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2 AHHOTAIIUA AMCHUITJINHBI

«IJTYBOKOE OBYYEHMUE)»

['mybokoe oOyueHue sBisSeTCs MepeaoBOi 00IaCThI0 COBPEMEHHOTO MAaIlUH-
HOTO OOYUYCHHS U BXOJIUT B OOIIYIO MPOOIeMaTHKy MCKYCCTBEHHOTO MHTEIIeKTa. B
JTAHHOM KypC€ OCHOBHBIM HHCTPYMEHTOM JIJIsI pEIICHUS TPUKIIATHBIX 33]1a4 SIBJISIFOT-
Csl MHOTOCJIOMHBIE UCKYCCTBEHHBIC HEHPOHHBIE CETH. PaccMaTpuBarOTCsi OCHOBHBIC
0a30BbIE€ APXUTEKTYPHI CETEH IITyOOKOro 0Oy4YEeHHsI: MHOTOCIOMHBIE MTOJIHOCBSA3HBIC
CETHU MPSAMOTO PACTIPOCTPAHECHUSI, CBEPTOUHBIE CETH, pEKyppeHTHBIe ceTu. OOCyxk-
JAI0TCS TEOPETUYECKHUE U IPAKTUUECKUE ACMEKThl UX 00y4YEeHUSs, ONTUMH3AIUU MO-
TN, UHTEPIPETAIlMU U aHaJIn3a Pe3ysIbTaToB U mpolecca ux obydenus. Ocoboe
BHUMaHUE YJIEISAETCS MPAKTUYSCKON UMIUIEMEHTAIMH TIIyOOKUX apXUTEKTYp, C UC-
nonbs3oBanueM miardgopm Keras, TensorFlow. PaccmarpuBaercst psii COBpeMeHHBIX
3a/la4 U aJIrOPUTMOB TIIYOOKOTO OOYy4EHHUSI: aBTOKOAUPOBIITUKY, TEHEPATUBHO-COCTSI-
3areibHbIe CETH, CETU JJIA PEIICHUs 3a]lad MAIIMHHOTO MepeBO/ia, TeHepallui TeK-

CTOB, COBPEMEHHBIE CBEPTOYHBIE APXUTEKTYPHI IS 3a1a4 KOMITBIOTEPHOTO 3pEHUS

SUBJECT SUMMARY

«DEEP LEARNING»

Deep learning is the cutting edge area of modern machine learning and is one
of the general concerns of artificial intelligence. In this course, we use multilayer ar-
tificial neural networks as the main tool for solving theoretical and applied problems.
We consider main basic architectures of deep learning networks, such as: multilayer
fully connected feedforward networks, convolutional neural networks, and recurrent
neural networks. We discuss theoretical and practical aspects of their training, model
optimization, interpretation and analysis of the results and the process of their train-
ing. Particular attention is paid to the practical implementation of deep architec-

tures using the Keras and TensorFlow platforms. A number of modern problems
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and algorithms of deep learning are considered: autoencoders, generative adversar-
1al networks, machine translation problems, text generation problems, modern deep

convolutional architectures of computer vision.



3 OBIIUE IMOJIOXKXEHUSA
3.1 esn u 321241 QU CHUATIIAHBI
1. VI3ydyeHnre OCHOBHBIX METOJIOB ITTyOOKOTO0 OOYyUEHHUsS U UX MPUKIIATHBIX aCTIEKTOB
B COBPEMEHHBIX 3aJ1adyax MaTeMaTHYeCKOT0 MOJICIUPOBAHUS U 00paOOTKHU JaHHBIX.

2. ®opmupoBaHUE MPAKTUUECKUX HABBIKOB Pa3pabOTKU apXUTEKTYpbl HEUPOHHBIX

CCTGfI, HUX IPUMCHCHHUA K IIPAKTHUYCCKUM 3aJa4aM, U HpOFpElMMHOI?I UMIIJIICMCHTAINH.

3. 3HaHHE OCHOBHBIX APXUTEKTYP UCKYCCTBEHHBIX HEMPOHHBIX CETEH, TEOPETHYE-

CKHX M ITPAKTUYCCKHX ACIICKTOB X O6y‘leHI/I$I.

4. ®opMupoBaHUE YMEHUS KOMIIETCHTHOTO aHaJIu3a pe3yIbTaToB 00ydeHHSs TTy0o-
KO apXUTEKTYPhl, HABBIKOB aHAIN3a M YCTPAHEHUSI OCHOBHBIX MTPOOJIEM, MEITAIOIIINX

UX MPaBUWIbHOUN paboTe U 00yUYEHUIO.

5. OcBoenue HaBbIKOB paboThl ¢ athopmamu TensorFlow, Keras, PyTorch amns pe-
anu3anuu U o0yyeHUsl HICKYyCCTBEHHbBIX HEMPOHHBIX ceTeil. DoOpMUPOBaHNE HABBIKOB
paboOTHI ¢ aKaAEMHUUECKON M CIIPABOYHOM JTUTEPATyPOH 110 TEMATUKE, KYJIbTYPHI IIpa-

BWJIBHOM TTOCTAHOBKH MCCJIEAOBATEIBCKOM 3a/1a4M U PA0OTHI C SKCIIEPUMEHTOM.

3.2 Mecrto pucuumiannebl B ctpykrype OITOII

JlucuuranHa u3y4aeTcs Ha OCHOBE paHee OCBOCHHBIX NUCIUIUIMH Y4eOHOTO TMJIaHa:
1. «Maremarn4eckue MEeTOAbl pacIio3HaBaHUS 00Pa30B»

2. «AATOpUTMBI KOMITBIOTEPHON MATEMAaTHUKW)

3. «IHTeNIeKTyaIbHBIE CUCTEMBD)

4. «MareMaTu4ecKre METO/IbI pacro3HaBaHUs 00Pa30B»

5. «MammuHHOEe 00yUYeHUe»

6. «Heliponnsie ceTny



1 00eCreurBaeT MOATOTOBKY BBIMTYCKHOM KBaTU(DUKAIIMOHHOMN paOOTHI.



3.3 IlepeueHb MIaAHMPYEMbIX pPe3yJIbTATOB 00y4YeHHMs MO JUCIHHUILINHE, COOT-
HECEHHBIX C IVIAHUPYEMBIMH Pe3yJIbTATAMHM OCBOCHHMSI 00pa30BaTeIbLHOMI

MPOrpamMMbl

B pe3ynbrare ocBoeHus 00pa3oBaTeIbHON IPOrpaMMbl 00YHAIOIIHIACS TOKEH

JOCTUYD CIICTYIONINE PE3YJIbTaThl 00yUSHHUS MO TUCITUILIINHE:

Kon komnerenuun/ HanMeHoBaHMe KOMIETEHINMH/MHANKATOPA KOMIIETEHIIUN
HHIHKATOPA
KOMIIeTEeHIHH
OIIK-1 CrnocobeH pemiath akTyalbHbIE 337aud (yHIaMEHTAIBHONW U MPUKIIATHOMN
MaTeMaTUKH
OIlIK-1.1 3naem mamemamuueckue, eCmecmeeHHOHAYYHble U COYUATLHOIKOHOMUYE-
CKUe Memoobvl 0Jis UCHONb308AHUS 8 NPODeCCUOHAILHOU OesimelbHOCMU
OIlIK-1.2 Ymeem pewamov necmanoapmuvie npogeccuonanvhvie 3a0a4u ¢ npumeHe-
HUemM Mamemamudeckux, ecmecmeeHHOHAYYHbIX 3HAHUL
OIIK-1.3 Hmeem Hasviku meopemuyecko2o u IKCNEPUMEHMAIbHO20 UCCTe008AHUS
00beKmos npogeccuoHaIbHOU 0essmeNbHOCMU
OIIK-3 CrniocobeH pa3pabareiBaTh MaTeMaTHUECKHUE MOJIEIU U MMPOBOJUTH MX aHa-
JM3 TIPY PEIISHUH 3a/1a4 B 001acTH POoeCCUOHATILHON JeSITEILHOCTH
OIllK-3.1 3naem npunyunvl, Memoosvl u cpeocmea pazpabomKu MamemamuidecKux
Mooenell npu peweHuu 3a0ay 8 obracmu nPopeccuoOHaIbHOU OesimelbHO-
cmu
OIIK-3.2 Ymeem nposooums ananuz mamemamuueckux mooenell npu peueHuu 3a0ay

6 obnacmu npogeccuoHaIbHOU 0esimenIbHOCIU

OIIK-3.3 Ymeem nposooums ananuz mamemamuueckux mooenetl npu peueruu 3a0ay
8 obracmu npogheccuoHanrbHoU OessmenbHOCU




4 COAEP KAHUE JUCHUIIJIMHDBI

4.1 Conep:xkanue pa3aejoB IUCHUATIIAHbBI

4.1.1 HauMeHOBaHHE TeM M Yachl HA BCe BUAbI HATPY3KHU

0 HanmenoBaHnue TeMbl JUCIHATINHBI Jlek, | IIp, | UKP, | CP,
n/n ay ay a4 a4
1 BBenenne 1 1 1
2 | OGyueHue UCKYCCTBEHHBIX HEMPOHHBIX CETeH 3 2 18
3 | Perynspu3zamus B riyOokoM o0ydeHUn 3 2 18
4 | YucneHHas oNTUMU3ALUS B IITyOOKOM OOyUYEHHUH 3 2 18
5 | CBeprouyHble HEMPOHHBIE CETU 6 3 18
6 | PexyppeHTHbIE HEHPOHHBIE CETH 6 2 18
7 | I'eHepaTuBHBIE CETH 6 2 18
8 | MamuHHbBIN TEpeBOJI U TeHEepalus TEKCTOB 5 2 18
9 | 3akmoueHue 1 1 1 1

Htoro, au 34 17 1 128
W3 HUX a4 Ha KOHTPOJIb 0 0 0 35
OO6m1ast TpyI0eMKOCTh OCBOCHHSI, a4/3¢ 180/5

4.1.2 Copepxanue

Ne
n/n

HanmMmeHoBaHue TeMblI
U CIHHUILINHBI

Conepxanue

1

Bsenenue

Hcropust BOBHUKHOBEHMSI U OCHOBHBIE 3TAallbl Pa3BUTHS
HCKYCCTBEHHBIX HEHpOHHBIX ceTeil. O030p MpUKIAaTHBIX
3aja4, peraemMblx NyOokuMm oOydeHuem. Hamomuuanue
OCHOBHBIX 2JIEMEHTOB MOJENM IEPLENTPOHA U HCKYyC-
CTBEHHBIX HEHPOHHBIX CETEH MPSMOTO PACIPOCTPAHEHMSL.
BeposTHOCTHBIHM OJX0A K MAaIIMHHOMY O0y4EHHUIO.

OOyueHue MCKyCCTBEHHBIX HEM-
POHHBIX CeTen

[Tpobnema XOR. I'pad Beruncnenuii u nuddepenunpona-
Hue Ha rpade BbrumciieHuid. [lomTHOCBSA3HBIE HEHPOHHBIE
cetu. OyHKIMY aKTUBALIUY U UX BapuaHThl. MeTox oOpar-
HOTO pacnpocTpaHeHus omuoku. CToxacTUUeCKUi rpaiu-
eHTHBIN cryck. CIIou ¥ BEKTOpU3aIusl.

Perynsipuzanust B rirybokxom o0y-
YCHUH

Perynsapuzanus B myookom oOyuenuu. L1 u L2-peryns-
pu3anus BecoB. AyrMeHTalus BbIOopku. AHCamOnu Mojie-
neu. Dropout.

YucneHHasi ONTUMU3AIHNS B TITY-
60KoM 00yueHHH

YucneHHass oNTUMU3alUs B IIyOOKOM o0yueHuH. MeTtox
MOMEHTOB, MeTox HecrtepoBa. AnanTuBHbIE MOAM(HKA-
LMY CTOXaCTUYECKOTO I'PpaIueHTHOrO ciiycka. Hopmanusa-
s 0 MUHU-0aTyaM. MIHMIIManu3anus BECOB.




No HaumMmeHnoBaHnue TeMbl
n/n JUCHHILIMHEI

Conepxanue

5 | CBeprouHble HEHPOHHBIE CETH

buonornueckas Mmonens 3peHus. Onepanus CBEpTKU U B35~
TUsl MakcuMyMa. CBepTouHbIi HepoH. CBEpTOUHbIE HEN-
poHHble ceTH. COBpEMEHHbBIE CBEPTOYHBIE APXUTEKTYPBHI.
ABrokogupoBIuKH. [IpuMepsl npuiiokeHni B 3agadax
KOMITbIOTEPHOT'O 3PEHHUSI.

6 | PekyppeHTHbIE HEHPOHHBIE CETH

3anaun 00paboOTKHU ocIea0BaTeNbHOCTEH. PekyppeHTHbIE
ueiiponnsie cet (RNN). OOyueHue pexyppeHTHBIX ce-
Tel 1 00paTHOE pacpOCTpaHEHUE OMIMOKHA CKBO3b BpeMsi
(BPTT). Cnou ¢ namsteto. Cetn 0OJITON KpaTKOBPEMEH-
Hoit mamsatu (LSTM). Apxerukrypa Gated Recurrent Unit
(GRU).

7 | I'eHepaTuBHbBIC CETH

BeposTHOCTHasi TOCTaHOBKa TeHepaTHUBHOW 3aaaud. [e-
HEpaTUBHBIE CETU. | eHEepaTUBHO-COCTA3ATENbHbBIE UCKYC-
ctBeHHble HelpoHHble ceTh (GAN). ABTOKOAMPOBIIUKH.
Bapuaronnsie aBrokoqupoBuku (VAE).

8 | MamuHHBIN MepeBoJ U reHepa-
1Sl TEKCTOB

3amaun aBTOMaTn4eckoir 00paboTKK TEKCTOB. BekTopHbIe
npencrasienus cioB (Word Embeddings). Ceprounbie
cetu Ui TeKcToB. Monenu seq2seq. PekyppeHTHbIC ceTn
¢ MexaHu3MOM BHUMaHwus (Attention).

9 | 3akimroueHue

OO6mme BBIBOABI IO Kypcy. Pekomenaaum a1 moAroTOBKH
K 9K3aMEHY.

4.2 TIlepedenb J1aGOpPaTOPHBLIX PpadoT

JIabopaTtopHbie pabOThl HE TPEAYCMOTPEHBI.

4.3 IlepeyeHb NPAKTHYECKUX 3aHATUH

HanMeHoBaHMe NPaKTHYeCKUX 3aHATHI KosmmuecTBo ayn. yacos

1. Cetu npsiMOro pacpocTpaHeHHe U UX o0yUyeHHeE. 2
2. OnTuMu3anus ¥ SKCIEPUMEHTHI C CETAMHU MPSMOTO pacmpocTpa-

HEHMUS. 3
3. CBepTouHbIe CeTU: UX pa3padoTKa U MPUMEHEHHE K MCCIeI0Ba-

TENILCKOM 3aj1aue. 3
4. DKCIEPUMEHTHI CO CBEPTOYHBIMU CETSIMHU. 3
5. PexyppeHTHbIe ceTu: pa3paboTkKa, SIKCIEPUMEHTHI, ONTUMHU3ALMS. 3
6. I'eHepaTuBHbBIC 3a7]a4H. 3
Uroro 17

4.4 KypcoBoe NpoeKTHpPOBaHHUE

KypcoBas pabota (IpoeKT) He MPeyCMOTPEHBI.




4.5 Pedepar

Pedepar ve mpexycmoTpeH.

4.6 HuauBuayaJbHOE JOMAIIHEE 3alaHUe

B Teuenuu ceMecTpa BBIIAIOTCS MHAMBUAYAIBHBIC JOMAITHUAE 3aJaHUS 110 CIICAYIO-
MM TEMAaM:
1. IMoctpoenune u o0yueHre HEUPOHHOMN CETH MPSIMOTO PACTIPOCTPAHCHHUSI IS pe-
IICHUS 3aJ]a49U ITPOCTON PETPECCHUM.
2. Iloctpoenue u o0yueHne HEMPOHHON CETH MPSIMOTO PACTIPOCTPAHEHUSI 1JIS pe-
HICHUS 3a/1a49M KJaccUuUKaIuu.
3. IlocTpoenue u 0OydeHre CBEpPTOUHOM HEMPOHHON CETH JIJIs PEIICHUS 3a/1a9u
KJIacCU(UKALIMHU U300paKEHUM.
4. TlocTtpoeHue u 00ydeHHE PEKYPPEHTHON HEUPOHHOU CETH JjIsi pabOTHI C IMO-
CJIEIOBATEIIBHOCTHIO.

5. IIpocTtbie aBTOKOAMPOBUIMKY U T€HEPATUBHBIC 3aa4H.

OO0pasen HHAMBUIYAJIBHOTO IOMALITHET0 3aJAHUSA:
NuauBuayaiabHoOe JOMallHee 3aaHue:

[TocTpoenue n 00yueHne CBEPTOUYHON HEMPOHHOU CETH IS PEIICHUS 3aa9H

KJIacCU(UKAITMHU U300PaKEHUM.
Jucuunnuna Iimy0okoe o0yuenne OKTU
TpeboBanus K BeinoaHeHuto MJ13:

1. IToctpoiite 1 00yuute npoctyro CNN, penraroniyro 3agaqy kiaccuukanu n300-

paxxenwmii maracera ~“Fashion MNIST”.

2. HoGeiitech 95% TounocTu. [Ipoananu3ypyiite BIUSHUEHHE CTaH/IAPTHBIX METO-
noB perynapusanuu( dropout, 12-perynsipuzanus, *HULIXATU3AIMS 110 XaBbe, 3a1TyM-

JIeHHe BHIOOPKH) HA KaueCTBO OOyUEHUs CETH.
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3. IloctpoiiTe MaTpuily OIMOOK U rpa)uKu OCHOBHBIX METPUK.

4. Vicnionib3ysl IOTIOTHUTEIbHbIC OMOIMOTEKH, TPOBEAUTE BU3YAIU3ALIUIO aKTUBAIIUM

Ha HCCKOJIbKUX CBCPTOYHBLIX CJIOAX.

5. lononnutensHo: npoBeaute adversarial-araky Ha TOCTPOEHHYIO CET U IIPEIbSBU-
TE MpUMep N300paKEHUS, BU3YaIbHO HEOTIMUYMMOTO OT PAaBUIILHO Kiaccuuuupy-

€MOT0, HO Ha KOTOPOM CE€Th BBIJIA€T OMIMOKY KiacCU(pUKAIUK.

4.7 JloxkJaan

JIoKJ1a1 HE NPEeyCMOTPEH.

4.8 Keiic

Keiic He mpegycMoTpeH.

4.9 Opranusanus v y4eOHO-MeTOANYeCKOe 00ecnedYeHne CaMoCTOSITeJIbHOM pa-

00THI

W3yueHne AUCHUILIMHBI COMPOBOXKIAETCS CAMOCTOSITENIbHON paboTOM CTy/IeH-
TOB C PEKOMEHJOBAHHBIMU MpPENOAAaBaTeIeM JIUTEPATyPHbIMU UCTOUHUKAMU U MH-

dopManmoHHBIMU pecypcamu cetu HTepHer.

[imanupoBaHue BpeMEHU JJ1s1 U3yUYEHHUS JUCITUTUIMHBI OCYIIECTBIISACTCS HA BECh
neproa 00ydeHusl, IpeycMaTpuBasi PU ATOM PETYJISIPHOE TOBTOPEHUE MPONICHHO-
ro Marepuasia. OOy4Jaromumcs, B paMKax BHEAyJUTOPHON caMOCTOSTEIbHOU pado-
ThbI, HEOOXOJIUMO PETYJSPHO JIOMOJHITH CBEACHUSIMHU W3 IUTEPATYPHBIX HCTOUHUKOB
Marepuai, 3aKOHCIIEKTUPOBAHHBIN Ha JIEKIUAX. [Ipy1 3ToOM Ha 0CHOBE U3y4eHUs pe-
KOMEH/IOBAaHHOM JIUTEPATYPHI IIEJIECO00Pa3HO COCTABUTh KOHCTIEKT OCHOBHBIX TOJIO-
YKEHUM, TS PMUHOB ¥ OTIPEICIICHUH, HEOOXOIUMBIX JJIsI OCBOSHHS Pa3eioB yIeOHOM

JTUCIUILINHBL.

Oco00e MecTo ynemnsieTcsi KOHCYJIBTUPOBAHUIO, KaK OJTHOM U3 opM 00yUYeHus
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U KOHTPOJISI CAMOCTOATEIbHOU paboThl. KoHCynbTHpOBaHuE npeAnonaraeT 0coobIM
00pa3oM OpraHM30BaHHOE B3aMOJIEHCTBHE MEXAY IIPETIOAABATEIEM U CTYACHTAMH,
IpY 3TOM MPEATOINIAraeTcs, YTO KOHCYJIBTAHT JIMOO 3HAET TOTOBOE PEIIeHNE, KOTOPOe
OH MOJKET MpeAnKrcarb KOHCYJIbTUPYEMOMY, JTHO0 OH BIIAJIEET CIIOCOOaMH JesTeb-

HOCTH, KOTOPbI€ YKa3bIBAIOT MYTh PEIICHUS TPOOIEMBI.

Texymas CPC IIpumepHas
TPYA0EMKOCTh, a4

Pabora ¢ neK1nOHHBIM MaTepHalioM, ¢ y4eOHO TuTepaTypoit 12
Omnepesxaroniasi caMoCTosITeNIbHasE paboTa (M3yueHrne HOBOTO Mare-

pHaa 10 ero U3JI0KEeHUs Ha 3aHATHAX ) 11
CaMoCTOATENIBHOE U3YUYECHHE PA3AEI0B TUCIUILINHEI 20
BeinonHnenue foManHuX 3a1aHui, JOMAITHUX KOHTPOJIBHBIX paboT 20
[ToaroroBka k mabopaTopHbIM paboTaMm, K IMPAKTHUYECKUM U CEeMH-

HapCKUM 3aHATUSAM 10
[ToaroToBka K KOHTPOJIBHBIM paboTaM, KOJUIOKBUYMaM 0
Brimonnenne pacueTHO-rpadguyeckux padoT 0
BrinonHeHne KypcoBOro poeKkTa WM KypcoBoil paboTsl 0
[Touck, nzydyenue u npe3eHTauss HHOOPMALIMH 110 33JIaHHON TIPO-

OnmemMe, aHAM3 HAYYHBIX MyOIMKAIMI 110 3aIaHHON TeMe 20
Pabora Hax MeXIUCHUIUIMHAPHBIM POEKTOM 0
AHaJIN3 TaHHBIX 10 3aJJaHHOM TeME, BBIMIOJHEHHE PACY€TOB, COCTAaB-

JIEHHUE CXEM U MoJiesiel, Ha OCHOBE COOPaHHBIX JaHHBIX 0
[ToaroroBka k 3auety, U PpepeHIHPOBAHHOMY 3aUETy, IK3aMEHY 35
HNTOI'O CPC 128
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5 YueOHO-MeTOOMUECKOE 00ecIIeYeHHue TUCIUTLINHBI

5.1 IlepeyeHb OCHOBHOM M JONOJHHUTEIbHON JIUTEPATYPbI, HEOOXOAMMOM IJIs1

0CBOCHHUA JUCHHUIIIINHBI

Ne i/m Ha3Banmne, Oudnnorpaguyeckoe onucanme K-Bo
3K3. B
onoJ1.

OcHoBHas auTeparypa

1 Huxonenko C. I'my6okoe obyuenue [dnexrponnsiii pecypc]| / C. Hukonenko, | Heorp.
A. Kanypun, E. Apxanrensckas, 2019. -480 c.

2 I'yndennoy . I'my6okoe obyuenue [ DnexkTpoHHbIN pecypce], 2018. -652 c. HEOTp.

3 Sn IoitaTep Iporpammupyem ¢ PyTorch: Co3nanue npunoxeHuit TIIyOOKoro | Heorp.
oOyueHus [DnexkrponHslid pecypce] / IownaTep SAH, 2021. -256 c.

JlomonHuTenbHas TuTeparypa

1 Cer Beiinman [my0okoe oOydeHue: yerkas pa3paborka mpoektoB Ha Python | Heorp.
[Onexrponnslii pecypc] / Beitnman Cer, 2021. -272 c.

2 Tpack Duapro [pokaem rmybokoe oOydeHue [ DIeKTPOHHBIN pecypc] / DHapro | Heorp.
Tpack, 2020. -352 c.

3 Bpaitan Makmaxan 3HakomcTBO ¢ PyTorch: rimybokoe oOy4enue npu o06padoT- | Heorp.
K€ €CTECTBEHHOTO sI3bIKa [ DNEeKTpOHHBIN pecypc]| / Makmaxan bpaitan, Pao Jle-
m, 2021. -256 c.

5.2 TIlepeyennb pecypcoB HHGOPMAIMOHHO-TEJIEKOMMYHUKANIUOHHOM ceTH «H-

TEPHET», UCIIOJb3YCMbBIX IIPH OCBOCHHH NTUCHUIIJTHUHBI

Ne ni/m

DJIEKTPOHHBII aapec

1

Kypc nmexumit K. B. mnmo wmammHHOMY #  DIyOOKOMYy  OOYy4eHHIO:
http://www.machinelearning.ru/wiki/index.php?title=MamunHoe oOyueHue (Kypc JeKL}

Kypc nexnuit K. B. mo MammHHOMY 1 IiyOOKOMYy 0Oy4Y€HUIO (3JIEKTPOHHBIN yUeOHUK):
http://www.machinelearning.ru/wiki/images/6/6d/Voron-ML-1.pdf

DnexkTpoHHas JoKyMeHTanus 1o padore B Keras: https://keras.io/guides/functional api/

DneKTpoHHasl JTOKYMEHTAITHSI o pabore B tensorflow:
https://www.tensorflow.org/tutorials

DneKTpoHHas JIOKyMEHTAaLUs o pabote B pytorch Nel:
https://neurohive.io/ru/tutorial/glubokoe-obuchenie-s-pytorch/

DnekTpoHHast JOKyMeHTaIus 1o padore B pytorch Ne2: https://pytorch.org/tutorials/

CaiiT U1 ycTaHOBKH U paboThl B anaconda: http://anaconda.org/

DneKkTpoHHast JOKyMEHTAIus 1o padore B Oubnmoreke scipy: http://scipy.org/

DnexkTpoHHAas TOKyMeHTaIus o pabore B Oubnunoreke pandas: http://pandas.pydata.org/

Cucrema opraHu3aIii KOHKYPCOB IO UCCIICAOBAHUIO TAHHBIX, 4 TAKXKE COIUATbHAS CETh
CIEIUAMUCTOB MO 00pabOoTKe JaHHBIX U MaIIMHHOMY oOyueHuto: http://kaggle.com/
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Ne ni/m

DJIeKTPOHHBIN aapec

11

Penosurepuii ¢ paznuunbiMu garacerami: http://archive.ics.uci.edu/ml/

12 [MpodeccronanbHbIi HHHOPMATHOHHO-aHATUTUYECKUI PeCypc, MOCBIIICHHBII MalllHH-
HOMY OOY4YEeHMIO, PACMO3HABAHUIO OOpPA30B M WHTEIUICKTYaJlbHOMY aHAJH3Yy MAHHBIX:
http://www.machinelearning.ru/

13 Cucrema as 3amycka W BEpPCTKH OJOKHOTOB ¢ KomoMm B obOmake -Google-colab:

https://colab.research.google.com/

5.3 Anpec caiita kypca

Anpec caiita kypca: https://vec.etu.ru/moodle/course/view.php?1d=7331
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https://vec.etu.ru/moodle/course/view.php?id=7331

6 Kputepun oileHUBAHUA U OLICHOYHbIE MATEPHAJIbI

6.1 Kpurepuu oueHuBaHus

Jlnsa nuciurnabl «lmyObokoe oOyueHune» HopMoi mpoOMeEKyTOIHOM aTTecTa-
ITUU SIBJISICTCS dK3aMeH. OlleHMBaHUE KaueCTBa OCBOCHHUS JUCITUTIINHBI TTPOM3BOIHT-

Ci C UCIIOJIb30BaAHUECM peﬁTHHFOBOﬁ CHUCTCMBI.

JK3aMeH

Ouenka KoauuecTBo Onucanue
0aJ110B

HeynosneTrBoputensHo 0-51 TEOPETUUYECKOE COAEP)KAHUE Kypca HE OCBOEHO,
HeO6XO)II/IMI)Ie MPAKTUYCCKN HABBIKU U YMCHUA
He c()OPMHUPOBAHBI, BHIIOJTHEHHbIE YUeOHBIE 3a-
JaHusl cofepXar rpyOble OIIMOKH, JOMOJTHH-
TeJbHAsl CAMOCTOSATEIbHAS paboTa Hall KypcoM
HC MPUBCACT K CYIICCTBCHHOMY IOBBIIICHUIO
Ka4uyeCTBa BBIIIOJITHCHUSA y‘-I€6HLIX 3al[aHI/Iﬁ

VY1oBIIETBOPUTENBHO 52-67 TEOPETUUECKOE COZIEpP’)KaHNE Kypca OCBOEHO Ya-
CTHUYHO, HO IPOOEBl HE HOCST CYLIECTBEHHO-
ro XapaxkTepa, He0OX0IMMbIe MPaKTUUECKHE Ha-
BBIKM U YMEHUS pabOThl C OCBOEHHBIM MaTepu-
aJIoM B OCHOBHOM C(OpPMHUPOBaHBI, OONBIINH-
CTBO IPEAyCMOTPEHHBIX IPOrpaMMOii 00yueHus
y4eOHBIX 3aJaHUM BBINOJIHEHO, HEKOTOpBIE U3
BBINOJTHEHHBIX 33/1aHUI COJepKAT OIINOKU

Xopotio 68 — 84 TEOPETHUECKOE COAEpKAHUE Kypca OCBOECHO
MOJTHOCTBIO, 0€3 MPoOeNoB, HEKOTOPHIC PAKTH-
YeCKHE HABBIKHM H YMEHHS C(DOPMHUPOBAHBI HEI0-
CTaTOYHO, BCE MPETYyCMOTPEHHBIC TIPOTPaMMON
00ydeHust yueOHbIC 3a/1aHUS BBITTOJIHCHBI, Kaue-
CTBO BBITIOJTHEHHS HU OIHOTO M3 HUX HE OIIeHe-
HO MUHUMAJIbHBIM YHUCIIOM 0alljioB, HEKOTOPHIE
BU/JIbI 3aJTAaHUI BBITTOTHEHBI C OIIHOKaMU

OtnuyHO 85 —-100 TEOPETUUYECKOE COMIEP)KAHUE Kypca OCBOEHO
MOJHOCTBIO, 0e3 MpoOeIoB, HEOOXOAMMBIE ITPaK-
TUYECKHE HABBIKM M YMEHHS C()OPMHUPOBAHBI,
BCE TIPEyCMOTPEHHBIC MTPOrPaMMOI 00ydeHUs
y'-IC6HI)I€ 3aaHuA BBIIIOJIHEHBI, KAYECTBO UX BbI-
MOJHEHHS OIICHEHO KOJINYECTBOM OaioB, OIu3-
KUM K MaKCUMaJIbHOMY
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OcobGeHHoCTH 1O0MyCKA

JlomyCK K SK3aMEHY BKJIIOYaeT B ce0st ocenieHrue He meHee 80% JIEKIMOHHbBIX
Y MIPAKTUYCCKUX 3aHITHH, BHIMOTHECHUE BCEX MPAKTHUCCKUX padOT M MX 3aIlHTY, a
TakK ke BeinoaHeHue MJ13.
bannel HauMCIAIOTCS 3a PEIIeHHEe 3a/1a4 110 X0y ceMecTpa, paboTy HaJ UHAUBUITY-
aJbHBIM MPOEKTOM, yUacTHUe B ayAUTOPHOI padoTe. HakormieHHbIe 6aJTbl CyMMHUPY-
I0TCSI C HK3aMEHAIIMOHHBIM OTBETOM, (OPMHUPYsI UTOTOBBIN Oail. O1eHKa BbICTABIIS-

CTCA Ha OCHOBC CYMMBI Ha6paHHBIX 0aJuI0B 1O peﬁTHHFOBOﬁ CHUCTCMC.

6.2 OueHoyHble MaTepuaJbl IJdA NMPOBCACHUA TCKYIIECI0 KOHTPOJIA U IIPpoOMeE-

JKYTOUYHOI aTTecTaluu 00y4alouuxcs 1no JUCHUIJINHE

IIpumepHbIe BONMPOCHI K IK3aMEHY

Ne i/m Onucanue

1 [TonmHOCBSI3HBIE HEMPOHHBIE CETH, METOJl OOPATHOTO PACIIPOCTPAHEHHSI OLTUOKH, CTOXa-
CTHYECKUW TPAJIUEHTHBINA CITYCK.

2 [Tapametpsl u runepnapamerpsl. OOyuaromas, TeCTOBas W BalWJAlMOHHAS BBIOOPKA.
HenooOyuenue u nepeodydeHue.

3 YucrneHHas onTUMH3aLKMs B IITyOOKoM o0y4yeHuu. MeTton MoMeHTOB, Metoq Hecteposa.
AnanTuUBHBIE MOTU(PHUKAIINN CTOXaCTUIECKOTO TPATUSHTHOTO CITYCKa.

4 Hopmanusanus no munu-6aryam. MHunmanusaus BeCoB.

5 Perynapuszanus B niryookom o6yuenuu. L1 u L2-perynspusanus secos. Dropout.

6 buonornyeckas mozneins 3penus. Onepanysi CBEpTKHU U B3ATUSA MakcuMyma. CBEpTOUHBIN
HelpoH. CBEpPTOYHBIE HEMPOHHBIE CETH.

7 CoBpeMeHHbIE apXUTEKTYpbl CBEPTOUHBIX ceTel. [IpuMepsl npuitokeHni B 3a1a4ax KOM-
NBIOTEPHOTO 3PEHMUS.

8 Pexyppentnsie HeliponHble ceTd (RNN). OOyueHue peKyppeHTHBIX CETel U oOpaTHOe
pacnpocTpaHneHue omuoku ckBo3b BpeMs (BPTT).

9 Crowu ¢ namsreto. Cetu nonroit kparkoBpemennoi mamsati (LSTM). Apxerukrypa Gated
Recurrent Unit (GRU).

10 BeposTHOCTHAs TOCTaHOBKA IEHEPATUBHOM 3a1a4u. [ eHepaTuBHBIE ceTH. [ eHepaTuBHO-
cocTA3areabHble HCKYyCCTBEHHBIE HelipoHHbIe ceTH (GAN).

11 AsrokogupoBmrky. Bapuanuonnsie aBrokonupoBimuku (VAE).

12 3amaun aBTOMaTHYECKOW 00pabOTKM TeKkcTOB. BektopHbie npeactarienus cios (Word
Embeddings).

13 CeeprouHble ceTH 11 00paboTKH TeKcToB. Mozenu seq2seq.

14 PekyppeHnTHbIE ceT ¢ MeXaHU3MOM BHUMaHus (Attention).
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dopma duseTa
MuHuCcTEpCTBO HAyKH U BbIcIIero oopa3zoBanus Poccuiickoit @enepanuu
®T'AOY BO «Cankr-IletepOyprckuit TocynapcTBEHHBIN 2IEKTPOTEXHUYECKHIMA

yHuBepcuteT «JIDTW» umenu B.W. Yabsnosa (JlennHa)»

3K3AMEHAIIMOHHBIN BUJIET Ne 1
Hucuunnuna Iimyookoe o0yuenne OKTU

1. ITapameTpsl 1 runepnapameTpsl. OOyuaroiasi, TECTOBas U BaduJallMOHHAs

BbIOOpKA. HemooOyuenue u nepeodydeHue.

2. Cnou ¢ namsateto. Cetu gonroi kparkoBpemMenHoi namsta (LSTM). Apxe-

tukrypa Gated Recurrent Unit (GRU)).

. IToka3 u 3ammTa MHANBUAYAJIBHOTO MPOEKTa: ~’CeMaHTHYECKas pa3MeTK
3. Iloka3 u 3amura yaJbHOTO MPOEKTA: ~ceMa eckasi pa3MeTKa

n300paxxeHus Ha 0asze npeaodydyenHou cetu VGG19”.
YTBEPXIAIO

3aBenyromuii kadeapoi C.H. [1o3auskoB

OOpa3ubl 32124 (3a1aHUil) 1JI KOHTPOJIBHBIX (IIPOBEPOYHBIX) PadoT
IIpuMep HHAMBHUAYAJBHOIO MPOEKTA:
NuauBuayaabHbIA MPOEKT
CemanTuyeckas pa3meTka n3o0paxeHus: Ha 6a3e npegoOyuennou cetu VGG19
Hucunruinea Iimyookoe o0yuyenune OKTU

TpebyeTrcs mocTpouTh U OOYUNUTh aPXUTEKTYPy MOTHOCBEPTOYHOM CETH, IS
peIIeHHs 3a/1a91 CEMaHTHYECKON CeTMEHTAIlUK n300pakeHnid. B kauecTBe 6a30Boit
CBEpPTOYHOMU CETH, BBIACISIONIEH PU3HAKH, TpeaiaraeTcs B3aTh ceTh VGG19. Heoo-

XOOAUMO Ha €€ OCHOBAaHUHU ITOCTPOUTH U O6y‘-II/ITB APXUTCKTYPY HOHHOCBGpTO‘-IHOfI CeC-
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TH, JIJIs1 pEIICHUS 3a]1a9¥ CEMAaHTUYECKOW CErMEHTAINH N300paKEHUM.
METOAUKA KOHTPOJIA KA4eCTBA BHINOJHEHUS HHAUBHUAYAJIBHOIO IPOEKTA:

”OTJMYHO”, €CJIU MPOEKT BHITIOJIHEH B TIOJTHOM 00bEeMe, K 3aInuTe paboThl HE
OBLJIO CYIIECTBEHHBIX 3aMEUaHUM, TECOPETUUECKOE OCHOBAHNE PAOOTHI OCBOCHO TTOJI-

HOCTBIO, TPOTPAMMHBIN KO/ HE COACPKHUT CYILIECTBEHHBIX HEOCTATKOB;

’XOpOIIO”, €CIIA MPOEKT BBIMOJHEH C YACTUYHBIMHU 3aMEUaHUSMU, UMEIOTCS
YaCTUYHBIC 3aMEUAHUS K 3aIUTE Pa0OThI, TCOPUTUUECKOM 0a3e MpoeKTa, MporpaMm-

HOMY KOZY;

’YyAOBIIETBOPUTEIBHO , €CIIN MPOEKT BHINIOJIHEH C CYIIECTBEHHBIMH 3aMEUaHU-
SIMU, UIMEIOTCS CYIIECTBEHHbIEC 3aMEUaHMsI K 3a1UTE pabOThl, 3HAHUIO U TOHUMAHUIO
TEOPETUYECKHUX OCHOB, MPOTPAMMHBII KO HE TI0BEZEH 10 pabouei Bepcuu, Uik UMe-

CT CYHICCTBCHHBIC U3bAHBI,

HEyNOBJIETBOPUTEIIBHO , €CIIA MTPOEKT HEBBINOJIHEH, 3allIUTa HE MPOU3BOAU-

J1aCh, MPOTPAMHBIN KOJI OTCYTCBYET.

Bech kommiekT KOHTPOJBbHO-U3MCPUTCIIbHBIX MATCPHUAJIOB IJIA ITPOBCPKU C(i)Op-
MUPOBAHHOCTHU KOMIICTCHIIUU (I/IHI[I/IKaTOPa KOMHGTGHHI/II/I) Pa3MCUICH B SaKpBITOﬁ

YacCTH I10 aJIpecy, yKa3aHHOMY B II. 5.3
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6.3 I'paduk Tekyuero KOHTPOJIA yCIeBaAeMOCTH

Heneas Tembl 3aHATHH Buja konTpoOsst

1 OO0y4eHune NCKYyCCTBEHHBIX HEHPOHHBIX CETEH

2 [TpakTrueckas pabota
3 Perynsapusaius B iry0okoM o0y4eHUN

4 UrcneHHast ONTUMH3AIHS B TITyOOKOM 00y4eHUN

5

6 [TpakTuueckas pabota
7 CBepTOouHbIE HEHPOHHBIE CETU

8

9 [TpakTnueckas padota
10 PexyppeHTHBIE HEHPOHHBIE CETH

11

12 [IpakTuueckas padora
13 ['enepaTuBHBIE CETH

14 [TpakTryeckas padora
15 MammuHHBIN IEPEeBOJT U TeHepalrsi TEKCTOB

16 [TpakTrueckas padora
17 MamuHHBIN IEpeBO]T U TeHepalysi TEKCTOB A3/ UAPT3 /NP3

6.4 MeToanka TeKylero KOHTpPOJIst

Ha JICKIITMOHHBbIX 3aHATHAX

Texy1iuii KOHTPOJIb BKJIIOYAET B CE€0sI KOHTPOJIb MOCEIaeMocTH (He meHee 80

% 3aHATHUI), IO pe3yJIbTaTaM KOTOPOTO CTYJICHT MOy4YaeT AOMYyCK Ha K3aMEH.

HAa NPAKTHYCCKHUX 3aHATUAX

Texy1iuii KOHTPOJIb BKJIIOYAET B C€0sI KOHTPOJIb MOcemaeMocT (He meHee 80

% 3aHATHI), IO pe3yJbTaTaM KOTOPOTO CTYACHT MOJIy4aeT JIOMyCK Ha YK3aMEH.

B xone npoBeneHys IpakTUYECKUX 3aHATUI LIENIECO00Pa3HO NPUBIICYEHUE CTY-

JACHTOB K KaK MOXHO Oonee AKTUBHOMY YYaCTHIO B JUCKYCCHUAX, PCHICHUU 3aa4a4,

O6CY)KI[€HI/IHX u T IO HpI/I 9TOM AKTHUBHOCTb CTYACHTOB TAKIKC MOXKCT YUUTHIBATb-

Cia MpCroaaBarcjiicM, Kak OAWH N3 CII0OCOOOB TCKYHICI'O KOHTPOJIA HAa MMPAKTUYCCKUX

3aHATHUAX.

CAMOCTOSITEJILHOM PadoThHI CTYIEHTOB
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KoHTposabp caMocTOsTENbHOM pabOThl CTYACHTOB OCYIIECTBISECTCS HA JIEKIIH-

OHHBIX U IIPAKTHUYCCKUX 3aHATUAX CTYACHTOB ITO MCTOAUKAM, OITMCAHHBIM BBIIIIC.
MeTomea OHCHKH HHAUBUAYAJbHOI'O JOMAIIHEI0 3alaHNA

“OTIMYHO’’, €CJIM MOCTABICHHAs 3aJa4a BBLIIIOJHEHA B IOJIHOM 00beMeE, CaaHa

0e3 CyIeCTBEHHOU 3aJEPKKH;

’XOpOIIO”, €CJIM TOCTABJIEHHAA 33/1a4a BbIIIOJIHEHA C YACTUYHBIMU 3aMEYaAHU-

SIMH, BOBPCMSI BHCCCHBI UCITPABJICHHA,

’yIOBIETBOPUTEIBHO , €CJIM OCTABJICHHAS 33/1a4a BBIMIOJIHEHA C CYIIECTBEH-
HBIMU 3aMEUaHUSIMH, CEPhE3HO HAPYIIIEHBI CPOKH CIAYH, MPUCYTCBYIOT OIMIMOKH TIO-

CJIC UCIIPABIICHHA,

’HEyIOBJIETBOPUTEIBHO , €CJIM TTOCTABICHHAS 337]a4a HEBBIITOJIHEHA.
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7 Onncanue MHPOPMANMOHHBIX TEXHOJIOTHI M MATEPHUATILHO-TEXHUYECKOH 0a3bl

Tun 3angaTui

Tun nomelenus

TpeOoBanus K
MOMeLeHHN IO

TpeGoBanus k
IMPOrpaMMHOMY
o0ecrneYeHuIo

Jlexuus

JlexunoHHas aymauTo-
pust

KomnuaectBo HoCaaJO04YHbIX
MECT — B COOTBCTCTBHHU C

KOHTUHTEHTOM,  pabouee
MECTO MpenoaBaTes,
MEPCOHAJIHBIA  KOMIIBIO-

Tep IBM-coBmecTUMBIi
Pentium wnu BeIlIe, mpo-
eKTOp, 3KpaH, MeJIOBasi WIH
MapKepHasi 10CKa

1) Windows 7 u
BBIIIIC;
2) Microsoft

Office 2007 wu
BBIIIIC;
3) Anaconda3

HpaKTI/I‘{eCKI/Ie 3aHsA-
THUA

AynuTtopust

KonmnuectBo 1mocagouHbIX
MECT — B COOTBETCTBUU C
KOHTUHTEHTOM,  pabouee
MECTO MpenoaBaTes,
MEPCOHAJIHBIA  KOMIIBIO-
Tep IBM-coBmecTHMBIi
Pentium wnu BeIe, mpo-
€KTOp, 3KpaH, MeJIOBasi WIH
MapKepHas 10cKa

1) Windows 7 u
BBIIIIC;
2) Microsoft

Office 2007 wu
BHIIIIC;
3) Anaconda3

CaMocTosTeNbHas pa-
oora

[Tomemenue g ca-
MOCTOSITENIbHOM pabo-
Ta

OcHaleHo KOMIBIOTEPHOM
TEXHUKOH C BO3MOXKHOCTBIO
MOAKI0YEHU K ceTu «MH-
TepHET» U O0OecreueHueM
JocTyna B JIEKTPOH-
HYIO0 MH(OPMAITIOHHO-
00pa3zoBaTenbHYI0  Cpeay
YHUBEPCUTETA.

1) Windows 7 u
BBIIIIC;
2) Microsoft

Office 2007 wu
BHIIIIC;
3) Anaconda3
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8 AnanTanus pado4yei nporpammsl A Jul ¢ OB3

AnantupoBaHHas MporpaMma pa3padarbiBaeTcsl MPH HATMYUU 3asSBICHUS CO
CTOpPOHBI 00yUarOIIeTrocs (PoaUTENCH, 3aKOHHBIX MPEICTABUTENICH ) U MEAUITTHCKIX
MOKa3aHUK (PEKOMEHIAIIUSIMHU TICUX0JI0TO-MEIUKO-TIEAarOrnueCKOM KoMuccum ). J{is
WHBAJIMOB aJalTUpOBaHHAsl 00pa3oBaTeibHAs MporpamMMa pa3padarbiBacTCs B COOT-

BETCTBUU C MHAUBUYyIbHONU MPOTpaMMON peabuInuTaIUH.
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JUCT PETUCTPAIIMM U3MEHEHUI

Ne
n/n

Jlara

N3menenue

Jdara u HOMep MPOTOKOJIA
3acenanusa YMK

ABTOp

HavyaabHuk
OMOJIA

23.12.2021

BHecensl
H3MEHe-

HHUS B
KOMIICTEHT-
HOCTHYIO
MOJCIb
o0OpazoBa-
TEIbHOH
porpam-
MBI, Ha
OCHOBaHHH
nmucbMa Mu-
HOOpHAyKH
Poccun ot
21.12.2021
Ne MH-
5/22720

23.12.2021 Ne9
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