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OHI/ICAHI/IEvHOKA3ATEJIEﬂ N KPUTEPUEB OLIEHUBAHUA
KOMIIETEHIIUU HA PA3JIMYHBIX OTAITAX UX ®OPMUPOBAHUAA,
OINUCAHHME HIKAJI OHEHUBAHUA

®onn oneHouHbBIX cpeacTB (POC) nmpeaycMaTpuBaeT cleayroliee:

— OIHMCaHue KOMIUIEKCA MoKa3aTeeil — JECKPUITOPOB OCBOEHUSI KOMIIETEHIIUM B BUJIE
pE3yJIbTaTOB 00yUYCHHUsI, KOTOPBIC CTYACHT MOXET IPOJICMOHCTPUPOBATH (

— (tabmuua 1). J{ns KOHTPOJIA JOCTUKEHHS KaXKI0TO U3 HUX IPETyCMOTPEHBI OLIEHOYHBIE
CpeICTBa B BUJI€ BOIIPOCOB, 3a/1aHUM U T.11.;

— 0003HaUYeHUE KPUTEPHeEB — MIPABIJI IPUHATHS PELICHUS MO OLIEHKE JOCTUTHYTHIX
pe3yabTaToB 00ydeHus: 1 ¢HOPMUPOBAHHOCTH KOMITETEHITHA.

Hanpumep, B kauecTBe mikaibl olleHuBaHus npuHumaercs 100-0anbpHast cucteMa ¢ BblJelIeHHEM

(rpagarueit) OLIEHOK:

PeiiTuHr Onenka Ha
3ayere
85-100
71-84 3aueTr
60-70
0-59 Hesauer

TUIOBBIE KOHTPOJILHBIE 3ATAHMSI NJIA UHBIE MATEPHAJIBI,
HEOBXOJMMBIE J1J151 OHEHKW 3HAHW, YMEHW 1 (MJTA) OTIBITA
JNESITEJILHOCTH, XAPAKTEPU3YIOIIUE DTAIBI ®OPMUPOBAHUS
KOMIETEHLUH B TPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI
MMPOTPAMMBI

BeimyckHMK, oOcBOMBIIMIT 00pa3oBaTeNbHYIO IpOrpamMmy, JOJDKEH o0Jjagarh
npodeccnoHaTbHBIMU KOMIIETEHIIUSMU 10 TEMAaTHUECKUM MOJYJISIM ITPOTPAMMBI:

Kon HanmenoBanue Pe3ynbrarel 00yueHus
TEMAaTHUYECKOTO
MOAYJIS




BBenenue B
HCKYCCTBEHHBII
WHTEJUIEKT U
OCHOBHBIE METO/IbI

3HaHunA:

— TEOpEeTHUUYECKHE OCHOBBI aHAJIM3a JAHHBIX U MAIIHHOTO
00y4eHUS;

— crenuduka paboThl AITOPUTMOB MALTMHHOTO O0YYEHHSI.

MAITIMHHOTO O0YUCHHS VMeHHs:

UL pa6OTH C - [OPUMCHCHHE METOJ0B MAILIMHHOTI'O 06yquI/1;1, IMOJIOTOBKA
TaOJIMYHBIMU JAHHBIX U UHTEPIIPETALUA PE3YILTATOB.

JaHHBIMU HaBbiku (ONbIT AeSITEJIbHOCTH):

- HHTEpPECyeTCs HOBBIMU TPEHJIaMH B CBOEH
po(hecCHOHATLHOM OTPACIH, PACCMATPUBAET UX C TOYKU
3peHUs IPUMEHEHHUS B CBOEH JIESITEIbHOCTH;

- OLICHUBACT IPUMEHUMOCTb aJIrOPUTMOB,
BO3MOXKHBICPUCKH U TTOCIIEACTBHSI OMIMOOK, HAXOIUT
ONTUMAabHBICPEIICHUS I padounx 3a1a4

CucreMsl 1iTyOOKOro 3Hanun:
00y4eHus - TIPUHIMIBI O0yYEHUS U IPUMEHEHUS] HEHPOHHBIX CETEH.

- apXHUTEKTYpPbI INIYOOKHX HEHPOHHBIX CETEH, MPUMEHIEMBIX
B PELLIEHUH NPAKTUYECKUX 3a/1a4
CBSI3aHHBIX C aHAIM30M M300paXKEHHI U TEKCTOB;

Ymenus:

- HacTpolKa HE0OXOJMMOTI0 OKpPYKEHUs AJis paboThl €
HEHPOHHBIMU CETSIMHU.

- NpUMEHEHHE U J000Yy4YEeHHENPe100yIEHHbBIX
HEHPOHHBIX ceTel U3 TOCTYMHBIX OMOIMOTEK

HaBbiku (ONBIT AeSITEJILHOCTH):

- BJIAJICET HABBIKOM MPOBEACHHUS ITOJIHOTO LUK
BBIUHCIUTEIBHOTO 3KCIIEPUMEHTA, OTPAKEHUS XOAa
BBITIOJIHEHUS IIPOEKTA U MTOJIyYEHUS PE3YJIbTaTOB B
oTyeTax U JOKyMEHTAlHH;

- BJIJICET HAaBBIKOM HCIIOJIb30BAHNUS CYILECTBYIOLINX
MIPOrpaMMHBIX OMOIHOTEK B MOJIENEH, CO3TaHms
IPOTPaMMHBIX pealn3aluil IITyOOKUX HEHPOHHBIX ceTei




OOGyueHue ¢
MNOAKPCIVICHUEM

3HaHud:

TEOPETUICCKHUE OCHOBBI M aJITOPUTMBIL O6y‘IeHI/IH C
MOAKPCIIJIICHUEM

IMPUMCHCHHC O6y‘IeHI/IH C IMOAKPCIICHUEM IJIA
MMPAKTUYCCKUX 3aaad.

YMmenus:

BBIOOp U pean3aliysi aIrOpuTMOB O0YUYEHUS C
HOJKPEIJICHUEM C YyUeTOM CHeln(UKHU 3a1aun
aJIanTanys U HacTPOoiiKa aaropuTMOB O0yUEHHS C
MOJKPEIICHUEM IO ONIPEACICHHYIO CPELy.

HaBbiku (ONbIT AeSITEJIbHOCTH):

MHTEPECYeTCs HOBBIMU TPEHJIaMU B CBOEH
npodeCCHOHATIBHON OTPACIIU, PACCMATPUBAET UX C TOUKH
3peHUs MPUMEHEHUS B CBOCH IS TEIILHOCTH;

BJIAJICET HABBIKOM MCIIOJIb30BAHUS CYIIECTBYIOIINX
MPOrPaMMHBIX OHOIMOTEK U MOJIENE, CO3IaHUS
MPOrpaMMHBIX pean3aluii Ha OCHOBE aJITOPUTMOB
00y4eHUs ¢ OJKPEIICHUEM

Cpe,I[CTBa AJIs1 OOCHKH PA3JIMYHBIX ypOBHeﬁ (bOpMHpOBaHI/IH KOMHeTeHI_II/Iﬁ I10 KaTCropuiam
«3HAaTb», «YMCTb», «BJIAACTbH» o0ecrneuyuBaioT pain3anio OCHOBHBLIX IHPHWHIHWIIOB KOHTPOJIA,
TaKHuX Kak 00BEKTUBHOCTD n HC3aBUCUMOCTD, IMPAKTUKO-OPUCHTUPOBAHHOCTD,
MCKIAUCHUIIIIMHAPHOCTD.

C yderoMm 3TOro KOHTPOJIbHBIE BOMPOCH (3amanus, 3anayu), Bxojasmme B POC, mis

PAa3JIMIHBIX KATCT! OprI n ypOBHeﬁ OCBOCHHS KOMIETECHIINI MOT'YT UMCTb CJ'ICI[YIOH_II/II\/’I BU/I.

3HATD
IIpumepsr:

=

Tumsr 3aJa4 MalllUHHOI'O O6y‘~I€HI/I$[ " KJIAaCChl AJITOPUTMOB, K HUM ITPUMCHSACMBIC.

2. OcHOBHBIE HANPABJICHUS PA3BUTHS UCCIIEIOBAHUN B O0OJIACTH CUCTEM UCKYCCTBEHHOTO

HWHTCIIJIICKTA.

3. Teopernyeckre OCHOBBI AITOPUTMOB MATHHHOTO OOY4EHUSI.




YMETD Ilpumepsbi:
[ToaroToBUTH NaHHBIE K UCIOIB30BAHUIO AITOPUTMA MALIMHHOTO O0yUEHHSL.
OneHnBaTh Ka4E€CTBO PELIEHUH CHCTEM MALIMHHOIO 00Y4YEHH.
3. ApantupoBaTh aJTOPUTMbI MAIIMHHOTO OOYUEHHSI K PEIICHHUIO MPAKTHYECKUX 3a/1a4.

BJAJETD Ilpumepsbi:

1 Merononorus pa3paboTKH peLIeHUH MAIIMHHOIO 00y4EHUsl.
ITprMeprl MPaKTUYECKOTO MPUMEHEHHSI ADXUTEKTYpP UCKYCCTBEHHOTO MHTEIUIEKTA.
3. Mertoapl OHJIalH TECTHPOBAHUS PEIICHUH MAITHHHOTO 00YyUeHHUSI.

N =

N

METOAUYECKHE MATEPUAJIbL, ONPEAEJAIOIIHUE ITPOLHELYPbI
OLNEHUBAHWA 3HAHUHW, YMEHUHA U (WIH) OIIBITA JEATEJIBHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIbBI ®OPMHUPOBAHUSA KOMIIETEHIITUA

[Tpumeps! (MakeThl) METOMYECKUX MAaTEPUAIIOB, ONPEAEIIAIOIIUX IPOLIETyPhl OLICHUBAHUS
3HaHWUW, yMEHUH U (MJIM) OIBITA AEATEIbHOCTU

HaumenoBanue Kparkas xapakrepucTuka IIpeacraBaenue
OLICHOYHOI0 OLICHOYHOI'0 CPeACTBA OLICHOYHOI0 CPe/ICTBA
cpeacTrsa B doHge
Texymuii KOHTPOJIb CpencTBo NpoBEpKH OCBOEHUS KomruiexTs! 6unieros
yCIIEBAEMOCTH YPOBHEU «3HATHY, «YMETh) (3amanuii)

KommiekT OuseroB (mpuMepHbIi)
buner 1.
baiiecoBckuit knaccudukatop. Onenka npusznakos (Gaussian, Bernoulli,
Multinomial). EM anropurm.
Knacrepusanus. KMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
Amncam6u. Soft and Hard Voting. Bagging. Ciyuaiinsiii jec.
Mertpuueckuii knaccugpukaropsl. KNN. WKNN.

buner 3.
Jluneitnas perpeccus. LASSO, LARS. CART.
JepeBbs pemenuii. Unpopmannonsslil Berpsim. Omubdka kiiaccudukanuy,
sHTponus, kpurepuid /[xunu. [IpyHuHr.

buner 4.
I'noGanehnelii nouck. Ciyuaitnsiit mouck. Gridsearch. Ciyuaiinoe
omyxnanue.baliecoBckasi onTUMU3AIIHSL.
Jluneiinas perpeccus. [lonmmHoMuanbHas perpeccusi. ' peOHeBast perpeccusi.

buner 5.
AdaBoost. 'pagrieHTHBII OYCTUHT pelIaroiuX JIePEBbEB.
Knacrepuzanus. AgglomerativeClustering. MeTpuku Kiactepusaluu.

busner 6.

6.1. Onenka knaccudukanuu. DddexruBrocts mo [apeto. Precision-Recall 1 ROC kpuBsie.

AUC.

6.2 Heiiponnsie cetu. [lepuentponPozenbnarra. OOpaTHOE paclipocTpaHEHHE TPAIUCHTA.
OyHKIMK akTHBaIuH. Softmax.

buner 7.



Jlokaneubiii mouck. HillClimb wu ero pasnHoBumnoctn. Omxur. ['eHeTHmyeckuii
QITOPUTM.
Metox onopHBIX BEKTOPOB. S pa.

Ilepeuens J1a6opaTOpHBIX padoT (MPpUMepPHBbI)

O01mme pekoMeHIAUM K JIa00PaATOPHBIM PadoTaM: /U pa3HbIX YPOBHEU MOATOTOBKHU
CTYJEHTOB MO>KHO MCIOJIb30BaTh Pa3HYyIo INyOUHy peanu3alnuu pemenus. Tak, Uil CTyI€HTOB
HETEXHUYECKUX CIIEIUATbHOCTEH 3a/1aHe MOKET 3aKIII0YaThCsl B MPUMEHEHUH TOTOBBIX METO/I0B
13 OMOIMOTEK WM 3aMlOJTHEHUEM TPOITYCKOB B IIPOTpaMMax, e O0JbIias 4acTh MOATOTOBICHA
npenogaBareneM. [[1s cTyIeHTOB TEXHUYECKUX CIIEIUAIBHOCTEH 3a1aHne OyAeT 3aKII04aThCs B
pea3anuu aaropuTMOB 0€3 HCIIOIH30BAHMS TOTOBBIX PEIICHUH.

JIP1.1 Metoas! paboTsl ¢ Tabnumamu B Python. Arperanust u Bu3yaau3amus JaHHbIX.
[TpoBeneHue NEpBUYHOIO aHAIN3A IaHHBIX.

Llenu: uzyueHne MeTo 0B paboThl ¢ NaHHBIMHU B Python u nmpoBenenne nepBUYHOTO aHAU3a
JTAaHHBIX.

3amanue: 3arpysure pgatacer B pandasparadpeiim. BriBenute OCHOBHBIE MapaMeTphbl
nartacera. Onpenenure, CKOJIbKO B JIJaTaceTe CIy4aeB OTCYTCTBMSI MPU3HAKOB. ONpenenuTe, CKOIbKO
IPU3HAKOB SBJISIOTCS KaTeropuaibHbIMU. Busyanusupyiite pacnpenenenne Ipru3HakoB 0 KiaccaMm.
Busyanusupyiite 3aBUCHMOCTb MEKIy NIPU3HAKAMH.

JIP1.2 Wcnonp3oBanme W cpaBHEHUE anropuTMoB kinaccudurammu: kNN, pemaroniue
JIEPEBbs U UX aHCAaMOJIU, JTOTHCTUYECKAsl PETPECCHUS.

Llenu: mpuMeHEeHre U OIICHKA aITOPUTMOB KJIaCCU(UKAIUH.

3agaHue:

Paznenute naracer Ha 00yJaromuii ¥ BaIMJAIIMOHHBIN C COXpaHEHUEM MTPOTIOPIIUI KIIACCOB.
Knaccudumupyiite Touku U3 gatacera ¢ nomousio anroputMoB kNN, noructudyeckoi perpeccuu,
CART, cnyuaiinoro neca, CatBoost. [Togbepute nydiue mapaMeTpbl aJIrOPUTMOB CIIOMOIIBIO
BaJMJallMOHHONW BbIOOpkH. CpaBHUTE BpeMsi palbOThl aNrOPUTMOB M 3aBUCUMOCTH  OT
npeoOpaboTKU JaHHBIX.

JIP1.3 MHcnonp3oBaHWe M OIEHKa alropuTMoB perpeccud. Ilogbop onTHUManbHBIX
apaMeTpPOB PETPECCHH.

Llenu: u3y4yeHue alropuTMOB PErpecCuu.

3aganue:

[TpuMenuTe MeTO TMHEHHON perpeccuu A pelieHus 3a1auu Ha natacere. Jlo6aBbTe B
JlaTaceT MOJMHOMHUAbHBIEC TpU3Haku. [00aBisiiTe MPU3HAKY TTOKA HE YBUAUTE MepeodyyeHne Ha
BanuganMoHHomaaracere. [Ipumenure rpebHeByto perpeccuro 1 LASSO, uToObl n30aBUTHCS OT
nepeooy4eHus.

JIP1.4 OntuMuzanmoHHble 3a7a4u U X pemeHus. [logbop rumepmapaMeTpoB aaroputMa c
MOMOIIBIO METOA0B ONTUMM3AIIUN

[lenu: n3y4eHne arOPUTMOB PEIICHHUS] ONTHMU3AIMOHHBIX 3a/1a4.

3agaHue:

1 Onrumu3upyiiTe JTHHY MapipyTa B 3aj1ade KOMHABOSDKEPA ¢ TIOMOIIIBIO aITOPUTMOB

hillclimb, oTura u reHeTHYECKOTo anropuTMa. BeiBeuTe MONydUBIIMNACS TYTh U €r0

JUTAHY.

2. OnTuMH3MpYHTE THUIepHapamMeTpbl alIropuTMa MallMHHOro oOyuyeHHus (Ha BBIOOp) C

MOMOUIbIO CIy4YalHOrO IOMCKa, MOWCKa Mo pemeTke, airoputMa hillclimb, renernueckoro
ITOpUTMA.

JIP2.1 Knaccuduxanus uzo0pakeHuit 1 TpaHcpepHOe 00yUeHHE.



Llenu: n3yyeHne METO10B TIIyOOKOTr0 00y4YeHus sl paboThl C H300paKEHUSIMH.

3amanue:

3arpy3uTe JataceT M CO3JaiTe HUTepaTop I MOJEIHM TIyOOKOro oOy4deHHs. 3arpy3ute
npenoOyuennyro Ha ImageNetcBeprounyro cethb (AlexNet, VGG umu ResNet) u go06aBbTe K
backbonenonaHocBs3HbIH cn0i ans oOydeHus. OOyunte HEHpPOHHYIO CETh HA, BH3YaJIH3HPOBAB
rpaduk (QyHKIMM TOTEph Ha OOydaromeil M BalIWAAMOHHON BbIOOpKe. Peamusyiite Momyib
NpUMEHEHHS HEMPOHHOM CeTH K JaHHBIM, IIPOBEPHTE KAUeCTBO OOYUYECHHUSI Ha TECTOBOM BBIOOPKE.

JIP2.2 PaboTa c TeKCTaMU U MX BEKTOPHBIMHU IPE/ICTABICHUSIMH.
[enu: n3ydyenue Mojeneii BEKTOPHOTO MPEICTABICHUS TEKCTOB.
3anaHue:
Ckauaiite npenoOyueHHbIe BeKTopa ist ciaoBaps. C moMolisio 1r060ro kiaccudukaropa
mammHaHOTO0 00yueHus (kNN, SVM, CatBoost) knaccupuupyiiTe TeKCTHI U3 AaTaceTa mo CyMMe
BEeKTOpOB ciioB. Kimaccudunupyiire TeKcThl ¢ momotibio LSTM ceTwn.

JIP3. 1 Ilpumenenne Q-Networks /i pemeHns IpOCThIX OKPYKEHHIA.

Llenn: n3ydeHne npuMeHeHNs! 00YUEeHUsI C TOAKPETUICHUEM IS PEIICHUH 3314 KOHTPOJIS.
3ananue:

OO0yunTe MpOoCTyI0 MOTHOCBA3HYI0Q-ceTh s pemmeHus okpykenus LunarLander.

[Tpouenypsl OLleHMBaHUS 3HAHUI, YMEHMH, (OPMBI U OpraHU3alus TEKYLIEro KOHTPOJIS
yCIIEBaEMOCTH U IIPOMEKYTOUHON aTTeCTalMy 00yYaroIIuXCsl

Texylmuii KOHTPOJIb YCIIEBAEMOCTH M IPOMEXKYTOUHAsl aTTeCTallusl CTYACHTOB BEJIETCS B
cooTBeTcTBUM C [lonokeHneM o TeKyIleM KOHTPOJIE YCIeBAEMOCTH U IPOMEKYTOUHOM aTTecTaluu
00pa30BaTesIbHOI OpraHu3anuu

Texkyuii KOHTPOJIb ycIIeBAeMOCTH

Mopnynp nenutcs Ha ABa Onoka. Kaxplii 010k BKIIOYAaeT B ce0sl U3yuyeHUE 3aKOHYEHHOIO
paszena, yactu Monyis.

Texkymuit KOHTPOIL MO0 MO0 OCYIIECTBISIETCS TIO KaJIGHIApHOMY yueOHOMY rpaduky.
Cpoku koHTponbHbIX MeponpusatHii (KM) wu cpoku mnoaBeneHuss uToroB mno Monymto
OoTOOpaXaroTcsi B paboumx ydeOHbIX TMIaHax Ha ceMecTp. CTyIAEHT JOKEH BBIMIOJHUTH BCE
KOHTPOJIBHBIE MEpOIPUATHS, NPEAYCMOTPEHHBbIE MOIylaeM K YKa3aHHOMY CpOKY, IOCJIE YEro
npenojaBaTesb MPOCTaBiIseT OallIbHbIE OLEHKHU, HAOpaHHBIE CTYIEHTOM I10 Pe3yJbTaTaM TEKYILIETro
KOHTPOJISI yCIIEBaEMOCTH 110 Moayio.

KoHTponbHOE MeponpusaTue CUUTAETCS BBINOJIHEHHBIM, €CJIM 3a HEro CTYJAEHT IOIY4HI
OLIEHKY B 0Oa/ulax HEe HI)KE MUHUMAJIbHOW OIIEHKM, YCTAHOBJICHHOH HpOrpaMMoON MOIyJs IO
JTAHHOMY MEPOIIPUSTHIO.

CryneHTbl, He CIaBIINEe KOHTPOJIBHOE MEPOIPHUITHE B YCTAHOBIEHHBIN CPOK, MPOIOJIKAIOT
paboTaTh HaJl HUM B COOTBETCTBUE C TOPSAAKOM, IPUHITHIM 00pa30BaTeIbHON OpraHu3aueil.

IIpome:xyTouHasi aTTEeCTALMA

PopMoli TPOMEKYTOUHOM aTTeCTallMy 0 MOyIIro SIBIsIETCS 3a4eT.

OuenuBanue Monyna Benercs B COOTBETCTBMM C [lonoxkeHneM O TEKyleM KOHTpOJIE
yCIIeBAaeMOCTH M MPOMEKYTOYHON aTTeCTalllu CTYJEHTOB 00pa30BaTeIbHON OpraHu3alnu.

Hanpumep, MeToAMKA OLIEHKH 110 PEHTHHTY

CryneHT, BBIMOJIHUBIIMK BCe MPEYCMOTPEHHbIE YU€OHBIM TUIAHOM 3aJIaHMsI U CIIaBIIUI BCe
KOHTPOJIbHBIE MEPOIPUSITHS, MOIY4aeT UTOTOBYIO OLIEHKY 110 MoJTyiio 3a CEMECTP B COOTBETCTBUHU
CO CJIeAYIOIIEN IKAJIOU:

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




PefiTunr crynenTa mo Moysro 3a ceMecTp OIpeeNsaeTcs Kak cymMMa 0alljioB, TOJTYYEHHBIX UM 32
Bce 010k Mogyis, 1 GasioB 3a IPOMEKYTOUHYIO aTTecTaluio. MakcuMalbHOE KOJIMYECTBO
6am1oB 32 Monyne B ceMecTpe ycTaHaBiauBaercs: paBHbIM 100



