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1. HEJIU, 3AJJAYY U ILIAHUPYEMBIE PE3YJIbTATBHI OBYYEHUS
MO IUCHUTIJINHE

K 0CHOBHBIM L€JIIM OCBOCHHS AUCLUIIIINHBI
K ocHOBHBIM 1M 0CBOCHUS AUCUUILINHBI « ACKyCCTBEeHHBbIE HEHPOHHbIE
CeTH» OTHOCHUTCS:
e lI3ydyeHue OCHOBHBIX IOHATHUH M KOHLENIMI TEOPUU HCKYCCTBEHHOIO
UHTEIUICKTA,
e l3ydyeHne mOAXOAOB K IPUMEHEHUIO CHUCTEM C HCKYCCTBEHHBIM
MHTEJJIEKTOM B pOOOTH3UPOBAHHBIX KOMIUIEKCAX;
e @opmMHUPOBaHME 3HAHWW 10 MPUMEHEHUIO CHUCTEM YIPABJIEHUS C
IIPUMEHEHUEM NCKYCCTBEHHOTO MHTEIUIEKTA.

K 0CHOBHBIM 3a1a4aM JUCLHUIUIMHBI OTHOCATCS:

e (CozmaHue CHUCTEMBl YIPaBIEHUS C IPUMEHEHUEM  aJITOPUTMOB
HCKYCCTBEHHOI'O UHTEJUIEKTa B pOOOTHU3UPOBAHHBIX CUCTEMAX;

e lI3ydyeHus anropuTMOB MAIIMHHOTO OOYYEHMUS;

e l3ydeHne NpUMEHEHNSI HEUPOHHBIX CETEH.

B pesynpTaTe OCBOEHHSA AMCUMILIMHBI Yy OOydaromuxcs (GOpMHUPYIOTCS
CJIEYIOIINE KOMIIETEHUMU U JIOJKHBI ObITh JOCTUTHYTHI CIEAYIOIINUE PE3yJbTaTh
oOy4eHHs KaK 3Tarn (pOpMUPOBaHUS COOTBETCTBYIOIINX KOMIETEHIUH.

B pesyabTare

0CBOECHMS
Kona o0pa3oBaTebHOI IlepeyeHs MUIAaHMPYEMBIX Pe3yJabTATOB
KOMIIETEHIIUMN NporpaMmal 00y4eHMs MO JUCHUILUIUHE
o0yyarmuiics
JA0JI2KEeH 00J121aTh

YK-1 CrocoOHOCTBIO 3HATD:

OCYILIECTBIISITh * [Ipotienypbl KpUTHYECKOTO aHATU3A,

KPUTUYECKUU aHAIN3 | * METOAMKY aHaIn3a pe3yabTaToOB

poOJIEMHBIX UCCIIEIOBAHUSI M pa3pabOTKH CTpaTeruit

CUTYallMil HA OCHOBE | IPOBEJICHUS UCCIEAOBAHMI; OpraHu3aluu
CUCTEMHOTO MOJIX0/1a, | MpOLEecca IPUHATHUS PEIICHUS;
BbIpa0aThIBAThH YMETb:

CTpaTeruro JeUCcTBUM | * [I[pyHMMaTh KOHKPETHBIE PELICHUS JJIs
MOBBIMICHUS () PEKTUBHOCTH TTPOLICTYP
aHajan3a mpoOseM, MPUHATUS PEIICHUHN 1
pa3pabOTKu CTpaTETui;

BJIAJIETD:

* MeTonamu yCTaHOBJIEHUS PUYUHHO-
CJIEACTBEHHBIX CBSI3€U U ONPEACIECHUS
HanOoJiee 3HAYMMBIX CPEAU HUX;




* MeTtoaukamMu MOCTaHOBKH 1I€NU U
onpeeeHus: CHOCOOOB €€ TOCTHKEHUS;
METOIMKaMU pa3paboTKH CTpaTEeruit
NEUCTBUMN MTPU MPOOJIEMHBIX CUTYaIUSX.

OIIK-7

CriocoOHOCTB
OCYIIECTBISTh
000CHOBAHHBIH
BBIOOP, pa3padaThIBaTh
U peaIM30BBIBAThH HA
MIPAKTHKE
CXEMOTEXHHYECKHE,
CHCTEMOTEXHHYECKHUE
U amnmapaTHo-
MIpOTpaMMHbBIC
pelIeHus Jis CUCTEM
aBTOMAaTH3alluU U
YIPaBJICHUS

3HATD:

* OCOOEHHOCTH MPUMEHEHMSI PA3TTUUHBIX
AIrOPUTMOB B pOOOTHU3UPOBAHHBIX
CUCTEMAX.

* OOLIENPUHATYIO TEPMHUHOJIOTHUIO.
YMETh:

* Pa3zpabaTbiBaTh pOOOTHU3HPOBAHHBIE
CUCTEMBI.

* Ha ocHOBE TeXHMYECKOU TOKyMEHTallun
HACTPauBaTh AITOPUTMBI CUCTEM.
BJIAJIETD:

* HaBbikamu ananusa 3ppexTuBHOCTH
Pa3IMYHBIX METOJI0B O0YUYEHHS CUCTEM, B
TOM YHCJIE C IPUMEHEHUEM
MCKYCCTBEHHOI'O MHTEJUIEKTA UCXOS U3
IIOCTABJICHHBIX 3a/1a4.

* HaBbikaMy MalIMHHOTO OOy4YEHHUS
CUCTEM.




2. MECTO JUCIUIIJIMHBI B CTPYKTYPE OOII MATUCTPATYPbI

JluciuruiiHa OTHOCUTCA K 00si3aTenbHOM uactu (4actu, (GopmMupyeMoi
y4acTHUKaMHU 00pa30BaTeNIbHBIX OTHOIICHMH) O710Kka b1 «{ucuuminael (MOIYIN)».
JlucuuniauHa B3aMMOCBS3aHa JIOTHUECKU M COJEP’KATEIbHO-METOJUUYECKH CO
CJIeIYIOIIMMHU JUucHuIuInHamMu 1 npaktukamu OOIT:
e Ananu3 u 00paboTKa TaHHBIX;
e OCHOBBI Hay4YHOU pabOTHI,

e Teopust aBTOMaTHYECKOTO YIIPABIICHHUS;

e YyeOHas (03HAKOMUTEIbHAS ) MPAKTHKA,;

e [IponsBoacTBeHHAs (MPOEKTHO-TEXHOJIOTHYECKAS ) TPAKTHKA,
e [IpousBoncreennas (H1P) nmpaktuka;.

3. CTPYKTYPA U COAEP KAHUE JUCHUITJIMHBI

OO0mast TpyT0EMKOCTh AUCITUIUIMHBI COCTABIISICT 4 3a4ETHBIX CIWHHMIIBI, T.C.
144 axamemuuecknx yacoB (n3 HUX 90 yacoB — caMOCTOSTENbHAS pab0Ta CTYJCHTOR).
Paznensr muctmmumabl « McKyccTBeHHbIe HEHPOHHBIE CeTH» M3Y4JaloTCsS Ha
MIEPBOM Kypce BO BTOPOM CEMECTpE.

CDopMa pY6€)KHOFO KOHTPOJIA IO JUCHUILINHE — 9K3aMCH.

CtpykTypa U cojepkaHue IucHuIUiiHbl «MCKyccTBeHHbIE HeillpOHHBbIE

CE€TH» 110 CPOKaM U BHJaM pa6OTI>I OTPAKCHEI B HpI/IJIO)KeHI/II/I I.

3.1.

Buabl yueOHoi1 padoThl U TPYA0EMKOCTH (110 (popMaM 00yueHHs)
Ounas ¢popma o0yuenust

Ne Bua yuyeOHoil padoThl KouunvectBo CemecTpsbl
n/n 4acoB 2
1 |AyauTopHble 3aHATHSA 54 54
B Tom uncae:
1.1 |Jlexnum 18 18
1.2 CemuHapckue/mpakTHUYECKUE
3aHIATHSA
1.3 JlaGopatopHble 3aHITHS 36 36
2 |CamocTtosTenbHas paboTta 90 90
B ToMm uncre:
2.1 |BpinmosiHeHHE CaMOCTOSITEIBHBIX 86 86
MPAKTUYECKUX 3aHATUN
2.2 |TectupoBaHue 4 4
3 [IIpomexyTodHas aTTeCTaIUS
DK3aMeH
HUroro: 144/4 144/4

3.2. TeMaTH4YeCKHUIi MJIaH U3y4YeHH s JUCHMILTUHBI (110 opMam 00ydeHus1)
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Ounas ¢popma o0yueHust
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1 Tema 1. BBenenue B HelipoOHHBbIE 2 6 10
cetu. llepcenTpon. MHoOroc/0iMHbIN
nepcenTpod. OOyuyeHHe HEHPOHHOU
ceTH
Ncropus OTKPBITUA
HCKYCCTBEHHOTO HEUpOHa.
Maremaruyeckass ¥ OHOJIOTHYECKas
Mozenb HeWpoHa. [loHsTHE BECOBBIX
KO3 GUIMeHToB, cMmerieHne. DOyHKIMs
aKTUBAIIUM, BUJIbI  (DYHKIMN aKTUBAIIUU.
IIepcentpoH. OOyueHue HEHUPOHA.
HepaspemmmocTs Helipona Makkajioka —
[Turca.
2 Tema 2. IlonsiTue 0 HEMPOHHOI 2 6 10

cetu (HC). Buubl HEHpOHHBIX  CETEH.
Obnmacti  npuMeHeHus1. MHOTOCIIONHBII
nepcenTpod. OOydeHHEe MHOTOCJIONHOTO
nepcentpona.  Meron TPaIUEHTHOTO

CITyCKa. Meron 00paTHOTrOo
pacnpoCTpaHeHUs OLLIMOKH.
Momudukammu MeToaa  TpagueHTHOTO
CITyCKa.

[lonsTue 06  oOyueHun U
caMOOOyYEeHUH HEHUPOHHOU CETH.

Meroapl 00yueHus. MeTtoabl BTOPOTO
niopsinka, metoy JleenOepra-Mapksapra,
METOJT COIPSKEHHBIX IPaIUEHTOB.
OOyueHre JMHAMUYECKUX HEHUPOHHBIX
cete. Meroapl CIly4yallHOTO  TIOMCKA.
['eHeTUecKre METOIbI ONITUMH3ALIHH.
IToka3arenu KayecTBa HC.
['unepniapamerpbl CETH. EmMKocTs,
nepeoOydeHue, HeooOyUeHHE.




Tema 3. AJIropuTMbI MAIIMHHOTO

00y4eHus.

[lepcenirpon . Pozenbnara.
Tepmunomnorus, 0003HaYEHUS U
CXEMaTHYECKOE U300paKeHre

UCKYCCTBEHHBIX  HEUPOHHBIX  CETeW.
Pa3HOBHUIHOCTH U 3BOMIONMS HEHPOHHBIX
cereii. OOHOCIONHBII W MHOTI'OCJIONHBIE
HEUPOHHBIE CETH.

OOyuenne c yuuteneM. Meronq
KOppEeKIMK OIMOKH. Meton o0paTtHOro
pacnpoctpanenus omuoku. O0yueHue 6e3
yuutena. Meton OmmKalImx coceaei.

OOyuenue C MOJIKPETIIICHUEM.
['enernuecknii amroput™. HelipoceteBon
pErymsaTop TSt yIIpaBJICHUS

JMHAMHUYCCKUM 00BbeKkToM. IIporpamMmMubie
peanM3ayyi  MaTEMAaTUYCCKUX MOJICIICH
JUTSL yIIpaBIICHUS JIMHAMHYECKUM
0OBEKTOM.
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Tema 4. Heiiponnble ceTH
KERAS. IlepcenTpoHbl

[IepcenTpoH Kak MpOCTEUIIINMN BU]L
NHC. Cencopsl, acCOIIMaTUBHBIE
DJIEMEHTHI, PpEarupyromme >IEMEHTHI.
Ilepcentpon Poszenbnarra. Teopema 00
oOyuenuu nepcentpona. [lepcentpoHHas
npexacrasisgemMocTts. [Ipobnema QyHkimm
NCKIIIOYAIOIIEE WJIN. Jluneiitnas
pazaenuMocTs. [Ipeononenne npoOaemMbl

JIMHEMHOU pa3aeIuMOCTH.
Knaccuduxanuys MIepCENTPOHOB.
[lepcenTpoH C OJHUM CKPBITBIM CJIOEM
(?71eMEeHTapHBIN MePCENTPOH).
OnHocnoiiHblid epcenTpoH. CpaBHEHHE
OJIHOCJIOMHOTO repcenTpoHa 151
VICKYCCTBEHHOI'O HEWpOHa.
MHoOrociIonHbIN IEepCENTPOH 110
Pozenbmarry. 3amaun, peniaeMbl

nepcenTpoHoM. 3a1aun Kiaccupukammm.
Teopembl  Po3enOnarra.  JIunelHas
pa3aenuMOCTb.

12




Tema 5. Cgeprounnie  HC.
PexyppeHTHBIC HEHPOHHBIE CETH

VYcranoBka Oubmoreku KERAS.
Cnon, TUTIEpIIapaMETPBI, byHKIIN
aKTUBAIlUM, ONTUMHU3ATOPbI,  (PYHKIUH
norepb, ucnoibdyemple B KERAS.
[Toxazaremm kagectBa HC. [IpenobpaboTka
JTAHHBIX.

12

Tema 6. O0yuenue
HCKYCCTBEHHBIX HEHPOHHBIX ceTel

OO0yueHue C YUUTEIIEM:
kiaccudukanus obpazoB. OOyueHue c
YUUTEIEM: amnMpPOKCUMAITUS
MHOTOMEpHBIX (QyHKIUH. CBepTOYHBIE
HEWPOHHBIE CETH. PexyppeHTtHbIC
HEHPOHHbIE CETH. OOyueHnue
PEKyppeHTHBIX ceTeil.  OnTumMuzanus
pa3Mepa CeTH. AJlantuBHas
ONTUMM3AIMN  APXUTEKTYpPhl  CETH.
Banunanust oO6yuenus. OOydeHHe CETH
npu o0paboTke U300paKEHUH.
Henoobyuenue. [lepeoOyduenue. Meto bl
CHUKCHUS

12

Tema 7. . O0OyueHue ¢ yunrejem:
3a1a4M KJIaccupuKanum.

OO0yueHue C YUHUTEIEM:
anIpoKCUManus MHOTOMEPHBIX
¢bynkumii. CBepTOYHBIE  HEUpPOHHBIE
ceTu. PexkyppeHTHbIE HEMPOHHBIE CETH
RNN. LSTM. GRU. Anroputm BPTT.
[loHM)KeHHe  pasMEpHOCTH  BXOJOB
METOOM TJIaBHBIX KOMIIOHEHT.
Boccranosnenue IPOITYIIEHHBIX
KOMIIOHEHT  JaHHBIX. [Tonmxenue
pa3MEPHOCTH  BXOJOB C  IOMOIIBIO
Heupocerer.. JluHelWHas 3HAYMMOCTH
BXOAOB.  HenuHelHas  3HAYMMOCTH
BX0J0B.  Box-counting  aJropuTmsl.
dopmupoBaHue OIITUMAJIBHOTO
IIPOCTPAHCTBA ITPU3HAKOB.

12

Tema 8. [lpukaaaubie  3amxaum
NMpUMEeHeHUsI HCKYCCTBEHHbBIX

12
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HEHPOHHBIX CeTeu

O6paboTka  H300paKeHUH  C
MIPUMEHEHUEM HEUPOHHBIX ceTel.
ABTOKONMUPOBIIUKU. OOy4YeHHEe CEeTH.
3ajmaun  CerMEHTallMd W JIETEeKIUH.
ANTOpUTMUYECKUE METO/IbI
CeTMEHTAIlMM B 3ajayax o0paboTKu
n3o0paxxkennit. HeiponHsie cetu IS
CErMEHTAalNN U300pAKEHU.
Apxurektypa U-Net.
[IpenoOyuenubie Mojienu. CoBpeMeHHbIE
ApXUTEKTYPbI ceTei.
AptokoaupoBmuku,  VAE, CVAE.
CoBpeMeHHbIE apXUTEKTYPbl HEHPOHHBIX
CeTel I penieHus] HHKEHEPHBIX 3aa4

00paboTKH U300paKEHUH.
['eHepaTHBHBIC COCTS3ATEIbHBIC CETH.
Hcnons3oBanue npe100yIeHHBIX
MOJIETICH Il pemeHUS WHXXCHEPHBIX
3am1ad.
Hroro 18 54 90

3.3. Coaep:xaHue TUCHUNIUHBI

Tema 1. BBenenne B Heiiponnsie cerd. IlepcenTpoH. MHOroc/10MHbIM

nepcenTpod. Q0y4eHune HeiPOHHOM ceTH

Hctopust  OTKpBITHSI ~ MCKYCCTBEHHOIO  HeHMpoHa. Maremarndeckas U
Ouonornyeckas mojelb HeilpoHa. [loHsitue BecoBbIX KOA((UIIMEHTOB, CMEILEHHE.
OyHKIMA aKTUBALUU, BUIBI  GyHKIMA akTuBaiuu. [lepcentpon. OOyuenue HelpoHa.
Hepaszpemmmocts Helipona Makkanoka — [Inrca.

Tema 2. Ilousitue o Heiiponnoii cetu (HC). Buabsl HEMpOHHBIX  CETEH.
Ob6nactu  npuMmeHeHus. MHorocoiHeii  niepcenTpod. OOydeHHe MHOTOCJIONHOTO
nepcentpoHa. MeToj TpaauMeHTHOro ciycka. Meron oOpaTHOro pacrpoCTpaHEHUs
ommoku. Moaudukaiuyu MeTo1a TpaIdeHTHOTO CITyCKa.

[TonsTre 06 o0yyeHnu 1 caMmooOyUeHH HEHpOHHOW ceTh. MeTombl 00y4YeHusl.
Meronsl BTOporo mopsiika, meron JleBeHOepra-MapkBapaTa, METOJ COIPSHKEHHBIX
rpaaueHToB. O0y4YeHne TMHAMUYECKUX HEUPOHHBIX ceTel. MeTo bl CITydaitHOro TIOMCKa.
['eHeTnyeckre METObI ONITUMU3ALIHH.

[Tokazaremm kauectBa HC. ['mmepmapamerpsr cetn. EmxocTh, mepeoOyueHue,
HEI0OOYUCHHE.

Tema 3. AIropuTMbI MAIIIMHHOTO 00YY€eHHUSI.

[lepcentpon ®. PosenOmara. TepMuHOIOTHS, 0003HAYEHUSI M CXEMATUYECKOE
U300paKEHUE MCKYCCTBEHHBIX HEHPOHHBIX ceTed. Pa3HOBUIHOCTM U 3BOJIIOLIUS
HEHUPOHHBIX ceTei. OHOCIOMHBINA K MHOTOCJIOMHBIE HEUPOHHBIE CETH.
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OOyyenue c yuurteneM. MeToj KOppeKiuu omuoku. Merox oOpaTHOTro
pacnipoctpaHeHusi ommoOkd. OOydeHue Oe3 yuurens. Meroa OMwKaWImMx cocene.
OO0yuenue ¢ noakperuieHueM. ['enernyeckuit anroput™. HelipoceTeBoit perymnsarop ass
yIpaBieHUs AUHAMUYECKUM O0OBeKTOM. [IporpamMMHbie peanu3aiuy MaTeMaTHUeCKUX
MoJIeTIe! [T yIpaBJICHUS TUHAMHUUECKUM OOBEKTOM.

Tema 4. Heiiponnsie cetu KERAS. IlepcenTpoHnsl

[lepcentpon kak mnpocremmii Bunx WMHC. CeHcopbl, accoluaThuBHBIE
AJEMEHTHI, pearupyromniue sneMeHtsl. [lepcentpon PoszenOnarra. Teopema 00
oOydennn nepcentpoHa. Ilepcentponnas npeacTtariasieMocTh. [Ipobnema dhyHKIMH
NCKIIFOYAIOUIEE WJIN. Jluneinas pazaenumocts. [Ipeomonenue mnpoOieMsbl
muHenHo# paznenumoctu. Knaccudukanus nepcentponoB. I[lepcentpon ¢ ogHuM
CKPBITBIM CJIOEM (dJEMEHTapHbI mepcenTpoH). OHOCIOWHBIM MEpPCEenTpPOH.
CpaBHEHHME  OJHOCIIOMHOTO  NEPCENTPOHA M HMCKYCCTBEHHOIO  HEWpOHA.
MHorocnoiabiii nepcenTpoH no Po3en6bnaTTy. 3agaun, pemaemMbl MEPCENTPOHOM.
3anauu knaccudpukanuu. Teopemsr Pozenonarra. JIunelinas pa3neamuMocTb.

Tema 5. Ceprounbie HC. PexyppeHTHbIe HeiipOHHBIE CeTH

YcranoBka 6nbmoreku KERAS. Crou, runepnapamerpsbl, (QyHKIMHA aKTUBALIWY,
ONTUMH3ATOPBL, (PYHKIMH TIOTEPB, Ucnioiib3yeMble B KERAS. TTokazarenu kauecta HC.
[TpenoOpaboTka JaHHBIX.

Tema 6. O0yueHne HCKYCCTBEHHBIX HEHPOHHBIX ceTei

OOyuenue c yuuteneMm: kiaccudukanus odbpazoB. OOydeHHE C YUUTEJIEM:
anmpoKcUMaIuss MHOTOMEpHbIX  (yHKimii. CBepTOYHBIE HEUPOHHBIE CETH.
PexyppenTHbie HelipoHHbIe ceTu. OOy4eHHe PEeKYPPEHTHBIX ceTeil. OnTumMu3anus
pa3mepa ceTH. AJanTUBHAs ONTHMM3alMK aApPXUTEKTYphl ceTu. Bamupanus
obyuenus. OOydeHue ceTH TIpu oOpaboTke wu300pakeHuit. HenooOydeHwue.
ITepeoOyuenne. MeTonpl CHHYKCHHS

Tema 7. . O0yueHue ¢ yunrtesaem: 3a1a4m Kjiaccupurkamum.

OOyueHue C yudTeNeM: AaNMpoOKCUMalus MHOTOMEPHBIX  (PYHKIUH.
Ceeprounsie HeipoHHbIe ceTu. PekyppentHsie Heliponnbie cett RNN. LSTM. GRU.
AnroputMm BPTT. IloHmxkeHnne pa3MepHOCTH BXOJOB METOIOM IJIaBHBIX KOMITOHEHT.
BoccranoBnenue mponynieHHbIX KOMIIOHEHT AaHHbIX. [[OHM)KeHHE pa3MepHOCTH
BXOJIOB C NOMOIIBIO Heupocereu.. JInHenHas 3HAaYMMOCTh BXOJO0B. HenuHeiHas
3HaYUMOCTh BX0JI0B. Box-counting anroputmsl. dopmupoBaHHe ONTUMAIBHOTO
IIPOCTPAHCTBA MMPU3HAKOB.

Tema 8. llpukaaanblie 3a1a4u NPUMEHEHHUS UCKYCCTBEHHbIX HEHPOHHBIX
ceTe
OOpaboTka  m300pakeHUW ¢  TOPUMEHEHHEM  HEUPOHHBIX  CETeH.
ABTokonupoBIMKYA. OOyueHue ceTu. 3ajayd CerMEHTalMu W JICTEeKIUU.
AJTOPUTMUYECKHE METOAbl CErMEHTAIlMd B 3ajlayax 0OpabOTKM H300paKeHUH.
HeiiponHnslie cetu 1151 cerMeHTanuu nzoopaxenuid. Apxurekrypa U-Net.
[IpenoOyuennsie Monenu. CoBpeMEHHbIE apXUTEKTYPhI CeTeil. ABTOKOJIUPOBIIMKH,
VAE, CVAE. CoBpeMeHHbIE apXUTEKTyphl HEHPOHHBIX CETeH MJId PpPEIICHUS
MHKEHEPHBIX 33]1a4 00pabO0TKU U300pakeHuil. [ 'eHepaTUBHbIE COCTA3aTENbHbIE CETH.
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Hcnonb3oBanue Hpeﬂ06y‘ICHHBIX MOJECIIEH IJIsI PEIICHUSA MHXKCHCPHBIX 3aa4.

3.4. TemaTuka cCeMHHAPCKUX/MPAKTHYECKHUX U JJA0OPATOPHBIX 3aHATHH

Jlabopamopnwie pabomul

Jlabopatopnas pabora Nel «Tensorflow. O3nakomienue ¢ dpeitmBopkom Keras.
Pemenne 3amaun kinaccudukanuu uzodpaxennii. MLP»

JlaGoparopHas pabota Ne2 «OOydyenne HeillpoHHOH ceTu. [ umepmapameTpsl.
[Tonbop rumepnapamerpoB ¢ momompbo  KerasTuner.  IlepeoOydenue,
HEJI000yUeHNE. »

JlabopaTtopHas pabota Ne3 «Co3manne MoJenn CBEPTOYHON HEHPOHHOW METH IS
pelIeHus 3aJa4M pacro3HaBaHus OyKB JIATUHCKOTO ajipaBuTa

Jlabopatopnas padota Ned «CNN. Apxutextypst RCNN, FastCNN, ResNet.»
JlaGoparopHas pa6ota Ne5 «I'imy6okoe oOydenue. Mcnonb3oBanue mpeao0ydeHHbIX
MoJIeJIe [Tl pelIeHus 3a/1a4i KiacCUuUKaIm)

JlaGoparopnas pa6ota Ne6 «AptokonupoBmukud. VAE, CVAE. I'eneparunbie
COCTSI3aTEIbHBIC CETHU.»

st mpoBeneHus 1abopaTOpHBIX paboT TpeOyeTcss KOMIbIOTEPHBINM Kilacc.
OoOBeZICHHBIN B JIOKAIBHYIO CE€Th C BbIXOA0oM B MHTepHeT. KoMmbroTepsl TOKHBI
OBITh OOBEIMHEHBI JIOKAbHOU ceThlo. HeoOxoaum BbIXOJ B I100aNbHYIO CETh
Hutepner. Tpebyemoe nporpaMMHoe oOecrieueHreM: KOMIIIATOp si3bika Python,
Tensorflow ¢ makeTom Keras, TekcToBbIi penakTop, opucHsii maket LibreOffice.

KomnsroTepHblii K1acc JOJKEH UMETh BO3MOKHOCTh OOHOBJICHUSI U YCTAHOBKHU
JOTIOJTHUTENBHOTO CBOOOIHO PACIPOCTPAHAEMOT0 TPOrPAMMHOTO 00ECIEYEHUSI.

3.5. TemaTuka BONpocoOB I CAMOCTOSATEIbHOI0 H3y4YeHUs

1. 3arpy3uth BpemenHou psa. I[IpoBectu mpenoOpabOTKy BpPEMEHHOTO psija.
[Toctpouts Tpaduk KOPPEIAIMMOHHOM 3aBUCUMOCTH JUISI  3aJJaHHOTO
BpeMEHHOT0 Jiara. [IocTpouTh apXUTEKTYpy MOTHOCBSA3HOM CETH JUIsl pELIEHUS
3a/1ayy MPOTHO3UPOBAHUS BPEMEHHOTO psijia. /{7151 BeIoIHEeHHs paOOThl HYKHO
HamucaTh Ko, OOy4YUTh HEHPOHHYIO CETb, MOCTPOUTH TpaduKu (QYHKIHMH
NOTEPH, KOPPEIALMOHHON 3aBUCUMOCTH U METPUKH KauyeCTBa.

2. IlocTpouTh apXUTEKTypy PEKYPPEHTHOM CETH W OJHOMEPHOM CBEPTKU ISt
pelieHusl 3aJadd MPOTHO3MPOBaHUA BpemMeHHoro psaa B nl. OOy4uTh
HEHPOHHYIO, MOCTPOUTh TpaduKku (QYHKIUK TOTEPh, KOPPEIAUUOHHOU
3aBUCUMOCTH Y METPUKH KaueCTBa.

3. 3arpy3uth JaTtaceT AN peuieHus 3agaud  kiaccudukanuu. I[Iposectu
npenobpadoTky naracera. I[locTpouth apXWTEKTypy HeWpoHHOU ceTu. s
BBITIOJTHEHUSI pa0OThl HYXXHO HamucaTh KOJA, OOY4YUTb HEMPOHHYIO CETb,
NOCTPOUTH Tpaduku PyHKIINK OTEPh, METPUKU KayeCTBa.

4. 3arpy3uTh JaTaceT JUId pEIIeHUs 3aJaud KIACCHU(PHUKAIUU TOHAIBHOCTH
OT3BIBOB KIIMEHTOB C ucnojb3oBanuemM BoOW. [lposectu npemnobpaboTky
naracera. IIoCTpOUTh apXUTEKTYypy HEUPOHHOM ceTh. JlJIsi BBINOJTHEHUA
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pabOThI HYKHO HAITUCATh KOJI, 00y4YUTh HEHPOHHYIO CETh, IOCTPOUTD T'paduKu
(GyHKUIHUU TOTEPb, METPUKH KaueCTBa.

5. 3arpy3uth JaTtaceT s pelieHus 3anauu  kiaccudukanuu. [Ipoectu
npenoopaboTKy nparacera. [lOCTpOMTH apXUTEKTYpy C HCIOIb30BAHUEM
npeaoOyueHHON HeHpOoHHOM ceTH. {151 BhIMOJIHEHUS! paObOThI HY>KHO HANMCATh
KOJ, OOy4YHTh HEHWPOHHYIO CETh, MOCTPOUTH Tpaduku (YHKIHH TOTEPH,
METPUKH Ka4eCTBA.

6. 3arpy3uTh gaTaceT HJis pEIICHHUS 3aJadd KiacCU(HUKaryd TOHAIBHOCTH
OT3BIBOB KJIMEHTOB C HcCHojib3oBanueM cioss Embedding. IIposectn
npenodpaboTky aartacera. [locTpouTh apXxuTeKTypy HeilpoHHOU cetu. s
BBITIOJIHEHUS Pa0OThl HYXHO HamucaTh KOJl, OOy4YUTh HEUPOHHYIO CETb,
NOCTPOUTH TpaduKu PYHKIIMU MOTEPb, METPUKU KauyecTBa.

7. 3arpy3uth jgartaceT. Pemmth 3amady OpPEAUKTUBHONM  aQHAIUTHKUA  C
UCIIOJIb30BAHUEM HEUPOHHBIX ceTel. [loCcTpouTh apXUTEKTypy HEHPOHHOU
cetu. Jns BbIOJIHEHUS paOOThI HY>KHO HamucaTh KOJA, 00YYUTh HEUPOHHYIO
CETh, MOCTPOUTH rpaduKu PYHKIIUU OTEPh, METPUKHU KaueCTBa.

4. YueOHO-MeTOaM4YECKOE U NH(POPMAITMOHHOE O0ecTiedeHue

4.3. HopmatuBHble 10kyMeHTbI H OCThb1
1. TOCT P 43.0.12-2018 ba3bl 3HaHUH B TEXHUYECKOU IEITEIHLHOCTH.
2. TOCT P 57321.2-2018 MeHemkMeHT 3HaHUU. MEHEIKMEHT 3HAHUN B
obnactu nmxuHUpuHra. Yacts 2. [IpoextupoBaHue Ha OCHOBE 0a3 3HAHMI.
3. TOCT P 43.0.28-2022 HWudbopmannoHHoe oOecricueHUE TEXHUKA |
OTIepPaTOPCKOU NesITENHbHOCTH. ba3bl 3HaHUM B MHTEIUICKTYyaIU3alluu ACSTEIbHOCTH.
4. TOCT P 59869-2021 HurennexktyanbHble cucTeMbl oOydeHus. OOmue
MTOJIOKEHHS.
4.4.OcHOBHAfA JIUTEpPaTYypa

1. CranxeBuy, JI. A. VIHTemIeKTyaabHble CUCTEMbl M TEXHOJOTHH @ YUYEOHUK U
npaktukyM s By3oB / JI. A. CrankeBuu. — 2-e¢ u3l., nepepad. u aomn. —
Mockaa : U3natensctBo FOpaiit, 2024. — 495 c. — (Bricmiee o6pa3oBaHue). —
ISBN 978-5-534-16238-7. — Texkcr : snexktpoHHbIA // OOpa3oBaTenbHas
mwiargpopma IOpaiit [caiit]. — URL: https://urait.ru/bcode/536688 (nata
obpamenus: 26.05.2024).

2. SxpgeBal’. D. OcHOBBI TeOpUU HEMPOHHBIX ceTel. — HanmonanbHb1il OTKPBITHIM
YHuBepcurer «AHTYUT», 2016 T. — 200 C.
(http://www.knigafund.ru/books/178963).

3. Boponos, M. B. CucreMbl HCKYyCCTBEHHOTO UHTEJUIEKTA | yUEOHUK U MPAKTUKYM
st By30B / M. B. Boponos, B. U. [lumenos, . A. HebaeB. — 2-e uzn.,

nepepad. u gon. — MockBa : M3marensctBo FOpaiit, 2024. — 268 ¢. —
(Bricmiee oopazoBanue). — ISBN 978-5-534-17032-0. — TekcT : 2IeKTPOHHBII
// " OOpazoBarenpHass  1wuarpopma  FOpait  [caiit]. —  URL:

https://urait.ru/bcode/544161 (nata obpamenus: 26.05.2024).
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4.5. JlonoiHUTEILHAS JIUTEPaTypa

1. EmenbsnoB B.B., Kypeitunk B.M., Kypeiunk B.B. Teopus u mnpaxTuka
ABOTIOITMOHHOTO MozeupoBanus. — M.: DUSMATIINUT, 2003. — 432 c. — ISBN
5-9221-0337-7. (www.knigafund.ru/books/207330)

. bpeuka, JI.M. AJroput™Mbl MAalIMHHBIX BBIYUCICHHUI: Y4eOHO-METOIUYECKOE
nocooue. [DIEeKTpOHHBIN pecypc| — DnekTpoH. nan. — Owmck : OMI'Y, 2014.
— 64 c. — Pexum moctyma: http://e.lanbook.com/book/75387 — 3arn. ¢
JKpaHa.

3. OkynoB, C.M. ANTOpuUTMBI KOMIIBIOTEPHOM apu(METUKHU. [DIEKTPOHHBIN
pecypc] / C.M. Okynos, C.M. JIsnun, O.A. [lectos, E.B. PazoBa. — DnekTpoH.
naH. — M. : U3znarensctBo "Jlabopatopus 3nanmit", 2015. — 288 ¢. — Pexum
noctymna: http://e.lanbook.com/book/66112 — 3ari1. ¢ skpaHa.

4. PyrtkoBckas JI., I[Mumunbckuit M., PytkoBckuit JI. Heliponnsie certu,
IFEHETUYECKUE ATOPUTMBI UM HedeTkue cucreMsl: Ilep. ¢ mosbck. M. [l
Pynunckoro. — M.: IN'opsiuas muaus —Tenexom, 2006. — 452 C.

5. Tapacos B.b. OT MHOroOareHTHbIX CUCTEM K MHTEJUIEKTYaJIbHBIM OpraHU3aLHsIM:
bunocodus, ncuxonorus, nHGopmaTuka. — M.: Dauropuan YPCC, 2002. — 352
c. (Haykm 06 uckycctBennom). — ISBN 5-8360-0330-0.

6. TacanoB, D. D. MHTennekTyanbHble CUCTEMBI. Teopust XpaHEHUS W TOHMCKa
uHpopManuu : yueOHuk g By30B / O. D. ['acanos, B. b. Kyapsasues. — 2-¢

[\

u3a., ucnp. u gon. — Mocksa : MznarensctBo Opaiit, 2024. — 271 ¢. —
(Beiciiee oOpazoBanue). — ISBN 978-5-534- 08684-3. — Tekct
anekTpoHHbit // OOpazoBatenbHas tuiargopma HOpaiit [caiit]. — URL:

https://urait.ru/bcode/537938 (mara obpamenus: 26.05.2024).

7. Tanymxun A.W. Teopus Heiiponnsix ceteil. Ku.1: YuebHoe mocobue 11st By30B.
— M.: UTTXKP, 2000. — 416 c.

8. bammaxoB A.U., bammakoB N.A. HuremiekTyanbHble WHGOPMAIIMOHHBIE
TexHoyoruu: Yueb. nmocooue. — M.: Uzn-Bo MI'TY um. H.D.baymana, 2005. —
304 c. — (Cepus «MIHpopMaTrKa B TEXHUYECKOM YHUBEPCUTETEY).

4.6.DeKTPOHHBbIE 00pa3oBaTe/IbHbIE Pecypchl

1. D0P B pazpaboTtke.

4.7.)IuleH3MOHHOE M CBOOOJHO  pacnpocTpaHsieMoe  NPOrpaMMHOE
o0ecneyenme

1. Cpena paspaborku Microsoft VisualStudio ¢ ycTaHOBIEHHBIM TaAKETOM
pacmpenus si3pika Python
2. Odwuchsnii naker Libre Office

4.8.CoBpemenHble npodeccuoHa/IbHbIe 0a3bl JaAHHBIX U MH(OPMAIUOHHbIE
CIIPABOYHbIE CUCTEMBI

1. CnopaBouHo-npaBoBas cuctembl «Koncynbrantllmroc: Hexkommepueckas
uHTepHeTBepcus» https://www.consultant.ru/online/
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OdurmansHbIi HHTEPHET-TIOPTAN MpaBoBOM nHMopManuu http://pravo.gov.ru
Poccuiickas HarmonansHas OubauoTeka http://www.nlr.ru

ObC «YHuBepcuterckas oubnunoreka onnaitn» https://biblioclub.ru/index.php
EnnnHoe okHO nocTyma kK oOpa3oBaTelbHBIM pecypcaM DenepanbHblid TOpTa
http://window.edu.ru

Hayunas snekrponnas 6ubnuoreka http://www.elibrary.ru

7. Poccuiickas rocygapcTBeHHas 6ubanoreka http://www.rsl.ru

Ok wn

S

5. MarepuaJIbHO-TeXHHYECKOe o0ecneyeHne

1. KoMmnbroTepHble KJIAcChl C OCHAIEGHHEM: CTOJIBI, CTYJIbs, ayJAMTOpHAas JOCKa,
UCIIOJIb30BaHUE TIEPEHOCHOTO MYJBTUMEIUHHOTO KOMILIEKca (TEPeHOCHOM
IIPOEKTOP, MEPCOHATILHBIN HOYTOYK).

2. llepcoHallbHBIE KOMITBIOTEPHI, MOHHTOPHI, MBIIIKH, KiIaBUaTyphl. Pabouee

MECTO MpenoaaBaTes: CTOJ, CTYI.

AynauTopus 11l CaMOCTOSTEILHON PabOTHI.

bubnmnoTreka, yuTaNLHBIA 3a1.

B~ W

6. MeToanuecKkue peKOMeHIANUH
6.3. MeToan4yecKkue peKOMeHJIAlMU /JIsi TpenoaaBaTesss MO OpPraHu3anuu
00y4eHus

1. Tlpu moAroToBKE K 3aHATHUAM ClIeAyeT NpeABapUTEIbHO MpopadoTaTh MaTepual
3aHATHA, NPELYCMOTPEB €ro MojJadyy TOYHO B OTBEAECHHOE Ui ITOTO BpPEMs
3aHatud. CienyeTr MOArOTOBUTh HEOOXOAMMBIE MaTepualbl — TEOPETUUYECKHE
CBeleHM, 3anauu U ap. [Ipu nmpoBeneHun 3aHATHA CIENyeT KOHTPOJHUPOBATH
nojauyy MaTepuaja M pelleHUuEe 3aJaHhi C Y4eToM Y4ueOHOro BpEMEHH,
OTBEJECHHOTIO JIJISl 3aHATHUSA.

2. llpu mpoBepke padOT ¥ OTYETOB CIIEAYET YUUTHIBATH HE TOJBKO MPABUIBLHOCTH
BBITIOJIHEHHSI 3a/IaHUi, HO U ONTHUMAJILHOCTh BHIOPAHHBIX METOJOB pELICHUS,
MIPAaBUJIBHOCTH BBIMIOJIHEHUS BCEX €0 IIAr0B.

3. Ilpu opraHmzanuu ¥ TPOBEICHHUS IK3aMEHOB B IMPAKTUKO-OPUEHTHPOBAHHOU
dopmMe ciemayeT HCHOJb30BaTh YTBEpKACHHbIE Kadenpoil Meroauueckue
PEKOMEHAALUN.

6.4. MeToauueckue YKazanud 1Jist oﬁyqamumxca M0 OCBOCHHUIO JUCHHUIIJINHBI

[Tomydyenue yriyONeHHBIX 3HAHMM MO AMCLUUIUIMHE JOCTUTAETCA 3a CUeT
AKTUBHOW  CaMOCTOATENbHOM paboThl  oOywaromuxcsi. Beinensemble  yachl
1eJ1eco00pa3HO UCIOIB30BaTh ISl 3HAKOMCTBA ¢ YUYE€OHOW M Hay4YHOU JIUTEepaTypoiu
1o npodjieMaM JUCUUILIMHBI, aHAJIN3a HAYYHbIX KOHIIETIUH.

[IpomexxyTouHasi aTTecTanusi o0ydaromuxcs B popme 3a4eTa MpOBOAUTCS IO
pe3yibTaTaM BBIMOJHEHUST BCEX BHUIOB Y4YeOHOW padOThl, MPEAYyCMOTPEHHBIX
y4eOHBIM IUIAHOM IO JAHHOW JUCLMIUIMHE (MOAYJI0), NMPU 3TOM YUUTHIBAOTCS
pe3yibpTaThl TEKYIIEro KOHTPOJISL YCIIEBAEMOCTH B TedeHHe cemecTpa. OleHka
CTETNEHU AOCTIXKEHUS OOYy4YaloIMMUCS IUIAHUPYEMBIX PE3YJIbTaTOB OOYyYEHHsS MO
OUCLUIUIMHE MPOBOAUTCA MPENOAABATEIIEM, BEAYIIMM 3aHATUA [0 JUCLUIIIMHE
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METOJOM DJKCIEePTHOM oueHkH. Ilo wuroram mnpoMexyTOYHOM arTecTaluy II0
JUCLUIUIMHE BBICTABIIACTCS OLEHKA «OTINYHO», «XOPOLIO», «yJOBIECTBOPUTEILHO»
WIH «HE yJIOBIETBOPUTEIBLHO.

K nmpomMexyTodHoil arrecTalMu JONYCKAlOTCA TOJBKO OOydaromuecs,
BBIIIOJTHUBIIIME BCE BHJABl Y4ye€OHONH pabOThl, NPEAYCMOTPEHHbIC padoueit
IIPOTPaMMOMN MO IUCHUIUIMHE «VICKyCCTBEHHBIE HEHPOHHBIE CETH.

6.5.CpeacrBa agantanyi TpenoJaBaHusl IHCIHUIUVIMHBI K TOTPEOHOCTAM
00y4JaoImuxcsi WHBAJHIOB M JHMI C OrPAHHYEHHBIMH BO3MOKHOCTSIMU
310POBbSI

[Ipu HeoOxoauMOCTH B  00pa3oBaTEIbHOM MPOIECCE MPUMEHSIOTCA
CJIEYIONIME METOJIbI M TEXHOJOTHH, OOJierdyarouue BOCTpUATHEe WHOOpMAIUU
OoOyJaromMMUCs HWHBAIMAAMH W JUIAMH C OTPaHUYCHHBIMU BO3MOKHOCTSIMHU
3JI0pPOBBS: - CO3/JaHNE TEKCTOBOW BEPCHUHM JIFOOOTO HETEKCTOBOTO KOHTEHTA JJIsl €r0
BO3MOXKHOTO TpeoOpa3oBaHusi B ajbTEpHATHBHBIE (OPMBI, yAOOHBIE ISt
Pa3IMYHBIX MOJIb30BATENEH;

* CO3J]aHUE KOHTEHTA, KOTOPhI MO>XHO MPEACTaBUTh B PA3IMYHBIX BHJAaX Oe€3
MOTEpU  JAHHBIX WM  CTPYKTYpbl, MHPEAYCMOTPETh  BO3MOKHOCTb
MaclITaOMpOBaHUS TEKCTa M U300pakeHuWid 0Oe3 TOoTepu KayecTsa,
IPELYCMOTPETH JOCTYITHOCTD YIIPABJICHNSI KOHTEHTOM C KJIaBUATYPBI;

* CO3J]aHUE BO3MOXKHOCTEU JIsi 00YYaIOIIUXCsl BOCIPUHUMATh OJHY U Ty K€
uH(GOPMAIMI0O U3 Pa3HbIX HCTOYHUKOB, HAMpUMEp, TaK, YTOOBI JUIA C
HapYUIEHUSIMUA CITyXa MOJydYajad MHPOPMAIUIO BU3YaJbHO, C HAPYIICHUSIMHU
3pEHMS ayIHANIBHO;

* IPUMEHEHUE TPOrPaMMHBIX CPEJCTB, OOECIEUNBAIOIINX BO3MOKHOCTh
OCBOCHMSI HABBIKOB M YMEHUW, (POPMHUPYEMBIX TUCUUIUIMHOM, 32 CUET
aNbTEPHATUBHBIX CIOCOOOB, B TOM YHUCJE BUPTYyaJbHBIX JabopaTopuil u
ACCUMWISILIMOHHBIX TEXHOJIOTHH;

* IpUMEHEHHUE AMCTAHIMOHHBIX 00pa30BaTEIbHBIX TEXHOJOTUN IS Tepeaadn
uH(GOpPMaIlNK, OpPraHU3alMN Pa3IUYHBIX (POPM HHTEPAKTHBHOW KOHTAKTHOM
paboThl 00yUaroIIerocs ¢ MpernoiaBaTesieM, B TOM YHciie BEOMHAPOB, KOTOPhIE
MOTYT OBITh HCIIOJIb30BAHBI ISl TPOBEICHUS BHUPTYaTbHBIX JEKIUH C
BO3MOXXHOCTBIO ~ B3aMMOJICUCTBUS BCEX YYAaCTHHKOB JUCTAHIIMOHHOTO
oOydeHus, MPOBEACHNUS CEMUHAPOB, BBICTYIUICHHUSA C JOKJIAIaMH U 3aIIUTHI
BBITIOJTHEHHBIX Pa0OT, MPOBEIEHUSI TPEHUHIOB, OPTaHU3AlUN KOJUIEKTUBHOM
paboTHI;

* IpUMEHEHUE  JUCTAHIIMOHHBIX  O0Opa30BATENbHBIX  TEXHOJOTHUH IS
opraHu3anuu GopM TEKYyIIeTro U MPOMEKYTOUHOT'O KOHTPOJIS;

* YBEJIMYEHUE TPOAODKUTEIIBHOCTH CHaud OO0Yy4YaroIUMCs WHBAJIUAOM WU
JUIOM C OFPaHUYEHHBIMU BO3MOKHOCTSIMU 370POBbsI POPM MPOMEKYTOUHOU
aTTECTAILMU 10 OTHOIIEHUIO K YCTAHOBJIEHHOMN MPOAOIKUTEIbHOCTH UX CAAYH:
- TOPOJOJDKUTENBHOCTH CHA4YM 3a4y€Ta WM DK3aMEHa, NIPOBOJMMOIO B
NUCbMEHHOM (opme, - He Oojee yeM Ha 90 MUHYT; - NPOAOJIKUTEIHHOCTU
MOJITOTOBKU 00Y4YAIOILIErocs K OTBETY Ha 3a4€Te WIM dK3aMeHEe, TPOBOIMMOM
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B yCTHOU (popme, - He Oosiee yem Ha 20 MUHYT;

* TIPOJOJDKUTEILHOCTH BBICTYIUICHHS, O0YYarOIIerocss pH 3aIUTe KypCOBOM
paboTHI - He OoJiee ueM Ha 15 MUHYT.

Jlns oGecniedyeHust MOATrOTOBKH Jf0JIeH B (hopMaTe OYHON ayAUTOPHOM pabOThI
C OrpaHWYCHHBIMH BO3MOXKHOCTSIMH JIBIDKEHHUSI BBIOUPAIOTCS ayJIUTOPUHU C
JOCTYHOCTBIO B paMKax TpeOoBaHWM MO opraHu3anuu 0e30apbepHOil Cpesbl
JBUKECHHUSL.

7. MoHJ OLIEHOYHBIX CPEACTB
7.3.MeToabl KOHTPOJISI ¥ OIIEHUBAHHUS Pe3yJIbTATOB 00YUeHHUsI

[lokazaTenem OLIEHMBaHUS KOMIIETEHIIMM Ha pa3JMYHBIX 3Tamax HUX
(opMHpOBaHUS SBISETCS TOCTHXKEHHE O0YUAIOIIMMUCS IJIAHUPYEMBIX PE3YJIHTATOB
00y4eHHs MO JUCHUILIUHE (MOJYIIIO).

YK-1 - Cnnoco0HOCTH 0CYyIIEeCTBJISITh KPUTHYECKHIT aHATU3 NPOOJIeMHBIX
CUTyalMi HA OCHOBE CHCTEMHOI'0 IO/AX0/1a, BIPA0ATHIBATH CTPATEIHIO
AEUCTBHM;

OIIK-7 — Cnoco0HOCTH OCYLIEeCTBJISITH 000CHOBAHHBII BHIOOP,
pa3padaTbIBaTh U PeaIN30BbIBATh HA MPAKTHKE CXeMOTeXHHYECKHe,
CHCTEeMOTEeXHUYEeCKHUEe U ANNAPATHO-NPOrpaMMHbIe PellieHHs JJIsl CHCTEM
aBTOMAaTH3allMH U YIIPABJICHHS.

Kpurtepuu oneHuBanus

IHoka3zarten | lomoporosoe
IToporosoe 3Ha4eHue

b: 3HAYEHHE
2 3 4 5
3HAET - | O6yuatomuiic | O0yuatomuiica | O0yuatomuiics | O0yuaromuiics
s JICMOHCTPUPYE | IEMOHCTPHUPYE | IEMOHCTPHPYET
CM. II. 1v JIEMOHCTPHPY | T HETIOJTHOE T 9YaCTUIHOE TIOJTHOE
paboueii €T TOJTHOE COOTBETCTBHE | COOTBETCTBHE | COOTBETCTBHE
HPOTPAMMBL | greyTcTBHE | YKA3aHHBIX B yKa3aHHBIX B | YKa3aHHBIX B
AUCHHATUIAH. |y n.1. 3HaHUH. n.1. 3HaHUH. n.1. 3HaHUH.
bl HenocratouH | Jlomyckarorcss | Ho CB00OIHO
oe 3HAYUTEIbHBIC | OMYCKAIOTCS | OTIEPUPYET
COOTBETCTBHE | OLIMOKH, HE3HAUUTEIbH | IPUOOPETEHHBI
YKa3aHHBIX B | TIPOSIBIIIETCS bI€ OLITHOKH, MU 3HAHHUSMHU.

m.1. 3HaHUH. | HEJOCTATOYHOC | HETOYHOCTH,
Thb 3HAHUM, 110 | 3aTPyAHEHUS
psany npu
MoKa3aTesie, AHAJIUTHYECKHU
OOydJaroIuiicss | X omeparusx.
HCIIBITHIBACT
3HAYUTEIbHBIC
3aTpyIHEHHUS
npu
OTNIEPUPOBAHUU
3HAHUSIMU TIPU
MX MIEPEHOCE Ha
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HOBBIC

CHTYaIHH.
YMEET - | O6yuatomuiic | O0yuatomuiics | OOyuarommiicst | O0yuaromuiics
s HE yMeeT JIEMOHCTPHPYE | JIEMOHCTPHPYE | JEMOHCTPHPYET
CM. II. 1U WU B T HETOJHOE T YaCTUYIHOC TIOJTHOE
paboueii HEIOCTATOYH | COOTBETCTBHUE | COOTBETCTBUE | COOTBETCTBHUE
HPOTPaMMBL | o crermenn | yKa3aHHbBIC B yKa3aHHbIC B | YKa3aHHBIC B
AUCIHIUIAR | nemouCTpupy | 1.1, yMEHHIA. n.l. ymenwii. | m.1. ymeHwuii.
bl eT ykazaHnuele | JlomyckaroTcss | YMeHus CB006OIHO
BILI. 3HAYUTEIbHBIC | OCBOCHBI, HO | OTIEPHPYET
YMEHHUS. OIIHOKH, JONYCKAIOTCS | TPUOOPETCHHBI
HPOSIBIISICTCS HE3HAYMTENbH | MH YMEHUSIMH,
HEJJOCTATOYHOC | bI€ OIIUOKH, MPUMEHSIET UX B
Th YMEHHH, [0 | HETOYHOCTH, | CUTYaIlUsIX
psay 3aTPYJAHEHHS | TIOBBIIICHHOM
ITOKA3aTeleu, pu CJIOKHOCTH.
oOyyJaromuiicss | aHATUTUYECKU
UCIIBITHIBACT X OIepanusix,
3HAYMTENBHBIC | IEPCHOCE
3aTpyAHEHUS YMEHHU Ha
pu HOBBIE,
ONCPUPOBAHUHU | HECTAHIAPTHBI
YMEHHUSMH TIPH | € CUTYAaIIUH.
UX MepeHoce Ha
HOBBIC
CHUTYAIIHH.
BJAJEET | OGyuarouuiic | OOyyatomuiicst | O0yuaromuiics | O0yuaronuiics
- s HE BIIAJICET | B HETIOJHOM JaCTUIHO B ITOJTHOM
WIN B o0beMe BJIAZIEET o0BeMe BiIageeT
CM. II. 1v HEIOCTATOYH | BJIaJICeT yYKa3aHHBIMHU B | YKa3aHHBIMU B
paboueit Ol CTEMEHU | yKa3aHHBIMU B | II. | m. 1
HIPOrpaMMBbl | graneer m. 1 UHUKATOPAMH | HHIUKATOPAMH.
AUCIHIUIAH | yga3aHHBIMA | HHAWKATOpaMu. | . HaBbIku CB00OIHO
bl B 1 JlomyckaroTcss | OCBOCHBI, HO IPUMEHSIET
MHIUKATOPaM | 3HAYUTEIbHBIC | TOMYCKAIOTCSA | MOJYYCHHbIC
. OIINOKH, HE3HAYNTEbH | HABBIKH B
IPOSIBIISIETCS BI€ OIIUOKH, CHUTYAIHSX
HEJOCTATOYHOC | HCTOYHOCTH, | TIOBBIIICHHOM
Th BIIAJICHUSI 3aTPYIAHCHHUS | CIIOXKHOCTH.
HaBBIKAMH [0 | TIPH
psiy aHAINTHYIECKH
IoKasaresen. X omepauusix,
OOyuaronuiics | mepeHoce
UCITBITHIBAET yMEHHI Ha
3HAYUTEJbHBIC | HOBBIC,
3aTPYIHCHUS | HECTAaHAapPTHBI
pu ¢ CUTYaIlUH.
IPUMEHCHUH
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HaBBIKOB B
HOBBIX
CUTyanu:ix.

7.4. lllkana u KpUTEPUH OLIEHMBAHUA Pe3YJIbTATOB 00y4eHU s

Kpumepuu OUCHKU omeéema HA IK3aMeHe

HIkana
OLICHUBAHUSA

Onucanue

Buvinonnenut ece 8UObL VUebHOU pabomui,
npedycmompeHuvle  paboueii  npozpammou. Cmyoenm
oemMoHcmpupyem  coomeemcmeue — 3HAHUU,  YMeHull,
HABbIKOB  NPUBCOCHHbIM 8 mabauyax nokasameret,
onepupyem npuoOpPemeHHbIMU — 3HAHUAMU, YMEHUIMU,
HAaBbIKAMU, NpUMEHAem UX 8 CUMYayusx NnoGbIULEHHOL
cnoxcnocmu. Ilpu smom mocym Ovimb  OONyujeHwvl
He3HauumesnbHble OWUOKU, HeMOYHOCMU, 3aMPYOHEHUS NPU
AHATUMUYECKUX ONepayusix, nepenoce 3HaHUl U yMeHUull Ha
HOBble, HeCMAHOAPMHble CUMYAYULL.

Omauuno

Buvinonnenul ece 8UObL VUebHOU pabomui,
npedycCMOmMpeHHble  YUeOHbIM — NIAHOM. Cmyodenm
0eMoHCmpupyem HenoaHoe, NpPasUibHOe COOMEEemCmaue
3HAHUU, YMEHUl, HABLIKO8 NPUBCOCHHbIM 6 madIuyax
noxazameiet, aubo eciu npu 3mMom Ovliu Oonyujervt 2-3
HecyujecmeenHvle OUUOKU.

Xopowo

Buvinonnenut ece 8UObL VUuebHO pabomul,
npeodycmMompeHHvle  YUeOHbIM — NIAHOM. Cmyoeum
Yooenemeopumenvu | demoncmpupyem coomeemcmeue 3HAHUU, 8 KOMOPOM

0 oceewjeHa  OCHOGHAs,  Haubolee  BAJXCHAA  YACMb
mamepuana, Ho npu IMOM OONYWEeHA 0OHA 3HAUUMENbHAS
OWUOKA UNU HeMOYHOCb.

He esvinoanen ooum unu Oonee 6u0os yuebnou pabomol,
npedycmMompeHnuvix — yyeouvim  naawom.  Cmyoenwm
0eMoHCmpupyem  HenoaiHoe  COOMEemcmeue  3HAHUl,
VMeHUTL, HABbIKO8 NPUBCOCHHBIM 8 MAOIUYAX noKa3ameJel,
O0ONYCKAlOMcsl  3HAUUMenbhble OWUOKU,  NPOSGISAENCS
omcymcmeue  3HAHUll, YMEHUll, HABLIKO8 N0 POy
nokaszamesetl, CmyoOeHm UCNbIMbIeAenm 3HAYUMENbHbLE
3ampyoOHeHUsT NPU ONePUPOBAHUU ZHAHUSMU U VMEHUIMU
npU UX NepeHoce Ha HOBble CUMYAYULL.

Heyoosnemsopumen
bHO

Kpumepuu OUenKu paﬁombt 05yllalou(€20(3}l Ha Jmﬁopamopubzx 3anamuiax

I kana
Onucanue
OLICHUBAHUSA
OmauuHo Buinoanenwvi gce npakmuyeckue 3a0aHusl,
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npeoycCmMompeHHble NPAKmMu4ecKumu 3AHAMUAMU,
obyuarowulicsas yemko u 6Oe3 ouubOK omeemusl Ha 6ce
KOHMPOAbHble — BONPOCHI,  AKMUBHO  paboman  HA
NPAKMUYECKUX 3AHAMUSIX.
Boinonnenot 6ce npakmuiecxue 3a0anusl,
npeoycmMompeHHble NpaKmu4ecKumu 3AHAMUAMU,
ooyuarowulicas ¢ KOPPEeKMupyrowumMu  3aMe4aHusmu
npenooasamelisi OMmeemui Ha 6ce KOHMPOJIbHble 80NPOCHI,
00CMamo4Ho  aKmueHo paboman Ha NPAKMUYECKUX
3AHAMUSIX.
Bouinonnenot ece npakmuiecKue 3a0anusl,
Yooenemsopumenvhn | npedycmompennvie  NPAKMUYECKUMU — 3AHAMUAMU — C
0 3ameyaHuaMU npenooasamenst; 00y4aroOUULLCs Omeemuil Ha
6Ce KOHMPOJIbHbIE BONPOCHL C 3AMEUAHUSIMUL.
Obyuarowuiicss He 8bINOIHUL UTU BbINOJHUIL HENPABUTILHO
npakmuiecxue 3a0aHusl, npeoycmMompeHHule
NPAKMU4eCKUMU  3aHAMUAMU, CMYOeHm Omeemul Ha
KOHMPOIbHble 80NPOCHL C OWUOKAMU UTU He OMBemull Ha
KOHMPOJIbHblEe BONPOCHL.

Xopowio

Heyoosenemsopumen
bHO

Kpumepuu ouenku mecmuposanus

TecTupoBaHHE OIIEHUBAECTCS B COOTBETCTBUU C IPOIIEHTOM MPABUIBHBIX
OTBETOB, JJAHHBIX CTYJCHTOM Ha BOMpPOCHI TecTa. CTaHIapTHAs IIKaja COOTBETCTBUS
pe3yJIbTaTOB TECTUPOBAHUS BHICTABISIEMON Oa/IbHOM OLICHKE:

IIkana
Onucanue
OlleHMBAHUA

Omauuno Csviuie 85% npasunbHvix 0meemos (6KI0UUmenbHo),

Xopowio Om 70 % 0o 84,9 % npasunvrvix omeemos,
Yooenemsopumenvh

o P Om 55 % 0o 69,9 % npasunvrvix omeemos,
Heyooenemsopumen o
O Menee 54,9 % npasunvhblx omeemoa.

7.5.OnleHOYHBIE CpeCTBA
7.5.1. Tekymumii KOHTPOJIb HA J1A00PATOPHBIX 3AHATHSAX

Ilpumep 3a0anuit mexkyuie2o KOHmpo.na:

Tekymmi KOHTPOJIb. IlepeueHp TPUMEPHBIX BOIMPOCOB JUISl  3ALIUTHI
J1a00paTOPHBIX PadoT:
1. buonoruyeckue acrieKThl HEPBHOM NESITEIHHOCTH. brogornueckuit HeHpoH.
2. ®opmanbHbIN HelipoH Makkanoka-IIuTrca.
3. Ilepcentpon Po3enbnarra. Teopema 06 00ydeHHH TIepcenTpoOHa.

4. ITlepcentpoHHas NpeCTaABIIEMOCTb.
21



5. IIpobnema pynkuun MCKIIFOYAIOILLEE WUJIN.

6. JluneitHas  pa3eTUMOCTb. IIpeononenue npoOsieMbl  JIMHEHHOMN
pa3aeIMMOCTH.

/. OOy4deHue ¢ yuuTeseM: KiIacCupukanus o0pas3os.

8. OOyueHue ¢ yuuTesaeM: anmpoKCUMAaIisi MHOTOMEPHBIX (PyHKINUN

9. AnropuTt™m 0OpaTHOTO PaCpPOCTPAHEHUS OIINOKH.

10.ITpo6nembl 00ydeHHs: OIIMOKA anMpoKCHMAIMU; IepeoO0ydeHue; omuoka,
CBSI3aHHAS CO CJIO)KHOCTBIO MOJIETIH.

11.OnTumuzanus pasmepa CeTH.

12.AnanTuBHas ONTUMM3AIMHM apXUTEKTYpbl CeTH. Bamupamms oO0ydeHwus.
Pannsis octaHoBKa 00ydeHHS.

13.Cetu ¢ oOpaTHBIMU CBS3SIMU. PeKyppeHTHbIE HEHPOHHBIE CETH.

14.Pexyppentasie Heiiporabie cetn. RNN. LSTM, GRU.
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7.5.2. IlpomexyTouHasi arTecTanus (IK3aMeH)
Ilpumep rx3amenayuonnozo ounema

MUHUCTEPCTBO HAYKH U BBICILIETO OBPA3OBAHNS POCCUMCKOM OEJEPALINN
OEJEPAJIBHOE TOCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE YUPEX/IEHUE
BBICHIEI'O OBPA3OBAHUS
«MOCKOBCKH MOJJUTEXHUYECKHU YHUBEPCUTET»
(MOCKOBCKHH MMOJIUTEX)

®daxkynbTeT uHPOpMaMOHHBIX TexHoJorui, Kagenpa CMAPT-texHonoruu
JucunmuinHa: VIcKycCTBEHHbIE HEUPOHHBIE CETH

HanpasieHre noArotoBku 27.04.04. YopaBieHue B TEXHUYECKUX CUCTEMAX
BUJIET Ne 1

=

ITepcentpon Pozenbnarra. Teopema 06 oOydeHUH mepcenTpoHa.
2. IlpoGnembl 00ydeHHs: OlMOKa amnmpoKCHUMAIMH; IepeoOydeHue; Onmoka,
CBSI3aHHAS CO CJIO)KHOCTBIO MOJIETIH.

3aB. Kadenpoii /

TuroBbIe BONPOCHI K DK3aMEHY

1. buonornyeckue acreKThl HEPBHOM NEATENILHOCTH. bruonornueckuii HEMpoH.

2. buonoruueckue acreKkThl HEPBHOU AesiTeibHOCTU. HelipoHHbIe ceTu.

w

buonornueckne  acmekTbl HEPBHOM  JESATEIBHOCTH.  buojorudeckas
U3MEHUYUBOCTh U 00yUeHUE HEMPOHHBIX ceTel

dopmainbHblii HeMpoH Makkanoka-IIurrca.

[Tepcentpon Pozenbnarra. Teopema 06 oOydeHHH TEpCENTPOHA.
[TepcenTpoHHass TPEACTABISIEMOCTb.

[Tpobnema dpynkmmu UCKIJITIOYAIOIIEE NJIN.

© N o g &

Jlunerinas  pa3genrMMoOCTb. [Ipeogonenne  mpoOyieMbl  JTUHEHHOU
Pa3AeIUMOCTH.

9. OOyuenue ¢ yuuteneM: kinaccudpukanus o0pa3os.
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10.0O0yueHnue ¢ yuuTenem: armnpoKCuMaIis MHOTOMEPHBIX (yHKIIHI

11.Teopema Konmoroposa. Teopema CtoyHa.

12. Anroput™ oOpaTHOTO PaCIPOCTPAHEHUS OIITUOKH.

13. AnantuBHas ONTHUMH3ALMUA ApPXUTEKTYphl ceTH. Banumauus oOydeHus.
Pannsis octaHOBKa 00y4YeHUS.

14.TIpopexuBaHue CBS3EH.

15.Certu BcTpeuHoro pacnpoctpanenus. CTpyKTypa CEeTH.

16.006yuenue 0Oe3 yumrens: Crtpykrypa cimosi Koxonenna. CTpykTypa clios
['pocchepra.

17.06yuenue cnosa Koxonena. [IpeaBapurensHas 00padoTKa BXOJHBIX BEKTOPOB.
Bb160p HayallbHBIX 3HAYEHUH BECOBBIX BEKTOPOB. CTaTUCTHUUECKHUE CBOWCTBA
00y4YeHHOM CETH.

18. O6yuenne cmost ['poccoepra. CeTb BCTPEUYHOTO  PaCHPOCTPAHEHUS
HOJIHOCTHIO.

19.Heiipoannamuka B Moaenu Xomnduiaa.

20. IIpaBumno oOyuenus: Xeb0a.

21. AcconmaTUBHOCTh IAMSTH U 3ajla4ya pacrio3HaBaHUsi 00pa3oB.

22. JIByHampaBlieHHas! aCCOIMATUBHAS TTaMSITh.

23.Meton umuranuu omknra. Mamnaa bosibiivana.

24.Ceprounsbie HeliponHbie ceTu. [lymunr. Ceptka. ['unepnapameTpsi.

25.Pexyppentabie  Heiiponnble cetd, cion LSTM u GRU, nByHampaBieHHbIC
pexyppentHbie HC.

26.Hacrpoiika runepnapameTpoB CETH, BHIOOP apXUTEKTYPBI.

27.Teopuss cratndeckoro oOydeHus. EMKocTh, mepeoOydeHue, HeI000y4YeHHE.
[Tpenenst 0600MIaroIIel CrIOCOOHOCTH.

28.1lepeoOyuenue. Perynspuzamms L1, L2.

29.Hopmammzarmsi.  BuyTpennmii  koBapuarmoHHbiii  casur.  (BatchNorm,
LayerNorm).

30. Maunmanu3arys BecoB. Muuimanu3amusa Xavier.

31. OueHka nporU3BOIUTEIFHOCTH CETH.

32.I1loctpoenue rpaduKoB 10 pe3ysibTaTaM 00yUeHHs.
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33.00berHeHNE CBEPTOYHBIX W PEKYPPEHTHBIX ceTe s o0pabOTKH
IIOCIIEIOBATEILHOCTEM.

34.Knaccudukarys n300payKeHUI ¢ ITOMOIIBI0 CBEPTOYHBIX HEUPOHHBIX CETEH.

35.IIpuMeHeHre HEHPOHHBIX CeTel B 3a/ladyax 00pabOTKU €CTECTBEHHOTO SI3bIKA.
ITogroroBxka maHHBIX. TOKEeHU3AMUA.

36.Bekropuszanus Tekcra Kiaccuueckuit nonxon kinaccudukamnuu tekcra Bag of
Words Model.

37.Bekropuzanusi Tekcta [lnoTHple BekTopHble mpencraBieHus.  \Word
Embadding.

38.Bekropu3zanus Tekcra [LtoTHBIe BekTOpHBIC TipeacTaBneHus. GloVe.

39. ABTO3HKOJIephl. APXUTEKTYpa aBTOKOAUPOBIIHKA.

40.Bapuarnmonnsie aBTodHKOAEpH (VAE). ApxuTtekrypa.

41.Bapuanuonnsle aBTodHKOAEpHI ¢ yeioBueM (CVAE).

42.T'enepaTuBHbIe cocTsazaTenbHble ceTu. Apxutektypa GAN.

43.1lpumeneane HC  ama  OporHO3WpPOBaHUS ~ BPEMEHHBIX  PSAJIOB.
ABtokoppensiusi. CTaTUCTHYECKHUE CBOMCTBA BPEMEHHBIX PSIOB.

44 TlonrotoBka maHHBIX. KoaupoBaHME HEUUCIOBBIX (KATETOpHUAJIbHBIX)
MePEMEHHBIX.

45. IlogroroBka naHHbIX. [lOHMKEHHWE Pa3MEPHOCTH BXOJIOB C TOMOIIBIO
HEUPOCETEN.

46. IlogroroBka maHHBIX. DOpMHpOBaHHWE ONTUMAJILHOTO IPOCTPAHCTBA
IPU3HAKOB.

47.9BpUCTUYECKHE AJITOPUTMBI TI0100pa apaMeTpoB CETEH.

48.CoBpemennsbie apxutekTypbl HC 115 pernenus 3agaun Kiaccuukanuu.

49.CoBpemennbie apxutekTypbl HC st permneHus 3agadyvl NPEAUKTUBHOU

AHAJINTHUKH.

Ilpumepnvie 3a0anusn 0141 nOO20MOBKU K IK3AMEHY

1. [TocTtpouts apxXuUTEKTypy HEWPOHHOM CETH Uil PELICHUS 3aJa4yu
KJaccu(UKauu TEKCTa ¢ ucnoyib3oBaHueM BoW.
2. ITocTpouTh apxXUTEKTYypy HEHPOHHOM CETH Ul pELICHUSA 3ahadu

KJaccU(pHUKAIMU TEKCTa ¢ UCIoJIb30BaHueM citost Embedding.
25



3. [IpoBecTu npenoO6paboTKy BpeMEHHOTO Psfa.

4, [IpoBectn  mpemoOpaboTKy  maracera  JUIs  pEHICHHWS  3aJadu
KJ1acCU(UKaIUH.
5. [IpoBectn TpenoOPabOTKY TEKCTa I pEHICHUS 3aJauyd  aHajau3a

TOHAJIBHOCTH OT3BIBOB.

6. [IpoBectu npenodbpabOTKy JaTaceTa Ajs PEIICHUs 3a4a4u IPEIUKTUBHON
AQHAJINTUKHU.
7. [locTpouTs AapXWUTEKTypy HEHUPOHHOM CETH [UIsl PELICHHS 3a7a4u

KJIaCCU(PHUKAIUU KIUEHTOB.
8. [TocTpouTe AapXWUTEKTYpy HUPOHHOW CETH Ui PELICHHS 3aJa4u

IMPOTrHO3UPOBAaHUA BpECMCHHOI'O psaa.
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