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1. Ileap, 327241 ¥ IVIAHUPYeEMBbIe Pe3yJbTATHI 00yUeHHsI 110 JUCHUILIMHE

(Lenw u 3adauu océoenus oucyuniunsi, coomeemcmesyrowue yenu OIl)

H@HLIO OCBOCHHA JUCHMIIIIMHBI «TexHOIorun CHCTEM HCKYCCTBCHHOT'O
HUHTCIIIICKTa» ABJIIACTCA (bOpMI/IpOBaHI/Ie y CTYACHTOB TCOPCTUICCKUX "
MMPaKTHYCCKUX 3HAaHUH O COBPCMCHHBIX HalpaBJICHUAX, MECTOOOJIOIUAX "
nmoaxoaax, OTHCCCHHBIX K TCXHOJIOTUAM MCKYCCTBCHHOI'O MHTCIIJICKTA.

3ajmayaMyd  JUCLMIUIMHBI  SIBJIIFOTCS: - (opmupoBaHue  0az0BOrO
HNOHSTUWHOTO armapara IPUHLUUIOB (PYHKIIMOHUPOBAHUS UCKYCCTBEHHBIX HEMPOHHBIX
CeTeil U METOAO0B UX OOy4YEHUs; - U3YUCHHE CPEACTB Pa3padOTKU M MPOCKTUPOBAHUS
VCKYCCTBEHHBIX HEMPOHHBIX CETEW; - 3HAKOMCTBO C COBPEMEHHBIMU TEXHOJOTHSIMU
MCKYCCTBEHHOTO MHTEJUIEKTa, IO CIEAYIOIIUM HAaNpaBICHUAM: -- KOMIIBIOTEPHOE
3peHue;  -- 00pabOTKa ECTECTBEHHOIO SI3bIKA;  -- PACIIO3HABAHUE U CUHTE3 PEUH;
-- MHTEJUIEKTYaJbHbIE CUCTEMBI IMOAJEPKKH MPUHATHS pEIIeHUuH. - (HOpMUpOBaHHE
YMEHHMM W HABBIKOB DPEUICHUS IPAKTUYECKUX 3a1ad C IPUMEHEHUEM TEXHOJIOIMI
VICKYCCTBEHHOT'O UHTEJUIECKTA.

Komnerennmu u uHANKATOPHI, PopMUpyeMbIe Y 00yHaArOIIUXCS:

Kox u HanMeHOBaHHE KOMITETCHITUH Kox n HanmeHOBaHNEe MHIMKATOpa
[TK-1 Cniocoben mpemiarathb I1K-1.1 Beibupaet akTyaiabHbIC TUGPOBHIE
aKTyasbHbIC IIU(PPOBBIC TEXHOJIOTHH B TEXHOJIOTHH B JCSITEIbHOCTU PEANPHUSITHS
MH(POPMAIIMOHHON HHPPACTPYKTYpE [1K-1.2 CriocobeH K pa3paboTKe U BHEIPEHUIO
TIPEATIPUSATHS aKTYaJbHBIX [IU(PPOBBIX TEXHOIOTHMA

2. MecTo nucuMmInHbl B cTpykType OIl

[IpeamecTByomuye TMCUUIIMHBL (MOoayiH), npaktuku, HUP, np.: O0bexkTHO-
OpUEHTHPOBAHHOE NporpaMMupoBaHue, PazpaboTka u mnoaaepkka MOOUIIBHBIX
MIPUIIOKEHU I

[Tocnenyromue aucummuiiabl (Moayiu), npaktuku, HUP, np.: IlpoexTHbrit
OPAKTUKYM

3. CTpyKTYypa U coJep:KaHue JUCUUIIMHBI
3.1. CTpykTypa TUCHUILIUHBI
Jlist ouroM hopmbl 00yUeHUS

Bun yue6Ho# paboThl B;;ro E::gg CeMe;Tp(H)
OBIIAS TPYJIOEMKOCTD JUCHUTTIIMHBI 5 180 180
KOHTAKTHAS PABOTA - 70 70
AYJIUTOPHAS PABOTA 1,44 52 52
Jlexiuu 0,5 18 18
[TpakTHueckue (ceMUHApPCKUE) 3aHATUS 0 0 0
JlaGoparopHbie paboThI 0,94 34 34
CAMOCTOSITEJIbHASI PABOTA OBYYAIOIETOCS 356 | 128 128
[TpopaboTka yueGHOro MaTepuana 2,56 92 92




KypcoBoii mpoekT 0 0 0
Kypcosas pa6ota 0 0 0
[ToArOTOBKA K IPOMEKYTOUHOH aTTecTaluu 1 36 36
[IpoMeKyTOUHAs aTTeCTALMSL: _9

3.2. Conep:xkanue TUCHUIJIMHBI, CTPYKTYPUPOBAaHHOE 0 pa3jiejiaM H BUAaM
3aHATHI

Paznennr Pacnipenencnue ®opmbi v | MHAEKCHI HHIUKATOPOB
JUCIIATLIHBI 2 TPYAOEMKOCTH BUJL (bopMUpyeMbIX
§ 110 BU/IaM y4€OHO#i paboThl | koHTpOIIs KOMITETEHIINI
© =) le]
s | 5|2 B2
m x . .
2| 8] 8| 3
Paznen 1 32 26 16 54 TK1 IIK-1.1, TIK-1.2
Pasznen 2 36 26 18 54 TK2 IIK-1.1, I1K-1.2
DK3aMeH 5 20 OM1 IK-1.1, [TIK-1.2
HUTOro 180 | 52 34 0 128

3.3. Conep:kaHue TUCHUNIMHBI
Cemecrp 7

Pasnen 1. BBeneHnue B HEMpOHHBIE CETH
Tema 1.1 OCHOBBI HEHPOHHBIX CETEU

Hctopust pa3BUTHS HEUPOCETEBBIX TEXHOJIOTUM. 3a1a4M, pEIIAEMbIE C IIOMOILIBIO
HEUPOCETEBBIX TEXHOJIOTUH.
OCHOBBI HEUPOHHBIX CE€TEN. broIOrnuecKrne aCleKThl HEPBHOM AEATEIHHOCTH.
Hetipon. Akcon. Cunarc. Pednexropnas nyra. [lenTpanbHas HepBHas CUCTEMA.
Mogenu ncKkycCcTBEHHOr0 HeripoHa. OyHKIMK akTUBaUUU. ba3oBas apXurekrypa
HeHpOoHHBIX ceTeil. O0yuenue ¢ yuureneM. OCHOBHAs TEPMUHOJIOTHSL.

Tewma 1.2 TToaHOCBSI3HBIEC CETH MPSIMOTO PACTIPOCTPAHEHHUS

[TommHOCBSI3HBIE ceTH MpsMOTO pactpocTpaHeHus. [Ipeogonenue mpodieMbl
XOR. O0yuyeHue HeHPOHHOM CETH C MOMOIIbIO AIrOpUTMa 0OPATHOTO
pacnpoctpanenus omuOku. [Tonsatue obyyaromero kouseiiepa (Pipeline).

Tewma 1.3 CBepTOUHbIC HEUPOHHBIE CETH

Omnepanus cepTku. Bzanmuas koppersuus. PenentuBHoe nose. Kackan
cBepTok. ['pynmupoBka (pooling).

Tema 1.4 TlpoaBuHyTbIE METOIBI O0yUECHHUS

Metoasl 00pHOBI ¢ TepeoOyueHrueM. AyrMeHTanus 1aHHbiX. baty-
Hopmanu3anus. Perynsapuzanus Tuxonosa. Lasso perymnsipuzarus. Dropout.

Pa3nes 2. TexHOIOTMH UCKYCCTBEHHOT'O MHTEJUICKTA



Tema 2.1 Texnonoruu nepeaaun ooyuenus Transfer Learning



Texnonoruu nepenaun 3uanuii Transfer Learning / Domain adaptation.
JlooGydenue cetu, moacrpoiika napameTpoB Fine Tuning. Ucnons3oBBanme
npenodyueHHbIX ceTeid. COBpEMEHHbIE CBEPTOUHBIE APXUTEKTYPhI

Tema 2.2 ABTOSHKOAEPHL. BaprannoHHbie aBTORHKOIEPHI.

ABTOKOAUPOBIINKHA. APXUTEKTypa SHKOAEp-/ekoaep. OOHapyKeHUEe aHOMATHI
B JJAHHBIX C TOMOIIBIO aBTORHKO/Iepa. ['eHepaTtuBHbie MoAenu. BapuanuonHsie
aBTO3HKOJIepbl VAE.

Tema 2.3 I'enepatuBusie Moaenu MU

CoBpemenHble apxuTeKTyphbl. [lopoxaatoniue (reHepaTUBHBIE) COCTA3ATEIbHbIC
HEMpOHHBbIE ceTU. | eHeparop. JuckpumuHaTop.

Tewma 2.4 Texnonoruu M1 B 00pabOTKE €CTECTBEHHOTO SI3bIKA

O06paboTKa ECTECTBEHHOTO SI3bIKA C TOMOUIBI0 HEHPOHHBIX CETEH.

Knaccuduxkanus tekcra. PekyppentHoie HeiipoHHbIe ceTu. ApXutekTypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tema 2.5 HCpCHGKTHBHBIG MOJICIIN UCKYCCTBCHHOI'O MHTCIIJICKTA.

MexaHu3M BHUMaHUs. ApXUTEKTypa rTyOOKHUX HEHpOHHBIX cerelt Transformer
11 paboThI € TIOCIIEN0BATENBHOCTAMU. MO/1€TIb UICKYCCTBEHHOT'O MHTEIIEKTa
Generative Pre-trained Transformer.

3.4. TemaTu4ecKHii VIaH MPAKTHYECKUX 3aHATHIA

JlanHbIii BUT pabOTHI HE IPEyCMOTPEH YU€OHBIM IJIAHOM.

3.5. TemaTuyeckuii nJjiaH Ja6opaTopHbIX padoT

1. TexHomoruu pa3paboTku W 0O0yueHUs HEUpoHHBIX ceTeil. [IporpammHuas
pa3zpaboTKka C UCHOJIb30BaHUEM OOJIaYHBIX MHCTPYMEHTOB. 2. BseneHue B
dbpeitmBopku Tiyookoro obyuenus Pytorch /Tensorflow. Tenzopsl. 3. ApXxuTekTypa
MOJIHOCBA3HOM HEWPOHHOW CeTM U ee oOyueHue. AJTOPUTM  OOpaTHOrO
pacnpoctpaHeHust omnOku 4. [IpeackaszarenbHas aHAIUTHUKA AJIS POU3BOJCTBEHHBIX
U OuszHec mpoueccoB. 5. VIHTennekTyajabHble TEXHOJOTHMM PAacHO3HABaHUS
nzoopaxxkenuid. 6. TexHnomoruu Transfer Learning. 7. Texnonoruun M1 B nuarnoctuke
3aboneBanuii. 8. Texnonorun MU nns monutopunra nanseix. 9. Texnonoruu U B
oOpaboTke ectecTBeHHOro s3bika. 10. I'eHepaTuBHBIE MOJEIM HCKYCCTBEHHOI'O
uHTeiiekra. 11. Pa3paboTka mporpamMmmHOro o0ecnedeHus, B KOTOPOM HCTIONIb3YIOTCS
TE€XHOJIOTUH UCKYCCTBEHHOTO MHTEJIJIEKTA.

3.6. KypcoBoii npoekT /kKypcoBasi pabora

JlanHbii BUT paOOTHI HE IPEyCMOTPEH YUEOHBIM IJIAHOM.

4. OueHnBaHue Pe3yJibTATOB 00y4YeHUS



OHGHI/IBaHI/Ie PE3yJIbTATOB O6y‘-IeHI/I$I M0 AUCHUIIIIMHEC OCYHICCTBIIACTCA B paMKax

TEKYIEro KOHTPOJIS W TPOMEKYTOYHOM aTTECTAIlMH, IMPOBOJMMBIX IO OaJUTLHO-
peritunroBoii cucreme (BPC).

[Ikana O1eHKN pe3yabTaTOB O0yUEHUS MO TUCIUILTNHE:

YpoBeHb chOPMUPOBAHHOCTH UHIMKATOPA KOMIETEHIIUU

Bricokuit Cpenuuii Huxe Huzkuii
Kon Kon 3artanu- pen CpPEIHETO
KOMII | MHJIUKATOP POBaHHBIC ot 85 no 100 or 70 1o 84 | ot 55 mo 69 or 0 mo 54
- a PpE3yIbTaThbl Illxana oneHUBaHUS
TEHI] | KOMIIETeH | OOydeHHUs 1o HeYJI0B-
Y/IOBJICT-
505 1805051 JIACIUTIIINHE OTJINYHO XOpo1uIo JICTBOPH-
BOPHTEIILHO
TEIBHO
3auTeHo HE 3a4TeHO
3HaTh:
- OCHOBBI
TEOPUHU
HEHPOHHBIX
. rIy0OKO U XOPOILIO 3HAET
ceTel, B TOM
MOJTHO 3HAET OCHOBHBIC
qucie
MaTeMaTHYeCK | MaTeMaTHYecK
PasIMTHEIC HE CTPYKTYPhI HUEC CTPYKTYPHI He sHacT
APXUTEKTYPHI PYKTYP PYKIYP 3HAET 0a30BbIX
. B OCHOBE B TIOCTPOCHUU .
HEHPOHHBIX - 0a30BbIC MOHATHUH, HE
. MOCTPOCHHS HEHPOHHBIX
ceTel u o . TOHSTHUS 3HAET KaK
HEUPOHHBIX CC€TCH, 3HACT o
QITOPUTMBI UX ., HEUPOHHBIX obyJaeTcst
ceTel, 3HaeT ATOPUTM 9 M
00y4eHHS; cerel, 3HaeT HelpoHHAsI
AITOPUTM o0OpartHOTO
) 00paTHOTO pacrpocTpaHeH AJITOPHTM CEIB, HeSHAcT
MaTeMaTHYECK backprop, KaK OIICHHUTD
pacnpocTpaHeH Usl OLITUOKH,
HE CTPYKTYPHI OCHOBHBIC KauecTBO
WS OITUOKH, HEKOTOpBIC
Y TIPUHITAITBL METPHUKHU o0yueHus
COBpPEMEHHbBIE COBPEMEHHBIE
ux O606H_IGHI/IH APXUTCKTYPhI APXUTECK bl MozeiH
Ha [TOCTPOEHUE P YD, P TYPEL,
METPHUKU OCHOBHBIC
BBIYUCIIUTCIIBH
Ka4ecTBa, METPHUKU
BIX OJIOKOB
HEHUPOHHBIX
IK-1 | I1IK-1.1 ceTeil;
YMers:
- yMeeT
aHaJIM3UPOBATh | aHAIM3MPOBATH ymeeT
MOIU(UKAIMK | TTOCTABIAEHHYIO | AHAJIM3UPOBAThH
yMeeT HE yMeeT
1 HOBBIE 3a1a4y u TIOCTaBJICHHYTO
moI0upaTh moIoupaTh
cpescTBa npe/iarath 3ajauy u
TEXHOJIOTHIO aJICKBaTHYIO
MPOrpPaMMHOTO peleHus Ha npeiarath
HNCKYCCTBCHH TEXHOJIOTHIO
obecrieueHuUs OCHOBE peleHus Ha
. oro HUCKYCCTBEHHOT
JUTSL CO3JIaHHMS TEXHOJIOTHI OCHOBE
. WHTEIUIEKTa | O MHTEJUIeKTa
HUHTEIUIEKTYallb | MCKYCCTBEHHOT TEXHOJIOTHI
JJId peiIeHus AJ1d pCIICHUA
HBIX CUCTEM C | O WHTEJUIEKTa; | MCKYCCTBEHHOT .
MOCTABJICHHO | MOCTABICHHOM
HCITOJIB30BaHMUE Ymeer 0 WHTEJUIEKTa, 9
. il 3a1aum. 3a71a49n
M TEXHOJIOTUH | OOOCHOBBIBaTH | OOOCHOBBIBATH
UCKYCCTBEHHOT' CBOI1 BBIOOD CBOH BBIOOD;
0 WHTEJICKTa TEXHOJIOTHH;
Bmanets:
- CpeACTBaMU Bnaneer Bnaneer Bunaneer He Bnaneer
CO3JIaHHS U MPOIBUHY THIM OCHOBHBIMH OCHOBHBIMU CpecTBaMu
00yJeHuUs U CPeICTBAMHU CpeicTBaMu Cpe/ICTBaMH CO3/IaHus U
HEHPOHHBIX CO3/IaHUSI CO3JIAHUSI CO3JIAHUSI 00yJeHus




cerelt HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX
Pa3IUYHBIX cerei ceren ceteit ceren
THIIOB Pas3IMYHbIX Pas3IMYHbIX 0a30BbIX
APXUTEKTYP. APXUTEKTYP. ApXUTEKTYP.
Bnaneer Bnageer Bnageer
MIPOABUHYTHIM | CTaHIAPTHBIMHU 0a30BBIMHI
U Cpe/ICTBAMH CpencTBaMu CpencTBaMH
oOydeHus u o0ydJeHus u o0ydeHus u
TECTUPOBAHUSI | TECTUPOBAaHHSA | TECTHPOBAHU
CeTeil. ceTeil. s CeTEH.
3HATh:
BBIYHMCIIUTEIbH
ble CpelcTBa 1
OTJIMYHO 3HAET | XOPOIIIO 3HACT
KOMILIEKCHI, 3HAET OJIUH
361K Python 361K Python HE 3HaeT
MpUMEHsIEMbIC u3
wm C++ wm C++ . BBIYHCIIATEIBH
pu . . (bpeMBOPKO
(bpermMBOpKHI (bperiMBOpKH BIX CPEJICTB,
pa3paboTke B IIyOOKOTO
rI1yOOKOro rI1yOOKOro MTPUMEHSIEMbIX
MIPOEKTOB 00ydeHuUs,
. . o0yueHus, 0o0yueHus, pu
HelipoceTel U TaKk#e Kak
TaKk#e Kak TaKk#e Kak pa3paboTke
WHTEJUIEKTY b PyTorch u
PyTorch u PyTorch u MIPOEKTOB
HBIX Tensorflow, o o
. Tensorflow, Tensorflow, HelpoceTel u
CUCTEM; 00J1auHbIe
N o0TayHbIe o0TayHbIe HMHTEIUIEKTYalb
-(pperiMBOpKH m1aT(hOpMBI
1ATQOPMBI m1aT(hOpMBI HBIX
rIIy00KOro IUTs1 pabOTHI €
JUTsE pabOoTEHI C JUTSE pabOoTHI C . CHUCTEM;
00y4eHw, . . HelpoceTsiMu
HelpoceTsIMu HelpoceTs MU
TaKue KaK
PyTorch u
Tensorflow
YMmers:
— CO3/1aBaTh, VYmeer
MIPOBOJIUTH CO3/1aBaTh,
OTIAIIKy MIPOBOUTH
I1K-1.2 POrPamMMBbI OTIAIKY
IO, MIPOTPaMMBI C
A porp Ymeer
MTOCTAaBJICHHYIO | WCIOJBb30BaHHE Ymeer
CO3/1aBaTh HE yMeeT
3ajauy ¢ M CO3/1aBaTh
POTPaMMBI C CO3/1aBaTh
YUETOM COBPEMEHHBIX IIPOTPaMMBI
WCTIOJIb30BaHNE MIPOTpaMMBbI C
MOCIIEAHUX WHTEIUICKTYaITh c
M UCIIONIb30BaHUE
TEOPETUICCKUX HBIX UCTIONIb30BaH
. COBPEMEHHBIX M
u TEXHOJIOTHH, uem N
VHTEJUIEKTYyalb . HENPOCETEBBIX
MPaKTUIECKUX Ymeer HelpoceTeBbI N
. HBIX - Mozesen
JOCTHKEHHU B MIPOBOUTH . X MoJienen
TEXHOJIOTHI
obnactu BHEJ[PEHNE
uckyccreernor | ONNX ( Open
0 MHTEJIJIEKTa U Neural
HEHPOCETEBBIX Network
TEXHOJIOTHIA Exchange)
Bmanets:
— TEeXHOJIOTHEH OtnmnyHO BIIajieeT BIIajieeT HE BIIaJICET
cOopku u BJIaJiceT OCHOBHBIMH 0a30BBIMH OCHOBHBIMH
3aIycKa TEXHOJIOTHSIMU | TEXHOJOTUSIMU | TEXHOJIOTHSIM | TEXHOJOTHSIMU
HEHUPOCETEBBIX cOOpKHU U cOOpKHU U 1 cOOpKH U cOopKHu U
MoJieIiel B 3amycKa 3aIycKa 3aIycKa 3aIycKa
pexIMe MIPOTPaMM C MIPOTPaMM C MIPOTPaMM C MIPOTPaMM C
o0yueHus u UCTIONIb30BAaHME | MCIOJIB30BAHUE | MCIOJIB30BAaH | WCIIOJIBL30BaHUE
nHpepeHca. M M HeM M




HEHUPOCETEBBIX | HEUPOCETEBBIX | HEMPOCETEBHI | HEMPOCETEBBIX
MOyJIEH, MOJyJIEH, X MOJYJIEH. MOyJien
BIagceT BIIaJICCT
TEXHOJIOTHEH TEXHOJIOTHUEH
nHpepeHca,Har nH(pepeHca.
p., ONNX
RUNTIME

5. YueOHO-MeTOoIM4YecKoe U MH(POPMALIMOHHOE o0ecieYeH e JUCIUIIIMHBI
5.1. YueOHO-MeTOONYECKOE 00ecIIeueHue

5.1.1. OcHoBHas nuTEepaTypa

1) Octpoyx, Auapeit Binagumuposud. MHTeIIeKTYaIbHBIE HHPOPMAIIMOHHEIE
cucTeMbl U TexHoyoruu : MoHorpadus / A. B. Octpoyx, A. b. Hukonoaes, 2019. - 308
c. - Tekct : anexrponnsiidi. URL: https://e.lanbook.com/book/115518

2) Cotnuk C. JI. [IpoekTupoBaHre CUCTEM HCKYCCTBEHHOTO MHTEIIICKTA !
yueOHoe nocobue / C. JI. Cotnuk. - Teker : anexkTponnbid. URL:
https://e.lanbook.com/book/100395

3) MacnennukoBa, Onbra EBrenbeBHa. OCHOBBI HCKYCCTBEHHOTO UHTEIUICKTA
yueoHoe nmocobue / O. E. Macnennukosa, U. B. I'aBpuiiosa, 2019. - 282 c. - Teker :
anexktpoHHbiit. URL: https://ibooks.ru/bookshelf/337972, 9BC ibooks.ru

4) PocrosiieB B. C. MckyccTBeHHbIC HelipoHHBIE ceTH : yueOuuk / B. C.
PocroBues, 2023. - 214 c. - Tekcr : anekTpoHHbid. URL:
https://e.lanbook.com/book/310184, ObC Jlans

5.1.2. JlononHUTENbHAS IUTEpATYypa
1) TomoBuisia M. B. MeTomoiorus aBToMaTH3aIuH padOT TEXHOJIOTHYECKOM

MOJITOTOBKY MTPOM3BOJICTBA : yueOHoe nocodue / M. B. I'onoBunibina, 2016. - 208 c. -
Tekcr : anextponnbiii. URL: https://e.lanbook.com/book/100642

2) Slcuuukwid, Jleonnn HaxumoBrd. BBeieHne B HCKYCCTBEHHBI HHTEIIICKT |
ydyebHoe nmocobue it By3oB / JI.H. Acuunkuii, 2008. - 176 c. - Tekcr :
HETIOCPEICTBEHHBIM.

3) XKnmaHoB A. A. ABTOHOMHBIN HCKYCCTBEHHBIH HHTEJUICKT : HAyYHOE u3aaHue /
A. A. Xnanos, 2020. - 362 c. - Tekcr : anekTpoHHbIid. URL:
https://ibooks.ru/bookshelf/350079, OBC ibooks.ru

5.2. UudopmanmonHoe odecnieueHne

5.2.1. DneKTpOHHBIE U UHTEPHET-PECYPCHI




5.2.2. TlpodeccuonanbHbIe

CHUCTCMBI

5.2.3. JIuueH3noHHoe "

0a3bl

oOecrieyeHne QUCIATUINHBI

CBOOOTHO

naHHbIX /| HpOpMaMoOHHO-CIIpaBOYHBIE

pacrpocTpanseMoe  MPOTPaMMHOE

6. MaTepMaJILHO-TeXHl/I‘IeCKOG o0ecrneueHue ANCHUITIIMHBI

HanmenoBanue BHaa

HaumeHnoBanue yueOHOMH

y4eOHOU PabOTHI ayJIUTOPUH, [lepeuens HEOOXOAUMOTO O0OPYAOBAHHS H
CIIeIMaIU3TPOBAHHOM TEXHUYECKUX CPEJICTB O0yUCHHS
nmaboparopun
Jlekiun YyeOHas ay TuTOpHs IS Crenuanu3upoBaHHAS yueOHas Me0eIb,
NPOBEJICHUS 3aHATHI TEXHHUYECKUE CPEIICTBA OOYYCHUs, Clyxalue IJIs
JICKITOHHOTO THTIA MIPEACTABICHUS y4eOHOU uHpopManuu
OonbiIol  ayautopuun  (MyJIbTUMEIUNHBIN
MPOEKTOp, KoMmmbloTep (HOYTOYK), SKpaH),
JIEMOHCTPAIIMOHHOE 000py/I0BaHUEe, Y4eOHO-
HarJIsIIHbIE TTOCOOUs
[IpakTuueckue Vuebnas  aymuropus i | Crienuanu3upOBaHHAsS yueOHas Mebelb,
3aHATHA IIPOBEACHNUA 3aHATHH | TeXHHYECKHE cpencraa oOy4deHus
CCMUHAPCKOTO TANA, | (MynbTUMEIUNHBIA  MPOEKTOP,  KOMIIBIOTEP
IO | (o). xpan) 39
TCKYLICTO KOHTPOJIA u
IMPOMEXKYTOUYHOU aTTCCTAllUU
JIaGoparopHbie YyeOHas 1abopaTopus Crienuaan3upoBaHHON J1abopaTopHOE
paboTHI « », 00opyoBaHUE MO MPOGHUITIO JTab0OPaTOPHUH:
KoMIbroTepHBbIi Ki1acc ¢ Crernuanu3upoBaHHas yueOHast Me0elb,
BBIXOJIOM B MHTEpHET TEXHUYECKHE cpencTaa o0y4eHus
(MyIbTUMEIUNUHBIA  MPOEKTOP,  KOMIBIOTED
(HOyTOYK), DKpaH), JIMLIEH3UOHHOE
IporpaMMHOE o0ecTieueHre
KoMnbroTepHblIii Ki1ace ¢ CrenunanusupoBaHHas ydeOHas MeOenb Ha 30
BbIX0/10M B MHTepHET B-600a | mocamounbIx MECT, 30 KOMIIBIOTEPOB,
TEXHUYECKUE CpEJCTBA 00yueHUs (MyIbTUME-
TUUHBIA TPOEKTOp, KOMMbIoTep (HOYTOYK),
9KpaH), BHJIEOKAMEPHI, MPOrpaMMHOE
obecrieueHue
CamocrosTenbHas KommbroTepHBIii Ki1ace ¢ Crnernuanu3upoBaHHas yuyeOHass meOenb Ha 30
pabota BhIxo710M B MHTepreT B-600a | mocamounsix MECT, 30 KOMITLIOTEPOB,

TEXHUYECKUE CpEJCTBAa 00yueHUs (MyIbTUME-
TUUHBIA  TPOEKTOp, KOMIBbIOTEp (HOYTOYK),
9KpaH), BHJICOKAMEPHI, MIPOrpaMMHOE
o0ecrieueHue

YuraapHbIN 31

Crennanu3upoBanHasi Mebeb, KOMITbIOTEpHast
TEXHUKA C BO3MOXXHOCTBIO BbIX0O/1d B I/IHTepHeT 158
obecneuenueM aoctymna B DMOC, skpaH,

OMOIMOTEKH NN
MYJIbTHMETUHHBII IIPOEKTOP, TPOrPaAaMMHOE
obOecrieuenne
VuebHast ay TUTOPHS IS Crery

BBITIOJIHEHUS] KYPCOBOTO




npoekTa (KypcoBoii paboThI) W3UPOBAaHHAS MeOENb, KOMIBIOTEPHAs TEXHHUKA
_ (yxassIBaercs pH C BO3MOXHOCTBIO BbIXOAa B HMHTepHeT u
Hamuaun KP/KII u Takoii obecrieueHrEM JoCTyma B PHUOC,
ayZuTOpHH) POrpaMMHOE 00eCIICYeHHE

7. Oco0eHHOCTH OopraHmsanuu Oﬁpa3OBaTeJILHOﬁ JACHATCJIBHOCTH AJIA JINII C
OrpaHM4Y€¢HHBIMHA BO3MOKHOCTHAMH 3I0POBbS H HHBAJIUIAO0OB

Jluua ¢ orpaHUYEeHHBIMU BO3MOKHOCTAMHU 3710pOBbsi (OB3) u MHBaMUIBI UMEIOT
BO3MOYKHOCTbh OECHPEMITCTBEHHO MEPEMEIAThCA M3 OJHOI0 Y4eOHO-1a00paTOPHOTO
KOpIyca B JpYroil, MOJHATHCS HA BCE 3TAXU Y4YEOHO-TAOOPATOPHBIX KOPITYCOB,
3aHMMAaThCsl B YYEOHBIX W HHBIX TIOMEIICHHUSIX C YYETOM OCOOEHHOCTEH
NCUXO(PU3UYECKOTO PA3BUTHS U COCTOSTHUS 3JOPOBBSI.

Jns obyuenus jun, ¢ OB3 M uMHBaMMIOB, UMEIOMIMX HAPYIIEHUS OMOPHO-
JIBUTATEJILHOTO amnmapara, 00ecreyeHbl YCIoBUs OeCTpensITCTBEHHOIO J0CTyTa BO BCE
yueOHble mnomemieHusa. WHdopmanus o crenuanbHbIX YCIOBUSAX, CO3JAaHHBIX JUIS
oOyuaronmxcs ¢ OB3 u wuHBaNMOOB, pa3MmelnieHa Ha cailTe YHHMBEPCHTETA
www//kgeu.ru. iMeercst BO3MOKHOCTE OKa3aHHS TEXHHYECKON ITOMOIIM aCCUCTEHTOM, a
TaK)Xe YCIYT CypIONEPEBOTUYMKOB U TU(DIOCYPAONIEPEBOTUNKOB.

Jnsa apanranyu k BocupusaTvio ymnamu ¢ OB3 1 nHBanugaMu ¢ HapyLIEHHBIM
CIIyXOM CIpPaBOYHOIO, y4eOHOro marepuaiga M0 JUCUUIUIMHE O00eCleunBaroTCs
CJIEIIOLUE YCIIOBUS:

- IS JIy4IlIed OpUeHTalluu B ayIUTOPHUH, IPUMEHSIOTCS CUTHAJIBI OTOBEILIEHUS
O Hayalie U KOHIIE 3aHsTHUs (CI0BO «3BOHOK» MUIIETCS HA JIOCKE);

- BHUMaHUE CJa0OCIbIIIAIEro OOy4YaromIerocss MPUBJIEKAETCS IeJarorom
KECTOM (Ha IJIEYO KJIAJETCS pyKa, OCYIIECTBIISETCS HEPE3KOE MOXJIONbIBAHUE);

- pasroBapuBas ¢ 00y4arIIUMCs, MeJarorudeckuii pabOTHUK CMOTPUT Ha HETO,
TOBOPUT SICHO, KOPOTKMMU MPEJIOKEHUAMH, 0OecreurnBasi BO3MOXKHOCTh YTEHHS MO
ryoam.

KoMreHcanust 3aTpyAHEHHI pPEYeBOr0 MW HMHTEIUIEKTyaJlbHOTO Pa3BUTHUS
C1a00CBIIIAIINX 00YYaOTUXCs TPOBOAUTCS MTYTEM:

- HCIIOJIb30BAHMS CXEM, JUArpaMM, PUCYHKOB, KOMIIBIOTEPHBIX MPE3EHTALUN C
TUIIEPCCHIIIKaMU, KOMMEHTHPYIOIKUMHU OTJEJIbHBIE KOMIIOHEHTBI U300paXeHMs;

- PETYJISIPHOTO  MPUMEHEHMs] YOpaXHEHUM Ha rpaduyeckoe BbIACICHHUE
CYILIECTBEHHBIX NPU3HAKOB IIPEIMETOB U SIBJICHU;

- o0ecnieyeHrs] BO3MOXKHOCTH JUIsl  OOYy4Yarollerocss TMOJYYUTh aJPECHYIO
KOHCYJIBTALIMIO TIO 3JIEKTPOHHOM MTOYTE M0 MEPE HEOOXOIUMOCTH.

Jns agantanuu k BocnpusaTuio guuamu ¢ OB3 u nHBanuaamu ¢ HapyLICHUSIMU
3pEHHUs CIPABOYHOT0, YYEOHOIr0, MPOCBETUTENBCKOTO MaTepHualia, MpeayCMOTPEHHOTO
o0pa3oBaTeNbHONl TpOrpaMMoil 1O BBIOPAHHOMY HANPABJICHUIO MOATOTOBKH,
00ecreunBarOTCs CIEAYIOLIUE YCIOBUS:

- BeJIeTCs ajanTaius opuIuanbHOro caiita B cetu MHTepHET ¢ yueToM 0COOBIX
NOTPEeOHOCTEW MHBAIHMIOB MO 3PEHUI0, 00SCIIEYNBACTCS HATUYKME KPYIMHOIIPUPTOBON
CIIPaBOYHOM MHGOPMAIINH O PACTTUCAHUH YUSOHBIX 3aHSTHIA;,

- IeIarOTUYeCKuii  paboOTHUK, ero cobecemHuK (mMpu HEOOXOJUMOCTH),
NPUCYTCTBYIOIIME Ha 3aHSATHH, MPEACTABISIOTCS OOydYalOIUMCS, MPU 3TOM KaxAbId
pa3 Ha3bIBaeTCs TOT, K KOMY NeJaroruueckuii paboTHUK oOpaniaeTcs;
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- ICUCTBHsI, JKECThI, MEPEMEIIECHUsI MEeJaroruueckoro pabOTHHKAa KOPOTKO U
SICHO KOMMEHTHUPYIOTCS;

- meyaTHass WHQOpPMAIUS MPENoCTaBisAeTCs KpynmHbIM mpudrtom (ot 18
IIYHKTOB), TOTAJTHHO O3BYyUHBACTCS;

- obecrieunBaeTCst HEOOXOAMMBIN YPOBEHb OCBEIIICHHOCTH ITOMEIICHHIA;

- IPEIOCTABISICTCS  BO3MOXKHOCTh HCIIOJIB30BaTh KOMITBIOTEPHI BO  BpeMs
3aHATUN W MPABO 3aIIUCH 00BSICHEHUH Ha TUKTO(MOH (110 JKEJIIAaHUIO0 00YYaroITuXCs).

dopma mpoBeleHUS ~TEKyIIeW W MPOMEXKYTOYHOH  arTecTaiuu s
oOyuvaronuxcss ¢ OB3 1 MHBaJIUIOB OMNpENEsSeTCsl MeJarorndieckuM paOOTHUKOM B
COOTBETCTBUM C YueOHBIM IuIaHoM. [Ipu HeoOxommmoctu obOyuaromemycsi ¢ OB3,
WHBAIUIY C YYETOM WX WHIUBUIYAIBHBIX TCUXO(DU3UIECKUX OCOOCHHOCTEH MaeTcs
BO3MOYKHOCTH TPOUTH TPOMEKYTOYHYIO aTTECTAIMIO YCTHO, MUCHMEHHO Ha Oymare,
MUCBMEHHO Ha KOMITbIOTEPE, B (hOpME TECTUPOBAHUSA M T.II., TUOO MPEIOCTABIISICTCS
JOTIOJTHUTEIHHOE BpEeMS JIJISl TIOJITOTOBKH OTBETA.

8. MeToanyeckue peKOMeHIAlMU JJisl MpenojgaBaresieil Mo OpraHu3amuu
BOCIIMTATEJbHOH PA0OTHI ¢ 00YYAKIIMMHUCH.

MeTtonnueckoe obecriedeHue Mmpoiecca BOCIUTAHUSI 00YUYarOIIUXCsl BBICTYIAET
ONIHUM U3  ONpefesstoumx (akTopoB  BBICOKOIO  KayecTBa  OOpa30BaHMS.
[IpenogaBaTens By3a, JAEMOHCTPUPYS BBICOKMH NPOGECCHOHAIN3M, 3PYAULIHUIO,
YETKYH0 IPAKIAHCKYIO MO3ULUI0, CAMOJUCIUIUIMHY, TBOPUYECKUI NOAXOJ B PEIICHUU
npoecCHOHANBHBIX 3a7a4, B XOJ€ 00pa30oBaTelIbHOIO Ipolecca CIOCOOCTBYET
(OpMHUPOBAHNIO TAPMOHUYHOM JINYHOCTH.

[Ipn peanuzanuu JUCUUIUIMHBI  MPENOAABATENb MOXET  HMCHOJb30BaTh
CJIETyIOLIME METO/Ibl BOCIIUTATEIbHOM PaOOTHI:

- MeToJbl (OPMHPOBAHUSA CO3HAHMS JHUYHOCTH (Oecena, AUCHYT, BHYLICHUE,
UHCTPYKTaX, KOHTPOJIb, OOBSICHEHUE, NpHUMEpP, CaMOKOHTPOJb, paccka3, COBET,
yoexKaCHUE U Ip.);

- METOJbl OpraHu3alUU JEATEIbHOCTH W (POPMHUPOBAHUS ONbITA MOBEACHUS
(3amaHue, OOIIECTBEHHOE MHEHHE, IIeJlaroThueckoe TpeOoBaHWE, TOpyYeHUe,
IpUYyYEeHHE, CO3/IaHNEe BOCIIUTHIBAIOUINX CUTYallul, TPEHUHT, YIIpaXKHEHUE, U Jp.);

- METOAbl MOTHUBALIUU JEATENbHOCTH M TMOBeAeHUS (0J00peHHe, MOOUIpeHue
COLIMAJIBHOM AaKTMBHOCTH, IIOPULAHWE, CO3JaHUE CHUTyallMil ycrexa, CO3JaHue
CUTYALMH JIJIs1 SMOLIMOHAJIbHO-HPABCTBEHHBIX NIEPEKUBAHUI, COPEBHOBAHUE U JP.)

[Ipu peannzanuu JUCHUIUIMHBI PENOAABATENb J0HKEH YUUTHIBATh CIAEAYIOIINE
HaIlpaBJIeHUs] BOCIIUTATEIbHON JEATEIbHOCTH:

I'pasxcoanckoe u nampuomuueckoe 60cnumanue:

- popMupoBaHuEe y OOy4YaroUIMXcs LEJOCTHOIO MHPOBO33PEHUS, POCCUICKON
UJCHTUYHOCTHU, YBAKEHUS K CBOEH CeMbe, 00ILIECTBY, FTOCYAAPCTBY, IPUHATHIM B CEMbE U
00I11eCTBE TyXOBHO-HPABCTBEHHBIM U COLMOKYJIBTYPHBIM IIECHHOCTSIM, K HAI[MOHAILHOMY,
KYJbTYPHOMY M HUCTOPHYECKOMY HAacleIui0, (GOpPMUPOBAHUE CTPEMIICHHS K €ro
COXPaHEHUIO U Pa3BUTHIO;

- opMupOBaHKE y 00YUAIOIINXCS AKTUBHOM TPaXkIaHCKOM TIO3UIIMHA, OCHOBAHHOM
Ha TPAJAULMOHHBIX KYJIbTYPHBIX, TyXOBHBIX U HPABCTBEHHBIX LIEHHOCTSAX POCCHICKOrO
oOmiecTBa, JUisi TOBBIIMIEHUS CIOCOOHOCTH OTBETCTBEHHO pEaIN30BBIBATH CBOM



KOHCTUTYIIMOHHBIE [TPaBa U 00S3aHHOCTH;

- pa3BUTHE MPABOBOM M MOJUTUYECKOW KYJbTYpbl 00ydYarolUXCsl, pacCIIMpEHUE
KOHCTPYKTUBHOTO Y4YacTHsl B NPHHITHUM PEIICHHM, 3aTparuBalolMX HUX @paBa u
MHTEPECHl, B TOM YHCJIE B Pa3IUYHbIX (OpMax caMOOpraHU3alliu, CaMOYTPABJICHHUS,
00IIIECTBEHHO-3HAYNMOM JIEITCILHOCTH;

- popMupoBaHUE MOTUBOB, HPABCTBEHHBIX U CMBICIOBBIX YCTAHOBOK JIMYHOCTH,
MO3BOJIAIOIIUX TPOTUBOCTOSITh SKCTPEMHU3MY, KCEHO(OOUH, AMCKPUMHUHAIUMU TIO0
COLIMAJIBHBIM, PEIUTHO3HBIM, PACOBBIM, HAlIMOHAIBHBIM NPHU3HAKAM, MEXITHHUECKOU
U MEXKOH(PECCHOHAIBHON HETEPIUMOCTH, JAPYTUM HEraTUBHBIM COLIMAJIbHBIM
SIBJICHUSIM.

Llyxoeno-upascmeennoe gocnumanue:

- BOCIIUTAHUE YYyBCTBAa JOCTOMHCTBA, YE€CTU M YECTHOCTH, COBECTIMBOCTH,
YBXEHUS K POAUTEISM, YUATEISAM, JIFOASAM CTapIIEro MOKOJICHUS;

- opMupoBaHuE TMPHUHIMIIOB KOJUIGKTUBU3MAa H  COJUAAPHOCTH, JyXa
MUJIOCEpIUsl M COCTPaJaHusl, MPUBBIUKK 3a00TUTHCS O JIIOASX, HaXOASAIIMXCA B
TPYAHOU )KU3HEHHOU CUTYAIH;

- popMHUpOBAHUE COJUJAAPHOCTH U YYBCTBA COLIMAIIBHOM OTBETCTBEHHOCTU IIO
OTHOUIEHUIO K JIIOASM C OTPAaHUYEHHBIMU BO3MOXHOCTSIMHU 3JI0POBbsI, MPEOAOJIECHUE
IICUXOJIOTUYECKNX OapbepoB IO OTHOIIEHHID K JIIOASIM C OrpaHUYECHHBIMU
BO3MO>KHOCTSIMU;

- popMUpOBaHUE SMOLMOHAIBHO HACBHIILIEHHOTO U JYXOBHO BO3BBIIIEHHOTO
OTHOILIEHUSI K MUPY, CIIOCOOHOCTH M YMEHHMsI M€pelaBaTh APYTUM CBOM ICTETUUYECKUMN
OTIBIT.

Kynvmypno-npoceemumenvckoe gocnumanue:

- popMHUpoOBaHUE ICTETUUECKOIN KApTUHBI MUPA;

- popmMupoBaHue YBaKEHUS K KyJIbTYPHBIM IIEHHOCTSIM POJHOTO TOPOAa, Kpas,
CTpaHbl;

- MOBBINICHUE MTO3HABATEIHHON aKTUBHOCTH O0YJArOIINXCAL.

Hayuno-obpazosamenvhoe ocnumanue:

- hopmupoBanue y 00ydaromuxcsi HAyYHOTO MUPOBO33PCHHUS,

- popmupoBaHUE yMEHHs MTOJTydaTh 3HAHUS;

- popMupoBaHUE HAaBBHIKOB aHAIW3a U CHUHTE3a MH(OpPMallMU, B TOM YHUCIE B
npodeccuoHanbHON 001acTH.
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OrneHounple  MaTepHaibl MO  JUCHUIUIMHE  TEXHOJOTHU  CUCTEM
UCKYCCTBEHHOTO WHTEJUICKTa, TMPEAHA3HAYCHHBI ISl OIICHWUBAHUSA PE3yJIbTaTOB
oOydYeHHUs1 Ha COOTBETCTBHE MHIUKATOPAM JOCTHIKEHHS KOMITCTCHITHH.

OneHuBaHue pe3yabTaTOB O0YyUEHHUS MO JUCITUIUIMHE OCYIIECTBISIETCS B paMKax
tekymiero kKoHTposst (TK) u mpoMeXyTo4HO# aTTecTauu, MPOBOAUMBIX 1O 0aIbHO-
peiitunroBoii cucreme (BPC).

1. TexHoJiornyeckasi Kapra
o Cewmectp /
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Paznen. "BBenenue B HeMpoHHBIE ceTH" TK 25 0 0-25
Paznen. "TexHOI0THN UCKYCCTBEHHOTO TK
" 30 0 0-30
WHTEJJICKTa
IIpome:kyTouHas aTTecTanus (3a4eT, IK3aMeH, oM 0-45
KII, KP)
3aanue MpoOMeKyTOYHOM aTTecTaluu 0-15
B mucemenHo# dopme 1o Omneram 0-30

Texnonoeuueckas  kapma gopmupyemcsi Ol KAHCO020 8UOA NPOMENCYMOYHOU
ammecmayuu ( 3a4ema,’K3amMeHd, Kypcoso2o npoekma uiu pabomot)

2. OnleHOYHbIE MATEPUAJIBI TEKYILEr0 KOHTPOJISI M IPOMEKYTOYHOI aTTecTaluu
[IIkaya orleHKH pe3yIbTaTOB 00YYEHUS MO AUCIUILTUHE:

YpoBeHb CHOPMUPOBAHHOCTH UHIUKATOPA KOMITETEHITUH
. N Hwoxe .
Kox Kox T — Beicoxuit Cpennuit CpeHero Huzkun
KOMII | MHAUKATOD POBaHHBIC ot 85 mo 100 ot 70 mo 84 oT 55 o 69 or 0 mo 54
c- a pC3yIbTaThl IIxama oneHuBaHua
TEHI] | KOMIIETeH | OOydYeHHus 1o Hey10B-
yIIOBJIET-
204! 185171 JACHUILIAHE OTJIIMYHO XOpOIIOo JIETBOpH-
BOPHUTEIIBHO TelLIHO
3auTeHo HE 3a4TEHO
3HaTh:
- OCHOBBI riy0oKo 1 XOPOIIIO 3HACT 3HaeT HE 3HaeT
TEOPUH TIOJTHO 3HAET OCHOBHBIE 0a3oBbIe 0a30BbBIX
HK'l HK' 11 HCI‘/'II?'OHHBIX MaTeMaTH4YECK MaTeMaTHu4EeCK HPHSITI/I?I HOHHTI/Iﬁ, HEC
ceTeid, B TOM Ue CTPYKTYPbl | He CTPYKTYphI | HEHPOHHBIX 3HAeT KaK
qucie B OCHOBE B MOCTPOCHHU | CeTeil, 3HaeT o0yuaercst
pa3YHbIC HOCTPOCHHS HEHPOHHBIX ANrOPUTM HelpoHHas
APXUTEKTYPhI HEHUPOHHBIX ceTeid, 3HaeT backprop, CeTh, HE 3HAET




HEHPOHHBIX

ceTeil, 3HaeT ITOPUTM OCHOBHEIC KaK OIICHUTh
ceTeil u AITOPUTM o0OpartHOTO METPUKHU Ka4ecTBO
QITOPUTMEBI UX o0OpartHOTO pacrpocTpaHeH o0yueHus
0o0yUeHHUS; pacrpocTpaHeH Yl OIITUOKH, MOJIEIN
- U OIIHOKW, HEKOTOpPBIC
MaTeMaTHYEeCK | COBPEMEHHBIC COBpEMEHHBIE
Ue CTPYKTYPBl | apXUTCKTYpPhI, | apXUTCKTYpHI,
Y TIPUHITATIBI METPHUKH OCHOBHEIE
MX 0000IIIeHUS KauyecTna, METPHUKHI
Ha TIOCTPOCHUE
BBIYUCITUTEHH
BIX OJIOKOB
HEUPOHHBIX
ceTel;
YMetsb:
- ymeer
AQHAJTM3UPOBATh | AHAJIM3HPOBATH yMeeT
MOIU(UKAIMK | MTOCTABIACHHYIO | AHAJIM3UPOBAThH
yMeeT HE yMeeT
1 HOBBIC 3amaqdy u TIOCTABJICHHYIO
moI0upaTh moI0NpaTh
cpencTBa npejiarath 3amaqy u
TEXHOJIOTHIO aJICKBaTHYIO
MIPOTPaMMHOTO pelIeHus Ha Mpe/yIarath
HCKYCCTBCHH TEXHOJIOTHIO
obecrieueHus OCHOBE pelieHus Ha
. oro HCKYCCTBEHHOT
JUTSL CO3IaHHMSI TEXHOJIOTHI OCHOBE
. WHTEJUIEKTa 0 MHTEJUIEKTa
WHTEJUIEKTYalb | HWCKYCCTBCHHOT TEXHOJIOTHI
JUTSI pEIICHUS. |  JUTsI pEIICHUs
HBIX CUCTEM C | O WHTEJUIEKTa; | UCKYyCCTBEHHOT .
[TOCTaBIIEHHO | TIOCTaBJIEHHOU
UCIIOJIb30BaHUE Ymeer 0 WHTEJUIEKTa, 9
N i 3amaqn. 3a7a9u
M TEXHOJIOTUH | 0OOCHOBBIBaTH | OOOCHOBBIBATH
HUCKYCCTBEHHOT CBOI1 BEIOOD CBOi1 BBIOOD;
0 WHTEIJIEKTa TEXHOJIOTHH;
Bnaners:
Bnageer Buaneer Buaneer
MIPOABUHY THIM OCHOBHBIMH OCHOBHBIMH
Y CpeJICTBAaMHU CpeACTBaMHU CpeACTBaMHU
CO3JIaHHUs CO3JIaHus CO3JIaHus
- CpeACTBaMuU . o o
HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX He Bnameet
CO3/1aHus U . N N
cereit ceteit cereit cpeacTBaMu
o0y4eHus
. Pa3IUYHbIX Pa3IMIHBIX 0a30BbIX CO3/IaHuS U
HEHPOHHBIX
cereii APXUTEKTYP. APXUTEKTYP. ApXUTEKTYP. o0yueHuUs
Bnaneer Bnaneer Bnaneer HEWPOHHBIX
Pa3INIHBIX o
LIIOB MIPOJIBUHYTHIM | CTaHIAPTHBIMHU 0a30BBIMHU cereit
U CPEJCTBAMH CpeACTBaMU CpeACTBaMU
oOy4JeHus u o0OydeHus u o0ydeHus u
TECTUPOBAHUS | TECTUPOBAHUS | TECTUPOBAHHU
ceTen. ceTen. s CeTel.
3HaTh:
- OT/IMYHO 3HAET | XOPOIIO 3HAET | 3HAET OJUH
HE 3HAeT
BBIUMCIUTENBH | s3bIK Python 361K Python u3
. BBIUUCITUTEIIbH
bI€ CPEJCTBA U wm C++ wm C++, (hperiMBOPKO BIX CPEICTE
KOMITJIEKCHI, ¢bpeiiMBOpKHI (bpeiiMBOpKH B TITyOOKOT0O P ’
MTPUMEHSIEMBIX
MIpUMEHsIEMbIe riryOOKOTro TITyOOKOTrO 00y4eHwUs, pu
I1K-1.2 npu 00y4eHus, 00y4eHns, TaKHeE KaK A3paAGOTKE
pa3paboTke TAKHE KaK TaKHE€ KaK PyTorch u pasp
MIPOCKTOB
ITPOCKTOB PyTorch u PyTorch u Tensorflow, o o
. N HelpoceTel U
HelpoceTeil u Tensorflow, Tensorflow, o0JavHbIe
HHTEIUIEKTYallb
UHTEIUICKTYalb o0agHbIe obagHbIe 1aThOPMbI HBIX
HBIX m1aT(hOpMbI m1aT(hopMBbI JUTSE pabOTEHI ¢ CHCTEM:
CHCTEM; U1 paboThI © U1 paboThI © ’

HEUPOCETIMU




-(hpetimBOpKH HEHpoceTIMU HEUpOCETSIMHU
IyOOKOTO
00yueHwH,
TaKue Kak
PyTorch u
Tensorflow
YMeTsb:
— CO3/1aBaTh, Vmeer
TIPOBOJIUTH CO3/1aBaTh,
OTIaJKy MPOBOJIUTH
PO PaMMBI OTIaJKy
o, MPOTPAMMBI C
A porp Ywmeer
MOCTaBJICHHYIO | WCIOJIB30BAaHUEC Ymeer
CO3/1aBaTh HE yMeeT
3ajauy M CO3/1aBaTh
MPOTPaMMBI C CO3/1aBaTh
YYETOM COBPEMEHHBIX MPOrPaMMBI
UCIIOJIb30BaHUE MPOTPaMMBbI C
MOCJICHUX WHTEIUICKTYaTh c
M HCTIONTb30BaHHE
TEOPETHYCCKUX HBIX UCIIONIh30BaH
. COBPEMEHHBIX M
u TEXHOJIOTHH, ueM .
VHTEIJICKTYalb . HEHPOCETEeBBIX
MPAKTHIESCKUX Ymeer HEHPOCETEBbI .
. HBIX . MoJIeTeH
JOCTUXKCHHNU B IIPOBOIUTH o X MoJelien
TEXHOJIOTHI
obnactu BHEJIPCHUE
uckycctBernor | ONNX ( Open
0 UHTEJIEKTA U Neural
HEHUpPOCETEBBIX Network
TEXHOJIOT M Exchange )
Bnaners:
OTiuyHO
BJIAJICCT BJIAJICET
TEXHOJIOTHSIMU OCHOBHBIMH
BIIajIceT HE BIIaJIeeT
. cOopku u TEXHOJIOTHSIMU
— TEXHOJIOTHEH 0a30BBIMH OCHOBHBIMH
3aIycKa cOopKH U
C60pKI/I u TEXHOJIOI'NAM TEXHOJIOINAMU
MPOTPaMM C 3amycKa
3aIrycKa U COOPKH U cOOpKH U
. HCIIOJIb30BAHUE |  TIPOTPaMM ¢
HEWPOCETEBBIX 3amycka 3amycKa
o M UCIIOJIb30BaHUE
MoJIenei B . Hporpamm ¢ porpamMm ¢
HEWPOCETEBBIX M
pexIMe . . UCIIOJIb30BAH | HCIIOJIB30BAHUE
MOJIyJIeH, HEWPOCETEBBIX
o0ydJeHus u o uem M
BJIAJICET MOJYJIEH, . .
uHpepeHca. . HEMPOCETEeBbl | HEHPOCETEBBIX
TEXHOJIOTUEH BIIajIceT . .
. X MOJIyJIeH. MOTyJIei
uH(pepeHca,Hal | TEXHOJIOTHEH
p., ONNX uHpepeHca.
RUNTIME

OlleHKa «OTJMYHO» BBICTABISICTCS 3a BBITIOJIHEHUE NOJNHOE BbINOJHEHUE
nabopamopuwix pabom 8 cemecmpe, 21y00Koe NOHUMAHUE NPUHYUNOE NOCMPOCHUS,
Memo008 U MexHoI02Ull 00yUeHUsl HeUPOHHBIX cemeli, NOHUMAaHUe MempuK 00yueHus,
3HAHUEe  OCHOBHBLIX MEXHON02Ull UCKYCCMBEHHO20 UHMEeNIeKmd, NoJHble U
cooepocamenvhble OMeemvl Ha 80NPOCHL Oulema (meopemudeckuil U nPaKmu4ecKull
60NpPOCYLL)

OneHka  «XOpOINO»  BBICTABIISICTCS 332  BBHINIOJIHEHUE  8bINOJIHEHUE
1abopamopuwix pabom 6 cemecmpe,; NOHUMAHUE OCHOBHbIX NPUHYUNOE NOCMPOEHUSL U
Memo00o8 00yueHUs HeUpOHHbIX cemell, NOHUMAHUe Mempuxk O0OVUYeHUs, 3HAHUe
MeXHOI02ULL UCKYCCMBEHHO20 UHMELIEKMA, COOepICamelbHble OMBembl HA B0NPOCHL

bunema (meopemuveckutl U NPaAKmu4ecKuli 60Npocol)



OueHka «yAOBJIETBOPHUTEJIbHO» BBICTABISICTCS 3a BBIIIOJIHEHUE BbINOJHEHUE
1abopamopHelX pabom 6 cemecmpe; 4ACMUYHOE NOHUMAHUE OCHOBHBIX NPUHYUNOS
HOCMPOEHUsL U Memo008 00yYeHUs HEeUPOHHbIX cemell, 3HaHue Mempux 00y4eHusl,
omeemuvl Ha 8ONPOCHL Oulema (meopemudecKuti U NPAKmudecKuti 60Npocyl)

OuneHka «Hey/AOBJIETBOPUTEJIbHO» BBICTABISETCS 3a ciabdo€ M HEMOJIHOE
BBIMIOJTHEHUE JIA0OpATOPHBIX W TMPAKTUYECKUX paboT B cCeMecTpe; HEe3HAaHHE U
HEMOHUMAaHuEe 0a30BBIX MPUHIIMIOB IMOCTPOCHUSI HEUPOHHBIX CETEW; HEMOJHOE H
HESICHOE BBITNIOJIHEHUE TEOPETUYECKOro BOIpoca OUiieTa; HECIOCOOHOCTh OOBSCHUTH
MPOrpaMMHBIN KOJT TIO MPAKTHYECKOW YacTH OusieTa.

3. IlepeyeHb OLICHOYHBIX CPEICTB

Kpatkass xapakTepHUCTHKa OLIEHOYHBIX CpPEJCTB, MCIOJB3YEMBIX MPU TEKYLIEM
KOHTPOJIE YCIEBAEMOCTH U TPOMEXKYTOYHOM aTTecTalu OO0ydYaromerocs 1o
JUCIUIUIAHE:



4. IlepeuyeHb

KOHTPOJbHBIX

3aJaHull WM HHbIE

MaTepuabl,

Heo0XoAuMBble VISl OLeHKH 3HAHMI, YMEHHMI M HABBIKOB, XapPAKTEPHU3YIOLIHX
3Tanbl POPMUPOBAHNS KOMIIETCHIUI B MpoLecce 0CBOCHUS IMCIHIIIHMHbI

s Texkyuero kourpoJas TK1:

[Tposepsiemast kommerenius: [1K-1.1: Beibupaer aktyanbHbie 1uppoBbIe

TCXHOJIOTUU B ACATCIBbHOCTH IIPCAIIPUATUSA

Tecr

Bonpoc

BapuaHTbl oTBETa

oTBeT

MNopg MCKYCCTBEHHbIM
WHTennekTom B Poccunm
NOHUMAaETCA

KOMMNEKC TEXHONOTUYECKUX PELLIEHWNI, NO3BONAIOLLMIA
MMUTUPOBATb KOTHUTUBHbIE GYHKLUM YeTOBEKA

camoobyyeHune 1 NoUCK pelleHnii 6e3 3apaHee 3a4aHHOIO
anroputma

KOMIMJIEKC TEXHOI0TMYECKMX PELLIEHUIA, NO3BONAIOLLNI
Moy4aTb NP BbINOJIHEHUN KOHKPETHbIX 33434 pe3y/ibTaThbl,
COMOCTaBMMbIE, KaK MMHUMYM, C pe3y/1bTaTaMu
NHTENNEKTYaNbHOW AeATe/IbHOCTU Yel0BEKa

BCe BbllleonncaHHoe

HeWpoceTtesbimm
TEXHO/IOTMAMM Ha3bIBaKOT

Komnnaekc MHd)OpMaLI,MOHHbIX TeXHOﬂOFMﬁ, OCHOBAHHbIX
Ha NPUMEHEHUN KOMMbIOTEPHbIX ceTen

TeXHoNornii,
MUCKYCCTBEHHbIX

MHPOPMALUNOHHDIX
NpUMeHeHuun

KOMMeKC
OCHOBaHHbIX  HA
HelpPOHHbIX ceTen

MHGOPMALMOHHbIE CUCTEMbI MOUCKA

NHGOPMALMOHHbIE TEXHOI0TUM YNpPaBAEeHMUA

Anroputm obyyeHusA
WCKYCCTBEHHOW  HEMpPOHHOM
CeTW 3aKaH4YMBaeTCA, Koraa

AOCTUTHYTO  3aJaHHOe  3HayeHue cpegHen  (Mam

MUHWUMA/IbHOW) OLLINOKM

CeTb MCYEepnana BO3MOXKHOCTM 0by4eHUA (OLmnbKa
nepecTana yMeHbLIATbCA OT 3MOXM K 3Moxe)

npoﬁp,eHo onpepneneHHoe KonM4ecTBo anox

No60i 0TBET U3 NepeUnCIeHHbIX

Kakune GpyHKUMM BbINONHAET
nporpammHan peanusaums
BXOZ4HOrO C/10A

BbluMcnseT Npon3BOAHYIO A5 aIrOPUTMa 06paTHOro
pacnpocTpaHeHnsa OWNOKN.

MepepaeT BXoAHOW BEKTOP CUrHAN0OB Ha NepBbIiA

KoTopbIx pasHbl 10, -20, 5,4 u
COOTBETCTBYHOLLME BECA
cBsizelt paBHbl 0.8,0.5,0.7
-0.5 cooTBETCTBEHHO.
Bblumcnnte cUrHan Ha Bbixoae

MHOIOCNOMHOIO CKPbITbIN CNOIA.

nepcenTpoHa? Yaansaet "wym" us curHana.
TpaHCc/MpPYEeT CUrHa Ha BbIXOAHOW CNOM MHOTFOC/IOMHOIO
nepcenTpoHa.

HelpoH j nonyunn Ha Bxog, -1.8485

CUTHaN OT YeTblpex gpyrux 0,5

HEeMpPOHOB YPOBHMU -0,4621

BO3OYXKAEHMA, 3HAYEHMA 0,2449




j-TO HelpoOHa B cny4ae, ecnum
bYHKLMA aKTUBaLUK
HEMPOHOB eCTb
rmnepboanYeCcKnin TaHreHC.
BbibepuTe npaBubHbIN OTBET:

MporpammHo
HeMpOHHanA

peannsoBaHa
ceTb C O4HMM
CKpbITbIM cnoem 7
aKTUBALMOHHOM byHKUMEN
curmompa. Y cetm 1 sxoa, 3
HEMPOHA B CKPbITOM C/NOE U
OAMH Bbixog. YTOo OyaeTt Ha
BbIXO4e CeTU B Cayyae, ecnu
Ha Bxoze 1, Bce Beca paHbl 1 u
cmeweHue 0.

Pl

Q—=@—D
®)

0,7311

2,1932

Yto npeacrtaBnAaer  coboi
anropuTm «obyyeHuns
WCKYCCTBEHHOW  HEMPOHHOM
ceTm»?

npoueaypy NOACTPOMKM CUTHANOB HEMPOHOB

npoueaypy NOACTPOIKN BECOBbIX 3HAUYEHMIA

npoueaypy BbIMUCAEHUA MOPOroOBbIX 3HAYEHWUM
bYHKLMI aKTMBaALMN

MporpammHas peanunsaums
OAHOC/NIOMHOro NepcenTpoHa
Nno3BONAET pelaTb 3a4a4n

annpokcumaumm GyHKUuin

pacrnosHaBaHus 0bpasoB

KnaccnpmKkaumm

Kakas apxutekTypa | MHOrocnonHbI nepcenTpoH
WUCKYCCTBEHHOW  HENpPOHHOW | PeKyppeHTHbie HEMPOHHDbIEe CeTU
cetn b6onble nogxoaut Ana | CBEPTOYHbIE HEMPOHHbIE CETU
pa3paboTku anropuTmMoB
aHanusa €CTeCTBEHHbIX
A3bIKOB (TeKcToB).
Onsa  ¢yHKuMM  aktmBaumm | -1
rmnepboanyeckuin TaHreHc | O
th(z) = £ 1
BbIYMCAUTE, | Mpepen He cyulecTayeT

lim th(z)
yemy paBeH z——x ?
Ona paspaboTtkm anroputmos | ResNet
M nporpammubix cpeacts gna | YOLO
AeTeKumm Wn TpekuHra B | SSD
cucTemax BuaeoHabnogeHus, | GAN
NCNONb3yoTCA HeNpPOHHbIe
cetu
Kakoit ¢perimBopk rnybokoro | CNTK
obyueHna wmmeet wuHTepdelic | Tensorflow




ana pa3paboTku
NPOrPaMMHbIX CPeAcTB  Ha
A3blKe  MPOrpPaMmMMpPOBaAHMUA
Python pna ob6yyeHna wu

3anycka MHC?

PyTorch

Bce nepeuncneHHble

BxoaHoe nsobparkeHne nmeet
pasmep 32 Ha 32. Kakoro
pasmepa noay4ynTca pesynbrat
cBEpPTKM B PyTorch 5 Ha 5 6e3
padding, co stride=(1,1), ecnu
Ha BbIXo4e A[ONMKHO OblTb 6
KaHanos?

torch.Tensor paamepom 6 Ha 14 Ha 14

torch.Tensor pasmepom 28 Ha 6 Ha 6

torch.Tensor paamepom 6 Ha 28 Ha 28

torch.Tensor paamepom 6 Ha 5 Ha 5

CKONIbKO nNapameTpoB B
cBepTKe pasmepom 3x3,
KOoTopasA npumeHsAeTca K
TpPexKaHa/IbHOMyY
n3obparkeHnto? He cuntalite
CNOW aKTMBaALUUK, He
y4uuTbiBalTE bias.

3 napameTpa: CTO/IbKO *Ke, CKOJZIbKO N KaHa/10B

9 BCero: Mbl HaKNaAbiBaeM OAHY M Ty }Ke CBEPTKY Ha
Ka*KAblN U3 Tpex KaHanoB

9 VYHUKanbHbIX -- BCero 27, HO ANA BCeX KaHanos
napameTpbl 0gMHAKOBble

27 napameTpoB: 3X3 ANA KaXKA0ro u3 Tpex KaHanos

Ona  Kakol  apXWUTEKTypbl
CBEPTOYHON HENPOHHOW CceTu
XapaKTepHO obxoaHble
coeMHeHUs

(skipconnections),
npobpacbiBatolme rpagmeHT
OLWMBKN B 06X04 CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

YKaxute ownbry npu pabote
¢ ontumusatopom B PyTorch
npu paspaboTke nporpammel
0byyeHnA HEMPOHHOM ceTu.

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

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bomnpocsl

1. ®yHkuUs MOTEPh U ONTUMHU3AIMS IMapaMeTpoB HelpoHHOU ceTH. BeiBog DI

n3 MCTOAAa MaKCHUMAJIbHOT'O HpaBI[OHOI[O6I/IH.

2. OOydeHue HEHUPOHHOH
BO3HUKHOBCHHSI.

3.

4.

5.

Softmax.

CCTHu C ITIOMOIIIBIO alropuTMa

OueHka kauecTBa HEUPOCETEBBIX MoAeIehH. OCHOBHBIE METPUKH.
CBépTOouHbIe HEMPOHHBIE ceTH. Onepanys CBEPTKH, KaCKal CBEPTOK.
ApPXUTEKTYpbl HEUPOHHBIX CETEH ISl MYJbTUKIACCOBBIX Mojene. DyHKums

6. ApXUTEKTYpbl HEHPOHHBIX CETEH I MOiesieil OMHapHOU KilaccupuKauu

7. MHOTOCJIOUHBIHI

HEePIEITPOH.

[IpencraBienne  OyJeBbIX

o0paTHOro
pactipocTpaHeHuss omuOku. [loHSATHE TmMapanuya CEeTH W TPUYHHBI €TO

(GyHKLIHA.

[IpeonosieHre OrpaHUYCHUS JIMHEHHON pa3AeIMMOCTH U peIIeHUue MPoOIeMbl
MCKIIrouarouero «uinm». Teopema Konmoroposa.

Omneparus aekonBosroiuu. Transposed convolution layer.

ANTOpUTM 00paTHOTO paCTIPOCTPaHECHUS OMTHOKHU. JIOCTOMHCTBA U HEJOCTATKU



anroputrma. [loHaTHE Mapanuya ceTH U NPUYUHBI €M0 BOZHUKHOBEHUSL.
10. bazoBas apxuTekTypa HeUpOHHBIX ceTell. [IpunIumb moctpoenus. OCHOBHbIE
(GyHKIIMHA aKTUBAIINU.

Jis Texkymero kourpoast TK2:
[IpoBepsiemas kommerenius: [IK-1.2: Cnocoben k pa3paboTke u
BHEJIPEHUIO aKTyalIbHBIX IU(POBBIX TEXHOIOTHI

Bomnpoc BapuanTel oTBeTa OTBET

B KaKuX o0acTax | OIIEHKA BEPOSITHOCTUA OAHKPOTCTBA;

SKOHOMHKH  TPUMEHSIOTCS | Paclo3HaBaHue o0pa3oB (TEKCTa, HOAINCH);

QITOPUTMBI ~ HAa  OCHOBE | 33[]a4d KJIACCHU(HUKAIMU M CETMEHTAIlUM SKOHOMUYECKUX
UCKYCCTBEHHBIX HEHPOHHBIX | 00BEKTOB

ceren? BCe MepevncIeHHbIe
[IporpaMMHO peanu3oBaH 0,9951

HEHPOH ¢ QpyHKIMEeH 1

aKTHBALIMHU TUIA -1

runepooaudeckuii TanreHc ¢ | 0,9981
TpeMs BXOAaMH U HEMPOH
cMmenieHus. Bxoasl Bce

paBHBI |1 1 Bce Beca Takxke
paBHbl 1, a cmemenue 0,5.
UYemy OyieT paBeH BbIXO]

HelipoHa?

B nporpamme HeipoHHOM 0,25
CETH HEHMPOH j MOJIyYnIT Ha 0,6225
BXO/JI CUTHAJI OT Y€ThIPEX 0,3775
JIpYyTUX HEHPOHOB YPOBHU -1,5415

BO30OYXKICHUS, 3HAYCHUS
koTopsix paBHsI 10, -20, 5, 4
Y COOTBETCTBYIOIIUE Beca
ceszeii pasubl 0.8, 0.5, 0.7 u
-0.5 cOOTBETCTBEHHO.
Boruncnute cursan Ha
BBIXO/I€ ]-TO HEMpOoHa B
ciydae, ecinu QyHKIUS
AKTUBALMU HEHPOHOB €CTh
JIOTUCTHYECKAst CATMOH/IA.
Bri6epute npaBuiIbHBIN
OTBET:

B mporpammHOi peanu3anuy | eciy HalAeTcs Takod HEWPOH j, uTo
. .

OAHOCIOHHOTO NEPCENTPOHa | S~ i ¢ g

Ha BXOJ IIOJAETCAd BEKTOP | i=]

(X1...Xn). B kakoMm ciyd4ae | eciu ISt KaXJI0TO HEHpoHa j Oy1eM UMETh
o |, _

BBIXOZIOM OyJeT HyJeBOU Sawi <1

BEKTOp? i=1

€CJIM JJIs1 KAa:KI0r0 HelpoHa j OyaeM UMeTh

n .
Sawl <o
i=]




€CJIM HaWJIeTCsl TaKOW HEUPOH J, UTO

n )
Sawl =6
i=]

Haiinure npousBoaHyo 310N
(GYHKIMN aKTUBALUU
th(z) = -

e’ —e
EIJFE x

U BBIpa3UTE
pe3ynbTar 4depe3 (yHKIUIO

th(x)

1-th2(x)

1+h2(X)

th(x)-1

th’(x)

Kakas apXUTEKTypa
HUCKYCCTBEHHOW HEWPOHHOU
CeTH 0oJbIe BCET0
MOJIXOAUT JUISL  pa3paboOTKH
JITOPUTMOB U NPOIPAMMHBIX

[Tonnocsi3Has
MIEPCENTPOH)

HellpoHHass  ceTb  (MHOT'OCIIOMHBIM

CBeproyHasi (KOHBOJIIOIIMOHHAN) HEHPOHHAS CeTh

PexyppenTHast HeiipoHHas CeTh

CpeAcTB pacro3HaBaHHUsI

o0pa3oB u aHanmsa

M300paXeHH?

ITycTs B nporpamme | MSE

ABTOMATHUYECKOTO MAE

pacnioznaBanus pykonucubix | CE (Cross Entropy)

mpp or 0 g0 9| BCE (Binary Cross Entropy)

UCIOJIB3YETCs CNN c

aktuBanuei softmax. Kakyro

GbyHKIHIO oTeph BBI

BBIOEpETE?

AyrMeHTaIus JaHHbIX yBesin4eHust o00bemMa 00yqaronieil BLIOOPKH

MPUMECHSICTCS JUISI YBEIUYEHUS CKOPOCTH O0YIECHUS
HOpMaJU3aluu
00pbLObBI ¢ MepeodyyeHneM

C MIOMOIIIBIO kakoro | 1

MHUHHMAJILHOTO yucna | 3

HEHPOHOB B CKpBHITOM cioe | 4

MHOTOCJIOHHOTO )

HepcenTpoHa peraercs

npobnema XOR ?

Jlns paspaborku anroputmos | GAN

U TiporpaMMHBIX cpencts s | ResNet

pelieHus 3agaun | LSTM

knaccudukanuu B cucremax | VGG

KOMITBXOTCPHOT'O 3pCHHUA
HCIIOJIB3YIOTCA HeﬁpOHHBIC
CCTH

IIpu noctpoenun
QITOPUTMOB O0YUYEHUS
HEUPOHHOU CETH OOBITHO
JaTaceT AeJAT Ha 2

yactH train u test wim Ha 3
vactu: train, validation,
test. [lyist yero Hy »HO Takoe

Eciu o6yanbc;1 Ha ITIOJIHOM JaTaCc€TC W Ha HEM K€ ACJIaTh
BaJInJallMi0, TO MOXKHO HC 3aMCTHUTDH HepeDGy‘-IeHI/IH

Validation HyxHa, 4T0OBI MOAOOpaTh THIIEPIAPAMETPHI
cetn

Test HyxeH nns ¢(UHATBLHON OIEHKH KadecTBa PadOTHI
cetn

Bce BbIIEnEepeYnciaeHHOE

JeneHue?
Kaxkas nporpammHast | Tensorflow
6ubnuoreka He mpuMeHsiercst | Torch




TUTs1 TITyO0KOT0 00y4YeHMSI? NLTK
CNTK
IIpu nanucanuu nporpamm B | d[0] + c[2]
PyTorch xakas onepanusi ¢ c%d
TeH30pamu ¢, 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]])
MO3BOJISICT MOJIYYUTh
CJIEIYIOIIUNA BBIBOA?
tensor([[0., 1., 1., 1.],
[1.,1.,1,1],
[1.,1.,1,1],
[1.,1.,1,1],
[1,1.,1,1]D
[Tycts MaTpuIla IPU3HAKOB [[-4, 3],
paBHa [-9,5]]
[[4’ 2’ '1]’ [[31 '4] )
['6! 0, 5]; [-9 15]]
[3’ 21 2]]1 [['9’ 5] )
a SIIPO CBEPTKH — [3,-4]]
[[O’ 1, 2]1 [['4’ 3’1]1
[1,-1,0], [1,0,-2]]
[1’ 0’ '2]]
KakoB Oyzet pe3yabpTat
IMIPUMCHCHUS CBEPTKU CO
stride=2, padding=1?
B mporpamme Ha PyTorch | 13
ucxonubiii torch.tensor 6Owur | 169
pa3mepom 13x13x384. | 384
Ckonbko (UIbTPOB JOIKHO | 64896
ObITh B CBEpPTKE, KOTOpas
BBIIAET torch.tensor
pasmepom 13x13x3847?
Bonpocwi
1. Perymspuzanusa  HeHpoOHHOU Perymsipuzanus
TuxoHoBa, Lasso — perynapuzanus
2. Perynspuzamus u npopexuBanue HeiipoHHO# cetu. [Ipsmoii u oOpaTHbIi
Dropout.
3. Metonet  tmyOokoro  obydenms.  Hopmammzarus
HOpMaIn3arysl.
4.  Texuomorust mepenaun oOyuenuss Transfer Learning. Hcnonb3oBaHue

npenoOy4YeHHBIX CeTeH.
5. ABTO3HKOJEPHI.
JeKoepa.

OcoOeHHOCTH AapXUTEKTYphl U OOyYeHHs DSHKOJepa U




6. PexyppenTtHbie Heiipornble cetn. ApxutekTypa GRU (Gated recurrent unit).
7. Pekyppentubie Heliponnbie cetu. Apxurektypa LSTM (Long Short-Term
Memory).

8. I'enepaTuBHO-cocTs3arenbubie HeiipoceTn (GAN) u style transfer.

Q. ®dperiMBOpK riry0okoro ooyuenus Tensorflow

10. DpeiimBopk rirybokoro oOyuenus Pytorch

Jis1 IpoMesKyTOYHOM aTTeCTAlMH:

bazoBrie BOIIPOCHI K DK3aMCHY

1.
2.
3.

10.

11.
12.
13.
14.
15.

16.

17.
18.
19.
20.
21.

22.
23.

24,
25.

MaremaTrueckasi MoJielb OMOJIOTHYECKOTo HelpoHa. JleHpuThl, aKCOHBI, CHHAIICHI.
TexXHOIOrHH HCKYCCTBEHHOTO UHTEIUIEKTa, 00JIaCTH IPUMEHEHHUS U PelllaeMble 3a/1a4H.
BbazoBast apxutekrypa HeHpoHHBIX cereil. [IpuHumnbel moctpoenus. OCHOBHBIE (DYyHKITHH
AKTUBALHH.

[Tepuentpon Posenbmarra u mnpaBwio Xe066a. Teopema O CXOIUMOCTH alIropuTMa
o0yuyeHMsI IepLenTpoHa AJIs JIMHEHHO-pa3ienuMbIx MHOXKecTB. [Ipodiema XOR.
Muorocnoiiabiii  nepuentpoH. IlpeacraBnenue OyneBbix ¢yHkiuid. IIpeononenue
OTPaHUYEHUS JIMHEHHON pa3fenuMOCTH U pELIeHHE MPOOJIeMbl MCKIIOYAIOLIET0 «UIIN».
Teopema Konmoroposa.

OO0yueHue HEHPOHHON CETH € IOMOIIBIO AITOPUTMA OOPATHOTO PACIIPOCTPAHEHHSI OLIMOKH.
[ToHsTHE Mapannya ceTu U MPUYUHBI €r0 BOZHUKHOBEHUS.

@OyHKLUSA NTOTeph M ONTUMHU3ALMS NTapaMeTpoB HEHPOHHOU ceTu. BriBox GyHKIMU mOTEph
U3 METO/1a MaKCUMAaJIbHOTO IIPaBA0NO0100uS.

[Tpobnema 0BpaXXHOCTH MMOBEPXHOCTH (DYHKIMOHAJIA OIIMOKU U €€ YaCTUUHOE ITPEO00JIEHUE
¢ moMoulbio BBeieHUs: MoMeHTa (Nesterov momentum).

OO0yuenwue ¢ momombto backpropagation Ha ocHoBe anroputma RMSProp.

OoOyuenue ¢ mnomormpio backpropagation na ochoBe amropurma Adaptive moment
estimation.

[Tpobnema rcuesaromiero u B3pbiBaroerocs rpagauenra. [lonstue «ymuparomuii» RelLU.
Onenka kagecTBa 00yueHusi. OCHOBHbIE METPHUKH 3a/1a4 KJIaCCU(PUKALIUH.

[TocraHOBKa U pelIeHHE 3a7ja4l PErPECCUU € IIOMOIIBIO HEHPOHHOU CETH.

[TocTaHoBKa U pelieHHe 3a7a4u OMHAPHON KI1acCU(pUKAIIMU C TOMOIIBIO HEMPOHHBIX CETEH.
ApXUTEKTYpbl HEMPOHHBIX CETEeH JUIsi MHOTOKJIACCOBBIX Mojeneil. BeposTHocTHas mepa
MPUHAJICKHOCTH K Kiaccy. Oynkius Softmax.

Ceéprounbie HeiiponHbie cetn. Onepanus cBeptku (1D, 2D). Sxpo ceeprtku. Kackan
CBEPTOK.

ba30Bble MPUHIUIIBI TOCTPOEHUS CBEPTOUHBIX HEUPOHHBIX CETEH.

Apxwurektypa Inception (inception 6:;o0k). Training head.

Apxurektypa ResNet (residual 65o0k). Skip-connection.

[TepeoOyuenue u MeTo 161 00phOBI ¢ HUM. AyrmenTarus. Early stopping

Perynspuzaius Hefiponnoii cetu: "weight decay”. Perymspusanus TuxonoBa, Lasso —
perymspu3anus.

Perynspusanus u npopexxuBanue HelipoHHo# cetu. Dropout.

Hopmanu3zaius nanaeix - batch-nopmanuzamus (batch_norm, layer_norm). Beruncnenue
CTaTUCTHUK MPU 00yUEHUU U Baimuaamnuu (train/eval).

Texuomnorus “nepemaun 3uanuit” Transfer Learning (fine tuning, feature extraction)
CemaHTHYeCKasi CErMEHTAIM C TIOMOILIbIO TITyOoKoro ooydenus. [lomHocBepTOUHBIE CETH
(FCN). Onepanus aexonBomoun. Transposed convolution layer.
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Apxurektypa SegNet, Unet. dynkuuu noreps Ha ocHoBe ko3¢ ¢unmenra [laiica u focal
loss.

Meronsl  MacmTabupoBanust uisi  omeparmu - upsampling u  downsampling.  Dilated
convolution.

['eHepaTHBHBIC MOJIEIH U ABTOIHKOJIEPHI.

Bapuanuonnsie aBrosukozeps! (VAE). {useprennus Kyns6aka-Jleiionepa.
['enepaTuBHO-cocTs3aTenbHble HeifpoHHble cetd (GAN) M HEHpOHHBIA CTHIB Iepeaavn
oOyuenus (Ha nmpumepe style transfer).

PexyppeHTHBIE HEPOHHBIE CETH U crielu(pUKa UX 00yUeHHUS.

I'my6okoe obyuenue B NLP. Kitaccudpukanus rekcroB ¢ momornisio CNN u RNN.
Apxutekrypsl LSTM (Long Short-Term Memory) u GRU (Gated Recurrent Unit).
Mexanu3m BauManus (Attention).

OpeiimBopk  riybokoro oOyuenust PyTorch. ABtomaTtmueckoe auddepeHirpoBaHue.
[Tpuniune! noctpoenus HellpoHHbIx ceteid B PyTorch: ¢yHKIMOHaNbHBIA U 0OBEKTHBIN
HOJIXO/I.

@peiimBopk  riryOookoro obOyuenusi Tensorflow. Berumcnurensnsiii rpag. I[loctpoenue
HEeHpOHHOM ceTr u ee oOyuenue. Tensorboard.

HNudepenc neripocerenix moaeneii. ONNX.

Mexanu3Mm BHUMaHus. Apxurektypa Transformer.

Tumosrele 3agaun:

1.

2.

PeanuzoBarh U 00yuuTH CETh JUIsl MpEACKa3aHWs JOSIIBHOCTH KJIMEHTOB
COTOBOI'O OIeparopa (JlaTaceT y MpenoaaBaTeis)

Peanu3oBarh CBEpTOUHYIO CE€Th, OOYUYUTH CETh U MPOBECTH KJIACCUPUKALIUIO
torchvision.datasets.FakeData. CoctaButh confusion matrix. Iloctpouts
rpaguku accuracy u loss Ha Bamuparuu. IlpoBectn aHanu3. YMeTh
OOBSICHUTH CBOM KOJI.

PeanuzoBats ResNetl18 mis CIFAR1O ( torchvision.datasets).

N3 Oubnuorexku torchvision (ctaBuTcs BMecTe C pytorch), MOXKHO
umnoptupoBath ResNetl8 komanmoit from torchvision.models import
resnetl8

HobaBbre L2-perynapuzanuto. B PyTorch oHa akTuBHpyeTcs ¢ MOMOILBIO
napametpa weight decay B ontuMuzaTope. 3HaueHUE 0OBIYHO BHIOUPAIOT U3
[1le-3, 1e-4, 1e-5]. Tlpumep:

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

CocraButh confusion-matrix. I'paduku accuracy u l0SS Ha BajgMmaIuw.
[TpoBecTn ananu3 oOydeHus. Y METh OOBSICHUTH CBOM KOJI.

C nomompio (peitmBopka PyTorch mis pemenus 3amaun KiaccuuKamum
peann3oBaTh HEHPOHHYIO ceTh apxuTeKTyphl VGG. [IpoBecTn 00yueHue Ha
natacete EMNIST (torchvision.datasets) B Google Collaboratory.
[TocTpouTs rpaduku accuracy u loss Ha BamuaIum.

[IpoBecTn aHanu3 BIAWsHUS TUneprnapaMeTpoB (Ha BeIOOp 1 mapametp) Ha
oOyuenue nocrpoennor MHC.
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C nomompro (peitmBopka PyTorch mis pemrenus 3amgaun KiaccupuKamum
peanm3oBaTh HEHpoHHYIO cerh apxutekTypbl MobileNet. IIposectu
oOyuenue Ha maracere FashionMnist ( torchvision.datasets) B Google
Collaboratory. IToctpouts rpaduku accuracy u loss Ha BaMIaINH.
[IpoBecTn aHanu3 BIUsSHUS TUNeprnapaMeTpoB (Ha BeIOOp 1 mapametp) Ha
oOyuenue noctpoennort MHC.

Peanu3oBath CBEpTOUHYIO CE€Th, O0OYUNUTH CETh M MPOBECTH KJIACCU(PUKAIIUIO
torchvision.datasets.FakeData. Iloctpouts rpadukm accuracy u loss Ha
BaJIUIAIU Y.

[IpoBecTn aHanu3 BAMSHUS THNEprnapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennort MHC.

C nomompio ¢dpetimBopka PyTorch peanmn3oBath HEHPOHHYIO CETh
apxutektypsl ~ DenseNet.  Pemmts 3amauy — kinaccupukanuu IS
FashionMNIST u3 6ubnuotexu torchvision.datasets. CoctaButh confusion-
matrix. ['paduxu accuracy u loss Ha Bamupanuu. I[IpoBectu aHanu3
00yueHus. YMeTb 00bSICHUTD CBOM KOJI.

IIpoBectn OuHapHyto kiaccupukamuo B ML-3agaue (matacer y
npenogaBaresnis). Pa3aenuTs BbIOOPKY Ha OOYyYalNIIyl0 M KOHTPOJBHYIO.
OO0yuuTh ceTb. OUEHUTH Ka4eCTBO OOYyUEHHUS.

Pemenne 3amaum perpeccud ¢ IMOMOIIbIO HEWPOHHOW cETH (JaTaceT y
IIPENO/1aBaTeis).

OOyuuTh HEHUPOHHYIO CeTh JJIA 3aJladyd MpeJcKa3aHus 3a00JIeBaHUS.
[Toctpouts rpaduku accuracy u loss Ha Banumanuu. [IpoBecTu ananmms.
YMeTb 00BSICHUTH CBOM KOJI.
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