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1. IICJIL, 3ala4Y4 1 INIAHUPYEMBbIC PE3YyJbTAaThbI Oﬁy‘leHI/Iﬂ mo JMCHHUIIJINHC
(Lenw u 3a0auu oceoenus oucyuniunvl, coomsememsyroujue yenu OIT)

Lenpro oOcCBOEHUS OUCHMIUIMHBI «TEXHOJIOTMM CHUCTEM MCKYCCTBEHHOT'O
UHTEJUIEKTa»  fABIAETCS  (POPMUpPOBAaHME Y CTYACHTOB  TEOPETHUYECKUX U
MIPAKTUYECKUX 3HAHUM O COBPEMEHHBIX  HANpPABICHUAX, METONOJOTHIX U
MIOAXO0JAX, OTHECEHHBIX K TEXHOJOTHSIM MCKYCCTBEHHOI'O MHTEIIEKTA.

3ajayaMyd  JUCHUIUIMHBL  SIBJISIOTCS: - (opmupoBaHue  06a30BOTO
MOHATUHHOTO ammapara MPUHIUIOB (PYHKIIMOHUPOBAHUS HCKYCCTBEHHBIX HEUPOHHBIX
CeTeil U METOA0B UX OOy4YEHHS; - U3yUCHHE CPEICTB Pa3paOOTKH M MPOCKTHUPOBAHUS
MCKYCCTBEHHBIX HEWPOHHBIX CETed; - 3HAKOMCTBO C COBPEMEHHBIMH TEXHOJOTHSMHU
MCKYCCTBEHHOTO HHTEJICKTa, TI0 CJCAYIOIIUM HANpaBICHHUSIM: -- KOMIBIOTEPHOE
3peHue;  -- 00paboTKa €CTECTBEHHOI'O SI3blKa;  -- PACMO3HABAHUE M CHHTE3 PEyH;
-- MHTEJUICKTYyaJIbHbIE CHCTEMBI MOJJCPKKUA TPUHATUS pPEUICHWH. - (HOpMUPOBAHUE
YMEHHI ¥ HAaBBIKOB PEIICHHS MPAKTHUECKUX 3aJad C MPUMEHEHHEM TEXHOJOTHH
MCKYCCTBEHHOTO MHTEJIICKTA.

Komnerentuu u mHAUKATOPHI, POPMHUPYEMBIC Y O0yUAFOIINXCS:

Ko v HanMeHoBaHHME KOMIICTCHITUT Kox n HanmMeHOBaHHWE WHIWKATOpa
[TIK-1 Criocoben mpearathb [1K-1.1 Beibupaet akryanbHbie UGPOBHIC
aKTyalibHbIe IIU(POBHIE TEXHOJIOTHUH B TEXHOJIOTUH B JIEATEIBHOCTH MPEANPUATUS
nH(pOpMaMOHHON UHPPACTPYKTYPE [1K-1.2 Cioco6eH k pa3paboTKe U BHEIPEHUIO
TIpeIPUSATHS AKTyaJIbHBIX U(POBBIX TEXHOJIOTHIM

2. MecTo TUCHUIUIMHBI B cTPYKTYpe OIl
[IpenmecTByromue JMCUUIUIMHBL (MOAyJH), mpaktuku, HUP, np.
[Tocnenyromnue qTUCIUIIMHBI (MOyn), mpaktuku, HUP, np.

3. CTpyKTYpa U coJep:KaHue INUCUUIIMHBI
3.1. CTpykTypa AMCUMILINHBI
Jl1s1 ouHOM (hOopMBI OOyUECHHS

Bun yuebHoit paboTsl Bg%ro E;:;) CeMe;Tp(H)

OBILIAS TPY IOEMKOCTb JAUCLIUTLIAHBI 5 180 180
KOHTAKTHAA PABOTA

AVJIUTOPHAS PABOTA 1,44 52 52
Jexiuu 0,5 52 52
[IpakTHyecKue (CEMUHAPCKHE) 3aHATHS 0 0 0
JlaGoparopHsie paboThI 0,94 34 34
CAMOCTOSITEJIbBHASI PABOTA OBYYAIOIIETOCSI 35 | 128 128
[popaboTka yueGHOro MaTepuana 2,56 92 92
KypcoBoii mpoekTt 0 0 0
Kypcosas pa6ora 0 0 0
I[ToArOTOBKA K MPOMEKYTOUHOM aTTeCTaliH 1 36 36




[IpomexyTouHas aTTecTanys: 3

3.2. Conepxxanue TUCUMILIUHBI, CTPYKTYPHUPOBAHHOE MO pa3/jejiaM U BUIAM
3aHATHH

Pa3znener Pacnipenenenune @opmbl v | MIHIEKCBHI MHAMKATOPOB
JVCLIUTUIMHBI 2 TPYJOEMKOCTU BUJI (bopMuUpyeMbIX
§ 10 BUJIaM y4eOHOi paboThl | koHTpONs KOMIIETEHIUI
o lo} : ©
5 | | & | &
2 2 : ) :
28| 5 3
Paznen 1 32 26 16 o4 TK1 I1K-1.1, I1K-1.2
Paznen 2 36 26 18 54 TK2 IMK-1.1, IIK-1.2
DK3aMeH 5 20 OoM1 IK-1.1, 1IK-1.2
UTOI'O 180 | 52 34 0 128

3.3. Coneprxkanue TUCHUNTINHBI
CemecTp 7/

Pa3nen 1. BBenenue B HEMpOHHBIE CETH
Tema 1.1 OCHOBBI HEPOHHBIX CETEN

Hcropust pa3BUTHSL HEUPOCETEBBIX TEXHOJIOTHM. 3a/1auu, peIIaeMble€ C TOMOILIBIO
HEUPOCETEBBIX TEXHOJIOTUM.
OCHOBBI HEHPOHHBIX ceTeil. buonornueckue acrnekTbl HEPBHOM AEATEIbHOCTH.
Heiipon. Akcon. Cunaric. Pednekropnas nyra. LlenTpanpHas HepBHas cucTeMa.
Mopenu uckyccTBeHHOro HelipoHa. @yHKIMM akTuBauuu. bazoBast apxuTekTypa
HelpoHHbIX ceTedl. O0yuenue ¢ yuutenem. OCHOBHASI TEPMUHOJIOTHSI.

Tema 1.2 [TomHOCBSI3HBIE CETH MPSIMOTO PACIIPOCTPAHCHUS

[TomHOCBSI3HBIEC CETH MPsIMOTO pactipocTpaneHwus. [IpeogoneHue mpooIeMBbl
XOR. Obyuyenune HEHPOHHOM CETH C MTOMOIIBIO AITOPUTMA 0OPATHOTO
pacnpoctpanenus omuOku. [lonsitue oOyuaromero konseiepa (Pipeline).

Tewma 1.3 CBepTOoUuHBIC HEUPOHHBIE CETU

Onepauus cepTku. Bzanmnas koppesnsiiusi. PenentuBnoe nosne. Kackan
cBepTok. ['pynmuposka (pooling).

Tema 1.4 [IpoaBuHyThIE METOJIbI OOYUYEHUS

Mertoasl 00pbOBI ¢ IepeodyueHrneM. AyrmeHTanus JaHHbIX. baty-
Hopmanu3auus. Perynapuzanus TuxonoBa. Lasso perymnsipuzanus. Dropout.

Pa3nen 2. TexHomornu NCKyCCTBEHHOTO MHTEIICKTA

Tema 2.1 Texnonoruu nepemaaun ooydenus Transfer Learning



Texnonmoruu nepeaaun 3uanuii Transfer Learning / Domain adaptation.
JlooOyuenue cetu, noacrpoiika mapamerpoB Fine Tuning. Mcnons3oBBanue
npeno0yueHHbIX cereil. COBpeMEHHbIE CBEPTOUHBIE APXUTEKTYPHI

Tema 2.2 ABTosHKOAEPHI. BapraliioHHbIE aBTOSHKOAEPHI.

ABTOKOJUPOBILUKHN. APXUTEKTYpa dHKOAep-AeKoaep. OOHapyKeHHe aHOMaTH
B JIaHHBIX C IOMOIIIBIO aBTOAHKOIepa. ['eHepaTuBHbBIE MOAENU. BapuannoHHbie
aBTO’HKOAEpHl VAE.

Tema 2.3 I'enepatuBHbie moaenu NN

CoBpemeHnHble apxuTekTyphbl. [lopoxaaroniue (reHepaTuBHbIE) COCTA3ATEIbHbBIE
HeWpoHHbIE ceTu. I'eneparop. IuckpuMuHaTop.

Tewma 2.4 Texnonoruu U B 00paboTke ecTECTBEHHOTO SI3bIKA

O0paboTKa ECTECTBEHHOTO SI3bIKa C TOMOIIbIO HEHPOHHBIX CETEH.

Knaccuduxanus texcra. PekyppeHnTHbie HeiipoHHBIE ceTu. ApxuTekTypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tema 2.5 HepCHGKTI/IBHBIG MOACIN NCKYCCTBCHHOT'O MHTCJIJICKTA.

MexaHu3M BHUMaHUsI. ApXUTEKTypa TIIyOOKUX HEHpOHHBIX ceTeit Transformer
JJI51 pa60TI>I C IIOCJICAOBATCIIBHOCTAMMU. MO,IIGJIL I/ICKYCCTBCHHOFO HNHTCJIIJICKTA
Generative Pre-trained Transformer.

3.4. TemaTu4eckui NJIaH MPAKTHYECKUX 3AHATHH

JlanHbiii BUJ pabOThI HE MPETyCMOTPEH YUESOHBIM IIIAHOM.

3.5. TemaTu4eckuii NJIaH JJadbopPaTOPHBIX padoT

1. Texnomorum pa3pabOTKu W OOydeHHMs HEHpPOHHBIX ceTei. [IporpammHuas
pa3paboTka ¢ HCIOJb30BAaHWEM OOJAYHBIX HMHCTpyMEHTOB. 2. Bpenenuwe B
dbperimBopku rayookoro odyuenusi Pytorch /Tensorflow. Tenzopbl. 3. ApxuTekTypa
MOJIHOCBSI3HOM HEUPOHHOW CceTM W ee OoOydeHwe. AIJTOpUTM  OOpaTHOTO
pacnpoctpanenus omuOku 4. [IpeackazarenbHas aHAIWTUKA I POU3BOACTBEHHBIX
u OuszHec mporeccoB. 5. VIHTennexkTyanbHbIE TEXHOJOTHMH  PACIO3HABAHUS
n3o0paxenuid. 6. Texnomoruum Transfer Learning. 7. Texnomorun MU B nuarnoctuke
3aboneBanuii. 8. Texnomorun MU nns monutopunra nanseix. 9. Texnonorun MU B
oOpaboTke ecrecTBeHHOTO s3bika. 10. ['eHepaTMBHBIE MOJENH HCKYCCTBEHHOTO
unTesiekTa. 11. PazpaboTka mporpaMmMHOro oOecredeHns, B KOTOPOM HCTOIb3YIOTCS
TE€XHOJIOTMU UCKYCCTBEHHOT'O MHTEJUICKTA.

3.6. KypcoBoii npoekT /KypcoBasi padora

JlanHbIid BUI pabOTHI HE MPETYCMOTPEH YUEOHBIM TIAHOM.

4. OueHnBaHue pe3yabTATOB 00y4eHUsI



OrneHnBaHUe PE3yIHTATOB OOYUCHHUS 110 AUCITUIUIHHE OCYIIECTBISICTCS B PaMKax
TEKYIIETO KOHTPOJSI W TPOMEKYTOYHOM aTTECTAI[MH, MPOBOJUMBIX 110 OaLUIBHO-
peiitunrosoit cucreme (bPC).
[IIkana ONEHKH pe3yJbTaTOB OOYUYCHHUS 110 TUCIIUTIINHE:

YpoBeHb c(hOpMUPOBAHHOCTH UHIUKATOPA KOMIICTCHIIUU

Bricokuit Cpennuii Huxe Huskwmit
Kon Kon 3amanu- pea CpEIHErO
KOMIT | MHAMKATOP pOBaHHbIC ot 85 mo 100 or 70 10 84 | or 55 no 69 ot 0 mo 54
c- a PC3yJIbTaThI IIxama onenuBaHus
TEHI] | KOMIIETEH | OOy4YeHHs IO HEYOB-
YAOBJIET-
nn ouu AACHMIIINHE OTJINYHO XOpOIIo JIETBOPU-
BOPUTEIBHO
TEIHLHO
3auTeHo HE 3a4TEHO
3HaTh:
= OCHOBBI
TEOPUH
HEHPOHHBIX
" rIIyO0KO U XOpOIIIO 3HAET
CeTer, B TOM
ITOJTHO 3HAET OCHOBHEIE
qucie
MaTEeMaTHYICCK MaTeMaTHYCCK
pa?:J'II/IT-IHBIe HUC CTPYKTYPhI NC CTPYKTYPBI He 3HaeT
APXUTEKTYPBI PYKTYP PYKTYD 3HaeT 0a30BbIX
N B OCHOBE B MOCTPOCHUH N
HerOHHBIX o 6a3OBLIe IIOHATHUH, HC
o HOCTpOGHI/ISI HeI/IpOHHBIX
CECTCU N o o IIOHATHUA 3HACT KaK
HeI/IpOHHBIX CE€TCH, 3HACT o
AJITOPUTMBI UX - HEHPOHHBIX oOy4aeTcs
ceTel, 3HaeT AITOPUTM 9 2
00yJeHuS; ceTeil, 3HaeT HeHpoHHAas
ANTOPUTM o0OparHoro
- aJITOPUTM CEThb, HE 3HAET
00parHoro pacrpocTpaHeH
MaTeMaTHIeCcK backprop, KaK OLIEHHUTD
pacipocTpaHeH U OIIHOKH,
He CTPYKTYPhI OCHOBHBIC Ka4eCTBO
1S OIIHOKH, HEKOTOPBIS
Y MPHUHIIUIIBI METPHKH 00yueHHs
COBpPEMEHHbBIE COBpPEMECHHbBIC
HUX 00001IEeHUS MOJCITH
ApPXUTEKTYPBI, APXUTEKTYPBI,
Ha [TIOCTPOCHUE
METPHKH OCHOBHBIE
BBIYHCIIUTENLH
KauecTBa, METPUKH
BIX OJIOKOB
HEUPOHHBIX
I[IK-1 | IIK-1.1 ceTeii:
VYMern:
- yMeeT
AHATTM3UPOBATh | AHAIM3HPOBATH yMmeer
MOJU(GUKAIIMK | IIOCTaBJICHHYIO | aHAIU3UPOBATh
ApuKan y p yMeeT HE yMeeT
U HOBBIE 3a1a4uy u MOCTaBJICHHYIO
moI0uparThb moI0upaTh
cpencTBa npejiaraTh 3a1a4uy u
TEXHOJIOTHIO aJICKBaTHYIO
IPOTPaMMHOTO pelieHus Ha npejyIarath
WUCKYCCTBCHH TEXHOJIOTHIO
obecrieueHus OCHOBE pereHus Ha
. oro WCKYCCTBEHHOT
IUISL CO3MTAaHUS TEXHOJIOTAI OCHOBE
. HMHTEJIJICKTA 0 UHTEJUIEKTA
HHTEJIEKTYalb | WCKYCCTBEHHOT TEXHOJIOTHIA
JUTS pEIICHUS | JUIsl peHICHUS
HBIX CHCTEM C | O MHTEJUICKTa; | MCKYyCCTBEHHOT y
IIOCTABJICHHO | IIOCTABJIEHHOMN
HCIIOIB30BaHUE VYmeer 0 UHTEJUIEKTA, 9
. W 3a7a4H. 3a1aun
M TEXHOJIOTHH | OOOCHOBLIBATH | OOOCHOBHIBATH
HCKYCCTBEHHOT CBOU BBIOOD CBOI1 BBIOOD;
0 MHTEJIEKTa TEXHOJIOTHH;
Bnaners:
- CpeICcTBaMU Bnaneer Bnaneer Bnaneer He Bnaneer
CO3JIaHUS U TIPOJIBUHY THIM OCHOBHBIMH OCHOBHBIMH CpecTBaMHU
o0yueHus U CpeJCTBaMU CpeacTBaMu CpencTBaMu CO3JIaHMS U
HEHPOHHBIX CO3JIaHus CO3JIaHus CO3/IaHus 00ydeHus




ceTen HEHUPOHHBIX HEHUPOHHBIX HEUPOHHBIX HEUPOHHBIX
Ppa3IMYHBIX ceTen ceren ceren ceren
THIIOB Pa3NIUUHBIX Pa3IMYHBIX 0a30BBIX
APXUTEKTYP. APXUTEKTYP. APXUTEKTYP.
Bnaneer Bnaneer Bnaneet
OPOJBHHYTHIM | CTaHIAPTHBIMHU 0a30BBIMU
U CpelICTBaMU CpeAcTBaMu CpeAcTBaMHU
o0y4eHus u o0y4eHus u o0y4eHus u
TECTUPOBaHHSI | TECTUPOBAHUS | TECTUPOBAHU
CETEH. CETEH. s CeTeN.
3HaTh!
BBIYHCIIUTETBH
b€ CPEJICTBA U
OTAUYHO 3HAET | XOPOIIO 3HAET
KOMIUIEKCHI, 3HAeT OJINH
s36IK Python s36IK Python HE 3HaeT
pUMEHsIEMbIe u3
i C++ wim C++, . BBIUHMCIIUTENHH
npu o o ¢bpeiiMBOpKO
(bpeliMBopKH bpeiiMBopKU BIX CPEJICTB,
pa3paboTke B IIyOOKOTO
TIIyOOKOTO TIIyOOKOTO MIPUMEHSIEMBIX
MIPOEKTOB o0yueHus,
N N 00ydJeHus, 00yJeHus, pu
HelpoceTel u TaKue Kak
TaKue Kak TaKue Kak paspaboTke
HHTEIUIEKTYalb PyTorch u
PyTorch n PyTorch n MIPOEKTOB
HBIX Tensorflow, N o
Tensorflow, Tensorflow, HelipoceTel u
CHCTEM; 00JTauHBIC
N oOayHbIe oOayHbIe WHTEIUIEKTyalb
-ppeliMBOpKH raTdopmbl
aTdopmbl raTdopmbl HBIX
rTyOOKOr0 JUTsE paboTHI ©
JUTST pabOTHI C JUTsT pabOTHI C . CHCTEM;
o0yueHus, . . HENUpoCceTIMU
HelipoceTs MU HelpoceTsIMU
TaKue Kak
PyTorch u
Tensorflow
YMmers:
— co3/1aBaTh, YmMmeer
IIPOBOAUTH CO3/1aBaTh,
OTJIaAKY IPOBOJUTH
IK-1.2 [POTrPaMMBI OTJIAJIKY
(o) IIPOrpamMMBl ¢
A porp YmMmeer
IIOCTAaBJICHHYIO | HCIOJIb30BaHUE Ymeer
CO3/1aBaTh HE yMeeT
3a7aqy C M CO3/1aBaTh
IIPOTPaMMBI € CO3/1aBaTh
y4eToM COBPEMEHHBIX HPOrpamMMbl
HCIIONIb30BaHNE IPOTPaMMBbI C
MIOCTIEIHUX HHTEIJIEKTyalb c
M HCIIONIB30BaHNE
TEOPETUYECKUX HBIX HCIIONIB30BaH
. COBPEMEHHBIX M
u TEXHOJIOTHIA, ueMm .
MHTEIJIEKTYallb . HEeHPOCETEBbIX
MIPAKTHYECKUX Ymeer HEWPOCETEBbI .
. HBIX . Mozenen
JOCTHXKCHHUU B POBOJIUTH . X Mozenen
TEXHOJIOTHI
obiactu BHEJIpEHHE
uckycctBernor | ONNX ( Open
O MHTEJUICKTa 1 Neural
HEHWPOCETEBBIX Network
TEXHOJIOTUi Exchange )
Biagers:
— TEeXHOJIOTUEH OtnuHO BJIaZceT BJIaZiceT HE BJIAJICET
cOopku u BJIafeeT OCHOBHBIMHU 0a30BBIMU OCHOBHBIMH
3aIycKa TEXHOJIOTHSIMH | TEXHOJOTMSIMU | TEXHOJOTHSIM | TEXHOJOTHSIMHU
HEHpOCeTeBhIX cOOpKH H cOOpKH H 1 cOOpKH 1 COOpKH U
Mozeneil B 3aIycKa 3aIycKa 3aIycKa 3aIycKa
pexumMe POTpaMM C IIPOTPaMM C IIPOTPaMM C POTPaMM C
o0y4eHus u HCIIOJIB30BaHUE | MCIOJNB30BAHUE | HMCIONB30BaH | HCIIONB30BAaHUE
nH}epeHca. M M ueM M




HEUPOCETEBBIX | HEUPOCETEBBIX | HEUPOCETEBBI | HEMPOCETEBBIX
MOJYJIEH, MOJYJIEH, X MOJyJIEH. MOAyJIen
BJAZCET BIAZCET
TEXHOJIOTHEH TEXHOJIOTHEH
uHpepeHca,Han uHpepeHca.
p-, ONNX
RUNTIME

5. YueOHOo-MeTOoIM4ecKoe U MH(popMAMOHHOe olecrieyeHne THCIUILTHHbI
5.1. YueOHO-MeTOANYECKOE 00ecTieyeHne

5.1.1. OcHoBHas nuTEpaTypa

1) Octpoyx, Auapeit Bnagumuposud. HTeiekTyansHbie HHOOPMAIMOHHBIC
cucTeMbI U TexHosoruu : MoHorpadus / A. B. Octpoyx, A. b. Hukonoaes, 2019. - 308
c. - Teker : anexktponnsiii. URL: https://e.lanbook.com/book/115518

2) Cotauk C. JI. [IpoexTHpoBaHHE CUCTEM MCKYCCTBEHHOI'O HHTEIIICKTA '

yuebHoe nocobue / C. JI. Cotnuk. - Teker : anexktponnbiit. URL:
https://e.lanbook.com/book/100395

3) MacnennukoBa, Onbra EBrenbeBHa. OCHOBBI HCKYCCTBEHHOTO MHTEIUICKTA
yuebHoe nocobue / O. E. Macnennukona, 1. B. I'aBpunosa, 2019. - 282 c. - Tekcr :
anexktpoHHbiii. URL: https://ibooks.ru/bookshelf/337972, DbC ibooks.ru

4) PocroBues B. C. MckyccTBeHHbIE HeHpOHHBIC ceTH : yueonuk / B. C.
PocroBues, 2023. - 214 c. - Tekcr : anekTpoHHbIil. URL:
https://e.lanbook.com/book/310184, ObC Jlanp

5.1.2. JlonoyiHUTENIBHAS IUTEPATYPA
1) T'onmoBunpina M. B. Meromoorus aBToMmaTH3aIMK pabOT TEXHOJIOIHUECKOM

MOJITOTOBKH IIPOM3BOICTBA : yueOHOoe mocodue / M. B. IN'omosunbina, 2016. - 208 c. -
Texcr : anextponnsiii. URL: https://e.lanbook.com/book/100642

2) Slcannkuii, Jleonnn HaxumoBry. BBeieHne B HCKYCCTBEHHBIM HHTEIUICKT !
yueOHoe nocooue as By3oB / JI.H. Slcaunkuii, 2008. - 176 c. - Tekcr :
HETIOCPEACTBEHHBIU.

3) XKmanoB A. A. ABTOHOMHBIH HCKYCCTBEHHBIN HHTEIUICKT : HAyYHOE H31aHue /
A. A. Xnanos, 2020. - 362 c. - Tekcr : anekTponHsbIii. URL:
https://ibooks.ru/bookshelf/350079, 3bC ibooks.ru

5.2. UuopmanmoHHoe obecniedeHmne

5.2.1. DNEeKTpOHHBIC U HHTEPHET-PECYPCHI




5.2.2. IlpoeccronanbHble

CHUCTCMBI

5.2.3. JIuuen3noHHoE u

0a3bl

obOecrneyeHne TUCIHUATUTAHBI

CBOOOIHO

naHHbIX /| MHQOpMaIMOHHO-CIIpaBOYHBIE

pacmpocTpaHsieMoe  MPOTPaMMHOE

6. MaTrepuajibHO-TeXHUYECKOEe o0ecnieyeHne TUCUUILTUHBI

HaumenoBanue Buaa HaumeHnoBanue yueOHOM
yueOHO padoThI ayJMTOpuUH, [TepeueHb HEOOXOAMMOTO OOOPYIOBAHUS H
CIEMAIN3TPOBAHHOM TEXHUYECKUX CPEJICTB OO0yUEHHUSI
nabopaTopuu
Jlexuun Y4eOHas ay TUTOPHS ISt Crenuanu3upoBaHHas yueOHas Me0erb,
IMPOBEACHUA 3aHATHH TEXHUYCCKUE CPEACTBA O6y‘-IeHI/I$I, clryKamue JIJIA
JEKIIMOHHOTO TUIIA IIPEICTABIICHUS yueOHOI nHpopManuu
OonpiIoN  ayguropuu  (MyJIbTUMEAUWHBIN
IPOEKTOp, KoMmIbloTep (HOYTOYK), D3KpaH),
JEMOHCTPAIIMOHHOE 000py/IOBaHHE, Y4YEOHO-
Har s IHbIE TTOCOOHS
[TpakTyeckue Vuebnas  aymuropus s | Crienuaau3upOBaHHAS y4ueOHast MeOeb,
3aHATHA [pOBE/ICHUA 3aHATHH | TeXHUYECKUE cpencraa oOyueHust
CEMHHAPCKOTO TATA, | (MyJIbTUMEIUMHBIA ~ TPOEKTOpP, KOMIIBIOTEP
TPYMIOBBIX M MHIMBUAY- | (yoyT6yK), SKpaH) U Ap.
AJIbHBIX KOHCYJIbTal[UH,
TEKYIIIEero KOHTPOJISI u
MIPOMEKYTOUHOU aTTCCTAllUN
JIaboparopHbie Yuebnas raboparopust Crienmaam3upoBaHHON J1a00paTOpHOE
paGoThI « », obopyznoBaHue 1o npodHIIro 1abopaTopuu:
KoMnbroTepHslii Ki1acc ¢ Cnenunanu3upoBaHHas yuebHas Me0eb,
BBIXOZ0M B lHTEpHET TEXHUYECKUE cpeacrsa oOyueHHst
(MyJTbTUMEIUWHBIA  TIPOEKTOP,  KOMITBIOTED
(HOYTOYK), 9KpaH), JUIIEH3UOHHOE
pOrpaMMHOE 0OecTieueHne
KomrproTepHblii Kiace ¢ CrneuunanusupoBanHas yuyebHas mebenp Ha 30
BbixonoM B MuTeprer B-600a | mocamounsix  mect, 30  KOMIBIOTEPOB,
TEXHUYECKHE cpelcTBa oOydeHus (MyJbTHMe-
JTUWAHBIA  MPOEKTOpP, KOMITbIOTEp (HOYTOYK),
JKpaH), BUJICOKaMepHlI, MPOrpaMMHOE
obecrieueHue
Camocrosrensuast | KommnberoTepHBIH Kitace ¢ Crneuunanu3upoBanHas yuyeOHas mebenp Ha 30
pabora BbixogoM B MuTeprer B-600a | mocamounsix  mect, 30  KOMIBIOTEPOB,

TEXHUYECKUE CpeACTBa OOy4YeHHs (MyJIbTHME-
TUIHBIA TPOEKTOp, KOMIIbIOTEp (HOYTOYK),
9KpaH), BUJICOKaMEpHI, MPOrpaMMHOE
o0ecrieueHue

YuraanLHbII 321
OnOIMOTEKH

Crnenuanu3upoBaHHas MeOelb, KOMIbIOTEpPHAsS
TEXHHMKA C BO3MOKHOCTBIO BbIX01a B IHTEpHET 1
obecnieyenueM noctyna B DMOC, skpaH,
MYJIbTUMEIUHHBIN TPOEKTOP, IPOrpaMMHOE
o0ecrieueHue

VYuebnas ayquTopus 1uist
BBITOJIHEHHSI KyPCOBOTO

Crerng




HpoeKTa (KypcoBod paboTel) | M3UpOBaHHAs MeOesIb, KOMIIBIOTEPHAS TEXHHKA
_ (yxassIBaercs IpH C BO3MOXHOCTBIO BbIXxoja B IHHTepHeT u
Hamuaun KP/KIT 1 Takoii obecreueHreM J0CTyma B PUOC,
ayMTOpHH) pOrpaMMHOe obecIicyeHre

7. Oco0eHHOCTH OpPraHu3aluu 00pa30BaTeJIbHOM AeSITeJIbHOCTH JIJIs1 JIUIL €
OrPaHMYEHHBIMH BO3MOKHOCTSIMM 3/I0POBbSI 1 HHBAJINI0B

Jluma ¢ orpaHMYEHHBIMU BO3MOKHOCTSIMU 3710poBbs (OB3) 1 MHBaNMMIBI HMEIOT
BO3MOXHOCTh OCCTIPEIATCTBEHHO IEepeMENIaThCsl U3 OJHOTO Y4eOHO-T1a00paTOpHOTO
KOpIyca B JPYro, TOMHATHCS Ha BCE ATAXH Y4eOHO-TaOOPATOPHBIX KOPITYCOB,
3aHMMAThCsl B Y4YCOHBIX W HMHBIX IIOMCIICHHSIX C YYETOM OCOOCHHOCTEH
NICUXO(HU3UIECKOTO PA3BUTHS H COCTOSIHUS 3I0POBBS.

Hust oOyuenuss nunp ¢ OB3 W WHBaIWAOB, WMCKOIIUX HAPYIICHHUS OIOPHO-
JIBUTATEIILHOTO ammapara, 00ecredeHbl YCIOBHS OSCIPENATCTBEHHOTO JTOCTYIIa BO BCE
ydeOHbIe TIoMelIeHus. MHpopManus O CHEIUaNbHBIX YCIOBHUSX, CO3JIaHHBIX IS
oOyuarommxcss ¢ OB3 w wHBaIuaOB, pa3MelIeHa HAa CaiTe YHUBEPCUTETA
www//kgeu.ru. imeetcst BO3MOYKHOCTh OKa3aHUSI TEXHHYCSCKOM TTOMOIIN aCCUCTEHTOM, a
TaK¥Ke YCIIYT CypOTICPEBOTIMKOB M TH(IIOCYPIONIEPEBOTUHUKOB.

st amanranuu K Bocnpustrio jurnamu ¢ OB3 v MHBamMaaMu ¢ HapymIeHHBIM
CIIyXOM CIIPaBOYHOTO, Y4YeOHOro MaTepuaja [0 JUCIHUILINHE OO0CCICYHBAIOTCS
CJICYOIIINE YCIIOBHS:

- JUTSL JIyYIIIeH OPHCHTAIIMKM B ayJIUTOPHUH, MPUMEHSIOTCS CUTHAJIBI OIOBEIICHUS
0 HayaJie ¥ KOHIIE 3aHATHUS (CIIOBO «3BOHOKY IUIIETCS Ha JOCKE);

- BHUMaHHUE CJIa0OCIBIIIAIIET0 OOYyYalomIerocss MPHUBICKACTCS IeJaroroM
’KEeCTOM (Ha TUIeUO KIIAJeTCs pyKa, OCYIIECTBISICTCS Hepe3KOoe TIOXJIONBIBAHKE);

- pasroBapuBas ¢ 00ydJaroIUMCs, IeJarormdecKuii pabOTHUK CMOTPHUT Ha HETO,
TOBOPHUT SICHO, KOPOTKUMU TPEIOKECHUSIMH, 00eCreunBasi BO3MOXHOCTh UTCHHSI I10
ry0am.

KomnieHcanmst  3aTpyAHEHHH pPEYEBOr0 M HWHTEIUICKTYaJbHOTO  Pa3BUTHS
c1abOCIBIIIAIINX 00yYArOITUXCS TPOBOJIUTCS ITyTEM:

- UCTIOJIb30BAHUS CXEM, JUarpamMM, PUCYHKOB, KOMITBIOTEPHBIX MPE3CHTAINH C
THITEPCCHIIKAMU, KOMMEHTHPYIOIUMU OTACIbHBIC KOMITOHCHTHI H300pasKeHUS;

- PETYJISIPHOTO TPHUMEHEHHWs yNpakKHEHWH Ha TpaduvecKoe BBIJICICHHE
CYIIIECTBEHHBIX NMPU3HAKOB MPEIMETOB U SIBJICHH;

- obecrieueHrss BO3MOXKHOCTH JUJII  OOYYaromIerocsl TMOJYYUTh aJIPECHYIO
KOHCYJIBTAIIMIO TI0 3JIEKTPOHHOMN MOYTE MO Mepe HEOOXOTUMOCTH.

st apantanuu K Bocnpuatuio nunamu ¢ OB3 u nHBanmuaamMu ¢ HapymIeHUSIMHU
3peHUsl CTPABOYHOTO0, Y4€OHOTO, MPOCBETUTEIHLCKOTO MaTepuasa, mpeayCMOTPEHHOTO
oOpa3oBaTeIbHOM TPOrPaMMON TIO BBIODAHHOMY HANPABJICHHUIO TOATOTOBKH,
00€eCIeunBaOTCsl CICTYIONINE YCIOBHS:

- BeJIeTCs afanTanusi oQUIMaIbHOTO caiita B ceth HTEpHET ¢ y4eTOM 0COOBIX
MOTPEeOHOCTEW MHBAIHJIOB 1O 3PEHUI0, 00ECTIEYNBACTCS HAIMYHME KPYMHOMPU(PTOBOH
CIIpPaBOYHOM MHGPOPMAIINK O PACTIMCAHUH YUCOHBIX 3aHATHH;

- IeJJaTOTUYECKUl  pabOTHHUK, ero coOeceAHWK (Mpu HEOOXOAMMOCTH),
MPUCYTCTBYIONINE HA 3aHSATUU, MPEICTABISIOTCS OO0YYAIOIMIUMCS, TIPU 3TOM Ka)IbIN
pa3 Ha3bIBaeTCS TOT, K KOMY MEeIarornuecKuii pabOTHUK o0palaercs;
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- ICUCTBUS, KECThbl, MEPEMEIICHHUS MEeAarornyeckoro pabOTHUKA KOPOTKO U
SCHO KOMMEHTUPYIOTCS;

- meyaTHass UMHQOpManus NOpeaocTaBisieTcss KpynHbIM mpuptom (ot 18
IIyHKTOB), TOTAJIbHO 03BYUYMBAETCS;

- o0ecreunBaeTcss HEOOXOAUMBIN YPOBEHb OCBEIIEHHOCTH TOMEIICHUH;

- IPEIOCTABISETC BO3MOXHOCTh HCIIOJIb30BaTh KOMIBIOTEPHI BO BpeMs
3aHSATUHN U MPABO 3aMUCU OOBSICHEHUN HAa TUKTO(POH (10 JKEeJTaHUI0 O0YyYaIOIIUXCS).

dopMa NOpPOBEAECHUS TEKyLWIeM M  NPOMEXKYTOYHOW  aTTeCTaluu s
oOyuaromuxcsa ¢ OB3 U MHBaIMIOB ONpeNeNseTcss MeNarorndyeckuM pabOTHUKOM B
COOTBETCTBMM C yueOHBIM IutaHoM. [Ipu HeoOxoaumoctu obOyuwaromemycs ¢ OB3,
UHBAJIMAY C Y4ETOM UX UHAMBUAYAIbHBIX MCUXO(PU3UUECKHMX OCOOCHHOCTEH IaeTcs
BO3MOXXHOCTb MPOUTH MPOMEXKYTOUHYIO aTTECTALMIO YCTHO, MHUCHbMEHHO Ha Oymare,
NUCBMEHHO Ha KOMIIbIOTEpEe, B () OpME TECTUPOBAHUS U T.II., JIUOO MPEAOCTaBIsAETCA
JOTIOTHUTENIbHOE BpeMsl ISl OJrOTOBKH OTBETA.

8. MeTonnueckue peKOMeHAAlMM ISl NpenojaBaTesedl M0 OPraHU3alMU
BOCIUTATEJIbHOI PadoThI ¢ 00yYAKOIIMMHCH.

Mertoaudeckoe obOecrneueHre MmpoIecca BOCIMUTAHUS 00YYarOIINXCsl BBICTYIIAECT
OJIHUM M3  ONpeAeNsSIonuX  (akKTOpOB  BHICOKOTO  KadyecTBa  0Opa30oBaHUS.
[IpenogaBarensy By3a, JAEMOHCTPUPYS BBICOKHN TPOQECCHOHATU3M, JPYIHUIIHIO,
YETKYI0 TPaXKJAHCKYIO MO3UIMI0, CAMOJAUCIIUILIMHY, TBOPUYECKHUM MOAXO0J] B PEIICHUH
npodeccHoHaIbHBIX 33Jlady, B XOJe O00pa30BaTeIBLHOTO Mpollecca CIOCOOCTBYET
(hopMUPOBAHUIO TAPMOHUYHON JTUYHOCTH.

[Ipy peanuzanuu AUCUUIUIMHBI  TPENOAABATENIb MOXET  HCIIOJIb30BaTh
CJICAYIOIINE METOAbl BOCTIUTATEILHOM PabOTHI:

- MeTobl (pOpMHPOBAaHMS CO3HAHUS JMYHOCTU (Oecema, MUCMIYT, BHYIICHHE,
UHCTPYKTaX, KOHTPOJb, OOBSCHEHHE, NPUMEP, CAMOKOHTPOJb, pacckas, COBET,
yOeXKIeHUE U Ap.);

- METOABbl OPTraHM3allUM JEATCIbHOCTH U (OPMHUPOBAHUS OIMBITA ITOBEICHUS
(3amaHue, OOIIECTBEHHOEC MHEHHE, IIeJlaroruueckoe TpeOoBaHWE, TOpyYeHUE,
NpUy4YeHUE, CO3JJaHNE BOCIIUTHIBAIOIIUX CUTYAI[UH, TPEHUHT, YIIpaXKHEHUE, U AP.);

- METOJbl MOTHMBAIIUM JCATEIBHOCTH U TOBeACHUS (0700peHHe, MOOIIpeHUe
COIMAJIbBHOM AaKTUBHOCTH, IIOpPUIIAHWE, CO3/[aHME CHUTyallud YycIexa, Co3/J1aHue
CUTYyalM# 1151 SMOLIMOHAILHO-HPABCTBEHHBIX MEPEKUBAHUM, COPEBHOBAHUE U JP.)

[Ipu peanuzaruu AUCUMIUIMHBI PETOAaBaATENb JODKEH YUUTHIBATH CISTYIOMINE
HanpaBJIeHUs] BOCIUTATEIbHOMN €S TEIbHOCTH:

I'pasxcoancroe u nampuomuyeckoe 60cnumanue.

- popMupoBaHKEe y 00YyYarOmMMXCS IIEJIOCTHOIO MHPOBO33PEHUS, POCCHHCKOM
WJICHTUYHOCTH, YBAKCHHS K CBOEH CEMbe, 00IIECTBY, TOCYIAPCTBY, IPUHSATHIM B CEMbE U
0O0IIIECTBE TYXOBHO-HPABCTBEHHBIM U COIIMOKYJIBTYPHBIM IIEHHOCTSIM, K HAIIMOHAITBHOMY,
KyJbTYPHOMY W HCTOPHUYCCKOMY HACIIeIHi0, (POpMHpOBAHHE CTPEMJICHUS K €ro
COXPAaHEHHUIO U PA3BUTHIO;

- popMupoBaHUEe y 00YYAIOIIMXCS aKTUBHOM I'PaKIaHCKOH MO3UITNH, OCHOBAHHOU
Ha TPaAUIIMOHHBIX KYJbTYPHBIX, TYXOBHBIX U HPABCTBEHHBIX IIEHHOCTSIX POCCUMCKOTO
oOIIecTBa, [Jid TIOBBIIICHUS CIIOCOOHOCTH OTBETCTBEHHO pEaiu30BBIBATH CBOM



KOHCTUTYLIMOHHBIE NIPaBa U 003aHHOCTH;

- pa3BUTHE MPABOBOM M MOJUTHUYECKON KyJIbTYpbl 00Yy4aroOlUXCs, pacClIMpEHUE
KOHCTPYKTHBHOTO Y4YacTHsl B IPUHATHUU PEIICHHN, 3aTParuBalOlIMX HX MpaBa H
MHTEPECHI, B TOM YHUCIJI€ B Pa3JIMYHBIX (POpMAX CaMOOPraHU3allH, CaMOYINpPaBIEHUS,
00IIIECTBEHHO-3HAYMMOM JIEATEILHOCTH;

- opMupoBaHKEe MOTUBOB, HPABCTBEHHBIX U CMBICIIOBBIX YCTAHOBOK JIMYHOCTH,
MO3BOJISIIOLIUX MPOTUBOCTOSITh JIKCTPEMU3MY, KCEHO()OOMHU, AMCKPUMHUHAIIMU TIO
COLIMAJIbHBIM, PEJIUTHO3HBIM, PACOBBIM, HAIMOHAJIBHBIM IIPU3HAKAM, MEKITHUUYECKOU
U MEXKKOH(ECCHOHAIbHOM HETepNUMOCTH, JPYTUM HETaTUBHBIM COLIMAJIbHBIM
SBJICHUSIM.

LlyxoeHno-npascmeennoe 6ocnumanue:

- BOCIIUTAHUE YYBCTBA JIOCTOMHCTBA, YECTU M YECTHOCTH, COBECTJIMBOCTH,
YBAXKEHUS K POJIUTEISAM, YUUTEISAM, JIFOJISIM CTapIIETrO MOKOJIEHUS;

- popMupoBaHMEe MPUHIMIOB KOJJIEKTUBU3MAa M  COJMIAPHOCTH, JyXa
MUJIOCEPAUST M COCTPAJlaHus, MPUBBIUKH 3a00TUTHCA O JIOJAX, HAXOASIIMXCA B
TPYAHOM KU3HEHHOU CUTYallUH;

- popMupoBaHKME COMUIAPHOCTH M YYBCTBA COLIMAIBLHOM OTBETCTBEHHOCTH IO
OTHOILIEHUIO K JIIOJIAM C OIPAHMYEHHBIMH BO3MOXXHOCTSIMU 30pPOBbS, MPEOAOJICHHE
NICUXOJOTHYECKUX OaphepoB MO OTHOIICHHIO K JIIOJASIM C OrPaHHUYECHHBIMU
BO3MOKHOCTSIMU;

- popMupoBaHKE SMOLMOHAIBHO HACHIIIEHHOTO W JyXOBHO BO3BBIIICHHOTO
OTHOILIEHUSI K MUPY, CIIOCOOHOCTH U YMEHHUs Nepe/laBaTh IPYTUM CBON 3CTETUUYECKHUI
OIIBIT.

Kynemypro-npoceemumenvckoe ochumanue:

- popMHpOBaHME ICTETUYECKON KapTUHBI MUPA;

- hopMupoBaHHE yBAXECHUS K KYJIBTYPHBIM [IEHHOCTSIM POIHOTO TOPOJa, Kpas,
CTpaHbI;

- IOBBIIIICHUE TTO3HABATEIIFHON aKTHBHOCTH O0YYarOIIHXCS.

Hayuno-obpazosamenvhoe ocnumanue:

- opMupOBaHUE Y O0YJAIONMIUXCS HAYYHOTO MUPOBO33PEHUS;

- popmupoBaH¥e yMEHHS TIOTy4YaTh 3HAHUS;

- popMupoBaHKEe HABBHIKOB aHANIHM3a M CHHTE3a WH(OpMAIMU, B TOM YHUCIE B
npodecCHoHaIbHON 00JIaCTH.
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OueHouHble  MaTepualbl MO  AUCUUIUIMHE  TEXHOJOrMH  CUCTEM
UCKYCCTBEHHOI'O MHTEJJIEKTa, MpEeJAHA3HAYEHHBbl JUIsl OLEHUBAaHUA PE3YJIbTATOB
0oOy4eHHs] Ha COOTBETCTBHE MHAMKATOPAM JIOCTHXKEHHSI KOMIETEHIUH.

OueHuBaHue pe3ynbTaTOB 00YUEHHUA 10 AUCHUIUIMHE OCYIIECTBIIAETCS B paMKax
tekyuiero KoHTpois (TK) u mpomexyTouHOM aTTecTalu, MPOBOJUMBIX 1O OAJIJIBHO-
peritunrosoit cucreme (bPC).

1. TexHosioruyeckast Kapra
e Cemectp /

PeiiTuHroBble nokazarenu
= é )
S = Q 2
= 8 = 2
HaunmenoBanue paznena 2 B S A= 4
= = S )
o QO = T g g
o = E[ H\© ~
o
S > =
2 =
F
Pa3nen. "BBenenue B HelipoHHbIE ceTH" TK 25 0 0-25
Paznen. "TexHOMOrMM UCKYCCTBEHHOTO TK
" 30 0 0-30
HWHTEJIJIEKTA
I[Ipome:xyTouHasi aTTecTauus (3a4eT, IK3aMeH, oM 0-45
KII, KP)
3amaHue MPOMEKyTOUHOUW aTTeCTaIlun 0-15
B nucemenHol ¢popme mo Omneram 0-30

Texnonocuueckas  kapma @gopmupyemcs — Olsl KAHCO020 8UOA NPOMENCYIMOUHOU
ammecmayuu ( 3a4ema,dK3amMeHd, Kypcoso2o npoekma uiu pabomsi)

2. OneHoYHbIE MATEPHUAJIBI TEKYIIEr0 KOHTPOJISI K POMEKYTOYHOM aTTecTalliu
[IIxana ONEHKH Pe3yIbTaTOB 00YUYEHHUS 11O JUCITUTIINHE:

YpoBeHb CHOPMHUPOBAHHOCTH MHAMKATOPA KOMIIETCHIIUMH
o " Hivxe o
Ko Kox 3amnaHm- Bricokuii Cpennuii cpeHero Huzkuit
KOMII | MHJAUKATOP pOBaHHBIC ot 85 mo 100 ot 70 o 84 ot 55 5o 69 or 0 mo 54
c- a pE3yJIbTaThI IIIkana oneHUBaHUI
TEHI] | KOMIIETeH | OOydYeHus Mo Hey10B-
YIOBJIET-
nn n AUCTIUILIMHE OTJINIHO XOpO1Io JIETBOpU-
BOPUTEIBHO
TCIIBHO
3a‘lTeHO HEC 3a4TCHO
3HAaTh:
- OCHOBBI I‘J'IY6OKO u XO0poHIo 3HACT 3HACT HC 3HACT
TCOPUU IIOJIHO 3HACT OCHOBHBIC 6330BLI€ 6330BLIX
HK']. HK'].]. HeﬁEOHHBIX MaTeMaTH4YCCK MAaTEeMaTHYCCK Hf)HHTI/IH HOHHTHfI, HEC
ceTeH, B TOM W€ CTPYKTYPBl | HE CTPYKTYpPBI HEWPOHHBIX 3HAET KaK
YUCJIC B OCHOBC B MNOCTPOCHUH CeTefI, 3HACT OGy‘IaGTCH
Pa3JINIHBIC HOCTPOCHU HeﬁpOHHBIX AJITOPUTM HeﬁpOHHaﬂ
APXUTEKTYPbI HEHPOHHBIX CEeTEH, 3HAeT backprop, CETh, HE 3HACT




HEHPOHHBIX cereil, 3HaeT AITOPUTM OCHOBHBIC KaK OIICHUTb
cerell u AITOPUTM o0OpaTHOTrO METPHKH Ka4ecTBO
ITOPUTMBI UX o0OpaTHOro pacnpocTpaHeH o0yyeHus
00y4eHHs; pacmpocTpaHeH usl OLIMOKH, MOJIEH
- usl OIINOKH, HEKOTOpBIC
MaTeMaTH4ecK | COBpEMEHHEIE COBPEMEHHBIC
W€ CTPYKTYPBl | apXUTEKTYphI, | apXUTEKTYPH,
Y TIPUHLINATIBI METPHUKU OCHOBHBIC
nXx 000011IeHUS KadecTBa, METPUKU
Ha IIOCTPOCHHE
BBIYHCIIUTETBH
BIX OJIOKOB
HEHPOHHBIX
ceTei;
YMmers:
- yMeeT
AQHAIU3UPOBATH | AHAIH3UPOBATH yMeeT
MOAU(UKANK | MOCTABJICHHYIO | aHAIM3UPOBAaTh
yMeeT HE yMmeeT
U HOBBIE 3a1a4uy u MOCTaBJICHHYIO
nooupaTth nodoupaTh
cpezcTBa npeiarath 3aja4y u
TEXHOJIOTHIO aJICKBaTHYIO
MIPOTPaMMHOTO peleHus Ha npeJiarath
UCKYCCTBEHH | TEXHOJOTHIO
obecniedueHus OCHOBE perieHus Ha
. oro HUCKYCCTBEHHOT
JUISL CO3JIaHUS TEXHOJIOTHI OCHOBE
. UHTEIUIEKTA | O MHTEIUIeKTa
UHTEIJIEKTYyalb | WCKYCCTBEHHOT TEXHOJIOTHIA
JUISL pEICHUsST | JUIsl peIICHUs
HBIX CUCTEM C | O MHTEJUIEKTa; | MCKYCCTBEHHOI .
MOCTABJICHHO | MOCTaBIEHHOM
HCIIONIL30BaHHE Ymeer 0 WHTEJIEKTa, 9
. i 3a1a4n. 3aj1a4un
M TEXHOJIOTUl | O0OOCHOBBIBATH | OOOCHOBBLIBATH
HACKYCCTBEHHOT CBOM BBIOOD CBOM BBIOOD;
0 UHTEJUIEKTa TEXHOJIOTHH;
Bnaners:
Biapeer Buapeer Buapeer
IPOJBUHYTHIM OCHOBHBIMHU OCHOBHBIMHU
U CpelICTBAMU CpeAcTBaMuU CpeAcTBaMu
CO3JIaHUs CO3JIaHus CO3JIaHUs
- CpelICTBaMHU - o o
HEHPOHHBIX HEWPOHHBIX HEWPOHHBIX He Brnanmeer
CO3JaHUs U . . .
cere cerel cereit CpeAcTBaMHU
o0OyueHus
HOHPOHHBIX Pa3IMYHbBIX Pa3IUYHBIX 0a30BBIX CO3JIaHMA U
cereit APXUTEKTYP. APXUTEKTYP. APXUTEKTYP. 00y4eHus
pAATHIHBIX Braneer Braneer Braneer HEUPOHHBIX
THITIOB IIPOABUHYTHIM | CTaHAAPTHBIMU 0a30BBIMH cerer
U CpeACTBaMHU CpeAcTBaMuU CpeAcTBaMHU
oOydeHus U oOydeHus U 0o0ydeHus u
TECTUPOBAHMS | TECTUPOBAHUS | TECTUPOBAHU
CeTeN. CeTel. s CETEH.
3HaTh:
- OTAU4YHO 3HAET | XOPOILIO 3HAeT | 3HaeT OAWH
HE 3HaeT
BBIUMCIIMTENBH | s3bIK Python 361K Python u3
. BBIYMCIIUTEIBH
BI€ CPENCTBA U umu C++, nmu C++, (hpertMBOpKO BIX CPEICTB
KOMILIEKCHI, (dpeiiMBOpKU (hpeitMBOpKH B ITyOOKOTro P ’
MPUMEHSEMBIX
MIpUMEHSIeMEbIe TITyOOKOTO rITyOOKOTO o0yueHus, mpu
IK-1.2 npu 00yueHus, 00yueHus, TaKue Kak
pa3paboTke
paspabotke TaKue KaK TaKue Kak PyTorch u
MIPOCKTOB
MIPOEKTOB PyTorch u PyTorch u Tensorflow, . o
. o HelpoceTel U
HeipoceTel U Tensorflow, Tensorflow, o0avHbIe
MHTEIJICKTYyallb
HUHTEIUIEKTYalb o0ayHbIe o0ayHbIe 1aThOPMBI HBIX
HBIX 1aTQOPMBI 1aThOPMBI JUTS pabOTHI C cHCTeM:
CHCTEM; Ju1s paboTEHI € Juis paboThl ¢ | HelpoceTsaMH ’




-ppelimMBOpKU HEHUpOCETIMHU HEHUPOCETIMHU
rI1yOOKOro
o0yyeHwus,
TaKue Kak
PyTorch n
Tensorflow
YMers:
— co3JaBaTh, YmMmeer
IIPOBOJIUTH CO3/1aBaTh,
OTJaAKy MIPOBO/IUTH
MIPOrPaMMBbI OTJaAKY
1o, MIPOrPaMMBbI €
A porp Ywmeer
MIOCTABJICHHYIO | WCIIOJIB30BaHUE Ymeer
CO3/1aBaTh HE yMmeeT
3aj1aqy C M CO3/1aBaTh
MIPOrPaMMBbI € CO3/1aBaTh
YUeTOM COBPEMEHHBIX MIPOTrPaMMBbI
UCIIONIb30BaHNE MPOrpaMMBbl ¢
MOCIIEAHUX WHTEIUIEKTYallb c
M UCIIONTb30BaHNE
TEOPETUIECCKUX HBIX UCIIONT30BaH
N COBPEMEHHBIX M
u TEXHOJIOTHIA, ueM .
WHTEIJIEKTYallb . HEHPOCETEBhIX
MPAKTUIECKUX Ymeer HEWPOCETEBHI .
N HBIX . Mojiernei
JIOCTHKCHHI B MIPOBO/IUTH . X MoJIeneit
TEXHOJIOTHH
oOiractu BHEJIpCHUE
uckyccteernor | ONNX ( Open
0 UHTEJUIEKTa U Neural
HEHpPOCETEBhIX Network
TEXHOJIOTHI Exchange )
Bnaners:
OTimgaHO
BIIJICET BIIJIEET
TEXHOJIOTHSIMU OCHOBHBIMH
BIIQJIEET HE BJaJieeT
N cOOpKH U TEXHOJIOTHSIMU
— TEXHOJIOTHEH 06a30BBIMHU OCHOBHBIMH
3ammycKa cOOpKH U
cOopKH TEXHOJIOTHSIM | TEXHOJOTHSIMHU
MIPOTPamMM C 3arycka
3arycKa 1 cOOpKH U cOOpKH H
N WCIIOIb30BaHNE MPOTPamM C
HelpoCceTeBhIX 3aIycKa 3aIrycKa
N M WCIIOIb30BaHNE
MojIeer B . MPOTpamM C MPOTPamMM C
HelpOCeTeBhIX M
pexume N N WCIONB30BaH | WCHOJIB30BaHHE
MOJTyJIEH, HEeHpOoCeTeBhIX
oOyueHus u . uem M
BIIaJIEET MOJTyJIeH, . .
nHbpepeHca. . HEHpOCeTeBbl | HEWPOCETEBBIX
TEXHOJIOTHEN BJIaZeeT . .
N X MOJyJIeH. MOJTyJIeH
nH(pEepeHca,Hal | TEXHOIOruen
p., ONNX nHpepeHca.
RUNTIME

OueHkKa «OTJMYHO)» BBICTABISIETCS 32 BBIOJIHEHUE HOIHOE GbINOJHEHUE
nabopamopHsix pabom 6 cemecmpe, 21yOOKoe NOHUMAHUE NPUHYUNO8 NOCMPOEHUS,
Memo008 U MexXHON02UU 00yYeHUs HelPOHHBIX cemeli, NOHUMAaHUe Mempux 00yyeHus,

3HAHUE  OCHOBHBIX  MEXHOAO2UNl  UCKYCCMBEHHO20 — UHMENIeKMA, NOJHble U
codepacameibHble OMEemsl HaA 80NPOCHL bulema (meopemudeckull u nPaKmuieckuul
80npocwl)

OneHka  «XOpOIIO»  BBICTABISAETCS 32  BBINIOJIHCHUE  BbINOJIHEHUE

nabopamopHsix pabom 8 cemecmpe, NOHUMAHUE OCHOBHBIX NPUHYUNOE NOCPOECHUS U
Memo0o08 00yueHusi HeUpPOHHLIX cemell, NOHUMAaHUe Mempux oOyYeHus, 3HaAHUe
MexXHOI02Ull UCKYCCMBEHHO20 UHMELIEKMA, COO0epIucamenbHble 0Omeemvl Ha 80NPOCHL
bunema (meopemuyeckuil U NPAKMUYECKUll 60NPOCH)



OlneHKa «yAOBJIETBOPUTEIbHO» BBICTABISCTCS 32 BBIIOJTHEHUE BbINOJHEHUE
n1abopamopHvix pabom 8 cemecmpe, YACMUYHOE NOHUMAHUE OCHOBHLIX NPUHYUNOS
nOCMpOeHUsi U Memooo8 00yYeHUsi HEeUPOHHBIX cemell, 3HAHUe Mempux 00yueHusl,
omeemvl Ha ONPOCHL burema (meopemuyecKuil U NPaKmuyeckKuti 60Npocyl)

OleHKa «HeY/0BJIEeTBOPHUTEJIbHO)» BBICTABISACTCS 3a CJla00€ U HEMOJHOE
BEITIOJTHEHHUE JIA0OPATOPHBIX M TPAKTUYECKHX pabOT B CEMECTpE; HE3HaHWE U
HEMMOHMMaHUE 0a30BbIX MPHUHIIUIIOB ITOCTPOSHUS HEUPOHHBIX CETEH; HEMONHOE W
HESCHOE BBIMIOJHEHHE TEOPETHUECKOTO BOMpoca OuiieTa; HECIIOCOOHOCTh OOBSICHUTH
MPOrpaMMHBINA KOJI IO MPAKTHYECKON YacTu Ousera.

3. IlepeyeHb OLICHOYHBIX CPEACTB

Kparkass XapakTepHCTHKa OLIEHOYHBIX CPEICTB, MCIOJIB3YEMBIX NPHU TEKYILEM
KOHTpOJIE YCIIEBAEMOCTH M IPOMEKYTOYHOM aTTecTaluu oOydarolerocs 1o
JUCUUIIINHE!



4. IlepeyeHb

KOHTPOJbHBIX

3aJaHUd WM HHBIE

MaTepHuaJbl,

Heo0XoAMMBbIe ISl OLEHKHM 3HAHUM, YMEHMH U HABBIKOB, XapaKTEePHU3yOLIUX
JTanbl (POPMHUPOBAHUS KOMIIETEHIIMIA B IIPpOLecce 0CBOCHHS TUCHUIINHBI

Juis rekymero konrpoJs TK1:

[IpoBepsemas komnerennus: [1K-1.1: Beibupaer akTyanbHble HHPpPOBHIE

TCXHOJIOTUHU B ACATCIIBHOCTHU IMPCAIIPHUATUSA

Tect

Bonpoc

BapuaHTbl oTBETa

oTBeT

Moa, UCKyCcCTBEHHBIM
UHTeNINeKToOM B Poccumn
NOHMMaeTCA

KOMMEKC TEXHONOMMYECKUX PELLEHWNI, NO3BONAOLLNI
MMUTUPOBATb KOTHUTUBHbIE GYHKL MM YE/TOBEKA

camoobyueHure 1 NoUCK pelleHnin 6es 3apaHee 3a4aHHONO
anroputma

KOMM/IEKC TEXHOIOTMYECKUX PeLLEHN, NO3BOAIOLLNIA
No/ly4yaTb NPW BbINOJHEHMUM KOHKPETHbIX 33434 pe3yabTaTbl,
CONOCTaBMMbIE, KaK MUHUMYM, C pe3yabTaTamu
WMHTEeNNEeKTyabHOW AeATe/IbHOCTM YeN0BEKa

BCe BbllLeOonncaHHoOE

HelipoceTeBbiMU
TEXHONOMMAMM Ha3bIBalOT

KOMnMaekKkc VIHd)OpMaLI,VIOHHbIX TeXHOﬂOFMVI, OCHOBAHHDbIX
Ha NPpUMEHEHNN KOMMbIOTEPHDbIX cetem

TexHonoruu,
MCKYCCTBEHHbIX

KOMMJIeKC MHPOPMaLIUOHHDBIX
OCHOBaHHbIX Ha npUMeHeHun
HEMUPOHHbIX ceTei

MHd)OpMaLI,MOHHbIe CnCTembl MOUCKa

NHPOPMALMOHHbIE TEXHO/IOTMM YNPaBAEHUA

Anroputm obyyeHun
NCKYCCTBEHHOWM HEeMUPOHHOM
CeTM 3aKaH4YMBaeTCsA, Korga

AOCTUTHYTO  3aflaHHOE  3HayeHue cpeaHen  (Mam

MUHUMaNbHOW) OWNBKK

CeTb Ucyepnasa BOSMOMXKHOCTM 00yyYeHUs (owmnbKa
nepecrtana yMeHbLLATbCA OT 3MOXM K 3roxe)

npoﬁp,eHo onpegeneHHoe Koan4ecTeo anox

No60oi 0TBET U3 NepeynCcieHHbIX

Kakune ¢yHKLMM BbINONHAET
nporpaMmmHasn peanusauma
BXOAHOTO CN0S

BblumcnaeT Npom3BoAHYO A41a anroputma obpaTtHoro
pacnpocTpaHeHus OWNBKM.

MepepaeT BXOAHOW BEKTOP CUrHA/NIOB HA NepBbIiA

KoTopbix pasHbl 10, -20, 5, 4 n
COOTBETCTBYHOLLME BECA
cBsizelt paBHbl 0.8,0.5,0.7 n
-0.5 cooTBEeTCTBEHHO.
Bblumcnute curHan Ha Bbixoae

MHOTrOC/I0MHOrO CKpbITbIiA CNON.

nepcenTpoHa? Ypanaet "wym" ns curHana.
TpaHcAnpyeT CUrHaN Ha BbIXOAHOW CNOM MHOTOC/IOMHOTO
nepcenTpoHa.

HelpoH j nonyumn Ha BXog, -1.8485

CUTHaAN OT YeTbipex ApYyrmx 0,5

HEeMPOHOB YPOBHMU -0,4621

BO3OY)KAEHUA, 3HAYEHUA 0,2449




j-ro HeMpoHa B c/yyae, ecnu
bYHKLMA aKTUBaLLUK
HEMPOHOB ecTb
rmnepboanNYEeCKUN TaHTEeHC.
BbibepuTe npaBuibHbLIN OTBET:

MNporpammHo
HEeMpPOHHasn

peanuns3oBaHa
CeTb C OAHUM
CKPbITbIM cnoem n
aKTMBALMOHHOM byHKUMeEN
curmomnpga. Y cetm 1 Bxog, 3
HelpoHa B CKPbITOM C/I0€ U
oAuH Bbixod. Yto byaer Ha
BbIXO4E CEeTM B C/lydyae, ecnu
Ha Bxoge 1, Bce Beca paHbl 1 m
cmeweHue 0.

X /®\‘1y

0,7311

2,1932

Yto npepctaBnaetr  cobou
anropuT™ «obyyeHuns
NCKYCCTBEHHOWM HEeMPOHHOM
cetn»?

npoueaypy NoACTPONKN CUTHANOB HEMPOHOB

npouenypy NOACTPOIKN BECOBbIX 3HAUEHWUIA

npoueaypy BblYUCNEHUA MNOPOroBbIX 3HAYEHUM
GYHKUUI aKTMBaLMK

MporpammHan peanusaums
OAHOCNONHOro NepcenTpoHa
No3BO/IAET pellaTh 3a43a4u

annpoKcumauum pyHKLUA

pacno3HaBaHUA o6pa308

Knaccndpumkauum

Kakas apxutekTypa | MHOroc/n0MHbI nepcenTpoH
MCKYCCTBEHHON  HEWpPOHHOW | PeKyppeHTHble HelipOHHbIe CeTU
cetn 6onbwe nogxoaut pns | CBEPTOYHbIE HEMPOHHbIE CETU
pa3paboTku anropmMTMOB
aHanu3a eCTeCTBEHHbIX
A3bIKOB (TEKCTOB).
Ona  ¢yHKuMM  akTmMBaumm | -1
rmnepb6oamMyecKuin TaHreHc | O
i) =27 1
BbIYUCAWTE, | Mpepen He cywecTyeT

lim th(z)
yemy paBeH =—-x= = ' 7?
Ona paspabotkn anropmtmon | ResNet
M nporpammHbix cpeacts gna | YOLO
AeTeKumm 1 TpekuHra B | SSD
cuctemax BupeoHabawoaeHus, | GAN
NCNonb3yTCA HEeMPOHHbIe
cetn
Kakoi ¢perimBopk rnybokoro | CNTK
obyyeHua umeet wuHTepdenc | Tensorflow




ans pa3paboTku
NPOrpamMmMHbIX  CpeacTB  Ha
A3blke  NPOrpaMMMUPOBaHMUA
Python pna o6yyeHna wu

3anycka MHC?

PyTorch

Bce nepeuncneHHble

BxoaHoe nsobpaxeHune numeet
pasmep 32 Ha 32. Kakoro
pa3smepa NonyymTca pesynbraT
cBépTkKN B PyTorch 5 Ha 5 Ges3
padding, co stride=(1,1), ecnu
Ha BbIXo4e AOO0/KHO ObiTb 6
KaHanos?

torch.Tensor pasamepom 6 Ha 14 Ha 14

torch.Tensor pasamepom 28 Ha 6 Ha 6

torch.Tensor paamepom 6 Ha 28 Ha 28

torch.Tensor paamepom 6 Ha 5 Ha 5

CKONbKO MapameTpoB B
cBepTKe pasmepom 3x3,
KOTOpas NpMMEHAEeTCa K
TpPexKaHanbHOMY
nsobparkeHnto? He cuntaite
CNOM aKTUBaLMK, He
y4uTbIBalTE bias.

3 napameTpa. CTOJIbKO e, CKO/IbKO U KaHa/10B

9 Bcero: Mbl HaKlaZblBaeM OAHY M Ty e CBEPTKY Ha
Kakabl U3 TPEX KaHaN0B

9 YHMKanbHbIX -- BCero 27, HO ANA BCEX KaHanoB
napameTpbl OANHAKOBbIE

27 napameTpoB: 3x3 ANA KaXK[0ro U3 Tpex KaHanoB

Ona  Kakoh  apXUTEKTypbl
CBEPTOYHOM HEMWPOHHOM ceTu
XapaKTepHO obxoaHble
coeguHeHus

(skipconnections),
npobpacbiBalowme rpagmeHT
OWNBKKM B 06X04, CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

YKarkunte ownbky npu pabore
¢ ontummsatopom B PyTorch
npu pas3paboTke nporpaMmmol
06y4YeHnA HeMPOHHOM ceTu.

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

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bormpocsr

1. ®yHkuMsg NOTEPh U ONTHUMHU3ALIMSA MapaMeTpoB HepoHHOM ceTu. BriBog DII

U3 METOJ1a MAaKCUMAJIBHOTO TIPaBIOTIOI00HS.

2. OOyuyeHue

BO3HUKHOBCHMUAI.

ok w

Softmax.

HEUPOHHOU
paclpoCTpaHEHUsI OIIMOKHU.

CCTH C IIOMOIIBIO aJIropuT™Ma

[londaTHe mapamuua CETH W MPUYMHBI

OueHka kauecTBa HeilpoceTeBbIX MoAesneil. OCHOBHBIE METPHUKHU.
CBépTouHble HelipoHHBIE ceTh. Onepanus CBEPTKH, KacKal CBEPTOK.
APXHUTEKTYpPbl HEUPOHHBIX CETEU JJISI MYJbTHKIIACCOBBIX Mojelie. DyHKIUs

6. ApXuUTEKTYypbl HEHPOHHBIX CETEH NIt MOIeTel OMHAPHOM KitaccuuKarm

7. MHOroCIOMHBIN

MEePUENTPOH.

[IpencraBnenne  OyneBBIX

oOpaTHOTO

GyHKIINA.

0

[Ipeononenue orpaHUyYCHUs JIUHEHMHON Pa3AeIMMOCTH U PEIICHUE MPOOIEMBI
UCKITrovaronero «uwim». Teopema Koamoroposa.

Onepanus nekonBosrrorue. Transposed convolution layer.

ANTOpUTM 0OpaTHOTO PacHpoCTpaHEHUs: OMOKH. JJOCTOMHCTBA U HEJJOCTATKU



anropurma. ITonarTue napanuya ceTy U NPUYMHBI €TO BO3SHUKHOBEHUS.
10. bazoBas apxutekTypa HeHpoHHbIX ceTell. [IpuHuunel moctpoenus. OCHOBHbIE
(YyHKUIMY aKTUBALIMH.

Juis rekymero kourpoJus TK2:
[IpoBepsiemass kommerenuusi: [1K-1.2: Cnocoben k pa3paboTke U
BHEJPEHUIO aKTyaJIbHBIX TU(PPOBBIX TEXHOJIOTHM

Bompoc Bapuantsl orBeTa OTBET

B KaKHX 007acTaX | OLICHKA BEPOSITHOCTU OAHKPOTCTBA;

OKOHOMHKH  TPUMEHSIOTCS | paclio3HaBaHue 00pa30B (TEKCTa, MOANUCH);

QITOPUTMBI ~ HA  OCHOBEC | 337aYd KJIACCU(UKALUU U CETMEHTAllMM SKOHOMHYECKHX
HCKYCCTBEHHBIX HEHPOHHBIX | OOHEKTOB

ceTen? BCE NepeYHCIeHHbIe
[IporpamMmHO peaan3oBaH 0,9951

HEHPOH ¢ QyHKIHEH 1

aKTHUBAIINH THIIA -1

runepooIn4Yeckuil TanreHe ¢ | 0,9981
TpeMsl BXOAAMHU 1 HEUPOH
cMmenieHus. Bxonsl Bce

paBHBI | 1 BCce Beca Takke
paBHbl 1, a cmemenue 0,5.
UYemy OynieT paBeH BbIXO]1

HelipoHa?

B nporpamme HelpOHHOM 0,25
CETH HEHPOH ] MOJYUYnI Ha 0,6225
BXOJ] CHTHAJI OT YETBhIPEX 0,3775
JIPYTHX HEHPOHOB YPOBHHU -1,5415

BO30OYXICHUS, 3HAUCHUS
koTopbIx paBubl 10, -20, 5, 4
1 COOTBETCTBYIOIIHE Beca
cs3eit pasubl 0.8, 0.5, 0.7 u
-0.5 COOTBETCTBEHHO.
BreruuciauTe curaan Ha
BBIXO/JIC J-TO HEUpPOHA B
ciydae, ecinu (pyHKIus
aKTUBAIIUU HEUPOHOB €CTh
JIOTHCTUYECKAss CHTMOK/IA.
BriGepuTe npaBuIIbHBIN
OTBET:

B nporpamMmHOl peanu3anuy | eciiv HalJIeTCsl TaKOH HEHPOH J, UTo
o .

OJHOCJIOMHOIO TEPCENTpPOHa Sawi <@

Ha BXOJ INIOAAECTCA BEKTOP | i=i

(X1...Xn). B kxakoM ciy4ae | eciu Ui KaXJI0TO HEfpoHa j OyaeM UMeTh
N

BBIXOJIOM OyZeT HyJeBOil Sawi <1

BEKTOp? i1

eCJIN VI Ka:KI0ro HelipoHa j OyaeM uMeTb

n .
Sawl <o
i=]




€CJIM HalIeTCs TaKOW HEUPOH 7, YTO

n )
Sawl =6
i=]

Haiimure mpou3BoaHyo 3TON
(YHKINN aKTHBAIUU

th(z)= "¢ _¢ .

ot

U BBIPA3UTE
pe3ynbTar 4depe3 (QyHKIHIO
th(x)

1-th?(x)

1+th?(x)

th(x)-1

th2(x)

Kaxkas apXUTEKTypa
HUCKYCCTBEHHOW HEUPOHHOU
ceTH OosbIe BCETO
MOAXOAUT JJisi  pa3pabOTKH
QITOPUTMOB M MPOTPAMMHBIX

[TomHocBsA3HAs
MIEPCETTPOH)

HEHUpPOHHAas CeThb (MHOTOCJTOMHBIH

CBeprouHasi (KOHBOJIIOIMOHHAS) HEHPOHHAsI ceTh

PexyppenTHast HelipoHHAas CETh

CPEICTB pacro3HaBaHUS

o0pa3oB u aHaM3a

1300paKeHUI?

[Mycrs B nporpamme | MSE

ABTOMATUYECKOTO MAE

pacniosnaBanus pykonucueix | CE (Cross Entropy)

mpp or O gm0 9| BCE (Binary Cross Entropy)

UCTIONTB3YETCS CNN c

aktuBaruei softmax. Kakyro

GbyHKIMIO OTEPh BbI

BBIOCpETE?

AyrMeHTanus JaHHbIX yBeJM4YeHUs: 00beMa 00yuaroleil BbIOOpKH

MIPUMEHSIETCS U1t YBEJIMUYEHUSI CKOPOCTU O0yUeHHUSI
HOpMaJTU3aI1H
0opbOBI ¢ mepeodydeHneM

C MTOMOIIHIO kakoro | 1

MUHUMAaJILHOTO gucna | 3

HEWPOHOB B CKpBITOM cioe | 4

MHOT'OCJIOHHOTO 5

nepcenTpoHa periaercs

npobiaema XOR ?

Jns paspadorku anropurmos | GAN

W MporpaMMHBIX cpeacTB s | ResNet

pelIeHus 3agauun | LSTM

Knaccn(bHKauHH B cucremax | VGG

KOMITBIOTEPHOTO 3peHHs

WCIIONIb3YIOTCS ~ HEHPOHHBIE

CeTH

IIpu noctpoenun
QITOPUTMOB O0YUYECHHS
HEHPOHHOM ceTu 0OBIYHO
JaTaceT JeNAT Ha 2

vactu train u test wim Ha 3
vactu: train, validation,
test. [l yero Hy»HO Takoe
nenexue?

Ecan O6y‘laTBCSI Ha II0JJHOM JaTaCcCTC U Ha HEM K€ ACJIaTb
Balangaliu0, TO MOXXHO HC 3aMCTHUTH Hepeo6yquI/I;1

Validation HyxHa, yTOOBI TOMOOpaTH THUIEPIAPAMETPHI
ceTn

Test HyxeH [id (UHAIBHON OLIEHKM KadecTBa pPabOThHI
CeTH

Bce BbIIenepeynciaeHnoe

Kaxkas MporpamMMHast
OubnIroTEeKa HE IPUMEHSETCS

Tensorflow

Torch




1St TITyOOKOTO 00y4eHHs? NLTK

CNTK

ITpu nanucanuu nporpamm B | d[0] + c[2]

PyTorch kaxkast omeparus ¢ 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]])
IMO3BOJIACT IMOJTYYHTDH
CJIeIYIONTUN BBIBOA?
tensor([[O., 1., 1., 1.],

[1.,1.,1,1],

[1.,1.,1,1],

[1.,1.,1,1],

[1,1.,1,1])
[TycTh MaTpuIia IPU3HAKOB [[-4, 3],
paBHa [-9,5]]
[[41 21 '1]1 [[3’ '4] )
['61 0, 5]1 [ -9 !5]]
[31 21 2]]1 [['9! 5] )
a SIPO CBEPTKH — [3,-4]]
[[0! 1! 2]! [['4! 3!1]!
[1, -1, 0], [1, 0,-2]]
[1, 0, -2]]

KaxoB Oynet pe3ynbrar
MIPUMEHEHHSI CBEPTKH CO
stride=2, padding=1?

B mporpamme ma PyTorch | 13

ucxonuslil torch.tensor Onur | 169

pasmepom 13x13x384. | 384

Ckosbko (GUIBTPOB JOJKHO | 64896

ObITh B CBEPTKE, KOTOpas

BBLAAET torch.tensor

pa3mepoM 13x13x3847?

Bonpocwv
1. Perymsipuzamust  Heiiponnoit cetm:  “"weight decay". Perynsapuzanus
Tuxonosa, Lasso — perynspusanus
2. Perynsipuzanus u npopexruBaHue HeWpoHHOU ceTu. [Ipsimoil u oOpaTHbIN
Dropout.
3. Mertoasr  raybokoro  oOyueHus.  Hopmamusammss — madHbIx.  batd-
HOpMaJIM3a1usl.
4, Texnomorust mepemaun oOyuenust Transfer Learning. Mcmonb3oBanue
npeaoOyUYeHHBIX CETeH.
d. ABTO3HKOJIepbl. OCOOEHHOCTH AapXUTEKTYphl M OOyYEeHHs] 3HKOAEpa W

AeKoepa.



6.  PexyppenrtHble HeliponHbie ceTH. Apxutektypa GRU (Gated recurrent unit).
7.  Pexyppentnsie HelipoHHble cetn. Apxurekrypa LSTM (Long Short-Term
Memory).

8. I'enepaTtuBHO-cocTsa3areabHbIe HelipoceTn (GAN) u style transfer.

Q. ®perimBopk TiTy0okoro ooyuenust Tensorflow

10. DpeiimBopk rirydokoro oOyueHus Pytorch

Jsi npoMeKyTOYHOM aTTecTalMu:

ba3oBbIe BOPOCHI K 3K3aMEHY

1.
2.
3.

10.

11.
12.
13.
14.
15.

16.

17.
18.
19.
20.
21.

22.
23.

24,
25.

Maremaruueckasi MoJieNlb OMOJIOTHYECKOT0 HepoHa. JIeHApUThI, aKCOHBI, CHHAIICHI.
TexHoIornu NCKyCCTBEHHOI'O MHTEIIEKTa, 00J1aCTU IPUMEHEHHUSI U peliacMble 3a1a4H.
bazoBas apxurtektypa HelpoHHbIX ceTeil. [IpuHiunsl nmoctpoeHus. OcHOBHbIE (PyHKUINU
AKTUBAIHH.

[Tepuentpon PoszenOmarra u mpaBuio Xe0b6a. Teopema 0 CXOAUMOCTH ajropuTMa
o0y4eHus eprenTpoHa Jyisl THHEWHO-pa3aeIuMbIx MHOKECTB. [Ipobiema XOR.
Mmuorocnoiaeiii  mieprentpoH. I[IpencraBnenune OyneBbix  (ynkmuii.  [Ipeomonenue
OTpaHUYEHUSl JHHEWHON pa3leIMMOCTH U pEelIeHHe MPOoOIeMbl HCKIIOYAIOLIETO «HIIN.
Teopema Kommoroposa.

OO0ydeHne HEWPOHHOM CETH C MOMOIIBIO AITOPUTMa 0OPATHOTO PACIPOCTPAHEHUS OIIHUOKH.
[TonsiTHe mapanuya ceT U MPUYUHBI €r0 BO3SHUKHOBEHMS.

OyHKIMS MOTEPh U ONTUMHU3ALMS NTapaMeTPOB HEUPOHHOU ceTu. BriBon (yHKIIMM mOTEPh
13 METO/Ia MaKCUMaJIbHOTO MPaB0IN0I00Us.

[Tpobnema oBpakHOCTH MOBEPXHOCTH (DYHKIIMOHATA OUTHOKH U €€ YaCTUYHOE TIPEOI0JICHNE
C TOMOIIBIO BBeZIeHUs MOMeHTa (Nesterov momentum).

OO6yuenue ¢ momoibio backpropagation Ha ocHoBe anroputma RMSProp.

Oobyuenne ¢ momomipio backpropagation Ha ocHoBe amropurma Adaptive moment
estimation.

[IpoGiema ucuesaroiiero u B3peiBatomierocs rpagueHTa. [lonstue «ymuparonmiiny RelLU.
Onenka kauectBa 00ydeHus. OCHOBHbIE METPUKH 3aa4 Kilaccu(puKaum.

[TocTaHoBKa U penieHue 3ajauu Perpeccuu ¢ MOMOIIbIO HEUPOHHOI CeTH.

[TocranoBka u penieHue 3a1auu OMHAPHOH Ki1acCu(pUKAUU C TOMOIIBI0 HEHPOHHBIX CETeil.
ApXUTEKTYpbl HEUPOHHBIX CETEW i1 MHOIOKJIACCOBBIX Mojiened. BeposTHOCTHas Mmepa
MIPUHAICKHOCTH K Kiaccy. OyHkius Softmax.

Ceéprounbie HelipoHHbie cetd. Omeparust cBeptku (1D, 2D). Snpo ceeptku. Kackan
CBEPTOK.

bazoBbie mpUHIUTIBI TOCTPOEHUS CBEPTOUYHBIX HEHPOHHBIX CETEH.

Apxurektypa Inception (inception 6:ox). Training head.

Apxurektypa ResNet (residual 610k). Skip-connection.

[Tepeobyuenue u MeTo bl 00pHOBI ¢ HUM. AyrmenTarus. Early stopping

Perynsipusanus nHeitponnoii cetu: "weight decay”. Perymspuzauus TuxonoBa, Lasso —
perysspu3anys.

Perynsipuzanus u npopexuBaHue HelpoHHOI ceTu. Dropout.

Hopwmanuzaius nanusix - batch-wopmanuszanus (batch_norm, layer_norm). Berumcienue
CTaTUCTHK NMPH 00yYeHUH U Banuanuu (train/eval).

Texunonorus “nepenaun 3uanuit” Transfer Learning (fine tuning, feature extraction)
CemaHTHYecKas CerMEHTAIMs ¢ IIOMOUIbIO ITyO0oKkoro ooyuenus. [lomHocBepTOUHBIE CETH
(FCN). Onepanus nexonsomonuu. Transposed convolution layer.
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Apxurektypa SegNet, Unet. dynkuuu noreps Ha ocHoBe ko3¢ ¢uuuenra [laiica u focal
loss.

Meronpl MacmtabupoBanus i onepaunuu upsampling u  downsampling. Dilated
convolution.

['enepaTuBHBIE MOJIENM U ABTOSHKOIEPHI.

Bapuanmonnsie aBrosnkoaepsl (VAE). [luseprenuus Kynb6aka-JleitOnepa.
I'enepatuBHO-cocTs3arenbHble HeiipoHHblie ceTd (GAN) M HEHPOHHBIA CTHIIb MEpeaadu
oOyuenus (Ha mpumepe style transfer).

PexyppeHTHBIC HEWPOHHBIE CETH U crenn(rKa X 00yICHHS.

I'my6oxoe obyuenne B NLP. Kimaccudukammst rekctoB ¢ momombro CNN um RNN.
Apxurektypbt LSTM (Long Short-Term Memory) u GRU (Gated Recurrent Unit).
Mexanusm BHuMaHus (Attention).

OpeiiMBopk riiybokoro obOyuenust PyTorch. ABromarnueckoe auddepeHuupoBaHue.
[IpuHnune! nocrpoeHust HelpoHHbIX cereil B PyTorch: ¢yHKIMOHANBHBIM U OOBEKTHBIN
MOJIXO.

OpeiiMBopk Tiyookoro obyuenus Tensorflow. Bsrumcnurensubsiit rpag. Iloctpoenue
HEHpOoHHOI ceTu U ee odyuenue. Tensorboard.

Wudepenc neitpocereBbix mozaeneit. ONNX.

Mexanu3m BHUMaHus. ApxutekTypa Transformer.

TumoBbie 3a0aun:

1.

2.

PeanuzoBath M 0O0yuuTh ceTh M TpeCKa3aHUs JIOSIBHOCTH KIMEHTOB
COTOBOTO oOTepaTopa (JaTaceT y mpernojaBaTers)

PeanuzoBaTh CBEPTOUHYIO CE€Th, OOYUUTH CETh U MPOBECTH KIIACCUDPUKAIIUIO
torchvision.datasets.FakeData. CocraButh confusion matrix. I[lTocTpouts
rpadguku accuracy u loss Ha Bamupamuu. IlpoBectn ananus. YMeTb
OOBSICHUTBH CBOM KOJI.

PeanmzoBate ResNetl8 s CIFAR1O0 ( torchvision.datasets).

N3 Oubmmorexkm torchvision (crtaBuTcs BMecTe ¢ pytorch), MOXXHO
umrioptupoBath ResNetl8 komanmoir from torchvision.models import
resnetl8

JHob6aseTe L2-perymsapuzanuio. B PyTorch ona aktuBupyeTcss ¢ mOMOIIBIO
napameTpa weight decay B omrumm3aTope. 3HaueHHE OOBIYHO BHIOUPAIOT U3
[1le-3, 1e-4, 1e-5]. Ilpumep:

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

CocraButh confusion-matrix. I'paduku accuracy u loss Ha Bamuaanuu.
[IpoBecTn ananu3 oOyueHus. YMeTb OOBSICHUTH CBOU KOJI.

C momompto ¢peiiMBopka PyTorch mist pemenus 3axadu KiacCupuKauu
peanu3oBaTh HeHpOoHHYIO ceThb apxuTeKTypbl VGG. [IpoBectn 0OyueHue Ha
natacere EMNIST (torchvision.datasets) B Google Collaboratory.
[TocTponTs Tpadpuku accuracy u loss Ha BaTuJaIINH.

[IpoBectu aHanu3 BIUSHUS TUNepHapameTpoB (Ha BbIOOp 1 mapamertp) Ha
o0yuenue nocrpoenHoit UHC.
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C nomoimpto ¢peiiMBopka PyTorch mist pemenus 3aaadu KiaccupuKanuu
peanm3oBaTh HEHpoHHYHO ceTh apxutekTypbl MobileNet. TIposectn
oOyuenue Ha maracere FashionMnist ( torchvision.datasets) B Google
Collaboratory. [Toctpouts rpadguku accuracy u loss Ha BauIaIuH.
[IpoBecTn aHanu3 BAMSHUSA TUIeprapamMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue noctpoennort MHC.

PeanuzoBaTh CBEPTOUHYIO CETh, O0OYUUTh CETh U MPOBECTU KIACCUDUKAIIUIO
torchvision.datasets.FakeData. Iloctpoutrs rpaduku accuracy u loss Ha
BaJIMIALINU.

[IpoBecTn aHanu3 BIMSHUS TUneprnapameTpoB (Ha BbiOOp 1 mapameTp) Ha
oOyuenue noctpoennort MHC.

C nomompio ¢perimBopka PyTorch peanuzoBath HEHPOHHYIO CETh
apxutektypsl  DenseNet.  Pemuts 3amauy  kinaccupukamuv IS
FashionMNIST u3 6ubnuorexu torchvision.datasets. CoctaButh confusion-
matrix. 'paduku accuracy u loss nHa Bamumpanuu. IlpoBectn ananus
oOydeHus. YMeTb 0ObSICHUTh CBOM KOJI.

[IpoBectn OuHapHyro kinaccupukanmio B ML-3agaue (matacer vy
npenogasatens). Pa3genuts BbIOOPKY Ha 0O0yYarollyl0 M KOHTPOJIBHYIO.
OO6yuuTth cetb. OLEHUTH KaYECTBO O0yUEHHS.

Pemenue 3amaum perpeccuu ¢ IMOMOIIbIO HEHPOHHOW ceTu (AaTacer y
npernoaaBaTens).

OOyuuTh HEHPOHHYIO CeTh IS 3aJayd MpeJcKa3aHus 3a0o0JieBaHMUS.
[Toctpouts rpaduku accuracy u loss Ha Banmupauuu. [IpoBectn ananms.
YMeTh 00BSICHUTH CBOU KOJI.
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