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1. ean ocBOeHUST IMCUMILITHHBI

Lenbto n3ydeHus: AMCIUTUINHBI « CUCTEMBI HCKYCCTBEHHOTO MHTEIUIEKTay SIBIISETCS (POPMHUPOBAHNE
KOMITETEHIIMH B 00JIaCTH MPUMEHEHUS HHTEIUICKTYalIbHBIX HH()OPMALMOHHBIX CHCTEM ISl PEILICHUS
pohecCHOHANBHBIX 3ajau.

3a1aun AUCHMIUIUHBL

"J0O3HaKOMHTH C COBPEMEHHBIMH OOJIACTSAMHU HCCJIECIOBAaHHS 1O MCKYCCTBEHHOMY HWHTEIJIEKTY U
cepamMul IPUITIOKEHHUS FIKCIIEPTHBIX CUCTEM;

IMO3HAKOMUTH C KOHILEMLHUAMH, COCTABJISIONIMIMHA OCHOBY COBPEMEHHBIX CHUCTEM HCKYCCTBEHHOTO
MHTEIUICKTA,;

"IM310KUTh TEXHUYECKHE TIOCTAHOBKM OCHOBHBIX 33]1au, PEIIaeMbIX CUCTEMaMH MCKYCCTBEHHOTO
MHTEIUICKTA,;

"IO03HaKOMHUTH C  OCOOCHHOCTSIMH  MPAKTHYECKOTO  HCIOJNB30BAaHHUS  MHTEIUICKTYaJIbHBIX
MH(POPMALMOHHBIX CUCTEM B 007acTH MH(POPMAITMOHHON 6E€30MaCHOCTH.

2. Mecto aucuuniaunsl B cTpykrype OIIOII 6akanaBpuara
[{uka, K KOTOPOMY OTHOCUTCS AUCLUTUINHA:
b1.0J. «Cuctembl HICKyCCTBEHHOTO WHTEIIJICKTa

3. Pe3yabTaThl 0CBOEHMS M CHUILTUHBI (MO1YJIs1) «CUCTEMBI HCKYCCTBEHHOTO MHTEIUIEKTA)
[Tpouecc n3yueHus: AMCUUIIIMHBI HaMpaBlieH Ha (pOpMHUpOBaAHHE SJIEMEHTOB CIIETYIOIINX
koMmrieteHimii B cootBercTBHH ¢ PI'OC BO 1o nanHOMy HampaBJIeHHIO:

KOZI HaumeHnoBanue KOZ], HAUMCHOBAHUEC HHIUKATOPA TJOCTHKCHUSA
npodeccuonasn| NPOPecCHOHAIBLHOM NpogecCHOHATBHON KOMIETCHIHH
BHOIA KOMIICTeHIIH
KOMIICTCHIIMH
IK-5 Cnocoben IIK- 5.1. T[Tounmaer MIPUHLUTIBI 3HaTL: MeToan!
UCTIONB30BATE  3HAHUC | ocrpoeHns U OCHOBHBIE paspaboTKy
OCHOBHBIX METOIIOB | \iero it cuoTeM OPUTHHATBHBIX
VCKYCCTBEHHOTO MCKYCCTBEHHOTO MHTEJICKTa U | AJITOPUTMOB
WHTEIJICKTA
. NPUMEHSIET UX JJIS peIIeHUs U TIPOTPaMMHBIX
B [10CJIE Ty IOIEH . .
MPODECCHOHATBHO 3a7a4 mpogecCuoHaIEHON pelIeHui ¢
CSTEIBHOCTH B | JEATENBHOCTH,; HCIIONIb30BaHUEM
KayecTBe Hay4HBIX COBPCMCHHBIX
COTPYIHHKOB, TEXHOJIOTUH
npenogaBaresneii IIK- 5.2. Hccnemyer | YMeTb: CTaBUTh
00pa3oBaTEIIbHBIX HaIpaBJIeHUs npuMeHeHus | 3aAadH
OpraHM3alvi BBICIIETO | CHUCTEM MCKYCCTBEHHOro | 1 aAalTHpoBaTh
00pazoBaHu, MHTEIUICKTa s | METOARLH
HUHIKCHCPOB, pa3IMYHBIX IIPEIMETHBIX gﬁﬂfﬁéi
TEXHOJIOTOB. obnacreit; SGymonis
IIK- 5. 3. BsiOupaer BianeTs: oCcTaHOBKOH
KOMIIIEKCHI METO0B U 3aja4
UHCTPYMCHTAJIBHBIX CPECTB 1O afanTanny uin
HCKYCCTBEHHOTO UHTelIekTa | COBCPHICHCTBOBAHMIO MCTOL
JUISL PETICHNS " aJITOPUTMOB I PCHICHU .
KOMIUIEKCa 3a/1a4 [PeIMeTH | i
npoeCCHOHATBHBIX 3314 Bl ogmacTa.
3aBUCHMOCTH OT 0COOEHHOCTEMN
npeaMeTHON o0nacTu.




CnocoOeH BBISIBUTH
€CTeCTBEHHOHAYYHYIO
ITK-6 CYILIHOCTb ITPOOIIEM,
BO3HUKAIOIIUX B XOJI€
mpodeccrnoHabHOM
NESITEIbHOCTH B
obnacTu
MOJICTTUPOBAHUS U
aHaJIN3a CIOXKHBIX
€CTECTBEHHBIX U
HUCKYCCTBEHHBIX CHCTEM.

IIK-6.1.BeibupaeT mporpaMMHbIe
IaT(hOPMBI CUCTEM
HMCKYCCTBEHHOTO MHTEILICKTA,

3HATB: HAIIPABJICHUS
Pa3BUTHUS CUCTEM
MCKYCCTBEHHOTO MHTEJICKTA,
METO/TbI JCKOMITO3UIIIH
pelaeMbIX 3a/1a4 ¢
HCIIOTh30BAaHUEM
MCKYCCTBEHHOTO MHTEIUICKTA;

I1K-6.2.YyacTByeT B NpOBEACHUH
IKCTIEPUMEHTAITBHON MPOBEPKH
paboTOCITIOCOOHOCTH CHCTEM
HCKYCCTBEHHOT'O MHTEIJIICKTa

YMeTh: OCYIIECTBIISITh
TTEKOMITO3UIIAI0  PEIIaeMBbIX
3aJad C  HCIIOJIb30BaHHEM
CKYCCTBEHHOT'O MHTEIIICKTA;

Bianernb: HaBbIKAMU
IEKOMITO3UIINH,
(hopManu3aImy mpoIeccoB u
00BEKTOB TS HCITOJIb30BAHUS
MHTCIICKTYaTbHBIX
[IPOrpaMMHBIX PELICHUH

4. CTpyKTYypa U coAep:KaHHe JTUCUMILIMHBI (MOIYJIs1)
4.1. CTpyKTypa IMCHUILIHHBI (MOXYJIs1)
OO6m1ast TpyA0€MKOCTh TUCIMIUIMHBI COCTABIISIET 2 3aU€THBIX €IMHUIIL, 72 4acoB.

Ne Buabl yueoHoii padoThl, BKiIIOYAsS DopMBbI TEKyLIET0
/i €aMOCTOSITe/IbHYI0 PA0OTy CTYJEHTOB H | KOHTPOJIsl YCIIeBAeMOCTH
TPYA0EMKOCThb (B Yacax) (no nedenam cemecmpa)
®DopmMa IPOMeKYTOUHOM
KonrakrHas CamocrosiTe/IbHA aTTeCTAIMH (1O
paborta s paborta cemecmpam)
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Kypcosas paboma (npoexm)

[lo0zomogka K 3K3ameHy

OOmast TPyAOEMKOCTh, B TIpomesKyTOuHas

qacax Dopma

72| 18 | 18 | 18 Ey—

18

3aueT ¢ OIEHKOM

DK3aMeH

4.2. Conep:xaHue JMCUMILINHBI (MOILYJIS)

Ne n/n | HaumeHoBaHue Moayns, coaepxaHue

Yachbl

«BBeaeHue B UCKYCCTBEHHbIA UHTENNEKT U OCHOBHbIE
MeToAbl MaLWMHHOIoO obyy4yeHus ansa paboTtbl ¢
TabNMYHbLIMU AaHHbIMU»

1

Jlekunm

10

1.1-1.5 | [OnmuoHaIbHO: MaTeMAaTHYECKHUH JIMKOE3 110 3JIEMEHTaM
MaTEeMaTHYECKON CTATUCTUKH, JIMHEHHOU aareOpbl 1 MaTeMaTHIECKOTO
aHanu3a.| OCHOBHbIE 3a]1a4un CUCTEM

HCKYCCTBEHHOI'O uHTeekra. Knaccugukanus,

KJIacTepU3alys, perpeccusi.  Tumsl  MalIMHHOTO
OOy4YeHHS: C yuuTeseM, 0e3 y4UHuTeNs, C YaCTUYHBIM IPUBJICYCHHEM
yauTensi, 00y4eHue ¢ MOJKPEIICHUEM.
Knaccudukanus Ha npumepe anropurMa k-ommxkaiimmx coceneit (kNN)
[OnuuonansHO: bBeICTpBI moMck Omwkaimumx cocenell.]. MeTpuku
OIlCHKM KJaccuukanuu: TmoiHOTa, TouHocth, Fl, ROC, AUC.
Bamunanuonnass u TecroBas BbIOOpka. Kpocc-Banmmpmanmsa. Paborta c
KaTeroprajJbHbIMH ITPU3HAKAMHU.
Perpeccusa. Mertpuku ouenku perpeccun: MSE, MAE, R2 -
K03 uIueHT nerepMuHanvu. JIuHelHas perpeccus, NOJTUHOMHATIbHAS
perpeccusi. IlepeoOyuenne u perynspuszanus, rpeOHeBas perpeccus,
LASSO, ElasticNet.
Jluneiinple Moxenu i kiaccudukanuu. [lepuenTpoH, noructuyeckas
perpeccusi, TOJIHOCBSI3HbIE ~ HEHWPOHHBIE  CETH, CTOXAaCTHYECKUM
TPAaAMEHTHBI CIyCK M 00OpaTHOE pacHpOCTpaHEHUE T'paJHeHTA.
Perynspuzanus TMHEHHBIX Moieiel KiacCu(DUKAITUUH.
Knacrepuzammsi, k-means, k-means++, DBSCAN, arinomeparuBHas
KJ1actepusanus. MeTpuKH OLEHKHU KJIaCTEPHU3aLUU.
ANTOpUTMBI, OCHOBAaHHBIE HA IPUMEHEHUHM pPEIIAOIUX JEPEBHEB.
Kpurepuun pazgenenust y3na: WH(GOPMAIMOHHBIN BBIMTPHIII, KPUTEPHI
JUoxkuHan.  AHcamOnM — pemiarouMx — JepeBbEB:  CIyYalHBIA  JIec,
rpaJueHTHBINA OYCTHHT.
MeTton onopHbIx BekTOpoB. IIpsmas u oOparHas 3agaua. OmnpeneneHue
OMOPHBIX BEKTOPOB. S I€PHBII TPIOK.
HauBHblii  0OaifecOBCKHMIA  KJIACCHU(HUKATOP. Metoael  OLIEHKH
pacnpeneneHus npusHakoB. EM-aaroputm Ha npuMepe CMecu rayccuaH.
MeTtonbsl 6e3rpaueHTHON ONTUMH3AIUU: CIydalHblid mouck, hillclimb,
OTKUI, TCHETUUECKHUI aJITOPUTM.

10

JlabopaTopHble padoThI

JIP1.1 | Metoas! paboTsl ¢ Tabauuamu B Python. Arperanus u Bu3yanu3samus
JaHHbIX. [IpoBeieHre NEPBUYHOIO aHAIN3A JAHHBIX.




JIP1.2 | cnonb3oBaHUE U CpaBHEHUE ArOpUTMOB Kitaccudukammu: kNN, 2
peniaoye AepeBbes U X aHCaMOJIH, IOTUCTHYECKAs perpeccusi.
JIP1.3 | Vcnonp3oBaHue U OIIEHKA AITOPUTMOB perpeccuu. [1on6op onTuManbHbBIX 2
IapaMeTPOB PErPECCUH
JIP1.4 | OnTuMu3anuoHHbIe 3a1a4 U uX peweHus. [lonbop rumeprnapaMeTpoB 2
JITOPUTMA C MIOMOIIBIO METO/I0B ONITUMU3ALINH.
IIpakTuka 10
ITP1.1 | IIporpaMMHO-aIrOpUTMHYECKOE OCBOCHUE MaTepuala 10
CamocrosiTesibHas padoTa 8
CP1.1 | IIpopaboTka yueOHOrO MaTepHuaa JeKIuni 2
CP1.2 | IloaroroBka K JiabopaTOpHBIM paboTam 4
CP1.3 | IloaroroBka K pyOexHOMY KOHTPOJIO 1
CP1.4 | Jlpyrue Buabl CAaMOCTOSITEIbHON pabOThI 1
2 Jlekuuu 4
2.1- | Heiiponnsle cetu. @yHKIMM OMIMOKM HEHPOHHBIX ceTell U 00yueHHe ¢ 4
23 HIOMOILBI0 00OpPaTHOro pacnpocTpaHeHus rpaaueHTa. [lonsrtue 6314a u
3MOXH.
Pabora ¢ n300pakeHUs MU C MOMOIIBbIO HEHPOHHBIX ceTeil. CBepToUHbIE
HeilponHble cetd. Omepauuu cBepToK, max-pooling. I[lomymnsipHbie
apXHUTEKTYphl CBEPTOUHBIX HEHpOHHBIX ceTeil: AlexNet, VGG, Inception
(GoogLeNet), ResNet. TpancdepHoe oOydcHwHE.
OOpabotka TekcToB. PaboTra ¢ €CTeCTBEHHBIM SI3BIKOM C ITOMOIIBIO
HEHpOHHBIX ceTell. BekTopHble mpeacraBieHus s Tekcra: word2vec,
skipgram,
CBOW, fasttext. Pexyppenrtnsie Heliponnsie cetu, LSTM, GRU.
Tpanchopmepsr, BERT, GPT.
JlaGopaTopHbie padoThI 6
JIP2.1 | Knmaccudukamnus nzoopakeHuid U TpanchepHoe 00yUIeHHE. 3
JIP2.2 | PabGota ¢ TekcTaMu M UX BEKTOPHBIMU NPEICTABIECHUSIMHU TEKCTOB. 3
IIpakTuka 4
IIP | [IporpaMMHO-aIrOpUTMHUYECKOE OCBOCHHE MaTepHaa 4
2.1
CamocrosiTeibHast padoTa 7
CP2.1 | [IpopaboTka yueOHOro MaTepuaa JeKIuii 1
CP2.2 | [loaroroBka k 1a00paTOpHBIM paboTam 4
CP2.3 | [ToaroToBka kK pyOoeKHOMY KOHTPOJIIO 1
CP2.4 | [Ipyrue BUIbl CAMOCTOSITENILHOM pabOThI 1
«OO0y4eHne ¢ MOAKPEIIIEHUEM
3 Jlekuuu 4
3.1- | IlonArtus arenra, cpefpl, COCTOSIHUSL, AeHCTBUI U Harpaasl. DyHKuus
3.2 neHHoctu coctosiHus (Valuefunction) u GyHKIUS KadecTBa ISHCTBHUS
(Qfuntion).
OnTuMu3zaius cTpaTeruy ¢ MOMOIIbI0 MAaKCUMU3AMK (DYyHKIMNA 4
LIEHHOCTHU U KauecTBa. Q-o0ydeHue.
['my0Ookoe obyuenue ¢ noakperuienneM. Deep Q-Networks, Actor-critic.
Hns yposust skenieptHbiii: REINFORCE, A2C, PPO, DDPG.
JlabopaTopHble padoThI 4
JIP3.1 | IIpumenenne Q-Networks fy1st pemieHust MpOCTBIX OKPYKEHHM. 4
IIpakTuka 4
1P [IporpaMmMHO-aJIrOPUTMUYECKOE OCBOEHUE MaTepHualla 4

3.1




CamocrosiTesibHasi padoTa 3
CP3.1 | [IpopaboTka yueOHOTO MaTepHasa JCKIUi 1
CP3.2 | [loaroroBka k 1a00pPaTOPHBIM padboTam 1
CP3.3 | [loaroroBka K pyOexHOMY KOHTPOJIO 0,5
CP3.4 | /Ipyrue BUIBI CAMOCTOATENBHOM PabOTHI 0,5

5. Ob6pa3oBaTejibHbIE TEXHOJIOTUH
B mporiecce npemnonaBanust Moayiis HCHONB3YIOTCS CIIEAYIONINE METOIbI, CPEACTBA U OOHOBIISIEMOE TIPU
HEO0OXOAMMOCTH MPOTpaMMHOE obOecrieueHrne NHPOPMAITMOHHBIX TEXHOIOTHA:
[ e-mail npenogaBaTens;
[ 3JIEKTPOHHbIE y4eOHO-METOJUYECKHE MaTepuabl /Ui 00eCleueHus CaMOCTOATEIbHON paboThI
CTYJICHTOB;
[ cHHuCcOK callToB B ceTu «VHTepHEeT» AJis MOUCKAa Hay4YHO-TEXHUUECKON HHGOpMaIuu 10 pas3jaeaam
JUCIUTUTHHBI,
[ maxeThl NPUKJIAIHBIX IPOrpaMM, Hapumep, pytorch.

6. YueOHO-MeTOAHYECKOEe O0ecredyeHHe CaMOCTOATEIbHOI padoThl CcTyAeHTOB. QOUeHOYHbIe
cpeacTBa JJI1 TEKYIIero KOHTPOJISI YCIeBAaeMOCTH, NMPOMEKYTOYHOH aTTeCTAIMM IO HMTOram
OCBOCHHS TUCIUILINHDI.

Jlna obecrieueHrs CaMOCTOSITENbHOM paboThl CTYACHTOB 0 Moayiio chopMUPOBAaH METOIMYECKUAN
KOMIUIEKC, BKITFOYAFOIITHI

B ce0s clenyronue yaeOHO-MeTOJMUECKIEe MaTePUaIIbL:

1. IIporpamma Kypca.

2. YueOHUKHU U yueOHbIe TOcOoOus.

3. Cnmcok azmpecoB caliToB B MH(OPMAIIMOHHO-TEIIEKOMMYHHKAIIMOHHOM ceTH «IHTepHeT»

(manee — cetb «MHTEpHETY), COAEPKAIIUX AKTyaIbHYIO HH(pOpMAIUIO 10 Os10KkaM Moys.
buGmuorpaduieckre cChUTKA Ha ydeOHbIE U3/IaHUS, BXOAAIIUE B METOIUYECKUN KOMILIEKC, TIPUBEICHBI B
nepevyHe OCHOBHOMW U JIOTIOJHUTEIBHOM yueOHO IuTepaTypsl, HEOOXOAUMOM 11t OCBOCHUST Moty st
(pazmen 7).

K monomHuTenpHBIM MaTepuagaM TaKKe OTHOCUTCS NIEPEUEHb PECYpcoB ceTH «IHTepHET»,
PEKOMEHTyEeMBbIX JUI CAMOCTOSTENIbHOM paboThl ipu ocBoeHUN Moyt (pa3zaen 7). CTyAeHThI MOTy4aroT
JOCTYM K YKa3aHHBIM MaTepHajlaM Ha IEpBOM 3aHATUU 110 Moayiro.

7. YdeOHO-MeTOAMYECKOE " MaTepHaTbHO-TeXHUYECKOe o0ecneuenue
AUCUMIJIMHBI (MOXYJIs1)

7.1. Y4eOHas quTepatypa:

OcHoBHasl IMTEPATYPa 110 MOAYJIIO

1. MamunHoe o0y4yenue. Hayka 1 HCKycCTBO MOCTPOSHHS aITOPUTMOB, KOTOPbIE
U3BJIEKaOT 3HaHMs U3 naHHbIX. [lerep ®nax. IMK Ilpecc. 2015.

2. T'myGoxoe oOyuenue. [Torpyxenue B Mup HelipoHHBbIX ceTeil Hukonenko Cepreit
Uropesuy, Kagypun A. A. | Hukonenko Cepreit Uropesuu, Kanypun A. A.

3. OO6yuenue ¢ noakpemiaenueM / Carron Puuapa C, bapro Duapro I'., JIMK Ilpecc, 2020.

JlonoTHUTe IbHbIe y4eOHble MATePUAJIbI
1. OcHOBBI HCKYCCTBEHHOT0O MHTEJUIEKTa : yueOHoe nocodue / E.B.boposckas, H. A. JlaBbiioBa.
4-e u3n.,pnextpoH. M.: JlaGopatopus 3nanmii, 2020. 130 c.
2. WckyccTBeHHbIM UHTEUIEKT ¢ mpuMepamu Ha Python. [DxommlIparuk. Bunbsame. 2019.



3. Tlpuknagaoe mammHHOE 00ydYeHHE ¢ ToMotbio Scikit-Learn, Keras u TensorFlow: konmenuy,
WHCTPYMEHTHl M TEXHUKU M CO3JaHHUs WHTEIUIEKTYaIbHBIX CHCTEM , 2-¢ U3/aHHe.



KeponOpenbeH. [Inanextuka-Bubsame. 2020.
4. Xenpuk bpunk, /[xozed Puuapne, Mapk ®@esepond «MammuHoe o0ydenney, [Turep 2017.
5. Kak yuutcs mamuHa: PeBonrornus B 0051acTH HEMPOHHBIX ceTelt U rryOokoro oOydenus. Sx
Jlexyn. Ansniuna PRO. 2021.
6. I'pokaem rimy6okoe oO0ydenue. Duapro Tpack. ITurep. 2019.
OO6yuenue ¢ nmonkperuieaneM Ha PyTorch. Coopruk pernienito. FOcu Jlro. JIMK Ilpecc. 2020.
8. https://spinningup.openai.com/en/latest/

~

7.2. UnTepHeT-pecypcehl

[TpumepHBIii IepedeHb PeCypcoB CETH «MHTEPHET», PEKOMEHIyEMBIX IIPU OCBOSHHU MOJTYJIS
1. Open Machine Learning Course (https://mlcourse.ai)
2. Bsenenue B MammHHOE 00yueHue ot «Bioinformaticlnstitute»
(https://stepik.org/course/4852/promo )
3. Crnenmanu3zanus MamumHHOe 00y4YeHHEe U aHAIN3 JaHHBIX OT « MOCKOBCKUHM (PU3UKO-
TexHndeckuii ”HCTUTYT» (https://ru.coursera.org/specializations/machine-learning-data-analysis)
4. Tlnatdopma mis npoBeaeHus: copeBHoBanmii mo DataScience( https://www.kaggle.com )

7.3. IlporpamMHoOe olecnieueHue:
— Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
— Microsoft Windows server 2003, 2008, 2012, 2016
— Microsoft Office 2007, 2010, 2016
— AwnrtuBupycnHoe [10 Kaspersky endpoint security
— CnpaBouHo-nipaBoBas cuctema “Tapant”

7.4. MarepuaJiIbHO-TeXHMYeCKOe o0ecrieuyeHne
Onncanne MaTepuaJabHO-TEXHUYECKOH 0a3bl, HEOOXOAUMOM VI M3yYeHUs] MOIYJIsSl

[lepeuens MaTepUaIbHO-TEXHUYECKOTO oOecnieueHuss Moayist
Ne n/m| Bun 3anstuii Bun u HaMeHoBaHKE 000PYI0BaHUS

1 |JIekumroHHBIE Ayauropud ¢ MYIbTUMEAMWHBIMH  CPEICTBAMH, CpEICTBaMU
3aHATUA 3BYKOBOCIIPOU3BEIEHUSI M HMEIOIIME BBIXOJI B ceTh «MHTEepHET».
[Tomemienus A mpoBeASHUS ayJUTOPHBIX 3aHATHIA, 000pyA0BaHHBIE

2 |JlaGoparopHbl |KommbproTepHbIi KjacC € KOMIUIEKCOM MPOrPaMMHBIX CpPEJCTB,

€ paboThI MO3BOJIAIONINX KaXKIAOMY CTYIEHTY pa3padaTbiBaTh MPOTPAMMHbBIE
peann3alnuy MPaKTUYECKUX 3a7a4 B XOJE BBITTOJHEHUS JTa0OPATOPHBIX
pabot
3 [CamocTosaTenbH |bubimoTeka, nMeromias pabouyne MeCcTa Uil CTYACHTOB. AYAUTOPHH,
ast pabota OCHALIEHHbIE KOMIIBIOTEPAMHU C TIOCTYIIOM K ceTH «HTEpHET)
4  |Ilpaktuka KommnbroTepHblif Kjacc € KOMIUIEKCOM MPOTPAaMMHBIX  CpPEJICTB,

MO3BOJISIIOIIMX KaKJIOMY CTYAEHTY pa3palaThiBaTh MpOrpaMMHbIE
peanu3anyy NpakTHYECKUX 33]1a4 B XOJI€ BBIIOJHEHUS 1a00PaTOPHBIX
pabor



https://ru.coursera.org/specializations/machine-learning-data-
https://www.kaggle.com/
https://stepik.org/course/4852/promo
https://spinningup.openai.com/en/latest/
https://mlcourse.ai/

PaGouas nporpamma quciuriinHbl «CHCTEMBbI HCKYCCTBEHHOTO MHTEJLIEKTAa»
cocTapiieHa B cooTBeTcTBUU ¢ TpeOoBanusmMu GI'OC BO no HanpapieHH0 NOATOTOBKU
01.03.01 «MaTtemaTtuka», yTBEpKIEHHOTO MpUKazoM MuHucTepcTBa 00pa3oBaHus U
Hayku Poccutickoit denepanmu ot «19» centsiopst 2017 r. Ne 926(pen.8.02.2021).

IIporpammy cocraBumiu:
K.nmen..Hayk, crapmuid npenogaBatens kadeapsl «WHopmalioHHbIE CUCTEMBI U
texHosiorun» @apruena 3.C.

[Iporpamma omoOpena Ha 3acemanuu Kadeapsl «MHpopmamioHHbIE CHCTEMBI U
TEXHOJIOTHID)

[TpoTtokon Ne 8 ot «02» ampenst 2026 rona

[Tporpamma omobpena Y4eOHO-METOIUYECKUM COBETOM (DU3MKO - MaTeMaTHYECKOTO
(bakynbrera

ITpotokos No5S ot «08» anpens 2026 rona



CeeeHns 0 nepeyTrBepkKAeHMH MPOrpPaMMbl HA OYepeIHOi y4eOHbIH IoJ U peruncTpanuu
H3MEeHEeHUil

VYueOnniii | Pemenue xadempsr BueceHnnrie nm3MeHeHHUS Iloammce 3aB.
O (Ne mpotokoma, mara) kadeapoi




[Ipunoxenue

®OH/JI OLIEHOYHBIX CPEJICTB IUCHUTIJIMHBI (MOLYJIST)

b1.B.08 CucreMbl HCKYCCTBEHHOT'0 HHTEJLJIEKTA

HamnpasJieHue moaroToBKu

01.03.01 MaTemaTuka

HanpasjieHHoCcTh (MpoduIb MOATOTOBKH)

MaTteMaTnkKa

KBainpukanus BbINTYyCKHAKA

bakanagp

®opma o0yueHust

Ounas

Marac, 2025



OIIMCAHHUE HOKA3A]:EJIEI71 N KPUTEPUEB OLIEHUBAHUA
KOMIIETEHIIUU HA PA3JIMYHBIX OTAITAX UX
OOPMUPOBAHUSA, OIIMCAHUE HIKAJI OHEHUBAHUA

®onn oneHouHbIx cpeactB (POC) nmpexycMaTpuBaeT cieayrouiee:
(] omnucaHue KOMIUIEKCA MoKa3aTeieil — JCCKPUIITOPOB OCBOCHUS KOMIICTCHIIUN B
BU/JIE PE3yIbTATOB O0yUEHUs, KOTOPbIE CTYIACHT MOXKET MIPOJAEMOHCTPUPOBATH (
[l (tabmuna 1). st KOHTPOIISI JOCTHKEHUS KKIOTO U3 HUX IIPEITYCMOTPEHBI
OLIEHOYHBIE CPEJICTBA B BUJE BOIIPOCOB, 3aJaHUM U T.1.;
'] o0o3HaueHHEe KpUTepHeB — IMPABUI MPUHSATHUS PELICHUS MO0 OLIEHKE
JOCTUTHYTHIX PE3yJIbTAaTOB 00y4YeHUs U C(POPMUPOBAHHOCTH KOMIIETECHITHH.
Hampumep, B kauecTBe mIKaibl olieHnBaHus nmpuHuMaercs 100-6anbHas cuctema ¢ BhIICTICHUEM
(rpagarueit) OLEHOK:

PeiiTunr OneHka Ha
3aveTe
85-100
71-84 3auer
60-70
0-59 Hezauer

TUIHOBBIE KOHTPOJILHBIE 3ATAHUSI UJI UHBIE MATEPHAJIBI,
HEOBXOJMMBIE J1J151 ONEHKHW 3HAHWI, YMEHWI 1 (MJIN)
OMNBITA JESITEJIbHOCTH, XAPAKTEPU3YIOIIUE DTATIbI
®OPMUPOBAHUSI KOMINETEHIMI1 B TPOLIECCE OCBOEHUS
OBPA30BATEJILHOI IIPOT'PAMMABI

BoinyckHUK, OCBOMBIIMI ~ 00pa30BaTeNbHYI0  HPOTpaMMy, JOJDKEH 00janaTh
po(heCCHOHATLHBIMUA KOMIIETCHIIHSIME 110 TEMATUISCKUM MOJTYJISIM TIPOTPAMMBI:

Kon |HaumenoBanue P3ynbraThl 00y4yeHus
TEMAaTUYECKOTr O
MO




Bsenenue B

HCKYCCTBEHHBIN
HMHTEJIJIEKT u
OCHOBHEBIE METOIbI
MalIMHHOTO 00y4€eHus
TUISA paboThI C
TaOJIMIHBIMU
JAHHBIMH

3nanus:

[] TeopeTHyecKHWe OCHOBBI aHAIM3a JAHHBIX M MAIIMHHOTO
oOy4eHus;

[l cnemuduka paboThl AITOPUTMOB MAILIMHHOTO OOyUEHHUS.

Ymenus:

- NPUMEHEHHE METOJI0OB MAIIMHHOTO 00y4eHus, IOArOTOBKA
JAHHBIX U UHTEPIpPETALMS PE3yJIbTAaTOB.

HaBbikn (ONBIT 1€ATEILHOCTH):

- UHTepecyercs HOBBIMU TpeHAaMHU B cBoeH
npodeccuoHaNbHOM OTpaciy, paccCMaTpUBAET UX C TOUKHU
3pEHUsI IPUMEHEHHUSI B CBOEH JI€SITEIbHOCTH;

- OLEHHMBAET MIPUMEHUMOCTh aJITOPUTMOB,
BO3MOXXHBIEPUCKH U TOCIEACTBHUS OIIMOOK, HAXOIUT
ONTHUMaJbHbIEpEIICHUs A pabouunx 3a1a4

CucreMmsl 1ITyOOKOTO
o0yueHHS

3Hanus:
- MPUHUUIMBI O0OY4YEHUs U IPUMEHEHUS] HEHPOHHBIX CeTeil.
- apXUTEKTypPBI IyOOKHX HEUPOHHBIX cerei,
MIPUMEHSEMBIX B pelieHnn
MPAKTHYECKUX  3a/a4 CBS3aHHBIX C AHAIU30M
M300paKE€HUI U TEKCTOB;
Ymenus:

- HAcTpoWKa HEoOXOIMMOI0 OKpY>KEHMs IJisi paboThl ¢
HEVUPOHHBIMH CETSIMH.

- NpUMCHEHUE U J000y4eHHenpe00yUYeHHBIX
HEHPOHHBIX CeTel U3 TOCTYIHBIX ONOINOTEK

HaBbikn (ONBIT 1€ATEILHOCTH):

- BIAQACET HABBIKOM  IPOBEICHUSA  IIOJIHOIO  LHKJIA
BBIUMCJIMTEIBHOTO  JKCIIEPUMEHTA, OTPaXKCHUA  XOZa
BBIIIOJIHEHUS TIPOEKTa M IIOJIY4YEHHUs pe3ysibTaToOB B
OTYETaX U JOKyMEHTALUN;

- BIAQACET HABBIKOM  HCIIOJB30BAHMS  CYLIECTBYIOIIUX
IPOrpaMMHBIX  OHMOIMOTEK M MOJENeH, CO3JaHus
IIPOrpaMMHBIX peau3aluil r1y00KuX HEHPOHHBIX CETEH




OO0yuenue c
MOJIKpETTICHHEM

3HaHuA:

YMmenua:

HaBpbiku (OIIBIT 1eATEJbHOCTH):

TCOPCTUYCCKUC OCHOBbBI MW AJIT'OPUTMBI O6y‘leHI/IH C
IMOAKPCIUICHUCM,

IMPUMCHCHHC 06yquH51 C MOAKPCIINICHUEM JJIA
IMMPAKTUYCCKUX 3aaa4v.

BBIOOp W  peaiu3anus  aIrOPUTMOB  OOydeHus ¢
HOJKPEIJICHUEM C YUeTOM crielupUKY 3a1a4u

ajanTalMsg W HAacTpoMKa ajNropuTMOB OOyueHHs ¢
HOJKPEIJICHUEM 110/ ONPE/IETICHHYIO Cpey.

UHTEpecyeTcs HOBBIMU TpeH1aMu B CBOEH
npodecCHOHATBHON OTPaCiiv, paCCMaTPUBAET UX C TOUKH
3peHust IPUMEHEHUS B CBOCH e TEIIbHOCTH;

BJIQJICET HABBIKOM  HCIOJB30BAaHUS  CYIIECTBYIONTUX
OpOrpaMMHBIX ~ OMONMHOTEK W  MOJENel, CO3JaHus
MPOrpaMMHBIX pealiu3aliii Ha OCHOBE aJTOPHUTMOB
00y4YeHUsI C TIOJKPETIICHUEM

CpenctBa Ajisi OLIEHKH Pa3UYHBIX YPOBHEH (OPMUPOBAHUS KOMIIETEHITUH 10 KATETOPHSIM «3HATHY,
«YMETBY, «BJIAJIETh» 00ECIEUNBAIOT PeaIN3alii0 OCHOBHBIX IPUHLIUIIOB KOHTPOJIS, TAKUX KaK
00BEKTUBHOCTh U HE3aBUCUMOCTb, IPAKTUKO-OPHEHTUPOBAHHOCTH, MK AUCIUITTHHAPHOCTD.

C y4eToM 3TOTO0 KOHTPOJBHBIE BOMPOCHI (3aaaHus, 3anaun ), Bxoasmme B DOC, ais pa3snuaHbIx
KAaTeropuil U ypOBHEN OCBOCHHUS KOMIETEHIIUI MOTYT UMETh CJIEIYIOLIUN BU/I.

3HATD Ilpumepsnt:

1. Tumwr 3aaa4 MalllMHHOI'O 06yquI/I$I " KJIaCChI aJITOPUTMOB, K HUM ITPUMCHSICMBIC.

2. OcHOBHbIE HalpaBJIEHUS Pa3BUTHS UCCIIEIOBAaHUIN B 00JIaCTH CUCTEM
HCKYCCTBEHHOT'O MHTEJUIEKTA.

3. Teoperuueckre OCHOBBI AITOPUTMOB MALTMHHOTO O0YYEHHS.



YMETD Ilpumepnr:

1. TloAroToBUTH JaHHBIE K UCHOIb30BAHUIO AJITOPUTMA MALIMHHOTO 00Yy4EHUSI.

2. OueHMBATh KAYECTBO PELICHUH CUCTEM MAIIMHHOTO 00yUeHHMS.

3. AnantupoBaTh aJTOPUTMbI MAIIMHHOTO O0YUYEHHS K PEIIEHUIO PAKTUUYECKUX 3a/1a4.
BJAIETD Ilpumepsbr:

1. Meropmonorust pa3pabOTKH pemeHHH MAIIMHHOTO O0YYeHHUSL.

2. Ilpumepbl NPaKTUYECKOTO MPUMEHEHHS APXUTEKTYP UCKYCCTBEHHOTO MHTEIJIEKTA.

3. MeTto/1bl OHJIAMH TECTUPOBAHUS PELIEHUH MAaTMHHOTO 00yUYeHHUS.

METOJAWYECKHUE MATEPUAJIBI, OITPEJIEJSIOIIUE ITPOIIETYPbI
OILIEHVBAHMS 3HAHUM, YMEHUM U (MJTA) OITBITA
JESITEJBHOCTH, XAPAKTEPU3YIOIIUE DTATIBI ®OPMHUPOBAHMUSI
KOMIIETEHIIUH

[Ipumeps! (MakeThl) METOIMYECKUX MATEPUANIOB, OINpPENESIOUINX MPOLETypbl OLEHUBAHUS
3HaHUM, yMEHUM U (MIM) ONbITA IEATEbHOCTH

HanmeHnoBanue Kpartkas xapakrepucruka IIpeacraBienue
OLICHOYHOI 0 OLIEHOYHOI0 CpeACTBA OLICHOYHOT' 0
cpeacTBa cpencra B ¢poHae
Texymmit CpencTBo npoBEpKH OCBOCHHUS KomrutexTsr
KOHTPOJIb YPOBHEH «3HATHY, KyMETh)» OueroB
YCIEBAEMOCTH (3a1aHmit)
KommiekT OnjieToB (MpruMepHbIii)
buner 1.
1.1 baitecoBckuii kimaccudukarop. Onenka nmpuszHakoB (Gaussian,
Bernoulli, Multinomial). EM anroputm.
1.2 Kinacrepuzanus. kMeans, kMeans++, MeanShift, DBSCAN.
buner
2. 2.1 AncamOmnu. Soft and Hard Voting. Bagging. Ciyuaiinslii jec.
2.2 Metpuueckuit knaccuduraropbl. KNN.
WKNN.
buner 3.
3.1 Jluneiinas perpeccus. LASSO, LARS. CART.
3.2 JHepeBbst pemennid. THGopMamoHHbII BBIUTPHIILL
Ommbka knaccuduranuu, SuTponus, kpurepuid [xuan. [pyHuHT.
buner
4. 4.1 I'moGanbupiii mouck. Ciyvaiiaeiii mouck. Gridsearch. CiydaitHoe
omyxxnanue.baiiecoBckast onTUMH3AIHS.
4.2 JIuneitnas perpeccus. [lomnHoMHanbHas perpeccus.
I'peGueBas perpeccusi.
buner
. 5.1 AdaBoost. I'paniueHTHBIN OyCTUHT pelIaroIrX JIePEBbEB.
5.2 Knacrepuzammsa. AgglomerativeClustering. MeTpuku KiacTepu3anum.
buer
6.

6.1. Onenka kinaccudukarmmu. IpdexruBHocTh 10 [Tapeto. Precision-Recall n
ROC kpussie. AUC.



6.2 Heiiponusie



burer 7.
7.1  Jlokampubrii mowmck. HillClimb wu ero pasHoBumHOCTH.  OTXMUT.
I'eneTnueckui
QJITOPUTM.
7.2 Meroa onopHbBIX BEKTOPOB. Sapa.

Ilepeuensb 1abopaTopHbIX padoT (IPUMeEPHBbIN)

O0mme pekoMeHIAIHMH K J1a00pAaTOPHBIM PadoTaM: Ul pa3HbIX YPOBHEH IOATOTOBKU
CTYJICHTOB MOKHO HCIIOJIb30BaTh PA3HYIO IIyOUHY peann3aliy pemenus. Tak, Uil CTyJIEHTOB
HETEeXHUUYECKUX CHEeLHATbHOCTEN 3a1aHue MOXKET 3aKIF0UaThCs B IPUMEHEHUH TOTOBBIX
METOJI0B U3 OMOIMOTEK MM 3all0JHEHUEM MIPOITYCKOB B porpamMmmax, rje Oosblias 4acTh
MOJrOTOBJICHA TIpernoaBaTenaeM. /i cTy1IeHTOB TEXHMUECKHX CIIEMAIbHOCTEN 3a1aHue OyneT
3aKJII0YAThCS B PeAIU3allii aJITOPUTMOB 0€3 MCIIOJIb30BaHNUS TOTOBBIX PEIICHUH.

JIP1.1 Meroasr pabGotel ¢ Tabmunamu B Python. Arperanus u Bu3yanusamus JaHHBIX.
[IpoBenenue mepBUYHOTO aHATH3a TaHHBIX.

enu: n3yuenne MeTonoB paboThl ¢ JaHHBRIMH B Python u mpoBeneHHe MEpBUYHOIO aHalW3a
JTAHHBIX.

3amanue: 3arpysure aataceT B pandasmaradpeiim. BriBenure OCHOBHBIE MapaMeTphl JgaTaceTa.
Onpexnenure, CKOJIBKO B J1aTaceTe CIy4yaeB OTCYTCTBUS NpU3HAKOB. Ompenenurte, CKOJbKO
MPU3HAKOB SIBIIAIOTCS KAaTeTOpHAIbHBIMU. Bu3yanm3upyiite pacmpeielieHue IMPU3HAKOB I10
KJ1accaM. Busyanusupyite 3aBUCUMOCTD MEXAY IIPU3HAKAMU.

JIP1.2 Wcnonb30BaHue U CpaBHEHHE AITOPUTMOB Kiaccudukanuu: KNN, pemaromniye 1epeBbs 1
UX aHCcaMOJIY, JIOTUCTUYECKas! perpeccusl.

Lenu: npuMeHEeHNE U OLIEHKA AITOPUTMOB KJIACCU(PHUKAIIUH.

3aganue:

Paznenute nmaracer Ha oOyyaromuii M BaJdWIAlMOHHBIA C COXPAHEHHEM IPOIMOPIUN KIIACCOB.
Knaccudumupyiite Toukn wu3 gataceta ¢ Tomomplo anroputMoB kNN, moructuyueckoi
perpeccun, CART, cayuaiinoro neca, CatBoost. [Tonbepure nmyurine mapamerpsl aJropuTMOB
CIIOMOIIIbIO BaJMIalIMOHHON BbIOOpKU. CpaBHUTE BpeMsi pabOThl aITOPUTMOB M 3aBUCUMOCTH OT
pe1oOopaboTKH JaHHBIX.

JIP1.3 Hcnonp3oBaHue U OIEHKa alropuTMOB perpeccuu. Ilogdop onTtumalibHBIX MapaMeTpoB
perpeccumu.

[enu: n3ydeHue aropuTMOB pErpeccum.

3aganue:

[IpumenuTe MeTo 1 TMHEHHON perpeccuu JUisl pelieHns 3a1a4u Ha garacere. JJobaBbTe B JaTacer
MOJIMHOMHAJIbHBIE MpU3HaKu. [lo6aBisdiiTe MpU3HAKY 1TOKa HE YBUIUTE NepeoOyueHrne Ha
BanupanuoHHoMaaTacere. [Ipumennre rpedreByto perpeccuio 1 LASSO, 94T00BI H30aBUTHCS OT
nepeoOyJeHusl.

JIP1.4 OnTumu3anmoHHbIe 3a/1a4l U ux pemieHus. [logbop rumepmapaMeTpoB anropurma c
MIOMOUIBI0 METOJIOB ONTUMH3ALIUU

Lenu: u3yueHne anropuTMOB PELICHUS] ONTUMHU3AIMOHHBIX 33/1a4.

3ananue:

1. OnTUMHU3UPYHTE NIMHY MapLIpyTa B 3a7jau€ KOMUBOSDKEPA C IIOMOIBIO aITOPUTMOB
hillclimb, oT)xura ¥ reHeTUYECKOT0 aNTropuTMa. BhIBEIUTE MOMTYyIUBIIHICS MYTh U €r0 JITHHY.
2. OnTUMHU3UPYHTE TUIepHapaMeTpbl alTOPUTMa MALTMHHOTO 00y4eHus (Ha BHIOOD) C
MTOMOMUIBIO CIIY4aifHOTO TIOMCKA, TOUCKa I0 penieTke, anropurma hillclimb, renetnueckoro
aNropuTMa.

JIP2.1 Knaccudukanust u3o0pakeHuit u TpaHcepHoe 00ydeHue.
Henu: n3yueHne MeToI0B IITyOOKOTO 00y4YeHUS AT paOOTHI C M300paKEHUSMH.



3aganue:



3arpy3uTe JaraceT U co3JaiiTe HuTeparop A MOJAEIM TINMyOoKoro oOydeHus. 3arpysure
npenoOyuennyto Ha ImageNetceprounyto ceth (AlexNet, VGG umum ResNet) u goGaBpre K
backbonenonaHocBs3HbINA cnoi mas o0yueHus. OOyuuTe HEMPOHHYIO CeTh HA, BU3YaJIM3HpPOBAB
rpaduK (QYHKIMU MOTEPh Ha OOydaromled W BaJHMIAIIMOHHOW BBIOOpKe. Peanmu3yiite Momynb
NPUMEHEHUs] HEMPOHHON CeTH K JaHHBIM, IPOBEPHTE KAUECTBO 0OYUEHUS HA TECTOBOW BBIOOPKE.

JIP2.2 PaboTa ¢ TeKCTaMHU M UX BEKTOPHBIMU MPEICTaBICHUSIMH.

enu: n3yuenne Moesieil BEKTOPHOTO NPEICTaBICHUS TEKCTOB.

3agaHue:

Ckauaiite peoOy4eHHbIe BEKTOpa I cioBaps. C OMOIIBIO JTI000T0 KiTacCupUKaTopa
mamuHHOro ooydenus (kNN, SVM, CatBoost) knaccuduuupyiite TeKCThl U3 JaTaceTa 1o cymme
BEKTOpOB cioB. Knaccuduuupyiire Texctsl ¢ nomouibto LSTM cetn.

JIP3. 1 [Ipumenenue Q-Networks aiis permeHus: IpOCThIX OKPYKEHUH.

Henu: n3ydenune npuMeHeHus 00y4eHus ¢ MOJKPEIUICHHEM /Il pellieHn 3a1a4
KOHTpOJIA. 3aJlaHUE:

OOyuuTe MpoCTyr0 MOTHOCBI3HYI0Q-ceTh i pemieHus okpyxenus LunarLander.

[Iponienypsl OlCHHWBAaHUS 3HAHUK, YMEHHMH, (OpPMBI M OpraHu3alus TEKYLIEro KOHTPOJIs
yCIEeBaeMOCTHU U MPOMEKYTOUHOM aTTeCTalluu 00y4Yarouuxcs

Texkynuii KOHTPOJb YCHEBAEMOCTH M NPOMEKYTOUHAs aTTeCTalus CTYIACHTOB BEIETCS B
coorBercTBUM C [lonokeHHEM O TEKylIeM KOHTPOJIE YCIEBAEMOCTH M IPOMEXYTOUHOU
aTTecTaluu o0pa3oBaTeNbHON OpraHu3aIluu

Texkymnii KOHTPOJIb YCIIEBA€MOCTH

Monyne nenutcs Ha ABa Onoka. Kaxknmelid On0K BKIOYAaeT B ce0si M3yYeHUE 3aKOHYEHHOTO
pasnena, yactu MopyJs.

Texymuii KOHTPOIb MO0 MOMAYNIO OCYHIECTBISIETCS IO KaJCHTApHOMY ydeOHOMYy Tpaduky.
Cpoxu koHTpOdbHBIX Mepornpusituii (KM) u cpoku monaBeneHuss UTOTOB 1o Momayio
oToOpaxaroTcss B paboumx y4eOHbIX IutaHax Ha cemecTp. CTYyIEHT JOHKEH BBINOJIHHUTH BCE
KOHTPOJIBHBIE MEPONPHUATHS, IPELyCMOTpEHHbIE MoJysleM K yKa3aHHOMY CpPOKY, ITOCIIE€ Yero
MpenojaBaTelib MPOCTaBiseT OaibHbIE OIEHKHU, HaOpaHHBIC CTYJIEHTOM IO pe3yJbTaTaMm
TEKYILEro KOHTPOJI yCIIEBAEMOCTH 10 MoayIto.

KontposibHOE MeponpuaTie CYUTAETCS BBIIOJHEHHBIM, €CJIA 32 HETO CTYACHT MOJYUYUII OLIEHKY
B Oajulax HE HWKE MUHUMAJIbHOW OLEHKH, YCTAHOBJIECHHOW MPOrpaMMoON MOJIYJS 10 JaHHOMY
MEpPOIIPUATHIO.

CryneHTsl, HE CHABUIIME KOHTPOJIBHOE MEPONPHUATHE B YCTAHOBIICHHBIM CPOK, MPOJOJIKAKOT
paboTaTh HaJl HUIM B COOTBETCTBHE C TIOPSIKOM, IPUHITHIM 00pa30BaTENbHOM OpraHu3aIueil.
ITpome:xxyTouHast aTTecTAIMS

DopMOi MPOMEKYTOYHOM aTrTecTaluy o Moayito sBiseTcs 3a4er.

OuenuBanne Moayns Beaercss B cooTBeTcTBUM C llomokeHnemM O TeKyleM KOHTpoOJie
yCIEBAEMOCTH M MPOMEKYTOYHON aTTECTALlMU CTYJEHTOB 00pa30BaTEIbHON OpraHu3alnu.
Hanpumep, MeTOAHKA OLIEHKH 10 PEHTHHIY

CryneHT, BBINIOJIHUBIINKA BCE MPETyCMOTPEHHBIE yUEOHBIM IIAHOM 3aJaHHs M CIABIIMK Bce
KOHTPOJIBHBIE MEPONPHUSTHS, NOJy4aeT HUTOTOBYI0 OLEHKY 1o Moaymo 3a cemecTp B
COOTBETCTBUU CO CIEAYIOLIEH KAJIOU:

PeidTunr Ounenka Ha 3aueTe
85-100
71-84 3auer
60-70
0-59 Hezauer

PeiiTunr crynenTa mo Moyiio 3a ceMecTp onpeiessieTcsi Kak CyMMa 0ajioB, MOJYyYSHHbBIX UM
3a Bce Osoku Monaynsa, u OaioB 3a MNPOMEXKYTOUHYIO aTTecTaluio. MakcuMmalibHOe
KOJIN4eCTBO 0asioB 3a Moayib B ceMecTpe ycTaHaBnuBaeTcs paBHbIM 100






OIIMCAHHUE HOKA3A]:EJIEI71 N KPUTEPUEB OLIEHUBAHUA
KOMIIETEHIIUU HA PA3JIMYHBIX OTAITAX UX
OOPMUPOBAHUSA, OIIMCAHUE HIKAJI OHEHUBAHUA

®onn oneHouHbIx cpeactB (POC) mpexycMaTpuBaeT cieayrouiee:
(] omnucaHue KOMIUIEKCa MoKa3aTelieil — JCCKPUIITOPOB OCBOCHUS KOMIICTCHIIUN B
BU/JIE PE3yIbTATOB O0yUEHUs, KOTOPbIE CTYIACHT MOXKET MIPOJAEMOHCTPUPOBATH (
[l (tabmuna 1). st KOHTPOJISI JOCTHKEHUS KKIOTO U3 HUX TIPEITYCMOTPEHBI
OLIEHOYHBIE CPEJICTBA B BUAE BOIIPOCOB, 3aJAHUH U T.1.;
'] o0o3HaueHHE KpUTepHeB — IMPABUI MPUHSATHUS PELICHUS MO0 OLICHKE
JOCTUTHYTHIX PE3yJIbTaTOB 00y4YeHUs U C(POPMUPOBAHHOCTH KOMIIETECHITHH.
Hampumep, B kauecTBe mIKaibl olieHnBaHus mpuHuMaercs 100-6anbHas cuctema ¢ BhIICICHUEM
(rpanarueit) OLEHOK:

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

TUIOBBIE KOHTPOJILHBIE 3ATAHUS WJI WHBIE MATEPHAJIBI,
HEOBXOJUMBIE JIJISI OEHKHW 3HAHWI, YMEHWI 1 (MJIN)
OIBITA JESTEJbHOCTH, XAPAKTEPU3YIOIIUE DTATIbI
®OPMHMPOBAHWSI KOMITETEHIIU B IIPOLIECCE OCBOEHUS
OBPA30BATEJILHOM ITPOTPAMMBI

BrIyCcKHUK, OCBOMBIIHI OOpa3oBaTEeIbHYIO IMpOrpaMMy, JOJDKEH 001amath
poQeCCUOHATHLHBIMI KOMIIETSHITUSIMHE IO TEMATHYSCKHM MOJTYJISIM IIPOTPAMMBI:

Kon |HammenoBanue PesynbTarsl 00yueHus
TEMaTHIECKOTO
MOJYJISt




Bsenenue B

HCKYCCTBEHHBIN
HMHTEJIJIEKT u
OCHOBHEBIE METOIbI
MalIMHHOTO 00y4€eHus
TUISA paboThI C
TaOJIMIHBIMU
JAHHBIMH

3nanus:

[] TeopeTHyecKHWe OCHOBBI aHAIM3a JAHHBIX M MAIIMHHOTO
oOy4eHus;

[l cnemuduka paboThl AITOPUTMOB MAILIMHHOTO OOYUYEHHUS.

Ymenus:

- NPUMEHEHHE METOJI0OB MAIIMHHOTO 00y4eHus, IOArOTOBKA
JAHHBIX U UHTEPIpPETALMS PE3yJIbTAaTOB.

HaBbikn (ONBIT 1€ATEILHOCTH):

- UHTepecyercs HOBBIMU TpeHAaMHU B cBoeH
npodeccuoHaNbHOM OTpaciy, paccCMaTpUBAET UX C TOUKHU
3pEHUsI IPUMEHEHHUSI B CBOEH JI€SITEIbHOCTH;

- OLEHHMBAET MIPUMEHUMOCTh aJITOPUTMOB,
BO3MOXXHBIEPUCKH U TOCIEACTBHUS OIIMOOK, HAXOIUT
ONTHUMaJbHbIEpEIICHUs A pabouunx 3a1a4

CucreMmsl 1ITyOOKOTO
o0yueHHS

3Hanus:
- MPUHUUIMBI O0OY4YEHUs U IPUMEHEHUS] HEHPOHHBIX CeTeil.
- apXUTEKTypPBI IyOOKHX HEUPOHHBIX cerei,
MIPUMEHSEMBIX B pelieHnn
MPAKTHYECKUX  3a/a4 CBS3aHHBIX C AHAIU30M
M300paKE€HUI U TEKCTOB;
Ymenus:

- HAcTpoWKa HEoOXOIMMOI0 OKpY>KEHMs IJisi paboThl ¢
HEVUPOHHBIMH CETSIMH.

- NpUMCHEHUE U J000y4eHHenpe00yUYeHHBIX
HEHPOHHBIX CeTel U3 TOCTYIHBIX ONOINOTEK

HaBbikn (ONBIT 1€ATEILHOCTH):

- BIAQACET HABBIKOM  IPOBEICHUSA  IIOJIHOIO  LHKJIA
BBIUMCJIMTEIBHOTO  JKCIIEPUMEHTA, OTPaXKCHUA  XOZa
BBIIIOJIHEHUS TIPOEKTa M IIOJIY4YEHHUs pe3ysibTaToOB B
OTYETaX U JOKyMEHTALUN;

- BIAQACET HABBIKOM  HCIIOJB30BAHMS  CYLIECTBYIOIIUX
IPOrpaMMHBIX  OHMOIMOTEK M MOJENeH, CO3JaHus
IIPOrpaMMHBIX peau3aluil r1y00KuX HEHPOHHBIX CETEH




OO0yuenue c
MOJIKpETTICHHEM

3HaHuA:

YMmenua:

HaBpbiku (OIIBIT 1eATEJbHOCTH):

TCOPCTUYCCKUC OCHOBbBI MW AJIT'OPUTMBI O6y‘leHI/IH C
IMOAKPCIUICHUCM,

IMPUMCHCHHC 06yquH51 C MOAKPCIINICHUEM JJIA
IMMPAKTUYCCKUX 3aaa4v.

BBIOOp W  peaiu3anus  aIrOPUTMOB  OOydeHus ¢
HOJKPEIJICHUEM C YUeTOM crielupUKY 3a1a4u

ajanTalMsg W HAacTpoMKa ajNropuTMOB OOyueHHs ¢
HOJKPEIJICHUEM 110/ ONPE/IETICHHYIO Cpey.

UHTEpecyeTcs HOBBIMU TpeH1aMu B CBOEH
npodecCHOHATBHON OTPaCiiv, paCCMaTPUBAET UX C TOUKH
3peHust IPUMEHEHUS B CBOCH e TEIIbHOCTH;

BJIQJICET HABBIKOM  HCIIOJIb30BAHUS  CYIICCTBYIONIUX
NPOrpaMMHBIX ~ OMOJIMOTEK W MOJENeH, CO3MaHUA
MPOrPaMMHBIX ~peall3aliii Ha OCHOBE aJITOPUTMOB
00y4YeHUsI C TIOJKPETIICHUEM

CpenctBa Ajisi OLIEHKH Pa3UYHBIX YPOBHEH (OPMUPOBAHUS KOMIIETEHITUH 10 KATETOPHSIM «3HATHY,
«YMETBY, «BJIAJIETh» 00ECIEUNBAIOT PeaIN3alii0 OCHOBHBIX IPUHLIUIIOB KOHTPOJIS, TAKUX KaK
00BEKTUBHOCTh U HE3aBUCUMOCTb, IPAKTUKO-OPHEHTUPOBAHHOCTH, MK AUCIUITTHHAPHOCTD.

C y4eToM 3TOTO0 KOHTPOJBHBIE BOMPOCHI (3aaaHus, 3anaun ), Bxoasmme B DOC, ais pa3snuaHbIx
KAaTeropuil U ypOBHEN OCBOCHHUS KOMIETEHIIUI MOTYT UMETh CJIEIYIOLIUN BU/I.

3HATD Ilpumepsnt:

4. Tuns 3aaa4 MalllMHHOI'O 06yquI/I$I " KJIaCChbI aJITOPUTMOB, K HUM ITPUMCHSICMBIC.

5. OcHOBHBIE HANIPABJICHHS PAa3BUTHS UCCIIEAOBAaHUHN B 00JIACTH CUCTEM
HWCKYCCTBEHHOT'O MHTEJUIEKTA.

6. Teoperuueckre OCHOBBI AITOPUTMOB MALTMHHOTO O0YYEHHSI.



YMETD Ilpumepsbi:

4. IloaroToBUTH JaHHBIE K UCIOJIB30BAHUIO AJITOPUTMA MAIIMHHOTO O0YYEHHS.

5. OrueHuBaTh Kau€CTBO PELICHUI CUCTEM MAIIMHHOTO 00y4YeHusl.

6. AnantupoBaTh aJTOPUTMBbI MAIIMHHOTO O0YUEHHSI K PEIIEHUIO PAKTUUECKUX 3a/1a4.
BJIAJIETD Ilpumepsbr:

4. Merononorus pa3padOTKH PelIeHU MAITMHHOTO 00yYEeHHUS.

5. Ilpumepsl IpaKTUYECKOTO IPUMEHEHHSI ADXUTEKTYP UCKYCCTBEHHOTO MHTEIUIEKTA.

6. MeTo/1bl OHJIalH TECTUPOBAHUS PEIIEHUIH MAITMHHOTO O0y4YEeHHUS.

METOJINYECKHUE MATEPUAJIBI, OITPEJIEJISIIOIIUE ITPOIIETYPbI
OIIEHVBAHMUS 3HAHU, YMEHUM U (MJIA) OITBITA
JESITEJbHOCTH, XAPAKTEPU3YIOUIUE DTATIBI ®OPMUPOBAHMUSI
KOMIIETEHIIUHA

[Tpumepsl (MakeTbl) METOJMYECKUX MAaTEpUANIOB, ONpPENESIONINX MPOLETypbl OLCHUBAHUS
3HAHUM, yMEHUH U (UJIN) OTbITA AEATEIbHOCTH

HaumeHnoBaHue Kpartkas xapakrepucruka IIpeacraBienne
OLICHOYHOI 0 OLICHOYHOI0 CPeACTBA OLICHOYHOTI'0
cpeacTBa cpencrsa B oHe
Texymmii CpencTBo MpoOBEPKH OCBOEHUS Komrektet
KOHTPOJIb YPOBHEN «3HATHY», KyMETH)» OnneToB
yCIIEBaEMOCTH (3amaHmii)
KoMmuiekT 0u1eTOB (IpMMepHBbIii)
buier 1.
1.1 baitecoBckuii knaccugpukatop. Onenka npusHakos (Gaussian,
Bernoulli, Multinomial). EM anroputm.
1.2 Knactepuzanusa. kMeans, kMeans++, MeanShift, DBSCAN.
buner
2. 2.3 Ancamb6mau. Soft and Hard Voting. Bagging. Ciyu4aiinslii jec.
2.4 Merpuueckuit kinaccuduratopsl. KNN.
WKNN.
burer 3.
3.1 JIuneiinas perpeccus. LASSO, LARS. CART.
3.2 JepeBbst pemiennit. Tapopmanmonsslil Beiurpseii. Omudka

Kiaccupukanuu, sHTponus, kpurepuit [Jpxunu. [IpyHuHr.

buner 4.
4.1 I'moGanbublit mouck. Ciydaiinelii nouck. Gridsearch. Cmyuaiinoe
omyxxnanue.baiiecoBckast onTUMH3AIHS.
4.2 Jluneiinas perpeccus. [TommHOMHabHAs perpeccus. ' peOHeBast perpeccusl.
buner
S. 5.3 AdaBoost. I'panneHTHBII OyCTHHT PELIArOIIUX JIEPEBHEB.

5.4 Knacrepuzanus. AgglomerativeClustering. MeTpuku kiactepu3anui.
buner 6.

6.1.  Ouenka knaccudpuxanuu. IpdextuBHocTh 1o [Tapero. Precision-Recall u
ROC xpussie. AUC.

6.2 Heiiponnsie cetu. IlepuentponPo3entnarra. O6paTHOE pacpocTpaHeHe
rpaguenTa. OyHKIIMY akTHBAMU. Softmax.



buner 7.

7.1 Jlokaneueiii mouck. HillClimb u ero paznoBuanoctu. OTxwur. ['eHeTrueckuit
AJITOPHUTM.
7.2 Metoa onopHBIX BEKTOPOB. Anpa.

Ilepeyennb J1a6opaTopHbIX padoT (MPUMEPHBbIi)

O01me peKoOMeHIAINY K JIAG0PATOPHBIM PadoTaM: ISl pa3HbIX YPOBHEH MOATOTOBKH
CTYJICHTOB MOKHO MCIIOJIb30BaTh PAa3HYIO INTyOHHY peann3aiuu pereHus. Tak, 11 CTyAeHTOB
HETCXHHUYCCKHUX CHGHHaJIBHOCTCfI 3aaHUC MOXKECT 3aKJIIOYaThCs B IPUMCHCHHWU I'OTOBBIX
METOJIOB U3 OMOIMOTEK MK 3aIl0JIHEHHEM MIPOITYCKOB B IPOTrpaMMax, e OoJbIas 4acTh
HO/I'OTOBJICHA MTperofaBaTeneM. /st CTyJeHTOB TEXHHYECKHX CIIeUaIbHOCTeH 3aJaHue OyieT
3aKJII0YaThCS B PEATM3aLUH AITOPUTMOB 0€3 HCIIOIb30BAaHHS TOTOBBIX PEIICHHH.

JIP1.1 Mertoasl pabotel ¢ Tabnumamu B Python. Arperanmus w Busyanu3amusl JaHHBIX.
[IpoBeneHune nepBUYHOrO aHAIU3a JaHHBIX.

[enu: u3yyeHne MeTon0B pabOTHI ¢ JaHHBIMUA B Python u mpoBeneHHe MepBUYHOTO aHAIW3a
JaHHBIX.

3anmanue: 3arpy3ute gatraceT B pandaspatadpeiliM. BriBenuTe OCHOBHBIE MapameTphl AaTacera.
Onpenenure, CKOJBKO B JaTaceTe CllydaeB OTCYTCTBUSI Ipu3HaKoB. OImpenenuTe, CKOIbKO
MPU3HAKOB SBISIIOTCS KaTeropuajibHbIMU. BusyanusupyiiTe pacnpefeneHue NpU3HAKOB 10
KJ1accaM. Buzyanusupyite 3aBUCUMOCTb MEXITY MPU3HAKAMH.

JIP1.2 Vicnionp3oBaHue U cpaBHEHHE anropuTMoB kiaaccudukanuu: kNN, pemaromiie 1epeBbs U
WX aHCaMOJIH, JIOTHCTUYECKAs! PeTPecCHsl.

[enu: mpuMeHEeHNE U OIICHKA aJITOPUTMOB KJIacCU(UKAITIH.

3amanue:

Paznenure natacer Ha oOywaromvii ¥ BaJIMJAIIMOHHBIM C COXpaHEHHEM MPOMOPIHIl KIacCoB.
Knaccupumupyiite TOYKM H3 JgaTaceTa ¢ TOMOMIbIO anropuTMoB KNN, JOrucTHYECKOH
perpeccun, CART, cinydaitHoro jneca, CatBoost. [lonbepute nmydiue mapameTpbl aJropuTMOB
CTIIOMOIIIBIO BaJIMIAIIMOHHON BEIOOPKU. CpaBHUTE BpeMs pabOTHI aIrOPUTMOB U 3aBUCHMOCTH OT
npeaoOpaboOTKK TaHHBIX.

JIP1.3 Ucnonbp30BaHKe U OIIEHKA allTOPUTMOB perpeccuu. [1og6op onTuMaabHBIX TapaMeTPOB
perpeccuu.

Lenu: nzyueHune aaropuTMOB PETPECCHH.

3ananue:

[IpumenuTe MeTOT IMHEHHOM perpeccuu JIsl pelieHus 3a1a4u Ha garacere. JJo6aBbTe B JaTacer
MOJIMHOMHAJILHBIC TTpU3HaKU. J[00aBiisiiTe MpU3HAKY TIOKA HE YBUAUTE NIEpeoOydIeHHE Ha
BanmaanmonHomaaracere. [Ipumenure rpedHeByro perpeccuio 1 LASSO, uToOb1 M130aBUTHCS OT
nepeoOydeHHS.

JIP1.4 Ontumu3anoHHbIE 33aud U UX pemieHus. [log0op rumeprnapaMeTpoB airopurMa c
MTOMOIIIBI0 METOAOB ONTUMH3AINN

Lenu: u3yyeHrne alrOPUTMOB PEIICHUS] ONTHMHU3AIMOHHBIX 3a/1a4.

3anaHue:

1. OnTuMu3upyiiTe JTMHY MapIipyTa B 3a/1a4¢ KOMHBOSDKEpa C TOMOIIBIO AJITOPHUTMOB
hillclimb, oTura ¥ TeHETUYECKOTO aNTOpUTMa. BhIBEIUTE OTYYUBIITHIICS ITyTh U €T0 JUTHHY.
2. ONTHMHU3HPYHTE THUIEpPIIapaMEeTPhl AITOPUTMA MAIITMHHOTO 00y4YeHUs (Ha BBIOOD) C
MIOMOIIIBIO CITyYaifHOTO TIOMCKA, MTOKUCKa o pemerke, anroputMa hillclimb, renernyeckoro
aJIrOpUTMA.



JIP2.1 Knaccudukanus n300paxeHnuid U TpanchepHoe 00yUIeHHE.

Llenu: n3yyeHne METOI0B TITyOOKOTO 00y4eHus 7t paboThl ¢ N300paKEHUSIMH.

3aganue:

3arpy3ure gatacerT U CO3JaiTe HTepaTtop JUIsl MOAeNu TIiayOoKoro oOyuyeHus. 3arpys3ure
npenobydyennyro Ha ImageNetcBeptounyto cetb (AlexNet, VGG umu ResNet) u noGaBpTe K
backbonenonHocBs3HbIA cnoii st o0ydeHns. O0yunTe HEHPOHHYIO CETh Ha, BU3YaJIM3UPOBAB
rpadpuk QyHKUIUM noTepb Ha oOyuaromied M BaluWJallMOHHOM BblOOpke. Peanmsyiite Monyib
NPUMEHEHUST HEMPOHHOW CETH K JaHHBIM, TIPOBEPhTE KaueCTBO OOYUYECHHUSI HA TECTOBOM BBIOOPKE.

JIP2.2 PabGoTta ¢ TekcTaMu ¥ UX BEKTOPHBIMU NIPEICTABICHUSIMHU.

[enu: n3yyeHne Moaenel BEKTOPHOTO MPEACTABIEHUS TEKCTOB.

3ajganue:

Ckayaiite npenoOydeHHbIe BeKTOpa [is ciioBaps. C MOMOIIbIO JH000ro Kiaccupukaropa
mammHHOTO 00yueHus (kNN, SVM, CatBoost) kiraccupuupyiTe TEKCTHI U3 1aTaceTa 1mo CyMMe
BeKTOpoB cj0B. Knaccuduuupyiite Tekctsl ¢ nomouipto LSTM cetw.

JIP3. 1 Ilpumenenune Q-Networks 11 penieHus IpoCThIX OKPYKEHUH.

Lenu: uzyueHune npuMeHeHUs! 00y4YeHHs C MOAKPEIUIEHUEM JUIsl pellIeHui 3a1au
KOHTpOJIs. 3a/laHueE:

OOyunTe POCTYIO MOTHOCBA3HYI0Q-CceTh s pemenus okpyxeHust LunarLander.

[Ipouenypsl oleHMBaHMS 3HAHHUM, yMeHHH, (GOopMBI U OpraHu3zanMs TEKyLIero KOHTPOJIS
YCIIEBAEMOCTH U IIPOMEKYTOUHOM aTTeCTAllMU 00yYarOIIUXCs

Texymuid KOHTpOJIb YCIIEBAEMOCTH M MPOMEXKYTOUHAs aTTecTalusi CTYJCHTOB BEIETCS B
cooTBeTcTBUM ¢ IlojOXKEeHHMEM O TEKyIIEM KOHTPOJE YCIEBAEMOCTH U MPOMEKYTOUHOU
aTTecTaluu 00pa3oBaTeIbHON OpraHu3aul

Texkymuii KOHTPOJIb YCIIEBAEMOCTH

Monyne nenutcss Ha nBa Onoka. Kaxkawlii OJOK BKIIOYAaeT B ce0s M3Y4YCHHE 3aKOHYCHHOTO
paszena, yactu MonyJs.

Texymmuit KOHTPOAL 1O MO0 OCYIIECTBIISIETCS TIO KaJIGHIApHOMY y4eOHOMY Trpaduky.
Cpoku koHTpodbHbIX MeponpusitThii (KM) u cpoku moaBeieHUs HMTOTOB 1O MO0
oToOpaxaroTcsi B paboumx ydeOHbIX MuiaHax Ha cemecTp. CTyAeHT OJDKEH BBIIOJHUTH BCE
KOHTPOJIBHBIE MEPONPHUATHUS, IIPELyCMOTPEHHbIE MOJyJleM K yKa3aHHOMY CpOKY, IIOCIIE YEro
IpenojaBaTesib IPOCTaBisieT OallyibHbIE OLICHKH, HaOpaHHbIE CTYACHTOM IO pe3yJbTaTam
TEKYIEro KOHTPOJIs yclieBaeMocTH 1o Moayuito.

KonTponbHoe MeponpusiTue cHUTaeTcs BBIIIOJHEHHBIM, €CIM 32 HEro CTYAEHT MOJyUYns OLEHKY
B Oayylax HE HI)KE MUHUMAJIBHOM OLIEHKH, YCTAHOBJICHHOH MPOrpaMMOM MOAYIS MO JaHHOMY
MEPONPUATHIO.

CryneHThl, HE CHaBIIME KOHTPOJBHOE MEPOINPUSATHUE B YCTAHOBJIEHHBIH CPOK, MPOJOJIKAIOT
paboTaTh HaJl HUM B COOTBETCTBUE C MOPSAKOM, IPUHATHIM 00pa30BaTeIbHON OpraHU3aIfei.
IIpome:kyTounas aTrecTanus

dopmoii mpoMeKyTOUHON aTTecTanuu o Moysro sSBisieTcs 3a4erT.

OnenuBanue Monyns Benercss B cOoOTBEeTCTBUM ¢ IlookeHHeM O TeKylleM KOHTpoJie
YCIEeBaeMOCTH U MPOMEKYTOYHON aTTeCTalllu CTYJIEHTOB 00pa30BaTEIbHON OpraHnu3alllu.
Hanpumep, MeToanka olleHKH 10 PEHTHHTY

CTyneHT, BBINOJHUBIIMIA BCE MPEILyCMOTPEHHbIE yU4eOHBIM IJIAHOM 3aJaHHs M CHABIIUN BCe
KOHTPOJIBHBIE MEpPONpPUATHSA, I0JIydaeT HUTOTOBYIO OLEHKY o Moaynio 3a ceMecTp B
COOTBETCTBUU CO CJIEIYIONIECH IKATOM:

PeiiTunr OneHnka Ha 3ayeTe
85-100
71-84 3ayer
60-70
0-59 He3zauer




Pelitunr crynenTta no Moyiio 3a ceMecTp OIpeesseTcs] Kak cymMma 0aioB, MOTYYEHHBIX UM
3a Bce Osoku Monyns, u OalsIoB 3a NPOMEKYTOUHYIO aTTecTanuio. MakcuMmaabHOoe
KOJIMYECTBO 0asuIoB 32 MOTyJIb B cCeMeCTpe ycTaHaBIuBaeTcs paBHbIM 100
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