AHHOTANUSA
padoueiil mporpaMmMbl y4eOHOM AU CHHUIIMHBI
b1.B.28 CucreMbl HCKYCCTBEHHOI'0 HHTEJIEKTA
Hanpasisienue noaroroBku daxanaspuama 38.03.01 Jxonomuxa

1. Ileam ocBOEHUS AU CHUNIUHBI

[enbro n3yueHus: AUCHUTUTHHBI «CHCTEMBI HCKYCCTBEHHOTO HHTEIUICKTA) SIBIISICTCS
(dbopMHpOBaHUE KOMITETCHIIUU B 00JIACTH IPUMEHECHHUSI MHTEIUIEKTYaTbHBIX HH(POPMAIIMOHHBIX
CUCTEM JIsl pelIeHus podecCuOHANBHBIX 3a/1a4.
3amaun TUCHUTUIAHBL:
— O3HAKOMHWTH C COBPEMEHHBIMH O0JIACTSIMH MCCIICOBAHMSI TT0 UCKYCCTBEHHOMY UHTEILICKTY
U cpepamMu IPUIIOKECHUS IKCTIEPTHBIX CHCTEM;
— TM03HAKOMUTh C KOHIICTIIUSMHU, COCTaBISIONIUMH OCHOBY COBPEMEHHBIX CHCTEM
UCKYCCTBCHHOT'O MHTEIIJICKTA;
— W3JIOKUTh TEXHUYECKHE TIIOCTAHOBKM OCHOBHBIX 33Ja4, pEIIAeMbIX CHCTEMaMH
UCKYCCTBCHHOT'O MHTEIIJICKTA;
— TMO3HAKOMHUTh C OCOOCHHOCTSMU MPAKTUYECKOTO WCIIOIBb30BaHUSI HHTEIUICKTYaIbHBIX
HH(OPMAIMOHHBIX CUCTEM B 00J1acTH MH(POPMAITMOHHO# 0€30MacHOCTH.

Mecro nucuumiaunbl B cTpykrype OIIOII 6akanaBpuara

I[I/ICIII/IHJII/IHa «CucreMsl HCKYCCTBCHHOI'O MHTCIIJICKTAa» B DKOHOMHUKE) BKIIOUCHA B BAPUATUBHYIO
4acTh OCHOBHOM  mpodeccuoHanbHON  00pa3oBaTeabHOM  IPOTrpaMMBbl  aKaJeMHUYECKOTO
OakanmaBpuata 1o HampasieHuto moarotoBku 38.03.01. «OxoHomukay, mpoduns Lludposas
9KOHOMHUKA, SBJISETCS AUCLUUILUIMHOMN 1O BBIOOPY, M3ydaeTcs Ha 3 Kypce B 6 cemecTpe.

Jis  OCBOEHUS  JTUCIMITIIMHBI CTYACHTHl HCIOJIB3YIOT 3HAaHUS, YMEHUS M HaBBIKH,
chopMHpOBaHHBIE HA MPEABIIYLIEM YpOBHE 00pa3oBaHMs. 3HAHUA M YMEHHs, MOJy4YEHHBbIE MPU
U3Y4EHUM JUCLMIUIMHBIL, HEOOXOJUMbI OOYy4aroIMMCS Uil OCBOEHHUS MNPO(EeCCHOHATBHBIX
KOMIIETCHIIMM W pelIeHusl 3a7ad MEXIUYHOCTHOTO, MEXKYJIBTYPHOTO M MPOQPECCHOHAIBHOTO

B3aUMO/JICHCTBUA.
Pe3yabTaThl 0CBOCHUS TUCHMILIMHBI (MOLYJIs1)
Kon u HNuauxaropsl JecKkpunropsl
HAUMEHOBAaHHE
KOMIIETeHI[ U
Yuusepcanabubie komnerenuuu (YK)

YK-1. Cocoben VYK-1.1. Ananusupyert 3aaqy, 3HaTh:
OCYILIECTBIIATh BbI/IENIsIS €€ 0a30Bble COCTABIISIONINE. OCHOBBI KPUTHMYECKOTO AHAIINA3a
MIOMCK, ¥ CUHTE3a HHPOPMAITHH.
KPUTUYECKUN Ymers:
aHaIu3 BBIJIEIISATH 0a30BbIe
uH(popMaIuy, COCTaBJISIOLINAE TMOCTABIEHHBIX




MIPUMEHSTH
CHUCTEMHBIN ITOAXOL
JUISL pELIEHUS

3a7ad4.
Biaagerb: MeTogaMH aHAIM3a U
CHUHTE3a B PCLICHUU 3a/1a4.

IIOCTaBJICHHBIX
3amay

Ipodeccnonanbubie komnereHuun (I1K)
K- 5 3HaTh. MeTobl pa3paboTKu
Cnocoben IIK-5.1. TTorumaer [IPUHIIUIIBI OpUIHHAJIBHBIX aJITOPUTMOB
HUCIIOJIB30BaAThH MMpOorpaMMHBbIX peHleHI/Iﬁ C

3HaHHWE OCHOBHBIX
METO/I0B
HCKYCCTBCHHOI'O
WHTEJUICKTa B
MOCJEAYOIIEN
npodeccuoHanbHOM
JESITEIbHOCTH .

MIOCTPOCHHUS U OCHOBHBIC METOIbI
CUCTEM HCKYCCTBEHHOTO MHTEJUICKTA U
MPUMEHSICT UX JUUIS PEIICHUS 3a/1a4
po(heCcCHOHATTLHOM e TEIbHOCTH
IIK- 5.2. UccrnenyeT HanpaBiIeHHUs
NPUMEHEHHS CUCTEM UCKYCCTBEHHOTO
UHTEJUICKTa  JUIS PA3IIMYHBIX
NPEIMETHBIX 00JIACTEH;

IIK- 5. 3.
METOJIOB ¥ HHCTPYMEHTAIBHBIX

Br16upaeT KoMIuIeKchbl

CPE/ICTB UCKYCCTBEHHOT'O MHTEIIEKTa
JUTSL peUIeHus: PO eCcCHOHATBHBIX
3a/1a4 B 3aBUCHMOCTH OT OCOOCHHOCTEH
IpeIMETHOH 00J1acTH.

HCITOJTb30BAaHUEM COBPEMEHHBIX
TEXHOJIOTHI

YMeTb: CTaBUTH 3a4a9U U
a[laHTI/IpOBaTI) METOAbI U aHFOpI/ITMLI
MAIIMHHOTO O0YYCeHHS

BaageTb: mOCTaHOBKOM 3a1ad I10
ajanTanuy Ui
COBEPILIECHCTBOBAHUIO METOJIOB U
AJIT'OPUTMOB I PCHICHUA
KOMIUIEKCa 3a7a4 NpeIMETHOU
obmactu

CTpyKTypa u coaepkaHMe IUCHUILTHHbBI

4.1. CTpyKTYpa IMCHUILTHHBI

ouHasi
Buj yueoHoii padoThl Bcero IHopsiankoBbIii HOMEp
cemMecTpa
6
OO1w1ast TPyA0EMKOCTh AUCIUILIUHBI BCETO (B 3.€.), 72 72
B TOM YHCIIE:
Kypcogoii mpoekt (pabota)
AyIUTOpHBIE 3aHSATHUS BCETO 54 54
(B akaj. yacax), B TOM YHUCJIE:
Jlexuun 18 18
[IpakTueckue 3aHsITHsI, CEMUHAPbI 18 18
JIaboparopHbie pabOTHI 18 18
CamocrositenpHast paboTa Bcero (B akaj. yacax), B 18 18
TOM YHCIIE:
KCP
OKk3amMeH




OO01mmast Tpy10eMKOCTh TUCIIUTUTHHBI 72 12

AyIUTOpHBIE 3aHSATHUS BCETO 32 32

(B akaj. yacax), B TOM YHUCJIE:

Jlexuun 16 16

[TpakTudeckue 3aHsITHsI, CEMUHAPHI

JIaboparopHbie pabOTHI 16 16

CamocrosiTenbHast paboTa Bcero (B akaj. yacax), B 40 40

TOM YHUCIIE:

KCP

DK3aMeH

OO01mmas Tpy10eMKOCTh TUCIIUTUTHHBI 72 72

OuHo-3204Has GpopMa(yCKOpeHHast)
Bup yueOHoii padoThl Bcero IHopsiakoBbIii HOMEpP
cemMecTpa

5

OO61as TpyA0eMKOCTh IUCHHUIUIHHBI BCETO (B 3.€.), 72 12

B TOM YHUCIIE:

KypcoBoii mpoekT (pabota)

AyIUTOPHBIC 3aHITHS BCETO 16 16

(B akan. yacax), B TOM YHUCIIE:

Jlexum 16 16

[IpakTudeckue 3aHITHsI, CEMUHAPHI

JIaGopatopHble paboThI

CamocrosiTenbHast paboTa Bcero (B akaj. yacax), B 56 56

TOM YHCIIE:

KCP

DK3aMeH

4.2. Conep:xaHue TUCHMILINHBI

n/n

HaumMmeHOBaHue MoAyJid, coAepiKaHue

«BBeJeHNe B HMCKYCCTBEHHbIH HMHTE/UIEKT U OCHOBHbIe METOJbI
MaIIMHHOTO0 00y4YeHHus AJisl pa60Thl C TAGJIMYHBIMU JAHHBIMU»

Jleknyun

1.1-
1.5

[OnmuoHanbHO: MaTeMaTHYeCKud JMKOe3 10 3JeMEeHTaM MaTeMaTH4ecKOM
CTaTUCTHUKH, JTUHEHHOMN anreOpbl 1 MaTeMaTHYECKOTo aHau3a. |

OcHOBHBIE 3a1aun cucTeM HCKYCCTBEHHOT'O UHTEJUIEKTA.
Krnaccudukanus, knactepusanus, perpeccus. THUIBI MaIMHHOTO OOYYEHHs: C
yuuteneMm, 0e3 yduTens, ¢ YaCTUYHBIM NPUBJICUCHHEM YUUTelNs, oOyueHHe C
MOJTKPETIIICHUEM.

Kraccudukarus Ha npumepe anroputma K-ommxkaiimmx coceneit (KNN)




[OnmmonanbHO: BBICTpBI TOMCK Ommkalmux cocenei.]. MeTpuku OleHKH
kinaccuukanuu: monHora, touHocth, Fl, ROC, AUC. Bamupauuonnas wu
tectoBast  BbiOOpka. Kpocc-Bammmanus. Pabora ¢ kaTeropuaibHbIMU
MPU3HAKAMHU.

Perpeccusi. Metpuku onenku perpeccun: MSE, MAE, R2 -
kodhdunmeHT gerepmuHanuu. JIMHEWHas perpeccus, TOJIWHOMHATbHAsS
perpeccusi. Ilepeobydyenne u perynspusanus, rpedneBas perpeccus, LASSO,
ElasticNet.

Jluneitnbie moaenu ans knaccudukanuu. [lepuentpoH, moructudeckas
perpeccusi, IMOJHOCBA3HBIE HEUPOHHBIE CETHU, CTOXACTUYECKUN TI'paJUEHTHBIN
CIYyCK U 0OpaTHOE pachpoCTpaHeHHE TpaaueHTa. Perynspuzanus JTUHEHHBIX
MoJIeNIel KITacCU(pUKAIIHH.

Knacrepuszanus, k-means, k-means++, DBSCAN, ariomepaTuBHas
KJacTepusanusi. METpUKH OIEHKH KJIacTepU3alliu.

AJNTOpUTMBI, OCHOBaHHbIE Ha TPUMEHEHUU PEIIAIOUINX JepPEBbEB.
Kpurepun pazzpenenus ys3na: nH(OPMAIIMOHHBIN BBIMTPHILI, KpuTepuil JHKUHM.
AHcamM0I1 pelaronx JepeBbeB: CIy4daiiHbI jJec, TpaJUeHTHbINH OyCTHUHT.

Meton onopHbix BekTopoB. IIpsimas u obpaTtHas 3agada. OnpeneneHue
OIIOPHBIX BEKTOPOB. S IEPHBIN TPIOK.

HauBnupiii  OaifecoBckuii  kiaccudukatop.  MeToasl  OLIGHKH
pacupeneneHus npu3HakoB. EM-anropurm Ha mpumepe CMeCH rayCCHaH.

Mertoapl Oe3rpaMEeHTHON ONTUMU3AIMKU: CllydaiHbiid mouck, hillclimb,
OTIKUT, TCHETHYCCKUI AJITOPUTM.

JlaGopaTopHble paboThI

JIP1.1 | Meronst pabotsl ¢ Tabnuuamu B Python. Arperanus u Busyanu3amnus
naHHbIX. [IpoBeieHre NepBUYHOrO aHAIN3a JAHHBIX.
JIP1.2 | crioib30BaHKE U CPaBHEHHUE arOpuTMOB Kiiaccudukanuu: KNN,
pelaroIye 1epeBbes U MX aHcaMOJIU, JJOTUCTUYECKask PErpeccHsl.
JIP1.3 | Mcnosnb30BaHue U OLEHKA aIropuTMoB perpeccuu. [lonbop ontumanbHbIxX
I1apaMETPOB PETPECCUH
JIP1.4 | OntuMu3anmonHbele 3a7aud M ux peuieHus. [loxbop rumepmnapameTpoB
JITOPUTMA C MIOMOIIBI0 METOJI0OB ONITUMU3ALIHH.
IIpakTuka
ITP1.1 | TIporpaMMHO-aJIFOPUTMHUECKOE OCBOEHUE MaTepHaIa
CamocrosiTesbHast padoTa
CP1.1 | [IpopaboTka yueOHOro MaTepuasa JEeKIui
CP1.2 | TloaroroBka K JabopaTOpHBIM paboTaM
CP1.3 | IloaroroBka K pyOe:KkHOMY KOHTPOJIIO
CP1.4 | [Ipyrue BUIbl CAaMOCTOSITENBHON pabOThHI
2 Jlexun
2.1- | Heiiponnsle cetu. @yHkuuu ommOKN HEMPOHHBIX ceTeil n 00ydeHue ¢
2.3 | moMouIb0 00PaTHOTO pacpocTpaHeHus rpaauenTa. [losTue 063T4a U SMOXH.

Pabota ¢ wu300paxeHHUSMH C TIOMOIIBIO HEWpPOHHBIX ceTeil. CBepTouHBIE
HelpoHHble ceTH. Onepanuu cBepToK, max-pooling. [lomynsapHbie apXUTEKTYpHI
cBepTOYHbIX HelpoHHbIX cereil: AlexNet, VGG, Inception

(GoogLeNet), ResNet. Tpancheproe oOyuenue.

O6paboTka TekcToB. PaboTa ¢ €CTECTBEHHBIM SI3BIKOM C MOMOIIBIO HEHPOHHBIX
ceteil. BektopHbie npeactaBneHus st Tekcta: word2vec, skipgram,

CBOW, fasttext. PexyppenTtHsie Heliponnsie ceti, LSTM, GRU.
Tpancdopmepsi, BERT, GPT.

JlabopaTopHbie padoThl




JIP2.1 | Knaccudukanms n3obpaxenuii u TpanchepHoe o0ydeHue.

JIP2.2 | PabGoTa c TeKCTaMU ¥ UX BEKTOPHBIMU MPECTABICHUSIMHU TEKCTOB.

IIpakTuka

IIP | [IporpaMMHO-aNTOPUTMHYECKOE OCBOCHHE MaTepHasa
2.1

CamocTrosiTesbHasi padora

CP2.1 | TlpopaboTka yueOHOT0 MaTeprasa JCKIui

CP2.2 | TlogroroBka K j1abopaTOpHBIM paboTam

CP2.3 | TlogroroBka Kk py0eKHOMY KOHTPOJTIO

CP2.4 | JIpyrue BUIbI CAMOCTOSITEIILHON PaOOTHI

3 «O0OydeHue C MOJIKPETIICHUEM)

Jleknuu

3.1- | [lonsTHs areHTa, Cpe/Ibl, COCTOSIHUSA, ICUCTBUN U Harpaasl. OyHKIIUS

3.2 | mennoctn cocrosHus  (Valuefunction) u  QyHkmmMs KkadecTBa JEHCTBHUSA
(Qfuntion).

OnTumu3anusi CTpaTerud C MOMOMIBI0 MAaKCUMHU3aNWK (DYHKIUN IICHHOCTH H
KaudecTBa. Q-o0yueHue.

I'ny6okoe o0yuenue ¢ moakperuieHueM. Deep Q-Networks, Actor-critic.

st yposus sxcnieptHbiii: REINFORCE, A2C, PPO, DDPG.

JlaGopaTopHble paGoThbI

JIP3.1 | Ilpumenenue Q-Networks aiist perieHust IpoCThIX OKPYKEHHUH.

IIpakTHKa

IIP | IIporpaMMHO-aIrOpUTMHUYECKOE OCBOCHUE MaTEpHalIa
3.1

OO0pa3oBaTte/ibHbIE TEXHOJIOTHH

[Tpu moaroroBKe OaKaaBpOB UCIIOIB3YIOTCS CIEAYIONINE OCHOBHBIE ()OPMBI IIPOBECHUS
YUEOHBIX 3aHSTUH:
® UHTEpaKTHUBHBIE JIEKLIUH;
e JIeKLIUU-TIpecC-KOH(PEPEHLINN;
® TPEHUHTU U CEMHHAPBI [0 PA3BUTHIO MPO(PECCHOHAIBHBIX HABbIKOB;

¢ TI'pPYIIIOBBIC, HAYUYHBIC JUCKYCCHUU, ,I[e6aTBI.

IIpn ocyuiecTBieHHH 00pa30BaTENbHOIO Ipoliecca MPUMEHSIOTCS HHQOPMAIOHHBIE
TEXHOJIOTUH, HEOOXOIMMBIE ISl MOATOTOBKH NPE3CHTAIIMOHHBIX MaTEepHajoB M MaTEepHajoB K
3aHATHUSIM (KOMITBIOTEPHI C MPOrPaMMHBIM 00€CTIeYeHHEM JIJIsl CO3AaHMsI M TIoKa3a Mpe3eHTalui, ¢
JIOCTYIIOM B ceTb «/IHTepHEeT», MOMCKOBBIE CUCTEMBI M CIIPAaBOYHBIE, MPO(EeCCHOHANBHbIE PECYPCHI
B ceTu «MIHTEepHETY).

B By3e o00opynoBaHbl IOMELIEHHUS JUIs CAMOCTOSITENbHOW padoThl 0OO0ydaromuxcs
OCHAIIIEHbl KOMITBIOTEPHON TEXHUKOM C BO3MOXKHOCTBIO MOJAKIIOYEHUs K ceTH «VHTepHeT» u
obecrieueHrneM JIOCTYIa B 3JIEKTPOHHYIO MH(OPMAITMOHHO-00pa30BaTEIbHYIO CpEy By3a.

Hcnoab3yembie pecypcbl HHPOPMALMOHHO-TEJIEKOMMYHUKAUMOHHOM ceTH «Internet»;
HH(GOPMALMOHHbIE TEXHOJIOTUH, IPOrPaAMMHbIE CPeACTBA U MH(POPMAIMOHHO-CIIPABOYHbIE
CHCTEMBI

ceTb «AHTEpPHET»), HEOOXOAMMBIX /15l 0CBOCHHUS THCHHUILINHBI

[IpuMepHBIii TepedeHb PECYPCOB CETH «MHTEPHET», PEKOMEHIYEMBIX TP OCBOCHUN MOIYJISI
1. Open Machine Learning Course (https://mlcourse.ai)



https://mlcourse.ai/

2. Bsegaenue B MammuHOE 00yueHue ot «Bioinformaticlnstitute»
(https://stepik.org/course/4852/promo )

3. Crernmanu3zanus ManmHHOe 00yYeHHE U aHaIH3 TaHHBIX OT «MOCKOBCKHI (PHU3HKO-
texHuueckuid mHCTHTYT» (https://ru.coursera.org/specializations/machine-learning-data-analysis)
4. Tlnardopma s mpoBeneHus copeBHoBanuii mo DataScience( https://www.kaggle.com )

Se-Library.ru [OnextpoHHbli pecypc]: Hayunas oanekrponnas OuOmmorexka. — URL:
http://elibrary.ru/ (nata o6pamenus 11.05.2018).
6.2OnekTponHo-0nbOaMoTeyHass cuctema [PRbooks  [Omekrponnsii  pecypc]. — URL:

http://www.iprbookshop.ru/ (mata oOpamenus 11.05.2018). — JlocTyn K CHCTEME COTJIACHO
npaswiam ObC u noroBopom ynuBepcurera ¢ IbC.

DopMbI TEKYLET0 KOHTPOJIA
1. TectoBble 3a1aHuUs.
IIpuMepHBIe TEMBI JOKJIAI0B U BBICTYIUICHHUMN.
KoHTponbHbIE BOIPOCHI.
Bonpocsl U1 caMONpOBEpKHU.
ITepeuenp BOpOCOB Ul MOATOTOBKH K 3a4€Ty
Metoanyeckue peKOMEHAAUH 11 00yJaroIuXCsl IO OCBOSHHIO TUCIIMITIIMHBI.

oM wN

(I)opMa MPOMEKYTOYHOT'0 KOHTPOJISA

3auer

Pa3zpadoruuk: cr.npen. kagpeapnt «ACuT» Myp3zadexkosa M.H.
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