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Jlornyecku npo3payHbie HEHPOHHbIE CETH U
MPOM3BO/JCTBO SIBHBIX 3HAHUH M3 TAHHBIX

E.M.Mupkec

Boruncnurensusiil nentp CO PAH B T. KpaCHOﬂpCKe1

[Ipou3BoACTBO SABHBIX 3HAHUH M3 HAKOIJICHHBIX JAaHHBIX - po0i1eMa, KOTopas HAMHOTO
CTapIle 4eM KoMIbloTepbl. OOyuaeMmble HEHPOHHBIE CETH MOTYT HPOU3BOAUTH U3 JaHHBIX
CKpBITHIC 3HAHMS: CO3/AaETCsl HABBIK MpeJCKa3aHusl, Kiaccuukaluu, pacno3HaBanus o0pa3oB
U T.II., HO €r0 JIOTUYECKasi CTPYKTypa 0OBIYHO OCTAETCsl CKPBITOH OT nojb3oBareis. [Ipodaema
NpOosiBJIEHUS (KOHTPACTUPOBAHUS) 3TOM CKPBITOH JIOTHYECKON CTPYKTYpHI periaeTcst B padbote
MyTEM TPUBEICHUS HEUPOHHBIX CETEe K CHEHHAIBHOMY “JTIOTMYECKH MPO3PAYHOMY
pa3peKeHHOMY BUY.

Hccnenyrores aBa BOIPOCA, BCTAOINKE NEPE] KaXKIbIM HMCCIEN0BATENIEM, PEIIUBIIMM
UCIIOJIb30BaTh HEHpOHHbIE ceTH: “CKOJIbKO HEHPOHOB HEOOXOAMMO IS pelieHus 3a1aun?”’ u
“KakoBa momkHa OBITH CTPYKTypa HEHpoHHOW ceTu?” OObenuHssi 3TH JIBa BOIPOCA, MBI
nonydaeM tperuid: “Kak cpenatb paboTy HEHpOHHOH CeTH MOHSATHON IJIsl MOJIBb30BaTEls
(Jtormuecku TPO3pavyHOil) M KaKUe BBITOIbI MOXET MPUHECTH Takoe moHuMaHue?” OmucaHbl
CHOCOOBI TOYYEHHsI JIOTUYECKH TMPO3PAavyHbIX HEUpOHHBIX cerTed. [IpuBeneH mpumep u3
00J1aCTH COLMATIBHO-MIOIMTUYECKUX NpeAcKa3aHuil. /s onpeneneHHoCTH paccMaTpUBalOTCA
TOJIBKO HEHPOHHBIE CeTH, OOy4eHHE KOTOPHIX €CTh MHUHHMM3ALUSA OLEHOK (OIMOOK) C
UCIIOJIb30BaHNEM IpanneHTa. ['pagueHT OLICHKM BBIYMCIAETCS METOIOM JBOMCTBEHHOCTH

(ero 4acTHBIH caydail - METOA 0OpPaTHOTO PacIpOCTPAHEHUS OIUOKH).

1. CKOJIbKO HelipOHO8 HYXHO ucnosib3oeamsb?

HpI/I OTBCTC HaA 3TOT BOIIPOC CYHMICCTBYCT ABC INPOTHUBOIIOJIOKHBIC TOYKH 3PCHUA.

OpHa M3 HHUX YTBEPXKIAeT, YTO 4YeM OOJbIle HEHPOHOB HCIOIB30BATh, TEM Ooee

! 660036, Kpacnospck-36, BIIK CO PAH, E-mail: amse@cckr.krasnoyarsk.su



Ha/ieXkHast ceTh ToiyduTcs. CTOPOHHUMKHM STOW TO3MIIMHM CCHUIAIOTCS Ha TIPUMED
YeJI0OBEUECKOro Mo3ra. J[eHCTBUTENbHO, YeM OOJIbIlle HEHPOHOB, TeM OOJIBIIE YUCIIO
CBsI3el MEXIy HUMH, U TeM OoJjiee CIOXHbBIE 3aJaud CIIOCOOHA PEIIUTh HEHpOHHAs
cetb. KpoMe TOro, ecim MCHoib30BaTh 3aBEIOMO OOJIBIIEE YHCIO HEHPOHOB, YeM
HEOOXOAMMO JJIsl PelICHHs 3a/layd, TO HeWpOHHas CeThb TOYHO oOyumtcs. Ecim ke
HAYMHATh C HEOOJBIIOrO YMCIa HEHPOHOB, TO CETh MOMKET OKa3aThCs HECTIOCOOHOU
OOy4YHTBCS PENICHUIO 3aJadd, W BECh NPOIECC MPHUACTCS MOBTOPITH CHayala C
OOJBIIMM YHUCJIOM HEWPOHOB. DTa TOYKa 3peHHs] (4eM OoybllIe - TeM JIydlle)
NOMYJISIPHA CPelld Pa3paOdOTYMKOB HEHPOCETEBOTO MporpaMMHOro obecnedenus. Tak,
MHOTHE W3 HUX KaK OJHO W3 OCHOBHBIX JIOCTOMHCTB CBOMX IPOTpaMM Ha3bIBAIOT

BO3MOKHOCTb MCIIOJIb30BAHHUS JTFOOOTO YMCIIa HEHPOHOB.
Bropass Touka 3peHHS OmMHMpaeTcs Ha TaKoe ‘“OMIHMPUYECKOE” TMPaBHIIO: YeM
OoJbIlIe TIOATOHOYHBIX IMapaMeTPOB, TEM XYK€ anmpoKCUManus (QYHKIUH B TeX
oOmacTsix, TJe €€ 3HaueHWs ObulM 3apaHee

Heus3BeCcTHBI. C MaTeMaTUYeCKOM TOUYKHU 3PpCHUA

3ajaun OOy4eHHsT HEHpPOHHBIX CeTel CBOIATCS K
X |1]12(3]|4

FX)|5(4]6]3

IIPpOAOJIZKCHUTO (I)YHKHI/II/I 3aJJaHHOM B KOHEYHOM

YlCcJie TOYEK Ha BCIO 00J1acTh OIIPpCACIICHUA. HpI/I
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poOJIEeMBI.

Bropoii monxon ompeaenser HYXHOE 4YHUCIO HEHPOHOB Kak MHUHHUMAJIBHO
HeoOxoaumoe. (OCHOBHBIM HEJOCTATKOM SIBJISIETCS TO, YTO 3TO, MHHHMAJIbHO
HEO0OXOJIMMOE YHWCJIO, 3apaHee HEM3BECTHO, a MPOIeAypa €ro OmpeleieHHs] IyTeM
MOCTETIEHHOTO HapalllMBaHMsI YKciia HEHPOHOB BecbMa TpyaoeMka. Onupasich Ha OMBIT
pabotel Tpynmel HelipoKomnm B o0macté MeauIMHCKOW auarHoctuku [4,5,9],
KOCMUYECKOW HaBUrauud u mncuxosnoruu [10] MOXXKHO OTMETHUTBH, YTO BO BCEX ITHUX
3a/layax HU pa3y He OoTpebOoBaIoCh 00Jiee HECKOIBKUX JECATKOB HEHPOHOB.

[ToaBoas UTOT aHANM3y ABYX KpaHUX MO3UIUH, MOKHO CKa3aTh CIEIyIOIIee:
CeTh C MHMHHMMAJIBHBIM YHCJIOM HEHPOHOB AOJDKHA Jyuiie (“mpaBuiibHee”, Oolee
IJIaJIK0) anmpoOKCUMUPOBATh (PYHKIMIO, HO BBISICHEHHE ATOrO0 MHHHMMAJIBLHOTO 4YHCIa
HEHUPOHOB TpeOyeT OONBIIMX  MHTEJUIEKTYalbHBIX 3aTpaT M SKCIEPUMEHTOB 10
oOyuenuto cetreil. Ecinu yncino HelpoHOB W30BITOYHO, TO MOKHO MOJYYUTh PE3YJIbTaT
C TepBOM MOMbBITKHA, HO CYIIECTBYET PHUCK MOCTPOUTH “TUIOXYIO” amMpOKCUMAIIHIO.
Hctuna, kak Bcerga ObIBAaeT B TaKUX CIIydasix, JIGKHUT MOCEPEAUHE: HY)KHO BbIOMpATh
YUCJIO HEHPOHOB OOJBIIMM YeM HEOOXOAMMO, HO HE HaMHOro. 2OTO MOXHO
OCYIIECTBUTh MYTEM YyIBOCHHUS YHUCJIa HEHMPOHOB B CETU MOCJIE KAXKIOW HEyTauHOMN
nonbITKU 00ydyeHus. OJHAKO CylecTByeT OoJjiee HAAECKHBIA CHOCO0 OIEHKH
MUHUMAJIBHOT'O YUCJIa HEUPOHOB - UCIOJIB30BaHKE MPOLIETYpPhl KOHTpacThupoBaHus [1].
Kpowme Toro, nporienypa KOHTpaCTUPOBAHUSI IO3BOJISIET OTBETUTh U HA BTOPOI BOMPOC:

KaKoOBa JIOJIKHA ObITh CTPYKTYpa CETH.

2. Mpouyedypa kKOHMpacmupoeaHus

[Ipouenypa KOHTpacTUPOBaHMS OCHOBAHA HA OLIEHKE 3HAYMMOCTH BECOB CBSI3Ei
B ceTd. BmepBble mnpolenypa KOHTPAaCTUPOBAHMSI HEWPOHHBIX CETEH Ha OCHOBE
nokasareseil 4yBCTBUTEIBHOCTH OMKMCAaHa OJJHOBPEMEHHO B [1] u (cymiecTBeHHO Oolee
YacTHBIM BapuaHT) B [2]. B kuure [1] yka3aHbl OCHOBHBIC LI€JTH KOHTPACTHUPOBAHUS:
YIIPOCTUTh TEXHUYECKYIO PeaTu3alliio CETH U CeNIaTh HaBbIK CETH O0Jiee MOHSITHBIM -

SABHU30BAaThb (CI[eJ'IaTI) HBHBIM) 3HAHUC, TIIOJIYYCHHOC CCTBIO B XOC O6Y‘I€HI/IH.



Pe3ynbrarhl  AKCIEpPUMEHTOB IO  KOHTPACTUPOBAHUIO  HEUPOHHBIX  CeTeH
onyonukoBanbl B [7,8]. CyIIecTBYIOT TakKe MOAXObI, HE UCIIOJIB3YIOIIUE MTOKa3aTeIn
gyBcTBUTENbHOCTH [3]. Yke B [1] ommcaHO HECKONBKO CIMOCOOOB BBIYHCICHHS

rokazarejeu YYBCTBUTCIIBHOCTHU. HpI/IBeI[eM JABa HanoOoJee IIUPOKO HUCITIOJIb3YCMBIX.

2.1. KonTpacTupoBanue Ha OCHOBE OLIEHKH

PaccMoTpuM ceTh, MNpaBUJIBHO pEIIAIONIYI0 BCE MPUMEPHl 00YyYaroIIero

MHOkecTBa. O0o3Hauum uepe3 w,, p=1K ,n Beca Bcex cszell. [Ipu oOGpatHOM

(YHKIMOHUPOBAHUU CETH TO TMPHHIHUITY JBOMCTBEHHOCTH WJIM METOAY OOpaTHOTrO

pacmpocTpaHeHus! OIUOKH CETh BHIYHCISIET BEKTOP rpagueHTa PyHKIUH OLUeHKH H 110

BecaM cBs3er - Grad(H) = {5}[/ a”wp} K on' [Iycts wO- TeKYIIUi HaOOp BECOB CBS3EH,
p=LK n

a OLICHKA TEKyLIEro nmpuMepa paBHa H°. Torxa B nureiiHOM MPUOTMKESHUN MOKHO

n
JH
3anucath PYHKIUIO OLIEHKH B TOUKE W Kak H(w)=H 04 Z ——(w, - wg). Ucnoinb3ys
p=1""P

9TO HpI/I6J'II/I}KeHI/IC MOXXHO OHOCHUTb HM3MCHCHHC OLCHKH IIPH 3aMCHC W0

P Ha Kak

0

cH
;((p,q)=‘m—-‘w;—wp , TIe g - HOMEp MpHuMepa OOydYarolmero MHOXKECTBA, IS
p

KOTOPOTo OB BBIYUCIIEHBI OLIEHKA U rpagueHT. Benuuuny y(p,q) OylneM Ha3bIBaTh

*

MMOKa3aTCJICM YYBCTBUTCIIBHOCTU K 3daMCHC W

pHa w

p Al npumepa g. [lanee
HEOOXOMMO BBIUMCIUTh MOKAa3aTellb YyBCTBUTEIBHOCTH, HE 3aBUCALIMN OT HOMEpa
npumepa. s 3Toro MokHO BOCIOIb30BaTHCS 000K HOpMO. OOBIYHO UCIIOJIB3YETCS

paBHOMepHasi HopMma (MakCUMyM MOIyJsA): y(p)=max y(p,q). YMes BBIYUCITH
q

MOKa3aTeNN YyBCTBUTEIBHOCTH, MOKHO IIPUCTYIIATh K IPOLIEIYpEe KOHTPACTUPOBAHUS.
[IpuBenemM nNpocTerni BApUAHT 3TOU MTPOLEAYPHI:
1. Bpruucisiem nokas3aresd YyBCTBUTEIbHOCTH.

2. Haxoaum MuHHUMAaIbLHBIN cpeau rokasarejen JYBCTBUTCIIbBHOCTH - }(p* .



3. 3amMeHUM COOTBGTCTBYIOHII/II\/II 9TOMY IIOKa3aTCJIF0 YYBCTBHUTCIIbHOCTH BCC WO*

p

*
Ha W +, 1 CKIIKOUA€M €r0 U3 IIPOLEypbI oOyueHwusl.

4. TlpenpsiBUM ceTH Bce NpuUMepbl oOydarolmero MHoxecTBa. Eciau ceTb He
JIOITyCTHIIa HU OHOM OMIMOKH, TO IEPEXOANM KO BTOPOMY IIary Mpoueayphl.

5. IlplTaemcst 0Oy4WTh OTKOHTPAaCTHPOBAHHYIO ceTh. Eciam ceTh 0oOyumiach
0€30IIMO0YHOMY pELICHHMIO 33Jadd, TO MEPeXoJuM K MEepBOMY IIary
IpOLEAYpPBI, B IPOTUBHOM CIIyyae MEPEX0IUM K IECTOMY LIary.

6. BoccraHaBnuBaeM CeTb B COCTOSIHME O IIOCJIEIHErO BBIINOJHEHUS TPETHErO
mara. Ecim B XoJe BBINOJHEHUS IIaroB CO BTOPOrO IO NATHIA  ObLI
OTKOHTPACTHPOBAH XOTs OBl OJMH BeC, (YMCIIO 00ydaeMbIX BECOB U3MEHUIIOCH),
TO MIEPEXOJIUM K nepBoMy wmary. Eciiv Hu ofuH Bec He ObUI OTKOHTPACTUPOBAH,
TO MOJy4€Ha MUHUMAJIbHAas CETh.

Bo3MOXHO WCHONB30BaHHE PA3NUYHBIX  O00OMIEHWH 3TOM  MPOLEAYPHI.
Hampumep, koHTpacTUpoBaTh 3a OAMH IIAr MPOLIEAYphl HE OJMH BEC, a 3aJaHHOE
noJib30BareneM uuciao BecoB. Hawubonee pagukanpHas npoueaypa COCTOUT B
KOHTPACTUPOBAaHMM  IIOJOBMHBI  BecoB  cBsi3el. Ecaum  monoBuHy — BecoB
OTKOHTPACTUPOBATh HE YAAETCs, TO NbITAEMCS OTKOHTPAaCTHMPOBATh YETBEPTH W T...
OtmeTuM, 4TO NMPU ONMCAHHOM METO]IE BBIYMCIIEHUS MTOKA3aTeseil YyBCTBUTEIbHOCTH,
NPEIOoJIaraeTcsi BO3MOXXHBIM ~ BBIYMCIEHHE (DYHKUMHM OLEHKH M MPOBEIACHUS
OpoLeaypbl OOy4YEHHMs] CETH, a TaKKe MPEAIoyaracTcsi M3BECTHbIM oOOyuaroliee

MHOX€ECTBO. BO3MOKEH U Ipyrou MyTh.

2.2. KourpacTupoBanue 0e3 yxyaIeHust

[TycTs HaM naHa TOMBKO OOy4YEeHHAs! HEMPOHHAS CETh M 00ydaroiee MHOXKECTBO.
Jlomyctum, 4TO BHI (PYHKIMH OIEHKH W TpoLeAypa OOydeHHs HEHpPOHHOH CeTH
HEM3BECTHBI. B 2TOM ciyyae Tak K€ BO3MOXHO KOHTPAaCTUPOBAHHUE CETH.
[Ipeanonoxum, 4To AaHHAs CETh MAEAJIBHO pelIaeT 3ajady. Torna HaM HEOOXOAMMO
TaK OTKOHTPAaCTUPOBATh Beca CBA3EH, UTOOBI BBIXO/HBIE CUTHAJIbI CETU MPU PELICHUU

BCEX 3aJa4 M3MEHWINCh HE Oojee 4eM Ha 3aJaHHYyl0 BeIMYMHYy. B 3TOM ciyuae



KOHTPAaCTUPOBAHHE BECOB NMPOM3BOAMUTCA MOHeHpoHHO. Ha BXxoae kaxmoro HeipoHa
CTOUT aJANTHUBHBIA CyMMaTOp, KOTOPBI CYMMHpYET BXOJHBIE€ CUTHAJIbI HEWpOHa,
YMHOXXEHHbIE Ha COOTBETCTBYIOIIME Beca cBsizeid. [[ns HelipoHa HauMeHee

YYBCTBUTEJIBHBIM OYAET TOT BEC, KOTOPBIM MPHU PEIICHUH PpUMepa 1acT HAMMEHbIIUN

BKIIa] B CyMmMy. O003Ha4MB Yepe3 X} BXOJHbIE CHTHAIBI PACCMATPMBAEMOTO HEHPOHa

IpU pelIeHUH ¢-TO IpuMepa noirydaeM (GopMyiTy JUIsl ToKa3aTessl YyBCTBUTEIbHOCTH

*
BECOB: ;((p,q)=‘(wp—wp)-xg. AHaJOTUYHO paHee pacCMOTPEHHOMY IMOJIydaeM

* (v
Z(p) = ‘(Wp - Wp )‘ . mqax‘x;],‘ . B camoit nmpoucaype KOHTpaCTUpoBaHUusd €CTb TOJIBKO OIHO

OTJIMYUC - BMCCTO ITPOBCPKU HAa HAJTUYIUC OIINOOK IpU MPEABABJICHUN BCCX IMPUMCEPOB
MMPOBEPACTCA, UYTO HOBBIC BBIXOAHBIC CUTHAJIBI CCTHU OTJIMYAKOTCA OT IICPBOHAYAJIBHBIX

He OoJiee ueM Ha 3aJaHHYIO BEIUYHHY.

3. Jloeuyecku npo3payHbie HelipOHHbIe cemu

OmHUM M3 OCHOBHBIX HEJOCTATKOB HEHPOHHBIX CETEH, C TOUKH 3PEHHSI MHOTHX
NIOJTb30BATENCH, SBISETCS TO, YTO HEWPOHHAs CETh pellaeT 3agady, HO HE MOXKET
pacckazaTh kak. MlHBIMU ciioBaMU U3 OOyUeHHOW HEHPOHHOW CETH HEJb3sl W3BIICYb
ITOPUTM pernreHus 3anayn. OIHaKO CenHuaIbHBIM 00pa3oM MOCTPOCHHAS MPOIIETyPa
KOHTPaCTHPOBAHMUS MO3BOJISIET PEIIUTH U Ty 3a7ady.

3amaauMcst KJIaccoM CeTei, KOTopble Oy/eM CYUTATh JIOTUYECKH MPO3PAYHBIMU
(TO eCTh TaKMMH, KOTOpBIC PEIIAlOT 3aj]ady MOHATHBIM IS HAac CHocoOoOM, IJis
KOTOPOTO JIETKO C(HhOpMYyTUpOBaTh CIOBECHOE ONMHCAHUS B BHJE SIBHOTO aJTOPUTMA).
Hanpumep norpedyeM, 4ToObI Bce HEHPOHBI KMETH He 00JIee TPEeX BXOIHBIX CUTHAJIOB.

3amaauMcs HEHPOHHOHN CEeThI0 y KOTOPOW BCE BXOJHBIC CHUTHAJBI TIOJAIOTCS HA
BCE HEMPOHBI BXOAHOTO CJIOS, @ BCE HEHPOHBI KAXKIOTO CIEAYIONIETO CIIOS MPUHIUMAIOT
BBIXOJIHBIC CHTHaJbl BCEX HEHPOHOB mpensiaymiero cios. OOyuum  ceTb
0€301rO0YHOMY PEIICHHIO 3a/1auH.

[Tocne aToro Oymem MpoU3BOIUTH KOHTPACTUPOBAHHE B HECKOJBKO ATamoB. Ha

IICPBOM ITaAIIC 6yz[eM KOHTPACTUPOBATH TOJILKO BC€Ca CBSI3EH HeﬁPOHOB BXOAHOI'O CJIOA.



Eciu mocie KOHTpacTUpPOBAHMSI Y HEKOTOPHIX HEWPOHOB OCTAJIOCH OOJbIIE Tpex
BXOJIHBIX CHUTHAJIOB, TO YBEJIMYMM YHUCJIO BXOJHBIX HEHMPOHOB. 3aTeM aHaJIOTHYHYIO
npoLeaypy MPOU3BEIEM IMOOUEPEAHO ISl BCEX OCTajbHBIX cioeB. [locne 3aBepuieHus
ONMHMCAHHOW TMpolueaypsl OyneT IMoJydeHa JIOTUYECKH IMpo3payHasi ceTh. MOXKHO
NPOU3BECTH  JOMOJIHUTEIBHOE  KOHTPACTUPOBAHHWE  CETH, YTOObI  MOJYYUTh
MUHUMaNbHYIO ceTb. Ha puc. 2 mpuBeneHbl BoceMb MUHUMAJbHBIX ceTed. Ecnu mop
JIOTUYECKH MPO3PAYHBIMU CETSIMU IMOHUMATh CETH, Y KOTOPBIX Ka)Jbli HEMPOH HMeeT
He 0oJiee TpeX BXOJAOB, TO BCE CETU KPOME MATON U CEIbMOM SIBISIFOTCS JIOTUYECKU
npo3payHbIMu. [1siTast u cenpmas ceTu AEMOHCTPUPYIOT TOT (aKT, YTO MUHUMAIBHOCTh
CETH HE BJIEYET 3a COOOM JOrM4eCKON MPO3pavyHOCTH.

B kawectBe mpumepa MpuBENEM HMHTEPHPETALMIO AITOPUTMA PACCYKIACHHM,
MOJIyYEeHHOTO TI0 BTOpPOM ceTw mpuBeneHHOM Ha puc. 2. [loctaHoBka 3amauu: 1Mo
oTBeTaM Ha 12 BOMpOCOB HEOOXOIMMO TMpeAcka3zaTh MoOedy TMpaBslledl Wiu
OMIMO3UIIMOHHOM mapTuu. Hike mpuBeaeH CucoK BOIPOCOB.

1. TpaBsmas naptus Obi1a y BiacTu 6ojiee 0JTHOTO cpoka?
[TpaBsiniast maptust noayuuna 6osnbiie 50% roa0coB Ha MPOILIBIX BEIOOpax?
B roa BeI00OpOB Obl1a aKTUBHA TPEThS MAPTHSL?
bruta cepbe3Has KOHKYPEHIIMS IPU BBIIBMKEHUU OT MpaBsllei napTun?
Kannuaar ot npassieil napTuu ObUT1 IPE3UACHTOM B IO/ BHIOOPOB?

be11 mu ron BBI60pOB BPCMCHCEM Cllaa UJIN z[enpeccym?

A L o

beim 1M pocT cpemHero HAIMOHAIBHOTO BajlOBOTO MPOAYKTa Ha JIyIIy

HaceaeHus ooabmre 2.1%?

8. Tlpou3sBen nu NMpaBsSImUi MPEe3UACHT CYIIIECTBEHHBIC U3MEHEHHUS B TIOJUTHUKE?

9. Bo Bpems mpaBieHUs ObUTH CYIIECTBEHHBIE COIIMATBHBIC BOJTHECHHUS ?

10. AaMuHUCTpaIusl TpaBsIIed MapTUM BUHOBHA B CEPHhE3HOM OIIMOKE WU
ckangaine?

11.Kanauaat ot mpassiiieil NapTuu - HallMOHAJIbHbBINA repoili?

12. Kanauaat oT Onmo3uIMOHHON MAPTUH - HAIIMOHAJIbHBIN Tepoi?

OTBeTHl Ha BOMPOCHI OIMHUCHIBAIOT CHUTYAIlMI0 HAa MOMEHT, MPEAIICCTBYIOIIHUMA

BbIOOpaM. OTBETHl KOAUPOBAINUCH CIEAYIOIIMM O0pa3oM: “ma” - eauHuna, “Her’ -



MHUHYC CAHWHMUIIA. OTpI/IHaTeHBHBIﬁ CUTHAJI Ha BBIXOAC CCTU HHTCPIIPCTHPYCTCA KakK

MMpCaACKa3aHue HOﬁGI{I)I HpaB}IHleﬁ IIapTUuu. B IIPOTUBHOM CJIy4a€ OTBCTOM CUHTACTCA

nobena ONMO3UIIMOHHOW TMapTUU. Bce HEHpoHbI

PCAIN30BbIBAJIN  ITIOPOTOBYIO

¢byHkuio, paBHyr 1, eciau anreOpanueckas CyMMa BXOJHBIX CUTHAJIOB HeWpoHa

oonpie nmubo paBHa 0, u -1 mpu cymme menbieir 0. OTBeT cetu Oa3zupyercs Ha

Puc. 2. Habop munumanvuulx cemeti 015 peutenus 3a0ayu o
npeockasanuu pezyiomamos 6vloopos npesudenma CILIA. B
PUCYHKE UCNOIb308AHbL cledyroujue 0oo3naverus: oykevt “I1”
u “0O” - obosnauarom 6u0 omeema, 8bl0ABAEMbIL HEUPOHOM:
“I1” - nonoxcumenvHulll cCucHal o3Havaem nobedy npassauell
napmuu, a ompuyamenvbHviii - onnouyuonuou, “0O7 -
NONOJCUMETIbHBLU CUCHAN O3HaYaem nobedy Onno3uyuoHHOU
napmuu, a OompuyameibHulil - Npagsauyetl.

@ HeﬁpOH;onz{Hoﬁ curnay; — CBSI3b MEX]y DJIEMEHTaMH CETH;

“+7 77 _ 3HAK CBS3H, ==meeep [10JaYa IOCTOSHHOI'O CHTHAJA.

MPOSIBIICHUSX IBYX
CUHAPOMOB: CHHJIpOMa
MOJIUTUYECKON
HECTAaOUIILHOCTH
(cyMmma OTBETOB Ha
Bompochl 3, 4 u 9) u
CUHApOMA TUIOXOMU
NOJIMTUKUA (OTBETHI HA
Boripockl 4, 8 u 0).

3aMeTHM 4YTO CHUMIITOM

Hecorjaacus B
npaBsiien MapTuu
BOIIIEIT B o0a
CUHIpPOMA. Taxum

obpaszom, I TOOEIbI
npaBsien napTUu
HEO00XO0IUMO
otrcyrcTBHe (-1) 0Oomx
CHHJIPOMOB.

Ha puc. 2
MPUBEJICHBI CTPYKTYPHI
IIECTH JIOTUYECKHU
MIPO3PAvYHBIX

HEUPOHHBIX cerei,



pelaroIux 3aaady o npeacka3aHuu pe3ynbTaToB BeIOOpoB mpe3uaenta CIIA [6,11].
Bce cetu, npuBeneHHbIe Ha 3TOM PUCYHKE MUHUMAJIBHBI B TOM CMBICIIE, YTO U3 HHUX
HeNb3s YAaJUTh HU OJHOW CBSI3W TaK, YTOOBI CETh MOIJIa OOY4YHMTHCS MPABHIBHO
pemats 3anauy. [lo ynciy HeipOHOB MUHUMAJIbHA MISITAsl CETh.

3aMeTHM, 4YTO BCE TMOMNBITKM AaBTOPOB OOY4YUTb HEHPOHHBIE CETU CO
CTPYKTypamH,  M300paXK€HHBIMH Ha pucC. 2, U CIy4allHO CreHepUPOBAHHBIMU
HaYaJIbHBIMHM BECaMH CBSI3€H 3aKOHUMIIUCH IpoBajioM. Bee ceTu, mpuBeieHHbBIE Ha pUC.
2, ObUIM TMOJIy4€Hbl M3 CYIIECTBEHHO OOJIBIIMX CEeTel ¢ MOMOMIbI MPOLEAYpPbI
koHTpactupoBanus. Cetn 1, 2, 3 u 4 ObUIM TOJYyYEHBl U3 TPEXCIOMHBIX CETEH C
JIECSATHIO HEUPOHAMU BO BXOJHOM U CKPBITOM ciosax. Cetu 5, 6, 7 u 8§ ObUTH NOTyYEHBI
U3 IBYXCJIOMHBIX CETEH C IeCAThI0 HEWPOHAMU BO BXOJHOM ciioe. JIeTko 3aMeTUTh, 4To
B ceTsiX 2, 3, 4 u 5 U3MEHWIOCh HE TOJIbKO YHCIIO HEWPOHOB B CIIOSX, HO M YHUCIIO
cnoeB. Kpome Toro, mouru Bce Beca CBsi3eil BO BCEX BOCBMH CETSIX paBHBI JHOO 1,

oo -1.

4. 3aknroyeHue

TexHonorusi MOJy4eHUs] SBHBIX 3HAHUN U3 JAHHBIX C MOMOLIBI0 00Yy4aeMbIX
HEHUPOHHBIX CeTel BBITJISAUT JIOBOJILHO MPOCTO U Bpoje Obl HE BBI3BIBAET MPOOJIEM -
HE0OXO0IMMO €€ MPOCTO PeaTn30BbIBATh U MOJIb30BATHCS.

[lepBeiii sTam: o0yyaeM HEMpPOHHYIO CeTh pemaTh 0a30Byr0 3aaaudy. OOBIYHO
0a30BOM SBJISETCS 3a/Jaya pacro3HaBaHUs, MpeAcKazaHus (Kak B TMPEIbIIyLIEM
pazzene) W T.n. B OoNBIIMHCTBE CilydaeB €€ MOXKHO TpPaKTOBaTh KaK 3adauy o
eocnoinenuu npodenoe é oanuvix. Takumu npodenaMu SBJISIOTCA U UMs o0pasza npu
pacno3HaBaHUU, 1 HOMEP KJIacca, U pe3ysbTar MporHosa, u ap.

Bropoii  sram: ¢ moMompbl0  aHaiuM3a  [OKaszaTelled  3HAYMMOCTH,
KOHTPACTUPOBAHUS U IOYYMBAHUS (BCE 3TO MPUMEHSETCS, Yallle BCEro, HEOAHOKPATHO)
OPUBOJIUM HEHPOHHYIO CE€Th K JIOTHYECKH TPO3payHOMY BHAY - TaK, YTOOBI

MOJTYYCHHBIM HABBIK MOKHO ObLTO “NIPOYUTATH .



[TosmyueHHBIN pe3ynbTaT HEOJTHO3HAYEH - €CJIM CTapTOBATh C JPYTroi HavaabHOM
KapThl, TO MOXHO MOJIYYUTh JIPYTYIO JIOTHYECKH MPO3payHylo CTPYKTYpy. Kaswcoou
0aze 0aHHbIX OMEeyaenm HecKONbKo 6apUANmMO8 AGHBIX 3HAHUI. MOXHO CUUTATh 3TO
HEJ0CTAaTKOM TEXHOJIOTMH, HO MbI IOJIaraeM, 4To, HA00OpOT, TEXHOJOTHs, Jarouias
€AVMHCTBEHHBIA BapUaHT SBHBIX 3HAHUM, HEIOCTOBEPHA, A& HEeOUHCHMEEHHOCHLb
pe3yiomama A6AAEMCA QYHOAMEHMATbHBIM CEOUCHEOM HPOU3BOOCMEA ABHBIX
3HAHUIL U3 OAHHDIX.

PaGora BeimonHeHa npu mnoaaepxke KpacHosipckoro kpaeBoro ¢GoHaa Haykw,

rpanT 6F0124.
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