[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0

NHbopmaums o Bnagenbue:

g“oi KOMUHNETEPCTBO HAYKH U BBICIIEIO OBPA3OBAHMS POCCUMCKOM ®EJIEPALIMH
O/DKHOCTb: M.0. PEKTOpA

[ata nognucanus: 07.05.2024 12:47:43 6 cDeI[epaHBHoe FOCYNapCTBCHHOC 6I0mlgeTHoe

VHUKaTbHbITE MDOTPAMMHI KITI0u: 00pa30BATEIbHOE YUPECKACHHUE BLICIIETO 00pa30BaHUS

4eTchead0328ec8e65c508058549 THOMEHCKUIA MHY CTPUAJIbHBIA YHUBEPCUTET»

YTBEPXJIAIO
[Ipencenarens KCH

A.B. KpsixTyHoB

«_» 20 T

PABOYASA ITPOI'PAMMA

nucuuiuHbel: HelipoHHble ceTH

cneruanbHOCTh: 21.05.01 Ipukiaaanas reoae3us
cneruanm3anys. UHkeHepHO-Teoge3ndecKne U3bICKAHUS

dbopma oOyUCHHS: OUHAA

JOKYMEHT MOANMmMCcAH
QNEKTPOHHOW MOAMUCHIO

CepTtudukat: 6FA44C50384686A8E7BD5E27735179BC
Bnapgeneu: EcopemoBa BepoHuka BacunbesHa
OenictBuTeneH: ¢ 14.06.2022 no 07.09.2023




PabGouas mporpamma paspaborana B cootBercTBuM ¢ TpeboBanmsimu OIIOIT mo
cnemmanbaoctr 21.05.01 IlpuknagHas reojyesus, crenrain3anys MHKeHepHO-Te0Ie3nYECKUe

HU3bICKAHHA K PC3yJIbTaTaM OCBOCHHA JUCHUIIIIMHBI ((HeﬁpOHHBIC CCTH».

Pabouas nporpamma paccMoTpeHa
Ha 3acefanuu Kadeapsl On3HeC-HHPOPMATHKU U MAaTEMaTHKH

3aBenyronuii kadeapoi O.M. bap6akoB
COI'JTACOBAHO:
3aBeayrolui BeITyCKaroe kapeapoit A.B. KpsixTyHOB

Pabouyro nporpammy pazpaborai:
N.C. CnupuH, 1OUEHT, K.I1.H.




Iean u 3a1aun 0CBOEHHUS JUCHHILIHHBI

[lenb AUCHUIUIMHBI 3aKIlOYaeTcsl B OBJAJEHUU (PYHIAMEHTAIbHBIMU 3HAHUSMU B
00J1aCTH HEUPOHHBIX CETEW U UX UCIOJIb30BAHUH MPU PEIICHUU HAYYHBIX U MPUKIAAHBIX 3a/1a4.

3amaun IUCHUAIUINHEL:

— u3y4yeHHEe 0a30BbIX TEOPETHMUECKUX OCHOB METOJOJOTMM HEHPOHHBIX CETeH,
MaTEMaTHYECKUX MOJIEIIEN U METOJIOB, JIEKAIINX B OCHOBE HEUPOHHBIX CETEH;

— ¢opMHpOBaHHE YMEHHMM BBIOOpAa AapPXUTEKTypbl HEUPOHHOH CceTH C Y4YETOM
0COOEHHOCTH pEelIaeMbIX 3a/1a4;

— (opmupoBaHue yMEHUI peanu30BaTh HEUPOHHYIO CETh C MCIOJIb30BAaHUEM MaKETOB
MPOrpamM;

— (¢opMHpOBaHHE HABBIKOB pabOThl ¢ HaOOpaMu JaHHBIX, HCIOJIB3YeMBIMH IS
00y4eHUsT HEHPOHHOM CEeTH;

— ¢opMHpOBaHHE YMEHUM aHalM3a Pe3yIbTaTOB pabOThl HEUPOCETH M KOPPEKTUPOBKHU
MIOCTPOEHHBIX MOJIEIIEH.

1. Mecro aucuuninnbl B ctpykrype OIIOII BO

JucuurnivHa OTHOCUTCS K JUCHUIUIMHAM J3iekTuBHOro wmoxayis «Digital & IT.
MammnaHoe 00y4YeHre U aHaJIu3 JaHHBIX» YacTH y4eOHOro miaHa, GOopMHpyeMOi ydaCTHUKaMU
00pa30BaTENIbHBIX OTHOIICHUH.

Heo6xoauMbIMu yCIIOBUSIMU 1711 OCBOCHUS JUCIUTIITUHBI SIBIISTFOTCSI:

— 3HaHWE OCHOBHBIX TMOHITHH JHUCKPETHOM MAaTeMaTHKH, TPUKIATHOW anreOphl,
BBIYUCIIUTEIILHOM MaTEMAaTHKH,

— 3HaHWE OCHOB s3bIka mporpammupoBanue Python, ymenme paspabarteiBaTh
ITOPUTMBI pElIEHU 3aa4 U 3aIMChIBATh UX Ha S3BIKE MTPOTPaMMUPOBAHUS;

— BJAQJICHUE HAaBBIKAMHU HCIOJIb30BaHUSI KOMIBIOTEPHBIX TEXHOJOTHMM U CPEACTB
o0paboTku nHMOpMAaIIHH.

ConepxaHue NUCHUIUIMHBI CITY>KUT OCHOBOHM JJisi OCBOeHHUsI nuctuiuind «lIpukiannbie
3aJlayyl aHalu3a JAaHHBIX», ISl POXO0KICHUS MMPAKTUKH, HAYYHO-UCCIIEI0OBATEIHCKOM PaOOTHI.

2. PesyabTathbl 00y4eHuUs 10 JUCHUIINHE
[lponiecc wu3y4eHHMs AWCHUIUIMHBI HampaBieH Ha (OPMUPOBAHUE  CIIEAYIOUIUX

KOMIIETEHITNN:
Tabmuna 3.1
Kon u HanmeHoBaHue
Kon u HanmeHOBaHUe Kox n HanmeHOBaHUe pe3yiabpTaTta 00y4eHus 0
MHJIUKATOpa JOCTHIKEHHS
KOMITETEHIINT JIICIUTIITMHE
komnereHimu (MK)
VYK-1. Cnocoben ocymectBiars | YK-1. 3 OcymectBisier | 3uath: 31  Kiaccmyeckne  MaTeMaTHYECKHE
KPUTHYECKHUN aHaJM3 | CHCTEeMaTH3alUi0 HMH(POPMAILMK | MOJENH, NMPUMEHSEMbIE B DPa3IMYHBIX 00JaCTSIX
NpoOJIEMHBIX ~ CHTyallMid  Ha | pa3iIMYHBIX THIIOB JJIsI aHalM3a | YeIOBEYECKOH AeATeIbHOCTH
OCHOBE CHCTEMHOTO IOJX0/a, | MPOOIEMHBIX cutyamui. | Ymers: VY1 MoauduimpoBath KIacCHYECKHE
BbIpabaThIBaTh crpareruto | BripabaTbiBaeT CTPATErHIO | MaTeMaTHYeCKWe  MOJENM I pElIeHUs
nercTBui AEHCTBUM 18 NOCTPOEHHUSA | KOHKPETHBIX 3a1a4 npoQeCcCHOHANBHOM
AITOPUTMOB peleHNs | IesITeabHOCTH
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IIOCTABJICHHBIX 3aJa4.

Bnanets: B1 MMeeT OmBIT MPUMEHEHUS METOIOB
MaTeMaTHIEeCKOTO MOJESIUPOBAHMS JJIS PEIICHHUS

KOHKPETHBIX 3ama4d npodhecCHOHAIBHON
JeATEeIbHOCTH.
YK-1.5. BripabateiBaer | 3HaTh: 32 CmOCOOBI TPUMEHEHHS MOJeeit
CTpaTeTHIO neiicTuit UL | HEMPOHHBIX ceTeil st 00paboTku nHpOpMAUU U
HOCTPOCHHS ITOPUTMOB | paclio3HaBaHMs 00pa3oB

pemeHuns MOCTaBJICHHBIX 3a4a4

YMmerp: VY2 oOneHHBaTH KadecTBO OOydeHHSA
MoJieJIell MAIIMHHOTO 00yYeHUs;

Bmaners: B2 TexHomormsMM  aHanmmza W
WHTEPIPETANUN MOJYYCHHBIX JaHHBIX B 00JIaCTU
HMHTEJJIEKTYaJIbHBIX CUCTEM.

VYK-2. CrocobeH ympaBisiTh
NIPOEKTOM Ha BCEX JTalax ero
YKM3HEHHOTO IMKJIa

VYK-2.1. ®opmynupyer B paMKax

MOCTaBJCHHOM  IIeJU MMPpOCKTa
COBOKYITHOCTb

B3aUMOCBs3aHHbIX 3ajaa4,
OGeCHe‘IHBaIOIlII/IX €c
JOCTHIXCHUC. Onpez[en;{eT
OXHUIACMBIC PE3yIbTAThI

peuIicHuA BbIACJICHHBIX 3a/1a4.

3nate: 33 MOCTaHOBKY OCHOBHBIX  3ajay
MAIIMHHOTO OOYyYeHUs, OCHOBHBIC MOHATUS U
0a30BBIi MaTeMAaTWYECCKHI ammapaT HEYSTKOU

JIOTUKMU, CII0COOBI m6p1z1;[1/13au1/11/1 MCTOO0B
BBIYUCIINTCIIBHOTO HUHTCJIJIICKTA C
HCIIOJIB30BAHUEM TPpAAULIUOHHBIX METOA0B

ONTUMMU3AINH U paCIO3HABAHUSA O6p330B

YMmerp: Y3 mpoBOIUTH aHAMU3 3adaddl I
BEIOOpA HAWIYYIIETO METOAA BBEIYHUCIUTEIHHOTO
HMHTEJJICKTa WU THOPHUIIHOTO METO/Ia,
MTOIXOIAMIETO JJIsi KOHKPETHOH 33124,

Brnaners: B3 nHCcTpyMEeHTaMHU NPOEKTUPOBAHUS H
OILICHKA Ka4eCTBa MOJICICH HEMPOHHBIX CETEH

VYK-2.2. IIpoektupyeT peuicHue
KOHKDETHOM 3aJauyd IIPOEKTa,
BBIOMpas ONTUMaJbHBIA CHOCOO
€e  pelleHHs, HUCXOond U3
JIECTBYIOIIUX NIPABOBBIX HOPM U

3HaTh: 34 OCHOBHBIE APXUTEKTYPhI
WHC wu ob6nactd uX NPUMEHEHHS; OCHOBHBIC
cnocoOr!I U npasuiia oo6ydenust MHC.

Ymerh: VY4 oOLEHUBATH KauecTBO OOy4eHHs
pa3IMYHBIX MOJENeH

HUMEIOUIUXCS pecypcoBs u | UHC; monenupoBath  MMHC  cpenctBamu
OTpaHWYEHUH HeriporakeroB Matlab NNTool.
Bmaners: B4 HaBBIKAMUpPELICHHUST  3a1a4
aNMpOKCUMAaIUH, TPOTHO3UPOBAHUS,
Kiaccudukanyn JAHHBIX, pacrno3HaBaHHUs
00pa3oB
[IKC-4 Crmoco6nocth | I[TKC-4.3. Ocymiectsienne | 3HaTh: 35 BHIBI, CTPYKTYPY,
ucciaen0BaTh U 0000IIaTh OIBIT | MTOWCKA, XpaHEHHe, 00paOOTKH M | IPUHLMIIEI U METOJbl CHCTEMHOW OpraHM3aIid
HH)KEHEPHO-TE€0Ie3HIECKUX aHanmu3a nHpopmannu 13 | HEMPOHHBIX CeTew;
H3BICKaHUH, KauecTBO | IICYAaTHBIX M BJIEKTPOHHBIX | YMeTh: Y5 HCIOJIb30BaTh OCHOBHBIC
nH(pOpMaLMOHHBIX CHCTEM | UCTOYHHKOB, HWH(OPMAIMOHHBIX | HEHPOHHBIE CETU 1 06paboTKU MH(OPMALMHY;
obecrieueHus uHpopmalueil | cuctem obecneuenus | Brnagers: B5 MeTogamu aHanusa u
rpajoCTPOUTENLHOM IpasloOCTPOUTENBHOM CHHTE3a IIPU CO3JaHMHU, UCCIIENO0BAHNHI U
JIeSITeTTBHOCTH JEATENBLHOCTH, NPEICTABIATL €€ | SKCITyaTaluu HEMPOHHBIX CETeN

B TpeOyemoMm  dQopmare ¢
HCIOJIb30BaHUEM
UH(POPMAINOHHBIX,

KOMIBHOTCPHBIX TEXHOJIOTHI

3. O0beM TUCHMILIUHBI

OO0umii 00bEM TUCHUILUIAHBI COCTABIISIET 3 3aU4ETHBIX equHUIlbI, 108 yacos.

Ta6mmma 4.1.
AyIUTOpHBIE 3aHSTHS/KOHTAKTHAs padoTa, Dopma
dopma Kypc/ Jac. CaMocTosTeIbHAS p .
POMEXYTOYHOM
o0yueHus ceMecTp [IpakTuueckue | JlaboparopHsie pabora, yac.
Jlexun aTTeCTaIlu
3aHATHSI 3aHATHS
ouHas 417 14 26 - 68 3a4éT




4. CTpyKTYypa U cofep:KaHne THCIUTLTHHBI
5.1. CtpyKkTypa AUCHUIUTHHBI/MOTYIIS.

o4yHas popma o0yuenusi (OPO)

7 cemecTp
Ta6mmma 5.1.1
Crpyktypa AynuTopHbIe
Ne JUCTTATTUHBI/ MO Ty I51 3aHATHSI, Yac. CPC, | Bcero, Ko MJIK O1neHOYHBIE
n/n | Homep HaumenoBanue | Tp. | Jae. yac. yac. cpeacTaa
paszena paszena
3anaHue Ha
MIPAKTHYECK
10 paboT
Brenenue B J}:@ 1, p y
1 1| TeMaTHy 12| - 5 8 BONPOCHI
MCKYCCTBEHHBIX -
HEHPOHHBIX ceTeit
3alIHTHI,
BOTIPOCHI
TecTa
3anaHue Ha
MPaKTHYECK
yio padoty
[TakeTs! mporpamMm Ne 2,
2 2 JUTsL paboTHI C 1 2 - 5 8 BOIPOCHI
HEHPOHHBIMU CETIMU TUTS
3aIUTHI,
BOTIPOCHI
VK-1.3, o
VK-15. aJaHie Ha
vicig | mpamiecd
OO0yuenne YK-L7. Ne 3,
S . YK-2.1.
3 3 HEHPOHHOH CeTH. 1 2 - 5 8 VK22 BOTIPOCHI
HaGops! 1aHHBIX KC-4.3. TSt
3alIHTH,
BOTIPOCHI
TecTa
3ananue Ha
MPAKTHYECK
[HomHocBs13HAS yio padorty
HEHUPOHHAs CETh No 4,
4 4 MIPSIMOTO 1 2 - 5 8 BOTIPOCHI
pacripocTpaHeHHs TUIS
(FNN) 3aLIUTH,
BOTIPOCHI
TecTa
3agaHue Ha
MPAKTHYECK
ITocTpoenne yio paboty
5 5 apXHTEKTYpEI 1 5 ) 5 8 Ne 5,
HEHPOHHOM CEeTH U ee BOIIPOCHI
obOydeHme TUTSI
3aIIUTHI,
BOIIPOCHI




Pa6ota ¢ TensorFlow
u Kaggle

TECTa

3aganue Ha
MPaKTUIECK
yi0 paboty
Ne 6,
BOTIPOCHI
TSt
3aIIHTHI,
BOTIPOCHI
TecTa

AHanu3 kauecTBa
o0yueHus
HEUpPOHHOM ceTu

IIpumenenue
HEHPOHHBIX CETEU
JUTSl pEIICHUS 3a1a91
perpeccun

CépTouHbIC
HEUPOHHBIE CETU

10

10

[IpeaBapurenbHO
00ydyeHHBIC
HEUPOHHBIE CETU

11

11

Heiiponnsie cetu ans
3a/1a4 00paboTKU
€CTECTBEHHOI'O
SI3BIKA

12

12

PexyppenTHbie
HEHpPOHHBIE CETH

13

20

YK-1.3.
YK-1.5.
YK-2.1.
YK-2.2.
[TIKC-4.3.

3amanue Ha
MPAKTHYECK
yio padoty
Ne 7,
BOIPOCHI
LTSI
3aIUTHI,
BOIPOCHI
TecTa

3aganue Ha
MPAKTHYECK
yi0 paboty
Ne 8,
BOMPOCHI
JUIS
3aIUTHI,
BOMPOCHI
TecTa

3ananue Ha
HPaKTHYECK
yio padoty
Ne 9,
BOITPOCHI
ISt
3alIHTHI,
BOTIPOCHI
Tecra

3aganne Ha
MPAKTHYECK
yio padorty
Ne 10,
BOIPOCHI
JUIS
3aIUTHI,
BOIPOCHI
TecTa

3agaHue Ha
MPaKTHYECK
yio paboty
Ne 11,
BOIIPOCHI
JUIS 3aLHAThI

3amaHue Ha
MPAKTHIECK
yio padory
Ne 12,




BOTIPOCHI
TSt
3aIIHTHI,
BOTIPOCHI
TecTa

YK-1.3. Bompocst
YK-1.5. st 3auéTa
13 | 3auér - - - - - YK-2.1. (B  dopme
YK-2.2. TecTa)
ITKC-4.3.
Uroro: | 14 | 26 68 108

5.2. ConeprxaHue TUCITUTIINHBI.

5.2.1. Conepxanue pa3aeioB TUCIUILUIUHBI (TUTAKTHUECKUE CMHUIIBI).

Pa3nen 1. «BBeneHue B TEeMaTUKy MCKYCCTBEHHBIX HEHPOHHBIX CETE». XPOHOJIOIMYECKHE
JTalnbl pa3BUTHs HEMPOHHBIX ceTeil. Monenb nckyccTtBeHHOro HeiipoHa Mak-Kammoka u Ilutca,
[lepcentpon PozenOmarra. OmHOCIONWHBIE W MHOTOCIONMHBIE HEelpoHHBIE ceTH. CeTH MpsiMOro
pacrpoCTpaHEeHUsI U CeTH ¢ OOpaTHBIMH CB3sIMU. [loHsATHE «TIyOOKME HEHMpPOHHBIE CETW» U UX
npeumyniectsa. Kiaccudukanys HEHMpOHHBIX ceTell B pa3pe3e paclpOoCTpaHEHUs CUTHala M
ITyOUHBl HEHpOHHOW ceTH. 3ajgaud, pellaeMble TITyOOKMMH HEHpOHHBIMH ceTsMH. DyHKIUH
aktuBanmu. OOopynoBanue, mpumeHsiemoe st HelpoHHbIX ceteil. CUDA — mporpamMMHbIi
unrepdeiic 111 GPU ot komnanuu NVIDIA.,

Paznmen 2. «Ilaketst mporpamm st paboTel ¢ HEHPOHHBIMH ceTsMm». (O030p TaKeToB
nporpamm. [lakeTs a1t paboTel ¢ manHbiMU. [Taketst NUMPY 1 Pandas. T1akeTs! it MalmmHHOTO
obyuenus. Jluctpubyrus Anaconda, makerst JupyterLab, Jupyter Notebook. bubamnorexu Python
TSI MOJICTTMPOBAHUS U 00yueHus HelipoHHoit cetu. [Takerst TensorFlow, Theano, Keras. PaboTa ¢
cepsucom Google Colaboratory.

Paznen 3. «O0Oyuenne HelipoHHoit cetu. HabGopwel nanHbpix». OOyueHHE € yduTeNeEM,
oOydyeHue 0e3 yuuTens, 0OOydeHHE C MOJKpEIJICHUEM. AJTOPUTM OOpaTHOTO PacHpOCTPAHEHUS
omOku. Tunsl 3a1a4, 3 (HEKTUBHO peIIacMbIX C TOMOILBIO ITYOOKUX HEMPOHHBIX ceTel (3agauu
pacno3HaBaHus, 3a/1a4d KIacCU(HKALUK, 3aJa4ll PErpeccuu, 3afayd Kiactepuzaiyn). Habopsl
JAHHBIX 17151 00y4eHUs1 HEHpOHHOM ceTH. TpeHUpPOBOYHBIE, TECTOBbIE W MPOBEPOYHBIE JAHHBIE.
Bo3MmoxkHOCTH TakeToB 1o pabore ¢ Habopamu AaHHbIX. [lonsitme smoxu oOyuenus. Iloumck
HaOOPOB JIAaHHBIX U3 Pa3IMYHbIX UCTOUHUKOB (Githab u npyrux).

Pasnen 4. «IlonHOCBs3HAs HelipoHHas ceTh npsmoro pacnpoctpanerus (FNN)». Anamus
Habopa MaHHBIX C TOYKHM 3pEHHUs JaJbHEWILIEro MOCTpOeHHs HepoHHOU ceTu. KomnuecTBo
CKPBITBIX CJIOEB M KOJIMUECTBO HEHPOHOB. ba3oBbie 00BEKTHI U MapaMeTpbl 0OBEKTOB ITYOOKHX
HEHpPOHHBIX ceTel B TensorFlow.

Paznen 5. «IloctpoeHne apXuTeKTyphl HEHUPOHHOW CEeTH M ee OOydeHue». MeTpuku
kauyectBa. Metpuku MSE, MAE, accuracy, precision, recall, Cross Entropy. ®yukiuu notepb u
onTuMHu3aTopsl 00yueHus. DyHKIMH MOTeph U onTUMH3aTopbl oOyueHus. Pynkuun SGD,
RMSprop, Adam. Pacnio3naBanue npeameToB onex bl — Habop ganHbix MNIST. Tpencka3zanue
0Oy4eHHOI HelpoceTH.

Pa3nen 6. «Pabora ¢ TensorFlow u Kaggle». OObektbl, QyHKIHH H MapaMeTphl
00BbEeKTOB TIyOOKHMX HelpoHHbIX cereid B TensorFlow. PabGora ¢ mmardopmoii Kaggle.
Bosmoxnoctu cepuca. OcHoBHOW QyHKimonan miardopmer Kaggle. CopeBHoBanus Ha
Kaggle.




Pa3nen 7. «Ananu3 kadectBa oOydyeHUsI HEHPOHHOHN ceTn». OlLleHKa pealbHOro KayecTBa
MOJIETTM HEHpOHHOUW ceTh W Habopwl NaHHBIX. [loHsTHE «mnepeoOyueHue» HEUPOHHOW CeTH.
Omnpenenenne nepeoOydeHus: U METOAbI OOPHOBI C HUM.

Paznen 8. «IlpumeHenne HEHPOHHBIX CETEH s PEUmICHHS 3aJaddl  PErpecCHm».
HlkanupoBaHre W HOpMaIM3alMs BXOJIHBIX JaHHBIX. BbIOOp MeTpHK KauecTBa, (DyHKIHA
OIIMOOK M aKTUBAIIMU B 3aBUCUMOCTH OT pelIaeMoil 3a7auu.

Paznen 9. «CBéprounbie HeipoHHbIE ceTH». CpaBHEHHE IONHOCBSI3HOM W CBEPTOYHOU
HEHWPOHHBIX CETEH MpHU PEIICHUH 3a/1a4 paclio3HaBaHus H300pakeHuit. Sapo cBEpTkU. Matpuiia
n3o0paxkenuit. Crmou cBEPTKM W ciou moaBbIOOpkU. MHcTpymenTsl Keras m TensorFlow,
KOTOpBIE TMO3BOJIIOT MOCTPOUTH CBEPTOUHYIO HEWPOHHYIO ceThb. CBsA3b MeXay Habopamu
JaHHBIX W apXUTEeKTypod Heiponnoit cern. HaGop mamupix CIFAR-10. Apxwurekrypa
ceéprounoii cetu LeNet 5.

Pasznen 10. «[IpenBaputenbHo  oOydeHHble  HEWpoHHBIE  ceTw». [IpenmyrecTBa
UCIIOJI30BAHMSI TPEIBAPUTENILHO O0Y4YeHHbIX HEHpoHHBIX ceTeil. HelipoceTn, oOyueHHble Ha
Habope manHbix ImageNet. O630p COBpeMEHHBIX TPEIBAPUTEIBHO OOYUYCHHBIX APXUTEKTYP
HEHPOHHBIX CeTeW NJis pelIeHHs] 3aJadyd paclo3HaBaHus u3o0paxkenuii. [lpenBaputenbHO
obyuennbie Helipocetn VGG, ResNet, Inception, DenseNet, Exception. Ilepenoc oOyueHus B
HEHpOHHBIX ceTsax. IlepeHoc oOyueHus Ha mpuMepe MpeABapUTEIHLHO OOYYEHHOW HEHpOHHOM
cetn VGG16.

Pasznen 11. «HeiliponHnsie ceTu ams 3a1a4 oOpabOTKU €CTECTBEHHOTO sSI3bIKay. BBeeHune B
00pabOTKy €CTECTBEHHOI'O sI3blKa. AJTOPUTM IOATOTOBKM TEKCTa (MPUBEIEHUE TEKCTa K
€AMHOMY PETHCTPY, OUMUCTKY TEKCTa OT JIMIIHUX CHMBOJIOB, TOKEHHU3ALMUs TEKCTa, Pa3METKY
CJIOB I10 YacCTsIM peyH, MPUBEJIEHUE CIIOB TEKCTa K HOPMalbHOU (hopme, BEKTOpU3alus). 3aaaun
00pabOTKH €CTECTBEHHOI'O s3blKa. APXUTEKTYypbl HEHPOHHBIX CeTed, NPUMEHSEMBIX MpH
pelIeHnH 3a1a4 00pabOTKH €CTECTBEHHOTO A3bIKa - CBEPTOUHbIE OJTHOMEPHbBIE HEHPOHHBIE CETH
(CNN 1D) u pexyppenTHbie HeliponHbie ceTH (RNN).

Paznen 12. «PekyppeHTHBIE HEWPOHHBIE CETH». APXUTEKTYPhl PEKYPPEHTHBIX HEWPOHHBIX
CeTei, MPUMEHSIEMBIX JUTS pelieHust mpaktuueckux 3aaad: LSTM (Long short-term memory), GRU
(Gated Recurrent Units), ELMO, Transformer, BERT. Metoab!l ndpoBbIX HpeacTaBICHUI TEKCTA:
YaCTOTHBIA  MOJXOJ,  TEMaTU4YeCKOe  MOJCIMPOBAHUE,  TUCTPUOYTHBHAs ~ CEMaHTHKA.
Wuctpymentapuii Keras u TensorFlow asis moctpoenust Mosienu peKyppeHTHOM HEHPOHHOM ceTH,
peraronieit 3agauy kinaccudukauuu Tekcto. [loctpoenue Helipocereit ¢ apxutektypamu LSTM u
GRU Ha ocnose nmaxetoB Keras u TensorFlow.

5.2.2. Coaepxanuie JUCIMILTAHBI/MOIYJIS IO BUJIaM YUEOHBIX 3aHSITHIA.

JleknnnoHHBIE 3aHATHA

Tabmuma 5.2.1

Ne | Homep paznena O0mpewm, yac.
w/n | juemummmesl | O@0 | 300 | 0300

Tema jgexuun

7 cemecCTp

- - BBezneHnue B TEMaTHKY HCKYCCTBEHHBIX HEMPOHHBIX CETEH

- - [TakeTs! mporpamMm nj1si paboOThl C HEUPOHHBIMH CETSIMH

- - OO0yuenune HelipoHHOH cetn. Habopw! qaHHBIX

[lonHOCBsI3HAs HEWPOHHASA CETh MIPSIMOTO PACIPOCTPAHEHHUS
(FNN)

- - [TocTpoeHne apXUTEKTypbl HEHPOHHOW CETH U ee 00yUeHne

- - Pa6ora c TensorFlow u Kaggle

~Njolg] [ WN|Ek
~Njolo] M [ WN|Ek
A R I
1
1

- - Amnanu3 kauecTBa 00y4yeHHs] HBHPOHHOH ceTH
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8 8 1 ) [IpuMeHeHne HEHPOHHBIX CETel AJIS peleHHs 3a1a4un
perpeccuu
9 9 1 - CBEpTOUYHBIC HEHPOHHBIE CETH
10 10 1 - [IpeaBaputensHO 0OyUeHHBIE HEHPOHHBIE CETH
11 11 1 - Heiiponnsle cet i 3a1a4 00pabOTKU €CTECTBEHHOTO SI3bIKa
12 12 3 - PexyppeHTHbIC HEHPOHHBIE CETH
HUroro: 14 -
JlabopaTopHbie padoThI
JlaboparopHble 3aHATHS Y4eOHBIM IJIAHOM HE MIPElyCMOTPEHBI.
IIpakTnyeckune 3aHATHS
Tabmuma 5.2.2
Ne | Homep paznema O65bewM, Jac. T —_
n/n muciuiuiael | ODO | 300 | 03d0 M2 TMPAKTHHCCKON paboTbl
2 cemecTp
1 1 2 - ITporpamMmupoBaHue pocTeiinieii HelipoceTn Ha Python
2 2 2 - Pa6ora ¢ makeramu s3pika Python: NumPy, Pandas
3 3 2 - Pabora ¢ HabopaMu TaHHBIX
4 4 2 - ITocTpoeHre NOIHOCBA3HOW HEHPOHHOM CETH MPSMOI0
pacnpoctpanenust (FNN)
5 5 2 - [TocTpoeHne apXUTEKTYphl HEUPOHHOU CETH U €€ 00yUIeHHe
6 6 2 - Pa6ora c Kaggle
7 7 2 - AHanu3 KkadecTBa 00y4YeHHs HeHpoHHOU ceT. boprba ¢
nepeoOyUeHueM
8 - ITocTpoeHre HEHPOHHOH ceTH IS peLICHUS 3aJauK
perpeccun
- ITocTpoeHue cBEPTOUHON HEWPOHHOM CETH
10 10 5 - Pabota ¢ npenBapuTensHO 00y4eHHBIMU HEHPOHHBIMU
CeTsSIMU
11 11 5 - N3yveHnne HEMPOHHBIX ceTeil I 3a1a4 00paboTKH
€CTECTBEHHOTO SI3bIKA
12 12 4 - ITocTpoeHue peKyppeHTHOM HEHPOHHON CETH
HUroro: 26 -
CamocrosiTesibHast padoTa CTyeHTA
Tabmumna 5.2.3
No Homep O6beMm, vac.
i paszznena 000 1300 | 000 Tema Bux CPC
JUCLUTITUHBI
7 cemecTp
BBenenue B TeMaTuky IloaroroBka K
1 1 5 ) HCKYCCTBEHHBIX HEHPOHHBIX NpakTHYEeCKUM paboTam,
cereit odopMIIeHHE OTYETOB IO
NPaKkTHUYECKUM paboTam
[Taketsr mporpamm st pabotsl | Iloxroroska K
5 2 5 ) C HEHPOHHBIMH CETAMHU NpPakTHYECKUM paboTawm,
0oOpMIICHHE OTUYETOB II0
MPAKTHYECKUM paboTam
OO0yueHre HEHPOHHOM CETH. IToaroroska k
3 3 5 ) Habops! nanHBIX MIPaKTUYEeCKUM padoTam,
0o(OopMIIEHUE OTYETOB 10
MPAKTHYECKUM paboTam




[TonHoCBsI3HAS HEHPOHHAS CETh
MIPSIMOTO PACTIPOCTPAHEHUS

TTonroroBka k
MPaKTUYECKUM paboTam,

4 4 5 (FNN) odopMIIeHHE OTUETOB 11O
NpaKkTHIEeCKUM paboTam
[TocTpoeHue apXuTeKTyphl ITonroroBka k
5 5 5 HEHPOHHOH ceTH U ee 00ydeHHe | MPaKTHIECKUM padoTam,
o opMIIEHUE OTYETOB 110
NpaKkTHIEeCKUM paboTam
Pa6ora c TensorFlow n Kaggle | IlonroroBka x
6 6 5 MIPaKTHYECKUM padboTam,
o opMIIEHUE OTYETOB 10
MIPAKTHIECKUM paboTaM
AHanm3 kauecTBa 00yUeHHS [loaroroBka k
7 7 5 HEHPOHHOH ceTH NPaKTUYECKUM padoTam,
o opMIICHUE OTYETOB 10
MIPAKTHIECKUM paboTaM
[Ipumenenue HelipoHHbIX ceted | IloaroroBka k
8 8 5 JUTSL PELICHUS 3a]1a4d PErpeccuy | MPaKTUYecKuM paboram,
o(opMIICHUE OTYETOB 110
MIPaKTHYECKAM paboTam
CBEPTOUYHBIE HEUPOHHBIE CETH IToaroroBka k
9 9 5 MIPaKTHUYECKUM paboTam,
o OopMIIEHUE OTIETOB 110
MMPaKTHIECKAM paboTam
[IpenBapurensHO 00yUECHHBIC IToaroroBka k
10 10 5 HEHPOHHBIE CETH NPaKTHYECKUM padoTam,
o OopMIIEHUE OTIETOB 110
MMPaKTHYECKAM paboTam
Heiiponnslie cetu nms 3aaad ITonroroBka k
11 11 5 00paboTKH ecTECTBEHHOTO NPaKTHYECKUM padoTam,
A3bIKA odopmMIIeHHE OTYETOB 110
MIPAKTHYECKUM paboTam
PexyppeHTHbIe HEHPOHHBIE IToaroroBka k
12 12 13 CeTH NPaKTHYECKUM padoTam,
odopmMIIeHHE OTYETOB 110
MIPAKTHYECKUM paboTam
15 1-12 - 1-12 IToaroroBka k 3adery
HUroro: 68

00pa30BaTeNIbHbIX TEXHOJIOTUH:

5.2.3. IlpenonaBaHne NIHCHUIUIMHBI BEAETCS C TPUMEHEHHUEM CICIYIONIUX BHIOB

— BHU3yanu3anus y4yeOHOro Martepuana B O(QHCHOM IaKeTe B JHAJIOTOBOM PEKUME
(JIeKLIMOHHBIE 3aHATHUS);
— pabota B ManbIX rpymmax (IpaKTHYeCKHe padoThI);

—  WHIWBHIYyaJbHBIC 3a7aHus (IpaKTUYecKue paboThI).

5. TemaTHka KypcOBBIX IPOEKTOB

KypcoBbie mpoeKkThl yueOHBIM IJIAHOM HE MPEAYCMOTPEHBI.

6. KonTposbHbIe padoThI

KOHTpOJ'II:HBI@ pa6OTI)I y‘l€6HBIM IIJIaHOM HE MPEAYCMOTPCHEL.

7.

OueHka pe3yjbTATOB OCBOCHHSI AU CIHUIIJINHbBI

8.1. Kputepun oueHHWBaHUSI CTETNEHU IMOJHOTHI M KAayeCTBA OCBOCHUS KOMIIETCHIUH B
COOTBETCTBUU C TUIAHUPYEMbIMHU pe3ylibTaTaMu 00ydeHus npuseneHbl B [Ipunoxenun 1.
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8.2. PeifTmHroBasi cuctemMa OIICHWBAHWS CTEIICHH IIOJTHOTBI M KAadecTBa OCBOCHHS
KOMITETEHITUH 00yJaromuxcs 09HOM popMbl 00ydeHus NpecTaBiieHa B Tabmuie 8.1.

Tabnuna 8.1
No /it | Buasl MeponpusiTuii B paMKax TEKYIEro KOHTPOJIS | KommdectBo 6amwtoB
2 cemecTp

1 Texymas arTecTanys
1 [Ipaktuueckas padota Nel-4 0-20
2 Kontponbhsiii Tect Nel 0-10
HNTOT'O 3a nepByro TEKYIIYIO ATTECTAIUIO 0-30

2 TeKymias aTTeCTaIus
3 IpakTrueckas pabora Ne5-8 0-20
4 Kontponbslii Tect N2 0-10
NTOI'O 3a BTOPYIO TEKYIIYIO aTTECTAIHIO 0-30

3 TeKyImas aTTecTaIus
5 [TpakTnueckas pabora Ne9-12 0-20
6 KonTposbHslii TecT Ne3 0-20
HNTOI'O 3a TpeThIo TEKYIIYIO aTTECTAIUIO 0-40
BCEI'O 0-100

9 YueoHo-MeTOAMYECKOE U MHPOPMALIMOHHOE 00ecTiedeHne TUCIHIIIHHBI/ MOLY ISt

9.1. [lepeyeHb PEKOMEHIYEMO# TUTEPATYPHI TIpeacTaBiicH B [Ipunoxenun 2.

9.2. CoBpemennsie npodeccnonaabHble 0a3bl JAHHBIX U MHPOPMAIIMOHHBIE CIIPABOYHBIC
CHCTEMBI

— CoOctBennas nmonHoTekcToBas 6asza (I16/]) BUK TUY http://elib.tyuiu.ru/

— Hayuno-texuunueckas oubmuoreka ®I'AOY BO PI'Y Hedtu u raza (HUY) um. .M.
I'yoxuna u ®T'BOY BO «TUY» http://elib.gubkin.ru/

— Hayuno-Texuunueckas 6udnuoreka ®I'bOY BITO YIHTY http://bibl.rusoil.net

— Hayuno-texuunueckas Oubnuoreka ®I'BOY BIIO «YXTUHCKMI TrocygapCTBEHHBIN
TexHn4deckuit yausepcureT» http://lib.ugtu.net/books

— baza nmannbix KoHCynpTaHT cTyneHTa «DIEKTpOHHas OWMOIMOTEKa TEXHUYECKOTO
By3a» http://www.studentlibrary.ru

—  DnexTpoHHO-OMOIMoTeuHas cuctema IPRbooks http://www.iprbookshop.ru/

— 000 «MznatenscTBo JIAHDY http://e.lanbook.com

— 000 «Anexrponnoe n3aarensctso FOPAMT» www.biblio-online.ru»

— 00O «PYHD3b» http://elibrary.ru/

—  DnextpoHHO-0MOIMoTeuHas cucrema BOOK.ru https://www.book.ru

— HamnuonanpHas a1eKTpoHHas OMOIMOTeKa

9.3. JIuneH3noHHOe 1 CBOOOJIHO pacmpocTpaHseMoe MporpaMMHOe oOecriedeHue, B T.4.
OTEYEeCTBEHHOTO MTPOU3BOICTBA.

— Microsoft Windows;

— Microsoft Office Professional Plus;

—  Python;

— Anaconda;
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10 MaTepuaJibHO-TEXHUYECKOE 00ecnevyeHne U CIUINIMHBI/ MOTYJIst

[Tomemienus Ui TpPOBENEHUS BCEX BHUAOB pPabOThl, NPEIYCMOTPEHHBIX YYEOHBIM
IUTAHOM, YKOMIUIEKTOBAHbI HEOOXOJUMBIM OOOpYIOBaHMEM W TEXHUYECKHUMH CpEACTBAMHU

o0y4eHUsI.
Tabmuma 10.1

Ilepeuenp 000pymOBaHUS, [epedyeHb TEXHUYESCKUX CPEACTB 00YUCHHUS, HEOOXOJUMBIX JJIsI OCBOCHUS
Ne /m HEOOXOIUMOTO IS UCLIMIIIAHEI
OCBOEHHS TUCLUILINHEI (IeMOHCTpaIOHHOE 000PYAOBaHIE)
KoMIUIeKT MyAbTUMEIUHHOTO OOOpYHIOBAHHUS: IMPOCKTOP, IKPaH, KOJOHKH,
1 - MHTEPAaKTHBHAs  JIOCKAa, MEpPCOHAJbHbIE KOMIbIOTEpbl. JlokampHas
KOpPIOpPATHBHASI CETh.

11 Metoanueckue yka3zanusi nmo opranuszanuu CPC

11.1. MeToauueckue yka3zaHus MO MOATOTOBKE K MPAKTUYECKUM 3aHSITHSIM.

[TpakTudeckue 3aHATUS CHOCOOCTBYIOT YIIIyONEHHOMY H3YYCHHIO JUCHUILIUHBI U
CIIy’)KaT OCHOBHOW (OpMOI TOIBEACHUS WTOTOB CAMOCTOSATEIBHONH pPa0OOTHI CTYACHTOB.
OcHoBHas 1eNb MPAKTUYECKUX 3aHATUN 3aKII0YAeTCsl HE TOJNBKO YIIyOUTh M 3aKPENUTh
TEOPETUYECKUE 3HAHMSI, HO U CHOPMUPOBATH MPAKTHUECKHE KOMIIETCHIIUU, HEO0OXOIUMBbIE
OyIyIINM CHIEIIAATUCTaM.

Ha mnpakThyeckux 3aHATHAX MPHUBETCTBYETCS AaKTHBHOE YydYacTHEe B OOCYKICHHH
KOHKPETHBIX CHUTYallUid, CIIOCOOHOCTh Ha OCHOBE TMOJYYEHHBIX 3HAHWA HAXOJUTh HamOolee
3b(deKTUBHBIE  PEIICHHUS  TOCTABJICHHBIX  MPOOJEeM, yMETh  HaxOJIUTh  TOJE3HBIN
JOTIOJIHUTEIBbHBIA MaTEpUall 10 TEMATUKE 3aHSATUM.

OO6yuaroniemycst peKOMEHIyeTCs CIeAYIONIasi CXeMa MOATOTOBKU K 3aHSITHIO!

1. [IpopabGoTaTh KOHCIIEKT JICKIIHA;

2. I3yuuTh pEKOMEHIOBAaHHYIO JIUTEPATYPY;

3. IIpu 3aTpyaHeHusx copMyaupoBaTh BOMPOCHI K IPENOAaBaTENIO

4. Tlocne BBIMOJHEHUS TMPAKTHUECKOH padOThl OOPMHUT OTYET W TOATOTOBUTHCS K
3aluTe.

11.2. MeTtoauueckue yka3zaHus IO OPraHU3allMi CaMOCTOSITENIbHOM paboThI.

CamocrosTenpHas paboTa SBISICTCS OJHOM W3 BaXHEHIMX (opM HU3ydeHUs 000
aucUUIUIMHBL. OHa TMO3BOJIIET CHUCTEMATH3HpPOBATh U YIIyOUTh TEOPETHUECKUE 3HAHMS,
3aKpenuTh YMEHHS M HAaBBIKH, CIIOCOOCTBYET Pa3BUTHIO yYMEHHWH TMOJb30BaThCS HAYYHOH H
ydyeOHO-MeToAnuecko  nuteparypod.  Ilo3HaBaTenbHass — JEATENBHOCTH B IpoLEcce
CaMOCTOSITENIbHONW paboThl TpebyeT OT 00ydYaromierocss BBICOKOTO YPOBHSI AKTUBHOCTH H
CaMOOPIaHW30BaHHOCTH.

B ydeOHOM mpoliecce BBIICISIOT JABa BUAA CAMOCTOSITENIEHOW pa0OTHI: ayAWTOpHAs U
BHEAYTUTOPHAS.

AynuTopHasi camocTosITeTIbHass paboTa MO JUCHMIIMHE BBIMOJIHSAETCS Ha Y4eOHBIX
3aHATHUSX MTOJT HETIOCPEICTBEHHBIM PYKOBOJICTBOM ITPETIOAABATENS M IO €T0 3aJaHHIO.

BreaynuTopHass caMmocTosiTenbHas paboTa 0OydYaromuXcs TPEACTaBISET COOOMU
JIOTHYECKOE MPOJOIDKEHHE ayIUTOPHBIX 3aHATHNA. 3aTpaTbl BPEMEHHM Ha BBITIOJHEHHE 3TOU
paboTBl peraaMeHTUPYIOTCS pabodynM y4eOHBIM IUTaHOM. Pexum palboThl BBIOMpaeT cam
00y4aromuiicss B 3aBUCUMOCTH OT CBOHMX CIIOCOOHOCTEH M KOHKPETHBIX YCIOBHH.

CamocrositensHast paboTa MOXET OCYIIECTBISATHCS WHAMBHAYAJIbHO WIH TpYNIaMu
0o0y4arommxcsi B 3aBUCUMOCTH OT LENH, 00beMa, KOHKPETHOH TEMAaTUKHU CaMOCTOSTEIbHOU
paboThI, YPOBHS CIIO)KHOCTH, YPOBHSI YMEHHH 00YyJarOIINXCS.
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CamocTtosrensHasi paboTa BKIIOYaeT B ce0s paboTy ¢ KOHCIEKTOM JICKIUH, H3yuyeHUue U
KOHCIIEKTUPOBAHHE peKOMeHAyeMOoM JUTEPaTYypHI, MOJITOTOBKA MYJIbTUMEIA-
COOOILIEHNI/TOKIA/I0B, TOATOTOBKA pedepara, TECTUPOBAHUE, PELIECHUE 33]1a4 U YIPaKHEHUH
mo oOpasiy, pelieHHue BapUATUBHBIX 3a/lad, BBITIOJIHEHWE YEPTEXKEH, CXeM, pacueToB
(rpadmueckux paboT), pEIICHHE CHUTYAIMOHHBIX (MMpodecCHOHATBHBIX) 3aj/lay, MOJATOTOBKA K
JICJIOBBIM UTpaM, MPOEKTUPOBAHHE W MOJCIMPOBAHUE pPA3HBIX BHUAOB M  KOMIIOHEHTOB
npodeccuoHaNnbHON AEATENBHOCTH, HAYYHO-UCCIIEI0BATENBCKYIO PabOTy U Ap.

KouTpons pe3ynbTaToB BHEAYIAUTOPHOM CaMOCTOSITENBHONW paboOThl 00y4aromIMXcs
MOXKET OCYIIECTBIISTHCS B IpeaeNiax BpEMEHHU, OTBEJCHHOrO Ha oO0s3aTelbHble Yy4yeOHbIE
3aHATUS MO JUCLUMIUIMHE U BHEAYJUTOPHYIO CAMOCTOSTEIbHYIO pal0OTy OO0ydYaromuxcs 1o
TUCIUILTAHE, MOXKET MMPOXOIUTh B TUCHbMEHHOMN, YCTHOM UM CMEIIaHHOU (hopMme.
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JAucuunauna: HeitpoHHble ceTn
CnenuanbHocTh: 21.05.01 Ipuknagnas reoae3us
Cneunanuzanus: nxeHepHo-reoe3nuueckue u3bICKaHus

[Ipunoxenue 1

HJ'IaHI/lpyEMLIe PE3YJIAbLTATHI Oﬁy‘leHl/Iﬂ AJIA q)OpMI/lpOBaHI/Iﬂ KOMIIETCHIUA U KPUTCPUH UX OLICHUBAHUSA

Kon xomniereninn | Kox u | Koxg u | Kpurepun orneHnBanns pe3yabTaToOB O0yUSHHS
HaMMEHOBaHUE HaVMEHOBAaHHE 1-2 3 4 5
WHINKATOPa pe3yibTaTta
JOCTIDKCHHUS o0y4eHus o
KOMITETCHIIUU JUCIIUTITAHE
AUIOK)
VYK-1.  Cnocoben | YK-1. 3. | 3HaTh: 31 | He 3HaeT | 3HaeT Ha HHU3KOM | 3HAaeT Ha cpexHeM | 3HaeT B  COBEPILEHCTBE
OCYIIECTBIISATh OcyiecTBisieT KIIACCUYECKUE KIJIACCUYECKUE YpOBHE YPOBHE KIIACCHYECKHE | KITACCHUYCCKHE
KPUTHYCCKHUN CUCTEMATH3AIUIO MaTeMAaTHUCCKHUE MaTeMaTHYCCKHUE KJIACCUYCCKHUE MaTeMaTHYECKHe MaTeMaTHYeCKHe MOJICIIH,
aHam3 uHQOpMaIH MOJIEJH, MOJIEJH, MaTeMaTHYeCKHe MO/IEIH, MpUMEHsIeMbIe B
MPOOIEMHBIX pPa3IMYHBIX  THUIIOB | IPUMEHSICMBIC B | TIPUMECHsEMbIE B | MOjemH, MpPUMEHSIEMbIC B | pa3sIHYHbBIX obacTsx
CUTYyaIuit Ha | Juis aHanmm3a | pa3u4HbIX Pa3IMIHBIX MpPUMEHSIEMbIC B | pa3jMYHBIX O0JACTAX | YETOBEUYECKOM
OCHOBE CHCTEMHOTO | IPOOIEMHBIX o0macTsx o0macTsx Pa3IUYHBIX 00JIACTAX | YEeTOBEUECKOM JIeSITeTbHOCTH
MOJX0/1a, CUTYallUM. YEJI0OBEYECKOU YEJI0OBEYECKOU YEJI0BEYECKOU JIeSITENLHOCTH
BBIpa0AaTHIBATh BripabaTsiBaeT JIeSITENIBHOCTH JIeSITENIBHOCTH JIeSITeTIbHOCTH
CTPATETHI0 CTPaTEruro JEUCTBUN | YMETh! V1 | He yMeeT | YMEeT Ha HHU3KOM | YMeeT Ha CpeJHeM | YMEeT B COBEpILCHCTBE
neiicTBuii JUTS MOCTPOEHUS | MOAU(PUIIMPOBATH MOJIU(PUIIUPOBATH YpOBHE YpOBHE BBIOMpATh
AITOPUTMOB KIJIACCUYECKHE KJIACCUYECKHE MOTUPHUIIIPOBATH MOTUPHUIIPOBATH MOTUPHUIIIPOBATH
pereHus MaTeMaTHYECKHE MaTeMaTHYECKHE KJIACCUUECKHUE KJIACCUUECKHUE KJIACCUYECKHUE
IIOCTABJICHHBIX MOACIan I | MOACIIN I | MaTEeMaTHYCCKUE MAaTEMATHYCCKUC MAaTEMATHYCCKUE MOICIN
3aJa4. peICHUA peICHUA MOICIN IJid | MOACIIU A PEIICHUA | I PCIICHUA KOHKPETHBIX
KOHKPETHBIX  3a7a4 | KOHKPETHBIX 3a7ay | peleHus KOHKPETHBIX 3a7ay | 3a1a4 npodeccCHOHaIbHOM
npodecCHOHANBHON | MPO(ECCHOHANBHOW | KOHKPETHBIX  3a/1a4 | IpodecCHOHATLHON JIESITeTbHOCTH
ACATCIIBHOCTU ACATCIIBHOCTU HpO@eCCHOHaHBHOﬁ JACATCIIbHOCTHU

JCATCIIBHOCTHU




KO,Z[ KOMIICTCHIINH

Kog u | Kon u | Kputepun oueHnBanus pe3yapTaToB 00yUECHUS
HalMEHOBaHHUE HaNMEHOBaHUE 1-2 3 4 5
MHINKaTOPa pe3yibTaTta
JIOCTHKEHUS o0y4eHus o
KOMIIETCHLIUU JUCLUIUINHE
(UIK)
Bnaners: Bl Umeer | He Bnageer ombiT | Bnageer Ha HuskoMm | Bnageer Ha cpeanem | Biageer B coBepilieHCTBE
ONMBIT TNPUMEHEHMS | IPUMEHEHUS YpOBHE OMBIT | YPOBHE OTIBIT | OIBIT MPUMEHEHUS
METOAOB METOZOB IIPUMEHEHUS IPUMEHEHUS! METOAOB | METOJOB
MaTEeMaTHYECKOTI0 MaTEeMaTHYECKOTI0 METO0B MaTEeMaTHYECKOT0 MaTEeMaTHYECKOT0
MOJIETTUPOBAHUS U | MOAETUPOBAHUS JJIs | MAaTEMaTHUYECKOTO MOJIEJMPOBAHUS ISl | MOZETHUPOBaHUS JUTS
peleHus peleHus MOJEJIMPOBAHMS U | PELICHUS! KOHKPETHBIX | PELICHMS KOHKPETHBIX
KOHKPETHBIX 3a7a4 | KOHKPETHBIX 3afay | pelIeHUs 3ama4y 3aj1a4 MpodecCuOHANBHON
npodeccHoHaNbHONW | MPO(ECCHOHANBHONW | KOHKPETHBIX — 3a/a4 | MpodeccHoHATBHON JIeSATeIbHOCTH.
JeSITeTbHOCTH. JeSITeTbHOCTH. NpoeCCHOHANBEHON | AEATEILHOCTH.
JeSITETBHOCTH.
YK-1.5. 3Hare: 32 cnocoOwl | He 3maer cmocoObl | 3HaeT Ha HH3KOM | 3HAeT Ha CpelHEM | 3HaeT B  COBEPIICHCTBE
BripaGaTeiBaeT MIPUMEHEHUS MIPUMEHEHUS YpOBHE CHOCco0BI | YpOBHE CHOCOO0BI | CITOCOOBI MIPUMEHEHUS
CTpaTeruro IeUCTBUN | MoJenen Moaeeun MPUMEHEHUS NPUMEHEHUs Mojenel | Mmoaenen HEUPOHHBIX
TUISt MOCTPOSHUS | HEUPOHHBIX  CeTel | HEMPOHHBIX  CeTed | Mojeleld HeMPOHHBIX | HEWPOHHBIX CeTeW Ui | ceTel g o0paboTKH
ANTOPUTMOB TUTS 00paboTKH | JIs 00paboTKH | ceTei UIs | 00paboTKH HHpOpPMAITUH "
perieHus nHpOpMAITUH u | uHpOpMAaUU u | o6paboTku HHpOpMaIUH U | pacrmo3HaBaHUs 00pa3oB
MOCTaBJICHHBIX 33/1a4 | PacIO3HABAHUS pacro3HaBaHus uHpOpPMaLIH U | pacro3HaBaHUs
o0pas3oB o0pas3oB pacro3HaBaHuUs 00pa3oB
00pa3oB
YMmeTs: VY2 | He ymeer onieHMBaTh | YMEET Ha HH3KOM | YMEET Ha CpeJHEM | YMEET B COBEPILCHCTBE
OLIEHMBATh KAa4yeCTBO | KAYeCTBO OOydYeHHs | ypOBHE  OLIEHMBAThH | YPOBHE OLICHUBAThH | BHIOMpAThH OILICHUBATh
oOydeHHUs MoJeNnel | Mozese KauyecTBO OOydYeHHs | KayecTBO  OOY4YEeHHS | KadecTBO oOyueHust
MAIIMHHOTO MAIlIMHHOTO MoZeIen MOZEJIEd MAIIMHHOTO | Mojeen MAaIIXMHHOTO
o0yueHus; o0yueHus; MAIIITHHOT O o0Oy4eHus; o0Oy4eHus;
00yJeHMS;
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Kon xomnereniuu | Kop u | Kon u | Kpurepuu orieHuBaHus pe3yIbTaToOB O0YUCHHS
HauMEHOBaHWE HalMEHOBAHHE 1-2 3 4 5
WHIUKATOPa pe3ynbTaTa
JIOCTHKEHUS o0yueHus o
KOMIIETEHIINN TUCTIATITAHE
(AIK)
Bnanets: B2 | He Biazgeer | Bnageer Ha Hu3koMm | Biameer Ha cpennem | Bnameer B coBepiieHCTBE
TEXHOJIOTUAMHU TEXHOJIOTUSAMHU YpOBHE YPOBHE TEXHOJOTHSMHU | TEXHOJOTUSIMU aHalu3a U
aHam3a U | aHamM3a U | TEXHOJIOTHUSIMHU aHanmsa Y | MHTEpPIpETAIIH
MHTEPIIPETaluN MHTEPIIPETaluN aHanmsa U | MHTEePIpETaIIH MONydYeHHBIX JaHHBIX B
MMOJIY4YCHHBIX MOJIY4YCHHBIX HHTCPIpPETALIUA IMMOJIYYCHHBIX JaHHBIX B 06JIEICTI/I
MAaHHBIX B OONIACTH | MAHHBIX B OOJIACTH | MOJYYEHHBIX obnactu WHTEIUICKTYaThbHBIX
VMHTEIJIEKTYa bHBIX | WHTEJJIEKTYyalbHBIX | TAHHBIX B OOJIACTH | MHTEIIIEKTyalbHBIX CHUCTEM.
CHCTEM. CHCTEM. HWHTCIIJICKTYaAJIbHBIX CHUCTEM.
CUCTEM.
YK-2.  Cnocoben | YK-2.1. 3HaTh: 33 | He 3HaeT | 3HaeT Ha HU3KOM | 3HaeT Ha cpedHeM | 3HaeT B COBEPIICHCTBE
YIPaBISTh dopmupoBaHue ITOCTaHOBKY ITOCTaHOBKY YpPOBHE TIOCTAHOBKY | yPOBHE  IIOCTaHOBKY | TIOCTaHOBKY OCHOBHBIX
MPOEKTOM Ha BCEX | LENH, 3aJ1a4, | OCHOBHBIX 3a/1a4 | OCHOBHBIX 3aJ1a4 | OCHOBHBIX 3aJa4 | OCHOBHBIX 3aja4 | 3aj1ad4 MAaIIXHHOTO
JTamax €ro | 3HAYMMOCTH, MAaIIMHHOTO MAaIIMHHOTO MAIIIMHHOTO MAaIlIMHHOTO O0y4YeHus, | 00y4ueHws, OCHOBHBIE
KU3HEHHOTO UK | OKHAJAEMBIX o0OyueHwus, o0OyueHwus, 00ydeHus, OCHOBHBIC | OCHOBHBIC TIOHSATHS W | MOHATHS W 0a30BBIH
PE3YJILTATOB OCHOBHBIC TIOHATHA | OCHOBHBIC TIOHATHA | IOHATUA U 6330BBII71 6330BBII\/'I MaTeMaTUYeCKHui arrapar
TPOEKTA u 0a30BbIN | U 0a30BbIf | MaTeMaTHYCCKUN MaTeMaTUYeCKU HEUYETKOMN JIOTUKWU;
MaTeMaTHYECKUI MaTeMaTHYECKUI anmapar ~ HEYeTKOW | ammapar HEYETKOH | criocoObl  THOpHAM3AINAN
anmapaT  HEYETKOW | ammapaT  HE4YeTKOM | JIOTHKH; CHOCOOBI | JIOTHKH; CIocoObI | METO/I0B
JIOTHUKH, CHOCOGBI JIOTHUKH, CHOCOGBI m6p1/1111/13au1/n/1 m6p1/1111/13au1/n/1 BBIYUCIUTEIIBHOI'O
rUOpUAN3auN rUOpUAN3auN METOJIOB METOJIOB WHTEIJICKTa c
METOJOB METOJOB BBIYUCIUTEIEHOTO BBIYUCIUTEILHOTO KCIIOJIb30BAaHUEM
BBIYUCIIUTCIIBHOTO BBIYUCIIUTCIIBHOTO HUHTCJIJICKTa C | HHTCJIJICKTAa C | TpaAMIUOHHBIX METOA0B
HUHTEJUIeKTa C | UHTEJIeKTa C | UCIIOJNIB30BAaHUEM KCIIOJIb30BAaHUEM ONTUMHU3ALUU u
HCIIONb30BAaHUEM HCIIONb30BaHUEM TPAIUIIMOHHBIX TPAAUIIMOHHBIX pacrno3HaBaHus 00pa3oB
TpaAuIUOHHBIX TpaguIUOHHBIX METOA0B METOAO0B OIITHUMU3AIINN
METOJ0B METOJ0B OIITUMHU3AITUHN H|H pacrio3HaBaHUA
ONTUMU3ALUU U | ONTUMU3ALNUU U | pacro3HaBaHUS 00pazoB
pacro3HaBaHUs pacro3HaBaHUs 0o0pazoB
00pazoB 00pazoB
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KO,Z[ KOMIICTCHIINH

Kog u | Kon u | Kputepun oueHnBanus pe3yapTaToB 00yUECHUS

HalMEHOBaHHUE HaNMEHOBaHUE 1-2 3 4 5

MHINKaTOPa pe3yibTaTta

JIOCTHKEHUS o0y4eHus o

KOMIIETCHLIUU JUCLUIUINHE

(UIK)
YMerTs: VY3 | He ymeeT npoBouTh | YMEET Ha HH3KOM | YMEET Ha CpeJHeM | YMeeT B COBEPILEHCTBE
MIPOBOANTH  AHAIM3 | aHAIM3 33Jayd Ul | ypPOBHE  TPOBOIUTH | YPOBHE NPOBOJHTH | BBIOMpATh MIPOBOJIUTH
3ajaud Ui BbIOOpa | BbIOOpA HAWIYYIero | aHajlu3 3afadd Uil | aHaluu3 3afadd  [ajsl | aHalu3 3aJa4u Ui
HaWIy4IIero MeToja | MeToaa BbIOOpa HaWIydllero | BBIOOpa  HawiIydmiero | BelOopa HaMJIy4IIero
BBIYHUCIUTEIHHOTO BBIYHUCIUTEIHHOTO MeToja MeToja METOJIa BBIYUCIUTENHEHOTO
HHTEJUIEKTa WIN | UHTEJJIEKTa WIN | BBIYUCIUTEIBHOTO BBIYUCIIUTEIHHOTO UHTEJUIEKTa WIH
rHOPUIHOTO METOMA, | THOPUIHOTO METOAA, | MHTEJUIEKTa WIN | UHTEJUIEKTa WIN | THOPUIHOTO METoza,
MOJIXOAALICTO  AJS | MOAXOAAIEro A | THOPUIHOTO METOHa, | THOPUAHOTO  METOAA, | MOIXOASIIETO JUTS
KOHKpETHOH 33/1auy; | KOHKPETHOM 33Jauu | MOAXOJAIIET0  JUIA | MOAXOJSIIEro JUIS | KOHKpETHOH 3a1a4u

KOHKPETHOH 33aJ]a4ll | KOHKPETHOM 3aJ1a4u
Bnaners: B3 | He BrnaneeT | Bnageer Ha Huskom | Bnageer Ha cpeaHem | Biameer B coBeplleHCTBE
WHCTPYMEHTaMHU WHCTPYMEHTaMHU YpOBHE YpOBHE WHCTPYMEHTaMHU
MPOCKTUPOBAHUS ¥ | IPOCKTHUPOBAHUS ¥ | HHCTPYMEHTaMH WHCTPYMEHTaMHU MIPOEKTHPOBAHUS u
OLIEHKa KadyecTBa | OLIEHKa Ka4yecTBa | IPOCKTUPOBAHUS M | IPOEKTUPOBAHUS U | OLIEHKa KauecTBa MOJeNeH
MOJENEN MOJEeNen OLICHKA Ka4ecTBa | OLEHKA KayeCcTBa | HEMPOHHBIX CeTEel
HEWPOHHBIX CETEU HEUPOHHBIX CETEU MOZEJIEH HEMPOHHBIX | MOAENIEH HEHUPOHHBIX
cerel cerel

YK-2.2. 3Hatb: 34 ocHoBHble | He 3HaeT ocHOBHbIE | 3HAeT Ha HHM3KOM | 3HAET Ha CpelHEM | 3HAeT B COBEPIICHCTBE

IIpoextupyet APXUTEKTYPHI APXUTEKTYPHI YpPOBHE  OCHOBHBIE | YPOBHE OCHOBHBIE€ | OCHOBHBIE apXUTEKTYPHI

peuieHue HNHC n obnactu ux | UHC n obnactu WX | apXUTEKTypHhI APXUTEKTYPBI NHC wu ofbmactu wux

KOHKPETHOH 3ajauM | IpUMEHEHUS; IIPUMEHEHUS; NHC u obmactu ux | MIHC u o0nactu uX | NpUMEHEHUS;  OCHOBHBIC

MpoeKTa, BbIOMpAs | OCHOBHBIE CIHOCOOBI | OCHOBHBIE CHOCOOBI | MPUMEHEHNS; MIPUMEHEHUS; crocoOpl W TpaBuia

ONTUMAJIbHBIN W TIpaBuiIa OOyYeHUsl | U NMpaBuiia OOy4eHUs | OCHOBHBIE CIIOCOOBI | OCHOBHBIE criocoObl U | 00yuenus MHC.

cnoco6 ee pemenus, | UHC. HNHC. U mpaBuia oOyueHHs | IpaBuiia 00y4eHus

HACXOS u3 HHC. HMHC.
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Kon xomnerenmmn | Kog u | Kon u | Kputepun oueHnBanus pe3yapTaToB 00yUECHUS
HalMEHOBaHHUE HaNMEHOBaHUE 1-2 3 4 5
MHINKaTOPa pe3yibTaTta
JIOCTHKEHUS o0y4eHus o
KOMIIETCHLIUU JUCLUIUINHE
(UIK)
JIEHCTBYIOIUX YMerTs: Y4 | He ymeer olieHMBaTh | YMEET Ha HH3KOM | YMEET Ha CpeJHeM | YMEeT B COBEpILEHCTBE
NpPaBOBBIX HOPM M | OLIGHMBATh KAayecTBO | KAYECTBO OOYYEHUs | ypOBHE  OIIGHUBATH | YPOBHE OLICHUBAThH | BBIOMpATh OILICHHUBATh
UMETOTIIIXCS oOydeHust Pa3IMYHBIX MOJENIeH | KauecTBO OOy4YeHHs | KaueCTBO  OOydYeHHs | Ka4ecTBO oOyueHus
pecypcoB u | paznmuusblx mogeneil | MTHC; MogenupoBaTh | pa3lIUYHbIX MOAETEH | pa3lIHYHbIX MOAEIEH Pa3IUYHBIX MOJEEH
OrpaHUYECHUIN HUHC; monenuposats | MHC cpeactBamu | UHC; mogenupoBats | UHC; wmomenuposars | MHC; MO/JIETTUPOBATH
NHC  cpenctBamu | HEMpONAKeTOB NHC  cpeactBamu | UHC cpeacrBamu | MTHC cpeAcTBaMu
HEHWPOIaKeTOB Matlab HEWPOIaKkeTOB HelipomakeToB Matlab | HeiipornakeToB Matlab
Matlab NNTool. Matlab NNTool. NNTool.
NNTool. NNTool.
Bnaners: B4 | He BrnaneeT | Bnageer Ha HuskoMm | Bnageer Ha cpeaHem | Biameer B coBeplleHCTBE
HaBBIKAMU HaBBIKAMHU YPOBHE HaBBIKAMH YPOBHE HaBBIKAMH HaBBIKAMHU
perieHus 3a/a4 | pereHus 3a/a4 | pemeHus 3a[a4 | pemeHus 3aa4 | pemeHus 3a/a4
anmnpoKCHMallly, anmnpoKCHMallly, aNmnpOKCHMalINH, aNnpOoKCHMalINH, anmnpoKCcHUMally,
MIPOTHO3UPOBAHUS, MIPOTHO3UPOBAHUS, MIPOTHO3UPOBAHUS, MIPOTHO3UPOBAHUS, MPOTHO3UPOBAHUS,
KJIACCU(pUKAIUH KJIACCU(PUKAIUH KJIACCU(UKAIIH KJIACCU(UKAITIH KJIACCU(DUKAITY JTAaHHBIX,
JIAHHBIX, JIAHHBIX, JAHHBIX, JAHHBIX, pacro3HaBaHus 00pa3oB
pacro3HaBaHus pacro3HaBaHus pacro3HaBaHus pacro3HaBaHus
o0pa3oB o0pa3oB 00pa3oB 00pa3oB
I[IKC-4 IKC-4.3. 3uate: 35  Bumel, | He 3maeT Bumbl, | 3HaeT Ha HU3KOM | 3HAeT HAa CpeIHEM | 3HAET B COBEPIICHCTBE
CrniocoOHOCTB OcyecTBieHue CTPYKTYPY, CTPYKTYPY, ypOBHE BUJBI, | yPOBHE BUJIBL, | BUABL, CTPYKTYPY,
HCCIIEIOBATh U | IOUCKA, XpaHEHHE, | IPUHIUIBI U | IPUHIUIBI U | CTPYKTYDY, CTPYKTYpY, NPUHLMIBL W METOJBI
000011aTh OTBIT | 00pabOTKH U | METO/IbI CHUCTEMHOM | METOJIbI CUCTEMHOMW | MPUHIUIIBI MU METOJbl | MPUHUMUIIBI U METOJIbl | CHCTEMHOM OpraHu3aluu
HH)KEHEPHO- aHAJINA3a OpraHu3alyu OpraHu3aLyu CHUCTEMHOM CHUCTEMHOM HEWPOHHBIX CETEU
reoJIe3NIECKUX MHpOpMaIIH 13 | HEHPOHHBIX CeTel; HEHPOHHBIX ceTeil Opra’u3anuu Opra’u3anuu
HU3BICKaHUH, TEYaTHBIX " HEUPOHHBIX CeTEN HEUPOHHBIX CeTEN
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KO,Z[ KOMIICTCHIINH

Ka4ecTBO
WHPOPMALIMOHHBIX
cucTeM
obecrieyeHust
nHpOpMaIeH
rPafOCTPOUTENBHON
JESITeNbHOCTH

Kon u
HauMEHOBaHWE
WHIUKATOPa
JOCTIKEHHUS
KOMIIETEHIINN
(AIK)
3NEKTPOHHBIX
HCTOYHHUKOB,
HH()OPMAITHOHHBIX
CUCTEM O0ecTIeUeHHS
TpajOCTPOUTEILHOU
JIeSITeIbHOCTH,
MPEIACTAaBILITL €€ B
TpedyeMoM ¢opmare
C  HCIMOJIb30BaHUEM
WH(POPMAITMOHHBIX,
KOMIIbIOTCPHBIX
TEXHOJIOTUI

Kon u | Kputepun oueHnBanus pe3yapTaToB 00yUECHUS

HaNMEHOBAaHHUE 1-2 3 4 5

pe3yibTaTta

o0yueHus o

JUCLUIUINHE

YMerTs: V5 | He yMeeT | YMeeT Ha HH3KOM | YMEET Ha CpPeAHeM | YMEET B COBEPIICHCTBE

HCIIOJIb30BaTh HCIIOJIb30BaTh YpOBHE YPOBHE HCIIONB30BATh | BEIOMPATh  HCIONB30BAThH

OCHOBHBIE OCHOBHBIE HCIIOJIb30BaTh OCHOBHBIE OCHOBHBIE

HEUPOHHBIC CETU U1 | HEUPOHHBIEC CETU ISl | OCHOBHBIE HEUPOHHBIE CETH [JIs1 | HEUPOHHBIE  CETH IS

00paboTKu 00paboTKu HEHpPOHHBIE CETH i | 00pabOTKH 00paboTKH

rH(pOpMaIny; rH(pOpMaIuu 00paboTku nH(pOpMaITUH nH(bOpMaITUU
nH(pOpMaITUU

Buaners: B5 | He Biajeer | Bnageer Ha HuskoMm | Brnageer Ha cpenHeM | Biajeer B coBepIIEHCTBE

METOJIaMH aHajJM3a U | METOJlaMH aHaji3a U | ypOBHE  METOJaMH | ypOBHE METOJIaMH | METOJAaMHU aHaJIu3a U

CHHTE3a IIpU | CHHTE3a IIpY | aHaIM3a U aHanu3a u CHHTE3a IIpU CO3/aHUH,

CO3JIaHHH, CO3JIaHMH, CHHTE3a IIPU | CUHTE3a IpY | UCCIEI0BaHUH U

WCCIIEIOBAHUU U WCCIIEIOBAHUU U CO3/IaHUH, CO3/IaHUH, 9KCIUTyaTalluyd HEHPOHHBIX

9KCIUTyaTaluu 9KCIUTyaTaluu UCCIICIOBAHUH U UCCIICIOBAHUH U ceTeit

HEUPOHHBIX CETEU HEWPOHHBIX CETEU SKCIUTyaTaluu SKCIUTyaTaluu

HEHWPOHHBIX CETEU

HEHWPOHHBIX CETEH
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