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1. Heap, 321a4M U IVIAHUPYEMbIe Pe3yJIbTAThI 00yYeHHUsI 0 JUCHUIIIMHE

(Lenwv u 3a0auu ocsoenus ducyuniunsl, coomeemcemayiowue yeau OIT)

[{enbr0 OCBOEHHUS AUCHMIUIMHBI «TE€XHOJIOTMM CHUCTEM HCKYCCTBEHHOTO
WHTEJUICKTa» SBISIETCS  (POpMUpOBaHUE y CTYACHTOB TEOPETUYECKUX 151
IPAKTUYECKUX 3HAHUM O COBPEMEHHBIX  HAIPABJICHUAX,  METOAOJIOTHUAX W
MIOAXO0/1aX, OTHECEHHBIX K TEXHOJIOTHUSM MCKYCCTBEHHOTO MHTEIUICKTA.

3amauamu JUCHUTUTUHBI SBJISIFOTCSL: - (QopMupoBaHue 06a3z0BOTO
HNOHSTUWHOTO armnapara NPUHUUIOB (PYHKIHOHUPOBAHUS UCKYCCTBEHHBIX HEHPOHHBIX
CeTeil U METOAOB UX OOyUEHUs; - U3YUCHHE CPEACTB Pa3pabdOTKU U MPOCKTHUPOBAHUS
UCKYCCTBEHHBIX HEMPOHHBIX CETEH; - 3HAKOMCTBO C COBPEMEHHBIMH TEXHOJIOTHUSMU
UCKYCCTBEHHOI'O MHTEJUIEKTA, MO CIEAYIOLUIUM HaIlpaBJICHUSM: -- KOMITBIOTEpHOE
3peHue;  -- o0paboTKa €CTECTBEHHOTO SI3bIKa;  -- PAclO3HABAHHME U CHHTE3 Peuu;
-- MHTEJUIEKTYaJbHbIE CHUCTEMbI IMOAJEPKKH MPUHATHS pelleHud. - (hopMUpOBaHUE
YMEHMM W HABBIKOB PELICHHUS MPAKTUYECKUX 3a]ady C NPUMEHEHHEM TEXHOJIOTHM

HNCKYCCTBCHHOT'O MHTCJIJICKTA.

KomnereHuny 1 MHIMKATOPBI, (POpMUpyeMbIe y 00yHaroIUXCsl:

KO[[ 1 HAMMCHOBAHUEC KOMIICTCHIIUHN

KOII U HAMMCHOBAHUC HHAWKATOpPA

[TIK-1 Criocoben npenararhb
aKTyalbHble [U(POBbIE TEXHOJIOTHH B
nH(pOpMaLMOHHON UHPPACTPYKTYpE
IPEIIPUATHS

I1K-1.1 BeiOupaet akryanbHble HUPPOBbIE
TEXHOJIOTUH B JESATEIBHOCTH MPEAIPUATHS
ITK-1.2 CriocobeH k pa3paboTKe U BHEIPEHUIO
AKTyaJIbHBIX HU(PPOBBIX TEXHOJIOTUI

2. Mecto aucuunianHbl B cTtpykrype OIl

[IpeamecTByromuye TUCUUIUIMHBL (MoaynH), npaktuku, HUP, np.

[Tocnenyromue auctuIuinHbl (Moxynn), npaktuku, HUP, mnp.

3. CTpyKTYypa M cofep:KaHHe AUCHUILTUHbI

3.1. CTpykTypa IMCUMILINHBI
Ji1st ouHOM hopMbI 00yUeHUS

Bun yuebHo# paboThI B;%FO E;fgg CeMe;Tp(H)

OBIIIAS TPYJIOEMKOCTD JIUCIIATITAHBI S 180 180
KOHTAKTHAS PABOTA

AYJIUTOPHASI PABOTA 1,44 52 52
Jlexkuun 0,5 52 52
[TpakTHyeckue (CeMMHAPCKUE) 3aHATUS 0 0 0
Jla6opaTopHbie paboThI 0,94 34 34
CAMOCTOATEJIBHAS PABOTA OBYYAIOIIET'OCA 3,56 128 128
[IpopaboTka yueOHOTO MaTepHaia 2,96 92 92
KypcoBoif TpoekT 0 0 0
Kypcosas pa6ora 0 0 0
IToaroroBka Kk MPOMEXYTOUHOM aTTECTALUU 1 36 36




IIpomexyTouHas arrecTanus: 35

3.2. Conep:kaHue IJMCHUIJIMHBI, CTPYKTYPUPOBAHHOE 10 pa3jiejiaM U BHAaM
3aHATUN

Paznenbl Pacnpenenenue @opMmbl U1 | THIEKCHI THAMKATOPOB
JCITUTLIAHBI 2 TPYJIOEMKOCTH BUJT dbopMupyeMbIx
§ 10 BUJIaM y4eOHOM paboThl | KOHTpOJIA KOMIIETEHIIUI
o = © : te)
5 = | &) §| &
R . X :
2| 8| B | B
Paznen 1 32 26 16 54 TK1 MK-1.1, NMK-1.2
Pasgmen 2 36 26 18 54 TK2 MK-1.1, NK-1.2
IK3aMeH ) 20 OM1 MK-1.1, NK-1.2
HUTOT'O 180 | 52 34 0 128

3.3. Conep:xkanue JUCHUINTIHHBI
Cemectp 7

Pa3znen 1. BeeneHne B HEMPOHHBIE CETH
Tema 1.1 OCHOBBI HEHPOHHBIX CETEU

Hctopus pa3BUTHS HEMPOCETEBBIX TEXHOJIOTUNA. 3aa4H, PEIIaeMbl€ C IOMOILBIO
HEUPOCETEBBIX TEXHOJIOTUH.
OcCHOBBI HEUPOHHBIX ceTel. broIornuecKkre acreKThl HEPBHOM AESATEIbHOCTH.
Hetipon. Akcon. Cunarnc. Pednexropnas nyra. [lenTpanpHas HepBHasi CUCTEMA.
Mopenu uckyccTBeHHOTO HelipoHa. @yHKIIMM akTUBaUuK. ba3oBas apXuTekTypa
HelpoHHBIX cetel. O0yueHue ¢ yuutesneM. OCHOBHAsE TEPMHHOJIOTHSL.

Tema 1.2 IlomHOCBSI3HBIE CETH MPAMOTO PACIPOCTPAHEHUS

[TosHOCBSI3HBIC CETH MPAMOTo pacrnpocTpanenus. [IpeomoneHne mpoodaeMebl
XOR. O0y4eHue HEHPOHHOM CETH C MTOMOIIBIO ANTOPUTMa OOPATHOTO
pacripoctpaneHus omuoOku. [Torstue ooyvaromero kousetiepa (Pipeline).

Tema 1.3 CBepTouHblE HEHPOHHBIE CETU

Onepanusg cBeptku. B3aumuas koppensauus. PenentuBnoe nosie. Kackan
cBeptok. ['pynmuposka (pooling).

Tewma 1.4 IIpoaBuHyThIE METOBI OOYUEHUS

Mertoabl 60pr0BI ¢ IepeoOyueHreM. AyrMeHTanus JaHHbIX. bary-
HopManu3anus. Perynspuzanus Tuxonosa. Lasso perynspusaius. Dropout.

Pasznen 2. Texnomoruu HNCKYCCTBCHHOI'O MHTCJIJICKTA

Tema 2.1 Texnonoruu nepeaaun ooyuenus Transfer Learning



Texnonoruu nepegauu 3Hanuii Transfer Learning / Domain adaptation.
JlooOydeHwue ceTH, MmoAcTpoiika mapameTpoB Fine Tuning. Mcnons3oBBanme
npenoOydeHHbIX ceTeil. COBpeMeHHBIC CBEPTOYHBIC apXUTEKTYPBI

Tema 2.2 ABTrosHKOIEpHl. BapnaninoHHbIE aBTOYHKOIEPHI.

ABTOKOJIMPOBIIMKU. ApXUTEKTYypa 3HKoAep-AeKkoaep. OOHapyKeHUE aHOMAJIUI
B JIaHHBIX C ITOMOIIBIO aBTOSHKO/AEpa. | eHepaTHBHBIE MOAETH. BapuanuoHHsie
aBTo’HKO1epbl VAE.

Tema 2.3 I'enepatuBnbie moaenu NN

CoBpemenHble apxuTekTypsl. [lopoxnaromniue (reHepaTUBHBIE) COCTA3aTEIbHBIC
HelpoHHbIe ceTu. ['eneparop. Juckpumunarop.

Tewma 2.4 Texnonoruu UM B 06paboTKe €CTECTBEHHOTO SI3bIKa

O0paboTKa €CTECTBEHHOTO A3bIKA C MOMOIIbIO HEUPOHHBIX CETEH.
Knaccuduxkanus tekcra. PexyppenTHsie HelipoHHbIe ceT. Apxutektypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tema 2.5 HepCHCKTHBHBIG MOJICIIM HCKYCCTBCHHOTI'O MHTCJIJICKTA.

Mexanu3m BHUMaHUs. ApXUTEKTypa rIyOOKuX HEeHpOoHHBIX ceteid Transformer
11 pabOoThI € TIOCIe10BATENbHOCTIMU. MO/1eTIh UICKYCCTBEHHOT'O MHTEIIIEKTa
Generative Pre-trained Transformer.

3.4. TeMaTu4yeCKHUil IVIAH NPAKTHYECKHUX 3aAHATHI

JlaHHbIN BUA pabOThI HE MPEAYCMOTPEH YUEOHBIM TJIAHOM.

3.5. TemaTuyeckuii MJ1aH JJabOPATOPHBIX padoT

1. TexHomoruu pa3pabOTKM M 00yuyeHUsi HEWpOHHbIX cereil. [Iporpammuas
pa3paboTKa C UCHOJNb30BaHWEM OOJIAYHBIX MHCTPYMEHTOB. 2. BBenenue B
dbpeiimBopku Tiybokoro ooydenust Pytorch /Tensorflow. Tensopsl. 3. Apxurekrypa
MOJTHOCBSI3HOM  HEHUPOHHOM ceTh W ee oOydeHue. AJTrOpuT™M  OOpaTHOIO
pacnpoctpanenus omnoku 4. IlpenckazarenbHas aHATUTHKA JJI TPOU3BOCTBEHHBIX
u OuzHec mpoueccoB. 5. HHTennekTyanbHble TEXHOJOTHMM  pacrno3HaBaHUS
n3o0pakenuii. 6. Texuonorun Transfer Learning. 7. Texuonorun MU B quarnoctuke
3aboneBanuii. 8. Texnonmorun MU mist Monutopunra nanueix. 9. Texuomornn U B
00paboOTKe €CTECTBEHHOTO SA3BIKA. 10. I'eHepaTuBHbIE MOJIETU HCKYCCTBEHHOTO
uHTemiekTa. 11. Pa3paboTka mporpaMMHOro o0ecreyeHus, B KOTOPOM HCIIONIb3YOTCS
TE€XHOJIOTUU UCKYCCTBEHHOTO MHTEIIJIEKTA.

3.6. Kypcosoii npoekT /kKypcoBasi padora

JlauHbI# BUA pabOThI HE MPEAYCMOTPEH YUYEOHBIM TJIAHOM.

4. OueHuBaHHE Pe3yJIbTATOB 00y4eHUs!



OrneHnBanue pe3yabTaTOB O0yUEHHUS 10 AUCITUIUIMHE OCYIIECTBISCTCS B paMKax
TEKYIIET0 KOHTPOJII M TPOMEKYTOYHOW aTTecTalid, MPOBOJUMBIX IO OauTbHO-
peiitunrooii cucreme (BPC).
[IIkana oleHKH pe3yabTaTOB OOYUCHHSI 110 TUCITUTUTHHE:

YpoBeHb c(hOpMUPOBAHHOCTH MHJIMKATOPAa KOMIETEHLIHUU

Bricokwuit Cpennuii Hunxe Huzkuit
Kon Kon 3aria"gu- pen CpEIHETO
KOMII | MHOUKATOP POBAHHBIC ot 85 mo 100 ot 70 mo 84 oT 55 o 69 ot 0 nmo 54
c- a pe3yJIbTaThl IIIxana oneHMBaHU
TEHII | KOMIIETEH | OOydYeHHs Mo HEYI0B-
YIIOBIIET-
2054 QU AACHUIIIMHE OTJIUYHO XOpOo1IOo JIETBOPU-
BOPUTEIIBHO
TEIBHO
3aureHo HE 3a4TEeHO
3HaTh:
- OCHOBBI
TEOPUHU
HEUPOHHBIX
. ri1yOOKO U XOpOIIIO 3HAET
ceTel, B TOM
IMOJIHO 3HAET OCHOBHEIE
1 (S
MaTeMaTHYeCK | MaTeMaTHYECK
pa3IUYHbIC e CTOVKIVOEL | He CThVKTVOLL HE 3HaeT
ApXHUTEKTYPhI TPYKTYP PYKTYP 3HAET 0a30BBIX
. B OCHOBE B TIOCTPOCHHH .
HEHPOHHBIX . 0a30BBIE MOHATHIA, HE
o MOCTPOCHUS HEHPOHHBIX
ceTel u o 9 ITOHSATHSI 3HAET KakK
HEHPOHHBIX CeTeM, 3HaeT N
aJITOPUTMBI UX 9 HEHPOHHBIX oOyuaeTcs
CeTeM, 3HaeT AITOPUTM 9 2
00y4eHus; CeTeM, 3HaeT HelpoHHasI
aNTOPUTM obpaTHOTO
- aNrOPUTM CETh, HE 3HAET
obpaTHOTrO pacnpocTpaHeH
MaTeMaTH4ecK backprop, KaK OIIEHUTh
pacnpocTpaHeH Hsl OLINOKH,
He CTPYKTYPHI OCHOBHEIE Ka4yeCTBO
1Sl OLIUOKH, HEKOTOpEIE
Y MIPUHIATIBI METPUKHU o0yueHus
COBpPEMECHHbBIC COBpPEMEHHbBIE
X 00001IeH s MOJIETH
ApPXUTEKTYPHI, | apPXUTEKTYPHI,
Ha TIOCTPOEHHUE
METPUKH OCHOBHEIE
BBIYHCIIUTEILH
KayecTBa, METPUKH
BIX OJIOKOB
HEUPOHHBIX
IIK-1 | IIK-1.1 cereii;
YMeTn:
- yMeeT
aHAJIM3UPOBATH | aHAJIM3UPOBATH yMeeT
Moau(UKaUY | TIOCTABJICHHYIO | aHAJIM3HPOBATH
yMeeT HE yMeeT
M HOBBIE 3a1a4y u MOCTaBJICHHYIO
noaouparhb noadouparb
CpeacTBa npeajiaraTh 3a/1auy u
TEXHOJIOTHIO aJICKBaTHYIO
MIPOrPaMMHOTO pelieHus Ha npe/yiaraTh
HCKYCCTBCHH TEXHOJIOTHIO
obecrevyeHus OCHOBE peuieHus Ha
. oro HCKYCCTBEHHOT
JUIST CO3TaHMS TEXHOJIOTHH OCHOBE
N HHTEIUIEKTA 0 MHTEIIEKTA
WHTEIUICKTYalh | UCKYCCTBEHHOT TEXHOJOTHI
JUTSI PEIICHUs | JIJIsl PEIICHUs
HBIX CUCTEM C | O MHTEIJICKTa; | MCKYCCTBEHHOT N
MMOCTABJIEHHO | MOCTABJICHHOM
HCIIOJIb30BaHNE VYmMmeer 0 WHTEIIEKTA, .
o H 3a7a4m. 3a1a4u
M TEXHOJOTHH | OOOCHOBBLIBATL | OOOCHOBEIBATH
HCKYCCTBEHHOT CBOW BEIOOD CBOI1 BBIOOD;
0 MHTEIUIEKTA TEXHOJIOTHH;
Brnanets:
- CpeicTBaMHU Bmaneer Bmaneer Bmaneer He Bnaneer
CO3IaHUs U MIPOJBUHYTHIM OCHOBHBIMH OCHOBHBIMH cpelncTBaMu
00y4YeHHS U CpeJCTBaAMHU CpelncTBaMu CcpelncTBaMu CO3IaHUs U
HEHPOHHBIX CO3IaHUs CO3IaHUs CO3IaHuUs o0yueHus




ceTeit HEHUPOHHBIX HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX
Ppa3IUYHBIX cereit cereit cereit cerent
TUTIOB Pa3IUYHBIX Pa3IUYHBIX 0a30BBIX
APXHUTEKTYP. ApPXUTEKTYP. APXHUTEKTYP.
Biageer Bnageer Brageer
NPOJIBUHYTHIM | CTaHAAPTHBIMU | 0a30BBIMH
U Cpe/ICTBAaMH CpeacTBaMu CpeacTBaMu
o0y4eHus u o0y4eHus u o0y4eHus u
TECTHPOBAHMS | TECTHPOBAHUS | TECTHPOBAHU
ceTel. CETEH. sl CETEH.
3HaTh:
BBIYUCITUTEIHH
b€ Cpe/ICTBA H
OTIMYHO 3HAET | XOpPOILO 3HAET
KOMIUIEKCHI, 3HAeT OJNH
s3pIk Python s3bIK Python HE 3HAeT
pUMEHseMBbIe u3
niu C++ | wm C++ | . BBIUMCIIUTENIBH
npu . . (bperiMBOpKO
(hpeiiMBOpKH (perMBOpKHI BIX CPEJCTB,
pa3paboTke B TIyOOKOTO
rI1yO0OKOTO IyOOKOTO MIPUMEHSIEMBbIX
MIPOEKTOB o0OydeHwus,
. o o0y4eHwus, oOyueHwus, npu
HelpoceTeil u TaKue Kak
TaKHe KaK TaKHe KaKk pa3zpaboTke
WHTEJUICKTYalb PyTorch u
PyTorch u PyTorch u MIPOEKTOB
HBIX Tensorflow, . o
Tensorflow, Tensorflow, HelpoceTeil n
CHCTEM; 001ayHbBIE
. o0nayHble oOna4Hble UHTEJUICKTYaJlb
-(ppeiiMBopKH 1aThOPMBI
m1aTGOpMBI miat(opmel HBIX
rIIyO0OKOTO JUTsE paboTHI C
JUTsSE pabOoTHI C JUTsE pabOTHI C . CUCTEM;
oOydeHwus, . . HEHUPOCETAMHU
HelpoceTsIMu HeHpoceTsIMH
TaKue Kak
PyTorch u
Tensorflow
YMeTs:
— CO3/aBaTh, YmMmeer
TPOBOJUTH CO3/1aBaTh,
OTIAJKY HPOBOJIUTH
I1K-1.2 POrPaMMBbI OTIIaJKY
1oz MPOTPaMMBI C
porp YMmeer
NIOCTaBJICHHYIO | MCIOJIb30BaHHE Ymeer
CO3/1aBaTh HE yMeeT
3ajauy C M CO3J1aBaTh
HPOTPaMMBI C CO3/1aBaTh
YUETOM COBpPEMEHHBIX MPOTPaMMBI
UCIIOJIb30BaHHE MPOTPaMMBI C
MOCIIETHUX HUHTEJUIEKTYalb c
M UCIIOJIb30BaHHE
TEOPETUIECKUX HBIX UCTIOJIb30BaH
. COBpPEMEHHBIX M
u TEXHOJIOTHH, uem .
MHTEJUIEKTYaJlb . HEHpOoCeTeBbIX
MPAaKTUIECKUX Ymeer HelpoceTeBbl .
. HBIX . MoJienei
JOCTIKEHUN B MIPOBOJUTD . X MoJieseit
TEXHOJIOTHIA
obnactu BHEJpEHHUE
uckyccrenHor | ONNX ( Open
0 MHTEIJICKTA U Neural
HEHPOCETEBBIX Network
TEXHOJIOTHit Exchange )
Bmaners:
— TEXHOJIOTHEH OtnuaHO BJIaJieeT BJIaJieeT HE BIIQJIeeT
cOopKH U BIIaJieeT OCHOBHBIMH 0a30BBIMHU OCHOBHBIMH
3amycKa TEXHOJIOTHSMHU | TEXHOJOTHSIMUA | TEXHOJIOTHSIM | TEXHOJOTHAMHU
HEHPOCETEBBIX cOopku u cOopKH U 1 cOOpKH U cOOpKH U
Mozesel B 3aIycKa 3aIycKa 3amycKa 3amycKa
pexxume MIPOTPaMM C MIPOTPaMM C MIPOTPaMM C MIPOTPaMM C
OOy4YeHUSI 1 | UCIIOJIb30BaHKE | UCTIONB30BAaHHUE | MCIONB30BaH | MCIOJIb30BAHUE
uHdepeHca. M M ueM M




HEUPOCETEBBIX | HEUPOCETEBBIX | HEUPOCETEBBI | HEUPOCETEBBIX
MOJYJIEH, MOAyJeH, X MOZYJIEH. MoOAyJeil
BIaAceT BIIAZICET
TEXHOJIOTHEH TEeXHOJIOTHEH
nH(pepeHca, Har nH(pepeHca.
p., ONNX
RUNTIME

5. Y4eOHO-MeToIM4YecKoe U HH(POPMAMOHHOE o0ecniedeHHe JUCTHILIHHbI
5.1. YueOHO-MeTOANYECKOE 00€ecIeYeHHue

5.1.1. OcHoBHas nuteparypa

1) Octpoyx, Auapeit BiagumupoBud. MHTEIeKTYalIbHBIC WHPOPMAIIMOHHEIE
CHCTEMBI U TexHoJoruu : MoHorpadus / A. B. Octpoyx, A. b. Hukonoaes, 2019. - 308
c. - Tekcr : anextponnsiit. URL: https://e.lanbook.com/book/115518

2) Cortauk C. JI. [IpoekTupoBaHHE CUCTEM HCKYCCTBEHHOTO MHTEIUICKTA :
yueoOHoe nocobue / C. JI. Cotnuk. - Teker : anexrponnbii. URL:

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

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

4) PocrosiuieB B. C. MckyccTBeHHble HelipoHHbIE ceTH : yueOoHuk / B. C.
PocroBies, 2023. - 214 c. - Tekcr : anektponusbiii. URL:
https://e.lanbook.com/book/310184, OBC Jlann

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

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

2) Slcuunkuii, Jleonnn HaxumoBud. BBeieHre B MCKYCCTBEHHBINA UHTEIIIEKT :
yuebHoe nocobue 11st By30B / JIL.H. Scuuukuii, 2008. - 176 c. - Tekcr :
HEMOCPEICTBEHHBIN.

3) KnanoB A. A. ABTOHOMHBIN UCKYCCTBEHHBIN MHTEIUIEKT | HAYYHOE U3JIaHUE /
A. A. Knanos, 2020. - 362 c. - Tekcr : anexkrponnbiit. URL:
https://ibooks.ru/bookshelf/350079, 9BC ibooks.ru

5.2. MudopmanuonHoe odecrnedeHune

5.2.1. DneKTpOHHbIE U HHTEPHET-PECYPCHI




5.2.2. IlpodeccuonanpHpie 0a3pl  naHHBIX /[  HMHMOpMaMOHHO-CIIPaBOYHBIC

CHCTCMBI

5.2.3. JlunieusnoHuoe "

oOecrieyeHne QUCIUATUINHBI

CBOOOTHO

pacnpocTpaHsieMoe  MPOTrpaMMHOE

6. MaTepI/IaJILHO-TeXHI/I‘IeCKOG o0ecrneueHue AUCHUITIIMHBI

HanmenoBanue BHUaa

HaumeHnoBanue y4ueOHOM

yaeOHON paboThI ayIUTOPHH, [lepeuens HeoOxoaUMOTO 000PYIOBAHUS U
CIIeaIN3TPOBAHHON TEXHUYECKUX CPEJCTB O0yICHHS
naboparopun
Jlexnun Y4eOHas ayuTopus Jis Criennanu3upoBaHHAS yaeOHast MeOelb,
MIPOBEICHUS 3aHATHN TEXHUYECKUE CpEeICTBA OOYUCHUS, CIyXamue IJIs
JIEKIHOHHOTO THIIA pEeICTaBICHUS yueOHOU uH(popManuu
0oibIION  ayauTopuu  (MYJIBTUMEIUNHBIN
IPOEKTOp, KOMIBIOTEp (HOYTOYK), OJKpaH),
JIEMOHCTPAIIMOHHOE 00OpyIOBaHHEe, Y4eOHO-
HarJsAHbIE TOCOOUS
[IpakTuyeckue Vuebnas  ayauropus s | Crienuanu3upoBaHHAs yueOHas Mebenb,
3aHIATUA IPOBCACHUA 3aHATHH | TeXHUYECKUE cpencraa 06yquH;1
CCMUHAPCKOT0 THNA, | (MyITbTUMEAUMHBIA ~ IPOEKTOpP, KOMIIBIOTEP
TPYIIIOBBIX 158 I/IH)II/IBI/II[}:' (HoyT6yK), 3KpaH) " I[p
AJIbHBIX KOHCYJIbTAllhH,
TEKYUICTO KOHTPOJIA u
MIPOMEXKYTOUHON aTTECTALINU
JlaGopaTopHbie VYuebnas abopaTopus Crenmann3upoBaHHON naboparopHoe
PaboTHI « », o0opyioBaHue 1Mo NMpouITIo 1adopaTopHu:
KommbroTepHbIii Ki1ace ¢ Cnenunanu3upoBaHHas yueOHast Me0enb,
BBIXOZOM B MHTepHET TEXHUYECKHE cpencTea 00yueHwust
(MyTbTUMEIUUHBI ~ TPOEKTOP,  KOMIIBIOTED
(HOYTOYK), 9KpaH), JUIIEH3UOHHOE
porpaMMHoe o0ecreyeHne
KommbroTepHsblii K1ace ¢ CneunanusupoBanHas ydeOHas mebenb Ha 30
BeixozoM B MuTeprer B-600a | mocagounsix  mect, 30  KOMIBIOTEPOB,
TEXHUYECKHE CpeACTBa O00y4deHUs (MyJIbTHME-
JUHHBIM  MPOEKTOp, KOMIbIOTEp (HOYTOYK),
JKpaH), BHJICOKAMEDHI, MIpOrpaMMHOE
obecreyeHne
CamocrostenpHas | KoMmmbroTepHsIH Kiacc ¢ Crneunanu3upoBanHas yyeOHas mebens Ha 30
pabora BeixonoM B Muteprer B-600a | mocagouneix  mect, 30  KOMIBIOTEPOB,

TEXHUYECKHE CpeicTBa oOyueHHs (MyJIbTHMe-
JTUIHBIA  TPOEKTOp, KOMIbIOTEP (HOYTOYK),
9KpaH), BUJICOKaMEPBI, IpOTrpaMMHOE
obecrieyeHne

YuranbHBIN 341
OnoOIMOTEKH

CrennanusupoBanHasi MeOelb, KOMITbIOTepHAas
TEXHHKA C BO3MOXHOCTBIO BbIXojia B IHTepHeT u
obecnieuenneM nocryna B DMOC, skpaH,
MYJIbTUMEAUNHHBINA TPOEKTOP, TPOTPAMMHOE
o0ecrieyeHue

VYuebnast ayauTopust 1Jist
BBITIOJTHEHHS KypPCOBOTO

Crenn




npoeKkTa (KypcoBoil paboTel) | W3MpPOBaHHAS MeOEb, KOMITBIOTEPHAS TEXHHUKA

(ykaspIBaeTCs IpH C BO3MOXHOCTBIO BbIXOJa B HHTEepHET H
Hanuuny KP/KIT u Takoid obecrieueHreM JIOCTYTIa B OUOC,
ayauTOpuM) IpOrpaMMHOE 00eCIICUCHUE

7. Oco0eHHOCTH OpraHU3aNuM 00pPa30BaTeIbHON AeATEJILHOCTH AJIs1 JHUIL C
OrpaHN4Y€HHBIMHU BO3MOKHOCTSMU 3I0POBbS U MHBAJIU/I0B

JIuma ¢ orpaHUYEHHBIMU BO3MOXKHOCTSIMU 370poBbsi (OB3) 1 MHBaMMIbl UMEIOT
BO3MOKHOCTh OECIIPEMSITCTBEHHO MEpeMenarbcsi M3 OJHOr0 y4eOHO-JIabopaToOpHOro
KOpIlyca B Jpyroil, MOJHATbCA Ha BCE OTAXKU Yy4eOHO-T1a00paTOPHBIX KOPITYCOB,
3aHUMaTbCd B Y4YEOHBIX M HHBIX TOMEHICHHSX C YY4E€TOM OCOOCHHOCTEU
NCUXO(U3NYECKOTO PA3BUTHS U COCTOSIHUSA 370POBBSL.

Hnsa oOyuenuss muy ¢ OB3 v uHBaNMIOB, MMEIOLIUX HApyILIEHUS OIOPHO-
JIBUTATEJIBLHOTO amrapaTa, 00eceueHbl YCIOBHsI OECIIPENSITCTBEHHOTO JOCTyNa BO BCE
yueOHble TomenieHus. MHudopmamuss o cHeuuanbHbIX YCJIOBHSX, CO3JaHHBIX MJIs
oOyuaronmmxcss ¢ OB3 u wuHBaNMAOB, pa3MelleHa Ha CailTe YyHUBEpPCUTETA
www//Kkgeu.ru. Mimeercss BO3MOKHOCTh OKa3aHHS TEXHUYECKOHN ITOMOIIM aCCUCTEHTOM, a
TaKXe YCIYT CYpJONEPEBOUUKOB U TU(DIOCYPAONIEPEBOTUMKOB.

JIns agantanuy K BOCpUATHIO namu ¢ OB3 u uHBaimaaMu ¢ HapyIICHHBIM
CIIyXOM CIPAaBOYHOTO, Yy4e€OHOro Marepuaia MO0 JUCHUIUIMHE OOeCleYnuBarOTCS
CJIEIYIOLIUE YCIOBUSA:

- JUIs1 JIy4IIed OPUEHTALMHU B ayJIUTOPHUH, IPUMEHSIOTCSI CUTHAJIBI OIOBEILEHUS
O HayaJie ¥ KOHIIE 3aHATHSA (CIIOBO «3BOHOK» MUILIETCS HA JJOCKE);

- BHUMaHue cjabociplamero o0ydaroIerocs TMpUBJIEKAeTCsl IeAarorom
YKECTOM (Ha IJIEYO KIJIAJETCS pyKa, OCYIIECTBIISIETCS HEPE3KOE MOXJIONBIBAHUE);

- pasroBapuBasi ¢ 00y4arIKUMCcs, MeJarornueckuii pabOTHUK CMOTPUT Ha HETO,
TOBOPUT SICHO, KOPOTKUMH TPEAJIOKEHUIMHU, oOecrieunBas BO3MOXKHOCTh YTEHHSI I10
ryoam.

KommneHncanusi 3aTpyAHEHMI pPEYeBOr0 MW HMHTEIUIEKTYaJIbHOTO PAa3BUTHUSA
ca0oCHbIIAMX 00yHYaroIIUXCsl IPOBOAUTCS MTYTEM:

- HCTIOJIb30BAaHUS CXEM, JUarpaMM, PUCYHKOB, KOMIIbIOTEPHBIX MPE3EHTALMI ¢
TUIEPCChUIKAMU, KOMMEHTUPYIOIIMMU OTJIEIbHBIE KOMIIOHEHTHI U300paKEHUS;

- pEryJIsIpHOTO TMPUMEHEHMsI YIpaXHEHU Ha rpaduyecKkoe BblIEICHUE
CYILLECTBEHHBIX MPU3HAKOB MIPEIMETOB U SIBICHU;

- obecriedyeHrs BO3MOXKHOCTH JJIsi  OOydYarollerocs MOJYYUTh aJpPECHYIO
KOHCYJIbTAIIMIO 10 AJIEKTPOHHOM MOYTE 110 Mepe HEOOXOAUMOCTH.

Jlna apantanuu K Bocnpusituio aunamu ¢ OB3 u nHBanmuaaMu ¢ HapyluIeHUSIMH
3pEHUs CIPABOYHOTO, Y4eOHOTO, MPOCBETUTEIHCKOTO MaTepuaa, MpeaycCMOTPEHHOTO
oOpa3oBaTeNbHOM MpOrpaMMONM MO BBIOPAHHOMY HAIIPaBJICHUIO TMOATOTOBKH,
00ecreunBarOTCs CAEAYIOUINE YCIOBUS:

- BezleTcd ajanTanus oQuIManbHOro caidta B ceth MHTepHET ¢ yueToM 0COOBIX
NOTpeOHOCTEN MHBAIMIOB MO 3PEHUI0, 00ECTIEUNBACTCS HAIMUKUE KPYMHOIMIPUDTOBON
CIPaBOYHOM MHGOPMALIMK O pPACIUCAaHUU YUEOHBIX 3aHSITHIA;

- IEIarOrM4ecKuii  pabOTHUK, €ro cobeceAHUK (NMpU HEOOXOIUMOCTH),
NPUCYTCTBYIOIIME HA 3aHSATUH, MPEICTABISIOTCS OO0YUYaIOIIMMCS, MPU 3TOM KaxAbIN
pa3 Ha3bIBAEeTCs TOT, K KOMY NE€Jaroruueckuii paboTHUK oOpaniaeTcs;
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- ICUCTBUS, KECTHI, MEPEMEIICHUs MEeAarornyeckoro paboOTHUKAa KOPOTKO U
SICHO KOMMEHTHUPYIOTCS;

- meyaTHass HMHQpOpMaLMs MPEeAoCTaBisieTcs KpynHbIM 1mpudtom (ot 18
MIYHKTOB), TOTAJILHO 03BYYHBAETCS;

- oOecrieunBaeTCsi HEOOXOIUMBIN YPOBEHb OCBEUIEHHOCTH MOMEIICHUH;

- IPEJOCTABIIACTCS BO3MOKHOCTh MCMOJIb30BATh KOMIIBIOTEPHl BO BpeMs
3aHSATUN U MPABO 3aIUCU 00BSICHEHUM Ha TUKTOMOH (110 JKEIIAaHUIO0 00YUYarOITUXCs).

dopMa TPOBENECHUS TEKYyIIEM ¢  MPOMEXKYTOUYHOM  aTrTecTaluu Ui
oOyuatomuxcs ¢ OB3 1 MHBaIMIOB OmMpeensercss MeAarorndyeckuM pabOTHUKOM B
COOTBETCTBUM C Yy4yeOHbIM 1aHoM. IIpu HeoOxommmoctu oOyuaromiemycs ¢ OB3,
UHBAJIUY C YY€TOM HMX WHAMBHUAYAIbHBIX MCUXO(U3MUECKUX OCOOCHHOCTEH aeTcs
BO3MOXXHOCTh TPOUTH MPOMEKYTOUHYIO aTTECTAIlMI0 YCTHO, MUChMEHHO Ha Oymare,
MUCHPMEHHO Ha KOMIIBIOTEpE, B (JOpME TECTUPOBAHUS H T.I., JTUOO MPEIOCTABISACTCS
JOTIOJTHUTEIHHOE BpeMs 7Sl TIOJITOTOBKH OTBETA.

8. MeToauyeckue peKOMeHIAUMU /Jisl MpenojgaBarelieii Mo OpraHu3anuu
BOCIIMTATEJbHOH PA0OTHI C 00yYAKIMMHUCH.

Meroanueckoe o0ecriedeHue Mmpolecca BOCIUTaHUSI 00YYarOIUXCsl BBICTYAeT
OJHUM U3  OMNpenessionmx  (aKTOpoB  BBICOKOTO  KauecTBa  0Opa3oBaHUS.
[IpenogaBaTens By3a, JAEMOHCTPUPYS BBICOKHI NPOPECCHOHAIMN3M, 3PYIULHUIO,
YEeTKYI0 TPaKJaHCKYIO MO3MUIIMI0, CAMOAUCLIMILINHY, TBOPYECKUIN MOJIXO0J B PEIICHUU
npodecCHOHANBHBIX 3a7ady, B XO0jA€ 00pa30BaTEIbHOTO Mpollecca CHOCOOCTBYET
(OpMUPOBAHNIO TAPMOHUYHOM JINYHOCTH.

[Ipn peanuzanuu JUCUUIUIMHBI TpPENoAaBaTelb MOXET HCIHOJIb30BaTh
CJIEYIOIE METO/Ibl BOCITUTATENbHOU PabOThI:

- METOJbl (POPMHUPOBAHUS CO3HAHUA JMYHOCTH (Oecena, AMCIYT, BHYILICHHE,
WHCTPYKTaXX, KOHTPOJb, OOBSICHEHHE, NpPUMEp, CaMOKOHTPOIIb, paccKa3, COBET,
yoexaeHue u ap.);

- METOJbl OpTraHu3alMu JEATEIBHOCTH U (HOPMHUPOBAHHS OIbBITA MOBEACHUS
(3amaHue, OOIIECTBEHHOE MHEHHE, IE€Jaroruueckoe TpeOoBaHUE, MOPYUYEHUE,
pUYYCHHE, CO3/IaHNEe BOCTIMTHIBAIONINX CUTYaIlMi, TPEHUHT, YIIPpaKHEHUE, U 1. );

- METOJbl MOTHBAIMW MACSITEILHOCTH W TOBEACHUSA (0A0OpeHue, TMOOIIpPEHHE
COLIMAJbHONW aKTUBHOCTH, TIOPUIIAHWE, CO3/IaHHWE CHUTyallud ycrexa, CO3JlaHue
CUTYallU# NIl SMOLIMOHAJIbHO-HPABCTBEHHBIX MEPEKUBAHUM, COPEBHOBAHUE U JIp.)

[Tpu peanu3zanuy AMCUUIUIMHBI TPETOAaBaTelNb JOKEH YUYUTHIBATh CICAYIOLINE
HaIpaBJICHUS! BOCIIUTATEIbHON JAESITEIbHOCTH:

I pasicoanckoe u nampuomuueckoe ocnumanue:

- popMupoBaHre y OOyYarOMMXCsS IIEJIOCTHOTO MHPOBO33PEHUS, POCCHICKOM
UJICHTUYHOCTH, YBAXXCHHUS K CBOCH CeMbe, OOIIECTBY, TOCYaPCTBY, MPUHITHIM B CEMbE U
00IIIECTBE yXOBHO-HPABCTBEHHBIM M COLIMOKYJILTYPHBIM IIEHHOCTSIM, K HAIHOHAJIHBHOMY,
KyJbTYpHOMY M HCTOPUYECKOMY HAaciaequio, (OPMUPOBAHUE CTPEMIIEHUSI K €ro
COXPaHEHUIO U Pa3BUTHIO;

- popmupoBaHKE y 0Oy4arOIIMXCsl aKTUBHOM TI'PayKAaHCKOM MO3ULIMM, OCHOBAHHOMN
Ha TPaJULMOHHBIX KYJIBTYPHBIX, JyXOBHBIX M HPABCTBEHHBIX LIEHHOCTSX POCCHHICKOIO
oOliecTBa, /i TOBBIIIEHUS CHOCOOHOCTM OTBETCTBEHHO pEaIM30BbIBATh  CBOU



KOHCTUTYIIMOHHBIC TIPaBa U 00s3aHHOCTH;

- pa3BUTHUE MPABOBOM U MOJUTUYECKON KYJIbTYpbl OOyUYaIOIIMXCS, PACUIUPEHHE
KOHCTPYKTUBHOI'O Yy4YacTHSl B MPUHITUU PEIICHHN, 3aTparMBarOllMX HMX IIpaBa H
UHTEPECHI, B TOM YHUCJI€ B Pa3IMYHBIX (HOpMAX CaMOOPTraHU3AIUH, CAMOYIPABIICHUS,
OOIIECTBEHHO-3HAYMMOM JIeATeTbHOCTH;

- popMUpOBaHUE MOTHUBOB, HPABCTBEHHBIX U CMBICIOBBIX YCTAHOBOK JIMYHOCTH,
MO3BOJISIONIUX MPOTUBOCTOSITH JKCTPEMHU3MY, KCEHOGOOHH, TUCKPUMUHAIMMU 10
COLMAIIBHBIM, PEJINTHO3HBIM, PACOBBIM, HAIIMOHAJIBHBIM IMPU3HAKAM, MEKITHUUECKON
U MEXKKOH(DECCHOHATBLHON HETEPNUMOCTH, JPYTUM HETaTUBHBIM  COITHAIBHBIM
SABJICHUSIM.

/LlyxoeHo-npascmeennoe gocnumanue:

- BOCIIMTAHUE YYBCTBA JOCTOMHCTBA, YECTH M YECTHOCTH, COBECTIIMBOCTH,
YBAXKEHUS K POAUTEIIAM, YUUTESM, JIFOASM CTAPLIErO MOKOJCHHUS;

- opMUpOBaHUE TMPUHIUIOB KOJUIGKTUBM3MA U  COJUIAPHOCTH, JIyXa
MUJIOCEpJIUS M COCTpaJiaHusl, MPHUBBIUKK 3a00TUTHCS O JIIOASX, HAXOISIIMXCS B
TPYAHOM KU3HEHHOMN CUTYallUU;

- popMUpOBaHUE COJMIAPHOCTH U UYBCTBA COIMAIBHOW OTBETCTBEHHOCTHU IIO
OTHOULIEHUIO K JIIOASIM C OIPaHUYCHHBIMU BO3MOKHOCTSMH 3I0pPOBBS, MPEOJOJICHUE
MICUXOJIOTUYECKUX OapbepoB 1O OTHOIICHHIO K JIIOJAM C OrPAaHHUYECHHBIMU
BO3MOYKHOCTSIMU;

- OpMUPOBaHKE SMOIMOHATIBHO HACBIIIEHHOTO M JIyXOBHO BO3BBIIIEHHOTO
OTHOIICHUSI K MHUPY, CIIOCOOHOCTH U YMEHHMsI MepefaBaTh IPYTrUM CBOM ACTETHUECKUMA
OTIBIT.

Kynomypno-npoceemumensckoe sochumanue:

- hopMUPOBaHUE ICTETUUECKON KapTUHBI MUPA;

- popmMupoBaHUE yBa)XK€HHUS K KYJIBTYPHBIM LIEHHOCTSM POJHOTO ropoja, Kpas,
CTpaHBI;

- IOBBIIICHUE TTO3HABATEIbHOM aKTUBHOCTH O0YyYaIOLIUXCA.

Hayuno-obpazosamenvrnoe éocnumanue:

- popmupoBaHue y 00yyarouxcs HAyYHOTO MUPOBO33PEHHUS;

- popMupoBaHuE YMEHUS NOTy4YaTh 3HAHUS;

- popMHupoBaHUE HABHIKOB aHaiM3a M CHUHTE3a MH(OpMAalKU, B TOM YHCIE B
npodeccuoHanbHOi 001acTH.
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OuneHouHble ~ MaTepHaibl MO  AUCHUIUIMHE  TEeXHOJIOTMH  CHCTEM
VMCKYCCTBEHHOTO MHTEJUICKTa, IPEAHA3HAYEHHbl JUIsl OLICHHWBAHUS PE3yJIbTATOB
oOyueHHusI Ha COOTBETCTBUE MHIUKATOPAM JOCTUKEHHSI KOMIIETECHIIHI.

OneHnBaHue pe3yIbTaToOB 00YyUEHUS MO AUCHUILTUHE OCYIIECTBISIETCS B paMKax
tekymero KouTpois (TK) u mpoMexyTouHo#l aTTecTanuu, IpOBOJAUMBIX MO OAIBHO-
peritunrosoit cucreme (bPC).

1.TexHosiornyeckasi kKapra
o Cemectp /

PeliTmHrOBEBIC TOKA3aTSIIN
¥a)
= O
s 5 =
o = =
= O = E - °
HaumenoBanue paznena A E* g L g 5
23 = 5 5 =
o & § = \© =~
3
© > =
3 =
=
Paznen. "BBenenue B HeMpOHHBIE CETH" TK 25 0 0-25
Pa3zpnen. "TexHONMOruu HCKyCCTBEHHOIO TK
" 30 0 0-30
MHTEIEKTA
IIpome:kyTouHas aTTecTanus (3a4eT, IK3aMEH, oM 0-45
KII, KP)
3aaHue NPOMEKYyTOUHOM aTTecTaliu 0-15
B nucemenHoit popme no 6uneram 0-30

Texnonocuveckas kapma @opmupyemcsi  ONsl KAHCO020 BUOA NPOMENCYMOYHOLUL
ammecmayuu ( 3a4ema,’K3amMeHd, Kypcoeo2o npoekxma uiu pabomot)

2. OueHOYHBbIe MATEPHAJIBI TEKYIIIET0 KOHTPOJISI K IPOMEKYTOYHOM aTTecTAllMH
[IIxana orleHKH pe3yJbTaTOB OOYUYEHUS MO AUCHUTLIINHE:

YpoBeHb chOPMUPOBAHHOCTH WHIUKATOPA KOMIETEHITUU
o . Hixe o
Kox Kox 3amnan- Beicoknii Cpennuii CpemHero Husknii
KOMII | HHINKATOP POBAHHBIC ot 85 mo 100 ot 70 no 84 oT 55 o 69 or 0 1o 54
c- a pE3yIbTaThI IITxana oneHUBaHUI
TEHII | KOMIIETEH | OOydYeHHs 1Mo HEyI0B-
yIIOBJIET-
1504} 05041 JUCHUIIIINHE OTJINYHO XOpOLIO JIETBOpU-
BOPHTEIILHO
TEIBHO
3auTeHo HE 3a4TEHO
3HaTh:
- OCHOBBI rIy00KO | XOPOIIO 3HAET 3HaeT HE 3HAET
TEOPUH IIOJIHO 3HAET OCHOBHBIE 0a30BbIE 0a30BBIX
K-1 | IK-1.1 HeﬁROHme MaTeMAaTHYECK | MaTEMAaTHYECK TOHSATHS [IOHATHH, HE
ceTel, B TOM He CTPYKTYPHI | W€ CTPYKTYPHI | HEHPOHHBIX 3HAET KaK
qucie B OCHOBE B IIOCTPOEHHM | CeTeil, 3HaeT obyuaercs
pas3IuyHbIe MOCTPOCHHUS HEMPOHHBIX AITOPUTM HEWpOHHAs
APXHUTEKTYPHI HEHPOHHBIX cereil, 3HaET backprop, CEThb, HE 3HAET




HEHPOHHBIX

ceTel, 3HaeT AITOPUTM OCHOBHEIE KaK OLICHUTh
ceTel u aJTOPUTM obpartHOTO METPHUKH Ka4eCTBO
AJTOPUTMBI UX o0OpaTHOTO pacnpocTpaHeH o0yueHus
o0OyueHus; pacnpocTpaHeH HsI OLIHNOKH, MOJIETN
- 1S OIIHOKH, HEKOTOpEIE
MaTeMaTH4IeCK | COBPEMCHHBIC COBpPEMCHHBIC
Ue CTPYKTYPBI | apXUTEKTYpPhI, | apXHUTEKTYpHI,
Y TIPUHITUITBL METpPUKH OCHOBHEIE
X 0000IIeHUS KadecTBa, METPHUKH
Ha TIOCTPOEHUE
BBIYUCIIUTEIEH
BIX OJIOKOB
HEUPOHHBIX
ceTel;
YMeTh:
- yMeer
AHAJIM3UPOBATh | aHAJM3UPOBATH yMeeT
Moau(UKaIMK | TOCTaBJICHHYIO | aHAJIM3MPOBATH
yMeeT HE yMeeT
W HOBBIE 3amaqy u MTOCTaBIICHHYIO
noaouparthb noaouparthb
CpeIcTBa npeajaraTh 3a/1auy u
TEXHOJIOTHIO aJIeKBaTHYIO
MIPOrPaMMHOTO pelIeHus Ha npeJiaraTh
HCKYCCTBCHH TEXHOJIOTHIO
obecrieucHUs OCHOBE penieHus Ha
N oro HCKYCCTBCHHOT
JUUIST CO3JTaHUS TEXHOJIOTHH OCHOBE
. HHTEIUIEKTa 0 UHTEJIICKTa
WHTEIUICKTYallb | UCKYCCTBEHHOT TEXHOJIOTHI
JUTSL pEIICHUsT | ISl peIeHUs
HBIX CUCTEM C | O WHTEIJIEKTa; | MCKYCCTBEHHOT N
ITOCTABJICHHO | IOCTABJIEHHOI
HCIOJB30BaHUE VYmeer O UHTEJIIEKTA, .
. W 3a7a4d. 3ama4uu
M TEXHOJOTHH | OOOCHOBEIBATL | OOOCHOBELIBATEH
HACKYCCTBEHHOT CBOI1 BEIOOD CBOi BBIOOD;
0 UHTEJIEKTa TEXHOJIOTHH,
Bnaners:
Bnaneer Brnaneer Brnaneer
MIPOJIBUHYTHIM OCHOBHBIMH OCHOBHBIMH
U CpeJICTBAaMHU CpelcTBaMu CpelcTBaMu
CO3JaHus CO3IaHus CO3IaHus
- CpelcTBaMu o o o
HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX He Bnageet
CO3IaHus U N . N
ceren cerei ceren cpelcTBaMu
o0OyueHus
o pa3IMYHBIX Pa3IUYHBIX 0a30BEIX CO3IaHus U
HEHPOHHBIX
ceTeit APXUTEKTYP. APXUTEKTYP. APXUTEKTYP. o0yueHus
Bnageer Bnangeer Bnangeer HEUPOHHBIX
Pa3IUYHBIX °
THTIOB MPOJABUHYTHIM | CTaHIAPTHBIMHU 0a30BEIMH cerent
U CPeJCTBAMHU cpelcTBaMu cpelcTBaMu
o0y4eHus u 00y4eHus u 00y4eHus u
TECTUPOBAHMS | TECTHPOBAHHUS | TECTHPOBAHU
ceTe. CeTen. s CEeTEH.
3HaTh:
- OTJIMYHO 3HAET | XOPOIIO 3HAET 3HAET OJUH
HE 3HAEeT
BBIYHMCIIUTEIBH | s13bIK Python s361k Python u3
. BBIYUCIIUTEIEH
bI€ CPEIICTBA U wm C++ | wm C++ | (dpeitMBOpKO BIX CDECTE
KOMIUIEKCHI, (dperiMBOpKH ¢GpeliMBOpPKH | B TIIyOOKOTro P ’
MIPUMEHSIEMBbIX
MIpUMEHSIEMEIE TIyOOKOTO TITyOOKOTO o0yJeHmMs, Hom
I1K-1.2 npu 00y4eHus, 00y4eHusI, TaKhe KaK P
pa3paboTke
pa3paboTke TaKkHe Kak TaKHe KaKk PyTorch u
MIPOCKTOB
MTPOEKTOB PyTorch u PyTorch u Tensorflow, . o
. o HelpoceTel n
He#poceTei u Tensorflow, Tensorflow, obrayHbIe
WHTEIICKTYalh
UHTEJICKTYalhb o0auHbIE 00J1auHbBIE miat(opmel HEIX
HBIX m1aTGopMbI miatopmel JUTsE pabOTHI C cHeTeM:
CHUCTEM; JUIs1 pabOTHI C IU1s1 pabOTHI C ’

HelpoceTsImMu




-pperiMBOpKH HeUpoceTsIMU HEUpOoCeTIMU
rIyOOKOTO
oOyueHwus,
TaKHe KaK
PyTorch u
Tensorflow
YMeTs:
— CO3/1aBaTh, VYmMmeer
MPOBOJIUTH C03/1aBaTh,
OTIAAKY MPOBOJIUTH
MIPOrPaMMBbI OTIAJIKY
noJ MPOTPAMMBI C
porp YMmeer
MOCTAaBJICHHYIO | MCTOJIb30BaHHE Ymeer
CO31aBaTh HE yMeeT
3ajauy C M CO3/1aBaTh
MPOTPAMMBI C CO3/1aBaTh
Y4eTOM COBPEMEHHBIX MPOTPaMMBI
UCIIOJIb30BaHHE MPOrpaMMBbI C
MOCTEeTHUX HHTEJIEKTYaNb c
M HCTIONBb30BaHKe
TEOPETHUCCKUX HBIX UCTIOJIb30BaH
. COBpPEMEHHBIX M
u TEXHOJIOTHIA, uem .
WHTEJUIEKTYalb . HEHPOCETEBBIX
MPAKTUICCKUX Ymeer HEHpOCeTeBbI N
. HBIX . MoJienei
JIOCTHKCHUI B MIPOBOJIUTH . X MoJiesiei
TEXHOJOTHH
obnactu BHEJIpCHUE
uckyccrennor | ONNX ( Open
0 UHTEIUIEKTa U Neural
HEHPOCETEBBIX Network
TEXHOIIOTHiA Exchange )
Brnanets:
OTnuaHO
BIIaJIceT BJaJieeT
TEXHOJOTHSIMHU OCHOBHBIMH
BJIaJieeT HE BIIaJIeeT
. cOOpKH U TEXHOJIOTHSIMHU
— TEXHOJIOTHEH 0a30BbIMHU OCHOBHBIMH
3arycka cOopKH U
cOopKH U TEXHOJIOTHSIM | TEXHOJIOTHUSMHU
MPOTPaMM C 3amycka
3aIycka U COOPKH U cOOpKHU U
. HCTIONIb30BaHKUE | TPOTPaMM C
HeHpoceTeBbIX 3armycka 3armycka
- M UCIIOJIb30BaHHE
MoJielieH B . IIPOTPaMM C POTPaMM ¢
HEHPOCETEeBBIX M
peKkuMe . . WCTIOJIb30BaH | MCIOJIb30BaHUE
MOJTyJICH, HEHpOCeTeBhIX
o0OyueHus u . neM M
BIIaJIceT MOJTyJIeH, . N
uHdepeHca. . HEHpPOCeTeBbl | HEHPOCETEBBIX
TEXHOJIOTHEH BJaJieeT . .
. X MOJTyJICH. MOJTyJIeH
uH(pEpeHca, Hall | TEeXHOJIOTUEH
p., ONNX uHdepeHca.
RUNTIME

OLleHKa «OTJHMYHO» BBICTABJISCTCS 3a BBIINOJIHCHUE NOJIHOE BbINOJHEHUE
J1aO0pamopHblX pabom 6 cemecmpe, 21yb0Koe NOHUMAHUE NPUHYUNOB NOCMPOEHUS,
Memo008 U MexHOoI02ull 00YYeHUsl HEeUPOHHBIX cemell, NOHUMAaHUe MempuK 00yueHus,
3HAHUE OCHOBHbIX MEXHON02Ull UCKYCCMBEHHO20  UHMENIeKma, NojHble U
cooepacamenbHble OMBEeMbl HA BONPOCHL OUlema (meopemuueckuti U NPAKmMu4ecKull
60NpPOCHL)

Onenka

«Xopoo» BBICTaBJISACTCA 3a BBITIOJTHCHHE 6blNOJIHEHUE

1abopamopHuix pabom 6 cemecmpe,; NOHUMAHUE OCHOBHbIX NPUHYUNO8 NOCMPOEHUS U
Memo0o8 00yueHus HeUPOHHLIX cemell, NOHUMAHUE Mempux oOyuenus, 3HAaAHUe
MEeXHON02UL UCKYCCMBEHHO20 UHMENIEKMA, CO0epiHcamenbHble OMEembl Hd 80NPOCHl
bunema (meopemuyeckuti U NPaKmMu4ecKui 60nNpPocsl)



OneHka «yAOBJIETBOPHUTEJIBbHO» BBICTABJISICTCS 34 BBIIIOJHEHUE GblNOJIHEHUE
nabopamopuuix pabom 6 cemecmpe; 4aCmMUYHOe NOHUMAHUE OCHOBHBIX NPUHYUNOS
HOCMPOEHUs. U Memoo08 00VUeHUsl HeUPOHHbIX cemel, 3HaHue Mempux 00y4eHus.,
omeemul Ha 6ONPOCHL bunema (meopemudeckuti U NPaKmuyecKuti 60npocsl)

OneHka «HEyA0BJIETBOPHUTEJIBHO» BBICTABIAETCA 3a C€Iabd0€ U HENOJHOE
BBIMIOJTHEHHE JIA0OPATOPHBIX U TMPAKTUYECKUX paboT B CeMECTpe; HEe3HAHUE U
HEMMOHMMaHuEe 0a30BbIX MPUHLMUIIOB IMOCTPOEHUS HEWPOHHBIX CETEH; HEMOJHOE U
HESICHOE BBIIIOJHEHNE TEOPETUYECKOT0 BOIpoca OumiieTa; HeCOCOOHOCTh OOBSICHUTH
POrpPaMMHBINA KOJT IO MPAKTHYECKOW YacTH OuieTa.

3. IlepeueHb O1LIEHOYHBIX CPEICTB

Kparkas xapakTepucTUKa OIIEHOYHBIX CPEICTB, HUCHOJIB3YEMBIX IMPHU TEKYILIEM
KOHTpOJIE YCIIEBAEMOCTH U IPOMEKYTOUYHOM aTTeCcTaluu OO0yd4aromerocs Io
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 kontpoJs TK1:
[TpoBepsemass kommerennus: I1K-1.1: BeiOupaer aktyanbHble ITM(PpOBHIC
TEXHOJIOTHH B JICATEIHHOCTH MPEATPUATHUS

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 TeXHOﬂOFMVI, OCHOBAHHDbIX
Ha NPUMeHEeHNN KOMMNbIOTEPHbIX ceten

TeXHO/I0ruM,
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 Koan4yecTtso 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

peanunsosaHa
cetb C OoAHMM
CKpbITbIM cnoem 7]
aKTMBALMOHHOWM byHKUMEN
curmompa. Y cetm 1 Bxopg, 3
HEMPOHA B CKPbITOM CNOE WU
oAuH BbIxod. YTo OygeTr 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 npeactaBndaetr  coboi
anropuT™ «0byyeHus
WCKYCCTBEHHOM  HEMWpPOHHOM
cetn»?

npoueaypy NoACTPOMKM CUTHAI0B HEMPOHOB

npoueaypy NOACTPOAKMN BECOBbIX 3HAUEHUIA

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 gna | 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
nsobparkeHnto? He cuntaite
CNOWN aKTMBALUK, He
yuuTbIBanTe bias.

3 napameTpa: CTO/NIbKO e, CKOJIbKO N KaHa/108

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 napameTpoB: 3X3 ANA KaXKA0ro U3 Tpex KaHanoB

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 ONTUMHU3ALMUS MApaMeTpoB HeWpoHHOU ceTH. BoiBog DI

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

CCTHu C ITOMOIIBIO aJropurma

OueHka KauecTBa HeMpoceTeBbIX Mozeneil. OCHOBHbIE METPUKHU.
CBépTouHble HepoHHBIE ceTu. Onepannsi CBEpTKH, KacKaj CBEPTOK.
ApXUTEKTYpPbl HEUPOHHBIX CETEH JIsI MYJIBTUKIACCOBBIX Mojeieil. OyHKIus

6. ApXUTEKTYpbl HEUPOHHBIX CETEH I MoJiesel OMHapHOH KilaccupuKaIuu

nepIEenTPOH.
[Ipeononenre orpaHUYeHUs] TUHEHHON Pa3IeIMMOCTH U pelIeHUE MPOOIEMBbI

[IpencraBnenne  OyJeBBIX

HCKIIOYAIICTO «HJIN). TeopeMa KOJIMOFOpOBa.

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

GYyHKUIUH.



anroputMa. [loHdaTre napannya ceTH U MPUYKUHBI €r0 BOZHUKHOBEHHS.
10. BazoBas apxutekTypa HelpoHHBIX ceTel. [Ipunuumnbl noctpoenus. OCHOBHBIE
(GyHKIMY aKTUBALIUU.

i Tekymero kourpoJs TK2:
[IpoBepsiemass kommerenuus: [1K-1.2: Cnocoben k pa3paboTke
BHEJIPECHUIO aKTYaJIbHBIX ITU(POBBIX TEXHOIOTHMA

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 HeﬁpOHHBIX 00BEKTOB

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

HEHPOH ¢ pyHKIMEH 1

aKTUBaI[AM TUIIA -1

runepbonnyeckuil Tanreuce ¢ | 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€ ]-T'O HEHpOHa 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 HYJICBOI/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
HUCKYCCTBEHHOW HEHWPOHHOU
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 151

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 HCI>'IPOHHLIC
CETH

IIpu nocrpoenuun
QITOPUTMOB O0yUYEHUS
HEHPOHHOU CeTH OOBIYHO
JaTaceT JeJAT Ha 2

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

Ecnmu O6yanBCH Ha ITIOJJTHOM AaTaC€TC U Ha HCEM XKC JCJIaTh
BaJInJalino, TO MOKHO HE€ 3aMCTUTH Hepe06yqu1/I5{

Validation HyxHa, 4TOObI NOAOOpPaTh THIIEpPHAPAMETPHI
ceTn

Test HykeH a1 (QUHAIBLHONH OIIEHKM KadecTBa palOThI
ceTH

Bce BblIenepeyuciaeHHoe

neixenue?
Kakas nporpammHas | Tensorflow
oubnmroreka He mpuMensiercs | Torch




U1 TJ1yOOKOro 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 npopexvuBanue HelpoHHOU ceTu. [Ipsmoit m oOpaTHBIM
Dropout.
3. Meronsl  timyOokoro  oOydenus.  Hopmamuzamms
HOpMaJu3aLus.
4. Texnonorus mnepemaun oOyuenusi Transfer Learning. Vcmons3oBanue
npeaoOydeHHBIX CeTel.
5. ABTO3HKOAEPHl. OCOOCHHOCTH apXUTEKTYpbl M OOy4YeHHS DHKOAEpa U

JeKoiepa.




6.

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

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

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

9. ®dpeitMBopk riydookoro ooyuenus 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 Xe066a. Teopema 0O CXOOUMOCTH alrOpPUTMA
00ydYeHUs TIepIeNTPOHA IS THHCHHO-pa3aeauMbIx MHOXecTB. [Ipodiema XOR.
MmuorocnoiiHblii  mepuentpod. IlpencraBmenue OyneBbix  QyHkmmid. [Ipeomosienue
OTpaHUYEHUS JIMHEWHON pa3[IeNMMOCTH M PEHICHHE MPOOJIEMbl HCKIIOYAIOIIETO «HITN.
Teopema Konmoroposa.

OO0y4eHre HEMPOHHOMN CETH C MOMOIIBIO aITrOpUTMa 0OPATHOTO PACIPOCTPAHEHUS OLIUOKH.
[lonsiTHE Mapanuya CeTu U NPUYMHBI €r0 BOSHUKHOBEHUS.

OyHKIMS MOTEPh U ONTUMHU3ALNS [TapaMeTPOB HEUPOHHOI ceTu. BriBoa GyHKIINMHN MOTEPD
U3 METO/1a MaKCUMAaJIbHOTO IPaBAONOI00US.

[TpoGaema oBpaXXHOCTH MOBEPXHOCTU (PYHKIIMOHAJA OMNOKHU U €€ YaCTUYHOE IPEO0I0JICHHE
¢ moMotsio BBeaeHUss 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 00y4yeHusi. OCHOBHBIE METPUKH 3a/1a4 KiacCU(UKAIIH.

ITocTaHOBKa M pelICHNE 3a4a41 PETPECCUU C IIOMOIIBI0 HEHPOHHOM CETH.

[TocranoBKa U pelieHue 3a1a4u OMHAPHON KJIaCCU(PHUKAIIUU C TOMOIIBI0 HEHPOHHBIX CETEH.
ApXHUTEKTYpbl HEHPOHHBIX CETeH JI1 MHOTOKJIACCOBBIX MoJenel. BeposTHocTHas mepa
NPUHAIIEKHOCTH K Kinaccy. Dynkius Softmax.

Ceéprounbsie HelipoHHbIe cetH. Omeparusi cBeptku (1D, 2D). fapo ceptku. 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 HEMpoHHOM cetu. Dropout.

Hopmanu3zaius nansbeix - batch-mopmanumsanus (batch_norm, layer_norm). Beruucienue
CTaTHCTHUK npu o0y4eHuu u Banmupaimu (train/eval).

Texnomorus “nepenaun 3uanuii” Transfer Learning (fine tuning, feature extraction)
CemaHTHYeCKasi CETMEHTAIMSI ¢ MMOMOIIBIO TIIyOokoro 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 IEperadyu
o0ydeHnus (Ha mpumepe style transfer).

PexyppenTHbIe HElipOHHBIE CETH U crieupUKa UX 00yUEeHHUS.

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).

OpeiiMBopk  Tiiybokoro obyuenuss PyTorch. ABromaruueckoe auddepeHurpoBaHue.
[Tpunuunel moctpoenus HelpoHHbIX ceteil B PyTorch: ¢yHkumonanbHbii U 00BEKTHBIM
MOJIXO/.

OpeliMBopk Tayookoro obOydenus Tensorflow. Boruncnutensnbiii rpad. I[loctpoenue
HEWPOHHO# ceTH U ee oOydeHue. Tensorboard.

Nudepenc netipoceteBbix Moaeneir. ONNX.

Mexanu3m BHUMaHus. Apxutekrypa Transformer.

Tumnossie 3aJa4n:

1.

2.

Peanu3oBath m 00y4nTh ceTh AJsl TMpencKa3aHHUs JOSILHOCTH KIHEHTOB
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 Bamumpmanuu. IlpoBectn aHanu3. YMeTb
O0OBSICHUTH CBOM KOJI.

PeanmzoBats ResNetl8 nns CIFARI1O ( torchvision.datasets).

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

Ho6aBbTe L2-perynspuzanuio. B PyTorch ona aktuBupyercs ¢ moMoIbo
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 nocrpoennori MHC.
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C momompio ¢peiimBopka PyTorch mist pemenus 3amaun kinaccupukanum
peanu3oBaTh HEHPOHHYIO CceTh apxuTekTypbl MobileNet. IlpoBectu
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, 00OYUUThH CETh U MPOBECTH KIIACCUPHUKAIIUIO
torchvision.datasets.FakeData. Tloctpouts rpadukm accuracy u loss Ha
BAJIUIALINH.

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

C nomompto ¢perimBopka PyTorch peanu3oBatb HEUPOHHYIO CETh
apxutektypel ~ DenseNet. Pemmts 3amauy  kinaccUpuUKALMM i
FashionMNIST u3 6ubmmoreku torchvision.datasets. CoctaButh confusion-
matrix. ['paduxu accuracy u loss Ha Bamumanuu. [IpoBecTn anamu3
00yuyeHus. YMeTb 00bSICHUTD CBOM KOJI.

[IpoBectn OuHapuyro kiaccudukamuioo B ML-3agaue (matacer vy
npenojaBarensi). Pazgenuts BBHIOOPKY Ha OOYYalollyl0 M KOHTPOJIBHYIO.
OO0yuuTh ceTb. OIEHUTH Ka4eCTBO OOYUEHHUS.

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

OOyuuTh HEHUPOHHYIO CE€Th MJs 3aJauyd MpeAcKa3aHus 3a00JIeBaHHUS.
[Toctpouts rpadguku accuracy u loss Ha Bamupanuu. IIpoBectn ananus.
VYMeTh 00BACHUTE CBOU KOI.



