®denepasibHOE rOCyIaPCTBEHHOE OIOIKETHOE 00pa30oBaTe/IbHOE
_ yupexaeHue BbiCiIero oGpasoBannst
KI'3Y «KASAHCKUU I'OCYJAPCTBEHHBIU DHEPTETUYECKUU YHUBEPCUTET»

@ MUHUCTEPCTBO HAYKU U BBICILIET'O OBPA30OBAHMS POCCUIICKON ®EJEPALIIU

(@I'bOY BO «KI'9Y»)
Moamucan: IBOY BO «KA3AHCKUI
T'OCYJIAPCTBEHHbII SHEPTETUYECKHIT I[I/IpeKTOp HHT:}
YHUBEPCUTET»
Buanenew: bexnsieB Dxyapa Upekosuy o3 =
Kray Jlupexrop MHCTHTYTa LIM(POBBIX TEXHOJIOTHT H SKOHOMUKH ,"f-'-'_ -""fT’
Ceprudukar: 04D9I81B1000AAFA5AF42F8DF88CI74D181 -
JleiicteurencH ¢ 08.09.2022 o 08.09.2023
D.U. bensien

«30» mag 2023 .

PABOYASA TPOI'PAMMA JJUCHUIIJIMHBI

b1.B.J[3.01.01.04 Texnonocuu enedpeHus u CONPoOBONCOEHUSI CUCTEM UCK)CCTNEEHHO20
unmennexma

Hanpasnenue noarotoku _01.03.04 IMpuknaaHas MaTeMaTUKa

KBanudukanus OakanaBp

r. Kasans, 2023



[Tporpammy paspaboran(u):

HanmenoBanue J1OIKHOCTB, OdUO
Kadeapsl Y4.CTETICHb, Y4.3BAHUE pa3paboTunka
JoueHr, AOyuH Anenb
1[0\ KaHOIuOgaT (1)1/13141(0— NnbaycoBuu
MAaTEMATHYECKUX HAYK

HaumenoBanue Ne
CornacoBanue Hata [Toanuce
TIOJIPa3 ICIICHUS MIPOTOKOJIA
C{%{E’ ‘" 3
Onob6pena Kadenpa HCM 19.05.2023 5 3as.kadenpoii LICM,
K.(].-M.H., JOLICHT
10.H. CmupHOB
VuebHo- /
CornacoBana METOANYECKUI 30.05.2023 7
COBET MHCTUTYTA AupexTop,
K.T.H., JIOIICHT
D.1. bensen
e
Ono6pena YHCHEIW COBET | 4 45 5393 9
WHCTUTYTA upekrop,
K.T.H., TOIICHT
D.U. bensies




1. He.m;, 3ala4YM U IVIAHUPYEMBbIC PE3yJabTaThbl Oﬁy‘leHI/Iﬂ no IMCIUIIJIMHE
(Lens u 3a0auu ocsoenus oucyuniunsl, coomeememayiowue yeau OII)

L[GJ'IBIO OCBOCHHUA JIUCHUIIIINHBI TexHomorun BHCAPCHUA H COIIPOBOKICHUA
CUCTEM HCKYCCTBCHHOI'O MHTCIUICKTA ABJIACTCA HGHBIO OCBOCHHUA JHCHIMIIIIMHBI
«Texnonoruu BHCAPCHUA MU COIIPOBOXIACHHUA CUCTEM HCKYCCTBCHHOI'O HMHTCIIJIICKTA»
ABIISACTCA q)OpMI/IPOBaHI/Ie Y CTYACHTOB TCOPCTUYCCKUX H IIPAKTHUICCKUX 3HaHUM O
COBPCMCHHBIX  HAIIPpaBJICHHUAX, MCTOAOJIOTHAX MW  IIOAXO0HAX, OTHCCCHHBIX K
TCXHOJIOTHUAM UCKYCCTBCHHOI'O MHTCIUICKTA.

3ajayaMy  IUCLUMIUIMHBI  SBJSIIOTCA:  3aJadyaMHd  M3YYE€HHUS JUCUUILIUHBI
«TexHomornu BHEAPEHUSA U COINPOBOXKACHUSA CUCTEM HCKYCCTBEHHOI'O HMHTEJUIEKTa»
ABIAIOTCA: - (opMUpOBaHME 0a30BOro MOHATHIHOIO amnmapara MPUHLUIIOB
(YHKIIMOHUPOBAHUS HMCKYCCTBEHHBIX HEMPOHHBIX CETE€H M METOAOB UX OOy4YeHHS; -
U3YyYEHHUE CPENICTB Pa3pabOTKU U MPOEKTUPOBAHUS UCKYCCTBEHHBIX HEHPOHHBIX CETEH;
- 3HAKOMCTBO C COBPEMEHHBIMU TEXHOJIOTHMSMM MCKYCCTBEHHOI'O HHTEIUIEKTa, I10
CIIEYIOIIMM HANpaBJICHUSIM - KOMIIBIOTEPHOE 3pEHHE; - 00pabOTKa €CTECTBEHHOTO
A3bIKA; - PACIIO3HABAHUE U CUHTE3 PEUU; - UHTCIUICKTYAJIbHBIE CUCTEMBI ITOAJCPKKU
NPUHATUS PEIICHUH. - (OPMUPOBAHNE YMEHU M HABBIKOB PEIICHUS MPAKTHUECKUX
3a/1a4 ¢ MPUMEHEHUEM TEXHOJIOTUN HCKYCCTBEHHOTO MHTEIUIEKTA.

Komnerenimu u uHIUKATOPBI, opMUpyeMble y 00y4Jaronuxcs:

Kox n HanMeHOBaHNE KOMIIETEHITUH Kox n HanMeHOBaHWE WHAMKATOpA
[1IK-1 Cnocoben npeanarars K I1K-1.2 CriocoGeH BHEAPATH U COIPOBOXKIAThH
BHE/IPEHMIO aKTyaJIbHbIE LIU(PPOBBIX aKTyasJbHbIe HU(POBbIE PEeLICHN 3aa4
peneHws 3a]1a9 NPeANPUSITHS TPEIPUSTHS

I1K-2 CriocobeH Kk MpOeKTUPOBAHUIO U
pa3paboTKe MaTeMaTHYECKOE U
porpaMMHOe oOecrieueHre CUCTEM
HCKYCCTBEHHOI'O MHTEJIJIEKTA JJIst
pelIeHns 3a/1a4 PEANPUATUS

[1K-2.3 CriocoOeH conpoBOXAaTh CUCTEMBI
HCKYCCTBEHHOT'O WHTEIIJIEKTa

2. Mecto nucuuninHbl B cTpykrype OII
[IpenmecTByromue AMCUUILIUHBL (MOaynn), npaktuku, HUP, np.
[Tocnenyromume qucuumuinebl (Moaynn), npaktuku, HUP, ap.

3. CTpyKTypa M coep:KkaHue QTUCIUITHHBI
3.1. CTpyKTYypa AUCHMILINHBI
Jyist ouHOM hopMbI 00yUeHUS

Bun yueOHOI1 paGoThI Beero | Beero | Cemectp(sr)
YRR PR 3E 4acoB 7
OBIIAS TPY JOEMKOCTDH AV CIHUITJIMHBI 3 108 108

KOHTAKTHA PABOTA

AYJIUTOPHAS PABOTA 1,39 50 50




Jlexun 0,44 16 16
[IpakTuyeckue (CEMUHAPCKUE) 3aHATHS 0 0 0
Jla6opaTopHble paboThl 0,94 34 16
CAMOCTOSITEJIbHASI PABOTA OBYYAIOIIE[OCS 161 | 58 58
ITpopaboTka yueGHOro MaTepHana 0,61 22 22
KypcoBoii mpoekT 0 0 0
Kypcosas pa6ora 0 0 0
IToAroTOBKa K IPOMEKYTOYHON aTTECTALUK 1 36 36
[IpoMexyTOouHas aTTeCTaIUs: ;

3.2. Coaep:xkanue TUCHHUIIMHBI, CTPYKTYPHMPOBAHHOE 110 pa3iesiaM U BUAaM

3aHATHH
Paznensi Pacnpenenenue ®opmel 1 | UHAEKCH MHANKATOPOB
JTUCIUATITUHBI a TPYLOEMKOCTH BH/I dbopMUpyeMBbIX

§ 10 BU/JaM y4€OHOM paboThl | KOHTPOJIs KOMIIETEHIU
o G : ©
ol ElE e

Paznen 1 52 8 16 28 TK1 MK-1.2, NMK-2.3

Paznen 2 56 8 18 30 TK2 MK-1.2, NK-2.3

DK3aMeH 3 OM1 MK-1.2, NK-2.3

Uroro 3a 7 cemectp

UTOI'O 108] 16 | 34 | 0 53

3.3. Conep:kaHue IMCUUIIMHBI

Cemctp 7

Pa3znen 1. BeeneHue B HEMPOHHBIE CETH

Tema 1.1 OCHOBBI HEHPOHHBIX CETEW M HCKYCCTBEHHOTO MHTEIJIEKTA

[ToHsiTHE NCKYCCTBEHHOTO UHTEIUIEKTA. VICTOpUS pa3BUTHS TEXHOJIOTUN
HMCKYCCTBEHHOTI'0 MHTEIUIEKTAa. COBPEMEHHbBIE TEXHOJIOTUH UCKYCCTBEHHOTO
VMHTEJUIEKTA MO CJIEAYIOIIMM HAIIPaBJICHUAM

. KOMIIBIOTEPHOE 3PCHHE;

. 00paboTKa €CTECTBEHHOTO SI3BIKa;

. pacrio3HaBaHHWE U CUHTE3 PEUH;

. HUHTEIJICKTYaJbHbIe CUCTEMBI TOIICPIKKU IPHHATHS PEIICHUI;

OCHOBBI HEUPOHHBIX ceTe. bruonornyecknue acneKkTbl HEPBHOM J€ATEIbHOCTH.
Heiipon. Akcon. Cunarc. PednekropHas nyra. LlenTpanbHas HepBHas cUCTEMa.




Monenu nckycctBeHHOro HelipoHa. dyHkuuu aktuBanuu. bazoBas apxutektypa
HEHpOHHBIX ceTeil. O0yueHue ¢ yuureneM. OCHOBHAs TEPMUHOJIOTHSL.

Tema 1.2 IlomHOCBSI3HBIE CETH MPSMOTO PACIIPOCTPAHEHUS

[ToTHOCBSI3HBIC CETH TPSAMOT0 pacrnpocTpanenus. [IpeogoaeHue mpooaeMbl
XOR. O6y4enne HEHPOHHOM CETH C TIOMOIIBIO AJTOPUTMa OOPATHOTO
pacnpocTpanenus omnoku. [Tonsitue oOydaroriero kousetiepa (Pipeline).

Tewma 1.3 CBepTouHbIE HEHPOHHBIE CETU

Onepanus cBeptku. Bzaumuas koppersiuus. PenentuBHoe nose. Kackan
cBeptok. I'pynmupoBka (pooling).

Tewma 1.4 IIpoaBuHyTEIE METOBI OOYUYEHUS

MeTtoapl 60prOBI ¢ IepeoOyueHneM. AyrMeHTanus JaHHbiX. baty-
HopManm3anus. Perynspuzanus TuxoHoBa. Lasso perynspuzauus. Dropout.

Pa3nen 2. TexHONOTUH UCKYCCTBEHHOTO UHTEIIIICKTA
Tema 2.1 Texunomoruu nepenaun ooyuenus Transfer Learning

Texnonoruu nepegaun 3uanuii Transfer Learning / Domain adaptation.
JlooOyueHue ceTH, moCTpoiika mapameTpoB Fine Tuning. Mcrnonb3oBBanne
npeno0ydeHHbIX cereil. COBpEMEHHBIE CBEPTOYHBIE APXUTEKTYPHI

Tema 2.2 I'enepatuBnbie moaenu MU

CoBpemenHble apxuTeKTypsl. [lopoxnaroniue (reHepaTUBHBIE) COCTSA3ATEIbHBIC
HEWpOHHBIE ceTu. [ 'eneparop. AuCKkpruMHUHATOP.

Tewma 2.3 Texnonoruu U B 00paboTKe €CTECTBEHHOTO S3bIKA

O0paboTKa €CTECTBEHHOTO SA3bIKa C MOMOIIbIO HEHPOHHBIX CETEH.
Knaccuduxkanus tekcra. PexyppentHsie HelipoHHbIE ceT. Apxutektypbl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tewma 2.4 IlepcieKTUBHBIE MOJIETN UCKYCCTBEHHOTO MHTEJIEKTA.

MexaHn3M BHUMaHHS. APXUTEKTypa TITyOOKHX HEMpOHHBIX ceTeit Transformer
JJ1s1 pabOTHI € TTOCHIEI0BATEILHOCTAIMUA. MOJIeTh UCKYCCTBEHHOTO MHTEIICKTA
Generative Pre-trained Transformer.

3.4. TeMaTu4yeCKHUil IVIAH NPAKTHYECKHUX 3aAHATHI

JlanHbIi BUA pabOThI HE MPEyCMOTPEH YUYEOHBIM IJIAHOM.

3.5. TemaTuueckni MJiaH JadopaTOPHBIX padoT

1. Texnonmorun pa3paboTku U oOydeHUs HEUpOHHBIX ceTed. [Iporpammuas
pa3paboTka C HCMOJb30BaHUEM OOJIaYHBIX HWHCTPYMEHTOB. 2. BBenenue B
¢petimBopku TyOOKOTO 00yueHus Pytorch /Tensorflow. Ten3opsr. 3. Apxurekrypa



MOJIHOCBA3HOM HEWpPOHHOM CceTM W ee o0ydeHue. AJTOpUTM  OOpPaTHOIO

pacnpoctpanenus omubku 4. [IpenckasarenbHas aHATUTHKA AJI TPOU3BOCTBEHHBIX
u OumzHec mporeccoB. 5. HHTennekTyanbHble TEXHOJOTHH  pacrno3HaBaHUS
n3zoopaxenuid. 6. Texnomorun Transfer Learning. 7. Texunomornu MU B muarHocTuke
3a0oneBanuil. 8. Texnonorun MU nnst MonuTopunra nanueix. 9. Texnonornn MU B
00paboTKe €CTECTBEHHOTO S3bIKA. 10. I'enepaTuBHBIE MOAETU HCKYCCTBEHHOTO
uHteuiekra. 1. PazpaboTka mporpaMMHoro odbecnedeHusi, B KOTOPOM HCTIONIb3YIOTCS

TEXHOJIOTUU UCKYCCTBEHHOTO MHTEIIJICKTA.
3.6. KypcoBoii npoekT /KypcoBasi pa6oTa
JlaHHBIN BUJI paOOThI HE MPETYCMOTPEH YUEOHBIM IJIAHOM.

4. OueHnBaHue pe3yJIbTATOB 00y4eHUs!

OI.[GHI/IBEIHI/IG PE3YJIbTaTOB O6yLI€HI/I$I IO JUCHUIITIMHC OCYHICCTBIIACTCA B paMKax

TEKYIIEro KOHTPOJSA W TMPOMEXKYTOYHOM aTTecTallud, MPOBOIUMBIX I10 OalIbHO-
petituaroBoii cucteme (bPC).

[Mxana OICHKH PC3YJIbTATOB 06y‘I€HI/IH 10 ANCHUIIIINHC!

YpoBeHb c(hOPMHUPOBAHHOCTH HHINKATOPA KOMIICTCHIINU
. . Huxe .
Bricokuii Cpennuit Huzkuii
CpEIHETO
Kon Kon 3ammanu-
KOMII | MHAUKATO pOBaHHEIE ot 85 a0 100 ot 70 a0 84 ot 55 a0 69 ot 0 a0 54
e- a €3yJIbTAThI
p pesy. IIxana oneHUBaHUA
TEHII | KOMIIETeH | OOydeHHUs 1Mo
15071 15071 HUCUUILINHE HEY/I0B-
1 et YAOBJIET- A
OTJIMYHO XOPOIIIO JIETBOPH-
BOPUTEIHHO
TEJILHO
3auTeHo HE 3a4TEHO
3HaTh:
BBIYUCITUTEIHH
bI€ CPEJICTBA U OTinyHO Y noBneTBopure
XOPOILIO 3HAET HE 3HaeT
KOMIIJIEKCBI, 3HAET SA3BIK JBHO 3HAET
s3p1k Python MPOTPaMMHBIX
MpUMEHSIEMBIC Python nim s3pIK Python,
wm C++ | u
pu C++, o 3HACT OJJUH U3
. ¢bpeliMBOpKHU . BBIYUCITUTEIHH
pa3paboTke (dperiMBOpKH (bpeliMBOPKOB
TITyOOKOTO BIX CPEHCTB,
-1 | 1.2 MIPOCKTOB TIyOOKOTO . TITyOOKOTO OMMEHACMALX
: o HelpoceTeit u o0yueHwusl, Y ’ 00yueHws, P
TaKHe KaKk npu
WHTEJUICKTYal TaKue KaKk TaKue Kak
PyTorch u pa3pabotke
BHBIX PyTorch u PyTorch u
Tensorflow, MIPOEKTOB
CHCTEM; Tensorflow, Tensorflow, % -
. oOauHbIe HelpoceTel U
-pperiMBOpKH oOnavHbIe o0JauHbIe
IaThOpMbI WHTEIIEKTyall
TITyOOKOTO 1aTGhOPMBI 1aThOPMBI
IU1s1 pabOTHI C BHBIX
o0yd4eHus, U1 paboTEHI C . TS paboTHI C
. HelpoceTs MU . CHUCTEM;
TaK#e KaKk HelpoceTsIMH HEHPOCETIMHU
PyTorch u
Tensorflow




VYMerTh:

— CO3/1aBaTh,
IIPOBOJUTH YmMmeer
OTJIAJIKY CO0311aBaTh,
pOrpamMMBbl HPOBOJUTH
noJ OTJIAJIKY
IIOCTABJIEHHYIO | MPOTrpaMMBbl ¢
Y porp Ymeer
3amaqy ¢ HCTIONIb30BaHU
CO31aBaTh Ymeer HE yMEET
ydeToM eM
HPOTPaMMBI C CO371aBaTh CO3/1aBaTh
HOCIIeTHIX COBPEMEHHBIX
UCTIONB30BAHH | MPOTPAaMMBI C | HPOTPaMMBI C
TEOPETUYECKU | HMHTEJUIEKTYya
eM UCTIONIb30BAaHHUE | HCIIOIB30BAHH
X U BHBIX
. COBPEMEHHBIX M eM
HNPaKTUYECKUX | TEXHOJIOTHIA, . .
. UHTEJUICKTYaJl | HEHpPOCETEeBBIX | HEHPOCETEBBIX
JOCTUKECHUH B YmMmeer N .
BHBIX Mojenei Mozenei
obiactu MPOBOJUTH .
TEXHOJIOTHA
HCKYCCTBEHHO BHEJIpEHHE
ro uaresiekra | ONNX ( Open
" Neural
HEHpOCeTEeBhIX Network
TEXHOJIOTH Exchange )
Biagers:
OTnryHO BIIAZIEET
BIIaJIeeT OCHOBHBIMH
BIIajIeeT HE BJIajIeeT
. | TEXHOJIOTHSIMH | TEXHOJOTHIMH
— TEXHOJIOTUEH 0a30BBIMHI OCHOBHBIMHU
cOOpKH U cOopKH U
cOopku n TEXHOJIOTHSIMU | TEXHOJIOTHSAMH
3amycKa 3amycka
3aIycka cOopKH U cOopkH n
. HpOrpamMM C POTpamMM C
HelpoceTeBbIX 3amycka 3aIycKa
. UCIIOJIb30BaHN | HMCIOJIb30BaHU
Mozenel B ent en porpamMm ¢ MPOTPaMM C
pexxume . . UCIIOJIb30BaHKUE | HCIIOJIB30BAHU
HEHPOCETEeBBIX | HEHPOCETEBBIX
o0OyueHus u N . M eM
MOJyJIeH, MOAYJIeH, . .
uH(pepeHca HEHPOCETEeBBIX | HEHPOCETEBBIX
BIIaJIeeT BIIajieeT . .
o . MOJYJIEH. MOy
TEXHOJIOTHEH | TEeXHOJOoTHen
nHpepeHca uHpepeHca.
3HaTh:
HE 3HaeT
NpOrpaMMHBIX
porpaMMHbIE
OtnryHO Y noBnerBopute u
u XOPOILIO 3HAET
3HaeT JHHO 3HAET BBIYUCITUTEIHH
BBIYHCIIUTEIbH pOrpaMMHbBIE
porpaMMHbIE pOrpaMMHbBIE BIX CPEJICTB,
PIC CPEACTEA U CpeAcTBa U cpercTEa i cpeiacTBa U MPUMEHSIEMBIX
IK-2 | I1K-2.3 w1aTGopMbI p o0JIauHbBIe p
o0JlauHbIe IEREISE npu
JUTS IaThOPMBI
1aTGOpMBbI m1aT(opmbl COIIPOBOXKIEH
MOHHUTOPHHTA JUTSE paboTHI C
U151 paboTEHI C N TS paboTHI C WU CUCTEM
CUCTEM . HelpoceTsIMH .
HelpoceTsIMu HEHWpOCEeTAMHU | UCKYCCTBEHHO
HCKYCCTBEHHO

'O MHTCJLJICKTA

'O MHTCJLJIICKTA

YMeTs:




et HE ymeeT
Ymeer MPOBOIUTH Ywmeer Y
—TPOBOJIUTH MPOBOIUTH
MIPOBOJIUTH MOHHUTOPHHT MIPOBOJIUTH
COTIPOBOXJICH COTIPOBOKICH
BHEJIPCHHE U MIPOTPAMM C COIIPOBOXKJICHH
ue He MporpamMmm
COIIPOBOXKJ/ICH | WCIIOJIb30BaHH | € MPOTPaMM C
CUCTEM c
ne ONNX ( eM HCTIOIH30BaHUE
HCKYCCTBEHHO WCTIOJIb30BaHH
Open Neural | coBpeMeHHBIX M
r0 UHTEJJICKTA . eM
Network HHTEJUIEKTyan | HeHpOCETEBBIX .
N HEeHpOCeTeBhIX
Exchange ) BHBIX Mojenei .
., MoJieNen
TEXHOJOTHH
Bnaners:
OTtnuuHO BJaJieeT BJIaJieeT HE BIIAJICCT
— Cpe/CcTBAMHU
BIaseeT OCHOBHBIMH 0a30BBIMU OCHOBHBIMU
COITPOBOKICH .
TEXHOJIOTUEN TCXHOJIOTUSIMHU TCXHOJIOTUSIMHU TEXHOJIOTUSIMHU
usi
. nHdeperHca,Ha | uHbpepeHca,Ha | wHbepeHca,Han | HH(epeHca,Ha
HeHpOCETeBsIX eperca, (epenca, (epenca, tepeca,
oneneii B mp., ONNX mp., ONNX p., ONNX mp., ONNX
M
. . RUNTIME, RUNTIME, RUNTIME, RUNTIME,
UM
pq)e erca WHCTPYMEHTaM | HHCTPYMEHTaM | HHCTPYMCHTAM | HHCTPYMEHTaM
HH HCa.
P u Tensorboard | u Tensorboard | u Tensorboard | u Tensorboard

5. Y4eOHO-MeTOIMYecKoe U HH(POPMALIMOHHOE o0ecniedeHHe JUCHHILIHHBI
5.1. YueOHO-MeTOoAMYECKOE 0OecreueHne

5.1.1. OcHoBHas nuTEpaTypa
1) Cotnuxk C. JI. [IpoexkTupoBaHHE CUCTEM UCKYCCTBEHHOTO MHTEIUIEKTA :

yueonoe nocodue / C. JI. Cotnuk. - Teker : anexrponnsit. URL:
https://e.lanbook.com/book/100395

2) bapckuit A. b. Beenenune B HelipoHHBIE ceTH : yaeOHoe nocooue / A. b.

bapckuii, 2016. - 358 c. - Tekcr : anexkrponnsiid. URL:
https://e.lanbook.com/book/100684

3) MacnennukoBa, Onbra EBrenbeBHa. OCHOBBI HCKYCCTBEHHOI'O UHTEJUICKTA :
yaeoHoe nocooue / O. E. Macnennukosa, W. B. I'aBpuiiosa, 2019. - 282 c. - Tekcr :
anextponnbiii. URL: https://ibooks.ru/bookshelf/337972, OBC ibooks.ru

4) Cunopkuna U. I'. CuctemMbl HCKyCCTBEHHOTO UHTEIJIEKTA : Y4eOHOe
nocobue / U. I'. Cugopkuna, 2017. - 245 c. - TekcT : anexkTpoHHbii. URL:
https://www.book.ru/book/920005/

5) Octpoyx, Aunpeit Bnagumuposud. CructeMbl HCKYCCTBEHHOTO MHTEJUIEKTA :
moHorpadus / A. B. Octpoyx, H. E. Cypxoga, 2019. - 228 c. - TeKCT : 2JIeKTpOHHBIH.
URL.: https://e.lanbook.com/book/113401

6) PoctoBieB B. C. UckyccTBeHHbIE HElipoHHBIE ceTH : yaeOHuk / B. C.
PocroBues, 2023. - 214 c. - Tekct : anektponnsiid. URL:
https://e.lanbook.com/book/310184, DBC Jlaub




5.1.2. JlomoHUTENBbHAS TUTEpaTypa

1) Octpoyx, Auapeii Biragumuposud. MHTEICKTYanbHbIC HH()OPMAIIMOHHBIC
CUCTEMBI U TexHoJoruu : MoHorpadus / A. B. Octpoyx, A. b. Hukonoaes, 2019. - 308
c. - Tekcr : anexrponnsiii. URL: https://e.lanbook.com/book/115518

2) TexHonmoruu co3gaHusl UHTEIIEKTYAIbHBIX YCTPOUCTB, MOJIKIIOYEHHBIX K
HHTEpHET : yueoHoe nocodue / A. B. IIpuemsbrmies [u ap.], 2018. - 100 c. - Tekcr :
anekrpornbiii. URL: https://e.lanbook.com/book/103911

3) MakmanoB, Auapei BragumupoBud. TeXHOIOTHMN HHTEIUICKTYaIbHOTO
aHalM3a JaHHBIX : yaeOHoe mocobue / A. B. Makmanos, A. E. XXypasnes, 2018. - 212
c. - Tekcr : anextponnsiit. URL: https://e.lanbook.com/book/109617

4) HectepoB C. A. OCHOBBI HHTEJUICKTYyaJIbHOTO aHAJM3a TaHHBIX.
JlabopaTopHslil mpakTHKyM : yueoHoe nocodue / C. A. Hectrepos, 2020. - 40 c. - Teker
: anextpoHHbId. URL: https://e.lanbook.com/book/130181

5) Octpoyx, Aunpeit Baragumuposuu. MaTennexkryanbHbie HHPOPMAIIMOHHbBIE
CHCTEMBI U TexHoJoruu : MoHorpadus / A. B. Octpoyx, A. b. Hukonoaes, 2021. - 308
c. - Texcr : anextponnsiit. URL: https://e.lanbook.com/book/177839

6) Knano A. A. ABTOHOMHBII UCKYCCTBEHHBII MHTEIJIEKT : HAYYHOE U3JIaHue /
A. A. Knanos, 2020. - 362 c. - TekcT : anextponssiid. URL:
https://ibooks.ru/bookshelf/350079, 3BC ibooks.ru

7) Acuuukuii, Jleornn Haxumouy. MIHTEIEKTyaIbHbIE CUCTEMBI | YICOHUK /
JI. H. Scuaunkuii, 2020. - 224 c. - Teker : anexkrponubid. URL:
https://ibooks.ru/bookshelf/372666, B5C ibooks.ru
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6. MaTepuaJbHO-TEXHUYECKOE O0ecTeuyeHue U CIUIIMHBI

HaunmenoBanue Buna

HammenoBanune y4aeOHOIA

yae0HOH paboThI ayJIUTOPHH, [lepeuens HeoOxoaUMOTO 000PYIOBAHUS U
CHGHI/I&J’II/BTPOB&HHOﬁ TCXHUYCCKUX CPEACTB O6y‘IeHI/I$1
nabopaTopuun
Jlekuun YyeOHast ayquToOpus Ui Crenmann3upoBaHHAs yaeOHas MeOenb,
MPOBEICHUSI 3aHATUI TEXHHUYECKUE CPEACTBa OOYYEHUs], Ciyxamue IJIs
JEKLHOHHOr0 TUIa IIPEICTaBICHUS y4ueOHO uHpopMauu
Oonpmiol  ayautopur  (MYJIBTHMEIUHHBIN
MPOEKTOp, KOMIbIOTEp (HOYTOYK), DKpaH),
JEMOHCTpAllMOHHOE 00O0pyaoBaHue, Y4yeOHO-
HaTJISITHBIC TIOCOOHSI
[IpakTuueckue Vuebnas  aymuropus A | Crienuaau3upoBaHHas yueOHast Mebernb,
3aHATUA HPOBEICHUA 3aHATHH | TeXHUYECKUE cpeacraa o0y4eHus
CCMUHAPCKOTO TN, | (MynbTUMEAUMHBIA ~ MPOEKTOpP, KOMIIBIOTEP
TPYMNOBBIX M MHIMBUIY- | (4oyTGyK), 9KpaH) U Ap.
AJIBHBIX KOHCYJIbTalluH,
TEKYILIETO KOHTPOJIA 5
MIPOMEKYTOUHOM arTecTauuu
JlaGopaTopHbie YyeOHas 1aboparopus Crienuanu3upoBaHHON nabopaTopHOe
paboTHI « », 000pyToBaHKE 1O MPOMUIIIO JIA00OPATOPHH:
KomnbroTepHsiii Ki1acc ¢ Crenuanu3upoBaHHas yaeOHast Me0eb,
BBIX0I0M B MHTEpHET TEXHUYECKUE cpeacTBa o6yquI/I;1
(MyIbTUMEIUNUHBIM  MPOEKTOpP,  KOMIBIOTED
(HOYTOYK), JKpaH), JULEH3UOHHOE
MIporpaMMHOE obecreyeHue
KomnbrorepHplii Ki1acc ¢ CrnenuanusupoBaHHas y4deOHass MeOenb Ha 30
BbIX0/10M B MHTepHeT B-6002a | mocamounbix MECT, 30 KOMIIBIOTEPOB,
TEXHUYECKHE CpeACTBa 00y4deHUus (MyJIbTHME-
JUMHBIM  MPOEKTOp, KOMIbIOTEp (HOYTOYK),
JKpaH), BHJICOKAMEPHI, porpaMMHOE
o0ecreyeHue
CamocrostenpHas | KommbroTepHslif kiace ¢ Crenman3upoBaHHas y4deOHas mebens Ha 30
pabota BhIx07I0M B MHTepHeT B-600a | nocamounsix MECT, 30 KOMITBIOTEPOB,

TEXHUYECKHUE CpeACTBAa 00y4deHUs (MyJIbTHME-
JUHHBIM  MPOEKTOp, KOMIbIOTEp (HOYTOYK),
9KpaH), BUJICOKaMEPHI, IPOTPaMMHOE
obecreyeHne

YuTanbHbIN 341
oubInOTEKU

Crnenunanm3upoBaHHas MeOellb, KOMITbIOTEpHAs
TEXHHKA C BO3MOXXHOCTBIO BbIX0J1a B IHTepHET U
obecnieuenuem noctymna B OUOC, skpaH,
MYyJIbTUMEAUHHBIN TPOEKTOP, MPOTPaMMHOE
obecrieueHue

YyeOHas ayuTopus 1is
BBITIOJTHEHHS KYPCOBOTO
poekTa (KypcoBOi paOOThI)

(yka3sIBaeTcs mpu
Haymunn KP/KIT u Takoi
ayJIUTOPHUH)

Coern

M3UpOBaHHasi MeOelb, KOMITBIOTEPHAs TEXHHUKA
C BO3MOXXHOCTBIO BbIXOma B VIHTEepHET W
obecrnieueHreM JOCTyTIa B BUOC,
MporpaMMHOE 00ecIieueHne

7. OCO0eHHOCTH OPraHU3aNuMu 00pPa30BaTEbHON AeATeJILHOCTH AJIsl JHUIL C
OrpaHN4YeHHBIMHU BO3MOKHOCTSIMHU 3/I0POBbSI U MHBAJIU/IOB




JIuna ¢ orpaHMYEeHHBIMH BO3MOXHOCTAMU 3710poBbs (OB3) v MHBaIMIBl UMEIOT
BO3MOKHOCTb OECHPENATCTBEHHO IEPEMENIATECS U3 OAHOIO Yy4eOHO-1a0d0paTOpHOrO
KOopIyca B Jpyroi, MHOJHATHCA HA BCE JTAXHU Y4eOHO-ITAOOPATOPHBIX KOPITYCOB,
3aHUMAaTbC B YYE€OHBIX W MHBIX TIOMEIIEHHSX C Y4eToM 0OcoOeHHOCTEeH
NCUXO0(U3NIECKOTO PA3BUTHS U COCTOSTHUSA 37I0POBBSL.

Jist oO0yuenuss i ¢ OB3 u MHBaNMIOB, MMEIOLIMX HAPYIIEHHS OIMOPHO-
JIBUTATEILHOTO ammapaTa, 00ecreueHbl YCIOBHsI OECIIPEMsITCTBEHHOTO JOCTYMa BO BCE
yueOHble momerieHus. WMHpopManns o CHEIHaTbHBIX YCIOBHUSX, CO3JAHHBIX IS
oOyuatomuxcs ¢ OB3 u wuHBaiMoB, pa3MelleHa Ha caiiTe yHHBEpCUTETa
wwwi//kgeu.ru. imeercst BO3MOKHOCTh OKa3aHUsI TEXHUIECKOH MTOMOIIN aCCHCTEHTOM, a
TaKKe YCIIYT CYpJOIEPEBOTUUKOB U THU(PIOCYPIONEPEBOAUNKOB.

Jia agantauuu K Bocnpustuio juuamu ¢ OB3 v uHBamuaamMu ¢ HapyLIEHHBIM
CIIyXOM CIPaBOYHOro, y4eOHOro maTepuana IO JUCHUILNIMHE OOecrneunBaroTCs
CJIEIYIOILUE YCIIOBUSA:

- JUIs Ty4lIed OpUEHTAlUu B ayJUTOPHH, IPUMEHSIOTCS CUTHAJIBI ONOBELICHUS
O HayaJie ¥ KOHIIE 3aHATHSA (CIIOBO «3BOHOK» MUILIETCS HA JJOCKE);

- BHUMaHUE CIa0OCTbIIAEro O0y4yarolerocss MpUBJIEKAETCd MeAaroroM
KECTOM (Ha IJIEYO KJIAJETCS pyKa, OCYIIECTBIISIETCS HEPE3KOE MOXJIONbIBAHUE);

- pazroBapuBas ¢ 00y4arolUMCs, EAAroruyeckuii pabOTHUK CMOTPUT HA HETO,
TOBOPUT SICHO, KOPOTKUMH MPEJIOKEHUIMH, 0OecrneurnBasi BO3MOXKHOCTh YTEHUS IO
ryoam.

KommneHcanusi 3aTpyAHEHMI pPEYEeBOr0 MW HMHTEIUIEKTYaJIbHOTO PAa3BUTHUSA
C1a0O0CBIIAIINX 00YYAIOITUXCS IPOBOAUTCS MTyTEM:

- HCTIOJIb30BaHUsI CXEM, JUarpaMM, pPUCYHKOB, KOMIBbIOTEPHBIX MPE3EHTAlUl ¢
TUIIEPCChIIIKaMU, KOMMEHTHUPYIOIUMU OTJEIbHbIE KOMIIOHEHThI U300payKeHUS;

- pEryJIIpHOTO TMPUMEHEHMs YOpPaXHEHUH Ha Tpapuyeckoe BbIIEICHHUE
CYLIECTBEHHBIX MPU3HAKOB IPEIMETOB U SBJICHUI;

- obecriedyeHrs BO3MOXKHOCTH JJIsi  0Oydarollerocs MOJYYUTh aJpPECHYIO
KOHCYJIBTALIMIO TIO 3JIEKTPOHHOMU MOYTE 10 MEPE HEOOXOJUMOCTH.

Jns amantanuuy kK BocnpuaTHio aunaMu ¢ OB3 1 mHBaIMIaMu ¢ HapylIeHUSIMH
3peHHUs CIPABOYHOTr0, Y4eOHOI0, MPOCBETUTENILCKOTO MaTepuana, mpeyCMOTPEHHOTO
o0pa3oBaTeNbHONl IPOrpaMMoil MO BBIOPAHHOMY HAMPABICHUIO MOATOTOBKH,
00€eCIeynBalOTCs CIEIYIONINE YCIOBUS:

- BeZleTcs ajganTanus opUIManbHOro caita B ceTu MHTepHeT ¢ y4eToM 0COObIX
NOTPeOHOCTEN MHBAIMIOB MO 3PEHUI0, 00ECTIEUNBACTCS HAIMYKUE KPYMHOMIPUDTOBOM
CIIPaBOYHOM MHGOPMAIINH O PACTTUCAHUH YUCOHBIX 3aHSTHIA,

- IeJlarOTHYeCKuii  pabOTHUK, ero coOecemHUK (TIPU  HEOOXOIUMOCTH),
NPUCYTCTBYIOLIME Ha 3aHATHH, MPEACTABISIOTCS OOydYalOIUMCS, TPU ITOM KaxKAbIH
pa3 Ha3bIBaeTCs TOT, K KOMY IeIaroruyeckuii paboTHUK oOpalaeTcs;

- ICUCTBUS, KECThI, MEPEMEIICHUs MEeAarornyeckoro paboOTHUKAa KOPOTKO H
SICHO KOMMEHTHUPYIOTCS;

- meyatHasgs MHQOpMAIUs NpeNoCTaBiseTCs KpynHbIM wmpudrom (ot 18
IYHKTOB), TOTAJIbHO O3BYyYMBAETCH;

- 00ecrieunBaeTCsl HEOOXOIMMBIN YPOBEHb OCBEILIEHHOCTH TOMELLEHUI];

- IPEIOCTABIIAECTCS BO3MOYKHOCTh MCHOJIb30BaTh KOMIIBIOTEPBl BO BpEMs



http://www.kgeu.ru/

3aHSITHI U MPABO 3aMKUCH 00BSICHEHUI Ha TUKTO(OH (110 KEeJTaHUIO 00YyJarONuXCs).

dopMa mpoBeACHUS TEKyllel W  MPOMEXKYTOUYHOM  aTTeCTaluu  JUIs
oOyuaronuxcss ¢ OB3 u MHBaNUIOB ompenenseTcss MeJarorndeckuM paboOTHUKOM B
COOTBETCTBUM C Yy4yeOHBbIM mmiiaHoM. [Ipu HeoOxomumoctu obydaromiemycs ¢ OB3,
WHBAJIMIY C YYETOM UX WHAMBUIYAIbHBIX NMCUXO(MU3UUYECKUX OCOOCHHOCTEH HaeTcs
BO3MOKHOCTh MPOUTH MPOMEKYTOUHYIO aTTECTAIMI0 YCTHO, MUCbMEHHO Ha Oymare,
MMCbMEHHO Ha KOMIIbIOTEpE, B (hOpME TECTUPOBAHUS U T.I., JUOO MPEIOCTaBISETCS
JIOTIOJIHUTENIHLHOE BPEMS JJIsl TOATOTOBKHU OTBETA.

8. MeToauyeckue peKOMeHJAalMU /Jisl NpenojaBarelieii Mo OpraHu3amuu
BOCIIUTATEJbHOI PadoThl ¢ 00y4AOIMMHUCS.

Meroanueckoe obecriedeHre Mmpoiecca BOCIUTAHUS 00YYaIOIUXCsl BHICTYIAeT
OJIHUM W3  ONpeaensronmx (QakTopoB  BBICOKOIO KadyecTBa  0Opa30BaHUS.
[IpenomaBatens By3a, JAEMOHCTPUPYS BBICOKHH MPO(ECCHOHAIN3M, JPYIUIIHIO,
YETKYIO TPaKIAHCKYIO TO3UINI0, CAMOIUCITUTIINHY, TBOPUYCCKUH TOAXO0J B PEIICHUH
npodeCCUOHANIBHBIX 3a/lady, B XOJe 0O0pa30BaTeNbHOrO Mpoliecca CIOCOOCTBYET
(GhOpMHUPOBAHUIO TAPMOHUIHON JTMIHOCTH.

[Ipn peanm3anuu  JUCIUIUIMHBI  MPEMOAABATEIh MOXKET  HCIOJIb30BaTh
CJIEAYIOIINE METObl BOCIUTATEILHON PaOOTHI:

- METOJbl (POPMHUPOBAHUSI CO3HAHUSA JUYHOCTH (Oecena, JMUCIYT, BHYIICHHE,
WHCTPYKT@X, KOHTPOJIb, OOBSICHEHHE, NpPHUMEpP, CaMOKOHTPOJb, paccKa3, COBET,
yoexxaeHue u ap.);

- METOJIbl OpTaHM3aIuU JEATETLHOCTH W (POPMUPOBAHUS OIbITA IMOBEICHUS
(3amaHue, OOIIECTBEHHOE MHEHHWE, IIeJlaroThueckoe TpeOoBaHWE, TOpyYCHUE,
pUy4YeHne, CO3JaHNe BOCIIUTHIBAIOIINX CUTYAIINI, TPEHUHT, YIPOKHEHHE, U JP.);

- METOJbI MOTHBAIIMHM ACATCIBPHOCTH W TOBeAeHUs (0700peHue, TOOIIPECHHE
COIIMAJILHOM aKTUBHOCTH, TIOpUIIAHWE, CO3JIaHHE CHUTyalluld ycrexa, CO3/aHue
CUTYAIIMH JIJI1 YMOIIMOHAILHO-HPABCTBEHHBIX TIEPS)KUBAHUH, COPEBHOBAHHE U JIP. )

[Tpu peanu3anuu TUCITUTIIMHBI MPETIOAABATENb JOKEH YUUTHIBATh CIICTYIOIIHEC
HaIlpaBJICHUS BOCITUTATEIIBHON JEATEITLHOCTH:

I'pasicoanckoe u nampuomuueckoe eocnumaHnue:

- popMUpOBaHUE Yy OOYYArOMIMXCS 1EJIOCTHOIO MHMPOBO33PEHUS, POCCUMCKOM
WJICHTUYHOCTH, YBOKEHUS K CBOEH CeMbe, OOIIECTBY, TOCYIapCTBY, MIPUHSATHIM B CEMbE H
O0IIIeCTBE JyXOBHO-HPABCTBEHHBIM U COIMOKYJIBTYPHBIM IIEHHOCTSIM, K HAIIMOHATBHOMY,
KyJIbTYPHOMY ¥ HCTOPUYECKOMY HacJeauio, (GopMUpOBaHME CTPEMIICHHSI K €ro
COXPaHEHUIO U PA3BUTHIO;

- popMupoBaHKe y 00yUYarOMIUXCS aKTUBHOW TPaKIAHCKOW TMO3MIIMH, OCHOBAHHOMN
Ha TPAJUIMOHHBIX KYJbTYPHBIX, JYXOBHBIX M HPABCTBEHHBIX IEHHOCTAX POCCHHCKOTO
oOIrecTBa, JIsi TIOBBIIICHUS CITOCOOHOCTH OTBETCTBEHHO pEATM30BBIBATH  CBOU
KOHCTUTYIIMOHHBIC TIPaBa U 00S3aHHOCTH;

- pa3BUTHUE MPABOBOM U MOJUTUYECKON KYJIbTYpbl OOyUYaIOIIMXCS, pACUIUPEHHE
KOHCTPYKTUBHOT'O y4YacTHsi B TPHUHITHUM PEIICHHWM, 3aTparuBaroliux HX INpaBa U
MHTEPECHI, B TOM YHUCJI€ B Pa3IMYHBbIX (OpMAX CAMOOPraHU3aIMH, CAMOYIPABIICHUS,
OOIIECTBEHHO-3HAYMMOM JIeATETbHOCTH;

- popMUpOBaHUE MOTHUBOB, HPABCTBEHHBIX U CMBICIIOBBIX YCTAaHOBOK JIMYHOCTH,



MO3BOJIAIOIIMX TMPOTUBOCTOATH AKCTPEMHU3MY, KCEHO(POOWH, TUCKPUMHUHAIMH IO
COLIMAJIBHBIM, PEIMTUO3HBIM, PACOBBIM, HAI[MOHAJIBHBIM IIPU3HAKAM, MEKITHUYECKON
U MEXKOH(ECCHOHAIBHON HETEPIUMOCTH, JPYTUM HETaTUBHBIM  COLMAIBHBIM
SIBIICHUSIM.

Llyxoeno-upascmeennoe socnumanue:

- BOCIIUTAHWE YYyBCTBA JOCTOMHCTBA, YE€CTH M YECTHOCTH, COBECTIMBOCTH,
YBAXXEHUS K POAUTEISM, YUUTEIAM, JIFOASAM CTapIIEro MOKOJICHUS;

- popMupoBaHME MPHUHIMIIOB KOJUIGKTHMBM3MA W  COJHMJIAPHOCTH, JyXa
MUJIOCEpAUST M COCTPAJaHus, NPUBBIYKK 3a00TUTHCA O JIOJSAX, HAXOASIIMXCA B
TPYIHOW )KU3HEHHOU CUTYallVH;

- popMupoBaHUE CONMAAPHOCTH M UYyBCTBA COIMAIBHON OTBETCTBEHHOCTH IIO
OTHOILLICHHUIO K JIOIAM C OTPAHUYEHHBIMU BO3MOKHOCTSIMH 30POBbS, IIPEOJOJICHUE
IICUXOJIOTUYECKUX OapbepoB 1O OTHOIICHHIO K JIIOAAM C OrPAHUYECHHBIMU
BO3MOKHOCTSIMU;

- popMupoOBaHHE SMOLIMOHAIBHO HACBHILIEHHOTO M JYXOBHO BO3BBIIIEHHOTO
OTHOULIEHUSI K MHUpPY, CHOCOOHOCTH M YMEHHUs MepelaBaTh APYIMM CBOM 3CTETUYECKUH
OIIBIT.

Kynemyphno-npoceemumensckoe gocnumanue:

- popMHUpoOBaHUE 3CTETUUECKON KapTHUHBI MUPA;

- popMuUpOBaHUE YBKEHUS K KYJIbTYPHBIM IIEHHOCTSIM POJTHOTO TOpOJa, Kpasd,
CTpaHBI;

- IOBBITIICHUE TIO3HABATEILHOW aKTUBHOCTH O0YYarOIIHXCS.

Hayuno-obpazosamenvnoe socnumanue:

- hopMupoBaHue y 00y4aIOIIUXCI HAYYHOTO MUPOBO33PEHUS;

- popMuUpOBaHUE YMEHHS TIOTyJaTh 3HAHUS;

- popMUpOBaHUE HABBIKOB aHAM3a W CHHTE3a WH(GOpMAIMM, B TOM YHUCJE B
npodeCcCHOHAIBHOM 001acTH.
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EeIIoIe)ALIIdd
Luroxd 010doLox
€BLO09 9 ‘(BLoLdarAMed)
BLALALOHU
MINA 91rareraoradi
«OHBEOIRILIO)»

nomoiAeurread

‘(e -geg
«OHBEOJBILIO)»

Conepxxanue U3MEHEHUN

UUHOHOWEU
EUHJOJOHY ele]]

UUHOHOWEU
KUHO00HE eIrolreed o)\

/n

=




Ipunosicenue x paboueii
npozpamme OUCYUNIUHbL

MUHUCTEPCTBO HAYKHU U BBICIIETO OBPA3OBAHM ST POCCUNCKON ®EJIEPAITIN
®enepajbHOE IOCY1APCTBEHHOE 010/1KeTHOE 00pa3oBaTeIbHOE

_ yupexaeHue BbICIIero oGpasoBannst
KI'3Y «KASAHCKUU I'OCYJAPCTBEHHBIU DHEPTETUYECKUU YHUBEPCUTET»
(®I'BOY BO «KI'3Y»)

OLHEHOYHBIE MATEPUAJIbI
10 AMCIUILINHE

b1.B./12.01.01.04 TexHonoruu BHEAPEHUS U COIPOBOKICHHS CUCTEM
MCKYCCTBEHHOI'O MHTEJUIEKTA

(Haumenosarnue OuCYUniuHbl 6 COOMEEMCcmeul ¢ Y4eOHbiM NAAHOM)

Hanpasnenue noarotoBku 01.03.04 IlpukmagHasg MaTeMaTHKA

(K00 u naumeHosanue HanpasieHus nOO20NMOBKIU)

Keanudukamms OakayiaBp
(Baxanasp / Mazucmp)

r. Kasansb, 2023



OrneHouHplE MaTepUabl 1O JUCIHUIUIMHE 1EXHOJOTWW BHEIPCHUS |
COMPOBOXKJICHUSI CHUCTEM HCKYCCTBEHHOTO MHTEIJIEKTa , MpeIHa3HAuYEeHHbl s
OLICHUBAHUSI PE3YJIbTATOB OOYYEHHS Ha COOTBETCTBUE HWHIAMKATOPAM JIOCTHUKEHUS
KOMIIETEHITUH.

OneHuBaHue pe3yabTaTOB O0yUEHHUS 110 AUCIUIUIMHE OCYIIECTBIISETCS B paMKax
tekyuiero kKoutpods (TK) u npomexxyTouHol aTTecTaiuu, MPoBOJIUMBIX MO OaIbHO-
peritunroBoii cucreme (BPC).

1. TexHnoJsiornyeckasi KapTa
o Cemectp /

PeliTuHTOBEBIC TTOKA3aTEIN
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Paznen. "BBenenue B HelipoHHBIC ceTH" TK 25 0 0-25
Pa3zpnen. "TexHOnMOrum NCKyCCTBEHHOI'O TK
" 30 0 0-30
MHTEIEKTA
IIpome:kyTouHas aTTecTanus (3a4eT, IK3aMEH, oM 0-45
KII, KP)
3ajanue MpoOMeKyTOUHON aTTECTaIluu 0-15
B nucemenHoit popme no 6uneram 0-30

Texnonocuueckas kapma @opmupyemcsi ONsl KAHCO020 BUOA NPOMENCYMOYHOLU
ammecmayuu ( 3a4ema,’K3amMeHd, Kypcoso2o npoekxma uiu pabomot)

2. OueHOYHbIE MATEPHAJIBI TEKYIIIEr0 KOHTPOJISI U IPOMEKYTOUHOM aTTecTalluu
[IIxana olleHKH pe3yJbTaTOB OOYUYEHUS M0 JUCHUTLIINHE:

YpoBeHb chOpMUPOBAHHOCTHA UHIUKATOPA KOMIIETEHITUN
o . Hwoxe .
Bricokuit Cpennuit Huszkuit
CpeaHero
Kon Kon 3amrann-
KOMII HUHIUKATO pOBaHHEIE ot 85 o 100 ot 70 o 84 oT 55 o 69 ot 0 0 54
e- a e3yJILTATHI
p pesy. IIxama oneHUBaHUA
TEHII | KOMIIETeH | OOydYeHHs 1Mo
5051 15054 UCILUTIIUHE HEYI0B-
I et YIIOBIIET- Y
OTJIMYHO XOpouIo JICTBOPU-
BOPUTEILHO
TCJIIBHO
33‘{TCHO HC 3a4TCHO
3HAaTh:
IIK-1 | I[IK-1.2
- OTJ'II/I‘lHO ‘ XOpouIO 3HacT ‘ y,I[OBJ'IeTBOpI/ITC HC 3HACT




BBIYHMCIIUTCIIBH

3HACT SA3BbIK

s3bIK Python

JBHO 3HAET MPOTPaMMHBIX
b€ CPECTBA U Python mnu i C++ 361K Python, u
KOMILIICKCHI, C++, bperiMBOpKHU 3HAET OJIMH U3 | BBIYMCIIUTEIBH
TIpUMEHseMbIe | (GpPEHMBOPKH rIIyOoOKOTO (hpertMBOPKOB BIX CPEICTB,
pH rIIyOOKOTO o0OydeHwus, rIyOOKOTO MIPUMEHSIEMBIX
pa3paboTke o0Oy4eHwus, TaKHe KaK oOyueHwus, npu
MPOEKTOB TaKue Kaxk PyTorch u TaKue KaKk pa3paboTke
HelpoceTeil u PyTorch u Tensorflow, PyTorch u MPOEKTOB
uHTeiuiektyan | Tensorflow, oOnavyHble Tensorflow, HelpoceTeil u
BHBIX o0auHbIe m1aThOpPMBI obauHbIC WHTEIUICKTyal
CUCTEM; 1aThOPMBI IU1st pabOTHI © mIaThOPMBI BHBIX
-ppeMBOpKH | I paObOTHI ¢ | HEUPOCETIMHU IU1st pabOoTHI C CHCTEM;
TIyOOKOTO HelpoceTsIMu HeWpoceTsImMu
oOyueHwus,
TaKue KaK
PyTorch u
Tensorflow
YMeTs:
— CO3/1aBaTh,
IIPOBOJUTH Ymeer
OTIAIKY CO0311aBaTh,
MPOrpaMMBbI MPOBOJIUTH
noJ OTJaJKy
IIOCTABJICHHYIO | IPOTPaMMBI C
Y porp YMmeer
3ajauy C WCTIOJIb30BaHU
CO3/71aBaTh YMmeer HE yMeeT
yUETOM eM
MIPOTPAMMBI C CO3J1aBaTh c03/1aBaTh
MOCTETHUX COBPEMEHHBIX
UCIIOJB30BAaHU | IIPOrpaMMBI C | IIPOrpaMMbl C
TEOPETUYECKH | HWHTEJUICKTYya
eM HCTOJIb30BaHKe | HMCIOJIL30BAHU
XH BbHBIX
. COBpPEMEHHBIX M eM
MPAKTUYECKUX | TEXHOJIOTHH, . .
. WHTEJUIEKTYan | HEHWPOCETEBBIX | HEWPOCETEBBIX
IOCTIDKEHUH B VYwmeer . o
BHBIX Mojenei Mojeneit
obnact MIPOBOJIUTh .
TEXHOJIOI'nnu
HCKYCCTBEHHO BHEJIpEHHE
ro uaresiekra | ONNX ( Open
u Neural
HelpoceTeBbIX Network
TEXHOJIOTHt Exchange )
Bnaners:
OTnuyHO BJaJeeT
BJIaJieeT OCHOBHBIMHU BIaaceT HE BIIAACCT
— TEXHOJIOTHEH | roxHomorusMi | TeXHOMOrMIM 0a30BBIMHU OCHOBHBIMHU
cOOpKH U cGopKH 1 CGOpKH 1 TEXHOJIOTHSIMUA | TEXHOJIOTHUSIMH
3amyckKa sarmycka 3amycka cOOpKHU U COOpKH U
HEHPOCETEBBIX | 1ynornany ¢ TPOrPAMM ¢ 3arycka 3arrycka
Mozenen B HICTIONB30BAHM | HMCHOb30BaHM | POTPaMMC TIpOrpamMm ¢
pexume eM eM WCTIONb30BaHKe | HCIIOIB30BAHU
OOYYEHMA M | pejipocereBbIX | HelipoceTeBBIX M M
uHpepeHca MoyJeii, MoyJTe, HEHpPOCETEBBIX | HEHPOCETEBBIX
BIIQJICCT BJaJeeT MOAyTIeH. MoAyneHn
TEXHOJIOTHEN TEXHOJIOTHEN




[1K-2

[1K-2.3

nHpepeHca uHpepeHca.
3HaTh:
HE 3HaeT
HpOrPaMMHBIX
pOrpaMMHBIE
OtauvHO VY noBnerBopute u
u XOpOIIIO 3HAET
3HAET JBHO 3HAET BBIYHCIIUTEIbH
BBIYHCIIUTETbH MpOrpaMMHBIE
porpamMMHbIC pOrpaMMHbBIC BIX CPEIICTB,
BI€ CPEJICTBA U cpencTBa U
CpencTBa 1 cpesacTBa U MPUMEHSIEMBIX
miatopmel o0JauHbIC
o0auHbIe obayHbIC npu
JUISE 1aTHOPMBI
m1aTQOpMBI mat(opmel COIIPOBOXICH
MOHHTOPHHTA JUTSL paboTHI C
TSt paboTEHI C N U1 paboTHI C WU CUCTEM
CUCTEM . HeHpoCceTsIMH .
HeHpoceTsIMU HEHPOCETSIMH | MCKYCCTBEHHO
HCKYCCTBEHHO
IO MHTEJUICKTa
IO HHTEJUICKTa
YMeTs:
YmMmeer o vaee
HE yMeeT
Ymeer MPOBOJIUTH Ywmeer 4
—IpOBOAUTH MIPOBOJUTH
IPOBOJIUTH MOHHTOPHHT HPOBOJIUTH
COIIPOBOXK/ICH COIIPOBOKICH
BHEJIPCHUE U pOTpamMM ¢ COIIPOBOXICHH
ue ue mporpamMmm
COIIPOBOK/ICH | HWCIIOJIb30BaHM | € MPOTpPaMM ¢
cHcTeM c
ne ONNX ( eM UCIIOJIb30BaHUE
HCKYCCTBEHHO UCTIOJIb30BaHU
Open Neural | coBpeMeHHBIX M
IO MHTEJICKTa . eM
Network MHTEIUIEKTYyall | HEeWpOCeTEeBBIX .
. HEHpOoCeTeBbIX
Exchange ) BHBIX Mojeneit .
. MoJieneit
TEXHOJIOTHIA
Bnagers:
OtnuaHO BJIaJieeT BJIaJieeT HE BIIaJICET
— CpeacTBaMHU
BIIaJIceT OCHOBHBIMH 0a30BbIMHU OCHOBHBIMHU
COIPOBOK/ICH .
TEXHOJIOTHEH | TEXHOJIOTHSIMH | TEXHOJIOTHSAMH | TEXHOJOTUSMH
ust
HEHDOCETERLIX uHpepeHca,Ha | wHpepeHca,Ha | nHMepeHca,Han | uH(pepeHca,Ha
5 e mp., ONNX p., ONNX p-, ONNX mp., ONNX
Mojiesel B
pe . RUNTIME, RUNTIME, RUNTIME, RUNTIME,
KM
MHCTPYMEHTaM | HHCTPYMEHTaM | MHCTPYMEHTaM | WHCTpyMEHTaMm
nrepenca. Tpy. Py Py Py

u Tensorboard

u Tensorboard

u Tensorboard

u Tensorboard

OI_ICHKa «OTJIMYHO» BBICTABIIICTCA 3a BBIIIOJIHCHHUE HNOJIHOE B6blNOJIHEeHUE

nabopamopuelx pabom & cemecmpe, 21yO0KOe NOHUMAHUE NPUHYUNO8 NOCMPOEHUS,
Memo008 u mexHoNo2Ull 00yYeHUsl HeUPOHHBIX cemeli, NOHUMAHUe Mempux o0y4eHus,

3HAHUE

OCHOBHbIX

MexHON02UU

UCKYCCMBEHHO20

urmesljiekma,

noJjiHvle U

cooeporcamenvbHble OMEemvl HA 80NPOCHL Ouiema (meopemuueckull U NPAKmMuyecKutl
60NpPOCHL)

Onenka

«XOPOLIO»

BBICTABJIACTCA 3a

BBITIOJTHCHHE

6blNnoJIHEeHUe

1abopamopHuix pabom 6 cemecmpe,; NOHUMAHUE OCHOBHbIX NPUHYUNO8 NOCMPOEHUS U
Memo0o8 00yueHus HeUupOHHbIX cemell, NOHUMAHUE Mempux oOyuenus, 3HaAHUe
MexXHOI02ULl UCKYCCMBEHHO20 UHMELLEKMA, CO0epicamenbHble Omeembl Ha 60NPOCHl
ounema (meopemudeckuti U NPAKMUYECKUutl 0NPoCyl)




OlieHKa «Y/A0BJIETBOPHUTENbHO» BBICTABISICTCS 32 BBHITIOJIHEHUE GbINOJIHEHUE
1abopamopublx pabom 8 cemecmpe, YACMUYHOE NOHUMAHUE OCHOBHLIX NPUHYUNOB
nocmpoenuss U mMemooo8 00VYeHUsT HEeUPOHHBIX cemell, 3HaHue Mempux 00yueHus,
omeemuvl Ha 60NPOCHL buiema (meopemudeckull U npaKxmuiecKuli 60npocol)

OneHka «HeyJA0BJEeTBOPHUTEJIbHO)» BBICTABIACTCS 3a Cl1abd0€ W HEMOJHOE
BEITIOJIHCHUE JTA00PATOPHBIX M TMPAKTUYECKHX pabOT B CEMECTpe; HE3HaHUE U
HEMMOHMMaHuEe 0a30BbIX MPHUHIIUIIOB IOCTPOCHUS HEUPOHHBIX CETEH; HEMOJHOE U
HESCHOE BBIMOJIHEHUE TEOPETHYECKOTO BOMpOca OUjIeTa; HECHOCOOHOCTh OOBSICHUTH
POrpPaMMHBINA KOJT IO MPAKTHYECKOW YacTH OuieTa.

3. IlepeueHb O1lIEHOYHBIX CPEICTB

Kparkas xapakTepucTUKa OIIEHOYHBIX CPEICTB, HUCHOJIB3YEMBIX IMPHU TEKYILIEM
KOHTpOJIE YCIIEBAEMOCTH U TMPOMEKYTOUHOM aTTecTaluu oOydYaromierocs o
JTVCLUILINHE:



4. IlepeueHsb

KOHTPOJIbHBIX

3aJJaHUl WM HHBbIE

MaTepuabl,

HeoO0XoauMble VISl OLleHKH 3HAHMI, YMEHHIl M HABBIKOB, XapaKTePU3YIOIIUX
Tanbl GopMHUPOBaAHHUS KOMIIETEHINH B MpoLecce 0CBOEHUS TUCHUIIINHBI

Jas Tekymero kourpoJs TK1:
[Iposepsiemast komnerenmus: [1K-1.2: CnocoGeH BHEAPATHh U CONMPOBOKAATH
aKTyaJbHbIe IU(PPOBBIE pelICHUs 3a/1a4 IPEANPUATUS

Tect

Bonpoc

Ba PWaHTbI OTBETA

OTBET

MoAa NCKYCCTBEHHbIM
nHTennekTom B Poccum
NoHMMaeTcA

KOMMNJIEKC TEXHO/IOTMYECKUX peLLIeHMVI, I'IO3BOI'IF|IOIJ.I,Mﬁ
MMUTUPOBATb KOTHUTUBHbIE d)YHKLI,MVI YyesioBeKa

caM006yqume N NONCK peLLIQHMVI 6es 3apaHee 3agaHHOro
a/IropUTMa

KOMMNJIEKC TEXHO/TOTNMYECKUX peLLIEHMﬁ, I'IO3BO!1‘r'|IOLLI,Ml7‘1
nony4yatb Npn BbINOJIHEHUN KOHKPETHbIX 3a4a4 pe3ynbTaThl,
COMoCTaBMMble, KaK MUHUMYM, C pe3y/ibTaTaMu
MHTenﬂeKTyaﬂbHOVI AeATENbHOCTU YeNOoBEKa

BCe BbllWleONMMUCaHHOE

HelipoceTteBbimu
TEXHONOTMAMMU Ha3bIBaAOT

KomMmnnaekc MHd)OpMaLI,VIOHHbIX TEXHOﬂOFMl)'I, OCHOBAHHDbIX
Ha NPUMeHEeHNN KOMMNbIOTEPHbIX ceten

TEXHONOrnM,
MCKYCCTBEHHDbIX

KomMnaeKc MHPOPMALMOHHbDIX
OCHOBaHHbIX HAa  NPUMEHEHUMU
HepPOHHbIX ceTen

MHd)OpMaLI,VIOHHbIe CUCTEMbI NMOUCKa

MHGOPMALMOHHbIE TEXHO/IOTUM YNPABAEHUSA

Anroputm o0byyeHuns
WMCKYCCTBEHHOM  HEMPOHHO
CeTU 3aKaHUYMBAETCA, Koraa

AOCTUTHYTO  3aflaHHOe  3HayeHue cpeaHen  (Mam

MUHWMA/IbHOM) OLINBKMK

CeTb Mcyepnana BO3IMOKHOCTU 0byyeHUn (ownbKa
nepecTana yMeHbLIATbCA OT 3MOXM K 3Moxe)

npoﬁp,eHo onpegeneHHoe Koan4ecTso anox

Nno6bon oTBeT U3 NepevyncNeHHbIX

Kakune GpyHKLMM BbINONHAET
nporpaMmHan peanmsauus
BXOZ4HOrO C/10A

BbluMcaseT NponsBoaHY0 418 anroputMa obpaTHOro
pacnpocTpaHeHUs OWMBKMN.

MepepaeT BXO4HOW BEKTOP CUTHANOB HA NepBbii

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

MHOTOC/I0MHOro CKPbITbIN CNON.

nepcenTpoHa? Ypanaet "wym" us curHana.
TpaHcAnMpyeT CMrHan Ha BbIXOAHOW C/IOM MHOIMOC/IOMHOIO
nepcenTpoHa.

HeWpoH j nonyunn Ha Bxop, -1.8485

CUTHaA OT YeTblpex ApYyrux 0,5

HEMpPOHOB YPOBHMU -0,4621

BO3OYXKAEHUA, 3HAUYEHUA 0,2449




j-ro HellpoHa B cny4dae, ecim
bYHKLMA aKTUBaLMK
HEeMPOHOB eCTb
rmnepboanNYeCcKnin TaHreHC.
BbibepuTe NnpaBubHbIA OTBET:

MporpammHo
HeMpOHHanA

peanunsoBaHa
cetb C OoAHMM
CKpbITbIM cnoem 7]
aKTMBALMOHHOWM byHKUMEN
curmompa. Y cetm 1 Bxopg, 3
HEMPOHA B CKPbITOM CNOE WU
oauH BbIxod. YTo OyaeT Ha
BbIXO4e CeTU B C/ay4vae, eciu
Ha Bxoge 1, Bce Beca paHbl 1 u
cmeweHue 0.

AN,
GL~@—D
B

0,7311

2,1932

Yto npeacrtaBndaetr  coboi
anropuT™ «0byyeHus
WCKYCCTBEHHOM  HEMWpPOHHOM
cetn»?

npoueaypy NoACTPOMKM CUTHAI0B HEMPOHOB

npoueaypy NOACTPONKMN BECOBbIX 3HAYEHMIA

npoueaypy BblYMC/IEHMA MOPOroBbiX 3HAYEHWUM
bYHKLMI aKTUBALMM

ana

MporpammHan peanunsaumn
O4HOC/IOHOMO NepcenTpoHa
Nno3BONAET pellaTb 3a4a4u

annpoKcMmauum GyHKumi

pacno3sHaBaHua 0bpas3os

KnaccndpuKaummn

Kakas apxuTekTypa | MHOroc/IonHbI NepcenTpoH
MCKYCCTBEHHON  HEMWpPOHHOM | PeKyppeHTHble HelPOHHbIe ceTh
cetn bonbwe noaxoAuT ANA | CBEPTOYHbIE HEMPOHHbIE CeTH
pa3paboTKu aNropmMTMOB
aHanu3a €CTeCTBEHHbIX
A3bIKOB (TEKCTOoB).
Ona  ¢yHKumMn  aktuBauuu | -1
rmnepbonnyeckni TaHreHc | 0
th(z) = S 1
BbIYNCANTE, | Mpepen He cywecTeyeT

lim th(x)
yemy paBeH z—— ?
Ona paspabotkm anroputmos | ResNet
M nporpammHbix cpeacts ana | YOLO
OeTekuMn n  TpeKuHra B | SSD
cucTemax BuaeoHabaogeHun, | GAN
NCNoNb3yoTCA HENpPOHHbIE
cetn
Kakoin ¢penimBopk rnybokoro | CNTK
obyueHna umeet wuHTepdeic | Tensorflow




ana pa3paboTku
NPOrpPammHbIX CpeacTB  Ha
A3blKe  MPOrpamMmMupoBaHuUA
Python pna ob6yyeHua wu

3anycka MHC?

PyTorch

Bce nepeuncneHHble

BxoaHoe nsobpaxeHue nmeet
pasmep 32 Ha 32. Kakoro
pa3mepa nosyunTca pesynbrat
CcBEPTKU B PyTorch 5 Ha 5 Ges
padding, co stride=(1,1), ecau
Ha BbIXOA4E AO/MKHO ObiTb 6
KaHanoB?

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 cumntaiite
CNOWN aKTMBALUK, He
yuuTbIBanTe bias.

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

9 Bcero: mbl HaknagbliBaem OAHY U Ty e CBEPTKY Ha
Ka)l-(ﬁ,bll‘a M3 TpEX KaHanosB

9 VYHMKanbHbIX -- BCEro 27, HO ANA BCeX KaHanos
napameTpbl O4NHAKOBblE

27 napameTposB: 3X3 ANA KaXKA0ro U3 Tpex KaHanos

Ona  KakoW  apXMTEeKTypbl
CBEPTOYHON HEMPOHHOM CceTn
XapaKTepHo 06xoaHble
coeanHeHusn

(skipconnections),
npobpacbiBatowme rpagmeHT
ownbKM B 06X04 CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

YKaxkute owmnbky npu paborte
¢ ontumusatopom B PyTorch
npu pas3paboTke nporpammbl
06y4eHnA HelMpoHHOM ceTw.

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

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bomnpocel

1. ®yHKIMSA NOTEPh U ONTUMM3ALMUS MapaMeTpoB HelpoHHOU ceTu. Brioa DI

n3 MCTOAa MaKCHUMAJIbHOT'O HpaBI[OHOI[O6I/I$I.

CCTHu C ITOMOIIBIO aJiropurma

OueHka KauecTBa HeWpoceTeBbIX MoAeseil. OCHOBHbIE METPUKH.
CBépTouHble HepoHHBIE ceTu. Onepannsi CBEpTKH, KacKaj CBEPTOK.
ApXUTEKTYpPbl HEUPOHHBIX CETEH JJISI MYJIbTUKIACCOBBIX Mojenei. DyHKuus

6. ApXUTEKTYpbl HEUPOHHBIX CETEH I MoJiesel OMHapHOH KilaccupuKaIuu

nepIEenTPOH.
[Ipeononenre orpaHUYeHUs] TUHEHHON Pa3IeIMMOCTH U pelIeHUE MPOOIEMBbI

[IpencraBnenne  OyJeBBIX

HCKIIOYAIICTO «HJIN). TeopeMa KOHMOFOpOBa.

2. OOyueHue HEHpOHHOU
BO3HUKHOBEHUS.

3.

4.

5.
Softmax.

7. MHOTOCIIOWHBIN

8.

Omneparnus aexonBosroruu. Transposed convolution layer.
9. Axaroputm 00paTHOTO pacmpocTpaHeHUs: OMMOKU. JI0OCTOMHCTBA M HEJOCTATKH

oOpaTHOTrO
pacnpocTpaHeHuss OmuOKK. I[loHATHE TmapanWua CETH M IPHYHUHBI  €ro

GYHKUIUH.



anroputMa. [loHaTre napainya ceTH U MPUYKUHBI €r0 BOZHUKHOBEHHS.
10. BazoBas apxurekTypa HeWpoHHBIX ceTel. [Ipunnumnbl noctpoenus. OCHOBHbIE
(GyHKIMY aKTUBALIUU.

i Tekymero kourpoJs TK2:
[Iposepsiemast komnerenuusa: [1K-2.3: CrnocoGeH conpoBOXaTh CUCTEMBI
HCKYCCTBEHHOI'O MHTEJUICKTA

Bomnpoc BapuanTsl oTBeTa OTBET

B KaKux 00JacTsax | OIIEHKa BEPOSTHOCTH OAHKPOTCTBA,

DKOHOMUKHM  NPHUMEHSIOTCA | pacrio3HaBaHUE 00pa3oB (TEKCTa, MOAIKICH);

AJITOPUTMBbI Ha OCHOBC | 3aga4yu KJ'IaCCI/I(bI/IKaI_[I/II/I Hn CCIrMCHTALlMM 3KOHOMMYCCKHX
HCKYCCTBCHHBIX HeﬁPOHHLIX 00BEKTOB

cerei? Bce Iepeync/eHHbIe
[IporpammHO peann3oBaH 0,9951

HEHPOH ¢ pyHKIMEH 1

aKTUBaI[AM TUIIA -1

runepbonnyeckuil Tanreue ¢ | 0,9981
TpeMs BXOAaMHu U HEMPOH
cMmeleHus. Bxoael Bce

paBHBI |1 1 Bce Beca Takxke
paBHbl 1, a cmemenue 0,5.
Yemy OyzaeT paBeH BBIXOJ

HelpoHa?

B nporpamme HeipoHHOM 0,25
CETH HEHWPOH j TIONyYHII Ha 0,6225
BXOJI CUTHAJI OT YETBIPEX 0,3775
APYTUX HEHPOHOB YPOBHU -1,5415

BO30YX/ICHHUS, 3HAYCHUS
KoTophIx paBHbl 10, -20, 5, 4
Y COOTBETCTBYIOIINE Beca
cBa3elt paBHel 0.8, 0.5, 0.7 u
-0.5 COOTBETCTBEHHO.
Beruncnute curnan Ha
BBIXOJI€ ]-TO HEellpoHa B
ciydae, ecinu QyHKIUS
AKTUBAIIMU HEUPOHOB €CTh
JIOTUCTUYECKAsi CUTMOU/IA.
Bri6epute npaBuiibHbIN
OTBET:

B mporpamMMHO# peanusanuy | eciy HaiIeTCs TaKOW HEHPOH J, YTO
OJTHOCJIOMHOI0 TEepcenTpoHa

n )
Saw! <O
Ha BXOJ MNOAacTCd BECKTOP | :=f

(X1..Xn). B xakom ciydae | ecnm i Kakaoro Helipona j OyaeM MMeTh
N _

BBIX0OJ0M 6yz[eT Hy.lIeBOI/I Zaiw;; <]

BEKTOP? =1

eCJIM VISl Ka:KI0ro HeilipoHa j OyaeM HMeThb

kil .
Sawl <o
i=I




€CJIM HaWJIeTCsl TAKOW HEMPOH J, UTO

n )
Sawl =6
i=]

Haitaure npou3BoaHy0 3TOM
(YHKIIUY aKTUBAIIUU
th(z) = -

e’ —e
ef+e ¥

U BBIpa3UTE
pe3ynbrar uepe3 (YHKIHUIO

th(x)

1-th’(x)

1+th?(x)

th(x)-1

th’(x)

Kakas apXUTEKTypa
HUCKYCCTBEHHOM HEUPOHHOU
ceTu OosblIe BCEro
MNOJIXOAUT JUIL  Ppa3pabOTKH
JITOPUTMOB U NTPOIPAMMHBIX
CpeACTB pacro3HaBaHHA
o0pazoB u aHaIM3a
M300paKeHMIT?

ITonmHocBs3Hag
IIEPCENTPOH)

HEWpOHHAas  ceTh  (MHOTOCIIOWHBIN

CBeproyHasi (KOHBOJIHMOHHAS) HEIPOHHASA CETh

PexyppeHTHas HEMpOHHAs CETh

[Tyctb B
aBTOMATHYECKOTO
pacro3HaBaHMs PYKOIUCHBIX
mpp or O 1m0 9
UCIOJIb3YETCS CNN c
aktuBanuen softmax. Kakyro
GbyHKIHIO oTephb BBI
BBIOEpETE?

nporpaMmme

MSE

MAE

CE (Cross Entropy)

BCE (Binary Cross Entropy)

AyrMeHTaIus JaHHbIX
MIPUMEHSETCS 1151

yBeIn4eHusi 00bemMa 00y4aouieil BbIOOpKH

YBEJIMUYEHUS] CKOPOCTH 00Y4EHHUS

HOpMaJIU3alluu
00pbOBI ¢ epeodyyeHneM

C MTOMOIIIBIO kakoro | 1

MUHHMaIIbHOTO yucna | 3

HEHWPOHOB B CKpBITOM clo€ | 4

MHOT'OCJIOMHOTO 5

nepcenTpoHa peraercst

npobnema XOR ?

Jiis pa3pabotku anroputMoB | GAN

U MporpaMMHBIX cpencts aia | ResNet

pewenust 3agaud | LSTM

knaccupukanuu B cucremax | VGG

KOMITBIOTEPHOT'O 3pCHHUA
HCIIOJIB3YIOTCHA HeﬁpOHHBIC
CETH

IIpu nocrpoenuun
QITOPUTMOB O0yUYEHUS
HEHPOHHOU CeTH OOBIYHO
JaTaceT JeJAT Ha 2

yactu train u test unu Ha 3
yacTu: train, validation,
test. Jlis 4ero Hy»KHO Takoe

Ecnmu O6yanBCH Ha ITIOJITHOM AaTaC€TC M Ha HEM KE ACJIATh
BaJInJalino, TO MOKHO HE€ 3aMCTUTH Hepe06yqu1/I5{

Validation HyxHa, 4TOObI NOAOOpPaTh THIIEpPHAPAMETPHI
ceTn

Test HykeH a1 (UHAIBHOM OIIGHKM KadecTBa pPalOTHI
ceTH

Bce BblIenepeyuciaeHHoe

neixenue?
Kakas nporpammHas | Tensorflow
oubnmroreka He mpuMensiercs | Torch




U1 TI1yOOKOro oOyueHus? NLTK
CNTK
[Tpu nanmcanuu nporpamm B | d[0] + c[2]
PyTorch kakas oneparus ¢ c%d
TeH3opami 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 ITOJYUUTH
CJIeIYIOLLUIA BBIBOJ?
tensor([[O., 1., 1., 1.],
[1.1.,1, 1],
[1.1.,1.,1],
[1.,1.,1,1],
[1.,1.,1,1]D)
[Tycts MaTpHIa MPU3HAKOB [[-4, 3],
paBHa [-9,5]]
[[4! 2! '1]! [[3’ '4] )
[-6, 0, 5], [-9.5]]
[31 21 2]]! [['91 5] y
a SIIpO CBEPTKH — [3,-4]]
[[0, 1, 2], [[-4, 3,1],
[1, -1, 0], [1,0,-2]]
[1,0,-2]]
Kaxkos 6y,[[eT pe3yiibTaTt
MNPUMCEHCHUSA CBEPTKHU CO
stride=2, padding=1?
B mnporpamme na PyTorch | 13
ucxonubiii torch.tensor 6wur | 169
paszMepom 13x13x384. | 384
Ckonpko (GUIBTPOB AOKHO | 64896
ObITh B CBEpPTKE, KOTOpAs
BBIJIAET torch.tensor
pa3zmepom 13x13x3847?
Bonpocuwi
1. Perynapuzauus HeWpOHHOUN Perynsapuszauus
Tuxonosa, Lasso — perynspusanus
2. Perynsapuzamnus u npopexuBanue HeWMpoHHOUW ceTH. [Ipsimoit 1 oOpaTHBIMA
Dropout.
3. Meronsl  timyOokoro  oOydenus.  Hopmamuzamms
HOpMaJu3aLus.
4. Texnomorus mnepenaun oOyuenusi Transfer Learning. Vcmons3oBanue
npeaoOydeHHBIX CeTel.
5. ABTO3HKOAEPHl. OCOOCHHOCTH AapXUTEKTYpbl M OOY4YeHHS DSHKOAepa U

JeKoiepa.




6.

Pexyppenthsbie Hetipornsie cetu. Apxutekrypa GRU (Gated recurrent unit).

7. PexyppentHbie HeiiponHbie ceTu. Apxurektypa LSTM (Long Short-Term
Memory).

8. I'eneparuBHO-cocTszatenbHble HelipoceTu (GAN) u style transfer.

9. ®dpeitMBopk riaybokoro odyduenus Tensorflow

10. ®peiimBopk rirybokoro ooydenus: Pytorch

JlJ1st MpOMEeKYTOYHOM aTTeCTAllUM:

bazoBrie BOIIPOCHI K 3K3aMCHY

1.
2.
3.

10.

11.
12.
13.
14.
15.

16.

17.
18.
19.
20.
21.

22.
23.

24.
25.

MaremaTrueckast MOAeIb ONOIOTHYECKOTo HelipoHa. J|eHAPUTHI, aKCOHBI, CHHAIICHI.
TexHoI0rnu NCKYCCTBEHHOI'O MHTEIJIEKTa, 00J1aCTH MPUMEHEHHUS U peliaeMble 3aauu.
ba3zoBas apxutexTypa HelpoHHbIX cereid. [IpuHumnsl nocrpoenusi. OCHOBHbIE (YHKIUU
AKTHBALIUU.

[lepuentpon Po3enbnarra u mnpaBwio Xeb66a. Teopema O CXOOUMOCTH aJIrOpUTMa
00ydYeHUs TIepIeNTPOHA IS THHCHHO-pa3aeTuMbIx MHOXecTB. [Ipodiema XOR.
MmuorocnoiiHblii  mepuentpod. IlpencraBmenue OyneBbix  QyHkmmid. [Ipeomosienue
OTpaHUYEHUS JIMHEWHON pa3eNMMOCTH M pEHICHHE MPOOJIEMbl HCKIIOYAIOIIETO «HIIH.
Teopema Konmoroposa.

OO0y4eHre HEMPOHHOMN CETH C MOMOIIBIO aITrOpUTMa 0OPATHOTO PACIPOCTPAHEHUS OLIUOKH.
[lonsiTHE Mapainya CeTH U NPUYMHBI €r0 BOSHUKHOBEHUSI.

OyHKIMS MOTEPh U ONTUMHU3ALNS [TapaMeTPOB HEUPOHHOI ceTu. BriBoa GyHKIINMHN MOTEPD
U3 METO/1a MaKCUMAaJIbHOTO IPaB0No100usl.

[TpoGaema oBpaXXHOCTH MOBEPXHOCTU (PYHKIIMOHAJA OMNOKHU U €€ YaCTUYHOE IPEO0I0JICHHE
¢ moMotsio BBeaeHUs1 MmomenTa (Nesterov momentum).

Oo6yuenue ¢ momoripto backpropagation na ocuose anroputma RMSProp.

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

[Ipobnema ucyesaromiero u B3pbiBaroierocs rpaaueHTa. [lonsarue «ymuparommiiny RelLU.
Onenka kauectBa 00ydeHusi. OCHOBHbIE METPUKH 3a/1a4 Ki1acCU(UKAIIH.

ITocTaHOBKa M pelICHNE 3a4a41 PETPECCUU C IIOMOIIBI0 HEHPOHHOM CETH.

[TocranoBKa U pelieHue 3a1a4u OMHAPHON KJIaCCU(PHUKAIUU C TOMOIIBI0 HEHPOHHBIX CETEH.
ApXHUTEKTYpbl HEHPOHHBIX CETeHW i1 MHOIOKJIACCOBBIX Mozenel. BeposTHocTHas mepa
NPUHAIIEKHOCTH K Kinaccy. Dynkius Softmax.

Ceéprounbsie HelipoHHbIe cetn. Omeparus cBeptku (1D, 2D). fAnpo ceprku. Kackan
CBEPTOK.

ba3oBble IPUHLIKIIBI IOCTPOEHMS CBEPTOUHBIX HEMPOHHBIX CETEH.

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

Apxutektypa ResNet (residual 6mok). Skip-connection.

[TepeoOyuenue u meto bl 60pbOBI ¢ HUM. AyrmenTarus. Early stopping

Perynapuzanus HeliponHoit ceru: "weight decay". Perynspusaums TuxonoBa, Lasso —
perysspusanus.

Perynspusanus u npopexuBanue HEMpoHHOU cetu. Dropout.

Hopmanu3zaius nansbeix - batch-mopmanumsanus (batch_norm, layer_norm). Beruucienue
CTaTHCTHUK npu 00y4eHuu u Bamunanuu (train/eval).

Texnomorus “nepenaun 3uanuii” Transfer Learning (fine tuning, feature extraction)
CemaHTHYeCKasi CETMEHTAIMsI ¢ TOMOILBIO TIy0okoro oOyueHus. [TomHOCBEpTOUHBIE CETH
(FCN). Onepanus nekonBoroiuu. Transposed convolution layer.
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Apxwurektypa SegNet, Unet. @ynkiuu noteps Ha ocHoBe koddduimenta Jlaiica u focal
loss.

Meronsl MacmTabupoBanust s omeparmu  upsampling u  downsampling. Dilated
convolution.

['enepaTUBHBIC MOAETH U ABTOYHKOJIEPHI.

Bapuanmonnsie aBrosukoaeps! (VAE). [luseprennust Kynn6aka-Jleiionepa.
I'enepatuBHO-cocTsA3aTenbHble HelpoHHbIE ceTH (GAN) M HEHpOHHBIM CTWIb IEepeladyu
o0ydeHnus (Ha mpumepe style transfer).

PexyppenTHbIe HElipOHHBIE CETH U crielupuKa UX 00yUCHHUS.

I'my6okoe o0yuenue B NLP. Knaccudukarmus texkcroB ¢ momomibio CNN 1 RNN.
Apxutektypbl LSTM (Long Short-Term Memory) u GRU (Gated Recurrent Unit).
Mexanusm BHuMaHus (Attention).

OpeliMBopk Tiiybokoro obydenus PyTorch. ABromarmyeckoe nuddepeHmpoBanue.
[Tpunuunel moctpoenus HelpoHHbIX ceteil B PyTorch: ¢yHkumonanbHbii U 00BEKTHBIM
MOJIXO/.

OpeliMBopk Tiyookoro oOydenus Tensorflow. Berumcnurtensnbiit rpad. Iloctpoenue
HEWPOHHO# ceTH U ee oOydeHue. Tensorboard.

HNudepenc netipocereBbix Mozeneir. ONNX.

Mexanu3m BHUMaHus. Apxutekrypa Transformer.

Tumnossie 3aJa4n:

1.

2.

Peanu3oBath m 0Oy4HMTH CeTh Al TMpEACKa3aHUS JOSUIBHOCTH KIMEHTOB
COTOBOTO omepaTopa (JaTaceT y mpenoaaBaTers)

Peann3oBath CBEpPTOUHYIO CE€Th, OOYYUTH CETh U MPOBECTH KIaCCHU(PUKALINIO
torchvision.datasets.FakeData. CoctaButh confusion matrix. I[locTtpouts
rpaguku accuracy u loss Ha Bamumpanuu. IlpoBectn aHanmu3. YMeTh
O0OBSICHUTH CBOM KOJI.

PeanmzoBats ResNetl8 nns CIFARI1O ( torchvision.datasets).

N3 O6ubmuorexku torchvision (ctaBuTcs BMecTe ¢ pytorch), MoxHO
ummnoptupoBaTh ResNetl8 xomanmoit from torchvision.models import
resnetl8

Ho6aBbTe L2-perynspuzanmio. B PyTorch ona aktuBupyercs ¢ momoibto
napamerpa weight decay B ontumuzarope. 3HaueHUE OOBIYHO BHIOUPAIOT U3
[1le-3, 1e-4, 1le-5]. TIpumep:

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

CocraButh confusion-matrix. I'padguxu accuracy u 0SS Ha Bamumanmw.
[IpoBecTun ananu3 o0yueHus. YMETb OObSICHUTH CBOU KO/I.

C nomomrpto ¢peiimBopka PyTorch mns pemenust 3agaun kiaaccuukanmm
pean3oBaTh HEMpoHHYIO ceTh apxuTekTypsl VGG. [IpoBectn oOyueHue Ha
natacete EMNIST (torchvision.datasets) B Google Collaboratory.
[Toctpouts rpaduxu accuracy u loss Ha BamuaaLuu.

[IpoBecTn aHanM3 BAMSHUS THIEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennoit MHC.



10.

C momompio ¢peiimBopka PyTorch mist pemenus 3amaun kinaccupukanum
peanu3oBaTh HEHPOHHYIO CE€Th apXUTeKTypsl MobileNet. IIpoBecTu
oOyuenne Ha pnaracere FashionMnist ( torchvision.datasets) B Google
Collaboratory. I[ToctpouTs rpaduku accuracy u loss Ha BaMIaINH.
[IpoBecTn aHanu3 BAMSHUS TUIEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennoit MHC.

Peanu3oBath CBEpTOUHYIO CETh, O0OYUYUTh CETh U MPOBECTH KJIACCUPUKALIUIO
torchvision.datasets.FakeData. Iloctpouts rpaduku accuracy u loss Ha
BAJIUIALINH.

[IpoBecTn aHayiM3 BIAMSHUS THIEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennor MHC.

C nomompto ¢perimBopka PyTorch peanuzoBaTb HEUPOHHYIO CETh
apxutektypel ~ DenseNet. Pemmts 3amauy  kinaccUpuUKALMM i
FashionMNIST u3 6ubnuotexu torchvision.datasets. CoctaButh confusion-
matrix. ['paduxu accuracy u loss Ha Bamumanuu. [IpoBecTn anamu3
00yuyeHus. YMeTb 00bSICHUTD CBOM KOJI.

[IpoBectn OuHapuyro kiaccupukamuio B ML-3agaue (matacer vy
npenojaBarens). Pa3genuts BBHIOOPKY Ha 0O0yYarollyr0 U KOHTPOJIBHYIO.
OO0yuuTh ceTb. OIEHUTH Ka4eCTBO OOYUEHHUS.

Pemenne 3amaum perpeccud ¢ MOMOIIBIO HEHPOHHOW ceTh (JaTaceT y
MPEnoIaBaTess).

OOyuuTh HEHUPOHHYIO CE€Th MM 3aJauyd MpeAcKa3aHusi 3a00JIEBAHMUS.
[Toctpouts rpadguku accuracy u loss Ha Bamupanuu. IlpoBectu anamus.
VYMeTh 00BACHUTE CBOU KOI.
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