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BBEAEHHUE

1. llesas |1 32 729YH H3YYEHHA JHCITHILTHHDbI

[lenmbr0 OCBOEHHMS MUCIHUIUIMHBL «TeOpHS HEHPOHHBIX CETEH» SBIIIETCS OBJIAJICHHE
HEOOXOANMBIMH TEOPETHYECKHMMHM 3HAHMAMH M IIPAKTHYECKHMMH HAaBBIKAMH B  OOIACTH
COBPEMEHHBIX METOJOB M IIOJAXOMOB ITApalIeNIbHOH OOpaOOTKH HHQpOPMAIMH IS 3aJad
ITOCTPOEHHS COBPEMEHHBIX HH(POPMAIL[HOHHBIX CETEH H CHCTEM.

3agayaMH Kypca SBJIIFOTCS. 3HAKOMCTBO C  MOJEISIMH  OIEpaliOHHOro OJI0Ka
HEHPOKOMITIBIOTEPA, H3VUEHHE OCHOBHBIX MOJEINEH HEHPOHHBIX CeTeH, H3YUYEHHE OCHOB
KOHCTPYHPOBAHHS M HACTPOEK HENPOHHEBIX CETEH, IIPHUMEHEHHE METOLOB OOYUEHHS HEHPOHHBIX
CETEMN, N3YUEHHE IIPOrPAMMHON SMYIISIIHH HEHPOKOMITBIOTEPOB H HEHPOHHBIX CETEN.
2. O0opyaoBaHHe H MATEePHAJIbI

JIIst TIpoBelieHHS IIPAKTHYECKHX 3aHSTHH HEeOOXOAHMO CIIEAVIOINee MaTepHaIbHO-
TEXHHYECKOe OOECIIeYEHHE. IEPCOHAIBHBIN KOMITBIOTED, IIPOEKTOP, BO3MOKHOCTH BEIXOJAa B
ceTb MHTEpHET IS MoK CKa IT0 00pa30BaTEIFHEIM CaHTaM H ITOpTajlaM, HHTEpaKTHRHAs JOCKa.
3. HammeHoBaHHeE JIA00PATOPHBIX PA0OT

JlaBoparopHas pabora 1.

Tema 1: brmonormyeckiie ocHOBEI HeHpoceTel. Knaccu(pHkalisg HeHpOHHBIX CEeTeH.
Cooepaicanite: 3uaxomemeo ¢ cucmemoit MatLab.

JlabopaTtopHas padora 2.

Tema 2. MeTtoasl 00yUYeHHSI HEHPOHHBIX CETEH. APXHTEKTYPa HEHPOHHBIX CETEH.
Codeparcanite: 3naxomemeo ¢ uncmpymenmanviwvim cpedcmeom Neural Network Toolbox.
Coz0anite 11 0b6yYeHlle HelPOHHOLL cemil 0N peanii3ayiil QyHKyLLL 08YX nHepeMeHHbIX.
JlaboparopHas padora 3.

Tema 4: IIporpammvmaoe cpesctBo Neural Network Toolbox creremer MatLab.
CopmepxaHue: M3ydyeHHe CBOHCTB IIEPCENTPOHOB. Co3MaHHe H 00yUeHHe HEHPOHHOH CETH IS
peaH3aIHH JTOrMIeCKOH (PYHKIIHH.

JlaboparopHas pabora 4.

Tema 5: IlepcenTpoH. JIMHeHHEBIE HEHPOHHBIE CETH. PaguanbHbIe Oa3HCHEIE CETH.
CogepxaHue: McenegopaHue IHHENHBIX CETEH IIPSAMOro PacIipOCTPaHe s CHTHAala
JlaGoparopHas pabora 3.

Tema 6: CaMOOpraHH3YIOIHECS H PEKYPPEHTHEIE CETH. | HOpHIHBIE HEHPOHHEBIE CETH.
Copmepxanue: Fccinemopanie caMOOPTraHH3YIOIMXCS HEHPOHHEBIX ceTeH KOXOHEHa.

4. Coep:xaHue J1a00PATOPHBIX padoT

JIabopaTopHas padora Ne 1.

Bromnormieckiie ocHOBHI HelipoceTel. KimaccHdukaiiisg HeHpOHHBIX CeTeH.
dopMa NpoBeAeHHA: KOMITLIOTEPHOE MO EIIMPOBAHHE
Ilean: 3HakoMCTBO ¢ cHcTeMor MatLab.

Teopernueckne odbocHOBaHHA

IIpp pabore B Windows 3anyctute cucremy MATLAB wmoxHO n3 meHro lIyck
(cTapTOBOIrO MEHIO) STOH OIlePallHOHHOH CHCTEMBI. AJBTEPHATHBHBIM BapHAaHTOM 3alTycKa
MATLAB saeinsercs ABOHHOH INENYOK Ha ApibIKe cHcTeMbl MATLAB, pacmnojoXeHHOM Ha
paboueM crorne Windows. 3arryck MATLAB 6.x oro0pakaeT Ha SKpaHe OKHO paloueH Cpejbl,

MOROGH SRR FAHHAERADIC. 1.
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OxkHO palboueH cpenapl (rpaguyeckmii HHTepdelHc) COCTOHT H3 CIEIYIOIHX OCHOBHBIX
BIIEMEHTOB:
CTPOKa MEHIO,
ITAHEIIb HHCTPYMEHTOB C KHOIIKAMH H PaCKPBIBAFOINIMCS CIIHCKOM,
okHO ¢ Launch Pad (IIaHenp 3armycka) cofiepKHT JepeBo (paHIIOBOH CHCTEMBI, I'le 0TOOpaKeHbI
TOJIbKO VYCTAHOBJIEHHBIE Ha KOMIIBIOTEPE pasfeibl pacmupeHun cHcremMel MATLAB. C
TIOMOIIBIO ATOr'0 OKHA MOHO 3aITyCTHTE JIFOOOH M3 HHUX,
okHo Workspace (PaGouee IMpocTpaHCTBO), H3 KOTOPOr0 MOKHO ITOTYUYHTE ITPOCTOH JOCTYII K
IIePEMEHHBIM, HCIIONB3YEMBIM B JITAHHOM ceaHCe padoTHI,
okHo Command History (Mcropnsa koMaHn), MpegHa3HauYeHHOe JUIS IIPOCMOTpa H IIOBTOPHOTO
BEI30BA PaHee BBEAEHHBIX KOMAH/I,
okHO Current Directory (Tekxynpiii karamor), B KOTOpOM OTOOpakaeTcs CITHCOK (PalIOB H
BIIOKEHHBIX IMAllOK aKTHBHOI'O B JJAHHBIH MOMEHT KaTalora,
okHo Command Window (OxHO KOMaHJ) ITpeJHa3HA4YeHO IS BBOJA YHCET, IIepeMeHHBIX,
BEIPAKEHUH M KOMaHI, JJIS IIPOMOTpa Pe3ylbTAaTOB BHEIUMCIEHHH, IJI1 OTOOpaKeHHS TEKCTOB
BEITIONH IEMBIX ITPOrPaMM, a TaKKe IS BRIBOJA COOOINEHHI 00 OIMIHOKaX,
CTPOKa COCTOSHHSL I'JIe OTOOpaKaroTCsI COOOIIEHNS CHCTEMEL.
[lomb30Bares MOXKET HAacTPOHTh OKHO pabouveH Cpelbl II0 CBOEMY YCMOTPEHHIO. MOXKHO,
HAIIPUMED, M3MEHHUTH MeCTOIIONOKEHHE H pasMepP BHYTPEHHHX OKOH ITpHeMaMH, OOIHMH JIJIS
Windows - ripriioxkeHu. OTo0pasHTh WIH CKPEITE COOTBETCTBVIOIINE OKHA MOKHO C IIOMOIIBIO
komaH MeHIO View (Bux) ocHoBHOro Menro MATLAB. Hammpumep, 41 oToOpaXeHHS ITOITHOMH
paboueit cpeanl (puc. 1.1) Hago BEIOpaTh KoMaHAy View => Desktop Layout => Five Panel.
JIr000e M3 BHYTPEHHHMX OKOH ITOIMHOH padodyeH Cpelbl MOXKHO 3aKPBITh IIETYKOM IO KHOIIKE C
KPECTHKOM B ITPaBOM BEPXHEM YTIIV.
ApudmMerniyeckne BbIMHCIECHHA

Pabora B cpene MATLAB MOXET OCYIIECTBIISITECA MO0 B npozpammuom PeXKUME, TIHOO0
B KOMAHOHOMIPEATIMECAPEKIME KAIbKVISMOpa, oOudanozoeom PeKHMe) II0 IIPaBHIIY «3a[all
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OllEpal[i C BEKTOpaMH H MaTpHI[aMH, KOMIUIEKCHBIMHM YHCIIAMH, PSAaMH H ITOJIHOMAMI.
MOXHO IOYTH MTHOBEHHO 3aJjaTh H BBIBECTH TI'papHKH pa3IHYHBIX (YHKIHI: OT ITPOCTOH
CHHYCOHJIBI JO CIOKHOH TPeXMePHOH (PHI'YPHI.

OCHOBHBIM 3JIEMEHTOM KOMAHIHOI'O peKHMa PadOoThl ¢ CHCTEMOH SBIISIETCS ITTaBHOE I
koMaHAHOe OKHO Command Window. OHO akTHBH3HpYeTCS KOoMaHAoH View => Desktop
Layout => Command Window Only ocHopHOro meHro MATLAB. Crpykrypa KOMaHIHOIO
OKHA aHaJIOTHYHa cTPYKType Windows - nmpunoxeHHH (pHC. 2).

<) MATLAB = 10] X|
File Edt “ew “Web Window Help
[ = | X R el G | ﬁ | g |Currer|t DirED’[DF':.-'ZIC:'I.I'-.-'I,E-.TL,-'J-,EIEpS'I,WQr'k -] J

Uzing Toolbox Path Cache. Type "help toolbox path cache” for more info.
To get started, select "MATLAE Help™ from the Help nema.

Froot3
ans =
3
e oa=Z 8 =243 cosipa) ;b=expil)
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Puc. 2

CTpoOKa B TEKCTOBOM I10JI€ KOMAHJHOI'O OKHA, OTMEUEHHAsI CHMBOJIOM ITPHUITIAIIEHHS >>C
MHTAIOIIHMM KYPCOPOM, HAa3bIBACTCSI cmpokoil 68oda WIH KomanoOHoil cmpokoii. (OHa
MpeJHa3HaYeHa IS BBOJAa C KIAaBHATYPhl KOMAaHJ, 4YHCEI, HMeH IIEpeMeHHBIX H 3HAKOB
OIepaIi, COCTABJISIIONIMX BBIpaKkeHHe. Jlng toro, yrodwl cucremMa MATLAB BeimonHmioia
BBEJICHHYIO KOMAHJIY IJIH BBEIYMCIIIA 3aJaHHOE BBEIPaKeHHE, CIeAyeT HaXaThb KIaBHIIY
<Enter>(Brop).

IIpu e6600e Kypcop modxcem HAXOO0UMBCA 6 JIHOOOM Mecme KOMAHOHOU CHIPOKIL.

BBeieHHBIe BBEIpPaKEHHS BBIUMCILIIOTCS, a PEe3YIbTAaThl BBIYMCIEHHI M BBITIOTHEHHS KOMAaH[T
TIOSIBIISIEOTCS B OQHOH HJIH HECKOIBKIX CTPOKAaX KOMAaHAHOI'O OKHA — CTPOKaX BEIBOJIA.
B pesynbTare MHOIOKPAaTHBIX BEIYHCIIEHHH (Ha)kaTHil KIIaBHIH <Enter>) B KOMaHIHOM OKHE
ABTOMATHYECKH IIPOH3BOJHTCS GepmilKaavHas Npomsaxcka (scrolling):. CTPOKH CIBHIAIOTCSI Ha
OIHY ITO3MI[MIO BBEPX, a4 BHHU3Y IIOABILIETCS CTPOKAa BBOAA C CHMBOJIOM IIPHIJIAIIEHHS >>.
MHpopMmalpisa, koropas IIOKHHYIAa BHIHMYIO 4YacTh OKHa, He Hcye3aeT. B MATLAB panee
BBEJICHHBIE CTPOKH KOMAaHJ IIPEACTABISIOT COOOH «HCTOPHIO» H 3allOMHHAIOTCA B cmexe
KOMAHO.

JIIIst IIpOCMOTpPa BBITIOTHEHHBIX KOMAHJ M PE3YILTAaTOB BHIYHCIIEHHIL, HE YMEII[AFOIIIXCS
Ha 5KpaHe, MMEIOTCS ITOIIOCH TOPH30HTAIBHOH M BEPTHKAIBHOH ITPOTSKKH. Fcrmomp3osaHme
II0JIOC ITPOTSDKKH HHYEM He OTIHYaeTcsd oT JApyrux Windows - mprioxeHH. MOXHO TakKxke
OCYIIECTBIIATh IPOTSCKKY KOMAHIHOIO OKHa ¢ ITOMOIIBIO KiaeHIl <PageUp>, < PageDown>,

<CtrHH ome>H ﬁgo%l?c];ﬁ‘d}'

[Graprmmio<earmcss] >, KOTOphIe B TEKCTOBBIX PeJaKTOpaxX CIIy»KaT A IepeMeIleHHS

PP ERepX WTH BRIS TI0 SKpary, '8 MATLAB paGoraroT nHaue. OHI HCIONB3YIOTCS IS BO3BPATa B

| CTPGI{}" BBOJ4d PdaHCC BBIOIOIHCHHBIX KOMAHJ C ICIIbIO HX IIOBTOPHOI'O BBIIIOJIIHCHHA IIIH
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perakTHpoBaHia. llocrme I1epBoro Haxarums KIaBHIIM <T> B CTPOKE BBOJIa OTOOpA3HICH
TIOCIIETHSISL BBEEHHAS KOMAHIa, IIPH BTOPOM Ha)XaTHH — TIpeaItocieqHsd U 1. 1. Kiaswmma <>
OCYIIECTRIISET MPOKPYTKY KOMaH] B ITPOTHBOIIONOKHOM HAIIPABIIEHIH.

HMupiMi cimopami, TekcroBoe Imoile okHa Command Window pacrionaraercsa B JBYX
IMPUHIMMIHAIIBHO Pa3HBIX 30HAX. 30He HpocMompa W 30He pedaxmupoearus. 30HA
peJaKTHPOBAHHS HaxXOJWUTCSA B KOMAHAHOH CTPOKe, a BCSA OcCTalbHas HH(OPMAIWS BHIHMOII
YaCTH KOMaHJIHOI'O OKHA — B 30HE ITPOCMOTPA.

Iloka He Haxara KrapHmina <Enter>, BBOJHMMOE BBIpaKEHHE MOXKET  OBITH
OTPEIAaKTHPOBAHO MM VAAIEHO. B 30HE IIPpOCMOTpa VyKe€ HHYErO HEIb3S HCIIPaBHTh. EcCiH
IIOMECTHTh B HEE KYPCOP M HaXaTh KaKyIO - JIMOO KIIABMINY Ha KIIaBHAType, KYpcop OVIeT
aBTOMAaTHYECKH TIEPEMEIIEH B CTPOKY BBOJA, PACIIONOKEHHYIO B 30HE PeJaKTHPOBAHHUI. B TO XKe
BPEMSL, C IIOMOIIBIO KIIABHII <<—> H <—> MOJKHO IIEpEMENATh KYPCOP B KOMaHI{HOH CTPOKE.

Heeozmoaxcrocms  pedaxkmuposéanusn paHee 66€0E€HHOI  KOMAHObL  NPoOCMOl
YCHMAHO6KOU Kypcopa 6 HYMCHYI0 CHMPOKY A6JAemcaA O00HOU U3 0CO0eHHOCHmEel cucmembl
MATLAB.

CeaHc pabothl ¢ cucteMon MATLAB HasbIBaeTcs ceccueii. MHBEIMH CIIOBAMH, CECCHS —
3TO BCE TO, UTO OTOOpakaeTcsd B KOMAHIHOM OKHE B IIpollecce padoThl ¢ CHCTEMOH. KoMaHIbI
CECCHH aBTOMATHYECKH O00pasyIOT CIMHMCOK, KOTOPBIH BEIBOAHTCS B OKHe Command History, a
3HAYEHHS IEPEMEHHBIX COXpaHIrOTCSI B okHe Workspase (pruc. 1).

Hamprmep, ceccusa Ha puc. 2 oToOpakaeT pe3ylbTaThl ITOCIENOBATEIIbHOIO BBOJA YETBIPEX

koMaHa. OOcyguM 5STH pe3ylIbTaThl H OTMETHM HEKOTOPBIE OCOOEeHHOCHIL @bluliCeHLil 6
cucmeme MATLAB:

>>7243
ANs =
5

PE:B}*'J]LTEI,T}J' BEITIOJTHEHHOH OITCPaIlIii HE OBLIIO ITPHCBOCHO HMAL, ITOSTOMY IIPH BBIBOJC OH
ObLII aBTOMATH4YeCKH 0003HAUEeH CHMBOJIOM ans (EIHSHEI — IDTEET). HID,I[ ITHM HMCHEM PE3YIIbTAT
BBIYHCIIEHHIT XPaHHTCA B IIaMATH KOMIIBIOTCPd H €0 MOMXHO HCIIOIB30BA4AThH B ITOCIICAYHOIIIX
BBEITHCIICHIAX JO TEX IIOP, IIOKd B XOJ/IC paﬁﬂTBI HE 6}f,I[ET ITOIIYHEH HOBBIH HelIOMMEeHOBAHHEIH
PE3VIIBTAT. PEB}*‘J]LT&T BEIUH CIIEHIIH BBEIBOJHTICA B CTPOKAX BBIBOIdd, HC COACPKAIIlILX 3HdaKa

IIPHITIAIIIEHHS >>;
>>a=2/3,A=2"3;cos(p1),b=exp(1)

B ogHOH KOMAaHIHOH CTPOKE MOKHO BBECTH HECKOIIBKO KOMAHJI, PA3MEIISI HX 3aITSThIMI
6o ToukaMH ¢ 3araron. CucremMa MATLAB BBITOTHIET KaXIYVIO KOMaHAVY, 3a KOTOPOH
CIIEIVET 3allsrast, H oToOpakaeT pe3yibTaThl B OTJEIBLHBEIX CTPOKaxX. Pe3ynbTaT BBIIOTHEHHS
KOMAaHJIbI, 3a KOTOPOH CIIEAYET CHMBOI <;>, Ha BKpaH HE BEIBOAUTCS, HO OH COXPaHSIETCS B
ITAMSTH H MOKET OBITH HCITOIB30BaH B ITOCIIEYIOIIHX BEIUHCIIEHH SX.

JHaKom npuceauearis sensemcs 3Hax =, a He KOMOHHHPOBAHHBIN 3HAK :=, IIPHHSITHIH,
HaIlpUMED, B SI3BIKe ITporpamMmuporaHHsa Pascal 1o B cHcTeMe CHMBOIBHOH MAaTEMaTHKH
Maple.

[Tocrte BBOZA 5TOHl KOMAHIHOH CTPOKH BBIYHCISFOTCS H COXPAHSIOTCI B ITAMSITH
3HAUYeHHs BEIpakeHHil a=2/3=0,6667, A=2"=8, ans=cosa =-1, b=e'=e=2,7183 (e — OCHOBaHHE
HﬂTﬁ&I@}ﬁ%ﬁ%ﬂ%ﬁ@e 3HaueHHe IIEPEMEHHOIL A4, B OTTIHYHE OT a, ans, b, He BEIBOIUTCS Ha

Ceprid ®KP AR HEBE ECHMBOIEASE5A5 DIPHOBKPEICIIEHHH cosJT HCITONIb30BaNIach CHCTEMHAS IlepeMeHHas pi —
SRS Yoo A YA S e SN IO TIepeMeHHOI He SBTISeTCS, H VIS erO BRIYHCIIEHHS HCIIOMb30BaHa

§
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BCTPOeHHAaA 3rneMeHTapHasa QyHKIHA exp(1). OyHKIMH 3allHCHIBAIOTCSA CTPOYHBIMH OYKBaMH, a
X apTYMEHTHl YKa3bIBAIOTCS B KPYITIBIX CKOOKaX. APryMeHT BCTPOSHHONH TPHIOHOMETPHYECKOH
(PYHKIIHH €OS 33J]aH B pajHaHax,

>>disp(A/2+ans)

3

Komanga disp (oT citoBa «IUCIUIE») BRIYHCIIET BRIpaKeHHe 2 /2+cosH BBIBOIHT OTBET, HO HE
IIPHCBAHUBAET €I'0 IIEPEMEHHOHANS, KAK IIPH OOBIYHBIX BEIYH CIICHHSIX

>> A/2+ans

ANS—

3

B mampHenmeM disp HCIIONB3VETCS I TPEJOTBPAIeHHS BBIBOJA JIMIIIHEH CTPOKH ans =B
HATTISITHBIX JOKYMEHTAX,

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

22-8.4+7

c=

13.1000

HMuorpa tpedyerca BBecTH B okHe Command Window KOMaHAy, KOTOpas CIIHIIKOM
JUIMHHA, YTOOBI YMECTHTHCS HAa OMHOH CTpoOKe. IIpH mMpHOIMKEHHH K KOHI[Y CTPOKH MOJKHO
BBECTH...(TpH IIOCIIENOBATENbHBIE TOYKH), Ha)kaTh KIIaBHINy<Enter> u mnpoaomxuts Habop
KOMaHJIbl Ha CIEAYIOMEH CTpoke. IIpH 3TOM BRI HEe YBHIUTE Ha HOBOH CTPOKE CHMBOJA
TIPHUTTIAII EHILST>> .

Ceccrst Ha pHC.1.2 COAEpXKHUT TOIBKO ITPaBWIbHBIE KOMAHIBI M PE3YIBTATHl HX
BREITIONMHEHHA. B o0meM cioydae ceccHd SBISeTCS pe3yiabTaroM Ipod H ommboK. Ee Tekcr,
HapsAy C IPaBHJIBHBIMH OITPEIECIIEHHSAMH, COIEPKHT COOOINEHHUS M IIPERVIIPEXKIAEHHSI 00
oImmOKaxX, IlepeonpefelleHHsT (QYHKIMH M II€PEMEHHBIX, HCIIOIB30BAHHYIO CIIPABOYHYIO
HH(popMaIrHto koMaHabI help. Eciii ceccHs cHIIbHO «3acopeHay IMHINHEH HH(pOpPMAIHeH, JHAIOT
ITOJIB30BATENSA C CHCTEMOM 3aTPYIHSIETCSL.

KomaHga ouHCTKH 3KpaHa cle

>>cle

CTHpaeT cofcpKaHHe KoMaHAHOro okHa MATLAB u pasMelaeT CHMBOJ IIPHITIAIIIEHHS >> B
JIEBOM BEPXHEM VITIY ITYCTOIO SKpaHa.

DOra KOMaHJa, OJHAKO, OCTABJIIET HeH3MeHHBIM cojepxrMoe OKOH Command History u
Workspase. IlostoMmy B «4HCTOM» KOMAHIHOM OKHE MOKHO ITOINB30BAThCA 3HAYECHISMI
IIEPEMEHHBIX, TTOJIYYEHHBIX 10 BBOAAa KOMaH/IHI clc.

Ecm ke MOsSBHTCS HEOOXOAMMOCTH OTPEeJAKTHPOBATh HIIH IIOBTOPHTH pPaHEE BBIIIOITHEHHYIO
KOMAaHy, TO 3TO JIETKO OCYIIECTBHUTH C ITOMOIIbI0 oKkHAa Command History.

IlepemenHvie — 3TO HMEHOBAHHBIE OOBEKTEI, XPaHAIIHE KaKHe — JIHOO TaHHEIE.
[lepemMeHHBIE MOTYT OBITH YHCJIOBEIMH, MAaTPHYHBIMH HIIH CHMBOJIBHBIMH, YTO 3aBHCHT OT THIIA
XPaHSIMXCI B HHX JaHHBIX. [THIIBI IIEPEMEHHBIX 3apaHee He JAeKIapupyrorcsa. OHH
OIPENEIISIFOTCS  BRIPAKEHHEM, 3HAUYeHIE KOTOPOrO TIIPHCBAaHBaHBacTCAd IIEPEMEHHOH, T.€.
IIOJIL30BATENIbF HE JOIDKEH 3a00THTHCS O TOM, KaKHe 3HauYeHHS OVAeT IPHHHMATh IepeMeHHaS
(KOMITJIIEKCHBIE, BEI[ECTBEHHEIE HIIH I[ETIbIE).

Hmsa nepemennoii (ee udenmughuxamop) MOKET cOAepKaTh A0 3] CHMBOJIa H HE JOIIKHO
COBITaJlaTh C HMEHAMH JAPYTHX II€peMEHHBIX, (DYHKI[HI, KOMaHJ H CHCTEMHBIX II€ PEMEHHBIX
MATLAB. Wma mepeMeHHOH AODKHO Ha4yHMHAThCA ¢ OYKBBI, MOXET cojJep:KaTh IMQPH H
cuMBOI IoquepknBaHisg. Cpena MATLAB 4uyBcTBHTEIIEHA K PeTHCTPY OYKB (TlepeMeHHbIe a H A
HEe HJIEHTHYHBI).

B MATLAB  cyIectByer  HECKOJIBKO  HMEH  IIEPEMEHHBIX,  SBJLIFOIIHXCS

0 Onnuc
BHPEBEpHéMHV%@EMEPMHE C TaKHMMH HMeHaMH Ha3bIBAIOTCA cucmemuvimy. OHH

CeptudBa]] aHOTCHTIO 0TS E5aIPYSKIP CHCTEMEBE H MOI'YT HCIIOIIb30BAThCA B ﬂpH(l)METHlIECKID{ BbIPAKCHIAX.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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CHCTEMHEIE IEPEMEHHBIE MOI'YT OBITH IIEPEOIPEAEIIEHEI, T. €. IIPH HEOXOAMMOCTH UM MOKHO
IIPUCBOUTH JIPYTHE 3HAUESHHS.

Hrike nepedynciieHsl OCHOBHBIE CHCTEMHEBIE IepeMeHHble MATLAB:

ans — Pe3yIbTaT BEIYHCIIEHHS IIOCIIEJHEIO HE COXPAaHEHHOTO ITOJIB30BAaTEIIEM BEIPAKEHH A,

i, j — MHHMAa S eqHHHIIA (), HCIIONIBb3YEeMas I 3aJaHH s MHHMOH 4aCTH KOMIUIEKCHBIX YHCETT,

Inf (infimty) — o603HaYeHNHe MaIIMHHOH O0eCKOHEYHOCTH,

NaN - cokpamenne or cinoB Not-a-Number (He 4HCIO), HPHHATOE I O0O0O3HAYEHHS
HeOoITpele]IeHHOTO pe3ynbTaTa (Harmpumep, 0/0 mru Inf/Inf).

pi —uncno w( 7=3,141592653589793);

eps — IOTPEIIHOCTE OIEPAIMH HaJl YHCIIaMH C IUIABAFOIIEN TOYKOH, T.€ HHTEPBAI MEXKIY UHCIIOM
1.0 1 cregyroMM OJIKaHIIM Y CIIOM C ITIaBaKOIINEH TOUKOH paBeH 2.2204e-16 win 25
realmin — MIHHMAIBHOE I10 MOLYIIIO BEIECTBEHHOE YHCIO (2.2251e-308 mim 27'%);

realmax — HanOOIBIIEE ITO MOLYIIIO BeIleCTBEHHOE YHCIIO (1. 7977e+308 wm 2°*).
[IpnoputeThl  apugpmemuuecxux onepayuiicicteMsl MATLAB B mopsiake yOBIBaHHSA
CIIETVIOIIIHE :

1. BosBeneHuie B cTelleHb <>

2. YMHOkKeHHe <*> H JeneHHe (CleBa HaIlpaBO </>, cIipaBa HaJeBoO <\>).

3. CrmoxeHHe <+> H BRIYHTAHHE <—>.

BEITNTOIIHEHHE OTEpaIMI OJHHAKOBOI O IIPHOPHTETA IIPOUCXOAUT B ITOPSIKE CIIEBA HAITpaBo. I
M3MEHEHHS IIOPSAKa BHITIOIHEHHA apH(QMeTHYECKHX OIEpPaTOpOB CIeAyeT HCIIOIIb30BaTh
KpyTible cKOOKH. Kpome apudMeTmueckmx omepatopoB, B MATLAB mMeloTCS oOIlepaTophl
OTHOINIEHHS H JIOTHYEeCKHE OIepaTopsl (cM. pas3f. 4.1).

[IoMHEIH CIIHCOK OIlepaTOPOB M CIIPAaBOYHYKD HH()OPMAIHIO IO THOOOMY H3 HHX MOJKHO
IIOJIVYHTE B paszjfieie ops cupaBoyHOH cucTeMbl MATLAB, ucrmonesys koManasl help wm doc
(cMm. [Iprmoxerne 1).

OcHOBY OOJIBIIMHCTBA PACYETOB COCTABIISIFOT BHIYHCIECHHS 3HAYEHWH apiighmemuiueckix
evipadiceHuii. B HIX B KaueCTBE OIIEPAHJIOB MOI'YT BBICTYIIATh KOHCTAHTBI, IIEPEMEHHBIE K
(yHKIHH. B oTmiune oT OOIBINMHHCTBA alrOpHTMHYecKHX SBBIKOB, B MATLAB pomyckaeTcs
HCITONb30BAHHE OIEPAHAOB - MacCHBOB (cM. pa3m. 1.6, 1.7, 1.10). B aToM cirydae pe3ynbpTaroM
BEIIHCIIEHHS BBIPAKEHIS TAKKe MOXKET OBITh MaCCHB.

BrrpaskeHHs, IToMeeHHbIE MeXAY ABYMS altocTpodaMH (3aKIF0OYeHHBIE B CHMBOJIbHBIE CKOOKH '
"), pacCMaTpHBAIOTCS KaK CTPOYHBIE H He BBEIYHCIIIOTCS, JlaXKe €CIH B HHX COJEepXKaTcs
MaTeMaTHUYECKHE BBRIpAKEHHS. Yalle BCEro OHM IPHMEHSFOTCS IS 3aJaHHsd ITapaMeTpoB
(PYHKIIMIT H HX HEYHCIIOBBIX 3HAYEHHII, BCTABKH TEKCTAa B Ipa)HUECKHe OOBEKTHI, a TAKkKe I
OIIICAaHMS CHMBOIBHBIX IIEPEMEHHBEIX H BBRIpaXKeHII. TakK, BBOJ CTPOKH '2+3TIpHBOAUT K
pe3yIpTaTy

>>12+3

NS =

2+3

a He ).

[Ipu BEIBOJIE rpaPMIKOB CHMBOIIBI, IIOMEMIEHHBIE MeXAY alloCTPo(aMH, OIPeJelISIOT LBET JTHHIH
rpapHKa, HX THIT H THII MapKepa, KOTOPBIM METSITCS THHHH

JIabopaTopHas padora Ne 2.

MeToasl 00yUeHHSI HEHPOHHBIX CETEH. APXHTEKTYPa HEHPOHHBIX CETEH.
dopMa nMpoBeAeHHA: KOMITBIOTEPHOE MO EIIHPOBAHIIE.
Ieab: 3paRBMGIE anitRcEPyMeHTanbHbIM cpefictBoM Neural Network Toolbox. Cosmanne u

Ceprvch OO Y LEHHEOHEHPOHHOE CSFH FIsIpeai 3a 1IHH (PYHKI[HH JBYX ITepeMeHHBIX.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



Ilopsiaok BbIMOJTHEHHSA PADOTHI
1.  O3HAKOMHTHCS C JeMOHCTPAIIHOHHBIMH MOJIEIISIMH:

nnd2nl — oJHOBXOIOBOH HEHPOH;,
nnd2n?2 — IBYXBXOJOBOH HEHPOH.
2. O3HAKOMHTHCS ¢ BO3MOKHOCTSIMH HHCTPYMEHTAIILHOrO cpecTBa NNTool.

3.  BHINOIMHHTE JEMOHCTPAIIHOHHBIN IIPHMEP H3 METOJAHYECKHX VKa3aHHH H ITOZOOHBIH
IIPHMEP COITIaCHO BapHAaHTY.

4. O3HAKOMHTHCS ¢ MOJEIIBIO HEHPOHHOH CETH B cpefle Simulink.

5. OTBETHTH Ha KOHTPOJIbHBIC BOIIPOCEL H COCTABHTDL OTHCT.

Teoperneckne 000CHOBAHHSA

NNTool — HHCTpyMeHTaIbHOE CpPeJICTBO C rpadmueckiM HHTepdelcoM, IO3BOIISOINEE
HAayHHAIOIIEMY IIojib3oBaTenmto ItakeTa Neural Network Toolbox BeITOTHATE CcoO37aHHE,
o0y4ueHHe, MOJEIHPOBaHHe, SKCIIOPT H HMIIOPT HEHPOHHBIX CeTeH H JaHHBIX, He o0OpaIlasch K
komaHgHOMY oKHY MATLAB. Be13oB NNTool BozaMoskeH 1HOO ¢ ITOMOIIBIO KOMaH/bI nntool u3
KoMaHIHOH cTpokH MATLAB, miGo u3 okHa 3aIrycka IpHitokeHHH Launch Pad ¢ momormpro
o NNTool m3 pasgema Neural Network Toolbox. ITocme BpI30Ba Ha sSKpaHe JHCITIES
nosiBirIeTcs okHO Network/Data Manager (YmpaBieHHe ceTbro/ JJaHHBIME) (pHC. 1).
OJIEMEHTHI OKHA:
Help — xHomka Be130Ba okHa nojcka3kH Network/ Data Manager Help;
New Data — KHOITKa BEI30Ba OKHa (hopMHpOBaHII JaHHBIX Create New Data (prc. 2);

RISTE
Inputs: MlEtwy orks: Outputs:

Targets: Errars:

Input Delay States: Laver Delay States:

~Metwiorks and Data

Help | Mew Data. | HEWMEMDrI{...l
Irrpor... | Exprt... | e | Bz =iz |
— Metworks orly
[l | S ErE, | (i, | AvnfE e |
Puc. 1
=} Create New Data - O] x|
_Marme _Data Type
|datar « |nputs
rﬂ
[IOKYMEHT o[ e [P
ANEKTPOHHOW MOJIfAES! 231) = (1| et
Cepmvdmkar: 2C0000043E9ABB8BO52205E 3A500D60000043E [
Bnageney lLle63yxosa TatbAHa AnexcHMopoeHa " Lavyer Delay States
— | O Cutputs
Nencteutened: ¢ 19.08.2022 no 19.08.2023 4 I r I— '.'A Errars
Helo | cancel | create




Puc. 2
New Network...— KHOITKa BBI30Ba OKHa CO3[aHHS HeHpoHHOH ceTH Create New Network

(puc. 3);

Import... — KHOMKa BBI30Ba OKHa JJII HMITOpPTa WIH 3arpy3KH JaHHBIX Import or Load to
Network/Data Manager (puc. 4);

Export... — KHOIKa BBI30Ba OKHa JUIT SKCIIOPTa WM 3aITHCH JaHHBIX B (paiim Export or Save
from Network/Data Manager;

KHorKH ViEW:, Delete cTaHOBSATCS aKTHBHBIMH IIOCTIE CO304aHI H aKTHBH3AIH JdHHBIX,
OTHOCHIIITXCAH K BXOOAaM, ISIDHN, BBIXKOaM HITH OIIMOKAM CETH.

<} Create Mew N etwork -3 _ | Ol =i

Metwork Name:ine’wurlﬂ

Metwork Type: |Feed-fnrward backprap -

Input Fanges: |[II| 1=t 1] et fram inp...
Training function: ITFtAII‘«JLh.ﬂ
Adaption learning functiun:lLEAH eIl

L 4| 4] 4] 4

Ferformance function: IMEE

Mumbier of [ayers: IE

-Froperies for; ILayeH =]

Murmber of neurons:|1

Transfer Function: |[TAMSIG -

view | Defauts | Cancel |  Create
Puc. 3

UTOOGRI cO3/1aTh HEHPOHHVIO CETh, HEOOXOIHMO:

1)  cdopmipoBaTh IOCIEA0BAaTEILHOCTH BXOAOB H Ileflell (KHomka New Data) mn6o
3arpy3HTh HX U3 padoueHn obmactu cucreMel MATLAB;

2)  co3JaTh HOBYIO HEHPOHHYIO ceTh (KHOIka New Network) mibo 3arpysHTh ee H3
paboueil o0macTH WIH 13 (aitra (KHomka Import);

3)  BeIOpaTh THII HEHPOHHOH CETH H HaKaTh KHOMKY Tr1ain, YTOOBI OTKPBITH OKHO I
3aaHIS ITAapaMeTPOB ITPOLEAYPEI OOYUEHHS,

4)  orkpeITh OKHO Network mma mpocMoTpa, HHHIIHAIH3ALHH, MOAEITHPOBAHHI H
aJIaITTal[HH CETH.

Network Name — craHmaprHoe HMA ceTH, ITpHcBamBaeMoe GUI-HHTepdeHcoM, ITOPSIIKOBBII
HOMEP HMEHH H3MEHSET CSI aBTOMATHUECKH.
Network Type — THIT ceTel, JOCTYITHBIX 1 padoThl B NNT ool.

Inputs ranges — JOITyCTHMbIe I'PaHHIBI BXOJOB, KOTOPBIE 3aJal0TCS ITOIh30BATEIIEM ITHOO
OITPEeAEISIOTCS aBTOMaTHYeCKH 13 crcka Get from Inp. ..

Trammng function — cImHcoK 00 yYAFOMIX () YHKIHI.

Adaptation learning function — croicok (pyHKIDIT HacTpoek I pekKiMa aJaITTalfii.
Performance function — crmcok ()YHKIHI OlleHKH KayecTBa OOyYeHH .

Number of layers — Kom4ecTBo cI0eB CETH.

Properties for — cBoricTBa Jy1s cinoeB 1 1 2.

Numbers of neurons — KOmm4ecTBO HEHPOHOB B CIIOE.

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMCLIO

icbukaTt _'I:_' : "EE"!-'.".l:';'"::';I:_':-_I:-_':|:_I:TEI.'..'.:_" 1CIOVWE D000 I"E

LIeD3yxoBd iTeHHE Ad1eKCaHdDOBHLS
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CepTudukarn

E.’IH,’ 1Erey

NeicTeuTene

Transfer function — yYHKIRSA aKTHBAIIHH CIIOS.

Import or | nad bn Netwnrk MData Manager :
_Source _Select a Variable _[Destination
= |mport from MATLAB workspace (no selectiom MHame
" Load from disk file P F1
T :
ATl [ a e Impart As:
@ e
0
Himwee R
(" Targets

" Initial Input States
(" Initial Layer States

" Outputs
i Errors

ancel | [rp ot

Puc. 4

Oxno Import or Load to Network/ Data Manager BKmrodaeT TpH IO

Source — moJie IS BEIOOpa HCTOYHHKA JaHHBIX: pabodas obmacte MATLAB (Import from
MATLAB workspace) mi6o ¢aiit (Load from disk file).
ITpu BEIOOpE TepBOro BapHaHTa Ione Select a variable comepskuT Bee nepeMeHHEBIe paboyei
obmacth. IIpn BeIOOpe BTOpOro BapHaHTa akTHBH3HpyeTcd Ione MAT — file Name m kHOIKa
Browse.
Destination — mosie, B KOTOpOM CIEAYeT YKa3aTh THII HMIIOPTHPYEMBIX JAHHBIX ITyTEM
BEIOOPA OJHOMN M3 PaJHOKHOITOK.
OxnHo Export or Save from Network/Data Manager (puc. 5) mo3BoisIeT IepefiaTh JaHHbBIE
13 padodeil o6mactH NNTool B padouyro o6nacte MATLAB wm coxXpaHuTh HX B BHIe (pailia
Ha JHCKe. EciM B KauecTBe COXpaHIeMOH IepeMeHHON BhIOpaHa IlepeMeHHas, TTPHHAIeKaIIas
Kimaccy network object, m oHa »kcrmoprHpoBaHa B pabouyro oOmacth MATLAB, MOXHO
ITOCTPOHTEH MOJIeNIh HEHPOHHOM CETH B cHcTeMe Simulink.

_SelectVariahles

Export or Save from Network/Data Manager

X

netwark
data’l

F1

T

Select one or more wariables. Then [Expord] the wariahles
tothe MATLAR warkspace ar [Save] them to & diskfile

Select All Select Mone | Cancel | =t

Heye

Puc. 5

[Tocrme co3maHMa M aKTHBH3AI[HH HeHPOHHOH ceTH B OKkHe Network/Data Manager
CTAaHOBSATCS AaKTHBHBIMH KHONKH View, Delete, Imtalize, Simulate, Train, Adapt. Ilpnu

network1

<} Network:

View | Iniialize | Simulate | Train | Adapt | weights |

AIOKYMEHT NOANMCAH
ANEKTPOHHOW NOANWUCHIO

2C0000043ESABBHS52205E 4

Lieb3yxoBa |aTeAHE ANeKcaH

. A5 (VO STy 4 0 La ]
c 19.08.2022 no 1988.2023

ASOUfERRR0 o i)
CHE = | -):-_l__ -_)(_F X—_I— 74 -—— b
b1l |- b{=} o

1 1

Managar Clozsea I

_ (O] x|




. ”S'—'S B e
- ibukar:  2C00000 43ESABSBYS2205E FBAS000600LLLLTE
Bnageney lleGayxoea TaTeAMHS F\Iﬂ&gﬁﬂpDEHE +

iTened: ¢ 19.08.2022 no ISR 2023

BRIZIeTIEHHH B oOnacTH Networks co3maHHOH CETH OTKpPBIBAETCS AHAIOropas ItaHenb Network:
<HMS_ceTH> (pHC. 6).

Puc. 6

[IaHens MMeeT IIECTh 3aKIaJI0K:

View — IPOCMOTP CTPYKTYPHI CETH.

[mitialize — 3aganIie HaUYAIbHBEIX BECOB M CMEIT[EHITII.

Siumulate — MoaempoBaHHe CETH.

Tram — oOy4yeHHe CeTH.

Adapt — aganTaigis H HacTpOiKa ITapaMeTPOB B CETH.

Weights — IpocMOTp YCTaHOBIIEHHBIX BECOB H CMEIIEHHI.

OcobOeHHOCTH paboTHI ¢ ceThi0 B OKHe Network paccMOTpHM Ha IIpHMEPe CeTeH C
IIPSIMOH TIepefaueH CHTHalIa H 0OOpaTHBEIM PacIpOCTPaHEHHEM OIMHOKH.

Ilpumep 1.1. Co3math H OOYUHTH HEHPOHHYIO CETHh BBIOIOIMHEHHIO OIEpPaIlHH V=X12+X2,
eCIIH 3aJaHbl ITocnegoBarenbHocTH BXofma P[1 0.5 0 1;-2005 1]Jumgem T=[-1 025 0.5
2].

Peuwerniie

B oknax Create New Data cruexyer chopMHpOBaTh ITOCIELOBATEIbHOCTH BXOJOB H
1iereil, a B okHe Create New Network BeiOpats HelipoHHYIO ceTh THIIa feed-forward backprop u
3aJlaTh €€ XapakTepHCTHKH (cM. pHc. 3). Cxema 5TOH CETH ITOKaszaHa Ha pHc. 6. J[na
HHHIIHATH3AIHMH CeTH cIeAyeT BrIOpaTh 3akimaaky Imtialize (puc. 7). B HucmagaromeMm MeHro Get
from 1nput HeoOxomHMO 3aJaTh AHAIIA30HBI 3HAYEHHH BXOJHBIX JaHHBIX. J[11S BBOJA HCXOIHBIX

TaHHBIX HHHI[HAIH3AIMH BeCOB CIIeJyeT BOCIIOIb30BaThcsd KHONMKaMH Set Ranges m Imitialize
Weights.

<) Hetwwib. netl -] %]
wiew  Witizize | mmnae | cran | adapt | weisirs |
- Drrzelivns

Chek [HEEY =k YWEISH 1St setwely e and biases to heir last rialvalues.,
Zlick [IMTI2LIZE WEIGHTE 1o sat'waights and hiazaz to new initial waluas.
Jootaz' rpct Panges” arca below o view ore edit input Fanges.

Inpus Hanoes

[0 -
-2 1]

=y

{] | 1

|Gctfrcminpu1: _ﬂ F:erer.Hanuesl SetHanuesI

Manager | Close | F-!n:wcrthing! Init climz Wz chHs

Puc. 7

3aTeM BEIMIONHSETCS OOYUYeHHEe CeTH, JJI 4Yero BBIOHpaeTcs 3akiajka Train. DTa ITaHelb, B
CBOIOOUEPED, HMEET TPH 3aKIaKH:

Tram Info — pH)OpMaII 00 06yYarOIHX ITOCIEIOBATEIEHOCTSIX (PHC. 8).

Tramn Parametrs — mapameTpsl oOyueHHS (pHC. 9).

Optional Info — gormomrmTenmpHas HHGopMaImd (puc. 10).

Brogs 3HauYeHHS B IIOIS BBOAA M OCVYILECTBIISA BBEIOOP M3 BBINAJAIOIHX MEHIO, MOKHO
YCTAHOBHTh HMEHa ITOocIe[oBaTelbHOCTEN BBOoJa 1 H uenu P. Ilapamerpel oOyuyeHHS B XOIe
Ta00paTOpHOH padOTHI H3MEHATH He PeKOMeHAyeTcs (OCTaBHTh IIPHHSTHIE TI0 YMOITYAHHIO).

=l £

view | inialize | Simulate  Train | Adapt | wieights |
Training Info I Training Parameters | Ciptional Info |

NOKYMEHT Mammadsata Training Results
SNEKT PL’JHHE)PII I'IDfEII'II-'IEbIﬂ

Crutputs netl outputs

Errors netl _errars

(el e Bl e E e e L Firal Input Delay Stdnetl _inputStates

Ll <[l «]| «

CE= BT Y 513*-! ET (5] Fitial Layet Delayotnetl layerStates

Maﬂagerl lose | Train Hebwork




Puc. 8

[TocnegHss 3aK1agKa MPHMEHSIETCS, KO B ITpoliecce 00y4YeHH I HCIIOIb3YIOTCS KOHTPOIIBHBIE H
TECTOBBIE ITOCIIEAOBATEIbLHOCTH. [IpHCTYITHTE K OOYYEHHIO CETH MOKHO ITyTeM aKTHBH3AL[HH
kHonKH Tramn Network, a pesynpraTel nmpocMorpeTh B okHe Network/data Manager, BeiGpaB
KHONIKY Manager, HMEIONIYIOCSI Ha JIFO0OH H3 INECTH 3aKiIajok okHa Network. J[mg sToro
ClleyeT aKTHBH3HPOBATh IIepeMeHHbIE, COOTBETCTBYIOIIHE ITOCIeJOBATEIbHOCTSIM BEIX0OAa (net-
work]1 outputs) mwin onmdok (networkl errors), H HaxkaTh KHOIKY View. KadecTBo 0Oy4YeHHSA
IpeJcTaBIIIETCS B OTAEeIbHOM OKHe Train (puc. 11), Ile MOKHO IIpOCIIEJHTh YMeHBIIeHHE
cpeJHEKBaJApaTHYECKOH OIMMOKH. 3HaYeHHEe BeCOB H CMEINEHHI MOKHO YBHIETh, €CIIH BHIOpaTh
sakmagKy Weighs.

|

view | Initialize | Simulate

Training Info I Training Farameters

Train | adapt | Vweights |

optional Info |

=10 x|

W Supply optional valdiation data? (dJsed for early stopping Tor many Retworks)
W Supply optional testing data? (Useful for estimating a network's ability to generaliza )
~alidation Data Test Data
Inputs F i Inputs = I
Targets T | | Targets T -
(it eelEy Staig (Zerhs) | iR R e S e e >
e B e p LR Sl (B 2 -r| Sy Er el F st T (e i
Manadger Clase | Train Netwark
+# Metwork: netl = 0] x|

view | Iniialize | Simulate  Train | adapt | weights |
Training Info Training Farameters | Cptional Info |
epachs 100 mu_dec 0.1
oAl 0 mu_ine 10
rax_fail g mU_rmax 10000000008
mem_redug {1 =hgwy 25
Fhin_ograd 1e-010 tirne [t
i 0.001
Manacer Close | Trairn Metwork
Puc. 9
Puc. 10

Jlnsa yano6cerea padoThl MOKHO 3KCIIOPTHPOBATh CO3JAHHYIO HEHPOHHYIO CETh B pabouyro

00IacTe

CHCTCMbI

MATLAB wu

ITOIIYHHTD

HETIOCPEACTBEHHO B paboyeM OKHE CHCTEMBI:
>>networkl.IW{1l,1},

a NIKEERT NQANPCGAH

CepTudmkar 2C0SBAOPIESAR

Bnapneneu

IJNEKTPOH

O
.-:lsl!'a;;%-tlfa AS

et pradiwe rledadoWa? . 1},

Cblo

004 3E

networkl.b{1l}

networkl.b{2}
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ans = -1.514Z2

ans = (0.5025

Hcrmone3ysa pyHKIIHIO gensim, MOKHO ITOCTPOHTBL S-MOJEIb CeTH B cHCTeMe Simulink
(puc. 12). BeiOop (ZBOHHOH INETYOK MBIIIH) 3IEMEHTOB CETH ITO3BOJISIET ITPOCMATPHBATh HX

CTPYKTYPY.
>>gensim(networkl)

Training with TRAINLM -3 - 0] x|
e Edit “Yiew |nsert Tools “Window Help
Ferformance 15 2 bE0714de-030, Gaoal s
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Layer 2 1] b2

Puc. 12

OTH CXEMEI., B OTJIHYHE OT HJIJ]IGCTPHTI[BHGﬁ CXCMEI Ha PHC. 6:. SIBIISIFOTCS B TIOITHOH MEPpE
(I)}*’HI{L[HGHHHLI{BIMI CXEMAMIT H MOT'VT OBITH ITPHMCHCHBI AT MOACIIMPOBaHITA HEﬁpGI—H—IGﬁ CCTH.

BapHaHThI 3aJaHHI
Co3math H OOYYHTHh HEHPOHHYIO CeTh I pealH3alliH (PYHKIIHH JBYX IlepeMeHHBIX
COITIAaCHO OJHOMY H3 BapHAHTOB:

1) vV=x" — X2 +Xs. 14) y=x;+x"+X5".
2) V=Xit+XohKemT NOANWCAH 15) y=xXi"+X" — X5~
3) y=xpgERpoInomero 16) y=x/' —X," — 5"

e e &

-
]

renened) YRRy mXatXs Arocapone 17) y=x/ x5’
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5) y=xXi"+X: — X5". 18) y=— X1 FXo+xs5°.

6) y=X;+X; — X5 19) y=—%X;° — X" +X;.
7) YZKIE — X X5 20) V= — X, +XoHXs"
8) y=xXi X +X5". 21) y=— X +HxHXs
9) y=X;+Xo X5 22) y=—Xi° —XrtX5
10) y=x+x7+x5". 23) y=— XX, — X5
11) y= —x+x2 — X5°. 24) y= — X +xX+HXs"
12) y=—X;° — X2 +X5". 25) y=— XXXy
13) y=— X X7 +x5" 26) y=X;+X2" — X3

Jlmarma3oH H3MeHeHH ITapaMeTpoB: X;=[-2:2]; x:=[-1:1]; x5=[0.4].

Cﬂ,[[EpHEﬂHHE 0oTYIETA

B cocTaB oT4yera BXOAST CIeAYIOIIHE Pa3lellbl:
1. Kparkas oljgHKa HHCTPYMEHTAJILHOI'O CPECTRA.

PEB}"HBT&TLI CO3JJaHI, Gﬁ}”IEHI[H H MOJCIIPOBAHHA CCTH.

Mopmemnu cetn B NNTool u Simulink.

i

BEIBROEL.

KﬂHTpﬂthH bI€ BOIIPOCHI

1) Yrto mpexcraBisror coOoi HelpoHHEIE ceTH B cpelle NN Toolbox? Ilepeuncnnre HX
OCHOBHBIE ITapaMeTPhl H (PYHKITHH.

2) Kaxue xmacchl 3ajjad pelraroTcs IIPH IIOMOIIH HEHPOHHBIX ceTeH?

3) Yrto nmoHMMaeTcs o oO0yuyeHHeM CeTH?

4) Kaxme anropHTMbI 00yUeHHS HEHPOHHBIX ceTell BaM H3BeCTHBI?

JIabopaTopHas padora Ne 3.

[Iporpammroe cpeactBo Neural Network Toolbox cucremer MatLab.

dopMa NMpoBeAeHHA: KOMITBIOTEPHEIE CHMYTISIIHH.

IHean: l3yuyeHHe CBOHCTB IepcenTpoHOB. Co3gaHHe H OOYYEHHE HEHPOHHOH CETH JIId
peanH3aIHH JIOrMIeCKOH (PYHKIIHH.

Ilopsagox BbIMIOTHEHHS PA0OTHI

1. O3HaAaKOMMTIBCS C ACMOHCTPAITHOHHBIMIT ITPpOI'paMMaMIH, IUJIIITOCTPHPYIOONHMH PCIIICHHE
344 I{JIE],CCH(bHI{ElL[HH Pa3JITIHBIMH IICPCCIITPOHANMII.

demopl — KmaccH(pHKAIFI C HCIIOb30BAHHEM JBYXBXOJOBOI0 IIEPCENTPOHA;
demop4 — HOpMHPOBaHHE BXOJHBIX BEKTOPOB BHEIIHETO CIIOS,

demop5 — o0y4eHHe ¢ HCITOMb30BaHHEM HOPMHPOBAHHOH (DYHKI[HH HaCTPOHKH,
demop6 — IoBeIeHHe CETH ITPH KJIACCH(HKAIHH JTHHEHHO HEpa3AelINMbIX BEKTOPOB,
nnd3pc — KmacCH(HKALI pealbHBIX 00BEKTOB ITPH ITOMOIIH ITEPCEIITPOHA,

nnd4db — mocTpoeHIe pa3aesroIei IIHHHH IIepCellTPOoHa;

nnd4pr — nepeMellicHHe Pa3elIarONIel THHHH ITPH HCITOIb30BaHHH PA3IHYHBIX (DYHKIIHI
OOYUYEHHS.

KYMEHT MO g
2. gﬁowﬂmbﬁ n%%gﬁﬂmml, IpegHasHAYeHHbIEe IS HHHIHaIM3aliH, OoO0ydyeHHSI |
CermbRS IEIP OB ARTE Tie p eI pOHOR HeHOIb3Y A cripaBOYHYIO cucteMy MATLAB.

Bnaneneu: lleG3yxoea TaTeAHa AfekcaHgpoOBHa

15

Nencteutened: ¢ 19.08.2022 no 19.08.2023



3. PeamnzoBaTsh PCLOICHHE 3aJda1H I{JIHCGII(bI]I{ElL[I]II JIHHEHHO OTIEIIHMBIX BCKTOPOB.
4. Peam3oBaTh PELHICHHE 3aJa'I1 I{JIHCCH(bI]I{ElL[I]II JTHHEHHO HEOTJeITHMBIX BEKTOPOB.
5. OTBETHTBb Ha KOHTPOJIBHBIC BOIIPOCEI H COCTABHTE OTHCT.

Teopernueckne od0ocHOBaAHHSA

IlepcenrTpoHRl — KJIacC IHMHEHHBIX OJHO- H MHOIOCIOHHBIX HEHPOHHBIX CETEH,
PEATH3VIOINIX TIPSIMOE PacIpoCTpaHEHHe CHIHAlIa M IPeJHAa3HAYEHHBIX JIS pPeIlleHHS 3aaay
KIIACCH()HKAITHH JIMHEHHO OTAEIIHMBIX BXOJHBIX BEKTOPOB. MHOIOCIIOHHBIE IT€PCEITPOHEI
IIO3BOMISIFOT  PEINATh CIIOKHEBEIE ITPOONIEMEI, CBS3AHHBIE C AHAIN30M KOMMYTAI[HOHHBIX
COeJHHEHHI, pPaclo3HAaBaHHEM OOpa30B, H JPyrHe 3afadyd KIAaCCH(HKAIIHH C BBICOKHM
OBICTPOJAEHCTBHEM H TapaHTHEH IIPAaBIIIBHOTO pe3yiabTaTa. HeHpoHBI IIEPCENTPOHOB HMEIOT
CTYIIEHYATyIO JIHMHHIO akTHBaIMH hardlim m, cremoBaTelbHO, KaKAbIH HEHPOH BO3BpaIiacT
€ IMHHIY HJIH HOJIb, YTO COOTBETCTBYET €r0 BO30OYKIEHHIO HIH TOPMOKEHHIO.

ITo xomanzge help percept MOKHO MOTYUHTH MOAPOOHYIO HH(pOPMAaIHI0 0 Habope M-
(DYHKI[HI, OTHOCSIIHXCS K IIOCTPOEHHIO HEHPOHHBIX CeTeH Ha OCHOBE IIEPCENTPOHOB.
CTpyKTYypa IePCeTPOHA IIpeAcTaRlIeHa Ha pHc. 13.

Input  Perceptran Meuron

N N

2 —_

F
¥
F,
£

S .

i } 1 Yy, a=hardlimm)
& = hardlim(Wp4+ &)

R = number of elements in input vectaor

Puc. 13

Jimsa (popMHpOBaHHS MOAEIH OJHOCIOHHOIO IIepcelITpOHA IIpeJHasHadYeHa (PYHKIHS
newp:

net=newp(PR, S, tf, 1),
rae net — uma oobekTa "HelipoHHag ceTs"; PR — MaccHB min B max 3HaYeHHH JII R 31eMeHTOB
BxXoJa pasMepoM R*2; S — umcno HelipoHOB B cioe ; tf — pynxmsa aktuBanmpm {hardlim rmm
hardlims}; 1f — o6yuaromas pyuxigisa {leamp wmm learnpn}. I1pu kpatkoMm Bei3oBe net=newp(PR,
S) M0 YMOIUAHHIO OYAyT HCIOIb30BaTrhbecsd (PyHKIMH hardlim m leamnp. Hampumep, BEI3Z0B
¢yHKIH ¢ nmapaMeTpaMH ([-2 2;-3 3], 1) co3maeT mepcelTpoH ¢ ABYX3JIEMEHTHBIM BXOJOM H
OMHHMM HEHpPOHOM, B3HAYEeHHS 5SIEMEHTOB BXOJHOIO BeKTOpa CO3JAaHHOH CEeTH JOIKHBI
BapbHPOBAThCA B AHamnazoHax [-2, 2| u [-3, 3]. IIpocMOTpeTh pa3nHYHEIE ITapaMeTPhl H 3HAUEHHS
MepCeNTPOHa MOKHO CIEIYIOIIHM 00pa3oM:

>>1nputweight = net.lnputwelghts{l, 1}% napameTpe BxXOIORB
>>blases=net.blases{1} t NapaMeTpE CMelleHWIN
>>net % HNapaMeTpH UM apxXUTeKTypa CeTu

>>net.IW{l}, net.b{l}% 3HadeHMd BeCOB M CMelleHMNN

JIns Toro 4ToOBl H3MEHHTEL HYIIEBBIE 3HAUEHHS BECOB H CMEIIEHHH, YCTAHOBJIEHHBIE I10
YMOTYAHHIO, MOXKHO ITPHMEHHTE CIIEAYIOIIIE OIePaTOPkI:
>>net . IW{l}=[-1 1]; net.bi{l}l=[1];
BepHYTECS K II€pBOHAYAJIPHBIM YCTAHOBKAM IIapaMETPOB IIEPCENTPOHA MOXKHO C
AH
roMon I HRITHPAMEN:

Ceptucbukar:  2C00000kEEIABERIALIsEBAAt0d66000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MOXHO H3MEHHTH CIIOCO0, KOTOPBRIM HHHI[HAIH3HPYETCS IIEPCENTPOH, C ITOMOIIBIO
QyHKIHH 1nit. 19 3Toro JOCTaTOMHO H3MEHHTh THITI (DYHKIHI HHHIIHAIH3ALHH, KOTOpPHIE
IPUMEHSFOTCS IS YCTAHOBKH II€PBOHAYAJIbHBIX 3HAYEHHIl BECOB BXOIOB H CMEIIEHHI.
Hamprumep, uroGel 3aJaThk CIy4YalHble 3HAYEHHS I1apaMeTpaM IIEPCEIITPOHA, CIIEAVET
BOCIIOIB30BAaThCS (PYHKIHEN rands:

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

>>net.bilases{1l}.1nitFcn=' rands’ ;

>>net=1nit (net) ;

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

wts= -0,96211 00,3526 % BOSMOXHEE SHAUSHMS
>>bilas=net.b{l}
b= -0,032452 % BOBMOXHOe S3HAUeHHMEe

Eme omgmH criocod 3agaHHg CCTH, I{IDTIDPLIﬁ HCIIOIIb3YCT OIIPpCcACIICHHC MdCCHBA
JJICMCEHTOB BXO/ 4.

>>PR = [-1 1, -2 2; -3 3] $ MarTpuua 2X3 (2 - min ¥ max
3Ha4YeHMd JId 3 BXONOOB HeWpOoHa)
>>netl=newp (PR, 2) % COo3IaHye ceTu C /2 HelpOoHaMM

Anarranug B oO0y4eHHe IIePCelITPOHOB BBITOTHSIOTCS PpyHKIpSIMH adaptwb u trainwb,
KOTOphle MOAH(HIHPYIOT 3HAYEHH I BECOB H CMEINeHHI JI0 TeX ITop, IToKa He OYAEeT JOCTHIHYTO
TpeOyeMoe 3HAaUeHHEe KPHTEPHS KauecTBa OOYUYEeHHS B BHJIE CpedHEH aOCOMFOTHOH OIIHOKH,
BEIYHCIIIeEMON (yHKIHen mal. [IpuMmeHeHne (QyHKIMH ajanTaliid TapaHTHPYET, 4YTO Jr00as
3aJlaya KJIaCCH(HKAI[HH C ITHHEIHO OTAeINMBIMI BeKTOpaMH OYJIeT pellleHa 3a KOHEYHOE YHCIIO
IHKIIOB (IMaroB HacTpoiku). OVYHKIHMA aJanTalHH KOPPeKTHPYeT IIapaMeTPhl CeTH II0
pesyiabraTaM O0palOTKH KaKAOI0 BXOMHOI'O BeKTOpa. OTa (PYHKIHS OTHOCHTCSA K KaTeTrOpHH
YCTAPEBIIHX, OAHAKO IS COXPAaHEHHUS IIPEEMCTBEHHOCTH C IIPEAMIECTBYIOINMHA BepCHIMH NNT
ee HCIIONb30BaHHE JOIycTHMO. HoBasg oOydyaromast (QyHKIHS frain peamms3yeT aJallTHBHOE
OOVUeHHe C IIOCIEJOBATENbHBIM IIPEACTABIIEHHEM BXOJOB, IIPH KOTOPOM HAaCTPOHKa CETH
BHITIOJIHSETCA HE IIOCIIE KaKJIOro ITPOXOAa, a B Pe3ylbTaTe BCEX ITPOXOAOB OOYYAIOIIETO
MHOKecTBa. K CcoOXalleHHIO, HEe CYINECTBYET JOKAa3aTelIbCTBA, YTO TAKOH aJIrOpHTM OOYYEHHS
MEpCENTPOHAa SBISIeTCS cxofampmMcsa.  [lostoMy Hcronb3oBaHHe (yHKImH adapt g
IIEPCENITPOHA SBIISIETCS IIPEMIOUTHT EIIb HBIM.

Ipumep 2.1. OOyUeHHE MIEPCEINTPOHA BEITIOTHEHHIO (PYHKIHH ITormdeckoe H.

Peuteniie

OITpeIerM IMOCIE0BATEIBHOCTE ABYXAIEMEHTHEIX BEKTOPOB BX0/1a P 711 ceTH ¢ OJJHHM
IIBYXBXOAOBBIM HEHPOHOM:

>> P=[0 0 1 1 ; 0 1 0 1] % marpuuya 4XZ2

CdopMHpyeM ITOCIEIOBATEILHOCTD IeneH T

>>T = [0 0 0 1] z MmarTpuua 4 X1

YCTaHOBHM YHCIIO ITPOXOI0B PaBHEIM 10 M BBITTOIHNM aJ[aIlTal[HIo:

>>net.adaptParam.passes=10;

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

[IpocMOTpHM 3HAYEeHMS BECOB M CMEINEHHS, OToOpasHM BeKTOpHl P u T H ImocTpoHM
rpapHK pa3AelIsrOINeH JTHHIH:

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

ans= 2 1

ans= -3

>>plotpv (P, T);

>>1inehandle=plotpc (net.IW{1l}, net.b{l}):

HH@@&%!I CITPOCKTHPOBAHHYIO HeHpOHH CSTh MOMHO C ITOMOIIBIO KITHIH
EKTPOHHOW EJ,E[FIHEbPﬂHp P 1P YEO e (1)}»'1—[

Ceprua SN, > JIQAAB £ HAs BXOH: 7 66F s 9QYHAOIIYIO TTOCIEN0BATEbHOCTD, COBIMANAIOIYI0 C BXOMHOH
BrapenqOCII&ffOBAPIALHO 6TEIe PPoeHa

OSMOXHEIe SHIHeHI A

% B
S BOSBMOXHEIE SHAUCHIMA
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>>Y=s1m(net, P)

Yy=0 0 0 1 % HaACTpPOMKA CETHM BEIIOJHEHAa I[IPABMIBHO

JIIUTebHOCTh OOYUYEHHS TEPCEIITPOHOB BeChbMa YYBCTBHTEIIbHA K Pa30pocy 3HAUYEHHI
IUIMHBL OTAEIBbHBIX BEKTOPOB. Y PAaBHOBECHUTH BIIMSHHE OONBINMX H MalbIX 3HAYEHHH BXOIHBIX
KOMITOHEHT MOJXHO ITYTEM MacInTaOHpOBaHHS BeKTOpa BXoma. HopMmHpoOBaHHOE ITpaBIIIO
00y4YeHHA IIEPCENTPOHOB peallu3yeTcs () YHKIHeH learnpn:

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

>>net=1nit (net);

Il pemeHnst Ooree CIIOXKHBIX 3ajJad MOKHO HCITOIIB30BAaTh CETH € OOJBIIMM YHCIIOM
HeHpoHOB. HamprumMep, 18 KiIacCH(PHKAIMH BXOAHBIX BEKTOPOB II0 4 TPYIIIAM MOXHO
IIOCTPOHTh CEeTh C JBYMS HeHpoHaMH, 4YTOOBI C()OPMHPOBATh [ABE Pa3lellsrollee ITHHHH H
MIPHITHCATh KaKIOMYy BEKTOPY CBOIO oOmacTh. llomydwmrs S-mozens ceTH B Simulink MOXKHO
ITyTEM BBI30Ba Y K€ H3BECTHOH (PYHKIIHH ZENSI.

BapunaHThbl 33 JaHHH

Co3garh H OOYYHTh HEHPOHHYIO CETh JJISI peallH3allHH JIOTHYECKOH (PYHKI[HH COITIACHO

OTHOMY M3 BapHAHTOB:

| (A B)= (A" B) ¢ (4= B)= (4" B)

) (A" B)' A) 5 =B (4 B)

; (AYB)Y (B A) g A" (4= B)" B

, A= B" (A" B) o (4" B)* B

s (A= B)"A"B 2o e B a* Bl

< (4= B)" B]= 4 » = B)** Bl

- 4= B) 4= B 5, (4" B) =4t B

9 (4= B) = (B= 4) 24 (4= B)* 4* B

o A" (4" B)= B s We Bl B)

4" B* 4" B) o (4* B)* G Bl

1, 4" B= 4" B) g (4% B)* (4% B)

14 (4 B) o 4 B) 2o (4" B)Y (4" B)

s U Blen 3 A" B)Y 4" B)

Jlst ortpeienieHH s (PYHKIHMH I[ETIH MOXKHO BOCITOIIB30BAaThCS TaOIHILE:

A B 1 A" B A" B A>B | A< B
0 0 1 0 0 1 1
0 1 1 0 1 1 0
1 0 0 0 1 0 0
1 | 0 1 1 1 1

3NEKTPOHHOW NOANMCLIO

Ceptudoygatr: 2C0000043ESABBBO952205E7/BASO0060000043E
Bnanend ) TICLO, BLIIOJHECHHON. PA00TE JOUKEH COAeP/RATD CJIeAYIOIHE Pasfebl:
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1) Kparkoe ormicanne HHCTpyMeHTanbHOro cpegcrsa NNT ool.
2) KpaTkas xapakTepHCTHKa IEPCEIITPOHOB.

3) IlocmemoBaTenbHOCTh KOMAH IS CO3AHNS, HHHITHAIH3AI[HH H O0YISHH S CETH.

4) CrIpyKTypa CETH.

5) I'paduk H3MeHeHHS ITapaMeTPOB H BeIIHYHHA OIMHOKH B ITpoliecce 00YIEHHS.

6) rpadHK pa3gelsSrONeH JTHHIH.

KOHTPOJIbHBIE BOIIPOCHI
1.  Kaxue criocoOrnI peamnszaliiii HEHPOHHBIX ceTel BaM H3BECTHEI?

2.  KakoBwl 0COOEHHOCTH HEHPOHHBIX CETEH THIIA IIEPCEIITPOH?
3. Ormmumre KIacCHYECKHH alTOPHTM O00YUEHHS IIEPCENITPOHA.
4.  YTo IMOHMMAETCS 10T aPXHTEKTYPOH HEHPOHHOH CETH?

5. Uro TImOHMMaeTCqd IIOA PasIeIBIOIEH JTHHHEH W pasJe/lIOINeH  IUIOCKOCTBIO
IIEPCEITPOHA?

0. Kaxmmu criocobamMu MOKHO ITPOH3BECTH HACTPOHKY ITapaMETPOB IIepcenTpoHa? B uem
X OTIIYHEe?

7. B xaxoMm CIIYHac IICPCCIITPOHBI MOI'YT PEIIATD JTHHEHHO HeOTAeIHMMbBIe 3aJauH?

JIabopaTopHas padora Ne 4.

[IepcentpoH. JIMHeHHEIe HEHPOHHBIE CEeTH. PaguanbHble Oa3HCHBIE CETH.
dopMa npoBeJeHNA: KOMITLIOTEPHbBIe CHMYILIIHH (2 yaca)
Iean: Mccreporanme ceTel IpsIMOro pacIiipocTpaHeHHI CHTHAlIa

Ilopsagox BbIMIOTHEHHS PA0OTHI
1. M3y4urp AeMOHCTpal[HOHHBEIE IIPHMEPHI, HIIIIOCTPHPYIOIIHE paloTy ceTeH ¢ IPSIMOMH

Iepcaai el CHIHala:

nnd] Inf — pyHKIIOHHpPOBaHHE CETH,
nnd] 1bc — reMOHCTpaIs anropuTMa 00paTHOIO PaCcITPOCTPAHEHHS OITHOKH,
nnd] 1fa — pyHKITHS armIpOKCHMAITHH,
nnd] 1gn — o0obmraronmie criocoOHOCTH CETH,
appcsl — pacriosHaBaHIe HETHHEHHOH CHCTEMEL,
appcs2 — MHMHeapH3aIHA ¢ ITIOMOIIBIO CETH ¢ OOpaTHBEIM PacIIpOCTPAHEHHEM OIHOKH.
2. C mnomompro crpaBoyHol cHceTeMbl MATLAB 0O3HaKOMHTBCS ¢ (DYHKI[HSIMH,

IMpEIHA3HAYCHHBIMH JIJIA pElﬁDT bl C YKd3dHHBIMH CCTIMII.

3. CHPGEETHPCIE&TL HECKOJIbKO BAPHAHTOB 4APXHICKIYPbI CCTH I PCIICHHA 3aJd4H
PacIlO3HaBdAHITA GﬁpﬂBﬂEa 3dKOJHPOBAHHBIX C ITOMOIIIBIO MaTPHIIBI NXM u IMpE Y CMOTPEHHBIX

BapHaH IOMeoxymEHT nognvcaH
SMNEKTPOHHOW MOAMWCHIO

Ceprudpmkar:  2Q0000OXTATE 22000 VATTH OFE04TEPOMOJICTTHPOBATh CETh Ha MJACAIBHBIX H 3allyMICHHBIX

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

BXOJIHBIX BEKTOPaAX, IIOCTPONTH I'papHKH IpoIecca 00yYEHHS H Pe3YIIbTaTOB MOJEITHPOBAHHS.
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5. BriOpartk ceTh ¢ HawwIyullnen apXUTeKTYPOH.
6. IIVHKTHI 3 — 5 ITOBTOPHTH IS PEIIEHHS 3aJay PETPECCHH H IIPOrHO3HPOBAHHS.

7.  OTBETHTH Ha KOHTPOJIBHBIC BOITIPOCEI, COCTABHTE OTHCET.

Teopernieckne 000CHOBAHHSA

B ceTH ¢ mmpsaMoH nepegadyed CHIHAlIa HEHPOHBI PErYIISIPHBIM 00pa3oM OpraHH30BaHBI B
crmor. KaXapIi HeHPOH BHYTPEHHHX (CKPBITBIX) CIIOEB M BBEIXOJHOIO CJIOS COeJHHEH CO BCEMH
BIIEMEHTAMH ITPEABIAVIIEr O CIOS. TaKHe CETH — C ITOITHOH CHCTEMOH CBSI3H — IIPEMIOUYTHTEIIbHBI
IUIs1 OOJIBIIIMHCTRA IIPHIOKEHHH B OTIIHYHE OT CETEH C BRIOOPOUYHBIMH CBSA3SMH. APXHTEKTYpa
OJHOCTIOHHOH CeTH ¢ S HeHpOHAaMH, JOTHCTHYeCKOH (YHKIHeH aKTHBaIllHH H R BXomamm
IpeJicTaBleHa Ha pHC. 14 (a — JOeTampbHOe IIpeicTaBileHHe, 0 — Horanmua MATLAB).
ApPXHUTEKTYpa CETH C OJHHM CKPBITBIM CJIOEM IIPeACTaBIeHa Ha pHC. 15.

CeTH C IIPIMBIM PacIpoOCTpaHEHHEM CHTHAla HMCIIONB3VIOTCS IS PEIleHHS 3ajad
KITaccH(PHKaIIMH THOO BBICTYIIAIOT B KadecTBe HAEaIbHOIO aIlIPOKCHMATOPa, T.e. OHH MOTYT
MOJIEIIHPOBaTh  (PYHKIHIO  ITpaKTHYEeCKH  JIOOOH  CIOKHOCTH  (3aJauHl  perpeccHH,
ITPOTHO3HPOBAHHU ). UHCIO CI0eB H YHCIO AIIEMEHTOB B Ka)XKIOM CIIOE 3aBHCAT OT CIIOKHOCTH
(YHKIH H OIPEIEILIFOTCS SMITHpHYecKH. [IpH 3TOM clegyeT Y4YHTBIBaTh, YTO €CIH Oojlee
CIIO’KHAS MOJIENh He JaeT Pes3yibTaT IIyUIlle, YyeM Oolee IPOCTas, TO M3 3THX ABYX MOIENei
CIEYET IIPEATIOUECTh ITOCIENHION. B KaueCcTBe HAYAIILHOI O ITPHOIIHKEHHS MOJKHO B3STh CETH C
OIHHMM ITPOMEKYTOUYHBIM CJIOEM, a YHCIO JIEMEHTOB B HEM IIOIOXHTH PaBHBIM IIOJIYCYMME
YHCIIa BXOJHBIX H BEIXOJHBIX 3IIEMEHTOB.

ITo xomaHze help backprop mokHO MoOTydHTE MOAPOOHYIO HH(pOPMAIHIO O Habope M-
(PYHKIQOI, OTHOCSIIMXCSA K ITOCTPOEHHIO HEHPOHHBIX CceTeH ¢ IIpPSAMOH Ilepeflaueil CHTHAaa.
KommuecTBO BXOAHBIX H BBIXOIHBIX SIIEMEHTOB OIIPEIEISeTCS YCIOBHAMH 3aadyi. BXomaHbIe
IIEpEMEHHBIE MOI'YT BBIOMPATHCS HCCIENOBATEEM HHTYHTHBHO, HO BCE OHHM JOIDKHBI OBITh

3HAYHMMBIMH.
Input Layer of Neurons Input Layer of Neurons
' A A\ A
It i
W a
—p [ >
2 "£ \O 51
b : h
! VT P‘L
P, " ’ A
—» >
— )
Py b . . A
: i | ' a=F(Wp+h)
F I a
. —» > Where . . R =numberof
elements In
b input vector
1
o vy S =number Of
a=F (Wp+b) neurons in layer
Puc. 14 (a, 6)
Input Hidden Layer Output Layer
[NOKYME MUCAH
EHEHPDH%%E:PG N 7 N
Ceptucukar:  2C0000043E9ABEBI52205E7BA500060000043E
Bnaneneu: llleGayxoea TaTeAHa ai=¥
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Puc. 15

J11s1 cO3aHMsA CeTH IMPSMOI0 PacIipOCTPaHe HHS HCIIONB3YEeTCA (PYHKIHI newil:

net = newtt(PR, [S; So...Sw], {tfl tf2...tinl}, btt, blf, pi),
rae PR — maTtpria RX2 MHHHMAIBHBIX H MAKCHMAJIbHEIX 3HAUYEHHH 1S R BXOJHBIX 3IIEMEHTOR,
S1 — pa3Mep 1-To citos aiig NI cnoep; th — pyHKIIHS akTHBAIR 1-TO ¢I104 (IT0 YMOTYaHHIO tansig);
btf — oOyuaromas ¢yaxima (trainlm); blf — oOyuaromas QyHKIHS 19 HacTPOHKH BECOB H
cMemeHHii (learmngdm); pf — xapakrepHcTHYeckas (pyYHKIHA (Imse).

IIpumep 3.1. Co3maTh HEHPOHHYIO CETh IJIS Paclio3HaBaHHSI 20 CHMBOJIOB JIATHHCKOI'O
allpaBUTa HAa OCHOBE OIM(POBKH Ka)KIOro CHMBOJA. [IpoekTHpyemMas ceTh JOIKHA TOYHO
pacIio3HaBaTh HJIcaIbHBIE BEKTOPHI BXOJa H C MAaKCHMAIbHOM TOYHOCTBEO BOCITPOH3BOIHTH
pacIio3HaBaHHE 3alllyMICHHBIX BeKTOpPOB. IIpaBWIbHO (QYHKIMOHHpYIOM[AsS CeTh JOJLKHA
OTBETHTh BEKTOPOM CO 3HAaYeHHEM EIHHHI[a JUIS 3JeMeHTa, COOTBETCTBYIOIIETO HOMEPY
CHMBOIIA B al(paBUTE, H HOMIb JJISI BCEX OCTAJIbHBIX CHMBOIIOB.

Peuenue

Kaxnpri cuMBon (o6pa3) MoKeT OBITh IpeAcTaBiIeH madimoHoM 5 X7 (pue. 16), 10X14 u
Ip. ¢ ImoMorpio craHgapTHOH GyHKIMH MATLAB prprob. OHa ompeienseT 26 BeKTOPOB BXOJIa,
Ka KIbIil H3 KOTOPBIX COAEPAKHUT 35 31IeMeHTOB (MAacCHB JTaTHHCKOIO andapuTa). OYHKI[HSI prprob
(opMHpPYET BRIXOAHBIE ITepeMeHHbIe alphabet u targets, KoTopble COOTBETCTBEHHO ONPEAEIISIOT
MACCHBEI ajJI(paBHTa H IIeJIEBEIX BEKTOPOB.

e oloj1|olo

o ) ol 1|01 ]0

e i ol1|0]1]|0

e 3 Ljojopo)l

= X[ x| X% x LTIl

= < 1jolo]lo]tl

= < 1jo|lo]lo]l
[HIabmoH cumMBoOmIa “A’ BekTop Bxoga cuMmBoa ‘A’

Puc. 16

CdopmipyeM MaccHB BeKTOpoOB Bxoja alphabet 35X26 ¢ mraGmoHaMH CHMBOJIOB
alipaBHUTa M MaCCHB IIEJIIEBBIX BEKTOPOB targets:

>>|alphsbet, targets]|=prprob;

>>[R, Q]=size(alphabet);

>>[52, Ql=slize(targets);

YHCImo HEHPOHOB CKPEITOIO CIIOA S1 peKOMEHAYETCS OMPEETINUTh SMITHPHYECKHM ITYTEM.
Ecrm 1p oOy4YeHHMM CETH BO3HHKHYT 3aTPyAHEHIS, TO MOKHO VBEIIHYHTL KOJIHMYECTBO
HEHPOHOB 53TOro cuos. Co3gaguM ABYXCIOHHYIO CeTh C CHIMOHAATBHBIMH  (DYHKI[HSIMIH
AKTHBAIHH HEHPOHOB:

>>net=newff (minmax (alphabet), [S1,52], {‘logsig’, "logsig' },

"tralngdx’) ;

>>net.ILW{Z2, 1l}=net.LW{2, 1}*0.01

>>net.b{Z2}=net.b{2}*0.01

[lepBoHAYaIbHO OOYYHMM CETH B OTCYTCTBHH IIIYMA C 3aJaHHBIM YHCIIOM I[HKIIOB JIHOO JI0
TOCTIKEHHS JOITY CTHMON KBaJpaTHYHOH ITOTPEIITHOCTH:

>>P= alphabet;

>>T=targets;

>>net.performFcn="sse’ ;

>>net.trainParam.goal=0.1; G IIOITY C THMa A [IOTPEellHOCT b

oBbyUeHM A

%ﬁﬁgﬁﬁﬁﬁ%&ﬁﬁ%&am.ShDWZZO; 2 MH?epEaﬂ BEIXOIOa MHPOPMAaLNHU
Ceprudmkar:  2C000604sE ABeEERGEE@BD@MeBEOCchs=0000; %5 KOIMYECTBO 3MN0X OOyYeHUA

Brapenew:  WeGyxoppdaieana prgegpesteam . mc=0.95; rnapaMeTp BO3MYLEeHNI
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>>[net,tr]=train(net, P, T)
JITIS1 TPOEKTHPOBAHHS CETH, HE UYBCTBHTEIILHONH K BO3JEHCTBHIO IIIyMa, MOXKHO OOYUHTh

eeHa 10 Haﬁﬂpa}{ IBYX HJIcalIbHBIX H ABYX 3aIllyMIIEHHBIX KOITHH BEKTOPOB aﬂtb ABHTA.
>>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);

>>end

Tak xaK HeHpOHHAs ceTh 00y4yanachk B IPHCYTCTBHH IITyMa, OHa ITOTepsiia CIIOCOOHOCTH

pacIio3HaBaTh HiecalbHBIE BEKTOPEI. OOYUIM CETh HIcallbHBIM BEKTOPaM eIlle pas:
>>net.trainParam.goal=0.1;

>>net.trainParam.epochs=500;

>>net.trainParam. show=5;

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

OcymecTBUM IIpoBepkKy Ha 100 BekTOpax BXOZa IIPH  Pa3iMYHBIX VPOBHSX IIIYMA.
PaccmoTrpuM aBe ceTH: networkl — ceTh, 0OyUeHHYIO Ha HAcallbHBIX BeKTopax, H network2 —
CETh, OOYVUEHHVIO Ha 3aIYMIESHHBIX ITOCIIEAOBATEILHOCTIX. Hamuyne IryMOB MOKET IIPHBECTH K
TOMY, YTO CeTh He OyAeT ()OpMHPOBaTh BEKTOPHI BBIXOJA, cOCTOsIero TouHo u3 1 u 0. ITosromy
HCITONb3yeTCcI (PYHKIMSI compet, KoTopas IpHcBaHBaeT 1 eJHHCTBEHHOMY 3JIEMEHTY BeKTopa
BBIXOJ/[a, @ BCEM OCTaJIbHBIM — 3HaueHHe (:

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

>>max test=100;

>>networkl=[ ];

>>networkz=[ ];

>>T=targets;

[l[poTecTUpyeM CeTH:

>>for nolselevel=nolse range

errorsl=0;

errorsZ2=0;

for 1=1: max test
P= alphabet+randn (35, 26)*noiselevel;
A=sim(net,P) ; 3 TecT IO ceTH 1
Al=compet (A) ;
errorsl=errorsl+sum(sum(abs (AA-T)))/2;
B=sim(netn, P); 3T TecT OJ49 ceTHu 2

BB=compet (B) ;
errors’Z=errorsZ+sum(sum(abs (BE-T)))/2;
echo off

end

i =101

Fle Edit “iew Imngat Took Window Hep

D FEE KA,/ | PED

Percentage of Recognition Emrors
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CphellHIle Z2HadeHIMH

)

>>networkl=[networkl errorsl/26/100];
; T oUMbor

>>networkZ2=[network? errors’2/26¢/100]

>>end
[TocTporm rpaduKH 3aBHCHMOCTH ITIOTPEIMHOCTH OT YPOBHS BXOTHOTO mryMa (pHc. 17):
>>plot (nolse range, networkl*100, r—-r, nolse range,

networkz2*100) ;

[IpoBeprM paboTy ceTH Ha KOHKpeTHOM cHMBOIe “T°. Jlmga »sTtoro chopMHpyeM
3allyYMJIEHHBIH BEKTOP BXOJa JJIS 3TOr0 CHMBOJIA (pHC. 18), IIpoMOAeIHpyeM CETh H OITPeJeIIHM
COOTBETCTBYIOIIHI HcalbHBIIL CHMBOIM (pHC. 19):

>>masa=alphabet (:, 20)+4+randn (35, 1)*0.2;

>>plotchar (masa)

el

Puc. 17

>>AZ=s1m(net, masa);

>>AZ2=compet (AZ) ;

>>otvet=find (compet (AZ2)==1)

>>plotchar (alphabet (:, otvet))

Puc. 18 Puc. 19

Ecm HeoOxoanMa Oojiee BRICOKAS TOYHOCTh PACIIO3HABAHHS, CETh MOXKET OBITH O0OyUeHa
mbo B TeueHHe Oojlee UIHTEINLHOIO BpPEMEHH, ITHOO C HCIIOIb30BAaHHEM OONIBINETO YHCIIA
HEHPOHOB B CKPBITOM CII0€. MOJKHO YVBEIIMUHTE Pa3MeP BEKTOPOB, UTOORI HCIIOJIb30BaTh IIa0IIOH
¢ Oomee MelIKOH CeTKOH.

| Fiaure Na 1 =1 | Figars Mo 1 =100 x|
Fl EM Vesw brasi Took Gefndoa Hesn Fi= Ede Viss Inemd Tzl Windew Hele
NDEEHS Kk A A BT DEHES kA ML, BT
|
HF 8 [ ]
m ow .
&5 -

H @ H = ~,

= =

] n

3agaud IPOTrHO3HPOBAHHS (aHAIM3a BPEMEHHBIX PSJIOB) SBIITIOTCS YAaCTHBIM CIIy4aeM
perpeccu. IIpHyeM MOKHO CTPOHTH ITPOTHO3BI KaK JJIS OJHOH, TaK H JJI1 HECKOIBKHX
MepeMeHHBIX KaK Ha OJHH, TaK M Ha HECKOILKO INAroB BIlepe. TakHe 3aJadH ITPeIIoIararoT
cosganie (oOydeHHe) ceTeH, CIIOCOOHBIX OOHApyKHTh CKPBITBIE 3aKOHOMEPHOCTH B
ITOCIIEIOBAaTEeIIbHOCTH YHCEN H MpeJcKa3aTh clueAyromnpe (OyayIHe) 3HaYeHHS IIepeMeHHBIX.

BapunaHThbl 33 JaHHH
3aoauu knaccugxaii
Co31ark HEHPOHHYIO CeTh IS pacliosHaBaHHS N CHMBOJIOB KHPHIUIMIIEI HA OCHOBE
OIH(PPOBKH KaKJOT0 CHMBONIA (CHMBOI MOET OBITH IIpPelicTaBlIeH KakK IMaGiIoHOM 5 X7, Tak H
madnoHoM 10X14), comepxkaliyro:
1) HemoBTOpsroImHeca OYKBE HMEHH H (paMIUTHH, 35X 7,

2) HEIOBTOPSIOINHECA OYKBEI IMEHH H (DaMIUTHI, 1014,

3) 10 cTpoYyHBIX OYKB IpeyecKoro ajadaBHTa, S5XT,
4) ajﬁﬁ YTTCHEIR GYKB IPeuecKoro andabHra, 10X14;
bk '5} ..... 10 Eﬂménﬂgﬁpﬁ”fé";ﬁeﬁ)dmgs 10x14;
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6) 10 apabckix mmdp, 10<14.

BapuaHTEI ¢ 7 110 20 3a1ar0TCcs Mpero aBaTelIeM.

Cﬂ,[[EpHQﬂHHE 0oTYIETA
B cocTaB oTt4yeTa BXOIST CIICOVYIOIIHE Pa3/CJIbl.

1. DopMyIHpOBKa 33 adH.
2. Amnanuz demo-nipuMepa (110 YKa3aHHIO ITPeIojaBaTens).

3. ApxuTeKkTypa H NapaMeTpbl ceTH, (PYHKII IS (POPMHPOBAHHSI 00pa30B, CIeHApHH
OOyYyeHHMS H  Ppe3ylIbTaThl MOJEIHPOBAaHHA JUII 3ajJad  KIacCHPHKAIHH |
ITPOrHO3HPOBAHHS.

4., BBIBOIHIL.

KoHTpoOJ/ILHBIE BOIIPOCHI
1. B 4eMm 3axkmodaeTcs Impodnema rnepeoOyueHHsI CETH?

2. Yto noHmmaeTcs nmog o0o0maroen CriocoOOHOCThIO HEHPOHHOH CETH?

3. CdopMymHpyiiTe OCHOBHBIE ITPHHIMMITEI MeTola oOpaTHOrO pacrnpocTpaHeHHI? Kakue
MOIH(pHKAIHH 3TOr0 MeToJa BaM H3BECTHEI?

4. Kak BEIYMCIISETCS OMOKa JJIS CETH ¢ MHOI OCIIOHHOH apXHTEKTYPOH?

5. Yto noHMMaeTcsa oA TEPMHHOM «ITOBEPXHOCTE OIIHOOK»?

JIadopaTopHas padora Ne 5.

CaMOOpraHH3VIOIIHECS H PEKYPPEHTHBIE CETH. | HOpHIHBIE HEHPOHHBIE CETH.
dopmMa npoBeeHAA: KOMITBIOTEPHBIE CHMYJISIIHH.
Iean: FccnegoBanne caMOOPraHH3yIOIMXCS HEHPOHHBIX ceTel KOXOHEeHa.

Ilopsiaok BbIMOJTHEHHS PADOTHI.

1. M3yuurh JEeMOHCTPAIMOHHBIE IPHMEPHI, HIIFOCTPHPYIOINHE padoTy CIO0eB H CeTeH
KoxoHeHa:

democ] — HacTpoiiku cnosg KoxoHeHa;
demosm] — omHOMepHas Kapra KoxoHeHa;,
demosm?2 — 1ByMepHas KapTa KoxoHeHa.
2. Hzyuurp M-pyHKIIMM, TIIpefHasHAuYeHHBIE I HHHIHATH3AIMH, OOyYeHHSI H

MO EINPOBAHMS IHHEHHBIX CETEH, HCIIONIB3YA CIIpaBOUHyI0 cHcteMy MATLAB.

3. Ilomyuurp 3agaHHe Yy TIPENOaBaTelll M PeajlN30BaTh €ro PellleHHe ITPH ITOMOIIM
JIHHEeHHOH CETH.

4.  OTBeTHTH Ha KOHTPOJIBHBIC BOITPOCEL H COCTABHTE OTHCT.

Teopermigexue 0Q9sHOBAHNS

BPRPBHECE WL MSa GombInk HHPOPMAIHMOHHLIX MACCHBOB HEH3MEHHO BO3SHHKAIOT
Cepmudomkatr: 2C0000043ESABBBO52205E 7BAS00060000043E

Bnanenesddd s, GBASAHELBIC, G HOCIICAOBAHHEM CIPYKTYPBI JaHHBIX, HX 00OBbeJHHEHHEM B I'PVIIIIBI
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Ceptud

(KimacTeprl), pacIpelie]IeHHEM ITO0 KlaccaM, CKaTHEM JAHHBIX, OIPEJEIICHHEM XapaKTePHCTHK
oOBeKTa II0 OrpaHHYEeHHOMY HaOOpy IPH3HAKOB H T.J. TakKHe 3aJayl YCIIEIIHO PEeIIaloTCs C
ITOMOIIBI0 CaMOOPTraHH3YIOINNXCcA ceTel. CeTsaM 3TOro THIIa B IIpolecce OOy4YeHHS He HYKeH
"VUHTENL", T.€. B IIPOLECCE TPEHHPOBKH He TpedyeTcs cooOIaTh CETH IPABHIILHBIH OTBET IIPH
MpeAbSIBIIEHHH IIpHMepPa (BXOAHOro o0paza). OTH CEeTH CIIOCOOHBEI  OCYIINECTBISTH
KITaCTePH3aIlIO, T.€. pa3Jie]ieHHe JaHHBIX Ha Pa3IHYHbIe KaTerOopHH (KIacTepsl). Kinaccrmyec kM
IIPHMEPOM TaKHX CeTeH SBIITOTCS TaK HasbIBacMble KapThl KoOXOHeHa — HEHPOHHBIE CETH, B
KOTOPHIX OIIM3KO  PAacIONOKeHHBIE  HEHPOHBI  COOTBETCTBYIOT  OIHMBKHM  KIacTepaM
(yrmopsmoueHsl). ApxXHUTeKTypa ceTH KoxoHeHa mpejicTaBieHa Ha pHc. 20. O0parnaeM BHHMaHHE,
YTO B HEHPOHAX CETH HE HCITONB3YIOTCS cMelneHNI. [lo xomaHme help selforg moxxHO momydnrs
HH(popMaIHio 00 M-QyHKIISIX, OTHOCSIIMXCS K ITOCTPOeHHIO KapT KoXoHeHa.

Co3aHie caMOOPraHH3YIOIIEHC KapThl KOXOHeHa OCyIeCTBISIETCS (PYHKITHEH Newso1m:

net =newsom(PR, [D1,D2,...], tfcn, difcn, olr, osteps, tlr, ns),
rae D; — pasmepHOCTh KapThl (1m0 ymomyaHHio = [5 8]); tfen — tomomorns (‘hextop'); dicn —
(PYHKIHSI BBIUHCIECHHSI JHCTAHI[HOHHOIO PpaccTOSHHSA MeXay HelpoHamu ('linkdist’); olr —
CKOpocTh (paspl yrmopsgmodeHHT kKod(pgrumeHToB (0.9); osteps — mar ¢aspl ymopsagouyeHHs
(1000); tlr — ckopocte »5Tama tnojacTporkH KoaddmmeHtoB (0.02); tnd — HayambHEIE
OKPECTHOCTH 3Talla IOACTPOHKH (1).

Input selt Organizing Map Layer

TWi.

Sl

P 111 q1
nKxl Silwl C gl P
\if '\—SLJ
- || IWha - p ] al = compet (n)
Puc. 20

OOyYeHHE CETH PealM3yeTCsa MTOBEKTOPHO HE3aBHCHMO OT TOr'O, BBEIIOIHSETCS JIH OHO C
ITOMOINBI (pyHKIHH trainwbl mmm adaptwb. B o6omx cimydasx ¢pyHKIII learnsom BEITTOTHSIET
HACTPOHKY BeCOBBIX KO3(p(pmIHeHTOB HeiipoHOB. IIpnm oOydyeHmn Ha Kapre KoxoHeHa
OMHOBPEMEHHO H3MEHSIOTCS BeCOBbIe KO3() (PHITHEHTH HEHPOHOB, COCEICTBYIOIIHX C HEHPOHOM-
nmoOeIHTENEM B IpeiellaX HEKOTOPOro pagnyca (OKpecTHOCTH). IIpHMep oKpecTHOCTH pagmyca 1
H 2 IIpeJICTaBIIEH Ha pHC. 21.

@@@)@Q

@ OKpecTHOCTH.
@ M (1)={8, 12,13,14, 18]
R.1

Na2(2)={3,7,8,9,11, 12, 13, 14, 15,17, 18, 19, 23]

NOKYMEHT NOANUCAH Puc. 21
l@dﬁfﬂ RHRBHRE Y X KeT OBITH HE TOIBKO IBYXMEPHOH, HO H OJJTHOMEPHOH, TPEXMEPHOH H

gr:  2C0000043ESABEBB952205E/BAS00060000043E

Bnagen GHLM!% Qﬁm%ﬂlpca Ha

25

Nencteutened: ¢ 19.08.2022 no 19.08.2023



Ipumep 4.1. Co3manne KapT KOXOHeHa pas3IHYHOH TOIIOIIOTHI.

Peuienue
>>pos=gridtop (2,3)% cozmaHue NPAMOYTOJBHON CeTKM 2xX3
pos = 0 1 0 1 0 1
o011 22

>>plotsom(pos) 5 oToDpaxeHMe CeTH
>>pos = gridtop (3, 2) 5 CO3INaHMe NPAMOYITOJIEHOWM CeTKM 3XZ2
pos = 0 1 2 0 1 2

000111

>>pos=hextop (2, 3);% co2maHMe I'eKcal'CHAJILHOW CEeTKU,

¥

& MCIIOJIBE=2YVeTCHd IO YMOJIHaHIIKo

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); T COo3IDa’HMe CceTH

3 CO CIIy4alHEM PAaclOJIOXKeHNEM V2JI0OB

pos=0.061 0.6471 0.408 0.949 0.000 1.651

0.000 0.122 0.904 0.547 1.401 1.568
BreIunclIeHHe ~ pacCTOSHHMH — MeXIAY — HeHpOHAMH OCYHIECTBIIAETCA  YETHIPHEMA

BBIIIIEYTIOMSIHY TBIMH (DYHKITH SIMH:

>>pos=gridtop (2, 3);% OpuMep IJ4 OPAMOYITOJEBHOM CeTKH
>>d=dilst (pos)
>>d=1linkdist (pos) T MCIIOJNIB2yeTCcd [I0 YMOJIYaHMIO
>>d=mandist (pos)

Ilpumep 4.2. PazneneHie HaOopa BXOJHBIX BEKTOPOB ¢ HCITOIb30BaHHeM Irpadukn MATLAB.
Peutenuie
ChopmupyeM 48 KOOPAHHAT CIIYYAHHBIX TOYEK:

>>c=08; 3 UMCJIO KJIACTEPOR

>>n=0; t UMCJIO BEKTOPOB B KJjlacTepe

>>t=c*n; T UMCJIO TOUYeK

>>d=0.5; t CpelHeKEaIpaTUUYHOe OTKJIOHEeHMEe OT LeHTpa B
KJlacrepe

>>x=[-10 10; -5 5]; % momana=zoH BXOIHHX 2HaAYSHUM

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

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

>>y=[v v Vv Vv Vv V]; v=v+trandn(r, t)*d; % KOOPIOMHAaTE TOUEeK

>>P=v;

>>plot (P(1, :), P(2, ), ‘tk") ; z:oTobOpaxkeHue EEKTOPROB

BXOOa

Co31aaiM CeTh U3 8 HEHPOHOB:

>>net=newsom([-2 12; -1 ¢], [2, 41]1);
>>wl=net.IW{1l}

>>p0=net.b{l}

>>c0=exp(l)./b0% napamMeTp aAKTHUBHOCTM HEeNPOHOB
OBy4dlMM CEeThb:

>>net.trainParam.epochs=500;

>>net=train(net, P);

>>w=net.IW{1l}

>>bn=net.b{l}

>> e dncaf PD
W €8Tp Ha BXOJHBIX BEKTOPaxX H IIPOCMOTPHM Pe3YIILTAT:
CepTudukar: EC.[I' 0 GdSEBﬂBBBQ %TBAE%Q 6000004 3E
. | = 1m
nagaeneu. E.I’KEIB-EI. TateAHa EHEEH,&F}DEHE
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>>par (sum(a’ ) ) % paclpelelfieHMe BEKTOPOER IO KJacTepam.

Iipumep 4.3. Cosganue H o0ydeHHe ceTH KoxXoHeHa i1 0OpaboTKH ABYX3JIEMEHTHBIX BEKTOPOB.
Peuteniie
>>net =newsom ([0 2; 0 2], [2 3]); % MHMUMaIM=2alMg CeTU
>>net.layers{l} 3% nonydyeHme MHPOpMALNN O CETHU

3aa MM BXOIHOH BEKTOP H3 12 3IIeMEHTOB:
>>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 0.2 1.8 1.8 1.9 1.9 1.7 1.8];
>>plotsom (net.IW{l, 1}, net.layers{l}.distances)

>>hold on
OrobpaszuM HadalbHOe IIOJIOKSHMA HEeNpPOHOEBR Ha Ipajduke
>>plot(p(l, ), p(2, :=),"*k’, 'markersize’, 10);

BajanyM NapamMeTpE obydeHMd:
>>net.trainParam.epochs=2000;
>>net.trainParam.show=100;

>>net=train(net, p):;

>>plot(p(l, ), p(2, =), "*", "markersize’, 10);
>>hold on

>>plotsom(net.IW{1l, 1}, net.layers{l}.distances)

% MOIeJIMPOBaHMEe CeTM Ha MaccHupBe oO6ydanlix BeKTOpPOB
>>a=sim(net, p)

a = (2,1) % BeKTOpEl BXOAOB 1 M 2 OTHEeCeHEl K KJacTepy N2
(2,2)

(1,3) % BEKTOpPEI 3 — 6 OTHeceHEl K KJacTepy Il

(1,4)

(1,5)

(1,6)

(4,7) % BEeKTOprl /,8 OTHeceHE K KjJacTepy N4

(4,8)

(6,9) % BekTopel 9,10 oTHeceHEl K KJactepy N6

(6,10)

(5,11) % BekToprl 11, 12 oTHeceHEl K KJdacTepy IS
(5,12)

>>bar (sum(a’)) % paclhopeleljieHlMe BeKTOPOB I[I0O KJlacTepaM.

[Iportecc oOvyueHHs KapThl KOXOHeHa BKIIFOYAET 2 3Talla; VIIOPSAOYEHHE BECOBBIX
KO3((PHIIHEHTOB M IIOJCTPOIiKa, B pPe3ylbTaTe Yero OCYIIECTBILIIOTCS H3MEHeHHS pa3Mepa
OKPECTHOCTH H CKOPOCTH 00yueHHS. HauvambHEIN pasMep OKPeCTHOCTH paBeH MAaKCHMAalIbHOMY
PacCTOSHHIO MeEKIY HEHpPOHAMH H VyMeHbInaeTcsa [0 BennuyHHBI net.inputWeight{1.,1}.
learnParam.tune nd, kxoTopas 1O YMOTYaHHIO paBHA 1. 3TO MPOHCXOAUT Ha ATare
VIIOPSAOYeHHS 3a (PHKCHPOBAHHOE KOIHYeCTBO IHKIOB (110 yMomyaHHio 1000). Uucnao mraros Ha
ATane ITOACTPOHKH 3HAYMTEIPHO IIPEBHIIIAET YHCIO IMArOB Ha ATalle PaslIOKEHHS H 3JeCh
ITPOHCXOAUT OoJlee TOHKAS HACTPOHKA IIPH MAJIBIX OKPECTHOCTSX H MEeIJIEHHOM YMeHBIIEHHH
IapaMeTpa CKOpocTH 00yueHHs. Taknm oOpa3oM, IpH 00yUYeHHH KapThl KOXOHEHa pelaeTcs He
TOIIBKO 3aJiada KIacTePH3ALHI, HO H BBITTOIHACTCS YaCTHYHAS KIIaCCH(PHKAITH.

CIoH HEHPOHOB KapThl KOXOHeHAa MOKHO IIPEACTaBHTh B BHJEe T'HOKOH CETKH, KOTOpas
HAaTSHYyTa Ha IIPOCTPAHCTBO BXOMHBIX BEKTOPOB. M3-3a TOro, 4ro B IIpolecce OOYUYEHHS
YYaCTBYIOT COCEIH HEHPOHA-TIOOEMHUTEILS, TOIOIOTHYECKAS KapTa BRITTISAUT YIIOPSAOUYEHHOH.

BapHaHTEDRAKAH I NVCAH

epmmear mﬂ@?%?ﬁéﬁ’%ﬁ@%ﬁ%%mﬂmax TPYTIITS:

Brageney  LeSPHIHHECKH @ HapaMeTPHI (TIOJ, POCT, Bec, IIBET ITIas...),
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yueOHBIE pe3ylbTaThl (YCIIeBaeéMOCTh II0 TIPyIOIaM JUCIHIUIMNH, II0 OTJEJIbHBIM
THUCLIHIUINHAM, CPeIHHE Oallhl, . .. ),

IICHXOJIIOTHYECKHE  OCOOEHHOCTH  (TeMIlepaMeHT,  pe3ylbTaTbl  IICHXOIOIHYECKOIO
TECTHPOBAHHY, .. .).

[IpoBecTH aHamn3 OOBEKTOB, HCITONB3YSA PA3IMYHbIE COUETAHHMS COOpPaHHBIX JTAHHBIX.

[IpoaHamM3HPOBATh ITONYYEHHBIE PE3VIIbTATHI, IOIBITATHCS OIPEHEIHTh, KaKOH CMBICII

HMEIOT BBISIBJIEHHBIE KIIACTEPHI.

2. lIpoBecTH KIacCH(pHKAIHIO PAfAa HSIeMEHTOB IepHOAHYecKoil cHcTeMel J[.H.
MeHeneena.

3. IlpoBecTH K1accH(pHKAIHIO psafa rocyaapcTtB EBpornsl, Azun, JIaTHHCKOH AMEPHKH.

4. TIpoBecTH KiIacCH(HKAIIHIO (PYTOOIBHBIX KITyOOB/HIPOKOB EBpPOITEI.

5. TIpoBecTH KIIacCH(PHKAIIHIO IIETKOBBIX (I'PY30BBIX) aBTOMOOHIIEH.

6. IIpoBecTH KnacCH(pHKAIHIO VUpeKJeHHH BBICIIEr0 o0O0pa30oBaHHA (HeOOXOIHMO
OITPEJEINTh BHJ BBICINErO YUeOHOrO 3aBEIeHHS. YHHBEPCHTET, aKaleMH L, HHCTHTVT).
Coaep:xanue orvera

B cocTtaB oryeTa BXOJIAT CIEAVIOIINE pa3elibl:

1. DopMyIHpOBKa 33 auH.

2. AHam3 demo-TpuMepoB (110 YKa3aHHIO ITPEIolaBaTeNsd).

3. ApXHUTEKTYpa H ITapaMEeTPHI Cl10 KOXOHeHa, BXOTHOH BEKTOP.

4. CrieHapui oOy4ueHHs 10 KOXOHEeHa, pe3yIbTaThl MOIEIIHPOBAHHS.

5. IIVHKTEI 2 — 5, BBIIIOITHEHHEIE 119 KapThl KOXOHEHA.

6. BRIBOJIHI.

KoHTpOJ/ILHBIE BOIIPOCHI

1. B ueM 3aKmro4aeTcs CBOHCTBO CAMOOPraHH3al[HH HEHPOHHBIX CETEH?

2. IllpuBenure KOHKpPETHBIE IIPUMEPBI M3 COOCTBEHHOI'O OIBITA, IJI€ MOXHO OBIIO OFI
HCITONIB30BAaTh CaMOOPTaHH3YIOIIHECS CETH.

3.  Kak npoucxoaur o0yueHHe KapTel KoxoHeHa?

4.  Kakyro poip HrpaeT ImapaMeTp aKTHBHOCTH HEHPOHA B ceTSAX KoxXoHeHa?

KPUTEPUH OIITEHUBAHHIS KOMIIETEHIINH

OIleHKa «OTIIMYHOY» BBICTABISETCS CTYAEHTY, €CIIH Iy OOKHE, HCUEPITBIBAIOIINE 3HAHH S H
TBOPUYECKHE CITOCOOHOCTH B ITOHHMAHHH, M3JIOKEHHH H HCITOIb30BAaHHH YUEOHO-IIPOrPaMMHOLO
MaTepHana, JIOTHYECKH IIOCIIeOBaTelIbHbIe, COJIep/KaTeIbHEIE, IIOTHBIE, IIPABHIIBHBIE H
KOHKPETHBIE OTBETHI HA BCE TIIOCTABIEHHBIE BOIIPOCHI H JOIIOIIHHTEIIBHBIE BOIIPOCEI
IperojaBareisd, CBOOOJHOE BIANEHHE OCHOBHOH M  JIOIIOIHUTEIIEHOH  JIHMTEPATYPOH,
PEKOMEHIOBAHHOH YUeOHOH ITPOTrpaMMOT.

OIleHKa «XOpPOIINO» BEICTABISETCS CTYAEHTY, €CIIH TBEPABIE M JOCTAaTOYHO IIOJHEIE
3HAHIMS BCErO ITPOrpPaMMHOIO MaTepHalia, IMPaBWIbHOE ITOHHMMAHHE CYIIHOCTH M B3aHMOCBS3H
paccMaTpUBacMbBIX ITPOLIECCOB M SBIEHHH, IIOCIEMOBATEIbHBIE, IIPABWIBHBIE, KOHKPETHBIE
OTBETHL Ha ITOCTABJIEHHEIE BOITPOCHI ITPH CBOOOJHOM YCTPAaHEHHH 3aMEYaHHI IT0 OTAEIIbHBIM
BOITPOCAM; JIOCTATOYHOE BIAJEHHE JIHTEPATYPOH, PEKOMEHIOBAHHOH YUeOHOH IIPOrPaMMOH.

OILleHKa «YIOBJIETBOPUTEIILHO» BBICTABISETCS CTYIEHTY, E€CIH TBEPAbIe 3HAHUS H
IIOHHMMaHHE OCHOBHOI'O IMPOrpaMMHOIO MaTepHala, IpaBHIbHEIE, Oe3 IPyOBRIX OIMMMOOK OTBETHI
Ha ITOCTABIIEHHBIE BOIIPOCHI IIPH YCTPAaHEHHH HETOYHOCTEH M HECYINECTBEHHBIX OINMMOOK B
OCBEIIEHHH OTJEIbHBIX TTOJIOKEHII ITPH HaBOSIIIX BOITPOCaxX IPENoAaBaTelld, HEOCTaTOUHOE
BII4JICHHE JIMTEPATYPOH, PEKOMEHIOBAHHOH YUeOHOH ITPOr PaMMOH.

OILlEHKa «HEYIOBIETBOPHTEIILHO» BBICTABIISIETCS CTYAEHTY, €CIIH HEIPaBIIBHBIE OTBETHI Ha

OCHOBHEICAO 00 ””WE?HJEI{BI bple OIMMOKH B OTBET HCIIOHHMdHHE CYIITHOCTH
ANEKTPOHHOW N WUCb Ip}"ﬁ ax

Ccmm@ﬂ?ﬂ@@%&%@%ﬁﬁ%@ﬁ%me H HCTOYHBIC OTBCTEI Hd JOIIOIIHHTCIIBHBIC BOIIPOCEI

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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METO/IHYECKHE MATEPHAJIBI, OIIPEAEJEAIOHINE IIPOLHE/IYPDI
OINEHHBAHHUA SHAHIUI, VMEHHH, HABBIKOB N (MJIM) OIIBITA
NEATEJIBHOCTH, XAPAKTEPU3YIOHINX ITAIIBI POOPMUHUPOBAHNUA
KOMIIETEHIIUI

Texymas arrecralfisd CTYIASHTOB  ITPOBOAUTCS  IIPEIOJABATEISMH,  BEIYIIHMH
Ta0opaTopHEIE 3aHATHA IO JHCIHIUIHHE, B CIIeAYIOIX (popMax: oT4eT, coOeceJOBaHHE.

3amura OoT4YeTa ITIPOXOJHT B (pOpMe JOKIaja CTYJEeHTa IIO BBHIIIOIHEHHOH padoTe H
OTBETOB Ha BOITPOCHI ITPEIOiaBaTelId.

MakcHManbHOE KOITHYeCTBO OalIOB CTYAEHT ITONy4aeT, ecllH OdopMiIeHHEe OT4YeTa
COOTBETCBYET YCTAHOBJIEHHBIM TpPeOOBaHHMSM, a OTYET ITIOIMHOCTBIO PACKPBIBAET CYTh PalbOTHI.
OcHOBaHHEM JIS1 CHHKeHHEM OLIeHKH IBIITHOTC:

- YACTHYHO HE COOBECTBYET YCTAHOBJIEHHBIM TPeOOBAHIIM,

- B OTYETE HEMOJIBHOCTHIO PACKPHIBACTCS CYTh PadOTHI.

OT4eT MOKeT OBITh OTIIPABIIEH Ha JOPaOOTKY B CJIE IYIOIIIX CITYYasX:

- TIOJIBHOCTBIO HE COOBECTBYET YCTAHOBJIEHHBIM TPeOOBAHIIM,

- HE PacCKpHITa CYTh PadOTHL.

KpHuTepnn OleHHBaHHS OTYETOB IIPHBEAEHBI B DOHAEe OLEHOYHBIX CPEICTB IIO
UICIIIIIHE « TeopHsS HEHPOHHBIX CETEH Y.

PesybTaTOM HTOrOBOH ITPOBEPKH 3HAHHH CTYIAEHTOB IT0 JHCIUIUIHHE Y4eOHBIM IUTaHOM
ITPeTYCMOTPEH 3ayeT ¢ OLeHKOH (IH{QepeHIIHpOBaHHBIH 3a4eT), KOTOPHIH BRIPaKaeTCsI B BHJIE
OLIEHOK «OTJIIMYHO», «XOPOIIOY, «YAOBIETBOPHTEIIBHOY ,, «HEYIOBIETBOPHTEIIEHO.

VUYEBHO-METOJUUYECKOE W  HH®OPMAIIMOHHOE  OBECIIEYEHUE
TACITNILIAH I

10.1. PexomMenayemasi ureparypa
10.1.1. OcHoBHAA JIHTEpaTypAa:
1. Komapriora JI.I'., Makcumor A.B. HelipokommbproTepsl: Yuel. 1mocodHe I BY30B. — 2-€ H3/]I.,
repepad. u gor. —M.: Usg-so MI'TY um. H.3. baymana, 2013. — 400 c.
2. MeaseneB B.C., IloremxnH B.I'. Henponnsle cetn. MATLAB 6 / Iloxg ob6m. pex. B.I.
[IoremxuHa. — M.: JJMAJIOI'-MHO®H, 2012. — 496 c.

10.1.2. /lonmoJTHHTEILHAS JIATEpaTypa:
1. 'anmynmyH A M. Teopus HelpoHHEBIX ceTell. — M.: MIIPJKP, 2000. — 416 c.
2. XankuH C. Henponnsie cet. [lonHein xype. — M.: Usn. mom Bromssmvc, 2006.
3. UepnrimeB A.b., Kosmmos B.A ., XKepHocek M. A. HenpokomiiproTepHeie ceTH: JlabopaTOpHEIH
IpakTHKYM. — [ sruropek: Msg-so III'TY, 2011. — 40 c.
10.1.3. Meroquueckas Jureparypa:
1. MeTomuecKHe YKa3aHHS I10 BBRIMIOIHEHHIO Tab0opaTOpHBIX padoT MO AHUCIMIUIMHE «1eOopHs

HEHPOHHEIX CETEH.

2. MeTtoauueckne yKa3zaHHS I10 BBIITOIHEHHIO KOHTPOIBLHOH PadoTHI IO AHCIMHIUIHHE « eopHs
HEHPOHHBIX CETEH.

3. MeTtomnyeckie peKOMEHAALIHH IS CTYAEHTOB 110 OpraHH3aI[HH CaAMOCTOSTEIbHOM paldoThI 110
JTHCIHIUIHHE « T eOpHS HEHPOHHBIX CETEH.

10.1.4. HHTEpHET-pECYPCHI:
1. hitp://www.intuit.tu — calT JHCTAaHIIHOHHOTO 0O0pa3zoBaHHS B 00JacTH HH(OPMAIHOHHBIX

TeXHOJIOTHH
OOKYMEHT NQArNnMCAH
2. http:ﬁmeﬂﬂmgnmemﬁpaaﬂﬂmemmle PECYPCHI BEAVIIHX BY30B

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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1. Neural Network Toolbox crcremer MatL ab.

MHUHHUCTEPCTBO HAYKHW U BEICIIEI'O OEPA3OBAHHWA PO
OEJIEPAJIBHOE 'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIEHOE
YUPEXJIEHUE BBEICHIEI'O OBPASOBAHHWA
«CEBEPO-KABKA3CKUUW ®EJIEPAJILHBLIM YHUBEPCUTET»
[Iaruropckwit HHCTHTYT (proman) CKOY

MeTtoanyeckue yKa3zaHHs

JUTsL OOy YarOMIMXC II0 OpTraHN3allli U IIPOBEIEHII CAMOCTOSITEILHOII pabOTEI
110 aucruIiinae «TEOPHA HEWPOHHBLIX CETEW» JJI1 CTY A€HTOB HaIllpaBIICHIS
roaroToBku 09.04.02 MudopmMmanmoHHbIEe CHCTEMbI M T€XHOJIOT MU
HaIlpaBI€HHOCTE (IMpodiis ) TexHomoruu padorhbl ¢ JAHHLIMH U 3HAHUSIMM,
aHaJIU3 HHpopMaLIUU

IIaTuropck
2023

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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1. HEJIb H 3AJIAYH OCBOEHUA JTHCIHHUIIJ/IMHDBI

[lenbi0 OCBOEHMS AUCLMIUIMHBI «TeOpHS HeHPOHHBIX CETEH» SBIISETCS OBJIAJICHHE
HeOOXOANMBIMH TEOPETHYECKHMMH 3HAHMSAMH H IIPAKTHYECKHMMH HaBBIKAMH B OOIAacTH
COBPEMEHHEIX METOJOB H IIOAXOAOB ITapa/NIEIbHOH O00paOOTKH HH(pOpPMALMH JII1 3aJad
ITOCTPOEHHI COBPeMEeHHBIX HH()OPMAIHOHHBIX CeTeH H CHCTEM.

3agayaMH Kypca SBJISIFOTCS. 3HAKOMCTBO C  MOJEISMH — OINEPAI[HOHHOrO OJI0Ka
HEHPOKOMITBIOTEPA, HM3YVUEeHHE OCHOBHBIX MOJENEH HEHPOHHBIX CeTeil, H3YUYEHHE OCHOB
KOHCTPYHPOBAHHS H HACTPOEK HEHPOHHBIX CETEH, IIPHMEHEHHE METOAOB OOYUEHHS HEHPOHHBIX
CETEHN, N3YUEHHE IIPOrPAMMHON SMYILILIHH HEHPOKOMITBIOTEPOB H HEHPOHHBIX CETEH.

2. TEXHOJIOTHUYECKAS KAPTA CAMOCTOSATEJILHOM PABOTHI

CTYJAEHTA
Bua gedgrerbHOCTH HToroBein CpencTBa OO0beM YacoRB, B TOM YHCIIE
CTYIEHTOB IIPOJIYKT TEXHOJIOTHH CPC | KonraxktHasg | Bcero
CAMOCTOSTEIILHO OL[EHKH pabora ¢
H paboTEI IIperoaBare
JIEM
IloAroTOBKa K ITEKI[HSIM KOHCIIEKT CobeceoBaHHE 0,13 0,02 0,15
CaMOCTOSTEIIBHOE KOHCIIEKT CobeceoBaHHE 32.4 3,6 30
H3YUEHHE JINTEPATYPEI
IloAroToBKa K OTYeT OTyet 1,21 0,14 1,35
1abopaToOpHBIM padoTaM I CbMEHHEIH
BrITonHeHe KOHTpOoIbHad | KoOHTpolnbpHas 27 3 30
KOHTPOJILHOH pabOTEI pabora pabora
HN1oro | 60,735 6,75 67,5

3. COIEPKAHHUE CAMOCTOSTE/ILHON PABOTHEI

Tema camocToAT €JILHOTO H3YUYeHHA Ne 2,
MeToasl 00yUeHHSI HEHPOHHBIX CETEH. APXHTEKTYPa HEHPOHHBIX CETEH.
Buja 1eAreJIbHOCTH CTYAEHTOB: CAMOCTOSTEIILHOE H3YUEHIE JINTEPATY PRI

KpaTkoe coJep:kaHie MaTepHuaJa:

Metoab1 00y1yeHHe HEHPOHHBIX CeT el

O4eBHIHO, YTO (PYHKIHOHHPOBAHHE HEHPOHHOH CETH, T.e. JEHCTBHS, KOTOPBIE OHA
CITOCOOHA BBIOIONIHATH, 3ABHCHUT OT BEIMYHMH CHHAIITHYECKHX CBS3eH. [losTOMy, 3aaBIIICEH
CTPYKTYPOH HEHPOHHOH CETH, OTBEYAIOIIEH OIIpeAelIEHHOH 3ajjaue, pa3paboTyHK JOIKEeH HAHTH
OITHMAJIbHBIE 3HAYEHHS JUIS BCEX BECOBBIX KO3(P(QHIMEHTOB W. OTOT 5Tall Ha3bIBAeTCS
O0yYeHHEM HEHPOHHOH CETH, H OT TOI'0, HACKOIIBKO KaueCTBEHHO OH OYJIET BBIIIOIHEH, 3aBHCHT
CITOCOOHOCTh CETH PEIIATh BO BPeMS SKCIUIYATaI[MH, ITOCTABIIEHHBIE IIEPE] HEH ITPOOJIEMBI.
BaxHelmmMy ImapaMeTpaMi 00yUeHHS SIBISIOTCS KaueCTBO ITOA00pa BECOBBIX KO3(D(PHIITHEHTOB
H BpeMS, KOTOpoe HeOOXOAHMO 3aTpaTUTh Ha oOydeHHe. Kak IpaBiuio, ABa STHX ITapaMeTpa
CBSI3aHBI MeXJIy CcoOOH OOpaTHOH 3aBHCHMOCTBIO H HX IIPHXOJHTCS BBIOHpPATh Ha OCHOBE

KOMITPOMHCCAMER Naadt@siiice BpeMsI BCe aJITOPHTMBI OOYUYEHHS HEHPOHHBIX CETEH MOKHO
SNEKTPOHHOW NOAMNUCHIO P P ¥ 1P

Cepruer RABETIHILD 8 JHB Ao DOIB LI KJIACCA: C YIHTEIEM H O€3 YIHTEIL
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OO0yueHHe ¢ yuuTeneM. HeHpOHHON CETH IPEIBABISIOTCS 3HAYECHHS KaK BXOJHBIX, TAaK H
BEIXOJIHBIX ITapaMETPOB, H OHa IT0 HEKOTOPOMY BHYTPEHHEMY aJlTOPHTMY IIOACTpaHBacT Beca
CBOMX CHHAIITHYECKHX CBS3eH. OOYUYEHHE C VYYHUTEIIEM IIpeAlloaraeT, 4YTo IS KaxJioro
BXOIHOI'0 BEKTOPA CYILNECTBYET IIEIIEBOH BEKTOP, IIPEACTABISIOIIMH COO0H TpeOyeMBIH BBIXOL.
BMecTe OHH HA3BIBAIOTCH IPEACTABHTEILCKOHN WIH 00yYaroIeH BEIOOPKOH. OOBIYHO HEHPOHHAS
ceTb oOOydaeTcd Ha HEKOTOPOM WICJIE TakKMX BEIOOPOK. IIpembsBiisgeTcd BXOIHOH BEKTOD,
BEIYHCIISIETCS BBIXOJI HEHPOHHOH CETH H CPaBHHBAETCS C COOTBETCTBVIOIIMM I[EJIEBBIM
BEKTOPOM, pa3HOCTh (OIMMOKa) C ITOMOIIBIO OOpaTHOH CBSI3H IOJAeTCS B HEHPOHHYIO CETh, H
BECA H3MEHSIOTCSA B COOTBETCTBHH C alITOPHTMOM, CTPEMSIIHMMCS MHHHMH3HPOBATH OIMOKY.
BekTOopel 00yYarOIIEro MHOKECTRA IMPENBABIISFOTCS ITOCIIEA0BATEIIFHO, BEIUHM CIISIFOT CS OIIMMOKH H
BeCa TOJICTPpaNBAIOTCA IS KakJI0ro BEKTOpa 0 TEX IOP, ITOKa OIIHOKa IT0 BceMy 00yYaroIeMy
MACCHBY HE JOCTHTHET ITPHEMIIEMO HH3KOI'O VPOBHSL

OOyueHne Oe3 yunrens. HeHpOHHOH CETH IPEIBIBIISIOTCS TOIBKO BXOHBIE CHIHAIEL, a
BEIXOJBI CETH (DOPMHPYIOTCS CaMOCTOSITEIILHO C YUYETOM TOIBKO BXOJHBIX H ITPOH3BOJHBIX OT
HIIX CHTHaIOB. HecMOTpss Ha MHOIOYHNCIIEHHEBIE TIPHKIIAAHBIE JOCTHJKEHHS, OOYUYEHIHE C
VUHTEJIEM KPHTHKOBAJIOCH 3a CBOIO OHOIOITHYECKVIO HeEIpaBaonogoOHocTh. OOyueHie Oe3
VUHTEIS SBIsieTcsa Oojiee IPaBIOITOAOOHOH MOJEIBI0 OOYYeHHS B OHOJIOTHYECKOH CHCTEME.
PasBurasgs KoOXOHEHOM M MHOIMMH JPYTHMH, OHAa HE HYXKIAeTCS B I[EJIEBOM BEKTOpPE JII
BEIXOJIOB M, CIIEHOBATEIIbHO, HE TpeOyeT CpaBHEHHS C IPeJOIPEAECIIEHHBIMHA HJIEAJIh HbIMI
oreetaM. OOyyarolee MHOXKECTBO COCTOHT IJHIIb H3 BXOJHBIX BEKTOPOB. OOyyarompii
alTOPUTM TIIOJICTPAaMBAacT Beca HEHPOHHOH CETH Tak, 4YTOOBl ITONYYaCh COITIaCOBAHHEIE
BEIXOJTHBIE BEKTOPEI, T.€. YTOOHI MPEABABIEHHE JOCTATOUYHO OIMH3KHX BXOJHBIX BEKTOPOB JIaBalIO
OIMHAKOBBIE BEIXOARI. IIporiecc oOyueHNs, ClIeq0BaTelbHO, BEIACISET CTATHCTHYECKHE CBOVICTBA
OOYYarOIIEr0 MHOJKECTBA H TPYIOIHPYET CXOJHBIE BEKTOPHI B KiIacChl. IIpeabsaBiIeHHE Ha BXOJ
BEKTOpa M3 JMJAHHOI'O Kjacca MHacT OIIPEJNENIEHHBIN BBIXOAHOM BEKTOP, HO JO OOYYEHHS
HEBO3MOJKHO ITpeJicKa3aTh, KaKOH BBIXOJ OVIET ITPOM3BOAUTHCS JAaHHBEIM KIIaCcCOM BXOIHBIX
BeKTOpOB. CJleIOBAaTeIIbHO, BBIXOABI ITOJOOHOH CEeTH JOIKHBI TPaHC(POPMHPOBATHCS B
HEKOTOPYIO ITOHATHYHO (popMy, OOYCIIOBIEHHYIO ITpOIecCOM OOYYEeHHS OTO He SBIISETCH
Cepbe3HON IpoOneMon. OOBIYHO HE CIOKHO HIAeHTH(QHIIHPOBATh CBSI3b MEKIY BXOAOM H
BEIXOJIOM, YCTAHOBIIEHHVIO CETBHIO.

APXHTEKTYpPA HEHPOHHBIX CeTel
OaHocJ10HHBIE CeTH

PeasibHass HEHPOHHAS CETh MOKET COJEPKATh OAHH WIH OONBINEE KOIMHYECTBO CIIOEB H
COOTBETCTBEHHO XapaKTEpH30BATHCS KaK OJHOCIIONMHAS IIH KaK MHOI'OCIIOHHAS PasBepHyTas
CXeMa CEeTH H3 OJTHOI'O CII0S ¢ R BXOIHBIMH 3JIeMeHTaMH H S HEHPOHAMH ITOKa3aHa Ha pHc. 7.1. B
BTOH CETH KaXXIABIH BJIEMEHT BEKTOpa BXOJAa COEIHMHEH CO BCEMH BXOJaMH HeHpOHa H 3TO
COEHHEHHE 3aJacTCd MATPHIEH BecOB W, IIPH 5STOM KaXABIH i-H HEHPOH BKIIOYAET
CYMMHPVIOIIIHI 3JeMEeHT, KOTOPBIH (opMHpYyeT CKalsIpHBIH BBIXOA #(i). COBOKYIIHOCTB
CKaJLIpHBIX (PYHKIMH (i) 0Obe IHHASTCSA B S-3JIEMEHTHBIN BEKTOP BXOJa N (DYHKI[HH aKTHBAI[HH
CII0S. BBIXOIBI CII0S HEHPOHOB (POPMHPYIOT BEKTOP-CTONOEI] A, H, TAKHM OOpa3oM, OITHCAHHE
CIIOSI HEHPOHOB MMEET BHJI

a=f(W *p+b)
KomuecTBO BXOJOB R B CIIO€ MOKET HE COBIIAJaTh C KOJHMYECTBOM HEHPOHOB S. B Kaxaom
ClIoe, KaK ITPaBHIIO, HCIOIB3YeTCSI OJHAa H Ta ’Xe (QPYHKI[HSI aKTHBAIMH. OJJHAKO MOKHO
CO3JlaBaTh COCTABHBIE CIIOH HEHPOHOB C HCIIONB30BAHHEM Pa3IHYHBIX (DYHKI[HH aKTHBAI[HH,
COEJIHHSS CETH, MapauielibHO. O0e ceTH OYAYT HMETh Te K& caMbI€ BXOJIBI, H KaK1as ceTh OyeT
TeHEPHPOBATEL OIPEAEIIEHHYIO YacTh BBEIXOMOB. OJIEMEHTHI BEKTOpPaA BXOJA IEPENAIOTCS B CETh
yepes MaTB%%XEﬁ% %ﬁn‘n}éﬁ JIMCIOIIYFO B!
3NEKTPOHHOW NOANMUCHIO
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Mupekcel cTpok MaTpHIbl W YKa3bIBalOT aJpecaToB (ITYHKTHI Ha3HA4YEHHS) BECOB HEHPOHOB, a
HHJIEKCBl CTOJIOIOB — KAaKOH HCTOYHHK SBIISETCS BXOIOM JJIS 5TOrO Beca. [akKMM 00pa3oM,
SIIEMEHT MaTpPHIBI BeCcOoB wi, = W(l, 2) ompenenser xo3dHIMEHT, Ha KOTOPHIH YMHOXaeTCs
BTOPOH 3IIEMeHT BXOJa IIPH Iepejiade ero Ha IepBhIH HEHPOH.

Cmo ¥ e Hp OHOE
’F..-——————-""‘—-—_-_—\‘
x I R S
| 5,
1
> i >-if '
| &,
1 :
e =
2 elSf =
s
R 1 .
. A : e " ol
a = f{W+*p +b)

Puc. 7.1. Pa3seepHyTas cxema OJHOCIIOHHOH CETH
JIT1s1 OTHOCTIONMHOM CETH € .S HEHPOHAMH VKPVITHEHHAS CTPYKTYPHAas cXeMa ITOKa3aHa Ha pHc. /.2.

Bxon Hespon

Puc. 7.2. CTpyKTypHas cXeMa OJHOCIOHHOH CETH
31ecs p — BEKTOp BXoJa pasMmepa Rxl, W — Becopas Marpuiia pasmepa SXR, a, b, n — BEKTOPEI
pasMepa Sx1.
MHoroc/I0HHbIE CeTH
PaccMOTpHM CeTH, MMEIOIIHE HEeCKOIIBKO CIIOeB. ByJeM Ha3blBaTh BECOBBIE MATPHILBI,

coe IMEHMW@X%MHBEGMI BXOJIa CIIOS, a BeCOBBIe MATPHIILI IS CHTHAJIOB, HCXO e
A SNEKTPOHHOW MOANUCHIO A > PHIIBL JUI ) JIALITY

Ceprna K3 CTEO5E HAROBEM. BECAVHL BRIeMA, 105, [lanmee, OyZeM HCIIONB30BaTh BEPXHHE HHIEKCHI, YTOOHI
BnaneneyKa 38/PEHeT OMHMK ' Hcaafpeeal U1 Pa3IHYHBIX BECOB MU JPYIHX 3IIEMEHTOB HEHPOHHOH CETH.
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YTOORI IMOSICHUTHE 3TO, PACCMOTPHM CHayajaa TOIBKO OIHMH, IIEPBBIN CJIOH MHOI'OCIIOHHOHM CETH
(puc. 7.3).

OG03HAYHM BECOBYIO MATPHILY, CBSI3aHHYIO ¢ BXomaMH, yepe3 IW, Bepxrie HHIEKCH KOTOPOil
YVKa3bIBAIOT, YTO HCTOYHHKOM BXOJOB SBIISETCS IIEPBBIH CIIOH (BTOPOH HHIAEKC) H aJpecaToM
SIBIISIETCS TAaK)Ke TEPBBIH CIIOH (TIEPBBIH HHIEKC). DIeMEHTHI 3TOIO CJIOS, TakKHe, KaK CMEINeHHE
b! Bxoxn (YHKIMH aKTHBAI[HH n' 1 BBIXOI cJIOA al:, HMEeIOT BEPXHHH HHAeKC 1, 4YTOOBI
0003HAYHTE, YTO OHH CBS3aHBI C TIEPBBIM CIIOEM.

Bxzon Cnon |
(_‘_| F g N
P

a'=rl(w'lep +1')

Puc. 7.3. Cj10H MHOT'OCIIOHHOH CETH

B pampHenneM Ui MaTpHI] BECOB BXOJa M BBRIXOJA CIOS OYIYT HCIIOIB30BaHEI
ooo3HaueHnga IW(Input Weight) m LW(Layer Weight) coorBerctBeHHO. Korma ceTh MmMeeT
HECKOJILKO CIIOEB, TO Ka’KIBIH CIIOH HMEET CBOK MAaTpHIy BeCOB W, BEKTOpP CMelleHHS b u
BEKTOP BEIXOAA a. UTOOHI pasmyaTh BECOBBIE MATPHIILI, BEKTOPHI BBIXOAA M T. . IJII KaKIOrO
H3 S5TUX CJIOEB, BBEJIEM HOMEP CIIOS KAK BEPXHHH HMHIAEKC NI ITPEACTABILIIOIIEH HHTEPEC
repeMeHHoi. CeTh, IOKa3aHHAs HIDKe, HMeeT R BXOIOB, S' HEPOHOB B IIEPBOM CIIOE, S
HEeHPOHOB BO BTOPOM CJIOE H T. A. J[11s oOIHOCTH OyAeM CUHTAaTh, YTO Pa3IIHYHEBIE CIIOH HMEIOT
Pa3IMYHOE YHCIIO HEHPOHOB. Ha cCMeIeHHs JJIg KaXKIoro HENPOHA ITI0IaH IIOCTOSHHEBIH BXOIHOH
CHTHal 1. 3aMeTHM, YTO BBIXOABl Ka)KIOrO ITPOMEKYTOUHOIO CIOS CIyKaT BXOHAMH IJIS
CIEYIOMIETO cII0SL. TakHM 06pa3oM, CIIOH 2 MOJKET OBITh PACCMOTPEH KaK OIHH CIIOH CETH ¢ S
BXOomaMH, S° HefipoHaMH M S’ X S° MaTpuieii BecoB W2, Bxox K citoro 2 ectb 1, a BeIXom — 2.
Temeps, xorga o003HAUEHBI BCe BEKTOPHI M MATPHILI CIIOS 2, MOXKHO TPakKTOBaTh €ro Kak
CAMOCTOSTEIPHYIO OJIHOCIIONHYIO CeTh. [aKOHM ITOAXOJ MOKeT OBITh HCIIOIB30BaH K IFOOOMY
CIIOIO CETH.

CIIOM MHOTOCJIOHHOH CETH HMEIOT PasiHyHble HaszHaueHHs. CIIOH, KOTOPBIH OOpasyer
BEIXOJ[ CETH, HA3BIBACTCS CIIOEM BBIXOZa. Bce ApyrHe CIIOM Ha3BIBAXOTCS CKPBITHIMH CIIOSIMI.
TpexcioiiHas ceTh, HMeeT BBIXOJHOH CIIOH (CcIoi 3) M 2 CKPBITHIX cl1ofg (cmoi 1 u crmoit 2).

TpexcioliHast ceTh MOXeT OBITh ITpPeJiCTaBIeHa B BHAE YKPYITHEHHOH CTPYKTYPHOH CXeMbI (PHLC.
7.4).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Bxon  Ilepesni cioif Bropoit croi Tperuii cnott

N1 NT LY 2 A
p ! — — “3"-'-‘
f': _‘.']:.‘n'ﬂ f}
i
Ry \ ' ) Sl ) §ixl §2 R sy _5?

al= f‘.m-"-‘pn:l] al= P2 LW al4b?) angjf[,“'n:tz-l-bg;

Puc. 7.4. CTpyKTypHas cXeMa TPEXCIOHHOH CETH
3aMeTHM, YTO BBIXOJ[ TPETHET'O CI0A a° 0003HAaYeH Yepe3 Y. OTa CAeNNaHO IS TOro,
YTOOBl MOMYEPKHYTh, YTO BBIXOJ ITOCIEIHETO CIIOA SBIISETCA BBEIXOAOM CETH. MHOTOCIIOMHEIE
CeTH 00IaJaroT BeChMa MOIIHBIMH BO3MOKHOCTSIMH. Harprmep, ABYXCIIOHHAS CETh, B KOTOPOH
TIEPBBIH CIIOH COJEePKHT CHIMOHJAIbHYIO, a BTOPOH CJIOH IHHEHHYIO (DYHKI[HIO aKTHBAI[HH,
MOJKeT OBITh OOydeHa aImIpPOKCHMHPOBATh C IPOH3BOJIEHOH TOYHOCTHIO JTHOOYIO (PYHKIIHIO C
KOHEYHBIM YHCJIOM TOUYEK Pa3pHIBa.

CeTH ¢ IpsaAMoH nepeaaven CHrHaJIa

OnHOCIOHHAs ceTh ¢ S HeHpOHAaMH C (YHKIMSMH aKTHBAIlHH logsig, HMeromas R
BXOJOB, IIOKa3aHa Ha pHC. 7.5. 3Ta CeTh, HE HMEIOIAsad OOpaTHBIX CBS3EH, HA3BIBAETCS CETHIO C
ITPSIMOH. TIepeiaucH CHIrHama. 1aKkue CeTH YacTO MMEIOT OJMH WM O0JIee CKPBITHIX CIIOEB HEHPOHOB
C CHIMOHJAIbHBIMH (PYHKIIHMSIMH aKTHBAI[HH, B TO BpeMS KaK BBIXOJHOH CIIOH COJEePIKHT
HEHPOHBI C JIHHEHHBIMH (QPYHKISAMH akTHBAIlHH. CeTH C TaKOH apXHTeKTYpOH MOTIYT
BOCITPOH3BOJUTE BEChbMA CIIOKHBIE HEJTHHEHHBIE 3aBHCHMOCTH MeXIY BXOA0M H BBIXOJOM CETH.

Input  Layer of Neurons Input Layer of Neurons

~\

Sx

a=f (Wp+bh)

R = numberof
elements in
INnput vector

S =number of
a=f (Wp+b) neurons In layer

Puc. 7.5. OZHOCIIOHHAS CETH C IPSMOH IepegadyeH CHTHalIa

T TTOSCHSHMSHT 0OM3HAMCHIIT B MHOI'OCIIOMHBIX HEHPOHHBIX CeTSIX BHHMATEIIBHO H3YUHTE

POHHO MO
Conmy d:%m%%ﬂfﬁ%a mﬁ@%ﬁgg&%gﬁm puc. 7.6. OTa CceTh MOXKEeT OBITH HCIIOIb30BaHa I
Bnasendl TIP.OKGHMATFHH:APYHIA o
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a1 = tansig (IWvip1 +bi)

Dutput Layer

43i=¥
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a2 =purelin (LW2.1a: +b2)

Puc. 7.6. JIBYXCIIOHHAS CETh C IIPSMOH Iepeavyc i CHTHalIa

OHa MOKeT JOCTAaTOYHO TOYHO BOCIIPOH3BECTH JIID@}’TO (1)}"I-IICL[IIID C KOHCYHHBIM YHCIIOM TOUYUCK
pa3pbiBa, €CJIH 3aJdTh JOCTATOYHOC YICJIO HEﬁpDHGE CKPBITOI'O CJIOA.

HToroBbui NpoayKT cCaMOCTOAT eJIbHOM PadOThI: KOHCIIEKT

CpeacrBa H TEXHOJIOTHH OLIEHKH: cOOeCeIOBaHIE
Pabota ¢ ;-mTeparypoit:

PekoMeHIyeMbIe HCTOYHHKH HH(pOpMaIHH (Ne HCTOYHHKA)

(OCHOBHAA

J1OTTOITHHT EJIbHAS

MeTomHueckas

HMHTEepHET-pecypChl

1-2

1-3

1-3

1-2

Tema camocToAT eJILHOTO HM3Y4UeHHA Ne 3.
[ IporpamMmMHas SMyISIHSI HeHpoKoMITbIOTEPOB. [IpecraBinenie HelipoHa B cucTeMe MatLab.

B qeareJIbHOCTH CTYACHTOB. CAMOCTOATCIIEPHOC H3YUCHIC JIHTCPATVYPhI

Kparkoe coaep:kaHie MaTepuaa:

IIpeacrasienne HenpoHna B cucreme MATLAB
HelpoH co cKaAISApPHBIM BX0A0M

DINeMEHTApHOH SYEHKOH HEHMPOHHOH CETH SBISIETCS HEHPOH. CTPYKTypa HEeHpOHA C
€MMHCTBEHHBIM CKAJISIPHBIM BXOIOM IIOKa3aHa Ha pHC. 0.1,a. CKangpHBRIH BXOMHOH CHTHAII p
YMHOKA€TCSI Ha CKAJIIPHBIH BECOBOHM KO3(DHIMEHT W, H Pe3YIILTHPYIOMIMH B3BEIIEHHBIN BXOJ
w¥p gBIgeTCA apryMeHTOM (PYHKIIHH aKTHBAI[MH HeHpoHa f, KoTopas MOpOXAaeT CKaISpPHBIH

BBIXOJI .

Input  Neuron without bias

f N7

W

N\

p ﬂlf-al

,[lalﬁ"ME HT; “ﬂ%ﬂﬂ WCAH F
ANE M
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Input  Neuron with bias
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Puc. 6.1. a) HeipoH 6e3 cMmemeHrsa 6) HelipoH co cMeIeHHEM

HelipoH, nmoka3aHHBIH Ha pHC. 6.1, 6, TOIOIHEeH CKaIIPHBIM cMellleHHeM b. CMeIlleHHe
CYMMHPYETCSI CO B3BEIIEHHBIM BXOJOM W*p H IPHBOAUT K CIBHIY apryMeHTa (DYHKIHH f Ha
BeJITMYHHY b. J[elicTBHE CMEIEHHS MOKHO CBECTH K CXeMe B3BEIIHBAHHS, eCITH IIPeJCTaBHTb, YTO
HEHPOH HMMeeT BTOPOH BXOMHOH CHTHAJI CO 3HadyeHHeM, paBHBEIM 1 (b*1). Bxom n yHKIDI
AKTHBALHMH HEHPOHA ITO-IIPeKHEMY OCTAETCS CKAISPHBIM H PaBHBIM CYMME B3BEIIIEHHOI'O BXOa
H cMenleHHs b. Ora cymma (w¥p + b*1) sBimgerca aprymMeHTOM (DYHKI[HH akKTHBaIlHH f, a
BBIXOZOM (DYHKIIHH aKTHBAI[HH SBJISETCS CHTHAIl . KOHCTaHTHI w M b SBISTFOTCSI CKaJIIPHBIMH
IapaMeTpaMi HeHpoHa. OCHOBHOH ITPHHIMMIT padOThl HEHPOHHOH CETH COCTOHT B HAacTPOHKE
[TapaMeTPOB HEHpOHa TaKHMM Oo0pa3oM, YTOOBI ITIOBEJEHHE CETH COOTBETCTBOBAIO HEKOTOPOMY
KETTAaeMOMY IIOBeJIeHHIO. Perynupys Beca M ITapaMeTphl CMEINEHHS, MOXKHO OOYUYHTBH CETh
BEITIOJIHATH KOHKPETHYIO paboTy;, BO3MOKHO TaKKe, YTO CeTh caMa OyJIeT KOPPEKTHPOBATh CBOH
IapaMeTpel, YTOOBI HOCTHYL TPeOyeMOro pes3yibTaTa. Y paBHEHHE HEHPOHA CO CMEINEHHEM
MEET B

a=fw'p +b*l)
Kak yxke oTMmedanock, cMellleHHe b — HacTpaHnBaeMblil CKaJISIPHBIH ITapaMeTP HeHpOHa, KOTOPBIH
He SBISEeTCS BXOJOM. B 3TOM ciaydae b — Bec, a KOHCTaHTa 1, KOTOpasl yIIpaBIseT CMEIIeHHEM,
pacCMaTpHBAETCA KaK BXOJ, U MOET OBITh VUTE€HA B BHJE JHHEHHOH KOMOHHAI[MH BEKTOPOB
BXOJIa

nz[w b] Ii =wx* p+bx1

HelpoH ¢ BeKTOPHBIM BX0A0M

HeHpoH ¢ ogHHM BEKTOPOM BXOJa P C R 3JIEMEHTaMH pi, p...., Pr IIOKa3aH Ha pHC. 0.2.
3nech KaXIpIH SIIEMEHT BXOJIa YMHOKAeTCS Ha Beca Wwii, Wiz,..., Wir COOTBETCTBEHHO, H
B3BEIIIEHHBIE 3HAYEHHS IIepefaroTcs Ha cyMMarop. KX cymma paBHa CKalsSpHOMY
ITPOH3BEJEHHIO BEKTOPa-CTPOKH W Ha BeKTOp-cTonOel] Bxoxa p. HelipoH mmeeT cMmelieHue b,
KOTOPOE CYMMHPYETCS CO B3BEIIIEHHOH CYMMOM BXOJIOB. Pe3yIbTHPYIOINAS CyMMa

n=wuypr+twapr+... +wirpr+ b

CITY)KHT apryMeHTOM (QYHKIHM akTHBaIimH f. B Hortaimpm sspika MATLAB 5To BeIpakeHHe
salHchIBaeTcs Tak: n = W*p + b, CTpykrypa HeHpOHa, ITOKa3aHHAsl BBIIIE, SBIISETCS
pasBepHYTOH. [IpH paccMOTpeHHH CeTeH, COCTOSIIMX H3 OOJIBIINOrO YHCIIa HEHPOHOB, OOBIYHO
HCIIONb3YeTCI VKPYIIHEHHAsI CTPYKTypHas cXeMa HelpoHa (puc. 6.3). Bxom HelpoHa
n300paxaeTcsa B BUAE TEMHOH BEPTHKAIbHOH YEPTHI, ITOJ KOTOPOH YKa3bIBAETCSH KOIMYECTBO
BIIEMEHTOB BXoja K.

Input Neuron w Vector [nput

[

L)

T oess 3G

R

JOKYMEHT MNMOANCcAH t"-.—.-'"’ ""- 1 . -""

SNEKTPOHHOW NognMcbio
CepTudukar: Eﬂﬂﬂﬂﬂﬂ'dSEEFEBBEQEEEDEETBAEGD%%&QE&%Q_ HEﬁpGH C EEETGPI‘[BIM BXOJI0M
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Pasmep BekTOpa BXOJla P VYKasplBACTCS HIDKE CHMBOJIa p M paBeH RxI1. Bekrop Bxomaa
YMHOKAETCS Ha BEKTOP-CTPOKY W IHMHEI K. Kak H Ipexjie, KoOHCTaHTa 1 paccMaTpHBAETCS KaK
BXOJ[, KOTOPBIII YMHOXKAeTCSI Ha CKalIpHOe cMeIlleHHe b. BxomomM »n (PyHKIHH aKTHBAI[HH
HEeHpOHA CIIYKHT CyMMa CMeIleHHS b u mpomsBeaeHHe W*p. Dra cymma mpeoOpasyercs
(YHKIIHEH aKTHBAILHH f, Ha BRIXOJE KOTOPOH ITOTy4YaeM BBIXOJ HEHPOHA @, KOTOPBIH B JAaHHOM
ClIyyae SBJISIETCS CKAISPHOH BeIHUYMHOH. CTPYKTYVpPHAs CXeMa, IIpHBEJcHHAs Ha pHC. 0.3,
HasbIBaeTCAd caoem cemu. CIOH XapaKTepH3yeTcs mampuijeii eecoe W, CMelleHHeM b,

oIepalHsaMH YMHOKeHHS W *p, cyMMHPOBaHHS H (DYHKI[HEH aKTHBALHH f.

Meuron
A
s
w ISle
n X
Lx R
" L= F f
b
R 1x 1 T
\ \ J

Puc. 6.3. YKpyIIHeHHas cXeMa HEHPOHA ¢ BEKTOPHBIM BXOJIOM

BekTop BXOAOB p OOBIYHO HE BKIIFOYAETCSI B XapaKTepPHCTHKH Cl10s. KaKapOi pas, Koria
HCIIOJIb3YETCS COKpallleHHOoe OO0O3HAauYeHHEe CETH, Pa3sMEpPHOCTh MATPHI[ VYKa3bIBAETCS IIOL
HMEHAaMH BeKTOPHO-MaTPHYHBIX IIepeMeHHBIX (CM. pHc. 6.3). BOra cHcTeMa 00OO3Ha4YeHHIH
TIIOSICHSIET CTPOEHHE CETH H CBSI3aHHYIO C HEH MAaTPHUHYIO MaTEMAaTHKY .

DOYHKIHH AKTHBAIIHA HEHPOHOB

OYyHKIIMH aKTHBAIMH (TepefJaTOuyHble (DYHKIHMH) HEHpPOHA MOIYT HMeTh CaMBbIi
pa3myHeIH BHJ. (DYHKIHS aKTHBALHH f, KaK ITPAaBHIIO, IIPHHAIEKHUT K KIIACCY CL2MOUOATbH bIX
(PYHKIMI, KOTOpPble HMEIOT JBE TOPH3OHTAIIBHBIE ACHMIITOTEI H OJHY TOUYKY Ilepernba, ¢
apryMeHTOM (PYHKIHMH 7 (BXOZOM) H 3HaUeHHeM (PYHKITHH (BBIXOJ0M) d.
PaccMoTpHM TpH HanOoIIee pacIpocTPaHeHHbIE (POPMBI (PYHKIIHH aKTHBAI[HH.

Eounuunaa pyuryua axmueayint ¢ xcecmrum oeparuyenuem hardlim:
a

+1

llllllllllllllllllllllll

a = hardlimin)
Prc. 6.4. EqpriyHas QyHKIHS aKTHBAI[HH

Ora pyHKIDIA oImchIBaeTcs cooTHommeHHeM a = hardlim(z) = 1(n) u mokaszaHa Ha puc. 0.4. OHa
paBHa 0, ecrmi n < 0, u paBHa 1, ecroi n = 0.
UToOBl IIOCTPOHTHh TpapUK STOH (PYHKIHH B JHAla30He 3HAYeHHH BXoJa OT —5 JIO0 +3,
HeOOXOIHMO BBECTH CIIeAVIOIHE OIepaTopsl s3bika MATLAB B KOMaHIHOM OKHE:

n = -5:0.1:5;

plot (n,hardlim(n), "b+:");

_ % T IQKYMEHT NOANWCAH .
Jlhuneiis e o ngnmesay1ie purelin:

CepmdbiyTy @Mﬁ%?%ﬁﬁ%ﬁ“%%ﬁuemlem a = purelin(x) = n 1 moka3aHa Ha pHc. 6.5.

Bnaneneu: 3ayxoea TaTeAHa AnexkcaHgpoBHa
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a = purelin{n)

Puc. 6.5. JInHelHag ) yHKIHSI aKTHBAL[HH

UToOBl IIOCTPOHTHh TpapUK STOH (PYHKIHH B JHAla30He 3HAYeHHH BXoJa OT —5 JIO0 +3,
HeOOXOIHMO BBECTH CIIeAVIOIHE OIepaTopsl s3bika MATLAB B KOMaHIHOM OKHE:
n=-5:0.1:5;
plot (n,purelin(n), "b+:");
Jozucmuueckan pyuxyua axkmueariu logsig:
DOrta PYyHKIIHS OIMHCBIBAeTCA cooTHOmeHHeM a = logsig(n) = 1/(1 + exp(-n)) U IoOKa3aHa

Ha pHC. 6.6.
a
___________ bl
f )
o
_____________ i
a = logsig(n)

Prc. 6.6. JlorncTideckas QyHKI[HSI aKTHBAI[HH

JlanHas (PYHKIDSA IMPHHAIIEKHT K KIacCy CHTMOHAAIBLHBIX (DYHKIHH, H ee apryMeHT MOJKeT

IIPHHUMATE JTF000€ 3HAYeHHE B JHAIa30He OT —o0 0 +00, a BBIXOJA H3MEHSIETCS B JHAa3zoHe o1 0

mo 1. bmarogaps cBoOHCTBRY mH(depeHIIpyeMOCTH (HET TOYEK pa3phIBa) BTa (PYHKI[HSI 4acTo

HCIIONIB3YETCA B CETSAX ¢ OOYUEHHEM Ha OCHOBE METOJa OOpaTHOIO PACIIPOCTPaHeHH S OIMOKH.

UToOBl IIOCTPOHTHh TpapUK STOH (PYHKIHH B JHAla30He 3HAYeHHH BXoJa OT —5 JIO0 +3,

HeOOXOIHMO BBECTH CIIeAVIOIHE OIepaTopsl s3bika MATLAB B KOMaHIHOM OKHE:
n=-5:0.1:5;

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

Jlng mocTpoeHHs rpaduka (QYHKIIMH OJHOH IepeMeHHOH B cHcTeMe MATLAB
HCITONb3yeTcs onepaTop plot. IIpH 3ToM rpaHKH CTPOSICS B OTJElbHBIX MAacIITaOHPYeMBIX H
nepeMelaeMbIX OKHaxX. HamprmMep, M ImocTpoeHHS TIpadHka (PYHKIHH Sl X JOCTaTOYHO
BHaYaJle 3aJaTh JHAIla30H H IIar H3MEHEHH I apryMeHTa, a 3aTeM HCIIONIB30BaTh orepaTop plot:

x=-5:0.1:5;

plot (x,s1n(x))

Orepatop plot ABIIETCS MOIHBEIM HHCTPYMEHTOM I ITOCTPOeHHT I'pa(pHKOB (PYHKI[HI OJ[HOMH
nepeMeHHOH. OH ITO3BOISET CTPOHTH I'PaHKH cpa3y HECKOIBKHX (PYHKITHI H HMeeT pa3IHYHEBIE
(pOpPMEBI, CHHTAKCHC KOTOPBIX MOJKHO Y3HATh, BOCITONIb30BABIHCH KoMaH0H help plot.

HTOoroBbui NpoayKT CaMOCTOAT eJIbHOM PadOThI: KOHCIIEKT
CpeacTBa B TEXHOJIOTHH OIEHKH: cOOeceJOBaHHE

Pabora A
Ceprudjukar: 200000043E9AB8B9522 PEKOMEHIYOMBIE MICTOYHHKH MH(OpMAaLH (Ne MCTOYHIKA)
Branereu: {OYREEHAR™ ATHKCAHAPOST OITO THHT eTTb HAST MeTtomnueckas WHTepHET-pecypCHI
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1-2 1-3 1-3 1-2

Tema camocToAT eJIbHOTO HM3YUeHHA Ne 4.,

[Iporpammroe cpeactBo Neural Network Toolbox cucremer MatLab.

By 1eATeIbHOCTH CTYJEHTOB: CAMOCTOSTEIIEHOE H3YUeHHE JINTEPaTyPhl
Kparkoe coaep:xanie MaTepHaJa:

NNTool — nHCTpyMEHTAIIBHOE CPEICTBO ¢ IpaHYeCKHMM HHTEPQEHCOM, ITO3BOJIIIOMIEE
HAauHHAIOIIEMY TIIojb3oBaTemto ItakeTa Neural Network Toolbox BBEIMOTHATE CoO37aHHE,
00y4yeHHe, MOJEIIHPOBAaHHE, SKCIIOPT H HMIIOPT HEHPOHHBIX CeTeH H JaHHBIX, HE 0OpaInasch K
komaHgHOMY oKHY MATLAB. Br13oB NNTool BosMoskeH 1mHO0 ¢ ITOMOIIBIO KOMaH/bI nntool u3
koMaHIHOH cTpokH MATLAB, mido u3 okHa 3amycka InpuitokeHHH Launch Pad ¢ momomnisro
o NNTool m3 pasmena Neural Network Toolbox. Ilocne BrI30OBa Ha 3KpaHe JHCIUIES
nosiBIeTcs okHO Network/Data Manager (YmpaBiaeHHe ceThbio/ JJlaHHBIME) (pHC. 1).

OJNIeMEHTEI OKHA!
Help — kHOMKa BEI30Ba OKHa Mo cka3kH Network/ Data Manager Help;
New Data — xHoIIKa BpI30Ba OKHa (popMHpoBaHHS JaHHEIX Create New Data (puc. 2);

il
lipals, Pl arks. Culpals.

Targets: Eraors:

Inpo it Telay Ftaes: | aver Melay States:

- Matworlis and Data

Help | lew Data.. | My MEtwak.
Iripnt Fepirt | i TElEa
—IatwDKs Only
Iritializa: . Sirilste, | Train.. Aclape. “
Puc. 1
il
_Mame ~Data Type
|atar = Inputs
_value " Targets
m1-1:231] ] " Input Delay States
O Layer Delay States
— | © Sutputs
i |.,|l " Errars
Help | cancel | Create

Puc.2

New Network...— kHOIIKa BBI30Ba OKHa co3aHHI HeHpoHHOH ceTH Create New Network (prc.

3);

Import. . i KHOHKE EbIZ0BA OKHA I MMIIOpTa WIM 3arpy3kH JTaHHBIX Import or Load to
cepmbNetworkiData Manager (preisd)posse

~- - .
E.I.'l_'ll.._"l..__ LIeD3yxoBd iTeHHE AJ1eKCAHODOBH:

41

NeicteMTeneH: ¢ 19.08.2022 no 19.08.2023



Export... — kHOIIKa BRI30Ba OKHA JUIS SKCIIOPTa IJIH 3allMCH JaHHBIX B (paitl Export or Save from
Network/Data Manager;

Kuormxn View, Delete cTaHOBATCS aKTHBHBIMH IIOCIE CO3JAaHHS H aKTHBH3AIMH JaHHBIX,
OTHOCSIIHXCS K BXOAaM, I[eJIsIM, BEIXOJaM HITH OIMHOKaM CETH.

<} Create Hew Metwork e = |0

Nehwrl-:Namejnet-vnrm

-hetwork Type: |Feed-foward backprop -]

Input ranges: [C12=1.1] [Geltumip.. =
“Training function: TR L
Adaption learning funct an: LEARNGDM
Performanca function: WEE

I (KN [ {RY

Rumber of [3yers -

Progetties far: |Layer1 'i

Mumbicr of nourns:|”
Transfer Function: |TAMS G li

Wlemy | Letauls | anzel | L reqe

Puc. 3
Yt00mI cO3aTh HEHPOHHYIO CETh, HEOOXOMHMO:
5) cdopMIpoBaTh IIOCIEeJOBATEIBHOCTH BXOJOB H Ileneil (kHomka New Data) mmuéo
3arpysuTh HX U3 padoueH obimactH cucteMel MATLAB;,
6) co3maTh HOBYIO HEHpOHHYIO ceTh (KHomka New Network) muGo 3arpy3urbh ee H3
pabouen oOnacTH WM H3 (paina (KkHomka Import);
7) BBIOpaTh THII HEHMPOHHOH CETH M HaXaTh KHOIIKY Train, 4TOOBI OTKPBHITH OKHO JUIS
3aJlaHIS ITapaMETPOB ITPOIEAYPEI OOYVUEHH S,
8) OTKpeITH OKHO Network uIs mpocMoTpa, HHHITHAIH3ALMH, MOJEIIHPOBAHHSI H
aZarTaly CeTH.
Network Name — cranmaprHoe MM ceTH, ITpHcBanBaeMmoe GUI-mHTepdericoM, MOPSIKOBEIH
HOMEDP HMEHH H3MEHSIETCS aBTOMATHYECKH.
Network Type — THII ceTeil, TOCTYIHBIX I paboTsl B NNTool.

Inputs ranges — JOIMyCTHMbIe I'PaHHIBI BXOJOB, KOTOpPBIE 3aJal0TcS IIOJIb30BaTeleM JHOOo
OIpeIeISIEOTCS aBTOMaTHYeCKH M3 crHcka Get from Inp. ..

Traimng function — crmcok 00yJaronX ()yHKITHI.

Adaptation learming function — crmrcok (PYHKIMI HacTpOeK JJIA PekKHMa afalTal[iH.

Performance function — crmcok () yHKIIHI OIIeHKH KayecTBa 00yYeHHS.

Number of layers — KomH4yecTBO CIIOEB CETH.

Properties for — cBoiicTBa 715 coeB 1 1 2.

Numbers of neurons — KoIHYeCcTBO HEHPOHOB B CJIOE.

Transfer function — QYHKIIS aKTHBAI[HH CIO.

Import or Load to Metwork /D ata Manager i il
_Source _Select a Wariable _[Destination
= |rmport from MATLAB workspace fno selection Marme
¢ Load from dickfile F1 |P1
T :
AT il Mt Impart As:
A
' |nputs
BrowWee | H
i~ Targets

¢ Initial Input States
(" Initial Laver States

AOKYMEHT MNOANMCAH " Qutputs
ANEKTPOHHOMW NOoANMUCLID
Ceptudmmrar:  200000043E9ABBBO952205E7BASONOCOLO0043 Lo
Bnageney lleBayxoea TaTeAHa AnexkcaHgpoBHa Cancal Irmport
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Puc. 4
Oxno Import or Load to Network/ Data Manager BKIIrouaeT TpH ITOJIS:
Source — IojIe IS BhIOOpa HCTOYHHKAa JaHHBIX: pabouass obmacte MATLAB (Import from
MATLAB workspace) mi6o ¢aiin (Load from disk file).
[Ipn BeIOOpe mepBoro BapHaHTa none Select a variable cozepHT Bce mepeMeHHBIE paboyeid
obmactu. IIpn BeIOOpe BTOporo BapHaHTa akTHBH3HpyeTcd rmone MAT — file Name u xHoIKa
Browse.
Destination — moie, B KOTOpOM clleAyeT YKa3aTh THII HMIIOPTHPYEMBIX JAHHBIX ITyTeM BEIOOpa
OJTHOH M3 PaJHOKHOIIOK.
OxHo Export or Save from Network/Data Manager (prc. 5) 1mo3BoiIgeT nepeiarh JaHHBIE H3
paboueit oomacTH NNTool B paGouyio o6macts MATLAB mmn coxXpaHHTh HX B BHJe (paiila Ha
micKe. ECIH B KadyecTBe COXPAHSIEMOH IIepeMEHHON BBIOpaHa IepeMeHHas, ITPHHAJIeKaIlas
Ki1accy network object, m oHa »KcmoprHpoBaHa B pabouyro o0macte MATLAB, MoXHO
ITOCTPOHTE MOJIENIL HEHPOHHOH CETH B cHcTeMe Simulink.

Export or Save from Hetwork /Data Manager il

_ SelectVariahles

netaork
datal

B

T

Select one or more variables. Then [Expor] the variables
to the MATLAB workspace or [Save] them to a disk file

select All Select Mone Cancel | EEite ] i | e

Puc. 5

[Tocne cozmaHHsg H aKTHBH3aIlMH HeHpPOHHOH ceTH B okHe Network/Data Manager ctaHoBSATCS
aKTHBHBIMH KHOITKH View, Delete, Imitialize, Simulate, Train, Adapt. ITpu BeieTeHHN B 00IacTH
Networks co3maHHOI ceTH OTKpBIBaeTCS AHAIIOroBas ImaHelIb Network: <ums cetu> (pHc. 6).

=} Network: network | . =0 =]
view | Iniialize | Simulate | Train | Adapt | weights |

Lurfz, 1}

I'I.ILI'{1.'I}«~,_K H L
B—F B~

b1l biz}

N,

Manager Clnse I

Puc. 6
[IaHe s MMeeT NIecTh 3aKJIaJ0K:

View — IIpOCMOTP CTPYKTYPHI CETH.
[mtialize ﬂ@;ﬁg&ﬂ}m@%ﬁﬁ%}mx BECOB M CMEIT[EHHIT.

IJNEK HHOW NOo4rNincCoio

Copraimulate o Moe HHPOBAHIE 68T 4 ¢
Bi "]"""”‘Trﬂi]’:lfi':@ﬁ‘jﬂfeml'e ASEBTHHAPOBHE
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Adapt — aganraiisa H HacCTpOHKa ITapaMeTPOB B CETH.
Weights — IIpocMOTp yCTaHOBIIEHHBIX BECOB H CMEII[eHHII.

Hrorosbui NpoayKT CAMOCTOAT /IbHOH PA0OTbI: KOHCIIEKT
CpeacrBa H T€XHOIOIHH OIIEHKH: COOeCeIOBaHHE
Padora c smTepaTtypoii:

PexoMeH1yeMble HCTOYHHKH HHGopMaIgH (No HCTOYHIKA)

OCHOBHAas J1OIMOJTHHT EITbHAS MeTtomuecKkas MHTepHET-PECYPCHI

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

Tema camocTOoAT €JILHOTO H3Y4YeHHSA N2 6.
CaMOOPpraHH3VIOIIHECS H PEKYPPEHTHBIE CETH. | HOpHIHBIE HEHPOHHBIE CETH.
B 1eATeJIbHOCTH CTYJEHTOB: CaMOCTOSTEIIbHOE H3YUeHHE JIHTEPATYPhI

CamoopraHmsyronmecs ceTH
Cern KoxoHena

B mporecce aHammza OONBINHX HH(POPMAIMOHHBIX MACCHBOB JaHHBIX HEH3MEHHO
BO3ZHHKAIOT 3aJa4H, CBS3aHHBIE C HCCIETOBAHHEM TOIOJIOTHYECKOH CTPYKTYPHl JaHHBIX, HX
oOBeHHEHHEM B T'PYINIBI (KIIacTephl), paclpeelleHHeM IO KilaccaM H T. II. OTO MOI'YT OBITEH
SKOHOMHYeCKHE, ()HHAHCOBBIE, HAYYHO-TeXHHYECKHE, MEeJHIIHHCKHE H APYTHE ITPHIIOKEHHS, THE
TpeOyeTcs pellleHHe TaKHX ITPaKTHYeCKHX 3a7ay, KaK CKaTHe JaHHBIX, HX XpaHeHHEe H TIOHCK,
OIPEEIEHIE XapaKTEPHCTHK OOBEKTa 110 OrpaHHYEeHHOMY HaOOopy ITPH3HAKOB. TakHe 3aJauu
MOTYT OBITH YCIIEIIHO PEIIEHBl C ITPHMEHEHHEM CIIEIHAIBHOIO KiIacca CaMOOPraHH3YIOIIIXCS
HEHPOHHEBIX ceTel. HenpoHHbIe ceTH KOXOHEHa WIH camoopzanuzyioujuecs kapmuvt Koxonena
(Kohonen's Self-Organizing Maps) TpelHa3HAauYeHbl IS PelleHHS 3ajad aBTOMAaTHYECKOH
KIaCCH()HKAI[HH, Korja  oOydaromas  ITOCIIeJOBaTelIbHOCTh  00pa30oB  OTCYTCTIBYVET.
COOTBETCTBEHHO OTCYTCTBYET H (PHKCALHsS OIMHOKH, HAa MHHHMH3AIH KOTOPOH OCHOBAHBI
alTOPUTMBL  OOVYUEHHS, HaIpHMEp, alrOpHTM OOpaTHOTO PacIpOCTPpaHEHHS  OIIHOKH
(Backpropagation).
Cerp KoXoOHeHa — 5TO JBYXCIIOHHAS HeHpPOHHAas CeTh, COJepiKallas exooHoii cioii (CIIOH
BXOJHBIX HEHPOHOB) H cnoii Koxonena (CIIOH aKTHBHBIX HeHpOHOB). Cioit KoxXoHeHa MOJKeT
OBITh. OMHOMEPHEIM, IBYMEPHEIM IIH TpPeXMepHBIM. B II€pBOM clIyyac aKTHBHEIE HEHPOHEI
PacIIONIOKEHEI B I[EMOYKY. BO BTOPOM ClIy4ae OHH OOpa3yIOT ABYXMEPHYIO CETKY (OOBIYHO B
opMe KBaApaTa WIH IIPSIMOYIOIBHHKA), a B TPeThbeM CIydyae OHH OOpa3yIOT TPeXMEPHYIO
KOHCTPVKI[HIO. B CHIIY OTCYTCTBHS O00yUaroIleH ITOCIeq0BaTeIbHOCTH 00pa30B, IS KaXKI0ro H3
KOTOPHIX HM3BECTHA OT VYHUTEISI IIPHHAIIEKHOCTH K TOMY HIH HHOMY KIIAacCy, OIIPeIelIEHHE
BECOB HEHpPOHOB cI0osS KOXOHeEHa OCHOBAaHO Ha HCIIOJIB30BAaHHMH alTOPHTMOB KIIacCHYECKOH
KIIACCH(IHKAITHH (KIIacTepH3alHH HWIH caMooOy4eHHSI). CBOHCTBO CaMOOPraHH3AI[HH SBIISETCS
OTHMM N3 Hambolee  IIPHUBJIEKATEILHBIX  CBOHCTB  HEHPOHHBIX  ceTeH.  HeHpoHEI
CaMOOPraHH3YIOMIEHCS CETH MOIYT OBITh OOYYEHBI BHISBIIEHHIO I'PYIOI (KIIacTEPOB) BEKTOPOB
BXOJa, 00IaJarOIHNX HEKOTOPEIMH OOIIMMI CBOMCTBAMH. [IpH H3YUYEeHHIH CaMOOPraHH3YIOIIIIXCSI
HEeHPOHHBIX CeTeH, HWIH cemeil Koxonerna, CYIIIECTBEHHO pa3iIH4YaTh CETH C HEYIIOPSIOYCHHBIMH
HeHPOHAMH, KOTOPBIE YacTO HA3BIBAIOT croamiu Koxornena W CeTH C YIIOPSALOUEHHEM HEHPOHOB,
KOTOPEIE YacTO HA3bIBAKOT xapmamiu Koxowerna. lloclemHue OTpakaroT CTPYKTYPY HTaHHBIX
TaknM oOpa3oM, Yro OIM3KHM KIacTepaM JMJaHHBIX Ha Kapre COOTBETCTBYIOT OIIH3KO
PaCIIONIOKEHHBIE HEHPOHHI.

Cuon KoxoHeHa
NOKYMEHT NOOMUCAH

Patonto pLvn GaMoepraHH3YIOIYIOCS HEHPOHHYIO CETh C eIHHCTBEHHBIM CIIOEM, 3ajada
CepTMORAT ARG AET A BOOP O *FuTOORI  TPAaBHIIBHO CIPYINIHPOBAaTh  (KIIACTEPH3HPOBATh)

Bnaneneu: ebayxoea TaTeAHa AnekcaHgpoBHa

ITOCTYIIAIOIIHE Hd HEC BEKTOPBI BXO/J4.
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Bxox Korxypupyromsii croit

C 5'xl

e 4

R St Ly

Puc. 12.1. Apxurekrypa crnos KoxoHeHa

HerpygHo yOeIHTBHCS, YTO 3TO CIIOH KOHKYPHPYIOIIErO THIIA, ITOCKOIIBKY B HeM ITPHMEHEHa
KOHKYPHPYIOIIass (PYHKIHS aKTHBaIHH. KpoMe TOro, apXHTeKTypa 3TOr0 CJIOS OYeHb
HAaITOMHHAET apXHUTEKTYPY CKPBITOrO CJIO0S paJHaIbHOM Oa3sHCHOH CETH. 3[eCh HCIIOJIb30BaH
0ok ndist 711 BEIYHCIIEHHS OTPHIIATEIIBHOIO €BKIIMIOBA PAacCTOSHIA MEKIY BEKTOPOM BXOJa P
H CTPOKAaMH MaTpHI[EI BecoB IW?!. Bxox ()YHKI[MH aKTHBALIMH N' — 3TO Pe3yIbTaT CyMMHPOBAHHS
BEIYHCIIEHHOTO PACCTOSHHS C BEKTOpOM cMelleHHsS b. Ecan Bce CMEINeHHS HYJIeBBIE,
MaKCHMAIIbHOe 3Ha4YeHHe n' He MoXKeT INpeBrnnaTh 0. HyneBoe sHaueHHe n" BO3MOXKHO TOJBKO,
KOI'Jla BEKTOP BXOJa P OKas3bIBAETCS PAaBHBEIM BEKTOPY Beca OJHOIO H3 HEHPOHOB. Ecim

CMCIICHITA OTJIMYHBI OT 0:. TO BO3MOXHBI H ITOJIOKITCIIBHBIC 3HAUCHITA AJIA 3IICMCHTOB BCKTOPA

n'.

KoHkypHpyroIas QyHKI[HI aKTHBAL[HH aHAIH3HPYeT 3HaYeHHI 37eMeHTOB BEKTOpa N’ U
(pOpMHPYET BBIXOABI HEHPOHOB, paBHble ( IS BCEX HEHPOHOB, KPOME OJHOIO HEeHpOHa-
IoOeIuTENS, HMEIOINETO HAa BXOAe MAaKCHMaJIbHOE 3HAaUeHHe. TakuM o0pa3oM, BEKTOP BBIXOHA
cTos a' HMMeeT eIMHCTBEHHBIH 5SIIEMEHT, PaBHBIH |, KOTOPBII COOTBETCTBYET HEHPOHY-
IMOOEIUTEI0, a OCTalbHEle paBHRI (. Takass akTHBAIMOHHAS XapaKTepPHCTHKA MOXET OBITH
OIIMCaHa CIIeAYIOIIIM 00pa3oM:

. L =i, i*:arg(maxnf;)
i

3aMeTHM, UTO 3Ta aKTHBAI[HOHHAS XapaKTepHCTHKA YCTAaHABIMBAETCSA HEe Ha OTJIEIIbHBIH HEHPOH,
a Ha cioH. IlosroMy Takasd akTHBAIlMOHHAs XapaKTEpPHCTHKAa M TIIOJIyYIiUla Ha3BaHHE
KoHKypupyloujeii. HoMep aKTHBHOrO HEHpPOHa I ONpeJelsdeT Ty Ipyrmry (Kracrep), K KOTOPOMH
HapOonmee OMH30K BXOMHOH BekTop. Jmsa ¢opmipoBaHma ciod KoxoHeHa mpemHasHauyeHa M-
(PYHKIHS NEWC.

IlokaxeM, KkaKk OHa paboTaeT, Ha IIPOCTOM ITpHMepe. [IpearonoxumM, 4TO 3aJaH MacCHB U3

YETHIPEX ABYXAEMEHTHEIX BEKTOPOB, KOTOPEIE HAJIO PA3IEIHTh Ha 2 Kilacca:

p=1[1 .8.1.9, 2 9.1 §]

P=

0.1000 0.8000 0.1000 0.9000

0.2000 0.9000 0.1000 0.8000

B »ToM mpHmMmepe HETPYAHO BHJIETH, YTO 2 BeKTOpa pacIiojiokeHbl BOmM3H ToukH (0,0) m 2
BekTOpa — BOm3u ToukH (1,1). CchopmupyeM craoii KoxoHeHa ¢ ABYMS HeHpOHAMH IS aHaIH3a

IBYX3ITeMEHERROHeRAQRGR, BXOA C JHAIIA30HOM 3HaueHHi oT 0 10 1:

ceprubnet = aewe {0 dspd2b]s2)5A500060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

45

Nencteutened: ¢ 19.08.2022 no 19.08.2023



[lepBEIil apryMeHT yKasbIBaeT JHAIla30H BXOIHEIX 3HAYEHHIL, BTOPOH OITPelellsieT KOIHYECTBO
HEHPOHOB B ciloe. HadampHbIe 3HAYEHHS 3JIeMEeHTOB MATPHIIBI BECOB 3aJal0TCS KaK CpeJHee
MAaKCHMaJIbHOI'0 H MHHHMAJIbHOI'O 3HAYEHHI, T. €. B IIEHTPe HHTepPBala BXOJHBIX 3HAYEHHIH, 3TO
peanH3yeTcs M0 YMOTYAHHIO ¢ ITOMOIIBI0 M-(pyHKIHH midpoint IIpH cO34aHHH CEeTH. Y OeTHMCSL
YTO 3TO JEHCTBHUTEJIBHO TaK:

wts = netaw{L1}

ﬁrts —

0.5000 0.5000

0.5000 0.5000

OrnpeenTnM XapaKTepHCTHKH 105 KoxXoHCHa

net.layers{l}

ANS =

dimensions: 2

distanceFcn: 'dist’

distances: |2x2 double}

mnitFen: '1mitwb'

netlnputFcn: 'netsum'’

positions: 10 1]

size: 2

topologyFen: 'hextop'

transferFen:  'compet’

userdata: [Ix1 struct]

M3 sToro ormcaHus clegyer, YTO CETh HCIONb3YeT (PYHKI[HIO €BKIHJOBAa pPaccTOSHHS dist,
(QYHKIHIO HHHITHAIH3AIHH 1ntwb, yHKIro o0paboTkH BX0oA0B netsum, (YHKITHIO aKTHBAIHH
compet H (PYHKIHIO OIHCAHH S TOIOIOTHH hextop.

XapakTepHCTHKH CMEIeHHIH CIeTyIOIIHE:

net.biases {1 }

ANS =

mitFen: '1mitcon’
learn: 1

learnFen: learncon’
learnParam: [Ixl struct]
size: 2

userdata: [1x1 struct]
CmMeIneHHS 3aJaroTcd (PYHKIHEH 1nitcon M 19 HHHIHAIH3HPOBAaHHO CeTH PaBHEBI
net.b{1}

ANs =

5.4366 5.4366
DyHKITHEH HACTPOHKH CMeEINeHHH ABIIeTCSA (PyHKIMA learncon, oOeclieunBaromas HaCTPOHKY C
VIYETOM  ITapaMeTpa AKTHBHOCTH HEHPOHOB. Tereps, Korja cchopMHpOBaHa
CAMOOPTaHM3VIOIIASACSI HeHpPOHHAasI CeTh, Tpedyerca OOYUHIBR Ce pPelleHHI0 3aJayH
KIIacTepH3allMN JaHHBIX. HarmoMHIM, YTO KaXXKIbIH HEMPOH OI0Ka compet KOHKYPHPYET 3a IIPaBo
OTBETHTH Ha BEeKTOP BXOoja p. Ecian Bce cMeleHH paBHBI (0, TO HEHPOH € BEKTOPOM BeCa, CaMbIM
OITM3KHM K BEKTOPY BXOJa P, BEINTPRIBACT KOHKYPEHIMIO H BO3BPAII[acT Ha BRIXOAE 3HaUECHHE |
BCE APYTHEe HeHPOHBI BO3BPAILalOT 3HaUYeHHE 0.
IIpaBmiIa 00yueHHA H HACTPOIIKH cMeleHnH cj1oa KoxoHeHna

IIpaBmno oOyueHnsa ciaod KoxOHeHa, HasplBaeéMOe TakKKe IIpaBIIOM KoXOHeHa,
3aKIIIOYAeTCsI B TOM, 4YTOOBI HACTPOHTh HYKHBIM OO0pa3oM 53JIEMEHTHL MAaTPHI[BI BECOB.

H .
Hpeanam%ﬁﬁ%ﬁ%ﬂ i TIOOEeIIUI IIPH Iofadye BXoAa p(g) Ha Iare caMooOyUeHH ¢, TOra
CepTvc GFP ORE 0) NI T PIBESE BeTOBAKOPPEREHPYETCSI B COOTBETCTBHH C ITpaBHIOM KOXOHEHa ClIeTYIOIHM

Bna,qeneagﬁpa%laﬁ:msa TateAHa AnekcaHgpoBHa
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W' () =IWi' (g- 1) + a(p(g) -TWi' (g - 1)).

[Ipasmwiio KoxoHeHa IpefcTaBIsgeT cOOOH PeKYPPEHTHOE COOTHOIIEHIHE, KOTOPOe 00eCleunBaEeT
KOPPEKI[HIO CTPOKH [ MATPHIIEI BeCOB JOOABIIEHHEM B3BEINEHHOH PasHOCTH BeKTOpa BXOJa H
3HAUEHHS CTPOKH Ha IIPeIBLAVIIEM Imare. Takmm oOpasoM, BeKTOp Beca, HauOolnee OMM3KHI K
BEKTOPY BXOJa, MOAH(QHIIHPYETCS TaK, YTOOBI PACCTOSHHE MeXAY HHMH CTalO ellle MeHbIIIE.
PesymbTaT Takoro oOydyeHHS OVAET 3aK/IFOYATHCSI B TOM, YTO ITOOeqUBIIIIT HEHPOH, BEPOSTHO,
BEIMI'PaeT KOHKYPEHIIHMIO H B TOM ClIyyae, Korja OyIeT IpeAcTaBlIeH HOBBIH BXOIHOH BEKTOP,
OIMM3KHI K IPEABIAYIIEMY, H ero rmodefga MeHee BepOATHA, Korja OyIeT IIPeICTaBIIEH BEKTOP,
CYIIECTBEHHO OTIHYAIOIIHIICS OT IPeAbIAVIIEro. Korjga Ha BXOJI CETH IIOCTVYIIAeT BCe OONIBIIEE H
OONIBINEE YHCIIO BEKTOPOB, HEHPOH, SBISIOIIMACS OIMKaHIIDIM, CHOBAa KOPPEKTHPYET CBOH
BECOBOH BEKTOP. B KOHEYHOM CUETE, ECIIH B CIIO€ HMEETCSI JOCTATOYHOE KOIMMYECTBO HEHPOHOB,
TO KaKas rpyrma OIH3KHX BEKTOPOB OKAXKETCS CBSI3aHHOH C OJHHM H3 HEHPOHOB CJI0S4. B 3TOM
1 3aKIIFOYAETCS CBOMCTBO caMOOpTraHH3aI[HH cl1051 KoxoHeHa.

[ IpaBIiIo HACTPONKH CMeIeHHH. OMHO U3 OTPaHHYEHHH BCSIKOr 0 KOHKYPHPYIOILIETO CIIOS
COCTOMT B TOM, 4YTO HEKOTOPBIE HEHPOHBI OKA3BIBAIOTCA HE3aJcHCTBOBAHHEIMH. OJTO
IIPOSABISETCS B TOM, YTO HEHPOHBI, MMEIOIIHE HadalbHBIE BECOBBIE BEKTOPBI, 3HAYNTEIIFHO
yIaIIEHHBIE OT BEKTOPOB BXOJa, HUKOIJIA HE BREIMTPHIBAIOT KOHKYPEHIHH, HE3ABHCHMO OT TOT'O
KaK JOIro Ipomoirkaercsa oOydyeHHe. B pesyinbrare OKasbhIBAaeTCHd, YTO TaKHe BEKTOPHI HE
HCITONIB3YIOTCS IIPH OOYYEHHHM H COOTBETCTBVYIOIIME HEHPOHBI HHUKOIZ[A HE OKa3bIBAKOTCS
nodeaurersiMi. TakHe HEHPOHBI-HEVIAUHNKH Ha3bIBAIOT "MEPTBBIMH' HEHPOHAMH, ITOCKOIIBKY
OHH He BBIMOITHSIIOT HHKAKOH IONIe3HOH (YHKIMH. UTOOBI HMCKIIOYHTH TaKyIO CHTYAI[HIO H
cIelaTh HEHPOHBI YYBCTBHTEIBHBIMH K ITOCTYIIAIOIHM Ha BXOJ BeKTOpaM, HCIIOIb3YIOTCS
CMEIIEHHS, KOTOPBIE ITO3BONSIOT HEHPOHY CTAaTh KOHKYPEHTHBIM C HEHPOHAMH-TIOOE U TEIISMI.
OTOMY CIIOCOOCTBYET ITONOKHTEIBHOE CMEINEHHE, KOTOpPOe HOO0ABISIETCS K OTPHIATEIIEHOMY
PACCTOSIHHIO VAAJIEHHOI'O HeHpoHa. COOTBETCTIBVIOIIEE IIPABIIO HACTPOHKH, YUHTBIBAFOIIEE
HEUYBCTBHTEIIbHOCTh MEPTBBHIX HEHPOHOB, pealH30BaHO B BHAe M-(QyHKImH learncon
3aKIMIOYAaeTCsI B CHeAyIOImEM. B Hayame IpoueAyphl HACTPOHMKH BCEM  HEHPOHAM
KOHKYPHPYIOIIETO CII0S IIPHCBANBAETCSA OJMHAKOBEIH ITapaMeTp aKTHBHOCTH

1
( -
N e
rae N — KOIHYECTBO HEHPOHOB KOHKYPHPVIOILETO CIIOS, PaBHOE YHCIY KIIAacTEpPOB. B mpollecce
HacTporku M-yHKIA leammcon KOppeKTHpPyeT 3TOT ITapaMeTp TaKHM 00pa30M, YTOOBI €ro
3HAYEHHS IS AKTHBHBIX HEHPOHOB CTAHOBIIIHCEH OOIBINE, a IS HEaKTHBHBIX HEHPOHOB
MeHbIIle. COOTBETCTBYIOIIAS (pOpMylla IS BeKTOpa ITPHPAIEHHH IlapaMeTPOB aKTHBHOCTH
BHITTISIINT CIIEAVIOIIMM 00pa3oM:
Ac=Ir*(a;'! — ©),
rae Ir — TmapaMeTp CKOPOCTH HACTPOIKM, a;' — BEKTOp, SIIEMEHT i* KOTOporo paseH 1, a
octaibHele 0. HerpyaHo yOeIHUTHCS, YTO IJII BCEX HEHPOHOB, KPOME HEHPOHA-TIOOEIHUTEILS,
IIpHPAIIEHHS OTPHIATENbHEL. [IOCKONMBKY ITapaMeTphl aKTHBHOCTH CBS3aHBI CO CMEIEHHSIMI
COOTHOIIIEHHEM
b= exp(l) /¢,
TO M3 BTOr0 CIIEAYET, YTO CMEILNEHHE IS HEHPOHA-TTOOeQUTEIS YMEHBIINTCS, a CMEIEHHS I
OCTAlIbHBEIX HEHPOHOB HEMHOIO yBemnyatcsa. M-pyHkimsa learncon HCIONb3yeT CIEXYIOIYEO
(popMyITy JUId pacyeTa IpHPaIleHH BeKTopa CMEIeHHH
Ab =exp(l -log(c))-b.
[TapamMeTp CKOpPOCTH HACTPOHMKH /r 1Mo ymomyaHmto paBeH 0.001, u ero BemmunHa OOBIYHO Ha
MOPSIOK MEHBINE COOTBETCTBYIOIIErO 3HadeHHS M1 M-pyuximn leamk. VYpemmueHme
CMeIeHUE AT HGASENELX HelIDOHOB ITO3BOMSAET PACIIMPHTH JHAMA30H MOKPBITHS BXOIHBIX

Ceprvc BHAUSHI) T HEAIPIBHEHI HefPOH: HauMHaeT (OPMHPOBATh KIacTep. B KOHEYHOM CUETe, OH
Snanengo ke O HATATE  TPHT ST ABA1S, HOBBIE BXOAHBIE BEKTOPHL. DOTO JaeT JBa IPEHMYIIECTBa. EciIH
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HEHPOH HE BEIMIPEIBACT KOHKYPEHI[HH, IIOTOMY YTO €0 BEKTOP BECOB CYLIECTBEHHO OTIIMYAETCS
OT BEKTOPOB, IMOCTYIIAIOIIUX HAa BXOJ CETH, TO €ro CMEIEHHUE II0 Mepe OOYUYEHHSI CTAaHOBHTCS
IOCTATOYHO OOJBIIMM, H OH CTAHOBHTCS KOHKYPEHTOCIIOCOOHBIM. Korma 3TO IIPOMCXOIHUT, €r0
BEKTOP BECOB HAUHMHAET ITPHONIIAKATHECS K HEKOTOPOHM TPYVIINE BEKTOPOB BXOJa. Kak TOIBKO
HEHPOH HAauMHAET IMOOEKIATh, €ro CMEINEHHE HAUMHAET YMEHbINAThCA. TakiuM oOpa3zoM, 3ajayda
aKTHBHM3AI[MH "MEPTBBIX' HEHPOHOB OKAa3bIBAETCA PEIIEHHOH. BTOpoe IIPENMYINECTBO,
CBSI3aHHOE C HACTPOHKOH CMEII[EHHI, COCTOHUT B TOM, YTO OHH ITO3BOIISIOT BEIPOBHSTEH 3HAUEHHS
IapaMeTpa aKTHBHOCTH M OOECIIEUNTh IIPUTSDKEHHE ITPHOM3HUT eIIPHO OJIHHAKOBOI'O KOIIMYECTBA
BEKTOPOB BXoma. Takmm oOpasoM, €CIH OOUH M3 KIACTEPOB IIPHTSTHBAET OOIBIIEE YHCIIO
BEKTOPOB BXOHa, YeM JAPYIoH, TO Oolee 3aIllONHEHHAas OOJIacTh ITPHUTSHET JOIIOIHUTEIIBHOE
KOIIIYECTBO HEHPOHOB U OVET ITOJETIEHA.
Kapra Koxonena

CaMOOpraHu3yIoIascsa ceTb B BHIE KapThl KOXOHeHa MpefHasHauyeHa IS PEICHIS
3aa4 KIIACTEPH3alMM BXOMIHBIX BEKTOPOB. B oTimmume oT cros KoxoHeHa Kapra KoxXOHeHa
IOJIAEPKHBAET TAKOE TOITOJIOTHYECKOE CBOMICTBO, KOI'Zla OJIM3KHM KiIacTepaM BXOJHBIX BEKTOPOB
COOTBETCTBYIOT OIIM3KO0 PacCITONOKEHHBIE HEHPOHEI.
[leproHaYanbHAS TOMONOTHA pPa3MelleHHSI HEHPOHOB B ci1oe KoxoHeHa 3agaeTcss M- yHKIHIMH
gridtop, hextop mmm randtop, YTO COOTBETCTBYET Pa3MElIEHHIO HEHPOHOB B y3Iax JIHOO
IIPSIMOYTOIIBHOH, ITHOO0 I'eKCaroHalIbHOH CETKH, JIMOO B y3JIaX CETKH CO CIIYYAHHOH TOIIOJIOTHEH.

Input selt Qrganizing Map Layer

f A\ N
IWii _
STuR l
P - I 1ni ai
— P |l ndist Il —— M C " >
R 1
VAN .
n1=-| IW-p || al = competin)

Puc. 12.2. Apxurexkrypa Kaprel KoxoHeHa

PaccTosHHS MeXay HeHpOHAaMH BBIYHCISIOTCS C IIOMOINBIO  CITEI[HANIbHBIX  (PYHKITHIT
BEIYHCIEHHS paccTosHHI dist, boxdist, linkdist 1 mandist. Kapra KoxoHeHa s ompeaeneHHs
HEHpPOHAa-TIOOEUTEII HCIIONB3YET Ty Ke IMPOLEAYPY, Kakas IMPHMEHSIETCSI H B cltoe KoxoHeHa.
OpmHako Ha KapTe KoxoHeHa OJHOBpeMeHHO H3MEHSTIOTCS BeCOBHIe KO3((HIMEeHTHI COCEeIHHX
HEHPOHOB B COOTBETCTBHH CO CIIEYIOIIHM COOTHOIIEHHEM, HMeHyeMBIM ITpaBHIIOM KoXOHeHa:
wi(q) = (1 - a); wig -1) + ap(g).

B sTOM city4ae OKpecTHOCTh HEHPOHA-TTOOeJUTEIISI BKIIFOYAET BCE HEHPOHBI, KOTOPhIe HAXOSTCS
B IIpeJleNTax HEKOTOPOro paaHyca d-

N(d) = {,dy<d}.

OKpeCTHOCTH.

Ni(L)={8, 12, 13,14,18}

Ceprudukar: 2C0000043E9ABSRY N2(2)=-{3,7,8,9,11, 12, 13, 14, 15,17, 18, 19, 23}

Bnaneneu: llleGayxoea Ta




Puc. 12.3. OKpyKHOCTH paguycoB 1 1 2 HeHpoHa-1moOeUTENSI ¢ HOMEPOM 1 3.

TOImomorus Kaprel paclojIoKeHHS HEHPOHOB He OO0S3aTelIbHO JOJIKHA OBITH ABYMEPHOH. 2TO
MOT'YT OBITH M OJHOMEPHEIE H TPEXMEPHBIE KapThI, H JaKe KapThl OOJBIIIMX pasMepHOCTeil. B
CIIyyae OJHOMEPHOH KapThl KOXOHEeHa, KOrja HEHpPOHBI PacCIIONOKEHBI BAOID JTHHHH, Ka’KIbIH
HellpoH OyJIeT HMEeTh TOJIBKO JIBYX COCENEH B IIpejletaxX paguyca | Wi eQMHCTBEHHOIO COCE/a,
€CJIH HEHMPOH PACIIONOKEH Ha KOHI[E JIMHHH. PacCTOSHHS MEXIY HEHPOHAMH MOKHO OIIPeIeiIsITh
pPasIIYHBIMH CIIOcOO0aMH, HCIIONB3YS IPSAMOYIOJIbHBIE IWIH I'eKCaroHAJIbHBIE CETKH, OJHAKO 3TO
HHKAK He BIHSET Ha XapaKTEpHCTHKH CETH, CBS3aHHBIE C KJIACCH(DHKALIHEH BXOJIHBIX BEKTOPOB.
MOXHO 3aaTh Pa3zIHMYHBEIE TOIIOJIOIHMH JJISI KapThl PAcCIIOIOKEHHS HEHPOHOB, HCIIONB3YS M-
¢yurkipm gridtop, hextop, randtop. PaccMoTpumM IpocTeHIyio MpSMOYTOIbHYIO CeTKY pa3Mepa
2X3 U1 pasMellleHHs INeCTH HEHPOHOB, KOTOpas MOXKET OBITh C(POPMHpPOBAaHAa C ITOMOIIBIO
¢yHKIpH gridtop:

pos = gridtop{2,3)

pos =

010101

001122

plotsom(pos) %

3meck HelpoH 1 pacrioioxkeH B Touke ¢ KoopauHaTtamH (0,0), HelipoH 2 — B Touke (1,0), HeHpoH
3 — B touke (0,1) m T. a4 3ameTHM, UYTO, eclIH IPHMEHHTh KOMaHIy gridtop, IepecTaBHB
aprYMEHTEI MeCTaMH, ITOJTYYHM HHOE pa3MelleHie HEHPOHOB:

pos = gridtop(3,2)

pos =

012012

000111

["ekcaroHaIBFHYIO CETKY MOKHO C(POPMHPOBATh C ITOMOIIBIO (PYHKIMH 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)

3ameTHM, 4T0 M- yHKHHSI hextop HCITOIb3yeTcs 10 YMOIYaHHIO ITPH cO3aHHH KapT KoxXoHeHa
IIPH ITPHMEHEeHHH (PYHKITHH newsom. CeTka cO CIIyYaHHBIM PacIIOJIOKeHHEM Y3JI0B MOKET OBITh
cO3JlaHa C IIOMONILIO (PYHKIHH randtop.

PexyppeHTHBIE CeTH

Cern DiMaHa

B 5STOH TI71aBe pacCcMarpHBArOTCAd 2 THIIA PEKYPPEHTHBIX HEHPOHHBIX CETEH,
IPEACTABILIIOINNX HAHOONIBINMI HHTEPEC IS IIOJIb30BAaTEleH, — OBTO KIacC CeTer OIMaHa
(Elman) u xmacc cereni Xomndmiga (Hopfield). XapakrepHoH 0COOEHHOCTRIO apXHTEKTYPHI
PEKYPPEHTHON CETH SBIISETCS HaIH4YMe OIOKOB JHHAMITUECKOH 3adePKKH M OOpaTHBIX CBS3EI.
OTO IO3BONISET TaKHM CeTsM o0padaThIBaTh JHHAMHYECKHe MOJeIH. OO0paTHMCS K OIMHCAHHIO
KOHKPETHBIX THIIOB PEKYPPEHTHBIX HEHPOHHEBIX CETEH.

CeTp DIIMaHa — 3TO CETh, COCTOMIIAS M3 ABYX CIIOEB, B KOTOPOH CKPBITHIH CIIOH OXBAaueH
JHTHAMIYECKOH OOPaTHOH CBS3BIO. 3TO TIIO3BOIIET VYYECTh IIPEABICTOPHIO HAOMIOMacMBIX
IIPOIIECCOB M HAKOIMTh HH(OPMAIRIO I BEIPaOOTKH ITPAaBIIIBHONH CTPaTerHH YIIPaBICHHAL.
CerH DOJMaHa IIPHMEHSIOTCS B CHCTEMaxX VIIPABIIEHHS JIBHKYIIMHCS OOBEKTaMH, IIPH
ITIOCTPOEHHH CHCTEM TeXHHYECKOIO 3PEHHS H B JIPYIHX ITPHIIOKeHISIX. B KauecTBe (DyHKIMHIA
aKTHBAI[MH B CeTH OJIMaHa 4acTO HCIIONIB3YIOTCSA. B CKPBITOM, PEKYPPEHTHOM CI0O€ — (DYHKI[HS
Hmepﬁomﬁ%%ﬁga tansig, B MMHEHHOM cJioe — (pyHKIMSA purelin. Takoe codeTaHHe

CeprvchifpyH ROIPD 04 BRTFB AT HIE EHOSBOINISTE MAKCHMAIIFHO TOYHO aIdIPOKCHMHPOBAaTh (DYHKI[HH C
A Yo BN * WTETTONE “TEHEK® paspeBa. EmiHCTBeHHOe TpeGoBaHIe, NPeIbSBISEMOe K CeTH,
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COCTOHT B TOM, YTOOBI CKPBITBIH CIOH HMeJI JOCTaTOYHO OOJBIIOE YHCIO HEHPOHOB, 4YTO
HeOOXOMMMO JJI9 YCIIEITHOH aIlIPOKCHMAITHH CIIOKHBIX () YHKIIHI.

al(k-1) D
LWt
P — at(k) — ®Ak) =y
Rixl gl q l . LWz §Ix1 h
7& 555! 7L
1 b 11— be
Rl syl 5l 51x1 52
(RN AN /
Imput Recurrent tansig layer Output purelin layer
al(k) = tansig (IW1lp+LWi1ai(k-1] + bt] az(k) = purelin(L'Wz1ai(k) + bz,

Puc. 13.1. Apxurekrypa ceTH 3jIMaHa

B COOTBETCTBHH CO CTPYKTYPHOH CXEMOH CeTH DIMaHa C()OPMHPYEM JHHAMHYECKOE OITHCAHHE
ee PeKyPPEHTHOIO CJIOS B BHAE YPaBHEHHIT COCTOSHILS

’nI{kJ LW laI{k —1)-.~IW“]_J +hl, al(U} = a,{,;
La' (k)= lansig(nl(.k)),

Ora peKyppeHTHasl MaTpH4Has (opMa YpaBHEHHH COCTOSHHS JIHIIHHH pa3 IOAYEepPKHBAET
Ha3BaHHE H3YYAEMBIX HEHPOHHBIX CeTeH. BTOPOH, IMHEHHBIN CIIOH SBISETCSA Oe3BIHEPIIHOHHBIM
H OIHCBIBAETCS COOTHOIIIEHH SIMI

(k) =LW?3'a' (k) +b?;
kaz(k) = purelin{nlik)).

Cern Xonduijaa

Besakuil 11e/1eBOH BEKTOP MOKHO paccMaTpHBaTh KaK HaOOp XapaKTEPHBIX ITPH3HAKOB
HeKOTOporo o0bkeKkTa. Ecim co3maTh PeKyPPEeHTHYIO CETh, ITOMOXKEHHE PABHOBECHS KOTOPOI
COBITJajI0 OBI C 3THM IIEJIEBBIM BEKTOPOM, TO TAKYIO €CTh MOKHO OBIIIO OBI pacCMaTpHBATh KakK
aCCOIMATHBHYIO ITaMATh. IIOCTyIUIeHHe Ha BXOJ TaKOH CeTH HEKOTOPOro Hadopa IIPH3HAKOB B
BHJIe HAYallbHBIX YCIIOBHI IIPHBOIHIO OBl €€ B TO HIH HHOE IIOJIOKEHHE PAaBHOBECHS, YTO
IO3BOISTIO OBl ACCOLMMPOBATH BXOH C  HEKOTOPBIM O0BeKTOM. FIMeHHO TaKHMH
ACCOIHMAaTHBHBIMH BO3MOKHOCTSIMH H 0OmamaroT cemiu Xonguioa. OHH OTHOCSICS K KiIaccy
PEKYPPEHTHBIX HEHPOHHBIX CETEH, OOIaJarolliX TEeM CBONCTBOM, 4YTO 3a KOHEYHOE YHCIIO
TaKTOB BPEMeHH OHH H3 IIPOH3BOIIBHOIO HAYaJILHOI'O COCTOSHHS ITPHXOAST B COCTOSHHE
YCTOHYHBOI'O PAaBHOBECHS, HasbIBaeMoe ammpakmopom. KOIMUECTBO TaKHX aTTPaKTOPOB
orpejielsieT 00beM acCOIHAaTHBHOM ITaMSITH CeTH XOII(PHIIIA.

CIIpoeKTHPOBaTh CeTh XOM(pWIga — 53TO B3HAYHT CO37[aTh PEeKYPPEeHTHYIO CETh C

mamec%ﬁﬁ%@%ﬂgﬂemmﬂ TaKIX, YTO IIPH 3aJaHMH HayalbHBIX VCIOBHIH CETh, B

Ceprnb KOHEIHOM 4 CHATE S0 ITPHXQMIIToB0GOEEOSHIE TIOKOS B OJHOH M3 ATHX TOYeK. CBOHCTBO PEKYPCHH
Snanengpo ABTTAETCA B TOMPYTHBBIXO CeTH ITogacTcsa 00paTHO Ha BXOX. MOXKHO HAAEATHCS, YTO BEIXO/T
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CETH YCTAHOBHICSH B OJHOH M3 TOYEK paBHOBeCHS. CHHTE3HpPyeMas CeTh B JOIOJIHEHHE K
KeJTAaeMBIM, MOXKET HMETh napazuniHsvie moukiu paeHogectis. OTHAKO YHCIIO TAKHX ITapa3sHTHBIX
TOYEK JOJKHO OBITH CBeJeHO K MHHHMYMY 3a CUeT KOHCTPYHPOBAHHS MeTO[a CHHTe3a. boiee
TOrO, O0JIaCTh IIPHTSDKEHHS TOYEK PABHOBECHS JOJIKHA OBITh MAaKCHMAJIbHO OONIBINOH. MeTox
CHHTE3a CeTH XOIMN(pWIAa OCHOBAaH Ha ITOCTPOEHHH CHCTEMBI THHEHHBIX JH(]epeHIIHaIhHBIX
VpaBHEHHI TIIepBOro TIOpSAKa, KOTOpas 3ajJlaHa B HEKOTOPOM 3aMKHYTOM THIIEPKYOe
IIPOCTPAHCTBA COCTOSHHI H HMeeT PeIleHHsS B BepllMHAX STOro rurepkyda. Takas ceTs
HECKOIIPKO OTIIHYAeTCS OT KIacCHYeCKOH MoJeH XOIpHIIa, HO OHa IPOoIle JJISI ITOHHMaHHI H

ITPOEKTHPOBAHH 1.
e
k1) D ™
N
aiii)
5'xl .
[ nitial Symmetric saturated linear Iayer-'

conditions al0)=p andthenfor k=12, .
ai( k) = satlins (LWtiat (k-1)) + b1)
Prc. 13.2. Apxurekrypa ceTH Xondmima

Bxox P YCTAHABJIMBACT 3HAYUCHHA HAYdJlIbHBIX }"EJIGBHﬁ. B cetn HCIIOJIIB3YCTCA JTHHEHHAS
(1)}’]—[1&[1[51 AKTHBAITHIT C HACBIITICHIHCEM SﬂﬂiIlS:, KOTOpasAa OITHCBIBACTCA CIICAYIOIITHM DﬁpﬂBGMZ

—1, n<—1;
a=5at1in5(n)=< n, -—-1<n<l,
1, n>1.

|.
JTa ceTh MOXKeT OBIThH ITPOMOACIIHPOBdAHA ¢ OJHIIM HIIH OOIBIIIM KOIIYECTBOM BEKTOPOB BX0O/I4,

KOTOPEHIE 33aJal0TCS KaK HaYaJIbHBIE YCIIOBHS. [lociie Toro Kak HavalbHbIe YCIIOBHS 3a/1aHbI, CETh
TeHEPHUPYET BBRIXO, KOTOPEIH ITO OOpaTHOM CBSA3H ITOJAETCS Ha BXO. ITOT IPOLIECC IIOBTOPSIETCS
MHOI'O pa3, ITOKa BEIXOJ HE YCTAaHOBHTCS B ITOJIOKEHHE PaBHOBeCHSI. MOXKHO HAIEATBCS, YTO
Ka Kbl BEKTOP BBEIXO/Ia, B KOHEUYHOM CUETe, COMAETCSA K OMHOM H3 TOUEK PaBHOBECHS, HAHOOJIEE
OITH3KOH K BXOAHOMY CHTHAIY.

Hrorosnui NpoayKT CAMOCTOAT ¢/JIbHOH PA0OTbI: KOHCIIEKT
CpeacrBa H TE€XHOIOIHH OLIEHKH: COOeCeIOBaHIE
Padora c mTepaTtypoii:

PexoMeHTyeMble HCTOUHHKH HH}popMaIrpm (Ne HCTOUHHKA )
HT NGONMCAH
OCHGEHAY, Hon domnincs @l OTTOTHHT ENTbHAS MeTomiuecKas MHTepHET-PECYPCHI
CepTudjumkar: Eccrﬂﬂb@%EaABaBeﬁEQiDEE?BAmmEmﬂDdeE3 1-3 1-2
Bnapeneu: Ulebayxoea laTeAHa AnexkcaHgpoBHa
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4. KPUTEPUH OIIEHHBAHUS KOMIIETEHITUH

OlleHKa «OTJIMYHOY BBICTABIISIETCS CTYAEHTY, €CIH ITTyOOKHE, HCUEPITLIBAIOIIHNE 3HAHH S H
TBOPYECKHE CIIOCOOHOCTH B ITOHMMAHMH, M3JI0KEHHH H HCIIONb30BAHHN YUeOHO-IIPOrPaMMHOL O
MaTepHaia, JOTHYEeCKH IIOCIEMOBaTelIbHBIE, COJCp/KaTEeIbHBIE, TIIONMHBIE, IIPaBHIIBHBIE H
KOHKPETHBIE OTBETHI Ha BCe IIOCTABIEHHBIE BOIPOCHI H  JIOIIOIHHUTEIIBHBIE BOITPOCH
Ipernojlapareiisd, CBOOOJHOE BIIAJEHHE OCHOBHOM M JOIOIHHUTEIBHON  JIHTepaTypoH,
PEKOMEHJOBAHHOH YUeOHOH IIPOrPaMMOII.

OlleHKa «XOpPOIIO» BEICTABIISETCS CTYAEHTY, €CIIM TBEPAbIE M JOCTAaTOYHO IIOJHEIE
3HAHII BCErO IPOrpaMMHOI0 MaTepHalla, IMPAaBIILHOE ITOHMMAaHHEe CYIIMHOCTH M B3aHMOCBS3H
pacCMaTpHBAEMBIX IIPOLIECCOB H SBIEHHH, IIOCIeJOBaTElIbHBIE, ITPABHIBHBIE, KOHKPETHBIE
OTBETHl Ha ITOCTABJIEHHBLIE BOIIPOCH! ITPH CBOOOJHOM YCTPaHEHHH 3aMeYaHHI II0 OTEIbHBIM
BOITPOCAM, JIOCTATOYHOE BIAJEHHE JIHTEPATYPOH, PEKOMEHIOBAHHOHN YUeOHOH IIPOrPaMMOH.

OLlEHKa «YIOBIIETBOPUTEILHO» BBICTABISETCS CTYIEHIY, €CIIH TBEPHbIE 3HAHUS U
ITIOHHMAHHEe OCHOBHOI'O IIPOrPaMMHOI0O MaTepHalla, ITpaBHIbHEIE, 0e3 I'PYORIX OIMMOOK OTBETHI
Ha TIOCTABJIEHHBIE BOITPOCHI IIPH YCTPAHEHHH HETOYHOCTEH M HECYIIECTBEHHBIX OIIMOOK B
OCBEINEHHH OTAEIbHBIX ITOJI0KEHHMH ITPH HaBOISIIMX BOIIPOCAX IPEIofaBaTesIsd, HEAOCTAaTOYHOE
BIIAJICHHE JINTEPATYPOH, PEKOMEHIOBAHHOH YUeOHOH ITPOr PAMMOH.

OIlEHKa «HEYIOBIETBOPHTEIBHO» BEICTABIIIETCS CTYAEHTY, €CIIH HellpaBIIbHbIE OTBETH Ha
OCHOBHBIE BOITPOCHI, AOITYIIeHBI IPYOLIe OIIMMOKH B OTBETAX, HEITTOHHMAHHE CYIITHOCTH
H3JIaracMBIX BOIIPOCOB, HEYBEPEHHBIE H HETOUYHBIE OTBETHI Ha JOITOIIHHT EIILHBIE BOITPOCHI.

9. VYHEBHO-METOJHYECKOE I HHO®OPMAIINOHHOE OBECIIEYHEHHE
JUCIHAIIJINHBI
9.1. PekomeHnayemMas JiuTeparypa
9.1.1. OcHoBHAasI JIATEpPATYpPA:

3. Komapriora JI.I'., MakcuMoB A.B. HelipokoMITerOTEPEL: Yuel. ImocoOHe 1S BY30B. — 2-€ H3]1.,
repepal. u gor. —M.: Usg-so MI'TY uMm. H.3. baymana, 2013. — 400 c.

4. Menener B.C., Ilotemxun B.I'. Heliponnwsie cetu. MATLAB 6 / Iloxg obm. pex. B.T.
[IoremxuHa. — M.: JJMAJIOI'-MHO®H, 2012. — 496 c.

9.1.2. lonoJiHUTE/ILHASA JIITEpPATYpA:
1. Namymxem A M. Teopus HeHpoHHBIX ceTel. — M.: UITPKP, 2000. — 416 c.

2. XankuH C. Henponnsie cetH. [lonHein kype. — M.: U3n. mom Brombsmvc, 2006.
3. Uepnremier A.b., Kosnos B.A., XKepHocek M. A. HelpokoMItbroTepHBIe ceTH: JIabopaTOpHEIH
IpakTHKYM. — [ sruropek: Msg-so III'TY, 2011. — 40 c.

9.1.3. MeTognueckasi JuTEeparypa:
4. MeTtoauyecke yYKa3aHHS II0 BBIIIOJIHEHHIO JIA0OPAaTOPHBIX paloT 10 AHUCIHIUIHHE «TeopHs
HEHPOHHBIX CETEH.
5. Mertoamueckue yKa3zaHHS I10 BRIITOIHEHHIO KOHTPOIBLHOH PadoOThI IO AHCIMIUINHE « 1 eopHs
HEHPOHHEIX CETEHY.
6. MeTomyeckue peKOMEHIAIIIH IS CTYAEHTOB IO OpraHM3aI[HH CaMOCTOSTEILHOM PadoTEI 110
JTHCIHIUIHHE « 1 eOpHS HEHPOHHBIX CETEHY.

9.1.4. UHTepHeT-pecypcehl:

3. hitp:/mpsmnantitnbiveaHcaiiT IHCTaHIHOHHOTO 00pa3oBaHHS B 001IacTH HH(OPMAIHOHHBIX
HHOW NoanuUchio

CcpTHd}HHaTI%Q%g&g 8B952205E7BAS00060000043E
snagenéd;  hitpsiiwandom: edwanio=0pazoBaTelbHBIE PeCYPCH BEAYIIHX BY30B
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9.1.5. IIporpaMmMHoe odecrieueHHE
2. Neural Network Toolbox cucremsr MatLab.

MHWHHWUCTEPCTBO HAYKHW U BEICIIEI'O OEPA3OBAHWA PO
OEJEPAJIBHOE 'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIEHOE
YUPEXJIEHHUE BEICHIETI'O OBPA3OBAHHWA
«CEBEPO-KABKA3CKUU CDEI[EPAHBHBIH YHUBEPCHUTET»
[Iaruropckwit HHCTHTYT (proman) CKOY

MeToanueckue yKazaHus

IUTS1 0OYYarOIMUXCs 10 BEIIIOJTHEHIEO KOHTPOJILHOM paOOTHI
110 qucruiinae «TEOPHA HEMPOHHBLIX CETEW» JJI1 CTY A€HTOB HaIllpaBIICHUIA
rioaroToBku 09.04.02 IudopmMmanmoHHbIe CHCTEMbI M TEXHOJIOT MU
HaIIpaBJIEHHOCTh (Mpo(ik) TexHomorun padorbl ¢ JAHHLIMH H 3HAHUSAMUH,
aHaJIU3 HH(popMaLIUU

IIaTuropck
2023
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SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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BBE/IEHHUE

MeTtonmdeckne yKazaHHS COJlep:KaT IlepedeHb BAPHAHTOB 3afaHHH IS KOHTPOIIbHBIX
pabor, TpeOoBaHHA K O(OPMIEHHIO KOHTPOIBLHBEIX pa0OT M IIPHMEP BBIIIOJIHEHHS 3aJaHHSL
TeopeTHye cKOH OCHOBOH IMOATOTOBKH CITEIHATIICTA SBJIIIOTCS 3HAHISI B 00IIacTH HHPOPMATHKH,
BBEIYHCITHTEIIbHOH CHCTEM.

1. ®OPMYJIMPOBKA 3A/IAHHUA H E1'O OBBEM

KoHrpomeHag pabora BKIIrOYaeT B cebe BOIPOCHI IO TeéMaM, KOTOPBIE HYKHO H3YUHTH
CaMOCTOSITEIIEHO H ITO HHM ITOATOTOBUTE OTYET. Pe3yIIbTaThl BBINTOIHEHHS KOHTPOJILHOH padoTH
IPESOCTABIISIOTCA B BIIEKTPOHHOM BHJIE M pacrieyaTaHHOM BHe. O0beM KOHTPOIBHONH PaloTh
coctapaeT 10-15 meyarHeIx micToB (popmara A4,

BapHaHThI 3aJaHHH BEIOHPAIOTCSA U3 TaOIIHIIEI T10 TIOCIEAHEH ITH(pPe 3a4eTHOH KHH KKH.

2. ObIIHE TPEGOBAHUNA K HAIIMCAHHUIO U O®OPMJVIEHHTIO PABOThDI

KoHTpoimpbHass paGoTa BBITOIMHIETCS H chaeTcsd B ANeKTpoHHOM BHAe Ha CD/CDRW
HOCHTEIIE H B pacrieyaTaHHOM BHIe. Ha KOHBEpTE HEOOXOANMO YKa3aTh Ha3BaHHE I CIHIUIHHEL,
OUO cryaeHTa, (paKyIbTET, HOMeP I'PYIIBL, NP 3a4eTHOH KHIDKKH, Ne BapHaHTa 3aJaHHI, H
CITHCOK BCEX CO3JaHHEIX B XOJI€ BHITIOITHEHH S 3aJaHH S (PaiIOB.

[IpHBeeHHBIN B KOHIIE METOAHYECKHX YKa3aHHH CIDICOK JIHTEPAaTyYPhl MOKET HCIIONIB30-
BAaTHCA CTYIEHTAMH ITPH BBIIIOTHEHHH KOHTPOIILHOH PadOTHI.

3. BAPUAHTBI 3AJAHUH JJI1 CTYAEHTOB 3AOYHOH @®OPMbI
OBbYUEHHUA

Jaganue 1. Onucarb NPHHIHIBI HOCTPOEHNA H 00yUeHHSI HEHPOHHOM CeTH:
1. IlepcenTpoH

2. Crarnyeckas JIHHEHHAs CETh

3. JlmHamMH4ecKas JIHHEHHAs CETh

4. PamuanpHas Oa3zHCcHad ceTh

5. Cnon KoxoHeHa

6. Kapra KoxoHeHa

7. PeKyppeHTHas ceTh DIIMaHa

8. Certp Xondmiga

9. CeTb C IIPSIMOH IIepefaueH CHIHalIa

10. 'uGpuHele HEHPOHHBIE CETH

3aganue 2. Ucnoab3ya cpeactBo NNTool MATLAB, co3gars H 00Y4UHTH HEHPOHHYIO CETh
BLIIOJIHEHHIO OIIEPAllHH ANNPOKCHMANHMH (PYHKIIHH, €CJIH 33JaHbI IMOCIeJ0BATEeJIbHOCTH
BX0/12 H IeJIH.

9) }":X13-}{3 34‘}{3. 14) ‘_’;-":X1‘|‘K3-K33.
1 0) }r:XI—i_Kj—i_Xﬂj. 15) Y=Xi 3-}{33"‘}{33.
1 1) }"=X12‘|‘}{3‘|‘K32. 16) Y=Xi 3+X33+X33.
1 2) }7:15(13-}{34‘15{33. 17) YV=Xi1 E‘I‘Xﬁ‘}{gz.
1 3) Y:X13‘|‘X3-K32. 18) Y=Xi1 3‘|‘K3 34‘}{33
JlmarazoH H3MeHeHH s ITapaMeTpoB: X,—[-2:2]; x—=[-1:1]; x5=0.4].
NOKYMEHT NMOAMWCAH

SNEKTPOHHOW Noanuvceo - -
ceprnp 2aIaHHe 3 PeaamzoBath B MALIZAB MoaepoBaHe nepcenTPOHHOMH CeThIO 32 TAHHOI

Branenciio rHYECIROT Py a KT
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JI111 orpeeneH s pyHKIMH IEH MOYKHO BOCIIONb30BATHCS TaOIMIIEN:

A B A AAB AV B A>B| AoB
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

4. IPUMEP BBIIIOJIHEHHS KOHTPOJIbHON PABOTHI

3aganune 1. Onucarb NPHHIHIBI HOCTPOEHNA H 00yUeHHSI HEHPOHHOM CeTH:

PAJTMAJIBHAA EASUCHAA CETH
B oOmieM cinydae moj paaHanbHOH OasncHOM HeHpoHHOH ceThio (Radial Basis Function

Network, cers RBF) rmoHnMaeTcs IByXClIoHHasI ceTh 0e3 00paTHBIX CBSI3eH, KOTOpasl COMEePKHT
CKPBITHIH CIIOH paJgHalbHO CHMMETPHYHBIX HEHPOHOB. PagHalbHbIE Oa3HCHBIE HEHPOHHBIE CETH
COCTOAT M3 OOIBINEr0 KOMHYECTBA HEHPOHOB, YEM CTAHIAPTHBIE CETH C IIPSAMOH Ilepemadei
CHTHAJIOB H OOyYeHHEM METOIOM OOPAaTHOIO PACIHpOCTPaHeHHS OIMMOKH, HO Ha HX CO3JaHIe
TpeOyeTcs 3HAYHTEIBHO MeHbIIIE BpeEMEHH. OTH ceTH HaHOonee 3(p(eKTHBHEI, KOrjla JOCTYIIHO
OONIBIIIOE KOIHYECTBO OOyyaronpx BeKTOpoB. Ha prc. 1. mmokaszaH paauanbHBIN Oa3HCHEIH

HeHpoH ¢ R Bxomamu. OYHKIHS aKTHBAIHH JJIS paJHaIIbHOI0 0a3HCHOrO HeHpOHa HMeeT BHJL

a=radbas(n)= €
Bxox (pyHKIIMH aKTHBAIHH OIpejlenseTcs KaKk MOIYIb Pa3HOCTH BeKTOpa BeCOB W H BeKTopa
BXO/la p, YMHOKEHHBIH Ha CMEIIeHHe b.

Paaua oo 0a3HCILI DeHpOIT

Bxoo

a = radbaxst || w-p || &3
Puc. 1. PagnanpHeIn 6a3HCHBIT HEHPOH

JOKYMEHT MNMOANCcAH

I"'padprx PARPHISIIN TIpe/IcTaBIIeH Ha PHC. 2.

Ceptudmkar: CO000043ESABBBOS52205ETBAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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E 12
-0.%33 -I-IZI.SEE:’
ad = radbeasf )

Puc. 2. I'padpuk pyHKIIMH aKTHBAITHH

Bxon QyHKIIHE aKTHBALHH ONpeeliseTCI KaK MOAYJIb Pa3HOCTH BeKTOpa BECOB W H BEKTOpa
BXOJ/[a P, YMHOKEHHBIH Ha CMeIIeHHE D:

n={p - w|b.
PagnanmpHBIH OaszHCHBIM HeHpOH (opMHpPYeT 3HadYeHHe I, KOrja BXOJ p HJIEHTHYEH BEKTOpY
BecoB w. (CMeleHHe b TIO3BOJISIET KOPPEKTHPOBATh WYYBCTBHTEIIBHOCTh HeifpoHa radbas.
HarmpumMep, ecrmt HeripoH mMenl cMeleHHe 0.1, To ero BeixogoM Oyaer 0.5 ai1d nmrodoro BeKropa
BXOJla P H BEeKTOpa Beca w IIPH PacCTOSHHH MeXXIy BeKTopaMH, paBHOM 8.333, wu 0.833/b.
PagmampHasg Ga3lcHasd CETh COCTOHT M3 JIBYX CIIOEB. CKPBITOIO pagHaIbHOrO 0a3MCHOrO CIIof,
HMEIOIIEro S' HEIPOHOB, M BBIXOAHOI'O JTHHEIHOIO CIIOA, MMEIOMIEro S° HeilpoHoB (pHc. 3).
Bxomamm Omoka ||dist|| Ha 5TOM pHCYHKe SBIISIOTCS BEKTOP BXOZa p M Marpriia BecoB IW"' a
BEIXOJIOM — BEKTOp, cocTosmmmii M3 S' »31IeMeHTOB. BrIxox Omoka ||dist| ymHoXaeTcs
TIO3TIEMEHTHO Ha BEKTOP cMeIleHHs b' 1 popMIpyeT BXOI (PYHKIIHH aKTHBALIHH.

Bxaa PayuuaieHelA DASHCHBLA CI0A JIHHCHHBIA COI0H
shap |1 TWWLL
v . ey
. 5-X- ~ 1
| disc o N g

Slxl D- e + 5%1’.//
;—bIT —}]u_

R Zox ol Zax | g2
S\

AN -/

al = radbas (| TWi-p Il b1} ar= puredn (LW21 al—h2)

Puc. 3. PagnanpHas Oa3HcHaAS ceTh

Bce omepaipi, CBS3aHHBIE C CO3JaHHEM paJHAILHOH Oa3HCHOH CETH B CHCTEME
MATLAB, odopmieHsl B BHJe CIlelHaIbHBIX (PYyHKIHMI newrbe u newrb. IlepBas mo3Boisger
ITIOCTPOHTh PaJHAJIBHYED Oa3HCHYIO CETh C HYJIEBOH OINMMOKOH, BTOpPas ITO3BOJIIET YIIPABIIATH
KOIIHYECTBOM HEHPOHOB B CKpHITOM cnoe. IIycrs 3amaHa (yHKUHA f(x) rpadmdeckn 0Oe3
aHaTHTHYecKoro ormcaHnsa (puc. 4). HeobGxomumo 1momo0paTh TaKyi0 aHATHTHYECKYIO
3aBHCHMOCTh, KOTOpas C 3aJJaHHOH TOYHOCTBKO OITHCHIBaIa OBl 3TY (PYHKIIHOHAIBLHYIO
3aBHCHMOCTE. B JaHHOM CIIy4ae HCIIOJIb3YeTCS CyMMa paJHalIbHBIX OazHCHBIX (YHKIHH. Waes
arIIPOKCHMAI[MH MOJKET OBIThH ITpeJCTaBlIeHa I'paHUueCKH CIeAYIOIMHM 00pa3zoM. PaccMOTpHM
B3BEIIEHHYIO CYMMY TPeX paJHalIbHBIX Oa3HCHBIX (DYHKI[HIL, 3aJaHHBIX HA HHTEPBaJIe

[-3;3]. [IOKYMEHT MNOAMWUCAH

clear, p FERFPPHRON NOAMMUCHIO
Gcﬁmd}ﬁfr: 2C a%gcﬁiaaaﬂeﬁzzn5E?BA5ﬂmﬁmmnaaE

Bnanenetl: TerAHa AnexkcaHgpoBHa
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a2 =radbas(p - 1.5);

a3 = radbas(p + 2);

a=al +a2*] +a3*0.5;

figure(1),

plot(p,al,p.,a2,p,a3*0.5,'LineWidth',1.5),hold on,
plot(p,a,'LineWidth',3.'Color',[1/3,2/3,2/3]).gr1d on,

legend('al''a2','a3*0.5",'a")

Kak cremyer U3 pHcyHKa 4, IIpH 3aJaHHH BeKTOopa BXoja KaKJIbIi HeHPOH pagHaIbHOTO
0a3HCHOIO CJI0S BRIJACT 3HAUEeHHE B COOTBETCTBHH C TeM, KaK OIMH30K BEKTOP BXOJa K BEKTOPY
BECOB KaKJ0r'0 HelipoHa.

-

04r---

o W =

3 i T e A
]
]
]
]
]
]
]
I

Puc. 4. Oyaxams {(x)

PaguanpHble Oa3HCHBIE HEHPOHBI ¢ BEKTOPAMH BECOB, 3HAUHTEILHO OTIIMYAFOIIHMICS OT
BEKTOpa BXofa p, OyIYyT MMETh BBIXOHABI, Omm3KkHe K 0, H HMX BIIMSHHE Ha BBIXOIBI JIMHEHHBIX
HEHPOHOB OVIET He3HAUNTeIbHO. HarpoTHs, pagnansHEIN O0a3HCHBIH HEHPOH C BEKTOPOM BECOB,
OITM3KHM K BEKTOPY BXOJa P, BRIAACT 3HAYEHHE, OIM3KOe K 1, M 3TO 3HaueHHe OYJIET IepelaHo
Ha JIHHEHHBIH HEHPOH C BECOM, COOTBETCTBVIOIIMM BBIXOAHOMY CIIO. MTaK, eclii TOIMbKO OJXHH
pagHanbHBIH Oa3HCHBIH HEHPOH HMMEET BBIXOJ 1, a BCe JPYrHe HMEIOT BBIXOJBI, PABHBIE HIIH
oucHp Omm3kHe K 0, TO BBIXOJI JIMHEHHOIO CJIOS OYAET PaBEH BECY AKTHBHOI'O BBIXOJHOIO
HelipoHa. OJHAKO 5TO HCKIIOUHTENBHBIT cioydai. OGBIYHO BBIXOJ (POPMHPYIOT HECKOIHKO

HEHPOHOB C Pa3HbIMH 3HAYEHHSIMH BECOB. BBHIITOITHHM OH PacucT I aHAIIH3a d;., dz, ds.
3 3
2

radbas (n)=e™"
p=2;w,=—2; w,=0; w,=15; b,=b,=b,=1,
p—w,||b,=2—[-2|-1=4,
p—w,||b,=2-0[-1=2,
p—w,||b,=|2-1,5}1=0,5,
rﬂdbﬂs(nl

mdbaﬂﬁﬁ;ﬁ}éﬁﬂﬁ 14,0,000001,
Ceptwdukar: 2C00000 E9/ B DE
Bnagen radbﬂ?;(ngjue Ufswe MSLOB

):e_f: e %L 0,
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B Touke p = 2 cyMMHPYETCS IMPAKTHUYECKH TOJBKO BEIXOJ TPEThErO HEeHpOHA. BiIIsHIE B 3TOH
TOUYKE TIEPBOrO H BTOPOr0 HEHPOHOB HE3HAUYHTEIHLHO. BBRIXOARI a; H a, Onu3kH K 0. Beixong a; =
0,8 Omm3ok K 1. AHammsupysda puHc. 4, IPHXOANM TakKe K BBIBOAY, UYTO Pas3IOKeHHEe IIO
pagHaIbHEIM OasHCHBIM (PYHKIHSIM oOOecIleuHBaeT HeOOXOAHMYKO ITIagKocTh. IlosToMy HX
IIPUMEHEHNE IS allIPOKCHMAIIMH ITPOM3BONIBHBIX HEIIHHENHBIX 3aBHCHMOCTEH BIIOIIHE
OIIpaBJaHO.
PaccMmoTpuM IpuMep (pOpMHPOBAaHHS paJHallbHOH OaszHcHOH ceTH B cHcTeMe MATLAB mna
peIneHus 3ajavyd  armpokcHMarpH. CdopMmupyeM oOydaromiee MHOXKECTBO H - 3aJaJlHM
IOITyCTHMOE 3Ha4YeHHe (PyHKI[HOHama OIMHOKH, paBHoe (.01, mapameTp BIMSHHS OIpeeiIHM
paBHEIM | H OyJeM HCIIOIb30BaTh HTEPAIOHHYIO IPOLEAYPY (OPMHPOBAHHS pPafHaIbHOM
Oas3HCHOH CETH:

=-1:.1:1;
T=|[- .9602 -.5770-.0729 3771 .6405 .6600 .4609 .1336
-.2013 -.4344 -.5000 -.3930 -.1647 .0988 .3072 .3960

3449 1816-.0312 -.2189 -.3201];

GOAL=0.01; SPREAD = 1;
net = newrb(P,T,GOAL,SPREAD).% Co3gaHue ceTH
net.layers{1}.s1ize % UmciIo HEHPOHOB B CKPBITOM CJIOE
NEWRB, neurons =0, SSE = 3.69051
ans =06
JInmg s3aJaHHBIX ITAapaMEeTPOB HEHPOHHAS CETh COCTOHMT M3 O HEHPOHOB H 0O0ecClleyHBacT
CIIEIVIOIIHE BO3ZMOKHOCTH AIlIIPOKCHMAI[HNH HEITHHEHHBIX 3aBHCHMOCTEH ITOCIIE O0YUEHHA.
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Puc. 5. ArmpokcHMAaII HEIMHENHOH 3aBHCHMOCTH

Mogemipys c(popMHPOBAaHHYIO HEHPOHHYIO CETh, IIOCTPOHM aIIIPOKCHMAIIHOHHYIO KPHBYIO Ha
nHTepBane [-1; 1] ¢ marom 0.01 1719 HeMMHEHHOH 3aBHCHMOCTH.

figure(1), clf,

plot(P,T.'sr','MarkerSize',8.,'MarkerFaceColor','y")

hold on;

X=-1:01:1

= sun(gé%%ﬁu OARHLE OBAHIIE CETH
Ceprudy hot(%ﬁ?@?@&?@%ﬁ%ﬂﬁjﬁgﬁiﬂwmdﬁ
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3 aHamiza PHC. 5 CICAYCT, HTO IIPH HeOOIbIIIOM KOJIHYECTBE HEf{pGHDB CKPBITOI'O CJIOA
paJHaJIbHAA Oas3HCcHasI CeTh JOCTAaTOYHO XOpOoLIO aIlIIPpOKCHMHPYCET HEJIPII—IEIL&:H}’IO 3dBHCHMOCTE,

3aJaHH YO O0YYaroIiM MHOKECTBOM M3 21 TOUKH.

3aganune 2. Ucnoabsys cpeactBo NNTool MATLAB, co3aaTh H 00YYHTH HEHPOHHYIO CETh
BLIIOJTHEHHIO ONIEPAINHH ANNPOKCHMANNHN PYHKIIMH, €CJTH 32aHbI I10CJIeJ0BAT eJIbHOCTH
BXO0/12 H IIeJIN.

}":X13-K3‘|‘K33.

PerreHmne:

NNTool -—HHCTpyMeHTallbHOE CpPeICTBO ¢ TpaduyeckKHM HTepdeiicoM, IO3BOISIOMIEE
HAYMHAIOIIEMY IIOIB30BATENI0 ITAKeTa BBINIOIHATE CO3[aHHe, OOy4YeHHE, MOJCIHPOBAHHE,
BKCIIOPT H UMITOPT HEHPOHHBIX CETEH H JJAHHBIX, He oOpalnascek K KoMmaHagHoMy okHyY MATLAB.
BrrzoB NNT ool BosmoxkeH mi60 ¢ moMoInpro KoMaHael nntool 13 xoMangHoH cTpokn MATLAB,
OO0 M3 OKHa 3ammycka IprinoxkeHui Launch Pad ¢ momormpro ompm NNTool i3 pasgena Neural
Network Toolbox. Ilocie BrI30Ba Ha 5KkpaHe JucIviesd mosaBiageTcsI okHO Network/Data Manager

4\ Nctwork/Cata Manager L = | -l
U Inpuk Neta: m M=tk Hl tpedt Tata
S — neturork]_owsputs
@ Target Cata E Error Crata:

T n=Loroth] srion
|
Ll ¥} Inpuk Deloy States *J Laver Lelay Sakos:
| ::b Import.. ” ’:f Mo ” Ij Jpch.. [ 5} Export... | [ x I o I '-,..:' Hop | a Closc ]

Jlanee HaxIMaeM Ha KHOIIKY New H IT0OSBIIIETCS OKHO B KOTOPOM HaM cleAyeT c(pOpMHPOBaTh
ITocIeoBaTeIbHOCTh BXOMOB H IelieH (NEW DATA)
|

ol | , —
& Data: P [':' @iﬁd r&[J.Elta:T |.':' Ell_ihj

.IIIFE'I'U = ".I"a[u =

[2-1012;
:l -11001;

01234

[5-1-2-2-1]

Jlartee HeOOXOAHMMO BEIOPATh THIT HEHPOHHOH CETH H 3aJaTh €€ ITapaMeTPEI

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANKCLIO

Ceprudukar; 2C0000043ESABBBO52205E7TBAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

60

Nencteutened: ¢ 19.08.2022 no 19.08.2023



.
' Create Metwork or Data -

Metwork | Daza

Mame

| r=twnrk?

Mctwork Propertics

Metwnrk Type: Feec-forward harkprop g
Tt datz: Selert anTaputt
Taret data: Selert 2 TErget, W
Trainirg function: TRATNMI W
Adzption learring fun-tine: | FARMGIRA
Performance functinn hSF g
Mumhzr of lzyers ?

Iroperties for: [Layerl | =

Mumber ot neurors |1

H Irznster Furction: lamslc - L
/ |
“ | E Wiew | | 'ﬁ' Restore Defaults |
|
| {,_’:? Create | ﬂ Clnse | |
-~ — T -
o7 Create Metwork or Data — |l = Ig

Metwork | Data

Mame

! networksd

Metwork Properties

Metwork Type: Feed-forward backprop -
Input data: (Select an Input) -
Target data: i(zelect a Target] -
Traiming function: TRAIMLRM -
Adaption learming function: LEARMGDMN -
Performance functiomn: MSE -
Mumber of layers: 2

Properties for: |Layerd : ~

Murmber of neurons:

I Transfer Functicn: PURELIM =

| E‘H’iew || ‘i& Festore Defaults |

| @Hehp | | ¢ Create || & Close |

e ™

Ilocne yero Haxareh Ha KHOIIKY CREATE
Ha Bximagxe View MBI MOXKEM IIPOCMOTPETh CXEMY HEHPOHHOH CETh

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWCLIO

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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-
¥ Network: networkl =|O %

View | Train | Simulate | Adapt | Reinitialize Weights | View/Edit Weights

Layer Layer
Input i Qutput

1 b

b -

[Tocne yero npoBoguM 00ydeHHe ceTH. IIpHCTYIHTE K 00YyYeHHIO CETH MOJKHO ITyTEM
AKTHBAIDI KHOIMKH Train Neework.

e - -
% Neural Network Training (nntraintool)

MNeural Metwork

Layer Layer

8 Algorithms
| Training: Levenberg-Marquardt (trainlm)

Performance: Mean Squared Error (1m-2)

Ciata Division: Random (divideranc)

Progress
|  Epoch: 0 |l 11 iterations: 1000
| Time: 0:00:00

Performance: o260 [ 648050 | ouo0

Gradient: 1.00 1.26e-14 | 1.00e-10

PAwu: 0.00100 1.00e-06 1.00e+10

Validation Checks: o e 6

Plots

Performance | (plotperform)
_Training State | (plotirminstate) |
Regression | (plotregression)

| I

Plot Interval: U 1 epochs
1 | |

v Opening Performance Plod

| .- Stop Training | | @ cancel |

M i

Jlannee HaxxmMaeM Ha KHOITKY Perfomance 4To ObI IPOCMOTPETH PE3YIILTATHI

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWCLIO

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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"n Performance I:pl-e:rtperﬁ::rm}’ -- . - i l —_ | Sl | [

Best Validation Performance is 4 6204e-005 at epoch &
|: I I I I 1 I I | I 1
L Train
WValidation
Test u
10”
£ 10"
=
LD
= 15
= 10
=
i
s 20
= 10
10
| 0 1 2 3 4 5 b 7
11 Epochs

Ha I‘I)El(l)]?]IEE BHIHO, YTO ITOCIIC 11 srmoxm orroKa CTPEMHTLCAH K HYIIIO, CIICA0OBATCIIBHO, CETh
HACTPOCHA4 BEPHO.

Jaganne 3. PeasmsoBath B MATLAB mMoae/impoBaHHe MepCcenTpoOHHOH CETHIO 34 JAHHOH
JOrHYeCKOH (PYHKIHH.

A= BV|AAB,

T onpepeneHuS (PYHKIHH I[eIIH MOKHO BOCIIOIb30BaThCS TaOIHIIEH:

A B A ANB AV B A=B A«B
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
Perrrenne:
IlepcenrTpoHRl — KJIacC IMHEHHBIX OJHO- H MHOIOCIOHHBIX HEHPOHHEBIX CETEH,

PEAH3YIOINX IIPSAMOE PacIIpOCTpaHEHHe CHIHalla H IIpPeJHa3HAaYeHHBIX IS PelIeHHS 3alad
KITaCCH(IHKAITHH JIMHEHHO OTACIIHMBIX BXOJHBIX BEKTOPOB. MHOIOCIIOHHBIE IT€PCEIITPOHEI
MO3BONISIFOT PelllaTh CIOXKHBIE ITPOOIIEMBI, CBSI3aHHBIE C€ aHAJIHM30M KOMMYTAI[HOHHBIX
COeIHHEHHI, pPacllo3HaBaHHEM OO0pa30B, H JPyrHe 3afjadyd KIAaCCH(HKAIIHH C BBICOKHM
OBICTPOJEHCTBHEM H TapaHTHEH ITPAaBIIBHOIO pe3yinbTaTa. HeHpOHBI IIepCENTPOHOB HMEIOT
CTYIIEHYATYIO JIHMHHIO akKTHBalMM hardlim m, cremoBaTelbHO, KaXKABIH HEHPOH BO3BpaIlacT
e IIHHITY HJIH HOJIb, YTO COOTBETCTBYET €ro BO3OYKIEHHIO HIH TOPMOKEHHIO.
OrnpeZellnM ITOCIIEOBAaTEIbHOCTh JBYX3IIEMEHTHBIX BEKTOPOB BXOAa P IS ceTH ¢ OJHHM
IBYXBXOJOBEIM HEHPOHOM:
>>P=[0011,0101]
P=

O 0 1 1

0o 1 0 1

KYMEHT NOArnvcaH .

C@Dp@@ﬁMEMEWHDGTL memnen T:
u:::..;..-.--.j.:.};r: T:[llll:_(}]lijlult:"[ 13E
Bnape T _ T.-:..:;.-xlf.r;.e 1|~f--|~10..-: [caHapoBHa
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>> net=newp(]0 1:0 1],1);

YCTaHOBHM YHCIIO ITIPOXOA0B PAaBHEIM 10 M BEITIOTHHM aalITallHIO:
>> net.adaptParam.passes=10;

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

[IpocMOTpHM 3Ha4YeHHS BECOB H CMEIIeHH, 0ToOpa3sHM BeKTOpH P u T 1 mocTpoumM rpaduk
Pa3IeIISTFOIIEN JIHHIH:

>>net.IW {1} netb{l}

ans =-1 -1

ans = 1

>> plotpv(P.,T);

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

[IpomoieTHpOBaTh CIIPOEKTHPOBAHHYIO HEHPOHHYIO CETh MOXKHO € ITOMOMIBIO (DYHKITHH S111,
MTOAB HA BXOJ[ CeTH 00yYaOIIYIO ITOCIIEA0BATEIIFHOCTD, COBITAIAIOIIYIO C BXOMHOMH
ITOCIIEIOBATEIIbHOCTRIO P:

>> Y=sim(net, P)

Y=1 1 1 0

r 3
n Figure 1 i=h
File Edit WYiew Inset Tools Desktop Window Help &
Ddde | h ARRLVDEA- |06 ol
Vectors to be Classified
'1-5' 1 | 1
1F O 5
% 05 -
0F + =
_DE. 1 l 1
0.5 0 05 1 15
P(1)

S. KPUTEPHU OIIEHUBAHUA PAGOThHI

OIleHKa «OTIIHMYHO» BEICTABIISIETCI C CHTY, €CII1 OH OOJCMOHCT OB4dlI T 60]ECHE
OKYMEHT NoanncAaH T}rﬂ }": r[p A pHp JT}"

HCUYEPITLIBAIOMN{Heo ! BHAHIS0 H TBOPYECKHE CIIOCOOHOCTH B IIOHHMAHHH, H3JIOKEeHHH H
Ceprv ¢Hencﬁiﬁ§iﬁ%ﬁﬁﬁffﬁ93“?féﬁfﬁ%ﬁ%ﬁﬁmmmﬂ MaTepHala, JIOrHYeCKH  IIOcJIeJOBaTelIbHEIE,

ene O p
Bnaneneu lllebayxoea TaTeAHa A aHOnpoBHa

CGI[EPH{HTEHLHLIE IIOJIHBIC, ITPABHIIBHBIC H KOHKPCTHBIC OTBETHEI Hda BCEC ITOCTABIICHHBIC BOITPOCHL
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M JOIOIHHTEIPHBIE BOIIPOCHI  IIPEMOAABATENS, CBOOOMHOE BIALEHHE OCHOBHOH U
IOIIOJIHUTEILHOH JIMTEPATYPOH, PeKOMEHIOBAHHOH YUeOHOH ITPOrPaMMOH.

OlleHKa «XOpPOINO» BBICTABIISETCA CTYAEHTY, €CIIH OH IIPOAEMOHCTPHPOBAI TBEPABIE H
IOCTATOYHO IIONHBIE 3HAHHSA BCEr0 IIPOrPaMMHOIO MaTepHala, IIPAaBIIIBHOEe IIOHHMAaHHE
CYITHOCTH H B3aHMOCBS3H PacCMAaTPHBAEMBIX IIPOLIECCOB M SBIIEHHI, IIOCIIEIOBATEIIbHBIE,
IpaBHIILHBIE, KOHKPETHBIE OTBETHI Ha IIOCTABIIEHHBIE BOITPOCH! ITPH CBOOOZHOM YCTpaHEeHHH
3aMEYAHHI I10 OTAEIBHEIM BOIIPOCAM, JOCTAaTOYHOE BIAJcHIE JINTEPATYPOH, PEKOMEHIOBAHH O
y4ye OHOH ITPOrPaMMOH.

OlleHKa «YIOBJIETBOPHTEILHOY» BBICTABIIIETCS CTYIEHTY, €CIIM OH ITPOAEMOHCTPHPOBAI
TBEPJBIE 3HAHHM S U ITOHHMAaHHE OCHOBHOI'O IIPOrPaMMHOIO MaTepHala, IpaBHIIbHEIE, 683 IPYyORIX
OIIMOOK OTBETHI Ha IIOCTaBJIEHHBIE BOIIPOCH IIPH YCTPAaHEHHH HETOYHOCTEH H HECYIIEeCTBEHHBIX
OLIMOOK B OCBEIEHHH OTJAEIbHBIX ITOJIOKEHMI IIPH HABOIMIIMX BOIPOCAX IIPeIofaBaTeisd,
HEJOCTAaTOYHOE BJIAJIEHHE JIMTEPATYPOH, PEKOMEHIOBAHHOH YUeOHOH ITIPOr PaMMOH.

OlLleHKa «HEYIOBJIETBOPHUTEIILHO» BBICTABIISIETCS CTYIEHTY, €CIIH OH
IIPOJIEMOHCTPHPOBAI HEINPAaBHUIIbHBIE OTBETEHI HA OCHOBHEIE BOIIPOCHL, JOIYIIEHEI TI'PYOBIE
OLIMOKH B OTBETAX, HEMTOHHMAHHE CYIIHOCTH H3TaracéMBIX BOIIPOCOB, HEYBEPEHHEIE H HETOUYHEIE
OTBETHI Ha JIOTIOJTHUTEIBHBIE BOITPOCHI.

6. IIOPAHA/IOK 3AIIINTLI PAGOTbI

3alura KOHTPOIBLHOH padoThl IIPOBOAUTCS B BHJE HAYVYHOIO JHCKOCA C JeMOHCTpaIHer
BBEITIOJIHEHHBIX 3aJlaHHi, B COOTBETCTBHH C TIpapHKOM 3almuThl. [locme Ookmaja CTYIeHTY
331aF0TCS BOIIPOCHL KaK ITPEIogaBaTeiIeM, TaK H CTYIEeHTaMH I'PYIIIBI.

B miporiecce 3aiuTel CBOEH padOTHI CTYAEHT JAeIacT JOKIad IIPOAOIKHTEILHOCTRIO 7-10
MHHYT. JIOKIMaJg OOJKEH OBITH IIPeABAPHTEIBLHO ITOATOTOBIEH CTYAEHTOM. CTYIEHT IOJLKEeH
CBOOOIHO OPHEHTHPOBATLCS B CBOEH padoTe.

B BRICTYIUIEHHH HEOOXOAHMO  KOPPEKTHO  HCIIONB30BATh  JEMOHCTPALHOHHEBIE
MATEPHAIIBI, KOTOPBIE VCHIHBAIOT JOKA3aTEIIbHOCTh BEIBOJIOB M OOJIErYarOT BOCIIPHATHE JTOKIIaa
CTYJEHTA.

7. VUEBHO-METO/NYECKOE 1 HH®OPMAIIMOHHOE OBECIIEYEHHE
JUCIHUIIJINHBI
Pexomenayemas JuTeparypa:

OcHoBHASI JIITEpaTYpAa:
5. Komapriopa JI.I'., Makcumor A.B. HelpokomriproTephl: Yuel. 1mocodue s BY30B. — 2-€ H3]T.,
repepad. u gor. —M.: M3a-so MI'TY um. H.3. baymana, 201 3. — 400 c.
6. Menpener B.C., Iloremxyu B.I'. Heliponmrwie cetu. MATLAB 6 / Ilog obm. pex. B.T.
[Toremxuna. — M.: [JHUAJIOI'-MHUDOH, 2012. — 496 c.
11.1.2. /lomosiHuTEILHASA JIHTEPATYPA:
1. I'amymuxeH A M. Teopus HeHpoHHEBIX ceTen. — M.: MIIPKP, 2000. — 416 c.
2. XankuH C. Henponnrslie cetH. IlomHein Kype. — M.: M3x. nom Buissmvce, 2000.
3. Uepnrnues A.b., Kosnor B.A., ZKepHocexk M. A. HelipokoMIsroTepHEIE ceTH: JIabopaTOopHEIN
npakTHKYM. — [Isruropek: Msg-so III'TY, 2011. — 40 c.
11.1.3. MeTroan4yeckas JqMTeparypa:
7. MeTtoamueckHe yYKa3aHHS IO BBIMIOJIHEHHIO JIA0OPAaTOPHBIX padoT IO AHUCIHIUIHHE «TeopHs
HEHPOHHEIX CETEH.
8. METC’%%%W@ 110 BBITIOTHEHHIO KOHTPOJIbHOH PalOoTHEI IO AMCIMIUIHHE « TeopHs

Ceprucukar HICHIIHEBER G Ed-BEE 78 A500060000043E
Branend); \VgFoMECKIE PEROMEHAI[HH I CTYIEHTOB IT0 OpraHH3aIl[HH CaMOCTOATeIbHOI paGoTEI 110
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JTHUCIIMIUIHHE « | eOpHs HEHPOHHBIX CETEI.
11.1.4. HaTepHET-peECYPCBI:
5. http:/www.intuit.tu — caliT JHCTAaHIIHOHHOTO OO0pa3zoBaHHS B 00JIacTH HH(OPMAIHOHHBIX
TEXHOIIOTHH
0. http://window.edu.ru — oOpazoBarenbHBIE PECYPCH BEAYIIHX BY30B
11.1.5. IIporpamMmMHoOe oOecneveHHe
3. Neural Network Toolbox cucremsr MatLab.
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