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1. HIEPEYEHb IIVTAHUPYEMBIX PE3YJIbTATOB OBYYEHUA o
JUCHUIVIMHE, COOTHECEHHBIX C [IIJIAHUPYEMBIMH PE3YJIbTATAMU
OCBOEHUA OBPA30OBATEJBHOMN NPOT'PAMMBI

1.1. Ileab ocBOEHUS M CIUANIUHBI

I{enpr0 OCBOEHUS JUCLUIIIIUHBI SIBIISIETCS:

-(opMupoBaHue y oOydarolMXCsi KOMIETEHLMI, HEOOXO0AUMBIX JUIsl pelleHus 3ajad B cdepe
HCKYCCTBEHHOI'O MHTEIIJIEKTA;

-(opMupoBaHue y 00ydaroLIMXCsl YHUBEPCAIbHBIX KOMIIETEHLIMH, HANPaBJIECHHBIX HA Pa3BUTHE
HAaBBIKOB IIPOCKTUPOBAHUS HEUPOHHBIX CETEH.

1.2. IlepeyeHb MJIAHMPYEMBIX Pe3yJbTATOB 00y4eHUs MO JUCHHUIIUHE

Koa n HaumeHoBaHue Koa u nanmeHoBanue Ilnanupyemble pe3yJibTAThI OcnoBanne (IIC)
KOMIIETCHIUH HH/IMKATOPA 00y4yeHHs 110 JUCHUIIUHE * st
JAOCTHKEHUS] KOMIICTCHIIMH podecCHOHANBHBIX
KOMIIETEHIIAHI
VYK-6. Ciocoben NYK-6.1. Omnpepensier | 3Haet: OCHOBBEI  MammuHOro | Data Scientist,
YIPaBIATH CBOUM MIPHUOPUTETHI cOoOCTBeHHOH | 0OydeHHS W HCKyccTBeHHOro | Mmxenep
BpEMEHEM, JeSITeIbHOCTH, JIMYHOCTHOTO | MHTEIUIEKTa, BKIIIOYas OCHOBHBIE | MCKYCCTBEHHOI'O
BBICTPaNUBaTh U pa3BuTHs, O00pa30BaTEIBHOIO | KOHIICIIHY, ANTOPUTMBI u | uHTe/eKkTa (0a30BbIi
peann30BHIBaTh U poheCCHOHATIBHOTO POCTa; | METOJIBI, NPUHLUIBL  paboThl | YPOBEHB)
TPAECKTOPHIO MOIOMpPAeT CIOCOOBI PEIICHHsI | HEHPOHHBIX  CeTeH,  MOHATHS:
caMOpa3BUTHA Ha U CpeJICTBA Pa3BUTHUS, B TOM | apXUTEKTypa, ¢ynkuus | TpeOoBaHus — pbiHKa
OCHOBE IIPUHIUIIOB qucie B LUGPOBOi cpene aKTUBAallUM, ONTUMH3AaIMA U | TpyAa
o0Opa3oBaHU B NVYK-6.2. Bnagneer | perynsipuzauus TpeboBanus
TE4YEHUE BCEH JKU3HU TEXHOJIOTHSIMA M HaBBIKaMHU | YMeeT: coOuparh, oOpabarsiBaTh | paboTomaTenei
yIpaBIeHUSA cBOEH | M aHanm3WpoBaTh JaHHbIe a1 | OOoOImeHne
MTO3HABATENBHON o0y4eHUsT HEHpPOHHBIX  CETEH, | OTEYECTBEHHOTO u
JESITEAbHOCTBIO u ee | BKJIIoYas 3HaHUE METOJIOB | 3apyOe’KHOTO OIbITa
COBEpILEHCTBOBAHHUS Ha | mpenoOpaboTKu JIaHHBIX;
OCHOBE CaMOOIIEHKH, | paboTaTth ¢ OGONBIIUMHU 00BEMAMU
CaMOKOHTPOJISI M TNPHHLMIOB | JAHHBIX W 0a3aMu  JTaHHBIX;
camMo00pa30oBaHUsl B TEUEHHE | MPOEKTHPOBATH " o0yuathb
BCEH KU3HU HEHpPOHHBIE CETH, BKIIIOYAsl BBIOOD
U HacCTPOMKY UX apXUTEKTYphl, a
TaKke OOyYeHHE Ha pa3IMUHBIX
Ha0bOpax JaHHBIX
Baaneer: HaBBIKAMHU
MOJIEIUPOBaHUS HEHPOHHBIX
cetel, B cucteme MATLAB

2. MECTO JUCIHUILIMHBI B CTPYKTYPE OBPA3OBATEJIbHOM ITPOTPAMMBI

JucuumninHa oTHOCUTCA K YyacTH, (GOpMHUPYEMOIl ydacTHUKaMH 00pa30BaTeIbHBIX OTHOILIEHUH, bioka
1. AucuuniauHsl (MOIyau) nporpaMMbl 6akanaBpuata (Mo lysb JOMOJHUTENBHON crenuanu3aunu (1o
BbIOOpY) «HeilpoceTeBble TEXHOIOTMH UCKYCCTBEHHOT'O MHTEIIEKTA).



4
3. CTPYKTYPA U COAEP/KAHUE JNUCHUIIJINHBI
3.1. O0beM 1 CTPYKTYpa JMCHHILIHHBI

OO6mias Tpy10EMKOCTh JTUCHUILIMHBI cocTaBisieT 4 3.e. (144 yac.) ux pacnpeneieHue o BUIaM
paboT U ceMecTpaM Mpe/ICTaBICHO B TabIuUIIE.

Buabl yueOHBIX 3aHATHH U padoThHI 00yYaIOIIUXCS TpyaoeMKoOCTh, Yac
O01as TPY10eMKOCTh TUCHUILIHHBI, Yac 144/144
KonTtakTHas pa6oTa o0yyaommxcs ¢ nMpernojaaBaTejeM Mo BUAaM y4eOHbIX 46/10
3aHATHIl (Bcero), B T.4.:
3AHATHS JEKIMOHHOI0 THNA (JIEKIIHH) 18/4
3aHATHS CEMUHAPCKOro THIA (CEMHUHAPHI, IPAKTHICCKUE 3aHSITHS, IPAKTHKYMBL, 28/6
KOJUIOKBHYMBI U MHBIC aHAJIOTHYHBIC 3aHATHA)
JaGoparopHbie paboThI -/-
CamocTosiTe1bHasi padoTa Bcero, B T.4.: 98/130
CamomoIroTOBKa 10 TeMaM (pa3zesiaM) JUCITUTLTIHHEL 98/130
BrinosHeHNE KypcoBOTO ITPOEKTa /KypCOBOH pabOTHI -I-
KoHTpoJb (4achl Ha IK3aMeH, 3a4eT) -/4
IIpomeskyTOUHAas aTTeCTALUS 3a4er

[Ipumeuanue: - 0b6vem yacos coomeemcmeeHHO 01 OUHOU, 3A0UHOU hOpM 00YUeHUs.

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

B nmpomecce ocBoeHMs IUCHMIUIMHBI MOXXET IPUMEHSTbCA 3JIEKTPOHHOE OOy4YeHHe u
JUCTaHIIMOHHBIE 00pa30BaTebHbIE TEXHOJIOTHH.

B mponecce ocBoeHMs IUCHMILIMHBI OOydaromuecs oOecrnedyeHbl JOCTYNOM K 3JIEKTPOHHOMH
MH(}OpPMaLlMOHHO-00pa30BaTEIbHON Cpeie U NIEKTPOHHO-OUOIMOTEUHBIM CUCTEMAM.
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3.2. Coep:xaHue AMCHUILUINHBI, CTPYKTYPHPOBAaHHOE 110 TeMaM

IInanupyembie Buael yueoHoi padoTsl
pe3yJabTaThl KonrakTHasi padora = Dopmbi
OCBOEHUSI: 8 - & z TeKyIero
KOt S FEE|E8|5¢8
(hopmupyemoi HaumeHoBaHuUe pa3aenos, TeM S g% | & < WOHTPOJIH
= O S Y TR Z & (HauMeHOBaHH e
KOMHIETCHIHH H = 255 == 58 OILICHOYHOTI'0
HHANKATOPBI g E % £ 5| 88 M
B = S = s & Cpe/ACTBA)
JAOCTHKeHHS = S s é- 8| =
KOMIeTeHIHii = ° =
YK-6. Tema 1. O030p u aHaIN3 B 00JIaCTH Jlexums-
NYK-6.1 NPOEKTHPOBAHUS 3J1eMEeHTOB BU3yanu3anusa (B
NYK-6.2 HeHPOHHBIX ceTeil T.4. B OHOC)
1.0cobGeHHOCTH aBTOMATH3UPOBAHHOTO TectupoBanue 10
MPOEKTUPOBAHUS HCKYCCTBEHHBIX TeMaM
HEWPOHHBIX ceTel JIEKLIUOHHBIX
2. Mopens HelpoHa. an 3aHATHI
3. MHorocinoliHple CeTH NPSIMOTO
pacnpoCTpaHeHus: MHoOrocnonHslil.
Hepeménansie poOIEeMBI.
CamoopraHu3yronmecs KapThl
Koxonena. Monenu Teopuu
ajanTuBHOTO  pe3oHanca.  Cxema
HEHUpoHa
Ipakrunueckas  padora Ne 1. Oruér 1o
[IpoexTuposanue CTPYKTYPBI MIPaKTHYECKOH
OKCIIEPTHOM WM  WH(OpMaMOHHO- a1 pabote
AHAJIUTHYCCKOU CHUCTEMBI 1o
HHAUBUAYAJIbHOMY 3aJIaHUIO C
UCIIOJIb30BaHHEM MeTozosoruu SADT
CamocrosiTenbHas padoTa CamMocTosaTenbHOe
10/26 | M3Yuenue
y4eOHBIX
MaTepHaAJIOB
YK-6. Tema 2. OCHOBHBIE TPOrpPaMMHBIE Jlexums-
NYK-6.1 cpeacTBa peaqH3alid HeHPOHHBIX BU3yanu3anus (B
NYK-6.2 cereit 1.4. B OUOC)
4/1 TectupoBaHue 110
TeMam
JEKIMOHHBIX
3aHATUN
IIpakTuyeckass  padora Ne 2, Otuér o
IIpoextupoBanue CHUCTEMBI IIPAKTUYECKON
JIOTUYECKOT0  BBIBOJA  3HAHUU B pabote
obnactu HH(POPMAITHOHHOM a1
6e3omacHoOCTH Ha OCHOBE
NPOIYKIIMOHHOW MOJEIIM W METOJIOB
HeveTKoit oruku B EXcel
IIpakTnuyeckass pabdora Ne 3. Otuér 1o
Texnonorus pa3paboTku MIPaKTHYECKOM
MH()OPMALMOHHO-aHATUTUYECKON HIIH 4/1 pabore
9KCIIEPTHOH CHCTEMBI Ha  OCHOBE
nactpymerara MATLAB
CamocrosTenpHas paboTta CamMocTosaTenpHOe
18/26 | M3Yuenue
y4e0HBIX

MaTepHaJioB




Ilnanupyemble Buabl yueoHoi padoThl
pe3yJbTaThl KonTakTHas padora = Dopvisi
OCBOEHHSI: 5 o ° z TeKymero
Ko s EE|Zg|3¢8 y
¢opmupyemoii HaumenoBaHue pa3aenoB, TeM S 27| E < IOHTPOIH
= O 8 § F ® Z = (HauMeHOBaHUe
KOMIeTeHIIHU 1 = g3 EE|ES P ——
HHANKATOPHI 5 E E Z =5 S s M
) % = < = s 2 Cpe/acTBA)
JTOCTHKEHHS = S s é- = <
KOMIIeTeHIHIi = ©
YK-6. Tema 3. APXHTEKTYPbI HEHPOHHBIX Jlexnus-
NYK-6.1 ceTei. BU3yanu3anus (B
NYK-6.2 OnucaHue CTPYKTyphl U OpraHU3alUU T.4. B OMIOC)
CeTH, BKJIOYas KOJHWYECTBO CJIOEB, TectupoBanue 1O
HEWPOHOB B KaXAOM cl0€, (DyHKIUH 4005 TeMaM
aKTHBAIlMM, METOABl ONTHMHU3AIHNU H ' JEKIMOHHBIX
Jpyrue MapaMeTpsl. Hekoropeie 3aHATUH
APXUTEKTYPHI: IpsIMBIE,
PEKYpPpEHTHBIE, CBEPTOYHBIE
HEWPOHHBIE CETU
IIpakTuyeckas paGora N4, Otuér o
MopenupoBanue CHCTEMBI NpaKTHYECKOU
JIOTHYECKOTO BBIBOAA MpH pabote ¢ 4/1 pabote
bazoii 3nanuii
CamocrosiTenbHas padoTa CamMocTosaTenbHOe
U3y4YeHUe
20/26 YaeOHBIX
MaTEpHaAJIOB
YK-6. Tema 4. IlapagurmMpl 00ydeHnst Jlexums-
NYK-6.1 HEHPOHHBIX CeTeH. BI3yanmzanus (B
NYK-6.2 OcCHOBHBIC TOHATHS 00yUCHHS, 1.4. B O11OC)
napagurma oOy4eHus ¢ yauTesiem, oe3 TectupoBanue 1O
YAUTENS W CMEIIaHHasl. 4/0,5 TEMaM
Metoabl 00y4YeHHUST HEHPOHHBIX CETEH: JIEKLIMOHHBIX
o0paTHOE pacHpOCTpaHEHHE OIIMOKH, 3aHATHI
meToabl bonbimana, Komu, Xe00Oa u
Jpyrue.
IIpakTnueckas pa6ora Nos, Otuér o
MopaenupoBanue paboThI 4/1 MPaKTUYECKOU
0JTHOCJIOHHOTO MepCerTpoHa pabore
CamocrostensHas paboTa CamocrosiTensHOe
n3ydeHne
20/26 YaeOHBIX
MaTepHaJIOB
YK-6. Tema 5. OOyueHme HeHPOHHBIX Jlexums-
NYK-6.1 ceren. Bm3yasmzarus (B
NYK-6.2 IIpomece ompeneneHus ONTHMAIBHBIX T.4. B OM1OC)
3HAUYEHUHN apaMeTpOB CETH, KOTOPBIE 2/1 TectupoBanue 10
MHHUMH3UPYIOT omKOKH Ha TeMaMm
00y4aroInX JaHHBIX JIEKIIMOHHBIX
3aHATUN
IIpakTnyeckas pa6ora Ne6. Ortuér 1o
OO6yuenue MHOTOCJIOHHOTO 4005 MPaKTHIECKOH
MEepCenTpPOHa C TOMOIIBIO aJrOpUTMa ' pabote
00paTHOTO pacrpoCTpaHeHHUs OIINOKH
IIpakTHyeckasn pabora Ne7. Otuér 1o
MonenupoBaHus AJITOPUTMOB 4/0,5 MIPAKTUYECKON
o0yuenns MHC 0e3 yuutens pabote
CamocrostensHas paboTa CamocrosiTesnisHOe
30/26 | M3ydenne
yueOHBIX
MaTepuaoB
HUTOI'o 18/4 28/6 | 98/130

[Ipumeuanue: - 06vem yacos coomeemcmeeHHO 011 OUHOU U 3A0YHOU POPM 00VUeHUs
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4. METOANUYECKHUE YKA3AHUA JUISA OBYYAKOIIUXCA MO OCBOEHHIO
JUCIHUITIIUHbI

4.1. O6mue MeTOANYECKUE PEKOMEHIAINHU 10 OCBOEHUIO THCHUILIMHBI, 00pa3oBaTe/ibHbIE
TeXHOJIOTHH

JlMucuuIIMHA peau3yeTcs MOCPEICTBOM IPOBEICHHS KOHTAKTHON paboThl ¢ 00yYarolIMMUCS
(BKJTIIOYAst IPOBEZICHUE TEKYIIIETO KOHTPOJIS YCIEBAEMOCTH), CAMOCTOSTEIILHON paboThl 00y4aronuxcst
Y IPOMEKYTOYHOM aTTECTAIHH.

[Tpu npoBeeHNK y4eOHBIX 3aHATHI 110 AUCHUIUIMHE 00ECIIEYNBACTCS PAa3BUTHE y 00YJaIOIINXCS
HaBBIKOB KOMaHJHOW palbOThl, MEXJINYHOCTHON KOMMYHMKALIUW, TPUHATHA PEIICHUH, JTHIEPCKUX
Ka4yecTB (BKJIIOYAs TPOBEACHHE HHTEPAKTHBHBIX JIEKIWH, TPYMIOBBIX AUCKYCCHH, DPOJIEBBIX HWIP,
TPCHUHI'OB, aHAJIN3 CI/ITyaLII/II;'I U HMMUTAIIMOHHBIX MOI[CJICﬁ, npenoaaBaHue AUCHUILIMHBI B (bopMe
Kypca, COCTAaBJICHHOIO Ha OCHOBE pE3yJbTaTOB HAYYHBIX HCCIICJOBAHUM, MPOBOAMMBIX
YHHUBEPCUTETOM, B TOM YHCJIE€ C YYETOM PETHOHAIBHBIX OCOOCHHOCTEH mpodecCHnOHaATBHON
JIeATEIIbHOCTH BBIITYCKHUKOB U MOTpeOHOCTEl paboToaareneii).

HpeHOI[aBaHI/Ie AUCHUIINIMHBI BECACTCA C NPUMCHCHHUEM CJIICAYIOIIUX BHO0B 06pa30BaTeJIbHLIX
TeXHOJIOTHI1:

-0aNNbHO-PEUMUH208a5 MEXHONIO2USA OYEHUBAHUSL

= 9JIEKMPOHHOE O6yll€Hl/l€,'

JUiss OuleHKHM 3HaHWI, YMEHWH, HABBHIKOB M YPOBHS C(HOPMHPOBAHHOCTH KOMIIETEHIIMH I10
JUCLUIUIMHE TIPUMEHSEeTCs OaUTbHO-PEHTHHIOBas CHUCTEMa KOHTPOJISI M OIICHKU YCIIEeBa€MOCTHU
CTyJIeHTOB. B OCHOBY OayuIbHO-PEHTHHTOBOM CHCTEMBI IOJOKEHBI MPHUHIUIBI, B COOTBETCTBUH C
KOTOPBIMH ()OPMHUPOBAHUE PEHUTHHIA CTYAEHTa OCYIICCTBISETCS B XOJIE TEKYIIEro 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 /  NPAKMUYECKOUAMOPHbIM — pabomam U  6bINOJIHEHUS  3A0aHUll
CamMoCmossmenvbHol pabomol, a MaKxice K MepPONnpUsmusiM meKyujeco KOHmpOJis YCHesaemMocmu u
NPOMENCYMOYHOU ammecmayuu o OUCYUNIUHe.

4.3. MeToauueckue yKa3aHusi A5 00y4alomMXCcs 0 OCBOCHHIO TUCHMILIUHBI HA 3aHATHAX
CeMHMHAPCKOro THUIA/ HA MPAKTHYECKUX 3aHATHAX

[TpakTueckue (CeMHHApPCKHUE) 3aHATUS MPEICTABISAIOT COOON JAeTaau3aluio JIEKIMOHHOTO
TEOPETUYECKOI0 MaTepHala, IpPOBOAATCS B LIENAX 3aKPEIUIEHUs Kypca M OXBaThIBAlOT BCE OCHOBHbBIE
paznensl. OCHOBHOW (OpMOW TPOBEJACHUS CEMHHAPOB M TIPAKTUYECKUX 3aHATHUN  SBISICTCS
oOcyxieHue Haubosiee MPoOJIEMHBIX U CIO0XKHBIX BOIIPOCOB MO OTAEIBHBIM TEMaM, a TaKKe pelIeHue
3aJa4 U pa3doop MPUMEPOB U CUTYAIUH B ayAUTOPHBIX YCIOBUSX.

[TpakTuyeckue (ceMUHApCKUE) 3aHATHS 00YyYaIOIIMXCS 00ECIIeUnBaIOT:

- IPOBEPKY M YTOUHEHHUE 3HAHU, TOJIyUEHHBIX Ha JIEKIIMSIX;

- TIOJIy4€HUE YMEHUH U HaBBIKOB COCTABIIEHUS JOKJIAJI0B U COOOIEHHH, 00CYXIEHHs BOIPOCOB
1o yueOHOMY MaTepuanty AUCLUITIUHBL
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- MOJBEICHHUE WTOIOB 3aHATHUH IO PEUTHHIOBOM CUCTEME, COTJIACHO TEXHOJIOTMYECKOW KapTe
JVICIIATUTAHBIL.

IIpakmuyeckue 3aHAMUSL OP2AHUZVIOMCA, 8 MOM YUCle 8 opme NPpaKmuieckol no020MmoeKu,
KOMOopas npedycmMampusaem yyacmue o0y4aroumuxcs 6 blNOJHEeHUU OMOeIbHbIX dNeMEHMo8 pabom,
CBAZAHHBIX ¢ OYOyWell NpogheccUOHATbHOU 0esimelbHOCHbIO.

[IpakTHyeckass TMOATOTOBKA MpPEAyCMATPUBACT: M3yYCHHE MaTepualia Ha MPAKTUYCCKHX
s3aHaTusaX: Nel, No2, No3, Ne4, No5, No6, No7.

4.5. MeTonnueckne yKa3aHHs 110 CAMOCTOSATEJILHOM padoTe 00y4aromuxcs

CamocrosrenbHas paboTa 00ecreunBaeT NOArOTOBKY 00YYaromerocst K ayIMTOPHBIM 3aHATUSAM
U MEpONPUATUSAM TEKYLIEro KOHTPOJII U MPOMEKYTOYHOW aTTECTALlMU IO M3Y4aeMOH AUCLMILIMHE.
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 yuebHoil tumepamypuvl no Kypcy.

2. Pabomy c pecypcamu Unmepnem

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 oOyyaromuxcs 1o 3a04Hoi Gpopme 00yueHHs CaMOCTOATENIbHAS paboTa SIBJIIETCSI OCHOBHBIM
BUJIOM Y4€OHOU NESATEIbHOCTH.

Jis obecnieueHUs] CaMOCTOSITENIbHOW pabOThl OOYyYaroIMXCs MCIOJb3YEeTCs JIEKTPOHHBIN
yueOHbI# Kype, coznannbiii B DMMOC ynuBepcureta http://sdo.tolgas.ru/.

4.6. MeToauyeckne yKa3aHusi /ISl BBIIOJHEHUSI KYPCOBOro mpoekTa / padorbl (He
NMPeIyCMOTPEHO Y4eOHBbIM IUIAHOM).

5. YUEBHO-METOJUYECKOE W HWH®OPMAIIMOHHOE OBECIIEYEHUE
JUCHUTINHBI

5.1. IlepeyeHb OCHOBHOH M JONOJHUTEIbHON Y4eOHOW JHMTEPaTypbl, HEOOXOAUMON 1JIA
OCBOEHMS THCIMIIJIHHBI

Bes nuteparypa, BKIIIOYEHHas B JIaHHBIA TEpEYEeHb, MPEICTABICHA B BHJE DIEKTPOHHBIX
pecypcoB B 35eKTpoHHON Oubnnoreke yHusepcureta (3bC). JlutepaTtypa, ucnonabs3zyeMasi B Ie4aTHOM
BUJIE, IIPEJICTaBJICHAa B HAy4YHOI OMOIMOTEKEe yHUBEpcUTeTa B 00beme He MeHee 0,25 3K3eMIUIIpoB Ha
0JIHOTO 00yYaroIerocs.

OcHoBHas JInTepaTypa

1. AmngpeituukoB, A. B. HWHremnekryaibHble HWH(QOPMAIMOHHBIE CHCTEMBI U METO[BI
UCKYCCTBEHHOI'O WHTEJUIEKTa : y4el. A BY30B IO MHXXEHEPHOMY JIeNly, TEXHOJOTMSIM M TEXHHY.
HayKaM [0 HampaBJeHUsM NoJAror. marucrparypsl / A. B. AngpeituukoB, O. H. Annpeitunkosa. -
Joxyment read. - Mocksa : MTHOPA-M, 2023. - 530 c. - (Beicuiee o6pa3oBanue - Maructparypa). -
[Tpun. - URL: https://znanium.com/read?1d=417737 (mata oOpamenus: 21.12.2022). - Pexum
JocTyna: sl aBTopu3. monb3oBateneit. - ISBN 978-5-16-107381-0. - Tekct : 2IeKTpOHHBIH.

2. XmueaeHko, JI. B. Ilpaktuka HeilipoceTeBoro MojaenupoBaHusi : yde0. mocodme / JI. B.
XnuHeHko, @. A. Ilsarakosuu. - U3n. 2-e, crep. - JJokyment Reader. - Cankrt-IlerepOypr [u ap.] :
Jlanb, 2021. - 197 c¢. - (YueOuuku s By30oB. CrneuuanbHass Jnuteparypa). - URL:
https://reader.lanbook.com/book/173811 (mara oOpamenus: 17.03.2023). - Pexxum npoctyma: s
aBTOpH3. mosb3oBarenei. - ISBN 978-5-8114-8264-1 : 0-00. - TekcT : 271€KTPOHHBIH.

3. Pocrosues, B. C. UckyccTtBenHble HeiipoHHble ceTH : yuebnuk / B. C. PocroBues. - U3a. 4-
e, crep. - Jlokyment Reader. - Cankt-IlerepOoypr [u np.] : Jlams, 2024. - 214 c¢. - URL:
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https://reader.lanbook.com/book/364517 (mara oOpamenus: 11.03.2024). - Pexxum noctyma: is
aBTOpu3. mosib3oBaTene. - ISBN 978-5-507-47362-5. - TekcT : 37eKTpOHHBII.

JonoiHUTeILHAS JUTEpPaTypa

4. Cogetos, b. SI. UaTenneKTyanbHbIC CUCTEMBI U TEXHOJIOTHH : y4e0. JUIS CTYICHTOB BY30B I10
HampaBiaeHuto moArot. 230400 "Hudopm. cuctemsr u texHomormu" / b. 5. CosetoB, B. B.
exanoBckuii, B. JI. UYeproBckoit. - MockBa : Axamemus, 2013. - 319 c. : cxem. - (Boicmiee
npodeccuoHaibHOe oOpa3oBanue. bakanaBpuat. MHpopMaTruka U BeIUUCIUTENbHAS TexHUKA). - ISBN
978-5-7695-9572-1 : 600-00. - TekcT : HEenOCPECTBEHHBIA.

5. Octpoyx, A. B. CucreMbl HCKyCCTBEHHOTO MHTEIIEKTa : MoHOTpadus / A. B. Octpoyx, H.
E. Cypxoga. - 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 gocryna: mjs
aBTOpH3. nosib3oBareneit. - ISBN 978-5-507-47478-3. - TekcT : 3IeKTpOHHBIH.

5.2. IlpogeccuoHajibHble 0a3bl JAaHHBIX, HH(POPMALNUOHHO-CIPABOYHbIE CUCTEMBI,
HHTEepPHeT-pecypchl

6. Koncymprantllntoc [DnextpoHHbIi pecype]: CnpaBouyHas mpaBoBas cUCTeMa. - Pexum
nocrtymna: http://www.consultant.ru/.

7. DnexkTpoHHass OubauoreyHas cucrema [IOBOJIKCKOTO TOCYAAPCTBEHHOTO YHHMBEpPCUTETA
cepBuca [ DnekTpoHHbIi pecypc]. — Pexxum mocryma:_http://elib.tolgas.ru./ - 3ari. ¢ sxpaHa.

8. DnexTpoHHO-OMOMMOTEYHass cucTemMa Znanium.com [DJIEKTPOHHBIH pecypc]. - Pexum
nocryma: http://znanium.com/. — 3aru. ¢ skpaHa.

9. DnekTpoHHO-OMOMMOTEUHast cucteMa «M3marenscTBo JlaHby [DIEKTPOHHBIN pecypc]. -
Pexxum noctyma: https://e.lanbook.com/. — 3ar. ¢ skpaHna.

10. Hayunas osnekrponnas OubOmmoreka eLIBRARY.RU [DnekrtponHsii pecypc]. - Pexum
nocryna: http://elibrary.ru/defaultx.asp. - 3arn ¢ axpana.

11. OtkpeiToe oOpa3oBanue [DnekTpoHHbIH pecype]. - Pexum mocryma: https://openedu.ru/. -
3ary ¢ 3KpaHa.

12. Polpred.com. O630p CMMU. IlomHOTEekcTOBass, MHOrooTpacieBas 0aza maHHbIX (B/])
[DnexTpoHHsI pecype]. - Pexxum moctyna: http://polpred.com/. — 3ari. ¢ akpana.

13. ba3bl nanHbIX Bcepoccuiickoro MHCTUTYyTa Hay4HOM M TEXHHUYECKOW HH(pOpManuu
(BUHUTU PAH) no ectecTBeHHBIM, TOUYHBIM W TEXHHMUYECKMM HayKaM OJEKTPOHHBIM pecypc]. -
Pexxum nmocryna: http://www.viniti.ru. — 3aru. ¢ skpana.

14. Vuusepcurerckas nHpopMmannoHHas cucteMa Poccust [DnekTpoHHBIH pecype]. - Pexxum
nocryma: http://uisrussia.msu.ru/. — 3ari. ¢ 3kpaHa.

15. OdunmansHas cratuctuka. OpunuansHblil cailt degepanbHol cyXkObl TOCYAapCTBEHHOM
CTaTUCTHKH [ DJICKTPOHHBIN pecypc]. - Pexxum noctyma: https://www.gks.ru/ — 3ari. ¢ sxpana.

16. ®dunaHCcOBO-?KOHOMHUYECKHUE MOKazaTtenu Poccuiickoit deneparuu [DneKTpoHHBIN pecypc].
- Pexxum noctyma: https://www.minfin.ru/ru/statistics/ — 3ari. ¢ sxpaHa.

5.3. IIporpammHoe oGecnieuenue
NudopmanmonHoe obecneueHre ydeOHOro Ipolecca MO JUCHUIUIMHE OCYLIECTBISETCS C
HCIIOJIb30BAaHUEM  CIIEYIOIIEr0o MPOrpaMMHOTO o0ecnedeHus (JIMLIEH3MOHHOTO U CBOOOIHO
pacIpoCTpaHsIeMOro), B TOM YHCII€ OTEYECTBEHHOIO MPOU3BO/ICTBA:

Ne HauMmeHoBaHHne YcaoBus nocryna

n/n

1. Microsoft Windows U3 BHYTPEHHEH CeTH YHUBEpCUTETA (JIUIEH3MOHHBIN
JIOTOBOD)

2. Microsoft Office U3 BHYTPEHHEH ceTH YHUBepCcUTeTa (JIMIIEH3UMOHHBIH
JIOTOBOD)



http://www.ecorussia.info/ru
http://znanium.com/
http://www.polpred.com/
http://www.viniti.ru/
http://uisrussia.msu.ru/
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Ne HauMmeHoBaHHe YcaoBus xocryna

n/n

3. CJ10 MOODLE 13 JII000H TOYKH, B KOTOPOH MMEETCS JIOCTYI K CETH
Wurepuer (JIM1IeH3MOHHBIN TOTOBODP)

4. Bpayzep U3 J1000M TOYKU, B KOTOPOU UMEETCs IOCTYI K CETH

Hurepuer (cB0OOOHO pacrpocTpaHsIeMoe)
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6. OMUCAHUE MATEPUAJIBHO-TEXHUYECKOM BA3bl, HEOBXOJIUMOM 1]
OCYHIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLUECCA 11O JIUCIHUJINHE.

[ToMerienust mpeaCTaBIAIOT COOOW yueOHbIE ayAMTOPUH JAJS MPOBENEHUS y4eOHBIX 3aHSATHIA,
MPEeyCMOTPEHHBIX y4eOHBIM IUIAaHOM U paboyeill mnporpaMMol JIHUCHUIUIMHBI, OCHAIllEHHBIE
000py/1I0BaHUEM M TEXHUYECKHMHU CPENCTBAMU OOyUEHUS.

3aHATHA JIeKIIMOHHOTO0 THUNA. YueOHble ayJuTOpUM MJs 3aHATUH JIEKIMOHHOTO THUIIA
YKOMIUIEKTOBAaHBI ME0OENIbI0 ¥ TEXHUYECKUMH CPEICTBAMH O0yUEHHUSI, CITY KALIUMHU JJIs1 TIPEACTABICHHS
yueOHoli nH(popManuu (CTallMOHAPHBIE WU TIEPEHOCHbIE HAOOPHI IEMOHCTPAIIMOHHOTO 000pYI0BaHUS
(mpoeKTop, 3KpaH, KOMIIBIOTEP/HOYTOYK), y4eOHO-HArjsiiHble MOocoOMs (Ipe3eHTAlMd IO TeMam
JeK1uit), o0ecreunBaolie TeMaTHYeCKHe WILTIOCTPALUU, COOTBETCTBYIOIIME JAaHHON MporpaMmme
JVCLIATUTAHBL.

3aHATHA CEMHHAPCKOr0 THNA. YuyeOHbIE ayJUTOPUM [UIS 3aHSATHH CEMHUHApCKOro THUIa
YKOMIUIEKTOBAaHBI MEOENIbIO U TEXHUYECKUMU CPEJICTBAMH O0YUEHHSI, CITY>KallIMMU JJIs TIPEICTABICHUS
yueOHoii nHpopmanuu (CTallMOHAPHBIE WM IEPEHOCHBIE HAOOPHI AEMOHCTPALIMOHHOTO 000PYA0BaHUS
(IpoeKTOop, 9KpaH, KOMITBIOTEP/HOYTOYK).

[IpomexyTouHas arrectanus. /(s mpoBeneHUs MIPOMEKYTOUHON aTTECTALMU MO TUCIUILINHE
UCIIOJIb3YIOTCSl KOMITBIOTEPHBIE KJIACChl, OCHAILEHHBIE KOMIBIOTEPHON TEXHHUKOW C BO3MOKHOCTHIO
NOJKItOUeHUs: K ceTu MHTepHeT M oOecrmeueHueM J0cTyrna B DIEKTPOHHYI HH(OPMAIMOHHO-
00pa3oBaTeNbHYI0 Cpey YHUBEPCUTETA /WK ydeOHBbIC ayJqUTOPUH, YKOMILJICKTOBAaHHBIE MEOEIBI0 U
TEXHUYECKUMU CPECTBAMU O0yUCHHUSI.

CamocrosiTenbHass paGora. Ilomemenuss a8 caMOCTOSITENBHOM  pabOThl  OCHAILIEHBI
KOMIIBIOTEPHONH TEXHHKOW C BO3MOXKHOCTHIO MOJAKIIOUEHHUs K ceTH «VIHTepeHeT» U JOCTYyNOM K
AJIEKTPOHHOM  MH(OpPMAIMOHHO-00pa30BaTENbHOM  cpele  yHHBepcuTeTa. [l opraHuzanum
CaMOCTOSITENIbHOM paboThl 00YYAIOIIMXCS UCTIOTIB3YIOTCS:

KOMIIBIOTEPHbIE KJIacChl YHUBEPCUTETA;

Ooubnuoreka (Mequaszai), UMEOIIas MecTa JUisi 0Oy4YarolUXcsl, OCHAIICHHbIE KOMITBIOTEpaMH C
JIOCTYIIOM K 0a3aM JaHHBIX U ceTH VIHTepHeT.

JJleKTPOHHAsA MH(POPMALMOHHO-00pa3oBaTenbHas cpena yuusepcurera (QUOC). Kaxnprit
oOyJaromuiicss B T€YEHHE BCEro Mnepuosia 00yueHHsl oOecrieueH MHANBUAYAIbHBIM HEOIPaHUYEHHBIM
JOCTYIIOM K 3JEKTPOHHOM MH(pOpMaIMOHHO-00pazoBaTeabHOl cpeae yHuBepcurera (DUOC)
http://sdo.tolgas.ru/ u3 060 TOYKHM, B KOTOpPOM HMeeTcs JOCTyl K HH(pOpMalMOHHO-
TEJIEKOMMYHHUKAIIMOHHOH ceTu "VMIHTepHeT", Kak Ha TeppUTOPUM YHUBEPCUTETA, TaK U BHE €e.

OUOC ynuBepcuteTa 00€CIeynBaeT:

JOCTYIl K Y4eOHbIM IUIaHaM, paboyuM MporpaMMaM JAUCHUIUIMH (MoayJeil), mporpammam
NPAKTHK, OJJIGKTPOHHBIM Yy4YeOHBIM H3JIaHUSM U 3JIEKTPOHHBIM 00pa30BaTENIbHBIM pecypcam,
yKa3aHHBIM B pabouuXx MporpamMmax JUCHMILIMH (MOAYNEe), porpaMMax MpakTHK;

dbopMHUpPOBaHKE AIEKTPOHHOTO MOPTHOINO 00YJAIOMIErOCs, B TOM YUCIIE COXpaHEHHE ero padoT
Y OLIEHOK 32 3TH PalOTHI.

B cayuae peanuzanuu 00pa3oBaTebHON MPOrpaMMbl ¢ TPUMEHEHUEM DJIEKTPOHHOTO 00yUYeHUs,
JMCTAaHIIMOHHBIX 00pa3oBaTesbHBIX TexHonoruit JMOC nononHUTeIbHO 00eCTIeYnBaeT:

¢ukcanuoo xoaa 00pa3oBaTENbHOIO IPOIECCa, PE3YIbTATOB MPOMEKYTOUHOW AaTTECTalluu M
pe3yabTaTOB OCBOEHUS 00pa30BaTeIbHOI MPOrpaMMBbl;

IpoBeJicHNE YUeOHBIX 3aHATUHN, MPOIEAYp OLIEHKU Pe3yIbTaTOB 00yUEHUs, peaan3anus KOTOPBIX
OpeIyCMOTPEHAa C TPUMEHEHHUEM JJIEKTPOHHOIO OO0Y4YeHHUs, TUCTAHIMOHHBIX 00pa3oBaTeIbHBIX
TEXHOJIOTHH;

B3aMMOJICIICTBHE MEXY yJaCTHUKaMHU 00pa30oBaTeIbHOIO MPOLEcca, B TOM YHCIIEe CHHXPOHHOE
U (UJTM) aCHHXPOHHOE B3aUMOJAEHCTBUS mocpeacTBoM cetu "MHrepHer".
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7. OCOBEHHOCTH OPITAHU3AIINU OBYYEHUS JJIsA JINIY C
OI'PAHUYEHHBIMUA BO3MOKHOCTSAMU 3/10POBbS U NHBAJINIOB

[Ipu HeoOxomumocTu pabodas TporpamMma JUCIUIUIMHBI MOXET OBITH aJanTUpPOBaHA IS
obecrieyeHHss 00pa30BaTEIBFHOIO TPOIECCa WHBAIUAOB M JIMIl C OTPaHUYCHHBIMH BO3MOKHOCTSIMHU
3JI0POBbSI, B TOM YHCIIE JUIsl TUCTAaHIIMOHHOTO 0OyueHus. [l 3Toro Tpedyercs 3asBICHHUE CTYACHTA
(ero 3aKOHHOTO TPEJICTABUTENS) W 3aKIIOYCHHUE IICHXOJIOT0-MEIUKO-TIEarorHiecKod KOMHCCUU
(IIMIIK).

B cnyyae HeoOXoauMocTH, 00yUYarOMIMMCS U3 YHCIIa JIMIl C OTPaHUYCHHBIMH BO3MOXKHOCTSIMU
310pOBbsl (IO 3asiBIICHUIO OOydaromierocs) a Juisi HWHBAIKMAOB TaKKe B COOTBETCTBUU C
WH/IMBUYaJIbHOM MTPOTpaMMON peaOUINTAIlMy HHBAJIKMIA, MOTYT MPEAJIaraTbCs CICIyIOIUEe BApUAHThI
BOCTIpUATHUS yaeOHOU MH(DOPMAIIMH ¢ YI€TOM MX WHIUBUAYATBHBIX TICHXO(PU3NICCKIX 0COOCHHOCTEH,
B TOM YHCJIE C IPUMEHEHHEM DJICKTPOHHOT'O O0YYCHHUS U TUCTAHIIMOHHBIX TEXHOJIOTHIA:

- IS JUI] ¢ HapyIICHUSMHU 3pEHUsS: B IedaTHOW (opMe yBelIMueHHBIM IpupTOoM; B (hopme
3JICKTPOHHOTO JOKYMEHTa; B (hopme ayauodaiina (mepeBoa yueOHbIX MaTepHalioB B ayarnodopMmar); B
neyatHoil Qopme Ha s3bike bpaiinsg; WHIMBHIyadbHBIE KOHCYJIBTAIlMM C IMPUBICYCHUEM
TUQIIOCYPIOTICPEBOAUNKA; MHIMBUAYAIbHBIC 33/1aHUSI M KOHCYJIbTAIUH.

- IS JIMI] ¢ HApYIICHWSMH CiIyXa: B medaTHoi (opme; B (HopMe 3IEKTPOHHOTO JTOKYMCHTA;
BUZCOMATEpPHATIbl C  CYOTUTpaMHW;  WHAMBHUIYAIbHbIC  KOHCYJIbTAllMM C  TNPHUBJICYCHUEM
CYpAOTIEPEBOTIHNKA; MHIAUBHIYAILHBIC 32/IaHUST U KOHCYJIbTAIIHH.

- JUIS JIUI] C HapyYIICHUSIMH OMOPHO-ABHraTeILHOTO armapara: B nedatHou Qopme; B dopme
JIEKTPOHHOTO JOKYMEHTA; B popMme ayauodaiisia; MHIAUBHIYaTbHBIC 3a/IaHUS U KOHCYJIBTALIUH.
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8. OULHEHOYHBIE MATEPHUAJIbI (®OHJA OIEHOYHBIX CPEACTB) IJs
TEKYIIETO KOHTPOJISI YCIEBAEMOCTHU U IPOMEXYTOYHOM ATTECTAIIAU

8.1. OnucaHue moka3areseii M KpUTepHeB OLEHWBAHWS KOMIIETEHUHIl Ha pa3IUYHBIX
3Tanax ux (popMUPOBaAHUS, ONIUCAHHE IIKAJI OLCHUBAHUA.

JUiss OuleHKM 3HAHWM, YMEHWH, HAaBBHIKOB M YPOBHS C(OPMHUPOBAHHOCTH KOMIIETCHLIUH IIO
JUCLUIUIMHE TPUMEHsIeTCs OaJUIbHO-PEUTHUHIOBAas CHUCTEMa KOHTPOJS M OLEHKH YCIEBAEMOCTHU
CTYIEHTOB. B OCHOBY Oa/sIbHO-pEHTHMHIOBOM CHUCTEMBI IOJIOKEHBI IPHUHLIMIIBIL, B COOTBETCTBHU C
KOTOpbIMH (OPMHUPOBAHHUE PEUTHUHIA CTyJIEHTa OCYLIECTBISAETCS B XOJ€ TEKYLIEro KOHTPOJIS
ycrieBaeMocTH. MakcumanbHOe KomrudecTBo 0amioB 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
IIKaJIa OIEHKH OampHAs OampHAs nmudepeHpoBaHHASL HIIMPOBAaHHA

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

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

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
NPOMEICYMOUHOU ammecmayuu 6 COOMEEMCmeUul 3a HAOPAHHLIMU 34 cemecmp 6ariamu (no
HakonumenvHomy peumunzy). Cmyoenmam, HAOpaswiumM 6 xo0e mekyujeco KOHmMpOJisl YCnesaemocmu
no oucyuniure om 61 0o 100 b6annos u GvINOIHUSUIUM BCe 0OsI3aMeNbHbIE ULl 3ANIAHUPOBAHHBIX
VUeOHbIX 3aHAMUL, NO peueHulo npenooasameiss 6e3 NPoXOHCOeHUs NPOMENCYMOYHOU ammecmayuu
BLICMABISACNICSL OYEHKA 8 COOMBEMCMBUL CO WKALOU OYEHKU Pe3yIbmMamos 0C80eHUsL OUCYUNTUHDL.

Pesynomam o0o0yuenua cuumaemcsa c@opmuposannvim (ROGLIUIEHHDBIIL YPOBEHD), eCiu
meopemuyecKoe CoOepIcane Kypca 0C80€HO NOJHOCMbIO, NpU YCMHBIX cO0eced08aHUSIX CMYOeHm
ucuepnvigarouje, NOCie008amMeNbHO, YemKO U JIO2UYECKU CMPOUHO usiazaem Y4eOHblll Mamepuai;
C80000HO chnpagisgemcs ¢ 3a0a4amu, BONPOCAMU U OpyeUMU BUOAMU 3A0AHUL, MPedOVIOuuUX
NpUMeHeHUs 3HAHUL, UCNONb3Yyem 8 omeeme OONOJHUMENbHbIIL MaAmepuail, 6ce npedyCMOmpeHHble
paboueti  yueOHOU NPOSPAMMOU  3A0AHUSL  BLINOJIHEHbL 6 COOMEEMCMEUU C YCHMAHOBIEHHbIMU
mpebosanuaMu, CmyOeHm CHOCOOeH AHATUUPOBAMDb NOJLYYEHHble Pe3yIbmamvl,  NpOoseIsem
CaMOCmMOosIMeNbHOCMb NPU BbINOTHEHUU 3A0AHULL, KAYECMB0 UX GbINOJHEHUSI OYEHEHO HYUCIOM Dallo8
om 86 0o 100, umo coomeemcmeyem NOBLIUEHHOMY VPOBHIO CEHOPMUPOBAHHOCMU pe3YIbMAaAmos
00yuenus.

Pesynomam o0yyenusa cuumaemcsa cQopmuposannvim (ROpPo206vlil  YPOBEHy),  eciu
meopemuyecKoe coOepIucanue Kypca 0C80€HO NOJIHOCMbIO, NpU YCMHbBIX cO0eced08aHUSIX CMYOeHm
nOCe008aAMeNbHO, YemKO U JI02UYeCKU CMPOUHO uslacaem YYeOHull Mamepuai, CHpaeisemcs ¢
3a0ayamu, 60nNpocamu U OpyeuMu SuUoamMu 3a0aHull, Mpeoyrwux NpPUMeHeHUs 3HAHUU, 6ce
npedycmMompenHvle pabouell Y4eOHOU NpOpaAMMOU  3A0aHUsl BbINOJIHEHbL 6 COOMBEMCMEUU C
YCMAHOBNIEHHbBIMU MPeOOBAHUAMU, CMYOEHm CHOCOOEH aHANU3UPO8AMb NOJYYEHHble pPe3Vibmambl,
nposeisiem CamoCmosimenbHOCMb NpU BbINOJHEHUU 3A0aHULl, KA4ecmeo UX GblNOJHEHUSI OYEeHEHO
yuciom 6annos om 61 0o 85,9, umo coomeemcmeyem nopocoBOMy YPOGHIO CEHOPMUPOBAHHOCMU
pe3yIbmamos 00yueHus.

Pe3ynomam of0yuenus cuumaemcsa HecoOpMUpPOBAHHBIM, eclu CMYOeHm NpuU GbINOJHEHUU
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 coomeemcmeyem YCmaHO6/1€HHbIM mp€606aHI/l}lM, Kadvecmeo
6bINOJIHEHUSA OYEHEHO HYUCTIOM oannoe Hudxce 61, umo coomeenmcmeyent ()onopozoeomy YPOGBHIO.

@opMBbI TEKYIIEr0 KOHTPOJISl 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 pedTwHr (ygactTue B  KOH()EPEHIHSX, 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 A5 NpakTHdeckod padorsl Ne 1 mo mnocrpoeHuro ¢parmeHra
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 3KCIepTHOU CUCTEMBI?
. 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 ctagnu yKpyImHEHHO MOKHO pa30UTh TEXHUYECKUN TTPOEKT?

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

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

10. Kakx MO>XHO OIIEHUTh YPOBEHb 3aBEPIICHHOCTH dTana MPOeKTUPOBAHUS?

11. Kakyioo CTpyKTypy OKCHEpPTHOH WM WH(POPMAIIMOHHO-aHAIUTUYECKOW CHCTEMBI BBI
BbIOpasIy 10 UHIUMBUyaIbHOMY 331aHnI0? [10CHUTH 1 000CHOBATH CBOM BBIOOD.

12. Kakue mOpUHIMIBI U METOJbI aHalu3a MPEIMETHOW O0ONacTH HCCIeAOBaHUS ObLIH
MCIIOJIb30BaHbI?

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

14. Kakue mpeuMyIecTBa UHTENIEKTYAIbHBIX TEXHOJIOTUNH M CUCTEM ObUIM BHIOpaHBI MOCHE
IPEIIPOEKTHOTO HCCIIEA0BaHUsA?

15. Kakoit pe3ynbTat BHIIOTHEHHS MPAKTUYECKON paboThl OB TOCTUTHYT?

NN N R W=

IIpakTuueckas padora Ne 2. [IpoekTupoBaHHE CHCTEMbI JIOTUYECKOT'O BHIBOJIA 3HAHUI B
obsact MHPOPMAITMOHHON 0€30MacHOCTH Ha OCHOBE MPOAYKIIMOHHOW MOJEIN M METOJIOB HEYETKON
noruku B Excel

TunosBasi 3a1a4a VI BBINOJHEHUS] IPAKTHYECKON padoTsl Ne 2.

ens pabotsr: [lomydeHne nmpakTHYECKUX HABBIKOB TI0 MMPOSKTUPOBAHUIO MOiein MaMmianu B
EXCEL. 3aganbl quana3oHbl K3MEHEHHS BXOJHBIX U BBIXOJIHBIX MHOXECTB JUIsl MHAUBUAYATbHOMN
THUIIOBOH 3aJ1aun

Xon paboThI:

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

2. B aueiikax A10:A110 BBOXY 3HaueHus U3 auamnasona ot 20 go 120.

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

4. ITocne BBoAa (popmyI st 3aMOJIHEHUS BCETO JIMAIa30Ha 3HAYCHUI BBITIOTHSIO
aBTO3AIOJHEHUE.

5. 3ateMm cTporo rpaduk nepBoro HEYETKOr0 MHOKECTBA.

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

7. Hanee B sueiikax G10:1110 BBoXxY GopMyIibl 11l pacyeTa TPEYTroabHbIX (DYHKITHI
MPUHAJICKHOCTH BTOPOTO HEYETKOTO MHOKECTBA

Hlar 2. ®a33udukanuu BXOJHBIX HEYETKUX MHOKECTB.

1. g peanu3anuu JaHHOTO I1ara, Heo0xoauMo ¢ momoiisio BITP B 3aBUCHMOCTH OT YETKUX
3HAYEHUM apaMeTpoB X1 U X2 HAlTU CTENEHU IPUHAIIEHKHOCTH BXOJHBIX HEYETKUX MHOKECTB.
2. lns onpeeneHus cTerneneit npuHapiexHocTy B ssueliku AH117:AK 119 BBoxy Gopmybl.

3. B pe3ynbrate nanHoii onepanuu B siueiikax Al117:Al119 u AK117: AK119 Oynyt
O0TOOpaKeHBI 3HAUCHUSI CTETICHEH MPUHAITICKHOCTU K BXOJHBIM HEUETKUM MHOXKECTBAM.

Hlar 3. Co3nanue 6a3bl HeYEeTKUX NMPABUIL.

1. YtoObI onpeieuTh CTENEeHb BO3MOKHOCTH KaXKI0T0 mpasuia B nporpamme Excel nemaro
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 ¢popmupoBaHus 3aKIIOUEHUN HEUETKO-JIOTUYECKOTO BBIBOA, MOJIydaeTcsi Tpaduk
AKKYMYJISILIAH.

Hlar 5. Arperanus

1. B aueiikax AI10:AI110 BBOXY 3HAU€HHUS U MIOCTIE 3TOTO JI€at0 aBTO3aO0IHEHHE.

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

3. I'paduueckas nHTEpIpETALHS TTOJYUCHHBIX PE3YyIbTaTOB arperaiuy Mo3BOJISET BbIICTUTh
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 BBIXOTHOE 3HAUEHUE, TOJYYEHHOE C TIOMOIIBI0 MOJIENTH
Mampnanu. 3agaeTcst ypoBeHb MOTPEUTHOCTH JIJIsi CUCTEMBI JIOTHUECKOTO BBIBOJIA.

All112 =ECJIMOIIMBKA(AJ112;500)

3. Jlasiee ¢ moMoIIbIO s3bIKa MporpamMMmupoBanus VBA Moaenupyro paboTy HEUETKOTO BBIBOIA.
4. JInist 9TOrO HY)KHO HaxaTh KiaaBuinu Alt + F11 u BeiOpats komanay Insert — Module.
5. B Moaynu BCTaBIISAIO CAEAYIOIIUN TPOTPAMMHBIN KO

Sub hard_Def()

On Error GoTo ErrorHandler

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, OTPAKAOINUE CUCTCMbI JIOTUYCCKOTO BBIBOAA.

Bonpocul 013 06cyarcoenus:

1. [Toyemy B KauecTBE MPOEKTHUPOBAHUS KOMIIOHEHTOB KCIEPTHOM CHCTEMbI Obliia BHIOpaHa
IPOJYKIIMOHHAs MOJIENb?

2. llouemy B KauecTBE WHTEUIEKTYalIbHbIX TEXHOJIOTUNA OBbUIM BBIOPAHBI METObI
HCKYCCTBEHHOI'O HHTEJJIEKTa, B YaCTHOCTHU, METOJbl HEUYETKOW JIOTUKM U 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 uem coctout uaes anropurmMa Mampnanu?

6. [Tosicauth anroput™ GOpMUPOBAHMS CUCTEMbI HEYETKOTO BBIBOJA.

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

8. O6ocHOBATh BHIOOP MHCTPYMEHTAIBHOTO cpeacTBa Excel

9. Yto Takoe cuHarnchl? Kak OHM BIMSIOT HA HEHPO-CETEBYIO MOJIENb?

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
9KCIIEPTHOM cucTeMbl Ha ocHOBe MHcTpymeHnta MATLAB

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

[TpoucxoauT nanbHeIIee BBIMOJHEHUS TUIOBOM 3a1aun B cpeae Matlab.

[Tpoucxomut oOydeHue padOThl HEMpoHHOU ceTu. [lomydeHHOW B THIIOBON MpPaKTUYECKOU
pabote Ne 2.

Bonpocul ona 06cyscoenus:

1. B yem ocobeHHocTh TexHUYECKOro 3agaHUs ISl MPOJOJDKEHHS pEIIeHUs Mpeblayiien
3agaun (pe3ynpTar mnpakTHueckoi paborel Ne 2) B cpene MATLAB. Kakyio OCHOBHYIO Iielb
npecienyeT npoaomkenue pabotel B cpene MATLAB na ocnoBe mnctpymenta MATLAB Fuzzy
Logic Toolbox

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 (az3uuKarm-
nedas3upukanum.
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5. OO6ocHoBaTh BbIOOp (YHKIMA NPUHAUIKHOCTH: TPEYrojbHOM, TpamneuenaaabHOu,
rayccoBOM.

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

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

8. Tlokaszatrh pe3ynbTarhl (OPMHPOBAHMS CHCTEMbI JIOrMYecKoro BbiBojga B Excel wu B
MATLAB Fuzzy Logic Toolbox.

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

10. CdopmMupoBaTh KOHLENTYaJbHYI0 HJICI0 TEXHOJIOTUU pa3paboTKu HHPOPMAIMOHHO-
AHAJIMTUYECKOM WM DKCHEPTHOM CHCTEMBI HA OCHOBE armmapara HEYETKOW JIOTMKM M ajJropuTMa
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 JJIA T3 Ha IIPOCKTUPOBAHUC COOCTBEHHOTO
HHIUBUAYAJIBHOI'O 3aIaHUA Ha OCHOBC IMOJTYYCHHOI'O OIIBITA MPEABIAYIINX NPAKTHYCCKUX pa60T.

Bonpocut ons ob6cyscoenus:

1. [atb 0OOCHOBaHHOE TMOSICHEHHE CTPYKTYpbl (opMupyeMoil 0a3bl 3HAHUW Ha OCHOBE

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

00JacTH UCCIIeI0OBaHUS.

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

OIKCaHa MOJIENb MPEACTABICHHUS 3HAHUN C MOMOIIBIO JOTHKHU MPEIUKATOB

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

SKCIEPTHBIM CHCTEMaM, KOHIENTYaIbHBIM MOAXO0JaM K HX MPOCKTHPOBAHHIO, MPUHIUIIAM,

METOAaM, HHCTPYMEHTAJIBHBIM CPEJICTBAM U SI3bIKaM MTPOrPaMMHUPOBAHUSI.

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 alroputMa oOpaTHOTO

pacrpocTpaHeHHs.

6. Omummure npuMep W MPHHLIUIB BBHIOOpPA TMPOMEKYTOUYHBIX CIIOEB B MHOTOCIOWHOM

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 TWYOJUKAIMIO TI0 OTIACIBHBIM ()parMeHTaM BBITOIHEHHOM

MPAKTUIECKON PabOTHI U MOTYYCHHBIM MPAKTUUYECKUM YMEHUSM U HaBBIKaM.

IIpakTnyeckas padora NeS. MoaenupoBanue paboThl OTHOCIOWHOTO MEPCENTPOHA

1. OBIIEE OIITMCAHUE PABOTHI

1.1. Ilenp paboOThl - U3ydyeHUE OCHOBHBIX MPHUHIMIIOB (PYHKIIMOHUPOBAHUS OIHOCIONHOTO
[IEPCENTPOHA, IIOJIy4CHHUE IPAKTUYECKUX HABBIKOB I10 €0 IPOrPaMMHON pean3alui.

1.2. Coneprxanue paboThI

[TpakTudeckas paboTa COCTOMT U3 JOMAIIIHETO U MPAaKTUYECKOTo 3aaHuil. Jlomarinee 3ananue
3aKJII0YAETCSI B M3YYEHUU OCHOBHBIX ITOJIOKEHUH TEOPUM HWCKYCCTBEHHBIX HEWPOHHBIX CETEM,
NPUHLIMIOB (DYHKIMOHUPOBAHUS W MOJEIMPOBAHUS OJHOCIOMHOro mnepcentpoHa. Ilpaktuyeckoe
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3aJ]aHKe BKJIIOYAET pa3padoTKy MPOrPaMMHBIX CPEICTB MPOSKTUPOBAHHS OTHOCIOWHOTO TIEPCENTPOHA.
2. JOMAIIHEE 3AJJAHUE

OCHOBBI TEOPHH UCKYCCTBEHHBIX HEHPOHHBIX ceTeid. [IpHHINIBI ()yHKIIMOHUPOBAHUS
MOJEIMPOBaHUs IIEPCENTPOHA

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.

Aueiika

BHoAabl CHHanNCbl HelpoHa AKCOH Buixon
- P
S |
X2 (L
_ ._w2
w3_ o {_) Y
Xz T
.-"w“

Puc. 1. MckyccTBEeHHBIN HEHPOH

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

n
S= Z Xi W . 1)
i=1
Boixon HelipoHa ecTh QYHKIUS €r0 COCTOSHUS:
y=1(s) . ()

Henunetinas Qynkius f Ha3piBaeTCsl aKTUBAIMOHHOW M MOXET MMETh Pa3IMYHBIN BHUM, Kak
MOKa3aHO Ha PUCYHKeE 2.
OnHoit u3 Hanbosnee pacpOCTPAHEHBIX SBJSETCS HENWHEHHas (QYHKIUS C HACHIIIEHUEM, TaK
Ha3bIBaeMas JJorucTuyeckast QyHKIHS WM CUTMOMT (T.€. GyHKIMs S-00pa3HOro BUAA):
1
f(x) e 3)
[Tpr yMeHbBIIEHNH 0L CHTMOU CTAHOBUTCS 0OJiee TIOJIOTHM, B mpesene nmpu o=0 BBIPOXKIasiCh B
TOPU30HTANIBHYIO JMHUIO HA ypoBHE 0.5, IpU yBETUYEHUH O CUTMOUJ MPUOIMKAETCS 1O BHEIIHEMY
BUAY K (DYHKIIMM €IMHUYHOro ckauka ¢ moporoM T B Touke x=0. M3 BbIpakeHHs A CUTMOUJA
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OYEBHU/IHO, YTO BBIXOJIHOE 3HAYEHUE HEMpPOHA JIe)KUT B Auanaszone [0,1].

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

-1 ;0 X

B) p]

Puc. 2. a) yHkius eaMHUYIHOTO CKavka; 0) JIMHEHHBIN TOpOTr (TUCTEPE3HUC); B) CUTMOUT —
runepOoIMYeCKUi TaHTEHC; T) cUrMoul — opmya (3)

OnHO U3 EHHBIX CBOMCTB CUTMOUIHON (DYHKIIMU — MIPOCTOE BBIPAXKEHUE JIJISl €€ MMPOU3BOIHOM:
') =a-1(x)-(1-1(x)). (4)

Crnemyer OTMETUTB, YTO CHTMOUAHAs (GyHKIUs muddepeHpyeMa Ha Beeil ocu alcIyce, 4To
HCIIONIB3YETCSI B HEKOTOPBIX anropuTMax oOyuenus. Kpome Toro, oHa o0aiaeT CBOMCTBOM yCUITUBAThH
cnalble CUTHAJIbBI Jydllle, 4yeM OOoJIbIIue, U MPEeIOTBPAIACT HACBIIIEHHE OT OOJBIINX CUTHAJIOB, TaK
KaK OHU COOTBETCTBYIOT 00JIACTSIM apryMEHTOB, IIe CUTMOU/] UMEET MOJIOTU HAKJIOH.

B kauectBe nmpumepa npocreiieir MTHC paccmoTpum TpexHeHpoHHBIM nepientpoH (puc.3), To
€CTh TaKyl0 CETh, HCHPOHBI KOTOPOW UMEIOT aKTUBAIMOHHYIO ()YHKIUIO B BUJE CIMHUIHOTO CKAYKa.
Ha n BXOIIOB MOCTYIalT HEKHWE CUTHAJBI, MPOXOASIINE IO CHHAICaM Ha 3 HeipoHa, oOpa3yromiue
enuHcTBeHHbIN cioi 3Toii MHC u Bbgaroue Tpy BBIXOIHBIX CUTHAJA!

y; =12 x-w |, j=1.3 . (5)
i=1

Puc.3. OnHocoNHbBIN epHenTpOH

OueBunHo, uyto npouecc ¢pynkuronuposanus MHC, To ecTs cylmHOCTh AeMCTBHI, KOTOpbIE OHA
CIIOCOOHA BBINIOJHSATh, 3aBUCUT OT BEJIMYMH CHHANTHYECKHX CBS3EH, MOITOMY, pa3paboT4MK CeTu
JIOJDKEH HAWTH ONTUMAalbHbIE 3HAYEHUS BCEX IMEPEMEHHBIX BECOBBIX KOI((UIIMEHTOB DTOT 3Tan
Ha3bpiBaeTcsi oOyuennem MHC. Ha srtame oOydeHus kpome mapaMmerpa KadecTBa HOJ00pa BECOB
BOXHYIO pOJb WUIpaeT Bpems oOydenusa. Kak mpaBuio, 3T J1Ba mapaMmeTpa CBsi3aHbl OOpaTHOM
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3aBHCHUMOCTBIO U UX MIPUXOJIUTCS BRIOMPATh Ha OCHOBE KOMIIPOMHCCA.

O6yuenne MHC wmoxer BecTHCh ¢ yuuTeneM uiaud Oe3 Hero. B mepBoMm ciyuae cetu
NPEIBSABISIOTCS 3HAYCHHUS KAaK BXOJHBIX, TaK M JKEIATEIbHBIX BBIXOJIHBIX CHTHAJIOB, W OHa IO
HEKOTOPOMY BHYTPEHHEMY aJITOPUTMY TOJICTPAMBAET BECa CBOMX CHHANTHYECKUX CBs3eil. Bo BTOpom
ciydae Bbixoasl MHC ¢dopmMupyroTcs camMOCTOATENBHO, a Beca M3MEHSAIOTCA II0  alTOPUTMY,
YUUTBHIBAIOIIEMY TOJIBKO BXOJHBIC U MPOU3BOIHBIC OT HIUX CUTHAJIBI.

CymiecTByeT BEJIMKOE€ MHOXECTBO PAa3IMYHBIX AITOPUTMOB OOyuYeHHUS, KOTOphIE, OJIHAKO,
Jendarcs Ha JBa OOJBIIMX Kjlacca: JEeTePMUHUCTCKHE W CTOXacTHuYeckue. B mepBoM M3 HHX
MOJICTPOMKA BECOB MPENICTABISET COOON KECTKYIO MOCIEI0BATEIILHOCTh JAEUCTBUN, BO BTOPOM — OHA
MIPOU3BOJUTCS HA OCHOBE JACHCTBHI, MOAUMHSIIONINXCS HEKOTOPOMY CIydaliHOMY MpOIlecCy.

13 pucyHka QyHKIIMHM €JMHUYHOTO CKavyKa BUIHO, YTO oporosoe 3HaueHue T, B o0miem ciydae,
MOXET TPUHUMATh TPOU3BOJBHOE 3HAauYeHWe. bomee TOro, OHO [OHKHO MPUHUMATh HEKOE
IPOM3BOJILHOE, HEM3BECTHOE 3apaHee 3HaueHHe, KOTOPOe MOIONPAETCs Ha CTaIul 00yIeHUS BMECTE C
BeCOBBIMH KO3 durnuenramu. To Ke camMoe OTHOCHTCS M K IICHTPAIBHOH TOYKE CUTMOUJIHON
3aBHCHUMOCTH, KOTOpasi MOKET CIBHUTaThCSl BIIPABO WJIM BJIEBO MO OCH X, a TaKK€ U KO BCEM JIPYTUM
AKTUBALIMOHHBIM (PyHKUUAM. DTO, OJTHAKO, HE oTpaxkeHO B (opmyre (1), koTopast momkHA Oblia Obl
BBITJISIICTH TaK:

s=zn:xi-wi—T . (6)

Takoe cMelieHre 0OBIYHO BBOAMUTCS MyTeM J00aBIEHUS K CIIOI0 HEHPOHOB €lIe OAHOI0 BXOJa,
BO30YKIAIOIIET0 JOMOJHUTENBbHBIN CHHANC KaXXJIOT0 U3 HEWPOHOB, 3HAYEHHE KOTOPOTO BCEraa
paBusiercs 1. [IpucBoum stomy Bxony Homep 0. Toraa

s=ixi~wi , (7)

roe wo=—T, Xo= 1.
OueBunHO, yTo paznuuue popmyi (1) u (6) cocToUT UL B c1oco0e HyMepalH BX0/10B.
PabGora Bcex cereil cBoaurcs K Kiaccuukanuu  (00OOIIEHHIO) BXOJHBIX CHUTHAJIOB,
OPUHAAISKANIUX  N-MEPHOMY THIEPHIPOCTPAHCTBY, IO HEKOTOpoMy uuciay kiaccoB. C
MaTeMaTHYeCKOM TOUYKM 3peHHs 3TO MPOUCXOAUT IyTeM pa30MeHuss THIEepHpOCTPaHCTBA
TUIEPIIOCKOCTMH (3alMCh IS ClTy4asi OJHOCIOMHOTO MEPLENTPOHa)

D% Wy =T, k=l.m . (8)
i=1

Kaxxgas momydeHnHass oOmacTe sBisieTcss 00JacThiO OMpENeNeHHsl OTIAENbHOro kiacca. Ywcimo
TakMX KIaccoB s onHoit MHC mepuenTpoHHOro Tuma He npeBbimaer 2™, Te m — YhCIO BBIXOOB
cet. OTHAKO HE BCE U3 HUX MOTYT OBbITh pa3zfaenumsl nannoit MHC.

Hanpumep, omHOCIONHBIN MEPUENTPOH, COCTOAIIMM M3 OAHOTO HEWpPOHA C JABYMs BXOJAaMH,
MPEACTABICHHBIA HAa  PUCYHKE 4, HE CHOCOOEH  pa3leuTh  IUIOCKOCTh  (BYMEpHOE
TUTIEPIIPOCTPAHOCTBO) HA JIBE MOJYIUIOCKOCTH TaK, YTOOBI OCYIIECTBUTH KIACCH(DHUKAIIAIO BXOHBIX
CUTHAJIOB 110 KJ1accaM A u B (Tabnuia).
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X4

Wy

Xz

Puc. 4. OnHOHEWPOHHBIN MEPIETITPOH

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

ABIISETCS YpaBHEHHEM MPSIMON (OJHOMEPHOU TUIEPIUIOCKOCTH), KOTOPAask HU MPHU KaKUX YCIOBUSX HE
MOJKET Pa3JIeUTh MIOCKOCTh TaK, YTOOBI TOUKU M3 MHOXECTBA BXOJIHBIX CHTHAJIOB, MPUHAJIKAIIINE
pasHBIM KjIaccam, OKa3aJKuch 0 Pa3HbIe CTOPOHBI OT PSMOi (puc. 5).

Paccmorpum Bompoc 06yuenus MHC Ha mpumepe 0gHOCIONHOTO NEpLEenTPOHa C pUCYHKA 3.

Puc.5. Buszyansnoe npencrasinenue padorst MHC

PaccMoTpuM anropuT™ 00y4eHus ¢ yuuTeneM.

1. ITpomHMLIMANIN3UPOBATh JEMEHTHl BECOBOM MaTpHIllbl (OOBIYHO HEOONBIIMMHU CIyYailHBIMU
3HAYCHUSIMHU ).

2. IlogaTth Ha BXOJIbl OJJUH U3 BXOJHBIX BEKTOPOB, KOTOPBIE CETh JIOJKHA HAYYUTHCS pa3inyaTh,
Y BBIYUCIIUTD €€ BBIXO/I.

3. Ecniu BbIXOA MpaBUIIbHBIH, NTepeiiTu Ha mmar 4.

WHave BBIYMCIUTH pa3HUILY MEKY UCAbHBIM U MOJIYY€HHBIM 3HAUE€HUSIMU BbIXO/A:

o=Y, =Y . (10)
MoaudurnupoBaTh Beca B COOTBETCTBUU C (hOPMYJIION:
w; (t+) =w;(t) +v-o-% (12)

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, 4To ecnu Y| > Y BecoBble KOI(P(UIMEHTH OyAyT yBETHYEHBl M TEM CaMbIM
yMeHbIIaT OIMOKY. B mpoTuBHOM ciydyae oHM OynyT yMeHbIIEHBI, U Y TOXKE YMEHBIIMTCH,
npuOIKasiACh K Y.
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4. Iluka c mrara 2, Moka ceTh He MepecTaHeT OMn0aThCs.

[MPAKTUYECKOE 3AJIAHUE
J1yist BEITIOJTHEHUS TIPAKTUUYECKON paboThl HEOOXOIUMO:
1. W3yuuth TeopeTudecKoe BBEJICHUE.

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

[TpoBecTr aHanNM3 BIUSHUS CTPYKTYPBl M MApPaMETPOB CETH HAa CKOPOCTb O0yUYCHHS.

How

4. YKA3AHMA 110 OPOPMIJIEHHIO OTUETA
N KOHTPOJIbHBIE BOITPOCDI

4.1. OTyeT no NpakTHIYECKOMATOPHOM paboTe TOJDKEH CONEePKaTh:
— HaMMEHOBAaHUE U I11eNib PadOThI;
— oMMcaHue Ipoliecca MPOSKTUPOBAHUS OJHOCIOWHOTO MEPCENTPOHA;
— JIUCTUHT MPOTPAMMBI;
—  pe3yabTaThl MOJEIUPOBAHUS.

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?

IpakTuyeckas padora Ne6. OO0ydueHne MHOTOCIOWHOTO MEPCENTPOHA C TIOMOIIBIO alrOPUTMa
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 JOMAIIIHETO U MPAaKTUYECKOro 3aAaHuil. Jlomaninee 3ajanue
3aKJIIOYaeTCsl B TEOPETHMYECKOM H3YYEHHM Tpolecca (YHKIHOHUPOBAHUS MHOIOCIONHOIO
HepcenTpoHa M MPOLEAyphl €ro oO0y4deHHs Ha OCHOBE alropuTMa OOpaTHOrO pacHpOCTpaHEHUs
omnOku. [IpakTHueckoe 3anaHue 3aKIHOYaeTCs B pa3pabOTKe IMPOrPaAMMHBIX CPEICTB, PEATU3YIOIIHUX
QITOPUTM OOPATHOTO PACHPOCTPAHEHUS OIIMOKH.

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
MOJTHOCBSI3HBIMU. Koryia B ceTH TOJNBKO OJUH CIIOHW, aJITOPUTM €€ OOYYEHHUS C YIUTEIEM JI0BOJIHHO
OYEBUJICH, TaK KaK IPaBWIbHBIE BBIXOJHBIE COCTOSIHUS HEMPOHOB €IMHCTBEHHOTO CJOS 3aBEAOMO
W3BECTHBI, U MOACTPOMKA CHHANTUYECKUX CBSI3EH WICT B HAMPABICHUH, MUHUMHU3HPYIOIIEM OIIHNOKY
Ha BbIXOZE ceTd. [lo »TOMYy HpPHUHIUMIY CTPOUTCS, HANPUMEP, AITOPUTM OOY4YEHHUS OJHOCIONHOTO
nepuenTpoHa. B MHOrOCIIONHBIX )K€ CETSAX ONTHUMAalIbHbIE BBIXOJHBIE 3HAUYEHUsI HEMPOHOB BCEX CJIOEB,
KpOME TMOCJIEIHEro, Kak IpaBUJIO, HE M3BECTHBI, M ABYX WM OoJjiee CIOWHBIM MEepUEnTpOH YxkKe
HEBO3MOKHO OOY4YUTh, PYKOBOJCTBYACH TOJIBKO BelMuMHaMu omnoOok Ha Beixonax MHC. Oaun u3
BapHAHTOB PEILIEHUsI TOU MPOOIEMbI — pa3paboTKka HAOOPOB BHIXOJIHBIX CUTHAJIOB, COOTBETCTBYIOIINX
BXOAHBIM, 111 Kaxkjaoro cioss MHC, uro, KoHEUHO, SIBISIETCS OYEHb TPYIAOEMKOM omepanuer u He
BCEr/a OCYIIECTBUMO. BTOpoil BapuaHT — AWMHAMHYECKAs TMOJCTPOMKA BECOBBIX KO3(PPHUIIMEHTOB
CUHAIICOB, B X0JI¢ KOTOPOH BBIOMPAIOTCS, KaK MpaBuiio, Hanboyiee ciabble CBSI3W M U3MEHSIOTCS Ha
MaJIyIO0 BEJIMYMHY B Ty WU UHYIO CTOPOHY, & COXPAHSIOTCS TOJIBKO T€ U3MEHEHHUS, KOTOPBIE MOBJICKIN
yMEHbIlIEHHEe OMMOKK Ha BBIXOJE Bceil ceTu. OYeBHAHO, YTO JAHHBIIM MeTon "ThIKa", HECMOTPS Ha
CBOIO KQXYIIYIOCS MPOCTOTY, TpeOyeT I'POMO3JKUX PYTHMHHBIX BBIYUCICHUU. M, HaKOHEN, TPeTuu,
OoJee mpuemMIIeMblil BapHaHT — PaclpOCTpaHEeHHEe CUTHANIOB omnOku oT Beixoa0B MHC k ee Bxoaam, B
HaIpaBlIeHUU, OOPATHOM MPSIMOMY PACIPOCTPAHEHUIO CUTHAJIOB B OOBIYHOM PEXHUME padOThI. ITOT
anroput™ o0ydenuss MHC momyunn Ha3zBaHue mpoleypbl 00paTHOTO pacnpocTpaneHusi. IMeHHO oH
OyJIeT pacCMOTPEH B JaIbHEHIIIEM.

CoriacHO METOAy HAaWMEHBIIMX KBAJAPaTOB, MUHUMH3UPYEMOW IeJIeBON (YHKIHUEH ONIMOKH
NHC siBnsieTcst BenuyuHa:

EW) ==Y (" —d, ). (12)
X

N 9 . -~ o
rac yg,p) — PCAIbHOC BBIXOOHOC COCTOAHUEC HEMPOHA | BBIXOJHOI'O CJII0A N HCHUPOHHOU CCTHU IIPU

nojiade Ha ee BXOJbI p-To 00pasa; dj, — naeanbHOE (KenaeMoe) BBIXOAHOE COCTOSHHE 3TOT0 HEHpPOHa.

CyMMHpoBaHU€ BEIETCS MO BCEM HEHWPOHAM BBIXOJHOTO CJIOSl M MO BCeM 00pabdaThIBa€MbIM
ceThlo 0OpazaM. MuHUMM3AIUS BEAETCSI METOJAOM I'PaJIUEHTHOTO CITYCKa, YTO O3HAYaeT MOJACTPOUKY
BECOBBIX KO3(PPHUIIMEHTOB CIIEYIOIUM 00pa3oMm:

cE
AW =g — . (13)
a’ZNij
31echk Wijj — BECOBOM KOO(Q(MHUIIMEHT CHHAITUYECKON CBSI3U, COCMHSIONIEH 1-bIii HEHPOH citos n-1

C j-bIM HEHPOHOM cJ105 1, 77 — KO3 PUIHEHT CKOpocTH 00ydeHus, 0<n<l.

E®_EY A w4

3aechk mof Yj, Kak ¥ paHblIe, IOApa3yMeBaeTCs BBIXOJ HEMPOHA j, a O] Sj — B3BEIICHHAs CyMMa
€ro BXOJHBIX CHUTHAJIOB, TO €CTh apr'yMEHT aKTUBaLMOHHOW (yHkumu. Tak xak MHOoxutens dy;/ds;
SBJISIETCS TPOU3BOJHOM ATOM (YHKIMM 1O €€ apryMeHTy, U3 3TOro cjexyeT, 4YTO MPOU3BOJHAsS
aKTUBAIIMOHHOHN (DYHKIMS JOJDKHA OBITH OmpesenieHa Ha Bcei ocu abcuucc. B ¢Bs3u ¢ 3TuM QyHKIUs
€IMHUYHOTO CKauyKa M MPOYHE AaKTUBALMOHHBIE (DYHKIIMHU C HEOJHOPOJHOCTSIMHM HE MOAXOIAT JUIS
paccmatpuBaembix MHC. B Hux npumenstorcs Takue riajgkue (yHKIHMH, Kak THIepOOTuYecKuit
TAHT'€HC WM KJIACCUYECKUI CUTMOM/I C SKCIIOHEHTOH. B ciyyae runepOonnyeckoro TaHreHca
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Yoy g (15)
ds

Tpetuit MHOXHTEND OSj/OWij, O4€BUIAHO, PABEH BBIXOAY HEHPOHA MIPEIBIAYIIETO CIOS yi(n'l).
Uro kacaeTcs mepBoro MHOXKUTENS B (14), OH JIErKO pacKiIabIBacTCs CIASAYIONTUM 00pa3oM:
E E dy, &, zzé dy, WD (16)
d, TH s F T ds "
3n1eck cyMMHUpOBaHUeE 110 k BBIMOIHSIETCS cpeyd HeHpOHOB ciiosi n+1.
BBens HOBYIO NIEpEMEHHYIO

7)

Q) (n+1)
HOJTy4aeTcsl peKypcuBHas (OpMylly JUIs pacyeToB BEIMYMH &  CJIOS N U3 BEIMYMH Ok Ooee
crapuiero ciios nt1.
SM = 37 50D L (D dy; 18
D= 200w (18)
- ds;
JIns1 BBIXOZHOTO K€ CI0st

d
&m=<WM—¢ya§ (19)

|
Teneps MbI MOXKkeM 3anucath (13) B pacKpbITOM BHIE:

(n) _ (n) ,,(n-1)
W = =50y (20)

1
Wnorna pans  mnpuaaHus —I[poleccy KOPPEeKLIHMH BECOB  HEKOTOPOM  MHEPLHMOHHOCTH,
CrIIQXMBAIOIIEH pEe3KHE CKAayKd IpU MEpPEeMELICHUH I10 IMOBEPXHOCTH LeieBod ¢(yHkuuu, (20)
JIOTIONTHSIETCS 3HAYEHUEM U3MEHEHMsI Beca Ha IpeblIyllel uTepauu
(n) — (n) (n) , (-1
AW; (t)—_ﬂ‘(ﬂ'AWij (t_1)+(1_ﬂ)‘5j Y ), (21)

rae {4 — K03 PUIHUEeHT HHEPLUUOHHOCTH, t — HOMEp TEeKYIIelH UTepaltu.

Takum oOpa3om, moiHbiil aaroput™m obOyuenuss MHC c¢ momompio mpouenypsl 0OpaTHOTO
pacIpoCTpaHEHHUs CTPOUTCS TakK:

1. Tlomgatb Ha BXOIbl CETHM OJUH U3 BO3MOXKHBIX O0pa3oB M B pEXKHUME OOBIYHOTO
¢yuknuonupoBanust MHC, xorga curHanbl pacipoCTpaHSIIOTCS OT BXOJOB K BBIXOAAM, paccuuTaTh
3Ha4YeHus nociaeaaux. HamomMunm, 9o

M
S}”) = Z yi(n_l) 'Wi(jn) ) (22)
i—0

rae M — uncio HelipoHOB B cloe n-1 ¢ y4eToM HeipoHa ¢ MOCTOSHHBIM BBIXOAHBIM COCTOSHHEM +1,
1 . . .
3aaI0ILEro CMeleHue; Y )=Xij(n) — i-BIif BXOJI HEHPOHA j CIIOS 1.

y™ = f(5"), e f() — curmon, (23)
¥a?=1q, @)

rie lq— g-as KOMIOHEHTa BEKTOpa BXOAHOTO 00pasa.
2. Paccunrars &™) 15t BBIXOAHOTO €105 110 dbopmyre (19).
Paccunrars mo gopmyne (20) win (21) u3meHEeHUS BECOB AW™ crost N.
3. Paccunrars 1o opmynam (18) u (20) (wmm (18) u (21)) coorsercraenno & u AW™ s Beex
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OCTaJIbHEIX cl10eB, n=N-1,...1.
4. Cxoppekruposats Bce Beca B THC:

W () = W (t - 1) + AW (2). (25)

5. Ecnu ommbKa ceTH CylecTBeHHa, epeiTd Ha mar 1. B mpoTuBHOM ciyyae — KOHeI.
Cern Ha miare 1 momepeMeHHO B CIIy4aifHOM MOPSIKE MPEIbSBISIOTCS BCE TPEHUPOBOUYHBIE
00pa3bl, YTOOBI CeTh, 00pa3HO rOBOPS, HE 3a0bIBAIa OJTHU 110 MEPE 3aIOMUHAHUS IPYTUX.

3. [TIPAKTUYECKOE 3AJIAHUE

JJ1s1 BBINTOJIHEHMSI TPAKTUYECKON pabOThl HEOOXOIUMO:

1. U3yuuth TEOpEeTHYECKHE OCHOBBI (YHKIMOHHPOBAHUS MHOTOCIOHHOIO TepCenTpoHa H
aJITOPUTM OOYYEHHUs C UCIIOJIB30BAaHUEM IPOLEAYPbl 0OPATHOTO PacpOCTPaHEHHsI OINOKH.

2. Pa3paboTath mporpaMMHbIE CPEICTBA MOJICIIMPOBAHUS padOTHl MHOTOCIIOIHOTO MEPCENTPOHA U
ero o0y4eHusi Ha OCHOBE 0OPATHOrO PacIpOCTPAHEHUs OIIUOKH.

3. IlpoBectn TecTHpOBaHWE MPOTPaMMBI Ha OOyYaroIleM MHOXKECTBE IJISl PELICHUs 3a/aud
pacrio3HaBaHMs OYKBEHHBIX 00pa3o0B.

4. IIpoananu3upoBaTh Nporecc 00y4eHUs U CAENATh BbIBOBI.

4. YKA3AHUA 110 OPOPMIJIEHUIO OTUETA
N KOHTPOJIbHBIE BOITPOCBI

4.1. OtueT no NpakTHUECKO paboTe JOKEH COJIePKaTh:

— HaWMEHOBaHUE U e PaOdOTHI;

— ONHUCAaHWE anNropuTMa OOyYeHHS MHOTOCIOWHOTO NEpPCENTPOHAa HAa OCHOBE MPOLEAYPHI
00paTHOTO pacnpoCTpaHeHUsI OIIHOKH;

— JIUCTHHT NPOTPaMMBI;

—  pe3ynbTaThl MPOEKTUPOBAHMSI MHOTOCIOWHOTO TIEpCETTPOHA.

5. KoHTposibHBIE BOIIPOCHI K IPAKTUYECKOM padore:

1. B ueM 3axitouaeTcsi 00yuyeHue HeMpoceTH U 3a4eM OHO Heo0Xxo1umo?

2. K xakomy kinaccy oOydyeHHUsI OTHOCHUTCS OOy4eHHE METOJ0M OOpaTHOIO pacHpOCTpPaHEHUS
OIUOKH — K 00y4eHHUI0 0€3 YUUTENsI WK C yunuTeaem?

3. B uem cyTh MeTO1a 0OPATHOTO pacpoOCTPaHEHHs! OINOKHU?

[Touemy mOpSAIOK TpEABSBICHHUS TNPUMEPOB B oOydaromeld BBHIOOpPKE MOXKET BIHUSATH Ha

Ka4yecTBO 00ydeHus?

B yem npenmymiecTBa MeToa 00paTHOTO PACIPOCTPAHEHHUS OMIHOKH?

B uewm ero Henocratku?

Kak Bnusier yMeHbIIIeHHE KOJTMYECTBA BXOJHBIX HEHPOHOB Ha (DYHKIIMOHUPOBAHUE CETH?

Kakumu cBoiicTBaMu A0KHA 0071a/1aTh (YHKIUS aKTUBAIIUHU MPU UCTIOIH30BAaHUH alTOpPUTMA

00paTHOTO PAaCcIPOCTPAHECHHUST OMITHOKH?

B

NGO

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

1. OBILIEE OIIMCAHUME PABOTBI

1.1. Henp paboThl — M3y4eHHE | CpPaBHUTENbHBIM aHanu3 aaroputmoB oOyuenuss MTHC Oe3
YUUTENS
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1.2. Coneprxanue paboThI

[IpakTHueckas paboTa COCTOUT U3 JOMAIIHETO U MPAaKTUUECKOro 3ajaHuil. JloMaliHee 3ajaHue
3aKJII0YAETC B TEOPETUYECKOM H3YydeHMH anroputmoB obOyduenuss MHC 6e3 yuutens u oueHku
napamerpo o0yuenuss MHC. Ilpaxktudeckoe 3amaHHe 3aKiodaeTcs B pa3pabOTKe IMIPOTrpaMm
MojenupoBanus anroputMoB ooydenus MHC 6e3 yuutens.

2. JOMAIIHEE 3AJJAHUE
Anroputmbl o0yuenust MHC 6e3 yuurens

Paccmotpennsiii  panee anroputm obOydenuss MHC ¢ momompio mporenypsl 0OpaTHOTO
pacrnpoCTpaHEHHUs] IOJPa3syMEBAET HAJIMYME HEKOEr0 BHEIIHETO 3BEHA, MPEIOCTaBIISAIOLIEIO CETH
KpOME BXOJHBIX TaK K€ W IIEJICBBIC BBIXOJHBIE OOpa3bl. AJTOPUTMEI, IOJIB3YIOMIAECS MOAOOHOM
KOHIENIIMEH, Ha3blBalOTCA aNropuTMaMud OOydyeHHss ¢  yuureneMm. Jlosd WX  YCHENIHOTO
(GYHKIIMOHUPOBAHUSI HEOOXOAUMO HAJIMYME SKCIEPTOB, CO3JAIOUINX HA MPEABAPUTEIILHOM JTare s
Ka)KI0ro BXOJHOTo o0pa3a TalIOHHBIN BBIXOJHOMW. [ TaBHas uepTa, nenaromias oOyueHue 0e3 yduTens
MPUBJIEKATEIBLHBIM, — 3TO €ro "camocTrostensHoCTh". [Ipoliecc 00yueHus, Kak 1 B ciiydyae 00ydeHHs ¢
YUHTENIEM, 3aKJIIOYaeTcs B IMOJACTpaMBaHUM BECOB CHHANCOB. HekoTopele anropuT™msel, IpaBia,
U3MEHSAIOT U CTPYKTYpPY CETH, TO €CThb KOJMYECTBO HEHPOHOB M HUX B3aHMOCBSA3M, HO TaKue
npeoOpa3oBaHus IpaBUJIbHEE HAa3BaTh OoJiee MHUPOKUM TEPMUHOM — CaMOOpraHu3aluel, U B paMKax
JAHHOW CTaTbU OHHU paccMmarpuBaTbCs HE OyayT. OYeBUAHO, YTO MOJACTPOMKA CHHAIICOB MOKET
MPOBOAMTHCA TOJIBKO Ha OCHOBAaHHMU MH(OPMAILIUU, JOCTYIMHON B HEHPOHE, TO €CTh €ro COCTOSHUS U
YK€ UMEIOIINXCSl BECOBBIX KOd(uiueHToB. Mcxons u3 3Toro coodpaskeHust U, 4to 6ojee BaKHO, 1O
AQHAJIOTUU C W3BECTHBIMU MPUHILMIIAMH CAMOOPTaHU3AIMU HEPBHBIX KIIETOK, NOCTPOEHBI aJIr0pPUTMBbI
oOyueHus Xeo60a.

CurnanbHbiii MeTosl oOyueHust XebOOa 3aKkiro4aeTcsi B M3MEHEHHH BECOB 10 CIEAYIOIIEMY
paBUILy:

Wi (1) =Wy (t =D +a-y" -y (26)

i j
rae yi(”'l) — BBIXOJIHOC 3HAuUCHHE HEHpoHa i cios (n-1), yj(”) — BBIXOJIHOE 3Hau€HUE HEMpOHa | Clos n;
wij(t) m wij(t-1) — BecoBoii KorpuIIeHT cHHAIICA, COSUHSIONIET0 3TH HeHPOHBI, Ha UTepanusx t u t-1
COOTBETCTBEHHO; 0. — KO3()(UIMEHT CKOpOCTH 0O0ydeHus. 31ech W janee, A OOIIHOCTH, MOJ N
HoIpa3yMeBaeTCsl MPOM3BOJIbHEIN citoii ceTu. [Ipn o0ydeHnH Mo JAHHOMY METO/Y YCHIIMBAIOTCS CBSI3U
MEXK1y BO30YKICHHBIMHU HEHPOHAMH.

CymectByeT Takke U AU depeHunanbHblil MeTo 00ydeHus: Xebba:

w®) =wyt =D +a- [y O -y -] [y O -yt -] D)

3necs Yi™U(t) u yi"Y(t-1) — BeIXOAHOE 3HaueHne 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 hopmysisl
(27), cunpHee Bcero 0Oy4arOTCS CHHAIICHI, COSTUHSIONINE T€ HEHPOHBI, BHIXObI KOTOPBIX Hambolee
JMHAMHYHO M3MEHIIINCH B CTOPOHY YBEJINYCHHUS.

[MonHeIA anroputM OOy4YEHHUS! C MPUMEHEHUEM BBIIICTIPUBEICHHBIX (opMyn OyIeT BBITISICTH
TaK:

1. Ha craguu WHUIMANIM3AIMA BCEM BECOBBIM KOA3(D(HUIMEHTaM MPHUCBAMBAIOTCS HEOOJBIIHE
CIIy4ailHbIE 3HAYCHUS.
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2. Ha BXozpl ceTn momaeTcss BXOJIHOM 00pa3, M CUTHAIBI BO3OYXIACHUS PACIPOCTPAHSIOTCS IO
BCEM CIIOSIM COTJIACHO MPUHIMUIAM Kiaccudeckux npsimornoTounbix (feedforward) cereit, To ects ans
Ka)KJ0ro HEWpPOHA pacCUMTHIBAETCS B3BELICHHAs CyMMa €ro BXOJOB, K KOTOPOW 3aT€M NPUMEHSETCS
aKTUBAIMOHHAsA (mepenaToyHast) GyHKIMS HEHpOHA, B pe3yiabTaTe 4ero MoJy4yaeTcsi 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 TOJYYEHHBIX BBIXOJIHBIX 3HAUYEHUI HEHPOHOB 1o Gopmyne (26) wmm (27)
MIPOU3BOJUTCS U3MEHEHHE BECOBBIX KOA(PDUIIMEHTOB.

4. Iuka ¢ mara 2, noka BbIXOJHbIC 3HAUEHUS CETHU HE 3aCTa0MIM3HPYIOTCS C 3a/IaHHOM TOYHOC-
Tht0. [IpuMeHeHHne 3TOro HOBOro cmoco0a ompeaeneHUs 3aBeplleHuss OOyYeHHs, OTIUYHOIO OT
MCIIOJIb30BABIIETOCS JJI CETH 0OpAaTHOTO pacIpOCTpaHEHHUs, 00YCIIOBICHO TE€M, YTO MOJICTpauBaeMble
3HAYEeHUS CUHAIICOB (DAKTUYECKH HE OTpaHHYCHBI.

Ha BTOpOM mIare 1uxiia nornepeMeHHO IPeabsBISIIOTCS Bce 00pa3bl U3 BXOJHOTO Habopa.

Crnemyer OTMETHTh, YTO BHJ OTKJIHMKOB Ha KaXABIH KJIacC BXOJHBIX 00pa3oB HE M3BECTEH
3apaHee U OyJeT NpeACTaBiIsATh COOOM MPOM3BOJIBHOE COYETAHUE COCTOSSHUM HEMPOHOB BBIXOIHOIO
c1osi, 00yCIIOBICHHOE CIIy4aliHbIM pacIipe/ie]IeHHeM BECOB Ha CTa U MHUIMaI3auud. Bmecre ¢ Tem,
CeTh crocobHa 006001maTh cX0XKue o0pa3bl, OTHOCSA UX K OAHOMY Kiaccy. TectupoBaHue 0O0y4eHHOMN
CETU TO3BOJISIET ONpPEAEIUTh TOMOJOTHUIO KJIACCOB B BBIXOJHOM ciioe. /[ mpuBeneHHs OTKIIMKOB
00y4eHHOI ceTh K yIOOHOMY MpPEICTaBICHHIO MOXHO JOMOJHUTH CETh OJHHM CIIOEM, KOTOPBIi,
HanpuMep, IO aIroOpuTMy OOY4YEeHMsI OIHOCIOWHOTO IHEpLENTpOoHa HEOOXOAMMO 3aCTaBUTh
0TOOpakaTh BBIXO/IHBIE PEAKIIUU CETH B TpeOyeMble 00pasbl.

Hpyroit anroputm oOyueHust Oe3 yuutens — anroput™ KoxoHeHa — mnpegycMaTpuBaer
MOJCTPOMKY CHHAINCOB HA OCHOBAHUU UX 3HAYECHUHN OT MPEAbIYIIEH UTEPALIUHU:

Wy (1) = wy (t =) + o [y —wy (t - ). (28)

W3 BblmenpuBeeHHOW (opMyibl BUAHO, YTO OOy4eHHE CBOJUTCS K MHUHHMMH3ALUHM pPa3HULIbI
MEXIy BXOJHBIMU CUTHAJIAMH HEHPOHA, NOCTYNAIOIIKMMH C BBIXOJOB HEWPOHOB IMPEIBIIYILErO CIO0S
yi("'l), 1 BECOBBIMHU KOA(PGUIIMEHTAMH €0 CHHAIICOB.

[TonHBIHM anropuT™ 00y4eHHUs UMEET IPUMEPHO TaKYIO ke CTPYKTYpY, Kak B MeTogax Xe00a, HO
Ha 1are 3 u3 BCEro cJiosl BHIOMpaeTcss HEWPOH, 3HAYEHUsI CHHAIICOB KOTOPOT0 MAKCHUMAJIbHO MOXOMAST
Ha BXOJHOH 00pa3, u mojacTpoiika BecoB mo (opmyine (28) mpoBOAUTCSA TOJIBKO Ui HEro. Jra, Tak
Ha3bIBacMasi, aKKpeAUTalsl MOXKET CONPOBOXKIATHCS 3aTOPMaKMBAHUEM BCEX OCTAJIbHBIX HEUPOHOB
CJIOSI W BBEJCHMEM BBIODAaHHOTO HeHpoHa B HachllleHHe. BpIOOp Takoro HeHpoHa MOXeT
OCYILECTBIISATHCS, HAIIPUMED, PACUETOM CKAIIPHOI0 MPOM3BEAECHUS BEKTOpa BECOBBIX K03(puimeHTon
C BEKTOPOM BXOJIHBIX 3Ha4€HUI. MakcUMalbHOE IPOU3BEACHUE NAET BBINTPABIINI HEMPOH.

Jpyroii BapuaHT — pac4eT pacCTOSIHUSA MEXAY 3TUMH BEKTOPAMH B P-MEPHOM IIPOCTPAHCTBE, T'/IE

p_

p-1
Dj = Z(Yi(nil) _Wij)2 ) (29)
i=0

rJe ] — HHJEKC HeHpoHa B ciloe N, 1 — MHIEKC CyMMHPOBAaHHS IO HeHpoHaMm cios (n-1), Wi — Bec
CUHAIICA, COEAUHSIONIETO HEHPOHBI; BHIXOABI HEHPOHOB €J10sl (n-1) ABIAIOTCA BXOAHBIMU 3HAUYEHUSIMU
s cinog n. Kopens B ¢opmyne (29) Oparh He 00s3aTeNIbHO, TaK KaK BaXKHA JIMIIb OTHOCHUTEIIbHAS
OLIeHKa pa3auuHbIX Dj.

B nannom ciyuae, "noGexaaer" HEWPOH ¢ HAMMEHBIINM paccTOsiHUEM. MHOr1a CIIMIIKOM 4acTo
MOJIyYaIOLIUEe aKKPEeIUTAIMI0 HEHpPOHBI NMPUHYIUTEIBHO HCKIIOYAIOTCS M3 PACCMOTPEHHs, YTOOBI
"ypaBHATH NpaBa" Bcex HEMPOHOB cios. [IpocTedmmii BapuaHT Takoro ajropuTMa 3aKJIF4aeTcs B
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TOPMO>KEHHH TOJIBKO YTO BBIMTPABILIETO HEHpOHA.

[Tpu ucnonp3zoBaHuK 0OyueHUs 10 anropuTMy KoxoHEHa CcymecTByeT NpakTHKa HOpMalIU3aluu
BXOJHBIX 00pa30B, a TaK )K€ — Ha CTaJUM MHUIHAIU3AINA — U HOPMAJIU3aI[MH HA4YaJIbHBIX 3HAYEHUH
BECOBBIX K03(ppULIneHTOB.

rIe X — i-as KOMIOHEHTa BEKTOpa BXOAHOI0 00pa3a Il BEKTOPa BECOBBIX KO (HUIMEHTOB, a n — ero
PasMEpPHOCTh. DTO MO3BOJIIET COKPATUTH JUIUTEJIBHOCTD IIpoliecca 00ydeHusl.

WMunnmanu3anys BeCOBBIX KO3()(OUIIMEHTOB CilydaiiHBIMU 3HAYEHUSIMU MOXET IPHUBECTH K TOMY,
YTO pa3IUYHBIE KIJIACCH, KOTOPHIM COOTBETCTBYIOT IUIOTHO pacIpeesieHHbIe BXOJHBIE 00pasbl,
COJIBIOTCSI MJIM, HA00OPOT, Pa3apo0sATCs Ha JONMOJIHUTEIbHbBIE MOJKIACCH B Cilydae OJU3KUX 00pa3oB
OJTHOTO W TOTrO K€ Kiacca. [l u30exaHuss TakoW CHUTyallUd HCHOJNb3YeTCS METOJ BBIMTYKIIOH
koMOuHaimu. CyTh €ro CBOJUTCA K TOMY, UYTO BXOJHbIE HOpMaJlM30BaHHbIE 00pa3bl MOABEPraroTCs
npeoOpa30BaHUIO:

1
X =a(t) X +(1-a()- T (31)
n
rne X — I-as KOMIIOHEHTa BXOJIHOTrO 00pa3a, n — olIiee Yucio ero KoMrnoHeHT, o(t) — koadduimenrt,

I/I3MGH$IIOHII/II71051 B IIpomecce O6y‘~IeHI/I$I OT HYJId A0 €AWMHUIBI, B PE3YyJIbTAaTC YCro BHAYAJIC HAa BXOAbI
CCTU NOJAAIOTCA MPAKTHUYCCKHN OAWMHAKOBBIC O6pa3I)I, a C TCUCHUCM BPpCMECHU OHU BCC OoubIIe CXOAATCA
K HUCXOJIHBIM. BecoBbie KOB(b(l)I/II_II/IeHTBI YCTAHABJIMBAKOTCA Ha MAare HWHUIHAIN3aluu paBHbBIMU
BCIIMYHHC
1
W0 = T y (32)
n

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

J71s1 BBIMOSTHEHUS TPAKTUYECKOW paboThl HEOOXOIUMO:

1. U3yuuTs TEOpETHUECKHE OCHOBBI MPOEKTUPOBaHUs anroputmon ooydenuss MHC 6e3 yuurens.
2. Pa3paboTraTh MporpaMMHbIE MPOLEAYPHI, PEATU3YIOLINe CUTHANBHBIN U 1uddepeHnanbHbIi
anropuTMel 00yuenus Xe66a, anroputm Koxonena.
3. IlpoBectu TecTupoBaHue pa3pabOTaHHBIX MPOTPAMMHBIX CPEJICTB Ha BBIOOPKE TaHHBIX.
4. CpaBHUTbH aJTOPUTMbI 0OYUEeHHsI O€3 YUUTENs 10 OBICTPOJACHCTBUIO U CKOPOCTH CXOAMMOCTH
K OTaJIOHaM.
4. YKA3AHUA 110 O©POPMIJIEHHIO OTUETA
N KOHTPOJIbHBIE BOITPOCBI
4.1. OT4eT no NpaKkTU4ECKOl paboTe T0JKEH COJepKaTh:
— HaMMEHOBAaHUE U 11eJIb PaboThI;
— onucanue anroputmoB odoyuenust MHC 0e3 yunrens;
— JIMCTHHT NIPOTrpaMMBbl;
— pe3ynbTarhbl paboThI MPOrpaMMBbl IPOEKTUpOBaHUs anroputMoB oOyuenust MHC 6e3 yuunrens.

4.2. KoHTpoJIbHBIE BOIIPOCHI K MPAaKTUYECKOH paboTe:
1. Jlnsg xakux 1eneil mpoBOIUTCS HOpMaliu3allks BEKTOpa BXOJHBIX IMAPAMETPOB MPU O0yUEHUH
no anroputMmy Koxonena?
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2. Kak MeHsIIOTCSI Beca CHHAIICOB I10 TTpaBUIy 00ydeHus: Xe66a?

3. OOBsicHUTE B Y€M CYTh METOJIa BBITYKJION KOMOMHAIIMK MPH HACTPOMKE BECOB B aJrOPUTME
Koxonena?

4. KakoBbI OCHOBHBIE OTJIMYUSA MCTOJa UHTCPIIOJLINHNU OT MCTOAA aKKPCAUTAIUU B aJITOPUTMC
Koxonena?

8.3. TumnoBble KOHTPOJIbHBbIE 3aJaHUsi WJIM WHbIe MATEePHAJbI Ui TPOBEICHHSA
IMPOMEXYTOUYHOM ATTECTAIINH

dopma TPOBEACHHS MPOMEKYTOYHOM aTTECTAIIMM 0 AWCIHMILIUHE: 3auem (no pe3yibmamam
HAKONUMENbHO20 petimuned Uil 8 (popme KOMNbIOMEPHO20 MeCmMupoB8aHusl).

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

IlepeyeHb BONPOCOB /1JIsl MOATOTOBKH K 324eTy

YK-6. CriocoGeH ynpaBJjifiTb CBOUM BpeMeHeM, BLICTPANBATH U PeATU30BbIBATH
TPaeKTOPHUIO CAMOPA3BUTHS HA OCHOBE NPUHLMIIOB 00pPa30BaHNs B TeUeHHe BCel JKU3HHU

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

2.  HckyccTBeHHBbIE HEMpOHHBIE CETU. APXUTEKTypa MCKYCCTBEHHBIX HeHpoHHBIX cereil. HabGop
CPEJCTB AJIsl CO3/1aHUs, MHUIIMAIN3AallMY, OOyUEHUs, MOJICIMPOBAHUS U BU3yaIl3alluu CETH.

3. IlocTpoeHus cerei pa3zinMyHON apXUTEKTYphbl C MOMOLIbI0 HHCTPYMEHTAIBHOIO IMPOrPaMMHOTO
nakera Neural Network Toolbox cucremst MATLAB.

4.  Merolbl U aNrOpUTMBblI 00YUYEHUS UCKYCCTBEHHBIX HEHPOHHBIX ceTeil. I pajueHTHbIe aNropuTMbl
00y4eHwUsI.

5. Aaroputmsl 00y4eHHs, OCHOBAHHBIE HA UCIIOJIb30BAHUU METO/Ia COMPSHKEHHBIX IPaTUCHTOB.

6.  ApXuHTEeKTypa MepcenTpoHa M ClenualbHble (PYHKIUH ISl CO3JaHMs MEePCENTPOHa, HACTPOUKH
€ro BECOB U CMEIICHUN.

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

8.  Iloctpoenme u oOydyeHHE JMHEHHBIX ceTel JUIsl KJIAacCU(HUKAIMU BEKTOPOB, JMHEHHOM
anmnpoKCUMalluM, NPEICKa3aHUs, CJIEeKEeHUs W (UIbTPAUMU CHUTHAJIOB, WIACHTHUQUKAIUU U
MOJIEJIMPOBAHUS JINHEHHBIX CHCTEM.

9.  PammanbHblie 6a3HMCHBIE CETH OOIIETO BU/IA.

10. ApXuTekTypbl paAva’dbHBIX Oa3MCHBIX HEWPOHHBIX ceTel oO0IIero BuAa M CIElHaIbHbIE
(GYHKIMM JUIS MX CO3/1aHUSI M aBTOMAaTUYECKOW HACTPOIKU BECOB M CMEIICHUH.

11. TIpumeHeHHe TaKuX ceTel A KiIacCU(UKAIIMM BEKTOPOB U alllPOKCUMAIUHN (PYHKIHUIA.

12. Pangmanpable O6azucHble cetn THa GRNN.

13. TIpumenenue GRNN ceteil ans pemeHus 3a1a4 0000IIEHHON perpeccuu, aHalu3a BPEMEHHBIX
PAIOB U aIPOKCUMAaLUU (YHKITH.

14. PangunansHble Oa3ucHble ceTu TUIra PNN.

15. Pemenue 3amau knaccuduKai Ha OCHOBE MOACUETA BEPOITHOCTH NMPUHAIIECKHOCTH BEKTOPOB
K pacCMaTpUBaEMBbIM KJIaccaM.

16. Camoopranmsyronmxcsi ciou KoxoHeHa. ApPXUTEKTYphl CaMOOPTaHU3YIOMINXCS HEWPOHHBIX
cioeB KoxoHeHa U crienuanbHble QYHKIUHU A UX CO3[aHUs, MHULMAIN3ALUHU, B3BEIINBAHUS,
HAKOIUICHHUs, aKTUBAllMU, HACTPOUKH BECOB U CMEILEHUH, afanTalui U o0y4eHusl.

17. TlpumeHeHHEe CaMOOPraHU3YIOLIMXCS CJIOEB Ui HCCIEAOBAHHUS TOIMOJOTHUECKOW CTPYKTYPHI
JAHHBIX, UX 00bEITMHEHUEM B KJIaCTephl (TPYIIIBI) U paclpeieIeHHEM 0 KIacCaM.

18. Camoopranusyrommxcs kaptbl KoxoHeHa.

19. [lpuMeHeHHE CaMOOPTaHM3YIOMIMXCS KapT IS PEHICHWs 3ajad KJIacTepH3alud BXOIHBIX
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BEKTOPOB
Camoopranmzyromuxcsi LVQ-cetn. ApXUTEKTypbl CaMOOPTraHU3YIOIIMXCS HEHPOHHBIX CETeH
tuna LVQ u cnenuanbHbie QyHKIUY U UX CO3JaHUs, HACTPOUKH BECOB U O0yUYCHHUSI.
PexyppeHTHBIE HEHPOHHBIE CETH DJIMaHa.

ApPXHUTEKTYpPBl PEKypPEHTHBIX HEUPOHHBIX ceTell Xomnduina U crenuanbable QYHKIUN JUTST UX
CO3/J1aHUs1, B3BELIMBAHUS BXOJOB, HAKOTUICHUS] U AKTUBU3ALIUH.

[Tpumenenue ceteit Xomdunmaa uisi pelIeHUs 3alad pacro3HaBaHUS OOpa30B M CO3TAHUS
aCCOIIMaTUBHOM NaMSTH.

[IpumeHneHre HEUPOHHBIX CETEH /I MPOCKTUPOBAHUS CUCTEM YIPABICHUS JUHAMHUYECKUMU
poLecCaMu

Kaxyro posb BBIIOJHSAIOT 3HAHUSI CAHTAKCUYECKOTO TUIIA, YTO OHU XapaKTEPU3YIOT?

B ueM cyTh CEeMaHTHYECKOTO 3HAHUS?

Jlyist 9ero HeoOXOAMMO TParMaTHYECKOe 3HAHUE, YTO OHO MPEIOTPEACIsIeT?

Kaxkoii Buj 3HaHUH JaeT MpeACTaBICHUE O CTPYKTYpE MOHITUIA?

Kakyto poib BRIMONHSIOT (YyHKIIMOHATHHBIC 3HAHUS?

Kak MO>XHO MOTy4UTh HAy4YHbIE 3HAHUS?

UTo nmoHUMAETCS O] TCOPSTHYSCKUMU 3HAHUSMU U JIJIS 9Y€T0 OHH MOTYT OBITh HCITOJIb30BAHbI?
st yero Hy’>Ke€H TEOPETUUYECKUU YpOBEHb HAYYHOT'O 3HAHHUS, MCIOJb3yEeMbId MPU MOATOTOBKE
HAyYHBIX ¥ TEXHUYECKUX MAaTEPHAJIOB B paMKaX MPOBEJCHUS UCCIICAOBAHUH ?

B ueM cocTOUT CYIIHOCTD SMIIMPUYECKUX 3HAHUI?

Kakoii Bu1 3HaHUS MOYKHO OTHECTH K (hOpMaIM30BaHHBIM?

Uro npezcraBiseT co0oi MIaH HAYYHOTO UCCIeA0BaHUs?

HazoBure ocHOBHBIE 3Talbl HAYYHOI'O UCCIIEI0BAaHUS, KOTOPBIE BBINOIHSIIOTCS B Hayane paboThl
10 MPEIoIaraeMoMy HalpaBJICHUIO

Onummre o0IIyI0 CTPYKTYPY HAYIHOU CTaThH

Yro npezacrapinsgeT co0oii MporpaMMa HaAyYHOTO UCCIIeI0BAHUS?

[losicaute, Yro BKIOYAET B ce€0s8 TOATOTOBUTENBHBIA JTall MPOBEACHUS HAYYHOTO
HUCCIIEen0BaHUS?

[TpuBecTn mpumMep cocTtaBa HPEINPOEKTHOIO HCCieNoBaHUS Uil Oynyiied nH(opMalMoHHO-
AQHAJMTUYECKON CUCTEMBI

Uro Takoe TpeyroiabHUK Dpere u i 4ero OH Hy>KeH?

VYKaXuTe OCHOBHBIE 3Talbl, KOTOPHIE XapPAKTEPHBI IIPHU CO3/IaHUH SKCIEPTHBIX CUCTEM.
[TpuBenute npumep Hanboiee OOIIMX METOIOB MPEACTABIECHUS 3HAHUHN B OKCIIEPTHBIX CUCTEMAaX
Jl1st yero HEOOXOAMMO B IKCIIEPTHOM cucTeMe XpaHWIUIIE 3HAaHUH ?

Kakune meToapl paboThl CO 3HAHUSIMU U3YYaeT MHKEHEPHUs 3HAHUMN?

Kakue MeToapl NCIIONB3YIOTCA MPU OUCKE PEIICHHUI B YCIOBUSAX HEONPEAEICHHOCTU?

Uro Takoe kapra KoxoHeHa u [1d 4yero oHa npuMeHsercs’?

KpaTko omucath, B 4eM COCTOUT pabOTa HEHPOHHOM ceTu?

Onucarb KpaTKo, 4YTO MPEACTABIICHO HA PUCYHKEC
Bxoabl Cunancsi

Avenxa
HelpoHa

Axkcon Bsixop

Yto Takoe HCﬁpOHHaﬂ CE€Th B CaMOM O6H_ICM MMOHUMAaHUH?

HOHCHI/ITB, KaK MOJKET OBITh OIHMCaHa MOZCIIb MPEACTABICHUA 3HAHHUH C ITOMOIIBIO JIOTUKHU
MMpEaANKaTOB.

CCbOpMy.TII/IpOBaTI) MOHATHUA HHTCIUICKTYaJIbHOTO aHalin3da AJaHHBbIX W NPUBECTU IIPUMEP €ro
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PUMEHEHHS.
JaTp kpaTkyro xapakrepuctuky meroaosioruu CRISP-DM

Kak Ha3biBaeTcs METOJ aHaiu3a JaHHBIX, B KOTOPOM LIEJbIO SIBJISETCS MOBBIILIEHUE TOYHOCTHU
npeackazanus.?

Jatp onpenenenue nHGOOPMAIIOHHO-aHATTUTUYECKOMY 00ECIICUCHHIO.

W3 kakuX KOMIIOHEHTOB COCTOMT JKCIIEpTHAsI cuctema?

Uro Takoe WH(pEpeHLMOHHAs MallMHAa W Kak ee pa3paborarb? OOOCHOBATH BBHIOOP BalIUX
METOJIOB pa3paboTKu HH(EPEHIIMOHHOW MalTHHBI.

Ha ocHOBe BBINOJIHEHHOTO NPEANPOEKTHOTO HCCIEAOBAHMS ClelaTh OOOCHOBAaHWE BBHIOOpPA
TEXHOJIOTHI 1 KOMIIOHEHT CO3/aBaéMOM SKCIEPTHOI CHUCTEMBI.

OnumuTe Kakue MOTyT OBITh MPEAIPUHATHI IarH MO CO3JaHUIO SKCIIEPTHOM CHCTEMBI B 00IIEM
BUJIE.

Ji1 yero npuMeHseTCsl «METOJ OOPATHOTO PaCIPOCTPAHEHUS» U B YEM €TI0 0COOEHHOCThH?
Kakyto posnb urparot «Beca» npu NOCTPOCHUU HEUPOHHOU CETH?

Ob6ocHyiiTe BBIOOP METOJOB O0y4YEeHHsI HEUPOHHBIX CETEH, KOTOPBHIE MOKHO PEKOMEHIIOBATH K
MPUMEHEHUIO Ha MTPAKTHKE

O6ocnyiite Be100p BIAS? U 0cOOCHHOCTH €€ TPUMECHEHHUS

[TosicHUTH POJIb CMEIIEHUs B TIpoIiecce 00YUeHHsI HEUPOHHOM CeTH

B kadectBe  apXWUTEKTYpHO-TEXHHYECKHMX  PEIIEHUH  NPEUIOKEHO  HCIOJIb30BaTh
MH(}OPMaLMOHHO-aHAIMTUYECKYIO CUCTEMY, AaTh €€ Olpe/IeTIeHHE.

[TpuBecTH npuMep 0IHOTO U3 KJIAaCCOB METOJ0B UCKYCCTBEHHOIO MHTEJIEKTA

O030p HU3BECTHBIX NPOTPAMMHBIX M APXUTEKTYPHO-TEXHUYECKHX pEIICHUI IOKa3al, 4YTO B
KaueCTBE AapXUTEKTYpbl HEHPOHHOM ceTu BHIOMpAETCSI MHOIOCIOWHBIM mepcentpoH. JlaTh
000CHOBaHHE TaKOTO BBIOOpA?

Jyist 9ero B HEMPOHHON CETH MOKHO TIPUMEHSTH (OPMYITY:

m7NSW < m[N+1j(n+m+1)+m
1+log, N n

OnucaTh Ha3HaAUYEHUE KaX/10r0 U3 €€ KOMIIOHEHTOB

OnumuTe NpuMep M NPUHIMITEI BBIOOPA MPOMEKYTOUHBIX CIIOEB B MHOTOCIIOIHOM IepcenTpoHe
MPL.

OnumuTre, Kak MOXHO OLEHHUThH a/IeKBaTHOCTh UMUTAIIMOHHON MOJENH (HeueTKast MOJIeNb) MpH
BbIOOpe nHCTpyMeHTanbHOTO cpeacTBa [laker MATLAB Fuzzy Logic Toolbox

[TpuBeauTe mpume, Kakue HaBBIKM Pa3pabOTKH apXUTEKTYpbl CHUCTEM 3alIUThl WH(pOpMalUu
MOTyT OBITH C(HOPMUPOBAHBI METOJAMH pa3pabOTKK MaTEMaTUYECKUX MOJesen?

[TosicHUTH, KakOBa OCOOEHHOCTh CMEIIAaHHOTO 00y4Ye€HUH HEHPOHHOH CEeTH.

Jlatb onpeneneHne yCTOMUUBOCTh HEUPOHHOM CETH

Kakyto ponp wurpaer xiactepusanus B oOnacTu aHanu3a JaHHbIX M Data Mining, npu
MOJIEJTMPOBAHUH 3AIIMILEHHBIX aBTOMAaTU3UPOBAHHBIX CUCTEM?

Kakoii MmaTemaTnueckuil anmnapaT, HHCTPYMEHTAJIbHbIE M MPOTrPaMMHBIE CPEJICTBA MOT'YT OBITh
MCIIOJIb30BaHBI JUIsl IPOEKTUPOBAHUS MHPOPMAIIMOHHO-aHATUTUUECKUX U SKCIIEPTHBIX CUCTEM
[IpumeHeHne  MaTeMaTHYECKUX  MOJENeHd  WHTEIUIEKTyaJbHBIX M MH()OPMAIMOHHO-
AQHAIUTUYECKUX CHUCTEM TMpPU NPOEKTUPOBAHWU CHCTEM 3alUThl HHGOPMALKK BKIIOYAET
Juarpammsl 3ane. [[1s uero oHu NpUMEHSIOTCS?

Onummre, kak ¢popMupoBaTh 06a3y 3HaHUU M 0a3y MpaBWl B 001acTH BbIOOpa KOHGUTypaluil u
cocTaBa HH(OPMAIIMOHHO-aHATUTUYECKUX M SKCIIEPTHBIX CUCTEM

UYto sBNIIETCSI OCHOBOM /TSI IPOBEACHUS onepanuii opMUpPOBaHUS HEYETKOTO BEIBOAA

Onucare NMpakTHYECKOE MPUMEHEHHWE MEXaHHW3Ma HEYETKOIro JIOTHYECKOro BbIBOAA B 00IIEM
BUJIE.

[TosicHuTH, KakOBa OCOOEHHOCTh CMEIIAHHOT'O 00Y4YEeHUU HEHPOHHOM CeTH.



