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PABOYASA ITPOI'PAMMA JTUCHUIIJIMHBI

HporpaManOBaHne AJIA 3a1a4 HCKYCCTBCHHOI'0 MHTEC/VICKTA U aHAJIU3a JaHHBIX

(HauMeHo8aHUe OUCYUNIUHDBL)

10 HAIPABJICHUIO IOJTOTOBKH
09.03.03 IlpuxiagHas uHGpoOpMaTHKa

HaIpaBJIEHHOCTH (TIPpOdUIIB)
PazpaboTtka mporpaMMHOTO oOecreueHus

dopma 00ydeHus: ouHast
I'on Habopa: 2026
O6mas TpynoemkocTs: 16 3E

Pacnpeneﬂeﬂue JaCoB JUCIHUILIMHBI IO ceMeCTPpaM

Cemectp 7

dopMa KOHTPOJISL | DK3aMEH Hroro
Bun 3ansiTuit
Jlexun 48 48
JlaGopaTopHble
[TpakTHueckue 128 128
PykoBoJCTBO: KypcoBbie paboThl (poekTsi) / PI'P
IIpomexxyTouHas arrectaus 0,35 0,35
KoHnrakTHas pabota 176,35 176,35
CamocrosTenbHas paboTta 364 364
KoHTpoan 35,65 35,65
Hroro 576 576
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CepTudmkar: 0142DCIF0055B3D1934B6831AA3A12CC5D
Bnageneu: MNywuHa Okcana MuxainosHa
Aencreutenen: ¢ 11.09.2025 go 11.09.2026




1. Ilean ocBOEHUN TUCIUILIHHDI

Lenp — yruyOneHue 3HAHUW W COBEPLICHCTBOBAHME INPAKTUYECKUX HABBIKOB IO
UCIIOJIb30BAaHUIO CUCTEM UCKYCCTBEHHOT'O MHTEJUIEKTA.

2. Mecro nucuumiuabl B ctpykrype OIIOITI BO

JIMCUMIUTMHBL U IPAKTHKH, HA OCBOCHHU KOTOPBIX Oa3upyercs JaHHas AucuuIuimHa: «UnixX
u Linux oneparrioHHble CUCTeMbI», «H(pOpMAIMOHHBIE CUCTEMbI U TEXHOJIOTHH.

I[I/ICL[I/IHJII/IHLI " OpPaKTHUKHU, JJI1 KOTOPBIX OCBOCHUC HaHHOﬁ JUCHUITINHBI HGOGXOI[I/IMO KakK
MMpEACCTBYIOLICC: «ObecneueHne KadyecTBa KOJa U KOO PEBBIOY, «OCHOBBI BBIYHUCIUTEIBHBIX

cucTeM», «BbINOTHEHNE 1 3a11UTa BBITYCKHON KBATN()UKALMOHHOW PabOThI»

3. Ilinanupyembie pe3yJbTaThl 00y4YeHUs

dopmupyemble U HNuaukaropsl
KOHTPOJINpYyeMble AOCTHKEHU S IlnannpyemMble pe3y/ibTaThl
KOMIIETCHIH U KOMIIeTeHIUii o0yueHust
(Ko 1 HAMMEHOBaHUE) (Koa 1 HAMMEHOBAaHUE)
[1K-8 Criocoben [IK-8.1 3naer 3HaTh: COBPEMEHHBIC TEXHOJIOTHH
pa3pa6aTbIBaTb nu COBPEMCHHBIC TCXHOJIOTI'MHU paSpa60TKI/I U ajJanrtanuu
aJanTupoBaTh pa3paboTKu ¥ aJANTAlMA | pUKIALHOTO IPOPAMMHOTO
HPUKIIATHOC NIPUKIIAZTHOTO oOeclieueHus, UxX JOCTOMHCTBA U
MIpOrpaMMHOE MPOTPAMMHOTO HEIOCTATKH
obecreenuie obecredens YMeTh: NpUMEHSITh COBPEMEHHBIE
TEXHOJOTHH pa3paboTKu U
aJlanTanyy IPUKIaTHOTO
IPOrPaMMHOTO OOecTeueHus,
Brnajers: HaBbIKaMU TPUMEHEHUS
COBPEMEHHBIX TEXHOJIOTHI1
pa3pabOTKHU U afanTaiuu
MPHUKJIATHOTO MPOTPAMMHOTO
o0ecrieyeHus
[IK-8.2 Ymeer 3HaTh: KOMIIOHEHTHI PUKIIATHOTO
paspabaTbIBaTh, MPOrPaMMHOTO OOeCTIeueHusI
ananTupoBaTh VYMeTb: pa3pabarbiBath,
KOMIIOHCHTBI aIalITUPOBATh KOMITOHCHTBI
TIPUKJIAZHOTO MPUKIAIHOTO NPOTPAMMHOTO
TpOTPaMMHOTO o0ecrieyeHus
o0ecrnieueHus
Brnaners: HaBbIKaMu pa3pabOTKH U
a/IlanTaliu KOMIIOHEHTOB
MIPUKJIATHOTO TIPOTPAMMHOTO
o0ecrneyeHus




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETeHI[HH
(Ko 1 HAUMEHOBAHME)

HNuaukaTopsl
JOCTHKEHUS
KOMIIeTeHIInii
(ko1 1 HANUMEHOBAHME)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

T1K-8.3 Bnaneer
HaBbIKaMU pa3padOTKH
MIPUKIIATHOTO
MIPOrPaMMHOTO
obOecrevyeHys Ha
COBPEMEHHBIX S3bIKAX
MPOTrpaMMHUPOBAHUS,
METOIaMH aJanTaliu
MIPUKIIATHOTO
MIPOrPAMMHOTO
obecreyeHus

3HaTh: TEXHOJIOTUHU Pa3pabOTKH
MPOrpaMMHOT0 00eCTIeueHUs Ha
COBPEMEHHBIX S3bIKaxX
MPOrpaMMHUPOBAHUS, METO/IbI
aJlanTalyuy TPUKIaTHOTO
MPOTrpaMMHOT0 00€CTICUeHUS
YMerb: pa3pabarbiBaTh
mporpaMMHoe obecrieueHne Ha
COBPEMEHHBIX S3bIKax
IpOrpaMMHUPOBAHUS, IPUMEHSTh
METO/Ibl aJJaNTaluy PUKIATHOTO
IPOTrpaMMHOTr0 00ecreueHHsI
BrnaneTs: HaBbIKaMu pa3pabOTKu
IPOrpaMMHOr0 0OecreueH st Ha
COBPEMEHHBIX S3bIKaX
IPOrpaMMUPOBAHUS U METOAAMU €T
aJlanTanun




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

®opMbI TEKYLIIETO

Bug . KOHTPOJIs
Monayasb (pa3agena) | yueOHoi HaHMeHOBamfe TEM AT Cemectp Obnem, Banabl Hurepakrus (HaMMeHOBaHuUe
(yueoHoii padoThI) 4, , 4.
padoThI OLICHOYHOI'0
cpeacTna)
Mopnyis 1 - Jlek 1 Tema 1. BBeneHne B AMCUUILUINHY (‘-IaCTI) 7 2 - -
Beenenue B 1).
MCKyCCTBCHHbBIN Jlex 2 Tema 1. BBenenue B AUCHUIUINHY (qaCTL 7 2 - -
HHTEIUIEKT, 2).
HCHMPOHHBIC CCTH U T Cp CaMocTosATENbHOE U3YUYEHUE JINTEPATYPhI 7 60 - -
MattiHHO® I10 KYpCY npu IMOATOTOBKE K IMPAKTUYECCKUAM
oGyuenne paboTam.
Monyns 2 - 3agaun | Jlek 3 Tewma 2. IIpoexTupoBanue HeMpPOCETEBBIX 7 2 - -
KJaccu(uKanuu ApXUTEKTYp
Jlex 4 Tema 3. OnTuMH3aLKs HEHPOCETEBBIX 7 2 - -
ApXUTEKTYp
Jlek 5 Tewma 4. IlonHOCBSI3HBIE HEMPOHHBIE CETH 7 2 - -
Jlek 6 Tema 5. CaMOOpTaHU3YIONTHECS 7 2 - -
HEHUPOHHBIE CETH
Jlex 7 Tema 6. Knaccuduxarus BU3yanbHbIX 7 2 - -
00pa3oB
Jlex 8 Tema 7. YIipaBJIeHHE U OIIEHKA Ka4yeCcTBa 7 2 - -
00y4yeHHsI HEHPOHHBIX ceTel
CP CaMocTosTenbHOE N3yUEHUE JIUTEPaTyphl 7 90 - -
110 KYpCY npu NOATOTOBKE K MPAKTUYECKUM
paboTam.
IIp 1 [Ip 1. bunapuslii knaccuduxaTop Ha 7 2 - - Otyer no
rmostHocBsA3HoH HC (‘{aCTB ). NPAKTHYECKOH padoTe
IIp 2 IIp 1. bunapusrit knaccuduraTop Ha 7 2 - - 1
nonHocsssHoit HC (uacts 2).
Ilp 3 I1p 2. MHOroksaccoBblil KJIacCUPpUKATOP 7 2 Otuer no




Monayasb (pa3ae)

Bun
yueOHoi
padoThI

HaumenoBanue TeM 3aHATHIA
(yuedoHOl padoTHI)

Cemectp

Oo0nemMm,

Baniabl

HNHTepakTHB
, 4.

®opMbI TEKYLIETO
KOHTPOJIfA
(HauMeHOBaHHE
OLIEHOYHOI 0
cpeacTna)

na nosnnocsssHoi HC (wacts 1).

[IPAKTUYECKOM paboTe

IIp 4

[Tp 2. MHOTOKIIACCOBBIHN KIaccuPpuKaTop
Ha nosnoceszHoit HC (wacts 2).

2

I[Tp 3. MHOTOKJIaCCOBBIN KI1acCUPUKATOP
na ceeprounoit HC (uacts 1).

Ortuer 110
MpaKkTUYECKOr pabore

[Ip 3. MHOrOKIIacCOBBIH Ki1acCU(DUKATOP
na ceeprounoit HC (vactsb 2).

3

[1Ip 4. IlpenBaputenbHblid aHAINU3 TaHHBIX.
Perpeccus, acconuanus, anomaiuu u
Bu3yanusanusa. Ha npumepe naracera

Turanuk (vacts 1).

Ortuer 110
MpaKkTUYECKOr pabore
4

[Ip 4. IlpenBaputenbHblid aHAINU3 TaHHBIX.
Perpeccus, acconuanus, aHomaiuu u
Bu3yanusanua. Ha npumepe naracera

Turanuk (vacts 2).

IIp 4. IlpensapurenbHblii aHAIN3 TaHHBIX.
Perpeccus, accouuanus, aHoMaauu u
Bu3yanusanusa. Ha npumepe naracera

Turanuk (dacts 3).

IIp 10

[Ip 5. UccnenoBanue BIUSHUSA KauecTBa
JaraceTa Ha paboTy OMHApHOTO

knaccudukaropa (dacts 1).

Otyer no
PaKTUYEeCKO paboTe
S

Ip 11

IIp 5. UccnenoBanne BIUSHUSA KaueCTBA
JnaTacera Ha paboTy OMHapHOTO

knaccudukaropa (dacts 2).

IIp 12

IIp 5. UccnenoBanue BIUSHUS KaueCTBA
JaTacera Ha paboTy OMHApPHOTO




®opMbI TEKYLIETO

Bug . KOHTPOJIs
Monayasb (pa3gena) | y4ueOHoi HaHMeHOBamfe TEM AT Cemectp Obnem, Banabl Hurepakrus (HaMMeHOBaHuUe
paGoThi (yueoHoii padoThI) 4, , 4. OICHOMHONO
cpeacTna)
knaccupukaropa (dacts 3).

IIp 13 [Tp 6. AHanu3 MpoOU3BOJILHOTO TAOIMYHOTO 7 2 Otuer no
Jaracera (qaCTB 1. MpaKkTUYECKOr pabore

IIp 14 [Ip 6. Ananu3 npou3BOJBLHOTO TAOIUYHOTO 7 2 6
natacera (4acte 2).

IIp 15 [Ip 6. AHamM3 MPOU3BOJBLHOTO TAOJIMYHOTO 7 2
naracera (gacts 3).

IIp 16 [Ip 7. MccnenoBanre U BU3yalu3anus 7 2 Otuer no
IPOM3BOJILHOIO TaOJIMYHOIO J1aTacera [IPaKTUYECKON paboTe
(wacts 1). 7

IIp 17 IIp 7. UccnenoBanne U BU3yalInu3anus 7 2
MIPOM3BOJILHOTO TaOJIMYHOTO J1aTacera
(wacts 2).

Ilp 18 IIp 7. UccnenoBanne U BU3yalInu3anus 7 2
MPOM3BOJILHOTO TaOJIMYHOTO J1aTacera
(wacts 3).

IIp 19 ITp 8. I[IpumeHenne 6GUHAPHOTO 7 2 Otuer no
KJ1acCU(pUKaTOpa K MPOU3BOJILHOMY MPaKTHYECKON paboTe
TabnuunoMy gatacery (dacts 1). 8

IIp 20 I[Ip 8. IlpumeneHue OUHAPHOTO 7 2
KJaccu(ukaTopa K Mpou3BOJIbLHOMY
TabnuuHoMy jatacerty (gacth 2).

IIp 21 I[Ip 8. IlpumeHeHue OUHAPHOTO 7 2
KJaccu(ukaTopa K Mpou3BOJIbLHOMY
TabiuuHoMy jatacerty (gacth 3).

Monayns 3 — Jlexk 9 Tema 8. BBenenue B 00paboTKy 7 2 - -

O6paboTka

CCTCCTBCHHOTO A3bIKa




®opMbI TEKYLIETO

Buna H N KOHTPOJIA
Mopyas (pa3gen) | yueOHOM ANMEHOBANIE TEM SARSTHH Cemectp Obnem, Bajubl Hurepakris (HauMeHOBaHUe
(yueoHoii padoThI) 4, , 4.
padoThI OLICHOYHOI'0
cpeacTna)
€CTECTBEHHOI'O Jlex 10 Tema 9. BekTopHOE NpeCcTaBIEHUE CIIOB. 7 2
SI3BIKA Word2vec
Jlex 11 Tema 10. Knaccuduxanus npeayioxkeHui 7 2
Jlek 12 Tema 11. PekyppeHTHBIE HEHPOHHBIE CETH 7 2 - -
RNN
Jlex 13 Tema 12. PexyppeHTHbBIE HEHPOHHBIE CETH C 7 2 - -
KOHTEKCTHbIMM npu3HakaMu RNN-CF
Jlex 14 Tema 13. Cetu ¢ 10Jr0l KpaTKOCPOUYHOI 7 2 - -
namsiteio LSTM
Jlex 15 Tewma 14. JIBynanpasinennsie LSTM 7 2
(BILSTM)..
Jlex 16 Tema 15. YrpaBnsiemble peKyppeHTHBIE 7 2
sueiiku (GRU)
Jlex 17 Tema 16. MallnHHBINA IEPEBOJ 7 2
Jlek 18 Tema 17. CoBpeMEHHbIE TEHJICHLIUU U 7 2
oynymee NLP
CP CaMocTosTENbHOE N3YUEHNUE JINTEPATYPhI 7 94 - -
IO KYpCY npu IMOATOTOBKE K ITPAKTUYECCKUAM
paboTam.
Ip 22 [Ip 9. AHanu3 aHTIUHCKOTrO TEKCTa (‘{aCTB 7 2 Oruer o
1). MpakTU4YecKoi padoTe
Ip 23 Ip 9. Ananu3 anrymiickoro Tekcta (4acTh 7 2 0
2).
IIp 24 IIp 9. AHanu3 aHTIUHCKOTO TEKCTa (qaCTL 7 2
3).
Ip 25 Ip 10. Ananus pycckoro Tekcta (dacts 1). 7 2 Otuer no
Ip 26 Ip 10. Ananus pycckoro Tekcta (dacTsb 2). 7 2 MpaKkTHecKol pabore




®opMbI TEKYLIETO

Bug . KOHTPOJIs
Monayasb (pa3gena) | y4ueOHoi HaHMeHOBamfe TEM AT Cemectp Obnem, Banabl Hurepakrus (HaMMeHOBaHuUe
paGoThi (yueoHoii padoThI) 4, , 4. OICHOMHONO
cpeacTna)
p 27 Ip 10. Ananu3s pycckoro Tekcta (dacts 3). 7 2 10
IIp 28 [Ip 11. Ananu3 TOHATBLHOCTU PYCCKOTO 7 2 Otuer no
TEKCTa (‘IaCTL 1) HpaKTH‘{eCKOﬁ pa60Te
Ip 29 IIp 11. AHanu3 TOHAJIBLHOCTU PYCCKOTO 7 2 11
texcra (dacTh 2).
ITp 30 IIp 11. AHanu3 TOHAJIBLHOCTH PYCCKOTO 7 2
texcra (acts 3).
IIp 31 [Tp 12. Knaccudukanus mpeioxkeHu ¢ 7 2 Otuer mo
MOMOIIIBIO CBEPTOUYHOM HEUPOCETH (qaCTL IIIZ)aKTH‘IeCKOﬁ pabote
1).
IIp 32 ITp 12. Knaccuduxanus npeioxxeHuil ¢ 7 2
TIOMOIIIBbIO CBEPTOUHOI HeitpoceTy (dacTb
2).
IIp 33 ITp 12. Knaccuduxanus npeioxxeHuil ¢ 7 2
TIOMOIIIBIO CBEPTOUHOI HelipoceTu (dacTh
3).
IIp 34 IIp 13. I'enepanus TekcTa ¢ IOMOIIBIO 7 2 Otuer no
pexyppenTHoii HeitpoceTu (dacTs 1). PaKTHYECKON paboTe
IIp 35 IIp 13. I'enepanus TekcTa ¢ TOMOIIBIO 7 2 13
pexyppenTHoit Helipocetn (wacTs 2).
IIp 36 [Ip 13. I'eneparnus TeKCTa C MOMOIIBIO 7 2
PEKYPPEHTHOU HEMPOCETH (qaCTL 3).
IIp 37 [Ip 14. ITpumenenune LSTM st 7 2 Otuer no
reneparuu Tekcra (dactb 1). MPAaKTUYECKON pabore
ITp 38 IIp 14. Ilpumenenne LSTM s 7 2 14

renepanuu Texcra (yacts 2).




®opMbI TEKYLIETO

Bug . KOHTPOJIs
Monayasb (pa3gena) | y4ueOHoi HaHMeHOBamfe TEM AT Cemectp Obnem, Banabl Hurepakrus (HaMMeHOBaHuUe
(yuedoHOl padoTHI) u. , 4.
padoThI OLICHOYHOI'0
cpeacTna)
Ip 39 IIp 14. Ilpumenenne LSTM s 7 2
reneparuu Tekcra (dactb 3).
IIp 40 [Ip 15. CpaBHEeHME KayecTBA TEKCTOB Ha 7 2 Otuer no
BBIXO/I€ pa3HbIX Moaudukanuii LSTM PaKTUYECKON paboTe
(wacts 1). 15
IIp 41 IIp 15. CpaBHeHue KayecTBa TEKCTOB Ha 7 2
BBIXOJIe pa3HbIX Moaupukaruii LSTM
(uacts 2).
IIp 42 IIp 15. CpaBHeHue KayecTBa TEKCTOB Ha 7 2
BBIXOJIe pa3HbIX Moaupukaruii LSTM
(uacts 3).
Monynsb 4 — Jlex 19 Tema 18. OCHOBBI TEOPUH PACIIO3HABAHUS 7 2 - -
Pacnio3naBanue 00pa3oB
00pazos. Jlex 20 Tema 19. CoBpeMeHHBIE TEXHOJIOTHH 7 2 - -
MalnHHOE 3peHne pacrio3HaBaHus 00pa3oB
Jlex 21 Tema 19. CoBpeMEHHBIE TEXHOJIOTUU 7 2 - -
pacrnio3HaBaHHs 00pa30B
CP CaMocTosTENbHOE U3YUEHNUE JINTEPATYPhI 7 60 - -
10 KYpPCY NpH MOATOTOBKE K MPaKTHUYECKUM
paboTam.
IIp 43 IIp 16. Ananu3 MpoU3BOIBHOIO J1aTacera 7 2 - - OTtuer no
N300paKeHHIA (qaCTL 1). [IPaKTHYECKON pabore
IIp 44 [Ip 16. Ananu3 MpoU3BOIBHOIO J1aTaceTa 7 2 16
u306paxenuit (qacts 2).
IIp 45 IIp 16. AHanu3 NpoM3BOIBHOIO AaTaceTa 7 2
u3o6paxenuii (vacts 3).
IIp 46 IIp 17. llpumenenue 6uHapHOTO 7 2 OTuer o




Monayasb (pa3ae)

Bun
yueOHoi
padoThI

HaumenoBanue TeM 3aHATHIA
(yuedoHOl padoTHI)

Cemectp

Oo0nemMm,

Baniabl

HNHTepakTHB
, 4.

®opMbI TEKYLIETO
KOHTPOJIfA
(HauMeHOBaHHE
OLIEHOYHOI 0
cpeacTna)

KJaccu(uKaTopa K Mpou3BOJIbLHOMY
natacery uzobpaxenuii (qactp 1).

[IPAKTUYECKOM paboTe
17

IIp 47

IIp 17. ITpumeHnenne GUHAPHOTO
KJaccu(ukaTopa K Mpou3BOJIbHOMY

nataceTy u3obpaxenuii (dactp 2).

IIp 48

IIp 17. Ilpumenenue 6MHAPHOTO
KJaccu(ukaTopa K Npou3BOJILHOMY

naracery uszobpaxenuii (qacts 3).

Ip 49

[Ip 18. MHTennexTyanbHas o0padoTka
BUIEO (‘IaCTB 1).

OT4er 1o
MpaKTUYECKOn pabore

IIp 50

ITp 18. MHTenekryanbHast 06paboTka
BHUJIEO (qacn, 2).

18

IIp 51

ITp 18. MHTenekryanbHast 06paboTka
BHUJIEO (qacn, 3).

Mogyns 5 -
[IpenukTrBHAsA
AHAJIUTHKA
BPEMEHHBIX PsII0B

Jlex 22

Tema 20. OCHOBBI TEOpPUH
IPOTHO3UPOBAHUS BPEMEHHBIX PsIIOB

Jlex 23

Tema 21. CoBpeMEHHBIE METOIbI U
WHCTPYMEHTHI IPOTHO3UPOBAHUSA
BPEMEHHBIX PSAIOB

Jlek 24

Tema 21. CoBpeMEHHBIE METO/IbI U
WHCTPYMEHTHI IPOTHO3UPOBAHUS
BPEMEHHBIX PAIOB

CP

CamMOoCTOSTETbHOE U3YUYEHUE JTUTEPATYPhI
10 KypCY NpH MOATOTOBKE K MPAKTHUECKUM
paboTtam.

60

Tlp 52

IIp 19. Ilpencka3anue ieHbI aKTUBA Ha
OCHOBaHWU TpadKka U3MEHEHUs [IEHBI C

Otuer 110

PaKTUYEeCKO paboTe




Monayasb (pa3ae)

Bun
yueOHoi
padoThI

HaumenoBanue TeM 3aHATHIA
(yuedoHOl padoTHI)

Cemectp

Oo0nemMm,

Baniabl

HNHTepakTHB
, 4.

®opMbI TEKYLIETO
KOHTPOJIfA
(HauMeHOBaHHE
OLIEHOYHOI 0
cpeacTna)

UCII0JIb30BaHUEM HelpoceTH Ha | miar
(wacts 1).

19

IIp 53

[Ip 19. Ilpenckazanue 11eHbI aKTUBA Ha
OCHOBaHUU TpaduKka U3MEHEHUS [IEHBI C
HCITOJIb30BaHUEM HelpoceTH Ha 1 mar

(uacts 2).

IIp 54

[Ip 19. Ilpenckazanue 11eHbI aKTUBA Ha
OCHOBaHUH TpaduKka U3MEHEHUS IIEHBI C
HCITOJIb30BaHUEM HelpoceT Ha 1 mar

(uacts 3).

IIp 55

IIp 20. [Ipencka3anue 1eHbI aKTUBA Ha
OCHOBAaHMHU TpaduKa U3MEHEHUs LIEHBI C
HCTIOJIb30BaHUEM HEHPOCETH Ha HECKOIBKO

maros (gacts 1).

Ortuer 110

PaKTUYECKOH paboTe
20

IIp 56

IIp 20. ITpenckazanuie IeHbI aKTHBA Ha
OCHOBaHUU Tpadrika U3MEHEHUS IIEHBI C
HCII0JIb30BAaHUEM HEUPOCETH Ha HECKOJIBKO

maros (vacts 2).

IIp 57

IIp 20. ITpenckazanuie IeHbI aKTHBA Ha
OCHOBaHUU Tpadrika U3MEHEHUS IIEHBI C
UCIIOJIb30BAaHUEM HEMPOCETH HA HECKOJIBKO

maros (gacts 3).

ITp 58

[Ip 21. IIpencka3zanvie ieHBI aKTHBA Ha
OCHOBAaHMU TpaduKa U3MEHEHUS LIEHBI,
00BbEMa TOProB U IIEHBI CBI3aHHOTO
aKTUBA(MHJEKCA) C UCMOJIb30BAHUEM

Heifpocetn Ha 1 mar (4acts 1).

Otyer no
PaKTUYEeCKOi paboTe
21




Monayasb (pa3ae)

Bun
yueOHoi
padoThI

HaumenoBanue TeM 3aHATHIA
(yuedoHOl padoTHI)

Cemectp

Oo0nemMm,

Baniabl

HNHTepakTHB
, 4.

®opMbI TEKYLIETO
KOHTPOJIfA
(HauMeHOBaHHE
OLIEHOYHOI 0
cpeacTna)

IIp 59

IIp 21. [Ipencka3aHue LIEeHbI aKTUBA Ha
OCHOBAHMU Ipa(yika U3MEHEHUs LIEHBI,
00bEMa TOProB U IIEHBI CBI3aHHOTO
aKTUBa(MHJEKCa) C UCIOJIb30BAHUEM

Heifpocetn Ha 1 mar (4acts 2).

IIp 60

IIp 21. [Ipencka3aHue 1IEeHbI aKTUBA Ha
OCHOBAaHMU IpadyKa U3MEHEHUS LIEHBI,
00bEMa TOProB U IIEHBI CBSI3aHHOTO
aKTUBa(MHIEKCA) C UCIOJIb30BAHUEM

neitpocery Ha 1 mar (dacts 3).

IIp 61

[Ip 22. Ilpenckazanue 11eHbI aKTUBA Ha
OCHOBaHUU TpadyKa U3MEHEHHUS 1ICHBI,
00BEMa TOProB U LIEHBI CBSI3aHHOTO
aKTUBA(MHAEKCA) C HCIOIb30BAaHUEM

HelpoceTH Ha HecKOMbKO 1maroB (yacts 1).

Otuer 110

MPaKTHYECKON paboTe
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IIp 62

[Ip 22. IIpenckazanuie 1IeHbI aKTHBA Ha
OCHOBaHUU TpadyKa U3MEHEHHUS 1ICHBI,
00BEMa TOProB U LIEHBI CBSI3aHHOTO
aKTUBA(MHAEKCA) C HCIOIb30BAaHUEM

HefpOCeTH Ha HECKOIbKO maroB (4acTs 2).

IIp 63

[Ip 22. ITpenckazanuie IeHbI aKTHBA Ha
OCHOBaHUU TpaduKa U3MEHEHUS LIEHBI,
00BbEMa TOProB U LIEHBI CBSI3aHHOTO
aKTHUBa(MHAEKCA) C HCIOIb30BAaHUEM

HeHpOCeTH Ha HECKOIbKO maroB (Uacts 3).

TIp 64

[Ip 22. IIpencka3zaHuie IEHBI aKTHBA Ha
OCHOBAaHMU TpaduKa U3MEHEHUS LIEHBI,
00bEMa TOProB U IIEHBI CBI3aHHOTO




®opMbI TEKYLIETO
Bu N KOHTPOJIA
o HaumeHoBaHue TeM 3aHATHI Oo0nbem, HNHTepakTHB P
Monayasb (pa3gena) | y4ueOHoi N Cemectp banabl (HaMMeHOBaHuUe
(yuedoHOl padoTHI) u. , 4.
padoThI OLICHOYHOI'0
cpeacTna)
aKTUBA(MHJAEKCA) C UCIIOJIb30BAaHUEM
HelpoceTH Ha HECKOIbKO 1maroB (dacts 4).
ITA ITpomesxyTouHas arrecTanus 7 0,35 - -
Kontpons | Ok3ameH 7 35,65 - - Bomnpocsl k 3k3amMeny
Hroro:| 576




5. O6pa3oBaTesibHbIE TEXHOJIOTHH

B pamkax wusydenus nucuuiuimHbel «lIporpammupoBanue s 3a4ad HCKYCCTBEHHOTO
MHTEJUICKTA W aHajiu3a JaHHBIX» MPETyCMOTPEHO HCIOJIb30BaHUE CISAYIOIMIMX 00pa30BaTEIbHBIX
TEXHOJIOTUU:

®  TCXHOJOTHS TPAJAMIMOHHOTO OOY4YCHHS: JIGKIMM W TPaKTHYeCKue paboThl,
caMOCToOsITelIbHas paboTa;

®  TEXHOJOTHS MPOCKTHOTO OOYUYCHHS: pean3alis U 3allUTa OTYCTOB MO MPAKTUICCKUM
paboram.

6. MeToauuyecKue YKa3aHUusA 110 0OCBOCHUIO JUCHUIIIMHBI

6.1. PekxoMeHIa1IUM 110 NOATOTOBKE K JeKIMOHHBIM 3aHATHAM

N3yuenne IUCUMIIMHBI TpeOyeT CHUCTEMaTHMYeCKOro W IOCJIEI0BATENbHOIO HAKOIUICHUS
3HaHMM, CIIEIOBATEIbHO, IPOITYCKH OTAEIBHBIX TEM HE MTO3BOJISIFOT IITyOOKO OCBOUTH IIPEIMET.

B xoze neknuoHHBIX cienyeT oOpamjaTh BHHMaHHE Ha KaTeropuu, (HopMyJIHUpOBKH,
PAaCKpBIBAIOIIKME COJEpPKAHUE TEX WM HHBIX SBJICHHM M IIPOLIECCOB, HAy4yHbIE€ BBIBOABI M
IIPAKTUYECKHE PEKOMEHJALMU. 3aJaBaTh IIPENOJABATEII0 YTOYHSIOIIME BOIPOCHI C LENbIO
YSICHEHHUS TEOPETUYECKUX MOJI0KEHHUN, pa3pelIeHUs] CIOPHBIX CUTYalUN.

CTyZeHT MOXEeT JOIOJHUTh CIMCOK HCIIOJIB30BAHHOM JINTEPATYPbl COBPEMEHHBIMU
VMCTOYHMKAMH, HE NPEJCTABICHHBIMHU B CIIUCKE PEKOMEHJOBAaHHOM JIMTEPATYPHI, U B JaJbHEUIIEM
UCIOJIb30BaTh COOCTBEHHbIE MOATOTOBJIEHHBIE YueOHbIE MaTepuaibl IPU HAIMCAHUU KYPCOBBIX U
BBIIYCKHBIX KBATU(PUKAIMOHHBIX PaboT.

6.2. PexoMeHIAI[UH 110 MOATOTOBKE K MPAKTHYECKUM 3aHATHAM

CryzmeHTaM CleyeT JOBOJUTh KAKIYI0 MPAKTHYECKYI0 pPAadOTy 10 OKOHYATEIHHOTO
pelieHus, IeMOHCTPUPOBATh MIOHUMAHUE MTPOBEICHHBIX PACUYETOB (AaHAIM30B, CUTYAIUil), B cllydae
3aTpyAHEHUH 00paIaThCs K MPETo1aBaTeNo.

Jl7is Toro 4TOOBI MPaKTUYECKUE 3aHATHS MPUHOCHIN MaKCUMAIbHYIO TMOJIb3Y, HEOOXOIMMO
MOMHHTH, YTO YINPAKHCHHE W PEIICHHE 3a/Jad IMPOBOJATCS IO PACCMOTPCHHOMY Ha JIEKIIHSX
MaTepuanty U CBSI3aHbl, KaK MPaBUIIO, C JIETATBHBIM pa300poOM OTAENbHBIX BOMPOCOB JEKIMOHHOTO
Kypca. CregyeT NOAYEPKHYTh, YTO TOJBKO TIIOCIE YCBOCHHS JIEKIIMOHHOTO MaTepuaia C
OTIpeIeIEHHOW TOYKH 3peHHsI (2 UIMEHHO C TOHM, C KOTOPOW OH M3Jaraetcsl Ha JIEKIHUIX) OH OyneT
3aKPEIUIATHCS CTYJACHTOM Ha MPAKTHYCCKHUX 3aHATHSAX KaK B pe3yibTaTe OOCYKICHHUS M aHaIn3a
JIEKIIMOHHOTO MaTepHala, TaKk U ¢ MOMOIIBI0 pelIeHHs] MPOOIEMHBIX CUTyalui, 3agad. [Ipu »Tux
YCIIOBUSAX CTYACHT HE TOJIBKO XOPOIIO YCBOWT MAaTepHall, HO M HAy4HUTCS MPHUMEHSITH €ro Ha
MPaKTUKE, a TakKe MOJYYUT JOMOJHUTENBHBIM CTHUMYN (M 3TO OYEeHb Ba)XXHO) JIsl aKTUBHOM
MPOPa0OTKH JICKITUH.

[To pe3ynbraTramM BBIMOTHEHHS] PaOOTBI COCTABISETCS OTYET, KOTOPBIM MPU HEOOXOAMMOCTH
HY)KHO COIIPOBOXKJIATh KOMMEHTAPHUSIMH, CXEMaMH, YePTeKAMHU H PUCYHKAMH.

CnexyeT TOMHUTH, 4YTO BBHIMOJTHEHHE KaXKIOW pabOThl JOJDKHO JIOBOJUTHCS 1O
OKOHYATEIBHOTO JIOTHYECKOTO OTBETA, KOTOPOTO TPEOYET YCIOBHUE, U IO BO3MOKHOCTH C BBIBOJIOM.
[TomydeHHBIH OTBET ClIeyeT MPOBEPUTH CIIOCOOaMU, BHITEKAIOIUMHU U3 CYIIECTBA JaHHOW 3aauu.
[Tome3Ho Tarke (eciM BO3MOXKHO) pemiaTh HECKOJBKHMH CIOCOOAMH W CPaBHHUTH IOJydeHHBIC
pe3ynbTaThl. PemieHue 3amad JaHHOTO THMA HYKHO MPOJOJDKATh 10 MPUOOPETEHUS TBEPJbIX
HABBIKOB B MIX PEIICHUHU.

6.3. PekoMeHAallUH 110 IOATOTOBKE K IK3aMEHY

ITonroToBka K 9K3aMeHy CIIOCOOCTBYET 3aKpEIJICHUIO, YTIyOJIeH!I0 U 0000IIeHNIO 3HAHUH,
NOJIy4aeMBbIX, B Ipolecce 00ydeHHs, a TaKkKe NIPUMEHEHHIO UX K PEIICHHUIO NMPaKTHYECKUX 3ajad.
['oTOBsICK K 3K3aMEHY, CTYIEHT JUKBUIMPYET HMEIOLIMecs MpoOenabl B 3HAHUSX, YIIyOuser,



CHUCTEMATU3UPYET U YIOPSAOUYMBAET CBOM 3HaHMsS. Ha nk3aMeHE CTyJEHT NEMOHCTPUPYET TO, YTO
OH MPHUOOPEI B Iporiecce 00yUeHUs M0 KOHKPETHON yu4eOHOM TUCIUILINHE.

Heo0xomuMo OpueHTHPOBATh CTYJESHTOB Ha CUCTEMATHUYECKYIO MOATOTOBKY K 3aHSTHSIM B
TEUEHHE CEMECTpa, YTO TMIO3BOJUT UCIOJIL30BaTh BpeMs HK3aMEHAIMOHHOW CECCUM A
CUCTEeMAaTH3aIly 3HaHUMH.

7. OneHoYHbBIE CPeACTBA

7.1. IlTacopT OLIEHOYHBIX CPEACTB

Cemectp Koa xonTpoMpyemoi HanmeHoBanue
KOMIleTeHIMH (MJIH ee YacTH) OLIEHOYHOI0 CPeJCTBA
7 [1K-8 OTueTsl O MpakTHIeCKuM padboTtam 1-22
Bompocs k sx3ameny 1-50

7.2. TunoBblie 3alaHusl WJIM MHBIC MaTEepUalibl, H606X0}1HMBIC AJIA TEKYIIEr0 KOHTPOJIsA

7.2.1. Illpumep NpaKTHYECKUX PadoT

[pakTuueckas padbora Ne 1. burapHsIii kitaccudpukarop Ha noaHocBsi3HoM HC

Ienb: mocTpoeHne OMHAPHOIO KIACCU(PHUKATOPA C MOMOIIBIO MOJHOCBSI3HOW HEHPOHHOMN
CETH, OIPEIEIISIOINNA TUI IUTPYCOBBIX

3agaHue.

1. YcranoBuTe Bce HEOOX0AUMbIE OMOINOTEKH M UMIIOPTUPYHUTE UX B TPOEKT

2. BpINOMHUTE CUUTBIBAHUE U TPOCMOTP Habopa TaHHBIX

3. TNonroroBere nannbie. [IpoBepbTe, 4YTO MAaHHBIA HA0Op MdaHHBIX HE COJICPKUT
NPOMYIIEHHBIX 3HAUE€HHI U BBIOPOCOB.

Y6enureck, 4TO B JaHHOM HAOOpe TaHHBIX, KJIacChl cOaNaHCUPOBaHbI

BeinonHuTe KOAMpPOBaHUE METOK IieNeBoro kiacca nugpamu: 1 — ato anenbcud, 0 — 310
rperngpyt

PasbeinTe BClo BbIOOPKY Ha 0OyYatoLLyO U TECTOBYIO.

BeinonHuTe cTaHIapTU3ALNIO

4. 3anaiiTe MoJieNb MOJHOCBSA3HON HEHPOHHOM CETH ¢ ucnoiib30BaHueM ¢periMBopka Keras

B kadecTBe MOZENN MPENIAraeTCsi UCIOJIb30BaTh MOJEID C TPEMsI IIOJTHOCBA3HBIMU CIIOSMH.
[lepBoMy cnoro JaoKHA TepenaBaTbesi (GopMa BXOAHBIX JaHHBIX. Mcmonb3ylTe ¢yHKIUU
aKTUBAIMK JUIsI IEpBOrO M BTOporo cios relu. MyHKIUS aKTUBAIMM BBIXOHOTO CJOS JOJDKHA
BO3BpAaIlaTh BEPOATHOCTh MPUHAAIIEKHOCTH IK3EMIUISIPA LIEIEBOMY KIIacCy.

Hactpoiite mponecc obydenus. 3amaiite onTuMuzatop W (QyHKIU(-U) TOTEPb, KOTOPHIE
JIOJI’KHBI UCTIOJIb30BaTHCSl MOJIEINBIO, a TAKXKE BCE METPUKHU I MOHUTOPHHTA BO BpeMsl 00yueHus

5. Bemmonuute o0yuenue moaenu Ha 20 snoxax, 20 mporeHToB oOyyaromieil BEIOOpkH Oyner
MCIIOJIb30BAHO ISl OLIEHKH MOJIEH, BO BpeMsl 00ydeHusl, pa3mep nakera 32.

IToctpoiiTe npenckazanus U Bu3yanusupyite ux. [loctpoiite M rpaduk A BU3yalIn3aluuu
M3MEHEHHUS OLIEHKH MOJIENIM Ha Pa3HbIX dMO0XaX.

IIpaktuyeckas pabora Ne 2. MHOrokIaccoBblil KiaccupukaTop Ha nmonHocsszHol HC

Hens: Pa3paborath u 00y4uTh MHOTOKJIACCOBBIM KIACCU(PUKATOP C  IOMOIIBIO
MOJTHOCBS3HOM HelpoHHOH cetn (MLP) anst pacrio3HaBaHus pyKONUCHBIX HU(p 13 Habopa JaHHBIX
MNIST.

3amanue.




1. YcraHoBka OMOIMOTEK U UMIIOPT:

YcranoBute Bce HeoOxoaumbie onbmnoTeku: tensorflow (wmm keras), numpy, matplotlib,
sklearn.

Nmmoptupyiite ux B npoekT: tensorflow.keras.models, tensorflow.keras.layers,
sklearn.model_selection, sklearn.preprocessing, numpy, matplotlib.pyplot.

2. 3arpy3ka u 0030p nanabpix MNIST:

3arpy3ure Habop JTAHHBIX MNIST, UCIIOJIb3YsI BCTPOEHHBIE byHKIIN
keras.datasets.mnist.load_data().

IIpocMoTpuTE pasMEpPHOCTb 3arpy’KEHHBIX JAHHBIX (KOJIMYECTBO M300paXKEHUU, pazMepbl
HU300paKCHHM ).

BusyanuzupyiiTe HECKOJIBKO HPUMEPOB H300paKEHHH PYKONUCHBIX LU(PpP BMECTe C HX
HUCTUHHBIMU METKaMHU.

3. IloaroroBka AaHHBIX:

[IpoBepka Ha mpornycku u BeiOpocsl: Habop MNIST 00bIuHO HE COAEPIKHUT MPOIYIIEHHBIX
3HaueHui. Y6eaurech B 3TOM. BpIOpOChl B KOHTEKCTE M300paKEHUH MaJOBEPOSATHBI, HO MOXHO
MIPOBEPUTH, YTO 3HAYCHUSI MUKCEJIeH HAXOAATCS B JOIIYCTUMOM JHAara3oHe.

CoOanancupoBanHocth kiaccoB: HabGop MNIST xopomio cOamaHcupoBaH 1O Kiaccam
(xaxnas uudpa npeacTaBieHa MPUMEPHO OJWHAKOBHIM KOJIMYECTBOM MPUMEPOB). YOenurtech B
3TOM, IOCYUTAB KOJUYECTBO IPUMEPOB JUIS KXK10M LIU(PPHL.

KomupoBanue wmerok: WMcrtunnbie wetku (0-9) yke SBISIOTCS YUCHOBBIMH. Jliis
MHOTOKJIACCOBOW KJIaCCU()MKAIMK C MOMOIIBIO TOJHOCBSA3HOW CETH, UCIONB3YIOUICH ()YHKIIHIO
akTuBanuu softmax B BbIxogHOM cioe, one-hot encoding (mpsiMoe KOIWPOBAaHME) SIBISETCS
npeanouyTuTeNbHeIM. [IpeoOpasyiite meTku B ¢dopmar one-hot, rae, Hanpumep, mudpa '3' Oyzer
npencrasiena kak [0, 0,0, 1,0, 0, 0, 0, 0, 0].

Hopmanmszamus nwukceneid: [IpeoOpasyiiTe 3HaueHUs THKCENeH W300paxkeHHid (KOTOpBIC
00bIYHO HaxonaTcs B Auamasone 0-255) B nuanazoH [0, 1] unu [-1, 1], pazaenus Ha 255.0.

N3menenune ¢opmbl nanueix: [lnockue (flatten) nzobpaxkenus MNIST (28x28 nukceneil) B
OJIHOMEpHBIH BekTop (784 anmeMeHTa).

Paznenenne Ha BbIOOpkM: Paznmenure Bech HaOOp NaHHBIX Ha oOydaromytro (train) u
TecToBYIO (test) BoiOOpku. B GonpmmacTBe ciyyaeB MNIST yke mocraBnsieTcst pa3aeaeHHbIM, HO
yOenuTech, YTO y Bac €CTh OTAENbHbIN HA0Op A1 (PMHATBHON OLIEHKH.

4. TloctpoeHue MoIeH MOTHOCBA3HON HelipoHHoM cetn (MLP):

Ucnone3yiite ppeliMBopk Keras 11 cozaHust MOJENH.

Co3paiite Mozens Tuna Sequential.

JHobGaBwTe BxoaHO#M cioit: InputLayer unu Dense cioi, yka3piBaromuii input_shape=(784,).

Jlo6aBbTe Kak MHUHUMYM JBa CKpBITBIX MOJHOCBsA3HBIX (Dense) cnosa. Mcmonb3yiite
(GYHKIMIO aKTUBaLUU relu A1 CKPBITHIX CIIOEB.

Jlo6aBbTe BBIXOJHOU cioif: Dense cioif ¢ KOTUYECTBOM HEHPOHOB, paBHBIM KOJINYECTBY
kiaccoB (10 g MNIST). Ucnons3yiite dyHKIMIO akTUBaIMu softmax, koTopas OyneT BblaBaTh
BEPOATHOCTH NPUHAIEKHOCTH K Kaxkaomy u3 10 kimaccos.

Hacrpoiika mporecca o0yueHus:

- Onrumuszatop: Ucnons3yiite Adam miu SGD.
- Oynkius notepb: Jlias MHOTOKIIAcCOBOM Kkiaccudukanuu ¢ one-hot encoded
METKaMM UCTOJb3yiTe categorical crossentropy.
- Mertpuku: 3anaiite METpUKY accuracy AJis MOHUTOPHHTA BO BpeMsi 00y4eHUs.
5. ObOyuenue Monemnu:
O6yunte mozaenb Ha 20-30 smoxax.
Ycranosure pa3mep nakera (batch size) paBHbiM 32 miu 64.
Ucnonsayiite 20% oOyuatomei BEIOOpKH iis Banuaanuu (mapametp validation_split).
CoxpaHuTe UCTOPHIO 00ydeHUs (Pe3yIbTAThI TOX).
6. OreHKa U BU3yaIu3alus:
Crenaiite mpecka3aHus Ha TECTOBOI BEIOOpKe.



[Toctpoiite  rpadmk  u3MeHeHus TouHocTH (accuracy) ©  (QYHKIUU  TMOTEPh
(categorical crossentropy) Ha oOyu4aromiel 1 BaTUJAIMOHHON BHIOOPKAX IO ATIOXaM.

BusyanusupyiiTe HECKOJIBKO NpEACKa3aHHBIX HM300paXEHUH W3 TECTOBOW BBIOOPKH,
MOKa3bIBasi HCXOTHOE N300paKEHHUE, HCTUHHYIO METKY U MPEJICKa3aHHYI0 METKY.

Onenute 00IIYI0 TOYHOCTh MOJIETH Ha TECTOBOM BBIOOpKE.

[pakTudeckas pabora Ne 3. MHOTOKIacCOBBIN Kiaccupukarop Ha cBeprounoid HC

Lenb: PazpaboTtath U 00y4HUTh MHOTOKJIACCOBBIM KilaccH(PUKATOp Ha OCHOBE CBEPTOYHOU
Heiiponnoii cetn (CNN) 111 pacnio3HaBaHuUsI pyKONUCHBIX LGP nu3 Habopa nanasix MNIST.

3amanue:

1. YcraHoBka OMOIHOTEK M UMIIOPT:

VYcranoBute Bce HeoOxomumble OmOmmoreku: tensorflow (mmm keras), numpy, matplotlib,
sklearn.

Nmnoprupyiite ux B  mpoekt: tensorflow.keras.models, tensorflow.keras.layers,
sklearn.model_selection, sklearn.preprocessing, numpy, matplotlib.pyplot.

2. 3arpyska u 0630p ganabix MNIST:

3arpysute  Habop  maHHbix ~ MNIST,  wucnons3ys  BCTpoeHHBIE  (YHKIUH

keras.datasets.mnist.load_data().

[TpocMmoTpuTE pa3MepHOCTh 3aTPYKEHHBIX JaHHBIX.

BusyanusupyiiTe HECKOJIBKO MPUMEPOB H300paKEHUH PYKOMHUCHBIX IHUPp BMECTEe C HX
WUCTHUHHBIMU METKaMHU.

3. IloaroroBka JaHHBIX:

[TpoBepka Ha MPOITYCKH U BEIOPOCH: AHATIOTHYHO padore No2.

COanaHcupoOBaHHOCTH KJIacCOB: AHAJIOTUYHO padboTe Ne2.

KomupoBanue wmerok: Ilpumenure one-hot encoding x merkam meneBoro kiacca (10
Kiaccos, 0-9).

Hopmanuzanus nukceneii: [IpeoGpasyiite 3HaueHus nukcenei B auanaso [0, 1].

N3menenne Qopmbl naHHBIX: s CBEpTOYHBIX CETel JaHHBbIE JOKHBI UMETh (opmy,
COOTBETCTBYIOIYIO KaHajaMm uzoOpaxkeHus. Jns MNIST sto Oyaer (koimyecTBO M300pa)kKeHUIH,
BBICOTA, IIMPUHA, KOIUUYECTBO KaHajoB). [lns uepHo-0enoro nzobpaxkenuss MNIST ato (N, 28, 28,

1).

Paznenenne Ha BbIOOpkM: Pasnenure Bech HabOp AaHHBIX Ha oOydaromryro (train) u
TECTOBYIO (test) BEIOOpKH.
4. TlocTpoeHue MozaenH cBepTouHoi HeliporHOi cetn (CNN):
Ucnone3yiite ppeliMmBopk Keras 111 cozaHust MOJENH.
Co3paiite Mozens Tuna Sequential.
Cseprounsle ciou: JlobaBbTe Kak MUHUMYM JiBa Os0ka ceepTku (Conv2D) ¢ mocneayromum
cioem nynunra (MaxPooling2D).
Conv2D: Bribepute koiandecTBo GuUiabTpoB (Harpumep, 32, 64) u pazmep sapa (Harmpumep,
(3,3)). Ucnonp3yiiTe GyHKIUIO aKTUBALIUU relu.
MaxPooling2D: Ncnonp3yiiTe pa3mep OKHaA IMyJIuHTa (Harpumep, (2,2)).
Cnoii crnaxuBanus (Flatten): Ilocne cBepTounbix OnokoB moOaBbTe cioi Flatten mms
npeoOpa30BaHus IBYMEPHBIX KapT MPU3HAKOB B OJTHOMEPHEII BEKTOD.
[TonmHocBs3HbIe cron: J[00aBbTe OIMH MM J1Ba MOJHOCBA3HBIX (Dense) cios ¢ GpyHKIuei
akTuBanuu relu.
Breixognoii cnoii: Jlo6aBeTe BbIXOAHONW Dense cmoit ¢ 10 Heiiponamu u QyHKUIMEH
akTHUBauMu softmax.
Hacrpoiika nporiecca o0ydeHus:
- OnTtumuszartop: Ucnons3yiite Adam.
- Oynkius noteps: categorical_crossentropy.
- Mertpuku: accuracy.
5. ObOyuenue Monemnu:



OOyunte monmens Ha 20-30 smoxax.

Ycranosute pasmep nakera (batch size) papabim 32 wim 64.

Hcnonp3yiite 20% oOyuarorielt BBIOOPKH /17151 BaJTUIAIUH.

CoxpaHuTe UCTOPUIO OOYUEHHUS.

6. OneHka 1 BU3yalnu3aLus:

CrenaiiTe mpencKka3aHusi HA TECTOBOM BBIOOPKE.

[Toctpoiite  rpadmk  u3MEeHEHHMs ToyHOCTH (accuracy) W QYHKIMH  OTEPh
(categorical_crossentropy) Ha oOyuaroIeil 1 BaTHIAIIMOHHON BBIOOPKAX IO AMOXaM.

Busyanu3upyiTe HECKOIBKO TPEIACKA3aHHBIX W300paXCHUN U3 TECTOBOH BBIOOPKH,
MOKa3bIBask UICXOAHOE U300pakeHne, HICTUHHYIO METKY U IIPEICKa3aHHYIO METKY.

OrneHute 0OOIIYI0 TOYHOCTh MOJICIHM Ha TECTOBOM BBIOOPKE W CPABHHUTE €€ C TOYHOCTHIO,
JTOCTUTHYTOM B pabote No2 (MLP).

[Ipaktuueckas padora Ne 4. IIpenBapurtenbHblii aHanu3 AaHHBIX. Perpeccus, accomuanus,
aHomanuu ¥ Buszyanusauus. Ha npumepe naracera Turanuk

Lenb: BeimonHUT IpeiBapUTENbHBIN aHAIN3 JaHHBIX

3anaHue.

Hatacet "TutaHuk" coaepKuT uHMOPMAIUIO O Maccaxkupax Kopadss "Turanuk", BKIrOYas
uX nemMorpaduveckue JaHHbIe, KJI1acc OMIeTa, BO3pacT, MO, KOJIMYECTBO POJICTBEHHUKOB HA OOPTY
U (aKT BBDKUBAHMUSL.

HocrymHocTh B Oubnmmoteke Seaborn (sns.load dataset('titanic'))

Onenutb 00BEM W Ka4yeCTBO MAaHHBIX (HOMEHKJIATypa, TUIN JaHHBIX, HPOMYIICHHBIC
3Hau€HUs, BBIOPOCHI, N30BITOYHOCTH).

[Ipaktuueckas pabora No 5. HccnenoBanue BiMSHUS KauecTBa jJaTaceTa Ha padoTy
OuHapHOTro Ki1accudukaropa
[ensb: MccnenoBath BAMsSHUE KauecTBa JAHHBIX HA pe3ysbTaT paboThl HEHPOHHOM ceTn
3ananue.
1. BHectn uckaxxeHus B naraceT TUTaHHK.
IIponymieHHble 3HaUEHUS:
Br16pocsl (AHOMabHbIE 3HAYEHHUS):
Hy6nukatsl (IToBTOpsOMMEcs 3anucu):
HexoHncucreHTHOCTH
Ilepen BHECeHHEM MCKaKeHUIH HEOOXOAMMO COXPAHUTh KOIHMIO HCXOJHOIO AaTaceTa, 4YToObl
MO>KHO OBUIO CPaBHUTH PE3Y/IbTAThl aHAJN3Aa J0 U MOCJIE€ BHECEHUS NCKAKEHUH.
Ilenb cocTOUT HE B TOM, YTOOBI MOJHOCTHIO MUCIIOPTUTH J1aTaceT, a B TOM, YTOObI BHECTU
peaIMCTUYHbIE NCKAXKEHMSI, KOTOPbIE MOTYT BCTPEYAThCsl B PEAIbHBIX JTaHHBIX.

2. Ananm3 kadectBa MaHHbIX: Hammmmre Python-koa, KOTOpBINA BBISBISET M TOJCUYUTHIBAET
clIeAyIoMe NpobaeMbl B 1aTaceTe ([0 U MOociie BHECEHUS! HCKayKEeHHH ):
KonnuecTBo npomnyiieHHbIX 3HaY€HUI B KaXJI0M CTOJIOIE.
KonnyectBo BbiOpocoB B ctonOue fare (ompenenute mopor BbIOpoca, HampUMeEp, C
nomorpo merona IQR).
KonnyectBo BEIOpOCOB B cTOM01IE age (3HaueHus 6osbie 80).
KonnuectBo ny0amkaTos.
KoaruecTBo HEKOHCUCTEHTHBIX 3alKcel "BO3pacT - BbDKUBaHUE'.
3. Busyanmzarus 1aHHBIX:
ITocTpoiiTe rucrorpaMmy st cToidma age (C y4yeToM HpOIMYILEHHBIX 3HAYCHUH U
BBIOPOCOB).
[Toctpoiite ctonbuaryro nuarpammy it ctonbua embarked (¢ ydeToMm mpomyIIeHHBIX
3HAYCHHM ).
Hcnons3yiite boxplot 1 Bu3yanuzaum BEIOPOCOB B cTomoLe fare.



4. AHanu3 KaTeropuajJbHbIX IPU3HAKOB!

[Toctpoiite cronmbuaryro AuarpaMmy AJisg CTONOIA seX ¢ pazaeneHueM Mo survived
(moKa3bIBaeT 3aBUCMMOCTH BEDKHBAEMOCTH OT T10JIA).

[TocTpoiite cTombyaryro auarpammy st cronbma pclass ¢ pasgenenuem mo survived
(moka3bIBaeT 3aBUCMMOCTh BEDKMBAEMOCTH OT KJlacca OuiieTa).

5. ®opmynupoBka 3agaun MO:

Omnpexpenut 3aady MalIMHHOTO O0YYEHUS, KOTOPYIO MOXHO PEIIUTh C UCIIOIb30BaHUEM
9TOro JaTaceTa JI0 BHECEHMs] HMCKa)XeHUU (Hampumep, Mpejacka3aHue BBDKMBAHHS Ha OCHOBE
MIPU3HAKOB MacCaXXUpa).

VYka3atb 1eneByro nepeMeHnyo (survived).

[IpeuiokuTh METPUKY OIICHKH, NOAXOMAALIYIO JJsi BBIOpaHHON 3agaum (Hampumep,
accuracy, precision, recall, F1-score).

6. CrnpoektupoBaTh U 00y4HTh HelipoceTb (0 A MpeacKa3aHUsl BBDKUBAHMS IAaCCaXKUPa
Tutanuka Ha 6a3e UCXOAHOTO JaTacera.

CrpoexktupoBaTb M O0yuuTh HeHMpoceTb 1 ayid mHpencka3aHusi BBDKMBAHMS I1acCaXupa
Tutanuka Ha 6a3e UCKAKEHHOTO JaTaceTa.

PeanuzoBate paboTy ¢ HEHpOCETAMH B JMAJOTOBOM PEXHME — I0JH30BaTElIb BBOJUT
JaHHBIE TacCaKUpa U MOIy4YaeT OTBET, Hanpumep, Takoil: Helipocets 0 — BbimibLl, Heiipocets 1 -
YTOHYI

[Ipoananu3upoBath IpoIEecc U KauecTBO 00ydeHue Heripocereit 0 u 1

[IpoBecTr 5 BBIYMCIUTENBHBIX 3KCIIEPUMEHTOB B IEHTPE U C MPENEIbHBIMA 3HAYCHUSIMHU
YHCIOBBIX (BO3pacT) WJIM KBa3MUYUCIOBBIX (kjmacc Ounera 1,2,3) mapaMeTpoB MO KaXAOMY
U3MEPEHUI0. B KaXXI0M BBIYMCIUTEIHHO KCIEPUMEHTE BHIOMPATh W MOJAEP)KUBATH MOCTOSHHBIM
HOBOE COUYETaHHE HEYHCIIOBBIX TapaMeTpoB (TI0J, MOPT MOCAJKH U T.I1.)

ITpakTuyeckas pabora Ne 6. AHaIU3 IPOU3BOIBHOIO TAOJIMYHOTO JlaTaceTa

ens: Ananu3 kauecTBa JaHHBIX U BHECEHUE UCKAXXEHUW B MPOU3BOJILHBIN 1aTaceT

3ananue.

1. Ha pecypce Kaggle (wmm apyrom) BBINOJTHUTH MOWCK JaTaceTa Juisl 3ajad OWHApHOM
KJaccupUKalUU 0 TaOIUYHBIM Mpu3HakaMm. CoracoBaTh HalIEHHBIN JaTaceT C Mpeno/iaBaTeaeM.

[Ipumeps! nataceToB

Heart Disease UCI (wim apyrue Bapuainuu 3Toro naraceta): JlaHHble O cCepJeuHBIX
3a0oneBanusax. I[lpusnaku: Bo3pact, mos, KpoBsiHOE JaBJI€HHE, YPOBEHb XOJECTEpUHA, PE3YIbTaThl
OKT', nanunume crenokapauu. 3agada: [Ipenckasars Hanuuue cepaedanoro 3adoneBanus (0 wm 1).

Breast Cancer Wisconsin (Diagnostic) Data Set: XapakTepuCTHKH OIyXOJield MOJIOYHOM
xkene3bl. [IpusHaku: PasnuuHble mapaMeTpbl KJIeTOK (pa3mep, ¢opma, TeKCTypa, TIaAKOCTh,
KOMIIAKTHOCTb, CHMMETpUs, (hpakTaibHas pa3MepHOCTh). 3aaaya: KinaccupuuupoBaTh OMyXoJib Kak
3I0KadecTBeHHYI0 (malignant) unu goopokadectBeHnyto (benign).

Credit Card Fraud Detection: Tpan3akuuu 10 KpeAMTHBIM Kaptam. [Ipu3HaKH:
AHoHuMu3upoBaHHble npusHaku (V1-V28), BpeMs TpaH3aklIuu, CyMMa TpaH3akIUH. 3ajgaya:
Onpenenuts, BISETCS JIM TpaH3aKus MoleHHHYeckoi (0 unu 1).

Diabetes Dataset (Pima Indians Diabetes Database): /laHHbIe 0 XEHIIMHAX W3 IJIEMEHU
[luma u wHamuuue y Hux nuabdera. [lpusnaku: KommdectBo OepeMEeHHOCTEH, KOHIIEHTpaIUs
TJIFOKO3BI B IIJIa3Me€, KPOBSIHOE AABJIEHUE, TOJIIIMHA KOXKHOM CKJIaJKH TPUIIETICA, YPOBEHb UHCYIIHMHA,
MHJEKC Macchl Tela, reHeanornueckas GyHkuus quadera, Bospact. 3agayda: [Ipeackasath, eCTh i y
keHuHb 1uadet (0 umu 1).

2. Jlatp oOmiee omucaHuWe aaTaceTa — KaKWe JIaHHBIE COJICPKHUT, KaK MOXET OBITh
WCTIONIb30BaH JJIsi OMHAPHOW KJIacCU(UKAIIHH.

3. IIpoBecTn aHAINU3 JaHHBIX

BriBenuTe nepBbie HeCKoIbKO cTpok nartaceta (head()).

BriBenure obmryro wmHpopmanuio o gartacete (info()), 4TOOBI y3HATHh THUIIBI JTaHHBIX W
KOJINYECTBO HEHYJIEBBIX 3HAYCHUH B Ka)KJJOM CTOJIOIIE.




Onucarh Ka4eCTBO JIAHHBIX — MPOIYIIEHHBIC 3HAUCHUS, TYOTUPYIONINE CTONOIBI U T.1.

Hcnonw3ys describe() BbIBECTHM CTAaTUCTUYECKHE IIOKA3aTeNM Il YUCIIOBBIX CTOJIOIIOB
natadpeiiMa.

[TpoBecTn aHaTU3 KayeCcTBA YUCIOBBIX JTAHHBIX.

4. ChopmynupoBath 00ITHE BHIBOIBI

[IpakTuueckas pabora Ne 7. MccnenoBanue U BU3yaIHM3alys MPOU3BOIBLHOTO TAOJIMIHOTO
JaTacera

Lenb: UccnenoBanue n BU3yanu3anus 3aBUCUMOCTEN MPOU3BOJIBHOIO JlaTaceTa

3amanue.

Hcnonp3oBatk garacet paboThl 6

1. CopmynupoBaTh 1 060CHOBATH HE MEHEE 5 TUIIOTE3 OTHOCUTENBHO JAHHBIX J1aTaceTa

2. HccnenmoaTh jgaraceT Ha MpPEAMET MOATBEPKACHUS WM OMPOBEPIKCHUS THUIIOTE3.
Pe3ynbrarhl npeAcTaBUTh B BUJIE TEKCTOBOT'O OMKUCAHUS, AUArpaMM U IrpaduKoB.

3. Hanucarsp 3aximoyeHue

[Tpumep nis natacera Tutanuka (pparMeHT)

1. I'mnoressl

I'umotesa 1: bonee Boicokuit kinace karoThl (Pclass) yBenuunBaeT BepOITHOCTh BBKUBAHUSI.

I'umote3a 2: JKeHIMHBI BBDKUBAIH Yallle, YeM MY)KUHHBI.

l'umote3a 3: Ilaccaxkupsl ¢ OOJIBIIUM KOJIWYECTBOM POACTBEHHHKOB Ha OOpPTy HUMENU
MEHBIIIC IAaHCOB HA BHDKUBAHHUE.

I'umotesa 4: Monojble maccaxxupsl (IETH) BEDKUBAIIN Yallle, YeM OKHUIIbIE.

I'mmore3a 5: bomee Beicokas meHa Ownera (Fare) koppemmpyer ¢ 0Oojiee BBICOKOU
BEPOATHOCTHIO BEIKMBAHUS.

I'umotesa 6: [Topt mocaaku BIUSET HA BEPOSITHOCTh BBDKUBAHUS

2. UccnenoBanue nataceta U mpoBepKa TUMOTeE3
Hcnonw3ytorcs 6ubanorexku Pandas, Matplotlib u Seaborn.

IIpoBepka runores:
['nnoresa 1: bonee Bricokmii kiace karoThl (Pclass) yBennunBaeT BEpOSITHOCTb BEIKUBAHMUSL.

Msbl BUIMM, YTO BBDKHBAEMOCTh 3HAUMTEIBHO BBIINIE Ui TMAcCaXUPOB 1-ro Kjacca IO
CpPaBHEHHUIO CO 2-M U 3-M KJlaccaMUu. DTO TMOATBEPKIAET TUIIOTE3Y.
['unotesa 2: JKeHIIMHBI BBDKUBAIH Yallle, YeM MY>KUHHBL.

JKeHIMHBI BBDKUBAIM 3HAYUTENBHO 4Yalle, YeM MYXKXYHHBI. OJTO TaKXe MOJITBEPKIAeT
TUIIOTE3Y.

I'umotesa 3: [Taccaxupbl ¢ OOIBIIUM KOTUIECTBOM POJCTBEHHHKOB Ha OOPTY UMENIN MEHBIIIE
IIIAHCOB Ha BDKUBAHUE.

['padux moka3wIBaeT, YTO BHDKMBAEMOCTh CHauaja YBEJIIMYMBAETCS C POCTOM pa3Mepa CEMbU
(o ompeneneHHOr0 MOMEHTA), a 3aTeM CHWXKAETCs ISl OueHb OonbInmXx cemeld. Takum oOpasom,
TUTIOTE3a O TOM, YTO TOJBKO OOJBIINE CEMbH MMEIOT MEHBIIYI0 BEDKMBAEMOCTh, HE COBCEM BEpHA.
Cpennue 1o pazMepy ceMbu (2-4 yenoBeka) UMeNn OOJIbIIE IIAHCOB HA BBDKUBAHUE.

3akinro4eHne

Ha ocnoBe amamm3a maracera Titanic, HECKOJIbKO THMOTE3 ObUITM TOATBEPXKACHBL. B
YaCTHOCTH, YCTaHOBJIEHO, 4YTO OoJiee BBICOKHI Kiacc KaioThl (Pclass) 3HauMTENBbHO YyBEIWYMBAI
IIaHCHI Ha BbDKMBaHHE. JKEHIIMHBI BBDKUBAIN 3HAYUTEIBHO Yallle, YeM MY>KUYUHBI, YTO, BEPOSTHO,
CBSI3aHO C TPUOPUTETHOW HBakyarueil. MoJojple Mmaccakupbl TaKKe MMEIH HECKOJIbKO Oolsee
BBICOKYIO BBDKMBaeMOCTb. CyIIECTBYET KOppESLMsS MEXAYy LEeHOW Omiera U BBDKHMBAEMOCTBIO,
yKa3bIBaIOIasi Ha TO, YyTO Oosiee OoraThle MaccaXUpbl UMETH OOJbIle IAHCOB BBDKHTH. Pazmep



CCMbH TAaKXXC BJIMAJI Ha BBDKUBACMOCTb, HO HC TaK MPOCTO, KaK MNPCAIOIarajloCb M3HAYaAJIbHO.
Haccamﬂpm ¢ HEeOOJIBIIUMH U CpEAHUMHU CEMbSIMU HNMEIIN 0oJpllIe IIAHCOB Ha BBDDKMBAHUEC, YEM
OIWMHOKHC WK TMAaCCAXKUPBI H3 OYCHb OOJIBIIIMX CEMEIA. HOpT HoCaaKn TaKXKXE BJIMAI Ha
BBIDKMBAa€MOCTb.

[IpakTuueckas padora Ne 8. [pumeHenne OuHapHOTO KiaccuukaTopa K MPOU3BOIBHOMY
TaOJIMYHOMY J1aTaceTy

Lenp: Mcnonp3oBaTh OMHAPHBIN KiIacCH(PUKATOP /IS IPOBEPKHU TUIIOTES

3amanue.

[TpoBepuTh runOTE3bI PAOOTHI 7 C UCTIOIH30BAHNEM HEHPOHHBIX CETEH.

IIpaktuyeckas pabora Ne 9. AHanM3 aHIIUHACKOTO TEKCTa

Lenb: BeimoaHUTh HauaidbHYI0 0OpabOTKY aHTJIMKWCKOrO TEeKCTa ¢ Hcmosib3oBanuem NLP
WHCTPYMEHTOB

3agaHue.

0. Haiiti m 3akpenuTth 3a cOO00H Kakyr-1HOO KHUTY B TEKCTOBOM (aiie. Kuura momxHa
OBbITh U HA PYCCKOM U Ha aHTJIMICKOM SI3bIKAX.

1. 3arpy3uTth aHIVIMHCKYIO KHUTY

2. BBINIOJIHUTE TIOJCYET CIIOB

3. BBINOJHUTH MOJCYET YaCTOTHI BCTPEYAEMOCTH CJIOB, BbIBECTH TiepBbie 10

4. Ucnonb3oBate NLTK s TOKeHU3aUMK U yJali€HUs] CTOM-CJIOB. BBIMOMHUTH mojacuer
YaCTOTHI BCTPEYAEMOCTH CJIOB, BhIBeCTH TiepBbie 10. CpaBHUTH pe3ynbTar ¢ 1.3

5. BBINONHUTH JIEeMMaTU3alXo0. BBITOJHUTE NOACYET YacCTOThl BCTPEYAEMOCTH CJIOB,
BbiBecTH repBbie 10. CpaBHUTH pe3ynbTar ¢ 1.3 u 4

6. BBIMOIHUTH aHAIN3 TOHAIBHOCTH M HAPUCOBATh 00JIAKO CIIOB

ITpaktuyeckas pabora Ne 10. AHanu3 pycckoro Tekcra

ens: BpimonmHUTs HavaibHYIO OOpPaOOTKY PYCCKOTO TEKCTa C HcIoib3oBaHueM NLP
WHCTPYMEHTOB

3ananue.

0. Mcnonp30BaTh KHUTY HA PYCCKOM s3bIKe ¢ pabOTHI 9.

1. 3arpy3uth pyccKyro KHUTY

2. BBINOTHUTH MOACYET CIIOB

3. BBINOTHUTE TO/ICYET YaCTOTHI BCTPEUAEMOCTH CJIOB, BEIBECTHU TepBbie 10

4. Ucnonp3oBate NLTK g1t TOKEHM3alMK M yJaji€HUsi CTOM-CIOB. BBIMOTHUTH mojacuer
YaCTOTHI BCTPEYAEMOCTH CIIOB, BhIBeCTH TiepBbie 10. CpaBHUTH pe3ynbTar ¢ 1.3

5. BBINONHUTE JleMMaTHU3aluio0. BBIMOMHUTE TMOJACYET YaCTOThI BCTPEUYAEMOCTH CIIOB,
BbIBeCTH ItepBble 10. CpaBHUTH pe3ynbTar ¢ 1.3 U 4

6. HapucoBats 001ako cioB

IIpaktuyeckas pabora Ne 11. AHanu3 TOHaJIBLHOCTH PYCCKOT'O TEKCTa

[enp: BoIMOMHUTE aHANN3 TOHAIBHOCTH PYCCKOTO TEKCTA

3anaHue.

0. Hcrionp30BaTh KHUTY Ha PYCCKOM si3bIke ¢ paboTsl 10.

1. 3arpy3uTth pyccKyro KHUTY

2. AHaIM3 TOHAJIBHOCTY NEPBBIX 12 MpeuIoKEHUH C BBIBOJIOM PE3ysbTaTa

3. BBINOTHUTB aHAIN3 TOHAJIBHOCTU BCErO TEKCTA C BHIBOJOM CYMMapHOIO ITPOLIEHTA

IIpaktuyeckas pabora Ne 12. Kiaccuduxanus npemioKeHuid ¢ MOMOLIbI0 CBEPTOYHOMN
HelpoceTH




[ens: Pa3paboraTe u 00y4uTh CBEpTOUHYIO HelpoHHYIO ceTh (CNN) mis kinaccudukanm
TEKCTOBBIX IPEJIOKEHUH M0 UX CEMAHTUYECKOH MPUHAUIEAKHOCTH K PA3JIMYHBIM KaTErOpUiIM

3anaHue.

1. YcranoBka OMOIMOTEK U UMIIOPT:

YcranoBute HeoOxoaumbie 6ubmmoreku: tensorflow (mnmm keras), numpy, pandas, nltk
(wim gensim, spacy it mpenoopadoTku Tekcta), sklearn.

WNmnoprupyiite ux: tensorflow.keras.models, tensorflow.keras.layers,
tensorflow.keras.preprocessing.text, tensorflow.keras.preprocessing.sequence, numpy, pandas, nltk,
sklearn.model_selection, sklearn.preprocessing.

2. 3arpy3ka u 0030p Habopa JTaHHBIX:

Beibepute momaxonsmmii Ha0Op JAHHBIX IS KJIACCU(PUKAMHU  TPEITIOKEHUN
(manpumep, IMDB dataset mns amanm3a ToHampHOCcTH, 20 Newsgroups s TeMaTHYECKOW
KjIaccu(pUKAIMK, WK APYTON JaTaceT ¢ COOTBETCTBYIONIMMU METKAMH).

3arpy3ute gannble (Harpumep, u3 CSV ¢aiina ¢ momoirsio pandas).

W3yuute CTPYKTYpy AAHHBIX: TEKCTHI MPEIJIOKEHHH M MX COOTBETCTBYIOIIUE METKH
KJIACCOB.

3. IlpenoOpaboTka TeKcTa:

Tokenuzanus: Pa30eiite kaxkaoe npeniokKeHne Ha OTJelIbHbIE CJI0BA (TOKEHBI).

OuncTka Tekcra: YJaIWTe 3HAKH TMPENWHAHMSA, CIICHUAIbHBIE CHMBOJIBI, MPHUBEIUTE
TEKCT K HUKHEMY PETUCTPY.

VYnanenue cTON-cioB: Y TAIWTE YacTO BCTPEUAIOIIMECS CJIOBA, HE HECYIIUE 3HAYMMOTO
cMmebIcia (Hampumep, "the", "a", "is").

Jlemmaruzanus/Cremmunr: [IpuBenuTe cnoBa K ux 6a30Boi hopme.

Cosznanue cnoBaps: Co3naiiTe clloBaph BCE€X YHUKAIBHBIX CIOB B KOpIyCe, IPUCBOUB
KaXX/IOMY CJIOBY YHUKAJIbHBIH LEIOYHCICHHBIA HHIIEKC.

[TpeoOpa3oBanue TekcTa B ocieaoBarenbHocTU: [Ipeobpa3zyiite kaxaoe NpeiokeHue
B TI0CJIEJIOBATEIbHOCTD IEJTIOYNCIICHHBIX WH/IEKCOB CJIOB.

[Magnuur (Padding): Y6eautech, 4To BCe MOCIEAOBATEIHHOCTH HWMEIOT OJUHAKOBYIO
JUTMHY, OTIOJHSST OoJjiee KOPOTKME MocieaoBarebHOCTH HymsiMu (padding) unu obpesast Oosee
JuinHHBIE. OIpeaennTe MaKCUMaJIbHYIO JUIMHY MOCIIE10BaTeIbHOCTH.

4. IloctpoeHne CBEPTOUHON HEHPOHHON CETH JIIsl TEKCTA:

Hcnone3yiite dppeiimBopk Keras st cozganus moaenu.

Co3zmaiite Mmoaens Tuma Sequential.

Cnoit Embedding: Jlo6aBsTe Embedding cnoii. On Gyner oToOpaxarh HeI0YHCICHHbIE
MHJEKCHl CIIOB B IUIOTHBIE BEKTOpbI (3MOenauHru). Ykaxute input dim (pa3smep cioBaps),
output dim (pa3mepHOCcTb 3MOenauHra, Hapumep, 100-300) u input_length (MakcumanbHas qnHa
MOCJIE0BATEIBHOCTH).

Ceeprounsie crnou (ConvlD): JloGaBbTe oauH wiu Heckonbko crnoeB ConvlD. Onu
paboTtatoT aHasiornyHo 2D cBepTkam, HO JIJIsl OTHOMEPHBIX JaHHBIX (TekcTa). Mcnomp3yiiTe pa3Hbie
pasmepsl saep (filters) nis 3axBata n-rpamm paszHoi AMUHBI (HapuMep, 2-TpaMMbl, 3-rpamMMmsbl, 4-
TPaMMBl).

[Tynunar (GlobalMaxPoolinglD wumun MaxPoolinglD): Ilocie cBepTOYHBIX CIIOEB
NPUMEHNUTE MYJIUHT JUIs MOJIy4eHUs HamOojee BakHbIX Mpu3HakoB. GlobalMaxPoolinglD wacto
s dekTuBeH s Kiaccu (UK TeKCTa.

[TomrocBsi3HBIE ciou: JloGaBbTe OaWMH WM JABa MOMHOCB3HBIX (Dense) cmost ¢
¢bynkuumeit akrupanuu relu.

Brixoanoit crnoii: Jlo6aBpTe BbhixoaHON Dense cioii ¢ KOIMYeCcTBOM HEHPOHOB, paBHBIM
KOJINYECTBY KJIaccoB, W (yHKIMeW aktuBanuu sigmoid (s OuHapHOW Kiaccu(UKaLUU) WIH
softmax (111 MHOTOKJIaCCOBOH Ki1accu(UKaIg).

5. Hactpoiika u o0yueHue Moaenu:

Onrtummsatop: Adam.



Oynkius noTeph: binary crossentropy (s OMHapHOM KiaccH(PUKALMK) —WIH
categorical_crossentropy (st MHOTOKJIACCOBOIA).

Mertpuku: accuracy.

PaznenuTe naHHble HAa 00YYaIOLIYI0 U TECTOBYIO BBIOOPKHU.

OO0yunTe MO/IeTb, HACTPOUB THIIEPIIAPAMETPHI (KOJIMYECTBO 310X, pa3Mep O6arya).

6. OreHKa U BU3yaIu3alus:

Onenure MOAENb HAa TECTOBOW BBIOOPKE, MCIONB3YsS METPUKH (accuracy, precision,
recall, F1-score).

Busyanusupyiite rpaduk n3MEeHEHHU METPHUK 10 SI10XaM.

[TponeMoHCcTpUpYITE MpenCKa3aHus MOJEIN HAa HECKOJIbKUX MPUMEPAX NPeaIoKEeHHH
U3 TECTOBOM BBIOOPKH.

[pakTudeckas pabora Ne 13. ['eneparnust TeKCTa ¢ TOMOIIBIO PEKYPPEHTHON HElpoceTH

Henb: PazpaboraTte W 00y4HTH MPOCTYIO pPEKYppeHTHYIO HeiipoHHyto cetb (RNN) mms
reHepaluy HOBOI'O TEKCTa, OCHOBAHHOI'O Ha CTATUCTUYECKUX 3aKOHOMEPHOCTAX BXOJHOTO KOPIIyca.

3ananue:

1. YcraHoBka OMOIHOTEK M UMIIOPT:

YcranoBure HeoOxoaumble Oubnroreku: tensorflow (mwnu keras), numpy, nltk.

WmmnopTupyiite ux: tensorflow.keras.models, tensorflow.keras.layers,
tensorflow.keras.preprocessing.text, tensorflow.keras.preprocessing.sequence, numpy, nitk.

2. 3arpy3ka ¥ 0030p TEKCTOBBIX JIaHHBIX:

Br16epute npocToit TeKCTOBBIN KOPITyC (HaprUMep, HECKOIBKO TJIaB KHUTH, KOJUIEKITHIO
CTHXOB, HA0Op HOBOCTHBIX cTareii). HeOobIoi KOpImyc MIOMOXKET OBICTpEEe OOYIHTH MOJICTb.

3arpy3ure u NpOYUTANTE TEKCT.

3. IlpenoOpaboTka TeKcTa:

Toxenusarusi: Pa3beliTe Bech TEKCT Ha TOKEHBI (ClIOBa WM CUMBOIIBI). [[si Hadama
Jy4llle KCIOJIb30BaTh CUMBOJIbHYI0 TOKEHM3ALHMIO (CUMBOJI 32 CUMBOJIOM), TaK KaK OHa IpoUIe B
peanuzanuu u TpedyeT MEHbIIIE JaHHbBIX.

Coznanue cnoBaps: Co3iaiite ciioBapb YHUKaJIbHBIX CUMBOJIOB (MJIM CJIOB) U IPUCBONTE
KaKIOMY MHJIEKC.

ITogroroBka maHHbBIX 1iId Moaenn: Co3gaiTe IOCHEN0BATEILHOCTA  JIJIMHOM
sequence_length (nanpumep, 40-100 cuMBOJIOB), I€ BXOJHBIE CHUMBOJBI HCIOJIB3YIOTCS IS
IpesICKa3aHusl CIeAYIOUIEro CUMBOJIA.

Hampumep, ecnu sequence_length = 40, to Bxoxa: [char_1, char_2, ..., char_40],
BeIXO: char_41.

One-hot encoding: TIIpeoOpa3yiiTe BXOAHBIE IOCICIOBATEIILHOCTH ¥ BBIXOJHBIC
CcUMBOJIBI B popmat one-hot encoding.

4. TlocTpoeHue MOAETH peKyppeHTHOH HeliponHol cetu (RNN):

Hcnonwiyiite pperimBopk Keras 1uist cozgaHust MOJeNu.

Cospaiite moaens Tuna Sequential.

Bxognoit cnoii: Input cmoit ¢ shape=(sequence length, num unique chars), rne
num_unique_chars — KoJM4ecTBO YHUKAIBHBIX CHMBOJIOB B CJIOBApeE.

[Tpoctoit RNN cunoii: JIo6aBbte cioit SimpleRNN ¢ konudyecTBoM HEHPOHOB (€IMHULY)
(manpumep, 128-256). return_sequences=True MOXeT MOTPEOOBATHCS, €CIIM BbI IJIAHUPYETE
HCIIOJIb30BaTh HECKOJIBbKO RNN ciioeB noapsi.

BrixomHoii cnoii: Dense cioii ¢ KOTMYeCTBOM HEHPOHOB, paBHBIM num_unique chars, u
¢byHkMe akTtuBauuu softmax IS mpelcka3aHUsT BEPOATHOCTH Ka)XJ0ro CHMBOJA OBbITh
CJIEYIOILUM.

5. Hacrpoiika u 00y4eHre MOJIEIH:

Ontumuzarop: Adam.

OyHKIUS MOTeph: categorical crossentropy.

PaznenuTe moAroToBneHHbIE TaHHBIE HA 00YYAIOIIYIO U BAIUJAIIMOHHYIO BEIOOPKH.




OOyunTe MOAEnb, HACTPOMB THUIepHapaMeTpsl (KOJHMYECTBO 3MOX, pa3Mmep Oardya).
OOyueHue MOXXET 3aHsTh BpeMs.
6. I'enepauus Tekcra:
Hanummre ¢yHKUMIO U1 TeHepaluy TeKcTa.
Haunute c "3epHa" (seed text) — HeOONBIION HaAYalbHOM IMOCIIEAOBATEILHOCTH
CHUMBOJIOB.
[Tonaiite "3epHO" B MOJI€)Ib, YTOOBI MOTYYUTh BEPOSTHOCTH CIEIYIOIIETO CUMBOJIA.
BeiOepute ciemyromuii  cuMBOJI  (HampuMmep, COMIUIMPYS M3 pacupeieseHUs
BEPOSTHOCTEW WM BbIOMpasi HanboJjiee BEPOSTHBIN).
Jlo6aBbTe creHepupOBaHHBIM CHMBOJ K "3€pHY'", yJaJHMTe MEpPBbIA CUMBOJ "3epHA" U
IIOBTOPUTE MPOLIECC JIsl TEHEPALUU CIAEAYIOLIETO CUMBOJIA.
CreHepupyinTte TEKCT 3aJJaHHON JIJTUHBI.
7. Ananus pe3ysbTaToB:
OneHure KayecTBO Cr€HEPUPOBAHHOI'O TEKCTA: HACKOJIBKO OH YHUTaeM, €CTh JM B HEM
CMBICJIOBBIE TIATTEPHBI, IOXO0K JIU OH Ha UCXOJHBIN TEKCT.

[Ipaktuueckas padota Ne 14. [Ipumenenne LSTM nst reHepannu TeKcTa
Ienb: Pa3paboTars u 00yunth Mozaenb Ha ocHoBe LSTM (Long Short-Term Memory) ans
reHepanuu 0ojee KaueCTBEHHOTO U CBA3HOI'O TEKCTa IO CpaBHEHUIO ¢ rpocToil RNN.
3ananue.
1. YcraHoBka OMOIHOTEK M UMIIOPT:
Amnanoruuno padore Nel3: tensorflow (umm keras), numpy, nltk.
2. 3arpy3ka 1 0030p TEKCTOBBIX JIaHHBIX:
Hcnone3yiiTe TOT e (MK OOJBIINI) TEKCTOBBIN KOpITyC, 4TO U B padore Nel3.
3. IlpenoOpaboTka TeKcTa:

Toxenuzanus: VMcnonp3yiTe CUMBOJIBHYIO WIH ClIOBapHYyro TokeHuzauuto. s LSTM
CJIOBapHasi TOKEHU3allUsl MOXKET AaTh Jy4IlIUe Pe3yabTaThl, €CIU JaHHBIX JOCTaTOYHO.

Coznanue cioBaps.

[ToaroroBka manubix: Co3naiiTe mociuea0BaTeIbHOCTH JUTMHOM sequence length.

One-hot encoding BXoIHBIX MOCIEI0BATEILHOCTEH M BBIXOIHBIX CHMBOJIOB/CIIOB.

4. Tlocrpoenne moaenu LSTM:

Hcnons3yiite dppeiimBopk Keras.

Co3zmaiite Mmoaens Tuma Sequential.

Cnoii LSTM: Jlo6aBbTe OauH MM HecKoNbKo ciaoeB LSTM. Ykaxure KOJIMYECTBO
enuuul (Hanpumep, 128-256).

Ecnn ncnons3yere Heckosnbko LSTM croes, y Bcex, KpOMe MOCIIEHETO, YCTAHOBUTE
return_sequences=True.

Beixonnow cioii: Dense ciioil ¢ KOJIMYECTBOM HEHPOHOB, PaBHBIM pasMepy CI0Baps, U
dbyHKIMeN akTuBalu softmax.

5. Hactpoiika u o0yueHune Moenu:

OnrtummsaTtop: Adam.

OyHKIMS OTepk: categorical crossentropy.

Paznenure nanHbie Ha 00YYaIONIYIO U BAJIUAIIMOHHYIO BEIOOPKH.

OO6yuute monenb. Obyuenne LSTM moxer norpeGoBath OoJibliie BpeMEHHU U JIaHHBIX,
yem mpoctas RNN. Hacrtpoiite rumepmapamerpsl (KOJWYECTBO 3MOX, pazMep Oarda, CKOPOCThH
o0y4eHHUs).

6. I'enepanms Tekcra:

Hanumure QyHKIMIO 11 TeHEepaluy TeKCTa, aHaIOTHYHYyIo padoTe Nel3.

Haunwure ¢ "3epna".

Hcnonp3yiite oOyuennytro LSTM wmoxens ans  mpeackasaHus — CIEAYIOIIETO
CHMBOJIa/CJIOBA.

Crenepupyiite TEKCT 3aJJaHHOU IJTUHBI.




7. AHanu3 pe3ysbTaToB:
CpaBHMTE KaueCTBO CI€HEPUPOBAHHOI'O TEKCTA C TEKCTOM, CTEHEPUPOBAHHBIM IPOCTOM
RNN (u3 padotsl Nel3). Ouenure cBSI3HOCTb, IPAMMAaTUKy U CEMAHTHKY.

IIpaktuyeckas pabora Ne 15. CpaBHeHHE KadyecTBa TEKCTOB Ha BBIXOAE pa3HBIX
Moaudukaruii LSTM
Henb: HWccnemoBarh BAMSAHUE pa3iUyHbIX KOH(Urypauuid u wmogudukammii LSTM
(HampuMep, KOJIMYECTBO CJIOEB, KOJMYECTBO IOHWUTOB, HCMOJb30BaHWe Dropout, Bidirectional
LSTM) Ha ka4ecTBO reHepUpyeMOoro TeKCTa.
3amanue:
1. IMoaroroBka kopiyca U JaHHBIX:
Hcrnonp3yiiTe TOT e KOPIYyC M MOATOTOBKY JAaHHBIX, 4TO U B pabore Nel4. Yoenurecs,
YTO Yy Bac €CTh XOPOULIO MOATOTOBJICHHBIH HA0OP NaHHBIX Ui O0yUYCHHUS.
2. Coznanue u 00y4yeHue Heckonbkux mozaeneit LSTM:
Paspaboraiite 3-4 paznuunbie apxurektypbl LSTM:
bazoBas LSTM: Onna LSTM cnoii ¢ yMepeHHBIM KOJTUYECTBOM FOHUTOB (HaIIpUMeED,

128).
I'nmy6okas LSTM: JIa wiu 6onee LSTM cios.
LSTM c Dropout: Ho6aBbre Dropout cioun mocie LSTM wimu Dense cioeB s
00pBOBI C Iepeo0yueHuEM.
Bidirectional LSTM: Hcnonp3yiite Bidirectional(LSTM(...)) mist ydeTa KOHTEKCTa
KaK B IPSIMOM, TaK U B 0OpaTHOM HalpaBJIeHUH.
(Ommmonaneao) GRU: CpaBaute ¢ GRU (Gated Recurrent Unit), koTopas siBisieTcst
ynpouieHHo# Bepcueit LSTM.
JIu1st Kask10¥ MoJ1enu:
3anaiite apXUTEKTypYy.
Hactpoiite komnuisinuio (ontuMu3arop, GyHKIUS NOTEPb, METPUKH).
OOyuuTte Mojenb Ha OJHOM M TOM K€ Habope JaHHBIX, MCMOJIb3YyS OJMHAKOBOE
KOJIMYECTBO 3I0X U pa3Mmep Oarya (HaCKOJIbKO 3TO BO3MOXHO). Vcrnomnb3yiiTe paHHIOI0 OCTaHOBKY
(EarlyStopping) ni1st 6osiee TOUHOTO OTpeIeNeHUs] ONTUMAIBHOIO KOJMYECTBA JIOX.
Coxpanute 00y4eHHbIE MOJIENH.
3. T'eHepanus TEKCTOB:
Jlns kaxx10if 00y4eHHON MOJIENH:
Hcnonw3yiiTe oguHakoBoe "3epHo" (seed text).
Crenepupyite TeKCT PUKCUPOBAHHOM JJIUHBI.
4. OueHKa U cpaBHEHHE KaueCTBa TEKCTOB:
CyObekTuBHasI OLIEHKA:!
[TpounTaiite U cpaBHUTE CreHEPUPOBAHHBIE TEKCTHI OT KaXI0M MOJIEIH.
OneHnTe WX YHTAEMOCTH, CBSI3HOCTh, IPaMMAaTHYECKYIO TPABUIBHOCTh, HaJHUUE
CMBICJIOBBIX MTaTTEPHOB, COOTBETCTBUE CTHIIIO UCXOIHOTO TEKCTA.
OOBexTUBHAs OICHKA (OMIIMOHAIIEHO, O0JIee CIIoKHAas):
PaccunTaiite MeTpuku, Takue kak Perplexity (U1 OLleHKHM TOTO, HACKOJIBKO XOPOIIO
MoO/J1eJb MPEACKA3bIBAET MOCIEI0BATENbHOCTD).
([nsa Gonee nponsunytoit onenkn) Mcnons3yiite BLEU, ROUGE (xo1s oHM uarie
MPUMEHSIIOTCS [ 33/1a4 TIEpeBO/ia U CyMMapHU3allii, UX MOKHO aJalTUPOBATh).
Busyanuszanus:
[TocTpoiiTe Tpaduku m3MeHeHUsT METpHK (accuracy, loss) mo smoxam sl BCeX
MoJienel, YTOObI MOKa3aTh, KaK pa3Hble apXUTEKTypPhl 00yJalInCh.
5. BuIBOEHI:
Chopmynupyiite BbBOOBI 0 TOM, Kakas Moaubukamus LSTM (umm  apyras
apXUTEKTypa) [0Ka3ajla Haulydlllue pe3yabTaThl JUIsl JaHHOM 3a/1a4M FeHepaluu TEKCTa U I1oYeMy.



W3noxuTe CBOM B3IVIA[ HAa KOMIIPOMMCCBHI MEXKIY CIOKHOCTBIO MOJEIH, BPEMEHEM
00y4YeHMsI 1 Ka4eCTBOM I'€HEpaLUu.

[IpakTrueckas padorta Ne 16. AHaM3 IpOU3BOJILHOTO JaTaceTa N300paKeHUMA
enb: O3HaKOMUTBCS C TPOIECCOM HCCIECIOBAHUA M TPenoOpabOTKH MPOHU3BOIBLHOTO
Habopa JaHHBIX U300paKCHU.
3anaHue.
1. YcranoBka OMOIMOTEK U UMIIOPT:
YcranoBute HeoOxonumble OubmmoTeku: numpy, pandas, matplotlib, PIL (Pillow) umu
cv2 (OpenCV), sklearn (mst cTaTUCTHKK U pa3e/iCHHUs JaHHBIX ), 08, glob.
NmMnioptupyire ux.
2. BwiOop u 3arpy3ka maracera:
Bri6op naracera: Haiiaure wim co3naiite mpon3BoIbHBINA HA0Op JaHHBIX M300paKEeHUH.
DTO MOXET OBITh:
Coophuk (ortorpaduii pa3HbIX BUIOB IIBETOB.
®ororpaduu pa3IuIHbIX )KUBOTHBIX.
N300pakeHust pa3InIHbIX 00BEKTOB (HaripuMep, GpyKThl, MEOEIh).
Hatacer ¢ u300pakeHUSIMH, TJ€ MPHUCYTCTBYIOT WJIM OTCYTCTBYIOT OIpE/EICHHbBIE

OOBEKTHI.

CrpykTypa natacera: YOeaurech, YTO U300paK€HHs OPraHU30BaHBl TaKUM 00pazoM,
YTOOBI MX MOXHO OBLIO JIETKO 3arpy3uUTh (HallpUMep, B Markax MO KjaccaM, WIM B BUJE CIUCKa
(bailyioB ¢ COOTBETCTBYIOLIUMH METKAMH).

3arpy3ka uzoopaxenuil: Hanumure ckpunt i 3arpy3ku U300pakeHUHN U3 yKa3aHHbBIX
JIUPEKTOPUH.

3. UccnenoBarenbckuit ananu3 ganueix (EDA):

[TpocmoTp wm300paxkenuit: Busyanusupyiite ciyuailHylo BBIOOPKY M300pakeHUH u3
JaTacera, 4ToObl MOJIYYUTh 00IIee IPEICTaBICHNUE O COAEPKAaHUH U KaUYECTBE JTaHHBIX.

Pa3zmep nzobpaxenuii: Onpenenute pa3meps! (IIMPHHA, BBICOTA) BCEX M300paKeHUN B
natacete. [locTpoiiTe ructorpaMmy pacnpeneneHus pa3MepoB, YTOOBI BBISBUTH BAPUATUBHOCTD.

KonnyectBo wm3o0pakeHnit mno kiaccam (ecnu  npumeHumo):  Ecim  paracer
KJaccuuIupoBas, MpoBepbTe Oamanc kiaccoB. [locTpoiiTe cTonbOuaryto nuarpammy.

[IBeToBBIe mpocTpaHcTBa: OmpenenuTe, B KAKOM I[BETOBOM ITPOCTPAHCTBE HAXOIATCS
nzoopaxenus (RGB, Grayscale).

AHalu3 SPKOCTH/KOHTpAcTa (OMIMOHAIBHO): MOXHO paccuuTaTh CPEAHIOI SPKOCTh
WJIM KOHTPACT U300paKeHUH.

4. TlpenobpaboTka U300pakeHui:

[IpuBenenne Kk eauHOMy pasMepy: BriGepure craHgapTHBIM pa3Mep Al BCEX
u3o0pakenuii (Hanpumep, 224x224, 128x128). Bce uzo0OpakeHus, UMEIOIINE IPyTrue pa3Mepshl,
JTOJI’KHBI OBITH U3MEHEHHI (resize).

Hopmanuzanus: [Ipeobpa3syiite 3HaueHus nukcenel u3 auanasona [0, 255] B quanazon
[0, 1] wmm [-1, 1].

[TpeoOpa3oBaHue IBETOBOTO MPOCTpPaHCTBA (eciu HeoOxoaumMo): Ecnu Moaens oxuaer
OTIpeNIeTIEHHOE I[BETOBOE MpOCTpaHcTBO (Hampumep, RGB), ybGemutech, uTo Bce M300pakeHUS
IIPUBENIEHBI K HEMY.

AyrmeHTanus JaHHBIX (OMIIMOHAIBHO, IS TIOJTOTOBKM K CIEIyIOIIeH paboTe):
[Ipumenute O6a30Bble TEXHUKH AayrMEHTAllMU: CIy4allHbleé MOBOPOTHI, CHIBHUIH, OTpPaXEHUS,
MacITabupoBaHue. ITO MOXKET OBITh C/IEJIAHO 3/IeCh WM HEMOCPEICTBEHHO TIepel 00ydeHUEM.

5. Paspgenenue naHHBIX:

Paznenure mnpenobpaboTaHHble NnaHHbIE Ha oOydaromyro (train), BaJUJAIIMOHHYIO
(validation) u TecToBYyIO (test) BRLIOOPKH.

6. CoxpaHeHue npenoOopabOTaHHBIX JAHHBIX (OMIIMOHAIBHO):



Ecnu npenoOpaboTka 3aHMMAaeT MHOTO BPEMEHH, MOXKHO COXpPAaHHTb 0O0pa0OTaHHbBIE
N300paKEHHSI 1 METKH, YTOOBI HE BBIOIHATH 3Ty ONEPAIHIO KaXK/IBIH pas.

[Ipaktrueckas padora Ne 17. [Ipumenenune OMHapHOTO KiIaccU(pUKATOpa K MPOU3BOIHHOMY
JaTtaceTy u300paKeHun
Lenb: Pa3paGotarb u 0OyuuTh OWMHApHBIA KiIacCUPUKATOP HA OCHOBE CBEPTOYHOMU
Heiiponnoit cetu (CNN) i pemieHust 3a7a4d KJIacCHpHUKAIMKU HW300pakeHU Ha JBa Kjacca
(manpumep, "Hamumume oObekTa X" vs "orcyrcrBue oObekta X", "tmm 1" vs "tum 2"). Ilenbro
sBnsiercs npuMeHeHne 3HaHMM 0 CNN K pemeHuI0 pealbHOM 3aJaud  KJIacCHU(pHUKAIUU
HN300pakKeHU.
3anaHue:
1. YcranoBka OMOIMOTEK U UMIIOPT:
YcranoBure HeoOxomuMmble Oubmmoteku: tensorflow (wmu keras), numpy, matplotlib,
PIL (Pillow) uiu cv2 (OpenCV), sklearn (asst METpHK U pa3aeicHus JaHHbIX), 0S, glob.
NmMnioptupyire ux.
2. 3arpy3ka v MOATrOTOBKA IaHHBIX:
Boi6op naracera: Mcnonw3yiite nartacer, NOArOTOBJIEHHBIE B pabore Nel6, wnmm
HaliiuTe HOBBIK OWHapHBIA ngataceT wuzoOpakeHuil. Ecnim gartacer He sBiseTcs OWHAPHBIM,
Mo uUIIPYHTE €To, BRIOPAB J1Ba Kiacca JUIsl KitacCu(DUKaITIH.
[TpenobpaboTka: Beimonuute Bee maru npenoopadotku u3 padbotst Nel6:
[IpuBeneHue K eAMHOMY pa3Mepy.
Hopmanuzamus nukceneu.
®dopmupoBanue npaBuibHON pazmepHoctu st CNN (nampumep, (N, H, W, €)).
KoaupoBanue merox: Konupyiite Metku kiaccoB mudpamu: 0 mis oxHoro kiacca, 1
JUISL APYTOTO.
Paznenenue Ha BbIOOpKkuU: Pa3nenure naHHble HAa 0Oydaroulyro (train), BajauJIal[MOHHYIO
(validation) u TecToBy1O (test) BBIOOPKH.
3. Iloctpoenue GuHapHO# Ki1accupukanronHo CNN:
Hcnonw3yiite pperimBopk Keras.
Cozpnaiite moaens Tuna Sequential.
Cseprounblie Osoku: Jlo0aBbTe HECKOIBKO CBepTOUHBIX cinoeB (Conv2D) ¢ dyHkuumei
aktuBaiuu relu u cinoes mynunra (MaxPooling2D).
Crnoit crnaxxuanus (Flatten): TIpeoOpa3yiiTe BBIXOJT CBEPTOYHBIX CJIOEB B OJJHOMEPHBIN

BEKTOD.
[TomrocBsizubie cnou: JloGaBbTe OauMH WM ABa MOMHOCBI3HBIX (Dense) cmost ¢
¢byHkuueit akTupanuu relu.
Brixoanoii cnoit: Dense ciioit ¢ olHUM HEMPOHOM M (QYHKIMEW aKTHBAIMU Sigmoid.
Sigmoid BbIIaCT BEpOATHOCTH MPUHATICKHOCTH H300paxeHus K kiaccy "1".
4. Hactpoiika u 00ydeHue MOICIH:
Ontumuzarop: Adam.
OyHKIMS OTeph: binary crossentropy (Tak Kak 3ajauya OMHapHOW KJIacCU(pHUKALINN).
Mertpuxku: accuracy, Precision, Recall, AUC (Area Under the ROC Curve).
OO6yunute wmonenp Ha 20-50 »smoxax, HCMONb3ys BalMJALMOHHYIO BBIOOPKY JUIsS
MoHuTopHuHra. Hactpoiite pazmep 6arya.
PaccMmoTpuTe HCmonp30BaHMe ayTMEHTAIMH JJAHHBIX BO BpeMsi 00yueHust (Hampumep, ¢
nomomeio ImageDataGenerator B Keras) nns yBenuueHus pasmepa oOydaromieil BBIOOPKH U
ylydieHus: 0000maronie cnocoOHOCTH MOJIENH.
5. OneHka u BU3yanu3anus:
Ornenka Ha TecTOoBOM BbIOOpKe: CremaiiTe nmpeacka3aHus Ha TECTOBOW BBIOOPKE.
[Toctpoerne Matpuisl omubok (Confusion Matrix): Busyanusupyiite Mmatpuiy
OLIMOOK, YTOOBI IOHATh, KAKHE KJIACChl MOJIENb ITyTaeT.
ROC-kpusas u AUC: Iloctpoiite ROC-kpuByto u paccuutaiire 3nauenue AUC.



I'padux metpuk: Iloctpoiite rpaduku H3MEHEHHS TOYHOCTH, mnoTeph (loss) Ha
oOyuarolei ¥ BaJauIalMOHHON BEIOOPKaX MO MOXAM.

Busyanuzanus mnpenckazanuii: [lokakuTe HECKOJIBKO H300pakeHUH W3 TECTOBOM
BbIOOPKHU C UCTUHHBIMUM METKaMHM U MPEeACKa3aHHBIMU BEPOSTHOCTSIMU/KIJIACCAMHU.

6. AHanu3 pe3ysbTaToB:

[Tpoananusupyiite nony4eHHble METpUKH. HacKonbKO XOpOIIO MOJENb CIPABISAETCS C
3amaueii?, Kak ayrmMeHTanus NaHHBIX TOBIMSAJIA HAa PE3yJIbTaThI? [Ipemyioxure BO3MOKHBIE
yIIy4IIEHUS.

[Ipaktrueckas padota Ne 18. MHTennekryanpHas 00paboTKa BUICO

Lenp: Pa3zpaboTaTh U NPUMEHHUTH CUCTEMY KOMIBIOTEPHOTO 3PEHHSI JUIsI aBTOMAaTHYECKOTO
oOHapyXeHHsT M Kiaccudukanuu oO0BEKTOB THMa "aBromMoOwip"', "aBToOyc" m '"memexon" B
BUjconoToke. Llenpio siBisieTcss co3maHue paboTOCIIOCOOHOTO JETeKTOpa OOBEKTOB, CIIOCOOHOTO
paboTaTh B IMHAMUYECKUX YCIOBHUSIX PEAIbHOTO MHpPA, U OIIEHKa ero 3P (peKTUBHOCTH.

3anaHue.

1. Bbibop 1 moAroToBKa JaHHBIX:

* Bribop maracera: Haiinure wim chopmupyiite HaOOp BHICOIAHHBIX, COACPIKALIMX
CIEHbl C aBTOMOOWISIMHM, aBTOOycaMH U [emexoJaMu. PekoMeHAyeTcss HCHOJIb30BaTh
OOIIEIOCTYITHBIE /IaTaceThl, CHEIHMaIbHO IpPEJIHA3HAYCHHBIC /IS JIETEKTHPOBAHUS OOBEKTOB B
ropojckoii cpene (Hanpumep, COCO, KITTI, Cityscapes).

* AHHOTHpOBaHUE (MpU HEOOXOAUMOCTH): Eciau BbIOpaHHBIN aTaceT HE UMEET HYKHBIX
aHHOTalUi (OrpaHUYMBAIOIINE PAMKU BOKPYT OOBEKTOB C yKa3aHUEM KJIacca), BHIMOJIHUTE PYYHOE
AQHHOTHPOBAHME YAaCTH JAaHHBIX. DTO BKIIOYAET OTPHUCOBKY MPSMOYTOJIBHHUKOB BOKPYT Ka)JIOTO
1eneBoro o0bekTa (aBTOMOOUITB, aBTOOYC, MEIIeX0/]) U MPUCBOCHHE COOTBETCTBYIOIIETO Kiacca.

. Paznenennie nmansbix: Pazgenure aHHOTHpPOBaHHBIE JaHHBIE Ha OO0YyYaroIIylo,
BaJIMIALIMOHHYIO U TECTOBYIO BHIOOPKH.

2. BeiOop 1 HacTpoitka MOJIENIH IETEKIINH O0OBEKTOB:

* BriOop apxuTekTypbl: BpiOepure COBpeMEHHYIO apXHUTEKTypy HEMpPOHHOW ceTHu s
JIeTeKTUPOBaHUS 00BEKTOB. PekoMeH IyeMbIe BapHaHTHI:

- Opmnooaranneie nerekropsl (One-Stage Detectors): YOLO (v3, v4, v5, v7), SSD (Single
Shot MultiBox Detector), RetinaNet. Oxu GIcTpee, YTO BasKHO IS BUIEO.

- JlByxastamusie aerektopsl (Two-Stage Detectors): Faster R-CNN, Mask R-CNN. Yacto
0oJjiee TOYHbBIE, HO MEJIEHHEE.

*  Hcnonb3oBanue mnpenoOydeHHBIX BecoB: HauHuTe ¢ UCMIONB30BaHUS MOJENH,
npeno0yueHHON Ha Oosbiiom olmiem gatacete (Hampumep, ImageNet, COCO). 310 3HaYUTENBHO
YCKOPHT HIpoliecc 00ydeHHs U MOBBICUT ero 3¢ deKkTUBHOCTH (transfer learning).

* Apantauus k 3azgade: IlepeoOyunte (fine-tune) BBHIOpaHHYIO MOJENb Ha CBOEM
MOJITOTOBJICHHOM JIaTaceTe, UCIOIIb3Ys TOJIBKO Kiacchl "aBroMoOmib", "aBrodyc", "memexon".

3. O0y4eHme MOICITH:

* Hacrpoiika runepnapamerpoB: OmnpeneianTe onTUMaIbHbIe TUIIEpIapaMeTphl 00yUeHHUS,
Takhue Kak ckopocTh oOydenms (learning rate), pasmep Oatua (batch size), komuyecTBO 310X
(epochs), ontumuzarop (Adam, SGD).

» OyHKnus moteps: VMcnonp3yiiTe cTaHAapTHBIE (QYHKIWUU MOTEPh VIS TETCKTHPOBAHUS
00BEKTOB, KOTOpbIE OOBIYHO BKIJIIOYAIOT MOTepio kiaccudukamuu (confidence loss) u motepro
nokanuzamuu (bounding box regression loss).

*  Monwutopusr: OTClIeKUBaHTE METPUKH KauecTBa (CM. HUXKE) Ha BalWJallMOHHON
BbIOOpPKE BO BpeMs OOy4yeHus, 4ToObl NpenoTBpaTUTh IepeodyuyeHue (overfitting) u BbIOpaTh
HAWTYYIITYIO MOJIEITb.

4. ITpuMeHeHuE 1 OLIEHKA MOJEJIN Ha BUJIEO:

* OO0pabotka BUAeONOTOKa: HamuimmTe CKpUNT, KOTOPBIM 4YuTaeT Buieodailn kaap 3a

KaJI[pOM.




* Jlerekuusa Ha KaxaoMm Kajape: s KaKI0ro MpoOYMTaHHOTO KaJapa MOJANTE €ro Ha BXOL
0o0y4eHHOIl Monenu AeTeKuuu. Mojens NoJKHA BEPHYTh CIUCOK OOHapyKEHHBIX OOBEKTOB C HUX
OTpaHUYMBAIOLIMMH PaMKaMH, KJIacCaMH U YBEpeHHOCTHIO (confidence score).

*  Ouubrpanus pe3ynabratoB: OTOUIBTPYiiTe OOHApYKEHHUS C HU3ZKOH YBEPEHHOCTHIO
(nanpumep, Huxe nopora 0.5).

* Bwusyanmuzanus: Hapucyiite orpaHuuuBaroiye pamMKd U Ha3BaHMS KJIacCOB IOBEPX
UCXOJHBIX KaJIPOB BHUJICO.

* OneHKa METpUK:

- mAP (mean Average Precision): OcHOBHas METpHKa JJIsi OLIGHKH TOYHOCTH JIETEKIIUU
00BekTOB. PaccunThiBaeTcs OTIEIBHO IS KaXKOTO KJlacca, a 3aTeM YCPeAHSIeTCS.

- Precision & Recall: Ouenka gonu npaBuIbHBIX 0OHAPYKEHUH U J0JM 0OHAPYKEHHBIX
00BEKTOB OT OOLIETo YncIia.

- IoU (Intersection over Union): Mcmomb3yercss Aisi ONpEOENEHUS, CUUTACTCS JIH
oOHapyXeHHe BEpHBIM (CpaBHUBAETCS MepeceueHUe MPeCKa3aHHON U HCTUHHON PaMKH).

- FPS (Frames Per Second): Onienka ckopocTtu pabOThl MOJIEIH, KDUTHYECKH BayKHASI JIIS
00paboTKH BUJEO B PeabHOM BpEMEHHU.

5. AHanu3 ¥ ynny4IleHue:

*  [Ipoananu3upyiiTe mNONy4yeHHBIE pE3YNbTATHI: T/A€ MOJENb olIndaercs (JI0XKHBIC
cpabaThIBaHHUSI, TPOITYCKH ), HACKOJIBKO BBICOKA CKOPOCTH PabOTHI.

* Ilpennoxute BO3MOXHBIE MYTH YJIYYIICHUS: HCIOJIb30BaHHE Oo0Jiee MPOIABUHYTHIX
apXUTEKTyp, cOOp OOJBIIEr0 KOJWYECTBA PA3HOOOPA3HBIX JAHHBIX, AayrMEHTAls aHHBIX,
HM3MEHEHHUE TTapaMeTpoB MPeaoOpabOTKH HIIA MTOCT-00pabOTKH.

IIpaktuyeckas pabGora Ne 19. IlpenckazaHue ILieHbl aKTUBA HAa OCHOBAaHMU TIpaduka
M3MEHEeHHS [ICHBI C NCTI0Ib30BaHNEM HelipoceTr Ha 1 mar

Ienb: Pa3pabotath W 0OyYyuTh MNPOCTYIO HEHPOHHYIO CE€Th JUIsl MPOTHO3MPOBAHUS
CJIEAYIONIETO 3HAYCHHS IE€HBl aKTHBA, OMHUPAsICh WCKIIOYUTENLHO HAa MCTOPUYECKHE JAHHBIC €ro
[ICHOBBIX KOJIeOaHMit

3anaHue.

1. CO0p ¥ MOATOTOBKA TAHHBIX:

* BeiOepure onuH (UHAHCOBBIM AaKTHB (HAampUMEp, aKIMIO0 M3BECTHOW KOMIIaHMH,
KPHUITOBAIIOTY, BAIIOTHYIO Mapy) U HailiuTe ucropuueckue AanHele o ero nexe (Open, High, Low,
Close, Volume) 3a onpeneneHHbIN epuo.

* OcymectBuTe Mpe1oOpadoTKy TaHHBIX: OUUCTKA OT MPOITYCKOB, IPUBEIEHUE K HY)KHOMY
dbopmary, BO3MOKHO, HOPMATH3AINS WIN CTaHIAPTH3AINS [IEH.

* Cdopmupyiite mapbl "BXOJHBIC JaHHBIE - BBIXOJHBIE JAaHHBIE": BXOJHBIMU JAHHBIMU
OyIeT mocieAoBaTeIbHOCTh NPEAbIIyIuX LeH (Hampumep, 10-20 mpenbiaymux 3Ha4YeHHi), a
BBIXOJITHBIMU — CIIEIYIOIIIee 3HAaUE€HUE LIEHBI.

2. IlocTtpoenue moaenu:

* Hcnonp3yiite OMOIMOTEKY Uil MalIMHHOTO 0OyueHus (Hanpumep, TensorFlow/Keras
wiu PyTorch) nis moctpoenus npoctoit pekyppeHntHoil HeiiporHo# cetu (RNN), rakoii kak LSTM
(Long Short-Term Memory) niun GRU (Gated Recurrent Unit), uiu gake mpocTOi MOTHOCBSA3HBIHN
cinoit (MLP), ecnu mocienoBaTebHOCTh Oy1eT Mpeodpa3oBaHa B PUKCUPOBAHHBIN BEKTOP.

* Omnpeznenure apxXUTEKTYpy CETH: KOJUYECTBO CJIOEB, KOJIUYECTBO HEMPOHOB B KAXKIOM
cioe, GYHKINIO aKTHBAIUH.

3. O0y4eHne MOETH:

* Paznenute nanHpie HA OOYYAIONIYIO U TECTOBYIO BHIOOPKH.

* OOyuure HEHWPOHHYIO ceTh Ha oOyuwaromieil BBIOOpPKE, MCIONB3YS IOIAXOMASAILIYIO
¢dbyHkuio noreps (Hampumep, Mean Squared Error - MSE) u ontumuzarop (Hanpumep, Adam).

* HacrpoiiTe runepnapameTpsl MOAETH (CKOPOCTh OOYYEHHs, KOJIMYECTBO 3I0X, pa3Mep
0aT4a) [T TOCTHKEHUST HAWTYUIINX pe3yIbTaTOB Ha BaJTUAAIIMOHHON BBIOOPKE.

4. OueHka pe3yabTaToB:




* OueHUTe KA4eCTBO MpEACKAa3aHUN Ha TECTOBOH BHIOOPKE, MCIIONB3Ys] METPUKHU, TAKUE
kak MSE, RMSE (Root Mean Squared Error), MAE (Mean Absolute Error) niu R2.

* Busyanusupyiite peanbHble IIEHB U TPEACKAa3aHHbIC [IEHbl Ha TpaduKe IS HATJISTHON
OLIEHKH PabOThI MOJIEIH.

[Ipaktuueckass pabora Ne 20. [Ipencka3zanue IeHbl aKTMBa Ha OCHOBaHUU Tpaduka
M3MEHEHUS LIEHBI C UCTIOJIb30BAaHNEM HEHPOCETH HA HECKOJIBKO IIaroB
Lenb: PazpaGotatb u 0OyuuTh HEHPOHHYIO CE€Th, CIIOCOOHYIO MPOTHO3UPOBATH
MOCIIEIOBATEIHPHOCTh M3 HECKOJIBKMX OyIyIIUX 3HAYCHWH IICHbl aKTHBA, OCHOBBIBASICh HAa €ro
UCTOPUYECKON JUHAMUKE.
3anaHue.
1. COo0p ¥ mOArOTOBKA JTAHHBIX:
* Hcnonb3yiiTe Te ke naHHble, 4yTo 1 B padore Nel9.
* CdopmupyiiTe mapsl "BXOJHBbIE JaHHbIC - BBIXOAHBIC JaHHbIE": BXOIHBIMH JTaHHBIMU
OyJIeT TOoCIeqoBaTeIbHOCTh MPEAbIAyIuX IeH (Hampumep, 10-20 mpeaplaymux 3HAYEHUN), a
BBIXOJHBIMU — MOCIIEAOBATEIHHOCTh U3 HECKOJIBKHUX CIEAYIONIMX 3HAUeHUH LieHbl (Harpumep, 5-10
IIaroB BIIEPEN).
* Ilpu HEoOXOAMMOCTH aJanTHUpPYTEe MNpenoOpadoTKy MaHHBIX IOJ MHOTOIIATOBOE
IIPOrHO3UPOBAHHUE.
2. [loctpoenue Mmonemnu:
. Ucnonb3yiite pexkyppentHbie HeWponHble cetu (LSTM, GRU) wunmm npyrue
ApXHUTEKTYPBI, TOAXOSIINE s TeHEpaIMy ocienoBarensHocTel (Hanpumep, Encoder-Decoder).
*  ApxWTeKTypa [OJDKHAa OBITh cCrocoOHA BBIABATH NPEJICKA3aHHUS Ha HECKOJIBKO
BPEMEHHBIX 11aroB. Bo3MOKHbIE MOAXOMAbI:
- Recursive forecasting: OOyuuTh MOJCNIb TpeEACKa3bIBATh OJWH IIAr, a 3aTeM
MCIIOJIb30BAaTh MPEACKA3aHHOE 3HAUCHHE KaK BXOJ JUJISl CIIEIYIOLIEro MpeaCKa3aHus.
- Direct forecasting: O0yunTb Mo€Nb MPEACKa3bIBaTh Bce N 11aroB BIIEpE1 HAIPSIMYIO.
- Seq2Seq Mognens: Mcmonb3oBaTh KOAMPOBIIMK JUIsi  00OpabOTKM  BXOAHOM
MOCJIE0BATENBHOCTH U IEKOAUPOBIIMK JIJISl TEHEPALIMU BBIXOAHOM MOCIIE10BATENIbHOCTH.
3. O0y4eHne MoAeH:
. Ananormgao pabore Nel9, pasgenurte maHHBIE, OOyYUTE MOJETb, MOJOEPUTE
TUIepIapaMeTphl.
 DyHKIUSA TOTEPh OJDKHA KOPPEKTHO pPabOTaTh € MHOTOMEPHBIMH BBIXOJHBIMHU
naHHBIMU (Hampumep, yepeanennas MSE no BceM miaram).
4. OreHKa pe3ynbTaToB:
* OrmeHnTe Ka4ecTBO MpeICKa3aHWil A KaKIOro IIara MpOTHO3WPOBAHUSA, HCIONB3Ys
metpuku (MSE, RMSE, MAE).
* CpaBHUTE, KaK MEHSIETCSI TOUHOCTh MTPOTHO3a C YBEJIIMUEHUEM TOPU30HTA MPEJCKA3ZaHUS.
*  BusyanusupyiiTe peajbHbIe LIEHBI M TPEACKA3aHHBIC IOCIIEIOBATEIHFHOCTH IIEH Ha
rpaduke.

[Ipaktuueckass pabora Ne 21. [Ipencka3zanue IIeHbl aKTHBa Ha OCHOBaHUU Tpaduka
W3MEHEHUsI 1IeHbI, 00beMa TOPTOB M IIEHBI CBSI3aHHOTO AaKTHUBAa(MHIECAa) C WCIOJIB30BAHUEM
HelpoceTu Ha 1 miar

Hensb: ccnenoBark BIUsSHUE JOMOJHUTENBHBIX (PAKTOPOB, TAKMX KaK 00BEM TOPTrOB CaMOro
aKTMBAa M II€Ha CBS3aHHOTO AakKTUBa (HampuMmep, OUpPXKEBOro MHJEKCa), Ha TOYHOCTb
MPOrHO3UPOBAHUS 1ICHBI.

3aganue:

1. COo0op ¥ MOATOTOBKA JAHHBIX:

* BriOepuTe 11€71€BOI aKTHB.

 Haiigute ncropuyeckue 1aHHbIE O 1I€HE, 00BEME TOProB LIEJIEBOT0 aKTHBA.




* Haiiqute ucropuyeckue AaHHBIE O LIEHE CBA3aHHOrO akTuBa (Hampumep, S&P 500,
NASDAQ, ecnu 1eleBOM aKTUB — aKIUsi aMEPUKAHCKOM KOMIAHWU, WKW COOTBETCTBYIOLIUM
MHJEKC /ISl APYTOro phIHKA).

* IIpousBeanTe CHHXPOHU3AIMIO JAHHBIX IO BPEMEHH.

* BrmmonnuTe npeno0paboTKy: 04UCTKA, HOPMAIU3alus/CTaHJapTU3AIUS BCEX TPU3HAKOB.

* Cdopmupyiite mapsl "BXOAHBIC NAaHHBIE - BBIXOJHBIC JaHHBIC': BXOJHBIMU JTAHHBIMU
OyIeT MOCIe0BaTeIbHOCTh MPOILIBIX IIeH, 00BEMOB U II€H CBS3aHHOTO aKTHBA; BBIXOJHBIMH —
cleqyrolllee 3HaYeHUE 1IEHbI 11eJIEBOTO aKTHBA.

2. [locTpoenue Monenu:

* MHcnonwsyiite Heiponnbie cetu (LSTM, GRU), koTtopeie crmocoOHBI paboTath C
MHOTOMEPHBIMH BXOJHBIMH JIAHHBIMH.

* ApXUTEKTypa MOJEJIU J0JDKHA MPEAyCMaTpUBaTh BO3MOXKHOCTh 00pa0OTKH HECKOIBKUX
BXOJIHBIX TIPU3HAKOB HA KAXKIOM BPEMEHHOM IIIare.

3. OOyyenue Moaemnu:

* Paznenure naHHbIe.

* O0yunTe MO/eINb, UCTOIb3YsI MYIbTUBAPUAHTHBIC BXOIHBIC JaHHbIC.

* CpaBHHUTEe pe3yiabTaThl OOyUEHUsS W TMpeICKa3aHUN ¢ Mojenbio u3 padboTer Nel
(0Oy4eHHON TONBKO Ha II€HAX), YTOOBI KOJMYECTBEHHO OIEHUTHh 3()PeKT OT A00aBICHUS HOBBIX
MPU3HAKOB.

4. OneHka pe3ynbTaToB:

* O1eHUTE KAaYEeCTBO MPECKa3aHU Ha TECTOBOW BHIOOPKE, UCIIOb3Ysl METPUKH.

* [IpoBenuTe cpaBHUTEIBHBINA aHAIN3 MPOU3BOAUTEIHLHOCTH MOJIENHU € U Oe3 yueTra o0bema
TOPrOB U CBS3aHHOTO aKTHBA.

» Busyanusupyiite peanbHbie U MpeCKa3aHHbIE LIEHBI.

IIpaktuyeckas pabGota Ne 22. [lpenckazaHue IeHbl aKTUBA HAa OCHOBAaHMU Tpaduka
U3MEHEHHUs 1IeHbl, 0o0beMa TOProB W II€Hbl CBA3aHHOIO aKTHUBAa(MHIECA) C MCIOJIb30BAaHUEM
HENPOCETH HAa HECKOJIBKO I1aroB

Hemnb: OO6benuHuTh momxoasl u3 pador Ne20 m Ne2l, paspaboraB Momenb, KoTopas
IPOTHO3UPYET MOCIeI0BATEIbHOCTh OYIYIIMX 1I€H aKTHBAa Ha HECKOJIBKO I1aroB BIIEpE]l, yUUThIBas
IIPU 3TOM MHO>KECTBO BXOJHBIX (PaKTOPOB (LI€Ha, 00bEM, CBA3AHHBIN aKTHUB).

3agaHue:

1. Co0op ¥ MOATOTOBKA JAHHBIX:

* Hcnonb3yiiTe Te k€ MyJIbTUBAapUAHTHBIE JaHHBIE, YTO U B padoTe Ne2l.

* Cdopmupyiite mapsl "BXOIHBIE NAHHBIE - BBIXOJIHBIC JaHHBIC': BXOJHBIMU JTAHHBIMU
OyzaeT mocienoBaTeNbHOCTh MPOILUIBIX 1I€H, 0OBEMOB M LIEH CBSI3aHHOI'O aKTHBA; BBIXOJAHBIMH —
MOCJIEI0BATEIBHOCTh U3 HECKOJIBKUX CJIEIYIOIINX 3HAaYEHUH [IEHBI LI€JIEBOr0 aKTHBA.

2. IlocTpoenue Monenu:

* Hcnonp3yiiTe apXUTEKTypbl, MOAXOMAIINE JUIsi MHOTOIIATOBOIO IMPOrHO3MPOBAHUS C
MHOTOMEPHBIMH ~ BXOJHBIMH  JaHHBIMH  (Hampumep, Seq2Seq ¢ LSTM/GRU, wumm
CHeUalIn3UpOBaHHbIE MOJIENH JISI MYJIbTUBAPUAHTHBIX BPEMEHHBIX PSIJIOB).

* Mozenb A0KHA yMETh 00pabaThIBaTh HECKOJIBKO MTPU3HAKOB HA BXOJIE M T€HEPUPOBAThH
MOCJIE0BATENbHOCTh MPECKAa3aHUN Ha BBIXO/IE.

3. O0y4eHne MOETH:

e Pa3genure naHHEBIE.

* OOyuuTe MOAEb, ONTUMHU3UPYS €€ Ui MHOTOIIATOBOTO MPOTHO3UPOBAHMS C YUETOM
BCEX BXOJHBIX MPU3HAKOB.

» CpaBHUTE pe3yNbTaThl ¢ MOAETbI0 U3 paboThl Ne2 (MHOTOIIAroBO€ MPOTHO3MPOBAHUE
TOJIBKO IO LI€HE), YTOOBI OIIEHUTH JOOABOUHYIO [IEHHOCTh MYJIbTUBAPUAHTHOTO MOAX0/1A.

4. OueHka pe3yabTaToB:

* OueHuTe Ka4ecTBO MpPeCKa3aHui I KaXKJ0To [1ara IporHo3upoBaHHUsL.




* IIpoananusupyiite, Kak 1006aBICHNE HOBBIX IPU3HAKOB MOBIHIIO HA TOYHOCTDH MTPOTHO3a

Ha pa3sHbIX BPEMCHHBIX 'OPHU30HTAax.

* Busyanusupyiite peanabHble IEHBI U IPEICKA3aHHbIE [10CIE0BATEIbHOCTH LIEH.

TpeGoBanns k 0popMIIEeHUIO
OTuer HOKEH cojaepxkaTh MOJAPOOHOE omnucaHue (BkIoyas wumocTpanuu). OTuér mo
NPaKTUYECKOMY 3aHSTHIO BBITIOJHIETCS Ha CTpaHUIax Gpopmara A4 B 3JIEKTPOHHOM BHJIE.
[Tpu odopmieHun oT4ETa UCIIOJIB3YETCSl CKBO3HAS HyMepalus CTPAHMII, CUYUTAs TUTYJIbHBIH
JIMCT MEepBOM cTpaHuueid. HoMep cTpaHuLbl HA TUTYJIBHOM JIMCTE HE cTaBUTCA. HoMepa cTpaHHuIlbl
CTaBATCS 110 LEHTPY BBEPXY.
[Tpu opopmiennn otuéra codIOAATH CIEAYIOMINE TPEOOBAHUS:
e J[n1s 3aroI0BKOB: MOMYKUPHBIA PUQT, 14 0T, HIEHTPUPOBAHHBIM.
e Jlns OCHOBHOTO TEKCTa: HEXHUPHBINA mpUPT, 14 1T, BRIpaBHUBAHUE I10 IIHUPUHE.
e Bo Bcex cinyuasx tum mpudra — Times New Roman, orctyn a63ana 1.25 cM, noiayTopHbIi

MEXIyCTPOYHBIN UHTEPBAI.

o [losa: meBoe — 2 CM, IIpaBO€, BEPXHEC U HUIKHCC — 1 cm.

Kputepun onenkmn:

[Ipouenypa oueHuBaHus

OrneHka 3a mpakTU4YecKue padOThHI BBHICTABIISAETCS Ha OCHOBE MMCHbMEHHOTO OTYETa CTY/ACHTA.
HpenonaBaTenL MOXET HOTpCGOBaTI) CTyACHTAa HUCIHPAaBUThL 3aMC€YaHHusA I10 0(1)OpMJIeHI/IIO nim
COJIEp’KaHUIO OTUETA MO MPAKTHUUECKOH padorTe.

DopmbI Kpurepun u HopMbI OLIEHKH
TeKyLIero
KOHTPOJIA
OTtueTs M0 | «3a4TEHOY CTaBUTCSA  CTYJEHTY, KOTOpPBIA  MPOJEMOHCTPHUPOBAI
MPaKTUYECKUM pe3ynbTaThl  BBIMOJTHEHHUS  MPAKTUYECKOW  paloTHI,

paboram 1-22

COOTBETCTBYIOLIME MTOCTaBJIEHHBIM 3a/1auam, u
MPEeIOCTaBIII OTYET, OPOPMIICHHBIN JAOKHBIM 00pa3oM H
coJiep KaIIuii KpaTKoe OTHCaHue MOJTY4eHHBIX
pe3yIabTaTOB

«HEC 3a4YTCHO»

CTaBUTCA CTYJIEHTY, KOTOPBIA HE IPOJEMOHCTPUPOBAI
pe3yabTaThl BBINOJHEHUS MPAKTHUECKOW pabOThl WIN He
MPEACTABUII 110 HEM OTYET WJIM MPEJICTABICHHBIN OTYET HE
COOTBETCTBYET TPEOOBaHMIM M0 0POPMIICHHIO.

7.3. OueHoYHble CpeacTBa AJs NMPOMEXKYTOUYHOH ATTECTANMHU MO WUTOraM OCBOEHUSI

AUCHUITIIMHBI

7.3.1. Bonnpochl K NIPOMEKYTOYHOM aTTecTaluu

Cemectp 7
Ne Bonpocs! k 3k3aMeny
n/n
1 | OcHoBHBIE OHATHS UCKYCCTBEHHOTO HHTeIIekTa (MN).
2 | Bzaumocsszp MU ¢ paznuaHbIMU 00J1aCTSIMU HAYKU M TEXHUKH
3 | Onumute apxutektypy FCN, npuHIUIBI TPSIMOTO U 00OpAaTHOTO pacpOCTPAHEHUS
omnOku. [lpuBeaure npumep 3a1auu.
4 | Ha3oBute KiItoueBble IapaMeTpsl (CII0M, HEWPOHBI, AaKTUBALIMN) Y IPUHIUIIBI




MIPOCKTUPOBAHUSI HEHPOHHBIX ceTel s kiaccudukanuu. Kak oHM BIMSIOT HA MOJIEIb?

5 | Ilepeuncnute meroasl ontumuzanuu. Oowscaute L1/L2 perynspusanuio, Dropout u Batch
Normalization.

6 | Onummure HazHaueHue GyHkuui aktuBanuu. [IpuBenute npumeps! (ReLU, Sigmoid,
Softmax) u UX NpUMeHEHUE B PA3INYHBIX CIOSX.

7 | Haiite onpenenenus nepeoOydeHus 1 Heo00ydeHus. Ha3o0BUTE MPUYMHBI U METOBI
MIpeI0TBpAIEHUS epeoOyUeHusl.

8 | Camoopranusytomuecs cetu (SOM): O6bsicuute npuHIun padotsl SOM. B uem nx
OTJIMYHE OT MOJIHOCBS3HBIX ceTeil? [IpuBenuTe npumepsl npuMeHEHUsl.

9 | Knaccudukanus BusyaibHbIX 00pa3oB: Kakue npoGiieMbl BOSHUKAIOT P UCIIOIb30BAHUN
FCN nns knaccudukarum nzoopaxennii? [Ipeyioxkure nyTn ux penieHus.

10 | Ilepeuucnute u 0OBSICHUTE KIFOUEBBIE METPHUKHU Kilaccudukanuu (Accuracy, Precision,
Recall, F1-score, ROC-AUC). B kakux ciydasx Kaxaas u3 HuX HauboJsiee nH(popMaTHBHA?

11 | O6bsacHuTe Ha3HAUYECHHE 00yYaroIIeH, BAIUJAIIMOHHON U TeCTOBOW BHIOOPOK. Onumimre
npuHIUn k-01049HO Kpocc-BaMaanuu.

12 | Jlaiite onpeneneHue runeprnapametrpos. [IpuBeaute npumepsl 1 00bICHUTE UX BIUSHUE HA
oOydyenne. Ha3zoBuTe METOIbI MX HACTPOHKH.

13 | Haiite onpenenenue O6pabotku EcrectBennoro fA3bika (NLP). HazoBute 3-4 ocHOBHBIE
3a/1a4y, pemaeMsle ¢ noMoupro NLP, 1 KpaTko onumuTe OJJHy U3 HUX.

14 | OOBsACHHUTE KOHIICTIITUIO MOCIIH "MEIIKa CI0B" JJIs IpeicTaBlIeHus TeKcTa. KakoBhl e
OCHOBHBIE OTPaHUYEHUs?

15 | Onumwmte nBa ocHOBHBIX moaxona B Word2Vec: CBOW (Continuous Bag-of-Words) u
SKip-gram. B yem ux npuHIMNHAIBHBIC PA3JIMYUs M KaKyH0 33729y OHH PEIIaloT?

16 | Kakue ceMaHTHYECKHE U CHHTAKCUYECKHE CBOMCTBA CIIOB MOTYT YIIaBITUBATHCS
BekTopHBIMU TipencTaBieHusMu (Word Embeddings)? [lpuBenure nmpumMepsl.

17 | Yro takoe npeaBaputebHo o0yueHHbie (pre-trained) Word Embeddings (mampumep,
GloVe, FastText)? B ueM ux npeumyIiecTBo nepej 00yueHueM SMOEIMHIOB C HyJIs1?

18 | OnummTe apXUTEKTYpY M MPUHIUT paObOTH 0a30BOW PEKYPPEHTHOM HEHPOHHOM CeTH
(RNN). O6bsicauTe, Kak 00pabaThIBaeTCsl MOCIEI0BATEIHHOCTh JAHHBIX.

19 | KakoBa npobnema 3aryxaromux (vanishing) u B3peiBaromuxcs (exploding) rpaueHToB B
6a30BbIXx RNN? [Touemy oHa BO3HHKaeT?

20 | OObscaute apxutekTypy cetd LSTM. Onummmre Ha3HAYSHUE U IPUHIUAT pabOTHI
"Bentuieil" (gates) B LSTM-sueiike (3abbIBatonuii, BXOAHOMN, BBIXOJIHOM).

21 | Yro takoe nBynampasineHHas LSTM (BiLSTM)? Ins xakux 3agad NLP ona ocobenHO
s dexTrBHA U ToUeMy?

22 | OnmmmTe apXUTEKTYypy yrpaBisieMol pekyppeHTHoi sueiiki GRU. B uem e€ otinmuune ot
LSTM u kakoBbI €€ NpeuMyIIiecTBa/HeT0CTaTKN ?

23 | Kak moxHo ncrnonb3oBate RNN mimu LSTM st 3anaun kiiaccupuKanuy npeIoKeHHH?
Kakne 0co0eHHOCTH apXUTEKTYpPbI ¥ BBIXOJIOB MOJIEIM BaXKHBI JUIsL 9TOH 3a1a4n?

24 | Kparko onumute koHuenuio RNN-CF. Kakue "KOHTeKCTHbIE MPU3HAKH" MOTYT
WCTIOJIH30BATHCS M KAK OHU WHTETPUPYIOTCS] B MOJIEIH?

25 | Onummre o0IIyI0 apXUTEKTYPY CUCTEMBI MAIlTMHHOT'O TepeBojia Ha 0cHOBE Seq2Seq
mozenei (Encoder-Decoder). KakoBa ponbs sHKOEpa M Iekoiepa?

26 | Uro Takoe MexaHU3M BHUMaHM (Attention) 1 moYeMy OH CTaJl PEBOIIOIMOHHBIM B 3a/1a4ax
NLP, ocobenno B mammHHOM niepeBoie? Kak oH momoraer mozienu (poKycupoBarbes Ha
peNIeBaHTHBIX YaCTSIX BXOAHOM MMOCIe10BaTeIbHOCTH?

27 | ITomumo RNN, kakue apyrue moaxoasl (Hampumep, Ha ocHoBe Bag-0f-Words ¢ ML-
KJaccuukaTropamu, WM Ha ocHoBe Transformer) MOTyT UCIIOIB30BATHCS LIS
KJIacCU(DUKAIMK TTPETOKEHUT?

28 | Kparko onumute apxutektypy Tpanchopmepa. Kakue kimtoueBsie koMmoHeHTHI (Self-

Attention, Positional Encoding) nenatot ero MOutHeIM i1t 00pabOTKH




OCJIE€N0BAaTEILHOCTEN?

29

Uro Takoe mpeaBapuTeNIbHO 00y4ueHHbIe S3b1K0BBIe Moenu (PLMs) Tuna BERT, GPT? B
YeM UX OCHOBHAs Ui U IOYEMY OHM TaK YCHEIIHbI?

30

Omnumure nporecc "noodyuenus" (fine-tuning) nmpenBapuTeNbHO 00YIEHHBIX S3BIKOBBIX
MOJIeJIeN JUIsl pelIeHUsl KOHKPETHBIX 3a1a4d NLP

31

Kaxkue akTyanpHbIe HanpaBJIeHUs UCCIIe0BaHU 1 pa3BuThs B NLP BBl MOkeTe Ha3BaTh
(HarmpuMep, NOHUMaHKUEe AUAJIOrOB, FeHepalysl TEKCTa, BOIPOCHO-OTBETHbIE CUCTEMBI,
MyJbTUMOIabHble NLP)?

32

Uro Takoe 3aj1a4a pacro3HaBaHus 00pa3oB? ONUIIKTE OOIIYI0 CXEeMY PEIICHUS 3aauH
pacrno3HaBaHus 00pa30B, BKIFOUYAs 3TAIlbl MPEA00PaOOTKH, BBIACICHUS TPU3HAKOB H
KJIacCU(DUKAIINH.

33

OOBsicHHTE, UTO TaKOE MPU3HAKK B KOHTEKCTE pacro3HaBaHus oOpas3os. [IpuBeaure
IPUMEpPHI IPOCTHIX PU3HAKOB (HAIPUMEP, Kpasi, YIIIbl, IIBETOBBIE THCTOIPaMMBI) U Ooliee
cioxHbIX (Hanpumep, SIFT, HOQG).

34

Kak meton onopHbix BekTopoB (SVM) MokeT ObITh UCHIOIB30BaH JIs KiIacCU(PUKaUU
00pa3oB? OOBsicHUTE NPUHIHUIT PabOThl SVM, BKIIHOYas HOHATUE TUIEPIUIOCKOCTH
pa3JiesieHns U BEKTOPOB HNOACPKKU.

35

Onummre apXuTeKTypy cBepTouHoi HelipoHHoi cetu (CNN). O0bsicHUTE poiib
CBEPTOYHBIX CJIOEB, CI0€B MynuHra (pooling) u moaHOCBs3HBIX ciioeB B CNN st
00pabOTKH N300PAKCHUIA.

36

JleranpHO OOBSCHUTE Olepanuu cBepTKH (convolution) u mynuara (pooling) B CNN.
KakoBo nx Ha3HaueHNe U KaK OHU BIMSIOT HA MPEICTaBICHIE MPU3HAKOB U300paKeHUs?

37

[Ipuseaute npumepsl coBpeMeHHbIX apxuTekTyp CNN (Hanpumep, AlexNet, VGG,
ResNet, Inception) 1 KpaTKO ONMUIINTE UX KIFOUEBBIC OTIMYHS WIM HHHOBAIMH, KOTOPHIE
MO3BOJIMIIM JIOCTUYb JYUIIUX PE3YIbTATOB B PACIIO3HABAHUN 00Pa30B.

38

UYro takoe Transfer Learning (mepeHoc 3HaHU) U KaKk OHO PUMEHSETCS] B MAIIMHHOM
3penun? Onumute npouenypy fine-tuning (1oo0yueHus) npegoOdyuyeHHOH MOETH JIIs
HOBOM 33/1a4M KJ1acCU(UKaLMU U300paKeHUH.

39

[TomuMmo knaccudukanum n300paKeHHM, HA30BUTE M KPATKO OMUIIUTE APYTHE 3a7a4n
MAaIIMHHOTO 3pEHHs, TAKHE KaK JIeTeKTUPOBaHUE 00BEKTOB, CETMEHTAIIHS H300pasKeHHUH,
OTCJIE)KMBAHNE 00BEKTOB

40

Kakue ocHoBHBIE 3Tanbl mpego0padoTku n300pakeHUH UCTIOIB3YIOTCS Mepe moaaueii B
Mojienb pacriozHaBanus? [IpuBenure npumMepsl (HOpManu3alus, ayrMeHTalusl JTaHHBIX,
VM3MEHEHUE pa3Mepa).

41

Kakne ocHOBHbIE TPOOJIEMBI M OTPAaHMUYEHHSI CYLIECTBYIOT B 3a]lauax pacro3HaBaHMs
00pa30oB ¥ MAIIMHHOTO 3peHMs (HalpuMep, BAPHATUBHOCTh OCBEIIECHUS, paKypca,
Macitaba, okkiito3us)? Kak coBpeMeHHbIe METO/1bI BITAIOTCS UX PEIIUTH?

42

UYro Takoe BpeMeHHOU psia? ONUIINTE OCHOBHBIE KOMIIOHEHTHI BpDEMEHHOTO psijia (TpeH I,
CE30HHOCTh, IIMKJIMYHOCTD, IIyM) U METOBI €r0 JEKOMITO3UINH (aIIUTUBHAS U
MYJIbTUTUTMKATUBHAS MOJIEIIN).

43

OOBsCHUTE IOHATHE CTAIIMOHAPHOCTH BpeMeHHOTO psifa. [loueMy cTalinoHapHOCTH BaskHA
JUISL KIIACCMYECKHUX MOJieiel mporHo3upoBanusa? Kakue MeTopl HCIOIb3YIOTCS IS
MIPUBEJICHUS BPEMEHHOTO psiJia K CTAllUOHAPHOMY BHUY?

44

OrnumuTe TpuHIMI padoThl U KoMoHeHTHI Mosienn ARIMA (p,d,q). Kak onpenensitorcst
nopsiaku p, d, q? Ilpuseaure npumepsl 3anay, rae ARIMA Gyner ymecTtHa.

45

Mertpuku nporano3upoBanus: Kakue METpUKH UCTIONB3YIOTCS IS OIIEHKH Ka4eCcTBa
nporHo3oB BpeMeHHBIX psanoB (MAE, MSE, RMSE, MAPE)? O0bscHuTe UX pa3inuuus U B
KaKUX CUTYalMsIX Kak/1as U3 HUX MPEANOoYTHTEIbHA

46

Kakue HoBbIe mpu3HakH (features) MOXKHO M3BJI€Yb U3 HCXOJAHOTO BPEMEHHOTO psiaa s
UCIOJIb30BAaHUS B MOJEIISX MAIIMHHOIO 00y4eHus (HalpuMep, 3ana3blBatoliye 3HaueHus,
CKOJIb3SIIIIME CTaTUCTUKH, KaJleHAapHble pu3Haku)? [TpuBenure npuMepsl.

47

Kaxkue o6mume Mojenn MammHHOT0 00y4ueHus (HarpuMmep, THHEHHAs: perpeccus,




CITy4JalHBIH JIec, TPaAUEeHTHBIN OYCTHHT) MOTYT OBITh aIalITHPOBAHBI JJIS
MIPOTHO3MPOBAHUS BPEMEHHBIX psiioB? Kakre 0COOEHHOCTH UX MPUMEHEHHS B 9TOM
KOHTEKCTE?

48 | OOwscHUTE, ToUYeMy peKkyppeHTHbIE HelipoHHbIe cetr (RNN) u ux pasHosunnoctu (LSTM,

GRU) ocobeHHO MoAXOoAT 1)1 3374 IPOTHO3UPOBAaHUS BPEMEHHbIX PsiioB. KakoBbl
npeumyniectBa LSTM/GRU no cpaBuenuto ¢ mpoctbiMu RNN?

49 | ITomumo RNN-11ogo0OHBIX ceTeid, Kakue eIe HeMpoceTeBbIe apXUTEKTYphI (Harpumep, 1D

CNNs, Transformer-nojo0Hbie MOEI M) IPUMEHSIFOTCS JIJIsl aHAIK3a U IIPOTHO3UPOBAHHUS
BpeMEeHHBIX psa0B? KpaTko onummTe X NpeuMyecTBa.

50 | Yro takoe onHomiaroBoe (single-step) u MmHoromarosoe (multi-step) mporaozupoBanwe?

Kakue cyiiecTBytoT OCHOBHBIE CTPATE€rMy Ui Pealn3allii MHOTOIIarOBOro
IIPOrHO3MPOBAHUS (HallpUMeEp, peKypCUBHasl, IpsiMasi, MHOIOBbIX00Bast)?

7.3.2. Kputepuu 4 HOPMbI OLEHKH

dopma
NPOBeIeHUs
Cemectp . Kpurtepun u HOpMBbI OLICHKH
NMPOMEKYTOYHOM
arTecTalnu
7 DK3aMeH CraBuTCs CTYICHTY Ha dK3aMeHE, €CIIn

«OTIIUYIHO»

OH MCUEPIBIBAIOLIE U TPAMOTHO J1ajl
OTBETHI HA BOIIPOCHI HK3aMEHALIMOHHOT O
OusieTa Wiv Ipu OTBETE JOMYCTHI
HeOO0JIbIIYI0 HETOYHOCTh Ha 1 Bompoc,
HO MPU 3TOM CMOT TPaMOTHO OTBETUTH
Ha JIOTIOJIHUTEIbHBIE BOIIPOCHI TY,
IIPOSIBUBILEMY ITOJIHBIE 3HAHUS B
pamKax TpeOOBaHUN MOJTOTOBKHU IO
JUCLUILINHE, YCBOUBILEMY JIMTEPATYPY,
PEKOMEHTYEMYIO POTrPaMMON U
NOKa3aBIIEMY CUCTEMATHUECKUN
XapakTep 3HaHWil. B n3noxenuu
MaTepuaia U OTBETax Ha
JIOTIOJTHUTEIbHBIE BOIIPOCHI
JIONyCKaI0TCsl HEOOJIbIINE HETOUHOCTH

«XOpOILLIO»

CraBuTCS CTYIEHTY Ha 3K3aMEHe, €ClIu
OH HCYEPIIBIBAIOIIE U TPAMOTHO Jajl
OTBET Ha | BOIPOC 3K3aMEHAIlMOHHOTO
ousera, a Ha IPYroil TOJIIBKO TE3UCHBIE
BBICKA3bIBAHHA UJIW JOITYCTUII
HeOOoJIbIIIMe HETOYHOCTH PU OTBETE Ha
BOIPOCHI K3aMEHAI[MOHHOTO OUJIeTa U
JlaJl KpaTKHAE OTBETHI HA
JONOJTHUTCIIbHBIC BOITPOCHI

«KYyHOOBJICTBOPUTECIIBH
o»

CraBuTCs CTYIEHTY Ha 3K3aMEHE, €CIIN
OH HE CMOT J1aTh OTBET HA OJIMH U3
BOIPOCOB 3K3aMEHALMOHHOr0 OnieTa
WJIY OTBETHJI HA BCE BOIIPOCHI, HO IPH
9TOM OTBETBI COJEPKAIH TOJIBKO
TC3HUCHBIC BbICKA3bIBaAHUA

«HEY/IOBJIETBOPUTEI
bBHOY

CraBuTCA CTYIEHTY Ha 3K3aMEHe, eClu
OH HE J1aJl OTBET Ha BOMPOCHI




Cemectp

dopma
NMPoBeIeHUs
MPOMEKYTOYHOM
arTecTalnu

Kpurepun u HOpMbI OLIEHKHU

9K3aMEHAIIMOHHOTO OWieTa Uil B
OTBETE COJIEPIKAINCH
(hyHIaMEHTaIbHBIC OIITMOKHN




8. YueoHO-MeTOoAMUYECKOE M HH(POPMALIMOHHOE 00ecnedyeHrue TUCIHIIINHbI

8.1. O6s13aTesibHAsI JIUTEPATypa

Tun (yueOHuK, ydeOHOE

KoanuyecTtBO B

HAYYHOU
Ne nocodoue, yueoHo-
ABTOPBI, COCTABUTEH 3arsaaBue (3aroJioBoK) I'ox n3nanus ounodaunorexe /
n/n MeTOoHYeCKoe Mmocodue,
HaumeHoBaHue
NPaKTHKYM, JP.) 3EC

1. | CeicoeB JI. B. BBenenne B Teopuio HCKYCCTBEHHOTO VYuebHoe mocodue 2021 OBC «IPRbooks»
WHTEJUICKTA : yueOHoe rmocobue / /1. B.
Cricoes, O. B. Kypunra, /. K. [Ipockypus.
— Mockasa : Aii [Iu Ap Menua, 2021. —
170 c.

2 | Casonos C. H. Cucrembl HCKYCCTBEHHOTO MHTEIJIEKTA : YyeOHoe nmocodue 2023 3BC «IPRbooksy»
yuebnoe nocodue / C. H. CazonoB. —
VYIIBSIHOBCK : Y IbSHOBCKHUM
rOCyJIapCTBEHHBIA TEXHUYECKUI
yHuBepcuteT, 2023. — 84 C.

3 | Opnos A.W. VckyccTBEHHBIN HHTEIIICKT: SKCIIEPTHBIC Y4aeOHHuK 2022 3BbC «IPRbooks»
orieHkH : yaeOHuk / OpmoB A.W.. —
Mocksa : Aii [In Ap Menua, 2022. — 436
C.

4 | Pyukun B.H. CucTeMbI HCKYCCTBEHHOTO MHTEIUICKTA. Y4aeOHHuK 2024 3BbC «IPRbooks»

HelipoceTn 1 HEHPOKOMITBIOTEPHI : YUSOHUK
/ Pyuxun B.H., Koctpos b.B., CBupuna
A.I'.. — Mocksa : KYPC, 2024. — 288 c.




8.2. lonosiHMTEILHAS JIUTEPATYpPaA

Tun (yueOHUK, yueOHOE

KoanuyecTtBO B

HAYYHOU
Ne nocodoue, yueoHo-
ABTOPBI, COCTABUTEH 3arsaaBue (3aroJioBoK) I'ox n3panus ounodaunorexe /
n/n MeToauYecKoe mocooue,
HaumenoBaHue
NPAaKTHKYM, JP.) 3EC
1. | [HaBnos C. H. CucreMbl HCKYCCTBEHHOTO UHTEIJIEKTA. VY4eOHoe nocobue 2011 3bC «IPRbooks»
Yacts 1 http://www.iprbo
okshop.ru/13974.
html
2. | [Tanos C. H. CucreMbl HCKYCCTBEHHOTO HHTEIJIEKTA. VY4eOHoe nocobue 2011 3bC «IPRbooks»

Yacts 2

http://www.iprbo
okshop.ru/13975.
html




8.3. IlepeueHb mpogeccHOHANBHBIX 0a3 JaHHBIX U MH(POPMALMOHHBIX CHPABOYHBIX

cucTeM
HanmeHnoBanue Ccbuika
I
1. Springer Nature (ITonmnoTekcroBast https://www.springernature.com/gp/pr
KOJIJIEKIIMSI )KYPHAJIOB) oducts
2. Springer eBooks (ITomnoTekcroBast https://link.springer.com/

KOJUICKOHWA J3JICKTPOHHBIX KHUI' HU3aTCJIBCTBA
Springer Nature)

3. «Komeke» https://kodeks.ru/
4. Texakcnept https://cntd.ru/
5. Odunmanbubiii cadT pupmer 1C www.lc.ru
6. [Topran o ERP-cuctemMax M KOMILJICKCHOM www.erp-online.ru
aBTOMATH3AIMU TPEATPUSITHIA
7. 1C-butpukc  Pazpabotunkam —  LleHTp https://dev.1c-bitrix.ru/
MOJIJIEP’KKH pa3pabOTUYHUKOB
8. 1C. NHudopmalinoHHO-TEXHOJIOTUYECKOE https://its.1c.ru/
COIPOBOXKIICHUE
9. OdunmanbHbIf cait KOpIopamuu https://galaktika.ru/
«["amakTukay
8.4. [lepeueHb MPOrPaMMHOI0 o0ecneyeHu st
Ne Hanmenosanue IO PexkBU3HUTEI uorongpa
n/n (naTa, HOMep, CPOK JAeHCTBHA)
1 | Windows: moroBop Ne 757 ot 04.07.2018, cpok
WinPro 10 RUS Upgrd OLP NL Acdmc JEHCTBUS — OECCPOYHO;
2 | Office Standard:
Office Stdandard 2016 Russian OLP NL noroBop Ne 757 ot 04.07.2018, cpox
AcademicEdition JeUCTBHS — OECCPOYHO
3 | Python 3.11 Free Software

8.5. Onucanue MaTepuAIbHO-TeXHHYECKOH 0a3bl, HEOOXOAMMOI A5 OCYLIeCTBJEHHUA
o0pa3oBaTeIbHOIO MpoLecca 1o JMCUUIIMHE

HaunMeHoBaHMe 000pPy10BAHHBIX Y4eOHBIX
Ka0MHeTOoB, 1a00paTopHii, MACTEPCKUX U AP

Ne 00bEKTOB VISl IPOBEACHNUS MPAKTUYECKHUX H IlepeyeHb OCHOBHOIO
n/n JIA00PATOPHBIX 3AHATHI, TOMEIeHUH 1JIs1 odopynoBanust
CaMOCTOSITE/IbHOI Pa0d0ThHI 00y4aroIMXCH
(Homep ayauTOpHN)
VYyeOHast aynuropus s mnpoBedeHUs 3aHiATUl | CTOJABl  yYEHHUYECKHE JBYXMECTHBIE
JEKIIMOHHOTO THMa. Yd4eOHas ayauTopus s | (MOHOOJIOK), CTOJ
1 | mpoBesieHus 3aHATUH  CEMHHApCKOrO  THUIMA. | MPEnojaBaTelbCKUi, CTyN, JOCKa

VYuebHas ayIUTOpUs JUIs KYpPCOBO

MIPOCKTUPOBAHUS (BBITTOTHEHHUSI KYPCOBBIX pabdoT).
VYuebHas ayauTopus Al IPOBEACHUS TPYNIIOBBIX

ro | ayAuTopHas (MeyoBas), IpOEeKTop.



https://www.springernature.com/gp/products
https://www.springernature.com/gp/products
https://link.springer.com/
https://kodeks.ru/
https://cntd.ru/
http://www.1c.ru/
http://www.erp-online.ru/
https://dev.1c-bitrix.ru/
https://its.1c.ru/
https://galaktika.ru/

HaumeHoBaHue 000py10BAHHBIX YUYeOHBIX
Ka0OUHETOB, JJA00pPaTOPHil, MACTEPCKHUX M JIP.

Ne 00BbEeKTOB /IJIsl MPOBEACHUSA MPAKTUYECKUX H IlepeyeHb OCHOBHOIO
n/n JIa0DOPATOPHBIX 3aHATHI, IOMeLEeHU 115 odopynoBaHust
CaMOCTOSITEJIbHOM PadoThl 00y4arOIUXCH
(Homep ayauTopun)
U WHIUMBUIYaJbHBIX KOHCYNIbTaluh. YdeOHas
ayIUTOpHUs Ui TPOBEACHUS 3aHATHH TEKYyLIEro
KOHTPOJISI ¥ IpOMeKyTouHo# attectaruu. (YJIK-
413).
[Tomemienue a5 caMOCTOSTENbHOM pabOThI Croubl, cTyINbA, CTEIUIAXKHU (B T.4Y.
2 obyuaromuxcs (YJIK-105). BBICTAaBOYHBIC) C KHUTAMH,
KOMITBIOTEPHI, MOOMIIbHBIE paboyre
MECTA.
[Tomemenue a5t CaMOCTOSTENLHOM paObOTHI CToJbl KOMIIBIOTEPHBIE, CTYJIbS,
3 | obyuarommxcs (YJIK-406). MHKPOKOMITBIOTEPHI raspberry pi

32 hit.
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