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AnHHOTAIUSA

JucuuminHa «MckyccTBeHHbIE HEWPOHHBIE CETH» BXOAUT B 00pa3oBaTEIbHYIO
MporpamMmy BbICIIET0 00pa30BaHMs — IIPOrpaMMy MarucTpaTypbl 10 HAIPABJICHUIO OATOTOBKH/
cnenuansioctd 09.04.01 «Wudopmatnka u BeIMHCIATETbHAS TEXHHUKA» HAIMPABICHHOCTH
«Bcerpoennbie cucreMbl 00paboTku MH(OpPMAUUK W ynpasieHus». JMCLHUIUIMHA peannu3yercs
kadenpoit «Neldy.

JlucuuninHa HaueneHa Ha GOPMHUPOBAHKE y BBHITYCKHUKA CIEIYIOIIMX KOMIICTCHIH:

TIK-1 «CnocobeH pa3pabaTbiBaTh METOANKY BHIITOJIHEHHS aHATUTHYECKUX paboT»

IIK-2 «CrnocobeH OCylIeCcTBISATh HWHTETPALMIO W BHEAPEHHE pa3paboTaHHOTrO
MPOrPaMMHOr0 00€CIIeUeHHsI, BHIYMCIUTENBHBIX CHCTEM, KOMMYHHKALHOHHOTO 000PY10BaHUS»

IIK-5 «['0TOBHOCTb WCIOJIB30BaTh 3HAHHE OCHOBHBIX METONOB HCKYCCTBEHHOT'O
HHTEJUIEKTa B OCJIeYIONeH MPo()eCcCHOHAIBHOMN e TeIbHOCTI

Conep)xaHue JUCHUIUIMHBI OXBATBIBAET KPYr BOIPOCOB, CBS3aHHBIX C 3HAHUSAMH B
obmacTy pa3pabOTKH MHTEIUIEKTYaJIbHBIX MH()OPMAMOHHBIX CHCTEM, HCIIOIB3YIOIINX amapaT
MAalLIMHHOTO 00YYeHUsl, KOTOpbIE IMO3BOJISIOT PELIaTh MPAKTHYECKUE 33/1aull aHAJIN3a JaHHbBIX B
HCCIIEIOBAHMSX U OM3HEC-TIPUIIOKEHUSIX

[IpenonaBanne AMCLUMIUIMHBI TPEAYyCMaTPUBAeT Ciexyronme (HOpMbl OpraHu3aLuu
yueOHOro mporecca: JIEKIHH, 1adopaTopHble PadOThI, CAMOCTOSATEbHAs Pad0Ta 00y4aroIIerocs.

IIporpamMmoil AMCUMIUIMHBI TPEIYyCMOTPEHBI CIICAYIOUIME BUABI KOHTPOJS: TEKYLLUMA
KOHTPOIIb YCHIEBAEMOCTH, TIPOMEXYTOUHAs aTTecTanus B QopMe IK3aMeHa.

OOwiasi TPy/I0EMKOCTh OCBOCHHS JAMCIMIUIMHBI COCTaBISET 6 3a4eTHBIX eAuHML, 216
4acoB.

SI3b1K 00yHUEHHS IO TUCIUILTHHE KPYCCKHUIA »

1. TlepedyeHb MIaHUPYEMBIX PE3yJIbTATOB O0YUYEHHS 11O AUCLHUILIHHE
1.1. llenu npemomaBaHus TUCIIMIUTHHBI
IMony4yeHue 0O0yYalOUMMKICA HEOOXOJMMbBIX 3HAHHH, YMCHHH M HAaBBIKOB B 00JacTd
MAaLIMHHOTO O0Y4YeHUs], MOACIUPOBAHUS MPOTPAMMHBIX MOJIEJICH, CO3IaHUE CIIOKHBIX CHCTEM
aHanu3a JaHHbIX.
1.2. ducuuminmHa BXOJMT B  COCTaB  4acTH, (OPMHPYEMOH  y4aCTHHKaMHU
00pa30BaTeNbHBIX OTHOIICHU, 00pa30BaTEILHON MPOTPaMMBI BRICIIEr0 00Opa3oBaHus (nanee —

OI1 BO).

1.3. TlepeueHb IIaHUPYEMBIX PE3YJIBTATOB O0YUYEHUS 110 JUCHHUIUINHE, COOTHECEHHBIX C
IUTAaHUPYEeMBIMH pe3yibTatamu ocBoeHust OI1 BO.

B pesynbraTe M3y4eHHs AWCUMIUIMHBI OOYYalOIIMiics OJDKEH o0jamaTh CIeIyOMINMU
KOMITeTEHIIMSAMH WM UX dacTAIMH. KoMneTeHnny 1 MHIUKAaTOPhI UX JTOCTHKCHUS IPUBEICHBI B

Tadumue 1.
Tabmuna 1 — IlepeyeHb KOMIIETEHIIMI M MHIMKATOPOB UX JOCTIHKCHUS
Kareropus (rpynna) | Kog u Hanmenosanue | Koj n HauMeHOBaHME HHIMKATOpa JOCTH)XCHHS
KOMIIETCHIINH KOMIIETCHINH KOMIETCHIIUH
I1K-1 Cnocoben
A30A6ATEIBATE [1K-1.B.1 BnaneTs HaBBIKAMH TJIAHUPOBAHUS
TpodeccHoHatbHbE E/ICTIZ)I[I/IKI/I HPOEKTHBIX PaboT; HaBBIKAMH BBIOOPA METOJIMK U
< é)MneTeHuym - 111a0JIOHOB BBINIOJIHEHHS aHATUTHYECKHUX padoT;
HaBBIKAMH ITOJITOTOBKH U ITPOBEICHUS
QHAINTHYECKUX
Npe3eHTalnH
pabot
[1K-2 Cnocoben
OCYIIECTBIISATH
HMHTETPaLuIo U [1K-2.3.1 3HaTh OCHOBBI APXUTEKTYPBI,
BHEJIpEHHE YCTPOMCTBO Y MPUHLKITBI (DYHKIIMOHUPOBAHHS
TpodeccHomatbibie pa3paboTaHHOTO BBIYMCIIUTEIBHBIX HHOOPMALMOHHBIX CUCTEM U
« (FMneTeHuym IPOrpaMMHOTO KOMMYHHUKAIIMOHHOTO 000PY/10BaHHS
obecrieueHusl, TIK-2.B.1 BnageTs HaBbIKAMH OIEHKH KaueCcTBa
BBIYNCIUTEIBHBIX pa3padaTbIBaeMBbIX IPOrPAMMHBIX H/HIIH
cHUCTeM, anrnapaTHBIX CPEACTB
KOMMYHHUKAIHOHHOTO
00opyioBaHusI
[IK-5.3.1 3HaTh TEOpETHUECKNE OCHOBBI aHATTN3a
JITAaHHBIX 1 MAIIMHHOTO O0y4YeHUs
I1K-5.3.2 3HaTh NpUHIMIIBI 00Y4EHUS U
MIPUMEHECHHS HEMPOHHBIX ceTei
I1K-5.3.3 3HaTh TEOPETHUYECKHE OCHOBBI U
TTK-5 CoToBHOCTS AITOPUTMBI O0YYEHHS C MOJKPEIUICHUEM
I1K-5.3.4 3HaTh crienuduky paboThl aITOPUTMOB
UCIIONB30BaTh 3HAHUE
OCHOBHBIX METOLOB MAaIIMHHOTO 00y4YeHUs
& [IK-5.VY.1 ymeTb mpUMEHSITh METOABI MALTHHOTO
[IpodeccronanbHble | HCKYCCTBEHHOTO 06V UGHMNSL. TTONFOTABNMBATE JAHHEIC 1
KOMIIETESHIIUH UHTEJUIEKTa B Y - oL A
I — HHTEPIPETUPOBATH PE3yJIbTAThI
bo (bec};HOHaHLHOﬁ [1K-5.Y.2 ymeTh HacTpauBaTh HEOOXOMMOE
ﬂEﬂTeHbHOCTI/I OKpYXXCHHE 1JIsl pabOTHI ¢ HEHPOHHBIMH CETMHU
[1K-5.Y.3 ymeTh BHIOHpATh U PEATH30BHIBATH
ITOPUTMBI 00yYEHHUS C ITOJKPEIUICHUEM C
yueToM creuHKy 3a1a49n
[1K-5.Y.4 ymeTh mpuMeHsITh U 1000yJaTh
npeoOyyYeHHbIC HEHPOHHBIE CETH U3 JIOCTYIHBIX
OubimoTeK




T1K-5.B.1 BiageTs HaBBIKOM OLIEHKH
IIPUMEHUMOCTH aITOPUTMOB, BO3MOXKHBIX
PHCKOB M TOCIECTBUII OMIMOOK, TOUCKA
ONTHUMAJIBHBIX PEIICHUH JUIsl pabounx 3a1a4
TIK-5.B.2 BnageTs HaBBIKOM HCITOIb30BaAHUS
CYLIECTBYIOIIUX MPOTPAMMHBIX OHOIHOTEK U
MOJIeJIeH, CO3JIaHMsI TPOrPAMMHBIX peann3aui
ryOOKHX HEHPOHHBIX CETei, M CeTei Ha OCHOBE
ITOPUTMOB 00YYCHHUSI C MOIKPEIICHUEM

2. Mecro aucuumiunsl B ctpykrype OIT

JlucuuruinHa MokeT 6a3MpOBaThCS HA 3HAHUSIX, paHEe MPUOOPETEHHBIX 00YYAIOIIUMHUCS

IPH U3y4YEHUHU CIEAYIOINX AUCIUIIINH!
— «MaremaTuka;
— «Uudopmarukay;
— «Cucremsl 1udppoBoit 00pabOTKH N300paKEHUI»,

3HaHI/I5{, TMOJYYEHHBIC NPHU HU3YYCHUH MaTepuajia I[aHHOﬁ JUCHUIIMHBI, UMCKOT KakK
CaMOCTOATCJIIBHOC 3HA4Y€HUE, TaK W MOI'YT HCHOJIB30BaThCA IIPpU IIOATIOTOBKa BLIHyCKHOﬁ

KBaJTH()UKAIIMOHHOHN PabOTHI.

3. OOBEM U TPYIOEMKOCTb TUCIUTIIHHBI

Jlanubie 00 00meM 00beMe TUCHUILIMHBI, TPYAOSMKOCTH OTICIbHBIX BHIOB Y4eOHOI
paboThI 10 JUCUHUILIHHE (M pacipe/ieneHne ITON TPYJOEMKOCTH 10 CEMECTPaM) PEACTABICHBI B

Tabmune 2.

Tabnuna 2 — O6beM U TPYAOEMKOCTh JUCLUIIIIHHBI

Pa3zzensl, TEMBI AUCIUIIITHHBL Jletnan | TI3 (C3)) - JIP ‘ KIT ‘ CPC
(gac) (gac) (1ac) (gac) (1ac)
Cewmectp 3
Paznen 1. MckyccTBeHHBIC HEHPOHHBIE CETH B 6 26
MaIlIMHHOM 00y4eHUH
Paznen 2. CeTu mpsIMOTO PacpOCTPAHEHHUS 5 7 40
Pa3znien 3. PekyppeHTHEIe ceTn 3 4 40
Paznen 4. I'eHepaTHBHBIC HEHPOHHEIE CETU 3 6 40
Hroro B cemectpe: 17 17 146
Utoro 17 0 17 0 146

IIpakTuueckas

IIOArOTOBKAa  3aKJIKOYacTCsl B HCIIOCPESACTBEHHOM  BBIITOJIHCHUU

O0y4arOMMHCS  ONPEAENEHHBIX  TPYAOBBIX  (YHKLMH, CBA3aHHBIX ¢  Oy;yuei
po(hecCHOHANIBHOM AESTEILHOCTBIO.

4.2. CopeprkaHue pa3/ieioB U TeM JICKIIHOHHBIX 3aHATHI.
CopnepxaHue paszesioB U TeM JICKIIMOHHBIX 3aHATHI PUBEACHO B Tabmiuie 4.

Tabnuia 4 — Comeprkanue pa3aesioB M TeM JIEKIIMOHHOTO IUKIIA

Howmep paznena

Ha3Banue u conepxanue pazaesioB U TeM JEKIIMOHHBIX 3aHATHA

HCCKyCTBeHHLIe Heﬁponﬂue CeTH B MAIIUHHOM oﬁyqemm
MetemaTnueckue OCHOBBI: JIMHEHHas anreOpa. MaremaTudeckue
OCHOBBI: TeOpHs BeposTHOCTeH. OCHOBBI MAIIMHHOTO OOYUYCHHSI.
Tuner  oOyuenue. OOyuvaromias BbiOOpka. IlepeoOyueHue.
OcHOBBI KOTHUTUBHBIX HayK. WneanbHblil HEUpOoH.
AxruBaionnas Gpyakuust. Bec cBsi3u. Tursl HEHPOHHBIX CETEH.
Ilepuentpon. KommpomuccHelil rpaaneHTHbId ciyck. DyHKIus
ommbku. Ksagparuunas ommubka. Jloructuueckas QyHKuus
omHrOKH. MHOrOCIOMHBIA MEepUEeNnTPOH. AJITOPUTM 0OPaTHOTO
pPaclpOCTPaHCHHUsT OLTHOKH.

CeTH nPSIMOro PacnpoCcTpaHeHust

3amaua KITaCCU(PUKAIHH. Softmax. Kpocc-surpomnusi.
Ceeprounble HeWponHele ceru. Cpeprka. OOmmue Beca.
Krnaccudukauust H300paxeHUi ¢ MOMOIIBI0 HEHPOHHBIX CETEi.
Apxutektypa VGG. Apxurexktypa Resnet, DenseNet.
Moaundukanuu anropuTMa rpagueHTHOrO CIIycKa.
MuepunoHHbIi TPaaeHTHBIN CITyCK. Perynsapuzanus.
OrpaHuMYeHHE BECOB HEHUPOHHBIX CBs3eil Ipu OOydYeHHH.
CTOXacTHYECKMH T'paJMCeHTHBIH CIyCK C IOMOLIBIO MeToxa
Adam. Yolo, RCNN, Fast-RCNN. OGHapyxeHHe O0OBEKTOB.
Mask R-CNN. CermeHTanuusi n300paxeHHH.

TpyaoemKkocTh o
Bun yue6Hoii paboThI Bcero cemMecTpam
Ne3
1 2 3
Oowasn mpyooemkocms OuUCYUnIUHDL, 6/216 6/216
3E/ (4ac)
H3 Hux uacoe npakmuyueckoii R0020MoeKu 17 17
Ayoumopnule 3anamus, BCETO 4ac. 34 34
B TOM YHCIIE:

nekiwmu (J1), (dac) 17 17

npaktiuyeckue/cemunapckue 3austust  (113),

(gac)

naboparopusie padotsl (JIP), (1ac) 17 17

KypcoBoii poekT (padora) (KII, KP), (uac)

JK3aMeH, (Jac) 36 36
Camocmoamenvnas paboma, Bcero (dac) 146 146
Buo npomexcymounoii ammecmayuu: 3a4er,
mudd. 3ager, sx3amen (3auer, dudd. 3au, OK3. OK3.
DK3.*%)

r
IIpumedaHne:  kaHAMIATCKHUIT 9K3aMEH

4. CopnepikaHHe AUCHUIUTHHBI

4.1. Pacnpenenenne TpyJO€MKOCTH AUCIUILTAHEI 110 pa3fesiaM U BUAaM 3aHITHH.

Paznenbl, TeMbl AUCUMIUIMHBI U UX TPYJOEMKOCTb IPUBEACHBI B Tabnuie 3.

Tabnuua 3 — Pa3menst, TeMbl JUCHHUIUIAHBI, HX TPYA0EMKOCTh

PexyppenTHbie HeilipoHHBIE CeTH

Pexyppentabie Heliponubie cetu. [Ipsimoii mpoxoa. O6partHbIit
npoxon. Cers Xondunga. Cerb ¢ JIONTOH-KPaTKOCPOUHOM
mamsITei0. AHanu3 Tekcta. TpaHchopmepbl. AHaIU3 TEKCTa.
I"enepanus nmoanucei K ©300paKCHUSIM.

I'enepaTnBHBIe HeliPOHHBIE CETH
JICKOHBOJIIOITMOHHBIC ~ HEHpPOHHBIE  CETH.  ABTO3HKOJEPHI.
[Mymononasnsitoniue  aBTodHKoAepbl. Apxutektypa U-Net.
Viyumenne nso0paxenuit. Coctsi3aTesibHble HEHPOHHBIE CETH.
BapuanmonHble aBTO’HKOIEPBI.




4.3. Ilpaktnueckue (CEMUHAPCKUE) 3aHATHUSL
TeMbl IPAKTUYECKUX 3aHATHI U UX TPYAOEMKOCTh IPUBEICHBI B TAOIHIIE 5.

Tabmuua 5 — [IpakTHuecKue 3aHATUS U UX TPYJOEMKOCTb

Konrposnbhbie padbotel 3a04anK0B (KP3)

[ToaroroBka K MpOMeEKyTOIHOM
arrecraiuu (ITA)

Bcero: 146 146

5. IlepedyeHb yueOHO-METOANYECKOTO 0OECIICYECHHS
JUTS CAMOCTOSITEIIBHON paboThl 00yUaroNIUXCs 0 JUCIUILTHHE (MOJIYJIIO)
Y4eOHO-MEeTOANIECKHE MATePHUANbl Ui CAMOCTOSITENFHON pabOThl OOYYAOMINXCS YKa3aHbI B
mi. 7-11.

6. IlepedeHb MeYaTHBIX U JIEKTPOHHBIX YYEOHBIX U3aHUM
[lepeueHp neyaTHBIX M AIEKTPOHHBIX YYECOHBIX U3aHUN IPUBEACH B Tabuuie 8.
Tabnuia 8— [lepeueHpb MEYATHBIX M JICKTPOHHBIX yUeOHBIX H3IaHUI

KommgectBo
9K3EMILBIPOB B
Uﬁﬂf p/e c Bubnuorpadpudeckas ccpuika OGUOIHOTEKE
o (KpOMe 3IIEKTPOHHBIX
9K3EMIULIPOB)

https://www.deeplearningbook.org/ | Goodfellow I, Bengio Y., Courville A.
Deep learning. Cambridge,
Massachusetts, U.S.: MIT Press, 2016.
800 p.

W3 Hux Ne
Ne | Temsl npaktuueckux | dopmel npakTuueckux | TpyAOeMKOCTb, |MpaKTUYECKOH |pasaena
n/n 3aHATHI 3aHATHH (qac) MOJITOTOBKH, | TUCIIUATT
(gac) JIMHBI
Y4eOHBIM IJTAaHOM HE NPEYCMOTPEHO
| |
Bcero
4.4. JlaGopaTopHble 3aHATHS
TeMbl 1a0OpaTOPHBIX 3aHATHH U UX TPYI0EMKOCTh NIPUBEICHBI B TA0IHIIE 6.
Tabauua 6 — JlabopaTopHbIe 3aHATUS U UX TPYIOEMKOCTh
U3 Hux Ne
Ne HawnmeHoBanue 1a00paTOpHBIX padboT TpynoemKocTs, | npakTHieckoii | pasnena
o/ (gac) MOATOTOBKH, | IMCIHUII
(uac) JIMHBI
Cemectp 3
1 | MoznenupoBanue GHOIOrHUECKUX HEHPOHHBIX 6 2
ceTell 3pUTENIbHOTO BOCIPUSTHS
2 | O6yueHue riayOoKoit HEHPOHHOM ceTH s 5 2
paciio3HaBaHus M300paKeHHH
3 | MogenupoBaHue peKyppEeHTHONH HEHPOHHOMH 3 3
cetu
4 | MoaenupoBaH#e reHepaTUBHON 3 4
coCTs3aTeNIbHOM HEMPOHHOM ceTn
Bcero 17

7. TlepedeHb 3IEKTPOHHBIX 00pa30BaTEIbHBIX PECYPCOB
HH()OPMAIMOHHO-TEICKOMMYHHUKAIIMOHHON ceTH «VIHTepHeT»
[epeuenn INIEKTPOHHBIX 00pa3oBaTenbHbIX pecypcoB nH(OpMaMOHHO-
TEJIEKOMMYHHUKAIMOHHOH ceTn «MHTepHeT», HEoOXOMMUMBIX JUIS OCBOCHHS JHCLUILIMHBI
npuBeieH B Tabmuie 9.

4.5. KypcoBoe IpOeKTHPOBaHHE/ BBIIOIHEHUE KyPCOBOil pabOThI

Y4eOHbIM MIaHOM HE MPEyCMOTPEHO

4.6. CamocTrosTenbHast paboTa 00y4arOIIIXCst
Buzpl camocTosTenbHOM paboThl U €e TPYA0EMKOCTh NPUBEICHBI B TA0IHILIE 7.

Tabnuia 7 — Buasl caMoCTOSTENBbHON pabOThI M €€ TPYJO0eMKOCTh

. Bceero, | Cemectp 3,
Bupn camocrositensHON paboTh
qac qyac
1 2 3

HM3yuenue TeopeTHiecKoro MaTepuaia

70 70
quctuuinael (TO)
Kypcosoe npoexruposanue (KII, KP)
Pacuerno-rpaguueckue 3ananus (PI'3)
Beinonnenue pedepara (P)
IToaroroBka K TeKylieMy KOHTPOIIIO 70 70
ycneBaemocts (TKY)
Jomaninee 3ananue (J13)

Tabmuma 9 — IlepeueHb 3JIEKTPOHHBIX O00OpPA30BATENbHBIX PECYpPCOB HMH(POPMAIMOHHO-
TEJICKOMMYHHKAMOHHO# cetn «HTepHeT
URL agpec HanmenoBanue

8. Tlepedyenb nHPOPMALIMOHHBIX TEXHOJIOTHIT
8.1. IlepedeHp MPOrpaMMHOTO OOECIIEYEHHs, MHCIIOJIB3YEMOr0 MpPU OCYIIECTBICHUU
00pa30BaTeIBHOrO MPOIIECCa MO TUCLMILTHHE.
IepeueHsb MCIONB3YEMOro NPOrpaMMHOro obecreueHus npeacTasieH B Tabauue 10.

Tabmnuua 10— [lepeuenp nporpaMMHOro obecrieueHus

Ne /it HaumeHnoBanue

s3Ik porpamMmupoBanus Python

8.2. Ilepeuenn MH(POPMALMOHHO-CIIPABOYHBIX
OCYIIECTBIICHHN 00Pa30BaTEILHOTO MpoLecca 110 JUCIUILUINHE

Ilepeuenp ucnonb3yeMblX HH()OPMALMOHHO-CIPABOYHBIX CHCTEM IIPEACTABICH B
Tabmuue 11.

CHUCTEM,UCIIOJIB3YyEMBIX npu

Tabauua 11— Ilepeuenb HHGOPMALIMOHHO-CIIPABOYHBIX CHUCTEM

Ne /it HaumenoBanue

He npeaycmotpeno




9. MarepuanbHO-TeXHUYECKas 0a3a
CocTaB  MarepHalbHO-TEXHHYECKOH  0a3bl, HEOOXOIMMOM I  OCYILIECTBICHUS
00pa30BaTeIbHOrO MpoIiecca Mo JUCLHILTHHE, IPEACTaBIeH B Tabnuuel2.

Tabmuna 12 — CocraB MaTepuaIbHO-TEXHUYECKOW 0a3bl

OrieHKa KOMIIETEHIN

XapakTteprcTiKa c(hOpMHPOBAHHBIX KOMIIETCHIIVI
5-Ga/uTbHas IKaIa paKTep bopmp

— 3aTpyAHsieTcs B ()OpMYJIHMPOBAHUU BBIBOZOB U 0000IIEHUIA;
— YaCTUYHO BJIaJIEET CUCTEMOMH ClelUaIU3UPOBAHHbBIX OHSITHA.

Ne HaumeHoBaHHe cOCTaBHOW YacTu Howmep ayauropuun
/o MaTepUalibHO-TEXHUIECKOW 0a3bI (TIpr HEOOXOIUMOCTH )

JleximonHast aytuTOpHs

— 00y4JaromMiiCsT HE YCBOWI 3HAYNTEIBHONW YaCTH MPOTPAMMHOIO
Marepuana;

— JIOIyCKaeT  CyLIECTBEHHbIC  OMIMOKM W  HETOYHOCTH  IIPU
paccMOTpeHHH MPOGIIeM B KOHKPETHOM HAIPaBICHHH;

— HCTIBITHIBACT TPYJHOCTH B IPAKTHYECKOM MPUMEHEHUH 3HAHHH;

— HE MOXKET apryMEHTHPOBATh HayYHbIE MTOJIOKCHIS;

— He (OpMyIIHpPYET BEIBOAOB U 0000IICHHH.

«HEYIOBJICTBOPHUTEIIEHOY
«HE 324TCHO»

2 | KomnbroTepHslii ki1acc

10. OueHoYHBIE CpeaCTBA VIS IPOBEICHUS IPOMEKYTOUHON aTTECTALNH
10.1. CocTaB OIICHOYHBIX CPENCTBAJIS MPOBEACHUS IPOMEXKYTOYHOH AaTTeCTaluu
oOy4aronmxcs o JUCHUIUIMHE NPUBEIeH B Taduie 13.
Ta6nuia 13 — CoctaB OLIEHOYHBIX CPEJCTB ISl TPOBEACHHUS TPOMEKYTOUHOMN aTTECTAIMN

10.3. TumoBble KOHTPOJILHBIE 33aHUS UM UHBIE MaTepHabl.
Bormpocs! (3aaun) a1t 3K3aMeHa NpeJcTaBieHsl B Tabuune 15.

Tabmuma 15 — Borpocs! (3aaun) aist 9K3aMeHa

Bun HpOMC}I(yTO‘IHOﬁ aTréCTalun HepequL OLICHOYHBIX CPECACTB

DK3aMeH Crucok BOIIPOCOB K 9K3aMCHY

10.2. B kadecTBe KpHUTEPHUECB OICHKK YPOBHS C(HOPMUPOBAHHOCTH (OCBOCHHS)
KOMITETCHIIMH OOYYaIOIIMMHUCS TIPUMEHSIETCS S5-0ajuibHasl IIKala OLEHKH C(HOPMHUPOBAHHOCTH
KOMITETEHIINH, KOTOpas pHuBeAeHa B Tabnuie 14. B TeyeHne cemecTpa MOXKET HCIIOIb30BATHCS
100-0aybHast — mKajma — MOIYJIBHO-DEHTHHIOBOW  CHCTEMbl  YHHMBEPCHUTETa,  MpaBHia
WCIIOJIB30BAaHKS KOTOPOI, YCTaHOBJIEHBI COOTBETCTBYIOLINM JIOKAIBHBIM HOPMAaTHBHBIM aKTOM
I'YAIL
Tabnuua 14 —Kpurepun oneHKH YpOBHsI C)OPMHUPOBAHHOCTH KOMIIETSHIMI

OrieHKa KOMIIETEHLIMN X .
S Gabras kana apaKTepHCTHKa CHOPMHUPOBAHHBIX KOMITCTCHIIHI

— o0yyaronuiicsi Tay0OKO M BCECTOPOHHE YCBOWIJI MPOrpaMMHBIi
MarepHa;
— YBEPEHHO, JIOTHYHO, TIOCIIEI0BATEIBHO U IPAMOTHO €r0 H3JIaraer;

COTIHOY — ONMpPAsCh Ha 3HAHMS OCHOBHOM M JONOJHUTEIBEHON JIATEPATYPEL,

GAUTCHOY TECHO TPHBSI3HIBACT YCBOCHHbBIC HAYYHBIC MOJOKEHHS C MPAKTHYCCKOM
JIeSITENIbHOCTBIO HAIPaBIICHUS;
— yMeJ0 000CHOBBIBAET U aPTYMEHTHPYET BBIIBUTAEMbIC UM UJICH;
— JIEJIaeT BLIBOJILI U 0000IIEHNS;
— CBODOOJIHO BJIAJICET CUCTEMOI CIEIHATM3UPOBAHHBIX TIOHSTHIA.
— obyuaromiuiicss TBEpO YCBOMJI MPOrPaMMHBIIl MaTtepuall, rpaMOTHO U
0 CyWIECTBY M3/araeT ero, ONHPasch Ha 3HaHUS OCHOBHOM
JIATEPATYPBI;

«XOpOTIION — HE JIOMYCKACT CYIIECTBEHHBIX HETOUYHOCTEIH; 3
— yBS3BIBAET YCBOCHHBIC 3HAHUS C MPAKTHYECKOH JESTEIbHOCTHIO

«3AYTCHO»
HAIpaBIICHUS,
— apryMEHTUPYET Hay4HbIC MTOJI0XKCHHS;
— JIeJIaeT BBIBOJIbI U 0000IICHNS;
— BJIQJICET CUCTEMOM CIICLIMaIM3UPOBAHHBIX MOHATHH.
— 00y4aroLHMIACS YCBOWJI TOJILKO OCHOBHOM MPOrpaMMHbIII MaTepuar,
[0 CYLIECTBY H3JIaraeT ero, OMMpasch Ha 3HAHHUS TOJIBKO OCHOBHOI
JTUTEPATYPBI;

«yZIOBJICTBOPHUTEIIEHOY .

GAUTOHOY — JIOIYCKaeT HeCYIIECTBEHHbIC OIMOKN 1 HETOYHOCTH; )
— WCOBITBIBACT 3aTPYIAHCHHS B MPAKTHYECKOM HPHUMEHCHHUH 3HAHUIA
HaIpaBJICHUS,
— c11ab0 apryMEeHTHPYET HAYYHBIE MTOJIOKEHHS;

Kon
Ne n/mt Ilepeyens Bonpocos (3a7au) 1UIs SK3aMeHa e

1 OcHOBBI MalMHHOTO 00yueHust. Tursl oOy4eHue. IK-1.B.1
Oo6yuatomas Beibopka. IlepeoOyuenue.

2 WneanbHblit HelipoH. AKTHBaLMOHHAsE QyHKIHMs. Bec cBs3u. T1K-2.3.1
Turnel HEHPOHHBIX CETEH

3 [lepuenTpoH. IK-2.B.1

4 KomnpomuccHbIN TpalueHTHBINA CIYCK. [IK-5.3.1

5 Oyukuwms omnbdku. Kpagparnynas oummbka.Jloructuueckas TIK-5.3.2
yHKIMS OMHMOKY.

6 3anava knaccudukaimu. Softmax. Kpocc-anTponus. I1K-5.3.3

7 Caeprounble HelipoHHbIe ceTh. CBepTka. O0mMe Beca. M1K-5.3.4

8 Knaccudukarms n300pakeHuii ¢ MOMOLIBbI0 HEHPOHHBIX MK-5.Y.1
CceTen.

9 Apxutekrypa VGG K-5.¥.2

10 Apxurektypa Resnet, DenseNet IK-5.Y.3

11 Moauukanuy anropuT™Ma rpaJiieHTHOTO CIyCKa. [IK-5.Y .4
VHeplnOHHBIA I'PaIMEHTHBIN CITYCK.

12 Perynspusanus. Orpannuenue BecoB HeHpoHHbIX cBs3eit mpu | [1IK-5.B.1
00yYCHHUH.

13 CToXacTHYECKUI TPpaAHEeHTHBIN CITyCK ¢ TIOMOIIBIO METO1a T1IK-5.B.2
Adam

14 Certs Yolo

15 Cetb RCNN, Fast-RCNN, Faster-R-CNN. O6napy:xenune
00BEKTOB

16 Cermenraius n3o0paxenuit.Mask R-CNN.

17 PexyppentHbie HelipoHHbIe ceTH. [Ipsimoii mpoxoa. O6paTHbIit
IPOXOJI.

18 Cerp Xonduina.

19 CerTb ¢ 101T0i-KpaTKOCPOYHOMN MaMSTBIO.

20 AHanu3 TEKCTa ¢ IOMOUIbIO PEKYPPEHTHBIX CETEH.

21 Tpanchopmepbl. AHAIN3 TEKCTA.

22 ['eHepanus moaMKCeH K M300PaXKESHHUSIM.

23 J1eKOHBOIONIMOHHBIE HEHPOHHBIE CETH.

24 ABTOHKOJIEPBL.

25 [IymMonoaaBisiionye aBTO9HKOAEPHI.

26 Apxurekrypa U-Net. Yiryumenne n3o0paxeHuH.




27 CocTsi3aTenpHble HEHPOHHbBIE CETH

28 BapuannonHbIe aBTOYHKOEPHI

Bormpocs! (3anaun) st 3auera / nud¢. 3auera npencrapieHsl B Tabnune 16.
Tabauua 16 — Bonpocs! (3amaun) st 3auera / qudd. 3auera

Kox

Ne i/ Iepeuens Bonpocos (3a1ay) ais 3a4yera / qudd. 3auera
P P (3ana4) 1 nhd HHIMKATOpa

Y4eOHBIM IIAHOM HE IPEAYCMOTPEHO

Ilepeuenr TeM st KypCOBOTO IPOEKTHPOBAHMS/BBIIOIHEHHS KypCOBOH pPadOThI
IpeJIcTaBIeHb! B Taduue 17.
Ta6nuua 17 — [lepeuens TeM Uit KYPCOBOTO MPOSKTHPOBAHUS/BBIIIOIHEHHUS KYPCOBOH paboThI

No /it IprMepHBIii IepedeHb TeM ISl KyPCOBOTO IPOSKTHPOBAHMUS/ BBITIOTHECHHUS
B KypCOBOM paboThI

VYueOGHBIM IUIaHOM HE NPEeyCMOTPEHO

Bonpocsl Ui mpoBeleHHs MPOMEKYTOYHOW aTTECTAllMd B BHAE TECTUPOBAHUS
npezacTaBieHbl B Tabuie 18.

Tabauua 18 — IIpumepHslii nepeyeHb BONPOCOB JIJIsl TECTOB

Kopx

Ne ri/n [IpuMepHBIii IepedeHb BOIIPOCOB ISl TECTOB
HWHJUKAaTopa

IlepeueHb TeM KOHTPOJBHBIX PabOT MO AMCIMIUIMHE OOYYArOIIMXCS 3a0YHON (HOPMBI
00y4eHus, Ipe/ICTaBIeHb! B Tabuume 19.

Tabnuua 19 — [lepeueHb KOHTPOIBHBIX PadOT

Ne i/ [lepeueHb KOHTPOJIBHBIX PAdOT

He npenycmotpeHo

10.4. Meronnueckue  MarepHuajbl,  ONpPEACISAIOIIME  MIPOLEAYpbl  OLECHHBAHUS
WH/IMKaTOpPOB, XapaKTEPHU3YIOLIMX OTambl (OPMUPOBAaHMS KOMIICTCHIMH, COJEpKarcs B
JIOKAJIbHBIX HOPMAaTHBHBIX akTax [ YAII, permaMeHTHPYIOIMX TOPSIOK H MPOLEeIypy
MPOBEJICHUSI TEKYILEro KOHTPOJIS YCIIEBAEMOCTH U MPOMEXKYTOYHON aTTECTALMU 00Y4YaronXCs
I'YAIL

11. Meroauueckue yka3zaHus i 00y4aroUMXCsl 0 OCBOCHUIO TUCLIUILIHHBI

11.1. Meroguueckue yKaszaHusi sl OOy4YarOUIMXCS MO OCBOCHHIO JIEKIIHOHHOTO
MaTepuana

OCHOBHOE Ha3HAUEHHE JICKIIMOHHOTO MaTepHana — JIOTUYECKH CTPOMHOE, CHCTEMHOE,
riy0OKOe W SICHOE HW3IIOKeHHEe yueOHOro marepmana. HasHaueHue COBPEMEHHOH ICKIMH B
paMKax AMCLMIUIMHBI HE B TOM, YTOOBI HOJIyYUTh BCIO MH(OPMALHMIO [0 TEME, a B OCBOCHHHU
(yHIaMECHTABHBIX MPOOJIEM JIUCHUIUIMHBL, METOJOB HAYYHOTO TIO3HAHUS, HOBEHIIHNX
JOCTHKEHHI HAay4HOW MBbICIU. B yueOHOM mporecce JIEKIHs BBIIOIHIET METOI0I0THYECKYHO,
OpraHU3alMOHHYI0 U MH(GOPMAIMOHHYI0 (YHKIMHU. JIeKIus pacKkpbIBaeT MOHATHHHBIN anmapat
KOHKpETHOW 00nacTé 3HaHWs, €€ MpOoOJIEeMBl, JaeT IMEeIbHOE MPEICTaBICHHE O IMCIUILINHE,
MOKAa3bIBACT B3aUMOCBSI3b C JPYTHMHU TUCLUITMHAMU.

IlnanupyemMble pe3yIbTaThl IPYU OCBOSHHUH 00YYAIIUMUCS JCKIIMOHHOIO MaTepHraa:

— TOJyYCHHE COBPEMEHHBIX, LEJOCTHBIX, B3aUMOCBS3aHHBIX 3HAaHHH, YpPOBEHb
KOTOPBIX OIpEIesieTCs IeJIeBO YCTAHOBKOM K Ka)KI0H KOHKPETHOH TeMe;

— MOJIyYeHHE OIbITAa TBOPUECKOI PabOThl COBMECTHO C MPEIOAaBaTeieM;

— pasBuTHE NOPO(ECCHOHANTBHO-ICIOBBIX  KayecTB, JIIOOBH K  MNPEAMETY |
CaMOCTOSTEILHOTO TBOPYECKOTO MBIIILICHHSI.

— TOsBJICHHE HEOOXOJMMOI0 HHTEpeca, HEOOXO0AUMOTO JJIsl CAMOCTOSTENILHOM PaboThI;

— T[OJyYeHHE 3HAHUI O COBPEMEHHOM YypPOBHE pa3BHTHS HAyKd M TEXHHKH U O
MPOrHO3€ WX Pa3BUTHS Ha OJKAMIINE TOIbI;

— Hay4YHTHCSl METOAMYECKH 00pabarhiBaTh Marepual (BbLICIATH TJIABHBIE MBICIH U
MOJIOXKEHHs, TPUXOJUTh K KOHKPETHBIM BBIBOJIAM, MOBTOPATH HMX B  Pa3IMYHBIX
(opmynupoBkax);

— MOJIyYeHHE TOYHOTO MOHMMAHHUS BCEX HEOOXOAMMBIX TEPMUHOB U ITOHSTHIA.

JlexMOHHBI MaTepuad MOXET CONPOBOXKAATHCS JIEMOHCTpaled ClaioB U
HCIIONIb30BAHUEM PA3JaTOYHOr0 MarepHana [pd TMPOBEACHHH KOPOTKHX AHUCKYyCCHH 00
0COOEHHOCTSIX MPUMEHEHHSI OT/ACIbHBIX TEMATHK T10 JUCIHIUIAHE.

CTpyKTypa IpeI0oCcTaBACHHS JICKIIMOHHOTO MaTepraia:

— Onucanue npoOembl, LEH;

— Maremarn4eckoe OIMMCcaHHe METOIOB;

—  PesynbTathl, 0OIy4YCHHBIC P HCIIOIb30BAHUN PACCMOTPEHHBIX METO/IOB;

— BreBogsI.

11.2. Meroauueckie ykasaHus Uil OOy4YarOIUMXCs [0 BBIMOJHEHUIO J1a00PaTOPHBIX
pabot

B xone BbINONHEHHS 1a0OpaTOpHBIX pabOT oOydYaromuiics [OODKeH YIIyOuTb W
3aKpeNuTh 3HAHUS, MPAKTHYECKHE HABBIKH, OBJAIETh COBPEMEHHONW METOMMKOH M TEXHHKOM
9KCIIEPHMEHTAa B COOTBETCTBHH C KBAaIU()UKAIMOHHOW XapaKTEPHCTHKONW OOYYaroIIerocs.
BrinosnHeHne 1a00paTOpHBIX PaboT COCTOMT M3 IKCHEPHMEHTAIBHO-IPAKTUYECKOM, pacueTHO-
AHAINTHYECKON YacTeil U KOHTPOJIbHBIX MEPOIPHUSITHH.

BeinonHenue 1a00paTOpHBIX PabOT 00ydArOMIMMCS SIBISIETCS HEOThEMIICMOW YacCThiO
W3y4eHUS] JUCUMIUIMHBI, ONpEJeIsIeMOd yd4eOHbIM ITAHOM, W OTHOCHTCS K CpEICTBaM,
00€CIIeUNBAIOIINM PELICHHE CIISTYIONMX OCHOBHBIX 33124 00y4aloIerocs:

— npuoOpeTeHHe HAaBBIKOB HCCJICIOBAaHMS IIPOLIECCOB, SBICHUA U  OOBEKTOB,
M3y4YaeMBbIX B pAMKaX JaHHON AUCIHILIAHBL,

— 3aKpeIUieHHe, Pa3BUTHE W ACTAM3ALHMS TCOPETUYCCKHX 3HAHWM, MONYYCHHBIX HA
JIEKIHSIX;

— MOIydYeHHE HOBOW MH(POPMALH 10 H3yYaeMON AUCIUILINHE;

— npuoOpeTeHHe  HABBIKOB  CAMOCTOSATENBHON  paboTel ¢ J1a0OpaTOpHBIM
obopysoBaHUEM 1 IPUOOpPaMHU.

3ananue U TpeOOBaHMUS K MPOBECHUIO Ta00PATOPHBIX PabOT
3amanue (0011as CTPYKTYpa):

1. H3yunuTh TEOPETHYECKYIO YacThb PaOOTHI (TOMOIHUTENBHBIH MaTepHall HE SBIACTCS
00s13aTEIBHBIM).

2. C mnomomu Oubimuoreku pytorch peann3oBaTh HpsIMOH WM OOpaTHBI MPOXOJ
HEHPOHHOU CeTH 3aJaHHOM apXUTEKTYPBI

3. TlpoBectu uccienoBaHuie pa3padOTaHHON apXUTEKTYPbI

4. Hamucats oTuet

11.3. Meroauueckue yka3aHust st 00y4arouXcs M0 MPOX0XKICHUIO CaMOCTOSTEIbHOM
paboTel

B Xx0/¢ BBIMOIHEHUS] CAMOCTOSTEIBHON Pa0OOThHI, OOYUYArOIIUICS BBIMONHSICT PaboOTy IO
3a/IaHUI0 M [IPH METOJMYECKOM PYKOBOJCTBE MpPENojaBatesis, HO 6e3 ero HenocpeiCTBEHHOro
yuyacTHsi.



Jns obyuaromuxcs 1o 3a04HOH (opMe OOydeHHs, CaMOCTOATENIbHAas paboTa MOXKET
BKJIFOUATh B ce0si KOHTPOIBHYIO paboTy.

B mpouecce BBIIOJIHCHUS CaMOCTOSTENBHOI padoThl, y obydaromerocs: GopmMupyercs
Ie1ecoo0pa3Hoe IUIAHUPOBAHKHE pabouero BPEMEHHU, KOTOPOE IIO3BOJIECT MM Pa3BUBATh yMEHHS
U HaBBIKM B YCBOGHHM M CHCTEMATH3alMU MPUOOPETaeMbIX 3HAHUH, 0OECreyMBaeT BBICOKHUIA
YPOBCHb YCIIEBAEMOCTH B MEPUON OOYdYCHHs, IIOMOTaeT IIOJyYHTb HABBIKH IIOBBIIICHHS
poQeCCHOHATBHOTO YPOBHSI.

MeroanueckuMU  MaTepualaMH, — HAmpapiIOIMMH  CaMOCTOSITENIbHYIO — paboTy
00y4aIoNUXCA SIBISIOTCS:

—  y4e0HO-METOANYECKUIl MaTepHal 0 AUCLHILIHHE;

— METOJUYECKHE YKa3aHHs 10 BBIIOJHEHHUIO KOHTPOJIBHBIX PadoT (U1 00yYaromuxcst
10 3204HOM opme 00yueHus).

11.4. Meroauyeckue ykazaHus Juisi OOy4aroUIMXCsS IO IPOXOXKACHHIO TEKYIIEro
KOHTPOJISl yCHIEBAEMOCTH.

Texyuii KOHTPOJIb YCHEBAEMOCTH MpPEIyCMaTpUBAeT KOHTPOJb KauecTBa 3HAHUU
oOyJarommxcs, OCyIIECTBIIIEMOr0 B TEUCHNE CEMECTpa C IEIbI0 OLCHUBAHUS XO/a OCBOCHUS
JIMCUUIUIMHBL. KOHTpONB BBIMONHSETCS NP 3alMTe OTYETOB IO Ja0OpaTOpHBIM paboTam.
VYcnenHoe nNpoxox/ieHHE TEKYIIEro KOHTPOJIST MOXKET CIIY>KUTh OCHOBAHUEM ISl BEICTABIICHUS
OTJIIMYHOM OLICHKH IIPH IPOMEKYTOYHOH aTTeCTally.

11.5. Meroauueckue ykasaHusi A oOyqarolMXcsl MO MPOXOXKICHHIO MPOMEXYTOUHON
aTTeCTalUH.

IIpomexyTouHast ~ arTecTalus  OOy4YalONIIMXCA — NPEAyCMaTpUBAcT  OLIEHHMBAHHUE
MIPOMEXYTOUYHBIX U OKOHYATEIbHbIX PE3yJbTaTOB 00y4YeHHs IO AucuuILiHe. OHa BKJIIOYAeT B
celst:

— D9K3aMeH — (opMa OLCHKM 3HAaHWH, INONYYEHHBIX OOydaromuMcs B IIpolecce
U3y4YCHHS BCEl NUCHMIUIMHBL MM €€ YacTH, HABBIKOB CAMOCTOSTENbHOU PabOThI, CIIOCOOHOCTU
MPUMEHATh MX ISl PEIeHUs NPAKTHYECKMX 3a1ad. DK3aMeH, KaK IPaBUIO, HMPOBOAUTCS B
MEepPHOJ DK3aMECHAIMOHHOW CECCHH M 3aBEpIIAeTCS AaTTECTAMOHHOW OHEHKOW «OTIMYHO,
«XOPOLIOY», KYAOBIETBOPUTEILHOY, KHEYAOBIETBOPHTEILHON.

JIuct BHeceHUs U3MEHEHUH B pabouylo MPOrpaMMy JHCIUILIMHBL

JlaTa BHECEeHUS
HU3MEHEHH U
JIOTIOJIHEHUH.

ITonmuces BHECTIETO
HM3MCHCHHUS

ConeprxaHne U3MEHEHHU U TOMOIHEHUH

JaTa u Ne

MPOTOKOITA
3acejaHus
Kagenpsl

IToamuce
3aB.
kageapoit




