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B mpenmectBytomiee AecsATUIETHE PA3BUTHE CPENICTB BBIUMCIUTENBHOM TEXHUKU BO
BCEM MUPE UCIBITAJIO CUIILHOE BIUSHUE CO CTOPOHBI MHUIIMUPOBAHHOM SImoHMEeNH nmporpaMMbl
"ITaroe mokoneHue KOMIBIOTEPOB". OCHOBHBIM JIO3YHI'OM 3TOW MPOTPAMMBI OBLIO Pa3BUTHE
CHCTEM HCKYCCTBEHHOIO HWHTEIJIEKTa HAa OCHOBE alTOPUTMHUYECKMX S3bIKOB. B 1992 .
nporpamma "Ilaroe mokosnenuwe" Obla 3aBepllieHA W € Ha CMEHY IMpHUIIa Mporpamma
"Brruncinenus B PeanrsHoM mMupe".

B Hell peub uaeT npexae BCero 0 TOM, YTOObI AaTh BBIYUCIUTEIBHBIM U YIPABISIOLIUM
CHCTEMaM BO3MOXKHOCTh  CaMOCTOSITEJIbHO, 03 MOoMOIIM '"mepeBOAYMKa'-4eIOBeKa
BOCIIPUHUMATh BO3JICHCTBUSI BHELIHETO MUpPA U JEUCTBOBaTH B HEM. ABTOPBI MPOTPAMMBI
OrpoMHYI0 poJib - 10 30-40% ee copep:kaHus OTBOAST HCCIEIOBAHHUIO E€CTECTBEHHBIX M
CO3/1aHUIO UCKYCCTBEHHBIX HEHMPOCETEBBIX CUCTEM.

HckyccTBeHHbIE HEWPOHHBIE CETH, OHHU K€ KOHHEKIMOHHCTCKHE WJIM CBSI3EBbIE
CUCTEMBI IIPEJICTABIISIIOT CO0O0M YCTPOMCTBA, UCIIOJIB3YIOLIUE OTPOMHOE YHCIIO 3JI€MEHTAPHBIX
YCIIOBHBIX PeQIIEKCOB, Ha3bIBAEMbIX MO MMEHU HEJABHO YMEPIIETO0 KAaHAJICKOTO (PU3MO0JIOTa
cuHaricaMu Xe00a. Takoit cuHANC, KaKk OCHOBY BO3MOXHBIX MEXAaHHU3MOB TaMSTH |
noBeaeHus, 1. Xe60 onucan teopetudecku B 1949 rony, T.€. B IepBbIE TOABI ITOCIE POKIACHUS
KHUOEpPHETUKH. YK€ ceiluac MCKYCCTBEHHbIE HEMpPOHHBIE CETH MPUMEHSIOTCS ISl PELIeHUs
OYCHb MHOTHX 3a/Ja4 00paOOTKH H300paKEHUMU, YIpaBJICHHS POOOTAaMU U HETPEPHIBHBIMHU
MIPOU3BOJCTBAMHU, JJIs IOHUMAHUS U CUHTE3a PeyH, JAJIsl TMarHOCTUKU 3a00JeBaHuil Jroaei u
TEXHUYECKUX HEMOJIaJOK B MallMHaX WU mpudopax, Ui IpelcKa3aHHs KypCcOB BajlOT U
pe3ynbTaToOB CKauek. Ta yacTe paboT, KOTOpas CBsi3aHa C pa3pabOTKOW YCTpOWCTB
nepepaboTku MH(POpMalMM Ha OCHOBE TPHUHIIMIOB pPaOOThI €CTECTBEHHBIX HEHPOHHBIX
CUCTEM  OTHOCHTCS K  0O0JacTd  HEUpOMHPOPMATHKA  WJIM  HEHPOBBIYUCICHHUI
(HeMpoKkoMITbIOTHHTA). TepMHUHBI 3TH MOSIBUJIMCH HEAABHO - B cepeanHe 80-X roIoB..

CyTh Bcex MoAxX0A0B HeWpomH(pOpMaTHKH: pa3paboTKa METOIOB CO37aHUs (CHHTE3a)
HEHPOHHBIX CXEM, peHIalolIMX Te WIM HHbIe 3anaud. HelWpoH mpu 3TOM BBINIAIUT Kak
YCTPOWCTBO OUYEHBb MPOCTOE: HEUTO BPOJE YCHIIMTENS C OOJBIIMM YHCIOM BXOJOB U OJHUM
BbIX0OZIOM. Paznuune Mexay MmoaxoJaMu M METOJaMH - B JIETalsIX MpeAcTaBiIeHHi o pabore
HEWpOHa, U, KOHEYHO, B MPEJICTABIICHUAX O padoTe cBsa3eil. COOCTBEHHO, KaK YK€ OTMEUYaIoCh
BBIIIIE, YCTPONCTBA HEHPOMH(POPMATHKH TIPEACTABIISIOT COOON CBsI3e€BBIE CUCTEMBI. B oTinumne
OT UU(POBBIX MHUKPOIPOLIECCOPHBIX CUCTEM, MPEACTABISAIONIMX COOOM  CIIOXKHbBIE
KOMOMHAIIMM TPOLECCOPHBIX M 3alOMHMHAIOIIMX OJIOKOB, HEHWPOIPOLIECCOpPhl COJEpKaT
naMsTh, PacIpe/ieJICHHYI0 B CBS3AX MEXIy O4YeHb MPOCTBIMHU IpoleccopaMu. Tem cambiM
OCHOBHAsl Harpy3ka Ha BBINIOJHEHHE KOHKPETHBIX (PYHKIMH MpoIeccOpaMH JOXKHUTCS Ha
ApXUTEKTYpPy CHCTEMBI, JETall KOTOPOl B CBOIO OUEpe/Ib ONPEAENAIOTCS MEKHEUPOHHBIMU
CBS3SIMH.

Bo e6e6edenuu oan Kpamkuit ucmopuyeckuii 0030p, 00cyycoaromca 3HaAYeHUsA
OCHOGHBIX NOHAMUIL U CEOUCMEA OUO0102UYECKUX NPOMOMUNOE, OCHOBHBIE OBUMNCYULUE
MOMUBHL UCC1€006AHUTL 8 001ACMU HEUPOUHPOPpMAMUKU.



Masa 1.
B0O3MOXHOCTN HEMPOHHLIX ceTen

Jlns  omucaHWs aNrOPUTMOB W YCTPOWCTB B HelpouH(popMaTuke BbIpabOTaHa
crienianbHas '"CXEMOTEXHHMKA', B KOTOPOM JJIEMEHTApHbIE YCTPOWCTBA — CYMMAaTOpBI,
CUHAICHI, HEUPOHBI U T.NI. OOBEAMHSIOTCS B CETH, MpeJHA3HAYCHHbIC JJIS PELIeHUsS 3ajady.
Cmanoapmuulii (hopmanvHwlll HelipoH COCTABJICH M3 BXOJIHOTO CyMMAaTopa, HEJIMHEWHOTO
npeoOpazoBaTesi U TOUKH BETBJICHUS Ha BBIXOJIE.

JlaHo omucaHue OCHOBHBIX 3JIEMEHTOB, U3 KOTOPBIX COCTABIISIIOTCS HEMPOHHbBIE CETH.
PaccmaTpuBaroTcs TOJIBKO HEMPOHHBIE CETH, CHHXPOHHO (YHKIIMOHUPYIOUINE B TUCKPETHHIE
MOMEHTBI BpeMeHU. ONMCcaHbl OCHOBHBIE apXUTEKTYpPbl HEUPOHHBIX CETEH.

HetlipoHHbIe CceTH BBIUUCIAIOT JMHEHHBIC (YHKIWUA, HEIUHEHHBIC (PYHKIIUH 00HO20
nepemMeHH020, a Tak’K€ BCEBO3MOXKHBIE CYNEPIIO3ULINU - QYHKIUU OT PYHKIMHA, TOTydaeMble
IpU KacKaJHOM COEOUHEHUH ceTeil. UTO MOXKHO MONy4YUTh, HCHOJB3YS TOJIBKO TaKue
oneparuu? Kakue ¢GyHKIMHM ygacTcs BBIYMCIUTH TOYHO, a Kakue (PYHKIHUHU MOXHO CKOJb
YIOJHO TOYHO anmpOKCUMHPOBATh C MTOMOIIBI0O HEUPOHHBIX ceTeil? J[aroTcst OTBETHI HA ATH
BONPOCHl, B YaCTHOCTH, TPUBEIEHO JI0Ka3aTelabcTBO TeopeMbl KomnmMoropoa o
MPEJICTABICHUN HEMPEPhIBHBIX (YHKIMI MHOTMX MEPEMEHHBIX CYNEepHo3UIUsIMU (QYHKIUI
OJIHOTO TIEPEMEHHOr0 W JUHEHHBIX (YHKIIHMH, ToKa3aHa (BHEpBbIE MYOJIHUKYETCSI Ha PYCCKOM
s3bIKE) O00O0OIIEeHHAsT ammpoKcuMalmoHHas Teopema CTOyHa Il TPOM3BOJIBHBIX alredp
¢byukuuii. Biepeeie B MoHOrpaduueckoil 1ureparype NpUBOASTCS Pe3ylbTaThl O MIIOTHOCTH
MOJTYTPYII HETIPEPHIBHBIX (YHKITHIA.

[TonpoOHO  oOcCyxkmaeTcs BOMPOC O  YHHUBEPCAIBHBIX  ANIPOKCHUMALMOHHBIX
CITOCOOHOCTSIX HEMPOHHBIX CETEH.

Maga 2.
PeweHune 3aga4y HEMPOHHLIMU CETAMMU

B nanHO# raBe ONMMCAaHO HECKOIBKO OAa30BBIX 3amad JjIsl HEHPOHHBIX CeTed U
OCHOBHBIX WJIM UCTOPUYECKU MEPBBIX METOAOB HACTPOMKHU CETeH JIsl UX peleHus:

1.Knaccudukamus (¢ yautenem) (nmepcentpon Pozenbiarra).

2.AcconmatuBHas MaMATh (ceTu Xonduiaa).

3.Pemenne cuctem TUHEWHBIX ypaBHEHUH (ceTn Xomduiaa u ux 0000IeHus).

4.BoccTaHOBJICHHE MPOOEIIOB B IaHHBIX (ceTu Xomnduiaa u ux 0000meHus).

5.Knacrep-ananu3 u knaccudukanus (6e3 yaurtens) (cetu Koxonena).

Bo BBOAHBIX pa3zenax riaBbl ONMMCAHBI OJHOAIEMEHTHbIE CUCTEMBI U UX MPUIIOKECHHUS:

1.JIuneliHast perpeccrsi 1 BOCCTAHOBIICHUE MTPOCTEHIIINX 3aKOHOMEPHOCTEH;

2.JIluneitHas GuIbTpaIMs U aanTHBHAS 00pab0TKa CUTHAJIOB;

1. JluneliHOE pa3jelieHre KIacCOB U MPOCTEHIIHE 3aa9i paciio3HaBaHusl 00pasoB.

Maea 3.
BbicTpoe andcddepeHunpoBaHue, ABOUCTBEHHOCTb
M obpaTHOe pacnpocTpaHeHne OLNOKU

B »arToil rnaBe wuszmaraercsa Marepuall, 3HAYEHHUE KOTOPOro [Jisl BBIYMCIMTEIBHOM
MaTEeMAaTHUKH W BCErO TOTO, YTO MO-aHTJIMICKH WMEHYIOT «computer sciences», BBIXOIUT
JAJIEKO 3a Mpeaenbl HeWpOUH(POPMATHKU. HEOOXOAMMbBIE BEIYUCIUTENBHBIC 3aTPaThl HAa TIOUCK
MX TpaJMEHTa BCETO JIMIIb B JBA-TPU pa3a MPEBOCXOIAT 3aTPaTbl HA BBIUHUCICHUE OITHOTO



3HaueHUs! QYHKIMH. DTO YAUBUTEIBHO - BEb KOOPJAMHATAMU BEKTOpa I'paJHeHTa CIyXar n
YaCTHBIX MPOM3BOAHBIX, a 3aTPaThl Ha BBIYUCICHHWE OJAHOM TaKOW MPOU3BOAHON B 00IIEM
cllydae IpUMEPHO TaKue ke, KaK ¥ Ha BBIYMCIICHHE 3HaUYeHUs (QYHKIUH.

«Yyno» 0OBsACHAETCS [IOBOJBHO MPOCTO: HYXHO paldOHAIBHO OpraHU30BaTh
BBIUMCJICHHE TMPOM3BOAHBIX  CJIOXKHOW  (YHKIMM MHOTHMX IE€pEMEHHBIX, u30eras
nyomupoBaHus. J{J1s 3Toro He0OX0AMMO TTOAPOOHO MPECTABUTH CAMO BBIYMCIICHHE (QYHKITHH,
YTOOBI IOTOM MMETH JIEJIO HE C «UEPHBIM AIIUKOMY, MpeoOpa3yioluM BEKTOp apryMEHTOB B
3HaYeHHe PYHKINH, a C JETAIbHO OMUCAHHBIM I'pad)OM BBIYUCICHUH.

[Touck gradH ynoOHO TpEeACTaBUTh KaK HEKOTOPHIA JBOMCTBEHHBIM MPOIECC Hal
CTpyKTYypo# Bbruncienust H. [IpoMexyTouHblie pe3yabTaThl, MOSBISIOIIUECS IPU BHIYUCICHUN
rpagueHTa, SBJISIOTCS HU YeM MHBIM, Kak MHOXuTensMmu Jlarpanka. Oka3bIBaeTCsl, YTO €CIIU
MpeACTaBUTh H Kak CIIOXHYIO (YHKIIWIO, SBJSIONIYIOCS CYMNEpro3uimend (GpyHKIuil Mamoro
yHclla MEPEeMEHHBIX (a MO-APYroMy BBIYUCIATH (DYHKIMH MHOTUX TMEpEMEHHBIX Mbl HE
yMeeM), U aKKypaTHO BOCIIOJIb30BaThCs MPaBUIOM T PEpeHIIMPOBAHMS CI0KHON (QYHKITUH,
HE MPOM3BOAS IO JIOPOTe JIMIIHUX BBIYMCICHUN U COXpaHAA MOJIE3HbIE MPOMEXKYTOUHbBIE
pe3ynbTaThl, TO BBIYUCICHUE BCEH COBOKyMHOCTH OH/Ox; (i=1,...,n) HEMHOTHUM CJIO)KHEE, YeM
OJTHOM W3 3THX (PYHKIIMI - OHU BCE€ COOpaHbI U3 OJMHAKOBBIX OJIOKOB.

JletanbHO €O BCEeMH JI0Ka3aTeIbCTBAMH ONHUCAH MPUHIUN JBONCTBEHHOCTH IS
CJIOKHBIX (PYHKITUH 0OIIIero BUaa, a TAakyKe sl HEUPOHHBIX CETEH.

I'naBa 4.

HeiipocereBble HMH(pOPMAUMOHHBIE MOAEJM CJIOKHBIX HHKEHEPHBIX
CHCTEM

B nanHol# rimaBe 06cyx1al0Tcsi HEHPOCETEBbIE METOIbI TIOCTPOCHUS MOJAETICH CIIOKHBIX
CUCTCM, OCHOBAHHBIC Ha SKCIICPUMCHTAJIbHBIX JAaHHBIX. HOI[pOGHO PacCMOTPCHBI TOCTAHOBKU
TUIOBBIX 3a/1a4 MH()OPMAIIMOHHOTO MOJAEIHPOBAaHUS (IPSMBIX, OOPATHBIX M CMEIIaHHBIX).
N3noxenue COMMpOBOXKAACTCA MOACIbHBIMU HWIUIIOCTpALIUAMU HW  MPUMEPaMU  PCAJIbHBIX
IIPaKTUYECKUX IPUMEHECHUM.

BuyTpenHne perynspusupyromue 0COOCHHOCTH HEHPOHHBIX CETEH IMO3BOJIIOT
pemarh TaKkKe OOpaTHbIE W KOMOMHHMPOBAHHBIE 3a7addl C JOKAIbHOU OYEHKOLU
mounocmu. JlJI1 HEKOPPEKTHO ITOCTABIEHHBIX 3a/a4 MOJEIUPOBAHUSA INPEIIOKEHA
HelpoceTeBas uHpOpMaIMOHHAS TEXHOJIOT U ITOCTPOCHMUS TUOpUAHON
HEHPOAPXUTEKTYPBI, COAECPKALIEH KIAaCTEpPU3yroUlyl0 KapTy KoxoHeHa M ceMeucTBO
ceTeld ¢ OOpaTHBIM pacHpOCTPaHEHHWEM, O0y4aeMbIX Ha JAHHBIX WHAWBHIYaTbHBIX
KJacTepoB. B 3TOil TEXHONOrMM BBISBIAIOTCA O0JACTH YAaCTUYHON KOPPEKTHOCTU
3a7a4M, B KOTOPBIX JAETCA PEIIEHUE C BBICOKOM JIOKAIBHOM TOYHOCTBHIO. [l
OCTAJIbHBIX 00JIacTE€ll MPU3HAKOBOIO IPOCTPAHCTBA HEUPOCETh ABTOMATHYECKHU
KOppeKmHo OTBEPracT MOJIb30BaTEIIbCKUE 3aIPOCHI.

B rnaBe paccMoTpeHBI MpUMeEpHl NPUMEHEHHS] METOIMKH PEIIeHUs OOpaTHBIX
3a/1a4 K MOJIEJIMPOBAHUIO OTKJIMKA CIIOKHOM MHXKXEHEPHOU CUCTEMBI - IPOMBILLIJIEHHOTO
KOHTEIHEepa C AJEpPHBIMU OTXOJaMH - Ha BHEUIHME aHOMAJIbHBIE YCIIOBUS (TEIJIOBas
Harpy3ka BCJIEACTBUE TMoOXapa). Pe3ynpTaThl HCCIEIOBaHUM  MOTYT  OBITh
WCITOJIB30BAHBI ISl TEXHHYECKUX PEKOMEHIALAMN.

MaBa 5.

MeauuuHckaa HeupouHcpopmaTmka

AHann3 NpUMEHEHUs TMEepPCOHATBHBIX OBM B MEIUIIMHCKUX YUPEKICHUSX
MOKA3bIBAET, YTO HAMOOJBIIEE HCIOJIH30BAHHE KOMIBIOTEPOB HIET I 00pabOTKU



TEKCTOBOM JOKYMEHTAIlUU, XpaHEHUs U 00pabOoTKM 0a3 aHHBIX, BEACHHS CTaTUCTUKU
u (¢uHaHCOBBIX pacueToB. OtnenbHbI Mmapk DBM wucnonb3yeTcsi COBMECTHO C
Pa3TUYHBIMU AUATHOCTUYECKUMU U JIeUeOHBIMU MTPUOOPAMH.

MHoronieTHUE HUCCIEeIOBaHUs, MPOBOJUMBIE C CaMbIMU Pa3IMYHBIMU SIBHBIMU
aNropuTMaMu, MOKa3ajd, YTO MEAMIIMHCKHE 3aJauyd, UMEIOIIUe HESIBHBIA XapakTep,
pemraroTcsi  SABHBIMU ~ METOJJaMH C TOYHOCTBIO M YAOOCTBOM, COBEpIICHHO
HEJOCTATOYHBIMHU JUISI IIUPOKOTO TMPAKTHYECKOrO MCIOJIB30BaHUS B KOHKPETHBIX
3a/layax JMArHOCTHKHM, MPOTHO3UPOBAHUS M NpUHATUSA pelieHuid. HesBHble 3amaun
MEAUIMHBI U OUOJIOTHH SIBUJIMCH UJCAbHBIM TIOJIEM JJIsi TPUMEHEHHSI HEMPOCETEeBBIX
TEXHOJIOTUH, U UMEHHO B 3TOM o0nacTu HabmogaeTcsl Hanbosee IPKUi MpakKTUYECKUn
ycrex HepouH(pOpMallMOHHBIX METO/IOB.

B rmaBe gan 00630p Oonee 20 HEHPOIKCIEPTHBIX CHUCTEM MJIs AMATHOCTHKHU
3a00yieBaHM, MIpeACcKa3aHus U3 UCXO0JI0B, ONTUMU3ALMK JiedeHus. [1oagpoOHO onucaHbl
CJIEIyIOIINE CUCTEMBI:

1. [Iporao3upoBaHue OCIIOKHEHU UH(apKTa MUOKap/a.

2. Cucrema Ha3Ha4YeHHMs ONTHUMAJIBHOM CTpaTeruu JiedeHUs OOJIbHBIX
OOJUTEPUPYIOIIUM TPOMOAHTUUTOM M TMPOTHO3UPOBAHUS €r0 HEMOCPEIACTBEHHBIX
UCXOJIOB.

3. Cuctema auddepeHnranIbHON TUarHOCTHKHU “OCTPOro KUBOTA”.

4. Heiipocetu /uist U3y4eHUs] HUMMYHOPEAKTUBHOCTH

OOcyxnaloTcsi JOCTOMHCTBA M HEJOCTAaTKM HEHPOCEeTEeBOro Moaxoja K
MOCTPOCHUIO MEAMIMHCKUX cucTeM. Omucanbl crnocoObl Moadopa W TMOATOTOBKH
MEAMIIMHCKUX JaHHBIX A o0ydyeHusi HeilpoceTeBbiXx cucteM. [loapoOHa omumcana
TEXHOJIOTUSl IOCTPOCHUS TaKUX CUCTEM, CyMMHPOBAH OTEUECTBEHHBIA U 3apyOeKHBIN
OMBIT HX CO3JAaHUS M OKCIUTyaTalus. bBONBIIMHCTBO pe3ylbTaTOB BIEpPBbHIE
nyOIHMKyeTcsi B MOHOTpapuueckoi nureparype.

MaBa 6.
MorpewHOCTN B HEMPOHHbIX CEeTAX

PaccmaTpuBaroTcsi HEMpPOHHBIE CETHU CIIOMCTOM CTPYKTYPBI, COCTOSIIIME M3 CJIOEB
CTaHJAPTHBIX HEUPOHOB. M3yyaroTcs ommOKH, BOSHUKAIOIINE TTPH TEXHUYECKON peann3aiin
CeTei, a TaKXKe MPH IIyMax U MOBPEXKICHUSAX.

OmnpeneneHbl MaKCUMAaJIbHO JOMYCTUMbIE MOTPEIIHOCTH, BO3MOKHBIE JJII CUTHAJIOB U
apaMeTpoB KaXKIOrO AJIEMEHTAa CETH, UCXOMs U3 YCIIOBHUS, UTO BEKTOP BBIXOJHBIX CHUTHAJIOB
CETH JIOJDKEH BBIUMCIATHCS C 3aJaHHOM TOYHOCTHIO. VCmonb3yloTcsl /ABa THUIMA OLEHOK
MOTPEIIHOCTU: TapaHTHPOBAaHHbIE MHTEPBAJIbHBIE OLICHKU U CPEIHEKBAIPATUUECKUE OLICHKU
MOTPEIIHOCTEM.

[TokazaHo, 4YTO OLEHKHU JAOMYCTUMBIX TOTPEHIHOCTEH MOXHO TMOJYyYUTh B XOJ€
CIEIUAJILHOTO Tpollecca “‘o0paTHOro pachpocTpaHeHUss ToyHOCTH . OH COCTOMT B
(GYHKIIMOHUPOBAHUU CETU C TOM JK€ CHCTEMOM CBs3€H, HO OT BBIXOJOB K BXOJIaM M C 3aMEHOM
3JIEMEHTOB Ha JBOWCTBEHHbBIC. JTAa JBOMCTBEHHOCTh MPUHIUIHAIBHO OTIUYAETCA OT TOW,
KOTOpasi HCIOJNb3YeTCs B KJIACCHYECKOM METOJE BBIYMCICHUS TPaJUEHTOB OLEHKU C
MOMOIIIBI0 00paTHOTO pacmpocTpaneHus omuook (back propagation of errors).

C nmnoMompl0 TOJNYyYEHHBIX PpE3YylbTaTOB OOBSACHSAETCS HalOioaeMasi BbICOKAs
YCTOMYMBOCTh HEMPOHHBIX CETEH K IIyMaM U pa3pylICHUSM.



I'naBa 7.
CkpbITbie MapaMeTpbl U TPAHCIIOHUPOBAHHASA Perpeccus

Pemaetcs kimaccuyeckas mpoOjemMa BOCCTAaHOBIICHUS HEIOCTAIOMIMX JIAaHHBIX B
CelyIoIIel TOCTAaHOBKE: HAWTH Ui KaXAOro oOBbEKTa HAWIy4lIylo ¢GopMymy,
BBIPAXKAIOIIYIO €0 MPU3HAKK 4Yepe3 MPHU3HAKU JIPYIHX OOBEKTOB (KOTOPHIX JOIKHO
ObITh IO BO3MOXKHOCTH MeHbIlE). JTa ¢dopMylna JoJKHAa ObITh WHBapUaHTHA
OTHOCHUTENIbHO CMEHBI MIKal H3MepeHus. VHBapMaHTHOCTh JOCTUTaeTCs TEM, 4YTO
pelIeHne MPEACTaBIsAETCS B BUIE CYNEPIO3UIIMH OAHOPOJIHBIX APOOHO - JIMHEHWHBIX
GYHKIINN.

Crtpoutcst oTHOIIeHHE "0OBEKT - omopHas rpymnmna oobekToB". OnopHas rpymnmna
BbIIEJIeHA TeM, 4YTO [0 TpHU3HAKaM €€ »DJIEMEHTOB HaWIydliuM o0pa3zom
BOCCTAHABJIMBAIOTCS MPHU3HAKU HCXOJHOTO OOBeKTa. PerieHue naeTcss ¢ MOMONIbIO
HEHUPOHHOM CeTH CcHelualibHON apXuTekTyphl. Ilpennaraercs cnocod MHUHMUMH3AIUU
OTOPHOM TPYMIIbI, UCTIOIB3YIONINHI MPEUMYIIECTBA HEHPOCETEBOTO MOAXO0AA.

MeTo TpaHCIIOHUPOBAHHOM perpeccud MPUMEHSIETCsl K 3ajaue WHTEPIOJSIUU
CBOICTB  XMMHMYECKHX dJIeMEHTOB. lMcciemyercs  TOYHOCTh — HMHTEPHOJISIUU
MOTEHIIUAJIOB MOHU3ALNHA XUMHUYECKHUX 3JIEMEHTOB MPHU MOMOIIU TPAHCTIOHUPOBAHHOMN
JuHeHoW  perpeccud.  JIOCTUTHyTass ~ TOYHOCTh  IO3BOJISIET  MpeAcKa3aTh
OTCYTCTBYIOLIIME B CIPABOYHOM JHTEpaType 3HaueHus BeIcUX (¢ 5-ro mo 10-if)
MOTEHIIMAJIOB MOHU3AIUH JJI 3JIEMEHTOB C aTOMHBIMH HOMepaMu OT 59-ro 1o 77-ro u
PEKOMEHI0BATh METO AJI1 MHTEPIIOJIALNHA UHBIX (PU3NYECKUX U XMMHUYECKUX CBOWCTB
AIIEMEHTOB U COECIUHEHUH.

I'nasa 8.
HelipoHHble ceTH acCCOMATUBHON NAMATH
PaCCManI/IBaIOTCH HeﬁpOHHBIe CCTH aCCOHHaTHBHOﬁ [HaMsITH,

BOCCTaHABJIMBAIOIINE TI0 UCKAKCHHOMY /WM 3allyMJICHHOMY 00pasy Onrkalimi K
HeMy JTaJoHHBIA. MccrenoBaHa WHQpOpPMAIMOHHAS €MKOCTh CETeH M IPEITIOKEHO
HECKOJIbKO TIyTel €€ TMOBBIMICHHUS, B TOM 4YHUCIE - OPTOTOHAIbHBIC TEH30PHBIC
(MHOTOUAacTHUHBIE) ceTH. IlocTpoeHbl CmocoObl MpeaoOpadOTKU, IO3BOJISIOIINE
KOHCTPYUPOBATh HEHPOHHBIE CETH ACCOLUMATHBHOW MaMATH ISl 00paboTKM 00pa3os,
WHBapUAHTHOH OTHOCHUTENBHO Tpynn mpeoOpa3zoBaHuii. OmmcaH YUCICHHBIN
AKCIICPUMEHT TI0 MCTIOJIB30BAHUIO HEHPOHHBIX CETEH IUIsl IEKOAUPOBAHUS Pa3IUIHBIX
KOJIOB.

I'masa 9.

Jlornyecku npo3payHbie HEHPOHHbIE CETH U

MPOM3BO/JCTBO SIBHBIX 3HAHMH U3 JaHHBIX

HpOI/ISBOILCTBO SIBHBIX 3HAHMU W3 HAKOIJICHHBIX JaHHBIX - np06neMa, KOTOpaAa
HaMHOIro cCrapme 4YCeM KOMIIbKOTCPHEI. 06yqaeMble HeﬁpOHHBIe CCTU MOTI'YT
MMPpOU3BOANUTE M3 JdAHHBIX CKPBITBIC 3HAHUA: CO3JAaCTCA HABBIK IIPCACKA3aHUA,
KJIaCCI/I(bI/IKaI_II/II/I, pacCIlio3HaBaHUA 06p330B H T.II., HO Cro JIOTHUYCCKasA CTPYKTYypa
O0OBIYHO OCTacTCA CKpBITOﬁ oT I10JIb30BAaTCJIA. HpO6J’ICMa IIPOABJICHUA
(KOHTpACTHPOBAHMS) 3TON CKPBITOM JIOTHUECKOW CTPYKTYpHI peiaeTcs B paboTe myTem
MPUBEACHUS HEUPOHHBIX CETEeH K CHEeUHAIbHOMY ‘“‘JIOTUYECKH MPO3pavyHOMY
pa3spexKEHHOMY BUAY.



HccnenyroTcss aBa BOMpoca, BCTAOIIME IMEpea  KaxAbIM HCCIeI0BaTeNeM,
PEIIMBIIMM HCIIONBb30BaTh HeMpoHHbIE ceTu: “CKOJIbKO HEHPOHOB HEOOXOIUMO s
pemenus 3amaun?”’ u “KakoBa 1o/kHA OBITH CTPYKTypa HEHpoHHOW ceTu?”
OObenuHss 3T J1Ba BOIIPOCa, MbI noy4yaeM TpeTuil: “Kak cnenats paboTy HeHpOHHOM
CETH MOHATHOM JJIsl OJIb30BaTeNs (JIOTUYECKU MPO3PAYyHO) U KaKHE BBITOJBI MOXKET
MIPUHECTH TaKO€ MOHUMaHue?”

Onucanbl crocoObl TOMYyYEHUS! JOTMYECKH MPO3pAavyHbIX HEUPOHHBIX CETel U
QITOPUTMBI TIONyYEHUS! SBHBIX 3HaHMA M3 NaHHbIX. [IpuBeneH mpumep u3 00JacTH
COLIMANILHO-TIOJIMTUYECKUX TpeackazaHuid. [[ns ompeneneHHOCTH paccMaTpUBAIOTCS
TOJIbKO HEMPOHHBIE CETH, 00y4YEeHHE KOTOPBIX €CTh MUHUMHU3AIMS OLEHOK (OIIMOO0K) ¢
UCIIOJIb30BAHMEM  TpajJudeHTa. ['pajMeHT OLEHKU  BBIYHCIACTCS METOJIOM
JBOMCTBEHHOCTU (€ro YacTHBIM cllyyall - MeToJ OOpaTHOTO paclpOCTpaHEHUs
OIIIMOKM).



