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1. Mecto pucyuninHsbl B cTpyktype OITIOII

Hucinza B1.B.02 I'my6okoe oOyueHre OTHOCUTCS K YaCTH, POPMHUPYEMOM y4aCTHUKaMHU
oOpa3oBaTe/TbHBIX OTHOIIEHUH 0Opa30BaTe/TbHOM MTPOTrPaMMBbI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

pe3y/bmambl Hay4YHO-
uccnedo8amenbCKux
u/unu onbIMHo-
KOHCMPYKMOPCKUX
pabom &

mpe6oearus UT-
npoexkma g obaacmu
KoMnblomepHoti
epacuku u
Mo0enupoeaHus
JHCUBBIX U
mexHUYecKux cucmem

(KT'uM), u obpamHo:
cnocobeH
obecneuums UT-
npoexkm
HeobX00UMbIM
uccnedogaHuem u
ONbIMHO-
KOHCMPYKMOPCKUMU
pabomamu

Manoeo u cpedHe20 yposHs
cnoxcHocmu 6 obnacmu UT
IK-10.2: Ymeem npogodumb
MOHUMOPUH2 U ynpasneHue
pabomamu npoekma 8
npoeKmax manoeo u cpeoHe20
YDOBHSl CA0XCHOCMU 8
obnacmu UT

IIK-10.3: Umeem
npakmuveckuti onbim
ynpaeneHus usmeHeHUsIMU 8
npoekmax mano2o u cpeoHe2o
YDOBHS CI0MHCHOCMU 8
obnacmu UT

anzopummbl u Memoobl
21y60oK020 00yueHUst 8 peweHuu
HAyuYHbIX 3a0ay u 3a0ay
npoeKkmHoll U Npou38o00CMeeHHO-
MexHO102U4eCKOU
OesimeabHocmu / Students must
know how to use deep learning
methods to solve scientific
problems and problems of
technological activities

ITIK-10.2:

Ymemb pewams 3a0auu
Memodamu 21y60K020 0OyueHusl.
Bnademb Hasblkamu pewleHus
NpUKAAOHbIX 3a0ay Memooamu
21y6oko20 obyueHus / Students
should be able to solve problems
using deep learning. Students
must have the skills to solve
applied problems using deep
learning method

IIK-10.3:

Hmemb npakmuueckuti onbim
ynpasneHust UsMeHeHUusIMU 8
npoekmax, 20e nocmaeneHHble
3adauu pewaromcesi cpedcmeamu
21y60ok020 0byueHus / Students
should have practical experience
in change management in
projects where tasks are solved
using deep learning

dopmupyemsbie IlnaHupyeMbie pe3yabTaThl 00yUeHHs M0 AUCHUILUIMHe | HanMeHOBaHHe OLeHOYHOTO CPe/ICTBA
KOMIIeTeHL{UH (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHL{UMN o AUCLUIIUHE KOHTPOJIA IPOMEXXyTOUHOH
(xon, coZiepkaHue ycreBaemMoCTH aTrTecTranuu
VHAWKATOpa)
ITK-10: CnocobeH TIK-10.1: 3Haem memoObl IIK-10.1: IIpakmuueckoe
KOHeepmuposamb NJIaHUPOBAHUS 8 npoeKmax 3Hamb, Kak ucnonb3o8amsb 3adaHue 3quém:

KoumposnbHble
80NpOCh!




3. CTpyKTypa U cojep)KaHHe AUCIUILIAHbI

3.1 TpyA0eMKOCTb AUCLUII/IUHBI

OYHas

O011as TPy/J0EMKOCTBD, 3.€e. 5

Yacos o yuedGHOMY I/IaHY 180

B TOM UHCIIe

ay/JUTOpPHBIE 3aHATHSA (KOHTaKTHas1 padoTa):

- 3aHATHS JIEKIIHOHHOT'0 THIIA 32

- 3aHATHS CEMHHAPCKOro THNa (MpaKTHYecKue 3aHATHs / 1aGopaTopHbIie PaGoTh) 16

- KCP 1

caMocTosTe/IbHasA padoTa 131

ITpomexyTouHas arrecTanys 0
3auéTt

3.2. CozepkaHWe JUCIUIIIVHbI

(cmpykmypuposaHHoe no memam (pasdenam) C yKazaHueM OmMEeOeHHO20 HA HUX Ko/audecmed

axkademuuecKux udacosg u 8uobl yuebHbIX 3aHamuil)

HavmeHOBaHMe pa3[ie/sioB ¥ TeM JUCLUIUIMHBI Bcero B TOM 4uC/Ie
Yyachl
( ) KonTakTHas pabora (pabota Bo
B3aUMO/IeHiCTBUY C IIperio/jaBaTesiem),
Yyachl U3 HUX
3aHSTHS CamocTosTenbHas
CeMHHApPCKOro pagora
3aHATUsS THMNa obyuarowerocs,
JIEKIIMOHHOTO | (TIpakTHueckue | Bcero Hacel
THUMa 3aHsATHs/nabopa
TOPHbIE
paboTsI), yacsl

d d $ b o

s} 0 s} 0 0
Beegenue B riaybokoe obyuenue (deep learning) / Introduction to deep 99 4 9 6 16
learning
MHoroc/oiiHbIe TTOTHOCTLIO cBsi3aHHBIe ceT / Fully-connected neural 9 4 9 6 16
networks
CgeprouHsle HelipoHHbIe ceTr / Convolutional neural networks 22 4 2 6 16
O630p 6ubmoTek riybokoro obyuenus. PaspaboTka ceTy,
COOTBETCTBYIOLLeH JIOTUCTUYECKOM perpeccuy, Ha TipuMepe 3aJaun
Ppacro3HaBaHUs PYKOITUCHBIX LUudp / An overview of deep learning 22 4 2 6 16
frameworks. Development of a neural network that correspond to the logistic
regression using the handwritten digit recognition task as an example
Knaccudukanysi u300paxeHuit ¢ 60JIbLIMM YHC/IOM KaTeropuil ¢
WCII0/Ib30BaHeM MeTO/I0B riiybokoro obyuenust / Image classification using 22 4 2 6 16
deep learning
O6yuenue 6e3 yuuressi / Unsupervised learning 22 4 2 6 16




TlepeHoc o6yuenus (transfer learning) riy6okux HefipoHHbIX ceTeii / Transfer 9 4 9 6 16
learning of deep neural networks

CeMaHTHUeCKasl cerMeHTalusl H306pakeHNH C UCTIOIb30BaHNEM METOZIOB 16 4 9 6 10
riy6okoro obyuenus / Semantic segmentation of images using deep learning

IeTekTHpOBaHKe 00BEKTOB Ha M300pP&KEHMSIX C UCII0/Ib30BaHHEM METO/I0B 9 0 9
riy6okoro obyuenust / Object detection in images using deep learning

ATTectarus 0

KCP 1 1

Wroro 180 32 16 49 131

Contents of sections and topics of the discipline

1. Beefenue B rinybokoe obyuenue (deep learning) / Introduction to deep learning

2. MHoroc/oliHbIe MOMHOCTLIO CBsizaHHbIe ceTH / Fully-connected neural networks

3. CeeprouHble HelipoHHbIe ceTd / Convolutional neural networks

4. O630p 6ubmMoTeK rmybokoro o0yyenusi. PazpaboTka ceTH, COOTBETCTBYIOIIEH JIOTUCTHUECKOW pPerpeccuu, Ha
TpyMepe 3a/lauM pacrio3HaBaHus pyKOMUCHBIX PP / An overview of deep learning frameworks. Development
of a neural network that correspond to the logistic regression using the handwritten digit recognition task as an
example

5. Knaccudukanms n3o0pakeHni ¢ 60/BIIMM YHCIOM KaTeropyil ¢ UCT0/Ib30BaHHEM METO/[0B TTyO0KOTo
obyuenus / Image classification using deep learning

6. O6yuenue 6e3 yuuresns / Unsupervised learning

7. IlepeHoc obyuenus (transfer learning) rimybokux HelipoHHBIX ceTeli / Transfer learning of deep neural
networks

8. CemaHTHuecCKasi cerMeHTaLus 1300pa)kKeHHH C MCIOIb30BaHHEM MeTOZIOB ITyOoKoro obyuenus / Semantic
segmentation of images using deep learning

9. leTekTHpOBaHNe 0OBEKTOB Ha M300paKeHUSIX C UCTI0/Ib30BaHUEM MeTO/[0B TTybokoro obyuenws / Object
detection in images using deep learning

4. YueOHO-MeToANUYeCKOe ofecrieyeHHe CaMOCTOSITe/TbHOW Pad0ThI 00yJarouXCst

CamocrosiTenibHasi paboTa 0OyuaroL[UXcsl BK/IOUaeT B ceDdsi MOJATOTOBKY K KOHTPOJIHBIM BOITPOCAM U
3a[jaHUsIM JIJIsl TeKYILero KOHTPOJIsi U MPOMEXYTOUHOW aTTeCTallud IO WUTOraM OCBOEHMS JUCLIATIIUHEI
NpUBeJIeHHBIM B I1. 5.

515t obecrieueHUs1 CaMOCTOSITE/TBHOM PabOTHI 00yUarOLUXCS UCTIONB3YFOTCS:
OneKTpOHHBIE KYPChI, CO3/laHHbIE B CICTeMe 3/1eKTpOHHOTo o0yuenuss HHI'Y:

I'ny6okoe ob6yuenue, https://e-learning.unn.ru/course/view.php?id=6119.

VHble yueOHO-MeTOqMUECKIe MaTepHaIbl:
1. BoponrioB K.B. MammmnHoe o6yuenue. Kypc nekiuid. http://www.machinelearning.ru.
2. 3onoteix H.FO.MammnHoe obyuenue. Kypc nekiwmii. Huwkuuii Horopoa: HHI'Y, 2007.

5. Assessment tools for ongoing monitoring of learning progress and interim certification in the
discipline (module)



5.1 Model assignments required for assessment of learning outcomes during the ongoing
monitoring of learning progress with the criteria for their assessment:

5.1.1 Model assignments (assessment tool - Practical task) to assess the development of the
competency ITK-10:
Jlabopamopuas paboma Nel / Lab #1

ITporpaMMHasi peanu3aliysi MeTo/ila 00paTHOTO PAaCTPOCTPAHEHHs OIITUOKY [I/isl TPEXCIIOMHOTO TePCerTp
oHa (1o Matepuanam yieKiuu Ne?) / Software implementation of the backpropagation method for a three-layer
perceptron (based on lecture #2)

JlabopamopHas paboma Ne3 / Lab #3

IepeHoc 0b6yueHUs C UCIO/Ib30BaHHeM OubmoTeku PyTorch fist peltieHus 3ajauu KinacCHpUKaI[UK

n3obpakenuii / Transfer learning using the PyTorch library to solve an image classification problem.

[TpumeyaHve: IPU BBITIOTHEHNH JTa00paTOPHBIX paboT 2 U 3 MCIOMb3yeTCst OJMHAKOBbINA HabOp JJaHHBIX
u3 ob1iero nepeuncieHHbIX HabopoB / Note: Labs 2 and 3 use the same set of data from the general sets listed

Assessment criteria (assessment tool — Practical task)

Grade Assessment criteria

Bce npakTtuyeckue 3aanvs (iabopaTopHbie pabOTHI) BLITO/IHEHLI B TIOJTHOM 00BeMe U B CPOK,
outstanding  |mpu 3TOM MPUMEHEH TBOPUECKUH TOXO07 K PeIIeHHI0 HeCTaHJapTHBIX 3a/1au. OnvcaHbl Bce
3Tarbl BBITIOJTHEHUS 3a/JaHUM, KOZ, M pe3y/ibTaThl PA0OTHI Tpe/ICTaB/IeHbI TTPETo/jaBaTerto.

Bce npakTryeckue 3a1aHus (71abopaTopHble pabOThI) BHITOTHEHB! B ITOJTHOM 00beMe U B CPOK.
excellent OnucaHbl BCe 3Tarbl BHITIOHEHUS 3a[JaHUH, KOZ U pe3yJ/bTaThl pabOoThI MPe/iCTaB/eHbI
TIPero/iaBaTe’o.

d BbIMosiHeHbI OCHOBHBIE 3Tarlbl PEIIeHHs 3a/Jaud WM 3a/jaua pelieHa ¢ He3HaAuUuTeTbHbIMU
very goo
ye HemouetaMu. Ko 1 pe3ynbTaThl paboThI Mpe/iCTaB/IeHbI TIPETIO/ABaTeI0 B CPOK.

BbIMo/THeHBI YaCTh 3TArOB PeIleHys 3alaud WK 3a/laua pellieHa ¢ Hegouetamu. Ko u

ood
g pe3y/bTaThl paboThI MTpe/CTaB/IeHbI TIPETIoaBaTe/lio B CPOK.

BBbIMo/THEHBI YaCTh 3TATOB PEIeH s 3a/[auu WA 33jiaya pellieHa C CyIieCTBeHHbIMU
satisfactory ~ Hemouetamu. Koz v pe3ysibTaThl pabOTHI MTPe/ICTAaB/IEHbI MTPEIo/aBaTe o, HO C OTK/IOHEeHUSIMU
OT CPOKOB.

BbIMosiHeHbI He BCe TIpaKTHUeCKHe 3alaHus (1abopaTopHble paboThl) UK BBITTOJTHEHBI He B
unsatisfactory momHoMm 06beMe (TIpeJCTaBIeHO He MOJTHOe ONMCAaHKUe ITATlOB BBITTOTHEHHS 3a/IlaHUH, KO,
paboTaeT HEKOPPEKTHO, pe3y/bTaThl pabOTHI He MPe/ICTaB/IeHb Pero/aBaTerio).

poor CTy,Z[eHT He TIPUCTYIIA/I K BBITIOJTHEHUIO TTPAKTUYECKHX BBABHHﬁ.

5.2. Description of scales for assessing learning outcomes in the discipline during interim
certification

IITkana oneHUBaHUs C()OPMUPOBAHHOCTH KOMIIeTeHLINH



YpoBen
b
chopmu Hey/I0BJIETBOP | Y/AOBJIETBO 04YeHb
IJI0X0 X0POIIo OT/IMYHO TIPEBOCX0/{HO
POBaHH HUTe/ILHO PHTe/ILHO XOpO11I0
oCTH
KOMIIET
eHIMH
(uHpUK
aropa
AOCTHXK He 3aUTeHO 3a4TeHO
eHust
KOMITET
eHIHii)
YpoBeHb
OtcyTcTBUE YpoBeHb POBe
o N 3HaHWH B
3HAHUU MuHuManeH | 3HaHUU B oGBeMe YpoBeHb
TeOPeTHUUeCKOTro o obneme, i 3HaHWM B
YpoBeHb COOTBETCTBY YpoBeHb
Marepuaa. N [IOMyCTUMBI | COOTBETCTBY obbeme, o
3HAHWH HIDKe 9 I0IL[eM 3HaHWH B
HeBO3MO>KHOCTb i ypoBeHb I0IL[EM COOTBETCTB
MHMHHUMa/bHBIX " rporpaMme obneme,
3HaHUS | OLEHUTH MOJIHOTY " 3HaHWH. nporpamMme yIOIeM
N TpeboBaHMH. TIOATOTOBKH TIPEBBIILAOILE
3HaHUH TonyieHo MO/IrOTOBKH rporpamme
Vmenu mMecTo . DomyirieHo M TMPOrpamMmy
BCJIE[ICTBHE MHOT'0 . Jony1ieHo TIO/IrOTOBK
rpy0Oble omMOKH HeCKOJIbKO TO/ITOTOBKH.
OTKasa HerpyobIx HECKOJIbKO u. Ommbok
HeCylILecTBe
obyuaroiierocs ot OIIM60K HerpyobIx HHEX HeT.
OTBeTa OIrb0K
oLIO0K
IIponemoHc
TPHPOBAaHBI
IIpogemoHc PHp
IIpogemoHc | Bce
IIpogemMoHC | TpUpOBaHbI
TPUPOBaHbI | OCHOBHBIE
TPUPOBaHbI | BCe
BCE YMeHWUsI. ITpozieMoHCTp
OCHOBHBbIE OCHOBHbIE
OrcyTtcTBHE OCHOBHBIE Peltens! MPOBaHbI BCe
ITpu peLieHNM YMeHUsl. yMeHUsl.
MHHHMMaJ/IbHbIX yMeHUsl. BCE OCHOBHBIe
N CTaH/APTHBIX PerieHsl PeliieHb! Bce
YMeHHH. PeliieHbl Bce | OCHOBHBIE yMeHUSI.
3aad He THITOBbIE OCHOBHbIE
HeBo3Mo>xHOCTB OCHOBHbBIE 3a/lauu C Periens! Bce
TIPOZIEMOHCTPUD | 3aJauu C 3a7iaum C
OLIEHUTDb Ha/THyye 3ajiaunl. OTZIeNbHBIM | OCHOBHBIE
Ywmenus N OBaHbI HerpyObIMU | HerpyObIMU
yYMeHHH BbITo/IHEHBI | U 3a7iaunl.
OCHOBHbIE ommbKamMu. | OLIMOKamu.
BCJ/IE[ICTBHE BCe 33JlaHMs1 | HecyllecTB | BrlnosHeHsl
ymeHus1. Umenu | BeinosnHeHsl | BbimonHeHsl
OTKaza B [10JTHOM €HHBIMU BCe 3a/laHus, B
MecTo rpy0Obie BCE BCe 3a/laHust
obyuatoiierocs ot obbeMe, HO | HejOUeTaM | IIOJHOM
OLINOKM 3afaHus, HO | B IIOJTHOM
oTBeTa HEKOTOpbIe u, oObeme Ge3
He B 06beme, HO
d BBITIOJIHEH HeJl0UeToB
TIO/THOM HEeKOTOpble
HeJloueTaMH | bl BCe
obbeme o
3a/laHyis B
HeJZloueTaMu
TI0JTHOM
obbeme
Nwmeetcsa
OTtcyTcTBUE IIpomemoHc [Ipomemonc
MHUHUMaJbH IIpogemoHc
6a30BbIX [Tpu peLeHNM o TPUPOBaHBI TPHPOBAaHBI
bl Habop TPUPOBAHBI ITposeMoHCTp
HAaBBIKOB. CTaH/APTHBIX 6a3oBble HaBBIKK
HaBLIKOB 6a3oBbie HpOBaH
HeB03MO>KHOCTB 3ajiay He HaBBIKH TIpU TIpx N
ISt HAaBBIKH TIpY TBOPYECKHI
OLIeHUTb Ha/jMure | TPOJEeMOHCTPUD peleHnn peleHnn
Hagbiku pelLeHust peleHnH MOZIXO/, K
HaBBIKOB oBaHb! 6a30BbIe CTaHZIapTHBI HecTaHjapT
CTaHZAPTHBI CTaHJapTHBI PEILLEeHHI0
BCJIEJICTBHE HaBbIKH. VIMenn X 3a/jau ¢ HBIX 3ajiau
X 33/ja4 C X 33734 6e3 HeCTaH/apTHbI
OTKasza MecTo rpy6bie HEKOTOPbIM 6e3
HEKOTOPbIM ommboK u X 3a/1a4u
o0yuaroierocst OT | OmUOKU u o1mboK u
u HeZloueToB
OTBeTa HeJ[0YeTaMHu He/[0YeTOB
HeJloueTaMu
Scale of assessment for interim certification
Grade Assessment criteria
pass All the competencies (parts of competencies) to be developed within the discipline have
outstanding been developed at a level no lower than "outstanding", the knowledge and skills for the

relevant competencies have been demonstrated at a level higher than the one set out in the
programme.




excellent All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "excellent",

very good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "very good",

good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "good",

satisfactory All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "satisfactory", with at least one competency
developed at the "satisfactory" level.

fail

unsatisfactory At least one competency has been developed at the "unsatisfactory" level.

poor At least one competency has been developed at the "poor” level.

5.3 Model control assignments or other materials required to assess learning outcomes during
the interim certification with the criteria for their assessment:

5.3.1 Model assignments (assessment tool - Control questions) to assess the development of the
competency [1K-10

1. Beezenue B riaybokoe obyuenue (deep learning) / Introduction to deep learning

a.
b.
C.

d.

Yro Takoe riaybokoe obyuenue (deep learning)? / What is deep learning?
VcToku Bo3HUKHOBeHUS (CBsI3b ¢ Ouosorueii) / Origins of occurrence (connection with biology)
[TpuMepsI 33/1a4, KOTOPBIE PeLIaloTCs C UCTI0/Ib30BaHUeM riiybokoro obyuenus / Examples of
problems solved using deep learning
a. 3aiau KOMITbIOTEPHOTO 3peHus (computer
vision): Knaccudukaiys n300pakeHuH ¢ 0OJIBIIIMM UUC/IOM KaTeropui, 1eTeKTUPOBaHU
e 00BeKTOB, CeMaHTHYeCKasi cerMeHTanys u3oopaxxenuii / Computer vision problems:
image classification, object detection, semantic segmentation
b. 3ajauu pacrio3HaBaHMs eCTECTBEHHOTO SI3bIKA: MAIIMHHBIN TIepeBOJI, TeHeparyst TeKCTO
B eCTeCTBEHHOT0 s13bIKa, FPaMMaTh4ecKuii pa3oop ciioB / Natural language processing
problems: machine translation, natural language text generation, grammatical parsing of
words
Opyrue nipumeps 3agay / Other examples of problems

Assessment criteria (assessment tool — Control questions)

Grade

Assessment criteria

pass

CTy,E[EHT OTBETHJ/I Ha 60]'H>H_Iy}0 YaCTb BOIIPOCOB BO3MOXXHO C He3HAUWTE/IbHBIMHY HEJOUETAMHU.

fail

I[Tpu oTBeTe CTyIeHT JOMyCKaeT rpy0ble OIMOKM B OCHOBHOM MaTepHaJie ¥ PelleH’H CTaHJaPTHBIX

3a/1au.

6. YueOHO-MeTOUUECKOEe H HH(OpMaIMOHHOE o0ecrieyeHHe JUCIMILTHHBI (MO/1y/151)



OcHOBHasi uTeparypa:

1. Jlekyn f1. Kak yunrtcsi maiimHa. PeBoJttorusi B 06/1aCT HeMPOHHBIX ceTel U riTy00Koro o0ydeHust :
MoHorpadwus / JlekyH . - Mocksa : AnbrivHa [TPO, 2021. - 335 c. - ISBN 978-5-907394-92-6., https://e-
lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=869003&idb=0.

[ononHuTebHas TUTEpaTypa:

1. ®ununmos @. B. MozenmupoBaHre HEMPOHHBIX ceTel r1yboKoro obyueHus : yuebHoe rocobue /
@dunmunmoB ®. B. - Cankr-Iletep6ypr : CII6I'YT um. M.A. Bonu-BpyeBuua, 2019. - 79 c. - bubnuorp.:
JIOCTYTIHA B KapTOuKe KHUTrH, Ha caiite OBC JlaHb. - Knura u3 kosutekuyu CII6I'YT um. M.A. Boxu-
bpyeBuua - lnpopmatuka., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=779898&idb=0.

[TporpammHoe obecrieueHrie 1 VIHTepHeT-peCcypchl (B COOTBETCTBHUU C COJlePKaHUEM ICIUTUIAHBI):

1. YMeHbIlIeHMe KO/TMUECTBa MapaMeTpoB. 3aMeHa CBePTOYHBIX C/I0eB OO/bIION pa3MepHOCTH CTEKOM
CBepTOK OoJsiee HU3KOM pasmepHocTH [https://arxiv.org/pdf/1409.1556.pdf].

2. Bosnee 3¢ dekTrBHOE pa3/esieHre MPOCTPaHCTBA MIPU3HAKOB 3a CUeT WCI0/Ib30BaHKS TIOTHOCTbIO
CBSI3aHHBIX C/I0€B. 3aMeHa MOHOCTbIO CBSI3aHHBIX C/I0€B Ha CBEPTOUHBIE
[https://arxiv.org/pdf/1312.4400v3.pdf].

3. [IpUHLIUATIBI TOCTPOEHUST CBePTOUHBIX ceTel [https://arxiv.org/pdf/1512.00567v3.pdf].

4. TIpobnema gerpagauus mozenu. ['nybokue ocrarounbie cety (DeepResidualNetworks)
[https://arxiv.org/pdf/1512.03385v1.pdf].

5. Knaccudukais MeToZioB BUu3yaau3aljiu npr3HakoB [https://arxiv.org/pdf/1606.07757.pdf].

6. Busyanu3aius ¢puabTpoB U BeIxo/oB cioeB B Caffe
[http://nbviewer.jupyter.org/github/BVLC/caffe/blob/master/examples/00-classification.ipynb].

7. Buszyanmu3arus ¢uibTpoB U BbixozoB cioeB B Torch [https://github.com/facebook/iTorch].

8. PekyppenTHbIe HelipoHHbIe ceT (Recurrent Neural Network, RNN) u ux pa3sutue
[http://www.deeplearningbook.org/contents/rnn.html].

9. InvHHBbIe peKyppeHTHbIe HeMPOHHBIE ceTH ¢ KOpoTKoi namsTeio (Long Short-Term Memory
Recurrent Neural Network, LSTM-RNN) [http://deeplearning.cs.cmu.edu/pdfs/Hochreiter97_lstm.pdf].
10. PekyppeHTHble HelipoHHble ceTd (Recurrent Neural Network, RNN) u ux passutue
[http://www.deeplearningbook.org/contents/rnn.html].

11. Pa3BepTouHble HelipoHHbIe ceTy (Deconvolutional Neural Networks)
[http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.727.9680&rep=rep1&type=pdf].

7. MaTepHa/IbHO-TeXHHYECKOe o0ecreyeHHe JUCHUIIMHBI (MO/Y /1)

YueOHble ayfUTOPWU [/ TIPOBeJeHHs] y4eOHbIX 3aHSTHH, MpPeAyCMOTPEeHHBIX 00Opa3oBaTenbHOU
MIPOrpaMMOM, OCHalleHbl MYJbTUMeAUMHBIM 000pyZoBaHUeM (TIPOEKTOP, 3KpaH), TeXHUUeCKUMHU
cpezicTBaMH 00yueHHsl, KOMITBIOTePaMHU.

[MomereHyst 4711 CaMOCTOSITeNIbHOM paboThl 00YYalOIMXCS OCHAIL[eHbl KOMITbIOTEPHON TeXHUKOW C
BO3MOXXHOCTBIO TIOAK/MIOUeHUs K ceTh "MHTepHeT" U obecriedyeHbl [JOCTYTIOM B 37I€KTPOHHYHO
MH(OpPMaIMOHHO-00pa30BaTe/bHYI0 Cpesy.



IMporpamma coctaBiieHa B cooTBeTcTBUM ¢ TpeboBanusivu OC HHI'Y 1o HampaBieHuro
nogrotoBku/crierasbHOCTH 02.04.02 - Fundamental Informatics and Information Technology.

AgBtopsl: 30/10TbIX Hukosait FOpreBuy, J0KTOp (pU3NKO-MaTeMaTUUeCKUX HayK, JOLEHT
KycrtukoBa Banentuna JIMUTpreBHa, KaHAUAAT TeXHUYECKUX HAYK, JOL[eHT.
3aBeayroumii kadeapoii: Meepos Nocud boprcoBuy, KaHaUaT TeXHUYECKUX HayK.

ITporpamMma ozo06peHa Ha 3ace/jlaHUM MeToAnuecKoi Komuccuu ot 02.12.2024, mpoTtokon Ne 5.
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