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1. Heasb, 32124 ¥ IVIAHUPYEMBbIe Pe3yJIbTATHI 00yUeHHs 0 AUCHUIINHE
(Lenv u 3a0auu oceoenust oucyuniunsi, coomeemcemeayiouue yeau OIT)

[lenbr0 OCBOEHWS NUCHUIUIMHBI TEXHOIOTMM MCKYCCTBEHHOI'O WMHTEIIJIEKTA
aBisieTcs Llenpro 0CBOCHUS TUCHUTUIMHBI « T€XHOIOTHMY HCKYCCTBEHHOTO UHTEIIIIEKTA
ABJISIETCST (DOPMUPOBAHHUE Yy CTYJICHTOB TEOPETUUYCCKUX W MPAKTUICCKUX 3HAHUHA O
COBPEMEHHBIX HANPABIICHUAX, METOHOJIOTUSIX MW MOAXOHAX, OTHECEHHBIX K
TEXHOJIOTUSIM UCKYCCTBEHHOI'O MHTEJIJICKTA.

3ajayaMy  JUCLMIUIMHBI  SBISIIOTCA:  3aJadaMM  W3Y4YEHUS JUCLUILIMHBI
«TexHOJIOrMM UCKYCCTBEHHOI'O MHTEJIEKTa» SIBISAIOTCA: - (OpMUPOBaHHE 0a30BOroO
MOHSTUWHOTO arapara NPUHIUNOB (YHKIIMOHUPOBAHMS UCKYCCTBEHHBIX HEHPOHHBIX
CeTell U METOJOB MX OOYUYEHHUS; - U3YUEHHE CPEJICTB pa3pabOTKU U MPOEKTUPOBAHUS
VCKYCCTBEHHBIX HEHPOHHBIX CETEH; - 3HAKOMCTBO C COBPEMEHHBIMH TEXHOJOTHSMHU
MCKYCCTBEHHOI'O MHTEJUIEKTA, N0 CJIEAYIOIIMM HalpaBJICHUSIM: -- KOMIIBIOTEPHOE
3peHue;  -- o0pabOTKa €CTECTBEHHOTO SI3bIKa;  -- PACIIO3HABAHHME U CHHTE3 Peuu;
-- MHTEJUIEKTYaJIbHbIE CHCTEMbl MOJJEPKKM MNPUHATHS peleHuil. - (HopMHUpOBaHUE
YMEHUH M HaBBIKOB PEIICHUS MPAKTUYECKUX 3alad C MPUMEHEHHUEM TEXHOJOTUn
VCKYCCTBEHHOI'O MHTEJUIEKTA.

KomnereHmu u UHIMKATOPBI, PopMUpyeMble y 00y4aromuxcsi:

Kon n HanMeHOBaHNE KOMIIETEHIIUH Kox n HauMeHOBaHuE HMHAMKATOpA
[TIK-1 Cnocoben npeanararb [1K-1.1 Beibupaet aktyanbHble UPPOBBIE
aKTyaJbHbIe IU(POBBIE TEXHOJIOTHH B TEXHOJIOTUH B JESITEITHLHOCTH MPEITPUITHS
MH(POPMALMOHHON HHPPACTPYKTYpe ITK-1.2 Cnioco6eH Kk pa3paboTke U BHEAPEHHIO
PENPUSATHS AKTYaJbHBIX IIUPPOBBIX TEXHOJIOTHI

2. Mecto nucuuninHbl B cTpykrype OII
[IpeamecTByromme TUCIUIUIMHBL (Moaynn), mpaktuku, HUP, np.
[Tocnenyromue AucUUIUIMHEBL (MoaynH), npaktuku, HUP, np.

3. CTpyKTYypa M cojiep:KaHue TUCIHUNIHHbI
3.1. CTpyKTYpa THCHMILIHHBI
JUist ouHOM popMBbI 00yUEHHUS

Bunx yuebnoi paboThl Bg%ro E::gg CeMe(;Tp(H)

OBIIIAS TPYJIOEMKOCTb JIUCIIUTLTUHBI 6 216 216
KOHTAKTHAS PABOTA

AYJUTOPHAS PABOTA 1,89 68 68
Jlexmn 0,94 34 34
[TpakTrueckue (CeMUHAPCKUE) 3aHATHUS 0 0 0
Jla6opaTopHble paboThI 0,94 34 34
CAMOCTOATEJIBHAA PABOTA OBYYAROIIET'OCA 4,11 148 148
[TpopaboTKa yueOHOro MaTepHaa 3,11 112 112
KypcoBoii IpoekT 0 0 0
Kypcopas pabora 0 0 0
IToAroToBKa K MPOMEKYTOUHON aTTeCTALUH 1 36 36




[IpoMexxyTouHast aTTecTanus: 5

3.2. Conep:xanue JMCUMIJIMHbI, CTPYKTYPHPOBAaHHOE 110 pa3iejiaM U BHAaM

3aHATHH
Pazgensr Pacnpenenenue ®opmbl 1 | THIEKCHI THIUKATOPOB
JHCIHTIINHBI a TPYJIOEMKOCTH BHI dbopMuUpyeMbIxX

§ 110 BUIaM y4eOHOM paboThl | KOHTpOJIA KOMITETECHITHIA
S Bl BB

Pazpgen 1 32 16 16 TK1

Paznen 2 36 18 18 TK2

DK3aMeH 36 36 OM1

Hroro 3a 7 cemectp 68 34 34 0 0

HUTOI'O 68 34 34 0 0

3.3. Conep:kaHue IMCUUIIMHBI
Cemctp 7

Pa3znen 1. BeeneHne B HEMPOHHBIE CETH

Tema 1.1 OCHOBBI HEHPOHHBIX CETEU

Hctopus pa3BuTHs HEMPOCETEBBIX TEXHOJIOTUI. 3a7aul, pEelIaeMble C IOMOIIbIO

HEUPOCETEBBIX TEXHOJIOTUH.

OCHOBBI HEUPOHHBIX ceTe. bUOTOrMUecKre acreKThl HEPBHOM AESATEIbHOCTH.
Hetipon. Akcon. Cunarc. Pednexropnas nyra. [lenTpanbHas HepBHas cUCTeMa.
Mopenu uckyccTBeHHOToO HelipoHa. @yHKIMKM akTUBaunK. ba3oBas apxuTekTypa
HelpoHHbIX cetel. OOyueHue ¢ yuutesneM. OCHOBHasi TEPMHHOJIOTHSL.

Tema 1.2 IlomHOCBSI3HBIE CETH MPAMOTO PACIPOCTPAHEHUS

[TosHOCBSI3HBIC CETH MPAMOT0 pacrnpocTpanenus. [IpeomoneHue npoodaIeMbl
XOR. O0y4eHue HEHPOHHOM CETH C MOMOIIBIO AITOPUTMa OOPATHOTO
pacripoctpaneHus omuoOku. [Torstrue oOyuaromiero kouseiiepa (Pipeline).

Tema 1.3 CBepTouHbIE HEHPOHHBIE CETU

Omnepanus cBeptku. B3aumuas koppesnsanus. PeuentusHoe nose. Kackan
ceeprok. I'pynmuposka (pooling).

Tema 1.4 IlpoaBuHyThie METOABI OOYUEHUS

Mertoabl 60prOBI ¢ IepeoOydeHreM. AyrMeHTanus JaHHbIX. baty-
HopMaym3anus. Perynspuzanus TuxoHosa. Lasso perynspuzanus. Dropout.

Pasznen 2. Texnojgoruu HNCKYCCTBCHHOI'O MHTCJIJICKTA

Tema 2.1 Texnonoruu nepegaun ooydenus Transfer Learning



Texnonoruu nepegaun 3Hanuii Transfer Learning / Domain adaptation.
JlooOydeHwue ceTH, MmoAcTpoiika mapameTpoB Fine Tuning. Mcnons3oBBanue
npenoOydeHHbIX ceTeil. COBpEMEHHBIE CBEPTOYHBIE apXUTCKTYPHI

Tewma 2.2 ABro3HKOAEpHI. BapralrioHHbIE aBTO3HKOIEPHI.

ABTOKOJIMPOBIIHMKU. ApXUTEKTYypa 3HKoAep-AeKkoaep. OOHapyKeHUEe aHOMAJIUI
B JIaHHBIX C TTOMOIIIBIO aBTOdHKOAEpa. | eHepaTuBHBIE MoseIH. BapuanuonHbie
aBTO’HKO1ephl VAE.

Tema 2.3 I'enepatuBnbie moaenu NN

CoBpemenHbie apxuTekTypsl. [lopoxnaroniue (reHepaTUBHBIE) COCTA3ATEIbHBIC
HelpoHHbIe ceTu. ['eneparop. Juckpumunarop.

Tewma 2.4 Texnonorun M1 B 00paboTKe €CTECTBEHHOTO SI3bIKA

O06paboTKa €CTECTBEHHOTO A3bIKa C TIOMOIIbIO HEUPOHHBIX CETEM.
Knaccuduxanus tekcra. PexkyppenTHbie HelipoHHbIe ceTu. ApxutekTypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tema 2.5 HepCHeKTI/IBHBIG MOJICIIN HCKYCCTBCHHOI'O MHTCJIJICKTA.

MexaHnu3m BHUMaHUs. ApXUTEKTypa NIyOOKUX HEHpOHHBIX ceteit Transformer
JUIst pabOoThI € TIOCTIEI0BATENBHOCTAMU. MO/IeNIb UCKYCCTBEHHOT'O MHTEIIJIEKTa
Generative Pre-trained Transformer.

3.4. TeMaTH4YeCKH IVIAH NPAKTHYECKHUX 3aAHATHI

JlaHHbIi BUA pabOTHI HE MPEYCMOTPEH YUYEOHBIM IJIAHOM.

3.5. TemaTuyeckuii IJ1aH JJ1a0OPATOPHBIX padoT

1. TexHomoruu pa3pabOTKM W OOyueHHUsT HEHpOHHBIX cerei. [Iporpammuas
pa3zpaboTka ¢ MCHOJb30BAaHUEM OOJAYHBIX HHCTPYMEHTOB. 2. BBeaenue B
¢petimBopku Tayookoro ooydenus Pytorch /Tensorflow. Tensopsl. 3. Apxurextypa
MOJIHOCBA3HOM HEWPOHHOW ceTH U ee oOydeHue. AJTOpuTM  0OpaTHOTO
pacnipoctpanenus omuOku 4. [IpeackasarenbHas aHAIUTUKA JJI POU3BOJICTBEHHBIX
u OuszHec mponeccoB. 5. HHTemnekTyanbHble TEXHOJIOTMH  PAaclO3HABAHUS
n3o0paxkenuii. 6. Texuonorun Transfer Learning. 7. Texunonoruu W B quarnoctuke
3aboneBanuii. 8. Texnonorun N s monutopunra aaHueix. 9. Texnomoruun MU B
00pabOTKE €CTECTBEHHOTO S3bIKA. 10. I'enepaTuBHBIE MOJAETU MCKYCCTBEHHOTO
uHTesekra. 11. PazpaboTka mporpaMMHOro obecreueHusi, B KOTOPOM UCTOIb3YIOTCS
TEXHOJIOTUH NUCKYCCTBEHHOTO MHTEJIJIEKTA.

3.6. Kypcosoii npoekT /kKypcoBasi padora

JlaHHbIi BUA pabOTHI HE MPEyCMOTPEH YUYEOHBIM IIAHOM.

4. OueHnBaHue pe3yJabTATOB 00y4eHUsI



OrneHrBaHKE PE3yIbTATOB O0YYCHHS 11O JUCITUIUIMHE OCYIIECTBIIICTCS B paMKaXx
TEKYIEro KOHTPOJIS W TMPOMEXKYTOYHOM AaTTeCTAIlMH, MPOBOJUMBIX TO OaJUTbHO-
peritunrosoit cucteme (bPC).
[IIkaya o1eHKH pe3yabTaTOB O0YUCHHUS 1O AUCITUILIHHE:

YpoBeHb c(hOPMHUPOBAHHOCTH MHIMKATOPa KOMIICTCHIIUU

Bricoxmii Cpenauit Hunxe Huzkuit
Kon Kon 3ammanu- pel CpEIHErO
KOMII | MHJIUKATOP pOBaHHBIC ot 85 1o 100 or 70 no 84 oT 55 1o 69 or 0 no 54
c- a pe3yabTaThl [IIxana oneHuBaHusd
TEHI] | KOMIIETeH | OOYy4YeHHs IO HEyL0B-
VJIOBJICT-
2444 oA AACIMIITIMHE OTJIUYHO XOpO1I0 JIETBOPU-
BOPUTEIIBHO
TEIHHO
3auTeHo HE 3a4TEHO
3HaTh:
- OCHOBEI
TEOPUHU
HEUPOHHBIX
. ri1yOOKO U XOpOIIIO 3HAET
ceTel, B TOM
ITOJIHO 3HAeT OCHOBHEIE
qucie
MaTeMaTH4YecK | MaTeMaTHYeCK
pa3IUYHbIC e CTOVKIVOEL | 16 CTPVKTYOLL HE 3HaeT
APXHUTEKTYPhI PYKTYP TPYKTYP 3HAeT 6a30BbIX
. B OCHOBE B TIOCTPOCHHH .
HEHPOHHBIX o 0a3oBBIE MTOHATHI, HE
o HOCTpOGHI/IH HeI/IpOHHLIX
CECTCHU U o o IIOHATUA 3HACT KaK
HEHPOHHBIX ceTeid, 3HaeT N
aIII‘OpI/ITM])I nux o HeI/IpOHHLIX 06yqaeTc;I
cereid, 3HaeT AITOPUTM 9 2
00yYCHHS; ceTeil, 3HaeT HeHpOHHAs
ANTOPUTM o0OpaTHOTO
- aNrOPUTM CETh, HE 3HAET
obpaTHOrO pacnpocTpaHeH
MaTeMaTH4ecK backprop, KaK OIIEHUTh
pacnpocTpaHeH Ul OIIMOKH,
He CTPYKTYPbI OCHOBHBIE KavecTBO
1Sl OLIUOKH, HEKOTOpEIE
Y MIPUHIATIBI METPUKHU 00yueHus
COBpPEMECHHbBIC COBpPEMEHHbBIE
X 00001IeH s MOZeNn
ApPXUTEKTYPBI, | aApPXUTEKTYPHI,
Ha TIOCTPOEHUE
MeTpI/IKI/I OCHOBHBEIC
BBIYHCIIUTENLH
KadecTna, METPUKH
BIX OJIOKOB
HEUPOHHBIX
IIK-1 | I[IK-1.1 cerei;
YMeTh:
- yMeeT
aHaJM3UPOBATh | AHAU3UPOBATH yMeer
MOTU(HUKAINN | TMOCTABICHHYIO | aHAJU3UPOBATH
yMeeT HE yMeeT
¥ HOBBIE 3a1a4y u MMOCTaBJICHHYO
noaouparb noadouparb
CpeacTBa npeajiaraTh 3ajayy u
TEXHOJIOTHIO aJICKBaTHYIO
MIPOrPaMMHOTO pelieHus Ha npe/yiaraTh
I/ICKYCCTBGHH TEXHOJIOTHUHO
obecrnevyeHuns OCHOBE pelieHus Ha
. oro WCKYCCTBEHHOT
JUTSL CO3TaHMs TEXHOJIOT M OCHOBE
N HMHTEJUIEKTa 0 MHTEIJIEKTa
WHTEJUICKTYaIb | UCKYCCTBEHHOT TEXHOJOTHI
JUISL pemeHI/m JJIA peHIeHI/IH
HBIX CUCTEM C | O MHTEIICKTa; | MCKYCCTBEHHOT N
MOCTABJIEHHO | MOCTABJICHHOM
HCIIOJIb30BaHNE VYmMmeer 0 WHTEIIEKTA, .
. H 3a7a4m. 3a1a49u
M TEXHOJOTHH | OOOCHOBBLIBATL | OOOCHOBEIBATH
HCKYCCTBEHHOT CBOW BEIOOD CBOI1 BBIOOD;
0 MHTEJIEKTa TEXHOJIOTHH;
Bnaners:
- CpeAcTBaMHU Bmaneer Bmaneer Bmaneer He Bnaneer
CO3JaHUs U MIPOJBUHYTHIM OCHOBHBIMH OCHOBHBIMH cpelncTBaMu
0o0y4JeHus U CpeJCTBAMHU CpelncTBaMu CcpelncTBaMu CO3JIaHUS U
HEHPOHHBIX CO3IaHUs CO3IaHuUs CO3IaHuUs 00y4eHus




ceTeit HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX
Ppa3IUYHBIX cereit cereit cereut cereut
TUTIOB Pa3IUYHBIX Pa3IUYHBIX 0a30BBIX
APXHUTEKTYP. ApPXUTEKTYP. APXHUTEKTYP.
Biageer Bnageer Bnageer
NPOJIBUHYTHIM | CTaHAAPTHBIMH | 0a30BBIMH
U Cpe/ICTBAaMH CpeacTBaMu CpeacTBaMu
00y4eHus 1 o0OyueHHs u o0y4eHus 1
TECTHPOBAHMS | TECTHPOBAHUS | TECTHPOBAHU
ceTel. CETEH. sl CETEH.
3HaTh:
BBIYUCITUTEIIHH
b€ Cpe/ICTBa U
OTIMYHO 3HAET | XOPOIIO 3HAeT
KOMIUIEKCHI, 3HAET OJNH
s3pIk Python s3bIK Python HE 3HAeT
pUMEHsIeMBbIe u3
niu C++ | wm C++ | . BBIUMCIIUTENIHH
npu . . (bperiMBOpKO
(hpeiiMBOpKH (hperMBOpKHI BIX CPEJCTB,
pa3paboTke B TIyOOKOTO
rIIyO0OKOTO IyOOKOTO MIPUMEHSIEMBbIX
MIPOEKTOB oOydeHwus,
. o o0y4eHwus, oOyueHwus, npu
HelpoceTeil u TaKue KaKk
TaKHe KaK TaKHe KaKk pa3paboTke
WHTEJUICKTYalb PyTorch u
PyTorch u PyTorch u MIPOEKTOB
HBIX Tensorflow, . o
Tensorflow, Tensorflow, HelpoceTeil n
CHCTEM; 001ayHbBIE
. o0nayHble o0na4Hble UHTEJUICKTYaJlb
-ppeiimMBopKH 1aTOPMBI
m1aTGOpMBI m1at(opmel HBIX
TITyOOKOTO JUTst paboTHI C
JUTsE pabOoTEHI C JUTsE pabOTHI C . CUCTEM;
o0OydeHwus, . . HEHUPOCETIAMHU
HelpoceTsIMu HEeHpoceTsIMH
TaKue KaK
PyTorch u
Tensorflow
YMeTh:
— CO3/1aBaTh, YmMmeer
HPOBOJUTH CO3/1aBaTh,
OTJIAJIKy HPOBOJUTH
IK-1.2 POTrPaMMBI OTJIaJKY
1oz MPOTPaMMBI C
pborp YMmeer
MIOCTABJICHHYIO | MCIOJIb30BaHHE Ymeer
CO3/1aBaTh HE yMeeT
3ajady ¢ M CO3/1aBaTh
HPOTPaMMBI C CO3/1aBaTh
YUETOM COBpPEMEHHBIX MPOTPaMMBI
UCIIOJIb30BaHHE MPOTPaMMBI C
TOCIIeTHIX MHTEIUICKTYallb c
M UCTIOJIb30BaHHE
TEOPETUICCKUX HBIX UCTIOJIb30BaH
. COBpPEMEHHBIX M
u TEXHOJIOTHH, uem .
MHTEJUIEKTYaJIb . HEHpOoCeTeBbIX
MPaKTUIECKUX Ymeer HelpoceTeBbl .
. HBIX . MoJienei
JOCTIKEHUN B MIPOBOJUTD . X MoJiesieit
TEXHOJIOTHIA
obnactu BHEJ[pEHUE

uckyccrerHor | ONNX ( Open

0 WHTEIJICKTA U Neural

HeHpoceTeBbIX Network

TEXHOJIOT M Exchange )

Buaners:

— TEXHOJIOTHEH OtnuuHO BJIaJieeT BJIaJieeT HE BIIQJIeeT
cOopkH U BIIaJieeT OCHOBHBIMH 0a30BBIMHU OCHOBHBIMH
3arycka TEXHOJIOTHSIMU | TEXHOJOTHSIMU | TEXHOJIOTHSIM | TEXHOJOTHAMHU

HEHPOCETEBBIX cOopku u cOOpKH U 1 cOOpKU U cOOpKH U

Mozesel B 3amycKa 3aIycKa 3aIycKa 3amycKa
pexxume MIPOTPaMM C MIPOTPaMM C MIPOTPaMM C MIPOTpaMM C
Oo0y4YeHHS M | UCTOJNB30BaHHUE | MCIOJIB30BaHUE | MCIIOJB30BAaH | MCIONb30BAaHHE

uH(epeHca. M M ueM M




HEUPOCETEBBIX | HEUPOCETEBBIX | HEUPOCETEBBI | HEUPOCETEBBIX
MOJTyJIEH, MOJTyJIeH, X MOAYJICH. MOJTyJIei
BIaACeT BIIAJICET
TEXHOJIOTHEeH TEeXHOJIOTHEH
nH(pepeHca, Har nH(pepeHca.
p., ONNX
RUNTIME

5. Y4eOHO-MeTOIMYecKoe U UH(POPMALMOHHOE o0ecTiedeHHe JUCHHUILIHHbI
5.1. YyeOHO-MeTOOHYECKOE 00ecIieueHne

5.1.1. OcHoBHas nuTEpaTypa

1) Octpoyx, Aunpeit Bnagumuposud. HTEIIeK Ty alTbHBIE HHGOPMAIIMOHHBIE
CUCTEMBI U TexHoJoruu : MoHorpadus / A. B. Octpoyx, A. b. Hukonoaes, 2019. - 308
c. - Tekcr : anextponnsiid. URL: https://e.lanbook.com/book/115518

2) Cotauk C. JI. [IpoekTupoBaHHE CUCTEM HCKYCCTBEHHOTO HHTEJICKTA :
yueonoe nocobue / C. JI. Cotnuk. - Teker : anextponnbid. URL:

https://e.lanbook.com/book/100395

3) MacnennukoBa, Onbra EBrenbeBHa. OCHOBBI HCKYCCTBEHHOI'O UHTEILJICKTA :
yueOHoe nocobue / O. E. Macnennukosa, 1. B. I'aBpuiona, 2019. - 282 c. - Tekcr :
anextponHbiid. URL: https://ibooks.ru/bookshelf/337972, OBC ibooks.ru

4) PocrosiuieB B. C. MckyccTBenHble HelipoHHbIE ceTH : yueOnuk / B. C.
PoctoBres, 2023. - 214 c. - Tekcr : anekrponusiii. URL:
https://e.lanbook.com/book/310184, OBC Jlann

5.1.2. JlononHUTENbHAS TUTEpaTypa
1) l'onoBuieiHa M. B. MeTooiorust aBToMaTu3aiui paboT TEXHOJIOTHISCKON

MOJATOTOBKM IPOU3BOJCTBA : yueObHoe nocodue / M. B. I'onoBuibina, 2016. - 208 c. -
Texcr : anextponnsiii. URL: https://e.lanbook.com/book/100642

2) Slcaunkuii, Jleonunn HaxumoBud. BBeneHre B MCKYCCTBEHHBIN MHTEIJIEKT :
yaebHoe nocobue 1ist By3oB / JI.H. SAcuuukuii, 2008. - 176 c. - Tekcr :
HEMOCPEICTBEHHBIM.

3) XKnanoB A. A. ABTOHOMHBI! UCKYCCTBEHHBIN MHTEIUICKT : HAYYHOE U3/IaHUE /
A. A. XKnanos, 2020. - 362 c. - Tekcr : anexkrponsbiit. URL:
https://ibooks.ru/bookshelf/350079, 9BC ibooks.ru

5.2. MudopmanuonHoe odecrnedeHune

5.2.1. DneKTpOHHBIE U HHTEPHET-PECYPCHI




5.2.2. IlpodeccuonanpHpie 0a3pl  JnaHHBIX /[  HMH(MOpManOHHO-CIIPaBOYHBIC

CHCTCMBI

5.2.3. JlunieusnoHuoe "

oOecrieyeHue QUCIATUINHBI

CBOOOTHO

pacnpocTpaHsieMoe  MPOrpaMMHOE

6. MaTepuaJbHO-TEXHUYECKOE O0ecneuyeHue U CIUIIMHbI

HanmenoBanue BHUaa

HaumenoBanue yueOHOM

y4eOHOU PabOTHI ayIMTOPHH, [lepeuens HEOOXOIMMOTO 0OOPYAOBAHUS H
CIICIMATM3TPOBAHHON TEXHUYECKUX CPE/ICTB 00yUYCHHs
snabopaTropuu
Jlexmun Y4eOHas ayuTopus Jis Criennanu3upoBaHHAS yueOHas Me0elb,
NPOBE/ICHUS 3aHATHIH TEXHUYECKUE CPEICTBA OOyYeHHs, CIyKalue s
JICKIIHOHHOT'O TUTIA IpEJCTaBICHUS y4eOHOI uHpOopMaun
OonpiIoON  ayautopud  (MYJBTUMETUNHBIN
IPOEKTOp, KOMIbIOTEp (HOYTOYK), 3KpaH),
JEMOHCTpAllMOHHOE 00Opy/0BaHue, Yy4yeOHO-
HaTJISTHBIC TTOCOOHSI
[IpakTuueckue Vuebnas  ayauropus s | Crienuanu3upoBaHHAsS yaeOHast Mebernb,
3aHATUA NPOBEIICHUA 3aHATUH | TEXHUYECKHE cpeacraa o0yueHus
CCMHHAPCKOTO THNA, | (MynbTUMEIUIHBIA  MPOEKTOP,  KOMIIBIOTEP
TPYNNOBEIX M MHAMBHAY- | (4oyT6yK), SKPaH) U Ap.
AITbHBIX KOHCYJIbTalIi,
TEKYLICTO KOHTPOJIA u
MIPOMEXYTOUYHOW aTTeCTALMU
ﬂa60paTopHLIe YyeOHas maboparopus Crneunanu3upoBaHHOMN naboparopHoe
paboTHI « », o0opyioBaHue 1Mo MpoduIIo JIAdopPaTOPHH:
KoMIbroTepHBIii Ki1acc ¢ Crenmanu3upoBaHHas yueOHast MeOelb,
BbIXOZI0M B MIHTEpHET TEXHHUYCCKHUE cpeacTsa o0yueHHs
(MyIbTUMEIUNUHBIM  MPOEKTOP,  KOMIIBIOTEP
(HOYTOYK), 9KpaH), JULEH3UOHHOE
IporpaMMHoOe obecreyeHue
KommbroTepHsblii K1ace ¢ CneunanusupoBanHas ydeOHas mebenb Ha 30
BbixoztoMm B Mutepuer B-600a | mocamounsix  mect, 30  KOMIIBIOTEPOB,
TEXHUUYECKHE CpelcTBa oOydeHus (MyIbTUME-
JTUWAHBIA  TPOEKTOpP, KOMIIBIOTEP (HOYTOYK),
3KpaH), BHJIEOKAMEDHI, porpaMMHOE
o0ecrnieueHue
CamocrosTtensHass | KommbroTepHbIii Kiiace ¢ Cnenmamm3upoBadHas yueOHass mebenp Ha 30
pabora BeIxozioM B MuTeprer B-600a | mocamounsix  mect, 30 KOMIIBIOTEPOB,

TEXHUYECKHE CpeACTBa OO0ydeHus (MyJbTHME-
TUUHBIA  TPOEKTOP, KOMIBIOTEP (HOYTOYK),
JKpaH), BHJICOKAMEPHI, IporpaMMHOE
obecrieyeHue

YuTanbHbIN 341
OubInOTEKU

CrenmanusupoBaHHas MeOesb, KOMIIbIOTEpHas
TEXHHMKA C BO3MOXHOCTBIO BbIXoza B IHTepHET 1
obecnieuenuem noctymna B JUOC, skpaH,
MYJIbTUMEAUNHBIN IIPOEKTOP, IPOrpaMMHOE
o0ecrnieueHue

VYuebnast ayauTopust 1Jist
BBITIOJTHEHHS KyPCOBOTO

Coern




npoeKTa (KypcoBoi paboTel) | M3MpOBaHHAs MeOEb, KOMIbIOTEPHAs TEXHUKA
_ (yxassBaercs npu C BO3MOXKHOCTBIO BbIXOJa B HMHTepHer u
namnaun KP/KII 1 Takoit o0ecrieueHrEM JoCTyTa B OUOC,
ay/MTOpHM) IPOrpaMMHOE 00ecIeYeHHe

7. Oco0eHHOCTH OpraHU3aNuMu 00pPa30BaTEIbHON AeATeILHOCTH JJIs JIUI C
OrPAHUYEHHBIMHM BO3MOKHOCTSIMH 3/I0POBbSI M HHBAJINI0B

JIuna ¢ orpaHM4EeHHBIMU BO3MOXKHOCTSMU 3710poBbsi (OB3) M MHBaIMIBl UMEIOT
BO3MOKHOCTh OECHPEINSATCTBEHHO MEpPEeMENIaThCsl M3 OAHOTO Y4eOHO-TabopaTOpPHOTO
KOpIlyca B JIpyroil, MOJHATHCS HA BCE JTaXHU Y4eOHO-TAOOPATOPHBIX KOPITYyCOB,
3aHUMaTbCd B YYEOHbIX M HHBIX IIOMELIEHHSX C YYETOM OCOOEHHOCTEU
NCUXO0(U3NIECKOTO PA3BUTHS U COCTOSIHUSA 37I0POBBSL.

Jist o0yuenuss mun ¢ OB3 ¥ MHBanWI0B, UMEIOIIMX HAPYIICHHS OMOPHO-
JIBUTATEIHLHOTO armmapaTa, 00ecrieueHbl YCIOBHsI OECIIPEMSITCTBEHHOTO JOCTYTa BO BCE
yueOHble mnomeiieHus. MHpopmanus o cHelUalbHBIX YCIOBUSX, CO3JaHHBIX IS
oOyuatomuxcs ¢ OB3 u wuHBaiMAOB, pa3MelleHa Ha caiiTe yHHBEpCHUTETa
www//kgeu.ru. imeercst BO3MOKHOCTh OKa3aHUsI TEXHUIECKOM MTOMOIIN aCCHCTEHTOM, a
TaKKe YCIIYT CypJOIEPEBOTUUKOB U TU(PIOCYPAOIEPEBOAUUKOB.

g agantauuu K Bocnpustuio Junamu ¢ OB3 u nHBanuaaMu ¢ HapylIeHHBIM
CIIyXOM CIpPaBOYHOrO, Yy4eOHOro MmaTepuana M0 JUCHUILIMHE OO0eCIeunBarOTCs
CJIEYIOILNE YCIOBUS:

- JUTS Ty4IIed OpUEHTAIlMN B ayJUTOPHH, IPUMEHSIOTCSI CUTHAIBI OTOBEIICHUS
O HayvaJie ¥ KOHIIE 3aHATHUSA (CIIOBO «3BOHOKY» IMUIIETCS HA JJOCKE);

- BHUMaHue cjabocnplmamero o0ydJarmerocs TMPUBJICKAETCs TEAarorom
KECTOM (Ha IJIeY0 KJIaIeTCs pyKa, OCYIIEeCTBISETCS HEPE3KOe MOXJIOMbIBAHHE);

- pasroBapuBas ¢ 00y4arIUMCs, MeJarOrHUYecKuii padOTHUK CMOTPUT Ha HETO,
TOBOPUT SICHO, KOPOTKUMH TPEUIOKECHUSIMH, 00ECIIeurBasi BOZMOKHOCTh UTEHUS TI0
ry0am.

KoMmneHncamnuss 3aTpyJHEeHHI peyeBOr0 M HHTEIUICKTYyaJIbHOTO Pa3BUTHS
c1a0O0CBIIAIINX 00YYaIOUTUXCsl TPOBOAUTCS MTYTEM:

- HCTIOJIb30BAaHUsI CXEM, JUarpaMM, PUCYHKOB, KOMIBbIOTEPHBIX MPE3CHTAlUi ¢
TUIIEPCCHIIIKaMU, KOMMEHTHPYIOIKMMHU OT/IEIbHbIE KOMIIOHEHThI H300paxeHMs;

- peryJIIpHOTO TMPUMEHEHUS YyHOpaXHEeHWH Ha rpaduuyeckoe BbIJIEICHHE
CYILECTBEHHBIX MPU3HAKOB IPEIMETOB U SBJICHUII;

- obecriedeHrs BO3MOXKHOCTH I OOydYaromierocs TMOJY4YUTh aJpPECHYIO
KOHCYJIBTAIIUIO TI0 JIEKTPOHHOU MOYTE 10 MEepe HEOOXOIUMOCTH.

Jnsa agantanuu K Bocnpustuio jgumamu ¢ OB3 u nHBanuaamMu ¢ HapymieHUSIMH
3pEHUs CIPABOYHOTO, Y4EOHOTO, MPOCBETUTEIHCKOTO MaTepualia, MpeyCMOTPEHHOTO
o0Opa3oBaTeNbHONl IPOrpaMMoil MO BBIOPAHHOMY HAMpPaBICHHUIO MOATOTOBKH,
00€eCTIeUNBAIOTCS CIEAYIONIUE YCIOBHS:

- BeJIeTCsl ajanTaius opUIHaIbHOTO caifiTa B ceTu MIHTepHET ¢ y4yeToM 0coObIX
NOTPEeOHOCTEW MHBAIHIOB IO 3PEHUI0, 00ECTICUNBACTCS HATMYUE KPYMTHOMIPU(TOBOI
CHPaBOYHON MH(POPMAIIUH O PACTIMUCAHUU YUEOHBIX 3aHITHIA;

- IelaTOTHYeCKuid  paboOTHUK, ero cobOecemqHuk (pU  HEOOXOIUMOCTH),
IPUCYTCTBYIOIIME Ha 3aHSATHH, MPEICTABISIOTCS OOyUYaIOIIUMCS, MPU 3TOM KaxIbIi
pa3 Ha3bIBaeTCs TOT, K KOMY MeIarorunueckuii paboTHUK oOpalaeTcs;
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- ICUCTBUS, JKECTHI, MEPEMEIICHUS MEeAarorn4ecKoro paboOTHUKAa KOPOTKO H
SICHO KOMMEHTHUPYIOTCS;

- meyaTHass WHQOpMANM TPEAOCTaBIsAeTCS KpymHbIM 1mpudtom (oT 18
MMyHKTOB), TOTAJILHO 03BYYHBACTCS,

- o0ecrieunBaeTCs HEOOXOIUMbI YPOBEHb OCBEIIICHHOCTH TOMEIICHUI;

- IPEAOCTABIIICTCS BO3MOXKHOCTh HCIIOJIB30BaTh KOMITBIOTEPHl BO BpeMs
3aHSTHI U MPABO 3aMUCH 00BSICHEHUI Ha TUKTO(OH (T10 KeJTaHUI0 00yJarOIInUXCs).

dopma mMpOBEACHUA TEKYIIEW W  TPOMEXKYTOUYHOM  arTecTaruul IS
oOyuaronuxcss ¢ OB3 u MHBaNUIOB ompenenseTcss MeJarorndieckuM paboOTHUKOM B
COOTBETCTBUM C YyueOHbIM mmiaHoM. [Ipu HeoOxomumoctu oOydvatomemycs ¢ OB3,
WHBAJIHUIY C YYETOM HX WHAWBUAYAIBHBIX MCUXO(QU3UIECKHUX OCOOCHHOCTEH maercs
BO3MOKHOCTh MPOUTH MPOMEKYTOUHYIO aTTECTAIMI0 YCTHO, MUCbMEHHO Ha Oymare,
MMCbMEHHO Ha KOMIIbIOTEpE, B (hOpME TECTUPOBAHUS M T.II., JUOO MPEIOCTABISETCS
JOTIOJTHUTEIHHOE BPEeMS JIJIS TIOJITOTOBKH OTBETA.

8. MeToauyeckue pexkoMeHJAIMM [JIs1 NMpenoaaBare/ieil M0 OpraHu3aluM
BOCIIMTATEJbHOU PAa00THI C 00yYAOIMMHUCH.

Meroanueckoe obOecriedeHre Mmpoiecca BOCIUTAHUS 00YYaIOIUXCsl BHICTYAeT
OIHUM U3 ompeAensionmx ¢GakTopoB  BBICOKOTO  KadyecTBa  0Opa3oBaHUS.
[IpenonaBarens By3a, AEMOHCTPUPYS BBICOKHA TPO(ECCHOHAIN3M, JPYIHUIIHIO,
YETKYIO TPaKIAHCKYIO TO3HUIINI0, CAMOIUCITUIIINHY, TBOPUYECKUH MOJAXO] B PEIICHUN
npodeCCUOHANIBHBIX 3a/lad, B XOJe O0O0pa30BaTelIbHOrO Mpoliecca CIOCOOCTBYET
(GhOpMHUPOBAHUIO TAPMOHUYHON JTUIHOCTH.

[Ipn peanmm3anuu  JUCHUIUIMHBI  TPEMOAABATEh MOXKET  HCIOJIb30BaTh
CJICTYIOTHE METOIBI BOCTIUTATEIIBHON PaOOTHI:

- MeTOJbl (POPMUPOBAHUSI CO3HAHUS JIMYHOCTH (Oecena, AWCHYT, BHYIICHHE,
WHCTPYKT@X, KOHTPOJIb, OOBSICHEHUE, NpPHUMEpP, CaMOKOHTPOJb, pPaccKa3, COBET,
yoexKaCHUE U Ip.);

- METOJbl OpTraHU3aIuU JEATEILHOCTH U (POPMUPOBAHUS OIbBITA IMOBEICHUS
(3amaHue, OOIIECTBEHHOE MHEHHWE, IIeJlaroThueckoe TpeOoBaHWE, TOpyYeHUe,
pUyYeHne, CO3JaHNe BOCTIMTHIBAIOIINX CUTYAIINi, TPEHUHT, YIPAKHEHHE, U JP.);

- METOJbl MOTUBAIIMHM JACSATEIBHOCTH U TMOBeNeHUs (0700peHue, MOOIIPEeHHE
COIIMAJIbHON aKTHMBHOCTH, TOPUIlAaHUE, CO3JaHUE CHUTyalluil ycrexa, Co3JaHue
CUTYAIIMH JIJI SMOIIMOHATLHO-HPABCTBEHHBIX TIEPEKUBAHUHN, COPEBHOBAHWE U JIP.)

[Tpu peanu3anuu TUCIUTIIMHBI MPETIOAABATENb JOKEH YUUTHIBATh CIICTYIOIIHC
HaIpaBJICHUS BOCIIUTATCIIBHON JIEATEITLHOCTH:

I'pasicoanckoe u nampuomuueckoe 6ocnumaHue:

- popmupoBaHre y OOyYarOIUXCS IIEJIOCTHOTO MHPOBO33PCHUS, POCCHHCKOM
WJICHTUYHOCTH, YBOKEHUS K CBOEH CeMbe, OOIIECTBY, TOCYIapCTBY, MIPUHSATHIM B CEMbE U
O0IIIeCTBE AyXOBHO-HPABCTBEHHBIM U COIMOKYJIBTYPHBIM IIEHHOCTSIM, K HAIIMOHATBHOMY,
KyJIbTYPHOMY ¥ HCTOPUYECKOMY HAcJeIuio, (opMUpOBaHHE CTPEMIICHHSI K €ro
COXPaHEHUIO U PA3BUTHIO;

- popmupoBaHKe y 00yUYarOMIUXCS aKTUBHOW TPAXKIAHCKOW TO3WIIMU, OCHOBAHHOMN
Ha TPAJUIMOHHBIX KYJIBTYPHBIX, JYXOBHBIX M HPABCTBEHHBIX IIEHHOCTSX POCCHICKOTO
oOImrecTBa, Hjisl TIOBBIIICHUS CIIOCOOHOCTH OTBETCTBEHHO PEAIM30BBIBATH CBOH



KOHCTUTYLIMOHHBIE ITpaBa U 00sI3aHHOCTH;

- pa3BUTHE MPABOBOM U MOJUTUYECKON KYJIbTYypbl O0YUYaOIINUXCS, PACIIUPEHHE
KOHCTPYKTUBHOI'O YYacTHsli B NPHHITHM PEIICHHM, 3aTparuBarolIMX HX INpaBa M
UHTEPECHl, B TOM YHCJIE B PA3UYHBIX (opMax camMOOpraHU3allMd, CaMOYIPaBJICHU,
00IIIECTBEHHO-3HAYNMOM JIESITCILHOCTH;

- popMupoBaHUE MOTHUBOB, HPABCTBEHHBIX U CMBICJIOBBIX YCTAHOBOK JIMYHOCTH,
MO3BOJIAIOIIMX TMPOTUBOCTOATH AKCTPEMHU3MY, KCEHO(POOWH, TUCKPUMHUHAIMH IO
COLIMAJIBHBIM, PEIMTUO3HBIM, PACOBBIM, HAIMOHAJIBHBIM NPHU3HAKaM, MEKITHHUECKON
U MEXKOH(ECCHOHAIIBHON HETEPIUMOCTH, JPYTUM HETaTUBHBIM  COLMAJIIBHBIM
SIBIICHUSIM.

Llyxoeno-upascmeennoe eocnumanue:

- BOCIIUTAHUE YYyBCTBA JOCTOMHCTBA, YE€CTH M YECTHOCTH, COBECTIMBOCTH,
YBXEHUS K POAUTEISIM, YUUTEISAM, JIFOASAM CTapIIEro MOKOJICHUS;

- popMHUpOBaHME MNPUHLMIIOB KOJUIEKTUBM3MA W  COJUIAPHOCTH, JIyXa
MUJIOCEpAUSl W COCTPaJaHus, MPHUBBIYKK 3a00TUTHCA O JIOJAX, HAXOMSIIUXCSA B
TPYAHOW )KU3HEHHOU CUTYAINH;

- popMHUpOBaHUE COJIUIAPHOCTH U YYyBCTBA COLIMAIBHONW OTBETCTBEHHOCTH IIO
OTHOUIEHUIO K JIIOASM C OTPAaHUYEHHBIMH BO3MOYKHOCTSIMHU 3JI0POBbsI, MPEOIOJIECHUE
IICUXOJIOTUYECKUX OapbepoB MO OTHOIICHHIO K JIIOJAM C OrPAHHUYECHHBIMU
BO3MOXHOCTSIMU;

- popMupOBaHHE SMOLIMOHAIBHO HACBHILIEHHOTO M JYXOBHO BO3BBIILIEHHOI'O
OTHOULIEHUSI K MHUpPY, CHOCOOHOCTH M YMEHHUS MepelaBaTh APYIMM CBOM 3CTETUUECKUIN
OIIBIT.

Kynemyphno-npoceemumensckoe gocnumanue:

- popMHUpoOBaHUE 3CTETUUECKON KapTHUHBI MUPA;

- popMHupoBaHUEe yBa)KCHUS K KYJIbTYPHBIM LIEHHOCTSIM POJHOIO TOpoja, Kpas,
CTpaHbI;

- IOBBIIICHUE TIO3HABATEILHOM aKTHBHOCTH O00YYaIONUXCSI.

Hayuno-obpazosamenvhoe socnumanue:

- hopmupoBaHue y 00ydaronuxcss HAyIHOTO MHUPOBO33PCHHUS,;

- opMHUpOBaHUE YMEHUS TOJydaTh 3HAHUS;

- popMHUpOBaHUE HABBIKOB aHaIM3a M CHHTE3a MH(OpMAIlMH, B TOM YHCJIC B
npodeCCHOHAIBHOM 001acTH.
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Ipunooicenue k paboueti
npozpamme OUCYUNIUHbL

DenepajibHOE TOCYIAPCTBEHHOE 0K0IXKeTHOE 00pa3oBaTe/ibHOe
yupe:K/ieHHne BhICHIEro 00pa3oBaHus
KI'9Y  (KA3AHCKMIii TOCYIAPCTBEHHBII DHEPTETUYECKUII YHUBEPCUTET»
(®PI'bOY BO «KI'2Y»)

@ MHWHUCTEPCTBO HAVKH U BBICILIET'O OFPA3OBAHU S POCCUMCKON ®EJIEPALIMNA

OLHEHOYHBIE MATEPHUAJIbBI
10 JUCHHILINHE

b1.B.JZ13.01.02.03 TexHOJIOTUU UCKYCCTBEHHOTO MHTEJIEKTA

(Haumenosanue oucyuniunvl 8 COOMEEmMcmeuu ¢ y4eOHbiM HiIaHOM)

Harmpasnenue noaroroBku 09.03.01 MuadopMaTrka 1 BEIYUCIUTEIbHAS TEXHUKA
(K00 u naumenosanue nanpasienust NOO20MOGKIL)

KBanudukanus OakanaBp

(Baxanasp / Mazucmp)

r. Kasans, 2023



OneHouyHble MaTepuaibl MO JUCHMILUIMHE TEeXHOJOIMHM MCKYCCTBEHHOTO
UHTENIEKTa , MpEeAHA3HAYEHHBbl Ui OLEHUBAHUS PE3yJIbTaTOB OOyYEHHs Ha
COOTBETCTBHE MHIUKATOPAM JOCTUKEHUS KOMIIETEHIIHMM.

OneHnBaHue pe3ynbTaToOB 00yUEHUS MO AUCIUILTUHE OCYIIECTBISIETCS B paMKax
tekymero KoHTpods (TK) u npomexxyTo4uHOH aTTecTalyu, MPOBOJUMBIX MO OaJIbHO-
peritunrosoit cucreme (bPC).

1.TexHosiornyeckasi Kapra
e Cemectp /

PeiiTuHroBsie nokazaTenu
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Paznen. "BBenenne B HeMpOHHBIE CETH" TK 25 0 0-25
Pa3zpnen. "TexHonOrum HCKyCCTBEHHOTO TK
" 30 0 0-30
MHTEIJICKTa
IIpome:xyTouHasi arrecTanus (3a4eT, IK3aMeH, OM 0-45
KII, KP)
3amanue MPOMEKyTOYHOHN aTTeCTaIllH 0-15
B nuceMenHoi# hopme 1o Ouriietam 0-30

Texnonocuueckas kapma @opmupyemcs  ONsl KAHCO020 BUOA NPOMENCYMOYHOU
ammecmayuu ( 3a4ema,’K3amMeHa, Kypcoso2o npoekma uiu pabomet)

2. OueHOYHbIE MATEPHAJIBI TEKYIIEr0 KOHTPOJISI U IPOMEKYTOYHOM aTTecTaluu
[IIkana oreHKH pe3yabTaTOB O0YUCHHUS 110 AUCIUILIIMHE:

YpoBeHb c(hOpMUPOBAHHOCTH MHJIMKATOPa KOMIIETCHIIUU
N . Huxe .
Kox Kox e Beicoknii Cpennuit CpemHETo Husknii
KOMII | HHOUKATOP POBaHHBIC ot 85 no 100 ot 70 no 84 oT 55 o 69 ot 0 nmo 54
c- a pe3yJIbTAThI IIxana oreHMBaHUS
TEHI[ | KOMIIETeH | O0ydYeHus Mo HEyL0B-
YIOBJICT-
2044 U JUCIUIIIIUHE OTJINYHO XOpPOIIO JIETBOPU-
BOPHTEIILHO
TEJLHO
3auTeHo HE 3aYTCHO
3HaTh:
- OCHOBBI rIyO0KO U XOPOIIIO 3HACT 3HaeT HE 3HaeT
TEOPHH MOJTHO 3HAET OCHOBHBIC 0a3oBbIC 0a30BbIX
K-1 | IK-1.1 HeﬁROHHHX MaTeMaTHYeCK | MaTeMaTHYeCK TOHSTHS HOHSTHH, HE
CeTeid, B TOM Ue CTPYKTYPbI | He€ CTPYKTYpbI | HEHPOHHBIX 3HAET KaKk
quce B OCHOBE B MOCTPOCHHH | CeTeil, 3HaeT o0ydJaetcst
pas3IuyHbIe MOCTPOCHHUS HEMPOHHBIX AITOPUTM HEWPOHHAs
APXMTEKTYPHI HEHPOHHBIX ceTeid, 3HaeT backprop, CETh, HE 3HAET




HEHPOHHBIX

ceTel, 3HaeT AITOPUTM OCHOBHEIE KaK OLIEHUTD
ceTell u aJTOPUTM obpartHOTO METPHUKH KayecTBO
AJTOPUTMBI UX o0OpaTHOTO pacnpocTpaHeH 00y4eHus
o0yueHus; pacnpocTpaHeH M1 OLIUOKH, MOJENH
- 1S OIIHOKH, HEKOTOpbIE
MaTeMaTH4IeCK | COBPEMCHHBIC COBpPEMCHHBIC
Ue CTPYKTYPBl | apXUTCKTYPBHI, APXUTEKTYPBI,
Y TIPUHITAITBL METpPUKH OCHOBHEIE
X 0000IIeHUS KadecTBa, METPHUKH
Ha TIOCTPOEHUE
BBIYUCIUTENHH
BIX OJIOKOB
HEUPOHHBIX
CeTeH;
YMeTn:
- yMeeT
aHAJIM3UPOBATh | aHAJM3UPOBATH yMeeT
Moau(UKaIMY | TOCTaBJICHHYIO | aHAJIM3MPOBATH
yMeeT HE yMeeT
M HOBBIE 3amaqdy u MTOCTABIICHHYO
noaouparhb noaouparthb
CpelcTBa npeajaraTh 3a/a4y u
TEXHOJIOTHIO aJIeKBaTHYIO
MIPOrPaMMHOTO pelIeHus Ha npeJiaraTh
HCKYCCTBCHH TEXHOJIOTHIO
obecneyeHust OCHOBE penieHus Ha
. oro HCKYCCTBCHHOT
JUIA CO3aHus TEXHOJIOTHI OCHOBE
. HHTEJIEKTA 0 MHTEJUIEKTA
HUHTEIUICKTYallb | UCKYCCTBEHHOT TEXHOJIOTHI
JUTSL pEIICHUsT | ISl peIeHUs
HBIX CHUCTEM C O WHTEIJIEKTa; | MCKYCCTBEHHOT o
[IOCTABJIEHHO | ITOCTABJIECHHOI
HCIIOIb30BaHUE YmMmeer 0 UHTEJUIEKTA, o
o # 3a1a4m. 3a7a4u
M TEXHOJIOTMII | OOOCHOBBIBATH | OOOCHOBBIBATH
HACKYCCTBEHHOT CBOI1 BEIOOD CBOIi BBIOOD;
0 MHTEJIEKTA TEXHOJIOTHH,
Bnanerts:
Bnangeer Bnangeer Bnangeer
MIPOJIBUHY THIM OCHOBHBIMH OCHOBHBIMH
Y CpeJICTBAaMHU CpelcTBaMu CpelcTBaMu
CO3TaHUs CO3JaHUs CO3JaHus
- cpe/icTBaMu o o o
HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX He Binaneer
CO3JaHus U N . N
ceTei cerei ceTei cpelncTBaMu
oOy4deHus
o pa3IMYHBIX Pa3IUYHBIX 0a30BbIX CO3JaHMs U
HEHPOHHBIX
ceTeit APXUTEKTYP. APXUTEKTYP. APXUTEKTYP. 00y4eHuUs
Bnaneer Bnaneer Bnaneer HEUPOHHBIX
Pa3IUYHBIX °
THIIOB MPOJBUHYTHIM | CTaHAAPTHBIMHU 0a30BBEIMH ceTei
U CPeJCTBAMHU cpelcTBaMu cpelcTBaMu
00y4eHus u o0yueHHs u 00y4eHus 1
TECTUPOBAHMS | TECTHPOBAHHUS | TECTHPOBAHU
CeTeH. CeTel. sI CeTeH.
3HaTh:
- OTJIMYHO 3HAET | XOPOIIO 3HAET 3HAeT OJUH
HE 3HaeT
BBIYHMCIIUTEIBH | s13bIK Python s3p1k Python u3
o BBIYKCIIUTEIbH
bI€ CPEJICTBA U wm C++ | wm C++ | (dhpeitMBOpKO BIX CDECTE
KOMIUIEKCHI, (dperiMBOpKH ¢$peliMBOpPKH | B TIyOOKOro P ’
MIPUMEHSIEMBbIX
IpUMEHSIEMEIE TIIyOOKOTO rIy0OKOTO 0o0yJeHmMs, Hom
IK-1.2 npu 00y4eHus, o0y4eHwus, TaKHue KaKk P
pa3paboTke
pa3paboTke TaKkHe Kak TaKHe KaKk PyTorch u
MIPOEKTOB
MTPOEKTOB PyTorch u PyTorch u Tensorflow, . o
o o HelpoceTel n
He#poceTei u Tensorflow, Tensorflow, obauHbIe
WHTEIJICKTYallh
UHTEJICKTYalhb 001a4uHbIE 001ayHbIe miatopmel HEIX
HBIX m1aTGopMbI miatopmel JUTsE pabOTHI C cHCTeM:
CHUCTEM; JUIs1 pabOTHI C JU1s1 pabOTHI © ’

HelpoceTsImMu




-(pperiMBOpKH HeUpoceTsIMU HEUpOoCeTIMU
TIyOOKOTO
oOydeHwus,
TaKHe Kak
PyTorch u
Tensorflow
YMeTs:
— CO3/1aBaTh, VYmMmeer
MPOBOJIUTH C03/1aBaTh,
OTIAAKY MPOBOJIUTH
MIPOrPaMMBbI OTIAJIKY
noJ MPOTPAMMBI C
porp Ywmeer
MOCTABJICHHYIO | UCIIOJh30BAHHE Ymeer
CO31aBaTh HE yMeeT
3ajady ¢ M CO03/1aBaTh
MPOTPAMMBI C CO3/1aBaTh
y4eTOM COBPEMEHHBIX MPOTPAMMBI
UCIIOJIb30BaHUE MPOrpaMMBbI C
MOCTEeTHUX HHTEJIEKTY b c
M HCTIONb30BaHKe
TEOPETHUCCKUX HBIX HCIIOJIb30BaH
. COBpPEMEHHBIX M
u TEXHOJIOTHIA, ueM .
WHTEJUIEKTYalb . HEHPOCETEBbIX
MPAKTUICCKUX Ymeer HEHPOCETEBHI N
. HBIX o Mojienei
JIOCTHKCHUI B MIPOBOJIUTH . X Mozenei
TEXHOJOTHH
obnactu BHEJIpCHUE
uckyccrernnor | ONNX ( Open
0 UHTEIUIEKTa U Neural
HEHPOCETEBBIX Network
TEXHOJIOTH Exchange )
Bnaners:
OTnuaHO
BIIaJIceT BJIaJieeT
TEXHOJOTHSIMHU OCHOBHBIMH
BJIaJieeT HE BIIaJIeeT
. cOOpKH U TEXHOJIOTHSIMHU
— TEXHOJIOTHEH 0a30BbIMHU OCHOBHBIMH
3arycka cOopKH U
cOOpKH U TEXHOJIOTHSM | TEXHOJOTHUSIMHU
MPOTPaMM C 3amycKka
3arrycKa U COOPKH H cOopKHU U
. WCTIOJIb30BaHKUE | TPOTPaMM ¢
HeHpoCceTeBbIX 3amycKka 3amycKka
. M UCIIOJIb30BaHUE
Mo/ieieii B . IIPOTpaMM C POTPaMM ¢
HEHPOCETEeBBIX M
pexxuMe . N WCIIOJIb30BaH | MCIOJIb30BaHUE
MOJTYJICH, HEHpOCeTeBhIX
oOydeHus u o ueM M
BIIaJIceT MOJIyJIeH, . N
uHdepeHca. . HEHpPOCETEeBBI | HEHPOCETEBBIX
TEXHOJIOTHEH BJIaJIeeT . .
. X MOZYJICH. MOJTyJen
uH(epeHca, Hall | TEeXHOJIOTHeH
p., ONNX uHgepeHca.
RUNTIME

O1leHKa «OTJHYHO

BBICTABJIICTCA 3a BBIIIOJITHCHHUEC HOJIHOE 6blNOJIHeHUe

nabopamopueix pabom 8 cemecmpe, 21yO0Koe NOHUMAHUe NPUHYUNO8 NOCMPOEHUs,
Memo008 u MmexHoN02Ull 00yYeHUsl HeUPOHHBIX cemeli, NOHUMAHUe Mempux o0y4eHus,

3HAHUE

OCHOBHbIX

MexXHoN02Ul

UCKYCCNMBEHHO20

urmesliekmada,

noJjiHvle U

cooepacamenbHble OMBEeMvl HA BONPOCHL OUema (meopemudeckuti U NPaKmuiecKull

60NpPOCHL)
Ornenka

«X0poIo»

BBICTaBJISACTCSA

32 BBINOJIHECHUE
1abopamopHulx pabom 6 cemecmpe; NOHUMAHUE OCHOBHbIX NPUHYUNOE NOCMPOEHUS U
Memooo8 00yueHUsi HeUpOHHLIX cemell, NOHUMAaHue Mempux oOyueHus, 3HaHue
MEeXHON02ULl UCKYCCMBEHHO20 UHMENIEKMA, CO0epHCameilbHble OmEemvl Had 80NPOChHl
ounema (meopemudeckuti U NPAKMUYECcKUuti 60NpPocyvl)

6blNOJIHEHUE




OueHka «yJAOBJIETBOPHUTENbHO0» BBICTABISICTCS 3a BBIIIOJHEHUE GbINOJIHEHUE
nabopamopuelx pabom 6 cemecmpe, YACMUYHOE NOHUMAHUE OCHOBHBIX NPUHYUNOS
HOCMPOEHUsL U Memo008 00VUeHUs HEeUPOHHLIX cemell, 3HAHUe MempuK 00yueHus,
omeemuvl Ha 8ONPOCHL bulema (meopemudecKuti U nPaKmuyecKuti 60npocsl)

OneHka «Hey/IOBJIETBOPUTEIbHO» BBICTABISETCS 3a cJlad0€ W HEMOJHOE
BBINIOJIHEHUE JIA0OPATOPHBIX M MPAKTUYECKUX pabdOT B CEMECTpe; HE3HAHHE U
HEMOHMMaHuEe 0a30BbIX MPUHIUIIOB IMOCTPOEHUS HEUPOHHBIX CETEH; HEMOJHOE U
HESICHOE BBITIOJIHEHHUE TEOPETUYECKOr0 BOIpoca OuiieTa; HECIOCOOHOCTh OOBSCHUTH
MPOrpaMMHBIN KOJT TIO MPAKTHYECKOW YacTH OusieTa.

3. IlepeyeHb O1IEHOUYHBIX CPEICTB

Kpatkas xapakTepucTHKa OLICHOYHBIX CPEACTB, MCIOJIb3YEMbIX IPH TEKYILIEM
KOHTPOJIE yCIEBAEMOCTH M IMPOMEKYTOUHOM aTTecTauuud oOydYaromerocs Io
JTUCUUTUINHE:



4. Ilepeyennb

KOHTPOJIBHBIX

3aJaHUid  WJHU  HHBIE

MaTepHAaJbl,

HCOﬁXOI[I/IMLle AJIAT OICHKH 3HaHI/Iﬁ, yMCHI/Iﬁ N HABbBIKOB, XapaKTCPU3YOIINX
ITAIlbI (l)OpMI/IpOBaHI/Iﬂ KOMHeTeHHI/Iﬁ B IIpouecce OCBOCHUA NTUCIHUIIJINHBI

s Trekymero kourpoJs TK1:
[Iposepsiemass kommerenius: [1K-1.1: BriOupaer axTtyanpHble HHU(POBBIC
TEXHOJIOTUH B IESITENBHOCTH IPEATPHUATHUS

Tect

Bonpoc

Ba PWaHTbl OTBETA

OTBET

Mo NCKyCcCTBEHHbIM
MHTennekTom B Poccum
noHMMaeTcA

KOMIMJIEKC TEXHOI0TMYECKMX PELLEHUI, NO3BONAIOLLNI
UMUTUPOBATb KOTHUTUBHbIE YHKLMN Yen0oBEKA

caMooby4eHuMe 1 NoUCK pelleHnin 6e3 3apaHee 3a4aHHOI0
anroputma

KOMMJIEKC TEXHOJIOTMYECKUX PELLEHM, NO3BOAIOLLNIA
No/ly4aTb NPU BbINOJHEHNUN KOHKPETHbIX 33434 pPe3ynbTaTbl,
COMNOCTaBMMblEe, KaK MMHUMYM, C Pe3y/ibTaTamu
NHTENNIeKTYaIbHON AeATeIbHOCTM Yel0BeKa

BCe BbllLeonncaHHoe

HelipoceTteBbimu
TEXHONOTMAMMU Ha3bIBaAOT

KomMmnnaekc MHd)OpMaLI,VIOHHbIX TEXHOI]OFVIVI, OCHOBAHHDbIX
Ha NpUMeHeHUN KOMNbIOTEPHbIX ceTen

TEXHONOrum,
MCKYCCTBEHHDbIX

KOMNIeKC MHPOPMALMOHHbIX
OCHOBaHHbIX HAa  NPUMEHEHUMU
HepPOHHbIX ceTen

MHd)OpMaLI,MOHHbIe CUCTEMbI NONCKaA

MHPOPMaALMOHHbIE TEXHO/IOTUM YNPaBAEHMUA

Anroputm oby4eHunn
WMCKYCCTBEHHON  HEWPOHHOM
CeTU 3aKaHYMBAETCA, Koraa

AOCTUTHYTO  3aflaHHOe  3HayeHune cpeaHen  (Mau

MUHUMAIbHOW) OLINOKM

CeTb Mcyepnana BO3MOKHOCTU 0byyeHUs (ownbKa
nepecTana yMeHbLIATbCA OT 3MOXM K 3Moxe)

npoﬁp,eHo onpegeneHHoe Koan4yecTtso anox

no6bon oTBeT U3 NepevyncNeHHbIX

Kakue dyHKUUM BbINONHAET
nporpamMmmHas peanmnsaumsa
BXO/HOIO C/105
MHOTOC/N0MHOrO
nepcentpoHa?

BblumcnseT nponsBoAHyHO ANA anroputma obpaTHoro
pacnpocTpaHeHns oWmnbKMN.

MepepaeT BXO4HOW BEKTOP CUIHANOB Ha NepBbIi
CKpPbITbI CNON.

Ypanset "wym" us curHana.

TpaHcAnpyeT CMrHan Ha BbIXOAHOW C/IOM MHOTMOC/IOMHOIO

KoTopbIx paBHbl 10, -20, 5, 4 u
COOTBETCTBYHOLLMNE BECA
cBaAsen pasHbl 0.8, 0.5,0.7 n
-0.5 cooTBeTCcTBEHHO.
Bblumcante curHan Ha Bbixoae

nepcenTpoHa.
HeWpoH j nonyunn Ha Bxop, -1.8485
CUTHaN OT YeTblpex ApYyrux 0,5
HEeMpPOHOB YPOBHMU -0,4621
BO3OYXKAEHMA, 3HAYEHMA 0,2449




j-ro HeMpoHa B cny4yae, ecam
bYHKLMA aKTUBaLMK
HENPOHOB eCTb
rmnepboanYeCcKnin TaHreHC.
BbibepuTe NnpaBubHbIA OTBET:

MNporpammHo
HEeMpPOHHanA

peannsoBaHa
CeTb C OAHMM
CKpbITbIM cnoem "
aKTUBALMOHHOM byHKumen
curmompa. Y cetm 1 Bxopg, 3
HEMPOHA B CKPbITOM CNOE WU
OAMH BbIxog. YTo OyaeT Ha
BbIXO4e CeTU B C/aydae, ecau
Ha Bxoge 1, Bce Beca paHbl 1 #
cmeweHue 0.

N

0,7311

2,1932

3
Yto npeactaBndetr coboli | npoueaypy NOACTPONKN CUTHANOB HEMPOHOB
anroputm «obyyeHuna | npoueaypy NOACTPOUKM BECOBbIX 3HAUEHUIK
MCKYCCTBEHHOW  HEMPOHHOW | npoueaypy BbIMUC/IEHMA MOPOrOBbIX 3HAYEHWUN ANA
cetn»? bYyHKUMI akTMBaLUK

MporpammHan peanmnsaumn
O4HOC/IOMHOTrO NepcenTpoHa
Nno3BONAET pellaTb 3a4a4u

annpoKcumaumm GpyHKumit

pacno3sHaBaHuna 0bpas3os

Knaccudukaumm

Kakas apxuTekTypa | MHOroc/IonHbI NepcenTpoH
MCKYCCTBEHHOM  HEWPOHHOW | PeKyppeHTHble HEMPOHHbIE CeTh
cetn 6bonble noaxoAuT ANA | CBePTOYHbIE HEMPOHHbIE CeTH
pa3paboTKu aNropuTMoB
aHanu3a €CTeCTBEHHbIX
A3bIKOB (TEKCTOoB).
Ona  ¢yHKumMn  aktuBauuu | -1
rmnepbonnyeckni TaHreHc | 0
th(z) -:—% 1
BbIYNCINTE, | Mpepen He cywecTeyeT

lim th(z)
yemy paBeH =+ x t?
Ona paspabotkm anroputmos | ResNet
M nporpammHbix cpeacts gna | YOLO
OeTekuMn n  TpeKWHra B | SSD
cucTemax BupgeoHabaogeHus, | GAN
NCNONb3yoTCA HEeNpPOHHbIE
cetn
Kakoin ¢penimBopk rnybokoro | CNTK
obyueHns wumeet uHTepdeic | Tensorflow




ana pa3paboTku
NPOrPamMHbIX CpPeacTB  Ha
A3blKe  MPOrpamMmmMmpoBaHMA
Python pna obyyeHna wu

3anycka MHC?

PyTorch

Bce nepeuncneHHble

BxoaHoe nsobpaxeHne nmeet
pasmep 32 Ha 32. Kakoro
pa3mepa nosyunTca pesynbrat
CcBEPTKU B PyTorch 5 Ha 5 6es3
padding, co stride=(1,1), ecnun
Ha BbIXO4e AO/MKHO 6biTb 6
KaHanos?

torch.Tensor pasamepom 6 Ha 14 Ha 14

torch.Tensor pasmepom 28 Ha 6 Ha 6

torch.Tensor pasamepom 6 Ha 28 Ha 28

torch.Tensor paamepom 6 Ha 5 Ha 5

CKO/IbKO NapameTpos B
cBepTKe pasmepom 3x3,
KOoTopasA NnpumeHAeTca K
TpexXKaHaNbHOMY
n3obparkeHnto? He cuntaiite
CNOW aKTMBALUUK, He
yuuTbIBanTe bias.

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

9 Bcero: mbl HaknagbliBaem OoAHY U Ty e CBEPTKY Ha
Ka)l-(ﬁ,bll‘a M3 TPpEX KaHa10B

9 VYHMKanbHbIX -- BCcero 27,
napameTpbl 04MHAKOBbIe

HO AnA BCEX KaHa/iosB

27 napameTposB: 3X3 ANA KaXKA0ro U3 Tpex KaHanos

Ona  KakoW  apXuTeKTypbl
CBEPTOYHON HENPOHHOM ceTu
XapaKTepHo obxoaHble
coeanHeHus

(skipconnections),
npobpacbiBatowme rpagmeHT
ownbKM B 06X04 CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

YKaxkute owmnbky npu paborte
¢ ontummusatopom B PyTorch
npu pas3paboTke nporpammbl
06y4eHnA HeMPOHHOI ceTu.

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

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bomnpocsr

1. ®yHkius MOTEPh W ONTUMHU3AIMS MapaMeTpoB HelipoHHoU ceTu. BriBom DI

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

2. OOyueHnue

BO3HHUKHOBCHUS.

B w

Softmax.

o

7. MHOTOCJIOUHBIH

HEUPOHHOU
pacnpocTtpaHeHuss owmuOku. IloHsATHE mMapanuya ceTM W NPUYUHBI  €ro

CCTHU C ITOMOIIIBIO alropuTtma

OrueHka kadecTBa HeHpoceTeBbIX Moaenei. OCHOBHbIE METPUKH.
CBépTOouHbIe HEWPOHHBIE ceTh. Onepanns CBEPTKH, KacKaj CBEPTOK.
5. ApXHUTEKTYpbl HEUPOHHBIX CETEH ISl MYJIbTHKIACCOBBIX Mojened. DyHKuus

ApPXHUTEKTYpbl HEHPOHHBIX ceTel ISl MOJIeNie OMHAPHOM Ki1acCH(UKAINH
NIEPLENTPOH.
[Ipeonmonenne orpaHudeHUs] JTUHEHHON Pa3/IETUMOCTH U pEIIeHUE MPOOIEeMBbI

[IpencraBnenne  OyJieBBIX

MCKIII0Yaroero «wm». Teopema Kommoroposa.
8. Omeparnus nexonposroruu. Transposed convolution layer.

©

ANTOpUTM 00paTHOTO paclpoCTpaHEHHUs OMOKU. JJOCTOMHCTBA U HEJOCTATKU

oOpaTHOro

GyHKIHA.



anroputMa. [loHsTHE napanuya CeTH U MPUYUHBI €T0 BOZHUKHOBEHUS.
10. bazoBas apxutekTypa HeHpoHHBIX ceTei. [Ipunimnel nocrpoenus. OCHOBHBIC
GYHKIIUN aKTHBAIIH.

Jast Tekymero koutpoJs TK2:
[IpoBepsiemass komnetrenuus: [IK-1.2: Cnocoben Kk pa3paboTke u
BHEJIPEHUIO aKTyalIbHBIX IU(POBBIX TEXHOIOTHI

Bomnpoc Bapuants! oTBeTa OTBET

B KaKHnx obnacTax OLICHKA BEPOATHOCTHU 6aHKpOTCTBa;

DKOHOMMKHM  IIPUMEHSIOTCS | paclio3HaBaHUEe 00pa30B (TEKCTa, MOJITUCH);

aIrOpUTMbl ~ HAa  OCHOBC | 337aud KJIAcCU(UKALUM M CEIMEHTAllUM 3KOHOMUYECKHX
UCKYCCTBEHHBIX HEHPOHHBIX | 0OBEKTOB

cereid? BCe MepeuncJeHHble
[IporpamMmMHO peann3oBaH 0,9951

HEHPOH ¢ QPyHKIHEH 1

AKTUBAIIMH THIIA -1

runepOoIn4ecKuil Taureue ¢ | 0,9981
TpeMs BXOJaMHu U HEUpPOH
cMmernieHus. Bxoasr Bce

paBHBI 1 U BCce Beca Takxke
paBHbl 1, a cmemenue 0,5.
UYemy OyaeT paBeH BBIXO

HelpoHa?

B nporpamme HelipoHHOM 0,25
CETH HEeUWPOH | TIOJyYHIT Ha 0,6225
BXOJI CUTHAJ OT YEThIPEX 0,3775
IPYrUX HEMPOHOB YPOBHU -1,5415

BO30Y>KIEHUS, 3HAUCHUS
KoTophIX pasHbl 10, -20, 5, 4
U COOTBETCTBYIOIIME BECA
cBszelt paBuel 0.8, 0.5, 0.7 u
-0.5 COOTBETCTBEHHO.
BrruncauTe curaain Ha
BBIXOJI€ ]-TO HEipoHa B
ciy4dae, eciid QyHKIUs
aKTUBAIlMU HEHPOHOB €CTh
JIOTUCTHYECKAS CUTMOM/IA.
Bribepure npaBuIIbHBIN
OTBET:

B nporpammHON peanu3anuy | €Ciid HaWJIeTCs TaKOW HEUPOH T, 4TO
OJIHOCJIOMHOI'0 IEPCENTPOHA

n .
Saw! <O
Ha BXOJ IMMOJacTCA BEKTOP | :=f

(X1..Xn). B kakom ciydae | eciu U KaXA0T0 HelipoHa j OyneM UMeTh
.

BBIXOJIOM OyAeT HyJieBOi Sawi <1

BEKTOp? =

eCJIM ISl Ka:K0ro HeilipoHa j OyaeM UMeTh

kil .
Sawl <o
i=I




€CJIM HalIeTCs TaKOW HEUPOH J, 4TO

n )
Sawl =6
i=]

Haiinure npon3BoaHy0 3TOU
(GYHKIMU aKTUBALUU

th{z)

£ —e

of | %

U BBIpa3HTe
pe3ynbTar 4depe3 (yHKIUIO

th(x)

1-thy(x)

1+h?(x)

th(x)-1

th?(x)

Kakas apXUTEKTypa
HUCKYCCTBEHHON HEHPOHHOM
ceTu Ooub1ie BCETO
MOAXOIUT JUIsl  pa3paboTKu
QITOPUTMOB U ITPOTPAMMHBIX

[TonHoCBs3HAs (MHOTOCITOMHBIN

MIePCEnTPOH)

HEHWpOHHAs  CEThb

CBeproyHasi (KOHBOJIIOIMOHHAS) HEHPOHHAS CeTh

PexyppeHTHast HEpOHHAs CETh

Cpe/CTB pacro3HaBaHHS
o0pa3oB " aHaIM3a
n300paKeHUI?

[lycts B nporpamme | MSE
aBTOMATHUYECKOTO MAE

pacro3HaBaHUsl PYKOIIHUCHBIX

mpp or O 1m0 9
UCTIOJIB3YETCs CNN c
aktuBaren softmax. Kakyro
GyHKIHIO oTePh BBI
BBIOCpETE?

CE (Cross Entropy)

BCE (Binary Cross Entropy)

AYFMCHTaIII/ISI JaHHBIX
MMPUMCHACTCA IJIA

yBeJIH4eHusi 00bema odyuaronieii BbIOOpKH

YBCIIMUCHUA CKOPOCTH 06yquH${

HOpMaJIU3aIuU
00pbHOBI ¢ epeodyyeHneM

C MIOMOIIBIO Kakoro | 1

MUHHUMAJIBHOTO gucia | 3

HEWPOHOB B CKpPBITOM cloe | 4

MHOT'OCJIOTHOTO 5

nepcenTpoHa pemiaercs

npooema XOR ?

s pazpabotku anroputmon | GAN

Y MpOTpaMMHBIX cpenctB 1 | ResNet

pelenus 3amaun | LSTM

kinaccuukanuu B cucremax | VGG

KOMITBIOTEPHOTO 3peHust

HCIIONB3YIOTCS ~ HEWPOHHBIE

CeTH

[Ipu nocrpoenun
QITOPUTMOB O0YUYEHUS
HEUPOHHOU CeTH OOBIYHO
JlaTaceT JIeNAT Ha 2

yacTy train u test mim Ha 3
yacTu: train, validation,
test. J{is gero Hy’KHO Takoe
neneHue?

Ecmu 06yanBC$I Ha IIOJTHOM AaTac€TC U Ha HEM XKE JCJIaTh
BaJInJalii0, TO MOKHO HC 3aMCTUTH HCpCO6y‘-ICHI/IH

Validation HyxHa, 4TOOBI MOAOOpPATh THUIEpPHApaMETPhI
ceTu

Test HyxeH nns (UHATBHOW OIICHKHM KadecTBa pPabOThI
ceTu

Bce BbIlIEnepeYnciaeHHOe

Kakas MpOorpaMMHas
6ubnroTeKa He MpPUMEHSeTCs

Tensorflow

Torch




IS TITyOOKOT0 00y4eHus? NLTK
CNTK
[Tpu nanucanuu nporpamm B | d[0] + c[2]
PyTorch kakas omeparus ¢ c%d
TeHzopamu C, 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 IIOJIYYUTDH
CJIeIYIOIIUNA BBIBOJ?
tensor([[0., 1., 1., 1.],
[1.1.,1.,1],
[1.,1.,1, 1]
[1.,1.,1., 1],
[1.,1,1,10D)
[TycTh MaTpHIla MPU3HAKOB [[-4, 3],
paBHa [-9,5]]
[[41 21 '1]! [[3! '4] ,
['61 01 5]’ ['9 ’5]]
[3! 2! 2]]; [['91 5] ,
a SIAPO CBEPTKH — [3,-4]]
[[0, 1, 2], [[-4, 3,1],
[1,-1, 0], [1,0,-2]]
[1! 0! '2]]
Kaxkos Oyner pe3ynbTat
MMPUMCHCHUSA CBEPTKU CO
stride=2, padding=1?
B mnporpamme nHa PyTorch | 13
UCcXOoHbIN torch.tensor 6wut | 169
pasmMepoM 13x13x384. | 384
Ckonpko (UIBTPOB JODKHO | 64896
ObITb B CBEPTKE, KOTOpas
BBITAET torch.tensor
pazmepoM 13x13x3847?
Bonpocowi
1. Perymapuzanuss HeWpOHHOMN Perymapuzanus
TuxonoBa, Lasso — perymsapuzanus
2. Perynspuzanus u npopexuBanue HelpoHHOU ceTu. IIpsimoil u oOpaTHBI
Dropout.
3. Mertoasl  raybokoro  obyueHus.  Hopmanmzanus
HOpMAJIU3ALIUSL.
4, Texnonoruss mnepenauun oOyuenus Transfer Learning. Wcnons3oBaHue
npenoOyYeHHBIX CeTeHl.
S. ABTO3HKOZIEphl. OCOOEHHOCTH apXHUTEKTYphl W OOYydYeHHUs DHKOJAEpa H

JeKoepa.




6.

Pexyppentnsie Heiiponnbie cetn. ApxutekTypa GRU (Gated recurrent unit).

7. Pexyppentubie Heliponnbsie cetu. Apxutektypa LSTM (Long Short-Term
Memory).

8. I'enepatuBHO-cocTs3arenbHble HeipoceTu (GAN) u style transfer.

Q. ®peiiMBopk riaybokoro ooydenus Tensorflow

10.  ®peitmBopk rirybokoro odyuenus Pytorch

51 IpOMesKYyTOYHOM aTTeCTAlUM:
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MaremaTnueckasi MOAeIb ONOIOTHYECKOTo HelipoHa. J|eHAPUTHI, aKCOHBI, CHHAIICHI.
TeXHO0JIOrMM NCKYCCTBEHHOT'O NHTEIJIEKTa, 00J1aCTH IPUMEHEHNUS U peliacMble 3aauu.
baszoBas apxutektypa HelpoHHbIX cered. [IpuHumnsl nocrpoenusi. OCHOBHbIE (YHKIUU
AKTHBALIUU.

[lepuentpon Posenbnarra u mnpaBwio Xeb66a. Teopema O CXOOUMOCTH aJIrOpUTMa
00y4YeHHUs TepIEeNTPOHA IS THHEHHO-pa3 e TuMbIx MHOkecTB. [Ipooiema XOR.
MuorocnoiiHelii  mepuentpod. IlpencraBmenue OyneBbix  QyHkmwmid. [Ipeomonenue
OTpaHUYCHUS JIMHEWHON pa3eNMMOCTH M PEHIeHHE MPOOIeMbl HCKIIOYAIOIIETO «HIIH.
Teopema Konmoropoga.

OOyueHrie HEMPOHHOMN CETH C MOMOIIBIO aNTOpPUTMa 0OPATHOTO PACIPOCTPAHEHUS OLIUOKHU.
[TonsiTre nmapanuya ceTd ¥ MPUYUHBI €r0 BOSHUKHOBEHHS.

OyHKIMS MOTEPh U ONTUMHU3ALMS [1apaMeTPOB HEUPOHHOH ceTu. BriBoa GyHKIIUN MOTEPD
U3 METO0J1a MAaKCUMAJIBHOTO MPaBA0NO0100HUS.

[Tpobnema oBpaXXHOCTH MOBEPXHOCTHU (PYHKIIMOHAJIA OMINOKY U €€ YaCTUYHOE IIPEO010JICHHE
¢ momornipio BBeaeHus momenta (Nesterov momentum).

Oo6yuenue ¢ momoripto backpropagation na ocuose anroputma RMSProp.

Oobyuenne c¢ momoinsio backpropagation Ha ocHoBe amroputma Adaptive moment
estimation.

[Ipobnema ucyesaromiero u B3pbiBatoierocs rpaaueHTa. [lousarue «ymuparomuiiny RelLU.
Onenka kauectBa 00yueHusi. OCHOBHBIE METPUKH 3a/1a4 KiIacCU(UKAIIH.

ITocTaHOBKa M pelICHNE 3a4a49U PETPECCUU C IIOMOIIIBI0 HEHPOHHOM CETH.

[TocranoBKa u pelieHue 3a1a4u OMHAPHON KJIaCCU(PHUKAIIUH C TOMOIIBI0 HEHPOHHBIX CETEH.
ApXUTEKTYpbl HEMPOHHBIX CETeW AJii MHOIOKJIacCOBBIX Mojeneil. BepositHocTHas mepa
NPUHAIEKHOCTH K Kinaccy. OyHkius Softmax.

Ceéprounble HelpoHHble ceTu. Omeparus cBeptku (1D, 2D). fAnpo ceeptku. Kackan
CBEPTOK.

ba3oBble IPUHLIKIIBI IOCTPOEHUS CBEPTOUHBIX HEHPOHHBIX CETEH.

Apxutektypa Inception (inception 6;0xk). Training head.

Apxurektypa ResNet (residual 6;ox). Skip-connection.

[TepeoOyuenue u Mmeto bl 60phOBI ¢ HUM. AyrmenTarus. Early stopping

Perynspuzanus HeliponHoit ceru: "weight decay". Perynspusauus TuxonoBa, Lasso —
peryJsipu3anus.

Perynspusanus u npopexuBanue HEMpoOHHOM ceTu. Dropout.

Hopmanu3zaius nansbix - batch-mopmanmsanus (batch_norm, layer_norm). Beruucienue
CTaTUCTHK MPH 00yueHuu u Banuamnuu (train/eval).

Texnonorus “nepenaun 3uanuii” Transfer Learning (fine tuning, feature extraction)

CemaHTHYECKas CETMEHTAIIUS C TIOMOIIBI0 TTy0oKkoro ooyuenus. [lonHOoCBepTOUHBIE CETH
(FCN). Onepanus nekonBosroruu. Transposed convolution layer.



26.

217.

28.
29.
30.

31.
32.
33.
34.
35.

36.

37.
38.

Apxutektypa SegNet, Unet. dyukiun noreps Ha ocHoBe kKoaddunuenra Jlaiica u focal
loss.

Meroabl MmacmTabupoBanus uiss omepamuu  upsampling u  downsampling. Dilated
convolution.

['eHepaTHBHBIC MOJICH U aBTOIHKOICPHI.

Bapuarnmonnsie aBrosukoaeps! (VAE). [luseprennust Kyns6aka-Jleiionepa.
I'enepatuBHO-cocTsA3aTenbHble HelpoHHbIE ceTH (GAN) M HEHpOHHBIM CTWIb IEepeladyu
o0yuenus (Ha mpumepe style transfer).

PexyppeHTHbIe HEHPOHHBIE CETH U crielupUKa UX 00yUCHHUS.

I'my6okoe o6yuenue B NLP. Knaccudukarus texkcroB ¢ momombio CNN 1 RNN.
Apxutektypsl LSTM (Long Short-Term Memory) u GRU (Gated Recurrent Unit).
Mexanu3m BauManus (Attention).

OpeiiMBopk Tirybokoro obydenuss PyTorch. ABromaruueckoe nuddepenumpoBanue.
[Tpunumnel noctpoeHus HeWpoHHbIX ceteil B PyTorch: ¢yHkimoHanbHBIH U O0OBEKTHBIM
MOJXO/I.

OpeliMBopk TayOokoro oOyuenus Tensorflow. Berumcnurtensusiii rpad. I[loctpoenue
HEWPOHHO# ceTH U ee oOyuenue. Tensorboard.

HNudepenc netipocereBbix Mogaeneir. ONNX.

Mexanusm BHUMaHus. Apxutektypa Transformer.

TunoBrwle 3a1a4n:

1.

2.

PeanuzoBarh U 00yuuTh CETh JUIsl MpEACKa3aHUs JOSIIBHOCTH KJIMEHTOB
COTOBOTI'O OmepaTopa (J1aTaceT y MpenoaaBaTess)

Peanu3oBath CBEpTOUHYIO CETh, O0YUUTh CETh U MPOBECTH KIIACCU(PHUKAIINIO
torchvision.datasets.FakeData. CoctaButh confusion matrix. Iloctpouts
rpaguku accuracy u loss nHa Bamupanuu. IlpoBectn aHanmu3. YMeTh
O0OBSCHUTH CBOM KOJI.

PeanuzoBars ResNetl18 ains CIFAR10 ( torchvision.datasets).

N3 Oubmuorexkn torchvision (ctaBuTCs BMecTe ¢ pytorch), MOXKHO
umnoptupoBath ResNetl8 komanmoit from torchvision.models import
resnet18

HobaBbre L2-perynapuzanuto. B PyTorch oHa akTuBHpyeTcs ¢ mMOMOIIBIO
napameTtpa weight decay B ontumuzaTtope. 3HaueHUE OOBIYHO BHIOMPAIOT 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 0SS Ha Banuaanuu.
[TpoBecTn ananm3 o0ydeHus. YMeTh OObSICHUTH CBOM KO/I.

C momompto ¢peiimBopka PyTorch mis pemenus 3agaun kinaccupukammm
peann3oBaTh HEHpOHHYIO ceTh apxuTeKTyphl VGG. IIpoBectn 00yueHnue Ha
natacere EMNIST (torchvision.datasets) B Google Collaboratory.
[TocTpouTs rpaduku accuracy u loss Ha BamugaIuu.

[IpoBecTn aHanu3 BAMSHUS TUIEepriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
obyuenue nocrpoennoit MHC.



10.

C nomompto ¢peiimBopka PyTorch mns pemenus 3agaun kiaccudukanuu
peain3oBaTh HEWPOHHYIO ceTh apxuTekTypbl MobileNet. Ilposectu
oOyuyenne Ha pnartacete FashionMnist ( torchvision.datasets) B Google
Collaboratory. I[TocTpouts rpadguku accuracy u loss Ha BaMIaInN.
[IpoBecTn aHayiM3 BIMSHUS THIEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennor MHC.

Peanu3oBath CBEpTOUHYIO CETh, O0OYUNTh CETh U MIPOBECTH KIIACCU(PHUKAITHIO
torchvision.datasets.FakeData. Iloctpouts rpaduxu accuracy u loss Ha
BaJUaIUH.

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

C mnomompbto ¢peiimBopka PyTorch peanuzoBaTe HEHPOHHYIO CETh
apxutektypel  DenseNet.  Pemmts 3amauy  kinaccupukamuu — JUis
FashionMNIST u3 6ubnuotexu torchvision.datasets. CoctaButh confusion-
matrix. I'pa¢puxu accuracy u loss Ha Bammpanuu. IlpoBecTn anamu3
00yueHus. YMETb 00bSICHUTD CBOM KOJI.

[IpoBectn OuHapHyro knaccupukanuo B ML-3agadye (maracer y
npenogaBaresnis). Paznaenuts BbIOOPKY Ha OOydYarolly0 U KOHTPOJBHYIO.
OOyuuth ceTb. OLUEHUTH KaueCTBO O0OYUYEHHUS.

Pemenne 3amaum perpeccud ¢ IMOMOIIbIO HEHPOHHOW ceTh (JaTaceTr y
IpernoaaBaTess).

OOyunTh HEHPOHHYIO CE€Thb U 3aJaud NpPeJCKa3aHus 3a00JieBaHUS.
[Toctpouts rpaduxu accuracy u loss Ha Banmupanuu. [lpoBectn anamus.
YMeTb 00BSICHUTH CBOM KOJI.
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