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1. ®OH/] OLIEHOYHbIX CPEJICTB JJIs1 TEKYILETO KOHTPOJISI
YCINEBAEMOCTH, IPOMEKYTOUYHOM ATTECTALIMU
OBYYAIOIIMXCS MO JUCLHUILIUHE

Hacrogammuit ®oHg oOLEeHOYHBIX

cpeactd  (®OC) mno agucHUIIMHE

«CucteMsbl

HUCKYCCTBCHHOI'O MHTCIUICKTA» SABJIACTCA HCOTHEMJICMBIM IMPUITIOKECHUEM K pa60qe171 mnmporpamMmme

IUCLUILINHBI

(PTLT)

«CHucTeMbl

HCKYCCTBCHHOI'O  MHTCJIJICKTA». Ha

JTAHHBIA

DOC

paclpoCTPaHsIIOTCSl BCE€ PEKBU3UTHI YTBEpKAEHUs, mpeactaBieHHbie B PIIJI mo panHoOM
JUCLIUIUIUHE.

2. IEPEYEHb OLHEHOYHBIX CPEJACTB
JUis ompeneseHUsl KadecTBa OCBOEHMsI OOydaromMMHUCSA Y4eOHOro Marepuaia Io
JUCHMILIMHE MCIOIb3YKOTCS CIEAYIOINE OLIEHOUYHBIE CPEACTBA:

Ne OuenouyHoe Kparkas xapakTepucTHKA OLIEHOYHOT 0 IIpencraBiienne
n/n CpeACTBO cpeacTBa OLIEHOYHOI 0
cpeactBa B POC
1 TectupoBanue Bun koHTpOIIA, MO3BOJISIONUI OLICHUTh U3Y4EHHBIN | Borpock! s
TEOPETUUECKHI MaTepHall. MIPOBEICHUS
TECTUPOBAHUS
2 [IpakTnueckue Bua koHTpOIIs1, TO3BOJIAIOUINNA OLIEHUTh YMEHUE 3amanud K
3a/1aHust 00y4aroIerocs MPUMEHSITh OCBAUBAEMYIO MPaKTUYECKOMY
KOMIETEHIIMIO B MPAKTUYECKUX CUTYAlUsIX U IpU 3aHATHIO
pEIICHUH MPOU3BOICTBEHHBIX 33]1a4
3 KonTponbhas Bu koHTpOIs1, TO3BOJISIFOLINNA ONIPEIECTUTD 3amanus
pabota pe3yJIbTaT OCBOEHHUS KOMIIETEHIMI 110 JUCHUILUIMHE | KOHTPOJIbHOMN
B paMKaX paccMaTpUBAEMOM TE€MbI, OLIECHUBAEMBbIH C | pabOThI
MOMOIIbIO COOTBETCTBYIOIIMX UHIUKATOPOB
JIOCTHKEHHS] KOMITETEHITU I
4 CamocrosiTenbHas Buna xoHTpOIIS1, TO3BOJIAIONINI OLIEHUTD 3aganus
pabota npopabOTKy TEOPETUYECKOro MaTepuana, u3yuyeH’e | caMOCTOSITeNbHOM
PEKOMEHIyeMOi1 JINTepaTyphl, BHIMOJTHEHUE paboTsl
MPAKTUKO-OPUEHTUPOBAHHBIX 3aJaHUM
(3amosTHEHUE TAOJIHII, TPOBECHUE CPABHUTEIIEHOTO
aHaJIM3a, COCTABIEHUE CXEM U JIp.), peLICHHE
MPaKTUYECKUX 3a]1a4, CO3/IaHHE MPE3CHTAINH,
HanucaHue pedeparon, MOAOOPKY HOPMATUBHOTO U
MHOTO MaTepHaJia U BBITIOJIHEHHUE JIPYTUX 3aJJaHUN
5 Kypcosas pabota Bun koHTpOIIs, TO3BOJIAIOMINN BBISIBUTH CTETICHD NunuBunyanbHbie
BJIa/IeHUs 0a30BBIMU 3HAHUSMHU, YMEHUSMU U 3ajaHusl  (TeMbI)
HaBbIKAMU, HEOOXOIUMBIMH ISl O0yUYEHUS, U TUTSE KypcoBOit
OTIPEJICTTUTh YPOBEHD BIIAJICHUSI HOBBIM paboTsl
MaTepuaIoM
6 3auer/3auer ¢ | Bun KOHTpoOss, MO3BOJIAIOIIMK BBISIBUTH CTENEeHb | Bompocsl JUISt
OLICHKOH/DK3aMeH OBJIQJICHUS] 3HAHUSIMU, YMEHUSIMU U HaBbIKaMHU, | IOJTOTOBKHU K
HEOOXOAMMBIMH ISl JAJIBHEHIIET0 OCBOCHUS | 3a4eTy/3a4eTy ¢
00pa3oBaTeNbHOI MPOrpaMMbl OJITOTOBKU OLICHKOW/9K3aMeHy
3. MACITIOPT ®OHJA OINEHOYHBIX CPEACTB JUCHUIIJIMHE
3.1. ConpoBoauresibHasi nHGOpMAaIH.
Pa3zpaboTunk B.H. Hazapos
Kadenpa AvynuTta, PMHAHCOB M KpeauTa

HanmMmeHnoBanme JUCITUITIIINHBI

«CucTeMbl HCKYCCTBEHHOT'O




HMHTEJUICKTA

®DakyabTET / MHCTUTYT HNHCTUTYT Mex1yHApOIHOM
SKOHOMUKH, JTUACPCTBA U
MEHEDKMEHTa

HampaBiieHre noJAr0TOBKY / CHEIUAIbHOCTh 38.05.02 TamokeHHOE JCIIO

KonnuecTBO BOIIPOCOB B OIICHOYHBIX 3aJaHUSIX (IHUAIa30H) Ot 15 go 30

OO01m1ee BpeMsi TECTUPOBAHMS (MHUH) 90

OO011ee KOJIU4YeCcTBO Bonpocos/3aganuii B POC 30

Pa3mMelieHHOCTh Ha caiiTe Y HUBEpCUTETa IPUMEPHOTO la

nepevHst Bonpocos, 3aganuit ®OC — aJig noAroTOBKU

00YyYJarOIIUXCs K IPOXO0XKACHUIO OIICHKH (J1a / HET)

3.2. XapakTepHUCTHKA OlIEHUBAEMbIX KOMIIETEHIIMIA.

KO}I (I)OpMy.]'lPIPOBKa HH}IHKaTOpLI JOCTUKCHHUA KOMIICTCHII NN
KOMIIETECH KOMIIETCHIINH
10701
YK-1 Cnoco0eH ocyniecTBJISTh HNYK-1.1
KPUTHYECKHI aHAJIN3 Brinonuser nouck HeobxonuMoi nudopmanmu,
NpoodJIeMHBIX CUTYaIlUil HA €€ KpUTUYECKUM aHaIIN3 U 0000IIaeT pe3yIbTaThl
OCHOBE CHCTEMHOI'0 MOAX0/1a, aHaju3a JUisl peleHus MOCTaBJICHHOM 3a1aun
BbIpa0aTHIBATH CTPATErHI0 NYK-1.2
JelCTBUIl Hcenonb3yeT CUCTEMHBIN NOAXO JJIsI PELICHUS
MOCTaBJICHHEIX 3a7a4

4. COAEP) KAHUE OHEHOYHbBIX CPEJACTB TEKYLIEI'O KOHTPOJISA

4.1. TUHITIOBBIE TECTOBBIE 3AJIAHUS.

TecTel comepkaT HAOOpP BOIPOCOB, B TMOJHOM OOBEME OXBATHIBAIOIINE H3yUYCHHBIN
TEOpPETUYECKU MaTepuan 1o ykazaHHodW Teme (uuaukaropsl 3HATD). Breimonnenue tectoB
MO3BOJISIET OMNPENEINTh PEe3yibTaT OCBOCHHUS KOMIETEHIMH MO JUCHUIUIMHE B paMKax
paccMaTpuBaeMOil TEMbl, OLIEHMBAEMbIII € TIOMOIIBIO COOTBETCTBYIOUIMX HMHAUKATOPOB
JOCTIDKCHHST KoMIleTeHIn. HIMBUIyalbHBIM TECTOBBIA CEaHC IS KaKI0Tr0o OO0yYaroIierocs
(dopmupyeTcss MO CHEUUATbHOMY aJIrOpUTMY, OOECIEeUMBAIOIIEMY 33JaHHYI0 TEMaTHYECKYIO
CTPYKTYpY U MPONOPLHUOHAIBHOE HATMYKHE BOIIPOCOB PA3HOI0 TUIA U CIOKHOCTH.

Ilpu ¢opmuposanuu mecmos HeoOX00UMO UCROIBLIOBAMb 3A0AHUA C/1EOYIOULUX
munoe:

Tun 3ananud 1. 3a1aHus 3aKpHITOrO TUIIA HA YCTAHOBJIEHUE COOTBETCTBHUSL.

Tun 3aganug 2. 3aganus 3aKpbITOrO TUIIA HA YCTAHOBJICHHUE M10CJIEI0BATEIbHOCTH.

Tun 3ananus 3. 3aganus KOMOMHUPOBAHHOTO THUIA, MPEANOIAralpIlue BEIOOP OJHOTO
MIPaBWJIBHOTO OTBETA U3 MPEIOKEHHBIX

Tun 3amanus 4. 3agaHus KOMOMHHUPOBAHHOTO THWIIA, TMPEATNONAraolIie BHIOOD
HECKOJIbKUX OTBETOB U3 MPEAJI0KEHHBIX

Tun 3amanud S. 3agaHus OTKPHITOTO TUIA C PA3BEPHYTHIM OTBETOM.




Tema Kon n HNuaukaTopbl Tect o Teme
dopmynupoBka JAOCTUKEHUS
KOMIIETEHIINHT KOMIIETEHIINH
Tema 1. YK-1. Cnocobern | UYK-1.1 Tun 3a0anusa 1. 3a0anus 3aKpeimo2o Muna Ha YyCMAHOG1EHUE COOMEENICHGUS.
i | OCYIIECTBIIATh BrimonHseT monck 3HaHWe TIOHATHU U ompeaeneHnii B Aucuuiuinae «CrucTeMa NCKYCCTBEHHOTO WHTEIIEKTa»
CKYCCTBCHHBIN
HHTEJUICKT. KPUTHYECKUN HE00X0ANMOit HEOOXOAMMO JIJIs1 YeTKOTO MOHUMAaHHUS PUHITUIIOB PabOTHI TEXHOJIOTH, TPaMOTHOTO
Tepmunonorus, | 2HAH3 uHpopManuu, e MPUMEHEHUS HHCTPYMEHTOB U MPEAOTBPAIICHHSI BO3MOXKHBIX OITUOOK MpH pa3paboTKe U
TloHsTHS 1 MTPOOIEMHBIX KPUTHYECKUH aHaTN3 U AKCIUTyaTalliy UHTEJUICKTYaIbHBIX CHCTEM. Y CTAHOBHUTE COOTBETCTBHE MEXKIY OHATHSIMH H
CUTYyaInii Ha 00001I1aeT pe3yIbTaThl WX OTIPEICICHUIMU:
OIpEICIICHUS
OCHOBE aHanmM3a JUisl PeHIeHuUs [MonsiTust Onpenenenus
CHCTEMHOI'O HIOCTaBJIEHHOM 3aa41 A MarmHHOE 00y4eHue [Ipornecc aBToMaTHYecKOro 0OHAPYKEHUS
[oJIXoxa, 3aKOHOMEPHOCTEH W MPUHATHS PEIIeHUH Ha
BBIPAOaTHIBATH OCHOBE aHAJIM3a JIAHHBIX.
CTPATETUI0 B Heliponnas cetsb Mopeinb, BIOXHOBJIEHHASI CTPYKTYpOi
NEeHCTBUI 4eJI0BEYECKOr0 MO3ra, COCTOSAIIAS U3 CIOEB

HMCKYCCTBEHHBIX HEHPOHOB

B I'myGokoe oOydenune

[Tonpazagen MammHHOTO O0yUYEHUS,
HCIIOJIb3YIOIIUM MHOTOCIIOMHBIE HEMPOHHBIE
CETH JUIsl pEIICHUS CIOKHBIX 3a/1a4.

D OO0yueHune ¢ IOIKpEIICHHEM

Mertonx o0ydueHuUs MoIesIeH myTeM
B3aUMOJICHCTBHUSI C OKPYIKAIOIIEH CpeNod U
MOJTyYeHUsS] OOpaTHOM CBSI3U B BUJE HArpaj
iy mTpadoB.

OrtBerT:
1 2 3 4
Kunrou:
1 2 3 4
A B C D

Tun 3a0anusa 1. 3a0anus 3aKpeimo2o muna Ha yCMAHOG1EHUE COOMEENICHIGUA.

[lonnmanue THIOB 3amad  oOpabOTKH

ecrectBeHHoro s3bika (NLP) nHeobxoanmo
pa3paboTumkaM M CIenuagicTaM 0 HUCKYCCTBEHHOMY WHTEJUIEKTY, TaK Kak 3TO 3HAHHE
H03BOJISIET TPAMOTHO BBIOMPATh MHCTPYMEHTBI M METOMBI JUIsl PEIICHHs IPUKIAIHBIX 331ad,




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHH S
KOMIICTCHIIH U

TecTt mo Teme

TaKUX KaK 4aT-O00TkI, TOJIOCOBBIC IOMOIIIHUKY, CHCTEMBI TTePEeBOIa, KOHTEHT-aHAIU3 OT3HIBOB
M aBTOMAaTU3WPOBAaHHOE cocTaBicHHE OTueToB. COOTHECUTE THUIIBI 3aad 00pabOTKU
ectecTBeHHOrO 3bika (NLP) ¢ mpuMepaMu KOHKPETHBIX MTPUIOKEHUIA:

Tunst 3agagd NLP [Ipumepsl IPUITOKESHUH

A Kimaccudukarus texkcra | 1 | ABTOMaTHYECKOE ONpeIeIeHNEe TEMATHKHU CTaTeH
WJIM KOMMEHTAPHEB IOJIb30BaTEICH.

B I'enepanus tekcra 2 | Co3naHue aBTOMaTHYECKUX PE3IOME TOKYMEHTOB
WA TIUCEM
C ITonnmanue peun 3 | [Ipeobpa3oBaHuE rojIOCOBBIX KOMaH/] B TEKCTOBBIC
3aIIpOCHI JUIsl BUPTYaIbHBIX aCCUCTECHTOB.
D IlepeBoa Tekcra 4 | KonBepranus TEKCTa C OJHOTO SI3bIKa Ha APYTOM,
COXPaHSs CMBICT HCXOJIHOT'O0 MaTepHaia.
OrtBer:
1 2 3 4
Kimrog:
1 2 3 4
A B C D

Tun 3a0anus 3. 3a0anus KOMOUHUPOBGAHHO20 MUNA, RPeOnoONAzalOuUe 6bl00P 00HO20
nPasuILHOZ0 OMeema u3 nPeodioHceHHbIX

Bribepute Hanbosnee TOUHOE YTBEPIKICHUE OTHOCUTEIEHO HEMPOHHBIX CeTeH, MOSICHUB Ball
BEIOOD.

A) HeiipoHHbIE C€TH UMUTHUPYIOT CTPYKTYPY U€JIOBEYECKOTO MO3Ta, UCIIONb3YS CIOU
B3aUMOCBSI3aHHBIX Y3JI0B («HEHPOHOBY), 00pabaTHIBAIOIINX U MPE0OPa3yIOUINX BXOISIIYIO
WH(pOpPMAITHIO.

b) Heiiponnsie ceTn paboTaroT HCKITIOYUTEIHHO HA OCHOBE JIMHEHHBIX aJlTOPUTMOB M HE
CIOCOOHBI pelaTh CJIOKHBIE 3a/1a4H.

B) HelipoHHble ceTH NpeACTaBIAIOT cOO0H yNPOIIEHHYIO BEPCHIO KIACCUYECKUX
CTaTUCTUYECKUX METOMOB U HE TPEOYIOT OOJBIINX BBIYUCIUTEIBHBIX PECYPCOB.

I') OcHoBHas 3a1a4a HEHPOHHBIX CETEH 3aKIIIOYAETCS B PYYHOU 00pabOTKe JaHHBIX U
CO3JIaHMHU IPOCTHIX KIIacCU(HUKAIHH.




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TecTt mo Teme

Ortger:

Kirou: A

O6ocHoBanue: HelipoHHbIE ceTH TEHCTBUTENFHO CO3/IaHbI 110 aHAJOTHH C Y€JI0BEYECKUM
MO3TOM M COCTOST U3 MHOXKECTBA B3aMMOCBSI3aHHBIX DJIEMEHTOB («HEHPOHOBY). OHH
OpraHN30BaHBI CIOSMH H TIO3BOJIIOT 00padaThIBAaTh CIOXKHYI0 HHPOPMAIMIO, PACIIO3HABATH
00pa3bl, IpeACKa3bIBaTh COOBITHS U BBIIOJIHATS MHOTHE APYTHE 33a4u Ojaronaps cBoeit
CIOoCcOOHOCTH K 00yUeHUI0 Ha OONBIINX 00bEMaX JaHHBIX.

Tun 3a0anus 4. 3a0anus KOMOUHUPOGAHHO020 MUNA, NPEONONIAZAIOULUE 8bLOOD
HECKOIbKUX OMEemoe U3 npeodioiHceHnblx

Kaxue yTBepxaeHus BEPHO XapaKTepU3yloT UCKyccTBeHHBbIN nuTesekT (MN)? Ykaxure
MPaBIIILHBIC OTBETHI

A) U criocoOeH caMOoCTOSTENBHO YIUTHCS U aJalTHPOBATHCS HA OCHOBE OTIBITA.

b) N1 nosHOCThIO 3aMEHIUIT YSJIOBEUECCKHUI TPY/I BO BCEX chepax AesTeIbHOCTH.

B) MU ycnemHo perraeT mpodiaeMbl, paHee JOCTYIHbIE TOJIBKO YEIOBEKY, BKIIOYAs
pacro3HaBaHue 00pa30B U MOHNMAHHE PEUH.

I') Bee cymectBytomtue cuctemsl MM nMEIOT OJMHAKOBYIO IPOM3BOAUTENBHOCTD U
YHHUBEPCANBHOCTb.

) [Ipumenenne M orpannyeHO y3KUMU CIIEIUATH3UPOBAHHBIME O0JIACTSIMH U HE
CIIOCOOHO OXBATHUTH MHUPOKHUHA CIIEKTP 33729 OJTHOBPEMEHHO.

Ortger:

Kirou: A, B

O6ocHoBanue: VICKyCCTBEHHBIN HHTEIUIEKT NEHCTBUTEIHHO 00J1aaeT CIIOCOOHOCTRIO
VUIUTHCS M aJIalITUPOBATHCSI HA OCHOBE HAKOIUIEHHOTO OmbITa (BapuaHT A). COBpeMEHHEIE
texHosorun MM gocturarot ycnexoB B 00JIaCTH paclo3HaBaHMs 00pa3oB, Toyioca U Jake
MOHUMaHUHU KOHTEKCTa COOOIICHNH, MPUOIIKAACh K BOZMOKHOCTSIM YeJloBeKa (BapuaHT B).

Tema 2.
Bgenenue B
MaIlIMHHOE
o0ydJeHHne

VK-1. Cnocoben
OCYILECTBIISATh
KPUTHYECKUI
aHajau3

NYK-1.1
BrmonHseT mouck
HE0OX0IUMOi
uHpopManuu, eé

Tun 3a0anus 2. 3a0anus 3aKpelmozo muna Ha YyCMAHO61EHUE NOCTEO08AMETbHOCHIU.
Pacmonmoxute 3Tambl  IOCTPOCHHMS MOJCIXM MAIIMHHOTO OOYYCHHMsS B IPaBHILHOH
ITOCJIEOBATEILHOCTH:

a) Bei0op anropurma o0yueHusl.




Tema Kon n HNuauxaropsl Tect mo Teme
(dpopmyanpoBka HOCTHKEHHS
KOMIIeTeHIIM I KOMIIeTeHLIMH
MIPOOIEMHBIX KPUTUYECKUI aHAIN3 U b) COop ¥ MOATOTOBKA JaHHBIX.
CHUTyalui Ha 000011aeT pe3ynbTaThl ¢) OneHka KauecTBa MOJICIH.
OCHOBE aHaJIN3a I PELIEHUS d) O0Oyuenue MozenH.
CHUCTEMHOTO MOCTaBJICHHOW 3a71a4u ¢) Pa3BépTriBanme MOIETH
MOX0/1a, OTtBeT:
BBIpa0aTHIBaTh | | | | |
CTPATETuto Kutou:
JIeNCTBUI | b | a | d | C | e

Tun 3a0anus 2. 3adanus 3aKpelmozo muna Ha yCMAHo61EeHUE NOCAEO08AMETbHOCHIUL.
Pacronosxute maru paboThl Haj 3a1a4ei KIaCCH(UKAINH B TPABUILHOM MOPSAKE:

a) OnpeneneHne 1MeIeBOro Kiacca.

b) Hopmanuzauus npu3Hakos.

¢) IIpoBepka TOYHOCTH MOJIEITH.

d) ®opmupoBaHKre TPEHUPOBOUHOTO U TECTOBOTO HA0OPOB JaHHBIX.

e) Beibop moaxozsiero knaccugukaropa.

f) UnTepmiperariust pe3ynpTaToB.

Ortger:

Kurou:

la | b | d [e (¢ I

Tun 3a0anusa 3. 3a0anus KOMOUHUPOBAHHO20 MUNA, RPeOnoaazaOuiue 8ol60p 00HO20
HPAGUILHOZO OMEEMA U3 NPEOT0IHCEHHBIX

Kaxkoit u3 HWKCTICPECUNCIICHHBIX 3TAllOB CYHUTACTCA BaKHCHUIITNM TIEPBBIM HIaroM B IIPOILIECCE

Ppa3paboTKH MOJIENH MallMHHOTO 00YYeHHUs?
A) Bri0op noaxoasieit apXuTeKTypbl MOJICITH
b) IloaroToBKa M OYNCTKA JaHHBIX

B) Hactpoiika runepnapaMeTpoB MOAETH

I') OnTumu3anust CKOpOCTH BBIYUCICHUH
Ortser:




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TecTt mo Teme

Kitou: b

Ob6ocnoBanue: [ToAroToBKa U OUYKCTKA JAaHHBIX MIPAIOT KIIOYEBYIO POJIb B ycIleXe MpPOEKTa
ManIMHHOTO 00y4eHus. Jlaxke camasi COBEpIICHHAs apXHTEKTypa MOJEIH HE JIACT XOPOIIUX
pe3yNbTaTOB, €CIHM [aHHbIC HENOJHBIC, 3alIyMJICHHBIC WIM COIEpKAT 3HAYUTEIIHHbIC
omnOku. BakHO mpoBecTH NpaBWIBHYIO NpenoOpadOTKy HaHHBIX, YIallB BEIOPOCOB,
3all0JHUB IYCTOTHI M NpPUBEAS NMPH3HAKM K HYXHOMY Bumy. Kak roBoputcs, «Mmycop Ha
BXOJIC — MYCOp Ha BEIXOZE.

Tun 3a0anus 4. 3a0anus KOMOUHUPOGAHHO020 MUNA, NPEONONIAZAIOULUE 8bLOOD

HECKOIbKUX OMEemoe U3 npeodioiHceHnblx

OTMeThTe BEpHBIC YTBEPKICHHS O POJIM JAHHBIX B MAIIMHHOM OOY4EeHUH

1. KadecTBo maHHBIX OKa3bIBAET 3HAUYNTEILHOE BIUSHIE HA TOYHOCTH MOZEITH.

2. Uewm Ooupllle JaHHBIX, TEM JIyUIIle BCeTIa paboTaeT MOJCIb.

3. IlpensapurenbHas 00paboTKa JaHHBIX HEOOXOIMMa MEPe]] HA4aIoM O0YUCHHS MOJICIIH.

4. Jlns MammHHOTO OOYYeHHs MOAXOAAT JroOble JaHHbE Oe3 NpeABapUTENbHON
MTOATOTOBKH.

5. O0beM JIaHHBIX BIUSET HA CKOPOCTh OOYYEHUS MOJICIIH.

Ortaer:

Kimroa: 1,3, 5

O0oCHOBaHME: KAa4eCTBO JIaHHBIX KPUTUYECKH BAXKHO JJIS TOYHOCTH Mojenu. Ecnu naHHble

coJiep)KaT LIyM, NPOIYCKH WJIM CHCTEMaTHYeCKHe OMIMOKH, MOAETh HE CMOXET XOPOLIO

o0yuyuTbCS ¥ BbAaBaTh TOUYHBIE TNPOrHO3bl. IlpeaBapurenbHas o0paboTka JaHHBIX

oOs3arenpHa. OHa BKIIOYAaET HOPMATHU3AIMIO, OYHCTKY, 3allOJHEHHWE MPOMYIIEHHBIX

3HAYEHUH W KOAWPOBKY KaTErOPHANbHBIX IEPEMEHHBIX, YTO YiydliaeT 3(pQPEeKTHBHOCTh

o0y4YeHHSI W yMEHBIIACT PHUCK HepeoOyueHus. bonpmoil 00bEM HaHHBIX YBEIUYHBACT

MPOAOJKUTENIEHOCTE 00YYEHUST MOJIENH, OCOOCHHO €CITH pedb HJET O CIOXKHBIX MOJCISIX U

0OJIBIIIOM KOJIMYECTBE MapaMeTPOB.

Tema 3.
MeTtonasl
MAaITHHHOTO

VYK-1. Cnocoben
OCYILIECTBIISATh
KPUTHYECKUI

NVYK-1.1
Brinosnnasger nmouck
HeoOX0IUMOIt

Tun 3a0anusn 3. 3a0anus KOMOUHUPOGAHHOZ0 MUnNA, npeonoazarouiue 6vlOop 00H020
nPAasUILHOZ0 OMeema u3 nPeoioHceHHbIX
Kakoli U3 nepevnciIeHHbIX METO/I0B MAIIUHHOTO OOYYEHUS MOAXOIUT IS Kiaccu(UKauu




Tema Kon n HNuauxaropsl Tect mo Teme
(¢hopmyaupoBka HOCTHAKEHUS
KOMIETEHINH KOMIIETeHIIH U
o0yueHus aHaJIn3 uHpopManyu, eé TEKCTOB 110 HACTPOEHUIO (TO3UTHUBHBIE, HETATHBHBIE, HEHTpaIbHbIE)?
pOOJIEMHBIX KPUTUYECKUN aHAINU3 U A) Jluneitnas perpeccus
CUTyanui Ha 0000mIaeT pe3yabTaThl b) epeso pemenuit
OCHOBE aHaly3a JJis peleHust B) Kiractepnsrii anamms
CHUCTEMHOTI'O MMOCTaBJICHHOM 3a/1aun I') Meton riaBHBIX KOMIIOHEHT
HoaX0/a, OTBeT:
BBIpPa0aTHIBATh Kirou: b
CTpaTETHUIo O6ocHoBanue: JlepeBo pelieHni uaeanbHO MOIXOANUT IS 3a/1a4K KJIACCU(UKAIMK, BKIIIOYas
JEeNCTBUIM KJacCU(pUKALMIO TEKCTOB MO HAcTpoeHuro. OHO MO3BOJSET IOCTPOUTH HEPAPXHUYECKYIO

CTPYKTYPY YCJIOBHUH, MOCIEIOBATEIbHO IEJAIIYI0 IPOCTPAHCTBO MNPU3HAKOB, U NPUHATH
ONTUMAJIBHOE PEIICHHE O TMPUHAIICKHOCTH TEKCTa K OJHOMY M3 KJIaccoB (ITO3UTHUBHEIMH,
HETaTUBHBIN, HEUTpanbHbIN). Takum 00pa3oM, JIEpeBO PEIICHU JIETKO MHTEPIPETUPYETC U
OBICTPO 00yJaeTcs, obecreynBasi BHICOKYIO TOYHOCTh Ha OOJBIIMHCTBE MPaKTUYECKUX 3a7ad.

Tun 3a0anusn 3. 3a0anus KOMOUHUPOGAHHOZO0 MUNA, NpPeoOnoazaroujue 8vloop 00H020
nPAagUILHOZ0 OMeEema u3 nPeodioHceHHbIX

Kakoil MeTon MammMHHOTO OOYYEeHHUS ONTHMANEH s 3aJa4d INPOTHO3UPOBAHUS CTOMMOCTU
HEJBMKUMOCTH Ha OCHOBE €€ XapaKTepUCTHK (pa3Mep, pacIioIOKEeHIE, BO3PACT 3aHus)?

A) Cnyuaiinsiii ntec (Random Forest)

b) AnocrepuopHas kinaccudukanus baiieca

B) IIpocTpaHcTBeHHOE CTITaKUBAaHHUE

I') Bpemennsle psast ARIMA

OtBeT:

Knrou: A

Ob6ocuoBanne: Cnyuaitaplii jgec (Random Forest) ornuuHO cmpaBnsieTcs ¢ 3amadaMu
perpeccuu, TaKUMH Kak MPOrHO3MPOBaHUE CTOMMOCTH HEIBUKUMOCTH. DTOT METOJ] COUETaeT
NPEUMYIIECTBa aHCAaMOJIEBBIX MOIXOA0B, 00ECIICUNBACT YCTOHUYMBOCTh K MEPEOOYUCHHIO U
JaéT XOpoIIne pe3yibTaThl JaKe MPH HAJWMYUH OOJIBIIOTO KOJIUYECTBAa MPU3HAKOB pazHOU
NpUPOABl (YUCIOBBIE, KaTeropuaibHble U Ap.). OH MO3BONAET YYUTHIBATH B3aHMMOJICHCTBUE
¢akTopoB (HampuMmep, CcoOYeTaHHWE pa3Mepa O KWIbS W pallOHA pACHONOXKEHHS) U
MHUHHMU3UPOBATh PUCKU CMEILEHHS IPOTHO3A.




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TecTt mo Teme

Tun 3aoanusa 4. 3adanus KOMOUHUPOBAHHOZ0 MUNA, HpeOnoazaruiue 6vlO0p
HECKOIbKUX OMeEemoe u3 npeoioIHceHHvlx

BribepuTe MeTOIbl MAIIMHHOTO OOYYeHHS, KOTOPBIE OTHOCATCSA K Kiaccy OOy4YeHHs ¢
yuurteneM (Supervised Learning):

A) Jluneitnas perpeccus

b) Knacrepuszamus

B) [epero pemienmii

I') PCA (Principal Component Analysis)

) Naive Bayes

OtBet:

Kmou: A, B, 1

O6ocHoBanue: A) JIuHeliHas perpeccus — 3TO KJIIACCUYECKUN METOJT 00yUEHUS C yUUTEIIEM,
WCTIONB3yEeMBIN ISl Tpe/ICKa3aHusl YHUCIOBOM BEIMYMHBI HA OCHOBE HMMEIOIIUXCS JaHHBIX.
JaHHBIi MeTOX CTPOWT TPSIMYI JIMHHAIO, MHHAMHZHPYIOIIYI0 OMIHOKY MEXIy
HaOJIF0TaeMBIMH U MIPECKa3aHHBIMU 3HAUCHHSIMHU.

B) [epeBo pemeHunii — 3TO emie OOUH METOJ OOyYEHHS C YUYHTENEM, KOTOPBIA CTPOHT
JIPeBOOOPA3HYIO CTPYKTYPY PEIIeHUH T KIaCCH(UKAINH WK perpeccuu. JlepeBo crpoutcst
Ha OCHOBE ITOMEYEHHBIX JaHHBIX, TJIe KaX/ias BETBb JepeBa OCHOBAHA Ha XapaKTEPUCTHKAX
JTAaHHBIX.

) Naive Bayes — 310 MeTon o0y4eHus ¢ yuutenem, 6a3upyromuiics Ha Teopeme baiieca n
NPEANONIOKEHHH O HE3aBUCHUMOCTH TPU3HAKOB. Mcmonb3yercs A 3aj1ad KiaccuuKalyy,
HanpuMep, CriaM-QUIbTPALUN JICKTPOHHBIX MTHCEM.

Tun 3a0anus 5. 3a0anus OMKpPLIMO20 MURA C PA3BEPHYMBIM OMEEHOM.

IlpuBemuTe mnpuMep OXHOW 3amadd, KOTOPYIHO MOKHO PEIIUTh C IOMOINBI0 METOoJa
MAaIIMHHOTO 00yYeHUs, U Ha30BUTE MOAXOSAIINNA METO sl €€ perienus. ONUIIUTe KPaTKo
CYTb BEIOPaHHOTO METO/IA.

OrtsBeT:

IIpumep 3anaun: Knaccugukanus NoYTOBBIX COOOILICHHIA HA CIIaM U JISTUTUMHBIC TTUChMA.
Tloaxonsmumii Meton: Jloructuueckas perpeccust

Onucanne metoma: Jlormcruyeckass perpeccuss — 3TO AITOPUTM MAIIMHHOTO OOyYeHHS,
MpeIHa3HAYCHHBIA JIJIS pelieHUs 3agad  OuHapHo# kinaccuukammu. CyTh MeTona
3aKJIFOUAETCSI B TOM, YTO OH (JOPMHUPYET JHUHEHHYI0 KOMOWHAIIMIO IPU3HAKOB, Tpeo0pa3ys eé




Tema Kon n HNuauxaropsl Tect mo Teme
dhopmyaupoBka MOCTHKEHUS
KOMIETEHINH KOMIIETeHIIH U
C MOMOIIBK CUTMOMIHOW (PYHKIHUH B BEPOSTHOCTh MPUHAMJICIKHOCTA K OJHOMY HU3 JBYX
KJIACCOB. 3aTe€M, MCXOJsl M3 MOPOrOBOI'0 3HAYCHMSI BEPOSTHOCTH, NPUHUMACTCS PEUICHUE O
KJlacce 00ObeKTa.
Tema 4. YK-1. Cnocoben | UYK-1.1 Tun 3a0anus 4. 3adanus KOMOUHUPOGAHH020 mMURA, npeonoaazaruiue 6vloop
VcTopus U ujes | OCYLICCTBISTH Bremonasier mounck HeCKOIbKUX 0MEemoe u3 npeodioHceHHbIxX
FICKYCCTBEHHBIX KPUTHYECCKHUH HEOO0XO0AMMO# ) OTMEThTE KIHYEBbIC COOBITHS B HICTOPUH Pa3BUTHSA UCKYCCTBEHHBIX HEHPOHHBIX CETEH: }
HeHPOHHBIX aHamn3 HH(bopMaum:I, e A) Pabora vYoppeHa N{aKKaJIJIOKa n Yourepa Ilurrca (1943 1.) mo co3maHuio TepBOM
ceTeil MIPOOIEMHBIX KPUTHYECKUH aHATN3 U (hopManpHOI MOZETH HEWPOHa.
CUTYyaInii Ha 000011aeT Pe3yIbTaThI b) HWccnemosanme J[lonampmom Xe60oom (1949 r1.) MexaHW3MOB CHHANTHICCKOU
OCHOBE aHamM3a JUisl perIeHus TUTACTUYHOCTH U ()OPMUPOBAHUS TTAMSITH.
CHUCTEMHOTO MOCTaBJICHHOU 3a/1auu B) Coznanne ®psnkom Pozenbmarrom nepuentpona (1958 r.).
ITOIX0/1a, I') Buenpenwne anroputma obpaTHOTO pacmpocTpaneHus ommoku (backpropagation) B KoHIE
BBIpa0aTHIBATh 1970-x TO10B.
CTpaTETHUIo ) Iosnenue konnenuuu riayookor HeiiponHoit cetu (Deep Neural Network) B cepenune
JeiCTBUM 2000-X TT., THUIIUHPYIOIIIEe 3Py IyOOKOTO 00YUYEeHUS.

Ortger:

Kmou: A, B, B, T, ]

OGocHoBaHMEe: OTH COOBITHS CTalld KIOYEBBIMH BEXaMH B Pa3BUTHU HCKYCCTBEHHBIX
HEUPOHHBIX CETEH:

A) Makkamiok u [IMTTC MpemIoKuiIu NepByI0 TEOPETHIECKYI0 MOJETh HEHpOHA, 3aJI0KUB
OCHOBY JIs1 AaJIbHEHILIEr0 UCCIEIOBaHUS CTPYKTYPHl U (yHKIMOHUPOBAHUS UCKYCCTBEHHBIX
HEUPOHHBIX CETEH.

b) Xe66 chopmynupoBan MPUHIMI OOYYEHHsI, COTIIACHO KOTOPOMY CBSI3b MEXIY ABYMS
HEHpOHAMH YCHIIMBAETCS, €CJIM OHM aKTHBUPYIOTCS OAHOBPEMEHHO. DTO CTal0 OCHOBOM A
MOCTIEAYIONINX MCCIIeIOBAaHII MEXaHU3MOB O0yUYEeHsI B HEHPOHHBIX CETSX.

B) Po3zenOmart co3gan mepBBIH anmapaTHBIA MPOTOTHI HEHPOHHON CETH — MEpIeHTPOH,
MPOJIEMOHCTPHPOBAB BO3MOKHOCTh pEIICHHS 3a7a4 KJIaCCHU(DUKAIIH.

I') AnropurM 0OpaTHOrO pPacHpOCTPaHEHHs OIIMOKM MO3BOJMI CYIIECTBEHHO IOBBICHTH
3 PeKTHBHOCTL OOyYCHHS MHOTOCIOWHBIX HEWPOHHBIX CETEeH, CclelaB BO3MOXKHOM
peanuzanuio 3¢ (HEKTUBHBIX METOJ0B O0YUCHHUSL.

) OTkpeiTHE TOTEHIMANa TIyOOKHX HEHpPOHHBIX CeTeH Jano Hayajo 3MoXe TIyOOKOro




Tema Kon n HNuauxaropsl Tect mo Teme
¢popmyaupoBka JOCTHKEHHU S
KOMIIeTEeHIIMH KOMIIeTEeHIIMH

O6yquI/I$[, IMO3BOJIMBIIETO JOCTHYbL IPOPBIBOB B PCHICHHUU CIIOXHBIX 3aJad, TaKUX KakK
pacno3HaBaHue U300paKEHUH U PEUH.

Tun 3a0anusa 4. 3adanus KOMOUHUPOBAHHO20 MUNA, NpeOnoazaruiue 6vlo0p
HECKOIbKUX OMEemoe u3 npeodioicennvlx

OTMeThTE IPUHIIMIIBL, JISKAIINE B OCHOBE UIEU UCKYCCTBEHHBIX HEMPOHHBIX CEeTeH:

A) Bruonoruueckas CTpyKTypa TOJIOBHOTO MO3Ta KaK HCTOYHUK BIOXHOBEHHUSI.

b) Bo3moxkHOCTE MapasuienbHol 00paObOTKH CUTHAIOB Pa3IMYHBIMU 3JIEMEHTAMHU CETH.

B) Ucnons3oBanne MHOTOCIOHMHON CTPYKTYPBI AJIS IOBBIIEHUS] MOLTHOCTH CETH.

I') [IpuHIMT aganTanuy BECOB CBSI3€H B Ipoliecce 00y4IeHNsI.

1) ABconmoTHOE KOMPOBaHNE OMOIIOTHUECKON CTPYKTYPBl HEPBHOH KIIETKH.

OtBeT:

Kmou: A, b, B, I

O6ocHoBaHuE:!

A) Hpes HCKYyCCTBEHHBIX HEHPOHHBIX CETEl BO3HMKIA M3 IMOMBITOK BOCIPOU3BECTU
MEXaHU3MbI Pa0OTBl MO3ra, MCIOJb3ys OMOJOTMYECKYIO CTPYKTYpY HEPBHBIX KIIETOK Kak
WCTOYHUK BJIOXHOBEHHSI.

b) [NapannensHas 0O6paboTKa CUTHAIOB B HEHPOHHBIX CETAX MO3BOJIsET 3)()EKTUBHO peraTh
CJIOJKHBIE 3a/1a4H, pacrpeessisi Harpy3Ky MeKAy MHOKECTBOM HEHPOHOB.

B) MmuorocnoiiHasi CTpyKTypa TIO3BOJSET TIIOCTETIEHHO YBENWYMBATh  CIOKHOCTH
NpPEACTABICHUs JTaHHBIX, IOBBIINIAS MOIIHOCTb CETH W CIHOCOOHOCTH pemarh CIOKHBIC
3aJa4.

I") CnocoOHOCTE amanTHpOBaTh BeCa CBA3CH MEXIy HEHpOHaAMHU B IpoIecce OOydIeHHUS —
KIIIOYCBOM MEXaHU3M, IO3BOJISIONIMNA HEHPOHHBIM CETSM O00ydaThCS PEIICHUIO 3a1ad Ha
OCHOBE IIPUMEPOB.

Tun 3a0anusn 3. 3a0anus KOMOUHUPOGAHHOZO0 MUNA, NpeOnoazaroujue 8vlOop 00H020
nPasuiIbHOZ0 OMEEmMa U3 NPeOI0IHCeHHbIX

Kto BriepBbie MPEeAIoKuI HICH UCKYCCTBEHHONW HEWPOHHON CEeTH, OCHOBaHHYIO Ha paboTe
HACTOSIIHNX HEHPOHOB?

A) Jonansa Xe60

b) ®pank PozenbaaTt




Tema Kon n HNuauxaropsl Tect mo Teme
(¢hopmyaupoBka HOCTHAKEHUS
KOMIICTCHIINH KOMIICTCHIIH U

B) Yoppen Maxkkammok u Yonrep Iluttc
') dxeddpu Xunron
OtBeT:
Kirou: B
O6ocHoBanue: menHo Yoppen Makkamwiok u Yonrtep Ilutrc B 1943 roay mpencraBuin
KOHIIETILINIO HCKYCCTBEHHOTO HelpoHa, MOJIOKUBLIYIO Havao Pa3BUTHUIO
HEHPOKOMITHIOTEPHBIX Mojeiei. Mx pabora crajga OTHpaBHON TOYKOW IS JTabHEHIITHX
HCCIIEIOBAaHNI U IIPUBEJIA K CO3/IaHUIO NIEPBBIX UCKYCCTBEHHBIX HEHPOHHBIX CETEH, KOTOPBIE
MOTJIM MOJIETIMPOBATh MPOCTEUIINE MPOLIECCHI, TPOUCXOIAIINE B MO3TE.
Tun 3a0anus 5. 3a0anua OMKpPLIMO20 MUNA C PA3BEPHYHILIM OMEENIOM.
Ha3oBuTe OCHOBHYIO MIE€I0 HCKYCCTBEHHBIX HEHMPOHHBIX CETEW M MPUBEIUTE MCTOPHUECKUN
(hakT, MOATBEPXKOAIOLINH €€ BOZHUKHOBEHHE.
Ortger:
OcHOBHas uaesd MCKYCCTBEHHBIX HEHPOHHBIX CETE€H 3aKII0YaeTCsl B IMOMBITKE BOCCO3/aTh
CTPYKTYpY W HIPUHLIUIBI PabOThl OMOJOTMYECKOI0 MO3ra IMOCPEIACTBOM MAaTEMaTHYECKHX
MOJZIeNIEd U KOMIIBIOTEPHBIX aJIrOpUTMOB. HeMpOHHBIE CETH NOCTPOEHBI HA UIEE, YTO MO3T
YeJOBEKa COCTOUT K3 OrPOMHOTO YHMCIa B3aWMOJCHCTBYIOUIMX HEHPOHOB, CIIOCOOHBIX
(hopMHPOBaThH aCCOLMATUBHBIE CBA3H U 00y4aThCS Ha OIBITE.
WcropudeckuM ¢axToM, MMOATBEPAMBIINM MOSBIEHHE HAEW HMCKYCCTBEHHBIX HEMPOHHBIX
ceTeid, spisercs nmyonukamus B 1943 rony crateu Yoppena Makkamioka u Yonrepa [Iutrca
«Jlornueckoe ucuncieHne uAeH, OTHOCALIUXCA K HEPBHOM aKTUBHOCTW». VIMEHHO B 3TOH
cTaThe OblIa NPEACTAaBICHA IepBas MaTeMaTH4YecKas MOJENb HCKYCCTBEHHOIO HEHpOHa,
cTaBmasi pyHIaMEHTAILHOW KOHIICNIIMEH AJIs JanbHEHIero pa3BuTHI HEHpOUH(OPMATHKH
1 UCKYCCTBEHHBIX HEHPOHHBIX CETEH.

Tema 5. YK-1. Cnoco6en | UYK-1.1 Tun 3a0anusa 3. 3a0aHus KOMOUHUPOGAHHO20 MUNA, KPeOnonazaouiue 6vloop 00H020

Heliponnsle OCYILECTBIISTh BrinonHseT nouck nPasUILHOZ0 OMEema u3 nPeodioHceHHbIX

CeTH KaK KPUTUYECKUMA HE00X0TUMOTH Kakoii u3 TUIoB HEMPOHHBIX CETEH yallle BCEro MPUMEHSIOT JUIs 3a7a4 paclo3HaBaHUs peun

TeXHONOLHH aHaJIN3 uHpopManyu, eé 1 00pabOTKU €CTECTBEHHBIX A3BIKOB?

pOOJIEMHBIX KPUTUUYECKUH aHATIN3 U A) Pexyppenthsle HeiiponHbie cetd (RNN)

pelleHus 3a1a4




Tema Kon n HNuauxaropsl Tect mo Teme
¢popmyaupoBka AOCTHKEHH S
KOMIETEHINH KOMIIETeHIIH U

HCKYCCTBEHHOTO | CHTyaluii Ha 000011aeT Pe3yIBTATHI b) OmHocnoitHbIe IEpCETTPOHBI

HHTEJUIEKTA OCHOBE aHanau3a JJis PEIICHUs B) Ceeprounsie Heiiponnbie ceti (CNN)
CUCTEMHOTO IIOCTaBJICHHON 3a1a4n I') [lonnepxuBaromye BEKTOpHbIE MAIIUHBI (SVM)
MoJX0/1a, OrtBer:
BBIpa0aTHIBaTh Kirou: A
CTPAaTETUIo ObocnoBanue: Pexyppentnsie Heiiponnsie cetn (RNN) mpenHasHadeHbl CrieqUaibHO TS
TEHCTBYIA 00pabOTKM TOCIICIOBATEIIBHBIX JaHHBIX, TaKUX Kak pedb min TekcT. OcobeHHOoCcTs RNN

3aKJII0YacTCA B TOM, YTO MPEALIAYIIHUC OJBJIEMCHTHI IIOCJICA0BATCILHOCTU BJIMAKOT Ha
HUHTCPHOPETALUIO TCKYIIUX 3JICMCHTOB, YTO ACJIACT UX UACAIbHBIM PCHICHUEM IUIA 3a4a4, r1e
BaXHa BpEMCHHAsA JUHaAaMHWKa U KOHTCKCT. HMmenno MO3TOMY RNN akruBHO HCIIOJIb3YIOTCS B
CHUCTEMax pacCrio3HaBaHUA PEYH U aHaJIM3a €CTCCTBCHHOTI'O A3bIKa.

Tun 3a0anusn 3. 3a0anus KOMOUHUPOGAHHOZ0 MUNA, Npeonoazarouiue 6vlOop 00H020
nPasuILHOZ0 OMeema u3 nPeodioHceHHbIX

Kaxoii TUIT HEHPOHHBIX CETEH SIBISAETCS ONTHMAJIHHBIM BEIOOPOM JUIS 3a/1a4 Kiaccu(pHUKamuu
M300paKeHNH U pacIiO3HaBaHMS OOBEKTOB?

A) OnHOCTIOWHBIE MTEPCENTPOHBI

B) PannansHo-06a3ucusle HeliponHbie ceT (RBF)

B) Ceeprounsie Heiiponnbie ceti (CNN)

I') ABrokomuposmuku (Autoencoders)

Ortger:

Kitou: B

O6ocuaoBanne: Ceprounbie HelipoHHBIE ceTH (CNN) pa3paboTaHbl CleNUaabHO T 3a1ad
00paboTKH H300paKEHUH W OTIMYAIOTCS HAJTHYMEM CBEPTOUHBIX CIIOEB, MO3BOJISIOLIMX
BBIJCIISITH JIOKAJIBHBIE OCOOCHHOCTH M300pa)KEHUs, TaKhe Kak Kpas, GOpPMBI M TEKCTYpHI.
CNN s (deKkTnBHO yMEHBIIAIOT pPa3MEpPHOCTh JaHHBIX, HW3BJIEKas BaKHbIE NPU3HAKA W
YMEHbIIIask TOTPEeOHOCTh B pecypcax, 4TO JeNaeT HMX OTJIUYHBIM BBIOOPOM JUIS 3ajad
KJaccupHUKauy H300paskeHU 1 pacro3HaBaHusi 00BEKTOB.

Tun 3a0anusa 4. 3adanus KOMOUHUPOBAHHO20 MUNA, HpeOnoazaruiue 6vlo0p
HECKOJIbKUX OMEEN 08 U3 NPEON10HCEHHBIX




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TecTt mo Teme

OTMeThTe, KaKHE U3 MEePEUNCIICHHBIX CBONCTB XapaKTEPHBI JJI1 HCKYCCTBECHHBIX HEMPOHHBIX
ceTen:

A) CriocoOHOCTh K CaMOOOYUYCHHIO U YIYUYIICHUIO PE3YIbTATOB C POCTOM 00BeMa TaHHBIX.

b) Beicokas dyBCTBHUTENBHOCTh K HEOOJBIIMM H3MEHEHHSM BXOIHBIX JaHHBIX
(HEeCTaOMIILHOCT).

B) YcToi4nBOCT K HE3HAYUTEIHLHBIM MTOBPEXKICHUSIM OTACIBHBIX 3JIEMEHTOB CETH.

I') OrcyrcTBue HEOOXOIWMOCTH TPEABAPUTENBHON HACTPOHKH TapaMeTpoOB MOJENH
BPYYHYIO.

J1) HeoOxomumocTh GOIBIIOT0 KOJUYECTBA BEIUMCIIUTEIBHON MOITHOCTH 1 00BEMOB JaHHBIX
1utst 3¢ (HeKTUBHOM paboTHI.

Ortger:

Kimou: A, B, T

O6ocHoBaHuE:!

A) HckyccTBeHHBIC HEHPOHHBIE CETH 00JIaTal0T CIIOCOOHOCTRIO K camoobyderHuro. [1o mepe
MOCTYIUICHUS OOJIBIIET0 00beMa JTaHHBIX OHM AMalTUPYIOTCA U YIYYIIAIOT CBOK TOYHOCTb.
brnarogapss 3ToMy CBOWCTBY HEHPOHHBIC CETH CTAaHOBSITCS MOIIHBIM HHCTPYMEHTOM ISt
pEeIIeHus CIIOKHBIX 3a/1a4.

B) OnHoit u3 ocobeHHOCTEH HEHPOHHBIX CETEH SBISICTCS BBICOKAs CTEICHb YCTOMUHMBOCTU K
MOBPEKICHUSAM  OTJACIBHBIX AJIeMEHTOB. [l0JJOOHO OWOJIOTHYECKOMY MO3TY, TMOTEps
HeOOJBIIOTO YKClia HEWPOHOB HE CHIIBHO YXYAMIAET OOIIyI0 paboTOCIIOCOOHOCTH CETH.

) OddexkruBHas pabora HEHUPOHHBIX ceTeld 3a4acTyro TpeOyeT 3HAYUTEIBHBIX
BBIUMCITUTEIBHBIX PECYPCOB M OOJIBIINX 00EMOB JaHHBIX. OOyUeHUE TTyOOKUX HEHMPOHHBIX
CeTell Ha MPAKTHUKE CTAHOBHUTCA 3(PQPEKTHUBHBIM TOJNBKO TPU JOCTYNE K 3HAYUTEIHHBIM
BBIYMCITUTEIHHBIM MOIIHOCTSIM U OOJBIIIOMY KOJTMYECTBY Pa3MEUECHHBIX JTaHHBIX.

Tun 3a0anusa 5. 3a0anua omMKpuIMO20 MUNA C PA36EPHYMBIM OMEEHIOM.

Onummre OCHOBHOE TPEHMYIIECTBO HCIOJIb30BaHUS HEHPOHHBIX CceTel B  3ajadax
MCKYCCTBEHHOI'O MHTEIIJIEKTA.

Ortser:

OCHOBHOE MPEUMYIIECTBO HEHPOHHBIX CETeH B 3aJadaXx MCKYCCTBEHHOI'O MHTEIUIEKTa
3aKJIo4aeTcss B UX crocoOHOCTH 3(QEeKTHBHO aHANMM3UPOBaTh M 00padaThIBaTh OOJIBIINE
00bEeMBbl TAHHBIX, M3BJIEKasi M3 HUX MOJIE3HBIE 3aKOHOMEPHOCTH M 11alioHbl. HeiipoHHble




Tema Kon n HNuauxaropsl Tect mo Teme
(¢hopmyaupoBka HOCTHAKEHUS
KOMIIeTeHIIUH KOMIIeTEeHIIH
CEeTH YMEIOT CTPOUTh BBICOKOYPOBHEBBIE aOCTpPaKIMM Ha OCHOBE HHU3KOYPOBHEBBIX
NPU3HAKOB, YTO IMO3BOJSIET MM pellaTh 3aJadyd KiacCU(pHUKaLWHU, paclio3HaBaHUs oOpa3os,
aHalM3a TEKCTOB W JPYTHX CIOXHBIX TpoOieM. BaxHOW 0COOCHHOCTHIO SIBISETCS
CITIOCOOHOCTh K OOYYEeHHIO, 4YTO JejacT HEHPOHHBIE CETH THOKUMH HWHCTPYMEHTAMH,
CMOCOOHBIMH yIYYIIaTh CBOU ITOKA3aTeH C YBEIHYCHHEM 00beMa O0yJalolIuX TaHHBIX.
Tema 6. VYK-1. Cniocoben | UYK-1.1 Tun 3a0anusa 4. 3a0anus KOMOUHUPOBAHHO20 MUNA, KPeOnoaazaouiue evloop
MHOTOCJIONHBIM | OCYIIECTBISTH BrinonuseT nouck HECKOIbKUX OMeemoe u3 npeoioiHceHHvlx
IIEPCEINTPOH. KPUTHYECKUN HEOOXOANMOit Bribepute yTBEpkKI€HUS, KOTOPHIE BEPHO XapaKTepHU3YIOT MHOTOCIIONHBIN IepCENTPOH
KOMAaH/THbIE aHaIN3 HH(bopMaumf, eé (MLP):
HelpOHBI 1 MPOOJIEMHBIX KPUTUYECKUN aHAIIU3 U A) MLP MOKeT UCTIONB30BaThCS TOJIBKO JUIS 33734 KilacCU(UKAIHH.
N CUTyalui Ha 0000111aeT pe3ynbTaThl B) KonnuectBo ckpbIThIX ci1oeB B MLP omnpeznensier clioKHOCTh YyHKIUH, KOTOPBIE CETh
HCHMpOHBI- OCHOBE aHaIu3a JJis peIIeHHs CrocoOHa anmpOKCHMHPOBATE.
ACTCKTOPBI CHUCTEMHOTI'O MOCTaBJICHHOM 3a/1aun B) AxruBaiinonsbie QyHKIIUH B KaKI0M ciioe MLP 00s13aHbI OBITh JIMHEHHBIMU.
I'poccbepra M0JIX0/1, I') MLP cniocobeH o0y4daThbcs MpeAcTaBICHHIO a0CTPAKTHBIX MATTEPHOB B JAHHBIX.
BEIpabaTHIBATh 1) OcnoBHOe orpanndenne MLP — HeBO3MOXXHOCTh 00pabOTKH MOCIIEI0BATEIHHBIX
CTpaTeruio JTAHHBIX.
JercTBui OrTBerT:
Kimrou: b, I’
O6ocHoBaHuE:!

b) JleficTBUTENBEHO, KOJIMYECTBO CKPBITHIX CII0EB M HEHPOHOB B HUX OMpPE/EIIseT, HACKOIBKO
CIIO’KHBIE (PYHKIMH CETh CIIOCOOHA MPECTABIATh. Y BEeIMUCHNE IITyOUHBI CETH MOBBIIIACT €€
BBIPA3UTEIbHYIO CHIIY U TIO3BOJISIET PelIaTh 0oJiee CI0XKHBIE 3a1a4H.

I") OcHOBHO¥ TIEJTBI0 MHOTOCIIOIHOTO TTEPCENTPOHA SBIISCTCS U3BJICUCHUE 3HATUMBIX
MPU3HAKOB U MPEICTaBIIeHNE a0CTPAKTHBIX MaTTEPHOB B JAHHBIX, YTO MO3BOJISET

3¢ EeKTUBHO pelaTh 3a1a41 KIacCU(PUKALUN U PErPeCcCUH.

Tun 3a0anusn 4. 3a0anus KOMOUHUPOGAHHO020 MUNA, NPEONONIAZAIOULUE 8bIOOD
HeCKOIbKUX OMEEeNn 08 U3 NPEeO10IHCEHHBIX

Kakne GpyHKIUY BBIMOTHSIIOT KOMaH/HbIE HEHPOHBI U HEHPOHBI-JIETEKTOPHI B MOJIEITH
I'pocchepra?




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TecTt mo Teme

A) KomaHHbIE HEHPOHBI TPUHUMAIOT BHEIIHNE CTUMYJIBI U TIEPEAIOT UX IPYTHM
HEUPOHAM.

B) HelipoHbI-1eTEeKTOPEI OTBEYAIOT 3a BBIIEICHUE XapaKTEPHBIX IPU3HAKOB U MIATTEPHOB U3
MOCTYTAIOIIErO CUTHAJIA.

B) O6a tuna HeiipoHOB (HOPMHUPYIOT 3aMKHYTYIO CHCTEMY, PAa0OTAIOILYI0 aBTOHOMHO.

I') KomanaHbie HEHPOHBI YIPaBIAIOT IPOLIECCOM aKTUBAIIMU HEHPOHOB-IETEKTOPOB.

) HelipoHBI-1eTEKTOPHI PETyINPYIOT aKTUBHOCTH KOMAaHTHBIX HEHPOHOB.

Ortger:

Kmou: A, B, T

O6ocHoBaHueE:!

A) KomaHHBIE HEHPOHBI IEHCTBUTEIBHO CITy’KaT JIJIs MpHeMa BHEITHETO CUTHAA U
Iepelauu €ro AAIBLIE 110 CETH.

B) HelipoHbI-IETEKTOPHI CIEHUATU3UPYIOTCS Ha OOHAPYKEHUH ONPEIEICHHBIX TAaTTEPHOB U
IIPU3HAKOB B CHUTHAJIE, IEPEJaBAEMOM KOMAaHIHBIMU HEMPOHAMH.

I') ®yHkunoHNpoBaHNE KOMaHIHBIX HEMPOHOB 3aKJIIOYAETCS B YIIPABIEHUH aKTUBALIEH
HEHPOHOB-AETEKTOPOB, ONPEENss, KaKiue NpU3Haky OyayT BbIAETICHBI M 00paboTaHbI Janee.

Tun 3a0anusa 3. 3a0anus KOMOUHUPOGAHHO20 MUNA, NPeOnoaazaOuiue 8oloop 00H020
HPAGUILHOZO OMEema u3 nPeod10HCeHHbIX

KakoBa ocHOBHasI QYHKITHS KOMaHAHBIX HEHPOHOB B Mojienu [ poccOepra?

A) IlpueM BHEIIHUX CUTHAJIOB U Mepeiavya ux IPyruM HeHpoHaMm.

b) llerektupoBanue crienu()UIHBIX TPU3HAKOB B JaHHBIX.

B) PerynmmpoBka ypoBHS aKTHBAITUH APYTUX HEHPOHOB.

I') 3amomMuHaHME MPONLIOTO COCTOSHUS CETH.

OtBeT:

Kinrou: A

Oo6ocHoBanue: Komanauble HeiipoHbl B Moaenud ['poccOepra OTBETCTBEHHBI 3a IPUEM
BHCIIHUX CUTHAJIOB M Tepefady UX JAPYruM HeiipoHam. OHM BOCHPHHHUMAIOT CEHCOPHbBIC
BXOJBI W 3aIlyCKAalOT IEMOYKY IIPOIECCOB B CETH, CTUMYIUPYS HEHPOHBI-IETEKTOPHI,
KOTOpBIE 3aHMMAIOTCS NANbHEUIIMMH OIEPalusiMi — TONCKOM M W3BJICYEHHEM HYKHBIX
npu3HakoB. TakuM 00pa3oM, KOMaHIHBIC HEHPOHBI WrparOT KIIOYEBYID pPOJb B
(hopMHpPOBaHHMK HAYAJIBHOH CTaJuK 00pabOTKH MH(MOPMAIIUN B CETH.




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TecTt mo Teme

Tun 3a0anus 5. 3a0anua OMKPLIMO20 MUNA C PA3CEPHYIBIM OMEEHIOM.

Omnpenennre pazaudans MeX Ty KOMaHIHBIMHA HEHpOHAMH W HEMPOHAMHU-IETEKTOPaMH B

mogenu ['poccOepra, ykaspiBas UX QyHKIHOHATBHBIE POJIH.

Ortser:

B momenu I'poccOepra BeIEIAIOTCS 1Ba THIIA HEHPOHOB: KOMaHIHBIC HEHPOHBI M HEHPOHBI-

netekTopbl. OCHOBHBIC Pa3IHyMs MEXy HUMH 3aKITI0YA0TCS B QYHKIIMOHAIBHBIX POJISX:

1. Komannusie vetipons! (Command Neurons):

* BocnpuHAMAIOT U MEepelaloT BHEITHNE BO3ICHCTBUS (CEHCOPHBIE CUTHAIIBI).

®  VmpaBnsoT pabOTOM OCTalNbHBIX YacTel CeTH, OMNpeAeNsisi aKTHBHOCTh HEHPOHOB-
JIETEKTOPOB.

e (OTBeYaroT 32 HHUITUAIIWIO IEHCTBUH U PEaKIUIO0 HA BXOAHBIE CTUMYIIBL.

2. Heiiponsr-gerexTopsl (Detector Neurons):

e Crneuuajau3upyOTCs Ha IOUCKE U BBIACICHUH ONPEASIEHHBIX MPU3HAKOB WU MTATTEPHOB
B NIOJTY4YEHHBIX JaHHBIX.

®  AKTHUBHPYIOTCS KOMaHIHBIMH HEUPOHAMHU U MIPOU3BOAIT BHYTPEHHHUM aHATIN3
WH(pOpMAITIH.

e DopMUPYIOT KOMIIJIEKCHYIO KAPTHUHY BOCTIPUATHS HA OCHOBE HAalJECHHBIX MPU3HAKOB.

Takum 00pazom, KOMaHAHbIE HEHPOHBI AEHCTBYIOT KaK CEHCOPHI U YIPaBIISIOIINE

KOMIIOHEHTHI, @ HEHPOHBI-IETEKTOPHI BHITIOIHSIOT aHATUTHIECKYIO U PACTIO3HAIOITYTO

¢dhyHKINU.

Tema 7. Cetnh
Xondunga

YK-1. Ciocoben
OCYIIECTBIISITh
KPUTHYECKUN
aHamn3
MPOOJIEMHBIX
CUTyaluil Ha
OCHOBE
CHUCTEMHOTO
0JTX0/1a,

NYK-1.1

BrimonnsieT mouck
Heo0X0 MO
uHpopmarmm, eé
KPUTUYECKUN aHAINU3 U
0000111aeT pe3ynbTaThl
aHaIIM3a JUTS PeIeHus
IIOCTABJIICHHOM 33J1a41

Tun 3a0anusa 2. 3a0anun 3aKpvlmozo Muna Ha yCmanoeieHue nocied06amenabHoCHu.
Pacnonoxxute 3Tansl paboThl ceTy Xonduina B MpaBUIbHOM MOCIEI0BATEILHOCTH:
WNHunuanuzanys BECOB CETH.

Ilepenaya BXOTHOTO BEKTOpA HA y3JIbl CETH.

Pacuér BeIXO/a KaXI0TO Y3J1a CETH.

IIpoBepka ycnoBus OCTaHOBKH.

. TToBTOp 11aroB 2-4 10 NOCTHXKEHUS] YCTOMYHMBOTO COCTOSIHUSI.

OrtgerT:

RAE I




Tema Kon n HNuauxaropsl Tect mo Teme
¢popmyaupoBka JOCTHKEHH S
KOMIIeTEeHIIMH KOMIIeTEeHIIMH
BbIpabaTHIBATH Kirou:
CTpaTETHUIO | 1 | 2 | 3 | 4 | 5
NEUCTBUI

Tun 3a0anusa 2. 3a0anus 3aKpvlmozo MUNA HA YCIAHOB1eHUE NOC1e008AMETbHOCHU.
[Tepeuncnure 3Tanbl BOCCTAHOBIICHUS 00pa3a B ceTH XOM(UIIa B IPaBUILHOM
MOCJIEOBATEIBHOCTH:

[Ipencrapienne MOBPEKIEHHOTO 00pa3a B BUJE BXOTHOTO BEKTOPA.

YcTaHOBKa MOPOTOB cpadaThIBaHUS HEHPOHOB.

UrepanmonHoe 0OHOBIEHNE COCTOSTHUN HEHPOHOB.

Brixon cetn pukcHupyercs, KOraa COCTOSHHE ITepecTaéT MEHITHCS.

. [omyuennsrit 06pa3 cpaBHUBAETCS C UCXOTHBIM 3TaJJOHHBIM HAOOPOM.

o | | | | |
Kimroug:

E [ 2 E 4 E |

MIE S

Tun 3a0anusn 3. 3a0anus KOMOUHUPOBAHH020 MUNA, NPEONONGzaAIOWILE 8bLOODP 00HO20
npasuILHOZ0 OMeema u3 nPeodioHceHHbIX

Kakoii 13 HIkenpuBe1EHHBIX YTBEPKISHUN BEPHO OTpa)kaeT 0COOCHHOCTH ceT Xomduiaa?
A) Cetp Xondunaa moanepxuBaeT peKypCUBHYIO apXUTEKTYPY, TO3BOIISS eit
BOCCTaHABJIMBATh NCKAXEHHBIE WITH ITOBPEXACHHBIE 00pa3Ibl.

B) I'maBHas xapakTepucTuka ceTd Xomduiga — OTCYTCTBHE YCTOHUUBBIX COCTOSIHUH,
obecnieunBaroliee MOCTOSHHOE U3MEHEHHE KOHPUTYpaIlliy HEUPOHOB.

B) OcHOBHBIM HETOCTAaTKOM CeTH XOI(HiIaa sIBISIECTCS HECTIOCOOHOCTE 3aITOMUHATE U
BOCIIPOM3BOIUTDH aCCOIMAIIH MEXKIY pa3HBIMU 00pa3iiaMu.

I') Cerp Xon¢unga oTanyaeTcs MOBBIIEHHON YyBCTBUTEIBHOCTHIO K MaCIITAOMPOBAHHIO
BXOJHBIX TAHHBIX, TPeOYs TOUHOTO MOI00pa KO (UIIMESHTOB HOPMATTHU3AIIH.

Ortger:

Kirou: A

O6ocHoBanme: Cerp Xomwuina W3BECTHA CBOEH  YHHKQJIBHOW  BO3MOXHOCTBIO
BOCCTAHABJIWBATh MCKaXXEHHBIC MJIM MOBPEXKIEHHBIE 00pasipl. EE pekypcruBHAs apXUTEKTypa




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TecTt mo Teme

MO3BOJISIET OOHOBJISITH COCTOSIHHE HEWMPOHOB HMTEPAIMOHHO, MOCTEIICHHO NPHBOIS CETh K
YCTOHYMBOMY COCTOSIHUIO, COOTBETCTBYIOLIEMY OJIMXKaiIlieMy COXpPaHCHHOMY 00pasiry.
Takoif MexaHW3M JeNaeT ceTh XON(pHUiga HICANbHON aiIs 3a7ad aBTOKOAWPOBAaHUS W
BOCCTaHOBJICHHUSI HHPOPMAITHH.

Tun 3a0anus 4. 3a0anus KOMOUHUPOBAHHO20 MUNA, KPeOnoaAzalowue 8blO0p
HECKOIbKUX OMeEemoe U3 npeodioiHceHHblx

OTMeThTe YTBEPKACHUS, KOTOPHIE BEPHO OTPaXKaroT 0COOCHHOCTH ceTH Xomduiaa:

A) Cetp Xonduiga — 3T0 pa3HOBHIHOCTh PEKYPPEHTHON HEUPOHHOM CETH.

b) HecrabmibpHoe oBeieHne ceTr Xomdmina CiocoOCTBYET OBICTPOMY BOCCTAHOBJICHHUIO
00pa3sIos..

B) BecoBas marpuiia ceTr CHMMETpUYHA.

I") Kaxxmoe ycToiiumBOE COCTOSTHHE CETH COOTBETCTBYET 3allOMHEHHOMY 00pa3y.

) Cetp Xomnduiaa He TOMYCKACT MOABICHHS JIOXKHBIX YCTOHYHUBBIX COCTOSHHIA.

Ortser:

Kmrou: A, B, T’

O6ocHoBaHueE:!

A) Cetb Xondwia siBISIETCS pa3HOBUIHOCTHIO PEKYPPEHTHBIX HEHPOHHBIX CETEH, TaK KaK B
Hell mHopManus UPKYIUPYET TOBTOPHO, TPOXOS IO MUKINIECKUM CBS3SIM MEXIY
HEHPOHAMH.

B) BecoBas matpuia cetn Xonduinga CAMMETPUYHA, YTO 03HAYAECT PABEHCTBO CBS3EH MEXITy
napamMy HEHPOHOB (Wi=Wj;), FapaHTUPYIOLIEE BHIIIOJIHEHNE KPUTEPHs SHEPTeTUYECKON
(yukmum JIsmyHOBa B 06ecTieueHne yCTOHIMBOCTH CETH.

I') Kaxxnoe ycTOWYMBOE COCTOSIHHE CETH XOM(HIa COOTBETCTBYET 3alIOMHEHHOMY 00pasity,
TO €CTb CEeTb IBITAETCS] BOCCTAHOBUTH OJIM>KaHIINil N3BECTHBIN 00pa3ew, CXOASIIMICS K
OJTHOMY M3 YCTOMYUBBIX COCTOSTHUH.

Tewma 8. Kapra
caMOoOpraHu3ail
nu KoxoHeHa.
HeliponHas ceTh

VK-1. Cnocoben
OCYILECTBIISATh
KPUTHYECKUI
aHajau3

NYK-1.1
BrmonHseT mouck
HE0OX0IUMOi
uHpopManuu, eé

Tun 3a0anusn 3. 3a0anus KOMOUHUPOBAHH020 MUNA, RPeOnoaazaouiue 8vloop 00H020
HPAGUILHOZO OMEEMA U3 NPEOT0IHCEHHBIX

Kaxyro rmaBHyto 3a7auy pemaroT KapTel camoopranuzamuu Koxonena (SOM)?

A) Pemenue 3agau knaccupuKamul U perpeccuu




Tema Kon n HNuauxaropsl Tect mo Teme
(¢hopmyaupoBka HOCTHAKEHUS
KOMIICTCHIINH KOMIICTCHIIH U

BCTPEYHOTO MIPOOIEMHBIX KPUTUYECKUI aHAIN3 U b) Obnapyxenne aHOMaNHii B JaHHBIX

pacnpocTpaHeH | CHTyalwii Ha 0000111aeT Pe3yIbTaThI B) Yopouienne u Bu3yanu3amnusi BRICOKOMEPHBIX JaHHBIX

St OCHOBE aHaJIN3a I PELIEHUS I') IlporHo3upoBaHnue BpEMEHHBIX PSI0B
CHCTEMHOTO MIOCTaBIICHHOM 3a1a4u Ortser:
MOJIX0/1a, Kmrou: B
BBIpa0aTHIBaTh ObocnoBanue: Kaptsl camoopranunzanuu Koxonena (Self-Organizing Maps, SOM)
CTpaTErxIo HpeHa3HauYEHBb! J1s1 yIPOLICHUS U BU3yaIM3allud MHOTOMEPHBIX JaHHBIX. OCHOBHAs 3ajaya
JeHCTBUM SOM — mpencTaBUTh CIOXKHBIN HA0Op TaHHBIX B IBYMEPHOM IIPOCTPAHCTBE, COXPAHUB

TOHNOJIOTUICCKHUEC COOTHOUICHHUA MCKIY 00BeKTaMH. ITO MO3BOJISET BU3YaJIbHO OLICHUTH
pacipeaes€Hue U KIIaCTCprU3alui0 JaHHBIX, YTO MMOJIC3HO AJIs aHaJIn3a U NpCABapUTCIbHOI'O
N3YUYCHHA JaHHBIX.

Tun 3a0anusa 3. 3a0anus KOMOUHUPOGAHHO20 MUNA, RPeOnONAzalOulLe 8blO0DP 00HO20
nPasuILHOZ0 OMeema u3 nPeodioHceHHbIX

Kakas u3 ocobeHHOCTEH XapakTepHa Al HEHPOHHOW CETH BCTPEYHOT'O paclpOCTpaHEeHHUs
(Counterpropagation network)?

A) OgHOBpPEMEHHOE MCTIONB30BAHUE 000MX BHIOB OOYUCHUS: C YUUTEIEM U 03 yInuTes]

B) Breicokuii ypoBeHb YYBCTBUTEIBHOCTH K MOPSIKY MTOIaYH TAHHBIX

C) llocrostnaast OTpeOHOCTH B OONBIIOM 00BEME Pa3MEUEHHBIX JaHHBIX

I') HeBo3MOKHOCTB TTapaiieIbHOTO OOHOBJICHHS BECOB HEHPOHOB

Ortger:

Kirou: A

O6ocaoBanne: OCOOCHHOCTHIO HEHPOHHOW CETH BCTPEYHOTO PACIPOCTPAHEHUS SBIIICTCS
OJTHOBPEMEHHOE HCIONb30BaHUE JBYX PEXKHMOB OOydeHHs: OOy4YeHHs C ydUTeJIeM U
oOydenusi Oe3 yuwurens. BepxHuii cioit cetm oOywaercs Oe3 yuwrtens (HEmpaBleHOS
oOydenue), GopMHUpYs KIACTephl BXOIHBIX JAHHBIX, a HIDKHUH CIOH 00yJaeTcs ¢ yduTeleM
(ympaBnsieMoe 00yueHHE), CO37aBas aCCOIMATUBHYIO CBSI3b MEXKIY J3TUMH KIACTEpPaMH U
COOTBETCTBYIOIIMMH BBIXOJHBIMH 3HAYCHUSIMH.

Tun 3a0anusa 4. 3a0anus KOMOUHUPOBAHHO20 MUNA, KPeonoaazauiue evloop
HECKOJIbKUX OMEEN 08 U3 NPEON10HCEHHBIX




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TecTt mo Teme

Bri0epuTe xapakTepHbIe YepThl HEHPOHHOU ceTH BCTpeuHoro pacmpoctpaneHus (CPN):

A) O0yueHue MpoBOIUTCS pa3leIbHO B IBYX HANPABICHUAX: IPSIMOM 1 00paTHOM.

b) Apxutexrypa CPN BritogaeT 1Ba ciiosi: KOHKYPEHTHBIH CJIOH U ¢JI0H 00yueHHs ¢
YUUTETIEM.

B) Mcnonp3ytoTcst TONBKO JHHEHHbIE QYHKINN aKTHBAIH.

I') CPN no3BonsieT 3QeKTUBHO COYETaTh METOABI O0YyUEHHS C YUUTENEeM U 0e3 yUUTEIS.

J1) BxonHble naHHbBIE IPEICTABICHBI TOJIBKO ABOMYHBIMH IIPU3HAKAMH.

Ortger:

Kmou: A, B, T

O6ocHoBaHUE

A) OOyueHwe B HEHPOHHOW CETH BCTPEYHOTO PACIPOCTPAHEHHUS MPOXOAWT B IBYX
HanpaBJIeHUAX: TIpsiMoe (KOHKYpEHIIMSI HEHPOHOB B BEPXHEM CII0€) U 00paTHOE (ACCOHALUs
noOenuTesNel C BBIXOIHBIMHI 3HAYCHUSIMH HIDKHETO CIIOST).

b) Apxurekrypa CPN cOCTOMT M3 ABYX CIIOEB: BEpXHETO (KOHKYPEHTHOIO), TJIe HEHPOHBI
COPEBHYIOTCS 32 NPABO CTaTh MOOEIUTENEM, W HWKHEro (00y4aeMoro ¢ yduTenem), Ie
noOeIUTeNb MOMyYaeT COOTBETCTBYIOIINE BEIXOJHBIC 3HAUCHHUSL.

I') CPN o0benunsier o0yueHne ¢ yuuTeleM (HIOKHUAN clioil) u 0e3 yuurens (BepXHUil cioi),
yTo mo3BoiseT 3(dekTuBHO 00ydaTh CceThb JaXe MpU OrPAaHHMYCHHOM KOJHYECTBE
pa3MeueHHBIX TaHHBIX.

Tun 3a0anus 4. 3a0anus KOMOUHUPOBGAHHO20 MURA, NPEONONIAZAIOUUE 8bLOOD
HECKOIbKUX OMEemoe u3 npeodioicenHvlx

Kaxwne 3amaum MokHO 3P PEKTUBHO pemaTsh ¢ TOMOIIBI0 HEHPOHHOM CETH BCTPEIHOTO
pacrpocTpaHeHus?

A) Knaccudukanus nzo0paxeHuil.

b) Kommpeccust maHHBIX.

B) O6paboTka TekcTOBOM HHPOPMAIHH.

I') [Ipenckazanue BpEMEHHBIX PSIJIOB.

J1) AccollMaTHBHBIN TOMCK COOTBETCTBHUH.

Ortger:

Kimrou: A, 1

O6ocHoBaHUe




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TecTt mo Teme

A) HeiipoHHas ceTh BCTPEYHOTO PAcIpOCTPAHEHHSI YaCTO UCTIONIL3YETCS TSl KilacCHDUKAIIN
n300paXeHnH, TaKk KaKk BEPXHHUU CIIOW MO3BOJAET BBIACIHUTH TJIaBHBIC NMPHU3HAKU, & HUKHUHU
— Ha3HAaYUThb KIACChl OObEKTaM.

1) CPN sddexTrBHA TSI aCCOMMMATUBHOTO MTOMCKA COOTBETCTBUMN, IMTOCKOJIBKY BEPXHHUH CIIOH
BBIJIENISIET MOX0XHUE OOBEKTHI, & HIPKHUM HAXOJIUT COOTBETCTBYIOIIEE 3HAYCHHE.

Tun 3a0anus 5. 3a0aHus OMKPBLIMO20 MUNA C PA3GEPHYMBIM OMEEHOM.

Onwuimre Ha3HaYeHUe KapT camoopranuzauuu Koxonena (SOM) u ux 0CHOBHOE

MIPUMEHEHNE B JUCLMIIINHAX, CBSI3aHHBIX C MICKYCCTBEHHBIM MHTEIIEKTOM.

Ortser:

Kapra camooprannzanun Koxonena (Self-Organizing Map, SOM) — 3T0 BUIl HEHPOHHOIA

CeTH, MpeIHa3HaYeHHBIN A7 TpeoOpa3oBaHus MHOIOMEPHBIX JaHHBIX B HATIIAAHOE

JIByMEPHOE IIPEJCTABIEHUE, COXPAHSA IIPA 3TOM TOIOJIOTHIECKOE COOTHOIIEHUE MEXKIY

oOBekTamu. JlpyrumMu cioBaMu, KapTa COXpaHseT OJM30CTh TOYEK B MHOTOMEPHOM

NPOCTPAHCTBE B CBOEM OTOOpaKEHUH Ha TUIOCKOCTH, 00Jieryas BU3yajabHOE BOCTIPHATHE U

AHAJIN3 CIOXKHBIX JaHHBIX.

OcHoBHbIe TpuMeHeHns kKapT KoxoHeHa B JUCIUIUIMHAX HCKYCCTBEHHOTO MHTEJUIEKTA!

¢ Busyanmzanus U KJIacTepu3anus AaHHbIX. [loMoraeT BEIIBUTB CKPBITYIO CTPYKTYPY
JAHHBIX, PACHIPEAETUTh OOBEKTHI IO KaTETOPUSIM M UCCIIEI0BATH B3aUMHBIE CBSI3U MEXKIY
HUMH.

¢ [IpenBapurenbHbli aHanu3 JaHHBIX. [IpuMeHseTcs 1 BBISIBICHUS 3aKOHOMEPHOCTEH,
¢uIpTpaMy IIyMa U IOArOTOBUTEIBHOTO dTama rnepes 0ojee TOYHOH 00paboTKoM
JIPYTHMH METOJAMH.

® Pabora ¢ 60NBIIMMH JaHHBIMU. Y 10OHA JUISE OBICTPOTO MIOHUMAaHHS PAaCcIpeieICHUs H
CTPYKTYPHI CIIO)KHOT'O MacCHBa JaHHBIX, TOMOrast 0OOHApYyKUTb UHTEPECHBIE TATTCPHBL.

Taxum o6pazom, kapTel KoxoHeHa Haxoa9T CBOE NPUMEHEHHE B TEX CIy4asx, KOraa

HEOOXOJMO YIPOCTUTH U HATIISTHO MPEJCTABUTh CIIOKHBIE MHOTOMEPHBIE HA0OPHI IaHHBIX,

o0Jieryast MOCJIEAYIOUINI aHAIN3 U IPUHATUE PEIICHUH.

Tema 9.
I'pagueHTHEIN

VK-1. Crnocoben
OCYIIIECTBIISITh

NYK-1.1
Brinonnser nouck

Tun 3a0anusa 2. 3a0anus 3aKpvlmozo MUNA HA YCIAHOBEHUE NOC/1e008AMETbHOCHU.
Pacrmonokute Tansl rpaJHeHTHOrO CIYyCKa B IPABUILHON ITOCIEN0BATENHHOCTH:




Tema Kon n HNuauxaropsl Tect mo Teme
¢popmyaupoBka AOCTHKEHMS
KOMIIeTeHIIUH KOMIIeTEeHIIH
CITyCK U KPUTUYECKUIA HE00X0TUMOT 1. BpIUHCINTE IPOU3BOAHYIO 1IEJEBOM QYHKIIUH 110 KAXKIOMY HapamMeTpy.
CBEPTOYHEIC CETH | aHau3 uHpopMmanuu, e 2. IlpousBectu mar B HalpaBICHUHN aHTUTPAIUCHTA.
MIPOOIEMHBIX KPUTUYECKUN aHAIHU3 U 3. VYcTaHOBUTH HAUYaJIbHbIE 3HAUCHUSI TAPAMETPOB.
CUTYyaITnii Ha 00001I1aeT Pe3yIbTaThI 4. TloBtopsaTh maru 1-2 10 HOCTMKCHHSI MUHIMYMa WJIH 3aBEPIICHHS 00yUCHUSI.
OCHOBE aHaIU3a JJIs PELICHHUS Ortger:
CUCTEMHOTO MOCTaBJICHHOU 3aJ1auu | | | | |
MOIX0/1a, Kurou:
BHIpa0aTHIBaTh [ 1 | 4 |2 |3 |
CTpAaTETHUIO
NEUCTBUI

Tun 3a0anus 2. 3adanus 3aKpelmozo muna Ha yCMAHo61EeHUE NOCAEO08AMETbHOCHIUL.
Pacmonoxure oneparuu B cBepTouHOM HeriporHoi ceTu (Convolutional Neural Network,
CNN) B npaBUIBHOM MOCIEI0BATEIHFHOCTH:

1. BrmonHeHue onepanuii cBepTkH (convolution).

2. Ilpumenenue omnepanuu cyoauckperusanuu (pooling).

3. @unanbHas nosHas coeaunénnas (fully connected) cetb.

4. JloGaBnenue aktuBauuu (activation function).

OTtBeT:

Kunrou:

L1 |4 |2 E

Tun 3a0anua 3. 3adanusa KoMOUHUPOGAHH020 muna, npeononaazarouiue 6vlO0p 00HO20

npaeuibHO20 omeéema u3 npedﬂoofcenublx

Kakoii u3 cmoco0oB MoOOUQHKALUN KIACCHYECKOTO TPAJUEHTHOTO CIyCKa CHHIKAeT

npo0eMy NCUE3HOBEHUS TPaAUEHTa B TITyOOKMX HEWPOHHBIX CETsX?
A) Batch Normalization

b) Stochastic Gradient Descent (SGD)

B) Momentum

I') Dropout

Ortser:

Kirou: A

ObocnoBanue: Batch Normalization — 5>¢dekTuBHBIi MeTon O0pbOBI C MpoOIEMOit
MCYE3aI0IIero TPaueHTa. DTOT METOA HOPMAIHM3YeT 3HAUEHHs ITPOMEKYTOUHBIX aKTHBAIIMN




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TecTt mo Teme

Ha KaXJIOW CTYNEHH OOydYeHUs, TPENOTBpalas pe3Koe YMEHBIICHHUE T'PaJUEHTOB. 3a CUET
CTaOMIU3alMK CPEAHEr0 M TUCIIEPCUU aKTHBALUK CHUKAeTCs 3P QPEKT 3aTyXaHus IpaJnueHTa,
YTO YCKOPSIET M CTAaOMIIN3UPYET Mpolecc 00ydeHHs rTyOOKNX HEHPOHHBIX CETEH.

Tun 3a0anusn 3. 3a0anus KOMOUHUPOGAHH020 MUNA, RPeOnoaazaOuiue 8ol60p 00H020
nPAGUIbHOZ0 OMeema u3 nPeod0HceHHbIX

Kaxkoit cnoii B cBeprounoil HeiiponHoit cetu (CNN) oTBedaeT 3a yMEHBIIICHHE Pa3MEpoB
BXOJHBIX TJAHHBIX M COXpaHEHUE BAKHEHIINX MPU3HAKOB?

A) Fully Connected Layer

b) Pooling Layer

B) Convolutional Layer

I') Activation Layer

Ortger:

Kitou: b

ObocnoBanue: Pooling Layer (cnou cyOmuckpeTu3anny) npeaHa3HaueHbl A1l YMEHbBLICHUS
paspemieHusi  M300pakKeHWs, CHWXKAs  KOJNMYECTBO  IApaMEeTpOB W yBEIHUYWBAs
WHBApUAHTHOCTh K CJABATaM M BpameHusM. OOBIMHO TpUMEHseTcs max-pooling wimu
average-pooling, KOTOpbIe COXpaHIIOT Hambojiee Ba)KHBbIC NPU3HAKH, OTOpachiBash MeHee
cymecTBeHHble Aetanu. O1o mno3poisier CNN sddekTnBHO cXUMaTh NaHHBIC, YMEHbBIIAS
Pa3MepHOCTh U COKpaIliasi KOIMYECTBO BBIYMCIICHHH 0€3 MOTEpH CYIIECTBEHHBIX JIeTaNCH.
Tun 3a0anusa 5. 3a0anus omMKpbLINO20 MUNGA C PA3GEPHYMBIM OMEEHOM.

Jiist yero Hy»XeH IrpaMeHTHBIH CIyCK B 00Y4YE€HHH CBEPTOUHBIX HEMPOHHBIX CeTeil M Kak OH
BIIHSIET HA KA4eCTBO PE3yNbTaTa.

Ortger:

'pangueHTHBIH CIyCK — 3TO METOA ONTUMH3AlMW, HCIOJIb3YEMBId sl HaXOXKICHUS
ONITHMABHOTO HabOpa BECOB M CMEIICHWH B HEHPOHHOU CEeTH, BKIIOYAs CBEPTOYHBIE CETH.
Bo Bpems oOyueHHsi HEWpPOHHASI CETh WINET MUHAMYM (QYHKIUH MOTEPh, MBITASICh CBECTU
omrOKy MEXAY MpeACcKa3aHUsMH M UCTUHHBIMHM 3HAYCHUSMH K MUHUMYMY. [ panueHTHBIN
CIIyCK IO3BOJISIET IOIIArOBO HM3MEHSTh BeCa M CMEIIEHUS B HAIPaBICHUM HAUMEHbBIIETO
YBEIUYCHHS OMMOKH, ABUTASICH BIOJIb HAKJIOHA IMMOBEPXHOCTH OMMOKH (TpagueHTa). ITO
MO3BOJIICT TOCTENCHHO MPUOMIKAThCA K TI00aTbHOMY MHHUMYMY M IONYy4aTh JIydIIne
pe3ynbTaThl. be3 rpagneHTHOro cmycka HeWpoHHas CeTh He cMorja Obl aBTOMATUYECKU




Tema Kon n HNuauxaropsl Tect mo Teme
¢popmyaupoBka AOCTHKEHH S
KOMIETEHINH KOMIIETeHIIH U
HACTpawBaTh CBOM IMAPaMETPHI M JIOCTUTATh BHICOKOTO KaueCcTBa MpeICKa3aHuH.
Tema 10. YK-1. Criocoben | ©YK-1.1 Tun 3a0anusa 4. 3adanus KOMOUHUPOBAHHO20 MUNA, HpeOnonazaruiue 6vIO0P
DpeliMBOPKU ISl | OCYILECTBIISITH Brimonnser nouck HECKOIbKUX OMeEemoe u3 npeodioiHceHHvlx
HEUPOHHBIX CeTEH | KPUTHUECKUU HEO0XOAUMOH OtmMmeTbTe (hPPEHMBOPKH, MOAJIEPKUBAIONTIE pa3pabOTKy U 00yUeHHE TyOOKHX HEHPOHHBIX
aHamn3 uH(popMaIy, e CeTeil:
MIPOOIEMHBIX KPUTUYECKUI aHAIN3 U A) TensorFlow
CUTYyaIuii Ha 000011aeT Pe3yIbTATHI B) PyTorch
OCHOBE aHanIu3a AJis PelICHUs B) Scikit-learn
CHUCTEMHOTO MOCTaBJICHHOM 3a71a4u I') Keras
OAX0/1a, J) Pandas
BEIpa0aTHIBATh OtBeT:
CTPATETuto Kmrou: A, B, T’
JIeUCTBUI O6ocHOBaHuE:

TensorFlow — momHbIi QpeiiMBopK, pazpaboranubiii Google, monaepKuBarOIUil MOTHBIN
UK pa3paboTKu 1 00ydeHus] HEHPOHHBIX CeTel, BKIIFOYAast UX JeTUIOMMEHT.

PyTorch — puHamudeckass OWMONHMOTEKa C OTKPBITHIM HCXOMHBIM KOJOM, CO3/JIaHHAS
Facebook Al Research Lab, wu3BecTHas cBoeii THMOKOCTBIO M TOJJICPIKKON
UCCIEeI0BATEIbCKUX POEKTOB.

Keras — BreicokoypoBHEBEIH API, paboraromuii moepx TensorFlow, ympormaromnmimit
MIPOEKTUPOBaHUE U 00yueHHEe HEHPOHHBIX CeTeH.

Tun 3adanua 4. 3a0anus KOMOUHUPOGAHHOZO0 muna,
HeCKOIbKUX OMEEN 08 U3 NPeO10IHCEHHbIX

OtmeTpTe (YHKIUH, MPENOCTaBIseMble COBPEMEHHBIMH (ppeiiMBOpKaMu sl HEMPOHHBIX
ceTe:

A) ABToomnpeneneHune Npon3BoAHbIX (Automatic Differentiation)

b) I'mbkas nognepxka GPU u TPU

B) BricTpas 3arpy3ka roTOBBIX IpeIBAPUTEIIHFHO HATPEHUPOBAHHBIX MOICTICH

I') Uarerpanus ¢ 001a4HBIMH CEpBUCAMHU

J1) Huzkuii ypoBeHb MOJIEPIKKA MOOWIIBHBIX YCTPOUCTB

npeononazarouiue 6v100p




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TecTt mo Teme

Ortger:

Kmou: A, B, B, I’

ObocHoBaHue:

ABToompeneneHne mpon3BoaHEIX (Automatic Differentiation) obmerdaer pacuér rpaaueHTOB,
HEOOXOJUMBIX JIJIsl ONTUMH3AINN HEHPOHHBIX CETEH.

I'mbkas monmmepxka GPU um TPU yckopsier oOyueHue HEHpOHHBIX ceTed 3a CUET
pacrapanieauBaHus BHIYACICHUH.

BbricTpas 3arpyska TOTOBBIX MPEIBAPUTEIHHO HATPEHUPOBAHHBIX MOJIENEed IKOHOMHUT BpeMs
Y pECYpCHI Ha MMOBTOPHOE 00y4eHHE, TI03BOJISISI IPUMEHSATH YK€ TOTOBBIC PEILICHHS.
Wnterpanust ¢ o0gayHBIMM CEpPBHCAMH PACLIMPSET NOCTYIMHOCTb PECYPCOB M YHPOLIAET
COBMECTHYIO pabOTy KOMaH bl HCCIIEIOBATENEH U HHKEHEPOB.

Huzkuit ypoBeHb TOAJNEPXKKH MOOWIBHBIX YCTPOMCTB HE SBISETCS MPEUMYILIECTBOM
COBpPEMEHHBIX (PpeiiMBOPKOB, Ha00OpPOT, COBpPEMEHHbIC OHOIMOTEKH TPEIOCTABISIOT
IIMPOKUE BO3MOXKHOCTH AJISI MOOMJIBHOTO ICIUIONMEHTa MOZETIEH.

Tun 3a0anusa 5. 3a0anua omMKpvIMO20 MUNA C PA36EPHYMBIM OMEEHOM.

Onwumnre pazuauiy mexny ouommorekamu TensorFlow u PyTorch ¢ Touku 3penus moaxozaa
K OTIpeaeNICHHIO Tpada BEIYUCICHHH.

OtBeT:

bubmorexu TensorFlow u PyTorch pa3nudanbl mo moaxomy K opraHu3anuy rpaduka
BBIYVCIICHU:

TensorFlow n3HavanbHO MCIOIB30BA] CTATHYECKHH IpadMK BBIYHCICHUH (10 Bepcuu 2.X).
ITomp30BaTeny cHadama OMpeAessIoT Bech rpad BBIYUCIECHUH, a 3aTeM UCHOJHSIIOT €ro. JTo
MOJIX0J YA00€H A ONTHUMH3AINH MPOU3BOAUTENBHOCTH U MapaIeNbHBIX BBIYUCICHUN, HO
3aTpyAHSET HHTEPAKTUBHYIO PabOTy U SKCIIEPUMEHTHI.

PyTorch ncnons3yer muHamudecknii rpaduk BBIYUCICHHUM, YTO TO3BOJISIET OMPEIENATh U
UCTIOJIHSATH Tpad BBHIYHCICHUH HA XOJY, IPSIMO BO BpeMs HCIOJHEHUS mporpaMmbl. Takoi
noaxoJ ynoOHee U SKCIIEPUMEHTOB M OBICTPO# pa3pabOTKH, TaK KakK pa3paOOTUYUKH MOTYT
MIPOBEPSITH OTNIENBbHEIE OJIOKH CETH Cpasy, 0e3 IMOIIHOTO OMMCAHUS BCEH MO 3apaHee.
Hauwnnas ¢ Bepcun 2.x, TensorFlow npencrasun unatepdeiic Eager Execution, cOmmkarormumii
ero ¢ jauHamuueckoir mpupomoit PyTorch, omHako wucTopudecku 3TH OUOTHOTEKH
pa3BUBAJINCH [TO-Pa3HOMY.




Tema Kon n HNuauxaropsl Tect mo Teme
¢popmyaupoBka JOCTHKEHHU S
KOMIIeTEeHIIMH KOMIIeTEeHIIMH

Tun 3a0anus 5. 3a0anua OMKPLIMO20 MUNA C PA3CEPHYIBIM OMEEHIOM.

OxapakTepu3yWTe CHIbBHBIE CTOPOHBI (peliMBopka Keras B cpaBHEHHH C JAPYyTHMH

NOMYJSPHBIMU (ppeiMBOpKaMK [Tl HEHPOHHBIX CETEH.

Ortser:

I'maBHBIC cHIBHBIC CTOPOHEI (ppetiMmBopka Keras:

* Bricokuil ypoBeHb ynoOCTBa W MPOCTOTa Mcmonb3oBaHusA: Keras pa3paboTtan ¢ ynmopom
Ha yJgoOCTBO NpPOTrpaMMHpPOBaHUs, Mpeliaras WHTYUTHBHBIA W JakOoHWYHBIA APl mis
MIPOEKTUPOBAHUS HEHPOHHBIX CETEH.

® MoaynbHOCTh M paclIMpeHue BO3MOXKHOcTel: Keras mocTpoeH MOAYJIBHO, YTO
MO3BOJISIET TMOJIB30BATENSIM CBOOOJHO KOMOMHHPOBATH CIIOM M MOAYIH ISl CO3IaHUS
COOCTBEHHBIX aPXUTEKTYp HEHPOHHBIX CETEH.

*  HnreponepadbensHocth: M3HadamsHo Keras pabortam moBepx Theano m TensorFlow,
Tenepb OH uHTerpupoBaH ¢ TensorFlow o ymonuanuto, obecreunBast AOCTYIT K ITOJIHBIM
(YHKIMOHAIBHBIM BO3MOKHOCTSIM TensorFlow.

® Cxopoctb 00y4eHHs W WccienoBaHne mojened: bmaromaps ymobHomy mHTepdeicy u
momnepxke Python, Keras mo3Bomser OblcTpo  co3maBaTh  MPOTOTHIIBI U
SKCIEPUMEHTHPOBaTh C pa3lNMYHBIMU apXUTEKTypaMH, 4YTO YCKOpSieT TpoIiecc
pa3paboTKH U TECTUPOBAHUS MOJENEH.

Opnako Keras ycTynmaer HEKOTOpBIM IpyruMm (GpeHMBOpPKaM IO YPOBHIO KOHTPOJS HaJ
JeTalsIMU  peajM3allid, TaK Kak »JTO BBICOKOYpOBHEBas 000J0YKa, HalLeJeHHas Ha
MPOAYKTUBHOCTh W OBICTPOTY pa3pabOTKW, a HE Ha HU3KHE YPOBHH YIIPaBICHHUS
BBIUNCIIEHUSAMHU.

Tun 3a0anusa 3. 3a0anus KOMOUHUPOGAHHO20 MUNA, KPeOnonazaouiue 6vloop 00H020
nPAGUILHOZ0 OMEema u3 nPeodnoHceHHbIX

Kaxoii hpeiiMBOpK /17151 HEHPOHHBIX CETEH MpeA0CTaBIsIeT HanOoIbIee pa3sHooOpa3ue
BCTPOCHHBIX aPXUTEKTYp U GYHKITHOHANA I TpaHCHEPHOTO 00yIeHUS?

A) TensorFlow/Keras

b) PyTorch




Tema

Kon n

(¢hopmyaupoBka
KOMIEeTeHIHH

NuaukaTopbl
AOCTHKEHH S
KOMIICTCHIIH U

TecTt mo Teme

B) MXNet

) CNTK

OtBeT:

Kirou: A

O6ocHoBaHueE:!

TensorFlow/Keras nuaupyet no pa3sHooOpa3nio BCTPOSHHBIX apXUTEKTYD U (PyHKIIMOHATY

JUTSE TpaHC(EepPHOTO 00YUYEHHSI TT0 HECKOIBKIM MPUYNHAM:

1. Iupokuit accoprumenT mnpenoOyueHHbIXx wmoxenel: TensorFlow mnpenocraBiser
OOIIMPHYIO KOJUICKIIMIO TOTOBBIX Mojeneit (Hampumep, ResNet, Inception, VGG u
MobileNet), KOTOpbIE MOXHO HCIIONB30BATH ISl TPAHCHEPHOTO OOYUEHUSI.

2. VYpobecrBo wmHTerpanmuu: BeicokoypoBHeBbiii APl Keras, wuHTErpupoBaHHBIH C
TensorFlow, mo3BosisieT Jerko 3arpykath U agalnTHPOBaTh NPeA0OyUYEeHHbIE MOACIH IO
coOCTBEHHBIE 3a1a4H.

3. JoxymeHTamus W cooOmmIecTBO: bomiblmoe akTHBHOE COOOIIECTBO pPa3pabOTIMKOB H
nonpoOHast  JoKyMeHTaiusi jAenatoT TensorFlow  ymoOHBIM — ajii  OCBOGHUS U
3¢ (hEeKTUBHOTO UCITOL30BAHUS.

Xots PyTorch Takxe npemocrapusieT OoraTslii HHCTpYMEHTapHUi 11 TpaHchepHOoro

oOyuenusi, umeHHO TensorFlow u Keras npeiarator 6osnbliee pazHooOpas3ne roToBbIX

peueHnii 1 ynoOHY0 HHTErpauuio sl LIMPOKOTo Kpyra 3ajad.

Kpumepuu OUCHUBAHUA MeCmo06020 3a0anus:

Onenka KpuTtepuu oueHnBaHusi
OTJIMYHO ot 90 10 100 % npaBUIBLHO BBHIMOJTHEHHBIX 33/IaHUM
XOpouIo ot 70 10 89 % mpaBUIBbHO BEITOJHCHHBIX 3aJaHHUMI
YAOBJICTBOPUTEJIBLHO oT 50 10 69 % npaBUIIBLHO BHINOJHEHHBIX 3aIaHUI

HCYJ0OBJECTBOPUTC/IBHO

MeHee S0 % IpaBUIIBHO BEITOJHEHHBIX 3aJaHHi

4.2 TUITIOBBIE TIPAKTUYECKUE 3AIAHUSA

[TpakTnyeckue 3aaHus TOJKHBI OTPAXKaTh YMEHHE 00y4aroIlerocsi IPUMEHATh OCBAaUBAEMYIO0 KOMIIETCHIIMIO B MPAKTUUYECKUX CUTYaALMSIX U
IIpY peLIeHUH IPOU3BOJCTBEHHBIX 3a1a4 (MHaukaTopsl YMETD).




Tema Ko n HNuankaTopsl 3agaHus K NPaAKTHYECKOMY 3aHATHIO
(¢hopmyaupoBka HOCTHAKEHUS
KOMIIeTeHIIM I KOMIIeTeHLIMH
Tema 6. VYK-1. Cnocoben | UVK-1.2 Pacuemnas 3aoaua 1.
MHorocnouHbIi OCYILIECTBIIATD HWcrmosnb3yer CHCTEMHBIIH PaccuwmraiiTe 001ee KOJTUYECTBO BECOB B TPEXCIOWHOM MEPCENTPOHE, €CJIN BXOIHOMN CIIOMH
MEPCENTPOH. KPUTHYECKUN MOAXOA JUIsl  perieHus | COMCPKHUT 10 HEHpPOHOB, CKPHITHIN CIIOH — 5 HEUPOHOB, a BRIXOAHOMN CION — 2 HEHWpOHA.
Komannzsie aHaIN3 IOCTaBICHHBIX 32124 Pemenue:
HEUPOHHI U MPOOJIEMHBIX KonmdecTBo BecOB MeX Ty BXOJIHBIM U CKPBITBIM ciioeM = 10x5=50 BecoB.
HEHPOHBI- CUTyalui Ha KonnuecTBo BeCOB MeXKAy CKPBITHIM M BBIXOAHBIM clioeM = 5%2=10 BecoB.
JIETEKTOPbI OCHOBE Bcero Becon: 50+10=60.
I'poccbepra CHCTEMHOTO OtgeT: Bceero B TpexcnoitnoMm nepcentpone 60 Becos.
M0JIX0/1a,
BEIpabaTHIBATh Pacuemnasn 3a0aua 2.
CTpaTEruto JomycTrM, MHOTOCITONHBIN TIepcenTpoH uMeeT 4 Bxona, 3 HelpoHa B CKPBITOM ciioe u 1
JeHCTBUM HEWPOH B BEIXOIHOM ciioe. CKOJIBKO BCETO BECOB TOTpeOyeTcs sl 3aJJaHusl CBSI3eH MEXKAY

BCEMH CIIOSIMU?

Pewrenue:

BecoB mex 1y BXOTHBIM U CKpPBITHIM ciioeM: 4x3=12 Becos.
BecoB Mex Ty CKpBITHIM U BBIXOJHBIM ciioeM: 3% 1=3 Beca.
Bcero Becon: 12+3=15.

Otget: Tpedyercs 15 Becos.

Ilpakmuueckoe 3adanue 1.

IIpencraBwTe, uTo B cetu ['poccOepra umeeTcst 4eThIpe KOMaHIHBIX HEHPOHA, KAXKABIN U3
KOTOPBIX aKTHBHPYET OIPENICICHHbII HA0Op HeHPOHOB-JeTeKTOpoB. Ha3oBute
MUHUMAJIFHOE KOJIMYECTBO HEHPOHOB-IETEKTOPOB, HEOOXOAMMOE ISl YHUKAIBHOTO
pearupoBaHus Ha KakJJ0€ BO3MOXKHOE COUETaHHE KOMaH/IHBIX HEWUPOHOB.

Pewenue:

IIpu YeThIpex KOMaHAHBIX HEHPOHAX BOZMOKHO 2%=16 YHUKAJIBLHBIX COYETaHMH (BKIIOUAs
CUTYAIHIO, KOTJ]a HU OJJUH HeWpoH He akThBeH). ClienoBaTebHO, HEOOXOIUMO HE MEHBIIIS
16 HEHPOHOB-IETEKTOPOB, YTOOBI 00ECIICUNTh YHUKAIBHOE PearupoOBaHNe Ha KaXKI0¢e
CcOoYeTaHrE KOMaHIHBIX HEUPOHOB.

OtBeT: MUHUMATHLHOE KOJTMIECTBO HEUPOHOB-TIETEKTOPOB — 16.




Tema KOI{ H HH}IHKaTOpr 3anannﬂ K IIPAKTUIECCKOMY 3aHATHIO

¢popmyaupoBka AOCTHKEHH S
KOMIETEHINH KOMIIETeHIIH U

Ilpakmuueckoe 3ad0anue 2.
[pennonoxum, 4to cetb ['poccOepra nomKHa pearupoBaTh Ha TPH TUMA Pa3IpaXKUTENCH:
CBET, 3BYK 1 3amax. Kaxaprii pazapaxuTens akTHBUPYET KOMaH]Ty, BEIYIIYIO K
BO30Y’KIIEHUIO OIpeIe]IeHHOTr0 Habopa HEHPOHOB-ACTEKTOPOB. Heo0X01uMo co3/1aTh CXeMy
aKTUBAIUH, ITPU KOTOPOH HEHPOHBI-IETEKTOPHI PearupyroT OAHO3HAYHO HA KaXAYIO
YHHKaJbHYI0 KOMOMHAIMIO pazapaxuteneil. Kakne komOnHanmu peakuii BO3SMOXKHBI, €CIIH
aKTHBHUPOBAHO POBHO JIBa Pa3IPaKUTENS OJTHOBPEMEHHO?
Pewrenue:
Ecny akTHBUPOBAaHO POBHO /IBa Pa3ApaKUTEINsl OJHOBPEMEHHO, BO3MOXKHBIC YHUKAJILHBIE
COUYETaHHS Pa3APAKHUTEICH:

® (CBerT u 3BYK

e (Cger u 3anax

* 3ByK ¥ 3amax
CremoBaTellbHO, HEOOXOIMMO TPH HEHpOHA-IeTEKTOpa, YTOOBI OJHO3HAYHO pearupoBaTh Ha
KXyl TaKyto KOMOMHAIIHIO.
OtBeT: BO3MOXXHBI TpY YHUKaJIbHBIE KOMOWHAIIMN aKTUBALIA HEMPOHOB-AETEKTOPOB.

Kpumepuu OUCHUBAHUA NpAKMUUECKUX 3aHAMU:

Onenka KpuTtepuu oueHuBaHusi

OTJIMNYHO BrictaBnsiercs, ecin 00ydyaromMiACsS yMeEeT YBSI3bIBaTh TEOPHIO C MPAKTHKOW (pemaer 3agadd, (GOpMYJIHPYET BBIBOIBI,
yYMEET MOSCHUTH TOJIyYeHHBIC Pe3yJIbTaThl), BIaICET MOHITHHHBIM anmnapaToM, IMOJTHO U TUIYOOKO OBJIAJIe]T MaTepHajIoM 0
3aZ[aHHOI71 TEMC, O6OCHOBBIBa€T CBOM CYXJCHHUA U IIaéT OpaBUIBHBIC OTBCTHI HA BOIIPOCHKI MPETIOAaBaTCIIA

XOpoI1Io BricTaBisiercs, ecnu o0y4aronuiicss ymMeeT yBsI3bIBaTh TEOPHUIO C MPAKTUKOHM (pemaeT 3amadu U GopMyIUupyeT BBHIBOBI,
yMEET HOSCHUTD MOJIy4EHHbIE PE3YJIbTaThl), BIaJIe€T NOHATUWHBIM alnapaToM, IOJIHO U IIyOOKO OBJIa/ied MaTepuaioM 1o
3aJJaHHOM TeMme, HO COJEp>KaHHUE OTBETOB MMEIOT HEKOTOpPbIE HETOYHOCTH M TPEeOyIOT YTOYHEHHS U KOMMEHTapHs CO
CTOPOHBI MPETIOIaBaTeNs

YA0BJIETBOPUTEIHLHO BricTaBnsiercs, ecnu oOydaroIIuiics 3HAaeT M TMOHMMAeT MaTepuall MO 3aJlaHHOM TeMme, HO H3JI0KEHHE HETOJHOE,

HCIOCJICAO0BATCIIBHOC, NOMMYCKAIOTCA HETOYHOCTH B ONPECACIICHUN HOHS[TI/II\/'I, CTYACHT HC MOXCT 000CHOBAaTh CBOU OTBETHI
Ha YTOUHAIOIMC BOIIPOCKHI MPECogaBaTCIIsd

HEYAOBJIETBOPUTECIBbHO

BrictaBnsercs, ecny 00y4Jaromuics TOMyCKaeT OMUOKH B OTPEICTICHIUH TTOHITHI, HCKAXAIOIINE UX CMBICII, OECTIOPSIOYHO
1 HEYBEPEHHO H3JIaraeT MaTepuai. Jlemaer ommOKM B OTBETaX HAa YTOYHSIOIIME BOIIPOCKHI IPEIOAaBaTelIs




4.3. TUIIOBBIE 3AJJAHUSA J1JIsI KOHTPOJIBHBIX PABOT

KontponbHbie paboThl COAEpKaT HECKOJIBKO MPAKTUYECKUX 3aJaHUM MO0 WHIUBUIYAIbHBIM BapHaHTaM, B MOJHOM 00BbEME OXBaTHIBAIOIIMX
M3YUYEHHBIN Marepuan 1o ykazaHHou Teme (nHaukaTtopbl YMETD). BeimoaHeHne KOHTPOJIBHBIX PabOT MO3BOJISAET ONPEACIUTh Pe3yJbTaT OCBOCHUS
KOMIIETEHIIMI MO AUCIUIUIMHE B paMKaxX pacCMaTpUBAaeMOM TEMbI, OIICHUBAEMbIH C MOMOIIBI0O COOTBETCTBYIOUIUX HHJUKATOPOB JOCTHIKEHUS
KOMITETEHIINH.

Tema Kon n NuaukaTopsbl TunoBoi BapuaHT KOHTPOJILHOH padoThI
¢popmyaupoBka HOCTHAKEHHUS
KOMIIETEeHIIM I KOMIIETEHLMH

Tema 8. YK-1. Criocoben | UYK-1.2 Ilpakmuueckoe 3a0anue 1.
Kapra OCYILIECTBIISATh Ucnons3yer cucremusbii | Hcmonssys xapty camoopranusaunuu Koxonexa (SOM), npezacraBeTe 4 pasiHYHBIX [BETa
CaMOOPraHU3alMK | KPUTHYECKUI MOAXOA JUIS  pEIIeHHs RGB (xpacHblii, 3enéHblil, cuHHMH, Oe€mblii) B BHAE OBYMEPHBIX KOOPAMHAT Ha KapTe
Koxonena. aHaIN3 IOCTABIICHHBIX 327144 pasmepoM 2x2. Hailimure KOOpAWHATHI KQKIOT0 LBETa HA KapTe, Mpearonaras paBHOMEpHOE
Heliponnas cetsb MIPOOIEMHBIX pacIpeeneHue BETOB.
BCTPEYHOI'O CUTyaluil Ha Pewenue:
pacnpocTpaHeHHsI | OCHOBE ® Kpacusiii (RGB: 255, 0, 0) — Koopmunarsr: (0,0)

CHUCTEMHOTO e 3enéusrii (RGB: 0, 255, 0) — Koopaunartsr: (0,1)

MOAX0/12, e Cunmii (RGB: 0, 0, 255) — Koopaunatst: (1,0)

BEIpabaTHIBATh ® bBemsrii (RGB: 255, 255, 255) — Koopaunatsr: (1,1)

CTpAaTETHIO OtBert: Kpacuerit — (0,0)

JeHCTBUM 3enénsiit — (0,1)

Cunnii — (1,0)

bensrit — (1,1)

Ilpakmuueckoe 3a0anue 2.

Ilycts nana kapta Koxonena pazmepom 3x3, KyJia HOMEIIEHbI JaHHBIE YETBIPEX TOPOJIOB IO
TEeMIepaType BO3[yXa JIETOM M 3UMOW. Pacronoxkure ropona Ha KapTe B 3aBUCHMOCTH OT
TEeMIEePaTyPHI:

e Topox A: nero — 25°C, 3uma — —5°C

e Topoxn B: neto — 30°C, 3uma — 0°C

e Topoxn C: nero — 20°C, 3uma — —10°C

e Topoxn D: mero — 28°C, 3uma — —3°C

Pewenue:

e Topon A: neHTtp kapTel — npumepHo (1,1), yMEepeHHO TeTUIbIi KIIUMaT.

* Topox B: 6imke k mpaBOMY BepXHEMY yTITy — MPpUMEpHO (2,2), TEMIBINA KINMMAT.

¢ Topon C: Gnmxe K IeBOMY HIKHEMY yriry — npumepHo (0,0), mpoxagHblil KIIuMar.

e Topox D: 6mmxe K IICHTPY crpaBa — NpuMepHO (2,1), yMEpESHHBIH KIUMaT.




Tema

Kon n
(¢hopmyaupoBka
KOMIIeTeHIIM I

NuaukaTopbl
AOCTHKEHHA
KOMIICTCHIIH U

TunoBoi BapuaHT KOHTPOJILHOH padoThI

Otser: I'opon A — (1,1)
Topon B —(2,2)

T'opox C — (0,0)

T'opon D — (2,1) 3amanme

Cumyayuonnasn 3adanue 1.

Brl pa3pabaTbiBaeTe HEHPOHHYIO CETh BCTPEUHOTO PACHpPOCTPAHEHHS JJIS aBTOMAaTHYECKOU
KJaccu(pHUKaluy TOBAPOB Ha CKIIAAE MO 300paKEHUAM YIaKoBOK. UTO MPOU30HIET, €Cu BB
HENPaBUIbHO YCTAHOBHUTE pa3Mephl BEIXOIHOTO c10s?

3amanme: Kakoif ONTUMaNBHBIA pa3Mep BEIXOAHOTO CIIOS, €CJIM Ha BallleM CKJIajze
npeacTasieHo 10 pa3NIuYHBIX KaTeropuii ToBapos?

Pemenne:Pasmep BBIXOJHOTO €O JOJKEH COOTBETCTBOBATH YMCIY KaTErOpHi TOBapoB,
KOTOpBIE CEeTh JODKHA yMETh pacmo3HaBaTh. Ilockonbky y Bac 10 kareropwii TOBapoB,
pa3Mep BBIXOJHOIO CJIOSl Ballleld HEMPOHHOW CETH BCTPEYHOI'O PACIPOCTPAHEHUS JOJIKEH
coctaBiATh 10 HEHPOHOB, KaKABIM M3 KOTOPBIX OydeT OTBEYaTh 32 COOTBETCTBYIOLIYIO
KaTeropHIo ToBapa.

Otgert: Pa3mep BeixomHoTo ci1os — 10 HEHPOHOB.

Cumyayuonnas 3aoanue 2.

Bam nopyunnu npoexkT 1o BHEAPECHUIO HEUPOHHOW CETU BCTPEYHOI'O PACIPOCTPAHEHUS ISt

UACHTH(UKANKY MOoYepKa COTPYJHHMKOB KpyHHOH ¢(upmbl. OnHAKo Ballld NEPBBIE TECTHI

MOKa3aJM HU3KYI0 TOYHOCTh DPACIO3HABAaHMS DPYKONUCHBIX CHUMBOJIOB. Kakue Mepbl BbI

MOYKETe TIPENNPUHATD JJIsl YITyUIIeHUS CUTYaIn?

3ananue: Kakue nelicTBUA HOMOTYT BaM HOBBICUTH TOYHOCTh PACIO3HABAHHS NOYEpKa?

Pemenne: YroObl MHOBBICUTH TOYHOCTh PACIIO3HABaHMS MOYEPKa, PEKOMEHIYETCs

ClIeAyIOIIee:

1. CoOpatp Oonpllie KadecTBEHHBIX AaHHBIX: [IpemocraBbTe HEHpOHHOW ceTH OoJbIle
pasMeUYeHHBIX 00pa3IoB IOYepKa.

2. IloBeicuTh pa3penieHne w3o0pakeHwit: Vcronb3yiTe n300pakeHusI PYKOITMCHBIX 3HAKOB
C BBICOKHUM pa3pelieHueM, YTOObI COXPaHUTh MEJKHE JeTalld MoYepKa.

3. Hopmanuszoats BBoA: CTaHAapPTU3MPOBATH NOJI0KEHUE, OPHEHTALIUIO M pa3Mep CUMBOJIA




Tema Ko n NuaukaTopbl TunoBoi BapuaHT KOHTPOJILHOH padoThI
(¢hopmyaupoBka AOCTHKEHHA
KOMIICTCHIINH KOMIICTCHIIH U

Ha U300paKEHUX.
4. OnTUMHU3UPOBATh APXUTEKTYpY ceTu: BO3MOXKHO, M3MEHUTH KOIMYECTBO HEWPOHOB B
CKPBITHIX CIIOSIX WJIA JOOABUTH JOMOTHUTEIBHBIC CIIOH.
5. Hacrtpouts rumep-napaMeTpsl: DKCIEPUMEHTHPYHTE ¢ apaMeTpaMu 00ydeHUs, TAKUMHU
KaK CKOPOCTh 00YUEHHS, YUCIIO TI0X U pa3Mephl aKEeTOB.
OtBet: IloBBIIEHME TOYHOCTH pAacHO3HABaHMA JOCTHraeTcs 3a CYET pACHIMPEHUs U
yIIydqIIeHnsT KadecTBa oOOydaromied BBIOOPKH, HOPMalW3allid JaHHBIX, ONTHMAaIbHON
HACTPOMKE ApXUTEKTYPbI CETH U TOHKOW HACTPOMKM THIIEp-TIapaMeTPOB.

Kpumepuu ouenusanus KOHmMpoabHOU padomol:

Onenka KpuTtepuu oueHnBaHusi

OTJIMYHO BrictaBnsiercs, ecin 00ydyaromIMHCS yMeeT YBSI3bIBaTh TEOPHIO C NMPAKTHKOW (pemaer 3agaud, (GOpMYJIHPYET BBIBOIBI,
yMeeT MOSICHUTh NOJTYYEHHbIE Pe3yJIbTaThl), BIaI€eT MOHATUHHBIM alllapaToM, IOJHO U ITyOOKO OBJIaJesl MaTepUalloM 110
3aJJaHHOH TeMe, 000CHOBBIBAET CBOM CYXKJICHHS U NAET

IIPABWJIBHBIE OTBETHI HA BONPOCHI IPENOAABATEISA

X0po1o BrictaBnsiercs, ecinu 00y4aroImuiicss yMeeT yBSI3bIBaTh TEOPUIO C MPAKTUKOW (pemaeT 3agauu U GpOopMyIupyeT BBIBOIbI,
yMEET MOSICHUTh NOJIYYEHHBIE PE3yJIbTaThl), BIal€eT MOHATUHHBIM alnapaToM, HOJHO U ITyOOKO OBJaJiesl MaTepUaloM 110
3aJJaHHOI TeMe, HO COJECpKaHHE OTBETOB HMMEIOT HEKOTOPbIE HETOYHOCTH MU TPEOYIOT YTOUHEHHS M KOMMEHTapus CO
CTOPOHBI IIPENOIaBaTENs.

YAOBJIETBOPUTEJIBHO BBICT&BJISICTCSI, €Clin 06yt1a1011m1?1051 3HACT W TMOHMUMACT MaTcpual I10 3aJJaHHOM TEMC, HO H3JIOKCHHEC HCIIOJIHOC,
HCIIOCJICAOBATCIIBHOC, JOITYCKAKOTCA HCTOYHOCTHU B OIIPCACIICHUU HOH)ITPIﬁ, CTYACHT HEC MOXCT 000CHOBAaTbL CBOU OTBETHI
Ha YTOUHAKOIMEC BOIIPOCHI MPENoJaBaTCIIsd

Hey/10BJIETBOPUTEJILHO | BricTaBisercs, eciu 00yJaronuiics JomycKaeT OIMOKY B ONPEACICHUH MOHATUH, HCKAXKAIOIIKUE UX CMBICII, OECTIOPSIIOYHO
Y HEYBEpEHHO M3Jlaraet Marepuai. [lemaer ommOKY B OTBETaX HA YTOYHSIIOIIME BOIPOCHI MTPETOaaBaTelIs

4.4. TUTIOBBIE 3ATAHMS JIJISI CAMOCTOSITEJIBHOM PABOThHI
CamocrosrenbHas padora (maaukatopsl 3HATH, YMETD — Ha BbIOOp) BKiItOUaeT B ce0si MpopabOTKy TEOPETUUECKOro MaTepuaa, n3yuyeHue
PEKOMEHIYEMOU JUTEpPaTyphl, BHIIOJHEHHE MPAKTUKO-OPUEHTHPOBAHHBIX 33JaHUN (3amoyiHeHue TaOJul], MPOBEIEHUE CPAaBHUTEIHHOIO aHajIM3a,




COCTaBJIGHHUE CXEM M Jp.), PELICHHE MPAaKTUYECKHX 3a7ay, CO3JaHMEe Npe3eHTalMd, HamucaHue pedepaTtoB, MoaOOpKa HOPMATUBHOTO U HHOTO
MaTepualla U BBIIOJIHEHUE IPYTUX 3aJaHUH.

Tema Kon n HNHauKkaTopbl 10CTHKEHUS KOMIETEHIMU Tunosoe 3ajanue 1JI1 CAMOCTOSITEILHOIH PadoThI
(popmyanposka
KOMIIeTeHII U
Tema 1. VYK-1. Criocoben NYK-1.1 3aoanue 1. Paboma c NOHAMUTIHLIM ARNAPAMOM.
WcKycCcTBEHH | OCYLICCTBISTH BrlnosHseT MOMCK HEOOX0IMMOM HHpOpMAIMK, | 3aloJHUTE TaOJIHIly, PACKPBIBas CICAYIONIHME MATh TEPMUHOB 10
bIii METEIUIEeKT. | KPUTHIECKUI e€ KpUTHYeCKHii aHau3 1 00001IaeT pe3yibratel | Teme «VckyccTBeHHbIN HHTEEKT. Tepmunonorus. [lorsarus u
Tepmunonorn | 2HH3 aHaJIM3a IS PEIIeHNs TOCTaBIeHHOH 3a/1a41 OTIPE/ICTICHHSY :
. IlonsaTus u npoOIeMHEIX UVYK-1.2 Tepmun Onpenenenune
onpeeaeHus CHTYyallHii Ha Hcnonb3yeT CHCTEMHBIN MOIXO VIS PEIIEHHS 1 | UckyccrBennsiii | A | Pazmen undopmarukw,
p OCHOBE MOCTaBJICHHBIX 3324 HUHTEIIEKT 3aHUMAIOIIUICS pa3paboTKON U
CHUCTEMHOTO WICCIIEZIOBAaHNEM CHCTEM, CITOCOOHBIX
Moxo/a, MIPOSIBIISITh UHTEIUICKTYaIbHBIC
BBIPa0aTHIBATh CHOCOOHOCTH, MOA00HBIE
CTPaTETHIo YEeJIOBEYECKOMY Pa3yMy.
ACUCTBUI 2 | Heiiponnasi cets | B | ckyccTBeHHas cucTema,
OCHOBaHHAs Ha CTPYKTYype U
(YHKIIMOHUPOBAHUH HEHPOHOB
MO3ra, IpeaHa3HadYeHHAs I
00paboTKH HHPOPMALIUHU U O0YUIECHUS
Ha TIpUMepe JaHHBIX.
3 | MamunHOE B | OGmacts ucKyccTBEHHOTO
obOydeHme WHTEJUICKTA, TTOCBAMIEHHAS
M3YYEHHUIO METO/IOB, TTO3BOJISIFOIIIX
TKOMIIBIOTEPY aBTOMATHYECKU
YAITy4IIaTh CBOM CIIOCOOHOCTH,
00pabaThIBast JAHHBIE M OIBIT
4 | I'myGokoe I' | TexHOnOrUYUHBIN NOAXO/I B
oOyJcHMe MAaIIMHHOM OOYY€HNH,
MpeycMaTpUBaIOIIU N
KCIIOJIb30BAaHUE MHOTOCIOMHBIX
HEUPOHHBIX CEeTE AJIA aHaIu3a u
00pabOTKH CIIOKHBIX TAHHBIX, TAKAX
KaK M300paXCHUsI, 3BYKH U TEKCTHI.
5 | JlanHble ¢ JI | CrueruanbHbIi HAOOP TaHHBIX,




Tema Kon u HNHauKaTOpbl 10CTHKEHUS KOMIETEHIMU Tunosoe 3a1anue JJI CAMOCTOSITEILHOH PadoThI
(popmyanposka
KOMIIeTeHII U
YUHATEIEM COCTOSIIIINHN U3 TIap «IIpPUMEp —
MPAaBWILHBIA OTBETY, UCTIOIb3YEMbIX
JUTSE 0OY4eHHUST MOJIeNiel MaIlMHHOTO
00yUJeHHS 1 HCHPOHHBIX CETCH.
OtseT:
1 2 3 4 5
Kirou:
1 2 3 4 5
A b B r i
Tema 2. VYK-1. Ciocoben NYyK-1.1 3ananue 1. [TogroroBuTh pedepathl U MPE3CHTAIIMH HA TEMY:
BBenenrie B OCYIIECTBIIATh BrinonHsieT mouck HeoOxomumon uHpopmanuy, | «BBeaeHUE B MaIIUHHOE 00yUYCHHE)»
MAIHHHOE KPUTHIECKUN e€ KpUTHYECKH aHaN3 U 00001IaeT pe3ynbrarel | 1. VcTopus BOSHUKHOBEHHS W 3BOJIOIMS MAITHHHOTO O0YUYCHHS.
oGyuenne aHam3 aHalM3a JJis pelIeHus IOCTaBIEHHOM 3a/1aun 2. OCHOBHBIC 33J]Ja9H U HAIIPABJICHHSI MAIIMHHOTO OOyYCHHUS.
MPOOJIEMHBIX NVYK-1.2 3. ba3oBbie alropuTMBI MAIIMHHOTO OOYYEHUS: BUbI 1
CUTyaIui Ha Hcnonp3yet CUCTEeMHBIH MTOAX0T IS pEIIeHHUs MPUHITUTIBL PAOOTHI.
OCHOBE MOCTaBJICHHBIX 33724 4. TlpuMeHeHHe MAITMHHOTO OOYYEHHS B TTOBCETHEBHOW KU3HU U
CHUCTEMHOTO OusHece.
MoAXo/a, 5. TlpoOGnembl ¥ EPCIIEKTHBHI PA3BUTHS MAIIMHHOTO 00yYeHUSI.
BBIpa0aTHIBATh
CTPATETHIO
JIEUCTBUN
Tewma 3. VK-1. Criocoben NYK-1.1 3adanue na cpasHumMeIbHLIIL AHAU3
MeTo b OCYIIECTBIISITh BerimnosiHsieT mouck HeoOxoaumolt uapopmaiuu, | Hanuimre, yeM OTJIMYAOTCS CyNepBU3UPOBAHHOE 00yUCHUE,
MAIHHHOTO KPUTHYECCKUN e€ KpUTHYECKH aHaIn3 U 0000IaeT pe3yIbTaThl | HECYNIEPBU3UPOBAHHOE O0OYUYCHHE U O0YUYCHHE C TIOKPETIIICHHEM.
oGyueHus aHaIIN3 aHanIu3a AJid PEeLICHHs] TOCTAaBICHHON 3a1auu OtgeT:
pOOJIEMHBIX NYK-1.2 1. CynepBuszupoBanHoe oOydenue: Mpl  gaém  MammHe
CUTyalui Ha Hcnonp3yeT cuCTeMHBIN TOIXO0T IS PEeIICHUs pa3MEUCHHBIC JaHHBIC, TO €CTh 3HAaeM MPABWIBHBIC OTBETHI
OCHOBE MTOCTaBJICHHBIX 33]1a4 3apaHee, M YYMM MAalllMHY TOBTOPSTH MX Ha HOBBIX JIAHHBIX.




Tema Konx u HMHaukaTopsl 10CTHKEHUST KOMIIETEHITHH TunoBoe 3aaHue 1J15 CAMOCTOATEILHOIH PadoThI
(popmyanposka
KOMIeTeHIHH
CHUCTEMHOTO 2. HecynepBusupoBaHHoe oOydeHHe: MammHa cama HaxOIHT
noaxona, 3aKOHOMEPHOCTH M CTPYKTYpPbI B HEpa3MEUCHHBIX JaHHBIX, 0€3
BBIPaOATHIBATh TOJICKAa30K U TOTOBBIX OTBETOB.
CTPATETHIO 3. OOydeHre ¢ TOIKpeIUicHHeM: MammHa IeHCTBYeT B cpelne,
JIeCTBUM NOJyYaeT Harpaipl WiIH ITpadbl 32 CBOU JEHCTBUS U YUUTCS
MaKCHMH3HPOBATh HAarpajay, BEIOMpas ONTUMAJIbHBIC CTPATETUH
MOBEICHHUS.
Tema 4. YK-1. Ciocoben NYK-1.1 3aoanue.
Uctopus n OCYILECTBJIATD BermosHsieT nonck HeobxoxuMoin HHpopMaLuHy, CocraBbTe KOPOTKYIO XPOHOJOTHYECKYIO JICHTY W3 TMSITH
uies KpUTHYECKUH €€ KpUTHYECKUH aHaI3 1 0606H136T0P63YHI’T3TH KIJTFOUEBBIX COOBITHH B UCTOPUHM MCKYCCTBEHHBIX HEHPOHHBIX
HMCKyCCTBEHHBI | AHAIH3 aHaJM3a JUIsl PeIICHUs TOCTABICHHOM 3a1a4n cereit (MHC), ykasas:
X HeHPOHHBIX np06neMvHLIx NYK-1.2 } 1. Tox,
. CHUTyallli Ha Ucnonb3yeT cuCTEMHBIN MOAXO/ AJI pEeLIECHUS
cerei 2. Vms y4eHOro/TpyIbl YYCHBIX,
OCHOBE NOCTaBJICHHBIX 33724
CHCTEMHOTO 3. OTtkpbITHE/BKIA,
MoX0A, 4. 3HadeHwue JUIs pa3BUTHS 00JIACTH.
BBIPa0aTHIBaTh Otser:
CTpATErHIo 1. Tom: 1943. Vwuensiii: Yoppen Mak-Kamiok u Yourep
JeiicTBuiA [Tutre. OtkpeiTue: IlepBas marematnyeckas MOJEIb
HelipoHa. 3HadyeHue: (OCHOBONOJIOKHUKA MAaTEMAaTHKU

HEUPOHHBIX CETEH.

lon: 1958. Vwuensnii: ®pauk Pozenbnarr. OTKphITHE:
IlepBoiii mepuentpoH. 3Hauenue: Co3gaHa mnepBas
paboTocriocoOHast HEHPOHHAS CETh.

I'on: 1982. Vuensii: [xon Xonduna. Otkpeitue: CeThb
Xondwina. 3nauenue: BospoxkaeHwe wuWHTEpeca K
HEHPOHHBIM CETSAM MOCJE MEPUOJIA OXJIAKICHHUS.

lom: 1986. VYuensie: [IpBux Pymensxapr, Ixeddpu
XuntoH u Ponanpn VYunbsimc. OTKpbITHE: AJTOPUTM
obOpatHoro pacnpocrpanenus oummOku (backpropagation).




Tema Koa n HNuauKaTophl 10CTHKEHUS] KOMIIETEeHI[UH TunoBoe 3aganue AJ151 CAMOCTOSITEJILHON PadoThI
(popmyanposka
KOMIIeTeHIMH
3navyenue: Crenano BO3MOXKHBIM dPPEKTHBHOE 00yUeHHEe
MHOT'OCJIOWHBIX HEUPOHHBIX CETEH.
5. Tom: 2012. Vwuensnit: xepdpu XuHTOH W KOMaHIA
yHuBepcutera TopoHto. Otkpeitue: [loGena Ha KOHKypce
ImageNet ¢ wmogenpto AlexNet. 3nauenuwe: Hauano
PEBOJIOLIUK TIIYyOOKOrO0 OOy4YeHUS U CTPEMHUTEIbHOE
pa3BUTHE HEMPOHHBIX CETEH.
Tema 5. YK-1. Cnocoben NYK-1.1 3aoanue:
HeiiponHsle OCYIIECTBIISITh BrmonnseT nouck Heobxoaumoii uHpopmanuu, | [TocTpoiiTe mpocTyro HEHPOHHYIO CeTh A Kiaccu(puKauu
CeTH KaK KPUTHYECKUI e€ KpUTHYECKUH aHann3 U 000011aeT pe3yabTaThl | U300paskeHuH Kollek U cobak. Onpenennre apxXUTEKTypy CETH U
TEXHOIOI M aHau3 aHalv3a JJisl pelieHus OCTaBIEHHOM 3a/1aun YKaXATE HEOOXOIUMEIE TIaru s €€ 00ydeHHUs.
perrerus HpO6J'ICMfII)IX NVYK-1.2 § Ortger:
CUTyaIuii Ha Hcnonb3yeT cucTeMHBIH MOAXO0 AT peLeHHUs ADpXUTEKTypa ceTH:
ajad OCHOBE MIOCTaBJICHHBIX 3a/1a4 Co3maguM HEOOJIBIIYI0 HEHPOHHYIO CETh C TPEMsI CIOSIMHU:
HCKYCCTBCHHO | (picremuoro e [lepBnlii croil (BXOIHOW): MPUHUMAET N300pakeHHUE Pa3MEepOM
'O HHTCJUICKTA | yonxopa, 64x64 nmKcened B OTTEHKax ceporo  (OJHOIBETHOE
BbIpaOaTHIBaTh n300pakeHne), clefoBarenbHo, Ha Bxoge 4096 HeiipoHOB
CTPATETHIO (64*64).
JIeUCTBUM e Bropoii cioii (CKpBITBIN): comepxHuT 128 HEHpOHOB ¢

(dhynkueit aktuBarun ReLU.

Tpetwnii cioif (BEIXOTHOM): COAEPKUT 2 HeHpoHA (I KJIACCOB
"kot" u "cobaka"), ¢ ¢yHkumMed akTuBanmu Softmax s
BBEIBO/Ia BEPOSITHOCTEH.

Oranbl 00y4YeHUs:

1.

98]

[onroroBuths HabOp NaHHBIX: coOparh ¢ororpaduu KOIIEK U
cobak, caeiaTh HMX UYEpHO-OEJBIMH W TPUBECTH K pasMmepy
64x64 nukcenei.
HopmanuzoBaTh  JaHHbBIE
3Hauenus ot 0 7o 1).
Paznenuts nanHble Ha 00YYAIONIYIO U TECTOBYIO BEIOOPKH.
Coznatp U WHUIUAIU3APOBATH HEHPOHHYIO

(MacmITabupoBaTh  MMHUKCEIIBHBIE

CCTh




Tema Koa n HNuauKaTophl 10CTHKEHUS] KOMIIETEeHI[UH TunoBoe 3aganue AJ151 CAMOCTOSITEJILHON PadoThI
(popmyanposka
KOMIIeTeHIHH
BBINIICYKA3aHHOM apXUTEKTYPHI.
5. Hcnosnb3oBaTh alropuTM 0OpaTHOTO PaclpoOCTPaHEHHs OIINOKN
(backpropagation) mist 00y4eHus ceTu.
6. Ilepmomnyeckd OIEHWBATh TOYHOCTH HAa TECTOBOM Habope
JAHHBIX.
7. Tlocme 3aBepmieHHsi OOy4eHHUs HPUMEHHTh CEThb  JUIf
KJTaccH(PHUKAITTH HOBBIX H300paKCHUH )KHBOTHBIX.
ITpumepHslii ICEBIOKOX
import numpy as np
from keras.models import Sequential
from keras.layers import Dense, Activation
# Ilpenmonaraemeie ganHble X train, y train, X test, y test yxe
MO OTOBJICHBI
model = Sequential()
model.add(Dense(units=128, input_dim=4096))
model.add(Activation('relu'))
model.add(Dense(units=2))
model.add(Activation('softmax"))
model.compile(optimizer="adam’,
loss='sparse_categorical crossentropy', metrics=['accuracy'])
model .fit(X_train, y_train, epochs=10, batch_size=32)
loss_and_metrics = model.evaluate(X_test, y_test)
Tema 6. YK-1. Cnocobexn NYK-1.1 3aoanue.
MHOTOCJIOMHBI | OCYLIECTBIAThH Beimonnasier mouck HeoOxoaumoi uHGopMaryu, | OnumuTe Ha3HAYEHWE KOMAaHIHBIX HEHPOHOB M HEWPOHOB-
{f mepcenTpoH. KPUTHYECKUI e€ KpuTHYEeCKUH aHanu3 U 00o0maet pe3ynbrarel | gerekropoB B Mogenn ART (Adaptive Resonance Theory).




Tema Kon u HUHanKATOPHI JOCTHKEHUSI KOMIETEHIINA TunoBoe 3aganue AJ151 CAMOCTOSITEJILHON PadoThI
(popmyanposka
KOMIEeTeHIINH
Komanabie aHAIN3 aHalv3a JJis peleHus IOCTaBIEHHOM 3a/1aun OtseT:
HEHPOHBI 1 MPOOJIEMHBIX NYK-1.2 Mopnens ART (Adaptive Resonance Theory) Bkioyaer naBa Tuma
HEPOHEI- CHUTyaIlii Ha Hcnonb3yeT CUCTEMHBIH MOXO TSl PEIICHUS CTCIUATU3UPOBAHHBIX ~ HEHPOHOB: KOMAaHJHBIC HEUPOHBI U
JIETEKTOPbI OCHOBE MOCTABJICHHBIX 32124 HEHPOHBI-IETEKTOPbl. WX ponb 3akiiodaercs B 0OOecHeueHHH
Ipoccbepra CHUCTEMHOT0 3¢ PEeKTHBHOTO pacro3HaBaHKsT 00pa30B U aJamnTallid CHCTEMBI K
NOAXO07a, HOBBIM JaHHBIM.
BBIpa0aTHIBATh Komannnsie meripons! (Command Neurons):
CTpaTeruio KomaHHbIE HEWPOHBI UTPAIOT KJIFOYEBYIO POSb B (DOPMHUPOBAHHU
JercTBUI TOTIOJIOTMH CETH M YIPABICHUM TMPOLECCAMH KaTerOpU3aluil |

oOyueHus. OHM OTBEYAIOT 3a NPUHATHE PEIICHHH OTHOCHUTEIHHO

COOTBETCTBHS HOBOTO 00Opa3za CYIIECTBYIOIIUM KaTeropusm. Eciu

00pa3 COOTBETCTBYET KaKOM-TO KAaTeropuu, OH BKIIFOUAETCS B HEE;

WHAYe CO3/IaeTCs HOBask KaTeTrOpusl.

OcHoBHBIE (PYHKITUN KOMaHIHBIX HEHPOHOB BKIIFOYAIOT:

¢ OuUeHKY CXOJCTBAa HOBBIX CTUMYJIOB C paHEe H3BECTHHIMH
oOpasramu.

e [IpunsTHE pemieHHs O BKJIIOUYEHHH HOBOTO 00paslia B OJHY U3
CYUIECTBYIOIIMX KaTErOPUN UM CO3/IaHUKM HOBOM KaTE€rOpuH.

¢ (OOecreueHUE YCTOMYMBOCTH CHUCTEMbl K W3MEHEHHUSM IIyTeM
TUHAMHYECKOTO  YIPAaBIEHWs]  MOPOTOBBIMH  3HAYSHHSIMH
AKTHBAIUH.

Heiiponsi-nerextopsl (Detector Neurons):

HefipoHbI-eTeKTOpbl  BBHIMONHSIOT  OCHOBHYK  paboTy 1O

O0OHapy)KCHHIO TIPU3HAKOB M (HOPMHUPOBAHUIO TIPEICTABICHUS

00pazoB. Kaxnplil JeTEKTOp aKTUBUPYETCs, KOTJa HaOI0gaeMblid

oOpazer; HMMEET XapakTepHbIe MPHU3HAKH, COOTBETCTBYIOIUE

mabJIoHy, XpaHsIIIeMycsl B TaMsATH HEWPOHa.

Hx ximroueBbie GYHKIUH 3aKTFOUAIOTCS B CICAYIOLIEM:

® Pacno3HaBaHue CrHeUU(UYHBIX OCOOCHHOCTEU IOCTYIAIOIIUX
CUTHAJIOB.

e @opMmupoBaHWE BHYTPEHHETO IPEACTABICHHSI
CUTHala, KOTOpoe Tepedaercs jajee Ui
KOMaHIHBIMH HEHPOHAMH.

BHEIITHETO
00paboTKHn




Tema

Koa n

(popmyanposka
KOMIIeTeHIHH

HH}IHKaTOpBI JOCTHKCHHUS KOMIICTCHIIMHU

Tunosoe 3a1anue JJI CAMOCTOSITEILHOH PadoThI

¢ [lomnepxaHue TUTACTHYHOCTH CETH MOCPEJCTBOM MeXaHH3Ma
00paTHOM CBSI3M, TO3BOJISIIOLICTO AaJanTUPOBATHCS K HOBBIM
CUTYyaIUsIM.

TakuMm o00pa3oM, B3aWMOJEHCTBHE KOMAaHIHBIX HEHUPOHOB W

HEHPOHOB-JICTEKTOPOB 00CCICUNBACT THOKOCTh U YCTOWYHBOCTH

momenmu ART k o00paboTke M KilacCUPUKALMM CIOXKHBIX U

MEHSIFOIIUXCS TATTEPHOB.

Tema 7. Ceth
Xomnpunna

VK-1. Crrocoben

OCYILECTBIIATh
KPUTHYECKUUI
aHan3
MIPOOIEMHBIX
CUTyaluil Ha
OCHOBE
CHUCTEMHOT'0
MOJIX0/1a,
BBIPa0aTHIBaTh
CTpaTErvio
JecTBUI

NYK-1.1

BrimonaseT monck HeoOxoauMon HHMOPMAIITHH,
e€ KpUTHYECKHUH aHannu3 U 00001IaeT pe3yabTaThl
aHaJM3a JJIs PEeUICHHs TOCTABIICHHOH 3a1a4u
NYK-1.2

Ucnonb3yeT cuCTEMHBIN MOAXO/ AJI pEeLIECHUS
MOCTaBJICHHBIX 3314

3aoanue.

OmumuTe apxXuTekTypy cetu Xordrima. CKOJIBKO CI0E€B B CeTH?
Kax oprannszoBanbel cBsizu Mexay HedpoHamu? Ilouemy ceThb
Ha3bpIBaeTcad "HOJIHOCBSI3HOM ¢ oOpaTHbIMH cBsi3siMu"? UTO Takoe
sHepretuyeckas (GyHKIuS (dHEprus ceTtd) B Moxaenn Xomduima?
[Ipusenute popmyny snepruu. [louemy e€ 3HaueHHE yMEHBIIaeTCS
npyu OOHOBJIIEHUH COCTOSIHUI HEHPOHOB?

3ananue: OnumuTre apXuTeKkTypy cetd Xonduuga. CKOIbKO CIOEB
B cetn? Kak opranm3oBaHbl CBs3M Mexnay Heiiponamu? Ilouemy
ceTh Ha3bIBaeTCsl "MOJHOCBS3HOH ¢ oOpaTHBIMH cBs3simu"? Yto
Takoe »JHepreTuyeckas (QyHKUUS (PHEPrusi CceTH) B MOAEIH
Xondunma? [Ipusenure Gopmyiy sueprum. [louemy e€ 3HaueHHE
YMEHBILAETCSI IPU OOHOBIICHUN COCTOSTHUN HEHPOHOB?

Ortser:

ApXUTEKTYypa CeTH Xondunga TIPEICTaBIIACT coboit
HWCKYCCTBEHHYI0 HEWpPOHHYIO CE€Th acCOUMAaTUBHOM MNaMsITH,
NpeJHa3HAYeHHYIO Ul XpaHEHUS U BOCCTaHOBIICHHS OWHAPHBIX
00pa3oB. OHa COCTOMT BCETr0 W3 OXHOIO CJIOS, BKJIIOYAIOIIETO
HEKOTOPOE  KOJUYECTBO HEUPOHOB, KAXKIBIH U3  KOTOPBIX
B3aMMOJICHCTBYET CO BCEMHU OCTAJIbHBIMU HEHpPOHAMH.

CBs3u Mexay HEHpPOHaMH OpPraHW30BaHbl TAaKUM 00pa3oM, YTO
KaXJblii HEHPOH COEAMHEH CO BCEMHU JIPYTMMH HEUPOHAMU CETH,
BKIIIOYasi ce0st caMoro (peanu3yercs CHMMETpPHUYHAs Marpuia
BecoB). MIMeHHO 3Ta 0cOOEHHOCTD JeNIaeT CeTh MOJHOCBSI3aHHOM ¢




Tema

Koa n
(popmyanposka
KOMIIeTeHIMH

HH}IHKaTOpBI JOCTHKCHHUS KOMIICTCHIIMHU

Tunosoe 3a1anue JJI CAMOCTOSITEILHOH PadoThI

OOpaTHBIMH CBSI3SIMH, IIOCKOJIBKY CYIIECTBYET CBS3b KaXJOTO
HeilpoHa 00paTHO KO BCEM OCTaJbHBIM, BKIOYas COOCTBEHHYIO
00paTHYIO CBS3b.

OHepretnueckass GYHKIUS (MM DHEPTHUS  CETH)  SBISAETCS
KIIIOYCBBIM TIOHATHEM B pabote cetu Xonduiga. EE€ dopmyna
BBITJIIUT CIIEAYIOIUM 00pa3oM:

1 N N N
R — —5 Z Z Wi 8§85 -+ biSt‘,
i=1 j=1 i=1
rue:
® W — Beca CBA3eH MKy HEHpOHaMHM 1 U J;
s; — cocrosiHue HeipoHa i (+1+1 nmmm —1—1, OGunapHoe
MIPEACTABIICHUE);

® b;— cmemienue (bias) HelipoHa i.

3HadeHne JHEPreTHYecKor (YHKIMHU BaXHO IOTOMY, HYTO OHO
XapakTepu3yeT CTaOWIBHOCTh COCTOSIHMSL CceTH. Bo  Bpems
OOHOBJIGHUSI COCTOSHMS HEHpPOHOB BBINOJHACTCS TEpPEexXof K
COCTOSIHHUIO C MCHBIIIEH dHEPrHeil. ITO OOBICHICTCS MEXaHU3MOM
ACHHXPOHHOT'O OOHOBJICHUS, TIPU KOTOPOM H3MEHEHHE COCTOSHUS
HEHpOHA OCYLIECTBISACTCS B HANpaBICHUH yYMEHBILCHHUS SHEPrUH,
CTpEeMSICh MUHUMH3UPOBATh OOLIYI0O DHEPTHUI0 CETH W TPUBECTH
CUCTEeMy K YCTOWYMBBIM KOH(UTypamusMm (arTpakTopam),
COOTBETCTBYIOIIMM COXpaHEHHBIM oOpasuaMm. Takum oOpa3zom,
YMEHBIIIEHHE 3HAYEHWs DHEPruM TapaHTUPyeT ABMKEHUE CETH K
CTaOMIIEHOMY COCTOSIHHIO, TpHOMIKaomeMy e€ K OJHOMY W3
3apaHee 3aNrCcaHHbIX 00pa3IoB.

Tewma 8. Kapra
caMooOpraHusa

VK-1. Crocoben
OCYIIECTBISTh
KPUTUICCKHHI

NYK-1.1
Brimonuser nouck Heobxoanmol nHGopmanuy,
e KpUTHYECKUH aHaIM3 U 000011aeT pe3yabTaThl

3aoanue.
KakoB mnpunnmn camoopranusaruu B Self-Organizing Map (SOM).
B uéMm otinnune SOM 0T 0OBIYHBIX MHOTOCIOMHBIX HEPLEOTPOHOB?




Tema Kon u HUHanKATOPHI JOCTHKEHUSI KOMIETEHIINA TunoBoe 3aganue AJ151 CAMOCTOSITEJILHON PadoThI
(popmyanposka
KOMIIeTeHII U
1105051 aHaIIN3 aHajM3a JJIs1 PEIICHHS IOCTaBICHHON 3a1auu Omummute mpomecc oOydernmss SOM: Kak — ompenemnsercs
KoxoHeHa. MPOOJIEMHBIX NYK-1.2 nobequBimmid  Helipon (Best Matching Unit, BMU)? Kak
HeiiporHas CUTyaIui Ha Hcnonp3yeT CUCTEeMHBIH TOAXO0/T IS pEIIeHUs OOHOBIISIIOTCS Beca HelpoHOB? Kak MeHsieTcsl paanyc BIUSHUS U
ceTh OCHOBE MTOCTABJICHHBIX 3a/1a4 CKOPOCTh 00YUCHHS CO BpeMeHeM?
BCTPEYHOTO CUCTEMHOTO Ortger: .

MOJX0/a, Self-Organizing Maps (SOM), npeanoxennas Tayso Koxonenow,
pacrpocIpane BBIpa0aTHIBATh MIPENICTABIIAIOT COOOH METOMUKY HEHMpPOHHBIX CeTeil, OCHOBAaHHYIO
HIA CTPATETHIO Ha TPUHIWIE caMmoopraHu3anuu. [maBHas 1mens SOM —

JercTBUI 0TOOpakeHHWE BBICOKOMEPHBIX JIaHHBIX Ha JIBYMEPHYIO KapTy

(oObryHO  pem€TKy), coXpaHss TOINOJOTHYECKHE OTHOIIECHUS
WCXOJIHBIX JIAaHHBIX. JTO TO3BOJISIET BU3YaIM3HPOBATH CTPYKTYPY
OoJIbIIMX HAOOPOB JAHHBIX, BBISBIISS KJIACTEPHI H 3aKOHOMEPHOCTH.
Otanursg SOM OT TPaaAUIMOHHBIX MHOTOCIOMHBIX MEPLUENTPOHOB
Mpmuorocnotiaeile  mepuentponsl  (MLP) mpemnasHadueHnl i
pemieHnst 3aJad KIacCU(PHUKAIUU M PErpeccudl MmyTéM MpSIMOTO
pacnpocTpaHeHHsT CHUTHAJIOB uepe3 ciou HelpoHoB. Kitoueoe
paznmuune SOM 3akirodaercs B OTCYTCTBHM CTPOrOro pa3iesieHus
Ha BXOJHBIC, CKPBITHIC M BBIXOIHEIE CIIOM. Bmecto storo SOM
paboTaeT Kak  OJHOCJIOWHAas  CTPYKTypa, TJC  HEUPOHBI
PacToNOXKEeHbl Ha PETyJIApHOW ceTKe (4alle BCEero ABYMEPHOM).
[Iporecc ob6yuennst SOM ocHOBBIBaeTCS Ha KOHKYPEHIIMH Cpenn
HEWPOHOB, Toraa kak MLP ncrnons3yroT rpaJiMeHTHBIN CIyCK IS
MUHUMH3AIUH OIIHOKH.

[portrecc 0byuenns SOM

O6yuenre SOM npoxouT B TPH dTarna:

1. Bribop mobeautens (Best Matching Unit, BMU):[{ns xaxagoro
BXOJTHOTO BEKTOpa X; HaXOIWTCA ONmKalmWi HeHpOH-KaHIUAAT
(meiipon-ioOeaMTEeNE) Ha  KapTe. PaccTosiHME — M3MEpseTCs
CBKJIUJIOBBIM PACCTOSIHUEM MEX]Iy BECOM HEWPOHA W; M BXOIHBIM
BEKTOpOM X;. [loOexmaer TOT HEWpOH, 4Yell BEKTOp BECOB OJIKe
BCEX OCTAJIBHBIX K JAHHOMY BXOJIHOMY CHUTHAIY:




Tema

Koa n
(popmyanposka
KOMIIeTeHIMH

HH}IHKaTOpBI JOCTHKCHHUS KOMIICTCHIIMHU

Tunosoe 3a1anue JJI CAMOCTOSITEILHOH PadoThI

i° = arg min ||x; — w;|
[

2. OoOnosnenue BecoB: Ilocme BeIOOpa BMU nHaumnaercs
OOHOBJIEHHE BECOB HEHPOHOB KapThl. [loMHMO HEMOCPEACTBEHHOTO
W3MEHEHUSI BECOB NOOEOUTENs, TAaKXKE MEHSIOTCS Beca COCEIHHX
HEWPOHOB B IIpeAeliax  ONPEIENEHHOrO  pajauyca  BOKPYT
nobenutens. Yem nanblie HEWPOH pacloNiOKeH OT MOOEeTUTes,
TEM MEHbILIE CTEelNeHb H3MEHEeHHs ero BecoB. KoadduuumeHTts
OOHOBJIGHUSI PACCUUTBHIBAIOTCSI C HWCIOJNb30BaHHEM  (QyHKIMN
cocencTBa, HampuMmep ['ayccoBa pacmpeneneHdss WIU JUHEHHOTO
crnaja:

Aw;(t) = h(i,i*,t)(x; — w;)

3meck h(i,ix,t) — KOIQUIMEHT CcocencTBa, 3aBUCSIIUN OT
paccTosTHUS MKy HEMPOHOM 1 M TOOEANTEIEM i*.

3. N3menenue ckopoctu o0y4yeHus U paanyca: CKopocTb 00ydeHus
(m) m paagnyc OKpecTHOCTH (G), BIHUSIOIIME HAa BEIUYUHY
M3MEHEHUl BECOB, YMEHBINIAIOTCS TIOCTENIEHHO 110 Mepe
MPOXOXAEHUST  21moX  oOydeHWs. OOBIYHO  HCTIONB3YIOTCA
SKCIOHCHITUAIBbHBIC (DYHKIIUN CHUXKCHHUS

Awi(t) = h(i,7", ) (x; — w;)

I'ne mo u 6y — HavalbHBIE 3HAYEHHUS COOTBETCTBEHHO CKOPOCTHU
o0yd4eHus u paguyca, A 1 Y — Kod(ppUIreHTs! 3aTyXaHusl.
HUroropas cxema mportiecca 06ydenns SOM:

1. BeiOop cirydgaifHOTO BXOJTHOTO BEKTOPA.

2. Onmnpenenenue BMU.

3. OOGHOBIEHHE BECOB HEMPOHOB COTTIACHO (PYHKIIMU COCENICTBA.

4. YMeHbIIIEHHE CKOPOCTH O0YUCHUS U paguyca.




Tema Kon u HNHanKaTOPHI AOCTHKEHUSI KOMIIeTeHINH Tumnosoe 3aganue VI CAMOCTOSITEIbHOI PadoThI
(popmyanposka
KOMIIeTeHIMH
5. lloBtop maroB 1—4 nmoka oOy4eHne He 3aBEePIIUTCS.
Camoopranuzaiuss  SOM  nposiBisieTcss B CIIOCOOHOCTH
aBTOMAaTU4YeCKd (POPMHUPOBATH TOMOJOTHYECKH YIOPAJOYCHHOE
OoTOOpaXeHHE  HMCXOOHBIX  [AaHHBIX, II03BOJISI  BHU3YallbHO
aHaJM3UPOBATh OONbIIHE OOBEMBI JaHHBIX M HAXOAUTH CTPYKTYPHI,
HEBUAVMBIE TPAJAULIMOHHBIMA METOJaMH aHAJIN3a.
Tema 9. VK-1. Cnocoben NYK-1.1 3aoanue:
I'paMEHTHBII | OCYLICCTBILTH Brimonnser nouck Heobxoaumoii uapopmanuy, | Uto Takoe rpaaueHTHBIN ciryck? Kak 3TOT alnroputM npuMeHseTcs
CILYCK 1 KPUTHUYECKUI €€ KpUTUYIECKUI aHaIN3 U o6o6maeTv pe3yabTaThl | IpU O0YYEHUH UCKYCCTBEHHBIX HEHPOHHBIX CeTen?
CBEpTOUHBIE aHaIu3 aHaJIM3a JUId pelleHus TOCTaBIeHHON 3a1auu Ortger: § §
cetn MPOOJIEMHBIX NVYK-1.2 I'pagveHTHBI CIyCK — 3TO ONTUMH3ALHOHHBIA aJTOPUTM,
CUTyalui Ha Hcnonb3yeT cUCTEMHBII NOAX0 AJIsl PELLIEHUS WCTIONB3yeMBIN IS HAXOXKISHWs MUHHUMyMa IeJIeBOH (QYHKIHUU
OCHOBE MOCTaBJICHHBIX 33724 METOJIOM TOCJEIOBATEIHHOIO IOIIArOBOTO JIBUKEHHS B CTOPOHY
CHUCTEMHOT'0 HaMMEHbBILETo yBenuueHus (rpaguenta) ¢yHkuuu. OCHOBHAA uaes
NOAXO07a, METOAa 3aKJI0YaeTcs B IIOCTCIIEHHOM M3MEHEHHH 3HAueHHUH
BbIpaOaTHIBaTh MepeMeHHBIX (BECOB M CMEHICHWH B HEHPOHHBIX CeTIX) B
CTpaTErHIo HaIpaBJIeHUH OTpHUILATEIHHOTO rpaJyeHTa, YTOOBI
JeUCTBUI MUHMMHU3UPOBATh LENEBYI0 (YHKUUIO (HampuMep, OLIUOKY
TIPEICKA3aHuUsA).
I[lpu oOyueHMHM HEWPOHHBIX CeTe TPAJAWEHTHBIH  CIYCK

MIPUMEHSIETCS AJI1 HACTPOMUKHU BECOB U CMEIICHUM HEHPOHOB TaKUM
o0pa3oM, 4dYTOOBI YMEHBIIMTH PA3HUIy MEXIY BBIXOIHBIMHU
3HA4YCHHUAMU CECTHU )51 NCTUHHBIMHA METKaMHn KJIaCcCOB HIIn
3HaueHUsIMH  (OIHMOKY). AJITOPUTM  BBIYUCISCT TMPOU3BOHBIC
MOTEPh 10 KAXKIOMY TapaMeTpy W CABHTAET WX MPOIMOPIIUOHATHHO
BEJIMYMHE MPOU3BOTHON B IPOTHBOIIOJIOKHOM HAIPaBICHHUH.
IIpouecc rpaAMEHTHOTrO CIIyCKa B HEUPOHHBIX CETAX BBITVISIAUT
MIPUMEPHO TaK:
1. TlomaroT TpEeHUPOBOUHBIA MPUMEP HA BXO/| CETH.
2. Berumcnsror omubKy BbIXoJa (pa3HUIY MEXAY (aKTHYECKHM
BBIXOJIOM H ITPABHIBLHBIM PE3YIbTATOM).




Tema Kon u HNHanKaTOPHI AOCTHKEHUSI KOMIIeTeHINH Tumnosoe 3aganue VI CAMOCTOSITEIbHOI PadoThI
(popmyanposka
KOMIIeTeHIMH
3. PaccuuThIBAIOT IpaJMEHT OMIMOKH MO0 OTHOIIECHHIO K KKIOMY
BECY U CMELEHHIO.
4. V3MeHSIOT Beca W CMEIICHUs B OOpaTHOM HampaBlCHUU
rpanueHTa (YMEHbIas OMHOKY).
5. TloBropsroT maru 1-4 mist Kaxaon smoxu oO0ydeHus (mpoxoja
10 BCEMY J1aTaCeTy).
Cy1ecTBYIOT pa3Hble Bapualuy ajJroOpuTMa I'PaJUeHTHOIO CITyCKa,
oTIHUaroniecs crnocobom pacuéra mara MW HalpaBlIeHUS
ONTUMU3ALUHN, TaKWe KaK CTOXaCTHMYECKHH T'paJUeHTHBIM CITyCcK
(SGD), muHHOATYEBBIIl TPaTUEHTHBIA CITyCK M METOIBI BTOPOTO
nopsiaka (Harpumep, Hetorona-Padcona).
OcHoBHas 3aja4a I'paJMEeHTHOTO CITyCcKa — CBECTH K MUHUMYMY
NOTEpI0 WIM (QYHKIUIO CTOMMOCTH, OOECIECYMB HAMITYUIIYIO
TOYHOCTH PabOTHI HEHPOHHOH CETH.
Tema 10. VK-1. Cnocoben HNYK-1.1 3aoanue.
®dpeiiMBOpKH | OCYIICCTBIIATH BrimonasieT mouck Heobxomumoi uHpopmanmu, | CpaBaute dpeiimBopku PyTorch n TensorFlow no cienyromum
IS KPUTHYECKUI e€ KPUTHIECKHUH aHAIN3 U 0000MIaeT Pe3yIbTaThl | KPUTEPHIM:
HeHPOHHBIX aHaJn3 aHaJIM3a JUIs PeleHMs TOCTaBIeHHON 3a1auu ¢ [Ipocrora 0O0yueHust Moeeit
cereii pOOJIEMHBIX NVYK-1.2 ® ['ubkoCTbH ApPXUTEKTYPbI (BO3MOKHOCTD MOCTPOEHUS
CUTyaIli Ha Hcnonb3yeT cucTeMHBIH OAXO0 AT peLeHNs HECTaHAAPTHBIX APXUTEKTYP)
OCHOBE IIOCTABJICHHBIX 3a/1a4 e Tloanepxka GPU/TPU yckoputeneit
CHUCTEMHOT0 ® DkocucTeMa HHCTPYMEHTOB M OHMOMHOTEK (BU3yanu3aius,
MOAXO07a, MIOJrOTOBKA JAHHBIX U Ip.)
BEIpa0aThIBaTh e CooOIIIeCcTBO MOJIH30BATEICH U KAY€CTBO JTOKYMEHTAIMH
CTPATErHI0 Ortger:
JeWCTBUI PaccmoTpum cpaBHEHHE ABYX HanOoee MOy IIpHbIX

(dhpeitmBopkoB rmybokoro odyuenuss — PyTorch u TensorFlow.

1. ITpoctota oOyyeHus Mosenei

e PyTorch: Hurepdeiic  Python-nogoOHBIA,  HWHTYUTHBHO
TIOHSATHBIA M TPOCTOW B OCBOCHHWH Ojarojaps THHAMHYECKOMH
cTpyKType rpada BeraucieHuid. Kox nerko unraem u OJM30K K
HaTuBHOMY _ Python-xony, uTo  ympomaer  pa3paboTKy




Tema

Koa n
(popmyanposka
KOMIIeTeHIMH

HH}IHKaTOpBI JOCTHKCHHUS KOMIICTCHIIMHU

Tunosoe 3a1anue JJI CAMOCTOSITEILHOH PadoThI

NPOTOTHITIOB U SKCIIEPUMEHTHI.

¢ TensorFlow: H3HadaibHO HMEN CTATUYECKOE OINPEACICHHE
rpad)oB, 9YTO YCIOXKHSUIO HHTEPAKTHBHYIO pa3paboTKy. OaHaKo
Bepcusi TensorFlow 2.x CyImmecTBeHHO YIydITWIa CHTYAITHIO,
nobasuB nojepxkky Eager Execution, menast KOj MOX0XUM Ha
PyTorch. Hecmotpss na ymyumenus, PyTorch ocraércs uyTth
TIpoIIIe TSI HAYMHAIOMNX Pa3padOTIHKOB.

2. ['MOKOCTh apXUTEKTYPBI

e PyTorch: Bricokas ruOKocTh Omaromaps IJHHAMHYECKOMY
MOCTPOSHUIO BBIUMCIHTENBHOTO Tpada. MOXKHO CBOOOIHO
9KCIIEPUMEHTHPOBATh C HOBBIMU apXHUTEKTYpPaMU M H3MEHSThH
MOJeNb NpSAMO BO BpeMsl UCIOJNHEHHsA. Mopenn Jerko
HACTPAMBAIOTCS U aAaNTHPYIOTCS.

e TensorFlow: /lo Bepcun 2.X ObLTa OrpaHWYeHA CTATHYECKUM
ompeneneHueM  rpada, 3arTpyaHss  ObICTpoe  BHECEHHE
m3menenuii. Ho Temepp, Omaromaps Eager Execution,
po0JIeMbl OBLTH yCTPaHEHHI, U 00a (hpeiiMBOpKa MPaKTUIECKH
CPaBHSUIUCH 110 YPOBHIO THOKOCTH.

3. IMonnepxka GPU/TPU yckoputenei

e PyTorch: Umeer ornmunyro moanepxky CUDA u NVIDIA
GPUs, nmerxko wHTerpupyercst ¢ HUMH. MoxeT 3(QQeKTHBHO
ucnonszoBatb TPUs Google Cloud Platform (Ho m3HawaibHO
nojaepskka Obla xyxe, ueM y TensorFlow).

e TensorFlow: bemm  mepBeiM  GpeHMBOPKOM,  aKTHBHO
MOIICPKUBAIOIIIM HUCIIOJIB30BaHUE TPU (TeH30pHBIX
IIPOIIECCOPOB Google). Cetivac o0e OubIHOTEKU
noanepxkuBaror GPU u TPU npoctatoyHo xoporio, XOTs
ucropuuecku TensorFlow ocraBajics nuaepoM B TOIJEPKKE
TPU.

4. DKocHCTeMa HHCTPYMEHTOB M OMOINOTEK

e PyTorch: AKTHBHO pa3BHBaeTCsi JKOCHCTEMa CTOPOHHHUX
oubmmorek, Takux kak FastAl, Ignite, TorchVision u PyTorch
Lightning. Illupoko pacmpocTpaHeHbl HHCTPYMEHTBI  JUIS




Tema

Koa n
(popmyanposka
KOMIIeTeHIMH

HH}IHKaTOpBI JOCTHKCHHUS KOMIICTCHIIMHU

Tunosoe 3a1anue JJI CAMOCTOSITEILHOH PadoThI

MOJITOTOBKM JTAaHHBIX, TPEHUPOBKH W BHU3YaIHU3alUH MOJIEIEH.
Ectp ynoOHble WHTErpaluy C TMOMYJISAPHBIMH OHOIMOTEKAMH
Bpone NumPy u Pandas.

e TensorFlow: boraras skocucrema, Bkmiouaromas Keras API
(mns 6wicTporo crapra), TF Datasets, TF Hub (npeaBaputenbHo
oOyuyenHsle Mmogenu), TensorBoard (cpeacTBo Bu3yanmuzanuu
mporieccoB  o0y4eHus1). bmaromaps TecHOW WHTerpanmud C
mwiardopmoit Google Cloud, uMeeT GoJbllle TOTOBBIX PEIICHUN
U CEpPBHUCOB.

5. Coo011ecTBO MosIb30BaTeNel U TOKYMEHTAIIUS

® PyTorch: beicTpo HabupaeT HOIMyJISAPHOCTb, OCOOEHHO Cpeau
uccienoBareneii U HEOONBIIMX HPOEKTOB. JJOKyMEHTHpOBaHa
Jqydlie W Tpome Uil MOHMMaHuA. Yacto pekoMeHIyeTcs
HaumHAIOMMM pa3padoruarkaM. CooOIecTBO OBICTPO PacTeT u
OKa3bIBaeT aKTHBHYIO MIOMOIIIb HOBUYKAM.

¢ TensorFlow: Mcropuuecku UCTHONB30BaJICS IMIMPE, OCOOCHHO B
NPOMBIIIJIEHHOCTH W KPYHMHBIX KOMIAHMAX. JloKyMeHTanus
oOmmMpHee W JeTalbHee, XOTS MeCTaMH IeperpyKeHa
nHpopmanmeir.  bompmoe  coobmectBo  mpodeccroHanos
MOJ/IEP)KUBAET aKTUBHOE 00CYIK/ICHHUE U PAa3BUTHE MIPOCKTA.

3axrouenue

U PyTorch, u TensorFlow o0mnagaioT CHUIBHBIMH CTOPOHAMH U

NOOXOMAT Pa3HbIM moinb3oBaressiM. PyTorch wame BwIOuMparoT

UCCIENIoBATeIM WM Pa3padOTUMKM, TPEANOYUTAIONINE JIETKYIO

HACTPOMKY M OBICTPBHIN 3amyck 3kcriepuMeHToB. TensorFlow ke

TPaJULHMOHHO TPEANOYUTAIOT KPYIHBIE KOMIIAHUM W MPOCKTEHI,

Hy)KJaompmecs B MacmTaOUpyeMOCTH M HaAE&KHOCTH

MPOM3BO/ICTBA.

Kpumepuu OUCHUBAHUA CAMOCMOAMENbHOUL pt160Mbl.'

Onenka

KpuTtepuu oueHuBaHusi




OTJIMYHO BBICTABJISIETCSL €CJIM paboTa HOCHT HAYYHO-HCCIEIOBATEIbCKHIA XapaKTep, MPOAHAIM3UPOBAH U CHIENaH CPAaBHUTEIbHBIN
aHAJIN3 HECKOJIBKUX JIMTEPATYPHBIX UCTOYHUKOB, IPUBEICHBI IPUMEPBI

XOpo1Io BBICTABIIIETCA €CIM NPOAHAIM3UPOBAH U CJEJIaH CPaBHUTENIbHBIM aHaJW3 HECKOJBKHUX JIMTEPAaTYpHBIX HCTOYHHUKOB,
IIPUBEICHBI IPUMEPDI

Y0BJIETBOPHUTEIbHO BBICTABJISIETCS €CJIM [TPOBEJICH CPAaBHUTEIbHBIN aHAJIN3 HAYYHO-METOAMYECKOM JINTEPATYPbl, IPUBEACHBI IPUMEPbI

HEY/JI0BJICTBOPUTEJIBHO | BEICTABIISIETCS €ClIM paboTa Mpolljia IPOBEPKY Ha aHTHUILIATUAT U COOTBETCTBYET TPEOOBaHUSIM OOPMIICHHS

5. MATEPUAJIBI JIUISI JTUATHOCTHUYECKOM PABOThI
3ajanus A TMarHOCTHYECKOW pabOThI JOJKHBI 00ECIIeYBATh OIEHKY MOJTHOCTHIO MJIM YaCTHYHO C(HOPMHUPOBAHHBIX KoMIieTeHInd. Kaxmoe

3aJlaHue JIOJKHO OBITH MPHUBSA3aHO K TOMY WM HHOMY HHJIUKATOPY CPOPMUPOBAHHOCTU KOMIIETEHITHIA.

Ilpu ¢popmupoeanuu 3a0anuit 011 OUaZHOCMUYECKOU PAOOMbL HEOOX00UMO UCHOIB308AMb MECHIOBbLE 3A0AHUA C/1eOYIOUUX MUNOE:

Tun 3ananud 1. 3aaHus 3aKpHITOrO TUIIA HA YCTAHOBJIEHUE COOTBETCTBHUSL.

Tun 3ananus 2. 3a7anus 3aKPHITOTO TUTIA HA YCTAHOBJICHHE MOCIIEA0BATEIIBHOCTH.

Tun 3aganusd 3. 3aganns KOMOMHHUPOBAHHOTO TUTIA, MPEATIONIATAONINE BHIOOP OJTHOTO MPABUIHLHOTO OTBETA U3 MPEATOKEHHBIX

Tun 3ananus 4. 3amanrs KOMOMHUPOBAHHOTO TUIIA, TIPEATOJIATAIOIINE BEIOOP HECKOJIBKUX OTBETOB U3 MPEIJIOKEHHBIX

Tun 3amanud S. 3agaHus OTKPHITOTO TUIA C PA3BEPHYTHIM OTBETOM.

Bce TunbI 3a1aHuii 10/KHBI OBITH NPEICTABIEHBI HE MEHee 0JHOI0 pa3a.

Ne Tema 3ansatus | Kox komnerenmmun HNupukatop Tun 3apganne
n/n 3ajaHus Bapuant 1 Bapuanr 2 YpoBeHb
OCBOCHH
a1
KOMIIETE
30807051
1. Tema 1. VK-1. Cnocoben NyK-1.1 3aoanusa 1. 3HaHME TIOHATHUH U OTPE/ICIICHAUN B 1. [TonnMaHue THIIOB 33124 00pabOTKU BazoBerit
HckyccTBennslit OCYILIECTBIIATh Bemonnser nouck 3axkpuimoz | aucuuiniMHe «CucreMa UCKYCCTBEHHOIO ecrecTBeHHOTO s1361ka (NLP) HeoOxoanmo 1-3
UHTEJICKT. KPUTHYECKUH aHAN3 | HEOOXOAMMOMH 0 muna Ha | VHTEIUIEKTa» HEOOXOANUMO ISl YETKOTO pa3paboTYNKaM U CHEeHAINCTAM O MHHYTBHI)
TepMuHOIOrHS. IpoOJIEMHBIX nHpopmarmu, e ycmanogn | OHMMAaHUsI IPUHIMIIOB pabOTHI TEXHOJIOTHI, UCKYCCTBEHHOMY MHTEIJUIEKTY, TaK KaK 3TO 3HaHHE




[onsiTus n CUTYyalluil Ha OCHOBE KPUTHUYECKUI aHaIH3 enue IrpPaMOTHOTO IPUMEHEHHS HHCTPYMEHTOB U [I03BOJIIET IPAaMOTHO BBIOMPATh HHCTPYMEHTHI U
onpeaeaeHust CHUCTEMHOTO IToJ1X0/1a, | U 06oOmaeT coomeemc | TIPENOTBPAILEHHUS BO3MOXKHBIX OLTHOOK IpU METO/Ibl AJIs1 PELIEHUs IPUKIIAAHBIX 3a7a4, TAKUX
BbIpabaTHIBATH pe3ynbTaThl aHaIU3a Meusl. pa3paboTKe U SKCIUTyaTaluu KaK 9aT-00TBbI, TOJIOCOBBIE IIOMOIIHUKH, CHCTEMbI
CTpaTeruio IeHCTBUM | AJS pelieHus HHTEIJIEKTYalbHBIX CUCTEM. Y CTAHOBUTE 1epeBo/ia, KOHTEHT-aHAJIU3 OT3bIBOB U
MOCTaBJICHHOH 3a/1a4K COOTBETCTBHE MEX]y IMOHSITUIMU U UX aBTOMATHU3UPOBAHHOE COCTABJICHUE OTYETOB.
ONpeAeTICHUSIMU: CooTHecHUTe THITHI 33/1a4 00pabOTKH
TousTus Onpenenenust ectecTBeHHOTO si3b1ka (NLP) ¢ mpumepamu
A | Mammunoe | 1 | Ilponecc KOHKPETHBIX IIPUII0KEHHH:
obyueHne aBTOMAaTHYECKOIO Tunst [pumepbl IPUIIOKEHNUI
OoOHapYKEHUSI 3amau NLP
3aKOHOMEPHOCTEH 1 A Knaccuduk | 1 ABTOMaTHYECKOE
NPUHATHS PELICHAN Ha anust OIpesieieHNe TEMATHKH
OCHOBE aHAJIN3a JJAHHBIX. TeKeTa craTeii wim
B | HeliponHnas 2 | Mogens, KOMMEHTapUeB
ceTh BJIOXHOBJICHHAsI HOJIb30BATENCH.
CTPYKTypOid B T'enepamus | 2 Coznanue
“CJIOBEYCCKOro Mo3ra, TeKcTa aBTOMAaTHUYECKUX
cocrodmas u3 ClII0€B pe3roMe T0KyMEHTOB
HCKYCCTBCHHBIX WU TIHCEM
HEHPOHOB C TMonumanu | 3 IpeoGpasosanue
B | I'mybokoe 3 | Ilompa3zzmen MamInHHOTO ¢ peun TOJIOCOBBIX KOMAHJL B
obyuenne obyueHus, . TEKCTOBBIE 3aITPOCHI ISt
I/ICHOHB3YI£>HIHI/I BUPTYaJIbHBIX
MHOTOCJIOMHBIC ACCUCTEHTOB.
HEHpOHHbIE CeTH /A D TTepesox 4 KonBepranus Tekcra ¢
PCILICHUS CIIOKHBIX TeKcTa OJIHOTO S3bIKA Ha
3ajiaq. JIpyTOH, COXpaHssd
D | OGyuenue 4 | Meron o0y4eHus CMBICJT HCXOIHOTO
C MOJECJICH IIyTEM marepuana.
IOAKpEILIE BBaI/IMO[[eI/IC’I:‘BI/ISI C . OTBCT:
HHEM OKpysKaroIeii cpesioii u 1 5 3 n
MOJTy4eHus: 00paTHOU
CBs3U B BUIAC Harpaa uinu
mrpadoB. Kurou:
OtBeT: 1 2 3 4
1 2 3 4 A B c D
Kirou:
1 2 3 4
A B C D
Tema 2. VK-1. Cniocoben NyK-1.1 3aoanus 2. Pacnionoxure 3Tansl HOCTPOCHUS MOJEIU 2. Pacnonoxwre mary paboThl Haj 3a1adei Bbasossiit
Brenenue B OCYUIECTBIISTh Brinonuser nouck 3aKpbimoe | MAIIMHHOTO O0YYEHUsI B IPABIIBLHOM KJIaCCU(HUKALUK B IPABUIILHOM MOPSJIKE: (1-3
MAallMHHOE KPUTUYECKUH aHaNU3 | HeoOXOJUMOMH 0 muna Ha | INOCIE€J0BAaTEIbHOCTH: a) Onpeienienye NENEBOro Kiacca. MHHYTBI)
00yueHne POOJIEMHBIX uHbopMaImH, eé yemanosn | a) Beibop anroputma o0ydeHusl. b) Hopmanuzaryst Ipr3HAKOB.




CUTyaluil Ha OCHOBE KPUTHUYECKUI aHaIH3 eHue b) C60p 1 MOATOTOBKA TaHHBIX. c¢) [IpoBepka TOYHOCTH MOJIEIIH.
CHCTEMHOT0 oaxoaa, | ¥ o0o0maer nocnedosa | c¢) OLeHKa Ka4eCcTBa MOJECTH. d) ®opmupoBaHe TPEHUPOBOYHOTO U TECTOBOTO
BbIpabaTHIBATH pe3yabpTaThl aHAIN3a menvrocm | d) OOyueHne monenu. Ha0OpOB TaHHBIX.
CTpaTEruio ACHCTBUI | IS pereHust u ¢) PazBéprriBanme MOOeTH ¢) Beibop moaxonsmiero knaccugpukaropa.
MIOCTABJICHHOH 337241 OTBeT: f) UnTepnperarus pe3yIbTaToB.
| | | | | | OtBer:
Kirou: | | | | | |
b fa Jd Jc e ||Kmon
la_ [b [d Je [ec [f
Tema 3. Metonet | YK-1. Criocoben NYK-1.1 3aoanusn 3. Kakoii 3 mepevncieHHbIX METOI0B 3. Kaxkoii meToq MammmHHOTO 00y4YeHus ontumaineH | [loBbImeH
MAIINHHOTO OCYIIECTBIATh Bermonaser mouck KOMOUHUp | MAIIMHHOTO OOYYEHHS ITOIXOJUT JUIS JUISL 3371291 TIPOTHO3UPOBAHUS CTOMMOCTH HBIH (3-5
o0yueHus KPUTHUYECKUH aHAIN3 | HEOOXOAMMOM 06aHNH020 | KIAacCH(UKAIIMU TEKCTOB 110 HACTPOCHUIO HEJIBIDKMOCTH Ha OCHOBE €€ XapaKTepHCTHK MHHYT)
MPOOJIEMHBIX uHpOpMaIyH, eé muna, (TIO3UTHBHBIC, HETaTUBHBIC, HEUTPAIIbHEIC)? (pa3mep, pacnooKeHHe, BO3pacT 3/1aHus)?
CHUTyaluil Ha OCHOBE KPUTHYCCKUI aHau3 | mpeodnonae | A) JluHeitHas perpeccus A) Cnyyaiinsiit nec (Random Forest)
CHCTEMHOT0 MOJXoaa, | ¥ 0000IaeT anwue b) lepeBo peuieHwmii b) AnoctepuopHas knaccudukanus baiteca
BbIpabaThIBaTh pe3yabTaThl aHaIu3a ev1O0p B) KunactepHslit ananus B) IIpocTpaHcTBeHHOE CriIa)KUBaHHE
CTpATEruIo ACHCTBUI | IS peLIeHUs 00H020 I') MeTox rnaBHBIX KOMIOHEHT I') Bpemennsie psast ARIMA
MIOCTaBIICHHOW 3a1a4un | npasuav | OTBeT: OtBer:
020 Kirou: b Kimou: A
omeema O6ocHoBaHue: [lepeBo pelieHni HaeaabHO O6ocHoBanue: Ciyqaiinbrii nec (Random Forest)
u3z MOAXOMUT JUIS 3a/laull KTacCU(HKAIIHY, OTJINYHO CHPABIIIETCS C 33/lauaMU PErPECCHH,
npeonodce | BKIIOYAs KIACCH(HUKAIMIO TEKCTOB MO TaKUMH KaK IIPOTHO3MPOBAHUE CTOMMOCTH
HHbIX HacTpoeHnto. OHO MO3BOJISIET HOCTPOUTH HEJBIKMMOCTH. DTOT METOJ COUETaeT
HEPAPXHUYECKYIO CTPYKTYPY YCIOBHH, MpeUMYILEeCcTBa aHCAMOJIEBBIX MOAXO/IOB,
MOCIIEIOBATENBHO JETSIIYI0 MPOCTPAHCTBO obecrieqrBaeT yCTOMYNBOCTh K IEPE0OyUEHUIO U
MPU3HAKOB, U MIPUHSTH ONTHMAIIBHOE PEIIeHHe | JaéT XOpOIIne Pe3yabTaThl AaKe MPU HATHIHU
0 IPHHAUISKHOCTH TEKCTa K OTHOMY H3 GOITBIIIOTO KOJIMYIECTBA MPU3HAKOB Pa3HOI
KJ1accoB (TIO3UTHBHBIH, HETaTHBHBIH, TIpUpOB! (YUCIOBEIE, KaTeTOpUaIbHbIe U 1p.). OH
HeWTpanbHEI). TakuMm 06pa3om, AepeBo MI03BOJISIET YUUTHIBATh B3aUMOICHCTBHE (JaKTOPOB
pelIeHui JIETKO HHTEPIIPETUpPyeTcs U OBICTPO (HampuMep, coueTaHHue pa3Mepa KIIbs U paifoHa
o0y4aeTcsi, 00ecreunBast BHICOKYIO TOYHOCTb pacIoJIOKEHHs1) © MUHUMH3UPOBATh PUCKU
Ha OOJIBIIMHCTBE MPAKTUYECKUX 3a/1au. CMEILICHHS ITPOTHO3a.
Tema 4. Uctopuss | YK-1. Criocoben NYK-1.1 3adanusn 4. OTMeThTE KITIOYEBBIE COOBITHS B ICTOPHU 4. OT™MeThTE IPUHLUIIEL, JIE)KALINE B OCHOBE UICH ToBbImen
U npest OCYIIECTBIATh Bermonasier mouck KOMOUHUp | Pa3BUTHUS UCKYCCTBEHHBIX HEHPOHHBIX CeTel: HCKYCCTBEHHBIX HEHPOHHBIX CETel: HBIH (3-5
HCKYCCTBEHHBIX KPUTHUYECKUH aHAIN3 | HEOOXOAMMOM osannozo | A)Pabora Yoppena Makkamioka u Yonrepa A) buonorudeckast CTpyKTypa TOJIOBHOTO MO3Ta MHHYT)
HEWPOHHBIX ceTell | IPOOIEMHBIX nHpopmarmu, eé muna, IMurrca (1943 r.) mo co3panuio nepBoi KaK UCTOYHHK BIOXHOBEHHMS.
CHTyaluil Ha OCHOBE KPUTUYCCKUI aHANN3 | npeodnonaz | GHopMaibHOM MOJCTH HEUPOHA. b) Bo3aMoxHOCTE TapauieibHON 00paboTKH
CHCTEMHOIO 110/1X0/a, | U 0bo0maer arowue b) Uccnenosanue Jonanpaom Xe66om (1949 CUTHAJIOB PA3JIMYHBIMU 3JICMEHTAMU CETH.
BBIPaOATHIBATH Ppe3yNbTaThl aHANIN3a 6b160p T.) MEXaHU3MOB CHHANTHYECKOH MmnacTuuHocTH | B) Mcrnonp3oBaHue MHOTOCIIONHON CTPYKTYpPBI ISt
CTPATETHIO ACHCTBUI | IS perIeHus Heckonbku | ¥ GOPMHPOBAHUS NAMSTH. MOBBIIIEHUS] MOIIHOCTHU CETH.
MMOCTABJACHHOM 3a1a4u | X B) Co3nanne ®psuakom Po3enOmarrom I') IIpuHIMID aganTaiuy BECOB CBA3CH B MpoIEcce




omeemos nepuentpona (1958 r.). 00yueHusl.
u3s I') Buenpenue anropurma o0paTHoOro 1) AGconroTHOE KOTUPOBaHNE OUOJIOTHYECKOM
npeonoxce | pactpoctpanenus ommoOku (backpropagation) B | CTpyKTypbl HEPBHOW KIIETKH.
HHBIX koH1e 1970-x romos. OrtsBert:
1) [NosiBneHnEe KOHLIENIINHU TITyOOKOMH Kmou: A, b, B, I’
HeiiponHoii cetu (Deep Neural Network) B ObocHoBaHmUe:
cepeause 2000-x IT., ”HULIUHPYIOLIEE 3Py A) nes uckycCTBEHHBIX HEHPOHHBIX ceTel
riIyOoKOro o0y4eHusI. BO3HHKJIA U3 MTOIBITOK BOCIIPOU3BECTH MEXaHU3MBI
Otger: paboThI MO3ra, HCIOJb3Ysl OUOIOTHIECKYHO
Kmrou: A, b, B, I, [ CTPYKTYpY HEPBHBIX KJIETOK KaK HCTOUYHHUK
Ob6ocHoBanue: DTU COOBITUS CTANU BIOXHOBEHHUSL.
KITFOUYEBBIMU BEXaMH B Pa3BUTHH B) [MapamnensHast 06paboTKa CUTHAIOB B
HCKYCCTBEHHBIX HEHPOHHBIX CeTell: HEHPOHHBIX CETSX MO3BOJIIET YP(PEKTHBHO peraTh
A) Makkatok u [TutTc npeuioxunmm neppyio CJIOXKHBIC 33]1a4H, PACIIPEAEIss Harpy3Ky MEXITy
TEOPETHYECKYIO MOZENb HEHpPOHa, 3aI0KHB MHO>KECTBOM HEHPOHOB.
OCHOBY JUIs AaJbHEHIIEero ucciae10BaHus B) MHorocnoiiHas cTpykTypa I03BOJISET
CTPYKTYPHI M (DYHKIIMOHHPOBAHHS MOCTETIEHHO YBEINYUBATH CIIOKHOCTD
HCKYCCTBEHHBIX HEHPOHHBIX ceTeil. Tpe/ICTaBICHUS JJAHHBIX, TIOBBINIAs MOITHOCTb CETH
B) Xe66 copmynrpoBai mpUHIKI 00yYEeHUs, U cII0COOHOCTP PelIaTh CI0KHBIE 3a/1a4H.
COTJIACHO KOTOPOMY CBSI3b MEXKIY JBYMS T') CnocoGHOCTB amanTupoBath Beca CBA3EH MEXIy
HEHUpOHAMM yCUIIUBAETCS, €CIIU OHU HEHpOHAMH B TIpoliecce 00yIeHHS — KITI0UEBOH
AKTHBUPYIOTCS OXHOBPEMEHHO. DTO CTAJIO MEXaHU3M, TT03BOJISTIOIIHH HEHPOHHBIM CETIM
OCHOBOH IS TTOCJIETYIOIINX HCCIIEJOBaHUH 00y4aThCsl PEIICHHIO 33124 Ha OCHOBE IIPHMEPOB.
MEXaHU3MOB O0YYCHHUS B HEHPOHHBIX CETSX.
B) Po3enOnaTT co3mai nepBslit annapaTHbIi
MPOTOTUI HEHPOHHOI! CETH — MEPLENTPOH,
MPOJIEMOHCTPUPOBAB BO3MOXKHOCTh PEIICHHUS
3a7a4 Kiaccu(UKaINH.
I') Anroput™ 00paTHOTO pacTIPOCTPAHEHHS
OIITMOKH TTO3BOJIVII CYIIIECTBEHHO IOBBICHTD
3¢ PEKTUBHOCTH 00yUYCHUST MHOTOCIIOHHBIX
HEHpOHHBIX CeTel, clies1aB BO3MOXKHOM
peann3anuio 3pHEeKTHBHBIX METOJIOB
0o0yueHus.
J1) OTkpeITHE TOTEHIIMATA [TTyOOKUX
HEHUPOHHBIX CETEN Jajlo HayajIo M0Xe
rITy00KOro 00y4YeHus, TO3BOIMBIIETO TOCTHYb
MIPOPHIBOB B PEIICHUH CIOXKHBIX 3a]a4, TAKAX
KaK paclo3HaBaHHUE N300paKeHUH U pedn.
Tema 5. VK-1. Cnocoben NVYK-1.1 3aoanusn 5. Kaxkoii U3 TUIIOB HEHPOHHBIX ceTel yale 5. Kakoii THIl HEHPOHHBIX ceTel sBIsSeTCS IloBbIimieH
HetiponHsle ceTH | OCyIIECTBIATH Beimonsser nouck KOMOUHUp | BCETO MPUMEHSIOT JUIS 33724 PaclIO3HaBAHUS OINITUMAJILHBIM BEIOOPOM JUIS 3324 HBIH (3-5
KaK TeXHOJIOTHH KPUTHYECKUH aHAMN3 | HEOOXOIMMOH 08aHHO20 | peud U 00pabOTKU €CTECTBEHHBIX SI3BIKOB? KJIaccUpUKauN H300paKEHUH U pacTio3HaBaHM MUHYT)
peLICHHUS 33029 MPOOIEMHBIX uHpOpMaIuH, eé muna, A) PexyppenTnbie Heliponnsie ceTd (RNN) 00BEKTOB?




UCKYCCTBEHHOIO CUTyaluil Ha OCHOBE KPUTHYECKUH aHamu3 | npednonae | b) OpHOCIOIHbIE IEPCENTPOHBI A) OnHOCOIHBIE TEPCENTPOHbI
HMHTEIJUICKTA CUCTEMHOTO 1MoiXoaa, | u 06o0maer anowue B) Cseprounsie Helipornsie cetd (CNN) b) PannansHo-6a3ucHsle HeiiponHble cetu (RBF)
BbIpabaTHIBATH pe3yabpTaThl aHAIN3a 86100p I') llopneprxuBaromye BEKTOPHBIE MALTHHBI B) Ceeprounsie Heliponnbie cetu (CNN)
CTpaTEruio ACHCTBUI | IS pereHust 00HO020 (SVM) I') ABroxoauposumku (Autoencoders)
MIOCTaBJICHHOH 3afa4un | npasunvh | OTBeT: Ortsert:
020 Krou: A Kimou: B
omeema O6ocHoBaHue: PekyppeHTHbIC HEHPOHHBIC O6ocHoBanue: CBepTOYHbBIC HEHPOHHBIE CETH
uz cetd (RNN) npeana3HayeHsl CrieUaibHO JUIs (CNN) pa3paboTaHbI CICIUATBHO IS 33184
npeonoxce | 0OPabOTKH MOCICI0BATEIBHBIX TAHHBIX, TAKHX 00pabOTKH H300PaKEHHUH U OTIHYAOTCS HATTHIHEM
HHbBIX Kak peub win TekcT. Ocobennocts RNN CBEPTOUHBIX CJIOEB, TO3BOJIIOLINX BbIIEIATH
3aKJII09AEeTCs B TOM, YTO MPEABIAYIIHE JIOKaJIbHbIE OCOOCHHOCTH N300payKeHUsI, TAKHE KaK
9JIEMEHTHI TIOCIIEI0BATEIIFHOCTH BIMSIOT Ha Kpasi, popmsl 1 TekeTypbl. CNN s dexTrBHO
HHTEPIPETaNUIO TEeKYIIX JIEMEHTOB, YTO YMEHBIIAIOT Pa3MEPHOCTH AAHHBIX, H3BIEKas
JleTlaeT UX UeaIbHBIM peIIeHHEM JUIS 3a71a4, Ba)KHBIE IIPU3HAKH ¥ yMCHBIIAsi HOTPEOHOCTH B
T/ie Ba)kKHa BpEMEHHAs TUHAMUKA ¥ KOHTEKCT. pecypcax, 4To JeslaeT UX OTIIMYHBIM BEIOOPOM IS
Nmenno nosromy RNN akTuBHO 3a1a4 Ki1acCu(pUKAIMU H300paXKeHUH 1
HCIIOJIB3YIOTCS B CUCTEMAaX paclo3HaBaHUs pacro3HaBaHus 00BEKTOB.
peuM ¥ aHa/Iu3a €CTECTBEHHOTO SI3bIKA.
Tema 6. YK-1. Criocoben NYK-1.1 3aoanus 6. BeiOepure yTBep KICHNUS, KOTOPHIE BEPHO 6. Kakue (yHKIUH BBITOTHSIOT KOMaHTHBIE ToBbimen
MHorocnoiHbIi OCYUIECTBIISTh Brinonuser nmouck KOMOUHUp | XapaKTepPH3YIOT MHOTOCIOWHBIN MEePCenTPOH HEWPOHBI U HEUPOHBI-JETEKTOPHI B MOJIETH HbIH (3-5
HEePCENTPOH. KPUTHUYECKUH aHAN3 | HEOOXOAMMOMH osannozo | (MLP): I'poccoepra? MHHYT)
Komannsie IPOOJIEMHBIX nHpopmarmy, eé muna, A) MLP MoXeT UCTIOIb30BaThCs TOIBKO JUIS A) Komansble HeHpOHBI IPUHUMAIOT BHEIIHUE
HEHpPOHBI U CUTyaluil Ha OCHOBE KPUTHYECKUH aHAIN3 | nmpednoiae | 3aaad KIacCU(PUKAIUM. CTUMYJIBL M IEPEIalOT UX APYTUMM HEHpOHaM.
HEHPOHBI- CHCTEMHOTO TOJIX0a, | ¥ 0000IIaeT arowue b) KosnmyectBo ckphiThix ciioeB B MLP b) HeilipoHbI-IeTeKTOPBI OTBEYAIOT 32 BbIJICIICHUE
JETEKTOPBI BBIPabaTHIBAThH Ppe3yNbTaThl aHAIN3a ev100p OTIpefeNsieT CI0KHOCTh (PYHKIHH, KOTOpbIE XapaKTEPHBIX MPU3HAKOB U IMATTEPHOB U3
I'poccbepra CTPATETHIO ACHCTBUI | IS perIeHus HecKoNbKy | CeTh COCOOHA anMpOKCHMHUPOBATh. MOCTYTAOLIET0 CUTHANA.
MMOCTaBIICHHOM 3a1a4un | X B) AkTuBanMoHHBIC QYHKIMH B KaXKAOM CIIO€ B) O6a tuna HelipoHOB (GOPMUPYIOT 3aMKHYTYIO
omeemos | MLP 00s13aHbI OBITH JIMHEHHBIMH. CHCTEMY, PabOTaIONIYI0 aBTOHOMHO.
u3 I') MLP cnioco6en 00y4aThest IpeCTaBICHHUIO I") KomanHble HEHpOHBI YIIPABISIOT HPOLECCOM
npeonodice | abCTPaKTHBIX NATTEPHOB B JAHHBIX. AKTHBAllUM HEHPOHOB-JIETEKTOPOB.
HHbIX J1) OcHoBHoe orpannyenne MLP — J1) HeitpoHbI-1eTeKTOPEI PEryIMpyIOT aKTHBHOCTD

HEBO3MOXHOCTh 00pabOTKH
[OCJIeIOBATENbHBIX JaHHBIX.

OtBer:

Kmou: b, I’

O6ocHoBaHuE:

b) [leficTBUTEIBHO, KOMUIECTBO CKPBITHIX
CJIOEB M HEIPOHOB B HHX OIPEJIEIsET,
HACKOJIBKO CIIOXKHBIE (PyHKITHH CeTh CIIOCOOHa
MPE/ICTABIATE. Y BEeTMYCHHE TITyOHHBI CeTH
MOBBIIIACT €€ BBIPA3UTEIbHYIO CHITY U
M03BOJISIET pelaTh 0oJIee CI0KHBIC 3aJa4H.
I') OCHOBHOI1 LIEJTbI0 MHOTOCIIOMHOTO

IEepCCUTpOHA ABJISCTCA M3BJICYCHUC 3HAYNMBIX

KOMAaHHBIX HEHPOHOB.

Ortsert:

Kmrou: A, B, T

ObocHoBaHUE:

A) KomaHHbIC HEHPOHBI ICHCTBUTENBHO CITyKaT
UL IIpYeMa BHEHIHETrO CUTHAJIA U IIepesladu ero
JIAJIbIIE 110 CETH.

b) HelipoHBI-IeTEKTOPHI CHIENUATN3UPYIOTCS Ha
OOHapyKEHUH OIpeIeTICHHbIX TATTEPHOB U
TPU3HAKOB B CUTHAJIE, IEPEJaBAEMOM
KOMaHHbIMH HEHPOHAMHU.

I') ®yaxunonnpoBaHne KOMaHIHBIX HEHPOHOB
3aKITI0YAeTCs B YIPABICHUH aKTHBAaHeH




IPU3HAKOB U IIpeJiCTaBIeHHE a0CTPAKTHBIX
[AaTTEPHOB B JAaHHBIX, YTO HO3BOJISIET

3¢ $EeKTUBHO peIIaTh 3aJa4l KIacCUPUKALUN U
perpeccuu.

HEWPOHOB-/ICTEKTOPOB, ONPEALIIsi, KaKHe
NpPU3HAKU OY/AyT BBIICICHBI 1 00pabOTaHbI Jajee.

Tema 7. Cetb VK-1. Cniocoben NVK-1.1 3aoanus 7. PacnionoxuTe 3tans! paboTsl ceTn 7. IlepeuncinTe 3Tanbl BOCCTAHOBJIEHHS 00pasa B Bazossiit
Xondunga OCYLIECTBIIATh Beimounnser nouck 3akpeimoe | Xomn¢wuina B IPaBUILHOH cety Xonduiaa B MpaBUIbHON 1-3
KPUTHUYECKUH aHaNu3 | HeoOXOIUMOMH 0 muna Ha | MOCIENOBATEILHOCTH: HOCJIE/IOBATEIbHOCTH: MHHYTHI)
MPOOJIEMHBIX nHpopmaruu, e ycmanogn | 1. IHMInanu3anys BeCOB CETH. 1. Ilpencrapienue moBpexIEHHOT0 00pasa B Buje
CHUTyanuit Ha OCHOBe KPUTHUYECKUH aHANI3 | eHue 2. ITepenaua BXOZHOTO BEKTOPA HA Y3JIbI CETH. BXOJIHOTO BEKTOPA.
CHCTEMHOTO NOAX0a, | ¥ 00o0maer nocnedosa | 3. Pacu€r BeIXO#a KaXIOTo y3/a CEeTH. 2. YcTaHOBKa IMOPOTOB cpabaThIBaHUS HEHPOHOB.
BEIPA0ATHIBATH Ppe3yNIbTaThl aHAIH3a menvrocm | 4. IIpoBepka yCIOBUSI OCTAHOBKH. 3. UreparronHoe 0OHOBICHHE COCTOSTHHIN
CTpaTeruio IeHCTBUM | AJS pelieHus u 5. IToBTOp 1m1aroB 2-4 10 1OCTUKEHUS HEWpPOHOB.
TIOCTABJICHHOH 3371241 YCTOHYUBOTO COCTOSTHHSI. 4. Beixop cetn pukcHupyeTcs, KOTaa COCTOsSTHHAE
OtBeT HepecTaéT MEHSTHCSL.
| | | | | | | 5. onyuennsIit 06pa3 cpaBHMBACTCS C HCXOTHBIM
Kimrou: ITaJIOHHBIM Ha0OPOM.
L1 [2 [3 | 4 [ 5 ||0TBeT: | | | |
Kirou:
[1 [ 2 [ 3 | 4 [ 5
Tema 8. Kapta 3aoanusn 8. Kakyto riaBHyI0 3a7a4y pemaroT KapThl 8. Kakas u3 ocoOeHHOCTE! XapakTepHa IS ToBpimen
CaMOOpTaHU3aIl Kombunup | camoopranmsauuu Koxonena (SOM)? HEHPOHHOH CEeTH BCTPEYHOTO PaCTIPOCTPAHEHHS HBIH (3-5
u Koxonena. osannozo | A) Pemenne 3amaq knaccuukanuu u (Counterpropagation network)? MHHYT)
Hetiponnas cetb muna, perpeccun A) OHOBpeMEHHOE HCII0Ib30BaHNE 000X BUIOB
BCTPEYHOTO npeononae | B) OOHapyXeHUEe aHOMAITHIA B TAHHBIX 00yYCHHS: C yUUTENIEM U 0€3 yUUTeNs
pacrnpoCcTpaHeHus arowue B) Ympomenue u Busyanuzanus b) Beicokuit ypoBeHb YyBCTBUTEIBHOCTH K
6‘bl60p BBICOKOMEPHBIX TaHHBIX MOPAAKY ImoAa4Yy JaHHBIX
00HO020 I') IIporuo3upoBanue BpeMEHHBIX PSAI0B C) ITocrosiHHAst MOTPEOHOCTH B OOMIBIIOM 00BEMeE
npasunvr | OTBeT: Pa3MEUeHHBIX JaHHBIX
020 Kirou: B I') HeBo3MOXHOCTB MTapajuieIsHOrO OOHOBIICHUS
omeema O6ocHoBanue: KapTel camoopranmusarum BECOB HEHPOHOB
u3s Koxomnena (Self-Organizing Maps, SOM) Otser:
npeonodice | MpeIHA3HAYCHBI VTS YIPOIICHUS 1 Kiou: A
HHbIX BU3yaJIU3allM1 MHOTOMEPHBIX TaHHBIX. Oo6ocHoBanue: OcoOEHHOCTHIO HEHPOHHOMH CeTH

OcHoBHas 3a1a4a SOM — npeacTaBUTh
CJIOXKHBIH HA0OP JAHHBIX B ABYMEPHOM
HPOCTPAHCTBE, COXPAHUB TOIIOJIOTHYECKUE
COOTHOIICHHUS MEXIYy 00BbEKTaMH. DTO
MO3BOJISIET BU3YaJIbHO OLCHHUTD PacIpe/elicHHe
U KJIACTEPH3AINIO JAHHBIX, YTO ITOJIE3HO IS
aHaIN3a U NIPEABAPUTENHHOTO U3YICHHUS

BCTPEYHOT'O PACIPOCTPAHECHUSI SBIISETCSI
O/IHOBPEMEHHOE HMCIIOJIb30BaHNE JIBYX PEXKHUMOB
o0yueHus: 00yueHus ¢ yuuteneM 1 o0ydeHus 0e3
yuautens. Bepxuuii cnoit cetn o0ygaercs 6e3
yauTens (HerpaBieHoe o0y4eHue), GopMupys
KJIaCTEPBI BXOJHBIX JaHHBIX, a HIKHUH CII0i
o0y4aeTcst ¢ yuuTelsieM (yrpasisieMoe 00ydeHue),




JaHHBbIX.

CcO3/1aBast aCCOLMAaTUBHYIO CBA3b MEXAY dTUMHU
KJIacTeépaMu U COOTBETCTBYIOIIMMHU BbIXOAHBIMU
3HAYCHHUAMMU.

9 Tema 8. Kapra VK-1. Cocoben NyK-1.1 3aoanus 9. Bribepure xapakTepHbIe YepThl HEHPOHHOM 9. Kakne 3amaun MoxHO 3()(h)eKTHBHO pemaTs ¢ IloBbimen
CaMOOpraHM3alM | OCYLIECTBISATH Beimonnser nouck Kombunup | cetH BcTpedHoro pacnpoctpaneHus (CPN): MIOMOIIbI0 HEHPOHHOU CETH BCTPEUYHOTO HBIH (3-5
u Koxonena. KPUTHYECKUH aHAU3 | HEOoOXOAMMOM osannozo | A) OOyueHHe NPOBOJUTCS PA3AEIBHO B ABYX pacrpocTpaHeHus? MHHYT)
HeliponHas ceTpb POOJIEMHBIX nHpopmanuu, e muna, HAIpaBJICHUAX: IPSIMOM U OOPaTHOM. A) Knaccudukanus n300pakeHui.

BCTPEYHOT0 CUTyaluil Ha OCHOBE KpUTHYecKuil aHamu3 | mpeononae | b) Apxurekrypa CPN BKirouaer 1Ba cios: b) Komnpeccus naHHBIX.
pacipocTpaHeHHsl | CHCTEMHOTO Ioaxona, | M 0bolriaeT arowue KOHKYPEHTHBIH CIION U ci10if 00y4yeHus ¢ B) O6paboTka TeKcTOBOW HHPOPMALIUH.
BBIPA0ATHIBATH Ppe3yNbTaThI aHAIN3a svib0p YUUTENEM. ') IIpencka3anue BpeMEHHBIX PAIOB.
CTpaTeTuIo JeUCTBUN | JUISl pelieHus Heckonvku | B) Mcmonp3yroTes TodbpKO TuHelHbIe pyHKIuu | J]) AcCOIMaTHBHBINA OMCK COOTBETCTBUH.
TIOCTABJICHHOH 3aJa4n | X AKTHBAIIUML. OrtBert:

omeemos | I') CPN nozBoxser a3 hexTnBHO codeTath Kimou: A, I

u3 MeTO/IbI O0YUEHHs C yUHuTeIeM 1 Oe3 yuuTes. OGocHoBaHMe

npeonoace | J1) BXxonHble JaHHBIE TPEICTABIEHBI TOJIBKO A) HelipoHHast ceTb BCTPEUHOI0 paclpoCTpaHeHUs

HHbIX JBOUYHBIMU IPU3HAKAMM. 4acTo UCIIOJIB3YETCA AJIA KJ'IaCCI/I(bI/IKaLH/II/I
OtBer: n300pakeHui, Tak KaKk BEpPXHUI CII0H O3BOMIAET
Kmou: A, B, T’ BBIJICNTUTD TJIaBHBIE TPU3HAKH, & HIDKHUHA —
ObocHOBaHUE Ha3HAYUTh KJIACCHI OOBEKTaM.
A) Oby4enne B HEHPOHHOI CETH BCTPEIHOTO J1) CPN s¢dextiBHa 1715 aCCONUATHBHOTO MOUCKA
pacnpoCcTpaHEeHUs IPOXOJIHT B ABYX COOTBETCTBHUH, ITOCKOIBKY BEPXHHUH CIOH BBIACISAET
HAaIPaBJICHUSX: MIPIMOe (KOHKYPEHIIUS MOXO0JKHE OOBEKTHI, a HIDKHUI HAXOAUT
HEWPOHOB B BEPXHEM CJI0€) 1 00paTHOE COOTBETCTBYIOIICE 3HAYCHHUE.
(accoumnanus moOeAUTENCH C BHIXOTHBIMH
3HAUEHUSIMU HIDKHETO CIIOS).
B) Apxutektypa CPN cocTout U3 BYX CIOEB:
BEPXHET0 (KOHKYPEHTHOTO), TI¢ HeHPOHBI
COPEBHYIOTCSI 3a IIPABO CTaTh MOOEUTENEM, U
HIDKHET0 (00y4aeMoro ¢ y4uTeneM), Tae
0OEANTENb ITOy4aeT COOTBETCTBYIONIHE
BBIXOJIHBIEC 3HAYCHHSI.
I') CPN 00beauHseT 00yYeHUE ¢ YIUTEIIEM
(HmKHUH c0i) U 6e3 yunTens (BepXHUH cioii),
410 103BOJISIET 3P HeKTUBHO 00YIaTh CETh
Jlake TIPH OTPAaHUYCHHOM KOJIMIECTBE
Pa3MEUCHHBIX JaHHBIX.

10 Tema 9. VK-1. Cniocoben NVK-1.1 3aoanus 10. Pacnionokute 3tansl rpaaueHTHoro cnycka | 10. Pacnonoxxute oneparuu B cBepTOUHON BazoBsiit
I'panneHTHBINA OCYILIECTBIATh BeimonHsier mouck 3aKkpuimoe | B NPABWIBHOM MOCIEOBATEILHOCTH: HeliponHoit cetn (Convolutional Neural Network, 1-3
CITyCK U KPUTHYECKUH aHaIN3 HEoOX0oauMOn o muna na | 1. BEIYMCINTE NIPOU3BOJHYIO LIE€TE€BOH CNN) B npaBUIbHOM MOCIEA0BATENbHOCTH: MUHYTBHI)
CBEPTOYHBIE CETH | MPOOIEMHBIX nHpopmarmu, e yemanogn | QYHKIHH [0 KOKIOMY apameTpy. 1. BoinonHeHue oneparuii cBepTku (convolution).

CHUTyanuii Ha OCHOBE KPUTHUYECKUH aHAIIN3 | eHue 2. IIpomn3BecTu miar B HalpaBICHUN 2. [Ipumenenne oneparyy cyOANCKPETH3AIIN
CHCTEMHOTO TIOAX0a, | ¥ 0000maer nocnedoga | aHTHTPAJUCHTA. (pooling).
BEIPA0ATHIBAT pEe3yIbTaThHl aHAIN3A menvHocm | 3. Y CTaHOBHUTH HaYaJIbHBIC 3HAUCHUS 3. ®unanbHas nonHas coenunaéHHast (fully




CTpaTETUIo ACHCTBUI JUISL peleHust u apameTpoB. connected) ceTb.
MMOCTAaBJICHHOM 3a1a4n 4. IToBTopsiTh miaru 1-2 10 TOCTHIKEHHUS 4. lo6asnenue aktuBaiuu (activation function).
MUHHMYMA HJIH 3aBEpUICHUS 00yUYeHHUS. OTBeT:
OtBeT: | | | |
| | | | | | Kamou:
Kurrou: L1 [ 4 [2 [3
L1 [4 [2 [3 |

11 Tema 9. YK-1. Criocoben NVYK-1.1 3aoanus 11. Kaxoit u3 cioco60B MoxuduKannu 11. Kakoii cioii B CBepTOUHON HEHPOHHOU CeTH ToBbImen
I'paguenTHbIH OCYIIECTBIATh Brrmonasier monck KOMOUHUp | KITACCHYECKOTO TPafueHTHOrO cirycka cHmkaeT | (CNN) oTBedaeT 3a yMEHBIIEHHE pa3MepoB HBIH (3-5
CITyCK U KPUTHYECKUH aHAN3 | HEOOXOAMMOMH 06ann020 | MPOOIEMY HCUE3HOBEHHS I'PAUCHTA B BXOJIHBIX JJAHHBIX U COXPaHEHNE BAKHEHIIINX MHHYT)
CBEPTOYHBIE CETH | IPOOIEMHBIX nHpopmarmu, e muna, IITyOOKHMX HEHPOHHBIX CeTsX? HPU3HAKOB?

CHUTYyaluii Ha OCHOBE KpUTHYECKHU aHanmu3 | npeononae | A) Batch Normalization A) Fully Connected Layer
CHCTEMHOTO TOJIX01a, | ¥ 0600IaeT aowue B) Stochastic Gradient Descent (SGD) b) Pooling Layer
BBIpabaTHIBATH pe3yabTaThl aHAIN3a 66100p B) Momentum B) Convolutional Layer
CTpATETHIO ICUCTBUN | IJIS peIIeHUS 00H020 I') Dropout T') Activation Layer
[I0CTaBJICHHOIT 3ana4n | npasunvn | OTBeT: Ortsert:
020 Krou: A Kirou: b
omeema OG6ocHoBaHHe: ObocHoBaHmMe:
u3s Batch Normalization — s dexTrBHBII MeTOx Pooling Layer (ciion cy6muckpernsanyn)
npeonoace | 60prOBI ¢ MPOOIEMOIT HCUE3aIOIIET0 IIpeAHAa3HAuCHbI U1 YMEHBLICHUS pa3peIleHUs
HHbIX rpafueHTa. DTOT METO/L HOPMAJIU3yeT U300paKeHHs1, CHIXKAs! KOJIMYECTBO APaMETPOB U
3HaYEHHUS IPOMEKYTOUHBIX aKTHBALM{ Ha YBEJIMYMBas MHBAPUAHTHOCTD K CABHI'aM U
KaXJI0W CTyreH! 00y4YeHus, MpeaoTBpaIas BpanieHusM. OOBIYHO MTpUMEHSAETCS max-pooling
pe3Koe yMEHBIIICHHUE IPAJAUCHTOB. 3a CUET WM average-pooling, KOTOPbIE COXPAHSIOT
CTaOWUNIN3alUY CPEITHETO U JUCIIEPCUH HanboJiee BayKHBIE IPU3HAKH, 0TOpAchIBas MeHee
akTHBanuMii cHKaeTcs a3pdexT 3aTyxaHus CYLIECTBEHHBIE eTany. DTo no3sosser CNN
rpaJueHTa, 4TO YCKOPSET U CTaOMIH3HpyeT 3¢ PEeKTHBHO CXKMMATh JaHHbIE, YMEHbIIIAs
nporiecc 00y4eHus rIyOOKHX HEWPOHHBIX pa3MepHOCTh U COKpaIasi KOJINYECTBO
ceTen. BBIYHMCIICHHUI 6€3 MOTEPHU CYIIECCTBEHHBIX ICTAICH.

12 Tema 10. YK-1. Criocoben NYK-1.1 3aoanus 12. OtmetsTe hpeiimMBopkH, moanepxkuBaromue | 12. OTMeTbTe QyHKINHU, TPEIOCTABIIEMbIE ToBbImen
DpeiiMBOPKH Tl | OCYLIECTBIATH BBINONMHSET MOUCK KomMOuHup | pa3paboTKy 1 oOydeHHe rIyOOKUX HEHPOHHBIX | COBPEMEHHBIMH (peiiMBOpKaMHu JUisi HEHPOHHBIX Hbli (3-5
HEWPOHHBIX ceTell | KpUTHYeCKHil aHaIu3 | HeoOXOoauMOit 06aHHO20 | CeTeH: ceTel: MHHYT)

MIPOOJIEMHBIX nHpopmarmn, eé muna, A) TensorFlow A) ABroomnpezneneHne Mpou3BOIHEIX (Automatic
CUTyaluil Ha OCHOBE KpUTHYECKUii aHanmu3 | npeodnonae | b) PyTorch Differentiation)
CHCTEMHOTO 110/1X0/11a, | U 00oOmaeT aiowue B) Scikit-learn b) 'nokas nogaepxxka GPU u TPU
BbIpabaTHIBaTh pe3yabTaThl aHAIN3a 66100p I') Keras B) BricTpas 3arpy3ka roToBBIX IPEABAPUTENBHO
CTpATEeruIo JEUCTBUN | JUIsl peleHust neckonvku | J1) Pandas HaTPEHUPOBAHHbBIX MOJIEIEN
MMOCTaBIICHHOM 3a1a4un | X OtBer: T') UnTrerpanus ¢ 00mauHBIME CEpPBUCAMU
omeemoe Kimou: A, b, T’ 1) Huskwii ypoBeHb MOIEPIKKH MOOHITBHBIX
u3 Ob6ocHoBaHme: YCTpOHCTB
npeonoxce | TensorFlow — Mournblid hpeiiMBOpK, Otger:




HHbBIX pa3paboranusiii Google, moaiep xuBaromuii Kimou: A, b, B, T’

MOJTHBII UK pa3paboTKU U 00yUYeHUsI OobocHoBaHHe:

HEHUPOHHBIX CETEH, BKIIIOYAsl X JIETUIONMEHT. ABToOMpeneneHne Nponu3BOIHBIX (Automatic

PyTorch — nuHammueckas GnOIMOTEKA C Differentiation) o0nergaer pacué€r rpaIueHTOB,

OTKPBITHIM UCXOAHBIM KOJIOM, CO3/IaHHAs HEOOXOIUMBIX AJISI ONTHMH3AIMH HEHPOHHBIX

Facebook Al Research Lab, u3BectHas cBoeit ceren.

rHOKOCTBIO U TOAJIEPIKKOI nccnenoparenbekux | ['ubkas momnep:kka GPU u TPU yckopsiet

IIPOEKTOB. o0yueHHe HEHPOHHBIX ceTel 3a CYéT

Keras — BbicokoypoBHeBbIii API, pacnapaiieaBaHus BBIYUCICHUH.

pabotatomuii nosepx TensorFlow, BricTpas 3arpy3ka roToBbIX NpEABAPUTEILHO

YTIPOIIAOMHNiT MPOEKTUPOBAHHUE U 00yUCHHUE HaTPEHUPOBAHHBIX MOAENEH IKOHOMUT BpPeMsI

HEHUPOHHBIX CETEH. pecypcsl Ha IOBTOPHOE 00Y4eHHE, O3B0
TIPUMEHSTH YK€ TOTOBBIE PEIICHUS.
Wuterpamus ¢ 06Ja4HBIME CEPBUCAME PACIIHPSET
JIOCTYIHOCTb PECYPCOB U YIPOILIAET COBMECTHYIO
paboTy KOMaH/IbI HCCIIEI0BaTeNeH 1 HHKEHEPOB.
Huzkuii ypoBeHb MOAIEPHKKHA MOOMILHBIX
YCTPOUCTB HE SIBIAETCS PEUMYLIECTBOM
COBpPEMEHHBIX (PpeiiMBOPKOB, HAOOOPOT,
COBpEMEHHbIE OMOIMOTEKH MPEAOCTABISIOT
IIMPOKHE BO3MOKHOCTH IJIsI MOOMIIBHOTO
JeTIIOMMEHTa MOJIEIIEH.

13 Tema 10 VK-1. Cniocoben NVK-1.1 3aoanusn 13. Onuimmre pasHULy MEXIy OHOIMOTEKaMH 13. OxapakTepu3yiTe CHIIbHBIE CTOPOHBI Bricokuii
@peliMBOPKHU Il | OCYLIECTBIATH Boinonnser nouck omkpoimo | TensorFlow u PyTorch ¢ Touku 3penus ¢peitmBopka Keras B cpaBHEHHH ¢ IpyrHMHU (5-10
HEHPOHHBIX CETEH | KPUTUYECKHH aHaIH3 | HEoOXOAUMOM 20 muna ¢ | TOAXOAa K ONpeAEIeHHIO rpada BEIYUCICHUH. HOIMYJSIPHBIME (HPEHMBOPKAMHU [T HEHPOHHBIX MUHYT)

MPOOIEMHBIX nHpOpMaIyH, eé paszeepry OtBer: ceTel.
CUTYyallil Ha OCHOBE KPUTUYECKUHN aHATU3 | mblm Bubmuorexku TensorFlow u PyTorch pasnmuuner | OtBert:
CHCTEMHOTO 1I0JIX0/ja, | U 00o0maeT omeemom. | TO MOJAXOMY K OpraHU3aliK rpaduka I'naBHbIe cubHBIE cTOpOHBI (ppetiMBopka Keras:

BBIpa0aTHIBATh
CTpaTeruio AeHCTBUI

pe3yabTaThl aHAIN3a
JUTSL peIICHHS
IMOCTaBJICHHOH 3a1aun

BBIYHCIICHUM:

TensorFlow n3HayaabpHO HCHOJIB30BAI
CTaTH4YeCKHU rpaMK BBIYMCICHHUHN (10 BepcHn
2.x). [Tonp30Barenu cHauana onpeAeisoT Bech
rpa¢ BBIYUCICHHUH, a 3aT€M HCIIOJIHSIOT €ro.
OT0 moaxo yao0eH st ONTHMH3AIAN
MPOU3BOAUTEIBHOCTHU U TTAPAIIIEIbHBIX
BBIYHCIICHUH, HO 3aTPyAHIET HHTCPAKTUBHYIO
paboTy M SKCIIEPUMEHTEL.

PyTorch ucnone3yer auHaMu4YecKuii rpaduk
BBIYHCIICHUH, YTO MO3BOJISIET ONPEACISATh U
UCHOJIHATD Tpad) BBIYMCICHUI Ha X0y, IPAMO
BO BPEMs UCTIOJIHEHUS IporpaMMsbl. Takoi
MOAX0A yHoOHee st SKCTIEPUMEHTOB H
OBICTPO# pa3pabOTKH, TAK KaK pa3padOTUYHKH

* Bricokuii ypoBeHb yJ00CTBa M IIPOCTOTA
ucrnosnp3oBanus: Keras paspaboraH ¢ ynopom Ha
yI00CTBO MPOrpaMMHUPOBAHUS, TIpearast
UHTYUTUBHBIN U TakoHU4HBIH API ns
MIPOEKTUPOBAHUS HEHPOHHBIX CETEH.

* MoayJIbHOCTb M pacIIMPEHUE BO3MOXKHOCTEH:
Keras mocTpoeH MOIyIBEHO, YTO TO3BOJISET
TIOJTb30BATEISIM CBOOOHO KOMOMHUPOBATH CIIOH U
MOJIYJIH JUISl CO3JJaHMSI COOCTBEHHBIX apXUTEKTYP
HEHPOHHBIX CeTeH.

* UureponepabensHocTs: M3HavansHo Keras
pa6otan noBepx Theano u TensorFlow, Teneps on
unrerpuposat ¢ TensorFlow mo ymonganuio,
obecrieqnBast JOCTYM K HOJNHBIM (DYHKIMOHATBHBIM
Bo3MOxHOCTSIM TensorFlow.




MOTYT NIPOBEPSTH OTACIBHBIC OJIOKH CETH
cpa3y, 6e3 MOJIHOTO OIHCaHMS BCEH MO
3apaHee.

Hauunas c Bepcuu 2.x, TensorFlow
npencraBmt uHTepdeiic Eager Execution,
COIDKAIOIIUI €Tr0 ¢ TMHAMUYECKON IPUPOIOH
PyTorch, oxHaKo HCTOPHYIECKH ITH
OMOIMOTEKH Pa3BUBAINCH HO-PA3HOMY.

* CKOpOCTh O0YUEHHS M HCCIIEI0BAHUE MOJIECIICH:
brnaronapst ynoonomy untepdeiicy u noaaepxke
Python, Keras no3Bosnsiet 6picTpo co3aaBaTh
HMPOTOTHITBI X KCIIEPUMEHTHPOBATH C PA3THIHBIMH
ApXUTEKTYPaMH, YTO YCKOPSET MpoIecc
pa3pabOTKH ¥ TECTUPOBAHMS MOJETICH.

Opnako Keras ycTynaer HEKOTOPBIM IpyTUM
(peliMBOpKaM 110 YPOBHIO KOHTDOJIS HaJl AETAIAMU
peaM3alny, TaK Kak 3TO BEICOKOYPOBHEBas
000I104Ka, HAlleJIeHHAs! HA IPOAYKTUBHOCTh U
OBICTPOTY pa3pabOTKH, a HE HA HU3KHUE YPOBHH
YIIPABJICHHS BHIYHCICHUIMH.

14 Tema 6. YK-1. Cniocoben NYK-1.2 Pacuemna | 14. PaccuuTaiite oOriee KOJHMIECTBO BECOB B 14. lonmycTiM, MHOTOCJIOWHBIN NIepcenTpoH umeetr | Boicokwii
MHoroca0iHbIH OCYILECTBIIATh Hcnonssyer 5 .3a0aua TPEXCIOHHOM NEePCeNTPOHE, €CIU BXOIHON 4 BxoJa, 3 HelfpoHa B CKPBITOM cJioe U | HelpoH B (5-10
MEPCENTPOH. KPUTHYECKUI aHaJIU3 | CHCTEMHBIH MOAXOA cnoif conep>xut 10 HEHPOHOB, CKPBITHIN CIION BBIXOZHOM cJi0€. CKOJIBKO BCEr0 BECOB MHHYT)
Komannaneie MPOOIEMHBIX IUIS peIeHHs — 5 HEHpPOHOB, a BEIXOAHOM CIIOH — 2 notpedyercs I 3aAaHusl CBA3EH MeXIy BCEMU
HEHpPOHBI U CUTYalMi Ha OCHOBE TOCTaBJICHHBIX 3aJa4 HEeNpoHa. crosiMu?

HEHpPOHBI- CUCTEMHOT0 M0/IX0/1a, Pemenue: Pemenue:
JIETEKTOPHI BEIPA0ATHIBATH KonmiaecTBo BeCOB MeXK/Ty BXOJHBIM H BecoB Mexxmy BXOJHBIM B CKPBITEIM CIOEM:
I'poccoepra CTpaTeTuIo AelcTBUi CKpBITHIM ci1oeM = 10%5=50 Becos. 4x3=12 Becos.
KonmdecTBo BECOB MKy CKPBITBIM H BecoB Mex1y CKPBITHIM ¥ BBIXOJIHBIM CIIOEM:
BBIXOJHBIM ciloeM = 5x2=10 Becos. 3x1=3 Beca.
Bceero Becos: 50+10=60. Bcero Becos: 12+3=15.
OrtBert: Beero B TpexcinoiiHom nepcentpore 60 | Otset: Tpebyercs 15 Becos.
BECOB.

15 Tema 8. Kapra VYK-1. Ciocoben NVK-1.2 Ipaxmuu 15. Ucnonb3ys KapTy caMOOpraHU3alul 15. Ilycts nana kapra Koxonena pazmepom 3x3, Bericokuii
caMOOpraHu3anu OCYUIECTBIIATh Hcnons3yer eckoe Koxonena (SOM), npencTtaBbTe 4 pa3iudHbIX KyZia IOMELLEHBI JTaHHBIE YETBIPEX FOPOOB 110 (5-10
u Koxonena. KPUTHYECKUH aHAM3 | CHUCTEMHBIH MOAXOA 3a0anue nBeta RGB (kpacHbIi, 3e1EHBINH, CUHUHN, TeMIIepaType BO3LyXa JETOM U 3UMOH. MHHYT)

HeliponHas cetb
BCTPEYHOTO
pactpoCTpaHeHUst

npoOIeMHBIX
CUTYalMi Ha OCHOBE
CHCTEMHOTO TT0JIX0/a,
BEIpabaTHIBATh
CTpaTeruio AelcTBUi

VIS pelleHUs
MOCTaBJIEHHBIX 3a/1a4

Geubli) B BUE JByMEPHBIX KOOPAUHAT Ha
KapTe pazmepoM 2x2. Haliaute KOOpIUHATHI
Ka)KIOT0 IIBE€Ta Ha KapTe, MpeJnonaras
PaBHOMEPHOE pacIpeieNIeHHE IIBETOB.
Pemenue:

* Kpacusrit (RGB: 255, 0, 0) — KoopauHatsr:
(0,0)

* 3enénsiii (RGB: 0, 255, 0) — KoopauHaTtsr:
©,1)

* Cunuit (RGB: 0, 0, 255) — Koopaunatsr:
(1,0)

* bensrit (RGB: 255, 255, 255) —
Koopaunartsr: (1,1)

PacrionoxwuTe roposia Ha KapTe B 3aBUCHMOCTH OT
TEMIIepaTyphbl:

* ['opon A: nero — 25°C, 3uma — —5°C

* ['opon B: nero — 30°C, 3uma — 0°C

* 'opon C: nero — 20°C, 3uma — —10°C

* T'opon D: nero — 28°C, 3uma — —3°C
Pemenue:

* 'opox A: nieHTp KapThl — npumepHo (1,1),
YMEPEHHO TEIIBIN KJIUMAaT.

* ['opon B: Gnmxe kK mpaBoMy BepXHEMY YTy —
npuMepHo (2,2), TEMIBIN KInMar.

* ['opon C: Gnmke K IEBOMY HIDKHEMY yTITy —
mpumMepHo (0,0), mpoxiiagHbliA KIMMAT.




Otgert: Kpacusrit — (0,0) * l'opox D: 6mke K LEHTPY clipaBa — MPUMEPHO

3enéupiii — (0,1) (2,1), yMepeHHBIH KIMaT.
Cunnii — (1,0) Otgert: 'opog A — (1,1)
Bensrit — (1,1) Topon B—(2,2)

T'opox C — (0,0)
Topox D — (2,1) 3ananue

Kpumepuu oyenueanusn ouaznHocmuueckoii pabomoi:

Ouenka Kpurepuu oneHuBanus
OTJIMYHO o1 90 1o 100 % mpaBUITEHO BBITOTHCHHBIX 3aJaHHI
XO0poIo o1 70 1o 89 % mpaBMIIbHO BHITIOJHEHHBIX 3aIaHUH
YAOBJIETBOPUTEIbHO oT 50 10 69 % npaBHIIBHO BBHIMOJHECHHBIX 33JIaHUHI
HEY/I0BJIETBOPUTEIBLHO | MeHee 50 % mpaBuIbHO BHIMOJHCHHBIX 33JIaHUI




