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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 ¥ coJep:KaHue TUCHUIIMHBI

DopMbI TEKYLIET0

Bun - KOHTPOJIS
Mopayas (pa3aen) | y4deOHOM Hanmenonamile TEM SAHSTTHH Cemectp Obnem, Banabt HurepakTus (HamMeHoOBaHMe
(yueOHoIi padoThI) 4. , 4.
padoThI OLICHOYHOI0
cpeacTBa)
Mogayns 1 — Jlex 1 Tema 1. Beenenne B muctumumny (vacth 7 2 - -
Beenenue B 1).
MCKYCCTBCHHBIN Jlek 2 Tema 1. BBeieHHe B AUCUUILIUHY (‘-IaCTB 7 2 - -
MHTEIIEKT, 2).
HCHPOHHBIC CCTH H | ~p CamocTosITeIbHOE U3yUECHUE JTUTEPATYPBI 7 60 - -
MAIIHHHOC 10 KyPCY IpH MOATOTOBKE K MPAKTUUECKUM
oOydeHue paGoTam,
Monyns 2 - 3anauu | Jlek 3 Tewma 2. [IpoexkTupoBaHuE HEMPOCETEBBIX 7 2 - -
KJ1acCU(pUKaLUn APXUTEKTYP
Jlex 4 Tema 3. OnTUMU3anKs HEHPOCETEBBIX 7 2 - -
APXUTEKTYP
Jlex 5 Tewma 4. [10MHOCBSI3HBIE HEUPOHHBIE CETH 7 2 - -
Jlek 6 Tema 5. CamoopraHu3yromuecs 7 2 - -
HEWPOHHBIE CETH
Jlex 7 Tema 6. Kimaccudukanusi BU3yanbHBIX 7 2 - -
o0pa3oB
Jlek 8 Tema 7. YIpaBieHue U OLICHKA KaueCTBa 7 2 - -
o0yudeHusi HEHPOHHBIX ceTel
CP CaMoCTOATENBHOE U3YyUEHHUE JINTEPATYPHI 7 90 - -
110 KypCY IIpY IOATOTOBKE K IIPAKTHYECKUM
paboTam.
IIp 1 ITp 1. bunapHsIii knaccudukaTop Ha 7 2 - - Otuer no
nosHocssazHoi HC (vacts 1). [IPaKTHYECKON padoTe
IIp 2 [Ip 1. bunapuerit knaccudukaTop Ha 7 2 - - 1
nonuoceszaoit HC (uacts 2).
IIp 3 [Tp 2. MHOTOKIaCCOBBIH Ki1accuukaTop 7 2 Otuet mo




Mogayas (pa3aen)

Bun
yueOHoit
padoThbI

HaumeHnoBanue TeM 3aHATHN
(y4eOHoii padoThI)

Cemectp

Oonbem,

Banabl

HNuTepakTus
, 4.

DopMbI TEKYLIET0
KOHTPOJIsA
(HauMeHOBaHM e
OLICHOYHOI0
cpeacTBa)

na nonrocsszHoi HC (wacts 1).

NpakTU4ecKoil padbote

IIp 4

[Tp 2. MHoTOKIaCCOBBIH KTaccudukaTop
na nonnocessaoit HC (wacts 2).

2

ITp 3. MHoOTOKIJIaCCOBBIH KJIacCU(DHUKATOP
na ceeprounoi HC (vacts 1).

Otuet no
NpakTU4YeCKoil padoTte

[Tp 3. MHOTOKIacCOBBIN KIIACCUPHUKATOP
na ceprounoii HC (4acts 2).

3

ITp 4. IlpenBaputenbHbIN aHATN3 JaHHBIX.

Perpeccus, acconuanus, aHoMaauu u
Bu3yann3zanus. Ha mpumepe naracera

Turanuk (gacts 1).

OTt4er 110

[paKkTU4ECKON paboTte
4

IIp 8

IIp 4. IlpeaBapuTenbHbIA aHAIN3 JAHHBIX.

Perpeccus, accouuanus, anomanuu u
Bu3yanu3anus. Ha mpumepe naracera

Turanuk (4acts 2).

I1p 4. IlpeaBaputenbHbIN aHATN3 JaHHBIX.

Perpeccusi, accormanusi, aHoManuu u
Bu3yanusanua. Ha npumepe natacera

Turanuk (9acTs 3).

ITp 10

IIp 5. UccnenoBanne BIAUSHUS KauecTBa
JmaTaceTa Ha paboTy OMHAPHOTO

knaccudukaropa (vacts 1).

OTt4er 110

[paKkTU4ECKON paboTte
5

Ip 11

IIp 5. MccnenoBanue BIUSAHUSA Ka4eCTBA
naTaceTa Ha paboTy OMHAPHOTO

knaccuduxaropa (gacts 2).

Ip 12

IIp 5. MccnenoBanue BIMSHUSA Ka4eCTBA
naTaceTa Ha paboTy OMHAPHOTO




DopMbI TEKYLIET0

Bun - KOHTPOJIS
Mogayas (pa3aen) | y4ueOHOi Hanmenonamile TEM 3T CemecTtp Obnem, Baabl Hurepakrus (HauMeHOBaHM e
paGoTEHI (y4eOHoii padoThI) q, 5 Y. OLEHOUHOTO
cpeacTBa)
knaccuduraropa (qacts 3).

ITp 13 [Tp 6.AHanu3 MPOU3BOJILHOTO TAOIMYHOTO 7 2 Oruer no
naracera (4gacts 1). [paKkTU4ECKON paboTte

IIp 14 ITp 6. AHanu3 MPOU3BOIBLHOTO TAOJIUYHOTO 7 2 6
naracera (4acth 2).

IIp 15 IIp 6. AHanu3 NpoU3BOIBLHOIO TAOIUYHOIO 7 2
naracera (gacte 3).

ITp 16 IIp 7. NccnenoBanue v BU3yaau3aLus 7 2 Oruer no
MIPOU3BOJILHOTO TAOJUYHOTO J1aTacera MMpaKkTUIeCKOu padboTe
(gactp 1). 7

ITp 17 IIp 7. MccnenoBanue U BU3yanu3anus 7 2
IIPOM3BOJILHOI'O TAOJIMYHOIO JlaTacera
(gactb 2).

Ilp 18 IIp 7. UccnenoBanue U BU3yaau3anus 7 2
IIPOM3BOJILHOTO TA0JIMYHOIO JlaTacera
(gacts 3).

Ip 19 I1p 8. Ilpumenenne OuHApPHOTO 7 2 Otyet no
KJaccu(ukaTopa K Mporu3BOJIbHOMY NpakTU4ecKoil padbore
Tabnmu4aHOMY fatacery (dacts 1). 8

IIp 20 ITp 8. [Ipumenenne GUHAPHOTO 7 2
KJaccu(ukaTopa K Mporu3BOJIbHOMY
TabnMuHOMYy jatacety (dacts 2).

IIp 21 ITp 8. [IpumeneHne OMHAPHOTO 7 2
KJ1accupuKaTopa K Mpou3BOJILHOMY
TabnmuHOMy jatacety (dactsb 3).

Monyns 3 — Jlex 9 Tema 8. BBezieHue B 00paboTKy 7 2 - -

O6paboTka

C€CTCCTBCHHOI'O sA3bIKa




DopMbI TEKYLIET0

Bun - KOHTPOJIS
Mopayas (pa3aen) | y4deOHOM Hanmenonamile TEM SAHSTHH Cemectp Obnem, Banabt HurepakTus (HamMeHOBaHMe
(yueOHoli padoThI) 4. , 4.
padoThbI OLICHOYHOI0
cpeacTBa)
€CTECTBEHHOT'O Jlex 10 Tema 9. BexTopHOe mpeacTaBIeHUE CIOB. 7 2
SI3BIKA Word2vec
Jlek 11 Tema 10. Kmaccudukanus npeasioxkeHui 7 2
Jlek 12 Tema 11. PekyppeHTHBIE HEPOHHBIE CETH 7 2 - -
RNN
Jlek 13 Tema 12. PexyppeHTHbIE HEHPOHHBIE CETH C 7 2 - -
KOHTEKCTHhIMH npu3Hakamu RNNCF
Jlek 14 Tema 13. CeTu ¢ J0JITON KPaTKOCPOUHOU 7 2 - -
namsteio LSTM
Jlex 15 Tema 14. /IBynamnpasnennsie LSTM 7 2
(BILSTM)..
Jlex 16 Tema 15. YipaBisieMble PEKyppPEHTHBIE 7 2
staetriku (GRU)
Jlek 17 Tema 16. MalIMHHBIN DEPEBOI 7 2
Jlex 18 Tema 17. CoBpeMEHHBIE TEHACHIIMU U 7 2
oymymee NLP
CP CamocTosTETbHOE U3YUECHHE JIUTEPATYPhI 7 94 - -
10 KYPCY pHu NOATOTOBKE K MPAKTUIECKUM
paboTam.
Ip 22 [Ip 9. Ananu3 aurmuiickoro Tekcra (JacTp 7 2 Oruer o
1). MpaKTHYECKO paboTte
Ip 23 [Ip 9. AHanu3 aHrMiicKoro TekcTa (9acTh 7 2 g
2).
Ip 24 [Ip 9. Ananu3 anrMiicKoro Tekcra (JacTh 7 2
3).
Ip 25 Ip 10. Ananu3s pycckoro Tekcra (dacTs 1). 7 2 Oryet 10
Ip 26 Ip 10. Ananus pycckoro Tekcta (4acTh 2). 7 2 MpaKTHecKoi pabore




DopMbI TEKYLIET0

Bun - KOHTPOJIS
Mogayas (pa3aen) | y4ueOHOi Hanmenonamile TEM 3T CemecTtp Obnem, Baabl Hurepakrus (HauMeHOBaHM e
paGoTEHI (y4eOHoii padoThI) q, 5 Y. OLEHOUHOTO
cpeacTBa)
Ip 27 Ip 10. Anamu3s pycckoro Tekcra (Jacts 3). 7 2 10
ITp 28 ITp 11. AHanu3 TOHAIBHOCTH PYCCKOTO 7 2 Oruer no
tekcra (gacts 1). [paKkTU4ECKON paboTte
ITp 29 [Ip 11. AHanu3 TOHAJIBHOCTH PYCCKOTO 7 2 11
Tekcra (yactp 2).
ITp 30 ITp 11. AHanu3 TOHAIBHOCTH PYCCKOTO 7 2
tekcta (dacts 3).
ITp 31 ITp 12. Knaccuduxanus npeanoxxeHuii ¢ 7 2 Oruer no
TIOMOIIBIO CBEPTOYHOM HelipoceTy (dacTh TgaKTH‘IeCKOﬁ pabore
1).
ITp 32 I[Tp 12. Knaccuduxanus npeioxKeHuit ¢ 7 2
TIOMOIIIBIO CBEPTOUHOM HelpoceTy (dacTh
2).
Ip 33 [Tp 12. Kimaccudukanus npeioxKeHHA ¢ 7 2
TIOMOIIIBIO CBEPTOUHOM HelfpoceTy (YacTh
3).
ITp 34 [Ip 13. I'eHepanus TEKCTa C TOMONIBIO 7 2 Otuer o
peKyppeHTHOM HelipoceTy (dacTs 1). MPAKTHIECKOii paboTe
Ip 35 IIp 13. I'enepanus TeKcTa ¢ MOMOIIIBIO 7 2 13
peKyppeHTHOM HelpoceTn (dacTs 2).
IIp 36 IIp 13. I'enepanus TeKCTa € MOMOILBIO 7 2
peKyppeHTHOM HelipoceTu (dacTsb 3).
ITp 37 IIp 14. Ilpumenenne LSTM st 7 2 Ortuer o
reHepaluy TEKCTA (qaCTL 1). PaKTUYECKOH padoTe
ITp 38 ITp 14. IIpumenenne LSTM s 7 2 14

reHepanuu Tekcta (4acTs 2).




DopMbI TEKYLIET0

Bun - KOHTPOJIS
Mogayas (pa3aen) | y4ueOHOi Hanmenonamile TEM 3T CemecTtp Obnem, Baabl Hurepakrus (HauMeHOBaHM e
paGoTEHI (y4eOHoii padoThI) q, 5 Y. OLEHOUHOTO
cpeacTBa)
ITp 39 ITp 14. IIpumenenne LSTM s 7 2
reHepanuu tekcra (4acts 3).
IIp 40 IIp 15. CpaBHEeHME KauecTBa TEKCTOB Ha 7 2 Ortyet no
BBIXOJI€ pa3HbIX Moaupukanuiit LSTM NpakTU4eckoil padbore
(gacts 1). 15
IIp 41 IIp 15. CpaBHEeHUE KauecTBa TEKCTOB HA 7 2
BBIXOJIe pa3HbIX Moaupukammii LSTM
(gactb 2).
ITp 42 ITp 15. CpaBHEeHuE KauecTBa TEKCTOB HA 7 2
BBIXOJI¢ pa3HbIX Moaupukammii LSTM
(gactb 3).
Monyns 4 — Jlex 19 Tema 18. OCHOBBI TEOPUH PACIIO3HABAHUS 7 2 - -
Pacmo3naBanue o0pazoB
00pa3oB. Jlex 20 Tema 19. CoBpeMEHHbIE TEXHOJIOTUI 7 2 - -
MainHHOe 3peHue pacno3HaBaHMs 00pa3oB
Jlex 21 Tema 19. CoBpeMeHHbIE TEXHOJIOTUU 7 2 - -
pacno3HaBaHMs 00pa3oB
CP CamocTosITeTbHOE U3yUECHUE JTUTEPATYPHI 7 60 - -
10 KYPCY Ipu NOATOTOBKE K MPAKTUIECKUM
paboTam.
ITp 43 ITp 16. AHanu3 Npou3BOJILHOTO JaTaceTa 7 2 - - Otuer 1o
n300paxenuii (qacts 1). [IPaKTHYECKOH padoTe
ITp 44 [Ip 16. Ananu3 npou3BOIBLHOIO JlaTaceTa 7 2 16
n300pakennii (dacts 2).
IIp 45 IIp 16. AHanu3 npou3BOJILHOTO JaTaceTa 7 2
n300paxenuii (qactp 3).
ITp 46 I[Tp 17. IlpumeneHre OMHAPHOTO 7 2 Otuer 1o




Mogayas (pa3aen)

Bun
yueOHoit
padoThbI

HaumeHnoBanue TeM 3aHATHN
(y4eOHoii padoThI)

Cemectp

Oonbem,

Banabl

HNuTepakTus
, 4.

DopMbI TEKYLIET0
KOHTPOJIsA
(HauMeHOBaHM e
OLICHOYHOI0
cpeacTBa)

KJIaCCH(UKATOPA K TIPOM3BOIEHOMY
naracery u3obpaxennit (vacts 1).

NpakTU4ecKoil padbote
17

IIp 47

[Ip 17. [lpumenenue 6GUHAPHOTO
KJaccu(ukaTopa K Mpou3BOJIbHOMY

naracery u3obpaxenuii (dacts 2).

TIp 48

ITp 17. IlpumeHeHne GMHAPHOTO
KJaccu(ukaTopa K Mporu3BOJIbHOMY

naracety n3obpaxenui (dacts 3).

IIp 49

[Tp 18. UnTennektyanpHas o0paboTKa
Buyieo (wacts 1).

OTtuyeT 1o
[PaKTHYECKON paboTe

ITp 50

[Tp 18. UnTenexryanbHast 00paboTka
Bujieo (yacts 2).

18

ITp 51

I[Tp 18. NuTenekryanpHast 06paboTka
Bu1e0 (9acTs 3).

Monayns 5 -
[IpenukTUBHAS
aHaAJINTHKA
BPEMEHHBIX PAJIOB

Jlek 22

Tema 20. OCHOBBI TEOpUHU
MIPOrHO3UPOBAHUS] BPEMEHHBIX PsiIOB

Jlek 23

Tema 21. CoBpeMEHHbIE METO/IbI U
UHCTPYMEHTHI IPOTHO3UPOBAHUS
BPEMEHHBIX PSII0B

Jlek 24

Tema 21. CoBpeMEHHBIE METO/IbI U
WHCTPYMEHTEI IPOTHO3UPOBAHUA
BPEMEHHBIX PAIOB

CP

CamocTosiTeIbHOE U3yUEeHUE JTUTEPATYPBI
M0 KYPCY TpH MOATOTOBKE K MPAKTHIECKUM
paboTam.

60

IIp 52

IIp 19. Ilpenckazanue 1ieHbI aKTHBA Ha
OCHOBaHWU rpaduka U3MEHEHUS ICHBI C

OrtueT 1o
IpPAaKTHYECKON paboTe




Mogayas (pa3aen)

Bun
yueOHoit
padoThbI

HaunmMmenoBanue TeM 3aHATHH
(y4eOHoii padoThI)

Cemectp

Oonbem,

Banabl

HNuTepakTus
, 4.

DopMbI TEKYLIET0
KOHTPOJIsA
(HauMeHOBaHM e
OLICHOYHOI0
cpeacTBa)

HCTIOJB30BaHNEM HeifpoceTn Ha | mar
(gactb 1).

19

ITp 53

IIp 19. Ilpenckazanue 1ieHbI AKTUBA Ha
OCHOBaHMU TpaduKa U3MEHEHHS LIEHBI C
HCIIOJIb30BaHUEM HEeWpoceTH Ha 1 mar

(gactp 2).

ITp 54

ITp 19. IIpencka3anue LIEHbI AKTHUBA HA
OCHOBaHMH Tpa)ka M3MEHEHHUS IIEHBI C
UCTOJIb30BaHUEM HelpoceTn Ha 1 mar

(gactb 3).

Tlp 55

IIp 20. IIpenckazanue 1ieHbI aKTHBA Ha
OCHOBaHUWU Tpauka U3MEHEHUS TICHBI C
HCIOJIb30BaHNEM HEHPOCETH Ha HECKOIIBKO

mwaros (gacts 1).

OTtyer 110

[PaKTHYECKON paboTe
20

ITp 56

IIp 20. IIpencka3zanue eHBI aKTHBA Ha
OCHOBAaHMU TpaduKa U3MEHEHHS LIEHBI C
UCIOJIb30BAaHUEM HEHPOCETU HA HECKOJIBKO

waros (yacts 2).

IIp 57

ITp 20. IIpencka3aHue LIEHBI AKTUBA HA
OCHOBaHMH Tpa)uka M3MEHEHHUS IIEHBI C
UCII0JIb30BAHUEM HEWPOCETU HA HECKOJIBKO

mwaros (gacte 3).

IIp 58

IIp 21. IIpenckazanue LieHbI aKTHBA Ha
OCHOBaHWU Tpaduka U3MEHEHUS IICHBI,
00BEMa TOPrOB U LIEHBI CBSI3aHHOTO
aKTUBa(MH/EKCA) C UCIIOJIb30BAaHUEM

Helipocety Ha 1 mar (4acts 1).

OTtyer 110

PaKTHYECKON paboTe
21




Mogayas (pa3aen)

Bun
y4eOHoi
padoThbI

HaunmMmenoBanue TeM 3aHATHH
(y4eOHoii padoThI)

Cemectp

Oonbem,

Banabl

HNuTepakTus
, 4.

DopMbI TEKYLIET0
KOHTPOJIsA
(HauMeHOBaHM e
OLICHOYHOI0
cpeacTBa)

ITp 59

IIp 21. IIpenckazanue LieHbI aKTHBA Ha
OCHOBaHWU Tpaduka U3MEHEHUS IICHBI,
00BEMA TOPrOB U LIEHBI CBSI3aHHOTO
aKTUBa(MHJEKCA) C UCIIOJIb30BAaHUEM

Helipocety Ha 1 mar (4acTs 2).

IIp 60

IIp 21. IIpencka3zanue 1IeHbI aKTHBA Ha
OCHOBaHUU rpaduka U3MEHEHUs LEHBI,
00bEMa TOProB U IIEHbI CBSI3aHHOTO
aKTuBa(MHAEKCA) C MCIOJIb30BaAaHUEM

uelipocery Ha 1 war (4acts 3).
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ITp 22. IIpencka3aHue LIEHBI AKTUBA HA
OCHOBAHUU IrpaduKa N3MEHEHUs LIEHBI,
00BEMA TOPTOB U IIEHBI CBSI3aHHOTO
aKkTHBa(MHAEKCA) C UCIOJIb30BAaHUEM

HEWPOCETH HA HECKOJIBKO maroB (yacts 1).

Ot4er 110
MpaKTUYECKOr paboTe
22

ITp 62

ITp 22. [Ipencka3aHue LIEHbI AKTHUBA HA
OCHOBaHUU Irpaduka N3MEHEHHS LIEHBI,
00BEMa TOPTOB ¥ IIEHBI CBSI3aHHOTO
aKkTHBa(MHAEKCA) C UCIOJIb30BAaHUEM

HEWPOCETH HAa HECKOJIBKO maroB (4acts 2).

ITp 63

IIp 22. IIpencka3zanue IEHBI aKTHBA Ha
OCHOBaHHUU Trpaduka U3MEHEHHS LIEHBI,
00BbEMa TOPTOB U IIEHBI CBSI3aHHOTO
aKTUBa(MHJAEKCA) C MCIIOJIb30BAHUEM

HEMPOCETH Ha HECKOIBKO maros (Jacts 3).

TIp 64

[Ip 22. Tlpenckazanue 1€HbI AKTUBA Ha
OCHOBaHUU Tpaduka U3MEHEHUS IICHBI,
00BbEMa TOProB U IIEHBI CBSI3aHHOTO




DopMbI TEKYLIET0
Bu . KOHTPOJISA
o HanmeHoBaHMe TeM 3aHATHHI Oo0bem, HNuTepakTus P
Mopayas (pa3aen) | y4deOHOM . Cemectp Banabt (HamMeHOBaHMe
(yueOHoli padoThI) 4. , 4.
padoThbI OLICHOYHOI0
cpeacTBa)
aKkTHBa(MHAEKCA) C UCIOJIb30BaHUEM
HEMPOCETH Ha HECKOJIBKO maros (Yacts 4).
ITA [IpoMexxyTouyHas arTectanus 7 0,35 - -
Kontponb | Dx3amen 7 35,65 - - Bormnpocsl k 3x3aMeny
Hroro: 576




5. O06pa3oBaTe/ibHbIE TEXHOJIOTHH

B pamkax wusyuenus aucuuiuidHbel «lIporpammupoBanue Ui 3a7ad MCKYCCTBEHHOI'O
WHTEJUICKTa W aHaju3a JaHHBIX» MPEAYCMOTPEHO HCIIOIB30BAHUE CIIEAYIONUX 00pa30oBaTEIbHBIX
TEXHOJIOTUH:

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

®  TEXHOJIOTHS MPOEKTHOTO OOYUYCHHMS: pean3alysl ¥ 3aIlIUTa OTYETOB 110 MPAKTUIECKUM
pabotam.

6. MeToanuecKkue YKazaHusd M0 OCBOCHUI0 THCHUIIJIMHBI

6.1. PexoMeH1anmu 1o noAroToBKe K JICKIMOHHBIM 3aHATHSM

W3ydyeHue OUCHUILUIMHBL TPeOyeT CHCTEMAaTH4YEeCKOro M I0CJIEOBATEIbHOIO HAKOILJICHUS
3HAHUM, CJIeZJ0BaTENIbHO, POIYCKHU OT/AEIbHBIX TEM HE MO3BOJISIOT IIIyOOKO OCBOUTH MPEAMET.

B xome nexkuumoHHBIX cieayeT oOpaliaTh BHMMAaHHE Ha KaTeropuu, (opMyJIUPOBKH,
pacKpbIBalOIIME COJAEP)KAHWE TEX WM HHBIX SBJIEHUHM W IIPOLECCOB, HAYYHbIE BBIBOABI M
IIPaKTUYECKHE PEKOMEHJAIMK. 3aJaBaTh IPENOJABaTEN0 YTOYHSIOIIME BOIPOCHl C LEJIbIO
YSICHEHHSI TEOPETUUECKUX IIOJIOKEHUH, pa3peIICHUs] CIIOPHBIX CUTYaLUil.

CTyieHT MOXEeT JONOJHUTh CIHMCOK HCIOJB30BaHHOW JUTEpaTyphl COBPEMEHHBIMU
VCTOYHUKAMU, HE NPEJCTABICHHBIMU B CIIMCKE PEKOMEHJOBAHHOM JIMTEPATYyphl, U B JAJIbHEHUIIEM
HCIIOJIb30BaTh COOCTBEHHBIE MOJIOTOBJICHHbIE yueOHbIE MaTepHalbl IPU HANMUCAHUU KYPCOBBIX U
BBIITYCKHBIX KBAJTU(PHUKAIIMOHHBIX PaloT.

6.2. PexoMeHAaMH 110 OATOTOBKE K MPAKTHYECKUM 3aAHATHAM
CryneHTtaMm cienyeT JOBOAMUTH KaXAYH MPAaKTUYECKyl0 paboTy 10 OKOHYATEIbHOTO
pellIeHus, 1eMOHCTPUPOBATh IOHUMAaHUE MTPOBEICHHBIX PacueToB (aHAINU30B, CUTYalUil), B cly4yae
3aTpyAHEHUI 00pamaThes K Mperno1aBaTelio.

Jl1is Toro 4ToObl MpaKTUYECKUE 3aHATUS MPUHOCHIN MaKCUMaJIbHYIO IMOJIb3Y, HEOOXOIMMO
IIOMHUTH, YTO YNPAXXKHEHHE M PEIICHUE 3aJad IPOBOJATCS II0 PACCMOTPEHHOMY Ha JIEKLUAX
MaTepuay U CBSI3aHbl, KaK MPaBUIIO, C JETAIbHBIM pa300poM OTAEIbHBIX BOIPOCOB JIEKIIMOHHOTO
kypca. Cienyer NOAYEPKHYTh, YTO TOJIBKO IIOCJIE€ YCBOEHMS JIEKIMOHHOTO MaTepuaia cC
OTpe/IeNIeHHOM TOYKH 3peHHsI (2 UMEHHO C TOM, ¢ KOTOpOIl OH M3Jaraercs Ha JIEKIHSIX) OH Oyner
3aKpEIUIATHCS CTYJCHTOM Ha MPAaKTUYECKHX 3aHATHUSAX KaK B pe3ysibTaTe OOCYXICHUS U aHaIu3a
JIEKIIMOHHOTO MaTepHala, TaKk U ¢ MOMOIIBI0 pelIeHnus MpoOJeMHBIX cUTyauul, 3agad. [Ipu atux
YCIIOBUSIX CTYAECHT HE TOJBKO XOPOLIO YCBOMT MaTepHaj, HO M Hay4yUTCs NPUMEHATh €ro Ha
MPAKTHKE, a TaKXK€ IOJYYHUT JONOJHUTENbHBIM CTUMYJ (M 3TO OYEeHb Ba)KHO) JUIsl aKTUBHOMN
pOpabOTKH JIEKIUH.

[To pe3ynbraTaM BBINOJHEHUS PaOOTHI COCTABISETCS OTYET, KOTOPBINA MpU HEOOXOJUMOCTH
HY’KHO COIIPOBOXKJIaTh KOMMEHTAPUSAMH, CXEMaMHU, YEPTEKAMU U PUCYHKAMH.

CnexyeT TOMHHUTH, YTO BBINOJIHEHHE KaXIOW pabOThl JOHKHO JOBOAMUTHCS IO
OKOHYATEJILHOTO JIOTHYECKOTO OTBETa, KOTOPOTO TPEOYET YCIIOBHE, U IO BO3MOKHOCTH C BBIBOJIOM.
[TosrydeHHBIH OTBET ClielyeT MPOBEPUTH CIIOCO0AMU, BHITEKAIOLUIMMH U3 CYILIECTBA JaHHOW 3a/1a4u.
[Tone3Ho Taxke (€ciM BO3MOXKHO) pELIaTh HECKOJBKMMHU CIIOCOOAMHU M CPAaBHUTH IOJTyYCHHBIE
pe3ynbTaThl. PerieHue 3ajjad JaHHOTO THIA HYKHO MPOJOJDKATh O MPHOOPETEHUs TBEPIbIX
HAaBBIKOB B X PELLIECHUMU.

6.3. PexoMeH1anMu 10 MOATOTOBKE K IK3aMEHY

[ToaroToBKa K 3K3aMEeHY CIIOCOOCTBYET 3aKPEIUICHHIO, YIUIYOJICHHIO U 0000IICHUIO 3HAHUH,
MOJy4aeMbIX, B Ipolecce 00yueHus, a Takke NPUMEHEHUIO UX K PEIICHHUIO MPaKTHYECKUX 3ajad.
TI'oToBsicyr K 9K3aMCHY, CTYJACHT JIMKBUAUPYCT HUMCIOIIHUECA HpO6GJ’IBI B 3HaAHUIX, er'IY6J'I$IeT,



CUCTeMAaTHU3HPYET U YIOPSJOUYUBACT CBOM 3HaHUSA. Ha sKk3aMeHe CTyJeHT JAEMOHCTPUPYET TO, YTO
OH MPUOOPEIT B TIpoIiecce 00yUeHHUS M0 KOHKPETHON yueOHOW TUCIIUTUTHE.

HeobxomuMo opueHTHPOBATH CTYJIEHTOB Ha CHCTEMATHUYECKYIO MOATOTOBKY K 3aHSTHUSM B
TEYEHHWE CEMEeCTpa, YTO TIO3BOJHMT WCIOJB30BATh BpEMsl JK3aMCHAIIMOHHOW CECCUHM IS
CUCTeMAaTH3alluU 3HAHUH.

7. OneHo4YHBIE CpeacTBa

7.1. IlaciopT OLIEHOYHBIX CPEACTB

Cemectp Koa xonTposmpyemoit HaumenoBanue
KOMIIETEHIIUN (MJIH €€ YACTH) OIEHOYHOI0 CPeACTBA
7 [TK-8 OTYeTHI 110 TPAKTUIECKUM padoTam 1-22
Bomnpocs! k 3x3ameny 1-50

7.2. TunoBble 3a1aHUsI UJIM HHbIE MAaTePHAaJIbl, HeOOXOAMMBbIE 1JIs1 TEKYIero KOHTPOJIs

7.2.1. IIpuMep NpaKTHYECKHX PadoT

[Tpaktrueckas padota Ne 1. bunapnsIii kiraccudukarop Ha moaHocBsizHOH HC

Lenp: mocTpoeHre OMHAPHOTO KIACCU(PUKATOPA C MOMOIIBIO TOTHOCBSI3HOW HEHPOHHOMN
CEeTH, OTIPEACIISIONINI TUIT IUTPYCOBBIX

3ananue.

1. YcTanoBuTe Bce HEOOXOAUMBIE OUOINOTEKH M UMIIOPTUPYNUTE UX B MTPOEKT

2. BoinonHuTE CUNTHIBAHKE U IPOCMOTpP HabOpa TaHHBIX

3. IlogrotoBbTe nanHble. [IpoBepbTe, YTO JaHHBIA HAOOp JaHHBIX HE COACPKHUT
MIPOMYIEHHBIX 3HAYEHUI U BEIOPOCOB.

Y6enureck, 4TO B JaHHOM HAOOpe TaHHBIX, KJIACChl cOATaHCHPOBAHbI

BrimomHuTe KOMUpPOBaHNE METOK IIeJIEBOTO Kiacca Iudpamu: | — 310 anenbcud, 0 — 310
rpeingpyr

Pas6etiTe BCI0 BBIOOPKY Ha 06y4arOIIyI0 U TECTOBYIO.

BrinosiauTe CTaHIapTU3ALKIO

4. 3agaiiTe MOJIEIb TTOJIHOCBSI3HON HEMPOHHOM CETH C MCTOJb30BaHueM ¢peiimBopka Keras

B xauecTBe Mozenn MpeaaaraeTcsi HCIOJAb30BaTh MOJIEb C TPEMS ITOJHOCBA3HBIMU CIIOSIMHU.
[lepBoMmy cror0 JoKHA TepenaBaThcsi ¢GopMa BXOAHBIX JaHHBIX. Mcmonb3yite GyHKIUU
aKTHBALUU JUIA TIEPBOTO M BTOPOro ciosi relu. DyHKIMS aKTHBALMHU BBIXOJHOTO CJIOS JIOJDKHA
BO3BpAIIaTh BEPOSITHOCTH MPUHAICKHOCTH IK3EMIUISIpa IIEJIEBOMY KIIacCy.

Hactpoiite mponecc oOydenusi. 3agaiite onTuMu3atop W (GyHKIUsI(-M) MOTEph, KOTOpPHIE
JTOJIKHBI UCTIOJIb30BAThHCSI MOJIEINBIO, @ TAKXKE BCE METPUKU JJI1 MOHUTOPUHTA BO BpeMs O0yUueHUs

5. Bemomaute 00y4yenue mozaenu Ha 20 3moxax, 20 mpoIeHToB 00y4Jaroliell BHIOOpKU OyaeT
MCIOJIb30BAHO VISl OEHKU MOJIENH, BO BpeMsl 00ydeHuUs, pa3mep rnakera 32.

[octpoiiTe npenckazanus U BU3yanusupyirte ux. Iloctpoiite M rpaduk Ui BU3yalInu3auu
M3MEHEHUs OLICHKH MOJIENIM Ha Pa3HbIX JMOXaX.

[pakTudeckas padora Ne 2. MHOToOKIaccoOBbIH Kinaccudukarop Ha nosHocBszHoit HC

Ilens: Pa3pabotath M OOy4YMTh MHOIOKJIACCOBBIH KJIacCHU(UKATOp C  I[OMOIIBIO
MOJTHOCBS3HOM HelpoHHO# cetn (MLP) aiist pacrio3HaBaHus pyKONMCHBIX (P U3 HAOOpa TaHHBIX
MNIST.

3anaHue.




1. YcraHoBka OMOIMOTEK U UMIIOPT:
VYcranoBute Bce HeoOXoauMbie 6ubmotekn: tensorflow (wnum keras), numpy, matplotlib,
sklearn.
Wmnoprupyiite ux B mpoekt: tensorflow.keras.models, tensorflow.keras.layers,
sklearn.model_selection, sklearn.preprocessing, numpy, matplotlib.pyplot.

2. 3arpy3ska u 0630p nanabix MNIST:

3arpysure Habop JaHHBIX MNIST, UCIIONb3Ys BCTPOEHHBIE byHKIMN
keras.datasets.mnist.load data().

[IpocMoTpuTe pa3MEepHOCTh 3arpyKEHHbBIX JaHHBIX (KOJUYECTBO HM300pa)keHUH, pazMepbl
U300paxeHui).

Busyanusupyiite HECKOJNBKO MPUMEPOB H300paKEHHH PYKONMHCHBIX HU(PP BMECTe C HX
HUCTUHHBIMU METKaMHU.

3. IloaroroBka AaHHBIX:

[IpoBepka Ha mpomycku u BeIOpockl: Habop MNIST 00bdHO HE COAEPIKHUT MPOMYIICHHBIX
3Ha4YeHui. Yoeaurech B 3TOM. BBIOpOCHI B KOHTEKCTE M300paKCHUH MajlOBEPOSTHBI, HO MOXKHO
IIPOBEPUTH, YTO 3HAYCHUSI MUKCEJIeH HaXOASTCS B JOMYCTUMOM JHAara3oHe.

C6anancupoBanHocTh kinaccoB: Habop MNIST xopomio cOanaHcupoBaH IO Kiaccam
(kaxmas nudpa TpeacTaBlieHa MPUMEPHO OJWHAKOBBIM KOJIMYECTBOM NPHUMEPOB). YOeauTech B
3TOM, [TOCYUTAB KOJIUYECTBO MPUMEPOB ISl KX JI0M ITUPPBHI.

KoaupoBanne w™erok: Wcrtunnaeie ™etku (0-9) yxke sBisitoTcss 4ucioBbIMH. Jlst
MHOT'OKJIAaCCOBOM KJIaCCU()MKALMK C TMOMOINBIO MOJHOCBA3HOM CETH, MCHOJIb3YIOLIeH (yHKIHIO
akTuBau softmax B BBIXOJHOM ciioe, one-hot encoding (TpsiMoe KOIWPOBAHHUE) SIBIISECTCS
npeanouTuTensHeiM. [Ipeobpasyiite meTku B gopmar one-hot, rae, Hanpumep, uugpa '3' Oyner
npeacrasnena kak [0, 0,0, 1,0, 0, 0, 0, 0, 0].

Hopmanuzamus nukceneit: IlpeoOpasyiite 3HaueHus: nukceneid M300pakeHUM (KOTOpbIE
00b19HO HaxoasITCs B Auana3zoHe 0-255) B auanazon [0, 1] umu [-1, 1], pazaenus Ha 255.0.

N3menenue dopmel nanubix: [lnockue (flatten) nzoopaxenuss MNIST (28x28 mukceneii) B
OJTHOMEPHBIHN BEeKTOp (784 nnemeHTa).

Paznenenne Ha BbIOOpku: Pa3nenure Bech HaOOp AaHHBIX Ha oOydaromryro (train) u
TecToBYIO (test) BeiOOpku. B 6onpmmHCTBE cirydyaeB MNIST yske moctaBisieTcs pasiejeHHBIM, HO
ybeaurecs, 4TO y Bac €CTh OTAEIbHBIN HaOOp /Ui (MHATBHON OLIEHKH.

4. TlocTpoeHue MOJIeIH TIOTHOCBA3HOM HelipoHHoM cetn (MLP):

Ucnons3yiite GppeitmBopk Keras amst co3ganus Moaenu.

Coznaiite mozens Tuna Sequential.

Jlo6aBbTe BX0oAHOM cioit: InputLayer unu Dense cnoi, ykasbiBatomuii input_shape=(784,).

JloGaBbTe Kak MHUHUMYM JIBa CKpBITBIX NOJHOCBs3HBIX (Dense) cnos. Mcmonb3yiite
(bYHKIMIO aKTUBAIMHU relu ISt CKPBITBHIX CIIOEB.

JloGaBbTe BbIXOAHOM cioil: Dense cioil ¢ KOJTUYECTBOM HEHPOHOB, PaBHBIM KOJUYECTBY
kiaccoB (10 ans MNIST). Ucnons3yiite ¢pyHkuuio aktuBanuu softmax, kotopast OyJeT BblaBaTh
BEPOSITHOCTH MPUHAIEKHOCTH K KaxaoMy u3 10 kiaccos.

Hactpoiika nporecca o0ydeHus:

- Ontumwuzatop: Mcnons3yiire Adam wnu SGD.
- @ynkuus noteps: s MHorokmaccoBoil kimaccupukanuu ¢ one-hot encoded
MEeTKaMH MCTOJIb3YHTe categorical crossentropy.
- Merpuku: 3agaiite METpHUKyY accuracy JiIsi MOHUTOPUHTA BO BpeMs 00yUueHHSL.
5. OGyueHue MOJENH:
OO0yuute mozaens Ha 20-30 smoxax.
Ycranosure pasmep nakera (batch size) paBubiM 32 unn 64.
Ucnons3yiite 20% oOyuaromiei BEIOOpKH 1711 Banmuaanuu (mapametp validation_split).
Coxpanute UCTOpUIO 00ydeHHsI (PEe3yIbTaThl ATOX).
6. OrueHka ¥ BU3yaau3aLus:
CrenaiiTe mpencKa3aHusi HA TECTOBOW BBHIOOPKE.



[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 Gpopmara A4 B 3JIEKTPOHHOM BHUJIE.
[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 HIIN
COJIep’KaHUIO OTYETA MO MPAKTHUECKOH padorTe.

®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.

7.3. OueHovHble CpeaCTBA JIA NMPOMEKYTOUHON ATTECTANMM MO HUTOraM OCBOEHHA
AUCHHUILTHHBI

7.3.1. Bonpochl K NPOMEKYTOYHOM aTTeCTalluH

Cemectp 7
Ne Bonpocsl K 3k3amMeny
n/n
1 | OcHOBHBIE TOHATHSI UCKyCcCTBeHHOTO HHTEsuIekTa (UN).
2 | Bzaumocssa3s U ¢ pazauaabsiMu 00J1aCTIMH HAYKH M TEXHUKH
3 | Onummre apxurektypy FCN, npuHIUIBI IPSMOTO M 00PaTHOTO pacrpoCTpaHEHHS

omnOku. [IpuBeauTe npumep 3agaum.

4 | Ha3oBurte KiItOUYEBbIE€ TapaMeTpPhI (CIOU, HEWPOHBI, aKTUBALIMH) U IIPUHIUIIBI




POEKTUPOBAHUS HEHPOHHBIX ceTel /i kiaccubukanuu. Kak OHU BIUSIOT HA MOJIENbH?

5 | llepeuncaute metonbl ontumu3anuu. Oowscaute L1/L2 perymspusamuto, Dropout u Batch
Normalization.

6 | Onummre Ha3HaueHue QpyHkuuii aktuBauuu. [Ipusenute npumeps (ReLU, Sigmoid,
Softmax) ¥ X MpUMEHEHHE B PA3JINYHBIX CIIOSIX.

7 | Haiite onpenenenus nepeodydeHus 1 HeqooOyuenus. HazoBuTe mpuyrHbI 1 METObI
peAOTBPALICHUS IepeOOyUCHHUS.

8 | Camoopranmsywmuecs ceta (SOM): O6bscauTe npuHun padotsl SOM. B yem ux
OTJIMYME OT MOJIHOCBS3HBIX ceTeil? [IpuBeauTe npuMepbl IPUMEHEHHUSL.

9 | Knaccudukanus BusyanbHbIX 00pazoB: Kakue npoGiieMbl BOZHUKAIOT NPH UCIOIB30BAHUU
FCN nns xnaccuduxarmu n3obpaxkenuii? Ilpeayioxkure Nyt UX pelieHusl.

10 | Ilepeunciute u 0OBSICHUTE KIIFOUEBBIE METPUKH Kiaccuukanuu (Accuracy, Precision,
Recall, F1-score, ROC-AUC). B kakux cinydasx Kaxjaas U3 HuX HanOosiee nHpopmaTuBHa?

11 | OObsicHUTEe Ha3HAYeHHE 00YyYaroIeH, BaTIAIIMOHHON 1 TECTOBOW BHIOOpOK. OnuimuTe
OpHUHLHUI K-GJI04HOM Kpocc-BaiuIaliu.

12 | Haiite onpenenenue runepnapameTpos. [IpuBenure npumepsl 1 00ObSICHUTE UX BIUSHUE HA
oOyudenue. HazoBuTe MeTOIbl X HACTPOUKH.

13 | Haiire onpenenenue O6padbotku EcrectBennoro f3bika (NLP). HazoBute 3-4 ocHOBHBIE
3a/1a4, pemaeMpie ¢ momoIibio NLP, 1 kpaTko onuIuTe OJHYy U3 HUX.

14 | OOBsCHUTE KOHIIETIUIO MOIENIH ""MeITKa CJI0B" JIsl MpeicTaBiieHus TekcTa. KakoBbl e
OCHOBHBIE OIpaHUYEHHUsA?

15 | Onummre nBa ocHOoBHBIX noaxoaa B Word2Vec: CBOW (Continuous Bag-of-Words) u
Skip-gram. B yeM uX npuHIMNUAIBHBIE PA3IMUMS U KaKyI0 3aJ1a4y OHHU pemaroT?

16 | Kakue ceMaHTHYEeCKHE M CUHTAKCUYECKHE CBOMCTBA CJIOB MOTYT YJIaBJIUBATHCS
BekTOopHbIMU nipeicTaBieHusMu (Word Embeddings)? IIpuBenure npumepsl.

17 | Yro Ttakoe npeaBaputenbHo 00yueHHbIe (pre-trained) Word Embeddings (manmpumep,
GloVe, FastText)? B ueM ux npenMymiecTBo nepe 00yueHueM SMOSIMHTOB ¢ HYJIs?

18 | OnumwuTe apXUTEKTypy U MPUHIMI paboThl 6a30BON PEKYpPPEHTHOI HEUPOHHOI ceTn
(RNN). O0BsicHUTe, KaK 00padaThIBACTCs IOCIIEIOBATEIHHOCTD JIAHHBIX.

19 | KakoBa npo6Gnema 3aryxaromux (vanishing) u B3psiBaromuxcs (exploding) rpagueHToB B
6a3oBbix RNN? Ilouemy oHa Bo3HUKaeT?

20 | O0bscaute apxutekTypy cetu LSTM. Onumure Ha3HaYeHHe ¥ MPUHLIUI paboThI
"BenTuien" (gates) B LSTM-siyeiike (3a0bIBaroLIMii, BXOIHOM, BHIXOIHOM).

21 | Yro takoe aBynamnpasienHas LSTM (BiLSTM)? Jlns kakux 3agad NLP oHa oco6eHHO
s¢dexTrBHA U TOUEMy?

22 | Onumure apXuTeKTypy yIpasisgeMol pekyppeHTHoi siueiiku GRU. B uem e€ orinuuune ot
LSTM u kakoBbI €€ MPEUMYIIECTBA/HEJOCTATKHI ?

23 | Kak moxHo ucrnonb3oBate RNN umn LSTM anst 3anaun kinaccupuKanuy IpeioKeHH?
Kakne 0co0eHHOCTH apXUTEKTYphl U BBIXOJ0B MOJIEIIN BaXKHBI JIJIs 3TOH 3a1a4uu?

24 | Kpatko onummure koHuenuo RNN-CF. Kakue "koHTeKCTHbIE IpU3HAKU" MOTYT
HCIIOJIb30BaThCS M KAK OHM MHTETPUPYIOTCS B MOJIETIh?

25 | Onummre o0IIyI0 apXUTEKTYPY CUCTEMBI MAIIMHHOTO MEPEBO/Ia Ha OCHOBE Seq2Seq
moaenel (Encoder-Decoder). KakoBa poss sHKOAEpA M Iekoaepa?

26 | Yro Takoe MexaHU3M BHUMaHHUs (Attention) ¥ MoYeMy OH CTaJl PEBOJIIOLMOHHBIM B 33/1a4ax
NLP, ocobenno B MammuHoM niepeBojie? Kak o momoraet mojenu GoKyCHUpOBaThCs Ha
PEJEBAHTHBIX YacTAX BXOJHON IOCIIEA0BATEIbHOCTH?

27 | Illomumo RNN, kakue apyrue noaxozs! (Hanpumep, Ha ocHoBe Bag-of-Words ¢ ML-
KJ1accupuKaTopaMu, UK Ha ocHOBe Transformer) MOTYT HCTIOIB30BATHCS [T
KJIaccU(UKAIIMH MTPEUI0KEHUI?

28 | KpaTtko onmmute apxutekTypy Tpancopmepa. Kakue kiaroueBbie KoMmoHEHTHI (Self-

Attention, Positional Encoding) nenaroT ero MOITHBIM Jijisi 00paOOTKH




OCJIENOBATEILHOCTEH?

29

UYro Takoe npeaBapuTesbHO 00ydeHHbIC s13bIK0BbIC Mo (PLMs) tunma BERT, GPT? B
YeM UX OCHOBHAs HJIes U MTOYEMY OHU TaK YCHEIIHbI?

30

Onummure nporecc "goodyuenus" (fine-tuning) npeaBapuTENIbHO O0YUYEHHBIX SI3BIKOBBIX
MOJIEJICH JUIsl pelIeHus] KOHKPETHbIX 3a1a4 NLP

31

Kaxkue akTyanbHble HanpaBieHUs HcciieqoBaHui U pa3BuThs B NLP Bbl MokeTe Ha3BaTh
(Hanpumep, MOHUMaHKE JUATIOTOB, T€HEpaIUs TEKCTa, BOIIPOCHO-OTBETHBIE CHCTEMBI,
MyJIbTHEMO1abHbIE NLP)?

32

Uro Takoe 3a/1aya pacrio3HaBaHus 00pa3oB? OnumuTe o0IIyI0 CXeMy pelIeHus 3aJaun
pacrio3HaBaHUs1 00pa30B, BKJIIOYAs 3Talbl IpeaoOopabOoTKH, BbIIEIECHUS IPU3HAKOB U
KJaccuukanuu.

33

OO0OBbsicHUTE, UTO TaKOe PU3HAKU B KOHTEKCTE pacro3HaBaHus 00pa3oB. [IpuBenure
MPUMEPBI TPOCTHIX TMPU3HAKOB (HAIIPUMEP, Kpasi, yIiIbl, IIBETOBBIC THCTOTPAMMBI) H OoJiee
cinoxHbix (Hampumep, SIFT, HOG).

34

Kaxk meTon onopHbIX BeKTOpOB (SVM) MOXeET OBITh UCITOJIB30BaH IS KITACCHU(PUKAIIIHI
00pa3oB? OOBsicHuTe MpUHIMI PaboThl SVM, BKITIOYast MOHATHE TUIIEPIUIOCKOCTH
pa3JieNieHrs U BEKTOPOB MOIIEPHKKH.

35

Onumure apxXuTeKTypy cBepTouHOi HelipoHHOM cetu (CNN). O0bsicHuTE pOIb
CBEPTOYHBIX CJIOEB, CJIOEB IysuHra (pooling) 1 moaHocBs3HBIX cioeB B CNN s
00paboTKH N300paKeHUH.

36

JletanbHo 00BACHUTE Oomepanuu cBepTKHU (convolution) u mynunra (pooling) B CNN.
KakoBo WX Ha3HauUEHUE W KaK OHU BIUSIOT HA MPEACTABIICHUE MPU3HAKOB N300paKCHUS?

37

[Ipusenute npumepsl coBpeMeHHbIX apxuTekTyp CNN (Hanpumep, AlexNet, VGG,
ResNet, Inception) 1 KpaTKo ONMHITUTE UX KIFOYCBBIC OTIUYHS WM HHHOBAIUH, KOTOPHIC
HO3BOJIMJIM JOCTUYb JIYUIIMX PE3yJIbTaTOB B pPaCO3HaBaHUHU 00pa30B.

38

Uro Takoe Transfer Learning (nepeHoc 3HaHuil) U Kak OHO IPUMEHSIETCS B MATUHHOM
3penun? Onuimute npouenypy fine-tuning (1000yueHus) Npea0OyICHHON MOJIEITH JIS
HOBOM 3a7a4M K1acCUUKAITMN N300payKEHUH.

39

ITomumo KJ'IaCCI/I(I)I/IKaI_[I/II/I H306pa)1(eHPIﬁ, HA30BUTC U KPATKO OIMUIIUTC APYIUC 3aaa4n
MAIIMHHOTO 3pC€HUA, TAKUC KaK JCTCKTHUPOBAHUC 06T)CKTOB, CECTMCHTAaIuA 1/1306pa>KeH1/1171,
OTCJIC)KUBAHUE 00BEKTOB

40

Kakue ocHOBHBIE ATaIbl Mpe100pab0oTKH N300PAKEHHU UCTIONB3YIOTCS Mepe Io1aueii B
MoJieb pacnio3HaBaHus? [IpuBenuTe npumepsl (HOpMaau3alus, ayrMeHTalls JaHHbIX,
W3MEHEHHUE pa3Mepa).

41

Kakue ocHOBHBIC IPOOJIEMBI M OTPAaHUYCHUS CYIIECTBYIOT B 33/1a4aX PacliO3HABAHUS
00pa30B ¥ MalIMHHOTO 3peHHS (HaIpUMep, BAPHATUBHOCTH OCBEIICHUS, PaKypca,
Mmaciraba, okkito3us)? Kak coBpeMeHHbIC METOIbI MBITAIOTCS UX PEIINThH?

42

Yro takoe BpeMeHHOH psan? OnuInTe OCHOBHBIE KOMIIOHEHTHI BpEMEHHOTO psifia (TPeH/,
CE30HHOCTb, ITUKIUYHOCTD, ITyM) U METOBI €r0 JEKOMITO3UIINH (3 IUTUBHAS U
MYJIbTUIUIMKATHBHAS MOJICIIN).

43

OObsicHUTE IOHATHE CTAlMOHAPHOCTH BPEMEHHOT0 psifa. [loueMy cTanoHapHOCTh BajkHa
JUIS KJIACCUYECKUX MOJIeJIel MporHo3upoBanus? Kakue MeTo bl HCIONIB3YIOTCS IS
IIPUBEICHUS] BpEMEHHOTI'0 Psijia K CTAIMOHAPHOMY BHUY?

44

Onwuure npuHIUn padoTel ¥ KoMrnoHeHTsl Mojienu ARIMA(p,d,q). Kak onpenenstorcs
nopsiaku p, d, q? IlpuBeaure npumepsl 3aaa4, rae ARIMA Gyner ymecTHa.

45

MeTtpuku nporsosupoBanus: Kakue METpUKU UCTIOIB3YOTCS ISl OLIEHKH KauecTBa
nporuo3oB BpeMeHHbIX psifoB (MAE, MSE, RMSE, MAPE)? O0bscHuTe UX pa3nuyus U B
KaKMX CUTYyalUsX KaKJas U3 HUX [IPEANIOYTUTENbHA

46

Kaxkune nHoBbIie nmpu3Haku (features) MOXHO M3BIEYH U3 UCXOTHOTO BPEMEHHOTO psiaa s
HUCIIOJIB30BAaHUA B MOACIIAX MAILIMHHOT'O OGy‘-IeHI/ISI (HaHpI/IMep, 3ara3abIBarOIIMueC 3Ha4YCHUA,
CKOJIB3SIIHME CTATUCTHKH, KaJIeHIapHble pu3Haku)? [IpuBennTe mpuMepsl.

47

Kaxkue o061mue Mojien MaliiHHOTO 00yUueHus (HanpuMep, JuHeHHas perpeccus,




CIIy4aitHbIH JieC, TPAaAUEHTHBIN OyCTHUHT) MOTYT OBITh aJalTUPOBAHBI JJIS
MIPOTHO3MPOBAHMS BpeMEHHBIX psiioB? Kakne 0COOCHHOCTH MX IPUMEHEHHUS B 3TOM
KOHTEKCTE?

48 | O0BscHUTE, MoueMy peKyppeHTHbIe HelipoHHbIe ceTn (RNN) u ux paznoBugnoctu (LSTM,

GRU) ocobeHHO MOIXOAT TSl 3a/1a4 POTHO3UPOBAHUS BPEMEHHBIX PsioB. KakoBbl
npeumymectBa LSTM/GRU no cpaBHenuto ¢ npocteiMu RNN?

49 | Ilomumo RNN-1ogo0HBIX ceTel, Kakue elie HelpoceTeBble apXUTEKTYpHhl (Harpumep, 1D

CNNs, Transformer-nmogo0GHbie MOIEH ) TPUMEHSFOTCS JIJIsl aHAU3a U MPOTHO3UPOBAHUS
BpeMEHHbIX psaoB? KpaTko onummure ux npeuMyuiecTna.

50 | Yro Ttakoe ogHomarosoe (single-step) u maoromaroBoe (multi-step) mporuo3upoBanue?

Kaxkue cymiecTByrOT OCHOBHBIE CTpATETuH ISl peaii3aliii MHOTOIIIArOBOTO
IPOTHO3MPOBaHMsI (HAaIpUMEp, PEKYPCUBHAsI, IPsiMasi, MHOTOBBIX0/10Bas)?

7.3.2. Kputepuu 1 HOPMbI OLICHKH

®opma
NpoBeleHus!
Cemectp . Kpurepun u HOpMBI OLIEeHKH
NPOMEKyTOYHOM
arrecTaluu
7 OK3amMeH CraBuTCS CTYJIEHTY Ha 3K3aMEHE, €CIIU

«OTIIUYIHO»

OH HCYEPIBIBAIOIIE U TPAMOTHO J1aj
OTBETBI HAa BOIIPOCHI HK3aMEHALIMOHHOTO
Ousera Wiu NpU OTBETE AOMYCTHII
HEeOOJIBIITYI0 HETOYHOCTh Ha 1 Bompoc,
HO IIPH 3TOM CMOT TPAMOTHO OTBETHUTH
Ha JIOTIOJIHUTENBbHBIE BOIIPOCHI TY,
IIPOSIBUBILEMY ITOJIHBIE 3HAHUS B
paMkax TpeOOBaHHI MOATOTOBKU O
JUCLIMILIMHE, YCBOUBILEMY JINTEPATYPY,
PEKOMEHYEMYIO IPOTrPaMMOU U
ITOKAa3aBIIEMY CHCTEMATHYECKHUN
XapakTep 3HaHui. B n3noxenuun
MaTepuasa U OTBETaxX Ha
JOTIOJIHUTENBHBIE BOIIPOCHI
JIOIYCKaI0TCsl HE0OJIbIINE HETOUHOCTH

«XOopouo»

CraBuTCs CTYJIEHTY Ha 3K3aMEHE, €CIIU
OH MCUEPIIbIBAIOLIE U IPAMOTHO Aajl
OTBET Ha | BOIPOC 3K3aMEHAIIMOHHOT O
Ousera, a Ha IPyroil TOJIbKO T€3UCHBIE
BBICKA3bIBAHUA UKW JOITYCTHJI
HeOOoJIbIIIME HETOYHOCTH IPU OTBETE Ha
BOIIPOCHI K3aMEHALMOHHOT0 OMiIeTa 1
JaJl KpaTKue OTBETHI HA
JOIOJHHUTCIILHBIC BOIIPOCHI

«YOOBJICTBOPUTCIIbH
o»

CraBurcs CTYACHTY Ha 5K3aMCHC, €CJIN
OH HC€ CMOT" 1aTh OTBECT HA OJJMH H3
BOIIPOCOB 9K3aMCHAIIMUOHHOI'O ounera
HJIM OTBCTUJ HA BCC BOIIPOCHI, HO ITPU
9TOM OTBETBI COACPIKAIN TOJIBKO
TC3UCHBIC BBICKA3bIBAHUA

«HCYAOBJICTBOPUTCII
BbHO»

CraBurcs CTYACHTY Ha 5K3aMCHC, €CJIN
OH HC J1aJ1 OTBCT HAa BOIIPOCHL




Cemectp

®opma
NpPOBeIeHUs
NMPOMEKYTOYHOM
arTecTaluu

Kpurtepuu u HOpMBbI OLleHKH

9K3aMEHAIIMOHHOT'O OMJIeTa WU B
OTBETE COJICPIKATTUCH
(dhyHIaMEHTAIBHBIC OIIMOKH




8. YueOHO-MeTOoAMYeCcKOEe M HH(POPMALIMOHHOE 00eceuyeHUe TUCIUIIMHBI

8.1. O6s13aTesbHAsA JIUTEpPATypa

Tun (yueOHuk, yuedHoe

KoauuecTtBO B
HAY4YHOI

Ne nocooue, yueoHo-
w/n ABTOpBI, COCTABUTEHU 3ar;iaBue (3aroJioBoK) MeToIIecKoe mocodHe, Tox u3nanus onodauorexe /
HaumenoBanue
NMPAaKTUKYM, JP.) 3EC
1. | CsicoeB /1. B. BBeneHue B TEOpUIO0 HCKYCCTBEHHOTO YyeOHoe nmocodue 2021 9bC «IPRbooks»
WHTEIICKTA : yueOHoe mocodue / /1. B.
Ceicoes, O. B. Kypunra, /. K. [IpockypuH.
— Mocksa : At [Iu Ap Menua, 2021. —
170 c.
2 | Cazonos C. H. CucreMbl HCKYCCTBEHHOTO MHTEJIEKTA ! VY4eOHoe nocobue 2023 9BbC «IPRbooks»
yueoHnoe nocobue / C. H. CazoHoB. —
VIIbSIHOBCK : Y IbSIHOBCKHI
rOCyJIapCTBEHHBIN TEXHUYECKUI
yHHuBepcuteT, 2023. — 84 c.
3 Opinos A.U. M cKyCCTBEHHBIN MHTEIJIEKT: DKCIIEPTHBIE Y4eOHuk 2022 3BbC «IPRbooks»
orieHku : yueOnuk / OpinoB A.U.. — Mocksa
: Aii Ilu Ap Menuma, 2022. — 436 c.
4 | Pyukun B.H. CuCcTeMBI HCKYCCTBEHHOTO MHTEIIIEKTA. YueOHUK 2024 9BC «IPRbooks»

HeiipoceTn 1 HEHPOKOMITBIOTEPHI : yUEOHUK
/ Pyukun B.H., Koctpos b.B., CBupuna
A.I'.. — Mocksa : KYPC, 2024. — 288 c.

8.2. lonosiHUTeILHAS JIUTEpPaTypa




Tun (yueOHUK, yueOHOe

KoaunuyecTBO B

HAaY4YHOUH
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEH 3arsiaBue (3aroJi0BOK) T'ox n3nanus ouoanorexe /
n/n METOINYEeCKOoe mocooue,
HaumenoBanue
NPAKTHKYM, JP.) SEC
1. | asnos C. H. CucTeMbl HCKYCCTBEHHOTO MHTEJUIEKTA. VY4ebHOe mocobue 2011 3BC «IPRbooks»
Yacts 1 http://
www.iprbooksho
p.ru/13974.html
2. | IlaBnos C. H. CucreMbl HCKYCCTBEHHOTO UHTEIIEKTA. VYy4eOHoe nocobue 2011 OBC «IPRbooks»
Yacts 2 http://

www.iprbooksho
p.ru/13975.html




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 uorngpa
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 MaTepHaAJIbHO-TEXHHYECKON 0a3bl, HEOOXOAUMOM I OCYLIEeCTBJICHUA
00pa30BaTeJIbHOI0 NPOLECca MO JUCHHUILINHE

Ne
n/n

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
Ka0MHETOB, J1a00paTOPHUii, MACTEPCKUX U JP.
00BbEeKTOB JIsl NPOBEJCHUS NPAKTHYECCKUX H

JIa0OpPATOPHBIX 3aAHATHIA, IOMELEeHU I ISt

CAMOCTOSITEIbHOM PadoThl 00y4aroIUXCs

(HOMep ayAUTOPHH)

IlepeyeHb OCHOBHOIO
000opy10BaHUA

VYueOHass ayauTOpHsl sl TPOBENCHHS 3aHITHN
JEKIIMOHHOTO Tuma. Y4eOHass ayauTopus s
NPOBEJCHUS  3aHATHUIL  CEMMHApCKOro  THIIA.
VYuebHast ayJIUTOpHUs Ui KypCOBOTO
NPOEKTHPOBAHUS (BBINOJIHEHHS KypCOBBIX padoT).
VYuebHas ayIuTOpuUs sl IPOBEACHUS TPYIIOBBIX

Cronpl  y4eHHYECKHE JBYXMECTHBIC
(MOHOOITOK), CTOJI
MPENOAABATENbCKUM,  CTYJd, JOCKa

ayuTopHas (MeJoBasi), IPOeKTOp.



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 00bEKTOB /U151 NPOBeeHUs] MPAKTHYECKUX H IlepeyeHb OCHOBHOIO
n/n JIa0OpPATOPHBIX 3aAHATHIA, TOMEIEeHU I 115 00opyaI0oBaHuUsA
CAMOCTOSITEIbHOM PadoThl 00y4aroIUXCs
(HOMep ayAUTOPHH)
U UHAWBUIYAIbHBIX KOHCYJbTaUWi. YueOHas
ayJIMTOpUsl Ul TPOBEACHUS 3aHATHH TEKYIIEro
KOHTPOJSI M TPOMEXYTOYHOW  aTTECTAIHH.
(YVJIK-413).
[Tomernienue a1 caMOCTOSTENBHOM PabOTHI CToJbl, CTYJbs, CTEIIAXH (B T.4.
5 oOyuaromuxcs (YJIK-105). BBICTABOYHBIC) C KHUTAMH,
KOMITBIOTEPHI, MOOMIIbHBIE paboune
MecTa.
[Tomenienue 1151 caMOCTOSITEILHOM pabOThI CtoJbl KOMIBIOTEPHBIE, CTYJIbSA,
3 | oOyuaromuxcs (YJIK-406). MHUKPOKOMIIBIOTEPHI raspberry pi

32 bit.
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