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

[lenbr0 OCBOEHMSI IUCHMUIUIMHBI TEXHOJOTWH BHEAPEHUS W COMPOBOKICHHS
CUCTEM HCKYCCTBEHHOTO WHTEIUIEKTa SBIACTCA Llenbl0 OCBOEHHS JUCIUILIMHBI
«TexHonorun BHEIPEHHS M COMPOBOXKACHUS CHUCTEM HCKYCCTBEHHOTO WHTEIICKTa»
ABJISIETCST (DOPMUPOBAHHUE Yy CTYJICHTOB TEOPETUUYCCKUX W MPAKTHICCKUX 3HAHUHA O
COBPEMEHHBIX HANPAaBIICHUSAX, METOHOJIOTUSIX M TMOAXOHAX, OTHECEHHBIX K
TEXHOJIOT'USIM UCKYCCTBEHHOI'O UHTEJLJICKTA.

3agayamMu  OUCHUIUIMHBL  SIBJSIFOTCSA:  3ajadyaMUd  M3YYCHHS  JIUCIUILIUMHBI
«TexHonorun BHEIPEHUS M COMPOBOXKACHHS CHCTEM HMCKYCCTBEHHOI'O HHTEIIEKTA»
ABISAIOTCA: - (opMupoBaHHE 0a30BOro MOHATHHHOIO amnmapara MPUHIIUIIOB
(YHKIIMOHUPOBAHUSI UCKYCCTBEHHBIX HEMPOHHBIX CETEd M METOAOB MX OOYy4YEHUS; -
U3YYEHUE CPENICTB pa3pabOTKU U MPOEKTUPOBAHMS UCKYCCTBEHHBIX HEUPOHHBIX CETEH;
- 3HAKOMCTBO C COBPEMEHHBIMH TEXHOJOTHSIMU HMCKYCCTBEHHOI'O HWHTEJUIEKTa, IO
CIIEIyIOIIMM HAIpaBICHUSM - KOMIIBIOTEPHOE 3pEHHE; - 00pabOTKa €CTECTBEHHOIO
A3bIKA; - PACIIO3HABAHUE U CHUHTE3 PEYM; - MHTEIUIEKTYAJIbHBIE CUCTEMBI MOACPKKH
IOPUHATHSA pElIeHUuH. - (pOpMHUpOBAHME YMEHUN M HABBIKOB PELIECHUS NPAKTHYECKUX
3aJ1a4 C IPUMEHEHHEM TEXHOJIOTMI UICKYCCTBEHHOT'O MHTEIIEKTA.

KoMnereHuny 1 HHIMKATOPhl, (popMUpyeMble Y 00yUaroIUXCsl:

Ko 1 HauMeHOBaHNE KOMIIETEHIIUA Kon n HanMeHOBaHME WHIUKATOpa
[TK-1 CnocobeHn mpennarats K [TK-1.2 CriocoGeH BHEAPSATH U COMPOBOXKAATH
BHEJIPEHUIO aKTyaJIbHBIC ITU(PPOBBIX aKkTyaJbHbIe IU(POBBIC PEIICHUS 3a71a4
peuieHus 3a/1a4 OpeanpusiTus NpEANPUSITHS

[TK-2 Crioco6eH Kk MPOEKTUPOBAHUIO U
pa3paboTke MaTeMaTU4YeCKOe U
MIPOrpaMMHOE 00ecTIeyeHUEe CUCTEM
HCKYCCTBEHHOTO MHTEJUIEKTA JIJIs
penieHust 3a/1a4 NpepUsTUs

[TK-2.3 CriocoGeH compoBOX/1aTh CUCTEMBI
MCKYCCTBEHHOTO MHTEJIJIEKTA

2. Mecto aucuuninHbl B cTtpykrype OIl
[IpeamecTByromume TMCUUIUIMHBL (Moaynu), npaktuku, HUP, np.
[Tocnenyromue aucuUIUIMHbL (Moaynu), npaktuku, HUP, np.

3. CTpyKTypa M cofep:KaHue AUCHUIITHHbI
3.1. CTpykTypa IMCUMILINHBI
JLiist ouHO#M popMBbI 00yUeHUS

Bun yuebnoi paboThl Bg%ro E::g;) CeMe(;Tp(H)

OBILIAS TPY JOEMKOCTbH AUCIUITJIMHBI 3 108 108
KOHTAKTHAS PABOTA

AYJIUTOPHAS PABOTA 1,39 50 50
Jlexium 0,44 16 16
[IpakTrueckue (CeMUHAPCKHUE) 3aHATUS 0 0 0
Jla6opaTopHble paboThI 0,94 34 16
CAMOCTOSTEJIBHAS PABOTA OBYYAIOIIETOCA 1,61 58 58




[Tpopa6oTka yueGHOro MaTepHana 0,61 22 22
KypcoBoii IpoexT 0 0 0
KypcoBas pa6ota 0 0 0
[ToAroTOBKA K MPOMEKYTOUHON aTTECTAIIUK 1 36 36
[IpoMexKyTOouHas aTTeCTaIUsL: 3
3.2. Conep:kanue JUCHMILINHDI, CTPYKTYPHPOBAHHOE [0 Pa3ieiaM M BHIAM
3aHATHH
Pasziensl Pacnpenenenue dopmbl 1 | VHIEKCH HHANKATOPOB
JUCIUILIUHBI 2 TPYJA0EMKOCTH BUJT bopMupyeMBbIX
§ 10 BUIaM y4eOHOM paboThl | KOHTpOJIA KOMIIETEHIIU I
o ~ le) o O
3 5 8 g g
M to) S ]
2 3 E 2
Pazgen 1 0 TK1
Paznen 2 0 TK2
Dk3ameH 36 36 OM1
Hroro 3a 7 cemectp 0 0 0 0 0
HUTOTI'O 0 0 0 0 0

3.3. Conep:kaHue IMCUUIIMHBI

Cemctp 7

Pa3znen 1. BeeneHue B HEMPOHHBIE CETH

Tema 1.1 OCHOBBI HEHPOHHBIX CETEM U HCKYCCTBEHHOTO MHTEIIIEKTA

[ToHsiTHE UCKYCCTBEHHOTO MHTEIUIEKTA. MICTOpHUS pa3BUTUS TEXHOJIOTUIA
HMCKYCCTBEHHOTO MHTEJUIeKTa. COBpEeMEHHbIE TEXHOJIOTMU UCKYCCTBEHHOTO
MHTEJUIEKTA MO CJICAYIOIIAM HaIlpaBICHUSIM

. KOMIIBIOTEPHOE 3PCHHUC;

. 00paboTKa €CTECTBEHHOTO SI3bIKA;

. pacro3HaBaHKWE U CUHTE3 PEUH;

. WHTEJUICKTYJIbHBIC CHCTEMBI TTOIICPIKKH TPHHSTHS PEIICHU;

OCHOBBI HEMPOHHBIX ceTeH. broslornueckne acreKThl HEPBHOM AEATEIHHOCTH.
Hetipon. Akcon. Cunarc. Pednekropnas nyra. [lenTpanpHas HepBHas cCUCTEMA.
Moaenu HCKyCCTBEHHOTO HepoHa. dyHKIMK akTUBaUMK. bazoBas apxuTekrypa
HeWpoHHBIX ceTeil. OO0yuenue ¢ yunresneM. OCHOBHAS TEPMUHOJIOTHS.

Tema 1.2 IlomHOCBSI3HBIE CETH NMPAMOTO PACHPOCTPAHEHHS

[TonHOCBSI3HBIE ceTH MPAMOTro pacrpoctpanenus. [Ipeogonenue npodaembl
XOR. O0yueHrie HEMPOHHOM CETH € MTOMOILBIO AITOPUTMA 0OPATHOTO
pacnpoctpaneHus omuoku. [TonsTre odyvaromiero kousetiepa (Pipeline).

Tema 1.3 CBepTOUHbIC HEHPOHHBIE CETH




Oneparust cBepTku. B3anmuas xoppemnsius. PenenturHoe nosie. Kackan
cBeptok. I'pyrmumpoBka (pooling).

Tewma 1.4 IlpoasuHyThIE METOABI OOYUEHUS

Metoab! 60prObI ¢ IepeoOyueHneM. AyrMeHTanus JaHHbIX. batd-
HopMaym3anus. Perynspuzanus TuxoHosa. Lasso perynspuzanus. Dropout.

Pa3nen 2. TeXHOJIOTHH HCKYCCTBEHHOTO MHTEJUICKTA
Tema 2.1 Texnonoruu nepenaun ooydenus Transfer Learning

Texnonoruu nepenauu 3nanmii Transfer Learning / Domain adaptation.
JlooOyueHue ceTH, oACTpoiika mapameTpoB Fine Tuning. Micnonb3oBBanne
npe1o0yvYeHHbIX ceTeil. COBpeMEHHBIC CBEPTOYHBIC apXUTCKTYPBI

Tema 2.2 I'enepatuBnbie moaenu MU

CoBpeMeHHbIe apxuTeKTyphl. [lopoxknaromniye (reHepaTUBHBIEC) COCTSI3aTEIbHBIC
HelpoHHbIe ceTu. ['eneparop. Juckpumunarop.

Tewma 2.3 Texnonorun M1 B 00paboTKe €CTECTBEHHOTO SI3bIKA

O06paboTKa €CTECTBEHHOTO A3bIKA C TIOMOIIbIO HEUPOHHBIX CETEM.
Knaccuduxanus tekcra. PekyppenTHbie HelipoHHbIE ceTu. ApxutekTypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tema 2.4 TlepcieKTUBHBIE MOJIEJIM UCKYCCTBEHHOTO MHTEIJIEKTA.

MexaHu3m BHUMaHUsS. ApXUTEKTypa rIyOOKUX HEHpOHHBIX ceteit Transformer
JJ1s1 paboThI € TIOCJIEA0BATEILHOCTAMU. MOJ1€7Th NCKYCCTBEHHOTO MHTEIICKTA
Generative Pre-trained Transformer.

3.4. TeMaTH4YeCKHl IVIAH NPAKTHYECKHUX 3aAHATHI

JlaHHbIi BUA pabOTHI HE NPEYCMOTPEH YUYEOHBIM IJIAHOM.

3.5. TemaTuyeckuii Mj1aH JabOPaATOPHBIX padoT

1. TexHomoruu pa3zpabOTKu W OOyueHHUsT HEHWpOHHBIX ceTei. [Iporpammuas
pa3paboTka ¢ MCHOJb30BAaHUEM OOJIAYHBIX HWHCTPYMEHTOB. 2. BBeaenue B
¢petimBopku Tayookoro ooydenus Pytorch /Tensorflow. Tensopsl. 3. Apxurextypa
MOJHOCBSI3HOM  HEMpOHHOW ceTh W ee o0ydeHue. AJNropuT™M  OOpaTHOTO
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 MU nns monutopunra nanseix. 9. Texunomorun MU B
00pabOTKE €CTECTBEHHOTO S3bIKA. 10. I'enepaTuBHBIE MOJAETU MCKYCCTBEHHOTO
unTemekra. 11. PazpaboTka mporpaMMHOro obecreueHusi, B KOTOPOM UCTOIb3YIOTCS
TE€XHOJIOTUH UCKYCCTBEHHOTO MHTEJIJIEKTA.

3.6. Kypcosoii npoekT /KypcoBasi padora

JlaHnHbIi BUA pabOThI HE MPEyCMOTPEH YUYEOHBIM IJIAHOM.



4. OueHUBaHHE Pe3yIbTATOB 00y4eHUsI

OrneHnBaHMEe Pe3yabTATOB O0YUCHHUS 110 AUCITUIUIMHE OCYIIECTBIISACTCS B paMKax

TEKYIIETO KOHTPOJII M TPOMEKYTOYHOW aTTeCTaIlH, MPOBOJUMBIX IO OaTbHO-
peritunrooii cucreme (BPC).

Illxana OIOCHKH PC3YJIbTATOB O6y‘{eHI/ISI 11O AN CHUIIJINHC!

YpoBeHb chOpMUPOBAHHOCTH MHJIMKATOPAa KOMIETCHLIUU

Bricokuii Cpennuit Huke Huszkuit
KOI[ KOI[ 3ammanu- pen CpEeOHErO
KOMII | MHAWUKATO POBAHHBIC ot 85 no 100 ot 70 no 84 ot 55 1o 69 or 0 mo 54
¢ pa Pe3yIbTaThl [IIkaya OLlCHUBAHHUSA
TEHI| | KOMIIETeH | OO0ydYeHus 1o HEYIOB-
YIOBJIET-
na o AUACLUIIIIUHE OTJIUYHO XOpOo1IOo JIETBOPU-
BOPHTEIILHO
TEIILHO
3auteHo HE 3a4TECHO
3HaTh:
BBIYHCIIUTEIbH
bI€ CPEICTBA U OTnuuHO Y noBnerBopute
XOPOIILIO 3HAET HE 3HaeT
KOMIUIEKCHI, 3HAET SI3bIK JIBHO 3HAET
si3pIK Python HpOrpaMMHBIX
MIPUMECHSEMbIC Python wnu o Gt s361K Python, "
pH C++, N ' 3HAET OJIUH U3
o (bpeiiMBOpKH . BBIYHCIIUTEIbH
pa3paboTke (bperiMBOpKH (bpeliMBOPKOB
IyOOKOTO BIX CPEIICTB,
MIPOEKTOB rIy0OKOTO riry0boKoro
o . 00y4eHwHs, MPUMEHSIEMBIX
HelipoceTel U o0OydeHwus, o0Oy4eHwus,
TaKHe KaKk npu
MHTEIUICKTYaJl TaKHe KaK TaKHe KaKk
PyTorch u pa3paboTke
BHBIX PyTorch u PyTorch u
Tensorflow, MPOEKTOB
CUCTEM; Tensorflow, Tensorflow, o o
N oOavyHbIe HelpoceTei u
-(pperMBOpKH oOnavHbIe o0JauHbIe
maT(opmbl WHTEJUICKTyal
rIyOOKOTO m1aTGopmbl maT(opmbl
JU1st pabOTHI C BHBIX
oOy4eHus, JUTst pabOoTHI C . JUTst pabOThI C
. HEeWpOCeTsIMU . CHCTEM;
TaKue Kak HeWpoceTs MU HeHpoceTsIMH
PyTorch u
Tensorflow
[K-1 | [IK-1.2 YMersh:
— cO3/1aBaTh
A ’ YwMmeer
MPOBOIUTH
CO3/1aBaTh,
OTJIAJIKY
POBOJIUTH
HpOrpaMMBbl
o OTJIAJIKY
MPOTPaMMBI C
IIOCTABJICHHYO Ywmeer
HCIIOJIhb30BaHU
3ajaqy ¢ en CO3/1aBaTh Ymeer HE yMeeT
4eTOM IPOTPaMMBI C CO3/1aBaTh CO3/1aBaTh
y COBPEMEHHBIX porp A A
MOCIIeTHHX MCIIOJIb30BAaHU | MPOTPaMMbI C | HPOrPaMMBbI C
MHTEIUICKTYaJl
TEOPETHYECCKU e eM UCIIONIb30BAaHKUE | WCIIOJIB30BAHH
X ¥ . COBPEMEHHBIX M eM
TEXHOJIOTHUH, . .
MPaKTHYECKUX Vaeer MHTEIUIEKTYall | HEWPOCETEBBIX | HEHPOCETEBBIX
JIOCTUXKEHUI B BHBIX MoZeIen MozeIen
POBOJIUTH .
obyactu TEXHOJIOTHIA
HCKYCCTBEHHO BHEAPEHIE
Y ONNX ( Open
T'O MHTEJJIEKTa
" Neural
HEUPOCETEBBIX Network
P Exchange )

TEXHOJIOTHH




Brianers:

OtnnuHO BJaJeeT
BJIasieeT OCHOBHBIMH
BIIaieeT HE BIazeeT
., | TEXHOJOTUSAMH | TEXHOJOTHIMHU
— TEXHOJIOTUEH 0a30BBIMU OCHOBHBIMU
cOOpKH H cOOpKHu U
cOopku u TEXHOJIOTHSIMUA | TEXHOJIOTHUSIMH
3amycKa 3aIycKa
3arrycka cOOpKHu U cOOpKH U
9 MPOTPaMM C MIPOTPaMM C
HEeWpOCeTeBBIX 3aIycKa 3amycKa
o HCTIONIH30BaHN | HCHOJIBb30BaHU
MoJienelt B et ent MIPOTPaMM C MPOTPaMM C
pexumMe . . UCTIONIb30BAHHE | HCIIOIB30BAHH
HEHPOCETEBBIX | HEHPOCETEBBIX
oOydeHus u . . M eM
MOJYJICH, MOJyJIEeH, . .
uHpepeHca HEHpOCETEeBbIX | HEHPOCETEBBIX
BIIaJIeeT BIIazieeT 9 N
. . MOJYJICH. MoJyJen
TEXHOJIOTHEH | TEeXHOJOTHen
nHpepeHca uHpepeHca.
3HaTh:
HE 3HaeT
MPOTPaMMHBIX
MpOTrpaMMHBIE
OTIn4HO Y noBnerBopute u
u XOpOIIIO 3HACT
3HAET JHHO 3HAET BBIYHCIIUTEIBH
BBIYHCIIUTETbH pOrpaMMHBIE
porpaMMHbIE pOrpaMMHBIE BIX CPEJICTB,
b€ Cpe/ICTBA H cpencTBa u
CpencTBa u cpezacTBa U MPUMEHSIEMBIX
mat(opmet o0JadHbIe
o0JavHbIC o0J1auHbIC npu
JUTST m1aT(opmel
m1aTGopMbI m1atopmbl COTIPOBOXKICH
MOHHUTOPHHTA JUTSL pabOoTHI C
1151 paboTEhI € . JU1s pabOTHI C UM CUCTEM
CUCTEM . HelpoceTsIMH .
HelpoceTsIMU HEHPOCETSIMH | MCKYCCTBEHHO
HCKYCCTBEHHO
IO MHTEJUICKTa
T'O HHTEJUICKTa
YMersh:
ymeer HE yMeeT
IIPOBOIHTS VYmMmeer IPOBOJUTH YMeet . OZOI[HTB
[1K-2 | TIK-2.3 POBOIUTH MOHHUTOPHHT IPOBOIUTH P
COIPOBOK/ICH COIPOBOKICH
BHEJIpEHHE U POTpamMM C COIPOBOK/ICHH
ue ue MporpamMmm
CONPOBOJK/ICH | MCIOJIB30BaHH | € IPOrpaMM C
cucTeM c
ne ONNX ( eM UCIIOJIb30BaHUE
HCKYCCTBEHHO UCIIOJIb30BAHH
Open Neural | coBpeMeHHBIX M
IO MHTEJUIEKTa . eM
Network MHTEIUIEKTYall | HEeWpOCeTEeBBIX .
. HEeHpoCceTeBbIX
Exchange ) BHBIX Mojenei .
. Mozenei
TEXHOJIOTHH
Bnanets:
OtnnuHO BJaJeeT BJaJeeT HE BIIaJIeeT
— CpeicTBaMHu
BIIaJieeT OCHOBHBIMH 0a30BBIMU OCHOBHBIMU
COIIPOBOXIIEH .
s TEXHOJIOTHEH | TEeXHOJOTUSIMH | TEXHOJOTHSAMH | TEXHOJOTHSIMHU
R — uHpepeHca,Ha | uHbpepeHca,Ha | uHMEpeHca,Han | MH(epeHca,Ha
i e mp., ONNX | mp., ONNX p., ONNX mp., ONNX
eH)KI/IMe RUNTIME, RUNTIME, RUNTIME, RUNTIME,
p MHCTPYMEHTaM | HHCTPYMEHTaM | WHCTPYMEHTaM | MHCTPYMEHTaM
uHpepeHca.
u Tensorboard

u Tensorboard

u Tensorboard

u Tensorboard

5.1.1. OcHoBHas nuTeparypa

5.1. YueOHO-MeTOANYECKOE 00ecIeueHue

5. Y4eOHO-MeToIMuYecKoe U UH(POPMAMOHHOE o0eciedeHue JUCHHILIHHbI




1) Cornuk C. JI. [IpoekTHpoBaHUE CUCTEM HCKYCCTBEHHOTO WHTEJIICKTA :
yaebHoe nocobue / C. JI. Cotnuk. - Tekcr : anekrponnsiit. URL:
https://e.lanbook.com/book/100395

2) bapckuii A. b. Beeaenue B HelipoHHBIE ceTH : yuebHoe nmocobue / A. b.
bapckuii, 2016. - 358 c. - Tekct : anexTpoHHbIi. URL:
https://e.lanbook.com/book/100684

3) MacnennukoBa, Onbra EBrenseBHa. OCHOBBI HCKYCCTBEHHOTO MHTEIUICKTA !
yaebHoe mocodue / O. E. Macnennukosa, 1. B. I'aBpuinoBa, 2019. - 282 c. - Teker :
anextponHbiid. URL: https://ibooks.ru/bookshelf/337972, OBC ibooks.ru

4) Cunopkuna U. I'. CucteMbl HICKYCCTBEHHOTO MHTEIIJIEKTa : YUeOHOe
nocobue / U. I'. Cunopxuna, 2017. - 245 c. - Tekcr : anekrponusiif. URL:
https://www.book.ru/book/920005/

5) Octpoyx, Aunpeit Bnagumuposud. CucTeMbl HCKYCCTBEHHOT'O UHTEJUICKTA :
moHorpadusi / A. B. Octpoyx, H. E. Cypkoa, 2019. - 228 c. - TeKCT : 31€KTPOHHBII.
URL.: https://e.lanbook.com/book/113401

6) PocroBiieB B. C. MckyccTBeHHbIE HEMpOHHBIE ceTu : yueOHuk / B. C.
PoctoBies, 2023. - 214 c. - Tekcr : anekrponusbiii. URL:
https://e.lanbook.com/book/310184, OBC Jlaun

5.1.2. JlononHUTENbHAS TUTEpaTypa

1) Octpoyx, Aunpeit Bnagumuposud. MHaTemiekTyanbsubie HHGOPMAIIMOHHbBIE
CHCTEeMBI U TexHoJoruu : MoHorpadus / A. B. Octpoyx, A. b. Hukonoaes, 2019. - 308
c. - Teker : anextponnsiit. URL: https://e.lanbook.com/book/115518

2) TexHOJIOTUH CO3/IaHUS UHTEJUIEKTYAJIbHBIX YCTPOUCTB, MOAKIIOYEHHBIX K
UHTEpHET : yuebHoe nocodue / A. B. [lpuemsimies [u ap.], 2018. - 100 c. - Tekcr :
anekrpornbiii. URL: https://e.lanbook.com/book/103911

3) MakmanoB, Auapei BragumupoBud. TexXHOIOTMN UHTEIUIEKTYaIbHOTO
aHanu3a JaHHbIX : yueOHoe nocodue / A. B. Makmanos, A. E. Kypasnes, 2018. - 212
c. - Tekcr : anexrponnsiii. URL: https://e.lanbook.com/book/109617

4) HectepoB C. A. OCHOBBI MHTEIJUJIEKTYyaJIbHOTO aHAJIN3a JAHHBIX.
JlabGopaTopHsIit mpakTuKyM : yueoHoe nmocodue / C. A. Hecrepos, 2020. - 40 c. - Tekcr
: anextponHbId. URL: https://e.lanbook.com/book/130181

5) Octpoyx, Aunpeit Bnagumuposuu. MaTENEeKkTYanpHbie HHPOPMAIIMOHHBIC
CUCTEMBI U TexHoJioTuu : MoHorpadus / A. B. Octpoyx, A. b. Huxonoaes, 2021. - 308
c. - Tekct : anexrponnsiidi. URL: https://e.lanbook.com/book/177839



6) )KnanoB A. A. ABTOHOMHBIN HCKYCCTBEHHBIM UHTEIUICKT : HAy4YHOE U3JaHue /
A. A. XKnanos, 2020. - 362 c. - Tekcr : anexkrponHsiid. URL:
https://ibooks.ru/bookshelf/350079, 5bC ibooks.ru

7) Scannkuii, Jleonnn HaxumoBud. HTEUIEK Ty alTbHBIE CUCTEMBI | YICOHUK /
JI. H. Scaunkwii, 2020. - 224 c. - Teker : anexkrponnbiid. URL:
https://ibooks.ru/bookshelf/372666, 3BC ibooks.ru

5.2. MudopmanuonHoe odecnevdeHune

5.2.1. DneKTpOHHBIE U HHTEPHET-PECYPCHI

HaunMmeHoBaHnue CcbhLIKa
Name URI

5.2.2. IlpodeccuonanpHpie 0a3pl  JgaHHBIX /[  HH(OpMaMOHHO-CIIPaBOYHBIC
CUCTEMBI
Ilpusooumcs nepeyens

5.2.3. JIunieH3uOHHOe W CBOOOJHO  pacHpoCTpaHseMoe  IPOrpaMMHOE

oOecrieyeHne QUCIHUATUINHBI
Ilpusooumcs nepeuens

6. MaTepuaJIbHO-TEXHHUYECKOE 0O0ecneuyeHue JUCITUTITIMHBI

HanmenoBanue Buia HanmenoBanue yueOHOM
y4eOHOU pabOTHI ayJIMTOPHH, [lepeuens HEOOXOIMMOTO OOOPYAOBAHUS H
CIeIHAIM3TPOBAHHOMN TEXHUYECKUX CPEJICTB O0yUCHHUS
naboparopuu
Jlexuun VueOHas ayAUTOPHS st Crierpanu3upoBaHHas y4ueOHast MmeOebp,
NPOBE/ICHUSI 3aHATHI TEXHUYECKHE Cpe/CcTBa OOydeHHs, CiyKamue IS
JIEKLIMOHHOTI'0 THIIA IIPEACTABIICHUS yueOHOU uH(popManuu
O0oibIION  ayauTopuu  (MYJIBTUMETUNHBINA
MPOEKTOp, KOMIbIOTEp (HOYTOYK), OKpaH),
JEMOHCTPAIIMOHHOE 00O0pyJOBaHUE, Yy4eOHO-
HarJIsHBIC TOCOOUS
[TpakTHaeckue Vuebnas  aymuropus i | Crienuaan3upoBaHHAs yaeOHast Me0enn,
3aHATHUA HPOBEICHNA 3AHATHH | TeXHUYECKHE cpeacrsa o0Oy4deHus
CEMHHAPCKOro THNA, | (MynbTUMEIUWHBIA ~ MPOEKTOpP,  KOMIIBIOTED
[PYIIOBBIX ¥  WHAWBHIY-
aﬁszx KOHCY.]'ILI[)TaII‘IZ/[Iﬁ, (HOyT6YK)’ aKpaH) 1 Hp
TEKYLIETO KOHTPOJIA 51
IPOMEKYTOYHOH aTTeCTaluK
JlaboparopHsble YyeOHas naboparopus Cneunanu3upoBaHHOM nabopatopHoe
PaboTEI « », 00opyioBaHKE O NMPOQUIIIO JIA00OPATOPHH:
KommbroTepHsIii Ki1ace ¢ Cnenuanu3upoBaHHas yaeOHast MeOenb,
BBIXOZIOM B MIHTEpHET | TeXHUYeECKHE cpeacrTsa oOydeHus
(MyIBTUMEIUNUHBIM  MPOEKTOP, KOMIBIOTEP
(HOYTOYK), 9KpaH), JIUTIEH3UOHHOE




porpaMMHoOe obecrieueHue

KomrmbroTepHblii Kiace ¢ CrneuunanusupoBanHas yyeOHas mebens Ha 30
Bbixoziom B MuTepuer B-600a | nmocamounsix  mect, 30  KOMIIBIOTEPOB,
TEXHUYECKHUE CpelcTBa OOydeHHs (MyJIbTHME-
TUHHBIA  TPOEKTOP, KOMIBIOTEP (HOYTOYK),

JKpaH), BUJICOKaMEPHI, IPOTPaMMHOE

obecrieyeHue
CamocrositenbHas | KommbroTepHslii kiace ¢ Cnenumanmu3upoBaHHas yueOHass meOenp Ha 30
paboTa Bbixoziom B MuTepuer B-600a | nmocamounsix  mect, 30  KOMIIBIOTEPOB,

TEXHUYECKHE CpelcTBa oOydeHus (MyJIbTHUME-
TUHHBIA  TPOEKTOP, KOMIBIOTEP (HOYTOYK),
9KpaH), BHJIEOKAMEDHI, IPOrpaMMHOE
obecrieyeHue

CHCL[I/IaJII/ISI/IpOBaHHaH Me6eﬂb, KOMIIBYOTCpHAA
TCXHHUKA C BO3BMOXHOCTBIO BBIXO/14a B I/IHTepHeT u

YuTaabHEBIN 3aIT
obecnieuenueM goctymna B DMOC, skpaH,

OnobIMOTEKH ..
MYJIbTUMEIUHHBINA TIPOSKTOP, IMPOTPAaMMHOE
obecreueHue
VYuebuast ayAMuTOPHUS IS Crnen

BBITIOJIHEHUS] KYPCOBOTO

npoeKTa (KypcoBoi paboTel) | yzppopamHas MeGenb, KOMIBIOTEPHAS TEXHUKA
4%';7121;?36“’1 TIpH C BO3MOXKHOCTBIO BBEIXOJa B MHTepHEeT WU
HaIn4yumn 1 TaKOHU

obecrieueHreM JIOCTyTIa B 2OUOC,
ayINTOPHUH )

IPOrpaMMHOE 00ECIICUCHHE

7. Oco0eHHOCTH OPraHU3aNUM 00pPa30BaTEbHON JAeATEJILHOCTH AJIs1 JHUIL C
OrpaHN4YeHHbIMHU BO3MOKHOCTSIMH 3/I0POBbSI  MHBAJIU/I0B

JIuma ¢ orpaHUYEeHHBIMU BO3MOXKHOCTSIMU 370poBbsi (OB3) 1 mHBaIMIbl UMEIOT
BO3MOKHOCTh O€CHpPENSITCTBEHHO MEpPEeMEelarbCcss W3 OJHOIO y4eOHO-IadopaTopHOro
KOpIlyca B JIpyrod, MHOJHATbCA Ha BCE JTaXU Y4eOHO-T1a00paTOPHBIX KOPITYCOB,
3aHUMAThCS B YYE€OHBIX M UWHBIX TMOMEHICHUSX C Y4eTOM OCOOEHHOCTEel
NCUXO(U3NIECKOTO PA3BUTHS U COCTOSIHUS 37I0OPOBBSI.

Hnst o6yuenuss s ¢ OB3 u MHBaNMIOB, MUMEIONMIUX HAPYIICHUS OMOPHO-
JIBUTATEJILHOTO ammapara, 00ecredeHbl YCI0BUS OECIPENsITCTBEHHOTO JIOCTYTa BO BCE
yueOHble momernieHus. Mudopmarms o crenuanbHbIX YCIOBHSX, CO3IaHHBIX JUIS
oOyuaroruxcst ¢ OB3 u wHBamuaoOB, pa3MelleHa Ha CailTe YHUBEpPCUTETA
www//kgeu.ru. Imeercst BO3MOKHOCTH OKa3aHUSI TEXHUYECKOHN ITOMOII aCCUCTEHTOM, a
TaKXe yCIYT CYPIOTEPEBOTIUKOB U TU(DIOCYPOTIEPEBOTUMNKOB.

Jlns agantanuu K BocnpusiThio Juiamu ¢ OB3 u uHBaIMIaMu ¢ HApPYIICHHBIM
CIIyXOM CIpPAaBOYHOTO, Yy4eOHOro Marepuana MO0 JUCHUIUIMHE O00eCleuynBaroTCs
CJIEIYIOIIUE YCIIOBUS:

- IIs1 Ty4Illed OpUEHTAlMU B ayJUTOPUH, MPUMEHSIOTCS CUTHAJIBI OTOBEICHUS
O Hayasle 1 KOHIIE 3aHATHUS (CI0BO «3BOHOK» MUIIETCS HA IOCKE);

- BHUMaHUE CJIa0oCTbIIaero o0ydyarolerocsi MpUBJIEKAeTCd MeAaroroMm
KECTOM (Ha IJIeHO KIaJEeTCsl PyKa, OCYILECTBIISIETCS HEPE3KOE MOXJIONBIBAHHUE);

- pasroBapuBas C 00y4aIOMUMCS, TIEJarOTMIeCKuil paOOTHHK CMOTPUT HA HETO,
TOBOPUT SICHO, KOPOTKUMHU TPEIJIOKECHUSIMH, OOecTieurBasi BO3MOKHOCTh YTEHUS TIO
ry0am.



http://www.kgeu.ru/

Komnencanusi 3aTpyAHEHUl pE4YeBOro W HMHTEIUIEKTYalbHOTO Pa3BUTHS
c1ab0CbIIANINX 00YyYaOUUXCSl TPOBOAUTCS ITyTEM:

- HCTIOJIB30BAaHUS CXEM, JUarpaMM, PUCYHKOB, KOMIIBIOTEPHBIX MPE3EHTALNI C
TUIEPCCHIIKAMH, KOMMEHTHPYIOIIUMHU OTAEIbHBIE KOMIOHEHTBI N300paKEeHHUS;

- peryJIApHOTO TMPUMEHEHHUS YyOpaXHEHWH Ha rpaduueckoe BBIJICICHHUE
CYILIECTBEHHBIX MPU3HAKOB MIPEIMETOB U SIBJICHUN;

- o0ecrieueHHsl BO3MOYKHOCTH JUIsl  OOydYarolmerocs MOJYyYUTh aJpPECHYIO
KOHCYJIBTAIIMIO TI0 3JIEKTPOHHOM MOYTE 110 MEPE HEOOXOTUMOCTH.

Jnst agantanuu K Bocupusituio Jiamu ¢ OB3 1 MHBaIMIaMu ¢ HapyIICHUSIMU
3peHHUs CIPABOYHOTr0, y4eOHOr0, MPOCBETUTENILCKOTO MaTepuana, mpeyCMOTPEHHOTO
o0pa3oBaTeNbHON TpOrpaMMoil MO BBIOpDAHHOMY HAMPAaBICHUIO MOATOTOBKH,
00ecreunBarOTCs CAEAYIOLIUE YCIOBHUSL:

- BeJIeTCsl ajanTaius opUIUAIbHOIO caifiTa B ceTu MHTepHET ¢ y4yeToM 0coObIX
NOTPEOHOCTEN MHBAIMIOB IO 3PEHUI0, 00ECTIEUNBACTCS HAIMYKUE KPYIMHOMIPU(TOBON
CIPAaBOYHON MH(POPMALIMK O PACIUCAHUHU YUEOHBIX 3aHSTHIA;

- IEIarOrMYecKnii  pabOTHUK, €ro coOeceqHUK (Opu  HEOOXOJAMMOCTH),
INPUCYTCTBYIOIIME HA 3aHITUH, MPEICTABISAIOTCS OO0YUYaIOIIMMCS, MPU 3TOM KaxIbIi
pa3 Ha3bIBAETCS TOT, K KOMY ME€Iarornieckuii paboTHHUK oOpalaercs;

- ICUCTBHUSI, JKECThbI, MEPEMEUICHUSI NEeAaroruyeckoro pabOTHHKAa KOPOTKO U
SICHO KOMMEHTHUPYIOTCS;

- meyaTHas MHQOpMAIMs MpeNoCTaBiseTcs KpynHbIM wmpudrom (ot 18
IYHKTOB), TOTAJIbHO O3BYUHBAETCH;

- oOecrieunBaeTCsi HEOOXOIUMBIN YPOBEHb OCBEIIEHHOCTH MTOMEIICHUH;

- IPEAOCTABIIAETCS.  BO3MOYKHOCTh HCIIOJIB30BAaTh KOMIIBIOTEPBI BO BpeMs
3aHITHI U MPABO 3aMUCH 00BSICHEHUI Ha TUKTO(OH (IO JKEJIAHUI0 00YUYarOIIUXCs).

dopMa TpoOBENEHUS TEKyIIEM MW  NPOMEXKYTOUHOM  aTTeCTallMu IS
oOyuvaronuxcs ¢ OB3 u MHBaNMIOB ompenensieTcss NeJarorndieckuM pabOTHUKOM B
COOTBETCTBUM C Yy4yeOHbIM miiaHoM. IIpu HeoOxomumoctu oOyvatromemycs ¢ OB3,
WHBAJIMIY C YYETOM WX WUHAMBUIYAIbHBIX MCUXO(DHU3UYECKUX OCOOEHHOCTEH aercs
BO3MOKHOCTh MPOUTH MPOMEXKYTOUHYIO aTTECTALMI0 YCTHO, MUCBbMEHHO Ha Oymare,
MMCbMEHHO Ha KOMIIbIOTEpE, B (hOpME TECTUPOBAHUSA U T.II., TUOO MPEIOCTABISAETCS
JOTIOJTHUTENBHOE BpeMs ISl IOJTOTOBKH OTBETA.

8. MeToauyeckue peKOMeHIAUMU JJIsl NpenojaaBarelieili Mo OpraHu3amuu
BOCIIMTATEJIbHOU PA00THI C 00yYAKIIMMHUCH.

Metoanueckoe obecrnieueHue Mmporecca BOCIMUTAHUS 00YYarOIIUXCsl BBICTYIACT
OJIHUM W3  ONpeaensronux (GakTopoB  BBICOKOIO  KadyecTBa  0Opa3oBaHUS.
[IpenogaBarens By3a, JAEMOHCTPHUPYS BBICOKHNA MpOo(EecCHOHANN3M, 3PYIUIHIO,
YETKYI0 TPAXKIAHCKYIO MO3UIINI0, CAMOJUCIUILINHY, TBOPUYECKHUI MOAXOJl B PEIICHUU
npodecCHOHaNbHBIX 3aJad4, B XoJe 00pa3oBaTelbHOTO TIpoliecca CIOCOOCTBYET
(GbOopMHUPOBAHUIO TAPMOHUYHON JTUYHOCTH.

[Ipy peanmuzanuu AUCHUIUIMHBI  TPENOJABATEIb MOXET HCIOJIb30BaTh
CJIETYIONTHE METOJIBI BOCTIUTATEIbHON PAaOOTHI:



- MeTOoJbl (POpMUPOBAHUSI CO3HAHUS JIMYHOCTH (Oecena, AMCHYT, BHYUIEHHE,
UHCTPYKTaX, KOHTpOJIb, OOBSICHEHWE, NpPHUMEpP, CaMOKOHTPOJb, pPAacCKa3, COBET,
yOeXIeHre U Ip.);

- METOJbl OpraHu3aluu JEATEIBHOCTH U (HOPMHUPOBAHHS OIbBITA MOBEACHUS
(3amaHue, OOIIECTBEHHOE MHEHHUE, TMeAarorndeckoe TpeOoBaHHe, TOpYyUYEHHE,
NpUYyYEHUE, CO3AAHNE BOCIIUTHIBAIOIIMX CUTYAINil, TPEHUHT, YIPaKHEHHE, U Ap.);

- METOJbl MOTHUBAIMU JACSATENIBHOCTH W MOBeIeHUs (0a00peHue, MOOUIpPEHHE
COI[MAJIbHOM aKTUBHOCTH, TOPUIIAHWE, CO3JaHHE CUTyalHuil ycrexa, CO3JaHue
CUTYAaIMH JIJIs1 SMOLIMOHAJILHO-HPABCTBEHHBIX NIEPEKUBAHUMN, CODEBHOBAHUE U JIp.)

[Ipu peanu3zanuy IUCHUIUIMHBI TPENOAABATEND JIOJHKEH YUUTHIBATh CIICIYIOIINE
HaIlpaBJICHUS BOCIIUTATEIIBHON JIEATEIIbHOCTH:

I'pasicoanckoe u nampuomuueckoe 6ocnumarue:

- popmupoBaHHe Yy OOYyYaroOIIMXCsSl LIEIOCTHOIO MHPOBO33PEHUS, POCCUHCKOMN
WJICHTUYHOCTH, YBKEHUS K CBOEH CeMbe, OOLIECTBY, rOCYIApCTBY, IIPUHATHIM B CEMbE U
OOILIECTBE AyXOBHO-HPABCTBEHHBIM U COLMOKYJIBTYPHBIM LIEHHOCTSIM, K HALIMOHAIBHOMY,
KyJIbTYPHOMY W HUCTOPUYECKOMY HACIEIUI0, (POPMUPOBAHHE CTPEMIIEHHSI K €ro
COXPaHEHUIO U Pa3BUTHIO;

- hopMUpOBaHKE Y OOYYAIOIIUXCSl AKTUBHOW TPaKTAHCKOW MO3UIIMH, OCHOBAHHOM
Ha TPAJULMOHHBIX KYJIbTYPHBIX, JYXOBHBIX M HPAaBCTBEHHBIX LIEHHOCTAX POCCHICKOrO
oOIIeCTBa, ISl TOBBIIIEHUS CIIOCOOHOCTM OTBETCTBEHHO PEAIM30BBIBATh CBOU
KOHCTUTYLIIOHHBIE NTpaBa U 00sI3aHHOCTH;

- pa3BUTHE MPABOBOM M MOJUTUYECKOW KYJIbTYphl OOyUYarOIUXCs, pACIIMPEHUE
KOHCTPYKTUBHOI'O Yy4YacTHSl B MPUHITUU PELICHHUM, 3aTparMBarOllMX HMX IpaBa H
WHTEPECHI, B TOM YHUCJI€ B Pa3IMYHBIX (OpMAX CaMOOPTaHU3AIMH, CAMOYIMPABIICHNUS,
OOIIECTBEHHO-3HAUUMOM J1€ATEIbHOCTH;

- popMUpOBaHUE MOTHUBOB, HPABCTBEHHBIX U CMBICJIIOBBIX YCTAHOBOK JIMYHOCTH,
MO3BOJISIIOIIMX MPOTUBOCTOSITH 3KCTPEMHU3MY, KCEHO(POOHH, IUCKPUMHUHALMM T10
COLIMAJIBHBIM, PEJMTMO3HBIM, PACOBBIM, HAIIMOHAIBHBIM MPU3HAKAM, MEKITHUYECKON
U  MEXKOH(ECCHOHAIbHON HETEpPNUMOCTH, JPYTMM HEraTUBHBIM  COIIMAIbHBIM
SIBIICHUSIM.

/LlyxoeHo-npascmeennoe gocnumanue:

- BOCIIUTAaHUE YYyBCTBA JOCTOMHCTBA, YE€CTU M YECTHOCTH, COBECTIMBOCTH,
YBAXXEHUS K POAUTEIISIM, YUUTEIISIM, JIFOASM CTapIlIero MOKOJICHUS;

- popMUpOBaHWE TMPUHIUIOB KOJUIGKTUBM3MA W  COJUJAPHOCTH, JIyXa
MUJIOCEPIIUsi M COCTPAJAaHUs, MNPUBBIYKK 3a00TUTHCS O JIOASX, HAaXOIALIMXCA B
TPYAHOM )KU3HEHHOMN CUTYaIUU;

- popMHupoBaHUE CONMAAPHOCTH M UYBCTBAa COLMAIBHON OTBETCTBEHHOCTH IO
OTHOUIEHUIO K JIIOASM C OTPAaHWYEHHBIMH BO3MOXHOCTSIMHU 3JI0POBbsI, MPEOIOJIECHUE
NICUXOJIOTHYECKUX OapbepoB MO OTHOIIEGHUIO K JIIOAIM C OrpaHUYCHHBIMHU
BO3MOXHOCTSIMU;

- popMHpOBaHHE HSMOIMOHAIBHO HACBIIIEHHOTO M JAYXOBHO BO3BBIIIEHHOTO
OTHOILIEHUS] K MHUpPY, CIOCOOHOCTH M YMEHHS TepefaBaTh APYTMM CBOW ACTETUUECKUN
OTIBIT.

Kynomypno-npoceemumensckoe sochumanue:

- popMUpOBAHUE ICTETUUECKON KapTHUHBI MUPA;



- popMupoOBaHUE YBOXEHHUS K KYJbTYPHBIM IIEHHOCTSM POJHOTO TOPOJa, Kpas,
CTpaHBI;

- IOBBITIICHUE TIO3HABATEILHOW aKTUBHOCTH O0YYaFOIIIHXCS.

Hayuno-obpazosamenvnoe socnumanue:

- popMuUpoOBaHUE y 00YUAIOMINUXCS HAYIHOTO MUPOBO33PEHUS;

- popMuUpOBaHUE YMEHHS TIOTydaTh 3HAHUS;

- popMupoBaHUE HABHIKOB aHaiM3a W CHHTE3a WH(GOpMAIlMH, B TOM YHCIEC B
npodecCUOHAILHOM 001acTH.



BHocuMmble n3MeHeHUsI M YTBEPKAeHUsI HA HOBbII Y4eOHbIi roj
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OneHouyHble MaTepuayibl IO JAUCHMILUIMHE TEXHOJOTMM BHEAPEHUA WU
CONPOBOXKJICHHSI CHCTEM HCKYCCTBEHHOTO MHTEIUIEKTa , MpPEIHAa3HAYCHHbl IS
OLICHMBAHUSl PE3YJIbTATOB OOYYEHUS HAa COOTBETCTBUE HWHAMKATOPAM JIOCTHXKEHHS
KOMIIETEHIIAM.

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

1.TexHosiornyeckasi kKapra
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Paznen. "BBenenue B HelipoHHBIC ceTH" TK 25 0 0-25
Pa3zpnen. "TexHOnOrum HCKyCCTBEHHOTO TK
" 30 0 0-30
WHTEIJICKTa
IIpome:xxyTouHasi arrecTanus (3a4eT, IK3aMeH, OM 0-45
KII, KP)
3amanue MPOMEKyTOYHOHN aTTeCTaIllu 0-15
B nuceMenHoi hopme 1o Omietam 0-30

Texnonoeuueckas

Kkapma Gopmupyemcsi
ammecmayuu ( 3a4ema,’K3amMeHa, Kypcoso2o npoekma uiu pabomeot)

0I5l KaxHc0020 6U0d NPOMENCYMOUHOU

2. OueHOYHBbIe MATEPHAJIBI TEKYIIIET0 KOHTPOJISI K IPOMEKYTOYHOM aTTecTAIlMH
[IIkaya o1eHKH pe3yabTaTOB O0YUCHHUS 110 AUCITUILIIMHE:

YpoBeHb chOpMHUPOBAHHOCTH HHINKATOPAa KOMIETECHIIUU
N . Hwoxe .
Kox Kox 3ananm- Beicokuit Cpennnii CpemHETO Hwuskun
KOMIT | MHJIHUKATO POBAHHBIC oT 85 10 100 | ot 70 no 84 oT 55 10 69 ot 0 mo 54
c- pa pe3yabTaThI IIIxana oreHNBaHUA
TEHI[ | KOMIIETeH | OO0ydYeHus 1o HEY10B-
VIIOBIIET-
2174 187878 AACIMIITIMHE OTJINYHO XOPOLIO JIETBOPU-
BOPHUTEIHHO TelLHO
3auTeHo HE 3a4TEHO
3HaTh:
- OrnuuHO XOPOIIIO 3HAET | Y IOBIETBOPHUTE HE 3HaeT
BBIYHCIIATENLH 3HAET S3BIK s3I Python JILHO 3HAET MPOTPaMMHBIX
[IK-1 | [IK-1.2 bIC CPE/ICTBA U Python wnu wi C++ | 361K Python, u
KOMIUIEKCEI, C++, (bpeiMBOPKH 3HAET OJWH U3 | BBIYHCIUTEILH
puUMeHseMbIe | (GpeHMBOPKH rTy0OKOTO (hpeitMBOPKOB BIX CPEICTB,
npu r1yOOKOTO 00yueHus, r1y0OKOro MPUMEHIIEMBIX




pa3paboTke o0Oy4eHwus, TaKue Kak o0OydeHus, npu
MIPOCKTOB TaKue Kak PyTorch u TaKue Kak pa3paboTke
HelpoceTeil u PyTorch u Tensorflow, PyTorch u MPOEKTOB
uHTeiuiektyan | Tensorflow, oOnavyHble Tensorflow, HelpoceTeil u
BHBIX o0ayHbIC m1aThOpPMBI obauHbIC WHTEIUIEKTyal
CUCTEM; 1aThOPMBI IU1s1 pabOTHI © mIaThOPMBI BHBIX
-ppeiiMBopku | 11t paboOTEI € | HEWpoceTIMHU TS paboTHI C CHUCTEM;
rI1y0OKOTO HelpoceTsIMU HelpoceTsIMH
o0OydeHnwus,
TaKue KaKk
PyTorch u
Tensorflow
YMersb:
— CO3/1aBaTh,
MPOBOJIUTH Ymeer
OTJIaIKy CO0311aBaTh,
pOrpaMMbl MPOBOJUTH
noJ OTJaJIKy
MOCTABJICHHYIO | MPOTPaMMBI C
Y borp Ywmeer
3ajauy ¢ UCTIOJIb30BaHU
CO3/71aBaTh YMmeer HE yMeeT
yUETOM eM
MPOTPAMMBI C CO3/1aBaTh c03/1aBaTh
MOCTIEeTHUX COBPEMEHHBIX
WCTONB30BaHU | TPOTPaMMbI C | MPOTPaMMBI C
TEOPETUYECKU | HHTEIUICKTyall
eM WCTONB30BaHKe | HCIOJIL30BaHU
XU BHBIX
. COBpPEMEHHBIX M eM
MPAKTUYECKUX | TEXHOJIOTHI, . .
9 WHTEJUICKTYal | HEWPOCETEBBIX | HEWPOCETEBBIX
JOCTW)XKCHUN B Ywmeer N o
BHBIX Mojenei MoJienen
obmactu MPOBOJUTH .
TEXHOJIOTHIA
HCKYCCTBEHHO BHEJIpEHHE
ro uaresiekra | ONNX ( Open
u Neural
HEWpPOCETEeBhIX Network
TEXHOJIOTHt Exchange )
Bnanets:
OTnryHO BJIAJIEET
BIasieeT OCHOBHBIMH
BJIaJieeT HE BIIaJICET
.. | TEXHOJIOTHUSIMH | TEXHOJIOTHUSIMHU
— TEXHOJIOTHEH 0a30BBIMU OCHOBHBIMHU
cOOpKH U cOopKH U
cOOpKH U TEXHOJIOTHSIMUA | TEXHOJIOTUSIMH
3amycka 3amycka
3amycka cOopKH U cOopkH n
. MPOTPaMM C MPOTrpaMM C
HeHpoceTeBbIX 3arycka 3arrycka
o WCITIOJIb30BaHH | WCTIOJIB30BaHU
MoJieell B e on MIPOTPaMM C MPOTPaMM C
pexxume . . WCTIOJIb30BaHKE | HCIIOIB30BAHU
HEHpOCeTeBbIX | HEHpPOCETEeBBIX
0o0yJeHUS 1 . . M eM
MOJYJIEH, MOJyJIeH, . .
uHpepeHca HEHpOCeTeBbIX | HEHPOCETEBBIX
BIIaJieeT BJIaJieeT . N
. . MOJYJIEH. MOJyJen
TEXHOJIOTHEH | TEeXHOJOTHen
uHdpepeHca uHpepeHca.
3HaTh:
- HE 3HaeT
OtnryHO Y noBnerBopute
MpOrpaMMHBIE XOPOIIIO 3HAET MPOTPaMMHBIX
3HAET JHHO 3HAET
u MpOTrpaMMHBIE u
MpOTrpaMMHbBIE MPOrpaMMHbBIC
BBIYUCITUTEIHH cpeicTBa U BBIYUCITUTEIHH
[IK-2 | [1IK-2.3 CpEICTBA U cpejcTBa U
b€ Cpe/CTBa U o0navyHble BIX CPEJICTB,
o0nadHbIe o0JauHbIe
m1aThOpMbI m1aT(hOopMbI MPUMEHSIEMBIX
1aTGhOPMBI 1aThOPMBI
JUTS IU1s1 pabOTHI C pu
JUTst pabOoTBHI C . JUTsE pabOTHI C
MOHHUTOPHHTA . HelpoceTsIMH . COIIPOBOK/ICH
cHCTOM HelpoceTsIMU HelpoceTsIMH

11 CUCTCM




HCKYCCTBCHHO HCKYCCTBEHHO
IO MHTEJJICKTA r'0 MHTEJJICKTA
YMeTh:
Ymeer HE yMeeT
VYmeer MPOBOJIUTH Ywmeer Y
—TPOBOJIUTH MTPOBOJIUTH
MPOBOJIUTH MOHHUTOPHHT MIPOBOJIUTH
COTIPOBOXKJICH COIIPOBOXK/ICH
BHEJIPCHUE U IIPOrpamMM C COTIPOBOXKICHU
ue He MporpamMmm
COIIPOBOXKJ/ICH | WCIIOJIb30BaHH | € MPOTPaMM C
cucTteM c
ne ONNX ( eM HCIIOIb30BaHKE
HCKYCCTBCHHO WCTIOJIb30BaHH
Open Neural | coBpeMeHHBIX M
IO UHTEIJICKTA . eM
Network WHTEIJICKTYal | HEHPOCETEeBBIX .
N HEHPOCETEBBIX
Exchange ) BHBIX Mojeneit .
. MoJIesIeH
TEXHOJIOT U
Brnanets:
OTtnuuHO BJIaJieeT BJIaJieeT HE BIIaJieeT
— CpeCTBaMHU
BIaseeT OCHOBHBIMH 0a30BBIMU OCHOBHBIMU
COTIPOBOXICH .
us TEXHOJOI'ncHu TEXHOJIOTIUsAIMU TEXHOJIOTUAIMU TEXHOJIOTUSIMHU
HEHDOCETERbIX nH(pepeHca,Ha | wH]epeHca,Ha | WH(epeHca,Han | wH(pepeHca,Ha
M(I))z[eneﬁ s mp., ONNX mp., ONNX p-, ONNX mp., ONNX
SR RUNTIME, RUNTIME, RUNTIME, RUNTIME,
H}?@)e enca HHCTPYMEHTaM | HHCTPYMEHTAM | HHCTPYMEHTaM | HHCTPYMEHTaM
p " | mTensorboard | u Tensorboard | u Tensorboard | u Tensorboard

OueHKa «OTJMYHO» BBICTABISIETCS
1abopamopueix pabom 8 cemecmpe, 21yO0Koe NOHUMAHUE NPUHYUNOE NOCMPOEHUS,
Memoo08 U MexHoI02Ull 00yYeHUsl HeUPOHHBIX cemeli, NOHUMAaHUe MempuK 00yYyeHus,

3a BBIIIOJIHCHHUC 710JIHO€E 6blNnOJIHEeHUe

3HAHUE OCHOBHBLIX MEXHONO2UNl  UCKYCCMBEHHO20 — UHMENIeKMd, NoJHble U
cooepoicamenbible 0OMeemvl Ha BONPOChL buiema (meopemudeckull u npaKmuyecKuil
60NPOChHL)

OleHKa  «XOpPOIINO»  BBICTABISACTCS 33  BBINOJHCHUC  BbINOJHEHUE

n1abopamopHuix pabom 6 cemecmpe, NOHUMAHUE OCHOBHBIX NPUHYUNO8 NOCMPOEHUS U
Memo00o8 00yueHUsi HeUpOHHLIX cemell, NOHUMAaHUue Mempux oOyueHus, 3HaHue
MexXHOI02Ull UCKYCCMBEHHO20 UHMELIEKMA, CO0epicamenbtble Omeenmvl Ha 60NPOCHl
ounema (meopemudeckutl U nNPaKmMu4ecKuli 60NpPocol)

OrneHKa «yJA0BJIETBOPUTEIbHO» BBICTABIISICTCS 32 BBITIOJHEHUE BblNOJIHEHUE
1abopamopHblx pabom 6 cemecmpe; YACMUYHOe NOHUMAHUE OCHOBHBIX NPUHYUNOS
HOCMPOEHUs. U Memo008 00VUeHUsl HeUpPOHHbIX cemel, 3HaHUe Mempux o0yuenus,
omeemsl HA 8ONPOCHL buiema (meopemudecKuil U NPAKmu4ecKull 60Npocsl)

OreHKa «HEY/0BJIETBOPUTEIBLHO» BBICTABIACTCS 3a CJIab0€ W HEMOJHOE
BBITIOJITHCHHUE JTA0OPATOPHBIX M TPAKTHYCCKUX pabdoT B CEMECTpe; HE3HAaHHWEe |
HEMMOHMMaHuEe 0a30BbIX MPHUHIIMIIOB TMOCTPOSHUS HEUPOHHBIX CETEH; HEMOJHOE U
HESICHOE BBITIOJIHEHHWE TEOPETUUYECKOTO BOIMpoca OuiieTa; HECIOCOOHOCTh OOBSCHUTH
MPOTPAMMHBIN KOJT TIO MPAKTHYECKOM YacTH OusieTa.

3. IlepeyeHb O1LIEHOUYHBIX CPEICTB

Kpatkas xapakTepucTHKa OLIEHOYHBIX CPEACTB, MCIOJIb3YEMBIX IPH TEKYILIEM
KOHTPOJIE YCIEBAEMOCTM M INPOMEXKYTOYHOW aTTeCTaluu OOydarolerocs Io
JTUCLUIUIMHE:




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 kourpoJsa TK1:
[Tposepsiemast kommereHmus: [1K-1.2: Cnocoben BHEAPSATH U CONMPOBOXKIATH
aKTyaJbHbIe U(POBBIC PELICHH 33/1a4 NPEAIPUATHS

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

peanunsoBaHa
CeTb C OAHMM
CKpbITbIM cnoem "
aKTUBALMOHHOM byHKumen
curmompa. Y cetm 1 Bxopg, 3
HEMPOHA B CKPbITOM CNOE WU
OAMH Bbixog. YTo Oyaer 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 peanusaums
O4HOC/IOMHOTrO NepcenTpoHa
Nno3BONAET pellaTb 3a4a4u

annpoKcumaumm GpyHKumit

pacno3sHaBaHuna 0bpas3os

Knaccudukaumm

Kakas apxuTekTypa | MHOroc/IonHbI NepcenTpoH
MCKYCCTBEHHOM  HEWPOHHOW | PeKyppeHTHble HEMPOHHbIE CeTh
cetT 6onble noaxoauT ANA CBepTOYHbIE HEMPOHHbIE CETU
pa3paboTKu anNropuTMOB
aHanu3a €CTEeCTBEHHbIX
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:
[TpoBepsiemas komnerenuus: [IK-2.3: CriocobeH compoBOXKIaTh CUCTEMBbI
MCKYCCTBEHHOI'O MHTEJUIEKTA

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 OynemM UMeTh
N

BBIXOJIOM OyAeT HyJIeBOH 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 aKTUBAaLUU

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 (UHATBHON OIIEHKHM KadecTBa PaOOTHI
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 Perymapu3zanus
TuxonoBa, Lasso — perymsapuzanus
2. Perynspuzanus u npopexuBanue HelpoHHOU ceTu. IIpsimoil u oOpaTHBI
Dropout.
3. Mertoasl  raybokoro  obyueHus.  Hopmanmzanus
HOpMAJIU3ALIUSL.
4, Texnonoruss nepegaun oOydeHuss Transfer Learning. Vcnonb3oBanue
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-cocTs3arenbHbie 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 MOJICTH U ABTOIHKOIEPHI.

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 00yUYECHHUSI.

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 auddepeHurpoBaHue.
[Tpunumnel moctpoeHus: HeWpoHHBbIX ceTeil B PyTorch: gyHkimoHanbHbI U 0O0BEKTHBIH
MOJXO/I.

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

HNudepenc netipocereBbix Mmozenein. 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, OOYUNUTh CETh U MPOBECTH KJIACCUPHUKAIIUIO
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 Oubnuorexku torchvision (ctaBuTcs BMmecTe ¢ pytorch), MoxHO
umnoptupoBath ResNetl8 komanmoit from torchvision.models import
resnet18

HobaBbre L2-perynapuzanuto. B PyTorch oHa akTuBHpyeTcs ¢ mMOMOIIBIO
napameTrpa weight decay B ontumuzatope. 3HaueHHE OOBIYHO BBIOMPAIOT 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 momompio ¢peiimBopka PyTorch st pemenust 3agaun kiaccupuKamum
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 TUIEpriapaMeTpoB (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. IToctpouts rpaduku accuracy u loss Ha BaauIaIny.
[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 rpaduku accuracy u loss Ha
BaJUAaINH.

[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 wu3 6ubmuoreku 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
npenogasaresnis). Pa3aenuts BbIOOPKY Ha OOy4Yalollyl0 M KOHTPOJBHYIO.
OO0yuuTh ceTb. OUEHUTH Ka4eCTBO OOYyUEHHUS.

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

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