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1. IEPEYEHD
TACIHATIIAHE,

IIVTAHUPYEMBIX
COOTHECEHHBIX C IINIAHUPYEMbBIMH PE3YJIbTATAMU

OCBOEHUA OBPA30OBATEJBHOMN TPOT'PAMMBI

1.1. Ileab ocBOEHUS M CIUATNIAHBI

Llenpr0 OCBOEHUS TUCHUIIIIUHBI SIBIISICTCS:
-popmupoBanue y 00ydarOIUXCs KOMIIETEHIMHM, HEOOXOAUMBIX IJis pelleHus 3agad Bcdepe

HCKYCCTBCHHOI'O MHTCJIJICKTA,

PE3YJIbTATOB

OBYYEHUA

o

-(opMupoBanue y o0yyaromuxcs YHUBEPCAJIbHBIX KOMIIETEHLMH, HAIIPAaBICHHBIX Hapa3BUTHE
HAaBBIKOB IIPOCKTUPOBAHUS HEUPOHHBIX CETEH.

1.2. Hepeqeﬂb IJIAHUPYEMBIX PE3YyJbTATOB oﬁyqem/m no JTUCHUIIJINHE

Konx n HanmeHoBaHMe KOMIIETEHIUN Kon n HanmeHoBanne IInanupyemsbie Ocnosanmne (IIC) *ans
HHINKATOpA pe3yJbTaThl PO eCCHOHATBHBIX
JOCTHKEHHSI KOMIIETEHIINN | 00y4YeHUs 1o KOMITETEHIIUH
AUCHHUIIIIHHE
YK-6. CriocoOeHypaBisTh NYK-6.1. Onpenensier | 3Haer: ocHOBHI | DataScientist,  Wmxenep
CBOMMBpEMEHEM,BBICTPANBATh MPUOPUTETHICOOCTBEHHOM MAIIMHHOTO HCKYCCTBEHHOTO
UPEaTN30BBIBATbTPACKTOPHIOCAMOPA3BUTH | ACATEIBHOCTH,JIMYHOCTHOTO | OOY4YEeHUS U | UHTEIUIEKTa (6a3oBbIit
s HAOCHOBE MPUHLUIIOBOOPa30BaHUS Pa3BUTHS,00pa30BaTENBHOT | HCKYCCTBEHHOT | YPOBEHb)
BTCYCHHE BCCH JKU3HU 0 UNPO(YECCHOHATBEHOTO | O  HHTEIUICKTa,
pocra; BKJIIOYAs TpebGoBaHuUs pEIHKATPYIA
moaoupaet CrocoOBI | OCHOBHEIC TpeboBanmspaboTonaremne
perLIeHus UCPEACTBA | KOHLEILHY, i
pa3BuTHiA, B TOM dHCIC | aroputMbl  u | O00OIICHHE
B ]pOBOI cpene METO/IB, OTE4EeCTBEHHOTO
NYK-6.2. Brnaneer | mpuHIUIIBI n3apyOeKHOTO OIbITa
TEXHOJIOTHSIMA HMHABBIKAMH | PabOThI
yIpaBiIeHUs HEWPOHHBIX
CBOEHIIO3HABATEIHHOM ceTeil, MOHITHUA:
JeATEIbHOCTBIO hee | apXUTeKTypa,
COBEpILICHCTBOBAHUS Ha | QyHKUUS
OCHOBECaMOOIICHKH, aKTHBALH,
CaMOKOHTPOJIS ONTHUMHU3ALUS U
UIIPHHIIUIIOB perynspusanus
camMo00pa30BaHus BTEYECHHE | YMeeT:
BCeil KU3HU coOupars,
obpabaTbIBaTh
u
aHaJIM3MUPOBATh
JIaHHbIE TSt
o0OyueHHs
HEHUPOHHBIX

ceTel, BKIIOYas
3HaHHE

METO/I0B
penodpadboTKH
JIAHHbIX;
paboTaTh c
O0IBIIIMH
o0BEMaMu
JIAHHBIX u
6azamu
JIaHHBIX;
MIPOEKTUPOBATH
u o0y4ath
HellpOHHEBIE
CeTH, BKJIIOYas
BEIOOD u

HacTpOMKy HX
ApXHUTEKTYPHI, a




TaKxKe
oOydyeHne  Ha
pasINYHBIX
Habopax
JaHHBIX
Baageer:
HaBBIKAMU
MOJIENTUPOBaHUS
HEHUPOHHBIX
ceTel, B
cucreme
MATLAB

2.MECTO JUCHUIIJIMHBI B CTPYKTYPE OBPA3OBATEJLHOM ITPOT'PAMMBI

JlucuumiauHa OTHOCUTCS K uacmu, @opmupyemol yyacmuukamu oopaz08ameibHulX
omnowenui,bioka 1. ucuuninunel (Moayau) nporpamMmMsl Oakanaspuata (Monynb JONOIHUTEIBHON
crienanu3anuu(mno Beioopy) «HelpoceTeBbie TEXHOIOTHH UCKYCCTBEHHOT'O UHTEIIIICKTA).
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3. CTPYKTYPA U COAEP/KAHUE JNUCHUIIJINHBI
3.1. O0beM 1 CTPYKTYpa JMCHHILIHHBI

OO6mast Tpya0EMKOCTh JUCHUIUIMHBI cocTaBiisieT 43.e. (1444ac.)ux pacnpeneneHue mo Bujam
paboT U ceMecTpaM Mpe/ICTaBICHO B TabIuUIIE.

Buabl yueOHBIX 3aHATHI U padoThHI 00yYaI0IIHXCS TpyaoeMKoOCTh, Yac
O01as TPY10eMKOCTh TUCHUILIHHBI, Yac 144
KonTtakTHas pa6oTa o0yyaommxcs ¢ nMpernojaaBaTejeM Mo BUAaM y4eOHbIX 46/10
3aHATHIl (BCero), B T.4.:
3AHATHS JEKIMOHHOI0 THNA (JIEKIIHH) 18/4
3aHATHS CEMUHAPCKOro THIHA (CEMHUHAPHI, IPAKTHICCKUE 3aHSTHS, IPAKTHKYMBI, 28/6

KOJUIOKBHYMBI U MHBIC aHAJIOTHYHBIC 3aHATHA)
JabopaTopHbie paboThl -
CamocTosiTe1bHasi padoTa Bcero, B T.4.: 98/130

CamoroIroToBKa 1o TeMaM (pa3zesiaM) AUCITUTLTIHEL 98/130
BrInosHeHHe KypcOBOTO MPOEKTa /KypCOBOM pabOThI -
KoHTpoJb (4achl Ha IK3aMeH, 3a4eT) -/4
IIpomekyTOUYHAS ATTECTAIUS 3avyer

[Mpumeuanue: -/-ob6vem uacoe coomeemcmeenno OJisk OUHOU, 3A04HOU POPMOOYYEHUs.

JucuumimHa peanu3yeTcsl IOCPEACTBOM MPOBEIEHUSI KOHTAKTHOM paboThl ¢ 00ydyaroUMMUCs
(BKJItOUAs MPOBEJICHUE TEKYILEro KOHTPOJIs YCIEBAEMOCTH ), CAMOCTOSITENbHOM paboThl 00yUaroInXCsl
Y IIPOMEKYTOUYHOM aTTECTALUH.

B nmpomecce ocBoeHMS OUCHMIUIMHBI MOXET IPUMEHSATbCA 3JIEKTPOHHOE OOyueHue u
JUCTaHIIMOHHBIE 00pa30BaTebHbIE TEXHOJIOTHH.

B mponecce ocBoeHMs IUCHMILIMHBI OOydaromuecs oOecrnedyeHbl JOCTYNOM K 3JIEKTPOHHOMH
MH(}OpPMaLlMOHHO-00pa30BaTEIbHON Cpeie U AJIEKTPOHHO-OUOIMOTEYHBIM CUCTEMAM.
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3.2. Coaep:kaHue TUCUMILIUHBI, CTPYKTYPHMPOBAaHHOE 110 TeMaM

IInannpyemsie Buae! yueoHoi padoThl
pe3yJabTaThl KonrakTHasi padora = o
OCBOEHHSI: o . s s OpPMBI
Kon 9 E ¢l B¢ 2 g TEeKYIIero
dbopmupyemoii HanmenoBanue pa3aesios, TeM g &5 87 | €5 LA
pasi > 3 S o F 5 = (HaHMeHOBAHHE
KOMIIETEHIIH = g2 g = S 5
HHIMKATOPDI g 5 & E5| 8% OLEHO'IHOTO
JOCTHIKEHHST = =R S_; = = cpencTBa)
KOMIIeTeH I = = o
YK-6. Tema 1. OG30p u aHaau3 B Jlexkuusi-
NYK-6.1 00J1aCTHNIPOEKTHPOBAHUS Bu3yanmzaius (B
NYK-6.2 3J1¢eMEHTOBHEHPOHHBIX ceTell T.4. B OUOC)
1.0Ocobennoctu TectupoBanue 1o
ABTOMATH3MPOBAHHOTOIIPOECKTUPOBAHH TeMaM
sl UICKYCCTBEHHBIXHEHPOHHBIX ceTel JIEKLIIMOHHBIX
2. Mopens HelipoHa. 41 3aHATHN
3. MHorocinoliHple CeTH NPSMOTO
pacnopocTpaHeHusi:  MHOIOCIOWHBIM.
Hepeménansie poOIeMBI.
CaMoopraHu3yronmecs KapTsl
Koxonena. Monenu Teopuu
ajanTuBHOTO  pe3oHanca.  Cxema
HEeHpoHa
IIpakTHyeckasipadora Ne 1. OTtuér 1o
IIpoextupoBanue CTPYKTYPBI IIPAKTUYECKON
OKCIIEPTHOM WM  WH(OpMaMOHHO- a1 pabote
AHAJIUTHYCCKOU CHUCTEMBbI 10
HHAUBUAYAJIbHOMY 3aJIaHUIO C
UCIIOJIb30BaHueM MeTogonoruu SADT
CamocrosTenbHas padoTa CamMocTosaTenbHOe
10/26 | M3yienue
YaeOHBIX
MaTepHaJIOB
YK-6. Tema 2. OcCHOBHBIE TPOrpPaMMHBIE Jlexums-
NYK-6.1 cpeacTBa peaqH3alid HeHPOHHBIX Bu3yanuzaius (B
NYK-6.2 cereit 1.4. B OUOC)
4/1 TectupoBaHue 110
TeEMaM
JICKIIMOHHBIX
3aHATUN
IIpakTuyeckass  padora Ne 2, Otuér o
IIpoextupoBanue CHUCTEMBI IIPAKTUYECKON
JIOTUYECKOTO0  BBIBOJA  3HAHUH B pabore
obnactu HHPOPMAITHOHHOM a1
6e3omacHocTH Ha OCHOBE
NPOIYKIIMOHHOW MOJENIM W METOJIOB
HeveTkoit toruku B EXcel
IIpakTnuyeckass pabdora Ne 3. Otuér 1o
Texnonorus paspaboTku MIPaKTHYECKOM
MHPOPMAIMOHHO-aHAINTHYECKON WM 4/1 pabote
JKCIEPTHOM CHUCTEMBl HAa OCHOBE
nactpymerara MATLAB
CamocrosTenpHas paboTta CamMocTosaTenpHOe
18/26 | M3Yuenue
y4e0HBIX

MaTepHaJIoB




Ilnanupyemble Buabl yueoHoi padoThl
pe3yJbTaThl KonTakTHas padora - o
OCBOCHHS: o . z . OpMbI
KO 9 E o £ 2 g TeKYIero
¢opmupyemoii HanmenoBaHue pa3/ieioB, TeM g ST 87| & KOHTPOIH
pasa ’ > S = €| § E (HaMMeHOBaHHe
KOMIeTeHIIHU 1 = g2 £ = S5
HHIAMKATOPLI = 28 g g g g OLIEHOYHOI'0
JOCTHIKEHHS & S5 g_; : = cpeicTBa)
KOMIIeTeH IHii = = &
YK-6. Tema 3. APXHTEKTYpPbI HEHPOHHBIX Jlexnus-
NYK-6.1 ceTei. BU3yanuzanus (B
NYK-6.2 Omnmcanue CTPYKTYpHl W OpTaHU3aINH 1.4. B O11OC)
CeTH, BKJIOYas KOJHWYECTBO CIOEB, TectupoBanue 10
HEWPOHOB B KaXAOM clo€, (DyHKIUH 4005 TeMaM
aKTHBAIlNM, METOABl ONTHMHU3AIHNU H ' JEKIMOHHBIX
pyrue MapaMmeTpsl. Hekoropeie 3aHATUH
APXHUTEKTYPHI: IpsIMBIE,
PEKYppEHTHBIE, CBEPTOUHBIE
HEWPOHHBIE CETU
IIpakTuueckas paGora N4, Otuér 1o
MopenupoBanue CHCTEMBI NpaKTHYECKOU
JIOTHYECKOTO BBIBOAA MpH pabote ¢ 4/1 pabote
bazoii 3nanuii
CamocrostensHas paboTa CamocrosTensHOe
20/26 | PBYdeHne
YaeOHBIX
MaTEpHaAJIOB
YK-6. Tema 4. IlapagurmMpl 00ydeHnst Jlexums-
NYK-6.1 HEHPOHHBIX CeTeH. Bm3yanmzamus (B
NYK-6.2 OCHOBHBIC TIOHATHS 00yUYCHHS, 1.4. B O11OC)
napanurma o0y4eHus ¢ yuuresiem, oe3 TectupoBanue 10
YUYUTEINS WIA CMEIIaHHasl. 4/0,5 TEMaMm
Mertonbl 00yueHUsT HEUPOHHBIX CETeM: JIEKIIUOHHBIX
o0paTHOE pacrpoCTpaHeHHe OIIUOKH, 3aHATHI
meTonbl bonbimana, Komu, Xe00a u
Jpyrue.
IIpakTnueckas paGora Nos, Otuér o
MonenmupoBanue paboThI 4/1 MIPaKTHIECCKOH
OJTHOCJIOMHOTO MepCerTpoHa pabore
CamocrostensHas paboTa CamocrosiTesnsHOe
o0/26 | MBYdenne
YaeOHBIX
MaTepHaJIOB
YK-6. Tema 5. OOydeHnme HeHPOHHBIX Jlexums-
NYK-6.1 ceTeii. Bu3yanuzaius (B
NYK-6.2 IIpomecc omperneneHus ONTHMAIBHBIX 1.4. B OMIOC)
3HAYEHUHN IapaMeTPOB CETH, KOTOPBIE 2/1 TectupoBanue 10
MHHUMH3UPYIOT omKOKH Ha TeMaMm
00y4aroIuX JaHHBIX JIEKIIMOHHBIX
3aHATUN
IIpakTnyeckas pa6ora Ne6. Otuér 1o
OOyuenue MHOTOCJIOHHOT0 405 MIPAKTUYECKON
MepCcenTpoHa € IOMOINBI0 AJIrOpPUTMa ‘ pabore
00paTHOTO pacpoCTpaHeHHUs OIINOKH
IIpakTHyeckasn pabora Ne7. Otuér 1o
MonenupoBaHus AJITOPUTMOB 4/0,5 MIPAKTUYECKON
o0yuenns MHC 0e3 yuutens pabote
CamocrostensHas paboTa CamocrosiTesnisHOe
30/26 | M3Ydenne
y4e0HBIX
MaTepuaoB
HUTOI'o 18/4 28/6 | 98/130

[Mpumeuanue: -/-0b6wem uacoe coomeemcmeenno O0Jisk OYHOUU 3A0YHOU PopM 0OVUeHUS
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4. METOIUWYECKHUE YKA3AHUS JIs1 OBYYAKOIIUXCS IO OCBOEHHIO
JAUCHUIIIINHBI

4.1. O0mme MeToANYECKHEe PEKOMEHIALMHU M0 OCBOCHUIO TMCHHUILIMHBI, 00pa30oBaTe/IbHbIE
TEeXHOJIOIHH

JIMCcUMIUIMHA Pean3yeTcs MOCPEACTBOM IMPOBEACHHUS KOHTAKTHONH PabOThI ¢ OOYYarOIIMMUCS
(BKJIFOYAsI MPOBEJICHHUE TEKYIIET0 KOHTPOJIS YCIIEBAEMOCTH ), CAMOCTOSATEIbHOW PaOd0ThI 00YJarOIIUXCS
U MIPOMEXKYTOYHOM aTTECTAIUH.

[Tpu nmpoBeeHNN yYEOHBIX 3aHATHI 1O TUCIUIUIMHE 00ECIICUNBACTCS PA3BUTHE Y 00 yUAIOLUXCSI
HABBIKOB KOMAHJHOW pabOThl, MEXJIMYHOCTHOH KOMMYHHKAIIUU, HPUHITHS PEIICHUH, THUIACPCKUX
KauecTB (BKJIFOYAs IPOBEJICHUEC HHTECPAKTUBHBIX JICKIMHA, TPYIIOBBIX IMCKYCCHH, POJICBBIX HWID,
TPEHUHIOB, aHAJIN3 CUTyallMid W MMUTAIIMOHHBIX MOJIEJICH, MPENoJaBaHue TUCIUIUIMHBI B (hopme
Kypca, COCTaBJICHHOIO Ha OCHOBE pE3yJbTaTOB HAYYHBIX HCCIICOBAHHMM, MPOBOJIUMBIX
YHHBEPCUTETOM, B TOM YHCJIE€ C YYETOM pPETHOHAIBHBIX OCOOCHHOCTEH MpoecCHOHATbHOM
JESATSIIbHOCTH BBIITYCKHUKOB M IMOTPEOHOCTEH paboToaaTesei).

[IpenoaBaHye AUCIUILUIMHBI BEACTCS ¢ MPUMCHEHHUEM CIICIYIONIMX BHIOB 00pa30BaTeIbHBIX
TEXHOJIOTHi:

-0ANIbHO-PEUMUH208ASI MEXHON02USI OYEHUBAHUSL,

- 9IeKMpOHHOE 0OYUeHue,

Jlis OLIGHKM 3HAHWM, YMEHHH, HABBHIKOB M YPOBHS C(POPMHUPOBAHHOCTH KOMITCTCHIIUH II0
JTUCIUTUTMHE TIPUMEHSIETCS OauIbHO-PEUTHUHIOBAas CHUCTEMa KOHTPOJS M OICHKH YCIIEBaGMOCTH
CTYACHTOB. B OCHOBY Oa/lIbHO-PEHTHHIOBOM CHCTEMBI IOJIOKEHBI MPHUHIIUIIBI, B COOTBETCTBHU C
KOTOpbIMH ()OPMHUPOBAHHME PEHTHHTA CTYIEHTa OCYIIECTBISETCS B XOJIE TEKYIIEr0 KOHTPOJIS
ycrieBaeMocTH. MakcuManbHOe KoJM4ecTBo 0amioB B cemectpe — 100.

4.2. MeTogu4ecKue YKa3aHHUs IS 00y4aIOIIHUXCS M0 OCBOEHUIO JMCHHUIJIMHBI HA 3aHATHIX
JIEKIINOHHOTO THIA

Jlekyuonnwlii Kypc npeononacaem cucmemamu3upo8aHHoe U3N0NCEHUE OCHOBHBIX B0NPOCO8
memMamuyecko2o0 niana. B xode nekyuonnvlx 3ansamuil packpuleéaromces 6a308vle 0NPOCHL 8 PAMKAX
Kaxcoou memvl  oucyunaunvl. OQ603HAUAIOMCA KIlOUesble ACNeKMbl meM, d MAaKdce O0elamcs
AKYeHMbl Ha HAUOOIee CLONCHBIE U BANCHBIE NOJIONCEHUS U3YUAEMO20 MAMeEPUald.

JIeK1MOHHBIE 3aHATHS MPOBOJIATCS B IIOTOYHOUW ayTUTOPUHU C MPUMEHEHHEM MYJIbTUMEINITHOTO
poeKTopa B BUje yueOHoit npezentaiuu wim B JUOC yHuBepcurera.

B xo0e nexyuonnvix 3amamuii  peKomeHOyemcsi KOHCNEKMUpOB8aHue yueOHO020 Mamepuand.
Boszmoorcno sedenue koncnekma nekyuti 6 8uoe UHMmMeLIeKm-Kapm.

OmoenvHvle meMbl Npednazaromcsi OJisk CAMOCMOAMeNbHO20 U3YYeHUsl (KOHCHEeKMUPYIOMCsL).

Mamepuaner  nekyuil SGIAIOMCSL  ONOPHOU  OCHOBOU Ol NOO2OMOBKU  0OYYAIOWUXC K
NPAKMUYECKUM 3AHAMUAM / 1aO0PamopHbim pabomam u GbINOJHEHUsT 3A0AHUll CAMOCMOAMENbHOU
pabomvl, a makdice K MePONPUSMUIM MEKYWe20 KOHMPOJSL YCHe8aeMOCMU U HPOMENCYMOYHOU
ammecmayuu no OUCYUNIUHE.

4.3. MeToguuecKkue YKa3aHUs I 00y4aIOIHUXCS M0 OCBOEHUIO IMCHHUIJIMHBI HA 3aHATHIX
CEMHHAPCKOI0 TUIMA/ HA MPAKTHYECKUX 3aHATHAX

Ilpakmuueckue (cemunapckue) 3aHAMUS NPEOCMABIAIOM COOOU OeMAaAnU3ayuIo J1eKYUOHHO2O0
meopemuyecko2o Mamepuand, npo8OOAMCs 8 Yeax 3aKpenieHus Kypcd U 0Xamvl8aiom 6ce 0CHOBHbLE
pazoenvi. OCHOBHOU (HOpMOU NpoOBeOeHUss CeMUHAPO8 U NPAKMUYECKUX 3AHAMUL  A61Aemcsl
obcydcoenue Haubonee NpoOIEMHBIX U CIONCHBIX B0ONPOCO8 NO OMOENbHbIM MeMAM, d MaKdice
pewieHue 3a0a4 u pazbop npumepos u CUmyayuti 8 ayOumopHvix YCi08usix.

Ilpakmuueckue (cemunapckue) 3aHamus 00y4arOWUXcsa obecneyusaiom:

- NPOBEPKY U YMOYHEHUe 3HAHUL, NOJYYEeHHbIX HA TeKYUSX,

- noJyueHue yMeHull U Hasblk08 COCMABIeHUs 00KIA008 U cOOOUeHUU, 00CYHCOeHUs 8ONPOCO8
no yueOHOMY Mamepuany OUCYUNIUHBL,
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- noogedeHue umo208 3anHAmuLl No PeumunHz080U cucmeme, CO2IACHO MEXHOI0SULEeCKOU Kapme
OUCYUNTUHBL.

Ipakmuyeckue 3aHAMUSL OP2AHUZVIOMCA, 8 MOM YUCle 8 opme NpaKmuieckoli n0020MmosKu,
KOMOopas npedycmMampusaem yyacmue o0y4aroumuxcs 6 blNOJHEeHUU OMOeIbHbIX dNeMEHMo8 pabom,
CBAZAHHBIX ¢ OYOyWell NpogheccUOHATbHOU 0esimelbHOCHbIO.

[IpakTHyeckass MOATOTOBKA MpPEIyCMATPUBACT: W3YyYCHHE MaTepuaia Ha MPAKTHYECKUX
3aHaTHaX . Nel, No2, No3, No4, No5, Ne6, Neo7.

4.5. MeTonnueckne yKa3aHHs 110 CAMOCTOSATEJILHOM padoTe 00y4aromuxcs

CamocrosrenbHas paboTa 00ecreunBaeT NOArOTOBKY 00YYaromerocst K ayIMTOPHBIM 3aHATUSAM
U MEpONPUATUSAM TEKYLLEro KOHTPOJIA U MPOMEKYTOYHOW aTTeCTallUU IO U3y4aeMOW JAMCLMUILIMHE.
Pe3ynbTarhl 3TOI NOATOTOBKU MPOSBISAIOTCS B aKTUBHOCTH O0YYArOIErocsl Ha 3aHATHAX U B KauecTBe
BBINOJIHEHHBIX MTPAKTUYECKUX 3aIaHUH U APYTHX (POPM TEKYIIETO KOHTPOJIS.

CamocrosTenbHas padoTa CTyI€HTOB BKIIHOYAET:

1. H3yuenue yuebHnoii tumepamypuvl no Kypcy.

2. Pabomy c pecypcamu Unmeprem

3. CamocmosmenvHoe uzyueHue yueOHbIX Mamepuaios

[Ipy BBIIONHEHMM 3aJaHUN 11 CaMOCTOATENBbHOM padoThl peKkoMeHAyeTcs NpopaboTKa
MaTEpHAJIOB JIEKIIUH 10 KaKI0M IPONMJIEHHON TEME, a TAK)KE U3yUYECHHUE PEKOMEHyEMOU JINTEPaTyphl.

Jiis oOyyaromuxcst 1o 3a04Hoi popme 00ydeHHs: caMOCTOATENIbHAS paboTa SIBJISETCSI OCHOBHBIM
BUJIOM Y4€OHOU NESATEIbHOCTH.

Jis obecnieueHUs] CaMOCTOSITENIbHOW pabOThl OOYyYaroIMXCs MCIOJb3YEeTCs JIEKTPOHHBIN
yueOHbI# Kype, coznannbiii B DMMOC ynuBepcureta http://sdo.tolgas.ru/.
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5. VYEBHO-METOJIWYECKOE W WH®OPMAIIMOHHOE OBECIHEYEHUE
TACIATITAHBI

5.1. IlepeyeHb OCHOBHOI W JONMOJTHHUTEJIbHOW Yy4yeOHOH JIUTEPATYpPbl, HEOOXOAUMON ISt
OCBOEHHS TUCIUIIHHBI
Bes nuteparypa, BKIIIOUEHHAss B JIaHHBIM MepedyeHb, IMPEACTaBiIeHa B BHJIE AJIEKTPOHHBIX
pecypcoB B 3ekTpoHHOM 6ubmmnorteke yauBepcurera (OBC). Jluteparypa, ucrnonbp3yeMas B Ie4aTHOM
BUJIE, IIPEJICTaBJICHAa B Hay4YHOI OMOIMoTeKke yHUBepcuTeTa B 00beme He MeHee 0,25 3K3eMILIIpoB Ha
OJIHOTO O0yYaromerocs.
OcHoBHas JInTEpaTypa

1. AmnppeituukoB, A. B.MHTemiekTyalbHble HWHPOPMAIMOHHBIE CHUCTEMBI M METOJIbI
UCKYCCTBEHHOTO HMHTEJJIEKTa : y4ue0./Uid BY30B 0 MHXCHEPHOMY M€y, TEXHOJOTHSIM W TEXHHY.
HayKaM I10 HaIlpaBJCHUSM IMOATrOT. MarucTparypsl / A. B. AnapeiiuunkoB, O. H. AHnmpeitunkoBa. -
Hoxyment read. - Mocksa : MTHOPA-M, 2023. - 530 c. - (Beicmiee o6pa3oBanue - Maructparypa). -
[Tpun. - URL: https://znanium.com/read?id=417737 (mata oOpamenus: 21.12.2022). - Pexum
Jnoctymna: s aBropus. moiib3oBareneit. - ISBN 978-5-16-107381-0. - Tekcr : snexrponHsbiii. URL:
https://znanium.com/read?id=417737

2. XmuBuenko, JI. B.IIpaktuka HeiipoceTeBoro mojenupoBanus : ydeO.mocobue / JI. B.
XnuBHeHko, @. A. Ilarakosuu. - U3n. 2-e, crep. - JJokyment Reader. - Cankrt-IlerepOypr [u ap.] :
Jlanb, 2021. - 197 c¢. - (YueOnuku s By3oB. CrneumanbHass Jauteparypa). - URL:
https://reader.lanbook.com/book/173811 (mara o6pamenus: 17.03.2023). - Pexum gocryma: ajs
aBTOopm3. monb3oBateneil. - ISBN 978-5-8114-8264-1 : 0-00. - Tekcr : snextponnbii.URL:
https://reader.lanbook.com/book/173811

3. Pocrogues, B. C.UckyccrBennsie Heliponusie cetu : yueOHuk / B. C. PoctoBues. - Uzn. 4-e,
crep. - Jokyment Reader. - Caukrt-IletepOypr [u nap.] : Jlamp, 2024. - 214 c. - URL:
https://reader.lanbook.com/book/364517 (mata oOpamenus: 11.03.2024). - Pexum nocryma: s
aBTopu3. monb3oBateneit. - ISBN  978-5-507-47362-5. - Tekct : snektponHbIf.URL:
https://reader.lanbook.com/book/364517

JlonoJiHuTeIbHAS JIUTEPaTypa

4. Coseros, b. Sl.VHTenneKTyanbHble CUCTEMbl U TEXHOJIOTUH : Y4e0./UIsl CTY/IEHTOB BY30B I10
HanpasieHuto nonaror. 230400 "Wudopm. cucrembr u texHomoruun" / b. . Coseros, B. B.
[lexanoBckuii, B. JI. UeproBckoil. - MockBa : Akamemus, 2013. - 319 c. : cxem. - (Bricmiee
npodeccuonanbHoe oOpa3oBanue. bakanapuar. MHpopMaTrnka u BIYHCIUTENbHAS TeXHUKA). - ISBN
978-5-7695-9572-1 : 600-00. - TekcT : HenOCPECTBEHHBIH.

5. Octpoyx, A. B.CucreMbl HCKYCCTBEHHOTO MHTeIIEKTa : MoHOTpadus / A. B. Octpoyx, H.
E. Cypxosa. - U3x. 4-e, ctep. - [lokyment Reader. - Cankr-IlerepOypr [u ap.] : Jlans, 2024. - 228 c. -
URL: https://reader.lanbook.com/book/379988 (nata obpamenus: 25.12.2023). - Pexxum gocrymna: ams
aBTopu3. monb3oBateneil. - ISBN  978-5-507-47478-3. - Tekctr : osnextpoHHbIi.URL:
https://reader.lanbook.com/book/379988

5.2. Ilpodeccuonanbubie 0a3bl JaHHBIX, HHGOPMALMOHHO-CIPABOYHbIE CHCTEMBbI,

HHTEePHET-pecypchl

1.  Koncynwsrantllntoc [DnextponHsiii pecypc|: CripaBodHas mpaBoBasi cuctema. - Pexxum
nocrtyna: http://www.consultant.ru/.

2.  DuektpoHHas oubnnoTeyHas cucreMa [10BOIKCKOTO rocy/1apCcTBEHHOTO YHHBEPCUTETA
cepBHca [ DneKTpoHHbIH pecypc]. — Pexxum noctyma:http://elib.tolgas.ru./ - 3aru. ¢ skpana.

3. DnekTpoHHO-OMOIMOTeYHass cucTtemMa Znanium.com [DIeKTpoHHBIH pecypc]. - Pexum
nocryma:http://znanium.com/. — 3aru. ¢ akpana.

4.  DnextpoHHO-OMONMHMoTeyHas cuctema «M3marenbcTBo Jlanby [DneKkTpoHHBIN pecypce]. -
Pexxum nmoctyna: https://e.lanbook.com/. — 3armn. ¢ skpana.



https://reader.lanbook.com/book/379988
http://www.ecorussia.info/ru
http://znanium.com/
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5.  Hayunas snextponnas 6ubnuoreka eLIBRARY.RU [Dnekrponssiii pecypc]. - Pexum
noctyna: http://elibrary.ru/defaultx.asp. - 3arn ¢ sxpana.

6.  OtkpsiToe 0Opa3oBaHue [ DICKTPOHHBIN pecypc]. - Pexxum mpoctyma: https://openedu.ru/.
- 3ari ¢ ’KpaHa.

7. Polpred.com. O630p CMMU. IlomHoTekcToBas, MHOTOOTpacieBas 0Oa3a maHHbIX (B/])
[DnexTponHbIii pecypc]. - Pexxum qocrtyma:http://polpred.com/. — 3ari. ¢ axpana.

8.  ba3el nmamHbIX Bceepoccuiickoro WHCTHTYTa HAaydyHOW M TEXHUYECKOW HHQPOpMALUU
(BUHUTHU PAH) mo ecrecTBEeHHBIM, TOYHBIM M TEXHUYECKHMM HayKaM OJEKTPOHHBIA pecypc]. -
Pexxum nmoctyna: http://www.viniti.ru. — 3ari. ¢ skpana.

9.  VauBepcuterckas uH}opmanmoHHas cuctemMa Poccusi [DieKTpoHHBIH pecypc]. -
Pexxum nmocryna: http://uisrussia.msu.ru/. — 3ari. ¢ sKpaHa.

10. Odumnmanpuas  cratuctuka.  Odunuanbapiii  caiit  denmepaybHOM  CITYKOBI
TOCY/IapCTBEHHOW CTAaTHCTUKH [DIEKTpoHHBIA pecypc]. - Pexum mocrynma: https://www.gks.ru/ —
3arii. ¢ sKpaHa.

11. ®unancoBo-sKoHOMHUYEeCKHE moka3zarenu Poccuiickoit ®Denepauuu [IIEKTPOHHBIN
pecypc]. - Pexxum poctyma: https://www.minfin.ru/ru/statistics/ — 3aru. ¢ sxpana.

5.3. IIporpammHoe obecnieuyeHue
Nudopmanmonnoe obecrieueHne ydeOHOro Imporecca MO AUCHHUIUIMHE OCYIIECTBISIETCS C
UCITIOJIb30BAHUEM  CIICIYIOMIEr0 IMPOrpaMMHOTO  oOecriedueHus: (JIMIIEH3MOHHOTO W CBOOOIHO
pacmpocTpaHseMOro), B TOM YHCIIe OT€YECTBEHHOTO TIPOU3BOJICTBA:

Ne HaunmeHoBanue Ycaous gocryna

n/n

1. Microsoft Windows 13 BHYTPEHHEH CeTH YHUBEpCHUTETA (JTMIICH3MOHHBIH
JIOTOBOD)

2. Microsoft Office U3 BHYTPCHHEH CETH YHHBEPCHUTETA (JIMIIEH3UOHHBIH
JIOTOBOD)

3. CA0 MOODLE U3 J11000H TOYKH, B KOTOPOH UMEETCS IOCTYTI K CETH

WHTepHeT (JIMLIEH3MOHHBIN JOTOBOP)
4. Bpaysep U3 J11000H TOUKH, B KOTOPOH UMEETCsI TOCTYTI K CETH
Hurtepuer (cBOOOIHO pacripocTpaHIeMOe)



http://www.polpred.com/
http://www.viniti.ru/
http://uisrussia.msu.ru/
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6. OMUCAHUE MATEPUAJIBHO-TEXHUYECKOM BA3bl, HEOBXOJIUMOM 1]
OCYHECTBJIEHUA OBPA3OBATEJIBHOI'O ITPOLHECCA 110 JUCIHUJIMHE

[TomereHust MpencTaBiIsOT coO0M yueOHbIe ayAUTOPUU ISl TMPOBEIACHHS y4eOHBIX 3aHSATHUH,
NPEIYCMOTPEHHBIX YYeOHBIM IUIAHOM M pabodell MporpaMMol TUCHMIUIMHBI, OCHAIIEHHBIC
000py/I0BaHUEM U TEXHUYECKHUMH CPEICTBAMU 00OyUEHUS.

3aHATUSA JIEKIMOHHOIO0 THMNA. YueOHblE ayaUTOPUM IS 3aHATUH JIEKIMOHHOTO THIIA
YKOMILIEKTOBAaHbI MEOENIbIO M TEXHUUECKUMHU CPEJICTBAMU O0YyUEHUSs, CITY>KAIUMU 17151 IPEICTaBICHUS
yueOHoIi nHopManuu (CTalMOHAPHBIE WX IEPEHOCHBIC HAOOPHI JEMOHCTPAIIMOHHOTO 000PYA0BaAHUS
(IpoeKTOop, APKpaH, KOMIIbIOTEP/HOYTOYK), ydeOHO-HArJsAIHbIE IMOcoOMs (Mpe3eHTAIMU [0 TeMaM
JeKIHiA), O00ECIIeYNBAIOIINE TEMAaTHUYECKUE WILTIOCTPAIMH, COOTBETCTBYIOIIME TaHHOM MporpaMme
JUCIUTUIAHBI.

3aHATHA CEMUHAPCKOr0 THNA. YuyeOHblE ayJUTOPUU JJIsl 3aHATUH CEMHHAPCKOTO THIIA
YKOMILIEKTOBAaHbI MEOENIbIO M TEXHUUECKUMHU CPEICTBAMU O0YyUEHUSs, CIIY>KAIUMU 17151 TIPEICTaBICHUS
yueOHoIi nHpopManuu (CTallMOHAPHBIE WK TIEPEHOCHBIE HAOOPHI IEMOHCTPAITMOHHOTO 000pYIOBaHUS
(IpoexTop, 9KpaH, KOMIbIOTEP/HOYTOYK).

IIpomexyTounas arrecranus. /(s MpoBeIeHUs IPOMEKYTOUHON aTTECTALUU MO TUCHUIUINHE
UCIIOJIB3YIOTCSl KOMITBIOTEPHBIE KJIACCHI, OCHAILEHHBIE KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTHIO
NOJKIIOUEeHUsT K ceTd MHTepHeT M obOecredyeHHeM JOCTylma B DIEKTPOHHYI HH(GOPMAIMOHHO-
00pa3oBaTeNbHYIO Cpelly YHUBEPCUTETA U/UIN y4eOHbIE ayAUTOPHH, YKOMIUIEKTOBAaHHBIE MEOENbI0 U
TEXHUUYECKUMHU CPEICTBAMU O0yUECHHUSI.

CamocrositeibHast paGora. llomemeHnuss 1A CcamMOCTOSITENBHOM pabOThl  OCHAIICHBI
KOMIIBIOTEPHON TEXHUKOW C BO3MOYKHOCTBbIO MOJKIIOUEHUs K ceTh «MHTepeHer» M JOCTynoM K
JNEKTPOHHOUW  MHGOPMAIMOHHO-00pa30BaTEeNbHOM  cpele  yHuBepcuTera. Jlns  opraHusanuu
CaMOCTOSITENIbHOW Pa0OTHI 00YUYAIOMIMXCS HCITOB3YIOTCS:

KOMIIBIOTEPHBIE KJIaCChl YHUBEPCHUTETA;

Oubnmmoreka (Meauazan), UMEoIas MecTa JUisi 00ydJaronuXcs, OCHAIICHHBIE KOMIIBIOTEPAMH C
JOCTYIOM K 0a3aM JaHHBIX U ceTH MIHTepHeT.

JyiekTpoHHAsA MH(OPMAIIMOHHO-00pa3oBaTeabHas cpena ynusepcutera (AUOC). Kaxnprit
oOyyaromuiicss B TeYEHHE BCEro nepuoja o0ydeHus oOecrieueH MHIUBUAYATbHBIM HEOrpaHUUEHHBIM
JIOCTYIIOM K DJJIEKTPOHHOW WH(OpMAIMOHHO-00pa3oBarenbHol cpene yHuBepcutera (DMOC)
http://sdo.tolgas.ru/ u3 06O TOYKHM, B KOTOpPOH HMeeTcs JOCTym K HH(DOpPMAIMOHHO-
TEJIeKOMMYHUKalMOHHOM ceTH "MHTepHeT", Kak Ha TEeppUTOPUN YHUBEPCUTETA, TAK U BHE €€.

OUOC ynuBepcurera 00ecreynBaeT:

JOCTyn K Y4eOHBIM IUIaHaM, paboyuM IMporpaMMaM JHUCHUUIUIMH (MOAYJEH), mporpaMmam
MPAKTUK, OJJIGKTPOHHBIM Yy4YeOHBIM H3JIaHUSAM U JJIEKTPOHHBIM 00pa30BaTENbHBIM pecypcam,
YKa3aHHBIM B pab04MX MporpaMMax JUCHUIUIMH (MOIyJeil), mporpaMMax MpakTuK;

(dbopMHpOBaHUE NEKTPOHHOTO MOPTHOIUO 00YJAOLIErocs, B TOM YHCIIe COXpaHEHHE ero padoT
Y OLIEHOK 32 3TH pabOoTHI.

B cny4ae peanuzanun o6pa3oBaTenbHON MPOrpaMMBbl ¢ IPUMEHEHHEM 3JIEKTPOHHOTO0 00y4eHus,
JUCTAaHIIMOHHBIX 00pa3oBarenbHbIX TexHoJIoruit JMOC nononHUTenbHO 00eceunBaeT:

¢ukcanmio xoxa o0pa3oBaTEIBLHOIO MpOIEcca, Pe3yJbTaTOB MPOMEKYTOUHON aTTeCTallud U
Pe3yJIbTaTOB OCBOEHMSI 00pa30BaTEIbHON POrPaMMBbL;

IpoBe/IeHUE YUeOHBIX 3aHATHH, IPOLETyp OLEHKH pe3yIbTaTOB 00YUEHHUs, pean3alus KOTOPhIX
IpeyCMOTPEHa C TPUMEHEHHEM »JJIEKTPOHHOro OOy4YeHHs, AMCTAaHIMOHHBIX 00pa30oBaTeNbHBIX
TEXHOJIOTHI;

B3aMMOJICICTBIE MEXIY ydYacTHUKaMU 00pa3oBaTeNbHOrO Mpoliecca, B TOM YHCIIE CHHXPOHHOE
U (WJIM) aCHHXPOHHOE B3aMMOJIEUCTBUS TOCpeACTBOM ceTH "MHTepHer".
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7. OCOBEHHOCTH OPITAHU3AIINU OBYYEHUS JJIsA JINIY C
OI'PAHUYEHHBIMU BO3MOKHOCTSAMU 310POBbS U UHBAJIN10OB

[Ipn HeoOxomumocTu pabodas mporpaMMa TUCHUIUITMHBI MOXXET OBbITh aJalTUpPOBAaHA IS
obecrieyeHHss 00pa30BaTEIBFHOIO TPOIECCa WHBAIUAOB M JIMIl C OTPaHUYCHHBIMH BO3MOKHOCTSIMHU
3JI0POBbSI, B TOM YHCIIE JUIsl TUCTAaHIIMOHHOTO 0OyueHus. Jljis aToro Tpedyercs 3asBICHHE CTYACHTA
(ero 3aKOHHOTO TPEJACTABUTENS) W 3aKIOYCHUE IICUXOJIOr0-MEIUKO-TIEarorniecKo KOMHCCUU
(IIMIIK).

B cnyyae HeoOXoauMocTH, 00yUYarOMIMMCS U3 YHCIIa JIMIl C OTPaHUYCHHBIMH BO3MOXKHOCTSIMU
310pOBbsl (MO 3asiBIIEHUIO OOydalomerocs) a JUisi WHBAIMIAOB TaKKe B COOTBETCTBUH C
WH/IMBUYaJIbHOM MTPOrpaMMOl peaOuiIMTalliy HHBAIU/IA, MOTYT IPEIaraThCsi CICIYIOINE BApUAHThHI
BOCTIpUATHUS yaeOHOU MH(DOPMAIIMH ¢ YI€TOM MX WHIUBUAYATBHBIX TICHXO(PU3NICCKIX 0COOCHHOCTEH,
B TOM YHCJIE C IPUMEHEHUEM AJIEKTPOHHOTO 0O0YUYCHHS U TUCTAHIIMOHHBIX TEXHOJIOTHH:

- IS JUI] C HApYHNICHUSMHU 3pEHUs: B TNeYaTHOW (opMe yBenWYeHHBIM mpudrom; B dopme
3JICKTPOHHOTO JOKYMEHTa; B (hopme ayauodaiina (mepeBoa yueOHbIX MaTepHalioB B ayarnodopMmar); B
neyatHoil Qopme Ha s3bike bpaiinsg; WHIMBHIyadbHBIE KOHCYJIBTAIlMM C IMPUBICYCHUEM
TUQIIOCYPIOTICPEBOAUNKA; MHIUBUAYAIbHBIC 33/1aHUSI M KOHCYJIbTAIHH.

- IS JIMI] ¢ HApYIICHWSMH CiIyXa: B medaTHoi (opme; B (HopMe 3IEKTPOHHOTO JTOKYMCHTA;
BUZCOMATEpPHATIbl C  CYOTUTpaMHW;  WHAMBHUIYAIbHbIC  KOHCYJIbTAllMM C  TNPHUBJICYCHUEM
CYpAOTIEPEBOTUHNKA; MHAUBHIYAIbHBIC 3a/IaHUSI U KOHCYJIBTAIINU.

- JUIS JIUI] C HapYIICHUSIMH OMOPHO-ABHraTeILHOTO armapara: B nedatHoi Qopme; B (opme
JIEKTPOHHOTO JOKYMEHTA; B popMme ayauodaiisia; MHIAUBHIYaTbHBIC 3a/IaHUS U KOHCYJIBTALIUH.
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8. OUHEHOYHBIE MATEPHUAJIbI (®OHJA OIEHOYHBIX CPEACTB) IJs
TEKYIIETO KOHTPOJISI YCIEBAEMOCTHU U TIPOMEXKYTOUYHOM ATTECTAIIAA

8.1. OnucaHue moka3areseii M KpHUTepHeB OIEHUBAHUS KOMIIETEHUMI HAa Pa3JHYHBIX
3Tanax ux (popMUPOBaAHUS, ONIUCAHHE IIKAJI OLCHUBAHUA.

JUiss OuleHKM 3HAHWM, YMEHWH, HAaBBHIKOB M YPOBHS C(OPMHUPOBAHHOCTH KOMIIETCHLIUH IIO
JUCLUIUIMHE TpUMEHsieTcs OaIbHO-PEUTHMHIOBas CHUCTEMa KOHTPOJS U OLEHKH YCIEBAaEMOCTHU
CTYIEHTOB. B OCHOBY Oa/sIbHO-pEHTHMHIOBOM CHUCTEMBI IOJIOKEHBI IPHUHLIMIIBIL, B COOTBETCTBHU C
KOTOpbIMH (OPMHUPOBAHHUE PEUTHUHIA CTyJIEHTa OCYLIECTBISAETCS B XOJ€ TEKYLIEro KOHTPOJIS
ycrieBaeMocTH. MakcuManbHOe KoJIn4ecTBo 6amioB B cemecTpe — 100.

IIIxajia OLeHKH Pe3yJIbTAaTOB OCBOCHHUS M CUMILIMHDBI, CGOPMHPOBAHHOCTH Pe3y1bTATOB

o0yueHust
®opma npoBeaeHNs IIkaabl OEHKH YPOBHSA IlIkana oeHKH YPOBHS OCBOEHHSI TUCHUTIINHBI
TPOMEKYTOYHOM c(hopMHPOBaHHOCTH
aTTecTanuyu Pe3yJILTaTOB 00y4eHHsI

YpoBHeBas 100 100 5-6anbHas mKana, Henuddepe
[IKaJIa OIEHKH OampHAs OampHAs nmudepeHpoBaHHASL HIIMPOBAaHHA

KOMIICTCHITHI mKaia, % IIKaja, OILIEHKa/0aIII s OLICHKA

%
JIOTIOPOT'OBBIN Huxe 61 HIKe 61 | «HEyIOBICTBOPHUTENBHO» /2 | HE 3aU4TCHO
3auer

TTOPOTOBEII 61-85,9 61-69,9 «YHOBJIETBOPUTEIHHO» / 3 3a4TEHO

70-85,9 «xopormioy / 4 3a4YTEHO

TIOBBILICHHBIH 86-100 86-100 «OTIAMYHOY / 5 3a4TEHO

Ilo umoecam mexyweli ycnesaemocmu CmyOeHmy Modxcem Obimb 6bICMAGIEHA OYEHKA NO
NPOMEICYMOYHOU ammecmayuu 8 COOMEemCcmeul 3a HAOPaHHbIMU 34 cemecmp Oaniamu (no
HakonumenvbHomy petimuney).Cmyoenmam, HaOpaswium 6 xo0e meKkyuje2o KOHMpOJs YCnesaemocmu
no oucyuniaure om 61 0o 100 6annos u 6bINOIHUSWIUM 6Ce 00S3aMeNbHbIE BUObL 3ANTAHUPOBAHHBIX
VUeOHbIX 3aHAMUL, NO peueHul0 npenooasameis 6e3 NPoXOHCOeHUs NPOMENCYMOYHOU ammecmayuu
BLICMABISACNICSL OYEHKA 8 COOMBEMCMBUL CO WKALOU OYEHKU Pe3yIbmMamos 0C80eHUsL OUCYUNTUHDL.

Pesynomam o00yuenua cuumaemca c@opmupoeannvim (nOGbIUIEHHBIIL YPOBEHD), eClu
meopemuyecKoe CoOepIcane Kypca 0C80€HO NOJHOCMbIO, NpU YCMHBIX cO0eced08aHUSIX CMYOeHm
ucuepnvigarouje, NOCie008amMeNbHO, YemKO U JIO2UYECKU CMPOUHO usiazaem Y4eOHblll Mamepuai;
C80000HO chnpagiaemcs ¢ 3a0a4amu, BONPOCAMU U OpyeUMU BUOAMU 3A0aHUl, MpedYIouUxX
NpUMeHeHUs 3HAHUL, UCNONb3Yyem 8 omeeme OONOJHUMENbHbIIL MaAmepuail, 6ce npedyCMOmpeHHble
paboueti  yueOHOU NPOSPAMMOU 3A0AHUSL  BbINOJIHEHbL 6 COOMGEMCMEUU C YCMAHOBIEHHbIMU
mpebosanuamMu, CmyoOeHm CHoCoOOeH aHATU3UPOBAMb NOLYYEHHble pe3yIbmambl; NpoAsJsen
CaMOCmMOosIMeNbHOCMb NPU BbINOTHEHUU 3A0AHULL, KAYECMB0 UX GbINOJHEHUSI OYEHEHO HYUCIOM Dallo8
om 86 0o 100, umo coomeemcmeyem NOBLIULUEHHOMY YPOBHIO CEHOPMUPOBAHHOCMU pPe3Ylbmamos
00yuenus.

Pesynomam o0yyenusa cuumaemcsa cQopmuposannvim (ROpo2o8vlil  Yypo8eHsb), eciu
meopemuyecKoe coOepIucanue Kypca 0C80€HO NOJIHOCMbIO, NpU YCMHbBIX cO0eced08aHUSIX CMYOeHm
nOCIe008amenbHO, YemKo U JI02UYecKU CMPOUHO usiazaem YYeOHull Mamepuai, CHpaeisemcs ¢
3a0ayamu, 60nNpocamu U OpyeuMu 6udamu 3a0anuii, mpeoyrwux NpPUMeHeHUs 3HAHUL, 6ce
npedycmMompenHvle pabouell Y4eOHOU NpOpaAMMOU  3A0aHUsl BbINOJIHEHbL 6 COOMBEMCMEUU C
YCMAHOBNIEHHbBIMU MPeOOBAHUAMU, CMYOEHm CHOCOOEeH aHANU3UPOBAMb NOJLYYEHHbIE Pe3YIbMmambl;
nposeisiem CamoCmosimenbHOCMb NpU BbINOJHEHUU 3A0aHULl, KA4ecmeo UX GblNOJHEHUSI OYEeHEHO
yuciom 6arnos om 61 0o 85,9, umo coomeemcmeyem nopocoBOMY YPOGHIO CEHOPMUPOBAHHOCMU
pe3yIbmamos 00yueHus.

Pe3ynomam of0yuenus cuumaemcsa HecoOpMUpOBAHHBIM, eClu CMYyOeHm NpuU GblNOJHEHUU
3a0anull He OEMOHCMpUpyem 3HAHUL YYeOHO020 Mamepudand, OONycKaem OWUOKU, HeY8epeHHO, C
OonbUUMU  3aMPYOHEHUAMU  BbINONIHACM 3d0aAHUS, He OeMOHCmpUpyem HeoOXO00UMbIX YMeHUl,
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Kauecmeo 6blNOJIHeHHbIX 3a0AHUll He coomeemcecmeyem YCmaHO6/IERHbIM mpe606anLM, Kadsecmeo
6bINOJIHEHUSA OYEHEHO HYUCTIOM oannoe Hudxce 61, umo coomeenmcmeyent ()onopozoeomy YPOGBHIO.

@opMBbI TEKYIIEr0 KOHTPOJIS YCIIEBAEMOCTH

@DopMbI TeKYLLIEr0 KOHTPOJISI Komnuectso Konnaectso Make.
KOHTPOJBHHBIX 6amoB 3a 1 BO3M. KOJI-
TOYEK KOHTP. TOUKY BO OaimioB
OTuéT 10 MpPaKTHYECKOH paboTe 7 10 70
TecTrpoBaHHe O TeMaM JISKITHOHHBIX 3aHATHI 5 4 20
TBopueckuii pedTHHr (ydacTme B  KOH(EpeHIHUSX, 1 10 10
OJINMITHAAX U T.I1.)
HToro no gucumivinze 100 6as110B

ux

Cucrema OLICHUMBAaHWA IIPCACTAaBJICHA B J3JICKTPOHHOM yLIe6HOM Kypc€ IO JUCHUIIINHE

http://sdo.tolgas.ru/.
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8.2. TumnoBble KOHTPOJbHbIE 3aJaHusi WM wuHble Matepuaasl M TEKYIIEIO
KOHTPOJIA YCIIEBAEMOCTH

8.2.1. TunoBble 3aJaHUsI K MPAKTHYECKUM padoTam

IIpakTnyeckass padora Ne 1. IIpoekTupoBaHWE CTPYKTYpbl OSKCIEPTHOM  WJIHU
WH(OPMAIMOHHO-aHAIUTUIECKOW CHUCTEMBI 10 WHIUBUAYATHHOMY 3aJaHUI0 C HCIOJIb30BaHUEM
meronosoruu SADT

TunoBasi 3amaya s npakTudeckoil padorbl Ne 1 mo mocrpoeHuio ¢parmenra
HH(OPMALMOHHO-AHAJIUTHYECKOH CHCTEMBbI:

[Tycts U — MHOKECTBO AMCLMILINH, U3y4aeMbIX B TeKylleM cemectpe. [IpucBoiite Homep
KaKJO0W JUCLMILIMHE U, BBICTYIAs! B POJIM AKCIIEPTA, 3aIUIINTE HEYETKUE MHOXKECTBA:

A — MHe Hpasumcs 3ma OUCYUNIUHA

B — 5 ne nonumaro amy oucyuniuny

C — MHe He HPaBUTCS 3Ta JUCIUILINHA

D — 4 xoren 0661 H3y4aTh ATy TUCHUILIMHY TITYOXKe

[IpencraBbTe pa3nokeHUs KaKI0ro U3 HEYETKUX MHOXKECTB [0 MHOYKECTBAM YPOBHSI.

Bonpocul onsa obcyscoenus:
. KakoBa tumnosas cTpykTypa 3KCHepTHOU cuctembl?
. UeM oTnu4aeTcss MHTEIJIEKTyalbHO-aHATUTUYECKAsl OT SKCIIEPTHON CUCTEMBI?
. B 4em ocoGeHnHOCTh mTporieccHOro moaxoa mo meroaosioruu SADT?
. Uto moapazymeBaeT nporecc MpoeKTUPOBAHUS?
. Yro noymxHO conepkarbes B JokyMeHTe Texnuueckoe 3ananue (13)?
. Uto momxHO conepkarbes B JokyMeHnTe Texuuueckuii npoekt (TII)?
. Ha xakue ctaguu yKpynmHEHHO MOKHO pa3OUTh TEXHUYECKUN MTPOCKT?

8. Kak momyunuts mponeccuyto moaenb (AS-1S) na ocnoBe Mmeromonorun SADT? Kaxoe
WHCTPYMEHTAJILHOE CPEICTBO MOXKHO MPEUIOKUTE ISl IPOSKTUPOBAHUSA?

9. Uem otnuuaercs monenb 1 O-BE or momenu AS-1S?

10. Kakx MO>XHO OIIEHUTh YPOBEHb 3aBEPIICHHOCTH JTara MPOSKTUPOBAHMS?

11. Kakyioo CTpyKTypy OKCHEpPTHOH WM WH(POPMAIIMOHHO-aHAIUTUYECKOW CHCTEMBI BBI
BbIOpay 10 MHIMBUyadbHOMY 331aHNI0? [10ACHUTE 1 060CHOBATH CBOM BHIOOD.

12. Kakue mnpvHIMIBI U METOJBI aHalW3a MPEAMETHONH O0ONacTH HCCIeAOBaHUsA ObUIH
MCIIOJIb30BaHbI?

13. Kakue npuHUUIB (YHKIIMOHUPOBAHUS HH(YOPMAIIMOHHO-AHATUTUYECKUX U SKCIIEPTHBIX
CHUCTEM OBLIIM UCITOJIH30BaHBI?

14. Kakue mpenMyIecTBa UHTEIEKTYAIbHBIX TEXHOJIOTHA M CHUCTEM OBLTH BBIOPAHBI MOCIE
IPEIIPOEKTHOTO HCCIIEA0BaHUsA?

15. Kakoit pe3ynbTat BHIIOTHEHUS TPAKTUYECKOM pabOThI OBLIT TOCTUTHYT?

NN N R W=

IIpakTuueckas padora Ne 2. [IpoekTupoBaHHE CHCTEMbI JIOTUYECKOT'O BHIBOJIA 3HAHUI B
obsact MHPOPMAITMOHHON 0€30MaCHOCTH Ha OCHOBE MPOMYKIIMOHHOW MOJEIN U METOJOB HEYETKOM
noruku B Excel

TunosBasi 3a1a4a V11 BBINOJHEHUSI IPAKTHYECKON padoThl Ne 2.

ens pabotsr: [lomydeHne npakTHYECKUX HABBIKOB TI0 MMPOSKTUPOBAHUIO MO MaM1aH! B
EXCEL. 3aganbl quana3oHbl K3MEHEHHS BXOJHBIX U BBIXOJIHBIX MHOXECTB JUIsl MHAUBUAYATbHOMN
THUIIOBOH 3aJ1aun

Xon paboThI:

Hlar 1. ITocTpoenne BXOAHBIX U BHIXOAHBIX HEYETKUX MHOMXKECTB.
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1. BBoxy agpeca sigeek, B KOTOPBIX XPAHATCS apaMeTpbl QYHKITUH MPUHAIICKHOCTH.

2. B aueiikax A10:A110 BBOXXY 3HaueHus U3 auamnazona ot 20 go 120.

3. Hanee B stueiikax B10:D110 BBoXY opMyJbl s pacueTa TPEYTroJIbHBIX (QYHKIUH
MIPUHAJIEKHOCTH.

4. ITocne BBoa (hopMyII ISl 3aIIOJTHEHHS BCETO IMana30Ha 3HAYeHU I BBITIOTHSIO
aBTO3AIOJHEHUE.

5. 3areMm cTporo rpaduk nepBoro HEYETKOro MHOXKECTBA.

6. Jlia moctpoeHust BTOporo He4eTkoro MHoxkecTBa B stuerikax F10:F110 BBoxy 3HaueHMs U3
nuanazona ot 200 go 300.

7. Hanee B sueiikax G10:1110 BBoXY GopMyIbl JuIsl pacyeTa TPEYrodbHbIX (PYHKITUI
MPUHAJICKHOCTH BTOPOTO HEYETKOTO MHOKECTBA

Hlar 2. ®a33upukanuu BXOAHbIX HEYETKUX MHOKECTB.

1. g peanu3anuu JaHHOTO I1ara, Heo0xoauMo ¢ momoiisio BITP B 3aBUCHMOCTH OT YETKUX
3HAYEHUM mapaMeTpoB X1 U X2 HAlUTU CTENEHU NPUHAIJIEKHOCTH BXOIHBIX HEYETKUX MHOYKECTB.
2. lns onpezeneHus cTernenei npuHauiextocTy B stueriku AH117:AK 119 BBoxy Gopmybl.

3. B pe3ynbrate nanHoii onepanuu B siueiikax Al117:Al119 u AK117: AK119 Oynyt
OTOOpaXKeHBI 3HAUCHUSI CTETICHEHW MPUHAJIC)KHOCTH K BXOJHBIM HEYETKUM MHOYKECTBAM.

Hlar 3. Co3nanue 6a3bl HeYEeTKUX NMPABUIL.

1. YtoObI onpeieuTh CTENEeHh BO3MOKHOCTH KaXKJI0TO ITpaBmiia B mporpamme Excel genaro
MaTpUIy HEUETKUX OTHOLLICHUM.

2. Tlocne 3TOro0 OMpeAessaio CTENEHU YCeUEHUS BBIXOIHBIX TEPMOB. J1Jis 3TOTO B siueiikax
AL122:AL126 BBOXY (hOpMYIIBI.

Iar 4. AKkymyJasiusi

1. B sueiikax AB10:AB110 BBoxy ananazon 31auenuid ot 500 no 600.

2. B sueiikax AC10:AG10 BBoxy 3HaueHus. [locie aToro nenaro aBTo3anonHeHuE.

3. [Tocne ¢popmMupoBaHus 3aKIIOUEHUN HEUETKO-JIOTUYECKOTO BBIBOA, MOJIydaeTcsi Tpaduk
AKKYMYJISILIAH.

Hlar 5. Arperanus

1. B aueiikax AI10:AI110 BBOXY 3HAUE€HHUS U MIOCTIE 3TOTO JI€a0 aBTO3aO0IHEHHE.

2. Ha skpane MOHHUTOpa MOIy4aeTCs CIEAyIolIee N300pakeHNe TaOIUIIbI ISl arperariy.

3. I'paduueckas nHTEpIpETALIHS TTOTYUCHHBIX PE3YIbTATOB arperauu mo3BOJIseT BhIICIUTD
WUTOTOBBIN AUANIa30H U3MEHEHUN.

Hlar 6. Aedasz3nduxauuu

1. YtoOb! BRIMONHUTH AaHHBIN miar B stueiikax AJ10:AJ110 BBOXKy 3HaYSHHSI U MTOCIIE ITOTO
JIeNIal0 aBTo3aIoyIHeHue. B pe3ynbrare Bocnosiab3yemcst anroputMoM MamiaHu.

2. B siueiike AJ112 popmupyercs BBIXOJHOE 3HAYEHUE, TOTYYEHHOE € TIOMOIIBI0 MOJIENTH
Mampnanu. 3agaeTcst ypoBeHb MOTPEITHOCTH JIJIsi CUCTEMBI JIOTUYECKOTO BBIBO/IA.

All112 =ECJIMOIIMBKA(AJ112;500)

3. Jlasiee ¢ moMoIIbIO s3bIKa MporpamMMmupoBanus VBA Moaenupyro paboTy HEUETKOTO BBIBOIA.
4. JInist 9TOrO HY)KHO HaxkaTh KiaaBuinu Alt + F11 u BeiOpars komanay Insert — Module.
5. B Moaysin BCTaBIIAKO CAEAYIOIINN MPOrpaMMHBIA KO/

Sub hard_Def()

On Error GoToErrorHandler

Dim i As Integer, R As Integer, j As Integer, var As Double, columNum As Integer
columNum =45

For j =200 To 300 Step 5

columNum = columNum + 1

R =119

Fori=20To 120 Step 5

ThisWorkbook.Worksheets("Defuzzy™).Range("ai" & (116)).Value =i
ThisWorkbook.Worksheets("Defuzzy™).Range("ak™" & (116)).Value = j
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var = Thisworkbook.Worksheets("Defuzzy").Range("ai" & (112))
GoTo lab:
ErrorHandler:
var=0
Resume Next
lab:
ThisWorkbook.Worksheets("Defuzzy™).Cells(R, columNum).Value = var
R=R+1
Next i
Next
End Sub
6. B pe3ynbpTare BRINOJHEHUS JAHHOTO TPOrpaMMHOro kojia B siueiikax AT119:BN139
MOABJIAIOTCA 3HAYCHUA, OTPAKAOIINEC CUCTCMbI JIOTHYCCKOI'O BBIBOA.

Bonpocul 013 06cyarcoenus:

1. [Toyemy B KauecTBE MPOEKTHUPOBAHUS KOMIIOHEHTOB KCIIEPTHOM CHCTEMbI Oblia BHIOpaHa
IPOJYKIIMOHHAs MOJIENb?

2. llouemy B KauecTBE WHTEUIEKTYalIbHbIX TEXHOJIOTUNA OBbUIM BBIOPAHBI METObI
UCKYCCTBEHHOI'O HHTEIJIEKTA, B YaCTHOCTH, METOJ(bl HEYETKOM JIOTUKU W IOCTPOEHHUS CUCTEMBI
JIOTUYECKOI0 BbIBOJA?

3. Iloscuuth cyTh paboOTBl C HEYeTKOM Jsorukod. Kakme Maremaruueckuwe orepanuu
JIOITyCTUMBI?

4. B uem cyrb HeueTkod Jjoruku. IloueMy MMEHHO 3TOT MaTeMaTU4YeCKUU ammapar Obul
BBIOpaH.

5. B yem coctout uzaes anropurma Mamaanu?

6. [Tosicauth anroput™ (GOPMUPOBAHUS CUCTEMBI HEYETKOTO BHIBOJIA.

7. INosicauth npouecc popMupoBanusi 0a3bl MpaBui U 0a3pl 3HaHUH. [lepeuncIuTh OCHOBHBIC
sTanbl GOPMUPOBAHUSI CUCTEMBI JIOTHUECKOTO BHIBOIA.

8. O6ocHOBATh BHIOOP MHCTPYMEHTAIBHOTO cpeacTBa Excel

9. Yro Takoe cuHarnchl? Kak OHM BIMSIOT HA HEMPO-CETEBYIO MOJIEND?

10 Tlokazare mpumep (opmMupoBaHUsI MPOAYKIIMOHHOW MOJIENH, €CIU W3BECTHBI MHTEPBAJIBI
HEYETKHX OLIEHOK I TPEX BXOJHBIX U OJHOM BBIXOJIHOW NEPEMEHHOM.

IIpakTnuyeckas padora Ne 3. TexHonorus pa3paboTku HHPOPMALMOHHO-AHATUTUYECKON M
HKCIIEPTHOM cucTeMbl Ha ocHOBe MHcTpymeHnta MATLAB

TunoBasi 3a1a4a 1Ji151 BbINOJHEHUS] MPAKTUHYECKOH padoThl Ne 3.

[TpoucxoauT nanbHeIIee BBIMOJHEHUS TUIOBOM 3a1aun B cpeae Matlab.

[Tpoucxomut oOydyeHue paboThl HepoHHOW ceTu. [loaydeHHON B THUIOBOM MPAKTHUYECKOU
pabote Ne 2.

Bonpocul 013 06cysrcoenus:

1. B yem ocobeHHocTh TexHUYECKOro 3agaHUs ISl MPOJOJDKEHHS pEIIeHUs Mpeblayiien
3agaun (pe3ynpTar mnpakTHueckoi paborel Ne 2) B cpene MATLAB. Kakyio OCHOBHYIO Iielb
npecienyer mponaobkenne padotel B cpene MATLAB na ocHoBe wuHcTpymenta MATLAB
FuzzyLogicToolbox

2. Kpartko omucark, B 4eM COCTOHUT padOTa IIOCTPOCHHOW HEMPOHHOM ceTr?

3. I[losicHUTB pOJIb CUHATICOB (BECOB HEUPOHOB).

4. TlokazaTe ¢GyHKIIMOHUpOBaHUE (PparMeHTa HEHPOHHOW CEeTH Ha OTpe3ke (az3uduKanuu-
nedas3upukanum.
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5. OO6ocHoBaTh BbIOOp (YHKIMA NPUHAIEKHOCTH: TPEYTOJBHOM, TparnenenaibHoM,
rayccoBOM.

6. O00oCcHOBaTh OMHMCAaHUE TEPM-MHOKECTB U MPABHUJI U3BJICUCHUS 3HAHU.

7. ChopmynupoBaTh NOTYUEHHYIO 0a3y 3HAHUI 7151 pelIeHHs] TIOCTABJICHHOM 3a/1a4H.

8. Tlokazatrh pe3ynbTarhl (OPMHPOBAHHS CHCTEMbI JIOrMYeckoro BhiBoga B Excel wu B
MATLAB FuzzyLogicToolbox.

9. O6ocHOBaTh MOTYYeHHOE perieHne Ha cooTBeTcTBUe TY. Uem ornmuaercs T3 u TY.

10. CdopmMupoBaTh KOHLENTYaJbHYI0 HJICI0 TEXHOJIOTUU pa3paboTKu HHPOPMAIMOHHO-
AHAJIMTUYECKOM WJIM DKCHEPTHOM CHCTEMBI HA OCHOBE ammnapara HEYETKOW JIOTUKM WM aJIrOpuTMa
Mampaanu.

IIpakTuyeckasi padoraNe 4. MojenupoBaHue CUCTEMBI JIOTHYECKOTO BBIBOJA MPU padboTe C
bazoit 3nannii

TunoBas 3aaavda 1Jid BBIITOJIHCHUSA l'[paKTI/I‘{CCK()ﬁ paﬁoTbl Ne 4.
PeaJ'II/ISaI_[I/ISI IIPOCKTHOI'O PCUICHUA JIIA T3 Ha IMPOCKTUPOBAHUC COOCTBEHHOTO
HHIUBUAYAJIBHOI'O 3alaHUA Ha OCHOBEC IMOJTYYCHHOI'O OIIBITA MPEABIAYIINX NPAKTHYCCKUX pa60T.

Bonpocut ons ob6cyscoenus:

1. Jlatp 0OOCHOBAaHHOE MOSCHEHHE CTPYKTYpbl (Gopmupyemoil 0a3bl 3HaHMH Ha OCHOBE

CHCTEMBI JIOTUYECKOTO BBIBOJIA NIPU PEUICHUH KOHKPETHOH 3a/a4i B BHIOPAHHOW MPEIMETHOM

00J1aCTH UCCIIEJOBAHUS.

2. OO6ocHoBaTh Bce 3Tambl (popMupoBaHUS 0a3bl 3HAHWNA W TMOSCHUTH, KaK MOXET OBITH

OIKCaHa MOJIeJIb IPEJCTABICHNS 3HaHUH ¢ IOMOIIBIO JIOTUKU IPEAUKATOB

3. CdopmymupoBarh 0000mIarONIee 3aKIIOYCHUE [0 WHHOBAIIMOHHO-AHATUTHYCCKUM H

HKCHEPTHBIM CHCTEMaM, KOHLENTYAJIbHbIM MOJIXOAAaM K HX MPOEKTHUPOBAHUIO, MPUHIIMIIAM,

METOAaM, HHCTPYMEHTAIBHBIM CPEJICTBAM U SI3bIKaM MIPOTPAMMHUPOBAHUSI.

4. AHanoruyHO peUICHHIO 3aJa4d B TMpakTudyeckoi padore Ne 2 um Ne 3 mammcarb

MIPOTPaMMHBIN MOJTyJTh YIIPaBJIeHHS Ha s3bIke Pyton.

5. CdopmupoBaTh MOAeTb OOy4E€HHUS CETH Ha OCHOBE alIropuTMa  oOpaTHOTO

pacrpocTpaHeHHs.

6. Onummre npumMep U NPUHLIMIBI BBIOOpPA MPOMENKYTOUYHBIX CIIOEB B MHOIOCIONHHOM

nepcentpone MPL.

7. O6ocHyiTe BEIOOP METOA0B 00yUeHHs HEHPOHHBIX CeTel, KOTOphle MOYKHO PEKOMEH10BaTh
K IPUMEHEHHIO Ha TIPAKTUKE MO0 UTOTaM BHITIOJTHEHUS! MHIMBUAYALHOTO 33JaHHUS B PaMKax
T3, TIIuTYV.

8. IlomroroBuTe Hay4YHyI0 WYONMKAIMIO TI0 OTACITBHBIM ()parMeHTaM BBITOJHEHHON

MPAKTUYECKON pabOTHI M MOTYYEHHBIM MTPAKTUYECKUM YMEHUSAM M HaBBIKAM.

IIpakTnyeckas padora NeS. MoaenupoBanue paboThl OTHOCIOWHOTO MEPCENTPOHA

1. OBIIEE OIITMCAHUE PABOTHI

1.1. Ilenp paboOTHl - M3ydyeHHE OCHOBHBIX MPHUHIMIIOB (PYHKIIMOHUPOBAHUS OJIHOCIONHOIO
MIEPCENTPOHA, IIOJIyYEHHUE IPAKTUYECKUX HABBIKOB 110 €r0 IPOrPaMMHON peaIu3aluu.

1.2. Coneprxanue paboThI

[TpakTudeckas paboTa COCTOMT U3 JOMAIIIHETO U MPAaKTUYECKOTo 3aaHuil. Jlomarinee 3ananue
3aKJIKOYACTCS. B HW3YYEHUH OCHOBHBIX ITOJIOKEHUN TEOPHUU HCKYCCTBEHHBIX HEHPOHHBIX CETEH,
NPUHLIMIOB (DYHKIMOHUPOBAHUS M MOJIEIMPOBAHUS OJHOCIOMHOrO mepcentpoHa. I[lpaktuyeckoe
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3aJ]aHKe BKJIIOYAET pa3padoTKy MPOrPaMMHBIX CPEICTB MPOSKTUPOBAHHS OTHOCIOWHOTO TIEPCENTPOHA.
2. JOMAIIHEE 3AJJAHUE

OCHOBBI TEOPHH UCKYCCTBEHHBIX HEHPOHHBIX ceTel. [IpuHIMITBI HYHKIIMOHHUPOBAHUS U
MOJEJINPOBAHUS IEPCENTPOHA

OcHoBy kaxaoi uckyccrBeHHou HeliporHo cetu (MHC) cocTaBisroT OTHOCUTENBHO MPOCTHIE,
B OOJILIIMHCTBE CIIy4aeB — OJHOTHUIIHBIC, AJIEMEHTHI (SA4YeiiKK), UMHUTHpYIOIIHE paboTy HEWPOHOB
Mmo3ra. Kaxapiii HepoH XapaKTepU3yeTCs CBOMM TEKYIIMM COCTOSHHUEM I10 aHAJOTUU C HEPBHBIMU
KJIETKaMH TOJIOBHOTO MO3ra, KOTOPHIE MOTYT OBITh BO30OYXKIACHBI WM 3aTOpMOXKeHbl. OH o0mnamaer
TPYIIION CHHAINCOB — OJIHOHAIPABJICHHBIX BXOJHBIX CBSI3€M, COCIMHEHHBIX C BBIXOJAMHU JPYTUX
HEHUPOHOB, a TaKX€ HMMEET AaKCOH — BBIXOJHYIO CBSI3b JIAaHHOTO HEHWpPOHA, C KOTOpPOM CHUTHaj
(BO30YXKIEHUsI WJIM TOPMOKEHHUS) TOCTYMAeT Ha CHHAIICH CIEAYIOIUX HeWpoHoB. OOmui BUA
HElpOHa MPUBEJICH HA PUCYHKE 1.

BXoAkI CHHAaNCKHI ﬂ:ﬁE:::a AKCOH Beixon
- PR
X3 ()
- __w2
"""3_ o Ly
23 |_|--'_--__-
‘Wn

Puc. 1. MckyccTBeHHBIN HEHPOH

TCKYH_IGC COCTOSAHHC HeﬁPOHa OIIPCACIIICTCA, KaK B3BCILICHHAA CyMMa €ro BXOI0B:

n
S= Z Xi W . 1)
i=1
Brixos HelipoHa ecTh QyHKIHS €70 COCTOSHHA:
y=1(s) . (2)

Henuneiinas ¢ynkius f Ha3piBaeTCs aKTUBAIlMOHHOW M MOXKET MMETh PA3NMYHBIA BUJ, Kak
MOKAa3aHO HA PUCYHKE 2.
OnHoit 3 HamboJee pacpOCTPAHEHBIX SBIACTCS HENMWHEHHAs (YHKIUS C HACBHIIICHUEM, TaK
Ha3bIBaeMasi JIOTUCTHYECKast QYHKIHS Wi CUTMOU (T.€. QYHKIUS S-00pa3HOro BH/IA):
#_ (3)
1+e™™
[Ipu yMEeHBIIICHUU G.CUTMOWJ CTAaHOBHUTCS 0oJiee MOJIOTHM, B mpesene npu o=0 BBIPOXKIASICh B

f(x) =

TOPU30HTAJIBHYIO JIMHUIO Ha ypoBHE 0.5, IpH YBEIMYEHUH OLCUTMOMJ NMPHOIMKACTCS 10 BHEIIHEMY
BUAy K (QYHKIMM €IUHUYHOTO ckadyka ¢ moporoM T B Touke x=0. M3 BblpaxkeHus aus
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CUTMOU/IA0YEBHUIHO, YTO BBIXOJIHOE 3HAYEHUE HEMpOHa JieskuT B Auanaszone [0,1].

Y Y
1 1

X X
0T 0
a) 6)
1,Y Y

-1 ;0 X

B) r

Puc. 2. a) pyHkuus equHAYHOTO cKadka; 0) JIMHEHHBIH MOPOT (THCTEPE3UC); B) CUTMOU —
TUNEPOOTUYECKHUN TaHTeHC; T') curMou — hopmyna (3)

O/HO U3 IIEHHBIX CBOMCTB CUTMOUIHON (DYHKITUU — ITPOCTOE BBIPAKEHUE JIJIS €€ MPOU3BOTHOM:
') =a-f(x)-1-f(x)). 4)

CnenyeT OTMETUTD, UTO cUrMouaHas GyHkusa nuddepeHnrpyeMa Ha Bceil ocu abCIyce, 4To
UCIIONIB3YETCS] B HEKOTOPBIX anropuTMax oOyuenus. Kpome Toro, oHa o0aiaeT CBOMCTBOM yCUITUBAThH
cnalple CUTHAJBI Jydllle, 4yeM OoJbllne, U MPEeAOTBPAIlaeT HACBIIEHUE OT OOJBIIUX CUTHAJIOB, TaK
KaK OHM COOTBETCTBYIOT 00JIACTSAM apryMEHTOB, I'JIe CHTMOU UMEET TOJIOTHI HAKJIOH.

B xauectBe npumepa npocreiimeiit MHC paccmotrpum TpexHelpoHHblnepuenTpoH (puc.3), To
€CTh TaKyl0 CETh, HCUPOHBI KOTOPOW MMEIOT aKTUBAIMOHHYIO (DYHKIIUIO B BHUJE CIMHUYIHOTO CKAYKa.
Ha n BXOIIOB MOCTYIAlOT HEKHWE CUTHAJbBI, MPOXOMSAIIUE 10 CHHAIICAaM Ha 3 HEWpoHa, o0pa3yroiue
eIMHCTBEeHHbIN ciioi 3Toil MHC u Bbigaromye Tpy BhIXOIHBIX CUTHAJA!

y =13 w |, j=1.3 . 5)
i=1

Puc.3. OgHoC0MHBIN NEpLENTPOH

OueBunHo, 4to npouecc ¢pynknuonupoanus MHC, To ecTh CyIHOCTH JEHCTBHI, KOTOpPBIE OHA
crocoOHa BBITIOJIHATH, 3aBHCUT OT BCIMYHWH CHHAIITHYCCKHUX CB?I3CI>1, IMO3TOMY, pa3pa60TtH/H< CEeTHn
JOJIKEH HalTH ONTHUMAaJIbHBIE 3HAUYEHUS BCEX MNEPEMEHHBIX BECOBBIX KO3(1)(1)I/II_[I/IGHTOB OTOT dTaIl
HaszpiBaeTcst obydenmem MHC. Ha srame oOydeHuss kpome mapameTpa KadecTBa Mmoadopa BECOB
BOXHYIO POJIb UTpaeT BpeMs oOydeHus. Kak mpaBwio, 3T 1Ba mapameTpa CBsi3aHbl OOpaTHOM
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3aBHCHUMOCTBIO U UX IPUXOJUTCS BEIOMpATh HA OCHOBE KOMIIpOMHUCCA.

O6yuenne MHC wMmoxer BecTHCh ¢ yuuTeneM uiu Oe3 Hero. B mepBom cimyuyae cetu
NPEIBSABISIOTCS 3HAYCHHUS KAaK BXOJHBIX, TaK M JKEIATEIbHBIX BBIXOJIHBIX CHTHAJIOB, W OHa IO
HEKOTOPOMY BHYTPEHHEMY aJITOPUTMY IOJCTPAMBAET BECa CBOMX CHHAINTHYECKUX CBs3eil. Bo BTopoM
ciyuae Bbixoasl MHC ¢opmupyiorcs caMOCTOSATENBHO, a Beca H3MEHSIOTCS 10  alrOpUTMY,
YUUTBHIBAIOIIEMY TOJIBKO BXOJHBIC U MPOU3BOIHBIC OT HIUX CUTHAJIBI.

CymiecTByeT BEJIMKOE€ MHOXECTBO PAa3IMYHBIX AITOPUTMOB OOyuYeHHUS, KOTOphIE, OJIHAKO,
Jenarcs Ha JBa OOJBIIMX Kjlacca: JETePMUHHUCTCKME W CTOXacTHueckue. B mepBoMm u3 HHX
MOJICTPOMKA BECOB MPEJICTABISIET COOON KECTKYIO MOCIEeI0BATEIbHOCTh IEHCTBUN, BO BTOPOM — OHA
MIPOU3BOJUTCS HA OCHOBE JACHCTBHI, MOAUMHSIIONINXCS HEKOTOPOMY CIydaliHOMY MpOIlecCy.

13 pucyHka QyHKIIMH €JMHIYHOTO CKAayKa BUHO, YTO MOPOroBoe 3HaueHue T, B o0miem cinydae,
MOXET TPUHUMATh TPOU3BOJBHOE 3HAaueHHEe. boiee TOro, OHO [ODKHO NPUHUMATh HEKOE
IPOM3BOJILHOE, HEM3BECTHOE 3apaHee 3HaueHHe, KOTOPOe MOIONPAETCs Ha CTaIul 00yIeHUS BMECTE C
BEeCOBBIMH KO3(pdurmenramu. To ke camMoe OTHOCHUTCS W K IEHTPaIbHOW TOYKE CUTMOUWITHOU
3aBHCHUMOCTH, KOTOpasi MOKET CABHUIaThCS BIIPABO WJIM BJIEBO MO OCH X, a TaKXKe U KO BCEM JAPYTUM
AKTUBALIMOHHBIM (PyHKUUAM. DTO, OJTHAKO, HE oTpaxkeHO B (opmyre (1), koTopast momkHA Oblia Obl
BBITJISIICTH TaK:

S:Zn:xi-wi—T . (6)

Takoe cMenieHre 0ObIYHO BBOAMUTCA MyTEM JOOABICHUS K CJIOK0 HEHpPOHOB €lle OJHOI0 BXOJa,
BO30Y)KJAIOIIEro JOMOJHUTEIbHBIN CHHAINC KaXIOTO0 W3 HEHPOHOB, 3HAYEHHWE KOTOPOTO BCeraa
paBusietcs 1. [IpucBoum stomy Bxoay nomep 0. Torna

SZZn:Xi'Wi ' (7)

rae wo=—T, Xo= 1.
OueBuaHO, uto paznuuue popmyn (1) u (6) COCTOUT UM B CIOCOOE HyMEpaIK BXO/I0B.
PaGota Bcex cereil cBoauTcs K Kiaccudukanumu (00OOIIEHUIO) BXOAHBIX CHUTHAJIOB,
NPUHAIISKANIMX ~ N-MEPHOMY THIEPIPOCTPAHCTBY, IO HEKOTOpoMy uuciny kimaccoB. C
MaTeMaTHYECKOW TOYKH 3pEHHsl OTO TPOUCXOAUT TyTeM pa30MeHHsT THIEePIPOCTPAHCTBA
TUTIEPIUIOCKOCTSAMH (3aMHUCh JJIS CIydast OHOCIONHOTO NEPIENTPOHA)

in ‘W, =T, , k=1.m . (8)
i-1

Kaxnas momyueHHass o0iacTh sIBIsieTCs O0JIaCTbIO ONpEAETeHUs OTAENbHOTo Kiacca. Yucio
TakMX KIaccoB s onHoit MHC mepuenTpoHHOro Tuma He mpeBbimaer 2™, Ie m — YhCIO BBIXOOB
cetu. OTHAKO HE BCE U3 HUX MOTYT ObITh pa3znenumbl ganHon MHC.

Hanpumep, oIHOCTONHBIA MEpPUENTPOH, COCTOSIIMKA W3 OJHOTO HEHpOHA C JABYMS BXOJaMH,
NpeJCTaBICHHbBI Ha  pucyHke 4, He crmoco0eH  pa3lenuTh IUIOCKOCTh  (ABYMEpHOE
TUIEPIPOCTPAHOCTBO) HA JIBE MOJYMJIOCKOCTU TaK, YTOOBI OCYIIECTBUTH KiIacCU(UKAIIMIO BXOTHBIX
CUTHAJIOB 10 KjaccaM A u B (tabnuma).
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X4

Wy

Xz

Puc. 4. OnHOHEHPOHHBIUTIEPIICTITPOH

X1 X2
0 1
0 A B
1 B A
YPaBHeHI/Ie CCTHU IJIA 3TOro ciiydasd
X, oWy + X, oW, =T 9

ABIIIETCS YpaBHEHHEM IPSIMON (OJHOMEPHOU TUIEPIUIOCKOCTH), KOTOPask HU MPHU KaKUX YCIOBUSX HE
MOJKET pa3JIeUTh MIOCKOCTh TaK, YTOOBI TOUKU M3 MHOXECTBA BXOJIHBIX CHTHAJIOB, MPUHAJIeKAIIINE
pasHBIM KjIaccaM, OKa3aJKuch 0 Pa3HbIe CTOPOHBI OT IPSIMOi (puc. 5).

Paccmotpum Bompoc o0yuenus MTHC Ha mpumepe 0THOCIIONHOTO MEePIEITPOHA C PUCYHKA 3.

Xs

Puc.5. Buszyansnoe npencrasnenue padorst MHC

PaccMoTpuM anropuT™ 00y4eHus ¢ yUuTeneM.

1. ITpoMHMIIMANIN3UPOBATh JEMEHTHl BECOBOM MaTpuIllbl (OOBIYHO HEOONBIIMMHU CIyYailHBIMU
3HAYCHUSIMHU ).

2. IlogaTth Ha BXOJIbl OJJUH U3 BXOJHBIX BEKTOPOB, KOTOPBIE CETh JIOJKHA HAYYUTHCS pa3Inyarh,
Y BBIYUCIIUTD €€ BBIXO/I.

3. Ecniu BbIXO/ MpaBUIIbHBIH, NTepeiiTu Ha mmar 4.

Wuave BEIYMCIUTH pa3HUILY MEKY UCAbHBIM U MOJIyY€HHBIM 3HAUE€HUSIMU BbIXO/A:

o=Y, -Y . (10)
MoaudurupoBaTh Beca B COOTBETCTBUU C (hOPMYJIIONH:
w, (t+D) =w, (1) +v-5-x (11)

rae t u t+1 — HoMepa COOTBETCTBEHHO TEKYILEH U Cilenyrolle urepamuii; v — koo @HUIMeHT ckopocTi
o0yuenus, 0<v<1; i — HOMep BX0/a; j — HOMEep HEHpOHa B CJIO€.
OueBuaHO, uTto ecau Y/ > Y BecoBble KOI(D(PUIMEHTHI OyayT YBEIMYEHBI M TEM CaMbIM

yMeHbIIaT ommOKy. B mpoTWBHOM ciy4ae OHHM OYyIyT YMEHBIIEHBl, U Y TOXKE YMEHBIIHUTCA,
NpUOIIKAsACH K Y.



24

4. Iykn c mrara 2, moka ceTh He MepecTaHeT OMU0aThCA.

[MPAKTUYECKOE 3AJIAHUE
J1yist BEITIOJTHEHUS TIPAKTUUYECKON paboThl HEOOXOIUMO:
1. W3y4nTh TEOPETUUECKOE BBEACHHUE.

2. Pazpaboratp mnporpamMmHble  POLEAYPHI MOJIETIUPOBaHUsl  (PyHKIHOHUPOBAHUS
OJTHOCJIOMHOTO TIEPCENITPOHA U €r0 00Y4YEHHUsI Ha OCHOBE MPEIOKEHHOTO aITrOPUTMa
[TpoTecTrpoBaTh MporpamMmbl Ha 00yJarolIei BHIOOPKE JaHHbBIX.

[TpoBecTr aHanM3 BIUSHUS CTPYKTYPBl U MApaMETPOB CETH HA CKOPOCTh OOY4EHUSI.

How

4. YKA3AHMA 110 OPOPMIJIEHHIO OTUETA
N KOHTPOJIbHBIE BOITPOCDI

4.1. OTyeT no NpakTHIYECKOMATOPHOM paboTe TOJDKEH CONEePKaTh:

— HaMMCHOBAHHC U ILICJIb pa6OTBI;

— OIIKMCAaHHC IMPpOoHCCCa ITPOCKTUPOBAHUA OJIHOCJIOMHOTO IEpCCUTPOHA,
— JIMCTHUHT IIPOI'paMMBbI;

— PE3yJbTaTbl MOACIUPOBAHU.

4.2. KOHTpOJIbHBIE BOIIPOCHI K TPAKTUYECKON paboTe:

1. OObsicHUTE TEPMUHBI: HEWPOH, TepenaToyHas (YHKIWS, BXOJHOH HEHPOH, BBIXOJIHOU
HelpoH, HeHpOoCeTh.

2. YeM oTIIMYAIOTCS MIEPLUENTPOHBI C IPSIMBIMUA U OOPaTHBIMH CBSI3SIMU?

3. Uem oTiinyaetcst 00ydeHHe ¢ yuuTesieM oT 00ydueHus 0e3 yuurens?

4. Kakue cymecTByIOT METO bl 00yUeHHsI HEHPOHHBIX CeTei?

IpakTnyeckas padora Ne6.0O0y4ueHrne MHOTOCIOWHOTO MEPCENTPOHA C TIOMOIIBIO aJTOpUTMa
00paTHOTO PACIPOCTPAHEHUS OIIUOKH

1. OBILEE OIIMCAHUE PABOTbI
1.1. Henp paboTel - u3ydyeHHEe Mojenedl (YHKIHOHUPOBAHUSA U OOY4YEHHS] MHOTOCIOHMHOTO
NEepCeNTPOHA HA OCHOBE aITOPUTMA OOPATHOTO PACIPOCTPAHEHUS OLIMOKH.

1.2. Coneprxanue paboThl

[TpakTuyeckas paboTa COCTOMT U3 JOMAIIHETO U MPAaKTUYECKOro 3aaHuil. Jlomaninee 3ajanue
3aKJIIOYAeTCs B TEOPETHMYECKOM H3YYEHHM Tpolecca (YHKIHOHUPOBAHUS  MHOTOCIONHHOIO
HepcenTpoHa M MPOLEAyphl €ro oO0y4deHHs Ha OCHOBE alropuTMa OOpaTHOrO pacHpOCTpaHEHUs
omnOku. [IpakTHueckoe 3anaHue 3aKIHOYaeTCs B pa3pabOTKe IMPOrPaAMMHBIX CPEICTB, PEATU3YIOIIHUX
QJITOPUTM OOPATHOTO PACIPOCTPAHEHUS OLIMOKH.

2. JOMAIIHEE 3AJJAHUE
MHorocnoitHbIi nepcenTpoH. AJITOPUTM 00PaTHOTO PaCHpPOCTPAHEHUS OIIMOKU

Cpenu paznmuunbix ctpyktyp MHC omHolt u3 Hambosiee M3BECTHBIX SIBISETCS MHOTOCIONHAs
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CTPYKTYpa, B KOTOPOM KaKIIbli HEHPOH MPOU3BOJIBHOTO CJIOSl CBSI3aH CO BCEMU aKCOHAMHU HEMPOHOB
MPEeABIAYILEro CI0s WK, B ciiydae nepBoro ciosi, co Bcemu Bxogamu MHC. Takue MHC na3biBatotcst
MOJTHOCBSI3HBEIMU. Kora B ceTH TOJNBLKO OJIMH CIIOW, aIrOpUTM €€ OOYYEeHHS C yYUTENIeM JIOBOJIBHO
OYEBUJICH, TaK KaK IPaBWIbHBIE BBIXOJHBIE COCTOSIHUS HEMPOHOB €IMHCTBEHHOTO CJOS 3aBEAOMO
W3BECTHBI, U MOACTPOMKA CHHANTUYECKUX CBSI3EH WICT B HAMPABICHUH, MUHUMHU3HPYIOIIEM OIIHNOKY
Ha BbIXOZAE ceTd. [lo 3TOMYy HpPHUHIUIY CTPOUTCS, HANPUMEpP, AATOPUTM OOY4YEHHUS OJHOCIONHOTO
nepuenTpoHa. B MHOrOCIIONHBIX )K€ CETSAX ONTHUMAalIbHbIE BBIXOJHBIE 3HAUYEHUsI HEMPOHOB BCEX CJIOEB,
KpOME TMOCIEAHEero, Kak IMpaBWiO, HE HW3BECTHBI, U JABYX WU OoJyiee CIONHBIANEPLENTPOH YikKe
HEBO3MOKHO OOY4YUTh, PYKOBOJCTBYACH TOJIBKO BeluuMHaMu omnoOok Ha Beixonax MHC. Onun u3
BapHAHTOB PEILIEHUsI TOU MPOOIEMbI — pa3paboTKka HAOOPOB BHIXOJIHBIX CUTHAJIOB, COOTBETCTBYIOIINX
BXOAHBIM, Il Kaxjaoro cios MHC, uto, koHEUHO, SBIISIETCS OYEHb TPYAOEMKOH orepanuei u He
BCEr/la OCYIIECTBUMO. BTOpoil BapmaHT — JWUHAMHYECKas TMOJCTPOHKa BECOBBIX KOA(PPHUIIUEHTOB
CUHAIICOB, B X0JI¢ KOTOPOH BBIOMPAIOTCS, KaK MpaBuiio, Hanboyiee ciabble CBSI3W M U3MEHSIOTCS Ha
MaJIyIO0 BEJIMYMHY B Ty WM UHYIO CTOPOHY, a COXPAHSIOTCS TOJBKO T€ U3MEHEHHUS, KOTOPBIE MOBJIECKIN
yMEHbIlIeHHEe OMMOKK Ha BBIXOJE Bce ceTu. OYeBUAHO, YTO JAHHBIM MeTon "ThiKa'", HECMOTpS Ha
CBOIO KQXYIIYIOCS MPOCTOTY, TpeOyeT I'POMO3JKUX PYTHMHHBIX BBIYUCICHUU. M, HaKOHEN, TPeTuu,
OoJiee mpueMIIeMblil BapUaHT — pacpoCcTpaHeHue curuaiaoB omuoOku oT Beixo10B MHC k ee Bxoaam, B
HaIpaBlIeHUU, OOPATHOM MPSIMOMY PACIPOCTPAHEHUIO CUTHAJIOB B OOBIYHOM pekuMe paboThl. DTOT
anroput™ o0ydenuss MHC momyunn Ha3zBaHue mpoleypbl 00paTHOTO pacnpocTpaneHusi. IMeHHO oH
OyJIeT pacCMOTPEH B JaIbHEHIIIEM.

CormacHO METOJly HAaWMMEHBITUX KBAJPaTOB, MUHUMHU3HPYEMOH IIeNIeBON (QYHKIHMEH OIMMOKU
NHC siBnsieTcst BenuyuHa:

EW) =3 S0 ~d,,)" (12)

N o . > o
rue y}vp’ — pealbHOE BBIXOJJHOE COCTOSIHME HEHpOHA | BBIXOAHOTO cjosi N HEHpPOHHOH ceTu npu

rojlaye Ha ee BXOJbI p-ro 00pa3a; dj, — naeansbHoe (JKenaeMoe) BBIXOAHOE COCTOSHUE ITOTO HeHpoHa.

CymMMupOBaHHE BEAETCS MO BCEM HEWPOHAM BBIXOJHOTO CJOS M 1O BceM 00pabaThIBaeMbIM
ceTbio 0oOpa3zaM. MUHUMM3AIMS BEJETCS METOJOM I'PaJMEHTHOIO CIYCKa, YTO O3HA4aeT MOACTPOHKY
BECOBBIX KO3(PPHUIIMEHTOB CIETYIOINUM 00pa3oM:

cE
AW = — (13)
AN
31ech Wij — BECOBOI KO (PUIMEHT CHHANITUYECKON CBSI3U, COSUHSIONIEH 1-bIil HEHpOH ciost n-1

C J-bIM HEMPOHOM cJ10s N, 77 — KOAPPUIUMEHT ckopocTu o0yueHus, 0<n<l.
B Rt B (14)

3aechk mof Yj, Kak ¥ paHblle, IOApa3yMeBaeTCs BBIXOJ HEMPOHA j, a O] Sj — B3BEIICHHAs CyMMa
ero BXOJHBIX CHTHAJIOB, TO €CTh apIyMEHT aKTHBAIMOHHOHN (yHKiuH. Tak xak mMuHOXuTENs dy;/ds;
SBJISICTCSI TPOM3BOJIHOM ATOM (PYHKIIMM MO €€ apryMeHTy, W3 OTOTO CIEAyeT, YTO IPOU3BOIHAS
aKTHBAIMOHHOW (DYHKIIMS JOJDKHA OBITH OINpeAesieHa Ha Bceil ocu adciuce. B ¢Bsizu ¢ aTuM QyHKIIHS
AMHUYHOTO CKayKa M MPOYHe aKTUBALMOHHBIC (DYHKIMU C HEOAHOPOJHOCTSMHU HE MOAXOMST IS
paccmarpuBaeMbix MHC. B HuUX mpumeHSIOTCS Takue riiagkue (QyHKIMH, Kak TUMepOOoIMYecKuit
TaHTEeHC WJIHM KJIIACCUYECKUI CUTMOWM/I C DKCTIOHEHTOM. B ciydae runepOonnyeckoro TaHTeHea
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d
Y_q1-¢ (15)
ds
i : . - (n-1)
Tpetuit MHOXUTEND OSj/OWjj, OUEBUIHO, PABEH BBIXOLY HEHPOHA MPEIBIAYIIETo CIOs Vi .

Urto kacaercs nepBoro MHOXHTENS B (14), OH JIETKO pacKIIaJAbIBaeTCs CIEAYIOMUM 00pa3oMm:
E 20'5 e A 255 dye Wi (16)
j & k dSk & i & k dsk
3nech cyMMHUpOBaHUe 110 k BBIOTHACTCS Cpear HEHPOHOB ciost n+1.
BBens HOBYIO ITEpEMEHHYIO
& dy;
0’3/ ds;

s = 17)

() (n+1)
HoJy4aeTcs peKypcuBHas (OpMyily JUld PacueToB BEIMYMH &~ CJIOA N M3 BEJIUYUH Ok Oosee
crapuiero ciios nt1.
(n) (n+1) (n+1) dy] 18
. ds;

JIns1 BBIXOZHOTO K€ CI0st

d
R R (19)
ds,
Teneps MbI MOXkeM 3anucath (13) B pacKpbITOM BHUJIC:

(n) _ (n . y(-1)
AWg” =—-n-87" - : (20)

Wuornga ansg mnpupaHds Tpoleccy KOPPEeKIMH BECOB  HEKOTOPOW — MHEPIHMOHHOCTH,
CrIIQXXHMBAIONICH pe3KHe CKAayKd TpHU TEepeMEelIeHHH [0 MOBEPXHOCTH LejeBoi ¢(yHkiuu, (20)
JIOTIOJIHAETCS 3HAUCHUEM U3MEHEHMS Beca Ha peabIAyLIeH uTepaun

(n) _ (n) (n) _y,(n-1)
AW () = =17+ (- AW (E =D+ (1— 1) -6V -y ) L (1)

rae 4 — kK03 PHUINEHT HHEPIIMOHHOCTH, t — HOMEp TeKYIeH UTepaIuu.

Takum oOpa3zoMm, mosiHbli anroputM oOyuenuss MHC ¢ momomneio mporeaypbl oOpaTHOTO
pacupocTpaHEHUsl CTPOUTCS TAK:

1. Tlomatb Ha BXOIBI CETHM OJWH U3 BO3MOXHBIX O0pa3oB M B pPEXKHUME OOBIYHOTO
dbyuknuonupoanuss MHC, xorjga curHambl pacpoCTPaHSIOTCS OT BXOJOB K BBIXOJAaM, PacCUMUTaTh
3Ha4YeHUs nocieqHux. Hamomuum, uto

s = zyl(n D (22)

rae M — 4uciio HEMpOHOB B €i10€ -1 ¢ yd4eToM HEHPOHA ¢ NOCTOSHHBIM BBIXOJHBIM COCTOSIHHEM +1,
3a/IAf0IIET0 CMEIIECHHE,; yi(”'1)=xij(”) — i-BIif BXOJI HEHPOHA j CIIOS 1.
yi™ = f(5™), rme f() — curmom. (23)

e P (24)

rae lq — -as KoMIoHeHTa BeKTOpa BXOAHOTI0 00pa3a.
2. Paccunrars &V 151 BBIXOHOTO CIIOS 110 dbopmyne (19).
Paccuurats no popmysne (20) unu (21) u3MeHeHus BecoB A cros N.
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3. Paccunrats no dopmymnam (18) u (20) (wmm (18) u (21)) cooTBETCTBEHHO 8 i Av™ s Beex
OCTalIbHEIX ca0eB, n=N-1,...1.
4. CxoppextupoBath Bce Beca B UHC:

wi (t) = Wi (t — 1) + Aw” (1) . (25)

5. Ecnu ommbka cetu cyimecTBeHHa, mepei Ty Ha mar 1. B mpoTuBHOM ciydae — KOHell.
Cern Ha mare | momepeMEHHO B CIYYallHOM MOPSIKE MPEIbSIBISIOTCS BCE TPEHUPOBOUHBIE
00pa3bl, YTOOBI CeTh, 00pa3HO rOBOPS, HE 3a0bIBAIa OJTHU 110 MEPE 3aIIOMUHAHUS IPYTHUX.

3. ITIPAKTUYECKOE 3AJIAHUE

JJ1s1 BBINOJIHEHMSI TPAKTUYECKON pabOThl HEOOXOIUMO:

1. U3yunuts TEOpEeTHYECKHE OCHOBBI (DYHKIIMOHHUPOBAHUS MHOTOCIOHHOIO NEpCEnTpOHa U
aJITOPUTM OOYYEHHUs C UCIIOJIB30BAaHUEM IPOLEAYPbl 0OPAaTHOTO PacpOCTPaHEHHsI OILNOKH.

2. Pazpaborath mporpaMMHBIE CPEICTBA MOJICITUPOBAHUS paOOTHl MHOTOCIIOIHOTO IMEPCENTPOHA U
ero o0y4eHus: Ha OCHOBE 0OPAaTHOrO PacIpOCTPaHEHHsI OINOKH.

3. IlpoBecTn TecTHpOBaHUE MPOTPaMMBI Ha  OOyYaroleM MHOXKECTBE Uil PEUICHUs 3a/aud
pacrio3HaBaHMs OYKBEHHBIX 00pa3o0B.

4. IIpoananu3upoBaTh Nporecc 00y4eHUs U CAENATh BbIBOBI.

4. YKA3AHUA 110 OPOPMIJIEHUIO OTUETA
N KOHTPOJIBHBIE BOITPOCHI

4.1. OtueT no NpakTHUECKO paboTe JOKEH COJIePKaTh:

— HAMMCHOBAHWE U IIe]Ib PAOOTHI;

— ONHUCAaHWE anNropuTMa OOyYeHHS MHOTOCIOWHOTO WEPCENTPOHA HAa OCHOBE IPOLEAYPHI
00paTHOTO pacHpoCTpaHEHUs OIIUOKH;

— JIMCTUHT MPOTPAMMBI;

—  pe3yabTaThl IPOEKTUPOBAHUS MHOTOCIOHOTO MEPCENTPOHA.

5. KoHTposibHBIE BOIIPOCHI K IPAKTUYECKOM padore:

=

B uem 3akmtouyaerca 00ydeHre HEHPOCETH U 3a4e€M OHO HEOOXOAUMO?

2. K xakomy kinaccy oOydyeHHUsI OTHOCHUTCS OOy4YeHHE METOJ0M OOpaTHOIr0 pacHpOCTpPaHEHUs
OIUOKH — K 00y4eHHUI0 0€3 YUUTENsI WK C yunuTeaem?

3. B uem cyTh MeTO1a 0OPATHOTO PaCpPOCTPAHEHUS OIINOKHU?

[Toyuemy mOpsiIOK TpPEeABSIBICHUS NPUMEPOB B OOydYaIOIICH BBHIOOPKE MOXET BIHATH Ha

Ka4yecTBO 00ydeHus?

B yem npenmymiecTBa MeToa 00paTHOTO PACIPOCTPAHEHUS OTHOKH?

B yem ero Hegoctatku?

Kaxk BnusieT ymeHbIIIEHHE KOTMYECTBA BXOIHBIX HEHPOHOB Ha (DYHKIITMOHUPOBAHUE CETH?

Kakumu cBoiicTBamMM J0JDKHA 007a1aTh (PYHKIMS aKTHBAIIMK MIPU UCIOJIb30BaHUM aIrOPUTMA

00paTHOTO PAaCIPOCTPAHECHHUST OITHOKH?

B

NGO

IIpakTuyeckas padora Ne 7. MonenupoBanus anroputmo ooyuenus MHC 6e3 yuurens

1. OBILIEE OIIMCAHUME PABOTBI

1.1. Lenp paboThl — U3y4YeHUE U CPABHUTENBHBIA aHamu3 aaroputmoB oOydenuss MHC 6Ge3
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YUUTENS

1.2. Coneprxanue paboThI

[TpakTyeckas paboTa COCTOMT U3 JOMAIIHETO U MPAaKTUYECKOTo 3aaanuil. Jlomarnee 3aganue
3aKJII0YAETC B TEOPETUYECKOM H3YydeHMH anroputmoB obOyuenuss MHC 06e3 yuutens u oueHku
napamerpoB oOyuenuss MHC. IlpakThueckoe 3amaHue 3aKiioyaeTcs B pa3padOTKe Mporpamm
MojaenupoBaHus anroputMoB ooydenuss MHC 6e3 yuurens.

2. JOMAIIIHEE 3AJJAHUE
Anroputmsl 00yuenust MTHC Ge3 yuurens

Paccmotpennsiii  panee anroputMm oOydenuss MHC ¢ momompio mporenypsl 0OpaTHOTO
pacnpoCcTpaHEHUsl MOJpa3yMeBAaeT HAJUYME HEKOEro BHEIIHEr0 3BEHA, IPEJOCTaBISIOLIETO CETH
KpOME BXOJHBIX TaK K€ W IEJEeBbIE BBIXOJHBIE OOpa3bl. AJTOPUTMBI, MOJB3YIOIIMECS MOAOOHON
KOHIENIIMEH, Ha3blBAlOTCA aNropuTMaMud OOydyeHHss ¢  yuureneMmM. Jlosd WX  YCHENIHOTO
(GYHKIIMOHUPOBAHUSI HEOOXOAUMO HAJIMYUE SKCIEPTOB, CO3JAIOUINX HA MPEIBAPUTEIILHOM 3Tare s
Ka)KI0ro BXOJHOTO 00pa3a 3TallOHHBIN BHIXOAHOMW. [ TaBHas uepra, nenaromas o0ydeHue 0e3 yduTens
MIPHUBJICKATEILHBIM, — 3TO €ro "camocTrosTensHOCTh". [Iporiecc 00y4ueHus, Kak ¥ B cliydae OOyUICHHS C
YUHTENIEM, 3aKJIIOYaeTcs B IMOJCTpauBaHUM BECOB CHHANCOB. HekoTopele anropuTmsel, IpaBia,
U3MEHSAIOT U CTPYKTYpPY CETH, TO €CTb KOJMYECTBO HEHPOHOB U HUX B3aUMOCBS3U, HO TaKHe
npeoOpa3oBaHus NpaBUJIbHEE HAa3BaTh OoJiee MMPOKUM TEPMUHOM — CaMOOpraHu3aluell, U B paMKax
JAHHOW CTaTbU OHU paccMaTpuBaThCs He OyayT. OYeBUAHO, YTO TMOJICTPOMKA CHHAINICOB MOKET
MPOBOAMTHCA TOJILKO Ha OCHOBAaHMU MH(OpMAIIUU, JOCTYIHON B HEHpPOHE, TO €CTh €ro COCTOSHUS U
YK€ UMEIOIINXCSl BECOBBIX KOd(uiueHToB. Mcxons u3 3Toro coodpaskeHust U, 4to 6ojee BaXKHO, 1O
AQHAJIOTMM C M3BECTHBIMHU NPUHIMIIAMHM CaMOOPTaHU3allMi HEPBHBIX KIJIETOK, IOCTPOEHBI AJITOPUTMBI

o0OyueHus Xeb0a.
CurnanbHblii MeTOsl oOyueHust XebO0a 3aKiIr04aeTcsi B M3MEHEHUH BECOB IO CIIEAYIONIEMY
paBUILy:
_ (-1) |\, ()
w; () =w;t-D+a-y" 7 -y;Y (26)
rae yi(”'l) — BBIXOJJHOE 3HaueHHEe HeHpoHa i ciost (n-1), yj(") — BBIXOJIHOE 3HaU€HUE HEMPOHA | CIIOS n;

wij(t) m wij(t-1) — BecoBoii KoapHIIEeHT CHHAIICA, COSTMHSIONIEr0 TH HEWPOHBI, Ha UTepanusx t u t-1
COOTBETCTBEHHO; O — KOX((HUIIMEHT CKOpOCTH OOyudeHus. 37ech U Janee, Uisl OOIIHOCTH, MO N
noJipa3ymMeBaeTcs MPoU3BOJIbHBIN cioil cetu. [Ipu 00ydyeHnn no 1aHHOMY METOy YCHIIMBAIOTCS CBSI3U
MEX/1y BO30YKICHHBIMHU HEHPOHAMH.

CymectByeT Takxke u auddepeHnanbHbiii MeTo1 o0ydueHus: Xeboa:

wWi(®) = W (t=D) + e[y () -y P -] [y O -y (¢ - D] (27)

3necs Vi) u yi"Y(t-1) — BeIXOAHOE 3HaueHHe HeifpoHa i cnos n-1 COOTBETCTBEHHO Ha
uTepanusx t u t-1; yj(n)(t) u yj(n)(t'l) — TO K€ camoe JJs HelpoHa j cios n. Kak BugHO U3 dhopmysisl
(27), cunpHEee Bcero 0Oy4YarOTCsS CHHAIICHI, COSTUHSIONINE T€ HEHPOHBI, BHIXOJbI KOTOPBHIX Hambolee
JMHAMHYHO M3MEHIIINCH B CTOPOHY YBEJINYCHHUS.

[onHeIA anroputM OOy4YEHHUS! C MPUMEHEHUEM BBIIICTIPUBEICHHBIX (OpMYIN OyJeT BBITIISACTDH
TaK:

1. Ha craguu WHUIMANIM3AIMA BCEM BECOBBIM KOA3(D(HUIMEHTaM MPHUCBAMBAIOTCS HEOOJbIIHE
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CIIy4ailHbIC 3HAYCHUS.

2. Ha BXOJpl ceTH MoaaeTcst BXOAHOM 00pa3, U CHUrHalibl BO30YXKACHUS PACIIPOCTPAHSIOTCS 110
BCEM CJIOSIM COTJIACHO NMPHUHIMIIAM KJIAaCCHUECKUX IpsmMonoTouHbix (feedforward) cereii, To ecth ams
Ka)X/I0TO HEWPOHA PAaCCUMTHIBACTCS B3BEIICHHAs CyMMa €ro BXOJOB, K KOTOPOH 3aTeM NMPUMEHSETCS
aKTUBAIMOHHAsA (mepenaToyHast) GyHKIMS HEHpOHA, B pe3yJbTaTe 4ero IMOJy4yaeTcsi ero BBIXOJHOE
3HAYEHUE yi(”), 1=0...M;-1, rae M; — uucio HelipoHoB B cioe i; n=0...N-1, a N — 41cjI0 CJI0EB B CETH.

3. Ha ocHOBaHMM TOJIYYCHHBIX BBIXOJHBIX 3HAYCHHH HEUPOHOB 1o ¢opmyne (26) uiu (27)
MIPOU3BOJUTCS U3MEHEHHE BECOBBIX KOA(PDUIIMEHTOB.

4. Iuka ¢ mwara 2, noka BbIXOJHbIC 3HAUEHUS CETH HE 3aCTaOMIU3UPYIOTCS C 3a/J1aHHOM TOYHOC-
Tht0. [IpuMeHeHHne 3TOro HOBOro cmoco0a omnpeaeneHUs 3aBepllieHuss OOyYeHHs, OTIUYHOIO OT
UCTIOJIB30BABIIECTOCS VI CETH 00paTHOTO paclpoCcTpaHeHHs, 00yCIOBICHO TEM, YTO MOJICTPAauBacMbIe
3HAYEeHUS CUHAICOB (DAKTUYECKH HE OTpaHHYCHBI.

Ha BTOpOM mIare 1ukiia nornepeMeHHO NpeabsBISIOTCS Bce 00pasbl U3 BXOIHOTO Habopa.

Crnemyer OTMETHTH, YTO BHJ OTKJIMKOB Ha KaXKABIH KJIacC BXOJHBIX 00pa3oB HE M3BECTEH
3apaHee U OyJeT MPEACTaBIATH COOOM MPOU3BOIBLHOE COUYETAHWE COCTOSIHHMM HEWPOHOB BBIXOJHOTO
105, 00yCIIOBICHHOE CIIy4aliHbIM paclpeielieHUeM BECOB Ha CTa Iy MHUIMAIU3auu. Bmecte ¢ TeMm,
CeTh crocoOHa 06001maTh cXx0XKue o0pas3bl, OTHOCSA WX K OAHOMY Kiaccy. TecTupoBaHue 0Oy4eHHOMN
CETH TMO3BOJISIET ONPEAETUTh TOMOJOTHIO KJIAcCOB B BBIXOJHOM cioe. Jlyis mpuBeleHUs: OTKIUKOB
00y4eHHOH ceTH K yIOOHOMY IpEICTaBICHUIO MOXKHO JIOTIOJIHUTH CETh OJHUM CIIOEM, KOTOPBIH,
HampuMep, 10 aJNropuTMy OOY4YEeHHsT OJHOCIOHHOTO TepIenTpoHa HeOoOXOAMMO 3acTaBUTh
0TOOpakaTh BHIXO/IHBIE PEAKIIUU CETH B TpeOyeMble 00pasbl.

Hpyroit anroputm oOyueHust Oe3 yuutens — anroput™ KoxoHeHa — mnpegycMaTpuBaer
MOJICTPONKY CHHAICOB HA OCHOBAHHMH UX 3HAYEHUHN OT MpebIAyIlel HTepaluu:

W, (1) = w (= 1) + o[y —wy (t-D)]. (28)

W3 BelmenpuBeneHHONW (HOpMYNbl BUIHO, YTO OOyYE€HHE CBOAMTCA K MUHUMM3ALUN Pa3HMIIBI
MEXy BXOJHBIMH CUTHAJaMH HEHPOHA, MOCTYNAIOUIMMH C BBIXOJIOB HEHPOHOB NPEABIAYIIETO CIOs
yi(”'l), U BECOBBIMU K03()(UIIMEHTaMU €ro CUHAIICOB.

[TonHbIi anroput™ 00yyeHHsI UMEET MPUMEPHO TaKylo Ke CTPYKTYpY, Kak B MeTojiax Xe00a, HO
Ha 1are 3 u3 BCEro CIIOsl BEIOMPAETCsl HEHPOH, 3HAU€HHs] CHHAIICOB KOTOPOI'O0 MAaKCHMAJIbHO MOXOJAT
Ha BXOJHOM 00pa3, U mojcTpoika BecoB 1o (opmyse (28) mpoBOAUTCA TOJIBKO JJIA HEro. JTa, Tak
Ha3bIBacMasi, akKKpeIuTalisl MOKET COMPOBOXKIATHCS 3aTOPMAKMBAHUEM BCEX OCTAJIbHBIX HEHPOHOB
ClIOS Y BBEJEHUEM BBHIODAaHHOIO HEHpoHa B HachllleHHe. BpIOOp Takoro HelpoHa MOXKET
OCYIIECTBIISATHCS, HAIIPUMEP, PACYETOM CKAJISIPHOTO MTPOU3BEACHUS BEKTOpPA BECOBBIX KOI(PPUIIMEHTOB
C BEKTOPOM BXOJHBIX 3HaU€HUI. MaKkCUMaJIbHOE NPOU3BEACHNE JAET BHIMTPABLINI HEUPOH.

Jpyroit BapuaHT — pacdeT pacCTOSIHUSA MEKY STUMHU BEKTOPaMHU B P-MEPHOM IIPOCTPAHCTBE, T1IE

p_

p-1
Dj = Z(yi(nil) o Wij)2 ! (29)
i=0

r7e j — MHIEKC HeMpoHa B cloe N, i — MHAEKC CyMMHPOBAaHHUS IO HeifpoHaMm cnos (n-1), Wi — Bec
CUHAICa, COSAMHSIONIETO HEHPOHBI; BEIXOABI HEUPOHOB CJI0sI (n-1) SBISIOTCS BXOAHBIMU 3HAYCHUSIMU
s ciost n. Kopenb B hopmyne (29) 6parh He o0s3aTeNbHO, TaK KaK BaKHA JIMIIH OTHOCHUTEIbHAS
OLIEHKA pa3IuyuHbIX Dj.

B mannOM ciydae, "moOexxmaer" HEHPOH C HAWMEHBIIIUM paccTosiHueM. MHOT1a CIIMIIIKOM 9acTo
MOJTy4YaIONUe aKKPEeIUTAIUI0 HEUPOHBI MPUHYIUTEIBHO HCKIIOYAIOTCS M3 PACCMOTPEHHS, YTOOBI
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"ypaBHATH mpaBa" BceX HEHpPOHOB cinos. [IpocTeiinii BapraHT TaKOro ajJrOpuTMa 3aKJIHOYaeTcsl B
TOPMO>KEHUHU TOJIBKO UYTO BBIMTPABILIETO HEHPOHA.

ITpu ucnons3oBaHuM 00yueHuUs 1Mo anroputMy KoxoHeHa cylecTByeT IpakTUKa HOpMalu3auu
BXOJHBIX 00pa30B, a TaK )K€ — Ha CTaJUM MHUIHAIU3AINA — U HOPMAJU3aIlMi HA4YaJIbHBIX 3HAYEHUH
BECOBBIX K03(ppHIneHTOB.

o (30)

e Xj — i-as KOMIIOHEHTa BEKTOpa BXOHOI0 00pa3a Wik BEKTOPa BECOBBIX KOA(D(HUIIMEHTOB, a N — €ro
pPasMepHOCTh. DTO MO3BOJISIET COKPATUTH JUTUTEIBHOCTD Tpoliecca 00ydeHus!.

Wuuntmanu3anysi BECOBBIX KOAPPUIIUEHTOB CIy4alHBIMH 3HAYCHHUSIMA MOXET IIPUBECTH K TOMY,
YTO pa3jUYHbIC KJIACChl, KOTOPHIM COOTBETCTBYIOT IUIOTHO PACHpPEICIICHHbIC BXOJIHBIC 0O0pa3bl,
COJIBIOTCSI WJIH, HA00OPOT, pa3apo0sATCs Ha JONMOJTHHUTEIBHBIC MOJKIACCHI B CIy4ae OJU3KHX 00pa3oB
OTHOTO W TOTrO e Kiacca. J[is u30ekaHWs TakOW CHUTYallMd HCIOJIB3YETCSI METOJ BBIMTYKIIOH
koMOuHamu. CyTh €ro CBOJAUTCSA K TOMY, YTO BXOJHBbIE HOPMAJIU30BAHHBIE 0Opasbl MOJBEPraroTCs
npeoOpa3oBaHuIo:

1
X :a(t)-xi +(1—0((t))'T, (31)
n
rne X — I-as KOMIIOHEHTa BXOJIHOTO 00pa3a, n — olIiee Yucio ero KoMrnoHeHT, o(t) — koadduimenrt,

H3M€H5IIOH.[I/IfIC$I B IMponecce O6y‘{eHI/I$I oT HYJ'ISI A0 €IUHHIbI, B pGSYJ'IBTaTe YEero BHaA4YaJIC Ha BXOJAbI
CCTU IMOAAKTCA HpaKTquCKH OJINHAKOBBIC O6pa3I)I, a C TCUCHUCM BpCMeHI/I OHH BCC 60JII>HI€ CXOOATCA
K HCXOIHBIM. BCCOBI)IC KOE)(i)(l)I/IIII/IeHTI)I YCTaHaBJII/IBaIOTCH Ha mare #“WHUOHaJiIn3anuun paBHI)IMI/I
BCIIMYUHC
1
W, = —\/_ , (32)
n

IZI€ N — pa3MEPHOCTb BEKTOPA BECOB ISl HEHPOHOB MHULIUAIU3UPYEMOTO CIIOA.
3. [TIPAKTUYECKOE 3AJIAHUE

J71s1 BBIMOSTHEHUS TPAKTUUECKONW paboThl HEOOXOIUMO:

1. M3yuuTh TeOpeTHUECKHE OCHOBHI MPOEKTUPOBaHUS anroputMoB o0ydenus MHC 6e3 yuutens.

2. Pa3paboraTh MporpaMMHBIE MPOIEAYPHI, PEATH3YIONINE CUTHAIBHBIA U U depeHTnaTbHBINR
aropuT™Mel 00yueHust Xe60a, anroputm Koxonena.

3. IlpoBectu TecTupoBaHue pa3padOTAHHBIX MPOTPAMMHBIX CPEJICTB Ha BEIOOPKE TaHHBIX.

4. CpaBHUTB aJrOpUTMbl 00yueHHs 6e3 yuyuTess o ObICTPOJEHCTBUIO U CKOPOCTH CXOAUMOCTH
K TAJIOHAM.

4. YKA3AHUSA T10 OPOPMIJIEHUIO OTYETA
1 KOHTPOJIbHBIE BOITPOCHI
4.1. OT4eT no NpaKkTU4YECKO pabdoTe T0JKEH COJepKaTh:

— HaMMEHOBAaHUE U 11eJIb PaboThI;

— onucanue anroputmo ooydenust MHC 6e3 yuurens;

— JIMCTUHT NPOTPaMMBbl;

— pe3ynbTarhl paboThl MPOrpaMMbl IPOEKTUpOBaHUs anroputMoB oOyuenust MHC 6e3 yuunrens.

4.2. KoHTpoJIbHBIE BOIIPOCHI K MPAaKTUYECKOH paboTe:
1. Jlnsa xakux 1eneil mpoBOAUTCS HOpMaliM3alks BEKTOpa BXOIHBIX IMApaMETPOB MpPU O0yUEeHUH
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no anroputMmy Koxonena?

2. Kak MeHsIFoTCs Beca CHHAIICOB 110 TIPaBIITy 00y4ueHus Xe066a?

3. OObsicHUTE B YEM CYTh METOJA BBITYKJIOW KOMOMHAIMK IPU HACTPOMKE BECOB B AJITOPUTME
Koxonena?

4. KakoBbl OCHOBHBIE OTJINYUS METOJAa UHTEPHOJSLUN OT METO/A aKKpEIUTAllMKU B aIrOpPUTME
Koxonena?

8.3. TumnoBble KOHTPOJIbHbIE 3aJaHUsI WJIM WHbIe MATEePHAJbI I TPOBEICHHS
IMPOMEXYTOUYHOM ATTECTAIINH

dopma TPOBEACHHS MPOMEKYTOYHOW aTTECTAIMK 0 AWCIHMILIUHE: 3auem (no pe3yibmamam
HAKONUMENbHO20 petimuned Uil 8 (popme KOMNbIOMePHO20 MeCmMupo8aHusl).

Yemuo-nucomennas gpopma no sKk3amMeHayuoOHHbIM OuIemam npeonoaazaemcs, Kak npasuio, s
COauu aKademudecKkoll 3a00J1HCeHHOCMIL.

IlepeyeHb BONMPOCOB /1Jisl MOATOTOBKH K 3a4eTy

YK-6. CniocoGeH ynpaBJisiTb CBOUM BpeMeHeM, BLICTPAHBATh U PeaJIN30BbIBATH TPAEKTOPUIO
CaMOpPAa3BUTHS HA OCHOBE NPUHUMIIOB 00pPa30BaHUs B TeUeHUe BCeH KU3HU

1.  Mogenu uckyccrBeHHoOro HelipoHa. @yHkiuu aktuBanuu. HelipoH ¢ BEKTOPHBIM BXOOM.

2.  HckyccTBeHHble HEMpOHHBIE CeTH. ApPXMTEKTypa HMCKYCCTBEHHBIX HEHpOHHbIX cerell. Habop
CPEJCTB AJISl CO3/1aHUs, MHUIMAJIN3AalU1, O0y4eHUsl, MOJCIMPOBAHUSI U BU3YyaIU3al[UH CETH.

3. IlocTpoeHus cereil pa3zinMyHON apXUTEKTYphbl C MOMOLIbI0 HHCTPYMEHTAIBHOIO MPOrPaMMHOTO
nakera NeuralNetworkToolbox cucremsr MATLAB.

4.  Merolbl U aNrOpUTMbl 00YUEHUSI UCKYCCTBEHHBIX HEHPOHHBIX ceTeil. [ paqueHTHbIe anropuTMbl
00y4eHusI.

5. Aaroputmsl 00y4eHHs, OCHOBAHHBIE HA UCIIOJIb30BAHUU METO/IA COMPSHKEHHBIX IPaTUEHTOB.

6.  ApXHTEKTypa MepcenTpoHa M ClenualbHbIe (PYHKIUH ISl CO3JaHMs MEePCENTPOHa, HACTPOUKH
€ro BECOB M CMEIICHHI.

7.  Jluneiinble HelipoHHBIE ceTH. HacTpoiiku mapamerpoB o metoay Bynpoy-Xodda.

8.  Iloctpoenme u oOydyeHHE JHMHEHHBIX ceTel JuUIsl KJIacCU(HUKAIMU BEKTOPOB, JUHEHHOM
anmnpoKCUMalluM, NPEICKa3aHUs, CJIEeKEeHUs W (UIbTPAUMU CHUTHAJIOB, WICHTHUQUKAIUU U
MOJIEJIMPOBAHUS JINHENHBIX CUCTEM.

9.  PammanbHblie 6a3HMCHBIE CETH OOIIETO BU/IA.

10. ApxuTekTypbl paaMa’bHBIX Oa3UCHBIX HEHPOHHBIX ceTe oOlero BHJAa U CHELUAlbHbIE
(GYHKIMM JUIS MX CO3/1aHUSI M aBTOMAaTUYECKOW HACTPOIKU BECOB M CMEIICHUH.

11. TIpumeHeHHEe TaKuX ceTeH A KIacCU(PHUKAIIMKA BEKTOPOB U alMpOKCUMALUU QYHKIUI.

12. Pangmanpable O6azucHble cetn THia GRNN.

13. TIpumenenue GRNN ceteil ans pemieHus 3aad 0000IIEHHON perpeccuu, aHajan3a BPeMEHHbIX
PSAA0OB U alPOKCUMAUU (QYHKITHI.

14. PangunansHble Oa3ucHble ceTu TUITa PNN.

15. Pemenue 3amau knaccuduKai Ha OCHOBE MOACUETA BEPOATHOCTH MPUHAIJICKHOCTH BEKTOPOB
K pacCMaTpUBaEMbIM KJIacCaM.

16. Camoopranmsyronmxcsi ciou KoxoHeHa. ApPXHUTEKTYphl CaMOOPTaHW3YIONIUXCS HEHPOHHBIX
cioeB KoxoHeHa U crienuanbHble QYHKIUHU A UX CO3[aHUs, MHULMAIN3ALUH, B3BEIINBAHUS,
HAKOIUICHHU S, aKTUBAallM1, HACTPOUKH BECOB U CMEILIEHUH, alaliTallii U 00y4eHus.

17. TlpuMeHeHHe CaMOOPraHHU3YIOUIMXCS CIOEB JJIS HCCIEAOBAHHS TOMOJOTHMYECKOW CTPYKTYPHI
JAHHBIX, UX 00bEIMHEHUEM B KJIaCTephl (TPYIIBI) U paclpeieIeHHEM 0 KIacCaM.

18. Camoopranusyrommxcs kaptbl KoxoHeHa.
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[IpuMeHeHHEe CaMOOPraHM3YIOLMXCS KapT Ul pelIeHMs 3a1ad KiIacTepu3alliud BXOJHBIX
BEKTOPOB

Camoopranusyromuxcst LVQ-cetn. ApXUTEKTYpbl CaMOOPIaHU3YIOLMXCSI HEHPOHHBIX CceTeil
tuna LVQ u cnenuanbuble QyHKINUY UL UX CO3JaHUS, HACTPOUKH BECOB U O0yUYCHHUSI.
PexyppeHTHBIE HEHPOHHBIE CETH DIIMaHa.

ApPXHUTEKTYpbl PEKYPPEHTHBIX HEUPOHHBIX ceTel Xomnduina U crnenuanbHble QYHKIUU IS KX
CO3/1aHMUsI, B3BEIIMBAHUSI BXO/I0B, HAKOIIJICHUS U aKTUBU3ALUH.

[Ipumenenue cereit Xomdunaa s pemieHHs 3aad pacro3HaBaHUS OOpa30oB M CO3JaHUS
aCCOLIMaTUBHOM NIaMSATH.

[IpuMeHeHre HEWpPOHHBIX CETEH I MPOEKTUPOBAHMS CUCTEM YIPABICHHS JTUHAMHUYECKUMU
IIpoLeccamu

Kaxkyro posb BBIIOJHAOT 3HAHUSI CAHTAKCUYECKOI'O TUIIA, YTO OHU XapaKTEepU3YyIOT?

B uem cyTh ceMaHTUUYECKOTO 3HAHUSA?

Jls yero HeOOXOAMMO IparMaTHYECcKOe 3HAaHUE, YTO OHO MPeaonpeaeseT?

Kaxoit Bu 3HaHUI Ja€T MPEICTaBICHUE O CTPYKTYPE MOHITHI?

Kakyto posb BRINONHSIOT PYHKIIMOHAIbHBIC 3HAHUS?

Kak MOXHO 1oJIy4uTh Hay4HbIE 3HAHUSA?

UTo noHMMaeTcs Mo TEOPETUYECKUMU 3HAHUSMU U JIJIS1 Yer0 OHU MOTYT OBITh UCIIOJIb30BAHbI?
Jl1s 4ero Hy»XeH TEOpEeTUYECKUM ypOBEHb HAyYHOT'O 3HAHUS, UCIIOJIb3YEMbIM IpPU MOJArOTOBKE
Hay4YHbIX U TEXHUYECKHX MAaTE€pPUAJIOB B paMKaX IMPOBEJAEHUS UCCIEAOBAHUH ?

B uem cocTouT CyIIHOCTH SMIIMPUUECKUX 3HAHUI?

Kakoii BuJ 3HaHUS MOXKHO OTHECTHU K (hOpMaTU30BaHHBIM?

Uro npencrapisieT co0o0il MIaH HAYYHOTO HCCICI0BAHUS?

HazoBuTe OCHOBHBIE ATAlbl HAYYHOTO UCCIIEI0BAHUS, KOTOPbIE BHIMOIHIIOTCS B Hauane padoThl
110 MPEIIIOIAraéMOMY HaIPABICHHUIO

Onummre oOIIYyI0 CTPYKTYPY HAYYHOU CTaThH

Uro npencrasisier co00i mporpaMma Hay9HOTO UCCIIEAOBAHUS?

[Tosicuute, 4TOo BKIIOYaeT B ce0S TMOATOTOBUTENBHBIA STal MPOBEIACHHUS HAYyYHOTO
UCCJIEIOBaHUS?

[TpuBecTn mpuMep cocTaBa MPENNPOSKTHOIO HCCIEAOBaHUS Ais Oynaymied HH(OpMarmoHHO-
AHATUTUYECKOW CHUCTEMBI

Yro Takoe TpeyronbHUK dpere u AJid 4ero OH HYKEH?

VYKaxuTe OCHOBHBIE ATAllbl, KOTOPHIE XapaKTEPHBI PU CO3/IaHUU IKCIIEPTHBIX CUCTEM.
[TpuBeaure npumep Hanbosee OOLIMX METOI0B MPEICTABICHUS 3HAHUN B 3KCIIEPTHBIX CHCTEMax
J1st yero HEOOXO0IMMO B IKCIIEPTHOM CUCTEME XPAHUITUIIE 3HAHUN ?

Kakune metospl paboThI O 3HAHUAMU M3y4YaeT MHKEHEpHUs 3HAaHUN?

Kakue MeTo1pl HCTIONB3YIOTCS MPU TIOUCKE PEIICHUH B YCIOBHIX HEONpPEAeIEeHHOCTU?

Yro Takoe kapTa KoxoHeHa u a1 4ero oHa npumeHseTcs?

Kpartko onucate, B 4eM COCTOUT pab0OTa HEMPOHHOU ceTH?

Onucatb KpaTKo, 4TO MPEACTABJIICHO HA pPUCYHKE
Bxoabl Cunancsi

Avenxa
HelpoHa

AkcoH Beoixop

Urto Takoe HEHpPOHHAS CETh B CAMOM OOII[eM TTOHUMaHUH?
[TosicHuTh, KaKk MOXeT OBITh OMHCaHAa MOJENb MPEACTABICHHUS 3HAHUI C MOMOIIBIO JIOTUKU
MPEUKATOB.
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ChopmynupoBaTh HOHATHS HHTEUICKTYyaIbHOTO aHAM3a JAHHBIX M TPUBECTU INPUMEP €ro
IIPUMEHEHUS.
Hatp kpaTkyto xapakrepuctuky meroaoioruu CRISP-DM
Kak Ha3bIBaeTcs METOJ aHA/IM3a JAHHBIX, B KOTOPOM LIEJIBIO SIBJISETCS MOBBIILIEHHE TOYHOCTHU
npejackasanus.?
Hatb onpenenenue nHGOPMaMOHHO-aHATUTUYECKOMY 00ECIICUEHUIO.
N3 kakuX KOMIIOHEHTOB COCTOMT 3KCIIEPTHAsI cucTema?
Uro Ttakoe MH(]EpeHIMOHHAs MallMHAa U Kak ee pa3padorarb? OOOCHOBaTH BHIOOP BalIMX
METOA0B pa3paboTKN HH(EPEHIIMOHHONW MAIINHBI.
Ha ocHOBe BBINOJIHEHHOTrO MPEANPOCKTHOIO HCCIENOBaHUS clielaTb O0OCHOBaHHE BBIOOpa
TEXHOJIOTHI U KOMIIOHEHT CO3/1aBa€MOM IKCIIEPTHON CUCTEMBI.
Onumure Kakve MOTYT OBITh MPEANPUHSATHI IIark MO CO3/IaHUIO0 IKCIEPTHOM CUCTEMBI B O0IIEM
BUJIE.
Ji1s yero npuMeHsieTCsT «METOJ] OOPATHOTO PACIPOCTPAHEHUS U B UEM €r0 OCOOCHHOCTH?
Kakyto ponb urparot «Beca» pu NOCTPOEHUU HEMPOHHOM ceT?
OO6ocHyiiTe BBIOOp METOJOB OOY4YEHHS HEHPOHHBIX CETEH, KOTOpble MOXKHO PEKOMEHI0BATh K
IIPUMEHEHHUIO Ha TPAKTHKE
O6ocnyiite Bo160p BIAS? U 0cobeHHOCTH ee TPUMEHEHUS
[TosicHUTH pOJIH CMEIIEHUS B Ipoliecce 00yueHus] HeHPOHHOH CeTH
B kauecTBe = apXUTEKTYpHO-TEXHHYECKMX  pEUICHUH  MPEUIOKEHO  HUCIOJIb30BaTh
MH(}OPMaLlMOHHO-aHAJIUTUYECKYIO CUCTEMY, AATh €€ OIPEIEICHHE.
[IpuBecTu mpuMep OJHOTO U3 KJIIACCOB METO/I0B UCKYCCTBEHHOT'O MHTEIIEKTA
O030p HU3BECTHBIX NPOrPAMMHBIX M APXUTEKTYPHO-TEXHUYECKHX pELICHUH I0Ka3aj, 4YTO B
KAauecTBE AapXUTEKTyphl HEHPOHHOW ceTHu BHIOMpaeTCss MHOTOCIOWHBIM mepcentpoH. JlaTh
000CHOBaHKE TaKOTO BHIOOpaA?
Jy1st yero B HEMPOHHOM CETU MOKHO MPUMEHSATH HOpMYIy:

mN

——<WK m(N+1j(n+m+l)+m
1+log, N n

OnucaTte Ha3HAUYEHUE KAXA0I0 U3 €€ KOMIIOHEHTOB

Onumure npuMep U NPUHIUIBI BHIOOpA MPOMEKYTOUHBIX CIIOEB B MHOTOCIIOMHOM MEPCENTPOHE
MPL.

Onumure, Kak MOKHO OLEHUTh aJIeKBATHOCTh UMUTALIMOHHON MOJENH (HeueTKas MOJIeib) MPpU
BbIOOpe nHCTpyMeHTanbHoro cpeactsa [laker MATLAB FuzzyLogicToolbox

[TpuBenute mpuMe, Kakue HaBBIKM Pa3padOTKH apXUTEKTYypbl CHCTEM 3alIUThl MHGOpMaLUU
MOTYT OBITh C(OPMHUPOBAHBI METOJIAMH Pa3padOTKH MaTeMaTHUECKUX MOJIesIei?

[TosicHuTh, KakoBa OCOOEHHOCTh CMEIIaHHOTO 00Y4eHUH HEHPOHHOM ceTu.

JlaTp onpeneneHue yCTONYMBOCTb HEHPOHHOM CETH

Kakyro ponp wurpaer kmacrepusaiuss B o0JacTH aHanu3a JaHHBIX W Data Mining, mpu
MOJIEJIMPOBAaHUH 3AIIMILEHHBIX ABTOMAaTU3UPOBAHHBIX CUCTEM?

Kakoli marematnyeckuil anmapar, MHCTpYMEHTAJIbHbIE U MPOTPaMMHbBIE CPEJICTBA MOT'YT OBIThH
UCIIOJIb30BaHBI Il IPOEKTUPOBAHUS MH()OPMAITMOHHO-aHATUTUYECKUX U SKCIIEPTHBIX CUCTEM
[IpumeHeHne  MaTeMaTUYeCKUX  MOJENeH  HMHTEUIeKTyaJlbHbIX M HMH(OPMAalMOHHO-
AQHAJTUTMYECKUX CHCTEM IPH MPOEKTUPOBAHWU CHUCTEM 3alUThl WH(GOpPMAIMU BKIIOYAET
Hwuarpammsl 3ane. st 4ero oHu MPUMEHSFOTCS ?

Onwumure, kak GopMupoBaTh 0a3zy 3HaHUM M 0a3zy MpaBUi B 00JIacTH BbIOOpa KOH(UTyparuil u
cocTaBa HH(OPMALMOHHO-aHAIUTUYECKUX U AKCIIEPTHBIX CUCTEM

Yro sBNSETCS OCHOBOM JJIs MPOBECHUS onepanuii opMUPOBAHUS HEYETKOTO BBIBOAA

Onucarh NMpakTUYECKOe NPUMEHEHHE MEXaHHW3Ma HEYeTKOIo JIOTMYECKOTO BBIBOAA B 0OIIEM
BUJIE.

[TosicuuTh, KakoBa OCOOEHHOCTh CMEIIaHHOTO 00Y4eHUH HEHPOHHOM ceTu.



