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1. esab ocBOeHMS JUCUMILIIHHBI

HGJIB - yrﬂyﬁ]’[eHI/IG 3HaHUM U COBCPHICHCTBOBAHUC TIIPAKTHUYCCKUX HABBIKOB IIO
HCIIOJIB30BAHHUIO CUCTEM UCKYCCTBCHHOI'O MHTCIJICKTA.

2. Mecto aucuuniaunbl B crpykrype OIIOII BO

JIMcuMmiIuHel ¥ MPaKTUKHU, HA OCBOEHUM KOTOPBIX Oazupyercsd AaHHas AucuuruimHa: « Unix
u Linux oneparoHHble cucTeMbl», « THpOpMallMOHHbIE CUCTEMBI U TEXHOJIOTHI.

JIMCUMIUTUHBL U TPAKTUKH, JUISI KOTOPBIX OCBOEHUE JaHHOW TUCITUILIMHBI HEOOXOIUMO KaK
npeamectByomiee: «ObecreueHne KayecTBa KOoJa W KOJ PEBbIO», «OCHOBBI BBIYHCIUTEIBHBIX

CHCTEM», «BrIIONIHEHUE U 3aIIUTa BBIHyCKHOfI KBaHH(bHKaHHOHHOﬁ paGOTLI»

3. [lnanupyemMble pe3yJbTaTbl 00y4eHHs

®opmMupyembie U Nupukaropsl
KOHTPOJIMpyeMble AOCTHKEHUSI Ilnanupyemsble pe3yabTaThl
KOMIIEeTEeHIIUH KOMIIeTeHI Uil o0y4eHust
(ko4 1 HAMMEHOBaHUE) (kK01 ¥ HAMMEHOBAHUE)
ITK-8 Cniocoben [1K-8.1 3naer 3HaTh: COBPEMEHHbBIEC TEXHOJIOTUH

pa3pabaTsiBaTh U
alanTHPOBATh
NPUKJIAJHOC
POrpaMMHOE
obecrieueHue

COBPCMCHHBIC TCXHOJIOTNHU
pa3pa60TI<H Hn agalTanmumn

pa3pa60TKH Hn aganTannmu
IMPUKIIAAHOT'O TPOTPAMMHOTO

HIPUKJIATHOTO obecrie4eHns, UX JOCTOMHCTBA U

MIPOrPaMMHOTO HeIOCTATKH

obecneserns YMeTb: IPUMEHSTh COBPEMEHHBIE
TEXHOJIOTHH Pa3pabOTKH U
a/IanTaluy NPUKIaIHOTO
MIPOrPaMMHOTO 00ecIieueHus,
Bnaners: HaBBIKaM# TPUMEHEHHS
COBPEMEHHBIX TEXHOJIOTUI
pa3paboTKHU U aanTaiuu
MPUKJIAJHOTO IPOrPAaMMHOTO
o0ecnieueHus

[IK-8.2 Vmeer 3HaTh: KOMIIOHEHTHI IPUKJIAJHOTO

pa3palaThIBaTh, IPOrPaMMHOTO 00eCTIeYCHHS

ananTupoBatTh YMmeTh: pa3pabarbiBaTh,

KOMIIOHCHTBI alalITHPOBATh KOMITOHEHTBI

TIPHKIIaIHOTO NPUKIIAJHOTO MTPOTPAMMHOTO

TpOTPaMMHOT0 obecrieueHus

obecrieyeHus

Brnaners: HaBbIKaMu pa3pabOTKH U
ajlanTalyuyd KOMIIOHEHTOB
MIPUKJIATHOTO MPOTPAaMMHOIO
obecrieueHus

T1K-8.3 Bnaneer
HaBBIKAMHU Pa3pabOTKH
HPUKIIATHOTO
POTrPaMMHOTO
obecrieyeHus: Ha
COBPEMEHHBIX SI3bIKaX

3HaTh: TEXHOJIOTHH pa3paboTKu
IPOrpaMMHOTr0 oOecreueHus: Ha
COBPEMEHHBIX S3bIKaX
POrpaMMUPOBAHUS, METOIbI
aJlanTalyy IPUKIATHOTO
IPOrPaMMHOTO 0OeCTICUeHHS




dopmupyeMble U HNuauxaTopsl
KOHTPOJIHpYyeMble AOCTHKEHUS Ilnanupyembie pe3ybTaThl
KOMIIeTeHI[UH KOMIeTeHI Ui o0y4eHus
(Koa ¥ HAMMEHOBAHUE) (Koa ¥ HAMMEHOBAHUE)

IPOTPaMMUPOBAHUS, YMeTb: pa3pabaTbiBaTh
METOJaMH aJlalTalun nporpaMMHoOe o0ecrieueHne Ha
NPUKJIATHOTO COBPEMEHHBIX SA3BIKAX
HPOrpaMMHOTO pOTPaMMHUPOBAHUS, TPUMEHSTh
obecrieyeHus

MCTOJbI ajaliTaliuy IMPUKIaJHOTO
MIPOrpaMMHOTO 00eCTIeUeHUs
BnaneTs: HaBbIKaM# pa3pabOTKU
MIPOrPaMMHOTO O0eCTIeueHUs Ha
COBPEMEHHBIX SI3BIKAX
IIpOrpaMMHUPOBAHUA U METOAAMH €TO
aJlanTanuu




4. CTpyKTYypa U cofep:KaHMe JUCHUILTHHBI

DopMbI TEKYLLIET0

Bun HanmeHoBaHMe TeM 3aHATHI Oo0bem, HNurepakTus KORTPOI
Moayas (pa3aen) " N Cemectp Bbamabl (HanMeHOBaHHe
yueOHoii padoThI (y4eOHoi1 padoTHhI) q. , 4.
OLIEHOYHOI0
cpeacTBa)
Mopyns 1 — Jlek 1 Tema 1. BBefieHrEe B JUCUUILINHY 7 2 - -
Beenenue B (wacts 1).
MCKYCCTBEHHBIH | JTek 2 Tema 1. BBeeHue B JUCLIMILIMHY 7 2 - -
HHTEIIEKT, (uacts 2).
HCHPOHHBIC COTH M | . \1ocrosiTenbha | CaMocTosTeIbHOE M3y4YCHHE 7 60 - -
MALIMHHOC s pabora JUTEPATYPHI IO KYPCY MPH MOATOTOBKE K
0byuenue MIPaKTHICCKUM paboTam.
Monayns 2 - CamocrositensHa | Tema 2. [IpoexkTupoBanue 7 2 - -
3anaun g paboTa HEHUPOCETEBBIX APXUTEKTYP
knaccupukamun | CamocrositenbHa | Tema 3. OnTUMH3aIys HEHPOCETEBBIX 7 2 - -
1 pabora ApPXUTEKTYP
CamocrositenpHa | Tema 4. [loTHOCBA3HBIE HEUPOHHBIE 7 2 - -
s paboTa CeTH
CamoctositenbHa | Tema 5. CaMOOpraHu3yIOMIKAECs 7 2 - -
g pabora HEHpPOHHBIE CETH
CamoctostenbHa | Tema 6. Knaccudukanus Bu3yaabHbIX 7 2 - -
s pabora o0pa3oB
CamocrosiTensHa | Tema 7. YIipaBiieHUE U OIIEHKA KauecTBa 7 2 - -
g paboTa 00y4eHHUs HEHPOHHBIX CeTel
CamocrositenbHa | CaMOCTOSITENIBHOE U3YUEHUE 7 90 - -
g paboTa JUTEPaATYpPHI 110 KYPCY MPH MOATOTOBKE K
IMPAKTHICCKUM pa60TaM.
CamocrositensHa |IIp 1. bunaphsiil kinaccudukaTop Ha 7 2 - - Ortuer o
s paboTa nosHocssazHoi HC (wacts 1). MPaKTHYECKOM padboTe
CamocrositenpbHa |IIp 1. bunapusiii kinaccudukaTop Ha 7 2 - - 1




®opMbI TEKYyLIET0

Bun HaumenoBanue TeM 3aHATHI Oo0nemMm, HNuTepakTus KOHTpOIA
Monayas (pa3ae) . . Cemectp Bansl (HauMeHOBaHUe
y4eOHoii padoThI (yueOHO¥ padoThI) 4. , 4. OLEHOMHOTO
cpeacTsa)
st pabota nonHoceszHoi HC (uacts 2).
CamocrosarensHa |[Ip 2. MHOrokmaccoBslit 7 2 Oruer no
g paboTa KJaccugukatop Ha nonHocszHoi HC MpaKTHYECKOM paboTte
(vacts 1). 2
CamocrositensHa |I1Ip 2. MHOTOKIIaCCOBBII 7 2
s paboTa kiaccudukarop Ha nmosHocBszHoH HC
(wacts 2).
CamocrositensHa |I1Ip 3. MHOTOKIIACCOBBII 7 2 OtueT no
g pabota knaccudukarop Ha ceeprounoit HC MPaKTHYECKOl paboTte
(gacts 1). 3
CamocrositensHa |[Ip 3. MHOrokmaccoBbii 7 2
s paboTa knaccudukatop Ha ceeprounoit HC
(qacts 2).
CamocrositenvbHa |IIp 4. [IpenBaputenbHbIil aHATU3 7 2 Ortuer o
s pabora naHHbIX. Perpeccus, accouuanus, [IPaKTUUECKOM paboTre
aHoOMaJIMM 1 BU3yanusauus. Ha 4
npumepe naracera Turanuk (dacts 1).
CamocrositensHa |IIp 4. IlpenBapurensHbIil aHAINM3 7 2
g pabota naHHbIX. Perpeccus, acconumanus,
aHOMaJIMM U BU3yanu3anus. Ha
npumepe natacera Tutanuk (dacts 2).
CamocrosarensHa |IIp 4. IlpensapurensHblii aHAIN3 7 2
g paboTa naHHbIX. Perpeccus, accouumanus,
aHOMaJIMM U BU3yanu3anus. Ha
npumepe naracera Turanuk (dacTs 3).
CamocrositenbHa |IIp 5. MccnenoBanue BIUsSHUS KauecTBa 7 2 Otyer 11O

s paboTa

Jjatacera Ha paboTy OMHAPHOTO

[pakTUYecKon padbore




®opMbI TEKYyLIET0

Bun HaumenoBanue TeM 3aHATHI Oo0nemMm, HNuTepakTus KOHTpOIA
Monayas (pa3ae) . . Cemectp Bansl (HauMeHOBaHUe
y4eOHoii padoThI (yueOHO¥ padoThI) 4. , 4. OLEHOMHOTO
cpeacTsa)

xinaccudukaropa (vacts 1). 5

CamocrositensHa |IIp 5. MccnenoBanue BIusgHNASA KauecTBa 7 2

s paboTta JaTacera Ha paboTy OMHAPHOTO
knaccudukaropa (vacts 2).

CamocrositensHa |IIp 5. MccnenoBanue BIUsHUS KauecTBa 7 2

s paboTa JaTacera Ha paboTy OMHAPHOTO
xinaccudukaropa (vacts 3).

CamocrositensHa |[Ip 6. AHanu3 mpou3BOIHHOTO 7 2 OtueT no

s pabora TaOIMYHOTO JaTacera (‘IaCTB 1). MPaKTHYECKON paboTe

CamocrositensHa |IIp 6. AHaIM3 IPON3BOIBHOIO 7 2 6

s pabora Tabnu4HOro naracera (4acts 2).

CamocrositenbHa |[Ip 6. AHanu3 npou3BOJIBHOTO 7 2

51 pabora TabauyHoro aaracera (dacth 3).

CamocrositensHa |IIp 7. MccnenoBanue u BU3yanu3aius 7 2 OtueT no

g pabota MPOU3BOJIBHOTO TAOJIMYHOTO JaTacera MPaKTHYECKO paboTte
(gacts 1). U

CamocrositensHa |[Ip 7. MccnenoBanne v BU3yalin3anus 7 2

1 pabora MPOM3BOJILHOTO TAOIUYHOTO JlaTacera
(qacts 2).

CamoctositensHa |IIp 7. MccnenoBanue v BU3yaliu3anus 7 2

s paboTa MPOM3BOJIBLHOTO TAOJIMYHOTO JaTacera
(wacts 3).

CamocrosrensHa |[Ip 8. [Ipumenenne 6uHapHOrO 7 2 Oruer no

s pabora KJaccu(ukaTopa K Mporu3BOIBHOMY MPaKTUYEeCKO paboTe
TabnuuHOMy jatacery (dacts 1). 8

CamocrosarensHa |[Ip 8. [Ipumenenne 6GuHapHOTO 7 2

g paboTa

KJ1accupuKaTopa K IPOU3BOILHOMY




®opMbI TEKYyLIET0

MIPaKTHICCKUM paboTam.

Bun HaumeHoBaHue TeM 3aHATHIA Oo0nbem, HNuTepakTus KOHTPOIS
Moayas (pa3aen) . . Cemectp Baanabl (HauMeHOBaHMe
y4eOHoii padoThI (yueOHO¥ padoThI) 4. , 4.
OI[€eHOYHOI0
cpeacTsa)
TabnuuHOMYy jatacery (dacts 2).
CamoctositensHa |IIp 8. [Ipumenenne GuHapHOTO 7 2
g paboTa KJ1accu(puKaTopa K IpOU3BOILHOMY
TabIMYHOMY fatacety (4acts 3).
Mopyns 3 — CamocTtositenpHa | Tema 8. BBenenue B 00paboTKy 7 2 - -
O6paboTka s paboTa €CTECTBEHHOTO SI3bIKa
€CTECTBEHHOI'O CamocrositenbHa | Tema 9. BekTopHOE IpeicTaBieHe 7 2
SI3BIKA s paboTa cioB. Word2vec
CamocrosrensHa | Tema 10. Knaccudukarus 7 2
g paboTa PeI0KEHUI
CamoctosrenbHa | Tema 11. PekyppeHTHbIE HEHPOHHBIE 7 2 - -
g paboTa cetu RNN
CamocrositensHa | Tema 12. PekyppeHTHBIE HEHPOHHBIE 7 2 - -
g pabora CETH C KOHTEKCTHBIMH MTPU3HAKAMU
RNNCF
CamocrositenbHa | Tema 13. CeTH ¢ A0AT0M KpaTKOCPOYHOU 7 2 - -
s paboTa namateio LSTM
CamocrostensHa | Tema 14. /IByHanpasinennsie LSTM 7 2
s paboTa (BILSTM)..
CamocTostenbHa | Tema 15. YpaBiseMble peKyppeHTHbIE 7 2
s paboTa aueiiku (GRU)
CamocrositenbHa | Tema 16. MalmmMHHBINA TIEPEBOJ 7 2
s paboTa
CamocrositensHa | Tema 17. CoBpeMEHHBIE TCHICHIINH U 7 2
g paboTa oyayuiee NLP
CamoctositenpHa | CaMOCTOSITETEHOE U3yYEHUE 7 94 - -
1 pabora JUTEPATYpPBI 110 KYPCY HpH MOATOTOBKE K




®opMbI TEKYyLIET0

Bun HaumenoBanue TeM 3aHATHI Oo0nemMm, HNuTepakTus KOHTpOIA
Moayas (pa3aen) . . Cemectp Baanabl (HauMeHOBaHMe
y4eOHoii padoThI (yueOHO¥ padoThI) 4. , 4. OLEHOMHOTO
cpeacTsa)

CamocrositensHa |IIp 9. AHanu3 aHIIMIICKOro TEKCTa 7 2 Oruer no

s pabora (gacts 1). [PaKTHYECKON paboTre

CamocrositenbHa |[Ip 9. AHanu3 aHTIIMIICKOTO TEKCTa 7 2 o

st pabora (vacts 2).

CamocrositensHa |IIp 9. AHanu3 aHTIIMHACKOTO TEKCTa 7 2

s pabota (qacts 3).

CamocrositensHa | [Ip 10. AHamu3 pycckoro Tekcra (4acTh 7 2 Oryer 1o

s pabora 1). [PaKTHYECKON paboTre

CamocrositenbHa |TIp 10. AHanu3 pycckoro Tekcra (4acTh 7 2 10

s paboTa 2).

CamocrositenbHa | IIp 10. Ananu3 pycckoro Tekcra (4acTb 7 2

s paboTa 3).

CamocrositensHa |IIp 11. AHann3 TOHAIBHOCTH PYCCKOTO 7 2 Oruer no

s paboTa TEeKCTa (qaCTB 1). MpaKkTU4YeCKon padboTe

CamocrositensHa |[Ip 11. AHanu3 TOHATBHOCTH PYyCCKOTO 7 2 11

st pabora tekcra (yacth 2).

CamocrostensHa |IIp 11. AHann3 TOHAJIBHOCTH PYCCKOIO 7 2

s paboTa tekcra (4acts 3).

CamocrosrensHa |[Ip 12. Knaccudukanus npenioxeHuit 7 2 Oruer no

s pabora C IOMOIIBIO CBEPTOYHOM HENMPOCETH [PaKTHYECKON paboTre
(wacts 1). 12

CamocrosrensHa |[Ip 12. Knaccudukamus npeioxeHuit 7 2

s paboTta C TTIOMOUIBIO CBEPTOYHON HEHPOCETH
(vacts 2).

CamoctositenpHa |I1p 12. Knaccudukarius npeioxKeHmit 7 2

s pabora C IIOMOUIbIO CBEPTOYHOM HellpoceTn




®opMbI TEKYyLIET0

Bun HaumenoBanue TeM 3aHATHI Oo0nemMm, HNuTepakTus KOHTpOIA
Monayas (pa3ae) . . Cemectp Bansl (HauMeHOBaHUe
y4eOHoii padoThI (yueOHO¥ padoThI) 4. , 4. OLEHOMHOTO
cpeacTsa)
(wacts 3).
CamocrostensHa |IIp 13. I'eHepanus TekcTa ¢ MOMOILBIO 7 2 Oruer no
s paboTa peKyppeHTHOI HelipoceTu (dacTs 1). MPAKTHYCCKOH paboTe
CamocrositensHa |IIp 13. I'enepanus TekcTa ¢ TOMOIIIBIO 7 2 13
st pabota peKyppeHTHOI HelipoceTH (YacTs 2).
CamocrositensHa |IIp 13. ['eHepaimst TekcTa ¢ TOMOIIBIO 7 2
s paboTa peKyppeHTHO# HelipoceTn (dacTs 3).
CamocrositensHa |IIp 14. Ilpumenenne LSTM s 7 2 Oruer no
s pabora resepanuu tekcra (dacts 1). MPaKTHIECKON paboTe
CamoctositenbHa |[Ip 14. Ilpumenenne LSTM nns 7 2 14
s pabora rerepanuu tekcra (Jacts 2).
CamocrositensHa |IIp 14. Ilpumenenune LSTM s 7 2
s pabota reHepanuu Tekcra (4acts 3).
CamocrostensHa |IIp 15. CpaBHEHHME KauecTBa TEKCTOB 7 2 Oruer no
g paboTa Ha BBIXOJIC Pa3HBIX MOAU(PUKALIUI MpaKTHYECKOM paboTte
LSTM (wacts 1). 15
CamocrositensHa |IIp 15. CpaBHeHUE KauecTBa TEKCTOB 7 2
g paboTa Ha BBIXOJIC Pa3HBIX MOAU(PUKAIIUI
LSTM (4acts 2).
CamocrositensHa |[Ip 15. CpaBHeHUE KauecTBa TEKCTOB 7 2
g pabota Ha BBIXOJIC PA3HBIX MOAU(PUKAIIUI
LSTM (4acts 3).
Monayns 4 — CamocrositenbHa | Tema 18. OCHOBBI TEOpHH 7 2 - -
Pacno3naBanue | pabota pacrio3HaBaHus 00pa3oB
00pazos. CamocrositenbHa | Tema 19. CoBpeMEHHbBIE TEXHOJIOTHH 7 2 - -
MamnHHOe 3peHHue s paboTa pacrno3HaBaHus 00pa3oB
CamoctositenbHa | Tema 19. CoBpeMEHHbBIE TEXHOJIOTHH 7 2 - -




®opMbI TEKYyLIET0

Bun HaumenoBanue TeM 3aHATHI Oo0nemMm, HNuTepakTus KOHTpOIA
Monayas (pa3ae) . . Cemectp Bansl (HauMeHOBaHUe
yueOHO# padoThl (y4eOHoii paboThI) q. , 4. OLEHOMHOTO
cpeacTsa)
s paboTa pacro3HaBaHus 00pa3oB
CamocrositennpHa | CaMOCTOSITEIBHOE N3YUYEHUE 7 60 - -
g pabota JUTEPATYPHI IO KYPCY NpH MOATOTOBKE K
MPaKTHYECKUM padoTaMm.
CamocrositensHa |IIp 16. AHanu3 npou3BOJILHOTO 7 2 - - OTyeT no
s pabora naraceta u300paxenuii (qactp 1). MPaKTHIECKON paboTe
Camocrostensna |IIp 16. Anannu3 npou3BoJILHOTO 7 2 16
s pabora naracera u300paxkenuii (9acte 2).
CamoctositensHa |[Ip 16. AHanu3 npou3BOILHOIO 7 2
s pabora JaTacera n300paKeHHi (qaCTL 3).
CamocrositensHa |IIp 17. [Ipumenenue 6uHApHOTO 7 2 OTyeT no
g pabota KJ1accu(pUKaTopa K MPOU3BOIHLHOMY MpaKTHYECKO# pabore
naraceTy n3obpaxenuii (dactsb 1). 17
CamocrositensHa |[Ip 17. [Ipumenenue 6uHApHOTO 7 2
g paboTa KIaccu(puKaTopa K MPOU3BOIHLHOMY
naracery n3obpaxenuii (dactsp 2).
CamocrositensHa |[Ip 17. [Ipumenenue GuHApHOTO 7 2
1 pabora KJaccu(ukaTopa K Mporu3BOIbHOMY
naracety n3obpaxenuii (dacts 3).
CamocrositensHa |[Ip 18. MHTEeNnekTyanbpHas o6paboTka 7 2 Otuer 1o
s pabora Bujieo0 (vacts 1). [paKTUYECKO paboTe
CamocrositensHa |IIp 18. UHTenekryansHas o6paboTka 7 2 18
s pabora Buj1e0 (4acTh 2).
CamocrosarensHa |[Ip 18. MaTenekryansHas o6paboTka 7 2 - -
s pabora Bu1e0 (4acTh 3).
Monayns 5 - CamocrositenbHa | Tema 20. OCHOBBI TEOPUH 7 2 - -
[TpenukTUBHAS s paboTa MIPOTHO3MPOBAHS BPEMEHHBIX PSIJIOB




®opMbI TEKYyLIET0

Bun HaumenoBanue TeM 3aHATHI Oo0nemMm, HNuTepakTus KOHTpOIA
Monayas (pa3ae) . . Cemectp Bansl (HauMeHOBaHUe
y4eOHoii padoThI (yueOHO¥ padoThI) 4. , 4.
OI[€eHOYHOI0
cpeacTsa)
AHATUTHKA CamocTtosTenbHa | Tema 21. CoBpeMeHHbIE METOJIBI U 7 2 - -
BPEMCHHBIX PSOB | paboTa WHCTPYMEHTBHI TPOTHO3UPOBAHUS
BPEMEHHBIX PSIOB
CamocrostenbHa | Tema 21. CoBpeMeHHbIE METOJIbI U 7 2 - -
g pabota MHCTPYMEHTBI TPOTHO3UPOBAHUS
BPEMEHHBIX PSIOB
CamocrositenbHa | CaMOCTOSITENIBHOE U3YUEHUE 7 60 - -
g paboTa JUTEPaTypPHI [0 KYPCY MpH TOATOTOBKE K
NPaKTHYECKUM padoTaMm.
CamocrositensHa |IIp 19. Ilpeackasanue 1ieHbl aKTUBA Ha 7 2 OtueT o
s paboTa OCHOBaHUH TpaduKka U3MECHEHUS IICHBI C MpaKkTU4YeCcKon padbore
HCIIOJIb30BaHUEM HelpoceTu Ha 1 mar 19
(wacts 1).
CamocrositensHa |IIp 19. [Ipeackazanue neHbl akTHBA Ha 7 2
g paboTa OCHOBaHUU Tpaduka U3MEHEHUs [IEHBI C
WCITOJIb30BAaHNEM HEWpOCEeTH Ha 1 mar
(qacts 2).
CamocrositensHa |IIp 19. [Ipeackazanue 1eHbl aKTHUBA Ha 7 2
s paboTa OCHOBaHUU TpadyKa U3MEHEHUS TICHBI C
MCIIOJIb30BaHUEM HelpoceTH Ha 1 miar
(gacts 3).
CamocrositensHa |[Ip 20. Ilpeackasanue 1ieHbl aKTHBA Ha 7 2 OtueT o
s paboTa OCHOBaHWU TpaduKa U3MECHEHUS IICHBI C MpaKkTU4YeCKon padbore
HCIIOJIb30BAaHUEM HEUPOCETH HA 20
HECKOJIBKO 1maros (uacts 1).
CamocrositensHa |[Ip 20. [Ipeackazanue neHbl akTHBA HA 7 2
g paboTa OCHOBaHUU TpaduKka U3MEHEHUs [IEHBI C

HCITIOJIB30BaAHHUEM HeﬁpOCGTH Ha




®opMbI TEKYyLIET0

Bun HaumenoBanue TeM 3aHATHI Oo0nemMm, HNuTepakTus KOHTpOIA
Monayas (pa3ae) . . Cemectp Bansl (HauMeHOBaHUe
y4eOHoii padoThI (yueOHO¥ padoThI) 4. , 4.
OI[€eHOYHOI0
cpeacTsa)
HECKOJIBKO aros (uacts 2).
CamocrostensHa |IIp 20. IIpenckasanue LeHbl akTHBa Ha 7 2
g paboTa OCHOBaHUU TpadyKa U3MEHEHUS TICHBI C
HCIOJIb30BAaHUEM HEUPOCETH HA
HECKOJIBKO 11aroB (4acTp 3).
CamocrositensHa |IIp 21. Ilpeacka3anue 1ieHbl aKTHBA Ha 7 2 Otyer 1O
s paboTa OCHOBaHUU TpaduKka U3MEHEHUS IEHBI, [paKkTU4YeCcKon padbore
00BbEMa TOProB U IIEHBI CBSI3aHHOTO 21
aKTHBa(MHAEKCA) C UCIIOJIb30BAaHUEM
neiipocetr Ha 1 mar (gacts 1).
CamocrositensHa |IIp 21. [Ipeacka3anue 1ieHbl aKTHUBA Ha 7 2
s pabora OCHOBaHUU Tpauka U3MECHEHUS IIEHBI,
00BEMa TOProB U LIEHBI CBSI3aHHOTO
aKkTHBa(MHAEKCA) C HCIOJIb30BAaHUEM
Helipocetn Ha 1 mar (yacts 2).
Camocrositensna |IIp 21. IIpencka3anue LeHbl akTHBa Ha 7 2
g paboTa OCHOBaHWU Tpadrka N3MEHEHUS TICHBI,
00BEMa TOProB U 1IEHBI CBSI3aHHOTO
aKkTHBa(MHAEKCA) C UCIOIb30BAaHUEM
Hedipoceru Ha 1 miar (gacts 3).
CamocrositensHa |IIp 22. [Ipeackazanue 1eHbl aKTHUBA Ha 7 2 Otuet no
g paboTa OCHOBaHUU TpadKka U3MEHEHHUS LIEHBI, MPaKTHYECKON pabore
00BEMa TOProB ¥ IIEHBI CBSI3aHHOTO 22
aKTHBa(MHAEKCA) C HCIOIb30BAaHHEM
HEWPOCETH Ha HECKOJIBKO MIaroB (4acTsb
1).
CamocrositenbHa |[Ip 22. Tlpeacka3aHue 11eHbI aKTHBA Ha 7 2




Moayas (pa3aen)

Bun
y4eOHoii padoThI

HauMmeHnoBanue TeM 3aHATHH
(y4eOHoii paboThI)

Cemectp

Oo0bem,

Baaabl

HNHTepakTus
, 4.

®opMbI TEKYyLIET0
KOHTPOJIA
(HauMeHOBaHUe
OLICHOYHOI 0
cpeacTsa)

g paboTa

OCHOBAaHMU TpadriKa U3MEHEHHUS LICHBI,
00bEMa TOProB U IIEHBI CBSI3aHHOTO
aKTUBa(MHICKCA) C UCIIOIb30BaHUEM

HEWPOCETH Ha HECKOJIBKO MIAroB (4acThb
2).

CamMocTogTeabpHa
g paboTa

[Ip 22. IIpenckazanuie 1IeHbI aKTUBA Ha
OCHOBaHUU Tpadrika N3MEHEHUS TICHBI,
00BEMa TOProB U LIEHBI CBSI3aHHOTO
aKkTHBA(MHACKCA) C MCIOIb30BAHUEM
HEWPOCETH Ha HECKOJBKO mIaroB (4acTsb
3).

CamMocTogTeabHa
s pabora

[Ip 22. Ilpeackazanue 1iEHbI aKTUBA Ha
OCHOBaHUU TpauKka U3MEHEHUS IEHBI,
00BbEMa TOProB U IIEHBI CBSI3aHHOTO
aKTHBa(MHAEKCA) C UCIIOJIb30BAaHUEM

HEHPOCETH Ha HECKOIIbKO I1aroB (4acTh
4).

1A

[IpoMekyTouyHas arrecTauus

0,35

Kontposb

DK3aMeH

8,65

TCCT

Hroro:

576




5. O6pa3oBaTe/ibHbIe TEXHOJIOTHMHU

B pamkax u3ydeHus AMCHUIUIMHBI «APXUTEKTypa MH(POPMAIIMOHHBIX CHUCTEM U METOJbI
MHTETpaIlu IPeayCMOTPEHO UCTIOIb30BAHUE CIEIYIOIUX 00pa30BaTENbHBIX TEXHOIOTUHA:

®  TEXHOJIOTHS TPAJWLIMOHHOTO OOyuYeHHUs: JIEKIMM W TMpPaKTUYECKue paboThl,
camMoCTosITeNbHas paboTa;

®  TEXHOJIOTHS MPOEKTHOTO OOYUYCHHMS: pean3alysl ¥ 3aIlIUTa OTYETOB 110 MPAKTUIECKUM
pabotam.
6. MeTonuyeckue yKa3aHusi 0 OCBOCHUIO TUCHHIIUHBI

6.1. PekoMeHJaIIHH MO MOJAr0TOBKE K JEeKIMOHHBIM 3aHATHAM

N3yyenne IUCHUIUIMHBI TpeOyeT CUCTEeMATHYECKOTO M TOCIEI0BATEIILHOTO HAKOTUICHUS
3HAHWH, CIIEIOBATEIHHO, IPOITYCKH OTACIBHBIX TEM HE MO3BOJISIFOT TJTyOOKO OCBOUTH TIPEIMET.

B xome nexkuumoHHBIX creayeT oOpaliaTh BHMMAaHHE Ha KaTeropuu, (GOpMYyIUPOBKH,
PACKpBIBAIOIINE COJIEP)KAHUE TEX WM HWHBIX SBICHUW M TIPOILECCOB, HAay4YHBbIC BBIBOJABI WU
MPaKTUYECKHE PEKOMEHAALMH. 3aJaBaTh MPENOAABaTEN0 YTOUYHSIOIIME BOMPOCHI C IIEJIbIO
YSICHEHUS TEOPETHUECKUX MMOJI0KEHUM, pa3peIIeHs] CHOPHBIX CUTYaIUH.

CTygeHT MOXeT JIONOJIHUTh CIHCOK HCIOJb30BAaHHOM JIUTEpPaTypbl COBPEMEHHBIMU
HMCTOYHMKAMU, HE MPEJCTABICHHBIMHU B CIIUCKE PEKOMEHIOBAHHOW JIMTEPATYphl, U B JaJbHEUIIIEM
UCIIONIb30BaTh COOCTBEHHBIE MOJTOTOBJICHHBIC yUeOHbIE MaTepHalbl MIPU HAMKUCAHUU KYPCOBBIX U
BBIITYCKHBIX KBATU(UKAITMOHHBIX padOT.

6.2. PekoMeH1a1IUM 110 MOATOTOBKE K NPAKTHYECKUM 3aHATHAM
CtyaeHTaM cieayeT TOBOIUTH KAXIYI0 TNPAKTHYECKy0 padoTy 110 OKOHYATEIHHOTO
peleH s, IeMOHCTPUPOBATh IOHUMaHKE MPOBECHHBIX PAacueTOB (aHAINW30B, CUTYAIHii), B cllyyae
3aTpyIHEHUI 00paImaThCs K MPEnoaaBaTeio.

i Toro 4To0Bl MPAaKTUYECKUE 3aHATHS MPUHOCHIN MAaKCUMAJIbHYIO I0JIb3Y, HEOOXO0AUMO
IIOMHUTBH, YTO YIPaAXXHCHUC MW PCIICHHUC 3aJad HIPOBOJAATCA IIO PACCMOTPCHHOMY Ha JICKIHUAX
MaTepHually U CBs3aHbI, KaK MPABUJIO, C ACTAIBHBIM Pa300pOM OTIECIBHBIX BOIPOCOB JIEKIIMOHHOTO
kypca. Crnemyer mOAYEpKHYTh, YTO TOJBKO IIOCIE€ YCBOCHUS JICKIIMOHHOTO MaTepHana cC
OIpEeICIEHHON TOYKH 3pEHUs (2 UMEHHO C TOM, ¢ KOTOPOM OH M3Jlaraercsi Ha JEeKIHIX) OoH OyneT
3aKPCIUIATECA CTYACHTOM Ha MNPAKTHYCCKUX 3aHATHUAX KaK B PE3YIIbTATC 06cy}K)IeHI/I$[ 1 aHaJInu3a
JIEKIIMOHHOTO MaTepHala, Tak M C IMOMOIIbIO pelIeHus] MpoOJeMHBIX CUTyalui, 3agad. [Tpu sTux
YCIOBUAX CTYACHT HC TOJBKO XOpOHIO YCBOUT MATCpHall, HO W HAYUYUTCA NPUMCHATH €TI0 Ha
NPaKTUKE, a TaKXe IOJYYUT JOMOJHHUTENbHBIM CTUMYN (M 3TO OYEHb Ba)KHO) JUIl AKTUBHOM
pOpabOTKH JIEKITUH.

ITo pe3ynbratamM BBHIIOJIHEHUS paOOTHI COCTABISAETCS OTYET, KOTOPBIM MPHU HEOOXOIUMOCTH
HY>XHO COIIPOBOXKIAAaTb KOMMCHTapUAMHA, CXEMAaMH, YCPTCIKAMU U PUCYHKAMH.

Crnenyer TOMHUTb, 4YTO BBINOJHEHHWE KaXJOW pabOThl JOJDKHO JOBOJUTBCS 10
OKOHYATEIBHOTO JJOTHYECKOTO OTBETa, KOTOPOTO TPeOyeT yCIOBHE, U 10 BOSMOYKHOCTH C BBIBOJIOM.
[Tomy4yeHHBIH OTBET CleyeT MPOBEPUTH CIIOCOOaMU, BBITEKAIOIIMMHU U3 CyIIeCTBa JaHHOH 3ajauu.
[Tone3Ho Taxke (€ciM BO3MOXKHO) pelIaTh HECKOJBKHMH CIIOCOOAMH W CPaBHUTH IOyYCHHBIC
pe3yabTarhl. PemieHue 3agay JaHHOTO TUIA HYKHO MPOJNOJDKATH 10 MPHUOOPETEHUS TBEPIBIX
HAaBBbIKOB B UX PCIICHUU.

6.3. PexoMeHAa1LIMH 110 OATOTOBKE K IK3aMEHY

[TonroToBka K 9K3aMeHy CIIOCOOCTBYET 3aKpEIICHUIO, YIIyOJeHHIO U 0000IIEHUIO 3HaHUH,
MOJTy4aeMBbIX, B Ipoliecce 0OyUYeHHs], a TaK)Ke MPUMEHEHHUIO UX K PEUICHHIO MPAaKTUYECKUX 3a/ad.
['oTOBsICE K 3K3aMEHY, CTYAEHT JHUKBUAMPYET HMeEIoLIecs NpoOensl B 3HAHMAX, YIIyOJsier,
CUCTEMAaTHU3HUPYET U YHOPSAJOYMBAET CBOM 3HaHUS. Ha sk3aMeHe CTyJIeHT JAEMOHCTPUPYET TO, YTO
OH IpuoOpe B mporecce 00yuyeHHs Mo KOHKPETHON yueOHOW AMCLUILINHE.



H€06XO,Z[I/IMO OPHUCHTHUPOBATHL CTYACHTOB Ha CUCTCMATHUYCCKYIO IMMOATOTOBKY K 3aHATHAM B
TEYCHHUE CEMECTpA, UYTO IIO3BOJUT MCIIOJIB30BAaTh BpEMd 9K3aMEHAIIMOHHON Cceccuu JJIsL
CHCTEeMaTH3alluy 3HaHUH.

7. OneHO4YHBIE CpeacTBa

7.1. IlaciopT OLIEHOYHBIX CPEACTB

Cemect Kox xonTposmpyemoit HaumenoBanue
P KOMIIETEHIIUY (MJIH €€ YACTH) OIEHOYHOI0 CPeACTBA
9 T1IK-8 TecToBbie 3amanus 1-260

OTueTsl O MpakTUIECKuM padboTtam 1-22
Bomnpock! k 3x3ameny 1-51

7.2. TunoBblie 3alaHusl WJIN UHBIC MaTEepUaJibl, H606X0)]I/[Mble AJIA TEKYIIEro KOHTPOJIsA

7.2.1. IIpuMep NpaKTHYECKHUX PadoT

[paktuueckas padora Ne 1. bunaphsrii knaccudpukarop Ha moaHocBs3HOM HC

Llenb: mocTpoeHne OMHAPHOTO KiacCHU(pHUKATOpa C MOMOUIbIO MOTHOCBA3HOW HEHpOHHOMN
CETH, ONPEAEIIAIOMNN TUIl IUTPYCOBBIX

3amanue.

1. YcranoBute Bce HEOOX0IMMBIE OMOIMOTEKN M UMITIOPTHPYUTE UX B MIPOSKT

2. BoimonmHuTe CYUTHIBAHKE U IPOCMOTP Habopa TaHHBIX

3. TloarotoBbTe naHHble. IIpoBepbTe, YTO JaHHBIM HAOOp JaHHBIX HE COACPKHUT
MPOMYIIEHHBIX 3HAYEHUI U BEIOPOCOB.

Ybenurech, uTO B JaHHOM HaOope NTaHHBIX, KIACChl COATaHCUPOBAHBI

BrimonHuTe KOAMpoBaHNE METOK IIeNIeBOro kiacca nudpamu: 1 — 3to anenbcuH, 0 — 310
rpedndpyT

Pa36eiiTe BCI0 BLIOOPKY Ha 06YYaIOIIyI0 U TECTOBYIO.

BrimonHuTe cranaapTU3aLUIo

4. 3apaiiTe MOJeINb TIOTHOCBSI3HOW HEMPOHHOM CETH ¢ HCIIONIb30BaHueM ¢pelimBopka Keras

B kxauecTBe Mojenu npejiaraeTcsi UCIOIb30BaTh MOJIENb C TPEMS MTOJHOCBSI3HBIMH CIIOSIMHU.
[lepBomy cror0 JoODKHA TMepenaBaThess (opMa BXOJIHBIX JaHHBIX. Mcmonb3yiTe (QyHKIUU
aKTUBALMU JUIsI TIEPBOrO M BTOpOro cios relu. MyHKIuUS aKTHBAIMKM BBIXOJHOTO CJIOS JOJKHA
BO3BpAIlaTh BEPOSITHOCTh MPUHAIEKHOCTH 3K3EMIUISIpA LIEJIEBOMY KJIacCy.

Hactpoiite nponecc oOyuenus. 3amaiite ontuMuzarop ¥ (QyHKUUSA(-U) MOTEPb, KOTOPbIE
JIOJIKHBI UCTIOJIb30BaThCSl MOJIEIIBIO, @ TAKXKE BCE METPUKU JJI1 MOHUTOPUHIA BO BpeMsl 00yueHus

5. BemoaauTe o0yuenue moenu Ha 20 smoxax, 20 MpoieHToB 00yJaroliei BBIOOPKH Oy et
MCIIOJIb30BAHO JJIs1 OIIEHKU MOJIEJIH, BO BpeMs 00yueHus1, pa3Mep nakera 32.

[TocTpoiiTe penckazanus U BU3yanu3upyiTe ux. [loctpoiite M rpaduk s BU3yaTu3aluu
M3MEHEHUs OLICHKH MOJIEJIN Ha pa3HbIX AI0XaxX.

[TpakTrueckas padota Ne 2. MHOToKIacCoBBIN Ki1accuukaTtop Ha moiaHocBs3Hor HC

Henb: Pazpabotatb u 0OyYUTh MHOTOKIJIACCOBBIM  KJIACCH(HUKATOpP C  TOMOIIBIO
MTOJTHOCBSI3HOM HelipoHHOU cetr (MLP) miisa pacrio3HaBanus pyKOMUCHBIX UG U3 Habopa JaHHBIX
MNIST.

3amanue.

1. YcranoBka O6MOIMOTEK U UMIIOPT:




YcranoBute Bce HeoOxoauMble Oubmuoreku: tensorflow (unum keras), numpy, matplotlib,
sklearn.
Nmnoprupyiite ux B mpoekT: tensorflow.keras.models, tensorflow.keras.layers,
sklearn.model_selection, sklearn.preprocessing, numpy, matplotlib.pyplot.

2. 3arpy3ka u 0030p gaHHbIX MNIST:

3arpysure Habop JAHHBIX MNIST, UCITOJIb3YSI BCTPOECHHBIE byHKIIN
keras.datasets.mnist.load data().

[IpocMoTpuTEe pasMEPHOCTh 3arpy’KEHHBIX JAaHHBIX (KOJIMYECTBO M300pakKeHUMU, pa3Mepbl
n300pakeHHi).

BusyanusupyiiTe HECKOJIbKO MPUMEPOB H300paK€HUM PYKOMHCHBIX HHU(pP BMECTE C HUX
UCTUHHBIMU METKAMHU.

3. IloaroroBka TaHHBIX:

IIpoBepka Ha npomycku U BbiOpockl: Habop MNIST 00bIYHO HE COAEPKHUT MPOMYIIEHHBIX
3HaueHuil. Yoenurecr B 3ToM. BBIOPOCH B KOHTEKCTE M300pa’keHUN MalIOBEPOSTHBI, HO MOXKHO
IIPOBEPUTH, YTO 3HAYEHUSI IUKCEJIEH HAXOAATCA B JOIIyCTUMOM JHMAIa30HE.

Co6anancupoBanHocTh KiaccoB: HabGop MNIST xopomo cOamaHCHpoBaH MO Kiaccam
(xaxmast nMdpa npeacTaBiIeHa NMPUMEPHO OJWHAKOBBIM KOJWYECTBOM IPUMEPOB). YOeauTech B
3TOM, IOCYUTAB KOJMYECTBO IPUMEPOB JIIs KaX101 LU(pHI.

KomupoBanue wmetok: HWctunuble Metku (0-9) yxke SBIAIOTCA YUCIOBBIMH. Jlis
MHOTOKJIaCCOBOI KiIaccU(UKAIMK C TMOMOIIBI0 IMOJHOCBSA3HOM CETH, WCIHOJB3YIOLEH (YHKIHIO
aKkTHBalMU softmax B BBIXOOHOM cioe, one-hot encoding (mpsMoe KOIUpPOBaHHE) SIBISETCS
npennoututesnbHbIM. [IpeoOpa3yiite MmeTku B opmar one-hot, rae, Hanpumep, uudpa '3' 6yner
npeacrasinena kak [0, 0,0, 1,0, 0, 0, 0, 0, 0].

Hopmammzamus nukceneii: [IpeoOpasylite 3HaUeHHS NMHKCENeH H300paxeHuN (KOTOpHIC
00BIYHO HaxoJsATCs B Auanazone 0-255) B nuanasox [0, 1] wnwm [-1, 1], pasnenus Ha 255.0.

N3menenue ¢popmel nanubix: [Inockue (flatten) nzobpaxenus MNIST (28x28 nukceneit) B
OJTHOMEpHBII BeKTOp (784 snemMeHTa).

Paznenenne Ha BbIOOpKM: Pazgenure Bech Habop JaHHBIX Ha oOyuarolryro (train) u
TecToByIO (test) BoIOOpkH. B GonbmmmHcTBe cimyyaeB MNIST yxke mocraBisieTcss pas3/ielieHHbIM, HO
yOeIuTeCh, YTO y Bac €CTh OTJENbHBIN HA0Op A (PMHATBHON OLIEHKH.

4. TlocTpoeHue MOENH MOJIHOCBSI3HON HelipoHHoH cetu (MLP):

Ucnons3yiiTe dpeitmBopk Keras it co3manust MOIEIH.

Co3paiite Mozenb Tuna Sequential.

JloGaBbTe BxoaHOM cioit: InputLayer unu Dense cnoil, ykassiBatomuii input_shape=(784,).

Jlo6aBbTe Kak MHMHUMYM JIBa CKpBITBIX MOJHOCBs3HBIX (Dense) cnosa. Mcmonb3yiite
GYHKIUIO aKTUBALUU relu A1t CKPBITHIX CIIOEB.

Jlo6aBbTe BBIXOJIHOU cioil: Dense cioil ¢ KOIMYECTBOM HEHPOHOB, PaBHBIM KOJIWYECTBY
kiaccoB (10 mrst MNIST). Ucnonp3yiiTe GyHKIIMIO akTUBamuu softmax, kotopas OyaeT BbIIaBaTh
BEPOATHOCTH NPUHAJIEKHOCTH K Kakomy u3 10 kiaccos.

Hacrpoiika mporiecca 00yueHus:

- Onrumuzarop: Ucnons3yiite Adam mnu SGD.
- @ysknus norepb: s MHOrokinaccoBoi kinaccugukanuu ¢ one-hot encoded
METKaMM UCTOJb3yHTe categorical crossentropy.
- Mertpuku: 3anaiiTe METpUKY accuracy JJis MOHUTOPUHTA BO BpeMsi 00yUeHusI.
5. Oby4eHue Moemnu:
O6yuute mozenb Ha 20-30 smoxax.
YcranoBure pa3mep nakera (batch size) paBusiM 32 unu 64.
Ucnonwiyiite 20% obyuaroieil BbIOOpkHU 11 Banuaauuu (mapametp validation_split).
CoxpaHuTe UCTOPHIO 0O0YUEHUS (Pe3yIbTAThI AMOX).
6. OreHKa ¥ BU3yaJIM3alIHs:
Cnenaiite npecka3zaHus Ha TECTOBOM BBIOOpKe.



[MocTpoiite  rpaduk  wu3MeHeHHs TouyHOocTH  (accuracy) ©  QYHKIUH  T[OTEPh
(categorical crossentropy) Ha oOyuaromiel ¥ BaTMJAIMOHHON BRIOOPKAX IO ATIOXaM.

Busyanusupyiite HECKONBKO TPEJCKA3aHHBIX W300paXeHU U3 TECTOBOM BBIOOPKH,
MOKa3bIBasi HICXOHOE M300paXeHNe, ICTUHHYIO METKY U TIPEJICKa3aHHYIO0 METKY.

OrennTte 00IIyI0 TOYHOCTH MOJIENIH HA TECTOBOM BHIOOPKE.

[pakTuyeckas padora Ne 3. MHOroK1accoBblit Kinaccudukarop Ha ceepTounoit HC

Llenb: Pa3paborath u 00yunTh MHOTOKJIACCOBBIM KJIACCU(UKATOp HA OCHOBE CBEPTOUHOI
Heliponnoii cetn (CNN) 11 pacnio3HaBaHuUs! pyKONUCHBIX UG p 13 Habopa nanHbix MNIST.

3aganue:

1. YcraHoBka 6MOIMOTEK U UMIIOPT:

VYcranoBute Bce HeoOxomumble OmOimoteku: tensorflow (wnmm keras), numpy, matplotlib,
sklearn.

Umnoprupyiite wux B  npoekT: tensorflow.keras.models, tensorflow.keras.layers,
sklearn.model selection, sklearn.preprocessing, numpy, matplotlib.pyplot.

2. 3arpy3ska u 0630p nanubix MNIST:

3arpy3ute Habop gaHHbix MNIST, wucmons3yst BCTpoeHHBbIE (YHKIUU

keras.datasets.mnist.load data().

[IpocMoTpuTE pa3sMeEpHOCTD 3arpyKEHHBIX TaHHBIX.

BusyanusupyiiTe HECKOJIbKO MPUMEPOB H300paKC€HUM pPYKOMHCHBIX LHU(pP BMECTE C HUX
VCTUHHBIMU METKAMHU.

3. IloaroroBka TaHHBIX:

IIpoBepka Ha MpoIyCcKH U BEIOPOCH: AHaOrnuHO padore No2.

COanaHcupOBaHHOCTH KJ1AaCCOB: AHAJOTHYHO padboTre Ne2.

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

Hopmanu3zanus nukceneii: [IpeoOpasyiite 3HaueHus nukceneit B quanasoH [0, 17.

W3menenue ¢opmbl naHHBIX: JlJIi CBEpTOUYHBIX ceTell JaHHbIE JOHKHBI UMETh (hopmy,
COOTBETCTBYIOIIYI0 KaHanaMm u3oOpaxenus. [ns MNIST sto Oyaer (koiaumuecTBO HM300pakeHUi,
BBICOTA, IIMPUHA, KOJIMYECTBO KaHaioB). [y uepHo-6enoro nzodpaxenus MNIST sto (N, 28, 28,

).

Paznenenne Ha BbIOOpKM: Pazgenure Bech Habop JaHHBIX Ha oOyuarolnyro (train) u
TECTOBYIO (test) BEIOOPKH.
4. Tloctpoenue Mmojienn cBepTouHOM HeiponHo# ceTu (CNN):
Hcnons3yiite ppeitmBopk Keras ams co3ganus Moaenu.
Cozmaiite Mmojens Trma Sequential.
Caeprounsle ciou: JJo0aBpTe kKak MUHUMYM JiBa Oioka cBepTku (Conv2D) ¢ nocneayromum
cioem mynunra (MaxPooling2D).
Conv2D: Bribepure koianuecTBo (puiabTpoB (Hampumep, 32, 64) u pazmep sapa (Harpumep,
(3,3)). Ucnonb3yiite pyHKIUIO akTUBaLKU relu.
MaxPooling2D: Ucnonp3yiiTe pazMmep OKHa IyJuHra (Hanpumep, (2,2)).
Cnoit crnaxuBanus (Flatten): Ilocne cBeprounsix OmokoB moGaBbre ciov Flatten mms
npeoOpa3oBaHus IBYMEPHBIX KapT MPU3HAKOB B OJTHOMEPHBII BEKTOD.
[TonmnocBs3HbIe cinou: [loGaBbTe OuH WM ABa nojHOCBA3HBIX (Dense) cnos ¢ dyHkuueit
akTuBanuu relu.
Beixonno#t cnoii: [Jlo6aBeTe BBIXOAHOW Dense cmoit ¢ 10 HelipoHamMu U (QyHKIHEH
aKTHBalMu softmax.
Hacrpoiika mporiecca 00yueHus:
- Onrummzarop: Mcnons3yiite Adam.
- @OyHKIUA MoTeph: categorical crossentropy.
- Merpuku: accuracy.
5. OGyueHue MOJENH:



OO6yuute mozaens Ha 20-30 smoxax.

VYcranoBute pazmep nakera (batch size) paBabpiM 32 uinu 64.

Ucnonbsyiite 20% oOyuatoieii BBIOOPKH IS BaTUAAIINH.

CoxpaHuTe UCTOPUIO O0YUECHHUS.

6. OueHka ¥ BU3yaau3aLus:

CrenaiiTe mpencKazaHusi HA TECTOBOW BBHIOOPKE.

[MocTpoiite  rpaduk  u3MeHeHuUs TouyHOocTH (accuracy) ©  QYHKIUH  T[OTEPh
(categorical crossentropy) Ha oOyuaromiel ¥ BaTMJAIMOHHON BIOOPKAX IO ATIOXaM.

Busyanusupyiite HECKONBKO TPEJCKA3aHHBIX W300paKeHU U3 TECTOBOM BBIOOPKH,
MOKa3bIBasi HICXOHOE M300paKeHNe, ICTUHHYIO METKY U TIPEJICKa3aHHYIO0 METKY.

Ornenute OOIIYyI0 TOYHOCTH MOJICIH Ha TECTOBOM BBIOOPKE UM CPAaBHHUTE €€ C TOYHOCTHIO,
JnocTUrHyTOM B padote Ne2 (MLP).

[IpakTtuueckas padora Ne 4. [IpeaBapuTenbHbId aHAIU3 JaHHBIX. Perpeccus, accommarus,
aHoMaJIuM U Bu3yanuszauus. Ha npumepe naracera Tutanuk

[lenp: BBITONHUTE NpeBapUTENBHBIN aHAIN3 JaHHBIX

3aganue.

Hatacet "Tutanuk" coaepkut uHMOpPMAIUIO 0 Maccaxkupax Kopadmus "Turanuk", BKItoUYas
uXx JieMorpapuieckue JaHHble, Kilacc Ousera, BO3pacT, MOJ, KOJIMYECTBO POACTBEHHUKOB Ha OOpTY
1 (aKT BBKUBAHMUS.

JHoctynHocTs B 6bubnmuoteke Seaborn (sns.load dataset('titanic'))

Ouenutb 00BEM U KauyecTBO JaHHBIX (HOMEHKJIATypa, THM JAaHHBIX, IPOITYIICHHbIE
3HAYEHUs1, BBIOPOCHI, N30BITOUHOCTD).

IIpaktuyeckass pabora Ne 5. HccnenoBaHue BIMSHHUS KadecTBa JjaTacera Ha paloTy
OMHApHOTO KJIaccupuKaropa
Henb: MccnenoBaTh BIUSHUE KayecTBA JaHHBIX HA pe3ysbTaT paboThl HEHPOHHOM ceTH
3amanue.
1. BHecTn uCcKakeHUs B JaTaceT TUTaHUK.
[IponynieHHbIE 3HAYECHUS:
Br16poce! (AHOMaNIbHBIE 3HAUEHUS ):
Jy6nuxatsl (IloBTOpstomuecs 3anucu):
HekoHcucTeHTHOCTD
[lepen BHeceHHEM UCKaXEHHI HEOOXOAMMO COXPAHUTH KOIMHIO UCXOJIHOTO JaTaceTa, 4YToObI
MOYKHO OBUIO CPaBHMUTH PE3yJIbTaThl aHAJIHM3a 0 U IOCJIe BHECEHUS HCKayKEHHH.
Llenb cocTOoUT HE B TOM, YTOOBI MOJTHOCTHIO UCHOPTUTH J1aTaceT, & B TOM, YTOOBI BHECTH
pEAINCTUYHBIE UCKa)KEHUS, KOTOPBIE MOTYT BCTPEYATHCS B PEAJIBHBIX JIaHHBIX.

2. Ananu3 kadectBa JaHHbIX: Hanmummre Python-ko, KOTOPBIi BBISABISET U MOACYUTHIBACT
clenyronre mpoOaeMbl B 1aTaceTe (0 U MOCIIe BHECEHUST NCKAKCHHMN ):
KonuyecTBo nponyneHHbIX 3Ha4€HUH B KaXKI0M CTOJIOLIE.
KonmyecTBo BBIOpOCOB B cToiiOIe fare (ompenenute mopor BeIOpoca, Hampumep, ¢
nomoinpeio Metona IQR).
KonudectBo BBIOpOCOB B cTO011IE age (3HaueHus 6ompiie 80).
KonuyectBo 1y6nukaros.
Konn4yecTBO HEKOHCUCTEHTHBIX 3aIMCEN "'BO3pACT - BBKUBaHUE'.
3. Busyanuzauus JaHHBIX:
[Toctpoiite rucrorpammy i cToidma age (C y4yeToM NpOMYILIEHHBIX 3HAUY€HUU U
BBIOPOCOB).
[Toctpoiite cronbuaryto quarpammy Juist ctosibua embarked (¢ yueToMm mpomyHIeHHBIX
3HAYCHHH ).
Hcnonwiyiite boxplot mist Bu3yanu3anuu BeIOpocoB B cTo01e fare.



4. AHanu3 KaTeropuaibHbIX MPU3HAKOB:

[TocTpoiite cTom0yaTyro auarpamMmy JJIsi CTOJOIA SeX ¢ pa3fesieHreM mo survived
(moka3pIBaeT 3aBUCMMOCTb BEDKHBAEMOCTH OT T10J1a).

[TocTpoiiTe cTonmbuaryro nuarpammy Juisi ctoioma pelass ¢ pasmenenuem 1o survived
(ToKa3bpIBaeT 3aBUCUMOCTb BBIKUBAEMOCTH OT KJlacca OMJIeTa).

5. ®opmynupoBka 3agauu MO:

Omnpenenut 3a1a4y MalIMHHOTO O0YYEHHUs, KOTOPYIO MOKHO PELIUTh C UCIOJIb30BAHUEM
ATOr0 JaTacera JO BHECEHUS HCKaKEHUH (Hampumep, MpelcKa3aHHe BBDKUBAHUS Ha OCHOBE
MPU3HAKOB MAacCaXUpa).
VYkazatsb 11e7eByIo nepeMeHnyto (survived).
[Ipeu1oXuTh METPUKY OLIEHKH, MOAXOSILYI0 JUI BBIOpaHHOM 3amaud (Hampumep,
accuracy, precision, recall, F1-score).

6. CrpoekTupoBaTh M 00y4MTh HelpoceTb 0 A mpeicKa3zaHHs BbDKHBAHUS IACCaKUpa
Turanuka Ha 0a3e UCXOQHOTO JaTacera.

CrpoektupoBath M OOYy4YHTh HeipoceTh 1 A mpeacka3aHus BbDKMBAHHS Iaccakupa
Tutanuka Ha 6a3e UCKaKEHHOT'O JAaTacera.

PeanuzoBath paboTy ¢ HEWpOCETSIMH B JIHAJIOTOBOM pEXHME — I0Jb30BATENb BBOJIUT
JIAHHBIE MTACCA)KHUPA U MOIy4YaeT OTBET, Hanpumep, Takoi: Helipocers 0 — Briuibul, Helipocets 1 -
YTOHY

[Ipoananu3upoBaTh MpoIECC U KauecTBO oOydeHue Heipocetei 0 u 1

[IpoBecTn 5 BBIYMCIUTENBHBIX SKCIIEPUMEHTOB B IIGHTPE U C MPEACIbHBIMU 3HAUYCHUSIMHU
YHUCIOBBIX (BO3pacT) WJIM KBa3W4YHUCIOBBIX (kjmacc Ounera 1,2,3) mapamMeTpoB MO KaxaoMy
U3MEPEHUI0. B KaX/10M BBIYMCIUTEIBHO HKCIEPUMEHTE BBIOMPATh M MOAJIEPKUBATH ITOCTOSHHBIM
HOBOE COUETaHNE HEYUCIIOBBIX TapaMeTpoB (I0J1, MOPT MOCAJKH U T.I1.)

[IpakTrueckas padota No 6. AHanM3 IPOU3BOJIBHOTO TAOIMYHOTO JaTaceTa

Ienb: AHanu3 KauecTBa JAaHHBIX U BHECEHHE UCKaKEHUI B TPOU3BOJIbHBIN J1aTaceT

3amanue.

1. Ha pecypce Kaggle (nnam npyrom) BBIOJHHUTH MOMCK JaTacera Juis 3ajady OWHapHOU
KJ1acCU(pUKaluu Mo TabIu4HbIM Npu3HakaMm. CoriacoBaTh HalIEHHBIN JaTaceT C MpenoiaBaTeIeM.

[Tpumeps! naTaceToB

Heart Disease UCI (wnm napyrue Bapualuu 95TOTO jaracera): JlaHHBIE O CepAeUHBIX
3aboneBaHusx. [IpusHaxu: Bo3spacT, mos, KpoBsSHOE aBJICHUE, YPOBEHb XOJIECTEpUHA, PE3YIIbTATHI
OKI', nHanmuume creHokapauu. 3agada: [Ipeackasats Hanmmuue cepaednoro 3adoneBanus (0 wiu 1).

Breast Cancer Wisconsin (Diagnostic) Data Set: XapakTepucTuku ormyxoiieil MOJIOYHOMH
xene3bl. [lpusnaku: Pasznuunble mapameTpbl KiIeTOK (pasmep, (opma, TeKcTypa, TIIaJKOCTh,
KOMITAKTHOCTb, CHUMMETpUs, ppakTabHas pa3MepHOCTh). 3anava: KnaccuduupoBars omyxoiib Kak
370KavecTBeHHYI0 (malignant) niam noopokadectBeHHyI0 (benign).

Credit Card Fraud Detection: TpaH3akuuu 10 KpeAUTHBIM Kapram. IlpusHaku:
AnonuMmusupoBaHHble mnpuszHaku (V1-V28), BpeMms TpaH3akUuu, CyMMa TpaH3aKIMU. 3ajaya:
Onpenenuts, SBIASETCS U TpaH3aKIus MomeHHn4deckout (0 umm 1).

Diabetes Dataset (Pima Indians Diabetes Database): /lanHble 0 XeHIIMHAX M3 IJIEMEHU
[Tuma u wHanmume y Hux auabera. [lpusnaku: KommdecTtBo OepeMeHHOCTEH, KOHLIEHTpAIHS
TJIIOKO3BI B IJIa3Me, KPOBSHOE JIaBJICHHUE, TOJIIINHA KOXKHOW CKIIQJAKU TpULEIIca, YPOBEHb HHCYJINHA,
MHJIEKC Macchl Tela, TeHeanoruueckas GyHkuus auadera, Bo3pact. 3agaua: [Ipeackasars, ectb 11 y
xKeHHBI quadet (0 wim 1).

2. Jlateb oOmiee omnucaHMe JjgaTaceTa — KakKuWe JaHHbIE COJCPKHT, KaK MOXET ObITh
MCIIOJIb30BaH JJisi OMHApHOM KilacCu(UKALINU.

3. IlpoBecTu aHamu3 JaHHBIX

BriBenute nepBbie HeCKOIBKO CTpok matacera (head()).

BriBenute o0muryro mHpopMainuio o maracete (info()), 4ToObl y3HATh THIBI JAaHHBIX WU
KOJIMYECTBO HEHYJIEBBIX 3HAUYEHUI B KaXKJIOM CTOJIOIIE.




OrnucaTh Ka4eCTBO JIaHHBIX — MPOIYIICHHBIC 3HAUCHUS, TyOIUPYIOIIUE CTONOIBI U T.1.

Ucnionp3yst describe() BBIBECTH CTATUCTHYECKHE IMOKA3aTEIH JUISI YHUCIOBBIX CTOJIOIIOB
naradpeiima.

[TpoBecTH aHAIN3 KaueCTBA YHCIOBBIX JJAHHBIX.

4. ChopMynupoBaTh 00ITUE BHIBOIBI

IIpakTuyeckas pabora Ne 7. MccnenoBaHue M BU3yalu3alusl MPOU3BOJIBHOIO TAOIUYHOTO
Jlaracera

Hens: MccnenoBanue U BU3yann3anus 3aBUCUMOCTEN ITPOU3BOJIBHOTO JaTaceTa

3amanue.

Hcnonb3oBatk garacet paboThl 6

1. ChopmynupoBath 1 000CHOBATh HE MEHEE 5 TUIOTE3 OTHOCUTEIHHO JIAHHBIX JlaTaceTra

2. HccnenoBaTh naraceT Ha IpEeAMET MOATBEP)KIEHUS WIM OINPOBEPKEHUS TMIIOTES.
Pe3ynbTathl nmpeAcTaBUTh B BUJIE TEKCTOBOTO ONMMCAHUS, AUArpaMM U TpaduKoB.

3. Hanucars 3akitoueHue

[Tpumep nns natacera Turanuka (pparMeHT)

1. I'unoressl

['unotesa 1: bonee Boicokmii kinacce karoThl (Pclass) yBennunBaeT BepoITHOCTb BHIKHUBAHUS.

I'nnotesa 2: JKeHIIMHBI BBIKUBAIY Yallle, Y€M MYKUHHBI.

['mmorteza 3: Ilaccaxkupel ¢ OOJBIIUM KOJHMYECTBOM POJCTBEHHHKOB Ha OOpPTYy HMENH
MEHBIIIE IAaHCOB HA BBIKUBAHHUE.

['unotesa 4: Mosnople maccaxxupsbl (I€TH) BBLKUBAIIN Yallle, YeM MOMKHUIIbIE.

l'mmoteza 5: bomee Breicokas mena Ownera (Fare) koppenmpyer c Oonee BBICOKOH
BEPOSTHOCTHIO BBIKUBAHUS.

I'unotesa 6: Ilopt nmocanku BIUsSET HA BEPOSITHOCTh BBKUBAHUS

2. UccnenoBaHue naracera U MpoBepKa TMIOTe3
Hcnons3ytores 6ubnuoreku Pandas, Matplotlib u Seaborn.

IIposepka runores:
I'unotesa 1: bosee Boicokuii kinacce karoThl (Pclass) yBenuunBaeT BEpOSITHOCTh BIKUBAHUSI.

MBI BUIMM, YTO BBDKMBAEMOCTh 3HAYMTEIBHO BBINIE IS MAacCaXUPOB 1-ro Kiacca Mo
CPaBHEHUIO €O 2-M U 3-M KjiaccaMu. ITO MOATBEPKAAET TUIIOTESY.
['unoTe3a 2: JKeHIIMHBI BBKABAJIM Yallle, YEM MYKUHUHBI.

JKeHImMHBI BBDKMBAIM 3HAYUTENBHO Yallle, YeM MYXYHMHBL. OTO TaKkKe IOJTBEPKIAcT
THIIOTE3Y.

I'unotesa 3: Ilaccaxkupsl ¢ 60JBIIUM KOJIMUECTBOM POJACTBEHHUKOB Ha OOPTY UMETU MEHbIIIE
IIIaHCOB Ha BBKUBAHUE.

I'padmk mokaspIBaeT, YTO BEDKMBAEMOCTh CHAauYala YBEIMYUBACTCS C POCTOM pa3Mepa CeMbH
(1o ompeneneHHOTO MOMEHTA), a 3aTE€M CHIDKACTCS JUIA OYeHb OoybIuX cemei. Takum oOpazom,
THIIOTE3a O TOM, YTO TOJBKO OOJBIINE CEMbH UMEIOT MEHBITYI0 BEDKHBAEMOCTh, HE COBCEM BEpHA.
Cpennue no pa3mepy cembu (2-4 yenmoBeka) UMeNr OOJIBIIIE IIIAHCOB HAa BKUBAHHE.

3akroueHue

Ha ocHoBe anamm3a nartacera Titanic, HECKOJIBKO THIOTe3 OBUIM MOATBEpXKICHBH. B
YaCTHOCTH, YCTaHOBJIEHO, YTO OoJiee BBICOKMH Kiacc karoThl (Pclass) 3HaunMTenbHO yBenMuuBai
IIaHCHI Ha BbDKMBaHUE. JKEeHIIMHBI BBDKUBAIM 3HAYUTEIBHO Yallle, YEM MY KUHHBI, YTO, BEPOATHO,
CBSI3aHO C TMPUOPUTETHOM HBakyalueil. Moiojable maccaKupbl TakKe HMMEIU HECKOJbKO Oolee
BBICOKYIO BBDKMBAeMOCTb. CyIECTBYeT KOppEsIMs MEXAy LEHON Ouiera M BbDKUBAEMOCTHIO,
yKa3blBalolasi Ha TO, 4yTo Oojee OoraThle MaccakUpbl UMENHM OOJIbIIE HIAHCOB BBLDKUTH. Pazmep



CCMbHU TaKKC BJIMAJ HA BBUDKHMBACMOCTb, HO HC TaK MPOCTO, KaK MPCAIOIarajoCb M3HAYAJIbHO.
Haccamnpm C HEOOJIBIIUMH U CpCAHUMHU CEMBIAMU HUMCEIIN OoJIbllle IIAHCOB Ha BBIJKMBAHUEC, YEM
OIWMHOKHUC WJIN TMACCAKUPBI H3 OUYCHb OOJIBIIMX CEMEI. HOpT noCaaKM TaKXC BJIMAI Ha
BBI2KMBA€MOCTbD.

IIpaktuyeckast pabora Ne 8. IlpumeHeHne OGMHApHOTO Kiaccu(puKaTopa K MPOU3BOJIEHOMY
TaOJIMYHOMY J1aTaceTy

Henb: Mcnonp3oBaTh OMHAPHBIHN KJIacCH(PUKATOP AJIS MPOBEPKU TUIIOTE3

3amanue.

[IpoBeputs runore3sl paboThl 7 ¢ UCHOIB30BAHUEM HEHPOHHBIX CETEH.

[pakTtuyeckas pabora Ne 9. AHanmu3 aHIIUHCKOTO TEKCTa

Llenb: BpimonHUTh HayanbHYI0 00pabOTKY aHTIMHCKOTO TEKCTa ¢ MCHojb3oBaHueM NLP
UHCTPYMEHTOB

3amanue.

0. Haiiti u 3akpenuth 3a coOOH KaKyro-1MOO KHUTY B TEKCTOBOM ¢aitne. Knura nomkna
OBITh M Ha PYCCKOM M Ha aHTJIMHCKOM SI3bIKaX.

1. 3arpy3uTth aHIJIMHACKYIO KHUTY

2. BEINOJHAUTE NOJICUET CIIOB

3. BBINOIHUTBH OACUYET YACTOTHI BCTPEYAEMOCTH CJIOB, BBIBECTH MepBbie 10

4. Ucnonp3oBath NLTK 1 TOKeHM3auuMu W yJAJICHHUS CTOM-CIOB. BBIMOIHUTH MOACUET
4acTOTBI BCTPEUAEMOCTH CJIOB, BbIBECTH NepBble 10. CpaBHUTH pe3ynbTar C 1.3

5. BpmonHuTE JeMMaTH3ALMIO. BBIMONMHUTE NOACYET YacTOTHI BCTPEYAEMOCTH CIIOB,
BbIBeCTH niepBble 10. CpaBHUTH pe3ynbrar ¢ 1.3 u 4

6. BBIMOTHUTH aHAIN3 TOHAIBHOCTH M HAPHCOBATh 00JIaKO CJIOB

[Ipaktuueckas padora Ne 10. AHanu3 pyccKoro TeKcTa

Lenb: BpimonHUTh HavdalbHY!0 00pabOTKY pPYCCKOro TEKCTa C Hcmoib3oBaHueM NLP
MHCTPYMEHTOB

3anaHue.

0. Mcnonp30BaTh KHUTY HA PYCCKOM SI3bIKE C pabOThI 9.

1. 3arpy3urthb pyccKyro KHUTY

2. BEINOJHAUTE NOJICUET CIIOB

3. BBINOIHUTBH OACUYET YACTOTHI BCTPEYAEMOCTH CJIOB, BBIBECTH NepBbie 10

4. Ucnonp3oBath NLTK s TOKeHM3auuMu W yJAJIEHHUS CTOM-CIOB. BBIMOIHUTH MOACUET
4acTOTBI BCTPEUAEMOCTH CJIOB, BbIBECTH NepBble 10. CpaBHUTH pe3ynbTar C 1.3

5. BpmonHuTe JeMMaTH3ALMIO. BBIMONMHUTE NOACYET YacTOTHI BCTPEYAEMOCTH CIIOB,
BbIBeCTH nepBble 10. CpaBHUTH pe3ynbrar ¢ 1.3 u 4

6. HapucoBaTh 0011ako ciioB

[IpakTtuueckas padota Ne 11. AHanM3 TOHATBHOCTH PYCCKOTO TEKCTA

Lenb: BeImoaHUT aHANM3 TOHAIBHOCTU PYCCKOTO TEKCTa

3amanue.

0. Mcrionb30BaTh KHUTY Ha PyCCKOM si3bIKe ¢ paboTsl 10.

1. 3arpy3uTth pyccKyto KHUTY

2. AHanu3 TOHAJBHOCTH MEPBBIX 12 MpeanoKeHuil ¢ BBIBOJIOM pe3yJibTara

3. BBINOTHUTH aHAIN3 TOHATBHOCTH BCETO TEKCTa C BHIBOJIOM CYMMapHOI'O MPOLIEHTa

[Ipaktuueckas pabora Ne 12. Knaccuduxarus npeaioKeHUd ¢ TOMOIIBI0 CBEPTOYHOM
HEWpoceTH




Lenb: Pa3pabortath u 00yuuTh CBEpTOUHYIO HelpoHHYIO ceTh (CNN) s kiaccupukauu
TEKCTOBBIX TPEIOKEHHH TT0 X CEMAHTUIECKOH NMPUHAUICKHOCTH K PA3IMIHBIM KaTETOpUsIM

3aganHue.

1. YcraHoBka GMOIMOTEK U UMIIOPT:

YcranoBute Heobxoaumble 6ubmuoteku: tensorflow (umm keras), numpy, pandas, nltk
(mm gensim, spacy Juisi mpenoopadoTku TekcTa), sklearn.

Wmnoptupyiite  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 TaHHBIX:
Bribepure moaxonsumii Habop MAHHBIX A KJIACCU(HUKAIMU TMPEIOKESHUH
(manmpumep, IMDB dataset nns ananuza ToHambHOCcTH, 20 Newsgroups UIsi TeMaTHYECKOU
KJIaccu(UKaIum, WiIK APYyron AaTtaceT ¢ COOTBETCTBYIOLUIMMU METKaMH).

3arpys3ute nanubie (Hanpumep, u3 CSV daiina ¢ momorisio pandas).

N3yuute CTpyKTypy JaHHBIX: TEKCTHl MPEIOKEHUH U UX COOTBETCTBYIOIIME METKH
KJIaCCOB.

3. IlpenoGpaboTka TekcTa:

Toxenunzanus: Pazoeiite kaxkmoe mpeaiioKeHUE Ha OTACIbHBIC CJI0BA (TOKCHBI).

OuncTka TekcTa: YJanuTe 3HaKU NPENUHAHUsS, CHelHalbHble CUMBOJIbI, PUBEINUTE
TEKCT K HIKHEMY PETUCTDY.

VY naneHue cTomn-cinoB: Y JAIUTE 4aCcTO BCTPEUAIOIINECs CJIOBA, HE HECYIHe 3HAaYUMOT0
cMmbicia (Hampumep, "the", "a", "is").

Jlemmatu3zanust/Cremmunr: [IpuBenure cioBa k ux 0a3o0Boit popme.

Co3nanue cnoBaps: Co3naiTe CIOBAph BCEX YHHKAIBHBIX CJIOB B KOPITyCE, IPUCBOVB
KaX/IOMY CJIOBY YHUKaJIbHbIH LEIOYNCICHHBIA HHJIEKC.

[IpeobpazoBanue TeKcTa B mocieaoBaTeIbHOCTH: [Ipeobpa3yiiTe Kaxa0e mpeioKeHne
B TI0CJIE/IOBATEIbHOCTD 1ETIOYNCICHHBIX HH/IEKCOB CIIOB.

[Magmuar (Padding): Y6emuTtech, 4TO BCE MOCIENOBATEILHOCTH UMEIOT OJUHAKOBYIO
JUIMHY, JONOJHss Oojiee KOPOTKHE MocienoBarenbHOCTH Hyismu (padding) wim oOpesas Oonee
JuHHBIE. OTpenennTe MaKCUMATBHYTO UTHHY TTOCTIeI0BATEIHHOCTH.

4. TlocTpoeHue CBEPTOYHON HEMPOHHON CETH JUISl TEKCTA:

Ucnons3yiite dppeitmBopk Keras myist co3manust MOIemH.

Co3paiite Mozienb Tuna Sequential.

Cnoit Embedding: /Io6aBeTe Embedding cnoit. On Oynet oToOpaxaTh 11€JI0YNCICHHBIC
MHJIEKCHl CIIOB B IUJIOTHBIE BEKTOpPbI (dMOenauHru). Ykaxure input dim (pasmep cioBaps),
output_dim (pazmepHocTh dMOeaaunra, Harpumep, 100-300) u input_length (MakcumanbHas namuHa
M0CJIEeI0BATEIBHOCTH).

Cseprounsie ciou (Conv1D): Jlo6aBeTe oguH min Heckoiabko ciaoeB ConvlD. Onu
paboTatoT aHasoru4Ho 2D cBepTKaM, HO Ui OJTHOMEPHBIX JaHHBIX (TekcTa). Mcnomnb3yiite pa3Hble
pa3mepsl saep (filters) nis 3axBara n-rpaMM pasHoOW AJUHBI (HanmpuMmep, 2-rpaMMsbl, 3-rpaMMsbl, 4-
rpamMmBbl).

[Tynunr (GlobalMaxPoolinglD unun MaxPooling1D): Ilocne cBepTOYHBIX cO€B
NPUMEHHUTE MYJIMHT JUId MoJy4yeHHus HauOoiiee BakHBbIX Npu3HakoB. GlobalMaxPoolinglD wacrto
s¢dekTuBeH i Kilaccu(UKaluy TEKCTa.

[TonmHocBs3HBIE cion: JloO6aBbTe OAMH WIIM J1Ba MOJNHOCB3HBIX (Dense) cnos ¢
¢byHKIMel akTuBauu relu.

Brixonnoii cioit: Jlo6aBbTe BeIxoqHON Dense ci10it ¢ KOJTMUeCTBOM HEHMPOHOB, paBHBIM
KOJIMYECTBY KjaccoB, W (yHkuuen axktuBamuu sigmoid (st OMHapHOW KiaccuuKaluu) WU
softmax (1711 MHOTOKJIacCOBO Kiaccuukarmm).

5. Hacrpoiika n o0y4eHre MOJENH:

Ontumuzatop: Adam.



OyHkuMs ToTeph: binary crossentropy (st OMHApHOHW KiacCUpUKALMK) WU
categorical crossentropy (Z1711 MHOTOKJIACCOBOHA ).
Mertpuxku: accuracy.
Paznenure nanHbie Ha 00YYaOINIYIO U TECTOBYIO BBIOOPKH.
OOyunte MO/IeTh, HACTPOUB THIEpIIapaMeTPhI (KOJIUYECTBO ATOX, pazMep OarTda).
6. OreHKa ¥ BU3yaJIM3alIHs:
Onennte MoJenb Ha TECTOBOM BBIOOPKE, MCIONB3Ys METPUKHU (accuracy, precision,
recall, F1-score).
Busyanusupyiite rpaduk U3MEHEHUs METPUK T10 ITTOXaM.
[IpogeMoHcTpUpyiTE MpeaCcCKa3aHusl MOJIETM HA HECKOJIBKUX MPUMEpPaxX MPEeII0KEHUN
U3 TECTOBOW BBIOOPKH.

[pakTuyeckas padora Ne 13. I'eHepanus TEKCTa ¢ IOMOIIbIO PEKYPPEHTHON HEHpoCceTH
Ilenb: Pa3zpaboraTh M 00y4MTh MPOCTYIO peKyppeHTHYI0 HeipoHHyto cetb (RNN) mns
TeHepaluy HOBOTO TEKCTa, OCHOBAHHOT'O HA CTATUCTUYECKUX 3aKOHOMEPHOCTSIX BXOJAHOTO KOpITyca.
3aganue:
1. YcraHoBka OMOIMOTEK U UMIIOPT:
Ycranosure HeoOxoauMmble 6ubaroTeku: tensorflow (wnu keras), numpy, nltk.
WNmnoprupyiite ux: tensorflow.keras.models, tensorflow.keras.layers,
tensorflow.keras.preprocessing.text, tensorflow.keras.preprocessing.sequence, numpy, nltk.
2. 3arpy3ka u 0030p TEKCTOBBIX JaHHBIX:
Bribepure mpocToii TEKCTOBBIH KOpITyc (HarpuMep, HECKOIBKO TJIaB KHUTH, KOJUICKIIAIO
CTUXOB, HA0Op HOBOCTHBIX cTaTeit). Hebonboi kopyc moMokeT ObicTpee 00yUUTh MOJIEINb.
3arpy3uTe U MpOYUTANUTE TEKCT.
3. IlpenoOpaboTka TekcTa:
Toxenuszanus: Pa30elite Bechb TEKCT Ha TOKEHBI (CJIOBa WM CUMBOJIBI). [l Hauana
JydIlle UCTOJb30BaTh CUMBOJIBHYIO TOKEHHM3AIMIO (CUMBOJI 32 CHMBOJIOM), TaK KaK OHa IpOIIE B
peanu3ayy U TpeOyeT MeHbIIE TaHHBIX.
Co3nanue cnopapsi: Co3naiite cioBapb YHUKaJIbHBIX CUMBOJIOB (MJIH CJIOB) U IPUCBOMTE
Ka)XXJIOMY HHJIEKC.

[ToaroroBka naHHbIX g Moxenu: Coznaiite MmocnenoBaTeIbHOCTH JUTMHOM
sequence length (mampumep, 40-100 cuMBOJIOB), T/€ BXOJHBIE CHMBOJBI HCTOJB3YIOTCS IS
npezcKa3aHus CIeIYyIOEero CHMBOJIA.

Hampumep, ecnu sequence length = 40, To Bxox: [char 1, char 2, ..., char 40],

BbIxoa: char 41.
One-hot encoding: IlpeoOpa3yiiTe BXOJIHBIE TOCIEIOBATEILHOCTH M BBIXOIHBIC
CHUMBOJIBI B (popmaT one-hot encoding.
4. Tloctpoenue Mozenu pekyppeHTHoO! HelipoHHOM ceTu (RNN):

Hcnons3yiiTe ppeiimBopk Keras ams coznanus Moaenu.

Cosznaiite Mozenb Tumma Sequential.

Bxonnoii crnoii: Input crnoit ¢ shape=(sequence length, num unique chars), e
num_unique_chars — KOJIMYECTBO YHUKAIbHBIX CHUMBOJIOB B CJIOBAape.

[Tpocroit RNN croii: JIo6aBbte cnoit SimpleRNN ¢ konndecTBoM HEWPOHOB (€AMHMII)
(manmpumep, 128-256). return_sequences=True MOXKET MOTpeOOBATHCS, €CIAM Bbl IUIAHUpPYETE
ucnosbp30BaTh Heckosibko RNN cioeB nmoapsa.

Brixomnoii cioii: Dense ciioi ¢ KOTU4eCTBOM HEHPOHOB, paBHBIM hum_unique_chars, u
¢byHkupel axkTuBanmMu softmax JuIs mpelcKa3aHUS BEPOSTHOCTH KaXIOrO CHUMBOJA OBITh
CJIEYIOILIHM.

5. Hactpoiika u o0yueHune Moaenu:

Ontumuzatop: Adam.

OyHKIMA IOTeps: categorical crossentropy.

Pa3nenute moAroToBiIeHHbBIE TaHHBIE HA O0YYAIOIIYI0 U BATAAIIMOHHYIO BIOOPKH.



OOyuuTe MoOjEeIb, HACTPOUB THIIEPIApPAMETPhl (KOJIMYECTBO 3IO0X, pa3mep Oarua).
OOydeHre MOXKET 3aHATh BpEMSI.
6. I'enepanus Tekcra:
Hanummre ¢yHKIuUIO U1 reHepauy TeKCTa.
Haunute c "3epHa" (seed text) — HeOONBIIONH HAauaTbHOW MOCIEIOBATEIBHOCTH
CHUMBOJIOB.
[Tonaiite "3epHO" B MO/I€Nb, YTOOBI MOTYYUTh BEPOSATHOCTH CJIETYIOIIET0 CUMBOJIA.
Bribepute crnemyromuii CUMBOJN (HampuMep, COMIUTAPYS W3 pacTlpeneicHus
BEPOSITHOCTEH MM BBIOMpasi HauboJsiee BEpOSTHBIN).
JloGaBbTe creHeprpoBaHHBIM CUMBOII K "3epHY", yaaauTe MnepBblii cuMBOI "3epHa" U
MIOBTOPUTE MPOLIECC AJIs TEHEPALUU CIEAYIOLIETO CUMBOJIA.
CreHepupyiTe TEKCT 3aJJaHHON JJTUHBI.
7. AHanu3s pe3yJbTaToB:
OneHnTe KauecTBO CreHEpUPOBAHHOTO TEKCTA: HACKOJIIBKO OH YUTAEM, €CTh JIU B HEM
CMBICJIOBBIE MIATTEPHBI, IOXO0XK JIN OH HA UCXOAHBIN TEKCT.

[paktuueckas padora Ne 14. [Ipumenenune LSTM i reHepaiiuu Tekcta
Llenb: Pa3zpabortats u 00yunth Mozenb Ha ocHoBe LSTM (Long Short-Term Memory) st
resepanuu 0oiee KaueCTBEHHOTO U CBSI3HOTO TEKCTa MO CpaBHEHUIO ¢ mpocToif RNN.
3amanue.
1. YcraHoBka O6MOIMOTEK U UMIIOPT:
Amnanornuno padote Nel3: tensorflow (wm keras), numpy, nltk.
2. 3arpy3ka u 0030p TEKCTOBBIX JaHHBIX:
Wcnone3yiiTe TOT e (M1n 60IbIINN) TEKCTOBBIN KOpITyC, 4TO U B padore Nel3.
3. IlpenoOpaboTka TekcTa:
Tokenuzamus: Mcrnonb3yilTe CUMBOJBHYIO WIN CIOBapHYyto TokeHuzanuto. st LSTM
CIIOBapHasi TOKCHU3AIUs MOXKET JaTh JIydIlie pe3ysIbTaThl, €CIIU JAaHHBIX JOCTATOYHO.
Co3znanue cinosaps.
ITonroroBka ganueix: Co3jaiiTe mociae10BaTeIbHOCTH JIIMHON sequence length.
One-hot encoding BXOAHBIX TOCTIEIOBATEIHFHOCTEH U BHIXOIHBIX CHMBOJIOB/CIIOB.
4. Tloctpoenne moaenu LSTM:
Ucnonesyiite PpperimBopk Keras.
Co3paiite Mozienb Tuna Sequential.
Cnoti LSTM: [lo6aBbTe oauH MM HEeCKOJIbKO ciaoeB LSTM. Ykakure KOIMYIECTBO
eauHuI] (Hanpumep, 128-256).
Ecnu ucnoneiyere Heckonbko LSTM croes, y Bcex, KpoMe MOCIIETHET0, YCTAHOBUTE
return_sequences=True.

BrixogHo# cioii: Dense ciioli ¢ KOJIMY€CTBOM HEHPOHOB, PABHBIM pa3Mepy CIOBapsi, U

¢byHKUMel akTUBauy softmax.
5. Hacrpoiika n o0y4eHre MOJENH:
Ontumuzatop: Adam.
OyHKIUA TOTEPh: categorical crossentropy.
PaznenuTe nanHple Ha 00YYAONIYIO U BAIMAAIMOHHYIO BBIOOPKH.

OO6yunrte monens. O0yuenue LSTM moskeT noTpedoBath Oosblile BpeMEHHU U JaHHbBIX,
yem npoctas RNN. Hactpoiite runepmnapaMeTpsl (KOJIMYECTBO 3MOX, pa3mep OaTda, CKOPOCTb
00y4eHus).

6. I'enepanus Tekcra:
Hanummre ¢yHKIuMIO 11 reHepanuy TeKCTa, aHaIornyHyo padore Nel3.
Haunute ¢ "3epna".
Ucnoneiyiite o0ydyennytro LSTM wmonens i mnpeackasaHus CleTyrOIIETo

CHUMBOJIa/CJIOBA.
CreHepupyiTe TEKCT 3aJJaHHON JJTUHBI.



7. AHanu3z pe3yJbTaToB:
CpaBHUTE Ka4eCTBO CT€HEPUPOBAHHOTO TEKCTa C TEKCTOM, CT€HEPUPOBAHHBIM MPOCTON
RNN (u3 pabotsr Nel3). OnieHuTe CBI3HOCTD, TPAMMATUKY U CEMAHTHUKY.

IIpaktuyeckass pabora Ne 15. CpaBHeHHEe KadecTBa TEKCTOB Ha BBIXOJE pa3HBIX
Monupuxanmit LSTM
Henb: HWccnenoBarh BIMAHUE pa3nu4HbIX KoHpurypaumit u wmoaudukauuit LSTM
(HampuMmep, KOJMYECTBO CJIOEB, KOJUYECTBO IOHHUTOB, Hcmoib3oBaHue Dropout, Bidirectional
LSTM) Ha kauecTBO reHEpHUPYEMOTr0 TEKCTA.
3aganue:
1. IlogroroBka kopryca 1 JaHHBIX:
Hcnons3yiiTe TOT k€ KOPITYC U MOATOTOBKY JAaHHBIX, 4TO U B pabote Nel4. Yoeautecs,
YTO y Bac €CTh XOPOUIO MOATOTOBJIEHHBIN HA0OP TaHHBIX Il O0yUYEeHHUS.
2. Co3pnanue u o0ydeHne Heckoibkux Mojeneit LSTM:
Pazpa0Ooraiite 3-4 pazauunble apxutekTypsl LSTM:
bazosast LSTM: Ogna LSTM cioit ¢ yMepeHHBIM KOJIMYECTBOM IOHUTOB (HaIpUMep,

128).
I'my6okas LSTM: [Ia nnu 6onee LSTM crnos.
LSTM c Dropout: lo6aBsTe Dropout ciou mocne LSTM wnu Dense cioeB st
O00pBOBI ¢ TIepeoOyICHUEM.
Bidirectional LSTM: Hcnons3yiite Bidirectional(LSTM(...)) anst yueTa KOHTEKCTa
KaK B IPSIMOM, Tak U B 0OpaTHOM HarpaBiICHHUH.
(Ommonansao) GRU: CpaBuute ¢ GRU (Gated Recurrent Unit), koTopas siBisieTcs
yrnpoieHHo Bepcueit LSTM.
Jns xaxx o Moaenu:
3agaiTe apXuTEKTypy.
Hactpolite KoMOwIsuio (ONTUMHU3aTOp, QYHKIHS TOTEPh, METPUKH).
OOyuute MoJenb Ha OJHOM M TOM K€ Habope JaHHBIX, MCIIOJb3YsI OJUHAKOBOE
KOJIMYECTBO 3MOX U pa3Mep 0aTya (HACKOJIBKO 3TO BO3MOXKHO). MCHONb3ylHTe paHHIOI OCTaHOBKY
(EarlyStopping) nmst 6os1ee TOUHOTO OTMpEeIeTICHUSI ONTUMAIBHOTO KOJIMYECTBA AIOX.
Coxpanute 00yueHHBIE MOJECTIH.
3. I'eHepanus TEKCTOB:
Jlnst Kaxoi 00yuyeHHON MOIeH:
Ucnons3yiiTe onuaakoBoe "3epHo" (seed text).
CreHnepupyiTe TeKCT GUKCUPOBAHHOM JUINHBI.
4. OueHka U CpaBHEHHE Ka4eCTBA TEKCTOB:
CyOBeKTHBHAs OLICHKA:
[Ipounraiite 1 cpaBHUTE Cr€HEPUPOBAHHBIE TEKCTHI OT KAXKJIOH MOJIEIH.
OneHure UX YUTaEMOCTh, CBSI3HOCTb, TPAMMATUYECKYIO ITPABWIIBHOCTD, HAJIUYNE
CMBICJIOBBIX NTATTEPHOB, COOTBETCTBHE CTUIIIO HCXOJIHOTO TEKCTA.
OOBeKTHBHAS OIIEHKA (OMIIMOHAIBHO, O0JIee CIIOKHAs ):
Paccuuraiite MeTpuku, Takue kak Perplexity (U1 OLlEHKH TOTO, HACKOJIBKO XOPOIIIO
MO/IEJIb IPECKa3bIBAET MOCIIEA0BATEILHOCTS).
(Hns 6onee mponsunyToit onenkn) Mcenonssyiite BLEU, ROUGE (xoTs onu yaie
NPUMEHSIOTCS JUIs 3ajiay IepeBoJa U CyMMapU3allii, UX MOXKHO aJalTHPOBATh).
Buzyanuzanus:
[ToctpoiiTe rpaduku u3MeHeHUs: MeTpUK (accuracy, loss) mo smoxam JuIst Bcex
Mojiesiel, YTOOBI OKa3aTh, KaK pa3Hble apXUTEKTYPbl 00YYaIUCh.
5. BriBoabl:
Chopmynupyiite BbIBOABI O TOM, Kakasg Moauduxamus LSTM (unm apyras
apXHUTEKTypa) MoKa3ajia HauIydIue pe3yabTaThl Ui JAaHHOW 3a7jaudl TeHepaliy TeKCTa U IoYeMy.



W3noxure cBOM B3IrJIsA Ha KOMITPOMHCCBHI MCIKAY CJIOKHOCTBIO MOJCIN, BPECMCHCM
06yqu1/151 " Ka4€CTBOM I'CHCpaluu.

[TpakTryeckas padbora Ne 16. AHanu3 Mpou3BOJIBHOTO JaTaceTa n300paKeHH
Henb: O3HaKOMUTBCS C TPOLIECCOM MCCIEIOBAHUS U IMPenoOpabOTKHU TMPOU3BOIBHOTO
Habopa JaHHBIX U300paKCHUI.
3aganue.
1. YcraHoBka GMOIMOTEK U UMIIOPT:
YcranoBure HeoOXoauMble OMOIMOTEKH: numpy, pandas, matplotlib, PIL (Pillow) unu
cv2 (OpenCV), sklearn (a1 cTaTUCTUKY B pa3iesieHUs JaHHBIX), 0S, glob.
NmMmnoptupyiire ux.
2. Bri0op u 3arpy3ka matacera:
Br16op ngaracera: Haiinure unu co3paiite mporu3BOIbHBIN HA00P JaHHBIX H300paXKeHUH.
OTO MOXET OBbITh:
C6opnuk oTorpaduii pasHbIX BUIOB I[BETOB.
doTtorpadun pa3TMIHBIX KHUBOTHBIX.
N300pakeHust pa3nuIHbIX 00BEKTOB (HarpuMep, GpyKThl, MeOeIb).
[Hatacer ¢ n3o0pakeHUsIMH, TJ€ MPUCYTCTBYIOT WK OTCYTCTBYIOT ONpE/CIICHHbIE

OOBEKTHI.

CrtpykTypa naracera: YOeaurech, 4To M300pakeHUs OpraHU30BaHbl TaKUM 00pa3om,
4TOOBI MX MOKHO OBILJIO JIETKO 3arpy3uTh (HampuMmep, B MamkKax Mo KjiaccaMm, WM B BHUJE CIIHCKa
(altyIoB ¢ COOTBETCTBYIOIIMMU METKAMHU).

3arpy3ka nzobpakenuii: Hamummure ckpunT UIst 3arpy3Ku U300pakeHui U3 yKa3aHHBIX
JIUPEKTOPHIA.

3. Uccnenoparenbckuit ananu3 gaHubix (EDA):
[IpocmoTp u3o0pakenuit: Busyanusupyiite ciiydaiinyio BBIOOPKY H300pakeHUll U3
JaTtaceTa, 4ToObl MOJYyYUTh 0011Iee MPEeCTaBICHUE O COJCPKAHNU U Ka4eCTBE JaHHBIX.
Pazmep nzobpakenwuit: Onpenenure pazMeps! (IMMPHUHA, BBICOTA) BCEX U300paKeHUN B
naracerte. [locTpoiite rucTorpamMmmy pacrpeaesieHus: pa3MepoB, YTOObI BBISIBUTh BAPUATUBHOCTb.
KonnyectBo m3o0pakeHwit mo kimaccam (ecimm mpumeHumo): Eciam  matacer
KJIaccu(uIpoBaH, IpoBepbTe OaaHc kiaccoB. [locTpoiite cTonbuaTyto quarpammy.

L{BeToBBIC TIpocTpancTBa: OnpenenuTe, B KAKOM IIBETOBOM IMPOCTPAHCTBE HAXOSATCS
uzoopaxenus (RGB, Grayscale).

AHanu3 SpPKOCTHU/KOHTpacTa (OMIMOHAIBHO): MOXHO paccuuTaTh CPETHIO SPKOCTh
WA KOHTPAcT U300paKeHHH.

4. TlpenmobpaboTka N300pa>KEHUIA:

[IpuBenenue k eauHOMy pasmepy: BuiOepure cTaHIapTHBIA pasmep A Bcex
nzobpaxeHuit (Hampumep, 224x224, 128x128). Bce uzoOpakeHusi, uMerolue Apyrue pa3Mephl,
JIOJDKHBI OBITh U3MEHEHBI (1esize).

Hopmanuzanus: [IpeoOpasyiite 3HaueHus nukcenei us auanasona [0, 255] B quamna3on
[0, 1] wm [-1, 1].

[IpeobpazoBanme MBETOBOTO MPOCTPAHCTBA (eci HeoOXxoaumo): Eciin Moaens oxuaaet
OIpEeIeIEHHOE I[BETOBOE MpOCTpaHCTBO (Hampumep, RGB), ybenutech, 4ro Bce H300paxKeHUs
MIPUBEJICHBI K HEMY.

AyrMmeHTanus JaHHBIX (OMIMOHAJBHO, JJIS MOATOTOBKH K ClEAyIouel pabote):
[Ipumennte 06a30Bble TEXHHKH AayrMEHTAIMH: CIy4YaliHbIe ITOBOPOTHI, CJABHTH, OTpPa)KCHUS,
MaciTabupoBaHue. ITO MOXKET OBITh CICJIAHO 3/1€Ch WM HEMOCPEJCTBEHHO Mepes] 00yueHUEM.
5. Pa3znmenenue naHHBIX:
Paznenute npenoOpaboTanHble AaHHBIE HAa OOyyaromlylo (train), BalWJallMOHHYIO
(validation) u TecToByIO (test) BBIOOPKH.
6. CoxpaHeHue npeaoOopaboTaHHBIX TaHHBIX (OMIIHOHAIBHO):



Ecnu npenobpaboTka 3aHMMaeT MHOTO BPEMEHHU, MOXKHO COXPaHUTh 00paboTaHHBIE
M300paKeHHsI U METKHU, YTOOBI HE BBIMIOJHSATH 3Ty OIEpaIMIO KaX bl pas.

[Ipaktuueckas padora Ne 17. [lpumenenune OnHapHOTO KiaccupUKaTOpa K MPOU3BOJIBHOMY
JaTaceTy U300pakeHun
Ilens: Pa3pabGorate u 00yuuTh OWHApHBIA KiIaccU(PUKATOP HA OCHOBE CBEPTOYHOM
Heiiponnoit cetn (CNN) mis pemieHus 3alaud Kiaccuukanumu M300paKeHMH Ha JBa Kiacca
(manpumep, "Hanuuue obbekta X" vs "orcyrctBue oObekta X", "tmm 1" vs "tunm 2"). Llensio
aBnsieTcd npuMeHeHune 3HaHMH o CNN K pemeHHIo peaqbHOM 3ajaud  KilacCU(UKAIUH
N300paxKeHHH.
3agaHue:
1. YcraHoBka GMOIMOTEK U UMIIOPT:
YcranoBure HeoOxoqumble O6ubmuorekn: tensorflow (wnum keras), numpy, matplotlib,
PIL (Pillow) unu cv2 (OpenCV), sklearn (1151 MeTpuk 1 pa3jieleHus JaHHBIX), 0s, glob.
Nmnoptupyiire ux.
2. 3arpy3ka u OATrOTOBKA JAHHBIX:
Bribop natacera: Mcnonb3yiTe naraceT, MOATOTOBIEHHBIH B pabore Nel6, wmum
HaiiiuTe HOBBIM OWHaApHBIA naraceT wu3o0paxeHuil. Ecim patacer He sBnseTcss OWHAPHBIM,
MOIUGHUIMPYHTE €ro, BBIOpaB JiBa Kilacca JJIs KIacCU(PHUKAIIH.
[IpenoGpaboTka: Bemonnute Bee maru npeaodpadoTku u3 padotel Nel6:
[IpuBeneHne Kk eqUHOMY pa3Mepy.
Hopmanusanus nukcenei.
dopmupoBaHue npaBuiIbHON pazmepHoctu A CNN (manpumep, (N, H, W, C)).
Koauposanune merok: Koaupyiire metku kiaccoB nudpamu: 0 amns ogHoro kiacca, 1
JUISL IPYTOro.
Paznenenne Ha Be1OOpKH: Pa3nenure nanHpie Ha 00ydaronIyto (train), BauIaIMOHHYO
(validation) u TecToByIO (test) BBIOOPKH.
3. IlocTtpoenue 6uHapHOU Kinaccudukanrnonuoit CNN:
Hcnons3yiite ppeiimBopk Keras.
Coznaiite Mozenb Tumma Sequential.
Ceeprounsie 610ku: J06aBbTE HECKOIBKO CBEpTOUHBIX cioeB (Conv2D) ¢ yHKIueit
aktuBanuu relu u cnoes nmynunra (MaxPooling2D).
Croit crinaxxuBanus (Flatten): IIpeoOpa3yiiTe BbIX0O CBEPTOUHBIX CIIOEB B OJIHOMEPHBII

BEKTOD.
[TonmHocBs3HBIE cion: JloO6aBbTe OAMH WIIM J1Ba MOJNHOCB3HBIX (Dense) cinos ¢
¢byHKImMei aktTuBauu relu.
BrixogHoit cioii: Dense ciioil ¢ ogHIM HEWpPOHOM M (YHKIMEH akTuBauu sigmoid.
Sigmoid BbIIaCT BEPOATHOCTH MPUHAITICKHOCTH U300pakeHus K kiaccy "1".
4. Hacrpoiika 1 00y4eHue MOJICIH:
Ontumuzatop: Adam.
@yHKIMs MoTeps: binary crossentropy (Tak Kak 3aja4a OMHApHOH KJIacCU(PHUKAINN).
Mertpuku: accuracy, Precision, Recall, AUC (Area Under the ROC Curve).
OOyunte Monenb Ha 20-50 smoxax, MCIONB3Ysl BAJTUIAMOHHYIO BBIOOPKY JUIs
Monutopunra. Hacrpoiite pa3mep 6arya.
PaccmoTpuTe MCTIob30BaHNE ayTMEHTAllMU JaHHBIX BO BpeMsi 00yueHHsl (Hampumep, ¢
nomouibio ImageDataGenerator B Keras) st yBenuueHust pasmepa oOydaromieidl BbIOOPKH H
yIIy4IIeHus: 00001aroel CiocoOOHOCTH MOJIEH.
5. OreHkKa ¥ BU3yaJIM3alys:
OrneHka Ha TecToBOi BhIOOpKe: CrienaiiTe peicka3aHusl Ha TECTOBOW BBIOOPKE.
[Toctpoenne matpuubl ommbok (Confusion Matrix): Busyanusupyiite matpuily
oOO0K, YTOOBI MOHSATh, KAKHE KJIACChl MOJIEIb ITyTaeT.
ROC-kpuBas nu AUC: Iloctpoiite ROC-kpuByto u paccunraiire 3Hauenne AUC.



I'paduk metpuk: Iloctpoiite rpaduku U3MEHEHHS TOYHOCTH, MoTeph (loss) Ha
oOyuaromei 1 BaTuAallMOHHONW BRIOOPKAX IO ATOXaM.

Busyanuzanus npeackazanuii: [lokaxxuTe HECKOIBKO H300paK€HUN U3 TECTOBOM
BBIOOPKH C UICTUHHBIMUA METKaMH H TPE/ICKa3aHHBIMU BEPOSITHOCTSIMHU/KIIACCAMU.

6. AHanu3 pe3ysibTaToB:
[Ipoananu3upyiiTe Noay4YeHHbIE METPUKH. HacKOJIBKO XOPOIIO MOJENb CIPABISETCS C

3amauei?, Kak ayrMeHTaunusi JaHHBIX TOBIMSUIA HA PE3YyJbTaThl? [Ipennoxure BO3MOXKHBIE
YIIy4IICHUS.

[Ipaktuueckas padora Ne 18. UHTemnexTyanbpHas 00paboTka BUIEO

enb: Pa3paboTaTh ¥ NPUMEHHUTh CUCTEMY KOMIBIOTEPHOI'O 3pEHUS I aBTOMATHYECKOTO
oOHapyxeHusT W Kiaccuduranuu o0BEKTOB THMa "aBTomMoOWib", "aBTOOYC" W '"memexon"' B
BuzeonorToke. Llenbio siBisieTcst co3gaHue paboTOCIIOCOOHOTO JAETEKTOpa OOBEKTOB, CIIOCOOHOTO
paboTaTh B TMHAMUYECKHUX YCIOBHUSIX PEaIbHOTO MHUpPA, U OLIEHKA ero 3(PPEeKTUBHOCTH.

3agaHue.

1. BeiOop 1 MOATOTOBKA JaHHBIX:

* Bribop maracera: Haiigure unu chopmupyiite HaOOp BUACOAAHHBIX, COICPIKALIMX
CIEHbl C aBTOMOOWIAMH, aBTOOycaMHM U TemexoJamMu. PekoMmeHIyeTcs HCIOoIb30BaTh
OOIIEOCTYTHBIE J1aTaceThl, CIEUUAIBHO MpeIHa3HAuUCHHbIC IS JETEKTUPOBAHHS OOBEKTOB B
ropojckoit cpene (Hanpumep, COCO, KITTI, Cityscapes).

* AHHOTHpOBaHHUe (IIpU HEOOX0AUMOCTH): Ecau BbIOpaHHBIN JaTaceT HE UMEET HYXHBIX
aHHOTaIUi (OrpaHMYUBAIOLINE PAMKU BOKPYT OOBEKTOB C YKa3aHHMEM Kjlacca), BHIIIOJHUTE PyYHOE
AHHOTMPOBAHUE YacTU JAHHBIX. DTO BKIIIOYAET OTPUCOBKY HPSMOYTOJIBHUKOB BOKPYT Ka)JIOTO
11eJIeBOT0 00BeKTa (aBTOMOOMITB, aBTOOYC, MEMIEX0/1) ¥ IPHUCBOCHUE COOTBETCTBYIOIIETO Kilacca.

* Paznenenue panubix: PasznenuTe aHHOTHpPOBAaHHBIE JaHHbIE Ha OOYYaroIlyro,
BaJIM/IALIMOHHYIO U TECTOBYIO BEIOODKH.

2. Bei0op 1 HacCTpoWKa MOJIENIN IETEKIIUN OOBEKTOB:

* BpiOop apxurektypsl: Boibepute cCOBpeMEHHYIO apXUTEKTypy HEMpPOHHOW CeTH st
JIETEeKTUPOBaHUs 00bEKTOB. PekoMeH TyeMble BapHaHThI:

- Onnoatanueie nerektopsl (One-Stage Detectors): YOLO (v3, v4, v5, v7), SSD (Single
Shot MultiBox Detector), RetinaNet. Onu ObIcTpee, YTO BayKHO ISl BUJICO.

- JIByxatanusie netextopsl (Two-Stage Detectors): Faster R-CNN, Mask R-CNN. Yacto
OoJiee TOUHbIE, HO ME/IJICHHEE.

* Hcnonw3zoBanue npenoOydeHHbIX BecoB: HauHuTe C HMCHOIB30BaHUS MOJENH,
npeno0y4deHHo Ha OosbiioMm obmem natacere (Hampumep, ImageNet, COCO). 310 3HaUUTENBHO
YCKOPUT Tporiecc 00y4yeHHs U MOBBICUT ero 3P pekTuBHOCTH (transfer learning).

* Apanramms k 3anade: IlepeoOyuute (fine-tune) BBHIOpaHHYIO MOJENb Ha CBOEM
MOATOTOBJICHHOM JIaTaceTe, UCTIOB3Ys TOIBKO KIacchl "aBToMooOmib", "aBTolyc", "memexon".

3. O0y4enne Moemu:

* Hacrpoiika runepnapamerpoB: Onpenennute oNTUMaIbHbIE TUIIEPIIapaMeTpbl 00yUeHHUs,
Takue Kak ckopocTh oOyuenus (learning rate), pasmep Oarua (batch size), xomuuecTBO 310X
(epochs), ontummzaTtop (Adam, SGD).

* Oynxnus noteps: Mcnonb3yiiTe cranaapTHble QYHKIMU TOTEPh Ui JE€TEKTUPOBAHUS
00BEKTOB, KOTOpHIE OOBIYHO BKIIOUAIOT ToTepro kiaccupuramuu (confidence loss) m mortepro
nokanuzanuu (bounding box regression loss).

* Monutopunr: OTcinexuBaiiTe METpUKH KadecTBa (CM. HW)KE) Ha BalUAAllMOHHON
BbIOOpKE BO Bpemsi OOyuyeHMs, 4YTOOBI MpeaoTBpaTUTh mnepeoOyuenue (overfitting) u BBHIOpaThH
HAWIYYIIyI0 MOJEINb.

4. IlpumeHeHMeE U OLIEHKa MOJENIN Ha BUJIEO:

* OOpaboTka Buaeonoroka: Hamummre ckpunT, KOTOpbI uuTaeT BUaeodain kaap 3a

KaJIpOM.



+ Jlerekuus Ha KaxJa0M Kajape: s KakA0ro MpoYMTaHHOTO KaJpa MoAalTe ero Ha BXOJ
00y4eHHOW MojAeNnu AeTeKIuu. Mojenb A0KHA BEPHYTh CIIMCOK OOHAPY)KEHHBIX OOBEKTOB C MX
OrpaHUYMBAIOIIMMU paMKaMH, KJIaCCaMU M yBepeHHOCThIO (confidence score).

* QunpTpauusa pe3yiabTatoB: OTOUIBTPYHTE OOHApYKEHHS] ¢ HU3KOH YBEPEHHOCTHIO
(manpumep, Huke nopora 0.5).

*  Bwusyaimsanusa: Hapucyiite orpaHH4YMBa[OmMe paMKH W Ha3BaHUS KJIACCOB IOBEPX
MCXOJIHBIX KaJIpOB BUJICO.

* OueHka METpUK:

- mAP (mean Average Precision): OcHOBHast MeTpHKa Il OLEHKH TOYHOCTH JETEKIIUH
00BbekTOB. PaccunThiBaeTcs OTEIBHO U1 KaXKIOTO Klacca, a 3aTeM yCpeaHsIeTCs.

- Precision & Recall: Ouenka 1011 npaBUIbHBIX OOHAPYKEHUH U JJOJIM OOHAPYKEHHBIX
00BEKTOB OT OOIIEro Yncia.

- JoU (Intersection over Union): Mcnomb3yercss sl ONpEAETCHUs, CUUTACTCS JIH

oOHapy»KeHHe BEpHBIM (CpaBHUBAETCS ITepeceueHue NPeCKa3aHHON U HCTUHHON PaMKH).

- FPS (Frames Per Second): OnieHka ckopocT paboThl MOACTH, KPUTUYESCKU BaXKHAST JIJIS
00paboTKH BUEO B pPeaIbHOM BpEMEHHU.

5. AHanu3 ¥ ynydIieHue:

* Ilpoananu3upyiite NOIy4YeHHbIE pPE3yJbTaThl: TA€ MOJENb oundaercs (JIOXKHbIE
cpabaThIBaHuUs, MPOITYCKH ), HACKOJIBKO BBICOKA CKOPOCTH PabOTHI.

* Ilpeanoxkure BO3MOMKHBIE IMyTH YJIYYIICHHS: HCIIOJIb30BaHHE OoJjee MPOJBUHYTHIX
apXUTEKTyp, cOOp OOJBIIEro KOJUYECTBAa pa3HOOOpa3HBIX [aHHBIX, AayrMEHTalMs JaHHBIX,
M3MEHEHHUE apaMeTpoB Mpe1o0paboTKy WK MOCT-00paboTKU.

[TpakTnueckast pabora Ne 19. I[IpenckazaHue IeHbl akTMBa Ha OCHOBaHUM Trpaduka
M3MEHEHUS LIEHBI C UCTOIb30BaHUEM HEHpOoceTH Ha 1 mar

Ilensb: Paspabotath M 0OydWUTh MPOCTYI0 HEHPOHHYIO CE€Th MJIi TNPOTHO3UPOBAHUS
CIIEIYIOIEr0 3HAUEHUs! LEHBbl aKTHBA, OMMPASCh MCKIIOYUTEIBHO HA MCTOPUYECKUE JAHHBIE €T0
LIEHOBBIX KOJIeOaHUM

3aganHue.

1. Coop 1 MOATOTOBKA TAHHBIX:

* Bribepute onuH (pUHAHCOBBIM akTHB (HampuMep, aKLMIO H3BECTHON KOMIAaHMHU,
KPUIITOBAJIIOTY, BAJIFOTHYIO Mapy) U HaiiauTe uctopuueckue nanueie o ero uexe (Open, High, Low,
Close, Volume) 3a onpeaeneHHbINA EPUO.

* OcymecTBuTe NpeaoOpadoTKy JaHHBIX: OYMCTKA OT MPOIYCKOB, IPUBEIECHUE K HY>)KHOMY
¢dbopmary, BO3MOKHO, HOpMaJIH3alMs WIK CTaHJapTH3AIMS LIEH.

* CdopmupyiiTe mapsl "BXOIHBIE TaHHBIC - BBIXOJHBIC NAaHHBIE": BXOAHBIMH JAHHBIMHU
OyzleT Mocnen0BaTeIbHOCTh MpPEAbIAYIUX LeH (Hampumep, 10-20 mpeapayliux 3HadeHUil), a
BBIXOJHBIMU — CJIEIyIOIIEee 3HAUYECHUE 1ICHBI.

2. Iloctpoenue monenu:

* Hcnonp3yiite OMOIMOTEKY NIl MammMHHOTO 00ydeHust (Hampumep, TensorFlow/Keras
wiu PyTorch) nns noctpoenus mpoctoii pekyppenTHoi HeliponHoii cetr (RNN), Takoit kak LSTM
(Long Short-Term Memory) unmu GRU (Gated Recurrent Unit), unu ma)xe mpocToi MOJTHOCBSI3HBII
cioit (MLP), ecu mocnenoBatensHOCTh Oy1eT mpeoOpa3oBaHa B PUKCUPOBAHHBIN BEKTOP.

* Omnpenenure apXUTEKTypy CETHU: KOJUYECTBO CIIOEB, KOJIUYECTBO HEHPOHOB B KaXKJIOM
cioe, GYHKIHIO aKTUBAIUH.

3. O0Gy4eHne MOJIeH:
* Paznenute naHHbple HAa 0OYYAIOIIYIO U TECTOBYIO BBIOOPKH.

* OOyuuTe HEWPOHHYIO CETh Ha OOydYaroIIiel BHIOOPKE, HCIOIB3YS IOIXOISAIIYIO
¢ynkuuto noreps (Hanpumep, Mean Squared Error - MSE) u ontumusarop (Hanpumep, Adam).

* Hacrpoiite runepnapamMerpsl Mojeau (CKOPOCTh 00y4YeHHs, KOJIHMUYECTBO 310X, pa3Mep
6artya) 1151 JOCTHXKEHUS! HAWTYUIINX Pe3yJIbTaTOB Ha BAJIMIAIIMOHHON BBIOOPKE.

4. OueHka pe3yJbTaToB:




* OrneHuTe Ka4ecTBO MpeACcKa3aHUil Ha TECTOBOW BBHIOOPKE, UCIONB3YS METPHUKH, TaKUe
kak MSE, RMSE (Root Mean Squared Error), MAE (Mean Absolute Error) nnu R2.

* BusyanusupyiiTe peanbHbIe IIEHBI U TIPECKa3aHHbIE IIEHbI Ha TpaduKe IS HATIISIHOU
OIICHKH PaOOTHI MOJICTIH.

[TpakTnueckast pabora Ne 20. [IpenckaszaHue IeHbl akTMBa Ha OCHOBaHUM Trpaduka
M3MEHEHUS LIEHBI C UCIOIb30BaHUEM HEHPOCETH Ha HECKOJIBKO IIaroB
Ilenb: Pa3paGorath U 00y4yuTh HEWPOHHYIO CE€Th, CIOCOOHYIO IPOTHO3UPOBATH
M0CJIEIOBATEIbHOCTh U3 HECKOJIbKMX OyAyIIMX 3HAUYEHHUH IIeHbl aKTHBA, OCHOBBIBASCH Ha €ro
HWCTOPUYECKOUN TMHAMUKE.
3aganue.
1. Coop ¥ MOATOTOBKA TAHHBIX:
* Mcnonb3yiiTe Te ke JaHHbIe, yTO U B pabote Nel9.
* Cdopmupyiite mapsl "BXOIHBIE JTaHHBIC - BBIXOJHBIC JNAaHHBIE": BXOAHBIMH JAHHBIMHU
OyzleT Mocnen0BaTeIbHOCTh NpPeAbIAYIUX LeH (Hampumep, 10-20 mpeapaymiux 3HadeHUil), a
BBIXOJTHBIMU — TOCJIEIOBATEIILHOCTh U3 HECKOJIBKUX CIICIYIONINX 3HAYCHHUH 1IeHbI (Hanpumep, 5-10
11aroB BHepen).
* Ilpu HeoOXoAMMOCTH ananTHUpPyHTE MpenoOpadOTKy MaHHBIX IOJ] MHOTOIIArOBOE
IIPOrHO3MPOBAHUE.
2. [TocTtpoenune moaenu:
*  Hcnonesyiite pekyppeHtHele Heiliponnsle cetu (LSTM, GRU) wunm npyrue
apXUTEKTYpPBI, TOJIXOAIINE U TeHepalluy nocienoBaTenbHocTel (Hanpumep, Encoder-Decoder).
* ApxurekTypa AoKHa OBITh CIOCOOHA BBbIJABaTh NPEACKA3aHUS HA HECKOJBKO
BPEMEHHBIX 11aroB. Bo3Mo)kHbIE MOIXOAbI:
- Recursive forecasting: OOyunuTh MOnENb NpeACKa3blBaTh OAMH INIAT, a 3aTeM
MCIOJIb30BATh NPECKa3aHHOE 3HAUCHNE KaK BXOJ JUIsl CIEAYIOLIETO MpeCcKa3aHusl.
- Direct forecasting: O0y4nTh MOZETH NMpeICKa3bIBaTh Bce N 1IaroB BIepe] HapsiMylo.
- Seq2Seq wmoxens: HMcmonp30BaTh KOAMPOBIIUK I O0OpaOOTKH BXOJHOM
MIOCJIEA0BATENBHOCTH U IEKOAUPOBILHUK JIJIsl TEHEPALIMY BBIXOAHOM MOCIIE10BATEIBHOCTH.
3. O0Gy4eHne MOJIeH:
* Amnamormuno pabore Nel9, pasznmenurte naHHblE, 00y4HUTe MOJEIb, MOAOEpPHUTE
TUIeprnapaMeTphl.
*  OyHKUUS MOTEph JOJDKHA KOPPEKTHO paboTaTb C MHOTOMEPHBIMH BBIXOIHBIMH
JTaHHBIMU (Hanpumep, ycpeanenHas MSE o BceM miaram).
4. OueHka pe3yJIbTaToB:
* OueHuTe KauecTBO MpeAcKa3zaHUil JUIsl KakKJoro Iara mpOorHO3MpPOBAaHMS, MCIOJb3Ys
metpuku (MSE, RMSE, MAE).
* CpaBHHUTE, KaK MEHSETCS TOYHOCTh MPOTHO3a C YBEJIMUYEHNEM TOPU30HTA IPEICKA3aHUS.
* BusyanusupyiiTe peanbHble LEHBI M IPEACKa3aHHbIE IOCIEA0BATEIbHOCTH ILIEH Ha

rpaduxe.

[TpakTnueckast pabora Ne 21. [IpenckaszaHue IeHbl akTMBa Ha OCHOBAaHUM Trpaduka
U3MEHEHHs IIeHbI, 00beMa TOProB M IIEHBI CBA3aHHOTO AaKTUBA(MHIECAa) C HCIOJIb30BaHUEM
HelpoceTH Ha 1 mar

Henb: UccnenoBaTh BIUSHUE JOMOTHUTEIBHBIX (DAKTOPOB, TAKUX KaK 0OBEM TOProB CaMOI0
aKTMBa M 1IleHa CBA3aHHOTO aKTHBa (Hampumep, OHpKEBOro UHAEKCa), HAa TOYHOCTh
IIPOrHO3UPOBAHUS LICHBI.

3aganue:

1. CO0p U MOATOTOBKA IaHHBIX:

* BriGepuTe 11e51€B0i aKTHB.

 HaiinuTe nctoprueckue JaHHbIE O 1IeHE, 00bEMe TOPToB 1IEJIEBOI0 aKTHBA.




* Haiigure ucropudeckue JaHHbIE O IIeHE CBA3aHHOro akTuBa (Hampumep, S&P 500,
NASDAQ, ecnu 1eneBol akTHMB — aKIUs aMEPUKAHCKOW KOMIIAHMM, WM COOTBETCTBYIOIIMN
MHJEKC JIJIsl IPYTOro phIHKA).

* [IpousBeanTe CHHXPOHU3AIMIO JAHHBIX IO BPEMEHHU.
* Brimonnute npeno0paboTKy: 0YMCTKA, HOPMAIU3alKsA/CTaH JapTU3AIMS BCEX TPU3HAKOB.

* Cdopmupyiite mapsl "BXOIHBIE NTaHHBIC - BBIXOJHBIC JNAaHHBIC": BXOAHBIMH JAHHBIMHU
Oy/eT MOCIIe0BaTENIbHOCTh MPOIUIBIX LIEH, 0OBEMOB U IIeH CBA3aHHOTO AKTHBA; BBIXOJHBIMU —
cliely1olllee 3HaYeHHE LIEHBI 11eJIeBOT0 aKTHBA.

2. Iloctpoenue monenu:

* MUcnons3yiite Heiiponnsie cetu (LSTM, GRU), koropble cnocoOHBI padboTaTh ¢
MHOTOMEPHBIMH BXO/JHBIMH JIaHHBIMH.

* ApXuTeKTypa MOJENH J0JHKHA MpeayCMaTpUBaTh BO3MOKHOCTh 00pa0OTKH HECKOJIBKHUX
BXOJIHBIX IIPU3HAKOB HA Ka)KJOM BPEMEHHOM II1are.

3. O0Gy4eHne MOJIeH:
* Paznenute naHHbIE.
* OGyuuTe MOJIelb, UCTIOJIb3Ys MYJIbTHBApUAHTHBIE BXOIHBIE JaHHbIE.

* CpaBHUTE pe3ynbTaThl OOy4eHHUS M MpEACKa3aHU ¢ Mozenblo u3 padboTsr Nel
(oOy4eHHOW TOJIBKO Ha II€HaX), YTOOBI KOJWYECTBEHHO OICHUTH dPGEKT OT J00aBICHUS HOBBIX
IIPU3HAKOB.

4. OueHka pe3yJbTaToB:
* OrneHuTe KauecTBO NpecKa3aHUi Ha TECTOBOM BBIOOPKE, HCIIONB3YSI METPUKH.

* I[IpoBenuTe cpaBHUTENBHBIN aHAU3 TPOU3BOIUTEIILHOCTH MO C U 03 yueTa o0bema
TOPIrOB U CBA3aHHOI'O aKTHBA.

* Busyanusupyiite peanbHble U PEICKA3aHHBIE ICHBI.

[TpakTnueckast pabora Ne 22. [Ipencka3zaHue IeHbl aKkTMBa Ha OCHOBAaHUM Trpaduka
U3MEHEHHs IIeHbI, 00beMa TOProB M IIEHBl CBA3aHHOTO AaKTUBA(MHIECAa) C HCIOJIb30BaHUEM
HEWPOCETH Ha HECKOJIBKO I11aroB

Henb: OObenuHuTh moaxoisl u3 pador Ne20 m Ne2l, paspaboraB Mojenb, KOTOpas
MIPOTHO3HUPYET MOCIEI0BATEIbHOCTh OyAyIIMX 1IEH aKTHBA Ha HECKOJIBKO IIaroB BIIEPE]l, yUUThIBAs
IIPY 3TOM MHOKECTBO BXOJHBIX (paKTOPOB (1I€Ha, 00bEM, CBSI3aHHBINA aKTHB).

3aganue:

1. CO0p U MOATOTOBKA NaHHBIX:

* Ucnonp3yiiTe Te e MyJIbTUBapUaHTHBIE JaHHbBIE, YTO U B pabote Ne2 1.

* CdopmupyiiTe nmapbl "BXOJIHBIE JaHHBIC - BBHIXOJHBIC JaHHBIE": BXOJHBIMU JaHHBIMU
OyZeT MocienoBaTeNIbHOCTh MPOLUIBIX II€H, 00bEMOB U II€H CBSI3aHHOTO aKTUBA; BBIXOJAHBIMU —
IIOCJIE0BATEIBHOCTD U3 HECKOJIBKUX CJIEIYIOIINX 3HAUEHUH LIEHBI LIEJIEBOIO aKTHBA.

2. [TocTtpoenune moaenu:

* Hcnonp3yiiTe apXUTEKTypbl, MOAXOASIINE JUII MHOIOLIArOBOrO MPOTHO3UPOBAHHUS C
MHOTOMEpPHBIMH ~ BXOJHBIMM  JaHHBIMH  (Hampumep, Seq2Seq ¢ LSTM/GRU, wumm
CHELMAIM3UPOBAHHBIE MOJEIIN AJI1 MyJIbTUBAPUAHTHBIX BPEMEHHBIX PAIOB).

* Mogenb 10iKHA yMETh 00pabaThiBaTh HECKOJIBKO MPU3HAKOB Ha BXOJE U T€HEPUPOBATh
MIOCJIEA0BATENBHOCTD IPECKA3aHNN Ha BBIXO/IE.
3. O0Gy4eHne MOJIeH:
* Pa3nenute naHHbIE.

* OOyuute MOJeNb, ONTUMHU3UPYS €€ JUJIsi MHOTOILIarOBOIO MPOTHO3UPOBAHUS C YUETOM
BCEX BXOJHBIX IPU3HAKOB.

* CpaBHUTE pe3yNbTaThl C MOJEIBIO U3 paboThl Ne2 (MHOTOIIArOBOE MPOTHO3UPOBAHHUE
TOJIBKO I10 LI€HE), YTOOBI OLIEHUTH J0OABOYHYIO IEHHOCTh MYJbTHBAPHAHTHOTO MOJIX0OA.

4. OueHka pe3yJbTaToB:

* OueHuTe KauecTBO NPEACKA3aHNUN 1JI KaKIO0ro 11ara NporHo3UpOBaHMS.




® HpoaHaHHSprﬁTe, KakKk ,Z[O6aBJ'IeHI/Ie HOBBIX ITPU3HAKOB IMOBJIMAJIO HA TOYHOCTDH IIPOTrHO3a
Ha pa3sHbIX BPEMCHHBIX T'OPHU30HTAax.
® BH3yaHH3HPYﬁT€ PCAJBHBIC IICHBI U MPCACKA3aHHBIC ITOCJIICAO0BATCIIBHOCTHU LICH.

TpebdoBanus k opopmiIeHHIO
OT4eT noIDKEH coJepkaTh MOAPOOHOE omucaHue (BKIOYas womocTpanuu). OTuér mo
MPAaKTUYECKOMY 3aHSATHIO BBIIOJIHIETCS Ha CTpaHUIax Gpopmarta A4 B 3JI€KTPOHHOM BUJIE.
[Tpu odopmieHnn 0TYETa UCTIONB3YETCS CKBO3HASI HyMEpalus CTPaHUI], CYUTAsT THTYJIbHBINA
JIMCT TepBoi cTpaHuiieil. HoMep cTpaHUIBI Ha TUTYJIBHOM JIUCTE HE cTaBUTCsA. Homepa cTpaHUIIbI
CTaBSITCA IO IIEHTPY BBEPXY.
[Tpu opopmiennn otuéra cobIOAATH CIEAYIONINE TPEOOBAHUS:
e Jlnis 3ar0JIOBKOB: MOJIY>KUPHBIH pu@T, 14 0T, HEHTPUPOBAHHBIM.
e ]Iy OCHOBHOTO TEKCTA: HEXHUPHBIN WPHPT, 14 1T, BRIpaBHUBAHUE I10 IIHPUHE.
e Bo Bcex ciyvasx tun mpudta — Times New Roman, orctym a63ama 1.25 cM, momyTopHbIi
MEXXyCTPOUHBIA UHTEPBAJ.
e Ilonsa: neBoe — 2 cM, IpaBoe, BEpXHEe U HUXKHEE — 1 cM.

Kpurtepum onenku:

[Tpouenypa oieHUBaHUS

OreHka 3a mpakTUYeCKue padOTHI BBICTABIISCTCS HA OCHOBE NMMCHMEHHOTO OTYETa CTY/ACHTA.
HpenonaBaTenL MOXET HOTpe6OBaTI) CTYACHTA HUCHpPaBUThL 3aMC€UaHUA 110 O(i)OpMJ'IeHI/IIO NI
COJIEP>KaHUIO OTUETA 10 MPAKTUYECKOU padoTe.

®opmMmbI Kpurepun nu HOpMBI OLIEHKH
TEeKyIIero
KOHTPOJISAA
Otuersl 0 | «3aYTCHO» CTaBUTCS  CTYyJEHTY, KOTOpPBIM IPOJEMOHCTPUPOBAI
IIPAKTUYECKUM pe3yJbTaThl  BBINOJIHEHUS  NPAKTUYECKOH  paboTHl,
pabotam 1-22 COOTBETCTBYIOILIHE IIOCTABJICHHBIM 3aJa4am, u

NPEOCTaBIII OTYET, O)OPMIICHHBIN JOJDKHBIM 00pa3oM H
COACpKAIMM  KpaTKoe  ONHCaHWE  MOJYYEHHBIX
PE3yJIbTaTOB

«HE 3aYTEHO» CTaBUTCA CTYIEHTY, KOTOPBI HE MPOJIECMOHCTPUPOBAI
PE3YJIbTATHI BLIIIOJIHCHUSA HpaKTquCKOﬁ pa6OTI>I nin HE
NPEICTaBUI MO0 HEH OTYET WM IMPEJCTABICHHBIH OTYET
HE COOTBETCTBYET TPEOOBAHUSM 10 0)OPMIIEHUIO.

7.2.2. TunoBble TECTOBLIE MaTepuaJabl

(HaumeHoBaHUe OYEHOUHO20 CPedCmBa)

Bompoc 1

Yro sBNsSETCS OCHOBHOM 1IE€IbIO MPOEKTUPOBAHUS HEHPOCETEBBIX apXUTEKTYp?
- YCKOpEHHE BBIITOJIHEHUS IPOrPAMMHOIO KOAA

+ Bb100p onTUMaIbHOM CTPYKTYpBI U TApaMETPOB CETH AJIS PEIICHUs 3a/1a41
- ABTOMaTH4YeCcKas reHepanus 00yJaroInX TaHHBIX

- CHMKEHHUe 3HepronoTpedaeHns anmnapaTHoro ooecneyeHus

Bompoc 2

KakoBa ocHOBHasi yHKIIMSI aKTHBAIIMOHHOM (DYHKIMH B HEHPOHHOM ceTr?

- Hopmanu3zanus BXOJHBIX TaHHBIX

+ BBeneHne HeMMHEHHOCTH B MOJIENb, TTO3BOJISIS €1 00ydaThCsl CJI0KHBIM 3aBUCUMOCTSIM
- Bb16op ontumanbHOro aJiropuT™Ma ONTUMU3ALUN



- HpeﬂOTBpaH_[CHI/Ie nepeoqueHI/Iﬂ Ha MaJIbIX JaTac€Tax

Bormpoc 3

Kakoii meTon siBisieTcs KIFOYEBBIM Uil 00y4eHHs OOJBIIMHCTBA TOJHOCBSI3HBIX HEMPOHHBIX
cerei?

- Meton rnaBHbIX KoMnoHeHT (PCA)

- Kinacrepusanus K-cpennux (K-Means)

+ Meton o6patHoro pacnpoctpanenus omunoku (Backpropagation)

- Meron Monre-Kapio

Bompoc 4

Uro Takoe "moteps" (loss function) B koHTeKCTE 00yUCHUST HEHPOHHBIX CETEH?
- KonnuectBo HEHPOHOB B CKPBITOM CJIO€

- CkopocTh 00y4YeHHUsI aITOpUTMA

+ Mepa pacxoxaeHHs] MEX1y IPeICKa3aHHbIM U UCTUHHBIM 3HaYEHUSIMU

- CymmapHasi MOIIIHOCTh BBIYHCIIUTEIBHBIX PECYPCOB

Bomnpoc 5

UYro xapakTepusyet npobiaemy nepeodydenus (overfitting) B HelipoHHOI ceTn?

- Mopienb CIIMIIKOM TPOCTa M HE MOXKET YJIOBUThH 3aBUCHMOCTH B JTAHHBIX

- Huzkas npon3BoIMTENbHOCT KaK Ha TPEHUPOBOYHBIX, TAK U HA TECTOBBIX JTaHHBIX

+ Bbicokas NPOU3BOAUTENHBHOCTh Ha OOywarolied BbIOOpKE, HO HHM3Kas Ha HOBBIX,
HEBUJIUMBIX JJAHHBIX

- HemocraTtounoe KOIM4ECTBO AIIOX 00yUCHUS

Bomnpoc 6

Kakoii 13 MeTo10B ncnosb3yercs st 60pbObI ¢ mepeodydeHnem?

- YBenuueHue yncia ciioeB B CETH

- YMeHblIeHHEe pa3Mepa oOydarolieil BeIOOpKu

+ Wcnonk3oBanue perynspusanuu (Hanpumep, Dropout unu L2-perymnspusarist)
- YBenuueHue CI0KHOCTU MOJENHN

Bomnpoc 7

Uro mpeacrasisieT co0oit camoopranm3yroriasics HeiporHas cetb (COHC, nnmu SOM)?

- CeTb, KOTOpasi aBBTOMAaTUYECKU BHIOMPAET ONTUMAIBHBIM ONTUMHU3ATOP

+ Heiiponnasi cetb, oOyuaromiasicss 0e3 yuuTess, IpeJHa3HAYeHHAs JJIs KJacTepu3aluu U
YMEHBUICHUS Pa3MEPHOCTH JJAaHHBIX

- Tun pekyppeHTHOM ceTu A 00pabOTKH MOCIe10BaTeIbHOCTEN

- CeTb C MOJIHOCTBIO COSAMHEHHBIMU CIOSAMU JJIs KJIAacCH(PHUKAIUN N300paKeHUH

Bompoc 8

B uem 3akirodaeTcsi OCHOBHOE OTJIMYME IOJHOCBSI3HONM HEMPOHHOM CETH OT APYTuMX THIIOB
apXUTEKTYyp (HampuMep, CBEPTOUYHBIX, PEKYPPEHTHBIX ) IPUMEHHUTEIBHO K CBSI3AM MEXAY CIOIMU?

- HeiipoHbl 01HOTO CII0SI COEAMHEHBI TOJIBKO C COCEJTHUMU HEHPOHAMH B 3TOM XK€ CJI0E

- OHa He UMeeT BXOJIHOTO U BBIXOJHOIO CJIOs

+ Kaxxp1ii HEHPOH TEKYILEro CI0sI COEANHEH CO BCEMU HEMPOHAMM MPEABIIYIIETO CIIOS

- OHa COJIEpKUT TOJIBKO OJUH CKPBITHIN CIION

Bompoc 9

Kakoit u3 cnemyromux mapamerpoB HE sBnsiercs rumepmapaMeTpoMm, KOTOPBIA OOBIYHO
ONTUMU3UPYETCS MPU MPOCKTUPOBAHUU HEHPOCETEBBIX APXUTEKTYP?

- Ckopocth 00yuenus (learning rate)



- KonnyecTBo CKpBITHIX CIIOEB
+ Beca cBa3eil Mexay HelipoHamMu (OHH 00y4aroTcs)
- Pasmep Munm-nakera (batch size)

Bomnpoc 10
Kakast MeTprka OLleHKH KadecTBa MOJAEIH HanOojee TyBCTBUTENIbHA K UCcOaIaHCy KIIACCOB B

3aave Kiaccupukanum’?

- Recall (IlonnoTa)

+ Accuracy (TouHOCTB)
- F1-score (F1-mepa)

- Precision (TounocTh)

7.3. OuneHo4HbIe CpeacTBAa JJA NMPOMEKYTOYHOM ATTECTAMH IO MTOraM OCBOCHUA

JUCHUILINHBI

7.3.1. Bonpochl K NPOMEKYTOYHOM aTTecTalluu

Cemectp 9

Ne Bonpocsl k 3k3amMeny

n/n

1 OCHOBHBIE TOHSATHSI UICKYCCTBEHHOTO nHTeIeKkTa (MI).

2 | B3aumocss3p MU ¢ pa3nuuHbIMU 001aCTIMU HAYKH M TEXHUKHU

3 | Onummre apxurektypy FCN, npuHUIUIBI IPSMOTO U 00PaTHOTO PACIPOCTPaHEHUS
omnOku. [IpuBenuTe npumep 3agaum.

4 | Ha3oBure KitoueBbI€ apamMeTpsl (CI0M, HEUPOHBI, AKTUBALIMN) U IIPUHIUIIBI
IPOEKTHPOBAHUSL HEUPOHHBIX ceTe Juis kinaccupukarmu. Kak oHM BIMSIOT HA MOJIETb?

5 | llepeuncaute metonbl ontumu3anuu. Oowsicaute L1/L2 perymspusaruto, Dropout u Batch
Normalization.

6 | OnummuTe HazHaueHue pyHkuuii aktuBanuu. [Ipusenure mpumeps! (ReLU, Sigmoid,
Softmax) u UX MpUMEHEHNE B PA3TUIHBIX CIOSX.

7 | Jaiite onpenenenus nepeodydeHus: U HeaooO0yueHus. Ha3oBUTe MpUUMHBI B METOIBI
IpeAOTBPALICHUS IEpEeOOyUCHHUS.

8 | Camoopranusyromuecs cetr (SOM): O0bsacauTe npuHnui padotel SOM. B uem ux
OTJIMYME OT MOJIHOCBS3HBIX ceTeil? [IpuBeauTe npuMepbl IPUMEHEHMSL.

9 | Knaccudukanus BusyanbHbIx 00pa3oB: Kakue mpodiemMbl BOZHUKAIOT MPU HCTIOTH30BAHUH
FCN mist knaccudukarmn n3odpakenuii? [IpeioxkuTe myTn uxX penieHusl.

10 | Ilepeuunciute 1 00BSICHUTE KIIFOUEBBIE METPUKH Kilaccudukanuu (Accuracy, Precision,
Recall, F1-score, ROC-AUC). B kakux ciydasix Kaxzaasi U3 Hux HauOosiee uHpopMaTuBHa?

11 | OObsicHUTE Ha3HAaYeHHE O00y4Yarolel, BaTUJalIMOHHON U TECTOBOW BIOOpOK. OnumuTe
npUHIUT K-0109HOM KpocC-BaTMIAITNH.

12 | Jaiite onpenenenue runepnapametpos. [IpuBeaure npumepsl u 00bSICHUTE UX BIMSHHUE HA
o0yuenue. HazoBuTe METOIbI UX HACTPONKH.

13 | Haiire onpenenenue O6padotku EcrectBennoro SI3sika (NLP). HazoBute 3-4 ocHOBHBIE
3a/1a4, pemaemMple ¢ nomoribio NLP, u kpaTko onuimuTe oJHy U3 HUX.

14 | OObscHUTE KOHIICHIUIO MOIENIH "MeITKa cI0B" JIsl MpeicTaBiieHus TekcTa. KakoBbl eé
OCHOBHbBIE OrpaHUYEHUA?

15 | Onumwmre aBa ocHOBHBIX moaxoaa B Word2Vec: CBOW (Continuous Bag-of-Words) n
Skip-gram. B yem uX mpuHIMOHAIBHbBIE PA3THYUs U KaKyI0 3a/1ady OHH pelaroT?

16 | Kakue ceMaHTH4YeCKHE U CHHTAKCUYECKHE CBOMCTBA CJIOB MOTYT YJIaBJIMBAThHCS

BekTOopHbIMU nipectaBieHusMu (Word Embeddings)? IIpuBenure npumepsl.




17

UYro Takoe npensapurenbHo ooydenHsbie (pre-trained) Word Embeddings (manpumep,
GloVe, FastText)? B ueM ux npenmyniecTBo nepen 00ydeHueM MO IMHTOB C HYJIs1?

18

OnummTe apxXUTEKTypy U IPUHIHI paboThl 6a30BOI peKyppPEHTHONW HEMPOHHOU CeTH
(RNN). O6BsicHuTe, Kak 00pabaThIBaeTCs MOCIEA0BATEILHOCT JaHHBIX.

19

KakoBa npo6iema 3atyxaromux (vanishing) u B3psiBaronuxcs (exploding) rpaaneHToB B
6a30BbIXx RNN? [Touemy oHa BO3HHKAET?

20

O06bsicaute apxutektypy cetu LSTM. Onuivte Ha3HAYCHUE U IPUHITUTT PAOOTHI

LAl

"BenTuiei" (gates) B LSTM-sigeiike (3a0bIBarOLIMii, BXOIHOM, BEIXOIHOM).

21

Uro Takoe nyHanpasiaeHHass LSTM (BiLSTM)? [lns kakux 3agau NLP ona oco6eHHO
s dexTrBHA U TOUEMY?

22

Onummre apXuTeKTypy ynpaisieMoil pekyppeHTHoi siueiiku GRU. B uem e€ otiuuue ot
LSTM u kakoBbI €€ MpeuMyIIecTBa/HEAOCTATKU ?

23

Kax moxxao ncronp3zoBate RNN i LSTM st 3amaun kinaccudukauy mpeaioKeH?
Kakue 0co0eHHOCTH apXUTEKTYPhI M BEIXOJ0B MOJICTH BaXKHBI JIJIsl TOH 3a1a4uu?

24

Kparko onumute konnenuuo RNN-CF. Kakue "KOHTEKCTHBIE TPU3HAKU" MOTYT
HCIIOJIb30BAThCA U KAK OHU MHTETPUPYIOTCSI B MOJCIIb?

25

Onwumute o0IIyI0 apXUTEKTYPYy CUCTEMbI MAIIMHHOTO TIEpeBO/Ia Ha ocHOBE Seq2Seq
mojeneit (Encoder-Decoder). KakoBa posib sHKOEpA M Iekoaepa’?

26

Yro Takoe MeXaHU3M BHUMaHuUs (Attention) ¥ moueMy OH CTaJl pEBOJIIOLIMOHHBIM B 337a4ax
NLP, ocobenno B MammmmHHOM TiepeBoie? Kak oH momoraet Mojenu GoKyCHpOBaThCs Ha
pEJICBaHTHBIX YacTsIX BXOJHOM MOCIe10BaTENbHOCTH?

27

[Tomumo RNN, kakue npyrue noaxo/sl (Hampumep, Ha ocHoe Bag-of-Words ¢ ML-
KJ1accupukaTopamu, WM Ha ocHoBe Transformer) MOryT UCIONB30BaThCS IS
KJIaCCU(UKALUU NPEUI0KESHUN?

28

Kpatko onummmre apxutektypy Tpanchopmepa. Kakue kinroueBbie kommoHeHTHI (Self-
Attention, Positional Encoding) nenarot ero MOITHBIM /Jisi 00pabOTKH
MOCIIEA0BATEIHHOCTEM?

29

UYro Takoe mpeaBapuTebHO o0ydeHHbIE s3bik0BbIe Mojienn (PLMs) tunma BERT, GPT? B
YEM MX OCHOBHAA WACA U MTOYCMY OHH TaK yCHeIHHLI?

30

Onumute npouece "noodyuenus" (fine-tuning) nmpeaBapuTeIbHO 00YUEHHBIX S3bIKOBBIX
MOJENEN JUIsl pelIeHUs] KOHKPETHbIX 3a1ad NLP

31

Kakue aktyanbHble HanpaBiieHUs UccleqoBaHuM U pa3Butusa B NLP Bbl MOXxeTe Ha3BaTh
(Hanmpumep, MOHUMAHKE JUATOTOB, T€HEpaIUs TEKCTa, BOIIPOCHO-OTBETHBIE CUCTEMBI,
MyJIbTHEMO1aTbHbIE NLP)?

32

Uro Takoe 3ama4a pacro3HaBaHus 00pa3oB? OMUIIMTE OOIIYI0 CXeMY PEIIeHHs 3a1a4n
pacno3HaBaHusl 00pa30B, BKIIOYAS ATAMbI IPeI0OpaO0OTKH, BBIACICHUS IPU3HAKOB U
KJIaCCH(DMKAITUH.

33

OObsicHUTE, UTO TaKOE MPU3HAKU B KOHTEKCTE pacro3HaBaHus 00pasos. [IpuBenure
IPUMEPBI TPOCTHIX MPU3HAKOB (HAITPUMEP, Kpasi, yIiIbl, IIBETOBBIC THCTOTPAMMBI) H OoJice
cnoxubIX (Hampumep, SIFT, HOQG).

34

Kaxk meTon onopHbIx BeKTOpoB (SVM) MOXeT OBITh UCIIOJIB30BaH IS KITACCU(UKAIINHI
00pa3oB? OOBsicHUTE MPUHIUT paboTel SVM, BKITtOUYasi TOHATHE TUIIEPIUIOCKOCTH
paszieneHus U BEKTOPOB TOICPIKKH.

35

Onwuimre apxXUTEeKTypy cBepTouHOM HeliporHOi ceTi (CNN). O0bscHUTE POIIb
CBEPTOYHBIX CIIOEB, CJIOEB IMyauHTa (pooling) u MoHOCBI3HBIX clloeB B CNN myis
00paboTKu N300paKeHUH.

36

JeTanbHO 0OBSICHUTE Olepaliiy cBepTku (convolution) u mynunra (pooling) B CNN.
KakoBo nx Ha3HauEHUE ¥ KaK OHU BIUSIOT HA MPEACTABICHUE MPU3HAKOB H300paKEHUS?

37

[TpuBenuTe mpumepsbl coBpeMeHHBIX apxuTekTyp CNN (Hanpumep, AlexNet, VGG,
ResNet, Inception) 1 KpaTKo ONMUIIUTE UX KIFOYCBBIC OTIUYUS WM HHHOBAIUH, KOTOPHIC
MO3BOJIMJIM JOCTUYb JIVUIITUX PE3YJIbTATOB B paClIO3HABaHUH 00pa30B.




38

Uro Takoe Transfer Learning (mepeHoc 3HaHUI) U KaK OHO MIPUMEHSIETCS B MAITHHHOM
3pennn? Onumure npouenypy fine-tuning (1000yueHus) mpeno0ydYeHHON MOICTH IS
HOBOU 3aJ1auM KJIacCU(DUKALIUN N300paKSHHUIA.

39

[Tomumo knaccudukanuu n300pakeHui, HA30BUTE U KPATKO OMUILKTE APYTUE 3a7aun
MAIIMHHOTO 3PCHMSI, TAKUE KaK JIETEKTUPOBAHNE O0OBEKTOB, CETMEHTAIIHUS N300paXKEHHH,
OTCIIe)KUBaHHE 00BEKTOB

40

Kaxue ocHoBHBIE 3Tanbl npegoOpaboTKH H300pakeHNH UCTIOIB3YOTCS Mepe noaauei B
MoJenb pacnio3HaBanus? [IpuBenuTe mpuMeps! (HopMalin3aius, ayrMeHTalus JaHHbIX,
M3MEHEHHUE pa3Mepa).

41

Kakue ocHOBHbIE TPOOJIEMBI M OTpaHMUYEHMS CYIIECTBYIOT B 3a/lauax paclo3HaBaHUs
00pa30B ¥ MalIMHHOTO 3peHus (HalpuMep, BApUaTUBHOCTh OCBELIEHMUSI, paKypca,
MmaciTa0a, okkiIo3us)? Kak coBpeMeHHbIE METO/Ibl IBITAIOTCS UX PELIUTH?

42

Uro Takoe BpeMeHHOU psia? ONUIINTE OCHOBHBIE KOMIIOHEHTBI BPEMEHHOTO psJia (TpeH,
CE30HHOCTh, IMKJIUYHOCTD, IIyM) U METO/Ibl €r0 JEKOMITO3UINHU (aJAUTUBHAS U
MYJIbTUIUIMKATHUBHAS] MOJIEJIN).

43

OOBbsicCHUTE TIOHATHE CTAIIHOHAPHOCTH BPEMEHHOTO psina. [louemy cTanmoHapHOCTH BajkHA
JUISL KIIACCUYECKHUX MOJIeNIeld MporHo3upoBanus? Kakue MeToabpl HCHOJIb3YIOTCS ISt
MIPUBEICHUSI BDEMEHHOTO psiJia K CTAIlUOHAPHOMY BHTY?

44

OnumuTe TpUHIMI paboThl 1 KoMoHeHThI Mosiean ARIMA (p,d,q). Kak onpenensitorcst
nopsaku p, d, q? [lpuseaure npumepsl 3aaa4, e ARIMA OyneT ymecTHa.

45

MeTtpuku nporHo3upoBanusi: Kakie MeTprKU UCTIOIB3YIOTCS 7S OLIEHKH KauecTBa
nporHo30B BpeMeHHbIX psasioB (MAE, MSE, RMSE, MAPE)? O0bsicuuTe ux pa3jinyus U B
KaKHX CUTYalUsX KaXJ1as U3 HUX MPEANOYTUTENIbHA

46

Kakwne HOBBIE pu3HaKH (features) MOKHO M3BJI€Yb U3 UCXOJIHOTO BPEMEHHOTO Psijia st
MCIIOJb30BaHUS B MOJIEIISIX MAIIIMHHOTO O0y4YeHus (HalpuMep, 3ara3/bIBarolIie 3HaYeHus,
CKOJIb3SIIIIME CTATUCTUKH, KaJleHAapHble pu3Haku)? IlpuBeauTe npumepsl.

47

Kakwue o0rire Mojie MaliimHHOTO 00y4deHusl (HarpuMep, JTHHEHHAs perpeccus,
CIIy4aiHbIH Jiec, TpaIueHTHBIA OYCTUHT) MOTYT OBITh aAaNTUPOBAHbI JIJIS
NPOTHO3MPOBAaHMUS BpeMEHHBIX psiioB? Kakre 0COOEHHOCTH MX MPUMEHEHUS B 3TOM
KOHTEKCTE?

48

OO0bscHuTe, moyemy pekyppeHntHbie HelipoHHble ceTu (RNN) u ux paznoBuanoctu (LSTM,
GRU) ocobenHo moaxoasT AJis 3a/1a4 MPOTrHO3UPOBAHUSI BPEMEHHBIX psI0B. KakoBbI
npeumyiiecta LSTM/GRU no cpaBHeHHIO ¢ mpocThiMid RNN?

49

[Tomrmo RNN-1o/100HBIX ceTeil, Kakue elle HelpoceTeBble apXUTEeKTyphl (Hanpumep, 1D
CNNs, Transformer-nogo6HbIe MO/IEIN) TPUMEHSIOTCS AJIS aHAIM3a U IPOTHO3UPOBAHUS
BpeMeHHbIX psaoB? KpaTko onummre ux npeuMyuiecTna.

50

Uro Takoe omHomrarooe (single-step) u MHoromarosoe (multi-step) nporuozupoBanue?
Kakue cymiecTByrOT OCHOBHBIE CTPATErHH ISl pealn3alliil MHOTOIIIArOBOTO
IPOTHO3UPOBaHMsI (HAIPUMEP, PEKYPCHUBHASI, TIPsiMasi, MHOTOBBIXO/I0Bas)?

51

CpaBHHTE OAXO/IbI K IPOTHO3UPOBAHUIO BPEMEHHBIX PSAZ0B HA OCHOBE KJIACCHUECKUX
CTaTHUCTUYECKUX MeT0/10B (Hanpumep, ARIMA, skcrioHEeHIIMaJIbHOE CTIIaKUBaHUE) U
COBPEMEHHBIX METOJI0OB MAIMHHOTO 00yU4eHHsI/TITyO0KOro 00ydeHus. Y KaxuTe ux
CHJIbHBIC U CJ1A0BIC CTOPOHBI.

7.3.2. Kputepuu u HOpMbI OLIEHKH

Cemectp

®opma
NPOBeIeHUs!
NMPOMEKYTOYHOM
arTrecTaluu

Kpurepuu u HoOpMbI OLIEHKH

DK3aMeH «OTITUIHOY perTuHTOBBINA Oaut 85-100

«XOpOLIO» peiituaroBsid O6amn 70-84




Cemectp

®opma
NpPOBeIeHUs
NMPOMEKYTOYHOM
arTecTaluu

Kpurtepuu u HOpMBbI OLleHKH

«YOOBJICTBOPHUTCIIbH
o»

perTuHTOBBIN Oamt 55-69

«HECYAOBJICTBOPUTECII
BHO»

peituHTOoBBIN 62 0-54




8. YueOHO-MeTOoAMYeCKOEe M HH(POPMALMOHHOE 00eceYyeHUue TUCIHILIMHBI

8.1. O6s13aTesbHAS JIUTEPATypPa

Tun (yueOHHK, yueOH

Ne nocooue, yaeoHo-
ABTOpBI, COCTABUTEIH 3arsaBue (3aroJioBOK)
n/n METOANYECKOe IM0C00
NPaKTUKYM, AP.)
1. | CeicoeB 1. B. BBenenue B T€OpUIO0 HCKYCCTBEHHOTO YyebHoe mocobue
WHTEIJIeKTA : yuyeOHoe mocobue / . B.
Ceicoes, O. B. Kypunra, /I. K. ITpockypuH.
— Mocksa : At [Iu Ap Menua, 2021. —
170 c.
2 | Cazonos C. H. Cucrembl UCKYCCTBEHHOT'O MHTEJIJICKTA ! Y4ebHoe mocobue
yueonoe nocodue / C. H. CazoHOB. —
VIIbSIHOBCK : Y IbSIHOBCKHI
rOCyJJapCTBEHHBIN TEXHUYECKUN
yHuBepcuteT, 2023. — 84 c.
3 Opnos A.N. M cKyCCTBEHHBIN MHTEIJIEKT: YKCIIEPTHBIE YueOHuK
oreHku : yueOnuk / OpnoB A.U.. — Mocksa
: Aii Ilu Ap Menma, 2022. — 436 c.
4 PyukuH B.H. CucTeMbl HCKYCCTBEHHOI'O HHTEIIJIEKTA. YyeOHuk
HelipoceTn u HeHPOKOMIBIOTEPHI : YYEOHUK
/ Pyukun B.H., KoctpoB b.B., CBupuna
A.I..— Mocksa : KYPC, 2024. — 288 c.
8.2. lonostHuTEILHAS JIUTEPATYpPa
Tun (yueOHHK, yueOH
Ne nocooue, yaeoHo-
ABTOpBI, COCTABUTEIH 3arsaBue (3aroJioBOK)
n/n METOANYECKOe IM0C00
NPaKTUKYM, AP.)
1. | ITaBnos C. H. CucreMbl HCKYCCTBEHHOTO UHTEIICKTA. YyebHoe mocodue
YacTs 1
2. | IlaBnos C. H. CucreMbl HCKYCCTBEHHOTO UHTEIICKTA. YueOHoe nmocodue

Yactb 2




8.3. Ilepeyens mpogeccMOHAIBHBIX 0a3 JaHHBIX M MH(OPMALMOHHBIX CIIPABOYHBIX

cucTeM
Ne
HaumenoBanue Ccplika
i
1. Springer Nature (ITomHOTEKCTOBAS https://www.springernature.com/gp/
KOJUICKIIHS KYPHAJIOB) products
2. Springer eBooks (ITomHOTEKCTOBAS https://link.springer.com/
KOJUICKIIUS DJIEKTPOHHBIX KHUT W3JIaTEIIbCTBA
Springer Nature)
3. «Kogexc» https://kodeks.ru/
4. Texakcnept https://cntd.ru/
5. Odunmansuelii caiit pupmsl 1C www.lc.ru
6. ITopran o ERP-cucremax M KOMIUIEKCHOM www.erp-online.ru
ABTOMATH3AIMH TPEANPUITHA
7. 1C-burpukc  Pazpabortumkam —  Llentp https://dev.1c-bitrix.ru/
HOJJICPIKKH Pa3paboTUNKOB
8. 1C. WNudopMannoHHO-TEXHOIOTHIECKOE https://its.1c.ru/
COITPOBOKICHUE
9. OdwurmanbHbII caiT KOPTIOpaIyiu https://galaktika.ru/
«l"asmakTuKay
8.4. IlepeyeHb NPOrpaMMHOro odecre4eHust
Ne Haumenosanmne IO PexkBHU3UTHI uoronzgpa
n/n (nata, HoMep, CPOK AeHCTBHS)
1 | Windows: noroop Ne 757 ot 04.07.2018, cpok
WinPro 10 RUS Upgrd OLP NL Acdmc NENCTBUS — OECCPOUHO;
2 | Office Standard:
Office Stdandard 2016 Russian OLP NL noroop Ne 757 ot 04.07.2018, cpok
AcademicEdition NEHCTBUS — OECCPOUHO
3 | Python3.11 Free Software

8.5. Onucanne MarepHaJbHO-TEXHHYECKOI 0a3bl, HEOOXOAMMOMN IS OCYIeCTBJICHHUS
o0pa30BaTe/ILHOIO NpoLecca Mo JHCHHUIIINHE

HaumenoBanue 000py10BaAHHBIX YUeOHBIX
Ka0MHeToB, 1a0opaTopuii, MACTePCKUX H JP.

Ne 00BbEKTOB ISl POBEACHUS NMPAKTUYECKUX U IlepeyeHb OCHOBHOIO
n/n JIa00pPATOPHBIX 3aHATHI, OMEIECHUH 115 odopynoBanust
CaAaMOCTOSITEJIbHOM PadoThl 00Y4arOIIUXCS
(Homep ayauTOpHN)
YyeOnast ayautopus nansi mnpoBeneHus: 3aHaTuid | CTOAbl  yYEHHMYECKHE JBYXMECTHbBIC
JEKIIMOHHOTO Tuma. YueOHas ayauTtopus A | (MOHOOJIOK), CTOJI
1 | mpoBeneHusT 3aHIATUH  CEMUHAPCKOTO  THUIMA. | IPEMOJABATEIbCKUNA,  CTYJ, JlIOCKa

VYueOHast ayTUTOpHS JUIsL KYpCOBOTI'O | ayIUTOpHAas (MeIoBasi), IPOEKTOP.

MPOCKTUPOBAHMS (BBITIOJIHEHHSI KYPCOBBIX paboT).



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

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
Ka0OMHETOB, J1a00paTOPHUii, MACTEPCKUX U JP.

Ne 00BbEeKTOB JIsl NPOBEJCHUS NPAKTHYECKUX H Ilepeyennb 0CHOBHOTO
n/n JIa0OpPATOPHBIX 3aAHATHIA, TOMEIEeHU I 115 00opyaI0oBaHuUsA
CAMOCTOSITEIbHOM PadoThl 00y4aroIUXCs
(HOMep ayAUTOPHH)
VYueOHast ayquTopus AJsl IPOBEACHUS TPYIIIOBBIX
U UHAMBUIYAIbHBIX KOHCYJbTaUMH. YueOHas
ayJIuTOpUsl Ul NPOBEACHUS 3aHATHH TEKYIIEro
KOHTPOJSI M  IPOMEXYTOYHOH  aTTEeCTalHH.
(YJIK-413).
[ToMenieHue Ju1st CaMOCTOATENBHOM PabOThI Crombl, CTyJbs, CTEIIAXU (B T.4.
) oOyuaromuxcs (YJIK-105). BBICTABOYHbBIE) C KHUTaMH,
KOMITbIOTEPBI, MOOWIIbHBIE paboune
MecCTa.
[Tomenienue st CaMOCTOATENBHOM paboThI CToJbl KOMIIBIOTEPHBIE, CTYJIbS,
3 | obyuaromuxcs (YJIK-406). MHUKPOKOMITBIOTEPHI raspberry pi

32 bit.
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