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AHHOTaNINA

Hucuummuaa «VCcKycCTBEHHBIE HEHPOHHBIE CETH» BXOJUT B  00pa30BaTEIbHYIO
IPOrpaMMy BBICILIErO 00pa30BaHus — MPOrpaMMy MarucTpaTyphl MO HAIIPaBJICHUIO MOATOTOBKU/
CIIELUAIILHOCTH 09.04.01 «Mupopmaruka u BBIYMCIIUTEIIbHAS TEXHUKD)
HanpaBlieHHOCTH/crienuanu3aun  «Bcrpoennble  cucreMbl  00paboTKM  MHQOpMALMM U
ynpasinenusi (Embedded Systems)». Jlucuunnnna peanusyetcs kadeapoit «Neldy.

JlucuuniuHa HauejaeHa Ha GOpMHUPOBAHKE Y BBITYCKHUKA CIEIYIOINX KOMIETSHIIHNA:

[TK-1 «CniocoGeH pa3pabaTbiBaTh METOAMKH BBHITIOTHEHUS aHATUTUIECKUX paboT»

I[IK-2 «CnocoGeH OCyHIeCTBISITh HMHTETPAIlMI0O M BHEAPEHHE Ppa3pabOTaHHOTO
IPOTPAMMHOTO 00eCTIeUeHHs], BBIUMCIUTEIBHBIX CUCTEM, KOMMYHHKAIIHOHHOTO 000PYAOBaHUS»

[IK-5 «I'0TOBHOCTH UCHOJB30BaTh 3HAHME OCHOBHBIX METOJOB HMCKYCCTBEHHOI'O
MHTEJUIEKTA B IOCIIEAYIOMIEeH TpOoQecCHOHATBHON AesITETbHOCTI

Copep:xaHue IUCUUIUIMHBI OXBaThIBA€T KPYT BOIIPOCOB, CBSI3AHHBIX C 3HAHUSIMH B
o0acTi pa3pabOTKU WHTEIUIEKTYaJbHBIX WH(POPMALMOHHBIX CUCTEM, MCHOJB3YIOIIUX armapar
MAIIMHHOTO 00y4YeHHs, KOTOpbIE MO3BOJIAIOT pellaTh MPaKTHYECKHE 3a/1a4ll aHaIu3a JaHHbIX B
UCCJIEIOBAHMSIX U OU3HEC-TTPUIIOKEHUIX

[IpenogaBanue AMCHUIUIMHBI MpeAycMaTpUBaeT ciexyrompe ¢GopMbl OpraHu3aluu
y4e0HOT0 MpoIiecca: JICKIHH, 1a00paTopHbIe paboThI, CAMOCTOSITENbHAS pad0Ta 00YyJarOIIErocs.

[IporpaMMoii IUCHUIUIMHBI TPETYyCMOTPEHBbI CIEAYIOIIUE BUABI KOHTPOJS: TEKYIIMA
KOHTPOJIb YCIIEBAEMOCTH, POMEXKYTOUHAS aTTecTanus B hopme sk3amena (3 cemectp).

OO6miasi TpyA0EMKOCTh OCBOEHHS JUCUHUIUIMHBI COCTaBISeT 6 3a4eTHBIX eauHul, 216
4acoB.

S3bIK 00yUeHus O JUCIUILTUHE «aHTJIUHACKUI»

1. TlepeuyeHs miaHUPyEMBIX pe3yIbTaTOB O0YUEHHUS MO TUCIUIUINHE
1.1. Ilenu npenogaBaHus JUCHUTLITAHBI
[Toryuyenue oOydaromuMucs HEOOXOAMMBIX 3HAHWN, YMEHHM U HaBBIKOB B 00JacTu
MalIMHHOTO OOYYEHHUS, MOJCITHPOBAHUS MPOTPAMMHBIX MOJIENICH, CO3/IaHUE CIIOXKHBIX CHCTEM

aHaJIM3a JaHHBIX.

1.2. JlucuuruiiHa  BXOAWT B
o0pa3oBaTeNbHbIX OTHOIICHUN, 00pa30BaTeNIbHOM MporpamMmbl BhICIIEro 0O0pa3oBaHus (najiee —

OI1 BO).

cocTtaB  4YacTH, (opMuUpyeMOH  y4JaCTHUKaMHU

1.3. TlepedeHp mIaHUPyEMBIX pe3yIbTATOB OOYUYEHUS 110 TUCIUILUINHE, COOTHECEHHBIX C
IUIaHUpYEeMbIMU pe3yiabTaramMu ocBoeHus OI1 BO.

B pesynbrare m3yueHHs TUCHUIUIMHBI OOyYaroONIMiCs OJDKEH 00NafaTh CIeayIOIIUMH
KOMIIETEHIIMSIMH HIIM UX YacTAMHU. KOMIeTeHIIMN U UHIUKATOPbI UX JOCTHXKEHHs IPUBEICHbI B

Tabymmme 1.

Tabnuna 1 — [lepeueHp KOMIETEHIMH U UHAUKATOPOB UX JIOCTHKEHUS

Kareropus (rpymnmna)

Ko n nHaumenoBaunue

KOII U HAMMCHOBAHUC MHAUKATOpPA JOCTHIKCHUS

KOMIIETEHIIUH KOMIIETEHIIH KOMIIETEHIIUU
IIK-1 Criocoben
A3DAGATLIBATE [T1K-1.B.1 BnageThs HaBbIKaMU IIJIAHUPOBAHUS
TTpodeccHoHaTbHbIE f/[eTIZ)IlI/IKI/I IIPOEKTHBIX pabOT; HABBIKAMU BHIOOPA METOJIUK U
K(?MHGTGHI_II/II/I BELIOHEHI 111a0JIOHOB BBITOJIHEHHS aHAIMTHYECKUX PadoT;
HaBbIKaMU MOJrOTOBKU U MPOBEACHUS
aQHAJIMTUYECKUX
IIpEe3eHTaLIH
pabor
[1K-2 Cniocoben
OCYILIECTBIIATh
UHTErpanuio u -2.3.1 3HaTb OCHOBBI APXUTEKTYPHI
[IK-2.3.1 YPpBI,
BHEJIpEHHE YCTPOMCTBO ¥ NMPUHLHUIIBI ()YHKIIMOHUPOBAHUS
pa3paboTaHHOTO BBIYUCIIUTENILHBIX HH()OPMAIIMOHHBIX CUCTEM H
IIpodeccuonanbHble
KOMIIETEHIIHH IIPOrpaMMHOTO KOMMYHHUKAI[HIOHHOT'O 000PYA0BaHUs
obecreueHus, IIK-2.B.1 B1agets HaBBIKAMHU OIIEHKH KauecTBa
BBIYHMCIIUTEIBHBIX pa3pabaTbIBaéMbIX IPOTPAMMHBIX U/HUIIH
CHUCTEM, anmnapaTHBIX CPECTB
KOMMYHMKAIIMOHHOTO
00opy1I0BaHUS
I1IK-5.3.1 3HaTh TeOpeTNYECKHE OCHOBBI aHAJIN3A
JAHHBIX U MAIMHHOTO O0y4YeHUs
I1K-5.3.2 3HaTh NPUHIUIBI 00Y4YEHUS U
IIPUMEHEHHUsI HEUPOHHBIX CETEN
I1K-5.3.3 3HaTh TeOpeTU4YECKHE OCHOBBI
QJITOPUTMBI 00YUYEHHUS C TIOJIKPEIICHUEM
IIK-5 I'oTroBHOCTB
I1K-5.3.4 3Hatb cneunduky paboTsl aIrOPUTMOB
HCIIOJIb30BaTh 3HaHUE
OCHOBHBIX METOIOB MAITMHHOTO 00y4YeHUs
IIK-5.Y.1 yMeTp NpUMEHATh METO/IbI MALLTUHHOTO
[IpodeccuonanbHbie | HCKYCCTBEHHOTO
KOMITETEHIIHH HHTEIEKTa B o0Oy4deHus1, HOArOTaBINBaTh JaHHbIE U
S — UHTEPIPETUPOBATH PE3YIbTATHI
Do (bec}éHOHaHBHOﬁ [1K-5.Y.2 ymeTs HacTpauBaTh HEOOXOIMMOE
P OKpY’KeHHe Ui pabOThl C HEHPOHHBIMH CETSIMHU
JeSITeNIbHOCTH

[1K-5.Y.3 ymeTh BBIOMpaTh U peaqnu30BbIBATh
JITOPUTMBI 00yUEHHSI ¢ TIOJKPETIIICHUEM C
Y4ETOM CIenU(PUKY 3a7aun

[1K-5.Y.4 ymeTb NpuUMeHATh U J000yUaTh
npeo0ydYeHHbIE HEMPOHHBIE CETU U3 JOCTYITHBIX
O6ubnMoTeK




IIK-5.B.1 BnameTh HaBLIKOM OLIEHKH
MIPUMEHUMOCTHU AJITOPUTMOB, BO3MOKHBIX
PHUCKOB | MOCJIECTBUHN OIMIMOOK, TOUCKA
ONTUMAJIBHBIX PEIICHHUH 1711 pabodnXx 3a1a4
I1K-5.B.2 BnageTh HaBLIKOM HCIIOJIb30BAHUSI
CYIIECTBYIOIIMX MTPOTPAMMHBIX OMOIHOTEK H
MoOJIeJIel, CO3/JaHus IPOTPAMMHBIX pean3aluii
TIIyOOKUX HEMPOHHBIX CETEH, U CETeH Ha OCHOBE
AITOPUTMOB O0YUYEHUS C MOAKPEILICHUEM

Cemectp 3

Pa3nen 1. MckyccTBeHHbBIE HEPOHHBIE CETH B 6 26
MaIlIMHHOM 00YYeHHHU
Paznen 2. CeTn mpsIMOTO pacpoOCTpaHESHHUS 5 7 40
Pasmen 3. PekyppeHTHBIE CETH 3 4 40
Paszen 4. 'enepaTuBHBIE HEHPOHHBIE CETH 3 6 40
Htoro B cemectpe: 17 17 146

Hroro 17 0 17 0 146

2.  Mecro aucuuniaussl B cTpykrype Ol
JucuumnirHa MokeT 6a3upoBaThCs HA 3HAHUAX, paHee NPUOOPETECHHBIX 00YYarOIUMUCS

MIPU U3YUYEHUH CIICTYIOUIUX TUCIUIIINH:
— «MaremaTukay;
— «MudopmaTukay;

— «Cucremsl mudpoBoit 06pabOTKN U300paKEHUIN»,

3HaHI/IH, INOJIYYCHHBIC IIpU H3YYCHUU MATCpHUalia JaHHOM JUCHUINIIMHBI, MMCIOT KakK
CaMOCTOATCIIBHOC 3HAUYCHUC, TaK WM MOIYyT HCIIOJIB30BAaTbCAd IIPH IMOATrOTOBKA BBIHyCKHOI;'I

KBATM(UKAIIMOHHON PabOTHI.

3. OOBeM u TPYJI0EMKOCTb TUCIUILIAHBI
Janaple 00 o0meM o0beMe TUCIUIUIMHBI, TPYIOSCMKOCTH OTACIBHBIX BHJIOB y4eOHOM
paboThI MO IUCHUIUIMHE (M pachpeelieHne STOW TPYJOEMKOCTH IO CEMeCTpaMm) Mpe/ICTaBICHbBI B

tabnuue 2.
Tabmuna 2 — O0beM U TPYJAO0EMKOCTh AUCIUILIUHBI
TpynoemMKoCTs 110
Bun yuebnoit paboTbl Bcero ceMecTpam
Ne3
1 2 3

Oowan mpyooemKocmo OuCYUNIUHDL, 6/ 216 6/ 216
3E/ (uac)
H3 Hux uacoe npakmuueckoi no020moeKu 17 17
AyoumopHhuie 3anamus, BCETO vac. 34 34
B TOM YHCIIE:

nexuun (JI), (gac) 17 17

npakTuueckue/ceMunapckue 3anarus  (I13),

(gac)

nabopaTtopHubie padoTs (JIP), (yac) 17 17

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

9K3aMeH, (4ac) 36 36
Camocmoamenvnas paboma, Bcero (dac) 146 146
Buo npomesxcymounoit ammecmayuu: 3a4er, k3 k3
qudd. 3auer, sx3amed (3ader, dudd. 3a4, 9k3.) i i

4. CopepxaHue AUCIUTUIMHBI
4.1. PacnpeneneHue TpyJOEMKOCTH AUCUUILIAHBI 1O pa3fiesiaM U BUJAM 3aHATHIA.
Paznensbl, TeMbl AUCHUIIINHBI U UX TPYJOEMKOCTh IPUBEIEHBI B TA0IUIIE 3.

Tabmmma 3 — Pa3nensl, TeMbI TUCIUIUIAHBI, KX TPYJI0EMKOCTh

[IpakTnueckas

IIOATrOTOBKA  3aKJIIIO4YAa€cTCA B  HCIOCPECACTBEHHOM  BBIIIOJHCHHU

Oo0y4aroIMMHUCS ~ OINpENEeNeHHBIX  TPYNOBBIX  (YHKUMH,  CBSI3aHHBIX C  Oy;ymei
npodecCHOHAIBHON AEATEILHOCTHIO.

4.2. CoaepxaHue pa3iesioB U TEM JICKIIMOHHBIX 3aHSITHH.
CogepxaHue pa3JesioB U TeM JICKIIMOHHBIX 3aHATHI NPUBEACHO B TabmuIe 4.

Tabnuma 4 — ConeprxaHue pa3aesioB U TeM JEKIHOHHOTO LUK

Howmep pasznena

Haseanue u conepxanue pa3iesioB U TEM JICKIIMOHHBIX 3aHATHI

HcckycTBeHHbIE HelipOHHBbIE CeTH B MALIMHHOM 00y4eHUH
MeTemaTnuecKkrie OCHOBBI: JIMHEHHAs anreopa. MaremaTHdeckue
OCHOBBI: Teopus BepoATHOCTEH. OCHOBBI MAIIUHHOTO OOYYEeHHUS.
Tumel  oOyuenume. OOyuaromas BbeiOOpka. IlepeoOydeHwue.
OcHOBBI KOTHUTUBHBIX HayK. W neanbHblii HEHPOH.
AxrtuBanonHas GyHkius. Bec cBs3u. Turbl HESHPOHHBIX CETEH.
[Tepuentpon. KomnpoMuccHblil rpaiueHTHbIN ciyck. DyHKIuUs
ommOku. Ksamparnunas ommuOka. Jloructuueckas (yHKIus
OMOKKU. MHOTOCIONHBINA NEpLUEeNnTPOH. AJITOPUTM OOpPaTHOTO
pacrpoCcTpaHeHHUsl ONTHOKH.

CeTH npsiMOro pacnpocTpaHeHus

3anaua KJacCU(UKAIINH. Softmax. Kpocc-aaTponusi.
Ceprounble HeilpoHHble cetu. CBeprka. OOmue Beca.
Knaccudukanus n3o0paxkeHuil ¢ MOMOILBIO HEMPOHHBIX CeTeil.
Apxurektypa VGG.  Apxurekrypa Resnet, DenseNet.
Moudukanuu anropuTMa IPaJUEHTHOI O CIyCKa.
NHepunoHHbIi I'PaJUEHTHBIN CITyCK. Perynsapusanus.
OrpanuyeHue BeCOB HEHPOHHBIX CBsized Tpu OOYUYCHMH.
CroxacTuyeckuil TpaJueHTHBIH CIYCK C TIOMOIIBIO METOoja
Adam. Yolo, RCNN, Fast-RCNN. Oo6napykeHue 0OBEKTOB.
Mask R-CNN. CermeHnTanusi n300pakeHUH.

PexyppeHTHbIE HEHPOHHBbIE CeTH

PexyppentHbie HeilponHble cetu. [Ipsmoii mpoxon. OOparHbIi
npoxoa. Cerp Xondmiga. Cerb ¢ JOATOM-KPaTKOCPOUHOI
nmaMsThio. AHanmu3 TekcTa. TpaHcpopmepsl. AHaIM3 TEKCTA.
I'enepanus noanuceil K U300pakeHUsIM.

Pa3[L€J’IBI, TEMBI JUCIUITINHBI

Jlexmmn
(dac)

3 (C3)| Jp KII/KP
(dac) (qac) (dac)

CP (gac)

I'eHepaTHBHBIC HEHPOHHBbIE CETH
JIEeKOHBOIOLIMOHHBIE ~ HEMPOHHBIE  CETH.  ABTOJHKOJIEPHI.
Hlymononasnsoomue aBTo’HKoAepsl. Apxurektypa U-Net.
Vayumenue nzobpaxenuit. Cocts3aTelbHbIe HEHPOHHBIE CETH.
BapuauyoHHbIE aBTOOHKOAEPHI.




4.3. TlpakTtuueckue (CEeMHUHAPCKHUE) 3aHATHUS
TeMmbl MpakTUYECKUX 3aHATHIA U UX TPYJOEMKOCTh PUBEACHBI B TaOHIIE 5.

Tabmuna 5 — [IpakTuueckue 3aHsITHsI U UX TPYI0EMKOCTh

Jlomamnee 3apanue (/13)

Kontponbabie paboThl 3a09anKoB (KP3)

IToaroroBka K IpOMeEXKyTOYHON
arrectaruu (I1A)

U3 Hux Ne
No | Tembl npaktrueckux | opMbl IpakTUYECKUX | TpPymO0eMKOCTb, |IPaKTUYECKOM |pasjieia
/o 3aHATHI 3aHATHAI (gac) IMOJTOTOBKH, | TUCLIMII

(gac) JIUHBI

Bcero: 146 146

Y4eOHbIM MJIaHOM HE MPEayCMOTPEHO

Bcero

4.4. JlabopatopHble 3aHATUS
Tembl 1a0G0OpaTOPHBIX 3aHATHH M UX TPYJOEMKOCTh IPUBEICHBI B TabiuIe 6.

Tabmuua 6 — JIabopaTopHbI€ 3aHATHS U UX TPYIOEMKOCTb

5. IlepedeHp yueOHO-METOIMUECKOTO 00ECIIEYCHUS
IJISL CAMOCTOSITEIbHOM PabOTHI 00YUArOIUXCS 110 JUCLUILIHHE (MOIYIIIO)
VY4ueOHO-MEeTOIMUECKHE MaTepHalbl Ul CaMOCTOSTEIbHOW padoThl 00y4aromIMXcs yKa3aHbl B
IL.I. pa3zenoB 6-11.

6. IlepeueHp MeYaTHBIX U AIEKTPOHHBIX YUEOHBIX M3JaHUN
[lepeueHb neYaTHBIX U 3JCKTPOHHBIX YYEOHBIX M3/IaHUN TPUBECH B TaOIHUIIE 8.
Tabnuua 8— [lepeyeHb MevaTHBIX U JICKTPOHHBIX YUEOHBIX U3AAHUI

Kommyectso
9K3EMIUTLIPOB B
UE_IIJHS) p/e c bubnuorpaduyeckas ccpuika OUOIHMOTEKE
P (KpOMe ITeKTPOHHBIX
SK3EMILIIPOB)

https://www.deeplearningbook.org/ | Goodfellow I, Bengio Y., Courville A.
Deep learning. Cambridge,

Massachusetts, U.S.: MIT Press, 2016.
800 p.

N3 Hux Ne
11\2‘)1 HaunmeHnoBaHue 1a00paTOpHBIX padOT TPYILE)I:);V(I:I;OCTB, Hﬁg;:gfj;ﬁ;’? I;;Ig(f:f;r?
(gac) JIMHBI
Cemectp 3

1 | MogenupoBaHue OMOIOTUIECKUX HEHPOHHBIX 6 2
CeTei 3pUTENbHOI0 BOCIIPUSATHUS

2 | Obyuenue riryOoKoi HEHPOHHOM ceTH s 5 2
pacrno3HaBaHus U300pakeHUI

3 | MoaenupoBaHue peKyppeHTHOW HEUPOHHOM 3 3
CEeTH

4 | MonenupoBaHue TeHEpaTUBHOM 3 4
COCTSI3aTEIbHON HEMPOHHOM CETH

Bceero 17

4.5. BeInonHeHne KypcoBOro NpoeKkTa/ KypcoBoi paboThl
VY4eOHBIM MJIaHOM HE MPEAyCMOTPEHO

4.6. CamocrodTenbHas paboTa 00y4aroUIXcs
Bunbl camocTosiTenbHON paboThI U €€ TPYJO0EMKOCTh IPUBEIEHBI B Ta0uLe 7.

Tabnuna 7 — Bunabl camocTosTenbHON pabOThI M €€ TPYA0EMKOCTh

. Bcero, | Cemectp 3,
Bun camocrositensHO# paboTh
qac qac
1 2 3

W3yueHne TeopeTuyecKoro Marepuasia

70 70
quciuminiel (TO)
Kypcosoe npoektuposanue (KII, KP)
PacuetHo-rpaduueckue 3ananus (PI3)
Brinonnenue pedepara (P)
[ToaroToBka K TeKyIemMy KOHTPOJIIO 70 70
ycneBaemoctu (TKVY)

7. IlepeueHb 2MEKTPOHHBIX 00pPa30BaTENbHBIX PECYPCOB
MH(POPMAIIMOHHO-TEIEKOMMYHHUKAITMOHHOU ceTn «THTepHeT»
[Tepeuenn ANEKTPOHHBIX 00pa3oBaTeNbHBIX pecypcoB nH(}OPMALIMOHHO-
TEJIEKOMMYHUKAITMOHHOW ceTH «MHTepHeT», HEOOXOMUMBIX JJsi OCBOCHHS JUCIHILIMHBI
npuBeJeH B Tabmuie 9.

Tabmuma 9 — IlepedyeHb 5IEKTPOHHBIX O0pa30OBaTENbHBIX PECYPCOB HH(POpPMAIIMOHHO-
TCHGKOMMYHI/IKaI_[I/IOHHOI\/’I CCTU «I/IHTepHeT»
URL anpec HaumenoBanue
e.lanbook.com/books/ DJIeKTPOHHO-O0MOIMOTEUHAS CHCTEMA
www.gpntb.ru/ Tl'ocymapcTBeHHas myOJIMYHasi HAYYHO-TEXHUYECcKasi OubIroTeKa.
www.nlr.ru/ Poccuiickasi HallMOHAJIbHAs OMOJIMOTEKA.
www.nns.ru/ HarnmonaneHast 3neKTpoHHast OMOIMOTEKa.
www.rsl.ru/ Poccwuiickasi rocyiapcTBeHHasi Oubnnorexka

8. IlepeueHb HH(MOPMAIIMOHHBIX TEXHOJIOTHIA
8.1. Ilepeuens mporpaMMHOrO OOECTEUEeHUs, HCIOJIB3yEeMOro IIPH OCYIIECTBICHUH
00pa3oBaTeNBpHOrO MpoIiecca M0 AUCIUITUHE.
[TepeueHp UCOIB3yEMOIO IPOrPAaMMHOT0 OOecrieueHus npeacTanieH B Tadnuue 10.

Tabnuua 10— IlepeueHs nporpaMMHOTo 00eCIeyeHHsI

Ne i/t HaunmenoBaunue

1 A3k nporpammupoBanus Python

8.2. [lepeuenn UH(OPMAIMOHHO-CIIPABOYHBIX CUCTEM,UCII0JIb3yEeMBIX npu
OCYIIECTBIICHUH 00Pa30BaTEIHLHOIO MPOIIecca 110 JUCIHITINHE

[lepeueHr WCMONB3yeMBIX HH(DOPMAIIMOHHO-CIIPABOYHBIX CHCTEM TIPEICTABICH B
Tabmure 11.




Ta6mmma 11— [lepeyersr nHOOPMAITMOHHO-CITPABOYHBIX CHCTEM

Ne i/t HaumenoBanmue

Or1eHKa KOMITETEHITHN

XapakteprcTrka chOpMUPOBAHHBIX KOMIIETEHITHI
S5-0asuIbHAs IIKajia PAKTEp bopvp

He npenycmorpeno

9. MarepuanbHO-TeXHUYECKast 6a3a
CoctaB  MaTepUAIbHO-TEXHUYECKOH 0a3bl, HEOOXOMUMOW Ui  OCYIIECTBICHUS
00pa30BaTeNLHOTO MpoIiecca Mo TUCIUILINHE, TIPeCTaBlieH B Tabmumel 2.

Tabauna 12 — CoctaB MaTepHalibHO-TEXHIUUECKON 0a3bl

Ne HanmeHnoBanue cocTaBHON 4acTH Homep aynuropun
n/n MaTepHabHO-TEXHUUECKOU 0a3bl (pu HEOOXOMMOCTH)

— o0yJaroluiicss yCBOMJI TOJBKO OCHOBHOW IPOrpaMMHBIA MaTepua,
[0 CYILIECTBY M3JaraeT €ro, ONMpasch Ha 3HAHUS TOJIBKO OCHOBHOM

JUTEPaTypHI;
— JIONyCKaeT HECYIIECTBEHHbIE OIINOKU U HETOYHOCTH;
«yIOBJICTBOPUTEIIEHO» | — UCIIBITBIBAET 3aTPYAHEHUS B IPAKTUYECKOM IHPUMEHEHUM 3HAHWUH
«3aUTEHO» HaIpaBJICHUS;

— cJ1abo apryMEHTHPYET Hay4HBIC MTOJI0KCHHUS,

— 3aTpynHsAETCS B (POPMYITMPOBAHUN BHIBOJOB M 000OIICHHUIA;

— YAaCTHYHO BJIaJICET CUCTEMOMN CICIIMaTH3UPOBAHHBIX MIOHSATHHA.
— IPABMIILHO BBIMOIHHI OT 51% 710 69% TECTOBBIX 3aJaHUH .

JlexiMOHHAS ayIUTOPHUS

KommnsrorepHslii kinace

3 YurtanpHbI# 3a1 OMOIMOTEKU

10. Ouenounsle cpeacTBa JUIs IPOBEACHUS IPOMEKYTOUHOM aTTecTalluu
10.1. CocTtaB OLIEHOYHBIX CPEACTBAJISA IPOBEACHHUS IPOMEXKYTOUHOW aTTecTaluu
00yyJaronumxcs no JMCUUILIMHE TTPpUBEIeH B Tabnuie 13.
Ta6muma 13 — CocTaB OLIEHOYHBIX CPEACTB JUISL IPOBECHHUS IIPOMEKYTOYHOH aTTeCTalluu

— o0OyJaromuiicss He YCBOWJI 3HAYUTEILHOM YacTh TMPOTPaMMHOTO
MaTepuana;
— IONyCKaeT  CYUIECTBEHHbIE  OIIMOKM W  HETOYHOCTU  IpH
«HEYJIOBJIETBOPUTEIILHO» | PACCMOTPEHUU MPOOIEM B KOHKPETHOM HalpaBICHUH;
«HE 3a4TCHO» — UCTIBITHIBACT TPYJHOCTH B MPAKTUYECKOM MPUMEHEHUH 3HAHMIA,
— HE MOXET apryMEHTHPOBATh HAYYHBIC ITOJIOKCHHUS;
— He GopMyIUpPYET BHIBOAOB U 000OIIECHHIA.
— IPABHIILHO BBIMOMHHI MeHee 51% TecTOBBIX 3a1aHuH .

Bua npoMexyTo4HOM aTTecTaluu [IepedyeHb OLICHOUHBIX CPEACTB

OK3ameH Crucok BONPOCOB K 3K3aMEHY;

10.3. TumoBble KOHTPOJIBHBIC 3a/IaHHS MJIM UHBIC MAaTEPHAIbI.
Bomnpocs! (3agaun) uist 5K3aMeHa MpeicTaBieHbl B Tadmmme 15.

Tabnuna 15 — Bonpocs! (3agaun) s 3K3aMeHa

10.2. B KkauecTBe KpHTEpHEB OIEHKH YPOBHSI CHOPMHPOBAHHOCTH (OCBOCHHS)
KOMIIETEHIIMH 00y4YarolMucs MpUMEHseTcsl 5-0ayuipHas IIKajla OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIIMM, KOTopas npuBeaeHa B Tabnuie 14. B TeueHue cemectpa MOXKET UCIOJIB30BATHCS
100-6amipHas  mKaja  MOAYJIbHO-PEHMTHHIOBOM  cHCTeMbl  YHHUBEPCUTETa,  I[paBHIIa
UCIIOJIb30BaHUsl KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOLIUM JIOKaJIbHBIM HOPMAaTHUBHBIM aKTOM
I'VAIL
Tabauna 14 —Kputepuu ouieHKH ypoBHS ¢hOPMHUPOBAHHOCTH KOMIETEHUUI

Or1eHKa KOMITETEHITUH

Xapaxrepructuka chOpMUPOBAHHBIX KOMIIETEHIINIA
5-OayUIbHAs IIKaIa P p (opmpo

OO6yuaromuiicst:

— TIyOOKO M BCECTOPOHHE YCBOMJI MPOTPAMMHBIN MaTepHa,

— YBEpPEHHO, JIOTHYHO, [TOCIIE0BATEIHLHO U TPAMOTHO €T0 M3J1araer;

— ONHUpasiCh Ha 3HAHHUS OCHOBHOW W JOMOJHUTENHHOU IUTEPATypHI,
«OTIIIHO TECHO CBSI3BIBACT YCBOCHHBIC HAYYHBIC IMOJIOKCHUS C MPAKTUYCCKOU
«3AUTEHOY JESATEIILHOCTHIO HAIPABIICHHUS;

— yMes0 000CHOBBIBAET U ApTYMEHTUPYET BBIIBUTAEMbIE UM UJIEH;

— JIeTIaeT BBIBOJIBI 1 0000IICHNUS;

— CBOOOJTHO BJIAJICET CHCTEMOM CIIeIIUATH3UPOBAHHBIX TTOHITHH.

— MPaBUILHO BBIMOTHUT 0T 90% 10 100% TeCTOBBIX 3aaHMi .

OOyyarommiics:

— TBEPAO YCBOWJ IMPOrPaAMMHBIM MaTepHall, TPAMOTHO U MO CYIIECTBY
W3JIaraeT €ro, OMUPasCh Ha 3HAHUS OCHOBHOW JTUTEPATYPHI,

— HE JIONYCKAeT CYIIECTBEHHBIX HETOYHOCTEH;

«XOPOLIO» — YBSI3bIBAET YCBOEHHBIE 3HAHHUS C NPAKTUYECKOW JeATEIbHOCTHIO
«3aYTEHO» HaIpaBJICHNUS,

— apTyMEHTUPYET Hay4IHBIC MTOJIOKEHNS,

— JIeNaeT BBIBOILI U 0000IIEHUS

— BJIAJICET CUCTEMOMN CIIEMAIU3UPOBAHHBIX OHITHIA.

— NIPaBUIBHO BBIMOMHUI 0T 70% 710 89% TECTOBBIX 3aaHHH .

Kon
Ne /it Ilepeuens BonpocoB (3a7a4) A1 3K3aMeHa HHMKATOPA
1 OcHoBBI MalIMHHOTO 00yuyeHus. Turnbl oOydeHue. [IK-1.B.1
O6yuaromast BeiOopka. Ilepeobyuenue. [K-2.3.1
2 WneanbHblil HelipoH. AKTUBalmoHHas GyHKuus. Bec cs3u. I[1IK-2.B.1
Tunsl HEHPOHHBIX ceTel I1K-5.3.1
3 [lepuenTpoH. I1K-5.3.2
4 KOMIPOMHUCCHBIN IPaJIMEHTHBIN CITYCK. IIK-5.3.3
5 @ynkuus ommmbku. KBagparnunas omuobka.Jlorucruueckas 1IK-5.3.4
GYHKIUS OLINOKH. [IK-5.V.1
6 3anava knaccuukarmu. Softmax. Kpocc-snTponus. 1IK-5.Y.2
7 Caeprounble HeilpoHHble ceTu. CBepTka. ObuIHe Beca. IIK-5.Y.3
8 Knaccudukanus nzoopaxeHuii ¢ HOMOIIbI0 HEMPOHHBIX TIK-5.Y .4
CeTeil. I1K-5.B.1
9 Apxurekrypa VGG IK-5.B.2
10 Apxurekrypa Resnet, DenseNet
11 Monudukanuu anropurMa rpaJeHTHOrO CIycKa.
MHepuuOHHBINM IPalMEHTHBIN CITYCK.
12 Perynspuzanus. OrpannueHue BeCOB HEHPOHHBIX CBSA3EH MPHU
00y4YeHHHU.
13 CroxacTuyeckuil rpaIu€HTHBIN CITyCK C ITOMOIIBIO METO/1A
Adam
14 Certsb Yolo
15 Cetb RCNN, Fast-RCNN, Faster-R-CNN. O6napy-xenue
00BEKTOB
16 Cermenranms n3oopaxennii.Mask R-CNN.
17 Pexyppentnbie HeiiponHsle ceTu. [Ipsmoit mpoxon. OOpaTHbIN
IPOXO/I.
18 Cetp Xondmuiaa.




19 CeTb ¢ 10IT0M-KpaTKOCPOYHON NaMSThIO.

20 AHaJIN3 TEKCTa ¢ TOMOUIBIO PEKYPPEHTHBIX CETEM.
21 Tpancdopmepsl. AHAIN3 TEKCTA.

22 ['enepanus noanucel K n300paKEHUSIM.

23 JIeKOHBOJIIOLIMOHHBIE HEUPOHHBIE CETH.

24 ABTOHKOJIEPHI.

25 [IlymomnonaBisitoniye aBTOAHKOIEPHI.

26 Apxurekrypa U-Net. YnydiieHne n300paxeHmii.
27 Cocrts3aresnbHble HEHPOHHBIE CETH

28 BapuanroHHbIE aBTO3HKOAEPHI

Bompocsr (3amaun) s 3aueta / qudd. 3aueta npepcraBieHsl B Tabnuie 16.
Tabmuna 16 — Bonpocs! (3agaun) ams 3adera / audd. 3ayera

Kon

Ne /0 ITepeuens Bompocos (3amay) s 3auera / nudd. 3adera
p b (3ana4) A aupd WHJIUKaToOpa

Y4eOHBIM MJIAHOM HE MPEAYCMOTPEHO

[lepedeHpb TeM AJisi BBIOJHEHUST KyPCOBOTO MPOEKTa/ KYPCOBOM PadOThI IMPEICTABIICHBI
B Tadmuite 17.
Tabnuua 17 — IlepeueHb TeM sl BBIIOJIHEHUsI KYPCOBOT'O MPOEKTa / KypCOBO# pabOThI

No /i [TpuMepHBIii TepedeHb TeM TS BBITOJIHEHUS KYPCOBOTO IMPOCKTa/ KypCOBOM
- paboTHI

Y4eOHBIM IIAHOM HE MPEAYCMOTPEHO

Bompocel 11 mpoBeneHHsT TPOMEXKYTOYHOM aTTecTallii B BHUJIE TECTUPOBAHUS
MpeICTaBJICHBI B TaOsmie 18.

Tabnuua 18 — IlpumepHbIii iepeueHb BOIIPOCOB JJIsl TECTOB

Kon

Ne n/n IIpuMepHBIii IepedeHb BOIIPOCOB ISl TECTOB
UHJUKATOpa

He npenycmorpeno

[lepeueHb TeM KOHTPOJBHBIX PabOT MO MUCHUIUIMHE OOYYAIOIIMXCS 3a09HOU (hOPMBI
00y4eHus1, IpeICTaBIIeHbI B Tabmie 19.

Tabmuma 19 — [lepeyeHb KOHTPOIBHBIX padboOT

No /it [TepeyeHb KOHTPOJIBHBIX PAOOT

He mpeaycmorpeno

10.4. Meronnyeckue  MaTepuaibl,  ONPEACIAIOIIAE  INPOLELYpbl  OLIEHWBAHUSA
MHAMKATOPOB, XapaKTepU3YIOIMX JTanbl (OPMUPOBAHMUS KOMIETEHLUH, COJIEpXKaTcsi B
JOKAJIBHBIX HOPMAaTuBHBIX akTax ['YAII, pernameHTHpYHOIIMX NOPSANOK MU MPOLEAYPY
IIPOBEJICHUS TEKYILEro KOHTPOJIS yCIIEBAEMOCTH U MPOMEXYTOUYHOHN aTTecTalli 00y4aronuxcs
I'VAIL

11. Meronuueckne ykazaHus JUisl O0yJarOIIMXCS 10 OCBOCHHIO JUCITUTITMHBI

11.1. MeTonuueckre yKa3aHUs IS OOYYAIOMUXCS IO OCBOCHHIO JICKITMOHHOTO
Marepuaia

OcHOBHOE Ha3zHAa4YeHHWE JICKIIMOHHOTO MaTepuajga — JOTHYECKH CTPOWHOE, CHCTEMHOE,
rIy0OKoe U SICHOE W3NIoKeHHe ydeOHoro marepuana. Ha3HaueHue COBpPEMEHHOW JEKIMH B
paMKax JUCHUIIJIMHBI HE B TOM, '—ITO6I)I HOJ'Iy‘II/ITI) BCHO I/IH(l)OpMaI_[I/IIO o TEME, a B OCBOCHHH

(GyHIaMEHTaJIbHBIX NPOOJEM JUCHMIUIMHBI, METOJOB HAy4yHOrO IIO3HAHMSA, HOBEHIIMX
JOCTIDKEHUHM Hay4dHOH MbIiciu. B yueOHOM mpoliecce JeKIUs BBIMOJHAET METOI0JIOIMYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYI0 QyHKIUH. JIeKus packpblBaeT NOHATHIHBIN anmapaTt
KOHKpETHOW 00nacTu 3HaHusA, €€ mpoOJeMbl, JaeT IeNbHOE MPEACTaBICHUE O JAUCIUILTUHE,
ITOKa3bIBAET B3aUMOCBS3b C APYTUMHU JUCLHUITINHAMM.

[lnanupyemble pe3yabTaThl IPH OCBOSHUH 00YYaIONIMMUCS JIGKIIMOHHOTO MaTepHaa;

— IIOJIy4YCHHUE COBPEMEHHBIX, LEJIOCTHBIX, B3aUMOCBSA3aHHBIX 3HAHUH, YPOBEHb
KOTOPBIX ONPENENSIETCS LIEJIEBOM YCTAHOBKOM K Ka)KJ10M KOHKPETHOM TEME;

— TOJIyYeHHE OIBITa TBOPUECKOH paboThl COBMECTHO C MPENOIaBaTEIEM;

— pa3BuTHE NPOPECCHOHATBHO-NICNOBBIX  KayecTB, JIOOBM K TpEAMETY H
CaMOCTOSITEJILHOTO TBOPYECKOI'O MBIILUICHHS.

— IOsIBJIEHUE HEOOXOAMMOro HHTEpeca, HE0OX0IMMOTO JJIsi CAMOCTOSTEIbHON pabOThI;

— TOJY4YeHHE 3HAHUH O COBPEMEHHOM YPOBHE pa3BUTHS HAayKM U TEXHHKHM U O
MIPOTHO3€ UX Pa3BUTHUS HA OIMDKANIINE TOIbI,

— Hay4yuTbhCS METOJMYECKH 00padaTbiBaTh MaTepuasl (BBIACHATH TJIaBHBIE MBICTH H
IIOJIOKEHHS, IPUXOAUTh K KOHKPETHBIM BBIBOJAM, IIOBTOPSATH HX B Pa3JIMYHBIX
(bopMyIHpOBKax);

— MOJIyYeHHE TOYHOT'O TOHMMAaHHUs BCEX HEOOXOIUMBIX TEPMUHOB U TIOHSTHIA.

JleKuMoHHBIA MaTepuall MOXET CONPOBOXKIATHCSH  JIEMOHCTpaUMed ClIaugoB U
UCIOJb30BAHUEM DPA3JaTOYHOIO MaTepualla IpU IPOBEIEHUH KOPOTKHX JUCKYCCHH 00
0COOEHHOCTSIX IPUMEHEHHUS OTACIBHBIX TEMATHK MO JUCIUTUIAHE.

CrpyKTypa npeaocTaBieHUs JEKIMOHHOIO MaTepuaa:

— Onucanue npoOIeMsbl, Ieu;

— MareMarndeckoe OnMCaHue METOI0B;

— PesynbTrarsel, M0y4eHHBIE IIPU UCIIOJIB30BAHUH PACCMOTPEHHBIX METO/IOB;

— BrBoaml.

11.2. Meronuveckue yKa3aHus sl O0YYArOIUXCS 0 YYaCTHUIO B CEMHHAPAX
Y4eOHBIM IUTAHOM HE TIPEyCMOTPEHO.

11.3. Metonuyeckue yka3zaHus Il OOyYalOIIMXCS MO MPOXOXKICHHUIO MPaKTHYECKUX
3aHATUN
YueOHBIM IJIAaHOM HE TIPETyCMOTPEHO.

11.4. Metonuyeckue yka3zaHUs A1 OOyYarOIIMXCS 1O BBIMOJHEHUIO JaOOPAaTOPHBIX
pabot

B xone BeimonHeHus 1a00OpaTOpHBIX pPadOT oOydaromuics JODKEH YriayOuTh H
3aKpENNTh 3HAHUS, NPAKTUYECKUE HABBIKU, OBJAJETh COBPEMEHHOW METOAUKOM M TEXHUKOHN
JKCIIEPUMEHTa B COOTBETCTBMM C KBaIM(PUKAUOHHON XapaKTEpUCTHUKON 00ydaromerocs.
BrimonHenue 1abopaTopHbIX pabOT COCTOMT U3 KCIEPUMEHTATbHO-IIPAKTUYECKOH, pacyeTHO-
AQHAJIMTUYECKOM YacTel U KOHTPOJIbHBIX MEPOIIPUATHH.

Beinmonnenne nabopaTopHbIX paboT 00ydaromuMcs SIBJISETCS HEOThEMJIEMOM YacTbhio
W3Y4YeHMs] JUCUUIUIMHBI, ONpenesnseMoil y4eOHbIM IUIAaHOM, U OTHOCUTCS K CpPEICTBaM,
o0ecTeYrBaOIIUM peIlIeHHe CIETYIONUX OCHOBHBIX 3aj1ad 00yJaromerocs:

— TIpHOOpeTeHHWEe HABBIKOB HCCJIENOBAHMUSA IPOLIECCOB, SIBIEHUH U  OOBEKTOB,
M3y4aeMbIX B paMKaxX JaHHOM JUCIUIUINHBL,

— 3aKpeluvieHHe, Pa3BUTHE U JeTallu3alus TEOPEeTUUYECKHX 3HAHWUN, MOJYyYEeHHBIX Ha
JEKUUSAX;

— IoJlyueHHe HOBOM MH(OpMAIMH 110 N3y4aeMON AUCHUILINHE,

— TmnpuoOpeTeHHe  HaBBIKOB  CAMOCTOATEIbHOW  paboTel ¢ 1a0OpaTOpHBIM
000pyJ0BaHUEM U IPUOOPaMHU.



3ayianue ¥ TpebOBaHUs K IPOBEICHUIO 1a00paTOPHBIX paboT

3asanue (001as CTpyKTypa):

1. M3yunTh TEOPETHHYECKYIO 4YacTb padOThl (IJOMOJHUTEIbHBIA MaTepuan HE SBIIAETCA
00s13aTeIbHBIM).

2. C nomomu Oubnmoreku pytorch peanmu3oBarh NpsAMONH WM OOpaTHBIM TPOXO.X
HEUPOHHOW CETH 33aJIaHHOU apXUTEKTYPhI

3. IIpoBectu uccrnempoBanue pa3padOTaHHON apXUTEKTYPbI

4. Hamucatp oTyet

11.5. Meronnueckue yka3zaHus A5l 00yJarOIUXCs O BHIIOJTHEHHIO KYPCOBOTO MTPOEKTa/
KypCOBOH pabOTHI
VY4eOHBIM IIJIaHOM HE MPETyCMOTPEHO.

11.6. MeTonuueckue yka3zaHus Il 0OyYaroIIUXCsl IO MPOXOXKICHUIO CaMOCTOSTEIbHON
paboThI

B Xxoze BBINOTHEHHUS CaMOCTOSATENbHON pabOThI, OOYUAIOUIHIiCS BBHINOIHSAET paboTy MO
3aJIaHUI0 M TIPH METOJMYECKOM PYKOBOJICTBE IMPETojaBaTelisi, HO 0e3 ero HemocpeJICTBEHHOTO
y4acTusl.

B mporiecce BEITIOTHEHHSI CaMOCTOSITEIIEHON paboThl, y oOywaromerocst (hopMHUpYyeTCs
1enecoo0pa3Hoe IIaHUPOBaHKUE PaboUero BpeMEeHH, KOTOPOE MO3BOJISIET UM Pa3BUBATh YMEHHS
Y HaBBIKM B YCBOCHHWM M CHCTEMAaTH3allMM MPUOOPETaeMbIX 3HAHHI, 00SCIICUMBACT BBICOKUI
YPOBEHb YCIEBAEMOCTH B IMEPHOJ OOY4YEeHHs, MOMOTaeT TMOJIYYUTh HABBIKM IOBBIIICHUS
po(heCcCHOHAIBHOTO YPOBHS.

MeTtoauyeckumMi ~ MaTepuaiaMH,  HANpaBJSIOUIMMH  CaMOCTOSITENIbHYIO  paboTy
00yyJaroumxcs, sBJASI0TCS Y4eOHO-METOANYECKHUE MaTepHaIIbI TTO TUCIUILINHE.

11.7. Meronnyeckue ykasaHusi s OOyyarolUXcs [0 IPOXOXKJIEHUIO TEKYIIETo
KOHTPOJISI YCIIEBAEMOCTH.

Texkymuil KOHTpPOJIb YCIEBAEMOCTH NIPEIyCMaTpPUBAET KOHTPOJIb KayecTBAa 3HAHUU
00yyaroImuxcs, OCyLIECTBISEMOrO B TEYEHUE CEeMecTpa C IIeJbl0 OLEHMBAHUSA X0Jla OCBOEHUS
JTUCIUIUIAHBI.

11.8. Meronnueckue ykazaHus Ui 0OydaroIIUXCs MO MPOXO0KJIECHUIO TMPOMEXYTOUHOU
aTTECTALlNH.

[IpomexyTouHas  arrectanus  OOydaloIIMXCS — MpeAycMaTpUBaeT  OIICHUBAHHE
IPOMEXXYTOUHBIX U OKOHYATENIbHBIX PE3yJIbTaTOB 00ydeHus no aucuuiuiiHe. OHa BKIIIOYAeT B
ceOst:

— D9K3aMeH — ¢opMa OIEHKM 3HAHWM, TOJYYCHHBIX OOydYaloImMMCs B TIpoIlecce
U3y4YeHUs] BCeW NUCLUIUIMHBI WM €€ YacTH, HaBBIKOB CaMOCTOSITENIbHOW paboThl, CHOCOOHOCTH
NPUMEHSATh MX JUI PEHICHUs NPAKTUYECKUX 3a4ad. DK3aMeH, Kak IMpaBUJIO, MPOBOIUTCS B
NEPUOJ DK3aMEHALIMOHHOW CECCHMM M 3aBEPIUACTCS aTTECTALlMOHHOM OLIEHKOW «OTJIIMYHOY,
«XOPOILIOY», «YJOBIETBOPUTEIBHOY, «HEYIOBIETBOPUTEIHHOY.

Jluct BHeceHUs: U3MEHEHUH B pabouyro MporpamMmy JUCIUILTNHBI

Jlata BHECeHUs
W3MCHEHHH U
JIOTIOTHECHHUH.

Iloanuce BHecHIEro
M3MEHEHU

ConeprxaHre U3MECHCHHUH W JOTIOTHCHHI

Jara u Ne

MIPOTOKOJIA
3aceaHus
Kadeapb

IMonnuce
3aB.

kadenpoi




