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1. TlepeyeHb NJIAHHPYEMBbIX Pe3y/JbTATOB 00y4YeHHUsI 110 AUCHMILINHE,
COOTHECEHHBIX C MJIAHUPYEMbIMH Pe3yJbTATAMH OCBOCHUSI IPOrPaMMbI

1.1. JucuuminHa 00ecrneyuBaeT OBIaJICHUE CACYIOUIMMU KOMIIETCHIIUSIMU:

Kon HaumenoBanue xomnereniun | Ko atama ocBoeHus HaunMeHnoBaHue 3Tarma 0CBOCHUS
KOMIICTCHIIUU KOMIICTCHIIUHN KOMIICTCHIIUU
VK-1 Cnocoben OCYIIECTBJISATh

crocoOeH 006001aTh U KPUTHYECKH
onennBats HUP 1 Ha uX ocHOBe
VK-1.1 coctaBiaTh mi1ad HUP, a Taxxke
mo100paTh HEOOXOAUMEIE

KPUTUYECKUI aHau3
npoOJIEeMHBIX ~ CUTyauuii  Ha
OCHOBE CHCTEMHOTO IOJX0/a,

BEIpa0aThIBaTh CTpaTeruio
o . HWHCTPYMEHTAJIbHBIE METO/IBI
JleicTBUi
YK-6 CriocobeH OIIPEeIeNATh u YK-6.2 croco0eH
peann3oBBIBaTh TIPUOPHUTETHI CaMOCOBEPILICHCTBOBATHCSI CBOH
COOCTBEHHOW JIESITENLHOCTH H 3HaHUS U YMEHHS
CIOCOOBI ee
COBEpPILIEHCTBOBAHMS Ha OCHOBE
CaMOOIICHKH
1.2. B pe3ynbrare 0ocBOEHUS IUCHUIUIMHBI Y CTYJIEHTOB JJOJIKHBI ObITh CPOPMHUPOBAHBL:
OT®/T® npodeccronanbHbIe Kopx stana ocBoeHus PesynbraTel 00y4yeHus
JeHCTBUS KOMITETECHIINH
BEJICHUE aHATTUTHIECKON VK-1.1 Ha YpOBHE 3HAHWA:
paboThI B 0obnacTu MIpeAMETHON 00J1acT;
AKOHOMHKH U (PUHAHCOB KPUTUYECKOTO aHAJIN3a;
Ha YpPOBHE YMCHHUI:
noz00paTh HEOOXOANMBIE HHCTPYMEHTAJIbHBIE METO/IBI;
MPUMEHATh  WHCTPYMEHTAIBHBIE  METOABI  JUIA
nposenenust HUP;
BEJICHUE aHATTUTUYECKON YK-6.2 Ha ypOBHE 3HAHUIL:
paboThI B oOnacTu METOJ0B CaMOCOBEPILIEHCTBOBAHHUS
SKOHOMUKH 1 ()THAHCOB Ha YpPOBHE YMEHHUIL:
KOPPEKTHOT'O paclpeeieHusl IPUOPUTETOB.

2. O0BeM U MecTO AUCHHUILIMHBI B cTpyKTYype OIT BO

O0beM TMCUMIIHHBI
3 3E, 48 ak. yacoB Ha KOHTAKTHYIO pa0dOTYy ¢ TperoaaBareiieM, 56 ak. 4acoB Ha CAaMOCTOSITSIIBHYIO
paboty oOyuaromuxcs; 4 aK. yaca. Ha IPOMEXYTOUHYIO aTTECTALUIO;
Mecto aucuuniauebl B crpykrype OIT BO

— ®T/.07 «BBenenue B HeiiponHble cetn» 1 Kypc 1 cemectp

— IUCUUIUIMHA MOXET Pealin30BaThCsl YACTHYHO WIIM TIOJTHOCTHIO ¢ puMeHeHneM D0 u/uiu
JIOT. YueOHble MaTepHalibl AUCHUILUIMHBI pa3MelIatoTcs 1o aapecy Ims.ranepa.ru

— (hopma IPOMEKYTOYHOM aTTECTAIMH — 3a4€T C OIICHKOM.

3. CoaepxaHue U CTPYKTYpPa IHCHHUILIMHBI

O0BeM TUCIMITINHBI (MOJIYJIs), aK. Jac./ Jac. dopma
TEKYIIEro
KonTaktHas padoTa ym
00yYaroINXCs C KOHTpOI *
Ne /m HammenoBanme TeM (pazaenoB) y CP YCIEBAEMOCTH ,
Bcero IIperoJaBaTesIeM L
. MIPOMEKYTOTHOM
10 BUJaM y4eOHBIX 3aHATUN
aTTecTaluu
J | 7P | m3 | KCP
Ounas opma o0yueHHs
Tema 1 [TonHOCBsI3HBIE HEUPOHHBIE
P 20 4 4 12 I3
CETH.
Tema 2 CBEpTOUHBIE HEIPOHHBIE CETH. 32 4 12 16 3




O0BeM TUCIHMIUIMHBL (MOIYJIs), aK. Jac./ Jac. dopma
KonrakTHas paborta :(ZI;};I;(T;:
Ne /m HammenoBanme TeM (pazaenoB) obyuaomuxes ¢ CP yCIEBaeMOCTH
Bcero TpernoaaBaTeIeM L
< e MPOMEXKYTOUHOMH
1O BUJIaM y4eOHBIX 3aHSTHIMA
aTTecTalyu
J [ Jp [ m3 [ KCp
Ounas opma o0yueHus
Tema 3 PexyppentHbie HEUPOHHBIE 32 4 12 16 3
CEeTH, SMOEIMHTH.
Tema 4 CoBpeMeHHbIE HelpOoceTeBbIE
APXUTEKTYPHI U UX 20 4 4 12 a3
IIPUMEHEHHE.
[IpomexyToUHast arTecTanus 4 3adeT ¢ OICHKOM
Bcero: 108/81 | 16/12 32124 56/42

[Ipumeyanne* — PopMBI TEKYIIET0 KOHTPOIIS YCIIEBaEMOCTH: JoMairHee 3ananue (/13)
[Ipumeuanne **: B paMkax yka3aHHOW KOHTaKTHOH paOOTHI ¢ OOydYarOIMMHUCS yueOHbIE 3aHSITHS MOTYT
poBoAUTHCS ¢ ucronb3oBarueM JJOT n/mmm 30

Conep:xaHue TUCUUILINHBI

Tema 1. [lonHOCBsA3HBIE HEHPOHHBIE CETH.

Marpuunoe guddepeHuupoBaHre, aIrOPUTM OOPATHOIO  PACHPOCTPAHEHUS  OIIMOKH,
a/IarTUBHBIE METOBI TPAJAMEHTHOTO CITyCKa, METOJI MOMEHTOB, HecTepoBa. (yHKIINHU aKTHBAIHH,
HOpMaJIM3aIUsl TI0 MUHH-0aT4aM, METObl HHUIIMAIM3AlMH, IPOTayT, BBeAeHUe B TensorFlow u
Keras. ABromaTtnueckoe auddepeHuupoBanue mo rpady BbYUCICHHA. DBPUCTUKUA U METOJbI
peryisipu3aluy, UCIoIb3yeMble IPU 00yYeHUN HEHPOCETOK.

Tema 2. CBEpTOUHBIE HEUPOHHBIE CETH.

CBépTka, cBEPTOUHBIE HEHPOHHBIE CETH, aJITOPUTM OOPATHOIO PACHpPOCTPAHEHUS OMIMOKH st
CBEPTOYHOTO CJIOs, PACIIO3HABAHNE M300paKCHUM, CErMEHTAIUS U JIOKATH3aIusl N300pakeHUH.
ABTOKOIUPOBIIMKHA. METO/T TTIaBHBIX KOMIIOHEHT, KaK YaCTHBIN ciyyail aBTOKOJUPOBIIHMKA.
Tema 3. PexyppeHTHbIE HEHPOHHBIE CETH.

Ananmu3 TekctoB UM BpeMeHHBIX psanoB. RNN, LSTM, GRU-sueiiku. AnaroputM o0paTHOTO
pacnpocTpaHeHus OIMOKH JUIsl peKyppeHTHbIX siueek. JIByHanpasiennas LSTM. DmOexaunru:
word2vec, ELMO, BERT.

Tema 4. CoBpeMeHHbIE HEHPOCETEBBIE APXUTEKTYPHI.

Transfer learning, tensor hub. Mcnonbs3oBanue npe1o0yYeHHBIX CETOK JIJIsl PEIICHHUS CBOMX 3a/1ad.
WuTepnperanust HEHMpoHHBIX ceTOK. ['eHepaTuBHBIE MOJENH, OOY4EHHE C MOAKPEIICHUEM,
nepeHoc ctuiis. baiiecoBckuii Word2vec. bimkaiimee Oymyiiee HEHPOHHBIX CETEH.

4. MaTepuaJibl TEKylIero KOHTPOJISA YCIIeBaeMOCTH 00y4Yaromuxcs 1 (GpoHjg
OLICHOYHBIX CPEACTB MPOMEKYTOYHOM ATTeCTALMH MO AUCHUIINHE

4.1. @opMbl M MeTOABI TEKYIIEr0 KOHTPOJS YCINEBAEMOCTH O0y4YalOIIMXCA H
NMPOMEKYTOUHOM aTTeCTALMH.

4.1.1. B xoae peamuzanuu aucuuninabl @T/.07 «BBenenne B HelipoHHBIE CeTH)
HCIOJb3YIOTCS CJIeAYIOIMe METO/IbI TEKYIEr0 KOHTPOJISI YCIIeBAEMOCTH 00yYAKOIIUXCS S

Tewma (pa3nein) MeTo bl TEKYIIEr0 KOHTPOJISI YCIIEBAEMOCTHU
Tema 1 Jomarmnee 3aganue 1
Tema 2 Jlomaninee 3aganue 2
Tema 3 JlomariHee 3agaHue 3
Tema 4 JlomanHee 3aganue 4




4.1.2. 3a4yeT MPOBOAUTCS C MPUMEHEHHEM CJIeAYIOIINX MeTO0B (CPeACTB). B BUJEC YCTHOTO
cobeceI0BaHUs IO PE3YJIbTaTaM BBIITOJTHEHUS 33JJaHUI TEKYIIETO KOHTPOJIS yCIIEBAEMOCTH.

4.2.MaTtepuaJibl TeKyIIero KOHTPOJISI YCIIeBAeMOCTH 00y4alommXxcst

Tumnosbie oOLleHOYHBIE MaTepHabl 0 TeMe 1

JomamHee 3amanue 1. Jlaracer ¢ nenamu Ha kBaptupbl (IIUAH), penienune 3aga4n perpeccum.
Tunosble oLleHOYHBbIE MaTepUAJIbI 10 TeMe 2

HNomamrnee 3amanue 2. Jlaracer CIFAR-10, pemienue 3amaum kinaccuukamuu MOCpeaCTBOM
CBEPTOYHBIX CETOK.

Tumnosbie OLEHOYHBIC MaTepHAJIbI IO TeMe 3

Homamnee 3aganne 3. JlaTaceT ¢ MaKpOIKOHOMHYECKIMH ITepeMEeHHBIMU. CPaBHHUTH ITPOTHO3HYIO
CHIIy PEKYPPEHTHBIX CETOK C KJIACCUYECKMMU SKOHOMETPUYECKUMH MOJEISIMM, MOIBITAThCS
MOOUTH UX IO KA4eCTBY.

TumnoBbie OLEHOYHBIE MaTepHAIbI 10 TeMme 4

JHomaminee 3aganue 4. Transfer learning HOBOCTHBIX YMOEIMHTOB, IPOTHO3UPOBAHUE BATFOTHOTO
Kypca Ha OCHOBE HOBOCTHOI'O KOHTEHTA.

4.3. OueHo4HbIe CPeaCcTBA I MPOMEKYTOYHOM aTTecTalliH.
4.3.1. llepeyeHb KOMMETEHIIHIA C YKa3aHHEM ITANoOB UX GopMHUPOBaHUS B Mpolecce

0CBOeHUs1 00pa3oBaTe/ibHOI nporpamMmbl. [loka3aTesn U KpuTepUU OLIEHNBAHUSA
KOMIIETEHIIMI ¢ Y4€TOM 3Tana ux (popMHpPOBaHUA

Kon HawnmeHnoBaHue KOMIETEHIINN Kop srama ocBoenus HaumMmeHoBaHuUe dTama 0CBOESHUS
KOMIICTCHIIUN KOMIICTCHIIUN KOMIICTCHIIUN
VK-1 Cnocoben OCYIIECTBJISATh

CrocoOeH 006001aTh U KPUTHYECKH
oneanBath HUP 1 Ha nX ocHOBE
VK-1.1 coctaBiaTh mi1ad HUP, a Takxke
mo100paTh HEOOXOANMEIE

KPUTUYECKUI aHaIu3
npoOJIEMHBIX ~ CUTyauuii  Ha
OCHOBE CHCTEMHOI0 IO0JX0/a,

BEIpa0aThIBaTh CTpaTeruio
y . HWHCTPYMEHTAJIbHbIE METObI
JICUCTBHUI
YK-6 Criocoben OTpeNIeNiTh u YK-6.2 Croco0cH

peann3oBBIBATh  NPHOPUTETHI CaMOCOBEPILICHCTBOBATHCSI CBOH
COOCTBEHHOW JIESITENFHOCTH H 3HaHUS U YMEHUS
CIOCOOBI ee
COBEpIICHCTBOBAHUS Ha OCHOBE
CaMOOIICHKH

Oran ocBOeHUs Iloka3arens OLeHUBAaHUSA Kpurepuii oneHuBaHus

KOMITETECHIINH

YK-1.1 cnocoOHocTh cocraBuTh IlaH HUP Ha | poxiiaa HaydHOMY PyKOBOJUTEIIO

OCHOBE aHalIM3a MPEeIMETHOH obmactu u
110JJ00paTh HHCTPYMEHTHI

YK-6.2 croco0eH CaMOCOBEPIICHCTBOBATHCS CBOM | YPOBEHB MPOGECCHOHATBHOTO pOCTa
3HaHHS ¥ YMEHHS

4.3.2 TunoBblie OLIEHOYHbIE CPEICTBA
Munu-3agada. Caenats HECKOJBKO MIATOB AITOPUTMa OOPATHOTO PAaCIIPOCTPAHEHUS OITHOKHI
JUISl IBYXCJIOMHOW TOJHOCBSI3HOM HEHWPOHHOW CETKHM Ha JBYX HAOIIOJEHUSAX, WCHOJB3YS IS
OGy‘ICHI/ISI aHFOpI/ITM AalITUBHOTO CTOXAaCTUYCCKOI'O Fpa,Z[I/IGHTHOFO CHyCKa.

IIIxana omeHNBaHNUA.
Ornenka omnpenensieTcs mo gopmyie:

[ = ?:1 Bj
n
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rae N — JoMamiHuX 3amaHui, B; — ornenka 3a momaniHee 3amanue 1mo 10-tu 0ampHOM mkane, | —
HATOTOBOE KOJIMYECTBO OaJII0B.

10- Tpaguuronnas «3aureHoy/ Omnpenenenne
OanpHas [IKana «He 3aureHo»
IIKaja
10 OTanaHO 3adreHo ITocTaBneHHas 3amaya peimieHa BEPHO, KOJA ONTHMAJeH M
paboTocmocobeH.
AHanu3 penieHust MpoBeJieH B IMOJHOM 00beMe.
9 OTnruHO 3a4reHo [MocraBneHHass 3ajada pemieHa BEpPHO, KOJA YacTHYHO
OonTHMAaNIeH U paboTocmocoOeH. AHaNHU3 perIeHus IpoBeIeH
B IIOJIHOM 00BbeEMe.
8 OTinryHO 3a4yreHo [TocraBnenHas 3afa4a pelieHa BEpHO, KOJ| pab0TOCIIOCOOEH.
AHaJn3 penIeHrs IPOBEICH B TOJTHOM 00beMe.
7 Xoporio 3auTeHo [TocraBienHas 3aa4a pemieHa BEpHO, Koz paboTocrmocobeH.
AHan3 penieHusi MpoBeJIeH B IOCTATOYHOM 00beMe.
6 Xoporio 3aureHo [MocraneHHas 3a/1a4a penicHa BEpHO, KO paboTOCIIOCOOCH.
[IpoBeneH aHaJIU3 peLICHHUs.
5 YnosnerBopure 3adreHo ITocTaBneHnHas 3amava perieHa BepHo, Ko paboTococoOeH.
JBHO [TpoBeeH HENOIHBIH aHaNN3 PEIICHHUSI.
4 VY noBnerBopure 3aureHo [ocTaBnenHas 3aga4a pemeHa BEpHO, KOJ pad0TOCIIOCOOEH.
JIBHO IlpoBeneH HeNoJIHBIA aHAIM3 pEUIEHUs C YacTUYHBIMU
OIMOKAMH.
3 HeynosnerBopu He 3aureno | [locramieHHas 3aava pelicHa ¢ HEBEPHBIM OTBETOM.
TEJILHO
2 Heynosnersopu He 3aureno IlocraBneHHass 3ajada He pelleHa, MpPeACTaBIEHHBIN
TEIBHO CTYICHTOM KOJ YaCTHYHO paboTocrmocobeH
1 HeynosnerBopu He 3aurteno IlocTaBnenHas 3ajada He pelleHa, MPenCTaBICHHBIN
TENBHO CTYJICHTOM KOJ HE pabOTOCIOCOOCH.
0 HeynosnerBopu He 3auteno | IlocraBiieHHas 3a/ia4a He BBINOJIHEHA, KOJI HE IIPECTaBIICH
TEIHHO

4.4. MeToanuecKue MaTepuasbl

3aueT MPOBOAMTCS B KOMIIBIOTEPHON ayJAUTOpPUH, C YCTAaHOBIEHHBIM MakeToM Anaconda c
Python 3, Keras u TensorFlow ¢ moctymnom B JOKajdbHYIO CeTh AKaJeMHH U TIIOOAIBHYIO CETh
Nutepuer. Obyyaromeiics pemaet 3a1ady.

OOyuatomieiicss uMeeT NpaBO TMOJb30BAThCS CEThIO VIHTEpHET npu peleHun Keica.
OOyuaromuiicst 00s13aH OOBSICHUTH KAKIYIO CTPOUKY KOJIA.

Bpems Ha BeimonHeHue 3amaHus 1 dac. Pe3ynbTaThl coxpaHSIOTCS Ha paboueM CTolie.
OOyuaronyie MOKUAAIOT aAYJUTOPHIO, U TI0 YCTAHOBICHHON OYEpeIr 3aXOSIT B ayAUTOPHIO IS
3alIMTH Keiica. Bpems Ha 3amuTy keiica He Oosee 7 MUH.

B cnydae, ecniM JQUCHUIUIMHA TIOJHOCTHIO MM YaCTUYHO MPOBOAWIACH C TPUMEHEHHUEM
TEXHOJIOTHI DSJIEKTPOHHOTO OOYy4YeHHMS W/WIM JUCTAHIIMOHHBIX TEXHOJIOTUH, 3a4eT MOKET
MIPOU3BOUTECS C HCTONb30oBaHueM cuctembl C/1O AkagemMun u MpruMEHEHHEM ITPOKTOPHHTA.

5. MeToanueckne yKazaHus JAJ1s1 00y4aArOIIMXCs
110 OCBOEHHUIO THCIUILTTHHBI

Keiicbet u gomamHue 3amaHusl IS CAMOCTOSITENBHOM TMOATOTOBKHM MOTYT  OBITh
OMyOJTMKOBAHBI:

1. Ha ctpanuuke Kypca https://github.com/FUlyankin/neural_networks;
2. Bricianbl Ha 0OLIYIO TOYTY TPYIIIBI

KonkpeTHblii crioco0 KOMMYHHKAIIUU CO CTYACHTaAMH ONPEIeIsIeTcs pernoaaBaTesieM.

Jis  TMOATOTOBKM K  MPAKTUYECKUM  3aHATHAM  HEOOXOAMMO  O3HAKOMUTHCS  C
PEKOMEHI0BAaHHOM JTUTEPaTypoil, MOBTOPUTh MaTepHall MPEIbIAYIINX MPAKTUYECKUX 3aHSITHIA.
[Ipy BO3HHKHOBEHHMH BOMPOCOB OOpATUTCS K TPEMOAABATEII0 IO JJIGKTPOHHOH ModYTe C
yKa3aHUeM KOHKPETHOH mpoOsieMbl W (MJIM) NPUNHTH K MpernojaBaTesli0 Ha KOHCYJIbTALUIO B
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YCTaHOBJICHHOE BpEMSI.

JIns  TOATOTOBKM TMHUCHMEHHBIX JIOMANIHUX 3aJaHUil  HEOOXOJAMMO O3HAKOMHUTHCS C
PEKOMEHIOBaHHOM JINTEPATYPOH, ITOBTOPUTH MaTEPHa MPEIbITYIINX MPAKTUICCKAX 3aHATHH.

[lamka ¢ BbIMONHEHHOW paboToil JomkHA OBITH HasBaHa B ¢opmate: Homep
13 ®avunusa Mms u BeutoxkeHa Ha Dropbox, Yandex-disk wmm moGoit nmpyroit perno3utopuii.
Cchulka Ha BBITIOJICHHYIO pa0oOTy JOJDKHA OBITH OTHpaBiieHa B (opmy, ykasaHHyl B Ojore
MIPETIo1aBaTeIsl.

B teuenun kypca npernogaBaTellb BIpaBe mpeiarath CTyISHTaM JIOMOJHUTEIBHBIC 3a/1aHuUs
MOBBIIICHHON CJIOHOCTH JUUIsl HAYMCIICHHS JOMOJHHUTENBHBIX OayuioB. [IpaBuia BBIOJHEHUS
JAHHBIX 3aJaHU M HAYUCIICHUS OaJUIOB OOBSABISAIOTCS MpEroiaBaTelieM WHAWNBUIYAIBHO IS
KaXKJIOTO 3aJIaHUs TIOBBIIICHHOM CII0)KHOCTH.

CamocrosiTenpbHas paboTa CTYIEHTOM OCYHIECTBISIETCS ISl 3aKPEIUICHHS HW3y4EeHHOTO
MaTepualia Mmocje MPAKTUUYCCKUX 3aHSATHI, JJIs1 BBIMIOJIHEHUS JOMAIIHUX 3aJIaHUH, U U3YUYCHHUS
JIOTIOTHUTEIHHBIX MaTEPHAIIOB.

6. YueOHasn JJuTEpaTypa U pecypchl HHGOPMAIIHOHHO-
TeJIEKOMMYHUKAUMOHHOI ceTH ""UHTepHeT", BK/II0OYasi epevYeHb
y4eOHO-MeTOANYeCKOro odecrnevyeHus ISl CAaMOCTOSITeIbHOI padoThI
00y4YalIUXCs M0 TUCHUIIINHE
6.1. OcHOBHas JUTEPATYPA.
1. C. Huxonenko, A. KanypuHn, E. Apxanrensckas “I'mydokoe o6yuenue. Ilorpyxenue B Mup
HEHPOHHBIX ceTell.” — u3narenbckuil nom [lurep, 2017

6.2. JlononHUTEIBbHAS IUTEPATYPA.
1. Goodfellow I., Bengio Y., Courville A. “Deep learning.” — MIT press, 2016

6.3. Y4eOHO-MeTOTMUECKOe 00ECTICUeHHE CaMOCTOSTEIbHOU PaOOTHI.
OtnenvHOE OOecmeueHne He MPEeyCMOTPEHO.

6.4. HopmaTuBHbIE IPaBOBBIE JOKYMEHTHI.
He npexgycmotpensl.

6.5. UHTEepHET-pECypCHI.
https://www.tensorflow.org
https://qgithub.com/FUlyankin/neural networks
https://qgithub.com/yandexdataschool/Practical DL/tree/master
http://Ims.ranepa.ru

6.6. lHpIe MCTOYHUKH.
He npegycmotpeHsl.

7. MartepuajJibHO-TeXHHMYECKas 0a3a, UH(POPMALMOHHbIE TeXHOJIOTUH,
nporpaMMHoe odecrneyenne 1 HHGOPMALMOHHbIE CIIPABOYHbIE CHCTEMbI

KomnbroTepHsIii kiace
JlocTyn B MHTEPHET U JIOKAJTbHYIO ceTh AKaaeMUuu
[IpoeknronHoe 060pyI0BaHME
[Iporpammuoe obecrieuenue:
— Windows/Linux/Mac OS
— Google Chrome
— Juctpubyrus Anaconda
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https://www.tensorflow.org/
https://github.com/FUlyankin/neural_networks
https://github.com/yandexdataschool/Practical_DL/tree/master
http://lms.ranepa.ru/
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