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Ouenounsble cpeactBa (OC) SBISIOTCS IEMEHTOM CHCTEMBbI OLICHUBAHUS CPOPMUPOBAHHOCTH KOMIICTCHIIMH Y OOYyYarOUIMXCs B [IEJIOM HJIMA Ha
OIIpeICIIEHHOM 3Tare ee (OPMUPOBAHHUSL.

OC pa3pabaTsiBaeTcsi B COOTBETCTBUU C paboyeit mporpammoit (PIT) muctumivaet.

1. KomnereHuuu u pe3yjbTaThl 00yueHus, GopMupyembie B pe3yJibTaTe 0CBOCHUS AU CHMIIIMHbBI

Komnerenuus

NuaukaTop KoMIeTeHUMU

Ko n HanMeHOBaHMe pe3yJIbTATOB
o0y4eHHus (IIAHUPYEMbIC PE3yIbTAThI
00yUeHHsI, XapaKTePHU3YIOLINE JTArlbl
(hopMHPOBaHUS KOMITETSHIUN)

KpuTtepuu oneHuBaHus pe3ybTaTOB 00y4YeHUs

OTan4HO

Xopouio
JBHO

VYnosnersopure | HeynosnerBopuren

BHO




OIIK-3. Cniocoben
MPUMEHSTH U
MOIU(PHUIIPOBAT
MaTeMaTHYECKIE MOJETH
JUTSL pELLICHNs 33124 B
obnactu
npoeCCHOHATBHOM
JIESTEIbHOCTH

NOIIK-3.1. JlemoHCTpUpYeT
HaBBbIKU IPUMEHEHUS
COBPEMEHHOTO
MaTEeMaTHUYECKOT0 anmnapara I
MIOCTPOEHHUS aJEKBATHBIX
MaTeMaTHYECKUX MOJIEIEeH
pealibHBIX MPOIIECCOB, 0OBEKTOB
Y CUCTEM B CBOEU NMpeIMETHON
00JacTH.

OP-3.1.1. OGyuatomuiics Oyner 3HaTh
MIPOLEAYPHI BBISBICHHUS,
(hOpMHPOBAHUS U COTJIACOBAHMUS
TpeOOBaHUI K pe3yabTaTaM
aHAINTHYECKHUX PabOT C MPUMEHEHHEM
TEXHOJIOTUH HEMPOHHBIX CETEM.

OP-3.1.2. OGyuatomuiics Oyner 3HaTh
MIPUHLIMIEI [UTAHUPOBAHHUS U
OpraHM3aly aHATUTHYECKUX paboT ¢
HCIOJIb30BaHUEM TEXHOJIOTUI
HEHUPOHHBIX CETEH.

OP-3.1.3. O0ygaromuiics CMOKET
IIOJITOTaBIINBATh JTaHHBIC IS
TIPOBEACHUS aHATUTUICCKUX paboT 1o
HCCIICIOBAHUIO OOJIBIINX JaHHBIX
METO/IaMU HEHPOHHBIX CETEH.

OcHoOBaTeNbHO
pasbupaetcs B
OCHOBaX
COBPEMEHHBIX
TEXHOJIOTHH
TITyOMHHOTO
00yueHUs
aHamM3a
Pa3sHOPOIHBIX
JIAaHHBIX
(TabnuyHble,
N300pakeHUs,
CHTHAJIB,
HOCIIEIOBATEIILHO
CTH) ISt
HOCTPOCHHS
MPEANKTHUBHBIX
MOJETIeH,
MOATOTOBKU
6msHec-
AHAJMTHKH,
peLreHuns 3a1aq
NpeCTaBIeHHS 1
00paboTku
JIAHHBIX.

Xopouio
OPHEHTHPYETCS
B OCHOBaX
COBPEMEHHBIX
TEXHOJIOTHH
rITyOMHHOTO
o0yucHHs
aHaM3a
Pa3HOPOIHBIX
JaHHBIX
(TabnnyHele,
n300pakeHNs,
CHTHAJIB,
MOCIIEIOBATEIIbH
OCTH) JIJISt
MOCTPOCHHUS
NPENKTHBHBIX
MOJeeH,
HOATOTOBKH
6usHec-
AQHAJINTHKH,
penreHus 3a1aq
NpeCTaBICHUS
u 00paboOTKH
JaHHBIX.

Cnabo
OPHEHTHPYETCS
B OCHOBaX
COBPEMEHHBIX
TEXHOJIOTHH
rITryOMHHOTO
o0yucHHs
aHaM3a
Pa3HOPOIHBIX
JaHHBIX
(TabnnyHele,
n300pakeHNs,
CHTHAJIB,
MOCIIeJOBATENb
HOCTH) JIIS
MOCTPOCHHUS
NPENKTHBHBIX
MOJeeH,
HOATOTOBKH
6usHec-
AQHAJINTHKH,
penreHus 3a1a4
NpeCTaBICHUS
u 00paboOTKH
JaHHBIX.

He 3naer ocHoB
COBPEMCHHBIX
TEXHOJIOTHH
rITyOMHHOTO
oOy4yeHHs aHaTN3a
Pa3sHOPOIHBIX
JaHHBIX
(TabnuyHbIe,
M300paKeHHS,
CHUTHAJIbI,
MOCJIEIOBATEILHOCT
1) IUIS TIOCTPOCHUSA
TIPEANKTHBHBIX
MoJIeJIeH,
MIOJTOTOBKH
OM3HEeC-aHAINTHKH,
peueHus 3ana4d
NPE/ICTABICHUS U
00pabOTKU TaHHBIX.




NOIIK-3.2. lemoHCTpUpYET
yYMEHHEe coOupaTh U
00pabaThIBaTh CTATUCTHYECKHE,
9KCIIePHMEHTAJIbHBIE,
TEOPETUYECKHUE U T.II. JaHHBIC
JUISL IOCTPOCHHSA
MaTeMaTHYECKUX MOJIeIIeH,
pac4yeToB M KOHKPETHBIX
MPaKTHYECKUX BBIBOJIOB.

OP-3.2.1. OGyuatomuiics cMOXeT
MIPOBOANTH aHATTUTHYECKOE
HCCIIEIOBAaHNE U pa3pabaThIBaTh
TIPWIOKCHUS C IPUMEHEHUEM
TEXHOJIOTUI HEMPOHHBIX CETEH B
COOTBETCTBHH C TPEOOBAHUSIMHA
3aKa3y4uKa.

OP-3.2.2. O0yyatommuiics cymeer
MIPOBOJIUTH AHAIUTHYECKOE
HCCIIeIOBAaHNE U pa3pabaTbiBaTh
TIPWIOKEHUS C IPUMEHEHUEM
TEXHOJOTHil HEHPOHHBIX CETEH B
COOTBETCTBHH C TPEOOBAHUSIMHU
3aKa34IHKa.

OP-3.2.3. O0yyatommuiics oBnaeer
METOJIaMHU Pa3pabOTKH MPEI0KCHHIMA
110 MOBBIIICHUIO MTPONU3BOJAUTECILHOCTH
00paboTKu OONBIINX JAHHBIX.

Ha BeicokOM
YpOBHE pemIaet
TIPaKTUIECKHE
3a7a4n
MIPOEKTHPOBAHUS
MIPUJIOKEHUH,
HCTIOJIB3YIOIIIX
rIyOMHHOE
oOyueHue ¢
TOMOIIBIO
COBPEMEHHBIX
TIPOTPAMMHBIX
HHCTPYMEHTOB
(sA3BIKH
MIPOTPaMMHUPOBAH
Hsl, OMOJIMOTEKH U
bpeiiMBOpKH),
HCIIOJIB30BaHUS
TEXHOJIOTUI
MAIIIHHHOTO U
rITy00KOr0
oOyueHHs A1t
oToOpaKeHHS
B3aUMO3aBHCUMOC
TEH B JAHHBIX.

CnocobeH ¢
HE3HAYUTEIBHBI
MU
3aTpYAHCHUSMHA
pemarp
MIPAKTUIECKHE
3a7a4u
MIPOEKTUPOBAHH
sl IPUJIOKECHU,
UCIIOJIB3YIOIIUX
riryOuHHOE
oOyueHwme ¢
TTOMOIIIBIO
COBPEMEHHBIX
MIPOTPaMMHBIX
WHCTPYMEHTOB
(s13BIKH
IpOrpaMMHUpPOBa
HUS,
O6ubnuoTeKku u
(bpeiiMBoOpKH),
HCTIOJIh30BaHUS
TEXHOJIOT U
MAaIInHHOTO U
rITyOOKOTO
oOy4eHHs s
OTOOpaXKEeHUsI
B3aMO3aBHCUM
ocTel B
JIAHHBIX.

C
CYIIECTBEHHBIM
u
3aTpyIHEHUSIMA
pemraer
MIPaKTHYECKHE
3a7a4u
MIPOEKTUPOBAHH
sl IPUIIOKECHU,
UCIIOJIB3YIOIIUX
riryOuHHOE
oOyueHwue ¢
TIOMOIIBIO
COBPEMEHHBIX
TIPOTPaMMHBIX
HWHCTPYMEHTOB
(s13BIKH
pOrpaMMHUpPOBa
HHUS,
O6ubnuoTeKku u
(bpeiiMBopKH),
HCTIONIb30BAHUSA
TEXHOJIOT U
MAIIMHHOTO U
rITyOOKOTO
o0y4eHHs s
OTOOpaXKEeHUsI
B3aMO3aBHCUM
ocTel B
JIAHHBIX.

He ymeer
HCTIONIB30BAaTh MIPH
pelnIeHnn
MIPaKTHYECKNX
3amaq
COBPEMCHHBIE
HpOrpaMMHBIE
MHCTPYMEHTEI
(s13BIKH
NpOrpaMMHUPOBaHU
1, OMOMOTEKH U
(hperiMBOpKN)
TIPUMEHSATH
TEXHOJIOTUH
MAaIIUHHOTO U
TITyOOKOTO
00y4YeHHUS IS
0TOOpasKeHUS
B3aUMO3aBHCHUMOCT
el B JaHHBIX.




2. tanbl GOPpMHUPOBAHUA KOMIIETEHIIMI U BHIbI OLIEHOYHBIX CPEICTB

ITtansl GOpMUPOBAHUSI KOMIIETEeHIMIT

KO}I U HAUMCHOBAaHHUEC

Buja oneHo4YHOr0 cpeacrsa

Ne (pa3aeJibl THCHANTIHHBI) pe3yJIbTaToOB 00y4eHust (TecTsl, 3aMaHusL, KEHCHI, BOTIPOCH H JIP.)
Pasnen 1. OcHOBBI OP-3.1.1, OP-3.1.2 Ompoc Ha 3aHATHAX, TOATOTOBKA K
HEHPOKOMIBIOTEPHBIX BHIYMCIICHHH. a00paTOPHBIM 3aHSITHSM,
OCHOBHBIE MTOJIOKEHUST HEUPOCETEBBIX nyOIMYHAas 3a1UTa J1ad0paTOPHOI

1. |Berumncnenuii. Bemonnenne pabotsr Ne 1.
nabopaTopHOit
pabotsl Ne 1 (ITocTpoenue
HEHPOCETEBOro perpeccopa)

Pasnen 2. Hetipounsie cetn Bctpeunoro| OP-3.1.1, OP-3.1.2, OP-  |Ompoc Ha 3aHSTHSX, TOATOTOBKA K
pacnpocrpaHenus. Hactpoiika 2.3.1,0P-2.2.2 J1a00PATOPHBIM 3aHITHSIM,
APXHUTEKTYPBI ¥ AITOPUTMBI HACTPOUKH myOJIMYHAs 3a1UTa J1ab0paTOPHOM

9 HEUPOHHBIX CETEH BCTPEIHOTO paboThr Ne 2.
pacnpocTtpaHeHus. Beimonnenue
nabopatopHoii
pabotel Ne 2 (O6yueHue
HEHWpPOCeTeBOro Kiaccupukaropa)

Paznmen 3. Anropurmer onrtumuzanuu B |OP-2.2.2, OP-2.2.3, OP-3.2.3|Omnpoc Ha 3aHATHSAX, TOATOTOBKA K
00y4YeHUHU HEHPOCETEBBIX MOJIEIICH. 1a00paTOPHBIM 3aHSITHSM,

3 OnTuMH3aTOpPEI 00YUIeHHS HEHPOHHBIX myOIMYHAas 3aIKTa 1a00paTOPHOMI
ceTeil. BemonaeHne mabopatopHoit paboTsr Ne 3.
pabotsl Ne 3 (MccnenoBanue
ApXUTEKTYPbI HEHPOHHOM CETH)

Paznen 4. PexyppeHTHBIE HEWPOHHBIE OP-3.1.1, OP-3.1.2, OP- |Onpoc Ha 3aHATHUSIX, TOJTOTOBKA K
cetu. HeiipoHHsle ceTn ¢ 00paTHRIMU 2.3.1,0P-2.2.2, OP-3.2.2 |maGopaTOpHBIM 3aHATHSIM,

4 |cszsamu. Beinonnenue 1abopaTopHOi myOIMYHas 3alIuTa JIa0opaToOpHO
pab6otel Ne 4 (Knactepuzarus JTaHHBIX pabothl Ne 4.

SOM)
Pazgen 5 Ceeprounsie HEHpPOHHEIE OP-3.1.2, OP-2.3.1 Ormpoc Ha 3aHATHIX, TOATOTOBKA K
cetu. CBepTOUYHbIE HEHPOHHBIE CETH U 1a00paTOPHBIM 3aHSITHSIM,

5 |aBTO%HKOEPHL. BBINONHEHHE MyOJIMYHAs 3alUTa JTJA00PATOPHOI
nabopatopHoii padoTs! Ne 5 pabothl Ne 5.

(Kmaccugukatop n3obpaxeHuii)

Paznen 6. O0yueHue 6e3 yuutens u OP-3.1.2, OP-2.2.2, OP-3.2.2 |Onpoc Ha 3aHATHAX, TOJATOTOBKA K

o0y4eHHe ¢ OJKPEIUICHUEM B na00pATOPHBIM 3aHSITHSM,

HeipoceTeBbIX Mojiemsx. HelipoHHbie MyOJIMYHAs 3alUTa JJab0PaTOPHOI
6 |ceth, obyyJaroruecs: 6€3 yIUTens U ¢ paboThl Ne 6.

MOJIKpeTUIeHueM. BrimonHeHue

nabopaTopHoii padoTsl Ne 6

(Busyanu3aims nporecca

(bYHKIIMOHUPOBaHKS HEHPOHHOM ceTn)

Pazgen 7. Buzyanuszauus u OP-3.1.2, OP-2.2.2, OP- |Onpoc Ha 3aHATHUSIX, TOJTOTOBKA K

00BSICHUMOCTDh HEHPOHHBIX CETEH. 3.22,0P-2.2.4 71a00paTOPHBIM 3aHSTHSM,

Busyanuzaiust 1 00bsICHUMOCTh myOIMyHas 3aluTa JIabopaTopHOi
7 HelpoceTeBbIX MoJienell. Bolnonnenue paboTsr Ne 7.

nabopaTopHoii padoTsl Ne 7

(MccrenoBanne peKyppeHTHOM

HeWpoceTH)

Paznen 8. [TamsATh HEMPOCETEBBIX OP-3.1.2, OP-2.2.2, OP-  |Ompoc Ha 3aHATHUAX, TOJrOTOBKA K

MoOJIeJIel. XpaHeHHe acCOIMaIii U 3.2.2,0P-2.24 1a0OPATOPHBIM 3aHITHUSM,
8 myOIMYIHAas 3aIuTa J1abopaToOpHOI

ylpaBiieHHE aMAThIO B HEHPOCETEeBBIX
MozeIsiX. BeimonHnenue naboparopHoit
pabotel Ne 8 (I'enepanys My3bIKaITbHBIX

paboTsr Ne 8.




N Jranbl GopMHUPOBAHUS KOMIIETEeHIU A Kon u nHaumenoBaHue Buj oueHo4HOr0 cpeacTBa
: (pa3neJibl THCUUTIHHBI) pe3y1bTaToB 00y4eHHs (TecTsl, 3a/1aHKs1, KEUChI, BONPOCHI U JIp.)

KOMITO3HLIMH € TOMOILBIO
PEKYPPEHTHBIX MOJIETICH).
[MpomexyTrounas arrecrarus (10 OP-3.1.3, OP-3.2.1 [TyGnuuHOE TIpeICTaBICHUE U
pe3yJIbTaTaM BBIITOJIHEHUS 3al1UTa Pe3yJIbTaTOB

9 |maGoparopusix padot (min 70%) u VHIUBUIYAIBHOIO IIPOEKTA.
Mpe3eHTalul UHANBUIYIBHOTO
IIpOeKTa -2-3 MHUH/YE.)

3. TUnoBbIe KOHTPOJIbHBbIE 3aJaHUSI MM HMHbIe MaTepuajibl, Heo0OXoAMMbIe IJsl
OLIEHKH 00pa30BaTe/IbHbIX Pe3yJbTATOB 00y4YeHU s

3.1. TunoBble 3amaHusl A MPOBEACHUS TEKYIIEr0 KOHTPOJIS YCIIEBAEMOCTH IO JAUCIHUILTUHE
«HeunpoHHbBIE cEeTH».

1.IlocTpoeHue HelpoceTEeBOr0 perpeccopa

Hanmcares nporpammy Ha Python, xoTtopas oOyuaer HeiipoceTeBOil perpeccop, ¢ MOMOIIbIO
oubmuorek scikit-learn u keras (ommumonansHo PyTorch). B kauectBe BBIOOpOK BO3bMHTE
BapHaHTHI HIDKE.

BbiOpare mpu3HAKH, WUCTONB3YIOUIMECS MPH OOYYEHHUH, U, €CIU HEOOXOIUMO, BBIOJHUTH HX
npenodpaboTky. Pa3genuTs BHIOOpKY Ha OOydalIIyld M TECTOBYH. B pabore HeoOXoaumo
UCCIIEIOBATh Pa0bOTy apXUTEKTYpP M aJITOPUTMOB OOYYCHUS C PA3HBIMH 3HAUCHHUSIMH ITapaMETPOB
CTPYKTYpHI B 00y4eHHs (THIIEpIIapaMeTPOB) CETEH U BEIOpATh HAMITYUIINE 3HAUYCHUS TIOCTICTHUX.
Hammcath kopoTkuid oT4eT 1o paboTe, BKJIKOYHMB B HEro IMPOTPaMMy C KOMMEHTapHSIMHU,
3HAYCHHS KayecTBa Mojelieid. BeiOpars ydiiryto MOeb.

Jliist cBOEro BapuaHTa perpeccopa HeoOX0AMMO IOCMOTPETh MOCIEAHIOK U(PY
HOMEpa CBOCH 3a4eTHOW KHIDKKHU (WJI CTYJCHUYECKOTO OWMIIeTa) U BHITIOJTHHUTH CIICIYIOIIHEC
KOPPEKTHPOBKH:

* ecniu iocnenuss mudpa 0 unm S: natacet — JlecHbie moXKapsl
(https://archive.ics.uci.edu/ml/datasets/Forest+Fires), mpeackaspiBaemoe 3HaU€HUE — MJIOMIAIb
noxkapa (Area);

* ecim ocsenHsis udpa 1 wim 6: natacer — KayectBo BuHa
(https://archive.ics.uci.edu/ml/datasets/Wine+Quality) mpeackaspiBaeMoe 3HaU€HHE — KaueCTBO
(Quality), s maracera ¢ KpacHbIM BUHOM, winequality-red.csv;

* ecnu niocnenHsis mudpa 2 unu 7: naracet — KauecTBo BuHa
(https://archive.ics.uci.edu/ml/datasets/Wine+Quality) npencka3piBaeMoe 3HaUeHUE — Ka4eCTBO
(Quality), nuis maracera ¢ GenbiM BUHOM, winequality-white.csv;

* ecnu mocnenHssa nudpa 3 win §: natacet — ApeH/a BelIOCHUIIeI0B
(https://archive.ics.uci.edu/ml/datasets/Bike+Sharing+Dataset), mpecka3piBacMoe 3HaUCHHE —
KOJIMUECTBO apeH]1 BEJIOCUTIESIOB B CYTKH (Area), matacet day.csv;

* ecnu niocnenssis mudpa 4 unu 9: naracetr — ApeH/ia BeIOCUIIE0B
(https://archive.ics.uci.edu/ml/datasets/Bike+Sharing+Dataset), mpencka3siBacMoe 3HaUEHHE —
KOJIMYECTBO apeH/] BEJIOCUIIEIOB B yac (Area), garacet hour.csv;

2. O0yuyeHne HellpoceTeBOro KJaaccu(puKaTopa

Hanucars nporpammy Ha Python, koTopas oOydaer HelipoceTeBoi KilacCu(pUKATOP, C MOMOIIBIO
o6ubmuotek scikit-learn un keras (omumonanmsHO PyTorch). B kauecTBe BBIOOPOK BO3BMHTE
BapHUaHTHI HIDKE.

BriOparh npu3HaKu, WCHOJIB3YIOIIUECS NMPH OOY4YEHUH, M, €CIM HEO0OXOAHWMO, BBIMOJIHUTH UX
npenoopadboTky. Pazpenuts BRIOOpPKY Ha OOydaromIyl0 M TeCTOBYHO. B pabore HeoOXoammo




HCCJIEIOBATh PadOTy apXUTEKTYp U aNTOPUTMOB OOYUYEHUS C Pa3HBIMH 3HAYCHUSMU ITAPaMETPOB
CTPYKTYPHI B 00yueHus (TUIeprapaMeTpoB) CETeH M BRIOpATh HAWITYUIINE 3HAYCHUS TTOCIICTHUX.
Hamucate kopoTkuii oTueT mo paboTe, BKIOYMB B HEro MPOrpaMMy C KOMMEHTApHUSIMHU,
3HAYCHMsI KayecTBa Mojieliei. BeIOpaTh mydIyro MOIeIb.

Bri6opxka s knaccudukaropa Covertype Data Set
(https://archive.ics.uci.edu/ml/datasets/Covertype).

J1yist 5TOr0 HEOOXOIMMO IMMOCMOTPETH MOCIECTHIOK U(PY HOMEpa CBOCH 3a4eTHOM
KHIDKKH (MJTH CTYICHUYECKOTO OMJIeTa) M BBIMOJHUTD CIICIYIONINE KOPPEKTUPOBKHU:

Mertka knacca — Cover Type. Tak kak He0oOX0IUMO cO37aTh OMHAPHBIE
KJ1IacCU(PUKAaTOPHI, @ BO3MOKHBIX KJIACCOB — 7, TO CHavyaja HE0OX0IMMO U3MEHHUTh 3HaUEHUE
metku Cover Type.

15t 5TOr0 HEOOXOUMO MOCMOTPETH TOCIEIHIOK MUGPY HOMEPA CBOCH 3a4ETHOM
KHIDKKH (WJIA CTYJICHYECKOTO OMJIeTa) M BBIMIOJIHUTE CIEAYIONUE KOPPEKTUPOBKH: €CITN
nocienusst mudpa 0 wim 5: Mmetky 0 3aMeHHUTH Ha Kitacc A, MeTkH 1, 2, 3, 4 3aMEHUTH Ha KJ1acc
B;

eciu nocneausis nudpa 1 wim 6: metky 1 3ameHuTh Ha Kiacc A, metku 0, 2, 3, 4
3aMEHHUTH Ha Kiracc B;

ecyu nocneaHss uudpa 2 unu 7: MeTKy 2 3aMeHuTh Ha kiacc A, metku 0, 1, 3, 4
3aMCHHUTH Ha Kiracc B;

ecnu nocneaHss uudpa 3 unm 8: MeTKy 3 3aMeHUTh Ha kiacc A, metku 0, 1, 2, 4
3aMEHHUTH Ha Kiracc B;

ecnu nocneauss uudpa 4 unm 9: Mmetky 4 3aMmeHUTH Ha Kiacc A, metku 0, 1, 2, 3
3aMEHUTh Ha Kjacc B.

3.UcciienoBanne apXuTeKTypbl HeHPOHHOI ceTH

Jliis BeINIOSIHEHUS pabOThl HEOOXOAUMO B3SITh HEMPOHHYIO CeTh, MOJYYEHHYIO Ha MpeAbLAYIEM
3a/laHui. BBINOJHUTH NOBTOPHOE OOYYEHME IOIYYEHHOM apXWUTEKTypbl U BU3YalIM3UPOBAThH
IOBEPXHOCTh (PYHKIMM TOTEpr B INPOCTPAHCTBE JBYX BBIOPAaHHBIX BECOB, a TaKke
MOCJIEIOBATEIBHOCTh W3MEHEHHS JTHX BECOBBIX KOI()(PUIMEHTOB Ha KaXA0i wHTepanuu
oOyueHust. IloaydnuTe Ba)kKHOCTh BECOB C IOMOILBIO HMCCIEIOBAHUS YYBCTBUTEIBHOCTH CETH.
HccenenoBats BO3MOXKHOCTH 110 PEAYKIIMM CETH C YYETOM MTOJIY4YEHHON BaKHOCTH.

Hanucath kopoTkuii oT4eT 1o paboTe, BKJIIOYUB B HETO IPOTpaMMy ¢ KOMMEHTapUsSIMHU, PUCYHKH
HaCTPOWKHU MOJIENIN Y 3HAYEHUsI METPUK IOJHON U PEAyLIUPOBAHHBIX APXUTEKTYP.

4.Knacrepuszanus 1anabix SOM

B kauecTBe 00y4armux JaHHBIX PEKOMEHAYETCS B3sTh HAOOp U3 1a00paTOpHON pabOTHI
2. Hamucars mporpammy Ha si3bike PythOn, BBITOTHSIIOIIYIO 3a7a4y KJIaCTEpU3aIlMK JTaHHBIX C
MCIIONB30BaHMEM CaMOOpTaHu3yromuxcsi apxurekryp SOM, tpebyercs mogo0pars apXUTEKTYpy
CeTH (BBIMOJIHUTH PETYISALUI0 pa3MEPOB IBYMEPHON UM TPEXMEPHOM CETH, a TaKXKe MPOU3BECTU
uccienoBanne QyHKIUNA ONMU30CTH U UX MApaMeTpPoB), MPUBECTU METPUKU KadecTBa MOJACIU U
BU3YJIM3UPOBATh Mpoiiecc 00ydeHust MoieNu. Pe3ynbprarsl paboTHI PUBECTH B OTUETE.

5. Knaccudukarop usodpaxenuii

Hamucars mnporpammy Ha Python, kotopas oOy4aer OuHapHBIA Kiaccu(puKarop
1300paXeHUI Ha OCHOBE CBEPTOYHBIX HEMPOHHBIX CETEH.

JU1st 5TOr0 HYXHO MOATOTOBUTH JIBE MANKH ¢ U300pAKEHUAMH, NPUHAJICKAITUMHI TBYM
KjlaccaM (M300pakKeHUS MOXKHO 3arpy3uth u3 cetu MHtepHer). Pazmenuts BbBIOOpKY Ha
00yuaroIIyto U TECTOBYIO.

[TocTpouTh HAOOpP CBEPTOUHBIX HEHPOHHBIX CETEH, OTIIMYAIOIIMXCS KOJIIMYECTBOM CIIOEB,
Yyepe0OBaHUEM CJIOEB, HAJMYMEM IPOPEKHUBAHUSA U OOyYUTh UX Ha IOJArOTOBIEHHOM Habope
M300paKeHUH.

BeiOpare ceTh, MO3BOJIIOUIYIO KJIACCU(UIMPOBATh H300paKEHUS C JAOCTaTOYHBIM



KaueCTBOM, U He 00J1aJat0IIyI0 H30bITOYHOCTHIO.
Harnmcats KOpoTKHii 0T4ET 10 paboTe, BKIIOYUB B HETO MTPOTPAMMy C KOMMEHTAPHSIMHU, TPadHKH
HACTPOWKU MOJIENIU M 3HAYCHUSI METPUK MOJENeH (TOYHOCTD, OJTHOTA).

6. Buzyanuszanus npouecca GyHKIIMOHMPOBAHMS HelPOHHOM ceTH

JI1 BBINIOJIHEHUS 3aaHKS B3STh HEMPOHHYIO CETh, IOIYYCHHYIO Ha MPEIbIIYIIEM 3aJaHHUH.

1. BHINOJHUTH BU3YaIH3aLUIO aKTUBAIMH CBEPTOYHBIX CIIOCB (IIPOMEKYTOUHBIX AaKTHBALIUI) JUIs
HECKOJIbKUX 00BEKTOB PAa3HBIX KJIACCOB.

2. OcymiecTBUTh BU3YyAIU3alUIO (PUIBTPOB CBEPTOYHBIX CIOEB CETH.

3. IlpousBecTu BU3yaIM3alMioO TEIUIOBBIX KapT aKTUBALMH KJIACCOB ¢ nomouibio Meroga CAM.
Hanucare KOpoTKHii OT4eT mo paboTe, BKIIOYMB B HETO NPOTrpaMMy C KOMMEHTApHSIMU H
pe3yJIbTaThl BU3yalIU3aluu.

7. UccnenoBanne peKyppeHTHOM HellpoceTH (IIPOTrHO3 TeMIIePaTypbl)

Hanucats nporpammy Ha Python, koTopast 00y4aeT perpecCuoHHbIE MOJCIIH,
MPeJICKa3bIBAOIIME TEMIIEpaTypy Ha 3aBTPAIIHUI JeHb B OJHOM U3 TOPOJIOB U MOCTPOCHHBIX Ha
HaOOpe JaHHBIX C IOMOIIBIO TPEX AITOPUTMOB: IIPOCTasi PEKyppeHTHas HeilpoHHas cetb, LSTM
(umu GRU), u ctek LSTM (unu crek GRU).

Br10path npu3HaKH, UCIIOIB3YIOIMUECs TPH 00YICHHH, U, €CITH HEOOXOIMMO, BBITTOJIHUTE UX
npenodpabotky. Pa3nenuTs BRIOOpKY Ha 00YYaIOIIYIO U TECTOBYIO.

B pabote HeoOXx0auMO UCCiieI0oBaTh pabOTy HEMPOHHBIX CETEH, TOCMOTPETh BO3MOKHOCTH
HACTPOMKHU CETH C MPOPEKUBAHNEM, ONPENCTUTH KOIUYECTBO AHEH 0 MPOrHO3HOTO JHS, [
KOTOPBIX JIOCTUTAETCsl HAMBBICIIAS! TOYHOCTH TIPOTHO3UPOBAHHUS

Hanucatp kopoTkuii oT4eT o paboTe, BKJIIOUKB B HETO MPOrpaMMy ¢ KOMMEHTapUsIMHU, TpaduKu
HACTPOMKM MOJICIIH U 3HAYCHHS METPUK MojieseH (Ko (UIIMEHT NeTepMHUHAIINHN, CPEIHIOIO
KBaJIPATUUHYIO U CPEIHIOI0 aOCONIOTHYIO OIIMOKN).

BrI0paTh HAWITY4IITy0 MOJIEITb U3 MTOJIYYCHHBIX PETPECCOPOB.

Jlns cBoero BapuaHTa HEOOXOJMMO MTOCMOTPETh MOCIEAHIO TPy HOMEpa cBOei 3a4eTHOMN
KHIDKKH (WJIA CTYJICHYECKOTro OMIeTa)  BEIOpATh CBOW HAOOP TaHHBIX:

* ecy mocieauss mudpa 0 wau 5: matacer — Beibopka moroga Coun (2010-2019 roasr);

* ecnu oceaHsist dpa 1 wim 6: natacet —Bridopka noroga Xadaposck (2010-2019 rogpr);

* eciy mocyeaHsist idpa 2 win 7: natacet — Beibopka nmorona Kamuuauurpan (2010-2019 romsr);
* eciu oceaHsist udpa 3 win 8: natacet — Beidbopka nmoroaa Sxyrck (2010-2019 rosr);

* ecny oceaHstst dpa 4 nin 9: naracet — Beidopka moroaa Bonrorpan (2010-2019 roasr);

8. I'enepanus My3bIKaJbHBIX KOMIIO3MIMI ¢ IOMOIIBI0 PEKYPPEHTHBIX MO/eJIeil

IToaroroBuTh HAOOP BPEMEHHBIX MOCIIEAOBATEIBHOCTEW HOT HEe MeHee 20 My3bIKaJIbHBIX
KOMITO3UIIUN OJHOTO CTWII (HampasieHus, aBropa). OOyuyuTh HaAOOp PEKyppEHTHBIX Mopeei
JUISL UCCIIENIOBAHUSl ATHX BPEMEHHBIX IOCIEN0BATEIbHOCTEW M HANMCaTb T€HEPATOp MENIOIUH,
MO3BOJISIONIUI CO3/1aBaTh MEJIOAMIO, IIOX0XKYIO Ha UCCIIETyEeMBbIE.

HanucaTth KOpoTKHii OTYET 1O paboTe, BKIOYHUB B HETO NMPOrpaMMy ¢ KOMMEHTapUsIMH,
rpauKu HACTPOMKU MOJIENIEH U 3HAUCHHSI METPHUK MOJIETIEH.

TeMbl HHAMBUAYAJIbHBIX MIPOEKTOB!

Jlns ykperieHust u3y4eHHOro MarepHasia MpeaycCMOTPEHO BBIMOJIHEHUE UHMBUYalIbHOTO
IpOEKTa B paMKax YacoOB CaMOCTOSTEIbHOM paboThl. [IpoeKT MOKeT ObITh BBIIOJHEH Kak
WHAUBUAYaAJIbHO, TaK U B MHUHHU-Tpynne (2-3 dyein.), Mpu yCIOBUHM, YTO 00bEM pabOThl TaKXke
Oyznet yBenuueH. B koHIle ceMecTpa 1o KaxJI0My MPOEKTY MPEACTaBIseTCs MUHU-TIPE3EHTAlINs O
pesyabTarax padoThI.

Temarnka MHIMBUAYAJTIBHOTO poeKTa cBsizaHa ¢ TeMoid BKP marucrpanta. Llens pabotsr —
HCIIOJIb30BaHNE METOIOB IITyOMHHOTO 00yUeHHs B CBOEH HaydHOH paborte.



TeMbI OIPOCOB HA 3aHATHAX:

CBsi3aHBI C MarepuajioM MNpCAbIAYIINX HGKHHﬁ, a TaKXXC JIMYHBIM OIIBITOM CTYACHTOB.
CryneHTbl MOTyT mpeJlaraTb BapUaHThl PEUICHWM MOCTaBICHHOW IpEenojaBareleM 3ajadu, a
TAKXK€ HHCTPYMEHTBI PELICHHUS.

ITpumepr! BOIPOCOB:

1.Kakas HeifpoceTeBast MO/I€ b U3 IEPEUUCICHHBIX B JIy4lllel CTENEeHH MOAXOIUT JUIs
IIPOrHO3MPOBAHMS BPEMEHHBIX IIOCIIEI0BATEIbHOCTEN?

a) Single-Layer Perceptron b) CNN

c) LSTM d) Multi-layer Perceptron

2. Kak Ha3bpIBaeTCsi HECKOJbKO NPHUMEPOB M3 OOy4arouieil BBIOOPKH, HCHOJB3YIOLIUXCS IS
OJIHOMOMEHTHOT'0 pacyera I'paJMeHTa U BECOB CETU?

3. Hoquy MOJCIIN Ha CBCPTOYHBIX HeﬁpOHHBIX CCTAX IMMOKA3bIBAKOT HAMTYYIIHE ITOKA3aTCJIN 110
KJ'IaCCI/I(bI/IKaI_[I/II/I 00BEKTOB Ha I/I306pa)KeHI/IHX 10 CPAaBHCHUIO C APYIr'UMHU MOI[GJ'ISIMI/I?

a)OHM B BBICOKOM CTEIIEHH ONTUMHU3UPOBaHbl | D)OHKM  00nagar0T  mIMPOKUM — HAOOPOM

IUIsi 00pabOTKU BEKTOPOB C YUCIOBBIMH, & HE | HHCTPYMEHTOB npeoOpazoBaHus
KaTeropuaJlbHbIMHU IPU3HAKaMU MPU3HAKOBOTO  MIPOCTPAHCTBA,  KOTOPHIE
MO3KET BapbUpPOBaTh pa3pabOTYUK B MOJEIIN

C)OHU YYHTBHIBAIOT KOPPEIAUI0 CMEXKHBIX | )OHH HCHOIB3YIOT CYIIECTBEHHO OoJibliiee
KOMITIOHEHT BEKTOpa YUCJIO HACTPaMBaEMbIX IApaMETPOB, IO
CPaBHEHMIO C IPYTHUMU MOJAEISIMU

3.2. TunoBble 3amaHusl i MPOBEICHUS MPOMEKYTOUHON aTTeCTallud IO AUCLUILIMHE
«HeuponHsle ceTn»
CTyaeHT BBITIOJHSIET MPE3EHTAINI0, & TAKXKE JEMOHCTPUPYET MPOTpaMMHBINA Koa. Bompock 1o
pe3yapTaraM MOTYT 3aJ1aBaTh BCE CTYACHTHI TPYIIIbI, HE TOJBKO MPENOJaBATENb.

4. Metoanueckue  MaTepuaJibl, ONpeleJsAOIIMe  NPOLeAYPbl  OLEeHHBAHUS
00pa3oBaTeJIbHBIX Pe3yJIbTATOB 00y4eHH

4.1. Metoauueckne MaTepuanbl s OLEHKH TEKYyIIEro KOHTPOJIS YCIIeBaeMOCTH IO
IUCILIUILINHE.

Z[J'ISI OLICHKH TCKYH_Ieﬁ YCIICBAaCMOCTHU HUCIIOJIb3YCTCA peﬁTI/IHrOBaH CUCTEMA OLICHUBAHUA .
Ta6J'II/II_Ia — bannbpHBIE OLIEHKHU IJIS DJIEMEHTOB KOHTPOJIA

" MaxkcuMaJibHBIN OrnennBaemas
DneMeHThl y4eOHOI
0aJu1 ¢ Havaia KOMITETEHIIHS
EITENLHOCTH
ceMecTtpa
TlonroroBka k 15*4=60 VK-1,IIK-8
1ab0paTOPHBIM 3aHITHUSIM
M 3alATa OTYETA IO
naboparopHoii paboTte
3ammTa HHANBUIYaTbHBIX 40 VK-1,IIK-8
MIPOEKTOB




4.2. Meroauueckre MaTepuabl Ui MPOBEICHUS IPOMEKYTOYHOM aTTeCTalluu 10 AUCIUIIIHHE.

Onenka 3a HK3aMEH BBICTABISETCS HA OCHOBE BBINOJIHEHHBIX JIAOOPAaTOpHBIX paboT
NPEACTaBICHUS U 3allIUThl HHAUBHYyaTbHOTO MpoeKkTa. [IpuMensiercs peTuHroBas cuctema s
OLICHKH TEKYIIEH yCIIeBaeMOCTH 00yYarOIIXCH.

Tabnuna — baybHbBIE OLIGHKU JJIS1 3JIEMEHTOB KOHTPOJIS

. MakcumanbHbIN OuenunBaemast
OneMeHTHl y4eOHOH
0asu1 ¢ Havaga KOMITETEHITHS
JESITEIIbBHOCTH
cemecTpa
[ToaroroBka k 15*4=60 YK-1,IIK-8
71a60paTOPHBIM 3aHITUSIM
Y 3al1UTa 0T4eTa 1o
nabopaTopHOM paboTte
3amuTa MHAUBUYaJIbHBIX 40 YK-1,IIK-8
MIPOEKTOB
IK3aMEH

Ilepecuer 6a/1710B B OLIEHKH NPOMEKYTOYHOMH yCIIeBaeMOCTH

baiel Ha 1aTy KOHTPOJIBHOM TOYKHU Onenka
>90% 0T MakCUMaIbHON CYMMBI 0aJlsIOB 5 (3auTeHO)
Ot 70% 1o 89% oT MaKCUMAJILHON CyMMBI OQJIJIOB 4 (3auTeHO)
Ot 60% 10 69% OT MaKCUMAaJIbHON CyMMBbI OQJIJIOB 3 (3auTeHO)
< 60% oT MakcUMaJIbHON CyMMBI 0ajyIoB 2 (HEe3a4TEeHo)




