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I. AHHOTAIIUA

1. lleapb u 3ag1a4u AUCUUILIAHBI:

Iles1p10 OCBOCHUS IMCIUNINHBI SIBJISICTCS:

dopMmupoBaHUE Yy CTYACHTOB KOMIIETCHIIMA B 00JacTH HMCKYCCTBEHHOI'O
WHTEJIJIEKTa, MAIIMHHOTO OOYyYEHHs, OCHOBAHHOTO Ha TJYOOKHX HEHWPOHHBIX
CETIX.

DOopMHUPOBAHUE Y CTYJICHTOB HABBIKOB U MOJIYUYCHUS OIbITA PEIICHUS TPUKIATHBIX
3aad B O0JacTHM KOMIBIOTEPHOTO 3PEHUS C HCIOJIh30BAHUEM TIYOOKOTO
oOy4JeHwUs.

3a/layaMy OCBOCHHMSI TUCIUTIIUHBI SIBJISIOTCS:

1) u3ydyeHre OCHOBHBIX HANpaBICHUI KOMIBIOTEPHOTO 3pEHUA U 00pabOTKH
U300paKeHHUIA;

2) dopmupoBaHME KOMIUIEKCHBIX 3HAaHUH O KOMIIBIOTEPHOM 3pEHUU U
00paboTke n300paKeHu;

3) u3y4eHHE COBPEMEHHBIX IOJXOJOB K IMOCTPOCHUIO APXUTEKTYp IITyOOKHX
HEHPOHHBIX CETEH, PEryypu3alii U METOA0B ONTUMHU3ALUU IPU O0yUEHUH
ri1yOOKHX MOJENIEN, peKYPPEHTHBIX CETEH;

4) npuoOpeTeHrne HaBBIKOB pa3pabOTKU aIrOPUTMUYECKUX M IPOrPaMMHBIX
pemieHuid B o0MacTW 3aJad  KOMIBIOTEPHOIO 3pEHUs U 00paboTKH
U300pAKEHUN;

5) npuoOpeTeHue HaBLIKOB paOOThI C OMOJMOTEKAMM Jid PELICHHS 3a/iad
KOMITBIOTEPHOIO 3pEHUSI U 00pabOTKU N300PAKEHHIA.

2. Mecro nucuuniannsl B cTpykrype OOII

Hucuummaa BxoauT B paznen «lIpodeccumonanbHbI» YacTu, GopMupyemoit
y4acCTHUKaMHU 00pa3oBaTeIbHBIX OTHOIIeHUM, brioka 1. J{ns ycremHoro ocBoeHus
JTUCIUTIIMHBI HEOOXOIUMbI 3HAHUS M HAaBBIKH, MOJYYEHHBIE B paMKax 00y4eHHUs B
OakanaBpuaTe mO AWCHUIUIMHAM «Teopusi BEpOSTHOCTEM W MaTeMaThyecKas
CTaTUCTHKa», «MeTo/Ibl ONTUMHU3AIMKA U UCCIEIOBAaHUE Omeparuiy, «Anredpa u
reomeTpus», «[Ipaktukym nHa BM».

[lonmydyeHHblEe 3HAHUS B IMOCIEAYIOIIEM MCIOJb3YIOTCS MPU  BBINOJHEHUU
BBINTYCKHON KBaJU(UKAIIMOHHONW paboThl, a TakKe B JajbHEHIIeH TpyIoBOi
NEATEIIBHOCTH.

3. O0beM AMCHUIJIMHDBI:
8 3aUETHBIX eAUHUIL, 288 aKkaJeMHUYSCKHUX YacoB, B TOM YHCJIC:
® KOHTAKTHAasl ayUTOpPHAasi padora:
nekiuu 30 yacoB, mpakTuyeckux 3aHsATHH 30 4YacoB, B TOM YHCIE
MpaKTUYECKas MOJATOTOBKA 8 YaCOB;
® KOHTAKTHAasli BHeayIuTOPHAasi padoTa, B TOM Uuciie KypcoBas padoTa:
HE MPEeayCMOTPEeHa YUeOHBIM TIJIaHOM;
e caMocCTOsiTeJIbHAsA padora:
228 4ac, B TOM YMCJI€ KOHTPOJIb 27 4acoB.



4. IlepeyeHbr TMJIAHHpPYEMBIX Ppe3yJbTATOB

o0y4eHUsI 1O JUCHUILINHE,

COOTHECEHHBIX € IUIAHMPYEMbIMHU Pe3yJbTATAMH OCBOEHHMSI 00pa30BaTeILHOM

MPOrpaMMbl

[Tnanupyemblie pe3yIbTaThl

OCBOCHHUS 00pa30BaTEIHHOMN

nporpammel ((hopMHUpyeMbIe
KOMITETCHIINH )

[Inanupyemble pe3yabTaThl 00yYeHHS IO
JTUCIUTLTNHE

[IK-2 CnocobeH npuUMEHSTH B
HAYYHO-HUCCJIEAOBATEIIbCKOU U
PUKIIATHON TS TEIIbHOCTH
COBpEMEHHBIC SI3BIKH
IPOrPAaMMHUPOBAHUSI M METO/IBI
IpeicTaBlieHuss W 00paboTKH

3HAHUNI u JAaHHBIX,
OTIepaIlMOHHBIC CHCTEMBI,
AJICKTPOHHBIE OMONHOTEKH U
MakeThl MPOTpPamMM, CETEBBIC
TEXHOJIOTUHU

[IK-2.1 3Haer W NOpHUMEHSET COBPEMEHHBIC
SI3BIKHA MPOTPpaMMUPOBAHUS n METOIEI
00pa0OTKM 3HAHUM M JTAHHBIX

[1K-2.2 Peann3oBRIBa€T YHUCIEHHBIE METObI

peleHus 3a1a4 npodeccuoHabHON
NEATEIIbHOCTH, MAKETHI IPOrpaMMHOTO
oOecrniedeHus, ONepaIlMOHHbIE CUCTEMBI,

CETEBBIE TEXHOJIOTUH

[1IK-2.3 [IpumMmeHsieT CylIeCTBYIOIINE METOAbI U
anropuT™Mbl 1U(POBON 00paOOTKU CUTHAIIOB U
n300pakeHuii, pa3paboTku WHPOPMAIIMOHHBIX
CUCTEM

ITIK-3 CriocobeH mpoeKTUpOBaTh
HH()OPMAITMOHHBIC CHUCTEMBI, WX
KOMITOHEHTBl W TIPOTOKOJIBI X

B3aUMO/ICHCTBUS, cobuparsb,
00pabaThIBaTh u
UHTEPIIPETUPOBATH
AKCIIEPUMEHTAJIbHBIC JTaHHBIC WU
3HaHUSA, HEOOXOAUMBIE IS
MIPOCKTHOM U MPOU3BOICTBEHHO-
TEXHOJOTUYECKOMN
NEATETBHOCTH, pa3padaThIBaTh
HOBEIC aNTOPUTMHYCCKHE,
METOUYCCKUC u
TEXHOJIOTUYECKUE PEIICHUS B
KOHKPETHOM chepe
npodeccruoHaIbHON
JEATEeIIbHOCTH

[IK-3.1 3HaeT OCHOBBI
AIIEMECHTBI aApPXUTEKTYPHBIX
UH(OPMAITMOHHBIX CUCTEM
[IK-3.2 [Ipumenser B MIPAKTUYECKON
NesTeIbHOCTH TpodecCuoHaIbHbBIE CTAaHAAPTHI B
obnacTu MHGOPMAIIMOHHBIX TEXHOJIOTHI

[IK-3.3 CocraBisieT TEXHMYECKOE 3aJaHuE Ha
pa3paboTKy HHGOPMAITMOHHON CUCTEMBI

MPOEKTUPOBAHUS U
pelLIeHui

S. ®opMa IpOMEeKYTOYHOU ATTECTALMH U CEMECTP MPOXOKIACHUS:

9K3aMeH B 3-M ceMecTpe.

6. SI3bIk mpenogaBaHuA PyCCKUU.




I1. Conepxxanue TUCHMILIMHBI, CTPYKTYPHMPOBaHHOE MO TeMaM (pasaejaM) ¢
yYKa3aHHEM OTBeJIeHHOI0 Ha HUX KOJIHYEeCTBA aKaJeMHUYeCKHX YaCOB M BH/IOB
Y4eOHbIX 3aHATHI

YyeOHas mporpamma — Bcero KonTakTHas paborta (4ac.) Camocto
HaWMCHOBaHHE Pa3/IeliOB U TEM (gac.) Jlextuun IMpaktnueck | Konrtpons | srenbHa
We 3aHATUS | CAMOCTOSITE s

JTBHOU pabora,
paboTsl (B B TOM
TOM YHCIIe qrcie
kypcoBas | KoHTpo

pabora) | b (4ac.)

BCETro
B T.4
HpaKTHYECKa
s TIOITOTOBKA
BCETro
T

IpaKTH4YeCKa
S IOATrOTOBKA

1. Beegenne B  riay0okoe
o0yyeHHe B  KOMIBIOTEPHOM
3peHuu

IToctanoBka 3amaun. HMcropus
KOMITBIOTEPHOTO 3peHuUs u
rIIyOOKOTO O0YUYEHHSI.

16 2 0 14

2. Knaccnduxanus usodpakeHni
Ob6yuenue c YUUTEIICM.
CemaHTHUECKUI pa3phIB. K-
Oommwkaiimux coceneil. Pemaromiue
rpaHuibl. METpUKH pPaCCTOSHUI.
l'unepnapameTpel. VYuebHas,
MIPOBEPOYHAsi, TECTOBas BHIOOPKH.
ITepexpecTHas IIpOBEpKa.
YHUBEpCaJIbHBIA  alMpPOKCUMATOP.
IIpoxisiThE pa3sMEPHOCTH.

16 2 2 2 12

3. JIuHelinble K1accuGpuKaTopbl
ITapamerpuueckuit MIOAXO.
JIuHeWHbIH KJ1acCU(HUKATOP.
WNutepnperauuu JINHEHHOTO
knaccuukaropa. OLEHKH KJIACCOB.
OyHKIUA IIOTEPB. IToreps
nepekpectHo sHTponuu. IloTeps
MyJIBTHKIaccoBOi SVM.

22 2 2 18

4. Peryasipuzanus.
OnTumn3anus

[lepeoOyyenne momenmu. L1 n L2
peryispu3auu. Metonbt
ONTUMM3AIINH. Meton
TPaJUeHTHOro cirycka. [[akeTHbIN u
CTOXAaCTUYECKUU rpaJueHTHBIN 14 0 2 12
CITYCK. [Tpobnemsr SGD.
WNuepuuonnsii  SGD.  Hueprus
HecrtepoBa. AnanTuBHBIN IrpaJueHT
AdaGrad. Metox RMSProp. Meton
Adam. Onrtumuzands  BTOPOTO
MopsIAKa.




5. HelipoHHBIe ceTH NPSAMOro

pacnpocTpaHeHust
[IpeobpazoBanue MPU3HAKOB.
PykoTBopHBIE NpU3HAKU

M300pakKeHU VS HEHPOHHBIE CETH.
OmHOCIONHBIA W MHOTOCIIOWHBIE
nepcentpoH. MarpuuHas Qopma
3anuch. @DYHKIUU  aKTUBAIUU.
BripasutenbHas cuiia HEUpOHHOU
CETH. ‘YHuBepCcaIbHBIN
arnmpoOKCUMAaTop.

22

18

6. MeTton o0paTHOTro
pacnpocTpaHeHHUs! OIIHOKHU

Hennoe MpaBUIIoO. I'pad
BBIYHCIICHU. OO6patHoe
pacmpocTpaHeHre Ha OCHOBeE Tpada
BbIUUCIeHUHA. OCHOBHBIE IIA0JIOHBI
B IIOTOKE rpaaueHToB. [Inmockas u
MOJIyJIbHAS Peau3aIis alropuTMa.
BexToproe oOpatHOe
pacupocTpaHeHue. Marpuiisl
Axobu.  Tewzopel.  Tenzopnoe
o0paTHOE pacTpoCTpaHEHHE.

16

12

7. CBepTOYHBIE HEeHPOHHbIE CETH
CeprouHblii  cioif.  DUIBTPHI,
KapThbl akTuBauuil. MHTeprpeTanus
CBEPTOK. Cnoti  TOABBIOOPKH
(mynunra). [Ipumep cetu LeNet-5.
[TakeTHas HOpMaJIu3aLysl.
ITocnolinas HOpMaJIU3aLusl.
[IpocTpancTBeHHass HOpMaTU3aIusl.
IIpumepsl  apXuTekTyp  CeTei:
AlexNet, VGG, GoogleNet,
ResNet.

20

14

8. Oo0y4yenue r1y00KuX
HellpOHHBIX ceTeil

OyHKIUM aKTUBAIlUU: CHUTMOUJIA,
runepOonmueckuii Tanrenc, ReLU,
nporekatonuit ReLU, ELU, SELU,
GELU. Ilpeno6paboTka IaHHBIX:
LIEHTPUPOBAaHUE,  HOpMaU3aIus,
0oTOEINBAHUE. Nannmanuzanus
BecoB: wHHINmanmu3amus Kcasse,
UHULAATA3ALHS Kaiimunra.
HApomnayT. WHBepTUPOBAHHBIN
aponayT. AyrMeHTauus JaHHBIX.
Hpyrue THIBI  peryisipu3aiuu.
Pacniucanue 3aTyxaHusi CKOpPOCTH
obyJeHwMs. MeTtoabt MOoucKa
rUIeprnapaMeTpoB. AHAINU3 KPUBBIX
oOyueHus. AHcCaMOIM  MoOJENeH.
TpancdepHoe oOyueHwue.

18

14

9. ®peiimBopk PyTorch

Tensopel. bubanoreka AutoGrad.
Mopynu. Cratnaeckuit Vs
JMHAMHUYECKUI rpadpl 00ydeHUsL.

16

14




10. O0HapyxeHHne 00bEKTOB
Omnpenenenue 3a/1a4N.
OrpannuuBaromue pamkd. Mepa
cxonctBa JKakkapa (Intersection
over Union). ANTOPUTMEI
TIPS IITOKCHIS (hparMeHTOB.
Apxutektypa R-CNN. Anroputm
nojasyieHust He MakcuMyMoB (Non-
Max Suppression). Orenka
JNETEKTOPOB:  CPEIHSIA  CPEIHsI
TOYHOCTH (Mean Average
Precision, mAP). JIByxaTamHble
neTekTopbl 00beKTOB: Fast R-CNN,
Faster R-CNN. Cerp nupamusl
MIPU3HAKOB. OmHodTaHeie
neTeKTopel 00BekTOB: RetinaNet,
FCOS.

24

18

11. CemanTHyeckasi
CerMeHTAIUs U IPyrue 3a1a4u
Onpenenexnue 3a/1a4U.
ITonHOCBEpTOUHAs  apXUTEKTypa.
Ancommuar.  Ilpoune  3amaum
KOMITBIOTEPHOTO 3PEHUSL.

18

14

12. PexyppeHTHble HeHpOHHBIE
ceTn

Cranpaptaeie RNN. f3bIKOBbIE
MOJICJIH. ObpatHOE
pacnpoctpaHenue omuOku B RNN.
AHHOTHpOBaHHUE M300paKeHH.
Honrast KpaTKOCpo4Has MaMsTh
(LSTM).

18

14

13. Buumanmne. Tpanchopmepst
MexaHuzm BHUMAaHHUSI.
CaMOBHUMaHHE. Mackupyemslii
(0} CaMOBHUMAaHUSI.
MHororooBoe CaMOBHHMaHHeE.
Tpanchopmepsr. HelicTByromiue
npumepsl: GTP-3, DALL-E 2.

22

18

14. I'eHepaTUBHBIE MO/eIH
Obyuenue 0e3 YAUTEIS.
JMCcKpUMHUHATHBHBIE Vs
reHepaTHUBHBIE MOJIETIH.
Takconomust TreHepaTHUBHBIX
MOJENEH. ABTOperpeccuoHHbIe
monmend. PixelRNN. PixelCNN.
ABTO3HKOZIEphl.  Bapuanmonnsle
ABTORHKOZEPHI. OO0yuenue,
TeHepUPOBAaHUE HOBBIX JIaHHBIX.
I'enepaTtuBHBIE COCTS3aTEIbHBIE
cet. IlpumMepsl mIpaKTHYECKUX
MIPWIIOKEHUH.

24

18




15. Busyaauzauuss mojeieid u
reHepanusi u3o00pakeHu.
Busyanuzanus aKTHUBaIUH.
MakcumanbHO — aKTUBU3HUPYIOIINE
¢parmenTsl. KapTel 3HaUMMOCTH.
Kapter aKTHBAIUU KJIaCCOB.
Buszyanuzarnus MIPU3HAKOB c
MIOMOIIBIO TPAJUEHTHOTO MOIBEMA.
HuBepcus MIPU3HAKOB.
CocTs3aTenbHbIE aTakKu U 3alluTa.
DeepDream. CuHTe3  TeKCTyp,
matpuiia ['pama. IlepeHoc cTuisi.

22

UTOIro

288

30

30

8 228

II1. O6pa3oBaTeibHbIE TEXHOJIOTHH

Y4eOHas nporpamma —
HaNMMeHOBaHMe
pa3aesioB U TeM

Bua 3ansaTusa

Oo0pa3oBare/ibHbIE TEXHOJIOTHHU

2. Knaccugukanus
n300pakKeHUI

3. JIuneiinbie
KJIaCCU(UKATOPHI

4. Perynsipusanus.
OnTuMusanus

5. HelipoHusle cetu
PSIMOTO
pacnpocTpaHeHus

6. Merox o6paTHOTO
pacrpocTpaHeHUs
OIHOKHN

7. CBepTOUHBIE
HEWPOHHBIE CETH

8. O0yueHue riryooKux
HEHWPOHHBIX CeTeN

9. ®peiimBopk PyTorch
10. O6HapyxeHue
00BEKTOB

11. CemanTnueckas
CETMEHTalUs U IpyTrue
3aJ1a4uu

12. PexyppeHTHbIE
HEUPOHHBIE CETH

13. Buumanue.
Tpancdopmepsl

14. I'enepaTtuBHBIE
MOJIETHN

1. BBenenue B rimy0okoe | e jeknus,
o0y4eHue B e mpakTHyeckas paboTa,
KOMITBIOTCPHOM 3PCHUN ® BBINOJHCHUE JOMAIITHETO
MPOEKTHOTO 3a/1aHus

TpaauLUUOHHbIE ((PpOHTATIBHAS
JeKIMsL, PeIeHne YIpaXXHEHUH ),
KOMITbIOTEPHBIE (IIOKa3 Mpe3eHTa-
T

IIPOEKTHBIA MOJAXOL,
UCCIIeIoBaTebCKas paboTa




15. Buzyanuzanus
MOJIEIEN U TeHepanus
M300paXKeHUA

IV. ®oHa OLleHOYHBIX CPEICTB AJIA NPOBeJAeHUs] MPOMEKYTOUYHOM aTTeCTAlNK
00y4arImuxcs no JUCUMILIMHE

1. TunosBble KOHTPOJIbHBIE 3a1aHUA IS MPOBEePKHU YPOBHS
cpOopMHUPOBAHHOCTH KOMIIETEHIUM:

[IK-2 CrnocoOeH mNpUMEHSITh B HAyYHO-UCCIIENIOBATENBLCKOW M MPUKIATHOU
JEATEIIBHOCTH  COBPEMEHHBIE  SI3bIKM  IMPOTPAMMHUPOBAHUS U METOHbI
NpeACTaBlIeHUsT U OO0paOOTKM 3HAHUW M JaHHBIX, OINEPAIMOHHBIE CHUCTEMBI,
AJIEKTPOHHBIE OMOTMOTEKU U MAKEThl MPOTPAMM, CETEBbIE TEXHOJIOTUU

Ne Pesyabrar IIpumepHasi popMyJIMpOBKA 3aJaHUI Bun/cnocod Kpurepuu
(MHAUKATOP) OLlCHUBAHUA
1 IK-2.1 [IpoekTHOE 3anaHKE BML: ® BCE 3a/IaHUA
[IK-2.2 1. Peamm3oBats knaccuduxarop K- TBOPYECKOE, BBIIIOJIHEHBI
I1K-2.3 OMKalIIIX COCeIeH Ha JaTaceTe MIPOEKTHOE MMOJHOCTEIO: 5 0aJIjIoB,
CIFAR-10. 3a7aHue ® He BBITOJIHEHA
2. Hcnonp3ys NEpeKpeCTHYIO MPOBEPKY, | Pe3yJbTaThl: BU3yanu3auus: 4
HAlTH HaWIydllee 3HaUeHHe OTYeT, Oaina,
runepnapametpa K. KOMIILIOTEPHAS | o ge HaiiIeHO
3. BusyanusupoBaTh pe3ysbTaT mporpamma ONTUMATBHOE
3Ha4YEHUE
IIpoexT BBIMONHAETCS B MUTOHOBCKOM THIEepIapaMeTpa Wi
HOYTOYKE. HaiineHo Oe3
UCTIOJIb30BaHUS
MIEPEKPECTHOU
npoBepku: 3 O6amna
2 IK-2.1 [Ipumepsl BOOPOCOB AJIs1 yCTHOTO OTBETA: | BMI: [IpaBunbHEBIN OTBET HA
[1K-2.2 1. Yto U3 CcIEQyIOIEro BEPHO B OTBETHI HA Kaxk1p1il Borpoc — 0.5
IK-2.3 OTHOIIICHUH JiporayTa’? BOTIPOCHI Oaa.
e Bo Bpems TecTupoBaHusl (BbIBOJA) CIocoo:
JpornayT NpUMEHSETCs ¢ OOpaTHOM YCTHO
BEPOSITHOCTBIO COXpaHEHUs HeHpoHa
p
e Hu oauH U3 BhIIENIEPEUNCIICHHBIX
BapHaHTOB
e Uewm Ooiblire BEpOSITHOCTh
COXpaHEeHHUs1 HeWpoHa, TEM CHIIbHEE
peryNapHu3aIis BECOB
e JlpomayT NpuBOINUT K Pa3peKEHHOCTU
00y4YeHHOW MaTpHIIbl BECOB (MHOTO
HYyJIel)
2. Bo Bpemst obpaTHOTO
pacrpocTpaHeHusl, KOrJaa rpajueHT
Te4eT Ha3aj Yepe3 CUTMOBUIHYIO
HEJIMHEHHOCTh, TPaIMEHT BCET/Ia
Oymer:
® YMEHBIIATHCS [0 MOAYIIIO,
COXPAHSTh 3HAK
® YBEIMYMBATHCS 10 MOJYJIIO, MEHSITD




3HaK

® YBCIIMYUBATHCA IO MOAYJIIO,
COXPaHATH 3HAK

® YMCHbIIATHCA 110 MOAYJIKO, MEHATH
3HaK

3. BribepuTe METOMBI, KOTOPBIE MOTYT
0cnabuTh B3pBIB TPATUCHTA!
O WCIIOJIb30BaHUE 00XOIHBIX
coenmHeHMH (residual connections)
O HCHOJNB30BaHKHE 00PE3KH TpaIueHTa
(gradient clipping)
O J00aBIIEHUE MMAKETHOM
HOpMaJTH3aIu
O HCNONB30BaHHE QYHKIUU aKTHBAIMH
ReLLU BMecTO CUTMOUIBI

[1K-3 CnocobeH nmpoeKTupoBaTh HHGHOPMAIIMOHHBIE CUCTEMbI, UX KOMIOHEHTHI U
MPOTOKOJIBI UX B3aUMOJICHCTBUA, coOupaTh, 00pabaThiBaTh U MHTEPIPETUPOBATH
HKCIIEPUMEHTAJIbHbIC JaHHBIE W 3HAHUS, HEOOXOJUMBIC Ui MPOCKTHOM U

HpOHSBOIICTBGHHO-TGXHOJ’IOFH‘JCCKOﬁ

ACATCIBHOCTH,

pa3pabaThiBaTh

HOBBIC

ANTOPUTMHYCCKUE, METOAUYECCKUE M TEXHOJIOTMYECCKUE PEIICHUS B KOHKPETHOM
chepe nmpodhecCHOHAIBHOU JIeITEIBHOCTH

Ne Pesyanrar IIpumepHasi popMyJIMpOBKA 3aaHUI Buja/cnocod Kpurepuu
(MHAUKATOP) OLleHUBAHUA

1 ITK-3.1 [IpoekTHOE 3anaHKE BHL: ® BCe 3aJlaHUs
I1K-3.2 1. Peanu3oBaTh MOJHOCTHIO TBOPYECKOE, BBITIOJTHEHBI
I1K-3.3 BEKTOPH30BaHHYIO (PYHKIIHIO TOTEPh MIPOEKTHOE MTOJTHOCTBI0: 5 0aIIIOB,

s SVM 3ajjaHue e He BBINOJHEHA

2. Peanu3oBaTh MOJHOCTHIO pe3yJabTaThl: BU3yaIn3aLus: 4
BEKTOPH30BAaHHOE BEIPAXKESHHE JJIS €r0 | OTYET, Oana,
AQHAJTUTUYECKOTO TPaIUCHTA KOMIIBIOTEPHAS | o ge HaiiIeHO

3. IIpoBepuTh CBOIO pPeaTU3aIUIO mmporpamma ONTUMATBHOE
TrpagueHTa ¢ TIOMOIIBI0 YHCIOBOTO SHAYCHMUE
rpajucHTa TUIIepIIapaMeTpOB

4. Hcrnonb30BaTh BAIHIAIMOHHYIO WM HalieHo 6e3
BEIOOPKY, 9TOOBI TO100paTh CKOPOCTH HCIONBE30BAHMS
0o0y4deHus U CUITy PeryJsipu3ainu BaJIM/IAIOHHOM

5. OnTuMH3upOBaTh QYHKIUIO TIOTEPD C BBIOOpKH: 3 Oanna
nomoipo SGD

6. Busyanmm3upoBath Beca 00yueHHON
MOJIEeTTH

[IpoeKT BHIMONHAETCS B IUTOHOBCKOM

HOYTOYKE.

2 IIK-3.1 IIpuMeps! BOIIPOCOB JUIsl MUCBMEHHOTO BU/: [IpaBunbHEIN OTBET Ha
T1K-3.2 OTBeETa: OTBETHI HA Kaxkp1i1 Borpoc — (.5
TIK-3.3 BOIPOCHI Oama

BB{ co31aeTe rIyOOKyI0 CBEPTOUHYIO CII0COB:
HEMPOHHYIO CETh, UMEIOILYIO MOAYIBHYIO | [y vror o

apxuTekTypy. IlycTh Bama ceTb COCTOUT
13 TPeX UICHTUYHBIX MOIYJIEH, KaXK bl
U3 KOTOPBIX BKITFOYAET B CeOs:

e  CBEPTOYHBIN CIIOH,




e  CJIOW max-MmyJHHra,
e ciou ReLU.

Bce ciou nmynuaTra OyMyT UMETh mar 2 u
BBICOTY/IINPHHY 2.

Ha ocHoBe naHHBIX HUXE
TUTepIIapaMeTPOB CBEPTOYHBIX CIIOEB
onpeaenuTe GOpMy BBIXOIHBIX JTaHHBIX,
MOJTYYaeMBbIX TOCJIC TIPOXOXK/ICHUS OJTHOTO
n3o00pakeHus Gopmer 126 x 126 x 3
(dbopmaT HxWxC) uepes BCro ceTh, a
TaK)Ke KOJIMYECTBO MApaMETPOB BO BCEi
CeTH.

CBepTouHbIe clIoM UMEIOT 64 GpuIIbTpa
pasmepom 3x3, marom 1, magauaTroM 0.

Ykaxute popMy BBIXOTHBIX TaHHBIX
cetu: H x W x C 1 koi1muecTBO
rapamMeTpOB CETH.

V. YueOH0-MeTOAn4ecKoe U MHGOPMALIMOHHOE 00ecTieYeHUe TUCIMILIUHBI
1) PekoMenayemas ureparypa
a) OcHOBHas JIUTEpaTypa:

1.

SAxbseBa, [.0. HeueTkne MHOXecTBa U HeHpoHHBIE ceTu / .0, Sxbsena. -
2-e wm3a., wucnp. — M.: HurtepHer-YHupepcurer WHPpOpMamoHHBIX
texHosoruit; BUHOM. Jlabopatopus 3nanwmii, 2012. - 316 c.: un., Tabu. -
(Cepust «OcHOBBI HH(POPMAITMOHHBIX TeXHOJOTHIY). - ISBN 978-5-94774-
818-5 (BMHOM.JI3); To xe [OnekrponsHslii pecypc]. - URL:
http://artlib.osu.ru/web/books/content all/1827.pdf.

. I'yndennoy, S. I'mybokoe oOyuenme / S. I'yndemnoy, . benmxuo, A.

KypBwibe; nepeBon ¢ anriuiickoro A. A. CiauHkuHA. — 2-€ H3.
Mocksa: JIMK Ilpecc, 2018. — 652 c. — ISBN 978-5-97060-618-6. —
Tekcr: 35eKTpoHHBIN // JlaHb: 3JIEKTPOHHO-OMOIMOTEUHAs cUCTeMa. —
URL.: https://e.lanbook.com/book/107901

0) [lomoaHuTENbHAS TUTEpaTypa

l.

2.

Goodfellow 1., Bengio Y., Courville A. Deep Learning. — MIT Press, 2016.
[Electronic resource]. — URL: https://www.deeplearningbook.org

Hasuc P., Tepk M. KomnstorepHoe 3penue. [lepegoBsie MeToabl U TITyOOKOE
ooyuenue. — M.: JIMK-IIpecc, 2022. — 690 c.

. [Mammpo, JI. Komnetoreproe 3penue: yueoHoe mocodue / JI. Ilammpo, /.

Croxkman; nox penakuueit C. M. CokosoBa; nepeBoji ¢ aHTIIMCKoro A. A.

borycnasckoro. — 4-e u3a. — MockBa: Jlabopatopus 3nanui, 2020. —
763 ¢. — ISBN 978-5-00101-696-0. — Tekct: snextpoHHslid // JlaHb:
AIIEKTPOHHO-OMOIMOTEUHAS cucrema. — URL.:

https://e.lanbook.com/book/135496



http://artlib.osu.ru/web/books/content_all/1827.pdf
https://e.lanbook.com/book/107901
https://www.deeplearningbook.org/
https://e.lanbook.com/book/135496

2) [IporpammHoe obecrieueHne

KomnbrotepHblii kjaace (pakyabTeTa NPUKIATHON MaTeMAaTHKU U KnOepHeTHKH Ne 40
(170002, TBepckas 00.1., r. TBepb, CanoBblii epeyJiok, 1.35)

Adobe Acrobat Reader DC - Russian

OecIUIaTHO

Apache Tomcat 8.0.27

O€eCILIaTHO

Cadence SPB/OrCAD 16.6

I'ocynapcTBeHHBIM KOHTPAKT Ha IOCTaBKY
JUIEH3UOHHBIX TPOrpaMMHBIX IpoAyKToB 103 -
I'K/09 ot 15.06.2009

GlassFish Server Open Source Edition

411 OecruiaTHO
Google Chrome OeCIuIaTHO
Java SE Development Kit 8 Update 45 SeCILIATHO
(64-bit)

JetBrains PyCharm Community SeCILIATHO
Edition 4.5.3

JetBrains PyCharm Edu 3.0 OecIIaTHO

Kaspersky Endpoint Security 10 mis
Windows

Akt Ha nepenauy npaB [1K545 ot 16.12.2022

Lazarus 1.4.0

OecCIUIaTHO

Mathcad 15 M010

Akt npenocrasienus npas 1C00000027 ot
16.09.2011

MATLAB R2012b

Akt npenoctasieHus npas Ne Us000311 ot
25.09.2012

MHoro}yHKITMOHAIbHBIN

penakrop ONLYOFFICE 6ecmiatnoe | GecriiaTHO
1O

OC Linux Ubuntu 6ecruiataoe 110 OecmiaTHO
MiKTeX 2.9 OecmiaTHO
MSXML 4.0 SP2 Parser and SDK OecmiaTHO
NetBeans IDE 8.0.2 OecruiaTHO
NetBeans IDE 8.2 OecruiaTHO
Notepad++ OecruIaTHoO
Oracle VM VirtualBox 5.0.2 OecruiaTHO

Origin 8.1 Sr2

norosop Nel3918/M41 ot 24.09.2009 ¢ 3A0
«Co¢rJlaitn Tpeiia»

Python 3.1 pygame-1.9.1 OecriaTHO
Python 3.4 numpy-1.9.2 OecruiaTHO
Python 3.4.3 OecriaTHO
Python 3.5.1 (Anaconda3 2.5.0 64-bit) | GecrimaTHO
WCF RIA Services V1.0 SP2 OecruaTHO
WinDjView 2.1 OecriaTHO
R Studio OecraTHO
Anaconda3 2019.07 (Python 3.7.3 64-

OecraTHO

bit)

3) CoBpemeHHbIe TIpodecCHOHATTBHBIE 0a3bl JAHHBIX U HH(GOPMAIIMOHHBIE CIIPABOYHBIC

CHUCTCMBbI

e IBC «ZNANIUM.COM» www.znanium.com;
e JbC «YHuBepcuterckasi 0udanorexa oHJaiiH» https://biblioclub.ru/;



http://www.znanium.com/
https://biblioclub.ru/

e IJBC «Jlaub» http://e.lanbook.com

4) IlepedenHp pecypcoB HHPOPMAITMOHHO-TETICKOMMYHUKAIIMOHHOM ceTH « THTepHEeT,
HEOOXOIUMBIX I OCBOCHUSI TUCIIATUTHEI

* DnekTtpoHHas oOpazoBarenbHas cpeaa TBI'Y: http://Ims.tversu.ru

* Hayunas 6ubnuoreka TBI'Y (http://library.tversu.ru)

VI. MeTozmqecm/Ie MaTepuaJibl JIsl oﬁyqalomnxm 10 OCBOCHHIO JUCHHUIIVIMHBI

Opranuszys cBOIO y4eOHYIO palOOTy, CTYIAEHTHI TOJDKHBI, BO-TIEPBBIX, BBISIBUTH
PEKOMEHIyeMbId PEeXHM M XapakTep Yy4eOHOHl palboTbl MO H3yYEHUIO
TEOPETHUECKOr0 Kypca, NPAKTUYECKOMY IPUMEHEHUIO U3YYEHHOIO MaTepHuala, 1o
BBIMIOJIHEHUIO 33JaHUM ISl CaMOCTOSITEIbHOW paboOThl, IO HCIOJIb30BAHUIO
MH(POPMALIMOHHBIX TEXHOJIOTHM U T.1. BO-BTOpBIX, 03HAKOMUTBCS C YKa3aHHBIM B
METOJMYECKOM MaTepuaje MO0 AUCHUIUIMHE MepeyHeM Y4eOHO-MEeTOIUYECKUX
W3JIaHUW, PEKOMEHAYEMBIX CTYAEHTaM IS IOATOTOBKH K 3aHATHSM U BBIIIOJIHEHUS
CaMOCTOSITENIbHOM paboOThl, a TakkKe C METOJUYECKUMH MaTepuajlaMd Ha
OYMa)XHbIX W/WJIM 3JIEKTPOHHBIX HOCHUTEIAX, BBIMYUIEHHBIX Kapeapod CBOMMU
CWJIAMH U MPEAOCTABIIAEMbIE CTYyIEHTaM BO BpEMs 3aHATHUH.

CamocrosiTenbHass padoTa CTYAEHTOB, MNPEIyCMOTPEHHAs YYEOHBIM IUIAHOM,
JIOJDKHA COOTBETCTBOBaTh Oosiee TIiIyOOKOMY YCBOEHHUIO HM3y4aeMoro Kypca,
(bopMHpOBaTh HABBIKKA MCCIEIOBATEIBCKON padOThl U OPHUEHTHUPOBATH CTYJAEHTOB
Ha YMEHHUE NPUMEHSTh TEOPETUUECKUE 3HAHUS HA PAKTHKE.

1. Paboma ¢ yuebHbIMU ROCOOUAMU.

JIJ1s1 TIOJTHOLIEHHOTO YCBOEGHUSI Kypca CTYACHT JOJDKEH, MPEXKIE BCETro, OBIAJETh
OCHOBHBIMH MOHSATUSMHU dTON AUCHUILUIUHBI. He00X0IMMO yCBOUTH ONIPEICICHUS U
MOHATHUS, YMETh NPHUBOJUTH MX TOYHBIC (DOPMYIHUPOBKU, MPUBOIAUTH MPUMEPHI
O00BEKTOB, YJIOBJIETBOPSIONIMX ATOMY ompeaeneHuto. Kpome Toro, HE0OX0aumMo
3HaTh KPyr ()aKTOB, CBA3AHHBIX C JaHHBIM TMOHSATHEM. TpedyeTcs Takke 3HATh
CBSI3M MEXIY MOHATHUSMH, YMETh YCTAHABIMBATH COOTHOIICHUS MEXIY KiaccaMu
00BEKTOB, OMMMCHIBAEMBIX PA3TUIHBIMU MTOHATUSIMHU.

2. Camocmosamenvroe uzyyenue mem.

CamocTosiTenbHass paboTa CTyACHTA SBJSIETCS BaXXHBIM BHJOM JIESITEIHLHOCTH,
MO3BOJISIIOIIMM XOPOILIO YCBOUTH M3y4aeMbI MpeAMET U OJHUM W3 YCJIOBUU
JIOCTUKEHUSI HEOOXOJMMOr0o KauyecTBa TMOJATOTOBKU W IpodecCUOHaATbHON
MEepPEenoAroTOBKU crienuanucToB. OHA MpearonaraeT caMoCTOSITENIbHOE MU3YYEHUE
CTYJIEHTOM PEKOMEHJIOBAaHHON y4eOHO-METOMMYECKONU JIMTEPATyphl, Pa3TUIHBIX
CIIPABOYHBIX MaTepUajoB, HamucaHue pedepaToB, BBICTYIUICHHE C JOKJIAJIOM,
MOATOTOBKY K JICKIIMOHHBIM U MPAKTUYECKUM 3aHATHSM, MOJTOTOBKY K 3a4€Ty U
HK3aMEHY.

3. [loocomoeéxa Kk npakmudecKum 3aHAmusIM.


http://e.lanbook.com/
http://lms.tversu.ru/
http://library.tversu.ru/

HpI/I IMOATOTOBKC K IIPAKTHYCCKHUM 3aHATHUAM CTYACHTAM PCKOMCHIYCTCA
CJI€a0BaTb MCTOAUYCCKHUM PEKOMCHOALUAM I10 pa60Te C y‘le6HBIMI/I HOCO6I/IHMI/I,

IMPUBCACHHBIM BBIIIIC.

4. Cocmasnenue KOHCNeKmos.

B koHcnekre OTPA’XCHBI OCHOBHBIC ITOHATHUA TCMBI. I[J'IH HarJsiJHoCTH U y,Z[O6CTBa

3alIOMUHAHUA UCITIOJBb3YIOTCA CXCMBI U T3.6J'II/IHI>I.

VII. MaTepuajibHO-TeXHUYECKOe oOecneuyeHmne
s aynuTopHOM paboTHI.

VYuebnas aynutopus Ne 212 HaGop yueOHoii mebenu,

(170002, Tmepckas  00J., | MyJIbBTUMEANHHBIA KOMIUIEKC (IIOCKa, TIPOEKTOp, IaHEIb
r.Teepsb, CafoBblii MepeysokK, | ympaBicHUs).

1.35)

VYuebnas ayauropus Ne 206 HaGop yueOHoii mebenu,

(170002, TBepckas o00JacTh, | PKpaH,

r.TBeps, nep. Canoselii, 1.35) | mpoOEKTOP.

Jl1s1 camMocTosATeIbHON pabOThI

[Tomewmenue ns Komnerorep,
CaMOCTOSITENIbHOIN pabOThI JKpaH,
00yYaroImuxcsi: IIPOEKTOP,
KoMnbrorepHslii kinacc KOHUIMOHED.
dakynbrera [IMuK Ne 46

(170002, TBepckast 001.,
r.Tseps, CagoBblii IepeyIioK,
1.35)

VIII. Ceenenust 00 00HOBJICHMH pado4eil MporpaMMbl AMCHUIIHHBI

Oo0HoBJIEHHBbIH pa3aen

JaTa u npoToko.

HJ.V:__)L paﬁoqeﬁ nmporpamMmmbl Onucanne BHECEHHBIX H3MeHeHHIi 3aceJaHusd Ka(l)e)lp])l,
JUCHUIIINHBI YTBEPAUBUIECI0O UBMECHCHU S
L. | V. YueGno- Buecenbl n3MeHeHUs B IPOrpaMMHOE Ot 24.08.2023 rona,
METOANYECKOE U oOecrnieueHue potokoi Ne 1 yueHoro
UH(POPMALIMOHHOE coBeTa (pakyibTeTa
obecrieucHue,

HEOOXOAMMOEC ISt
NPOBEICHUS MPAKTHKH
2) IlporpamMmmHoOe
obecreyeHme

Rl Pl el




