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BCTVII

Hucnurmniga ,,Meroau po3mizHaBaHHsA 00pa3iB B 3ajadyaX MOHITOPUHTY €
BUOIPKOBOIO  JHCHMIUIIHOK TIJATOTOBKM MAriCTpiB 32  CIEMiaJbHOCTIMH
8.05010101 ,,IudopmarriitHi ynpasisitodi cucteMu Ta TexHozorii” 1 8.05010105
,KOMIT'IOTEpHUII ~ €KOJIOTO-€KOHOMIYHUN  MOHITOPUHI”. BoHa 3HallOMHTH
MaiOyTHIX ¢axiBIiB 3 CydYaCHUMH MeEToJaMd OOpoOKM 1  aHami3zy
MOHITOPHHTOBO1 in)opMaui'l'

MeTta AMCUMILIIHU — MIATOTOBKA Mai0yTHIX (axiBIiB B 001acTi O6pO6KI/I 1
aHamizy iHopmarii, MO OAEPXKYETbCI Bil CHUCTEM  MOHITOPUHTY
HABKOJIMIIIHBOTO CEPEOBHIIA.

OctanHiM yacoM 00poOKa 1 aHami3 noAioHoi iHpopmarlii craga 0coOIMBO
aKTyajgpHOl0. IcHyroul  OaraTo4ucedbHI  CHUCTEMHU  METEOPOJIOTIYHOTO,
T1APOJOTIYHOI0, OKEaHOJIOTYHOTO, €KOJOTIYHOI'O0 MOHITOPHMHTY Ha3eMHOTO 1
KOCMIYHOTO 0a3yBaHHS, paJloJIOKaIliiHI CUCTEMHU TUCTAHIIIHHOTO MOHITOPUHTY
HAJIal0Th BEJIMKY KUIBKICTh BaxJIMBO1 1HGopMalli, sika moTpedye rpaMOTHOT
OOpoOKHM il OTPUMAHHS i1 XapaKTePUCTHK 3 METOI0 TMOJATBIIOTO MPUHHATTS
pIllIEHh CUCTEMaMH yIIpaBJIiHHs pi3HOTro piBHA. daxiBIll 3 MOAIOHUMH 3HAHHSIMU
HEOOXiMHI 1 B JEp)KaBHUX CTPYKTypaX, 1 B HAYKOBHX YCTaHOBaxX, 1 B
KOMEpPLIHHUX (ipMax.

Y aucummiizi ,,MeToau posmizHaBaHHS 0o0pa3iB B 3ajjauax MOHITOPHUHTY
PO3TISAAIOTECS  Cy4acHI METOAM OOpOoOKM 1 aHamizy MOHITOPMHIOBOI
iHdopMarlii, 3acCHOBaHI Ha Teopii po3Mi3HaBaHHS OOpa3iB 1 TeOpii IMITYYHUX
HEHPOHHUX MEpEeX, Ta BHUBYAIOTHCA TEXHIYHI 1 MPOrpaMHi 3acolu, IO
peai3oByOTH ii.

Tomy opmiero 13 3agad  JUCHMIUIIHM € BHUBYCHHS 3aCTOCYBaHHS
HEUPOMEPEKHUX TEXHOJOTIM OOpoOKH MOHITOPUHTOBOI 1HGOpMaIli, 110
MOCTyNa€e BiJl CHCTEM BHUMIPIOBaHHS TMapaMeTpiB CTaHy HaBKOJIHUIIHBOTO
CEpeNOBUINA, IITYYHUX CYIYTHUKIB 3eMJIi, pajiojJoKalIMHUX CTAHIN 1 1HIIMX
CHCTEM MOHITOPHHTY HaBKOJHWIIHBOTO cepenoBHina. B pesynbTari ii 00poOku
MOXXJIMBE  OTPMMaHHS  3HAUYIIUX  XAPaKTePUCTHK Ui  TPUNAHATTS
OOIPYHTOBAHUX PILLIEHb B CHCTEMAX ynpaBniHHﬂ PI3HUX 1€papXIYHHUX PiBHIB.

HpaKTHqHa YacTUHA JUCIUILUTIHA BKITIOYAE na60paT0pH1 p060TI/I o
BUBYCHHIO 1 JIOCHI/DKEHHIO CIOCOOIB 1 METOMIB OOpoOKM 1 aHami3y
MOHITOPUHTOBOI 1H(pOpMAITii.

Jlana nabopaTopHa poOOTa MPHUCBSYEHA BUBYECHHIO 1 JOCTIIKEHHIO KJIacy
MTYYHUX HEUPOHHUX MEPEK 3BAaHUX MEPCENTPOHAMH.

Y pesyapTari MmIATOTOBKHM 1 TMPOBEICHHS J1abopaTOpHOI poOOTH
,,JlOCITIJDKEHHS TIepCcenTpoHa” CTyI€HTH TOBUHHI HAOYTH:

3HAHHA:

— TIPO apXiTEeKTypy OJHOIIAPOBOTO 1 0araTomapoBOro NepcenTpoHa,
— MpOo JeJbTa—TIPaBWJIO HABYaHHS OJIHOIIAPOBOTO IEPCENTpOHA 1
QJITOPUTM 3BOPOTHOTO MOMIUPEHHS TOMIJIKH,



— PO MOKJIIUBOCTI IEPCENTPOHIB,

VMIHHA:

— 3aCTOCOBYBAaTH TEPCENTPOHHM [JII BHPIMIEHHS 3amad  00poOKu
MOHITOPUHTOBOT 1H(OpMaIii.

VY naHuxX METOAUYHUX BKa3iBKaX HABOJSITHCA TEOPETHYHI BI1JOMOCTI,
HEOOXITHI 11 BUKOHAHHS JabopaTOopHOi poOOTH, a TaKOXX METa, 3aBIaHHSA i
NOpsIIOK BUKOHaHHS poOoTH. [IpuBeneHi TakoK BUMOTH 10 OpOPMIICHHS 3BITY
po J1abopaTopHy pOOOTY.

[Ipn BuKOHaHHI JTabOpPaTOPHOI POOOTH KOXHUU CTYIEHT BiANOBIIAE Ha
TEOPETUYHI MUTAHHA 1, TOTIM, IMICJISI OTPUMAaHHS JOIMYCKY, MPAKTUYHO BUKOHYE
poobory.

OmuiHo€eThes 1abopaTopHa poOOTa B MekaxX BUJIIJICHUX HA HEl B poOoUiid
HaBUaJbHIN nporpami Oani, npuuomy 50% mux OaniB TPUXOAUTHCS HA OLIHKY
TOTOBHOCTI CTYJI€HTa JI0 JIJA0OPATOPHOI POOOTH 3 TeOpeTHUHUX muTaHb 1 50% —
Ha OIIHKY NPaKTUYHOTO BHKOHAHHA poOotu. Ilpu oTpumaHHI CTyAeHTOM
MO3WTHUBHOI OIIHKM 3a BIJAIOBIAL HA TCOPETUYHI MUTAHHS BIiH OJIEPKYE JOMYCK
0 BHWKOHAHHS JIaOOpaTOpPHOI POOOTH, TICIAS YOr0 NPAKTUYHO BUKOHYE
nabopaTopHy poboTy. SIKIIO y CTyAeHTa HEMae JOMYCKY, TO 1 poOOTy BiH HE
BUKOHYE.

[Ticns gemoHcTpalii BHUKJIaJady pe3yJbTaTiB BUKOHAHHSA JabOpaTOpHOT
poOOTH 1 OTpUMAaHHS HOT0 JT03BOJIY CTyACHT odopmirsie 3BiT. [licis odopmieHHs
3aXMINAE 3BIT Y BUTJISAI BIATOBIEH HA MUTAHHS BUKJIaada PO XiJ BUKOHAHHS
71a60paToOpHOi POOOTH 1 TIPO PE3yJIbTATH POOOTH.

[IpoBomuThest JaboparopHa pobOTa B KOMO'IOTEPHOMY Kiaci Ha
NEPCOHANILHUX EJIEKTPOHHO-O0UYUCIIIOBAILHUX MaIllIMHAX 31 BCTAaHOBJICHOIO
CUCTEMOIO KOMIT'FOTEPHOT MaTEMATUKH.

Bumoru npaBui TexHiku O0€3MeKu Mpy IPOBEACHHI TabopaTopHOi poOOTH
Ha nepcoHanbHux EOM

1) Bximtountn amaparypy KOMIT'IOTepa BHMHKa4aMH Ha KOpIycax B
MOCIIZOBHOCTI: CTa0L1i3aTOp HANpPYTH, BIJCOAUCIUICHHUNA TepMiHal,
IPOIIECOP.

2) BigperymoBath  SCKpPaBiCTh CBIYEHHsS €KpaHy BiJCOJUCIUICHHOTO
TepMiHaTy, (POKyCyBaHHS, KOHTpacTHICTb. He ciiji BCTaHOBIIOBATU
BEJIMKY ACKPaBiCTh CBIUEHHS eKpaHy 1100 YHUKHYTH CTOMJICHHs Oodeid. [i
CJIiJi BCTAHOBHUTH TaK, 1100 BIAHOIICHHS SICKPABOCTI EKpaHy /10 SICKPABOCTI
HaBKOJIMIITHIX TTOBEPXOHb B POO0Uill 30H1 OyJsio He Ok, HIXK 3:1.

3) Ilix yac po6GOTH 3a KJIaBIaTyporO CHUJITU MPSAMO, HE HAPYKyBaTUCH.

4) Jlns 3MEHIIEHHsS HECTPUSITIMBOTO BIUIMBY Ha KOPUCTyBaya MPHUCTPOIO
YIOPaBIIHHS MapKEepOM ,,MHIA~ CIiJ 3alHATA BEJIUKY MOBEPXHIO CTOIY
JUISL TIEPEMIIIEHHS ,,MUIII1” 1 JUIS 3pYYHOTO YIOPY JIIKTHOBOT'O CYIiioba.

5) Iicns 3akiH4eHHS pOOOTH BUMKHYTH anaparypy B MOPSJIKY, 3BOPOTHOMY



BKJIFOUEHHIO.
6) Ilin vac maGoparopHoi pPOOOTH HE MO3BOJSIOTHCS CTOPOHHI PO3MOBH,
CTBOPEHHSI JIPaTIBIUBUX IIIYMIB.

[Ipu npoBenenHi 1abopaTopHOi poOOTH
3ABOPOHAETHCA:

1) KopucryBatucs kabensMu i APOTaMH 3 MOMIKOKEHOIO 130JISIIIETO.

2) 3agumaTtk T~ HAmpyrorw Kabem 1 ApOTH 3 HEI30Jh0BAHUMHU
MPOBITHUKAMHU.

3) 3acTocoByBaTH caMOpOOHI TOJIOBXKYBadi, 10 HE BIATIOBIIAIOTH BUMOTaM
[TpaBwmi moOy OB €IEKTPOYCTAHOBOK.

4) BukopucTOBYBaTH MOMIKOIKEHI €ICKTPUYIHI PO3ETKH.

5) Ilpu HEoOXiTHOCTI MEpEeMHKAHHS MEPEXKHUX KabeliB pOOUTH 1€ TUIbKU
IIPU BUMKHEHOMY €JIEKTPUYHOMY JKUBJICHHI KOMITFOTEpa.

6) Knactu Oynp-sKi mpeaMeTH Ha anapaTypy KOMITIOTepa.



1 TEOPETUYHI BIIOMOCTI I10 JIABOPATOPHII POBOTI
,»,JLOCITIIJDKCHHS TIepcenTpoHa’”
1.1 3aranpH1 BIIOMOCTI1

tyuni HeHpOHHI Mepexi 3aCHOBaHI Ha MPOCTIA OlOJOTIYHIN Mozeni
HEPBOBOI CHCTEMH, IO cKianaeThest 3 10" HelfpoHiB, KOXKHUIL 3 SKUX TpHiiMae
3BaXCHY CYMY BXIJIHUX CHTHAJIB 1 32 TIEBHUX YMOB IEpPEIAE CUTHAT 1HIINM
HeifponaM. KinbKicTh 3B'3KiB HeifpoHiB B cuctemi gocsrae 10",

Teopiss HEHPOHHUX MEpPEX BUHMKIA 3 JOCITIKEHb MO3KY 1 MOB's3aHa 13
cripoOaMu BIITBOPEHHS 3/TaTHOCTI HEPBOBUX O10JIOTTYHUX CHCTEM JI0 HAaBYAHHS 1
BUIIPABJICHHS ITOMIJIOK, MOJICTFOIOYH HU3bKOPIBHEBY CTPYKTYPY MO3KY.

Ils Teopis posBuBanacsa 3 cepeauHu 20 cTomitts 1 3 KiHIE 90-x poKiB
3HaWIUIa MIUPOKE MPAKTUYHE BXKUBAHHSA. B KOCMOHABTHII 1 aepOHABTHUII — JJIst
IMITaIlii TPAEKTOPIH MOJBOTY 1 MOOYAOBH CHCTEM aBTOMAaTHUYHOTO IMIJIOTYBaHHS.
VY BINCBKOBIN cIipaBl — JJIsl yIOpaBiIiHHS 30pO€I0 1 CTEKEHHSAM 3a HiisiMu. B
CIEKTPOHIIl — JJI1 PO3pOOKH CHCTEM MAIIMHHOTO 30pYy 1 CHHTE3y MOBHU. B
MEIUITMHI — 71 JIaTHOCTHKH 3aXBOPIOBaHb 1 KOHCTPYIOBaHHS MPOTE3iB. Y
BUPOOHUIITBI — JJIS1 YNPABIIHHSA TEXHOJOTTUHUMH TMpoOLecaMu, podOTaMu 1 T.J.
Takuit ycmix HEWPOHHHUX MEPEX TMOSCHIOEThCS THUM, IO Oyja CTBOpeHa
HEeoOXimHA eJeMeHTHa O0asza I peanizaimii HEHPOHHHX MeEpexX, a TaKOoXK
pO3pO0JIeH] MOTYX HI IHCTPYMEHTAJIbHI 3aCO0M 711 1X MOJICTIOBAHHS Y BHUTJISII
MaKeTiB MPUKIATHUX nporpam. J[o yucia moaiOHUX MaKeTiB BIIHOCUTHCS MaKeT
Neural Networks Toolbox (NNT) cucremu komm'torepHoi matematuku (CKM)
MATLAB 6 ¢hipmu MathWorks.

[Taker mnpuxmagaux mporpaMm NNT wmicTuTh 3aco0u g 1MoOyAOBU
HEHPOHHUX MeEpeX, M0 0a3yrThCS Ha TMOBEOIHII MAaTEeMAaTHYHOTO aHajora
HelipoHa. [laker 3abe3neuye eQeKTUBHY MIATPUMKY MPOCKTYBAaHHS, HaBUaHHS,
aHajizy 1 MOJENIOBaHHS OaraThbOX BIJIOMHX THINIB MeEpeX — BiJ 0a30BHUX
MOJeJe  TepcenTpoHa 0  acOlllaTUBHUX  MEPEeX 1 Mepex, 1o
CaMOOPTaHI30BYIOThCA. [[7151 KOXKHOTO THITY apXiTEeKTypH 1 HABYAIILHUX TIPABUII €
dbyakmii iHimMamizami, HaBYaHHS, aJjanTarii, CTBOPCHHS, MOJEIIOBAHHSI,
Bi10Opa)KeHHS, OLIIHKH 1 IEMOHCTpAIlil, a TAKOXX MPUKJIAAN BXKUBAHHS.

1.2 OpHomapoBuit nepcenTpoH

[lepmie cucreMaTH4yHe BUBYCHHS INTYYHUX HEHPOHHHX Mepex Oyro
3poosneHo Mak-Kamnokom 1 Ilitrcom B 1943 p. Ilpocta HelipoHHa MOJeEb,
noka3aHa Ha puc. 1.1, BUKopucToByBaacs B OUIBIIIN 4YaCcTUHI iX poOOTH.

[it Biznoizae Mozens mTy4yHoro Heifpona (puc. 1.2). Ili cucremu (i im
NoA10H1) oJieprKaju Ha3BY MEPCENTPOHIB.

B nmpunnum onucyroThcs 1 ckiagHimn cuctemu  (puc. 1.3). Bonu



CKJIAJAI0ThCA 3 OJHOTO MIapy IITYYHUX HEUPOHIB, 3’€IHAHUX 3a JOIMOMOTOIO
BaroBUX KOEQIII€HTIB 3 0€31144I0 BXO/IB.
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Puc. 1.1 —Ilepcentponnuii Heiipon Yoppena Mak-Kannoka 1 Banstepa IlitTca
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Puc. 1.2 — CTtpykTypHa cxema OJJHOIIapOBOr0 NEPCENTPOHA 3 OJTHUM BHUXOIOM

Y 60-1 poku 20 CTOMITTS MEPCENTPOHU BHUKIMKAIM BEIUKUN I1HTEpec.
Po3eHOmaTT 70BIB TeopeMy NpO HaBUaHHS MEPCENTPOHIB. [HIN TOCHIAHUKH
Jand psii TIEPEKOHJMBUX JEMOHCTpAIlil CHCTEM TIEPCENTPOHHOTO THUTY, i1
JOCTIAHAKA Y BCbOMY CBITI MParHyid BHBYUTH MOKJIMBOCTI IUX CHCTEM.
[lepBuHHMIA ONTHMI3M 3MIHHMBCS PO34YapyBaHHSIM, KOJIU BHUSBUJIOCA, IO
MIEPCENITPOHHU HE 3aTHI HABYUTHCS PIIIICHHIO PSTY MPOCTUX 3a/1ad.

Mincekuii 1 [Tavinept Hanpukidil 1960-x pokiB B nepuioMy BUJIaHHI KHUTH
,llepcenTpoHn” MaTeMaTUYHO CTPOTO MpOaHAII3yBaIM 110 TMpodiieMy 1
noKa3ajgh, M0 € >OPCTKI OOMEXEHHS Ha Te, L0 MOXYTh BHKOHYBaTH
OJTHOILIAPOBI TMEPCENTPOHH, 1, OTXKE, HA T€, YOMY BOHM MOXYTh HaBUaTHUCS.
OCK1JIbKH Y TOM yac METOJM HaBUaHHS 0araTtoliapoBUX Mepex He Oyiu BiaoMmi,
OCTUIbKH JIOCHIKEHHST B 00JacTI HEWPOHHUX MEPEX MNPUUNUIM B CIIAJIOK
npubau3Ho Ha 15 pokiB. Po3poOka MeTo/iB HaBUaHHS 0araTolapoBUX MEpPEX B



3HAYHINA Mip1 BIUIMHYJIA HA BIAPO/KEHHS IHTEPECY 10 MEPEXK.
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Puc. 1.3 — ApxiTekTypa 0JJHOIIIApOBOTO MEPCENTPOHA 3 OaraTbMa BHXOAaMHU

He muBmsianch Ha CBOI OOMEXKEHHS, OJHOIIAPOBI MEPCENTPOHU IIHPOKO
BUBYANMHCA. Teopis NepcenTpoHiB € OCHOBOK I 0araTbOX IHIIMX THIIIB
HITYYHUX HEUPOHHUX Mepex. Uepes 1l NpUUMHU BOHHU € BUXIJHUM MaTepiajiom
JUTsl BABYEHHS IITYYHUX HEUPOHHUX MEPEK.

Haeuannsa oonowapoeozo nepcenmpona.

3MaTHICTh IITYYHUX HEUPOHHUX MEpEX HaBuUaThUCAd € iX crherupIyHOI0
BnactuBicTiO. IlogiOHO OI0JOTTYHMM CHCTEMaM, SKI BOHU MOJEIIOIOTH, IIl
HEHPOHHI MEpexki caMi MOJEINIOITh ce0e B pe3ynbTari cpol JOCATTH Kpaioi
Mozeni noBeAinku. [lepcenTpon HaB4arOTh, Mogatouu 0e31id oOpa3iB MOOIHUHIII
Ha MOro BXiJ 1 MiICTPOIOIOYM Baru J0 THX Mip, TOKH sl BCiX 00pa3iB He Oyne
JOCSITHYTUH HEOOX1THUHN BUXI1J.

TakuM YyMHOM, HaBYaHHS MEpPEXi MOJATAaE B MIACTPOIOBAHHI BaroBUX
KoeIII€HTIB KO)KHOTO HEMpOHAa.

Xait € mabip map BextopiB (x, 1*), &k = 1..N, 3Banumii HasuanbHOW0
subiproro. HazuBatuMemMo HEHpPOHHY MEpEeXy HABUCHOKO Ha JIaHIM MOBYAJBbHIN
BUOIpIIi, SKIIO MPHU MOJa4yl Ha BXOJU MEPEXK1 KOKHOTO BEKTOpa x* ma Buxomax
BCSIKUI Pa3 BUXOMHTH BiMOBiTHMIT BeKTOP ).

3anponoHoBanuii  @®.Po3eHOiaTToM  METOA  HABYAHHS  MOJAraE B
iTepalifHOMY IIIJICTPOIOBAaHHI MATpHUIll BariB, MO0 TMOCIIJIOBHO 3MEHIIYE
MOMUWIKY Y BUXIJTHUX BEKTOpaX.

AJTOpUTM BKIIIOUYAE JIEKIJIbKA KPOKIB:

0) TIlouatkoBi 3HadeHHs BariB BciXx HeHpoHiB W(t=(0) BBaxarTbCA

BUITAIKOBUMU.

1) Mepexi npen'sBiseThcs BXimHHE 00pa3s x', B pesymbraTi opMyeThcs

L ~k _ k
BUXIAHMIA 0Opaz V =) .



2)

3)

4)

OOGYHUCTIOETHCS BEKTOP TMOMMIIKH 5t =(yk —7k), 10 POOUTHCS MEPEKEIO
Ha Buxoxi. Ilomanpmia izest mojsrae B ToMy, IO 3MiHAa BEKTOpa BaroBHX
Koe(illieHTIB B 00JIaCTI MaJliX TOMIIOK TMOBHHHA OyTH MpOMOpIliiiHa
MTOMUJIIII Ha BUXO/I1, 1 JOPIBHIOE HYJIIO, SIKITO TIOMHUJIKA JOPIBHIOE HYJIIO.

Bekrop Barie Momugikyerses no popmyrni W (¢ +At)=W (t)+ hx* -(5k )T.

Tyt 0<h<I — Temn HaBYaHHS.

Kpoku 1 — 3 moBTOprOIOTHCS 1711 BCIX HaBYAIBHUX BEKTOPiB. OJUH LUK

MOCTIJOBHOTO TIPE'IBJICHHS BCi€l BUOIPKH HA3UBAETHCS €noX010.

HaBuaHHs 3aBepIIy€eThCS MICTS 3aKIHYSHHS ACKIJTBKOX €MoX:

a) KOJM ITepalii 31M1yThCsl, TOOTO BEKTOp BariB MepecTae 3MiHIOBATHCS,

0) KOJM TOBHA IIJICYMOBaHa IO BCIX BEKTOpaxX aOCOJIOTHA IOMUJIKA
CTaHE MEHIIIE JIETKOTO MaJIOTO 3HAYCHHS.

®opmyna, 1m0 BHUKOPUCTOBYEThCSI Ha 3 KpoOll, BpPaxOBY€ HACTYIIHI

00CTaBUHU:

a) MOAM(IKYIOTbCS  TUIBKM  KOMIIOHEHTH  MAaTpHIll  BariB, MIO
BiJIMTOBIIal0Th HCHYJILOBUM 3HAUYCHHSM BXOJIiB;

0) 3HaK MPUPOCTYy Bard BIATOBIJAa€ 3HAKYy MOMIUIKH, TOOTO MO3WTHBHA
nommika (0 > (0, 3HaYeHHsI BUXOJly MEHILIE BUMAra€eThCs) MPOBOJUTH
JI0 TIOCUJICHHS 3B'SI3KY;

B) HaBYaHHS KOXKHOTO HEWpOHA BiJIOYBA€THCS HE3aJEKHO BiJl HABYAHHS
pelITH HEWpPOHIB, IO BIAMOBIIAE BAXIMBOMY 3 O10JIOTTYHOI TOUYKH
30py, IPUHIUITY JIOKAIbHOCHIT HAGUAHHSI.

JlaHuit METOJT HaBYaHHS HA3UBAETHCS ,,MEeMOOOM KOPEeKYii i3 360POMHOI0

nepeoauero cucHany nomuiku’ abo ,,0-npasuno’”. JlenbTa-nmpaBuiio MOAUQDIKYyE
Bary BIJNOBIAHO 3 BUMAara€MuM 1 JIACHAM 3HAYCHHSIMHU BUXOMY KOXHOI
HOJIIPHOCTI, K N7 Oe3mepepBHUX, TaK 1 Ay OlHAPHMX BXOJIB 1 BUXOJIIB.
[IpencraBnennii airopuT™M BIJHOCHTHCS A0 KiIacy alTOPUTMIB HaBYaHHS 3
BUUTEJIEM, OCKITBKH BIJIOMI SIK BXIJHI BEKTOpH, TaK 1 HEOOXiAHI 3HAYCHHS
BUX1JTHUX BEKTOPIB.

TpyaHo1Ii 3 aATOPUTMOM HABYAHHS MTEPCENTPOHA:

— MOXXE BHUABHTHCA CKPYTHUM BHU3HAYUTH, 4YH BHUKOHAaHAa YyMOBa
PO3AUIBHOCTI JIJIsl KOHKPETHOT HaBYaIbHOI MHOYKHHH,

— y 0araTtbOX CHUTYyallisX, 110 3yCTPIYAOThCS Ha MPAKTHIll, BXOAU YacTO
MIHSIOTBCA B Yaci 1 MOXYTh OyTH PO3AUIbHI B OJUH MOMEHT Hacy 1
HEPO3IUIbHI B HIIIIH,

— y JI0OKa3l aJrOpUTMYy HaBYaHHS MEPCENTPOHA HIYOTO HE TOBOPUTHCS
PO T€, CKIJILKU KPOKIB MOTPIOHO I HABYAHHS MEPEXKI,

— HE JOBEIEHO, IO TEPCENTPOHHUN alTOPUTM HaBUaHHS OLUIBII
IIBUJIKUNA B TIOPIBHAHHI 3 TPOCTUM MEpeOOpPOM BCIX MOXKIMBUX
3HAYCHb BariB, 1 B JCIKUX BUMAJKaX 1€l MIOX1J MOKE BHSIBUTHCS
Kparum.
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Modsicnueocmi 00HOWIAP06020 nepcenmpona.

JloBeneHHsl TeOpeMU HaBYaHHA nepcentpoHa PozeH6narrom nmokasano, 1o
NEPCENTPOH 3/1aTHUI HABUUTUCSA BCbOMY, IO BiH 3JaTHUN ySBUTH. Baxiupo
Opy IIbOMY YMITH PO3PI3HATH YSBHICTh 1 HaBYAEMICTh. [IOHATTS ySIBHOCTI
BIJIHOCUTHCSA JO 3JaTHOCTI MepcentpoHa (abo 1HIIOI Mepexi) MOJENTIoBaTH
neBHy (QyHkuUiro. HaBuyaeMicTh BUMarae HasBHOCTI CUCTEMATUYHOI MPOLIEAYypH
MiCTPOIOBAHHS BariB Mepexi A peamizaiii miel GyHKIii.

Koxuwnii HefpoH nepcenTpoHa € GopMaTbHUM MTOPOTOBUM €IIEMEHTOM, IO
npuiiMae OAMHWYHI 3HAYEHHS Yy BUMNAAKY, SKIIO CYMapHHM 3Ba)KEHUN BXIJ
OlsIbIIE AESKOTO MOPOrOBOTO 3HAYEHHS:

yJ

LY Wx, >0,
J

yJ

y4:
’ O,ZW.)C. <6,
J

Taxum yuHOM, TpU 33JaHUX 3HAUEHHSX BariB 1 MOPOTiB, HEHPOH Mae TIEBHE
3HAYEHHS BUXIJHOI aKTHUBHOCTI IS KOXHOTO MOXKJIMBOTO BEKTOpa BXO/IIB.
MHo1Ha BXITHUX BEKTOPIB, IPU SIKUX HEUPOH akTUBHUI (y=1), BiIOKpeMIIeHa
BiJl MHOKMHU BEKTOpIB, Ha SKHX HEHpoH macuBHUMl (y=0) ecinepniowunoro,
PIBHSIHHS SIKO1.

ZWinj —0,=0
j .

Omxe, HEUPOH 37AaTHUHN Gi0Oiiumu (MAaTH PI3HUA BUXIM) TUIBKKA Taki B
MHOXHMHHU BEKTOPIB BXOIB, JIJISl IKUX ICHY€E TIMEPIUIONIMHA, IO BIJACIKAE OTHY
MHOKHHY BiJ 1HIIOI. Taki MHOKWHU Ha3UBAIOTh JIHIUHO PO30iNbHUMU.

[IpointocTpyeMO 1€ TOHSATTA Ha MOpHKIanAl. Xall € HeHpoH, IS SIKOTO
BXITHUM BEKTOpP MICTUTh TUIBKKM JBI OyJieBl KOMIOHEHTH (x/, x2), 110
BU3HAUYAIOTh IUIONMHY. Ha pgaHiii TUIOmMHI MOXJIMBI 3HAYEHHS BEKTOPIB
BIJIMOBIJIAI0Th BEPIIMHAM OJMHUYHOTO KBajpara. B KoxkHIi BepIlInHI BU3HAYEHO
HeOoOX1HE 3HAYeHHs aKTHUBHOCTI HeipoHa 0 (Ha puc. 1.4 — Oura Touka) abo 1
(dopHa Touka). BuMaraeTbcsi BU3BHAUUTH, YU ICHYE TaKWi HaOlp BariB 1 MOPOTiB
HEHUpOHa, IPU SIKOMY 11l HEMPOH 3MOXKe BIIJAUIUTUA TOUYKH PI3HOTO KOJIbOPY?

Ha puc. 1.4 npencraBieHa oaHa 3 CHUTyallil, KOJU IBOTO 3pOOUTH HE
MO>KHA BHACJIIIOK JITHIHHOT HEPO3AUIBHOCTI 0371141 O1/IMX 1 YOPHUX TOYOK.

HeoOxinHa axTUBHICTP HEHpOHA [UIsi IBOTO PHCYHKAa BHU3HAYAETHCA
TaOJIMIEI0 ICTUHHOCTI (HaBeleHa HUX4e), B AKIH HEBaXXKO BII3HATU JIOTIYHY
¢dyHK1iIO ,,1110 BUkiIoyae ABO”:
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Puc. 1.4 — bini Touku HE MOKYTh OYTH BIIOKPEMJICHI OJHIEIO MPSIMOIO BiJl
yopHuX (mpobiiema ,,imo Bukiaouyae AbO” ogHOIIIapoBOro nepcenTpoHa)

JliniiiHa HEPO3AUIBbHICTh O€3J1iul apryMEeHTIB, IO BIJMOBIIAIOTH Pi3HUM
3Ha4YeHHsAIM (yHKIIT, o3Haudae, mo (yHKINA ,,100 BukiIouae ABO”, He Moxe
OyTu mpejcTaBieHa popMaIbHUM HEHPOHOM.

Posrnsaemo 1o 3agady 3 npyroro 6oky. Beaxxarumemo Buxija mepexxi NET
SK TIOBEPXHIO HaJ IIOMUHOK X—y. KokHa Touka I1i€i MOBEpPXHI 3HAXOAUTHCS
HaJ BIJIMOBIAHOIO TOYKOIO IUIOIIMHU X—y Ha BiJcTaHi, piBHOMY 3HadeHHIO NET
B Miil Tourli. MokHa mokasaru, mo Haxwi i€l NET-moBepxHi omHakoBuUil 1ist
BCl€i MoBepxHi X—y. Bci Touky, B sikux 3HaueHHss NET piBHe BenuuuHi mopory,
IpOEKTYIOThCS Ha JiHito piBHsA wionmau NET (puc. 1.5).

SIcHo, 110 BCi TOYKH MO OJHY CTOPOHY IMMOPOTOBOI MPSIMOT IPOCKTYIOTHCS B
3HaueHHs1 NET, mo Ouibiie mopory, a TOYKHM IO 1HIY CTOPOHY JaayTh MEHIII
3HaueHHs1 NET. Takum unHOM, moporoBa mnpsiMma po30MBa€ MIIONIMHY X—Y Ha JIBi
obsacti. Y BCiX TOUKax MO OJHY CTOPOHY moporoBoi mpsmoi 3HadueHHss OUT
pIBHE OJIMHMIIL, TIO 1HIITY CTOPOHY — HYJIIO.

OTXe, HEMOKJIMBO HAKPECIUTH MPSAMY JIHIIO, IO PO3AUILE MJIOMUHY X—Y
Tak, Mo0 peanizoByBajacsa QyHKis ,110 Bukiaouae AbO”. llelt npuxnaag He
enuHud. € oOmupHUN Kjac (QYHKIN, 10 HE peai3ylThCs OJHOIIAPOBOIO
mepexero. [Ipo 11 QyHKINT roOBOpSTH, IO BOHU € JIHIMHO HEPO3AUTLHUMH, i
BOHU HAKJIAJAIOTh MTEBHI OOMEXEHHS Ha MOXKJIMBOCTI OTHOIIIAPOBHUX MEPEK.

JlinifiHa  pO3AUIBHICTE OOMEXY€E OJHOIIAPOBI  MEpEeXi  3aJadamu

12



kiacuikaiii, B AKX 0€37114 TOYOK (BIJIMOBIIHUX BXIJIHUM 3HAUYECHHSIM) MOXKE
OyTH PO3JIJICHOIO T€OMETPHUYHO.

NET
MepexHa MoBepxHA

JiH1A KOHCTAHT

Puc. 1.5 —Ilepcentponna NET-mnomnmHa

Jns BUManKy 3 JBOMa BXOJaMU PO3AUIBHUK € TPSIMOIO JIiHIEH. Y pasi
TPHOX BXOJIB PO3AUICHHS 3IIHCHIOETHCS IUIOMIMHOIO, IO PO3THHAE
TpUBUMIpHUN mpocTip. s yoTuprox abo0 OUIBII BXOJIB Bi3yami3ailis
HEMOXKJIMBa, 1 HEOOXITHO YSABUTH N-MIPHUM TIPOCTIp, IO PO3THHAETHCS
,, TIIIEPIUIOIINHOI0” — TEOMETPUYHUM O00'€KTOM, SKUH PpO3TUHAE MPOCTIP
YOTUPHOX a00 OLIBIIOrO YKCiia BUMIPIOBAHb.

OcCKiNbKM JIHIHHA PO3AUTBHICTE OOMEXYE MOMIMBOCTI MEPCENTPOHHOTO
YSIBJICHHS, TO BOXKJIMBUM € 3HAHHS TIPO Te, mo QyHKIis po3ainpHa. Ha xans, He
ICHY€E MPOCTOTO CTIOCO0Y BUHAYMTH 1€, SKIIO YHCIIO 3MIHHUX BEIIUKE.

Helipon 3 n IBIKOBUMH BXOJaMH MOXe MaTh 2" pi3HHX BXiJHHX 00pas3iB,
10 CKJIAJIAIOTHCS 3 HYJIB 1 OJUHUIL. OCKUIBKH KOXHUN BXITHUH 00pa3 MoXe
BI/IMOBIZIATH JIBOM PI3HUM OlHApHUM BHUXOJaM (OJMHHUIISA 1 HYJb), TO BChOTO €

2° GbyHKIIIH B 7 3MIHHHX.

Ak BumHO 3 Tabmwmmi 1.1, WMOBIpPHICT, TOTrO, IO BHUIAJKOBO BHOpaHa
(GYHKINS BUSABUTHCS JIIHIMHO PO3JAUIBHOIO, Jy)XK€ Majla HaBiTh IS OMIPHOTO
qyyciaa 3MIHHUX. 3 Mi€l NPUYUHU BXKWUBAHHS OJHOIIAPOBHMX IEPCENTPOHIB Ha
MPaKTHUIl 0OMEKEHO MPOCTUMHM 3a]]a4aMU.

13



Ta6muis 1.1 — JliHilHO po3aiabHI QyHKITIT

n 2% Yucio niHIAHO po3AUTbHUX (DYHKITIN
1 4 4

2 16 14

3 256 104

4 65536 1882

5 43x10° 94572

6 1,8x10" 15028 134

1.3 BararomapoBuii nepcenTpoH

bararomapoBuii mepcenTpoH — OKpEMHUN BHUIAJOK TMEPCENTpPOHa
Po3zenOnarra, B SIKOMy OJMH QJIrOPUTM 3BOPOTHOTO MOIIUPEHHS MOMMIIKH
HaByae Bci mapu. Ha3Ba 3 iCTOpHMYHMX NPHYMH HE BITOOpakae 0COOJIMBOCTI
JTAHOTO BHJY IMEPCENTPOHA, TOOTO HE 3B'I3aHA 3 THM, II0 B HbOMY € JEKJIbKa
mapiB (OCKUTBKHM JCKUIbKa IMmapiB Oyyno 1 y mepcentpoHa PosenOmarra).
Ocobaugicmio 6azamowaposo2o nepcenmpoHa € Has8HICMb OilbUL HIJC 0OHO20
Haguaemozo wiapy. HeoOXimHICTh y BENWKIN KUIBKOCTI HaBUYAEMHUX IIIapiB
BIJIMTaJIa€, OCKIILKH TEOPETUIHO €IWHOTO MPUXOBAHOTO IMIAPY MOCTaTHBO, 100
NEPEeKOyBaTH BXIJHE YSIBICHHS Tak, 100 OJepKaTu JiHIHHY PO3AUTBHICTD IS
BUXIJIHOTO YSBJCHHsS. [CHy€ NpUIYIIEHHS, 10, BUKOPUCTOBYIOUM OIIBIILY
KUTBKICTh TIapiB, MOYKHA 3MEHIIHUTH YUCJIO €JIEMEHTIB B HUX, TOOTO CymapHe
YUCJIO E€JIEMEHTIB B Iapax OyjJe MeHIe HDK NpH BUKOPUCTAHHI OJIHOTO
MPUXOBAHOTO IIAPY.

Bci Bunu nepcenTpoHiB, 3anponoHoBaHi Po3en6aaTrTom nounHarouu 3 1958
POKY, € 3a cydacHOIo kiacu@ikaiiero 6araromaposumu. [Ipore B 1970-e poku
1HTEpeC 10 NMepPCenTPOHIB 3HU3UBCA, 1 B 1986 polii PymmenbxapT CKOHCTpYIOBaB
OararomapoBuil MepcenTpoOH HAHOBO. TOMY BHHHUKIIO YSBJICHHS MPO Te, IIO
NepBUHHUN mepcenTpoH Po3enbmaTra OyB NMPUMITUBHUM 1 OJHOLIAPOBUM, 1
auire Pymmensxapt oOrpyHTyBaB HEOOX1IHICTh BBEICHHS MPUXOBAHUX IIAPIB.

Y cBoix gocmimkeHHsX Po3eHONMATT BUKOPUCTOBYBAB TMEPEBAXKHO
eJIEMEHTAapHUN TEepPCenTpPOH 3 TPHOX IIApiB, MPUUOMY Bara MEPLIOTO MIapy
BUOMpanacsi BUIMAIKOBUM YHHOM, a moTiM (ikcyBanacs. [loemgnanHs
BUITAJIKOBOCTI 1 BEJIMKOTO YHCIa HEHPOHIB B MEPIIOMY MIapi 3a0e3neuyBau
BHUCOKY MMOBIPHICTh MOMAJaHHS B TaKWil TIIEPIPOCTip, B AKOMY Oyia JiHilHA
PO3IIUIBHICTG 1 TapaHTyBasIacs 301KHICTh IIPOIleCy HaBYaHHs, TOOTO Po3eHOnmaTT
3MIT YHUKHYTHM HABYaHHS MEPIIOro IIapy, BUKOPUCTOBYIOYM HOTO BUIAAKOBY
MIPOEKIII0 HAa 0araTOBUMIPHHM MPOCTIP.

[Ipote 3aciayra Pymmenbxapra, a opHodyacHo 3 HuUM Bepb6oca II.,
lanymkina A.l., bapueBa C.I.,, Oxonina B.A. 1 iH. monsransa B MpaKTUYHIM
Moau(ikaiii OaraTolmrapoBoi apXiTEKTypu 1 po3poOIili MPUHIIMIIOBO HOBOIO
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METO/Jy HaBUaHHS — METOJy 3BOPOTHOTO IMONIMPEHHS TOMMIIKH, ajieé came
pobota Pymmenbxapra BiJipo/iuiia IPaKTUYHUI 1HTEpEC 10 MEePCENTPOHIB.

Biominnocmi  b6acamowapoeoeco  nepcenmpona  8i0  nepcenmpoHa
Pozenbnamma. B 1988 pomi MiHcbkuii nepeBunaB kHury ,,llepcentponu”, B
Ky BKJIIOUMB HOB1 pO3/i1u. B HUX BIH MOKa3aB, M0 SKICHUX BIAMIHHOCTEH TIpHU
HAaBYAaHHI MEPCENTPOHA METOJOM  KOPEKIii TMOMWIKA 1 HaBYaHHSIM
0araTomapoBOro MEPCENTPOHA METOAOM 3BOPOTHOTO TOIIMPEHHS MOMUJIKH
HeMae, 00uIBa CrTOCOOW BUPINIYIOTH 31CTaBHI 3a/1adi 1 3 TIEIO K €PEKTUBHICTIO 1
oOMexeHHsMH. Pi3HUIS ute B crioco0i JOCATHEHHS METH.

Cepen BigMiHHOCTEH OaratomapoBoro mnepcentpoHa Pymenbxapra Bin
nepcentpona Po3en6maTTa MOXKHA BUIIJTUTH HACTYTIHI:

— BUKOPUCTAHHS HEMHIWHOT (QyHKUIl akTWBalii, SK MPaBUIIO,
CUTMOIJIHOI,

— YHCJIO HaBYAEMUX IIapiB OuIbIIEe ogHOrO. YacTime 3a Bce B J0J1aTKax
BUKOPHCTOBYIOThCS HE O1IbIIIE TPHOX,

— CHUTHAJH, IO MOCTYNAIOTh Ha BXiJ, 1 OJIEp’KyBaH1 3 BUX0Ay He OiHapHI,
a MOXYTh KOIyBaTHCS JCCATKOBUMH YHCJIAMH, SKi TMOTPIOHO
HOpMaJi3yBaTH, Tak 100 3HaueHHs Oyau Ha BiaApizky Big 0 mo 1
(HopMaumizamisi HeoOXigHa SIK MIHIMYM JUISi  BHUXIAHUX JIaHUX,
BIIMOBIHO 10 (DYHKINIT aKTUBAIlll — CUTMOIIHO1),

— JIOMYCKAa€ThCA JOBIIbHA apXITEKTypa 3B'S3KIB (y TOMY 4YHCHl 1
MOBHO3B'SI3HI MEPEX1),

— TMOMMJIKA Mepexi OOUHMCIIOETHCS HE SIK YMCIIO HEMpaBUIBbHUX 00pa3iB
micis iTeparlii HaBYaHHS, a AK JesKa CTaTUCTUYHA Mipa HEB'S3HOCTI
M1X MOTPIOHKM 1 OJIEpP’)KyBAaHUM 3HAUCHHSIM,

— HaBYaHHS MPOBOJUTHCS HE JO BIJICYTHOCTI MOMMJIOK MICIsi HABYAHHS,
a 710 cTabiizalii BaroBux Koe(dirieHTiB MpU HaBYaHH1 a00 ypHUBAETHCS
paHiie, o0 YHUKHYTH NepeHaBYaHHS.

bararomapoBuii nepcenTpoH BoJOAITUME (DYHKI[IOHAILHUMH TEepeBaraMu
B MOPIBHSHHI 3 nepcenTpoHoM Po3eHOnarra TUIBKM B TOMY BHIIAJKY, SKILIO Y
BIJNOBIIb HA 0 HE MPOCTO Oy/ae BUKOHAHA SKAach peakiis (OCKUIbKH BXKE B
MEePCENTPOHI MOXKe OyTH Ojep)KaHa PEaKIlisi OyIb-IKOTO TUITY), & BUPA3UTHCS B
HiABUIICHHI €(EeKTUBHOCTI BUPOOJIEHHS Takux peakuil. Hanpukian, nmokpaiae
3010HICTh A0 Yy3arajJibHEHHs, TOOTO A0 MPaBWIBHUX pPEakiid Ha [ii SKUM
NEPCENTPOH HE HABUABCH.

ApxiTekTypa 6araTomapoBoro rnepcenTpoHa MnpeacTaBieHa Ha puc. 1.6.

Haeguanna dacamowaposozo nepcenmpona.

TunoBuMm, HaWBIAOMIMIKM 1  HAWUMOMIMPEHINIUM  MPEICTaBHUKOM
QNITOPUTMIB HaBYaHHS 0araToIIapoBOrO MEPCENTPOHA € AJITOPUTM 3BOPOTHOTO
MOIIMPEHHS TOMWIJIKH — 1I€ JETePMIHICTCBKUN 1TepaIliiHui TpajleHTHUM
QITOPUTM HABYAHHS 3 BUUTEIIEM.

AJTOPUTM 3BOPOTHOTO TMOIIMPEHHS TMOMUIKH BUKOPUCTOBYETHCS IS
HaBYaHHs OaraTolapoOBUX HEMPOHHHUX MEPEX 3 MOCIIAOBHHMH 3B'3KaMu abo,
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K MPUUHATO TOBOPUTH, MEPEXK MPSMOTrO MOIIMPEHHS THUITy 0araToiapoBOTO
nepcentpoHa (puc. 1.6).

Bxiaauni [TpuxoBanuii Buxigawnii

rap map map

X7

— out;

> out,
X2

X — out,

Puc. 1.6 — ApxiTektypa 6araTomapoBoro (JBOIIAPOBOTO) MEPCENTPOHA

VY GaraTomapoBux Mepexax ONTHMalIbHI BUX1IHI 3HAYCHHS] HEUPOHIB BCIX
HI1apiB, OKpiM OCTaHHBOTO IIApy, SIK MpPaBHIIO, HEBiOMI. ToMy mepcenTpoH 3
TppbOMa 1 OUjbllle IIapaMH B)XE€ HEMOXJIWBO HABUUTH, KEPYIOUHCHh TIIbKU
BEJIMYMHAMU TOMWJIOK Ha BHXOJax IITY4HOI HelpoHHOoi Mmepexi (LLIHM).
HalinpuiHATHIIIMM BaplaHTOM HaBYaHHS B TaKUX YMOBaX BHSBIISETHCS
IpalIEHTHUN METOJ] TIOIIYKY MIHIMYMY (DYHKIII{ HOMUJIKY 3 PO3TJISAIOM CUTHAJIIB
noMusiku Big BuxoAiB IIITHM no ii BxoamiB, TOOTO B HampsiMi, 3BOPOTHOMY
IpSIMOMY TOLIMPEHHIO CUTHAJIB B 3BUYHOMY pexxumi podortu. Llel anroputm
HapuaHHs [ITHM oneprkaB Ha3By npoyedypu 360pomHO20 NOUUPEHHS NOMUTKU.

OcHOBHa i0es 360pomHO20 nowiupeHHs TOJAra€ B TOMY, SIK OJAEp)KaTu
OLIIHKY TMOMWJIKH AJi1 HEWpOHIB mMpuxoBaHux miapiB. [lomiTumo, mo 6idomi
MOMMJIKH, 10 POOJIATHCS HEWPOHAMU BUXIJHOTO IIapy, BUHUKAIOTH BHACIHIIOK
Hegi0oMuX TIOKY TTOMHUJIOK HEHPOHIB MPUXOBaHUX mIapiB. YuM Oinblie 3HaYCHHS
CHHANTUYHOTO 3B'SI3KYy MDK HEWPOHOM MPHUXOBAHOTO IIApy 1 BHUXITHUM
HEHPOHOM, TUM CHJIBHIIIE MOMUJIKA MEPIIOro BIUIUBAE HA MOMUWIKY APYTOToO.
OTxe, OLIHKY MOMHJIKH €JIEMEHTIB MPHUXOBaHUX IIapiB MOXKHA OAEPXKATH, K
3BAXEHY CyMy TMOMUJIOK moaanpmmx mmapiB. [lpum HaBuanHi iH(OpMaIis
MOIIUPIOETHCST BIJI HM3bKUX IapiB i€papxii 10 BUIIMX IIapiB, a OIIIHKH
MOMUJIOK, M0 POOJATHCS MEpeXerw — Yy 3BOPOTHOMY HampsiMmi, IO 1
B1I0OOpakeHO B HA3Bl METOY.

Po3rnsgaeMo 1nen anropuTtM.

JUig crpolieHHsT po3risiay OOMEXMMOCS BUIAJAKOM, KOJIM MEpEka Mae
TUIbKW OJIMH IpuXxoBaHui map (puc. 1.7).
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Puc. 1.7 — Ilponieaypa HaB4aHHs 6aratomapoBoro nepcenTpoHa

Martpuio BaroBux Koe(IiIi€HTIB BIJ BXOJIB JO MPHUXOBAHOTO Iapy
MO3HAYUMO W, a MaTPHIIIO BariB, IO CIOJYyYal0Th IPUXOBAHKMH 1 BUXITHUHN mIap
— V. Jlng 1HaekciB mpuiMeMO HACTyIHI MO3HAYeHHs: BXOJIU HYMEPYBaTUMEMO

TUIbKH 1HAEKCOM I ((1..), €IeMEeHTH IPUXOBaHOTO mapy — iHjaekcom j ((1..m), a

BHXOJIH, BIMOBIIHO, iHAeKCOM k ((1..1).

Xaii mepexxa HaBuaerbcs Ha BuOipmi (X,Y), r = 1..N. AKTHBHOCTI
HEWpOHIB IMO3HAYaTUMEMO MajJuMHU OyKBaMH ) 3 BIJAMOBIJIHUM 1HACKCOM, a
CyMapHi 3Ba)K€H1 BXOJ1 HEUPOHIB — MAJIUMH OYKBaAMH X.

CTpyKTypa anroputMmy:

—  Kpoxk 0. ITouaTtkoBi 3HaUeHHS BariB BCIX HEUPOHIB Bcix mapiB V(1=0) i
W(t=0) BBa)xar0ThCsl BUIIaIKOBUMH YHCIIAMHU;

—  Kpok 1. Mepexi npexn'sBiserbcsi Bximuumii oOpa3z X’, B pe3ysbTati
dopmyeTbes BuximuuiA 06pa3 y£Y*. IIpu 11boMy HEHPOHH TOCIITOBHO BiJ MIapy
10 11apy (GyHKIIIOHYIOTh 110 HACTYIMHUX (popmyax:

_ a. _
MIPUXOBAHMM 1IAP Xji= Z I/Vijxi » Vi~ / (xj ),
i

BUXiIHUI 1ap X :Zijyj; Yk :f(xk),
j

ne f(x) — curmoigHa QyHKIis;
—  Kpoxk 2. Xaii ¢pyHKIIOHaT KBaIpaTHUYHOT HOMUIIKA MEPEX1 JJIsl JAHOTO

17



BXI1JTHOT'O 00pa3y Ma€ BUTJIS/IL;
2
(04
b= Z (y ¢ — Yy )
k
Januii pyHkionan mijgjsrae MiniMizamii. Kinacuauauii rpaiieHTHUNR MeTox
ONTUMI3AIII] MMOJISATAE B ITepalliftHOMY YTOYHEHHI apryMEHTY 3TiHO (hOpPMYIIi:

ij(t+1):ij(t)_h'—_

DyHK1LIA TOMUIIKY B SBHOMY BHUIVIA1 HE MICTUTh 3aJIEXKHOCTI B1J Baru Vi,
TOMY CKOpHCTaeEMOCS (opMylaMH HESBHOTO JUGEPCHINIIOBAHHS CKJIATHOI

byHKIIIi:

OF
a=5k=(yk—Yka),
OE OE oy,
e . :5 . 1_
ox, 0y, ox, yk( yk),

OE _OE 0dy, 0x,

_ 5 -v(=v)v
ank By, ox, ank k yk( yk) Yi.

Tyt BpaxoBaHa KOpUCHA BJIACTUBICTh CUTMOIAHOI QYHKIIT f(X): 11 moXigHa
BUPAXKAETHCS TUIBKU Yepe3 came 3HadeHHs GyHkIi, f'(x)=f(1-f). Takum duHOM,
BCl HEOOXiJHI BEIWYMHHU JUIS IIIJICTPOIOBAaHHSA BariB BHUXIAHOro Mmapy V
onepxani (puc. 1.8).

— Kpok 3. Ha 1mpoMy Kpoimi BHUKOHYEThCS TiJCTPOIOBAHHS BariB
npuxoBaHoro mapy (puc. 1.9). ['pagienTauii Mmeton aae:

1))
VKj(t—i_l):VVlj(t)_h.@—VVlj'

OOuucIeHHS MOXITHUX BUKOHYIOTHCS MO THUX e (hopMyax, 3a BUHITKOM
IEAKOro yCKJIaAHEHH (POPMYIH AJIs IOMMIIKH O;.
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OE _OE 0Oy, _
ox, 8yk ox,

=0, - yk(l_yk),

152\ OE Ox
—— == —.ZEk=N5 .y (1-v, )V,
ayj T ox, ayj ; k yk( yk) ks

OE OE Oy, Ox, ;
= . J . J :5j.y/(1_yj).Xl =
oW, oy, ox; oW,

= ;51{ 'yk(l_J’k)'ij '[yj(l_yj)'Xia]

Ilpn oOGuucienHi J;, TyT 1 OyB 3acTOCOBaHMH IPUHIHMI 3BOPOTHOIO
MOIIUPEHHS TIOMUJIKM: YacCTKOBI TOXIJHI OepyThCAd TUIBKH TI0 3MIHHUX
nooanvuiozo mapy. Ilo oxepxkanux dopmynax MOAU(BIKYEThCS Bara HEUPOHIB
IPUXOBAHOTO Mmapy. SKIo B HEHPOHHIN Mepexi € NeKiIbKa MPUXOBAaHUX IIapiB,
poreAypa 3BOPOTHOTO MOMIMPEHHS 3aCTOCOBYETHCS MOCIIIOBHO ISl KOKHOTO
3 HHUX, MOYMHAKYMA 3 IIapy, Mepeaylodoro BUXIIHOMY, 1 Jam A0 Iapy,
HACTYNHOTO 32 BxigHUM mapom. [Ipu nbomy hopmynu 30epiratoTh CBiil BUTIIS
13 3aMiHOIO €JIEMEHTIB BHUXIJHOTO IMIapy Ha €JIEMEHTH BIAMOBITHOTO
IPUXOBAHOTO IIApYy.

—  Kpox 4. Kpoku 1-3 moBTOpIOIOTHCS JUIsl BCIX HAaBUAJIBHUX BEKTOPIB.
HaByaHHs 3aBepHIyeThCS TICHIs JOCATHEHHS Malioi TIOBHOI IMOMMWJIKH a0o
MaKCHMaJIbHO JOMMYCTHMOTO YHCIIa iTepallii.

Sk BUAHO 3 OMUCY KPOKiB 2—3, HaBYaHHS 3BOAMTHCS IO PIllICHHS 3aaadi
onTuMizamii (QyHKIIOHAAa TIOMUJKH TpagieHTHUM MeTojaoM. CyTHICTh
3BOPOTHOTO TOIIMUPEHHS MOMIJIKH TIOJSTae B TOMY, IO JUIS il OLIHKH JJIst
HEHPOHIB TPHUXOBAaHWX IIapiB MOXHA TMPUHHATH 3BAXEHY CYMy TOMHIIOK
MOJIaJIBIIIOTO IIIapy.

[TapameTp & mMae ceHC TeMITy HaBYaHHS 1 BUOMPAETHCA JTOCTATHHO MM
TSt 3a0e3neueHHs 301 KHOCTI MeTony. HeoOxiaHo BiA3HAYHTH, 1I10:

—  mo-mepiie, 301KHICTh METOIy 3BOPOTHOTO MOIIUPEHHS Ty>KE MOBLIbHA.
HeBucokuii Ttemn 301KHOCTI € OCOOJMBICTIO BCIX TPaJIEHTHHX METOIB,
OCKIUIBKHM JIOKQJIBHUN HAmpsM TpaJi€eHTa 30BCIM HE CHIBMAJAa€ 3 HAIPSIMOM JI0
MIHIMYMY,

—  TO-JpyTe, MiJACTPOIOBAHHS BariB BUKOHYETHCS HE3aJIEKHO NI KOXKHOT
napu o0pa3iB HaBUaJbHOI BUOIpKU. [Ipu 11boMy moKpaiieHHs! (yHKIIIOHYBaHHSI
Ha JesKii 3ajgaHiil mapi Moke, B3arajll KaKydd, IPUBOJUTH JO MOTIpLIICHHS
poOoTH Ha monepeiHix obpaszax. B oMy 3HaYEHH1, HEMa€e JOCTOBIPHUX (OKPIM
NPAKTUKU BXKUBAHHS METOAY) rapaHTiil 301KHOCTI.
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Puc. 1.8 — IlizcTporoBaHHs BariB BUXiJHOTO MIAPY

JlocmikeHHsT  TMOKa3yloTh, MO JJII  TPEJICTaBICHHS  JIOBIJIBHOTO
(YHKIIIOHATBHOTO BIIOOpaXEHHs, IO 3aJa€ThCS HABUYAJIBHOI BHUOIPKOIO,
JIOCTaTHI BChOTO 06a wiapu HeWpoHiB. IIpoTe Ha mpakTuill, y pasi CKIAIHUX
GyHKIIIH, BUKOPHUCTOBYBAHHS OUIBII HIDK OJIHOTO IMPUXOBAHOTO IIapy MOXKeE
JlaBaTH €KOHOMiIO TTOBHOTO YMCJIa HEHPOHIB.

[Toporu HeliponiB. Jlerko moMmiTHTH, IO TOPIT HeWpoHa Moxke OyTu
3po0JIeHMI €KBIBAJIGHTHUM JIOJIaTKOBIN Ba3l, CIIOJIy4EHIN 3 (PIKTUBHUM BXOJOM,
piBauM —1. Jliticno, Bubuparoun W,=0, x,= —1 1 mouynHaIO4Yu MiJCyMOBYBaHHS 3
HYJI, MOKHA PO3TJISAaTH HEUPOH 3 HYJHOBUM IMOPOTOM 1 OJHHM JOJaTKOBUM
BXOJIOM:
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Puc. 1.9 — IlincTporoBaHHs BariB MprUX0OBaHOIO LIapy

MosxHa Ha [I0AAaTKOBI BXOAW HEWPOHIB MOJABaTH BIAMOBIAHI MOPOTHU
(3cyBM) 1 TOJI BCl BUKIAJCHI B aJrOPUTMI 3BOPOTHOTO MOLIUPEHHS (HOopMyiH
M1JICYMOBYBAaHHS TI0 BXOaX MOYMHAIOTHCS 3 HYJILOBOTO 1HICKCY.

Moosrcnueocmi 6azamowapo6ozo nepcenmpona.

Jo xinmsg 60-x pokiB mpobiema JiHIHHOI po3ainbHOCTI Oyna mo0pe
3po3ymina. Jlo Toro x Oyjo BiOMO, IO 1€ CEpHO3HE OOMEKEHHS YSBHOCTI
OJHOIIAPOBUMH MEpEeKaMHd MOXKHA TMOJOJIaTH, JOJABIIM JOJATKOBI IIapH.
Hanpuxian, ABomapoBi Mepeki MOKHA OJIEpKaTH KaCKaIHUM 3'€ THAHHSIM JBOX
OJIHOILIIAPOBUX Mepek. BoHU 31aTHI BUKOHYBATH O1IBIN 3arajibH1 Kiacudikallii,
BUIJIUISIFOYHU T1 TOYKH, K1 MICTSTBCA B OMYKJIUX OOMEXKEHUX a00 HEOOMEKEHUX
obnactsax. O61acTh HA3UBAETHCS OMYKJIIOKO, SIKIIO ISl OYAb-SKUX JIBOX 11 TOUOK
BIJIPI30K, IO iX CIIOJYy4Ya€e LIUJIKOM JEKHUTh B objacTi. O0MacTh HA3MBAETHCS
0OMEXEHO0, AKIIO 1i MOXHa YKJIAacTH B JAesikuil kpyr. HeoOmexeny obiacth
HEMOXKJIUBO YKJIACTH BCEpEAUHY Kpyra (Hampukiaa, o0JacTh MK JBOMa
napajgesbHUMU JiHIAMHK). [Ipuxmagu omykiux OOMeXeHHX 1 HEOOMEXEHUX
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obnactelt mpencrapieHi Ha puc. 1.10.

[IIo6 yTOYHUTH BHUMOTY ONYKJIOCTI, PO3IJITHEMO TMPOCTY JBOIIAPOBY
MEpeXy 3 JBOMa BXOJIaMHU, MiJIBEICHUMH JI0 JBOX HEHPOHIB MEpUIoro miapy,
CIIOJIYYCHUMH 3 €IMHUM HepoHOoM B miapi 2 (puc. 1.11).

Xaii mopir BuximHoro Hedpona piBaud 0,75, a o0uaBl Horo Baru
nopiBHIOIOTH 0,5. B 1boMy BUMaaKy AJisi TOTO, 00 mopir OyB MepeBUIICHHH, 1
Ha BUXOJI 3'IBWJIACS OJWHMIIS, BUMAra€Thcs, mo0 oOuaBa HEHPOHM IMEPIIOTO
piBHS Ha BUXOJ[l Maju OJWHWINO. TakMM YWHOM, BUXITHUN HEHPOH peasizye
JoriyHy QyHKIio [.

Omykm 0d1acTi

T
HeodMeskeHi (BiKRpHTI)

OdMeReHl (TAKPHTI)

Puc. 1.10 — Onmyk:ni oOMekeHi 1 HeoOMekeH1 001acTi

¥ BuxiTHHA CHTHAJ HelpoHa 2 IIapy
| OpHIEMAE 0JHHHUHE THAYeHHSA
TIMBKH B Iilf 06.1acTi

Puc. 1.11 — Onykia 0651acTh pillieHb, 110 33/1a€THCS ABOLUIAPOBOIO MEPEKEIO
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Ha puc. 1.11 xoxHuii HelipoH mapy 1 po30uBae IJIOMIMHY X—y Ha JBI
HaIBIUIOIIMHY, OJWH 3a0e3nedyye OJMHUYHUN BUXIJ IS BXOJIB HHUXKYE
BEpPXHBOI JIIHI1, IHIIWA — JJIs1 BXOIB BHUIIE 3a HIOKHIO JiHI0. TYT ke moka3zaHuii
pe3yabTaT TaKoro MOABIMHOTO PO3OUTTS, 1€ BUXIIHUM CUTHAJ HEHPOHA IPYroro
niapy piBHUN OAMHMIN TUIBKUA ycepenauHi V-moaioHoi o0iacTi. AHAJOTIYHO B
Jpyromy mapi Mo>ke OyTH BUKOPUCTAHO TPU HEMPOHU 3 MOJATBUIUM PO3OUTTIM
IUIOLMHYU 1 CTBOPEHHSAM O0JIaCTI TPUKYTHOI (popMHU. BKIIFOUEHHSIM TOCTaTHHOTO
Yyucia HEMPOHIB y BXIAHUM 11ap Moe OyTH YTBOPEHUN ONMYKJIUN 0araTOKyTHUK
Oyab-saxoi 6axkanoi Gopmu. OCKIIBKM BOHM YTBOPEHI 3a JOMOMOTOI0 omnepaii |
HaJ 00MacTsAMH, JIHISIMH, 10 33JaI0THCS, TO BCl Taki OaraTorpaHHUKHU OITYKJI,
OTXe€, TUIBKU OMyKJII 00JIaCTl 1 BUHUKAIOTh. TOYKH, 1[0 HE CTAHOBIISATH OIYKIIO1
obnacti, HE MOXYTh OYTH BIJIOKPEMJICHI B IHIIMX TOYOK IUIOIIUHH
JIBOIIAPOBOIO MEPEXKEIO.

Heiipon npyroro mapy He oOmexeHudd dynkiiero [ Bin  moxe
peanizoByBaTH OaraTo 1HIMX (YHKIII MpU BiANOBITHOMY BHOOpP1 BariB 1
nopory. Hanpukian, MoxHa 3p0oOUTH Tak, 100 OJMHUYHUN BUX1]T OYAb-SIKOTO 3
HEHPOHIB MEpUIOro Iapy MPUBOAMB [0 TMOSBH OJMHUII HA BHUXOJl HEWpOHA
Jpyroro mapy, peainizyBaBimu TUM camuMm Joriune ABO. € 16 nBiiikoBux
GYHKIA BiJl MBOX 3MIHHUX. SIKIIO BUOMpPATH BiAMOBITHAM YHHOM Baru i MOPIr,
TO MOXXHa BiaTBOpHTH 14 3 HUX (BCi, OKpiM , o0 Bukmouae ABO” 1 o
Bukirodyae HI”).

Bxonu He 000B'A3K0BO MOBUHHI OyTH JBiiiKOBUMHU. BekTop 6e3nepepBHUX
BXOJ[IB MOX€ OyTH JOBUIRHOIO TOYKOIO Ha IUIOUIMHI X—y. B 1ipoMy Bumagky
BUSIBISIETHCS 3/IaTHICTh MEPEKi pO30MBATH TUIONTMHY Ha Oe3repepBHi 00iacTi, a
HE 3 PO3JUICHHSIM JUCKPETHOI Oe3nmiui To4ok. J[Jis BCiX mux (PyHKIIIH, mpoTe,
JiHIMHA PO3JUIBHICTh TOKa3ye, IO BHXIJ HEWpOHA JAPYroro Imapy JIOPiBHIOE
OJIMHUII TUIbKW B YaCTHHI IUIONIUHU X—Yy, OOMEXKEHOI 0araToOKyTHOIO 00JIacTIO.
Tomy st po3ainenus mwiomuH P 1 Q HeoOXximHe, mo6 Bci P nexanu BcepenuHi
OMyKJI0i 0araToKyTHOi 00J1aCTi, 10 He MICTUTh TOYOK Q (a00 HaBMaKM).

TpumiapoBa Mepexka, NpOTe, € OB 3araibHOM0. li  KnacudikoBHi
MOXJIMBOCTI OOMEKEH1 JIMIIIE YUCIIOM IITYyYHUX HEHpOHIB 1 BariB. OOMexeHHs
Ha OMYyKJICTh BiACyTHI. Temep HEMpoH TpeThOro mIapy mpuiiMae K BXiJ HaOip
OIMYKJIMX 0araToKyTHHUKIB, 1 IX JIOriuHa KOMOiHaLlis MOKe OyTH HEOIyKJIIOH0.

Ha puc. 1.12 imocTpyeThcsi BHUMAAOK, KOJMM JIBa TPUKYTHUKH A 1 B,
ckoMOiHOBaH1 3a mgomomoroio ¢yHkmin ,,A 1 HE B”, 3amaote Heomykiy
o0nacte. [Ipu nogaBaHHiI HEHPOHIB 1 BariB YKUCIO CTOPIH OAaraTOKyTHUKIB MOXeE
HeoOMexeHOo 3poctatu. lle m03BoJsie ampokcuMyBaTH 005acTh  Oyb-SKOT
dbopmu 3 OyIb-1KOI TOUYHICTIO. J[0JJaTKOBO HE BC1 BHXIJHI 00JIacTi JPyroro
apy MOBUHHI MEpeTHHATUCI. MOXIIMBO 00'€IHYBaTH pi3HI 00JaCTi, OMYKJII 1
HEONYyKJI, BUJAIOUM HAa BUXOJ1 OJIMHMINO, BCIKUH pa3, KOJU BXIAHUH BEKTOP
HaAJIE)KUTH OJHIHN 3 HUX.

He nuBnsyuck Ha Te, 10 MOXKJIMBOCTI OaraToniapoBuX Mepexx Oyyiu BiIoMi
JJaBHO, TIPOTATOM OaraTb0X pOKIB HE OyJIO TEOPETUYHO OOIPYHTOBAHOTO
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QITOPUTMY JUIsI HACTPOIOBaHHS iX BariB. B mopanbiini poku Oyiu po3poOiieHi
OararonrapoBi HaBYAIbHI AITOPUTMH.

Heonykaa odmacte Ai HE B

TpuryTHHK B

&

TPHKYTHHK A

ITap 1 HTap 2
x1 _
Hap 3
x2 ————
x3

Puc. 1.12 — YBirnyra 00:1acTh pillleHb, 10 33/1a€ThCS TPUIIAPOBOIO MEPEKEIO
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2 TIPAKTUYHA YACTHUHA JJABOPATOPHOI POGOTU
,»JlOCITIJDKEHHS TIepcenTpoHa”
2.1 Merta nabopatopHoi poOoTH

BuBYeHHsI apXITEKTypu NEPCENnTPOHIB 1 (PYHKIINA Mg iX CTBOPEHHS;

BUBUEHHS alNTOPUTMIB HABYaHHS TMEPCENTPOHIB; BHUBYECHHS MOXKIMBOCTEH
nepcentpoHiB. [lpunbaHHs mNpakTUYHUX HABUKIB MOOYJOBH 1 HaBYaHHS
NEPCENTPOHIB JIsl BUPILICHHS 3a/1a4 00pOOKM MOHITOPUHTOBOI 1H(OpMAIlii.

2.2 TexuiuHe 3a0e3neueHHs 1a00paTOpHOi poOOTH

1) mepcoHaIbHUIN KOMITHOTED,
2) nporpaMHe 3a0€3MeUYeHHS — CUCTeMa KOMITIOTEPHOI MAaTEMATHKH.

2.3 Tlopsanok BUKOHaHHS J1a00paTopHOi poOOTH

Yac, mo BiIBOAWTHCA Ha TMPOBEIEHHS JlabopaTOpHOi pobOTH B

KOMITFOTEPHOMY KJlaci — 6 TOAWH, HAa CaMOCTIHHY poOOTy MO MIATOTOBII [0
MIPOBEICHHS JTA0OPATOPHOI POOOTH 1 10 3aXUCTY 3BITY — 6 TOIMH.

Hamepenoaui maboparopHoi poboTu:
1) BUBUMTH 3aBJAHHS 1 MOPSIIOK BUKOHAHHS JIaOOpaTOPHOI poOOTH,
2) BUBYMTH TEOPETUYHI BIJOMOCTI JI0 JJaO0OpaTOpHOT pOOOTH.

[1ix yac mabopatopHOi poOOTH:

1) onmepxaTu JOIMYCK JI0 MPOBEACHHS J1abopaTopHOi poOOTH, BIJIMOBIBIIN Ha
NUTaHHS BHKJIagadya TIO0 TEOPETHUYHIA YacTUHI JOCHiDKeHb TIpH
MPOBEJICHHI JJa0OpaTOpHOi poOOTH,

2) HamucaTH TPOTPAMHHMI KOA IO KOXXHOMY TIYHKTY 3aBIaHHS 1
IpoaHami3yBaTu pe3yJbTaTH, OJEp)KaHI MPH BHUKOHAHHI MPOTPaAMHHUX
KOJIB,

3) 3poOuTH BUCHOBKH MO J1a00paTOpHiiA pOOOTI.

[Ticns mabopatopHOi poOOTH:
1) migroryBartu 3BIT PO Ja6OpPaTOpHY POOOTY BIAMOBIAHO 10 MPUBEICHUX B
JaHOMY METOAMYHOMY TTOCIOHHUKY BUMOT,
2) 3aXMCTUTH 3BIT MeEpe] BUKJIAIayeM, BIAMOBIBIIM Ha WOTO MHUTAHHS IO
MPaKTUYHOMY IPOBEJICHHIO JTOCIIKEHb MPU BUKOHAHHI J1aOOpaTOPHOI
poboTH.
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2.4 ®yHKII1, K1 3aCTOCOBYIOTHCS B JIAOOPATOPHiN poOOTI 1 iX OmHC

[lepcenTpoH — 11e oAHOIIApoBa HEWpoHHa Mepexa 3 S Hedponamu 1 R
BXOJaMH, KOXXHUH 3 SKUX MOXE CKIaJaTucsi 3 JACKUIbKOX EJIEMEHTIB.
[lepenaBanbHOIO (YHKIIIEID KOXKHOTO HEMpoHa € cxigyacta (QYHKIIS THUITY
hardlim a6o hardlims. KpiM oCHOBHMX BXOA1B, HEHPOHU MEPCENTPOHA MAIOTh
BXIJl [l TOCTIMHOTO 3CYyBY, PIBHOTO OJuHHUII. EjemMeHTH BXOIIB 1 3CyBY
3BXYIOTBCS 3a JomoMoror (¢yHKIii ckamgpHoro mo00ytky dotprod i
MiCYMOBYIOTBCS 32 TIOMOMOTOI0 (DYHKIIIT HAKOMUYECHHS netsum.

CTBOpEHHS MEPCENTPOHA TPOBOAUTHCS HACTYMHOIO (DYHKIIIEIO:

net = newp(PR, S, tf, If)

ne net — o0'ekt kiacy network; PR — macuB posmipy Rx2 MiHIManbHHX 1
MaKCUMaJbHUX 3HaueHb i1 R BekTopiB Bxoay; S — 4HCIO HEHPOHIB
nepcentpona; tf — mepenaBanpHa QyHkIis 13 cnucky {hardlim, hardlims},
npuyoMy 3a yMoBUaHHSAM 3amaetrhcsi hardlim; If — nmoBuwanpHa ¢yHKINA 13
cnucky {learnp, learnpn}, npuyomy 3a ymoBYaHHAM — learnp.

[Ipu cTBOpeHHI mepcenTpoHa, MATPHUI BariB 1 BEKTOpP 3CYBIB
HIIIAMI3yI0THCS HYJISIMH 32 IOOMOTOI0 (DYHKIIIH initzero.

HaBuanHs mepcenTpoHa MPOBOIUTHCSA 3a JOTOMOTO (YHKINI agamTariii
adapt, sxa KOpEeKTye Bary 1 3CyBHM 3a HacliJKaMd OOPOOKM KOXKHOI MapH
BXIJTHUX 1 BUX1THUX 3HA4YCHb (HABYAHHS 3 BUnTeNeM). BxxuBanus QyHkiiii adapt
rapanrye, mo Oy/ap-sSKa 3a1a4da kinacudikaiii 3 JTHIHHO PO3AUTPHUMHU BEKTOPaAMHU
OyJie BUpillIeHa 3a KIHIIEBE YKMCIIO IUKIIIB HACTPOIOBAHHS.

I3 3actocyBanHsM (yHKIIIT HaBUaHHS train HacTpoiika rmapaMeTpiB Mepexi
BUKOHYETHCS HE MICIS KOXHOTO IPOXOAY, a B pe3yJbTaTl BCiX MPOXOIiB
HaBYaJIbHOI MHOXMHH. [IpoTe y psml BuUmaakiB ii BXXKMBaHHS He 3abe3reuye
301KHOCT1 TIPOIIECY HACTPOIOBaHHS, ToMy (YHKIS HaBUaHHS train pifgiie
BUKOPUCTOBYETHCS /I HABYAHHS MEPCENTPOHA.

Hactpoiika BariB i1 3cyBiB, peamizyeTbcsa (¢yHkiisMu learnp 1 learnpn,
MPOBOJIUTHCS 32 HACTYITHUMH MPABUIIAMHU:

a) I BX1JITHUX CHUTHAIIB OOUYHCITIOIOTHCS BHUXI1/IHI,

0) BU3HAYAIOTHCSI TOMUJIKA SK PI3HHUIN MIDK [UIBOBUM BHXOJIOM 1
BIAMOBIAHUM BHUXIJIHHUM CHTHAJIOM;

B) MPOBOJIUTHCS KOPEKTYBAaHHS BariB 1 3CyBIB IUIAXOM CKJIaJlaHHS CTapUX
3HaY€Hb 3 NPUPOCTAMHU, KOXHE 3 SKHUX JOPIBHIOE JTOOYTKY
BIJIMOBITHOTO CUTHAJy Ha TMOMUJKY TOTO HEHWpOHa, [JIsi SKOTrO
KOPEKTYEThCS TapaMeTp.

Jns toro, mo6 3poOUTH Yac HaBYAHHS HEYYTJIMBUM JIO BEIUKHX abo
MaJMX BHUKHUIB BEKTOPIB BXOJy, MPOBOJAATh HOPMYBAHHS BXIIHHMX AAHHUX IPH
0OYHMCIICHH] IPUPOCTIB BariB 1 3CyBIB:
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pn; = p; (sqre(1+ p12 +...+ prz)).

Take HopMmyBaHHS 3a0e3neuyerbcsi BkuBaHHSAM GyHKIID learnp s
HAaCTPOIOBaHHA, SK BariB, Tak 1 3CYyBiB. TakoX aBTOMAaTHMYHO BJIACTHUBOCTI
net.adaptFen 3anaersca 3HaueHHa adaptwb, 10 103BOJIsIE BUKOPUCTOBYBATH
Oynb-aKi  (QyHKIIT Uil HACTpPOMKM BariB 1 3CYBIB, a BJIACTUBOCTI
net.adaptParam — Ha0ip mapameTpiB 32 YMOBYAHHSIM.

A narrramis nepcenTpoHa MPOBOAUTHCSA (GYHKITIEF0-METOIOM
adapt(net,P,T), ne P — Bxigui Bektopu; T — mimpoBi 3HaueHHs. [Ipomec
amanTarii TMPOAOBXKYEThCA A0 TUX Iip, MOKHM HE Oyne JOCITHYTe HEOOXimTHe
3HAYEHHS KPUTEPIIO0 SIKOCTI HABYaHHS y BHIJSAL CEpPeAHbOI aOCONIOTHOT
MTOMUJIKH, O0YUCITIOBAaHOIO (DYHKITIEIO Mae.

2.5 3aBpaHHs Ha JIabopaTOpHY POOOTY
3aBnanag 1
BukoHaTtu MOzENOBaHHS OJIHOIIAPOBOIO MEPCENTPOHA 1 JeIbTa—TIpaBUIa
Jioro HaBUaHHS AJIs KJIacuQikalii TBOX HE MEPEeTUHHHUX KJIaciB 00'€KTIB.

HaBuanbHi BekTOpH 3BeZieH] B Tabmuiio 2.1.

Taomuig 2.1 — Tabnuis eTanoHIB

Kuaci Eranonn
1 2 3 4 5
0 X1 0,10 0,25 0,18 0,23 0,30
Y1 0,20 0,80 0,45 0,70 1,40
1 X2 0,07 0,06 0,02 0,06 0,13
Y2 0,60 0,68 0,40 0,40 0,90

Bekropu aist knacudikariii 3BeieH1 B Tadauiio 2.2.

Taomuig 2.2 — Ta0auist 00'eKTiB

OO0'exTn
1 2
X1 0,11 0,10
Y1 0,40 0,55

Pospobka ancopummy Hnasuamnns nepcenmpona 6iOno0GiOHO 00 NPAGUIA
Poszenbnamma.

[lincTporoBaHHs mapaMeTpiB (HaBYaHHS) MEPCENTPOHA 3IIMCHIOETHCS 3
BUKOPHUCTAHHSAM HAaBYAJIbHOT MHOXHHH.

[To3HaunMO p — BEKTOp BXOMIB IMEpPCENTpPOHA, t — IUILOBUN BEKTOp, a —
BEKTOp BUXOJy HEipoHa. MeTa HaBUaHHS — 3MCHIIUTH MOMHIIKY € = t—a MiX
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BEKTOPOM II1JT1 1 peaKili€ro HelpoHa.

HaBuanus nepcenTpoHa (KpOK MiJICTPOIOBAHHS Baru) MOBUHHE 3aJIeKaTH
BiJI BEJIMYMHU TOMWJIKM e. BekTop 1minmi Moke mMaTu 3HadeHHs Tuibku 0 1 1,
OCKITbKM TepcenTpoH 3 (QyHkiiero aktuBaiii hardlim moxxe BumaBaTu Ha
BUXO/1 TUIBKY TaKl 3HAYCHHS.

Po3paxyemo 3MiHy BeKTOpa BariB 4w 3 MOXUOKOIO € = t—a:

Aw = (t-a)p = ep.

AHAJIOTIYHO OJEPKUMO BUpA3 JJIs 3MIHU 3CYBY 3 YpaxXyBaHHSM TOTO, IIIO
3CYB MOYKHA PO3IJISIAATH SIK Bary Uik OIMHUYHOTO BXOMY:

A4b = (t-a)l = e.

VY pasi gekinbKOX HEHPOHIB Il CHIBBITHOIICHHS MOXHA MPEACTaBUTH Y
BEKTOPHIHN hopMmi:
AW = (t-a)pT = epT
A4b = (t-a)l = e.

OcrtaTtouHo TmpaBujO HaB4YaHHS (TIACTPOIOBAHHS BariB 1 3CYBIB)
MepCcenTpoHa MOYKHA 3aITUCATH B HACTYITHOMY BUTJISI]II:

Wnoa =Wcmap+epT

bHOG =bcmap + e.

Peanizyemo airoputm mporpaMHo:
P=[0.10 0.25 0.18 0.23 0.30 0.07 0.06 0.02 0.06 0.13; % — HaB4YaJbHa
0.20 0.80 0.45 0.70 1.40 0.60 0.68 0.40 0.40 0.90] % — MHoOKHUHA;
T=[0000011111] % — niiboBa PyHKUIIsA;

len=length(P); % — KUIbKICTh HABYAJbHHUX BEKTOPIB;
Ww=[0 0]; % — MOYaTKOBi 3HAYEHHSI BariB;
b=0; % — moyaTKoBe 3HA4YEHHH 3CyBY;
c=1; % — JioriyHa ymMoBa;
n=0; % — JiYWJIBLHHUK €MoX;
while c== % — NMKJI 3 HeBU3HAYEHUM YHMCJI0M KPOKIB;
n=n+1;
N=W+*P+b; % — BHXiJ cymaTopa HellpoHa;
a=hardlim(N); % — BUXiJ HelipoHa;
e=T-a; % — BEKTOP NOMWJIOK 32 OJHY eINO0XY;
E=0; % — cymapHa NOMMJIKA 32 enoxy;
for k=1:len
E=E+e(k); % — 00uMc/IeHHS CyMapHOI IOMMJIKH 32 elnoxy;
end;

28



flag=0; % — npanopenb HEHYJIbOBOI0 3HAYEHHA Y BEKTOPi MOMMWJIOK;
for m=1:len
if e(m)~=0 % — nepeBipKa HEHYJIbOBOI0 3HAYEHHSA MOMMJIKH;
flag=1;
end;
end;
if flag==
W=W-+e*P'; % — HaB4YaHHA (MiICTPOXBaHHS BariB) HelipoOHa;
b=b+E; % — HaBYaHHA (MIICTPOIOBAHHS 3CYyBY) HEHPOHAa;
else
c=0;
end;
end;

:‘025"@&9

VY pe3ynbTati mepcenTpoH MO0y 0BaHUH 1 HABYCHUH.

[TpoBenemo kimacudikaiiro 1-ro 00'exTy:
U=[0.11; 0.40];
NU=W*U+b;
aU=hardlim(\NU)

[TpoBenemo kimacudikaiiiro 2-ro 00'eKTy:
U1=[0.10; 0.55];
NU1=W*Ul+b;
aUl=hardlim(NU1)

BigoOpasumo Ha rpadiky HaBYaJbHMM MacuB 1 00'€KTH, IO MiJJIATAIOTh
Kyacudikarii:
figure;
plot(P(1,1:5),P(2,1:5),'vk',P(1,6:10),P(2,6:10),"+k',U(1,:),U(2,:),'ok',U1(1,:),
U1(2,:),'0k");

[Tobynyemo nHa rtpadiky miHitO, MO po3aiuise aBa kiacu 00'ekTiB. B
HAIIOMY JTBOBUMIPHOMY BHIIAJIKY JIiHISI Ma€ BUTJISL

W(1) P(1)+W(2)P(2)+b=0.

ne W(1)—Bara 1-ro Bxony HelipoHa
W(2) — Bara 2-ro Bxoay HelpoHa
P(1) — macuB koopuHAaT aOCIKC €TaJIOHIB 1 00'€KTIB
P(2) — macuB KoOpMHAT OpAMHAT €TAJOHIB 1 00'€KTIB
b — 3cyB HelpoHa.
[lepeTBOpHBIIM BUpa3 BIAMOBIIHO A0 3TaJlaHUX OCOOIMBOCTEN, OJICPKUMO:
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W(1) x+W(2) y+b=0.
Bupimmmo #oro BITHOCHO y:
y=[-W(1) /W(2)]'x —b/W(2).
[TincraBumMo Hazaj 3aMicTh X MacuB P(1) 1 ogepkuMO 0CTaTOYHO:
y=[-W(1) /W(2)]-P(1) - b/W(2).
y=(-W(1,1) /'W(1,2))*P(1,:)-b/W(1,2);

hold on;

plot(P(1,:),y);
BucHoBku 3a 3aBgaHHaMm 1.

3aBoaHHAg 2

CTBOpUTH TIEPCENTPOH 3 OAHUM HEHMPOHOM 1 OJHOCIEMEHTHHM BXOIOM,
niana3oH 3HaueHb skoro Big 0 mo 1, 1 mpoaHamizyBaTH 3HAU€HHS MapaMeTpiB
foro o04YMCIIOBATIBbHOI MOJEII, BHKOHABIIM HACTYMHI Jii MO CTBOPEHHIO 1
1HIITIaMi3a1i1 mepcenTpoHa:

netP = newp([0 1], 1) % — 00'€KT — mepcenTpoH;

infl = netP.inputWeights{1,1} % — xapakrepuctuka 00'ekry;
inf2 = netP.biases {1} % — xapakTepucTuka 00'€KTy;
inf3 = netP.IW{1,1} % — 3HAUYEeHHS Baru;

inf4 = netP.b{1} % — 3HaYeHHS 3CYBY;
netP.IW{1,1}=[10]; % — 3aBIaHHS Baru;
netP.b{1}=[-7]; % — 3aB1aHHA 3CYBY;

infS = netP.IW{1,1} % — HOBe 3HAYEHHSI Baru;

inf6 = netP.b{1} % — HOBe 3HAYEHHH 3CYBY;

netP = init(netP); % — iHimiajgizamis HyJAMU;

inf7 = netP.IW{1,1} % — HOBe HYJIbOBE 3HAYECHHS Baru;
inf8 = netP.b{1} % — HOBe HYJIbOBE 3HAYECHHS 3CYBY;

netP.inputWeights{1,1}.initFecn="rands’;
netP.biases{1}.initFcn="rands’;

netP = init(netP); % — ininiajizaniss BUNaJKOBUMH 3HAYEHHSIMM;
inf9 = netP.IW{1,1} % — HOBe BUIIAJIKOBE 3HAYCHHS Baru;

inf10 = netP.b{1} % — HOBe BUIIA/IKOBE 3HAYCHHS 3CYBY;

p = {[2] [4] [1.5]}; % — MOCJIiI0BHICTH BXO/IiB;

a = sim(netP, p) % — MO/1eJIIOBAHHS Mepexi;

BucHOBKY 3a 3aBIaHHAM 2.
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3aBaaHHg 3

Ha nHaByanpHii MHOXHHI 1 IIIOBIM (QyHKII 3aBganHs 1 moOymyBatw,
HABYUTHU 1 MEPEBIpUTU POOOTY TEpPCENTpOHAa 3 BUKOPUCTAHHSM BOYIOBaHUX
¢bynxkuiit CKM 1 npoBecTu kiaacu@ikaiiito 180X He MEPETUHHUX KIaciB 00'€KTIB:
P=[0.10 0.25 0.18 0.23 0.30 0.07 0.06 0.02 0.06 0.13; % — HaBYaJAbHA

0.20 0.80 0.45 0.70 1.40 0.60 0.68 0.40 0.40 0.90]; % — MHOXKUHA;

T=[0000011111] % — nisiboBa QyHKILis;
netP=newp([0.02 1.40;0 1],1); % — 00'€KT — mepcenTpoH;
netP.trainParam.epochs=100; % — 3aBIaHHS MapaMeTPiB HABYAHHA;

netP.trainParam.goal=0.01;
netP.trainParam.show=5;

netP = train(netP,P,T); % — HABYAHHA NEPCENTPOHA;
infl=netP.IW{1,1} % — BUBeIeHHA pe3yJIbTATIB HABYAHHA;
inf2=netP.b{1}

U=[0.11; 0.40]; % — 00'exTH 10191 KIacu@ikaii;

U1=[0.10; 0.55];
UU=[0.11 0.10; 0.40 0.55];
Y=sim(netP,UU) % — poboTa nepcenTpoHa;
figure; % — BinoOpaskeHHs1 pe3y/IbTaTiB PO0OTH NepPCenTPoOHA;
plot(P(1,1:5),P(2,1:5),'vk',P(1,6:10),P(2,6:10),"+k',UU(1,:),UU(2,:),'0k");
Po3paxyemo koeditieHTH 1 MOOYyAYy€EMO JiHIIO, 0 PO3/LISIE MHOXKUHU:
kl=netP.IW{1,1}
k2=netP.b{1}
y=(-k1(1,1) /k1(1,2))*P(1,:)-k2/k1(1,2);
hold on;
plot(P(1,:),y);
BucHoBKku 3a 3aB1aHHAM 3.

3aBnanuga 4

Ha naBuanpHili MHOXHHI 1 HITbOBIM (QyHKIii 3aBmaHHs 3 moOyayBatH,
HAaBYUTH 1 TMEPEBIPUTH POOOTY MEPCENTPOHA 3 BUKOPUCTAHHSAM TIpadidHOTO
inTepdeticy kopuctyBaya (GUI) CKM 1 mpoBectu kiacudikaiiio IBOX He
NEPETUHHUX KJIaCiB 00'€KTIB 3 XapaKTEpUCTUKAMU, BKa3aHUMH B 3aBJaHHI 3.

BuCHOBKY 32 3aBIaHHAM 4.

3aBmaHHA 5
CTBOpUTH TIEPCENITPOH 3 OJJHUM HEHPOHOM 1 JBIMKOBUM BXOJOM 1 HABUYUTHU
Horo croyaTky Juisi BUKOHaHHs JoriyHoi (yHkiii I Ha OCHOBI aJropuT™My

ajganTalii, a TOTIM JUisi BUKOHaHHs JjoriuyHoi ¢yHkIli ABO Ha ocCHOBI
aJITOPUTMY HaBUaHHS, BUKOHABIIY HACTYIIHI JIii:
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netP = newp([0 1;0 1], 1);
p={[0;0] [0;1] [150] [151]};
pl=cat(2, p{:});
T1=num2cell(p1(1,:)& p1(2,:))
T2=num2cell(p1(1,:)| p1(2,:))
netP.adaptParam.passes = 20;
[netP,Y,E,Pf|=adapt(netP,p,T1);
infl=netP.IW{1,1}
inf2=netP.b{1}
Y =sim(netP,p)
netP = init(netP);
netP = train(netP,p,T2);
netP.trainParam.epochs=20;
inf3=netP.IW{1,1}
inf4=netP.b{1}
Y = sim(netP,p)

BucHoOBKH 3a 3aBHaHHAM 5.

% — 00'€KT — mepcenTpoH;

% — MiAroTOBKAa HABYAJIbHHUX
% — MoCJIiI0BHOCTE;

% — pynkuis I;

% — pyunkuis ABO.

% — 4HCJI0 NPOXOAiIB aanTanii;
% — HacTpooBaHHs Ha I;

% — naHi npo Baru i 3cyB;

% — moaeaoBanns 1.

% — inimiaJjizamis;

% — HacTpowoBanusa Ha ABO;
% — KUIBKICTH €10X HABYAHHS;
% — maHi npo Barw i 3cyB;

% — moaeaoBanaga ABO.

3aBaadHda 6

BukoHatu MoOJentoBaHHS JBOIIAPOBOTO 3 JBOMAa BXOJaMU 1 OJHUM
BUXOJIOM TEpCEenTpoHa 1 alropuTMy MOro HaBYaHHS HA OCHOBI 3BOPOTHOTO
MOIIMPEHHS TOMUJIKH.

SIk mpuknazn B3sSTH EpCenTpoH Ha puc. 1.7.

[Iporec fioro HaBuaHHs BimoOpaxeHuii Ha puc. 1.8 1 1.9.

Mopenb mpoxoy BHepe]] BUTISAAE HACTYITHUM YHHOM.

Buxin cymaTopa HeipoHa BUPA3UTHCS CITiBBITHOIICHHSIM:

Wi Wip - Wy,

Woi Why oo e W
NET, =X -W=(x,%,,...,x,)-| - 27" |=

Wy Wy, ... W,

=(X, W), FX,W,, F o XWX W, F X, W, F e X Wy, X W, XWX W, )
Buxin nepiioro npuxoBaHOTo Iapy BUPA3UTHCS CIIiBBIAHOILICHHSIM:
OUT, =F(NET)=F(X -W).
Buxia BUXiJHOTO Iapy aHAIOTIYHO BUPA3UTHCS CITIBBITHOIICHHSIM:

OUT,=F(OUT, -V )=F(F(x -w)-V).
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3BOPOTHHI TIPOXiJa JJIsl MiACTPOIOBAHHS BariB BHXIJHOTO 1 MPUXOBAHOIO
niapy JeTanbHoO BigoOpaxeHuit Ha puc. 1.811.9.

Jns  kpamoro po3yMmiHHS TPOTPAaMHOTO KOy € CEHC PO3MVISIHYTH
CTPYKTYpPHY CXeMYy MOJIEIhOBAHOIO nepcentpoHa (puc. 2.1).

lb(l)
ol AN [

W3 u(3) t
3

2 [u®) Tb(3) e(c)

Tb(z)

11( 1 ):F(Wl ’u 1 +w12-u2+b 1 )
U(Z):F(Wzl ‘ul +w22-u2+b2)
u(3)=F(ws;-u(1)+w3,u(2)+b3)
e(c)=(t-u(3))’

Puc. 2.1 — CTpykTypHa cxema MOJEIbOBAaHOI0 MEPCENTPOHA

[Ipu MoaetoBaHHI BUKOHATH HACTYIIHI Jii:
cle;
clear all;
close all;
tic

Ir=0.5; % 0.05 0.1 0.15 0.2 1 1.5 2 5 — koediuicHT HABYAHHSHA

t=1; % — HiJILOBUI1 BEKTOP

e=1; % — MoYaTKoBa NMOMMJIKA

c¢=0; % — JIYUJIBHUK eNnox

ul=1; u2=0; % 1 — M0YATKOBI BXOAU Mepexi

u=[000]; % 111 - mo4yaTKoBi BUXOAH HEHPOHIB Mepe:Ki
b=[111]; % — M0YATKOBI 3HAYECHHS 3CYBiB HEHPOHIB

w=|[5 3.5;-1.5 -4;-1 1]; % — noyaTKoBi 3HAaUEHHSI BariB HeMlPoOHiB; 3amicThb -1
ul3amatu-2u?2
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while €>0.001 % — UKJI 3 HeBU3HAYECHUM YHMCJIOM KPOKIB

c=c+1; % — MOTOYHUI HOMEP eNOXH HABYAHHSI
cl(c)=c; % — HAKONMMYYBAHNH MACUB KiJILKOCTI enox
for i=1:3 % — HMKJI 10 HeliPOHAaX — MPOXiJ BIepe/

if i==

u(i)=w(i,1)*u(1)+w(i,2)*u(2)+b(i); % — po3paxyHok peakuii HeilipoHiB
u(i)=1/(1-exp(u(i)));
else
u(i)=w(i,1)*ul+w(i,2)*u2+b(i);
u(i)=1/(1-exp(u(i)));

end;
end;
e=(t-u(3))"2; % — po3paxyHOK MOMWJIOK
E(c)=e; % — po3paxyHOK MacHMBY NOMHUJIOK

delta(3)=u(3)*(1-u(3))*e; % — po3paxyHOK KPOKIB JJisl HiACTPOIOBAHHS
dw(3,2)=Ir*delta(3)*u(2); % — BariB i 3cyBiB HelipOHIB
dw(3,1)=Ir*delta(3)*u(1);

db(3)=Ir*delta(3)*b(3);

delta(1)=u(1)*(1-u(1));

dw(1,1)=Ir*delta(1)*ul;
dw(1,2)=Ir*delta(1)*u2;
db(1)=Ir*delta(1)*b(1);

delta(2)=u(2)*(1-u(2));

dw(2,1)=Ir*delta(2)*ul;
dw(2,2)=Ir*delta(2)*u2;
db(2)=Ir*delta(2)*b(2);

for i=3:-1:1 % — IMKJI IO HOMepax HellpoHiB
b(i)=b(i)+db(i); % — po3paxyHOK HOBHX 3HAYE€Hb 3CyBiB HEeHPOHIB
B(c,i)=b(i); % — popmyBaHHSA MacHBY 3CyBiB HEHPOHIB
for j=2:-1:1 % — MKJI 110 BXOJAAX HellpoHiB
w(L,j)=w(i,j)+dw(i,j); % — po3paxyHOK HOBMX 3HAYEHb BariB HEHPOHIB
W(e,Lj)=w(i,)); % — opmyBaHHA MacHBY BariB HeiipOHIB
end;

end;

if c==10000 % — 00MexxyBad KiJIbKOCTI enox
e=0.0001;

end;

end;
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figure; % moOynoBa rpagikis 3a;1e2KHOCTI MIOMMIJIKH, 3CYBIiB, BariB BiJ enox;
plot(c1,E,'-k");

figure;

subplot(3,1,1); plot(c1,B(:,1),'-k'); title('"Znachenija smewenija 1 neyrona');
subplot(3,1,2); plot(c1,B(:,2),'-k"); title('Znachenija smewenija 2 neyrona');
subplot(3,1,3); plot(c1,B(:,3),'-k'); title('Znachenija smewenija 3 neyrona');

figure;

subplot(3,2,1); plot(c1,W(:,1,1),'-k'); title("Znachenija 1 wesa 1 neyrona');
subplot(3,2,2); plot(c1,W(:,1,2),'-k'); title('Znachenija 2 wesa 1 neyrona');
subplot(3,2,3); plot(c1,W(:,2,1),'-k"); title('Znachenija 1 wesa 2 neyrona');
subplot(3,2,4); plot(c1,W(:,2,2),'-k"); title('Znachenija 2 wesa 2 neyrona');
subplot(3,2,5); plot(c1,W(:,3,1),'-k"); title('Znachenija 1 wesa 3 neyrona');
subplot(3,2,6); plot(c1,W(:,3,2),'-k"); title('Znachenija 2 wesa 3 neyrona');

toc

Yucna, mo CTOATh 3a IMO3HAYKOI KOMEHTApiB, MpPHU3HAYEHI IS
BUKOPHUCTAHHS MPHU JTOCTIKEHH]I pOOOTH TIEPCENTPOHA.
BucHoBKkM 32 3aBJIaHHSIM 6.

2.6 3micT 3BiTYy Mpo 1ab0paTopHy poOOTY

1) TutyneHMM apKyII.

2) Posznun: Merta naGopatopHoi poOoTH 1 3aBIaHHs Ha J1ab0paToOpHY poOOTY.
3) Pozmin: Xixg mabopaTtopHoi poOOTH - MpOTrpaMHi KOAU JI0 BCIX MYHKTIB
3aBJIaHHs 3 JOJJaTKOM pEe3yJIbTaTiB BUKOHAHHS BCIX OIEparlii i KOMaHI.

4) Posznin: BucHoBKY 110 1abopaTopHiit poOOTi.
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W N =

15.

16.
17.
18.
19.

KOHTPOJIbHI 3AITMTAHHA

SIka MozeNb IEKUTH B OCHOBI IITYYHUX HEHPOHHUX MEPExK?

SIKi BUTOKM BUHUKHEHHS T€Opii HEHPOHHUX MEPex?

Slka 006nacTh MPAKTUYHOTO BXKMBAHHS TEOpli HEMPOHHUX MEPEX 1 YUM 1€
MOSICHIOETHCSI?

Oco06aMBOCTI apXITEKTYpH MepcenTpoHa’?

VY domy CcyTh HaBUaHHS OJTHOIIAPOBOTO MEpCenTpoHa?

SIKi MOXJTHBOCTI OTHOIIIAPOBOTO MEPCENTPOHA?

[Ilo Ha3MBa€ETHCA €MOXOK0?

Jlo SIKOTO KJ1acy aarOpuTMIB HaBUYAHHSI BITHOCUTHCS JIETbTa-TIPABUIIO?

SIxi TpyIHOIII MOKYTh BUHUKHYTH 3 aJITOPUTMOM HaBYaHHS NEpcenTpoHa?
VY 4oMy BIIMIHHICTb MOHATH YSIBHOCTI 1 HABYAEMOCTI HEMPOHHOT MEPExi?
[Ilo € HelipoHoM nepcenTpoHa?

Sy MHOKHHY Ha3UBaIOTh JIHIMHO PO3ILILHOIO?

VY yomy 0co0aMBICTh OararomapoBoro nepcenTpoHa’?

VY 4omy nossirae BIAMIHHICTh IepcenTpoHa PymenbxapTa Bij nepcenTpoHa
PozenOnarra?

3a 1OMOMOTOIO SIKOTO aJITOPUTMY BiI0OyBa€ThCA HaBUYAHHS 0araTtoIiapoBOro
nepcenTpoHa’?

SIxa OCHOBHA 1715 MPOLIEyPH 3BOPOTHOTO PO3MOBCIOIXKEHHS TOMUITKA?
[ITo Ha3uBaOTh OMYKJIOK 001acTIO?

[Io Ha3uBarOTH OOMEKEHOIO 00JIACTIO?

Yum oOMexeH1 kiacudikaliiftHi MOXKIMBOCTI TPUIIAPOBOT MEPExKi?
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JOIATOK A
Bumoru 10 odopmiieHHs 1 popma TUTYIBHOTO apKyliia 3BITY Mpo J1a00paTopHy
poboty

1) 3BiT BukoHyeThcs Ha nuctax dopmaty 11 (A4) MalIMHONMUCHUM CIIOCOOOM
B OYyIb-sIKOMY TEKCTOBOMY PEIAKTOPI.

2) Komnip mpudty — yopnuii, rapaitrypa — Taitmc, kernp — 14, mons 3 ycix
60kiB — 20 MMm.

3) Mera nabopatopHoi poOoTu 1 3aBmaHHs Ha JaboOpaTtopHy poOOOTY
0 OPMIISIOTHCS] B OJTHOMY PO3iiIi 3 HOBOTO apKyIIia.

4) Xing nmabopatopHoi poOOTH OGOPMISIETECA B OJHOMY pPO3ALII 3 HOBOTO
apKyIma.

5) BucHoBku 1o jabopaTtopHii poOOTI OPOPMIIAIOTHECS B OJHOMY PO3ALT 3
HOBOTO apKyIia.

6) Jomyckaerbcs ansa po3aury Xig JadopatopHOi poOOTH, 3 METOK €KOHOMIT
narnepy, BUKOHaAHHS TEKCTY 1 MIPOTpaMHUX KOMAIB KeryieM 12, mpu HeoOXiTHOCTI
MaJTFOHKH MOKYTh BHKOHYBATHUCS B KOJIBODI.

dopma TUTYIBHOTO apKyIlIa 3BITY

MIHICTEPCTBO OCBITU I HAYKH YKPATHU
OJECBKHUH JEP)KABHUI EKOJIOI'TYHU YHIBEPCUTET
®AKYJBTET KOMII'IOTEPHUX HAVK
Ka(pezlpa ABTOMAaTU30BaAHUX CUCTEM MOHiTOpl/IHFy HABKOJIUIIHBOTO cepeuonmua

3BIT
npo nadoparopHy podory
JOCJIIKEHHSA NEPCEIITPOHA

3 DUCHMILIIHHI
METOIM PO3IIIBHABAHHS OBPA3IB B 3AJAYAX MOHITOPUHI'Y

Buxonas(n1a) cryaent(ka) rpynu MK-51
IBanos Ilerpo CunopoBnyu

(migmmc cTyaeHTa)

Hepesipus Ilepesaurin b.B.

Ouinka 3a miaroToBKy /10 Ouinka 3a BUKOHAHHS .
. . 3aranabHa oliHKa
J1abopaTOpHOi podoTH JadopaTopHoi po6oTH
Ogpeca — 2013
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