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

HCJ'IBIO OCBOC€HUA OUCHUITJIIMHBI Texnonoruu HNCKYCCTBCHHOT'O HMHTCJUJICKTA
ABJIACTCA HCJ'IBIO OCBOCHUA JUCHUITIIIMHBI «Texnonoruu HNCKYCCTBCHHOT'O MHTCJUICKTa»
ABJISACTCA q)OpMI/IpOBaHI/Ie Y CTYACHTOB TCOPCTUYCCKHUX ¢ IPAKTUICCKUX 3HAaHUHN O
COBPCMCHHBIX  HAIIPABJICHUAX, MCTOJAOJIOTUAX H  IHOAXOJaX, OTHCCCHHBIX K
TCXHOJIOTHAM UCKYCCTBCHHOI'O MHTCJUUICKTA.

3ajayaMy  JIUCLMIUIMHBI  SBISIIOTCA:  3aJadyaMHd  M3Yy4YeHUS JHUCLUILIMHBI
«TexHOJIOrMM UCKYCCTBEHHOI'O MHTEJUIEKTa» SIBIAIOTCA: - (pOpMUPOBaHHE 0a30BOro
MNOHSATUWHOTO armapara NPUHIUNIOB (QYHKIIMOHUPOBAHUS MCKYCCTBEHHBIX HEHPOHHBIX
ceTeil 1 MeToA0B UX OOYYEHHUS; - U3YUCHHE CPEACTB pa3padOTKU U MPOESKTUPOBAHUS
MCKYCCTBEHHBIX HEUPOHHBIX CETEW; - 3HAKOMCTBO C COBPEMEHHBIMU TEXHOJOTUSAMH
MCKYCCTBEHHOT'O HMHTEJUIEKTA, 110 CIEAYIOIIUM HalpaBICHUSAM: -- KOMIIBIOTEPHOE
3peHue;  -- 00paboTKa €CTECTBEHHOIO SI3bIKa;  -- PACMO3HABAHHE U CHHTE3 PEYH;
-- MHTEJUIEKTYaJbHbIE CHCTEMbI TMOAJEPKKH MPUHATHS pEIIeHud. - (popMUpOBaHUE
YMEHHMM WM HABBIKOB DPELICHUS IPAKTUYECKUX 3a1ad C IPUMEHEHHEM TEXHOJOTMHI
MCKYCCTBEHHOT'O UHTEJUIECKTA.

KomnereHumu u UHIMKATOPBI, HOpMUpPYEMBIE Y 00YUaIOIIUXCS:

Kox n HanMeHOBaHUE KOMIICTCHITUH Kox n HanMeHOBaHWE WHAMKATOpA
ITIK-1 Criocoben npenararhb [1K-1.1 BeiObupaet akryanbHbIe IHPPOBHIC
AKTYAJIbHBIC LII/I(l)pOBBIe TEXHOJIOTHUHU B TCXHOJIOTHUHU B ACATCIIBHOCTU MPCAIIPUATUA
nH(pOopManMoOHHON HHGPACTPYKTYpE I1K-1.2 Crioco0eH k pa3paboTKe U BHEIPEHUIO
HNpEAIpUATUS AKTYaJIbHBIX IIUPPOBBIX TEXHOJIOTHI

2. MecTo nucuuIuiuHbl B cTpykrype OI1
[IpenmecTByromnye AMCIUILIMHBL (Moaysn), npaktuku, HUP, np.
[Tocnenyromme qucuumminabl (Moaynn), npaktuku, HUP, ap.

3. CTpykTypa u coep:kaHue QU CHUNINHBI
3.1. CTpyKTypa IMCHUUILTHHBI
Jliist ouHOM hopMbI 00yUCHUS

Bun yuebHoli paboThI BgeErO E:fgg CeMe<7:Tp (&)
OBIIIAS TPYJIOEMKOCTb JTUCLIUTTJIMHBI 6 216 216
KOHTAKTHAA PABOTA
AYJIUTOPHASA PABOTA 1,89 68 68
Jlexuuu 0,94 34 34
[IpakTrueckue (ceMUHAPCKUE) 3aHATHS 0 0 0
JlaGopaTopHble paboThI 0,94 34 34
CAMOCTOSATEJIBHAS PABOTA OBYUAIOIIET'OCA 4,11 148 148
I[TpopaboTka yueGHOro MaTepuana 3,11 112 112
KypcoBoii mpoexT 0 0 0
Kypcosas pa6ora 0 0 0
[ToAroToBKa K IPOMEXYTOIHOM aTTeCTaIMu 1 36 36




[TpomexyTouHas aTTecTalus: 35

3.2. Conep:xxaHue IMCUMILIMHBI, CTPYKTYPHPOBAHHOE 0 pa3fejiaM U BHIaAM

3aHATHI
Pa3nennl Pacnpenenenue ®opmbl U1 | HIEKCH MHIUKATOPOB
JHCIHATIIHHBI 2 TPYAOEMKOCTH BHJI (hopMUpyeMbIX

§ 10 BUIaM y4eOHOM paboThl | KOHTpOJIA KOMIICTCHITHH
o) te) [t}
Tl Bl E| B| B

Pazpen 1 32 16 16 TK1

Paznen 2 36 18 18 TK2

OK3aMeH 36 36 OM1

Hroro 3a 7 cemectp 68 34 34 0 0

HUTOI'O 68 34 34 0 0

3.3. Conep:xxanme TMCHUIIAHBI
Cemctp 7

Pa3znen 1. Benenue B HEHpPOHHBIE CETH

Tema 1.1 OcHOBBI HEUPOHHBIX CETEMN

Wcropust pa3BUTUSI HEHPOCETEBBIX TEXHOIOTUH. 3aauK, pelIaeMble ¢ MOMOIIbIO

HEUPOCETEBBIX TEXHOJIOTUH.

OCHOBBI HEMPOHHBIX CeTeH. broornueckrne acreKThl HEPBHOM ACATEIBHOCTH.
Heiipon. Akcon. Cunarc. PednektopHas nyra. LlenTpanbHas HepBHas cucTema.
Mopenu uckycctBeHHOro HempoHna. MyHKIMY akTUBalMK. ba3oBas apXuTeKkTypa
HelpoHHbIX ceTeil. O0yuenue ¢ yuutesneM. OCHOBHAs TEPMUHOJIOTHS.

Tewma 1.2 ITosTHOCBA3HBIE CETH MPSMOTO PACHPOCTPAHEHUS

[TonHOCBS3HBIE ceTu pIMOTo pacnpoctpanHenus. [Ipeogonenue npodaembl
XOR. O0OyyeHne HEMPOHHOM CETU C MTOMOIIBIO AITOPUTMa 0OPATHOTO
pacnpocTtpanenus omnOku. [lorstue ooyuaromiero kouseriepa (Pipeline).

Tema 1.3 CBepTOUHbIC HEHPOHHBIE CETH

Onepanus ceeptku. Bzaumuas koppemsauus. PenentuBrHoe nosne. Kackan
cBepTok. ['pynnupoBka (pooling).

Tema 1.4 [IpoaBuHyThIE METOABI O0yUYEHUS

MeTtoasl 60pr0OBI ¢ mepeoOyueHrneM. AyrmeHTanus JaHHbix. baty-
Hopmanu3auus. Perynspuzanus TuxonoBa. Lasso perymnspuszamus. Dropout.

Pa3znen 2. TexHOIOTMU UCKYCCTBEHHOTO MHTEJIEKTA

Tema 2.1 Texnonoruu nepenaun ooydenus Transfer Learning



Texnonoruu nepegauu 3nanuii Transfer Learning / Domain adaptation.
JlooGydenue cetu, moactpoiika napameTpoB Fine Tuning. Mcnons3oBBaHuEe
npeno0yueHHbIX ceTeid. COBpeMEHHbIE CBEPTOUHBIE apXUTEKTYPbI

Tema 2.2 ABrosHKOAEpHI. BapralimoHHbIE aBTOHKOAEPHI.

ABTOKOJIUPOBIIMKU. APXUTEKTypa dHKoAEp-AeKkoaep. OOHapyKeHUE aHOMAITNN
B JIAaHHBIX C TIOMOIIIBIO aBTOHKOAepa. ['eHepaTuBHBIC MOJiend. BapuarnmoHHsie
aBTO3HKOJIepbl VAE.

Tema 2.3 I'enepatuBnbie moaenu NN

CoBpemennbie apxuTeKTypsl. [lopoxnatoniue (reHepaTuBHbBIE) COCTA3ATEIbHBIE
HEUPOHHBbIE ceTH. | eHeparop. JuckpumMuHaTOp.

Tema 2.4 Texnonoruu M1 B 06paboTKe €CTECTBEHHOTO S3bIKA

O06paboTka ecTECTBEHHOTO s3bIKA C TOMOIIbI0 HEMPOHHBIX CETEH.
Knaccuduxanus texcra. PekyppeHTHbIe HelpoHHbIEe ceTh. ApxuTekTypbl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tema 2.5 HCpCHCKTI/IBHBIC MOJCIHU NCKYCCTBCHHOT'O MHTCIIJICKTA.

MexaHnu3m BHUMaHUSA. ApXUTEKTypa IiTyOoknux HelipoHHbIX ceteil Transformer
11 pabOThI € TIOCIIEN0BATENBHOCTAMU. MO/I€NIb UCKYCCTBEHHOI'O MHTEIIJIEKTA
Generative Pre-trained Transformer.

3.4. TemaTuyecKui NJIAH NPAKTUYECKHUX 3aHATHI

JlauHbIi BU pabOThI HE IPETYCMOTPEH YU€OHBIM IUTAHOM.

3.5. TemaTu4yeckui NJI1aH JJa0OPaTOPHBIX padoT

1. Texnonoruu pa3pabOTKu W 0OyueHUss HEHPOHHBIX ceTel. [IporpammHuas
pa3paboTKka C HCHOJB30BAaHWEM OOJIAYHBIX MHCTPYMEHTOB. 2. BBeneHue B
dbpelriMBopku Tiryookoro ooyuenusi Pytorch /Tensorflow. Tenzopsl. 3. Apxurexrypa
IIOJIHOCBSI3HOM  HEHpOHHOW ceth U ee o0yueHue. AJTopuTM  0OpaTHOrO
pacnpoctpanenus omnoku 4. [IpenckazarenpHas aHAIUTUKA JJIs1 TPOU3BOACTBEHHBIX
u OuszHec mpoueccoB. 5. VIHTeNNeKTyaldbHble TEXHOJIOIMH PACHO3HABAHUS
nu3zoopaxenuii. 6. Texnonorun Transfer Learning. 7. Texnonorun M1 B nuarnoctuke
3a0oneBanuil. 8. Texnonmornu MU nns monuropunra nansbeix. 9. Texnonorun MU B
00pabOTKE €CTECTBEHHOTO SA3bIKa. 10. I'eHepaTuBHBIE MOJEIN HCKYCCTBEHHOI'O
uHTesekra. 11. Pa3paboTka nporpaMMHOro obecrneueHusi, B KOTOpOM UCHOJb3YHOTCS
TEXHOJIOTMH UCKYCCTBEHHOI'O UHTEIIJIEKTA.

3.6. Kypcosoii npoexkT /KypcoBasi padora

JlauHbIM BUA pabOThI HE PETYCMOTPEH YUeOHBIM TTAHOM.

4. OneHuBaHHe Pe3y/JIbTATOB 00y4eHHUS



OrneHrBaHKE PE3yILTATOB O0YYCHHS 110 JUCITUIUIMHE OCYIIECTBIIICTCS B paMKaXx
TEKYIEro KOHTPOJIS W TPOMEKYTOYHOM aTTECTAIlMH, MPOBOJUMBIX MO OaJUTLHO-
pelitunrosoit cucreme (bPC).
[1Ikana OIEHKH pe3yJIbTaTOB OOYUYCHUS 110 JUCIHUILIMHE:

YpoBeHb c(hOPMUPOBAHHOCTH MHJIMKATOPAa KOMIETCHIIUU

Beicoknii Cpennuit Huxe Husknii
Kon Kon 3ammanu- pea CpEIHero
KOMII | MHIMKATOp |  POBAaHHBIC ot 85 no 100 or 70 1o 84 | ot 55 no 69 ot 0 no 54
c- a pe3yIbTaThl [Ixana oreHuBaHusd
TEHI[ | KOMIIETEH | OOydYeHUs 1O HEY/I0B-
YAOBJIET-
2841 ouu JAUCHUIIJIMHE OTJIMYHO XO0pOIIo JIETBOPH-
BOPUTEIIBHO
TEJTHHO
3auteHo HE 3aYTECHO
3HaTh:
- OCHOBBI
TEOpHU
HEHPOHHBIX
. TIIyOOKO | XOpOIIIO 3HAET
CeTeil, B TOM
MOJTHO 3HAET OCHOBHBIC
qucIie
MaTeMaTHYEeCK | MaTeMaTHYecK
Da3TIHHIHbIC W€ CTPYKTYPBl | W€ CTPYKTYpPHI He sHact
APXUTEKTYPHI PYKTYP PYKIYP 3HaeT 0a30BBIX
N B OCHOBE B TIOCTPOEHUH .
HEHPOHHBIX o 0a3o0BbIC MOHSATHH, HE
N MOCTPOCHUS HEHPOHHBIX
ceTel u . 9 TTOHSTHS 3HaeT KaK
HEUPOHHBIX CC€TCHU, 3HACT o
AITOPUTMBI X 9 HEHPOHHBIX oOydaercst
ceTel, 3HaeT ANTOPUTM 9 >
00y4eHUS; ceTeH, 3HaeT HelpoHHas
AITOPUTM obOpaTHOTO
- ANTOPUTM CeTb, HE 3HAET
00paTHOTO pacmpocTpaHeH
MaTeMaTUYEeCK backprop, KaK OIICHHUTH
pacrpocTpaHeH Y OLIUOKH,
He CTPYKTYPbI OCHOBHBIE Ka4eCTBO
Usl OIINOKH, HEKOTOPBIE
Y TIPUHITUITBL METPUKH o0Oy4deHus
COBpPEMEHHBIE | COBpEMEHHBIC
ux 00001eHus] MO/JIEIH
ApXUTEKTYPBI, apXUTEKTYPHI,
Ha TIOCTPOEHHE
METPUKH OCHOBHBIC
BBIYUCINUTCIIbH
KauyecTBa, METPUKH
BIX OJIOKOB
HEUPOHHBIX
IK-1 | TIK-1.1 cerTeii;
YMers:
- yMmeeT
aHAJIM3UPOBATh | aHAM3UPOBATH yMeeT
Moau(UKaKuK | TIOCTaBICHHYIO | aHAJIM3UPOBATH
yMmeer HE yMeeT
Y HOBBIC 3amady u MOCTaBJICHHYIO
no0upaTh no10upaTh
cpeacrtsa npenjaraTh 3aauy u
TEXHOJIOTHIO aJIeKBaTHYIO
MPOrPaMMHOTO pelieHus Ha npejaraTh
UCKYCCTBEHH | TEXHOJIOTHIO
o0ecrieyeHust OCHOBE pelieHus Ha
N oro HCKYCCTBEHHOT
JUTSL CO3TaHMSI TEXHOJIOTHH OCHOBE
N WHTEIJICKTa | O MHTEJUIEKTa
HWHTCIIJICKTYyaJlb HUCKYCCTBCHHOI' TEXHOJIOI'nnu
JUTSL pEIICHUs] | IS pEIIeHuUs
HBIX CUCTEM C | O MHTEIUIEKTa; | MCKYCCTBEHHOT N
MOCTAaBJIEHHO | TIOCTaBJICHHOM
UCTIONIb30BaHKE Ymeer 0 WHTEIIJICKTA, .
N i 3a1a4m. 3a7auu
M TEXHOJIOI'UH1 O6OCHOBBIBaTB 000CHOBBIBATD
HCKYCCTBEHHOT CBOI1 BBIOOD CBOI BBIOOD;
0 WHTEIUICKTA TEXHOJIOTHIH;
Brnanets:
- CpelcTBaMuU Brnaneer Bnaneer Bnaneer He Bnaneer
CO3/IaHUS U MTPOJBUHYTHIM OCHOBHBIMU OCHOBHBIMU CpelCcTBaMu
o0y4eHus U CpEeICTBAMH CpeIcTBaMu CpelcTBaMu CO3/IaHUS U
HEHPOHHBIX CO3/IaHus CO3/IaHus CO3/IaHus o0OydeHus




ceTeit HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX
pa3IMYHBIX cereit cerei cereit cereit
THUIIOB Pa3IHYHBIX Pa3NUYHBIX 0a30BBIX
APXHUTEKTYP. APXUTEKTYP. APXHUTEKTYP.
Bnageer Bnageer Bnageer
MPOJIBUHYTHIM | CTaHJApPTHBIMU | 0a30BBIMHU
U CpEeICTBAMH CpeacTBaMu CpeacTBaMu
o0ydeHus u oOy4deHus u 00y4eHus u
TECTUPOBAHMUS | TECTHPOBAHHS | TECTHPOBAHH
CETEM. ceTeil. s ceTe.
3HaTh:
BBIYUCITUTEIHH
bI€ CPEACTBA U
OTaIMYHO 3HAET | XOPOIIO 3HAET
KOMIUIEKCHI, 3HAET OJIUH
si361K Python s361K Python HE 3HACT
MIPUMEHSEMBIE u3
wm C++ nim C++ . BBIYMCJINUTEIIbH
npu o o (hpeiriMBOpKO
(bpeliMBOpKHU (bpeliMBOpKH BIX CPEICTB,
paspaboTke B TIIyOOKOT0
ri1yOOKOro ri1yOOKOTro MIPUMEHSIEMBIX
MIPOEKTOB o0yueHus,
. o o0yueHus, o0yueHus, npu
HelpoceTel u TaK#e KaKk
TaKue KaKk TaKue KaK pa3paboTke
UHTEJIEKTyallb PyTorch u
PyTorch n PyTorch n MIPOEKTOB
HBIX Tensorflow, o o
Tensorflow, Tensorflow, HelpoceTel u
CHCTEM; 00J1auHEBIE
N o0adHbIe o0avyHbIe HHTEJICKTYallb
-ppeiiMBOpKH ratopmel
1aThOpPMbI TIaTGOPMBL HBIX
rITy0OKOTO0 JUTs paboTHI C
IUTsL pabOTHI C JUTsE paboTHI C N CHCTEM;
o0yueHus, . . HelpoceTs MU
HelpoceTsIMH HelpoceTsIMu
TaKue KaK
PyTorch n
Tensorflow
YMerTs:
— CO3/1aBaTh, Ymeer
MIPOBOJINUTH CO3/1aBaTh,
OTIAJKY MIPOBOJIUTH
[K-1.2 pOrpaMMBbl OTJIAJIKY
ozt MIPOTPaMMBI C
porp Ymeer
MOCTaBJICHHYIO | MCIIOJIh30BAHHE Ymeer
CO03/1aBaTh HE yMeeT
3ajady M C03/1aBaTh
IPOrPaMMBI C C03/1aBaTh
y4eToM COBPEMEHHBIX MIPOTPaMMBI
WCTIONB30BaHHE MIPOTpaMMBbI C
MOCIIEeTHIX WHTEJUIEKTY b c
M WCTIONIb30BaHUE
TEOPETUUECKUX HBIX HCHOJIb30BaH
. COBpPEMEHHBIX M
u TEXHOJIOT U, nem .
UHTEIUICKTYallh . HEHpOCeTeBBIX
MPaKTUIECKUX Ywmeer HeHpoceTeBbI .
N HBIX . Moienen
JIOCTHKEHHH B MPOBOJIUTH . X Mojienel
TEXHOIIOTHI
obmactu BHEApPCHHE
uckycctBeHHOr | ONNX ( Open
0 UHTEJJIEKTA U Neural
HENPOCETEBBIX Network
TEXHOJIOTHI Exchange )
Bnaners:
— TEXHOJIOTUEH OTtnuuaHO BJIaJeeT BJIajeeT HE BlIajieeT
cOopku 1 BJajeeT OCHOBHBIMHU 0a30BBIMHU OCHOBHBIMHU
3arrycka TEXHOJOTHSIMA | TEXHOJOTHSAMH | TEXHOJOTHSM | TEXHOJOTHUAMHU
HEeWpPOCEeTEeBBIX cOOpKH 1 cOopku n 1 cOOpKHU U cOopku n
MoJienelt B 3aIycKa 3arycka 3armycka 3arycka
pexxumMe MIporpamm ¢ MIPOTPaMM C MIPOTrpamMM C MIPOTpaMM C
o0yd4eHUss 1 | WCIIOJIb30BAaHME | WCIIOJIb30BAaHUE | MCIOJB30BaH | MCIOJIB30BAHHE
uHQepenca. M M ueM M




HEHUPOCETEBBIX | HEMPOCETEBBIX | HEUPOCETEBBI | HEUPOCETEBBIX
MOJTyJIEH, MOJTyJIEH, X MOJYJIEH. MOJTyJieit
BJIAJIECT BIIafICeT

TEXHOJIOTHEH TEXHOJIOTHEH

uHdepeHca,Har |  uHpEpeHca.
p., ONNX

RUNTIME

5. Y4eOHO-MeTOIMYecKoe U HH(POPMALIMOHHOE o0eciedeHHe JUCHUILTHHBI
5.1. YueOHO-MeTOAMUYECKOE 00€ecIeueHue

5.1.1. OcHoBHas nuTepaTypa

1) Octpoyx, Aunpeit Bnagumuposuy. UHTeMIeKTyanbHbIE HHPOPMAIIMOHHBIE
CUCTEMBI U TexHoJioruu : MoHorpadus / A. B. Octpoyx, A. b. Hukonoaes, 2019. - 308
c. - Tekcr : anextponnbiii. URL: https://e.lanbook.com/book/115518

2) Cotnuxk C. JI. [IpoexTupoBaHUE CUCTEM UCKYCCTBEHHOI'O MHTEIIEKTA :

yueoHoe nmocobue / C. JI. CotHuk. - Tekct : anekTponnsiii. URL:
https://e.lanbook.com/book/100395

3) MacnennukoBa, Onbra EBrenbeBHa. OCHOBBI UCKYCCTBEHHOT'O MHTEJICKTA :
yaebHoe nocobue / O. E. Macnennukosa, 1. B. I'aBpuiiosa, 2019. - 282 c. - TekcT :
anexktpoHHbIi. URL: https://ibooks.ru/bookshelf/337972, SBC ibooks.ru

4) PoctoBieB B. C. UckyccTBeHHBIE HElipoHHBIE ceTH : yueOHuk / B. C.
PoctoBues, 2023. - 214 c. - Tekcr : anexktponusiid. URL:
https://e.lanbook.com/book/310184, ObC Jlanp

5.1.2. JlononHUTENbHAS TUTEpATYpa

1) l'onoBuieiHa M. B. MeTtooiorust aBToMaTu3auy padoT TeXHOJIOTHYECKOM
MOJIFOTOBKU MTPOU3BOJCTBA : yueOHoe nocodue / M. B. 'onoBuneina, 2016. - 208 c. -
Tekct : anexTponnsiif. URL: https://e.lanbook.com/book/100642

2) Scuunkuii, Jleonnn HaxumoBuy. BBeieHre B UCKYCCTBEHHbBI UHTEILIEKT :
ydyebHoe nmocobue jy1s By3oB / JI.H. Acuunkuii, 2008. - 176 c. - Tekcr :
HEIOCPEICTBEHHBIN.

3) XKnanoB A. A. ABTOHOMHBIN UCKYCCTBEHHBIM MHTEJUICKT : HAYyYHOE U3JaHue /
A. A. XKnanos, 2020. - 362 c. - Tekcr : anekrponnbiid. URL:
https://ibooks.ru/bookshelf/350079, 9bC ibooks.ru

5.2. UadgopmanuonHoe odecrneyeHmne

5.2.1. DNIeKTpOHHBIE U UHTEPHET-PECYPCHI




5.2.2. Ilpodeccuonanbupie 6a3pl  gaHHBIX / HpOpManmoHHO-CIpaBOYHbIE

CHCTEMBI

5.2.3. JINLIeH3UOHHOE U

obecrieueHne TUCIUTUIAHBI

CBOOOIHO

pacmpocTpaHsieMoe  MPOTpaMMHOE

6. MatepuajbHO-TEXHUYECKOE O0ecnevYeHne U CIUTITHHbI

HaumenoBanue BHUaa

HanmenoBanue yueOHOM

y4eOHOM pabOTHI ayJIUTOPHH, [lepeueHs HEOOXOIUMOTO OOOPYAOBAHUS U
CIIeIMATU3TPOBAHHOM TEXHUICCKUX CPEICTB OOYICHIS
naboparopuu
Jlexu VYuebnast ayauTopust 1Jist Crienmanu3upoBaHHas yueOHast Mebenb,
HPOBEJICHUS 3aHATHI TEXHUYECKHE CpelNcTBa OOydYeHHs, Ciyxamuye JIs
JICKIHOHHOTO TUTIA IIPEICTaBICHUS y4eOHOI uHpOpMaIUu
Oonmpmio  ayautopuu  (MyJIBTHUMEIUAHBINA
MPOEKTOp, KOMIbIoTep (HOYTOYK), JKpaH),
JEMOHCTPAIIMOHHOE 00OpyAOBaHHUE, Yy4eOHO-
HaTrJIsTHBIC TOCOOMS
[IpakTnueckue Vaebnas  ayauropus i | Crienuanu3upoBaHHAs yueOHas Mebernb,
3aHATHUS IIPOBEIICHUSA 3AHATUH | TeXHUYECKHE cpeacTBa o0OydeHus
CCMHUHAPCKOTO THIA, | (MyIbTUMEIUUHBIA ~ TPOEKTOP,  KOMITBIOTED
TPYNIOBBIX W MHIMBAIY- | (goyT6yK), SKpaH) U Ap.
aJIbHBIX KOHCYJIbTallhH,
TCKYLICTO KOHTPOJIA n
HpOMe)ICYTO‘lHOfI aTTecTangun
JlaGoparopHsble Yuebnas maboparopus Crienmanu3upoBaHHOMN nabopaTopHOE
paboTEI « », 00opymoBaHue M0 NMPOGUIIO J1A00PATOPHH:
KoMmbroTepHBIii Ki1acc ¢ Cnennanu3upoBaHHas yaeOHas MeOeb,
BbIX0710M B MIHTEpHET TEXHUYCCKHE cpeacrtaa oOyJeHus
(MyIbTUMEIUNUHBIM  NPOEKTOP, KOMIBIOTED
(HOYTOYK), JKpaH), JIUTIEH3UOHHOE
IporpaMMHoOe o0ecrieueHue
KomrbroTepHslii Kiace ¢ CrneuunanusupoBaHHas yuyeOHas mebenb Ha 30
Bbixoziom B Mutepuer B-600a | mocamounsix  mect, 30  KOMIBIOTEPOB,
TEXHUYECKHE CPEJCTBAa O00yueHHUs (MyIbTUME-
OUHHBIA  MPOEKTOp, KOMIbIOTEp (HOYTOYK),
9KpaH), BUJICOKaMephl, IpPOrpaMMHOE
obecrieyeHue
CamocrostensHasa | KomnbroTepHsrii kitace ¢ Crenunanu3upoBanHas yueObHnas mebens Ha 30
pabora Bbixoziom B MuTepuer B-600a | nocamounsix  mect, 30  KOMIIBIOTEPOB,

TEXHUYECKHE CpefcTBa OOyueHHUs (MyJIbTHME-
TUWHBIA  TPOEKTOP, KOMIIBIOTEP (HOYTOYK),
9KpaH), BUJICOKaMEPBI, IpOTpaMMHOE
o0ecnieueHue

YuTaapHbIH 3a]1
OnoOINOTEKH

CrenmanusupoBaHHas MeOeib, KOMIIbIOTEpHAs
TEXHHMKA C BO3MOXHOCTBIO BbIXoza B IHTepHeT u
obecnieuenueM gocryma B DUOC, 3kpaH,
MYJIbTUMEAUNHBIN TPOEKTOP, TPOTPAMMHOE
obecrnieueHue

YuebHas ayquTOpUs TSI
BBITIOJTHEHUS KYPCOBOTO

Coen




IpoeKTa (KypcoBoi paboTel) | M3UpOBaHHAs MeOEb, KOMIIBIOTEpHAS TEXHUKA
_ (yxasbIBaercs Ipu C BO3MOXHOCTBIO BbIXOJa B HMHTepHEeT u
Hamau KP/KII u Takoit obecrieueHrEM JocTyma B OHUOC,
ayJMTOpHM) POrpaMMHOE 00€eCIIeYeHUE

7. OCo0eHHOCTH OpPraHM3anun 00pPa30BATEILHON NeATeJbHOCTH IJIS JIMI C
OrpaHN4YeHHBIMHU BO3MOKHOCTSIMHU 3/I0POBbSI 1 MHBAJIU/IOB

JIviia ¢ orpaHUYeHHBIMH BO3MOXKHOCTSIMU 3710poBbsi (OB3) u MHBaIMIIbI UMEIOT
BO3MOKHOCTh OECHPENSATCTBEHHO MEPEMEIIAaThCsl U3 OAHOTO Y4eOHO-T1abopaTopHOro
KOpIyca B JIpyroil, MOTHSATBCA HA BCE JTaXH Y4eOHO-TAOOPATOPHBIX KOPITYyCOB,
3aHUMAThCSI B  Y4YeOHBIX M HWHBIX T[OMEUICHUSX C YYETOM OCOOCHHOCTEM
NCUXO(U3NIECKOTO PA3BUTHS U COCTOSIHUSA 37I0POBBSL.

Jnst ob6yuenuss ymn ¢ OB3 u wHBaIMIOB, UMEIONMIUX HAPYIICHUS OIOPHO-
JIBUTATEJILHOTO ammapaTa, 00ecredeHbl YCI0BHs OeCTIpensITCTBEHHOIO JIOCTyIa BO BCE
yueOHble momenieHus. MHdopmanuss o cheuuanbHbIX YCIOBHUSIX, CO3JAHHBIX IS
oOyvatomuxcss ¢ OB3 u wuHBaMOoOB, pa3MmenieHa Ha cailTe YHHMBEPCHUTETA
www//kgeu.ru. mMeeTcst BO3SMOXKHOCTh OKa3aHHsI TEXHUUYECKOM MOMOIIU aCCUCTEHTOM, a
TaKXe yCIYyT CypIONepeBOUUKOB U TU(DIOCYPAONIEPEBOTUYUKOB.

st anantauuu K BocnpusTuio auramMu ¢ OB3 u nHBanmMaaMu ¢ HapylIeHHBIM
CIIyXOM CIIPaBOYHOI0, Y4eOHOro MmaTepuajga M0 JIUCUUILIMHE O00ecreunBaroTCs
CJIeIyIOIUE YCIIOBUS:

- I Ty4IlIe OpUEHTALMU B ayJUTOPUH, TPUMEHSIOTCS CUTHAJIBI OTIOBEIICHUS
0 HayaJe M KOHIIE 3aHATHA (CJI0BO «3BOHOK» IUUIIETCS HA JIOCKE);

- BHUMaHHUE CJIa0OCbIIIaero o0ydJaromerocss MpPUBIEKAETCsS IMeIaroromMm
YKECTOM (Ha IJIEY0 KIJIAJETCS pyKa, OCYIIECTBIIETCS HEPE3KOE MOXJIONBIBAHUE);

- pasroBapuBas ¢ 00y4YarOIMUMCsl, TTeJarOTHIECKUN paOOTHUK CMOTPUT Ha HETO,
TOBOPUT SICHO, KOPOTKUMHU TPEIJIOKECHUSIMH, OOecTieunBasi BO3MOKHOCTh YTEHUS TIO
ry0am.

KomMmnencauuss 3aTpyAHEHUl pEYeBOr0 W HMHTEIUIEKTYaJlbHOTO Pa3BUTHS
ciaboCbIIanuX 00y4aromuXxcs MPOBOAUTCS IMTyTEM:

- UCTIOJIb30BAHMS CXEM, JIMarpamMM, PUCYHKOB, KOMIBIOTEPHBIX MPE3ECHTALUN C
TUIEPCChUIKAMHU, KOMMEHTHPYIOLIIUMU OTAEIbHbIE KOMIOHEHTBI U300PaKEeHHUS;

- pEeryJIsipHOTO TPUMEHEHHsS] YNpPaXHEHUH Ha Tpaduueckoe BbIICICHHE
CYIIECTBEHHBIX MTPU3HAKOB MPEIMETOB U SIBJICHUI;

- obecrieyeHUs BO3MOXXHOCTH JJIi  00OydYaromierocst TMOJY4YUTh aJpPECHYIO
KOHCYJIbTAIIUIO 10 JIEKTPOHHOM MOYTE 10 Mepe HEOOXOAUMOCTH.

[ns agantauuu kK Bocnpustuio auuamu ¢ OB3 1 nHBanuaamu ¢ HapylIEHUSIMU
3peHusl CIPaBOYHOIO, YYEOHOI0, MPOCBETUTENBCKOIO MaTepuaa, pelyCMOTPEHHOIO
o0pa3oBaTeNbHON MpOrpaMMoOil  TO0 BbIOpAHHOMY HANpPaBJICHUIO IOATOTOBKH,
o0OecreunBaroTCs CAEAYIOLIUE YCIOBHUS:

- BeJIeTcsl ajanTtanus opuIMaIbHOro caiita B ceTu MHTEpHET ¢ yueToM 0coObIX
NOTPEOHOCTEN MHBAIMAOB M0 3PEHUI0, 00ECIEYMBAETCS HAJTUYKME KPYMHOIPHUPTOBOU
CIIPaBOYHOM MH(OpPMAIINK O pacIMCaHUU YUCOHBIX 3aHSATUH;

- MeJaroruyeckuii - pabOTHUK, €ro coOeceqHUK (Opu  HEOOXOAMMOCTH),
OPUCYTCTBYIOIME HA 3aHITHH, MPEICTABISAIOTCS OO0YYarOIIUMCS, NMPU 3TOM KaxIbli
pa3 Ha3bIBAETCS TOT, K KOMY TeIarorn4ecKuii paboTHUK oOpariaeTcs;
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- ICUCTBUS, JKECThbl, NEPEMEUICHUs IE€Jaroruyeckoro padOTHUKA KOPOTKO U
SICHO KOMMEHTHPYIOTCS;

- meyaTHasi MHQpOpManusl MPeNoCTaBisgeTCd KpynHbIM mpupTom (oT 18
IIYHKTOB), TOTAJIbHO 03BYUYHBAETCS;

- obecnieunBaeTcss HE0OOXOAMMBIN YPOBEHb OCBEIIEHHOCTH TIOMEIIICHUIA;

- IPEJOCTABIISIETCS.  BO3MOYKHOCTh  MCIOJB30BATh KOMIIBIOTEPHI BO  BpEMS
3aHATHI U MPABO 3aMUCH 00BSICHEHUHN HA TUKTO(OH (IO JKEJIaHUI0 00YUYarOIIUXCs).

dopMa 1poBeIEHUA TEKyIIEM MW [POMEXKYTOYHOM  arTecraluy Uit
obyuaromuxcs ¢ OB3 u MHBaIUI0B ONpeAe/sieTCs MeaarorudyeckuM pabOTHUKOM B
COOTBETCTBUM C yueOHBIM IutaHoM. I[lpu HeoOxoaumoctu obOyuaromemycs ¢ OB3,
UHBAJIMIY C YYETOM UX UHIAUBUIYAIbHBIX MCUXO(U3NUECKUX OCOOEHHOCTEW aercs
BO3MOXHOCTh MPOUTH MPOMEXKYTOUHYIO aTTECTALMI0 YCTHO, MUCbMEHHO Ha Oymare,
NMCbMEHHO Ha KOMIbIOTEpE, B (hOpME TECTUPOBAHUSA U T.I., TUOO MPEIOCTABISAETCS
JOTIOJTHUTENBHOE BPEMS JIJISl IOATOTOBKHU OTBETA.

8. MeToanyeckue peKOMeHAAUMHU JJIsi NpenogaBaresieil M0 OPraHu3aluH
BOCIIUTATEJIHbHOH PadOThHI C 00y4arOIMMHUCS.

Meroanueckoe obecriedeHue Mmpoiecca BOCIUTaHUSI 00YYaIOIIUXCsl BHICTYAET
OJIHUM U3  ONpelesiomux  (HaKkTopoB  BBICOKOTO  KauecTBa  0Opa30BaHMS.
[IpenogaBaTens By3a, AEMOHCTPUPYS BBICOKHI NPOGECCHOHAIN3M, 3PYIUIHIO,
YETKYIO IPak1aHCKYI0 MO3ULHUIO0, CAMOJUCUUIINHY, TBOPUECKUN MOAXO B PEIICHUH
npoecCHOHANBHBIX 3a7lad4, B XOA€ 00pa30oBaTENBHOIO MpoIlecca CIOCOOCTBYET
(OpMHUPOBAHKIO TAPMOHUYHOM JIMYHOCTH.

[Ipy peanmuzanuu AUCUUIUIMHBI MPENOJIaBaTENb MOXKET  HMCIOJIb30BaTh
CJIEYIOIIME METO/Ibl BOCITUTATENLHON PabOTHI:

- MeToJibl (OpPMHUPOBAHHUS CO3HAHMS JIMYHOCTH (Oecenma, AUCIYT, BHYLIEHUE,
UHCTPYKTaX, KOHTpOJIb, OOBSICHEHUE, NpPUMEpP, CAMOKOHTPOJIb, pPacckas3, COBET,
yOexaeHue u ap.);

- METOJAbl OpPraHU3alUU JESITeIbHOCTH U (OPMHPOBAHUS OMNbITA MOBEICHUS
(3amaHue, OOIIECTBEHHOE MHEHHE, [eJaroruyeckoe TpeOoBaHUE, MOpPYUYEHHUE,
NpUyYEHHUE, CO3JaHNE BOCIUTHIBAIOIINX CUTYAIUi, TPEHUHT, YIIPAKHEHHUE, U IP.);

- METOJIbl MOTHBAlMU JAESATEIBLHOCTH M MOBeneHHs (0J00peHue, MOOUIpPEeHHE
COLIMAIIBHOM AaKTUBHOCTH, IOpPULAHUE, CO3JaHUE CUTyalud ycIexa, CO3/1aHue
CUTyalui JJIs1 SMOIMOHAIbHO-HPABCTBEHHBIX MEPEKUBAHUN, COPEBHOBAHUE U JP.)

[Ipu peanuzanuu AUCHUIUIMHBI IPENOAABATENb TOKEH YUYUTHIBATH CIECAYIOIINE
HaIlpaBJICHUS] BOCIIUTATEIIBHON 1€ TENbHOCTH:

I'pasicoanckoe u nampuomuueckoe eocnumarue:

- hopMupoBaHKEe Yy OOYYarOIMIMXCS IEJIOCTHOIO MHPOBO33PEHHS, POCCHHUCKOM
UJICHTUYHOCTH, YBOKEHUS K CBOEH CEeMbe, OOLIECTBY, OCYIapCTBY, IIPUHATHIM B CEMbE U
OO0IIECTBE AyXOBHO-HPABCTBEHHBIM U COLMOKYJIBTYPHBIM LIEHHOCTSIM, K HALIMOHAJIILHOMY,
KyJIbTYPHOMY W HUCTOPUYECKOMY HACIEIuI0, (OPMUPOBAHHE CTPEMIIEHUSI K €ro
COXPAHEHUIO U Pa3BUTHIO;

- popmupoBaHKe y 00yUYarOMUXCS aKTUBHOW TPaKIAHCKOW TMO3WIIMH, OCHOBAaHHOMN
HA TPAJUIMOHHBIX KYJIbTYPHBIX, TyXOBHBIX W HPABCTBEHHBIX IIEHHOCTSIX POCCHUKCKOTO
oOIIeCTBa, JJs1 TOBBIIIEHUS CIIOCOOHOCTM OTBETCTBEHHO PEAIM30BbIBATH CBOM



KOHCTUTYIIMOHHBIE NIPaBa U 00s13aHHOCTH;

- pa3BUTHE MPABOBOW M MOJUTUYECKOW KYJIBTYPhl OOyYArOIIMXCS, PACITUPECHHE
KOHCTPYKTUBHOI'O Yy4YacTHsl B MPUHSITUU PEIICHHH, 3aTparuBarollluX HMX IpaBa M
WHTEPECHI, B TOM YHUCJIE B Pa3IMYHbIX (OpMaxX CaMOOPTAHMU3AIMHU, CAMOYIPABICHHUSI,
OOIICCTBEHHO-3HAYNMOM IEATCIIEHOCTH;

- opMHUpOBaHHE MOTHBOB, HDABCTBEHHBIX M CMBICJIOBBIX YCTAaHOBOK JIMYHOCTH,
MO3BOJISIONINX TPOTUBOCTOSITh JKCTPEMHU3MY, KCEHOMOOWH, ITUCKPUMHHAIIMU TIO
COIIMAJIbHBIM, PEJIMTHO3HBIM, PACOBBIM, HAIIMOHAJIBHBIM MPU3HAKAM, MEKITHHUUECKOMN
U MEXKOH(ECCHOHATBHON HETEPNUMOCTH, JPYTUM HETaTUBHBIM  COILIMATbHBIM
SIBJICHUSIM.

/LlyxoeHo-npascmeennoe ocnumanue:

- BOCIIUTAaHUE 4YYyBCTBa JOCTOMHCTBA, YECTH M YECTHOCTH, COBECTIMBOCTH,
YBOKECHUS K POAUTENSAM, YUUTEISIM, JIFOJSIM CTApPILIETO MOKOJICHUS;

- opMHpOBAaHKE TPUHIMIOB KOJUICKTUBU3MA H  COJIMJAPHOCTH, JyXa
MUJIOCEPJIUSl M COCTpaJaHusi, MPUBBIUKU 3a00TUTHCS O JIIOMSX, HAXOMSAIIMXCA B
TPYAHOM KU3HEHHOMN CUTYALUU;

- hopMHpOBaHKE COJMUAAPHOCTH M YYBCTBA COIMATIBLHOM OTBETCTBEHHOCTH IIO
OTHOILICHUIO K JIIOJISIM C OTPAHUYEHHBIMU BO3MOXHOCTSIMU 37I0POBbS, MPEOAOJICHHUE
MICUXOJIOTUYECKNX OapbepoB 1O OTHOIICHUIO K JIIOASM C OTrpaHUYCHHBIMU
BO3MO>XKHOCTSIMU;

- bOpMHUPOBAHUE SMOIIMOHATBLHO HACBIIIEHHOTO M JyXOBHO BO3BBILIEHHOTO
OTHOIICHUSI K MHUPY, CIIOCOOHOCTH U YMEHHS MepefaBaTh JAPYTUM CBOM 3CTETUYECKUI
OTIBIT.

Kynemypno-npoceemumensckoe eocnumanue:

- hopMUPOBAHUE ICTETUUECKON KapTUHBI MUPA;

- popMUpOBaHUE YBAXXEHUS K KyJIbTYPHBIM LIEHHOCTSIM POAHOIO ropoja, Kpasd,
CTpaHBbI;

- IOBBILIICHHUE TIO3HABATEIbHON aKTUBHOCTH O00YYarOIINXCAL.

Hayuno-obpazosamenvHoe ocnumanue:

- popmupoBaHue y 00y4aromuxcst HAYYHOTO MUPOBO33PEHUS;

- popMupoBaHue yMEHUS NOTyYaTh 3HAHUS;

- popMupoBaHuEe HaABBIKOB aHaiM3a M CUHTE3a MH(POPMALMU, B TOM 4YHCIE B
npoQecCHOHATIbEHON 00JacTH.
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(Koo u naumenosanue nanpagienus noo020mogKu)
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OueHouHble MaTepuanabl MO0 JAWCHMIUIMHE TEXHOJOTMM HCKYCCTBEHHOIO
UHTEIJICKTa , NpeJHA3HAYeHHbl [UIS OLEHUBAHUS pe3yJbTaTOB OOyuYeHUs Ha
COOTBETCTBUE UHIAUKATOPAM TOCTUKEHHS] KOMIIETECHIIUU.

OnennBaHue pe3yabTaToB O0yUEHUS MO JUCIHUILIMHE OCYIIECTBISETCS B paMKax
tekymero koutpois (TK) u mpoMexyTodHo#l arTecTaiuu, IpOBOJAUMBIX MO OaJIIbHO-
peritunrosoit cucreme (bPC).

1.TexHosiornyeckasi kKapra
e Cemectp 7
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Paznen. "BBenenue B HelipoHHbIE cETH" TK 25 0 0-25
Paznen. "TexHOm0rum NCKyCCTBEHHOTO TK
" 30 0 0-30
WHTEJUIEKTa
IIpome:xxyTouHasi aTTecTanMs (3a4eT, IK3aMeH, oM 0-45
KII, KP)
3aaHue NPOMEKyTOYHOM aTTecTallu 0-15
B mucemenHo# hopme 1o Omretam 0-30

Texnonocuueckass kapma @opmupyemcsi 018 KaAH0020 GUOA NPOMENCYMOUHOL
ammecmayuu ( 3a4ema,dK3amMeHd, Kypco8o2o npoeKma uiu pabomaot)

2. OueHOYHbIE MATEPHAIIBI TEKYLIEr0 KOHTPOJISI M IIPOMEKYTOYHOM aTTeCTAIUN
[1Txaa olleHKH pe3yJIbTaTOB O0OYUYEHHS MO JUCHUILINHE:

YpoBeHb CHhOPMUPOBAHHOCTH MHIMKATOPA KOMIETEHITUN
. o Hwmxe .
Kox Kox 3arTanm- Bricokuit Cpennuit Cpemero Huzkuit
KOMIT | HHANKATOP pOBaHHbBIC ot 85 mo 100 ot 70 no 84 oT 55 o 69 ot 0 mo 54
c- a pe3yIbTaThl IIxana oneHuBaHUA
TEHII | KOMIIETEH | OOydYeHHs 1Mo HEY/10B-
YIOBIIET-
nu 005051 JUCILIUITIIINHE OTJINYHO XOPOIIIO JICTBOpHU-
BOPHUTEIHLHO
TEIIBHO
3a4uTeHo HE 3a4TE€HO
3HaTh:
- OCHOBBI TIyOOKO | XOPOIIIO 3HACT 3HAET HE 3HAET
TEOPHUH IIOJIHO 3HAET OCHOBHBIC 0a30BbIE 0a30BBIX
K-1 | TIK-1.1 HeﬁIZOHHLIX MaTeMaTUYeCK | MaTeMaTH4YeCK nf)mmzm MOHSTHH, HE
CETel, B TOM Ue CTPYKTYPBl | W€ CTPYKTYPHI HEHPOHHBIX 3HAET KaK
YqHUCIIe B OCHOBE B TIOCTPOEHUM | CeTei, 3HaeT oOy4aercst
pa3uyHbIe MOCTPOEHUSA HEUPOHHBIX aJNropuT™M HEeWpOHHAs
APXUTCKTYPBI HEHPOHHBIX CETEeMH, 3HAET backprop, CETh, HE 3HAET




HEHPOHHBIX

ceTei, 3HaeT

HEUPOCETSIMU

AITOPUTM OCHOBHEIE KaK OLICHHUTh
ceTeli n aJITOPUTM obpaTHOTO METPHUKH KayeCcTBO
AITOPUTMBI X 00paTHOTO pacnpocTpaHeH oOydeHus
o0yueHus; pacnpocTpaHeH HsI OLIHUOKH, MOJIETIU
- Us OIHOKH, HEKOTOpEIE
MaTeMaTH4IeCK | COBPEMCHHBIC COBPEMCHHBIC
We CTPYKTYPBl | apXUTCKTYPHl, | apXUTEKTYPHI,
Y TIPUHITUITBL METPUKH OCHOBHEIE
nx 00001IEeHus KayecTBa, METPUKH
Ha TIOCTPOEHHE
BBIYHCIUTEILH
BIX OJIOKOB
HEWPOHHBIX
CeTeH;
YMeTh:
- yMeeT
aQHAJIM3UPOBATh | aHAJM3UPOBAThH yMeeT
Moau(UKANUK | TIOCTABJICHHYIO | aHAJIM3UPOBATH
yMeeT HE yMeeT
M HOBBIC 3a1a49y U MTOCTABJICHHYIO
moI0NpaTh oI0NpaTh
cpencTBa npenjaraTh 3aauy u
TEXHOJIOTHIO aJICKBaTHYIO
MPOrPaMMHOTO pelieHus Ha npeJyiaraTh
HCKYCCTBEHH TEXHOIOTHIO
obecrieueHus OCHOBE perieHus Ha
o oro HCKYCCTBEHHOT
IS CO3TaHUs TEXHOJIOTHI OCHOBE
N HMHTEIIEKTA 0 MHTEJUIEKTA
WHTEIUICKTYallh | UCKYCCTBEHHOT TEXHOJIOTHH
JUTSI pEIICHUsT | JUIS pEIICHUS
HBIX CUCTEM C | O MHTEIICKTA; | MCKYCCTBEHHOT .
IIOCTABJIEHHO | ITOCTaBJIECHHOM
HCIIOJIb30BaHNE YmMmeer 0 UHTEIIIIEKTA, o
o M 3a1a4um. 3a1auu
M TEXHOJOTHI | OOOCHOBEIBATH | OOOCHOBEIBATH
HACKYCCTBEHHOT CBOI1 BEIOOD CBOI1 BBIOOD);
0 MHTEJJIEKTa TEXHOJIOTHH;
Bnaners:
Bnaneer Bnaneer Bnaneer
MIPOJIBUHYTHIM OCHOBHBIMH OCHOBHBIMH
Y CpPeICTBaMH cpencTBaMu cpencTBaMu
CO3IaHMS CO3IaHUS CO3IaHUS
- CpeaCcTBaMHU o < o
HEHPOHHBIX HEUPOHHBIX HEUPOHHBIX He Bnangeer
CO3IaHUs U . N N
ceTel cereit ceTel cpencTBaMu
o0yueHUs
HEHDOHHELX Pa3ITUYHBIX Pa3IUYHBIX 0a30BBIX CO3IaHUs U
cI;Teﬁ APXUTEKTYP. APXUTEKTYP. APXUTEKTYD. oOy4deHus
ABTHUHBIX Bmaneer Bnaneer Bnaneer HEUPOHHBIX
P THTIOB MPOJBUHYTHIM | CTaHJAAPTHBIMHU 0a30BBIMU cerei
Y CpeJICTBAMHU CpelcTBaMu CpelCcTBaMu
o0yuYeHUs 0o0y4YeHus u 00y4eHHUsS U
TECTHUPOBAHUS | TECTHUPOBAHUSA | TECTUPOBAHHU
ceTell. CETCH. s CeTel.
3HaTh:
- OTIMYHO 3HAET | XOPOIIO 3HAET 3HAET OJIMH
HE 3HaeT
BBIYHCIUTEIEH s1361K Python s361K Python u3
. BBIYMCIIUTEIIHH
bIC CpeICTBa U i C++ mwm C++ (bpeI/IMBopKo bIX CPE/ICTB
KOMILICKCEHI, dhperiMBOpKH (hpeiiMBOpKH B TUIyOOKOTO p ’
MIPUMEHSIEMBIX
MIPUMEHSIEMBbIC rIyOOKOTO rIIyOOKOTO o0OydeHwus, HoH
[K-1.2 npu 00y4eHwUs, o0ydeHwus, TaKue Kak p
pa3paboTke
pa3paboTke TaKHe KaK TaKHhe KaKk PyTorch u
MTPOEKTOB
MIPOEKTOB PyTorch n PyTorch n Tensorflow, . N
. o HelpoceTel u
HelpoceTel u Tensorflow, Tensorflow, o0J1auHEBIe
HUHTEIICKTYajlb
WHTEJUICKTYalTh 001a4yHbBIE o01auHbIe m1aTHOpPMbI HBIX
HBIX 1aThOPMBI m1aTHopMbI JUIsT pabOTHI C cHCTeM:
CHCTEM,; JUIst pabOTEHI C JUTsi pabOoTBHI C ’




-(pperiMBOpKH HeHpoceTIMU HEUpOCeTSIMU
TIyOOKOTO
0o0y4eHus,
TaKHe KaKk
PyTorch u
Tensorflow
YMeTs:
— CO3/1aBaTh, VYmMmeer
MIPOBOJIUTH CO3/1aBaTh,
OTIAJIKY MIPOBOJIUTH
IPOTrPaMMBbI OTIAJIKY
ozt MIPOTPaMMBI C
porp Ymeer
MOCTaBJICHHYIO | UCIIOJh30BAHUC Ymeer
CO03/1aBaTh HE yMeeT
3a/aqy ¢ M cOo3/aBaTh
MIPOTPaMMBI C C03/1aBaTh
Y4EeTOM COBPEMEHHBIX IIPOrpaMMBbl
WCTIONIb30BaHUE MIPOTpaMMBbI C
MOCJIEAHUX WHTEJUIEKTY b c
M WCIIOJIb30BaHUE
TEOPETHIECKUX HBIX UCTIOTb30BaH
N COBpPEMEHHBIX M
" TEXHOJIOTHIA, ueM .
WHTEIUICKTYyalh . HEHPOCETEBBIX
MPAKTUUECKUX YmMmeer HEHPOCETEBBI .
N HBIX . Mojeneit
JOCTHKCHHU B MIPOBOJIUTH N X MoJeNe
TEXHOJIOT M
obnactu BHEJIpEeHUE
uckycctBeHHOr | ONNX ( Open
0 UHTEJJIEKTA U Neural
HEUPOCETEBBIX Network
TEXHOJIOTHI Exchange )
Bnaners:
OTiauaHo
BIIAJICCT BIa/IceT
TEXHOJIOTHSIMH OCHOBHBIMU
BIIa/IeeT HE BIIaJIeeT
N cOOpKH U TEXHOJIOTHSIMH
— TeXHOJIOTHEHN 0a30BBIMU OCHOBHBIMHU
3aIrycKa cOOpKH U
cOOpKH U TEXHOJIOTHSIM | TEXHOJOTHUSMHU
Iporpamm ¢ 3arycka
3arycka 1 cOOpKU U cOOpKHU U
. WCIIOJB30BaHUE | TPOTPaMM C
HEHPOCETEeBBIX 3aIrycKa 3amycKa
. M WCTIONIb30BaHUE
MOJIeJIeH B . MIPOrpamMMm ¢ MPOrpamMM ¢
HEHPOCETEBBIX M
pexume . . WCTIONB30BaH | MCIIOJIB30BaHUE
MOJTyJICH, HEHPOCETEBBIX
0o0yueHus N ueM M
BIIaJIeCT MOJIYJICH, N N
uHdepeHca. . HeHpoCceTeBbl | HEMpPOCETEBBIX
TEXHOJIOTHEH BIIa/ieeT N N
N X MOJyJeH. MOJTyJeH
uH]epeHca, Hall | TEeXHOJOTHeH
p., ONNX uHpepeHca.
RUNTIME

OueHka «OTJMYHO» BBICTABIIIETCS 32 BBINOJHEHUE HOJIHOE GbINOJHEHUE
nabopamopHulx pabom 6 cemecmpe; 21YO0KOe HOHUMAHUE NPUHYUNOS NOCMPOEHUs,
Memo008 U MexHOoA02Ull 00YYeHUsl HeUPOHHBIX cemeli, NOHUMAaHUe MempuK 00yueHus,

3HAHUe OCHOBHBIX MEXHONO2UN  UCKYCCMBEHHO20  UHMENNeKma, NoJHble U
cooepoicamenbible 0OMeemvl Ha BONPOCHL buiema (meopemuyeckull U NPaKmuiecKull
80NpPOCYHL)

OmeHka  «XOpPOIO»  BBICTABISICTCS 32  BBIMOJHEHUE  BbINOJHEHUE

1abOpamopHuix pabom 6 cemecmpe,; NOHUMAHUE OCHOBHLIX NPUHYUNO8 NOCMPOEHUS U
Memo0o8 00yueHus HeUPOHHLIX cemell, NOHUMAHUe Mempux O0OV4eHUus, 3HaHue
MEeXHON02ULl UCKYCCMBEHHO20 UHMENIEKMA, CO0epHCamenbHble OMEemvl Ha 80NPOCHl
ounema (meopemudeckutl U NPaKmu4ecKuii 60Npocol)



OrneHKa «yAOBJIETBOPHTEIbHO» BBHICTABJISCTCS 32 BBITIOJHEHUE BblNOJHEHUE
1abopamopHbix pabom 8 cemecmpe; UACMUYHOE NOHUMAHUE OCHOBHBLIX NPUHYUNOB
NOCMPOEHUsL U Memo008 00VYeHUsT HEeUPOHHLIX cemell, 3HaAHUe Mempux 00VUeHUsl,
omeemsl HA 8ONPOCHL Ouiema (meopemudecKuli U NPaKmuyeckull 0npocyl)

OrneHKa «HEY/0BJIETBOPUTEIBLHO» BBICTABIACTCS 3a ClIa00€ W HEMOJHOE
BBITIOJIHGHHUE JTA0OPATOPHBIX M TPAKTUYECKUX pabdoT B CEMECTpe, HE3HaHUE U
HEMMOHMMaHue 0a30BbIX IPUHIIUIIOB ITOCTPOCHUS HEWUPOHHBIX CETEH; HEMOJIHOE H
HESCHOE BBIMIOJIHEHUE TEOPETHYECKOTO BOIMpoca OujeTa; HECIOCOOHOCTh OOBSICHUTH
IPOTPAMMHBIN KOJT TTO MPAaKTUYECKOW YacTu Owrera.

3. IlepevyeHb OLIEHOYHBIX CPEICTB

KpaTtkass xapakTepuCTUKa OLIEHOYHBIX CPEACTB, MCIOJIb3YEMBIX IPHU TEKYIIEM
KOHTpOJIE yCIEBAEMOCTH U TMPOMEKYTOUHOW aTTecTalldd OO0ydYaromerocs Io
JUCIMITIIIMHE:



4. Ilepeuenn

KOHTPOJIBHBIX

3aJaHUd WJIM HHbIE

MaTepHAaJIbl,

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

Jist Tekymero kourpoJsa TK1:
[Iposepsiemass kommerenius: [1K-1.1: BpiOupaer axrtyanbHble HU(POBBIC
TE€XHOJIOTUH B IEATENBHOCTH IPEANPUITUS

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
0b6y4eHnA HEMPOHHOM ceTu.

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

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bormpocsl

1. ®yHKIUA TOTEPh U ONTUMM3AIMA MTapaMETPOB HEeWpoHHOU ceTu. Briom DI

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 HEWpPOHHBIE ceTu. Onepalnsi CBEpTKH, KacKaj CBEPTOK.
ApXUTEKTYpPbl HEUPOHHBIX CETEH IJIsi MYJIBTHUKIACCOBBIX Mojeneil. OyHKIus

6. ApPXUTEKTYpbl HEUPOHHBIX CETEH I MoJieNield OMHAapHON Ki1acCU(UKAIIUN

7. MHOTroCIOWHBIHI

MEPLUETTPOH.
[Ipeononienrie orpaHudeHus: JIMHEHHON pa3AeIMMOCTH U pelIeHrue MPOOIeMbl

[IpencraBienne  OyJeBBIX

UCKJTI0Yaromiero «mim». Teopema Konmoropoga.
8. Omnepanus aexkonposonuu. Transposed convolution layer.

9. AuropuT™M 00paTHOTO pacnpocTpaHeHUs OMMOKU. JJOCTOMHCTBA U HEAOCTATKU

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

GyHKLIMA.



anroput™a. I[loHsATHE NapayMya CETH U MPUYUHBI €70 BOSHUKHOBECHMUS.
10. ba3oBas apxutekTypa HEHpOHHbIX ceTeil. [IpuHuunel noctpoeHusi. OCHOBHbIE
(GYHKIIUM aKTHBAIIH.

Jlist Tekymero kourpoJsa TK2:
[IpoBepsiemass komnerenumsi: [IK-1.2: Cpnocoben Kk pa3paboTke u
BHE/IPEHHIO aKTYyaJIbHBIX IU(POBBIX TEXHOJIOTHIA

Bomnpoc Bapuants! oTBeTa OTBET

B KaKnX 00J1acTSAX | 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 aKTHBaLUU
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 Il (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 sI;IpO 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
pen00yUYEHHBIX CETEH.
3. ABTO3HKOJIepbl. OCOOEHHOCTH apXUTEKTYypbl W OOy4YeHHs] SHKOJEpa U

JeKoepa.




6.

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

7. Pexyppentubie 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'enepaTUBHBIC MOJIETTH ¥ aBTODHKO/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 crieupUKa UX 00yUEeHHUS.

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

OpeiimBopk  Tirybokoro oOydenust PyTorch. ABromarmueckoe muddepeHmpoBaHue.
[TpuHtMnel MOCcTpoeHuss HepoHHBIX cetel B PyTorch: dyHKMoOHambHBI U OOBEKTHBIN
MOJIXO/I.

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

Nudepenc netipoceteBrix Mogenein. ONNX.

Mexanusm BHUMaHus. Apxutektypa Transformer.

TwunoBrwle 3a1aun:

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

Peanu3oBath CBEpTOUHYIO CETh, 00OYUUTh CETh U MPOBECTH KJIACCUPHUKALIUIO
torchvision.datasets.FakeData. CoctaButh confusion matrix. Iloctpouts
rpaguku accuracy u loss Ha Bamumpanuu. IlpoBectn ananu3. YMeThb
00BICHUTH CBOI KOJI.

PeaimmzoBath ResNetl8 mis CIFARI10 ( torchvision.datasets).

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

Ho6aBbTe L2-perynsapuzanuio. B PyTorch ona aktuBupyercs ¢ momoIibo
napametpa weight decay B onmtummu3zarope. 3HaueHHE 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 nomompto ¢peiimBopka PyTorch mnst pemienus 3amaun kiaccudukanuu
peann3oBaTh HEMPOHHYIO ceTh apxuTeKTypsl 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 BaJIMIaIUN.
[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
BaJIMIAIIHH.

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

C nomompio ¢perimBopka PyTorch peann3oBath HEHUPOHHYIO CETh
apxutektypel ~ DenseNet. Pemmts 3amauy  kinaccupuKamuv i
FashionMNIST u3 6ubnuotexku torchvision.datasets. CoctaButh confusion-
matrix. ['paduxu accuracy u loss nHa Bamupamuu. [IpoBectu anamus
o0yueHus. YMETh 0ObSICHUTD CBOM KOJI.

[IpoBectn OuHapuyto kiaccudpukamuio B ML-3agaue (martacer vy
npenogasatensi). Pa3nenuTs BbIOOPKY Ha OOy4Yarollyl0 M KOHTPOJIBHYIO.
OOyuuTth cetb. O1eHUTh KauecTBO O0yUYECHHUSI.

Pemienue 3amaum perpeccuu ¢ TOMOIIBIO HEHUPOHHOM ceTu (laracer y
MPEno1aBaTes).

OOyuuTh HEUPOHHYIO CE€Th JUIS 3aJayd IpeAcKa3aHusl 3a00JIeBaHUS.
[TocTpouts rpadguku accuracy u loss Ha Bamumpmauuu. IIpoBectn anamms.
YMeTh OOBACHUTH CBOM KOJI.
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