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Annoranus

HuctunnnHa «VHTenneKTyansHblli aHalu3 JaHHBIX Ha OCHOBE METOJIOB MAIIMHHOTO
0o0ydeHHUs» BXOJUT B 0OpPa30BaTEIbHYIO MPOrpaMMy BBICIIET0 00pa30BaHUS — MPOTPaAMMY
OakanmaBpuaTa MO HampaBlieHHIO moaroToBku/ crenuansHocTH 09.03.04  «IIporpammHas
WHXEHepHus» HampaBieHHOCTH «lIpoexTupoBaHMe MPOrpaMMHBIX cHCTeM». JlucrurimHa
peanu3zyercs kapenpoit «Ne43».

JlucuuIinHa HalejeHa Ha (POPMUPOBAHUE Y BHIMTYCKHUKA CIICTYFOIIAX KOMITCTCHITHIA:

[IK-6 «['OTOBHOCTH WCHONIB30BaTh 3HAHWE OCHOBHBIX METOJOB HCKYCCTBEHHOTO
WHTEJJICKTA B TIOCIICIYIOIICH TPO(EeCCUOHATBHOMN JICITECIHHOCTHY

ConepkaHne TUCIUTUTMHBI OXBATHIBAET KPYT BOMIPOCOB, CBS3AHHBIX C MAITMHHBIM
o0ydeHneM, a IMEHHO €r0 COBPEMEHHBIM Pa3BUTHEM — TITyOOKMM 00ydeHUEM, KaK COBPEMEHHON
METOOJIOTHEH WHTEIIEKTYaIbHOTO aHalW3a JaHHBIX B MPOTPAMMHON WHXCEHEPUH, U €€
MPUMEHEHUEM B TIPOTPAMMHO-AITOPUTMHUYECKOM OOecTieueHUH MHOOPMAIIMOHHBIX CHUCTEM, IS
MOBBIIIEHHSI KA4eCTBa CUCTEMHOTO aHalln3a JaHHBIX B MHPOPMAITHOHHBIX TEXHOJIOTHSX.

[IpenogaBanvie AUCHUIUIMHBI TpeAycMaTpuBaeT cieayiomme (GopMbl OpraHH3aIUH
y4eOHOro mpoiiecca: JeKIH, TabopaTopHble paboThl, cCAMOCTOsATENbHAS paboTa 00yJaroIerocs,
KYPCOBOE MPOCKTHUPOBAHHE.

[IporpaMMoil TUCIMIIIMHBI MPEILyCMOTPEHBI CIEAYIOUINE BHJIbI KOHTPOJS: TEKYIIHA
KOHTPOJIb YCIIEBAEMOCTH, POMEKYTOUHAS aTTecTalus B GopMe IK3aMeHa.

OOmas TpyA0eMKOCTh OCBOCHHS JTUCIMILIMHBI COCTaBIseT 5 3adeTHhIX efunwmil, 180
4acoB.

SA3bIK 00yUeHUS MO AUCIUIUIMHE «PYCCKHUH »



1. IlepeuyeHb mIaHUPYEMBIX PE3yIbTATOB OOYUEHHS 10 JUCLUILUINHE

1.1. llenu npenoaaBaHUs AUCLUIUIAHBI
W3yuenne NOAMIMCHMIUIMHAPHBIX 3HAHUH B HMH(OPMALMOHHBIX CHCTEMax C NPUMEHEHHEM
COBPEMEHHBIX paszenoB HCKYCCTBEHHOTO UHTEJICKTA. [Tonyuenue HaBBIKOB
NpoQeCCHOHANTBHOTO BIIAJICHUS B 00JACTH HMHTEIUICKTYAILHOTO aHalW3a JAHHBIX Ha OCHOBE
COBPEMEHHBIX METOJIOB MAaIIMHHOTO/TIIyOOKOTO OOy4YeHHs B pa3paboTKe WH(POPMAIMOHHBIX
AQHATMTUYECKUX CHCTEM, B YAaCTHOCTH, PEHICHUH 3a7a4 MHTEIUICKTYaJIbHOTO aHAJN3a IaHHBIX
CpeICTBaMH  MaTeMaTHYECKOrO, QJITOPHUTMHUYECKOTO W TMPOTPAMMHOTO  OOECIICYEHUS:
MpeIBapUTEIHLHOTO aHali3a, 00pabOTKH | MPEICTAaBICHHS JaHHBIX, KIaCCU(PHUKAIUU 00HEKTOB
pas3IMYHON TPUPOABI, MOCTPOCHUS PETPECCHOHHBIX 3aBUCUMOCTEH U TMPOTHO3MPOBAHUS
MPOLIECCOB PEaIbHOTO MUpPa HA OCHOBE JAHHBIX PA3IMYHON MPUPOABI, KOMIIBIOTEPHOTO 3PEHHUS,
00pabOTKM TEKCTOBBIX JAHHBIX U TEHEPATHBHOTO ITyOOKOTO 00YJYEHHSI.

1.2. JlucumrumHa  BXOAMT B COCTaB  4YacTH, (OpMHUpPYEeMOH  yJaCTHHKAMHU
00pa3oBaTeIbHBIX OTHOIICHUH, 0Opa30BaTEIbHON MPOTPaMMBI BBICIIIETO 0Opa3oBaHus (nanee —
OII BO).

1.3. TlepeueHb MIaHUPYEMbIX PE3yIbTATOB 00YUEHUS MO AUCLUIIIMHE, COOTHECEHHBIX C
IJIaHUpYyeMbIMU pe3ynbTraramu ocBoeHus OI1 BO.

B pesynbraTe nm3yueHHs JUCLUIUIMHBI O0YYalOUIMHCs J0JDKEH 00lajaTh CleAyHOIIUMHU
KOMIIETEHIIMAMHU WIM UX 4YacTsMU. KoMneTeHIMu 1 MHAMKATOPBl UX JOCTHKEHUS MPUBEIEHBI B
Tabnue 1.

Tabmuna 1 — [lepedeHb KOMIETEHIINI ¥ MHANKATOPOB MX JIOCTHXKEHUS

Kon u
Kareropus (rpynna) Kon 1 HanMeHoBaHNE MHAMKATOPA JOCTUKCHUS
HalMEHOBaHUE
KOMIIETEHIINH KOMIETEHIINN
KOMIIETEHIIUU

T1IK-6.3.1 3HaTh MaTEMaTUYECKHUE METObI
HUCKYCCTBCHHOT'O MHTEJUICKTa U 00pabOTKH
AHHBIX

T1K-6.3.2 3HaTh OCHOBHBIE METOAbI, MOJIEIN 1
aJTOPUTMBI HCKYCCTBEHHOTO MHTEIIJICKTA U

T1K-6 T'oToBHOCTE

MCIOJIb30BaTh
o0acTy ux MpUMEHEHUS
3HAHUE OCHOBHBIX
METOOB [IK-6.VY.1 ymeTs npUMeHSATh METOABI, MOJIETH U
[Tpodeccruonanbuble ITOPUTMBI UCKYCCTBEHHOT'O MHTEJUIEKTA MPU
MCKYCCTBEHHOTO
KOMIIETEHIIUN HNPOEKTUPOBAHUM U pa3pabOTKe CHEeLUAIBbHOTO

HHTCJIJICKTA B
IporpaMMHOro obecrieueHus

HoCJIe Ay oLIeH
FYTOT . | IIK-6.Y.2 ymeeT cTaBUTh 3aja41 U BBIOJHATH
npodeccroHanbHON
NPOEKTHPOBAHUE CUCTEM HUCKYCCTBEHHOTO
JeATeIbHOCTU

HHTEJUIEKTA
TIK-6.B.1 BiageTs HaBBIKAMH HCIIOJIb30BaHUI
WHCTPYMEHTAIBHBIX CPEACTB pa3paboTKu CHCTEM
HMCKYCCTBCHHOI'O MHTEJUICKTA

2. Mecro aucuumiuHbl B cTpyktype Ol
JucuunnuHa MokeT 0a3upoBaThCsA Ha 3HAHUSX, paHee MPUOOPETEHHBIX 00Y4arOIIUMUCS
[P U3YYCHHUHU CIICAYIOMINX AUCLUUIUINH!
— OCHOBBI MAIIMHHOT'O O0YYEHHH,
— OBoIOLMOHHBIE MeToAbI poekTupoBanus [TUC,
— IlpuknagHsle MOJENN ONTUMHU3ALINHY,
— BrpluncnurensHas MaTeMaTHKa,
— IlpuknagHas Teopus BEPOATHOCTEN U CTaTUCTHKA,
— Teopus BepOATHOCTEN,
— Maremartuka. MaremMaTu4ecKuil aHaus,
— Maremartuka. AHaIMTHYECKasi TEOMETPHI U JIMHEHHas anreopa,




— JluckpeTrHas MaTeMaTHKa,
— OcCHOBBI IPOrPpaMMHPOBAHHS,
— AJTOpUTMBI U CTPYKTYPBI JaHHBIX,
— OOBEKTHO-OPUEHTUPOBAHHOE NTPOrPaMMUPOBAHHE,
— IlpoexTupoBaHue NpOrpaMMHBIX CUCTEM.
3HaHMA, IOJYYEHHBIE IIPU M3YYEHUMM MaTepuaja JaHHOW AMCLUIUIMHBI, HMEKT Kak
CaMOCTOSITENIbHOE 3HAaUEHUE, TaK U UCIOJIB3YIOTCS IIPH H3YYEHUHN APYTUX JUCIUTUIVH:
- CHUH,
— OO6paboTKa 3KCIIepUMEHTAIbHbBIX JaHHBIX,
— 3amuTa HHPOpPMaLUH,
— JIMIJIOMHOE IPOEKTUPOBAHMUE.

3. OObeM u TPyJOEeMKOCTb AUCIUTUTHHEI
Janubsie 00 oOmeM o0beMe MUCHIUIUIMHBI, TPYJOEMKOCTH OTICIBHBIX BHIOB Y4eOHOM
paboThI MO TUCIMIUTHHE (M paclpeesieHHe 3TOH TPYAOEMKOCTH 110 CEMECTpaM) MpeCTaBICHBI B
Tabmure 2.

Tabmuna 2 — O0beM U TPYJIOEMKOCTh JTUCIUIIITHHBI

TpynoeMKocTb 1o

Bun yae6Hoit paboTbl Bcero cemMecTpam
Ne9
1 2 3
Obwasn mpyooemKocmb OucCUUnJIUHDL, 5/ 180 5/ 180
3E/ (gac)
U3 Hux uacoe npakmuueckoii H0020Mo6KuU 16 16
AyodumopHule 3aHamus, BCETo Jac. 24 24

B TOM YHCJIC:

nekimn (JI), (gac)

npakTuueckue/cemunapckue 3anstus (I13),
(dac)

KypcoBoii mpoekT (pabora) (KII, KP), (gac)

JK3aMeH, (Jac)

(O] *|0| 0 [0

8
8
naboparopusie padotsl (JIP), (dac) 8
£
9
4

CamocmoamenvHas paboma, Bcero (dac) 147 147

Buo npomescymounoi ammecmayuu: 3ader,
madd. 3ager, sk3amen (3auer, Hdudd. 3au, JK3. OK3.
JK3.*%)

%k
[Ipumeuanue: KaHAMIATCKUIH K3aMeEH
* - gackl , He BXOAAIINE B ayJUTOPHYIO HAaIPy3Ky

4. CopeprxaHue JUCIUTUIMHBI
4.1. PacnpeneneHue TPyAOEMKOCTH TUCIUILTAHEI IO pa3/esiaM v BUAaM 3aHATHH.
Paznensl, TeMbl IUCIUTUIMHBL U UX TPYJAOEMKOCTh IPUBEJICHBI B TabmuIe 3.

Tabnmma 3 — Paznensl, TeMbI TUCIUTUIMHBL, UX TPYAOEMKOCTh

Pa3zlem,1 TEMBbI JUCHUIIIINHBI HeKHHH I3 (C3) P KII CPC
’ (gac) (gac) (gac) (gac) (gac)
Cemectp 9
Pasnen 1. MammnHoe/r1y60koe 00ydeHne Kak 1 0.5 0.5 18

COBpEMEHHAas METOOJIOTHS MHTEIUICKTYaTbHOTO
aHanm3a JaHHbBIX.

Tewma 1.1. Onpenenenuie u 3aaa4u
MAaIIMHHOTO/TIy00K0Tr0 00y4eHus. THIbl cucreM




MAaIIMHHOTO/TITyO0KOT0 00Y4eHUs, BUABI 00yUeHHSI.
Tema 1.2. JlanHbie B MAIIHHHOM 00y4YEHUH.

Tema 1.3. OCHOBHBIE METPUKH OLICHKH MOJIEIEH
MAIIMHHOTO/TITy00KOT0 00YYeHUS.

Tewma 1.4. Python a1 3a1a4 HHTEIJIEKTYaIbHOTO
aHanM3a U 00pabOTKH JaHHBIX HA OCHOBE
METO0JIOTUN MAaIIMHHOTO 00yuenus. Cpena
pa3paboTku Anaconda, UHCTpYMeHTHI Spider u Jupyter
Notebook. OcHOBHBIE TaKeTHI Pa3pabOTKU CUCTEM
MAaIIMHHOT0 00yueHus. I1onHbIi IpoeKT
HHTEJUIEKTYaJIbHOTO aHaJIN3a JaHHBIX Ha OCHOBE
METOAOJIOTHH MAIIMHHOTO/TITYOOKOTO 00Y4YeHHUsl.

Paznen 2. OCHOBBI HCKYCCTBEHHBIX HEHPOHHBIX CETEH.
Tema 2.1. buonorudeckuii HelpoH, KaKk 3JIEMEHT
Mo3ra. Mcropus ncKkyccTBEHHBIX HEMPOHHBIX CETEH.
OcHOBHBIE 33/1a4H, pEIIaeMble UCKYCCTBEHHBIMU
HEMpOHHBIMU ceTsMHU. [IpuMeps! npuMeHeHns
HCKYCCTBEHHBIX HEHPOHHBIX CETeH.

Tema 2.2. Mopaens HCKyCCTBEHHOTO HelipoHa. Brus
aKTHBAIMOHHBIX QyHKIMH. OCHOBHBIE KOMIIOHEHTHI 1
BUJIBI HEUPOHHBIX CETEH.

Tema 2.3. Tunsl 00y4eHUs] HEHPOHHBIX CETEH.
Teopema Konmoroposa.

0.5

0.5

0.5
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Paznen 3. ['myOokoe 00y4eHrEe OCHOBHbBIE MIOHSATHUS U
KOHIIETIIIUH

Tema 3.1. I'myObokoe oOydeHHe, ONpeneieHUEe U
KoHUenuus. [uyOokas HeWpoHHas ceTb, NPUHLUI
00yuyeHus 1 pabOTHI.

Tema 3.2. IlpencraBineHue NaHHBIX JUIsI HEWPOHHBIX
ceTel: CTPYKTYpHpPOBaHHE JaHHBIX, TEH30PBl KaK
OCHOBHAsl CTPYKTypa [aHHBIX IJyOOKOro oOyd4eHus,
reoMerpuyeckas  MHTEpIpeTaluss  olepauuil ¢
TEH30paMH U TITyOOKOTO O0yUYEeHHS.

Tema 3.3. bazoBblii anroputm 0O0y4deHHs] HEHPOHHBIX
ceTed — anropuTM O0OpaTHOTO PacIpOCTPaHEHUS
OIIMOKU WJIU TPAAUEHTHOTO CIIyCKa.

Tema 3.4. ®peiimBopk Keras — 06a30BbIli HHCTPYMEHT
pa3paboOTKH HEUPOHHBIX CeTel TITyO0KOTo 00ydeHUs.
Tema 3.5. [onHocBs13HBIE HENWPOHHBIE ceTH. CpaBHEHUE
C MOJENbBI0 JIOTUCTHYECKOM perpeccun. Ilpumep
pelLeHus 3ajaud Paclo3HaBaHUs [TOJHOCBI3HOMN CEThIO,
peann3oBaHHO Ha s3bIke Python cpeacrtamu Keras.
Tema 3.6. IIpoGnemMbl HCYE3HOBEHUS W B3PBIBHOTO
pocTa rpaiueHToB. MeTOAbl pelleHUs: HHUIHATH3aLus]
BECOBBIX KOX(QHIINEHTOB, HEHACHIIIaeMble (YHKINH
AKTUBAIIWH, TAKETHAS HOPMaJIU3aIlHsl.
Tema 3.7. CoBpeMeHHBIE METOAbI M AITOPUTMBI
00y4eHHUsT HEHPOHHBIX CETeH: IAaKeTHOEe OOy4YeHUE,
MUHHU-TIIAKETHOE o0yueHue, CTOXaCTHYECKHH
TpaJWEHTHBIA  CIOYCK, MOMEHTHAas  ONTUMH3Alus,
yckopeHHbIH TpaaueHT Hecreposa, anroputm AdaGrad,
anroput™M RMSProp, anroputm Adam.

Tema 3.8. Perymsipuzanuss HEHpOCETEBBIX MOJEIEH]
paHHee IpeKpallleHHe, JAWHAMUYECKOe H3MEHEHUE
CKOpOCTH O0YYEHUs U IPUMEHEHUE OOpaTHBIX BHI30BOB
JUTS. BO3IEHCTBUSA Ha MOJeNb B xone oOydenus; 11, 12
perynspusanys; peryispu3alus HUCKIIOYCHUEM  —
dropout; perynspu3amus J0MOoJTHEHHEM TaHHbIX.
Tema 3.10 Ilpumeps! pemieHus 3aa4 perpecCUOHHOTO
u KJIacCH(UKAINOHHOTO aHamn3a
MOCJIEIOBaTeNFHOCTE  JAHHBIX  MOJHOCBS3HBIMH
HEHPOHHBIMU CETSIMH.
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Pazgen 4. CBepTOUuHBIC HEUPOHHBIE CETH.

Tema 4.1. CBepTounble 2-MepHBIE HEMPOHHBIE CETH:
apXUTEKTYpa, OCHOBHBIE OIIEpallMU U IPUHIIUIIB]
paloThl cBepTOUYHOI! ceTu. IIpuMeps! pemenus 3a1ad
KOMIIBIOTEPHOTO 3pEHUS 2-MEPHBIMU CBEPTOYHBIMU
CETAMHU.

Tema 4.2. Vicnionb3oBaHue MpeIBapUTEIbHO 00yUSHHOM
CBEPTOYHON HEUPOHHOM CETH U €€ JJ000yUCHNUE.

Tema 4.3. CBeprounble 1-MepHBIE HEHPOHHBIE CETH:
aHaJu3 MoCleIoBaTeNbHOCTEN JaHHBIX. [IpuMeps
pelLeHus 3a1a4 PErpecCUOHHOTO U
KJIaCCU(UKAIIMOHHOTO aHaJI3a MOCIeI0BaTeIbHOCTEH

JIAHHBIX.

1.5

1.5
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Paznen 5. Pexyppentasie HeiiponHubie cetu (PHC).
Tema 5.1. PexyppeHTHBIE HEHPOHHBIE CETH:
ApXUTEKTypa U MPUHLIUIIBI paObOThI, OCHOBHBIE 3a1a4H
MAaIIMHHOTO/TIyO0OKOT0 00yJeHHS aHaIHn3a
I1OCJIEI0BAaTENIbHOCTEHN TaHHBIX.

Tema 5.2. IIpocteie PHC.

Tema 5.3. PHC tuna Long Short-Term Memory —
LSTM PHC.

Tema 5.4. PHC trna Gated Recurrent Units — GRU
PHC.

Tema 5.5. YyumieHHbIE METOBI HCIIOTIB30BAHUS
PEKypPEHTHBIX HEMPOHHBIX CETEN: PEKYPPEHTHBIN
dropout, mocnenoBaTenbpHOE 00 BETUHEHHE
PEKYPPEHTHBIX HEMPOHHBIX CIIOEB, IBYHAIPaBICHHBIE
PHC.

Tema 5.6. IlpuMepbl IporpaMMHBIX pean3annui
PEKYPPEHTHBIX HEHPOHHBIX CeTeH U peleHus 3a1a4
PETPECCHOHHOTO U KIACCH()UKAIIMOHHOTO aHaIN3a
110CJI€J0BAaTENIbHOCTEH TaHHBIX.

18

Paznen 6. ABTOKOAMPOBIIUKY.

Tema 6.1. ApxutekTypa aBTOKOJUPOBIIKKA U
MIPUHIUIIEL Pa0OTHL, 00yUEHHE.

Tema 6.2. lllymononasnstomue, cxxXxuMaroIme 1
BapHalIOHHbIE aBTOKOAUPOBILIUKU. [IpumMepsl
MPOTPaAMMHBIX peai3aliuii.

Tema 6.3. OOyueHne HEHPOHHBIX CETEH Ha YACTUIHO
pa3MeuyeHHBIX JaHHBIX. [IpenoOydenue u TouHast
HacTpoiika HelipoHHo# ceTH. [IpemoOyduenue ¢
MPUMEHEHNUEeM OTPpaHIMYEHHBIX MalllMH boJbpiMaHa,
pUMep NporpaMMHOI peanu3anun. [IpenoOyuenne c
HCIOJIb30BaHUEM aBTOKOIMPOBUIMKOB.

18

Paznen 7. HeilipocereBas 00paboTKa TEKCTOBBIX
nansbix (Natural language processing — NLP).

Tema 7.1. HeiipocereBast 00paboTKa TEKCTOBBIX
nansbix (Natural language processing — NLP).
Paznuunble BUBI IPEICTABICHNS TEKCTOBBIX JaHHBIX
1t perreHus 3apad NLP (Tokennzanus, cioi
TextVectorization, yHurpaMMel, OUTpaMMBbl, OUTPaMMBI
¢ TF-IDF xomupoBanuem, cioit Embedding,
MpeBapUTEIbHO 00yUeHHbIE BEKTOPHBIE
TIpe/ICTaBICHHS TEKCTOBBIX JaHHBIX Word2vec
GloVe). TparcdopMepsl: apXUTEKTypa U MPUHINTIHI
paGotsl. Ilpumep pemienus 3aaun KiaccupuKanuu
TEKCTOBBIX aHHBIX. [IpuMep perienus 3agauu
MalIMHHOTO NEPEBO/Ia HA OCHOBE HEWPOHHBIX CETEH
TUna TpaHcopmep u ooydeHus «Sequence-to-
sequence».

1.5

1.5

1.5
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Paznen 8. ['enepatuBHOE ry0OKOE O0YUYCHHE.

Tema 8.1. I'eHepupoBaHue TEKCTa C TOMOLIbIO
rny6okux PHC u Tpanchopmepos.

Tema 8.2. DeepDream kak Meron 00pabOTKH
n300paXkeHui Ha OCHOBE HCIIOJIb30BaHUY
MIpeCTaBICHU, MOJTY4EeHHBIX CBEPTOYHBIMH
HEHPOHHBIMH CETSIMH.

Tema 8.3. HelipoHHas nepegaua cTuisl.

Tewma 8.4. I'enepupoBanue n300paxeHuit ¢

BaprnallMOHHBIMU aBTOKOJUPOBIIMKAMU.

18




BrInonHeHue KypcoBoro npoexTa 0

HUroro B cemectpe: 8 8 8 147

Hroro 8 8 8 0 147

[IpakTrueckass TOATOTOBKA 3aKIIOYAETCS B HEMOCPEACTBEHHOM  BBIITOJHEHUH
OOyJaromuMHCS  ONpPEACTCHHBIX  TPYAOBBIX  (YHKIHMHA,  CBS3aHHBIX C  Oyaymiei
npogeccHoHaNbHOMN AesTeIbHOCTHIO.

4.2. CopaepxxaHue pa3JeiaoB U TeM JEKIUOHHBIX 3aHITHM.
Copepxanue pa3iesioB M TeM JICKIIMOHHBIX 3aHITHI MPHUBEICHO B Tadnuiie 4.

Ta6n14ua 4 — Conepma}me Ppas3aciioB U TCM JICKIIMOHHOT'O IIMKJIa

HOMep pasacia HazBanue u COACPIKAHUEC PA3JACIIOB U TCM JICKIITMOHHBIX 3aHITUH

1. Paznen 1. MamunHOe/rmyboKkoe 00y4eHne Kak COBpeMeHHas
METOJIOIOTHS HHTEIUIEKTYAIBHOTO aHaIN3a JaHHbIX.

Tema 1.1. OnpeneneHue U 3a1a48 MAITMHHOTO/TITy0OKOTO 00y4eHUSI.
Twne! cucTeM MaTHHHOTO/TITYOOKOTO 00YUICHUS, BUIBI OOYUCHUS.
Tewma 1.2. JlaHHbBIC B MAITUHHOM O0YYCHHH.

Tema 1.3. OCHOBHBIE METPHUKHU OLIEHKU MOJIEIeH
MAaIIMHHOTO/TITy00KOTO 00yUeHHS.

Tema 1.4. Python anst 3agau HHTEIEKTYaIbHOTO aHaU3a U 00paboTKH
JaHHBIX Ha OCHOBE METOIOJIOTHH MaIlMHHOTO 00y4yeHus. Cpena
pa3paboTku Anaconda, nHCTpyMeHTHI Spider u Jupyter Notebook.
OCHOBHBIE ITAaKETHI Pa3pabOTKN CHCTEM MAIIMHHOTO O0YYEHHUSI.
[TonHbI# MPOEKT UHTEEKTYAILHOTO aHaIN3a JaHHBIX HAa OCHOBE
METOJIOJIOTHH MaIHHHOTO/TITYOOKOTO OOyUEHHSL.

2. Paznen 2. OcHOBBI HCKYCCTBEHHBIX HEHPOHHBIX CETEH.

Tewma 2.1. buonoruueckuit HeMpoH, Kak 3neMeHT Mo3sra. Victopus
UCKYCCTBEHHBIX HEMPOHHBIX ceTel. OCHOBHBIE 3ajjauH, pelIaeMble
HCKYCCTBEHHBIMU HEHPOHHBIMHU ceTsMU. [Ipumepsl npuMeHeHus!
HCKYCCTBEHHBIX HEHPOHHBIX CETeH.

Tewma 2.2. Monenbs HCKYCCTBEHHOTO HEMpOHA. BUABI aK THBAIIMOHHBIX
¢yHKImi. OCHOBHBIE KOMITOHEHTHI M BUIBI HEHPOHHBIX CETEH.

Tema 2.3. Tunsl 00ydeHust HeiipoHHBIX ceTell. Teopema Koamoroposa.

3. Paznen 3. ['my6okoe oOyueHre OCHOBHBIE IIOHATHS U KOHIIEIIIH
Tema 3.1. I'myOokoe oOydeHue, onpeaeneHre U KoHmenus. [mybokas
HeWpOHHAasA CeTh, MPUHUUN 00yUeHHs U pabOTHI.

Tema 3.2. [IlpencraBieHue JaHHBIX JUIsI HEHMpPOHHBIX  ceTeil:
CTPYKTYpUPOBAHHUE JaHHBIX, TEH30Pbl KaK OCHOBHAs CTPYKTYpa JJaHHBIX|
ryOOKOro oOydeHHs, TeoMeTpUdeckas HHTepIpeTalus Olepauuil ¢
TEH30paMH | TIIYOOKOTO O0YUIEHHSI.

Tema 3.3. bazoBblil anroput™M o0yueHHsT HEHPOHHBIX CETeU — alrOpUT™M
00paTHOIo pacrpoCTpaHEeH!s! OIIUOKY WK TPAJUEHTHOTO CIIyCKa.

Tema 3.4. OpeiimBopk Keras — 0a30BbIii HMHCTPYMEHT pa3pabOTKY
HEeWPOHHBIX ceTell rTy0oKoro 00y4eHus..

Tema 3.5. IlomHocBsA3HBIE HEWpoHHbIE ceTH. CpaBHEHHE C MOJEINbIO
JoructTuyeckoit perpeccuu. llpumep pelieHus 3aladyd paclo3HaBaHUS]
MIOJTHOCBSI3HOM CEThIO, pealiM30BaHHOI Ha s3blke Python cpemctBamu
Keras.

Tema 3.6. IIpobneMbl MCUE3HOBEHMSI U B3PHIBHOTO POCTa TPAIUEHTOB.
Mertonsl  pelleHHs: WHUIHAIW3AIUS  BECOBBIX  KOA(PHUINEHTOB,
HeHachlllaeMble QYHKIIMY aKTUBALMK, TaKeTHAsT HOpMaJIU3allysl.

Tema 3.7. CoBpeMeHHBIE METOJBI U alTOPUTMBI O0OYUEeHUs] HEWPOHHBIX
ceTell: makeTHoe 00y4eHne, MUHU-IIaKeTHOe 00y4eHHe, CTOXaCTHYEeCKUH]




IPaIHeHTHBIN CIYCK, MOMEHTHAs ONTHMH3ALUsI, YCKOPEHHBIN TPaJueHT
Hectepoga, anroputm AdaGrad, anroputm RMSProp, anroputm Adam.
Tema 3.8. Perynsgpuzauus HellpoceTeBbIX MoOJENEH:  paHHEe
MpeKpalleHne, IUHAMHYECKOe W3MEHEHHE CKOPOCTH OOy4YeHUs ™|
NpUMEHEHHE OOpPaTHBIX BBI3OBOB AJISI BO3ACHUCTBHA Ha MOJETb B XOJE
oOyuenus; 11, 12 perymspusanusi; peryispusalis HCKIIOYCHHEM —|
dropout; peryisipu3anys JONOJTHEHHEM JaHHbIX.

4. Pazgen 4. CBepTOUHBIC HEUPOHHBIE CETH.
Tema 4.1. CBepTouHble 2-MepHbIE HEHPOHHBIE CETH: APXUTEKTYPa,
OCHOBHBI€ OTIEpaIK U MIPUHIUITEI paOOTHI CBEPTOUYHOH ceTu. [Iprumepsl
peLeHus 3a1a4 KOMIBbIOTEPHOrO 3peHUs 2-MEPHBIMU CBEPTOYHBIMU
CETSMH.
Tewma 4.2. Vcrionb30Banue nmpeaBapuTeNbHO 00yIeHHOM
CBEPTOYHOI HEHPOHHOU CETH U €€ J0OOyUCHHE.
Tema 4.3. CBeprouHble |-MepHbIE HEHPOHHBIE CETH: aHAIIN3
nocsuenoBaTeNbHOCTEHN NaHHbIX. [IpruMeps! pereHus 3axa4
PETPECCHOHHOTO 1 KIACCH()UKAIIMOHHOTO aHAIN3a
[10CJIeJOBAaTENIbHOCTEH TaHHBIX.

5. Paznen 5. Pexyppentnsie netiponnsie cetu (PHC).
Tewma 5.1. PexyppeHTHbIC HEHPOHHBIE CETH: ApXUTEKTypa M MIPUHIIHITHI
paboTHI, OCHOBHBIE 33/1a9X MAIIHHOTO/TITy0OKOTO O0YIeHHUS aHAIIH3a
[10CJIeJ0BAaTENbHOCTEH 1aHHBIX.
Tewma 5.2. IIpocteie PHC.
Tema 5.3. PHC tuma Long Short-Term Memory — LSTM PHC.
Tema 5.4. PHC tuma Gated Recurrent Units — GRU PHC.
Tewma 5.5. Yay4ieHHbIe METOBI UCTIOTIB30BAHUS
PEKYPPEHTHBIX HEHPOHHBIX CeTel: peKyppeHTHBIN dropout,
0cJIeJ0BaTeNIbHOE 00 bEINHEHNE PEKYPPEHTHBIX HEHPOHHBIX CIIOEB,
neyHarpasieHHsie PHC.
Tewma 5.6. IIpumepsl MpOrpaMMHBIX peali3aliil ¥ penIeHus 3a1a4d
PErpecCHOHHOTrO U KJIaCCH(PUKAMOHHOTO aHAIIN3a
MOCJIeI0BAaTENIbHOCTEH TaHHBIX.

6. Pazgen 6. ABTOKOIUPOBIIHKH.
Tema 6.1. ApxuTekTypa aBTOKOJUPOBILINKA U IPHHIUIIBI paOOTHI,
oOyuenue.
Tema 6.2. Illymonoaapisioimue, CKUMAIOIUE U BapUalliOHHbIE
aBTOKOAUPOBILUKY. [IprMepsl IpOrpaMMHBIX pealu3alii.
Tema 6.3. IIpenoOydenue u TOUHAs HACTPOKKA HEHPOHHOH CeTH.
OrpanudeHHble MalIuHbl bobliMaHa, penoOyyeHne ¢ IpUMEeHEHuEeM
OrpaHMYeHHBIX MalluH bonbimMana. [IpenoOyueHne ¢ HCIONIb30BaHUEM
ABTOKOJUPOBILHUKOB.

7. Paznen 7. HetlipocereBast 00paboTKka TeKCTOBBIX JaHHbIX (Natural
language processing — NLP).
Tema 7.1. HeiipocereBas 00paboTKka TeKCTOBBIX qaHHBIX (Natural
language processing — NLP). Pa3inuHble BUIBI TPEACTABICHUS
TEKCTOBBIX JAHHBIX I pemieHus 3axad NLP (Tokenuzamus, cioi
TextVectorization, yHurpamMmsl, 6urpamMmsl, ourpammel ¢ TF-IDF
KoxupoBaHueMm, cioit Embedding, npeasaputenbHo 00y4yeHHbIE
BEKTOPHBIE MPEACTaBICHHS TEKCTOBBIX AaHHBIX Word2vec u GloVe).
Tpanchopmepsl: apXUTEKTypa U MPUHIUIBI padoThl. [IpuMep pemenus
3a7a4M KjIaccu(UKalUU TEeKCTOBBIX JaHHBIX. [IpuMep perieHus 3agauu
MAIIMHHOTO MIePEeBO/Ia Ha OCHOBE HEHPOHHEIX ceTel ThIa Tpanchopmep
u o0yueHus «Sequence-to-sequence.

8. Paznen 8. 'eneparuBHOE riTyOOKOE O0YUYECHHE.

Tewma 8.1. I'enepupoBanne Texcta ¢ momomipo rirydoknx PHC n

TpaHCHOPMEPOB.
Tema 8.2. DeepDream kak meTo] 00paboTKH M300pakeHHH Ha OCHOBE




UCTIOJIb30BAHUU  TPEACTABJICHUIA, MOJY4YEeHHBIX  CBEPTOYHBIMH
HEHPOHHBIMH CETSIMH.
Tewma 8.3. HeliponHas nepenaya cTUIISL.
Tema 8.4. I'enepupoBanue n300paxeHni c BapHaIL[IOHHBIMY
ABTOKOJWPOBIIUKAMH.
4.3. Tlpaktuueckue (CEMHUHAPCKUE) 3aHATHSI
TeMbl MpaKTUUECKUX 3aHATHIA U UX TPYAOEMKOCTh PUBECHBI B TAOIHIIE 5.
Tabmuna 5 — [IpakTHueckue 3aHATUS U UX TPYIOEMKOCTb
No N3 Hux Ne
H7 Tembl IPAKTHYECKAX ®opMbl NPaKTHYECKNX TpynoemMKocTh, | MpakKTUYECKOH | pazzena
I 3aHITHI 3aHATHH (gac) IIOATOTOBKH, | JUCIIHII
(dac) JIMHBI
Cemectp 9
1 Pemienne 3agaun perpecCHOHHOrO aHalIu3a JaHHBIX 1 1 1-5
Ha OCHOBE MO/IelNeil HEHPOHHBIX CeTel.
2 Pemienne 3agaud  MPOTHOCTHUYECKOTO  aHAIM3 1 1 3-5
JIAaHHBIX HAa OCHOBE MOjieJiell HeHPOHHBIX CeTeH.
3 Penienne  3amaum  kinaccuduKanMM  JTaHHBIX 1 1 3-6
BPEMEHHBIX PSIOB HA OCHOBE MOJeNeil HeHPOHHBIX
cereil.
4 Pemenue 3a1au KOMIBIOTEPHOTO 3pPEHUSI HA OCHOBE 2 2 4
Mo/ieJIell HEHPOHHBIX ceTeil: COOCTBEHHOM
pa3paboTKu U Npeno0ydeHHBIX/1000yIeHHBIX
Mojieneil.
5 Pemenwne 3amaqa 00pabOTKH TEKCTOBBIX JTAHHBIX Ha 1.5 1.5 7
OCHOBE MoJieJiell HEMPOHHBIX CeTel.
6 Pemenwne 3aad reHEpaTHBHOTO TITYOOKOTO 1.5 1.5 8
o0yueHwusl.
Bcero 8 8
4.4. JlabopaTopHbIC 3aHATHUSL
Tembl 1a00paTOPHBIX 3aHATHH U UX TPYJAOEMKOCTh TIPUBEICHBI B TAOIHIIE 6.
Tabnuna 6 — JlabopaTopHble 3aHATHS U UX TPYAOEMKOCTb
N3 aux No
Ne HanmeHnoBanue 1a060paTopHBIX paboT TpynoeMKoCTS, | MPAKTHHIECKOH | pasaeia
/11 (qac) MOATOTOBKH, | JHUCIIHI
(gac) JIVHBI
Cemectp 9
1 Pemienne 3agaund perpecCMOHHOTO aHajau3a 1 1 1-5
JAHHBIX HA OCHOBE MOJeNiedl HEeHPOHHBIX
ceTen.
2 Pemrenve 3amaun mMpoOrHOCTUYECKOTO aHAIU3 1 1 3-5
JAHHBIX HA OCHOBE MOJeNied HEeHPOHHBIX
ceTe.
3 Pemenne 3amaun kiaccuUKanuy JTaHHBIX 1 1 3-6
BPEMEHHBIX PSIAOB HAa OCHOBE MOJEIEH
HEHPOHHBIX CETEM.
4 Pemrenne 3a1a4 KOMIIBIOTEPHOTO 3pEHUS Ha 2 2 4
OCHOBE MOJICJIC HEUPOHHBIX CETEH:




coOCTBEHHOH pa3pabOTKu 1
pe00YIeHHBIX/T000YISHHBIX MOJICIICH.

5 Pemrenue 3amaq 00pabOTKH TEKCTOBBIX 1.5 1.5 7
JJAHHBIX HA OCHOBE MOJICJIC HEUPOHHBIX
CETEH.

6 Pemenue 3ana4 reHepaTUBHOTO IIyOOKOTO 1.5 1.5 8
o0yueHusl.

Bcero 8

4.5. KypcoBoe npoekTHpOBaHUE/ BHIMOJHEHUE KYPCOBOW pabOTHI

Llenp KypcOBOTo MpOEKTa:

YacoB NMpakTUYECKOU NOATOTOBKH:

[IpumepHbIEe TEMBI 3aJaHUI HAa KyPCOBOM MPOEKT mpuBeaeHsl B pasaene 10 PII/I.
OO0s13aTeNbHO yKa3aTh TEMbI Ha KypCOBOM MPOEKT W BBIACTUTH 1iisi Hero Bpemsi B CPC

4.6. CamocrositenpHas padoTa 00yJaronmuxcs
Buzsl camocTosiTenbHOM paboThl U €€ TPYI0EMKOCTh IPUBEACHBI B Ta0nuLe 7.

Tabmuna 7 — Busibl caMOCTOSTENIBHOM paOOThI U €€ TPYJO0EMKOCTh

. Bcero, | Cemectp 9,
Bun camocrosiTensHOM paboThI

qac qac
1 2 3
W3ydyeHne TeopeTHUECKOro MaTepuaa 45 45

muctuiinael (TO)

KypcoBoe npoextuposanue (KII, KP) 48 48

Pacuetno-rpaduueckue 3aganus (PI'3)

Brinonnenue pedepara (P)

IloaroroBka k TCKYLIEMY KOHTPOJIIO

ycneBaemoctu (TKY) 45 4
Jlomamiaee 3amganue (/13)
KoHTtposbHbIe paboThl 3a04uHUKOB (KP3)
[ToaroroBka Kk MpoMexXyTOYHOU 9 9
arrecranuu (I1A)

Bcero: 147 147

5. TepeueHb y4eOHO-METOANICCKOTO 00CCIICUCHHUS
JUTSL CAMOCTOSITEIIEHOM pabOThI 00yUaOIUXCS MO TUCITUILTAHE (MOJTYIIIO)
Y4eOHO-MeTOIMYECKHE MaTepuaibl JJis CaAMOCTOSITENIbHON PabOThl OOyYaroNIMXCsl YKa3aHbl B
. 7-11.

6. IlepeueHp MeYaTHBIX U ANEKTPOHHBIX YUEOHBIX M3IaHUN
[lepedyeHp MeYaTHBIX U YJIEKTPOHHBIX yUEOHBIX H3IaHUN PUBEICH B Ta0IUIE 8.
Tabnuna 8— IlepeueHp NMevaTHBIX U 3JEKTPOHHBIX YICOHBIX H3AaHHN

KonmaecTBo SK3eMILISIpOB B
HIudp/ OubnmoTexe

URL gﬁ)ec bubnuorpaduieckas ccblika (KPOME TICKTPOHHBIX

9K3EMIUISIPOB)

http://e.lanbook.com/ | Makkunnu Y. Python u aHanu3 naHHBIX.
[lepBuunas 0OpaboTKa TaHHBIX C




npumenenueM pandas, NumPy u Jupiter.
- U3matensctBo "JIMK Ilpecc", 2023.

http://e.lanbook.com/ | Makkuanu Y. Python n ananus maHHBIX
WznparensctBo "JIMK IIpecc", 2020.

http://e.lanbook.com/ | I'yadennoy A., benmxuo U., Kypsuiis
A. I'myOokoe oOyuenue. - 3naTenscTBO
"MK IIpecc", 2018.

http://e.lanbook.com/ | ®epmutm 3. [labmoHE ¥ IpaKTHKa
rimy0okoro o0yuenus. - M3naTenscTBo
"IMK TIlpecc", 2022.

http://e.lanbook.com/ | ArTorno xymm, Cymkut [Tan
bubnuoteka Keras — uHCTpyMeHT
rirybokoro ooy4yenus. Peanu3zarust
HEWPOHHBIX CETEH C MOMOIIIbIO
o6ubmmorek Theano u TensorFlow. -
MznmarensctBo "JIMK Ilpecc", 2018.

http://e.lanboo.com/ | Ilatrepcon JIxk., ['udcon A. ['myGokoe
00y4eHHUE C TOYKHU 3pEHUsI MPAKTHUKA. -
MznparensctBo "MK IIpecc", 2018.

7. IlepedeHb 21EKTPOHHBIX 00pa30BaTENbHBIX PECYPCOB
MH(POPMALIMOHHO-TEIEKOMMYHHUKALIMOHHON ceTH «VHTepHeT»
ITepeuyenn 3JIEKTPOHHBIX 00pazoBaTeIbHbIX pecypcos MH(POPMALMOHHO-
TEIEKOMMYHHUKAIIMOHHON ceTn «lHTepHeT», HEOOXOAMMBIX Ui OCBOCHMS JUCLMIUINHBI
npuBezieH B Tabnuue 9.

Tabmuma 9 — IlepedeHp SIIEKTPOHHBIX OOpa30BATEIBHBIX PECYpCOB HH(MOPMAIIOHHO-
TEJICKOMMYHHKaIMOHHOI cetn «MHTepHeT)

URL anpec HaumenoBanue
https://anaconda.cloud/support- | Jlokymenramus mmo cpeae paspadotku Anaconda, ee
center/product-documentation KOMITOHEHTaM M HHCTPYMEHTaM
https://www.anaconda.com/open- | CoBpeMeHHbIE MAKEThl, OMOIMOTEKN U HHCTPYMEHTHI
source pa3paboTKU CUCTEM MaIIMHHOrO 00yueHus B Python
https://keras.io/ [Taker pa3paboTku HelipoceTeBbIX Mojenel Keras.
https://www.tensorflow.org/ [Taket pa3paboTku HelipoceTeBbIx Mojienel Tensorflow.

8. Ilepeuens HHPOPMAIIMOHHBIX TEXHOJIOTHI
8.1. Ilepedenr mpOrpaMMHOTO OOECHEUEHHs, HCIIOIB3YeMOTO TPH OCYIIECTBICHUU
00pa3oBaTEeIBHOTO MPOIECcca MO AUCIUTUINHE.
[lepedeHs MCTIONB3yEMOTO MTPOrpaMMHOTO oOecTiedeHns pecTaBieH B Tadmure 10.

Tabaumna 10— IlepeueHp mporpaMMHOTO 00ecTieueHHUs

Ne i/t HaumenoBanue

CBobogHo pacnpoctpansemoe [10:

- MHTEpIPETaTOop sA3bIKa nporpammuposanus Python 3.%;

- cpena pa3pabotku Anaconda ¢ COOTBETCTBYIOIIMMH HHCTpyMeHTamu (Spyder,
Jupyter Notebook) 1 makeTamu MamImHHOTO/TITyOOKOT0 00ydeHHsI, 00pabOTKH U

BU3YyaJIn3alliu JaHHBIX.




‘ https://www.anaconda.com/products/distribution

8.2. IlepeueHn HH(POPMAITTOHHO-CITPABOYHBIX CHCTEM,UCITOJIb3yEeMbBIX pu
OCYIIECTBICHUU 00pa30BaTEIHLHOTO MPOIECCa MO TUCIUTITNHE

[lepeuens uCMONB3yeMbIX HHPOPMAIIMOHHO-CIIPABOYHBIX CHUCTEM MPEJACTABICH B
Tabwuie 11.

Tabnuna 11— IlepeueHp nHPOPMALMOHHO-CIPABOYHBIX CUCTEM

Ne i/t HaumenoBanue

He npenycmotpeno

9. MarepuanbHO-TexHHUYECKas 6a3a
CoctaB  MaTepHalbHO-TEXHMYECKOM 0a3bl, HEOOXOAMMOW Ul  OCYIIECTBJIECHUS
00pa3oBaTeabHOro Mpolecca o AUCHUILIMHE, IpecTaBiIeH B Tabaunel?2.

Tab6muna 12 — CocTaB MaTepHaIbHO-TEXHUICCKOM 0a3bl

No HanmMeHnoBaHne cocTaBHOM 4acTH Howmep aynutopun
n/m MaTepHaIbHO-TEXHUYECKON 0a3bl (mpu HEOOXOAMMOCTH)
MynbTuUMeanitHas TEKIUOHHAS ayTUTOPUS b.M., 32-03, 32-04
CrneuunanusupoBaHHas naboparopus «Hazpanue» b.M. 23-08, 23-09, 23-
10

10. OueHouHble cpeAcTBa I IPOBEACHUS POMEKYTOUHOM aTTecTaluu
10.1. CoctaB OLEHOYHBIX CPEACTBIUISI TPOBEIEHUS MPOMEXKYTOUHON aTTecTaluu
00yJaromuxcs Mo AUCHUIUINHE TPUBeIeH B Tadmuie 13.
Tabmuna 13 — CocTaB OLICHOYHBIX CPEACTB I MPOBEACHHSI MPOMEXKYTOUYHOM aTTeCTallu

Bupx npomMexXyTO4YHON aTTecTalnuu [TepeyeHp OLICHOYHBIX CPEJICTB
DK3aMeH Cromcok BOIpOCOB K dK3aMEHY;
DK3aMEHAITMOHHBIC OMIICTHI,
3amaun;
TecTbl.
Brinonxenue KypcoBoro npoexra DKcrepTHas OLEHKa Ha OCHOBE TpeOOBaHHN K
COJICP’KAaHHUIO KYPCOBOTO MPOEKTA.

10.2. B kadecTBe KpUTEpUEB OLEHKH YypPOBHA c(HOpMUPOBAHHOCTH (OCBOCHHS)
KOMIIETEHIINH 00yJalomMMHUC TPUMEHsETCS S-0aipHas IIKajda ONeHKH c(HhOpMHUPOBAHHOCTH
KOMIIETEHIINH, KOTOpas MpuBeieHa B Tabmuie 14. B Teyenne cemectpa MOXKET HCIIOIB30BATHCS
100-6annpHast  mKala  MOJYJIbHO-PEUTHHTOBOM  CHCTEMBI ~ YHUBEPCHTETa,  IpaBHIIa
HCIIOJIb30BaHUs KOTOPOHM, YCTAHOBJIEHbI COOTBETCTBYIOLIUM JOKAJbHBIM HOPMATHUBHBIM aKTOM
I'VAIL
Tabmuna 14 -Kputepuu olieHKH YpoBHsI cOPMHPOBAHHOCTH KOMITCTEHITHIA

O1eHKa KOMITETEHITUHI

XapakrepucTrka chOpMUPOBAHHBIX KOMITCTEHIVIHA
5-0ayuIbHAas IIKaJIa p p (bopmp

— oOyyarouuiicss TIyOOKO M BCECTOPOHHE YCBOWJI HPOTrPaMMHBIN
MaTepHan;

— YBEPEHHO, JIOTUYHO, IIOCJIEJOBATEIbHO U TPAMOTHO €r0 M3JIaraeT;

— OMUpasiCh Ha 3HAHWSA OCHOBHOW W JOMOJHHUTEIBHOW IJUTEPATypHI,
TECHO IPUBS3BIBAECT YCBOCHHBIC HAYUHbIE MOJIOKEHUS C MPAKTUICCKON
JeSITeIbHOCTBIO HAlPaBJICHUS;

— yMeJl0 000CHOBBIBAET U apIYMEHTUPYET BbIJIBUTaEMbIE€ UM UJIEH;

«OTJIMYHO»
<Ga4YTCHO»




O1eHKa KOMITETEHITUHI

5-OayuTbHAs IIKaIa

XapakTepHrcTHKa c(h)OpMUPOBAHHBIX KOMIETCHIIMH

— JIeJTaeT BBIBOJLI M 0000IIEHHUS
— CBOOOHO BIIA/ICET CUCTEMOM CIEIIMATM3UPOBAHHBIX MTOHATHIH.

«XOpOILIO»
<«GaYTCHOY

— 00yJaroUIHiACs TBEPO YCBOMII MPOTPAMMHBIN MaTepHall, TPAMOTHO H
II0 CYLIECTBY H3JaraeT €ro, ONUPasChb Ha 3HaHWSI OCHOBHOM
JIUTEPATYpPhI;

— HE JI0IyCKaeT CYLIECTBEHHbIX HETOYHOCTEN;

— YBSI3bIBAET YCBOCHHBIE 3HAHMUS C IPAKTUYECKOH JESITEIbHOCTBIO
HapaBJICHUS;

— apTYMEHTHUPYET Hay4HbIE ITOJIOKCHHUS;

— JIeTIaeT BBIBOJBI M 0000IICHUS;

— BJAJIeET CUCTEMON ClIEUAIN3UPOBAHHBIX TOHITHH.

«YAOBJICTBOPUTCIILHO»
<Ga4YTCHO»

— 00y4arouuiicss yCBOWJI TOJbKO OCHOBHOM IMpPOTrpaMMHBIA MaTepua,
[0 CYIIECTBY H3JaraeT €ro, OnMpasch Ha 3HAHUS TOJBKO OCHOBHOM
JUTEPATYPHI;

— JIONyCKaeT HECYLECTBEHHbIE OIIMOKU 1 HETOYHOCTH;

— WCTIBITHIBACT 3aTPYAHEHUS B TPAKTHUYECKOM TPHUMEHCHHH 3HAHWUU
HaIpaBJICHUS;

— cn1abo apryMeHTHpYeT HayuHble TIOJI0KEHUS;

— 3aTpyaHsETCS B (JOPMYIMPOBAHUN BHIBOJIOB B 0000IICHUIA;

— YaCTMYHO BJIAJICET CUCTEMOH CIIeIMAIN3UPOBAHHBIX MOHATHUI.

«HCYIOBJICTBOPUTCIILHO»
«HC 3a4YTCHO»

— O0y4YaroUMiicss HE YCBOWJI 3HAYUTEIBHOH YacTH MPOTrPaMMHOIO
MaTepuana;

— JIOTMyCKaeT  CYIICCTBEHHbIC  OIMMOKM W  HETOYHOCTH  TpHU
paccMOTpeHHH MPOOJIeM B KOHKPETHOM HaINpaBJICHUU;

— UCTIBITHIBACT TPYAHOCTH B MPAKTUYCCKOM IPUMCHCHUH 3HAHMWIA,

— HE MOXET apryMEHTUPOBATh HAYYHBIC MTOJIOKCHHUS;

— He (OPMYJIHPYET BBIBOJOB U 0000IIECHUIA.

10.3. TunoBble KOHTPOJIBLHBIC 3aJaHUSI UJIM UHBIE MATEPHAIIBL.
Bompocsr (3agaun) ans sx3aMmeHa npeacTaBiieHsl B Tabaune 15.

Tabmuua 15 — Bonpocs! (3amaun) 1j1st 5K3aMeHa

Ne m/mt [Iepeuens BonpocoB (3aaa4) I 3K3aMeHa Kon
UHJIIKaTOpa
1. Onpenenenne U 3a1a4u MalliiHHOTO 00y4deHus. Tumel cucteM IK-6.3.1,
MalIMHHOTO 00yUYeHUsI, BHJIbI O0YUCHUSI. I1K-6.3.2
2. [1K-6.3.1,
JlaHHbBIE B MAIIMHHOM/TJIYOOKOM O0yUYEHUH. I1K-6.3.2,
I1K-6.V.1
3. [1K-6.3.1,
Metpuku OLIEHKH KayecTBa MOJIEJIEil perpeccuu. I1K-6.3.2,
I1K-6.V.1
4. [1K-6.3.1,
MeTpuKH OIIEHKH KadecTBa MOJIeJIeH KilacCU(UKAITUH. I1K-6.3.2,
I1K-6.V.1
5. buonornueckuii HelpoH, kKak 31aemMeHT Mo3ra. OcHoBHbIe 3a1aun, | [1K-6.3.1,
peliaeMble HICKYCCTBEHHBIMH HEMPOHHBIMH CETSIMH. I1K-6.3.2
6. Mogens HCKyCcCTBEHHOTO HEMpoHa. BHbpl akTHBaIMOHHBIX [IK-6.3.1,
¢bysknuii. OCHOBHBIC KOMIIOHEHTHI M BU/Ibl HEHPOHHBIX CETEH. [1K-6.3.2
7. Tunsl 00yueHust HelipouHbIx ceTeil. Teopema Kommoroposa. IIK-6.3.1,




I1K-6.3.2

8. [IK-6.3.1,
Fn2/601<oe o0y4eHue, onpeseraeHue 1 KoHuenus. [ nyOokas T1K-6.3.2,
HEHpOHHAas ceTh, MPUHIUI 00yueHHs U pabOTHI. MK-6.Y 1
9. IIpencraBnenue NaHHBIX 171 HEHPOHHBIX CETEH: [IK-6.3.1,
CTPYKTYpPUPOBAHHE JTaHHBIX, TEH30PBI KaK OCHOBHAsS CTPYKTypa [IK-6.3.2,
JTaHHBIX TIIyOOKOT0 00y4YeHHs, TeOMETpUIEeCKast HHTEPIIPETALUS [IK-6.Y.1
OTepanuii ¢ TEH30paMH U TITyOOKOTO 00yYeHHsI.
10. bazoBsIii anroput™M 00y4eHUs] HEHPOHHBIX CETEH — aITrOpUTM [IK-6.3.1,
00paTHOTO pacpOoCTpaHeHHs OMMOKH/TPAAHMEHTHOTO CITyCKa. [1K-6.3.2
11. . [IK-6.3.1,
HonHOCBﬂ:«;HHev HelipoHHbIe ceTh. CpaBHEHHUE C MOJIEIbIO TK-6.3.2,
JIOTUCTHUYECKON PErpeccuH. MK-6.Y 1
12. [Ipo6nembl HCUE3HOBEHHS M B3PBIBHOTO POCTA TPAIUEHTOB. [IK-6.3.1,
Meton penieHus: METOAbl HHUIUATIU3AI[M1 BECOBBIX 11IK-6.3.2,
K02 PHUIIMESHTOB. [IK-6.Y.1
13. I1K-6.3.1,
[Tpo6aembl HCUE3HOBEHMSI U B3PBIBHOT'O POCTA I'PAIUEHTOB. TK-6.3.2,
Mertopa pelieHus: HeHachllaeMble QYHKIMHY aKTUBALIMU. MK-6.Y 1
14. I1K-6.3.1,
[TpoGaembl HCUE3HOBEHMSI U B3PBIBHOT'O POCTA I'PAIUEHTOB. TK-6.3.2,
Mertopa pelieHus: MakeTHasi HOpMaJln3arusl. MK-6.Y 1
15. CoBpeMeHHbIE METO/Ibl 00YUCHHSI HEHPOHHBIX CETeH: MaKeTHOE IK-6.3.1,
o0OyueHue, MUHU-TIaKeTHOE 00yYeHHUe, CTOXaCTUICCKHIA I1K-6.3.2,
rpagueHTHbIN cnyck. CpaBHEHHE. I1K-6.VY.1
16. . . [1K-6.3.1,
CoBpeMeHHbIE aIrOpUTMbl 00yUeHHsI HEHPOHHBIX CETeM: TK-6.3.2,
MOMEHTHasl ONTUMH3ALIHSL. MK-6.Y 1
17. . . [1K-6.3.1,
CoBpeMeHHBIE aITOPUTMBI 00yUYeHHST HEHPOHHBIX CETEH: K-6.3.2
YCKOpeHHBIN rpaaueHt Hecreposa. K- 6Y 1’
18. . . [1K-6.3.1,
CoBpeMeHHBIE aITOPUTMBI 00yUYeHHST HEHPOHHBIX CETEH:
anroput™m AdaGrad. IK-6.3.2,
I1K-6.V.1
19. . . [1K-6.3.1,
CoBpeMeHHbIE aITOPUTMBI 00yYSHHSI HEHPOHHBIX CETEH:
anroput™ RMSProp. IK-6.3.2,
I1K-6.V.1
20. . . [1K-6.3.1,
CoBpeMeHHBIE aITOPUTMBI 00yYeHHST HEHPOHHBIX CETEH: TK-6.3.2,
anroputM Adam. MK-6.Y 1
21. Perynsipuszanms HelipoceTeBbIX MOJIENEH: paHHEEe peKpalleHue, [IK-6.3.1,
JTUHAMUYECKOE U3MEHEHHNE CKOPOCTH O0Y4EHHUS U IPUMEHEHHUE [IK-6.3.2,
00OpaTHBIX BBI30BOB JIJIsl BO3JICHCTBHUS Ha MOJIEIb B XOJI€ [IK-6.V.1
o0y4eHHS.
22. [1K-6.3.1,
Perynspuzanus HelipoceTeBbIx Mojeneii: 11, 12 perynsipuzanusi. I1K-6.3.2,
I1K-6.V.1
23. . . [1K-6.3.1,
Perynsipuzanust HelipoceTeBbIX MOJENEH: PETyspU3aus TK-6.3.2,
ucKitoueHneM — dropout. K-6.Y 1
24. Perynspu3zaius HelipoceTeBBIX MOJIENEH: PeryIsapu3alius IK-6.3.1,
JIOTIOJTHEHUEM JIAaHHBIX. I1K-6.3.2,




I1K-6.V.1

25. . [IK-6.3.1,
CBepTouHble 2-MepHblE HEHPOHHbIE CETH: apXHUTEKTYpa, T1K-6.3.2,
OCHOBHBIE ONEpalyy ¥ MPUHIUIBI paOb0Thl CBEPTOUHON CETH. MK-6.Y 1
26. . [IK-6.3.1,
CBepTouHbIe l-MepHLEe HEHpPOHHBIE CETU: aHAIU3 T1K-6.3.2,
M0CJIE10BATENbHOCTEH TaHHBIX. MK-6.Y 1
27. PexyppeHTHBIE HEMPOHHBIE CETH: apXUTEKTYpa U IPUHIIUIIBI [IK-6.3.1,
paboThl, OCHOBHBIE 33/1a4M MAITMHHOTO/TIIyOOKOTO 00y4YeHHUs [IK-6.3.2,
aHaAJIN3a MOCJIE0BATEILHOCTEHN TaHHBIX. [K-6.Y.1
28. [IK-6.3.1,
[Ipocteie PHC. [1K-6.3.2,
[IK-6.Y.1
29. [IK-6.3.1,
PHC Tuma Long Short-Term Memory — LSTM PHC. [IK-6.3.2,
[IK-6.Y.1
30. I1K-6.3.1,
PHC tuna Gated Recurrent Units — GRU PHC. 1IK-6.3.2,
[IK-6.Y.1
31. VYy4uieHHbIe METObI HCTIONb30BAHUS IK-6.3.1,
PEKYPPEHTHBIX HEHPOHHBIX CeTel: peKyppeHTHBIH dropout, I1K-6.3.2,
mocie/IoBaTeIbHOE 00bEIMHEHHE PEKYPPEHTHBIX HEHPOHHBIX IIK-6.V.1
cioes, neyHamnpasieHHsie PHC.
32. [1K-6.3.1,
ApXUTEKTypa aBTOKOJUPOBILUKA U MIPUHIUIIBI pab0ThI, 00yUeHHUE. K-63.2
Bunel cxxumaromyx 1 IyMOIOJaBIISIOIIMX aBTOKOJUPOBILHUKOB. K- 6.Y. 1’
33. [1K-6.3.1,
BapuanyonHbsie aBTOKOAUPOBIINKY. I1K-6.3.2,
I1K-6.V.1
34. [Ipenobyvenre u ToYHAsI HACTPOIKA HEMPOHHOU CETH. IIK-6.3.1,
OrpanuveHHbIe MaITUHBI bosblIMaHa, mpeaooydYeHne ¢ I1K-6.3.2,
MIPUMEHEHUEM OTpaHUYEHHBIX MalnH bonblMana. I1K-6.VY.1
35. . . . [1K-6.3.1,
[Ipenobyuenne u TOYHASI HACTPOIIKA HEMPOHHOM CETH. TK-6.3.2,
[Ipenobyuenue ¢ UCTIONB30BAHUEM ABTOKOIUPOBLINKOB. MK-6.Y 1
36. HeiipoceTteBas 00paboTka TekcToBbIix naHHbIX (Natural language | 1TK-6.3.1,
processing — NLP). Paznuunbie BUJIbI IpeiCTaBICHUS U I1K-6.3.2,
MOJArOTOBKH TEKCTOBBIX JAHHBIX 1 pemeHus 3anad NLP. T11IK-6.V.1
37. [1K-6.3.1,
Pa3znuunbie BUABI NpeaCcTaBIeHUs U MOATOTOBKH TEKCTOBBIX
JMaHHBIX JUIs pernenus 3anad NLP: TextVectorization. TK-6.3.2,
[IK-6.Y.1
38. PasnuuHbIe BUIBI IPEACTABIEHUS U NOATOTOBKH TEKCTOBBIX [IK-6.3.1,
JaHHBIX JUIs penrenus 3agad NLP: yHurpamMmebl, OUrpamMmel, I1K-6.3.2,
ourpammel ¢ TF-IDF konupoBaHueM. I1K-6.V.1
39. [1K-6.3.1,
Pa3znuunbie BUABI NpeaCcTaBIeHUs U MOATOTOBKH TEKCTOBBIX
JMaHHBIX JUIs perienus 3anad NLP: Embedding. IK-6.3.2,
I1K-6.V.1
40. Paznuunble BUIBI IPEACTABICHUS U HOATOTOBKH TEKCTOBBIX IK-6.3.1,
JaHHBIX JUIsl penieHus 3a1ad NLP: npeasapurensHo o0yueHHbIE I1K-6.3.2,
BEKTOPHBIE TIPE/ICTaBICHUS TEKCTOBBIX JaHHBIX Word2vec u [IK-6.VY.1
GloVe.
41. Tpanchopmepsl: apxuTekTypa ¥ npuHiuibl padotel. Konnernmusa | 11K-6.3.1,




M CJI0U BHUMAHUSL.

I1K-6.3.2,

[IK-6.Y.1

42. Tpancopmepsl: apXUTEKTypa U MPUHIUIBI PAOOTHI. [IK-6.3.1,
ApXHTEKTYypa KOJUPOBIIMK-IEKOAUPOBILKK. Pemaemsle 3agaun [IK-6.3.2,
pa3NUYHBIMHA KOH(PHUTYpanusMu TpaHCHOPMEPOB. [IK-6.Y.1

43. IK-6.3.1,
[Mpenobyuenue u goo0yueHue Mojenel TpanchopMepoB. I1K-6.3.2,

[K-6.Y.1

44, Python nnst 3amad uHTEIEKTYaIbHOTO aHANM3a M 00padOTKH [IK-6.B.1
JTAHHBIX Ha OCHOBE METOJIOJIOTHH MAIIMHHOTO O0YYCHHSI.

45. OCHOBHBIE ITAKETHI Pa3pabOTKH CUCTEM MAITUHHOTO OOyUCHHUSL. [IK-6.B.1

46. Cpena pa3pabotku Anaconda, nHcTpyMeHTH Spider u Jupyter [IK-6.B.1
Notebook.

47. Pemrenue 3amaun perpeccCHOHHOTO aHanu3a nocienoBarensbHocTeit | [1IK-6.Y.1,
JTAHHBIX MOJTHOCBSI3HBIMU HEHPOHHBIMH CETSMU CpPEICTBAMU [IK-6.Y.2,
si3pika Python 1 makeToB MamiMHHOTO/TIIY0OKOT0 00yUYeHUsI. I1K-6.B.1

48. Pemenne 3anaun kiaccupuKamoOHHOTO aHAIN3a [IK-6.VY.1,
MOCJIEI0BATENFHOCTEN NTaHHBIX MOJTHOCBI3HBIMU HEHPOHHBIMU [IK-6.Y.2,
CeTsIMH cpecTBaMu si3bika Python u makeTos IIK-6.B.1
MaIIMHHOTO/TITy00KOr0 00yUYeHHUS.

49. Pemrenue 3amaun perpeccCHOHHOTO aHanu3a nocienoBarensbHocTeit | [1IK-6.Y.1,
JAHHBIX 1-MEpHBIMU CBEPTOUYHBIMU HEMPOHHBIMU CETSIMU [IK-6.Y.2,
cpelcTBamu s3bika Python v makeToB MammMHHOTO/TTyOOKOTO IIK-6.B.1
o0yueHusl.

50. Pemenne 3anaun kiaccupuKamoOHHOTO aHAIN3a [IK-6.VY.1,
MOCJIeI0BATENFHOCTEN NaHHBIX 1-MEPHBIMU CBEPTOYHBIMU [IK-6.Y.2,
HEHPOHHBIMHU CETSIMH cpeicTBaMu si3bika Python u makeToB IIK-6.B.1
MalIMHHOTO/TITy00KOr0 00y4YeHHUS.

51. Pemrenue 3amaun perpeccCHOHHOTO aHanu3a nocienoBarensHoctTeit | [1K-6.Y.1,
JAHHBIX PEKYPPEHTHBIMU HEHPOHHBIMU CETSIMU CPEICTBAMU [IK-6.Y.2,
si3pika Python 1 makeToB MamimHHOTO/TIIY00KOT0 00yUYeHUsI. I1K-6.B.1

52. Pemenne 3anaun kiaccuuKalmoOHHOTO aHAIN3a [IK-6.Y.1,
MOCJIeI0BATENFHOCTEN NTaHHBIX PEKYPPEHTHBIMU HEHPOHHBIMU [IK-6.Y.2,
CeTsIMH cpejicTBaMu si3bika Python u makeTos IIK-6.B.1
MAIIMHHOTO/TITy0OOKOTO 00YyYeHUsI.

53. Pemrenns 3a1a4 KOMIBIOTEPHOTO 3pEHUS 2-MEPHBIMU [IK-6.Y.1,
CBEPTOYHBIMH CETSAMHU CPEJICTBAMHU si3bika Python u maketoB [IK-6.Y.2,
MAIIMHHOTO/TITYOOKOTO 00yUeHUsI. [IK-6.B.1

54. [1IK-6.V.1,
Pemenus 3a1a4 KOMIBIOTEPHOTO 3PEHUS IPEABAPUTEIHLHO K-6.Y 2
00y4eHHOM CBEpTOYHOI HEHPOHHOI CEThIO U e J0O0yUEeHHE. K-6.B 1’

55. Pemrenus 3amaun kiaaccuUKAIMHA TEKCTOBBIX TAHHBIX [IK-6.V.1,
PEKYPPEHTHBIMU HEMPOHHBIMH CETSMU cpeacTBamu s3bika Python | T1K-6.Y.2,
Y NIAKETOB MAIMHHOTO/TJIYOOKOr0 O0OyUCHHS. I1K-6.B.1

56. Pemenwust 3amaun knaccuukanuy TEKCTOBBIX TAHHBIX [IK-6.Y.1,
HEHUPOHHBIMHU CETSIMH TUTIA TpaHCHOPMED CPEICTBAMHU SI3bIKA [IK-6.Y.2,
Python 1 makeToB MalIMHHOTO/TJIYOOKOr0 OOyYCHHS. I1K-6.B.1

57. Pemrenns 3agaun MalmmHHOTO TIEPEBO/Ia HA OCHOBE HEUPOHHBIX [IK-6.Y.1,
ceTeil Tuna Tpancopmep U o0yueHus «Sequence-to-sequence [IK-6.Y.2,
cpelcTBamHu s3bika Python v makeToB MammMHHOTO/TITyOOKOTO IIK-6.B.1
o0OyueHusl.

58. Pemenue 3agaun renepupoBanus Tekcta ¢ momonipo PHC I1K-6.V.1,




cpencTBami si3bika Python 1 makeToB MammmHHOTO/TITyOOKOTO [IK-6.Y .2,
o0yueHwusl.. ITK-6.B.1
59. Pemrenne 3a1aun reHEpUpPOBAHUS TEKCTA C MTOMOIIBIO [IK-6.Y.1,
TpaHchopMepoB cpeacTBaMu sA3bika Python n makeroB [IK-6.Y .2,
MAIIMHHOTO/TITYOOKOTO 00yYeHHUS. . [IK-6.B.1
60. DeepDream kak MeToq 00paboTKu n300paskeHHid Ha OCHOBE [IK-6.V.1,
WCIIOJIb30BAaHUH NPEACTABICHUH, MOTyUYEeHHBIX 2-MEPHBIMH [IK-6.Y .2,
CBEPTOYHBIMU HEHPOHHBIMH CETSIMHU. [IK-6.B.1
61. . . [K-6.V.1,
Pemrenue 3amaun HEMPOHHOH Tepeaun CTHIIS CPEICTBAMH S3bIKA TK-6.Y.2,
Python u makeToB MalIMHHOT0/TI1y00KOr0 00yUYeHHUS. MK-6.B.1
62. ['enepupoBanmne n300pa>keHUI ¢ BapHallMOHHBIMU [IK-6.Y.1,
aBTOKOJMPOBIIMKAMH Cpe/icTBaMH si3bika Python u makeros [IK-6.Y .2,
MAIIMHHOTO/TITYO0KOTO 00yUeHUs. [TK-6.B.1
Bomnpocs! (3agaun) s 3auera / aud . 3auera npeacranensl B Tadbaume 16.
Tabmmua 16 — Bonpocs! (3agaun) s 3auera / qudd. 3agera
Kon
Ne i/t [Tepeuens BompocoB (3aaa4) 1i1s 3aueta / nudd. 3aueta HHMKaTOpa

VY4eOHbIM IUTaHOM HE NPEyCMOTPEHO

[lepeuenp TeM a8 KypcOBOrO NPOEKTHPOBAHMSA/BBIMOIHEHUSI KypcOBOH paboTh

npeacTaBieHbl B Tabmume 17.
Tabauua 17 — IlepeueHsb TeM Ui KypCOBOrO MPOSKTHPOBAHUS/BBIOJIHEHUSI KYPCOBOM paboThI

Ne i/t N
KYpCOBO# paboThI

[TpumepHBIii nepedeHs TeM ISl KypCOBOIO POEKTUPOBAHUS/BBITIOIHEHHS

1 Pazpaborats npuinoxeHne Ha OCHOBE MOJIeNIM THOPUTHON HEHpoceTeBOn

pekyppeHTHbIX LSTM HelpoceTeBbIX CI0€B C MOTHOCBSI3HBIM

uHbOpMaIUH.

MOZCJIN: NOCICA0BATCIBHOCTHOC COCIMHCHUEC OJHOMCPHBIX CBCPTOYHBIX U

KJ'IaCCI/I(l)I/IKaTOI)OM, KOTOPOC OMNpeACIaCT TEXHUICCKOC COCTOSAHUC MAJIOTO
KOCMHYCCKOTO alirapara Ha OCHOBC JaHHBIX €ro TGHCMeTpI/I‘{CCKOﬁ

2 PazpaboraTts npunoxeHne Ha OCHOBE MOJICNIM THOPUTHON HEHpoceTeBOn

pexypperTHsIx GRU HEHpOCETEBBIX CI0EB C MOTHOCBSI3HBIM

UH(OpMAIIUH.

MOZCJIN: IOCICA0BATCIbHOCTHOC COCAUHCHUEC OJHOMCPHBIX CBCPTOYHBIX U

KJIaccu(UKaTOPOM, KOTOPOE ONPEAEIsIeT TEXHHIECKOE COCTOSHIE MAJIOTO
KOCMHYECKOT0 armapaTta Ha OCHOBE JaHHBIX €r0 TeJIeMETPUIECKOM

3 Pa3paborats nmpunoxkeHne Ha OCHOBE MOJICIIH THOPUIHOW HEHpoceTeBOn

€ro TeIeMETPUIECKON HHPOPMALIUH.

MOJICIN: TIOCIIEA0BATEILHOCTHOE COCJTMHEHNE OJHOMEPHBIX CBEPTOUHBIX H
PEeKyppeHTHBIX AByHampaBieHHbIX (Bidirectional layer) HefipoceTeBbIxX
CJIOEB C TIOJTHOCBSI3HBIM KJIACCU(PHUKATOPOM, KOTOPOE OTIPEIENIsIeT
TEXHUYECKOE COCTOSTHUE MaJOro KOCMHUYECKOTO amlrapara Ha OCHOBE JaHHBIX

4 Pazpabotats npuoxeHrne Ha OCHOBE MOJICIIN aHCaMOJIsl HeHPOHHBIX ceTei

TUMa O3TTUHT HA OCHOBE CBEPTOYHON HEWPOCETEBOW MOJIEINH C

TeJICMETPUICCKON HH(POPMAIIHH.

ITOJTHOCBA3HBIM KJ'IaCCI/I(bI/IKaTOPOM, KOTOPOE€ OIPEACTIACT TEXHUUCCKOEC
COCTOSHUE MAJIOT0 KOCMHUYCCKOr'oO alrapara Ha OCHOBE JaHHBIX €TI0

5 Pazpabotath npunoxeHne Ha OCHOBE MOJIENIN aHCAaMOJIsl HEHPOHHBIX ceTei

THTa O3TTHHT HAa OCHOBE HelpoceTeBoi pekypperTHoit GRU mozenu c
HOJHOCBSI3HBIM KJI1aCCU(PHUKATOPOM, KOTOPOE ONpeesieT TEXHUIECKOe




COCTOSIHME MAJIOTO KOCMHYECKOI0O armapaTa Ha OCHOBE JaHHBIX €TI0
TEJIEMETPUIECKON HH(POPMAITHH.

Pazpabotats npunoxxeHne Ha OCHOBE MOJICIIN aHCaMOJIsl HeHPOHHBIX ceTei
TUMa O3TTUHT Ha OCHOBE pekyppeHTHoit LSTM HeiipoceTeBol Moaenn ¢
MOJTHOCBSI3HBIM KJIACCU(PHUKATOPOM, KOTOPOE OTpeNeIsieT TEXHIIECKOe
COCTOSTHME MaJIOTO KOCMHUYECKOT0 arnapara Ha OCHOBE JaHHBIX €ro
TEIEMETPUIECKON HH(POPMAITHH.

Pazpabotats npunoxxeHne Ha OCHOBE MOJICIIN aHCaMOJIsl HeHPOHHBIX ceTei
TUMa O3TTUHT Ha OCHOBE PEKYppPEHTHOM JByHarpasieHHoi (Bidirectional
layer) HeiipoceTeBOil MOIEH C MOIHOCBSA3HBIM KIACCU(PUKATOPOM, KOTOPOE
onpezAessieT TEXHUNIECKOe COCTOSIHIE MAJoro KOCMUUYECKOT 0 anmnapara Ha
OCHOBE JIAHHBIX €T0 TeJIEMETPHUYECKON HH()OpMAIIHH.

Pazpaborats npunoxxeHrne Ha OCHOBE MOJICIIN aHCaMOJIsl HeHPOHHBIX ceTei
TUMa OYCTHHT Ha OCHOBE CBEPTOYHON HEHPOCETEBON MOJIEIH C
HOJHOCBSI3HBIM KJIaCCU(PHUKATOPOM, KOTOPOE ONpeeNsieT TEXHUIECKOe
COCTOSIHME MaJIOTO KOCMHUYECKOT0 allllapaTta Ha OCHOBE JaHHBIX €ro
TeJeMEeTPUYECKON HH(POpMAIHH.

Pazpabotath npunoxeHne Ha OCHOBE MOJIENIN aHCAaMOJIsl HEHPOHHBIX ceTei
Tumna OyCTHHT Ha OCHOBE HelpoceTeBol pekyppenTHoit GRU mozenu ¢
HOJHOCBSI3HBIM KJIaCCU(PHUKATOPOM, KOTOPOE ONpeeNsieT TEXHUIECKOe
COCTOSIHUE MaJIOro KOCMHUYECKOT0 anmapara Ha OCHOBE JJaHHBIX €T0
TeJIeMEeTPUUECKON HH(OpMAIHH.

10

Pazpabotath npunoxeHne Ha OCHOBE MOJIENIN aHCaMOJIsl HEHPOHHBIX ceTei
Tumna OycTHHT Ha ocHOBe pekyppeHTHOH LSTM HeiipoceTeBoi Moaenu c
HOJHOCBSI3HBIM KJIaCCU(PHUKATOPOM, KOTOPOE ONpeesIeT TEXHUIECKOe
COCTOSIHUE MaJOro KOCMHUYECKOT0o anmapara Ha OCHOBE JJaHHBIX €T0
TeJIeMETPUUECKON HH(POpMAIHH.

11

PazpaboTats npunoxeHre Ha OCHOBE MOJICTIH aHCAMOJIsI HEWPOHHBIX CeTel
THTa OYCTHHT Ha OCHOBE PEKYPpPEHTHOH JByHanpasineHHol (Bidirectional
layer) He#poceTeBON MOJENU C MOJHOCBSI3HBIM KJIaCCH()UKATOPOM, KOTOPOE
OIpeessieT TEXHUYECKOe COCTOSHIE MaJOro KOCMUYECKOro armnapara Ha
OCHOBE JIAaHHBIX €r0 TeJIEMETPUIECKON MHPOPMAIIHH.

12

Pazpabortats npuoxkeHne Ha OCHOBE MOJICIIH THOPUIHON HelipoceTeBOn
MOJIEJI: TTOCJIEIOBATEIbHOCTHOE COEIMHEHNE OJHOMEPHBIX CBEPTOUHBIX U
pexypperTHbIx LSTM HefpoceTeBhIX CII0EB C MOTHOCBSI3HBIM
KJaccu(puKaTOpoOM, KOTOPOE ONpPEAETISeT CETEBbIE aTaKH HAa OCHOBE JIAHHBIX
ceTeBoro Tpaduka.

13

Pazpaborats npuinoxeHne Ha OCHOBE MOJICNIM THOPUTHON HEHpoceTeBOn
MOJIEJIU: TI0CJIE0BATEIbHOCTHOE COETUHEHNE OJHOMEPHBIX CBEPTOUHBIX U
pexyppeHTHbIx GRU HelipoceTeBhIX CIOEB € MOJIHOCBI3HBIM
KJaccu(pUKaTOpOM, KOTOPOE ONpEAEIseT CETEBbIE aTaKK HA OCHOBE JIaHHbBIX
CeTeBOro Tpaduka.

14

PazpaboraTts npuinoxeHne Ha OCHOBE MOJICNIM THOPUTHON HEHpoceTeBOn
MOJIEJIU: TIOCJIEI0BATEIbHOCTHOE COETUHEHNE OJHOMEPHBIX CBEPTOUHBIX U
PEKyppEeHTHBIX JABYyHampaBieHHbIX (Bidirectional layer) HeiipoceTeBbIx
CJIOEB C IIOJHOCBSI3HBIM KJIACCU(PUKATOPOM, KOTOPOE OIIPEIEIISET CETEBbIE
aTaKM Ha OCHOBE JIAHHBIX CETEBOT0 TpaduKa.

15

P3.3pa6OTaTB IMPUIJIOKCHUEC Ha OCHOBC MOJCJIN aHcamOJIs HEﬁPOHHLIX ceTei
THIA O3TTUHT HA OCHOBE CBCpTO‘-IHOﬁ HeﬁpOCGTeBOﬁ MOACIIH C
IOJTHOCBA3HBIM KJ'IaCCI/I(l)I/IKaTopOM, KOTOPOC ONPEACIIACT CECTCBBIC ATAKN HA
OCHOBC JaHHBIX CCTCBOI'O Tpaq)m(a.

16

P33pa6OTaTB IMPUJIOKCHUEC Ha OCHOBC MOJCJIN aHcamOJIst HCﬁpOHHLIX ceTei




THTa O3TTUHT HAa OCHOBE HelipoceTeBot pexkyppertHoit GRU monenu ¢
TIOJTHOCBSI3HBIM KJIACCU(UKATOPOM, KOTOPOE OTIPEACIIAET CETEBbIC aTaKH Ha
OCHOBE JIAaHHBIX CETCBOrO TpaduKa.

17

Pa3paborats npuiioxeHne Ha OCHOBE MOJICIIA aHCAaMOJIsl HEHPOHHBIX CETEH
TUMa O3TTUHT Ha OCHOBE peKkyppentHoit LSTM HeiipoceTeBol Moaenn ¢
TIOJTHOCBSI3HBIM KJIACCU(PHUKATOPOM, KOTOPOE OTIPENIeNIsIeT CETEBbIC aTakh Ha
OCHOBE JIAHHBIX CETEBOTO TpaduKa.

18

Pazpabotats npunoxxeHne Ha OCHOBE MOJICIIN aHCaMOJIsl HeHPOHHBIX ceTei
TUMa O3TTUHT Ha OCHOBE PEKYppPEHTHOM JByHarpasieHHoi (Bidirectional
layer) HeiipoceTeBOil MOIEH C MOIHOCBSA3HBIM KIACCU(PUKATOPOM, KOTOPOE
OTIPEJIEIISCT CETEBBIC aTAaKW HA OCHOBE JAHHBIX CETEBOTO TpaduKa.

19

Pazpabotats npunoxxeHne Ha OCHOBE MOJICIIN aHCaMOJIsl HeHPOHHBIX ceTei
TUMa OYCTHHT Ha OCHOBE CBEPTOYHON HEHPOCETEBON MOJEIH C
TIOJTHOCBSI3HBIM KJIACCU(PHUKATOPOM, KOTOPOE OTIPENeNIsIeT CETEBbIC aTaki Ha
OCHOBE JIaHHBIX CETEBOr0 TpaduKa.

20

Pazpabotats npunoxxeHrne Ha OCHOBE MOJICIIN aHCaMOJIsl HeHPOHHBIX ceTei
ThTa OYCTHHT Ha OCHOBE HelipoceTeBol pekyppenTHoir GRU mozenu ¢
HOJHOCBSI3HBIM KJIaCCU(PHUKATOPOM, KOTOPOE ONpeIeNsIeT CETEeBbIe aTaku Ha
OCHOBE JIaHHBIX CETEBOr0 Tpaduka.

21

Pa3pabotath npunoxeHne Ha OCHOBE MOJIENIN aHCaMOJIsl HEHPOHHBIX ceTei
Tumna OycTHHT Ha ocHOBe pekyppeHTHOH LSTM HeiipoceTeBoi Moaenu c
HOJHOCBSI3HBIM KJIaCCU(PHUKATOPOM, KOTOPOE ONpeieNsIeT CETEeBbIe aTaku Ha
OCHOBE JIaHHBIX CETEBOr0 TpaduKa.

22

PazpaboTath npunoxeHre Ha OCHOBE MOJICTIH aHCAMOJIsI HEWPOHHBIX ceTel
THTa OYCTHHT Ha OCHOBE PEKYPpPEHTHOH JByHanpasieHHol (Bidirectional
layer) He#poceTeBON MOJENN C MOJHOCBSI3HBIM KJIaCCH()UKATOPOM, KOTOPOE
OIIpeIeTIsIeT CETEeBbIe aTaKU HAa OCHOBE JaHHBIX CETEBOTO TpagHKa.

23

Pazpabortats nmpuoxkeHne Ha OCHOBE MOJICIIH THOPUIHOW HEHpoceTeBOn
MOJIEJI: TOCJIEIOBATEIbHOCTHOE COEIMHEHNE OJHOMEPHBIX CBEPTOUHBIX U
pexypperTHbIx LSTM HefpoceTeBhIX CII0EB C MOTHOCBSI3HBIM
KJIaccu(puKaTOpoM, KOTOPOE OTpeIeIsIeT AUArH03 MalleHTa Ha OCHOBE €ro
OMOMETUIIMHCKUX JTAHHBIX.

24

Pazpabotats npuoxkeHne Ha OCHOBE MOJICIIH THOPUIHON HEHpoceTeBOn
MOJIEJI: TOCJIEIOBATEIbHOCTHOE COEIMHEHNE OJHOMEPHBIX CBEPTOUHBIX U
pexypperTHbIx GRU HEHpOCETEBBIX CI0EB C MOTHOCBSI3HBIM
KJIaccu(uKaTOpoOM, KOTOPOE OTpeIeIsieT AUAarHo3 MalueHTa Ha OCHOBE €ro
OMOMETUIIMHCKUX JTAHHBIX.

25

Pazpabortats npuoxkeHne Ha OCHOBE MOJICIIH THOPUIHOW HEHpoceTeBOn
MOJICIN: TIOCIIEA0BATEILHOCTHOE COCJTMHEHNE OJHOMEPHBIX CBEPTOUHBIX H
PEKyppEHTHBIX JAByHanpaBieHHbIX (Bidirectional layer) HeiipoceTeBbIx
CJIOEB C TIOJHOCBSI3HBIM KJIACCU(PHUKATOPOM, KOTOPOE OIIpEIeIIsieT TUarHo3
HalMeHTa HA OCHOBE €ro OMOMEIMIIMHCKUX JAHHBIX.

26

P3.3pa6OTaTB IMMPUIJIOKCHUEC Ha OCHOBC MOJCIN aHcamOJIs HeﬁPOHHLIX ceTei
THIA O3TTUHT HAa OCHOBE CBCpTO‘-IHOﬁ HeﬁpOCGTeBOﬁ MOACIIH C
IMOJTHOCBA3HBIM KJ'IaCCI/I(l)I/IKaTOPOM, KOTOPOC ONpeACIACT AUArHo3 MalucHTa
Ha OCHOBC €TI0 6I/IOMGIII/ILII/IHCKI/IX JaHHBIX.

27

Pazpabotath npunoxeHne Ha OCHOBE MOJIENIN aHCaMOJIsl HEHPOHHBIX ceTei
THMa O3TTUHT HAa OCHOBE HelpoceTeBoi pekypperTHoit GRU mozenu c
HOJHOCBSI3HBIM KJI1aCCU(PHUKATOPOM, KOTOPOE ONpeesieT AUarHo3 naueHra
Ha OCHOBE €ro OMOMEIUIMHCKUX JAHHBIX.

28

Pazpabotath npunoxeHne Ha OCHOBE MOJIEJIN aHCAaMOJIsl HEHPOHHBIX ceTei
THTa O3TTUHT Ha OCHOBE pekyppeHTHoi LSTM HelpoceTeBoil Moienu ¢




MOJTHOCBSI3HBIM KJIACCU(UKATOPOM, KOTOPOE OTPEACIIACT TUArHO3 MaIlUCHTA
Ha OCHOBE €ro OMOMEIUIIMHCKHUX JAHHBIX.

29

Pazpabotats npunoxxeHne Ha OCHOBE MOJICIIN aHCaMOJIsl HeHPOHHBIX ceTei
TUMa O3TTUHT Ha OCHOBE PEKYpPEHTHOH JByHarpasieHHo# (Bidirectional
layer) HeiipoceTeBOil MOIENH C MOIHOCBSA3HBIM KIaCCU(PUKATOPOM, KOTOPOE
OTIpPEJIeNISIET TMArHO3 MAIMEeHTa HA OCHOBE €r0 OMOMEIUIIMHCKHX JTAaHHBIX.

30

Pa3zpaborats npuiioxeHne Ha OCHOBE MOJICIIA aHCaMOJIsl HSHPOHHBIX CETEH
TUMa OYCTHHT Ha OCHOBE CBEPTOYHON HEHPOCETEBON MOEIH C
MIOJTHOCBSI3HBIM KJIACCU(PHUKATOPOM, KOTOPOE OTPEIEISIeT IUarHo3 MmalueHTa
Ha OCHOBE €ro OMOMEIUIIMHCKUX JAHHBIX.

31

Pa3zpaborats npuiioxeHne Ha OCHOBE MOJICIIA aHCAaMOJIsl HEHPOHHBIX CETEH
ThTa OYCTHHT Ha OCHOBE HelipoceTeBol pekyppenTHoir GRU mozenu ¢
MOJTHOCBSI3HBIM KJIACCU(UKATOPOM, KOTOPOE OTPEACIIACT IUArHO3 MaIlUCHTa
Ha OCHOBE €r0 OMOMETUITMHCKIX JAHHBIX.

32

Pazpabotats npunoxxeHrne Ha OCHOBE MOJICIIN aHCaMOJIsl HeHPOHHBIX ceTei
Tuna OyCTHHT Ha ocHOBe pexyppeHTHoi LSTM HelipoceTeBoit Monenu ¢
MOJTHOCBSI3HBIM KJIACCU(PHUKATOPOM, KOTOPOE OTPENEISIeT IUarHo3 MalueHTa
Ha OCHOBE €ro OMOMEIUIIMHCKUX JAHHBIX.

33

Pazpabotats npunoxxeHne Ha OCHOBE MOJICIIN aHCaMOJIsl HeHPOHHBIX ceTei
THTa OYCTHHT Ha OCHOBE PEKYPpPEHTHOH JByHanpasineHHol (Bidirectional
layer) HelipoceTeBOil MOZIeNH C MOJHOCBSA3HBIM KIacCU(PUKATOPOM, KOTOPOE
OIpeJieJIeT IMarHo3 NalyeHTa Ha OCHOBE €ro OMOMEIMIIMHCKUX JTAaHHBIX.

34

P3.3pa6OTaTB IMPUIJIOKCHUEC Ha OCHOBC MOJCIN HeﬁpOHHBIX ceTel Tuma
ABTOKOAMWPOBIIMK, KOTOPOC ONPCACTACT aHOMAJIbBHOC COCTOSAHUEC 300POBb
nannycHTa Ha OCHOBC €T0 6I/IOMG,Z[I/ILII/IHCKI/IX JaHHBIX.

35

Pa3zpaborats npuiioxkeHne Ha OCHOBE MOJICIIM HEHPOHHBIX CETeH THIa
aBTOKOJUPOBIIUK, KOTOPOE ONPEACIISIET aHOMAJIbHOE COCTOSIHUE 3J0POBbS
MaIMeHTa HA OCHOBE €T0 OMOMEIUITMHCKHX JaHHBIX.

36

Pa3zpaborats npuiioxkeHne Ha OCHOBE MOJIC]IM HEHPOHHBIX CETeH THIa
ABTOKOAUPOBIIUK, KOTOPOE ONPEACIICT AHOMAIbHOE TEXHUYECKOE
COCTOSIHHE MAJIOr0 KOCMHYECKOI0 anmnapara Ha OCHOBE JAHHBIX €TO
TEJICMETPUICCKON HH(POPMAIIHH.

37

Pa3zpaborats npuiioxeHne Ha OCHOBE MOJICIIM HEHPOHHBIX CETeH THIa
ABTOKOJUPOBIIUK, KOTOPOE OMPEACIISIET CETEBbIC ATAKW HA OCHOBE JTAHHBIX
ceTeBoro Tpaduka.

38

Paspabotats nmpunokeHne Ha OCHOBE HEHpOCEeTeBOW MOJIeNu TpaHchopmepa,
KOTOpO€ OIPEACIHIET TEXHUIECKOE COCTOSIHIE MAJIOr0 KOCMUYECKOTO
amnmapara Ha OCHOBE JJAaHHBIX €T0 TeIEMETPHUECKON MH(OpMaITHH.

39

Paspabotats npuokeHne Ha OCHOBE HEHpOCEeTeBOW MOJIenu TpaHchopmepa,
KOTOPOE OTPENEISIET CETEBbIC aTAKH HA OCHOBE JIAHHBIX CETEBOTO TpaduKa.

40

Paspabotats nmpunokeHne Ha OCHOBE HEHPOCEeTEeBOW MOJIeNu TpaHchopmepa,
KOTOpOE ONpEACIIIeT AUarHo3 MalueHTa Ha OCHOBE €ro OMOMEIUIIMHCKUX
JTAHHBIX.

41

Pazpabotats npunoxeHne Ha OCHOBE MOJIENIeH TITyOOKHNX HEHPOHHBIX CETeH,
KOTOPOE OTpeessieT 0 H300pakKEHHUIO JINIA BXO/ISIIETO YEIOBEeKa TOMyCK B
MTOMEIICHUE U MPU MOJIOKUTEIBHOM PEIIEHUH YPOBEHb €T0 TOIMYCKA.

42

Pazpaborats npunoxeHne Ha OCHOBE 2-MEPHOM CBEpTOYHON HEHPOHHOMN
CEeTH, KOTOPOE CTABUT AMArHO3 MAIMEHTY O CHUMKY JIETKOTO.

43

PazpaboraTs MOOMIIBHOE IPUIIOKEHNE HA OCHOBE 2-MEPHOW CBEPTOYHOMN
HEHpPOHHOM CeTu JJsl pacro3HaBaHUsl HOMEPOB JIOMOB.

44

Pa3pabotath npuoxeHue Ha OCHOBE HelpoceTeBol MoJienu TpaHchopmepa,
KOTOpO€ KJIacCU(UIIMPYET KOMMEHTAPHH M0JIb30BATENEH B COLICETH.




45

Pazpaborats npunoxeHne Ha OCHOBE PEKYPPEHTHOM HEHPOCETEBON MOIEIIH,
KOTOpO€ KiIacCH(OUIIMPYET KOMMEHTAPHUH MOJIH30BATENICH B COIICETH.

46 Pazpabortats nmpunoxkeHne Ha OCHOBE THOPHIHON HEWPOCETEBO MOIEIH,
KOTOpO€ KJIacCCH(OUIIMPYET KOMMEHTAPHUH MOJIH30BATENICH B COIICETH.

47 Pazpaborats npunoxxeHrne Ha OCHOBE CBEPTOYHON HEUPOCETEBOI MOJIEIH,
KOTOpO€ KJIaCCH(OUIIMPYET KOMMEHTAPHUH MOJIH30BATENICH B COIICETH.

48 Pazpaborats npunoxxeHne Ha OCHOBE PEKYPPEHTHOM HEHPOCETEBON MOIETIH,
KOTOPOE TeHEPHPYET TEKCT Ha OCHOBE 33JaHHOTO (hparMeHTa.

49 Pazpabortats nmpuokeHne Ha OCHOBE HEHpOCEeTeBOW MOJIeNu TpaHchopmepa,
KOTOPOE TeHEPHPYET TEKCT Ha OCHOBE 33J[aHHOTO (hparMeHTa.

50 Pazpaborats nmpuoxkeHne Ha OCHOBE HEHPOCEeTeBOW MOJIeNu TpaHchopmepa,
KOTOPOE BBIMOJIHSACT CYMMapH3aLHUIO 33JaHHOTO ()parMeHTa TEKCTa.

Bompocel 11 mpoBeleHMsT INPOMEXYTOYHOM aTTecTallud B BUAE TECTHUPOBAHMS

npeacraBieHbl B Tabmuie 18.

Tabmuna 18 — IlpuMepHbIil IepedeHb BOMPOCOB ISl TECTOB

Ne i/t

IIpuMepHBIi TepedeHs BOIPOCOB IJI TECTOB

Kon

HHAWKATOpa

1.

Wuctpyxknus: [pountaiite Bonpoc, BeiOepuTe 0uH npaBuibHbii otBeT | [IK-6.Y.1,
W 3aMUIIATE apTyMEHThI, 000CHOBBIBAIOIINE BEIOOP OTBETA [IK-6.Y.2

Bompoc: Kakoii u3 npuBeicHHBIX TUITOB MOJIENIEH MAIlIMHHOTO 00Yy4eHuUs
MOXET PELINTh 337a4uy IPYINIHPOBKH 3aKa34UKOB B CIy4ae HAJTMUUS
JAHHBIX C KaTeropuaJbHbIMU 3TAJTOHHBIMU METKaMu?:

1. Mogenb KnacTepuzanuu

2. Mogens onpeneneHus aHOMaIui

3. Mooens Knaccugpurkayuu

4. Mogens perpeccuu
Kirou: 3

Wnctpykuws: [Ipounraiite Bonpoc, BEIOEPUTE MPaBUIIbHBIE BAPUAHTHI [IK-6.3.1,
OTBETA W 3alUIIUTE aPTYMEHTHI, 000CHOBBIBAIOIINE BHIOOP OTBETOB [IK-6.3.2,
Bompoc: Kakue u3 ciaenyromux METOA0B ABISIOTCS METOJAMHU [IK-6.V.1,
perynspu3anuy riry0OKNX HEMPOHHBIX CeTen?: [IK-6.Y.2

1. Memoo l1/12
2. Memoo ucknwuenus — dropout
3. Meton Adam

4. Memoo 0ononnenus OAHHBIX (Ay2MeHMaAUU)
Kmou: 1,2,4

Wnctpykuus: [Ipounraiite 3agjaHne yCTaHOBUTE COOTBETCTBUE. [IK-6.3.2,
Bomnpoc: YcraHoBHTE COOTBETCTBHE MEXK/ITY TUIIAMHU CJIOEB TTyOOKHX [IK-6.V.1,
HEHPOHHBIX CeTeH 1 MX 0003HAUYEHHEM B IPOTPAMMHON MOJEIH B [IK-6.B.1

nakerax Keras/Tensorflow si3bika Python:

A | I1oaHOCBS3HBIN 1 Conv2D
clon

B | PexyppeHTHBII 2 Dense
ciou Tuna Long
Short-Term
Memory




C | IlpocToii 3 ConvlD
PEKYPPEHTHBII
(071

D | OngaOoMepHBII 4 LSTM
CBEpPTOYHBIN CIION

E | ABymepHbiit 5 SimpleRNN
CBEPTOYHBIN CIOU

Kirou: A-2, B-4, C-5, D-3, E-1

4. | Uuactpyxuus: [IpounTaiite 3aqaHue U 3aUIIUTE COOTBETCTBYIOLLYIO IK-6.3.1,
HOCJIEI0BATEILHOCTE HOMEPOB OTBETOB CJIEBA HANPABO. [1K-6.3.2,

Bompoc: 3anmummre BUIBI METOJa TPaJUCHTHOTO CIyCKa OOY4eHHs MK-6.Y.1,
Mojenell TIiyOOKMX HEHpOHHBIX ceTeil B MOpsAAKe yBEJIHWYEHUs | [[K-6.V.2
Pa3MEpHOCTH TIaKeTa, Ha KOTOPOM BBIYUCIACTCS (DYHKIUS OMIMOKHK 32
OJIHY DIIOXY:

1. MuHu-nakeTHLINA

2. CroxacTHYecKUH

3. ITakeTHbIH

Kitou: 2-1-3

5. | CKoabKO HEHPOHOB B BBIXOJHOM CJIO€ TIyOOKOW HelipoHHOH cetn Bam [IK-6.3.1,
MOHAI00UTCSI, €CII HY>KHO PAaclio3HAaTh Ha TaOJIMUYKaX OJHOPA3psTHBIC [IK-6.3.2,
LEJNbIe IECATUYHbIE HOMEpPa JOMOB (IIPEAIOJIaraeTcs, 4YT0 HyJIE€BbIX [IK-6.Y.1,
HOMEPOB JIOMOB HE UCTIONIB3YETCS ), KaKYI0 (PYHKIIUIO aKTHBALIUH BB [IK-6.Y .2,
JOJKHBI MCIIONIb30BAaTh B BEIXOAHOM CJIOE, KaKasi pa3MEpHOCTh I1IK-6.B.1

CBEPTOYHON HEMPOHHOU CEeTH JOKHA OBITH?

Kirou: [TockonbKy u1st HyMepaly JOMOB HCHOIb3YIOTCS
OJTHOpAa3psAHbIE LeNble JECATUYHBIE YHUCIIA, TO BCEIO BO3MOXKHO 9
BapUaHTOB HyMepaluu. [103ToMy MbI 10JIKHBI KJIaCCU(DUIIMPOBATH
n300paXkeHusl Ha TabJIMYKax HOMEPOB 10MOB Ha 9 kiaccoB. [lockoabky
y Hac ciydail 9-kj1accoBoii, TO €CTh ClIy4ail MHOTOKJIACCOBOM
KJaccu(UKaIy, TO KOPPEKTHO UCII0JIb30BaTh AKTUBALIMOHHYIO
¢yHkuuio softmax 1 9 HeHPOHOB B BHIXOHOM MOJHOCBSI3HOM CIIOE,
KKl U3 KOTOPBIX OYyJIET COOTBETCTBOBAThH cBoeMy kiaccy (1-9). [pu
9TOM paBHBIM | OyZIeT BBIXOJ TOJIBKO OJTHOTO HEHpPOHaA,
COOTBETCTBYIOLIETO KJIacCy-MoOeANTENI0, OCTalIbHble — paBHBbI 0. J{ns
pacno3HaBaHus U300pakeHUil, B JAHHOM Cllyyae Ha TaOJIMYKax HOMEpPOB
JIOMOB, IPAaBUJIbHO UCIOJIb30BATh IByMEPHbIE CBEPTOUHBIE HEUPOHHbBIE
CETH, MOCKOJIbKY N300paKeHUsl KOAUPYIOTCS MaTPULIAMU, TO €CTh
JIBYMEPHBIMU TEH30paMH.

Cucrema oLEeHUBaHUS TECTOBBIX 3aaHUN:

1 Tum) 3aganne KOMOMHUPOBAHHOTO THIIA C BEBIOOPOM OJTHOTO BEPHOTO OTBETA M3 YETHIPEX
MIPEUIOKEHHBIX M 000CHOBaHNWEM BBIOOpA CUMTACTCS BEPHBIM, €CIIM MPABWIHHO yKa3zaHa Iudpa
W TIpUBEICHBI KOHKPETHBIE AapryMEHTHI, HCIOJb3yeMble TIpu BbIOOpe otBera. [lomHOE
COBIIAJICHUE C BEPHBIM OTBETOM OLICHMBAETCs 1 0ayijioM, HEBEPHBIN OTBET MJIU €r0 OTCYTCTBHUE —
0 6amioB.

2 tun) 3ajaHne KOMOMHUPOBAHHOTO THUIMA C BHIOOPOM HECKOJBKHUX BapHUaHTOB OTBETA W3
MpPEe/UIOKEHHBIX U Pa3BepHYTHIM OOOCHOBAHHMEM BBIOOpA CUMTACTCS BEPHBIM, €CIU MPABUIBHO
yKa3aHbl IU(PPbI U TPUBEJICHBl KOHKPETHBIC apTyMEHTHI, UCTIOIb3yeMbIe TIPU BBIOOPE OTBETOB.




[TonmHOE coBmaaeHue ¢ BEpHBIM OTBETOM OLiEHHBAeTCs | 6ayuioM, eciau JOMyIEeHbl OINOKY WIIN
OTBeT OTCYTCTBYET — () GasioB.

3 Tl/ll'l) 3a11aH1/Ie 3aKPLITOI'O THUIIA Ha YCTAHOBJICHUC COOTBCTCTBUS CUUTACTCA BECPHBIM, €CIIU
YCTAQHOBJIEHbI BCE COOTBETCTBUS (MO3MLIMH U3 OJHOIO CTOJOIA BEPHO COIOCTaBJIEHBI C
MO3UIUSAMU Jpyroro cronbdna). [loaHoe coBmageHne CBEpHBIM OTBETOM OLleHHBAeTCs 1 Oamiom,
HEBEPHBIN OTBET MM ero orcyrcTeue —0 6amios

4 Ttun) 3agaHue 3aKpHITOrO THUIA HAa YCTAHOBJICHHE TOCJIEI0BATEIbHOCTH CUMTAETCSl BEPHBIM,
€Cli TPaBWIBHO yKa3aHa BCs IOCIEAOBaTeIbHOCTh mm(p. [lomHoe coBmameHWe ¢ BEpHBIM
OTBETOM OLIeHHBAETCs | OanioM, eciy JOMyIIeHbI OIUOKH MIIM OTBET OTCYTCTBYET — () Gayuios.

5 Tun) 3agaHue OTKPBITOrO THUIIA C PA3BEPHYTHIM OTBETOM CUMTAETCSl BEPHBIM, €CJIM OTBET
COBMAJaeT C HTAJOHHBIM [0 COJACPKAHUIO M TojaHOTe. [lpaBUibHBIH OTBET 3a 3aAaHHE
oleHMBaeTcs B 3 Oana, ecid JOIMynieHa OIHa OUIHOKa \HETOYHOCTH \ OTBET MPAaBMWIBHBINA, HO HE
MOJHBIH - 1 6am, ecnu nomymeHo 6onee | ommOKH \ OTBET HENMPABUIIBHBIN \ OTBET OTCYTCTBYET
— 0 6anos.

IlepeyeHb TeM KOHTPOJBHBIX PAa0OT MO AMCUUILIMHE OOYYaIOLIMXCS 3a04HOM (OPMBI
o0yd4eHus1, pesicTaBieHbl B Tabauie 19.

Tabmuna 19 — IlepeyeHb KOHTPOIBHBIX PabOT

Ne o/m [IepeueHp KOHTPOJIBHBIX paboOT

He npeaycmoTpeno

10.4. Meroauueckue  MaTepualibl,  ONpENCNAIONIME  HPOLEAYpbl  OLEHMBAHUS
MH/IMKAaTOPOB, XapaKTepU3YIOUIMX J3Tambl (OPMUPOBAHMSA KOMIIETEHIMH, coJepxkKarcs B
JOKaNbHBIX HOpMaTuBHBIX akTtax [YAII, pernaMeHTHpyOIMX HOPSJIOK M IMPOLERypy
MIPOBE/IEHUs TEKYIEro KOHTPOJIsl YCIIEBAEMOCTH U MPOMEXKYTOYHOM aTTecTaluu 00y4aroluxcs
I'VAIL

11. Meroauyeckue yka3zaHus U 00y4arOIIUXCs 10 OCBOCHHIO IHCIUILINHBI
(Huoice npugoosamcs pekomenoayuu no coCmasieHuto 0auHo2o pasoena)

11.1. Meronuueckue ykazaHus Uit OOYYAIOIIMXCS TI0 OCBOGHHMIO JIEKIIMOHHOTO
MaTtepuana (eciu npedycMompeHo yueOHbIM NIAHOM N0 OAHHOU OUCYUNTIUHE).

OcHOBHOE Ha3HAYCHHE JICKIHOHHOIO MaTepHana — JIOTMYECKH CTPOHHOE, CHCTEMHOE,
riIyO0oOKoe W SICHOE W3JIOKeHHEe Yy4yeOHOro Mmatepuana. HazHaueHne COBpEeMEHHOH JEKIHMU B
paMKax JMCHMIUIMHBI HE B TOM, 4TOOBI MOJYYUTHh BCIO MH(OpMALHUIO MO TeME, a B OCBOCHHUH
(byHIaMEHTANBHBIX MPOOJEM JUCHUIUIMHBL, METOJOB HAYYHOTO TIO3HAHHSA, HOBEUIINX
TOCTIDKEHHI HaydHOW MBICTH. B y4eOHOM mporiecce JeKIHs BBITOIHIET METOIOJOTHUECKYIO,
OpTaHU3aIMOHHYI0 ¥ MH()OPMAIMOHHYIO (QYHKIUH. JIEKIHMs pacKpbhIBaeT MOHATUIHBIN ammapaT
KOHKPETHOW 00JacTH 3HaHHA, €€ MpoOJEeMbl, JaeT IEJIbHOE IMPEICTABICHUE O JHUCIUILUINHE,
MOKa3bIBAET B3aMMOCBSI3b C APYTUMHU JUCIUTLITHAMHU.

[lranupyeMble pe3ynbTaThl IPU OCBOCHUH 00YUYAIOMMMUCS JCKIIMOHHOTO MaTeprana;

— TOJNyYeHHWE COBPEMEHHBIX, II€JOCTHBIX, B3aHMMOCBS3AaHHBIX 3HAHUH, YPOBEHb
KOTOPBIX OINpPEIEISAETCS LEeNeBO YCTAaHOBKON K Ka)X101 KOHKPETHOH TeMe;

— IOJy4YCHHE OIBITA TBOPYECKON pabOTHI COBMECTHO C IIPETIOIaBaTEIIEM;

— pa3BuTHE TNPO(ECCHOHATBHO-IEIOBBIX  KadecTB, JIOOBM K  TpeAMETy |
CaMOCTOSITENTLHOTO TBOPYECKOTO MBIIIIJICHUSI.

— TOsBIICHHE HEOOXOIUMOr0 HHTEpeca, HEOOXOMMOTO JJIsl CAMOCTOSTEIILHOM PadoTHI;

— T[IONy4YeHHWE 3HAaHUH O COBPEMEHHOM YpPOBHE pPa3BUTHS HAyKH M TEXHUKA U O
NPOTHO3€ MX PAa3BUTHA Ha ONVDKaMIIMe rosl;




— HAy4YUTbCA METOAMYEeCKH oOpalaThiBaTh MaTepuas (BBLACIATH TJIABHBIC MBICIH U
MOJIOXKEHUS, TPUXOIUTh K KOHKPETHBIM BBIBOAAM, IIOBTOPSATh HUX B  Pa3IMYHBIX
(hopMynHupoBKax);

— MOJy4YeHHE TOYHOTO MOHUMAHHMS BCEX HEOOXOTUMBIX TEPMUHOB H MTOHATHH.

JIEKUMOHHBIA MaTepuall MOXKET CONPOBOXKIATHCS JIEMOHCTpPALMENd CHAlAOB U
WCTIONIb30BAaHUEM pa3[aTOYHOT0 MaTepuana TIpH TPOBEJCHHH KOPOTKUX JUCKYCCHH 00
0COOEHHOCTSIX IPUMEHEHHSI OT/IEIBHBIX TEMATHK IO JHCIUTUTAHE.

CTpyKTypa npeiocTaBlieHuUs JICKIIMOHHOTO MaTepuana:

Paznen 1. MammnuHOe/TTy00KOE 00y4eHHE KaK COBPEMEHHAsI METOIOJIOTHS HHTEIUIEKTYalIbHOTO
aHaNIN3a TaHHBIX.
Tema 1.1. Onpenenenue u 3a7a9u MAIIMHHOTO/TITYOOKOTO 00y4deHus. THITBI cucTeM
MAIIMHHOTO/TITyOOKOT0 00ydeHHS, BUABI OOyUCHHS.
Tema 1.2. JlanHple B MAaITUHHOM O0yYEHUMU.
Tewma 1.3. OCHOBHBIE METPHKH OLIEHKU MOJIeJIe MAITMHHOTO/TTy00KOT0 O0YYCHHS.
Tema 1.4. Python 1 3a1a4 MHTENIEKTYalbHOTO aHaJIU3a U 00OpabOTKHU JTaHHBIX Ha OCHOBE
METOJIOJIOTUU MaluHHOTO 00yuenus. Cpena pazpadborku Anaconda, MHCTpYMeHTHI Spider u
Jupyter Notebook. OcHOBHBIE MakeThl pa3pabOTKX CUCTEM MAIIMHHOTO o00y4eHws. [TomHbIi
HPOEKT HHTEJUIEKTYaJIbHOTO aHAJIN3a JaHHBIX HA OCHOBE METO/10JIOTHH
MalIMHHOTO/TTTy00KOTO 00y4eHUSI.
Pazgen 2. OCHOBBI HCKYCCTBEHHBIX HEHPOHHBIX CETEH.
Tema 2.1. buonorudeckuit HEUPOH, KaK JIEMEHT Mo3ra. McTopus NCKyCCTBEHHBIX
HepoHHBIX ceTeil. OCHOBHBIE 3a/1auu, peIllaeMble HCKYCCTBEHHBIMH HEHPOHHBIMU CETAMMU.
[Tpumeps! MpUMEHEHNs UICKYCCTBEHHBIX HEHPOHHBIX CeTel.
Tema 2.2. Mozaenb HCKyCCTBEHHOTO HelipoHa. Buibl akTuBanmoHHbIX (GyHKInH. OCHOBHBIC
KOMITOHEHTHI M BU/IBI HEMPOHHBIX CETEH.
Tewma 2.3. Tunbl 00yuenust HelipoHHBIX ceTeil. Teopema Koamoroposa.
Paznen 3. 'myGokoe o0ydeHHEe OCHOBHBIE TIOHSATHS U KOHIICTIITHN
Tema 3.1. I'mybokoe oOyueHuWe, ompejeiicHue W KoHuenmus. [nybokas HEHpOHHAs CETh,
OPUHIHI 00y4YeHHs U pabOTEHI.
Tema 3.2. [lpencraBieHue OaHHBIX IS HEWPOHHBIX CETEH: CTPYKTYpPUPOBAHHUE IaHHBIX,
TEH30pHl KaK OCHOBHAas CTPYKTypa JaHHBIX TIyOOKOTOo o0OydYeHHs, TeOoMeTpHdecKas
MHTEPIIPETALUS ONEPAIHiA C TEH30paMH U TITyOOKOTO 0OydeHHUS.

Tema 3.3. bazoBblii anroputm oOydeHHsS HEHPOHHBIX CETel — anropuT™M O0OpaTHOTO
pacnpocTpaHeHUs1 OUIMOKU WM FPaJMEHTHOTO CITyCKa.
Tema 3.4. ®peiimBopk Keras — 0a30BbIli WHCTpYMEHT pa3pabOTKM HEHPOHHBIX CeTel

riyOoKOTo 00y4YeHHMs.
Tema 3.5. IlomHocBsi3Hble HeilpoHHbIE ceTH. CpaBHEHHE C MOJEIbIO JIOTHCTUYECKON
perpeccuu. IlpumMep pelieHus 3aJayd pacno3HABAHUS MOJHOCBSI3HOM CEThIO, PEaIM30BAHHOM
Ha si3p1ke Python cpencrBamu Keras.
Tema 3.6. IIpoGiieMbl MCYE3HOBEHHSI W B3PHIBHOTO POCTa TPAJAWEHTOB. METOABI pELICHHUS:
MHHUIAAIA3AIUS BECOBBIX KOX(PPHUIMEHTOB, HEHACHIIAeMble (DYHKIIMM aKTHBAIIWH, MAKETHAs
HOpMaJIU3aLusl.
Tema 3.7. CoBpeMeHHBIE METOABI W AJITOPUTMBI OOYYECHHS HEHPOHHBIX CETEH: MaKEeTHOE
o0y4yeHHe, MHHHU-TIAKETHOE OOyYeHHE, CTOXACTUYECKUH TIpaJMeHTHBIA CIyCK, MOMEHTHas
ONTHMHU3AIINS, YCKOPEHHBIH rpaaneHT Hecreposa, anroputm AdaGrad, anroputm RMSProp,
anroput™ Adam.
Tema 3.8. Perymspuszanusi HeHpOCETEBBIX MOJENEW: paHHEe MpEeKpalleHue, TUHAMUYECKOE
U3MEHEHUE CKOPOCTH OOYYEHHUS M NPUMEHEHHE OOpaTHBIX BBI30BOB I BO3ACHUCTBHUS Ha
MoJenb B xone oOydenus; 11, 12 perynspuzanus; perynaspusanus HckioueHueMm — dropout;
perysspusanus JONOJHEHUEM JaHHBIX.

Pazgen 4. CBepTouHble HEHPOHHBIE CETH.



Tema 4.1. CBeprounble 2-MepHbIe HEHPOHHBIE CETH: APXUTEKTYpPa, OCHOBHBIE ONEPALIMH U
HPUHIMIEL paboThl cBEpTOUHOM ceTu. [IpuMepsl perenus 3a1au4 KOMIIBIOTEPHOTO 3peHUs 2-
MEpPHBIMU CBEPTOYHBIMHU CETSMHU.

Tewma 4.2. Micnonb30BaHUE MPEABAPUTENILHO O0YICHHON

CBEPTOYHON HEHPOHHOU CETH U €€ T000yICHHE.

Tema 4.3. Ceprounsie 1-MepHbIC HEHPOHHBIE CETH: aHAIIN3 ITOCIEA0BATEILHOCTEN JTaHHBIX.
[Tpumeps! pemeHns 3aa4 PerpeCCHOHHOTO U KITACCU(PHUKAIIMOHHOTO aHAIIN3a
MOCIE0BATEIbHOCTEHN TaHHBIX.

Paznen 5. Pexyppentnsie Heliponnsie cetu (PHC).
Tema 5.1. PexyppeHTHbIC HEHPOHHBIE CETH: APXUTEKTYpa U MPUHIUIIBI paOOTHI, OCHOBHBIE
3aJja41 MAaIIMHHOTO/TITy00KOT0 00y4eHHS aHaN3a ITOCIIeI0BATeIbHOCTEH JTaHHBIX.
Tema 5.2. [Ipoctsie PHC.
Tema 5.3. PHC tuma Long Short-Term Memory — LSTM PHC.
Tema 5.4. PHC tumna Gated Recurrent Units — GRU PHC.
Tema 5.5. ViiydnieHHbIE METOABI UCTIOIb30BAHMS
PEKYPPEHTHBIX HEHPOHHBIX CeTel: peKyppeHTHbIN dropout, ocieaoBaTeIbHOE 00bEANHEHHNE
PEKYPPEHTHBIX HEMPOHHBIX c0€eB, AByHamnpasieHHsie PHC.
Tema 5.6. [Ipumepsl TporpaMMHBIX peau3alyii U perieHus 3aa4 perpecCuOHHOr0 U
KJaccu(pUKAIMOHHOTO aHAIN3a MOCJIE0BATEIbHOCTEH JaHHBIX.

Pazgen 6. ABTOKOAMPOBIINKHY.
Tema 6.1. ApXUTEKTYypa aBTOKOAMPOBIIMKA U IPUHITUIIBI PabOTHI, 00yUeHHE.
Tema 6.2. lllymonogaBisitoniye, CXUMAIOIINE U BapHAIlMOHHBIE aBTOKOAUPOBIIUKH. [IprMepsl
IPOrpaMMHBIX.
Tema 6.3. [IpenoOyuenue u TOUHAsI HACTPOIKA HEHPOHHOM ceTh. OTrpaHUYCHHBIE MAIIUHBI
bonbsimana, npenoOydeHue ¢ IpUMEHEHHEM OTpaHUYeHHBIX MalnH bojibimana.
[IpenoOydenne ¢ NCIOTB30BaHIEM aBTOKOAUPOBIINKOB.

Paznen 7. HelipocereBast 0OpaboTka TekcToBbIx gaHHBIX (Natural language processing — NLP).
Tema 7.1. HeiipoceTteBas 00paboTka TekcToBbIX qaHHBIX (Natural language processing — NLP).
Paznuanpie BUIBI TpeCTaBICHUS TEKCTOBBIX JAHHBIX I perneHus 3agad NLP (Tokerm3arus,
cioit TextVectorization, yaurpammsl, ourpammel, ourpammsl ¢ TF-IDF xonupoBanuem, cinoi
Embedding, npeaBapurenbHO 00yueHHbIE BEKTOPHBIE TIPEACTABICHHUS TEKCTOBBIX JaHHBIX
Word2vec u GloVe). Tparchopmepsl: apxuteKkTypa u NpuHIHIE padoThl. [Ipumep perreHus
3aa4n KIIacCU(PHUKAINU TEKCTOBBIX JaHHBIX. [IpuMep pereHus 3a1a4u MalimHHOTO TIepeBOIa
Ha OCHOBE HEHPOHHBIX ceTell Tuma Tpanchopmep u o0ydeHus «Sequence-to-sequence.

Paznen 8. 'enepaTtuBHOE IIyOOKOE OOyUEHHE.

Tema 8.1. 'enepupoBanue TekcTa ¢ nomonibio riayooknx PHC u tpanchopmepos.

Tema 8.2. DeepDream kak MeTol 00paOOTKH H300paKEHWH HA OCHOBE HCIIOJNIB30BAHUN
Hpe/CTaBICHUH, OJYYEHHBIX CBEPTOUHBIMU HEWPOHHBIMH CETSIMH.

Tema 8.3. HelipoHHas nepegaya CTUIIS.

Tewma 8.4. 'enepupoBanne n300pakeHNll ¢ BapUaIMOHHBIMH

11.2. Meroauueckue ykazaHus Juisi OOyYalOIIMXCS MO y4YacTHUIO B CEMHUHApax (eciu
npedycMompeHo yueOnuviM NIAHOM N0 OAHHOU OUCYUNIUNE)
He mpexycmotpeno

11.3. MeTroauueckue yKa3aHus Ui OOYYAIOMIUXCA IO MPOXOKACHUIO MPAKTUIECKHUX
3aHATHU (eCiu NPedyCMOMPEHO YUeOHbIM NIAHOM RO OAHHOU OUCYUNTUHE)

[MpakTudeckoe 3aHATHE SBISETCS OJHOM M3 OCHOBHBIX ()OPM OpraHM3alH Y4eOHOTO
mporiecca, 3aKII0YalONIascsl B BBHITOJIHEHHH 00YYaOIMMHUCS 0] PyKOBOACTBOM IIPETIOIaBaTeNs
KOMIUICKCa YYeOHBIX 3a/JlaHUi C IIETbI0 YCBOGHHS HAYYHO-TEOPETHYECKHX OCHOB Y4YeOHOMH
JTMCUIUTUTAHBI, IPHOOPETEHNST YMEHHI ¥ HaBBIKOB, OITBITA TBOPYECKOH JIEATEITHHOCTH.



Lenpto mpakTUYECKOTO 3aHATHUS TSl 00YYArOIIerocs SBISETCS] MPUBUTHE O0YUYAOITIMCS
YMEHUHN U HABBIKOB MPAKTUYECKON AESTENbHOCTH MO0 U3y4YaeMON JUCIUILINHE.

[Tnanupyemble pe3ynbTaThl MPH OCBOCHUU O0YUYAIONIMMCS MPAKTUIECKUX 3aHSATHI:

— 3aKpeIuvicHWe, YrIyOJieHWe, paclIMpeHHe W JeTauu3alus 3HAaHWUH TpH pEIICHUN
KOHKPETHBIX 3a7adY;

— pa3BUTHC T[I03HABATEIBHBIX  CIIOCOOHOCTEH, CaMOCTOSITEILHOCTH  MBINIICHHUS,
TBOPUYECKOM aKTUBHOCTH;

— OBNAJICHWEC HOBBIMH METOJaMH W METOJWKAMH H3YYCHHS KOHKPETHOW y4eOHOU
JTUCUUTUTUHBL,

— BbIpabOTKa CIOCOOHOCTH JIOTHYECKOTO OCMBICICHHUS TOJNYYCHHBIX 3HAHWH s
BBITIOJIHEHUS 3aJJaHUM;

— ofecrnieueHUe palMOHAIBHOTO COYCTAHMS KOJUICKTUBHOW W WHIWBHUIYaTLHOU (hOpM
o0OyueHusl.

TpeOoBanust K NPOBEACHUIO NPAKTUYECKUX 3aHITHIA
CTpyKTypa mpeacTaBICHUs] MaTeprata sl MPaKTHYSCKUX 3aHITHI

1. Pemenue 3agaum perpecCMOHHOIO aHalIM3a JAaHHBIX Ha OCHOBE MoJjiesiell HeHpOHHBIX
cereil.

2. Pemenue 3ajaun NpOrHOCTMYECKOIO aHAjIM3 JAaHHBIX Ha OCHOBE MOJAEEH HEHpPOHHBIX
cereil.

3. Pemenue 3amaum KiaccupUKalMU JaHHBIX BpPEMEHHBIX PAJOB Ha OCHOBE Mojelneit
HEWPOHHBIX CETEeHl.

4. PemeHne 3agady KOMIIBIOTEPHOIO 3pEHHS HAa OCHOBE Mojesed HEHPOHHBIX CeTel:
coOCTBEHHOM pa3pabOTKK U MPe100yIeHHBIX/I000YIEHHBIX MOJICIICH.

5. Pemenue 3agay 06pabOTKM TEKCTOBBIX JJAHHBIX HA OCHOBE MOJieJIel HEHPOHHBIX CeTel.

6. Pemenue 3agau reHepaTUBHOTO INTyOOKOro 00y4eHusl.

11.4. MeTtoauueckue ykazaHUs Ui OOydaromuXCs MO BBHIMOJHEHHUIO JTa0OpaTOPHBIX
paboT (ecau npedycMompeHo yueOHbiM HIAHOM HO OAHHOU OUCYUNTUHE)

B xome BwImonHeHWs 1a00OpaTOpHBIX pabOT OOYYAIOUIMICA JJOIDKeH YrIyOuTh U
3aKpeNHTh 3HAHUS, MPAKTUYECKUE HABBIKH, OBJAJETh COBPEMEHHOW METOJMKOW M TEXHHKOMN
HKCIEPUMEHTAa B COOTBETCTBHM C KBAIM(UKAIMOHHON XapaKTEPUCTUKOW OO0YyJaromerocs.
Brimonnenne mabopaTopHBIX padOT COCTOMT M3 SKCIEPUMEHTAIBHO-TIPAKTUIECKOH, pacyeTHO-
AHAJUTHUYECKOHN YacTel M KOHTPOJIbHBIX MEPONPUATHH.

Brimonnenne mabopaTOpHBIX paboT 0O0ydaromuMcs SIBISETCS HEOTHEMIIEMON YacThIO
W3yYeHHs] JUCHUIUIMHBI, ONpeAeNseMOil ydYeOHbIM IUIAHOM, M OTHOCHTCS K CPEICTBaM,
00ecreynBaOLMM PELIeHNE CIEAYIOIUX OCHOBHBIX 3a7a4 00y4aroIerocs:

— I[puOOpeTeHHE HaBBIKOB HCCIICOBAaHMSA IIPOLIECCOB, SBICHUH M  OOBEKTOB,
U3y4aeMbIX B PaMKax JaHHOM JUCLUIUINHBL;

— 3aKperuieHHe, Pa3BUTHE M ACTAIHM3AlUs TEOPETHYCCKHX 3HAHWH, IMOJNyYCHHBIX Ha
TeKIHAX;

— IOJyYyeHHEe HOBOM MH(POPMALUU 110 U3yd4aeMO AUCIUILIHHE;

— mpuoOpeTeHHe  HAaBBIKOB  CAMOCTOSTEIBHOH  padOTBl ¢ JTaOOpaTOPHBIM
000pyIOBaHUEM U IPUOOPAMH.

B xonme BbInoiHeHUs 1a0OpaTOpHBIX pabOT OOydaroUIMics JOJKEH YIIyOuTh U
3aKpeNUTh 3HAHUS, MPAKTUYECKUE HABBIKH, OBJAJETh COBPEMEHHOM METOJUKONW M TEXHMKOMH
HKCHEPUMEHTAa B COOTBETCTBUM C KBIM(UKALMOHHON XapaKTepHUCTUKOW 00ydaroierocs.
Beinonnenue n1abopaTopHbIX pabOT COCTOMT U3 3KCIEPUMEHTAIbHO-IIPAKTUYECKOH, pacyeTHO-
aHAJIMTUYECKON yacTel M KOHTPOJBbHBIX MEPONIPUATHI.



Beimonaenune 1abopaTopHBIX paboT O0ydYarOIIUMCsl SIBISETCS HEOTHEMJIEMOW YacThIO
U3y4YCHUS JUCUMIUIMHBI, ONpEeNsieMOd Y4eOHBIM IUTAHOM, W OTHOCHUTCS K CpPEICTBaM,
00eCIIeUNBAOLINM PEIICHNE CIICAYIOINX OCHOBHBIX 3a/1a4 00y4aromerocs:

— mpuoOpeTeHHe HaBBIKOB HWCCIICAOBAaHHUS TIPOLIECCOB, SBICHHH H OOBEKTOB,
M3y4aeMbIX B paMKax JaHHOW JUCIUILTHHEL;

— 3aKperuieHHe, Pa3BUTHE W ACTAIHM3AlUs TEOPETHYCCKHX 3HAHWH, IMOJNyYCHHBIX Ha
TeKIHAX;

— TOJyYeHHE HOBOI MH(OpMAIMH 10 N3y4aeMOH TUCLUILIHHE;

— TpuoOpeTeHHE  HAaBBIKOB  CaMOCTOSTENBHOM  paboTel ¢ J1abOpaTOpHBIM
00opyoBaHUEM U TPUOOPAMH.

3ajaHue ¥ TpeOOBaHUS K MPOBEJICHUIO JIa00OPATOPHBIX paboT

3amaHne Ha BBIOJHEHHE JIAOOPATOPHBIX pabOT BKIOYAET (GOPMYITUPOBKY 3a7adu
HMHTEJJICKTYyaJIbHOTO aHanu3a U 0O0pabOTKM JaHHBIX, YKa3aHUE MPEAMETHON 00JIaCTH NaHHBIX,
IUIE  KOTOPOH  CTYIGHT  pa3pabareiBaeT  MPOTPaMMHO-UH(POPMAIMOHHYIO  CHCTEMY
MHTEJUIEKTYaJbHOTO aHamu3a W OOpaOOTKM IaHHBIX HAa OCHOBE METOOJIOTHH MAIIWHHOTO
oOydyenusi. B cozmaBaemoil mporpaMMHO-HH()OPMAIIMOHHON CHUCTEME CTYACHT pa3padaThiBaeT
COOTBETCTBYIOILIYIO M3y4aeMOMY pa3Aeidy MOJEiIb MAIIMHHOTO OOyYeHHUS W €€ MPOrpaMMHYIO
peanu3anuio A PEHIeHUsl IOCTaBJICHHOW 3anaud. CTyAeHT NPOBOAUT AaHAIU3 M OLEHKY
KadyecTBa pa3pabOTaHHOTO PEICHUS C TOMOIIBIO0 COOTBETCTBYIOIIUX METPUK U METOIOB.

Crpykrypa u hopMa oT4eTa 0 TaOOpaTOPHOH paboTe

OTueT o BBITIOJIHEHUH J1a00paTOPHOI PabOThI JOIDKEH OBITh MPEICTABICH B AJICKTPOHHOM
Bujie B (ailyie, MOATOTOBJICHHOM B TEKCTOBOM pEIAKTOPE, B COOTBETCTBUU C IpPaBUIAMU
http://guap.ru/guap/standart/titl_main.shtml.

http://Ims.guap.ru/course/view.php?id=4306

TpeboBanusa Kk 0pOPMIIEHHIO OTYETA O J1a00paTOPHON padborte
ConepxaHue oT4yeTa

TUTyNbHBIN JHCT.

WHauBuayansHOE 3aaHye IO BapUaHTY.

Kpatkue TeopeTnueckre cBEACHNUS.

ITporpamma Ha Python, peanusytoiast pa3paboTaHHYO MOJIe/Ib MAIIMHHOTO O0Y4EHUs, 1

pe3yJIbTaThl BBIIOJIHEHU HHAMBUAYAIBHOTO 3aJaHUs C KOMMEHTApUAMMU.

5. OmeHka W aHanu3 KadecTBa paspaboranHoi monenn MO c¢ rpadukamu, NaHHBIMH H
JPYTUMHU WIITIOCTPALUSAMH, U BBIBOJAMH.

6. IlucbMeHHBI OTBET Ha KOHTPOJIBHBIM BONPOC MO BapHaHTy (HOMEP KOHTPOJIBHOTO
BOIPOCA COBIAZAECT C HOMEPOM BapHAHTA).

7. B snexTpoHHOM BHIE HODKEH ObITh pritoxkeH (daiin Jupyter Notebook ¢ mporpammoii u

pe3yabTaTaMu ee PaboThI.

el e

11.5. Meroauueckue yka3aHus s OOYYaIONIMXCS TIO TPOXOXKACHUIO KypCOBOTO
MPOCKTUPOBAHHUS/BBITIOTHEHUSI KYpPCOBOU PaOOTHI (eciu npedycMompeHo yueOHbIM NIAHOM 1O
OdanHoU oucyuniuHe)

KypcoBoii mpoexT/ paboTa MpoBOIUTCS C HEIbI0 POPMHUPOBAHUS Y 00yUJAIOMINUXCS OMBITA
KOMIIJIEKCHOTO PeIeHUs] KOHKPETHBIX 3a/1a4 POPEeCCHOHATBHON eI TeTbHOCTH.

KypcoBoii nmpoekt/ paboTa 1mo3BossieT 00yJaromemMycs:

— CHCTEMAaTH3UpOBAaTh M 3aKPCHUTh TIOJyYCHHBIC TCOPETUYCCKUEC 3HAHHSA H
NPaKTUYECKHE YMEHHS IO MPOPECCHOHATIbHBIM YYCOHBIM IUCHUIUIMHAM W MOIYJISAM B
COOTBETCTBHUH C TPEOOBAHHUSAMH K YPOBHIO MOJATOTOBKH, YCTAHOBJICHHBIMH ITPOrPaMMOil y4eOHOM



JUCLMIUIMHBI, [POrpaMMOM  MOATOTOBKM  CHELMAJIUCTa  COOTBETCTBYIOIIETO  YPOBH,
KBanu(UKamm;

— TPUMEHUTHb TOJYYEHHBIC 3HAHWSA, YMEHHS M NPAKTHUYECKUH OMNBIT MPH PELICHUH
KOMIIJICKCHBIX 33/1a4, B COOTBETCTBHM C OCHOBHBIMHU BHUIAMHU NPO(ECCHOHAIBHON JesTEeNbHOCTH
10 HapaBJIEHUIO/ CTIEUAIBLHOCTH/ IPOrpaMMe;

—  yriIyOWUTh TEOPETHUYECKHE 3HAHUSI B COOTBETCTBHH C 33JJaHHON TEMO;

— chopmMupoBaTh YMEHHS TPUMEHATH TEOPETHYECKHE 3HAHUS TPH  PEHICHUH
HEeCTaHIapTHBIX 3a/1ay;

— I[puoOpecTH ONbIT AHAIUTHYECKOW, pPACYETHOM, KOHCTPYKTOPCKOM paboThl U
c(hopMHPOBaTh COOTBETCTBYIOIINE YMEHHUS;

— chopmupoBaTh yMeHHS pabOTBl CO CHEIMANBHOW JIMTEPAaTypOH, CIIPaBOYHOM,
HOPMATHUBHOMW M MPAaBOBOH JOKYMEHTAIMEH M HHBIMU HH(OPMAIIMOHHBIMUA UCTOYHUKAM;

— chopmupoBath yMeHHUs (GOPMYIHPOBaTH JIOTUYECKH OOOCHOBAHHBIE BBIBOABI,
MPEUIOKEHHS] 1 PEKOMEHIAlNY 110 pe3yJIbTaTaM BBIIOJIHEHUS paboThl;

—  pa3BUTH MPOPECCHOHATBHYIO MMCBbMEHHYIO U YCTHYIO pedb 00yJaromerocs;

— Ppa3BUTh CHCTEMHOE MBIIUIEHHE, TBOPYECKYI0 HHHUIMATHUBY, CaMOCTOSTENIBHOCTb,
OpPraHU30BaHHOCTh U OTBETCTBEHHOCTH 33 IPUHUMAEMBIE PEIICHUS;

— chopMHUpOBAaTh HABBIKM IUIAHOMEPHOH pPErysipHOH paboThl Haa pelIeHHuEeM
ITOCTABJIEHHBIX 3a/1a4.

CT‘DVKTVD& MMOSICHUTEILHON 3aIMCKH KYPCOBOTO HDOGKTa/ Da6OTLI

Tabnuna 20 — IlpumMepHast CTPYKTypa NOSICHUTEIbHOM 3aIMCKH K KYPCOBOMY IPOEKTY

Pazgen Copepxanue
1. Onucanue npeaMeTHON [TocranoBKa 3a7aumn, KOTOpast OyAET penaTbCcsi Ha OCHOBE
obnactu MHTEJUICKTYaJIbHOTO aHAN3a 1 00pabOTKY TaHHBIX,

METOJOJIOTUU MAaTMHHOTO 00yUYeHHs

2. Bribop u onrcanue AaHHBIX dopmupoBanne ©  omucaHue  oOydaromed, Tpu
JUTSL aHAJIH3a HEOOXOTUMOCTH BaJHIAIMOHHON M TECTOBOH BBIOOPOK
JaHHBIX. [Tpr HEOOXOAMMOCTH MpenoOpadboTKa, OUUCTKA
WIN JONOJHEHWE JaHHbIX, MOATOTOBKA MJsl peliaeMoi
3aJ1a4u aHaJIM3a.

3. Mopgenb riry6oKoro BeiGop B COOTBETCTBMM C BapHaHTOM  MOJCIH
00y4eHHUs AJIS BHIIOTHEHUS MAlIMHHOTO OOyuYeHHss M ee NpeACTaBIeHHE Ha
MHTEJUICKTYalbHOIO aHaIu3a U | (OPMaIbHOM U OIUCATEIbHOM YPOBHSX.

00pabOTKHN JaHHBIX
4. Onpenenenue mapaMeTpoB 1 | BEIOOp B COOTBETCTBHM C BAPHMAHTOM W THUIIOM MOJIEIU

TUIEeprapaMeTpoB MOAEIH 3HAYECHWM TMapaMeTpoB W THUIIEPIAPAMETPOB MOJIENH.

MAIIMHHOTO O0YYEHHS. OKCIepUMEHTAIPHOE WM aHAJUTUYECKOEe 000CHOBAHHUE.

5. Be1bop MeTpuk 1 METOZI0B Bp100op B COOTBETCTBUH C BapHAHTOM, THUIIOM MOJEIH H

OLIEHKH pa3pabOTaHHON MOJIENH | TIOCTABICHHON NPHUKIATHON 3amadeil BBIOOD METPHK M

MAaIIMHHOTO O0y4YeHUs METOJIOB OLIEHKH pa3pabOTaHHON MOJENH MALIMHHOTO
00yuYeHHs TUNA U PEATTU3YIOIIEH €€ IPOrpamMMmal.

6. [Ipouecc o0yyenus BbeIBO COOTBETCTBYIOMMX TpapuKOB WM JAArPaMM
METPHUK KaueCTBa MOJICNIM MAITMHHOTO 00yUYeHHSI.

7. Pe3ynprar BriBoA 3HaYEHUIT METPUK KA4eCTBAa MOJEIH MAIIMHHOIO

oOydeHuss uIs oOOydaromiei, mpu HEOOXOIUMOCTH
BaJIMJIAIIMOHHON W TECTOBOW BHIOOPOK B BHJIE TPapUKOB,
quarpamMM, —TaOmWI[  OKCIEPUMEHTAIBHBIX  JIAHHBIX.
IIpoBenenue u MIPEACTABICHUE pe3yabTaToOB
CPaBHUTEIBHOTO aHAJIM3a I Pa3HBIX  3HAYCHUH




mapamMeTpoB W TumepmapamerpoB  mozemn  MO.
IIpoBenenue u MIPECTABICHUE pe3yIbTaToOB
CPaBHUTEIBHOTO aHaim3a pazpadoraHHoil mogenn MO ¢
M3BeCTHBIMH petreHrsiMH MO 151 TOCTaBIEHHOM 3a/1auu
aHanm3a. BEIBOIEI.

TpeboBanus K 0OPMIICHHIO NOSICHUTEIBHOH 3aMCKN KYPCOBOTO MPOEKTa/ pabOoTHI

[MosicHuTenpHas 3amiucka K KYpPCOBOMY TIIPOEKTYy OQOPMIISIETCS B COOTBETCTBHH C
tpeboBanusmu [OCT 7.32-2001 u TOCT 2.105-95.

[TosicHuTenbHas 3amucka K KypCOBOMY HPOEKTY JOJDKHAa ObIThb HpeJCTaBlIeHAa B
JIEKTPOHHOM BHJE B (paiine, MOATOTOBIEHHOM B TEKCTOBOM pENAKTOpPE, B COOTBETCTBHU C
npaBuiamMu http://guap.ru/guap/standart/titl_main.shtml.

http://Ims.guap.ru/course/view.php?id=4306
Metoandeckue yka3aHus 1O BBIIOJHEHUIO KypCOBOH paOOTHI:

[nexTpoHHBIN pecypc kadenpsl Ne43B HokanbHON ceTH Kadeapsl|, myTh
\\dcbm\Metonuueckoe obecneuenne kadeaper 43\ Huadopmartuka\ dax Ne3\2 cemectp\
MeTtonnika o KypcoBoii padote.pdf.

11.6. MeTomuueckue ykazaHus AJis1 00y4YarOUIUXCs MO MPOXO0KACHUIO CaMOCTOSTEILHOM
paboTsl

B Xone BBIMONHEHHUS CaMOCTOSTENBHON pabOThI, 0OYYAIOMIMKCS BBHIONHSAET padoTy 1O
3aJIJaHUI0 U TPYU METOAMYECKOM PYKOBOJCTBE MpENOJaBaTelis, HO 0€3 ero HemocpeaCTBEHHOIO
y4acTusl.

Jns oOygaromuxcsi o 3ao4Hoi (opMe OOydeHHs, caMOCTOsITeIbHAs padoTa MOXKET
BKJIIOYATh B ce0s KOHTPOJIbHYIO padoTy.

B mpomecce BBIIOTHEHUST CaMOCTOSATENLHONW paboThl, y oOyuaromerocs (GopMupyercs
esnecoodpasHoe IIaHUPOBaHUE pab0vero BpEMEeHH, KOTOPOE TO3BOJISIET UM pa3BUBATh YMEHUS
Y HaBBIKH B YCBOCHHH M CHCTEMATH3alUM NPUOOPETAeMbIX 3HAHWH, 00ECIeunBaeT BBICOKHI
YPOBEHb YCIEBAEMOCTH B TIEPHOA OOYyYEHHs, TOMOTAeT IOJYyYHTh HABBIKM MOBBIIICHHS
po¢eCCHOHATBHOTO YPOBHSL.

MetoandeckuMu ~ MaTepuaiaMiy, — HAlpaBISIOIIUMH  CaMOCTOSITENbHYIO  paboTy
00y4aroIUXCAABISAIOTCA:

—  y4eOHO-MEeTOJMUYECKUI MaTepHall 1o JUCLMIUINHE,

— METOJMYECKHE YKA3aHHS IO BBITOJHEHHIO KOHTPOJBHBIX paboT (st oOydarommxcs
0 3209HOU (popMe 00yUCHHS).

11.7. Meromudeckue yka3zaHHA I OOYYAIOUIMXCS IO MPOXOKACHUIO TEKYIIEro
KOHTPOJISl YCTIIEBAEMOCTH.

Texyumii KOHTPOJb YCIEBAEMOCTH IpelyCMaTpUBACT KOHTPOJIb KauyecTBa 3HAHUMN
00y4Yaromuxcs, OCyIIECTBIIEMOr0 B TEUEHUE CeMecTpa C LIEbl0 OLIEHMBAHMS XO/a OCBOEHUS
JTUCLUIUTUHBI.

CucteMa OLEHOK IpU MPOBEJEHUU TEKYILEro KOHTPOJIS YCIEBAEMOCTH OCYLIECTBIISIETCS
B COOTBETCTBMM C TpeboBaHusMu [lonokeHuit «O TekylieM KOHTpOJE YCIIEBAEMOCTH U
MPOMEXYTOUHOW arTecTanuu cTyaeHToB ['YAIIL, oOyuarommxcs MO0 MporpaMMaM BBICIIIETO
obpa3zoBanuss» U «O MOAYJIBHO-PEHTHMHIOBON CHCTEME OLEHKM KauyecTBa Y4eOHOM paboThl
cTyneHToB B 'Y AIl».

11.8. MeTonuueckue ykazaHusi Ajsl OOYYaroIIKMXCs MO MPOXOKACHHUIO MPOMEKYTOUHOM
aTTeCTaluu.



IIpomexxyrouHast ~ arrecTauuss  OOyyaroIIMXCs  NpeAyCMaTpUBaeT  OLIEHHBAHUE
MIPOMEKYTOUHBIX M OKOHYATEJIbHBIX PE3yJbTaTOB 00yueHMs 1o auciuiuinHe. OHa BKIIOYAeT B
ceOst:

— DJK3aMeH — (opMa OIEHKM 3HAHW, MOJYYCHHBIX OOYYarOIMMCS B TIpOIECcCe
U3y4YeHHs BCeH AMCLUIUIMHBI MM €€ YaCTH, HaBBIKOB CaMOCTOSTENbHON paboThl, CIOCOOHOCTH
NPUMEHATh HUX JUISl pellieHHs MPAaKTHYECKHX 3aJay. DK3aMeH, Kak IpaBHUJIO, MPOBOAMUTCS B
NEepUoJ SK3aMEHAIIMOHHON CecCHM M 3aBepllaeTcsl aTTeCTALMOHHOW OIEHKOH «OTJIMYHOY,
«XOPOIIOY, «yIOBIECTBOPUTEIILHOY, KHEYIOBIETBOPUTEIHHOY.

CuctemMa OLIGHOK IpHU NPOBEJCHUU INPOMEXKYTOUHOM aTTEeCTallMU OCYILECTBISETCS B
cooTBeTcTBMH ¢ TpeOoBanusMu [lomoxkeHmii «O TeKymeM KOHTpOJE YCIEBaeMOCTH U
MPOMEXYTOUHOU arrecTaunu cTyaeHToB ['YAIIL, oOyuarommxcs Mo mporpaMMaM BbICILETO
obpaszoBanmss» u «O MOAYIBHO-PEUTHHIOBOM CHCTEME OIEHKH KadecTBa Y4eOHOH paboThI
ctynenToB B 'Y AIDy.



Jluct BHECeHUs U3MEHEHHH B pabovyIo NporpaMmy AUCLUILITUHbI

JlaTa BHeceHUs
W3MCHCHHUH U
IOIIOJTHEHHUH.

IToanuck BHECIIETO
H3MEHEHUS

Copneprxkanue I3MEHEHUN U TOTIOJTHEHUH

Hata u No

MIPOTOKOJIA
3aceaHus
kadenpsr

Iloammce
3aB.
kadenpoit




