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OHI/ICAHI/IEMHOKA?.ATEJIEI‘/'I N KPUTEPUEB OLIEHUBAHUSA
KOMIIETEHIUU HA PA3JIMYHbIX OTAITAX UX ®OPMUPOBAHMUAA,
OINMCAHUME HIKAJI OHEHUBAHUA

®ounn oneHouHbIx cpeacts (POC) nmpeaycMaTpuBaeT cleayoliee:

— OIHcaHue KOMIUIEKCa NMoKa3aTeieil — JECKPUITOPOB OCBOEHUSI KOMIIETSHIINI B BUJIE
PE3yNbTaTOB 00YUYEHUS, KOTOPBIE CTYACHT MOKET IPOAEMOHCTPUPOBATH (

— (tabnuua 1). [Ins KOHTPOIS JOCTUKEHUS KAXKAO0T0 U3 HUX MPETyCMOTPEHBI OLEHOYHbIE
CpEICTBa B BUJE BOIIPOCOB, 3a/1aHUM U T.[1.;

— o0003HaUYCHHE KPUTEePHeB — IIPABHIII IPUHATUS PEILICHUS MO OIICHKE JOCTUTHYTHIX
pe3yNbTaToB 00y4YeHUs U cPOPMUPOBAHHOCTH KOMIIETEHIIUH.

Hanpuwmep, B kauecTBe HmIkanbl orieHuBanus npuHuMaetcs 100-6anpHas cuctema ¢ BelIeIeHUEM

(rpagarueii) OLICHOK:

PeliTunr Onenka Ha 3aueTe
85-100
71-84 3auer
60-70
0-59 Hesauer

TUMOBBIE KOHTPOJILHBIE 3AJAHUSI UJIU UHBIE MATEPHAJIBI,
HEOBXOJMMBIE /17151 OHEHKH 3HAHWA, YMEHWI U (WJIN) OTIBITA
JNESITEJILHOCTH, XAPAKTEPU3YIOIIUE DTAIBI ®OPMUPOBAHUS

KOMIETEHILU B TPOLIECCE OCBOEHUSI OBPA3OBATEJILHOI

MPOTPAMMBI

BbimyckHMK, OCBOMBIIMIA 00pa3oBaTeldbHYIO MpOrpaMMy, JIOJDKEH 00J1a1aTh
npodeccnoHaTbHBIMU KOMITETEHIIUSIMU 110 TEMaTUYECKUM MOJIYJISIM ITPOTPAMMBI:

Kon HaumenoBanue PesynbTarel 00yueHus
TEMaTUUYECKOTO
MOIYJIA
BBenenue B 3HaHHA:
HMCKYCCTBEHHBII — TEOPETHYECKUE OCHOBBI aHAIIN3a JAHHBIX U MAITMHHOTO
HHTEIJIEKT U o0OyueHus;
OCHOBHBIC MCTO/IbI — crnenu@uka paboTsl AITOPUTMOB MAIIMHHOTO O0Y4EHMS.
MAIIMHHOTO 00YYEeHHS VMeHHUs:
A7 pabOTHI € - NpUMEHEHHE METOJOB MAIIMHHOTO O0YYEHHUS, TIOJrOTOBKA
TaOJIMYHBIMU JAHHBIX U UHTCPIPETANA PE3YIbTATOB.
AaHHBIMHA HaBbIkH (ONIBIT J€eSITEJILHOCTH):

- HMHTEPECYeTCs HOBBIMHU TPEH/IAMU B CBOEH
npodeccnoHaNbHOM 0Tpaciau, pacCMaTPUBAET UX C TOYKU
3pEHUS] TPUMEHEHHS B CBOEH JIEATEIbHOCTH;

- OLEHMBAET IPUMEHUMOCTD AITOPUTMOB,
BO3MO>KHBIEPHCKH H TTOCJICJICTBHUS ONTHOOK, HAXOIUT
ONTUMAIIbHBICPEIIEHUS A1 pabounx 3amau




Cucrembl IITyOOKOro 3HaHuA:

oOyueHus - NPUHLHUIBI 00yYEeHUs U IPUMEHEHUs] HeHPOHHBIX CeTeH.

- apXUTEKTYpHI TITyOOKHUX HEHPOHHBIX CETeH, MPUMEHIEMBIX
B PELICHUU NPAKTUYECKUX 33]1a4
CBSI3aHHBIX C aHAJIM30M M300paKEHUHN U TEKCTOB;

YMenus:

- HacCTpoiiKa He0OXOAUMOTO OKPYKEHUS JUIst paboThI ¢
HEUPOHHBIMU CETSIMHU.

- [pHUMEHEHHE U 1000y4eHHnenpeao0yIeHHbIX
HEHPOHHBIX CETeH U3 TOCTYMHBIX OUOIMOTEK

HaBbIkH (ONIBIT J€SITEJILHOCTH):

- BJIAJEET HABBIKOM MPOBEJICHHUS ITOJHOTO KA
BBIYHUCIIUTEIBHOTO 3KCIIEPUMEHTA, OTPAXKEHUS X0/1a
BBIITOJIHEHUS TIPOEKTA U MOJIYYEHUs PE3yIbTaTOB B
oTyeTax U JOKYMEHTAlUH;

- BJaJIeeT HABBIKOM HCIOJIb30BAHUS CYILIECTBYOLINX
MIPOrPaMMHBIX OMOJMOTEK U MOJIETICH, CO3aHMs
MIPOrPaMMHBIX peanu3alnii TTyOOKUX HEHPOHHBIX CeTel

OObyuenue ¢ 3HanuA:
MOJIKPETUICHHEM - TEOPETUYECKHE OCHOBBI M AJITOPUTMBI OOYUEHUS C
MOJIKPEIUICHHEM;

- [puMeHeHHe OOyUYeHHsI C TIOJKPETIICHUEM IS
MIPaKTUYECKUX 3a]au.

Ymenus:

- BBIOOp M peanu3aius aaropuTMoB 00yUeHHs ¢
MOJIKPEIJICHUEM C YYETOM CHeuUKU 3a/1a4u

- ajanTainys U HacTpOMKa aJlrOpuTMOB 00yUYeHHs ¢
MOJIKPEIUIEHUEM T10J] ONPEICIIEHHYIO Cpeny.

HaBbiku (ONBIT AeSITEJILHOCTH):

- HMHTepecyeTcs HOBBIMU TPEHJaMH B CBOEH
npoeCCHOHATLHON OTPACIIM, PACCMATPUBAET UX C TOUKU
3peHus IPUMEHEHUS B CBOEH JESITETbHOCTH;

- BJIAJICET HABBIKOM MCIIOJIb30BaHUS CYIIECTBYIOIIUX
MIPOrpaMMHBIX OMOIUOTEK U MOJIENeH, Co3aaHms
IIPOrpaMMHBIX peaiu3alnii Ha OCHOBE aJITOPUTMOB
0o0yueHus C MOJKPEIIEHUEM

CpencTBa a7 OLIEHKH pa3IMYHBIX YPOBHEH (HOpMUPOBAHHS KOMIIETEHIIUN 110 KaTETOPUSIM
«3HATh», KYMETh», «BIAJIETh» O00CCIEUMBAIOT PEATU3AINI0 OCHOBHBIX IPHUHIIUIIOB KOHTPOJIS,
TaKHX KaK 00BEKTUBHOCTD u HE3aBUCUMOCTb, MPaKTUKO-OPUEHTUPOBAHHOCTb,
MEXIUCITUTITHHAPHOCTb.

C yderoM 3TOro KOHTPOJIbHBIE BOMPOCH (3a1aHus, 3anauyu), Bxoasmme B POC, mis
Pa3INYHBIX KATETOPHUI U YPOBHEW OCBOCHHS KOMIETEHIIUN MOTYT UMETh CJIETYIOLIUN BH/I.

3HATH
IIpumepni:
Tumel 33729 MAIIMHHOTO O0YUYEHUS U KJIACChl allTOPUTMOB, K HUM IPUMEHSIEMBIE.
2. OcHOBHBIE HANpaBJICHUS PA3BUTHS UCCIIETOBAHHUM B 00JIACTH CUCTEM UCKYCCTBEHHOTO
MHTEJUICKTA.
3. Teopernyeckrue OCHOBBI AJITOPUTMOB MAITMHHOTO O0yUYEHHUSI.

=



YMETD Ilpumepni:
[ToaroToBUTH NaHHBIE K UCIOIB30BAHUIO AITOPUTMA MALTMHHOTO O0Y4EHUSI.
OneHnBaTh KAYECTBO PELLICHUI CUCTEM MAIIMHHOIO OOyUEeHMS.
3. AmanTHpoBaTh aNTrOPUTMbI MAIIMHHOTO O0OYYEHUS K PEIICHHUIO TPAKTUYECKUX 3aj1ad.

BJAJAETD Ilpumepsi:

1 Merononorus pa3pabOTKu PeUICHUH MAITUHHOTO O0Y4EHUSI.
[TprMepsl MPaKTUYECKOr0 MPUMEHEHHS aDXUTEKTYP UCKYCCTBEHHOI'O MHTEIIIEKTA.
3. Metoabl OHJIalH TECTHPOBAHUS PEIICHUH MATHHHOTO 00YyUeHHUSI.

N =

N

METOAUYECKHE MATEPUAJIbL, ONPEAEJAIOIIHUE ITPOLHELYPbI
OLNEHUBAHWA 3HAHUHW, YMEHUU U (WIH) OIIBITA JESTEJIBHOCTH,
XAPAKTEPU3YIOIIUE 3TAIIbBI ®OPMHUPOBAHUSA KOMIIETEHIIUA

[Tpumepsl (MakeThl) METOAMYECKUX MAaTEpPHAJIOB, OMPEICINAIONIUX MPOLEIYPhl OLICHUBAHUS
3HAHUM, YMEHUI U (UJIN) OTBITA IEATEIbHOCTH

HaumenoBanue Kparkas xapakrepucruka IMpencraBiieHue
OLICHOYHOI 0 OLICHOYHOI'0 CPeCTBA OLICHOYHOI0 CPe/ICTBA
cpeacTsa B doHge
Texkymui KOHTPOJIb CpencTBo poBEPKH OCBOEHUS KommnekTs! Ouneros
yCIIEBAEMOCTHU YPOBHEH «3HATh», KYMETh)» (3amanuii)

KommuiekT 0ui1eToB (MpuMepHbIii)
buner 1.
11 BaiiecoBckuii kiaccudukarop. Onenka npusnakos (Gaussian, Bernoulli,
Multinomial). EM anropurm.
1.2 Knacrepuszarus. KMeans, kMeans++, MeanShift, DBSCAN.

buner 2.
2.1 Aucam6u. Soft and Hard Voting. Bagging. Cayuaiinsiii jiec.
2.2 Metpuueckwuii knaccudukaropsl. KNN. WKNN.

buner 3.

3.1 Jluneiinas perpeccus. LASSO, LARS. CART.

3.2 epess pemenuii. UadopmannoHHslil BeIUTpsiir. Omudka kiaccudukanmy,
sHTponHus, kpurepui lxunu. IIpyHuHr.

buner 4.

4.1 TnoGanpubii mouck. CyuaitHenid mouck. Gridsearch. Cryuaiinoe
onyxnanue.baiiecoBckas onTuMuzanus.

4.2 Jlunerinas perpeccusi. [lommHOMHamBHAsS perpeccus. [ peOHeBast perpeccus.

buner 5.
51 AdaBoost. I'pagueHTHBIH OYCTHHT PEIIAIOIINX JICPEBHEB.
5.2 Knacrepusanus. AgglomerativeClustering. Metpuku kiactepu3anu.

buner 6.

6.1. Ouenka kinaccudukanuu. IpdexkruBHocTh N0 [Tapero. Precision-Recall u ROC kpussie.

AUC.

6.2 Heiiponnsie ceru. [lepuentponPosenOnarra. OOpaTHOe pacnpoCTpaHEHHE TpajueHTa.
Oyukiuu aktuBanuu. Softmax.

buner 7.



7.1 Jlokanpubiii momck. HillClimb u ero pasmoBumnoctn. Omkur. ['eHeTHyeckuii
AITOPUTM.
7.2 MeTton onopHBIX BEKTOPOB. Sapa.

Ilepeyennb 1adopaTOpPHBIX padoT (MPUMEPHbI)

O0mue pekoMeHIAUMH K J1a00paTOPHBIM padoTaM: /Ui Pa3HbIX YPOBHEHN IOATOTOBKU
CTYZCHTOB MOKHO HCIIOJIb30BATh PAa3HYIO MIYOUHY peanu3aluy pemenus. Tak, A1 cTy1eHTOB
HETEXHUYECKUX CIIEHUAIbHOCTEN 3a/1aHne MOYKET 3aKJII04YaThCsl B IPUMEHEHUH F'OTOBBIX METOJIOB
13 OMOIMOTEK WM 3aMIOJTHEHUEM TPOITYCKOB B IIPOTrpaMMax, Iie OoJbIIas 4acTh MOArOTOBIICHA
npenojasareneM. /s CTy1IeHTOB TEXHUUYECKHX CIIELUAIbHOCTEN 3a/1aHKe OyIeT 3aKIr04aThCs B
peanu3alyy aropuTMOB 0€3 UCTIOIB30BAHUS TOTOBBIX PEIICHHIA.

JIP1.1 Metonsl pabotel ¢ Tabiauumamu B Python. Arperamus u BU3yanu3anus JTaHHBIX.
[TpoBeneHue NepBUYHOIO aHAIN3A IaHHBIX.

Llenu: u3yueHne MeToI0B pabOThI ¢ TaHHBIMU B PythOn u npoBeeHne epBUYHOTO aHAIN3a
JTAHHBIX.

3amganue: 3arpy3ure jgaracer B pandasgaradpeiiM. BbiBequTe OCHOBHBIC MapameTphl
nartacera. Onpenennure, CKOJIBKO B JaTaCETE CIIy4aeB OTCYTCTBUS NPpU3HAKOB. ONpenenuTe, CKOIbKO
IIPU3HAKOB SIBJISIFOTCS KaTeropuaibHbIMU. Busyanusupyiite pacrpeneneHyue Npu3HakoB M0 KJIaccaM.
Buzyanusupyiite 3aBUCUMOCTb MEXAY NPU3HAKAMH.

JIP1.2 HWcnonws3oBanue u cpaBHeHHe anroputmoB kiaccubukanuu: KNN, permarorime
JIepeBbS M UX aHCAMOJIH, JIOTUCTHYECKAs! PEerpecCHsl.

[{enu: mpuMEeHEHHE U OLIEHKA aJITOPUTMOB KJIaCCH(PHUKAIUH.

3ananue:

Pasznenute natacer Ha oOydaronuil ¥ BAIUJAIMOHHBIN C COXpaHEHHEM MPOTOPIIHIA KJIaCcCOB.
Knaccudumupyiite Touku u3 naracera ¢ nomoinsko anroputMoB KNN, joructudeckoi perpeccum,
CART, cayuyaitnoro neca, CatBoost. Ilogbepute nydiine mapaMerpbl ajlrOpUTMOB CIOMOIIBIO
BAIMJAIIMOHHON BbIOOpKH. CpaBHUTE BpeMs pabOTHl AITOPUTMOB H  3aBUCHMOCTH  OT
npenoopaboTKU JaHHBIX.

JIP1.3 Hcnonp3oBaHWe M OIEHKAa alroputMoB perpeccud. Ilogbop onTumanbHBIX
HapaMeTpOB PErPecCUi.

Llenu: u3ydeHue alropuTMOB PETPECCHH.

3amanue:

[TpuMeHnuTe MeTO/ TMHEHHON perpeccuu A pelieHus 3a1aun Ha natacere. Jlo6aBbTe B
JlaTaceT MOJIMHOMHUANbHBIC IPU3HAKU. J|00aBIsiiiTe MpU3HAKHY TTOKa HE YBUIUTE IepeoOyueHre Ha
BanuannoHHoMaaracere. [Ipumenure rpedHeByto perpeccuto 1 LASSO, uyTo0Obl n36aBUTHCS OT
nepeooy4eHus.

JIP1.4 OntuMuzanuonHble 3a1a4u U ux pemienus. [logbop rumepmapaMeTpoB aaroputMa c
TIOMOIIBIO METO/IOB ONITUMH3ALIUH

Llenu: n3yueHue aJropuTMOB PEIICHHS ONTUMH3AIIMOHHBIX 3a/1a4.

3amanue:

1 OnTUMU3UpYHTE JJTUHY MapiipyTa B 3a7a4e KOMHBOSDKEpPA C TOMOIIIBIO aITOPUTMOB

hillclimb, omxura u renerndyeckoro anroputma. BeiBenure nonyuuBIuniics nyTh U €ro

JUTUHY.

2. Onrtumu3HpyiiTe TUIEepHapaMeTpbl alropuTMa MAIIMHHOTO OO0ydeHHsl (Ha BBIOOp) C

MOMOIIBIO  CITy4aifHOTO TMOWCKa, MoWcka Mo perretke, amroputma hillclimb, renerudeckoro
aITOpUTMA.

JIP2.1 Knaccuduxamms nzo0paxkeHuit 1 TpanchepHoe o0ydeHue.



[enu: nzydeHne METOI0B TIIyOOKOTO OOYyUeHHMsI 1711 pabOThI ¢ M300paKECHUSIMH.

3amanue:

3arpy3uTe naraceT M CO3/JalTe UTepaTop Il MOJEIH TIIyOOKOTO OoOydeHHs. 3arpysure
npenooydyennyro Ha ImageNetceprounyio cetb (AlexNet, VGG wiun ResNet) u mobGaBbTe K
backbonenonHocBsa3HbIA c0i s 00ydeHus. OOydnuTe HEHPOHHYIO CEeTh Ha, BU3yaIW3UPOBAB
rpa¢puk (yHKIMM MOTeph Ha oOyyaromed W BaIMAALMOHHON BBIOOpKe. Peammsyiite Monmyinb
MPUMEHEHUS] HEUPOHHOM CETH K JaHHBIM, POBEPHTE KAUECTBO OOYUEHUS HA TECTOBON BHIOOPKE.

JIP2.2 PaGora ¢ TekcTaMy U X BEKTOPHBIMH MPECTaBICHUSIMHU.
enu: n3ydeHre MoieNield BEKTOPHOTO MPEICTABICHUS TEKCTOB.
3anaunue:
Ckauaiite npenoOy4eHHbIe BeKTOpa /uist cioBapsi. C moMolibo 1000ro kiaccudukaropa
marmnuaaoro ooyuenust (KNN, SVM, CatBoost) kinaccuduuupyiite TEKCTHI U3 JaTacera Imo CyMMe
BeKTOpOB ci10B. Kitaccuduuupyiite Tekctsl ¢ nomorbio LSTM cetn.

JIP3. 1 Ilpumenenune Q-Networks s pereHus mpoCcThiX OKPYKESHUH.

Llenu: n3ydyeHue npuMeHeHns1 00y4eHUs ¢ MOAKPEIUIEHUEM JUIsl peIieHNH 3aa4 KOHTPOJIS.
3ananue:

OO0y4nTe IPOCTYIO NONHOCBI3HYI0Q-CceTh 1Isl pelieHus okpyxkenus: LunarLander.

[Tponienypsl OlleHMBAHUS 3HAHUM, yMEHUH, (GOPMBI U OpraHu3alMs TEKYIIEro KOHTPOJISL
YCIIEBAEMOCTH M ITPOMEKYTOUHOM aTTECTAIIMH 00yJarOIINXCsI

Texylmuii KOHTPOJIb YCIIEBAEMOCTH M IIPOMEXYTOUYHAsl aTTECTalsl CTYINEHTOB BENETCS B
cootBeTcTBUM ¢ [[0710KEHNEM O TEKYIIEM KOHTPOJIE YCIIEBAEMOCTH U IIPOMEKYTOYHOU aTTECTALIUU
o0pa3oBaTebHONW OpraHu3au

Texkyumuii KOHTPOJIb yCIIEBAeMOCTH

Monyne nenutcs Ha 1Ba Onoka. Kaxaplii 650k BKIIOYaeT B ce0sl M3ydeHUE 3aKOHUEHHOTO
paszznena, yactu Mopyis.

Tekymuil KOHTPoab M0 MOJYNI0 OCYILECTBISIETCS MO KaJleHJapHOMY y4yeOHOMY rpaduky.
Cpoxu koHTponbHBIX Meponpustuii (KM) wu cpoku mnonaBeneHuss HUTOroB 1o Mopymito
oroOpakatoTcsi B pabouux y4yeOHBIX MiaHax Ha cemecTp. CTyOeHT JOJKEH BBIIOJIHHUTH BCE
KOHTPOJIBHBIE MEPOIPUATHS, NPEAYCMOTpPEeHHbIE MOAyJIeM K yKa3aHHOMY CpPOKY, IIOCJIE 4YEro
IpernoJiaBaTesb MPOCTaBiIsieT OaJuIbHbIE OLIEHKH, HaOpaHHbIE CTYJEHTOM 110 pPe3yjbTaTaM TEKYIIEro
KOHTPOJIA yCIIEBaeMOCTH 110 Moyiro.

KoHTponbHOE MepONpUATHE CUHUTAETCS BBINOJHEHHBIM, €CJIM 3a HEro CTYIEHT IOJIY4HJ
OLICHKY B Oajjax He HW)XK€ MHHHMAaJIbHOM OILIEHKH, YCTAHOBJIEHHOM HporpaMMoil Monyins IO
JAHHOMY MEPOIIPUATHIO.

CTyneHThl, HE ClIaBLINE KOHTPOJIbHOE MEPOIPHUITHE B YCTAHOBJIEHHBIN CPOK, MPOJOJIKAIOT
paboTaTh HaJl HUM B COOTBETCTBHE C IMOPSIKOM, IPUHATHIM 00pa30BaTeIbHON OpraHu3alien.

IIpome:kyTouHas arrecranus

DopMOH IPOMEKYTOUHOU aTTECTALMU 110 MOIyIIIO SBISAETCS 3a4eT.

OuenuBanue Monyna Benercs B cooTrBercTBUM ¢ [lonoxkeHneM o TeKyleM KOHTPOJe
yCIIEBaEMOCTH U MTPOMEKYTOUHOM aTTECTAIlMM CTYJACHTOB 00pa30BaTeIbHOM OpraHu3alny.

HanpuMmep, MeToAMKA OLIEHKH 110 PEHTHHTY

CryneHT, BBINOJIHUBIIMNA BCe MIPEYCMOTPEHHBIE YUeOHBIM IJIAHOM 3aJ[aHUs U CAABILINH Bce
KOHTPOJIBHBIE MEPOTIPHSTHS, OJIy4aeT UTOTOBYIO OLIEHKY 10 MOyJIr0 32 CEMECTP B COOTBETCTBUU
CO CIEeAYIOLIEN IIKAJIOW:

PeiiTunr OneHka Ha 3a4eTe
85-100
71-84 3aueT
60-70
0-59 Hezauer




Pefitunr crynenTa mo Moayiio 3a cemecTp onpezensercs Kak cymma 0aioB, MOJYyYEHHBIX UM 3a
Bce O1oku Mopynsi, 1 0aJuToB 3a MPOMEKYTOUHYIO aTTeCTaIi0. MakCUMallbHOE KOTUYECTBO
6ayutoB 32 Moyb B ceMecTpe ycTaHaBiIuBaeTcsl paBHbIM 100



