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1. He.]'lb, 3a/iavi U INIAHUPYEMBIEC PE3yJabTaTbl oﬁyquI/m o AMCIOMIIJIMHE
(Henv u 3a0auu ocsoenus oucyuniunst, coomsemcmesyiowgue yeau OIT)

HCJ'IBIO OCBOCHHA OUCHUIIIINHBI Texnonoruu BHCAPCHUA U COIIPOBOKICHHA
CUCTCM HCKYCCTBCHHOI'O HWHTCJUICKTA ABJISICTCSA HCJ'IBIO OCBOCHHUA OUCHUIIIINHBI
«Texnonoruu BHCAPCHUA U COIIPOBOXKACHUA CUCTCM HCKYCCTBCHHOI'O HMHTCIUICKTA»
ABJIACTCA (1)OpMI/Ip0BaHI/Ie Y CTYACHTOB TCOPCTUYCCKHUX ¢ IPAKTUICCKUX 3HAaHUHN O
COBPCMCHHBIX  HAIIPABJCHUAX, MCTOJAOJIOTUAX H  IHOAXOJaX, OTHCCCHHBIX K
TEXHOJOI'MAM UCKYCCTBCHHOI'O HHTCIJICKTA.

3ajayaMy  JIUCLMIUIMHBI  SBISIIOTCA:  3aJadyaMH  M3Yy4YEeHUS JIUCLUILIMHBI
«TexHomornu BHEAPEHUS M CONPOBOXKICHUS CUCTEM HCKYCCTBEHHOTO HMHTEJUICKTa»
ABIAIOTCS: - (opmupoBaHue 0a30BOr0 MOHATUHHOTO ammapaTa [PUHIUIIOB
(YHKIIMOHUPOBAHMS HCKYCCTBEHHBIX HEHPOHHBIX CETed W METOJOB MX OOydeHus; -
U3YyUYEHUE CPENICTB pa3pabOTKU U MPOEKTUPOBAHUS UCKYCCTBEHHBIX HEMPOHHBIX CETEH;
- 3HAaKOMCTBO C COBPEMEHHBIMU TEXHOJIOTMSMM HCKYCCTBEHHOI'O WMHTEJUIEKTa, IIO
CIIEYIOIIMM HANpaBiCHUsIM - KOMIIBIOTEPHOE 3peHHe; - 00paboTKa eCTeCTBEHHOTO
A3bIKA; - PACIIO3HABAHUE U CUHTE3 PEYM; - MUHTEIUICKTYAJIbHBIE CUCTEMBI NOANECPKKU
OPUHATUS pPElIeHUH. - (HOPMUPOBAHME YMEHUW U HABBIKOB PEIIECHUS MPAKTHUYECKHUX
3a/1a4 ¢ MPUMEHEHUEM TEXHOJIOTUA HCKYCCTBEHHOTO MHTEIIJIEKTA.

Kommnerennmu u vHAUKATOPBI, HOpMUpPYEMBIE Y 00YUaIOIUXCS:

Koz 1 HanMeHOBaHNE KOMIIETEHIINN Ko u HanMeHOBaHWE WHIAMKATOpA
ITIK-1 Cniocoben npeniarath K [1K-1.2 CriocoOeH BHEPSATh U COMPOBOXKIAATh
BHEIPEHHIO aKTyallbHbIE IIM(PPOBBIX aKTyaJbHbIC IU(POBbIE PELICHUS 3a1a4
pelIeHUs 3a]1a4 PEANPUATHS PEITPHSTHS

[1K-2 CriocobeH K IpOeKTHPOBAHUIO U
pa3paboTKe MaTeMaTHIECKOE U
porpaMMHOE 00ecrieueHUe CUCTEM
HCKYCCTBEHHOTO MHTEJUICKTA JJIS
peleHHs 3a]1a4 NPEANPHUITHS

[1K-2.3 CriocoGeH conpoBOXAaTh CUCTEMBI
I/ICKyCCTBeHHOI‘O HNHTCIIJICKTA

2. MecTo aucuuniauHbl B cTpykrype OIT
[IpenmecTByonme AMCUUILIMHBL (Moayn), npaktuku, HUP, np.
[Tocnenyromume qucuumminabl (Moaynin), npaktuku, HUAP, ap.

3. CTpykKTypa u coaep:kaHue QU CHUNINHbI
3.1. CTpyKTypa IMCHHUIIHHBI
Jlist ouHOM hopMbI 00yUeHUS

Bun yuebHoli paboThI Bg%ro E:f;(: CCMC;Tp (1)

OBLIAA TPYJOEMKOCTDH JUCHUITJIMHBI 3 108 108
KOHTAKTHAA PABOTA - 61 61
AYJIUTOPHAS PABOTA 1,39 50 50
Jlexuuu 0,44 16 16
[IpakTrueckue (ceMUHAPCKUE) 3aHATHS 0 0 0
JlaGopaTopHbie paboThI 0,94 34 34
CAMOCTOATEJIBHAA PABOTA OBYYAIOIIET'OCA 1,61 58 58




ITpopaboTka yue6HOro MaTepuana 0,61 22 22
KypcoBoii mpoekT 0 0 0
Kypcosas pa6ora 0 0 0
[ToAroTOBKA K IPOMEXkKYTOUHOM aTTECTALMU 1 36 36
[IpoMexyTOouHas aTTeCTaIUsL: :;

3.2. Conep:kanue IMCHUILIMHBI, CTPYKTYPHPOBAHHOE 10 pa3jejiaM U BUAaAM
3aHATHH

Paznensl Pacnipenenenue ®opmbl U1 | HIEKCH MHIUKATOPOB
JHUCHHIIINHBI 8 TPYIOEMKOCTHU BUJ bopMupyeMbIxX
§ 10 BHJIaM y4eOHO# paboThl | koHTpOIs KOMIICTEHITHI
° ~ © o ©
= < <
o 5 e, 3 e,
as] © 3 =
2 3 =) 5
Pazgen 1 36 8 16 - 12 TK1 1IK-1.Y, 1IK-1.3, IIK1.B
Pazgen 2 36 8 18 - 10 TK2 1IK-2.Y, 1IK-2.3, [IK2.B
DK3aMeH 36 - - - 36 OMI1 [IK-1.3, IIK-1.Y,
[IK-1.B
[K-2.3, [1IK-2.VY,
[1K-2.B
HUTOT'O 108 16 34 0 58

3.3. Conep:xkanme TMCIHUINIAHBI
Cemctp 7

Pa3znen 1. Benenue B HEHpOHHBIE CETH
Tema 1.1 OCHOBBI HEHPOHHBIX CETEN U UCKYCCTBEHHOI'O MHTEIIEKTA

[TonsiTue HCKYCCTBCHHOT'O MHTCIIJICKTA. I/ICTOPI/I}I Pa3BUTHA TEXHOJIOT UM
HNCKYCCTBCHHOT'O MHTCJIJICKTA. COBpeMeHHI)Ie TCXHOJIOT'MU NCKYCCTBCHHOI'O
HWHTCJIJICKTA I10 CICAYIOIIMM HallpaBJICHUAM

. KOMITBIOTEPHOE 3PCHUE;
. 00paboTKa €CTECTBEHHOTO SI3bIKA;

. pacro3HaBaHKWE U CHHTE3 PEUH,

. WHTEIUICKTYaJIbHBIC CHCTEMBI TTOIJICPKKH IPUHATHS PEIICHHUIA;

OCHOBBI HEMPOHHBIX ceTel. bronornueckue acneKkTbl HEPBHOM J€ATEIbHOCTH.
Heiipon. Akcon. Cunarc. Pednexropnas nyra. LlenTpanbHas HepBHas cUCTEMA.
Mopaenu uckyccTBeHHOTO HelpoHa. OyHKIMK akTuBauu. bazoBas apxurekrypa
HelpoHHbIX ceTeil. OOyuenue ¢ yuutesneM. OCHOBHAs TEPMUHOJIOTHS.

Tewma 1.2 IToTHOCBA3HBIE CETH MPSMOTO PACHPOCTPAHEHUS

[TonHOCBSI3HBIE ceTH PSIMOTro pacnpoctpaHenus. [Ipeogonenue npodaembl
XOR. O6yuenue HEMPOHHOM CETH C TOMOIIBIO ATOPUTMA OOPATHOTO
pacnpocTtpanenus omnOku. [lorstue ooyuaromiero kouseriepa (Pipeline).

Tema 1.3 CBepTOUHbIC HEHPOHHBIC CETH



Omnepanus cBeptku. Bzanmuas xoppemsius. Penentusroe nosne. Kackan
cBepTok. [ pynnuposka (pooling).

Tema 1.4 [IpoaBuHyThIE METOABI O0yUYEHUS

Mertonbl 60psOBI ¢ IepeoOydeHrneM. AyrmeHTalus JaHHbiX. bary-
HopMasm3anus. Perymsapuzanus Tuxonoa. Lasso peryisipusanus. Dropout.

Pa3nen 2. TexHOIOTHU UCKYCCTBEHHOTO MHTEIICKTA
Tema 2.1 Texnonorun nepenaun o0yuenus: Transfer Learning

Texnonoruu nepenaun 3aanmii Transfer Learning / Domain adaptation.
JooOyuenue cetu, nojcrpoiika mapameTpon Fine Tuning. Mcrions3oBBaHue
npeno0ydeHHbIX ceTeil. COBpEeMEHHbBIE CBEPTOUHBIE apXUTEKTYPhI

Tema 2.2 I'enepatuBnbie moaenu NN

CoBpeMeHHbIe apXuTeKTyphl. [lopoxaaroniue (reHepaTUBHbIE) COCTA3ATEIbHbBIE
HEUPOHHBbIE ceTH. | eHeparop. JuckpumMuHaTOp.

Tema 2.3 Texnonoruu M1 B 06paboTKe €CTECTBEHHOTO S3bIKA

O6paboTka ecTECTBEHHOTO S3bIKA C TOMOIIbI0 HEHPOHHBIX CETEH.
Knaccuduxanus texcra. PekyppeHTHbIe HelpoHHbIE ceTh. ApxuTekTypbl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tema 2.4 HCpCHCKTI/IBHBIC MOJCIHU NCKYCCTBCHHOT'O MHTCIIJICKTA.

MexaHu3M BHUMaHUsI. APXUTEKTypa riyOOKuX HEHPOHHBIX ceTtel Transformer
JUTs1 pabOoTHI C TIOCTIEIOBATENHPHOCTAME. MOICIIb HCKYCCTBEHHOTO HHTEIIJICKTA
Generative Pre-trained Transformer.

3.4. TemaTuyecKui NJIAH NPAKTUYECKHUX 3aHATHI

JlaunHbIiA BUA pabOTHI HE MPEYCMOTPEH YUSOHBIM IIAHOM.

3.5. TemaTuyeckuni MJiaH JadoOpPaTOPHBIX padoT

1. Texnonmoruu pa3pabOTKu W 0OyueHUs HEHPOHHBIX ceTel. I[IporpammHuas
pa3paboTka C HCMOJb30BAHMEM OOJIaYHBIX HWHCTPYMEHTOB. 2. BBeneHue B
bpeiriMBopku Tiryookoro ooyuenusi Pytorch /Tensorflow. Tenzopsl. 3. Apxurexrypa
MOJIHOCBSI3HOM  HEUPOHHOW CeTM W ee oOydeHue. ANTOPUTM  OOpaTHOTO
pacnpoctpanenust ommoOku 4. [IpeackazarenbHas aHAIUTHAKA I POU3BOCTBEHHBIX
u OuszHec mpoueccoB. 5. VIHTeNNEKTyaldbHble TEXHOJOIMH PACIO3HABAHUS
u3zoopaxenuii. 6. Texnonorun Transfer Learning. 7. Texunonorun MM B nuarnoctuke
3aboneBanuii. 8. Texnomorun MM s monutopunra aaHueix. 9. Texnonoruu MU B
00pabOTKe €CTECTBEHHOI'O SA3BIKA. 10. I'enepaTuBHBIE MOJEIU HCKYCCTBEHHOIO
uHTeiekta. 11. Pa3paboTka mporpaMMHOro o0ecreyeHus, B KOTOPOM UCIIONIb3YIOTCS
TE€XHOJIOTUH UCKYCCTBEHHOTO UHTEIIJIEKTA.

3.6. Kypcosoii npoekT /kypcoBasi padora

JlanHbIiA BUA pabOTHI HE MPEYCMOTPEH YUSOHBIM IIAHOM.



4. OueHnBaHue pe3yJIbTATOB 00y4eHUsI

OHCHI/IBaHI/Ie PE3YyJIbTATOB 06y‘-IeHI/I$I M0 JUCHUINIINHE OCYIICCTBILICTCA B paMKax

TEKYIIETO KOHTPOJII M TPOMEXKYTOYHOM aTTeCTallid, MPOBOJUMBIX IO OauTbHO-
petitunroBoii cucteme (bPC).

[11xana OIleHKH pe3yJIbTaTOB O0OYUYEHHS MO JUCHUILINHE:

YpoBeHb chOpMUPOBAHHOCTH UHAUKATOPA KOMIETEHIIMH

Bricokuii Cpennuit Huke Huzkuit
KOI[ KO,Z[ 3amiaHu- pea CpeHEro
KOMII | MHOAWUKATO pOBaHHBIC ot 85 mo 100 ot 70 no 84 ot 55 ;o 69 or 0 mo 54
c- pa pe3yIbTaThl IITkana oneHUBaHUS
TEHII | KOMIIETeH | OOydYeHHs 1Mo HEY/I0B-
OBJICT-
ni o AUCLUIIIINHE OTJINYHO XOpO1IO YA JICTBOPU-
BOPUTEIHHO
TEIHHO
3auTeHo HE 3a4TEHO
3HaTh:
BBIYUCITUTEIHH
b€ CPEJICTBA U OTtnu4aHO VY noBnerBopute
XOPOIIIO 3HAET HE 3HAeT
KOMIUICKCHI, 3HAET SA3bIK JLHO 3HAET
s36IK Python MPOTPaMMHBIX
MIPUMEHSEMBIE Python umn a3bIK Python,
nmm C++ | Hu
pu C++, N 3HACT OJUH U3
o (bpeliMBOpKH ., BBIYUCITUTEIHH
pas3paboTke (bpeliMBOpKH (hperiMBOPKOB
TITyOOKOTO BIX CPEJICTB,
MIPOEKTOB rIIyOOKOTO rIIyOOKOTO
. . oOydeHus, MPUMEHIEMbIX
HelpoceTel u o0yJeHms, oOydeHwus,
TaKue KaK npu
WHTEJUIEKTYal TaKHe KaK TaKHe KaKk
PyTorch u pa3pabotke
BHBIX PyTorch n PyTorch n
Tensorflow, MPOEKTOB
CHCTEM; Tensorflow, Tensorflow, o o
. o0JiavyHbIe HelpoceTel u
-(pperiMBOpPKH 00Ja4HbIC o0J1auHbIC
1aThOpPMBI WUHTEJUIEKTYa
rI1y0OKOTO0 1aTHOPMBI mratopmel
JUTsE pabOTHI C BHBIX
o0y4eHwus, Ut pabOoTEHI C . JUTSE paboTHI C
. HelpoceTsIMU . CHCTEM;
TaKHhe Kak HeHpoceTIMU HEHpOCEeTIMH
PyTorch u
Tensorflow
IK-1 | TIK-1.2 YMeTh:
— Cc03/1aBaTh
A ’ Ymeer
MTPOBOJIUTH
CO3/1aBaTh,
OTIaIKy
MIPOBOJIUTH
POTPAMMBI
oz OTIAJIKY
MPOTPAMMBI C
MOCTaBJICHHYIO Ymeer
WCTIOJb30BaHH
3a1auy . CO3/1aBaTh YMmeer HE yMeeT
Y4EeTOM MIPOrPaMMBbI C CO3/1aBaTh C03/1aBaTh
COBPEMEHHBIX
TIOCTIETHUX WCTIOJIb30BaHU | TIPOTPaMMbI C | TPOTPaMMBI ¢
WUHTEJUIEKTYa
TEOPETHYECKH HEIX eM WCIIOJIb30BAaHUE | HCIOJb30BAaHU
X H o COBPEMCHHBIX M €M
TEXHOJIOTUH, o .
MPAKTUYCCKUX Vieer WHTEJUICKTYal | HEHPOCETEBBIX | HEWPOCETEBBIX
IOCTIDKEHUN B BbHBIX Mozenen Monaeen
MIPOBOJIUTH .
obnactu TEXHOJIOTHIA
HCKYCCTBEHHO BHEApeIHC
Y ONNX ( Open
T'O UHTEJIJICKTA
" Neural
HENPOCETEBBIX Network
p Exchange )

TEXHOJIOTHH




Braners:

OtnnyaO BJazmeeT
BIIaJIceT OCHOBHBIMHU
BJIaJieeT HE BIIAJICET
. | TEXHOMOTHUAMH | TEXHOTOTUAMHU
— TEXHOJIOTUEH 0a30BbIMHU OCHOBHBIMHU
cOOpKH U cOOpKH U
cOopku 1 TEXHOJOTHSIMU | TEXHOJIOTHSIMHU
3arycka 3arycka
3arycka cOOpKH 1 cOopku u
9 POTPAMM ¢ MPOTPaMM C
HEeHpOoCeTeBhIX 3arycka 3aIrycKa
o UCIIOJIb30BaHH | WCIIOJB30BaHH
Mo/Jieei B ent en MPOTpaMM C MPOTPAMM ¢
peKuMe . . WCTIOJIb30BaHKE | HCIIOIB30BAHU
HEHPOCETEBbIX | HEHPOCETEBBIX
0o0yueHus N N M eM
MOy JIEH, MOJyJIeH, . .
uHpepeHca HEHpPOCETEBbIX | HEHPOCETEBBIX
BJIaJieeT BJIaJieeT . N
. . MOJyJIEH. MOJyJIeH
TEXHOJIOTHEH | TEXHOJOTHEH
nHpepeHca uHQepeHca.
3HaTh:
HE 3HaeT
MPOTPAMMHBIX
MPOTrpaMMHBIE
OtnnyaO Y nosnerBopure u
17§ XOPOIIO 3HAET
3HaeT JFHO 3HAeT BBIYMCITUTEIBH
BBIYUCITUTEIHH MPOTpaMMHBIE
POTPaMMHEIE MpOTpaMMHBIE BIX CPENCTB,
BIC CPEJICTBA U cpeJcTBa U
cpencTBa u CpelcTBa U TPUMEHSIEMBIX
TIaT(OPMBI o0J1auHBIC
o0JTayHbIC 00JTauHbBIE npu
JUTS TIaTGOPMBI
mw1aT(Gopmbl m1aT(opMbl COIIPOBOXKIIEH
MOHHUTOPUHTA JUTSL pabOoTHI ¢
1UIs1 paboTEHI C ., JUTsL paboTHI C WU CUCTEM
CUCTEM . HelpoceTsIMU .
HelpoceTsIMH HEHWpOCETAMHU | MCKYCCTBEHHO
HCKYCCTBEHHO
T'O UHTEJJICKTa
T'0 UHTEJJICKTA
YMeTs:
Ymeer HE yMeeT
IIPOBOIIHTS Ymeer MPOBOJUTH YMmeer . oZomzm)
[K-2 | I1IK-2.3 POBOJIUTH MOHHTOPHHT HPOBOJUTH P
COITPOBOXKJICH COITPOBOXK/ICH
BHEJIPCHUE U MPOTPaMM C COIIPOBOXJICHH
ue He MporpamMmm
COIIPOBOX/ICH | WCIIOJIL30BAHU | € IPOrpaMM ¢
CHUCTEM c
rne ONNX ( eM HUCTIOIF30BAHUE
HCKYCCTBEHHO UCTIOJIb30BaHU
Open Neural | coBpeMEHHBIX M
T'0 UHTEJJICKTA . eM
Network WHTEJUIEKTYaln | HEHpOCETEeBBIX .
N HEHPOCETEeBBIX
Exchange ) BHBIX MoJenen N
. MoJienei
TEXHOJIOTHI
Bnanets:
OTtnu4aHO BJIaJieeT BJIaJieeT HE BIIAJICeT
— Cpe/ICcTBaMHU
BIIaJICeT OCHOBHBIMU 0a30BBIMU OCHOBHBIMHU
COIIPOBOXKJICH .

s TEXHOJIOTHEH | TEXHOJOTUSMHU | TEXHOJOTHSIMH | TEXHOJOTHSIMU
HEHDOCETERbIX uHdepeHca,Ha | uHPepeHca,Ha | uH(epeHca,Han | uHOEpeHca,Ha
Mgﬂeneﬁ . np., ONNX | mp., ONNX p., ONNX np., ONNX

CoHIME RUNTIME, RUNTIME, RUNTIME, RUNTIME,
p WHCTPYMEHTaM | HHCTPYMEHTaM | HMHCTPYMEHTaM | HHCTPYMEHTaM
uHpepeHca.
u Tensorboard | u Tensorboard | u Tensorboard

u Tensorboard

5.1.1. OcHoBHas nuTepaTypa

5.1. YueOHO-MeTOAMUYECKOE 00€ecIeueHue

5. Y4eOHO-MeTOIMYecKoe U HH(POPMALIMOHHOE o0eciedeHHe JUCHHUILTHHBI




1) Cotnuk C. JI. IIpoekTrpoBaHre CHCTEM UCKYCCTBEHHOTO MHTEIIJICKTA :
yaebHoe nocodue / C. JI. Cotnuk. - Teker : anekrponnsiit. URL:
https://e.lanbook.com/book/100395

2) bapckuii A. b. Beeaenue B HelipoHHbIe ceTH : yueObHoe nmocobue / A. b.
bapckuii, 2016. - 358 c. - Tekcr : anexktpoHHbiidi. URL:
https://e.lanbook.com/book/100684

3) MacnennukoBa, Onbra EBrenseBHa. OCHOBBI HCKYCCTBEHHOTO MHTEIUIEKTA !
yaebHoe nocobue / O. E. Macnennukosa, U. B. I'aBpuiioBa, 2019. - 282 c. - Tekcr :
anexktpoHHbIi. URL: https://ibooks.ru/bookshelf/337972, 3BC ibooks.ru

4) Cunopkuna U. I'. CuctemMbl HCKYCCTBEHHOTO MHTEIJIEKTa : YueOHOe
nocodbue / U. I'. Cugopkuna, 2017. - 245 c. - Tekct : anekTporHbii. URL:
https://www.book.ru/book/920005/

5) Octpoyx, AHapeit BnagumupoBud. CHCTEMbI HCKYCCTBEHHOTO HHTEIUICKTA
moHorpadus / A. B. Octpoyx, H. E. Cypkona, 2019. - 228 c. - TeKcT : 37eKTpOHHBIA.
URL: https://e.lanbook.com/book/113401

6) Poctoriie B. C. MckyccTBeHHbIe HelipoHHBIE ceTH : yueOnuk / B. C.
PocrtoBues, 2023. - 214 c. - Tekcr : anektpoHHbid. URL:
https://e.lanbook.com/book/310184, bC Jlaup

5.1.2. JlononHUTENbHAS TUTEpATYpa

1) Octpoyx, Anapeit Bnagumuposuu. MHTemekTyanbHble HHOOPMAIMOHHBIE
CUCTEMBI U TexHoJioruu : MoHorpadus / A. B. Octpoyx, A. b. Hukonoaes, 2019. - 308
c. - Tekcr : anexktponnbiit. URL: https://e.lanbook.com/book/115518

2) TexXHONOTHH CO3J]aHMsI UHTEJUIEKTYaIbHBIX YCTPOICTB, MOAKIIOUEHHBIX K
WHTEpHET : yueOoHoe nocodue / A. B. ITpuemsbries [u ap.], 2018. - 100 c. - TekcT :
anektponHbiii. URL: https://e.lanbook.com/book/103911

3) MakmanoB, Aujpei Bragumupoud. TeXHOIOTHN MHTEUIEKTYaIbHOTO
aHalM3a JaHHbIX : yueOHoe mocobue / A. B. Makmanos, A. E. XKXypasnes, 2018. - 212
c. - Teker : anexktponnbiii. URL: https://e.lanbook.com/book/109617

4) HectepoB C. A. OCHOBbI HHTEIJIEKTYaIbHOTO AHAJIN3a TaHHBIX.
JlaGopatopHbIit pakTUKyM : yueOHoe nmocodue / C. A. Hectepos, 2020. - 40 c. - Tekct
: anextponnbiii. URL: https://e.lanbook.com/book/130181

5) Octpoyx, Auapeit Bnagumuposud. MaTemexkTyaabsHbie HHPOPMAIIMOHHBIC
CUCTEMBI U TexHoJioruu : MoHorpadus / A. B. Octpoyx, A. b. Hukonoaes, 2021. - 308
c. - Teker : anextponnbiit. URL: https://e.lanbook.com/book/177839



6) )KnanoB A. A. ABTOHOMHBIN UCKYCCTBEHHBIN MHTEJUICKT : HAYYHOE U3/IaHUE /
A. A. XKnanos, 2020. - 362 c. - Tekcr : anektponnbiii. URL:
https://ibooks.ru/bookshelf/350079, 9bC ibooks.ru

7) SAcaurkuii, Jleonnn Haxumoud. HTEMIEKTyaIbHBIE CUCTEMBI ;| YICOHUK /
JI. H. Acuunkuii, 2020. - 224 c. - Tekcr : anektpoHubiid. URL:
https://ibooks.ru/bookshelf/372666, 3bC ibooks.ru

5.2. UudopmanuonHoe odecreyenmne

5.2.1. DNeKTpOHHBIE U HUHTEPHET-PECYPCHI

HaumenoBanue CcblLIka
Name URI

5.2.2. Ilpodeccuonanbubie 6a3pl  gaHHBIX / HpOpManmoHHO-CIpaBOYHbIE
CHCTEMBI
Ilpusooumcs nepeyens

5.2.3. JIunileH3uoHHOE W CBOOOJHO  pPACIPOCTPAHSIEMOE  MPOrPaMMHOE

oOecrieueHre JUCLIUILIMHEI
Ilpusooumcs nepeyens

6. MaTepuaJbHO-TeXHHYECKOE o0ecnevyeHne TUCIUIINHBI

HaumenoBanue Bua HanmenoBanue yueOHO#M
y4eOHOM pabOTHI ayIUTOPHH, [TepedyeHsr HEOOXOIUMOTO O0OPYAOBAHHS U
CIICIHATU3TPOBAHHOM TEXHHYECKUX CPEICTB O0YUCHHUS
nabopaTopuu
Jlexumu YuebHas ayquTOpUs TSI Crienman3upoBaHHas yueOHas MeOeb,
NPOBEICHNUS 3aHATUH TEXHHYECKUE CPEICTBA OOYYEHHMs, CIIyXKalue JJIs
JIEKIIMOHHOT'O THIA MIpeACTaBICHUS y4eOHOU nHpopmaruu
Oompmiod  aynuTopuu  (MyJIBTHUMEIMIHBIN
MPOCKTOpP, KOMIIbIOTEp (HOYTOYK), DKpaH),
JEMOHCTPAIIMOHHOE 00OpyI0BaHUE, Y4eOHO-
HarJsIIHBIE TOCOOUS
[IpakTuueckue Vuebnas  ayauropus i | Crienuanu3upoBaHHAsS yaeOHas MeOeb,
3aHATHA HIPOBEACHNA 3aHATHI | TeXHMYECKUE cpeacrsa o0yJeHus
CEMUHAPCKOTO TATA, | (MyJIbTUMEIUHHBIA  NPOEKTOpP,  KOMIIBIOTED
TPYMIOBBIX M MHAMBHAY- | (your6yK), SKpaH) u p.
QITBHBIX KOHCYJIbTalN,
TEKYIIIETO KOHTPOJIS "
MIPOMEXKYTOUYHON aTTeCTALIMU
JlaGoparopHsble Yuebnas maboparopus Crienman3upoBaHHOMN nmabopaTopHOE
padoThI « », o0opyaoBaHKe 10 NPOQUITIO Ta00PATOPUH:
KommnbroTepHBIi Ki1acc ¢ CnenunanusupoBaHHas yueOHas Mmeberb,
BBIXOZIOM B MIHTEpHET | TeXHUUECKHE cpeacTBa o0yueHHS
(MyJTbTUMEIUMHBIA  TPOEKTOP, KOMITBIOTED
(HOYTOYK), JKpaH), JULEH3UOHHOE




IporpaMMHoOe o0ecrieueHue

KomrbroTepHsbIii Kiace ¢ CrneuunanusupoBanHas yuyeOHas mebenb Ha 30
BbIxozioM B MuTepuer B-600a | mocamounsix  mect, 30  KOMIBIOTEPOB,
TEXHUYECKHUE CPEJCTBAa O00yueHHUs (MyIbTUME-
OUHHBIA  MPOEKTOp, KOMIBIOTEp (HOYTOYK),

9KpaH), BUJICOKaMEPHI, IPOTPaMMHOE

obecrieyeHue
CamocrositenbHas | KommbroTepHslii Kiace ¢ Cnenunanmu3upoBaHHas yuyeOHass meOenp Ha 30
pabora BeIxozoM B MHTepreT B-600a | nocamounsix  mect, 30 KOMIIBIOTEpPOB,

TEXHUYECKHE CpPEJCTBA 00yueHHUs (MyIbTUME-
OUHHBIA  MPOEKTOp, KOMIBIOTEp (HOYTOYK),
9KpaH), BUJICOKaMephl, POrpaMMHOE
obecrnieueHue

Crneunanu3upoBaHHas MeOelb, KOMIIbIOTEPHAS
TEXHHUKA C BO3MOXKHOCTBIO BbIX0/a B IHTEpHET 1

YurtanbHbIN 321
obecrieuenuem nocrymna B OUOC, skpaH,

OMOIMOTEKH NS
MYJIBTUMEIUNHBIN TPOEKTOP, TPOTPAMMHOE
o0ecnieueHue
YyeOHast ayquTopus Jis Crnen

BBITTIOJIHCHUS KypCOBOT'O

npoeKTa (KypcoBoi paboTel) | ysppopanHas MeGelb, KOMIBIOTEPHAS TEXHUKA
- (Iz’;;m’maemﬂ IPH | ¢ BO3MOXHOCTBIO BEIXOZA B VMHTepHET U
HaaIn4umn KII u Takoi
° obecrnieueHreM JocTyma B SUOC,
Ay TUTOPHH )
IporpaMMHOE 00ecrieueHre

7. OcoOeHHOCTH OpraHu3aluu 00Pa30BaATEJbHON AeATEJILHOCTH ISl JIUI C
OrPAHUYEHHBIMH BO3MOKHOCTSIMH 3/I0POBbSI M HHBAJIUI0B

JIuia ¢ orpaHM4YeHHBIMH BO3MOKHOCTSIMU 3710poBbsi (OB3) m MHBaIMIbl UMEKOT
BO3MOKHOCTb O€CHpPENATCTBEHHO IepeMellaTbcs U3 OJHOro y4yeOHO-1abopaTOpHOro
KOpIyca B JIpyroil, MOJHATHCA HA BCE ATaXH Y4eOHO-TAOOPATOPHBIX KOPITYyCOB,
3aHUMAThCSI B Y4YeOHBIX M HUHBIX [OMEUICHUSX C YYETOM OCOOCHHOCTEMH
NCUXO(U3NIECKOTO PA3BUTHS U COCTOSIHUSA 37J0POBBSL.

His oOyuenus mun ¢ OB3 v uHBaIMIOB, MMEKONIMX HApyLIEHHs OIOPHO-
JIBUTATEIbHOTO annapaTa, 00eCredeHbl YCI0BHs OECTIPENTCTBEHHOIO JIOCTYIIa BO BCE
yueOHble momenieHus. MHdopmanuss o cheuuanbHbIX YCIOBHUSIX, CO3JaHHBIX IS
oOyuvaromuxcst ¢ OB3 u wuHBanMIoB, pa3MelleHa Ha CcalTe YyHUBEpPCHUTETa
www//kgeu.ru. ImeeTcsi BO3MOKHOCTb OKa3aHUSI TEXHUUYECKOM TTOMOIIM ACCUCTEHTOM, a
TaKKe YCIIYT CYpAONEPEBOTYUKOB U TU(PIOCYPAOIEPEBOAUNKOB.

JUts apantauuu K BocnpusaTHio aunamu ¢ OB3 n mHBaimaaMu ¢ HapylIEHHBIM
CIIyXOM CIIPaBOYHOT0, Y4YeOHOTO MaTepuaja MO JIUCHUIUIMHE O00eCTeYynuBaIOTCs
CJIEYIOIIHE YCIOBUS:

- IS JTy4lIed OpUEHTAlMu B ayIUTOPHUH, PUMEHSIOTCS CUTHAJIBI OMOBEILIECHUS
0 HayaJje M KOHIIE 3aHATHA (CJI0BO «3BOHOK» IUUIIETCS HA JIOCKE);

- BHUMaHHUE CcJa0oCibIIIamero o0ydJaromerocss MpPUBIEKAETCsS IMeIarorom
KECTOM (Ha IJIEYO KJIAJETCs pyKa, OCYIIECTBISETCS HEPE3KOE MOXJIONBIBAaHUE);

- pasroBapuBas ¢ 00y4aroIIMUMCsl, IeJaroru4eckuii pabOTHUK CMOTPUT Ha HETO,
TOBOPUT SICHO, KOPOTKUMH MPEIJIOKEHUSIMH, OOecrieunBasi BO3MOKHOCTb YTEHUS 1O
ry0am.



http://www.kgeu.ru/

Kommnencanuss 3aTpyAHEeHUH pEYeBOr0 U MHTEIUIEKTYaJbHOTO Pa3BUTHS
cabOCbIIAMX 00yYatOUUXCsl MPOBOAUTCS ITyTEM:

- HCIIOJIb30BAHUS CXEM, JIMarpaMM, PUCYHKOB, KOMIBIOTEPHBIX MPE3CHTALUN C
TUNEPCChUTKAMU, KOMMEHTUPYIOIMIMMHU OT/I€IbHbIE KOMIOHEHTHI U300paKEeHUS;

- PEryJISIPHOTO TNPUMEHEHHUs] YIOpaKHEHUH Ha rpaduyeckoe BbIACIICHUE
CYILLECTBEHHBIX MPU3HAKOB MIPEAMETOB U SIBICHUN;

- obecrieyeHUs BO3MOXKHOCTH JJIi  OOy4aromierocst IMOJY4YUTh aJpPECHYIO
KOHCYJIbTAILIMIO TI0 3JIEKTPOHHOM MOYTE 110 MEPE HEOOXOJUMOCTH.

Jnsa agantanuu K Boctpusituio aunamu ¢ OB3 u nHBaIMaamMu ¢ HapymIeHUsIMU
3pEHHUsI CPABOYHOT0, Y4EOHOIr0, MPOCBETUTENBCKOTO MaTepHalia, MpeayCMOTPEHHOTO
o0Opa3oBaTeNbHON MpOrpaMMoOli MO BBIOpDAaHHOMY HAmpaBICHUIO MOJTOTOBKH,
00€ecreurBatoTCs CIEIYIONINE YCIOBUS:

- BeZleTcs ajanTamus ouUIMaIbHOTO caiTa B ceTu MIHTEpHET ¢ y4eToM 0COOBIX
NOTPEOHOCTEN MHBAIUIOB MO 3PEHHI0, 00ECIIEUNBAETCS HAIWYUE KPYIHOIIPUPTOBOMH
CIpaBOYHOM MH(MOPMAITUHU O PACTTUCAHUU YUEOHBIX 3aHATHIH;

- MeIaroTUYeCKuii  pabOTHUK, ero cobecemHUK (MpU HEOOXOJUMOCTH),
OPUCYTCTBYIOIIME Ha 3aHATHH, MPEICTABISIOTCS OOy4YaroLIUMCS, MPU 3TOM Kaxabld
pa3 Ha3bIBAETCs TOT, K KOMY I€1arorH4ecKuil paboTHUK oOpalaeTcs;

- IEUCTBUS, JKECThbl, MEPEMEUICHHs IeJarornyeckoro padOTHUKAa KOPOTKO H
SCHO KOMMEHTHUPYIOTCS;

- meyatHasg MWHGOpMALMs MPEAOoCTaBisAeTcd KpynHbIM mpudrom (ot 18
MYHKTOB), TOTAJIHHO O3BYyUHBAETCS;

- obecnieunBaeTcss HEOOXOAUMbIN YPOBEHb OCBEILIEHHOCTH MOMEILEHU;

- IPEIOCTABISIETC BO3MOXKHOCTh HCIIOJB30BaTh KOMITBIOTEPHI BO  BpeMs
3aHSTUN U MPABO 3aMKUCHU 00BICHEHUHN HA AUKTO(OH (I10 KeTaHU0 00yJarouXCs).

dopma TpOBENEHHS TEKyIIEW M  IPOMEKYTOUYHOW  aTTECTAlUHA  JUIA
oOyuaromuxcst ¢ OB3 u MHBanuAOB ompenensercs MeJarornyeckuM pabOTHUKOM B
COOTBETCTBUM C y4eOHbIM miaHoM. [Ipum HeoOxoaumoctu oOyuaromemycs ¢ OB3,
UHBAJIUIY C YYETOM HUX WHIUBUIYAIbHBIX MCUXO(DU3UYECKUX OCOOEHHOCTEH aercs
BO3MOXHOCTh MPOUTH MPOMEKYTOYHYIO aTTECTAIMIO0 YCTHO, MUChbMEHHO Ha Oymare,
MUCbMEHHO Ha KOMIIbIOTEpE, B (hOpME TECTUPOBAHUS U T.II., JTUOO MPEAOCTABIACTCA
JOTIOJTHUTENBHOE BpeMs JIJIsl TOJITOTOBKU OTBETA.

8. MeToanyeckue peKOMeHIAUMU /sl MpenojgaBaresieii M0 OPraHu3aNuH
BOCIIUTATEJIbHOI PadoThl ¢ 00y4AIOIIUMMCS.

MeTtoauueckoe obecrieueHre MpoIecca BOCIUTAHUS O00yYarOMIMXCsl BBICTYIAET
OTHUM W3  ONpenesiomux  (HaKTopoB  BBICOKOTO  KadecTBa  0Opa3OBaHMS.
[IpenonaBarens By3a, JAEMOHCTPUPYS BBICOKHM MPO(ECCUOHATIN3M, JPYIUIIUIO,
YETKYI0 TPaXIAHCKYIO TO3UIUIO, CAMOIUCITUILINHY, TBOPUYECKHUMA MOAXO/ B PEIICHUN
npodeCCUOHANIBHBIX 3a/lad, B XOJ€ 0O0pa30BaTeIbHOrO Mpollecca CIOCOOCTBYET
(hOpMUPOBAHUIO TAPMOHUIHOMN JINIHOCTH.

[Ipn peanmm3anuu  TUCHUIUIMHBI  TIPEMOJaBaTeIh MOXKET  HMCIOJIb30BaTh
CJICYIOIIHE METO/IbI BOCITUTATEILHON PaOOTHI:



- Meroasl (OpMHUPOBAHUS CO3HAHUS JHYHOCTH (Oecena, MUCMIYT, BHYIICHHE,
WHCTPYKTaX, KOHTPOJIb, OOBSICHEHWE, NpPHUMEpP, CaMOKOHTPOJb, pPaccKas3, COBET,
yOexIeHre u ap.);

- METOJABl OpPTaHM3aIlMU JESITeILHOCTH U (OPMHPOBAHUS OIMbBITA TOBEICHUS
(3amaHue, OOIIECTBEHHOE MHEHHE, IMeJJaroTHYecKoe TpeOoBaHUE, TMOPYUCHHUE,
MPUYYECHUE, CO3JJaHNE BOCHUTHIBAIOIINX CUTYALIUM, TPEHUHT, YIIPpaXKHEHUE, U Jp.);

- METOJIbI MOTHBAIIMU JCSATEIHPHOCTH W TOBeIeHUs (0700peHue, MOOIIPECHHE
COLMAIIHOM AaKTUBHOCTH, IIOpUIIAHWE, CO3JaHUE CHUTyalud ycrexa, CO3JaHue
CUTYaIlUH JIJIs1 SMOIMOHAJILHO-HPABCTBEHHBIX MEPEKUBAHUM, COPEBHOBAHUE U JIP.)

[Ipu peanuzanuu AUCHUIUIMHBI TIPENOAaBaTeb TOMKEH YUYUTHIBATH CJICAYIOIINE
HaIpaBJICHUS] BOCIIUTATEIILHOU JIESITEILHOCTH:

I'pasicoanckoe u nampuomuyeckoe 80cnumanue:

- hopMUpOBaHUE Yy OOYYarOMIMXCS 1EJIOCTHOIO MHUPOBO33PEHUS, POCCUMCKOM
WJICHTUYHOCTH, YBOKEHUS K CBOEH CEMbe, OOIIECTBY, TOCYIApCTBY, MIPUHSATHIM B CEMbE U
O0IIIeCTBE AyXOBHO-HPABCTBEHHBIM U COIMOKYJIBTYPHBIM IIEHHOCTSIM, K HAIIMOHAILHOMY,
KyJIbTYPHOMY W HCTOPUYECKOMY HAcieIuio, (OpMUpOBAHHE CTPEMJICHHSI K €ro
COXPaHEHHIO U PA3BUTHIO;

- hopMUpPOBaAHKE Y OOYYAFOIIUXCS aKTUBHOM TPaKIAHCKOW ITO3UIIMH, OCHOBAHHOM
Ha TPAAWIMOHHBIX KYJIbTYPHBIX, JYXOBHBIX M HPABCTBEHHBIX IIEHHOCTSX POCCHMCKOIrO
oOImiecTBa, HJisi TOBBIIICHUS CIIOCOOHOCTM OTBETCTBEHHO PEAIM30BBIBATH CBOU
KOHCTUTYIIMOHHBIE MPaBa U 00S3aHHOCTH;

- pa3BUTHE MPABOBOM M MOJUTHYECKON KYJIHTYpPhl O0yYArOUIUXCs, PACIIUPEHUE
KOHCTPYKTUBHOIO Yy4YacTHSl B MPUHATUU PEIICHUH, 3aTparuBarollluX HMX IpaBa u
MHTEPECH], B TOM YKCJI€ B Pa3IU4HBIX (opMax camMoOOpraHu3alliu, CaMOYIpPaBIICHMUS,
00IIIECTBEHHO-3HAYNMOM JICITCIHbHOCTH,

- popMHUpOBAHNE MOTHBOB, HPABCTBEHHBIX M CMBICIIOBBIX YCTAaHOBOK JIMYHOCTH,
MO3BOJISIONIMX MPOTUBOCTOSITH IKCTPEMU3MY, KCEHODOOWH, ITUCKPUMHHAIIMU TIO
COLMAJIBHBIM, PEJIMTUO3HBIM, PACOBBIM, HAIIMOHAJIBHBIM MPU3HAKAM, MEKITHUUECKOM
U MEXKOH(PECCHOHATBLHONH HETEPNUMOCTH, JPYTMM HETaTUBHBIM  COIIMATIBHBIM
SIBJICHUSIM.

JlyxoeHo-HpascmeenHoe eocnumanue:

- BOCIIUTAaHUE 4YYBCTBAa JOCTOMHCTBA, YECTHU M YECTHOCTH, COBECTIUBOCTH,
YBAKEHUS K POAUTEIISIM, YUUTEISAM, JIFOJAM CTAPIIECTO MOKOJCHHUS;

- popMHUpOBaHWE TPUHIMIOB KOJUIGKTUBH3MA W  COJUIAPHOCTH, JIyXa
MUJIOCEpIUsT M COCTPaJaHWsi, MPUBBIYKK 3a00TUTHCS O JIIOMSX, HAXOASAIIMXCS B
TPYAHOW )KU3HEHHOU CUTYallWH;

- popMHUpOBAHUE COJTUIAPHOCTH U UYBCTBA COIMAIBHOW OTBETCTBEHHOCTH IIO
OTHOILICHUIO K JIIOJISIM C OTPAHUYEHHBIMU BO3MOXHOCTSIMU 3/I0POBbS, MPEOJOJICHHUE
MICUXOJIOTUYECKNX OapbepoB 1O OTHOMICHUIO K JIFOASM C OTpaHUYCHHBIMU
BO3MOKHOCTSIMU;

- bopMUpOBaHHE SMOIMOHATIBHO HACBIIIEHHOTO M JyXOBHO BO3BBIIEHHOTO
OTHOIIICHUSI K MHUPY, CIIOCOOHOCTH U yMEHHS TepefaBaTh JAPYTUM CBOM 3CTETUYECKUI
OTIBIT.

Kynemypno-npoceemumensvckoe eocnumanue:

- hopMUPOBaAHNE ICTETUUECKON KapTUHBI MUPA;



- popMupoOBaHuEe YBAXKEHUSA K KyJIbTYPHBIM LIEHHOCTSIM POAHOTO ropoja, Kpas,
CTpaHbl,

- IOBBIIICHNE TTO3HABATENIbHON aKTUBHOCTH 00YYarOIIUXCSl.

Hayuno-obpazosamenvnoe socnumanue:

- hopMupoBaHKEe y 00YUYaIOIIUXCS HAYYHOTO MUPOBO33PCHUS;

- hopMHpOBaHUE YMEHUS TIOJTy4aTh 3HAHUS;

- opMuUpOBaHrE HABBHIKOB aHAM3a M CHHTE3a MHQOpPMAIMH, B TOM YHUCIE B
npodeccuoHanbHON 00JIacTH.



BHocuMmble n3MeHeHUsI M YTBEPKAeHHUsI HA HOBbII y4eOHbI 1o
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OuneHouHblE MaTEpHaNbl 110 JWCHMIUIMHE TEeXHOJOTMM BHEAPEHUS W
COIPOBOXKJICHUSI CUCTEM MCKYCCTBEHHOI'O HHTEJUIEKTa , NPEIHA3HAYEHHBI JUIS
OLICHUBAHUS PE3YJIbTaTOB OOYYEHHS HAa COOTBETCTBUE HHAMKATOpPAM JOCTHXKEHUS
KOMIIETEHLIAM.

OneHnBaHue pe3yabTaToB O0yUEHUS MO JUCIHUIUIMHE OCYIIECTBISETCS B paMKax
tekymero koutpois (TK) u mpoMexyTodHo#l arTecTanuu, IpOBOJAUMBIX MO OaJIIbHO-

peritunrosoit cucreme (bPC).

1.TexHosiornyeckasi kKapra
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Paznen. "Beenenue B HeiipoHHBIE ceTH" TK 25 0 0-25
Paznen. "TexHOMOrMM NCKYCCTBEHHOTO TK
" 30 0 0-30
WHTEIICKTa
IIpome:xxyTouHast aTTecTanMs (3a4eT, IK3aMeH, oM 0-45
KII, KP)
3aaHue NPOMEKyTOYHOM aTTecTallu 0-15
B mucemenHo# hopme 1o Omretam 0-30

Texnonocuueckas

Kapma gopmupyemcs
ammecmayuu ( 3a4ema,dK3amMeHd, Kypco8o2o npoeKma uiu pabomat)

015l Kajxc0020 6U0d NPOMENHCYMOUYHOU

[1Txaa OIleHKH pe3yJIbTaTOB O0YUYEHUS 1O JUCHUILIMHE:

2. OueHOYHBIEC MATEPUAJIBI TEKYLIIET0 KOHTPOJISI X IPOMEKYTOYHOM aTTeCTALMH

YpoBeHb cHhOPMUPOBAHHOCTH MHIUKATOPAa KOMITETEHIIUH
N N Huxe .
Kox Kon 3arTaH- Bricokuit Cpennuit P Huzknit
KOMII | MHAUKATO POBAaHHBIC ot 85 mo 100 ot 70 1o 84 oT 55 o 69 ot 0 mo 54
c- pa pe3yIbTaThbI [ITkayia oueHUBaHUs
TEHII | KOMIIETeH | OOydYeHHs 1Mo HEY/I0B-
15071 1107071 JUCLIUTLINHE OTJINYHO XOPOIIIO yrosaet- JICTBOPH-
BOPUTEIHHO
TENBHO
3adTeHo HE 3a4TEHO
3HaTh:
- OTiu4HO XOPOIIIO 3HACT | YIOBICTBOPUTE HE 3HACT
BBIYUCITUTEIHH 3HAET S3BIK 361K Python JHHO 3HAET MPOTPaMMHBIX
IK-1 | TIK-1.2 ple cpeactBau | Python wim i C++ si3p1K Python, u
KOMILJICKCHI, C++, (bpeliMBOpKH 3HACT OJIUH U3 | BBIYMCIIMTENbH
npuMeHsieMble | (ppeiiMBopKH rI1y6oKOro (peiMBOPKOB BIX CPEJICTB,
pu rTy00KOTO 00yJeHMs, TIyOOKOTO MIPUMEHSIEMBIX




pa3paboTke o0Oy4eHwus, TaKue Kak o0OydeHwus, npu
MPOEKTOB TaKue Kak PyTorch u TaKue Kak paszpaboTke
HelipoceTel U PyTorch n Tensorflow, PyTorch n MIPOEKTOB
MHTEIIEKTyal Tensorflow, o0avyHble Tensorflow, HelpoceTel n
BHBIX o0ayHbIe IaTGOPMBI o0JiavyHbIe WUHTEJUIEKTYaT
CHUCTEM; 1aThOopMbI JUTSL paboTHI C IaTGOPMBI BHBIX
-ppeiiMBopku | 11t pabOTHI C | HEWpOCETAMHU IUTs paboTHI € CHUCTEM;
rITy0OKOTO0 HeHlpoceTs MU HelpoceTs MU
00yueHus,
TaKue Kak
PyTorch n
Tensorflow
YMers:
— CO3/1aBaTh,
MPOBOJUTH Ymeer
OTIaIKy CO3/1aBath,
IPOTPaMMBbI MPOBOJIUTH
oJ OTIAJIKy
IIOCTABJICHHYIO | MPOTPaMMbI C
Y porp YMmeer
3ajady WCTIOJb30BaHH
CO3/1aBaTh Ymeer HE yMeeT
y4eToM eM
MPOTPAMMBI C CO3/1aBaTh C03/1aBaTh
MOCIIETHIX COBPEMEHHBIX
WCTIONB30BaHH | TIPOTPaMMBI C | TPOTPaMMBI C
TEOPETHYECKH | HWHTEJLIEKTYya
eM WCTIONIb30BaHKE | HCIOJIB30BaHU
X | BHBIX
. COBPEMEHHBIX M eM
IPAKTUYECKUX | TEXHOJIOTHH, . .
. WHTEJUIEKTYan | HEHPOCETEBBIX | HEHPOCETEBBIX
NOCTH)KEHUI B VYMeeT o .
BHBIX Mojenei MoJenei
obmact MIPOBOJIUTH .
TEXHOIIOTHI
HCKYCCTBEHHO BHEJIpCHHE
ro unremiekra | ONNX ( Open
" Neural
HEHpPOCETEeBhIX Network
TEXHOJIOT M Exchange )
Bnanets:
O1imyHO BJIaJeeT
BJIaJieeT OCHOBHBIMHU
BJIajeeT HE BIIaJIeeT
. | TEXHONOTHSAMH | TEXHOIOTUIMHU
— TEXHOJIOTHEH 0a30BBIMHU OCHOBHBIMH
cOopku u cOopku 1
cOOpKH 1 TEXHOJIOTHSIMH | TEXHOJIOTHSIMU
3aIycKa 3arycka
3arycka cOopku 1 cOopku u
. Iporpamm ¢ MPOTPaMM C
HEHpoceTeBbIX 3armycka 3aIycKa
. UCIIOJIb30BaHM | WCIIOJNB30BaHH
MoJielelt B e o MPOTPaMM C POTPaMM C
pexume . . WCTIONB30BaHKUE | HCIIOJIB30BAHU
HEMPOCETEeBBIX | HEHPOCETEBBIX
o0Oy4deHus u . . M eM
MOJTyJIeH, MOJTyJICH, . .
uHdepeHca HEHpOCETEeBBIX | HEHPOCETEBBIX
BJaJeeT BJIaJeeT . N
. . MO/TyJICH. MOJTyJIen
TEXHOJIOTHEH | TEXHOJIOTHUEH
uHpepeHca uHdepeHca.
3HaTh:
- HE 3HaeT
OtnngyHO Y noeneTBopuTe
MpOTrpaMMHBIE XOPOIIIO 3HAET MPOTPaMMHBIX
3HAET JILHO 3HAET
u MPOrpaMMHBIC "
pOrpaMMHbBIE MpOTrpaMMHBIE
BBIYHACIUTEIHH cpencTea u BBIYMCIIUTEIHH
[K-2 | I1IK-2.3 Cpe/CTBa U cpe/cTBa U
b€ CPEJICTBA H oOJyayHbIe BIX CPEJICTB,
oOnavHbIe o0JauHbIe
m1aTHOpPMbI m1aTHopMbI MIPUMEHSIEMBbIX
1aThOopMbI TIaTOPMBI
JUTSE JUTsE paboTHI C npu
IUTst pabOoTHI C o JUTsE pabOTHI C
MOHHUTOPUHTA . HelpoceTsIMu . COITPOBOX/ICH
cHCTeM HeHlpoceTs MU He#poceTsIMu

NN CUCTCM




MCKYCCTBEHHO UCKYCCTBEHHO
T'O MHTEJICKTA T'O MHTEJJICKTa
YMersh:
Ymeer HE yMeeT
Ymeer MPOBOJUTH YMmeer Y
—TPOBOJIUTH MPOBOJUTH
POBOJIUTH MOHUTOPUHT MPOBOJIUTH
COIPOBOK/ICH COMPOBOXK/ICH
BHEJIPCHUE U HpOrpamMM C COIPOBOKIICHU
ue He MPorpamMmm
COIIPOBOX/ICH | WCIIOJIL30BAHU | € IPOrpaMM ¢
CUCTEM c
ne ONNX ( eM HCIIONb30BaHUE
HCKYCCTBEHHO UCIIOJIb30BaHU
Open Neural | coBpeMEHHBIX M
r'0 UHTEIJICKTA . eM
Network MHTEJUIEKTYan | HEHPOCETEBBIX .
N HEHPOCETEeBBIX
Exchange ) BHBIX MoJIeNen .
. Mojenei
TEXHOJIOTHI
Brnanets:
OTtnu4aHO BJIaJiceT BJIaJiceT HE BIIQJICET
— CpeIcTBaMHU
BJIaJieeT OCHOBHBIMU 0a30BbIMHU OCHOBHBIMH
COIIPOBOXKICH N
st TEXHOJIOTHEH | TEXHOJOTUAMH | TEXHOJOTHSIMH | TEXHOJOTHIMHU
HEDOCCTEBAIX uHdepeHca,Ha | uHPepeHca,Ha | uH(epeHca,Han | uH(EpeHca,Ha
M(I: —— np., ONNX mp., ONNX p., ONNX np., ONNX
oHIME RUNTIME, RUNTIME, RUNTIME, RUNTIME,
qu)e eHea HHCTPYMEHTAM | HHCTPYMEHTaM | HMHCTPYMEHTaM | MHCTPYyMEHTaM
P ' u Tensorboard | u Tensorboard | u Tensorboard | u Tensorboard

OueHka «OTJMYHO» BBICTABIISETCS
nabopamopuelx pabom 8 cemecmpe, 21yO0Koe NOHUMAHUE NPUHYUNO8 NOCMPOEHUS,
Memo008 u MmexHoN02Ull 00yYeHUs HeUPOHHBIX cemell, NOHUMAHUe MempuK 00y4eHus,

3a BBIIIOJIHCEHUC nOJIHOE BblNnOJIHeHUe

3HAHUE  OCHOBHBIX MEXHOA02UNl  UCKYCCMBEHHO20  UHMENLIeKma, NoJHble U
cooepoicamenvhblie 0OmMeemvl Ha 80NPOChl buiema (meopemuyeckuti U nPaKmudeckKul
80NpPOCYLL)

OneHka  «XOpONIO»  BBICTABISICTCS 32  BBHIMIOJHCHHUE  GbINOJHEHUe

1abopamopHuix pabom 6 cemecmpe,; NOHUMAHUE OCHOBHBIX NPUHYUNO8 HOCIPOEHUS U
Memo008 00YUeHUsl HEeUPOHHbIX cemell, NOHUMAHUe MempuKx o00yYeHUus, 3HAHUE
MEeXHOI02ULl UCKYCCMBEHHO020 UHMEILIEKMA, COO0epHCamenbHble OMBEembl HaA 80NPOCHL
bunema (meopemuveckutl U NPaAKmMu4ecKuli 60NPocol)

OrneHKa «yA0BJIETBOPHUTEIbHO» BBHICTABIISICTCS 32 BBITIOJHEHUE BbINOJHEHUE
1abopamopHbiX pabom 6 cemecmpe; YACMUYHOE NOHUMAHUE OCHOBHBLIX NPUHYUNOB
noCmpoenuss U mMemooo8 00yueHUsi HeUPOHHbIX cemell, 3HAHUe Mempux o0y4eHus,
omeemvl HA 8ONPOCHL Obulema (meopemudecKuli U NPaKmuyeckull 60Npocyl)

OlleHKa «HeY/A0BJEeTBOPHUTEJIbHO» BBHICTABIACTCS 3a cilaboe W HEMOJIHOE
BBITIOJTHEHHE J1a0OpaTOPHBIX M TNPAKTHUYECKUX paboT B ceMecTpe; HEe3HaHue u
HEMMOHMMaHue 0a30BbIX IPUHIIAIIOB ITOCTPOCHUS HEWUPOHHBIX CETEH; HEMOJIHOE H
HESCHOE BBIMOJIHEHUE TEOPETHYECKOTO BOIMpoca OuieTa; HECOCOOHOCTh OOBSICHUTH
IPOrpaMMHBIN KOJI IO MPAaKTUYECKON YyacTu Ouiiera.

3. IlepeyeHb OLICHOYHBIX CPEICTB

Kpartkas xapakTepucTUKa OLIEHOYHBIX CPEJCTB, UCIOJb3YEMBIX MPU TEKYLIEM
KOHTpPOJIE YCHEBAaEMOCTH U TNPOMEXKYTOUYHOM arrecTaluu oO0yd4arouierocs 1o
JUCLUIUINHE:




4. Ilepeuenn

KOHTPOJIBHBIX

3aJaHUd WJIM HHbIE

MaTepHAaJIbl,

Heo0XoAuMbIe sl OLEHKH 3HAHMI, YMEHMI M HABBIKOB, XapPAKTEPHU3YIOLIHX
3Tanbl GOpMUPOBAHMSA KOMIIETEHIUH B IpoLiecce 0CBOCHHUS IMCUMIINHBI

Jist Tekymero kourpoJisa TK1:
[Iposepsiemast kommerenus: [1K-1.2: Cioco6eH BHEAPATH U COMPOBOXKAATH
aKTyaJibHbIe HU(POBBIE PELICHUS 3a4a4 IPEIPUITHS

Tect

Bonpoc

BapuaHTbl oTBeTa

oTBEeT

MNMoAa NCKYCCTBEHHbIM
MHTennekTom B Poccum
NoHMMaeTcA

KOMMNNEeKC TeEXHO/10TNYEeCKUX peLIJE‘HVII\;I, I'IOBBOI'IHIOIJJ,M“
MMUTUPOBATb KOTHUTUBHbIE d)yHKLI,VIVI yesioBeKa

camoobyuyeHne 1 NouCK pelleHunii 6e3 3apaHee 3a4aHHOrO
anroputma

KOMMNNEeKC TeEXHO/10TNUYECKUX peLLIE‘HVIl\;I, I'IOBBOI'IHI'OLLI,MI\&
Nnos1y4yaTb NPU BbINOJIHEHUN KOHKPETHbIX 3a4a4 Pe3y/ibTaThl,
COMoCTaBMMble, KaK MUHUMYM, C pe3ybTaTaMu
MHTEﬂﬂeKTyaﬂbHOﬁ AeATeNbHOCTU YenoBeKa

BCe BbllleonncaHHoe

HelpoceTteBbimu
TEXHONOTMAMM Ha3bIBAKOT

KoMnaeKc MHGOPMALMOHHbBIX TEXHONOTMIMA, OCHOBAHHbIX
Ha NPUMEHEHMM KOMMbIOTEPHbIX CEeTEN

TEXHONOrum,
MCKYCCTBEHHDbIX

KoMnneKc MHPOPMALMOHHbIX
OCHOBaHHbIX  Ha npUMMeHeHuun
HepPOHHbIX ceTen

MHGOPMALMOHHbIE CUCTEMbI NOMCKA

MHPOPMaALMOHHbIE TEXHONOTUWN YNPaBAEHUS

Anroputm obyyeHus
NCKYCCTBEHHOM HEMPOHHOM
CeTM 3aKaH4YMBaeTcA, Korga

AOCTUTHYTO  3aflaHHOEe  3HayeHue cpeaHen  (Mam

MMWHUMANbHOM) OLLINBKMK

ceTb ucyepnasia BO3MOXKHOCTU 0by4yeHus (owmnbkKa
nepecrtana yMeHbLLATbCA OT 3MOXM K 3noxe)

nponaeHo onpeaeneHHoe KOMYECTBO 3MoX

nobon oTBeT U3 NepeunCcNeHHbIX

Kakune GpyHKUMM BbINONHAET
nporpammHas peanusaums
BXO/ZHOTO c/10A
MHOTFOC/NI0MHOro
nepcenTtpoHa?

BbluncnseT NpoM3BOAHYIO ANA anropuTma obpaTHoro
pacnpocTpaHeHns oWmnbKMN.

MNepepaet BXOAHOW BEKTOP CUrTHA/NIOB Ha NepPBbii
CKpPbITbIi CNON.

Ypansaet "wym" us curHana.

TpaHCAMpPYEeT CUrHaN Ha BbIXOAHOM CNO MHOFOC/I0MHOTO

KoTopbIx paBHbl 10, -20, 5, 4 u
COOTBETCTBYHOLLME BECA
cBsi3elt paBHbl 0.8, 0.5, 0.7 1
-0.5 cooTBeTCTBEHHO.
Bblumncnnte curHan Ha Bbixoae

nepcenTpoHa.
HelipoH j nonyuynn Ha Bxoa, -1.8485
CUFHAN OT YeTbIpex APYrmx 0,5
HEMPOHOB YPOBHMU -0,4621
BO3OYKAEHUA, 3HAYEHUA 0,2449




j-ro HeMpoHa B cny4yae, ecnm
bYHKLMA aKTUBaLMK
HEMPOHOB eCTb
rmnepboanYeCcKnin TaHTeHC.
Bbibepute NnpaBUNbHbIN OTBET:

MporpammHo
HEeMpPOHHanA

peanun3oBaHa
ceTb C OAHUM
CKPbITbIM cnoem 7
aKTUBALMOHHOM byHKumen
curmompa. Y cetm 1 sxopa, 3
HEMPOHA B CKPbITOM CNOE U
OAMH BbIxog. YTOo OyaeTt Ha
BbIXO4e CeTW B C/aydae, ecau
Ha Bxoae 1, Bce Beca paHbl 1 1
cmeweHue 0.

o
Q—@—
©

0,7311

2,1932

Yto npepcTasnset  cobon
anroputm «obyyeHunn
MCKYCCTBEHHOW  HEWPOHHOM
cetm»?

npoueaypy NoACTPOMKM CUTHANOB HEMPOHOB

npoueaypy NoACTPOIKKN BECOBbIX 3HAYEHUI

npoueaypy BblYUC/NEHMA MNOPOroBbIX 3HAYEHUN
bYHKUMIM aKTUBaL MM

ans

MporpammHas peanunsaums
OAHOCNOHOro NepcenTpoHa
No3BO/IAET PeLlaTh 3a4a4m

annpoKkcMmauumn GpyHKUUn

pacno3HaBaHUA o6pa303

Knaccupukauyum

Kakas apxuTeKkTypa | MHOrocnolHbii nepcenTpoH
MCKYCCTBEHHOM  HEWPOHHOW | PeKyppeHTHble HEMPOHHbIe CeTh
cetTn 6onblwe noaxoauT AnA | CBepTOUHbIE HEMPOHHbIE CeTH
pa3paboTku anropuTMoB
aHanu3a €CTeCTBEHHbIX
A3bIKOB (TEKCTOB).
Ona  byHKuumM  aktmBaumm | -1
rmnepbonnyeckni TaHreHc | 0
th(z) = 2 1
BbIMMCIINTE, | Mpepen He cyllecTByeT

lim th(x)
yemMy paBeH z——co ?
Ona paspabotkm anroputmos | ResNet
W nporpammHbix cpeacts ana | YOLO
OEeTeKUMn U TPekuHra B | SSD
cuctemax BuaeoHabnwogeHus, | GAN
NCNO/b3yHoTCA HENPOHHbIEe
cetm
Kakon ¢perimBopK raybokoro | CNTK
obyueHna wumeet uHTepdeinc | Tensorflow




ana pa3paboTku
NPOrPamMMHbIX CpPeacTB  Ha
A3blKe  MPOrpamMmmMmupoBaHMA
Python pna obyyeHna wu

3anycka MHC?

PyTorch

Bce nepeuncneHHble

BxoaHoe nsobpaxeHne numeet
pasmep 32 Ha 32. Kakoro
pa3mepa nosyunTca pesynbrat
cBEPTKKU B PyTorch 5 Ha 5 6e3
padding, co stride=(1,1), ecnun
Ha BbIXo4e AO/IKHO ObiTb 6
KaHanos?

torch.Tensor pasamepom 6 Ha 14 Ha 14

torch.Tensor pasamepom 28 Ha 6 Ha 6

torch.Tensor pasmepom 6 Ha 28 Ha 28

torch.Tensor paamepom 6 Ha 5 Ha 5

CKONbKO NapameTpoB B
cBepTKe pasmepom 3x3,
KOTOpasA NPUMeEHAETCA K
TPexKaHa/lbHOMY
n3obparkeHunto? He cuntante
CNOM aKTMBALUMW, He
y4uTbIBanTE bias.

3 napameTpa: CTO/IbKO e, CKOJIbKO U KaHa/10B

9 BCero: Mbl HaknagblBaeM OAHY M Ty e CBEpPTKY Ha
Kakablii U3 Tpex KaHanoB

9 VYHMKanbHbIX -- BCero 27,
napameTpbl O4MHAKOBblE

HO AnAa BCEX KaHaios

27 napameTpoB: 3X3 ANA KaXKA0ro U3 Tpex KaHanos

Ona  KakoW  apxuTeKTypbl
CBEPTOYHON HENPOHHOW CeTu
XapaKTepHo obxoaHble
coeguHeHun

(skipconnections),
npobpacbiBalowme rpagueHT
ownbKM B 06x04 CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

YKaxuTte owmnbky npu pabote
¢ ontummusatopom B PyTorch
npu pa3paboTke nporpammol
0byy4yeHnA HEMPOHHOM ceTu.

optimizer = torch.optim.Adam(net.parameters(), Ir=0.01)

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bormpocsl

1. ®yHKIUA OTEPh W ONTHUMH3AIMS MMapaMETPOB HEUpOHHOU ceTu. BeiBom PII

N3 MCTOAa MaKCHUMAJIbHOI'O HpaBI[OHO,HOGI/IfI.

2. OOyueHue HEHPOHHOU
BO3HHKHOBEHHUSI.

3.

4.

5.

Softmax.

CCTHU C IIOMOIIBIO aJIropuTtMa

OueHka kayecTBa HelpoceTeBbIX Mojienell. OCHOBHBIE METPUKHU.
CBépTOouHble HEWpOHHBIE ceTu. Onepanns CBEpTKH, KacKaj CBEPTOK.
ApXUTEKTYpPbl HEUPOHHBIX CETEH IJIsi MYJIBTHUKIACCOBBIX Mojeneil. OyHKIus

6. ApPXUTEKTYpbl HEUPOHHBIX CETEH I MoJieNield OMHAapHON KilacCU(UKAIIUN

7. MHOTrOoCIOWHBIHI

MEPLENTPOH.
[IpeonosieHre OrpaHUYCHUs JIMHEHHON pa3AeIMMOCTH U pelIeHUue MPOoOIeMbl

[IpencraBienne  OyJeBBIX

UCKJITI0Yaromiero «wim». Teopema Konmoropoga.
8. Omnepanus aexkonposonuu. Transposed convolution layer.

9. AnaropuTm 00paTHOTO pacrpocTpaHeHus OMUOKU. JJOCTOMHCTBA U HETOCTATKU

oOpaTHOTO
pacrnpocTpaHeHuss ommOku. [loHsATHE mapajivya CEeTH W TNPUIWHBI €ro

GyHKIMA.



anroputMa. [loHsTHE Napaynya CETH U MPUYUHBI €70 BOSHUKHOBEHMUS.
10. ba3oBas apxutekTypa HEHpOHHbIX ceTeil. [IpuHuunel noctpoeHus. OCHOBHbIE
(GYHKIIUN aKTHBAIIH.

Jist Tekymero kourpoJisa TK2:
[Tposepsiemast kommerennus: [1K-2.3: CrocoGeH compoBOXIaTh CHCTEMBI
MCKYCCTBEHHOI'O MHTEJUIEKTA

Bomnpoc Bapuants! oTBeTa OTBET

B KaKnX 00J1acTAX | OIIEHKA BEPOSITHOCTH OAHKPOTCTBA,

DKOHOMHMKH  IPHUMEHSIOTCS | paclio3HaBaHHE 00pa3oB (TEKCTa, MOJITUCH);

AJITOPUTMbI Ha OCHOBE | 33/1auil KJIacCU(HUKALUU U CEerMEHTAllMM 3KOHOMHUYECKHX
UCKYCCTBEHHBIX HEHPOHHBIX | 00BEKTOB

cereid? BCe MepevHciIeHHbIe
[IporpammHoO peanuzoBaH 0,9951

HEHPOH ¢ QYHKIHEH 1

AKTHUBAaI[UM THUIIA -1

runepOoIMYecKuil TaHreHe ¢ | 0,9981
TpeMs BXOJaMU U HEUPOH
cMenleHus. Bxoael Bce

paBHBI 1 1 BCce Beca Takxke
paBHbI 1, a cmemenue 0,5.
Uemy OyaeT paBeH BBIXO]I

HelpoHa?

B nporpamme HelpoHHOI 0,25
CETH HEUPOH | TIONy4YHnI Ha 0,6225
BXOJI CUTHAJI OT YETBIPEX 0,3775
OPYTUX HEMPOHOB YPOBHU -1,5415

BO30OYXICHUS, 3HAYCHUS
KOoTOphIX paBHbl 10, -20, 5, 4
¥ COOTBETCTBYIOIIUE Beca
cBsa3elt paBuel 0.8, 0.5, 0.7 u
-0.5 COOTBETCTBEHHO.
Breraucnure cursai Ha
BBIXO/IC J-TO HEHpOHA B
ciryyae, eciid QyHKIHS
AKTUBAIIMU HEUPOHOB €CTh
JIOTUCTUYECKAs CHTMOHU/IA.
BriGepuTe npaBrIIbHBIN
OTBET:

B nporpamMMHON peanu3aluy | €CJIM HaWIETCs TaKOW HEUPOH T, 4TO
OJTHOCJIOMHOIO TIepcenTpoHa

n .
Saw! <O
Ha BXOJ TMOAacTCA BCKTOP | :=i

(X1...Xn). B Kakom ciywae | ecnu A KaXAO0ro HelpoHa J OyJaeM UMETh
N
BBIXOJIOM OyAeT HyJIeBOH Sawi <1

BEKTOp? ]
eCJIM I KasKI0ro HelpoHa j OyaemM UMeTh

kil .
Sawl <o
i=I




€CJIM HaleTCsl TAKOM HEUPOH J, 4TO

n )
Sawl =6
i=]

Haiinure nmpousBogHyr0 3TOU
(GYHKIMU aKTUBaLUU
th(z) = -

e’ —e
T W BBIpa3sHTE
pe3yabTar uepe3 (QyHKIIHIO

th(x)

1-th’(x)

1+th?(x)

th(x)-1

th?(x)

Kaxas apXUTEKTypa
HWCKYCCTBEHHON HEHWPOHHOH
ceTH OobIe BCETO
MOAXOAUT Il pa3pabOTKu
QJIITOPUTMOB U TPOTPAMMHBIX
CpEICTB pacro3HaBaHUs
o0pa3oB " aHaim3a
M300paKeHUI?

[TonmHoCBs3HAs (MHOTOCTIOMHBIN

MIePCENTPOH)

HEWpPOHHAs CeThb

CBeprouyHasi (KOHBOJIKIMOHHAS) HEIIPOHHASA CeTh

PexyppeHTHast HEHPOHHAs CETh

Ilyctp B
aBTOMAaTHYECKOTO
pacro3HaBaHUsl PYKOIIUCHBIX

porpaMme

MSE

MAE

CE (Cross Entropy)

upp or 0 g0 9| BCE (Binary Cross Entropy)
HCIIOJIb3YETCS CNN C

aktuBaruen softmax. Kakyto

GyHKITUIO noTeph BbI

BBIOCpETE?

AyrmeHTanus JaHHBIX
MPUMEHSIETCS JIST

yBeIn4eHusi 00bemMa odyuawuieil BbIOOPpKH

YBEJIMYEHHUS] CKOPOCTH 00YUEHHUSI

HOpMaJM3aluu

00pbOBI ¢ mepeodydeHneM

C MTOMOIUIBIO KaKkoro
MUHHUMAaJIbHOTO yucia
HEUPOHOB B CKPBITOM CJIO€
MHOTOCJIOMHOTO
MepcenTpoHa
npobirema XOR ?

permaeTcst

1

3
4
5

Jlst pa3paboOTKH airOPUTMOB
U NIPOTPAMMHBIX CPEACTB IS
pelieHus 3aaun
KJIacCU(UKALUA B CUCTEMax
KOMITbIOTEPHOTO 3peHUs
UCIIONB3YIOTC  HEUPOHHBIE
ceTH

GAN

ResNet

LSTM

VGG

IIpu nocrpoenuun
ITOPUTMOB O0yUYCHUS
HEHPOHHOU CeTH OOBIYHO
naTaceT OEJIAT Ha 2

YacTH train u test wm Ha 3
yacTu: train, validation,
test. [l 4ero Hy»KHO Takoe
negenue?

Ecimu 06yanbc;1 Ha IIOJIHOM AJaTaCC€TC U Ha HEM K€ ACJIaTh
BaJIn a0, TO MOKHO HEC 3aMCTUTH nepeo6yquI/m

Validation HyxHa, 4TOOBI TOAOOPaTh THIEpHAPAMETPHI
ceTu

Test Hyx)eH I (UHATHEHOW OIICHKM KadecTBa pPabOThHI
ceTn

Bce BbIIEnepeynciaeHHOE

Kakas IIpOorpaMMHast
OMOIMOTEKAa HE TPUMEHSIETCS

Tensorflow

Torch




115 TITyOOKOro 00y4eHus? NLTK
CNTK
[Tpu manucanuu nporpamm B | d[0] + c[2]
PyTorch kakas onepanmsi ¢ c%d
TeH30pami ¢, d c.shape
¢ = torch.ones([5,4]) d+c
d = torch.Tensor([[1,2,3,4],
[5,6,7,8],
[9,10,11,12],
[13,14,15,16],
[17,18,19,20]])
H03BOJISIET MTOJTYYUTh
CJIeIyIOIIUNA BBIBOJ?
tensor([[0., 1., 1., 1.],
[1.,1,1, 1],
1., 1,1, 1],
[1.,1,1, 1],
[1., 1,1, 1]])
[Tycth MaTpuia NprU3HAKOB [[-4, 3],
paBHa [-9.,5]]
[14, 2, -11, (13, -4]
['65 Oa 5]9 [ -9 95]]
[37 27 2]]7 [['95 5] >
a sI7IpO CBEPTKHU — [ 3 ,-4]]
[[0, 1, 2], [[-4, 3,1],
[1,-1,0], [1,0,-2]]
[1,0,-2]]
KakoB Oyzer pe3ynbrat
HNPUMEHEHHSI CBEPTKH CO
stride=2, padding=1?
B mporpamme Ha PyTorch | 13
UcxXonuslii torch.tensor Owut | 169
pazMepom 13x13x384. | 384
Ckonbko (UIBTPOB JOIKHO | 64896
OBITb B CBEPTKE, KOTOpas
BBIIAET torch.tensor
pa3zmepom 13x13x3847?
Bonpocut
1. Perynspuszanusa HeWpoOHHOU Perynspusanus
Tuxonosa, Lasso — perynspusanus
2. Perynspuzanus u npopexxuBanue HedpoHHOU cetu. [Ipsimoii n oOpaTHBIN
Dropout.
3. Meronsl  rimybokoro  oOyuenus.  Hopmanmmzanus
HOpMaIA3aIus.
4. Texnonorus mnepenaun oOyuenusi Transfer Learning. Hcnons3oBanue
pe100yUYEHHBIX CETEH.
5. ABTO3HKOAEPHl. OCOOEHHOCTH apXUTEKTYphl U OOy4Y€HHUs DSHKOJAEpa H

JeKoepa.




6.

PexyppentHsie Heilponnbie cetn. Apxutektypa GRU (Gated recurrent unit).

7. Pexyppentusie Heliponnbie cetu. Apxutektypa LSTM (Long Short-Term
Memory).

8. ['enepatuBHO-cocTs3aTrenbHbie HelipoceTH (GAN) u style transfer.

9. ®peiiMBopk riayookoro ooyuyenus Tensorflow

10. ®peiimMBopk riaybokoro ooyuyenus Pytorch

Jly1si MpOMesKyTOYHOM aTTeCTAIUU:

ba3oBbie BONPOCH! K 3K3aMEHY

l.
2.
3.
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16.

17.
18.
19.
20.
21.

22.
23.

24.
25.

Marematrueckast MOJIeTTb OMOJIOTHYECKOT0 HelipoHa. [IeHApUThI, aKCOHBI, CHHAIICHI.
TexHOJIOrHH UCKYCCTBEHHOTO MHTEIUIEKTa, 00IaCTH TPUMEHEHHUS U peliacMble 3a1a4u.
BbazoBas apxutekTypa HeHpoHHBIX cereil. [lpuHimnbel noctpoenus. OCHOBHBIE (QYHKLIUHU
aKTHBAIUU.

[Mepuentporn PozenOmarra u mpaBwio Xeb66a. Teopema O CXOIMMOCTH alrOpUTMa
o0ydeHus NepuenTpoHa i TMHEHHO-pa3neTuMbIx MHOkecTB. [Ipobiema XOR.
Mmuorocnoitusiii  nepuentpos. IlpeacraBnenune OyneBbix  ¢(ynkmmil. [Ipeomonenue
OTpaHMYEHUSl JMHEWHON pa3/elMMOCTH M peuieHHe MpoOIeMbl HCKIIOYAIOMIETO «UJIH.
Teopema Konmoroposa.

OO0y4deHne HEMPOHHOM CETH C TTOMOIIBIO AITOPUTMa 0OPaTHOTO PACTIPOCTPAHCHUS OIIHOKH.
[TonsiTHE Mapannya CeTH U NPUYHUHBI €0 BOSHUKHOBEHHS.

OyHKIUS MOTEPh M ONTUMH3ALUS ITApaMeTPOB HEHPOHHOHM ceTu. BbiBoa QyHKIIMK MTOTEPH
U3 METO0J1a MaKCUMaJIbHOTO MPaBA0NO0100HUs.

[IpoGnema OBpakHOCTH MOBEPXHOCTH (PYHKITMOHAJIA OIIMOKH U €€ YaCTHYHOE TTPEOI0ICHIE
¢ TOMOIIBI0 BBeZeHNs MoMeHTa (Nesterov momentum).

OO6yuenue ¢ momoibio backpropagation Ha ocHoBe anroputmMa RMSProp.

. O06yuenne ¢ momomsio backpropagation Ha ocHoBe anroputma Adaptive moment

estimation.

. [Ipobnema ucuesaromero u B3pbiBatomierocs rpaauenta. [lonstue «ymuparonmiin» ReL U.
12.
13.
14.
15.

Ornenka kauectBa 00y4ueHusi. OCHOBHBIC METPUKH 3a/1a4 Ki1acCUDUKAITIH.

[TocTaHoBKa 1 peleHue 3a1a4u PErpecCUM ¢ IOMOIIbIO HEHPOHHOI CETH.

[TocraHoBKa U pelIeHne 3a1a4i OMHAPHON KIaCCU(PUKAIIMH C TIOMOIIbI0 HEHPOHHBIX CETEH.
ApXHUTEKTYpbl HEMpPOHHBIX CETEW JI1 MHOTOKJIACCOBBIX Mojenel. BeposTHocTHas mepa
MPUHAJIKHOCTH K Kiaccy. Oynkmus Softmax.

Ceéprounsie HelpoHHble cetH. Omeparus cBeptku (1D, 2D). fAmapo ceeptku. Kackan
CBEPTOK.

ba3oBble MPUHITUIIBI TOCTPOCHUS CBEPTOUYHBIX HEUPOHHBIX CETEH.

Apxutektypa Inception (inception 6710k). Training head.

Apxutektypa ResNet (residual 6;10k). Skip-connection.

[TepeoOyuenue u meToibl 60pHOBI ¢ HUM. AyrmeHnTtanus. Early stopping

Perynspuzanus HeiiponHoit cetu: "weight decay". Perymspusamus TuxonoBa, Lasso —
perynisipusanusi.

Perynsipuzanus u npopexuBaHue HeMpoHHOU ceTh. Dropout.

Hopmanuzamnus manabix - batch-nopmanuzamus (batch norm, layer norm). Beraucienne
CTaTUCTHUK MPU 00yUYEHUU U Bamuaamnuu (train/eval).

Texnonorus “nepenaun 3HaHui” Transfer Learning (fine tuning, feature extraction)
CemaHTHYeCKasi CETMEHTAIHs ¢ MTOMOILBIO TITyOokoro oOyueHus. [1oTHOCBEPTOUHBIE CETH
(FCN). Onepamus nexkonBomtonuu. Transposed convolution layer.



26.

27.

28.
29.
30.

31.
32.
33.
34.
35.

36.

37.
38.

Apxutektypa SegNet, Unet. ®yHkiun norepb Ha ocHoBe kKod(ddurmenta Jlaiica u focal
loss.

Meronpl MacmTabupoBanust a1 omepamuu  upsampling u  downsampling. Dilated
convolution.

I'eHepaTUBHBIC MOJIETTH M aBTOOHKO/IEPHI.

Bapuanmonnsie aBrosnkoaeps! (VAE). [luseprennust Kyns6aka-Jleitonepa.
I'enepaTuBHO-cocTs3aTenbHbIE HEWpoHHblE ceTu (GAN) u HEMpOHHBIM CTUIL NEepeadn
o0yuenus (Ha mpumepe style transfer).

PexyppeHTHBIE HEHPOHHBIE CETH U crieu(pUKa UX 00yUEeHHUS.

I'my6okoe o6yuenue B NLP. Knaccudukarus texkctoB ¢ momomibio CNN u RNN.
Apxutektypsl LSTM (Long Short-Term Memory) u GRU (Gated Recurrent Unit).
Mexanusm BauManus (Attention).

OpeiimBopk  Tirybokoro oOydenust PyTorch. ABromarmueckoe muddepeHmpoBaHue.
[TpuHtMnBl TOCTpOeHUs HEeWpoHHBIX cetel B PyTorch: dyHKIMOHATBHBI U OOBEKTHBIN
MOJIXO/I.

OpeiimBopk  TiIyookoro oOyuenus Tensorflow. Berumcnurensubeiii rpad. I[loctpoenme
HEHWpOHHOM ceTu u ee oOydenue. Tensorboard.

HNudepenc netipoceteBsix Mogaenein. ONNX.

Mexanusm BHUMaHus. Apxutektypa Transformer.

TwunoBrwle 3a1aun:

Peanu3oBath W 00y4uTh CeTh ISl MPEACKA3aHUS JIOSUIBHOCTU KIMEHTOB
COTOBOTO orepaTopa (JaTaceT y mpemnoaaBaTeris)

Peanu3oBarh CBEpTOUHYIO CETh, 00OYUUTh CETh U MPOBECTH KIIACCUPHUKALIMIO
torchvision.datasets.FakeData. CoctaButh confusion matrix. Iloctpouts
rpaguku accuracy u loss Ha Bamumpanuu. IlpoBectn ananu3. YMeTb
00BICHUTH CBOI KOJI.

PeaimmzoBath ResNetl8 nis CIFARI10 ( torchvision.datasets).

N3 Oubmuorexku torchvision (ctaBuTcs BMecTe ¢ pytorch), MOXKHO
umrnoptupoBath ResNetl8 komanmoit from torchvision.models import
resnetl8

Ho6aBbTe L2-perynsapuzanuio. B PyTorch ona akTtuBupyercs ¢ moMoIbo
napametpa weight decay B onmtummu3zarope. 3HadeHrEe OOBIYHO BHIOMPAIOT U3
[1e-3, le-4, 1e-5]. IIpumep:

optimizer = torch.optim.Adam(model.parameters(), Ir=1e-4,
weight decay=1e-5)

CocraButh confusion-matrix. I'paduku accuracy u loss Ha Bamualuu.
[IpoBecTu ananu3z oOydeHus. Y METb OObSICHUTH CBOM KOJ.

C nomompio ¢peiimBopka PyTorch mns pemienus 3amaun kiaccugukanuu
peann3oBaTh HEMPOHHYIO ceTh apXuTeKTyphl VGG. [IpoBecTn o0yueHnue Ha
natacere EMNIST (torchvision.datasets) B Google Collaboratory.
[TocTpouTs rpaduku accuracy u loss Ha BajuaIuu.

[IpoBecTn aHanu3 BIMSHUS TUMNEpiapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennoit MHC.
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C nomompto ¢peiimBopka PyTorch st pemenust 3agaun kiaccupuKauu
peain3oBaTh HEWPOHHYIO ceTh apxutektypbsl MobileNet. [Iposectu
oOyuyenne Ha naracete FashionMnist ( torchvision.datasets) B Google
Collaboratory. [TocTpouts rpaduku accuracy u loss Ha BaJIUIaIUN.
[IpoBecTn aHaynu3 BIWSHUS TUIlepnapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue noctpoenHot UHC.

PeanuzoBaTh CBEPTOUHYIO CE€Th, OOYUUTH CETh U MPOBECTH KIACCU(PUKAILIUIO
torchvision.datasets.FakeData. I[loctpouts rpaduku accuracy u loss Ha
BaJIMIAIIHN.

[IpoBecTn aHanu3 BIMSHUS TUNEprapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennoit MHC.

C nomompio ¢perimBopka PyTorch peanu3oBath HEHUPOHHYIO CETh
apxutektypel ~ DenseNet. Pemmrs 3amauy  kjnaccupukamuu IS
FashionMNIST u3 6ubnuotexku torchvision.datasets. CoctaButh confusion-
matrix. ['paduxu accuracy u loss nHa Bamuparuu. [IpoBectu anamus
o0yueHus. YMETb 00bSICHUTD CBOM KOJI.

[IpoBectn Ounapuyto kiaccudpukamuio B ML-3agaue (martacer vy
npenogasatensi). Pa3nenuTs BbIOOPKY Ha 0OydYarollyl0 M KOHTPOJIBHYIO.
OOyuuTth cetb. O1eHUTh KaueCTBO OOyUYECHHUSI.

Pemienue 3amaum perpeccud ¢ TOMOIIBIO HEHUPOHHOM ceTu (nmaracer y
MpEenoiaBaTes).

OOyunTh HEHUPOHHYIO CE€Th JUIS 3ajJayd TpeAcKa3aHusi 3a00JIeBaHUS.
[Toctpouts rpadguku accuracy u loss Ha Bamumpauuu. IIpoBectn anamms.
YMeTh O0BACHUTH CBOM KOJI.
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