denepajbHOE TOCYIAPCTBEHHOE OKOIKETHOE 00pa3oBaTe/ibHOe
yupe:KIeHHne BbICIIEro 00pa3oBaHusl
KI'9Y  (KA3AHCKHUI1 TOCYJIAPCTBEHHBI SHEPTETUYECKHAI YHUBEPCUTET»
(PI'BOY BO «KI'9Y»)

@ MUHNCTEPCTBO HAVKH U BBICILIETO OBPA3BOBAHUS POCCUNCKON OEJIEPALINN

AKTYAJIN3UPOBAHO
Pemenunem Yuenoro copera UITI KI'9Y
IIpoTroxoa Ne7 ot 24.03.2026

YTBEPXAIKO
Hupextop ULTO
Toanucan: (I)gBOV BO «KI'DV», 5
KA3AHCKII IT'OCYJAPCTBEHHBIIT
@ SHEPTETUYECHIT VHIIBEPCUTET 9 H BeHHeB
Bragenen: 3atinymmuea Paguk PyctaMoBm, « 3 O» Mas 2 0 2 3 I.

KIDYV  Jlupekrop HHCTHTYTA MH(POBBIX TEXHOMOIHI H 3KOHOMHUKII,
Ceptudukar: 28C40A82922670A2466A21B6019CE7SF
HetictButenen ¢ 13.03.2026 mo 13.03.2027

PABOYASA ITPOI'PAMMA JUCHHUIIJIMHBI

51.B.J[2.01.02.03 Texnono2uu uckyccmeenHo20 UHmeleKma

Hampasnenue noaroroBku _09.03.01 MadopmMaTrka v BBIYUCAUTEIbHAS] TEXHUKA

Kpanudukamms OakayiaBp

r. Kazans, 2023



[Iporpammy pazpaboran(u):

HanmenoBanue JlomKHOCTB, OdUO
Kadeapl Y4.CTENEHb, Y4.3BaHHUE pa3paboTynka
JIOIICHT, AOnynnuH Anenb
1HCM KaHauaaTt (1)H3HK0— I/IJ'IBILyCOBI/I‘-I
MAaTEMAaTHYECKUX HAYK

Haumenosanue Ne
CoryacoBanue Hara IMoamuce
TIOIpa3ICIICHUS IPOTOKOJIA
Onob6pena Kadenpa LICM 19.05.2023 5 3aB.kadenpoii [ICM,
K.(.-M.H., TOLIEHT
10.H. CmupHoOB
Y4eOHo-
CornacoBana METOIMYECKUIA 30.05.2023 7 Hupekrop,
COBET MHCTUTYTa K.T.H., TOLIEHT
O.1. benses
Onob6pena Y HCHEIH cOBET 30.05.2023 9 Hupekrop,
WHCTUTYTA
K.T.H., JIOIICHT
D.U. bensen




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

HCJ'IBIO OCBOC€HUA OUCHUITJIIMHBI Texnonoruu HNCKYCCTBCHHOT'O HMHTCJUJICKTA
ABJIACTCA HCJ'IBIO OCBOCHUA JUCHUITIIIMHBI «Texnonoruu HNCKYCCTBCHHOT'O MHTCJUICKTa»
ABJISACTCA (1)OpMI/IpOBaHI/Ie Y CTYACHTOB TCOPCTUYCCKHUX ¢ IPAKTUICCKUX 3HAaHUHN O
COBPCMCHHBIX  HAIIPABJICHUAX, MCTOJAOJIOTUAX H  IHOAXOJaX, OTHCCCHHBIX K
TCXHOJIOTHAM UCKYCCTBCHHOI'O MHTCJUUICKTA.

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

KomnereHumu u UHIMKATOPBI, HOpMUpPYEMBIE Y 00YUaIOIIUXCS:

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

2. MecTo nucuuIuiuHbl B cTpykrype OI1

[IpenmecTByromMe AUCIUILIUHBL (MOaysH), nmpaktuku, HUP, np.: Web-
nporpamMmupoBanue, OnepaluoHHbIE CUCTEMBI

[Tocnenyromue qucuuminabl (Moayin), npaktuku, HUP, ap.: TIpoekTHbIi
IPaKTUKYM, BblTiosIHEHUE U 3a1KTa BBITYCKHON KBaTHU(UKAIMOHHON pabOThI

3. CTpykTypa u coep:kaHue QU CHUIINHbI
3.1. CTpyKTypa AU CHHUIIHHBI
Jliist ouHOM hopMbI 00yUeHUS

Bun yaebHoli paboThl Bg%ro E:f;(: CCMC;Tp (1)

OBIIAA TPYIOEMKOCTBb IUCHUITJIMHBI 6 216 216
KOHTAKTHAA PABOTA - 89 89
AYJIUTOPHAS PABOTA 1,89 68 68
Jlexuuu 0,94 34 34
[IpakTrueckue (ceMUHAPCKUE) 3aHATHS 0 0 0
JlaGopaTopHbie paboThI 0,94 34 34
CAMOCTOSATEJIBHAS PABOTA OBYUYAIOIIET'OCA 4,11 148 148
I[TIpopaboTka yueGHOrO MaTepuana 3,11 112 112
KypcoBoii mpoexT 0 0 0




Kypcosas pa6ota 0 0 0
[MoAroToBKA K IPOMEXkKYTOUHOM aTTECTALMH 1 36 36
IIpomexyTodnas arrecranus: 5
Jl1s1 3a0uHOM (hopMBI OOYyUEHUS
. Bcero | Bcero | Cemectp(bl)

Bun yuebnoit paboTbl 3E qACOB 3
OBIIAA TPYIOEMKOCTBh AUCHUITJIMHBI 6 216 216
KOHTAKTHAS PABOTA - 46 46
AVJIUTOPHAS PABOTA 0,66 | 24 24
Jlexuun 0,33 12 12
[IpakTrueckue (cCeMUHAPCKUE) 3aHATH 0 0 0
JlaGopaTopHbie paboThI 0,33 12 12
CAMOCTOATEJBHAS PABOTA OBYUAIOIIIET'OCA 5,34 192 192
I[IpopaboTka yuebHOro MaTepuaia 5,1 183 183
KypcoBoii mpoekT 0 0 0
KypcoBas pabora 0 0 0
[ToaroToBKa K IIPOMEKXYTOUHOM aTTeCTaluu 0,24 9 9
[TpoMexyTOUHAast ATTECTAIIU: é

3.2. Conep:xxaHue IMCUMILINHBI, CTPYKTYPHPOBAHHOE 0 pa3jejaM U BHIaAM

3aHATHI
Pasznensl Pacnpenenenue ®opmel 1 | UHAEKCH THAMKATOPOB
JUCIUTIIAHBI 2 TPYJIOEMKOCTH BU]I (bopMupyeMbIX

§ 10 BUaM y4eOHOM paboThl | KOHTpOJIS KOMIIETEHITU I
° [t : ©
Tl Bl E| B| B

Paznen 1 32 16 16 TK1

Paznen 2 36 18 18 TK2

DKk3ameH 36 36 OMI1

Hroro 3a 7 cemectp 68 34 34 0 0

UTOro 68 34 34 0 0

3.3. Conep:xaHue QMCHUNINHBI

Cemctp 7

Paznen 1. BBenenue B HEHPOHHBIE CETH

Tema 1.1 OCHOBBI HEUPOHHBIX CETEN

Wcropust pa3BUTUSI HEHPOCETEBBIX TEXHOIOTUH. 3a1a4uM, pelIaeMble ¢ MOMOIIbIO

HEUPOCETEBBIX TEXHOJIOTHUM.

OCHOBBI HEMPOHHBIX CEeTEH. broornueckrue acreKThl HEPBHOM ACATEIHbHOCTH.
Heiipon. Akcon. Cunarc. Pedraexropnas nyra. LlenTpanbHas HepBHas cuctema.




Mopenu uckycctBeHHOro HeiipoHa. @yHKIMM akTUBALMKU. ba3oBas apXuTeKTypa
HelpoHHBIX ceteld. O0ydenue ¢ yunteneMm. OCHOBHAsI TEPMUHOJIOTHSI.

Tewma 1.2 ITosTHOCBA3HBIE CETH MPSAMOTO PACHPOCTPAHEHUS

[TonHOCBSI3HBIE CETH MPSAMOro pacnpoctpaHeHus. [Ipeogonenre npoOaemsl
XOR. O6yuenune HEMPOHHOM CETH C TOMOIIBIO AITOPUTMA 0OPATHOTO
pacnpocTtpanenus omnOku. [lonstue odyuaromiero kouseiepa (Pipeline).

Tewma 1.3 CBepTouHbIlE HEHPOHHBIE CETH

Omnepanus ceeptku. Bzaumuas koppemsauus. PenentusHoe nose. Kackan
cBepTok. [ pynnuposka (pooling).

Tema 1.4 [IpoaBuHyThIE METOABI O0yUYEHUS

Mertoabl 60ps0BI ¢ IepeoOyueHrneM. AyrmeHTanus JaHHbiX. bary-
HopMasm3anus. Perymsapuzanus Tuxonoa. Lasso peryisipusanus. Dropout.

Pa3nen 2. TexHOIOTHU UCKYCCTBEHHOTO MHTEIICKTA
Tema 2.1 Texnonoruu nepenauu ooydenus: Transfer Learning

Texnonoruu nepenaun 3aanmii Transfer Learning / Domain adaptation.
JooOyuenue cetu, nojcrpoiika mapameTpon Fine Tuning. Mcrions3oBBaHue
npeno0ydeHHbIX ceTeil. COBpEeMEHHbBIE CBEPTOUHBIE apXUTEKTYPhI

Tema 2.2 ABTO3HKOAEPHI. BapruaiimoHHble aBTOAHKOAEPHI.

ABTOKOJIMPOBIIMKU. ApXUTEKTypa dHKoAep-AeKkoaep. OOHapyKeHUue aHOMAIIUI
B JIAaHHBIX C TOMOLIBIO aBTO3HKOIepa. ['eHepatuBHbIe Moaenu. BapuanuoHHbie
aBTO3HKOJephl VAE.

Tema 2.3 I'enepatuBHbie Mmoaenu A

CoBpeMeHHbIe apXuTeKTyphl. [lopoxaaroniue (reHepaTUBHbIE) COCTA3ATEIbHbBIE
HeWpoHHble ceTu. ['eneparop. JuckpumuHarop.

Tema 2.4 Texnonorun M1 B 06paboTKe €CTECTBEHHOTO S3bIKA

O0paboTKa eCTECTBEHHOIO SA3bIKA C TOMOIIbI0 HEMPOHHBIX CETEH.
Knaccudukanus texcra. Pekyppentnsle Heliponnblie cetu. Apxutektypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tewma 2.5 IlepcieKTUBHBIE MOJIETN UCKYCCTBEHHOI'O MHTEIIIEKTA.

MexaHu3M BHUMaHUsI. APXUTEKTypa riyOOKuX HEHPOHHBIX ceTel Transformer
JUTsl pabOoTHI C TIOCTIEIOBATEIHPHOCTAMHE. MOICIIb NCKYCCTBEHHOTO HHTEIIJICKTA
Generative Pre-trained Transformer.



3.4. TemaTuyecKui NJIAH NPAKTUYECKHUX 3aHATHI

JlanHbli BUA pabOThI HE MPEYCMOTPEH YUECOHBIM IJIAHOM.

3.5. TemaTuyeckuni MJiaH JadOPATOPHBIX padoT

1. Texnonmoruu pa3pabOTKu W 0OyueHUs HEHPOHHBIX ceTel. I[Iporpammuas
pa3paboTka C HCMOJb30BAHMEM OOJIaYHBIX HWHCTPYMEHTOB. 2. BBenenue B
¢dpeiimBopku TiyOokoro obyuenust Pytorch /Tensorflow. Tenzopsl. 3. Apxurekrypa
MOJIHOCBSI3HOM  HEWPOHHOW CeTM W ee oOydeHue. ANTOPUTM  OOpaTHOTO
pacnpoctpanenust ommoOku 4. [IpeackazarenbHas aHAIUTHKA I POU3BOCTBEHHBIX
u OuszHec mpoueccoB. 5. VIHTeNNEKTyaldbHble TEXHOJOIMH PACHO3HABAHUS
nzo0paxxenuit. 6. Texnomoruu Transfer Learning. 7. Texnonoruu N B nuarHoctuke
3aboneBanuii. 8. Texnomorun MM s monutopunra aaHueix. 9. Texnonoruu MU B
00paboOTKe €CTECTBEHHOI'O A3BIKA. 10. I'enepaTuBHBIE MOJEIN HUCKYCCTBEHHOIO
uHTeiekta. 11. Pa3paboTka mporpaMMHOro o0ecrieueHus, B KOTOPOM UCIIONIb3YIOTCS
TEXHOJIOTUU UCKYCCTBEHHOTO MHTEJIEKTA.

3.6. Kypcogoii npoekT /kypcoBasi padora

JlaunHbIiA BUA pabOTHI HE MPEYCMOTPEH YUYSOHBIM IIAHOM.

4. OueHuBaHue pPe3yJbTATOB 00yUeHUsI

OrneHrBaHKE PE3yIbTATOB O0YYCHHS 11O JUCITUIUIMHE OCYIIECTBIIICTCS B paMKaXx
TEKYIEro KOHTPOJIS W TPOMEXKYTOYHOM aTTECTAIlMH, MPOBOJUMBIX MO OaJUTLHO-
pelitunrosoit cucreme (bPC).

[11kana OIEHKH pe3yJIbTaTOB OOYUYCHUS 110 TUCIHUILIHHE:

YpoBeHb c(hOPMUPOBAHHOCTH MHJIMKATOPAa KOMIIETCHIIUU
Beicoknii Cpennuit Huxe Husknii
Kon Kon 3amrann- pen CpEIHETO
KOMII | MHOUKATOP pOBaHHBIC ot 85 mo 100 ot 70 1o 84 oT 55 no 69 ot 0 nmo 54
c- a pe3yIbTaThbl IlIxana oneHnBaHUs
TEHI[ | KOMIIETEH | O0ydYeHUs 1O HEYI0B-
YIOBIIET-
2841 ouu JAUCHUIIJIMHE OTJIMYHO XO0pOIIo JIETBOPH-
BOPUTEIHLHO
TEJILHO
3aureHo HE 3aYTECHO
3HaTh:
- OCHOBBI
TEOpHU
N ri1yOOKO U XOpOIIIO 3HAET
HEHPOHHBIX
. MOJTHO 3HAET OCHOBHBIC
ceTel, B TOM
MaTeMaTHYECK | MAaTeMaTHUYeCK
HHeie W€ CTPYKTYPBl | W€ CTPYKTYpPHI He snact
pa3IUYHbIC PYKTYP PYKTYP 3HAET 0a30BBIX
B OCHOBE B IIOCTPOSHHUH .
APXHUTEKTYPBI ., 0a3oBbIC MOHSITUH, HE
. MOCTPOCHUS HEHPOHHBIX
HEHPOHHBIX N 9 MTOHSITHS 3HAET KaK
ceTell n HEHPOHHBIX ceTeH, SHacT HEHPOHHBIX oOydaercst
IK-1 | IIK-1.1 ceTeld, 3HaeT AITOPUTM P Y
ANTOPUTMBI UX ceTel, 3HaeT HeHpoHHas
ANTOPUTM o0OpaTHOTO
00y4eHUS; ANTOPUTM CeTb, HE 3HAET
00paTHOTO pacrpocTpaHeH
- backprop, KaK OIICHHUTH
pacrpocTpaHeH WS OLIUOKH,
MaTeMaTHYECK OCHOBHBIE Ka4ecTBO
Us OIIHOKH, HEKOTOpBIE
He CTPYKTYPBI METPUKH o0OydeHus
COBpEMEHHBIE | COBpPEMEHHBIE
M TIPUHLIHTIBL APXUTCKTYPhI APXUTCKTYPhI MOAeIH
ux 00001eHUs] p YPbL, P YD,
METPUKHN OCHOBHBIC
Ha MOCTPOEHHE
Ka4yecTBa, METPHUKHU
BBIYUCINUTCIIbH
BIX OJIOKOB




HEHPOHHBIX

CeTeH;
YMers:
- yMeeT
aHAJIM3UPOBATh | aHAMU3UPOBATH yMeeT
Moan(UKaUK | TIOCTaBJICHHYIO | aHAJIM3UPOBATH
yMeeT HE yMeeT
Y HOBBIC 3amady u MOCTaBJICHHYIO
no0upaTh noI0upaTh
cpencTBa npenjaraTh 3amavy u
TEXHOJIOTHIO aJIeKBaTHYIO
MPOrPaMMHOTO pelieHus Ha npejaraTh
UCKYCCTBEHH | TEXHOJIOTHIO
o0ecrieyeHust OCHOBE pelieHus Ha
N oro UCKYCCTBCHHOT
JUTSL CO3TTaHMS TEXHOJIOT U OCHOBE
N WHTEIJICKTa | O MHTEJUIEKTa
UHTEIUICKTYallb | HCKYCCTBEHHOT | TEXHOJOTHH
JUTSL pEIICHUs] | IS peIIeHUs
HBIX CUCTEM C | O MHTEIUICKTa; | MCKYCCTBEHHOT N
MOCTAaBJIEHHO | TIOCTaBJICHHOM
WCTIONIb30BaHKE Ymeer O WHTEIIJICKTA, .
N i 3a1a4m. 3a7a4um
M TEXHOJIOTHH | OOOCHOBBIBaTh | OOOCHOBBIBATH
HCKYCCTBEHHOT CBOI BBIOOD CBOI BBIOOD;
0 WHTEIUICKTA TEXHOJIOTHIH;
Brnanets:
Bnaneer Biageer Biageer
MPOJBUHYTHIM OCHOBHBIMU OCHOBHBIMU
Y CpeJICTBAMHU CpelcTBaMu CpelcTBaMu
CO3aHus CO3/1aHus CO3/IaHus
- CpeaCTBaMHU o o o
HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX He Bmaneer
CO3/IaHuA U N N N
cereit cetei ceteit CpelCcTBaMu
o0yueHus
HEHDOHHBIX Pa3IMIHBIX Pa3ITHMYHBIX 0a30BBIX CO3/IaHuA U
cI; Tei ApPXUTEKTYD. APXUTEKTYP. APXHUTEKTYP. o0y4eHus
Bnaneer Bnageer Bnageer HEUPOHHBIX
Pa3THMYHBIX N
THTIOB MPOJBUHYTHIM | CTaHAAPTHBIMHU 0a30BEIMU ceTeit
Y CpeICTBaMH CpelcTBaMHU CpelCcTBaMHU
00y4eHus u o0yueHus u oOyueHus u
TECTUPOBAHUS | TECTHUPOBAHHS | TECTHPOBAHH
ceTel. ceTel. s CETEH.
3HaTh:
BBIYHCIUTEIHH
ble CpelcTBa U
OTaMYHO 3HAET | XOPOIIO 3HAET
KOMIUICKCHI, 3HaeT OJUH
s36IK Python s36IK Python HE 3HaeT
MIPUMEHSEMBbIE u3
mwm C++ | nimm C++ | . BBIYHCIIUTEIIBH
npu . . (bperiMBOpKO
¢bpelimMBOpKHU (bperiMBOpKHI BIX CPEJICTB,
pa3paboTke B TITyOOKOTO
rIIyOOKOTO rIIyOOKOTO MIPUMEHSEMBIX
MTPOEKTOB o0OydeHwus,
. . o0yueHus, o0yueHus, npu
HelpoceTel u TaKHe KaKk
TaKue Kak TaK#e KaKk paspaboTke
WHTEIJIEKTyalb PyTorch n
PyTorch n PyTorch n MIPOEKTOB
HBIX Tensorflow, o o
Tensorflow, Tensorflow, HelipoceTel u
[K-1.2 CHCTEM; WHEEISE
N oOnadHbIe o0JauHbIC WMHTEIJICKTyallhb
-(pperiMBOpKH m1aTopmbl
1aThOpPMbI TIaT(GOPMBI HBIX
rI1yOOKOTOo U1 paboThI €
JUTS pabOoTHI C JUTsL paboTHI C . CUCTEM;
o0y4eHus, . . HEHPOCETIMH
HelpoceTsIMu HEHpOoCeTsIMH
TaKHe KaKk
PyTorch n
Tensorflow
YMers:
— CO3/1aBaTh, Ymeer Ymeer Ymeer HE yMeeT
MTPOBOJIUTH CO3/1aBath, CO3/1aBaTh CO3/1aBaTh CO3/1aBaTh
OTIAJIKY MIPOBOJINUTH MPOrpaMMBI C | TMPOTPaMMBI | IMPOTPAMMBI C
MIPOrpaMMBbI OTJA/IKY WCTIONIb30BaHIE c WCTIONIb30BaHIE
moJt MPOTPaMMBI C M UCTIOJIb30BaH M




MOCTABJICHHYIO | UCTIONB30BaHUE | COBPEMEHHBIX uem HEeHpoceTeBbIX
3a7avy M WHTEJJIEKTYallb | HEMPOCETEBBI MoJienen
y4eToM COBPEMEHHBIX HBIX X Mozenen

MOCIIETHUX WHTEJUIEKTYalb | TEXHOJOTHH

TEOPETHIECKUX HBIX

H TEXHOJIOTHIA,

MIPAKTHYECKUX YmMmeer

JOCTIKEHUH B POBOJHTH
obnactu BHEJIpEHUE

uckycctBeHHor | ONNX ( Open

0 UHTEJUIEKTa U Neural

HEHpPOCEeTEeBBIX Network

TEXHOJIOTHi Exchange )
Brnanets:
OtnnyaO
BIIa/IeeT BJazeeT
TEXHOJIOTHSIMU OCHOBHBIMHU
BJIaJieeT HE BIIaJIceT
. cOopku u TEXHOJIOTHSIMU
— TEXHOJIOTUEH 0a30BBIMHU OCHOBHBIMU
3aIycKa cOOpKH U
cOopku 1 TEXHOJIOTHSIM | TEXHOJOTHUSIMHU
IpOrpamMM ¢ 3armycka
3arycka 1 cOOPKH U cOOpKH 1
. UCIIOJIb30BaHKE | TPOTPaMM C
HEeHpoceTeBbIX 3arycka 3armycka
. M WCTIOJIb30BaHHE
Mo/ieel B . MIPOTpaMM C MPOTPaMM C
HEHPOCETEeBIX M
pexuMe . . UCIIOJIb30BaH | MCIOJb30BaHUE
MOJYJIEH, HepoceTeBbIX
0o0yueHus . uem M
BJIaJieeT MOJTyJIEH, N .
uHpepeHca. . HEHPOCETEBBI | HEWPOCETEBBIX
TEXHOJIOTHEH BJIaJiceT N N
. X MOJTyJICH. MOJyJIeH
uH(epeHca, Hal | TEeXHOJOTHen
p., ONNX uHpepeHca.
RUNTIME

5.1.1. OcHoBHas nuTEpaTypa

1) Octpoyx, Auapeit Bnagumuposud. UHTemexkTyanbable HHOOPMAIMOHHbBIE
cucTeMbl U TexHosoruu : MoHorpadus / A. B. Octpoyx, A. b. Hukomnoaes, 2019. - 308
c. - Tekct : anextponnsiii. URL: https://e.lanbook.com/book/115518

5.1.2. JlononHuTenbHAs TUTEpPATypa

5.1. YueOHO-MeTOANUYECKOE 00€ecIeYeHHue

5. YueOHO-MeTOAN4YEeCKOe U MHPOPMALIMOHHOE O0ecTieYeHue TUCIMILTUHBI

2) Cortnuxk C. JI. [IpoexkTrpoBaHUE CUCTEM UCKYCCTBEHHOI'O MHTEIIEKTA :
yuebHoe nocodue / C. JI. Cotnuk. - Teker : anekrponnsiit. URL:

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

3) MacnennukoBa, Onbra EBrenbeBHa. OCHOBBI HCKYCCTBEHHOTO HHTEJUIEKTA :
yuebHoe nmocobue / O. E. Macnennukosa, U. B. I'aBpuiioa, 2019. - 282 c. - Tekcr :
anektponnbiii. URL: https://ibooks.ru/bookshelf/337972, 3BC ibooks.ru

4) PoctoBiieB B. C. UckyccTBeHHBIE HElipoHHBIE ceTH : yueOHuk / B. C.
PocroBiies, 2023. - 214 c. - Tekct : anekTpoHHsbiil. URL:
https://e.lanbook.com/book/310184, ObC Jlann




1) l'onoBuieiHa M. B. MeTtooiorust aBToMaTu3auu padoT TeXHOJIOTHYECKOM
MOJIFOTOBKU MTPOU3BOJCTBA : yueOHoe nocodue / M. B. 'onounieina, 2016. - 208 c. -
Tekct : anexTponnsiif. URL: https://e.lanbook.com/book/100642

2) Scuunkuii, Jleonnn HaxumoBu4u. BBesieHre B UCKYCCTBEHHbBI UHTEIIEKT :
ydyebHoe nmocobue s By3oB / JI.H. Acuunkuii, 2008. - 176 c. - Tekcr :
HEIOCPEICTBEHHBIN.

3) XKnanoB A. A. ABTOHOMHBIN UCKYCCTBEHHBIN MHTEJUICKT : HAYYHOE U3JIaHUE /
A. A. XKnanos, 2020. - 362 c. - Tekcr : anekrponnbiid. URL:
https://ibooks.ru/bookshelf/350079, 9bC ibooks.ru

5.2. UadgopmannonHoe odecrnevyeHmne

5.2.1. DNIeKTpOHHBIE U UHTEPHET-PECYPCHI

5.2.2. Ilpodeccuonanbubie 6a3pl  gaHHBIX / HpOpManmoHHO-CIpaBOYHbIE

CHCTCMBI

5.2.3. JInueH3uoHHOE U

obecrieueHne TUCIUTUIAHBI

CBOOOTHO

pacrpocTpaHsieMoe  MPOTPaMMHOE

6. MatepuajbHO-TEXHUYECKOE o0ecnevYeHne U CIUTITHHbI

HaumenoBanue BHUaa

HanmenoBanue yueOHOM

y4eOHOM pabOTHI ayIUTOPHH, [TepedyeHsr HEOOXOIUMOTO O0OPYAOBAHHS U
CIIeIMATU3TPOBAHHOU TEXHUYICCKUX CPEICTB OOYICHIS
nabopaTropuu
Jlexun VYuebnast ayauTopust 1Jist Crienmanu3upoBaHHas yueOHast Mebenb,
IPOBEJICHUS 3aHATHI TEXHUYECKHE CpencTBa OOyYeHHs, Ciyxamuye JIs
JICKLIMOHHOTrO TUIa IIPEICTaBICHUS y4eOHOI uHpOopMaIuu
Oonmpio  ayautopuud  (MYJIBTHUMEIUAHBINA
MPOEKTOp, KOMIbIOTEp (HOYTOYK), DSKpaH),
JEMOHCTPAIIMOHHOE 00OpyAOBaHHE, Yy4eOHO-
HarJIsITHBIC TOCOOMS
[IpakTnueckue Vaebnas  ayaurtopus i | Crienuanu3upoBaHHAs yueOHas Mebernb,
3aHATUA HIPOBEACHNA 3aHATHI | TexHMYECKUE cpeacraa o0OydeHus
CCMHUHAPCKOTO THIA, | (MyIbTUMEIMHHBIA ~ TPOEKTOP,  KOMITBIOTED
TPYHNIOBBIX M MBIWBUAY- | (4oyT6yK), SKpaH) H Ap.
AJIbHBIX KOHCYJIbTallhH,
TCKYLICTO KOHTPOJIA u
HpOMe)KyTO‘lHOﬁ arTTecTanun
JlaGoparopHsble Yuebnas maboparopus Crienman3upoBaHHOMN nmabopaTopHOE
paboTEI « », 00opymoBaHKe MO NMPOGUIIO J1A00PATOPHH:
KoMrbroTepHbIii Ki1acc ¢ Cnenunanu3upoBaHHas yaeOHas MeOeb,
BBIXOZI0M B IHTEpHET TEXHUYECKUE cpexcraa oOyJeHus
(MyIbTUMEIUNUHBIM  MPOEKTOP, KOMIBIOTED
(HOYTOYK), JKpaH), JIUTIICH3UOHHOE




IporpaMMHoOe o0ecrieueHue

KomrbroTepHsbIii Kiace ¢ CrneuunanusupoBanHas yuyeOHas mebenb Ha 30
BbIxozioM B MuTepuer B-600a | mocamounsix  mect, 30  KOMIBIOTEPOB,
TEXHUYECKHUE CPEJCTBAa O00yueHHUs (MyIbTUME-
OUHHBIA  MPOEKTOp, KOMIBIOTEp (HOYTOYK),

9KpaH), BUJICOKaMEPHI, IPOTPaMMHOE

obecrieyeHue
CamocrositenbHas | KommbroTepHslii Kiace ¢ Cnenunanmu3upoBaHHas yuyeOHass meOenp Ha 30
pabora BeIxozoM B MHTepreT B-600a | nocamounsix  mect, 30 KOMIIBIOTEpPOB,

TEXHUYECKHE CpPEJCTBA 00yueHHUs (MyIbTUME-
OUHHBIA  MPOEKTOp, KOMIBIOTEp (HOYTOYK),
9KpaH), BUJICOKaMephl, POrpaMMHOE
obecrnieueHue

Crneunanu3upoBaHHas MeOelb, KOMIIbIOTEPHAS
TEXHHUKA C BO3MOXKHOCTBIO BbIX0/a B IHTEpHET 1

YurtanbHbIN 321
obecrieuenuem nocrymna B OUOC, skpaH,

OMOIMOTEKH NS
MYJIBTUMEIUNHBIN TPOEKTOP, TPOTPAMMHOE
o0ecnieueHue
YyeOHast ayquTopus Jis Crnen

BBITTIOJIHCHUS KypCOBOT'O

npoeKTa (KypcoBoi paboTel) | ysppopanHas MeGelb, KOMIBIOTEPHAS TEXHUKA
- (Iz’;;m’maemﬂ IPH | ¢ BO3MOXHOCTBIO BEIXOZA B VMHTepHET U
HaaIn4umn KII u Takoi
° obecrnieueHreM JocTyma B SUOC,
Ay TUTOPHH )
IporpaMMHOE 00ecrieueHre

7. OcoOeHHOCTH OpraHu3aluu 00Pa30BaATEJbHON AeATEJILHOCTH ISl JIUI C
OrPAHUYEHHBIMH BO3MOKHOCTSIMH 3/I0POBbSI M HHBAJIUI0B

JIuia ¢ orpaHM4YeHHBIMH BO3MOKHOCTSIMU 3710poBbsi (OB3) m MHBaIMIbl UMEKOT
BO3MOKHOCTb O€CHpPENATCTBEHHO IepeMellaTbcs U3 OJHOro y4yeOHO-1abopaTOpHOro
KOpIyca B JIpyroil, MOJHATHCA HA BCE ATaXH Y4eOHO-TAOOPATOPHBIX KOPITYyCOB,
3aHUMAThCSI B Y4YeOHBIX M HUHBIX [OMEUICHUSX C YYETOM OCOOCHHOCTEMH
NCUXO(U3NIECKOTO PA3BUTHS U COCTOSIHUSA 37J0POBBSL.

His oOyuenus mun ¢ OB3 v uHBaIMIOB, MMEKONIMX HApyLIEHHs OIOPHO-
JIBUTATEIbHOTO annapaTa, 00eCredeHbl YCI0BHs OECTIPENTCTBEHHOIO JIOCTYIIa BO BCE
yueOHble momenieHus. MHdopmanuss o cheuuanbHbIX YCIOBHUSIX, CO3JaHHBIX IS
oOyuvaromuxcst ¢ OB3 u wuHBanMIoB, pa3MelleHa Ha CcalTe YyHUBEpPCHUTETa
www//kgeu.ru. ImeeTcsi BO3MOKHOCTb OKa3aHUSI TEXHUUYECKOM TTOMOIIM ACCUCTEHTOM, a
TaKKe YCIIYT CYpAONEPEBOTYUKOB U TU(PIOCYPAOIEPEBOAUNKOB.

JUts apantauuu K BocnpusaTHio aunamu ¢ OB3 n mHBaimaaMu ¢ HapylIEHHBIM
CIIyXOM CIIPaBOYHOT0, Y4YeOHOTO MaTepuaja MO JIUCHUIUIMHE O00eCTeYynuBaIOTCs
CJIEYIOIIHE YCIOBUS:

- IS JTy4lIed OpUEHTAlMu B ayIUTOPHUH, PUMEHSIOTCS CUTHAJIBI OMOBEILIECHUS
0 HayaJje M KOHIIE 3aHATHA (CJI0BO «3BOHOK» IUUIIETCS HA JIOCKE);

- BHUMaHHUE CcJa0oCibIIIamero o0ydJaromerocss MpPUBIEKAETCsS IMeIarorom
KECTOM (Ha IJIEYO KJIAJETCs pyKa, OCYIIECTBISETCS HEPE3KOE MOXJIONBIBAaHUE);

- pasroBapuBas ¢ 00y4aroIIMUMCsl, IeJaroru4eckuii pabOTHUK CMOTPUT Ha HETO,
TOBOPUT SICHO, KOPOTKUMH MPEIJIOKEHUSIMH, OOecrieunBasi BO3MOKHOCTb YTEHUS 1O
ry0am.



http://www.kgeu.ru/

Kommnencanuss 3aTpyAHEeHUH pEYeBOr0 U MHTEIUIEKTYaJbHOTO Pa3BUTHS
cabOCbIIAMX 00yYatOUUXCsl MPOBOAUTCS ITyTEM:

- HCIIOJIb30BAHUS CXEM, JIMarpaMM, PUCYHKOB, KOMIBIOTEPHBIX MPE3CHTALUN C
TUNEPCChUTKAMU, KOMMEHTUPYIOIMIMMHU OT/I€IbHbIE KOMIOHEHTHI U300paKEeHUS;

- PEryJISIPHOTO TNPUMEHEHHUs] YIOpaKHEHUH Ha rpaduyeckoe BbIACIICHUE
CYILLECTBEHHBIX MPU3HAKOB MIPEAMETOB U SIBICHUN;

- obecrieyeHUs BO3MOXKHOCTH JJIi  OOy4aromierocst IMOJY4YUTh aJpPECHYIO
KOHCYJIbTAILIMIO TI0 3JIEKTPOHHOM MOYTE 110 MEPE HEOOXOJUMOCTH.

Jnsa agantanuu K Boctpusituio aunamu ¢ OB3 u nHBaIMaamMu ¢ HapymIeHUsIMU
3pEHHUsI CPABOYHOT0, Y4EOHOIr0, MPOCBETUTENBCKOTO MaTepHalia, MpeayCMOTPEHHOTO
o0Opa3oBaTeNbHON MpOrpaMMoOli MO BBIOpDAaHHOMY HAmpaBICHUIO MOJTOTOBKH,
00€ecreurBatoTCs CIEIYIONINE YCIOBUS:

- BeZleTcs ajanTamus ouUIMaIbHOTO caiTa B ceTu MIHTEpHET ¢ y4eToM 0COOBIX
NOTPEOHOCTEN MHBAIUIOB MO 3PEHHI0, 00ECIIEUNBAETCS HAIWYUE KPYIHOIIPUPTOBOMH
CIpaBOYHOM MH(MOPMAITUHU O PACTTUCAHUU YUEOHBIX 3aHATHIH;

- MeIaroTUYeCKuii  pabOTHUK, ero cobecemHUK (MpU HEOOXOJUMOCTH),
OPUCYTCTBYIOIIME Ha 3aHATHH, MPEICTABISIOTCS OOy4YaroLIUMCS, MPU 3TOM Kaxabld
pa3 Ha3bIBAETCs TOT, K KOMY I€1arorH4ecKuil paboTHUK oOpalaeTcs;

- IEUCTBUS, JKECThbl, MEPEMEUICHHs IeJarornyeckoro padOTHUKAa KOPOTKO H
SCHO KOMMEHTHUPYIOTCS;

- meyatHasg MWHGOpMALMs MPEAOoCTaBisAeTcd KpynHbIM mpudrom (ot 18
MYHKTOB), TOTAJIHHO O3BYyUHBAETCS;

- obecnieunBaeTcss HEOOXOAUMbIN YPOBEHb OCBEILIEHHOCTH MOMEILEHU;

- IPEIOCTABISIETC BO3MOXKHOCTh HCIIOJB30BaTh KOMITBIOTEPHI BO  BpeMs
3aHSTUN U MPABO 3aMKUCHU 00BICHEHUHN HA AUKTO(OH (I10 KeTaHU0 00yJarouXCs).

dopma TpOBENEHHS TEKyIIEW M  IPOMEKYTOUYHOW  aTTECTAlUHA  JUIA
oOyuaromuxcst ¢ OB3 u MHBanuAOB ompenensercs MeJarornyeckuM pabOTHUKOM B
COOTBETCTBUM C y4eOHbIM miaHoM. [Ipum HeoOxoaumoctu oOyuaromemycs ¢ OB3,
UHBAJIUIY C YYETOM HUX WHIUBUIYAIbHBIX MCUXO(DU3UYECKUX OCOOEHHOCTEH aercs
BO3MOXHOCTh MPOUTH MPOMEKYTOYHYIO aTTECTAIMIO0 YCTHO, MUChbMEHHO Ha Oymare,
MUCbMEHHO Ha KOMIIbIOTEpE, B (hOpME TECTUPOBAHUS U T.II., JTUOO MPEAOCTABIACTCA
JOTIOJTHUTENBHOE BpeMs JIJIsl TOJITOTOBKU OTBETA.

8. MeToanyeckue peKOMeHIAUMU /sl MpenojgaBaresieii M0 OPraHu3aNuH
BOCIIUTATEJIbHOI PadoThl ¢ 00y4AIOIIUMMCS.

MeTtoauueckoe obecrieueHre MpoIecca BOCIUTAHUS O00yYarOMIMXCsl BBICTYIAET
OTHUM W3  ONpenesiomux  (HaKTopoB  BBICOKOTO  KadecTBa  0Opa3OBaHMS.
[IpenonaBarens By3a, JAEMOHCTPUPYS BBICOKHM MPO(ECCUOHATIN3M, JPYIUIIUIO,
YETKYI0 TPaXIAHCKYIO TO3UIUIO, CAMOIUCITUILINHY, TBOPUYECKHUMA MOAXO/ B PEIICHUN
npodeCCUOHANIBHBIX 3a/lad, B XOJ€ 0O0pa30BaTeIbHOrO Mpollecca CIOCOOCTBYET
(hOpMUPOBAHUIO TAPMOHUIHOMN JINIHOCTH.

[Ipn peanmm3anuu  TUCHUIUIMHBI  TIPEMOJaBaTeIh MOXKET  HMCIOJIb30BaTh
CJICYIOIIHE METO/IbI BOCITUTATEILHON PaOOTHI:



- Meroasl (OpMHUPOBAHUS CO3HAHUS JHYHOCTH (Oecena, MUCMIYT, BHYIICHHE,
WHCTPYKTaX, KOHTPOJIb, OOBSICHEHWE, NpPHUMEpP, CaMOKOHTPOJb, pPaccKas3, COBET,
yOexIeHre u ap.);

- METOJABl OpPTaHM3aIlMU JESITeILHOCTH U (OPMHPOBAHUS OIMbBITA TOBEICHUS
(3amaHue, OOIIECTBEHHOE MHEHHE, IMeJJaroTHYecKoe TpeOoBaHUE, TMOPYUCHHUE,
MPUYYECHUE, CO3JJaHNE BOCHUTHIBAIOIINX CUTYALIUM, TPEHUHT, YIIPpaXKHEHUE, U Jp.);

- METOJIbI MOTHBAIIMU JCSATEIHPHOCTH W TOBeIeHUs (0700peHue, MOOIIPECHHE
COLMAIIHOM AaKTUBHOCTH, IIOpUIIAHWE, CO3JaHUE CHUTyalud ycrexa, CO3JaHue
CUTYaIlUH JIJIs1 SMOIMOHAJILHO-HPABCTBEHHBIX MEPEKUBAHUM, COPEBHOBAHUE U JIP.)

[Ipu peanuzanuu AUCHUIUIMHBI TIPENOAaBaTeb TOMKEH YUYUTHIBATH CJICAYIOIINE
HaIpaBJICHUS] BOCIIUTATEIILHOU JIESITEILHOCTH:

I'pasicoanckoe u nampuomuyeckoe 80cnumanue:

- hopMUpOBaHUE Yy OOYYarOMIMXCS 1EJIOCTHOIO MHUPOBO33PEHUS, POCCUMCKOM
WJICHTUYHOCTH, YBOKEHUS K CBOEH CEMbe, OOIIECTBY, TOCYIApCTBY, MIPUHSATHIM B CEMbE U
O0IIIeCTBE AyXOBHO-HPABCTBEHHBIM U COIMOKYJIBTYPHBIM IIEHHOCTSIM, K HAIIMOHAILHOMY,
KyJIbTYPHOMY W HCTOPUYECKOMY HAcieIuio, (OpMUpOBAHHE CTPEMJICHHSI K €ro
COXPaHEHHIO U PA3BUTHIO;

- hopMUpPOBaAHKE Y OOYYAFOIIUXCS aKTUBHOM TPaKIAHCKOW ITO3UIIMH, OCHOBAHHOM
Ha TPAAWIMOHHBIX KYJIbTYPHBIX, JYXOBHBIX M HPABCTBEHHBIX IIEHHOCTSX POCCHMCKOIrO
oOImiecTBa, HJisi TOBBIIICHUS CIIOCOOHOCTM OTBETCTBEHHO PEAIM30BBIBATH CBOU
KOHCTUTYIIMOHHBIE MPaBa U 00S3aHHOCTH;

- pa3BUTHE MPABOBOM M MOJUTHYECKON KYJIHTYpPhl O0yYArOUIUXCs, PACIIUPEHUE
KOHCTPYKTUBHOIO Yy4YacTHSl B MPUHATUU PEIICHUH, 3aTparuBarollluX HMX IpaBa u
MHTEPECH], B TOM YKCJI€ B Pa3IU4HBIX (opMax camMoOOpraHu3alliu, CaMOYIpPaBIICHMUS,
00IIIECTBEHHO-3HAYNMOM JICITCIHbHOCTH,

- popMHUpOBAHNE MOTHBOB, HPABCTBEHHBIX M CMBICIIOBBIX YCTAaHOBOK JIMYHOCTH,
MO3BOJISIONIMX MPOTUBOCTOSITH IKCTPEMU3MY, KCEHODOOWH, ITUCKPUMHHAIIMU TIO
COLMAJIBHBIM, PEJIMTUO3HBIM, PACOBBIM, HAIIMOHAJIBHBIM MPU3HAKAM, MEKITHUUECKOM
U MEXKOH(PECCHOHATBLHONH HETEPNUMOCTH, JPYTMM HETaTUBHBIM  COIIMATIBHBIM
SIBJICHUSIM.

JlyxoeHo-HpascmeenHoe eocnumanue:

- BOCIIUTAaHUE 4YYBCTBAa JOCTOMHCTBA, YECTHU M YECTHOCTH, COBECTIUBOCTH,
YBAKEHUS K POAUTEIISIM, YUUTEISAM, JIFOJAM CTAPIIECTO MOKOJCHHUS;

- popMHUpOBaHWE TPUHIMIOB KOJUIGKTUBH3MA W  COJUIAPHOCTH, JIyXa
MUJIOCEpIUsT M COCTPaJaHWsi, MPUBBIYKK 3a00TUTHCS O JIIOMSX, HAXOASAIIMXCS B
TPYAHOW )KU3HEHHOU CUTYallWH;

- popMHUpOBAHUE COJTUIAPHOCTH U UYBCTBA COIMAIBHOW OTBETCTBEHHOCTH IIO
OTHOILICHUIO K JIIOJISIM C OTPAHUYEHHBIMU BO3MOXHOCTSIMU 3/I0POBbS, MPEOJOJICHHUE
MICUXOJIOTUYECKNX OapbepoB 1O OTHOMICHUIO K JIFOASM C OTpaHUYCHHBIMU
BO3MOKHOCTSIMU;

- bopMUpOBaHHE SMOIMOHATIBHO HACBIIIEHHOTO M JyXOBHO BO3BBIIEHHOTO
OTHOIIICHUSI K MHUPY, CIIOCOOHOCTH U yMEHHS TepefaBaTh JAPYTUM CBOM 3CTETUYECKUI
OTIBIT.

Kynemypno-npoceemumensvckoe eocnumanue:

- hopMUPOBaAHNE ICTETUUECKON KapTUHBI MUPA;



- popMupoOBaHuEe YBAXKEHUSA K KyJIbTYPHBIM LIEHHOCTSIM POAHOTO ropoja, Kpas,
CTpaHbl,

- IOBBIIICHNE TTO3HABATENIbHON aKTUBHOCTH 00YYarOIIUXCSl.

Hayuno-obpazosamenvnoe socnumanue:

- hopMupoBaHKEe y 00YUYaIOIIUXCS HAYYHOTO MUPOBO33PCHUS;

- hopMHpOBaHUE YMEHUS TIOJTy4aTh 3HAHUS;

- opMuUpOBaHrE HABBHIKOB aHAM3a M CHHTE3a MHQOpPMAIMH, B TOM YHUCIE B
npodeccuoHanbHON 00JIacTH.



BHocuMmble n3MeHeHUsI M YTBEPKAeHHUsI HA HOBbII y4eOHbI 1o
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IIpunooicenue k paboueii
npozpamme OUCYUNIUHbl

denepajbHOE TOCYIAPCTBEHHOE OKOIKETHOE 00pa3oBaTe/ibHOe
yupe:xIeHue Bbicuiero 00pa3zoBaHus
KI'3Y  (KASAHCKMI TOCYJAPCTBEHHBI SHEPTETUUYECKHWI YHUBEPCUTET»
(®T'BOY BO «KI'Y»)

@ MUHHCTEPCTBO HAYKU U BBICLIEI'O OBPA3OBAHUS POCCUMCKOM ®EJEPALIUA

OHEHOYHBIE MATEPHUAJIbBI
0 JMCUHUIIUHE

b1.B./12.01.02.03 TexH010ruM MCKYCCTBEHHOT'O MHTEJIJIEKTA

(Haumenosanue oucyuniuHvl ¢ COOMEemcmeuu ¢ y4eOHvlM NIAHOM)

Hanpasnenue noarotoBku 09.03.01 MadopmaTrKa U BEIYUCIUTEIbHAS TEXHUKA

(Koo u naumenosanue nanpagienus noo020mogKu)

Kpanupukarnms OaxanaBp

(bakanasp / Mazucmp)

r. Kazanp, 2023



OueHouHble MaTepuanabl MO0 JAWCHMIUIMHE TEXHOJOTMM HCKYCCTBEHHOIO
UHTEIJICKTa , NpeJHA3HAYeHHbl [UIS OLEHUBAHUS pe3yJbTaTOB OOyuYeHUs Ha
COOTBETCTBUE UHIAUKATOPAM TOCTUKEHHS] KOMIIETECHIIUU.

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

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

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

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

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




HEHPOHHBIX

ceTei, 3HaeT

HEUPOCETSIMU

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




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

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

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

OmeHka  «XOpPOIO»  BBICTABISICTCS 32  BBIMOJHEHUE  BbINOJHEHUE

1abOpamopHuix pabom 6 cemecmpe,; NOHUMAHUE OCHOBHLIX NPUHYUNO8 NOCMPOEHUS U
Memo0o8 00OyueHus HeUPOHHLIX cemell, NOHUMAHUEe Mempux O0OV4eHus, 3HaHue
MEeXHON02ULl UCKYCCIMBEHHO20 UHMENIEKMA, CO0epICcamenbHble OMEenvl Ha 80NPOCHl
ounema (meopemudeckutl U NPaKmu4eckuii 60NpPocol)



OrneHKa «yAOBJIETBOPHTEIbHO» BBHICTABJISCTCS 32 BBITIOJHEHUE BblNOJHEHUE
1abopamopHbix pabom 8 cemecmpe; UACMUYHOE NOHUMAHUE OCHOBHBLIX NPUHYUNOB
NOCMPOEHUsL U Memo008 00VYeHUsT HEeUPOHHLIX cemell, 3HaAHUe Mempux 00VueHUsl,
omeemsl HA 8ONPOCHL Oulema (meopemudecKuli U NPaKmuyeckull 60Npocyl)

OreHKa «HEY/0BJIETBOPUTEIBLHO» BBICTABISACTCS 3a CJIa00€ W HEMOJHOE
BBITIOJITHCHHUE JTA0OPATOPHBIX M TPAKTUYECKUX pabdoT B CEMECTpe, HE3HaHUE U
HEMMOHMMaHue 0a30BbIX IPUHIIUAIIOB ITOCTPOCHUS HEWUPOHHBIX CETEH; HEMOJHOE M
HESCHOE BBIMIOJIHEHUE TEOPETHYECKOTO BOIMpoca OujeTa; HECIOCOOHOCTh OOBSICHUTH
POTPAMMHBIN KOJT TTO MPAaKTUYECKOW YacTu OwIeTa.

3. IlepevyeHb OLIEHOYHBIX CPEICTB

KpaTkass xapakTepucCTUKa OLEHOYHBIX CPEACTB, MCIOJIb3YEMBIX IPU TEKYIIEM
KOHTpOJIE yCIEBAEMOCTH U TMPOMEKYTOUHOW aTTecTalldd OO0ydYaromerocs Io
JUCIMITIIIMHE:



4. Ilepeuenn

KOHTPOJIBHBIX

3aJaHUd WJIM HHbIE

MaTepHAaJIbl,

Heo0XoAuMbIe sl OLeHKH 3HAHMI, YMEHMI M HABBIKOB, XaPAKTEPHU3YIOLIHX
3Tanbl GOpMUPOBAHMSA KOMIIETEHIUH B IpoLecce 0CBOCHHUS IMCUMIINHBI

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

Tect

Bonpoc

BapuaHTbl oTBeTa

oTBEeT

MNMoAa NCKYCCTBEHHbIM
MHTennekTom B Poccum
NoHMMaeTcA

KOMMNNEeKC TeEXHO/10TNYEeCKUX peLIJE‘HVII\;I, I'IOBBOI'IHIOIJJ,M“
MMUTUPOBATb KOTHUTUBHbIE d)yHKLI,VIVI yesioBeKa

camoobyuyeHne 1 NouCK pelleHunii 6e3 3apaHee 3a4aHHOrO
anroputma

KOMMNNEKC TeEXHO/10TNYEeCKUX peLLIE‘HVIl\;I, I'IO3BOI'IHIOLLI,Mﬁ
Nnos1ly4aTb NPU BbINOJIHEHUN KOHKPETHbIX 3a4a4 Pe3y/ibTaTbl,
COMoCTaBMMble, KaK MUHUMYM, C pe3ybTaTaMu
MHTEﬂﬂeKTyaﬂbHOﬁ AeATeNbHOCTU YenoBeKa

BCe BbllleonncaHHoe

HelpoceTteBbimu
TEXHONOTMAMM Ha3bIBAKOT

KoMnaeKkc MHGOPMALMOHHbBIX TEXHONOTMIMA, OCHOBAHHbIX
Ha NPUMEHEHMM KOMMbIOTEPHbIX CEeTEN

TEXHONOrum,
MCKYCCTBEHHDbIX

KoMnneKc MHPOPMALMOHHbIX
OCHOBaHHbIX  Ha npUMMeHeHuun
HepPOHHbIX ceTen

MHGOPMALMOHHbIE CUCTEMbI NOMCKA

MHPOPMaALMOHHbIE TEXHONOTUWN YNPaBAEHUS

Anroputm obyyeHus
NCKYCCTBEHHOM HEMPOHHOM
CeTM 3aKaH4YMBaeTcA, Korga

AOCTUTHYTO  3aflaHHOEe  3HayeHue cpeaHen  (Mam

MMWHUMANbHOM) OLLINBKMK

ceTb ucyepnasia BO3MOXKHOCTU 0by4yeHus (owmnbkKa
nepecrtana yMeHbLLATbCA OT 3MOXM K 3noxe)

nponaeHo onpeaeneHHoe KOMYECTBO 3MoX

nobon oTBeT U3 NepeunCcNeHHbIX

Kakune GpyHKUMM BbINONHAET
nporpammHas peanusaums
BXO/ZHOTO c/10A
MHOTFOC/NI0MHOro
nepcenTtpoHa?

BbluncnseT NpoM3BOAHYIO ANA anropuTma obpaTHoro
pacnpocTpaHeHns oWmnbKMN.

MNepepaet BXOAHOW BEKTOP CUrTHA/NIOB Ha NepPBbii
CKpPbITbIi CNON.

Ypansaet "wym" us curHana.

TpaHCAMpPYEeT CUrHaN Ha BbIXOAHOM CNO MHOFOC/I0MHOTO

KoTopbIx paBHbl 10, -20, 5, 4 u
COOTBETCTBYHOLLME BECA
cBsi3elt paBHbl 0.8, 0.5, 0.7 1
-0.5 cooTBeTCTBEHHO.
Bblumncnnte curHan Ha Bbixoae

nepcenTpoHa.
HelipoH j nonyuynn Ha Bxoa, -1.8485
CUFHAN OT YeTbIpex APYrmx 0,5
HEMPOHOB YPOBHMU -0,4621
BO3OYKAEHUA, 3HAYEHUA 0,2449




j-ro HeMpoHa B cny4yae, ecnm
bYHKLMA aKTUBaLMK
HEMPOHOB eCTb
rmnepboanYeCcKnin TaHTeHC.
Bbibepute NnpaBUNbHbIN OTBET:

MporpammHo
HEeMpPOHHanA

peanun3oBaHa
ceTb C OAHUM
CKPbITbIM cnoem 7
aKTUBALMOHHOM byHKumen
curmompa. Y cetm 1 sxopa, 3
HEMPOHA B CKPbITOM CNOE U
OAMH Bbixog. YTOo OyaeTt Ha
BbIXO4e CeTW B C/aydae, ecau
Ha Bxoae 1, Bce Beca paHbl 1 1
cmeweHue 0.

o
Q—@—
©

0,7311

2,1932

Yto npepcTasnset  cobon
anroputm «obyyeHunn
MCKYCCTBEHHOW  HEWPOHHOM
cetm»?

npoueaypy NoACTPOMKM CUTHANOB HEMPOHOB

npoueaypy NoACTPOIKKN BECOBbIX 3HAYEHUI

npoueaypy BblYUC/NEHMA MNOPOroBbIX 3HAYEHUN
bYHKUMIM aKTUBaL MM

ans

MporpammHas peanunsaums
OAHOCNOHOro NepcenTpoHa
No3BO/IAET PeLlaTh 3a4a4m

annpoKkcMmauumn GpyHKUUn

pacno3HaBaHUA o6pa303

Knaccupukauyum

Kakas apxuTeKkTypa | MHOrocnolHbii nepcenTpoH
MCKYCCTBEHHOM  HEWPOHHOW | PeKyppeHTHble HEMPOHHbIe CeTh
cetTn 6onblwe noaxoauT Ana | CBepToUHbIE HEMPOHHbIE CeTH
pa3paboTku anropuTMoB
aHanu3a €CTeCTBEHHbIX
A3bIKOB (TEKCTOB).
Ona  byHKuumM  aktmBaumm | -1
rmnepbonnyeckni TaHreHc | 0
th(z) = 2 1
BbIMMCIINTE, | Mpepen He cyllecTByeT

lim th(x)
yemMy paBeH z——co ?
Ona paspabotkm anroputmos | ResNet
W nporpammHbix cpeacts ana | YOLO
OEeTeKUMn U TPekuHra B | SSD
cuctemax BuaeoHabnwogeHus, | GAN
NCNO/b3yHoTCA HENPOHHbIEe
cetm
Kakon ¢perimBopK raybokoro | CNTK
obyueHna wumeet uHTepdeinc | Tensorflow




ana pa3paboTku
NPOrPamMMHbIX CpPeacTB  Ha
A3blKe  MPOrpamMmmMmupoBaHMA
Python pna obyyeHna wu

3anycka MHC?

PyTorch

Bce nepeuncneHHble

BxoaHoe nsobpaxeHne numeet
pasmep 32 Ha 32. Kakoro
pa3mepa nosyunTca pesynbrat
cBEPTKKU B PyTorch 5 Ha 5 6e3
padding, co stride=(1,1), ecnun
Ha BbIXo4e AO/IKHO ObiTb 6
KaHanos?

torch.Tensor pasamepom 6 Ha 14 Ha 14

torch.Tensor pasamepom 28 Ha 6 Ha 6

torch.Tensor pasmepom 6 Ha 28 Ha 28

torch.Tensor paamepom 6 Ha 5 Ha 5

CKONbKO NapameTpoB B
cBepTKe pasmepom 3x3,
KOTOpasA NPUMeEHAETCA K
TPexKaHa/lbHOMY
n3obparkeHunto? He cuntante
CNOM aKTMBALUMW, He
y4uTbIBanTE bias.

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

9 BCero: Mbl HaknagblBaeM OAHY M Ty e CBEpPTKY Ha
Kakablii U3 Tpex KaHanoB

9 VYHMKanbHbIX -- BCero 27,
napameTpbl O4MHAKOBblE

HO AnAa BCEX KaHaios

27 napameTpoB: 3X3 ANA KaXKA0ro U3 Tpex KaHanos

Ona  KakoW  apxuTeKTypbl
CBEPTOYHON HENPOHHOW CeTu
XapaKTepHo obxoaHble
coeguHeHun

(skipconnections),
npobpacbiBalowmne rpagmeHT
ownbKM B 06x04 CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

YKaxuTte owmnbky npu pabote
¢ ontummusatopom B PyTorch
npu pa3paboTke nporpammol
0b6y4eHnA HEMPOHHOM ceTu.

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

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bormpocsl

1. ®yHKIUA OTEPh W ONTHUMH3AIMS MMapaMETPOB HEUpOHHOU ceTu. BeiBom PII

n3 MCTOAa MaKCHUMAJIbHOI'O HpaBI[OHO,HOGI/IfI.

2. OOyueHue HEHPOHHOU
BO3HHKHOBEHHUSI.

3.

4.

5.

Softmax.

CCTHU C IIOMOIIBIO aJIropuTtMa

OueHka kayecTBa HelpoceTeBbIX Mojienell. OCHOBHBIE METPUKHU.
CBépTOouHble HEWpOHHBIE ceTu. Onepains CBEpTKH, KacKaj CBEPTOK.
ApXUTEKTYpPbl HEUPOHHBIX CETEH IJIsi MYJIBTHUKIACCOBBIX Mojeneil. OyHKIus

6. ApPXUTEKTYpbl HEUPOHHBIX CETEH I MoJieNield OMHAapHON KilacCU(UKAIIUU

7. MHOTrOoCIOWHBIHI

MEPLENTPOH.
[IpeonosieHre OrpaHUYCHUs JIMHEHHON pa3AeIMMOCTH U pelIeHUue MPOoOIeMbl

[IpencraBienne  OyJeBBIX

UCKJITI0Yaromiero «wim». Teopema Konmoropoga.
8. Omnepanus aexkonposonuu. Transposed convolution layer.

9. AnaropuTm 00paTHOTO pacrpocTpaHeHus OMUOKU. JJOCTOMHCTBA U HETOCTATKU

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

GyHKIMA.



anroputMa. [loHsTHE Napaynya CETH U MPUYUHBI €70 BOSHUKHOBEHMS.
10. ba3oBas apxutekTypa HEHpOHHbIX ceTeil. [IpuHuunel noctpoeHusi. OCHOBHbIE
(GYHKIIMHM aKTUBAIHH.

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

Bomnpoc Bapuants! oTBeTa OTBET

B KaKnX 00J1acTSAX | OIIEHKA BEPOSITHOCTH OAHKPOTCTBA,

DKOHOMHMKH  IPHUMEHSIOTCS | paclio3HaBaHHE 00pa3oB (TEKCTa, MOJITUCH);

AJITOPUTMbI Ha OCHOBE | 33/1auil KJIacCU(HUKALUU U CEerMEHTAllMM 3KOHOMHUYECKHX
UCKYCCTBEHHBIX HEHPOHHBIX | 00BEKTOB

cereid? BCe MepevHciIeHHbIe
[IporpammHoO peanuzoBaH 0,9951

HEHPOH ¢ QYHKIHEH 1

AKTHUBAaI[UM THUIIA -1

runepOoIMYecKuil TaHreHe ¢ | 0,9981
TpeMs BXOJaMU U HEUPOH
cMenleHus. Bxoael Bce

paBHBI 1 1 BCce Beca Takxke
paBHbI 1, a cmemenue 0,5.
Uemy OyaeT paBeH BBIXO]I

HelpoHa?

B nporpamme HelpoHHOI 0,25
CETH HEUPOH | TIONy4YHnI Ha 0,6225
BXOJI CUTHAJI OT YETBIPEX 0,3775
OPYTUX HEMPOHOB YPOBHU -1,5415

BO30OYXICHUS, 3HAYCHUS
KOoTOphIX paBHbl 10, -20, 5, 4
¥ COOTBETCTBYIOIIUE Beca
cBsa3elt paBuel 0.8, 0.5, 0.7 u
-0.5 COOTBETCTBEHHO.
Breraucnure cursai Ha
BBIXO/IC J-TO HEHpOHA B
ciryyae, eciid QyHKIHS
AKTUBAIIMU HEUPOHOB €CTh
JIOTUCTUYECKAs CHTMOHU/IA.
BriGepuTe npaBrIIbHBIN
OTBET:

B nporpamMMHON peanu3aluy | €CJIM HaWIETCs TaKOW HEUPOH T, 4TO
OJTHOCJIOMHOIO TIepcenTpoHa

n .
Saw! <O
Ha BXOJ TMOAacTCA BCKTOP | :=i

(X1...Xn). B Kakom ciywae | ecnu A KaXAO0ro HelpoHa J OyJaeM UMETh
N
BBIXOJIOM OyAeT HyJIEeBOH Sawi <1

BEKTOp? ]
eCJIM I KasKI0ro HelpoHa j OyaemM UMeTh

kil .
Sawl <o
i=I




€CJIM HaleTCsl TAKOM HEUPOH J, 4TO

n )
Sawl =6
i=]

Haiinure nmpousBogHyr0 3TOU
(GYHKIMU aKTUBaLUU
th(z) = -

e’ —e
T W BBIpa3sHTE
pe3yabTar uepe3 (QyHKIIHIO

th(x)

1-th’(x)

1+th?(x)

th(x)-1

th?(x)

Kaxas apXUTEKTypa
HWCKYCCTBEHHON HEHWPOHHOH
ceTH OobIe BCETO
MOAXOAUT Il pa3pabOTKu
QJIITOPUTMOB U TPOTPAMMHBIX
CpEICTB pacro3HaBaHUs
o0pa3oB " aHaim3a
M300paKeHUI?

[TonmHoCBs3HAs (MHOTOCTIOMHBIN

MIePCENTPOH)

HEWpPOHHAs CeThb

CBeprouyHasi (KOHBOJIKIMOHHAS) HEIIPOHHASA CeTh

PexyppeHTHast HEHPOHHAs CETh

Ilyctp B
aBTOMAaTHYECKOTO
pacro3HaBaHUsl PYKOIIUCHBIX

porpaMme

MSE

MAE

CE (Cross Entropy)

upp or 0 g0 9| BCE (Binary Cross Entropy)
HCIIOJIb3YETCS CNN C

aktuBaruen softmax. Kakyto

GyHKITUIO noTeph BbI

BBIOCpETE?

AyrmeHTanus JaHHBIX
MPUMEHSIETCS JIST

yBeIn4eHusi 00bemMa odyuawuieil BbIOOPpKH

YBEJIMYEHHUS] CKOPOCTH 00YUEHHUSI

HOpMaJM3aluu

00pbOBI ¢ mepeodydeHneM

C MTOMOIUIBIO KaKkoro
MUHHUMAaJIbHOTO yucia
HEUPOHOB B CKPBITOM CJIO€
MHOTOCJIOMHOTO
MepcenTpoHa
npobirema XOR ?

permaeTcst

1

3
4
5

Jlst pa3paboOTKH airOPUTMOB
U NIPOTPAMMHBIX CPEACTB IS
pelieHus 3aaun
KJIacCU(UKALUA B CUCTEMax
KOMITbIOTEPHOTO 3peHUs
UCIIONB3YIOTC  HEUPOHHBIE
ceTH

GAN

ResNet

LSTM

VGG

IIpu nocrpoenuun
ITOPUTMOB O0yUYCHUS
HEHPOHHOU CeTH OOBIYHO
naTaceT OEJIAT Ha 2

YacTH train u test wm Ha 3
yacTu: train, validation,
test. [l 4ero Hy»KHO Takoe
negenue?

Ecimu 06yanbc;1 Ha IIOJIHOM AJaTaCC€TC U Ha HEM K€ ACJIaTh
BaJIn a0, TO MOKHO HEC 3aMCTUTH nepeo6yquI/m

Validation HyxHa, 4TOOBI TOAOOPaTh THIEpHAPAMETPHI
ceTu

Test Hyx)eH Il (UHATHEHOW OIICHKM KadecTBa pPabOThHI
ceTn

Bce BbIIEnepeynciaeHHOE

Kakas IIpOorpaMMHast
OMOIMOTEKAa HE TPUMEHSIETCS

Tensorflow

Torch




115 TITyOOKOro 00y4eHus? NLTK
CNTK
[Tpu manucanuu nporpamm B | d[0] + c[2]
PyTorch kakas onepanmsi ¢ c%d
TeH30pami ¢, d c.shape
¢ = torch.ones([5,4]) d+c
d = torch.Tensor([[1,2,3,4],
[5,6,7,8],
[9,10,11,12],
[13,14,15,16],
[17,18,19,20]])
H03BOJISIET MTOJTYYUTh
CJIeIyIOIIUNA BBIBOJ?
tensor([[0., 1., 1., 1.],
[1.,1,1, 1],
1., 1,1, 1],
[1.,1,1, 1],
[1., 1,1, 1]])
[Tycth MaTpuia NprU3HAKOB [[-4, 3],
paBHa [-9.,5]]
[14, 2, -11, (13, -4]
['65 Oa 5]9 [ -9 95]]
[37 27 2]]7 [['95 5] >
a sI;IpO CBEPTKHU — [ 3 ,-4]]
[[0, 1, 2], [[-4, 3,1],
[1,-1,0], [1,0,-2]]
[1,0,-2]]
KakoB Oyzer pe3ynbrat
HNPUMEHEHHSI CBEPTKH CO
stride=2, padding=1?
B mporpamme Ha PyTorch | 13
UcxXonuslii torch.tensor Owut | 169
pazMepom 13x13x384. | 384
Ckonbko (UIBTPOB JOIKHO | 64896
OBITb B CBEPTKE, KOTOpas
BBIIAET torch.tensor
pa3zmepom 13x13x3847?
Bonpocut
1. Perynspuszanusa HeWpoOHHOU Perynspusanus
Tuxonosa, Lasso — perynspusanus
2. Perynspuzanus u npopexxuBanue HedpoHHOU cetu. [Ipsimoii n oOpaTHBIN
Dropout.
3. Meronsl  rimybokoro  oOyuenus.  Hopmanmmzanus
HOpMaIA3aIus.
4. Texnonorus mnepenaun oOyuenusi Transfer Learning. Hcnons3oBanue
pen00yUYEHHBIX CETEH.
3. ABTO3HKOJIepbl. OCOOEHHOCTH apXUTEKTYypbl W OOy4YeHHs] SHKOJEpa U

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

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

8. ['enepatuBHO-cocTs3aTrenbHbie HelipoceTH (GAN) u style transfer.

9. ®peiiMBopk riayookoro ooyuyenus Tensorflow

10. ®peiimMBopk riaybokoro ooyuyenus Pytorch

Jly1si MpOMesKyTOYHOM aTTeCTAIUU:

ba3oBbie BONPOCH! K 3K3aMEHY

l.
2.
3.

11

16.

17.
18.
19.
20.
21.

22.
23.

24.
25.

Marematrueckast MOJIeTTb OMOJIOTHYECKOT0 HelipoHa. [IeHApUThI, aKCOHBI, CHHAIICHI.
TexHOJIOrHH UCKYCCTBEHHOTO MHTEIUIEKTa, 00IaCTH TPUMEHEHHUS U peliacMble 3a1a4u.
BbazoBas apxutekTypa HeHpoHHBIX cereil. [lpuHimnbel noctpoenus. OCHOBHBIE (QYHKLIUHU
aKTHBAIUU.

[Mepuentporn PozenOmarra u mpaBwio Xeb66a. Teopema O CXOIMMOCTH alrOpUTMa
o0ydeHus NepuenTpoHa i TMHEHHO-pa3neTuMbIx MHOkecTB. [Ipobiema XOR.
Mmuorocnoitusiii  nepuentpos. IlpeacraBnenune OyneBbix  ¢(ynkmmil. [Ipeomonenue
OTpaHMYEHUSl JMHEWHON pa3/elMMOCTH M peuieHHe MpoOIeMbl HCKIIOYAIOMIETO «UJIH.
Teopema Konmoroposa.

OO0y4deHne HEMPOHHOM CETH C TTOMOIIBIO AITOPUTMa 0OPaTHOTO PACTIPOCTPAHCHUS OIIHOKH.
[TonsiTHE Mapannya CeTH U NPUYHUHBI €0 BOSHUKHOBEHHS.

OyHKIUS MOTEPh M ONTUMH3ALUS ITApaMeTPOB HEHPOHHOHM ceTu. BbiBoa QyHKIIMK MTOTEPH
U3 METO0J1a MaKCUMaJIbHOTO MPaBA0NO0100HUs.

[IpoGnema OBpakHOCTH MOBEPXHOCTH (PYHKITMOHAJIA OIIMOKH U €€ YaCTHYHOE TTPEOI0ICHIE
¢ TOMOIIBI0 BBeZeHNs MoMeHTa (Nesterov momentum).

OO6yuenue ¢ momoibio backpropagation Ha ocHoBe anroputmMa RMSProp.

. O06yuenne ¢ momomsio backpropagation Ha ocHoBe anroputma Adaptive moment

estimation.

. [Ipobnema ucuesaromero u B3pbiBatomierocs rpaauenta. [lonstue «ymuparonmiin» ReL U.
12.
13.
14.
15.

Ornenka kauectBa 00y4ueHusi. OCHOBHBIC METPUKH 3a/1a4 Ki1acCUDUKAITIH.

[TocTaHoBKa 1 peleHue 3a1a4u PErpecCUM ¢ IOMOIIbIO HEHPOHHOI CETH.

[TocraHoBKa U pelIeHne 3a1a4i OMHAPHON KIaCCU(PUKAIIMH C TIOMOIIbI0 HEHPOHHBIX CETEH.
ApXHUTEKTYpbl HEMpPOHHBIX CETEW JI1 MHOTOKJIACCOBBIX Mojenel. BeposTHocTHas mepa
MPUHAJIKHOCTH K Kiaccy. Oynkmus Softmax.

Ceéprounsie HelpoHHble cetH. Omeparus cBeptku (1D, 2D). fAmapo ceeptku. Kackan
CBEPTOK.

ba3oBble MPUHITUIIBI TOCTPOCHUS CBEPTOUYHBIX HEUPOHHBIX CETEH.

Apxutektypa Inception (inception 6710k). Training head.

Apxutektypa ResNet (residual 6;10k). Skip-connection.

[TepeoOyuenue u meToibl 60pHOBI ¢ HUM. AyrmeHnTtanus. Early stopping

Perynspuzanus HeiiponHoit cetu: "weight decay". Perymspusamus TuxonoBa, Lasso —
perynisipusanusi.

Perynsipuzanus u npopexuBaHue HeMpoHHOU ceTh. Dropout.

Hopmanuzamnus manabix - batch-nopmanuzamus (batch norm, layer norm). Beraucienne
CTaTUCTHUK MPU 00yUYEHUU U Bamuaamnuu (train/eval).

Texnonorus “nepenaun 3HaHui” Transfer Learning (fine tuning, feature extraction)
CemaHTHYeCKasi CETMEHTAIHs ¢ MTOMOILBIO TITyOokoro oOyueHus. [1oTHOCBEPTOUHBIE CETH
(FCN). Onepamus nexkonBomtonuu. Transposed convolution layer.



26.

27.

28.
29.
30.

31.
32.
33.
34.
35.

36.

37.
38.

Apxutektypa SegNet, Unet. ®yHkiun norepb Ha ocHoBe kKod(ddurmenta Jlaiica u focal
loss.

Meronpl MacmTabupoBanust a1 omepamuu  upsampling u  downsampling. Dilated
convolution.

I'enepaTUBHBIC MOJIETTH ¥ aBTODHKO/IEPHI.

Bapuanmonnsie aBrosnkoaeps! (VAE). [luseprennust Kyns6aka-Jleitonepa.
I'enepaTuBHO-cocTs3aTenbHbIE HEWpoHHblE ceTu (GAN) u HEMpOHHBIM CTUIL NEepeadn
o0yuenus (Ha mpumepe style transfer).

PexyppeHTHBIE HEHPOHHBIE CETH U crieupUKa UX 00yUEeHHUS.

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

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

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

Nudepenc netipoceteBrix Mogenein. ONNX.

Mexanusm BHUMaHus. Apxutektypa Transformer.

TwunoBrwle 3a1aun:

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

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

PeaimmzoBath ResNetl8 mis CIFARI10 ( torchvision.datasets).

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

Ho6aBbTe L2-perynsapuzanuio. B PyTorch ona aktuBupyercs ¢ momoIibo
napametpa weight decay B onmtummu3zarope. 3HaueHHE OOBIYHO BHIOMPAIOT U3
[1e-3, le-4, 1e-5]. IIpumep:

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

CocraButh confusion-matrix. I'paduku accuracy u loss Ha Bamualuu.
[IpoBecTu ananu3z oOydeHus. Y METb OObSICHUTH CBOM KOJ.

C nomompto ¢peiimBopka PyTorch mnst pemienus 3amaun kiaccudukanuu
peann3oBaTh HEMPOHHYIO ceTh apxuTeKTypsl VGG. [IpoBecTn o0yueHnue Ha
natacere EMNIST (torchvision.datasets) B Google Collaboratory.
[TocTpouTs rpaduku accuracy u loss Ha BajuaIuu.

[IpoBecTn aHanu3 BIMSHUS TUMNEpiapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennoit MHC.
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C nomompto ¢peiimBopka PyTorch st pemenust 3agaun kiaccupuKauu
peain3oBaTh HEWPOHHYIO ceTh apxutektypbsl MobileNet. [Iposectu
oOyuyenne Ha naracete FashionMnist ( torchvision.datasets) B Google
Collaboratory. [TocTpouts rpaduku accuracy u loss Ha BaJIMIaIUN.
[IpoBecTn aHaynu3 BIWSHUS TUIlepnapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue noctpoenHot UHC.

PeanuzoBaTh CBEPTOUHYIO CE€Th, OOYUUTH CETh U MPOBECTH KIACCU(PUKAILIUIO
torchvision.datasets.FakeData. I[loctpouts rpaduku accuracy u loss Ha
BaJIMIAIIHH.

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

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

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

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

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