKTa:;
CCTCCTBCHIBIX 1 IIK-2.2.Y4acTByer B |YMeThb: OCYIIECTBIATH
MCKYyCCTBCHHBIX MIPOBEJICHUH TEKOMITO3HIIHIO
CHCTEM. OKCIIEPUMEHTAIbHOM  TMPOBEPKM [pelIaeMbIX  3a7ad ¢
paboTOCIIOCOOHOCTH CHCTEM |HCITOJIb30BAaHUEM
HCKYCCTBEHHOTO MHTEIIJICKTa MCKYCCTBEHHOI'O

MHTEIJICKTA,;




Baanernb: HaBbIKaMU
TEKOMIIO3HIINH,
(hopManuzanuu
MIPOIIECCOB U OOBEKTOB
TSI KCTTOJTb30BaHUS
MHTEIJIEKTya IbHBIX
MTPOrPaMMHBIX

[peleHu

4. CTpyKTypa M cojep:KaHue JMCHMIIIMHBI (MOIYJIsA)

CTpyKTypa AUCHUNIMHBI (MOIYJIA)

OO61mas TpyA0EeMKOCTh AUCLIHUIIIIMHBI COCTABIISET 2 3aYETHBIX €IUHUIL], /2 YacOB.

No Buabl yueOHoii padoThl, BKIIOYast ®DopMbI TEKYLIET0
n/n CaMOCTOSITEJILHYIO Pa0OTy CTYIEHTOB M| KOHTPOJIsSI YCIIEBAeMOCTH
TPYA0eMKOCTb (B 4acax) (no nedenam cemecmpa)
K C ®opmMa IPOMEKYTOYHOM
OHTiﬁlKTHaﬁ aMOCTOﬁﬂTEJ’IbHa aTTecTalHH (10
padora 11 padora cemecmpan)
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Iloozomosxka k ax3ameny

OO01mas TpyI0eMKOCTh, B ITpoMexyToUHas

Jacax dopma
72 118 | 18 | 18

18 3auer

3ayeT ¢ OLECHKOM

DK3aMeH

Conep:kanue QM CHUIIMHBI (MO1YJIA)

Nen/m | HammeHoBaHue MoaYJIsl, cCOJlep:KaHue

Yacewl

1 «BBegenne B HCKyCCTBeHHLIﬁ HHTCJIJEKT M OCHOBHBIE METOAbI
MAaIlIMHHOT O oﬁyqe}mﬂ IJIA paﬁoTbI ¢ TA0JIMIHBIMU JAHHBIMHN»

Jlexnuu

10

1.1-1.5 | [OnmuoHaabHO: MaTeMaTHYeCKui nuk0e3 o 3JIEMEHTaM
MaTEeMaTUYeCKOW CTATUCTUKH, JTUHEHHOW anreOpbl U MaTEeMaTHYECKOTO
aHasm3a. |

OcHOBHBIE 3a/1auu CUCTEM HCKYCCTBEHHOTO WHTEJUICKTA.
Knaccudukanus, kmacrepuszanusi, perpeccus. THUIBI MalIMHHOTO
oOydeHus: ¢ yduTeyneM, 0e3 y4uTellsd, C YaCTUYHBIM IPHBJICUYCHHCM
yuuTensi, 00y4eHue ¢ MOIKPEIICHUEM.

Knaccudukanus Ha npumepe anroputma k-6mmkaimmx coceneit (kKNN)
[OnuuonansHo: beICTphI ToMck Onmkailmux coceneil.]. Merpuku
OIICHKW KJacCH(HUKAIMU: TMOJHOTa, TOo4YHOCTh, FI, ROC, AUC.
Banmupmannonnas u TtecroBas BbiOOpka. Kpocc-Bammmanus. PabGota ¢
KaTeropraJibHbIMU MIPU3HAKAMU.

Perpeccusi. Merpuku ouenku perpeccun: MSE, MAE, R2 -
koaddunmeHT aerepmuHanuu. JIuHelHas perpeccus, MOJTUHOMHATbHAS
perpeccusi. IlepeoOydyeHue u perymnspusanus, TrpeOHEBas perpeccus,
LASSO, ElasticNet.

Jlunetinbie Monmenu mia kinaccudukanuu. [lepuentpoH, JorucTudeckas
perpeccusi, TOJHOCBSI3HBIE  HEHUPOHHBIE  CETH, CTOXACTHYECKHUI
TPaJIUCHTHBIA CIYCK © OOpaTHOE paclpOCTpaHEHHE TpaJucHTA.
Perynspuzanus muHeHBIX MoJieNel KiacCu(pUKaIuuH.

Knacrepusanus, k-means, k-means++, DBSCAN, ariomepaTuBHas
KJ1acTepu3anus. MeTpuKH OLIEHKH KJIacTepHU3aluu.

ANTOPUTMBI, OCHOBaHHBIE Ha TPUMEHEHHH pEIIAONIuX JI€PEBHEB.
Kputepun pazmeneHus ysna: WHGOOPMAIMOHHBIA BBIMTPHIII, KPUTEPUN
Jlxuan.  AHcamOmM  pemamImmMX  JepeBbhEB:  CIy4aWHBINA  Jiec,
TpagueHTHBIA OYCTHHT.

Meton onopHbix BekTopoB. IIpsimas u obpaTHas 3amada. OmnpeneneHue
OTIOPHBIX BEKTOPOB. S I€pHBII TPIOK.

Hausnebrit OaiiecoBCKHIT KI1acCU(pUKATOP. MeTtonasl OIICHKH
pacnpenenenus npu3HakoB. EM-anroputm Ha npuMepe CMeCH rayccuaH.
MeTtoasl Oe3rpaJMeHTHON ONTHMH3AINK: CAydaiHblid mouck, hillclimb,
OT)KUT, TCHETUUECKHUI aJITOPUTM.
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JlaGopaTopHbie padoThI

JIP1.1 | Meroabl paboTel ¢ Tabmuiiamu B Python. Arperarius u Bu3yaimn3arus
JnaHHbIX. [IpoBeeHNe NEPBUYHOIO aHAM3a JIAHHBIX.




JIP1.2

CTOJIb30BAHUE U CPAaBHEHHUE aIrOPpUTMOB Kinaccupukarmm: kNN,
peLIaloNIMe IEPEeBhesi U UX aHCaMOJIN, JJOTUCTHYECKasi pErPecCHsl.

JIP1.3

Hcnonb3oBaHne W OLEHKAa  aJIrOPUTMOB  PErPECCUU.
ONTUMAJIbHBIX
apaMeTPOB PErPECCHU

[ToxGop

JIP1.4

OnTuMHu3aMoOHHbIE 33/1a4M U ux penienus. [londop runepnapameTpon
QJITOPUTMA C MOMOIIBI0 METOJIOB ONITUMHU3ALIUH.

IIpakTnka

I1P1.1

ITporpaMMHO-aJITOPUTMHYECKOE OCBOCHUE MaTepHraa

CamocrosiTesibHas padora

CP1.1

[IpopaboTka yueOHOTr0 MaTepHaa JICKIUi

CP1.2

[ToaroroBka k 1a0OPAaTOPHBEIM paboTaM

CP1.3

IToaroroBka k py'6e)KHOMy KOHTPOJIO

CP14

Jpyrue BUabl CaMOCTOSTENBHON paboThI

Jleknun

2.1-
2.3

Hetiponnsie cetn. @yHKIIMN OLIMOKN HEMPOHHBIX CETE U 00yUYeHUE C
IIOMOIIbI0 00OPaTHOIO paclpocTpaHeHus rpagueHTta. [lonstue 63T4a u
AIOXH.

Pabora ¢ n300pakeHusIMU C TOMOIIBIO HEHPOHHBIX ceTell. CBepTOYHbBIE
HelipoHHble cetd. Ormepanun cBeptok, Max-pooling. IlomynspHbie
apXUTEKTYphI CBEpTOUHBIX HelpoHHBIX ceTeit: AlexNet, VGG, Inception
(GoogLeNet), ResNet. Tpancdeproe oOyueHue.

OO6pabotka TekcToB. PaboTa ¢ €CTECTBEHHBIM SI3BIKOM C ITOMOIIBIO
HelpoHHBIX ceTell. BekTopHble mpeacraBineHus st Tekcra: word2vec,
skipgram,

CBOW, fasttext. Pexyppentusie meiiponnsie cetn, LSTM, GRU.
Tpancdopmepst, BERT, GPT.

JlabopaTopHbie padoThl

JIP2.1

Knaccudukanus nzobpaxenuii u tTpanchepHoe oOydeHue.

JIP2.2

Pabora ¢ TekcTamu U UX BCKTOPHBIMU MPCACTABICHUAIMU TCKCTOB.

IIpakTuka

1P
2.1

[TporpaMMHO-aIrOpUTMHYECKOE OCBOCHUE MaTepHaa

AlbAhlWOW O

CamocrosiTeibHas padora

CP2.1

[TpopaboTka yuyebHOro MaTepuana JeKuun

CP2.2

[ToaroroBka k 1abopaTopHbIM paboTam

CP2.3

IToaroroBka k py6e>1<HOMy KOHTPOJIFO

CP24

Jpyrue BUIbpl caMOCTOSTENBHON pabOThI

NN EEY

«O0y4eHue ¢ MOAKPEINICHUEM»

Jlekuun

3.1-
3.2

[TonsTus arenra, cpenbl, COCTOSIHUSA, NeUCTBUNA U Harpaabsl. OyHKIHs
neHHocTH coctosHus (Valuefunction) n pyHKkIus KauecTBa eHCTBUA
(Qfuntion).

OnTuMu3anuss CTpaTerMd C TIOMOIIBID MaKCUMU3aIUW  (YHKITHMA
[IEHHOCTHU U KavecTBa. Q-o0ydueHue.

I'nmybokoe obyduenue ¢ moakperieaneM. Deep Q-Networks, Actor-critic.
Jns yposus axcneptHblii: REINFORCE, A2C, PPO, DDPG.

JlabopaTopHbie paGoThI




JIP3.1 | [Ipumenenue Q-Networks s pereHus! MPOCTHIX OKPYKCHHIA. 4
IIpakTuka 4
P [IporpaMMHO-aJITOPUTMHYECKOE OCBOEHUE MaTEpHaia 4
3.1
CamocrosiTeibHass pabora 3
CP3.1 | [IpopaboTka yueOHOTO MaTepuraa JCKIui 1
CP3.2 | [ToaroroBka K 1abopaTopHbIM paboTam 1
CP3.3 | [ToaroroBka Kk pyoe>XKHOMY KOHTPOJIIO 0,5
CP3.4 | [Ipyrue BUIbI CAMOCTOSITEILHON pabOTHI 0,5

5. O0pa3oBaTesibHbIE TEXHOJIOTHH
B npouiecce npenonasanus Moyl UCHOIB3YIOTCS CIIEYIOIIME METOIbl, CPEICTBA U
0OHOBIIsIEMOE TPH HEOOXOAMMOCTH IPOTpaMMHOE o0ecTieueHre HHPOPMALIMOHHBIX TEXHOJIOTHHA:
— e-mail npenomaBarens;
—  DJIEKTPOHHbIE Y4eOHO-METOAMUYECKHE MaTepUabl JJis1 00EeCIeUEeHUs CaMOCTOSTEIbHON
paboTHI CTY/IEHTOB;
—  CIIMCOK caiiToB B ceTu «MHTepHEeT)» ISl MOMCKA HAyYHO-TEXHUYECKOW HHPOPMALIAU 110
pazzenaM JUCIUIUINHBI;
—  IaKeThl MPUKJIAIHBIX TIPOrpamMM, Hanpumep, pytorch.

6. YueOHO-MeTOAUYeCKOe oOOecneyeHHe CAMOCTOSITEJIbLHOW PpadoThl  CTY/IEHTOB.
OueHouHble cpeAcTBa sl TeKYylLIero KOHTPOJISI  yCIEeBAeMOCTH,IIPOMEKYTOYHOM
aTTecCTalMM 110 UTOraM OCBOCHHS JUCIUIIINHDI.

Jlns obGecriedeHus: caMOCTOATENbHOM PaboThI CTYI€HTOB 10 Moayiito c(hOpMHPOBAH METOANIECKUN
KOMIIJICKC, BKIFOYAIOIIUIA

B ce0s clieAyromue y4eOHO-METOANYECKHE MaTEPUaIIbL:

1. IIporpamma Kypca.

2. YueOHUKHU 1 yueOHbIe mocoOusl.

3. Criucok aipecoB caiToOB B MH(POPMAIMOHHO-TEJICKOMMYHUKAIMOHHOH ceTn «HTepHeT (nanee
— ceTb «HTEpHETY), CollepKaIMX aKTyalbHYI0 HH(popMaLuio o 6mokam Momyss.
bubnuorpagpuueckne cchlIku Ha yuyeOHbIE U3AaHUs, BXOSIINE B METOAMYECKHI KOMILIEKC,
IIPUBEICHBI B IEPEYHE OCHOBHOW M JIOTIOJIHUTEIBHON yueOHOH TUTEepaTyphl, HEOOXOIUMOM JUIs
ocoenust Momys (pa3zaen 7).

K nononHuTenbHBIM MaTepHazaM Tak)ke OTHOCUTCS IlepedeHb pecypcoB ceT «VHTepHeT»,
PEKOMEHIYEMBIX JJIsl CAMOCTOATENBHOM paboThl pu ocBoeHUU Moy (pasnen 7). CTyaeHTsl
MOJIY4aloT AOCTYH K YKa3aHHbIM MaTepuajaM Ha IepBOM 3aHATHH 110 Moayito.

7. Y4ueOHO-MeTOqHYECKOe U MaTepUAJIbHO-TeXHHYECKOe odecreyeHue
AU CHUIIMHBI(MOYJIf)

YuyeOHas aureparypa:

OcHoBHast IMTEPATYPA 10 MOAYJIIO

1 MamunHoe o0y4yenue. Hayka u HCKyCCTBO OCTPOSHHSI allTOPUTMOB, KOTOpBIE
U3BJeKaroT 3HaHus U3 naHHbIX. [lerep dmax. JIMK IIpecc. 2015.

2. T'myGoxoe ob6yuenue. [Torpyxenue B Mup HelipoHHBIX ceTeil Hukonenko Cepreit



Uropesuu, Kanypun A. A. | Hukonenko Cepreit Uropesuu, Kanypun A. A.
3. O6yuenue ¢ nogkpermieauem / Carron Puuapsa C, bapto Duapio I'., JIMK Ilpecc, 2020.

Jlono/JIHUTeIbHbIEe Y4eOHble MaTepHaJIbl
1. OcHOBBI HCKYCCTBEHHOTO MHTEIUIEKTA : yueOHoe mocobue / E.B.boposckas, H. A.
JaBwinoBa. 4-¢ uza.,dnekrpod. M.: Jlabopatopus 3nanuii, 2020. 130 c.
HckyccTBeHHBIN MHTEIUIEKT ¢ mpuMepamu Ha Python. Jhxomml Ipatuk. Bunbsame. 2019.
3. IlpuknmagHoe wmammHHOEe oOydeHue ¢ nomompbro Scikit-Learn, Keras u TensorFlow:
KOHIICTIIIUM, WHCTPYMEHTHl M TEXHHUKH JUIS CO3JAaHUS HHTEJUICKTYaJbHBIX CHUCTEM , 2-€
n3nanue. KeponOpenben. [luanexktuka-Buiabsame. 2020.
Xenpuk bpunk, J[xo3ed Puuapae, Mapk @eBepond «Mammnanoe ooyuenue, [Turep 2017.
Kak yuntcs mammunza: PeBosmonust B 001acTi HEHPOHHBIX ceTel U MIyOOKoro ooyueHus. SH
Jlexyn. Anpnimaa PRO. 2021.
6. I'pokaem riybokoe ooyuenue. Duuapio Tpack. [Tutep. 20109.
7. OOyuenue ¢ nomkperieaneM Ha PyTorch. Coopuuk penentoB. IOcu Jlro. JIMK Ilpecc.
2020.
8. https://spinningup.openai.com/en/latest/

N

o &

HNuTepHeT-pecypcsl

HpI/IMepHHﬁ IEPCUCHb PECYPCOB CETHU KUMHTCPHECT», pPCKOMCHAYCMBIX IIPU OCBOCHHUU MOIYJIA
1. Open Machine Learning Course (https://mlcourse.ai)
2. Brexacnwme B MmammHHOE 00yueHue oT «BioinformaticInstitute»
(https://stepik.org/course/4852/promo )
3. Cnenuanuzanusa MammHHOe 00y4eHHE U aHAIU3 JaHHBIX OT «MOCKOBCKHI (pU3nKO-
texHudeckuit mHCTUTYT» (https://ru.coursera.org/specializations/machine-learning-data-analysis)
4. Tlnardopma amst mpoBeneHus copeBHoBanuii mo DataScience( https://www.kaggle.com)

IIporpammHoe obecnieueHue:

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

Microsoft Office 2007, 2010, 2016

— AmnrusupycHoe [10 Kaspersky endpoint security

— CmpasouHo-nipaBoBas cucreMa “I'apanr”

MarepunanbHO-TeXHH4YeCKOe o0ecnievyeHne
Onucanue MaTepHaJIbLHO-TEXHHYECKOM 0a3bl, HCOOXOAUMOMIJIA H3YICHHUA MOLYJIS
[lepedyensr MaTepHaTbHO-TEXHUYECKOTO o0ecredeHuss Moayist

Ne n/m |Bun 3anaruit Bun u HaumeHoBaHKE 000PYAOBaHUS

1 |JlexmuoHHBIE AyauTopuu ¢ MyJIbTUMEAUNHBIMU CPEICTBAMU, CPEJCTBAMU
3aHSITHS 3BYKOBOCIPOU3BEICHUS U UMEIOLINE BBIXO B CETh «HTEpHETY.
[Tomerienust 1y1si MpOBEICHUS ayAUTOPHBIX 3aHATHH, 000PYIOBaHHBIE

2 |JlaGopatopHbl |KOMITBIOTEpHBII KIacc ¢ KOMIUIEKCOM MPOTPAMMHBIX CPEJICTB,

€ paboThI MO3BOJISIOMINX KAKIOMY CTYICHTY pa3padarbIBaTh IPOrpaMMHbIE
pean3aiuy MpakTHYECKUX 3a]a4 B X0/I€ BBIIMOIHEHUS J1a00paTOPHbIX
paboTt
3 |CamocrositensH |bubnmoreka, nMeromias pabo4rie MecTa JJisl CTYACHTOB. AyJIUTOpHUH,
ast pabota OCHAIIICHHBIE KOMIIBIOTEPAMH C JOCTYIIOM K ceTH «HTepHeT»
4  |[Ipaktuka KomnbroTepHbIi KJ1Iacc ¢ KOMIIJIEKCOM TPOrPaMMHBIX CPEJICTB,

MO3BOJISIOMINX KAKIOMY CTYICHTY pa3padaTbiBaTh MPOrpaMMHBIC

peanu3annuy MPaKTHYECKUX 3a/1a4 B X0J1¢ BBITIOJIHEHHS JTA0OPATOPHBIX
padoT



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/

CBeneHusi 0 mepeyTBepKIeHHM TMPOrpaMMbl HAa oO4YepeaHOH Y4YeOHbIH 10X M
perucTpanuu U3MeHeHuit

YyeOHBbIil Pentenue Buecennnie namMenenus IMonmuce 3aB.

roj Kadeapsl kKadeapoi
(Ne mporoxomna, nara)




