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BBEJIEHUE

1. Hesan u 3a7a4n U3yYeHUs! AUCHHUIIMHBI

[lenbto OCBOECHHMA AMCHMILIMHBI «Teopusi HEWPOHHBIX CETEW» SABIACTCA OBJIAJACHHUE
HEOOXOJMMBIMU TEOPETUYECKUMHU 3HAHMSIMM W TNPAKTUYECKMMU HaBBIKAMH B 00JacTH
COBPEMEHHBIX METO/J0B M IOAXOJO0B IapauleNbHOM 00paboTku HHbOpManMM Uil 3ajgad
MOCTPOCHHS COBPEMEHHBIX MH(POPMALIMOHHBIX CETEH U CUCTEM.

3ajauaMu  Kypca SBISIOTCS: 3HAaKOMCTBO C MOJEISMHM  OIEpalMOHHOro OJoKa
HEHPOKOMIIBIOTEPA; M3YYEHHE OCHOBHBIX MOJEIEH HEUPOHHBIX CETEH; H3y4eHUE OCHOB
KOHCTPYUPOBAHMs M HACTPOEK HEHPOHHBIX CeTeH; MpUMEHEHHEe METOI0B 00yUeHHsI HEHPOHHBIX
ceTel; U3y4yeHue IPorpaMMHOMN SMYJISLIUNA HEUPOKOMIIBIOTEPOB U HEHPOHHBIX CETEH.
2. O0opyaoBaHue M MaTePUAJIbI

Jis mpoBeACHHsS] TPAKTHYECKUX 3aHITHH HEOOXOIUMO CIEAYyIoIIee MaTepUalIbHO-
TEXHUYECKOoe oOecrieueHue: NepCOHAIbHbIN KOMIIBIOTEP; IPOEKTOP; BO3MOXKHOCTh BBIXO/Ia B CETh
WuTepHeT A1 noucka 1o o0pa3oBareabHbIM caiiTaM U MOpTaiaM; MHTEPaKTUBHAS J10CKa.
3. HaumeHnoBaHmue J1adopaToOpHBIX padoT

JlaGopaTtopHas pabora 1.

Tema 1: buonornueckue ocHoBbl HelipoceTeil. Kitaccugukanyst HEHPOHHBIX CeTeH.
Cooepoicanue: 3naxomemeso ¢ cucmemoun MatLab.

JlaGopaTtopHast pabora 2.

Tema 2: Metozsl 00yueHUs HEHPOHHBIX ceTell. APXUTEKTypa HEMPOHHBIX CETEH.
Cooeporcanue: 3nakomemeo ¢ uncmpymenmanwvvim cpeocmeom Neural Network Toolbox.
Cosz0anue u obyuenue HeupoHHOL cemu 05 peanuzayuu QYHKYuu 08yx nepemeHHblX.
JlaGopaTtopHast pabora 3.

Tema 4: ITporpammuoe cpeactBo Neural Network Toolbox cucremsr MatLab.
Conepxanne: M3ydenne cBoicTB nepcentpoHoB. Co3nanne u o0ydeHrne HEHPOHHON CETH IJis
peanu3anuu JOTHYeCKON QyHKIIHH.

JlaGopaTtopHast pabora 4.

Tema 5: Ilepcentpon. JInuneiinsie HelipoHHBIE ceTH. PaguanbHbie 0a3MCHBIE CETH.
Conepxanue: MccnenoBanue JIMHEHHBIX CETEN MPSIMOIO paclpoCTpaHEHMsI CUTHaJIa
JlaGopatopHas pabora 5.

Tema 6: CamoopraHu3yroImuecs U peKyppeHTHbIE ceTu. [ uOpuaHbie HEUPOHHBIE CETH.
Coneprxanue: VMccnenoBanue caMoopraHu3yommuxcs HeMpoHHbIX ceTelt Koxonena.

4. Conep:xanue 1adopaTopHbIX padoT

JlaGoparopHas padora Ne 1.

buonornueckue ocHoBbI HelipoceTeit. Kiaccudukanus HeMpoOHHBIX ceTeil.
dopMa NpoBeeHUs1: KOMIIBIOTEPHOE MOJEINPOBAHNE
Henn: 3HakoMcTBO ¢ cucteMoit MatLab.

Teopernueckne 000CHOBaAHUS

IMpu padore B Windows sanyctuth cuctemy MATLAB wmoxuHOo u3 menio Ilyck
(cTapTOBOrO MEHIO) ATOH OINEPalMOHHOW CHCTEeMBbl. AJIBTEpHATHBHBIM BAapHAHTOM 3aIlycka
MATLAB saBnsercs nBoWHON miem4ok Ha sApiblke cucreMbl MATLAB, pacnonoxeHHOM Ha
pabouem crone Windows. 3anyck MATLAB 6.x otoOpakaeT Ha 3kpaHe OKHO paboueid cpelsl,
mo00HOE TTOKa3aHHOMY Ha puc. 1.
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Puc 1.

OxkHo paboueii cpenbl (rpadhnyeckuii HHTEpQEic) COCTOUT U3 CICIYIOIINX OCHOBHBIX 3JICMCHTOB:
CTPOKa MEHIO;
MaHeJIb HHCTPYMEHTOB C KHOTIKAMU U PACKPBIBAIOIINMCS CITUCKOM;
okno ¢ Launch Pad (ITauens 3amycka) COAepKUT AepeBO (hailIoBON CHCTEMBI, TIe OTOOPaKEHBI
TOJIBKO YCTaHOBJIEHHBIE Ha KOMIIbIOTEPE pa3eibl pacmupenuii cuctemsl MATLAB. C nomotisio
3TOr0 OKHA MOYKHO 3aIlyCTHTb JII000H U3 HUX;
okHo Workspace (Pabouee mpocTpaHCTBO), W3 KOTOPOIO MOXKHO MOJYYHTh MPOCTON AOCTYI K
HEPEMEHHBIM, UCIIOJIb3yEMBIM B JAaHHOM CeaHce paboThl;
okno Command History (McTopust koMaH[), MpeHa3HAYeHHOE ISl TPOCMOTPa ¥ MOBTOPHOTO
BbI30Ba paHee BBEJICHHBIX KOMaH];
okHo Current Directory (Tekymuii Karajor), B KOTOpOM OTOOpaXkaeTcs CIUCOK (ailioB u
BJIOKEHHBIX MaIlOK aKTUBHOTO B JaHHBII MOMEHT KaTaJora,
okao Command Window (OkHO kOMaH[) TpeIHa3HA4YeHO JJisi BBOJA YMCEN, TEPEMEHHBIX,
BBIP@KEHUI M KOMaHJ, JUIsl IPOMOTpa pe3yJbTaTOB BBIYMCICHUH, JUISI OTOOpaKEHUSI TEKCTOB
BBITNOJHAEMBIX MPOTpamMM, a TaKXke JUIsl BbIBOAA COOOIIEHH 00 omunoKax;
CTPOKa COCTOSIHMS, TJI€ OTOOPaXkKatoTCsl COOOIIEHUS] CUCTEMBI.
[Tonp30BaTenb MOXKET HACTPOUTH OKHO paboyeil cpelapl MO CBOEMY YCMOTpeHHto. MOoXkHO,
HarpuMep, U3MEHUTh MECTOIOJIOKEHHE U pa3Mep BHYTPEHHUX OKOH MpHUEeMaMH, OOIIUMH IS
Windows - npunokeruii. OToOpa3uTh WK CKPHITH COOTBETCTBYIOIINE OKHA MOYKHO C MTOMOII[O
xoman1 MeHio View (Bux) ocnoBaoro mento MATLAB. Hanpumep, it 0TOOpaykeHUs MOTHOM
paboueii cpeanl (puc. 1.1) Hago BeiOparh kKoMauay View => Desktop Layout => Five Panel.
JIro6oe 13 BHYTPEHHUX OKOH IOJIHOM paboueil cpeibl MOXKHO 3aKpPbITh LIETYKOM IO KHOIIKE C
KPECTUKOM B IIPABOM BEPXHEM YTITy.
ApudmernyecKue BbIYMCIEHUS

Pa6ora B cpene MATLAB moxeT ocyiiecTBIsSThCS MO0 B npocpammHom pexume, 1udo
B KOMAHOHOM DPEXKUME (PEKUME KanbKYAAMOpa, OUAN02060M PEXHAME) IO TPABUILY «3ajall
BOIPOC, MOMydusl oTBeT». DTo mpeBpamaer MATLAB B HeoObI9aitHO MOMTHBIN KaJIBKYJIATOD,
KOTOPBII crocoOeH MPOU3BOAMTH HE TOJBKO OOBIYHBIE JUISl KAJbKYJISATOpA BBIYUCIEHUS, HO U
OIlepalLliy ¢ BEKTOPAaMH U MaTPHUIIAMHU, KOMIUIEKCHBIMHU YHACIIAMU, PSIaMH M IOJTMHOMAaMU. MOXHO
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MOYTH MTHOBEHHO 3a/J1aTh U BBIBECTH TPA(QUKH PA3TMIHBIX (QYHKIMHA: OT MPOCTON CHHYCOHIBI JI0
CJIOKHOHM TPEXMEpPHOU (UTYPBI.

OCHOBHBIM 3JIEMEHTOM KOMaH/IHOTO PEKHMa pabOThI C CHCTEMOIl SIBISICTCSI TJIABHOE WU
komangHoe okHo Command Window. Ono aktuBu3upyercss komanmoi View => Desktop
Layout => Command Window Only ocxoBHoro menro MATLAB. CrpykTypa KOMaHIHOTO
OKHa aHaymoru4na crpykrype Windows - npunoskenuii (puc. 2).

<} MATLAB M[=1E3
File Edit “iew ‘wWeb Window Help
0 g’:| % B o o | i | 9 |CurrerﬂDirectDr'y':IC:MATLAEIBpS‘twork =] J

Uaing Toolbox Path Cache. Type "help toolbox_path cache” for more infa.
To get started, select "MATLAE Help"™ from the Help memnn.

Fr 243
ansg =
5
= a=2/3,4=243;cos(pi) b=exp (1)
a =
0.6667
ansg =
-1
h =
Z.7183
»r disp(d/E+ans)
3
Fr 0=.5+3-11+...
22-8. 447
c =
13,1000
> |

gl N
i start |

Puc. 2

Ctpoka B TEKCTOBOM I10JI€ KOMAaHHOTO OKHA, OTMEUEHHAsi CHMBOJIOM IPUTJIAILIEHUS >>C
MUTAIOIIUM KYpCOpOM, HAa3bIBae€TCs CMPOKOU 66004 WU KomanOHou cmpokou. OHa
npelHa3HayeHa AJis BBOJA C KJIaBUATYPhl KOMaHI, YUCEN, IMEH MIePEMEHHBIX U 3HAKOB OTEPallnid,
COCTaBJISIIONIUX BbIpakeHue. s toro, uroosl cuctema MATLAB BeimonHMIa BBEAECHHYIO
KOMaHy WM BBIYKCIIIIIA 3aJaHHOE BhIpaXEHHE, CIeIyeT HaXxaTh Kiasuiry <Enter>(Bson).

Ilpu 6600e Kypcop morcem HAXOOUMbCA 6 AI0OOM Mecme KOMAHOHOU CHMPOKU.
BBenenHble BBIpaKEHHUS BBIYHUCISIOTCSA, a PE3yJIbTaThl BBHIYMCICHUN U BBIMOJTHEHHUS KOMAaH]I
MOSIBIISIFOTCS] B OJTHOM WJIM HECKOJIBKUX CTPOKAaX KOMaHHOTO OKHA — CTPOKax BHIBOJA.

B pe3ynpTaTe MHOTOKpAaTHBIX BBIYUCICHUN (HaxkaTwil kinaBuimu <Enter>) B komMaHIHOM OKHE
ABTOMATHUYECKU TPOUBBOJIUTCA 8EPMUKAIbHASL NpomsdicKka (scrolling): CTpOKW CIABUTAIOTCS HA
OJIHY TIO3WIIMIO BBEPX, & BHU3Y MOSBISIETCS CTPOKAa BBOJA C CHMBOJIOM MPUTTAIICHUS >>.
WUudopmanus, koTopas MOKHHYIA BHJIMMYIO 4YacTh OKHa, He ucuyezaeT. B MATLAB panee
BBEJICHHBIC CTPOKH KOMAaH]I IPECTABIISIIOT COO0H «UCTOPHUIO» U 3aIIOMHHAIOTCSI B CIeKe KOMAHO.

JIy1st mpocMOTpa BBITIOJIHEHHBIX KOMaH U PE3YJIbTATOB BHIYUCIICHHUH, HE YMEIIAIOITUXCS
Ha JKpaHe, UMEIOTCS MOJIOCHI TOPU3OHTAIILHOM M BEPTUKAIBHOM MpOTsHKKU. Mcnonb3oBaHue
M0JIOC TPOTSHKKKH HUYEM He oTiauuaetcs or apyrux Windows - mpuimoxkenuii. MOXHO Takke
OCYIIECTBIISITh MPOTSHKKY KOMAaHIHOTO OKHA ¢ momoinsio kiaBum <PageUp>, < PageDown>,
<Ctrl+Home>u <Ctrl+End>.

KnaBumm <1> u <|>, KOTOpBIEC B TEKCTOBBIX PEAAKTOPAX CIYXKAT JJIs IepeMEIICHUs BBEPX
uiau BHU3 110 dKpany, B MATLAB pa6otator nHade. OHM UCTIOJIB3YIOTCS JIJIST BO3BpaTa B CTPOKY
BBOJIa paHee BHITIOJTHEHHBIX KOMaH]] C I[EJIbIO UX TIOBTOPHOTO BBHITTOIHEHUS WU PEAAKTUPOBAHUSI.
[Tocne mepBoro HaxaTHsl KJIABUIIM <1> B CTPOKE BBOJA OTOOpA3WUTCS MOCTEAHSS BBEIACHHAsS
KOMaH/1a, PU BTOPOM HaXKaTUHU — MIPEANIOCIIeHss U T. 1. Kimapuina <|> oCyIecTBIsIeT MPOKPYTKY
KOMaH/ B MPOTHUBOIOJIOKHOM HalpaBiIeHHUH.
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WupimMu cnoBamu, TekcToBoe moie okHa Command Window pacnomaraercs B ABYX
NPUHLMIIAAIBHO Pa3HBIX 30HAX: 30He HNpocMompa W 30He pedakmuposanus. 30Ha
pEeIaKTHPOBAHUS HAXOUTCS B KOMAHIHOM CTPOKE, a BCS OCTalIbHASI HHPOPMAIIHS BUIUMON 9aCcTH
KOMAaHJITHOT'O OKHa — B 30HE IIPOCMOTpA.

Iloka ©e wHaxara knaBuma <ENter>, BBoxuMoe BBIpaXEHHE MOXKET OBITh
OTPEaKTUPOBAHO WJM yJajeHo. B 30He mpocMOTpa y»Xe€ HHUYEro Helb3s WUCIpaBUThb. Eciu
IIOMECTHTh B HEE Kypcop M HaXaThb KaKylo - JU00 KJIaBHINYy Ha KJiaBHaTrype, Kypcop Oyaer
aBTOMAaTUYECKHU MEPEMEILEH B CTPOKY BBOJIa, PACIIOJIOKEHHYIO B 30HE pelakTupoBaHus. B To xe
BpEMsl, C IOMOILBIO KIABHII <«—> ¥ <—> MOYKHO [I€PEMEIIATh KYpCOp B KOMAHAHOMN CTPOKE.

Hego3mooicnocms pedaxmuposanus panee 66€0eHHON KOMAHObL RPOCMOIL YCHAHOBKOIL
Kypcopa 6 HY)CHYI0 CHPOKY A81Aemcs 00Hou u3 ocovennocmeii cucmemot MATLAB.

Ceanc pabotsl ¢ cuctemoit MATLAB Ha3zwiBaeTcst ceccueti. UHBIMU CIIOBaMU, CECCHUS —
3TO BCE TO, YTO OTOOpa)kaeTcss B KOMaHJHOM OKHE B Ipolecce paboThl ¢ cucremon. Komanabt
CECCHM aBTOMATUYECKH 00pa3yloT CIHCOK, KOTOphIK BeIBoaUTCsA B okHe Command History, a
3HAYCHHS NIEPEMEHHBIX coxpanstoTcs B okHe Workspase (puc. 1).

Hanpumep, ceccuss Ha puc. 2 0TOOpa)kaeT pe3yNbTaThl MOCIEIOBATEIFHOTO BBOJA YETHIPEX
koMaHA. OOCyaUM 3TH pe3yNbTaThl U OTMETUM HEKOTOPBIE OCOOEHHOCMU 8bIYUCTEHULL 8 CUCEME
MATLAB:

>>2+3

ans =

3)

Pe3ynbrary BHINOTHEHHON ONEpaly He ObLIO MPUCBOCHO UMS, IO3TOMY IPHU BBIBOJE OH
ObLT aBTOMATHYECKU 0003HAYCH CUMBOJIOM ans (ansver — orsert). [lox ATUM MMEHEM pe3ysbTaT
BBIYHMCIICHUM XPAHUTCS B MAMITH KOMIIBIOTEPA U €r0 MOYKHO HCIIOJIb30BaTh B IOCIIEIYHOIINX
BBIYMCIICHHSIX JI0 TE€X TOp, MOKa B X0J¢ paboThl HE OYACT MOITYYCH HOBBIM HEIIOMMEHOBAHHBIN
pe3ynbTaT. Pe3ynpTaT BBIUMCICHUN BBIBOJUTCA B CTPOKax BbIBOJA, HE COJAEPXKAILIMUX 3HAKA
NpUTJIAIICHUs >>,
>>a=2/3,A=2"3;cos(pi),b=exp(1)
a=
0.6667
ans =
-1
b=
2.7183

B onHOM KOMaHAHON CTPOKE MOKHO BBECTH HECKOJIBKO KOMaHJ, pa3feiiss UX 3alsaThIMU
60 Toukamu ¢ 3anatoil. Cuctema MATLAB BbIMOTHSET KaXayI0 KOMaH[y, 32 KOTOPOM clieyeT
3arsTasi, 1 0ToOpakaeT pe3yJbTaThl B OTJEIbHBIX CTpOKaX. Pe3ynbTar BhINMOIHEHHUS] KOMaH/bl, 32
KOTOpPOM CIIEIyeT CUMBOJI <;>, Ha SKpaH HE BBIBOJUTCSA, HO OH COXPAHSETCS B NaMATH U MOXKET
OBITH UCIOJH30BaH B MOCIEIYIOIINX BEIUYUCICHUSX.
3uaxom npuceausanus a61aemcs 3HaK =, a He KOMOMHUPOBAHHBIN 3HAK :=, IPUHATHIN, HAIPUMED,
B sI3bIKE MporpammupoBanus Pascal niu B cucreMe cMMBONIBHOM MaTematuku Maple.

[Tocne BBOA 3TOM KOMaHIHOM CTPOKU BBIYUCIISIIOTCSA U COXPAHAIOTCS B IAMSITU 3HAYECHUS
BEIpaOXKeHHH a=2/3=0,6667, A=2°=8, ans=cosz =-1, b=e!'=e=2,7183 (e — ocHoBaHme
HATypaJbHOTO Jiorapudma). 3HaueHUE epeMeHHoN A, B OTJIHUHKE OT &, ans, b, He BRIBOIUTCS Ha
9KpaH u3-3a cuMBoa <;>, [Ipu BeIYMCICHUN COS77 UCTIONIBb30BAIaCh CUCTEMHAs ITepeMeHHast Pi —
yucio 7z. Yucio e cucTeMHON NepeMeHHOU He SIBISIETCS, W Ul €r0 BBIYUCIEHUS UCIOIb30BaHa
BCTPOCHHAs 3yieMeHTapHass QyHKius eXP(l). OyHKIUN 3anuChIBalOTCsS CTPOYHBIMU OyKBaMu, a
WX apTyYMEHTHI YKa3bIBAIOTCS B KPYTIBIX CKOOKaX. ApryMeHT BCTPOCHHOW TPUTOHOMETPUUYECKON
GbyHKIIMM COS 3aJlaH B paguaHax;
>>disp(A/2+ans)
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Komanza disp (0T cioBa «IucIieii») BeYUCIsAeT BhpakeHne2%/2+C0S 1 BRIBOAUT OTBET, HO HE
IPUCBAaUBAET €ro NepeMEeHHOMaNS, Kak Mpu OOBIYHBIX BBIYMCICHUSX:

>> Al2+ans

ans=

3

B nanbueitmem diSp ucnonb3yercs s NPEJOTBPAIICHUS BbIBOJA JIMIIHEH CTPOKH ans =B
HarJsHBIX TOKYMEHTAX;

>>c=.5+3-11+...

22-8.4+7

c=

13.1000

Wuorpa tpebyercst BBect B okHe Command Window komaHIy, KOTOpasi CIHIIKOM
JUIMHHA, YTOOBI YMECTUTHhCS Ha OAHOHN cTpoke. [Ipu mpuOMIKEHHH K KOHILY CTPOKH MOYKHO
BBECTH...(TpU MOCIEN0BaTEeIbHbIE TOUYKM), HaxaTb kiaBuumry<Enter> u nponomxkute Habop
KOMaHJIbl Ha crueayoomed crpoke. [Ipu 3ToM Bl HE yBUAWTE Ha HOBOM CTPOKE CHUMBOJA
pUrjanieHus>>.

Ceccuss Ha puc.l.2 COOEpKUT TOJBKO NPAaBWIbHBIE KOMaHAbBI M pPE3YyIbTaThl HX
BbINOJIHEHMS. B o01em ciydae ceccus siBisieTcs pe3yiapTaToM 1pob u omnbok. Ee Tekct, Hapsany
C IpaBWIbHBIMHU OIPEACICHUSAMH, COJEPKUT COOOIIEHUS U NpeAaynpexaeHus o0 ommokax,
nepeornpeseneHuss (QYHKIMA M TEPEeMEHHBIX, MCIIOJIBb30BAaHHYK CIPAaBOYHYIO HH(POPMALUIO
xoman ibl help. Ecnu ceccust cumiibHO «3acopeHay JiniiHeH uHGOpMAIUEi, JUAJIOT T0JIb30BaTEIs
C CHCTEMOM 3aTpyIHAETCA.

Komanna ouncTku 3xpana Clc

>>clc

cTupaer coaepxaHue komaHaHoro okHa MATLAB u pa3memiaer cuMBOJ IpUIIallleHus >> B
JIEBOM BEPXHEM YTJIy IIyCTOIO DKpaHa.

OTta KOMaH/a, OJHAKO, OCTABISET HEM3MEHHBIM conepxuMoe okon Command History wu
Workspase. I[losToMmy B «4HCTOM» KOMaHJHOM OKHE MOXKHO IIOJb30BAaThCS 3HAUYCHHUSIMH
NIepEeMEHHBIX, MOJYYSHHBIX 710 BBOJAa KOMaH IbI CIC.

Ecnu ke mosBUTCS HEOOXOOUMOCTbh OTPENAKTUPOBAaTh WM MOBTOPUTH paHEE BBITOJHEHHYIO
KOMaH/Iy, TO 3TO JIETKO OCYIIECTBUTH ¢ moMoInbio okHa Command History.

Ilepemennvie — 3T0O UMEHOBaHHbIE OOBEKTHI, XpaHAIIMe KaK1e — MO0 TaHHbIE.
[TepemeHHbIE MOTYT OBITH YMCIOBBIMU, MATPUYHBIMU WJIM CUMBOJIBHBIMM, YTO 3aBUCUT OT THUIIA
XpaHALIMXCS B HUX JaHHBIX. THUIIBI NIEPEMEHHBIX 3apaHee He JeKIapupyroTcs. OHM ONpenemnsoTcs
BBIPAKEHHUEM, 3HaYEHUE KOTOPOr0 IPUCBANBANBAETCS IEPEMEHHOM, T.€. II0JIb30BATENb HE JOJKEH
3a00TUTBCSI O TOM, Kakuhe 3HadeHHUs OyJaeT NpUHUMATh T[epeMeHHass (KOMIUIEKCHBIE,
BEIIIECTBEHHBIC UJIH TICJIBIE).

Hms nepemennoii (ee uoenmughukamop) MOXKET cofiepxkartb 10 31 cMMBOIa U HE TOJDKHO
COBMAaJlaTh C MMEHAMH JIPYIrUX NEPEMEHHBIX, (YHKIMHA, KOMaHI M CHCTEMHBIX MEPEMEHHBIX
MATLAB. NMs nepeMeHHOi JOKHO HAauMHAThCs C OYKBBI, MOXKET COJIepKaTh LU(PHI U CUMBOJ
nonuepkuBanus. Cpena MATLAB uyBcTBUTENeHAa K peructpy OykB (mepeMeHHble a U A He
UJICHTUYHBI).

B MATLAB cymectByer HECKOJbKO HMEH  IIEPEMEHHBIX,  SBIITFOLIUXCS
3ape3epBUPOBAHHBIMU. llepeMeHHBIE ¢ TakMMM MMEHaMM Ha3bIBalOTCS cucmemuvimu. OHHU
3aJJal0TCS MOCJE 3arpy3KH CUCTEMbI U MOTYT HCIIOIb30BaThCsl B apU(PMETUUECKUX BBIPAKECHUSIX.
CucrteMHble TIEpEMEHHbBIE MOT'YT OBITh NEpEONpeeeHbl, T. €. IPU HEOXOAUMOCTH UM MOXKHO
IIPUCBOUTH JAPYTUE 3HAUCHHUS.

Huxe nepeuncinensl ocHOBHbIE cucTeMHble epeMeHHble MATLAB:

ans — pe3yapTaT BEIYMCICHHS TIOCIEIHETO HE COXPAHEHHOTO MTOJI30BATEIIEM BBIPAKEHNS;

I, ] — MEMMas eguHuUIA (), UCTIONIB3yeMast JUTs 331aHUs] MHUMOW 4acTH KOMIUIEKCHBIX YHCEIT;
Inf (infinity) — o603HaYeHMEe MATUHHON OECKOHEYHOCTH;
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NaN — cokpamenue ot cioB Not-a-Number (HE 4YHCIO), TPUHATOE I OOO3HAYCHHUS
HeomnpeneaeHHoro pe3yabrara (Hanpumep, 0/0 wim Inf/Inf).

pi — uucno n ( 7=3,141592653589793);

€PS — MOrpenIHOCTh ONepalyii HaJl YUCIaMHt € TUIaBarolleld TOUYKOM, T.€ HHTEPBAJI MEKIY YHCIOM
1.0 1 cremyronuM OMKaMIIMM YUCIOM ¢ ILIaBarole Toukoii papen 2.2204e-16 umu 2
realmin — MEHEMAaIBEHOE TI0 MOJTYJIIO BEIIeCTBEHHOE urcio (2.2251e-308 nmn 2710%2);

realmax — nauGosbIree Mo MO0 BemecTBenHoe uncio (1.7977e+308 umm 21023),
[Tpuopurets! apugmemuueckux onepayuticictembl MATLAB B nopsinke yObIBaHUS CIIeTYIOITHE:
1. Bo3Benenue B crenenp <>,

2. YMHOKeHHe <*> u [enenue (clieBa HarmpaBo </>, crpaBa HajaeBo <\>).

3. CnoxeHue <+> U BbIUUTAHUE <—>.

BrimonHenue onepanuii 0IMHAKOBOT'O MPUOPUTETA IPOUCXOJUT B MOPSAKE ciaeBa HarmpaBo. J[is
M3MEHEHHUS MTOPSA/IKA BBITIOIHEHUS apU(PMETHUECKUX ONIEPaTOPOB CIIEAYET UCIIOIb30BaTh KPYTJIbIe
ckoOku. Kpome apupmernueckux omneparopos, B MATLAB umeroTcst orepaTopbl OTHOIICHHS U
JIOTUYECKHE onepaTopsl (cM. pasza. 4.1).

[TonHBIH CIIUCOK OMEPaTOPOB U CIIPABOUHYIO HHPOPMAIIHIO 10 JTII0OOMY U3 HUX MOKHO TOJTYYUTh
B pazzaeine OpsS cmpaBounoit cucrembl MATLAB, ucnons3ys komanasl help wiu doc (cwm.
[Tpunoxenue 1).

OcHOBY OOJBIIMHCTBA pPACYETOB COCTABISAIOT BBIYMCIEHUS 3HAYCHUU apughmemuuecKkux
svipadicenuli. B HUX B KauyecTBE OMEpPaHIOB MOTYT BBICTYNATh KOHCTAHTHI, IEPEMEHHBIC WU
¢ynkuuu. B ornmume or OONBIIMHCTBA aNTOpUTMUYECKUX s3bIkOB, B MATLAB nomyckaercs
MCIIOJIb30BaHUE OIEpaH/IoB - MaccuBOB (cM. pa3n. 1.6, 1.7, 1.10). B sTom cinyuyae pesynbratom
BBIYHCIICHHS] BRIPAXKEHUS TAK)KE MOXKET OBITh MAaCCHUB.

BripaxkeHusi, mMOMeIIeHHbIE MEXKY IBYMS anocTpodamu (3aKiIF0UeHHBIE B CUMBOJIbHBIE CKOOKH '
'), paccMaTpUBAIOTCS KaK CTPOYHBIE M HE BBIYMCISAIOTCS, JaXE €CIM B HUX COAepKaTcs
MaTeMaTHYecKue BrIpakeHus. Yaile Bcero OHu MPUMEHSFOTCS AJIs 3a/1aHUS TapamMeTpoB (QyHKIIUH
Y WX HEUHCIIOBBIX 3HAUYEHMM, BCTABKU TEKCTa B rpaduueckre OOBEKTHI, a TAKXKE JJIsi OMUCAHUS
CUMBOJIbHBIX NIEPEMEHHBIX U BbIpaxkeHH. Tak, BBOJA CTpOKH'2+3 IPUBOJUT K Pe3yNbTaTy
>>'2+3'

ans =

2+3

a He 5.

[Tpu BBIBOAE TpaUKOB CUMBOJIBI, TIOMEIIEHHBIE MEXY allOCTpOhaMu, ONIPEACIISIOT I[BET JTUHUN
rpaduka, UX THUI U THI MapKepa, KOTOPBIM METSATCS JTMHUU

JlabopaTopnasi padora Ne 2.

MeTtoapl 00ydeHHs HEHPOHHBIX CeTe. APXUTEKTypa HEHPOHHBIX CETEH.

DopMa NpoBeJeHUs: KOMIIBIOTEPHOE MOJEIUPOBAHUE.

Iean: 3HakoMcTBO ¢ mMHCTpyMeHTanbHBIM cpeactBoM Neural Network Toolbox. Co3manue u
o0yuyeHHre HEHPOHHOM ceTH Ui peanu3auuu GyHKIUHU IBYX epEMEHHBIX.

IHopsaok BbINOJIHEHUS PA0OTHI
1. O3HaKOMUTHCS C IEMOHCTPAIMOHHBIMU MOJEIISIMU:

nnd2n1 — oAHOBXOI0BOI HEHPOH;
nnd2n2 — nByXBXO/IOBOI HEHPOH.
2. O3HaKOMHUTHCS C BO3MOKHOCTSIMU MHCTPYMEHTaIBHOTO cpencTBa NNTool.



3.  BBINOJHUTH AEMOHCTPAIMOHHBIN TPUMEP U3 METOUYECKUX YKa3aHUHN U TTOT00HBIN TPUMED
COTJIACHO BapHaHTY.

4, O3HaKOMUTBLCS ¢ MOJICIIbIO HEHPOHHOM ceTu B cpene Simulink.

5. OTBEeTHUTH Ha KOHTPOJIbHBIC BOIIPOCHI 1 COCTABUTH OTYCT.

Teoperuueckne 000CHOBaAHUS

NNTool — uHCTpyMEHTaIBHOE CPEACTBO ¢ rpadHuuecCKUM HHTEPQEHCOM, MMO3BOJISIONICE
HauYMHAKOIIEMY Tosib3oBarento makera Neural Network Toolbox BeimonHsITE co31anue, 00y4eHue,
MOJICIIMPOBAHKE, IKCIIOPT U UMIIOPT HEHPOHHBIX CETEH M JaHHBIX, HE 00panasch K KOMaHIHOMY
okHy MATLAB. BeizoB NNTool Bo3MoskeH 1100 ¢ TOMOIIBI0 KOMaHAbl nntool n3 KoMaHaHOH
ctpoku MATLAB, nmu60 u3 okHa 3amycka npuioxkennit Launch Pad ¢ momompero o NNTool
u3 pasgena Neural Network Toolbox. Ilocie BbI3oBa Ha 3KpaHe JUCIUIES MOSIBISETCS OKHO
Network/Data Manager (Ynpasnenue cetbto//lannsivu) (puc. 1).
DJIEMEHTHI OKHa!
Help — knormka Be13oBa okHa mozckasku Network/ Data Manager Help;
New Data — kHomKa BeI30Ba OkHa (hopmupoBanus JaHHbIX Create New Data (puc. 2);

<} Network/Data Manager = [ 3 |
Inputs: Metworks: Qutputs:

Targets: Errars:

Input Delay States: Layer Delay States:

~Networks and Data

Help | Newbata.. | NewNetwork.|
Import... I Export... | e, I [Delete I
— Networks only
iritalize: l Simulzates, | raim | Aaapt: |
Puc. 1
<} Create New Data 3 -0 x|
~Name Data Type
|data1 & |nputs
_Value " Targets
01-1;231] a C Input Delay States
" Layer Delay States
" Qutputs
2l | » C  Errors
Help | cancel |  Create
Puc. 2
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New Network. ..— KHOMKa BbI30Ba OKHa co3/iaHus HeliponHo# cetu Create New Network (puc.

3);

Import... — KHOTIKa BbI30Ba OKHA JJIsI UMIIOPTA WM 3arpy3ku AaHHbIX Import or Load to
Network/Data Manager (puc. 4);

Export... — KHOIIKa BBI30Ba OKHA JJIsl SKCIIOpTa MJIH 3alicy JaHHBIX B (haitn Export or Save

from Network/Data Manager;
Kuonku View, Delete craHOBATCS aKTHBHBIMHU IIOCIE CO3MAHMA W aKTHUBU3AIUH JAHHBIX,
OTHOCSIIMXCS K BXOJaM, 1IEISIM, BBIXOJaM MJIM OLTNOKAM CETH.

<} Create New Network E = =] |

Network Name:|networkt

~Network Type: |Feed-f0rward backprop =l

Input ranges: 01;-11] |Getfrom inp... l‘
Training function: TRAINLM
Adaption learning function:{ LEARNGDM
Perfarmance function: MSE

| [KH[K

Number of layers: 2

Properties for: ILayer1 vl

Number of neurons:{1
Transfer Function: |TANSIG LI

view | Defautts | cancel | create |

Puc. 3
UTo0b!I cO31aTh HEHPOHHYIO CETh, HEOOXOIUMO:

1)  chopmupoBaTh MOCIEAOBATEILHOCTH BXOMOB | Lenell (kHomka New Data) mu6o
3arpy3uTh UX u3 paboueit odnactu cuctemst MATLAB;

2)  co3maTh HOBYIO HelpoHHYyI0 ceTh (kHomka New Network) mubo 3arpy3uth ee u3
paboueii obnactu unu u3 gaitna (kHomka Import);

3)  BbIOpaTh THIT HEHPOHHOI CETH U HaXaTh KHOIKY Train, 4T00bI OTKPBITH OKHO JIJISI
3a/laHus IapaMeTpoB MPOLETypPhl 00YUEeHHUS,;

4)  otkpeiTh OkHO Network mms mpocMoTpa, WHUIHATU3AINH, MOJCIUPOBAHUS U
aJarTaluyu CeTH.

Network Name — cranmaptHoe umst cetu, npucBanBaeMoe GUI-uHTEepdericoM, MOpsIKOBbIi
HOMEP UMEHH U3MEHSIETCS aBTOMATHYECKH.

Network Type — tun ceteit, 1ocTynHbIx 11st paboTsl B NNTool.

Inputs ranges — moMyCTUMBIEC TPAHUIIBI BXOJOB, KOTOPHIC 3aJIAIOTCS TOJb30BATEIEM JIHOO
OIIPEICIIAIOTCS aBTOMaTHuecku 13 crimcka Get from Inp. ..

Training function — crincokx oOyuaronMx yHKIHA.

Adaptation learning function — crimcok ¢yHKIMIT HACTPOEK VIS peKUMa aTanTalUH.

Performance function — criricok G yHKIHMI OlIEHKH KadecTBa 00yUCHHMS.

Number of layers — kosiuecTBO CI0€B CETH.

Properties for — coiicta s cioes 1 u 2.

Numbers of neurons — koiM4ecTBO HEHPOHOB B CIIOE.
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Transfer function — ¢pyHKIUs aKTHBAIMK CITOSL.

Import or Load to Network/D ata Manager = _)_(j
~Source ~SelectaVariable_Destinaton
@ |mport from MATLAB workspace (no selection) Name
C Load from disk file P1 P1
T S
WATETIE B ImportAs:
l € [ietwork
O
Browse ol
C Targets

 Initial Input States
 Initial Layer States
C Qutputs
 Errors

Cancel I Import

Puc. 4

Okno Import or Load to Network/ Data Manager Bxito4yaet Tpu moJist:

Source — mose [y BEIOOpa MCTOYHKMKA JaHHBIX: padouas obmacte MATLAB (Import from
MATLAB workspace) smb6o ¢aiin (Load from disk file).

[Tpu BBIOOpE mepBoro Bapuanta noje Select a variable comepxut Bce iepeMeHHbIe paboueit
obmactu. [1pu BeIOOpe Broporo Bapuanra aktuBusupyercs noine MAT — file Name u kaonka Browse.

Destination — mosie, B KOTOPOM CJIEAYET yKa3aTh TUIT KIMIIOPTUPYEMBIX TaHHBIX ITYTEM BBIOOpa
OJIHOM M3 PaJMOKHOIIOK.

Oxno Export or Save from Network/Data Manager (puc. 5) no3BoiisieT nepenaTh JaHHbIE
u3 paboueii oomactu NNTool B pabouyro o61acte MATLAB win coxpanuTh uX B BUje (aiiia Ha
mucke. Ecnu B kauecTBe coxpaHseMoOil NEpeMeHHOH BblOpaHa MEepeMeHHas, MpUHaIJeKalas
kiaccy network object, u oHa 3kciopTupoBaHa B padbouyro o6macte MATLAB, MOXHO TOCTPOUTH
MoJieJh HeMpOHHOU ceTu B cucteme Simulink.

Export or Save from Network/Data Manager L 5]

— Select Variables

network1
datal

P1

T

Select one or more variables. Then [Expor] the variahles
to the MATLAB warkspace or [Save] them to a diskfile

a3
=
0

Select All Se!ectNonel Cancel I Xt S

Puc. 5
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[locne co3manusi M aKTUBU3AaLUMU HEWpOHHOM cetw B okHe Network/Data Manager
CTaHOBATCS aKTUBHBIMH KHOTIKH View, Delete, Initialize, Simulate, Train, Adapt. [Ipu Beigenenun
B obnmactu Networks co3maHHOl ceTH OTKpBIBaeTCS TUAIOroBas maHenb Network: <ums cetm>

(puc. 6).

=T
view | initialize | Simulate | Train | Adapt | weights |

;ﬁ
[ e ]

2 1 1

D P~

Manager Close

Puc. 6

[Tanens MMeeT MECTh 3aKIAN0K:

View — mpocMOTp CTPYKTYPhI CETH.

Initialize — 3aganKe HaYAIBHBIX BECOB M CMEIIICHHH.

Simulate — mozenupoBanue ceTH.

Train — o0yueHue ceTH.

Adapt — aganTanus ¥ HACTPOIKa MapaMeTpOB B CETH.

Weights — mpocMOTp ycTaHOBIICHHBIX BECOB M CMEILICHHIA.

OcoGenHoctu paboThI ¢ ceThio B okHe Network paccMoTpuM Ha mpumepe ceTeit ¢ mpsaMoi
nepegavyel CUrHanga u oOpaTHBIM paclpoCTPaHEHUEM OIMIMOKH.

Ilpumep 1.1. Co3nath U 00y4yUTh HEUPOHHYIO CETh BBINOJHEHHIO onepanuu y=x12+x2,
€CITH 3a/1aHbl oceaoBatenbHocTr Bxoaa P[1 0.5 0 1;-200.5 1Juunemu T=[-1 0.25 0.5 2].

Pewenue

B oknax Create New Data cinenyet copMupoBaTh MOCI€10BaTEILHOCTH BXOIOB U LIEJIEH,
a B okHe Create New Network BbiOpath HelipoHHyto ceTh THNa feed-forward backprop u 3agate
ee XapakTepucTukH (cM. puc. 3). Cxema 3To# ceTu moKazaHa Ha puc. 6. JlJis MHUIIUATTU3aIH CeTH
cinenyer BbIOpaTh 3aknaAky Initialize (puc. 7). B wucnamaromem menro Get from input
HEO0OXOIMMO 3a/1aTh JTUANa30HBI 3HAYCHUH BXOJHBIX JAaHHBIX. J[JI1 BBOJA WICXOJHBIX JAHHBIX
WHUIHAIN3AIMH BECOB CIIeIyeT BOCIIOIb30BaThCs KHOMKaMu Set Ranges u Initialize Weights.

Puc. 7
101X
View | Initialize | Simulate | Train | Adapt | Weights |
-~ Directi
Click [REVERT WEIGHTS] to set weights and biases to their last initial values.
Click [INITIALIZE WEIGHTS] to set weights and biases to new initial values.
Use the "Input Ranges" area below to view and edit input ranges.
~Input Ranges
(01, E
-21]
| | >
Getfrom input |w Revert Rangesl Set Ranges |
Manager Clase Revert Weights| Initialize weighs

3aTeM BBIMIOJHSAETCS OOYYEHHE CeTH, JUIA 4ero BhlOMpaeTcs 3akimanka Train. DTa maHenb, B
CBOIOOUEPE/Ib, UMEET TPH 3aKIaJIKH:
Train Info — uadopmariust 06 00yJarOIINX MOCIEI0BATEILHOCTSX (pHC. 8).
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Train Parametrs — mapamerpsl 00yuenus (puc. 9).

Optional Info — nomonauTenpHas urdopmartus (puc. 10).

BBozst 3HaueHHs B MO BBOJA M OCYIIECTBIISISI BBIOOP M3 BBINAAAIONIUX MEHIO, MOXKHO
YCTAaHOBUTh MMEHa mocienoBarenbHocTeld BBoga T u uenu P. Ilapamerprl oOydeHus B xoze
1abopaTopHOil pabOTHI U3MEHATH HE PEKOMEHIYETCS (OCTaBUTh MPUHSATHIC 10 YMOTYAHHIO).

=T
view | Initialize | Simuiate  Train | Adapt | weights |

Training Info I Training Parameters | Optional Info_ |

Training Data Training Results

Inputs P v Outputs IW
Targets T | Errors W
it pULBEl Ry Eiatg (ZE10E) | (| EiralnputDelzyStdnet]_inputStates
(nitdCayerDe Ay Statg (Zeras) "I FinalllLlayer Delay StHhetl _layarStates

manager | close | TrainNetworkI

Puc. 8
[Mocnenusis 3aknanka MpUMEHsSETCs, KOTAa B Mporecce 00y4eHUs UCTIONB3YIOTCS KOHTPOJIBbHBIE U
TECTOBBIE IOCIEN0BATEAbHOCTH. [IpUCTYNUTh K OOYYEHHUIO CEeTHM MOXKHO IYTeM aKTHUBU3ALUU
kHonku Train Network, a pe3ynbraTel mpocMoTrpers B okHe Network/data Manager, BrIOpaB
KHONKY Manager, uMmerolytocs Ha 11000 u3 mectu 3akianok okHa Network. /lis storo cienyer
AKTUBU3UPOBATh TIEPEMEHHBIC, COOTBETCTBYIOIIME TMOCIEIOBATEIBHOCTAM BbIXOAa (net-
work1 outputs) unu ommbok (networkl errors), u Haxkate kHomKy View. KauecTBo oOyueHus
NpeCTaBisieTcss B OTACTbHOM OkHE Train (puc. 11), rae MOXHO MPOCIEIUTh YMEHBIICHUE

CpEe/THEKBAIPATUYECKON OMMOKN. 3HaUeHHE BECOB M CMEIIEHHH MOXKHO YBHJIETh, €CIIM BHIOPAThH
3aknanky Weighs.

[ Netwon nent — TP
view | Initialize | Simuiate  Train | Adapt | weights |

Training Info | Training Parameters  Optional Info |
IV Supply optional valdiation data? (Used for eatly stopping for many networks.)

[V Supply optional testing data? (Useful for estimating a network's ability to generalize.)

Validation Data Test Data

Inputs ﬁ Inputs ﬁ
Targets T—ﬂ Targets ﬁ
Initinputoelsy et EEme ) B | [ ithputCety et @ men =
|mElayern el sy Stat‘ (ZETOS) Iitcayeriselay E:taiﬁf‘:m’a)—"[

Manager | Close | TrainNelworkl

Puc. 9
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) Netmork net =T

View | Initialize | Simulate  Train | adapt | weights |

Training Info ~ Training Parameters l Optional Info I

epochs |1DD_ mu_dec IU1_
goal IU_ mu_inc |1IJ_
max_fail [5—- mu_max W
mem_reduc |1— show ]25—
min_grad W time Inf
mu oot
Manager | Close | Train Networkl

Puc. 10

Jliis yno6cTBa paboThl MOKHO SKCIIOPTUPOBATH CO3/IaHHYIO HEHPOHHYIO CETh B Pabouyro
obmacte cuctembl MATLAB 1 nomryunts nHGOpMAaLKIo 0 BeCax M CMEIIECHHUSIX HETTOCPEICTBEHHO
B paboueM OKHE CHUCTEMBI:

>>networkl.IW{1l,1}, networkl.b{l}

ans = -1.7530

ans = 1.1592

>>networkl . LW{2.1}, networkl.b{2}

ans = -1.5142

ans = 0.5025

Hcnonb3yst GyHKIMIO gensim, MOXHO MOCTPOHMTH S-MOJAENbs ceTH B cucteme Simulink
(puc. 12). BoiGop (IBOWHOW IIETYOK MBIIINA) 3JIEMEHTOB CETH IO3BOJIIET MPOCMATPUBATh HUX
CTPYKTYPY:

>>gensim(networkl)

<) Training with TRAINLM 3 10| x|
File Edit “iew Inset Tools Window Help
Petrformance is 2.69014e-030, Goal is 0

- 100 : : : . : ——
=]

o

o

(1]

’_.

&

@ 410 i
& 10

(=

8

z

=

-20

o5 b b
=

=

=

£

=

G

F= 10'30 ! L 1 ! I !

£ 2 4 B 8 10 12
Stop Training I 19 Enoche

Puc. 11
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[ { | TOL wigight
Inputt e pi1l (1) plil  Delays 1 W[1,1} W[
pit} 1 = _bf—b@
Neural Metwork Y11 etsum fraining a1l
b1}
O =) | (O»[o el
q Layer 1 i T Delays1  Lwi21) 4
Pl afl} a1} ¥ {2.11 : _’7’,__’@
O—s O (o Phetm gm0
a1} Layer 2 1] bi2}
Puc. 12

Ot CXEMBI, B OTJIMYHUEC OT HHHIOCTpaTHBHOfI CXEMbI Ha puUcC. 6, SIBIISIFOTCS. B IIOJTHOM MEpe
(bYHKI_II/IOHaJ'ILHLIMI/I CXEMaMHU U MOT'yT OBITh MNPUMCHCHBI JI1 MOACIUPOBAHUA HeﬁPOHHOﬁ CCTH.

BapuanTbl 3axanuii
Cozpath ¥ 00y4MTh HEHPOHHYIO CETh JUIsl peanu3alud (YHKIMHU JBYX HEPEMEHHBIX
COTJIACHO OJTHOMY M3 BapHaHTOB:

1) y=x1% — X2®+Xa. 14) y=x12+x2*+x32.

2) y=X1+Xo+Xa. 15) y=x1?+x2% — x3%.
3) y=x1+xo+xa. 16) y=x1? — x2® — x3°.
4) y=x12 — xo+x3°%. 17) y=x13+x23+x3°.
5) y=X1?+X2 — X3°. 18) y=— X1%+xo+x3°.
6) y=X1+x2 — Xa°. 19) y=—x12 — x2*x3.
7) y=X1? — X2%+x3? 20) y=— X1+X2+X3%.
8) y=x12+x2>+xs’. 21) y= — X12+xo+x32%.
9) y=x1*+xo+x32. 22) y=—X1® — xo+x32.
10) y=x1*+x23+x42. 23) y=—x1%+x2 — x3%.
11) y=—X1+X2 — X3 24) y= — X13+Xo+X32.
12) y=—x12 — xo*+x4?%. 25) y= — X12+X22+X3°.
13) y=— X12+X23+X32. 26) }lez-i-xz2 — X32.

Jlnana3oH u3MeHeHus mapameTpoB: x1=[-2;2]; X2=[-1;1]; x3=[0;4].

Conep:xxaHue oT4yera
B cocraB oT4eTra BXOAAT CIEAYIOIINE pa3/IeITb:
KpaTkas orieHKa HHCTPYMEHTAIBHOTO CPEICTBA.

1

2. Pe3ynbTaThl cO3/MaHUs, 00YUEHUS U MOJICIIUPOBAHHS CETH.
3. Mogemu cetu B NNTool u Simulink.
4

BriBopbl.

KonTpoJbHbBIe BOPOCHI
1) Yro mpencraBistor coboit HeliponHbie ceTn B cpeae NN Toolbox? Ilepeunciure ux
OCHOBHBIE MMapaMeTpsl U (QYHKIUH.

2) Kaxkwue knaccel 3a/1a4 PEIIaloOTCst IPU TTOMOIIN HEHPOHHBIX CeTe?
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3) UYro moHMMAaETCs 1MoJ1 O0y4ICHUEM CeTH?

4) Kakue anropuTMbl 00ydeHHS HEHPOHHBIX ceTel Bam m3BeCTHBI?

JlabopaTopnasi pabora Ne 3.

ITporpammuoe cpeactBo Neural Network Toolbox cucremsr MatLab.
®opMa npoBeeHUs1: KOMIIbIOTEPHBIE CUMYIISIUH.
Hean: M3yuenue cBoiicTB mnepcentpoHoB. Co3maHue W 0OydeHHWE HEWPOHHOM CETH s
peanu3aiyy JOrn4eckon GyHKINH.
IHopsinok BHINOJHEHHUS PAOOTHI
1. O3HakoMHTBCA C IEMOHCTPAIIMOHHBIMH MTPOrpaMMaMU, WLUTIOCTPUPYIOUIUMH pEIlIeHre
3a/1a4¥ K1accu(UKaIyy pa3IuIHbIME TEPCEITPOHAMH:

demopl — knaccuduKarms ¢ UCIOIb30BaHUEM JIBYXBXOIOBOTO IIEPCENTPOHA,;

demop4 — HopMUpOBaHKE BXOIHBIX BEKTOPOB BHEIIHETO CJIOS,

demop5 — o0yueHue ¢ UCTTOTb30BAaHHEM HOPMHPOBAHHOW (DYHKIIMH HACTPONKH;

demop6 — nmoBeeHKe ceTH NMPH KIIACCU(PHUKAIMN JTHHESHHO HEPa3IeIMMBbIX BEKTOPOB;

nnd3pc — kaccuduKarus peaabHbIX 00BEKTOB IPH MIOMOIIIU [IEPCENTPOHA;

nnd4db — moctpoenwue pa3enAroLei JIMHUN MIEPCEITPOHA;

nnd4pr — mepeMerieHre pas3IeNSIoIeH JTHHUM TPH KCIIOIb30BAHUN PA3IMYHBIX (YHKIHI
o0yueHwHs.

2. M3yunts M-QyHKIMM, TNpeAHA3HAYCHHBIC IS WHUIUAIH3ANWHA, OOYYCHHS W

MOJICJIMPOBAHUS [IEPCENTPOHOB, UCIIONB3Ys cpaBouHyto cucremy MATLAB.

3. PeanmsoBatk pemienue 3a1aun KiaccupUKAIUNH JTHHEHHO OTIEIIMMBIX BEKTOPOB.
4. Peann3oBath pelIeHUE 331a4u KilacCU(PUKAIUN JTUHEHHO HEOTIEIUMbIX BEKTOPOB.
5. OTBeTHTb Ha KOHTPOJIbHBIE BOIIPOCHI U COCTABUTH OTYET.

Teoperuueckne 000CHOBaAHUS

IlepcenTpoHBl — KJacC JMHEWHBIX OJHO- M MHOIOCIIOWHBIX HEHWPOHHBIX CETEM,
peAU3YIOIUX MPSAMOE PacHpOCTPAHEHWE CHUTHAJIA W TMPEAHA3HAYEHHBIX MJI1 PEUICHUs 3a1ad
KJacCU(UKALUN JHUHEHHO OTIEIMMBIX BXOAHBIX BEKTOPOB. MHOTOCIOWHBIE MEPCENTPOHBI
MO3BOJISIIOT PEIIATh CIIOKHBIE MPOOJIEMBI, CBS3aHHBIE C aHATM30M KOMMYTaIIMOHHBIX COSTMHEHUH,
pacro3HaBaHHEeM O0pa30oB, M APyrue 3aJayl KIacCU(PUKAINUU C BBICOKUM OBICTPOJICHCTBUEM U
rapaHTHEed NpaBWIBHOIO pe3ynbTaTa. HEMpoHBI MEpCenTpOHOB MMEKOT CTYNEHYATYIO JUHUIO
aktuBanuu hardlim u, ciemoBaTenbHO, KaXKIAbIH HEMPOH BO3BpAIlaeT €AWHUILY WIH HOJb, YTO
COOTBETCTBYET €r0 BO30YKIEHUIO W TOPMOKEHHIO.

ITo xomanzme help percept MOXXHO TMOTYYUTH MOAPOOHYIO HHpOpMAIUIO 0 Habope M-
(GYHKIHA, OTHOCSIIIMXCS K TIOCTPOCHHUIO HEHPOHHBIX CETeH Ha OCHOBE TepcenTpoHOB. CTpyKTypa
nepcenTpoHa MpeAcTaBieHa Ha puc. 13.
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Input  Perceptron Neudran

-1
a=herdlimi)

a = hardlim (Wp + &)
R = number of elements in input vector

Puc. 13

Jnst hopMHUpOBaHUS MOJEIN OJHOCIOHHOTO TEepCeNTpOHA IpeJIHa3HA4YeHA (QYHKIUS
newp:

net=newp(PR, S, tf, If),
riae net — ums oobekra "Hetiponnast cets”; PR — MaccuB mMin u max 3xHaueHwmii 1y R 3eMeHTOB
BXO/a pasmepoM R*2; S — uucio HeliporoB B cioe ; tf — ¢pynkuus akrusammu {hardlim wim
hardlims}; If — oOyuaromas dhynkuus {learnp wium learnpn}. Ilpu kparkom Bei3oBe net=newp(PR,
S) mo ymonuanuto 6yayT ucnonszoBarbes pynkuuu hardlim u learnp. Hanpumep, BbI30B pyHKIIHH
¢ mapametpamu ([-2 2;-3 3], 1) co3maer mepcenTpoH C ABYXDJIEMEHTHBIM BXOJOM U OIHHUM
HEHPOHOM, 3HAYCHUS JIEMEHTOB BXOJIHOTO BEKTOPA CO3JIAHHOW CETH JOJDKHBI BAPhUPOBATHCS B
nuanaszonax [-2, 2] u [-3, 3]. [IpocMoTpeTs pa3nuyHbie apamMeTpbl U 3HAYECHHS MEPCENTPOHA
MOYKHO CJICAYIONIMM 00pa3oM:

>>inputweight = net.inputweights{l, 1}% napameTps BXOIOB

>>biases=net.biases{1l} % IHapaMeTpH CMeleHUN
>>net % IIapaMeTpH UM apxXUTEeKTypa CeTu

>>net.IW{1l}, net.b{l}% 3HaueHMS BeCOB U CMeUeHUN

Jlist TOro 4toObl U3MEHUTH HYJIEBbIE 3HAYEHHS BECOB M CMEILEHUH, YCTAHOBJIEHHBIE TIO
YMOJIYaHUIO, MO’KHO IIPUMEHUTH CIIEAYIOLIUE ONepaTophl:

>>net.IW{l}=[-1 1]; net.b{l}=[1];

BepHyTbcs K IepBOHAYAIbHBIM YCTAaHOBKaM IapaMETpPOB MEPCENTPOHA MOXKHO C
HOMOIIBIO (PYHKIIMH init

>>net=init (net);

MOXHO H3MEHHUTh CI0CcO0, KOTOPHIM HMHUIUATU3UPYETCS MEPCENTPOH, C MOMOILBIO
¢byHkuM init. J{7s8 3TOro JOCTaTOYHO M3MEHHUTHh TUIBl (QYHKIUN HHULHAIU3ALUH, KOTOpHIE
IPUMEHSIOTCS Ul YCTAHOBKM II€pBOHAYAIbHBIX 3HAYEHUH BECOB BXOAOB M CMEIIECHUU.
Hampumep, uroObl 3amarh cioyvailHble 3Ha4YeHHs MapaMeTpaM MEpCEeNnTpOoHa, CIEAyeT
BOCIIOJIb30BaThCs (DyHKIMEH rands:

>>net.inputweigts{l, 1}.initFcn='rands’;

>>net.biases{1l}.initFcn='rands’;

>>net=init (net);

>>wts=net.IW{1l, 1}

wts= -0,96211 0,3526 % BOBMOXHEIE BHAUEHMUSI
>>pbias=net.b{1l}
b= -0,032452 % BOBMOXHOE BHAUEHME

Emte onuH cioco6 3aanus ceT, KOTOPBIA UCTIONB3YET OMpPEeICHHe MacCHBa dJIEMEHTOB
BXOJa:
>>PR = [-1 1; -2 2; -3 3] % MaTpuia 2x3 (2 - min m max
3HaAUeHUs IJid 3 BXONOB HEeMpOHA)
>>netl=newp (PR, 2) % cosBIaHMe CeTu C 2 HeUpoHaMMu
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Ananrtaius U oOyueHHe NepcenTpOHOB BhIMONHAIOTCS QyHKIMsAME adaptwb u trainwb,
KOTOpbIe MOAUGPUIIUPYIOT 3HAYEHUS BECOB U CMEIICHUI 10 TeX MOp, MOKa He OyJIeT JOCTUTHYTO
TpeOyemMoe 3HAaYCHHE KPUTEpUsS KadecTBa OOYYCHHS B BHJIC CPEJHEH aOCOTIOTHOW OIIMOKH,
Bblunciasiemor (ynkuuedr mal. [Ipumenenune (QyHKUMM aganTanuu rapaHTUPYET, 4TO JtoOas
3a/1a4a KIacCH(PUKAIUU C JTMHEHHO OTICIMMBIMH BEKTOpaMu Oy/IeT pelieHa 3a KOHEYHOE YHCII0
HUKIOB (1IaroB HacTpoiiku). @DyHKUMA aJanTalld KOPPEKTHUPYET IapaMeTpbl CEeTH IO
pe3ynbTataM 00pabOTKH KaXKAOTO BXOJHOTO BEKTOpa. JTa (DYHKIHS OTHOCUTCS K KaTeTOpUU
YCTapeBIIMX, OJHAKO JUIsl COXPAHEHUs IPEEMCTBEHHOCTH C MpeamecTByromuMu Bepcusimu NNT
€e HWCIoNb30BaHue nomycTuMo. HoBas oOywaromass QyHKOus train peanu3yeT aJanTHBHOE
oOydeHHe C MOCIe0BAaTEeIbHBIM IPEACTABICHUEM BXOJOB, NMPU KOTOPOM HACTpOiIlKa ceTH
BBITIOJHSETCSI HE IOCJIe KaXKIOro IMPOXO0Jid, a B pE3ysbTaTe BCEX IMPOXOJIOB OOydYaIomIero
MHOkecTBa. K cokaneHuio, He CyIIeCTBYET JOKa3aTelbCTBA, YTO TaKOW alrOpuUTM OO0y4YeHHs
nepcenTpoHa sipisiercs cxoasmumcs. [loaromy ucnonszoBanue Gpynkuuu adapt 11 nepcentpoHa
ABJISIETCS IPEIIOYTUTEIIbHBIM.

Ipumep 2.1. OGydeHune nepcenTpoHa BRIMOIHCHUIO (PyHKINK Jormdeckoe M.

Pewenue

Ornpenenum Mociae0BaTeIbHOCTh IBYXAJIEMEHTHBIX BEKTOPOB BXoa P i cetu ¢ onHUM
JIBYXBXOJIOBBIM HEPOHOM:

>> P=[0 011 ; 0101] % marpuua 4x2

Cdopmupyem mociieoBaTenbHOCTD Lieei T:

>T = [0 0 0 1] % MaTpuua 4x1

YcTaHOBUM YHUCIIO MTPOXOA0B paBHBIM 10 U BBITIOJIHUM aIallTAIHIO:

>>net.adaptParam.passes=10;

>>net=adapt (net, P, T);

[IpocMoTpuM 3HaueHus BECOB U cMelleHus, oToOpa3uM Bektopsl P u T u moctpoum
rpaduk paznenstoniet TMHIH:

>>net.IW{1l}, net.b{l}

ans= 2 1

ans= -3

>>plotpv (P, T);

>>1linehandle=plotpc (net.IW{1l}, net.b{l});

[IpomonenupoBaTh CIPOESKTHPOBAHHYIO HEMPOHHYIO CETh MOXHO C IMOMOIIBI0 (PYHKITUH
sim, TOJaB Ha BXOJ CETH OOYyYarollyl0 TMOCIEI0BATENbHOCTh, COBMAJAIOIIYI0 C BXOJHOMN
IIOCJIEI0BATEIBLHOCTBIO P:

>>Y=sim(net, P)

y=0 0 0 1 % HacTpoOrMKa CEeTM BEBIIOJIHEHA IPaBUIIBEHO

JImuTenbHOCTh 00YYeHHUs] TIEPCENTPOHOB BEChbMa UYBCTBHUTENIbBHA K Pa30opoCy 3HAYCHHI
JUTMHBI OTJEJBHBIX BEKTOPOB. YPaBHOBECUTH BIMSHHE OONBIINX U MajblX 3HAYEHUN BXOJHBIX
KOMITOHEHT MOJKHO TIyTeéM MacITabupoBaHUs BEKTOpa Bxojaa. HopmMupoBaHHOE TIPaBUIIO
o0ydeHus IepCcenTPOHOB peanu3yercs GyHKuen learnpn:

>>net.inputweights{l, 1}.learnFcn:='"learnpn’;

>>net=1init (net);

st perienust 6oJiee CIOKHBIX 3a7ad MOXHO HMCIIOJIB30BaTh CETH C OOJBIINM YHCIOM
HelipoHoB. Hanmpumep, 1utst kaccupuKanuy BXOJHBIX BEKTOPOB M0 4 rpynnaM MO>KHO IIOCTPOUTh
CETh C IByMsI HEPOHAMH, 9TOOBI CPOPMUPOBATH JIBE pa3ACIIAIONICE JIMHIH U MIPUTTACATH KAXKIOMY
BEKTOpY cBOIO o0Onacth. [lomyuuts S-momens cetr B Simulink MOXXHO TyTeM BBI3OBa yKe
M3BECTHOM (YHKIIMH gensim.

BapuanTsl 3a1aHui

Co3nmarh 1 00y4YHTh HEHPOHHYIO CETh IS peau3alfy JIOTHIECKON (YHKIIMH COTJIACHO

O/IHOMY M3 BApUAHTOB:

BO3BMOXHEIE 3BHA4UYEeHMA
BO3BMOXHEIE BHAUYEeHMA

oo o
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1. (AvB)= (A AB) 16. (A=B)=(AAB)

2. (AVB)VA) 17. (A=B)r(Av B)

3. (AvB)v(B< A) 18. AA(A=B)vB

4. A=Bv(AAB) 19. (Av B)/\E

5. (A<>B)AAAB 20. (A< B)A(AnB)

6. [A=B)AB]= A 21. (A=B)v(A~B)

7. (A=>B)vA=B 22. (AvB)<(AnB)

8. BA(A=B)=A 23. (A< B)A(AvB)

9. (A=B)=(B=A) 24. (A< B)A(AAB)

10. AA(AVB)=B 25. (A< B)v(AnB)

11. AnBv(AVB) 26. (A~ B)A (A B)

12. A=(AvB) 27. (AvB)A(AnB)

13. AAB=(AvB) 28. (Av B)A(AAB)

14. (AnB) < (AVB) 29. (AAB)v (AAB)

15. (AvB)=B 30. (A~B)v(AAB)
Jlnst onpenenerust GYHKIUH ST MOYKHO BOCIIOJIb30BATHCS TaOJIHIICH
A B A AAB AvB A=1B o
0 0 1 0 0 1 1
0 1 1 0 1 1 0
1 0 0 0 1 0 0
1 1 0 1 1 1 1

OT4eT Mo BHINOJHEHHOI PadoTe T0JI7KeH COAePKATh CJeIyIolINe pa3ieibl:

1)
2)
3)
4)
5)
6)

Kpartkoe onucanue nHcTpymMeHTanbHoro cpenctsa NNTool.

KpaTkas xapakrepucTrKa epcenTpoHOB.

HOCHGI[OB&TGJ'H)HOCTI) KOMaHa i CO3JJaHHA, MHUIIWAJIu3allu U 06yqu1/1$1 CCTH.

Crpykrypa cetu.

['paduk U3MeHeHHs apaMeTpPOB U BETUYHMHA OIIMOKHU B IIpoIiecce 00YUEeHHUS.

rpaduK pa3iensonei JTNHUH.

KoHTpoJibHbIE BONIPOCHI

1.

2
3.
4
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YT0 moHMMaeTCs o ApXUTEKTYPOH HEHPOHHOMU ceTu?

Kakwue crocoOsl peanu3anuu HeHpOHHBIX ceTeld Bam n3BecTHBI?
KakoBbl 0cOOEHHOCTH HEMPOHHBIX CETEH THUTIA TIEPCENTPOH?

OnuimTe KIIacCUuIeCKHUil AJITOpUTM 06yqu1/I;[ MEpCCIITPOHA.




5. Uro mnoHMMaeTcs TOJ pa3AeiAIIeH JUHUEH U Pa3JelAomed IIOCKOCTHIO
nepcentpoHa’?

6. Kakumu cmocobamu MOXKHO IPOU3BECTH HACTPOIKY IMapamMeTpoB nepcentpoHa? B uem
UX OTIau4ue?

7. B xakoMm cilydae nepcenTpoHbl MOT'YT peliaTh JMHEHHO HEOTAEIMMbIE 3aaun?

JlabopaTopnasi padora Ne 4.

ITepcenTpon. JInHeliHbIe HEMPOHHBIE ceTU. PamnanbHbie 0a3UCHBIC CETH.
®dopma npoBeeHNs: KOMIIBIOTEPHBIE CUMYJISLUY (2 Yaca)
Heab: VccnenoBanue cereil mpsiMOro paclipoCTpaHEHUsI CUTHAJIA

IMopsinok BbINOJIHEHHS PadOThI
1. UMByuuTh AEMOHCTpAllMOHHBIC MPUMEPHI, UILUTIOCTPUPYIOIIHE padOTy ceTel ¢ MpsMoii

nepeaden CurHana:

nnd11nf — ¢pyHKIMOHUPOBaHKE CETH;

nnd11bc — nemoHcTparws arropuTMa 0OPaTHOTrO PACIIPOCTPAHEHHUSI OIIMOKH;

nndl1fa — ¢pyHKIWs annpoKcuMaIuy;,

nnd11gn — o6o0r1arorre COCOOHOCTH CETH;

appcsl — pacnio3HaBaHKUE HEIMHEHHOM CUCTEMBI;

appCs2 — nuHeapu3aIys C TOMOIIBIO CETH C 0OPATHBIM PACIIPOCTPAHESHUEM OIIAOKH.

2. C mnomompto cnpaBouHod cucteMbl MATLAB o3HakoMuTbhCs € (QYHKIUSAMH,

NpeHa3HAYCHHBIMH TSI Pa0OTHI C YKa3aHHBIMHU CETSMHU.

3. CHnpoexkTHpoBaTh HECKOJBKO BApUAHTOB APXUTEKTYpPbl CETH Ui peleHHs 3aJa4yu
pacro3HaBaHHUsl 00pa30B, 3aKOJUPOBAHHBIX C MOMOIIBI0 MaTpullbl NxM M NpeaycMOTpeHHBIX
BapHaHTOM.

4. CO3I[aTI>, O6y‘II/ITI) 1 IpoOMOJACIHMPOBATE CETh HA UACAJIBHBIX U 3alllYMJICHHBIX BXOJHBIX
BCKTOpax, HIOCTPOUTH Fpa(bHKH mnmpomnecca 06yquI/15{ U pE3YyJIbTAaTOB MOACINPOBAHUA.

5. BrIOpath ceTh ¢ HaumyuIIen apXuTeKTypoil.
6. IIyHKTBHI 3 — 5 MOBTOPHUTH IS PEIICHUS 33]]a9 PETPECCHH U TTPOTHO3HPOBAHMSL.

7. OtTBeTuTh Ha KOHTPOJIBHBIC BOIIPOCHI, COCTAaBUTH OTHYCT.

Teopernueckne 000CHOBaAHUS

B ceru ¢ npsmMoii nepenaueii curHaiza HEUWPOHBI PEryISIPHBIM 00pa3oM OpraHU30BaHbl B
cion. Kaxapiii HeHpOH BHYTPEHHUX (CKPBITHIX) CIIOEB U BBIXOJHOTO CJIOS COEIMHEH CO BCEMH
AIIEMEHTaMH MpebIAyIIero ciiosi. Takue ceTu — ¢ MOJHON CUCTEMOMN CBSI3U — MPEANOYTUTEIbHBI
JUIs OOJIBIIMHCTBA NMPHIJIOKEHUH B OTIMYUE OT CETel ¢ BHIOOPOUHBIMU CBA3SIMH. APXUTEKTYpa
OJIHOCJIONHON ceTH ¢ S HeHpoHaMH, JOTUCTHUECKOM (yHKuMeWd akTtuBauuu U R Bxomamu
npezcTaBieHa Ha puc. 14 (a — neranpHoe npeacraBienue; 6 — Hotauuss MATLAB). ApxutekTypa
CETU C OJJHUM CKPBITHIM CJIO€M IpeACTaBJIeHa Ha puc. 15.

Cern c mpsMBIM pacIpOCTPAaHEHUEM CHTHaja HCIOJB3YIOTCA JJI pELIeHUs 3aaay
KJlaccupuKauuy J100 BBICTYNAIOT B KAaYeCTBE HAEAJIBHOTO aNlpOKCUMATopa, T.€. OHU MOTYT
MOJENUPOBaTh  (PYHKIMIO  MPAKTHYECKH  JIIOOOW  CIOXKHOCTM  (3alaud  PErpeccHH,
IPOTHO3UPOBaHUA). YUCIIO CIIOEB M YUCIIO AJIEMEHTOB B KaXKJOM CJIO€ 3aBHCAT OT CIIOKHOCTH
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GyHKIMU ¥ ONpeAeNsioTcss sMnupudecku. Ilpu 3ToM cienyer ydyuThIBaTh, YTO eciu Ooiee
CIIOKHAsi MOZENb HE JaeT pe3yibTar Jydylle, 4yeMm Oojiee mpocTas, TO U3 TUX JIBYX Mojenei
ClIeZlyeT MPEeANovecTh NOCIeIHIOW. B kauecTBe HaYaJIbHOTO MPUOIMKEHUSI MOXKHO B3SITh CETh C
OJIHUM MPOMEKYTOUHBIM CIIOEM, a YUCIIO JIEMEHTOB B HEM IOJIOKUTH PABHBIM MOJTYCYMME YK CIIa
BXOJIHBIX U BBIXOJHBIX 3JIEMEHTOB.

ITo xomanzae help backprop MoxHO MoNy4YnTh MOAPOOHYIO MHPOpPMaALIUIO 0 Habope M-
(GyHKUIMH, OTHOCALIMXCS K TOCTPOCHHUIO HEHPOHHBIX CeTe ¢ MpsAMOW Meperadyeil curHaia.
KonruecTBO BXOJHBIX U BBIXOJHBIX 3JEMEHTOB ONpENENsieTcs YCIOBHSIMH 3agaud. BxogHbie
IEpEMEHHbIE MOTYT BBIOMpATbCS HCCIIEAOBATENIEM HMHTYUTUBHO, HO BCE OHU JIOJDKHBI OBITh
3HAYUMBIMHU.

Input  Layer of Neurons Input Layer of Neurons
r N7 Y N7 N
[ars
L P a
P, Rxl hd n s.n.
SxR
) j x1 .-L
P2 @ 15 b
P
Sx1
’, _ G >
: ' a=F(Wp+h)
pR a.'.‘.‘
> Where... R = numberof
elements in
input vector
—/ S =number of
neurons in layer
Puc. 14 (a, 6)
Hidden Layer Output  Layer
N 7 A
at a]:j"
IWu -\‘ " T PILW2 -\‘ . T
4x2 75 Ixd -
j 4xl j 3 x1 74
bt 1=
421 3 x1
i N -y
a1 = tansig (TWuipt +b1) a2 =purelin (LW2.1a1 +b2)
Puc. 15

Jly1g co3aaHust ceTH MPSIMOTO PACIPOCTPAHEHUS UCITIONIb3YyeTcsl PyHKIMS newft:

net = newff(PR, [S1 So...Sni], {tf1 tf2...tfnl}, btf, blf, pf),
rae PR — mMarpunia RX2 MUHUMaNbHBIX 1 MaKCUMaJIbHBIX 3HAYEHUW 11 R BXOJHBIX 3JIEMEHTOB;
Si — pa3mep i-ro cinost s NI croes; tfi — GyHKIMS aKTHBALH i-T'O CJI0s (10 YMOJTYAHHIO tansig);
btf — oOyuarommas ¢gyukuus (trainlm); blf — oOyuaromiass QyHKIMS [ HACTPOWKH BECOB
cmemennii (learngdm); pf — xapakrepuctuueckas GyHKIus (mse).

Ilpumep 3.1. Co3nath HEMPOHHYIO CETh JJISI paclo3HaBaHUsS 26 CUMBOJIOB JIATUHCKOTO
andaBuTa Ha OCHOBE OIU(POBKM Kaxkaoro cumaoia. [IpoexTupyemas ceThb JODKHA TOYHO
pacro3HaBaTh HJEalbHbIE BEKTOPBHl BXOJa M C MAaKCUMAJIbHOW TOYHOCTBIO BOCIPOU3BOIMTH
pacrio3HaBaHME 3alIyMJICHHBIX BEKTOpOB. IIpaBuibHO (YHKIMOHMpYIOIIAs CETh JIOJDKHA
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OTBETUTH BEKTOPOM CO 3HAYECHUEM EIMHULIA JIJIsl SJIEMEHTA, COOTBETCTBYIOILIETO HOMEPY CUMBOJIA
B apaBUTE, U HOJIb JJISl BCEX OCTALHBIX CUMBOJIOB.

Pewenue

Kaxxnprit cumBon (00pa3) MOXeT ObITh MpeAcTaBieH madiaoHoM 5x7 (puc. 16), 10x14 u
Ip. ¢ momouibio crangapTHoit pyHkiuun MATLAB prprob. Ona onpeznensier 26 BEKTOpOB BXOa,
KXKIBIA U3 KOTOPBIX COJEPKUT 35 351eMEHTOB (MacCHUB JIATUHCKOTO andasuta). OyHKUus prprob
dbopMupyeT BBIXOJHBIC ITepeMeHHbIe alphabet u targets, KOTOpbIe COOTBETCTBEHHO OIPEICISIOT
MacCHBBI aji(aBUTa U LIEJIEBBIX BEKTOPOB.

3 afol1fa|o

W e ol1lof1]o

e e ol1]lcl1]o

= T 1ofofloll

X[ x| x| xx 1J1j1]1]1

% % 1ofofloll

< > 1lofofo]1
II1a6moH cumBoma ‘A’ BexTop Bxoaa cumBoina ‘A’

Puc. 16
Chopmupyem maccuB BeKTOpoB Bxoza alphabet 35x26 ¢ madiioHaMu CHMBOJIOB alihaBUTa
Y MAaCCHUB LIEJIEBBIX BEKTOPOB targets:
>>[alphsbet, targets]=prprob;
>>[R, Ql=size (alphabet);
>>[S2, Ql=size(targets);
Yucno HEMPOHOB CKPHITOTO c10st S1 pekoMeHAYeTCsl ONPEAeTUTh SMIUPUYECKUM ITYTEM.
Ecnu npu 00ydeHuun ceTv BOSHUKHYT 3aTPYAHEHUSI, TO MOKHO YBEJIMYUTH KOJIMYECTBO HEHPOHOB
atoro cnos. Co3mamuM JBYXCIOWHYIO CETh C CHUTMOWJAIBHBIMH  (YHKIUSMHU aKTHBAIAU
HEWPOHOB:
>>net=newff (minmax (alphabet), [S1,S2], {‘logsig’, "logsig’},
"traingdx’) ;
>>net.LW{2, 1l}=net.LW{2, 1}*0.01
>>net.b{2}=net.b{2}*0.01
[TepBoHayanbHO 00YYMM CE€Th B OTCYTCTBHH IlIyMa C 33JJaHHBIM YHCJIOM LIUKIIOB JHOO0 10
JIOCTUKEHUS JOMYCTUMOM KBaAPaTUYHON MOTPEIIHOCTH
>>P= alphabet;
>>T=targets;
>>net.performFcn='sse’;
>>net.trainParam.goal=0.1; % OOIIyCTMMas [IOTPEIHOCTb
obyueHusa
>>net.trainParam.show=20; % MHTepBaJl BEHIXOIa MHOOPMALUU
>>net.trainParam.epochs=5000; % xoJIMUECTBO DIO0X OOyUYEeHUS
>>net.trainParam.mc=0.95; % IapamMeTp BO3MYUEHUS
>>[net,tr]=train(net, P, T)
JlJ1 IpOEKTUPOBAHUS CETH, HE UYBCTBUTEIBHON K BO3JIEHCTBUIO IIyMa, MOXKHO OOYyYHTh
ee Ha 10 HaOopax ABYX HEaTbHBIX M JBYX 3alTyMJICHHBIX KOMHI BEKTOPOB ajgaBuTa:
>>netn=net;
>>netn.trainParam.goal=0.6;
>>netn.trainParam.epochs=300;
>>T=[targets targets targets targets];
>>for pass=1:10
>>P=[alphabet, alphabet, (alphabet + randn (R,
Q)*0.1), (alphabet+randn (R, Q)*0.2)];
>>[net,tr]=train (netn, P, T);
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>>end

Tak xak HelipoHHas ceTh o0ydyanach B MPUCYTCTBUU IIIyMa, OHA TOTEPsUIa CIOCOOHOCTh
pacrno3HaBaTh HacalbHbIE BEKTOPhL. OOy4UM CETh HJIeabHBIM BEKTOpaM €Ile pas:

>>net.trainParam.goal=0.1;

>>net.trainParam.epochs=500;

>>net.trainParam.show=5;

>>[net,tr]=train (netn, P, T);

OcymectBuMm mnpoBepky Ha 100 BekTopax BXoJa HpU  Pa3IMYHBIX YPOBHSX IIyMa.
Paccmotpum nBe cetr: network1 — ceThb, 00y4eHHYIO Ha HACAITBHBIX BEKTOPax, U network2 — ceTs,
00yYEHHYIO Ha 3allyMJICHHBIX TTOCIICIOBATENBHOCTIX. Hanuane myMoB MOXKET IPUBECTH K TOMY,
4TO CeTh He OyaeT (OpMHUpOBATh BEKTOPHI BBIXOAA, coctosiero TouyHo u3 1 u 0. Ilostomy
ucronb3yeTcs (QyHKIUS compet, KoTopas NMpUCBauBaeT | €IMHCTBEHHOMY JJIEMEHTY BEKTOpa
BBIXO0/Ia, @ BCEM OCTAJIbHBIM — 3HaYeHue 0:

>>noise range=0 : .05 : .5;

>>max test=100;

>>networkl=[ ]

>>network2=[ ]

>>T=targets;

[lpoTecTUpyeM ceTu:

>>for noiselevel=noise range

errorsl=0;
errors2=0;
for i=1: max test
P= alphabet+randn (35, 26) *noiselevel;

Ne N

A=sim (net, P); $ mecT nnsa cetm 1
AA=compet (A7) ;
errorsl=errorsl+sum(sum(abs (AA-T)))/2;
B=sim(netn, P); $ TecT OJjd ceTm 2
BB=compet (B) ;
errors2=errors2+sum(sum(abs (BB-T)))/2;
echo off
end
>>networkl=[networkl errorsl/26/100]; % cpemHre 3HAUEHUI
>>network2=[network?2 errors2/26/100]; % ommbOoK
>>end
i =10l x]

File Edit ‘“iew Insert Tools ‘window Help

D& "AA/s | 2PD

Percentage of Recognition Errors

45

40

35

Netwaork 1 - - Network 2 ---
- —_ [N} (.} [}
o m (=] (4, [}

(8]

0 01 D02 03 04 0s
Noise Lavel

[TocTpoum rpaduku 3aBUCUMOCTH MTOTPELUIHOCTH OT YPOBHS BXOJHOTO Iryma (puc. 17):
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>>plot (noise range, networkl*100, r——r, noise range,
network2*100) ;
[IpoBepum paboTy cetm Ha KOHKpeTHOM cumBosie ‘T°. [lns storo cdopmupyem

Flo Bt Vew baet Tons Windoer Hel Fle Ede View Insen Toos ‘Window Hel
OFRHES k8 A Ay, B0 DS kA NS BET

BE el - &

E - = &
=

B =

- =:

B - =

3alllyMJIEHHBIM BEKTOP BX0/a JUJIs 3TOro cuMBoJa (puc. 18), mpoMoenupyem ceTb U ONpeaeaum

COOTBETCTBYIOIIUHN UACaNbHbIN cuMBOI (puc. 19):

>>masa=alphabet (:, 20)+randn (35, 1)*0.2;
>>plotchar (masa) ;

BEEe

Puc. 17

>>A2=sim(net, masa);

>>A2=compet (A2) ;

>>otvet=find (compet (A2)==1)

>>plotchar (alphabet (:, otvet))

Puc. 18 Puc. 19

Ecnu Heobxoauma 6osee BbICOKasi TOYHOCTh PACIIO3HABAHUS, CETh MOXKET ObITh 00ydeHa
aubo B TedeHue Oojee JIUTEIBHOTO BPEMEHHU, JIMOO C HCMOJIb30BaHHEM OOJIBIIETO YHCIIa
HEHPOHOB B CKPBITOM clioe. MOKHO yBETUYHUTh pa3Mep BEKTOPOB, YTOOBI UCTIOIB30BATh MIa0I0H
¢ 0oJee MEIKOM CETKOIA.

3amayn MPOTHO3MPOBAHUS (aHAIM3a BPEMEHHBIX PSAOB) SBJISIOTCS YACTHBIM CIydyaeM
perpeccun. I[IpudeM MOXHO CTPOUTH MPOTHO3BI KaK IS OJHOM, TaK W JIJIi HECKOJIBKHX
MEPEeMEHHBIX KaK Ha OJUH, TaK M HA HECKOJbKO IIIaroB Brepen. Takue 3aJayu MpearnoyararoT
co3nanue (oOydyeHue) ceTed, CIOCOOHBIX OOHApPYKUThb CKpPBIThIE 3aKOHOMEPHOCTU B
MOCIIe0BATEIHLHOCTH YHCEN U MIpeicKa3aTh cheayromue (Oyayiire) 3HaueHNs TePeMEHHBIX.

BapuanTsl 3a1anui
3aoauu knaccuguxkayuu
CozaTh HEMPOHHYIO CEThb UId pacro3HaBaHMs N CHMBOJIOB KHPWJUIMIIBI Ha OCHOBE
OLIM(PPOBKU KaXkJIOTO CUMBOJIa (CUMBOJI MOXKET OBITh MpeACTaBlieH Kak mabJoHoM 5x7, Tak u
mrabiaonom 10x14), conepxarryo:
1) HenoBTOpstOIIUECS OyKBbI MMEHH U paMuium,  5x7

2) HemoBTOpsIOIMecs OyKBbI UMEHU U Gpammmmun,  10x14;

3) 10 cTtpouHbIX OYKB rpedeckoro anhaBura, 5x7,;

4) 10 nmponucHBIX OYKB Tpedeckoro anpaBura, 10x14,
5) 10 cumBosos mipudta Webdings, 10x14;
6) 10 apabckux mudp, 10x14.

BapuanTel ¢ 7 mo 20 3aar0Tcs npenoiaBaTeseM.
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Conep:kanue oTyera
B coctaB oT4eTa BXOJAT CIIEAYIOIINE PA3AEIIbL:
1. ®opmynupoBka 3aaayu.

2. Amnamu3 demo-npumepa (TI0 yKa3aHUIO MPEToaBaTels).

3. ApXUTEKTypa M mapaMmeTpbl ceTH; (GYHKIHS i (GOPMHPOBAHUS OOpA30B; CIIEHAPUH
Oo0y4eHUs] ¥  pe3ylbTaTbl MOJCIMPOBAHHUS s 3aJad  KiIacCHPHUKAIUU U
HPOTHO3UPOBAHUSI.

4. BpIBOOEL.

KonTposbHbIe BONPOCHI
1. B uewm 3akiouaercs npoOiema rnepeodydeHus cetu?

2. Urto nmoHMMaeTcs o] 0000IIaroIIel CIOCOOHOCTRIO HEHPOHHOM CeTH?

3. CdopmynupyiiTe OCHOBHBIE TIPUHIIUIIBI METO/Ia 00paTHOro pacnpocTtpaneHus? Kakue
Moaudukammu 3Toro Merona Bam nzBecTHbI?

4. Kak BbIYHCIIAETCS OMIMOKA JUIsl CETH C MHOTOCIIONHOM apXUTEKTYpon?

5. Yro moHuMaetcs 1o TCPMHUHOM «IIOBCPXHOCTH OIIIOO0K»?

JlaGoparopHasi padora Ne 5.

Camoopranu3yronifecs: u peKyppeHTHbIe ceTu. [ mOpuHbie HEMPOHHBIE CETHU.
®opMa nNpoBeeHUs1: KOMIIbIOTEPHbIE CUMYIISIIUU.
Heasn: MccnenoBanrne camoOpraHu3yrOIIMXCca HEMPOHHBIX ceTel KoxoHneHa.

HOpﬂ)IOK BbIIIOJTHCHU A paﬁoTI)I.

1. U3yuuth NEMOHCTpAIIMOHHBIC MPHUMEPHI, HWILTIOCTPUPYIOIMNE pabOTy CIIOEB U CeTei
Koxonena:

democl — Hacrpoiiku cnost KoxoHeHa;
demosm1 — orrHomepHas kapTa KoxoHeHa;
demosm2 — neymepHast kapra Koxonena.
2. Uzyunts M-¢pyHKIMM, TpeAHAa3HAYEHHblE [UId WHULIMAIM3AlMM, OOY4YeHUs U
MOJIEJIMPOBAHUS JINHEHHBIX CeTel, UCTIOMb3Ys cripaBounyto cuctemy MATLAB.

3. TlomyuuTh 3amaHWe y TpENojaBaTeNis W PEATH30BaTh €ro PENICHWE IMPH MOMOIIH
JIMHENHOU CETH.

4. OrtBeTuTh HA KOHTPOJIBHBIC BOITPOCHEI 1 COCTABUTH OTYCT.

Teoperuueckne 000CHOBaAHUS

B mponecce ananuza GonbIIMX MHPOPMALMOHHBIX MAacCHBOB HEU3MEHHO BO3HUKAIOT
3aJauM, CBSI3aHHBIE C MCCIEAOBAHUEM CTPYKTYPBl NIaHHBIX, WX OOBEJAMHEHHWEM B TPYIIIIbI
(kJ1acTepsl), pacrnpeieseHueM MO KilaccaM, CKaTHEM JaHHBIX, ONpEAETICHHEM XapaKTepUCTHK
0o0BeKTa MO OrpaHWYEHHOMY HabOpy MPHU3HAKOB U T.A. Takue 3a/ladl YCHEIIHO PEIIaroTcs C
MIOMOIIBI0 CaMOOpraHu3yromuxcsi cereif. CeTsiM 3TOro Tuma B mpouecce oOydeHHs] HE HYKeH
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"yuutens", T.e. B pOLECCEe TPEHUPOBKU HE TpeOyeTcsl cOO0IaTh CeTH MPaBHIBHBIA OTBET MPH
MpeabSIBICHUH ITpUMeEpPa (BXOIHOTO 00pa3a). DTH CETH CITOCOOHBI OCYIIECTBIISATH KJIaCTEPHU3aIlnIo,
T.€. pa3/ieIeHue TaHHBIX Ha pa3nyHble KaTeropuu (Kiactepsl). KitaccuueckuM npumMepoM Takux
ceTeil ABJSAIOTCS Tak Ha3biBaeMble KapThl KoxoHeHa — HEHpOHHBIE CETH, B KOTOPBIX OJIU3KO
pacrosIoXKeHHbIE HEHPOHBI COOTBETCTBYIOT OJM3KUM KjacTepam (yHnopsaoueHbl). ApXUTEKTypa
cetu Koxonena mpencraBineHa Ha puc. 20. OOpamaeM BHUMaHHE€, YTO B HEHPOHAX CETH HE
ucnonp3ytorcsi cmenienus. [lo komanzae help selforg moxHo momyunts wHpOpMaro 06 M-
GYHKIMSAX, OTHOCSIIMXCS K TOCTpoeHuto kapT KoxoHeHa.

Co3nanue camoopranusyromieiics kaptoel KoxoHena ocymecTBisieTcst pyHKIHeH newsom:

net = newsom(PR, [D1,D2,...], tfcn, dfcn, olr, osteps, tlr, tns),
rae Di — pasmepHocTs KapThl (o ymomyanuio = [5 8]); tfen — tononorus (‘hextop'); dfen —
(GYHKIMST BBIYMCICHUS AMCTAHIIMOHHOTO paccTtosHus Mexay HerpoHamu (‘linkdist'); olr —
CKOpOCTh (a3bl ynopsaodeHus kodpdummenton (0.9); osteps — mar ¢aszer ynopsaoderwus (1000);
tlr — ckopocts sTama nmoactpoiiku ko3 dumnuentos (0.02); tnd — HayaIbHBIC OKPECTHOCTH JTaIa
nozctpoiku (1).

Input Self Organizing Map Layer

N Y
TWii
SlxR® l
P I ndi Ilib l}
Rxl hdist Slxl C gl
R i
AN N
ni=-| IWw-p|| al = competint)
Puc. 20

OOyueHue ceTH peanu3yercss HOBEKTOPHO HE3aBUCHUMO OT TOTO, BBIMOJHAETCS JIM OHO C
nomouiblo pyHkuuu trainwbl mnm adaptwb. B o0oux cinyyasx ¢yHkius learnsom BbITOJHSET
HAcTpOWKy BecoBbIX Ko3(p¢duuumeHntoB HelipoHoB. Ilpu oOydenun Ha kapte KoxoHeHa
OJTHOBPEMEHHO M3MEHSIOTCSI BeCOBBIE K03 (PHUIIMEHTH HEHPOHOB, COCECTBYIONINX C HEMPOHOM-
noGenuTeNeM B Mpeieax HeKOToporo paauyca (okpecTHOcTH). [Ipumep okpectHocTH paguyca 1
U 2 mpencTaBieH Ha puc. 21.

OREOEC |
Q/ OKpecTHOCTH:

o Ni(1)=(8, 12, 13,14, 18}
Rl
N2(2)={37,8,9,11, 12, 13, 14, 15,17, 18, 19, 23}

Puc. 21
Kapra KoxoHena MoxeT ObITh HE TOJIBKO IBYXMEPHOU, HO U OTHOMEPHOH, TPEXMEPHO U
OOTBIITUX pa3MEPHOCTEH.
Ilpumep 4.1. Coznanue kapt KoxoHeHa pa3iMuHON TOMOJIOTUH.
Pewenue
>>pos=gridtop (2,3)% cosmaHMe OPSMOYTOJILHOM CeTKM 2xX3
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pos = 0101 01
001122
>>plotsom (pos) % oToOpaxeHmue ceTu
>>pos = gridtop (3, 2) % Cco3maHMue NPAMOYTOJIbBHOM CceTku 3xX2
pos = 012012
000111

>>pos=hextop (2, 3);% co3maHMe T'eKCaTl'OHaJIbLHOM CeTKH,

o)

5 MCIIOJIB3YyEeTCHA I10 YMOJIYaHMIO

pos= 0 1.000 0.5000 1.5000 0.000 1.000
0 0.000 0.866 0.866 1.732 1.732
>>pos=randtop (2, 3); $ cosIaHMe ceTu
% CO CJIyYyaMrHBIM PAaCIOJIOXEHVEM Y3JIOB
pos=0.061 0.6471 0.408 0.949 0.000 1.651
0.0000.122 0.904 0.547 1.401 1.568

Beluucnenne  pacCTOAHMM — MEXIy — HEMPOHAaMM  OCYILIECTBIISIETCS  YEThIPbMsS
BBILICYIOMSHYTHIMH (DYHKIUSMHU:
>>pos=gridtop (2, 3);% npumep IJd OPAMOYI'OJIbBHOM CETKU
>>d=dist (pos)
>>d=1linkdist (pos) % MCIOJBb3yeTCS 10 YMOJIUAHUIO
>>d=mandist (pos)
Ipumep 4.2. Paznenenne Habopa BXOIHBIX BEKTOPOB ¢ UcTONb30BaHueM rpadpuku MATLAB.

Pewenue

Chopmupyem 48 KoopaIuHAT CITydalHBIX TOUYCK:

>>c=8; % UMCJIO KJIaCTEPOB

>>n=6; % UMCJIO BEKTOPOBR B KJlacTepe

>>t=c*n; $ UMCJIO TOoUekK

>>d=0.5; % CpemHekBaIpaTUUYHOE OTKJIOHEHME OT LieHTpa B

KJjlacrepe

>>x=[-10 10; =5 5]; % mmanasoH BXOIHHX 3HAUEHUN

>>[r, gl=size(x); minv=min(x’)’;maxv=max(x’')’;

>>v=rand(r,c) .* ((maxv - minv) *ones (1, c)+minv*ones(1l,c));

>>v=[v v v Vv v v]; v=v+randn (r, t)*d; % KOOPIMHATH TOUEK

>>P=v;

>>plot (P(1, :), P(2, ), k') ; oTobOpaxeHue BEKTOPOB
BXOIa

Coznaaum ceTh U3 8 HEUPOHOB:

>>net=newsom([-2 12; -1 6], [2, 4]1);
>>w0=net.IW{1l}

>>pb0=net.b{1l}

>>c0=exp (1) ./b0% napameTp aKTUBHOCTV HEMPOHOB
OBbyuuM CeTh :

>>net.trainParam.epochs=500;

>>net=train (net, P);

>>w=net.IW{1l}

>>bn=net.b{1l}

>>cn=exp (1) ./bn

[TpoMonenupyem ceTb Ha BXOJIHBIX BEKTOpPaxX U MPOCMOTPUM pPE3yJIbTAaT:
>>a=sim(net, P)

>>bar (sum(a’)) % pacnpenejieHMe BEKTOPOB II0 KJjacTepaM.
Ilpumep 4.3. Coznanue u ooyuenue cetu Koxonena /st 00pabOTKH JBYX3JIE€MEHTHBIX BEKTOPOB.
Pewenue
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>>net =newsom ([0 2; 0 2], [2 3]); % uvHMIMaIM3alUIg CEeTU
>>net.layers{1l} % TIoJIydeHMe MHOoOpMalluM O CeTU
3agaauM BXOJIHOW BEKTOP U3 12 3J1€MEHTOB:

>>p=[(0.1 0.3 1.2 1.1 1.8 1.7 0.1 0.3 1.2 1.1 1.8 1.7;0.2 0.1
0.3 0.1 0.3 0.21.81.81.9 1.9 1.7 1.87];
>>plotsom (net.IW{l, 1}, net.layers{l}.distances)

>>hold on

OroBpaszuM HauvaJlbHOE IIOJIOXEHMS HEeVPOHOB Ha Ipatuke
>>plot(p (1, :), p(2, :),’*k’", 'markersize’, 10);
SamanuM napaMeTpsl OOyYeHMA:
>>net.trainParam.epochs=2000;
>>net.trainParam.show=100;

>>net=train (net, p);

>>plot(p (1, :), p(2, ), "*", "markersize’, 10);
>>hold on

>>plotsom(net.IW{1l, 1}, net.layers{l}.distances)
% MOIesMpOBaHME CeTM Ha MacCuBe oDOyudaniMx BEeKTOPOB
>>a=sim(net, p)

a = (2,1) % BexTOpm BXOHOB 1 M 2 OTHECeHEl K kJjacrepy N2
(2,2)

(1,3) % BexTOpEl 3 — 6 OTHECEHE K KJjacrepy M1

(1,4)

(1,5)

(1,6)

(4,7) % BexkTOpEl 7,8 OTHECEeHE K kKJjacrepy N4

(4,8)

(6,9) % BexkToprl 9,10 oTHeceHE K kJjacrepy M6

(6,10)

(5,11) % BexkToprl 11, 12 oTHeceHE K KJjacrepy M5
(5,12)

>>bar (sum(a’)) % pacnpelnejyieHMe BEKTOPOB IO KJlaCTepaM.

[Ipomiecc oOyuenusi kapThl KoxoHeHa BKIIOUaeT 2 JTama: YHOPSAIOYCHHE BECOBBIX
KO3(QQUIMEHTOB M MOJACTPOHKA, B pe3yibTaTe Yero OCYILECTBIIAIOTCS HM3MEHEHHUs pa3Mmepa
OKPECTHOCTH M CKOpOCTH 00y4yeHus. HauanbHbIN pa3Mep OKpPECTHOCTU paBe€H MaKCHMajIbHOMY
PAcCTOSHHIO MEXIYy HEeWpoHamMH | yMeEHbInaercs 10 BennuuHbl net.inputWeight{1,1}.
learnParam.tune_nd, xoTtopast o ymon4aHuto paBHa 1. OTO MPOUCXOAUT Ha ATANe YHOPAAOUEHUS
3a (pUKCHpPOBaHHOE KOJIMYECTBO LHUKIOB (rmo ymomuanuto 1000). Yucno miaroB Ha 3Tame
MOJACTPOMKH 3HAYUTENBHO MPEBBIIIAET YUCIIO [Iar0B HAa 3TaIle Pas3jIokKEHUs U 3[€Ch IPOUCXOIUT
Oosiee TOHKas HACTpPOMKa MPH MajbIX OKPECTHOCTSX W MEIJICHHOM YMEHBILICHHU IapamMeTpa
ckopoctH o0yuyeHusi. Takum oOpazoMm, npu oOyueHuu KapThl KoxoHeHa perraercs HE TOJBKO
3aJaua KJIacTepU3allii, HO U BBIMOJIHACTCS YaCTHUHAS KIIAaCCHU(UKAIIHSL.

Croii HelipoHOB KapThl KoXOHEHa MOYKHO MPEACTaBUTh B BUJE TMOKON CETKH, KOTopas
HATSHYTa Ha IPOCTPAHCTBO BXOHBIX BEKTOPOB. M13-3a TOTO, 4TO B Ipo1iecce 00y4eHHs y4acTBYIOT
coceau HelpoHa-modeauTeNs, TOMOJIOrHYecKas KapTa BhINIAIUT YIOPSI0UYEHHOM.

BapuanTsl 3axanuii
1. CoOpatp uHGOpPMALIKIO O CTYJACHTAX I'PYIIIbL:
(usnyeckre mapameTpsl (1o, pocT, BEC, IBET IJ1a3...);
y4eOHbIE pe3yJIbTaThl (YCIIeBaEMOCTS 110 TPYIIaM JUCIUILINH, 10 OTIeIbHBIM TUCHHUILIHHAM,
cpenHue 6aisl, ...);
NICUXOJIOTUYECKHE  OCOOCHHOCTH  (TEMIIEPaMEHT,  Pe3yJbTaTbl  IICUXOJOTUYECKOro
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TECTUPOBAHUS, ...).
[IpoBecTn aHanu3 OOBEKTOB, MCIONB3YS PA3IUYHbIE COYETAHUS COOpPAHHBIX IAHHBIX.
[Ipoananu3upoBaTh MOJyYEHHBIE PE3YNbTATHI, IMONBITATHCA ONPEAEIUTh, KAKOW CMBICI
MMEIOT BBISIBJICHHBIE KJIaCTEPhI.

2. IlpoBectn knaccuuKkanuio psiia DIEMEHTOB Mepuoanyeckond cucremsr JI.U.
Meuneneesna.

3. IIpoBectu knaccupukanuio psna rocynapcts EBponsl, A3un, JIaTHHCKON AMEpHKH.

4. Tlposectu knaccudpukaiuo GyrooJbHBIX KI1yOOB/UTPOKOB EBPOIIEL.

5. TIpoBectu knaccu(puKauUIo JIETKOBBIX (TPY30BBIX) aBTOMOOHIICH.

6. IlpoBectn kiaccuuKanuio YYpeKIACHUN BbICIIEro oOpa3oBaHus (HEOOXOAMMO
OTIPENIeNIUTh BU/I BBICIIETO YUeOHOTO 3aBe/ICHHs: YHUBEPCUTET, aKaIEMHsI, UHCTUTYT).
Conep:kanue oTyera

B coctaB oT4eTa BXOJAT CIIEAYIOIINE PA3AEIbl:

1. ®opmynupoBka 3a1a4mu.

2. Anamu3 demo-ipumepoB (110 yKa3aHMIO MPETIOIaBaTeNs).

3. ApxutekTypa u mapameTpsl ciost Koxonena, BXOJHOM BEKTOP.

4. Cuenapuit o0yuenus ciost Koxonena, pe3yabTaTbl MOJIEIHUPOBAHUS.

5. Ilynktsl 2 — 5, BbIIIOJIHEHHBIE JU1s1 KapThl KoxoHeHa.

6. BoIBOJIBI.

KonTposbHbie BONPOCHI

1. B uem 3akirouaeTcsi CBOMCTBO CaMOOPTraHU3alMH HEUPOHHBIX ceTei?

2. IlpuBenuTe KOHKpETHBIE MPHUMEPHI W3 COOCTBEHHOIO OMbITa, II€ MOXXHO OBbUIO ObI
UCII0JIb30BaTh CAMOOPTaHU3YIOIIMECS CETH.

3. Kak mpoucxoaut o0ydyenue kaptel Koxonena?

4. Kakyo poib Urpaer napaMmerp akTUBHOCTHU HelipoHa B ceTsix Koxonena?

KPAUTEPAU OIIEHUBAHMSA KOMITETEHITAN

O1eHKa «OTJIMYHO» BBICTABIISIETCS CTYACHTY, €CJIN TITyOOKHe, UCUEpPIIbIBAIOIIME 3HAHUS U
TBOPYECKHE CIIOCOOHOCTH B MOHMMAHUHU, U3JI0KEHUH U UCIOIb30BaHUU YU€OHO-IIPOrPaMMHOIO
MaTepuaina; JIOTMYECKH IIOCIEN0BATENIbHbBIE, COJEPKATEIbHbBIE, IIOJIHBIE, IPaBUWIBHBIE U
KOHKpPETHBbIE OTBEThI Ha BCE IIOCTABJIEHHBIE BONPOCHl U JONOJHUTENbHBIE BOMPOCHI
npernojiaBaTesnsi; CBOOOJHOE BIIQJCHHWE OCHOBHOM M JONOJHUTENBHOM  JMTEpaTypoH,
PEKOMEH1I0BaHHOM yueOHOM MporpaMMoi.

OneHka «XOpouIo» BBICTABIISIETCS CTYAEHTY, €CIIU TBEPABIE U JOCTATOYHO IOJIHbIE 3HAHUS
BCEro IMpOrpaMMHOIO MaTepuasa, MpPaBUIbHOE TIIOHUMAaHWE CYIIHOCTH M B3aUMOCBS3U
paccMaTpUBAEMBIX ITPOLIECCOB U SIBJIEHUI; IOCIEA0BATENbHbIE, IPABUIIbHBIE, KOHKPETHBIE OTBETHI
Ha MOCTaBJICHHbIE BOIIPOCHI IPU CBOOOJAHOM YCTPAaHEHUHU 3aMEYaHUi MO OTAENIbHBIM BOIIPOCaM;
JIOCTaTOYHOE BJIaJIEHUE JIUTEPATypOil, PEKOMEHIOBAaHHOM yueOHOH MporpaMMoi.

OneHka «yIOBJIETBOPUTEIBHO» BBICTABISETCS CTYACHTY, €CIM TBEpHAble 3HAHUS U
MOHMMaHHE OCHOBHOTO ITPOrPaMMHOT'0 MaTepualia; MpaBUIbHbIE, 0€3 TPYOBIX OIIMOOK OTBETHI HA
MOCTaBJIEHHbIE BOIMPOCHI TPU YCTPAHEHUU HETOYHOCTEW M HECYLIECTBEHHBIX OIMIMOOK B
OCBEILIEHUH OT/EIbHBIX MOJIOKEHUI MPU HABOASAIIMX BOIPOCAaX MPENOIAaBaTENs; HEAOCTATOYHOE
BJIQJICHUE JINTEPATYPOH, peKOMEHA0BAaHHOI y4eOHOI mporpaMmonu.

OneHka «HEYJOBIETBOPUTEIBHO» BBICTABISAETCS CTYIEHTY, €CIM HENpPAaBWIBHBIE OTBETHI Ha
OCHOBHBIE BOIIPOCHI, JOMYIIEHbl TpyOble OMMOKM B OTBETaX, HEMOHHWMaHUE CYIIHOCTU
M3JIara€MbIX BOIIPOCOB; HEYBEPEHHBIE U HETOUHBIE OTBETHI Ha JIOIIOJHUTENIBHBIE BOIIPOCHI
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METOAUYECKHUE MATEPHAUIDI, OIIPEAEJIAIOLHINE ITPOLEAYPbI
OLIEHUBAHHMS 3HAHUM, YMEHWH, HABBIKOB M (WJIHW) OINBITA
JAEATEJIBHOCTMU, XAPAKTEPU3YIOIUX IOTAIIbBI OOPMUPOBAHUSA
KOMIIETEHIIUI

Texymass arrecrtanuss CTyIEHTOB IPOBOAMTCS  IPENOAABATENSAMHU, BEIyIUMU
nabopaTOpHbIE 3aHATHUS 110 TUCIUILIMHE, B CIEAYIOMUX (popMax: oTueT, codeceJoBaHue.

3amura oT4eTa IpoXoAuT B popMe JI0KIIajia CTYACHTA [0 BBIIIOJHEHHOH paboTe U OTBETOB
Ha BOIIPOCHI PENO01aBaTENsL.

MakcumanbHOe KOJMYECTBO OauIOB CTYAEHT IIOJy4yaeT, ecid OQOpMIIEHHE OTdera
COOTBETCBYET YCTAHOBJICHHBIM TPEOOBAaHHSM, @ OTYET IOJIHOCTHIO PACKPBIBAET CYTh PAaOOTHI
OcHoBaHMEM JUIsl CHUKEHUEM OLEHKU SIBIISIOTCS:

- YACTUYHO HE COOBECTBYET YCTAHOBJICHHBIM TPEOOBAHUSM;

- B OTYETE HENOJIBHOCTHIO PACKPBIBAETCS CYTh PaOOTHI.

OTyeT MOKET OBITh OTIIPaBJICH Ha I0PAOOTKY B CIACAYIOIMIUX CIydasx:

- IOJILHOCTBIO HE COOBECTBYET YCTAHOBIJICHHBIM TPEOOBAHUAM;

- HE PACKpbITa CYTh paOOTHI.

Kpurepun onenuBanuss oTueToB InpuBeneHbl B DOHIE OLEHOYHBIX CPEICTB I10
qucuurHe «Teopust HEHPOHHBIX CETEMN.

Pe3ynpTaToM HTOrOoBOI MPOBEPKH 3HAHUM CTYIEHTOB IO JAUCLMILIMHE YYEOHBIM IJIAHOM
NPEIYCMOTPEH 3a4eT C OIEHKOHN (IudepeHIIMpOBaHHBINA 3a4€T), KOTOPHII BBIPAXKAETCs B BHJIE
OLICHOK «OTJIMYHOY, «XOPOILO0», «yIOBICTBOPUTEIILHOY, «HEYIOBICTBOPUTEIILHO.

YYEBHO-METOAUYECKOE n NH®OPMALIMOHHOE OBECIIEYEHHUE
JUCHUIIVIMHBI
10.1. Pexomenayemas Jqureparypa
10.1.1. OcHoBHas uUTepaTypa:
1. Komaprmora JI.I'., Makcumos A.B. Hefipokommstorepsl: Yue0. mocodue a1 By30B. — 2-€ U3,
nepepad. u gon. — M.: I3a-so MI'TY um. H.O. baymana, 2013. — 400 c.
2. Mensenes B.C., IToremkun B.I'. Heiiponnsie cetn. MATLAB 6 / Ilog o6m. pen. B.T.
[Toremkuna. — M.: IMAJIOI-MU®DU, 2012. — 496 c.
10.1.2. /lonosiHUTEIbHAS JIUTEPATYpa:
1. Tanymkua A.W. Teopus Heiiponnsix cereil. — M.: UTTPXKP, 2000. — 416 c.
2. Xatikun C. Heliponnsie cetu. [lonnsiii kype. — M.: U3a. nom Bunbesamc, 2006.
3. YepnsimeB A.b., Koznos B.A., XKepnocek N.A. HelipokomnbsroTepusie cetu: JlabopaTopHbIit
npaktukyMm. — [Isaturopck: U3n-so III'TY, 2011. —40 c.
10.1.3. MeToau4eckasi Jureparypa:
1. Meroauueckue yka3aHHs 10 BBIIIOJHEHUIO JIaOOpaTOpHBIX paboT mo aucuumiuHe «Teopus
HEHPOHHBIX CETEN.
2. Meromuyieckne yKa3aHHS 110 BBITOJHEHUIO KOHTPOJIBHON paboOTHI Mo AuciuiumHe «Teopus
HEHPOHHBIX CETEN.
3. Meronnyeckue peKOMEHIAIMH Uil CTYIEHTOB MO0 OPraHU3allui CaMOCTOATENbHOI paboThI 10
aucuuiuinHe «Teoprst HEUPOHHBIX CETEN.
10.1.4. UuTepHeT-pecypcesbi:
1. http://www.intuit.ru — caiiT AMCTAaHIIMOHHOTO OOpa3oBaHHsS B 007acTH HH()OPMAITHOHHBIX
TEXHOJOTHI

2. http://window.edu.ru — o6pa3oBaTenbHBIE PECYPCHI BEAYIIHX BY30B
10.1.5. IIporpammHoOe obecnieyeHue
1. Neural Network Toolbox cucremsr MatLab.
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1. HEJb U 3AJAYU OCBOEHUS JUCHUTIJIMHBI

Lenbto ocBoeHust aucUUIUIMHBL «Teopus HEHPOHHBIX CETEel» SBIAECTCA OBJIALCHHE
HEOOXOJMMBIMU TEOPETUYECKUMHU 3HAHMSIMA W NPAKTUYECKMMU HaBBIKaMH B 001acTH
COBPEMEHHBIX METO/J0B M IOAXOJO0B IapauieNbHON 00paboTku MHMOpManMM Uil 3ajad
MOCTPOCHHS COBPEMEHHBIX MH(POPMALMOHHBIX CETEH U CUCTEM.

3ajauaMi  Kypca SBJISIOTCS: 3HAKOMCTBO € MOJEISAMHM  OIEpalMOHHOro OJoka
HEHPOKOMIIBIOTEPA; M3YYEHHME OCHOBHBIX MOJCIICH HEHUPOHHBIX CETEH; H3y4yeHUE OCHOB
KOHCTPYUPOBAHMs U HACTPOEK HEHPOHHBIX CeTeH; MpUMEHEHHEe METOI0B 00yUeHHsI HEHPOHHBIX
ceTel; U3y4yeHue IpOorpaMMHON dMYIISLUN HEHPOKOMIIBIOTEPOB U HEMPOHHBIX CETEH.

2. TEXHOJIOTUYECKASI KAPTA CAMOCTOSITEJIbHOM PABOTHI

CTYAEHTA
JL1s1 cTy1eHTOB 04HOii (opMBbI 00yUeHUsI:
Bun nestensHOCTH Htorosslii CpencrBa u OO0beM yacoB, B TOM YHUCIIE
CTYJICHTOB MPOSYKT TEXHOJIOTHHU CPC | KonraktHast | Bcero
CaMOCTOSITENIbHO OLIEHKHU pabora ¢
i1 paboThI IIPENoIaBaTe
JaeM
IToaroroBka K JIEKIIUIM KOHCIEKT CobecenoBanue 1,62 0,18 1,8
CamocrosTenbpHOe KOHCIIEKT CobecenoBanne | 49,32 5,48 54,8
U3y4eHHE JIUTEPATYPhl
IToaroroska x OT4YEeT Otyer 4,86 0,54 5,4
1a0opaToOpHbIM paboTam MCbMEHHBIN
Boinonnenue KoHTposbHast | KoHTponbpHas 9 1 10
KOHTPOJIbHOH paboThl pabota pabota
Hroro | 64,8 7,2 72

151 cTy1eHTOB 3204HOi (popMBbI 00yUeHUS:

Bun nestensHOCTH Htorossrii CpenctBa u OO0beM yacoB, B TOM YHUCIIE
CTYJICHTOB MIPOJTYKT TEXHOJIOTHH CPC | KonraktHast | Bcero
CaMOCTOSITEIILHO OLIEHKHU paborta c
i1 paboThI IIPEnoIaBaTe
JeM
IToaroroBxka K JIEKIIUIM KOHCIHEKT CobecenoBanne 0,36 0,04 0,4
CaMOCTOATEIBLHOE KOHCITEKT CobOecenoBanue | 79,56 8,84 88,4
U3y4EHHE JIUTEPATYPHI
IToaroroBka x OTUET OTtuer 1,08 0,12 1,2
1a0opaTOpHbBIM paboTam MUCHbMEHHBIN
Brmonnenue KoHTposbHast | KoHtponpHas 9 1 10
KOHTPOJIbHON paboThI pabota pabota
Hroro | 90 10 100

3. COJAEP)KAHUE CAMOCTOSTEJbHON PABOThHI

Tema caMoCTOATEILHOI0 H3yYeHHus Ne 2.
Metoap! 00y4eHus: HEUPOHHBIX ceTe. APXUTEKTypa HEHPOHHBIX CETEH.
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Buj nesTeJJIbHOCTH CTYIEHTOB: CaMOCTOSTENBHOE U3yUEHUE JINTEPATYPHI

Kparkoe cogep:kanue MaTepuaJjia:

MeToabl 00y4eHHe HEHPOHHBIX ceTel

OueBuaHO, 4TO (YHKIMOHHPOBAHWE HEHPOHHOM CeTH, T.e. NEHCTBHSA, KOTOpBIE OHA
criocoOHa BBINOJIHATE, 3aBUCUT OT BEJIMYMH CHHANTHYeCKHX cBss3eil. IloaTomy, 3amaBiuchk
CTPYKTYpOI HEMPOHHOU CETH, OTBEUAIONICH OINpeIeICHHON 3a/1a4e, pa3paboTYHK JOKEH HalTH
ONTUMAJIbHBIE 3HAUEHMsI JUI1 BCEX BECOBBIX KO3((UIMEHTOB W. OTOT 3Tall Ha3bIBaeTCs
o0y4yeHreM HEHPOHHOH CETH, U OT TOrO, HACKOJIBKO Ka4eCTBEHHO OH OYAET BBINOJIHEH, 3aBUCHT
CHOCOOHOCTh CETH pellaTh BO BpeMs HKCIUIyaTallu, IOCTaBJIECHHBbIE Iepei Heil mpoOiieMbl.
Baxwueiimumu napaMeTpaMu 00y4eHHS SIBIISIOTCS: Ka4eCTBO 1MOA00pa BECOBBIX KOA(PPHUIIMEHTOB
U BpeMsi, KOTOpOe HEoOXOAMMO 3aTpaTuTh Ha oOydyeHue. Kak mpaBuio, JBa 3TUX Hapamerpa
CBSI3aHBI MEXAYy €000 0OpaTHOW 3aBHCHMOCTBIO M MX TNPUXOAUTCS BHIOMPAaTh HAa OCHOBE
KoMIpoMucca. B Hacrosiiee Bpemsi Bce aIrOpUTMbl OOyYeHUS HEHPOHHBIX CETeH MOXKHO
pa3aenuTh Ha 1Ba OOJIBIINX KJIacca: ¢ yUUTENeM U 0e3 yUuTels.

OOyuenue ¢ yuureneM. HeilpoHHOH ceTu mpenbsaBIIAIOTCS 3HaYeHUs KaK BXOAHBIX, TaK U
BBIXOJIHBIX IAaPaMETPOB, U OHA IO HEKOTOPOMY BHYTPEHHEMY AJITOPUTMY IOJICTPAaHUBAECT Beca
CBOUX CHHANTUYECKUX CBsi3el. OO0ydeHue ¢ yuuTesieM Mpeanoaraer, YTo s KaX10ro BXOJHOT0
BEKTOpA CYILECTBYET 1IEJIEBON BEKTOP, MPEICTABISIONINN co00# TpeOyemblii BbIxo. Bmecte onun
Ha3bIBAIOTCS IPEJCTABUTENILCKON MM oOydwaromedl BbIOOpKo. OOBIYHO HEWpOHHas CeTh
o0y4aercsi Ha HEKOTOPOM YHCIIe TaKuX BEIOOpOK. [IpeabsBisercs BXOAHOH BEKTOP, BBIYUCISETCS
BBIXOJI HEHPOHHON CETH M CPABHUBAETCS C COOTBETCTBYIOIIMM IIEJIEBBIM BEKTOPOM, PAa3HOCTb
(ommOKa) ¢ MOMOIIBIO OOpPaTHOM CBSI3M IMOJACTCS B HEHPOHHYIO CETh, M BECa M3MEHSIOTCSA B
COOTBETCTBUU C AJITOPUTMOM, CTPEMAIIMMCA MUHUMHU3UPOBATh OMINOKY. BekTopsl o0yuarorero
MHOYECTBa MPEIBABISIOTCS TOCIEA0BATENFHO, BEIYUCISAIOTCS OMIMOKY U Beca MOACTPAUBAIOTCS
JUISL KaXK0T0 BEKTOpa JI0 TeX MOp, OKa OIMOKa 110 BCeMY 00yJaroleMy MacCUBY HE IOCTUTHET
PUEMIIEMO HU3KOTO YPOBHSI.

OOyuenue 6e3 yuntens. HelipoHHON ceTu MpenbsaBISIOTCS TONBKO BXOAHBIE CUTHAJIBI, a
BBIXO/JIbI CETH (POPMHUPYIOTCS CAMOCTOSATENBHO C YU€TOM TOJIBKO BXOIHBIX U MPOU3BOIHBIX OT HUX
curHasnioB. HecMoTpst Ha MHOTOUYHMCIIEHHBIE TPUKIAIHbIE AOCTHXKEHHs, OOyuyeHHE C yduTelaeM
KPUTHUKOBAJIOCH 32 CBOIO OHMOJOTHYECKYIO HENpaBAoNnogo0HOCTh. OOyueHue 0e3 yuuTens
sBJsieTcs OoJiee MPaBAONOJO00HONH MoJenbio 00ydeHust B Omojormueckoil cucreme. PasButas
KoxoHeHOM ¥ MHOTMMH JIpYyTMMH, OHAa HE HYXIAEeTCsS B IEJIEBOM BEKTOpE IJIsi BBIXOJOB H,
ClIeZIOBaTeNIbHO, HE TpeOyeT CpaBHEHHUS C MPEOINpPENeIEHHBIMU HACaTbHBIMU OTBETAMHU.
OOyyaroniee MHOXKECTBO COCTOMT JIMIIb U3 BXOAHBIX BeKTOpoB. OOyuarouuil aaroputm
NOJCTpanBaeT Beca HEHPOHHOM ceTH Tak, YTOOBI IMOJY4YalUCh COIJIACOBAHHBIE BBIXOJIHBIE
BEKTOPBI, T.€. YTOOBI TPEIBSBICHHE JIOCTATOYHO OJM3KUX BXOJHBIX BEKTOPOB JIaBaJIo
oJlMHaKoBbIe BbIXO/BI. [Iporiecc 00yueHusl, cie0BaTeNIbHO, BbIJIENAET CTATUCTUYECKHE CBOMCTBA
00yJaromero MHOYKECTBAa M TPYIIIUPYET CXOJHBIE BEKTOPHI B Kiacchl. [IpenbsaBieHne Ha BXOJ
BEKTOpa M3 JIaHHOTO Kjacca JacT OIpEIesIeHHBIH BBIXOJHONW BEKTOp, HO JIO OOydeHUs
HEBO3MOXXHO TIPENICKa3aTh, KAKOW BBIXOJ OyJEeT MPOW3BOAMUTHCS AHHBIM KIIACCOM BXOJHBIX
BeKkTOpoB. Clie10BaTeNIbHO, BEIXO/IBI T0100HOM CETH JOJKHBI TPaHC(HOPMHUPOBATHCS B HEKOTOPYIO
MNOHATHYIO (opMy, OOYCIIOBIEHHYIO NPOLECCOM OOy4eHHs. DTO He SBISETCS CEephe3HOM
npobiaemoii. OOGBIYHO HE CIOXHO HACHTU(HUIMPOBATH CBSA3b MEXJY BXOJOM U BBIXOJIOM,
YCTaHOBJIEHHYIO CEThIO.

ApXHMTEKTypa HeiipOHHBIX ceTel
OnaHocJoiinbIe ceTH

PeanbHast HelipoHHAsI CETh MOXKET COJEPKaTh OJIUH WM OOJbIee KOJUYECTBO CIOEB U
COOTBETCTBEHHO XapaKTEPHU30BaThCA KaK OJIHOCIOWHAs WM KaK MHOrocioiHas. Pa3zBepHyras
CcXeMa CETH M3 OJHOTO cJI0sl C R BXOIHBIMU 2JIEeMEHTaMH M S HelipoHamMu TIoKazaHa Ha puc. 7.1. B
ATOM CETH KaXKIbIA 3JEMEHT BEKTOpa BXOJAa COEAWHEH CO BCEMH BXOJAMU HEMPOHA U ITO
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coelMHEHUE 3amaeTcs Matpuiied BecoB W; mpu 3TOM Kaxnuelid I-if HEWPOH BKIIOYAET
CYMMUDYIOIIUN 3JIEMEHT, KOTOpbIi (opmupyer ckaasspubiii Bbixox N(i). COBOKYMHOCTH
CKaJISIpHBIX QyHKIHIA N(1) 00beAMHSETCS B S-2JIEMEHTHBINA BEKTOP BX0Ja N (GYHKIMH aKTUBALIUU
cJ10s1. BeIxo/ipl €105 HEHPOHOB (YOPMUPYIOT BEKTOP-CTOIOEL @, M, TAKUM 00pa3oM, OIMCAHUE CII0S
HEHPOHOB UMEET BUJ:
a=f(W*p+b)

KonmuecTBo BXx0/10B R B ci10€ MOXKET HE COBIAIATh C KOJIMYECTBOM HEHUPOHOB S. B kaxioM croe,
Kak MpaBWJIO, UCHOJB3YETCS OJHA M Ta ke (QyHKuus aktuBaiuu. OZHAKO MOXHO CO3/1aBaTh
COCTaBHBIE CJIOW HEUPOHOB C MCIIOJIb30BAHUEM PA3JINYHbBIX (PYHKIUH aKTUBAIIUH, COSIHHSS CETH,
napamiensHo. O6e cetn OyayT UMETh TE K€ caMble BXOJbI, U KaXJas ceTh OyleT reHepupoBaTh

OTIpE/ICNICHHYI0 YaCTh BBIXOAOB. DJIEMEHTHI BEKTOpa BXO0JIa MEPEIAIOTCS B CETh YePEe3 MATPHUILY
BecoB W, nMEOIIyI0 BU/:

Wip Wi o Wig

w W e W
W = 21 22 2R

We, Wy, ... Wgp

Wnpnexcel ctpok mMarpuisl W yKa3blBaloT ajpecaToB (IIyHKThl Ha3HAUY€HHUs1) BECOB HEMPOHOB, a
UHJIEKChl CTOJIOIOB — KaKOHl MCTOYHMK SIBJISIETCS BXOJOM JJIsl 3TOro Beca. TakuM oOpa3om,
anemMeHT Marpuiiel BecoB Wiz = W(l, 2) ompenenser kodpGHUIMEHT, Ha KOTOPBIA YMHOMXKAETCSI
BTOPOH 3JIEMEHT BXOJa IIPU Iepeiade ero Ha NepBblil HEHpPOH.

Bion C ot xeHp oxoE
Fi A b - T
a,

P,
P,
p_‘t I‘zt
P

& ag
R L,

'_V_._}

a= EW:;;IJ)

Puc. 7.1. Pa3BepHyTas cxema OTHOCJIOMHOU CETH
Jnist oqHOCIIOIHOM ceTH ¢ S HelipoHaMu YKpYyITHEHHas CTpYKTYpHas cxeMa IoKaszaHa Ha puc. 7.2.

35



Bxop Hestpon
f"'"_\ ”~ % ~
P W
n a
Rxl 5% f —»
Sx1 Sxl
| b |
R x
L\{—J LS ! ~ -~
a=f(W*p +h)

Puc. 7.2. CtpykTypHasi cxema OJJHOCIIONHOM ceTH

3neck p — BekTop Bxona pasmepa Rx1, W — BecoBast marpuna pasmepa SXR, a, b, n — BexTopsr
pasmepa SX1.
MHoroc/10iiHbIE CETH

PaccmoTpuM cetu, uMmeromue HECKOJIbKO clloeB. byneM Ha3biBaTh BECOBbIE MaTpHIIb,
COEIMHEHHBIE C BX0JIaMH, BECAMU BXO0/1a CJIOSI, @ BECOBBIE MAaTPUIIbI JIJIs1 CHTHAJIOB, UCXOAIINE U3
CJI0s, HA30BEM BecaMM BbIxoja cios. Jlanee, OyqemM HCHOIb30BaTh BEPXHHUE MHJEKCHI, YTOOBI
yKa3aTh UCTOYHUK U aJipecaT JJIsl pa3IMuHbIX BECOB U JIPYTUX 3JIEMEHTOB HEUPOHHOH ceT. UTOOBI
HOSCHUTB 3TO, PACCMOTPUM CHavaja TOJIbKO OJMH, IIEPBBIN CII0 MHOTOCIONHHOMN ceTu (puc. 7.3).
OG603HaYKMM BECOBYIO MAaTpHUILy, CBA3aHHYIO ¢ BXxogamu, uepe3 WL, Bepxuue uHaeKchl KOTOPOii
yKa3bIBalOT, YTO MCTOYHUKOM BXOJOB SIBJISIETCS MEPBBIA CIIOM (BTOPOM MHIEKC) U aJpecaToM
SBIISIETCS TAK)KE TIEPBBIN CIIOM (IIEPBBIN HHIEKC). DIEMEHTHI 3TOTO CIIOs, TAKUE, Kak cMernenue bt
BXOJl (DYHKIMU aKTUBALMK N' U BBIXOA CIOs al, UMEIOT BEpXHUM MHIEKC |, 4TOOBI 0603HAYHTS,
YTO OHM CBSI3aHBI C TIEPBBIM CIIOEM.

Bxon Cnoni |
A
~ -~
P rwl! al al
Rx1 —P
SR ] S'xt
L] b A
R Sxl st
| I A\ A
~

11 1
al= £ (rw'lep +1p')
Puc. 7.3. Cnoii MHOTOCIIOHHOH CETH

B panpHeiiiniem uis MaTpuil BECOB BXOJa M BBIXOJA €O OYIOyT HUCHOJIb30BaHBI
o6o3znauenuss IW(Input Weight) u LW(Layer Weight) cooTtBerctBenHo. Korma cers mmeer
HECKOJIbKO CJIOEB, TO KaXIbIi CJIOW MMEET CBOKO MaTpHIly BecoB W, BEKTOp cMelleHus D 1 BEKTOP
BbIX0J1a a. YTOoOBI pa3nuyaTh BECOBBIC MATPHIIbI, BEKTOPHI BBIXOJA U T. . JUISI KQKIOTO U3 3THX
CJIO€B, BBEJIEM HOMEp CJIOS KaK BEPXHUM MHAEKC ISl MPE/ICTABISAIONIEH MHTEpEC MEPEMEHHOM.
Cetb, MoKa3aHHas HIKe, UMeeT R Bxoz10B, S HelipoHOB B mepBoM ci10e, S? HePOHOB BO BTOPOM
cinoe u T. A. Jng oOuHOCTH OyneM CYHMTaTh, YTO PA3NUYHBIE CIOM UMEIOT PAa3IMYHOE YHCIIO
HelipoHoB. Ha cmenienust s Kaxaoro HeWpoHa MOJAH IMOCTOSHHBIA BXOJHOW cHUTHAT 1.
3amMeTHM, YTO BBIXOJIbI KXK/I0I0 TPOMEKYTOUHOTO CJIOS CIIYKaT BXOAaMU JIJIsl CIIETYIOLIETO CIIOSI.
TakuMm 00pa3oM, clOi 2 MOXKET ObITh PacCMOTPEH Kak OIMH cioif cetm ¢ S' Bxomamm, S?
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HEeWpOHAMU U St x §2 matpuuei BecoB Wa. Bxoa k cnoro 2 ecth 1, a Beixon — 2. Teneps, korga
0003Ha4YeHbl BCE BEKTOPHI U MATPHUIIBI CJIOS 2, MOKHO TPaKTOBAaTh €ro Kak CaMOCTOSTEIbHYIO
OJTHOCJIONHYIO ceTh. Takoi MOaX01 MOXKET OBITh HUCIOIB30BaH K JTI0OOMY CIIOIO CETH.

Cron MHOTOCJIOMHOW CETH MMEIOT pas3iinyHble HazHaueHus. Clod, KOTOpBI 0Opaszyer
BBIXOJl CETH, Ha3blBaeTcs CJIOEM BbIXoAa. Bce apyrue cion Ha3bIBalOTCS CKPBITHIMU CIIOSIMU.
TpexcrnoitHast ceTh, UMEET BBIXOJHOM ciioi (cimor 3) u 2 CKpBITHIX cios (cimoit 1 u cioit 2).
TpexcrnoliHasi ceTb MOXET ObITh MpEACTaBICHA B BUJIE YKPYIHEHHON CTPYKTYPHOW CXeMbI (pHC.
7.4).

Bxon  TIlepesiii croii Bropoii cnoit Tperuii croit

A
st M 52

al= W' pabl) a?= fRLW" a 4 a2 =F LW )

LRJ \ .\liﬂ

Puc. 7.4. CtpykTypHasi cxema TpeXCIOHHOM CeTH
3aMeTUM, YTO BBIXOJ] TPETHETO ¢iI0si a8 0003HaueH Uepe3 y. ITa CIENAH0 I TOro, 4TOObI
IIOAYEPKHYTh, YTO BBIXOJ IOCIEIHErO CJ0s SABJISIETCS BBIXOAOM CE€TH. MHOIOCIOWHBIE CETH
o0ajaloT BecbMa MOIIHBIMH BO3MOXXHOCTAMHU. Hampumep, IByXcioiiHass ceTb, B KOTOPOM
NEPBBIA CIIOW COAECPKUT CUTMOHMJAIBHYIO, a BTOPOH CIIOW JIMHEHHYIO (DYHKIMIO aKTHUBAIHH,
MOXET ObIThb O0y4YeHa amnmnpoKCHUMHUPOBATh C IPOU3BOJBHOM TOYHOCTBHIO JHOOYIO (DYHKIHIO C
KOHEYHBIM YHCJIIOM TOYEK pa3pblBa.

Cetu ¢ npsamMoii nepegayeii curuaja

OnHocnoitHas ceTh ¢ S Heiiponamu ¢ GyHKIUAME akTrBaiuu 10gsig, uMeroras R BXxo/10B,
MokaszaHa Ha puc. 7.5. OTa ceTb, HE UMeIoIIas oOpaTHBIX CBS3€H, HA3BIBAETCS CETHIO C MPSIMOI
nepeqadell curHaiga. Takue CeTH 4acTo MMEIOT OJUH MM 00Jee CKPBITHIX CIOEB HEHpPOHOB C
CUTMOUJAIbHBIMU (DYHKIIUSIMU aKTUBAILlMU, B TO BPeMs KaK BBIXOJHON CJIOW COAEPKUT HEUPOHBI
C JMHEWHBIMH (QYHKIHUSAMH akTHUBAuH. CeTH C TakoW apXUTEKTypOil MOTYT BOCHPOU3BOIUTH
BeChbMa CI0KHBIE HETUHEHHBIEC 3aBUCUMOCTH MCKAY BXOAOM U BBEIXOOOM CCTH.
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Input  Layer of Neurons Input Layer of Neurons
r N A r N R
It a
"
. Lia S L bL_L’ P W a
1 Rxl n Sx 1|
lb SxR L
1 ! j Fx1
Py m a 1= b
z ’-L_-_’ R Sx1 £
Py +b \_/ \ J
: ’ T a=f (Wp+h)
F ft a
e D = = Where .. R = numberof
5 R elements in
l by input vector
1
— & / S =number of
a=f (Wp+hb) neurons in layer

Puc. 7.5. OnHocnoliHas ceTh ¢ NpsAMOM nepenayeil curHaia

Jns nosicHeHust 0003HAYEHH B MHOTOCJIIOMHBIX HEMPOHHBIX CETSAX BHHUMATEIBHO H3YUHUTE

JIBYXCIIOWHYIO CeTh, IIOKAa3aHHYIO Ha pHUC. 7.6. DTa ceTb MOXeT ObIThb HCIOJIb30BaHa [Uis
ANMPOKCUMAIUH (DYHKITHIA.

Input Hidden Layer Output Layer
N 3\
al a=y
TWi \‘ 1 7 LWl.l\‘ , 7
4x2 n 7C x4 o
j 4xl j 3 x 74
bt 1§ b
+x1 3x1
G M >

a1 = tansig (TWuip1 +b1) a2 =purelin (LWz1a1 +bz)

Puc. 7.6. JIByxcioiiHas CeTh C NpsIMOM Nepeadyel Curaana

OHa MOXET JIOCTaTOYHO TOYHO BOCIPOM3BECTHU JIIOO0YI0O (QYHKIUIO C KOHEUYHBIM YHUCIOM TOYEK
pa3pbiBa, €CIIU 33JaTh IOCTATOYHOE YNCIIO HEHPOHOB CKPBHITOTO CIIOS.

HToroBslii NPOAYKT CAMOCTOATE/IBLHOM Pa0OThI: KOHCIIEKT
CpencTBa M TeXHOJIOTHH OLIeHKH: coOeceoBaHNe
Pabora ¢ auTeparypoii:

Pexomenayembie ncrounuku nHpopmanuu (Ne uCTOUHMKA)

OcHoBHAasA

JlomosHuTENbHAS

Mertonnueckas

HHuTtepHeT-pecypcesl

1-2

1-3

1-3

1-2
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Tema camocrosiTebHOTO H3yuenus Ne 3.
[TporpammHas smMyIsius HeiipokoMItbioTepoB. [Ipeacrasienue Heiipona B cucreme MatLab.
Buj 1eiTeJIbHOCTH CTYIEHTOB: CaMOCTOSTEIbHOE U3YUEHUE JINTEPATYPhI
Kparkoe cogep:kanue MmaTepuaa:

IIpencraBiaenue Heiipona B cuctreme MATLAB
HeilipoH co ckaJsIpHBIM BX010M

DOneMeHTapHOW SYEeWKOW HEWpPOHHON ceTH sBiseTcss HelpoH. CTpykTypa HeHpoHa ¢
€IMHCTBEHHBIM CKAJSIPHBIM BXOJOM INOKa3zaHa Ha puc. 6.1,a. CkanspHbIil BXOIHOM CUTHaN P
YMHOXKa€TCsl Ha CKaISIPHBIA BECOBOM KOA(GUIMEHT W, U pe3yabTHPYIONUI B3BEIICHHBIH BXOA
W*p sBJIseTCS apryMeHTOM (YHKIMU aKTHBalMu HeifpoHa f, koTopas mopoxgaeTr CKayspHbIIA
BBIXOJ d.

Input  Neuron without bias Input  Neuron with bias
r N7 A\ r N7 N
p. W n’fa’ p.n'lz nlfa'
P
— \ J U J
a=flwp) a=f(wp+b)

Puc. 6.1. a) Heiipon 0e3 cmemienus 6) Helipon co cMmerenneM

Heiipon, moka3anHbIi Ha puc. 6.1, 6, TOMOJIHEH CKAIIPHBIM cMmemieHreM b. Cmerenue
CYMMHPYETCSl CO B3BEUICHHBIM BXOZOM W*P M NPUBOJMT K CABHTY aprymenrta ¢ynkuuu f Ha
BenmunHy b. JlelicTBre CMEIIeH!sI MOYKHO CBECTH K CXEME B3BEIIMBAHHUS, €CIIH MPEICTABUTH, YTO
HEWPOH MMEEeT BTOPOIl BXOAHOW CHTHAN €O 3HadeHueM, paBHbiM 1 (b*1). Bxom n dynkimu
aKTHBAlLIUM HEMpPOHA MO-TIPEKHEMY OCTAETCS CKAJISIPHBIM U paBHBIM CYMME B3BELIEHHOI'O BXOJa U
cmetnenus b. Ota cymma (W*p + b*1) siBisiercst aprymenToM QyHKIMK aKTHBAIKH f, a BBIXOJ0M
(GYHKIMM aKTUBAIIMH SBJISIETCS CUTHAT . KOHCTAHTBI W 1 D SIBJISIFOTCS CKAJIIPHBIMU MTapaMeTpaMu
HeiipoHa. OCHOBHOM NpHUHIMIT PabOThl HEMPOHHOW CETH COCTOUT B HACTPOIKE MapaMmeTpoB
HelpoHa TakuM 0Opa3oM, 4TOOBI MOBEIEHUE CETH COOTBETCTBOBAIO HEKOTOPOMY KEIAEMOMY
noBeJieHNI0. Perynmupyst Beca M IMapaMeTpbl CMEIIEHHs, MOXHO OOYYHTb CEThb BBINOJHATh
KOHKPETHYIO paboTy; BO3MOXKHO TaKXe, UTO CETh cama Oy/IeT KOpPpEeKTHPOBATh CBOU IapaMeTphl,
4TOOBI JOCTUYb TPeOYEeMOro pe3ysibTaTa. Y paBHEHHE HEHPOHA CO CMELIEHUEM UMEET BHL:

a="f(w*p+ b*1)
Kaxk yxe ormeuanoce, cMmerieHre b — HacTpanBaeMblil CKaJISIpHBIN MTapamMeTp HEHpOHa, KOTOPBIH
HE sBJIIETCS BXOJOM. B 3TOM cityuae b — Bec, a koHcTaHTa 1, KOTOpasi yrnpaBisieT CMEICHHEM,
paccMaTpuBaeTCs Kak BXOJ, U MOXET ObITh y4YT€Ha B BUJE JIMHEHHON KOMOWHAIMM BEKTOPOB
BXOJ1a

P

n=[w b =w#*p+b*l

HeiipoH ¢ BEeKTOPHBIM BX00M
Hetipon ¢ omauM BekTOpoM BXoja P ¢ R ameMeHnTamu P1, Pa2,..., Pr TOKa3aH Ha puc. 6.2.
3/1ech KaXIbId 3JIEMEHT BXOJla yYMHOXAaeTcs Ha Beca Wii, Wi2,..., WiR COOTBETCTBEHHO, U
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B3BEILIEHHbIE 3HAUEHUS NIEPEJAIOTCSA HAa cyMMaTop. VX cymMMa paBHa CKaJIIpHOMY IIPOU3BEIEHUIO
BekTopa-cTpok W Ha BekTop-croiibenr Bxoma P. HelipoH umeer cmemenue b, xortopoe
CyMMUPYETCs CO B3BELICHHOM CyMMOM BX0A0B. Pe3ynbTupyromnias cymma
N =Wuip1 + Wiz P2 +... + Wir PR + b.

ciyxut aprymeHToM ¢yHkuuu aktuainuu f. B HoTammum s3pika MATLAB 310 BhIpaxkeHue
3anuchiBaeTcs Tak: N = W*p + b. Ctpykrypa HelipoHa, moka3aHHas BBILLE, SBISICTCS Pa3BEPHYTOM.
[Ipu paccMOTpeHHMH CeTeH, COCTOSIUX U3 OOJBIIOTO YMCIIa HEHPOHOB, OOBIYHO HCIOIB3YETCS
YKpYIHEHHasi CTPYKTypHasi cxema HeipoHa (puc. 6.3). Bxon HelipoHa u300pakaeTcs B BHIIC
TEMHOW BEpTUKAJIbHON YEPTHI, II0J] KOTOPOH yKa3bIBaeTCs KOJIMYECTBO 3JIEMEHTOB BXoja R.

Input Neuron w Vector Input

C N7 A\

[ R B

T osee T

bl

J J

Puc. 6.2. HelipoH ¢ BEKTOpPHBIM BX0/10M

(ﬂ

Pa3mep BekTopa BXoja P yka3bIBaeTcsl HUXKe CUMBoJIa P 1 paBeH RX1. BekTop Bxona ymMHOXKaeTcs
Ha BekTop-cTpoky W uinnel R. Kak u mpex e, koHcTanTa 1 paccMarpuBaeTcsi Kak BXO, KOTOPBIN
YMHOXAaeTCsI Ha cKaJisipHOe cMmenienue b. Bxoaom N GpyHKIMK akTHBAIMY HEWPOHA CIYKUT CyMMa
cmeinenust b u npomsBenenne W*p. Dta cymma mpeoOpasyercss GpyHkuued aktuBanuu f, Ha
BBIXO/JIE KOTOPOM IOJIy4aeM BBIXOJl HEMPOHA @, KOTOPBIM B JAHHOM CIIy4ae SIBJISIETCS CKAJLIPHOU
BennunHOM. CTpyKTypHas cxema, NMpuBeJeHHas Ha puc. 6.3, Ha3bpiBaetcs cioem cemu. Cioi
xapakrepusyercst mampuyei eecoe W, cmemennem b, onepamusiMu  ymHOkeHus W*p,
CYMMHpPOBaHHs U QyHKIKEH akTHBanuH f.

Input Meuron
N A
P a
rng A A I e
LxR — f
I &
G .

Puc. 6.3. YkpynHeHHas cxema HEHPOHA ¢ BEKTOPHBIM BXOJIOM
BexTop BX0/10B P 00BIYHO HE BKJIIOYAETCS B XapakTepucTuku cios. Kaxaelii pa3, kornaa
UCTIOJIb3YeTCsl COKpAILlleHHOe OO0O3HAa4YeHHWE CEeTH, Pa3MEPHOCTh MAaTpHIl YKa3bIBaeTCs MOJ
MMEHaMH BEKTOPHO-MaTPUYHBIX MepeMeHHBbIX (cM. pHuc. 6.3). Dra cucremMa 0003HauYE€HUN

MOSCHACT CTPOCHUC CCTHU U CBA3AHHYIO C Hel MaTpuiIHYO MAaTCMATHUKY.

@OYyHKIUHM AKTUBALMU HEHPOHOB
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@OyHKIMM aKTUBAlMM (MepeaTodyHble (YHKIMU) HEHpOHA MOTYT HUMEThb CaMbli
paznuuHblil Bua. OyHKIus akTHBaly f, Kak MpaBuUiIo, IPUHAIICKUT K KIACCY CUSMOUOATbHBIX
(GyHKIMH, KOTOpBIE MMEIOT JBE TOPH3OHTAJIBHBIE ACHMOTOTBI W OJHY TOYKY Heperuda, c
aprymeHToM GyHKIHH N (BXOIOM) M 3HaYeHUEM (QYHKIIUH (BBIXOJIOM) .

PaccmoTpuM Tpu Hanbosee pacnpocTpaHeHHbIe (OPMBI (YHKIIMK aKTHBAIHH.
Eounuunasn ¢pynkyus akmusayuu c scecmrxum o2paruyeruem hardlim:

A+l

a = hardlim(n)
Puc. 6.4. Equanunas GyHKIUS aKTHBAIIUN

Ota GyHKIMS onuchiBacTCs cooTHomeHreM a = hardlim(n) = 1(n) u nmoka3ana Ha puc. 6.4. OHa
paBHa 0, eciiu N < 0, 1 paBHa 1, eciu N > 0.
YT10o0bI HOCTPOUTH TpadUK ITOM PYHKIMHU B JHANIa30HE 3HAUCHUH BX0O/1a OT —5 110 +5, He00X0IMMO
BBECTU ciieyromue onepaTopsl s3bika MATLAB B koMaHAHOM OKHE:

n=-5:0.1:5;

plot (n,hardlim(n), 'b+:");
Juneunas gpynkyus akmusayuu purelin:
Ota (yHKIUS onKCchIBacTCs cooTHoreHrneM a = purelin(n) = n u mokaszana Ha puc. 6.5.

a = purelin(n)

Puc. 6.5. Jluneiinas QyHKIMS aKTUBALIUN

Yr1oObl MOCTPOUTH I'paduK 3TON QYHKIIMM B AUANIa30HE 3HAYCHUH BX0J1a OT —5 110 +5, He00X0AUMO
BBECTH ciieyromue onepatopsl s3pika MATLAB B koMaHIHOM OKHe:

n=-5:0.1:5;

plot (n,purelin(n), 'b+:");
Jlocucmuueckas gpynkyust akmusayuu 10gsig:

Orta dyHkIus onuckiBaercs cootHomenuneM a = logsig(n) = 1/(1 + exp(-n)) u moka3aHa Ha
puc. 6.6.

S

a = logsig(n)
Puc. 6.6. Jloructuyeckas (yHKIMS aKTUBAIIIH
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Jannast GyHKIMS NPUHAIIIEKHUT K KIACCYy CUTMOUJAIBHBIX (DYHKUIMN, U €€ apryMeHT MOKET
NPUHUMATD JI000€ 3HAYEHUE B AMANA30HE OT —o0 J0 100, a BBIXOA U3MEHSAETCs B AuanazoHe ot 0
no 1. bmaromaps cBoiicTBy auddepeHuupyeMocT (HET TOYEK pas3pbiBa) dTa (YHKIHMS 4acTo
UCTIOJIB3YETCS B CETSIX ¢ OOyYeHHEM Ha OCHOBE METOJla OOpaTHOTrO pacHpOCTPAHEHHUS OLIMOKH.
YtoObI moCTpOuTh rpaduk 3ToM GYyHKIIMU B TUATIA30HE 3HAYCHUH BXOAa OT —5 10 +5, HE00X0IMMO
BBECTU ciieyromue onepatopsl a3bika MATLAB B koMaHAHOM OKHE:

n=-5:0.1:5;

plot(n,logsig(n), 'b+:");

Jus moctpoenus rpaduka (yHkumu omHON mepemeHHo B cucteme MATLAB
ucnomnesyetcs orneparop plot. Ilpu sTom rpaduku cTposTCS B OTAEIBHBIX MACIITAOUPYEMbIX U
nepemMeniaemMbix okHax. Hanpumep, ams noctpoeHus rpaduka pyHKIUH sin X JOCTaTOYHO BHAYaNIe
3aJaTh IMaIa3oH M IIar K3MEHEHUs apryMeHTa, a 3aTeM HCII0JIb30BaTh onepaTop plot:

x=-5:0.1:5;

plot (x,sin (x))

Omneparop plot sBIsSETCS MOLIHBIM UHCTPYMEHTOM IS MTOCTPOCHUS TPaPUKOB PYHKIMIA OTHON
nepeMeHHOi. OH MO3BOJISIET CTPOUTH TpauKH cpa3y HECKOIbKUX (QYHKIIUI M IMEET pa3IMuHbIe
(OpMBI, CHHTaKCHC KOTOPBIX MOKHO y3HATh, BOCIIOJIB30BABIINCH KOMaH10i help plot.

HUTOroBbIii NPOAYKT CAMOCTOATEILHONH PadOThI: KOHCIIEKT
CpencTBa M TeXHOJIOTHH OLIEHKH: coOeceIoBaHNe
Pabora ¢ auTeparypoii:

Pexomenyembie nCTOUHUKN HHPOpMaIuu (Ne nCTOYHMKA)

OcHoBHas I[OHOJ'IHI/ITCJ'ILHEIH MeTtoanueckas I/IHTepHeT'pecprbI

1-2 1-3 1-3 1-2

Tema camocTosiTeJIbHOTO H3yueHus Ne 4.

I[Tporpammuoe cpencteo Neural Network Toolbox cuctemsr MatLab.

Buj nefTeJIbHOCTH CTYIEHTOB: CaMOCTOSITEIbHOE U3YyUEHUE JINTEPATYPhI
Kparkoe cogepxanue maTepuasa:

NNTool — uHCcTpyMeHTaIbHOE CPEICTBO C rpaduveckuM HHTepdercoM, MO3BOIIAIONICE
HauuHaromeMy nonb3oparento nakera Neural Network Toolbox BbIIONHATE co3anue, oOyueHue,
MOJIEJTMPOBAHHUE, SKCIIOPT U UMIIOPT HEHPOHHBIX CETEeN U JaHHBIX, HE 00palasich K KOMaHIHOMY
okHy MATLAB. Be1zoB NNTool Bo3MokeH 1100 ¢ TOMOIIBI0 KOMaHAbl nntool u3 KoMaHJHOH
ctpoku MATLAB, nu60 u3 okHa 3anycka npuioxenuii Launch Pad ¢ nomomipsto onumn NNTool
u3 pasnena Neural Network Toolbox. Ilocne BbI30Ba Ha 3KpaHe IUCIUIES TOSBISETCS OKHO
Network/Data Manager (Ynpasnenue cetsto/JlanasiMu) (puc. 1).

DNEeMEHTHI OKHa:
Help — kxomka Be130Ba okHa mojckasku Network/ Data Manager Help;
New Data — kHonka BbI30Ba okHa (opmupoBanus naHHbIX Create New Data (puc. 2);
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=I5
Inputs: Networks: Qutputs:
Targets: Errors:
Input Delay States: Layer Delay States:
~Networks and Data
Help | NewDaiaA..I NewNelwork.A.|
Import... | Export... I = | Befete |
— Networks only
Iritializes I Sirmulates, l Traifie, | Adaptss |
Puc. 1
<) Create New Data u =10 x|
~Name DataType —
|datat @ Inputs
~Value  Targets
01-1;231] 7 " Input Delay States
C Layer Delay States
C Outputs
| | > C Errors
Help | cancel | create
Puc.2

New Network...— KHOIIKa BbI30Ba OKHa co3/1aHus HeiipoHHoit cetu Create New Network (puc. 3);
Import... — KHOmNKa BbI30Ba OKHa JUIl MMIOpPTa WM 3arpy3ku JaHHbIX Import or Load to

Network/Data Manager (puc. 4);

Export... — KHOMKa BbI30Ba OKHA JUIsl KCIIOPTA WJIM 3aIIMCH JaHHBIX B (paitn Export or Save from

Network/Data Manager;

Knonku View, Delete cTaHOBSITCSI aKTHUBHBIMHM IIOCJE CO3JaHUS M aKTUBHU3AIMM JAHHBIX,
OTHOCSIINXCA K BXOJaM, LIEJISIM, BEIXOaM HMJIM OIIIMOKaM CETH.

<} Create New Network

I =11

Network Name:|network1

~Network Type: |Feed-f0rward backprop

:]—

Input ranges:

[01,-11]

|Getfrom inp...

Training function:

Performance function:
Number of layers:

Adaption learning function:

Propetties for. lLayer 1 LI

TRAINLM

LEARNGDM

MSE

| «|) <) «]] «

2

Number of neurons:

1

Transfer Function:

TANSIG

[ |

View

Defaults I

Cancel |

Create l

Puc. 3
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YroObI c03/1aTh HEUPOHHYIO CETh, HEOOXOIUMO:
5) chopmHupoBaTh MOCICIOBATEIBHOCTH BXOJ0B W Ieici (kHomka New Data) mu6o
3arpy3uTh Ux u3 pabdoueit oomactu cucremsl MATLAB;
6) co3maTh HOBYIO HElipoHHYIO ceTh (kHOIKa New Network) mu6o 3arpy3uts ee u3 padboueit
oOmactu unu u3 (aitna (kHormka Import);
7) BBIOpaTh THI HEHPOHHON CETH M HaXaTh KHOMKY Train, 4TOOBI OTKPBHITH OKHO IS
3aJjaHMsl TAPaMETPOB MPOLEAYPbI 00ydeHUS;
8) oTkpbITh 0OKHO Network [ist mpocMOTpa, HHUIHATH3AINH, MOICIIMPOBAHUS U aJalTallui
CeTH.
Network Name — crammaprHoe ums cetH, npucBamBaemoe GUI-untepdeiicom, MOPsSAKOBHIM
HOMEp UMEHH U3MEHSETCS aBTOMAaTHYECKH.
Network Type — tun cerei, ocTynHbIx st pabotsl B NNTool.
Inputs ranges — npomycTHMbIE TpaHUIBI BXOJOB, KOTOpBIE 33Jal0TCS MOJIB30BATEIEM JHOO
OTIpENeNIOTCs aBTOMaTHYeCKH 13 criucka Get from Inp...
Training function — crincok oOy4aronMx GyHKINHA.
Adaptation learning function — cincok ¢yHKIHI HACTPOEK I pEKUMA aTalTaIlHH.
Performance function — criucok GyHKIHIA OLIEHKH Ka4eCTBa 00y4YCHHUSI.
Number of layers — koau4ecTBO CIIOEB CETH.
Properties for — cBoiictBa ais cioes 1 u 2.
Numbers of neurons — koMYECTBO HEHPOHOB B CIIOE.
Transfer function — b yHKIMs aKTUBAIMHU CIIOSI.

x|
~Source ~SelectaVariable_Destinaton
= Import from MATLAB workspace (no selection) Name
C Load from disk file B IP1
[fAATETTE I arie i Import As:

C etwa

Yo
@ Inputs

" Targets
 Initial Input States
 Initial Layer States
 Qutputs

 Errors

Cancel | Import

Puc. 4
Oxno Import or Load to Network/ Data Manager Bkirouaet Tpu moJIs:
Source — mose aJst BBIOOpa MCTOYHHWKA JaHHBIX: pabouas obmacte MATLAB (Import from
MATLAB workspace) 1160 ¢aiin (Load from disk file).
[Tpu BEIOOpe mepBoro BapuaHTa moie Select a variable comepxuT Bce nepeMeHHble paboueit
obnactu. [Ipu BEIOOpE BTOpOTO BapmaHTa akTUBM3UpyeTcs noje MAT — file Name u xHOmKa
Browse.
Destination — mosie, B KOTOPOM CJIeAyeT yKa3aTh THUI MMIOPTUPYEMBIX JAHHBIX IyTeM BBHIOOpa
OJTHOW U3 PaIMOKHOIIOK.
Oxkno Export or Save from Network/Data Manager (puc. 5) mo3BoJisieT TiepeaaTh JaHHbIC U3
paboueii o61actu NNTool B pabouyto obnacte MATLAB win coxpanuts ux B Buje ¢aiina Ha
mucke. Ecnu B kauecTBe coxpaHsieMoil NEepeMeHHOHN BbIOpaHa MepeMeHHas, MpUHaJexalas
kJaccy network object, 1 oHa sKciopTHpOBaHa B pabouyio obnacte MATLAB, MOXHO TOCTPOUTH
MOJIeJIb HEMPOHHOM ceTn B cucteme Simulink.
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Export or Save from Network/D ata Manager ] 5]

—Select Variables

network1
datal

P1

T

Select one or more variahles. Then [Expo] the variables
to the MATLAB workspace or [Save] them to a diskfile

Select All Select None Cancel | X l Saye

Puc. 5

[Tocne coznanus u aKTHBH3AIMKA HEHPOHHOH cetn B okHe Network/Data Manager craHOBSTCS
aKTUBHBIMU KHOTKU View, Delete, Initialize, Simulate, Train, Adapt. [Ipu Beigenennn B 001acTu
Networks co31aHHO# ceTH OTKpbIBaeTCs auanoronas manesnb Network: <ums_cetw> (puc. 6).

ol
view | initialize | Simulate | Train | Adapt | weights |
@ D—~
[om ]

2 1 1

Manager Close

Puc. 6
ITanenn nMeeT MIecTh 3aKIa0K:
View — mpocMOTp CTPYKTYPBI CETH.
Initialize — 3amanne HaYaIBHBIX BECOB M CMELCHUIA.
Simulate — monenpoBanue ceTu.
Train — oOydeHue ceTH.
Adapt — aganTaius 1 HaCTpOKa MapaMeTPOB B CETH.
Weights — mpocMOTp YCTaHOBJICHHBIX BECOB M CMEIIICHUIA.

HTOroBblii NPOAYKT CAMOCTOATEIbHON PA0OThI: KOHCIIEKT
CpeacTBa M TeXHOJIOTMM OLEHKH: cobeceloBaHNe
Pabora c 1ureparypoii:

Pexomenayembie nctounnku nHpopmanuu (Ne HCTOUHMKA)

OcHoBHas JlononHurenpHas Meroanueckas Hurtepuer-pecypcsl

1-2 1-3 1-3 1-2

Tema caMOCTOATEIBHOIO U3ydeHust Ne 6.
Camoopranu3yromnifecs U peKyppeHTHbIie ceTr. [ mOpuiHbie HEUPOHHBIE CETH.
Buja gesiTeJIbHOCTH CTYAGHTOB: CAMOCTOATENBHOE U3YUYEHUE JINTEPATYPHI
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CaMoopranusymonuecs ceTu
Ceru Koxonena

B mnpomecce ananmza OGonbmux HHOOPMALMOHHBIX MACCHBOB JAHHBIX HEU3MEHHO
BO3HUKAIOT 33/1a4d, CBSI3aHHBIE C HCCJIEIOBAHUEM TOIIOJIOTMYECKON CTPYKTYpBI JaHHBIX, HUX
o0beIMHEHHEM B TpYINIbI (KJIacTephl), paclpeesieHneM Mo KiaccaM M T. M. DTO MOTYT ObITh
HYKOHOMHYECKHUE, (PUHAHCOBBIC, HAYYHO-TEXHHUECKUE, MEAUIIMHCKUE U IPYTHE MPUIIOKECHHUS, TIe
TpeOyeTcs penieHre TakuX MPaKTHUECKUX 3a]ad, KaKk C)KaTHe JaHHBIX, UX XPAHEHUE U TOUCK,
OIpE/ICNIEHUE XapaKTEPUCTUK OOBEKTa IO OrpaHMYEHHOMY Habopy npu3HakoB. Takue 3anauu
MOTYT OBbITh YCHEIIHO PEIICHbI C MPUMEHEHUEM CIIeHUaTbHOI0 Kjacca caMOOpraHU3YIOMIMXCS
HelpoHHbIX ceTed. Heliponublie cetn KoxoHeHa unu camoopeanusyrowuecs kapmol Koxonena
(Kohonen's Self-Organizing Maps) mnpeaHa3HaueHbl UIS pEIICHHS 3aJa4 aBTOMAaTHYECKOMN
KiIaccupukanmy,  Korma — oOydaromasi — IOCJIeJOBaTeNbHOCTh  00pa3oB  OTCYTCTBYET.
COOTBETCTBEHHO OTCYTCTBYET M (HUKcAlusi OMMUOKH, Ha MHUHHUMHU3ALMU KOTOPOH OCHOBAHBI
QITOPUTMBI  OOy4YEeHHS, HallpUMEp, AQJITOPUTM OOpPaTHOTO PACHPOCTPAHEHHS OUIMOKU
(Backpropagation).
Cetb Koxonena — 310 ByXciioiiHasi HEHPOHHAS CETh, COJACPIKAIIAS 6X00HOU 10U (CIION BXOTHBIX
HelipoHOB) U cnou Koxonena (crmoil akTuBHBIX HeipoHOB). Cnoit KoxoHeHa MOXeT OBITh:
OJIHOMEPHBIM, JIBYMEPHBIM WJIM TpPEXMEpHBIM. B TmiepBOM cilydae axkTHUBHBIE HEHPOHBI
pacmosoxeHsl B Ienoyky. Bo BTopoMm ciyuyae oHH 0O0pa3yloT ABYXMEPHYIO CETKY (OOBIYHO B
dopme KBazpara WIM TPSIMOYTOJBHHKA), a B TPEThEM Cllydyae OHH OOpa3ylT TPEXMEPHYIO
KOHCTpPYKIUI0. B cuity oTcyTcTBHs 00y4aromieit mocieoBaTeaIbHOCTH 00pa3oB, Ui KaXI0To U3
KOTOPBIX U3BECTHA OT YUMUTEJS IPUHAUIEKHOCTh K TOMY WJIM HTHOMY KJIacCy, ONPE/IEJIEHNE BECOB
HelipoHoB cnosi KoxoHeHa OCHOBAaHO Ha HCIOJIb30BAHUU aJTOPUTMOB  KJIACCHUYECKOM
KIaccuukanuu (Kracrepu3anui wid camooOydenus). CBOWCTBO CaMOOPTaHU3AIMH SIBIISICTCS
OIHMM U3 Haubolee TpPUBIEKATEIbHBIX CBOWCTB  HEUpPOHHBIX cereil.  HeiipoHsl
CaMOOPraHU3YIOUIEHCs CETH MOTYT ObITh OOYYEHBI BBISIBJICHMIO TPYII (KJIACTEPOB) BEKTOPOB
BX0/]1a, 00JIaIAI0NTUX HEKOTOPHIMH OOIIMMH cBOMCTBaMU. [Ipu n3ydeHNN caMOOpTraHU3yIOIINXCS
HEHPOHHBIX CeTeU, WK cemel KoxoneHna, CylECTBEHHO Pa3JIMYaTh CETH C HEYNOPSAAOYECHHBIMU
HEWpOHAMH, KOTOPBIE YaCTO Ha3bIBAIOT crosamu Koxonena v ceTu ¢ ynopsiiou€HUEM HEHPOHOB,
KOTOpBIE 4acTO Ha3bIBaIOT kapmamu Koxonena. Ilocnennue oTpaxkaroT CTPYKTYpY JaHHBIX TaKUM
0o0pa3om, 4To OJIM3KUM KIIACTepaM JIaHHBIX Ha KapTe COOTBETCTBYIOT OJM3KO PACIOIOXKEHHBIS
HEHPOHBI.
Canoii Koxonena

PaccmoTpuM caMoOpraHu3yrourytocst HEHpOHHYIO CeTh C €AMHCTBEHHBIM CIIOEM, 3ajaya
KOTOPOM 3akiio4yaercs B TOM, YTOOBI MPaBWIBHO CrPYNIHPOBATh (KJIACTEPU3UPOBATH)
MOCTYNAalOIINE Ha HEe BEKTOPhI BXO/1a.

Bxox Korxypupyrompii croit
SR w!
P * al
lindistll o'
Rx1 b
C S'x1
] __’ b| s
R sha s

Puc. 12.1. Apxurekrypa cnos Koxonena
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HerpynHo yOemuTbes, 4TO 3TO CJIONW KOHKYPHUPYIOILErO THIA, MMOCKOJIbKY B HEM NPUMEHEHa
KOHKYypHpyomas QyHKIMs akTuBanuu. KpoMe Toro, apXuTekTypa 3Toro cjiosi O4eHb HallOMUHAET
APXHUTEKTYPY CKPBITOTO CIIOS paaualbHOil 0a3uCHOW ceTH. 31ech MCIONb30BaH Oyok Ndist s
BBIUMCJICHUSI OTPULIATENBHOIO €BKJIUA0BA PACCTOSHUS MEXAY BEKTOPOM BXOAA P U CTPOKaMHU
marpuisl BecoB IW!. Bxon ¢yHkuum aktuBamuu N — 3TO pe3yiabTaT CyMMHMpPOBAHHS
BBIYMCIICHHOTO DAacCTOSHHUS C BEKTOPOM cMelneHus D. Ecim Bce CMeIIeHUs HyJeBbIC,
MaKCHMaJbHOE 3Ha4eHue N He Moxker npesbiuath 0. Hynesoe 3Hagenne N BO3MOXKHO TONBKO,
KOI'Zla BEKTOP BXOJa P OKa3bIBacTCs PaBHBIM BEKTOPY BECA OJTHOTO U3 HEHPOHOB. Eciin cmemenus
oTimyHb! 0T 0, TO BO3MOKHBI M MOJIOKHUTENBHBIE 3HAYEHHS 1T DJIEMEHTOB BeKTOpa N,

Konkypupyromas GpyHKIMs aKTHBAlMM aHAIM3UPYET 3HAYEHHS DJIEMEHTOB BeKTOpa N' u
dopmupyeT BBIXOABI HEWPOHOB, paBHble 0 1IsI BceX HEHPOHOB, KPOME OJIHOTO HEHpoHa-
noOenuTelis, UMEIOIIEro Ha BXOJAE MaKCHMalbHOE 3HaueHue. TakuM oOpa3oM, BEKTOp BbIXOJa
cinos al MMeeT €IMHCTBEHHBIM DIIEMEHT, pPaBHBIM 1, KOTOPBIH COOTBETCTBYET HEHWPOHY-
nobenurento, a ocraibHble paBHbl (. Takas akTHBaLMOHHAs XapaKTEPUCTUKA MOXKET ObITh
OIKCaHa CIELYIOIUM 00pa3oM:

i L i=i, i* = arg(max n%)
4;

*

0, [+i

3aMeTHM, YTO ATa aKTUBAI[MOHHAS XapaKTEPHCTUKA yCTAaHABIMBACTCS HE HA OTACIbHBINA HEHPOH,
a Ha cioil. IlosTOMy Takas aKTHBAaLMOHHAs XapakTePUCTHUKAa M MOJy4yMua Ha3BaHUE
KouKypupyiowei. HoMep akTMBHOrO HEWpOHA | ompenenseT Ty Tpymimy (KiacTep), K KOTOpOi
HauOosee OnM30K BXoJMHOW BekTop. st popmupoBanus cinos KoxoHena mpenHasHaueHa M-
(GyHKIMS NEWC.
[Tokaxkem, kak oHa paboTaeT, Ha mpocTtoM npumepe. IIpeanonaoxum, 4TO 3aaH MacCcuB M3
YeThIpeX JIBYXAJIEMEHTHBIX BEKTOPOB, KOTOPBIC HAJIO pa3AeiuTh Ha 2 Kiacca:
p=1[1.8.1.9 2.9.1 8]
P=
0.1000 0.8000 0.1000 0.9000
0.2000 0.9000 0.1000 0.8000
B sTom npumepe HeTpyIHO BUAETH, UTO 2 BeKTOpa pacmoioxkeHs! BOiau3u Touku (0,0) u 2 BekTopa
— BOmm3u touku (1,1). Chopmupyem cioii KoxoHena ¢ aByMss HEWpOHaMH Ui aHaIHM3a
JIBYX3JIEMEHTHBIX BEKTOPOB BX0/1a C TMana3oHoM 3HadyeHu# ot 0 1o 1:
net = newc ([0 1; 0 1],2);
[TepBblif aprymMeHT ykas3bIBaeT JMana30H BXOJHBIX 3HAUEHUH, BTOPOW ONpeaesseT KOJIMYECTBO
HEHpPOHOB B cioe. HawyanbHble 3HAYEHUs SJIIEMEHTOB MAaTPHIIBI BECOB 3aJal0TCS KakK CpeaHee
MaKCHUMaJIbHOTO U MUHUMAJIBHOTO 3HaYEHUH, T. €. B IEHTPE WHTEpBala BXOIHBIX 3HAUEHUH; 3TO
peaau3yeTcs o yMOJYaHHI0 ¢ ToMOIb0 M-yukimu midpoint mpu co3nanuu cetu. Yoemaumcs,
YTO 3TO JCHCTBUTENHLHO TaK:
wts = net.iw{l,1}
wts =
0.5000 0.5000
0.5000 0.5000
Omnpenennm xapakTepucTHKH ci10si KoxoHcHa
net.layers{1}
ans =
dimensions: 2
distanceFcn: 'dist'
distances: [2x2 double}
initFen: 'initwb’
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netlnputFcn:  'netsum’

positions: [01]

size: 2

topologyFcn: 'hextop?!

transferFcn:  ‘compet’

userdata: [IxI struct]

W3 sTOro omucaHus CIEAYET, YTO CETh HCIOJIb3YeT (DYHKIUIO eBKIMa0Ba PacCrosiHus dist,
GyHKIHI0 HHUOHATH3anuy iNitwb, ¢yHknuio 00paboTku BX0A0B NEtSUM, GYHKINIO aKTHBAIMN
compet u GyHKIMIO onKucanus Tonosoruu hextop.

XapaKkTepUCTUKN CMEUICHUN CIICAYIOIINE:

net.biases{1}

ans =
initFen: 'initcon’

learn: 1

learnFcn: 'learncon’

learnParam:  [IxI struct]

size: 2

userdata: [IxI struct]

CwMemenus 3a1ar0Tes GyHKIUer iNItCON u 1Sl MHUIUATU3UPOBAHHON CETH PABHBI
net.b{1}

ans =

5.4366 5.4366

OyHKIMel HACTPONKU cMelleHui sBisiercst GyHKuus learncon, obecrieunBaroias HaCTPOMKY C
y4eTOM MapaMeTpa akTUBHOCTH HEMpOHOB. Teneps, koraa chopMUpOBaHa CaMOOPraHU3YIOIIAsACS
HEHpOHHAas ceTh, TpeOyeTcs 00yUuTh Ce PELICHUIO 3aJ]aul KilacTepu3aluu JaHHbIX. HanoMHum,
4TO KaXKAblil HEHpOH Osioka COMpet KOHKYpHpYeT 3a MpaBO OTBETUTh Ha BEKTOp BXxoja p. Eciu
Bce cMmeleHus paBHbl 0, TO HEMPOH C BEKTOPOM Beca, CaMbIM OJM3KUM K BEKTOpPY BXOfa p,
BBIMTPBIBAET KOHKYPEHLMIO W BO3BPAILAET Ha BBIXOAE 3HAUEHUE 1; BCe IOpyrue HEHPOHBI
BO3BpaIaoT 3HaueHue 0.
IIpaBuiia 00y4yeHnst 1 HACTPOMKHU cMemeHuit ciosi Koxonena

[IpaBmio oOyuenust cnost KoxoHeHa, HaspiBaeMoe Takke mpasBwioM KoxoHeHa,
3aKJIFOYaeTCs B TOM, YTOOBI HACTPOMTHh HYXKHBIM 00pa3soM 3JEMEHThl MaTpHIBl BECOB.
[MpenmnonoxuM, 4To HEWPOH | MOOeAMI MpH Mmojaye Bxoaa p(Q) Ha mare caMooOydeHus g, Toraa
CTpOKa | MaTpuIlbl BECOB KOPPEKTUPYETCS B COOTBETCTBUU C TpaBmwioM KoxoHeHa cieayronmm
obpazoM: _ _ .

W' (q) =IW1' (g - 1) + a(p(q) - IW11' (q - 1)).

[TpaBmiio KoxoHneHna npeacrasisieT co00i peKyppeHTHOE COOTHOIIEHHE, KOTOpOe 00ecreunBaeT
KOPPEKIIMIO CTPOKU | MaTpUIIbI BECOB J00ABICHUEM B3BELICHHOW Pa3HOCTH BEKTOpa BXOJa U
3HAYEHMs CTPOKU Ha mpeAblaylieM miare. Takum oOpazoMm, BEKTOp Beca, Hanbosee OIM3KUNA K
BEKTOPY BXOJa, MOAU(PHUIUPYETCS TaK, YTOObI PACCTOSIHME MEXIY HUMHU CTajo elle MEHBIIIE.
PesynpTaT Takoro oOyueHUs OyJeT 3aKI04YaThbCs B TOM, YTO MOOCIMBIINK HEUPOH, BEPOSITHO,
BBIMIPAaeT KOHKYPEHLMIO U B TOM Cilydae, Korja OyleT mpecTaBieH HOBBIA BXOJIHOW BEKTOD,
OJIM3KUI K IpeaplIyleMy, U ero nodena MeHee BEpOsITHA, Korja OyAeT IMpeACTaBlIeH BEKTOp,
CYIIECTBEHHO OTIMYAIOMIMKCSA OT mpesiayiiero. Koraa Ha BXoa ceT mocrynaer Bce Oolbliiee U
OoJbIIee YMCIO BEKTOPOB, HEWPOH, SBIAIOMIMNCS ONMKaWlIMM, CHOBa KOPPEKTHUPYET CBOM
BECOBOW BEKTOp. B KOHEUHOM cueTe, eciM B €J10€ UMEETCSl JOCTaTOUHOE KOJIMYECTBO HEUPOHOB,
TO Kax</1as rpyIma OJIM3KUX BEKTOPOB OKaXETCs CBSI3aHHOM C OJJHUM U3 HEUPOHOB cios. B aTom
Y 3aKJII0YAETCs] CBOMCTBO caMoopranu3anum cios KoxoHeHa.

[IpaBuno HacTpoiiku cmemennii. OTHO U3 OrpaHUYEHNUN BCIKOTO KOHKYPHUPYIOLIETO CII0SI
COCTOMT B TOM, YTO HEKOTOPBIE HEMPOHBI OKa3bIBAIOTCS HE3a1€HCTBOBAHHBIMU. JTO MPOSBIIAETCS
B TOM, YTO HEMPOHBI, UMEIOIUE HAdajIbHbIE BECOBBIC BEKTOPHI, 3HAYUTEIBHO YIAJIECHHBIE OT
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BEKTOPOB BXO0/la, HUKOIJAa HE BBIUIPHIBAIOT KOHKYPEHLIMH, HE3aBUCUMO OT TOrO Kak J0JIIO
npojoikaercs ooydyeHue. B pe3ynbraTe oka3plBaeTCsl, YTO TaKUE BEKTOPHI HE HCIIOIB3YIOTCS IIPU
00y4eHHH W COOTBETCTBYIOLIME HEHPOHBI HUKOTAA HE OKa3bIBAIOTCS MoOenuTensMu. Takue
HEUPOHBI-HEYIAYHUKN HA3bIBAIOT '"MEpPTBBIMU'" HEUPOHAMH, IMOCKOJIBKY OHHU HE BBIMNOJIHSIOT
HUKAKOW mosie3HOM (QyHKIuH. UTOOBI MCKIIOYUTH TaKyl0 CHUTYallMI0 U CHENaTh HEHpPOHBI
YYBCTBUTEJIBHBIMHA K IIOCTYNAIOIIMM HA BXOJ BEKTOPaM, HCIOJB3YIOTCS CMELICHHS, KOTOPbIE
MO3BOJISIIOT HEHPOHY CTaTh KOHKYPEHTHBIM C HEHPOHAMU-TIOOEIUTENSIMU. DTOMY CIIOCOOCTBYET
HOJIOKHUTEIBHOE CMELEHHE, KOTOpPOe A00aBIsAEeTCA K OTPULIATEIbHOMY PACCTOSHUIO YIalleHHOTO
HelipoHa. COOTBETCTBYIOLIEE IPABUIIO HACTPOUKH, YUUTHIBAIOIEE HEUYBCTBUTEIbHOCTh MEPTBBIX
HEWpPOHOB, peann3oBaHo B Bujae M-¢dyHkiuu learncon u 3axiouaercs B clienyromem. B Havane
IIpOLIEYPbl HACTPOMKU BCEM HEMPOHAM KOHKYPHUPYIOLIETO CJIO0s MPUCBAUBACTCA OAUHAKOBBIN
napaMeTp aKTUBHOCTHU

rae N — Komu4ecTBO HEMPOHOB KOHKYPUPYIOILIETO CJIOs, paBHOE YUCIY KjacTepoB. B mpoiecce
HacTpoiiku M-QyHkius learncon koppekTHpyeT 3TOT mapamerp TakuM o0pa3oM, YTOOBI €ero
3HAYEHUS JIJIs1 aKTUBHBIX HEHPOHOB CTAHOBWIIKCH OOJIbIIIE, a Il HEAKTUBHBIX HEMPOHOB MEHBbIIIE.
CootsetcTBytomasi ¢opmyia Ui BEKTOpa NMPUPALNICHUN HapaMeTpOB AKTUBHOCTH BBITJISAHUT
CenyroImuM 00pa3om:
Ac = Ir*(ai' - ¢),

rze I — mapameTp CKOpPOCTH HACTPOUKH; il — BEKTOP, 2JIEMEHT i* KOTOPOro paBeH 1, a ocTalbHbIE
0. HerpynHo ybenutbes, 4TO Ul BCEX HEHPOHOB, KpOME HEWpOHA-NIOOEIUTENs, MpUpalleHus
oTpuuarenbHbl. [lockosibKy napaMeTpbl aKTUBHOCTH CBSI3aHbI CO CMEIICHUSIMU COOTHOLIEHUEM
b=exp(1) /¢,
TO U3 3TOTO CJIEAYET, YTO CMEILIEHHUE /Il HEHpOoHa-moOeuTeNsl YMEHbIIUTCS, a CMEILEHUs JJIs
OCTaJbHBIX HEHPOHOB HEeMHOro yBenuuartcs. M-¢dyHkius learncon ucmonb3yer CleayroIryo
dbopmymy IS pacueTa IpUpaIIeHU BEKTOpa CMEIIEHUN
Ab =exp(1 - log(c)) - b.
[Tapametp ckopoctu HacTpoiiku Ir mo ymomuanuio pased 0.001, u ero BenuyrHa OOBIYHO HA
HOPSZIOK MEHBIIIE COOTBETCTBYIOIIET0 3HaYeHus it M-¢dyHkimu learnk. Yeennuenue cMmenieHui
JUIsl HEAaKTUBHBIX HEWPOHOB MO3BOJISIET PACIIMPUTh JUANA30H MOKPBITUS BXOJHBIX 3HAaYCHHUH, U
HEaKTUBHBII HEHpOH HauMHaeT (GOpMHUPOBATh KiacTep. B KOHEYHOM cueTe, OH MOXKET HadaTh
MPUTSATHUBATh HOBBIE BXOJHBIE BEKTOPHL. OJTO JaeT JBa NpeumyliectBa. Ecnu HelpoH He
BBIMTPBIBAET KOHKYPEHIIMM, IOTOMY 4YTO €ro BEKTOP BECOB CYIIECTBEHHO OTJINYAETCA OT
BEKTOPOB, TOCTYMAIOIIKUX Ha BXOJ CETH, TO €ro CMEIIEHUE MO Mepe OOyueHHUsi CTaHOBUTCS
JIOCTaTOYHO OOJIBIIMM, U OH CTAHOBUTCS KOHKYpeHTOCHocoOHBIM. Korga 3To mpoucxomut, ero
BEKTOP BECOB HAUMHAET MPHUOIMKATbCS K HEKOTOPOW Ipymie BEeKTOpoB Bxoja. Kak Tonbko
HEHpOH HauMHAET MoOeXK1aTh, €ro CMEICHHE HAYMHAET YMEeHbIIAaThcsa. TakuM oOpa3oM, 3a1ava
AaKTHBU3ALMH "MEPTBBIX' HEMPOHOB OKa3bIBAECTCS pEHIEHHON. BTOpOoe npenMyiiecTBo, CBsI3aHHOE
C HACTPOMKOM CMEIIEHUI, COCTOUT B TOM, YTO OHM IO3BOJISIIOT BBIPOBHATH 3HAUYEHUS I1apameTpa
AKTUBHOCTH U O0€CNeUuTh NMPUTSHKEHUE MPUOIU3UTENIBHO OJMHAKOBOIO KOJMYECTBA BEKTOPOB
BxoJa. Takum 0O6pa3oM, eclii OJJUH U3 KJIACTEPOB NMPUTATUBAET OOJIbIIEEe YUCIO BEKTOPOB BXOAA,
4yeM Apyroii, To OoJiee 3amoaHeHHas 00J1acTh MPUTSHET JONOJHUTENIbHOE KOJIMYECTBO HEUPOHOB
u OyJeT rnojeneHa.
Kapra Koxonena

CamMoopranusyromascs ceTb B Bujie kKapTel KoxoHeHa IpeiHa3HaueHa JUisl peleHus 3aaa4
KJIaCTepU3allud BXOAHBIX BEeKTOpoB. B ormmume ot cnos Koxonena kapra Koxonena
HOJ/IEP’)KUBAET TaKOE TOMOJIOIMYECKOe CBOMCTBO, KOTa OJIM3KUM KJIaCTepaM BXOJHBIX BEKTOPOB
COOTBETCTBYIOT OJIM3KO PacCIOJIOKEHHbIE HEUPOHBI.
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[TepBoHayanpHas TOMOJOTHS pa3MelIeHUs: HeHpoHOB B cinoe KoxoHena 3anaerca M-¢pyHKImMsIMU
gridtop, hextop wmm randtop, 9To COOTBETCTBYET pa3MCINCHHIO HEHPOHOB B y3iax JMOO
IPSMOYTOJIBHOM, 1100 reKCaroHaIbHOM CEeTKH, TH00 B y3J1aX CETKU CO CIyYailHOH TOMOJIOTHEN.

Input Self Organizing Map Layer

f N A\
TWia
SixR l
P ; ni al
™ Il ndist Il W’ C W’
R L
AN >
ni=-|| Iwu-p | al = compet ()

Puc. 12.2. Apxurektypa kaptel KoxoHnena
PaccrostHust MeX Ty HEHPOHAMH BBIYUCIISIIOTCS C MOMOIIBIO CIICIMAIBHBIX (DYHKIIUI BEIYMCIEHUS
paccrosuuii dist, boxdist, linkdist u mandist. Kapra Koxonena mus ompeneiaeHus HeWpoHa-
OOEIUTEIIS UCIIONIB3YET TY JK€ IPOLEAYPY, Kakas mpuMensercs u B cioe Koxonena. OqHako Ha
kapre KoxoHeHa OJHOBPEMEHHO HM3MEHSIOTCS BECOBBIE KOI(D(PHUIMEHTH COCEAHUX HEWPOHOB B
COOTBETCTBHUH CO CIIEAYIOIIAM COOTHOILIEHHEM, HIMEHYEMBIM ITpaBuiioM KoxoneHa:
wi(q) = (I - o)i w(q - 1) + ap(q).
B 3TOM ciTydae OKpeCTHOCTh HEMPOHA-IT0OEIUTENSI BKIFOYAET BCE HEMPOHBI, KOTOPBIE HAXOISTCS
B Mpejiesiax HeKoToporo paauyca d:

Ni(d) = {j,dij<d}.

e o @ OKpecTHOCTH:

o N1(1)={8, 12, 13,14,18}
RI
N2(2={37,8,9,11, 12, 13, 14, 15,17, 18, 19, 23}

Puc. 12.3. OxpyxHoctu paguycos 1 u 2 HeilpoHa-noGenuTesns ¢ Homepom 13.

Tomnonorust KapThl pacloiIOkKEeHUsT HEMPOHOB HE 00s3aTENbHO JOJKHA OBITh JBYMEpPHOH. DTO
MOTYT OBbITh U OJTHOMEpPHBIE M TPEXMEpPHbIE KapThl, U Jake KapThl OOJBIINX pa3MepHOcTel. B
ciydyae ogHoMepHOM kapTbl KoxoHeHa, Korja HEMpOHBI PacIOIOKEHBI BIOIb JTUHUM, KaXIbIi
HelpoH OyJleT UMEeTh TOJIBKO JBYX cOCelel B mpejaenax paauyca | WM eIMHCTBEHHOTO cocela,
€CJIM HEHPOH PAcIOJIOkKEH Ha KOHIIE TUHUM. PaccTOsIHUS MEKy HEHPOHAMU MOKHO OIPENEIATh
Pa3IMYHBIMH CIIOCOOAMU, UCIIONB3Ys MPSIMOYTOJIbHbIE WIIM M€KCAarOHAIBHBIE CETKH, OJHAKO 3TO
HUKAaK HE BIMAET Ha XapaKTEPUCTUKU CETH, CBSI3aHHBIE C KIacCU(pUKAIMEeH BXOJHBIX BEKTOPOB.
MosxHO 3anaTh pa3iMyHble TONMOJOTUHU ISl KapThl PAcHOJIOKEHUS HEHPOHOB, UCHONB3YS M-
¢dbyukuuu gridtop, hextop, randtop. PaccmoTpum mpocreiiinyto npsiMOyrojibHYIO CETKY pa3mepa
2x3 s pa3MelleHHs] LIECTH HEHWPOHOB, KOTOpas MOXKET ObITh copMHpoBaHA C MOMOIIbIO
Gynkmu gridtop:
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pos = gridtop{2,3)

pos =

010101

001122

plotsom(pos) %

3nech HelipoH 1 pacnosiokeH B Touke ¢ koopauHatamu (0,0), HelipoH 2 — B Touke (1,0), Helipon 3
— B touke (0,1) u T. 1. 3aMeTHM, YTO, €CJIM IPUMEHUTH KoMaHly gridtop, nmepecTaBuB apryMeHThI
MECTaMH, MOJIyYUM HHOE pa3MelIeHne HEHPOHOB:

pos = gridtop(3,2)

pos =

012012

000111

['excaroHaJIbHYIO CETKY MOYXKHO c(hOPMHPOBATH C MOMOILBIO yHKIMK hextop:

pos = hextop(2,3)

pos =

0 1.0000 0.5000 1.5000 0 1.0000

0 0 0.8660 0.8660 1.7321 1.7321

plotsom(pos)

3ametum, uto M-yHkuus hextop ucnonb3yercs Mo yMOIYaHUIO pU co3nanuu kapt KoxoHeHa
npu npuMeHeHu GyHKIH NEWsom. CeTka co CilydallHbIM PacIioIOKEHHEM Y3JI0B MOXKET ObITh
co3aana ¢ momouipio ¢pynkuuu randtop.

PexyppenTHBbIe ceTn

Ceru Diimana

B oroii rnmaBe paccmarpuBaloTCs 2 THIA PEKYPPEHTHBIX HEHPOHHBIX CETEi,
IpE/ICTABISIOIIUNX HAUOOJBIINI MHTEPEC IS IOJIb30BaTeleH, — 3TO Kiacc cereit Dnmana (Elman)
u knace cereit Xondunaa (Hopfield). XapakrepHoii 0COOEHHOCTHIO apXUTEKTYPhI PEKYPPEHTHO
CETH SIBJIACTCA HAM4YUEe OJIOKOB TUHAMUYECKOW 3aJIEPKKU U OOpPATHBIX CBS3€H. DTO MO3BOJISET
TaKUM CEeTSIM 00pabaThIBaTh JUHAMUYECKHE Mo1enH. OOpaTHUMCs K OTTMCaHUIO KOHKPETHBIX TUIIOB
PEKYPPEHTHBIX HEHPOHHBIX CETEH.

Cerp DnMaHa — 3TO CETh, COCTOSIIAS U3 JBYX CIOEB, B KOTOPOI CKPBITHIN CION OXBauyeH
JUHAMUYECKONM OOpaTHOM CBSA3bI0. ODTO IMO3BOJISIET YYECTh MPEIbICTOPUIO HaOII01aeMBbIX
IPOIIECCOB U HAKOMUTH MH(POPMALIUIO JUIsl BRIpaOOTKHU MPABUIBHOM cTpaTeruu ynpasienus. Cetu
DOnMaHa MPUMEHSIOTCS B CHUCTEMax YIPABJICHUS ABIKYIIMMHUCA OOBEKTaMH, NMPU MOCTPOESHUU
CHCTEM TeXHUYECKOI'0 3peHHs U B IPYIUX MPUIOKEHUX. B kauecTBe GyHKIIMIA aKTUBALIMU B CETH
DnMaHa 4acToO UCHOJb3YIOTCS: B CKPHITOM, PEKYPPEHTHOM CJI0€ — (PYHKIIMS TUIEPOOTUIECKOrO
TaHreHca tansig, B muneitnHom crnoe — dynkius purelin. Takoe coueranune GpyHKIUIA aKTHBALUH
MO3BOJIIET MAaKCUMAJIbHO TOYHO AaNMpOKCUMHPOBaTh (PYHKLIHMHU C KOHEYHBIM YHUCIOM TOYEK
paspbiBa. EnuHCTBEeHHOE TpeboBaHMe, MPEABABISIEMOE K CETH, COCTOUT B TOM, YTOOBI CKPBITHIN
CIOM UWMeN JIOCTaTOYHO OOJbIIOE YHUCIO HEWPOHOB, YTO HEOOXOIUMO [UJIsl YCIEUTHOU
aNMPOKCUMALIUH CJIOXKHBIX (DYHKIIHHA.
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al(k) = tansig (TWilp+LWiiaik-1) + by) az(k) = purelin(LWziat(k) + bz

Puc. 13.1. Apxutexrypa cetn DnmaHa

B cooTBeTCTBUM CO CTPYKTYpHO#H cxeMoii ceTu DiMaHa chopMupyeM TUHAMHYECKOE OMUCAHHE
€€ PEKYpPEHTHOTO CJIOSA B BUJIC YPAaBHEHUU COCTOSIHUS

n'(k)=LW"a'(k-1)+IW'p+b', a'(0)=a);
a'(k) = tansig(n] (k)).

Orta pekyppeHTHas MaTpuuHas (GopMa ypaBHEHHH COCTOSIHMSA JMIIHMHA pa3 MOAYEpKHBAET
Ha3BaHME M3y4aeMbIX HEUPOHHBIX ceTeld. BTopoii, muHelHbIl ol ABIseTcs] Oe3bIHEPIUOHHBIM
Y OIHUCBIBACTCS COOTHOIICHUAMU

n*(k)=LW?a' (k) +b*;
az(k) = pul‘f:Iin(n1 (k)).

Cetu Xonduaaa

Beskuit 1ieneBoli BEKTOp MOXHO paccMaTpuUBaTh KaK HA0Op XapaKTEPHBIX MPHU3HAKOB
HEKOoTOporo o0nekTa. Ecinm co3mgarh peKyppeHTHYIO CETh, IMOJIOKEHHE PaBHOBECHS KOTOPOU
COBMA/Iajio ObI C 3TUM IIEJEBBIM BEKTOPOM, TO TaKyl0 €CTh MOKHO OBIJIO OBl paccMaTpUBaTh Kak
accoruaTuBHyI0 namsaTh. [locTymiienne Ha BXOJA TaKOW CETH HEKOTOPOTO Habopa MpHU3HAKOB B
BUJIE HAYAJIbHBIX YCIOBUI MPUBOAUIO OBl €€ B TO WIM WHOE IOJIO)KCHHUE DPAaBHOBECHUS, UTO
MO3BOJISITIO OBI ACCOIMUPOBATH BXO/JI C HEKOTOPHIM 00BEKTOM. MIMEHHO TaKUMHU acCOIIMaTUBHBIMU
BO3MOXXHOCTSIMU M oOmamatoT cemu Xongunoa. OHH OTHOCATCS K KJIAacCy PeKYpPPEeHTHBIX
HEHWPOHHBIX CETEH, 00JaTAONTUX TEM CBOMCTBOM, YTO 32 KOHEYHOE YMCIIO TAKTOB BPEMEHH OHU
Y3 IPOU3BOJIBHOIO HAYaJIbHOI'O COCTOSHUS NMPUXOAAT B COCTOSHHUE YCTOWYMBOIO PABHOBECHS,
HazpiBaeMoe ammpakmopom. KoOnM4ecTBO TakWX  aTTPAKTOPOB  OMpEAeNsieT o0BbeM
ACCOLIMATUBHOM MmaMaTu ceTn Xonpuiaa.

CnpoektupoBaTh ceTh Xomnduiga — 5TO 3HAYAT CO3JaTh PEKYPPEHTHYIO CETh C
MHOKECTBOM TOUYEK PABHOBECHS, TAKUX, YTO TP 33JaHUU HAYAJIbHBIX YCIOBUI CETh, B KOHEYHOM
cyeTe, MPUXOJNUT B COCTOSIHUE MOKOS B OHOM U3 3TUX TOYEK. CBOKMCTBO PEKYPCHUH MPOSBISETCA B
TOM, YTO BBIXOJ CETH MojaeTcsa OOpaTHO Ha BXOA. MOXHO HAaJEsAThCS, YTO BBIXOJ CETH
YCTAHOBUTCSI B OJTHOW M3 TOYEK paBHOBecUsA. CHHTE3UpyeMasi CETh B JIOMTOJIHEHHUE K KETAEMbIM,
MOXET UMETb napasumuvle moyku pagnogecus. OJIHAKO YUCIIO TAKUX MAPA3UTHBIX TOUYEK JOKHO
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OBITH CBEJIEHO K MHHMMYMY 3a CUET KOHCTPYMPOBAaHHs MeToJa cuHTe3a. bonee Toro, obmacth
INPUTSKEHUST TOYEK PaBHOBECHs JTOJDKHA OBITh MaKCUMallbHO OosblIOW. MeTon cuHTe3a ceTu
Xomndunaa OCHOBaH Ha TOCTPOCHHWU CHCTEMBl JIMHEHHBIX IU(QepeHINaIbHbIX ypaBHEHUN
IIEPBOTrO MOPsI/IKA, KOTOPas 3a/1aHa B HEKOTOPOM 3aMKHYTOM I'MIIEpKYOe IPOCTPaHCTBA COCTOSIHUN
U MMEET pEUICHUs B BEPIIMHAX OSTOro rumepkyba. Takas ceTb HECKOJBKO OTIMYACTCS OT
KJIaccu4eckoil Mozenu Xonduiaa, Ho OHa MpoLle Ui HOHUMaHUS U IPOEKTUPOBAHMSL.

D

al(k-1)
' 3
aik)
LW e
P ni *
Sixm!
Rix1 a1(0) S ixl 7£
19
R Sixl 5L
—J N J
Initial Symmetric saturated linear layer
conditions ali0)=p andthenfor =12, ..

ai(k) = satlins (LWtiai (k-1)) + b1)

Puc. 13.2. Apxurekrypa cetu Xonduiga

Bxoj p ycTaHaBIUBaeT 3HAUCHUS HAYaIbHBIX YCIIOBHUI. B ceTH ucmonb3yeTcs InHeiHass GyHKIUs
aKTUBAIMK C HAChIICHHEM Satling, KoTopast OMKUChIBAETCS CACAYIOINUM 00pa3oMm:

-1, n<-1
a=gsatlins(n)=< n, -1<n<1,
1, n>1.

DTa ceTb MOXKET OBITh TPOMO/ICTUPOBAHA C OJHUM HIIH OOJIBIIIUM KOJIMYECTBOM BEKTOPOB BXO/1a,
KOTOpbIE 33/IaI0TCSl KaK HadaJbHbIE yclioBUA. [lociie Toro kak HadyanbHbBIE YCIOBHS 33]1aHbI, CETh
TEHEPHUPYET BBIXOI, KOTOPHIH MO0 00paTHOM CBS3M MOJAETCS HA BXO/. DTOT MPOIIECC MTOBTOPSETCS
MHOT'O pa3, MOKa BBIXOJ HE YCTAHOBUTCS B IOJIOKEHHE paBHOBECHs. MOXKHO HAAEAThCA, YTO
Ka)XJIbIi BEKTOP BBIX0J1a, B KOHEUHOM CUETE, COUJIETCSA K OJTHOM M3 TOUEK paBHOBECHS, HanboJee
OJIM3KOM K BXOAHOMY CHUTHAIY.

HToroBslii NPOAYKT CAMOCTOATE/IBLHOM Pa0OThI: KOHCIIEKT
CpencTBa M TeXHOJIOTHH OLIeHKH: coOeceoBaHNe
Pabora ¢ aureparypoii:

Pexomenayemble nctounuku nHpopmanuu (Ne ncToOUHUKA)

OcHoBHas JlononHurenpHas Meroaunueckas HNurtepuer-pecypcsl

1-2 1-3 1-3 1-2
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4. KPUTEPUM OLIEHUBAHHUA KOMIETEHIIAN

OneHka «OTJIIMYHOY BBICTABIISICTCS CTYACHTY, €ClIU TITyOOKHe, CUepIbIBAIOIINE 3HAHUS U
TBOPYECKHE CIIOCOOHOCTH B IOHUMAHUH, U3JIOKEHUH M MCIIOJIB30BaHUU y4eOHO-TTPOTPAMMHOTO
MaTepuaina; JOTHYeCKH IIOCIeI0BaTEe/bHbIE, COJEep)KaTelbHbIe, TOJHbIe, IPaBUIbHBIE U
KOHKpDETHBIE OTBETHI Ha BCE IIOCTABJIEHHBIE BONPOCHl U JOIOJIHUTEIbHBIE BOIIPOCHI
npenojaBarenisi; CBOOOJHOE BIAJCHHE OCHOBHOW U JIONOJIHUTEIBHOW  JIMTEPaTypoOH,
PEKOMEHI0BAaHHOH Yy4eOHOH MPOrpaMMOi.

OrneHka «XOpOIIOY BBICTABISIETCS CTYEHTY, €CIIU TBEpAbIE U JOCTATOYHO MOJIHBIE 3HAHUS
BCEro IPOrpaMMHOIO MaTepuasa, I[PAaBUIbHOE IIOHUMAHUE CYUIHOCTH U B3aUMOCBSI3U
paccMaTpUBaEMBIX ITPOLIECCOB U SIBJICHHI; OCIIEI0BATENIbHbIE, IPABUIIbHbIE, KOHKPETHBIE OTBETHI
Ha MOCTaBJICHHBIE BOIIPOCHI MPH CBOOOIHOM YCTPAaHEHHH 3aMEUaHH IO OTAEIBHBIM BOIIPOCaM;
JOCTAaTOYHOE BJIaJIEHUE JIUTEPATypOid, PEKOMEHIOBAHHOM yueOHOH MporpaMMoi.

OneHka «yIOBJIETBOPUTEIBHO» BBICTABISIETCS CTYACHTY, €CIU TBEpIble 3HAHUS U
MOHMMAaHHE OCHOBHOTO [TPOrPaMMHOI'0 MaTepHalla; IpaBUIbHbIE, 0€3 rPyObIX OMIMOOK OTBETHI HA
MOCTaBJICHHbIE BOIMPOCHI MPU YCTPAHEHUU HETOYHOCTEW M HECYIIECTBEHHBIX OIIMOOK B
OCBEILIEHUU OT/EIbHBIX MOJIOKEHUHN MTPU HABOJASIIUX BONPOCAX IMPENoJaBaTelis; HEJOCTATOUHOE
BJIQ/ICHUE JIUTEPATYPOH, pEKOMEHAOBAHHON Y4eOHOI MporpaMMon.

OrneHka «HEeyI0BIETBOPUTEIBHO» BBICTABIISIETCS CTYIEHTY, €CJIM HENPABUIIbHbBIE OTBETHI Ha
OCHOBHBIE BOIIPOCHI, JOMYIIIEHbI IPyOble OIIMOKN B OTBETAX, HETOHUMAHHUE CYITHOCTH
U3JIaraeMbIX BOIIPOCOB; HEYBEPEHHBIE U HETOUHBIE OTBETHI Ha JIONIOJHUTEIbHBIE BOIIPOCHI.

9. YYHEBHO-METOJUYECKOE U TH®OPMAIIMOHHOE OBECIIEYEHHUE
JAUCHOUIIJINHbI
9.1. Pexomenayemas Jqureparypa
9.1.1. OcHoBHasl TUTEpaTypa:
3. Komaprosa JL.I'., MakcumoB A.B. Heilipokommnbtorepsl: YueO. mocobue it By30B. — 2-€ U31.,
nepepad. u gon. — M.: I3a-8o MI'TY um. H.O. baymana, 2013. — 400 c.
4. Mensene B.C., [loremkun B.I'. Heiiponnsie cetu. MATLAB 6 / Tlog o6m. pen. B.T.
[ToremkunHa. — M.: IUAJIOI-MUDU, 2012. — 496 c.
9.1.2. lonoiHMTeIbHAS JIUTEpPaTypa:
1. Tanymkua A.W. Teopus Heiiponnsix cereil. — M.: UTTPXKP, 2000. — 416 c.
2. Xatikuz C. Heliponnsie cetu. [lonnslii kype. — M.: U3a. nom Bunesamc, 2006.
3. YepnrimeB A.b., Koznos B.A., Kepnocek 1.A. Heitpokomnbrorepasie cetu: JlabopaTopHbIit
npaktukyMm. — [Isaturopck: U3n-so III'TY, 2011. —40 c.

9.1.3. MeToanueckasi JuTepatypa:
4. Metoauyeckie yka3aHUs MO BBIMOJIHEHUIO J1a00OpaTOpHBIX paboT mo nucuuiuinae «Teopus
HEUPOHHBIX CETEN.
5. Meroanueckue yka3aHHs MO BBIMOJIHEHUIO KOHTPOJIbHOM paloThl 1o aucuuiinHe «Teopus
HEUPOHHBIX CETEN.
6. MeTroauuecknue peKOMEHAINHN ISl CTYIEHTOB TI0 OPTaHU3aIlUH CaMOCTOSTEIBHOM paboTHI 110
aucuuiuinHe «Teoprst HEUPOHHBIX CETEN.

9.1.4. UnuTepHeT-pecypcsl:
3. http://www.intuit.ru — caiiT AUCTaHIIMOHHOTO O0pa30BaHUS B 00JACTH WH(POPMAIIMOHHBIX
TEXHOJIOTUI
4. http://window.edu.ru — o6pa3oBaTebHbIE PECYpPChI BEAYIIUX BY30B
9.1.5. IlporpammHoe o0ecnieyeHmne
2. Neural Network Toolbox cucremsr MatLab.
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