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1. Ilesu oCBOEHHUSA AW CHUTIINHBI

Lenbro n3yueHust TUCHUILTHHBI « CUCTEMBI HCKYCCTBEHHOTO MHTEIICKTaY SIBIIAETCS (POPMHUPOBAHUE
KOMIIETEHIIMH B 001aCTH IPUMEHEHUS HHTEIJICKTYaIbHBIX HH()OPMAIIMOHHBIX CUCTEM IS PeIIeHUS
npoeccuoHaIbHBIX 3aj1ay.
3anauy TUCIUIUIMHBIL:
— O3HAKOMHTb C COBPEMEHHBIMU OOJIACTAMHU HUCCIEAOBAHUS MO MCKYCCTBEHHOMY MHTEIIEKTY U
cepamul IPUIIOKEHUS SKCIEPTHBIX CUCTEM;
— IIO03HAKOMHUTb €  KOHLEMNLMSIMH, COCTaBJISIOLUIMMU
HCKYCCTBEHHOT'O MHTEIIEKTA;
— U3JI0KUTh TEXHUYECKHE MMOCTAHOBKH OCHOBHBIX 3a/1a4, PEIIaeMbIX CHCTEMaMU HCKYCCTBEHHOTO
MHTEJJIEKTA;
— TIO03HAaKOMHUTb C OCOOEHHOCTSIMH IPAKTUYECKOTO HCIOJb30BAHUS HHTEIIEKTyalbHBIX
nH(}OPMAaLMOHHBIX CUCTEM B 001acT HH(OOPMALIMOHHON OE30M1aCHOCTH.

OCHOBY COBPEMEHHBIX CHCTEM

2. Mecto nucuumiinnbl B cTpykrype OITOII 6akanaBpuara

Huctummmaa b1.B.13 «CrcreMbl HCKYCCTBEHHOTO MHTEIUICKTA» OTHOCHTCS K JUCHHUILIMHAM YacTH,
(dhopmupyemoit yuyactHuKamu obpazoBatenbHbIX oTHomeHnid OIIOIl mo mampasnennto moaroroBku 35.03.06
ArpoumxeHepusi 6akaiaBprarta, H3ydaercs B 5 ceMecTpe

3. Pe3yabTaThl 0CBOEHHS THCHUILIHHBI (MOAYJIs1) «CHCTEMBI HCKYCCTBEHHOTO MHTEIIIICKTa)
[Ipomtecc wW3y4deHWs OUCHUIUIMHBI HampaBlieH Ha (OPMHUPOBAHHE DJIIEMEHTOB CIIECIYIOIINX
komrereHui B cootBeTcTBUU ¢ PI'OC BO 1o naHHOMY HanmpaBJICHHIO:

Kon HaunmeHnoBaHue Koja, HauMeHOBaHHE HHANKATOPA 10CTHKEHHS
npogeccuona| MpodeccHoHATHHOI npodeccuoHaANbHOI KOMIIETEeHIIUN
P KOMIETEHIIMH
KOMIIETEHIHH
Cnocoben IIK-7.1. TTounmaeT npuHIUILl 3HATE. MeToIbI
UCIOIb30BATE 3HAHUE | rocTpOEHUS M OCHOBHBIC pa3paboTKu
InK-7 OCHOBHBIX METOJIOB METOIBI CHCTEM OpUTHHAIbHBIX

ﬁ;ﬁgﬁjﬁ:{iﬁiﬁo MICKYCCTBEHHOTO MHTEIIEKTA K igg‘;g:;“}’;fbi
Hocenyioweil IPUMEHSET UX [ PELICHUS y
HpO(I)CC}(;IP(I)OHaHLHOﬁ 3a/1a4 PO PECCHOHATBLHOM Eiil:;ilf);annw
JIEATETLHOCTH B JEATENLHOCTH; COBpeMEHHBIX
Ka4yeCTBE HAYYHBIX I
COTPY/IHHUKOB,
nperoapareeii K- 7.2. Uccnenyer [Ymern: CTaBHTH
o0pazoBaresbHbIX HANpaBICHUS  NPUMEHEHHs PY/dTH I afarTHpoBath
oprauusanui Beicuiero | “MCTEM HCKYCCTBCHHOTO ﬁ;ﬁ;ﬁ{oﬁo Z%ry?{pelg\fl
0GpazoBans, MHTEILIEKTA IS
HHDKEHEPOB, PasIUYHBIX IPEIMETHBIX
TEXHOJIOTOB. obacreit;

IIK-7.3. BeiOupaer Baaners:

KOMIUIEKCHI METOJIOB U
UHCTPYMEHTAJIBHBIX CPEJICTB
UCKYCCTBEHHOTO MHTEJUICKTA
JUISL PEIICHUS

npodeccuoHaNbHBIX 33724 B

IMOCTaHOBKOM 3azad 110
agarTalyuu Uin
COBCPUICHCTBOBAHUTIO
MCETOZA0B U aJITOPUTMOB
I PCHICHU A




peIMETHOM 00TIacTH.

3aBUCUMOCTH OT OCOOEHHOCTEN [KOMITIeKca 3a1ay

MpeAMETHOR o0nacTu

4. CTpyKTYypa M coiep:KaHHe JMCHUIIIMHBI (MOLYJIsA)

4.1. CTpyKTypa IUCHUNJIMHBI (MOZYJISA)

OO0mmast TpyI0eMKOCTh JUCIUTIINHBI COCTABISACT 2 3a4CTHRIC SIMHUIIBI, 72 Yaca.
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OHTiﬁlKTHaﬂ aMOCTogTeJILHa aTTecTaiun (no
padora s1 paora cemecmpan)
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HMCKYCCTBEHHbIN
WHTEJUIEKT U OCHOBHBIE 10110 8 8
METOAbl MAILTUHHOTO
00ydeHust 17151 paboThI C
~
Cucremsl rIIyOOKOTO 4140 6 7
oOyueHus
OO0yueHue ¢ 44 4 3
MOIKPEIJICHUEM
Bcero 18 | 18 | 18 18
Kypcosas paboma
(npoexm)
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OO0mmas TpyI0eMKOCTh, B [IpoMeKyTOoUHAs
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4.2. ConepxaHue THCHUILINHBI (MOTYJIs)



Nen/n | HauMeHOBaHMe MOAYJIs, COAepKaHHUe Yacsl
1 «BBeAeHNEe B HMCKYCCTBEHHBINI HMHTE/UIEKT U OCHOBHbIE METOAbI
MalIMHHOTO 06GY4YeHHs AJis1 paGoThl C TAGJIMYHBIMU JAHHBIMHU»
JleKuumn 10
1.1-1.5 | [OnmuoHanbHO: MaTeMaTUYECKUN JIuKoe3 1o 3JIEMEHTaM 10
MaTeMaTH4Ye€CKOW CTATUCTUKH, JUHEHHOW anreOpbl U MaTEMaTHYECKOTO
aHajm3a. |
OcHoBHbIE 3a1auu CUCTEM UCKYCCTBEHHOI'O MHTEJJIEKTA.
Knaccudukarnus, Kiactepuzamus, perpeccus. THIBI MAIIHHHOTO
oOyueHus: ¢ yuuTeneM, Oe3 y4uTens, ¢ YaCTUYHBIM IPHUBJIECUECHUEM
yUuTeNs, 00ydeHHUE C MOIKPETIICHUEM.
Kraccudukanus Ha npumepe anropurma K-ommxaiimmx coceneit (KNN)
[OnmmonanbHo: BeEICTpBIN MOMCK  Ommkalmux coceneit.]. MeTtpuku
OllCHKM Kiaccuukanuu: TMojaHOTa, TouHocth, FI, ROC, AUC.
Bamunanmonnas u TtecroBas BbIOOpKa. Kpocc-Banmumanusa. Pabota ¢
KaTeropuaJbHBIMU NMPU3HAKAMHU.
Perpeccus. Merpuku onenku perpeccun: MSE, MAE, R2 -
ko3 urment nerepMmuHauK. JIMHEWHas perpeccus, MOJTMHOMHAIbHAS
perpeccusi. IlepeoOyuenne u perynspusanusi, rpeOHEBas perpeccus,
LASSO, ElasticNet.
Jluneiinpie Monmenu mis kinaccudukanuu. [leprienTpoH, JOrUCTHYECKas
perpeccus, TOJHOCBSI3HBIE  HEHPOHHBIE  CETH, CTOXaCTHYECKHU
TPaJUEHTHBIM CIIycK U 0O0paTHOE pacHpoCTpaHeHHWe TpajueHTa.
Perynspuzanus TuHEeHHBIX MOAENeH Ki1acCuPUKaITUNN.
Knacrepuszanus, k-means, k-means++, DBSCAN, ariomepaTuBHast
KJ1actepusanus. MeTpUKy OLIEHKH KIIACTEPU3ALIHH.
ANTOpUTMBI, OCHOBaHHbIE HAa NPUMEHEHHHM pEHIAIOIIUX JEPEBBEB.
Kpurepuu pazgenenust ysna: mHOOPMAIMOHHBIN BBIMTPHII, KPUTEPHI
Jlxkuan.  AHCaMOnMM  pemIalIMuX  JIEPEBbEB:  CIYYalHBIA  Jiec,
IpaJueHTHBIA OYCTHHT.
Meton onopHbix BekTopoB. [IpsimMas u oOpartHas 3amada. OnpeneneHue
OIIOPHBIX BEKTOPOB. S I€pHBIN TPIOK.
HausHrbrit OailecoBCKHUil KJIaCCU(PUKATOP. MeTtoanl OLIEHKH
pacnpeneneHus npusHakoB. EM-anroputm Ha npumepe cMecu rayCCuaH.
Mertompl Ge3rpagleHTHON ONTHMHU3AIMK: CiydaiHbiid mouck, hillclimb,
OT)KHI, TCHETUYECKUI aJITOPUTM.
JlabopaTopHblie padoThI 8
JIP1.1 | Meronasl paboThl ¢ Tabauniamu B Python. Arperanus u Bu3yainu3arus 2
JaHHbIX. [IpoBeeHre NEPBUYHOIO AHAJIM3A IAHHBIX.
JIP1.2 | Mcnonb30BaHuE ¥ CpaBHEHHUE aITOpUTMOB Kitaccuduraruu: kNN, 2
pelanire AepeBbs U UX aHCaMOIIU, IOTUCTUYECKAsl pEerpeccusi.
JIP1.3 | Hcnonp3oBaHue U OIEHKAa  alropuTMoB  perpeccun.  [logbop 2
ONTUMAaIbHBIX
1apaMeTPOB PErPECCUU
JIP1.4 | OntuMuzaMoHHble 3a7ayu U ux pemieHus. [logbop rumepmnapameTpoB 2
QIrOpUTMa C MOMONIBI0 METOJ0B ONTUMHU3AIUH.
IIpakTuka 10
ITP1.1 | TIporpaMMHO-aJITOPUTMHUYECKOE OCBOEHUE MaTepuasa 10
CamocrosiTesbHasi padora 8
CP1.1 | [IpopaboTka yueOHOro MaTepuaa JEeKIun 2
CP1.2 | [loaroroBka K Ja00paTOpHBIM paboTam 4
CP1.3 | lloaroroBka K py0eKHOMY KOHTPOJIIO 1




CP1.4 | [ipyrue BHJIbI CAMOCTOSATEIBHONW PabOTHI 1
2 Jleknun 4
2.1- | Heiiponnsie cetn. DyHKIMK OMMOKNA HEWPOHHBIX CETEeH 1 00y4YeHUE C 4
2.3 MOMOIIIbIO OOPaTHOTO pachpocTpaHeHus rpaaveHTa. llonsTue 63T4a M
SIOXHU.
Pabora ¢ n300paxeHUAMHU € TMOMOIIBI0 HEHPOHHBIX ceTell. CBepTOYHbIC
Helipornble cetH. Omnepamuu cBepToK, max-pooling. IlomymsipHbie
apXUTEKTYpHI CBEPTOUHBIX HEHpOHHBIX ceTell: AlexNet, VGG, Inception
(GoogLeNet), ResNet. Tpancheproe oOyueHuE.
OO0paboTka TekcTOoB. PaboTra C eCTECTBEHHBIM S3BIKOM C IOMOIIBIO
HEHpPOHHBIX ceTeil. BexTopHble mpeacTaBieHus i Tekcra: word2vec,
skipgram,
CBOW, fasttext. Pexyppentnoie Heliponnsie cetu, LSTM, GRU.
Tpanchopmepsr, BERT, GPT.
JlabopaTopHble padoThbl 6
JIP2.1 | Knaccuduxarms n3o0pakeHuid U TpanchepHoe 00ydeHHeE. 3
JIP2.2 | Pabora ¢ TeKCTaMH U MX BEKTOPHBIMU MPECTABICHUSIMHU TEKCTOB. 3
IIpakTHKa 4
P [IporpaMMHO-aNrOPUTMHUYECKOE OCBOCHHE MaTepraa 4
2.1
CamocrosiTesqibHast padoTa 7
CP2.1 | IIpopaboTka yueOHOr0 MaTepHalia JEKIHM 1
CP2.2 | [TogroroBka K 1ab0paTOpHBIM paboTam 4
CP2.3 | [ToaroroBka K pyoeKHOMY KOHTPOJIIO 1
CP2.4 | JIpyrue BUIBI CAaMOCTOSITEILHON pabOThHI 1
«O0yueHue ¢ NoAKPEIICHUEM»
3 Jleknuu 4
3.1- [TonsiTus arenra, cpenbl, COCTOSIHUS, AEUCTBUM U Harpaibl. OyHKIUS
3.2 neHHoctu cocrosiHusa (Valuefunction) m QyHkmus kadectBa JeHCTBUS
(Qfuntion).
OnTumuzanusi CTpaTerud C TMOMOIIBIO MakcHUMM3aluu  (QyHKIui 4
LIEHHOCTHU U KadyecTBa. Q-o0yueHue.
I'nybokoe o0yuenue ¢ moakpericarneM. Deep Q-Networks, Actor-critic.
Jns ypoBus skcneptHbiii: REINFORCE, A2C, PPO, DDPG.
JlaGopaTopHbie padoThI 4
JIP3.1 | Ilpumenenue Q-Networks nys penieHus: mpoCcThIX OKPYKEHUH. 4
IlpakTuka 4
1P [IporpaMMHO-aNTOPUTMHUECKOE OCBOCHUE MaTepHala 4
3.1
CamocrositenbHas paborta 3
CP3.1 | IIpopaboTka yueOHOTr0 MaTepuasa JeKIui 1
CP3.2 | TloaroroBka K JJabOpaTopHBIM paboTam 1
CP3.3 | IloaroroBka K pyOe:kHOMY KOHTPOJIIO 0,5
CP3.4 | JIpyrue BUJpl CaMOCTOSTENbHOM PabOTHI 0,5

5. O6pa3oBare/ibHbIE TEXHOJIOTHHU

B nmnpomecce mnpenonmaBanus Moayns HCIONB3YIOTCS CIEAYIONIME METOJbI, CpPEACTBa H
0oOHOBIIsIEMOE TIPU HEOOXOMMOCTH MpOoTpaMMHOE obecriedeHrne HHHOPMAIIMOHHBIX TEXHOJIOTHIl:
— e-mail nmpenogaBarerns;



AJIEKTPOHHBIE Y4€OHO-METOANYECKHE MaTepHajbl Ul 0OECIeYeHHs CaMOCTOSTEIBHOW pabOTHI
CTY/IEHTOB;

CIIUCOK CaiiToB B ceTH «MHTepHET» I OMCKA HAYYHO-TEXHHUECKON MH(OpMAILINK 10 pa3aesiaMm
JUCLIUIUTUHBL;

MaKeThl MPUKIIAIHBIX MPOrpamMmm, Harpumep, pytorch.

6. YueOHO-MeTOIHYECKOEe OfeceyeHre CaMOCTOSITeIbHOI PadoThl cTy1eHTOB. OLeHOYHbIe

cpeacrea il TEKYIIETro KOHTPOJIHA yCl'leBaeMOCTH,HPOMe)l(yTO'lHOﬁ aTrreCralu 1o MuMToram
OCBOCHUSA NTUCHMUIIIMHBI.

Jliist obecrieueHus: caMOCTOATENbHON paboThI CTYIEHTOB 10 Moayio chopMUPOBAaH METOIUYECKUI
KOMIIJIEKC, BKJITIOYAIOIIHI

B ce0sl cienyromme yaeOHO-MeTOJMIEeCKIe MaTeprallbl:

1. IIporpamma kypca.

2. YueOHUKHU U yueOHbIe TocoOusl.

3. Criucok azmpecoB caiToB B MHGOPMAIIOHHO-TEIEKOMMYHHUKAIIMOHHOM ceTh «HTepHeT» (manee

— ceThb «VIHTEpHET»), CoJIepKALINX aKTyaJIbHYI0 HH(pOpMaIIo 1o Oiokam Monyis.

bubnuorpaduueckue cChlIKM Ha ydeOHbIE H3/1aHUS, BXOSIINE B METOANYECKHI KOMITJIEKC, IPUBEICHBI B
NepevYHe OCHOBHOMW U JIOTIOTHUTEIBHON yueOHOM IuTepaTypsl, HEOOXOANMOMN A1t OCBOEHUST Moyt
(pazmen 7).

K nononHuTENBHBIM MaTepranaM TakKe OTHOCHTCS NepedeHb pecypcoB ceTu «MHTepHeT»,
PEKOMEHTYEeMBIX JUISl CAMOCTOSATENbHON paboThI mpu ocBoeHnn Moy (paszaen 7). CTyAeHThI MOIydatoT
JIOCTYTI K YKa3aHHBIM MaTepualiaM Ha IIepBOM 3aHATHH 110 Moayiio.

7. Y4eOHO-MeToaHYeCKOe ]| MaTepuaJbHO-TEXHUYECKOoe o0ecreyeHue

AUCUUIJIMHBI(MO1YJIS)

1

2.

o~ N

~

7.1. YueOHas auTeparTypa:

OcHoBHasi TUTEpaTypa N0 MOIYJII0

Maiunnoe o6yuenue. Hayka u HCKyCCTBO IOCTPOEHUS allTOPUTMOB, KOTOPBIE U3BJIEKAIOT
3HaHus u3 nanHbiX. [lerep @nax. JIMK Ilpecc. 2015.

I'my6okoe obyuenue. [Torpyxenne B Mup HelipoHHBIX ceTeil Hukonenko Cepreit ropesuy,
Kanypun A. A. | Hukonenko Cepreit Uropesuy, Kagypun A. A.

O6yuenue ¢ noakperieareM / Catron Puuapna C, bapto Duapro I'., JIMK Ilpecc, 2020.

JlonoTHUTEIbHBIC Y4eOHbIe MAaTepPHAIbI

OCHOBBI UCKYCCTBEHHOI'O MHTEIJIEKTa : yueOHoe nocodue / E.B.boposckas, H. A. JlaBbiioBa. 4-¢
n3a.,91ekTpoH. M.: JlabopaTopus 3Hanui, 2020. 130 c.

HckyccTBeHHBIN HHTEIUIEKT ¢ TipuMepaMu Ha Python. Jixomml Ipatuk. Busbsme. 2019.
[MpukinagHoe MarmHHOE 00ydeHue ¢ momompio Scikit-Learn, Keras u TensorFlow: kowmemniuy,
WHCTPYMEHTBl M TEXHUKHM [UI1 CO3JJaHUs MHTEJUIEKTYaJbHBIX CHCTEM , 2-€ H3JaHue.
KeponOpenben. Inanextuka-Bunbssame. 2020.

Xenpuk bpunk, Jxo3ed Puuapne, Mapk @esepond «Mamuanoe oOydenuey, [lurep 2017.

Kaxk yuurcs mammna: PeBomonust B o6acT HEHPOHHBIX ceTelt U riry0okoro ooydenus. SIH JlekyH.
Anprinaa PRO. 2021.

I'pokxaem rmy6okoe o0ydenue. Duapro Tpack. [Turep. 2019.

O0yuenue ¢ noakperiennem Ha PyTorch. Coopuuk peuentos. FOcu JIro. IMK Ilpecc. 2020.
https://spinningup.openai.com/en/latest/

7.2. UHTEpHET-pecypChl


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

[IpuMepHBIi IepeYeHb PECYPCOB CETH «MHTEPHET», PEKOMEHAYEMBIX IIPH OCBOCHUH MO YIS
1 Open Machine Learning Course (https://mlcourse.ai)
2. Bsenenwue B MammHHOe 00yueHue oT «Bioinformaticlnstitute»
(https://stepik.org/course/4852/promo )
3. Crnenmanu3zanus MammHHoe 00y4eHre U aHAINU3 JaHHBIX OT «MOCKOBCKUHM (PU3UKO-TEXHUYECKUNA
unctuty™» (https://ru.coursera.org/specializations/machine-learning-data-analysis)
4. Tlnardopma s npoBeaeHus copeBHoBanuii mo DataScience( https://www.kaggle.com )

7.3. IIporpammMHoOe obecrnieyeHue:
— Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
— Microsoft Windows server 2003, 2008, 2012, 2016
— Microsoft Office 2007, 2010, 2016
— Awntuupycuoe 10 Kaspersky endpoint security
— CnpaBouHo-nipaBoBas cucreMa “I'apant”

7.4. MartepuajibHO-TeXHH4YecKoe o0ecrievyeHue
Onucanne MaTepualbHO-TEXHUYECKON 0a3bl, HEOOXOAMMON VI N3yUeHUsS MOAYJIsI

[Tepedyenp MaTepuabHO-TEXHUUECKOTO obecnieueHrss Moayrs

Ne n/m {Bup 3ansartuit Bun u HaumeHoBaHue o0opy10BaHUS

1 |JlexuuoHHbIE AyauTopun ¢ MyJbTUMEINHHBIMUA CPEICTBAMH, CPEICTBAMH
3aHATUSA 3BYKOBOCIIPOU3BEJCHUS U UMEIOIINE BBIXOI B ceTh «IHTEpHETY.
[Tomenenus 11 NpoBeIeHNs AyIUTOPHBIX 3aHATHH, 000pYyJOBaHHBIE

2 |JlaGopatopubl |KoMIBIOTEpHBIN KIACC C KOMIUIEKCOM ITPOTPAMMHBIX CPEJICTB,
e paboThI MO3BOJISIONINX KaXJIOMY CTYJIEHTY pa3padaThiBaTh MPOTrpaMMHbIE
pean3alnuy NpakTUYeCKUX 3a7a4 B X0/I€ BBIIOJIHEHUS 1a00paTOPHBIX

nahnm

3 |CamocrositensH |bubnmoreka, nMeronias padbodre MecTa JijIsl CTyJCHTOB. AyIUTOPHH,
ast pabora OCHAIIICHHBIC KOMITBIOTEPAMU C TOCTYIOM K ceTH «HTepHeT»

4 |I[IpaxTuka KommbroTepHbliii KJ1acC ¢ KOMILIEKCOM MTPOrPaMMHBIX CPEICTB,
MO3BOJISIONINX KKJIOMY CTYICHTY pa3padaThIiBaTh IPOrpaMMHbIE
pean3aluy NpakTUYeCKUX 3a7a4 B X0/I€ BBIIOJIHEHUS 1a00paTOPHBIX

nalRnm



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

[Tporpamma oo0peHa Ha 3acenanuu kapeapsl « HDOPMAMOHHBIC CHCTEMBI i TEXHOJIOTHID
[Iporokosn NelO ot «21» wutons 2023 roaa

[Tporpamma ogo0OpeHa YueOHO-METOIUYECKUM COBETOM arpOMHKEHEPHOTO (haKylIbTeTa
[Iporokosn Ne3 o1 «26» utons 2023 roxa

[Tporpamma paccMoTpeHa Ha 3aceJaHud Y 4eOHO-METOIMIECKOTO COBETa YHUBEPCUTETA

[IpoTokom NelO ot «28» uronsa 2023 roga



CBe}IeHHﬂ 0 TIIEPEYTBEPKACHUHN IIpOorpamMmbl Ha oqepe):[HOizi y‘leﬁHbIﬁ rox m
perucrpanuu H3MeHEeHUt

VYyeOHbIil Pemenne BHecennble M3MeHEHUA Iloanucek 3aB.

roj Kadeapel Kadenpoit
(Ne mpotokoia, mara)




®OH/J OHEHOYHbIX CPEACTB JAJISA TIPOBEJEHUSA TEKYIIEI'O KOHTPOJIA
YCHEBAEMOCTH ¥ TIPOMEXYTOUYHOM ATTECTAIIMHA OBYYAIOIUXCSI
IO MOAYJIIO «CUCTEMBI HICKYCCTBEHHOI'O UHTEJIVIEKTA»



OHI/ICAHI/IEUHOKA3ATEJIEI7'I N KPUTEPUEB OHEHUBAHUA
KOMIIETEHIIUU HA PA3JIMYHBIX 3TAITAX UX ®OPMUPOBAHUAA,
OIIMCAHME HIKAJI ONEHUBAHUA

®ona oneHouHbIX cpeAcTB (POC) nmpeaycMaTpuBaeT CaeAyIoIIee:

— ONKUCaHUE KOMILJIEKCa MoKa3aTeseil — JECKPUIITOPOB OCBOCHUSI KOMIIETEHIIMI B BUJIE
pe3yabTaTOB 00YUEHUs, KOTOPBIE CTYIEHT MOXKET MPOIEMOHCTPUPOBATH (

— (tabmuua 1). 111 KOHTPOJISL TOCTHKEHUS KAXI0TO U3 HUX IPETyCMOTPEHbI OLIEHOUHBIE
CpezAcTBa B BUE BOIPOCOB, 3aJaHUN U T.1.;

— o00o3Ha4YeHHE KPUTEePHEB — MPABWII IPUHATHS PEIICHHUS MO OIICHKE JOCTHTHYTHIX
pe3yabpTaToB 00ydeHHs 1 C(HOPMUPOBAHHOCTH KOMITETCHIIUH.

Hanpumep, B kaduecTBe mikaibl orieHnBanus npuanMaetcs 100-0anpHas crcrema ¢ BhIIEIEHUEM

(Tpanarueit) OlEHOK:

PeiiTunr OneHka Ha 3a4eTe
85-100
71-84 3aueTr
60-70
0-59 Hesauer

THUITOBbLIE KOHTPOJIbHBIE 3AJAHWA WJIA UHBIE MATEPHAJIbBI,
HEOBXOJIMMBIE JIJIS1 OHEHKHU 3HAHUU, YMEHUU U (MJIN) OIIBITA
AEATEJIBHOCTHU, XAPAKTEPU3YIOHIUE DTAIIBI ®OPMUPOBAHUSA

BrinyckHUK,

KOMIIETEHIIUM B ITPOILIECCE OCBOEHMSI OFPA3OBATEJBLHOM

ITPOI'PAMMBI

OCBOMBIIIMKA 0Opa3oBaTeIbHYI0  IpOrpamMMmy, JOJDKEH 00JaaaTh

HpO(beCCI/IOHaJ'II)HI)IMI/I KOMIIETCHOUAMU 110 TEMAaTHYCCKUM MOJYJISAM IPOrpaMMbl:

Kon HaumenoBanue PesynbTaThl 00yueHus
TEMaTH4ECKOTO
MOIYJIS
Beenenue B 3HaHuA:
HCKYCCTBEHHBIN — TEeOpeTUYeCKHEe OCHOBBI aHAIM3a JAHHBIX U MAIIMHHOTO
WHTEJIEKT U oOyueHus;

OCHOBHBIE METOIbI
MaIlIMHHOTO O0YUeHUS
JUTsl pabOTHI C
TaOJIMYHBEIMHU
JTAHHBIMH

— cnenuduka paboThl AITOPUTMOB MAIIMHHOTO O0Y4EHUSI.

YMenus:

- NPUMEHEHHE METOJI0B MAIIMHHOTO 00Yy4eHUs1, TOArOTOBKa
JTAHHBIX U UHTEPIPETAIs Pe3yabTaTOB.

HaBbiku (onbIT AeSITEJIbHOCTH):

- MHTEpeCcyeTCs HOBBIMU TPEHIAMH B CBOEH
npodeccnoHanpHOM 0Tpaciy, paccMaTPUBAET X C TOUKH
3pEHHUsI IPUMEHEHUS B CBOEH I€ATEIbHOCTH;

- OLICHUBAET MPUMEHUMOCTh AITOPUTMOB,
BO3MOYKHBIEPUCKHU U TOCIIEACTBHUS OITHOOK, HAXOAUT
ONTUMANIbHBIEpPEIICHNUS U pabounx 3a1a4




CrcremblI TTy0OKOrO
oOyueHus

3HAHUA:

NPUHLUIBI 00y4YEeHUs U IPUMEHEHHSI HEHPOHHBIX CETEH.
APXUTEKTYpPHI TITYOOKUX HEMPOHHBIX CETEH, MPUMEHAEMBIX
B PELICHUH MPAKTUYECKUX 3a1a4

CBSI3aHHBIX C aHAIM30M W300PaKEHUI U TEKCTOB;

YMmenus:

HACTPOWKa HEOOXOIMMOTO OKPYXEHHS JUIs1 pabOTHI €
HEHPOHHBIMH CETSIMM.

IpUMEHEHHE U I000ydeHHenpe100ydeHHBIX
HEHPOHHBIX CETel U3 JOCTYIMHBIX OMOINOTEK

HaBbiku (ONBIT AeSITEJIbHOCTH):

BJIAJICET HABBIKOM IIPOBE/ICHHUS ITOJHOTO [IUKJIIA
BBIYMCIIMTEIIBHOTO SKCIIEPUMEHTA, OTPAXKEHUS X014
BBIITOJIHEHMS IIPOEKTA U MOJYyYEHUS PE3YIIBTATOB B
OTYETaX U JOKYMEHTAINH;

BJIa/ICET HABBIKOM HCITIOJIB30BAHHUSI CYILIECTBYOLINX
MPOTrpaMMHBIX OUOJIMOTEK U MOJIENeH, CO3IaHus
MIPOrPaMMHBIX peau3aluii rIyOOKUX HEHPOHHBIX CeTel

OO6yuenue ¢
MOAKPCITICHUEM

3HAHUA:

TEOPETHYECKUE OCHOBHI M AJITOPUTMBI OOYIECHHS C
MO IKPETIICHUEM;

IpUMEHEHHE O0YyUYEHUS C MOJKPETNIEHUEM IS
MPAKTHYECKUX 3a/1a4.

YMenus:

BBIOOD W peas3alius arOpUTMOB 00yUEHUS C
MOJIKPETIJICHHEM C YUETOM CenU(DUKA 3a0a49H
aJlanTanys U HaCTPOHKa aJlTOPUTMOB OOYUICHHUS C
TIOJIKPETICHUEM T10]T OTIPEICIICHHYIO CPEeLy.

HaBbiku (onbIT AesSITEJIbHOCTH):

MHTEPECyeTCss HOBBIMU TPEHJIaMU B CBOECH
npodeccnoHanbHOM 0Tpaciy, paccMaTPpUBAET UX C TOUKH
3peHusi MPUMEHEHUS B CBOCH JeSITeIbHOCTH;

BJIa/Ie€T HABBIKOM HCII0JIb30BAHUS CYLIECTBYIOIIUX
IPOrpaMMHBIX OMOIHOTEK U MOJIEJIeH, CO3aaHus
MPOrpaMMHBIX peajn3aluii Ha OCHOBE aJrOpPUTMOB
00yueHusl ¢ OJKPETIEHUEM

CpencTBa 1Uis OLIGHKU Pa3IMYHBIX YpOBHEH (HOPMUPOBAHHS KOMIIETEHIIUN [0 KATETOPUSIM
«BHATB», «YMEThY», «BIAACTH» OOECIEUMBAIOT PEATH3AIUI0 OCHOBHBIX MPHUHIIUIIOB KOHTPOJIS,

TaKHX KakK 00BEKTHBHOCTD

MCKIUCHUIIIINHAPHOCTD.

u HC3aBHCUMOCTD, MMPAKTUKO-OPUCHTUPOBAHHOCTD,

C y4eToM 3TOro KOHTPOJIbHBIE BOMPOCH! (3amaHus, 3amauu), Bxomsamue B POC, mns
Pa3IMYHBIX KAaTETOPUI U YPOBHEN OCBOCHUSI KOMIETEHIIUN MOTYT UMETh CJIEIYIOIIUI BU/I.

3HATDH
IIpumepsnr:

=

Tunel 3aga4 MalIiHHOTO 06y‘-ICHI/IH 1 KJIACChI AJITOPUTMOB, K HUM IPUMCHACMBIC.

2. OcHOBHBIE HaIIpaBJICHU pa3BUTUS HCCIeIOBaHUN B 00J1aCTH CUCTEM HCKYCCTBCHHOT'O

MHTCIIJIICKTA.

3. TeOpeTI/IquKI/Ie OCHOBBI AJITOPUTMOB MAITUHHOT'O 06y‘-ICHI/I}I.




YMETD Ilpumepsr:
[ToAroTOBUTH NaHHBIE K HCIIOJIB30BAHUIO aJITOPUTMA MAIIUHHOTO O0y4eHUsI.
OneHuBaTh KaueCTBO PELLIEHUN CUCTEM MAIIMHHOIO 00Y4EHUS.
3. AzmanTHpoBaTh aNTOPUTMBI MAIIMHHOTO OOYYEHUS K PEIICHHUIO TPAKTUIECKUX 3a/1a4.
BJIAJIETD Ilpumepsr:
Mertononorus pa3paboTKH peleHui MallnHHOTO O0yYeHHUS.
[Ipumepbl NpakTHYECKOTO PUMEHEHHS APXUTEKTYP UCKYCCTBEHHOTO MHTEJIEKTA.
3. Meroapl OHJIalH TECTUPOBAHUS PEUICHUH MATHHHOTO OOyUEHHS.

N

N

METOAAYECKHE MATEPUAJIbL, ONPEAEJIAIOIMUE ITPOIELYPbI
OINEHUBAHUSA 3HAHUU, YMEHUU U (UJIN) OIIBITA JEATEJIBHOCTUH,
XAPAKTEPU3YIOIIUE 3TAITbI ®OPMUPOBAHUS KOMIETEHIIAIA

[Ipumepbl (MakeTbl) METOIMYECKUX MaTEpUAIOB, OMPEICINSIONIUX IPOLETypbl OLICHUBAHUS
3HAHWUN, yMEHUH U (UJIN) OTIBITA AEATEILHOCTH

HaumeHnoBanue Kparkas xapakrepucruka IIpeacraBiienue
OLIEHOYHOI'0 OLIEHOYHOI'0 CpeacTBa OLICHOYHOI'0 CpeJACTBa
cpeacTsa B oHne
Texymuit KOHTPOJIb CpencrBo mpoBEpKH OCBOCHUS KommnexTs! OmiieTos
yCIIeBaeMOCTH YPOBHEH «3HATHY, KYMETHY (3amanHuii)

KommnuiekT 0u1eToB (MpuMepHbIii)
buner 1.
11 baiiecoBckuii knaccupukarop. Onenka npusHakos (Gaussian, Bernoulli,
Multinomial). EM airopurm.
1.2 Knnacrepusarus. KMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
2.1 Aucam6iu. Soft and Hard Voting. Bagging. Ciyuaiinsiii jiec.
2.2 Metpuyeckuii kaaccudukaTopsr. KNN. WKNN.

buner 3.

3.1 JIuneiinas perpeccus. LASSO, LARS. CART.

3.2 JlepeBbs pemeHuil. HGopManoHHbBIN BEIMTphIIL. Onmmoka KiiaccuGukauu,
sHTponus, kpurepui /[xunu. [IpyHuHr.

buner 4.

4.1 TnoGanpuelii nouck. Ciydvaitnpiii mouck. Gridsearch. CoyuaiiHoe
Onyxnanue.baliecoBckast onTUMHU3AIINSL.

4.2 Jluneitnas perpeccus. [lomuHoMuanbHas perpeccusi. [ peGHeBast perpeccusi.

buner 5.
5.1 AdaBoost. I'paaneHTHBIN OYCTHHT PEIIAIOIIHNX ACPEBbEB.
5.2 Knacrepusanus. AgglomerativeClustering. Metpuku KiacTepu3anim.

buner 6.

6.1 Ouenka knaccudukanyn. IpdexkruBHoCcTh N0 [Tapero. Precision-Recall u ROC kpussie.

AUC.

6.2 Heliponnbie cetu. [lepuentponPosenOmarra. OOpaTHOe pacnpocTpaHEHHE TI'pajveHTA.
@dynkuuym aktuBaimu. Softmax.

buner 7.



7.1 Jloxanpubiii mouck. HillClimb u ero pasnoBugnoctn. Omkur. ['eHeTHUECKHiA
AJITOPHUTM.
7.2 MeTo1 ONOPHBIX BEKTOPOB. Spa.

Ilepeuens J1adopaTOpHBIX padoT (MPUMeEPHbI)

O0mme pexoMeHAaUMH K J1a00pPaTOPHBIM padoTaM: JUIsl pa3HbIX YPOBHEH MOATOTOBKU
CTYACHTOB MOJXHO HCIIOJIB30BAaTh PA3HYIO FJIY61/IHy pcairsanun pCuiCHMUA. TaK, AJid CTYACHTOB
HETCXHUYCCKUX CHCHI/IaJII)HOCTefI 3aIaHUC MOXKCT 3aKJIIOYAaThCA B IPUMCHCHHWH I'OTOBBIX METO/ZI0B
13 OMOJIMOTEK WIIH 3aIl0IHEHUEM IIPOITYCKOB B IIporpaMmax, riac 0oJIbIIas YacTh IIOArOTOBJICHA
npenogasaTeneM. s CTyIeHTOB TEXHUYECKUX CIICIIMAIBHOCTEH 3aJaHue OyIeT 3aKII0uaThes B
peanu3aiiy aTropuTMOB 0€3 UCTIOIB30BaHUS TOTOBBIX PEIICHHIH.

JIP1.1 Metoasl paboTthl ¢ Tabmuiamu B Python. Arperamnus ¥ BH3yaiM3alusl JTaHHBIX.
[IpoBenenne nepBUYHOIO aHAIN3a JaHHBIX.

Llenmu: u3yueHne MeToI0B paboThI ¢ AJaHHBIME B Python u mpoBeneHne NepBUYHOTO aHAIN3a
JTAHHBIX.

3amanue: 3arpy3ure jgataceT B pandasmatadpeiiM. BbiBequTe OCHOBHBIE MHapameTpsbl
naracera. Onpenenure, CKOJIbKO B JaTaceTe CIy4yaeB OTCYTCTBHA MpU3HAKOB. Onpenenure, CKOJIbKO
MIPU3HAKOB SIBJISIOTCS KaTeropuaibHbIMU. Busyanusupyiite pacipenenenre Npu3HaKkoB MO KJIaccaM.
Buzyannsupyiite 3aBUCHMOCTb MEXY ITPU3HAKAMHU.

JIP1.2 Wcmonp3oBaHue u CpaBHeHHe anroputMmoB kKiaccubukammu: KNN, pemmarorme
JIEPEBBS U UX aHCAMOJIH, JJOTUCTUYECKAST PETPECCHUs.

[enu: mpuMeHeHHEe U OIIEHKA aJITOPUTMOB KJIacCHU(UKAITIH.

3amanue:

Pazgenure natacer Ha oOydJaronIuii ¥ BaTUJAIIMOHHBIA C COXpAaHEHHUEM MPOTIOPIIUNA KJIaCCOB.
Knaccugunupyiite Touku u3 garacera ¢ momoinbio arroputMoB KNN, moructudeckoit perpeccum,
CART, cnyuaitnoro mneca, CatBoost. IlogGepure mydinue mapaMmeTpbl JITOPUTMOB CIOMOIIBIO
BAIMJAIIMOHHON  BBIOOpPKK. CpaBHHUTE BpeMsi pabdOTBhl QJITOPUTMOB M 3aBUCUMOCTH OT
npeaoOpaboOTKH TaHHBIX.

JIP1.3 Hcnonb3oBaHHME W OIlEHKa airopuTMoB perpeccuu. Ilogbop onTUMalbHBIX
MapaMeTpoB PErpeccuu.

Lenu: u3ydyeHue aropuTMOB PErPECCUHL.

3ananue:

[IpumennTe MeTO 1 TMHEWHOM perpeccuu i perieHus 3a1a4u Ha natacere. J[o6aBbTe B
JaTaceT MOJIMHOMHAJIbHBIE MTpU3HaKku. J{00aBsliTe MpU3HAKY MTOKa HE YBUAUTE Iepeo0ydeHre Ha
Banuaanmonnomaaracere. [Ipumenute rpedueByro perpeccuto u LASSO, utoObl n30aBUTHCS OT
nepeooydyeHus.

JIP1.4 Ontumu3anyoHHbIe 337auu U UX penieHus. [lonbop rumeprnapaMeTpoB alropuTMa ¢
ITOMOIIIBI0 METOI0B ONTHMHU3ALIMH

[enu: nzydeHne airOPUTMOB PEIICHUST ONTHMU3AIMOHHBIX 3a/1a4.

3aganue:

1. OnTUMU3UpYITE ATMHY MapIIpyTa B 3ajade KOMUBOsDKEpa ¢ MOMOIIbI0 anroputmoB hill-

climb, omkura u reneTnyeckoro anroputMa. BeIBEIUTE MOJYYUBIIUNACS ITYyTh U €T0 JUIUHY.

2. OnTuMH3MpYHTE TUIepIapaMeTpbl alropuTMa MAaIIMHHOTO O0OydeHHsl (Ha BBIOOp) ¢

MOMOIIIBI0 CITyY4alHOTO TIOMCKa, TOoucKka mo pemierke, amropurMa hillclimb, renermueckoro
aJITOPUTMA.

JIP2.1 Knaccuduxarnms nso0pakeHuit 1 TpanchepHoe 00ydeHue.
Lenu: nzyyeHne METOJI0B TITyOOKOT0 00ydeHus sl paboThl C H300paKEHUSMH.



3ananue:

3arpy3uTe JaTaceT M CO3JaiTe WUTEpaTop Il MOJENH TIyOOKOro oOydeHus. 3arpysure
npenoOyuyennyro Ha ImageNetcseprounyio ceth (AlexNet, VGG nnu ResNet) u go6asbre k back-
bonenosmHOCBsA3HBIN cioil i 00y4eHus. OOyunTe HEHPOHHYIO CETh Ha, BU3yalIM3UPOBAB IpauK
GyHKIMU MOTeph Ha OOyuaromeld W BaluJallMOHHOUN BhIOOpKe. Peanunsyiite MOIylb MpUMEHEHHUS
HEHPOHHOM CeTH K IaHHBIM, IPOBEPHTE Ka4eCTBO 00YUEHHUsI Ha TECTOBOI BHIOOPKE.

JIP2.2 PaboTa c TEeKCTaMH U UX BEKTOPHBIMH MPEACTABICHUSMH.
enu: nzydyeHre Moeieid BEKTOPHOTO IPEACTABICHUS TEKCTOB.
3anaHue:
Ckayaiite npenoOy4eHHbIe BeKTOpa st cioBaps. C moMonibo 11000ro Kiaccudukaropa
marmaHoro ooyuerus (KNN, SVM, CatBoost) kinaccuduuupyiite TEKCTBI U3 gaTaceTa rmo cymme
BekTOpoB cioB. Kitaccugumupyiite Teketsl ¢ momoimisio LSTM cetw.

JIP3. 1 IIpumenenue Q-Networks st pemieHuns mpocThiX OKPYKESHUIH.

Lenm: n3yveHne mpuMeHeHUsI 00y4IeHUs ¢ TTOIKPETUICHUEM JUISl PEIICHUH 3a1a4 KOHTPOJISL.
3ananue:

OOyuunTe MPOCTYIO MOJHOCBA3HYI0Q-ceTh TSt pemeHust okpykenust LunarLander.

[Ipouenypsl olieHHBaHMSI 3HAHWUM, YMEHMH, (GOPMBI W OpraHu3alus TEKYIIEro KOHTPOJIS
YCIIEBAEMOCTH U MPOMEKYTOUHON aTTECTAIIMN O0YIAFOIIIXCS

Texymuii KOHTPOJIb YCIIEBAEMOCTH W MPOMEXKYTOUHAs aTTECTAIlUsl CTYACHTOB BEIETCS B
cooTBeTCTBUU ¢ [l070KEHNEM O TEKYIeM KOHTPOJIE YCIIEBAEMOCTH U MPOMEKYTOYHOU aTTeCTaIlN
o0pa3oBaTeNbHOM OpraHu3aluu

Texkymmii KOHTPOJIb yCIIeBAEMOCTH

Monyns nenurtcs Ha aBa Onoka. Kaxapiii 070K BKIIIOYaeT B ce0s M3Y4YCHHE 3aKOHUEHHOTO
pazzgena, yactu Momynsi.

Texymuii KOHTPOJIb IO MO0 OCYIIECTBIIICTCS O KaJleHIApHOMY y4eOHOMY rpaduky.
Cpoxu KoHTposbHBIX Mepornpusastuii (KM) ®m cpoku moaBeneHuss HUTOTOB 1o  Momyiio
oToOpaxatoTcsi B paboumx ydeOHBIX MmiIaHax Ha ceMecTp. CTyAeHT AODKEH BBIIIOJHUTH BCE
KOHTPOJIbHBIE MEpONPUATHS, NPEAYCMOTpPEHHbIE MoOJylneM K YyKa3aHHOMY CpPOKY, IOCJE 4YEro
MIpernoaBaTelib MPOCTaBisieT OaibHbIE OLIEHKH, HAaOpaHHbIE CTYIEHTOM IO pe3yJbTaTaM TEKYILEro
KOHTPOJISI yCIIeBaeMOCTH 1o Moyito.

KoHTponbHOE MEpONpUITHE CUMUTAETCS BBIIOJIHEHHBIM, €CJIM 33 HEro CTYIEHT IOIYy4HII
OLICHKY B Oa/ylax HEe HW)X€ MHUHUMAJIbHON OILIEHKH, YCTaHOBJIEHHOM NHpOrpaMMoOil MOJIyis 1o
JAHHOMY MEPOIPUSTHUIO.

CryneHTsl, He CAABIIME KOHTPOJIbHOE MEPOIPUATHE B YCTAHOBJIECHHBIN CPOK, IPOJOJIKAIOT
paboTaTh HaJl HUM B COOTBETCTBHE C MOPSAIKOM, IPUHATHIM 00pa30BaTeNbHOM OpraHu3anuei.

IIpomeskyTOoYHas1 aTTECTALMSA

DopmMOil MPOMEKYTOUHOU arTecTaluu 1o MoayIIro ABIIETCS 3a4erT.

OuenuBanue Monyns Begercss B cooTBeTcTBUM ¢ llonokeHMeM O TeKylleM KOHTpOJie
yCIIEBAEMOCTH M MPOMEKYTOUHON aTTECTAIlMU CTYIEHTOB 00pa30BaTeIbHON OpraHU3aIUu.

Hanpumep, MeToaMKa OLEHKH 110 PEHTHHTY

CryneHT, BEINOTHUBIINA BCE MPEAYCMOTPEHHBIE YUeOHBIM MJIAHOM 3a/IaHUS U CIAaBIIHMNA BCE
KOHTPOJIbHBIE MEPOIIPUATHS, MOJIy4aeT UTOTOBYIO OLIEHKY 10 Mo1ylto 3a ceMecTp B COOTBETCTBUU
CO CJIEYIOIIEH LIKAJIOU:

PeiiTunr Onenka Ha 3a4yeTe
85-100
71-84 3aueT
60-70
0-59 Hezauer




Pefitunr crynenta mo Mo tymmio 3a ceMecTp oIpeaenseTcs Kak cyMMa 0ajuioB, MOJyYSHHBIX UM 32
Bce Osioku Moyis, 1 6aiIoB 3a IPOMEKYTOUHYIO aTTeCTalNi0. MaKCUMalbHOE KOJIHYECTBO
6atoB 32 Monysnb B ceMecTpe yctaHaBiuBaercsi paBHbIM 100



